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ʂʆʅʎɽʇʎʀʗ ɺʅɽɼʈɽʅʀʗ ʎʀʌʈʆɺʆɻʆ ɼɺʆʁʅʀʂɸ ʅɸ ʇʈʀʄɽʈɽ 
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ɸʚʪʘʤʦʥʦʚ ɺʘʜʠʤ ɸʥʘʪʦʣʴʝʚʠʯ,  
ʄʘʢʘʨʦʚ ɸʥʜʨʝʡ ʀʚʘʥʦʚʠʯ,  

ʉʪʨʝʣʴʩʢʠʡ ɼʘʥʠʣ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 
E-mail: vadim.avtamonov.001@gmail.com 

 

ʋʭʪʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛ. ʋʭʪʘ, ʈʌ 
 

ɸʥʥʦʪʘʮʠʷ. ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʨʦʝʢʪ ʧʦʩʚʷʱʝʥ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʝ 
ʮʠʬʨʦʚʠʟʘʮʠʠ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʎʝʣʴʶ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘ-
ʮʠʷ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʩʠʩʪʝʤʘ: 
ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʢʚʘʞʠʥʘ ʥʘ ɺʫʢʪʳʣʴʩʢʦʤ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʉʦʩʥʦʛʦʨ-
ʩʢʠʡ ʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʡ ʟʘʚʦʜ, ʘ ʪʘʢʞʝ ʥʠʪʢʠ ʛʘʟʦʧʨʦʚʦʜʦʚ, ʧʦ ʢʦʪʦʨʳʤ ʪʨʘʥʩʧʦʨʪʠ-
ʨʫʝʪʩʷ ʧʨʦʜʫʢʮʠʷ ʩʦ ʩʢʚʘʞʠʥʳ ʥʘ ʟʘʚʦʜ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʝʢʪʫ ʧʨʠʜʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ 
07.05.2018 ʛ. ʇʨʝʟʠʜʝʥʪʦʤ ʈʌ ʙʳʣ ʧʦʜʧʠʩʘʥ ʫʢʘʟ çʆ ʥʘʮʠʦʥʘʣʴʥʳʭ ʮʝʣʷʭ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ 
ʟʘʜʘʯʘʭ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2024 ʛʦʜʘè, ʚ ʧ. 11 ʢʦʪʦʨʦʛʦ ʛʦʚʦʨʠʪ-
ʩʷ ʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʧʨʠʦʨʠʪʝʪʥʳʭ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ, ʚʢʣʶʯʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʠʥʬʨʘ-
ʩʪʨʫʢʪʫʨʫ, ʧʦʩʨʝʜʩʪʚʦʤ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʨʝʰʝʥʠʡ. 

ʈʘʙʦʪʘ ʥʦʩʠʪ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʭʘʨʘʢʪʝʨ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʘʚ-
ʪʦʨʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʮʝʧʮʠʷ ʩʦʟʜʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʦʛʦ 
ʜʚʦʡʥʠʢʘ ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʦʯʢʠ. ʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʚ ʜʘʥʥʦʤ ʧʨʦ-
ʝʢʪʝ ï ʵʪʦ ʤʦʜʝʣʴ ʨʝʘʣʴʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ, ʩʦʟʜʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʨʝʘʣʴʥʳʭ ʩʪʘʪʠ-
ʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʥʝʤ, ʫʯʠʪʳʚʘʶʱʘʷ ʤʝʣʴʯʘʡʰʠʝ ʜʝʪʘʣʠ (ʦʪ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ, ʠʟ ʢʦ-
ʪʦʨʦʛʦ ʠʟʛʦʪʦʚʣʝʥ ʦʙʲʝʢʪ, ʜʦ ʩʦʩʪʘʚʘ ʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʠ ʟʘʢʨʝʧʣʝ-
ʥʠʠ ʦʙʩʘʜʥʦʡ ʢʦʣʦʥʥʳ), ʚʦʩʧʨʦʠʟʚʦʜʷʱʘʷ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝ-
ʤʝʥʠ, ʘ ʪʘʢʞʝ ʜʘʶʱʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʘʚʘʨʠʡʥʫʶ ʩʠʪʫʘʮʠʶ ʠ ʦʮʝʥʠʪʴ ʝʝ ʧʦ-
ʩʣʝʜʩʪʚʠʷ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʠʩʧʳʪʘʥʠʷʤ ʥʘ ʨʝʘʣʴʥʦʤ ʦʙʲʝʢʪʝ. 

ʂʦʥʮʝʧʮʠʷ ʧʦʤʦʞʝʪ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʠʩʧʳʪʘʥʠʷ, ʦʙʩʣʫʞʠʚʘʥʠʝ, ʨʝʤʦʥʪ ʥʝʬʪʝ-
ʛʘʟʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʫʪʝʤ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ ʠ ʠʭ ʫʩʪʨʘʥʝʥʠʷ. 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʨʦʝʢʪ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʥʘʫʯʥʫʶ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 
ʟʥʘʯʠʤʦʩʪʴ, ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʝʥ ʢʦʤʧʘʥʠʷʤ, ʢʦʪʦʨʳʝ ʧʣʘʥʠʨʫʶʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʚʦʝ ʧʨʦ-
ʠʟʚʦʜʩʪʚʦ ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʎʠʬʨʦʚʠʟʘʮʠʷ, ʦʧʪʠʤʠʟʘʮʠʷ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ, 
ʢʦʥʮʝʧʮʠʷ, ʤʦʜʝʣʴ. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʦʷʚʣʷʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʘʚʘʨʠʡ ʥʘ ʦʙʲʝʢ-
ʪʘʭ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʇʦʩʣʝʜʩʪʚʠʷ ʪʘʢʦʛʦ ʨʦʜʘ ʘʚʘʨʠʡ ʚʝʩʴʤʘ ʩʝʨʴʝʟʥʳ: ʵʢʦʣʦʛʠ-
ʯʝʩʢʠʝ ʢʘʪʘʩʪʨʦʬʳ, ʪʨʘʚʤʳ ʠ ʛʠʙʝʣʴ ʨʘʙʦʯʝʛʦ ʧʝʨʩʦʥʘʣʘ, ʧʦʣʦʤʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʳʭʦʜ 
ʠʟ ʩʪʨʦʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ï ʚʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʟʘʪʨʘʪʘʤ ʬʠʥʘʥʩʦʚʳʭ, ʤʘʪʝ-
ʨʠʘʣʴʥʳʭ ʠ ʯʝʣʦʚʝʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ ʵʪʠʭ ʬʘʢʪʦʨʦʚ, ʘʚʪʦʨʘʤʠ ʙʳʣ 
ʨʘʟʨʘʙʦʪʘʥ ʜʘʥʥʳʡ ʧʨʦʝʢʪ. 

ʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ï ʵʪʦ ʚʠʨʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʠʡ ʧʨʦʮʝʩʩ ʢʘʢ ʦʪʜʝʣʴʥʦʡ ʝʜʠʥʠʮʳ, ʪʘʢ ʠ ʮʝʣʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ɼʚʦʡʥʠʢ ʧʦʟʚʦʣʷʝʪ ʚʳ-
ʷʚʣʷʪʴ ʧʨʝʜʧʦʩʳʣʢʠ, ʢʦʪʦʨʳʝ ʚʝʜʫʪ ʢ ʚʦʟʤʦʞʥʳʤ ʥʝʧʦʣʘʜʢʘʤ ʠ ʘʚʘʨʠʷʤ. ɺ ʮʝʥʪʨ ʫʧʨʘʚ-
ʣʝʥʠʷ ʧʨʠʭʦʜʷʪ ʩʚʦʜʢʠ ʦ ʨʘʙʦʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʠʩʪʝʤ ʧʦʩʨʝʜʩʪʚʦʤ ʩʧʫʪʥʠʢʦʚʦʛʦ ʠʥʪʝʨ-
ʥʝʪʘ, ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʦʷʥʥʘʷ ʩʠʤʫʣʷʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ 
ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʩʨʝʜʥʝʩʨʦʯ-
ʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ. ɽʩʣʠ ʧʦʢʘʟʘʪʝʣʠ ʚʳʭʦʜʷʪ ʟʘ ʨʘʤʢʠ ʥʦʨʤʳ, ʩʠʩʪʝʤʘ ʦʧʦʚʝʱʘ-
ʝʪ ʦʧʝʨʘʪʠʚʥʦ-ʨʝʤʦʥʪʥʳʡ ʧʝʨʩʦʥʘʣ, ʯʪʦʙʳ ʦʥ ʧʨʠʥʷʣ ʤʝʨʳ. ʊʘʢʞʝ ʩʠʩʪʝʤʘ ʧʦʤʦʛʘʝʪ ʧʦ-
ʜʦʙʨʘʪʴ ʨʘʮʠʦʥʘʣʴʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ. 
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ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʦʙʲʝʢʪʦʚ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʩʩʪʦʷ-

ʥʠʠ ʦʪ ʮʝʥʪʨʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʥʘʭʦʜʠʪʩʷ ʚʜʘʣʠ ʦʪ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʇʦʷʚʣʷʝʪ-

ʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʥʘʙʣʶʜʝʥʠʷ. ʎʠʬ-

ʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʧʨʠʟʚʘʥʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʨʝʰʠʪʴ ʜʘʥʥʫʶ ʟʘʜʘʯʫ.  

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʮʝʣʴʶ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʠ ʘʚʪʦ-

ʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʜ ʩʦʙʦʡ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 

ʩʪʘʙʠʣʠʟʘʮʠʶ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ; ʵʢʦʥʦʤʠʶ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʠ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʤʠʥʠʤʠʟʘʮʠʶ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʧʫʪʝʤ ʠʥʪʝʛʨʘʮʠʠ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʨʝʰʝʥʠʡ ʚ ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʩʣʦʞʥʳʭ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ ʙʫʨʝʥʠʷ, ʨʘʟʨʘʙʦʪʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʬʪʝʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʩʠʩʪʝʤʘ: ʜʝʡʩʪʚʫʶʱʘʷ ʩʢʚʘʞʠʥʘ ʥʘ ɺʫʢʪʳʣʴ-

ʩʢʦʤ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʉʦʩʥʦʛʦʨʩʢʠʡ ʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʡ ʟʘʚʦʜ, ʘ 

ʪʘʢʞʝ ʥʠʪʢʠ ʛʘʟʦʧʨʦʚʦʜʦʚ, ʧʦ ʢʦʪʦʨʳʤ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʧʨʦʜʫʢʮʠʷ ʩʦ ʩʢʚʘʞʠʥʳ ʥʘ ʟʘʚʦʜ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʘʚʪʦʨʘʤʠ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʦʙʟʦʨ ʠʟʚʝʩʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʩʦ-

ʟʜʘʥʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ; 

2) ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʠʩʪʝʤʫ çʩʢʚʘʞʠʥʘ-

ʪʨʫʙʦʧʨʦʚʦʜ-ʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʡ ʟʘʚʦʜè; 

3) ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʢʦʥʮʝʧʮʠʷ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʦʤʧʣʝʢʩ 

ʤʝʨʦʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ, ʧʦ ʟʘʜʫʤʢʝ ʘʚʪʦʨʦʚ, ʜʦʣʞʥʳ ʧʨʠʤʝʥʷʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ. ɺ ʵʪʦʪ 

ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ ʚʭʦʜʷʪ ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʩʢʚʘʞʠʥʳ, ʮʠʬʨʦʚʦʛʦ ʜʚʦʡ-

ʥʠʢʘ ʥʠʪʦʢ ʛʘʟʦʧʨʦʚʦʜʘ, ʘ ʪʘʢʞʝ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʟʘʚʦʜʘ. 

ʅʘ ʵʪʘʧʝ ʜʦʙʳʯʠ ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ, ʦʧʝʨʠʨʫʷ ʤʘʩʩʠʚʘʤʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʚ ʩʦʪ-

ʥʠ ʪʝʨʘʙʘʡʪ, ʧʦʤʦʛʘʶʪ ʚʳʷʚʣʷʪʴ ʚʦʟʤʦʞʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʚʘʞʠʥ, ʫʯʘʩʪ-

ʢʦʚ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʚʳʜʘʚʘʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ ʨʝʰʝʥʠʶ. 

ʄʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦʤʦʛʘʶʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɼʘʥʥʳʝ ʩʦ ʩʢʚʘʞʠʥ ʧʦʩʪʫʧʘʶʪ ʚ ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ ʢʘʞʜʫʶ ʤʠʥʫʪʫ ʧʝʨʝʩʯʠʪʳʚʘʝʪ ʪʳʩʷʯʠ ʚʘʨʠʘʥʪʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʚʳʙʠʨʘʝʪ ʦʧ-

ʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʫʧʨʘʚʣʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ. 

ʅʦ ʧʨʝʞʜʝ ʯʝʤ ʧʨʠʩʪʫʧʠʪʴ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠʟʳʩʢʘʥʠʷ, ʯʪʦʙʳ ʦʙʥʘʨʫʞʠʪʴ ʟʘʣʝʞʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ 

ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʷʜ ʧʨʦʮʝʩʩʦʚ. ʆʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʵʪʘʧʝ ʜʦʙʳʯʠ ʩʢʚʘʞʠʥʳ ʷʚʣʷʶʪʩʷ: 1) ʥʘʢʦʧʣʝʥʠʝ, ʭʨʘʥʝ-

ʥʠʝ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ; 2) ʦʙʨʘʙʦʪʢʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ ʜʣʷ ʦʧʠʩʘʥʠʷ, ʩʨʘʚʥʝʥʠʷ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʠʭ ʩʚʦʡʩʪʚ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʘʢʝʪʳ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʳʭ ʢʘʨʪ: ɻʀʉ-ʩʠʩʪʝʤʳ (ArcInfo, MapInfo, ArcView, ArcGIS, GeoGraf); 

ʇʆ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʪ ʚ ʠʟʦʣʠʥʠʷʭ (Surfer); ʉɸʇʈ (AutoCad); ʚʝʢʪʦʨʠʟʘʪʦʨʳ (EasyTrase, 

CorelDraw). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʩʢʚʘʞʠʥʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʦʥʳ ʥʘʢʦʧʣʝ-

ʥʠʷ ʠ ʛʝʥʝʨʘʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ; ʧʨʦʛʥʦʟʠʨʫʶʪʩʷ ʬʘʟʦʚʳʡ ʠ ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʚʦ-

ʜʦʨʦʜʦʚ; ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʙʲʝʤʳ ʧʨʠʨʦʜʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʣʣʝʢʪʦʨʦʚ, ʦʙʲ-

ʝʤʳ ʤʠʛʨʘʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ; ʦʮʝʥʠʚʘʶʪʩʷ ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʨʝʩʫʨʩʳ; ʚʳʙʠʨʘʶʪʩʷ ʧʝʨʚʦ-

ʦʯʝʨʝʜʥʳʝ ʦʙʲʝʢʪʳ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʷʚʣʝʥʠʷ ʦʙʲʝʢʪʦʚ ʧʦʠʩʢʦʚʦʛʦ ʙʫʨʝ-

ʥʠʷ; ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ; ʧʨʦʠʩʭʦʜʠʪ ʦʮʝʥʢʘ ʛʝʦʣʦʛʠʯʝ-

ʩʢʠʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ. 
ɺʪʦʨʳʤ ʵʣʝʤʝʥʪʦʤ ʥʘʰʝʡ ʢʦʥʮʝʧʮʠʠ ʷʚʣʷʝʪʩʷ ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʛʘʟʦʧʨʦʚʦʜʘ, 

ʩʚʷʟʳʚʘʶʱʝʛʦ ɺʫʢʪʳʣʴʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʠ ʉʦʩʥʦʛʦʨʩʢʠʡ ɻʇɿ. ɺ ʵʪʦʡ ʩʬʝʨʝ ʩʫʱʝ-
ʩʪʚʫʶʪ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ, ʪʘʢʠʝ ʢʘʢ ʦʧʪʦʚʦʣʦʢʦʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʪʨʫʙʦ-
ʧʨʦʚʦʜʘ (ʆʉʄʊ) çʆʄɽɻɸè. ʊʝʭʥʦʣʦʛʠʷ ʆʉʄʊ çʆʄɽɻɸè ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʰʫ-
ʤʳ ʠ ʧʦʤʝʭʠ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ, ʘ ʪʘʢʞʝ ʚʠʙʨʘʮʠʠ ʚʜʦʣʴ ʪʨʫʙʦʧʨʦʚʦʜʘ. ɼʘʪʯʠʢʠ 
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ʫʩʪʘʥʦʚʣʝʥʳ ʯʝʨʝʟ ʢʘʞʜʳʝ 5 ʢʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʫʪʝʯʢʫ ʧʨʦʜʫʢʪʘ. ʅʝʦʙʭʦ-
ʜʠʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ ʜʘʪʯʠʢʘ, ʣʦʛʠʩʪʠʯʝʩʢʠʭ 
ʤʦʜʫʣʝʡ, ʩʝʨʚʝʨʘ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʦʧʝʨʘʪʦʨʘ. 
ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʩʠʛʥʘʣ ʦʙ ʦʧʘʩʥʦʤ ʚʦʟʜʝʡ-
ʩʪʚʠʠ ʧʦʩʪʫʧʘʝʪ ʩ ʢʘʙʝʣʷ-ʜʘʪʯʠʢʘ ʥʘ ʣʦʛʠʩʪʠʯʝʩʢʠʡ ʤʦʜʫʣʴ, ʜʘʣʝʝ ʯʝʨʝʟ ʩʝʪʴ ʧʝʨʝʜʘʯʠ 
ʠʥʬʦʨʤʘʮʠʷ ʧʦʩʪʫʧʘʝʪ ʦʪ ʤʦʜʫʣʷ ʥʘ ʩʝʨʚʝʨ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ, ʛʜʝ ʦʙʨʘʙʦʪʘʥʥʳʡ ʩʠʛʥʘʣ 
ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʦʧʝʨʘʪʦʨʘ, ʠʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦʧʝʨʘʪʦʨ ʧʨʠ-
ʥʠʤʘʝʪ ʨʝʰʝʥʠʝ. ɺ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʢʦʪʦʨʳʡ 
ʧʦʟʚʦʣʷʝʪ ʬʠʣʴʪʨʦʚʘʪʴ ʦʛʨʦʤʥʳʡ ʧʦʪʦʢ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʩ ʜʘʪʯʠʢʦʚ ʠ ʚʳʜʝʣʷʝʪ 
ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʝ ʜʣʷ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʆʉʄʊ çʆʄɽɻɸè ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴ ʭʘʨʘʢʪʝʨ 
ʧʨʦʠʩʭʦʜʷʱʠʭ ʩʦʙʳʪʠʡ ʪʘʢʠʭ, ʢʘʢ ʜʚʠʞʝʥʠʝ ʘʚʪʦʤʦʙʠʣʷ ʠʣʠ ʯʝʣʦʚʝʢʘ, ʨʘʙʦʪʫ ʩ ʠʥʩʪʨʫ-
ʤʝʥʪʦʤ ʠ ʪʝʭʥʠʢʦʡ, ʫʪʝʯʢʫ ʠ ʪ. ʜ. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʦʡ ʩʠʩʪʝʤʳ ʩʣʝʜʫʶʱʠʝ: 
ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʫʪʝʯʝʢ ʦʪ 5,9 ʤ3; ʦʧʨʝʜʝʣʝʥʠʝ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʣʷ: ʘʤʧʣʠʪʫʜʳ, ʯʘʩʪʦʪʳ 
ʠ ʬʘʟʳ ʩʠʛʥʘʣʘ; ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʫʪʝʯʝʢ ʦʜʥʦʚʨʝʤʝʥʥʦ; ʪʦʯʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ 
ʚʦʟʜʝʡʩʪʚʠʷ ï 1 ʤ; ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʪʨʘʩʩʳ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʦʜʥʠʤ ʤʦʜʫʣʝʤ 
ï 100 ʢʤ; ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ï 10C. ʆʉʄʊ çʆʄɽɻɸè ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ 
ʙʝʟʦʧʘʩʥʳʡ ʪʨʘʥʩʧʦʨʪ ʩʳʨʴʷ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʝʩʴ ʧʨʦʮʝʩʩ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ 
ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ. 

ʊʨʝʪʠʡ ʵʣʝʤʝʥʪ ʥʘʰʝʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʝʢʪʘ ï ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ 
ʉʦʩʥʦʛʦʨʩʢʦʛʦ ʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʟʘʚʦʜʘ (ʉɻʇɿ). ʉʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘ-
ʥʠʷ ʥʝ ʪʦʣʴʢʦ 3D-ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ, ʥʦ ʠ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ. ɸʚʪʦ-
ʨʘʤʠ ʧʨʦʝʢʪʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʝʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʘʤʝʨʠʢʘʥ-
ʩʢʦʡ ʬʠʨʤʳ Bentley Systems. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Bentley ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʝʨʚʠʩ 
Bentley iTwin, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʧʨʦʚʝʨʢʠ, ʩʨʘʚʥʝʥʠʷ ʠ ʩʙʦʨʢʠ 3D-ʤʦʜʝʣʠ, ʯʘʩʪʠ ʢʦʪʦʨʦʡ 
ʩʦʟʜʘʶʪʩʷ ʢʘʢ ʩ ʧʦʤʦʱʴʶ ʩʪʦʨʦʥʥʠʭ ʧʨʦʜʫʢʪʦʚ (AVEVA, TEKLA), ʪʘʢ ʠ ʩ ʧʦʤʦʱʴʶ ʨʝ-
ʰʝʥʠʡ Bentley Systems. ʇʨʠʣʦʞʝʥʠʝ ProjectWise ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʥʞʝʥʝʨʥʦ-
ʪʝʭʥʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʦʚʤʝʩʪʥʫʶ ʨʘʙʦʪʫ ʩʧʝʮʠʘʣʠ-
ʩʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʟʨʘʙʦʪʢʝ ʜʚʦʡʥʠʢʘ, ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʳʭ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ɼʣʷ ʤʦʜʝʣʠ-
ʨʦʚʘʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʦʟʜʘʥʠʷ ʨʘʙʦʯʠʭ ʧʘʢʝʪʦʚ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ-
ʤʝʥʷʝʪʩʷ ʢʦʤʧʣʝʢʩ SYNCHRO. ɺ ʙʫʜʫʱʝʤ ʜʣʷ ʫʤʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʉɻʇɿ, ʝʛʦ ʪʝʭʥʠʯʝ-
ʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʘʢʪʠʚʦʚ ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʠʚʷʟʘʪʴ ʢ ʩʠ-
ʩʪʝʤʝ AssetWise ALIM (ʩʠʩʪʝʤʘ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʘʢʪʠʚʦʚ, ʦʙʲʝʜʠʥʷʶʱʘʷ ʫʧʨʘʚʣʝʥʠʝ 
ʜʦʢʫʤʝʥʪʘʤʠ, ʜʘʥʥʳʤʠ ʠ ʬʠʟʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʩ ʧʨʦʚʝʨʝʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʢʦʥ-
ʪʨʦʣʷ ʠʟʤʝʥʝʥʠʡ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʮʠʬʨʦʚʠʟʘʮʠʠ ʉɻʇɿ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʩʥʠ-
ʞʘʝʪʩʷ ʥʘ 10ï15 %, ʘ ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ 5ï10 %, ʪʘʢʞʝ ʧʨʦʛʥʦ-
ʟʠʨʫʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘ 10 %. 

ʆʙʲʝʤ ʠʥʚʝʩʪʠʮʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʩʶ ʩʪʦʠʤʦʩʪʴ ʧʨʦʝʢʪʘ ʚ ʨʘʟʤʝʨʝ 78.414.000 ʨʫʙ. 
ʊʘʢʦʡ ʟʘʧʨʦʩ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʚʷʟʠ ʩ ʚʳʛʦʜʥʦʩʪʴʶ ʧʨʦʝʢʪʘ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʜʣʷ ʩʘʤʦ-
ʛʦ ʠʥʚʝʩʪʦʨʘ, ʪ.ʢ. ʠʥʚʝʩʪʠʮʠʠ ʚ ʩʠʩʪʝʤʫ ʠ ʝʝ ʚʥʝʜʨʝʥʠʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʢʫʧʘʶʪʩʷ ʟʘ 15 
ʣʝʪ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʤʦʛʫʪ ʩʦʢʨʘʪʠʪʴ ʚʣʠʷʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʤʦ-
ʥʠʪʦʨʠʥʛʘ ʛʘʟʦʧʨʦʚʦʜʘ, ʘ ʪʘʢʞʝ ʩʦʢʨʘʪʠʪ ʟʘʪʨʘʪʳ ʩʘʤʦʛʦ ʠʩʧʳʪʘʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʟʘ 70 
ʣʝʪ ʥʘ 162.882.000 ʨʫʙ. ɺʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʣʦʞʝ-
ʥʠʷ ʠʥʚʝʩʪʦʨʦʚ ʠ ʩʧʦʥʩʦʨʦʚ. ʅʘ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʙʫʜʝʪ 
ʨʘʟʥʳʡ ʫʨʦʚʝʥʴ ʟʘʪʨʘʪ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʢʫʧʘʝʤʦʩʪʴ ʠ ʧʝʨʝʭʦʜ ʢ ʧʨʠʙʳʣʴʥʦʩʪʠ ʙʫʜʝʪ 
ʠʤʝʪʴ ʧʦʩʪʝʧʝʥʥʳʡ ʪʝʤʧ. ʅʘʤ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʩʘʣʴʜʦ ʜʝʥʝʞʥʳʭ ʧʦʪʦʢʦʚ ʦʪ ʠʥʚʝ-
ʩʪʠʮʠʦʥʥʦʡ ʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʘʥʥʳʤ ʧʨʦʝʢʪʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ 
ʢ ʠʟʜʝʨʞʢʘʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤʳ ʙʝʟ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ. 

ʀʪʦʛ ʟʘʪʨʘʪ ʚʥʝʜʨʝʥʠʷ ʠ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤʳ ʟʘ ʛʦʜ ï 13.658.000 
ʨʫʙ. 

ʇʨʦʝʢʪ ʥʘʧʨʘʚʣʝʥ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʭʦʜʦʚ, ʥʝ ʥʘ ʧʨʠʚʣʝʯʝʥʠʝ ʧʨʠʙʳʣʠ.  
ɺʳʚʦʜ: ʧʨʦʝʢʪ ʷʚʣʷʝʪʩʷ ʨʝʥʪʘʙʝʣʴʥʳʤ, ʪ. ʝ. ʫʩʧʝʰʥʳʤ ʜʣʷ ʚʥʝʜʨʝʥʠʷ.  
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ʇʈʆɻʈɸʄʄʅʆ-ʆʇʈɽɼɽʃʗɽʄʆɻʆ ʈɸɼʀʆ  

 

ɸʥʠʩʠʤʦʚ ʉʝʨʛʝʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʩʪʫʜʝʥʪ  

ʕʚʝʨʩʢʦʚʘ ɼʘʨʴʷ ʄʠʭʘʡʣʦʚʥʘ, ʩʪʫʜʝʥʪ  

ɻʨʦʤʦʚ ɼʤʠʪʨʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʩʪʫʜʝʥʪ  

ɹʘʙʠʥ ɼʤʠʪʨʠʡ ʆʣʝʛʦʚʠʯ, ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ  
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ʏʫʚʘʰʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ.ʅ. ʋʣʴʷʥʦʚʘ 

ʛ. ʏʝʙʦʢʩʘʨʳ, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʧʨʦʛʨʘʤʤʥʦ-ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʨʘʜʠʦ ʥʘ 

ʦʩʥʦʚʝ ʦʪʣʘʜʦʯʥʦʡ ʧʣʘʪʳ LimeSDR ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʠʥʩʪʨʫʤʝʥʪʘʨʠʠ GNU Radio, ʩʧʦʩʦʙʥʘʷ 

ʧʨʠʥʠʤʘʪʴ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʘ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʘʤʦʡ ʣʫʯʰʝʡ ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʠʟʠʯʝʩʢʦʡ 

ʩʨʝʜʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʷʚʣʷʶʪʩʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʘʷ ʣʠʥʠʷ ʩʚʷʟʠ [1, 2]. ɺ ʩʠʣʫ ʩʪʨʝ-

ʤʠʪʝʣʴʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʮʠʬʨʦʚʦʡ ʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘ-

ʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʨʘʜʠʦ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʦʱʥʳʝ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʦʚʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʧʨʦʛʨʘʤʤʥʦ-

ʦʧʨʝʜʝʣʷʝʤʳʝ ʨʘʜʠʦʩʠʩʪʝʤʳ (software-defined radio ʠʣʠ SDR) ʟʘʤʝʱʘʷ ʘʧʧʘʨʘʪʥʳʝ ʨʘʜʠʦ-

ʩʠʩʪʝʤʳ ʥʘ ʙʘʟʝ ʥʝʦʙʭʦʜʠʤʳʭ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʤʦʜʫʣʷʪʦʨʦʚ, ʩʤʝʩʠʪʝʣʝʡ, 

ʬʠʣʴʪʨʦʚ ʠ ʪ. ʧ.) [3, 4]. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʪʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʠ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʧʨʦʪʦʢʦʣʘʤ NTP (network time 

protocol)ï ʧʨʦʪʦʢʦʣ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʠ PTP (precision time protocol) ï ʧʨʦʪʦʢʦʣ 

ʪʦʯʥʦʛʦ ʚʨʝʤʝʥʠ [5]. 

ʈʘʜʠʦ ʥʘ ʧʨʦʛʨʘʤʤʥʦʤ ʫʨʦʚʥʝ ï ʚʳʩʦʢʦʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʧʨʝʜʦʩʪʘʚʣʷ-

ʶʱʝʝ ʙʝʟʛʨʘʥʠʯʥʫʶ ʩʚʦʙʦʜʫ ʜʣʷ ʘʥʘʣʠʟʘ ʩʠʛʥʘʣʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʘʜʠʦʫʩʪʨʦʡʩʪʚʘʤʠ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʦʢʨʫʛ SDR ʚʳʩʪʨʘʠʚʘʝʪʩʷ ʦʛʨʦʤʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʣʶʙʠʪʝʣʝʡ ʠ ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʦʚ, ʪʦʛʜʘ ʢʘʢ ʩʦʚʩʝʤ ʥʝʜʘʚʥʦ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʙʳʣʘ ʜʦʩʪʫʧʥʘ ʣʠʰʴ ʠʟʙʨʘʥʥʳʤ.  

SDR ï ʵʪʦ ʪʘʢʦʛʦ ʨʦʜʘ ʚʘʨʠʘʮʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʜʠʦʧʨʠʝʤʥʠʢʘ, ʧʨʠ ʵʪʦʤ ʥʝʢʦʪʦʨʘʷ 

ʯʘʩʪʴ ʝʛʦ ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʨʘʟʦʤ. SDR ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʩʪʨʘʥʠʪʴʩʷ ʦʪ 

ʠʜʝʠ ʨʝʰʝʥʠʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ, ʩʣʦʞʥʳʭ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʦʚ 

ʠ ʦʙʨʘʱʘʪʴʩʷ ʜʣʷ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʳ CPU (ʎʇ ʠʣʠ ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩ-

ʩʦʨ) ʦʙʳʯʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʠ FPGA/CPLD (ʇʃʀʉ ʠʣʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʘʷ ʣʦʛʠʯʝʩʢʘʷ ʠʥʪʝ-

ʛʨʘʣʴʥʘʷ ʤʠʢʨʦʩʭʝʤʘ) ʥʘ ʧʣʘʪʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʇʨʦʛʨʘʤʤʥʦ-ʦʧʨʝʜʝʣʷʝʤʦʝ ʨʘʜʠʦ, GNU Radio, ʘʥʘʣʠʟʘʪʦʨ ʩʠʛ-

ʥʘʣʦʚ, ʢʦʥʩʪʝʣʣʷʮʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ. 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʠ ʘʥʘʣʠʟʫ ʠʩʢʘʞʝʥʠʡ 

ʨʘʜʠʦʩʠʛʥʘʣʘ ʧʦ ʢʦʥʩʪʝʣʣʷʮʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʝ. ʂʦʥʩʪʝʣʣʷʮʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʷ-

ʝʪ ʩʦʙʦʡ ʛʨʘʬʠʢ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʠʤʚʦʣʦʚ ʥʘ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ, ʬʦʨʤʠʨʫʝ-

ʤʳʡ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʟʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʠʘʛʨʘʤʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʥʝʢʠʡ ʢʘʯʝʩʪʚʝʥʥʳʡ, ʘ ʥʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʧʘʨʘʤʝʪʨ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʮʝʥʠʪʴ ʭʘʨʘʢʪʝʨ ʠʩ-

ʢʘʞʝʥʠʡ ʚʭʦʜʥʦʛʦ ʨʘʜʠʦʩʠʛʥʘʣʘ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʦʙʥʘʨʫʞʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ 

ʠʩʢʘʞʝʥʠʡ ʩʠʛʥʘʣʘ: ʛʘʫʩʩʦʚʩʢʠʡ ʰʫʤ, ʢʦʪʦʨʳʡ ʚʳʛʣʷʜʠʪ ʢʘʢ ʨʘʟʤʳʪʳʝ ʪʦʯʢʠ ʩʦʟʚʝʟʜʠʷ; 

ʥʝʢʦʛʝʨʝʥʪʥʘʷ ʦʜʥʦʯʘʩʪʦʪʥʘʷ ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʚʳʛʣʷʜʠʪ ʢʘʢ ʢʨʫʛʠ ʚʤʝʩʪʦ ʪʦʯʢʠ ʩʦʟʚʝʟʜʠʷ; 

ʬʘʟʦʚʳʝ ʠʩʢʘʞʝʥʠʷ ʚʳʛʣʷʜʷʪ ʢʘʢ ʩʠʛʥʘʣʴʥʳʝ ʪʦʯʢʠ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʢʨʫʛʫ, ʟʘʪʫʭʘʥʠʝ 

ʩʠʛʥʘʣʘ ʚʳʛʣʷʜʠʪ ʪʘʢ, ʯʪʦ ʪʦʯʢʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʧʦ ʫʛʣʘʤ, ʦʢʘʟʳʚʘʶʪʩʷ ʙʣʠʞʝ ʢ ʮʝʥʪʨʫ, ʯʝʤ 

ʜʦʣʞʥʳ ʙʳʪʴ. ʊʘʢʞʝ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʛʨʘʬʠʢ ʚʦʜʦʧʘʜʘ ʩʧʝʢʪʨʘ, ʩʧʝʢ-

ʪʨʦʛʨʘʤʤʫ ʠ ʦʩʮʠʣʣʦʛʨʘʤʤʫ. ɸʥʘʣʠʟ ʰʫʤʘ ʠ ʟʘʱʠʪʘ ʦʪ ʥʝʝ ʠʤʝʶʪ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʦʙʣʶʜʝ-

ʥʠʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ [6]. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʘʥʘʣʠʟʘʪʦʨʘ ʩʠʛʥʘʣʘ ʚ GNU Radio 

 

ɿʥʘʯʝʥʠʷ, ʚʚʝʜʝʥʥʳʝ ʚ ʙʣʦʢʘʭ QT GUI Entry, QT GUI Range, QT GUI Label ʚʳʚʦ-

ʜʪ̫ʩʷ ʥʘ ʙʣʦʢʝ LimeSuite Source (RX), ʪ. ʝ. ʵʪʦ ʚʠʟʫʘʣʴʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʙʣʦʢʠ, ʢʦʪʦʨʳʝ 

ʩʣʫʞʘʪ ʜʣʷ ʧʣʘʚʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ. ɿʜʝʩʴ ʚʚʦʜʷʪʩʷ ʟʥʘʯʝʥʠʷ ʜʠʩʢʨʝ-

ʪʠʟʘʮʠʠ, ʫʩʠʣʝʥʠʷ, ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʥʘʣʦʛʦʚʦʛʦ ʠ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ʠ ʟʥʘʯʝʥʠʝ 

ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʳ. ɺʠʟʫʘʣʴʥʳʝ ʙʣʦʢʠ ʥʝ ʠʤʝʶʪ ʢʦʥʥʝʢʪʦʨʦʚ, ʦʥʠ ʧʨʦʩʪʦ ʩʦʟʜʘʶʪ ʟʥʘʯʝʥʠʝ 

ʧʝʨʝʤʝʥʥʦʡ ʜʣʷ ʧʨʦʝʢʪʘ GNU Radio. ʉʠʛʥʘʣ ʦʪ ʵʪʦʛʦ ʙʣʦʢʘ ʧʝʨʝʜʘʝʪʩʷ ʥʘ QT GUI Sink 

ʩ ʙʳʩʪʨʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ. ɺ ʵʪʦʤ ʙʣʦʢʝ ʚʳʙʠʨʘʝʤ ʦʢʦʥʥʦʝ ʩʛʣʘʞʠʚʘʥʠʝ ʜʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʵʬʬʝʢʪʘ ʨʘʩʪʝʢʘʥʠʷ ʩʧʝʢʪʨʘ. ʕʬʬʝʢʪ ʨʘʩʪʝʢʘʥʠʷ ɼʇʌ (ʜʠʩʢʨʝʪʥʦʝ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʝ ʌʫʨʴʝ) ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ɼɺʇʌ (ʜʠʩʢʨʝʪʥʦ-ʚʨʝʤʝʥʥʦʝ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ) ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚʦ ʚʨʝʤʝʥʠ ʩʠʛʥʘʣʘ ʥʘ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʘʭ ʩʧʝʢʪʨʘ 

ʦʢʦʥʥʦʡ ʬʫʥʢʮʠʠ. ʏʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʨʘʩʪʝʢʘʥʠʝ, ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʠʪʴ ʫʨʦʚʝʥʴ ʙʦʢʦ-

ʚʳʭ ʣʝʧʝʩʪʢʦʚ ʩʧʝʢʪʨʘ. ʋʨʦʚʝʥʴ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʩʧʝʢʪʨʘ ʠ ʩʢʦʨʦʩʪʴ ʠʭ ʫʙʳʚʘʥʠʷ ʧʦ 

ʯʘʩʪʦʪʝ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʛʣʘʜʢʦʩʪʠ ʠʩʭʦʜʥʦʡ ʬʫʥʢʮʠʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʵʬ-

ʬʝʢʪʘ ʨʘʩʪʝʢʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʠʪʴ ʦʢʦʥʥʫʶ ʬʫʥʢʮʠʶ, ʫʙʨʘʚ ʩʢʘʯʢʠ ʚ ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ. 

ʉʠʛʥʘʣ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʘʪʪʝʥʶʘʪʦʨ ʠ ʧʨʝʜʫʩʠʣʠʪʝʣʴ. ʕʪʠ ʢʦʤʧʦʥʝʥʪʳ ʧʨʝʜʥʘʟʥʘ-

ʯʝʥʳ ʜʣʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʜʦ ʪʝʭ ʫʨʦʚʥʝʡ, ʢʦʪʦʨʳʝ ʦʩʪʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʫʟ-

ʣʳ ʘʥʘʣʠʟʘʪʦʨʳ ʩʧʦʩʦʙʥʳ ʚʦʩʧʨʠʥʠʤʘʪʴ. ʋʩʪʘʥʦʚʢʠ ʘʪʪʝʥʶʘʪʦʨʘ ʤʦʛʫʪ ʧʦʤʦʯʴ ʦʧʪʠʤʠ-

ʟʠʨʦʚʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ. ɿʘʪʝʤ ʩʠʛʥʘʣ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨ, ʧʦʩʣʝ 

ʵʪʦʛʦ ʧʦʧʘʜʘʝʪ ʚ ʤʠʢʰʝʨ. ɺʳʭʦʜ ʤʠʢʰʝʨʘ ʷʚʣʷʝʪʩʷ ʩʫʤʤʦʡ ʠ ʨʘʟʥʠʮʝʡ ʯʘʩʪʦʪ ʪʝʩʪʠʨʫʝ-

ʤʦʛʦ ʩʠʛʥʘʣʘ ʠ ʯʘʩʪʦʪ ʤʝʩʪʥʦʛʦ ʛʝʪʝʨʦʜʠʥʘ. ʂʦʛʜʘ ʵʪʦʪ ʩʤʝʰʘʥʥʳʡ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʵʢ-

ʚʠʚʘʣʝʥʪʝʥ ʟʥʘʯʝʥʠʶ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ (IF ʠʣʠ intermediate frequency), ʪʦ ʧʨʦʠʩʭʦ-

ʜʠʪ ʦʪʬʠʣʴʪʨʦʚʳʚʘʥʠʝ ʧʫʪʠ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ, ʧʦʩʣʝ ʯʝʛʦ ʵʪʦʪ ʩʤʝʰʘʥʥʳʡ ʩʠʛʥʘʣ 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʬʠʣʴʪʨ IF ʠ ʧʨʦʜʦʣʞʘʝʪ ʩʚʦʡ ʧʫʪʴ. ɺ ʵʪʦ ʩʘʤʦʝ ʚʨʝʤʷ ʘʥʘʣʠʟʘʪʦʨ ʩʠʛʥʘʣʦʚ 

ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʯʘʩʪʦʪʫ ʩʠʛʥʘʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʩʝʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ çʙʝʩʧʦʢʦ-

ʠʪʴʩʷè ʦʙ ʦʜʥʦʡ ʣʠʰʴ ʘʤʧʣʠʪʫʜʝ. ʅʦ ʧʝʨʝʜ ʪʝʤ, ʢʘʢ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʩʣʝʜʫʶʱʠʡ ʬʠʣʴʪʨ, 

ʤʠʢʰʝʨ ʥʘʧʨʘʚʣʷʝʪ ʩʠʛʥʘʣ ʥʘ ɸʥʘʣʦʛʦ-ʎʠʬʨʦʚʦʡ ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ADC ʠʣʠ analog-to-

digital converter) ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʮʠʬʨʦʚʦʡ ʬʦʨʤʘʪ. ʊʝʧʝʨʴ, ʢʦ-

ʛʜʘ ʩʠʛʥʘʣ ʧʨʦʰʝʣ ʧʨʦʮʝʜʫʨʫ ʩʤʝʰʝʥʠʷ ʠ ʝʛʦ ʯʘʩʪʦʪʳ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ, ʩʘʤ ʩʠʛʥʘʣ 

ʧʨʝʦʙʨʘʟʦʚʘʥ ʚ ʮʠʬʨʦʚʦʡ ʬʦʨʤʘʪ ï ʪʝʧʝʨʴ ʦʥ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʬʠʣʴʪʨ IF. ɺʦʟʤʦʞʥʦʩʪʴ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ ʬʠʣʴʪʨʘ IF ʜʘʝʪ ʨʳʯʘʛʠ ʫʧʨʘʚʣʝʥʠʷ ʪʠʧʘʤʠ ʠʟʤʝʨʝ-

ʥʠʡ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʧʦʣʫʯʘʪʴ ʞʝʣʘʝʤʳʝ ʜʘʥ-

ʥʳʝ. ʇʦʩʣʝ ʬʠʣʴʪʨʘ IF ʩʠʛʥʘʣ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʮʠʬʨʦʚʳʝ ʜʝʪʝʢʪʦʨʳ. ʎʠʬʨʦʚʳʝ ʜʝʪʝʢʪʦʨʳ 

ʦʧʨʝʜʝʣʷʶʪ ʘʤʧʣʠʪʫʜʫ ʪʝʩʪʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ ʧʦ ʚʨʝʤʝʥʠ (ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ) ʨʘʟʚʝʨʪʢʠ. 

ɺʘʞʥʝʡʰʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʮʠʬʨʦʚʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʩʠʛʥʘʣʦʚ ʧʝʨʝʜ ʘʥʘʣʦʛʦʚʳʤ ʷʚʣʷʝʪʩʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʝʨʚʦʛʦ ʚʳʙʠʨʘʪʴ ʜʘʥʥʳʝ, ʯʪʦ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʵʢʨʘʥʝ. 

ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʠʩʪʝʤ ʩʚʷʟʠ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ 

ʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ. ʉʝʛʦʜʥʷ ʥʘ ʨʳʥʢʝ ʤʦʞʥʦ ʥʘʡʪʠ ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ. 

ɻʣʘʚʥʳʝ ʠʭ ʦʪʣʠʯʠʷ ï ʵʪʦ ʮʝʥʘ ʠ ʬʫʥʢʮʠʦʥʘʣ. ʉʣʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʪʨʘʥʩʠʚʝʨʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʫ SDR, ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʫ ʧʝʨʚʳʭ ʢʘʢʦʡ-

ʣʠʙʦ ʛʠʙʢʦʩʪʠ, ʪʘʢ ʥʝʦʙʭʦʜʠʤʦʡ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦ ʠʟʤʝʥʷʶʱʠʭʩʷ ʩʪʘʥʜʘʨ-
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ʪʦʚ. ʇʦʵʪʦʤʫ ʧʝʨʝʭʦʜ ʢ ʘʨʭʠʪʝʢʪʫʨʝ SDR ʥʝʠʟʙʝʞʝʥ, ʠ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ 

ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʦʪʣʘʜʦʯʥʦʡ ʧʣʘʪʝ Lime-SDR-USB ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ.  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠ-
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ʛʠʯʥʳʭ ʩʠʩʪʝʤ ʠ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ, ʧʦʟʚʦʣʠʚʰʠʡ ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ï 

ʦʪʩʫʪʩʪʚʠʝ ʨʝʞʠʤʘ ʦʙʫʯʝʥʠʷ ʠ ʥʘʩʪʨʦʡʢʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʦʜ ʪʨʝʙʦʚʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ, ʧʨʦ-

ʧʨʠʝʪʘʨʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʪ. ʧ. ɼʝʣʘʝʪʩʷ ʚʳʚʦʜ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʚʳʧʦʣʥʷʪʴ ʪʘʢʠʝ ʦʧʝʨʘʮʠʠ ʢʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

çʢʣʠʝʥʪ-ʩʝʨʚʝʨè ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ, ʚʥʝʩʝʥʠʝ ʚ ʩʠʩʪʝʤʫ ʦʙʫʯʘʶʱʠʭ ʤʘʪʝʨʠ-
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ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʧʨʘʚʦʯʥʠʢʘʭ, ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʜʩʠʩʪʝʤʫ ʧʦʜʛʦʪʦʚʢʠ 

ʠ ʧʝʯʘʪʠ ʨʘʟʣʠʯʥʳʭ ʦʪʯʝʪʦʚ ʚ ʀʉ. 

ʂ ʦʩʥʦʚʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʩʠʩʪʝʤʳ ʦʪʥʦʩʷʪʩʷ ʣʦʛʠʯʝʩʢʦʝ ʨʘʟʥʝʩʝʥʠʝ ʪʝʩʪʦʚ ʧʦ 
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ʘʥʘʣʠʟʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʚʳʚʦʜʠʪ ʦʮʝʥʢʫ ʫʨʦʚʥʷ ʧʦʜʛʦʪʦʚʢʠ ʧʝʨʩʦʥʘʣʘ ʥʘ ʥʦʚʳʡ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʫʨʦʚʝʥʴ, ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʢʘʢ ʧʨʦʚʝʜʝʥʠʝ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʨʘʩʰʠʬ-

ʨʦʚʢʫ ʝʛʦ ʨʝʟʫʣʴʪʘʪʦʚ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʝ, ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʧʨʠʚʝʜʝʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʢʘʜʨʦʚ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʥʘ ʩʘʡʪʝ ʨʘʙʦʪʦʜʘʪʝʣʷ ʧʨʦʡʪʠ ʦʥʣʘʡʥ ʪʝʩʪʠʨʦʚʘ-

ʥʠʝ ʜʣʷ ʧʦʩʪʫʧʣʝʥʠʷ ʥʘ ʨʘʙʦʪʫ, ʢʦʪʦʨʦʝ ʚʭʦʜʠʪ ʢʘʢ ʩʫʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʚ ʫʧʨʘʚʣʝʥʠʝ 

ʦʭʨʘʥʦʡ ʪʨʫʜʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʪʝʩʪʠʨʦʚʘ-

ʥʠʷ ʠ ʦʙʫʯʝʥʠʷ. ʆʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝ-

ʰʝʥʠʡ ʚʳʷʚʠʣ ʠʭ ʦʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ: 

- ʦʪʩʫʪʩʪʚʫʝʪ ʨʝʞʠʤ ʦʙʫʯʝʥʠʷ; 

- ʥʝʚʦʟʤʦʞʥʦ ʜʦʨʘʙʦʪʘʪʴ ʬʫʥʢʮʠʦʥʘʣ ʧʦʜ ʪʨʝʙʦʚʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ;  

- ʥʝʪ ʠʩʭʦʜʥʳʭ ʪʝʢʩʪʦʚ ʧʨʦʛʨʘʤʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʥʦʛʠʝ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʧʣʘʪʥʳʤʠ, ʪ. ʝ. ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʧʨʠʝʪʘʨʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ (ʀʉ), ʫʜʦʚʣʝ-

ʪʚʦʨʷʶʱʫʶ ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ: 

- çʢʣʠʝʥʪ ï ʩʝʨʚʝʨʥʦʝè ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ; 

- ʚʥʝʩʝʥʠʝ ʚ ʩʠʩʪʝʤʫ ʦʙʫʯʘʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ; 

- ʚʥʝʩʝʥʠʝ ʠ ʠʟʤʝʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʩʪʘʭ; 

- ʚʥʝʩʝʥʠʝ ʠ ʠʟʤʝʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʩʪʦʚ; 
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- ʚʥʝʩʝʥʠʝ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

- ʚʝʜʝʥʠʝ ʞʫʨʥʘʣʘ ʧʨʦʭʦʞʜʝʥʠʡ ʪʝʩʪʠʨʦʚʘʥʠʷ;  

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʚʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʩ ʫʯʝʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʦʨʪʠʨʦʚʦʢ ʠ ʬʠʣʴʪʨʦʚ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʘʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʤʦʜʝ-

ʣʠʨʫʝʪ ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʠ ʧʦʷʩʥʷʝʪ, ʥʘ ʦʩʥʦ-

ʚʘʥʠʠ ʢʘʢʠʭ ʚʭʦʜʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʥʦʨʤʘʪʠʚʥʦ-ʩʧʨʘʚʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʀʉ ʠ ʧʦʣʫʯʝʥʠʝ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ [1]. 

ʄʦʜʝʣʴ ʚʠʟʫʘʣʠʟʠʨʫʝʪ:  

- ʧʨʦʮʝʩʩ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʧʨʘʚʦʯʥʠʢʘʭ, ʪʘʢʠʭ ʢʘʢ ʩʧʠʩʦʢ ʧʦʣʴʟʦ-

ʚʘʪʝʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʧʨʦʛʨʘʤʤʝ, ʩʧʠʩʦʢ ʪʝʩʪʦʚ ʠ ʠʭ ʜʘʥʥʳʭ, ʩʧʠʩʦʢ ʨʘʟʣʠʯ-

ʥʳʭ ʦʙʫʯʘʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ; 

- ʧʨʦʮʝʩʩ ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦ ʚʥʝʩʝʥʥʳʤ ʨʘʥʝʝ ʪʝʩʪʘʤ; 

- ʧʦʜʩʠʩʪʝʤʫ ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʝʯʘʪʠ ʨʘʟʣʠʯʥʳʭ ʦʪʯʝʪʦʚ ʚ ʀʉ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʳʙʨʘʥ 

çVisual Studio C#è. ɺʳʙʦʨ ʦʙʫʩʣʦʚʣʝʥ ʛʠʙʢʦʩʪʴʶ ʧʣʘʪʬʦʨʤʳ, ʷʚʣʷʶʱʝʡʩʷ ʦʩʥʦʚʦʡ ʩʨʝʜʳ, 

ʦʛʨʦʤʥʳʤ ʥʘʙʦʨʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʝʶ ʜʣʷ ʨʝʰʝʥʠʷ ʙʦʣʴʰʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʟʘʜʘʯ, ʘ ʪʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴʶ ʵʪʦʛʦ ʷʟʳʢʘ [2]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʘʙʦʪʘʥʘ ʀʉ ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʨʠʝʤʘ ʥʘ ʨʘʙʦʪʫ ʩʦʠʩʢʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʧʝʨʩʦ-

ʥʘʣʘ ʧʨʝʜʧʨʠʷʪʠʷ. ʆʥʘ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʚʝʨʩʠʷʭ ʆʉ çWindows 7è, çWindows 10è ʩʝʤʝʡ-

ʩʪʚʘ çMS Windowsè, ʘ ʪʘʢʞʝ ʥʘ ʩʝʨʚʝʨʥʳʭ ʚʝʨʩʠʷʭ ʵʪʦʡ ʆʉ. 

ʂ ʦʩʥʦʚʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʩʠʩʪʝʤʳ ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ: 

- ʣʦʛʠʯʝʩʢʦʝ ʨʘʟʥʝʩʝʥʠʝ ʪʝʩʪʦʚ ʧʦ ʛʨʫʧʧʘʤ; 

- ʧʨʠʚʷʟʢʘ ʢ ʪʝʩʪʘʤ ʦʙʫʯʘʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʚʠʜʝ ʬʘʡʣʦʚ; 

- ʥʘʟʥʘʯʝʥʠʝ ʪʝʩʪʫ ʨʘʟʣʠʯʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚʘ; 

- ʧʨʠʚʷʟʢʘ ʢ ʦʪʚʝʪʫ ʚʝʩʘ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʨʘʠʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʭʦʞ-
ʜʝʥʠʷ ʪʝʩʪʘ; 

- ʧʨʠʚʷʟʢʘ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʢ ʪʝʩʪʫ ʜʣʷ ʚʝʨʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʭʦʞʜʝ-
ʥʠʷ ʪʝʩʪʘ; 

- ʥʘʚʠʛʘʮʠʷ ʧʦ ʪʝʩʪʫ; 

- ʩʦʭʨʘʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ɹɼ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʚʳʚʝʩʪʠ ʦʮʝʥʢʫ ʫʨʦʚʥʷ ʧʦʜʛʦʪʦʚʢʠ ʩʦʠʩʢʘʪʝʣʝʡ 

ʠ ʩʦʪʨʫʜʥʠʢʦʚ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ ʥʦʚʳʡ ʢʘʯʝʩʪʚʝʥʥʳʡ ʫʨʦʚʝʥʴ, ʫʧʨʦʩʪʠʪʴ ʢʘʢ ʧʨʦʚʝʜʝʥʠʝ 

ʪʝʩʪʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʨʘʩʰʠʬʨʦʚʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʪ.ʝ. ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʚʣʠʷʪʴ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʦʭʨʘʥʦʡ ʪʨʫʜʘ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʄʘʪʝʨʠʘʣʳ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠ ʨʘʟʨʘʙʦʪʢʠ ʀʉ ʚ ʩʬʝʨʝ ʦʙʫʯʝʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʟʥʘʥʠʡ ʜʣʷ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʈʌ.  

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

 

1. ɺʠʯʫʛʦʚʘ, ɸ. ɸ. ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ: ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʦʚ / ɸ. ɸ. ɺʠʯʫʛʦʚʘ. ï ʄʦʩʢʚʘ : ʉʠʥʝʨʛʠʷ, 2017. ï 631 c. 

2. ɼʘʚʳʜʦʚ, ɺ. ɻ. Visual C++. ʈʘʟʨʘʙʦʪʢʘ Windows-ʧʨʠʣʦʞʝʥʠʡ ʩ ʧʦʤʦʱʴʶ MFC ʠ 

API-ʬʫʥʢʮʠʡ / ɺ. ɻ. ɼʘʚʳʜʦʚ. ï ʉʘʥʢʪ ʇʝʪʝʨʙʫʨʛ : ɹʍɺ-ʇʝʪʝʨʙʫʨʛ, 2019. ï 425 ʩ. 

 

 

  



23 

 

ɸɺʊʆʄɸʊʀɿɸʎʀʗ ɹʀɿʅɽʉ-ʇʈʆʎɽʉʉɸ ʉʊʈʆʀʊɽʃʔʅʆʁ ʂʆʄʇɸʅʀʀ  

ʇʋʊɽʄ ʀʅʊɽɻʈɸʎʀʀ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʉʀʉʊɽʄ 

 

ɹʝʣʦʚʘ ɺʝʨʦʥʠʢʘ ɸʥʘʪʦʣʴʝʚʥʘ 

E-mail: belova-veronika@internet.ru 

 

ʋʨʘʣʴʩʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ.ɽʣʴʮʠʥʘ, 

ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ. ʇʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ʀʩʩʣʝʜʦ-

ʚʘʥ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʦʙʲʝʢʪʘ ʧʦʢʫʧʘʪʝʣʶ ʠ ʠʤʝʶʱʠʝʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝ-

ʤʳ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʢʦʤʧʘʥʠʠ. ɺʳʷʚʣʝʥʳ ʧʨʦʙʣʝʤʳ ʚ ʨʘʙʦʪʝ ʢʦʤʧʘʥʠʠ ʠ ʧʨʝʜʣʦʞʝʥ ʚʦʟ-

ʤʦʞʥʳʡ ʚʘʨʠʘʥʪ ʨʝʰʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʙʠʟʥʝʩ ʧʨʦʮʝʩʩʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʠʥʪʝʛʨʘʮʠʷ ʩʠʩʪʝʤ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ɾʂʍ. 

 

ɺʚʝʜʝʥʠʝ 

XXI ʚʝʢ ï ʚʝʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʨʝʙʫʶʱʠʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʙʠʟ-

ʥʝʩ ʧʨʦʮʝʩʩʦʚ ʠ ʵʢʦʥʦʤʠʠ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ. ʅʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʭʦʜʷʪ ʥʦʚʳʝ ʪʝʭʥʦʣʦ-

ʛʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʧʨʦʮʝʩʩ ʙʝʟ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ. ʎʝʣʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʟʘʤʝʥʘ ʨʫʯʥʦʛʦ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʨʫʜʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ.  

ɻʣʘʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ: 

ǒ ʉʢʦʨʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ.  

ǒ ʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ.  

ǒ ʇʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ.  

ǒ ʇʘʨʘʣʣʝʣʴʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʟʘʜʘʯ.  

ǒ ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ. [1] 

ʆʙʟʦʨ ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ 

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ.  

1. ERP (EntERPrise Resource Planning) ʩʠʩʪʝʤʳ. ʇʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʙʠʟʥʝʩ-ʦʧʝʨʘʮʠʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʣʘʥʠʨʦʚʘʥʠʷ, 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ. [2] 

2. CRM (Customer Relationship Management) ʩʠʩʪʝʤʳ. ʇʨʠʢʣʘʜʥʦʝ ʧʨʦʛʨʘʤʤ-

ʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʡ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʩ ʢʣʠʝʥʪʘʤʠ. ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ: ʩʙʦʨ, ʭʨʘʥʝʥʠʝ ʠ ʘʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʣʠʝʥ-

ʪʘʭ. 

3. PM (Project Management). ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʧʦʟʚʦʣʷʶʪ ʦʪʩʣʝ-

ʞʠʚʘʪʴ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʠ ʬʠʥʘʥʩʠʨʫʝʪʩʷ ʧʨʦʝʢʪ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ, ʜʝʣʝʛʠʨʦʚʘʪʴ ʟʘʜʘʯʠ ʠ ʩʪʘʚʠʪʴ ʜʝʜʣʘʡʥʳ. 

4. BPMS (Business Process Management System). ʕʪʦ ʚʠʜ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝ-

ʯʝʥʠʷ, ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʡ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʢʘʢ ʦʧʨʝʜʝʣʝʥʥʫʶ, ʦʛʨʘʥʠʯʝʥʥʫʶ ʚʦ ʚʨʝʤʝʥʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʪʘʧʦʚ, ʥʘ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʝʩʪʴ ʩʚʦʠ ʟʘʜʘʯʠ ʠ ʦʯʝʨʯʝʥʥʳʡ ʢʨʫʛ 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʣʠʮ. ʄʦʛʫʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʪʘʢ ʠ ʚ ʩʚʷʟʢʝ ʩ 

CRM/ERP/ECM.  

ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ï ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʥʝʧʨʦʟʨʘʯʥʳʭ ʦʪʨʘʩʣʝʡ. ɹʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʜʦʚʦʣʴʥʦ 

ʩʣʦʞʥʳʝ ʠ ʟʘʧʫʪʘʥʥʳʝ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚʦʟʨʘʩʪʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʩʝ ʧʨʦ-

ʮʝʩʩʳ ʠ ʟʘʜʘʯʠ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʠ ʚʳʷʚʣʷʪʴ ʦʰʠʙʢʠ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ, ʢʦʛʜʘ ʠʭ ʠʩʧʨʘʚʣʝ-

ʥʠʝ ʝʱʝ ʥʝ ʩʪʦʠʪ ʙʦʣʴʰʠʭ ʜʝʥʝʛ.  
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ʉʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ ʩʠʣʴʥʦ ʦʪʩʪʘʸʪ ʧʦ ʫʨʦʚʥʶ ʨʘʟʚʠʪʠʷ ʦʪ ʦʩʪʘʣʴʥʳʭ ʦʪʨʘʩʣʝʡ, 

ʪʘʢʠʭ ʢʘʢ ʨʠʪʝʡʣ ʠ ʣʦʛʠʩʪʠʢʘ. ʉʦʛʣʘʩʥʦ ʌʝʜʝʨʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʦʪ 30.12.2004 N 214-ʌɿ 

(ʨʝʜ. ʦʪ 02.07.2021) çʆʙ ʫʯʘʩʪʠʠ ʚ ʜʦʣʝʚʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʜʦʤʦʚ ʠ ʠʥʳʭ 

ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ ʠ ʦ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʥʝʢʦʪʦʨʳʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʘʢʪʳ ʈʦʩ-

ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè ʟʘʩʪʨʦʡʱʠʢ ʦʙʷʟʘʥ ʧʝʨʝʜʘʪʴ ʫʯʘʩʪʥʠʢʫ ʜʦʣʝʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲ-

ʝʢʪ ʥʝ ʧʦʟʜʥʝʝ ʩʨʦʢʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʫʩʤʦʪʨʝʥ ʜʦʛʦʚʦʨʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʦʠʪʝʣʴʥʳʝ 

ʢʦʤʧʘʥʠʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʧʝʨʝʜʘʪʴ ʦʙʲʝʢʪ ʩʦʙʩʪʚʝʥʥʠʢʫ ʢʘʢ ʤʦʞʥʦ ʩʢʦʨʝʝ. ʊʘʢʞʝ ʯʝʤ 

ʧʦʟʞʝ ʩʨʦʢ ʩʜʘʯʠ ʦʙʲʝʢʪʘ, ʪʝʤ ʙʦʣʴʰʝ ʧʨʠʙʳʣʠ ʪʝʨʷʝʪ ʢʦʤʧʘʥʠʷ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʣʶʙʘʷ ʢʦʤʧʘʥʠʷ ʪʨʝʙʫʝʪ ʨʘʟʚʠʪʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʪʝʭʥʠʯʝʩʢʦʤ 

ʧʣʘʥʝ. ʊʘʢ, ʤʥʦʛʠʝ ʢʦʤʧʘʥʠʠ ʚʥʝʜʨʷʶʪ ʚ ʩʚʦʶ ʨʘʙʦʪʫ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʩ ʮʝʣʴʶ 

ʫʣʫʯʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩʚʦʝʡ ʨʘʙʦʪʳ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʪʨʦʠʪʝʣʴʥʘʷ ʢʦʤʧʘʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʜʤʝʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʦʙʲʝʢʪʘ ʧʦʢʫʧʘʪʝʣʶ ʠ 

ʠʤʝʶʱʠʝʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʢʦʤʧʘʥʠʠ [3]. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʦʙʣʝʤ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʥʪʝʨʚʴʶ ʩʦ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ, ʫʯʘʩʪʚʫʶ-

ʱʠʤʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʝ. ʈʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʚʴʶ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1.  
ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʚʴʶ ʩʦ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ 

 

ʉʪʝʡʢʭʦʣ-

ʜʝʨ 

ʇʨʦʙʣʝʤʘ ʇʦʪʨʝʙʥʦʩʪʴ 

ɿʘʢʘʟʯʠʢ 

ʩʠʩʪʝʤʳ 
Å ʊʝʨʷʝʪ ʧʨʠʙʳʣʴ ʠʟ-ʟʘ ʧʨʦʩʨʦʯʝʥʥʳʭ 

ʩʨʦʢʦʚ ʧʦʜʧʠʩʘʥʠʷ ʘʢʪʘ ʧʝʨʚʠʯʥʦʡ 

ʧʨʠʝʤʢʠ 

Å ʋʤʝʥʴʰʠʪʴ ʧʦʪʝʨʶ ʧʨʠʙʳʣʠ 

Å ʋʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʟʘʧʠʩʠ 
ʢʣʠʝʥʪʦʚ ʥʘ ʧʝʨʚʠʯʥʫʶ ʧʨʠ-

ʝʤʢʫ 

Å ɺʣʘʜʝʪʴ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨ-
ʤʘʮʠʝʡ ʧʦ ʵʪʘʧʘʤ ʩʜʘʯʠ ʦʙʲ-

ʝʢʪʦʚ 

ʄʝʥʝʜʞʝʨ  

ʦʪʜʝʣʘ ʧʨʦ-

ʜʘʞ 

Å ʅʝ ʫʩʧʝʚʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʢʘʪʴ ʥʦ-

ʚʳʭ ʢʣʠʝʥʪʦʚ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦ-

ʮʝʩʩ ʟʘʧʠʩʠ ʥʘ ʧʨʠʝʤʢʫ  

Å ʂʣʠʝʥʪʳ ʥʝ ʦʪʚʝʯʘʶʪ ʥʘ ʪʝʣʝʬʦʥʥʳʝ 
ʟʚʦʥʢʠ ʚ ʨʘʙʦʯʝʝ ʚʨʝʤʷ 

Å ʅʝʭʚʘʪʢʘ ʩʚʦʙʦʜʥʳʭ ʤʝʩʪ ʚ ʩʠʩʪʝʤʝ 
ʠʟ-ʟʘ ʧʝʨʝʩʝʯʝʥʠʷ ʟʘʧʠʩʝʡ ʥʘ ʧʝʨʚʠʯ-

ʥʫʶ ʠ ʧʦʚʪʦʨʥʫʶ ʧʨʠʝʤʢʫ 

Å ʋʩʧʝʚʘʪʴ ʚʳʧʦʣʥʷʪʴ ʧʣʘʥ ʨʘ-
ʙʦʪ 

Å ɿʘʧʠʩʳʚʘʪʴ ʢʣʠʝʥʪʦʚ ʥʘ ʧʝʨ-
ʚʠʯʥʫʶ ʧʨʠʝʤʢʫ 

Å ʈʘʟʜʝʣʷʪʴ ʚ ʩʠʩʪʝʤʝ ʟʘʧʠʩʠ 
ʥʘ ʧʝʨʚʠʯʥʫʶ ʠ ʧʦʚʪʦʨʥʫʶ 

ʧʨʠʝʤʢʫ 

Å ʅʘʧʦʤʠʥʘʪʴ ʢʣʠʝʥʪʫ ʦ 
ʥʘʟʥʘʯʝʥʥʦʡ ʟʘʧʠʩʠ 

ʂʣʠʝʥʪ 

ʢʦʤʧʘʥʠʠ 
Å ɺʦʣʥʫʝʪʩʷ ʦ ʪʦʤ ʥʘ ʢʘʢʦʡ ʩʪʘʜʠʠ 
ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʝʛʦ ʢʚʘʨʪʠʨʘ 

Å ʅʝ ʤʦʞʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʟʘʧʠʩʘʪʴʩʷ 
ʥʘ ʧʨʠʝʤʢʫ ʯʝʨʝʟ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦ-

ʞʝʥʠʝ 

Å ɹʦʠʪʩʷ ʦʪʚʝʯʘʪʴ ʥʘ ʥʝʟʥʘʢʦʤʳʝ ʥʦʤʝ-
ʨʘ 

Å ɺ ʨʘʙʦʯʝʝ ʚʨʝʤʷ ʟʘʥʷʪ ʠ ʥʝ ʤʦʞʝʪ ʧʦ-
ʟʚʦʥʠʪʴ ʤʝʥʝʜʞʝʨʫ ʜʣʷ ʦʪʤʝʥʳ ʟʘʧʠ-

ʩʠ 

Å ʇʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 
ʵʪʘʧʘʭ ʛʦʪʦʚʥʦʩʪʠ ʦʙʲʝʢʪʘ 

Å ʉʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʳʙʠʨʘʪʴ 
ʜʘʪʫ ʠ ʜʝʥʴ ʟʘʧʠʩʠ ʥʘ ʧʨʠʝʤ-

ʢʫ 

Å ʆʪʤʝʥʷʪʴ ʟʘʧʠʩʴ ʚ ʣʶʙʦʝ 

ʚʨʝʤʷ ʙʝʟ ʟʚʦʥʢʘ ʤʝʥʝʜʞʝʨʫ 
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ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʢʘʢʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʦʤʧʘʥʠʠ. 

1. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ Odoo. ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ERP ʩʠ-

ʩʪʝʤʫ ʩ ʤʦʜʫʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ. ʂʘʞʜʳʡ ʤʦʜʫʣʴ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʢʘʢ 

ʦʪʜʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ. ɺʩʝ ʤʦʜʫʣʠ ʛʘʨʤʦʥʠʯʥʦ ʠʥʪʝʛʨʠʨʫʶʪʩʷ, ʩʦʟʜʘʚʘʷ ʝʜʠʥʦʝ ʮʝʣʦʝ. 

ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ ʧʦʜʭʦʜʫ ʤʦʞʥʦ ʧʦʜʢʣʶʯʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʦʜʫʣʠ ʧʦ ʤʝʨʝ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʠ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʦʝ ʚʥʝʜʨʝʥʠʝ ʠ ʙʳʩʪʨʦʝ ʨʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠ-

ʩʪʝʤʳ [4]. 

2. ʄʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʢʣʠʝʥʪʦʚ. ɺ ʬʫʥʢʮʠʦʥʘʣ ʧʨʠʣʦʞʝʥʠʷ ʚʭʦʜʠʪ: 

ʦʧʣʘʪʘ ʫʩʣʫʛ ɾʂʍ, ʙʨʦʥʠʨʦʚʘʥʠʷ ʧʘʨʢʦʚʢʠ, ʟʘʢʘʟʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʫʛ, ʠʥʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʞʠʣʴʮʦʚ ʦ ʚʘʞʥʳʭ ʥʦʚʦʩʪʷʭ ʠ ʜʨ.  

ʇʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʰʝʥʠʷ ʚʳʷʚʣʝʥʥʳʭ ʧʨʦʙʣʝʤ ʤʥʦʶ ʙʳʣʦ ʚʳʙʨʘʥʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ ʧʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠʤʝʶʱʠʭʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʢʦʤʧʘʥʠʠ. 

ʇʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʢʣʠʝʥʪʳ ʩʤʦʛʫʪ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʯʝʨʝʟ ʤʦʙʠʣʴ-

ʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʦ ʩʪʘʜʠʠ ʛʦʪʦʚʥʦʩʪʠ ʦʙʲʝʢʪʘ, ʚʠʜʝʪʴ ʜʘʪʫ ʝʛʦ ʩʜʘʯʠ, ʧʦʣʫʯʘʪʴ ʫʚʝʜʦʤʣʝ-

ʥʠʷ ʦ ʛʦʪʦʚʥʦʩʪʠ ʦʙʲʝʢʪʘ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʟʘʧʠʩʳʚʘʪʴʩʷ ʠ ʦʪʤʝʥʷʪʴ ʟʘʧʠʩʴ ʥʘ ʧʨʠʝʤʢʫ 

ʦʙʲʝʢʪʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʘʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʜʦʣʞʝʥ ʟʘʤʝʥʠʪʴ ʤʝʥʝʜʞʝʨʘ ʦʪʜʝʣʘ 

ʧʨʦʜʘʞ ʥʘ ʵʪʘʧʝ ʟʘʧʠʩʠ ʥʘ ʧʨʠʝʤʢʫ ʦʙʲʝʢʪʦʚ, ʜʘʚ ʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʢʘʯʝʩʪʚʝʥʥʝʝ ʨʘʙʦʪʘʪʴ 

ʩ ʧʨʦʜʘʞʘʤʠ, ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚ ʧʨʠʙʳʣʴ ʢʦʤʧʘʥʠʠ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ʈɸɿʈɸɹʆʊʂɸ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄʓ çʇʆʈʊʌʆʃʀʆ ʋʏɸʑʀʍʉʗè  

 

ɹʝʣʷʝʚ ɸʨʪʝʤ ɸʣʝʢʩʝʝʚʠʯ 

Email: belart1200@mail.ru 
 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ  

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠʠ ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 

ʛ. ʈʫʙʮʦʚʩʢ, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝ-

ʤʳ çʇʦʨʪʬʦʣʠʦ ʫʯʘʱʠʭʩʷè, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʫʯʝʪʘ ʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʜʦʩʪʠʞʝ-

ʥʠʡ ʫʯʘʱʠʭʩʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ. ʆʧʠʩʘʥʳ ʦʙʲʝʢʪ, ʧʨʝʜʤʝʪ, ʮʝʣʴ ʠ ʟʘʜʘʯʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠʚʝʜʝʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʦʪʦʚʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʦʙʦʩʥʦʚʘʥʠʝ 

ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʚʠʜʘʤ ʦʙʝʩʧʝʯʝʥʠʷ. ʈʘʟʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʦʩʫ-

ʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ç1ʉ: ʇʨʝʜʧʨʠʷʪʠʝ 8.3è. ʆʥʘ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ 

ʠ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ, ʧʦʚʳʩʠʪʴ ʩʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʠʩ-

ʢʣʶʯʠʪʴ ʧʦʷʚʣʝʥʠʝ ʦʰʠʙʦʢ, ʘ ʪʘʢʞʝ ʙʳʩʪʨʦ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ 

ʦʪʯʝʪʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʈʘʟʨʘʙʦʪʢʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʙʘʟʘ ʜʘʥʥʳʭ, ʧʦʨʪʬʦʣʠʦ 

ʫʯʘʱʠʭʩʷ, ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, 1ʉ. 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʦʨʪʬʦʣʠʦ ï ʵʪʦ ʧʦʜʙʦʨʢʘ, ʢʦʣʣʝʢʮʠʷ ʨʘʙʦʪ, ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʫʯʘʱʝʛʦʩʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʬʦʨʤ ʧʦʨʪʬʦʣʠʦ ʩʚʷʟʘʥʦ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʦʵʪʦʤʫ ʩʦʚʨʝʤʝʥʥʳʡ ʫʯʝʥʠʢ 

ʜʦʣʞʝʥ ʚʣʘʜʝʪʴ ʥʘʚʳʢʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉʦʟʜʘʥʥʦʝ ʧʦʨʪʬʦʣʠʦ ʩ ʧʦʤʦ-

ʱʴʶ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʧʦʟʚʦʣʠʪ ʫʯʘʱʝʤʫʩʷ ʥʘʛʣʷʜʥʦ ʦʪʨʘʟʠʪʴ ʜʠʥʘ-

ʤʠʢʫ ʠ ʩʚʦʠ ʜʦʩʪʠʞʝʥʠʷ. ʉ 2011 ʛʦʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ 

ʜʦʣʞʥʳ ʬʦʨʤʠʨʦʚʘʪʴ ʧʦʨʪʬʦʣʠʦ ʫʯʝʥʠʢʘ, ʥʘʯʠʥʘʷ ʩ ʥʘʯʘʣʴʥʦʡ ʰʢʦʣʳ.  

ɺ ʤʫʥʠʮʠʧʘʣʴʥʦʤ ʙʶʜʞʝʪʥʦʤ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʫʯʨʝʞʜʝʥʠʠ çʂʘʜʝʪʩʢʘʷ 

ʩʨʝʜʥʷʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ ˉ 2 ʠʤʝʥʠ ʄ. ʉ. ɹʘʪʨʘʢʦʚʘè ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʜʦ-

ʩʪʠʞʝʥʠʷʭ ʫʯʘʱʠʭʩʷ ʚʝʜʝʪʩʷ ʚʨʫʯʥʫʶ ʥʘ ʙʫʤʘʞʥʳʭ ʥʦʩʠʪʝʣʷʭ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ çʇʦʨʪʬʦ-

ʣʠʦ ʫʯʘʱʠʭʩʷè, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʚʩʝ ʫʯʝʙʥʳʝ ʠ ʚʥʝʫʯʝʙʥʳʝ ʜʦʩʪʠʞʝ-

ʥʠʷ ʫʯʘʱʝʛʦʩʷ, ʦʮʝʥʠʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʫʯʘʱʝʛʦʩʷ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʦʙʣʘʩʪʠ ʠ 

ʦʧʨʝʜʝʣʠʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʠʥʪʝʨʝʩʳ ʫʯʘʱʝʛʦʩʷ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʄɹʆʋ çʂʘʜʝʪʩʢʘʷ ʉʆʐ ˉ 2 ʠʤʝʥʠ ʄ. ʉ. ɹʘʪʨʘ-

ʢʦʚʘè.  

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʫʯʝʪʘ ʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʜʦʩʪʠʞʝ-

ʥʠʡ ʫʯʘʱʠʭʩʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʫʯʝʪʘ ʠ ʘʥʘʣʠ-

ʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʜʦʩʪʠʞʝʥʠʡ ʫʯʘʱʠʭʩʷ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ï ʠʟʫʯʠʪʴ ʤʘʪʝʨʠʘʣ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

ï ʚʳʧʦʣʥʠʪʴ ʦʙʟʦʨ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ; 

ï ʦʩʫʱʝʩʪʚʠʪʴ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʚʠʜʘʤ ʦʙʝʩʧʝʯʝʥʠʷ; 

ï ʨʘʟʨʘʙʦʪʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ çʇʦʨʪʬʦʣʠʦ ʫʯʘʱʠʭʩʷè. 

ʇʝʨʝʜ ʨʘʟʨʘʙʦʪʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʘʨʠʘʥʪʳ 

ʚʥʝʜʨʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʙʳ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʪʴ ʚʝʜʝʥʠʷ ʧʦʨʪʬʦʣʠʦ ʫʯʘʱʠʭʩʷ ʚ ʰʢʦʣʘʭ. 

çʂʦʥʩʪʨʫʢʪʦʨ ʧʦʨʪʬʦʣʠʦ ʫʯʝʥʠʢʘ (online)è ʧʦʜʜʝʨʞʠʚʘʝʪ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʫʶ 

ʨʘʙʦʪʫ ʠ ʧʦʟʚʦʣʷʝʪ ʫʯʘʱʝʤʫʩʷ ʠ ʝʛʦ ʨʦʜʠʪʝʣʷʤ ʩʦʟʜʘʪʴ ʩʘʤʠʤ ʧʦʨʪʬʦʣʠʦ [1]. ʂʦʥʩʪʨʫʢʪʦʨ 
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ʠʤʝʝʪ ʜʨʫʞʝʩʪʚʝʥʥʳʡ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ. ɼʘʞʝ ʫʯʘʱʠʝʩʷ ʥʘʯʘʣʴʥʦʡ 

ʰʢʦʣʳ ʙʝʟ ʧʨʦʙʣʝʤ ʤʦʛʫʪ ʩʦʟʜʘʪʴ ʩʚʦʝ ʩʦʙʩʪʚʝʥʥʦʝ ʧʦʨʪʬʦʣʠʦ.  

ʆʩʥʦʚʥʳʤʠ ʨʘʟʜʝʣʘʤʠ ʜʘʥʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ ʷʚʣʷʶʪʩʷ: çʊʠʪʫʣʴʥʳʡ ʣʠʩʪè, çʄʦʡ 

ʤʠʨè, çʄʦʷ ʫʯʝʙʘè, çʄʦʷ ʦʙʱʝʩʪʚʝʥʥʘʷ ʨʘʙʦʪʘè, çʄʦʝ ʪʚʦʨʯʝʩʪʚʦè, çʄʦʠ ʜʦʩʪʠʞʝʥʠʷè, 

çʆʪʟʳʚʳ ʠ ʧʦʞʝʣʘʥʠʷè.  

ɼʘʥʥʳʡ ʧʨʦʜʫʢʪ ʷʚʣʷʝʪʩʷ ʙʝʩʧʣʘʪʥʳʤ, ʥʦ ʝʩʪʴ ʨʠʩʢʠ ʫʪʝʯʢʠ ʜʘʥʥʳʭ. ʊʘʢ ʢʘʢ ʚ 

ʧʦʨʪʬʦʣʠʦ ʙʫʜʝʪ ʚʢʣʶʯʝʥ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʜʘʥʥʳʭ ʦʙ ʦʮʝʥʢʘʭ ʠ ʧʦʩʝʱʘʝʤʦʩʪʠ, ʢʦʪʦʨʳʤʠ 

ʤʦʛʫʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʦʰʝʥʥʠʢʠ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠʥʪʝʨʥʝʪʘ, ʚʦʩʧʦʣʴʟʦʚʘʪʴ-

ʩʷ ʜʘʥʥʳʤ ʢʦʥʩʪʨʫʢʪʦʨʦʤ ʩʪʘʥʦʚʠʪʩʷ  

4portfolio.ru ʷʚʣʷʝʪʩʷ ʙʝʩʧʣʘʪʥʳʤ ʢʦʥʩʪʨʫʢʪʦʨʦʤ ʧʦʨʪʬʦʣʠʦ [2]. 

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʩʚʦʠ ʧʦʨʪʬʦʣʠʦ, ʜʦʩʪʫʧʥʳʝ ʜʣʷ 

ʧʨʦʩʤʦʪʨʘ, ʛʜʝ ʝʩʪʴ ʀʥʪʝʨʥʝʪ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʧʦʨʪʬʦʣʠʦ: ʧʦʨʪʬʦʣʠʦ ʜʣʷ ʣʠʯʥʳʭ ʮʝʣʝʡ, ʧʦʨʪʬʦʣʠʦ ʩʚʦʠʭ ʜʦʩʪʠʞʝʥʠʡ, 

ʧʦʨʪʬʦʣʠʦ ʦʪʟʳʚʦʚ ʠ ʨʘʟʣʠʯʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. ʇʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ: 

ï ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʚʦʠ ʫʩʧʝʭʠ ʠ ʜʦʩʪʠʞʝʥʠʷ ʚ ʥʘʛʣʷʜʥʦʡ ʠ ʢʨʘʩʦʯʥʦʡ ʬʦʨʤʝ; 

ï ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʜʦʩʪʫʧ ʢ ʨʘʟʣʠʯʥʳʤ ʨʘʟʜʝʣʘʤ ʩʚʦʝʛʦ ʧʦʨʪʬʦʣʠʦ; 

ï ʧʠʩʘʪʴ ʢʦʤʤʝʥʪʘʨʠʠ ʢ ʩʪʨʘʥʠʯʢʘʤ ʧʦʨʪʬʦʣʠʦ ʜʨʫʛʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

ï ʦʙʱʘʪʴʩʷ ʩ ʜʨʫʟʴʷʤʠ ʠ ʢʦʣʣʝʛʘʤʠ, ʚʩʪʫʧʘʪʴ ʚ ʠʥʪʝʨʝʩʫʶʱʠʝ ʩʦʦʙʱʝʩʪʚʘ; 

ï ʜʝʣʠʪʴʩʷ ʩʚʦʠʤʠ ʤʳʩʣʷʤʠ ʠ ʠʜʝʷʤʠ. 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠʥʪʝʨʥʝʪʘ, 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʦʥʩʪʨʫʢʪʦʨʦʤ ʙʫʜʝʪ ʥʝʚʦʟʤʦʞʥʦ. 

ɼʨʫʛʠʤ ʚʘʨʠʘʥʪʦʚ ʩʦʟʜʘʥʠʷ ʧʦʨʪʬʦʣʠʦ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 

çʉʝʪʝʚʦʡ ʛʦʨʦʜ. ʆʙʨʘʟʦʚʘʥʠʝè [3]. ɺ ʥʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʟʥʦʫʨʦʚʥʝʚʳʡ ʜʦʩʪʫʧ ʢ 

ʨʘʟʣʠʯʥʦʡ ʰʢʦʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʨʪʬʦʣʠʦ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʠ ʫʯʝʥʠʢʠ, ʠ ʧʝʜʘʛʦʛʠ. ʇʦ 

ʫʤʦʣʯʘʥʠʶ ʩʦʟʜʘʶʪʩʷ ʯʝʪʳʨʝ ʨʘʟʜʝʣʘ: çʇʦʨʪʨʝʪè, çɼʦʩʪʠʞʝʥʠʷè, çʂʦʣʣʝʢʪʦʨè, çʈʘʙʦʯʠʝ 

ʤʘʪʝʨʠʘʣʳè. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʨʘʟʨʘʙʦʪʢʝ 

ʩʦʙʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʦʨʪʬʦʣʠʦ ʫʯʘʱʠʭʩʷ ʚ ʄɹʆʋ çʂʘʜʝʪʩʢʘʷ ʉʆʐ ˉ 2 ʠʤʝʥʠ ʄ. ʉ. ɹʘʪʨʘʢʦʚʘè. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ çʇʦʨʪʬʦʣʠʦ ʫʯʘʱʠʭʩʷè ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ: 

ï ʭʨʘʥʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦʙ ʫʯʘʱʠʭʩʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ; 

ï ʫʯʝʪʘ ʠ ʘʥʘʣʠʟʘ ʜʦʩʪʠʞʝʥʠʡ ʫʯʘʱʠʭʩʷ; 

ï ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʡʪʠʥʛʦʚ ʫʯʘʱʠʭʩʷ ʟʘ ʫʯʘʩʪʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ; 

ï ʵʢʩʧʦʨʪʘ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦʨʪʬʦʣʠʦ ʠ ʦʪʯʝʪʦʚ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜ ʨʘʟʨʘʙʦʪʢʠ, ʪʘʢʠʝ ʢʘʢ 1ʉ, 

Microsoft Visual Studio, PyCharm, Visual Basic, Delphi. ʆʥʠ ʠʤʝʶʪ ʢʘʢ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʪʘʢ ʠ 

ʥʝʜʦʩʪʘʪʢʠ. ʅʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʚʳʙʨʘʥʘ ʧʣʘʪʬʦʨʤʘ ç1ʉ: 

ʇʨʝʜʧʨʠʷʪʠʝ 8.3è, ʧʦʟʚʦʣʷʶʱʘʷ ʬʦʨʤʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʨʝʰʝʥʠʷ [4]. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʰʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ç1ʉ: ʇʨʝʜʧʨʠʷʪʠʝ 8.3è ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʦʡ 

ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʚ ʈʦʩʩʠʠ.  

ʅʘ ʚʳʙʦʨ ʉʋɹɼ [5] ʚʣʠʷʶʪ ʨʘʟʣʠʯʥʳʝ ʢʨʠʪʝʨʠʠ. ʕʬʬʝʢʪʠʚʥʘ ʣʠ ʚʥʫʪʨʝʥʥʷʷ ʤʦ-

ʜʝʣʴ ʜʘʥʥʳʭ, ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʣʠ ʦʥʘ ʩʠʩʪʝʤʦʡ, ʩʧʦʩʦʙʥʘ ʣʠ ʦʧʠʩʳʚʘʪʴ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ 

ʩʭʝʤʫ. ɹʦʣʴʰʠʥʩʪʚʦ ʉʋɹɼ ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʙʦʪʫ ʩ ʨʝʣʷʮʠʦʥʥʦʡ ʤʦʜʝʣʴʶ. ʕʪʦ MySQL, 

PostgreSQL, Oracle BD ʠ ʜʨʫʛʠʝ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦ-

ʟʜʘʚʘʪʴ ʥʝʙʦʣʴʰʠʝ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤ ʩ ʥʝʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʜʘʥʥʳʭ, ʩ ʥʝʙʦʣʴʰʠʤʠ 

ʦʙʲʝʤʘʤʠ ʜʘʥʥʳʭ ʠ ʥʝʩʣʦʞʥʳʤʠ ʟʘʧʨʦʩʘʤʠ.  

ɼʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʚ ʧʨʠʣʦʞʝʥʠʠ ʚʳʙʨʘʥʘ ʩʦʙʩʪʚʝʥʥʘʷ ʉʋɹɼ 1ʉ. ʆʥʘ ʨʘʟʨʘʙʦ-

ʪʘʥʘ ʬʠʨʤʦʡ ç1ʉè ʠ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʧʣʘʪʬʦʨʤʳ. 

ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʧʨʦʛʨʘʤʤʳ ʚʳʚʦʜʠʪʩʷ ʛʣʘʚʥʘʷ ʬʦʨʤʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 1. 
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ɻʣʘʚʥʘʷ ʬʦʨʤʘ ʧʨʦʛʨʘʤʤʳ ʩʦʜʝʨʞʠʪ ʤʝʥʶ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʯʝʪʳʨʝʭ ʧʫʥʢʪʦʚ: çɻʣʘʚ-

ʥʘʷè, çʆʩʥʦʚʥʘʷ ʨʘʙʦʪʘ ʩ ʜʘʥʥʳʤʠè, çʆʪʯʝʪʳè, çʉʧʨʘʚʦʯʥʠʢʠè. 

 

 
 

ʈʠʩ. 1. ɻʣʘʚʥʘʷ ʬʦʨʤʘ ʧʨʦʛʨʘʤʤʳ 

 

ʇʫʥʢʪ ʤʝʥʶ çʉʧʨʘʚʦʯʥʠʢʠè ʩʦʜʝʨʞʠʪ ʧʦʜʤʝʥʶ: çʇʨʝʜʤʝʪʳè, çʉʦʪʨʫʜʥʠʢʠè, 

çʂʨʫʞʢʠ ʠ ʩʧʦʨʪʠʚʥʳʝ ʩʝʢʮʠʠè, çɺʠʜʳ ʤʝʨʦʧʨʠʷʪʠʡè, çʋʨʦʚʝʥʴ ʤʝʨʦʧʨʠʷʪʠʡè, çʈʝʟʫʣʴ-

ʪʘʪʳ ʤʝʨʦʧʨʠʷʪʠʡè, çɹʘʣʣʳè. 

ʇʫʥʢʪ ʤʝʥʶ çʆʩʥʦʚʥʘʷ ʨʘʙʦʪʘ ʩ ʜʘʥʥʳʤʠè ʩʦʜʝʨʞʠʪ ʪʘʢʠʝ ʧʦʜʧʫʥʢʪʳ: çʋʯʘʱʠʝ-

ʩʷè, çʂʨʫʞʢʠè, çʄʝʨʦʧʨʠʷʪʠʷè. 

ʇʦʜʧʫʥʢʪ ʤʝʥʶ çʋʯʘʱʠʝʩʷè ʩʦʜʝʨʞʠʪ ʣʠʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʫʯʝʥʠʢʘʭ, ʠʥʬʦʨ-

ʤʘʮʠʶ ʦʙ ʠʭ ʨʦʜʠʪʝʣʷʭ ʠ ʜʦʩʪʠʞʝʥʠʷʭ. ʈʘʟʜʝʣ çɼʦʩʪʠʞʝʥʠʷè ʩʦʜʝʨʞʠʪ ʚʢʣʘʜʢʠ: çʆʣʠʤ-

ʧʠʘʜʳè, çʅʘʫʯʥʳʝ ʢʦʥʬʝʨʝʥʮʠʠè, çʂʦʥʢʫʨʩ ʥʘʫʯʥʳʭ ʨʘʙʦʪè, çɺʳʩʪʘʚʢʘ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʪʚʦʨʯʝʩʪʚʘè, çʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴè, çʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠʛʨʳè, 

çʇʝʯʘʪʥʳʝ ʨʘʙʦʪʳ ʚ ʉʄʀè, çʉʧʦʨʪʠʚʥʳʝ ʜʦʩʪʠʞʝʥʠʷè, çɼʇʆè, çɹʘʣʣʳè. 

ʇʦʜʧʫʥʢʪ çʂʨʫʞʢʠè ʩʦʜʝʨʞʠʪ ʨʘʩʧʠʩʘʥʠʝ ʢʨʫʞʢʦʚ ʠ ʩʧʦʨʪʠʚʥʳʭ ʩʝʢʮʠʡ. 

ʇʦʜʧʫʥʢʪ çʄʝʨʦʧʨʠʷʪʠʷè ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʝʨʦʧʨʠʷʪʠʷʭ, ʚ ʢʦʪʦʨʳʭ ʧʨʠ-

ʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʫʯʘʱʠʝʩʷ. 

ʇʫʥʢʪ ʤʝʥʶ çʆʪʯʝʪʳè ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʦʩʪʘʚʠʪʴ ʦʪʯʝʪʳ: çʉʧʠʩʢʠ ʫʯʘ-

ʱʠʭʩʷè, çʈʝʡʪʠʥʛʠ ʫʯʘʩʪʠʷ ʚ ʤʝʨʦʧʨʠʷʪʠʷʭè, çɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʫʯʘʩʪʠʷ ʚ ʤʝʨʦʧʨʠʷʪʠ-

ʷʭ ʟʘ ʫʢʘʟʘʥʥʳʡ ʧʝʨʠʦʜè, çʆʪʯʝʪʳ ʧʦ ʢʨʫʞʢʘʤ ʠ ʩʧʦʨʪʠʚʥʳʤ ʩʝʢʮʠʷʤè, çʆʪʯʝʪ ʦʙ ʫʯʘ-

ʩʪʠʠ ʚ ʤʝʨʦʧʨʠʷʪʠʷʭ ʟʘ ʫʯʝʙʥʳʡ ʛʦʜè, çʇʦʨʪʬʦʣʠʦ ʫʯʘʱʝʛʦʩʷè.  

ɺʥʝʜʨʝʥʠʝ ʪʘʢʦʡ ʀʉ ʫʣʫʯʰʠʪ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘ-

ʮʠʠ, ʩʦʢʨʘʪʠʪ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ, ʧʦʚʳʩʠʪ ʩʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʦʙ-

ʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʠʩʢʣʶʯʠʪ ʧʦʷʚʣʝʥʠʝ ʦʰʠʙʦʢ, ʧʦʟʚʦʣʠʪ ʙʳʩʪʨʦ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ 

ʬʦʨʤʠʨʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʦʪʯʝʪʳ ʠ ʧʦʨʪʬʦʣʠʦ ʫʯʘʱʠʭʩʷ. 
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ʇʈʀʄɽʅɽʅʀɽ RPA ʊɽʍʅʆʃʆɻʀʀ ɼʃʗ ɸɺʊʆʄɸʊʀɿɸʎʀʀ  

ɹʀɿʅɽʉ-ʇʈʆʎɽʉʉʆɺ, ʆʉʅʆɺɸʅʅʓʍ ʅɸ ʉʀʉʊɽʄɸʍ ʋʇʈɸɺʃɽʅʀʗ  

ɺɿɸʀʄʆʆʊʅʆʐɽʅʀʁ ʉ ʂʃʀɽʅʊɸʄʀ 

 

ɹʝʨʜʶʛʠʥʘ ɸʥʘʩʪʘʩʠʷ ɸʥʜʨʝʝʚʥʘ 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ. ɽʣʴʮʠʥʘ, 

ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʌ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. RPA, CRM, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ, ʨʦʙʦʪ, ʩʠʩʪʝʤʘ, 

ʧʨʦʛʨʘʤʤʘ. 

ɹʠʟʥʝʩ-ʧʨʦʮʝʩʩ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠʣʠ ʨʘʙʦʪ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʟʜʘʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠʣʠ ʫʩʣʫʛʠ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʕʪʦ 

ʢʦʤʙʠʥʘʮʠʷ ʥʝʩʢʦʣʴʢʠʭ ʚʘʞʥʳʭ ʩʪʫʧʝʥʝʡ, ʧʦʤʦʛʘʶʱʠʭ ʨʝʘʣʠʟʦʚʘʪʴ ʚʝʩʴ ʧʦʪʝʥʮʠʘʣ. 

ʋʧʨʘʚʣʝʥʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʤ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʵʪʘʧʦʚ, ʟʘ ʧʨʦʭʦʞʜʝʥʠʝʤ ʢʦʪʦʨʳʭ ʩʣʝ-

ʜʷʪ ʤʝʥʝʜʞʝʨʳ-ʫʧʨʘʚʣʝʥʮʳ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʪʝʤʝ ʨʘʟʚʠʪʠʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ RPA (robotic process automation), ʢʦʪʦʨʳʝ ʯʘʩʪʠʯʥʦ ʠʣʠ 

ʧʦʣʥʦʩʪʴʶ ʧʨʦʪʝʢʘʶʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤʠ ʩ ʢʣʠʝʥ-

ʪʘʤʠ CRM (Customer Relationship Management). ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʨʝʜʤʝʪ-

ʥʦʡ ʦʙʣʘʩʪʠ ʠ ʦʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʩʬʝʨʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʘ ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʥʜʝʥʮʠʠ çʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠè (RPA), ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʚʳʷʚʣʝʥʥʘʷ ʤʥʦʶ ʧʨʦʙʣʝʤʘ ʠ ʧʨʝʜʣʦʞʝʥʦ ʨʝʰʝʥʠʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦ-

ʚʝʜʝʥʦ ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʨʫʧʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʘʛʝʥʪʩʪʚ 

Gartner. ɹʣʘʛʦʜʘʨʷ ʜʦʩʪʫʧʥʦʤʫ ʠʟʣʦʞʝʥʠʶ ʠ ʨʘʟʥʦʦʙʨʘʟʠʶ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʘʷ ʩʪʘʪʴʷ ʙʫ-

ʜʝʪ ʠʥʪʝʨʝʩʥʘ ʯʠʪʘʪʝʣʷʤ ʩ ʣʶʙʳʤ ʫʨʦʚʥʝʤ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʚ ʪʝʤʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ, ʦʪ ʪʝʭ, ʢʪʦ ʪʦʣʴʢʦ ʥʘʯʠʥʘʝʪ ʟʥʘʢʦʤʠʪʴʩʷ ʩ RPA, ʜʦ ʫʞʝ ʦʧʳʪʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝ-

ʣʝʡ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 

RPA ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʝʝ ʪʨʝʥʜʳ  

Robotic Process Automation (RPA) ï ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ, ʪʘʢʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʧʨʦʛʨʘʤʤʥʳʭ ʨʦʙʦʪʦʚ, ʢʦʪʦ-

ʨʳʝ ʨʘʙʦʪʘʶʪ ʩ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ (GUI) ʚʘʰʠʭ ʩʠʩʪʝʤ. [1] ʇʨʠ ʵʪʦʤ ʨʦʙʦʪʳ 

ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʠ ʩ API, ʝʩʣʠ ʩʠʩʪʝʤʳ ʝʛʦ ʧʨʝʜʦʩʪʘʚʣʷʶʪ. ɼʚʘ ʛʣʘʚʥʳʭ ʵʬʬʝʢʪʘ ʦʪ ʚʥʝʜʨʝ-

ʥʠʷ ʨʦʙʦʪʠʟʘʮʠʠ ï ʧʦʩʨʝʜʩʪʚʦʤ ʫʩʪʨʘʥʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʠ ʠʟʙʘʚʣʝʥʠʷ ʩʦʪʨʫʜ-

ʥʠʢʦʚ ʦʪ ʚʳʧʦʣʥʝʥʠʷ ʨʫʪʠʥʥʦʡ ʨʘʙʦʪʳ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʦʥʠ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʫʜʝʣʷʶʪ ʙʦ-

ʣʝʝ ʢʨʝʘʪʠʚʥʳʤ ʟʘʜʘʯʘʤ ʠ ʧʦʚʳʰʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ, RPA ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʠʟʥʝʩʫ ʩʥʠ-

ʞʝʥʠʝ ʟʘʪʨʘʪ ʠ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ. ʆʧʨʦʩ Deloitte ʩʨʝʜʠ 400 

ʢʨʫʧʥʝʡʰʠʭ ʢʦʤʧʘʥʠʡ, ʧʦʢʘʟʘʣ, ʯʪʦ 63 % ʦʨʛʘʥʠʟʘʮʠʡ ʥʝ ʚʳʧʦʣʥʠʣʠ ʚ ʩʨʦʢ ʧʨʦʝʢʪʳ RPA. 

ɼʣʷ ʪʝʭ, ʢʦʤʫ ʵʪʦ ʫʜʘʣʦʩʴ, ʩʨʦʢ ʚʦʟʚʨʘʪʘ ʠʥʚʝʩʪʠʮʠʡ ʦʢʘʟʘʣʩʷ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʤ, ʯʝʤ 

ʦʞʠʜʘʣʦʩʴ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ EY ʪʘʢʞʝ ʛʦʚʦʨʠʪʩʷ, ʯʪʦ 30ï50 % ʧʨʦʝʢʪʦʚ ʧʦ ʚʥʝʜʨʝʥʠʶ 

ʧʨʦʛʨʘʤʤʥʳʭ ʨʦʙʦʪʦʚ ʪʝʨʧʷʪ ʥʝʫʜʘʯʫ [9]. ʏʘʱʝ ʚʩʝʛʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʟʘʢʘʟʯʠʢʠ 

ʧʨʠʤʝʥʷʶʪ RPA-ʩʠʩʪʝʤʳ ʥʝ ʧʦ ʥʘʟʥʘʯʝʥʠʶ, ʧʳʪʘʷʩʴ ʩ ʝʝ ʧʦʤʦʱʴʶ ʨʝʰʠʪʴ ʚʩʝ ʟʘʜʘʯʠ ʠʥ-

ʪʝʛʨʘʮʠʠ. ʅʦ ʩʘʤʘʷ ʙʦʣʴʰʘʷ ʧʨʦʙʣʝʤʘ ʩʝʛʦʜʥʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʫ ʤʥʦʛʠʭ ʢʦʤʧʘʥʠʡ 

ʥʝʢʦʪʦʨʳʝ ʧʨʦʮʝʩʩʳ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʪʦʯʥʦ ʪʘʢ ʞʝ, ʢʘʢ 20ï30ï40 ʣʝʪ ʥʘʟʘʜ [2]. ɺ ʪʘʢʦʤ 

ʩʣʫʯʘʝ ʧʨʝʞʜʝ ʯʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʪʦ, ʯʪʦ ʠ ʪʘʢ ʫʩʪʘʨʝʣʦ ʠ ʥʘʨʘʱʠʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʧʨʦʙʣʝʤʳ, ʥʘʯʘʪʴ ʩʪʦʠʪ ʩ ʧʝʨʝʥʘʣʘʜʢʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʢʦʤʧʘʥʠʠ.  
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ʈʠʩ. 1. ʊʝʥʜʝʥʮʠʠ RPA 

 

ɺʳʷʚʣʝʥʥʘʷ ʧʨʦʙʣʝʤʘ 

ʇʨʦʙʣʝʤʘ ï ʙʠʟʥʝʩ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʧʨʦʪʝʢʘʶʪ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʚ CRM 

ʩʠʩʪʝʤʘʭ ʪʨʝʙʫʶʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʨʝʩʫʨʩʦʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ RPA. 

ɼʣʷ ʢʘʞʜʦʛʦ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʢʘʟʯʠʢʠ ʠʜʫʪ ʢ ʩʪʦʨʦʥʥʠʤ ʚʝʥʜʦʨʘʤ, ʠʣʠ ʥʘʧʨʷʤʫʶ ʢ ʢʦʤ-

ʧʘʥʠʷʤ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʤ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ, ʧʣʘʪʷʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ, ʟʘ ʩʘʤʦʛʦ 

ʨʦʙʦʪʘ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʝʱʝ ʠ ʟʘ ʣʠʮʝʥʟʠʶ ʠ ʙʠʟʥʝʩ-ʘʥʘʣʠʪʠʢʘʤ. ʇʦʤʠʤʦ ʜʦʨʦʛʦʚʠʟ-

ʥʳ ʠ ʵʥʝʨʛʦʟʘʪʨʘʪʥʦʩʪʠ, ʪʘʢʠʝ ʨʝʰʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʣʠʰʥʠʤ ʦʛʨʘʥʠʯʝʥʠʷʤ ʠʟ-ʟʘ ʩʪʦʨʦʥʥʝ-

ʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʠʩʪʝʤʘʤʠ.  

ʇʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ 
ɺ ʢʘʯʝʩʪʚʝ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʪʨʫʜʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʚ CRM ʩʠʩʪʝ-

ʤʘʭ, ʷ ʭʦʯʫ ʧʨʝʜʣʦʞʠʪʴ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ RPA ʧʣʘʪʬʦʨʤʳ, ʘ ʪʦʯʥʝʝ 

ʝʝ ʬʫʥʢʮʠʦʥʘʣʘ, ʩ ʛʦʪʦʚʳʤ CRM ʨʝʰʝʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʦʪʜʝʣʴʥʦʛʦ ʤʦʜʫʣʷ.  

ǒ RPA ʧʣʘʪʬʦʨʤʘ ʧʨʦʜʘʝʪ ʣʠʮʝʥʟʠʶ CRM ʩʠʩʪʝʤʝ 

ǒ CRM ʨʝʘʣʠʟʫʝʪ ʚ ʩʚʦʝʡ ʩʠʩʪʝʤʝ ʦʪʜʝʣʴʥʳʡ ʤʦʜʫʣʴ, ʩ ʜʦʩʪʫʧʦʤ ʢʦ ʚʩʝʤʫ ʬʫʥʢʮʠʦ-
ʥʘʣʫ ʧʣʘʪʬʦʨʤʳ 

ǒ ʂʣʠʝʥʪ, ʧʨʠʦʙʨʝʪʰʠʡ ʪʘʨʠʬʥʳʡ ʧʣʘʥ ʩ ʧʦʚʳʰʝʥʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ, ʤʦʞʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʡ ʤʦʜʫʣʴ.  
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ʇʦʩʨʝʜʩʪʚʦʤ ʠʥʪʝʛʨʘʮʠʠ ʩ CRM ʩʠʩʪʝʤʦʡ, ʩʦʟʜʘʝʪʩʷ ʦʙʱʠʡ ʩʝʨʚʝʨ, ʦʪʚʝʯʘʶʱʠʡ ʠ 

ʟʘ ʨʘʙʦʪʫ CRM ʩʠʩʪʝʤʳ ʠ ʟʘ ʧʫʙʣʠʢʘʮʠʶ ʠ ʨʝʘʣʠʟʘʮʠʶ RPA ʨʦʙʦʪʦʚ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʘʥʥʦʝ ʨʝʰʝʥʠʝ ʧʨʠʚʝʜʝʪ ʢ 

ǒ ʧʦʚʳʰʝʥʠ ʁ ʫʨʦʚʥʷ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʦʙ RPA ʪʝʭʥʦʣʦʛʠʠ ʫ ʢʣʠʝʥʪʦʚ-

ʧʦʣʴʟʦʚʘʪʝʣʝʡ CRM ʩʠʩʪʝʤ 
ǒ ʩʥʠʞʝʥʠ ʁʟʘʪʨʘʪ ʢʣʠʝʥʪʦʚ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʘʚʪʦʤʘʪʠʟʠʨʫʶʱʠʭ ʨʦʙʦʪʦʚ 
ǒ ʫʧʨʦʱʝʥʠʶ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ, ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ 
ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʝʛʫʣʷʨʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ 

ǒ ʧʦʚʳʰʝʥʠ ʁʧʨʠʙʳʣʠ CRM ʩʠʩʪʝʤ 
ǒ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʰʠʨʠʪʴ ʬʫʥʢʮʠʦʥʘʣ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʨʦʙʦʪʦʚ ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ 

ʚʦ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʫʶ CRM ʩʨʝʜʫ 
ǒ ʩʥʠʞʝʥʠ ʁʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʘʚʪʦʤʘʪʠʟʠʨʫʶʱʠʭ ʨʦʙʦʪʦʚ 
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ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʨʘʥʘ ʢʦʥʝʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʜʣʷ ʤʠʛʨʘʥʪʦʚ, ʥʘʧʨʘʚʣʷʶʱʠʭʩʷ ʚ ɽʚ-

ʨʦʧʫ, ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ: ɺɺʇ ʥʘ ʜʫʰʫ 

ʥʘʩʝʣʝʥʠʷ, ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʪʦʨʛʦʚʣʷ, ʫʨʦʚʝʥʴ ʪʨʫʜʦʩʧʦʩʦʙʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʠ ʫʨʦʚʝʥʴ ʙʝʟ-

ʨʘʙʦʪʠʮʳ ʠ ʧʨ. ʎʝʣʴ ʵʪʦʡ ʩʪʘʪʴʠ ï ʧʦʢʘʟʘʪʴ, ʢʘʢ ʙʝʞʝʥʮʳ ʚʳʙʠʨʘʶʪ ʩʪʨʘʥʳ ʥʘʟʥʘʯʝʥʠʷ, 

ʥʘ ʦʩʥʦʚʝ ʩʭʦʜʩʪʚʘ ʤʝʞʜʫ ʝʚʨʦʧʝʡʩʢʠʤʠ ʩʪʨʘʥʘʤʠ ʩ ʧʦʤʦʱʴʶ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʂʣʘ-

ʩʪʝʨʥʳʡ ʘʥʘʣʠʟ, ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʜʣʷ ʛʨʫʧʧʠʨʦʚʢʠ ʩʪʨʘʥ ʥʘʟʥʘʯʝʥʠʷ, ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʦʜʦʣʦʛʠʶ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʫʶ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʦʙʲ-

ʝʢʪʦʚ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʩʪʨʘʥ ɽʉ-28) ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ ʧʝʨʝ-

ʤʝʥʥʳʭ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. ʂʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʚʳʩʰʠʭ ʫʨʦʚʥʝʡ 

ʦʧʠʩʘʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʛʨʫʧʧʠʨʦʚʢʠ ʩʪʨʘʥ. 

ɺ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʦʬʠʮʠʘʣʴʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʦʪʦʢ ʤʠʛʨʘʥʪʦʚ ʚ ʩʪʨʘʥʳ ɽʚʨʦʧʝʡ-

ʩʢʦʛʦ ʩʦʶʟʘ ʚ 2018 ʛ.  

ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠʥʠʤʘʶʱʠʝ ʩʪʨʘʥʳ ʚ ɽʚʨʦʧʝ ʤʦʞʥʦ ʩʛʨʫʧʧʠʨʦʚʘʪʴ 

ʚ ʪʨʠ ʢʣʘʩʪʝʨʘ: ʩʘʤʳʝ ʧʦʧʫʣʷʨʥʳʝ ʩʪʨʘʥʳ ʥʘʟʥʘʯʝʥʠʷ ʩ ʚʳʩʦʢʠʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʦʢʘ-

ʟʘʪʝʣʷʤʠ, ʚʝʜʫʱʠʝ ʩʪʨʘʥʳ ʥʘʟʥʘʯʝʥʠʷ, ʥʦʚʳʝ ʩʪʨʘʥʳ ʥʘʟʥʘʯʝʥʠʷ (ʧʝʨʠʬʝʨʠʡʥʳʝ ʠ ʥʘʠʤʝ-

ʥʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʘʟʚʠʪʳʝ ʩʪʨʘʥʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʄʠʛʨʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʤʠʛʨʘʥʪʳ, ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ, ʜʝʤʦ-

ʛʨʘʬʠʷ, ʧʨʠʥʠʤʘʶʱʠʝ ʩʪʨʘʥʳ. 

 

ʀʟʫʯʘʷ ʚʦʧʨʦʩ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʤʠʛʨʘʮʠʠ, ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʛʝʦ-

ʛʨʘʬʠʯʝʩʢʠʤʠ ʧʝʨʝʤʝʱʝʥʠʷʤʠ, ʠ ʧʨʝʜʰʝʩʪʚʫʶʱʠʤʠ ʠʤ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʤʠʨʝ, ʪʘʢʠʤʠ ʢʘʢ 

ʚʦʡʥʳ, ʧʦʣʠʪʠʯʝʩʢʠʝ ʢʦʥʬʣʠʢʪʳ, ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʡ ʨʦʩʪ ʠ ʠʟʤʝʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʈʳʥʢʠ ʪʨʫʜʘ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʧʨʦʜʫʮʠʨʫʶʱʠʭ ʤʠʛʨʘ-

ʮʠʶ, ʚʳʟʚʘʥʥʫʶ ʨʘʟʣʠʯʠʷʤʠ ʚ ʫʨʦʚʥʝ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʬʘʢʪʦʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶ-

ʱʠʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʩʪʨʘʥ ɽʉ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʠʛʨʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙ-

ʣʠʮʝ 1. ɼʘʥʥʳʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʟʷʪʘ ʩ ʩʘʡʪʘ ʕʢʦʥʦʤʠʢɼʘʪʘ, ʢʦʪʦʨʳʝ ʦʧʝʨʘ-

ʪʠʚʥʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʬʠʥʘʥʩʦʚʳʝ ʜʘʥʥʳʝ. 

ʊʘʙʣʠʮʘ 1 

ʌʘʢʪʦʨʳ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʚ ʢʣʘʩʪʝʨʥʦʤ ʘʥʘʣʠʟʝ 

 ̄ ʌʘʢʪʦʨ ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʝʨʝʤʝʥʥʳʭ ɽʜ. ʠʟʤʝʨʝʥʠʷ 

ʍ1 GDP ɺɺʇ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ ʜʦʣʣ. ʉʐɸ 

ʍ2 Trade ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʪʦʨʛʦʚʣʷ (ʩʫʤʤʘ ʵʢʩʧʦʨʪʘ ʠ 

ʠʤʧʦʨʪʘ ʩʪʨʘʥʳ) 

% ʦʪ ɺɺʇ ʩʪʨʘʥʳ 

ʍ3 AgeDep ʋʨʦʚʝʥʴ ʪʨʫʜʦʩʧʦʩʦʙʥʦʛʦ ʥʘʩʝʣʝʥʠʷ (ʦʪ 15 ʜʦ 

64 ʣʝʪ) 

% ʦʪ ʦʙʱʝʛʦ 

ʥʘʩʝʣʝʥʠʷ ʩʪʨʘʥʳ 

ʍ4 Govt ʈʘʩʭʦʜʳ ʥʘ ʢʦʥʝʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʦʙʱʝʛʦ ʧʨʘ-

ʚʠʪʝʣʴʩʪʚʘ 

% ʦʪ ɺɺʇ ʩʪʨʘʥʳ 

ʍ5 SelfEmp ʂʦʣʠʯʝʩʪʚʦ ʩʘʤʦʟʘʥʷʪʳʭ ʣʠʮ % ʦʪ ʨʘʙʦʯʝʡ ʩʠ-

ʣ  r

ʍ6 FDI ʇʨʷʤʳʝ ʠʥʦʩʪʨʘʥʥʳʝ ʠʥʚʝʩʪʠʮʠʠ % ʦʪ ɺɺʇ ʩʪʨʘʥʳ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ. 1 

ʍ7 Unemp ʋʨʦʚʝʥʴ ʙʝʟʨʘʙʦʪʠʮʳ % ʦʪ ʨʘʙʦʯʝʡ ʩʠ-

ʣ  r

ʍ8 Life 

expectancy 

ʆʞʠʜʘʝʤʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʛʦʜ 

ʍ9 Health care 

costs 

ʈʘʩʭʦʜʳ ʥʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ % ʦʪ ɺɺʇ ʩʪʨʘʥʳ 

 

ʂʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʜʣʷ ʛʨʫʧʧʠʨʦʚʢʠ ʩʪʨʘʥ 

ʥʘʟʥʘʯʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʦʜʦʣʦʛʠʶ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʘʥʥʳʭ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ɽʚ-

ʢʣʠʜʦʚʦʡ ʤʝʪʨʠʢʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ. ɼʘʥʥʘʷ ʤʝʪʨʠʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʨʘʟʜʝ-

ʣʝʥʠʷ ʦʙʲʝʢʪʦʚ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʩʪʨʘʥ ɽʉ-28) ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦ-

ʨʘ ʧʝʨʝʤʝʥʥʳʭ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. ʆʙʲʝʜʠʥʝʥʠʝ ʚ ʢʣʘʩʪʝʨʳ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝ-

ʪʦʜʘ ɺʘʨʜʘ.  

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʩʛʨʫʧʧʠʨʦʚʘʪʴ ʩʪʨʘʥʳ ɽʉ ʚ 3 ʢʣʘʩʪʝʨʘ. ʇʝʨʚʦʥʘ-

ʯʘʣʴʥʦ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚʩʝ ʩʪʨʘʥʳ ɽʉ (28). ʇʦʟʞʝ ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʂʠʧʨ, 

ʄʘʣʴʪʘ ʠ ʃʶʢʩʝʤʙʫʨʛ ʠʟ-ʟʘ ʠʭ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʘʩʝʣʝʥʠʷ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʩʠʩʪʝ-

ʤʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ.  

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ 

k-ʩʨʝʜʥʠʭ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʦʧʨʝʜʝʣʸʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʣʘʩʪʝʨʦʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʝʜʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʮʝʥʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʠʩʧʝʨ-

ʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʭʦʜʝ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʢʣʶʯʝʥʳ ʩʣʝʜʫʱʠʝ ʬʘʢʪʦʨʳ: 

ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʪʦʨʛʦʚʣʷ, ʢʦʣʠʯʝʩʪʚʦ ʩʘʤʦʟʘʥʷʪʳʭ ʠ ʧʨʷʤʳʝ ʠʥʦʩʪʨʘʥʥʳʝ ʠʥʚʝʩʪʠʮʠʠ. ʇʦ 

ʜʘʥʥʳʤ ʬʘʢʪʦʨʘʤ ʚʥʫʪʨʠʛʨʫʧʧʦʚʘʷ ʜʠʩʧʝʨʩʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʣʘ ʤʝʞʛʨʫʧʧʦʚʫʶ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʝʜʝʥʥʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ 95 % ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʛʠʧʦʪʝʟʫ ʦ ʥʝʨʘ-

ʚʝʥʩʪʚʝ ʜʠʩʧʝʨʩʠʡ. ʇʦʵʪʦʤʫ ʨʘʟʙʠʝʥʠʝ ʩʪʨʘʥ ʥʘ 3 ʢʣʘʩʪʝʨʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʦ. 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʞʜʦʛʦ ʢʣʘʩʪʝʨʘ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʨʝʜʥʠʝ ʥʦʨʤʠʨʦ-

ʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ, ʚʣʠʷʶʱʠʭ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʤʠʛʨʘʥʪʦʚ ʧʦ ʢʘʞʜʦʤʫ ʢʣʘʩʪʝʨʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥ ʨʝʡʪʠʥʛ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ (ʪʘʙʣ. 2). 
ʊʘʙʣʠʮʘ 2 

ʉʨʝʜʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʫʩʣʦʚʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ  

ʢʦʣʠʯʝʩʪʚʦ ʤʠʛʨʘʥʪʦʚ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʦʙʱʝʛʦ ʥʘʩʝʣʝʥʠʷ ʧʦ ʢʘʞʜʦʤʫ ʢʣʘʩʪʝʨʫ 

ʌʘʢʪʦʨ 
ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʢʣʘʩʪʝʨʘ 1 
 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʢʣʘʩʪʝʨʘ 2 
 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʢʣʘʩʪʝʨʘ 3 
 

ʈʘʥʛ ʜʣʷ 

ʢʣʘʩʪʝʨʘ 1 
 

ʈʘʥʛ ʜʣʷ 

ʢʣʘʩʪʝʨʘ 2 
 

ʈʘʥʛ ʜʣʷ 

ʢʣʘʩʪʝʨʘ 3 
 

GDP 
 

-0,358514 -0,78799 0,714732 2 3 1 

Govt 
 

-0,087785 -0,37311 0,744499 2 3 1 

SelfEmp  
 

1,310116 0,02700 -0,418124 1 2 3 

Unemp  
 

2,059683 -0,37870 -0,344592 3 2 1 

Life 

expectan

cy 
 

0,832807 -1,06869 0,655805 2 3 1 

Health 

care 

costs 
 

0,145382 -0,49425 0,658705 2 3 1 

ʉʫʤʤʘ 

ʨʘʥʛʦʚ 
 

   
12 16 8 
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ʅʘʠʣʫʯʰʠʤ ʧʦ ʟʥʘʯʝʥʠʶ ʩʨʝʜʥʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ 3 ʢʣʘʩʪʝʨ, ʧʦʩʢʦʣʴʢʫ, ʯʝʤ 

ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʝ ʨʝʡʪʠʥʛʘ ʩʨʝʜʥʠʭ, ʪʝʤ ʙʦʣʴʰʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʛʨʘʥʪʦʚ. ɺ ʜʘʥʥʦʤ ʢʣʘʩʪʝʨʝ 

ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʨʦʤʝ ʫʨʦʚʥʷ ʙʝʟʨʘʙʦʪʠʮʳ. 

 ʇʦʩʣʝʜʥʝʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʢʣʘʩʪʝʨ 2. ʅʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʚ ʜʘʥʥʦʤ ʢʣʘʩʪʝʨʝ ʦʪ-

ʤʝʯʝʥʳ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ: ʫʨʦʚʝʥʴ ʙʝʟʨʘʙʦʪʠʮʳ ʠ ɺɺʇ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ. 

ʉʦʩʪʘʚ ʢʣʘʩʪʝʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 3. 
 

ʊʘʙʣʠʮʘ 3 

ʉʦʩʪʘʚ ʢʣʘʩʪʝʨʦʚ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʫʩʣʦʚʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʦʣʠʯʝʩʪʚʦ ʤʠʛʨʘʥʪʦʚ ʟʘ 2018 ʛ 
 

ˉ ʢʣʘʩʪʝʨʘ 
ʏʠʩʣʦ ʩʪʨʘʥ ʚ 

ʢʣʘʩʪʝʨʝ 
ʉʦʩʪʘʚ ʢʣʘʩʪʝʨʘ 

1 4 ɻʨʝʮʠʷ, ʉʣʦʚʝʥʠʷ, ʀʩʧʘʥʠʷ, ʀʪʘʣʠʷ 

2 11 
ɹʦʣʛʘʨʠʷ, ʈʫʤʳʥʠʷ, ʍʦʨʚʘʪʠʷ, ʇʦʣʴʰʝ, ɺʝʥʛʨʠʷ, ʃʘʪʚʠʷ, 

ʃʠʪʚʘ, ʉʣʦʚʘʢʠʷ, ʕʩʪʦʥʠʷ, ʏʝʭʠʷ, ʇʦʨʪʫʛʘʣʠʷ. 

3 10 
ʌʨʘʥʮʠʷ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ, ɹʝʣʴʛʠʷ, ɻʝʨʤʘʥʠʷ, ʌʠʥʣʷʥ-

ʜʠʷ, ɸʚʩʪʨʠʷ, ʅʠʜʝʨʣʘʥʜʳ, ʐʚʝʮʠʷ, ɼʘʥʠʷ, ʀʨʣʘʥʜʠʷ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ, ʭʘʨʘʢʪʝʨʠʟʫʶ-

ʱʠʤ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʠʛʨʘʮʠʠ ʥʝʦʜʥʦʨʦʜʥʦ.  

ʂʣʘʩʪʝʨ 1, ʩʪʨʘʥʳ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʥʦʚʳʝ ʩʪʨʘʥʳ ʥʘʟʥʘʯʝʥʠʷ, 

ʚʢʣʶʯʘʝʪ ɻʨʝʮʠʶ, ʉʣʦʚʝʥʠʶ, ʀʩʧʘʥʠʶ, ʀʪʘʣʠʶ. 

ʉʪʨʘʥʳ ʵʪʦʛʦ ʢʣʘʩʪʝʨʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʨʝʜʥʠʤ ʫʨʦʚʥʝʤ ɺɺʇ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ, 

ʫʨʦʚʥʝ ʨʘʩʭʦʜʦʚ ʥʘ ʢʦʥʝʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʥʘ ʧʨʘʚʠʪʝʣʴʩʪʚʦ, ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʙʝʟʨʘʙʦʪʠ-

ʮʳ. ʕʪʠ ʩʪʨʘʥʳ ʥʝ ʚʭʦʜʷʪ ʚ ʯʠʩʣʦ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʣʷ ʛʨʘʞʜʘʥ 

ʪʨʝʪʴʠʭ ʩʪʨʘʥ; ʦʜʥʘʢʦ ʯʠʩʣʦ ʤʠʛʨʘʥʪʦʚ, ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʩʪʨʘʥʘʭ ʂʣʘʩʪʝʨʘ 1, ʫʚʝʣʠʯʠʚʘ-

ʝʪʩʷ. ɽʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʪʦʣʴʢʦ ʧʦʪʦʢ ʤʠʛʨʘʮʠʠ ʤʦʣʦʜʝʞʠ ʚ ʀʩʧʘʥʠʶ ʠ ʀʪʘʣʠʶ, ʤʦʞʥʦ 

ʦʞʠʜʘʪʴ, ʯʪʦ ʵʪʠ ʩʪʨʘʥʳ ʧʦʧʘʜʫʪ ʚ ʂʣʘʩʪʝʨ 3 ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʨʫʛʠʭ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ. 

ʂʣʘʩʪʝʨ 2, ʦʙʨʘʟʦʚʘʥʥʳʡ ʧʝʨʠʬʝʨʠʡʥʳʤʠ/ʤʝʥʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʘʟʚʠʪʳʤʠ ʩʪʨʘʥʘ-

ʤʠ (ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʤʠʛʨʘʥʪʦʚ), ʚʢʣʶʯʘʝʪ ɹʦʣʛʘʨʠʶ, ʈʫʤʳʥʠʶ, 

ʍʦʨʚʘʪʠʶ, ʇʦʣʴʰʫ, ɺʝʥʛʨʠʶ, ʃʘʪʚʠʶ, ʃʠʪʚʫ, ʉʣʦʚʘʢʠʶ, ʕʩʪʦʥʠʶ, ʏʝʭʠʶ ʠ ʇʦʨʪʫʛʘʣʠʶ. 

ʉʪʨʘʥʳ, ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʝ ʚ ʵʪʦʪ ʢʣʘʩʪʝʨ, ʤʝʥʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳ, ʯʝʤ 

ʩʪʨʘʥʳ, ʚʢʣʶʯʝʥʥʳʝ ʚ ʜʚʘ ʜʨʫʛʠʭ ʢʣʘʩʪʝʨʘ, ʠʤʝʶʪ ʩʘʤʳʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ɺɺʇ ʥʘ ʜʫʰʫ 

ʥʘʩʝʣʝʥʠʷ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ. 

ʂʣʘʩʪʝʨ 3 ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʝʜʫʱʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʘʟʚʠʪʳʝ ʩʪʨʘʥʳ ʚ ʤʠʨʝ: ʌʨʘʥ-

ʮʠʶ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʶ, ɹʝʣʴʛʠʶ, ɻʝʨʤʘʥʠʶ, ʌʠʥʣʷʥʜʠʶ, ɸʚʩʪʨʠʶ, ʅʠʜʝʨʣʘʥʜʳ, ʐʚʝ-

ʮʠʶ, ɼʘʥʠʶ ʠ ʀʨʣʘʥʜʠʶ.  

ʉʪʨʘʥʳ, ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʝ ʚ ʵʪʦʤ ʢʣʘʩʪʝʨʝ, ʠʤʝʶʪ ʣʫʯʰʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘ-

ʪʝʣʠ, ʪʘʢʠʝ, ʢʘʢ ʚʳʩʦʢʠʡ ɺɺʇ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ, ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʙʝʟʨʘʙʦʪʠʮʳ, ʚʳʩʦʢʘʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ.  
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ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ, 050000 

 

ɸʥʥʦʪʘʮʠʷ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʠʟʚʝʩʪʥʳʭ ʘʚʪʦʨʦʚ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʊʦʤʘʩ ʄʠʢʦʣʦʚ. 

ɽʛʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʤʝʪʦʜ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ 

ʦʩʥʦʚʥʳʭ ʜʣʷ ʥʘʰʝʛʦ ʩʝʛʦʜʥʷʰʥʝʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʥ ʙʦʣʝʝ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥ. ʉʘʤ ʘʚʪʦʨ, ʊʦʤʘʩ ʄʠʢʦʣʦʚ, ʠʤʝʣ ʙʦʣʴʰʝ ʦʪʥʦʰʝʥʠʷ ʢ ʤʘʪʝʤʘʪʠʢʝ, 

ʠ ʝʛʦ ʤʝʪʦʜ ʢʘʩʘʝʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ, ʘ ʟʘʪʝʤ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʪʦʛʦ ʠ ʤʝʪʦʜʘ, ʢʦʪʦʨʳʡ ʤʳ ʘʥʘʣʠʟʠʨʫʝʤ. ʇʣʦʪʥʳʝ 

ʚʝʢʪʦʨʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʣʦʚ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʠʦʙʨʝʣʠ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʬʫʥʢʮʠʡ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʳ ʜʣʷ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʠ ʩʠʩʪʝʤʘ ʄʠʢʦʣʦ-

ʚʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ. ʄʳ ʠʩʩʣʝʜʫʝʤ ʦʜʠʥ ʠʟ ʝʛʦ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦ-

ʥʝʥʪʦʚ, ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʚʳʙʦʨʢʫ, ʠ ʧʨʝʜʣʘʛʘʝʤ ʵʬʬʝʢʪʠʚʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʢʦ-

ʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʥʘʤ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ, ʯʪʦʙʳ ʫʢʘʟʘʪʴ ʠ ʠʩʢʣʶʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʪʝʨʠ 

ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʠ ʘʥʘʣʦʛʠʯʥʦʤ ʟʥʘʯʝʥʠʠ. ɻʦʚʦʨʷ ʦ ʨʘʟʚʠʪʠʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʥʝ ʩʪʦʠʪ ʟʘ-

ʙʳʚʘʪʴ ʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʙʘʟʦʚʦʡ ʪʝʦʨʠʠ ʧʦʥʠʤʘʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʙʦʨʘ ʩʣʦʚʘ. ʂʨʦʤʝ 

ʪʦʛʦ, ʵʪʦʪ ʤʝʪʦʜ ʩʬʦʢʫʩʠʨʦʚʘʥ ʥʘ ʦʜʥʦʤ ʜʝʡʩʪʚʠʠ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʘʩ-

ʧʦʟʥʘʚʘʥʠʷ ʚʳʰʝʫʧʦʤʷʥʫʪʦʛʦ ʚʝʢʪʦʨʘ ʠʣʠ ʩʣʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɻʨʘʬʠʢʠ, ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʚʳʙʦʨʢʘ, ʤʝʪʦʜ ʚʩʪʨʘʠʚʘʥʠʷ ʩʣʦʚ, ʊʦ-

ʤʘʩ ʄʠʢʦʣʦʚ, ʦʙʫʯʝʥʠʝ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʙʘʟʦʚʘʷ ʪʝʦʨʠʷ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʤʘʪʨʠʮʘ, 

ʚʝʢʪʦʨʳ. 
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Abstract. One of the most famous authors of the method is the person Thomas Mikolov. 

Its software and method of theoretical application is one of the major ones for our consideration 

today. It is better to pay attention that it is more mathematically oriented. The author himself had 

more to do with mathematics and his method concerns first of all a mathematical solution for a 

theoretical, and then a practical solution for creating this and the method we are analyzing. 

Dense vector word representations have lately gained popularity as fixed-length features for ma-

chine learning algorithms, and Mikolovôs system is now widely used. We investigate one of its 

main components, Negative Sampling, and offer efficient distributed methods that allow us to 

scale to indicate and exclude the possibility of probability loss in a similar value. Furthermore, 

this method is laser-focused on a single action in the broad sense for processing the recognition 

of the above-mentioned vector or words. 

Keywords. Graphs, negative sampling, method of word embedding, ʊhomas Mikolov, 

train, mathematical basic theory, sequence, matrix, vectors.  
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Introduction  

 It is better to start with the fact that with the development of computer technology, name-

ly computers began to turn in the 20th century from 1920 computers into full-fledged personal 

computers. Vivid examples that we can observe in the 1960s 1. With the development of com-

puter technology, there was an urgent need to enter texts, as computers became not only a means 

of calculus, but also text input and search. Embedding itself can be understood as a translation of 

text into the language of the computer itself. Accordingly, there is only an open and closed gate 

for the processor architecture. That is, the supply of current and its absence. Hence the existence 

of 1 and 0 modes. The easiest way that can come to mind is the orientation of words by numbers. 

After all, combinations can be made up to 01 to the power of 26 to subtract 1. But this method in 

itself is considered extremely inconvenient and takes up productivity. And with the existence of 

programming languages and explanation through the writing of certain formulas of action, and 

we are talking about single actions that reduce the load on the constant computing power of the 

processor itself. This way we find more acceptable ways for embedding. Today we will talk, 

strictly speaking, about the implementation of this method for embedding and about the conven-

ience of recognizing and using the formulas below in the present tense. Itôs vital not to forget 

that the important formulas and people involved in the evaluation of the method will be impact-

ed. It is critical to consider that the transition to this way of embedding use the existing search 

engines such as google  and Yandex in their search engines, where the much-needed ability 

methods of word recognition the actual cell servers by the processor in place. In this article we 

will answer the questions. What is this method? How is it applied and where? What formulas 

exist? Graphs and an illustrative demonstration of the translation of a word into a programming 

language that we understand. These and many questions that you would like to find answers to 

may be present in this article. [1, c. 25] Let's move on to getting acquainted with the method it-

self and its application in practice.  

Acknowledgements 

 In the first part, it is worth considering conditional probabilities and these include words 

from the corpus of the letter w and the letter d. In this case, the probability of loss of p(d/w; ɗ) 

will be considered 

 

1)   arg max  ʇ [ ʇ   p(d/w ; ɗ) ] 

                           ɗ  w Tɴ ext 

 in the practical equation shown, D(w) is a set of contexts of the word w and its corre-

sponding resulting probability. Generation that allows you to find out the subsequent possibili-

ties. The alternative for this equation is tracking : 

2) arg max ʇ      p (d/w; ɗ) 

          ɗ (w,c)ɴ D 

 In this case, D is a set of all available pairs of words from a given context that we extract from 

the selected text. This method is an alternative for the first one with high possibilities for accurate 

calculation, since we have a basic set in the form of D, which allows us to perform an exponential 

calculation. 

Main body 

 Meanwhile, Mikolov introduced a new negative sampling system that would be much 

more efficient based on probability and resource capacity. This method of negative sampling is 

based on the theories of the probability of loss or skip-gram . It is worth considering this formula 

below [2, c. 20]. 

1) Here are a couple of ( w , d ) words from the context under consideration. Was it taken 

from the relevant database? It is worth denoting them as follows ( D = 1 | w , d) this will be the 

probability that (w . d ) obtained not mediocre from an array or corpus of words. 
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2) Definitely, then p ( D = 0 | w , d ) will be the probability that (w , d ) is not obtained from 

the data of the actual case itself. As before, we assume that there are parameters ɗ. governing the 

distribution p ( D = 1 | w , d ). 

3) Throughout the computational process, we believe that the words and and contexts are 

taken from separate arrays or dictionaries, so that the vector associated with the word "airplane" 

will be quite different from the vector associated with the context of the word "aircraft". This 

follows from the very logic of context separation, from the vector itself. Existing points in their 

places and the probability of their loss. Depending on the location of the points, we introduce 

variables into the corresponding formula, whereas vectors and their relationships may remain 

completely different in one case or another. One of the reasons for prompting this question is the 

separation of the word by its direct meaning and the context for comparison. Finding points and 

vectors. For example, an airplane is an aircraft and an airplane. Words having the same motivat-

ed context and vector. In this case, all the words will be shared in the probable context of D. In 

this case, it is rather possible to assign a low probability. In practical application, the theory itself 

will look like this: ʇ ( aircraft | aircraft ), which will subsequently lead to a low value of  V Ŀ V, 

where we can assume the impossibility. Such questions appear everywhere and we proceed from 

the fact that the fact is that we divide a word into a direct meaning and in context, and then we 

perform a matching operation. 

Our real task in the future is to answer this question and build steps to improve this meth-

od in order to maximize the probability loss. Let's imagine the given in the formulas below. To 

demonstrate our actions. Maximizing our actions is necessary in order for the code to be viable 

and adapted to work in a negative sample.  

 

arg max   ʇ      p( D = 1| w , d ; ɗ ) 

           ɗ   (w,c)ɴ D  

= arg max log    ʇ     p( D = 1|w, d ; ɗ ) 

                ɗ                (w,c)ɴ D  

= arg max      ʇ           log p(D = 1|w, d; ɗ) 

 ɗ       ( w,c)ɴ D                 

ʊhe rate in this equation p ( = 1 | d , w ; ɗ ) the datum can be shown by referring to soft max 

 

 p(D = 1|w, d; ɗ) = 1 % 1 + eīvcĿvw 

And the corresponding definition of the solution looks practical as follows : 

arg max   X      log 1 %  1 + eīvcĿvw 

          ɗ        ( w,c)ɴ D                 

In this case, it is indicative that the problem has a trivial solution, if we establish ɗ from here we 

can conclude that p (D = 1 | w, c; ɗ) = 1 for a pair of each, otherwise we will proceed from ( w , 

d ) . This is not difficult to achieve given the set value of ɗ and in such a way that vc = vw and vc 

Ŀ vw = K for each subsequent standing vc , vw, where K is a sufficiently large number (in a prac-

tical sense, we can get a probability of 1, but only as K å 40. In a general sense, an indicative 

solution is also necessary for theoretical understanding. The loss of words with the practical and 

meaning of the vector can be very different and it is worth taking into account without fail. And 

in order to have a sufficient understanding of the indicator, a decision is needed regarding the 

probability itself. The loss of words with a similar meaning and in general words in general in 

context or vectorial basically has a direct relationship to the probability of loss. The practice in 

this case is quite easy to show. It is obligatory to have a tool or other mechanism that would not 

allow existing vectors to have the same value. Prohibiting similar combinations ( w , d ). A good 

way for this representation exists and it looks like this for existing pairs ( w, d ), for them p (D = 

1 | w, d; ɗ) must have a low value for them. For those cases where pairs do not exist, we can 

https://translate.yandex.kz/?ui=ru
https://translate.yandex.kz/?ui=ru
https://translate.yandex.kz/?ui=ru
https://translate.yandex.kz/?ui=ru
https://translate.yandex.kz/?ui=ru
https://translate.yandex.kz/?ui=ru
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achieve the goal by referring to the generation of a set of D' random pairs (w , d ), we can assume 

that they are not true.(the name of this set "negative sampling" actually comes from a set of D' 

randomly selected negative examples). In this case, the goal of optimization is to select or use 

another language to generate negative possibilities. 

arg max ʇ p( D = 1|d , w ; ɗ ) ʇ p( D = 0 | d , w ; ɗ) 

          ɗ   (w,d)ɴ D                                           (w,c)ɴDǋ   

= arg max ʇ p(D = 1|c, w; ɗ) ʇ (1 ï p ( D = 1|d , w ; ɗ )) 

         ɗ   (w,d)ɴ D                                   (w,d)ɴDǋ 

= arg max X log p(D = 1|d, w; ɗ) + X  log(1 ī p(D = 1|w, d; ɗ)) 

              ɗ (w,d)ɴ D                                                (w,d)Dɴǋ 

= arg max   X   log 1 1 + eīvcĿvw + X    log ( 1 ï 1 % 1 + eīvcĿvw) 

          ɗ  (w,c)ɴ D                                                  (w,c)ɴ Dǋ 

= arg max    X    log  1 % 1 + eīvcĿvw +   X     log ( 1  - 1 % 1 + eīvcĿvw) 

              ɗ       (w,d)ɴ D                                                     (w,d)Dɴǋ 

= arg max   X    log  1 % 1 + eīvcĿvw +  X  log( 1 % 1 + evcĿvw ) 

             ɗ    (w,d)ɴ D                                                    (w,d)Dɴǋ 

If we let to be  ů(x) = 1 % 1+eīx we will have answer like this: 

arg max   X   log 1 % 1 + eīvcĿvw +   X    log( 1 % 1 + e vcĿvw ) 

           ɗ     (w,d)ɴ D                                                   (w,d)ɴ Dǋ   

= arg max   X   log ů(vc Ŀ vw) +   X   log ů(īvc Ŀ vw) 

              ɗ    (w,d)ɴ D                                        (w,d)ɴDǋ 

 following a certain method of construction, there is a difference and it is extremely clear-

er and easier to master, from Mikolov. The most striking difference we want to show you to 

readers is that we represent the goal in general for the corpus D  ᷾D' at the same moment they 

represent it as follows in one example (w, c)  ɴD and k examples (w, cj ) ɴ D' following a cer-

tain example of construction D' following the basic law of construction in the negative sampling 

method. [4,c.30] 

 In particular, a negative sample k Mikoğ·w and other related scientists have created a me-

thodical method to perform the task D' k times erected more than D, and for each of the existing 

(w, d) ɴ  D, we create k samples (w, d1), . . . , (w, dk), where cj is shown later in relation to its 

distribution across anagramme. , raised to a power is necessary to derive the indicator 3/4. This is 

equivalent to extracting samples from the given case (w, d) in D' from the unigram distribution 

(w, d) Ḑ pw(w) pcontexts(c) Ĳ % Z, where pwords(w) and pcontexts(c) are the one-program distri-

butions of words in this equation and the contexts of this represented word and, respectively, that 

Z is the normalization constant in the verbal sense in the equation. In the work of Mikolov and 

other scientists, each context is in a vector in the existing equation - this is the represented word 

(and all words are displayed as contexts for probability derivation), therefore we assume that 

pcontext(x) = pwords(x) = count(x) % |Text| [6,c.130] 
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5.1 Remarks for topic And the corresponding definition of the solution looks practical as fol-

lows: 

1) The main significant difference in this case, from the skip gram model described in the 

skip gram topic, is that the main formulation in this section does not model p(d|w), but ra-

ther a specific model compatible with the distribution of w and d. 

2) Thomas Mikolov, Ilya Sutskever, ʂai Chen, Gregory S. ʉorrado and Jeffrey Dean. They 

are connected in the creation of works and the promotion of the theory of negative selec-

tion in the field of the probability of words falling out and the main works for search en-

gines and individual tasks for the processor . In promotion with quite successful results in 

the field of neural information processing systems 26: 27th Annual Conference on Neural 

Information Processing Systems 2013. Proceedings of the meeting held on December 5-

8, 2013, Lake Tahoe, Nevada, USA States, pages 3111-3119, 2013. 

Transition from theory to an indicator of understandable practice 

 Having understood the theoretical meaning and structure and solved the problem of the 

probability of falling out in a negative selection by example, we decided to show readers the 

main practical steps for understanding a negative selection in the simplest ways below. For ex-

ample, the word "Train" or any word. To show how the code works. Below is the code itself and 

the graph. As we can see there are some side of the code that we can use whatever make word in 

computer language. Negative sampling: [7] 

epochs = 10000 

print_every = 1000#In skip-gram middle word becomes the input which predicts #surrounding 

words(targets) 

#Every time one_hot_auto() is called fresh batch is generatedmid_hot, sur_hot, labels = 

one_hot_auto() 

for i in range(epochs):#Forward prop to get hidden layer 

    z_midl = fc_inp_word(torch.Tensor(mid_hot)) 

    z_sur = fc_targ_word(torch.Tensor(sur_hot)) 

     

    #Initialize a 1d matrix of 0s to store dot products between each 

    #row of first hidden matrix embedding input with second hidden 

    #matrix embedding target words 

    #This score forms the basis for optimizationdot_u_v = torch.zeros(mid_hot.shape[0], 1) 

    for j in range(len(z_midl)): 

        dot_u_v[j, :] = z_midl[j, :] @ z_sur[j, :] 

     

    #Sigmoid activation applied to dot products of vectors 
    desired_logits = dot_u_v 

    sig_logits = nn.Sigmoid()(desired_logits) 

     

    #Back prop and stepping 
    optimizer.zero_grad() 

    loss = criterion(sig_logits, torch.Tensor(labels).view(sig_logits.shape[0], 1))loss.backward() 

    optimizer.step() 

    if i % print_every == 0: 

        print(loss.data) 

        #Scheduled one_hot_auto() to generate fresh random pairs  
        mid_hot, sur_hot, labels = one_hot_auto()#Prints losses 

tensor(0.6029)  

tensor(0.0674)  

tensor(0.0146)  

tensor(0.0060)  

tensor(0.0029)  
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tensor(0.0022)  

tensor(0.0011)  

tensor(0.0008)  

tensor(0.0003)  

tensor(0.0003) 

 Thus, we find out that it is also possible for the processor to recognize words by single 

actions with the calculation of a certain probability of loss. In the future, it is worth considering 

that in the vector, if we are talking about a linear vector, there is a certain array of letters forming 

a verbal composition through a prepared sample. This saves resources and has only advantages. 

For example, processing an array is more than a single action, unlike processing by a processor 

with several actions to create its own calculation and refer not to existing letters. Thus, during 

negative processing, the processor runs in information referring to an existing array, which is 

stored in a certain way [3, c. 20]. This all greatly reduces the load not only on the processor, but 

also on the service itself. In this case, we are talking about the existing advantages.  

 Basically, we will allude to the method of selection with a square. A square in which the 

current supply and its absence are located on the left side. A certain sequence creates the proba-

bilit y of memorizing the most convenient ways of marking letters. 1A and 1B in this case con-

tiguously create 1 "a" and 1"b". Given the matrix, we can imagine a complete working software 

system for our own word recognition and the probability of a semantic hit on the graph. Next, it 

should be borne in mind that it is the negatively excluding probability that is the main meaning 

for a negative selection in embedding. The main idea is to eliminate duplicate values, which clut-

ters up the code and loads it with unnecessary calculations. Having completely analyzed the top-

ic, we can see that by eliminating such a scenario in advance, we can finally come to the most 

convenient computational method [4, c. 20]. 

 Nevertheless, the general indicator is the very concept of an array from where the basic 

information for processing comes from. Without understanding the array, it is impossible to im-

agine a general semantic selection for words. Arrays can be quite different, but the classic way of 

the indicator in square brackets with the form of processing the prepared combinations mainly in 

the language itself can look like this [a, b, c, d, e, f, g, etc.]. Thus, we create a word by selection 

and exclusion in negative processing in the simplest way, which is the concept of embedding. Do 

not forget that the code is extremely large, however in this work we have examined the main ex-

amples for a complete understanding of the working state of the codes and the method of non-

reactive selection [5, c. 30]. 

 The existing algorithm. An algorithm is a basic principle in programming and in life. An 

algorithm is a certain sequence of actions. For example, when processing, first of all we refer to 

an array or resource. After accessing the resource, we proceed to identifying variables, for exam-

ple, and from here we proceed from the negative selection method to prevent the repetition of 

certain probabilities D, which we presented above.  

Conclusion  

 It is worth saying that the main analysis for understanding the general features of this ar-

ticle is given with the concepts of practical examples with references in the form of theoretical 

material. In general, the method of negative selection itself was mainly presented in 2013 [9]. 

Speaking about the development of the neural network, do not forget about the mathematical 

basic theory of understanding the probability of word selection.[10] In this context a deep theory 

is related to as a neural network.  It is also crucial concentrating on the real application of the 

code in practice. We apply practical code referring to the developments. The method of negative 

selection serves to indicate the possibility of probability loss in a similar value and excludes it. 

Also, this method is deeply focused on a single action in the general sense for processing the 

recognition of the above proposed vector or in a linguistic context [12, c. 10]. 

 For an approximate understanding, we started calculating existing points in relation to 

each other and considered vectors. In the presented abstractness, we would talk about a square 

that could show us several adjacent points with similar meanings. We must definitely exclude 
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other existing points that are not related to our selection. Often speaking about this method, 

many forget that the main task of this negative selection method is to create certainty in the an-

swer in the recognition itself.  
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ʋʣʴʷʥʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʠʤʝʥʠ  

ɻʣʘʚʥʦʛʦ ʤʘʨʰʘʣʘ ʘʚʠʘʮʠʠ ɹ.ʇ. ɹʫʛʘʝʚʘ 

ʛ. ʋʣʴʷʥʦʚʩʢ, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ʋʪʦʤʣʷʝʤʦʩʪʴ ï ʵʪʦ ʩʣʦʞʥʦʝ ʠ ʤʥʦʛʦʦʙʨʘʟʥʦʝ ʷʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 

ʦʢʘʟʳʚʘʪʴ ʢʘʢ ʧʨʷʤʦʝ, ʪʘʢ ʠ ʢʦʩʚʝʥʥʦʝ ʚʣʠʷʥʠʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʫʪʦʤʣʷʝʤʦʩʪʴ ʷʚʣʷʝʪ-

ʩʷ ʨʝʘʢʮʠʝʡ ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʪʨʫʜʘ, ʚʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ, ʥʝʩʫʱʠʭ ʧʨʷʤʫʶ ʫʛʨʦʟʫ 

ʟʜʦʨʦʚʴʶ: ʥʘʯʠʥʘʶʱʘʷʩʷ, ʣʝʛʢʘʷ, ʚʳʨʘʞʝʥʥʘʷ, ʪʷʞʝʣʘʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʘʥʥʳʝ ʩʪʘʜʠʠ ʩʦ-

ʧʨʦʚʦʞʜʘʶʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ, ʩʫʙʲʝʢʪʠʚʥʳʭ ʠ ʧʩʠʭʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʇʦʩʣʝ 1950-ʭ ʛʛ. ʚʣʠʷʥʠʝ ʫʪʦʤʣʝʥʠʷ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʧʨʠ-

ʦʙʨʝʣʦ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ. ʍʦʪʷ ʫʪʦʤʣʷʝʤʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʪʦʣʴʢʦ ʫʪʦʤʣʷʝʤʦʩʪʴ ʘʚʠʘʮʠʦʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. ɸʚʠʘʮʠʷ ʦʪʥʦ-

ʩʠʪʩʷ ʢ ʦʪʨʘʩʣʷʤ ʧʦʚʳʰʝʥʥʦʛʦ ʨʠʩʢʘ, ʥʘ ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʫʪʦʤʣʷʝʤʦʩʪʴ, ʦʩʦ-

ʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ. ʋʪʦʤʣʷʝʤʦʩʪʴ ʷʚʣʷʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʩʥʠʞʘʝʪ ʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʴ ʘʚʠʘʮʠʦʥʥʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ. 

ʇʨʠʤʝʨʥʦ 70 % ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʯʝʣʦʚʝʯʝ-

ʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʠʟ ʥʠʭ 15ï20 % ʩʚʷʟʘʥʦ ʩ ʫʪʦʤʣʷʝʤʦʩʪʴʶ ʵʢʠʧʘʞʘ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʠʟʫʯʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʫʩʪʘ-

ʣʦʩʪʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʥʘʯʠʤʦʩʪʴ ʧʨʦʙʣʝʤʳ, ʦʙʩʫʞʜʘʶʪʩʷ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʫʪʦʤʣʝʥʠʷ 

ʘʚʠʘʮʠʦʥʥʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʪʘʪʴʠ ʜʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʙʫ-

ʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʵʪʦʡ ʪʝʤʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʋʪʦʤʣʝʥʠʝ, ʘʚʠʘʮʠʷ, ʘʚʠʘʮʠʦʥʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ, ʨʘʙʦʪʦʩʧʦʩʦʙ-

ʥʦʩʪʴ, ʚʥʠʤʘʥʠʝ, ʨʝʘʢʮʠʷ. 

 

ʇʦʩʣʝʜʩʪʚʠʷ ʜʣʠʪʝʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʚ ʘʚʠʘʮʠʠ, ʢʦʪʦʨʳʝ ʚʧʝʨʚʳʝ ʙʳʣʠ 

ʫʧʦʤʷʥʫʪʳ ʚ ʥʘʯʘʣʝ 1920-ʭ ʛʛ., ʧʨʠʚʝʣʠ ʢ ʨʘʟʨʘʙʦʪʢʝ ʛʨʘʬʠʢʘ ʜʝʞʫʨʩʪʚ ʣʝʪʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʨʘʙʦʪʝ ʘʚʠʘʮʠʦʥʥʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʜʣʠʪʝʣʴʥʳʝ ʧʝʨʠʦʜʳ 

ʜʝʞʫʨʩʪʚʘ, ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʝ ʯʘʩʳ ʨʘʙʦʪʳ, ʥʘʨʫʰʝʥʠʝ ʮʠʨʢʘʜʥʳʭ ʨʠʪʤʦʚ ʠ ʦʪʩʫʪʩʪʚʠʝ ʢʘ-

ʯʝʩʪʚʝʥʥʦʛʦ ʩʥʘ, ʫʪʦʤʣʷʝʤʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ. ʂʦʛʜʘ ʘʚʠʘʮʠʦʥʥʳʝ 

ʩʧʝʮʠʘʣʠʩʪʳ ʜʦʣʛʦ ʣʠʰʝʥʳ ʩʥʘ, ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʜʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ, ʧʦʷʚʣʷʶʪʩʷ 

ʧʨʦʙʣʝʤʳ ʩ ʧʘʤʷʪʴʶ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʚʝʨʰʝʥʠʷ ʦʰʠʙʦʢ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʥʝʩʯʘʩʪʥʳʤ ʩʣʫʯʘʷʤ [1, c. 56]. 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʤʝʪʦʜʠʢ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʨʦʚʥʷ ʫʪʦʤʣʝʥʠʷ 

ʘʚʠʘʮʠʦʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘ ʙʘʟʝ ʌɻɹʆʋ ɺʆ ʋʣʴʷʥʦʚ-

ʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʠʤʝʥʠ ʛʣʘʚʥʦʛʦ ʤʘʨʰʘʣʘ ʘʚʠʘʮʠʠ ɹ.ʇ. ɹʫʛʘʝʚʘ. 

ʉ ʮʝʣʴʶ ʦʮʝʥʢʠ ʫʪʦʤʣʷʝʤʦʩʪʠ ʘʚʠʘʮʠʦʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʙʳʣʘ ʥʘʧʠʩʘʥʘ ʧʨʦʛʨʘʤʤʘ 

ʚ ʩʨʝʜʝ VisualStudio, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʩʙʦʨʥʠʢ ʮʠʬʨʦʚʳʭ ʚʝʨʩʠʡ ʪʝʩʪʦʚ ʧʨʦʚʝʨʢʠ 

ʚʥʠʤʘʥʠʷ ʠ ʨʝʘʢʮʠʠ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʞʜʦʤʫ ʠʩʧʳʪʫʝʤʦʤʫ ʥʝʦʙʭʦʜʠʤʦ 

ʙʳʣʦ ʟʘʧʦʣʥʠʪʴ ʘʥʢʝʪʫ, ʫʢʘʟʘʚ ʬʘʤʠʣʠʶ, ʠʤʷ, ʚʦʟʨʘʩʪ, ʩʚʦʝ ʩʦʩʪʦʷʥʠʝ (ʫʩʪʘʣ/ʥʝ ʫʩʪʘʣ) 

ʠ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʩʪʘ (ʫʪʨʦ/ʚʝʯʝʨ ʠ ʜʨ.) (ʨʠʩ. 1).  
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ʈʠʩ. 1. ɸʥʢʝʪʘ ʠʩʧʳʪʫʝʤʦʛʦ 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʪʝʩʪʳ. 

1. ʊʝʩʪ çʊʘʙʣʠʮʘ ʐʫʣʴʪʝè. 

ʅʘ ʵʢʨʘʥʝ ʧʦʷʚʣʷʝʪʩʷ ʪʘʙʣʠʮʘ ʩ ʯʠʩʣʘʤʠ ʦʪ 1 ʜʦ 25 ʚ ʩʣʫʯʘʡʥʦʤ ʧʦʨʷʜʢʝ. ʅʝʦʙʭʦ-

ʜʠʤʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʱʝʣʢʘʪʴ ʤʳʰʴʶ ʚʩʝ ʵʪʠ ʯʠʩʣʘ ʦʪ 1 ʜʦ 25.  

ʆʩʥʦʚʥʦʡ ʧʦʢʘʟʘʪʝʣʴ ï ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ ʦʪʜʝʣʴʥʦ ʧʦ 

ʢʘʞʜʦʡ ʪʘʙʣʠʮʝ. ʅʦʨʤʘʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʩʯʠʪʘʝʪʩʷ ʧʨʦʭʦʜ ʪʘʙʣʠʮʳ ʟʘ 30ï40 ʩ [4, c. 88]. 

2. ʊʝʩʪ çʉʯʝʪ ʧʦ ʂʨʝʧʝʣʠʥʫè. 

ʉʫʪʴ ʤʝʪʦʜʠʢʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʩʧʳʪʫʝʤʦʤʫ ʪʨʝʙʫʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʠʟ-

ʚʝʩʪʠ ʩʣʦʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ ʚ ʜʝʩʷʪʠ ʨʷʜʘʭ ʧʘʨʳ ʮʠʬʨ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʦʜ-

ʥʘ ʥʘʜ ʜʨʫʛʦʡ, ʠ ʚʥʝʩʪʠ ʨʝʟʫʣʴʪʘʪ ʩʣʦʞʝʥʠʷ ʧʦʜ ʵʪʠʤʠ ʮʠʬʨʘʤʠ, ʥʦ ʩ ʦʪʙʨʘʩʳʚʘʥʠʝʤ ʜʝ-

ʩʷʪʢʦʚ ï ʝʩʣʠ ʧʦʣʫʯʠʚʰʝʝʩʷ ʯʠʩʣʦ ʦʢʘʞʝʪʩʷ ʙʦʣʴʰʝ ʜʝʩʷʪʠ. ʊʦ ʝʩʪʴ, ʝʩʣʠ ʧʨʠ ʩʣʦʞʝʥʠʠ 

ʫ ʚʘʩ ʧʦʣʫʯʠʣʦʩʴ 17, ʪʦ ʨʝʟʫʣʴʪʘʪ ʩʣʝʜʫʝʪ ʚʥʝʩʪʠ ʪʦʣʴʢʦ 7. 

ʆʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʳʪʘ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʩʢʦʨʦʩʪʠ ʝʛʦ ʚʳʧʦʣʥʝʥʠʷ ʠ ʯʠʩʣʫ ʦʰʠʙʦʢ 

ʟʘ ʠʩʩʣʝʜʫʝʤʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ. 

3. ʊʝʩʪ ʄʶʥʩʪʝʨʙʝʨʛʘ. 

ʉʨʝʜʠ ʙʫʢʚʝʥʥʦʛʦ ʪʝʢʩʪʘ ʠʤʝʶʪʩʷ ʩʣʦʚʘ. ɿʘʜʘʯʘ ï ʢʘʢ ʤʦʞʥʦ ʙʳʩʪʨʝʝ ʩʯʠʪʳʚʘʷ 

ʪʝʢʩʪ, ʥʘʡʪʠ ʵʪʠ ʩʣʦʚʘ. ʆʮʝʥʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʥʘʡʜʝʥʥʳʭ ʩʣʦʚ ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ 

(ʧʨʦʧʫʱʝʥʥʳʝ ʠ ʥʝʧʨʘʚʠʣʴʥʦ ʚʳʜʝʣʝʥʥʳʝ ʩʣʦʚʘ) [3, c. 22]. 

4. ʂʦʨʨʝʢʪʫʨʥʘʷ ʧʨʦʙʘ çʂʦʣʴʮʘ ʃʘʥʜʦʣʴʪʘè. 

ʌʦʨʤʘ ʩʦʜʝʨʞʠʪ ʩʣʫʯʘʡʥʳʡ ʥʘʙʦʨ ʢʦʣʝʮ ʩ ʨʘʟʨʳʚʘʤʠ, ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʚ ʨʘʟʣʠʯʥʳʝ 

ʩʪʦʨʦʥʳ. ʀʩʧʳʪʫʝʤʳʡ ʧʨʦʩʤʘʪʨʠʚʘʝʪ ʨʷʜ ʠ ʚʳʯʝʨʢʠʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʢʘʟʘʥʥʳʝ ʚ ʠʥ-

ʩʪʨʫʢʮʠʠ ʢʦʣʴʮʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʙʳ ʦʮʝʥʠʚʘʶʪ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʨʦʧʫʱʝʥʥʳʭ (ʥʝʟʘʯʝʨʢʥʫ-

ʪʳʭ) ʟʥʘʢʦʚ, ʘ ʪʘʢʞʝ ʧʦ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʷ. 

5. ʊʝʩʪ çʈʝʘʢʮʠʷ ʥʘ ʜʚʠʞʫʱʠʡʩʷ ʦʙʲʝʢʪè. 

ɺʦ ʚʨʝʤʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ çʇʦʡʤʘʪʴè ʚ ʤʦʤʝʥʪ ʧʝʨʝʩʝ-

ʯʝʥʠʷ ʜʚʠʞʫʱʠʤʩʷ ʢʚʘʜʨʘʪʦʤ ʣʠʥʠʡ. ɺ ʪʝʩʪʝ ʦʮʝʥʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ. 

6. ʊʝʩʪ çʈʝʘʢʮʠʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘè. 

ʆʙʫʯʘʶʱʝʤʫʩʷ ʜʘʝʪʩʷ ʟʘʜʘʥʠʝ ʥʘ ʚʨʝʤʷ. ʇʨʠ ʩʤʝʥʝ ʮʚʝʪʘ ʧʘʥʝʣʠ ʩ ʞʝʣʪʦʛʦ ʥʘ ʟʝ-

ʣʝʥʳʡ, ʠʩʧʳʪʫʝʤʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʢʥʦʧʢʫ çʇʦʡʤʘʪʴè. ɺʩʝʛʦ ʜʘʝʪʩʷ 5 ʧʦʧʳʪʦʢ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʷ. ʆʮʝʥʠʚʘʝʪʩʷ ʚʝʨʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ. 

7. ʄʝʪʦʜʠʢʘ ʦʪʩʯʝʪʘ 15 ʩ. 

ɺ ʫʤʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʩʯʠʪʘʪʴ 15 ʩ ʠ ʥʘʞʘʪʴ ʢʥʦʧʢʫ çɻʦʪʦʚʦè.  

ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʥʝ ʪʦʣʴʢʦ ʚʥʠʤʘʪʝʣʴʥʦʩʪʴ ʠʩʧʳʪʫʝʤʦʛʦ, ʥʦ 

ʠ ʦʮʝʥʠʪʴ ʝʛʦ ʚʦʩʧʨʠʷʪʠʝ ʚʨʝʤʝʥʠ [2, c. 12].  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʥʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥ ʠʥʪʝʨʬʝʡʩ ʧʨʦ-

ʛʨʘʤʤʳ ʩ ʦʪʢʨʳʪʦʡ ʬʦʨʤʦʡ ʚʳʧʦʣʥʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ çʊʘʙʣʠʮʘ ʐʫʣʴʪʝè. 
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ʈʠʩ. 2. ʊʝʩʪ çʊʘʙʣʠʮʘ ʐʫʣʴʪʝè 

 

ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʩʪʦʚ ʬʦʨʤʠʨʫʝʪʩʷ ʩʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʠʪʦʛʦʚʳʤ 

ʚʨʝʤʝʥʝʤ ʧʨʦʭʦʞʜʝʥʠʷ. ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʚʳʛʨʫʟʠʪʴ ʢ ʩʝʙʝ ʥʘ ʢʦʤʧʴʶʪʝʨ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ 

ʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʦʮʝʥʢʠ ʫʪʦʤʣʝʥʠʷ ʘʚʠʘʮʠʦʥʥʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ, ʧʨʝʜʩʢʘʟʳʚʘʶʱʝʡ ʫʪʦʤ-

ʣʝʥʠʝ ʘʚʠʘʮʠʦʥʥʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ. 
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ɸɺʀɸʎʀʆʅʅʆɻʆ ʉʇɽʎʀɸʃʀʉʊɸ 
 

ɹʫʣʘʪʦʚʘ ɸʥʘʩʪʘʩʠʷ ɽʚʛʝʥʴʝʚʥʘ, ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ 
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ʋʣʴʷʥʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʠʤ. ɻʣʘʚʥʦʛʦ ʤʘʨʰʘʣʘ ʘʚʠʘʮʠʠ ɹ.ʇ. ɹʫʛʘʝʚʘ 

ʛ. ʋʣʴʷʥʦʚʩʢ, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʩʨʝʜʘ ʚ ʩʬʝʨʝ ʘʚʠʘʮʠʠ ʠʟʤʝʥʯʠʚʘ. ʆʥʘ ʨʝʘʛʠʨʫʝʪ 

ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʠ ʢʦʤʤʝʨʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʬʠʟʠʦʣʦʛʠʷ ʯʝʣʦ-

ʚʝʢʘ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ. ʆʜʥʠʤ ʠʟ ʚʝʨʦʷʪʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʨʫʰʝʥʠʡ ʚ ʩʦʩʪʦʷʥʠʠ 

ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʷʚʣʷʝʪʩʷ ʫʪʦʤʣʝʥʠʝ, ʧʦʜʨʦʙʥʦ ʠʟʫʯʘʝʤʦʝ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚ ʨʘʤʢʘʭ 

ʧʨʦʛʨʘʤʤʳ ʧʦ ʥʘʜʟʦʨʫ ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʟʤʦʚ ʢʦʥʪʨʦʣʷ ʫʪʦʤʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʤʦ-

ʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʠʟ-ʟʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʘʚʠʘʮʠʦʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʨʠ ʜʣʠʪʝʣʴ-

ʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʠʩʧʣʝʝʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʜʠʩʧʣʝʠ, ʦʪ-

ʣʠʯʘʷʩʴ ʧʦ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʪʘʢʠʤ ʢʘʢ ʪʠʧ ʤʘʪʨʠʮʳ, ʨʘʟʨʝʰʝʥʠʝ ʠ ʜʠʘʛʦ-

ʥʘʣʴ ʵʢʨʘʥʘ, ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʨʘʟʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʩʪʘ-

ʣʦʩʪʠ ʫ ʘʚʠʘʮʠʦʥʥʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʥʘʤʠ ʥʘ ʷʟʳʢʝ C# ʚ ʩʨʝʜʝ Unity3D ʠ ʤʝʪʦʜʠʢʠ ʦʮʝʥ-

ʢʠ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʵʤʧʠʨʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ ʚ ʚʠʜʝ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʝʥʠʷ ʪʝʩʪʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʜʠʩ-

ʧʣʝʷ ʠ ʝʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʵʪʦ ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʪʴ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʠ ʩʦʩʪʘʚʠʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʜʠʩʧʣʝʝʚ ʩ ʫʯʝʪʦʤ ʧʦʚʳʰʝʥʠʷ ʨʘʙʦʪʦ-

ʩʧʦʩʦʙʥʦʩʪʠ ʘʚʠʘʮʠʦʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɸʚʠʘʮʠʷ, ʜʠʩʧʣʝʡ, ʧʝʨʩʦʥʘʣ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʫʪʦʤʣʝʥʠʝ. 

 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʩʚʷʟʘʥʥʳʤʠ ʩ ʫʩʪʘʣʦʩʪʴʶ ʨʠʩʢʘʤʠ 

(FRMS ï Fatigue Risk Management System) ʫʪʦʤʣʝʥʠʝ ï ʩʦʩʪʦʷʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʧʨʠ ʜʠʩ-

ʙʘʣʘʥʩʝ ʤʝʞʜʫ ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʫʤʩʪʚʝʥʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʚʩʝʭ ʚʠʜʦʚ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʩʦʩʪʦʷʥʠʠ ʙʦʜʨʩʪʚʦʚʘʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʧʦʩʣʝ ʵʪʠʭ ʥʘʛʨʫʟʦʢ. ɺ ʘʚʠʘ-

ʮʠʠ ʚʝʜʝʪʩʷ ʨʘʙʦʪʘ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʚʢʣʶʯʘʷ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʝ ʜʠʩʧʣʝʠ, ʪʘʢ ʢʘʢ ʨʘʙʦʪʘ ʘʚʠʘʜʠʩʧʝʪʯʝʨʦʚ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʩʧʝʮʠʘʣʠ-

ʩʪʦʚ ʥʘʧʨʷʤʫʶ ʩ ʥʠʤʠ ʩʚʷʟʘʥʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʤʝʥʷʶʪʩʷ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ (ɾʂ) 

ʜʠʩʧʣʝʠ ʬʠʨʤ NEC, Garmin, Arnav System. 

ʉ ʫʯʝʪʦʤ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʝʩʪʴ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦ-

ʜʠʢ ʜʣʷ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ï ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʩʝʥʩʦʤʦʪʦʨʥʦʡ ʨʝʘʢʮʠʠ ʠ ʦʜʥʦʛʦ ʠʟ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʚʘʞʥʳʭ ʢʘʯʝʩʪʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʣʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʚʘ-

ʨʠʘʥʪ ʦʮʝʥʢʠ ʨʝʘʢʮʠʠ ʯʝʣʦʚʝʢʘ ʥʘ ʜʚʠʞʫʱʠʡʩʷ ʦʙʲʝʢʪ ʧʨʠ ʧʦʤʦʱʠ ʥʘʧʠʩʘʥʥʦʛʦ ʥʘʤʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘ ʷʟʳʢʝ C# ʚ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ Unity3D. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 5 ʯʝʣʦʚʝʢ ʚ ʚʦʟʨʘʩʪʝ 20 ʣʝʪ, ʥʝ ʠʤʝʶʱʠʭ ʧʨʦʙʣʝʤ 

ʩ ʮʚʝʪʦʚʳʤ ʚʦʩʧʨʠʷʪʠʝʤ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʢʨʘʥʘʤʠ ʠ ʫʯʘʩʪʥʠʢʘʤʠ ʩʦʩʪʘʚʣʷʣʦ 60 ʩʤ. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʘʚʘʣʘʩʴ ʫʩʪʘʥʦʚʢʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʪʦʯʥʦʩʪʴ ʨʝʘʛʠʨʦʚʘ-

ʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʥʝʧʨʦʠʟʚʦʣʴʥʦʩʪʴ ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʭ ʠʣʠ ʟʘʧʘʟʜʳʚʘʶʱʠʭ ʨʝʘʢʮʠʡ, 

ʛʜʝ ʥʘʨʘʩʪʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʭ ʨʝʘʢʮʠʡ ʛʦʚʦʨʠʪ ʦ ʩʦʩʪʦʷʥʠʠ ʧʦʚʳʰʝʥʥʦʡ 

ʚʦʟʙʫʜʠʤʦʩʪʠ, ʘ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʟʘʧʘʟʜʳʚʘʶʱʠʭ ʨʝʘʢʮʠʡ ï ʧʨʠʟʥʘʢ ʧʨʝʦʙʣʘʜʘʥʠʷ ʧʨʦ-

ʮʝʩʩʦʚ ʪʦʨʤʦʞʝʥʠʷ. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1, ʘ ʠʥʪʝʨʬʝʡʩ ʧʨʦ-

ʛʨʘʤʤʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 2. 
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ʈʠʩ. 1. ɸʣʛʦʨʠʪʤ ʤʝʪʦʜʠʢʠ ʪʝʩʪʠʨʦʚʘʥʠʷ 

 

 
ʈʠʩ. 2. ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʪʝʩʪʠʨʦʚʘʥʠʷ 

 

ʄʝʪʦʜʠʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʛʣʘʟʦʤʝʨʘ ʠ ʙʘʣʘʥʩʘ 

ʦʩʥʦʚʥʳʭ ʥʝʨʚʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʪʝʩʪʝ ˉ 1 ʧʦ ʮʝʥʪʨʫ ʵʢʨʘʥʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʮʝʣʴ ï ʢʨʘʩʥʳʡ 

ʢʨʫʛ. ʀʩʧʳʪʫʝʤʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʩʪʘʥʦʚʠʪʴ ʜʚʠʞʫʱʠʡʩʷ ʧʨʷʤʦʣʠʥʝʡʥʦ ʧʦ ʵʢʨʘʥʫ ʩʣʝʚʘ 

ʥʘʧʨʘʚʦ ʦʙʲʝʢʪ ʚ ʚʠʜʝ ʩʠʥʝʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʯʝʨʪʳ ʚ ʤʦʤʝʥʪ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʮʝʣʴʶ. ʄʝʩʪʦ 

ʧʦʷʚʣʝʥʠʷ ʦʙʲʝʢʪʘ ʥʘ ʵʢʨʘʥʝ ʠ ʥʘʯʘʣʦ ʝʛʦ ʜʚʠʞʝʥʠʷ ʟʘʜʘʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʘ ʦʪʢʣʠʢ 

(ʦʩʪʘʥʦʚʢʘ ʧʣʘʥʢʠ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʥʦʧʢʠ ʢʣʘʚʠʘʪʫʨʳ çʧʨʦʙʝʣè. ɺ ʪʝʩʪʝ ˉ 2 

ʚ ʢʘʯʝʩʪʚʝ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ ʙʳʣ ʧʨʷʤʦʫʛʦʣʴʥʠʢ, ʚ ʢʘʯʝʩʪʚʝ ʮʝʣʠ ï ʚʝʨʪʠʢʘʣʴʥʘʷ ʯʝʨ-

ʪʘ. ʇʨʦʛʨʘʤʤʘ ʩʯʠʪʘʝʪ ʦʪʢʣʦʥʝʥʠʝ ʦʩʪʘʥʦʚʣʝʥʥʦʛʦ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ ʦʪ ʧʦʣʦʞʝʥʠʷ 

ʮʝʣʠ. ɿʥʘʯʝʥʠʝ ʙʝʨʝʪʩʷ ʧʦ ʤʦʜʫʣʶ ʠ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʧʨʦʮʝʥʪʳ, ʛʜʝ 100 % ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʪʦʯʥʦʤʫ ʧʦʧʘʜʘʥʠʶ ʚ ʮʝʣʴ, ʘ 0 % ï ʥʝʧʦʧʘʜʘʥʠʶ. ʊʝʩʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʪʠʧʘʭ ʜʠʩʧʣʝʝʚ 

ʩ ʨʘʟʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʪʘʙʣ. 1), ʛʜʝ ʚʩʝ ʜʠʩʧʣʝʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝ-

ʙʦʚʘʥʠʷʤ, ʢʨʦʤʝ ʜʠʩʧʣʝʷ ˉ 2 ʩ ʭʫʜʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 
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ʊʘʙʣʠʮʘ 1  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʩʧʣʝʝʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʩ-

ʧʣʝʷ 

ʅʦʤʝʨ ʜʠʩʧʣʝʷ 

1 2 3 4 

ʊʠʧ ʤʘʪʨʠʮʳ LCD 

(IPS) 

LCD 

(IPS) 

LED LCD 

(ʪʠʧ TN) 

ɼʠʘʛʦʥʘʣʴ ʵʢʨʘʥʘ 

(ʜʶʡʤ) 

15,6 13,3 32,0 32,0 

ʈʘʟʨʝʰʝʥʠʝ 1920Ĭ

1080 

1920Ĭ

1080 

1920

Ĭ1080 

1440Ĭ9

00 

ʏʘʩʪʦʪʘ ʦʙʥʦʚʣʝʥʠʷ 

(ɻʮ) 

59 59 60 75 

 

ʌʨʘʛʤʝʥʪ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʪʦʨʝʥʠʡ ʚ ʧʦʧʳʪʢʘʭ ʨʘʚʥʦ 20) 

ʧʦʢʘʟʘʥ ʚ ʪʘʙʣ. 2; ʥʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʝʥʠʷ ʦʪ ʪʠʧʘ ʜʠʩʧʣʝʷ. 

ʀʪʦʛʦʚʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʧʳʪʢʠ ʦʧʨʝʜʝʣʷʣʩʷ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. 

 

ʊʘʙʣʠʮʘ 2  

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʩʧʣʝʷ ˉ 1 

ʊʝʩʪ ʥʘ ʨʝʘʢʮʠʶ ˉ 1 

ʅʦʤʝʨ  

ʠʩʧʳ-

ʪʫʝʤʦʛʦ 

ʅʦʤʝʨʘ ʧʦʧʳʪʦʢ ʉʨʝʜ-

ʥʝʝ ʟʥʘʯʝʥʠʝ, 

% 
1 2 3 4 

1 74,70 82,35 76,80 81,60 78,86 

2 85,30 86,55 82,55 84,15 84,64 

3 82,05 86,20 84,10 83,05 83,85 

4 73,17 78,55 72,25 77,70 75,42 

5 78,60 70,10 78,00 70,05 74,19 

ʊʝʩʪ ʥʘ ʨʝʘʢʮʠʶ ˉ 2 

ʅʦʤʝʨ  

ʠʩʧʳ-

ʪʫʝʤʦʛʦ 

ʅʦʤʝʨʘ ʧʦʧʳʪʦʢ ʉʨʝʜ-

ʥʝʝ ʟʥʘʯʝʥʠʝ, 

% 
1 2 3 4 

1 79,45 78,55 86,90 81,55 81,61 

2 80,35 82,95 82,55 86,15 83,00 

3 83,55 74,45 80,45 88,05 81,63 

4 81,40 85,70 80,45 86,80 85,59 

5 71,10 77,45 81,90 71,35 75,45 

 

 

 
 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʝʥʠʷ ʪʝʩʪʦʚ ʦʪ ʪʠʧʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʜʠʩʧʣʝʷ 
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ɺʦ-ʧʝʨʚʳʭ, ʥʘʠʣʫʯʰʝʝ ʢʘʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʠʷ ʙʳʣʦ ʫ ɾʂ (IPS) ʜʠʩʧʣʝʷ (15,6ô). ɺʦ-

ʚʪʦʨʳʭ, ʫʚʝʣʠʯʝʥʠʝ ʜʠʘʛʦʥʘʣʠ ʩʨʝʜʠ ɾʂ (IPS) ʜʠʩʧʣʝʝʚ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʠʷ, 

ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʤ, ʪ. ʢ. ʜʘʣʝʝ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʨʘʩʩʝʷʥʠʷ ʚʥʠʤʘʥʠʷ ʠʩʧʳʪʫʝʤʦʛʦ, 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʥʘ ʜʠʩʧʣʝʷʭ ˉ 1, ˉ 3. ɺ-ʪʨʝʪʴʠʭ, ʫ ɾʂ (TN) ʜʠʩʧʣʝʷ ʢʘʯʝʩʪʚʦ ʚʳʧʦʣ-

ʥʝʥʠʷ ʭʫʞʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʠʙʦʣʴʰʫʶ ʯʘʩʪʦʪʫ ʠ ʥʘʠʤʝʥʴʰʝʝ ʨʘʟʨʝʰʝʥʠʝ. ɺ-ʯʝʪʚʝʨʪʳʭ, 

ʧʨʠ ʨʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ ʵʢʨʘʥʘ (32ô) ʧʨʝʠʤʫʱʝʩʪʚʦ ʫ ʩʚʝʪʦʜʠʦʜʥʳʭ ʜʠʩʧʣʝʝʚ. 

ɼʠʩʧʣʝʠ ʦʢʘʟʳʚʘʶʪ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴ ʘʚʠʘʮʠʦʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. 

ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʳ ɾʂ (IPS) ʜʠʩʧʣʝʠ ʩ ʙʦʣʴʰʝʡ ʜʠʘʛʦʥʘʣʴʶ (ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 20ô). 

ʉʚʝʪʦʜʠʦʜʥʳʝ ʜʠʩʧʣʝʠ ʧʨʠʤʝʥʠʤʳ ʚ ʩʬʝʨʝ ʘʚʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʛʜʝ ʪʨʝʙʫʶʪʩʷ ʷʨ-

ʢʠʝ, ʥʘʩʳʱʝʥʥʳʝ ʮʚʝʪʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʫʯʝʪ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʦʡ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʥʫʞʥʳ ʫʯʝʪ ʠ ʦʮʝʥʢʘ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʢʨʘʥʘ, ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʘʟʨʝʰʝʥʠʝ, ʚʨʝʤʷ 

ʦʪʢʣʠʢʘ, ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ. 
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ʈɸɿʈɸɹʆʊʂɸ ʅɽʉʊɸʎʀʆʅɸʈʅʆʁ ʄʆɼɽʃʀ ʇʈʆʎɽʉʉɸ  

ʇʀʈʆʃʀɿɸ ʋɻʃɽɺʆɼʆʈʆɼʅʆɻʆ ʉʓʈʔʗ 

 

ɹʫʥʘʝʚ ɸʶʨ ɸʣʝʢʩʝʝʚʠʯ 

ɼʦʣʛʘʥʦʚʘ ʀʨʵʥʘ ʆʣʝʛʦʚʥʘ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ  

ɼʦʣʛʘʥʦʚ ʀʛʦʨʴ ʄʠʭʘʡʣʦʚʠʯ ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ. 

E-Mail: aiurbunaev@gmail.com 

 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʊʦʤʩʢ, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʧʝʨʚʦʛʦ ʧʨʠ-

ʙʣʠʞʝʥʠʷ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʧʠʨʦʣʠʟʘ ʙʝʥʟʠʥʦʚʦʡ 

ʬʨʘʢʮʠʠ ʩ ʫʯʝʪʦʤ ʥʘʢʦʧʣʝʥʠʷ ʢʦʢʩʘ ʚ ʪʝʯʝʥʠʝ ʤʝʞʨʝʛʝʥʝʨʘʮʠʦʥʥʦʛʦ ʮʠʢʣʘ. ɼʘʥʥʘʷ ʤʦ-

ʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʳʭʦʜʳ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʮʠʠ: ʵʪʠʣʝʥʘ ʠ ʧʨʦʧʠʣʝʥʘ, ʷʚʣʷʶ-

ʱʠʭʩʷ ʩʳʨʴʝʤ ʧʦʣʠʤʝʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘ-

ʨʘʤʝʪʨʦʚ.  

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʙʦʯʥʳʝ ʨʝʘʢʮʠʠ ʥʝʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʝʡ ʧʨʠʚʦʜʷʪ ʢ ʦʪʣʦʞʝʥʠʶ ʢʦʢ-

ʩʘ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥʢʘʭ ʟʤʝʝʚʠʢʘ ʨʝʘʢʪʦʨʘ ʧʠʨʦʣʠʟʘ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʫʤʝʥʴʰʘʝʪʩʷ 

ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʟʤʝʝʚʠʢʘ, ʘ ʪʘʢʞʝ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʨʝʘʢʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʚ 

ʘʧʧʘʨʘʪʝ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʥʠʞʘʶʪʩʷ ʚʳʭʦʜʳ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʪ. ʝ. ʩʥʠʞʘʝʪʩʷ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʨʦ-

ʩʪʘ ʩʣʦʷ ʢʦʢʩʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʤʝʞʨʝʛʝʥʝʨʘʮʠʦʥʥʦʛʦ ʮʠʢʣʘ.  

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʤʦʜʝʣʠ ʪʘʢʞʝ ʠʤʝʝʪʩʷ ʤʝʭʘʥʠʟʤ ʫʯʝʪʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʦ-

ʩʪʘʚʣʷʶʱʝʡ ʨʝʘʢʪʦʨʘ ʧʠʨʦʣʠʟʘ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʦʚʘʥ ʢʘʢ ʨʘʩʯʝʪ ʧʦʪʝʨʴ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʨʝʘʢʮʠʦʥʥʳʤ ʧʦʪʦ-

ʢʦʤ ʟʤʝʝʚʠʢʘ ʨʝʘʢʪʦʨʘ. 

ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʠʤʫʣʷʮʠʠ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʦʜʝʣʠʨʫ-

ʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʥʘʡʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʦʚ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʮʠʠ 

ʦʪ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʇʠʨʦʣʠʟ, ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʢʦʢʩʦʦʙʨʘʟʦʚʘʥʠʝ, 

ʦʧʪʠʤʠʟʘʮʠʷ, ʙʝʥʟʠʥʦʚʘʷ ʬʨʘʢʮʠʷ. 

 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʩʥʦʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʦʣʝʬʠʥʦʚ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʧʠ-

ʨʦʣʠʟʘ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʥʦʝ ʩʳʨʴʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʥʘʛʨʝʚʫ ʜʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘ-

ʪʫʨ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʦʩʪʫʧʘ ʢʠʩʣʦʨʦʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʣʝʢʫʣʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʩʳʨʴʷ, 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʨʘʩʧʘʜʫ ʠ ʜʝʛʠʜʨʠʨʦʚʘʥʠʶ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʚʩʣʝʜ-

ʩʪʚʠʝ ʦʪʣʦʞʝʥʠʷ ʢʦʢʩʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʤʝʥʴʰʘʶʪʩʷ 

ʚʳʭʦʜʳ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʢʦʢʩʘ ʚ 

ʨʝʘʢʪʦʨʝ ʨʘʙʦʪʘ ʫʩʪʘʥʦʚʢʠ ʧʠʨʦʣʠʟʘ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠ ʧʨʦʚʦʜʠʪʩʷ ʝʛʦ ʚʳʞʠʛ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʤʦʜʝʣʴ ʦʩʥʦʚʘʥʘ ʥʘ ʩʭʝʤʝ ʧʨʝʚʨʘʱʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 1. 
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ʈʠʩ. 1. ʌʦʨʤʘʣʠʟʦʚʘʥʥʘʷ ʩʭʝʤʘ ʧʨʝʚʨʘʱʝʥʠʡ 

 

ɼʠʥʘʤʠʢʘ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʧʨʘʚʳʝ ʯʘʩʪʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʩʫʤʤʦʡ ʩʢʦʨʦʩʪʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ʨʝʘʢʮʠʡ: 

   Ͻό  Вὡ  Вὥȟ Ͻ ὑȟȟ Ͻ Бὅȟȟ ȟ, (1) 

ʛʜʝ Ci ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʤʧʦʥʝʥʪʘ i ʚ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ, ʤʦʣʴ/ʣ, Cz,t,l ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʤʧʦ-

ʥʝʥʪʘ z ʚ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ, ʤʦʣʴ/ʣ, Ŭi,j ï ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʤʧʦʥʝʥʪʘ i ʚ 

ʨʝʘʢʮʠʠ j, ɓz,j ï ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʤʧʦʥʝʥʪʘ z ʚ ʨʝʘʢʮʠʠ j, u ï ʣʠʥʝʡʥʘʷ 

ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ, ʤ/ʩ, l ï ʢʦʦʨʜʠʥʘʪʘ ʧʦ ʜʣʠʥʝ ʨʝʘʢʪʦʨʘ, ʩʤ, t ï ʢʦʦʨʜʠʥʘʪʘ 

ʧʦ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʤʫ ʚʨʝʤʝʥʠ, ʩ. 

ʄʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʠʟ ʫʨʘʚʥʝʥʠʷ 1 ʚʳʚʦʜʠʪʩʷ ʷʚʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʘ i ʚ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ: 

 ὅȟȟ  
Ў

 Ͻ Вὡ  
Ў

 Ͻὅȟ ȟ  
Ў

 
Ў

 Ͻ ὅȟ ȟ , (2) 

ʛʜʝ ȹl ï ʰʘʛ ʠʥʪʝʛʨʘʮʠʠ ʧʦ ʜʣʠʥʝ ʨʝʘʢʪʦʨʘ, ʩʤ, ȹt ï ʰʘʛ ʠʥʪʝʛʨʘʮʠʠ ʧʦ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʤʫ 

ʚʨʝʤʝʥʠ, ʩ. 

ɼʣʷ ʦʮʝʥʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʦʡ 

ʪʦʣʱʠʥʳ ʩʣʦʷ ʢʦʢʩʘ ʩ ʪʘʢʦʚʦʡ, ʥʘʢʦʧʠʚʰʝʡʩʷ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʤʝʞʨʝʛʝʥʝʨʘʮʠʦʥʥʦʛʦ 

ʮʠʢʣʘ ʥʘ ʜʝʡʩʪʚʫʶʱʝʤ ʧʨʝʜʧʨʠʷʪʠʠ. ʆʜʥʘʢʦ, ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʝ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʩʘʤʘ 

ʪʦʣʱʠʥʘ, ʥʦ ʠʤʝʶʪʩʷ ʢʦʩʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʚʦʜʠʪʩʷ ʦʮʝʥʢʘ. ʂ ʪʘʢʦʚʳʤ 

ʦʪʥʦʩʷʪʩʷ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʤʝʞʜʫ ʚʭʦʜʦʤ ʠ ʚʳʭʦʜʦʤ ʠʟ ʟʤʝʝʚʠʢʘ ʧʠʨʦʣʠʟʘ, ʘ ʪʘʢʞʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʚʳʞʠʛ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʦʟʜʫʭʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʯʝʥʠʷ ʩʢʦʨʦ-

ʩʪʝʡ ʨʦʩʪʘ ʪʦʣʱʠʥʳ ʩʣʦʷ ʢʦʢʩʘ ʩʦʩʪʘʚʠʣʠ 2,31 Ā 10-7 ʠ 2,27 Ā 10-7 ʤʤ/ʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦ-

ʛʜʘ ʢʘʢ ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 2,314 Ā 10-7 ʤʤ/ʩ. ʇʦʛʨʝʰʥʦʩʪʠ ʩʦʩʪʘʚʠʣʠ 0,17 % ʠ 

1,93 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʩʯʝʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʢʩʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2. 

 

 
ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʣʱʠʥʳ ʩʣʦʷ ʢʦʢʩʘ ʧʦ ʜʣʠʥʝ ʨʝʘʢʪʦʨʘ ʧʠʨʦʣʠʟʘ 
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ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʦʙʦʯʥʳʝ ʧʨʦʮʝʩʩʳ ʫʩʠʣʠʚʘʶʪʩʷ ʙʣʠʞʝ ʢ ʚʳʭʦʜʫ ʠʟ ʨʝʘʢʪʦʨʘ. 

ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʦʙʨʘʟʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝ-

ʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʠ ʧʦ-

ʣʠʢʦʥʜʝʥʩʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʢʩʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ [2]. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʪʠʣʝʥʘ 

ʠ ʧʦʧʠʣʝʥʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠ ʜʘʚʣʝʥʠʷ ʥʘ ʚʭʦʜʝ ʚ ʨʝʘʢʪʦʨ ʧʠʨʦʣʠʟʘ. ʈʝ-

ʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 
ʊʘʙʣʠʮʘ 1 

ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʊʝʤʧʝʨʘʪʫʨʘ, Áʉ ʕʪʠʣʝʥ, ʤʦʣʴ/ʣ ʇʨʦʧʠʣʝʥ, ʤʦʣʴ/ʣ 

780 0,18 0,06 

800 0,71 0,25 

820 2,52 0,92 

840 8 3,11 

850 13,38 5,41 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʝʩʢʦʥʝʯʥʦʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʚʦʟʤʦʞʥʦ. ʆʩʥʦʚʥʦʡ ʧʨʠ-

ʯʠʥʦʡ ʷʚʣʷʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ, ʥʘʢʣʘʜʳʚʘʝʤʳʝ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʘ ʟʤʝʝʚʠʢʘ. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʜʣʷ ʧʦ-

ʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʜʘʚʣʝʥʠʷ ʥʘ ʚʭʦʜʝ ʚ ʨʝʘʢʪʦʨ ʧʠʨʦʣʠʟʘ ʪʘʢʞʝ ʨʘʩʪʫʪ ʚʳʭʦʜʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʣʝʥʘ ʠ ʧʨʦʧʠʣʝʥʘ. ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʦʩʪ ʧʨʦʠʩʭʦʜʠʪ ʨʘʚʥʦʤʝʨʥʦ 

ʥʘ ʜʠʘʧʘʟʦʥʝ ʦʪ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ ʜʦ 0,5 ʄʇʘ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʧʨʝʚʳʰʝ-

ʥʠʠ ʟʥʘʯʝʥʠʷ 0,5 ʄʇʘ ʦʥ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ. 
ʊʘʙʣʠʮʘ 2 

ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʦʪ ʜʘʚʣʝʥʠʷ 

ɼʘʚʣʝʥʠʝ, ʄʇʘ ʕʪʠʣʝʥ, ʤʦʣʴ/ʣ ʇʨʦʧʠʣʝʥ, ʤʦʣʴ/ʣ 

0,3 1,94 0,69 

0,4 2,64 0,92 

0,5 3,47 1,2 

0,6 7,16 2,73 

0,7 12,71 5,06 

 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʝʩʢʦʥʝʯʥʦʝ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʪʘʢʞʝ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʩʢʦʣʴʢʫ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʟʘʪʨʘʪʳ ʪʦʧʣʠʚʘ ʥʘ ʥʘʛʨʝʚ ʧʘʨʦʩʳʨʴʝʚʦʡ ʩʤʝʩʠ ʚ ʢʦʥʚʝʢʮʠ-

ʦʥʥʦʡ ʟʦʥʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʝʦʙʭʦʜʠʤʳ ʠʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʧʦʤʠʤʦ ʚʳʭʦʜʦʚ ʧʨʦʜʫʢʪʦʚ, ʜʣʷ ʧʦʠʩʢʘ ʦʧ-

ʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 21-79-

00233, https://rscf.ru/project/21-79-00233/ 
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ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ, ʛ. ʅʠʞʥʠʡ ʊʘʛʠʣ, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘ-

ʪʳ ʢʦʤʧʘʥʠʡ-ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʩʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʠ ʨʝʩʫʨʩʳ, ʨʘʩʭʦʜʫʝʤʳʝ ʥʘ ʪʝʩʪʠʨʦʚʘʥʠʝ, 

ʩʥʠʟʠʪʴ ʨʠʩʢ ʚʳʧʫʩʢʘ ʥʘ ʨʳʥʦʢ ʥʝʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘ-

ʶʪʩʷ ʠʥʩʪʨʫʤʝʥʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜʨʦʙʥʘʷ 

ʵʤʫʣʷʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʩʨʝʜʳ. ʇʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ Selenium WebDriver, Puppeteer 

ʠ Playwright ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʨʠʪʝʨʠʷʤ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: end-to-end ʪʝʩʪʠʨʦʚʘʥʠʝ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, 

web-ʪʝʩʪʠʨʦʚʘʥʠʝ, Selenium WebDriver, Puppeteer, Playwright. 
 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ 

ʚʩʝʭ ʩʬʝʨʘʭ ʞʠʟʥʠ: ʙʦʣʴʰʠʝ ʩʫʤʤʳ ʪʨʘʪʷʪʩʷ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʦʛʨʘʤʤ, ʚʦʩ-

ʪʨʝʙʦʚʘʥʥʳʭ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʙʠʟʥʝʩʝ, ʠʥʜʫʩʪʨʠʠ ʨʘʟʚʣʝʯʝʥʠʡ, ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʤʝʜʠ-

ʮʠʥʝ. ɿʘʜʘʯʘ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʇʆ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʡ 

ʧʨʦʜʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʚ ʠʥʜʫʩʪʨʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦ-

ʣʦʛʠʡ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʢʦʤʧʘʥʠʡ-

ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʩʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʠ ʨʝʩʫʨʩʳ, ʨʘʩʭʦʜʫʝʤʳʝ ʥʘ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʩʥʠʟʠʪʴ ʨʠʩʢ 

ʚʳʧʫʩʢʘ ʥʘ ʨʳʥʦʢ ʥʝʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʦʵʪʦʤʫ ʪʝʭʥʦʣʦʛʠʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʩʪʠ-

ʨʦʚʘʥʠʷ ʥʘʙʠʨʘʶʪ ʚʩʝ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʩʨʝʜʠ ʢʦʤʧʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʨʘʙʦʪʢʦʡ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʧʠʩʘʥʠʠ ʘʚ-

ʪʦʪʝʩʪʦʚ ï ʧʨʦʛʨʘʤʤ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʟʘʣʦʞʝʥʥʳʭ ʚ ʥʠʭ ʪʝʩʪʦʚʳʭ ʩʮʝʥʘʨʠ-

ʝʚ. ɹʣʘʛʦʜʘʨʷ ʘʚʪʦʪʝʩʪʘʤ ʨʘʟʨʘʙʦʪʯʠʢ ʤʦʞʝʪ ʧʦ ʠʩʪʝʯʝʥʠʶ ʢʦʨʦʪʢʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ 

ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦʤ, ʙʳʣʠ ʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʛʦ ʩʮʝʥʘʨʠʷ 

ʦʰʠʙʢʠ ʠʣʠ ʞʝ ʪʝʩʪ ʧʨʦʡʜʝʥ ʫʩʧʝʰʥʦ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʟʘʧʫʩʢʘ ʘʚʪʦʪʝʩʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʧʝʮʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ. ɻʣʘʚʥʦʡ ʠʜʝʝʡ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʣʥʘʷ ʟʘʤʝʥʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʨʫʜʘ. ʇʨʦʛʨʘʤʤʠʩʪ ʦʜʠʥ ʨʘʟ 

ʩʦʟʜʘʝʪ ʧʨʦʛʨʘʤʤʫ, ʢʦʪʦʨʘʷ ʧʨʦʚʝʨʷʝʪ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʟʘʨʘʥʝʝ ʪʝʩʪʦʚʳʝ ʩʮʝʥʘʨʠʠ. ɼʘʣʝʝ 

ʩʮʝʥʘʨʠʠ ʪʦʣʴʢʦ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʚ ʘʢʪʫʘʣʴʥʦʤ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ. ʉʦʟʜʘʥʠʝ ʪʘʢʠʭ ʧʨʦ-

ʛʨʘʤʤ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʨʫʯʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ʨʘʟʨʘʙʘ-

ʪʳʚʘʝʤʦʛʦ ʇʆ [1]. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʥʩʪʨʫʤʝʥʪʳ end-to-end ʪʝʩʪʠʨʦʚʘʥʠʷ ʚʝʙ-

ʧʨʠʣʦʞʝʥʠʡ ʯʝʨʝʟ ʫʧʨʘʚʣʝʥʠʝ ʜʝʡʩʪʚʠʷʤʠ ʙʨʘʫʟʝʨʘ. End-to-end ʪʝʩʪʠʨʦʚʘʥʠʝ ð ʵʪʦ ʧʨʦ-

ʮʝʩʩ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜʨʦʙʥʘʷ ʵʤʫʣʷʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʩʨʝʜʳ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʧʝʨʝʜ ʥʘʤʠ ʩʪʦʷʣʘ ʟʘʜʘʯʘ ʧʨʦʚʝʩʪʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʯʘʩʪʠ ʚʝʙ ʧʨʠʣʦʞʝʥʠʷ.  

Selenium WebDriver 

ʇʝʨʚʳʤ ʧʨʦʝʢʪʦʤ, ʧʦʣʫʯʠʚʰʠʤ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʟʠ-

ʨʦʚʘʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ Selenium WebDriver. ɽʛʦ ʨʘʟʨʘʙʦʪʢʘ ʥʘʯʘʣʘʩʴ ʚ 2004 ʛ. 

Selenium WebDriver ï ʵʪʦ ʧʨʦʛʨʘʤʤʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʙʨʘʫʟʝʨʘʤʠ. ɼʣʷ ʝʝ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʩ ʮʝʣʶ ʪʝʩʪʠʨʦʚʘʥʠʷ ʪʨʝʙʫʶʪʩʷ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʝʩʪʦʚ. ʕʪʦ ʥʝʦʙ-

ʭʦʜʠʤʦ ʪʘʢ ʢʘʢ ʚ Selenium WebDriver ʥʝ ʟʘʣʦʞʝʥ ʬʫʥʢʮʠʦʥʘʣ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʦʚ. 

WebDriver ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʤʝʡʩʪʚʦ ʜʨʘʡʚʝʨʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʙʨʘʫʟʝʨʦʚ ʠ ʥʘʙʦʨ 
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ʢʣʠʝʥʪʩʢʠʭ ʙʠʙʣʠʦʪʝʢ ʜʣʷ ʵʪʠʭ ʜʨʘʡʚʝʨʦʚ ʥʘ ʨʘʟʥʳʭ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (ʨʠʩ. 1, 

[2]): 

 
ʈʠʩ. 1. ʉʦʩʪʘʚ Selenium WebDriver 

Selenium WebDriver ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩ ʧʦʤʦʱʴʶ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠ-

ʨʦʚʘʥʠʷ ʦʧʠʩʘʪʴ ʜʝʡʩʪʚʠʷ ʙʨʘʫʟʝʨʘ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʘ, ʥʦ ʢʦʥʪʨʦʣʴ ʪʝ-

ʩʪʦʚ (ʥʘʧʨʠʤʝʨ, ʦʪʩʣʝʞʠʚʘʥʠʝ ʵʪʘʧʘ ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʚʘʣʠʣʩʷ ʪʝʩʪ) ʦʥ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ. 

Puppeteer 

ʉʫʱʝʩʪʚʫʶʪ ʠ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʝ ʘʥʘʣʦʛʠ ʧʦʜʦʙʥʳʭ ʧʨʦʝʢʪʦʚ, ʥʘʧʨʠʤʝʨ, Puppet-

eer. ʕʪʦʪ ʧʨʦʝʢʪ ʩʦʟʜʘʥ ʢʦʤʧʘʥʠʝʡ Google ʚ 2012 ʛ. ɽʛʦ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ ʯʝ-

ʨʝʟ ʚʩʪʨʦʝʥʥʳʡ ʚ ʙʨʘʫʟʝʨ ʧʨʦʪʦʢʦʣ devtools, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʙʦʣʝʝ ʙʳʩʪʨʦʝ ʚʳʧʦʣʥʝʥʠʝ 

ʪʝʩʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Selenium WebDriver, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ headless-

ʨʝʞʠʤʝ. ɺ ʨʝʞʠʤʝ headless ʪʝʩʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʙʝʟ ʦʪʢʨʳʪʠʷ ʦʢʥʘ ʙʨʘʫʟʝʨʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʚʳʧʦʣʥʷʪʴ ʪʝʩʪʳ ʥʘ ʩʝʨʚʝʨʝ ʙʝʟ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʨʫʞʝʥʠʷ. ʅʦ ʫ ʵʪʦʛʦ ʬʨʝʡʤʚʦʨʢʘ ʝʩʪʴ ʥʝ-

ʩʢʦʣʴʢʦ ʦʛʨʘʥʠʯʝʥʠʡ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʦʬʠʮʠʘʣʴʥʦ ʧʦʜʜʝʨʞʠʚʘʝʤʳʤ ʷʟʳʢʦʤ ʷʚʣʷʝʪʩʷ Ja-

vaScript. ʉʫʱʝʩʪʚʫʶʪ ʥʝʦʬʠʮʠʘʣʴʥʳʝ ʧʦʨʪʳ ʥʘ ʷʟʳʢʠ Java, Python, C#. ʅʦ ʛʣʘʚʥʳʡ ʤʠʥʫʩ 

ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʙʨʘʫʟʝʨʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʪʝʭʥʦʣʦʛʠʷʭ Chromium. ʂʦʥʪʨʦʣʴ ʪʝʩʪʦʚ ʦʥ ʪʘʢʞʝ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠ ʪʨʝʙʫʝʪ ʜʣʷ ʵʪʦʛʦ 

ʩʪʦʨʦʥʥʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

Playwright 

ɺ 2020 ʛ. ʢʦʤʧʘʥʠʝʡ Microsoft ʙʳʣʘ ʥʘʯʘʪʘ ʨʘʟʨʘʙʦʪʢʘ ʬʨʝʡʤʚʦʨʢʘ Playwright, ʧʨʠ-

ʟʚʘʥʥʦʛʦ ʠʩʧʨʘʚʠʪʴ ʥʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʥʘʣʦʛʦʚ. ʂʣʶʯʝʚʦʡ ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚ-

ʣʷʝʪʩʷ ʨʘʙʦʪʘ ʩʢʨʠʧʪʦʚ ʚ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ, ʥʘʟʳʚʘʝʤʳʭ ʢʦʥʪʝʢʩʪʘʤʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʧʨʝʜʳʜʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʙʨʘʫʟʝʨʳ ʥʘ ʦʩʥʦʚʝ Chromium, GeckoView (Firefox) ʠ WebKit 

(Safari) ʧʦʩʪʘʚʣʷʶʪʩʷ ʚʤʝʩʪʝ ʩ ʬʨʝʡʤʚʦʨʢʦʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʫʩʪʘʥʦʚ-

ʢʫ, ʥʘʩʪʨʦʡʢʫ ʠ ʦʙʥʦʚʣʝʥʠʝ ʙʨʘʫʟʝʨʦʚ ʜʦ ʥʦʚʳʭ ʚʝʨʩʠʡ (ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʘʥʦʚʠʪʴ ʠ ʦʙʥʦʚ-

ʣʷʪʴ ʩʘʤ ʬʨʝʡʤʚʦʨʢ). ʇʨʠ ʢʘʞʜʦʤ ʟʘʧʫʩʢʝ ʩʢʨʠʧʪʘ ʩʦʟʜʘʸʪʩʷ ʥʦʚʳʡ çʢʦʥʪʝʢʩʪè ʙʨʘʫʟʝʨʘ, 

ʚ ʢʦʪʦʨʦʤ ʥʝ ʩʦʜʝʨʞʠʪʩʷ ʥʠʢʘʢʠʭ ʜʘʥʥʳʭ ʢʨʦʤʝ ʩʪʘʥʜʘʨʪʥʳʭ ʥʘʩʪʨʦʝʢ ʙʨʘʫʟʝʨʘ ʠ ʟʘʜʘʥ-

ʥʳʭ ʚ ʩʢʨʠʧʪʝ ʪʝʩʪʘ ʧʘʨʘʤʝʪʨʦʚ (ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʷʪʴ ʜʘʥʥʳʝ ʢʦʥʪʝʢʩʪʘ ʜʣʷ ʧʦ-

ʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ). Playwright ʢʘʢ ʠ Puppeteer ʨʘʙʦʪʘʝʪ ʯʝʨʝʟ ʙʳʩʪʨʳʡ ʧʨʦʪʦʢʦʣ 

devtools ʠ ʨʘʙʦʪʘʝʪ ʚ headless-ʨʝʞʠʤʝ ʧʦ ʫʤʦʣʯʘʥʠʶ, ʥʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʢʫʨʝʥʪʘ ʦʬʠʮʠ-

ʘʣʴʥʦ ʧʦʜʜʝʨʞʠʚʘʝʪ Java, Python, C# ʠ JavaScript ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʜʝʨʞʢʫ ʚʩʝʭ ʪʨʸʭ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʜʚʠʞʢʦʚ ʙʨʘʫʟʝʨʦʚ. Playwright ʥʝ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʪʝʩʪʦʚ. ɺ ʥʸʤ ʫʞʝ ʝʩʪʴ ʬʫʥʢʮʠʦʥʘʣ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʠʪʦʛʦʚ ʪʝʩʪʘ ʠ ʦʪʩʣʝʞʠʚʘʥʠʷ 
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ʵʪʘʧʘ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʚʘʣʠʣʩʷ ʪʝʩʪ. ʊʘʢʞʝ ʦʥ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʦʙʱʝʢʦʥʪʝʢʩʪʥʳʡ ʧʝʨʝʭʚʘʪ 

ʩʝʪʠ ʜʣʷ ʟʘʛʣʫʰʢʠ ʠ ʠʤʠʪʘʮʠʠ ʩʝʪʝʚʳʭ ʟʘʧʨʦʩʦʚ. 

ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʩʨʘʚʥʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʠʥʩʪʨʫʤʝʥʪʦʚ.  
ʊʘʙʣʠʮʘ 

ʉʨʘʚʥʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ web-ʧʨʠʣʦʞʝʥʠʡ 

ʂʨʠʪʝʨʠʠ ʩʨʘʚʥʝʥʠʷ Selenium Puppeteer Playwright 

ɻʦʜ ʥʘʯʘʣʘ ʨʘʟʨʘ-

ʙʦʪʢʠ 

2004 2012 2020 

ʇʦʜʜʝʨʞʠʚʘʝʤʳʝ 

ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠ-

ʨʦʚʘʥʠʷ 

Java, Python, C#, 

Ruby, Perl, PHP, ʠ 

JavaScript 

ʊʦʣʴʢʦ JavaScript JavaScript, Java, Py-

thon, ʠ .NET C# 

ʊʨʝʙʦʚʘʥʠʷ ʜʣʷ ʨʘ-

ʙʦʪʳ [3] 

ʅʝʦʙʭʦʜʠʤʦ ʫʩʪʘ-

ʥʦʚʠʪʴ Java, Eclipse 

IDE, Selenium 

Standalone Server, 

ɼʨʘʡʚʝʨʘ ʙʨʘʫʟʝʨʦʚ, 

ʘ ʪʘʢʞʝ ʙʨʘʫʟʝʨʳ 

ʅʝʦʙʭʦʜʠʤʦ ʫʩʪʘ-

ʥʦʚʠʪʴ Node.js ʠ 

ʙʨʘʫʟʝʨ Chromium 

ʅʝʦʙʭʦʜʠʤʦ ʫʩʪʘ-

ʥʦʚʠʪʴ Node.js 

ʇʦʜʜʝʨʞʠʚʘʝʤʳʝ 

ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠ-

ʩʪʝʤʳ 

Windows, Linux, ʠ 

Mac OS (ɼʣʷ Safari 

ʥʫʞʥʘ Mac OS) 

Windows, Linux, ʠ 

Mac OS 

Windows, Linux, ʠ 

Mac OS 

ʇʦʜʜʝʨʞʠʚʘʝʤʳʝ 

ʙʨʘʫʟʝʨʳ 

Chrome, Firefox, IE, 

Edge, Opera, Safari 

Chromium Chromium, Firefox, 

and WebKit 

ʊʠʧ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʷ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ 

ʆʪʢʨʳʪʳʡ ʠʩʭʦʜ-

ʥʳʡ ʢʦʜ 

ʆʪʢʨʳʪʳʡ ʠʩʭʦʜ-

ʥʳʡ ʢʦʜ 

ʆʪʢʨʳʪʳʡ ʠʩʭʦʜ-

ʥʳʡ ʢʦʜ 

ʇʦʜʜʝʨʞʢʘ ɹʦʣʴʰʘʷ ʧʦʣʴʟʦʚʘ-

ʪʝʣʴʩʢʘʷ ʙʘʟʘ, ʭʦ-

ʨʦʰʘʷ ʦʬʠʮʠʘʣʴʥʘʷ 

ʜʦʢʫʤʝʥʪʘʮʠʷ, ʘ 

ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ 

ʧʣʘʪʥʘʷ ʧʦʜʜʝʨʞʢʘ 

ʇʨʦʝʢʪ ʩʫʱʝʩʪʚʫʝʪ 

ʜʦʣʴʰʝ, ʯʝʤ 

Playwright, ʥʦ ʧʦʣʴ-

ʟʦʚʘʪʝʣʴʩʢʘʷ ʙʘʟʘ 

ʤʝʥʴʰʝ ʯʝʤ ʫ 

Selenium. ʊʘʢʞʝ 

ʤʥʦʛʠʝ ʧʦʣʴʟʦʚʘʪʝ-

ʣʠ ʠ ʨʘʟʨʘʙʦʪʯʠʢʠ 

ʵʪʦʛʦ ʧʨʦʝʢʪʘ ʧʝʨʝ-

ʭʦʜʷʪ ʥʘ Playwright 

ʊʘʢ ʢʘʢ ʧʨʦʝʢʪ 

Playwright ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʥʦʚʳʡ, ʪʦ 

ʧʦʜʜʝʨʞʢʠ ʩʦʦʙʱʝ-

ʩʪʚʘ ʤʝʥʴʰʝ ʯʝʤ ʫ 

Selenium ʠ 

Puppeteer. ʋ ʧʨʦʝʢʪʘ 

ʝʩʪʴ ʭʦʨʦʰʘʷ ʜʦʢʫ-

ʤʝʥʪʘʮʠʷ 

ʈʝʞʠʤ ʨʘʙʦʪʳ ʙʝʟ 

ʦʪʢʨʳʪʠʷ ʦʢʥʘ 

ʙʨʘʫʟʝʨʘ (headless) 

ʅʝʪ ɽʩʪʴ ɽʩʪʴ 

ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʚʳ-

ʧʦʣʥʝʥʠʷ (ʚ ʩʝʢʫʥ-

ʜʘʭ) [4] 

3.66 2.22 3.19 

ʉʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦ-

ʥʝʥʠʝ (ʚ ʩʝʢʫʥʜʘʭ) 

[4] 

0.65 0.41 1.23 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʦʩʪʫʧʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫ-

ʶʱʠʝ ʚʳʚʦʜʳ. Selenium ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʚʳʙʦʨʦʤ ʜʣʷ ʪʝʩʪʦʚ, ʪʘʢ ʢʘʢ ʟʘʨʝʢʦʤʝʥʜʦʚʘʥ 

ʚʨʝʤʝʥʝʤ, ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʦʜʜʝʨʞʢʫ ʙʨʘʫʟʝʨʦʚ. ɽʛʦ ʤʠʥʫʩʘʤʠ ʷʚʣʷʶʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʬʫʥʢʮʠʦʥʘʣʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʝʩʪʦʚ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʪʝʩʪʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʦʩʪʫʧʥʳʤʠ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ. 
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Puppeteer ʧʨʝʜʣʘʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʪʝʩʪʦʚ, ʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ-

ʩʷ ʪʦʣʴʢʦ ʧʦʜʜʝʨʞʢʦʡ chromium, ʠ ʪʘʢʞʝ ʥʫʞʜʘʝʪʩʷ ʚ ʠʥʩʪʨʫʤʝʥʪʘʭ ʢʦʥʪʨʦʣʷ ʪʝʩʪʦʚ 

Playwright ʷʚʣʷʝʪʩʷ ʩʘʤʦʜʦʩʪʘʪʦʯʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʪʝ-

ʩʪʦʚ, ʘ ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʙʨʘʫʟʝʨʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʦʙʥʦʚʣʝ-

ʥʠʷ.  

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

 

1. ʇʘʢʰʠʥ, ɸ. ɺ. ʆʨʛʘʥʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ WEB-

ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʙʘʟʝ ʬʨʝʡʤʚʦʨʢʘ SELENIUM / ɸ. ɺ. ʇʘʢʰʠʥ, ʉ. ɸ. ʌʠʨʩʦʚʘ // ʆʛʘʨʸʚ-
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avtomatizirovannogo-testirovaniya-web-prilozheniy-na-baze-freymvorka-selenium (ʜʘʪʘ ʦʙʨʘ-

ʱʝʥʠʷ: 29.03.2022).  

2. ʏʪʦ ʪʘʢʦʝ Selenium? ʊʝʩʪʠʨʦʚʘʥʠʝ IT-ʩʠʩʪʝʤ URL: 
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3. Garima Tiwari, Playwright vs Selenium: A Comparison URL: 

https://www.browserstack.com/guide/playwright-vs-selenium (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 29.03.2022) 

4. Giovanni Rago, Cypress vs Selenium vs Playwright vs Puppeteer speed comparison 

URL: https://blog.checklyhq.com/cypress-vs-selenium-vs-playwright-vs-puppeteer-speed-

comparison/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 29.03.2022) 
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ʆʉʆɹɽʅʅʆʉʊʀ ʈɽɸʃʀɿɸʎʀʀ ʀʅʌʆʈʄɸʎʀʆʅʅʆɻʆ ʈɽʉʋʈʉɸ  

çʉɸʄʆʂɸʊʓ ʅɸ ʋʃʀʎɸʍ ɻʆʈʆɼɸè 

 

ɻʘʝʚ ɽʛʦʨ ɸʣʝʢʩʝʝʚʠʯ, ʫʯʘʱʠʡʩʷ 

E-Mail: egor.gaev05@yandex.ru 

ʄʳʤʨʠʥʘ ʅʘʪʘʣʴʷ ɺʘʩʠʣʴʝʚʥʘ, ʫʯʠʪʝʣʴ 

E-Mail: mymrina-natalya@mail.ru 

 

ʄɹʆʋ çʉʨʝʜʥʷʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ ˉ73è, 

ɻʆ çɻʦʨʦʜ ʃʝʩʥʦʡè, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʝʡʯʘʩ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʣʶʜʝʡ ʦʭʚʘʪʠʣʘ ʥʦʚʦʝ ʚʝʷʥʠʝ ï ʤʠʢʨʦ 

ʤʦʙʠʣʴʥʦʩʪʴ: ʧʝʨʝʜʚʠʞʝʥʠʝ ʥʘ ʢʦʨʦʪʢʠʝ ʨʘʩʩʪʦʷʥʠʷ ʥʘ ʢʦʤʧʘʢʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜ-

ʩʪʚʘʭ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʩʪʘʥʦʚʷʪʩʷ ʩʘʤʦʢʘʪʳ, ʦʩʦʙʝʥʥʦ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʝ. ʀʩʧʦʣʴʟʫʷ ʨʝʩʫʨʩ çʉʘʤʦʢʘʪʳ ʥʘ ʫʣʠʮʘʭ ʛʦʨʦʜʘè, ʤʦʞʥʦ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʠʩʪʦ-

ʨʠʝʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʘʤʦʢʘʪʦʚ, ʧʦʩʤʦʪʨʝʪʴ ʚʠʜʳ ʩʘʤʦʢʘʪʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʛʦ-

ʨʦʜʝ.  ɸ ʪʘʢʞʝ ʩʘʡʪ ʩʦʜʝʨʞʠʪ ʧʨʘʚʠʣʘ ʇɼɼ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʘʥʥʦʛʦ ʚʠʜʘ ʪʨʘʥʩʧʦʨʪʘ. 

ɿʘʢʨʝʧʠʪʴ ʧʦʣʫʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʟʘʜʘʥʠʷ ʧʦ ʪʝʤʝ ʧʨʦʝʢʪʘ.  
 

ʊʨʘʥʩʧʦʨʪ ʜʝʣʘʝʪ ʣʶʜʝʡ ʤʦʙʠʣʴʥʝʝ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ 

ʩʪʘʥʦʚʷʪʩʷ ʩʘʤʦʢʘʪʳ, ʦʩʦʙʝʥʥʦ ʵʣʝʢʪʨʠʯʝʩʢʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʞʥʦ ʥʘʡʪʠ ʤʥʦʛʦ 

ʨʘʟʥʳʭ ʪʠʧʦʚ ʩʘʤʦʢʘʪʦʚ, ʢʘʞʜʳʡ ʩʦ ʩʚʦʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʠ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʦʥʠ ʤʦʛʫʪ 

ʧʨʝʜʣʦʞʠʪʴ, ʧʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʚʧʝʯʘʪʣʷʶʱʠʤ ʩ ʢʘʞʜʳʤ ʜʥʝʤ. 

ʋʯʠʪʳʚʘʷ ʵʪʫ ʩʠʪʫʘʮʠʶ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʣʶʜʠ ʟʘʜʘʶʪʩʷ ʚʦʧʨʦʩʦʤ, ʤʦʞʥʦ ʣʠ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʠʭ ʩʘʤʦʢʘʪ ʥʘ ʜʦʨʦʛʘʭ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘ 
ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʝʩʫʨʩʘ ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʜʦʤʝʥ ʠ ʚʳʙʨʘʥ 

ʩʝʨʚʝʨ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʩʘʡʪʘ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʘʡʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʦ-

ʜʝʨʞʠʤʳʤ ʩʘʡʪʘ WordPress. ɹʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʣʘʛʠʥʳ Clearfy Pro- ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʙʦʪʳ 

ʩʘʡʪʘ, Elementor ʜʣʷ ʚʠʟʫʘʣʴʥʦʡ ʨʘʙʦʪʳ ʩ ʩʘʡʪʦʤ, Quiz And Survey Master- ʧʣʘʛʠʥ ʜʣʷ ʩʦ-

ʟʜʘʥʠʷ ʚʠʢʪʦʨʠʥʳ.   

 

 
 

ʈʠʩ. 1. ʇʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʩʘʡʪʘ çʉʘʤʦʢʘʪʳ ʥʘ ʫʣʠʮʘʭ ʛʦʨʦʜʘè 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩ çʉʘʤʦʢʘʪʳ ʥʘ ʫʣʠʮʘʭ ʛʦʨʦʜʘèè ʠʤʝʝʪ ʩʩʳʣʢʫ 

http://cs23964-wordpress-97uw8.tw1.ru/ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʩʘʤʦ-

ʢʘʪʘʤ ʠ ʵʣʝʢʪʨʦʩʘʤʦʢʘʪʘʤ, ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʘʚʠʣ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦ ʩʘʤʦʢʘʪʘʤ ʠ ʧʨʦ-

ʚʝʨʢʠ ʩʚʦʠʭ ʟʥʘʥʠʡ. ɺ ʩʦʩʪʘʚ ʧʨʦʛʨʘʤʤʳ ʚʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʤʦʜʫʣʠ: ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ 

mailto:egor.gaev05@yandex.ru
mailto:mymrina-natalya@mail.ru
http://cs23964-wordpress-97uw8.tw1.ru/
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ʠʥʪʝʨʬʝʡʩ, ʛʣʘʚʥʦʝ ʤʝʥʶ, ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʢʘʨʪʘ, ʩʧʨʘʚʦʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʥʪʘʢʪʥʘʷ ʬʦʨ-

ʤʘ, ʤʦʜʫʣʴ ʦʧʪʠʤʠʟʘʮʠʠ ʩʘʡʪʘ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʨʝʩʫʨʩ ʨʘʙʦʪʘʝʪ ʥʘ ʣʶʙʦʤ ʫʩʪʨʦʡʩʪʚʝ, ʠʤʝʶʱʠʤ ʚʳʭʦʜ ʚ ʠʥʪʝʨ-

ʥʝʪ. ʄʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʣʶʙʳʝ ʙʨʘʫʟʝʨʳ Chrome, Opera, Yandex. 

ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ: ʚʚʦʜ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩʳ ʚʠʢʪʦʨʠʥʳ. ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ: ʚʳʚʦʜ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚʠʢʪʦʨʠʥʳ. 

 

 
 

ʈʠʩ. 2. ʕʣʝʤʝʥʪʳ ʠʛʨʳ 

 

ʈʝʩʫʨʩ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʝʩʝʥ ʥʝ ʪʦʣʴʢʦ ʰʢʦʣʴʥʠʢʘʤ, ʥʦ ʠ ʚʟʨʦʩʣʳʤ. 

  
ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

 

1. ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 23.10.1993 N 1090 (ʨʝʜ. ʦʪ 31.12.2020) 
çʆ ʇʨʘʚʠʣʘʭ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷè  

2. ʆʙʟʦʨ ʤʦʜʝʣʝʡ ʩʘʤʦʢʘʪʦʚ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: 

https://gyrorating.ru/elektrosamokaty/ vybiraemdetskij-elektrosamokat-obzor-neskolkix-

modelej/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 30.01.2022). 

  

http://www.consultant.ru/document/cons_doc_LAW_2709/
http://www.consultant.ru/document/cons_doc_LAW_2709/
https://gyrorating.ru/elektrosamokaty/%20vybiraemdetskij-elektrosamokat-obzor-neskolkix-modelej/
https://gyrorating.ru/elektrosamokaty/%20vybiraemdetskij-elektrosamokat-obzor-neskolkix-modelej/
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ʏʀʉʃɽʅʅʓʁ ʈɸʉʏɽʊ ʆɼʅʆʁ ɻɽʄʆɼʀʅɸʄʀʏɽʉʂʆʁ  

ʄʆɼɽʃʀ ʉɽʈɼɽʏʅʆʁ ʂɸʄɽʈʓ 

 

ɻʘʬʫʨʦʚʘ ɸʣʠʷ ʈʘʬʘʠʣʦʚʥʘ, 

E-Mail: gafurova.aliya@inbox.ru 

 

ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ɸ.ʅ. ʊʫʧʦʣʝʚʘ ï ʂɸʀ,  

ʛ. ʂʘʟʘʥʴ, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠ-

ʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. ʉʦʟʜʘʥʠʝ ʘʜʝʢʚʘʪʥʳʭ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʠʪ ʚʥʝʩʪʠ ʩʚʦʡ ʚʢʣʘʜ 

ʚ ʨʝʰʝʥʠʠ ʨʷʜʘ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ: ʨʘʟʚʠʪʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦ-

ʛʠʡ ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʪʝʩʪʠʨʦʚʘʥʠʶ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʧʨʦʪʝʟʦʚ, ʨʘʟʚʠʪʠʝ ʪʝʭʥʠʢʠ ʦʧʝʨʘ-

ʮʠʦʥʥʳʭ ʚʤʝʰʘʪʝʣʴʩʪʚ, ʟʘʜʘʯʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʪʝʩʪʠʨʦʚʘʥʠʶ ʚʥʝʰʥʠʭ ʫʩʪʨʦʡʩʪʚ, ʥʝʦʙ-

ʭʦʜʠʤʳʭ ʟʘʤʝʩʪʠʪʴ ʥʝʢʦʪʦʨʳʝ ʬʫʥʢʮʠʠ ʩʝʨʜʝʯʥʦ ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ.  

ɼʣʷ ʦʧʠʩʘʥʠʷ ʨʘʙʦʪʳ ʩʝʨʜʮʘ ʚ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʝ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝ-

ʩʪʚʦ ʤʦʜʝʣʝʡ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʜʥʦʢʘʤʝʨʥʦʛʦ ʩʝʨʜʮʘ, 

ʠʤʝʶʱʝʛʦʩʷ ʫ ʧʨʦʩʪʝʡʰʠʭ ʦʨʛʘʥʠʟʤʦʚ. ʄʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʙʳʢʥʦʚʝʥ-

ʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʫʩʪʘʥʦʚʣʝʥ-

ʥʳʭ ʚ ʭʦʜʝ ʨʘʙʦʪʳ. ʈʝʰʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʝʘʣʠʟʦʚʳʚʘʣʦʩʴ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-

ʂʫʪʪʳ 4-ʛʦ ʧʦʨʷʜʢʘ ʥʘ ʩʝʪʢʝ ʩ ʧʦʩʪʦʷʥʥʳʤ ʰʘʛʦʤ. ɼʣʷ ʵʪʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʙʳʣʘ 

ʩʚʝʜʝʥʘ ʢ ʟʘʜʘʯʝ ʂʦʰʠ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 1-ʛʦ ʨʦʜʘ. ɸʣʛʦʨʠʪʤ ʤʝʪʦ-

ʜʘ ʈʫʥʛʝ-ʂʫʪʪʳ ʜʣʷ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʝʨʜʝʯʥʦʡ ʢʘʤʝʨʳ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʚ ʩʨʝʜʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ MATLAB. ʇʦ ʟʘʜʘʥʥʳʤ ʧʘ-

ʨʘʤʝʪʨʘʤ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʛʝʦʜʠʥʘʤʠʢʠ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʣʠʥʝʡʥʳʡ ʠ ʣʦ-

ʛʘʨʠʬʤʠʯʝʩʢʠʡ ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʘʥʘʣʠʟʳ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʛʠʧʦʪʝʟʘ ʚʝʨʥʦ ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʩʝʨʜʝʯʥʦʡ ʢʘʤʝʨʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʉʝʨʜʝʯʥʘʷ ʢʘʤʝʨʘ, ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʯʠʩʣʝʥʥʦʝ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʝ, ʤʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʳ, MATLAB. 

 

1. ɻʝʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʝʨʜʝʯʥʦʡ ʢʘʤʝʨʳ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʢʪʠʚʥʦʝ 

ʚʥʝʜʨʝʥʠʝ ʚ ʤʝʜʠʮʠʥʫ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [1ï2] ʠ ʩʦʟʜʘʥʠʝ ʘʚʪʦʤʘ-

ʪʠʟʠʨʦʚʘʥʥʳʭ, ʚ ʪ. ʯ. ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ, ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʠʘ-

ʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʜʥʦʢʘʤʝʨʥʦʛʦ ʩʝʨʜʮʘ, 

ʠʤʝʶʱʝʛʦʩʷ ʫ ʧʨʦʩʪʝʡʰʠʭ ʦʨʛʘʥʠʟʤʦʚ. ʄʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʦʙʳʢʥʦʚʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ [3]: 

 

() () ()
() ()

() () ()
() ()

()
() () ()

()
() () ()

2
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1 1 12
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2
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2
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d V t dV t V t
I R P t F t
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I R P t
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ë
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ʉʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (1)ï(4) ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥʘ ʢ ʦʜʥʦʤʫ ʥʝ-

ʩʪʘʮʠʦʥʘʨʥʦʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘʤʠ [4]: 

( )
()

( )
()

( ) () ()
2

1 1 1 1 0
1 2 1 2 1,2 1 2 12

2

d V t dV t V
I I R R R C C V t F t

dt dt C

- -+ + + + + + = -  (5) 

ɺ ʫʨʘʚʥʝʥʠʠ (5) ()1V t  ï ʧʦʜʣʝʞʘʱʠʡ ʦʧʨʝʜʝʣʝʥʠʶ ʦʙʲʝʤ ʩʝʨʜʝʯʥʦʡ ʢʘʤʝʨʳ, 1I  ʠ 2I ï ʢʦ-

ʵʬʬʠʮʠʝʥʪʳ ʠʥʝʨʮʠʠ ʢʘʤʝʨ, 1C  ʠ 2C  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʪʷʞʠʤʦʩʪʠ ʢʘʤʝʨ, 1R  ʠ 2R ï

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʤʝʨ, 
1,2R  ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʞʢʘʤʝʨʥʦʛʦ ʧʦʪʦʢʘ, ()0

2

V
F t

C
-  

ʩʦʜʝʨʞʠʪ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʚʥʝʰʥʝʝ ʚʣʠʷʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʩʦʢʨʘʱʝʥʠʝʤ 

ʤʳʰʮ ʩʝʨʜʮʘ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʣʷ ʧʫʣʴʩʠʨʫʶʱʝʡ ʨʘʙʦʪʳ ʩʝʨʜʮʘ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ʜʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʦʣʞʥʳ ʙʳʪʴ ʢʦʣʝʙʣʶʱʠʤʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʢʦʪʦʨʦʡ ʛʦ-

ʨʠʟʦʥʪʘʣʴʥʦʡ ʧʨʷʤʦʡ ʠ ʦʛʨʘʥʠʯʝʥʥʳʤʠ. ʇʦʵʪʦʤʫ ʚ ʨʘʤʢʘʭ ʛʠʧʦʪʝʟʳ ʜʘʥʥʦʡ ʤʦʜʝʣʠ, ʧʨʘ-

ʚʳʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (5) ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʥʫʞʜʝʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ. 

ʋʨʘʚʥʝʥʠʝ (5) ʠʤʝʝʪ ʪʨʠ ʨʝʞʠʤʘ ʨʝʰʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʨʥʝʡ ʝʛʦ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (ʨʘʟʣʠʯʥʳʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ, ʩʦʚʧʘʜʘʶʱʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ, ʢʦʤ-

ʧʣʝʢʩʥʦ ʩʦʧʨʷʞʝʥʥʳʝ):  

 ( ) ( ) ( )2 1 1

1 2 1 2 1,2 1 2 0I I d R R R d C C- -+ + + + + + =   (6)  

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʟʘʜʘʚʘʣʠʩʴ c ʫʯʝʪʦʤ ʪʠʧʘ ʢʦʨʥʝʡ ʫʨʘʚʥʝʥʠʷ (6), ʦʙʝʩʧʝʯʠʚʘʶ-

ʱʠʭ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (5), ʪ. ʝ. ʢʦʤʧʣʝʢʩʥʦ ʩʦʧʨʷʞʝʥʥʳʝ: 

()

()
( )

1 2 4

2

1 1 2 4

0.5
0 5

0.25 4

2 0.25 0.25
0

0.25 4

V C

V C C

ë
= - +î +î

ì
- Öî¡ = - +

î +í

,    (7) 

ʛʜʝ 1 2, constC C - . 

2. ʈʝʟʫʣʴʪʘʪʳ ʠ ʚʳʚʦʜʳ. ʈʝʰʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (5), (7) ʨʝʘʣʠʟʦʚʳʚʘ-

ʣʦʩʴ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʳ 4-ʛʦ ʧʦʨʷʜʢʘ (ʄʈʂ4) ʥʘ ʩʝʪʢʝ ʩ ʧʦʩʪʦʷʥʥʳʤ ʰʘʛʦʤ. ɼʣʷ ʵʪʦʛʦ 

ʟʘʜʘʯʘ (5), (7) ʙʳʣʘ ʩʚʝʜʝʥʘ ʢ ʟʘʜʘʯʝ ʂʦʰʠ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 1-ʛʦ 

ʨʦʜʘ [5]. ɸʣʛʦʨʠʪʤ ʄʈʂ4 ʜʣʷ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʝʨʜʝʯʥʦʡ ʢʘʤʝʨʳ ʙʳʣ ʨʝʘʣʠʟʦ-

ʚʘʥ ʚ ʩʨʝʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ MATLAB. ɹʳʣʠ 

ʧʦʣʫʯʝʥʳ ʯʠʩʣʝʥʥʳʝ ʨʝʰʝʥʠʷ ʠ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ ʩʝʨʜʝʯʥʦʡ ʢʘʤʝʨʳ 

ʦʪ ʚʨʝʤʝʥʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʥʝʰʥʝʛʦ ʚʣʠʷʥʠʷ:  

 

ʈʠʩ. 1. ɻʨʘʬʠʢ ʜʘʚʣʝʥʠʷ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʝʨʜʝʯʥʦʡ ʢʘʤʝʨʳ 
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ɿʘʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʚʥʝʰʥʝʝ 

ʚʣʠʷʥʠʝ, ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʜʘʚʣʝʥʠʡ ʪʦʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʢʨʘʱʝʥʠʝ 

ʤʳʰʮ ʩʝʨʜʮʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʊʘʢʞʝ, ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʣʠʥʝʡʥʳʡ ʠ ʣʦʛʘʨʠʬ-

ʤʠʯʝʩʢʠʡ ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʘʥʘʣʠʟʳ ʛʨʘʬʠʢʘ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ. ʇʦʣʫʯʝʥʦ, ʯʪʦ ʩʨʝʜ-

ʥʷʷ ʦʰʠʙʢʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʦʩʪʘʚʣʷʣʘ ʤʝʥʝʝ 2,3 %
 
ʧʨʠ ʜʦʧʫʩʪʠʤʦʡ ʥʝ ʙʦʣʝʝ 10 %; ʢʨʠ-

ʪʝʨʠʠ ʌʠʰʝʨʘ ʧʨʦʚʝʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ ʚʳʧʦʣʥʠʣʠʩʴ; ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʨʝʛʨʝʩʩʠʠ ʠ ʢʦʨʨʝʣʷʮʠʠ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʝ ʧʦ t - ʢʨʠʪʝʨʠʶ ʉʪʴʶʜʝʥʪʘ ʠ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥ-

ʪʝʨʚʘʣʦʚ ʢʘʞʜʦʛʦ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ, ʟʥʘʯʠʤʳ ʠ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʠʩʪʝʤʘʪʠʯʝ-

ʩʢʦʛʦ ʜʝʡʩʪʚʫʶʱʝʛʦ ʬʘʢʪʦʨʘ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʛʠʧʦʪʝʟʘ ʚʝʨʥʦ ʦʧʠʩʳʚʘʝʪ 

ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʩʝʨʜʝʯʥʦʡ ʢʘʤʝʨʳ. 
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ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ɸʙʫ-ɼʘʙʠ ï ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ɸʙʫ-ɼʘʙʠ, ʆʙʲʝʜʠʥʝʥʥʳʝ ɸʨʘʙʩʢʠʝ ʕʤʠʨʘʪʳ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʧʦʜʭʦʜ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʨʝʜʝ 

MATLAB -Simulink. ʆʧʠʩʘʥ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ, ʧʨʠʚʝʜʝʥʳ ʪʠʧʦʚʳʝ ʤʦʜʝʣʠ ʪʝʧʣʦʚʳʭ ʧʨʦ-

ʮʝʩʩʦʚ: ʩʚʦʙʦʜʥʦʡ ʠ ʚʳʥʫʞʜʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ, ʩʪʘʮʠʦʥʘʨʥʦʡ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, 

ʤʘʩʩʦʧʝʨʝʥʦʩʘ. ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʚ ʩʬʝʨʘʭ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ, 

ʭʠʤʠʯʝʩʢʠʭ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʜʨʫʛʠʭ. ʄʦʜʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ 

ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʚʠʨʪʫʘʣʴʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ. ɺʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʜʣʷ 

ʥʘʫʯʥʳʭ ʠ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ. 

 

ɺʚʝʜʝʥʠʝ 

ɺ 2020 ʛʦʜʫ ʤʠʨ ʩʪʦʣʢʥʫʣʩʷ ʩ ʙʝʩʧʨʝʮʝʜʝʥʪʥʦʡ ʩʠʪʫʘʮʠʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʘʥʜʝʤʠʝʡ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʵʪʦ ʜʨʘʤʘʪʠʯʝʩʢʠ ʦʪʨʘʟʠʣʦʩʴ ʠ ʥʘ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʰʝʜʰʝʛʦ ʚ ʦʥ-

ʣʘʡʥ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʩʪʫʱʫʶ ʧʨʠʤʝʨʥʦ ʩ 2012 ʛʦʜʘ ʧʦʧʫʣʷʨʥʦʩʪʴ e-learning, ʩʪʦʣʴ 

ʩʪʨʝʤʠʪʝʣʴʥʳʡ ʧʝʨʝʭʦʜ ʧʦʨʦʜʠʣ ʤʘʩʩʫ ʧʨʦʙʣʝʤ. ɺʝʩʴ ʢʦʤʧʣʝʢʩ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʩʢʦʨʝʥ-

ʥʳʤ ʧʝʨʝʭʦʜʦʤ ʥʘ e-learning ʠ ʨʝʘʣʠʟʘʮʠʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʥʦʚʳʭ ʫʩʣʦʚʠʷʭ ʧʦʣʫʯʠʣ 

ʥʘʟʚʘʥʠʝ pandemic pedagogy. 

ʇʝʨʝʥʦʩ ʣʝʢʮʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʚ ʦʥʣʘʡʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʨʚʠʩʦʚ ʚʠʜʝʦʩʚʷʟʠ ʠ 

ʩʝʨʚʠʩʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʤʘʥʜʥʦʡ ʨʘʙʦʪʳ ʦʢʘʟʘʣʩʷ ʚʧʦʣʥʝ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝʡ, ʭʦʪʷ ʠ ʧʦʪʨʝʙʦʚʘʣ 

ʢʦʣʦʩʩʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʢʘʢ ʦʪ ʫʥʠʚʝʨʩʠʪʝʪʦʚ, ʪʘʢ ʠ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. 

ɻʦʨʘʟʜʦ ʩʣʦʞʥʝʝ ʦʢʘʟʘʣʩʷ ʚʦʧʨʦʩ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ, ʪʨʝʙʫʶʱʠʭ ʜʦʩʪʫʧʘ 

ʢ ʨʘʟʣʠʯʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ. ʈʝʰʝʥʠʷ ʧʦ ʫʜʘʣʝʥʥʳʤ ʣʘʙʦʨʘʪʦʨʠʷʤ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʩʫʱʝʩʪʚʫʶʪ 

ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ ʠ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʨʝʰʝʥʠʷ 

ʠʟ ʩʬʝʨʳ ʤʝʭʘʪʨʦʥʠʢʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ [1, 2]. ʆʜʥʘʢʦ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʫʜʘʣʝʥʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ ʜʦʚʦʣʴʥʦ ʥʠʟʢʘʷ ʠ ʦʥʠ ʪʨʝʙʫʶʪ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ, ʯʘʩʪʦ ʚ ʚʠʜʝ 

ʧʝʨʩʦʥʘʣʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ pandemic pedagogy ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ.  

ʋʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʣʠʰʝʥʳ ʚʠʨʪʫʘʣʴʥʳʝ ʣʘʙʦʨʘʪʦʨʠʠ, ʥʘʧʨʠʤʝʨ [3, 4, 5]. ʆʜʥʘʢʦ ʚ 

ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʛʦʪʦʚʳʭ ʚʠʨʪʫʘʣʴʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ, ʠʭ ʩʦʟʜʘʥʠʝ ʟʘʡʤʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʩʨʦʢ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʨʘʚʜʘʥʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘ-

ʢʝʪʦʚ, ʪʘʢʠʭ ʢʘʢ MATLAB -Simulink. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʪʦʣʴʢʦ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʥʦ ʠ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʯʘʩʪʴʶ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʦʚʝʜʝ-

ʥʠʝ ʟʘʥʷʪʠʡ ʠ ʪʝʭʥʠʯʝʩʢʘʷ ʧʦʜʜʝʨʞʢʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʳ ʚ ʦʥʣʘʡʥ ʬʦʨʤʘʭ. 

ʇʨʠʤʝʥʝʥʠʝ MATLAB  ʠʣʠ MATLAB  ʚ ʩʚʷʟʢʝ ʩ Simulink ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʚ ʦʙʨʘʟʦ-

ʚʘʪʝʣʴʥʦʡ ʧʨʘʢʪʠʢʝ. ʅʘʧʨʠʤʝʨ ʚ ʨʘʙʦʪʘʭ [6, 7, 8, 9, 10] ʦʧʠʩʘʥʦ ʧʨʠʤʝʥʝʥʠʝ Simulink ʚ ʩʬʝʨʝ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʚ ʨʘʙʦʪʘʭ [11, 12, 13] ʚ ʩʬʝʨʝ ʪʝʧʣʦʪʝʭʥʠʢʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʜʦʩʪʦʠʥʩʪʚʦʤ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ MATLAB -Simulink ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʣʦʞʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʝʣʝʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʧʦʜʭʦʜʦʤ [14], ʘ ʪʘʢʞʝ ʚ ʥʘʫʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʤʦʜʝʣʠ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʣʠʥʝʡʥʳʭ ʘʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠ-

ʛʘʪʝʣʷʭ [15]. 

 

ʄʝʪʦʜʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʤʦʜʝʣʠ ʪʠʧʦʚʳʭ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ: ʩʚʦʙʦʜʥʦʡ ʠ ʚʳʥʫʞ-

ʜʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ, ʩʪʘʮʠʦʥʘʨʥʦʡ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʤʘʩʩʦʧʝʨʝʥʦʩʘ. ʈʘʩʩʤʦʪ-

ʨʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʤʦʜʝʣʝʡ, ʘ ʪʘʢʞʝ ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʦ-

ʩʪʫʧʥʳ ʚ ʨʝʧʦʟʠʪʦʨʠʠ [16]. ʄʦʜʝʣʠ ʩʪʨʦʠʣʠʩʴ ʜʣʷ ʠʟʚʝʩʪʥʳʭ ʨʝʰʝʥʠʡ ʪʠʧʦʚʳʭ ʟʘʜʘʯ ʪʝʧʣʦʦʙʤʝ-

ʥʘ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ [17, 18, 19, 20, 21, 22, 23]. 
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1. ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʧʦʜʭʦʜʘ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʫʶ ʟʘʜʘʯʫ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘ-

ʪʫʨ ʚ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʝʥʢʝ ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʪʨʝʪʴʝʛʦ 

ʨʦʜʘ (ʨʠʩ. 1).  

 

 
ʈʠʩ. 1. ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʤʥʦʛʦʩʣʦʡʥʫʶ ʩʪʝʥʢʫ 

 

ɼʣʷ ʪʨʝʭʩʣʦʡʥʦʡ ʩʪʝʥʢʠ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʠʟʚʝʩʪʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʪʝʧʣʦʚʦ-

ʛʦ ʧʦʪʦʢʘ ʯʝʨʝʟ ʩʪʝʥʢʫ tpQ  (1) ʠ ʪʝʤʧʝʨʘʪʫʨ (2): 

 

1 2

31 2

1 1 1 1 2 2 3 3 2 2

1 1
ʩ ʩ

tp

ʩ c ʩ c

T T
Q

hh h

S S S S S

-
=

+ + + +
a Ö l Ö l Ö l Ö a Ö

(1) 

31
1 1 12 1 4 2 23 4

1 1 1 1 2 2 3 3

1 1
c pr pr c pr pr

ʩ ʩ ʩ ʩ

hh
T T Q ; T T Q ;T T Q ; T T Q ;

S S S S
= - Ö = - Ö = + Ö = + Ö

a Ö l Ö a Ö l Ö
 (2) 

   

ɺ ʬʦʨʤʫʣʘʭ (1) ʠ (2): 1ca  ʠ 2ca  - ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʦʪʜʘʯʠ ʩ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʪʝʥʢʠ; 1cT  

ʠ 2cT  - ʪʝʤʧʝʨʘʪʫʨʳ ʦʤʳʚʘʶʱʠʭ ʩʪʝʥʢʠ ʩʨʝʜ; 1T  ʠ 4T  - ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʪʝʥʢʠ; 

12T  ʠ 23T  - ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʛʨʘʥʠʮʘʭ ʤʝʞʜʫ ʩʣʦʷʤʠ; 1cS , 2cS  - ʧʣʦʱʘʜʠ ʚʥʝʰʥʠʭ ʧʦʚʝʨʭʥʦ-

ʩʪʝʡ; 1 3S ..S - ʩʨʝʜʥʠʝ ʧʣʦʱʘʜʠ ʩʣʦʝʚ; 1 3..l l ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʣʦʝʚ; 1 3h ..h  - 

ʪʦʣʱʠʥʳ ʩʣʦʝʚ. Simulink-ʤʦʜʝʣʴ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦ (1) ʠ (2) ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2. 

2. ɺ ʩʣʫʯʘʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʩ ʫʯʝʪʦʤ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʚ ʫʯʘʩʪʢʘʭ ʠ ʤʘʩʩʦ-

ʧʝʨʝʥʦʩʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʦʧʝʨʘʪʦʨʥʦʤ ʚʠʜʝ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʥʦʝ ʢʦʥʝʯʥʳʤʠ ʨʘʟʥʦʩʪʷʤʠ ʜʠʬ-

ʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʧʦ ʦʩʠ x [23]: 

 

1 1 12

1 1
2i i

i i i i i i

i i i i

a P
T ( (T T T ) v (T T ) )

h h ʩ M p
+ - -= Ö + - Ö - Ö Ö - + Ö

Ö
          (3) 

 

ɺ ʬʦʨʤʫʣʝ (3): a - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ, h ï ʰʘʛ ʧʦ ʢʦʦʨʜʠʥʘʪʝ x; 

M  - ʤʘʩʩʘ, c  ï ʪʝʧʣʦʝʤʢʦʩʪʴ, Pï ʤʦʱʥʦʩʪʴ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ, T ï ʪʝʤʧʝʨʘʪʫʨʘ, p ï ʦʧʝʨʘʪʦʨ 

ʃʘʧʣʘʩʘ. ɺʳʨʘʞʝʥʠʶ (3) ʩʦʦʪʚʝʪʩʪʚʫʝʪ Simulink-ʤʦʜʝʣʴ ʥʘ ʨʠʩ. 3, ʷʚʣʷʶʱʘʷʩʷ ʙʘʟʦʚʳʤ ʙʣʦʢʦʤ 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʩ ʣʶʙʳʤ ʯʠʩʣʦʤ ʩʣʦʝʚ. 

ʆʙʲʝʜʠʥʷʷ ʜʘʥʥʳʝ ʙʣʦʢʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4, ʧʦʣʫʯʠʤ Simulink-ʤʦʜʝʣʴ ʜʣʷ ʰʝʩʪʠ 

ʫʯʘʩʪʢʦʚ, ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ, ʪ. ʝ. ʠʭ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʜʘʥʳ, ʘ ʥʝ ʨʘʩʩʯʠʪʳ-

ʚʘʶʪʩʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʧʝʨʚʦʛʦ ʨʦʜʘ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʥʦ ʣʝʛʢʦ 

ʫʧʨʦʩʪʠʪʴ ʤʦʜʝʣʴ, ʟʘʜʘʚʘʷ ʥʫʣʝʚʳʝ ʧʦʪʝʨʠ ʠ/ʠʣʠ ʥʫʣʝʚʫʶ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ. 
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ʈʠʩ. 2. Simulink-ʤʦʜʝʣʴ ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʯʝʨʝʟ ʪʨʝʭʩʣʦʡʥʫʶ ʩʪʝʥʢʫ  

ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʩʣʦʷʤ 

 

 
ʈʠʩ. 3. Simulink-ʤʦʜʝʣʴ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʧʣʦʧʝʨʝʜʘʯʝ 

 

3. ʅʘ ʨʠʩ. 5. ʧʨʠʚʝʜʝʥʘ Simulink-ʤʦʜʝʣʴ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʫʯʘʩʪʢʦʚ ʩ ʨʘʟʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʧʨʦ-

ʚʦʜʥʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʥʷʪʘ ʣʠʥʝʡʥʦʡ (4), ʥʦ ʚ ʧʨʠʥʮʠʧʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʝʥʘ ʙʦʣʝʝ ʩʣʦʞ-

ʥʦʡ. ɼʣʷ ʩʦʩʪʘʚʥʦʛʦ ʪʝʣʘ ʩ ʛʨʘʥʠʮʝʡ ʩʣʦʝʚ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʤʝʞʜʫ ʪʦʯʢʘʤʠ 1 ʠ 2, ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠʤʝʥʷʝʪʩʷ ʩʨʝʜʥʝʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʫʩʨʝʜʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʥʘ ʛʨʘʥʠʮʘʭ ʫʯʘʩʪʢʦʚ (5), ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ ʩʦʩʝʜʥʠʭ ʫʯʘʩʪʢʦʚ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʪʝʧʣʦʧʝʨʝʜʘʯʠ [23]. 

 

 

0i i i(T ) b Tl =l ° Ö, (4) 
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ʈʠʩ. 4. Simulink-ʤʦʜʝʣʴ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʝʨʝʜʘʯʠ ʩ ʫʯʝʪʦʤ ʪʝʧʣʦʧʝʨʝʥʦʩʘ  

ʠ ʧʦʪʝʨʴ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʫʯʘʩʪʢʦʚ 

 
ʈʠʩ. 5. Simulink-ʤʦʜʝʣʴ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢ-

ʪʘ ʫʯʘʩʪʢʦʚ ʩ ʨʘʟʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʧʨʠ ʥʝʦʜʠʥʘʢʦʚʦʤ ʰʘʛʝ ʧʦ ʢʦʦʨʜʠʥʘʪʝ 
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ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʝʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʧʦʜʤʦʜʝʣʴ, ʧʦʢʘʟʘʥʥʫʶ ʥʘ ʨʠʩ. 5, ʨʝʰʘʝʪʩʷ ʥʝ-

ʣʠʥʝʡʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʢʫʱʠʤ ʪʝʤʧʝʨʘ-

ʪʫʨʘʤ ʫʯʘʩʪʢʦʚ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʦ ʩʥʠʞʘʝʪ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʤʦʜʝʣʠ. ʋʯʝʪ 

ʥʝʣʠʥʝʡʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʘʢʪʫʘʣʝʥ ʚ ʤʦʜʝʣʷʭ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʬʠʟʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʝʧʣʦʚʳʝ ʨʝʞʠʤʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʤʦʛʫʪ ʩʠʣʴʥʦ ʠʟʤʝ-

ʥʷʪʴʩʷ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʪʘʢʦʡ ʤʦʜʝʣʠ ʧʦʷʚʣʷʶʪʩʷ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʢʦʥʪʫʨʳ [24]. ɺʦ ʤʥʦʛʠʭ 

ʩʣʫʯʘʷʭ Simulink ʨʘʩʩʯʠʪʳʚʘʝʪ ʠʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʥʦ ʠʥʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ 

ʤʝʨ, ʥʘʧʨʠʤʝʨ, ʚʚʦʜʘ ʚ ʢʦʥʪʫʨ ʤʘʣʦʡ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʠʣʠ ʯʠʩʪʦʛʦ ʟʘʧʘʟʜʳʚʘʥʠʷ. 

4. ʇʨʠ ʨʘʩʯʝʪʝ ʩʚʦʙʦʜʥʦʡ ʠ ʚʳʥʫʞʜʝʥʥʦʡ ʪʝʧʣʦʦʪʜʘʯʠ ʥʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʳʭ ʢʨʠʪʝʨʠʘʣʴ-

ʥʳʭ ʫʨʘʚʥʝʥʠʡ [17, 18, 19, 20, 21, 22] ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʦʜʝʣʠ ʥʘ ʨʠʩ. 6-8. ʄʦʜʝʣʴ ʥʘ ʨʠʩ. 

6 ʦʩʥʦʚʘʥʘ ʥʘ ʦʙʦʙʱʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ (6). 

 
ʈʠʩ. 6. Simulink-ʤʦʜʝʣʴ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʧʨʠ ʩʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʠ 

 
n

m mNu c (Gr Pr)= Ö Ö                    (6) 

 

ɺ ʙʣʦʢʝ MATLAB  function ʨʝʘʣʠʟʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (6) ʦʪ ʨʝʞʠʤʘ ʜʚʠʞʝ-

ʥʠʷ (ʪ.ʝ. ʦʪ ʧʨʦʠʟʚʝʜʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ɻʨʘʩʛʦʬʘ Gr ʠ ʇʨʘʥʜʪʣʷ Pr) ʩ ʧʦʤʦʱʴʶ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ɺ ʬʦʨʤʫʣʝ (6) ʩ ʠ n - ʩʧʨʘʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʧʨʦʠʟʚʝʜʝʥʠʷ m(Gr Pr)Ö , Nu ï ʢʨʠ-

ʪʝʨʠʡ ʅʫʩʩʝʣʴʪʘ. 

ʅʘ ʨʠʩ. 6 ʚ ʙʣʦʢʝ lambda_m(Tm) ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦ-

ʩʪʠ ʚʦʟʜʫʭʘ ʦʪ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʩʨʝʜʳ mT  (7), ʚ ʙʣʦʢʝ vm(Tm) ʟʘʚʠʩʠʤʦʩʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʚʦʟʜʫʭʘ ʦʪ mT  (8). 

 
55 586 10 0 025m m m(T ) , T ,-l = Ö Ö +. (7) 

 
11 2 8 57 33 10 9 737 10 1 356 10m m m m(T ) , T , T ,- - -n = Ö Ö + Ö Ö + Ö. (8) 

 

ʇʨʦʠʟʚʝʜʝʥʠʝ ʢʨʠʪʝʨʠʝʚ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ (9): 

 
3

2

1 9 81
0 722

273
m m p c

m m

,
Gr Pr (T T ) ,

T

Ö
Ö = Ö Ö - Ö

+ n
           (9) 

 

ɺ ʬʦʨʤʫʣʝ (9):  ï ʦʧʨʝʜʝʣʷʶʱʠʡ ʨʘʟʤʝʨ; pT  ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ; cT  ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ ʚʥʝ ʟʦʥʳ, ʦʭʚʘʯʝʥʥʦʡ ʧʨʦʮʝʩʩʦʤ ʢʦʥʚʝʢʮʠʠ. ʀʩʢʦʤʫʶ ʚʝʣʠʯʠʥʫ - ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ aʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ (10). 
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m mNu Öl
a=                    (10) 

 

ʇʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʥʘ ʨʠʩ. 7 ʠ 8 ʧʦʜʨʦʙʥʦ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ, ʪ. ʢ. ʦʥʠ ʪʝ ʞʝ, 

ʯʪʦ ʠ ʜʣʷ ʤʦʜʝʣʠ ʥʘ ʨʠʩ. 6. 

 

 
ʈʠʩ. 7. Simulink-ʤʦʜʝʣʴ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ 

ʧʨʠ ʚʳʥʫʞʜʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ʪʨʫʙʘʭ ʠʣʠ ʢʘʥʘʣʘʭ 

 

ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʤʦʜʝʣʝʡ ʢʘʢ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʩʣʦʞʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʪʝʧʣʦʚʳʭ ʤʦʜʝʣʝʡ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʪʝʦʨʠʷ ʧʦʜʦʙʠʷ ʩʦʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ 
ʨʝʞʠʤʝ, ʧʦʵʪʦʤʫ, ʨʘʩʩʯʠʪʳʚʘʷ ʜʣʷ ʢʘʞʜʦʡ ʪʝʢʫʱʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʭʦʜʝ ʪʝʧʣʦʚʦʛʦ ʧʝʨʝʭʦʜʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ, ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʚ ʦʙʱʝʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʧʣʦʚʦʡ ʤʦ-

ʜʝʣʠ ʧʦʜʤʦʜʝʣʴ ʫʯʝʪʘ ʢʦʥʚʝʢʮʠʠ ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʯʝʩʢʦʡ. 

 

 
ʈʠʩ. 8. Simulink-ʤʦʜʝʣʴ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʪʝʧʣʦʦʪʜʘʯʠ  

ʧʨʠ ʚʳʥʫʞʜʝʥʥʦʡ (forced) ʢʦʥʚʝʢʮʠʠ ʚ ʩʣʫʯʘʝ ʧʣʦʩʢʦʡ ʩʪʝʥʢʠ 
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ɿʘʢʣʶʯʝʥʠʝ 

ʆʩʥʦʚʥʘʷ ʩʬʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ʦʧʠʩʘʥʥʳʭ ʤʦʜʝʣʝʡ ï ʧʨʦʚʝʜʝʥʠʝ ʚʠʨʪʫʘʣʴʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʨʘʙʦʪ ʧʦ ʪʝʧʣʦʪʝʭʥʠʢʝ, ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʩʚʦʝʥʠʝ ʩʨʝʜʳ MATLAB -Simulink.  

ɺʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʦʜʝʣʝʡ ʢʘʢ ʵʣʝʤʝʥʪʦʚ ʩʣʦʞʥʳʭ ʤʦʜʝʣʝʡ ʵʣʝʢʪʨʦʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ, ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʟʜʘʥʠʡ. ʇʦʣʥʳʡ ʥʘʙʦʨ ʤʦ-

ʜʝʣʝʡ ʠʤʝʝʪʩʷ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ [16]. 
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ɸʥʥʦʪʘʮʠʷ. ɺʩʪʨʦʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ Unity ʥʝ ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʠʟʦʚʘʪʴ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʝ ʩ ʣʶʙʳʤʠ ʦʧʝʨʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʇʨʠʤʝʥʝʥʠʝ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʛʦʪʦʚʳʭ 

ʨʝʰʝʥʠʡ ʦʪ ʩʪʦʨʦʥʥʠʭ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʙʳʚʘʝʪ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʚʠʜʫ ʠʟʙʳʪʦʯʥʦʛʦ ʬʫʥʢ-

ʮʠʦʥʘʣʘ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʨʝʘʣʠʟʘʮʠʠ ʥʘʪʠʚʥʦʛʦ ʧʣʘʛʠʥʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦ-

ʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʙʘʟʝ Android ʜʣʷ ʚʳʙʦʨʘ ʧʦʣʴʟʦʚʘʪʝʣʴ-

ʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ, ʠʣʣʶʩʪʨʠʨʫʶʱʘʷ ʣʦʛʠʢʫ ʨʘʙʦʪʳ ʧʣʘʛʠʥʘ, 

ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʣʠʩʪʠʥʛʦʚ ʩ ʢʦʜʦʤ ʨʝʘʣʠʟʘʮʠʠ.  

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. Unity, ʥʘʪʠʚʥʳʡ ʧʣʘʛʠʥ, Java, ʚʳʙʦʨ ʠʟʦʙʨʘʞʝʥʠʡ, ʨʘʟʨʘʙʦʪʢʘ 

ʧʣʘʛʠʥʘ. 

 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʣʦʞʝʥʠʡ ʠ ʠʛʨ ʥʘ Unity ʚʩʪʨʝʯʘʶʪʩʷ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʥʝʜʦʩʪʘ-

ʪʦʯʥʦ ʨʝʩʫʨʩʦʚ ʠ ʬʫʥʢʮʠʦʥʘʣʘ ʠʛʨʦʚʦʛʦ ʜʚʠʞʢʘ ʠ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʩʨʝʜʩʪʚ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʆʉ), ʧʦʜ ʢʦʪʦʨʫʶ ʚʝʜʝʪʩʷ ʨʘʟʨʘ-

ʙʦʪʢʘ. ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʢʨʦʬʦʥʘ ʠʣʠ ʬʦʥʘʨʠʢʘ, ʨʘʙʦʪʘ ʩ push-ʫʚʝʜʦʤʣʝʥʠʷʤʠ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʦʜ Android ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘʧʨʷʤʫʶ [1]. ɼʣʷ ʨʝʰʝʥʠʷ ʚʦʟʥʠʢʰʠʭ 

ʧʨʦʙʣʝʤ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʛʦʪʦʚʳʤʠ ʨʝʰʝʥʠʷʤʠ ʚ Asset Store ʠ Github ʠʣʠ ʞʝ ʨʘʟ-

ʨʘʙʦʪʘʪʴ ʩʦʙʩʪʚʝʥʥʳʡ ʧʣʘʛʠʥ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʪʦʯʝʯʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʣʘʪʬʦʨʤʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʦʪʦʚʳʭ ʨʝʰʝʥʠʡ ʥʝʮʝʣʝʩʦ-

ʦʙʨʘʟʥʦ ʧʦ ʧʨʠʯʠʥʝ ʥʘʣʠʯʠʷ ʚ ʥʠʭ ʦʙʰʠʨʥʦʛʦ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ, ʥʝ ʪʨʝʙʫʝ-

ʤʦʛʦ ʜʣʷ ʨʝʰʝʥʠʷ ʪʝʢʫʱʠʭ ʟʘʜʘʯ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʦʜʥʦʛʦ ʠʟ ʧʨʦʝʢʪʦʚ ʚʦʟʥʠʢʣʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʦʣʫʯʝʥʠʠ ʜʦ-

ʩʪʫʧʘ ʢ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʙʘʟʝ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Android ʜʣʷ ʚʳʙʦʨʘ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʦʬʠʮʠʘʣʴʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ Unity ʚʳʷʩʥʠ-

ʣʦʩʴ, ʯʪʦ ʠʛʨʦʚʦʡ ʜʚʠʞʦʢ ʧʦʜʜʝʨʞʠʚʘʝʪ ʬʫʥʢʮʠʠ ʚʚʦʜʘ ʠ ʚʳʚʦʜʘ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳ-

ʟʚʘʪʴ ʚʠʙʨʘʮʠʶ ʫʩʪʨʦʡʩʪʚ ʩ ʚʠʙʨʘʮʠʦʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʠʟʤʝʥʷʪʴ ʦʨʠʝʥʪʘʮʠʶ ʵʢʨʘʥʘ, 

ʘ ʪʘʢʞʝ ʠʤʝʝʪ ʜʦʩʪʫʧ ʢ ʚʩʪʨʦʝʥʥʳʤ ʠʥʜʠʢʘʪʦʨʘʤ ʘʢʪʠʚʥʦʩʪʠ [1]. ʇʨʠ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤ ʠʟʫ-

ʯʝʥʠʠ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʝʤʘʪʠʯʝʩʢʠʭ ʬʦʨʫʤʘʭ ʚ ʩʝʪʠ 

ʠʥʪʝʨʥʝʪ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʨʘʟʨʘʙʦʪʘʪʴ ʧʣʘʛʠʥ ʥʘ ʷʟʳʢʝ Java, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪ ʥʝ-

ʦʙʭʦʜʠʤʳʡ ʬʫʥʢʮʠʦʥʘʣ. ɺ Unity ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʘ ʨʘʟʥʳʭ ʪʠʧʘ ʧʦʜʢʣʶʯʘʝʤʳʭ ʤʦ-

ʜʫʣʝʡ: ʫʧʨʘʚʣʷʝʤʳʝ ʧʦʜʢʣʶʯʘʝʤʳʝ ʤʦʜʫʣʠ ʠ ʥʘʪʠʚʥʳʝ ʧʣʘʛʠʥʳ (ʙʠʙʣʠʦʪʝʢʠ). ʉʣʝʜʫʷ 

ʪʝʨʤʠʥʦʣʦʛʠʠ ʥʘʪʠʚʥʳʝ ʧʣʘʛʠʥʳ ð ʵʪʦ ʙʠʙʣʠʦʪʝʢʠ ʤʘʰʠʥʥʦʛʦ ʢʦʜʘ, ʩʧʝʮʠʬʠʯʥʳʝ ʜʣʷ 

ʧʣʘʪʬʦʨʤʳ. ʆʥʠ ʤʦʛʫʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʪʘʢʠʤ ʬʫʥʢʮʠʷʤ ʢʘʢ ʚʳʟʦʚʳ ʆʉ ʠ ʩʪʦʨʦʥʥʠʭ 

ʙʠʙʣʠʦʪʝʢ ʢʦʜʘ, ʢʦʪʦʨʳʝ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʙʳʣʠ ʙʳ ʥʝʜʦʩʪʫʧʥʳ ʜʣʷ Unity [2]. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʣʘʛʠʥʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ Android Studio. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ 

ʷʟʳʢʘʤʠ Java ʠ Kotlin. ɺ ʥʦʚʳʡ, ʧʫʩʪʦʡ ʧʨʦʝʢʪ ʙʳʣ ʜʦʙʘʚʣʝʥ ʥʦʚʳʡ ʤʦʜʫʣʴ çAndroid Li-

braryè ʠ ʚ ʵʪʦʤ ʤʦʜʫʣʝ ʨʝʘʣʠʟʦʚʘʥ ʢʣʘʩʩ ʩ ʬʫʥʢʮʠʦʥʘʣʦʤ ʧʣʘʛʠʥʘ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʣʘʛʠʥʘ ʜʣʷ ʚʳʙʦʨʘ ʠʟʦʙʨʘʞʝʥʠʡ ʠʟ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʳ ʩʤʘʨʪʬʦ-

ʥʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʣʘʛʠʥ ʚʳʟʳʚʘʝʪʩʷ ʠʟ ʩʢʨʠʧʪʘ ʚ Unity, 

ʧʦʵʪʦʤʫ ʦʥ ʩʦʜʝʨʞʠʪ ʧʫʙʣʠʯʥʳʡ ʤʝʪʦʜ, ʪʦʯʢʫ ʚʭʦʜʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʙʣʦʢ-ʩʭʝʤʳ, ʜʘʣʝʝ ʩʦ-

ʟʜʘʝʪʩʷ ʥʘʤʝʨʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʜʙʠʨʘʝʪ ʚʦʟʤʦʞʥʳʝ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʜʣʷ ʨʝʘ-

ʣʠʟʘʮʠʠ ʟʘʧʨʦʩʘ ʥʘ ʦʪʢʨʳʪʠʝ ʠ ʚʳʙʦʨ ʠʟʦʙʨʘʞʝʥʠʷ.  
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ɽʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʳʙʨʘʣ ʬʦʪʦ, ʪʦ ʧʨʦʠʩʭʦʜʠʪ ʢʦʧʠʨʦʚʘʥʠʝ ʧʫʪʠ ʜʦ ʵʪʦʛʦ ʬʘʡʣʘ, ʚ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʨʠʣʦʞʝʥʠʝ ʚʦʟʚʨʘʱʘʝʪʩʷ ʥʘ ʛʣʘʚʥʳʡ ʵʢʨʘʥ. ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʣʝ-

ʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʬʦʪʦʛʨʘʬʠʠ ʙʝʟ ʫʱʝʨʙʘ ʜʣʷ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʟʜʘʪʴ ʝʝ ʢʦʧʠʶ. ʊʘʢ ʢʘʢ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʩʯʠʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʨʝʩʫʨʩʦʟʘʪʨʘʪʥʳʤ, ʜʘʥ-

ʥʫʶ ʯʘʩʪʴ ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʷʪʴ ʘʩʠʥʭʨʦʥʥʦ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʥʝʧʦʥʷʪʥʳʭ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʟʘʚʠʩʘʥʠʡ ʧʨʠʣʦʞʝʥʠʷ [3]. 

 
ʈʠʩ. 1. ɹʣʦʢ-ʩʭʝʤʘ ʨʘʙʦʪʳ ʧʣʘʛʠʥʘ 

 

ʈʝʘʣʠʟʘʮʠʷ ʢʣʘʩʩʘ, ʚ ʢʦʪʦʨʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʘʩʠʥʭʨʦʥʥʦʝ ʩʦʭʨʘʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʥʠʞʝ (ʩʤ. ʣʠʩʪʠʥʛ 1).  
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ʃʠʩʪʠʥʛ 1. ʂʣʘʩʩ ʩ ʬʫʥʢʮʠʦʥʘʣʦʤ ʧʣʘʛʠʥʘ 

class CompressTask extends AsyncTask <Void , Void , Void > 

{  

    protected void onPreExec ute ()  

    {  

        super .onPreExecute();  

    }  

 

    //ʄʝʪʦʜ doInBackground ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʬʦʥʝ 

    protected Void doInBackground ( Void ... voids)  

    {  

        try  

        {  

            //ɿʘʧʠʩʴ ʚ Bitmap ʠʟ ʧʦʣʫʯʝʥʥʦʡ ʩʩʳʣʢʠ ʥʘ ʠʩʭʦʜʥʦʝ ʠʟʦʙʨʘ-

ʞʥʠʝ 

            InputStream imageStream = 

getContentResolver().openInputStream( imageUri );  

            selectedImage = BitmapFactory . decodeStream ( imageStream );  

            OutputStream fOut = null ;  

            File copyImage = new 

File(getExternalFilesDir( Environment . DIRECTORY_PICTURES), FILE_NAME);  

            //ʉʦʭʨʘʥʝʥʠʝ ʢʦʧʠʠ ʚ ʙʣʦʢʝ try 

            try  

            {  

                //ʆʪʢʨʳʚʘʝʤ ʥʦʚʳʡ ʧʦʪʦʢ ʥʘ ʟʘʧʠʩʴ 

                fOut = new FileOutputStream( copyImage );  

                //ʉʞʠʤʘʝʤ ʜʦ 85% ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ʬʘʡʣʘ 

                selectedIma ge.compress( Bitmap . CompressFormat . JPEG, 85, 

fOut);  

                path = copyImage .getPath(); //ʧʦʣʫʯʘʝʤ ʧʫʪʴ ʜʣʷ ʧʝʨʝʜʘ-

ʯʠ ʚ Unity 

                fOut.close(); //ʟʘʢʨʳʚʘʝʤ ʧʦʪʦʢ 

            } catch ( IOException e)  

            {  

                e.printStack Trace();  

            }  

        }  

        catch ( FileNotFoundException e)  

        {  

            e.printStackTrace();  

        }  

        return null ;  

    }  

    //ʄʝʪʦʜ onPostExecute ʚʳʟʳʚʘʝʪʩʷ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʪʳ 

doInBackground ʠ ʧʝʨʝʜʘʝʪ ʧʫʪʴ ʚ Unity 

    protected void onPostExecute ( Void aVoid)  

    {  

        super .onPostExecute(aVoid);  

        //ʇʝʨʚʳʡ ʧʘʨʘʤʝʪʨ -  ʦʙʲʝʢʪ ʥʘ ʩʮʝʥʝ, ʥʘ ʢʦʪʦʨʦʤ ʩʢʨʠʧʪ;  

        //ɺʪʦʨʦʡ ʧʘʨʘʤʝʪʨ -  ʚʳʟʳʚʘʝʤʳʡ ʤʝʪʦʜ; 

        //ʊʨʝʪʠʡ ʧʘʨʘʤʝʪʨ -  ʩʪʨʦʢʘ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʜʘʪ ɹ

        UnityPlayer . UnitySendMessage ( "ScriptManager" , "GetAddress" , 

path );  

    }  

}  
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ʇʦ ʟʘʚʝʨʰʝʥʠʶ ʢʦʧʠʨʦʚʘʥʠʷ ʬʘʡʣʘ ʚʳʟʳʚʘʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʡ ʤʝʪʦʜ UnityPlay-

er.UnitySendMessage(String s, String s1, String s2), ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʝʪ ʪʨʠ ʧʘʨʘʤʝʪʨʘ: 

ʥʘʟʚʘʥʠʝ GameObject, ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥ ʩʢʨʠʧʪ ʠ ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʚʳʟʚʘʪʴ; ʠʤʷ 

ʤʝʪʦʜʘ; ʩʪʨʦʢʘ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʜʘʪʴ.  ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʩʣʝʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʝ-

ʨʝʜʘʝʪ ʧʫʪʴ, ʢ ʥʦʚʦʤʫ ʬʘʡʣʫ. 

ʇʦʩʣʝ ʨʝʘʣʠʟʘʮʠʠ ʧʣʘʛʠʥʘ ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʩʢʦʤʧʠʣʠʨʦʚʘʪʴ ʚ AAR-ʬʘʡʣ ʠ ʠʤʧʦʨ-

ʪʠʨʦʚʘʪʴ ʚ Unity. ɼʣʷ ʚʳʟʦʚʘ ʧʣʘʛʠʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʣʘʩʩ ChoiceForAndroid, ʚ ʢʦʪʦʨʦʤ ʨʝ-

ʘʣʠʟʦʚʘʥ ʤʝʪʦʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʠʞʝ (ʩʤ. ʣʠʩʪʠʥʛ 2). ɼʘʥʥʳʡ ʤʝʪʦʜ ʚʳʧʦʣʥʷʝʪ ʝʜʠʥ-

ʩʪʚʝʥʥʫʶ ʟʘʜʘʯʫ - ʚʳʟʦʚ ʧʣʘʛʠʥʘ. 

ʃʠʩʪʠʥʛ 2. ʄʝʪʦʜ ʚʳʟʦʚʘ ʧʣʘʛʠʥʘ 

    public  void  SelectedPhot o()  

    {  

        _pluginActivity = new AndroidJavaOb-

ject( "com.avg.selectimage.SelectImagePlugin" );  

        AndroidJavaClass ajc = new AndroidJa-

vaClass( "com.unity3d.player.UnityPlayer" );  

        _pluginActivity.Call( "photo" );  

    }  

 ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʧʨʠʤʝʨ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʛʠʥʘ ʜʣʷ Unity, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʧʦʣʫʯʘʪʴ ʜʦʩʪʫʧ ʢ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʙʘʟʝ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Android 

ʜʣʷ ʚʳʙʦʨʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʘʛʠʥʦʚ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠ-

ʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʜʦʙʘʚʠʪʴ ʚ ʥʝʛʦ ʥʝʦʙʭʦʜʠʤʳʡ ʬʫʥʢʮʠʦ-

ʥʘʣ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

 

1. Unity - ʈʫʢʦʚʦʜʩʪʚʦ: ʇʣʘʛʠʥʳ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï URL: 

https://docs.unity3d.com/ru/530/Manual/Plugins.html 

2. Unity - Manual: Android mobile scripting [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï URL: 

https://docs.unity3d.com/Manual/android-API.html 

3. Bitmap  |  Android Developers [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï URL: 

https://developer.android.com/reference/android/graphics/Bitmap 
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ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʄɽʊʆɼʆɺ ʄɸʐʀʅʅʆɻʆ ʆɹʋʏɽʅʀʗ  

ɼʃʗ ɸʅɸʃʀɿɸ ɼɸʅʅʓʍ ʆɹ ʆʊʂɸɿɸʍ ʆɹʆʈʋɼʆɺɸʅʀʗ 
 

ɻʦʥʯʘʨʦʚ ɸʨʢʘʜʠʡ ʉʝʨʛʝʝʚʠʯ, ʘʩʧʠʨʘʥʪ ʆʀʊ ʀʐʀʊʈ ʊʇʋ 

E-Mail: asg19@tpu.ru 

 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʛ. ʊʦʤʩʢ, ʈʌ 
 

ɸʥʥʦʪʘʮʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, 

ʥʝʧʨʝʨʳʚʥʦ ʛʝʥʝʨʠʨʫʝʤʳʭ ʚ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʮʠʢʣʝ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʧʦʟʚʦʣʷʝʪ ʢʘʯʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʧʨʦʮʝʩʩʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝ-

ʥʠʡ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʫʧʨʘʚ-

ʣʝʥʠʝ ʦʩʥʦʚʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʨʘʩʭʦʜʳ ʦʪ ʥʝʟʘʧʣʘʥʠ-

ʨʦʚʘʥʥʳʭ ʧʨʦʩʪʦʝʚ, ʥʦ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʦʩʪʦʷʥʠʝ ʦʪʜʝʣʴ-

ʥʳʭ ʫʟʣʦʚ ʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʦʜʝʣʝʡ ʤʘʰʠʥ-

ʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʪʢʘʟʦʚ ʧʘʨʢʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʤʘʩʩʠʚʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʤʘʰʠʥʥʦʝ 

ʦʙʫʯʝʥʠʝ. 

 

ʇʨʦʛʥʦʩʪʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʘʥʘʣʠʟʝ ʜʦʩʪʫʧʥʳʭ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥ-

ʥʳʭ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʙʫʜʫʱʝʛʦ ʦʪʢʘʟʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʫʧʨʝʞʜʝʥʠʷ ʠ ʩʚʦʝʚʨʝ-

ʤʝʥʥʦʛʦ ʫʩʪʨʘʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫ-

ʞʠʚʘʥʠʷ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʥʝʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʧʨʦʩʪʦʝʚ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠ-

ʷʝʪ ʥʘ ʠʪʦʛʦʚʳʝ ʨʘʩʭʦʜʳ ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʘ 

ʤʘʩʩʠʚʝ ʜʘʥʥʳʭ ʦʙ ʦʪʢʘʟʘʭ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʧʨʠ-

ʤʝʥʠʤʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʦʜʝʣʝʡ ʚ ʨʘʤʢʘʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʪʢʘʟʦʚ. 

ʀʩʩʣʝʜʫʝʤʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ ʩʦʜʝʨʞʠʪ 14482 ʩʪʨʦʢʠ, 25 ʦʧʠʩʘʪʝʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠ 

1 ʮʝʣʝʚʦʡ ʧʨʠʟʥʘʢ [1]. ʆʧʠʩʘʪʝʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʩʦʜʝʨʞʘʪ ʜʘʥʥʳʝ ʦ ʪʝʣʝʤʝʪʨʠʠ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ ʠ ʩʚʦʜʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʰʠʙʢʘʭ, ʩʯʠʪʳʚʘʝʤʳʝ ʩʠʩʪʝʤʦʡ ʤʦʥʠʪʦʨʠʥʛʘ. ʕʪʘʧʳ ʨʘ-

ʙʦʪʳ ʩ ʜʘʥʥʳʤʠ: 

1) ʟʘʛʨʫʟʢʘ ʚʳʙʦʨʢʠ ʠʟ ʬʘʡʣʘ csv; 

2) ʚʳʙʦʨ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ; 

3) ʧʦʜʛʦʪʦʚʢʘ ʜʘʥʥʳʭ: 

3.1) ʥʦʨʤʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʚ ʠʥʪʝʨʚʘʣʝ [0; 1]; 

3.2) ʨʘʥʜʦʤʠʟʘʮʠʷ ʟʥʘʯʝʥʠʡ ʧʨʠʟʥʘʢʦʚ; 

3.3) ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʦʙʫʯʘʶʱʫʶ ʠ ʪʝʩʪʦʚʫʶ ʚʳʙʦʨʢʫ ʚ ʧʨʦʧʦʨʮʠʷʭ 80:20; 

4) ʦʙʫʯʝʥʠʝ ʤʦʜʝʣʝʡ ʥʘ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʜʘʥʥʳʭ (ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ); 

5) ʪʝʩʪʠʨʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʥʘ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʦʜʝʣʠ ʠʟ ʧʨʦʛʨʘʤʤʥʦʡ ʙʠʙʣʠʦʪʝʢʠ 

sklearn [2]: 

1) ʜʝʨʝʚʦ ʨʝʰʝʥʠʡ (DecisionTree) ï ʤʝʪʦʜ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʦʙʲʝʢʪʘ ʢ ʦʜʥʦʡ ʠʟ ʢʘʪʝʛʦʨʠʡ; 

2) ʩʣʫʯʘʡʥʳʡ ʣʝʩ (RandomForest) ï ʤʝʪʦʜ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʥʩʘʤʙʣʷ ʨʝʰʘʶʱʠʭ ʜʝ-

ʨʝʚʴʝʚ; 

3) ʤʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ (Support vector machines) ï ʥʘʙʦʨ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʤʝ-

ʪʦʜʦʚ ʦʙʫʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ; 
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4) ʥʘʠʚʥʳʡ ɹʘʡʝʩ (Naive Bayes) ï ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʪʝʦʨʝʤʳ ɹʘʡʝʩʘ ʦʙ ʫʩʣʦʚʥʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʢʘʞʜʦʡ ʧʘʨʦʡ 

ʧʨʠʟʥʘʢʦʚ ʧʨʠ ʟʘʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʧʝʨʝʤʝʥʥʦʡ ʢʣʘʩʩʘ; 

5) ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ (Neural network) ï ʤʦʜʝʣʴ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʝʨʩʝʧ-

ʪʨʦʥʘ (ʠʩʧʦʣʴʟʫʝʤʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩ ʜʚʫʤʷ ʩʢʨʳʪʳʤʠ ʩʣʦʷʤʠ ʧʦ ʜʚʘ ʥʝʡʨʦʥʘ, 

ʘʢʪʠʚʘʪʦʨ ReLu) ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʦʰʠʙʢʠ; 

6) ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʛʨʘʜʠʝʥʪʥʳʡ ʩʧʫʩʢ (Stochastic gradient descent) ï ʠʪʝʨʘʮʠʦʥʥʳʡ 

ʤʝʪʦʜ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ (ʤʝʪʨʠʢʠ): ʚʨʝʤʷ 

ʦʙʫʯʝʥʠʷ (ʩ), ʚʨʝʤʷ ʪʝʩʪʠʨʦʚʘʥʠʷ (ʩ), ʧʣʦʱʘʜʴ ʧʦʜ ʢʨʠʚʦʡ (AUC), ʪʦʯʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʠ (CA), F-ʤʝʨʘ, ʪʦʯʥʦʩʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʩʭʦʜʦʚ (Precision), ʧʦʣʥʦʪʘ (Recall), ʣʦʛʘ-

ʨʠʬʤʠʯʝʩʢʘʷ ʧʦʪʝʨʷ (logloss) ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ ʥʘ ʪʝʩʪʦʚʦʡ ʚʳ-

ʙʦʨʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 
ʊʘʙʣʠʮʘ 1  

ʄʝʪʨʠʢʠ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʄʦʜʝʣʴ 
ɺʨʝʤʷ 

ʦʙʫʯʝʥʠʷ 

ɺʨʝʤʷ ʪʝ-

ʩʪʠʨʦʚʘʥʠʷ 
AUC CA F-ʤʝʨʘ Precision Recall logloss 

DecisionTree 0,41 0,03 0,97 0,94 0,93 0,93 0,93 0,18 

RandomForest 7,24 2,92 0,55 0,59 0,54 0,61 0,59 0,68 

SVM 0,53 0,13 0,37 0,52 0,46 0,49 0,52 0,69 

Naive Bayes 0,03 0,01 0,93 0,91 0,91 0,91 0,91 0,29 

Neural 

network 

1,19 0,01 0,92 0,91 0,91 0,91 0,91 0,33 

SGD 0,13 0,01 0,50 0,54 0,38 0,29 0,54 15,83 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 1 ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʤʦʜʝʣʠ DecisionTree, Naive 

Bayes, Neural network ʩ ʪʦʯʥʦʩʪʴʶ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʦʣʝʝ 0,9. ʄʦʜʝʣʠ RandomForest, SVM 

ʠ SGD ʧʦʢʘʟʳʚʘʶʪ ʤʝʥʴʰʫʶ ʪʦʯʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (ʤʝʥʝʝ 0,6). ʇʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ 

Staking (ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ) ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯ-

ʥʦʩʪʴ ʠʪʦʛʦʚʦʡ ʤʦʜʝʣʠ. ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʢʦʤʙʠʥʘʮʠʠ ʤʦʜʝʣʝʡ RandomForest, 

SVM ʠ SGD ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. 

 
ʊʘʙʣʠʮʘ 2 

ʄʝʪʨʠʢʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ 

ʄʦʜʝʣʴ ɺʨʝʤʷ 

ʦʙʫʯʝʥʠʷ 

ɺʨʝʤʷ ʪʝʩʪʠ-

ʨʦʚʘʥʠʷ 

AUC CA F-

ʤʝʨʘ 

Precision Recall logloss 

Stack 189,33 4,21 0,97 0,93 0,93 0,93 0,93 0,21 

 

ʀʟ ʪʘʙʣ. 2 ʚʠʜʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ çʩʣʘʙʳʭè ʤʦʜʝʣʝʡ ʜʘʝʪ ʠʪʦʛʦʚʫʶ 

ʪʦʯʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʦʣʝʝ 0,9, ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ ʙʦʣʝʝ ʪʦʯʥʳʤʠ ʤʦʜʝʣʷʤʠ ʠʟ ʪʘʙʣ. 1. 

ʆʜʥʘʢʦ ʧʦʣʫʯʝʥʥʘʷ ʪʦʯʥʦʩʪʴ ʪʨʝʙʫʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʦʙʫʯʝ-

ʥʠʷ ʤʦʜʝʣʠ (ʙʦʣʝʝ 3 ʤʠʥ). 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ɻɿ çʅʘʫʢʘè, ʚ ʨʘʤʢʘʭ ʧʨʦʝʢ-

ʪʘ FSWW-2020-0014. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1) ʇʦʨʪʘʣ Kaggle. Predictive Maintenance. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: 

https://www.kaggle.com/datasets/calpara/predictive-maintenance. ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ 

(25.04.2022). 

2) ɹʠʙʣʠʦʪʝʢʘ Scikit-Learn. ʆʙʫʯʝʥʠʝ ʩ ʫʯʠʪʝʣʝʤ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: 

https://scikit-learn.ru/category/supervised_learning/. ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ (25.04.2022)/ 

https://www.kaggle.com/datasets/calpara/predictive-maintenance
https://scikit-learn.ru/category/supervised_learning/
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ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ.ʇ. ʂʦʨʦʣʝʚʘ, ʛ. ʉʘʤʘʨʘ, ʈʌ 
 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʚʦʣʶʮʠ-

ʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʣʝʪʘ-

ʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʥʘʩʦʩʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʟʘʢʨʳʣʢʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʥʘʩʦʩ, ʛʠʜʨʘʚʣʠʢʘ, ʜʠʘʛʥʦʩʪʠʢʘ. 

 

ʆʜʥʠʤ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʦʩʪʦʷʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ, ʷʚʣʷʝʪ-

ʩʷ ʥʘʜʝʞʥʦʩʪʴ ʚʩʝʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʚ ʪ. ʯ. ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠ-

ʩʪʝʤʳ ʠ ʝʝ ʘʛʨʝʛʘʪʦʚ.  

ɸʚʠʘʮʠʦʥʥʳʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʵʢʦʥʦʤʠʯʥʳ ʚ ʫʩʪʘʥʦʚʢʝ, ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʦʩʪʳ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦ, ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʜʘʞʝ ʚ ʩʘʤʳʭ 

ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʣʝʪʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʘʤʦʣʝʪʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʠʜ-

ʨʘʚʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʜʣʷ ʨʘʙʦʪʳ ʤʥʦʛʠʭ ʚʘʞʥʳʭ ʜʣʷ ʧʦʣʝʪʘ ʢʦʤʧʦʥʝʥʪʦʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʤʝʱʝʥʠʝ ʠ ʧʨʠʚʝʜʝʥʠʝ ʚ ʜʝʡʩʪʚʠʝ ʰʘʩʩʠ, ʟʘʢʨʳʣʢʦʚ ʠ ʪʦʨʤʦʟʦʚ. ɹʦ-

ʣʝʝ ʢʨʫʧʥʳʝ ʩʘʤʦʣʝʪʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʦʣʘʛʘʶʪʩʷ ʥʘ ʵʪʠ ʩʠʩʪʝʤʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʣʝʪʦʤ, ʩʧʦʡʣʝʨʦʚ ʠ ʨʝʚʝʨʩʦʨʦʚ ʪʷʛʠ [1]. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʜʦʩʪʦʠʥʩʪʚʘ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʩʘ-

ʤʦʣʝʪʘʭ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʮʝʥʢʠ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ 

ʧʦʣʦʤʦʢ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʚʳʜʚʠʛʘʝʪ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʧʨʦʙʣʝʤʫ ʧʦ-

ʠʩʢʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠ ʧʨʠʝʤʦʚ ʜʠʘʛʥʦʩʪʠʢʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʨʝ-

ʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʤʝʪʦʜʳ ʵʚʦʣʶʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʘʭ.  

ʕʚʦʣʶʮʠʦʥʥʳʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʷʚʣʷʶʪʩʷ ʧʦʜʦʙʣʘʩʪʴʶ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

(ʀʀ) ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʣʦʞʥʳʭ ʟʘʜʘʯʘʭ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʡ ʦʧʪʠʤʠ-

ʟʘʮʠʠ. ʕʚʦʣʶʮʠʦʥʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʚ ʢʦʪʦʨʳʭ ʩʣʠʰʢʦʤ 

ʤʥʦʛʦ ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʂʦʤʧʴʶʪʝʨʳ, ʚʳʧʦʣʥʷʶʱʠʝ ʵʚʦʣʶʮʠ-

ʦʥʥʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʟʘʧʫʩʢʘʶʪ ʪʘʢʠʝ ʵʚʦʣʶʮʠʦʥʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʢʘʢ ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪ-

ʤʳ, ʵʚʦʣʶʮʠʦʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʛʝʥʝʪʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠ ʤʦʜʝʣʠ ʠʥʪʝʣʣʝʢ-

ʪʘ ʨʦʷ, ʪʘʢʠʝ ʢʘʢ ʦʧʪʠʤʠʟʘʮʠʷ ʤʫʨʘʚʴʠʥʦʡ ʢʦʣʦʥʠʠ ʠʣʠ ʦʧʪʠʤʠʟʘʮʠʷ ʨʦʷ ʯʘʩʪʠʮ [3, 4, 5]. 

ʉʫʱʝʩʪʚʫʶʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ 

ʨʝʘʣʠʟʫʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʜʝʢʦʤʧʦʟʠʮʠʠ, ʫʩʨʝʜʥʝʥʠʷ 

ʠ ʫʧʨʦʱʝʥʠʷ, ʚʳʜʝʣʝʥʠʷ ʨʷʜʘ ʩʫʱʝʩʪʚʝʥʥʳʭ (ʢʣʶʯʝʚʳʭ, ʩ ʥʘʠʙʦʣʴʰʠʤ ʚʝʩʦʤé) ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ, ʚʳʷʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʚ ʠ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʅʘ ʠʭ ʦʩʥʦʚʝ ʠ ʩʪʨʦʷʪʩʷ ʤʦʜʝʣʠ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ, ʤʦʥʠʪʦʨʠʥʛʘ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ [6]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʚʦʣʶʮʠʦʥʥʳʭ ʤʝʪʦ-

ʜʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʠ-

ʘʛʥʦʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʷʚʣʷʝʪʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʚʘʞʥʳʤ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʤ ʟʘʜʘʥʠʝʤ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʛʦ ʠ ʦʙʫ-

ʩʣʘʚʣʠʚʘʝʪ ʚʳʙʦʨ ʪʝʤʳ ʜʘʥʥʦʡ ʩʪʘʪʴʠ. 



77 

 

ɺ ʨʘʤʢʘʭ ʧʨʦʚʦʜʠʤʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʠʘʛʥʦʩʪʠʢʫ ʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʥʘʩʦʩʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʟʘʢʨʳʣʢʘʤʠ. 

ʋʩʪʨʦʡʩʪʚʘ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʶʪ-

ʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʪʨʫʢʪʫʨʳ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʪʫʨʙʦʤʝʭʘʥʠʟʤʘʤʠ ʩʘʤʦʣʝʪʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʘʪʯʠʢʠ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʝ ʠʥ-

ʬʦʨʤʘʮʠʶ ʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʥʘʩʦʩʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʦ-

ʨʦʛʠʤʠ ʠ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʠʭ ʥʝʚʦʟʤʦʞʥʦ ʩʤʦʥʪʠʨʦʚʘʪʴ ʠʣʠ ʟʘʤʝʥʠʪʴ ʙʝʟ ʚʤʝʰʘʪʝʣʴ-

ʩʪʚʘ ʚ ʛʠʜʨʘʚʣʠʯʝʩʢʫʶ ʩʝʪʴ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʜʘʪʯʠʢʦʚ ʚ ʩʠʩʪʝʤʝ ʦʙʰʠʨʥʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʪʝʦʨʠʷ ʦʮʝʥʱʠʢʦʚ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʣʝʜʥʠʭ ʷʚʣʷ-

ʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʢʦʪʦʨʳʝ ʥʘ ʦʩʥʦʚʝ ʫʞʝ ʠʟʚʝʩʪʥʳʭ ʠʟ-

ʤʝʨʷʝʤʳʭ ʢʦʦʨʜʠʥʘʪ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʟʥʘʯʝʥʠʷ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʧʨʠʤʝʨ, ʥʘʧʦʨʘ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘʩʦʩʘ, ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʫʶ ʤʦʱʥʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡ-

ʩʪʚʠʷ, ʜʘʚʣʝʥʠʝ ʚ ʛʠʜʨʦʩʝʪʠ ʠ ʜʨ. [7].  

ʊʘʢ ʢʘʢ ʩʪʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʧʘ-

ʨʘʙʦʣʘʤʠ, ʫʨʘʚʥʝʥʠʝ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ὄ Ὄ ὥ̕ὗ , 

ʛʜʝ ;ï ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʥʘʩʦʩʘ ‫  

    ‫  ï ʥʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ;  

   Ὄ  ï ʥʘʧʦʨ ʧʨʠ ʥʫʣʝʚʦʡ ʧʦʜʘʯʝ ʠ ʥʦʤʠʥʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ;  

     ὥ̕ ï ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʩʦʩʘ. 

ʉʪʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʝʪʠ ʪʘʢʞʝ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʧʘʨʘ-

ʙʦʣʘʤʠ: 

Ὄ Ὄ ὥὗ , 

ʛʜʝ Ὄ  ï ʥʘʧʦʨ ʧʨʠ ʥʫʣʝʚʦʡ ʧʦʜʘʯʝ ʥʘʩʦʩʘ. 

ɽʩʣʠ ʧʨʠʥʷʪʴ, ʯʪʦ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ s ʥʘʧʦʨʥʦʛʦ ʠ ʚʩʘʩʳʚʘʶʱʝʛʦ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʦʜʠʥʘʢʦʚʳ, ʘ ʩʣʦʞʥʳʝ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʥʘʩʦʩʝ ʠ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘ-

ʥʳ ʤʦʜʝʣʴʶ 1-ʛʦ ʧʦʨʷʜʢʘ, ʪʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʥʘʩʦʩ, ʙʫʜʝʪ 

ʚʳʛʣʷʜʝʪʴ ʪʘʢ: 

ὗ ί ὥ ὥ̕ ὗ     ί ‫ ίὌ , 

ʛʜʝ m ï ʤʘʩʩʘ ʞʠʜʢʦʩʪʠ ʚ ʥʘʩʦʩʝ ʠ ʪʨʫʙʦʧʨʦʚʦʜʘʭ;  

       g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ;  

       r ï ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ. 

ʄʦʤʝʥʪ ʥʘ ʚʘʣʫ ʥʘʩʦʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

ὓ
”ὫὗὌ

–‫
 

ʛʜʝ – ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘʩʦʩʘ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʧʨʦʚʝʩʪʠ ʜʠʘʛʥʦ-

ʩʪʠʢʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘʩʦʩʘ ʥʝʦʙʭʦʜʠʤʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʘʩʩʠʚʘʭ ʨʘʙʦʯʠʭ ʪʦʯʝʢ 

ʂʇɼ ɖ, ʥʘʧʦʨʘ H, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ Q ʠʣʠ ʜʨʫʛʦʡ ʢʦʦʨʜʠʥʘʪʳ, ʥʘʧʨʠʤʝʨ ʤʦʱʥʦʩʪʠ ʈ, 

ʥʘ ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʷʭ ʨʘʙʦʪʳ ʥʘʩʦʩʘ. ʊʦʯʥʦʩʪʴ ʜʘʪʯʠʢʘ, ʢʦʪʦʨʳʡ ʦʮʝʥʠʚʘʝʪ ʝʛʦ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʪʨʝʙʫʝʤʦʡ ʨʘʙʦʯʝʡ ʪʦʯʢʠ, ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʨʘʙʦʯʠʭ ʪʦʯʝʢ, ʟʘʣʦʞʝʥʥʳʭ 

ʚ ʥʝʡʨʦʥʥʫʶ ʝʩʪʴ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʙʦʯʠʭ ʪʦʯʝʢ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʢʘʪʘʣʦʞʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʦʩʦʚ.  

ɺ ʨʘʙʦʪʝ ʩ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ ʚʘʞʥʦ ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ. ʆʙʱʝʝ ʫʨʘʚʥʝ-

ʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʨʘʙʦʪʫ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

–Ƕ ̒ὸὬ Ὄύ ὖύ ὦ Ⱦὥ ύ ὸὬ Ὄύ ὖύ ὦ Ⱦὥ ύ

ὸὬ Ὄύ ὖύ ὦ Ⱦὥ ύ ὸὬ Ὄύ ὖύ ὦ Ⱦὥ ύ ὸὬ Ὄύ ὖύ

ὦ Ⱦὥ ύ ὸὬ Ὄύ ὖύ ὦ Ⱦὥ ύ ὸὬ Ὄύ ὖύ ὦ Ⱦὥ ύ

ὸὬ Ὄύ ὖύ ὦ Ⱦὥ ύ ὸὬ Ὄύ ὖύ ὦ Ⱦὥ ύ ὦ, 
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ʛʜʝ c ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʢʣʦʥʘ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ;  

     th ï ʘʢʪʠʚʘʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʥʝʡʨʦʥʘ;  

wi1, wi2,é, wim ï ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ;  

ʈ ï ʧʦʪʨʝʙʣʷʝʤʘʷ ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ; 

bi ï ʩʤʝʱʝʥʠʝ ʥʝʡʨʦʥʘ;  

ʘ1, ʘ2, é, ʘi ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘʢʣʦʥʘ ʬʫʥʢʮʠʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʪʘʥʛʝʥʩʘ tansig. 

ʉʪʨʫʢʪʫʨʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘʩʦʩʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 

 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʥʝʡʪʨʦʥʥʦʡ ʩʝʪʠ 

ʉʝʪɹ ʠʤʝʝʪ 5 ʚʭʦʜʦʚ, ʜʚʘ ʩʢʨʳʪʳʭ ʩʣʦʷ ʥʝʡʨʦʥʦʚ ʩ ʘʢʪʠʚʘʮʠʦʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ 

ʪʠʧʘ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʪʘʥʛʝʥʩʘ ʠ ʦʜʠʥ ʚʳʭʦʜʥʦʡ ʥʝʡʨʦʥ ʩ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ ʘʢʪʠʚʘ-

ʮʠʠ. ɼʣʷ k-ʛʦ ʪʘʢʪʘ ʢʚʘʥʪʦʚʘʥʠʝ ʚʭʦʜʥʳʤ ʚʝʢʪʦʨʦʤ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʷʚʣʷʝʪʩʷ ὢὯ

ὌὯȟὌὯ ρȟ‫Ὧȟ‫Ὧ ρȟὗὯ ρ , ʘ ʥʘ ʚʳʭʦʜʝ ʩʝʪʠ ʬʦʨʤʠʨʫʝʪʩʷ ʦʮʝʥʢʘ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘʩʦʩʘ ὗὯ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʝʛʦ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷ-
ʥʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʚʦʜʷ ʠʪʦʛʠ, ʦʪʤʝʪʠʤ, ʯʪʦ ʠʩʧʦʣʴʟʫʷ ʵʚʦʣʶʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʝ ʤʦʞʥʦ ʦʮʝʥʠʚʘʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘ-

ʨʘʪʦʚ. ɺ ʩʪʘʪʴʝ ʥʘ ʧʨʠʤʝʨʝ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʠʩʘʥ ʧʨʦʮʝʩʩ ʜʠʘʛʥʦʩʪʠʢʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʥʘʩʦʩʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʟʘʢʨʳʣ-

ʢʘʤʠ.  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʪʫʨʙʦʤʝʭʘʥʠʟʤʘʤʠ ʩʘʤʦʣʝʪʘ, ʘ ʪʘʢʞʝ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʠʭ 

ʥʘʜʝʞʥʦʩʪʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ. 
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ʆʊʅʆʐɽʅʀɽ ʅɸʉɽʃɽʅʀʗ ʂ ɺʅɽɼʈɽʅʀʖ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ  

ʊɽʍʅʆʃʆɻʀʁ ɺ ʄɽɼʀʎʀʅʉʂʋʖ ʇʈɸʂʊʀʂʋ 

 

ɾʫʨʠʥʘ ɺʝʨʦʥʠʢʘ ʈʦʤʘʥʦʚʥʘ, 
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ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʗʨʦʩʣʘʚʣʴ, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʥʠ ʦʜʠʥ ʯʝʣʦʚʝʢ ʥʝ ʤʦʞʝʪ ʦʙʦʡʪʠʩʴ ʙʝʟ ʢʦʤʧʴʶ-

ʪʝʨʘ. ʈʘʟʚʠʪʠʝ ʦʙʱʝʩʪʚʘ ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʠʪ ʦʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, 

ʘ ʪʘʢʞʝ ʠʭ ʢʘʯʝʩʪʚʘ. ʄʝʜʠʮʠʥʩʢʘʷ ʩʬʝʨʘ ʥʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ. 29 ʜʝʢʘʙʨʷ 2021 ʛ. 

ʚʩʪʫʧʠʣʦ ʚ ʩʠʣʫ ʨʘʩʧʦʨʷʞʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷè. ʉ 

ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʚʩʝ ʫʯʨʝʞʜʝʥʠʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʜʦʣʞʥʳ ʚ ʧʣʘʥʦʚʦʤ ʧʦʨʷʜʢʝ ʧʝʨʝʭʦʜʠʪʴ 

ʥʘ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʪʠʟʘʮʠʶ. ʊʘʢʦʡ ʨʝʟʦʥʘʥʩ ʚʦʟʙʫʜʠʣ ʠʥʪʝʨʝʩ ʥʝ ʪʦʣʴʢʦ ʫ ʨʘʙʦʪʥʠʢʦʚ 

ʤʝʜʠʮʠʥʩʢʦʡ ʩʬʝʨʳ, ʥʦ ʠ ʫ ʦʙʳʯʥʳʭ ʣʶʜʝʡ. ʂʘʢ ʪʝʦʨʝʪʠʢʠ, ʪʘʢ ʠ ʧʨʘʢʪʠʢʠ ʘʢʪʠʚʥʦ ʦʙ-

ʩʫʞʜʘʶʪ ʜʦʧʫʩʪʠʤʦʩʪʴ ʪʘʢʦʛʦ ʷʚʣʝʥʠʷ. ʄʥʦʛʠʝ ʚʨʘʯʠ ʝʱʝ ʧʠʰʫʪ ʜʠʘʛʥʦʟʳ ʥʘ ʙʫʤʘʛʝ, ʯʪʦ 

ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ, ʠ ʦʩʪʘʚʣʷʝʪ ʠʥʬʦʨʤʘʮʠʶ ʪʦʣʴʢʦ ʚ ʦʜʥʦʡ ʤʝʜʠ-

ʮʠʥʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. ʅʝʤʳʩʣʠʤ ʩʙʦʨ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʘʩʝ-

ʣʝʥʠʷ ʩʪʨʘʥʳ, ʚʝʜʴ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʜʘʣʝʥʥʳʭ ʩʝʣ, ʜʘʥʥʳʝ ʢʦʪʦʨʳʭ ʨʝʜ-

ʢʦ ʫʯʠʪʳʚʘʶʪ. ʇʨʠ ʥʘʣʠʯʠʠ ʦʙʱʝʡ ʩʠʩʪʝʤʳ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʟʘʙʦ-

ʣʝʚʰʠʭ ʜʘʥʥʦʡ ʙʦʣʝʟʥʴʶ, ʨʦʞʜʝʥʥʳʭ, ʫʤʝʨʰʠʭ ʣʶʜʝʡ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʘʙʩʦʣʶʪʥʦ ʜʦʩʪʦ-

ʚʝʨʥʦʡ. ʇʦʵʪʦʤʫ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʚ ʙʣʠʞʘʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʄʝʜʠʮʠʥʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʪʥʦʰʝʥʠʝ ʣʶʜʝʡ, 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ, ʵʣʝʢʪʨʦʥʥʘʷ ʙʘʟʘ, ʠʥʪʝʨʥʝʪ, ʝʜʠʥʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ.  

ʀʥʬʦʨʤʘʪʠʟʘʮʠʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ï ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ, ʨʘʟʚʠʪʠʷ ʠ ʤʘʩʩʦʚʦʛʦ ʧʨʠ-

ʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʦʩʪʠʞʝʥʠʝ ʠ ʧʦʜʜʝʨ-

ʞʘʥʠʝ ʫʨʦʚʥʷ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʩʫʙʲʝʢʪʦʚ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ.  ʆʪʥʦʰʝʥʠʝ ʣʶʜʝʡ ʢ ʜʘʥ-

ʥʦʡ ʧʨʦʙʣʝʤʝ ʥʝʦʜʥʦʟʥʘʯʥʦ. ʆʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʥʝʜʦʚʝʨʠʠ ʢ ʧʫʙʣʠʯʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ 

ʜʘʥʥʳʭ ʦ ʩʝʙʝ ʠ ʩʚʦʝʤ ʟʜʦʨʦʚʴʝ, ʢ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʩʥʘʱʝʥʠʶ ʙʦʣʴʥʠʮ ʠ ʧʦʣʠʢʣʠʥʠʢ, ʢʦʤ-

ʧʴʶʪʝʨʥʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʚʨʘʯʝʡ. ɺʦʟʥʠʢʘʶʪ ʩʧʦʨʳ ʦ ʥʘʣʠʯʠʠ ʙʫʤʘʞʥʳʭ ʥʦʩʠʪʝʣʝʡ ʠʥ-

ʬʦʨʤʘʮʠʠ: ʦʜʥʘ ʢʘʪʝʛʦʨʠʷ ʣʠʮ ʫʚʝʨʝʥʘ ʚ ʪʦʤ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ 

ʙʦʣʝʝ ʥʘʜʝʞʥʳʝ, ʜʨʫʛʘʷ ï ʯʪʦ, ʟʘʧʦʣʥʝʥʠʝ ʙʫʤʘʞʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʚʨʝʤʝʥʠ. ʄʥʝʥʠʝ ʛʨʘʞʜʘʥ ʧʦ ʜʘʥʥʦʤʫ ʚʦʧʨʦʩʫ ʨʝʛʫʣʠʨʫʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ.  

ʆʧʨʦʩ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 2 ʤʝʩʷʮʝʚ ʩʨʝʜʠ ʣʠʮ 25ï40 ʣʝʪ ʨʘʟʥʳʭ ʩʬʝʨ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʫʛʣ ʬʦʨʤʳ. 

ʆʧʠʨʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʦʩʘ ʨʝʩʧʦʥʜʝʥʪʦʚ, ʤʳ ʧʨʠʰʣʠ ʢ ʪʦʤʫ, ʯʪʦ 95 ʯʝʣʦʚʝʢ 

ʷʚʣʷʶʪʩʷ ʨʘʙʦʪʥʠʢʘʤʠ ʚ ʩʬʝʨʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ (45,67 %), 6 ʯʝʣʦʚʝʢ ï ʩʪʫʜʝʥʪʘʤʠ (2,88 

%), 8 ʯʝʣʦʚʝʢ ʷʚʣʷʶʪʩʷ ʙʝʟʨʘʙʦʪʥʳʤʠ (3,84 %), 99 ʯʝʣʦʚʝʢ ï ʨʘʙʦʪʘʶʪ ʥʝ ʚ ʩʬʝʨʝ ʟʜʨʘʚʦ-

ʦʭʨʘʥʝʥʠʷ (47,59 %). 
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ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ. ʈʦʜ ʟʘʥʷʪʠʡ ʨʝʩʧʦʥʜʝʥʪʦʚ 
 

ɹʦʣʴʰʠʥʩʪʚʦ ʨʝʩʧʦʥʜʝʥʪʦʚ ʟʘʧʠʩʳ-

ʚʘʶʪʩʷ ʢ ʚʨʘʯʫ ʯʝʨʝʟ ʩʘʡʪ ʤʝʜʠʮʠʥʩʢʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ï 63 ʯʝʣ. (30,4 %), ʥʠʢʦʛʜʘ 

ʥʝ ʟʘʧʠʩʳʚʘʣʠʩʴ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ ï 59 

ʯʝʣ. (28,3 %), ʥʘ ʝʜʠʥʦʤ ʧʦʨʪʘʣʝ ʛʦʩʫʩ-

ʣʫʛ ï 41 ʯʝʣ. (19,6 %), ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ 

ʤʝʜʠʮʠʥʩʢʦʤ ʧʦʨʪʘʣʝ ï 36 ʯʝʣ. (17,4 %), 

ʥʘ ʜʨʫʛʠʭ ʩʘʡʪʘʭ ï 9 ʯʝʣ. (4,3 %). 

 
 

                                                                              ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʘ. ɺʠʜʳ ʟʘʧʠʩʠ ʢ ʚʨʘʯʫ 

 

ɹʦʣʴʰʠʥʩʪʚʦ ʨʝʩʧʦʥʜʝʥʪʦʚ ʥʝ ʜʦʚʝʨʷʶʪ ʩʘʡʪʫ ʛʦʩʫʩ-

ʣʫʛ ï 109 ʯʝʣ. (52,2 %), ʦʩʪʘʣʴʥʳʝ ʠʩʧʦʣʴʟʫʶʪ ʵʪʦʪ 

ʩʘʡʪ ʜʣʷ ʨʝʰʝʥʠʷ ʩʚʦʠʭ ʧʨʦʙʣʝʤ ï 99 ʯʝʣ. (47,8 %). 

 

 

 
 

ʈʠʩ. 3. ɼʠʘʛʨʘʤʤʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʘʡʪʘ  

        ɻʦʩʫʩʣʫʛʠ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ 

 

ɹʦʣʴʰʠʥʩʪʚʦ ʨʝʩʧʦʥʜʝʥʪʦʚ ʩʯʠʪʘʶʪ, 

ʯʪʦ ʢʘʙʠʥʝʪʳ ʚʨʘʯʝʡ ʦʩʥʘʱʝʥʳ ʢʦʤʧʴʶʪʝʨʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ï 140 ʯʝʣ. (67,4 %), ʚ ʥʝʢʦʪʦ-

ʨʳʭ ʤʝʩʪʘʭ ï 54 ʯʝʣ. (26,1 %), ʥʝ ʦʩʥʘʱʝʥʳ ï 

14 ʯʝʣ. (6,5 %). 
 

                                                                                  ʈʠʩ. 4. ɼʠʘʛʨʘʤʤʘ. ʆʩʥʘʱʝʥʠʝ ʢʘʙʠʥʝʪʦʚ 

                                                                                                ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʦʡ 

 

ɹʦʣʴʰʠʥʩʪʚʦ ʨʝʩʧʦʥʜʝʥʪʦʚ ʧʦʣʘʛʘʶʪ, ʯʪʦ 

ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʷ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ ï 131 ʯʝʣ. (63 %), ʟʘʤʝʜʣʷʝʪ ʨʘʙʦʪʫ ï 

68 ʯʝʣ. (32,6 %), ʟʘʪʨʫʜʥʷʝʪ ʨʘʙʦʪʫ ï 5 ʯʝʣ. 

(2,2 %), ʦʪʚʣʝʢʘʝʪ ʦʪ ʨʘʙʦʪʳ ï 4 ʯʝʣ. (2,2 %). 
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ɹʦʣʴʰʠʥʩʪʚʦ ʨʝʩʧʦʥʜʝʥʪʦʚ ʩʯʠʪʘʶʪ, ʯʪʦ 

ʵʣʝʢʪʨʦʥʥʦʝ ʦʩʥʘʱʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʨʝʜʥʝʤ 

ʫʨʦʚʥʝ ï 99 ʯʝʣ. (47,8 %), ʥʘ ʭʦʨʦʰʝʤ ʫʨʦʚʥʝ ï 50 

ʯʝʣ. (23,9 %), ʥʘ ʦʪʣʠʯʥʦʤ ʫʨʦʚʥʝ ï 18 ʯʝʣ. (8,7 %), 

ʥʘ ʫʨʦʚʥʝ ʥʠʞʝ ʩʨʝʜʥʝʛʦ ï 36 ʯʝʣ. (17,4 %), ʥʘ ʧʣʦ-

ʭʦʤ ʫʨʦʚʥʝ ï 5 ʯʝʣ. (2,2 %). 

 

 

                                                                                             ʈʠʩ. 6. ɼʠʘʛʨʘʤʤʘ. ʆʮʝʥʢʘ  

                                                                                               ɻ ʣʝʢʪʨʦʥʥʦʛʦ ʦʩʥʘʱʝʥʠʷ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʥʘʰʫ ʛʠʧʦʪʝʟʫ: ʣʶʜʠ ʥʝʦʜ-

ʥʦʟʥʘʯʥʦ ʦʪʥʦʩʷʪʩʷ ʢ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʨʝʩʧʦʥʜʝʥʪʦʚ ʧʦʜ-

ʜʝʨʞʠʚʘʶʪ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʩʬʝʨʝ. ʆʥʠ ʧʨʠʟʥʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʠʢ ʨʘʙʦʪʳ ʩ ʧʘʮʠʝʥʪʦʤ ʠ ʦʩʥʘʱʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʭ 

ʫʯʨʝʞʜʝʥʠʡ, ʥʦ ʫ ʚʩʝʡ ʩʬʝʨʳ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ. 
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ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ / ɸ. ɸ. ʊʠʭʦʤʠʨʦʚʘ, ʇ. ɽ. ʂʦʪʠʢʦʚ // ɸʣʣʝʷ ʥʘʫʢʠ, 2018;(5):779ï782. 
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ʀʚʘʝʚ ɼʘʤʠʨ ʐʘʫʢʷʪʦʚʠʯ 

E-mail: slicenbeat@gmail.com 

 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ.ʇ. ʂʦʨʦʣʝʚʘ 

ʛ. ʉʘʤʘʨʘ, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ɿʘʜʘʯʘ ʘʥʘʣʠʟʘ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʰʠʨʦʢʦ ʠʩʩʣʝʜʫʝʪʩʷ, ʘ ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʤʝʜʠʮʠʥʝ ʠ ʘʩʪʨʦʥʦʤʠʠ. ʆʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʧʦʤʦʛʘʶʱʠʭ ʨʝʰʠʪʴ ʜʘʥʥʫʶ ʟʘʜʘʯʫ, ï ʤʝʪʦʜʳ ʘʜʘʧʪʠʚʥʦʡ ʦʧʪʠʢʠ. ʀʜʝʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦ-

ʛʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʠʟʤʝʨʠʪʴ ʧʦʤʝʭʠ ʠ ʠʩʧʨʘʚʠʪʴ ʠʭ ʜʦ ʪʦʛʦ ʤʦʤʝʥʪʘ, ʢʘʢ ʩʚʝʪ 

ʜʦʩʪʠʛʥʝʪ ʦʧʪʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʆʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʘʜʘʧʪʠʚʥʦʡ ʦʧʪʠʢʠ ï 

ʜʘʪʯʠʢ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, ʢʦʪʦʨʳʡ ʦʪʤʝʯʘʝʪ ʠʩʢʘʞʝʥʠʷ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʬʨʦʥʪʘ ʠʟʣʫʯʝ-

ʥʠʷ. ʆʜʥʘʢʦ ʜʘʪʯʠʢ ʥʝ ʣʠʰʝʥ ʥʝʜʦʩʪʘʪʢʦʚ: ʦʥ ʜʦʨʦʛʦʩʪʦʷʱʠʡ, ʩʣʦʞʥʳʡ ʧʦ ʩʚʦʝʤʫ ʩʪʨʦʝ-

ʥʠʶ ʠ ʨʝʘʣʠʟʘʮʠʠ. ʉʘʤʦʝ ʛʣʘʚʥʦʝ ï ʦʥ ʩʧʦʩʦʙʝʥ ʜʦʧʫʩʪʠʪʴ ʦʰʠʙʢʫ ʚ ʘʙʝʨʨʘʮʠʦʥʥʳʭ ʠʟ-

ʤʝʨʝʥʠʷʭ: ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʙʦʪʳ ʜʘʪʯʠʢʘ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʧʦʛʨʝʰʥʦʩʪʴ ʩʘʤʦʡ ʩʠʩʪʝʤʳ. 

ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʨʘʙʦʪʘ ʩ ʠʟʦʙʨʘʞʝʥʠʷʤʠ, ʥʝ 

ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʠʩʩʣʝʜʫʝʤʳʭ ʠʟʦʙʨʘʞʝʥʠ-

ʷʭ. ʆʜʠʥ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ï ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ. ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʩʨʘʚʥʝʥʳ 

ʨʘʟʣʠʯʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʉʅʉ) ʜʣʷ ʟʘʜʘʯʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʘʙʝʨʨʘʮʠʡ ʥʘ ʦʩʥʦʚʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʥʦʛʦʯʣʝʥʦʚ ʎʝʨʥʠʢʝ ʧʦ ʥʘʙʦʨʫ ʠʟʦʙʨʘʞʝʥʠʡ ʬʫʥʢ-

ʮʠʠ ʨʘʩʩʝʷʥʠʷ ʪʦʯʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʫʯʝʥʠʷ ʩʝʪʝʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʡ ʘʙʩʦ-

ʣʶʪʥʦʡ ʦʰʠʙʢʠ ʚ ʜʠʘʧʘʟʦʥʝ 0,024ï0,032. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʉʅʉ, ʧʦʟʚʦʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʪʴ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʎʝʨʥʠʢʝ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʢʘʞʜʘʷ ʠʟ ʤʦʜʝʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʡ ʘʙʝʨʨʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʄʝʪʦʜʳ ʘʜʘʧʪʠʚʥʦʡ ʦʧʪʠʢʠ, ʘʙʝʨʨʘʮʠʠ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, 

ʬʫʥʢʮʠʷ ʨʘʩʩʝʷʥʠʷ ʪʦʯʢʠ, ʤʥʦʛʦʯʣʝʥʳ ʎʝʨʥʠʢʝ, ʩʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. 

 

ɺʚʝʜʝʥʠʝ 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʠʥʩʪʨʫʤʝʥʪʳ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, 

ʜʦʚʦʣʴʥʦ ʫʥʠʚʝʨʩʘʣʴʥʳ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʥʠ ʥʘʰʣʠ ʩʚʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʣʦʞʝʥʠʝ 

ʠ ʚ ʟʘʜʘʯʝ, ʢʦʪʦʨʘʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ï ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʘʙʝʨʨʘʮʠʡ. ɼʝʡ-

ʩʪʚʠʪʝʣʴʥʦ, ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʚʰʠʝʩʷ ʥʘ ʩʪʳʢʝ ʦʧʪʠʢʠ (ʘʥʘʣʠʟʘ ʘʙʝʨʨʘʮʠʡ) ʠ ʛʣʫʙʦ-

ʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʩʫʱʝʩʪʚʫʶʪ. 

ɺ ʨʘʙʦʪʝ [1] ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʙʝʩʩʝʥʩʦʨʥʳʡ ʤʝʪʦʜ ʘʜʘʧʪʠʚʥʦʡ ʦʧʪʠʢʠ, ʠʩʧʦʣʴʟʫ-

ʶʱʠʡ ʩʚʝʨʪʦʯʥʫʶ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ (ʉʅʉ) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʙʝʨʨʘʮʠʡ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, 

ʚʳʨʘʞʝʥʥʳʭ ʚ ʚʠʜʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʎʝʨʥʠʢʝ, ʠʟ ʠʩʢʘʞʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ [2] ʠʩʩʣʝʜʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʧʦ ʢʘʨʪʠʥʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦ-

ʪʝ [3] ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʫʩʧʝʰʥʦ ʦʧʨʝʜʝʣʷʝʪ ʪʠʧ ʘʙʝʨʨʘʮʠʠ (ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ), ʦʜʥʘʢʦ ʚʝʣʠʯʠʥʳ ʨʘʩʧʦʟʥʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ.  

ɺ ʨʘʙʦʪʝ [4] ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʘʙʝʨ-

ʨʘʮʠʡ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʜʣʷ ʙʝʩʧʨʦʚʦʜ-

ʥʦʡ ʦʧʪʠʢʠ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʉʅʉ, ï ʧʝʨʩʧʝʢ-

ʪʠʚʥʳʡ ʤʝʪʦʜ ʘʙʝʨʨʘʮʠʦʥʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʢʦʨʨʝʢʮʠʠ. ʄʦʜʝʣʴ ʉʅʉ ʤʦʞʥʦ ʩʧʨʦʝʢ-

ʪʠʨʦʚʘʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʥʝ ʥʫʞʜʘʣʘʩʴ ʚ ʚʦʣʥʦʚʦʤ ʜʘʪʯʠʢʝ.  

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʚʝʢʪʦʨʥʦʡ ʨʝʛʨʝʩʩʠʠ ʜʣʷ ʉʅʉ ï ʫʩʪʘʥʦʚʠʪʴ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʎʝʨʥʠʢʝ ʥʘ ʦʩʥʦʚʝ ʠʟʦʙʨʘʞʝʥʠʡ ʬʫʥʢʮʠʠ ʨʘʩʩʝʷʥʠʷ ʪʦʯʢʠ 

(ʌʈʊ). ɼʣʷ ʦʙʫʯʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʙʨʘʥʳ ʪʨʠ ʠʟʚʝʩʪʥʳʝ ʘʨ-

ʭʠʪʝʢʪʫʨʳ: VGG-16, ResNet-50, MobileNet. ʊʘʢʞʝ ʧʨʝʜʣʦʞʝʥʘ ʩʦʙʩʪʚʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ. 

ʀʩʭʦʜʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ ʩʦʩʪʦʠʪ ʠʟ 60000 ʪʨʝʭʢʘʥʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʨʘʟʤʝʨʦʤ 

128Ĭ128 ʧʠʢʩʝʣʝʡ ʌʈʊ ʩ 10 ʩʣʫʯʘʡʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ (ʦʪ 0 ʜʦ 1) ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʎʝʨʥʠʢʝ. 

ʅʘʙʦʨ ʩʬʦʨʤʠʨʦʚʘʥ ʧʨʠ ʧʦʤʦʱʠ ʙʠʙʣʠʦʪʝʢʠ Opticspy [5] ʜʣʷ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

Python. 

ʌʈʊ ï ʬʫʥʢʮʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʧʨʦʬʠʣʴ ʦʩʚʝʱʝʥʥʦʩʪʠ ʚ ʧʣʦʩʢʦʩʪʠ ʠʟʦʙ-

ʨʘʞʝʥʠʷ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ: 

 ( ) ( ) ( )( )
22

, , exp , ,PSF x y h x y i x yqè ø¡ ¡= = ê ú (1) 

ʛʜʝ ( ),x yq ¡ ¡ ï ʬʘʟʦʚʘʷ ʘʙʝʨʨʘʮʠʷ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

ʌʘʟʦʚʫʶ ʘʙʝʨʨʘʮʠʶ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʨʘʟʣʦʞʝʥʠʝ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʧʦ ʦʨ-

ʪʦʛʦʥʘʣʴʥʦʤʫ ʙʘʟʠʩʫ ʎʝʨʥʠʢʝ: 

 ( ) ( )
0

, , ,
i i

i

x y c Z x yq
¤

=

¡ ¡ ¡ ¡=ä  (2) 

ʛʜʝ 
ic  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʎʝʨʥʠʢʝ, 

      
iZ  ï ʤʥʦʛʦʯʣʝʥʳ ʎʝʨʥʠʢʝ. 

ʄʥʦʛʦʯʣʝʥʳ ʎʝʨʥʠʢʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʯʝʨʝʟ ʧʦʣʷʨʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʩʣʝʜʫ-

ʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʛʜʝ m  ï ʩʪʝʧʝʥʴ j, 

       n  ï ʩʪʝʧʝʥʴ r, 

      r ï ʨʘʜʠʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ, 

      j ï ʫʛʣʦʚʘʷ ʢʦʦʨʜʠʥʘʪʘ, 

     ()m

nR r  ï ʨʘʜʠʘʣʴʥʳʝ ʤʥʦʛʦʯʣʝʥʳ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʘʢ: 
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ʄʥʦʛʦʯʣʝʥʳ ʎʝʨʥʠʢʝ ʦʛʨʘʥʠʯʝʥʳ ʥʘ ʦʪʨʝʟʢʝ ʦʪ ï1 ʜʦ 1:  

 ( ), 1m

nZ r j¢ . (5) 

ʀʥʜʝʢʩ i  ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʡ m  ʠ n. ɺ ʠʩʭʦʜʥʦʤ ʥʘʙʦʨʝ ʌʈʊ i  ʦʧʨʝʜʝʣʝʥ ʚ ʜʠʘ-

ʧʘʟʦʥʝ ʩ 4 ʧʦ 13 ʚʢʣʶʯʠʪʝʣʴʥʦ. ,m n ï ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʝ ʮʝʣʳʝ ʯʠʩʣʘ, ʧʨʠʯʝʤ m n² . 

ɼʣʷ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʦʜʝʣʝʡ ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

- ʂʦʣʠʯʝʩʪʚʦ ʵʧʦʭ: 200. 

- ʂʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ ʦʙʫʯʝʥʠʷ: 5e-6. 

- ʈʘʟʤʝʨ ʧʘʢʝʪʘ: 32.  
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- ʆʧʪʠʤʠʟʘʪʦʨ: ʦʧʪʠʤʠʟʘʮʠʷ Adam. 

- ʌʫʥʢʮʠʷ ʧʦʪʝʨʴ: MSE. 

- ʄʝʪʨʠʢʠ: MAE. 

 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ 

ɺ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʙʫʯʝʥʠʷ ʉʅʉ (ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪ-

ʨʦʚ ʠ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʦʜʥʦʛʦ ʰʘʛʘ ʚ ʵʧʦʭʝ), ʘ ʪʘʢʞʝ ʠʪʦʛʦʚʳʝ ʦʮʝʥʢʠ ʥʘ ʪʝʩʪʦ-

ʚʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ.  
ʊʘʙʣʠʮʘ 1  

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʘʨʭʠʪʝʢʪʫʨ 

ʅʘʟʚʘʥʠʝ  

ʘʨʭʠʪʝʢʪʫʨʳ 

ʂʦʣʠʯʝʩʪʚʦ  

ʧʘʨʘʤʝʪʨʦʚ 

ʉʨʝʜʥʝʝ ʚʨʝʤʷ 

ʦʜʥʦʛʦ ʰʘʛʘ, ʤʩ 

MAE ʥʘ ʪʝʩʪʦ-

ʚʦʤ ʥʘʙʦʨʝ 

MSE ʥʘ ʪʝʩʪʦʚʦʤ 

ʥʘʙʦʨʝ 

VGG-16 14850634 73 0,024342 0,001032 

ResNet-50 24123018 79 0,031061 0,001618 

MobileNet 3497930 53 0,032155 0,001754 

Custom 17073446 22 0,031058 0,001776 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʤʦʜʝʣʴ VGG-16 ʦʙʣʘʜʘʝʪ ʩʘʤʳʤ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ 

ʩʨʝʜʥʝʡ ʘʙʩʦʣʶʪʥʦʡ ʦʰʠʙʢʠ. ʍʫʜʰʠʡ ʨʝʟʫʣʴʪʘʪ ʦʪʥʦʩʠʪʝʣʴʥʦ MAE ï ʫ MobileNet. ʈʘʟʥʠ-

ʮʘ MAE ʤʝʞʜʫ Custom, MobileNet ʠ ResNet-50 ʥʝʚʝʣʠʢʘ.  

ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʘʨʭʠʪʝʢʪʫʨʳ Custom ʠ ResNet-50, ʪʦ ʫʚʠʜʠʤ, ʯʪʦ ʦʮʝʥʢʘ MAE ʫ 

ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ (ʫ Custom ʥʘ 0,00003 ʤʝʥʴʰʝ), ʦʜʥʘʢʦ ʚʨʝʤʷ 

ʦʙʫʯʝʥʠʷ ResNet-50 ʚ 3,6 ʨʘʟʘ ʚʳʰʝ. ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʟʘʜʘʯʠ ʘʨʭʠ-

ʪʝʢʪʫʨʘ Custom ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ResNet-50 ʙʫʜʝʪ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ. ʂ ʪʦʤʫ ʞʝ ʫ ʤʦ-

ʜʝʣʠ Custom ʝʩʪʴ ʪʝʥʜʝʥʮʠʷ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʨʝʜʥʝʡ ʘʙʩʦʣʶʪʥʦʡ ʦʰʠʙʢʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʯʠʩʣʘ ʵʧʦʭ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʦʙʫʯʝʥʘ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʥʘ ʦʩʥʦʚʝ ʥʘʙʦʨʘ 

ʠʟʦʙʨʘʞʝʥʠʡ ʌʈʊ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʠ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘ-

ʪʦʚ. ʇʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʉʅʉ, ʧʦʟʚʦʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʪʦʯʥʦ ʦʧʨʝʜʝ-

ʣʷʪʴ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʎʝʨʥʠʢʝ. 

Custom ʦʢʘʟʘʣʘʩʴ ʩʘʤʦʡ ʙʳʩʪʨʦʡ ʤʦʜʝʣʴʶ (22 ʤʩ/ʰʘʛ) ʠ ʚʪʦʨʦʡ ʧʦ ʪʦʯʥʦʩʪʠ (MAE 

= 0,031058) ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʪʨʠʢʠ ʩʨʝʜʥʝʡ ʘʙʩʦʣʶʪʥʦʡ ʦʰʠʙʢʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ Cus-

tom, ResNet-50 ʠ MobileNet ʠʤʝʶʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʨʝʜʥʝʡ ʘʙʩʦ-

ʣʶʪʥʦʡ ʦʰʠʙʢʠ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʪʦʠʪ ʦʪʜʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ Custom ʚ ʩʠʣʫ ʝʸ ʩʢʦʨʦʩʪʠ ʦʙʫ-

ʯʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʵʧʦʭ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ VGG-16 ʧʦʢʘʟʘʣʘ ʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ MAE (0,024342). 

ɺ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʚʦʟʤʦʞʥʦ, ʩʪʦʠʪ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʫʝʤʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʊʘʢʞʝ ʩʪʦʠʪ ʧʦʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ ʩ ʛʠʧʝʨʧʘʨʘʤʝʪʨʘʤʠ ʉʅʉ ʠ ʧʦʩʤʦʪ-

ʨʝʪʴ, ʢʘʢ ʤʦʜʝʣʠ ʚʝʜʫʪ ʩʝʙʷ ʩ ʟʘʰʫʤʣʝʥʥʳʤʠ ʜʘʥʥʳʤʠ.  

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ɼʃʗ ʈɸɿʈɽʐɽʅʀʗ ʇʈʆɹʃɽʄʅʓʍ ʉʀʊʋɸʎʀʁ 
 

ʀʩʘʝʚʘ1 ɽʢʘʪʝʨʠʥʘ ʄʘʢʩʠʤʦʚʥʘ, ʤʘʛʠʩʪʨʘʥʪ 1 ʢʫʨʩʘ  
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1 ï ʇʦʚʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʠʥʬʦʨʤʘʪʠʢʠ 

2 ï ʉʘʤʘʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʈɸʅ,  

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʈɸʅ  

ʛ. ʉʘʤʘʨʘ, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʨʘʟʨʝʰʝ-

ʥʠʷ ʧʨʦʙʣʝʤʥʳʭ ʩʠʪʫʘʮʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝ-

ʥʠʡ (ʉʇʇʈ), ʫʧʨʦʱʘʝʪ ʠ ʦʙʣʝʛʯʘʝʪ ʞʠʟʥʴ ʯʝʣʦʚʝʢʘ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥ-

ʥʦʡ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴ ʨʘʙʦʪʳ ïʨʘʟʨʘʙʦʪʘʪʴ ʉʇʇʈ ʚ ʚʠʜʝ ʚʝʙ-ʩʘʡʪʘ, ʦʩʥʦʚʥʦʡ ʟʘ-

ʜʘʯʝʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʘʢʪʦʨʦʚ ʧʨʠ ʠʥʪʝʨʩʫʙʲʝʢʪʠʚʥʦʤ 

ʧʦʜʭʦʜʝ ʢ ʫʧʨʘʚʣʝʥʠʶ ʨʘʟʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʥʳʭ ʩʠʪʫʘʮʠʡ. ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʠʢʦʛʜʘ ʨʘʥʝʝ ʣʶʜʷʤ, ʦʢʘʟʘʚʰʠʤʩʷ ʚ ʧʨʦʙʣʝʤʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʪʨʝ-

ʙʫʶʱʠʭ ʩʢʦʨʝʡʰʝʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʣʘʩʴ ʥʠ ʤʝʪʦʜʠʯʝʩʢʘʷ, ʥʠ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʘʷ ʧʦʜʜʝʨʞʢʘ. ʈʘʟʨʘʙʦʪʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʪʝʦʨʠʠ ʠʥʪʝʨʩʫʙʲʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝ-

ʥʠʷ ɺ.ɸ. ɺʠʪʪʠʭʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʀʥʪʝʨʩʫʙʲʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ, ʘʢʪʦʨ, ʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷ-

ʪʠʷ ʨʝʰʝʥʠʡ, ʧʨʦʙʣʝʤʥʳʝ ʩʠʪʫʘʮʠʠ. 

 

ʀʥʪʝʨʩʫʙʲʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ ʨʘʟʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʥʳʭ ʩʠʪʫʘʮʠʡ ʷʚ-

ʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ ʧʨʠʩʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ [1ï3]. ʂʘʨʜʠʥʘʣʴʥʳʤ ʦʪ-

ʣʠʯʠʝʤ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʨʝʰʝ-

ʥʠʷ ʧʦ ʧʦʚʦʜʫ ʚʳʭʦʜʘ ʠʟ ʧʨʦʙʣʝʤʥʦʡ ʩʠʪʫʘʮʠʠ ʧʨʠʥʠʤʘʶʪ ʩʘʤʠ ʘʢʪʦʨʳ ï ʫʯʘʩʪʥʠʢʠ ʧʨʦ-

ʙʣʝʤʥʳʭ ʩʠʪʫʘʮʠʡ, ʘ ʥʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʚʳʩʰʝʛʦ ʤʝʥʝʜʞʤʝʥʪʘ.  

ʇʦʩʣʝʜʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʥʷ-

ʪʠʝ ʨʝʰʝʥʠʡ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʫʯʘʩʪʥʠʢʠ ʦʜʥʦʡ ʧʨʦʙʣʝʤʥʦʡ ʩʠʪʫʘʮʠʠ 

ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʦʜʥʦʤʫ ʬʦʨʤʘʣʴʥʦ ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʩʦʦʙʱʝʩʪʚʫ [4, 5]. ʊʘʢʦʝ ʦʛʨʘʥʠʯʝʥʠʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʜʦʚʝʨʠʷ ʚʥʫʪʨʠ ʛʨʫʧʧʳ, ʯʪʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝ-

ʥʠʷ ʠ ʧʦʚʳʰʘʝʪ ʜʦʛʦʚʦʨʦʩʧʦʩʦʙʥʦʩʪʴ ʘʢʪʦʨʦʚ. ɸʢʪʦʨʳ ʣʝʛʯʝ ʚʢʣʶʯʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩ ʦʙ-

ʩʫʞʜʝʥʠʷ ʩʠʪʫʘʮʠʠ, ʩʚʦʙʦʜʥʝʝ ʢʦʤʤʫʥʠʮʠʨʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʘʢʪʠʚʥʝʝ ʧʦʣʴʟʫʶʪʩʷ ʩʨʝʜ-

ʩʪʚʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ. 

ʆʜʥʠʤ ʠʟ ʵʣʝʤʝʥʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʉʇʇʈ, ʢʦ-

ʪʦʨʘʷ ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʘʢʪʦʨʘʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʤʝʪʦʜʠʯʝʩʢʫʶ ʧʦʜʜʝʨʞʢʫ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ 

ʨʘʟʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʥʳʭ ʩʠʪʫʘʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʨʩʫʙʲʝʢʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ.  

ʉʇʇʈ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʚʝʙ-ʩʘʡʪʘ. ʉʪʨʫʢʪʫʨʘ ʚʝʙ-ʩʘʡʪʘ ʚ ʦʙʱʝʤ ʚʠʜʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʠ ʦʧʠʩʘʥʘ ʚ [6]. ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʉʇʇʈ ʤʦʞʝʪ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥ ʣʠʯʥʳʡ ʢʘʙʠʥʝʪ 

ʘʢʪʦʨʘ ʠ, ʧʦʠʩʢ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʩʘʡʪʫ.  

ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ ʩʘʡʪʘ ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʙʣʦʢʠ: 

ǒ ʦʨʛʘʥʠʟʘʮʠʷ ʜʠʩʢʫʩʩʠʠ ʧʦ ʨʘʟʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʥʳʭ ʩʠʪʫʘʮʠʡ; 

ǒ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ: ʥʦʨʤʘʪʠʚʥʦ-ʩʧʨʘʚʦʯʥʳʝ ʠ ʧʨʦʯʠʝ; 

ǒ ʧʝʨʝʯʝʥʴ ʦʪʢʨʳʪʳʭ, ʨʘʟʨʝʰʝʥʥʳʭ, ʣʠʯʥʳʭ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʧʨʦ-

ʙʣʝʤʥʳʭ ʩʠʪʫʘʮʠʡ. 
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ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʪʨʘʥʠʮʘ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʧʨʦʙʣʝʤʥʳʭ ʩʠʪʫʘʮʠʡ, ʥʘ 

ʢʦʪʦʨʦʡ ʘʢʪʦʨʳ ʤʦʛʫʪ ʩʦʟʜʘʪʴ ʥʦʚʫʶ ʠʣʠ ʦʙʩʫʜʠʪʴ ʫʞʝ ʩʦʟʜʘʥʥʫʶ ʧʨʦʙʣʝʤʥʫʶ ʩʠʪʫʘʮʠʶ 

(ʨʠʩ. 1). 

 

 
ʈʠʩ. 1. ʈʘʟʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʥʳʭ ʩʠʪʫʘʮʠʡ 

 

ɸʢʪʦʨʳ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʨʘʟʜʝʣʳ, ʜʦʙʘʚʣʷʪʴ ʠʣʠ ʧʨʠʩʦʝʜʠʥʷʪʴʩʷ ʢ ʫʞʝ ʩʦʟʜʘʥʥʳʤ 

ʧʨʦʙʣʝʤʥʳʤ ʩʠʪʫʘʮʠʷʤ, ʦʩʪʘʚʣʷʪʴ ʢʦʤʤʝʥʪʘʨʠʠ, ʜʝʣʠʪʴʩʷ ʛʨʘʬʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, 

ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʚʦʠ ʧʝʨʩʦʥʘʣʴʥʳʝ ʦʥʪʦʣʦʛʠʠ ʠ ʪ. ʧ. 

ɺ ʉʇʇʈ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʝʩʢʦʣʴʢʦ ʧʨʠʸʤʦʚ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʘʢʪʦʨʘʤ 

ʠʩʢʘʪʴ ʦʧʠʩʘʥʠʝ ʧʨʦʙʣʝʤʥʳʭ ʩʠʪʫʘʮʠʡ, ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʠʭ ʠ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʦʙʩʫʞʜʝʥʠʠ. ʂ 

ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʩʦʨʪʠʨʦʚʢʘ, ʧʦʠʩʢ ʠ ʬʠʣʴʪʨʘʮʠʷ. ʆʪʤʝʪʠʤ, ʯʪʦ ʵʪʠ ʦʧʝʨʘʮʠʠ ʚʳʧʦʣʥʷʶʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʝʝ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʘʢʪʦʨʳ ʜʝʡʩʪʚʫʶʪ ʚ ʨʘʤʢʘʭ ʬʦʨʤʘʣʴʥʦ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ (ʚʥʫʪʨʠ ʩʪʫʜʝʥʯʝʩʢʦʡ ʛʨʫʧʧʳ, ʦʜʥʦʛʦ ʊʉɾ ʠ ʪ. ʜ.). 

ʉʦʨʪʠʨʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʦʙʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʦʙʣʝʤ-

ʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʨʘʟʤʝʱʸʥʥʳʭ ʥʘ ʩʘʡʪʝ. ʇʨʠ ʥʘʣʠʯʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʙʣʝʤʥʳʭ 

ʩʠʪʫʘʮʠʡ, ʘʢʪʦʨ ʤʦʞʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʠʭ ʩʦʨʪʠʨʦʚʢʫ ʧʦ ʪʘʢʠʤ ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ 

ʢʘʢ ʧʦʧʫʣʷʨʥʦʩʪʴ, ʥʦʚʠʟʥʘ, ʨʝʡʪʠʥʛ ʠʣʠ ʢʘʪʝʛʦʨʠʷ, ʯʪʦʙʳ ʥʘʡʪʠ ʥʫʞʥʫʶ, ʘ ʪʘʢʞʝ ʧʦ ʧʘ-

ʨʘʤʝʪʨʘʤ, ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʠ ʫʥʠʢʘʣʴʥʳʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʨʦʙʣʝʤʥʳʤ 

ʩʠʪʫʘʮʠʷʤ.  

1. ʉʦʨʪʠʨʦʚʢʘ ʧʨʦʙʣʝʤʥʳʭ ʩʠʪʫʘʮʠʡ ʧʦ ʨʝʡʪʠʥʛʘʤ ʘʢʪʦʨʦʚ. ʅʘ ʨʝʡʪʠʥʛ ʯʘʱʝ 

ʚʩʝʛʦ ʦʙʨʘʱʘʶʪ ʚʥʠʤʘʥʠʝ, ʢʦʛʜʘ ʘʢʪʦʨ ʥʝ ʫʚʝʨʝʥ ʚ ʚʳʙʦʨʝ ʠ ʭʦʯʝʪ ʜʦʚʝʨʠʪʴʩʷ ʦʧʳʪʫ ʜʨʫ-

ʛʠʭ ʘʢʪʦʨʦʚ. ʇʦʵʪʦʤʫ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʚ ʩʦʨʪʠʨʦʚʢʝ ʠ ʯʠʩʣʦ ʧʨʦʛʦʣʦʩʦʚʘʚʰʠʭ. ʂʦʣʠʯʝ-

ʩʪʚʦ ʦʮʝʥʦʢ ʜʦʣʞʥʦ ʦʪʦʙʨʘʞʘʪʴʩʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩʦ ʩʨʝʜʥʠʤ ʨʝʡʪʠʥʛʦʤ ʧʨʦʛʦʣʦʩʦʚʘʚʰʠʭ 

ʘʢʪʦʨʦʚ. 

2. ʉʦʨʪʠʨʦʚʢʘ ʧʨʦʙʣʝʤʥʳʭ ʩʠʪʫʘʮʠʡ ʧʦ ʧʦʧʫʣʷʨʥʦʩʪʠ. ʇʦʤʦʛʘʝʪ ʘʢʪʦʨʘʤ, ʢʦ-

ʪʦʨʳʝ ʥʝ ʨʘʟʙʠʨʘʶʪʩʷ ʚ ʠʥʪʝʨʩʫʙʲʝʢʪʠʚʥʦʡ ʪʝʤʘʪʠʢʝ ʠ ʭʦʪʷʪ ʫʚʠʜʝʪʴ, ʯʪʦ ʠ ʢʘʢ ʦʙʩʫʞʜʘ-

ʶʪ ʜʨʫʛʠʝ ʩʫʙʲʝʢʪʳ. ʇʦʧʫʣʷʨʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʫʯʘʩʪʠʡ ʘʢʪʦʨʦʚ ʚ ʦʙʩʫʞ-

ʜʝʥʠʠ. 

3. ʉʦʨʪʠʨʦʚʢʘ ʧʨʦʙʣʝʤʥʳʭ ʩʠʪʫʘʮʠʡ ʧʦ ʥʦʚʠʟʥʝ. ʅʝʢʦʪʦʨʳʝ ʘʢʪʦʨʳ ʟʘʭʦʪʷʪ 

ʫʚʠʜʝʪʴ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʜʘʚʥʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʧʨʦʙʣʝʤʥʳʝ ʩʠʪʫʘʮʠʠ ʠ ʧʨʠʥʷʪʴ ʫʯʘ-

ʩʪʠʝ ʚ ʥʠʭ. ɺʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʩʠʪʫʘʮʠʷ ʘʢʪʠʚʥʦ ʦʙʩʫʞʜʘʝʪʩʷ ʪʝʤ ʚʳʰʝ, ʯʝʤ ʦʥʘ ʥʦʚʝʝ. 

4. ʉʦʨʪʠʨʦʚʢʘ ʧʨʦʙʣʝʤʥʳʭ ʩʠʪʫʘʮʠʡ ʧʦ ʢʘʪʝʛʦʨʠʷʤ. ʕʪʦ ʩʦʨʪʠʨʦʚʢʘ ʧʦ ʣʶʙʳʤ 

ʧʘʨʘʤʝʪʨʘʤ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʪʦʣʴʢʦ ʢ ʢʦʥʢʨʝʪʥʳʤ ʢʘʪʝʛʦʨʠʷʤ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʚʦʟʤʦʞʥʘ, ʥʘʧʨʠʤʝʨ, ʩʦʨʪʠʨʦʚʢʘ ʧʨʦʙʣʝʤʥʳʭ ʩʠʪʫʘʮʠʡ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʙʦʯʠʤ, 

ʜʦʤʘʰʥʠʤ ʠʣʠ ʪʝʭʥʠʯʝʩʢʠʤ ʢʘʪʝʛʦʨʠʷʤ. 
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ʂʘʞʜʦʤʫ ʘʢʪʦʨʫ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʠʪʴ ʜʝʡʩʪʚʠʝ çʇʦʠʩʢ ʚ ʩʧʠʩ-

ʢʝè. ʇʦʠʩʢ ï ʵʪʦ ʧʨʠʝʤ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʳʩʪʨʳʡ ʠ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʫʤʝʥʴ-

ʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʙʣʝʤʥʳʭ ʩʠʪʫʘʮʠʡ ʚ ʩʧʠʩʢʝ ʠ ʦʪʦʙʨʘʟʠʪʴ ʪʦʣʴʢʦ ʪʝ, ʢʦʪʦʨʳʝ ʠʥʪʝʨʝ-

ʩʫʶʪ ʘʢʪʦʨʘ ʧʦ ʨʷʜʫ ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ ʧʦʠʩʢʘ ʘʢʪʦʨ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʫʢʚʳ, ʮʠʬʨʳ ʠʣʠ 

ʜʨʫʛʠʝ ʩʠʤʚʦʣʳ. 

ʌʠʣʴʪʨʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʦʪʦʙʨʘʟʠʪʴ ʧʨʦʙʣʝʤʥʳʝ ʩʠʪʫʘʮʠʠ ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠ-

ʪʝʨʠʝʚ ʬʠʣʴʪʨʘ. ʇʨʦʙʣʝʤʥʳʝ ʩʠʪʫʘʮʠʠ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʨʠʪʝʨʠʷʤ, ʦʪʦʙʨʘʞʘʶʪʩʷ 

ʚ ʩʧʠʩʢʝ. ʂʨʠʪʝʨʠʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʳ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʫʥʢʪʘʤ, ʦʪʦʙʨʘʞʘʶʪʩʷ ʪʦʣʴʢʦ ʟʘ-

ʧʠʩʠ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʪʠʤ ʢʨʠʪʝʨʠʷʤ. 

ɻʨʘʤʦʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʨʝʘʣʠʟʘʮʠʷ ʩʦʨʪʠʨʦʚʢʠ, ʧʦʠʩʢʘ ʠ ʬʠʣʴʪʨʘʮʠʠ ʥʘ ʩʘʡʪʝ 

ð ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʨʘʟʨʝʰʠʪʴ ʧʨʦʙʣʝʤʥʫʶ ʩʠʪʫʘʮʠʶ, ʧʦʩʢʦʣʴʢʫ ʭʦʨʦʰʠʡ ʬʠʣʴʪʨ ʧʦʤʦ-

ʞʝʪ ʘʢʪʦʨʫ ʥʘʡʪʠ ʠʥʪʝʨʝʩʫʶʱʫʶ ʝʛʦ ʧʨʦʙʣʝʤʥʫʶ ʩʠʪʫʘʮʠʶ ʠ ʧʨʠʥʷʪʴ ʫʯʘʩʪʠʝ ʚ ʝʝ ʦʙ-

ʩʫʞʜʝʥʠʠ. ʉʣʦʞʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʫʯʘʩʪʥʠʢʠ ʧʨʦʙʣʝʤʥʳʭ ʩʠʪʫʘʮʠʡ 

ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʳʝ ʪʝʨʤʠʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʭʦʞʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʨʠʤʝʥʷʶʪ ʩʠʥʦʥʠ-

ʤʳ. ʈʝʰʝʥʠʶ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʦʩʚʷʱʝʥʘ ʥʘʰʘ ʜʘʣʴʥʝʡʰʘʷ ʥʘʫʯʥʘʷ ʨʘʙʦʪʘ. 
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ɸʥʥʦʪʘʮʠʷ. ɿʥʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʬʠʥʘʥʩʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʘʢʪʫʘʣʴʥʳ ʜʣʷ ʚʩʝʭ ʛʨʫʧʧ  

ʥʘʩʝʣʝʥʠʷ. ɺʦʣʦʥʪʝʨʦʚ ʬʠʥʘʥʩʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʧʦ ʧʨʘʚʫ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠʩʪʦʯʥʠʢʦʤ ʠʥ-
ʬʦʨʤʘʮʠʠ, ʧʦʵʪʦʤʫ ʧʨʦʮʝʩʩʫ ʦʙʫʯʝʥʠʷ ʚʦʣʦʥʪʝʨʦʚ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʩʪʦʠʪ ʫʜʝʣʠʪʴ ʦʩʦʙʦʝ 
ʚʥʠʤʘʥʠʝ. ɺ ʩʪʘʪʴʝ ʜʘʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʢʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʵʬʬʝʢ-
ʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʚʦʣʦʥʪʝʨʦʚ ʧʦ ʧʨʦʛʨʘʤʤʝ ʬʠʥʘʥʩʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ˸ʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʚʦʣʦʥʪʝʨʳ, ʬʠʥʘʥʩʦʚʘʷ ʛʨʘʤʦʪʥʦʩʪʴ, 

ʧʨʦʛʨʘʤʤʘ ʦʙʫʯʝʥʠʷ ʚʦʣʦʥʪʝʨʦʚ. 
   
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʬʠʥʘʥʩʦʚʦ ʛʨʘʤʦʪʥʳʡ ʯʝʣʦʚʝʢ ʟʘʯʘʩʪʫʶ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʩʝ-

ʙʝ ʪʦ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʩʪʫʧʥʦ ʜʣʷ ʜʨʫʛʠʭ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʥʝ ʦʙʣʘʜʘʶʪ ʬʠʥʘʥʩʦʚʦʡ 
ʛʨʘʤʦʪʥʦʩʪʴʶ.  

ʌʠʥʘʥʩʦʚʘʷ ʛʨʘʤʦʪʥʦʩʪʴ ï ʵʪʦ ʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ ʚ ʦʙʣʘʩʪʠ 
ʬʠʥʘʥʩʦʚ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʨʘʚʠʣʴʥʦ ʦʮʝʥʠʪʴ ʩʠʪʫʘʮʠʶ ʥʘ ʨʳʥʢʝ ʠ ʧʨʠʥʷʪʴ ʬʠʥʘʥʩʦ-
ʚʦ ʨʘʟʫʤʥʦʝ ʨʝʰʝʥʠʝ.  

ʌʠʥʘʥʩʦʚʘʷ ʛʨʘʤʦʪʥʦʩʪʴ ʚʘʞʥʘ ʜʣʷ ʚʩʝʭ, ʥʦ ʧʦʪʨʝʙʥʦʩʪʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʩʦ-
ʙʝʥʥʦʩʪʠ ʦʙʫʯʝʥʠʷ ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ, ʩʬʝʨʳ ʨʘʙʦʪʳ, ʫʨʦʚʥʷ ʦʙʨʘʟʦ-
ʚʘʥʠʷ ʠ ʤʥʦʞʝʩʪʚʘ ʨʘʟʥʳʭ ʬʘʢʪʦʨʦʚ. ʆʙʫʯʝʥʠʝ ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʚ ʚʠʜʝ ʨʘʟʣʠʯʥʳʭ ʤʝʨʦ-
ʧʨʠʷʪʠʡ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ ʢʘʢ ʬʠʥʘʥʩʦʚʦʝ ʧʨʦʩʚʝʱʝʥʠʝ ʚʦʝʥʥʦʩʣʫʞʘʱʠʭ ʠʣʠ ʨʘʙʦʪʘ ʚ 
ʜʝʪʩʢʠʭ ʣʘʛʝʨʷʭ ʦʪʜʳʭʘ; ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠ ʨʘʙʦʪʝ ʩ ʤʘʣʳʤʠ ʠ ʩʨʝʜʥʠʤʠ ʧʨʝʜʧʨʠʷʪʠ-
ʷʤʠ, ʠ ʨʘʙʦʪʝ ʩ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ [1].   

ɺ ɿʘʙʘʡʢʘʣʴʩʢʦʤ ʢʨʘʝ ʦʜʥʠʤ ʠʟ ʢʘʥʘʣʦʚ, ʠʛʨʘʶʱʠʤ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʬʠʥʘʥʩʦʚʦʤ 
ʧʨʦʩʚʝʱʝʥʠʠ ʥʘʩʝʣʝʥʠʷ ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʦʚ, ʷʚʣʷʝʪʩʷ ʤʦʣʦʜʝʞʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ, ʦʙʨʘʟʦʚʘʥ-
ʥʘʷ ʥʘ ʙʘʟʝ ʬʘʢʫʣʴʪʝʪʘ ʵʢʦʥʦʤʠʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠ-
ʚʝʨʩʠʪʝʪʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʦʪʜʝʣʝʥʠʷ ɹʘʥʢʘ ʈʦʩʩʠʠ ʧʦ ɿʘʙʘʡʢʘʣʴʩʢʦʤʫ ʢʨʘʶ ʩʪʫʜʝʥʯʝʩʢʠʡ 
ʚʦʣʦʥʪʝʨʩʢʠʡ ʦʪʨʷʜ çʂʘʧʠʪʘʣè.  

ʉɺʆ çʂʘʧʠʪʘʣè ʩ 2020 ʛ. ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʈʝʛʠʦʥʘʣʴʥʦʛʦ 
ʮʝʥʪʨʘ ʬʠʥʘʥʩʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ. ʆʪʨʷʜ ʩʦʩʪʦʠʪ ʠʟ 32 ʚʦʣʦʥʪʝʨʦʚ ʩʪʫʜʝʥʪʦʚ, ʢʘʞʜʳʡ ʠʟ 
ʢʦʪʦʨʳʭ ʧʝʨʝʜ ʚʩʪʫʧʣʝʥʠʝʤ ʚ ʦʪʨʷʜ ʧʨʦʰʝʣ ʦʙʫʯʝʥʠʝ ʧʦ ʧʨʦʛʨʘʤʤʝ ʧʦʜʛʦʪʦʚʢʠ ʚʦʣʦʥʪʝ-
ʨʦʚ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ 12 ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ ʧʦ ʦʩʥʦʚʥʳʤ ʪʝʤʘʤ ʬʠʥʘʥʩʦʚʦʡ 
ʩʬʝʨʳ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ ʪʝʩʪʠʨʦʚʘʥʠʝʤ ʧʦ ʠʪʦʛʫ ʙʘʟʦʚʦʛʦ ʦʙʫʯʝʥʠʷ.  

ɸʩʩʦʮʠʘʮʠʷ ʨʘʟʚʠʪʠʷ ʬʠʥʘʥʩʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ (ʜʘʣʝʝ ɸʈʌɻ) ʚʳʧʦʣʥʷʝʪ ʟʘʜʘʯʠ ʧʦ 
ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ ʠʥʠʮʠʘʪʠʚ ʚ ʩʬʝʨʝ ʬʠʥʘʥʩʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ, ʟʘʥʠʤʘʝʪʩʷ ʧʦʜʜʝʨʞʢʦʡ ʠ 
ʦʙʫʯʝʥʠʝʤ ʚʦʣʦʥʪʝʨʦʚ ʬʠʥʘʥʩʦʚʦʛʦ ʧʨʦʩʚʝʱʝʥʠʷ. ʉʦʚʤʝʩʪʥʦ ʩ ʦʪʜʝʣʝʥʠʝʤ ɹʘʥʢʘ ʈʦʩʩʠʠ 
ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʧʦʜʛʦʪʦʚʢʠ ʚʦʣʦʥʪʝʨʦʚ ʬʠʥʘʥʩʦʚʦʛʦ ʧʨʦʩʚʝʱʝʥʠʷ, ʚʢʣʶʯʘ-
ʶʱʘʷ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ.  

ʇʦʩʣʝ ʠʥʪʝʨʚʴʶʠʨʦʚʘʥʠʷ ʚʦʣʦʥʪʝʨ ʚʢʣʶʯʘʝʪʩʷ ʚ ʝʜʠʥʳʡ ʨʝʝʩʪʨ ʚʦʣʦʥʪʝʨʦʚ ʬʠ-
ʥʘʥʩʦʚʦʛʦ ʧʨʦʩʚʝʱʝʥʠʷ. ʕʪʦ ʜʘʝʪ ʝʤʫ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʬʠʥʘʥ-
ʩʦʚʦʤʫ ʧʨʦʩʚʝʱʝʥʠʶ ʚ ʬʦʨʤʘʪʝ ʣʝʢʮʠʡ, ʧʨʝʟʝʥʪʘʮʠʡ, ʠʛʨ ʠ ʜʨʫʛʠʭ ʦʙʫʯʘʶʱʠʭ ʤʝʨʦʧʨʠʷ-
ʪʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʚʳʭ ʘʫʜʠʪʦʨʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦ-
ʚʝʜʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʦʙʣʘʩʪʠ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʬʠʥʘʥʩʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ.  

ɼʣʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʠ ʫʜʦʙʩʪʚʘ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʚʦʣʦʥʪʝʨʦʚ ʬʠʥʘʥʩʦʚʦʡ ʛʨʘʤʦʪ-
ʥʦʩʪʠ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʦʟʜʘʪʴ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʩʣʫʞʠʪ ʦʪʣʠʯʥʦʡ ʘʣʴ-
ʪʝʨʥʘʪʠʚʦʡ ʩʘʡʪʘ ɸʈʌɻ, ʥʘ ʢʦʪʦʨʦʤ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʤʦʞʥʦ ʧʨʦʡʪʠ ʦʙʫʯʝʥʠʝ. ʅʘ ʩʝ-
ʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʥʘʣʦʛʦʚ ʜʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʦʜʥʘʢʦ ʝʩʪʴ ʧʨʦʛʨʘʤʤʥʦʝ 
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ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʦʙʨʦʚʦʣʴʮʘʤʠ (ʚʦʣʦʥʪʝʨʘʤʠ), ʢʦʪʦʨʦʝ ʦʪʚʝʯʘʝʪ ʟʘ ʧʣʘʥʠʨʦ-
ʚʘʥʠʝ, ʥʘʙʦʨ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʦʨʛʘʥʠʟʘʪʦʨʦʚ ʤʝʨʦʧʨʠʷʪʠʡ. ʕʪʦ ʥʝʢʠʡ 
ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ ʧʦʤʦʞʝʪ ʫʧʨʘʚʣʷʪʴ ʩʚʦʝʡ ʢʦʤʘʥʜʦʡ ʚʦʣʦʥʪʝʨʦʚ ʥʘ ʤʝʩʪʝ.  

ʉʦʟʜʘʥʠʝ ʤʦʙʠʣʴʥʦʛʦ ʦʙʫʯʘʶʱʝʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʚʦʣʦʥʪʝʨʦʚ ʧʣʘʥʠʨʫʝʪʩʷ ʥʘ 

ʧʨʦʛʨʘʤʤʥʦʡ ʧʣʘʪʬʦʨʤʝ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ς Android, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʤʧʘʥʠʝʡ 
Google.   

ʄʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ 4 ʦʩʥʦʚʥʳʭ ʨʘʟʜʝʣʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ 
ʩʚʦʡ ʬʫʥʢʮʠʦʥʘʣ.  

ʇʝʨʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʦʜʝʨʞʠʪ ʬʨʘʛʤʝʥʪ LoginFragment, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʘʚʪʦʨʠʟʘ-
ʮʠʶ. ʇʨʠ ʟʘʧʫʩʢʝ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʵʢʨʘʥʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʩʪʨʘʥʠʮʘ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ. 1.  
 

 
 

ʈʠʩ. 1. ɺʥʝʰʥʠʡ ʚʠʜ ʧʨʠʣʦʞʝʥʠʷ 

 
ɽʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʥ ʩʤʦʞʝʪ ʧʨʦʡʪʠ ʧʨʦʮʝʜʫʨʫ 

ʨʝʛʠʩʪʨʘʮʠʠ.  

ʇʦʩʣʝ ʘʚʪʦʨʠʟʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʝʨʝʡʜʝʪ ʚ ʧʝʨʚʳʡ ʨʘʟʜʝʣ çʇʨʦʬʠʣʴè (ʨʠʩ. 1). 

ɺ ʜʘʥʥʦ ͣʨʘʟʜʝʣʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʦʩʥʦʚʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʦʣʦʥʪʝʨʝ: ʌʀʆ, ʜʘʪʘ ʨʦʞʜʝʥʠʷ, 
ʫʯʝʙʥʦʝ ʟʘʚʝʜʝʥʠʝ, ID ʚʦʣʦʥʪʝʨʘ ʠ ʩʧʠʩʦʢ ʩʝʨʪʠʬʠʢʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʟʘ ʫʩʧʝʰʥʦ ʧʨʦʡ-
ʜʝʥʥʳʝ ʢʫʨʩʳ.  

ʆʩʥʦʚʥʳʝ ʨʘʟʜʝʣʳ çʊʝʩʪʠʨʦʚʘʥʠʝè ʠ çʆʙʫʯʝʥʠʝè ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2 ʩʦʦʪʚʝʪ-
ʩʪʚʝʥʥʦ.   

ʈʘʟʜʝʣ çʊʝʩʪʠʨʦʚʘʥʠʝè ʩʦʜʝʨʞʠʪ ʠʪʦʛʦʚʳʡ ʪʝʩʪ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʘʢʪʠʚʝʥ ʧʦʩʣʝ ʪʦ-
ʛʦ, ʢʘʢ ʚʦʣʦʥʪʝʨ ʧʨʦʡʜʝʪ ʢʫʨʩʳ ʧʦ 12 ʪʝʤʘʪʠʯʝʩʢʠʤ ʙʣʦʢʘʤ.  

ʇʨʠ ʥʘʞʘʪʠʠ ʢʥʦʧʢʠ çʆʙʫʯʝʥʠʝè ʧʦʷʚʣʷʝʪʩʷ ʵʢʨʘʥ ʩ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʧʨʦʡ-
ʜʝʥʥʳʭ ʢʫʨʩʦʚ ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ, ʘ ʪʘʢʞʝ, ʦʩʪʘʚʰʠʝʩʷ ʢʫʨʩʳ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ 
ʧʨʦʡʪʠ. ʊʝʤʘʪʠʯʝʩʢʠʝ ʢʫʨʩʳ ʤʦʞʥʦ ʧʨʦʭʦʜʠʪʴ ʚ ʣʶʙʦʤ ʧʦʨʷʜʢʝ, ʘ ʪʘʢʞʝ ʦʩʪʘʥʦʚʠʪʴ ʧʨʦ-
ʮʝʩʩ ʦʙʫʯʝʥʠʷ ʥʘ ʢʘʢʦʤ-ʣʠʙʦ ʵʪʘʧʝ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʟʫʣʴʪʘʪ ʚʦʣʦʥʪʝʨʘ ʩʦʭʨʘʥʷʝʪʩʷ. 
ʉʪʨʫʢʪʫʨʘ ʢʘʞʜʦʛʦ ʢʫʨʩʘ ʩʦʩʪʦʠʪ ʠʟ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʯʘʩʪʠ, ʛʜʝ ʚʦʣʦʥʪʝʨ ʠʟʫʯʘʝʪ ʦʩʥʦʚʥʫʶ 
ʠʥʬʦʨʤʘʮʠʝʡ ʧʦ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʚʠʜʫ ʬʠʥʘʥʩʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʟʘʚʝʨʰʘʶʱʠʡ ʪʝʩʪ.  
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ʈʠʩ. 2. ʕʢʨʘʥʳ ʧʨʠʣʦʞʝʥʠʷ 

 
ɿʘʚʝʨʰʘʶʱʠʤ ʨʘʟʜʝʣʦʤ ʚ ʜʘʥʥʦʤ ʧʨʠʣʦʞʝʥʠʠ ʷʚʣʷʶʪʩʷ çʂʦʥʪʘʢʪʳè. ɿʜʝʩʴ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʩʩʳʣʢʠ ʥʘ ʩʘʡʪʳ ʦʩʥʦʚʥʳʭ ʧʘʨʪʥʝʨʦʚ, ʪʘʢʠʭ ʢʘʢ ɸʩʩʦʮʠʘʮʠʷ ʨʘʟʚʠʪʠʷ ʬʠʥʘʥʩʦ-
ʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ, ʩʘʡʪ ɹʘʥʢʘ ʈʦʩʩʠʠ ʠ ʜʨ.  

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʘʣʴʥʝʡʰʠʝ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ 
ʧʨʠʣʦʞʝʥʠʷ.  

1. ʀʥʪʝʛʨʘʮʠʷ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʩʦ ʚʥʝʰʥʠʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (ʯʝʨʝʟ API).  
2. ʈʝʘʣʠʟʘʮʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʛʨʫʟʢʠ ʧʘʢʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

3. ʇʨʠʩʚʦʝʥʠʝ ʩʪʘʪʫʩʥʦʩʪʠ ʚʦʣʦʥʪʝʨʫ, ʪ. ʝ. ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʠ ʨʝʟʫʣʴʪʘʪʦʚ 
ʦʙʫʯʝʥʠʷ ʢʘʞʜʦʤʫ ʚʦʣʦʥʪʝʨʫ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʪʘʪʫʩ.  

4. ʈʝʘʣʠʟʘʮʠʷ ʜʝʡʩʪʚʫʶʱʝʛʦ ʠʥʪʝʨʬʝʡʩʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʷʟʳʢʘʭ.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʣʦʥʪʝʨ ʬʠʥʘʥʩʦʚʦʛʦ ʧʨʦʩʚʝʱʝʥʠʷ ς ʵʪʦ ʯʝʣʦʚʝʢ, ʚʝʜʫʱʠʡ ʜʦʙʨʦ-

ʚʦʣʴʯʝʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʬʠʥʘʥʩʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʥʘ ʙʝʟʚʦʟ-
ʤʝʟʜʥʦʡ ʦʩʥʦʚʝ. ʕʪʦ ʣʶʜʠ ʩ ʘʢʪʠʚʥʦʡ ʛʨʘʞʜʘʥʩʢʦʡ ʧʦʟʠʮʠʝʡ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʜʝʷʪʝʣʴ-
ʥʦʩʪʴ ʠʣʠ ʣʠʯʥʳʡ ʦʧʳʪ, ʟʥʘʥʠʷ, ʫʤʝʥʠʷ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʶʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʨʦʝʢʪʘʭ, 
ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʬʠʥʘʥʩʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝ-
ʥʠʷ. ʋʩʠʣʠʷ ʚʦʣʦʥʪʝʨʦʚ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʤʦʱʴ ʣʶʜʷʤ ʩ ʮʝʣʴʶ ʦʚʣʘʜʝʪʴ ʙʘʟʦʚʳʤ ʥʘʙʦ-
ʨʦʤ ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʬʠʥʘʥʩʦʚʦ ʛʨʘʤʦʪʥʦʛʦ ʯʝʣʦʚʝʢʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 
ʩʦʟʜʘʥʠʝ ʫʜʦʙʥʦʛʦ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʦʙʫʯʝʥʠʷ ʚʦʣʦʥʪʝʨʦʚ ʬʠʥʘʥʩʦʚʦʡ ʛʨʘ-
ʤʦʪʥʦʩʪʠ ς ʪɻʦ ʥʝ ʪʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʭʘʥʠʟʤ ʦʙʫʯʝʥʠʝ ʠ ʘʢʪʠʚʠʟʘʮʠʠ ʩʦʮʠʘʣʴʥʳʭ 
ʠʥʠʮʠʘʪʠʚ ʩʪʫʜʝʥʯʝʩʪʚʘ, ʥʦ ʠ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʦʥʪʨ͔ʦʚ, 
ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʦʙʫʯʝʥʠʷ.   

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ  
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ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ɸ. ʅ. ʊʫʧʦʣʝʚʘ, 

ʛ. ʂʘʟʘʥʴ, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ʃʶʙʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʧʨʦʝʢʪʠʨʫʝʤʘʷ 

ʚ ʨʘʤʢʘʭ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʨʘʟʨʘʙʦʪʢʠ, ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʘʧʦʣʥʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʜʘʥ-

ʥʳʤʠ ʚ ʧʨʦʮʝʩʩʝ ʧʨʷʤʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʘ ʪʘʢʞʝ ʜʦʧʫʩʢʘʝʪ ʠʤʧʦʨʪ 

ʜʘʥʥʳʭ ʠʟ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʬʦʨʤʘʪʠʨʦʚʘʥʠʝʤ ʠ ʢʦʥʚʝʨʪʘ-

ʮʠʝʡ. ʊʘʢ ʠʣʠ ʠʥʘʯʝ, ʧʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ ʥʘ ʵʢʩʧʦʨʪ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʠʤʧʦʨʪ ʟʘ-

ʩʣʫʞʠʚʘʶʪ ʦʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʢʘʢ ʩʨʝʜʠ ʘʥʘʣʠʪʠʢʦʚ, ʪʘʢ ʠ ʩʨʝʜʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. ʆʩ-

ʥʦʚʥʘʷ ʯʘʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚʦʧʨʦʩʘ ʩʪʨʦʠʪʩʷ ʥʘ ʩʦʟʜʘʥʠʠ ʦʧʪʠʤʘʣʴʥʳʭ ʟʘʧʨʦʩʦʚ ʧʦ 

ʚʳʛʨʫʟʢʝ ʜʘʥʥʳʭ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʛʨʫʟʢʝ ʪʘʢʦʚʳʭ ʚ ʧʨʠʥʠʤʘʶʱʫʶ ʩʠʩʪʝʤʫ. ʊʦ ʝʩʪʴ ʠʟ 

ʘʨʭʠʚʠʨʫʝʤʘʷ, ʫʥʘʩʣʝʜʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʫʶ. ɺ ʜʘʥʥʦʡ 

ʩʪʘʪʴʝ ʨʘʟʙʠʨʘʝʪʩʷ ʦʧʳʪ ʨʝʘʣʠʟʘʮʠʠ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʢ ʧʦ-

ʣʫʯʘʪʝʣʶ ʚ ʨʘʟʨʝʟʝ ʦʧʝʨʘʮʠʠ ʧʦ ʤʠʛʨʘʮʠʠ ʜʘʥʥʳʭ ʠʟ ʘʨʭʠʚʥʳʭ ʧʨʦʜʫʢʪʠʚʥʳʭ ʩʠʩʪʝʤ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʨʘʟʙʠʨʘʶʪʩʷ ʧʨʠʤʝʨʳ ʠ ʧʦʜʭʦʜʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ ʟʘʧʨʦʩʦʚ, ʚʳʧʦʣʥʷʝʤʳʭ ʚ ʷʜʨʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ. ʆʥʠ ʤʦʛʫʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʪʦʯʝʯʥʦ, ʪʘʢ ʠ ʷʚʣʷʪʴʩʷ ʢʦʤʧʣʝʢʩʦʤ ʤʝʨʦʧʨʠʷʪʠʡ, ʛʜʝ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ï 

ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʀ ʚ ʮʝʣʦʤ, ʜʘʣʴʥʝʡʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʤʝʪʦʜʦʚ ʤʦʞʝʪ ʩʦʢʨʘʪʠʪʴ ʪʨʫʜʦʟʘʪʨʘʪʳ ʧʨʠ ʨʝʰʝʥʠʠ ʘʥʘʣʦʛʠʯʥʳʭ ʟʘʜʘʯ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʤʠʛʨʘʮʠʷ ʜʘʥʥʳʭ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝ-

ʥʠʷ ʙʘʟʦʡ ʜʘʥʥʳʭ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʟʘʧʨʦʩ, ʨʘʟʨʘʙʦʪʢʘ. 

 

ʈʝʰʘʷ ʟʘʜʘʯʫ ʧʦ ʤʠʛʨʘʮʠʠ ʜʘʥʥʳʭ, ʩʣʝʜʫʝʪ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ 

ʧʨʠʥʮʠʧʘʤʠ ʨʘʙʦʪʳ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ. ɿʘʧʨʦʩʳ ʧʦ ʚʳʛʨʫʟʢʝ ʜʘʥʥʳʭ ʩʪʨʦʷʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʢʘʨʪ ʤʠʛʨʘʮʠʡ, ʩʦʟʜʘʚʘʝʤʳʭ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʨʫʧʧʦʡ [1]. ʉʫʪʴ ʵʪʦʛʦ ʵʪʘʧʘ ï ʦʪʙʨʦʩʠʪʴ 

çʘʪʘʚʠʟʤʳè ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ, ʪ. ʝ. ʪʝ ʘʪʨʠʙʫʪʳ, ʢʘʯʝʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʮʝʥʥʦʩʪʠ [2]. ʂ ʪʘʢʦʚʳʤ, ʥʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʥʫʪʨʝʥʥʠʝ, ʪʝʭʥʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ ʉʋɹɼ ʠ ʧʨʠʣʦʞʝʥʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʧʨʷʤʦʤ ʢʦʥʪʘʢʪʝ ʩ ʠʩʪʦʯʥʠʢʦʤ. ʇʨʦʜʦʣʞʘʷ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʝʢʫʱʠʡ ʚʦʧʨʦʩ ʚ ʨʘʟʨʝʟʝ ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ (ɹɼ), ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʫʞʝ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝ ʛʨʦʤʦʟʜʢʠʡ ʥʘʙʦʨ ʜʘʥʥʳʭ. ʉʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʚʳʩʪʨʘʠʚʘʷ ʵʣʝʤʝʥʪʘʨʥʳʡ SELECT-ʟʘʧʨʦʩ (ʨʠʩ. 1) ʩ ʧʦʣʫʯʝʥʠʝʤ ʪʦʣʴʢʦ ʩʫʱʝ-

ʩʪʚʝʥʥʳʭ ʘʪʨʠʙʫʪʦʚ, ʦʙʲʝʤ ʜʘʥʥʳʭ, ʘ, ʟʥʘʯʠʪ, ʠ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʨʝʟʫʣʴʪʘʪʘ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʟʷʪʩʷ. 

 
 

ʈʠʩ. 1. ʇʨʠʤʝʨ ʧʨʦʩʪʝʡʰʝʛʦ SELECT-ʟʘʧʨʦʩʘ 
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 ʅʦ ʢʘʢ ʙʳʪʴ, ʝʩʣʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʥʘʙʦʨ ʦʙʨʘʟʫʝʪ ʥʝ ʦʜʠʥ ʜʝʩʷʪʦʢ ʘʪʨʠʙʫʪʦʚ? ʀ ʪʝʤ 

ʙʦʣʝʝ, ʝʩʣʠ ʩʨʝʜʠ ʪʘʢʦʚʳʭ ʠʤʝʶʪʩʷ ʥʝ ʧʨʦʩʪʳʝ ʪʠʧʳ ʜʘʥʥʳʭ ï ʙʦʣʴʰʠʝ ʩʪʨʦʢʦʚʳʝ, ʯʠʩʣʦ-

ʚʳʝ ʠʣʠ ʜʘʞʝ ʜʚʦʠʯʥʳʝ ʜʘʥʥʳʝ? ʆʜʥʦʟʥʘʯʥʦ ʩʪʦʠʪ ʨʘʩʩʤʦʪʨʝʪʴ ʩʧʦʩʦʙ ʜʝʥʦʨʤʘʣʠʟʘʮʠʠ 

ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʘʟʳ ʜʘʥʥʳʭ, ʨʘʟʙʠʚ ʘʪʨʠʙʫʪʥʳʡ ʩʦʩʪʘʚ ʥʘ ʧʦʜʤʥʦʞʝʩʪʚʘ ʩ ʩʦʭʨʘʥʝ-

ʥʠʝʤ ʧʝʨʚʠʯʥʦʛʦ (ʚ ʪ. ʯ. ʩʦʩʪʘʚʥʦʛʦ) ʢʣʶʯʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʮʝʣʦʩʪʥʦ-

ʩʪʠ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʟʘʛʨʫʟʢʠ. ʂ ʪʦʤʫ ʞʝ ʧʦʤʠʤʦ ʩʥʠʞʝʥʠʷ ʦʙʝ̡ʤʘ ʜʘʥʥʳʭ ʟʘ ʦʜʠʥ ʰʘʛ 

ʚʳʛʨʫʟʢʠ, ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʦʙʝʟʣʠʯʠʪʴ ʜʘʥʥʳʝ, ʝʩʣʠ ʨʝʯʴ ʠʜʝʪ ʦ ʧʝʨʝʜʘʯʝ 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʠʣʠ ʠʥʳʭ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʩʚʝʜʝʥʠʡ. 

 ʇʦʤʠʤʦ ʧʨʦʯʝʛʦ, ʥʝ ʩʝʢʨʝʪ, ʯʪʦ ʥʘ ʩʢʦʨʦʩʪʴ ʯʪʝʥʠʷ ʜʘʥʥʳʭ ʠʟ ʪʘʙʣʠʮʳ ʚʣʠʷʝʪ ʥʝ 

ʪʦʣʴʢʦ ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʪʝʞʝʡ ʚ ʥʝʡ (ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʝʡʩʪʚʦʚʘʥ-

ʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ɹɼ), ʥʦ ʠ ʥʘʣʠʯʠʝ ʣʶʙʦʛʦ ʨʦʜʘ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʣʦʞʝʥʥʳʭ 

ʥʘ ʦʪʥʦʰʝʥʠʝ ï ʚʥʫʪʨʝʥʥʠʝ, ʚʥʝʰʥʠʝ ʢʣʶʯʠ, ʠʥʜʝʢʩʳ, ʪʨʠʛʛʝʨʳ, ʧʨʦʚʝʨʢʠ ʠ ʠʥʳʝ ʩʨʝʜ-

ʩʪʚʘ ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʩʥʠʞʘʶʪ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ. ʅʝʪʨʫʜʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʟ-

ʙʘʚʣʝʥʠʝ (ʭʦʪʷ ʙʳ ʥʘ ʚʨʝʤʷ) ʦʪ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ çʙʘʣʣʘʩʪʘè ʫʩʢʦʨʠʪ ʟʘʜʘʯʫ ʚʳʛʨʫʟʢʠ ʜʘʥ-

ʥʳʭ. ʇʨʠ ʥʘʣʠʯʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʘʚ, ʠʥʠʮʠʘʪʦʨ ʚʳʛʨʫʟʢʠ ʤʦʞʝʪ ʜʝʘʢʪʠʚʠʨʦʚʘʪʴ 

ʦʛʨʘʥʠʯʝʥʠʷ, ʝʩʣʠ ʪʘʢʦʡ ʬʫʥʢʮʠʦʥʘʣ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʉʋɹɼ. ɺ Oracle ʪʘʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʦʧʝʨʘʪʦʨ DISABLE CONSTRAINT [CASCADE] [3]. 

 ʀ, ʥʘʢʦʥʝʮ, ʠʟ ʦʯʝʚʠʜʥʳʭ ʩʧʦʩʦʙʦʚ ʫʩʢʦʨʝʥʠʷ ʚʳʛʨʫʟʢʠ, ʘ ʪʘʢʞʝ ʩʦʢʨʘʱʝʥʠʷ ʦʙʲʝ-

ʤʘ ʜʘʥʥʳʭ, ʷʚʣʷʝʪʩʷ ʥʘʣʦʞʝʥʠʝ ʫʩʣʦʚʠʡ ʚʳʛʨʫʟʢʠ ʯʝʨʝʟ ʦʧʝʨʘʪʦʨ WHERE ʠ ʧʨʠʤʝʥʝʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ çʬʠʣʴʪʨʦʚè, ʝʩʣʠ, ʥʘʧʨʠʤʝʨ, ʵʪʦ ʧʦʟʚʦʣʠʪ ʦʪʦʙʨʘʪʴ ʠʟ ʠʩʭʦʜʥʦʛʦ ʥʘʙʦʨʘ 

ʢʦʨʪʝʞʝʡ ʘʢʪʫʘʣʴʥʳʝ ʟʘʧʠʩʠ (ʪ. ʥ. ʚʝʨʩʠʦʥʠʨʫʝʤʘʷ ʩʫʱʥʦʩʪʴ, ʨʠʩ. 2). 

 
 

ʈʠʩ. 2. ʇʨʠʤʝʨ ʚʝʨʩʠʦʥʠʨʫʝʤʦʡ ʪʘʙʣʠʮʳ (ʩʫʱʥʦʩʪʠ) 

ʄʝʭʘʥʠʟʤ ʬʠʣʴʪʨʘʮʠʠ ʚʥʫʪʨʠ ʦʪʥʦʰʝʥʠʷ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʘʣʠ-

ʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ROW_NUMBER. ɻʣʘʚʥʦʡ ʝʝ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦ-

ʟʜʘʥʠʷ çʥʝ ʩʢʚʦʟʥʦʡè ʥʫʤʝʨʘʮʠʠ ʩʪʨʦʢ, ʚʳʜʝʣʷʷ ʛʨʫʧʧʳ ʠʟ ʦʙʱʝʛʦ ʤʥʦʞʝʩʪʚʘ ʠ ʥʫʤʝʨʫʷ 

ʠʭ ʦʪʜʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʡ ʪʘʢʦʡ ʛʨʫʧʧʳ. ʈʘʩʰʠʨʷʷ ʬʫʥʢʮʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʝʜʣʦʞʝʥʠ-

ʝʤ OVER ʚʦʟʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʬʠʣʴʪʨʘʮʠʠ ʯʘʩʪʠ ʢʦʨʪʝʞʝʡ, ʠʩʧʦʣʴʟʫʷ ʝʝ ʟʥʘʯʝʥʠʝ, ʢʘʢ ʫʢʘ-

ʟʘʪʝʣʴ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠʤʝʨ ʟʘʧʨʦʩʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3. 

 
ʈʠʩ. 3. ʇʨʠʤʝʨ ʬʠʣʴʪʨʘʮʠʠ ʜʘʥʥʳʭ ʧʦ ʢʨʠʪʝʨʠʶ ʘʢʪʫʘʣʴʥʦʩʪʠ 

 ʇʨʠʚʝʜʝʥʥʳʡ ʚʳʰʝ ʟʘʧʨʦʩ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʦʙʲʸʤ ʚʳʙʦʨʢʠ, ʚʳʜʝʣʷʷ ʠʟ ʦʪʥʦ-

ʰʝʥʠʷ, ʠʟʦʙʨʘʞʸʥʥʦʛʦ ʥʘ ʨʠʩ. 2, ʪʦʣʴʢʦ ʪʝ ʢʦʨʪʝʞʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʦʩʣʝʜʥʠʤʠ ʚ ʨʘʟ-

ʨʝʟʝ ʘʪʨʠʙʫʪʘ meta_id. ʉʦʨʪʠʨʦʚʢʘ ʧʦ ʫʙʳʚʘʥʠʶ ʩʚʷʟʘʥʥʦʡ ʜʘʪʳ ʧʦʟʚʦʣʷʝʪ ʧʦʤʝʩʪʠʪʴ ʥʘ 

ʚʝʨʰʠʥʫ ʧʦʜʛʨʫʧʧ ʘʢʪʫʘʣʴʥʳʝ ʧʦ ʩʪʘʪʫʩʫ ʟʘʧʠʩʠ. 
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 ʆʩʫʱʝʩʪʚʣʷʷ ʢʦʥʝʯʥʫʶ ʚʳʛʨʫʟʢʫ ʥʘ ʦʩʥʦʚʝ ʩʦʟʜʘʥʥʳʭ ʟʘʧʨʦʩʦʚ, ʤʦʛʫʪ ʙʳʪʴ ʩʬʦʨ-

ʤʠʨʦʚʘʥʳ ʪʝʢʩʪʦʚʳʝ ʬʘʡʣʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʟʘʛʨʫʟʢʠ 

ʚ ʧʨʠʥʠʤʘʶʱʫʶ ʩʠʩʪʝʤʫ. ʉʨʝʜʠ ʧʦʜʭʦʜʷʱʠʭ ʬʦʨʤʘʪʦʚ ï çʟʥʘʯʝʥʠʷ, ʨʘʟʜʝʣʝʥʥʳʝ ʟʘʧʷ-

ʪʳʤʠè (ʦʪ ʘʥʛʣ. çComma-Separated Valuesè). ʌʦʨʤʘʪ CSV ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʭʨʘʥʝʥʠʝ ʪʘʙ-

ʣʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʘʟʦʨʫʞʝʥʥʦʤ ʚʠʜʝ ï ʬʘʡʣʘʭ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʚʳʛʨʫʞʝʥʥʳʭ ʬʘʡʣʦʚ 

ʜʘʥʥʳʭ ï ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʞʥʝʡ ʉʋɹɼ ʦʪ ʧʨʠʥʠʤʘʶʱʝʡ ʚ ʯʘʩʪʠ ʚʩʪʨʦʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥ-

ʪʦʚ ʧʦ ʤʠʛʨʘʮʠʠ ʜʘʥʥʳʭ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʘʚʪʦʥʦʤʥʦʡ ʧʝʨʝ-

ʜʘʯʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ. 

ɼʣʷ ʨʘʟʚʦʨʘʯʠʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʧʨʠʥʠʤʘʶʱʝʡ ʩʠʩʪʝʤʝ ʟʘʢʦʥʦʤʝʨʥʦ ʟʘ-

ʜʫʤʘʪʴʩʷ ʦ ʩʦʟʜʘʥʠʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʭʨʘʥʠʣʠʱʘ, ʢʫʜʘ ʤʦʞʥʦ çʩʛʨʫʟʠʪʴè ʩʦʜʝʨʞʠʤʦʝ 

ʬʘʡʣʦʚ. ɺ ʉʋɹɼ Postgres Pro ʪʘʢʠʤ ʭʨʘʥʠʣʠʱʝʤ ʚ ʧʨʦʩʪʦʤ ʩʣʫʯʘʝ ʤʦʛʫʪ ʩʪʘʪʴ ʦʙʳʢʥʦ-

ʚʝʥʥʳʝ ʪʘʙʣʠʮʳ, ʜʫʙʣʠʨʫʶʱʠʝ ʥʘʙʦʨ ʚʳʛʨʫʞʝʥʥʳʭ ʘʪʨʠʙʫʪʦʚ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʧʨʠ 

ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʪʘʙʣʠʮ ʩʧʨʘʚʝʜʣʠʚʦ ʦʙʲʝʜʠʥʠʪʴ ʠʭ ʚʥʫʪʨʠ ʦʜʥʦʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ 

ʩʭʝʤʳ ʠʣʠ ʪʘʙʣʠʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

 ʍʦʨʦʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚ ʩʢʦʨʦʩʪʠ ʟʘʛʨʫʟʢʠ ʜʘʥʥʳʭ ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʘʷ ʚ Postgres Pro 

ʫʪʠʣʠʪʘ COPY [4], ʧʦ ʫʤʦʣʯʘʥʠʶ ʟʘʪʦʯʝʥʥʘʷ ʥʘ ʠʤʧʦʨʪ (ʘ ʪʘʢʞʝ ʵʢʩʧʦʨʪ) ʬʘʡʣʦʚ ʜʘʥʥʳʭ 

ʬʦʨʤʘʪʘ CSV ʚ ʪʘʙʣʠʮʳ ʙʘʟʳ ʜʘʥʥʳʭ. ʉʪʘʥʜʘʨʪʥʳʡ ʩʠʥʪʘʢʩʠʩ ʢʦʤʘʥʜʳ ʠʟʦʙʨʘʞʝʥ ʥʘ 

ʨʠʩ. 4. 

 
ʈʠʩ. 4. ʉʠʥʪʘʢʩʠʩ ʢʦʤʘʥʜʳ COPY 

 ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʪʨʦʝʥʥʘʷ ʫʪʠʣʠʪʘ ʧʦʣʥʦʩʪʴʶ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʧʦʩʪʘʚʣʝʥʥʳʤʠ 

ʟʘʜʘʯʘʤʠ ï ʧʦʤʝʱʘʷ ʠʥʬʦʨʤʘʮʠʶ ʠʟ CSV-ʬʘʡʣʦʚ ʚ ʧʦʪʦʢʠ ʜʘʥʥʳʭ STDIN, ʉʋɹɼ ʦʧʪʠʤʠ-

ʟʠʨʫʝʪ çʟʘʢʘʯʢʫè ʠ ʚʳʜʘʝʪ ʧʨʠʝʤʣʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʩʢʦʨʦʩʪʠ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ. 

 ɺ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʨʘʟʤʝʱʝʥʥʳʝ ʚ Postgres Pro ʜʘʥʥʳʝ ʛʦʪʦʚʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʤʠ-

ʛʨʘʮʠʠ ï ʩʦʟʜʘʥʠʶ ʩʢʨʠʧʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ çʧʝʨʝʛʥʘʪʴè ʠʤʝʶʱʫʶ ʧʨʦʤʝʞʫʪʦʯʥʫʶ, 

ʥʝ ʦʪʬʠʣʴʪʨʦʚʘʥʥʫʶ, ʥʝʦʙʨʘʙʦʪʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ ʢʦʥʝʯʥʳʝ ʩʭʝʤʳ ʠ ʪʘʙʣʠʮʳ ʧʨʠʥʠ-

ʤʘʶʱʝʡ ʙʘʟʳ. 

 ʉʘʤʳʤ ʦʩʪʨʳʤ ʚʦʧʨʦʩʦʤ ʥʘ ʵʪʦʤ ʰʘʛʝ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʤʥʦ-

ʞʝʩʪʚʝʥʥʦʡ ʚʩʪʘʚʢʠ (ʦʪ ʘʥʛʣ. çbulk insertè ʠʣʠ çbulk data loadingè). ʕʪʦ ʷʚʣʝʥʠʝ ʧʦʜʨʘʟʫ-

ʤʝʚʘʝʪ ʚʩʪʘʚʢʫ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʨʪʝʞʝʡ ʟʘ ʦʜʥʫ ʪʨʘʥʟʘʢʮʠʶ. ʌʘʢʪʠʯʝʩʢʠ, ʠ ʵʪʫ ʟʘ-

ʜʘʯʫ ʨʝʰʘʝʪ ʢʦʤʘʥʜʘ COPY, ʦʜʥʘʢʦ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʦʪʨʝʙʥʦʩʪʠ ʥʦʨʤʘʣʠʟʘʮʠʠ 

ʠ ʢʦʥʚʝʨʪʘʮʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʟʘʛʨʫʟʢʘ ʚ ʧʨʠʥʠʤʘʶʱʫʶ ɹɼ ʥʘʧʨʷʤʫʶ ʠʟ ʬʘʡʣʦʚ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʘ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ, ʚʳʥʫʞʜʝʥʥʦ ʨʘʟʤʝʩʪʠʚ ʠʥʬʦʨʤʘʮʠʶ ʚ ʧʨʦʤʝ-

ʞʫʪʦʯʥʦʤ ʭʨʘʥʠʣʠʱʝ, ʫ ʨʘʟʨʘʙʦʪʯʠʢʘ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʧʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩʦ ʤʥʦʞʝ-

ʩʪʚʝʥʥʦʡ ʚʩʪʘʚʢʦʡ ʧʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ. ʆʩʦʙʝʥʥʦ ʦʱʫʪʠʤʘ ʵʪʘ ʧʨʦʙʣʝʤʘ, 

ʢʦʛʜʘ ʙʦʣʴʰʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʢʦʨʪʝʞʝʡ ʧʨʠʜʘʶʪʩʷ ʦʧʝʨʘʮʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʚʦ ʚʣʦʞʝʥʥʳʭ ʟʘʧʨʦʩʘʭ ʠ ʠʥʳʝ, ʥʘʛʨʫʞʘʶʱʠʝ ʬʠʥʘʣʴʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ. ʈʘʩʩʤʦʪʨʠʤ ʥʝ-

ʩʢʦʣʴʢʦ ʜʦʩʪʫʧʥʳʭ ʩʧʦʩʦʙʦʚ ʦʧʪʠʤʠʟʘʮʠʠ. 

 ʏʘʱʝ ʚʩʝʛʦ ʦʧʝʨʘʮʠʷ ʚʩʪʘʚʢʠ ʚ ʧʨʠʥʠʤʘʶʱʫʶ ʪʘʙʣʠʮʫ ʩʦʚʤʝʱʘʝʪʩʷ ʩ ʦʧʝʨʘʮʠʝʡ 

ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʠʩʭʦʜʥʳʭ. ɽʩʣʠ SELECT ʜʦʧʦʣʥʷʝʪʩʷ JOIN, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʯʸʪʢʦ ʦʙʦʟʥʘ-

ʯʠʪʴ, ʢʘʢʠʝ ʜʘʥʥʳʝ ʟʜʝʩʴ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ. ʉ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʪʨʝʙʫʝʪʩʷ ʜʘʣʝʢʦ ʥʝ 

ʚʩʝ ʩʦʜʝʨʞʠʤʦʝ ʧʨʠʩʦʝʜʠʥʷʝʤʦʡ ʪʘʙʣʠʮʳ. ʇʨʦʩʪʦʡ ʚʘʨʠʘʥʪ ï ʚ ʩʝʢʮʠʠ JOIN é ON (ʠʣʠ 

WHERE ʚ ʢʦʥʮʝ ʬʠʥʘʣʴʥʦʛʦ ʟʘʧʨʦʩʘ) ʜʦʙʘʚʠʪʴ ʫʩʣʦʚʠʝ, ʢʘʯʝʩʪʚʝʥʥʦ ʬʠʣʴʪʨʫʶʱʝʝ ʜʘʥ-

ʥʳʝ. ʆʜʥʘʢʦ ʝʩʣʠ ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʪʝʞʝʡ ʧʨʠʩʦʝʜʠʥʷʝʤʦʡ ʩʫʱʥʦʩʪʠ ʠʩʯʠʩʣʷʝʪʩʷ ʩʦʪʥʷʤʠ 

ʪʳʩʷʯ, ʪʦ ʪʘʢʞʝ ʥʝ ʣʠʰʥʠʤ ʙʫʜʝʪ ʟʘʜʫʤʘʪʴʩʷ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʜʝʢʩʦʚ (ʨʠʩ. 5). 
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ʈʠʩ. 5. ʉʠʥʪʘʢʩʠʩ ʩʦʟʜʘʥʠʷ ʠʥʜʝʢʩʘ 

 ʅʘ ʨʠʩʫʥʢʝ ʚʳʰʝ ʚ ʥʝʢʦʪʦʨʦʡ ʪʘʙʣʠʮʝ films ʩʦʟʜʘʝʪʩʷ ʠʥʜʝʢʩ sec_durations ʜʣʷ ʘʪ-

ʨʠʙʫʪʘ duration ʥʘ ʦʩʥʦʚʝ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ. ʆʜʥʠʤ ʩʣʦʚʦʤ, ʪʠʧ ʠʥ-

ʜʝʢʩʘ, ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ ʩʦʨʪʠʨʫʝʤʳʭ ʟʥʘʯʝʥʠʡ (ʟʜʝʩʴ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ï ʜʣʠ-

ʪʝʣʴʥʦʩʪʠ ʢʠʥʦʬʠʣʴʤʦʚ). ʇʨʠʪʦʤ ʵʪʦ ʣʠʰʴ ʩʢʨʦʤʥʦʝ ʚʠʜʝʥʠʝ ʚʩʝʡ ʤʦʱʠ ʠʥʜʝʢʩʦʚ, ʧʨʠ-

ʤʝʥʷʝʤʳʭ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʤʝʥʥʦ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʟʘʧʨʦʩʦʚ. ʀʭ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʩ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʩʦʩʪʘʚʥʳʤʠ ʘʪʨʠʙʫʪʘʤʠ, ʘ ʪʘʢʞʝ ʠʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʥʜʝʢʩʠʨʦ-

ʚʘʥʠʷ [5], ʥʦ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʠʥʜʝʢʩʳ ʙʫʜʫʪ ʠʤʝʪʴ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʙʫʜʫʪ ʘʢʪʫ-

ʘʣʴʥʳ ʠ ʦʧʨʘʚʜʘʥʳ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʜʝʢʩʦʚ ʜʘʩʪ 

ʦʙʨʘʪʥʳʡ ʵʬʬʝʢʪ. 

ʉʣʝʜʫʶʱʠʡ ʞʝ ʩʧʦʩʦʙ ʫʩʢʦʨʝʥʠʷ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʚʩʪʘʚʢʠ, ʥʘʧʨʦʪʠʚ, ʧʦʜʨʘʟʫʤʝʚʘ-

ʝʪ ʫʤʳʰʣʝʥʥʦʝ, ʥʦ ʣʠʰʴ ʚʨʝʤʝʥʥʦʝ ʫʜʘʣʝʥʠʝ ʠʥʜʝʢʩʦʚ ʫʞʝ ʚ ʧʨʠʥʠʤʘʶʱʝʡ ʪʘʙʣʠʮʝ. ɼʝ-

ʣʦ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢʘʞʜʦʡ ʥʦʚʦʡ ʩʪʨʦʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʟʘʧʠʩʴ ʠʥʜʝʢʩʘ ʪʘʢ-

ʞʝ ʜʦʣʞʥʘ ʦʙʥʦʚʣʷʪʴʩʷ, ʯʪʦ ʧʦʨʦʞʜʘʝʪ ʟʘʢʦʥʦʤʝʨʥʦʝ ʧʨʦʩʝʜʘʥʠʝ ʧʦ ʩʢʦʨʦʩʪʠ. ʕʪʦ ʞʝ ʢʘ-

ʩʘʝʪʩʷ ʚʦʟʤʦʞʥʳʭ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʢʣʶʯʝʡ, ʘ ʪʘʢʞʝ ʪʨʠʛʛʝʨʦʚ. ʇʦʩʣʝʜʥʝʝ ʤʝʩʪʦ 

ʚ ʩʧʠʩʢʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ ʦʪʢʣʶʯʝʥʠʶ ʞʫʨʥʘʣʠʨʦʚʘʥʠʷ ʜʣʷ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʡ 

ʪʘʙʣʠʮʳ. ʆʜʥʘʢʦ ʵʪʦʪ ʵʧʠʟʦʜ ʥʦʩʠʪ ʠʩʢʣʶʯʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʚʣʝʯʝʪ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʦʢ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʪʨʘʥʟʘʢʮʠʡ ʥʘʜ ʪʘʙ-

ʣʠʮʝʡ. 

ʀ, ʥʘʢʦʥʝʮ, ʜʣʷ ʩʣʫʯʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ INSERT é SELECT ʩʪʦʠʪ ʨʘʩ-

ʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʪʘʙʣʠʮ (TEMP TABLE), ʧʦʤʝʱʘʷ ʢʦʥ-

ʚʝʨʪʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʚʩʪʘʚʢʠ ʠʟ ʬʠʥʘʣʴʥʦʛʦ ʟʘʧʨʦʩʘ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʢʦʥʪʝʡʥʝʨ, 

ʪʝʤ ʩʘʤʳʤ ʨʘʟʜʝʣʷʷ ʦʜʥʫ ʪʨʘʥʟʘʢʮʠʶ ʧʦ ʚʩʪʘʚʢʝ ʢʘʢ ʤʠʥʠʤʫʤ ʥʘ ʜʚʘ ʧʦʜʵʪʘʧʘ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʫʢʘʟʘʥʥʳʝ ʩʧʦʩʦʙʳ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʜʫʨ ʧʦ ʤʠʛʨʘ-

ʮʠʠ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʟʘʧʨʦʩʦʚ ʷʚʣʷʶʪʩʷ ʯʘʩʪʥʳʤ ʦʧʳʪʦʤ 

ʨʝʰʝʥʠʷ ʧʦʚʩʝʜʥʝʚʥʳʭ ʟʘʜʘʯ ʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʢʨʘʱʝʥʠʝ ʪʨʫʜʦʟʘʪʨʘʪ ʜʣʷ ʫʯʘʩʪʥʠʢʦʚ 

ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʠʤʝʶʱʠʭ ʤʝʩʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ. 
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Abstract. A unified methodology for studying various types of aircraft electrical ma-

chines using the MATLAB/Simulink programming environment and elements of virtual reality 

(VR) and augmented reality (AR) technology is presented. According to this technique, laborato-

ry classes are carried out in the discipline çAviation and special electrical machinesè. The meth-

odology for the study of electrical machines is built on the basis of a systematic approach to the 

structure çthe content of the academic discipline ï teaching methods ï teaching aidsè. The fea-

tures of the development of simulation models of machines and the composition of the blocks 

included in the model are described. Virtual models have been built and simulation modeling of 

the following types of aircraft electrical machines has been carried out: asynchronous and syn-

chronous machines. The possibility of using elements of technology of virtual reality and aug-

mented reality as a tool that complements the learning process and aimed at improving the effi-

ciency of the learning process by introducing additional interactive objects into the field of visual 

perception of the student in order to increase the efficiency of mastering educational information 

is considered. At the same time, the didactic possibilities of VR/AR technology are considered in 

the context of the development of the thinking of future aviation specialists. It is shown that the 

implementation of this technique in the educational process contributes to the formation of the 

ability to generalize facts, build logical schemes, read non-verbal texts. 

Keywords. Electrical machine, simulation, virtual model, MATLAB/Simulink, Simscape 

Specialized Power Systems. 

 

A large amount of information and knowledge offered to the student during education 

can be successfully mastered by him using intensive learning technologies. Primarily, these are 

computer information technologies for processing, receiving and transmitting information. One 

of these technologies is the use of the MATLAB/Simulink application package in laboratory 

classes, which is used to solve technical computing problems. 

MATLAB is an interactive environment for programming, numerical calculations and 

visualization of results. With the help of the MATLAB programming environment, it became 

possible to analyze multidimensional data, develop algorithms, create models and applications, 

as well as practically test all applied data and schemes [1]. 

Simulink is an application to the MATLAB programming environment. When modeling 

using Simulink, the principle of visual programming is implemented, according to which, the 

user creates a device model on the screen from the block libraries and performs calculations. At 

the same time, unlike classical modeling methods, the user does not need to thoroughly study the 

programming language and numerical methods of mathematics, but rather the general knowledge 

required when working on a computer and, of course, knowledge of the subject area in which he 

works. 

The Simscape Specialized Power Systems library is a common tool for modeling electri-

cal devices in the MATLAB/Simulink dynamic simulation system. The Simscape Specialized 

Power Systems library includes models of passive and active electrical components, power 

sources, electric motors, transformers, power lines, and other electrical equipment [2]. 

mailto:bsamadov2001@gmail.com
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In the Simulink modeling environment using the Simscape Specialized Power Systems 

library, virtual models have been developed for the study of aircraft electrical machines: asyn-

chronous and synchronous AC machines. The developed models are used to build and analyze 

the operating, load and mechanical characteristics of an induction motor; external and operating 

characteristics of the synchronous generator. 

Simulation models for the study of the following types of aircraft electrical machines 

were created for laboratory researches using the Simulink modeling environment: 

ï asynchronous motor with a squirrel-cage rotor; 

ï asynchronous motor with a wound rotor; 

ï a three-phase asynchronous machine with a squirrel-cage rotor when powered from a 

single-phase network; 

ï starting an asynchronous motor; 

ï a synchronous generator operating on an active, active-inductive and active-capacitive 

load; 

ï a synchronous compensator operating on an infinite power network. 

The methodology for conducting all of these virtual labs in the MATLAB/Simulink 

simulation environment is as follows: 

1. Preliminary calculation of the electrical machine parameters. 

2. Creation of a simulation model for the study of an electrical machine using the 

MATLAB/Simulink programming and modeling environment and using the Simscape Special-

ized Power Systems library. 

3. Setting the parameters of the created simulation model of the study. 

4. Performing research (taking readouts of virtual instruments). 

5. Building the required characteristics of an electrical machine based on the data ob-

tained. 

6. Conclusions based on the materials of the conducted research. 

The technique is built using elements of augmented (AR) and virtual (VR) reality tech-

nology. The inclusion of elements of AR / VR technologies in the methodology is a logical de-

velopment of the concept of illustration that has developed in educational book publishing to 

date. At the same time, such interactive manuals are a form of content presentation that meets 

both the specifics of the interaction of the target audience with gadgets and the trends towards 

personalization that are in demand in modern education. 

Common blocks of electrical machine models are: çConstantè block, çRMSè 

(root-mean-square calculator), çDisplayè, çMuxè (multiplexer), çBus Selectorè, çBus Creatorè, 

çScopeè (oscilloscope), çCurrent Measurementè (current meter), çVoltage Measurementè (volt-

age meter). 

Virtual models of electrical machines, in addition to common blocks, are supplemented 

with the following blocks: 

ï çThree-Phase Sourceè, çThree-Phase V-I Measurementè (three-phase current and volt-

age meter), çAsynchronous Machine SI Unitsè, çPowerè (active and reactive power calculator) 

ï for a model of an asynchronous motor with a squirrel-cage rotor; 

ï çThree-Phase Sourceè, çAsynchronous Machine SI Unitsè, çThree-Phase Series RLC 

Branchè ï for the wound rotor induction motor model; 

ï çAC Voltage Sourceè, çAsynchronous Machine SI Unitsè, çThree-Phase Series RLC 

Branchè ï for the squirrel-cage three-phase asynchronous machine model when powered from a 

single-phase network; 

ï çThree-Phase Sourceè, çThree-Phase V-I Measurementè (three-phase current and volt-

age meter), çAsynchronous Machine SI Unitsè, çPowerè (active and reactive power calculator) 

ï for the model of starting an asynchronous motor; 

ï çSimplified Synchronous Machine SI Unitsè, çThree-Phase Parallel RLC-loadè, çFou-

rierè (a unit for measuring the amplitude and initial phase of the voltage on the load and the elec-
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tromotive force of the generator) ï for the synchronous generator model for active, 

active-inductive and active-capacitive load; 

ï çSimplified Synchronous Machine SI Unitsè, çThree-Phase Sourceè, çFourierè (a unit 

for measuring the amplitude and initial phase of the voltage on the load and the electromotive 

force of the generator) ï for the model of a synchronous compensator for an infinite power net-

work. 

Thus, virtual simulation makes it possible to study the static and dynamic characteristics 

of electrical machines without spending significant material and technical resources. The use of 

this modeling environment reduces the economic costs and time required to perform studies, cal-

culations and diagramming. 

At the same time, in this situation, the MATLAB/Simulink programming and modeling 

environment is considered as a learning resource. In the process of using the MATLAB / Sim-

ulink environment, not only the study and research of the properties of electrical machines takes 

place, but also students are taught the methods of technical analysis. 

Summing up, we can say that conducting research on various electrical machines using 

the Simulink simulation environment allows students to get acquainted with the modern ap-

proach to conducting an experiment, gain skills in technical analysis and making engineering 

decisions, and reliably consolidate theoretical material in practice. Also, the use of simulation 

laboratory facilities provides students with an in-depth study of technical disciplines, obtaining 

the skills to research and analyze the operation of various aviation technical devices and systems 

that use electric machines. 
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ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉʀʉʊɽʄ ʕʃɽʂʊʈʆʉʅɸɹɾɽʅʀʗ 

 

ʂʘʨʰʠʙʦʝʚ1 ɸʩʢʘʨ ʀʣʘʰʝʚʠʯ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʜʝʢʘʥ 

ʍʘʤʠʜʦʚ2 ɸʣʠʸʨ ɸʣʠʢʫʣ ʫʛʣʳ, ʠʥʞʝʥʝʨ-ʵʥʝʨʛʝʪʠʢ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ  

ʈʘʩʫʣʦʚʘ3 ɹʘʨʯʠʥʦʡ ʀʣʴʭʦʤʠʜʜʠʥ ʢʠʟʠ, ʠʥʞʝʥʝʨ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ 

ʈʘʭʠʤʦʚʘ4 ʐʘʭʨʠʟʦʜʘ ɾʘʩʫʨʦʚʥʘ, ʩʪʫʜʝʥʪ 

E-mail: aa.hamidov@ngmk.uz 

 

1 ï ʅʘʚʦʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

2 ï ɸʆ çʅʘʚʦʠʡʩʢʠʡ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪè 

3 ï ɸʆ çʅʘʚʦʠʘʟʦʪè 

4 ï ʅʘʚʦʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʡr ʛʦʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʘʚʦʠ, ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʵʣʝʢʪʨʦ-

ʩʥʘʙʞʝʥʠʷ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʕɺʄ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ 

ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʦʚʝʜʝʥʠʝ 

ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʯʠʩʣʝʥ-

ʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʦ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʠʩʪʝʤʘʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʬʦʨʤʝ ʂʦʰʠ. ʈʘʩʩʤʘʪʨʠʚʘʝ-

ʤʳʝ ʢʘʢ ʵʣʝʤʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʦʥʠ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʣʠʯʥʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚʣʝʥ-

ʥʦʡ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʘʣʛʦʨʠʪʤ, ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦ-

ʩʥʘʙʞʝʥʠʷ, ʫʨʘʚʥʝʥʠʷ ʚ ʬʦʨʤʝ ʂʦʰʠ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ, ʤʘʪʨʠʮʘ, ʵʣʝʢʪʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ. 

 

ɺʳʙʦʨ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, 

ʘ ʪʘʢʞʝ ʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʦʧʠʩʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʇʨʠ ʵʪʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦ-

ʜʝʣʠ ʜʦʣʞʥʳ ʧʦʟʚʦʣʷʪʴ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʤʦʜʝʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʕɺʄ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʩʠʤʤʝʪʨʠʯʥʳʭ ʨʝʞʠʤʦʚ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ: ʧʫʩʢʘ, ʚʳʙʝʛʘ, ʪʨʝʭ-

ʬʘʟʥʦʛʦ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʦʙʦʙʱʝʥʥʦʛʦ 

ʚʝʢʪʦʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʣʫʯʘʝʪʩʷ ʢʦʤʧʘʢʥʦʡ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫ-

ʯʘʷʭ ʚʦʟʤʦʞʥʦ ʜʘʞʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʘʥʘʣʠʟʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʘ ʤʦʜʝʣʴ ʣʶʙʦʛʦ ʵʣʝʢʪʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʚ ʬʘʟʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʥʘʨʫʰʝʥʠʷʤʠ ʩʠʤʤʝʪʨʠʠ. 

ɻʣʫʙʦʢʦʧʘʟʥʳʝ ʘʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ ʚʳʧʦʣʥʷʶʪʩʷ 

ʩʦ ʩʪʝʨʞʥʷʤʠ ʪʨʘʧʝʮʝʠʜʘʣʴʥʦʡ ʠʣʠ ʢʦʣʙʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʩʣʦʞʥʫʶ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʦʪ ʯʘʩʪʦʪʳ ʪʦʢʘ ʚ ʩʭʝʤʝ ʵʣʝʢʪʨʦʦʙʦ-

ʨʫʜʦʚʘʥʠʷ. 

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʤʦʜʝʣʠ ʣʶʙʦʛʦ ʵʣʝʢʪʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʬʘʟʥʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʠʟʚʝʩʪʥʳʝ ʜʦʧʫʱʝʥʠʷ: 

- ʧʨʝʥʝʙʨʝʛʘʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʚʳʩʰʠʤʠ ʛʘʨʤʦʥʠʢʘʤʠ; 

- ʤʘʛʥʠʪʥʘʷ ʮʝʧʴ ʥʝ ʥʘʩʳʱʝʥʘ, ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʧʦʪʝʨʠ ʚ ʩʪʘʣʠ ʠ ʷʚʣʝʥʠʝ ʛʠ-

ʩʪʝʨʝʟʠʩʘ; 

- ʘʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ; 

- ʥʝ ʫʯʠʪʳʚʘʝʤ ʚʣʠʷʥʠʝ ʝʤʢʦʩʪʝʡ ʚʥʫʪʨʠ ʦʙʤʦʪʦʢ ʠ ʤʝʞʜʫ ʥʠʤʠ; 

- ʧʦʪʦʢʠ ʨʘʩʩʝʷʥʠʷ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʧʦʣʦʞʝʥʠʷ ʯʘʩʪʝʡ ʵʣʝʢʪʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 



100 

 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʦʚ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʤʦʜʝʣʠ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʤʥʦʛʦʢʦʥʪʫʨʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʭʝʤʳ.  

ʇʘʨʘʤʝʪʨʘʤʠ ʜʚʠʛʘʪʝʣʷ ʷʚʣʷʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ L ʠ ʚʟʘʠʤʥʳʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʄ ʦʙ-

ʤʦʪʦʢ, ʘ ʪʘʢʞʝ ʠʭ ʘʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ R. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʨʠʮʳ ʠʥʮʠʜʝʥʮʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʣʷʝʪʩʷ ʪʘʙ-

ʣʠʮʘ ʩʦʦʪʚʝʪʩʪʚʠʷ, ʩʦʜʝʨʞʘʱʘʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʦʜʥʦʣʠʥʝʡʥʦʡ 

ʩʭʝʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʝʨʰʠʥʘʤ. ʕʣʝʤʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʚ ʧʦʨʷʜʢʝ ʧʨʠʦʨʠʪʝʪʘ. ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʵʣʝʤʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʧʦʨʷʜʢʝ 

ʧʨʠʦʨʠʪʝʪʘ. 
ʊʘʙʣʠʮʘ 1  

ʇʨʠʦʨʠʪʝʪ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ 

ʇʨʠʦʨʠʪʝʪ ʅʘʠʤʝʥʦʚʘʥʠʝ ʵʣʝʤʝʥʪʘ ʆʙʦʟʥʘʯʝʥʠʝ 

1 ʅʝʟʘʚʠʩʠʤʳʡ ʠʩʪʦʯʥʠʢ ʥʘʧʨʷʞʝʥʠʷ ‌ 

2 ɺʥʝʰʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ‌ 
3 ʂʘʙʝʣʴ, ʃʕʇ ʤʝʩʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ‌ 

4 ʆʜʠʥʦʯʥʳʡ ʨʝʘʢʪʦʨ ‌ 
5 ʉʜʚʦʝʥʥʳʡ ʨʝʘʢʪʦʨ ‌ 

6 ɼʚʫʭʦʙʤʦʪʦʯʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ‌ 

7 ʊʨʝʭʦʙʤʦʪʦʯʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ‌ 
8 ʉʪʘʪʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ‌ 
9 ʐʫʥʪʳ ‌ 

10 ʆʜʥʦʢʦʥʪʫʨʥʳʡ ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ‌  

11 ɼʚʫʭʢʦʥʪʫʨʥʳʡ ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ‌  

12 ʊʨʝʭʢʦʥʪʫʨʥʳʡ ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ‌  

 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʷʶʪ ʩ ʫʯʝʪʦʤ ʧʨʠʦʨʠʪʝʪʦʚ ʩʬʦʨʤʠʨʦ-

ʚʘʪʴ ʨʘʟʚʝʨʥʫʪʫʶ ʤʘʪʨʠʮʫ ʠʥʮʠʜʝʥʮʠʡ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʧʦʜʤʘʪʨʠʮʳ ʜʝʨʝʚʘ ɸT ʠ ʧʦʜʤʘʪʨʠʮʳ 

ʭʦʨʜ ɸh. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʦʚ ʠ ʧʦʣʫʯʝʥʠʷ ʩʚʷʟʥʦʛʦ ʛʨʘʬʘ ʩʭʝʤʳ ʚ ʢʘʞ-

ʜʳʡ ʫʟʝʣ ʦʜʥʦʣʠʥʝʡʥʦʡ ʩʭʝʤʳ ʚʚʦʜʷʪʩʷ ʘʢʪʠʚʥʳʝ ʪʨʝʭʬʘʟʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʰʫʥʪʦʚ. ʂʨʦ-

ʤʝ ʪʦʛʦ, ʩʣʝʜʫʝʪ ʚʚʝʩʪʠ ʦʜʥʦʬʘʟʥʳʝ ʰʫʥʪʳ ʚ ʥʝʡʪʨʘʣʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʠ ʜʚʠʛʘʪʝʣʝʡ. 

ʇʦʜʤʘʪʨʠʮʘ ʛʣʘʚʥʦʛʦ ʜʝʨʝʚʘ ɸT ʩʦʩʪʦʠʪ ʠʭ ʩʝʤʠ ʙʣʦʢʦʚ ʠ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ. 2. 

ʂʘʞʜʳʡ ʙʣʦʢ ʧʦʜʤʘʪʨʠʮʳ ʜʝʨʝʚʘ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ. 

ʇʨʠʯʝʤ ʨʘʟʤʝʨʥʦʩʪʠ ʢʘʞʜʦʡ ʧʦʜʤʘʪʨʠʮʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 
ʊʘʙʣʠʮʘ 2  

ʇʦʜʤʘʪʨʠʮʘ ʛʣʘʚʥʦʛʦ ʜʝʨʝʚʘ 

 n1 n2 n3 n4 n5 

h1 AT1  AT4   

h2 AT2     

h3  AT3    

h4   AT5 AT6  

h5     AT7 

 

ʇʦʜʤʘʪʨʠʮʘ AT1 ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʤʘʪʨʠʮʳ ʠʥʮʠʜʝʥʮʠʡ 

ʦʜʥʦʣʠʥʝʡʥʦʡ ʩʭʝʤʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʇʦʜʤʘʪʨʠʮʘ ɸʊ4 ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʴʶ ʧʦʜʢʣʶʯʝʥʠʷ ʰʫʥʪʦʚ ʢ ʫʟʣʘʤ ʦʜʥʦʣʠʥʝʡʥʦʡ ʩʭʝʤʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʆʩʪʘʣʴ-

ʥʳʝ ʧʦʜʤʘʪʨʠʮʳ ʨʘʚʥʳ: ˍ̓ ), ̱ ̓ ), ̱ ̓ ), ̱ ̓ ), ̱ ̓ ). 
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ʇʦʩʣʝ ʤʘʪʨʠʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʬʘʟʳ ʘ ʩʠʩʪʝʤʳ ʵʣʝʢ-

ʪʨʦʩʥʘʙʞʝʥʠʷ ʧʨʠʥʠʤʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
 

ὨὭ

Ὠὸ
ὃϽὭ ὄϽὟ  (1) 

  

ὃ ὒ ϽὙ
Ὠὒ

Ὠὸ
& ϽὙ̙ Ͻ&  

(2) 

  

ὄ ὒ Ͻ&  (3) 

 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʜʣʷ ʬʘʟ b ʠ ʩ ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʩʪʝ-

ʤʘ ʫʨʘʚʥʝʥʠʡ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ ʂʦʰʠ, ʫʜʦʙʥʘʷ ʜʣʷ ʨʝʰʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʕɺʄ. 

 
ὨὭ

Ὠὸ
ὃϽὭ ὄϽὟ  (4) 

  
ὨὭ

Ὠὸ
ὃϽὭ ὄϽὟ  (5) 

 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʨʠʮʳ ʠʥʮʠʜʝʥʮʠʡ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʤʘʪʨʠʮ F11,F31 ʠ ʧʨʦʠʟʚʝʜʝʥʠʷ 

F31
t Å R  h Å F31, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʦʧʝʨʘʮʠʠ ʦʙʨʘʱʝʥʠʷ ʤʘʪʨʠʮʳ ʜʝʨʝʚʘ ɸt 

ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʫʤʥʦʞʝʥʠʷ ʝʝ ʥʘ ʤʘʪʨʠʮʫ ʭʦʨʜ ɸh ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʷʝʪ ʨʘʙʦʪʫ ʘʣʛʦ-

ʨʠʪʤʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ: 

1. ʇʦʣʫʯʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʣʶʙʦʛʦ ʵʣʝʢʪʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʚ ʬʘʟʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ ʚ Ă ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʘ ʩʠʩʪʝʤʳ ʵʣʝʢ-

ʪʨʦʩʥʘʙʞʝʥʠʷ. 

2. ʇʦʜʤʘʪʨʠʮʘ ʜʝʨʝʚʘ ʤʘʪʨʠʮʳ ʠʥʮʠʜʝʥʮʠʡ ʜʣʷ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙ-

ʞʝʥʠʷ, ʩʦʜʝʨʞʘʱʝʡ ʘʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ, ʷʚʣʷʝʪʩʷ ʙʣʦʯʥʦ-ʜʠʘʛʦʥʘʣʴʥʦʡ, ʩʦʜʝʨʞʠʪ 

ʩʝʤʴ ʧʦʜʤʘʪʨʠʮ, ʬʦʨʤʠʨʫʝʤʳʭ ʠʟ ʚʝʪʚʝʡ ʥʝʟʘʚʠʩʠʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘʧʨʷʞʝʥʠʷ, ʢʘʙʝʣʝʡ, 

ʃʕʇ, ʦʜʠʥʦʯʥʳʭ ʠ ʩʜʚʦʝʥʥʳʭ ʨʝʘʢʪʦʨʦʚ, ʜʚʫʭʦʙʤʦʪʦʯʥʳʭ ʠ ʪʨʝʭʦʙʤʦʪʦʯʥʳʭ ʪʨʘʥʩʬʦʨ-

ʤʘʪʦʨʦʚ, ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ, ʰʫʥʪʦʚ, ʘʩʠʥʭʨʦʥʥʴʪʭ ʜʚʠʛʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʦʣʥʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ. 

3. ʉʪʨʫʢʪʫʨʳ ʙʣʦʢʦʚ ʧʦʜʤʘʪʨʠʮʳ ʜʝʨʝʚʘ ʠ ʧʦʜʤʘʪʨʠʮʳ ʭʦʨʜ ʞʝʩʪʢʦ ʦʧʨʝʜʝʣʝ-

ʥʳ ʠ ʟʘʚʠʩʷʪ ʦʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʩʭʝʤʳ 

ʠʭ ʩʦʝʜʠʥʝʥʠʷ. 

4. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʘʪʨʠʮ F, ʠʩʭʦʜʷ ʠʟ ʦʧʝʨʘʮʠʡ ʥʘʜ ʤʘʪʨʠʮʘʤʠ ʜʝʨʝʚʘ ʠ 

ʭʦʨʜ ʧʦʣʫʯʝʥʳ ʠʭ ʞʝʩʪʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

ʇʦʣʫʯʝʥ ʘʣʛʦʨʠʪʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝ-

ʥʠʷ, ʩʦʜʝʨʞʘʱʝʡ ʘʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦ ʧʦʜʦʡʪʠ ʢ ʨʝ-

ʰʝʥʠʶ ʟʘʜʘʯ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʦʚ. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʊɽʃɽʄɽʊʈʀʀ ɺ ʂʆʅʎɽʇʎʀʀ çʋʄʅʓʁ ɼʆʄè 

 

ʂʦʣʦʬʠʜʠʥʘ ɸʣʴʙʠʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ, ʩʪʫʜʝʥʪʢʘ  

ɹʝʟʩʤʝʨʪʥʳʡ ɹʦʨʠʩ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ  

E-mail: a.kolofidina@edu.sibstrin.ru 

 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʢʦʤʧʣʝʢʩʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʪʘʥʦʚʣʝʥʠʷ ʠ ʨʘʟʚʠ-

ʪʠʷ ʩʠʩʪʝʤʳ çʋʤʥʳʡ ʜʦʤè ʩ ʩʘʤʦʛʦ ʟʘʨʦʞʜʝʥʠʷ ʠʜʝʠ ʜʦ ʪʝʥʜʝʥʮʠʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʦ-

ʚʨʝʤʝʥʥʦʤ ʤʠʨʝ.  ɺʦ ʚʨʝʤʷ ʥʘʧʠʩʘʥʠʷ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʪʘʢʠʝ ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ, ʢʘʢ ʧʝʨʚʦʝ 

ʧʦʷʚʣʝʥʠʝ ʧʦʥʷʪʠʷ çʋʤʥʳʡ ʜʦʤè, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʝʛʦ ʚ ʧʨʠʚʳʯʥʦʝ ʥʘʤ ʧʦʥʠʤʘʥʠʝ ʪʝʭʥʦ-

ʣʦʛʠʠ, ʩʪʨʫʢʪʫʨʘ ʈʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ ʚ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ, ʜʚʠʛʘʪʝʣʠ ʠ ʪʦʨʤʦʟʳ ʧʨʦʛʨʝʩʩʘ ʚ 

ʜʘʥʥʦʡ ʩʬʝʨʝ. ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ ʙʳʣʠ ʧʦʟʞʝ ʧʨʠʤʝʥʝʥʳ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʨʘʙʦʯʝʛʦ ʤʘʢʝʪʘ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʨʘʟʣʠʯʥʳʝ ʜʘʪʯʠʢʠ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʘʚ-

ʪʦʥʦʤʥʦ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʣʠ ʤʦʛʫʪ ʫʧʨʘʚʣʷʪʴʩʷ ʩ ʧʦʤʦʱʴʶ web-ʩʝʨʚʝʨʘ, ʩʦʦʙʱʘʷ ʚʣʘ-

ʜʝʣʴʮʫ ʦ ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʩʠʪʫʘʮʠʷʭ ʠʣʠ ʦʪʢʣʦʥʝʥʠʷʭ ʦʪ ʥʦʨʤʳ. ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ 

çʋʤʥʳʡ ʜʦʤè ʚ ʦʙʳʯʥʫʶ ʞʠʟʥʴ ʧʦʟʚʦʣʠʪ ʩʜʝʣʘʪʴ ʝʝ ʧʨʦʱʝ ʠ ʢʦʤʬʦʨʪʥʝʝ, ʧʦʵʪʦʤʫ, ʷ ʩʯʠ-

ʪʘʶ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ. ʊʘʢʞʝ ʘʢʪʫʘʣʴʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ 

ʥʠʟʢʦʡ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴʶ ʥʘʩʝʣʝʥʠʷ ʩʪʨʘʥʳ ʦ ʥʦʚʦʡ ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʥʠʟʢʦʤʫ ʧʨʦʮʝʥʪʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʝ ʚ ʞʠʟʥʠ ʣʶʜʝʡ ʧʨʠ ʘʢʪʠʚʥʦʤ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʠ ʩ ʦʪʜʝʣʴʥʳʤʠ ʧʨʦʩʪʳʤʠ ʫʤʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ: ʤʫʣʴʪʠʚʘʨʢʠ, ʯʘʡʥʠʢʠ, ʧʳʣʝʩʦʩʳ, 

ʛʦʣʦʩʦʚʳʝ ʧʦʤʦʱʥʠʢʠ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʋʤʥʳʡ ʜʦʤ, EIB, CEBus, ʩʠʩʪʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʠʥʬʦʨʤʘʮʠʷ, 

ʪʝʭʥʦʣʦʛʠʠ, ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ. 

 

ɽʞʝʛʦʜʥʦ ʪʝʭʥʦʣʦʛʠʠ ʚʩʝ ʛʣʫʙʞʝ ʧʨʦʥʠʢʘʶʪ ʚ ʥʘʰʫ ʞʠʟʥʴ. ʄʳ ʫʞʝ ʥʝ ʤʦʞʝʤ 

ʧʨʝʜʩʪʘʚʠʪʴ ʩʚʦʡ ʜʝʥʴ ʙʝʟ ʩʤʘʨʪʬʦʥʦʚ, ʙʦʣʴʰʠʭ ʧʣʘʟʤʝʥʥʳʭ ʵʢʨʘʥʦʚ, ʙʘʥʢʦʚʩʢʠʭ ʢʘʨʪ ʠ 

ʙʝʩʧʨʦʚʦʜʥʳʭ ʥʘʫʰʥʠʢʦʚ. ʇʦʵʪʦʤʫ ʙʳʣʦ ʙʳ ʩʪʨʘʥʥʦ, ʝʩʣʠ ʙʳ ʫʩʪʨʦʡʩʪʚʘ ʥʝ ʧʨʦʥʠʢʣʠ 

ʚ ʥʘʰʠ ʜʦʤʘ. 

ʇʦʩʪʝʧʝʥʥʦ, ʤʳ ʩʪʘʣʠ ʥʘʧʦʣʥʷʪʴ ʩʚʦʠ ʢʚʘʨʪʠʨʳ ʫʤʥʦʡ ʪʝʭʥʠʢʦʡ, ʜʘʞʝ ʥʝ ʚʩʝʛʜʘ ʦʙ 

ʵʪʦʤ ʟʘʜʫʤʳʚʘʷʩʴ. ʋʤʥʳʝ ʢʦʣʦʥʢʠ ʩ ʛʦʣʦʩʦʚʳʤʠ ʧʦʤʦʱʥʠʢʘʤʠ, ʤʫʣʴʪʠʚʘʨʢʠ ʠ ʙʦʡʣʝʨʳ ʩ 

WiFi-ʫʧʨʘʚʣʝʥʠʝʤ, ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʝ ʠ ʜʨʫʛʠʝ ʜʝʚʘʡʩʳ, ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʦʪʦʨʳʤʠ ʤʳ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʨʘʟʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʠʣʠ web-ʩʝʨʚʝʨʳ. ʇʦʵʪʦʤʫ, ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʢʦʤʤʫʥʠʢʘ-

ʮʠʠ ʤʝʞʜʫ ʚʩʝʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʚ 1970-ʭ ʛʦʜʘʭ ʚ çʀʥʩʪʠʪʫʪʝ ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ɿʜʘʥʠʡè 

ʉʐɸ ʧʦʷʚʠʣʦʩʴ ʧʦʥʷʪʠʝ çʋʤʥʳʡ ʜʦʤè, ʥʦ ʪʦʛʜʘ ʦʧʨʝʜʝʣʝʥʠʝʤ ʙʳʣʦ: çʟʜʘʥʠʝ, ʧʦʟʚʦʣʷ-

ʶʱʝʝ ʧʨʦʜʫʢʪʠʚʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦéè. 

ʆʬʠʮʠʘʣʴʥʦʡ ʜʘʪʦʡ ʟʘʨʦʞʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʩʯʠʪʘʝʪʩʷ 1978 ʛ., ʢʦʛʜʘ X10 ʠ Leviton 

ʉʐɸ ʚʥʝʜʨʠʣʠ ʩʧʦʩʦʙ ʫʧʨʘʚʣʝʥʠʷ ʙʳʪʦʚʳʤʠ ʧʨʠʙʦʨʘʤʠ ʯʝʨʝʟ ʧʨʦʚʦʜʘ ʵʣʝʢʪʨʦʩʝʪʠ. 

ʊʘʢ ʢʘʢ ʚ ʉʐɸ ʚ ʦʪʣʠʯʠʠ ʦʪ ʚʩʝʛʦ ʤʠʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʨʫʛʘʷ ʵʣʝʢʪʨʦʩʝʪʴ (110 ɺ ʠ 

60 ɻʮ), ʥʦʚʰʝʩʪʚʘ ʧʝʨʚʦʝ ʚʨʝʤʷ ʦʩʪʘʚʘʣʠʩʴ ʜʦʩʪʫʧʥʳ ʪʦʣʴʢʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʝʚʝʨʥʦʡ 

ɸʤʝʨʠʢʠ. ʅʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʦʛʨʝʩʩʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ, ʫʯʝʥʳʝ ʧʦʥʠʤʘʣʠ, ʯʪʦ ʵʪʦʛʦ ʥʝ-

ʜʦʩʪʘʪʦʯʥʦ. 

ɺ ʪʦʪ ʤʦʤʝʥʪ ʠ ʧʦʷʚʠʣʘʩʴ ʠʜʝʷ ʩʦʟʜʘʥʠʷ ɸʣʴʷʥʩʘ ʕʣʝʢʪʨʦʥʥʳʭ ʦʪʨʘʩʣʝʡ. ʕʪʦ ʧʨʠ-

ʚʝʣʦ ʢ ʚʚʝʜʝʥʠʶ ʚ 1992 ʛ. ʩʪʘʥʜʘʨʪʘ CEBus (ʇʦʪʨʝʙʠʪʝʣʴʩʢʘʷ ʕʣʝʢʪʨʦʥʥʘʷ ʰʠʥʘ). ɺ ʥʘʰʝ 

ʚʨʝʤʷ ʩʪʘʥʜʘʨʪ ʦʪʢʨʳʪ ʜʣʷ ʚʩʝʭ ʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʟʤʝʥʠʚʰʠʝʩʷ ʜʝʪʘʣʠ, ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʩʘʤʳʭ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʫʩʪʨʦʡʩʪʚ ʜʣʷ çʋʤʥʦʛʦ ʜʦʤʘè. 

ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʚʠʚʘʣʩʷ ʠ ʤʝʪʦʜ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʊʝʧʝʨʴ ʦʥ ʧʨʝʜʧʦʣʘ-

ʛʘʝʪ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʥʝ ʪʦʣʴʢʦ ʧʦ ʧʨʦʚʦʜʘʤ ʙʳʪʦʚʦʡ ʵʣʝʢʪʨʦʩʝʪʠ, ʥʦ ʠ ʧʦ ʙʠʪʦʤʫ ʜʚʫʭ-

ʧʨʦʚʦʜʥʦʤ ʢʘʙʝʣʶ, ʢʦʘʢʩʠʘʣʴʥʦʤʫ ʢʘʙʝʣʶ, ʚ ʨʘʜʠʦʯʘʩʪʦʪʥʦʤ ʠ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ. 
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ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʙʦʩʦʙʣʝʥʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʠʙʦ-

ʨʘ, ʘ ʪʘʢʞʝ ʧʝʨʝʢʣʶʯʝʥʠʝ ʤʝʞʜʫ ʤʝʪʦʜʘʤʠ. 

ʍʦʪʴ ʚ ʥʘʯʘʣʝ ʧʫʪʠ ʪʝʭʥʦʣʦʛʠʷ ʤʝʥʷʣʘʩʴ ʙʳʩʪʨʦ, ʩʝʡʯʘʩ ʝʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʠʜʝʪ ʜʦʩʪʘʪʦʯʥʦ ʤʝʜʣʝʥʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ ʩʬʝʨʘʤʠ. ʅʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʢʦʝ 

ʧʦʜʦʙʠʝ ʪʦʨʤʦʟʘ, ʧʦʷʚʠʣʩʷ ʥʦʚʳʡ ʩʪʘʥʜʘʨʪ EIB (European Installation Bus), ʢʦʪʦʨʳʡ ʦʩʦ-

ʙʝʥʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʠʩʪʝʤ ʚ ɽʚʨʦʧʝ. 

ʆʙʲʝʜʠʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, IP-ʪʝʣʝʚʠʜʝʥʠʷ ʠ IP-

ʪʝʣʝʬʦʥʠʠ ʧʦʯʪʠ ʟʘʚʝʨʰʝʥʘ ʠʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨʘʤʠ. ʇʦʧʫʣʷʨʥʳʝ ʫʩʣʫʛʠ ʧʨʝʜʣʘʛʘʶʪʩʷ 

ʧʦʣʴʟʦʚʘʪʝʣʶ çʚ ʧʘʢʝʪʝè, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʚʳʯʥʳʝ ʩʧʦʩʦʙʳ ʩʚʷʟʠ ʩʪʘʥ-

ʜʘʨʪʥʳʭ ʬʦʨʤʘʭ. ʋʩʣʫʛʠ ʧʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʶ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʦʡ ʦʙʤʝʥʠʚʘʶʪʩʷ çʫʤ-

ʥʳʝè ʫʩʪʨʦʡʩʪʚʘ, ʩʝʡʯʘʩ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʦʧʝʨʘʪʦʨʘʤʠ ʩʚʷʟʠ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʢʦʥʮʝʧʮʠʡ çʋʤʥʦʛʦ ʜʦʤʘè ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ 

ʚ ʩʬʝʨʝ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ. 

ʇʦʵʪʦʤʫ ʟʥʘʢʦʤʳʝ ʥʘʤ ʦʧʝʨʘʪʦʨʳ ʩʚʷʟʠ ʥʝ ʦʩʪʘʶʪʩʷ ʚ ʩʪʦʨʦʥʝ ʠ ʧʦ ʤʝʨʝ ʚʦʟʤʦʞ-

ʥʦʩʪʝʡ ʧʨʝʜʣʘʛʘʶʪ ʩʚʦʠʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʫʩʣʫʛʠ ʧʦ ʫʩʪʘʥʦʚʢʝ, ʫʧʨʘʚʣʝʥʠʶ ʠ ʦʙʩʣʫʞʠʚʘ-

ʥʠʶ ʩʠʩʪʝʤʳ çʋʤʥʳʡ ʜʦʤè. ʂʨʫʧʥʳʝ ʢʦʤʧʘʥʠʠ ʫʚʝʨʝʥʳ ʚ ʫʩʧʝʭʝ, ʪʘʢ ʢʘʢ ʧʦʪʨʝʙʠʪʝʣʠ 

ʜʘʚʥʦ ʧʨʠʚʳʢʣʠ ʦʧʣʘʯʠʚʘʪʴ ʵʪʠ ʫʩʣʫʛʠ ʨʝʛʫʣʷʨʥʦ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, ʯʪʦ ʥʘʪʘʣʢʠʚʘʝʪ ʥʘ ʚʳ-

ʚʦʜ, ʯʪʦ ʦʙʲʝʜʠʥʝʥʠʝ ʚʩʝʭ ʧʣʘʪʝʞʝʡ ʥʝ ʪʦʣʴʢʦ ʫʧʨʦʩʪʠʪ ʞʠʟʥʴ, ʥʦ ʠ ʧʦʟʚʦʣʠʪ ʩʵʢʦʥʦʤʠʪʴ. 

ʉʨʝʜʠ çʧʝʨʚʦʦʪʢʨʳʚʘʪʝʣʝʡè ʥʘ ʈʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʟʥʘʢʦʤʳʝ ʥʘʤ 

ɹʠʣʘʡʥ ʠ ʄʊʉ, ʢʦʪʦʨʳʝ ʥʘʯʘʣʠ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʩʚʦʠ ʨʘʟʨʘʙʦʪʢʠ ʝʱʸ ʚ 2010-ʭ ʛʦʜʘʭ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʥʘʰ ʨʳʥʦʢ ʝʱʝ ʥʘʭʦʜʠʪʩʷ ʪʦʣʴʢʦ ʥʘ ʩʪʘʜʠʠ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦ-

ʛʠʠ ʚ ʰʠʨʦʢʦʝ ʧʦʣʴʟʦʚʘʥʠʝ. ɺ ʯʠʩʣʝ ʜʚʠʛʘʪʝʣʝʡ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʜʦʩʪʫʧʥʦʩʪʠ 

ʫʩʪʨʦʡʩʪʚ, ʨʦʩʪ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʦʟʥʘʥʠʷ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠʥʠʮʠʘʪʠʚʳ ʚ ʥʦʚʦʡ ʩʬʝʨʝ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʝʩʪʴ ʠ çʪʦʨʤʦʟʘè ʧʨʦʛʨʝʩʩʘ: ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʢʦʤʧʣʝʢʪʫʶ-

ʱʠʭ, ʤʘʣʘʷ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ, ʦʧʘʩʝʥʠʝ ʫʪʝʯʢʠ ʣʠʯʥʳʭ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʧʨʠʚʳʯʥʦʛʦ ʫʢʣʘʜʘ ʞʠʟʥʠ. 

ʉʪʨʫʢʪʫʨʘ ʨʳʥʢʘ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʦʩʪʦʠʪ ʠʟ 4 ʩʝʛʤʝʥʪʦʚ: ʩʠʩʪʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʫʤʥʦʝ ʦʩʚʝʱʝʥʠʝ, ʫʧʨʘʚʣʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʠ ʢʣʠʤʘʪʦʤ, ʢʦʥʪʨʦʣʴ ʥʘʜ ʦʩʪʘʣʴʥʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ʉʠʩʪʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ çʋʤʥʦʝ ʜʦʤʝè ʚʢʣʶʯʘʝʪ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʝ, ʢʦʥʪʨʦʣʴ ʜʦ-

ʩʪʫʧʘ ʚ ʧʦʤʝʱʝʥʠʝ, ʪʨʝʚʦʞʥʳʝ ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ ʤʦʥʠʪʦʨʠʥʛ. ɼʘʥʥʳʡ ʩʝʛʤʝʥʪ ʷʚʣʷʝʪʩʷ ʩʘ-

ʤʳʤ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ. 

ʋʚʝʨʝʥʥʦʝ ʚʪʦʨʦʝ ʤʝʩʪʦ ʧʦ ʧʦʧʫʣʷʨʥʦʩʪʠ ʟʘʥʠʤʘʝʪ ʋʤʥʦʝ ʦʩʚʝʱʝʥʠʝ. ʕʪʦ ʦʙʫ-

ʩʣʦʚʣʝʥʦ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʩʪʦʪʦʡ ʚ ʫʧʨʘʚʣʝʥʠʠ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʫʯʸʥʳʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʚʥʫʪʨʝʥʥʠʤ ʠ 

ʥʘʨʫʞʥʳʤ ʦʩʚʝʱʝʥʠʝʤ. 

ɼʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʙʳʣʘ ʨʘʟʨʘʙʦ-

ʪʘʥʘ ʦʪʜʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ. ʉʶʜʘ ʚʭʦʜʠʪ ʫʧʨʘʚʣʝʥʠʝ ʢʦʥʜʠʮʠʦʥʝʨʦʤ, ʪʝʨʤʦʩʪʘʪʦʤ, 

ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʦʤ ʙʘʪʘʨʝʠ, ʢʣʠʤʘʪ-ʢʦʥʪʨʦʣʝʤ, ʛʠʜʨʦʩʪʘʪ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʚ ʢʚʘʨ-

ʪʠʨʝ ʠʣʠ ʜʦʤʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʉʘʤʳʤ ʯʝʣʦʚʝʢʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʩʝʛʤʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʧʫʣʷʨ-

ʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʦʣʦʩʦʚʳʭ ʧʦʤʦʱʥʠʢʦʚ, ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʥʘʜ ʦʩʪʘʣʴʥʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ɺ ʯʠʩʣʝ ʛʣʘʚʥʳʭ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʨʳʥʢʘ ʨʝʰʝʥʠʡ ʋʤʥʦʛʦ ʜʦʤʘ ï ʜʘʣʴʥʝʡʰʘʷ 

ʠʥʪʝʛʨʘʮʠʷ ʋʤʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʚʠʨʪʫʘʣʴʥʳʤʠ ʘʩʩʠʩʪʝʥʪʘʤʠ, ʦʩʥʦ-

ʚʘʥʥʘʷ ʥʘ ʨʘʩʪʫʱʝʡ ʧʦʧʫʣʷʨʥʦʩʪʠ ʛʦʣʦʩʦʚʳʭ ʧʣʘʪʬʦʨʤ. ʈʘʟʚʠʪʠʝ ʨʳʥʢʘ ʋʤʥʳʭ ʢʦʣʦʥʦʢ, 

ʨʘʩʰʠʨʝʥʠʝ ʧʨʝʜʣʦʞʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʋʤʥʦʛʦ ʜʦʤʘ ʩ ʧʦʜʜʝʨʞʢʦʡ ʛʦʣʦʩʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʠʤ ʠʟ ʜʨʘʡʚʝʨʦʚ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ ʨʝʰʝʥʠʡ ʋʤʥʦʛʦ ʜʦʤʘ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʤʝʜʣʝʥʥʦ, ʥʦ ʚʝʨ-

ʥʦ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʣʦʪʥʦ ʚʭʦʜʠʪ ʚ ʥʘʰʫ ʞʠʟʥʴ ʠ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʙʳʪʦʚʳʝ ʟʘʜʘʯʠ, 

ʦʩʚʦʙʦʞʜʘʷ ʪʝʤ ʩʘʤʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʪ ʣʠʰʥʠʭ ʦʙʷʟʘʥʥʦʩʪʝʡ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʩʪʘʣʦ ʘʢʪʫ-

ʘʣʴʥʦ ʚ ʧʝʨʠʦʜ ʧʘʥʜʝʤʠʠ, ʢʦʛʜʘ ʣʶʜʠ ʙʳʣʠ ʚʳʥʫʞʜʝʥʳ ʚʳʡʪʠ ʥʘ ʨʘʙʦʪʫ ʫʜʘʣʝʥʥʦ ʠ ʛʦ-
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ʨʘʟʜʦ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʧʨʦʚʦʜʠʪʴ ʚ ʩʚʦʠʭ ʢʚʘʨʪʠʨʘʭ. ʆʙʝʩʧʝʯʝʥʠʝ ʢʦʤʬʦʨʪʘ ʠ ʤʘʢʩʠʤʘʣʴ-

ʥʦʡ ʩʚʦʙʦʜʳ ʦʪ ʜʦʤʘʰʥʠʭ ʜʝʣ ʩʪʘʣʦ ʧʨʠʦʨʠʪʝʪʦʤ ʫ ʢʦʤʧʘʥʠʡ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʨʘʟʨʘʙʦʪ-

ʢʦʡ ʠ ʚʳʧʫʩʢʦʤ ʫʤʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʀʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʠʤ ʤʥʦʛʠʝ ʣʶʜʠ ʩʤʦʛʣʠ ʙʳʩʪʨʦ ʧʝ-

ʨʝʩʪʨʦʠʪʴʩʷ ʠ ʧʝʨʝʞʠʪʴ ʵʪʦ ʥʝʣʝʛʢʦʝ ʚʨʝʤʷ. 
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ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ.ʇ. ʂʦʨʦʣʝʚʘ (ʉʘʤʘʨʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

ʛ. ʉʘʤʘʨʘ, ʈʌ 
 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʛʝʥʝʨʘʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʥʦ-

ʚʦʦʙʨʘʟʦʚʘʥʠʡ ʢʦʞʥʦʛʦ ʧʦʢʨʦʚʘ ʩ ʧʦʤʦʱʴʶ ʛʝʥʝʨʘʪʠʚʥʦ-ʩʦʩʪʷʟʘʪʝʣʴʥʳʭ ʩʝʪʝʡ, ʜʣʷ ʧʦ-

ʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʛʝʥʝʨʘʪʠʚʥʦ-ʩʦʩʪʷʟʘʪʝʣʴʥʳʝ ʩʝʪʠ, ʛʣʫʙʦʢʦʝ 

ʦʙʫʯʝʥʠʝ, ʤʝʜʠʮʠʥʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ.  

 

ɺʚʝʜʝʥʠʝ. ʈʘʢ ʢʦʞʠ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝ-

ʥʠʷ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʈʘʥʥʷʷ ʜʠʘʛʥʦʩʪʠʢʘ ʤʝʣʘʥʦʤʳ ï ʚʘʞʥʳʡ ʚʦʧʨʦʩ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ % ʚʳʞʠʚʘʝʤʦʩʪʠ ʧʘʮʠʝʥʪʦʚ.  

ʉ ʨʘʟʚʠʪʠʝʤ ʤʝʪʦʜʦʚ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠ-

ʩʪʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʨʘʞʝʥʠʡ ʢʦʞʠ ʜʣʷ ʧʦʤʦʱʠ ʚʨʘʯʘʤ-

ʜʝʨʤʘʪʦʣʦʛʘʤ ʚ ʧʦʩʪʘʥʦʚʢʝ ʜʠʘʛʥʦʟʘ ʩʪʘʥʦʚʠʪʩʷ ʝʱʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ.  

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʚʝʨ-

ʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (CNN). ʉʚʝʨʪʦʯʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʤʦʞʝʪ ʠʟʚʣʝʢʘʪʴ ʭʘʨʘʢʪʝʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠʟ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʠʤʝʝʪ ʭʦʨʦʰʫʶ ʦʙʦʙʱʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʥʘʣʠ-

ʯʠʠ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʤʝʯʝʥʥʳʭ ʜʘʥʥʳʭ. ɺ ʟʘʜʘʯʘʭ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʦʪʦ-

ʨʳʝ ʟʘʯʘʩʪʫʶ ʦʧʝʨʠʨʫʶʪ ʩ ʦʙʳʯʥʳʤʠ ʮʠʬʨʦʚʳʤʠ ʬʦʪʦʩʥʠʤʢʘʤʠ, ʧʨʦʙʣʝʤʘ ʧʦʣʫʯʝʥʠʷ 

ʙʦʣʴʰʦʛʦ ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʭʦʪʷ ʠ ʪʨʫʜʦʝʤʢʦʡ, ʥʦ ʚʧʦʣʥʝ ʨʝʰʘʝʤʦʡ.  

ɺ ʩʣʫʯʘʝ ʩʙʦʨʘ ʢʦʣʣʝʢʮʠʠ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʝʱʝ 

ʠ ʚ ʪʦʤ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʜʦʩʪʫʧʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʛʨʘʥʠʯʝʥʦ ʧʦ-

ʩʪʫʧʘʶʱʠʤ ʧʦʪʦʢʦʤ ʧʘʮʠʝʥʪʦʚ, ʠʤʝʶʱʠʤʠʩʷ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʪʝʭʥʦʣʦʛʠʷʤʠ ʥʘʢʦʧʣʝʥʠʷ 

ʠ ʮʠʬʨʦʚʦʡ ʘʨʭʠʚʘʮʠʠ ʜʘʥʥʳʭ, ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʯʨʝʞʜʝʥʠʷ, ʫʨʦʚʥʝʤ ʢʦʤ-

ʧʴʶʪʝʨʥʦʡ ʛʨʘʤʦʪʥʦʩʪʠ, ʢʚʘʣʠʬʠʢʘʮʠʝʡ ʤʝʜʠʮʠʥʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ ʠ ʜʨ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʛʝ-

ʥʝʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʢʦʞʥʦʛʦ ʧʦʢʨʦʚʘ ʜʣʷ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʥʘ ʨʷʜʫ ʩ ʨʝʘʣʴʥʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʧʨʠ ʨʝʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʝʥʝʨʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʨʝʰʘʝʪ ʝʱʝ ʦʜʠʥ ʚʘʞʥʳʡ ʚʦʧʨʦʩ ï 

ʶʨʠʜʠʯʝʩʢʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʤʝʜʠʮʠʥʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʝ ʠʤʝʶʪ ʥʠʢʘ-

ʢʠʭ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʠ ʵʪʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

ɻʝʥʝʨʘʪʠʚʥʳʝ ʤʦʜʝʣʠ ʜʣʷ ʩʠʥʪʝʟʘ ʜʘʥʥʳʭ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ ʧʦʜʭʦʜʘʤʠ 

ʢ ʩʠʥʪʝʟʫ ʜʘʥʥʳʭ ʷʚʣʷʶʪʩʷ ʚʘʨʠʘʮʠʦʥʥʳʝ ʘʚʪʦʢʦʜʠʨʦʚʱʠʢʠ (VAE), ʛʝʥʝʨʘʪʠʚʥʦ-

ʩʦʩʪʷʟʘʪʝʣʴʥʳʝ ʩʝʪʠ (GAN) ʠ ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʳʝ ʤʦʜʝʣʠ.  

ʉʘʤʳʝ ʯʝʪʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʩ ʧʦʤʦʱʴʶ ʩʝʪʝʡ 

GAN, ʭʦʪʷ ʠʭ ʩʣʦʞʥʝʝ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʟ-ʟʘ ʥʝʫʩʪʦʡʯʠʚʦʡ ʜʠʥʘʤʠʢʠ ʦʙʫʯʝʥʠʷ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʛʝʥʝʨʘʪʠʚʥʦ-ʩʦʩʪʷʟʘʪʝʣʴʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʀʜʝʷ GAN ʟʘʢʣʶ-

ʯʘʝʪʩʷ ʚ ʩʠʥʭʨʦʥʥʦʤ ʦʙʫʯʝʥʠʠ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ, ʘ ʠʤʝʥʥʦ ʛʝʥʝʨʘʪʠʚʥʦʡ ʤʦʜʝʣʠ G 

ʠ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ D. ɻʝʥʝʨʘʪʠʚʥʘʷ ʤʦʜʝʣʴ ʧʨʦʠʟʚʦʜʠʪ ʧʨʘʚʜʦʧʦʜʦʙʥʳʝ ʠʟʦʙ-

ʨʘʞʝʥʠʷ, ʧʦʭʦʞʠʝ ʥʘ ʠʩʭʦʜʥʳʝ ʨʝʘʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʥʘʟʥʘʯʝʥʠʝ ʜʠʩʢʨʠʤʠʥʘʪʦʨʘ ʚ ʪʦʤ, 

ʯʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ, ʷʚʣʷʝʪʩʷ ʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʨʝʘʣʴʥʳʤ ʠʣʠ ʥʝʪ.  
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ʕʪʘʧʳ ʨʘʙʦʪʳ GAN: 

¶ ʛʝʥʝʨʘʪʦʨ ʧʦʣʫʯʘʝʪ ʨʘʥʜʦʤʥʦʝ ʯʠʩʣʦ ʠ ʚʦʟʚʨʘʱʘʝʪ ʠʟʦʙʨʘʞʝʥʠʝ; 

¶ ʵʪʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʝʨʝʜʘʝʪʩʷ ʚ ʜʠʩʢʨʠʤʠʥʘʪʦʨ, ʥʘʨʷʜʫ ʩ ʧʦ-

ʪʦʢʦʤ ʠʟʦʙʨʘʞʝʥʠʡ, ʚʟʷʪʳʭ ʠʟ ʬʘʢʪʠʯʝʩʢʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ; 

¶ ʜʠʩʢʨʠʤʠʥʘʪʦʨ ʧʨʠʥʠʤʘʝʪ ʢʘʢ ʨʝʘʣʴʥʳʝ, ʪʘʢ ʠ ʧʦʜʜʝʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʠ ʚʦʟʚʨʘʱʘʝʪ ʚʝʨʦʷʪʥʦʩʪʠ, ʯʠʩʣʘ ʦʪ 0 ʜʦ 1, ʧʨʠʯʝʤ 1 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʜʣʠʥʥʦʝ ʠʟʦʙ-

ʨʘʞʝʥʠʝ, 0 ʧʨʝʜʩʪʘʚʣʷʝʪ ʬʘʣʴʰʠʚʦʝ. 

ʉʝʪʴ ʜʠʩʢʨʠʤʠʥʘʪʦʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʘʥʜʘʨʪʥʫʶ ʩʚʝʨʪʦʯʥʫʶ ʩʝʪʴ, ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʜʘʚʘʝʤʳʝ ʥʘ ʥʝʝ ʩ ʧʦʤʦʱʴʶ ʙʠʥʦʤʠʘʣʴʥʦʛʦ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, ʨʘʩʧʦʟʥʘʶʱʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʢʘʢ ʨʝʘʣʴʥʳʝ ʠʣʠ ʢʘʢ ʧʦʜʜʝʣʴʥʳʝ.  

ɻʝʥʝʨʘʪʦʨ ʚ ʥʝʢʦʪʦʨʦʤ ʩʤʳʩʣʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʨʘʪʥʫʶ ʩʚʝʨʪʦʯʥʫʶ ʩʝʪʴ: ʭʦ-

ʪʷ ʩʪʘʥʜʘʨʪʥʳʡ ʩʚʝʨʪʦʯʥʳʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʧʨʠʥʠʤʘʝʪ ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʫʤʝʥʴʰʘʝʪ ʝʛʦ ʨʘʟ-

ʨʝʰʝʥʠʝ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ, ʛʝʥʝʨʘʪʦʨ ʧʨʠʥʠʤʘʝʪ ʚʝʢʪʦʨ ʩʣʫʯʘʡʥʦʛʦ ʰʫʤʘ ʠ 

ʧʨʝʦʙʨʘʟʫʝʪ ʝʛʦ ʚ ʠʟʦʙʨʘʞʝʥʠʝ. ʇʝʨʚʳʡ ʦʪʩʝʠʚʘʝʪ ʜʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʧʦʥʠʞʝʥʠʷ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʪʘʢʠʭ ʢʘʢ maxpooling, ʘ ʚʪʦʨʦʡ ʛʝʥʝʨʠʨʫʝʪ ʥʦʚʳʝ ʜʘʥʥʳʝ. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ dcGAN 

ʚ ʚʠʜʝ ʝʝ ʦʪʢʨʳʪʦʡ ʨʝʘʣʠʟʘʮʠʠ [5], ʚʢʣʶʯʘʷ ʥʘʩʪʨʦʡʢʫ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ʄʦʜʝʣʴ ʩʝʪʠ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ Python, ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ Keras.   

ɼʠʩʢʨʠʤʠʥʘʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʩʚʝʨ-

ʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ.  

ʌʫʥʢʮʠʷ ʧʦʪʝʨʴ ʜʣʷ ʜʠʩʢʨʠʤʠʥʘʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʠʥʘʨʥʦʡ ʢʨʦʩʩʵʥʪʨʦʧʠʝʡ 

(tf.keras.losses.BinaryCrossentropy), ʵʪʦʪ ʤʝʪʦʜ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʝʪ, ʥʘʩʢʦʣʴʢʦ ʭʦ-

ʨʦʰʦ ʜʠʩʢʨʠʤʠʥʘʪʦʨ ʩʧʦʩʦʙʝʥ ʦʪʣʠʯʘʪʴ ʥʘʩʪʦʷʱʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʦʪ ʧʦʜʜʝʣʦʢ. ɽʩʣʠ ʛʝʥʝ-

ʨʘʪʦʨ ʨʘʙʦʪʘʝʪ ʭʦʨʦʰʦ, ʜʠʩʢʨʠʤʠʥʘʪʦʨ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʢʘʢ ʥʘʩʪʦʷʱʠʝ. 

ʆʧʪʠʤʠʟʘʪʦʨ ʧʨʠʤʝʥʷʝʪʩʷ ʦʪʜʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʡ ʩʝʪʠ: ʜʠʩʢʨʠʤʠʥʘʪʦʨʘ ʠ ʛʝʥʝʨʘʪʦ-

ʨʘ.  

ʅʘʙʦʨ ʜʘʥʥʳʭ. ɼʣʷ ʦʮʝʥʢʠ ʤʝʪʦʜʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʪʢʨʳʪʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ ʧʦ ʜʝʨ-

ʤʘʪʦʩʢʦʧʠʠ SIIM-ISIC ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʝʣʘʥʦʤʳ. ʅʘʙʦʨ ʜʘʥʥʳʭ ʩʦʜʝʨʞʠʪ 33 126 ʜʝʨ-

ʤʘʪʦʩʢʦʧʠʯʝʩʢʠʭ ʦʙʫʯʘʶʱʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʫʥʠʢʘʣʴʥʳʭ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʟʣʦʢʘʯʝ-

ʩʪʚʝʥʥʳʭ ʧʦʨʘʞʝʥʠʡ ʢʦʞʠ ʙʦʣʝʝ ʯʝʤ 2000 ʧʘʮʠʝʥʪʦʚ.  

ʇʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʳ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʮʝ-

ʜʫʨʘ ʛʝʥʝʨʘʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩʦʩʪʦʷʣʘ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘ-

ʧʦʚ: 

¶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʫʯʘʶʱʠʭ ʚʳʙʦʨʦʢ, ʚʢʣʶʯʘʶʱʠʭ ʩʥʠʤʢʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ 

ʢʦʞʥʦʛʦ ʧʦʢʨʦʚʘ ʨʝʘʣʴʥʳʭ ʣʶʜʝʡ (The ISIC 2020 Challenge Dataset Skin Lesion Analysis 

Towards Melanoma Detection) ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʭ ï 98,24 %, 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ: 1,76 %; 

¶ ʦʙʫʯʝʥʠʝ ʛʝʥʝʨʘʪʠʚʥʦ-ʩʦʩʪʷʟʘʪʝʣʴʥʦʡ ʩʝʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʵʧʦʭ; 

¶ ʛʝʥʝʨʘʮʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʢʦʞʠ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʦʙʫʯʝʥʥʦʡ ʛʝʥʝʨʘʪʠʚʥʦ-ʩʦʩʪʷʟʘʪʝʣʴʥʦʡ ʩʝʪʠ ʠ ʨʘʟʣʠʯʥʳʭ ʚʝʢʪʦʨʦʚ ʩʣʫʯʘʡʥʳʭ ʯʠ-

ʩʝʣ z ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ; 

¶ ʚʠʟʫʘʣʴʥʘʷ ʦʮʝʥʢʘ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʙʦʨ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʢʦʥʬʠ-

ʛʫʨʘʮʠʠ ʛʝʥʝʨʘʪʦʨʘ ʠʟʦʙʨʘʞʝʥʠʡ; 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʠ ʧʦʣʫʯʘʝʤʳʭ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 50 ʵʧʦʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠʟʦʙ-

ʨʘʞʝʥʠʡ ʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠʭ ʦʙʱʝʛʦ ʚʠʜʘ. ʇʨʠ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʵʧʦʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʵʬʬʝʢʪ ʥʝʜʦʦʙʫʯʝʥʠʷ, ʧʨʦʷʚʣʷʶʱʠʡʩʷ ʚ ʩʣʘʙʦʡ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʠ ʨʘʟʤʳʪʦʩʪʠ 

ʛʝʥʝʨʠʨʫʝʤʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʇʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʵʧʦʭ ʩʝʪʴ ʧʨʦʷʚʠʣʘ ʪʝʥʜʝʥʮʠʶ ʢ 

ʧʝʨʝʦʙʫʯʝʥʠʶ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʪʘʥʦʚʠʣʠʩʴ ʚʩʝ ʙʦʣʝʝ ʦʜʥʦʪʠʧʥʳʤʠ. 



107 

 

 
ʈʠʩ. 1. ʉʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʢʦʞʠ 

 

 
ʈʠʩ. 2. ʉʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʢʦʞʠ 

 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʘʚʜʦʧʦʜʦʙ-

ʥʳʤʠ, ʭʦʨʦʰʝʛʦ ʢʘʯʝʩʪʚʘ (ʩ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʢʦʥʪʨʘʩʪʥʦʩʪʴʶ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʟ-

ʤʳʪʠʝʤ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ ʦ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʛʝʥʝʨʘʪʠʚʥʳʭ-ʩʦʩʪʷʟʘʪʝʣʴʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʛʝʥʝʨʘʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʢʦʞʥʳʭ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

 

1. P. Tschandl, C. Rosendahl , H. Kittler , The HAM10 0 0 0 dataset, a large collection of 

multi-source dermatoscopic images of common pigmented skin lesions, Sci. Data 5 (2018) 180 -

161  

2. X. Yi , E. Walia , P. Babyn , Generative adversarial network in medical imaging: a re-

view, Med. Image Anal (2018) 58. 

3. Z. Qin, Z. Liu and P. Zhu et al. / Computer Methods and Programs in Biomedicine 

195 (2020)  

4. ʂʦʚʘʣʝʚ, ɺ. ɸ. ɻʝʥʝʨʘʮʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʛʨʫʜʥʦʡ 
ʢʣʝʪʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʥʝʨʘʪʠʚʥʦ-ʩʦʩʪʷʟʘʪʝʣʴʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ / ɺ. ɸ. ʂʦʚʘʣʝʚ, 

ʉ. ɸ. ʂʦʟʣʦʚʩʢʠʡ, ɸ. ɸ. ʂʘʣʠʥʦʚʩʢʠʡ // ʀʥʬʦʨʤʘʪʠʢʘ. ï 2018. ī ʊ. 15. ï ˉ 2. ï ʉ. 7ï16. 

5. DCGAN in tensorflow [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://github.com/carpedm20/DCGANtensorflow. ï ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 09.05.2022. 

6.   Official dataset of the SIIM-ISIC Melanoma Classification Challenge [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ:  https://challenge2020.isic-archive.com/ ï ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

11.11.2021. 
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ʇʈʆɻʈɸʄʄʅʆɽ ʆɹɽʉʇɽʏɽʅʀɽ ɼʃʗ ʊʈɽʅɸɾɽʈʅʆʁ ʇʆɼɻʆʊʆɺʂʀ  

ʇɽʈʉʆʅɸʃɸ ʇʆ ʆɹʉʃʋɾʀɺɸʅʀʖ ɺʆɿɼʋʐʅʆɻʆ ɼɺʀɾɽʅʀʗ ï NATS 

 

ʂʦʩʪʠʢʦʚ ɽʚʛʝʥʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʘʩʧʠʨʘʥʪ 

ɽʚʩʝʚʠʯʝʚ ɼʝʥʠʩ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ.  

E-Mail: kostikov_128@mail.ru 

 

ʌɻɹʆʋ ʋʀɻɸ, ʛ.ʋʣʴʷʥʦʚʩʢ, ʈʌ 

ɸʥʥʦʪʘʮʠʷ. ʇʨʘʢʪʠʯʝʩʢʠʝ ʟʘʥʷʪʠʷ ʥʘ ʜʠʩʧʝʪʯʝʨʩʢʦʤ ʪʨʝʥʘʞʝʨʝ ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚ-

ʥʦʡ ʯʘʩʪʴʶ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʚʘʞʥʝʡʰʠʤ ʵʪʘʧʦʤ ʦʙʫʯʝʥʠʷ ʢʫʨʩʘʥʪʦʚ ʜʠʩʧʝʪʯʝʨʦʚ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʙʫʯʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʵʪʘʧʦʚ, ʢʘʞʜʳʡ 

ʠʟ ʢʦʪʦʨʳʭ ʧʦʩʪʨʦʝʥ ʧʦ ʧʨʠʥʮʠʧʫ ʩʣʝʜʦʚʘʥʠʷ ī çʦʪ ʧʨʦʩʪʦʛʦ ʢ ʩʣʦʞʥʦʤʫè. ʅʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʢʫʨʩʘʥʪʳ ʟʥʘʢʦʤʷʪʩʷ ʩ ʦʙʱʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ 

ʜʚʠʞʝʥʠʝʤ. ɺʪʦʨʦʡ ʵʪʘʧ ʦʙʫʯʝʥʠʷ (ʤʦʜʫʣʴʥʳʡ) ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʪʜʝʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʨʦʩʪʝʡʰʠʭ ʦʧʝʨʘʮʠʡ ʩ ʮʝʣʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴ-

ʥʳʭ ʥʘʚʳʢʦʚ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ. ʊʨʝʪʠʡ ʵʪʘʧ ʦʙʫʯʝʥʠʷ ʦʩʥʦʚʘʥ ʥʘ 

ʢʦʤʧʣʝʢʩʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʝʥʘʞʝʨʘ, ʘ ʪʘʢʞʝ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʠ ʟʘʢʨʝʧʣʝʥʠʠ ʢʫʨʩʘʥʪʘ-

ʤʠ ʟʥʘʥʠʡ ʧʦ ʬʨʘʟʝʦʣʦʛʠʠ ʨʘʜʠʦʦʙʤʝʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʪʨʝʥʘʞʝʨʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʜʠʩʧʝʪʯʝʨʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟ-

ʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʠ ʮʝʥʪʨʘʭ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʜʠʩʧʝʪʯʝʨʩʢʠʭ ʪʨʝʥʘʞʝʨʦʚ, ʧʦʣʥʦʩʪʴʶ 

ʠʤʠʪʠʨʫʶʱʠʭ ʨʘʙʦʯʝʝ ʤʝʩʪʦ ʜʠʩʧʝʪʯʝʨʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʚʦʟʜʫʰ-

ʥʫʶ ʦʙʩʪʘʥʦʚʢʫ ʢʦʥʢʨʝʪʥʦʛʦ ʦʨʛʘʥʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ.   

ɺʘʞʥʦʡ ʪʝʢʫʱʝʡ ʧʨʦʙʣʝʤʦʡ ʧʦʜʛʦʪʦʚʢʠ ʢʫʨʩʘʥʪʦʚ-ʜʠʩʧʝʪʯʝʨʦʚ ʚ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝ-

ʥʠʷʭ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʨʝʥʘʞʝʨʳ ʥʝ ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʚʝʜʝʥʠʝ ʚʩʝʭ 

ʥʝʦʙʭʦʜʠʤʳʭ ʚʠʜʦʚ ʪʨʝʥʠʨʦʚʦʢ. ʊʘʢ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʫʣʴʥʦʛʦ ʵʪʘʧʘ ʦʙʫʯʝʥʠʷ, ʜʣʷ ʪʨʝ-

ʥʠʨʦʚʢʠ ʦʜʥʦʛʦ ʢʫʨʩʘʥʪʘ ʪʨʝʙʫʝʪʩʷ ʦʜʠʥ ʦʧʝʨʘʪʦʨ ʠ ʦʜʠʥ ʠʥʩʪʨʫʢʪʦʨ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʧʦʜʛʦʪʦʚʢʘ ʢʫʨʩʘʥʪʦʚ-ʜʠʩʧʝʪʯʝʨʦʚ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʣʠʙʦ ʩʠʣʴʥʦ ʩʦʢʨʘʱʘʝʪʩʷ, ʣʠʙʦ ʚʦʚʩʝ 

ʧʨʦʧʫʩʢʘʝʪʩʷ. 

ʉʣʝʜʫʶʱʝʡ ʧʨʦʙʣʝʤʦʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʦ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʬʝʜʝʨʘʣʴʥʳʝ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʧʦʜʛʦʪʦʚʢʫ 

ʢʫʨʩʘʥʪʦʚ ʚ ʦʙʲʝʤʝ ʜʦ 60 % ʫʯʝʙʥʦʛʦ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʠʩʪʘʥʮʠʦʥ-

ʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉʦʚʨʝʤʝʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʪʨʝʥʘʞʝʨʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʪʨʝʥʠʨʦʚʢʫ ʢʫʨʩʘʥʪʦʚ ʜʘʞʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʪʜʝʣʴʥʳʭ 

ʦʧʝʨʘʮʠʡ. 

 ɺʦʟʤʦʞʥʳʤ ʨʝʰʝʥʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʨʦʙʣʝʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʝʜʦʨʦ-

ʛʠʭ ʤʦʙʠʣʴʥʳʭ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʙʘʟʝ ʧʝʨʩʦʥʘʣʴʥʳʭ ʵʣʝʢʪʨʦʥʥʦ-

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʝʩʴ ʮʠʢʣ ʧʦʜʛʦʪʦʚʢʠ ʢʫʨʩʘʥʪʦʚ ʟʘ ʩʯʝʪ ʧʨʦʚʝ-

ʜʝʥʠʷ ʧʦʣʥʦʛʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ, ʘʚʪʦ-

ʥʦʤʥʳʭ ʪʨʝʥʠʨʦʚʦʢ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʧʦʜʛʦʪʦʚʢʠ ʢʫʨʩʘʥʪʦʚ-ʜʠʩʧʝʪʯʝʨʦʚ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɼʠʩʧʝʪʯʝʨ, ʪʨʝʥʘʞʝʨ, ʢʦʤʧʣʝʢʩ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʜʠʩʧʝʪʯʝʨʩʢʠʡ ʪʨʝʥʘʞʝʨ, ʪʨʝʥʘʞʝʨ ʋɺɼ, ʧʦʜʛʦʪʦʚʢʘ ʜʠʩʧʝʪʯʝʨʦʚ. 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʆɺɼ). ʄʦʜʝʣʠ-

ʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʟʦʥ ʆɺɼ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʠʤʠʪʘʮʠʦʥʥʦʤ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʠ, ʚ ʜʠʥʘʤʠʢʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʩ ʨʝʘʣʴʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʣʝʪʥʦ-

ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ (ɺʉ) ʠ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

(ʈʊʉ) ʆɺɼ.  
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ʆʜʥʘʢʦ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

ʮʝʣʷʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʚ ʩʠʩʪʝʤʫ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʆʨɺɼ) 

ʥʦʚʳʭ ʢʦʥʮʝʧʮʠʡ ʠ ʧʨʦʮʝʜʫʨ, ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʦʷʥʥʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʩʨʝʜʩʪʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʨʝʘʣʠʟʘʮʠʷ ʚ ʠʭ ʩʦʩʪʘʚʝ ʥʦʚʳʭ ʬʫʥʢʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʦʮʝʜʫʨ ʠ ʘʣʛʦʨʠʪʤʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʪʦʢʦʚ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠ-

ʞʝʥʠʷ (ʆʇɺɼ), ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʠ ʚʦʟʜʫʰʥʳʤ ʜʚʠʞʝʥʠʝʤ. ɺʩʝ ʵʪʦ 

ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʛʣʘʩʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʩʪʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʮʝʣʷʭ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʫʜʦʙʥʦʛʦ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʊʘʢʦʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʚʢʣʶʯʘʝʪ ʩʦ-

ʩʪʘʚ ʠ ʬʦʨʤʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʫʥʠʬʠʢʘʮʠʶ ʬʦʨʤʘʪʦʚ ʠ 

ʜʘʥʥʳʭ ʧʦ ʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ɺʉ ʠ 

ʪ.ʜ., ʫʥʠʬʠʢʘʮʠʶ ʦʧʠʩʘʥʠʷ ʪʠʧʦʚʳʭ ʧʨʦʮʝʜʫʨ ʆʇɺɼ ʠ ʆɺɼ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʨʦʝʢʪ ʥʘʟʳʚʘʝʪʩʷ Nextgen Airtraffic  Simulator. NATS ï ʵʪʦ ʧʨʦ-

ʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʨʝʰʠʪʴ ʪʘʢʠʝ ʛʣʦʙʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʢʘʢ, ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʫʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ ʆɺɼ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ ʆʨɺɼ ʩ ʮʝ-

ʣʴʶ ʠʭ ʦʧʪʠʤʠʟʘʮʠʠ. ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ, ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʨʷʜ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʆʨɺɼ. ʆʥʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘ-

ʚʘʪʴ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʧʦʪʦ-

ʢʘʤʠ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ. ɺʘʞʥʦʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʤʘʰʠʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, 

ʧʦʥʷʪʥʦʛʦ ʯʝʣʦʚʝʢʫ ʥʘ ʠʥʪʫʠʪʠʚʥʦʤ ʫʨʦʚʥʝ, ʜʘʥʥʳʡ ʠʥʪʝʨʬʝʡʩ ʚ ʨʘʟʳ ʫʩʢʦʨʷʝʪ ʘʥʘʣʠʟ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʧʦʟʚʦʣʷʝʪ ʥʘʛʣʷʜʥʦ ʠʟʫʯʠʪʴ ʜʠʥʘʤʠʢʫ ʤʦʜʝʣʠ-

ʨʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʫʩʣʦʚʠʡ. ʄʝ-

ʭʘʥʠʢʘ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʜʦʚʦʣʴʥʦ ʪʦʯʥʳʝ, ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʨʝʘʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʜʘʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ 

ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ ʩʠʩʪʝʤʳ ʆʨɺɼ, ʨʘʟʨʘʙʦʪʢʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʠʭ ʫʩʪʨʘʥʝʥʠʶ ʠ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʪʝʦʨʠʡ ʧʨʠ ʧʦʤʦʱʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʠʟʤʝʥʝʥʥʦ-

ʛʦ ʩ ʫʯʝʪʦʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʥʝʜʨʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʨʦʝʢʪʘ ʚ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʠʪ 

ʫʙʨʘʪʴ ʚʨʝʤʝʥʥʳʝ ʛʨʘʥʠʮʳ ʦʪʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʦʪʢʨʦʝʪ ʜʦʩʪʫʧ ʚʩʝʤ 

ʞʝʣʘʶʱʠʤ ʦʪʪʘʯʠʚʘʪʴ ʥʘʚʳʢʠ ʦʥʣʘʡʥ ʚ ʣʶʙʦʝ ʫʜʦʙʥʦʝ ʠʤ ʚʨʝʤʷ. ʉʦʟʜʘʥʠʝ ʦʪʜʝʣʴʥʦʛʦ 

ʢʫʨʩʘʥʪʩʢʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʦʧʳʪʥʳʭ ʜʠʩʧʝʪʯʝʨʦʚ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʙʦʣʴʰʫʶ ʠ ʢʘʯʝʩʪʚʝʥʥʫʶ ʙʘʟʫ ʟʥʘʥʠʡ. 

ɺ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʙʘʟʝ ʙʫʜʫʪ ʜʦʩʪʫʧʥʦ ʠʟʣʦʞʝʥʥʳʝ ʧʨʘʚʠʣʘ, ʬʨʘʟʝʦʣʦʛʠʷ, ʪʝʭʥʠʯʝʩʢʠʝ 

ʜʦʢʫʤʝʥʪʳ, ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠʥʮʠʧʳ ʠ ʧʨʠʝʤʳ, ʧʨʠʥʠʤʘʝʤʳʝ ʦʧʳʪʥʳʤʠ ʜʠʩʧʝʪʯʝʨʘʤʠ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʊʘʢ ʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʦʟʜʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʦʥʣʘʡʥ 

ʢʦʥʩʫʣʴʪʘʮʠʡ ʠ ʙʨʠʬʠʥʛʦʚ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʥʦʚʦʚʚʝʜʝʥʠʷ ʧʦʟʚʦʣʷʪ ʚʳʚʝʩʪʠ ʧʦʜʛʦ-

ʪʦʚʢʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ 

ʫʨʦʚʝʥʴ, ʚʢʣʶʯʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ. ʋʚʝʣʠʯʝʥʠʝ 

ʯʘʩʦʚ ʧʦʜʛʦʪʦʚʢʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʦʙʰʠʨʥʦʡ ʙʘʟʦʡ ʜʘʥʥʳʭ, ʧʦʩʪʦʷʥʥʳʤ 

ʢʦʥʪʨʦʣʝʤ ʩʦ ʩʪʦʨʦʥʳ ʦʧʳʪʥʳʡ ʜʠʩʧʝʪʯʝʨʦʚ, ʥʝʧʨʝʤʝʥʥʦ ʧʨʠʚʝʜʫʪ ʢ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ 

ʟʥʘʥʠʡ, ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ.  
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ʎʀʌʈʆɺʓʍ ʄʆɼɽʃɽʁ ʀ VR ʊɽʍʅʆʃʆɻʀʀ 

 

ʂʫʣʘʢ1 ʉʪʘʥʠʩʣʘʚʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ, ʩʪʫʜʝʥʪ 

ʅʦʚʠʢʦʚʘ1 ɸʥʘʩʪʘʩʠʷ ʉʝʨʛʝʝʚʥʘ, ʩʪʫʜʝʥʪ 

ɾʘʙʠʮʢʠʡ1 ʄʠʭʘʠʣ ɻʝʦʨʛʠʝʚʠʯ, ʟʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ ɺʳʩʰʝʡ ʠʥʞʠʥʠʨʠʥʛʦʚʦʡ ʰʢʦʣʳ 

ʠʥʩʪʠʪʫʪʘ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ çʄʀʌʀè 

ʐʘʤʘʥʠʥ2 ɸʣʝʢʩʘʥʜʨ ʖʨʴʝʚʠʯ, ʵʢʩʧʝʨʪ ʎʝʥʪʨʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ 

E-mail: anastasiyanovikova44@mail.ru 

 

1 ï ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè 

2 ï ɸʆ ɸʪʦʤʩʪʨʦʡʵʢʩʧʦʨʪ, ɻʂ ʈʦʩʘʪʦʤ 

ʛ. ʄʦʩʢʚʘ, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ɺʠʨʪʫʘʣʴʥʳʝ ʪʨʝʥʘʞʝʨʳ ʠ ʩʠʤʫʣʷʪʦʨʳ ʧʨʝʪʝʥʜʫʶʪ ʥʘ ʪʦ, ʯʪʦʙʳ ʩʪʘʪʴ 

ʚʘʞʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴ-

ʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʛʜʝ ʦʰʠʙʢʠ ʧʨʠ ʦʙʫʯʝʥʠʠ ʥʘ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʘʭ ʤʦʛʫʪ ʧʨʠʚʝ-

ʩʪʠ ʢ ʯʨʝʟʚʳʯʘʡʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʘ ʠʭ ʫʩʪʨʘʥʝʥʠʷ ï ʢ ʙʦʣʴʰʠʤ ʬʠʥʘʥʩʦʚʳʤ ʟʘʪʨʘʪʘʤ. 

ʕʪʠ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʤʦʜʝʣʠʨʦʚʘʪʴ, ʚʦʩʩʦʟʜʘʪʴ ʪʫ ʞʠʟʥʝʥʥʫʶ ʠ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʫʶ ʨʝʘʣʴʥʦʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʩʪʦʠʪ ʜʝʡʩʪʚʦʚʘʪʴ ʨʘʙʦʪʥʠʢʫ. 

ɺʠʨʪʫʘʣʴʥʳʝ ʪʨʝʥʘʞʝʨʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʦʙʫʯʝʥʠʝ ʩʦʪʨʫʜʥʠʢʦʚ ʨʘʙʦʪʝ ʩʦ ʩʣʦʞʥʳʤ, 

ʫʥʠʢʘʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʘʣʴʥʦʛʦ, ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʤʦʞʥʦ ʦʪʨʘʙʘʪʳʚʘʪʴ ʧʨʦʮʝʩʩʳ ʩʙʦʨʢʠ ʠ ʨʘʟʙʦʨʢʠ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ, ʩʦʟʜʘʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʮʝʥʘʨʠʠ ʦʙʫʯʝʥʠʷ; ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ ʤʦʞʥʦ ʤʦʜʝʣʠʨʦ-

ʚʘʪʴ ʪʘʢʠʝ ʩʠʪʫʘʮʠʠ, ʩʦʟʜʘʪʴ ʢʦʪʦʨʳʝ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʚʦʟʤʦʞʥʦ. ʉʝʛʦʜʥʷ ʩʦʟʜʘʥʠʝ 

ʪʨʝʥʘʞʝʨʘ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʪʨʝʙʫʶʱʠʤ ʧʨʠ-

ʚʣʝʯʝʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠʟ ʨʘʟʥʳʭ ʦʙʣʘʩʪʝʡ. ʈʝʟʫʣʴʪʘʪʦʤ ʥʘʰʝʡ ʨʘʙʦʪʳ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ 

ʦʧʠʩʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʪʨʝʥʘʞʝʨʦʚ ʩʙʦʨʢʠ ʠ ʨʘʟʙʦʨʢʠ ʧʨʦʤʳʰʣʝʥ-

ʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʦʙʣʝʛʯʠʪʴ ʠ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʪʨʝʥʘʞʝʨʦʚ 

ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ CAD-ʤʦʜʝʣʝʡ (computer-aided design 

ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʦʜʜʝʨʞʢʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ), ʩʪʘʥʜʘʨʪʥʳʭ ʤʦʜʫʣʝʡ ʨʘʙʦʪʳ ʩ ʦʙʲʝʢʪʘʤʠ ʠ 

ʧʦʜʛʦʪʦʚʢʠ ʩʧʨʘʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɺʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ; CAD-ʤʦʜʝʣʴ; ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ; ʪʨʝʥʘ-

ʞʝʨ; ʧʨʦʤʳʰʣʝʥʥʳʡ ʪʨʝʥʘʞʝʨ; ʚʠʨʪʫʘʣʴʥʳʡ ʪʨʝʥʘʞʝʨ; VR Concept; ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ; 

ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ; ʩʠʩʪʝʤʥʘʷ ʠʥʞʝʥʝʨʠʷ. 

 

ɺʚʝʜʝʥʠʝ. ɺʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ (virtual reality, VR) ï ʵʪʦ ʩʦʟʜʘʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠ-

ʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʤʠʨ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʯʝʣʦʚʝʢʫ ʯʝʨʝʟ ʝʛʦ ʦʱʫʱʝʥʠʷ: ʟʨʝʥʠʝ, 

ʩʣʫʭ, ʦʩʷʟʘʥʠʝ, ʦʙʦʥʷʥʠʝ [1]. ɺ ʮʠʬʨʦʚʦʤ ʤʠʨʝ ʯʝʣʦʚʝʢ ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʦʢʨʫ-

ʞʘʶʱʠʤʠ ʝʛʦ ʦʙʲʝʢʪʘʤʠ. ʊʝʭʥʦʣʦʛʠʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʩ ʢʘʞʜʳʤ ʜʥʝʤ ʚʩʝ ʙʦʣʴʰʝ 

ʚʭʦʜʷʪ ʚ ʥʘʰʫ ʞʠʟʥʴ ʠ ʫʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʪʘʢʠʭ ʩʬʝʨʘʭ, ʢʘʢ ʨʘʟʚʣʝʯʝʥʠʝ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʦʙʫʯʝʥʠʝ, ʤʝʜʠʮʠʥʘ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ, ʚ ʢʦ-

ʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ, ʷʚʣʷʝʪʩʷ ʦʙʫʯʝʥʠʝ 

ʧʝʨʩʦʥʘʣʘ ʨʘʙʦʪʝ ʩʦ ʩʣʦʞʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʘ ʠʤʝʥʥʦ ʦʧʝʨʘʮʠʷʤ ʩʙʦʨʢʠ/ʨʘʟʙʦʨʢʠ. ʅʦ-

ʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʫʯʝʥʠʠ ʨʘʙʦʯʝʛʦ ʧʝʨʩʦʥʘʣʘ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʦʢʨʘʱʝʥʠʶ ʟʘʪʨʘʪ 

ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʦʢʨʘʱʝʥʠʶ ʯʠʩʣʘ ʦʰʠʙʦʢ ʠ ʧʨʦʩʪʦʝʚ, ʫʚʝʣʠʯʝʥʠʶ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩ ʠʥʞʝʥʝʨʥʳʤʠ 3D-ʤʦʜʝʣʷʤʠ. ɼʘʥʥʳʝ ʨʝʰʝʥʠʷ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʢʦʤ-

ʧʘʥʠʷʭ ʨʘʟʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʆʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ. ʊʝʤʘ ʦʙʫʯʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʧʝʨʩʦʥʘʣʘ ʥʝ ʥʦʚʘ. ʆʙʫʯʘʶʪʩʷ ʚʩʝ 

ʩʦʪʨʫʜʥʠʢʠ ʢʦʤʧʘʥʠʡ, ʚʩʝ ʧʦʢʦʣʝʥʠʷ, ʦʪ ʩʪʘʞʝʨʦʚ ʜʦ ʚʝʪʝʨʘʥʦʚ ʧʨʦʠʟʚʦʜʩʪʚ, ʚʧʣʦʪʴ ʜʦ 

ʫʭʦʜʘ ʥʘ ʟʘʩʣʫʞʝʥʥʳʡ ʦʪʜʳʭ, ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʳʝ ʧʦʜʭʦʜʳ ʠ ʤʝʪʦʜʠʢʠ. 
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ʆʙʫʯʝʥʠʝ ʚʟʨʦʩʣʳʭ ʜʦʣʞʥʦ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʸʤʢʠʤ, ʠ ʚʢʣʶʯʘʪʴ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ 

ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʨʘʟʥʳʝ ʢʘʥʘʣʳ ʚʦʩʧʨʠʷʪʠʷ, ʠ ʜʘʶʪ ʦʙʲʝʤʥʦʩʪʴ ʧʦʥʠʤʘʥʠʷ ʠ ʧʦʣʥʦʪʫ ʧʦ-

ʣʫʯʘʝʤʦʛʦ ʟʥʘʥʠʷ.  

ʉʧʝʮʠʘʣʠʩʪʳ ʦʪʜʝʣʘ ʢʘʜʨʦʚ ʩʪʘʨʘʶʪʩʷ ʩʜʝʣʘʪʴ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ ʜʣʷ ʚʟʨʦʩʣʳʭ ʙʦʣʝʝ 

ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ, ʧʝʨʝʚʦʜʷʪ ʚ ʵʣʝʢʪʨʦʥʥʳʡ ʬʦʨʤʘʪ ʠ ʧʳʪʘʶʪʩʷ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ 

ʨʘʟʚʠʪʠʷ [2]. 

ɺʩʝ ʧʨʦʬʝʩʩʠʠ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʧʦʜʝʣʠʪʴ ʥʘ ʜʚʝ ʙʦʣʴʰʠʝ ʢʘʪʝʛʦʨʠʠ ï ʧʨʦʬʝʩʩʠʠ ʫʤ-

ʩʪʚʝʥʥʦʛʦ ʪʨʫʜʘ (ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ) ʠ ʬʠʟʠʯʝʩʢʦʛʦ (ʨʘʙʦʪʘ ʤʦʪʦʨʠʢʠ ʠ ʬʠ-

ʟʠʯʝʩʢʦʡ ʩʠʣʳ). ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘʮʝʣʝʥʘ ʥʘ ʧʝʨʝʜʘʯʫ ʟʥʘʥʠʡ, ʯʪʦ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʠʩʢʘ ʜʣʷ ʞʠʟʥʠ, ʠʥʘʯʝ ʩʢʣʘʜʳʚʘʝʪʩʷ ʩʠʪʫʘʮʠʷ ʩ ʨʘʙʦʪʥʠʢʘʤʠ ʬʠʟʠʯʝʩʢʦʛʦ 

ʪʨʫʜʘ. ʀʭ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʘ ʩ ʧʦʩʪʦʷʥʥʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʦʡ, ʪʘʢ 

ʢʘʢ ʦʪʨʘʙʦʪʢʘ ʜʚʠʞʝʥʠʡ ʠ ʜʝʡʩʪʚʠʡ ʨʘʙʦʪʥʠʢʘ ʜʦ ʘʚʪʦʤʘʪʠʟʤʘ ʠʥʦʛʜʘ ʩʧʘʩʘʝʪ ʯʴʶ-ʪʦ 

ʞʠʟʥʴ. ɺʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʠ ʧʨʝʜʧʨʠʷʪʠ-

ʷʭ, ʛʜʝ ʧʨʝʚʘʣʠʨʫʝʪ ʬʠʟʠʯʝʩʢʠʡ ʪʨʫʜ, ʦʯʝʥʴ ʚʳʩʦʢʘ. ʇʦʵʪʦʤʫ ʢʨʫʧʥʳʝ ʢʦʨʧʦʨʘʮʠʠ ʠ ʢʦʤ-

ʧʘʥʠʠ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʠʩʢʝ ʧʝʨʝʜʦʚʳʭ, ʘ ʛʣʘʚʥʦʝ, ʙʝʟʦʧʘʩʥʳʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʙʫʯʝʥʠʷ 

ʧʝʨʩʦʥʘʣʘ [3]. ʀʤʝʥʥʦ ʪʘʢʠʤ ʨʝʰʝʥʠʝʤ ʤʦʛʫʪ ʩʪʘʪʴ ʚʠʨʪʫʘʣʴʥʳʝ ʪʨʝʥʘʞʝʨʳ. ʋʩʚʘʠʚʘʝ-

ʤʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ VR ʢʨʘʡʥʝ ʚʳʩʦʢʘ ʠ ʵʬʬʝʢʪʠʚʥʘ [4ï5]. 

VR ʊʨʝʥʘʞʝʨʳ ʩʙʦʨʢʠ/ʨʘʟʙʦʨʢʠ. ʆʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘ-

ʥʠʶ ʠ ʨʝʤʦʥʪʫ (ʊʆʠʈ) ʢʨʘʡʥʝ ʚʘʞʥʦ, ʪʘʢ ʢʘʢ ʦʪ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʚʳʧʦʣ-

ʥʝʥʠʷ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʟʘʚʠʩʠʪ ʠʩʧʨʘʚʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʩʥʦʚ-

ʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ ʊʆʠʈ ʷʚʣʷʶʪʩʷ ʩʙʦʨʢʘ ʠ ʨʘʟʙʦʨʢʘ. ɺʠʨʪʫʘʣʴʥʳʝ ʪʨʝʥʠʨʦʚʢʠ ʨʘʙʦʪʥʠ-

ʢʦʚ ʧʦ ʩʙʦʨʢʝ/ʨʘʟʙʦʨʢʝ ʩʣʦʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʪʨʘʙʦʪʢʘ ʥʘʚʳʢʦʚ ʚ ʩʬʝʨʝ ʦʭʨʘʥʳ ʪʨʫʜʘ 

ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʛʫʪ ʥʘ 30 % ʩʦʢʨʘʪʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʟʘʪʨʘʪʳ ʠ 

ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ ʨʘʙʦʪʥʠʢʦʚ ʠ ʧʨʦʩʪʦʝʚ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʪ ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʠʟʫʯʠʪʴ ʨʘʙʦʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʣʫʯʰʠʪ ʥʘʚʳʢʠ ʨʘʙʦʪʳ ʧʝʨʩʦʥʘʣʘ ʠ ʪʝʤ ʩʘʤʳʤ 

ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʨʝʤʦʥʪʘ [6].  

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʥʘʚʳʢʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʠʤʝʥʥʦ ʠʥʪʝʨʚʴʶʠʨʦʚʘʥʠʝ 

ʩʪʝʡʢʭʦʣʜʝʨʦʚ ʥʘ ʧʨʝʜʤʝʪ ʪʦʛʦ, ʢʘʢʠʤ ʙʳʣ ʙʳ ʠʭ ñʠʜʝʘʣʴʥʳʡ ʚʠʨʪʫʘʣʴʥʳʡ ʪʨʝʥʘʞʝʨò. 

ɺʩʝ ʧʦʞʝʣʘʥʠʷ ʙʫʜʫʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʫʯʪʝʥʳ ʚ ʨʘʟʨʘʙʦʪʢʝ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʥʘʤʠ VR ʪʨʝʥʘʞʝʨʳ ʧʦʜʜʝʨʞʠʚʘʶʪ ʜʚʘ ʨʝʞʠʤʘ ʨʘʙʦʪʳ: 

1. ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ ʨʘʙʦʪʳ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʛʦ ʦʙʫʯʘʶʱʠʡʩʷ ʥʘʙʣʶʜʘʝʪ ʟʘ 
ʧʨʘʚʠʣʴʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʦʧʝʨʘʮʠʡ. 

2. ʈʫʯʥʦʡ ʨʝʞʠʤ ʨʘʙʦʪʳ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʛʦ ʦʙʫʯʘʶʱʠʡʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 
ʩ ʧʦʤʦɦɹʶ ʢʦʥʪʨʦʣʣʝʨʦʚ ʚʳʧʦʣʥʷʝʪ ʩʙʦʨʢʫ ʠʣʠ ʨʘʟʙʦʨʢʫ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʊʘʢʞʝ ʚ ʪʨʝʥʘʞʝʨʘʭ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʥʘʣʠʯʠʝ ʩʧʨʘʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʚʠʜʝ ʟʚʫʢʦ-

ʚʳʭ, ʪʝʢʩʪʦʚʳʭ ʠ ʛʨʘʬʠʯʝʩʢʠʭ ʧʦʜʩʢʘʟʦʢ. ʉʧʨʘʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʣʷʪʴ ʚ 

ʪʨʝʥʘʞʝʨ ʥʘ ʵʪʘʧʝ ʥʘʩʪʨʦʡʢʠ ʩʮʝʥ ʨʘʟʙʦʨʢʠ ʠ ʦʧʠʩʘʥʠʷ ʣʦʛʠʢʠ ʨʘʙʦʪʳ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦ-

ʛʦ ʪʨʝʥʘʞʝʨʘ.  

ɼʣʷ ʨʘʙʦʪʳ ʩ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʴʶ ʚʳʙʨʘʥ ʨʦʩʩʠʡʩʢʠʡ ʨʘʟʨʘʙʦʪʯʠʢ ʧʨʠʣʦʞʝʥʠʷ 

ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʜʣʷ ʢʦʣʣʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩ ʮʠʬʨʦʚʳʤʠ ʜʚʦʡʥʠʢʘʤʠ ʚ 

ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ï VR Concept [7]. ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ VR Concept 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ: 

ǒ ʅʘʣʠʯʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʜʚʠʞʢʘ, ʘʣʛʦʨʠʪʤʳ ʢʦʪʦʨʦʛʦ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʪʨʝ-

ʙʦʚʘʥʠʷ ʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʝʩʫʨʩʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʚʠʨʪʫʘʣʴʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ ʥʘ ʥʝ ʩʘʤʳʭ ʤʦʱʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ ʠ ʥʦʫʪʙʫʢʘʭ.  

ǒ ɹʝʩʰʦʚʥʘʷ ʠʥʪʝʛʨʘʮʠʷ, ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʛʨʫʞʘʪʴ CAD ʤʦʜʝ-

ʣʠ ʚ VR ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ. VR Concept ʧʦʜʜʝʨʞʠʚʘʝʪ ʟʘʛʨʫʟʢʫ ʙʦʣʴʰʠʥʩʪʚʘ 

ʬʦʨʤʘʪʦʚ ʉɸʇʈ-ʩʠʩʪʝʤ: AutoCAD, NanoCAD, Revit, Solidworks, ʂʆʄʇɸʉ-3D. 

ǒ ʂʦʣʣʝʢʪʠʚʥʘʷ ʨʘʙʦʪʘ. ɺʦʟʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʜʦʩʪʫʧ ʢ ʦʜʥʦʡ ʤʦʜʝʣʠ ʥʝ-

ʩʢʦʣʴʢʠʭ ʯʝʣʦʚʝʢ, ʢʦʪʦʨʳʤ ʜʘʞʝ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʥʘʭʦʜʠʪʴʩʷ ʚ ʦʜʥʦʤ ʤʝʩʪʝ 

ǒ ʇʨʦʩʪʦʡ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʙʳʩʪʨʳʡ 

ʩʪʘʨʪ ʙʝʟ ʥʘʚʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ.  
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ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʩʪʘʥʜʘʨʪʥʳʭ ʚʩʪʨʦʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʝʡ ʚ VR 

Concept ʥʝ ʪʨʝʙʫʝʪʩʷ ʟʥʘʥʠʝ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʅʘʩʪʨʦʡʢʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʜʘʢʪʦ-

ʨʝ ʩʮʝʥʳ ʩ ʧʦʤʦʱʴʶ ʠʤʝʶʱʠʭʩʷ ʢʥʦʧʦʢ ʠ ʧʦʣʝʡ. ʆʜʥʘʢʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʣʦʞʥʳʭ ʧʨʦʝʢ-

ʪʦʚ, ʦʧʠʩʘʥʠʠ ʩʣʦʞʥʦ ʤʦʜʝʣʠ ʧʦʚʝʜʝʥʠʷ ʦʙʲʝʢʪʦʚ ʤʦʞʝʪ ʧʦʥʘʜʦʙʠʪʴʩʷ ʨʘʩʰʠʨʝʥʠʝ ʩʪʘʥ-

ʜʘʨʪʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ. VR Concept ʜʦʧʫʩʢʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʧʠʩʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʧʣʘ-

ʛʠʥʦʚ, ʦʪʧʨʘʚʢʫ ʠ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʚʥʝʰʥʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʩʦʟʜʘʚʘʝʤʳʭ ʪʨʝʥʘʞʝʨʦʚ ʠ ʫʣʫʯʰʠʪʴ ʚʦʩʧʨʠʷʪʠʝ. 

ɿʘʢʣʶʯʝʥʠʝ. ɺʠʨʪʫʘʣʴʥʳʝ ʪʨʝʥʘʞʝʨʳ ï ʠʥʪʝʨʘʢʪʠʚʥʳʡ, ʙʝʟʦʧʘʩʥʳʡ, ʵʬʬʝʢʪʠʚʥʳʡ 

ʩʧʦʩʦʙ ʦʙʫʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ. ʆʥ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʨʘʙʦʪʘʪʴ ʥʘʚʳʢʠ ʨʘʙʦʪʳ ʩʦ ʩʣʦʞʥʳʤ, 

ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʨʠʩʢʘʭ ʠ ʟʘʪʨʘʪʘʭ. 

ʈʘʟʨʘʙʦʪʢʘ VR ʪʨʝʥʘʞʝʨʦʚ ʚʦʩʪʨʝʙʦʚʘʥʘ ʠ ʘʢʪʫʘʣʴʥʘ. ʅʘʰ ʧʨʦʝʢʪ ʥʘʧʨʘʚʣʝʥ ʥʘ ʩʦʟʜʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʝʥʘʞʝʨʦʚ ʜʣʷ ʩʙʦʨʦʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫ-

ʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʩʨʝʜʝ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ VR-

concept ʥʘ ʙʘʟʝ ʧʨʷʤʦʡ ʢʦʥʚʝʨʩʠʠ CAD ʠ BIM-ʤʦʜʝʣʝʡ.  
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ɻɸʇʆʋ ʉʆ çʋɻʂ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 

ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʌ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʄʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʤʠʥʠ-ʩʣʦʚʘʨʴ, ʤʦʪʠʚʘʮʠʷ, ʥʘʚʳʢʠ. 

 

ʄʦʙʠʣʴʥʳʝ ʪʝʣʝʬʦʥʳ ʧʦʷʚʠʣʠʩʴ ʜʦʚʦʣʴʥʦ ʜʘʚʥʦ, ʠ ʩ ʵʪʘʧʘʤʠ ʨʘʟʚʠʪʠʷ ʧʦʷʚʠʣʠʩʴ 

ʩʤʘʨʪʬʦʥʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʠʣʦʞʝʥʠʷ. ʉ ʧʨʠʭʦʜʦʤ ʤʦ-

ʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʥʘʰʘ ʞʠʟʥʴ ʩʪʘʣʘ ʦʙʣʝʛʯʘʪʴʩʷ, ʘ ʩ ʵʚʦʣʶʮʠʝʡ ʦʥʠ ʩʪʘʣʠ ʝʱʝ ʙʦʣʝʝ 

ʫʜʦʙʥʳʤʠ. ʉʝʡʯʘʩ, ʩʫʱʝʩʪʚʫʶʪ ʪʳʩʷʯʠ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʠʛʨʳ, ʪʨʝʥʠ-

ʨʦʚʢʠ, ʬʠʥʘʥʩʳ, ʦʙʱʝʥʠʝ ʠ ʤʥʦʛʦ ʜʨʫʛʦʝ. ʄʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʦʜʥʦ ʧʨʠʣʦʞʝʥʠʝ ʚʤʝʩʪʦ 

ʜʝʩʷʪʢʘ ʢʥʠʛ ʪʘʢʠʭ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʩʣʦʚʘʨʠ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʤʥʦʛʦʝ ʚʩʝ ʙʦʣʴʰʝ ʧʝʨʝ-

ʭʦʜʠʪ ʚ ʮʠʬʨʦʚʦʡ ʚʘʨʠʘʥʪ, ʫʞʝ ʥʝʘʢʪʫʘʣʴʥʦ ʠʟʫʯʘʪʴ ʥʦʚʳʝ ʩʣʦʚʘ ʧʦ ʙʦʣʴʰʠʤ, ʙʫʤʘʞʥʳʤ, 

ʤʦʥʦʪʦʥʥʳʤ ʩʣʦʚʘʨʷʤ. ʄʳ ʭʦʪʠʤ ʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʣʶʜʷʤ ʠʟʫʯʘʪʴ ʩʣʦʚʘ ʚ ʠʛʨʦʚʦʡ ʬʦʨ-

ʤʝ, ʚʝʜʴ ʵʪʦ ʢʫʜʘ ʠʥʪʝʨʝʩʥʝʝ ʠ ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ ʩʠʜʝʪʴ ʠ ʧʨʦʩʪʦ ʯʠʪʘʪʴ ʩʣʦʚʘ ʩ ʧʦʧʳʪʢʘ-

ʤʠ ʟʘʧʦʤʥʠʪʴ ʝʛʦ. 

ʄʦʙʠʣʴʥʳʝ ʦʙʫʯʘʶʱʠʝ ʧʨʠʣʦʞʝʥʠʷ ʧʦʤʦʛʘʶʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʭʨʘʥʠʪʴ ʫ ʩʝʙʷ ʚ ʪʝ-

ʣʝʬʦʥʝ ʤʥʦʞʝʩʪʚʦ ʩʣʦʚ ʨʘʟʥʳʭ ʷʟʳʢʦʚ ʤʠʨʘ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʠʟʫʯʝʥʠʷ. ʊʘʢʠʝ ʧʨʠʣʦ-

ʞʝʥʠʷ ʠʤʝʶʪ ʧʦʧʫʣʷʨʥʦʩʪʴ ʩʨʝʜʠ ʪʝʭ, ʢʪʦ ʭʦʯʝʪ ʦʩʚʦʠʪʴ ʥʦʚʳʝ ʷʟʳʢʠ ʠʣʠ ʧʨʦʩʪʦ ʚʳʫʯʠʪʴ 

ʧʘʨʦʯʢʫ ʩʣʦʚ ʠʟ ʠʥʪʝʨʝʩʥʦʛʦ ʝʤʫ ʷʟʳʢʘ. 

ʅʘʰʘ ʟʘʜʘʯʘ ï ʜʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʩʪʘʚʣʷʪʴ ʩʚʦʠ ʩʣʦʚʘʨʠ, ʥʘʧʨʠʤʝʨ, 

ʤʠʥʠ-ʩʣʦʚʘʨʴ ʩʦ ʩʣʦʚʘʤʠ ʥʘ ʪʝʤʫ çʆʙʱʝʥʠʝè ʠʣʠ çʈʘʙʦʪʘè. ʈʘʙʦʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʧʨʠʣʦ-

ʞʝʥʠʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʣʦʚ ʠʥʪʝʨʝʩʥʘʷ ʠ ʫʞʝ ʜʦʚʦʣʴʥʦ ʠʟʫʯʝʥʘ. ʅʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʟʥʘʯʠʤʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʤʦʪʠʚʠʨʦʚʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʜʘʣʴʥʝʡ-

ʰʝʤʫ ʠʟʫʯʝʥʠʶ ʷʟʳʢʘ. 

ʄʦʙʠʣʴʥʦʝ-ʧʨʠʣʦʞʝʥʠʝ çForesè ï ʵʪʦ ʬʦʨʤʘ ʦʙʫʯʝʥʠʷ, ʩʦʯʝʪʘʶʱʘʷ ʠʛʨʫ ʠ ʠʟʫʯʝʥʠʝ 

ʩʣʦʚ. 

ʅʘ ʛʣʘʚʥʦʤ ʵʢʨʘʥʝ ʙʫʜʝʪ ʧʨʠʚʝʪʩʪʚʠʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʤʦʪʠʚʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɸ ʪʘʢʞʝ ʤʦʜʫʣʠ, ʢʦʪʦʨʳʝ ʠ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʤʠʥʠ-ʩʣʦʚʘʨʷʤʠ. ʄʦʜʫʣʠ ʤʦʞʥʦ ʧʨʦʭʦʜʠʪʴ 

ʤʥʦʞʝʩʪʚʦ ʨʘʟ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʦʛʨʝʩʩʘ ʠʟʫʯʝʥʠʷ. 

ɼʘʥʥʳʝ ʧʨʦʝʢʪ ʧʨʠʥʝʩʝʪ ʦʞʠʜʘʝʤʳʡ ʵʬʬʝʢʪ: ʧʦʟʚʦʣʠʪ ʝʱʝ ʙʦʣʴʰʝʤʫ ʢʦʣʠʯʝʩʪʚʫ 

ʣʶʜʝʡ ʠʟʫʯʘʪʴ ʥʫʞʥʳʝ ʠʤ ʩʣʦʚʘ, ʘ ʥʝ ʢʨʫʪʠʪʴ ʧʦʩʪʦʷʥʥʦ ʦʜʥʦ ʠ ʪʦ ʞʝ. ʕʪʦʪ ʧʨʦʝʢʪ ʧʦʟʚʦ-

ʣʠʪ ʩʦʟʜʘʪʝʣʷʤ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʳʭ ʩʣʦʚʘʨʝʡ (ʩʣʦʚʘʨʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʝʤʳ) ʥʝ ʧʝʯʘʪʘʪʴ 

ʙʫʤʘʞʥʳʝ ʚʝʨʩʠʠ, ʘ ʧʨʦʩʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʤʦ-

ʞʝʪ ʩʵʢʦʥʦʤʠʪʴ ʥʘ ʠʭ ʩʦʟʜʘʥʠʠ. ʊʘʢʞʝ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʙʦʣʴʰʝ ʥʝ ʧʦʥʘʜʦʙʠʪʴʩʷ ʚʳʧʠʩʳ-

ʚʘʪʴ ʥʫʞʥʳʝ ʩʣʦʚʘ ʥʘ ʣʠʩʪʦʯʝʢ ʠʣʠ ʚ ʙʣʦʢʥʦʪ, ʚʝʜʴ ʦʥʠ ʩʤʦʛʫʪ ʧʨʦʩʪʦ ʜʦʙʘʚʠʪʴ ʠʭ ʚ ʩʦ-

ʟʜʘʥʥʳʡ ʠʤʠ ʥʦʚʳʡ ʤʦʜʫʣʴ. 

ʇʨʠʣʦʞʝʥʠʝ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʤʦʜʫʣʠ, ʢʘʞʜʳʡ ʤʦʜʫʣʴ ʷʚ-

ʣʷʝʪʩʷ ʤʠʥʠ-ʩʣʦʚʘʨʝʤ. ʄʦʜʫʣʴ ʭʨʘʥʠʪ ʚ ʩʝʙʝ ʩʣʦʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʷʪʴ ʩʣʦʚʘ ʧʦ ʪʝ-

ʤʘʪʠʢʘʤ. ɺ ʩʘʤʦʤ ʞʝ ʤʦʜʫʣʠ ʠ ʥʘʭʦʜʷʪʩʷ ʚʘʨʠʘʥʪʳ ʫʯʸʙʳ, ʪʘʢʠʝ ʢʘʢ ʢʘʨʪʦʯʢʠ, ʚʳʙʦʨ, 

ʥʘʧʠʩʘʥʠʝ, ʢʘʞʜʳʡ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦ-ʩʚʦʝʤʫ ʟʘʫʯʠʪʴ ʩʣʦʚʘ, ʘ ʪʝʩʪ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʧʦ-

ʩʣʝʜʥʠʝ ʜʚʘ ʚʘʨʠʘʥʪʘ ʜʣʷ ʫʜʦʙʥʦʡ ʧʨʦʚʝʨʢʠ ʩʝʙʷ. 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ, ʤʳ ʤʦʞʝʤ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʩʢʘʟʘʪʴ, ʯʪʦ ʜʦʙʠʣʠʩʴ ʩʚʦʝʡ ʮʝʣʠ, ʚʳ-

ʧʦʣʥʠʣʠ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ.  

ʄʦʙʠʣʴʥʦʝ-ʧʨʠʣʦʞʝʥʠʝ çForesè ʷʚʣʷʝʪʩʷ ʦʪʣʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ʠʟʫʯʝʥʠʷ ʥʦʚʳʭ ʩʣʦʚ 

ʣʶʜʝʡ ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ. 
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ɺʦ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʣʴ-

ʟʦʚʘʪʝʣʷ: 

- ʧʦʣʴʟʦʚʘʪʝʣʴ ʫʟʥʘʝʪ ʥʦʚʳʝ ʩʣʦʚʘ; 

- ʧʦʣʫʯʝʥʠʝ ʤʦʪʠʚʘʮʠʠ ʢ ʧʨʦʜʦʣʞʝʥʠʶ ʫʯʝʙʳ; 

- ʧʦʧʦʣʥʷʝʪʩʷ ʩʣʦʚʘʨʥʳʡ ʟʘʧʘʩ. 

ʇʦʣʴʟʦʚʘʪʝʣʠ ʧʦʣʫʯʘʪ ʟʥʘʥʠʝ ʥʦʚʳʭ ʩʣʦʚ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʤʦʞʝʪ ʣʫʯʰʝ ʠʟʫ-

ʯʘʪʴ ʛʨʘʤʤʘʪʠʢʫ ʥʦʚʦʛʦ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʷʟʳʢʘ. ʕʪʦ ʧʦʩʧʦʩʦʙʩʪʚʫʝʪ ʢ ʣʫʯʰʝʡ ʢʦʤʤʫʥʠ-

ʢʘʮʠʠ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ ʥʦʩʠʪʝʣʝʤ ʠʟʫʯʘʝʤʦʛʦ ʷʟʳʢʘ. ʉʝʡʯʘʩ, ʥʝʚʦʟʤʦʞʥʦ ʞʠʪʴ 

ʟʥʘʷ ʪʦʣʴʢʦ ʦʜʠʥ, ʨʦʜʥʦʡ ʷʟʳʢ ʠ ʩʦ ʰʢʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ ʣʶʜʠ ʥʘʯʠʥʘʶʪ ʠʟʫʯʝʥʠʝ ʥʦʚʳʭ 

ʷʟʳʢʦʚ, ʩ ʯʝʤ ʥʘʰʝ ʧʨʠʣʦʞʝʥʠʝ ʠ ʧʦʤʦʛʘʝʪ. 

 

 
ʈʠʩ. 1. ʇʨʠʣʦʞʝʥʠʝ çFORESè 
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ʈɸɿʈɸɹʆʊʂɸ ʉʀʉʊɽʄʓ ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʋʏɽʊɸ  

ʉʈɽɼʉʊɺ ɺʀɼɽʆʌʀʂʉɸʎʀʀ ɺ ʆʈɻɸʅʀɿɸʎʀʀ çʀʅʊɽɻʈɸ-ʉè 

 

ʃʳʩʝʥʢʦʚʘ ɸʣʝʢʩʘʥʜʨʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʩʪʫʜʝʥʪ 

ɸʥʜʨʝʝʚʘ ɺʘʣʝʥʪʠʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʜ-ʨ ʧʝʜ. ʥʘʫʢ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. 
E-mail : lysenkova170200@mail.ru 

 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʉʘʤʘʨʘ, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘ-

ʮʠʠ ʫʯʝʪʘ ʩʨʝʜʩʪʚ ʚʠʜʝʦʬʠʢʩʘʮʠʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ çʀʥʪʝʛʨʘ-ʉè. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʥʝʡ ʝʩʪʴ ʦʪʜʝʣʳ, ʥʝ ʠʩʧʦʣʴʟʫʶʱʠʝ 

ʚ ʜʦʣʞʥʦʡ ʤʝʨʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʢ ʥʠʤ ʦʪʥʦʩʠʪʩʷ ʦʪʜʝʣ ʩʠʩʪʝʤ ʚʠʜʝʦʬʠʢʩʘʮʠʠ. ɺ ʥʝʤ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʬʦʨʤʝ ʚʝʜʝʪʩʷ ʞʫʨ-

ʥʘʣ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʢʦʤʧʣʝʢʩʘʭ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʩʧʨʘʚʦʯʥʠʢ ʪʠʧʦʚ ʥʘʨʫʰʝʥʠʡ, ʠʥ-

ʬʦʨʤʘʮʠʷ ʦ ʥʘʨʫʰʝʥʠʷʭ, ʬʠʢʩʠʨʫʝʤʳʭ ʢʦʤʧʣʝʢʩʘʤʠ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʪʜʝʣʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʫʯʝʪʘ ʩʨʝʜʩʪʚ ʚʠʜʝʦʬʠʢʩʘʮʠʠ (ɸʀʉ). 

ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʪʘʢʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪ ʙʘʟʳ ʜʘʥʥʳʭ ɹɼ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʉʋɹɼ. ʀʥʬʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʩʩʣʝʜʫʝʤʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʚʠʜʝ ER-ʜʠʘʛʨʘʤʤʳ, ʨʘʟʨʘʙʦʪʘʥʘ ɹɼ, ʢʦʪʦʨʘʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʩʝ ʧʦʪʨʝʙʥʦʩʪʠ ʝʝ ʧʦʣʴʟʦʚʘ-

ʪʝʣʝʡ ʠ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʫʥʢʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘ-

ʮʠʠ ʦ ʢʦʤʧʣʝʢʩʘʭ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʦ ʥʘʨʫʰʝʥʠʷʭ, ʬʠʢʩʠʨʫʝʤʳʭ ʢʦʤ-

ʧʣʝʢʩʘʤʠ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʚʳʚʦʜ ʣʶʙʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʵʢʨʘʥ ʤʦʥʠʪʦʨʘ ʠ ʧʨʠʥʪʝʨ ʠ ʜʨ. 

ʊʘʢʞʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʣʝʛʢʦʝ ʚʦʩ-

ʧʨʠʷʪʠʝ ʠ ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʦʟʚʦʣʷʶʱʠʡ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʦʧʝ-

ʨʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ (ʀʉ), ʙʘʟʘ ʜʘʥʥʳʭ (ɹɼ), ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ɹɼ (ʉʋɹɼ), MS Access, ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʠʩʪʝʤʳ, ʧʦʣʴʟʦʚʘʪʝʣʴ, ʘʜʤʠʥʠʩʪʨʘʪʦʨ, 

ʧʨʘʚʘ ʜʦʩʪʫʧʘ. 

 

ʂʦʥʩʦʨʮʠʫʤ çʀʥʪʝʛʨʘ-ʉè ʙʦʣʝʝ ʚʦʩʴʤʠ ʣʝʪ ʚʭʦʜʠʪ ʚ ʅʝʢʦʤʤʝʨʯʝʩʢʫʶ ʦʨʛʘʥʠʟʘ-

ʮʠʶ çʉʢʦʣʢʦʚʦè ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʝʜʦʚʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʠ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʈʦʩʩʠʠ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʠ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʘʤʠ. 

ʆʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʤʦʥʪʘʞ 

ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʢʦʥʪʨʦʣʷ ʜʦ-

ʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʜʨ., ʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʫʩʣʫʛ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʮʝʧ-

ʮʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʚʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʦʙʲʝʜʠʥʝʥʠʡ, ʛʦʨʦʜʩʢʠʭ ʠʥ-

ʬʨʘʩʪʨʫʢʪʫʨ, ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ ʠ ɻʦʩʫʜʘʨʩʪʚʘ ʚ ʮʝʣʦʤ, ʦʧʨʝʜʝʣʝʥʠʝ ʫʷʟʚʠʤʦʩʪʠ ʪʨʘʥʩ-

ʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʠ ʥʝʟʘʢʦʥʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ. 

ʅʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʜʦʩʪʠʞʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ, ʚ ʥʝʤ ʠʤʝʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʦʪʜʝʣʳ, ʥʝ 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʚ ʜʦʣʞʥʦʡ ʤʝʨʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʢ ʥʠʤ ʦʪʥʦʩʠʪʩʷ ʦʪʜʝʣ ʩʠʩʪʝʤʳ ʚʠʜʝʦʬʠʢʩʘʮʠʠ. ɺ ʥʝʤ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʬʦʨʤʝ 

ʚʝʜʝʪʩʷ ʞʫʨʥʘʣ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʢʦʤʧʣʝʢʩʘʭ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʩʧʨʘʚʦʯʥʠʢ ʪʠʧʦʚ ʥʘʨʫ-

ʰʝʥʠʡ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʘʨʫʰʝʥʠʷʭ, ʬʠʢʩʠʨʫʝʤʳʭ ʢʦʤʧʣʝʢʩʘʤʠ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ. ʇʨʠ 

ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʠʥʬʦʨʤʘʮʠʠ ʨʫʯʥʦʡ ʧʦʠʩʢ ʠ ʦʙʦʙʱʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʜʘʥʥʳʭ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʯʝʥʴ ʩʣʦʞʥʳʡ ʠ ʜʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʥʝ ʧʦʟʚʦʣʷʶʱʠʡ ʵʬʬʝʢʪʠʚʥʦ ʭʨʘ-

ʥʠʪʴ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ.  

ʇʦʵʪʦʤʫ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʪʜʝʣʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʘʚ-

ʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʫʯʝʪʘ ʩʨʝʜʩʪʚ ʚʠʜʝʦʬʠʢʩʘʮʠʠ (ɸʀʉ). 
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ɺʩʪʨʘʠʚʘʥʠʝ ʥʦʚʦʡ ʀʉ ʚ ʠʤʝʶʱʠʡʩʷ ʝʜʠʥʳʡ ʮʝʥʪʨ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨ-

ʤʘʮʠʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ï ʚʘʞʥʝʡʰʘʷ ʟʘʜʘʯʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ɸʀʉ. 

ɺʳʙʦʨ ʩʨʝʜʩʪʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʦʜʥʦʡ ʠʟ ʩʣʦʞʥʝʡ-

ʰʠʭ ʟʘʜʘʯ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʦʥ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʩʦʟʜʘʚʘʝʤʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʪʘʢʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪ ʙʘʟʳ ʜʘʥʥʳʭ ɹɼ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʉʋɹɼ. 

ɺ ʩʪʨʘʥʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʉʋɹɼ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʪʦ, ʯʪʦ ʦʥʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʨʠ ʨʘʙʦʪʝ ʩ ʨʘʟʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʨʘʟʣʠʯʥʳʝ ʩʨʝʜʩʪʚʘ, ʦʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʥʘ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ 

ʦʩʥʦʚʥʳʭ ʧʦʥʷʪʠʡ.  

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ɸʀʉ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʉʋɹɼ ï 

MySQL, MS SQL Server ʠ MS Access ʠ ʚ ʢʘʯʝʩʪʚʝ ʉʋɹɼ ʙʳʣʘ ʚʳʙʨʘʥʘ Microsoft Access, 

ʚʭʦʜʷʱʘʷ ʚ ʧʘʢʝʪ Microsoft Office ʜʣʷ Windows. ʇʨʠ ʵʪʦʤ ʙʳʣʠ ʧʨʠʥʷʪʳ ʢ ʩʚʝʜʝʥʠʶ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʬʝʡʩʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦʣʴʟʦ-

ʚʘʪʝʣʷ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʳʪʴ ʧʨʦʩʪʳʤ ʚ ʦʩʚʦʝʥʠʠ ʠ ʨʘʙʦʪʝ, ʧʨʠʤʝʥʝʥʠʷ ʝʜʠʥʳʭ ʩʪʘʥʜʘʨ-

ʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʚʩʝʭ ʯʘʩʪʝʡ ʧʨʦʝʢʪʘ, ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʶʪ ʧʨʦʮʝʩʩ ʨʘʟʨʘ-

ʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʫʜʦʙʩʪʚʦ ʦʪʣʘʜʢʠ ʠ ʧʦʠʩʢʘ ʦʰʠʙʦʢ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ɹɼ ʙʳʣʦ ʥʘʯʘʪʦ ʩ ʘʥʘʣʠʟʘ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʪ. ʝ. ʩ ʦʪʜʝʣʘ ʫʯʝʪʘ 

ʩʨʝʜʩʪʚ ʚʠʜʝʦʬʠʢʩʘʮʠʠ, ʠ ʝʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ. 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʷʟʳʢʠ ʠ ʨʘʟʨʘ-

ʙʦʪʘʥʘ ʠʥʬʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ ʠ ʚʳʧʦʣʥʝʥʥʘʷ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʷʟʳʢʦʚʳʭ ʩʨʝʜʩʪʚ, ʥʝ ʟʘʚʠʩʷʱʠʭ ʦʪ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʜʘʣʴʥʝʡ-

ʰʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʀʥʬʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʩʩʣʝʜʫʝʤʦʡ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ER-ʜʠʘʛʨʘʤʤʳ, ʧʨʠ ʝʝ ʧʦʩʪʨʦʝʥʠʠ ʠʩʧʦʣʴ-

ʟʦʚʘʣʩʷ ʤʝʪʦʜ ɹʘʨʢʝʨʘ ʢʘʢ ʥʘʠʙʦʣʝʝ ʥʘʛʣʷʜʥʳʡ. ʇʨʠ ʵʪʦʤ ʙʳʣʠ ʠʟʫʯʝʥʳ ʩʧʠʩʦʢ ʩʫʱʥʦ-

ʩʪʝʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʩʧʠʩʦʢ ʘʪʨʠʙʫʪʦʚ ʩʫʱʥʦʩʪʝʡ, ʦʧʠʩʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ 

ʩʫʱʥʦʩʪʷʤʠ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʦʤ ɹʘʨʢʝʨʘ ʙʳʣʠ ʦʧʠʩʘʥʳ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ, ʦʧʨʝ-

ʜʝʣʝʥʳ ʠʭ ʦʙʦʟʥʘʯʝʥʠʷ ʚ ER-ʜʠʘʛʨʘʤʤʝ, ʨʘʟʨʘʙʦʪʘʥʘ ɹɼ, ʢʦʪʦʨʘʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʩʝ ʧʦ-

ʪʨʝʙʥʦʩʪʠ ʝʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ: 

- ʩʦʟʜʘʥʠʝ ʠ ʥʘʩʪʨʦʡʢʫ ʫʜʦʙʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝ-
ʛʦ ʣʝʛʢʦʝ ʚʦʩʧʨʠʷʪʠʝ ʠ ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʤʠʥʠʤʠʟʘʮʠʶ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 

ʦʧʝʨʘʮʠʡ; 

- ʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʤʧʣʝʢʩʘʭ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ; 

- ʩʧʨʘʚʦʯʥʠʢ ʪʠʧʦʚ ʥʘʨʫʰʝʥʠʡ; 

- ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʦ ʥʘʨʫʰʝʥʠʷʭ, ʬʠʢʩʠʨʫʝʤʳʭ ʢʦʤʧʣʝʢʩʘʤʠ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ; 

- ʚʳʚʦʜ ʣʶʙʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʵʢʨʘʥ ʤʦʥʠʪʦʨʘ ʠ ʧʨʠʥʪʝʨ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʩʠʩʪʝʤʝ ʫʯʝʪʘ ʩʨʝʜʩʪʚ ʚʠʜʝʦʬʠʢʩʘʮʠʠ ʪʘʢʞʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʧʝ-

ʯʘʪʴ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʦʪʯʝʪʥʦʩʪʠ. 

ɺʩʷ ʠʥʬʦʨʤʘʮʠʷ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ɹɼ ʭʨʘʥʠʪʩʷ ʚ ʚʠʜʝ ʪʘʙʣʠʮ, ʛʜʝ ʜʣʷ ʢʘʞʜʦʛʦ 

ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʦʪʚʦʜʠʪʩʷ ʦʪʜʝʣʴʥʘʷ ʪʘʙʣʠʮʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʜʫʙʣʠʨʦ-

ʚʘʥʠʷ ʩʦʭʨʘʥʷʝʤʳʭ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ɹɼ 

ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʦʢ ʚʚʦʜʘ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʘʙʣʠʮ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʫʯʥʳʝ ʩʨʝʜʩʪʚʘ ï ʨʝʞʠʤ ʂʦʥʩʪʨʫʢʪʦ-

ʨʘ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʩʦʟʜʘʥʘ ʦʩʥʦʚʥʘʷ ʪʘʙʣʠʮʘ 1 ʦ ʢʦʤʧʣʝʢʩʝ, ʩʦʜʝʨʞʘʱʘʷ ʩʝʨʠʡʥʳʡ 

ʥʦʤʝʨ ʢʦʤʧʣʝʢʩʘ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʣʝʢʩʦʚ ʠ ʠʭ IP ʘʜʨʝʩʘ. 
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ʀʥʬʦʨʤʘʮʠʷ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʦʪʦʙʨʘʞʘʪʴ ʢʘʢʠʝ ʥʘʨʫʰʝʥʠʝ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚ ʦʧʨʝ-

ʜʝʣʝʥʥʦʝ ʚʨʝʤʷ, ʪʘʢʞʝ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 2, ʩʦʜʝʨʞʘʱʫʶ ʘʜʨʝʩ ʢʦʤʧʣʝʢʩʘ, ʪʠʧ ʥʘʨʫʰʝʥʠʷ 

ʠ ʝʛʦ ʜʘʪʳ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʪʠʧʘʭ ʥʘʨʫʰʝʥʠʡ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʙʳʣʘ ʩʚʝ-

ʜʝʥʘ ʚ ʪʘʙʣʠʮʫ 3. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʯʝʪʘ ʩʨʝʜʩʪʚ ʚʠʜʝʦʬʠʢʩʘ-

ʮʠʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʫ ʦʪʜʝʣʘ ʥʘʡʪʠ ʠʩʯʝʨʧʳʚʘʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʧʦʠʩʢʫ: 

- ʢʘʤʝʨʳ ʧʦ ip-ʘʜʨʝʩʫ;  

- ʪʠʧʘ ʥʘʨʫʰʝʥʠʷ; 

- ʢʦʥʢʨʝʪʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘʨʫʰʝʥʠʷ; 

- ʢʦʣʠʯʝʩʪʚʘ ʥʘʨʫʰʝʥʠʡ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ ʠ ʪ. ʧ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ɹɼ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚʦʧʨʦʩʳ ʝʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦ-

ʚʘʣʠʩʴ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʚʳʧʦʣʥʝʥʠʶ ʦʧʝʨʘʮʠʡ ʩʦʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ï ʧʨʠʤʝʥʝʥʠʝ ʬʫʥʢ-

ʮʠʡ ʆʉ Windows ʠ ʬʫʥʢʮʠʡ ʩʘʤʦʡ ɹɼ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

 

1. ʉʧʨʘʚʢʘ ʠ ʦʙʫʯʝʥʠʝ ʧʦ Access / ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://support.microsoft.com/ru-

ru/access (12.05.2022). 

2. ʇʝʨʣʦʚʘ, ʆ. ʅ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ: ʋʯʝʙʥʠʢ 

/ ʆ.ʅ. ʇʝʨʣʦʚʘ. ï ʄʦʩʢʚʘ : ɸʢʘʜʝʤʠʷ, 2018. ï 272 c.  
3. ɺʦʣʠʢ, ʄ. ɺ. ʈʘʟʨʘʙʦʪʢʘ ʙʘʟʳ ʜʘʥʥʳʭ ʚ Access : ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ʄ. ɺ. ɺʦʣʠʢ. ï

ʄʦʩʢʚʘ : ʇʨʦʤʝʪʝʡ, 2021. ï 88 ʩ. 
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ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʇʈʆʎɽʉʉɸ ʉʆɿɼɸʅʀʗ ʉʎɽʅɸʈʀɽɺ  

ɺ ʌʆʈʄɸʊɽ OPENX ʅɸ ʆʉʅʆɺɽ ʆʇɽʈɸʎʀʆʅʅʓʍ ʉʀʊʋɸʎʀʁ  

ɼʃʗ ʊɽʉʊʀʈʆɺɸʅʀʗ ʉʀʉʊɽʄ ADAS 

 

ʄʘʭʦʚ ʀʣʴʷ ʉʝʨʛʝʝʚʠʯ1  

ʄʦʟʦʣʠʥ ʀʛʦʨʴ ɸʣʝʢʩʘʥʜʨʦʚʠʯ1  

ʄʠʰʢʠʥʘ ɸʥʥʘ ɸʥʜʨʝʝʚʥʘ2  

ʂʠʨʦʚʩʢʠʡ ʆʣʝʛ ʄʠʭʘʡʣʦʚʠʯ3 

 

1 ï ɺʀʐ ʌɻɸʆʋ ɺʆ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʄʀʌʀè  

2 ï ʀʀ ʉʀ ʌɻɹʆʋ ɺʆ çʄʀʈʕɸ ï ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè  

3 ï ɸʆ çʃʘʙʦʨʘʪʦʨʠʷ ʂʘʩʧʝʨʩʢʦʛʦè,  

ʛ. ʄʦʩʢʚʘ, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʦʞʜʝʥʠʷ ʩʪʘʥʝʪ 

ʢʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ 

ʜʚʠʞʝʥʠʷ, ʫʣʫʯʰʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʚʷʟʥʦʩʪʠ ʚ ʛʦʨʦʜʘʭ ʠ ʟʘ ʠʭ ʧʨʝʜʝʣʘʤʠ, ʧʦʚʳʰʝʥʠʷ 

ʢʦʤʬʦʨʪʘ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʤʦʙʠʣʴʥʦʩʪʠ ʜʣʷ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ. ʉ ʧʝʨʝʭʦʜʦʤ ʢ ʘʚʪʦ-

ʤʘʪʠʟʠʨʦʚʘʥʥʦʤʫ ʚʦʞʜʝʥʠʶ ʦʞʠʜʘʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʠ ʚ ʢʦʥʮʝ 

ʢʦʥʮʦʚ ʘʚʪʦʤʦʙʠʣʠ ʩʪʘʥʫʪ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʥʦʤʥʳʤʠ.  

ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ ʤʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʦʧʘʩʥʦʩʪʝʡ ʠ ʦʮʝʥʢʠ ʨʠʩʢʦʚ 

(HARA) ʠ ʩʪʘʥʜʘʨʪʳ OpenX ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʦ, ʢʘʢ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʯʘʩʪʠ 

ʧʨʦʮʝʩʩʘ HARA ʠ ʦʮʝʥʢʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʮʝʥʘʨʠʝʚ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪ ʚʝʨʦ-

ʷʪʥʦʩʪʴ ʦʰʠʙʦʢ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʛʥʠʪʠʚʥʳʤʠ ʠʩʢʘʞʝʥʠʷʤʠ ʦʪʜʝʣʴʥʳʭ ʵʢʩʧʝʨ-

ʪʦʚ, ʠ ʩʦʢʨʘʪʠʪ ʥʝʦʙʭʦʜʠʤʦʝ ʚʨʝʤʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [3].  

ɼʣʷ ʚʘʣʠʜʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʙʫʜʝʪ ʩʦʟʜʘʥ ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʧʝʨʝʚʦʜʠʪʴ ʩʮʝʥʘʨʠʠ, ʩʦʟʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩ ʧʦʤʦʱʴʶ ʪʘʙʣʠʯʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʚ 

ʬʦʨʤʘʪ OpenX, ʟʘʪʝʤ ʟʘʧʫʩʢʘʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ, 

ISO 26262 [1], ISO 21448 [2], ʘʥʘʣʠʟ ʦʧʘʩʥʦʩʪʝʡ ʠ ʦʮʝʥʢʘ ʨʠʩʢʦʚ, HARA, ʚʠʟʫʘʣʠʟʘʮʠʷ 

ʩʮʝʥʘʨʠʝʚ, ʠʥʩʪʨʫʤʝʥʪ. 

ɺʚʝʜʝʥʠʝ 

ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘʚʪʦʤʦʙʠʣʴ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʩʣʦʞʥʳʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʚʪʦʤʦʙʠʣʴ ʠʩʧʦʣʴʟʫʝʪ ʜʝʩʷʪʢʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ, ʚʢʣʶʯʘʷ ʥʝʦʙʭʦ-

ʜʠʤʳʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʙʝʟʦʧʘʩʥʦʩʪʴʶ. ʄʥʦʞʝʩʪʚʦ ʩʣʦʞʥʝʡʰʠʭ 

ʩʠʩʪʝʤ ʨʝʘʣʠʟʫʶʪ ʤʝʭʘʥʠʟʤʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʟʘʱʠʱʘʶʪ ʫʯʘʩʪʥʠʢʦʚ ʜʦʨʦʞʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʦʪ ʠʟʙʳʪʦʯʥʦʛʦ ʨʠʩʢʘ. ʂʦʥʩʪʨʫʢʮʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʪʘʥ-

ʜʘʨʪʫ ISO 26262 [1] ʠ ʦʧʠʩʘʥʥʦʤʫ ʚ ʥʝʤ ʞʠʟʥʝʥʥʦʤʫ ʮʠʢʣʫ, ʚ ʢʦʪʦʨʦʤ ʜʦʣʞʝʥ ʚʳʧʦʣ-

ʥʷʪʴʩʷ ʘʥʘʣʠʟ ʦʧʘʩʥʦʩʪʝʡ ʠ ʦʮʝʥʢʘ ʨʠʩʢʦʚ (HARA) ʜʣʷ ʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʤʦʜʠʬʠʢʘ-

ʮʠʡ. ʂ ʩʠʩʪʝʤʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʦʪʥʦʩʷʪʩʷ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʤʘʪʠ-

ʟʠʨʦʚʘʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ (ʉʋ ɸʊʉ). 

ʂʘʞʜʘʷ ʉʋ ɸʊʉ ʠʤʝʝʪ ʩʚʦʶ ʦʙʣʘʩʪʴ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪ. ʝ. ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʫʩʣʦʚʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʦʞʜʝʥʠʷ ʠʣʠ ʝʝ ʬʫʥʢʮʠʷ 

ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʘ. ʈʘʟʨʘʙʦʪʯʠʢʠ ʜʦʣʞʥʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ (ʪ.ʝ. ʧʨʠʥʷʪʴ ʤʝʨʳ ʧʨʠ ʨʘʟ-

ʨʘʙʦʪʢʝ ʠ ʧʦʢʘʟʘʪʴ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʨʢʠ) ʦʪʩʫʪʩʪʚʠʝ ʠʟʙʳʪʦʯʥʦʛʦ ʨʠʩʢʘ ʢʘʢ ʚʥʫʪʨʠ ʵʪʦʡ ʦʙ-

ʣʘʩʪʠ, ʪʘʢ ʠ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʥʝʝ. ʇʨʠ ʵʪʦʤ ʥʘ ʫʨʦʚʥʝ ɸʊʉ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʳʩʦʢʦʘʚʪʦʤʘʪʠʟʠ-

ʨʦʚʘʥʥʳʭ ʊʉ (ɺɸʊʉ) ʠ ʘʚʪʦʥʦʤʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʨʘʟʨʝʰʘʝʪʩʷ ʧʨʠʚʣʝʢʘʪʴ ʚʦʜʠʪʝʣʷ ʢ ʨʝ-

ʰʝʥʠʶ ʟʘʜʘʯ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʧʝʨʝʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʦʪ ʉʋ ɸʊʉ ʚʦʜʠʪʝʣʶ ʠ 

ʦʙʨʘʪʥʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʨʘʚʠʣʘʤ ʠ ʟʘ ʚʨʝʤʷ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚʦʜʠʪʝʣʴ 

ʤʦʞʝʪ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʜʦʨʦʞʥʦʡ ʩʠʪʫʘʮʠʠ. 
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ʆʜʠʥ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʦʚʝʨʢʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ (ɸʊʉ) ï ʠʩʧʳʪʘʥʠʷ ʧʨʦʪʦʪʠʧʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʜʦʨʦʛʘʭ ʦʙʱʝʛʦ ʧʦʣʴʟʦ-

ʚʘʥʠʷ. ʕʪʦ ʜʦʨʦʛʘʷ ʠ ʪʨʫʜʦʝʤʢʘʷ ʟʘʜʘʯʘ, ʤʦʛʫʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʤʠʣʣʠʦʥʳ ʢʠʣʦʤʝʪʨʦʚ ʧʨʦ-

ʙʝʛʘ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʪʝʩʪʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ʮʝʣʝʚʦʤʫ ʫʨʦʚʥʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʣʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʪʨʝʙʦ-

ʚʘʥʠʡ ʢ ʥʝʡ. 

ɼʨʫʛʦʡ ʩʧʦʩʦʙ ʧʨʦʚʝʨʢʠ ʘʚʪʦʤʘʪʠʟʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʦʨʦʞʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʚ ʩʠʤʫʣʷʪʦʨʝ. ʅʦ ʧʨʦʙʣʝʤʘ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʤʦʞʥʦ ʟʘʙʳʪʴ 

ʢʘʢʦʡ-ʣʠʙʦ ʠʟ ʩʮʝʥʘʨʠʝʚ ʥʘ ʵʪʘʧʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ çʧʦʢʨʳʪʴè ʦʙʣʘʩʪʴ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʷ ʥʝ ʧʦʣʥʦʩʪʴʶ[4]. ʇʨʘʢʪʠʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʚʳʙʦʨ ʩʮʝʥʘʨʠʝʚ ʵʢʩʧʝʨʪʦʤ ʠʣʠ ʛʨʫʧʧʦʡ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʮʝʜʫʨʫ ʟʘʚʠʩʠʤʦʡ ʦʪ ʩʫʞʜʝʥʠʷ 

ʵʢʩʧʝʨʪʘ, ʧʨʦʰʣʦʛʦ ʦʧʳʪʘ ʛʨʫʧʧʳ ʘʥʘʣʠʟʘ ʠ ʧʦʜʚʝʨʞʝʥʥʦʡ ʦʰʠʙʢʘʤ, ʠ ʧʨʠ ʚʳʝʟʜʝ ʥʘ ʜʦ-

ʨʦʛʠ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʧʦʩʣʝʜʩʪʚʠʷ ʤʦʛʫʪ ʙʳʪʴ ʫʞʘʩʥʳʤʠ.  

ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ ʦʰʠʙʦʢ ʤʦʞʝʪ ʩʪʘʪʴ ʧʝʨʚʦʝ ɼʊʇ ʩ ʫʯʘʩʪʠʝʤ ɸʊʉ ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ 

ʠʩʭʦʜʦʤ, ʧʨʦʠʟʦʰʝʜʰʝʝ ʚ ʉʐɸ ʚ 2018 ʛ. ɺ ʥʝʤ ʙʝʩʧʠʣʦʪʥʦʡ ʘʚʪʦʤʦʙʠʣʴ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤ-

ʧʘʥʠʠ Uber ATG ʥʘʩʤʝʨʪʴ ʩʙʠʣ ʕʣʝʥ ʍʝʨʮʙʝʨʛ, ʧʝʨʝʭʦʜʠʚʰʫʶ ʜʦʨʦʛʫ ʚ ʥʝʧʦʣʦʞʝʥʥʦʤ 

ʤʝʩʪʝ. ʈʘʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʥʞʝʥʝʨʳ ʢʦʤʧʘʥʠʠ Uber ATG ʥʝ ʟʘʣʦʞʠʣʠ ʚ ʤʦʜʝʣʴ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʦʨʦʞʥʳʭ ʦʙʲʝʢʪʦʚ ʧʝʰʝʭʦʜʦʚ, ʧʝʨʝʭʦʜʷʱʠʭ ʜʦʨʦʛʫ ʚʥʝ ʧʝʰʝʭʦʜʥʦʛʦ ʧʝ-

ʨʝʭʦʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʧʳʪʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʧʨʦʪʦʪʠʧʦʚ ʘʚʪʦʤʘʪʠʟʠ-

ʨʦʚʘʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʜʦʨʦʛʘʭ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʦʧʘʩʥʘ. 

ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʦʜʦʙʥʳʭ ʩʣʫʯʘʝʚ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʤʝʩʪʦ çʪʨʘʜʠʮʠʦʥʥʦʛʦè HARA, 

ʧʨʠ ʢʦʪʦʨʦʤ ʵʢʩʧʝʨʪʳ ʩʘʤʠ ʚʳʙʠʨʘʶʪ ʩʠʪʫʘʮʠʠ ʜʣʷ ʦʮʝʥʢʠ, ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʙʦʣʝʝ ʩʣʦʞ-

ʥʳʤ ʧʦʜʭʦʜʦʤ, ʚʢʣʶʯʘʶʱʠʤ: 

¶ ʆʧʠʩʘʥʠʝ ʦʙʣʘʩʪʠ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ODD) ʩʠʩʪʝʤʳ. 

¶ ʇʦʣʫʯʝʥʠʝ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʩʮʝʥʘʨʠʝʚ ʧʫʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙ-
ʣʘʩʪʠ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

¶ ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʩʮʝʥʘʨʠʷ (ʪʘʢʞʝ ʘʚʪʦʤʘʪʠʟʠʨʦ-
ʚʘʥʥʘʷ), ʩʦʦʪʚ. HARA ʧʦ ISO 26262 [1]. 

¶ ɼʣʷ ʩʮʝʥʘʨʠʝʚ, ʧʦʣʫʯʠʚʰʠʭ ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʝ ʚʳʩʰʠʝ ʧʦʢʘʟʘʪʝʣʠ: 

o ʧʝʨʝʚʦʜ ʚ ʬʦʨʤʘʪ OpenX 

o ʩʠʤʫʣʷʮʠʷ 

o ʫʪʦʯʥʝʥʠʝ ʫʨʦʚʥʷ ʨʠʩʢʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʮʝʥʘʨʠʷ 

o ʝʩʣʠ ʫʨʦʚʝʥʴ ʨʠʩʢʘ ʧʨʝʚʦʩʭʦʜʠʪ ʜʦʧʫʩʪʠʤʳʡ, ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʠʪʴ ʦʙʣʘʩʪʴ 
ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʣʠ ʜʦʨʘʙʦʪʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʉɸʋ ɸʊʉ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʧʝʨʝʚʦʜʘ ʦʧʠʩʘʥʠʷ ʦʧʝʨʘʮʠʦʥ-

ʥʳʭ ʩʠʪʫʘʮʠʡ ʠʟ ʪʘʙʣʠʯʥʦʛʦ ʬʦʨʤʘʪʘ (ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ ʘʥʘʣʠʟʘ HARA) ʚ 

ʬʦʨʤʘʪ ʦʧʠʩʘʥʠʷ ʩʮʝʥʘʨʠʝʚ OpenX ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʩʠʤʫʣʷʪʦʨʝ. ɺ ʥʘʩʪʦ-

ʷʱʝʝ ʚʨʝʤʷ ʪʘʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʥʝʪ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʦʧʘʩʥʦʩʪʝʡ ʠ 

ʦʮʝʥʢʫ ʨʠʩʢʦʚ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʩʮʝʥʘʨʠʝʚ ʜʦʨʦʞʥʳʭ ʩʠʪʫʘʮʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʞʝ ʚʨʝʤʷ ʠʟ-

ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʩʮʝʥʘʨʠʠ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʢʦʣʠʯʝ-

ʩʪʚʝ, ʦʪʦʙʨʘʥʥʳʝ ʵʢʩʧʝʨʪʘʤʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʙʫʜʝʪ ʘʢʪʫʘʣʝʥ ʜʣʷ ʢʦʤʧʘʥʠʡ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʪʨʘʥʩ-

ʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ, ʪʝʩʪʠʨʦʚʘʥʠʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ ʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʡ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʘʥʘʣʠʟʦʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦ-

ʛʦ ʜʚʠʞʝʥʠʷ, ʚ ʪ. ʯ. ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʪʘʥʜʘʨʪʳ OpenX, ISO 21448 ʠ ISO 26262. 

ʉʪʘʥʜʘʨʪ ISO 26262 ʷʚʣʷʝʪʩʷ ʚʩʝʤʠʨʥʦ ʧʨʠʟʥʘʥʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʙʝʟ-
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ʦʧʘʩʥʦʩʪʴʶ [3]. ʕʪʦ ʦʩʥʦʚʥʦʡ ʩʪʘʥʜʘʨʪ, ʢʦʪʦʨʳʡ ʚʚʦʜʠʪ ʧʦʥʷʪʠʝ çʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʙʝʟ-

ʦʧʘʩʥʦʩʪʴè ʚ ʧʨʘʢʪʠʢʫ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʷ ʠ ʜʝʣʘʝʪ ʟʘʪʨʘʛʠʚʘʝʪ ʚʝʩʴ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ɸʥʘʣʠʟ ʦʧʘʩʥʦʩʪʠ ʠ ʦʮʝʥʢʘ ʨʠʩʢʦʚ ʦʧʠʩʘʥʳ ʚ ʯʘʩʪʠ 3 ʩʪʘʥʜʘʨʪʘ ISO 26262 [1]. ʎʝʣʴ 

HARA ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʚʳʷʚʠʪʴ ʦʧʘʩʥʳʝ ʩʦʙʳʪʠʷ ʠ ʦʮʝʥʠʪʴ ʩʚʷʟʘʥʥʳʡ ʩ ʥʠʤʠ ʨʠʩʢ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʟʘʪʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʬʦʨʤʫʣʠʨʦʚʘʥʠʷ ʮʝʣʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʞʝʣʘʝʤʦʛʦ çʙʝʟʦʧʘʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷè. 

ʉʘʤ ʩʪʘʥʜʘʨʪ ISO 26262 ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʪʦʣʴʢʦ ʦʧʘʩʥʳʝ ʩʦʙʳʪʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʠʩ-

ʧʨʘʚʥʦʩʪʷʤʠ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʦʙʠʣʷ, ʪ.ʝ. ʦʪʢʣʦʥʝʥʠʝʤ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤ ʦʪ ʦʞʠʜʘʝʤʦʛʦ. 

ɺ ʵʪʦʡ ʯʘʩʪʠ ʝʛʦ ʨʘʩʰʠʨʷʝʪ ʩʪʘʥʜʘʨʪ ISO 21448 [2], ʢʦʪʦʨʳʡ ʚʚʦʜʠʪ ʧʦʥʷʪʠʝ çʙʝʟʦʧʘʩʥʦ-

ʩʪʠ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠè (SOTIF), ʪ. ʝ. ʨʘʩʰʠʨʷʝʪ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʩʠʪʫʘ-

ʮʠʠ, ʢʦʛʜʘ ʩʠʩʪʝʤʳ ʘʚʪʦʤʦʙʠʣʷ ʨʘʙʦʪʘʶʪ ʙʝʟʦʰʠʙʦʯʥʦ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʩʠʪʫ-

ʘʮʠʷʤʠ, ʚʳʭʦʜʷʱʠʤʠ ʟʘ ʨʘʤʢʠ ʠʭ ʦʙʣʘʩʪʠ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɺ ʵʪʠʭ ʩʠʪʫʘ-

ʮʠʷʭ ʨʘʟʨʘʙʦʪʯʠʢ ʪʘʢʞʝ ʦʙʷʟʘʥ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʦʪʩʫʪʩʪʚʠʝ ʠʟʙʳʪʦʯʥʦʛʦ ʨʠʩʢʘ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʦʧʘʩʥʦʩʪʠ ʠ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʤʳ ʜʦʣʞʥʳ ʚʳʙʨʘʪʴ ʦʙʣʘʩʪʴ 

ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʬʫʥʢʮʠʶ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʦʞʜʝʥʠʷ. 

ɼʘʣʝʝ ʤʳ ʚʳʙʠʨʘʝʤ ʩʠʪʫʘʮʠʠ, ʢʦʤʙʠʥʠʨʫʷ ʵʣʝʤʝʥʪʳ ʦʙʣʘʩʪʠ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʷ, ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤ, ʢʘʢ ʧʦʚʣʠʷʝʪ ʦʪʢʘʟʥʦʝ ʧʦʚʝʜʝʥʠʝ ʬʫʥʢʮʠʠ ʥʘ ʢʘʞʜʫʶ ʠʟ 

ʥʠʭ. ʊʘʢ ʫ ʥʘʩ ʧʦʣʫʯʘʶʪʩʷ ʦʧʘʩʥʳʝ ʩʦʙʳʪʠʷ. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʦʧʘʩʥʳʭ ʩʦʙʳʪʠʡ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʦʧʘʩʥʦʩʪʠ ʠ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʧʦ ʧʨʦʮʝʜʫʨʝ, ʦʧʠʩʘʥʥʦʡ ʚ ISO 26262, ʤʳ 

ʦʧʨʝʜʝʣʷʝʤ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: 

- ʪʷʞʝʩʪʴ,  

- ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ, 

- ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʴ.  

ʆʮʝʥʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʠʟʚʝʩʪʥʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʧʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʠʩʪʝ-

ʤʳ; ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʝʪʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʘ ʥʝʦʙʷʟʘʪʝʣʴʥʦ. 

ɼʣ̫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʪʫʘʮʠʡ ʠ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʠʷ ʪʝʩʪʦʚʳʭ ʩʮʝʥʘʨʠʷʭ ʚ ʩʠʤʫʣʷ-

ʪʦʨʘʭ ʩʫʱʝʩʪʚʫʶʪ ʩʪʘʥʜʘʨʪʳ ASAM OpenX. ʆʥʠ ʦʧʠʩʳʚʘʶʪ ʩʬʝʨʫ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, 

ʦʭʚʘʪʳʚʘʶʪ ʪʘʢʠʝ ʧʦʥʷʪʠʷ, ʢʘʢ ʜʦʨʦʞʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʫʯʘʩʪʥʠʢʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝ-

ʥʠʷ ʠ ʩʮʝʥʘʨʠʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʞʜʝʥʠʷ. ʕʪʠ ʩʪʘʥʜʘʨʪʳ ʥʘʭʦʜʷʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʩʨʝʜʠ ʚʩʝ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʢʦʤʧʘʥʠʡ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʩʠʤʫʣʷʪʦʨʦʚ ʚʦʞʜʝʥʠʷ 

[5]. 

ʇʦʩʣʝ ʚʳʙʦʨʘ ʩʪʘʥʜʘʨʪʘ OpenX, ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʥʘʡʪʠ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʝʛʦ 

ʚʠʟʫʘʣʠʟʘʮʠʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʜʦʩʪʫʧʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʜʜʝʨʞʠʚʘʣʦ ʩʪʘʥ-

ʜʘʨʪ OpenDrive ʠ OpenCRG, ʘ ʠʤʝʥʥʦ ʦʧʠʩʘʥʠʝ ʛʝʦʤʝʪʨʠʠ ʜʦʨʦʛ, ʧʦʣʦʩ ʜʚʠʞʝʥʠʷ ʠ ʦʙʲ-

ʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʜʦʨʦʞʥʳʝ ʟʥʘʢʠ ʥʘ ʜʦʨʦʛʝ, ʘ ʪʘʢʞʝ ʦʙʲʝʢʪʦʚ ʚʜʦʣʴ ʜʦʨʦʛ ʠ ʦʧʠʩʘʥʠʝ ʜʦ-

ʨʦʞʥʳʭ ʧʦʢʨʳʪʠʡ, ʥʦ ʥʝ ʩʘʤ ʪʝʩʪʠʨʫʝʤʳʡ ʩʮʝʥʘʨʠʡ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʝʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʥʘʡʜʝʥʘ ʧʨʦʛʨʘʤʤʘ ESMINI, ʢʦʪʦʨʘʷ ʧʦʣʥʦ-

ʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʣʘ ʥʘʰʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʧʦʜʜʝʨʞʠʚʘʣʘ ʩʪʘʥʜʘʨʪ OpenScenario.  

ʈʝʟʫʣʴʪʘʪʳ 

ɼʣʷ ʧʝʨʝʚʦʜʘ ʩʮʝʥʘʨʠʝʚ ʠʟ ʪʘʙʣʠʯʥʦʛʦ ʬʦʨʤʘʪʘ HARA ʚ ʬʦʨʤʘʪ OpenX ʙʳʣʠ ʩʦ-

ʩʪʘʚʣʝʥʳ ʩʣʦʚʘʨʠ ʨʝʣʝʚʘʥʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʠʭ ʟʥʘʯʝʥʠʡ ʥʘ ʷʟʳʢʝ OpenX ʜʣʷ ʢʘʞʜʦʛʦ 

ʘʩʧʝʢʪʘ ʩʠʪʫʘʮʠʠ. ʉʣʦʚʘʨʠ ʩʦʩʪʘʚʣʝʥʳ ʠʩʭʦʜʷ ʠʟ ʩʮʝʥʘʨʠʝʚ ʩʦʛʣʘʩʥʦ VDA702.ʇʝʨʚʳʡ 

ʩʣʦʚʘʨʴ ʩʦʜʝʨʞʠʪ ʩʧʠʩʦʢ ʧʘʨʘʤʝʪʨʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ɺʪʦʨʦʡ ʩʣʦʚʘʨʴ ʩʦʜʝʨʞʠʪ 

ʩʧʠʩʦʢ ʧʘʨʘʤʝʪʨʦʚ, ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʩʮʝʥʘʨʠʝʚ. ʊʨʝʪʠʡ ʩʣʦʚʘʨʴ ʩʦʜʝʨʞʠʪ ʙʘʟʫ 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʦʨʦʞʥʳʭ ʩʝʪʝʡ ʠ 3D ʚʠʟʫʘʣʠʟʘʮʠʶ. 

ʆʩʪʘʚʰʠʡʩʷ ʵʪʘʧ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʘʪʴ, ʵʪʦ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʢʦʥʚʝʨʪʘ-

ʮʠʠ ʚ ʩʮʝʥʘʨʠʠ, ʩʦʟʜʘʚ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʝʨʝʚʦʜʘ ʦʧʠʩʘʥʠʷ ʠʟ HARA ʚ ʬʦʨʤʘʪ OpenX ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʞʝ ʩʦʩʪʘʚʣʝʥʥʳʭ ʩʣʦʚʘʨʝʡ. 

ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʤʦʞʝʪ ʚʳʙʠʨʘʪʴ ʤʦʜʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʨʝʜʩʪʚʘ ʠ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʧʨʝʜʝʣʷʪʴ ʛʝʦʤʝʪʨʠʶ ʜʦʨʦʛ, ʧʦʣʦʩ ʜʚʠʞʝʥʠʷ ʠ ʦʙʲʝʢʪʦʚ, 

ʘ ʪʘʢʞʝ ʤʘʥʝʚʨʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠʣʠ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʪʨʘʥʩ-
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ʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʀʥʩʪʨʫʤʝʥʪ ʦʙʲʝʜʠʥʷʝʪ ʚʩʝ ʚ ʝʜʠʥʳʡ ʩʮʝʥʘʨʠʡ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʚʳʙʠʨʘʝʪ 

ʠʥʪʝʨʝʩʫʶʱʠʝ ʬʫʥʢʮʠʠ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʘ ʪʘʢʞʝ ʚʳʙʠʨʘʝʪ çʩʮʝʥʘʨʠʠ ʚʦʞʜʝʥʠʷè ʜʣʷ ʚʢʣʶ-

ʯʝʥʠʷ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʀʥʩʪʨʫʤʝʥʪ ʦʙʲʝʜʠʥʷʝʪ ʚʳʙʨʘʥʥʳʝ ʫʩʣʦʚʠʷ ʠ ʦʪʢʘʟʳ ʜʣʷ ʩʦʟʜʘ-

ʥʠʷ ʥʘʙʦʨʘ ʩʮʝʥʘʨʠʝʚ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚʳʙʨʘʪʴ ʩʮʝʥʘʨʠʠ, ʨʝʣʝʚʘʥʪʥʳʝ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʥʩʪʨʫʤʝʥʪ ʩʦʟʜʘʝʪ ʠ ʚʳʧʦʣʥʷʝʪ ʚʩʝ ʩʮʝʥʘʨʠʠ ʦʜʠʥ ʟʘ ʜʨʫʛʠʤ ʠ ʩʦʭʨʘ-

ʥʷʝʪ ʪʨʘʩʩʠʨʦʚʢʠ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʧʦʩʣʝ ʦʮʝʥʠʚʘʝʪ ʪʨʘʩʩʠʨʦʚʢʠ ʠ ʛʝʥʝʨʠʨʫʝʪ ʦʪʯʝʪ ʩ ʨʝ-

ʟʫʣʴʪʘʪʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ, ʢʘʩʘʶʱʠʝʩʷ ʦʧʠʩʘʥʠʷ ʦʧʘʩʥʳʭ ʩʦʙʳʪʠʡ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ ʨʠʩ-

ʢʘ ʧʨʦʚʝʨʷʶʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʮʝʥʢʝ, ʚʳʧʦʣʥʝʥʥʦʡ ʵʢʩʧʝʨʪʥʳʤ ʟʘʢʣʶʯʝʥʠʝʤ. ʇʨʘ-

ʚʠʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʛʘʨʘʥʪʠʨʫʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʦʚ ISO 

26262 [1] ʠ ISO 21448 [2] ʠ ʯʘʩʪʠʯʥʦ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʧʦʜʧʨʦʮʝʩʩʳ ʘʥʘʣʠʟʘ ʩʠʪʫʘʮʠʠ, 

ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʦʧʘʩʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʦʧʘʩʥʳʭ ʩʦʙʳʪʠʡ ʠʟ ISO 26262. ʂʨʦ-

ʤʝ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʤʦʛʫʪ ʠʥʞʝʥʝʨʫ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʣʫʯʰʝ ʦʮʝʥʠʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʦʧʘʩʥʳʭ ʩʦʙʳʪʠʡ, ʨʝʢʦʤʝʥʜʫʷ ʟʥʘʯʝʥʠʷ ʪʷʞʝʩʪʠ, ʵʢʩʧʦʟʠ-

ʮʠʠ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ. ʀʥʩʪʨʫʤʝʥʪ ʤʦʞʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʦʠʟʚʦʜʠʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʠʤʫʣʷʮʠʡ, ʠʩʧʦʣʴʟʫʷ ʩʮʝʥʘʨʠʡ ʠ ʚʳʙʦʨ ʦʪʢʘʟʘ ʬʫʥʢʮʠʠ, ʧʨʠ ʵʪʦʤ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʚʩʝ 

ʚʦʟʤʦʞʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʦʰʠʙʦʢ. ɼʣʷ ʵʪʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʚʳʙʨʘʪʴ ʚʩʝ ʵʣʝʤʝʥʪʳ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʮʝʥʘʨʠʷ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʩʦʟʜʘʥʠʷ ʩʮʝʥʘʨʠʝʚ ʚ ʬʦʨʤʘʪʝ OpenX ʥʘ ʦʩʥʦʚʝ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʪʫʘʮʠʡ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤ ʧʦʤʦʱʠ ʚʦʜʠʪʝʣʶ. ʀʥʩʪʨʫʤʝʥʪ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠʥʞʝʥʝʨʦʤ ʧʦ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ HARA ʚ ʨʘʤʢʘʭ ISO 26262 [1] ʠ ISO 21448 

[2]. ʀʥʩʪʨʫʤʝʥʪ ʙʫʜʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʩʮʝʥʘʨʠʠ, ʩʥʘʯʘʣʘ ʩʦʟʜʘʚʘʷ ʠʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʢʩʪʦʚʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʟʘʧʫʩʢʘʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ, ʩʦʟʜʘʥʥʳʝ 

ʜʣʷ ʦʮʝʥʢʠ ʪʷʞʝʩʪʠ, ʵʢʩʧʦʟʠʮʠʠ, ʢʦʥʪʨʦʣʷ ʠ ʫʨʦʚʥʷ ʮʝʣʦʩʪʥʦʩʪʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʚʪʦʤʦʙʠ-

ʣʷ ʜʣʷ ʢʘʞʜʦʛʦ ʦʧʘʩʥʦʛʦ ʩʦʙʳʪʠʷ. ʇʨʘʚʠʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ 

ʥʘ ʘʥʘʣʠʟ ʩʮʝʥʘʨʠʝʚ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ  
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ʈɸɿʈɸɹʆʊʂɸ WEB-ʇʈʀʃʆɾɽʅʀʗ çʇʋʊɽʐɽʉʊɺʋɽʄ ʉ ʄɽɼʗʐʂʆʁè 

(ʇʆ ʂʅʀɻɸʄ ɽʃɽʅʓ ʅɸɿɸʈʆɺʆʁ) ʉ ʀʅʊɽʈɸʂʊʀɺʅʓʄʀ ʀɻʈɸʄʀ 

 

ʄʝʟʝʥʠʥʘ ɸʨʠʥʘ ʆʣʝʛʦʚʥʘ 

ʉʪʘʤʙʝʢʦʚ ɹʝʨʘʜʦʨ ɿʘʤʠʨʙʝʢʦʚʠʯ 

ʗʨʦʯʢʠʥʘ ɽʢʘʪʝʨʠʥʘ ɼʤʠʪʨʠʝʚʥʘ, ʨʫʢʦʚʦʜʠʪʝʣʴ 

 

ɻɸʇʆʋ ʉʆ çʋɻʂ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 

ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʌ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɺʝʙ-ʧʨʠʣʦʞʝʥʠʝ, ʇʨʦʬʦʨʠʝʥʪʘʮʠʷ, ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʀʥʪʝʨʘʢ-

ʪʠʚʥʳʝ ʢʥʠʛʠ. 

 

ʏʪʝʥʠʝ ʚʩʝʛʜʘ ʩʯʠʪʘʣʦʩʴ ʣʫʯʰʠʤ ʫʯʝʥʠʝʤ, ʘ ʢʥʠʛʘ ï ʠʩʪʦʯʥʠʢʦʤ ʟʥʘʥʠʡ ʠ ʣʫʯʰʠʤ 

ʧʦʜʘʨʢʦʤ. ʅʦ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʠʜʝʪ ʧʝʨʝʭʦʜ ʦʪ ʧʝʯʘʪʥʦʛʦ ʠʟʜʘʪʝʣʴʩʪʚʘ ʢ ʮʠʬʨʦʚʦʤʫ, 

ʠ, ʢ ʩʦʞʘʣʝʥʠʶ, ʤʥʦʛʠʝ ʣʶʜʠ ʟʘʙʳʚʘʶʪ ʦ ʢʥʠʛʘʭ, ʠʭ ʣʝʛʢʦ ʩʝʛʦʜʥʷ ʟʘʤʝʥʷʶʪ ʪʝʣʝʚʠʜʝʥʠʝ 

ʠ ʠʥʪʝʨʥʝʪ. ʄʳ ʧʦʧʳʪʘʝʤʩʷ ʠʩʧʨʘʚʠʪʴ ʵʪʫ ʩʠʪʫʘʮʠʶ ʠ ʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʪʷʤ ʜʦʰʢʦʣʴ-

ʥʦʛʦ ʠ ʰʢʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʦʚ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʪʚʦʨʯʝʩʪʚʦʤ ɽʣʝʥʳ ʅʘʟʘʨʦʚʦʡ. ʕʪʦ ʩʝʨʠʷ 

ʢʥʠʛ: çɻʦʨʦʜ ʤʘʩʪʝʨʦʚ-ʤʝʪʘʣʣʫʨʛʦʚ, ʠʣʠ ʩʢʚʦʟʴ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʚʨʝʤʷè, çɺʦʣʰʝʙʥʦʝ ʧʨʝ-

ʚʨʘʱʝʥʠʝ, ʠʣʠ ʜʦʙʨʦ ʧʦʞʘʣʦʚʘʪʴ ʥʘ ʟʘʚʦʜ!è, çʉ ʤʝʯʪʦʡ ʥʘ 100 ʣʝʪ ʚʧʝʨʝʜ, ʠʣʠ ʙʝʨʝʛʠʪʝ 

ʧʨʠʨʦʜʫ!è, çʄʦʡ ʣʶʙʠʤʳʡ ʛʦʨʦʜ, ʠʣʠ ʟʘʥʠʤʘʪʝʣʴʥʳʝ ʠʛʨʳ ʩ ʄʝʜʷʰʢʦʡè.  

ʉʢʘʟʢʠ ʫʯʘʪ ʧʦʜʨʘʩʪʘʶʱʝʝ ʧʦʢʦʣʝʥʠʝ ʙʝʨʝʞʥʦ ʦʪʥʦʩʠʪʴʩʷ ʢ ʦʢʨʫʞʘʶʱʝʤʫ ʤʠʨʫ, 

ʣʶʙʠʪʴ ʩʚʦʡ ʛʦʨʦʜ ʠ ʛʦʨʜʠʪʴʩʷ ʝʛʦ ʠʩʪʦʨʠʝʡ. ɿʘʜʘʯʘ ʠʟʜʘʥʠʷ ï ʧʦʟʥʘʢʦʤʠʪʴ ʰʢʦʣʴʥʠʢʦʚ 

ʩ ʧʨʦʤʳʰʣʝʥʥʳʤ ʧʨʝʜʧʨʠʷʪʠʝʤ, ʩʬʦʨʤʠʨʦʚʘʪʴ ʫ ʥʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʦʙʨʘʟ ʨʘʙʦʯʝʛʦ ʯʝ-

ʣʦʚʝʢʘ ʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʨʝʜʳ. ʅʘ ʩʪʨʘʥʠʮʘʭ ʩʢʘʟʦʢ ʨʘʟʤʝʱʝʥʘ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʜʨʫʛʘʷ ʧʦʟʥʘʚʘʪʝʣʴʥʘʷ ʠʥʬʦʨ-

ʤʘʮʠʷ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʠʥʪʝʨʝʩʥʘ ʠ ʚʟʨʦʩʣʳʤ ʯʠʪʘʪʝʣʷʤ.  

ʊʠʨʘʞ ʢʘʞʜʦʡ ʢʥʠʛʠ ʥʝʙʦʣʴʰʦʡ, ʠ ʨʘʟʦʰʝʣʩʷ ʙʳʩʪʨʦ, ʥʝ ʚʩʝ ʚʝʨʭʥʝʧʳʰʤʠʥʮʳ 

ʠʤʝʶʪ ʚ ʩʚʦʝʡ ʜʦʤʘʰʥʝʡ ʙʠʙʣʠʦʪʝʢʝ ʵʪʠ ʢʥʠʛʠ. ɸ ʛʣʘʚʥʳʡ ʛʝʨʦʡ ï ʚʦʣʰʝʙʥʳʡ ʧʝʨʩʦʥʘʞ 

ɸʥʛʝʣ-ʭʨʘʥʠʪʝʣʴ ʄʝʜʷʰʢʘ ï ʥʘʩʪʦʣʴʢʦ ʧʦʥʨʘʚʠʣʩʷ ʜʝʪʷʤ ʠ ʠʭ ʨʦʜʠʪʝʣʷʤ, ʯʪʦ ʤʥʦʛʠʝ 

ʞʜʫʪ ʧʨʦʜʦʣʞʝʥʠʷ ʩʢʘʟʦʯʥʳʭ ʠʩʪʦʨʠʡ ʠ ʭʦʪʝʣʠ ʙʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʯʠʪʘʪʴ ʧʦʧʫʣʷʨ-

ʥʳʝ ʩʢʘʟʢʠ. 

ʈʘʙʦʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʨʘʟʨʘʙʦʪʢʝ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʢʥʠʛʠ ʠʥʪʝʨʝʩʥʘʷ, ʧʦʣʝʟʥʘʷ, ʥʦ 

ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʘ ʚ ʚʠʜʝ web-ʧʨʠʣʦʞʝʥʠʷ ʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫ-

ʘʣʴʥʦʡ. ʅʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʘʢʪʠʚʠ-

ʟʠʨʦʚʘʪʴ ʠʥʪʝʨʝʩ ʜʝʪʝʡ ʢ ʯʪʝʥʠʶ ʵʪʦʡ ʩʝʨʠʠ ʢʥʠʛ ʠ ʢ ʢʥʠʛʘʤ ʚʦʦʙʱʝ.    

Web-ʧʨʠʣʦʞʝʥʠʝ çʇʫʪʝʰʝʩʪʚʫʝʤ ʩ ʄʝʜʷʰʢʦʡè (ʧʦ ʢʥʠʛʘʤ ɽʣʝʥʳ ʅʘʟʘʨʦʚʦʡ) ï ʵʪʦ 

ʬʦʨʤʘ ʦʙʫʯʝʥʠʷ, ʩʦʯʝʪʘʶʱʘʷ ʩʢʘʟʦʯʥʳʝ ʠʩʪʦʨʠʠ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʠʛʨʳ. 

ʇʦ ʭʦʜʫ ʧʨʦʯʪʝʥʠʷ ʢʥʠʛ ʙʫʜʫʪ ʧʦʷʚʣʷʪʴʩʷ ʩʩʳʣʢʠ ʥʘ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʠʛʨʳ ʩ ʮʝʣʴʶ 

ʧʨʦʚʝʨʢʠ ʠ ʟʘʢʨʝʧʣʝʥʠʷ ʧʨʦʯʠʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʀʛʨʳ ʨʘʟʥʦʡ ʪʝʤʘʪʠʢʠ: ʚʳʙʦʨ ʧʨʘʚʠʣʴ-

ʥʳʭ ʦʪʚʝʪʦʚ (ʢʚʠʟ ʠʛʨʘ), ʨʝʙʫʩʳ, ʧʦʠʩʢ ʟʘʰʠʬʨʦʚʘʥʥʳʭ ʩʣʦʚ ʠ ʪʦʤʫ ʧʦʜʦʙʥʦʝ. ʀʛʨʳ ʤʦʞ-
ʥʦ ʧʝʨʝʠʛʨʳʚʘʪʴ ʯʝʨʝʟ ʣʠʯʥʳʡ ʢʘʙʠʥʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʧʨʦʯʪʝʥʠʠ 

ʢʥʠʛ. 

ɼʘʥʥʳʡ ʧʨʦʝʢʪ ʧʨʠʥʝʩʝʪ ʦʞʠʜʘʝʤʳʡ ʵʬʬʝʢʪ: ʧʦʟʚʦʣʠʪ ʥʘʠʙʦʣʴʰʝʤʫ ʢʦʣʠʯʝʩʪʚʫ 

ʜʝʪʝʡ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʪʚʦʨʯʝʩʪʚʦʤ ɽʣʝʥʳ ʅʘʟʘʨʦʚʦʡ, ʚʝʜʴ ʪʠʨʘʞ ʠʟʜʘʪʝʣʴʩʪʚʘ ʦʛʨʘʥʠʯʝʥ 

(ʥʝ ʚʩʝ ʚʝʨʭʥʝʧʳʰʤʠʥʮʳ ʠʤʝʶʪ ʚ ʩʚʦʝʡ ʜʦʤʘʰʥʝʡ ʙʠʙʣʠʦʪʝʢʝ ʵʪʠ ʢʥʠʛʠ). ʕʪʦʪ ʧʨʦʝʢʪ 

ʧʨʠʥʝʩʝʪ (ʚ ʧʝʨʩʧʝʢʪʠʚʝ) ʠ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʷ ʵʬʬʝʢʪ ʧʨʦʬʦʨʠʝʥʪʘʮʠʦʥʥʳʡ ʠ ʵʢʦʥʦʤʠʯʝ-

ʩʢʠʡ, ʧʦʟʚʦʣʠʪ ʩʵʢʦʥʦʤʠʪʴ ʬʠʥʘʥʩʦʚʳʝ ʨʝʩʫʨʩʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʧʣʘʪʫ ʠ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʝ ʚʳʧʫʩʢʘʝʤʦʛʦ ʧʝʯʘʪʥʦʛʦ ʪʠʨʘʞʘ. 
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ʉʪʦʠʤʦʩʪʴ ʤʘʣʦʛʦ ʪʠʨʘʞʘ ʜʣʷ ʢʥʠʛʠ ʥʘ 300 ʵʢʟʝʤʧʣʷʨʦʚ (ʩ ʫʯʝʪʦʤ ʪʘʢʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ, ʢʘʢ: ʢʦʣʠʯʝʩʪʚʦ ʮʚʝʪʥʳʭ ʩʪʨʘʥʠʮ ï 80; ʬʦʨʤʘʪ ʢʥʠʛʠ ï ɸ4; ʪʠʧ ʙʫʤʘʛʠ ï ʢʦʣʦʪʝʢ 

90 ʛ; ʪʠʧ ʦʙʣʦʞʢʠ ï ʪʚʝʨʜʘʷ; ʪʠʧ ʩʙʦʨʢʠ ʢʥʠʛʠ ï ʢʣʝʝʚʦʝ ʩʢʨʝʧʣʝʥʠʝ) ʩʦʩʪʘʚʣʷʝʪ 202 ʪʳʩ. 

200 ʨʫʙ.  

ʇʦʜʚʦʜʷ ʠʪʦʛʠ, ʤʳ ʤʦʞʝʤ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʩʢʘʟʘʪʴ, ʯʪʦ ʜʦʙʠʣʠʩʴ ʩʚʦʝʡ ʮʝʣʠ, ʚʳ-

ʧʦʣʥʠʣʠ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ.  

Web-ʧʨʠʣʦʞʝʥʠʝ çʇʫʪʝʰʝʩʪʚʫʝʤ ʩ ʄʝʜʷʰʢʦʡè (ʧʦ ʢʥʠʛʘʤ ɽʣʝʥʳ ʅʘʟʘʨʦʚʦʡ) ʷʚ-

ʣʷʝʪʩʷ ʦʪʣʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʜʝʪʝʡ ʜʦʰʢʦʣʴʥʦʛʦ ʠ ʰʢʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʦʚ 

ʢ ʯʪʝʥʠʶ, ʫʯʠʪ ʠʭ ʙʝʨʝʞʥʦ ʦʪʥʦʩʠʪʴʩʷ ʢ ʦʢʨʫʞʘʶʱʝʤʫ ʤʠʨʫ, ʣʶʙʠʪʴ ʠ ʧʨʦʩʣʘʚʣʷʪʴ ʩʚʦʡ 

ʛʦʨʦʜ, ʧʨʠʟʳʚʘʝʪ ʩʦʚʝʨʰʘʪʴ ʜʦʙʨʳʝ ʜʝʣʘ ʠ ʚʝʨʠʪʴ ʚ ʯʫʜʝʩʘ.  

ɺʦ ʚʨʝʤʷ ʯʪʝʥʠʷ ʠ ʧʨʦʭʦʞʜʝʥʠʠ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʠʛʨ ʦʢʘʟʳʚʘʝʪʩʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ 

ʧʦʟʠʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʜʝʪʝʡ: 

ï ʧʨʦʚʦʜʠʪʩʷ ʨʘʥʥʷʷ ʧʨʦʬʦʨʠʝʥʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ, 

ï ʧʨʦʚʦʜʠʪʩʷ ʟʥʘʢʦʤʩʪʚʦ ʩ ʛʨʘʜʦʦʙʨʘʟʫʶʱʠʤ ʧʨʝʜʧʨʠʷʪʠʝʤ; 

ï ʧʨʠʚʠʚʘʝʪʩʷ ʣʶʙʦʚʴ ʢ ʤʘʣʦʡ ʨʦʜʠʥʝ; 

ï ʨʘʟʚʠʚʘʝʪʩʷ ʣʦʛʠʯʝʩʢʦʝ ʠ ʦʙʨʘʟʥʦʝ ʤʳʰʣʝʥʠʝ; 

ï ʨʘʩʰʠʨʷʝʪʩʷ ʢʨʫʛʦʟʦʨ. 

ɼʝʪʠ ʥʘʫʯʘʪʩʷ ʠʛʨʘʪʴ ʚ ʨʘʟʣʠʯʥʳʝ ʠʛʨʳ ʥʘ ʩʚʝʞʝʤ ʚʦʟʜʫʭʝ, ʠ ʢʘʢ ʤʦʞʥʦ ʤʝʥʴʰʝ 

ʚʨʝʤʝʥʠ ʙʫʜʫʪ ʧʨʦʚʦʜʠʪʴ ʧʝʨʝʜ ʤʦʥʠʪʦʨʦʤ ʢʦʤʧʴʶʪʝʨʘ ʠʣʠ ʵʢʨʘʥʦʤ ʪʝʣʝʚʠʟʦʨʘ, ʢʦʪʦʨʳʝ 

ʟʘʤʝʥʷʶʪ ʠʤ ʞʠʚʦʝ ʦʙʱʝʥʠʝ ʩ ʜʨʫʟʴʷʤʠ. ʇʦʵʪʦʤʫ ʧʦʚʝʩʪʚʦʚʘʥʠʝ ʠ ʜʦʧʦʣʥʷʝʪʩʷ ʠʥʪʝʨʝʩ-

ʥʳʤ ʠʛʨʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʵʪʦ ʟʘʛʘʜʢʠ, ʨʝʙʫʩʳ, ʣʘʙʠʨʠʥʪʳ, ʧʦʜʝʣʢʠ ʠʟ ʙʫʤʘʛʠ, ʩʯʠʪʘʣʦʯ-

ʢʠ ʠ ʨʘʟʣʠʯʥʳʝ ʠʛʨʳ, ï ʚ ʢʦʪʦʨʳʝ, ʢʩʪʘʪʠ, ʠʛʨʘʣʠ ʚ ʜʝʪʩʪʚʝ ʨʦʜʠʪʝʣʠ ʶʥʳʭ ʯʠʪʘʪʝʣʝʡ. 

ʀ ʩʝʛʦʜʥʷ ʦʥʠ ʤʦʛʫʪ ʠʛʨʘʪʴ ʚʤʝʩʪʝ ʩʦ ʩʚʦʠʤʠ ʜʝʪʴʤʠ, ʜʝʣʘʷ ʧʨʦʮʝʩʩ ʚʦʩʧʠʪʘʥʠʷ ʠ ʦʙʫʯʝ-

ʥʠʷ ʫʚʣʝʢʘʪʝʣʴʥʳʤ, ʘ, ʟʥʘʯʠʪ, ʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ.   
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ɼʆʈʆɾʅʆɻʆ ʇʈʆʀʉʐɽʉʊɺʀʗ ʇʈʀ ɸʅɸʃʀɿɽ ʆʇɸʉʅʆʉʊɽʁ ʀ ʆʎɽʅʂɽ 

ʈʀʉʂʆɺ ʄɽʊʆɼʆʄ HARA  (HAZARD  ANALYSIS  AND RISK ASSESSMENT)  

ʉ ʇʆʄʆʑʔʖ ɹɸʁɽʉʆɺʉʂʆʁ ʉɽʊʀ 

 

ʄʦʟʦʣʠʥ1 ʀʛʦʨʴ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʩʪʫʜʝʥʪ 

ʄʘʭʦʚ1 ʀʣʴʷ ʉʝʨʛʝʝʚʠʯ, ʩʪʫʜʝʥʪ  

ʄʠʰʢʠʥʘ2 ɸʥʥʘ ɸʥʜʨʝʝʚʥʘ, ʘʩʧʠʨʘʥʪ 

ʂʠʨʦʚʩʢʠʡ3 ʆʣʝʛ ʄʠʭʘʡʣʦʚʠʯ 

Email: mozolinia@gmail.com 

 

1 ï ɺʀʐ ʌɻɸʆʋ ɺʆ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʄʀʌʀè  

2 ï ʀʀʀ ʉʀ ʌɻɹʆʋ ɺʆ çʄʀʈʕɸ ï ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

3 ï ɸʆ çʃʘʙʦʨʘʪʦʨʠʷ ʂʘʩʧʝʨʩʢʦʛʦè 

ʛ. ʄʦʩʢʚʘ, ʈʌ 

 
ɸʥʥʦʪʘʮʠʷ. ʉ ʧʝʨʝʭʦʜʦʤ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠ-

ʩʪʝʤ (ɸʊʉ) ʦʞʠʜʘʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʧʦʢʘ ʚʦʜʠʪʝʣʴ ʧʦʣʥʦʩʪʴʶ ʥʝ 

ʚʳʡʜʝʪ ʠʟ ʮʠʢʣʘ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʤʦʙʠʣʝʤ. ʇʨʠ ʵʪʦʤ ʢʨʘʡʥʝ ʚʘʞʥʦ, ʘʚʪʦʤʘʪʠʟʠʨʫʷ ʬʫʥʢ-

ʮʠʠ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʷʝʪ ʚʦʜʠʪʝʣʴ, ʥʝ ʪʦʣʴʢʦ ʥʝ ʩʥʠʟʠʪʴ ʜʦʩʪʠʛʥʫʪʳʡ 

ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʥʦ ʥʝʫʢʣʦʥʥʦ ʝʛʦ ʧʦʚʳʰʘʪʴ.  

ʅʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ɸʊʉ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʝ ʜʦʨʦʞʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʠʭ ʜʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ. ʉʨʝʜʠ ʧʨʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘʩ ʠʥʪʝ-

ʨʝʩʫʝʪ ʨʠʩʢ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ɼʊʇ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʦʨʦʞʥʳʭ ʩʮʝʥʘʨʠʷʭ. 

ɼʣʷ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʘʥʘʣʠʟ ʦʧʘʩʥʦʩʪʝʡ ʠ ʦʮʝʥʢʘ ʨʠʩʢʦʚ (hazard analysis and 

risk assessment, HARA). ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʚ ʭʦʜʝ ʘʥʘʣʠʟʘ HARA, ʷʚʣʷʝʪʩʷ ʩʪʝʧʝʥʴ ʪʷʞʝʩʪʠ ʧʨʦʠʩʰʝʩʪʚʠʷ (severity).  

ʉʝʛʦʜʥʷ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥ ʣʠʙʦ ʵʤʧʠʨʠʯʝʩʢʠʤ ʧʫʪʝʤ, ʣʠʙʦ ʤʝʪʦ-

ʜʦʤ ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʠ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʯʥʦʛʦ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʛʦ ʠ ʙʳʩʪ-

ʨʦʛʦ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʧʨʦʠʩʰʝʩʪʚʠʷ ʜʣʷ ʤʦʜʝʣʠʨʫʝʤʳʭ ʩʠʪʫʘʮʠʡ. ʇʨʦʙʣʝʤʘ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʘʨʘʤʝʪʨʘ ʪʷʞʝʩʪʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʟʘʜʘʯʝʡ.  

ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ ʷ ʭʦʯʫ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʘʡʝʩʦʚʩʢʫʶ ʩʝʪʴ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʠ 

ʩʦʟʜʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʪʷʞʝʩʪʠ ʧʨʦʠʩʰʝʩʪʚʠʷ 

ʧʨʠ ʟʘʜʘʥʥʳʭ ʦʩʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʜʦʨʦʞʥʦʛʦ ʩʮʝʥʘʨʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɸʥʘʣʠʟ ʦʧʘʩʥʦʩʪʝʡ ʠ ʦʮʝʥʢʘ ʨʠʩʢʦʚ, ɹʘʡʝʩʦʚʩʢʘʷ ʩʝʪʴ, ʘʚʪʦʤʘʪʠ-

ʟʠʨʦʚʘʥʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ, ʫʨʦʚʝʥʴ ʧʦʣʥʦʪʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ, ʬʫʥʢʮʠ-

ʦʥʘʣʴʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ, ʘʣʛʦʨʠʪʤ ʧʨʝʜʩʢʘʟʘʥʠʷ, ʪʷʞʝʩʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʚʨʝʜʘ ʟʜʦʨʦʚʴʶ, ɼʊʇ.  

 

ɺ 2007 ʛ. ʚ ʆʢʣʘʭʦʤʝ ʧʨʦʠʟʦʰʣʘ ʘʚʘʨʠʷ ʩ ʬʘʪʘʣʴʥʳʤ ʠʩʭʦʜʦʤ ʩ ʫʯʘʩʪʠʝʤ ʘʚʪʦʤʦʙʠ-

ʣʷ Toyota Camry. ɺ ʭʦʜʝ ʩʫʜʝʙʥʦʛʦ ʨʘʟʙʠʨʘʪʝʣʴʩʪʚʘ ʧʨʝʜʩʪʘʚʠʪʝʣʠ Toyota Motor 

Corporation ʚʦʟʣʦʞʠʣʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʘʚʘʨʠʶ ʥʘ ʚʦʜʠʪʝʣʷ, ʧʨʝʜʧʦʣʦʞʠʚ, ʯʪʦ ʦʥ ʚʤʝ-

ʩʪʦ ʪʦʨʤʦʟʘ ʥʘʞʠʤʘʣ ʥʘ ʛʘʟ. ʀʩʪʝʮ ʫʪʚʝʨʞʜʘʣ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʘʚʘʨʠʠ ʩʪʘʣʦ ʥʝʧʨʘʚʠʣʴʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʜʨʦʩʩʝʣʴʥʦʡ ʟʘʩʣʦʥʢʦʡ, ʢʦʪʦʨʘʷ 

ʙʳʣʘ ʥʦʚʦʚʚʝʜʝʥʠʝʤ ʚ ʘʚʪʦʤʦʙʠʣʝ Camry. ʕʢʩʧʝʨʪʠʟʘ ʚʳʷʩʥʠʣʘ, ʯʪʦ ʚ ʠʩʭʦʜʥʦʤ ʢʦʜʝ ʙʳ-

ʣʠ ʦʰʠʙʢʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʠʣʠ ʘʚʪʦʤʦʙʠʣʴ ʢ ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʦʤʫ ʫʩʢʦʨʝʥʠʶ, ʘ ʪʘʢʞʝ ʥʝ-

ʧʨʘʚʠʣʴʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʠ ʜʝʡʩʪʚʠʷ ʚʦʜʠʪʝʣʷ. ʇʨʠ ʵʪʦʤ ʩʘʤʘ ʩʠʩʪʝʤʘ ʥʝ ʠʜʝʥʪʠʬʠʮʠ-

ʨʦʚʘʣʘ ʦʰʠʙʢʫ ʠ ʥʝ ʤʦʛʣʘ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʦʧʘʩʥʫʶ ʩʠʪʫʘʮʠʶ [1].  

ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʘʚʪʦʤʦʙʠʣʠ ʧʦʣʫʯʘʶʪ ʚʩʝ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚ-

ʣʝʥʠʷ ʠ ʧʦʤʦʱʠ ʚʦʜʠʪʝʣʶ (ADAS), ʥʦ ʢʘʢ ʞʝ ʦʙʝʩʧʝʯʠʪʴ ʠ ʧʦʜʪʚʝʨʜʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʟʘ-

ʷʚʣʝʥʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ? 
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ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʥʘʤ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʫʨʦʚʝʥʴ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʠʚʘʪʴ ʦʧʘʩʥʦʩʪʠ. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʤʝʪʦʜʳ ʠ ʤʝʨʳ ʙʝʟʦʧʘʩʥʦʡ ʨʘʟʨʘʙʦʪʢʠ. ʉʶʜʘ ʚʭʦʜʷʪ ʨʘʟʣʠʯ-

ʥʳʝ ʚʠʜʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʨʦʚʝʨʢʠ ʠ ʢʦʥʪʨʦʣʴ ʦʰʠʙʦʢ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʩʮʝʥʘʨʠʷʭ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ʈʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʳ ʩʪʘʥʜʘʨʪʘʤʠ, ʥʘʧʨʠʤʝʨ, ISO 26262 ï ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʩʪʘʥʜʘʨʪ ʧʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ [2].  

ɼʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʤʝʪʦʜʦʚ ʩʪʘʥʜʘʨʪ ISO 26262 ʧʨʝʜʣʘʛʘʶʪ ʨʘʟʜʝ-

ʣʠʪʴ ʚʩʝ ʩʠʩʪʝʤʳ ʥʘ 4 ʫʨʦʚʥʷ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ ʫʨʦʚʥʷʤʠ ʧʦʣʥʦʪʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʚ-

ʪʦʤʦʙʠʣʴʥʳʤʠ, ʋʇɹɸ, ʠʣʠ ʧʦ-ʘʥʛʣʠʡʩʢʠ, ASIL (Automotive Safety Integrity Level). ʋʨʦ-

ʚʝʥʴ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʢʘʞʜʦʤʫ ʪʨʝʙʦʚʘʥʠʶ, ʠ ʩʪʘʥʜʘʨʪ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ, ʦʧʨʝʜʝʣʷ-

ʝʪ, ʢʘʢ ʠʤʝʥʥʦ ʜʘʥʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʚʦʧʣʦʱʝʥʦ ʠ ʧʨʦʚʝʨʝʥʦ. ʉʪʘʥʜʘʨʪ ʦʧʨʝ-

ʜʝʣʷʝʪ ʯʝʪʳʨʝ ʟʥʘʯʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ASIL: ASIL A, ASIL B, ASIL C ʠ ASIL D (ʩʤ. 

ʨʠʩ. 1) [2]. ASIL D ʩʘʤʳʡ ʚʳʩʦʢʠʡ, ʘ ASIL A ï ʩʘʤʳʡ ʥʠʟʢʠʡ. ʆʧʘʩʥʦʩʪʠ, ʦʙʦʟʥʘʯʝʥʥʳʝ 

ʢʘʢ QM (quality management (ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʘʢʦʛʦ ʬʫʥʢʮʠ-

ʦʥʘʣʘ ʜʦʩʪʘʪʦʯʥʦ ʦʙʳʯʥʦʡ ʩʠʩʪʝʤʳ ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ), ʥʝ ʠʤʝʶʪ ʢʘʢʠʭ-ʣʠʙʦ ʪʨʝʙʦ-

ʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʏʝʤ ʚʳʰʝ ʫʨʦʚʝʥʴ, ʪʝʤ ʩʣʦʞʥʝʝ ʝʛʦ ʜʦʩʪʠʞʝʥʠʝ.  

ʋʨʦʚʝʥʴ ASIL ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʷ ʪʨʝʙʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ (ʦʥʠ 

ʥʘʟʳʚʘʶʪʩʷ çʮʝʣʠ ʙʝʟʦʧʘʩʥʦʩʪʠè) ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʮʝʜʫʨʳ, ʠʟʚʝʩʪʥʦʡ ʢʘʢ ɸʥʘʣʠʟ ʦʧʘʩʥʦ-

ʩʪʝʡ ʠ ʦʮʝʥʢʘ ʨʠʩʢʦʚ, ʠʣʠ HARA (Hazard Analysis and Risk Assessment). ʀʩʧʦʣʴʟʫʷ ʵʪʦʪ 

ʧʦʜʭʦʜ, ʤʳ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʦʧʠʩʳʚʘʝʤ ʜʦʨʦʞʥʫʶ ʩʠʪʫʘʮʠʶ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʩʣʦʚʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʧʘʨʘʤʝʪʨʦʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠ ʜʝʡʩʪʚʠʡ 

ʚʦʜʠʪʝʣʷ ʠ ʘʚʪʦʤʦʙʠʣʷ. ɿʘʪʝʤ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʦʧʘʩʥʫʶ ʩʠʪʫʘʮʠʶ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʚʦʟ-

ʥʠʢʥʫʪʴ ʠʟ ʫʢʘʟʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʚ ʩʣʫʯʘʝ ʦʪʢʘʟʘ ʢʘʢʦʡ-ʣʠʙʦ ʩʠʩʪʝʤʳ ʘʚʪʦʤʦʙʠʣʷ. ɺ ʧʨʦ-

ʮʝʩʩʝ ʘʥʘʣʠʟʘ ʤʳ ʜʦʣʞʥʳ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʦʧʘʩʥʫʶ ʩʠʪʫʘʮʠʶ ʧʦ ʪʨʝʤ ʧʘʨʘʤʝʪʨʘʤ: 

¶ Severity (S) ï ʪʷʞʝʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʚʨʝʜʘ ʟʜʦʨʦʚʴʶ; 

¶ Exposure (E) ï ʜʦʣʷ ʚʨʝʤʝʥʠ, ʧʨʦʚʦʜʠʤʦʝ ʫʯʘʩʪʥʠʢʘʤʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝ-

ʥʠʷ, ʚ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ;  

¶ Controllability (C) ï ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʨʝʜʘ ʩʘʤʠʤʠ ʫʯʘʩʪʥʠʢʘʤʠ 

ʩʠʪʫʘʮʠʠ [3]. 

ɼʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʟʘʜʦʢʫʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʚ ʩʪʘʥʜʘʨʪʝ ʛʨʘ-

ʬʘ ʨʠʩʢʘ. 

 

 

ʈʠʩ. 1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ASIL 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʚ ʭʦʜʝ ʘʥʘʣʠʟʘ 

HARA, ʷʚʣʷʝʪʩʷ ʩʪʝʧʝʥʴ ʪʷʞʝʩʪʠ ʧʨʦʠʩʰʝʩʪʚʠʷ (severity). ʉʝʛʦʜʥʷ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʤʦʞʝʪ 

ʙʳʪʴ ʚʳʙʨʘʥ ʣʠʙʦ ʵʤʧʠʨʠʯʝʩʢʠʤ ʧʫʪʝʤ, ʣʠʙʦ ʤʝʪʦʜʦʤ ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʠ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʯʥʦʛʦ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʛʦ ʠ ʙʳʩʪʨʦʛʦ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʧʨʦʠʩʰʝ-
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ʩʪʚʠʷ ʜʣʷ ʤʦʜʝʣʠʨʫʝʤʳʭ ʩʠʪʫʘʮʠʡ. ʇʨʦʙʣʝʤʘ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʘʨʘʤʝʪʨʘ ʪʷʞʝʩʪʠ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʟʘʜʘʯʝʡ. ʅʝʢʦʪʦʨʳʝ ʢʨʫʧʥʳʝ ʢʦʤʧʘʥʠʠ, ʪʘʢʠʝ ʢʘʢ MSC 

Software, ʫʞʝ ʟʘʜʫʤʳʚʘʣʠʩʴ ʦ ʥʝʡ, ʦʜʥʘʢʦ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʥʝʪ. ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ ʤʳ ʭʦʪʠʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʥʫʶ ʤʦʜʝʣʴ ʩʝʪʝʡ ɹʘʡʝʩʘ ʜʣʷ ʨʝ-

ʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʠ ʩʦʟʜʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʧʘʨʘʤʝʪ-

ʨʘ ʪʷʞʝʩʪʠ ʧʨʦʠʩʰʝʩʪʚʠʷ ʧʨʠ ʟʘʜʘʥʥʳʭ ʦʩʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʜʦʨʦʞʥʦʛʦ ʩʮʝʥʘʨʠʷ.  

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʙʳʣ ʚʳʙʨʘʥ ʥʘʤʠ ʧʦ ʨʷʜʫ ʧʨʠʯʠʥ. ʂʣʘʩʩʠʯʝʩʢʠʝ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʝ 

ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʝ ʜʘʶʪ ʜʦʩʪʦʚʝʨʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟ-ʟʘ ʥʝʦʯʝ-

ʚʠʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ S, E ʠ ʉ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ɼʊʇ. ʉʝʪʠ ɹʘʡʝʩʘ ï ʵʪʦ 

ʚʝʨʦʷʪʥʦʩʪʥʘʷ ʤʦʜʝʣʴ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʤʥʦʞʝʩʪʚʦ ʧʝʨʝʤʝʥʥʳʭ ʠ ʠʭ ʚʝʨʦʷʪʥʦʩʪʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ. ʉʝʪʠ ɹʘʡʝʩʘ ʧʦʟʚʦʣʷʶʪ ʜʝʣʘʪʴ ʧʨʦʛʥʦʟ ʢʘʢ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʪʘʢ ʠ ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʳʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʝʢʦʪʦʨʳʭ ʬʘʢʪʦʨʦʚ. ʇʦʵʪʦ-

ʤʫ ʤʳ ʠ ʚʳʙʨʘʣʠ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʤʦʜʝʣʴ ɹʘʡʝʩʘ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʦʥʘ 

ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ [4]. ɼʦʧʦʣʥʠʪʝʣʴ-

ʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʩʝʪʝʡ ɹʘʡʝʩʘ, ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʶʱʠʤ ʠʭ ʦʪ, ʥʘʧʨʠʤʝʨ, ʥʝʡʨʦʩʝʪʝʡ, ʷʚ-

ʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʠʭ ʧʘʨʘʤʝʪʨʳ ʠʤʝʶʪ ʨʝʘʣʴʥʳʡ ʩʤʳʩʣ ʠ ʠʭ ʤʦʞʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʥʘʧʨʷʤʫʶ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʠʟʤʝʥʷʪʴ. 

ɺ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʤʳ ʙʫʜʝʤ ʧʦʣʴʟʦʚʘʪʴʩʷ ʜʘʥʥʳʤʠ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʤʠ ONISR 

(ʩ ʬʨʘʥʮ. çObservatoire National Interminist®riel de S®curit® Routi¯reè) ï ʅʘʮʠʦʥʘʣʴʥʘʷ ʤʝʞ-

ʚʝʜʦʤʩʪʚʝʥʥʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʕʪʠ ʜʘʥʥʳʝ ʩʦʜʝʨʞʘʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʩʝʭ ɼʊʇ, ʧʦʚʣʝʢʰʠʭ ʟʘ ʩʦʙʦʡ ʚʨʝʜ ʟʜʦʨʦʚʴʶ ʣʶʜʝʡ, ʟʘ ʧʦʩʣʝʜʥʠʝ ʥʝ-

ʩʢʦʣʴʢʦ ʣʝʪ ʩ ʧʦʜʨʦʙʥʳʤ ʦʧʠʩʘʥʠʝʤ ʫʩʣʦʚʠʡ ʧʨʦʠʩʰʝʩʪʚʠʡ.  

ʇʨʝʞʜʝ ʯʝʤ ʧʨʠʩʪʫʧʘʪʴ ʢ ʨʘʟʨʘʙʦʪʢʝ ɹʘʡʝʩʦʚʦʡ ʩʝʪʠ, ʙʳʣ ʩʦʟʜʘʥ ʘʣʛʦʨʠʪʤ ʩʪʘʪʠʯʝ-

ʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ONISR ʠ ʚʳʯʠʩʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʙʦ-

ʨʘ ʙʘʟʳ ɼʊʇ ʙʝʟ ʵʣʝʤʝʥʪʘ ʧʨʝʜʩʢʘʟʘʥʠʷ ʥʘ ʷʟʳʢʝ Python. ɽʛʦ ʨʘʙʦʪʘ ʧʨʦʪʝʢʘʝʪ ʩʣʝʜʫʶ-

ʱʠʤ ʦʙʨʘʟʦʤ: ʥʘ ʚʭʦʜʝ ʚʳʙʠʨʘʶʪʩʷ ʫʩʣʦʚʠʷ ʩʠʪʫʘʮʠʠ, ʜʘʣʝʝ ʘʣʛʦʨʠʪʤ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ 

ONISR ʚʳʚʦʜʠʪ ʚʩʝ ɼʊʇ ʩ ʪʘʢʠʤʠ ʞʝ ʫʩʣʦʚʠʷʤʠ ʠ ʧʦʩʣʝʜʩʪʚʠʷ ʵʪʦʡ ʘʚʘʨʠʠ, ʪʦ ʝʩʪʴ ʩʪʝ-

ʧʝʥʴ ʪʷʞʝʩʪʠ.  

ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʨʘʟʨʘʙʦʪʢʘ ɹʘʡʝʩʦʚʩʢʦʡ ʩʝʪʠ, ʧʨʝʜʩʢʘʟʳʚʘʶʱʝʡ ʙʝʟʦʧʘʩʥʦʩʪʴ ʤʦʜʝ-

ʣʠʨʫʝʤʦʡ ʩʠʪʫʘʮʠʠ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ɹʘʡʝʩʦʚʫ ʩʝʪʴ 

ʤʦʞʥʦ ʙʫʜʝʪ ʦʙʫʯʠʪʴ, ʧʨʝʜʦʩʪʘʚʠʚ ʝʡ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ɼʊʇ, ʯʪʦ ʩʜʝʣʘʝʪ ʝʝ ʙʦʣʝʝ ʫʥʠʚʝʨ-

ʩʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʘ ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʙʫʜʝʪ ʩʦʟʜʘʪʴ ʘʣʛʦ-

ʨʠʪʤ, ʧʨʝʜʩʢʘʟʳʚʘʶʱʠʡ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʘʥʘʣʠʟʘ HARA, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʨʘʟʨʘʙʦʪ-

ʢʠ ʤʝʨ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʠʩʪʝʤ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ.  

ʊʝʩʪʠʨʦʚʘʪʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʫʶ ʩʠʩʪʝʤʫ ʧʣʘʥʠʨʫʝʪʩʷ ʤʝʪʦʜʦʤ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠ-

ʟʘ ʧʘʨʘʤʝʪʨʦʚ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ ʧʨʦʠʩʰʝʩʪʚʠʷ, ʧʨʝʜʩʢʘʟʘʥʥʳʭ ɹʘʡʝʩʦʚʦʡ ʩʝʪʴʶ ʠ ʨʝʘʣʴ-

ʥʳʤ ɼʊʇ ʩ ʪʘʢʠʤʠ ʞʝ ʫʩʣʦʚʠʷʤʠ. 
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ʈɸɿʈɸɹʆʊʂɸ ʎʀʌʈʆɺʆʁ ʄʆɼɽʃʀ ʈɸɿɺʀʊʀʗ ɸʂɺɸɹʀʆʃʆɻʀʏɽʉʂʆʁ  

ʇʆʇʋʃʗʎʀʀ ʂɸʂ ʗɼʈɸ ʎʀʌʈʆɺʆʁ ʊʈɸʅʉʌʆʈʄɸʎʀʀ  

ɸʂɺɸɹʀʆʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ ʅɸ ɹɸɿɽ ʎʀʌʈʆɺʓʍ 

ɼɺʆʁʅʀʂʆɺ ʀ ʇʈʆʄʓʐʃɽʅʅʆɻʆ ʀʅʊɽʈʅɽʊɸ ɺɽʑɽʁ 

 

ʄʦʢʰʠʥ ʂʠʨʠʣʣ ʖʨʴʝʚʠʯ, ʤʘʛʠʩʪʨ  

ɾʘʙʠʮʢʠʡ ʄʠʭʘʠʣ ɻʝʦʨʛʠʝʚʠʯ, ʟʘʤ. ʜʠʨʝʢʪʦʨʘ  

ɸʥʜʨʠʝʥʢʦ ʖʨʠʡ ɸʥʘʪʦʣʴʝʚʠʯ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ  

 

ɺʀʐ ʅʀʗʋ ʄʀʌʀ, ʄʦʩʢʚʘ, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʘʢʚʘʙʠʦʣʦʛʠʯʝ-

ʩʢʠʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʚ ʯʘʩʪʠ ʚʳʷʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʨʘʟʚʠʪʠʷ ʧʦʧʫʣʷʮʠʠ ʦʩʦ-

ʙʝʡ ʦʪ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʜʝʨʞʘʥʠʷ ʦʩʦʙʝʡ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʘʢʚʘʨʠʫʤʘʭ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʳʙʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʘʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʝ ʠ ʚʠʟʫʘʣʠʟʘʮʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʚʠʪʠʷ ʨʳʙʥʦʡ ʧʦʧʫʣʷʮʠʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʝ ʬʘʢ-

ʪʦʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʠʙʢʫʶ ʤʝʪʦʜʦʣʦʛʠʶ SCRUM ʜʣʷ ʫʧʨʘʚ-

ʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ. ʇʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʣʦʛʠʯʝʩʢʠʡ ʧʨʦʝʢʪ ʩʠʩʪʝʤʳ ʧʦ ʤʝʪʦʜʦʣʦʛʠʷʤ UML ʠ BPMN. ʇʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʣʦ-

ʛʠʯʝʩʢʫʶ ʠ ʬʠʟʠʯʝʩʢʫʶ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʩʠʩʪʝʤʳ, ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤʳ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʦʧʠʩʘʪʴ ʘʨʭʠʪʝʢʪʫʨʫ ʩʠʩʪʝʤʳ. ʇʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʦʝ ʷʜʨʦ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʨʳʙʥʦʡ ʧʦʧʫʣʷʮʠʠ ʚ ʨʘʤ-

ʢʘʭ ʘʢʚʘʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʷʜʨʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦ-

ʢʘʟʘʪʝʣʝʡ ʨʘʟʚʠʪʠʷ ʨʳʙʥʦʡ ʧʦʧʫʣʷʮʠʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʸ ʬʘʢʪʦʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʨʘʟʨʘʙʦʪʘʥʦ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python 

ʚ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ PyCharm, ʧʦʩʣʝ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʥʠʨʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ Q&A ʧʨʦʛʨʘʤʤʥʦ-

ʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʍʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʧʣʘʥʠʨʫʝʪʩʷ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ PostgreSQL. ʇʣʘʥʠʨʫʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʠ ʝʝ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʢʚʘʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ çʇʘʥʠʥʩʢʦʝè ʚ ʛʦʨʦʜʝ 

ʂʫʨʩʢ. ʇʣʘʥʠʨʫʝʪʩʷ ʧʦʜʪʚʝʨʜʠʪʴ ʬʘʢʪ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʘʢʪʦʤ ʨʝʘʣʠʟʘ-

ʮʠʠ. ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ 

ʨʘʟʚʠʪʠʷ ʨʳʙʥʦʡ ʧʦʧʫʣʷʮʠʠ, ʠʟʙʝʛʘʪʴ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʦʠʩʢʫ ʵʬʬʝʢʪʠʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʥʘ ʞʠʚʳʭ ʦʩʦʙʷʭ, ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʬʝʨʤʳ ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʨʳʙʥʳʭ ʦʩʦʙʝʡ ʚ ʘʢ-

ʚʘʨʠʫʤʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ; ʘʢʚʘʙʠʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ; ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ; ʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ; ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ; ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʷʜʨʦ; 

ʧʨʦʤʳʰʣʝʥʥʳʡ ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ; ʨʳʙʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ; ʠʥʜʫʩʪʨʠʘʣʴʥʘʷ ʘʢʚʘʢʫʣʴʪʫʨʘ. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩʦ ʩʬʝʨʦʡ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʵʢʦʥʦʤʠʢʝ ʣʶʙʦʡ ʨʘʟʚʠʪʦʡ 

ʩʪʨʘʥʳ. ʆʪʨʘʩʣʴ ʘʢʚʘʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʘʞʥʳʭ ʧʦʟʠʮʠʷʭ ʚ ʦʙʣʘ-

ʩʪʠ ʙʠʟʥʝʩʘ, ʪʘʢ ʢʘʢ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʧʨʦʜʫʢʪʦʚ ʩ ʚʳʩʦʢʦʡ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʴʶ, ʢʦʪʦ-

ʨʳʝ ʦʯʝʥʴ ʮʝʥʷʪʩʷ ʧʦʪʨʝʙʠʪʝʣʷʤʠ. ʂʘʢ ʠ ʣʶʙʘʷ ʜʨʫʛʘʷ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʘʷ ʜʝʷʪʝʣʴ-

ʥʦʩʪʴ, ʘʢʚʘʙʠʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʥʘʧʨʷʤʫʶ 

ʚʣʠʷʶʱʠʭ ʥʘ ʝʛʦ ʫʩʧʝʭ. ʀʤʠ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʧʦʢʘʟʘʪʝʣʷʤʠ ʞʠʟʥʝʦʙʝʩ-

ʧʝʯʝʥʠʷ ʨʳʙʥʳʭ ʦʩʦʙʝʡ ʚ ʘʢʚʘʨʠʫʤʘʭ, ʦʙʝʩʧʝʯʝʥʠʝ ʯʠʩʪʦʪʳ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʟʜʦʨʦʚʴʷ ʢʘʢ ʨʳʙʥʦʡ ʧʦʧʫʣʷʮʠʠ, ʪʘʢ ʠ ʨʘʙʦʪʥʠʢʦʚ ʬʝʨʤʳ, ʩʦʦʪʚʝʪʩʪʚʠʝ ʵʢʦ-

ʣʦʛʠʯʝʩʢʠʤ ʥʦʨʤʘʤ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, ʚʟʘʠʤʦʚʳʛʦʜʥʘʷ ʩʚʷʟʴ ʩ ʧʘʨʪʥʸʨʘʤʠ 
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ʠ ʟʘʢʘʟʯʠʢʘʤʠ, ʚʥʠʤʘʪʝʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʧʨʝʜʧʦʯʪʝʥʠʷʤ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʉʘʤʳʤ ʚʘʞʥʳʤ 

ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʧʦʢʘʟʘʪʝʣʝʡ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʨʳʙʳ 

ʢʘʢ ʮʝʣʝʚʦʛʦ ʦʙʲʝʢʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʠʥʷʚ ʚʦ ʚʥʠʤʘʥʠʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ ʙʠʟʥʝʩʘ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʥʝʣʴʟʷ ʥʝ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʧʝʨʝʜʦʚʳʭ ʤʝʪʦʜʠʢ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʘʢʚʘ-

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʬʝʨʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʂʦʥʪʨʦʣʴ ʟʘ ʩʦʩʪʦʷʥʠ-

ʝʤ ʬʝʨʤʳ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʸʥ-

ʥʳʭ ʥʘ ʵʪʦʡ ʤʦʜʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʟʚʦʣʷʪ ʦʙʝʩʧʝʯʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʝ ʧʨʦʠʟ-

ʚʦʜʩʪʚʦ ʠ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʧʦʪʨʝʙʠʪʝʣʶ ʧʨʦʜʫʢʮʠʶ ʥʘʠʚʳʩʰʝʛʦ ʢʘʯʝʩʪʚʘ. ʎʠʬʨʦʚʳʝ ʤʦʜʝ-

ʣʠ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʢʦʥʪʨʦʣʴ ʞʠʟʥʝ-

ʦʙʝʩʧʝʯʝʥʠʷ ʨʳʙʥʦʡ ʧʦʧʫʣʷʮʠʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʝʟ ʫʯʘʩʪʠʷ ʞʠ-

ʚʳʭ ʦʩʦʙʝʡ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʮʠʬʨʦʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʘʢʚʘʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʠʟʚʦʜ-

ʩʪʚʦʤ, ʘ ʠʤʝʥʥʦ: 

ī ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʠʩʢʘ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʣʠʷʶʱʠʭ ʥʘ ʞʠʟʥʝʦʙʝʩ-

ʧʝʯʝʥʠʝ ʧʦʧʫʣʷʮʠʠ; 

ī ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʚʠʪʠʷ ʧʦʧʫʣʷʮʠʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʸ ʟʘʨʘʥʝʝ 

ʟʘʜʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

ī ʚʠʟʫʘʣʠʟʘʮʠʷ ʨʘʟʚʠʪʠʷ ʧʦʧʫʣʷʮʠʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʸ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʭ ʬʘʢʪʦ-

ʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

ī ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ ʦ ʪʝʢʫʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʩʪʦʡ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ ʢʘʢ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢ ʠ ʜʣʷ ʨʘʙʦʪʘʶʱʝʛʦ ʪʘʤ ʩʦʪʨʫʜʥʠʢʘ. 

 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʪʝʥʩʠʚʥʦʝ ʘʢʚʘʙʠʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʪʝʭʥʦʣʦʛʠʡ ʟʘʤʢʥʫʪʦʡ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜʳ ʩʪʘʣʦ ʦʜʥʦʡ ʠʟ ʧʨʦʨʳʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘ-

ʩʪʠ ʘʢʚʘʢʫʣʴʪʫʨʳ [1]. ʎʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʦʜʦʙʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʘʢʚʘʢʫʣʴʪʫʨʥʳʤʠ ʭʦʟʷʡʩʪʚʘʤʠ. ʕʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʦʩʥʦʚʘʥʘ ʥʘ 

ʪʝʭʥʦʣʦʛʠʠ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʘʢʚʘʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʝʨʤ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩ-

ʩʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʮʠʬʨʦʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠ-

ʤʫʣʷʮʠʠ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʥʪʝʥʩʠʚʥʦʛʦ ʘʢʚʘʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ. ʇʦ ʠʪʦʛʘʤ ʠʟʫʯʝʥʠʷ ʩʪʘʪʴʠ çA Digital Twin of Intensive Aquabiotechnological Produc-

tion Based on a Closed Ecosystem Modeling & Simulationè [2] ʠ çPrecision fish farming: 

A new framework to improve production in aquacultureè [3] ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʥʘ ʦʩʥʦʚʝ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʙʠʦʩʠʩʪʝʤʳ ʩ ʪʝʭʥʦ-

ʣʦʛʠʷʤʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʠ ʦʧʠʩʘ-

ʥʠʷ ʩʣʦʞʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʪʘʢ ʢʘʢ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʠʤʝʥʝ-

ʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʵʢʦʩʠʩʪʝʤʘʭ ʩ ʙʦʣʴʰʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ [4]. 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʰʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʚʠʟʫʘʣʠʟʘʮʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʚʠʪʠʷ ʨʳʙʥʦʡ ʧʦʧʫʣʷʮʠʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʥʘ ʥʝʝ ʬʘʢʪʦʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʫʧʨʘʚʣʷʪʴ ʘʢʚʘʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʠʟʚʦʜ-

ʩʪʚʦʤ ʚ ʯʘʩʪʠ ʚʳʷʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʨʘʟʚʠʪʠʷ ʧʦʧʫʣʷʮʠʠ ʦʩʦʙʝʡ ʦʪ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʦʜʝʨʞʘʥʠʷ ʦʩʦʙʝʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʘʢʚʘʨʠʫʤʘʭ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʳʙʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

½ ʨʘʟʨʘʙʦʪʘʪʴ ʘʨʭʠʪʝʢʪʫʨʫ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʝ ʠ ʚʠʟʫʘʣʠʟʘʮʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʚʠʪʠʷ ʨʳʙʥʦʡ ʧʦʧʫʣʷʮʠʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ 

ʥʝʸ ʬʘʢʪʦʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

½ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʦʧʠʩʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʷʜʨʦ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦ-
ʚʘʥʠʷ ʩʠʩʪʝʤʳ; 
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½ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ; 

½ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʦʧʠʩʘʪʴ ʣʦʛʠʯʝʩʢʫʶ ʠ ʬʠʟʠʯʝʩʢʫʶ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʩʠʩʪʝʤʳ; 

½ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʦʧʠʩʘʪʴ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʠʩʪʝʤʝ; 

½ ʚʳʙʨʘʪʴ ʢʦʤʧʣʝʢʩ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ; 

½ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʦʧʠʩʘʪʴ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦ ʠʪʦʛʘʤ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʥʠʨʫʝʪʩʷ ʧʦʣʫʯʠʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥʥʫʶ ʩʠʩʪʝʤʫ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʚʠʟʫʘʣʠʟʘʮʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʚʠʪʠʷ 

ʨʳʙʥʦʡ ʧʦʧʫʣʷʮʠʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʸ ʬʘʢʪʦʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʅʘ ʨʳʥʢʝ ʘʢʚʘʢʫʣʴ-

ʪʫʨʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩʫʱʝʩʪʚʫʶʪ ʩʠʩʪʝʤʳ, ʧʦʜʦʙʥʳʝ ʧʨʠʣʦʞʝʥʠʶ çFluxè, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷ-

ʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʟʘʜʝʡʩʪʚʦʚʘʥ-

ʥʳʭ ʥʘ ʘʢʚʘʙʠʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʠʣʠ ʧʨʠʣʦʞʝʥʠʶ çaquaTrackerè, ʢʦʪʦʨʦʝ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʣʘʯʥʫʶ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʘʢʚʘʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʩʤʦʪʨʘ ʘʥʘʣʠʪʠʢʠ ʧʦ ʨʘʙʦ-

ʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʪʘʪʠʩʪʠʢʠ ʧʦ ʢʦʨʤʣʝʥʠʶ ʨʳʙʥʦʡ ʧʦʧʫʣʷʮʠʠ. ʆʜʥʘʢʦ ʥʠ ʦʜʥʘ ʠʟ ʩʫʱʝ-

ʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʬʘʢʪʦʨʳ ʨʘʟʚʠʪʠʷ ʨʳʙʥʦʡ ʧʦʧʫʣʷʮʠʠ ʚ 

ʧʨʦʮʝʩʩʝ ʘʢʚʘʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ ʩʜʝʣʘʝʪ ʵʪʦ ʚʦʟʤʦʞ-

ʥʳʤ. 
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cur with an increase in production intensity? [ʊʝʢʩʪ] / Ramin Ghamkhar // Aquacultural Engi-

neering 92, 2021. ï ʉ. 1ï14. 

2 ɾʘʙʠʮʢʠʡ, ʄ. ɻ. A Digital Twin of Intensive Aquabiotechnological Production 

Based on a Closed Ecosystem Modeling & Simulation [ʊʝʢʩʪ] / ʄ.ɻ. ɾʘʙʠʮʢʠʡ // 33rd Euro-

pean Modeling & Simulation Symposium, EMSS, 2021. ï ʉ. 1ï6. 

3 Fore, M. Precision fish farming: A new framework to improve production in aquacul-

ture [ʊʝʢʩʪ] / Martin Fore // Biosystems engineering, 2018. ï ʉ. 176ï193. 

4 ɾʘʙʠʮʢʠʡ, ʄ. ɻ. Digital transformation model based on the digital twin concept for 

intensive aquaculture production using closed water circulation technology [ʊʝʢʩʪ] / ʄ. ɻ. ɾʘ-

ʙʠʮʢʠʡ // IOP Conf. Series: Earth and Environmental Science, 2021. ï ʉ. 1ï7. 
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ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʊʦʤʩʢ, ʈʌ 

  

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʩʧʝʢʪʳ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ZigBee ʜʣʷ ʧʝʨʝʜʘ-

ʯʠ ʜʘʥʥʳʭ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ ʚ ʟʘʜʘʯʘʭ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʬʠʠ. ʇʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʧʨʠʤʝʥʠ-

ʤʦʩʪʠ ʜʘʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʷ, ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ZigBee, ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʬʠʷ, ʤʝʜʠʮʠʥʘ, ʙʠʦʧʦʪʝʥʮʠʘʣʳ, ʙʝʩ-

ʧʨʦʚʦʜʥʘʷ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ. 

 

ʈʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʪʝʭʥʦʣʦʛʠʡ ʙʝʩʧʨʦʚʦʜʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘ-

ʶʪ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ʅʘʧʨʠʤʝʨ, Wi-Fi 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʜʦʩʪʫʧʘ ʚ ʀʥʪʝʨʥʝʪ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ; Bluetooth ʜʣʷ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ ʫʩʪʨʦʡʩʪʚ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʩ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʦʡ; ZigBee ʰʠʨʦʢʦ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʤʦʥʠʪʦʨʠʨʦʚʘʥʠʷ, ʢʦʥʪʨʦʣʷ ʠ çʫʤʥʦʛʦ ʜʦʤʘè. 

 ʄʝʜʠʮʠʥʘ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʝʪʝʨʧʝʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [1], 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʚʳʙʠʨʘʪʴ, ʢʘʢʫʶ ʠʟ ʪʝʭʥʦʣʦʛʠʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʚ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʠ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘ-

ʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʦʧʨʦʩʘ ʧʨʠʤʝʥʠʤʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ZigBee ʚ ʟʘʜʘʯʘʭ ʵʣʝʢʪʨʦʢʘʨ-

ʜʠʦʛʨʘʬʠʠ. 

 Zigbee ï ʵʪʦ ʦʪʢʨʳʪʳʡ ʩʪʘʥʜʘʨʪ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʜʣʷ ʩʠʩʪʝʤ ʩʙʦʨʘ ʜʘʥʥʳʭ 

ʠ ʫʧʨʘʚʣʝʥʠʷ. ʊʝʭʥʦʣʦʛʠʷ Zigbee ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʝʩʷ ʠ ʩʘʤʦʚʦʩʩʪʘ-

ʥʘʚʣʠʚʘʶʱʠʝʩʷ ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʝʪʠ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʪʨʘʥʩʣʷʮʠʝʡ ʩʦʦʙʱʝʥʠʡ, ʩ ʧʦʜ-

ʜʝʨʞʢʦʡ ʙʘʪʘʨʝʡʥʳʭ ʠ ʤʦʙʠʣʴʥʳʭ ʫʟʣʦʚ [2]. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʵʪʦ ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʧʦʧʫ-

ʣʷʨʥʳʭ ʙʝʩʧʨʦʚʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʝʪʷʭ çʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡè, ʦʩʦʙʝʥʥʦ 

ʚ ʩʬʝʨʝ ʜʦʤʘʰʥʝʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ɺ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʫʧʦʤʷʥʫʪʳʭ ʨʘʥʝʝ ʪʝʭʥʦʣʦʛʠʡ [3]. 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʪʠ ZigBee ʩ Wi-Fi ʠ Bluetooth 

ʇʘʨʘʤʝʪʨ 
Wi-Fi (IEEE 

802.11) 

Bluetooth (IEEE 

802.15.1) 

ZigBee  

(IEEE 802.15.4) 

ɺʘʨʠʘʥʪʳ ʧʨʠʤʝʥʝʥʠʷ 
ɼʦʩʪʫʧ ʢ ʀʥʪʝʨ-

ʥʝʪ 

ʋʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ-

ʚʳʚʦʜʘ 

ʂʦʥʪʨʦʣʴ ʠ ʤʦʥʠʪʦʨʠʨʦ-

ʚʘʥʠʝ 

ʏʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ 2.4 ɻɻʮ 2.4 ɻɻʮ 
868 ʄɻʮ, 915 ʄɻʮ, 2.4 

ɻɻʮ 

ʂʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʚ ʩʝʪʠ, 

ʰʪ. 
30 7 65000 

ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 2 ï 500 ʄʙʠʪ/ʩ 1 ʄʙʠʪ/ʩ 20 ï 250 ʢʙʠʪ/ʩ 

ʈʘʩʩʪʦʷʥʠʝ, ʤ 1 ï 100 1 ï 10 1 ï 100 ʠ ʙʦʣʝʝ  

ʊʦʧʦʣʦʛʠʷ ʩʝʪʠ ɼʝʨʝʚʦ ɼʝʨʝʚʦ ɿʚʝʟʜʘ, ʜʝʨʝʚʦ, ʷʯʝʠʩʪʘʷ 

ʉʠʣʘ ʪʦʢʘ ʧʦʪʨʝʙʣʝʥʠʷ ʚ 

ʨʝʞʠʤʝ ʦʞʠʜʘʥʠʷ 
20 ʤɸ 200 ʤʢɸ 3 ʤʢɸ 

ʊʨʝʙʫʝʤʳʡ ʦʙʲʝʤ ʇɿʋ 100 ʂɹ 100 ʂɹ 32 ï 60 ʂɹ 
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ʂ ʚʘʞʥʝʡʰʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʝʪʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, 

ʧʦʜʜʝʨʞʢʫ ʷʯʝʠʩʪʦʡ (mesh) ʪʦʧʦʣʦʛʠʠ ʠ ʤʘʣʳʡ ʦʙʲʝʤ ʪʨʝʙʫʝʤʦʡ ʧʘʤʷʪʠ ʜʣʷ ʧʨʦʛʨʘʤʤʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʩʪʝʢʘ ʧʨʦʪʦʢʦʣʘ. ʗʯʝʠʩʪʘʷ ʪʦʧʦʣʦʛʠʷ (ʨʠʩ. 1.) ʦʙʣʘʜʘʝʪ ʥʝʢʦʪʦʨʳʤʠ ʧʨʝʠʤʫ-

ʱʝʩʪʚʘʤʠ, ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʟʚʝʟʜʥʦʡ ʠʣʠ ʜʨʝʚʦʚʠʜʥʦʡ ʪʦʧʦʣʦʛʠʷʤʠ. 

 

ʈʠʩ. 1. ʇʨʠʤʝʨ ʷʯʝʠʩʪʦʡ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ ZigBee 

 ɺ ʩʣʫʯʘʝ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʦʜʥʦʛʦ ʠʟ ʫʟʣʦʚ ʩʝʪʠ, ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʟʘ ʧʝʨʝʜʘʯʫ ʧʘʢʝʪʘ, 

ʙʫʜʝʪ ʥʘʡʜʝʥ ʥʦʚʳʡ ʤʘʨʰʨʫʪ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ. ʇʨʠʤʝʥʝʥʠʝ 

ʪʦʧʦʣʦʛʠʠ mesh ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʟʦʥʫ ʧʦʢʨʳʪʠʷ ʩʝʪʠ ʟʘ ʩʯʝʪ ʨʝʪʨʘʥʩʣʷʮʠʦʥ-

ʥʳʭ ʫʟʣʦʚ (ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ). 

 ʊʨʝʙʦʚʘʥʠʷ ʢ ʦʙʲʝʤʫ ʧʘʤʷʪʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʪʝʢʘ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳ ʜʣʷ ʪʝʭ 

ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʧʦʩʪʨʦʝʥʳ ʥʘ ʙʘʟʝ ʦʜʥʦʛʦ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. ʉʝʛʦʜʥʷ ʥʘ ʨʳʥʢʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʙʣʦʢ ʪʨʘʥʩʠʚʝʨʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʩʧʨʦʚʦʜʥʦʡ ʧʝ-

ʨʝʜʘʯʠ ʜʘʥʥʳʭ [4], ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʩʭʦʜʳ ʥʘ ʘʧʧʘʨʘʪʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. 

ʊʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʡ ʦʙʲʝʤ ʜʦʩʪʫʧʥʦʡ ʧʦ-

ʩʪʦʷʥʥʦʡ ʧʘʤʷʪʠ (ʦʪ 16 ʜʦ 1024 ʢʠʣʦʙʘʡʪ), ʯʪʦ ʚʥʦʩʠʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʪʝʭ ʠʣʠ 

ʠʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

 ɹʝʟʦʧʘʩʥʦʩʪʴ ʚʥʫʪʨʠ ʩʝʪʠ ZigBee ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ. ʇʨʠʤʝ-

ʥʷʝʪʩʷ ʘʣʛʦʨʠʪʤ AES-128 ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʫʨʦʚʥʷ ʧʨʠʣʦʞʝʥʠʡ ʠ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ 

ʩʪʝʢʘ. ɼʣʷ ʰʠʬʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʝʪʝʚʦʡ (Network Key) ʠ ʩʚʷʟʥʦʡ (Link Key) ʢʣʶʯʠ. 

ʉʝʪʝʚʦʡ ʢʣʶʯ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʭ ʧʝʨʝʜʘʯ. ʉʚʷʟʥʦʡ ʢʣʶʯ ʚʳʯʠʩʣʷʝʪʩʷ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʢʦʜʘ ʫʩʪʘʥʦʚʢʠ (Install Code). ɿʥʘʷ ʢʦʜ ʫʩʪʘʥʦʚʢʠ, ʢʦ-

ʦʨʜʠʥʘʪʦʨ ʩʝʪʠ ʤʦʞʝʪ ʚʳʯʠʩʣʠʪʴ ʩʚʷʟʥʦʡ ʢʣʶʯ ʠ ʧʝʨʝʜʘʪʴ ʟʘʰʠʬʨʦʚʘʥʥʦʝ ʩʦʦʙʱʝʥʠʝ ʧʦ-

ʣʫʯʘʪʝʣʶ, ʢʦʜ ʫʩʪʘʥʦʚʢʠ ʢʦʪʦʨʦʛʦ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʪʠʤ ʤʝʪʦʜʘʤ ʧʨʠ-

ʤʝʥʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʮʝʣʦʩʪʥʦʩʪʠ ʩʦʦʙʱʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʝʰ-ʬʫʥʢʮʠʠ ʠ ʩʯʝʪʯʠʢ 

ʢʘʜʨʦʚ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʘʪʘʢʠ ʧʦʚʪʦʨʥʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ [2]. 

 ɺ ʨʘʙʦʪʝ [5] ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʫʜʘʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘ ʩʦʩʪʦʷ-

ʥʠʝʤ ʧʨʦʮʝʜʫʨʳ ʠʥʬʫʟʠʦʥʥʦʡ ʪʝʨʘʧʠʠ. ʉʠʩʪʝʤʘ ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦ-

ʢʦʥʪʨʦʣʣʝʨʘ STC89C52 ʠ ʤʦʜʫʣʷ ZigBee ʥʘ ʙʘʟʝ CC2530 ʩ ʧʦʜʜʝʨʞʢʦʡ IEEE 802.15.4. 

ʆʜʠʥ ʫʟʝʣ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ ʠʥʬʫʟʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʩʢʦ-

ʨʦʩʪʴ ʚʚʝʜʝʥʠʷ ʧʨʝʧʘʨʘʪʘ ʠ ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʦʡ ʫʟʝʣ ʩʠʩʪʝʤʳ ʦʪʚʝʯʘʝʪ 

ʟʘ ʦʪʦʙʨʘʞʝʥʠʝ ʵʪʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʘ ʪʨʝʚʦʛʠ. ʕʪʘ ʠ ʜʨʫʛʠʝ ʩʠʩʪʝʤʳ 

[6ï9] ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ZigBee ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʟʘʜʘʯʘʭ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʟʘʜʘʯʘʭ ʨʝʛʠʩʪʨʘʮʠʠ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤ. 

 ʊʝʭʥʦʣʦʛʠʷ ZigBee ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʚʳʜʝʣʷʶʪ 

ʝʸ ʩʨʝʜʠ ʦʩʪʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʙʝʩʧʨʦʚʦʜʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʧʨʠʤʝ-

ʥʝʥʠʝ ʚ ʩʠʩʪʝʤʘʭ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʜʦʤʘʰʥʝʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʕʥʝʨʛʦʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʛʠʙʢʦʩʪʴ ʠ ʤʝʨʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʝʪʠ ʧʦʟʚʦʣʷʶʪ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʨʝʰʝʥʠʷ ʥʘ ʙʘʟʝ ʪʝʭʥʦʣʦʛʠʠ ZigBee ʜʣʷ ʫʜʘʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘ 

ʩʦʩʪʦʷʥʠʝʤ ʧʘʮʠʝʥʪʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 
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ʌɻɹʆʋ ɺʆ çʀʞɻʊʋ ʠʤʝʥʠ ʄ.ʊ. ʂʘʣʘʰʥʠʢʦʚʘè 

ʛ. ʀʞʝʚʩʢ, ʈʬ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʦʜʥʘ ʠʟ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ï ʚʟʨʳʚ 

ʙʳʪʦʚʦʛʦ ʛʘʟʘ, ʢʦʪʦʨʳʡ ʚʣʝʯʝʪ ʨʘʟʨʫʰʠʪʝʣʴʥʳʝ ʜʝʡʩʪʚʠʷ. ɺʟʨʳʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦ-

ʚʘʥʠʝʤ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʩ ʤʦʱʥʳʤ ʚʳʜʝʣʝʥʠʝʤ 

ʵʥʝʨʛʠʠ. ʋʜʘʨʥʘʷ ʚʦʣʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʝʟʢʠʤ ʩʞʘʪʠʝʤ ʩʨʝʜʳ, ʜʚʠʞʝʥʠʝʤ ʚʦ ʚʩʝ ʩʣʦʠ 

ʚʦʟʜʫʭʘ ʧʦ ʩʬʝʨʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ʦʪ ʤʝʩʪʘ ʚʟʨʳʚʘ ʩʦ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ. ʇʨʠʯʠ-

ʥʦʡ ʚʟʨʳʚʘ ʙʳʪʦʚʦʛʦ ʛʘʟʘ ʷʚʣʷʝʪʩʷ ʫʪʝʯʢʘ ʛʦʨʶʯʝʛʦ ʚʝʱʝʩʪʚʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʘʩ-

ʰʪʘʙʥʦʩʪʴ ʨʘʟʨʫʰʠʪʝʣʴʥʳʭ ʜʝʡʩʪʚʠʡ ʧʨʠ ʚʟʨʳʚʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʫʜʘʨʥʦʡ ʚʦʣʥʳ: ʜʘʚʣʝʥʠʷ, ʧʣʦʪʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ. ʊʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʦʟʜʝʡʩʪʚʠʷ ʚʟʨʳʚʘ ʙʳʪʦʚʦʛʦ ʛʘʟʘ, ʧʨʠ ʟʘʜʘʥ-

ʥʳʭ ʧʘʨʘʤʝʪʨʘʭ, ʚ ʞʠʣʦʤ ʜʦʤʝ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʨʘʟʨʫ-

ʰʝʥʠʷ. ʇʦʣʫʯʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʧʦʟʚʦʣʠʣʘ 

ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʝ ʜʘʚʣʝʥʠʡ, ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʚʦʟ-

ʥʠʢʰʝʡ ʚ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ ʧʦʤʝʱʝʥʠʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʨʘʟʨʫʰʝʥʠʷ ʦʙʲʝʢʪʦʚ 

ʧʨʠ ʚʟʨʳʚʝ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʩʪʨʫʢʮʠʠ. ʉʦʙʣʶʜʝʥʠʝ ʧʨʘʚʠʣ ʠ ʥʦʨʤ 

ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʘʟʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪ ʨʠʩʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɺʟʨʳʚ, ʫʜʘʨʥʘʷ ʚʦʣʥʘ, ʙʳʪʦʚʦʡ ʛʘʟ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʝ, ʧʘʨʘʤʝʪʨʳ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. 

 

ɺ ʫʩʣʦʚʠʷʭ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʚʦʟʥʠʢʘʶʪ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʯʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫʘʮʠʠ. ʇʦ ʩʪʘʪʠʩʪʠʢʝ ʚʟʨʳʚ ʙʳʪʦʚʦʛʦ ʛʘʟʘ ʯʘʩʪʦʝ ʷʚ-

ʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʩʝʨʴʝʟʥʳʝ ʨʘʟʨʫʰʠʪʝʣʴʥʳʝ ʜʝʡʩʪʚʠʷ.  

ɺʟʨʳʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʠʟʠʯʝʩʢʠʡ ʠʣʠ ʭʠʤʠʯʝʩʢʠʡ ʙʳʩʪʨʦʪʝʢʫʱʠʡ ʧʨʦʮʝʩʩ 

ʛʦʨʝʥʠʷ ʩ ʤʦʱʥʳʤ ʚʳʜʝʣʝʥʠʝʤ ʵʥʝʨʛʠʠ ʚ ʥʝʙʦʣʴʰʦʤ ʦʙʲʝʤʝ ʚ ʪʝʯʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʧʨʦʤʝ-

ʞʫʪʢʘ ʚʨʝʤʝʥʠ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʫʜʘʨʥʳʤ, ʪʝʧʣʦʚʳʤ ʠ ʜʨʫʛʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʥʘ ʩʪʨʫʢʪʫʨʳ 

ʪʝʭʥʦʩʬʝʨʳ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʇʨʠʯʠʥʦʡ ʚʟʨʳʚʘ ʙʳʪʦʚʦʛʦ ʛʘʟʘ ʷʚʣʷʝʪʩʷ ʫʪʝʯʢʘ ʛʦʨʶʯʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʝʧʨʘʚʠʣʴʥʦʡ ʨʘʙʦʪʳ ʠ ʠʟʥʦʩʘ ʛʘʟʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘʨʫʰʝʥʠʷ ʧʨʘʚʠʣ ʝʛʦ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ, ʯʝʣʦʚʝʯʝʩʢʦʡ ʭʘʣʘʪʥʦʩʪʠ, ʢʘʢ ʫʤʳʰʣʝʥʥʦʡ, ʪʘʢ ʠ ʩʣʫʯʘʡʥʦʡ [1]. 

ʇʨʠ ʚʟʨʳʚʝ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʚʙʣʠʟʠ ʦʙʨʘʟʫʝʪʩʷ ʦʙʣʘʩʪʴ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʨʘʩ-

ʧʨʦʩʪʨʘʥʷʶʱʘʷʩʷ ʚ ʚʠʜʝ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. ʋʜʘʨʥʘʷ ʚʦʣʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʟʢʦʝ ʩʞʘ-

ʪʠʝ ʩʨʝʜʳ, ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʚʠʜʝ ʩʬʝʨʠʯʝʩʢʦʛʦ ʩʣʦʷ ʚʦ ʚʩʝ ʩʪʦʨʦʥʳ ʦʪ ʤʝʩʪʘ 

ʚʟʨʳʚʘ ʩʦ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ. ʈʘʩʩʤʦʪʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʫʜʘʨʥʦʡ ʚʦʣʥʳ: ʜʘʚʣʝʥʠʷ, 

ʧʣʦʪʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʘʩʰʪʘʙʥʦʩʪʴ ʨʘʟʨʫʰʠ-

ʪʝʣʴʥʳʭ ʜʝʡʩʪʚʠʡ [2]. 

ʉ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʚʟʨʳʚʘ 

ʙʳʪʦʚʦʛʦ ʛʘʟʘ ʚ ʞʠʣʳʭ ʟʜʘʥʠʷʭ, ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʚʟʨʳʚʘ ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘ-

ʤʝʪʨʘʭ, ʚʳʷʚʠʪʴ ʙʝʟʦʧʘʩʥʳʝ ʧʦʟʠʮʠʠ, ʨʘʩʩʯʠʪʘʪʴ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ.         
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ʋʨʘʚʥʝʥʠʝ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʜʣʷ ʩʞʠʤʘʝʤʦʡ ʩʨʝʜʳ, ʜʦʧʦʣʥʝʥʥʳʝ ʫʨʘʚʥʝʥʠʝʤ ʩʦʭʨʘ-

ʥʝʥʠʷ ʵʥʝʨʛʠʠ ʩ ʫʯʝʪʦʤ ʩʠʣ ʜʘʚʣʝʥʠʷ. ʇʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʛʘʟʦʚʳʭ ʩʤʝ-

ʩʝʡ ʧʨʠ ʚʟʨʳʚʝ:  
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ʛʜʝ r ï ʧʣʦʪʥʦʩʪʴ ʩʨʝʜʳ, uï ʩʢʦʨʦʩʪʴ, 
pc ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ, Tï 

ʪʝʤʧʝʨʘʪʫʨʘ, q  ï ʪʝʧʣʦʪʘ [3].    

ʉʦʩʪʘʚʣʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ (1), ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝ-

ʣʠʪʴ ʧʦʣʝ ʜʘʚʣʝʥʠʡ, ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʚʦʟʥʠʢʘʶ-

ʱʝʡ ʚ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ ʥʘ ʧʨʠʤʝʨʝ 1,5 ʢʦʤʥʘʪʥʦʡ ʢʚʘʨʪʠʨʳ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʫʜʘʨʥʦʡ 

ʚʦʣʥʳ. ʀʩʭʦʜʷ ʠʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʨʠʩ. 1, ʘ) ʚʠʜʠʤ, ʯʪʦ ʧʦʩʣʝ ʚʟʨʳʚʘ ʫʜʘʨʥʘʷ 

ʚʦʣʥʘ ʤʛʥʦʚʝʥʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʟʦʥʫ ʨʘʟʨʝʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʪ. ʝ. ʚ ʩʪʦʨʦʥʫ ʜʚʝʨʝʡ 

ʠ ʦʢʦʥ, ʦʩʪʘʚʣʷʷ ʧʦʩʣʝʜʩʪʚʠʷ ʚʟʨʳʚʘ ʚ ʧʨʝʜʝʣʘʭ ʜʘʥʥʦʛʦ ʧʦʤʝʱʝʥʠʷ.  

ɺ ʛʝʨʤʝʪʠʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʧʨʠ ʥʘʣʠʯʠʠ ʧʣʘʩʪʠʢʦʚʳʭ ʦʢʦʥ, ʙʨʦʥʠʨʦʚʘʥʥʳʭ ʜʚʝ-

ʨʝʡ) ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʫʜʝʪ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴʩʷ ʧʦ ʚʩʝʤʫ ʧʦʤʝʱʝʥʠʶ, 

ʫʜʘʨʥʘʷ ʚʦʣʥʘ ʙʫʜʝʪ ʠʩʢʘʪʴ ʟʦʥʫ ʨʘʟʨʝʞʝʥʠʷ ï ʚ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʭʦʜʘʭ. ʊʦʛʜʘ ʨʘʟʨʫʰʝ-

ʥʠʷ ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴʩʷ ʟʘ ʧʨʝʜʝʣʳ, ʪ. ʝ. ʧʦ ʚʩʝʤʫ ʧʦʜʲʝʟʜʫ.  

ʅʘ ʨʠʩ. 1, ʙ ʤʘʪʝʨʠʘʣ ʩʪʝʥʦʢ ï ʢʠʨʧʠʯ. ɺʠʜʥʦ, ʯʪʦ ʦʥ ʧʣʦʭʦ ʧʨʦʚʦʜʠʪ ʪʝʧʣʦ. ʊʘʢʞʝ 

ʚ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʟʘʜʘʥʘ ʥʘʠʤʝʥʴʰʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʤʝʪʘʥʘ. ɺʦ ʚʩʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 400ʂ ʠ ʚʳʰʝ.  
 

        
ʘ                                                                        ʙ 

ʈʠʩ. 1. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ: 

 ʘ ï ὺ (ʤ/ʩ) ʯʝʨʝʟ 0,1 ʩ; ʙ ï Ὕ (ʂ) ʯʝʨʝʟ 0,1 ʩ  

ʀʩʧʦʣʴʟʫʷ ʨʘʥʝʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʪʝʤʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʧʦʚʝʜʝʥʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʧʨʦʜʦʣʞʘʝʤ ʠʟʫʯʘʪʴ ʧʦʚʝʜʝʥʠʝ ʚʦʣʥ ʧʨʠ ʚʟʨʳʚʘʭ.  

ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʪʝʧʝʥʴ ʨʘʟʨʫ-

ʰʝʥʠʷ ʦʙʲʝʢʪʦʚ ʧʨʠ ʚʟʨʳʚʝ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʩʪʨʫʢʮʠʠ. ʉʦʙʣʶʜʝ-

ʥʠʝ ʧʨʘʚʠʣ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʘʟʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʟʚʦʣʠʪ 

ʩʥʠʟʠʪʴ ʨʠʩʢ ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ.  
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ʆʟʝʨʝʮ ɼʘʥʠʠʣ ʄʘʢʩʠʤʦʚʠʯ, ʫʯʘʱʠʡʩʷ 

ɽ-mail: ozerecz2004@mail.ru 

ʄʳʤʨʠʥʘ ʅʘʪʘʣʴʷ ɺʘʩʠʣʴʝʚʥʘ, ʫʯʠʪʝʣʴ 

ɽ-mail: mymrina-natalya@mail.ru 

 

ʄɹʆʋ çʉʨʝʜʥʷʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ ˉ73è  

ɻʆ çɻʦʨʦʜ ʃʝʩʥʦʡè, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʨʝʩʫʨʩ ʷʚʣʷʝʪʩʷ ʘʜʘʧʪʠʚʥʳʤ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʤ ʜʣʷ 

ʤʘʣʦʤʦʙʠʣʴʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ ʠ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʦʝʢʪʦʤ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ 

çʋʤʥʳʡ ʛʦʨʦʜ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴè. ʇʦʩʢʦʣʴʢʫ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʢʘʨʪʘ ʠʥʬʦʨʤʠ-

ʨʫʝʪ ʞʠʪʝʣʝʡ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʦ ʛʦʨʦʜʫ. 

 

ɺʚʝʜʝʥʠʝ 

ʀʥʬʦʨʤʘʮʠʶ ʦ ʜʦʩʪʫʧʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʤʘʣʝʥʴʢʠʭ ʛʦʨʦʜʘʭ ʩʣʦʞ-

ʥʦ ʥʘʡʪʠ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʠ ʧʦʤʠʤʦ ʣʶʜʝʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʫʱʝʩʪʚʫʶʪ 

ʝʱʝ ʢʘʪʝʛʦʨʠʠ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʠʩʧʳʪʳʚʘʶʪ ʪʨʫʜʥʦʩʪʠ ʚ ʧʝʨʝʜʚʠʞʝʥʠʠ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧ-

ʥʳʝ ʤʝʩʪʘ. ʇʦʵʪʦʤʫ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʨʝʩʫʨʩ çɼʦʩʪʫʧʥʳʡ ʛʦʨʦʜè 

ʚ ʛ. ʃʝʩʥʦʡ ʜʣʷ ʤʘʣʦʤʦʙʠʣʴʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘ 

ʈʘʟʨʘʙʦʪʘʥʳ ʢʨʠʪʝʨʠʠ, ʧʦ ʢʦʪʦʨʳʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʩʪʫʧʥʦʩʪʴ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʳ ʛʦʨʦʜʘ ʃʝʩʥʦʛʦ ʜʣʷ ʤʘʣʦʤʦʙʠʣʴʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ:  

Å ʥʘʟʚʘʥʠʝ ʫʯʨʝʞʜʝʥʠʷ;  

Å ʛʨʘʬʠʢ ʨʘʙʦʪʳ;  

Å ʥʘʣʠʯʠʝ ʧʘʥʜʫʩʘ;  

Å ʥʘʣʠʯʠʝ ʦʛʨʘʞʜʝʥʠʷ ʩ ʧʦʨʫʯʥʷʤʠ;  

Å ʥʘʣʠʯʠʝ ʰʠʨʦʢʦʛʦ ʚʭʦʜʘ;  

Å ʥʘʣʠʯʠʝ ʢʥʦʧʢʠ ʚʳʟʦʚʘ ʧʝʨʩʦʥʘʣʘ.  

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʝʩʫʨʩʘ ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʜʦʤʝʥ dostup-

gorod.ru ʠ ʚʳʙʨʘʥ ʩʝʨʚʝʨ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʩʘʡʪʘ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʘʡʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠ-

ʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʦʜʝʨʞʠʤʳʤ ʩʘʡʪʘ WordPress. ɹʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʣʘʛʠʥʳ Clearfy Pro- 

ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʙʦʪʳ ʩʘʡʪʘ, Elementor ʜʣʷ ʚʠʟʫʘʣʴʥʦʡ ʨʘʙʦʪʳ ʩ ʩʘʡʪʦʤ, Map List Pro- ʠʥ-

ʪʝʨʘʢʪʠʚʥʘʷ ʢʘʨʪʘ. http://dostup-gorod.ru (ʨʠʩ. 1). 

 

 
 

ʈʠʩ. 1. ʇʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʩʘʡʪʘ çɼʦʩʪʫʧʥʳʡ ʛʦʨʦʜè 

mailto:ozerecz2004@mail.ru
mailto:mymrina-natalya@mail.ru
http://dostup-gorod.ru/
http://dostup-gorod.ru/
http://dostup-gorod.ru/
http://dostup-gorod.ru/
http://dostup-gorod.ru/
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ɺ ʩʦʩʪʘʚ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʘ ʚʭʦʜʷʪ ʤʦʜʫʣʠ: ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʛʣʘʚʥʦʝ 

ʤʝʥʶ; ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʢʘʨʪʘ, ʩʧʨʘʚʦʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʥʪʘʢʪʥʘʷ ʬʦʨʤʘ, ʤʦʜʫʣʴ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʩʘʡʪʘ.  

ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʨʝʩʫʨʩ ʨʘʙʦʪʘʝʪ ʥʘ ʣʶʙʦʤ ʫʩʪʨʦʡʩʪʚʝ, ʠʤʝʶʱʠʤ ʚʳʭʦʜ ʚ ʠʥʪʝʨ-

ʥʝʪ. ʄʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʣʶʙʳʝ ʙʨʘʫʟʝʨʳ Chrome, Opera, Yandex.  

ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ: ʚʳʙʦʨ ʫʢʘʟʘʪʝʣʷ ʤʝʩʪʘ ʥʘ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʢʘʨʪʝ (ʨʠʩ. 2). 

 

 
ʈʠʩ. 2. ɺʳʙʦʨ ʫʢʘʟʘʪʝʣʷ ʤʝʩʪʘ ʥʘ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʢʘʨʪʝ 

 

ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ: ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʙʲʝʢʪʝ, ʚʢʣʶʯʘʷ ʦʧʠʩʘʥʠʝ ʠ ʬʦʪʦʛʨʘʬʠʶ ʜʣʷ 

ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ (ʨʠʩ. 2).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʨʝʩʫʨʩ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʠ ʢʦʥʢʫʨʝʥʪʥʦʤ 

ʩʧʦʩʦʙʥʳʤ ʧʨʦʝʢʪʦʤ ʚ ʛʦʨʦʜʝ ʃʝʩʥʦʡ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

 

1. ʇʣʘʪʬʦʨʤʘ Google Maps ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: 
https://cloud.google.com/maps-platform/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 30.01.2022).  
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ʄʅʆɻʆʄɽʈʅʓʁ ʄɽɾʉʊʈɸʅʆɺʆʁ ɸʅɸʃʀɿ  

ʋʈʆɺʅʗ ʇʆʊʈɽɹʃɽʅʀʗ ʊʆʇʃʀɺɸ 

 

ʇʘʚʣʦʚʩʢʠʡ ɺʘʜʠʤ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʩʪʫʜʝʥʪ ʤʘʛʠʩʪʨʘʪʫʨʳ 2 ʢʫʨʩʘ  

ʇʝʨʩʪʝʥʝʚʘ ʅʘʪʘʣʴʷ ʇʘʚʣʦʚʥʘ, ʢʘʥʜ. ʢɻʦʥ. ʥʘʫʢ, ʜʦʮ.  

ɽ-mail: pavlovskii526@gmail.com 

 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʉʘʤʘʨʘ, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʬʠʮʠʘʣʴʥʳʭ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʠʭ ʜʘʥʥʳʭ ʩʘʡʪʘ ʋʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʉʐɸ) ʙʳʣ ʧʨʦʠʟʚʝʜʸʥ ʤʝʞ-

ʩʪʨʘʥʦʚʦʡ ʘʥʘʣʠʟ ʫʨʦʚʥʷ ʧʦʪʨʝʙʣʝʥʠʷ ʪʦʧʣʠʚʘ. ɹʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʨʘʟʙʠʝʥʠʷ 84 ʩʪʨʘʥ ʥʘ 

ʛʨʫʧʧʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʧʦʪʨʝʙʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʪʦʧʣʠʚʘ ʚ 2019 ʛʦʜʫ: 

ʫʛʣʷ (ʤʠʣʣʠʦʥʦʚ ʘʤʝʨʠʢʘʥʩʢʠʭ (ʢʦʨʦʪʢʠʭ) ʪʦʥʥ ʥʘ ʦʜʥʦʛʦ ʯʝʣʦʚʝʢʘ ʚ ʛʦʜ), ʩʫʭʦʛʦ ʧʨʠʨʦʜ-

ʥʦʛʦ ʛʘʟʘ (ʤʠʣʣʠʘʨʜʳ ʢʫʙʠʯʝʩʢʠʭ ʬʫʪʦʚ ʥʘ ʯʝʣʦʚʝʢʘ ʚ ʛʦʜ), ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ (ʤʠʣʣʠʘʨʜʳ 

ʙʘʨʨʝʣʝʡ ʥʘ ʯʝʣʦʚʝʢʘ ʚ ʛʦʜ). ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʢʣʘʩʪʝʨʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ɽʚʢʣʠʜʦʚʦʡ ʤʝʪʨʠʢʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ, ʦʙʲʝʜʠʥʝʥʠʝ 

ʚ ʢʣʘʩʪʝʨʳ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ɺʘʨʜʘ. ʉ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʨʘʟ-

ʣʠʯʠʡ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʡ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʨʠ-

ʚʝʜʝʥʳ ʢ ʝʜʠʥʦʤʫ ʤʘʩʰʪʘʙʫ ʧʦʩʨʝʜʩʪʚʦʤ ʥʦʨʤʠʨʦʚʘʥʠʷ (ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ) ʠʩʭʦʜʥʳʭ ʜʘʥ-

ʥʳʭ. ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ k-

ʩʨʝʜʥʠʭ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ m ʥʘʙʣʶʜʝʥʠʡ ʥʘ k ʢʣʘʩʪʝʨʦʚ, ʧʨʠʯʝʤ ʢʘʞ-

ʜʦʝ ʥʘʙʣʶʜʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʪʦʤʫ ʢʣʘʩʪʝʨʫ, ʢ ʮʝʥʪʨʫ ʢʦʪʦʨʦʛʦ ʦʥʦ ʙʣʠʞʝ ʚʩʝʛʦ. ʕʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʧʨʦʚʝʜʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʮʝʥʠʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨ-

ʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʋʨʦʚʝʥʴ ʧʦʪʨʝʙʣʝʥʠʷ ʪʦʧʣʠʚʘ, ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ, ʤʝʪʦʜ k-

ʩʨʝʜʥʠʭ, ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʧʨʦʛʨʘʤʤʘ STATISTICA 

 

ɸʚʪʦʨʦʤ ʙʳʣ ʧʨʦʚʝʜʝʥ ʤʝʞʩʪʨʘʥʦʚʦʡ ʘʥʘʣʠʟ ʫʨʦʚʥʷ ʧʦʪʨʝʙʣʝʥʠʷ ʪʦʧʣʠʚʘ ʧʦʩʨʝʜ-

ʩʪʚʦʤ ʨʘʟʙʠʝʥʠʷ 84 ʩʪʨʘʥ ʥʘ ʛʨʫʧʧʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʧʦʪʨʝʙʣʝʥʠʷ ʪʦʧʣʠʚʘ ʠʟ 

ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ.  

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ ʨʘʟʙʠʝʥʠʷ ʩʪʨʘʥ ʥʘ ʢʣʘʩʪʝʨʳ:  

¶ ʧʦʪʨʝʙʣʝʥʠʝ ʫʛʣʷ (ʤʠʣʣʠʦʥʦʚ ʘʤʝʨʠʢʘʥʩʢʠʭ (ʢʦʨʦʪʢʠʭ) ʪʦʥʥ ʥʘ ʦʜʥʦʛʦ ʯʝʣʦʚʝʢʘ 
ʚ ʛʦʜ); 

¶ ʧʦʪʨʝʙʣʝʥʠʝ ʩʫʭʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ (ʤʠʣʣʠʘʨʜʳ ʢʫʙʠʯʝʩʢʠʭ ʬʫʪʦʚ ʥʘ ʯʝʣʦʚʝʢʘ ʚ 

ʛʦʜ); 

¶ ʧʦʪʨʝʙʣʝʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ (ʤʠʣʣʠʘʨʜʳ ʙʘʨʨʝʣʝʡ ʥʘ ʯʝʣʦʚʝʢʘ ʚ ʛʦʜ). 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʠʩʭʦʜʥʳʝ 

ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʢ ʝʜʠʥʦʤʫ ʤʘʩʰʪʘʙʫ ʧʦʩʨʝʜʩʪʚʦʤ ʥʦʨʤʠʨʦʚʘʥʠʷ. ɼʘʣʝʝ ʙʳʣʘ ʧʦʩʪʨʦʝ-

ʥʘ ʜʝʥʜʨʦʛʨʘʤʤʘ ʧʦ ʤʝʪʦʜʫ ɺʘʨʜʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʦʧʪʠʤʘʣʴʥʳʤ ʙʫʜʝʪ ʨʘʟʙʠʝʥʠʝ ʥʘ 3 

ʢʣʘʩʪʝʨʘ. ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝ-

ʪʦʜ k-ʩʨʝʜʥʠʭ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʝʜʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʮʝʥʠʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʜʠʩ-

ʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 
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ʊʘʙʣʠʮʘ 1  

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 84 ʩʪʨʘʥ ʠʩʩʣʝʜʫʝʤʦʡ  

ʚʳʙʦʨʢʠ ʧʦ ʫʨʦʚʥʶ ʦʙʱʝʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʪʦʧʣʠʚʘ ʟʘ 2019 ʛʦʜ 
 

ʇʝʨʝʤʝʥʥʳʝ 
ʄʝʞʛʨʫʧʧʦʚʘʷ 

ʜʠʩʧʝʨʩʠ ̫

ɺʥʫʪʨʠʛʨʫʧʧʦʚʘʷ 

ʜʠʩʧʝʨʩʠʷ 

ɿʥʘʯʝʥʠʝ 

F-

ʢʨʠʪʝʨʠʷ 

ɿʥʘʯʝʥʠʝ 

ʢʨʠʪʝʨʠʷ 

ʟʥʘʯʠʤʦʩʪʠ 

ʇʨʦʜʫʢʪʳ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ 
 

77,19888 5,801125 107,0323 << 0,01 

ʉʫʭʦʡ ʧʨʠʨʦʜʥʳʡ ʛʘʟ 
 

65,0121 17,9879 129,4448 << 0,01 

ʋʛʦʣʴ 
 

49,15044 33,84956 11,3272 << 0,01 

 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʝʜʝʥ-

ʥʦʛʦ ʨʘʟʙʠʝʥʠʷ ʥʘ 3 ʢʣʘʩʪʝʨʘ. ɺʥʫʪʨʠʛʨʫʧʧʦʚʘʷ ʜʠʩʧʝʨʩʠʷ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʚʠʜʦʚ ʪʦʧʣʠʚʘ 

ʤʝʥʴʰʝ ʤʝʞʛʨʫʧʧʦʚʦʡ. P-ʟʥʘʯʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ 1 % ʧʦ ʚʩʝʤ ʪʠʧʘʤ ʪʦʧʣʠʚʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʶʪ ʧʨʠʥʷʪʴ ʛʠʧʦʪʝʟʫ ʦ ʥʝʨʘʚʝʥʩʪʚʝ ʜʠʩʧʝʨʩʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʟʙʠʝʥʠʝ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʦʡ ʚʳʙʦʨʢʠ ʥʘ 3 ʢʣʘʩʪʝʨʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʤ. 

ʇʦ ʛʨʘʬʠʢʫ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ (ʨʠʩ. 1) ʚʠʜʥʦ, ʯʪʦ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʭʦʨʦʰʝʤ ʢʘʯʝʩʪʚʝ ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʢʣʘʩ-

ʩʠʬʠʢʘʮʠʠ. 

 

         
ʈʠʩ. 1. ɻʨʘʬʠʢ ʩʨʝʜʥʠʭ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʝʡ ʧʦʪʨʝʙʣʝʥʠʷ 

 ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʪʦʧʣʠʚʘ ʚ 84 ʩʪʨʘʥʘʭ ʟʘ 2019 ʛ (ʤʝʪʦʜʦʤ ʂ-ʩʨʝʜʥʠʭ) 
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ʊʘʙʣʠʮʘ 2 

ʉʦʩʪʘʚ ʢʣʘʩʪʝʨʦʚ ʧʦ ʫʨʦʚʥʶ ʧʦʪʨʝʙʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ 
 

ˉ ʢʣʘʩʪʝʨʘ ʏʠʩʣʦ ʩʪʨʘʥ ʚ ʢʣʘʩʪʝʨʝ ʉʦʩʪʘʚ ʢʣʘʩʪʝʨʘ 

1 2 ʂʠʪʘʡ, ʉʦʝʜʠʥʝʥʥʳʝ ʐʪʘʪʳ ɸʤʝʨʠʢʠ 

2 13 

ɹʨʘʟʠʣʠʷ, ʂʘʥʘʜʘ, ʌʨʘʥʮʠʷ, ɻʝʨʤʘʥʠʷ, ʀʥʜʠʷ, 

ʀʥʜʦʥʝʟʠʷ, ʀʪʘʣʠʷ, ʗʧʦʥʠʷ, ʄʝʢʩʠʢʘ, ʉʘʫʜʦʚ-

ʩʢʘʷ ɸʨʘʚʠʷ, ʊʘʠʣʘʥʜ, ʆʙʲʝʜʠʥʝʥʥʳʝ ɸʨʘʙʩʢʠʝ 

ʕʤʠʨʘʪʳ, ɺʝʣʠʢʦʙʨʠʪʘʥʠ ̫

3 69 

ɸʬʛʘʥʠʩʪʘʥ, ɸʣʙʘʥʠʷ, ɸʣʞʠʨ, ɸʨʛʝʥʪʠʥʘ, ɸʨ-

ʤʝʥʠʷ, ɸʚʩʪʨʘʣʠʷ, ɸʚʩʪʨʠʷ, ɸʟʝʨʙʘʡʜʞʘʥ, ɹʘʥ-

ʛʣʘʜʝʰ, ɹʝʣʘʨʫʩʴ, ɹʝʣʴʛʠʷ, ɹʦʩʥʠʷ ʠ ɻʝʨʮʝʛʦ-

ʚʠʥʘ, ɹʦʣʛʘʨʠʷ, ʏʠʣʠ, ʂʦʣʫʤʙʠʷ, ʍʦʨʚʘʪʠʷ, ʂʫ-

ʙʘ, ʏʝʭʠʷ, ɼʘʥʠʷ, ɼʦʤʠʥʠʢʘʥʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ, 

ʕʢʚʘʜʦʨ, ʕʩʪʦʥʠʷ, ʌʠʥʣʷʥʜʠʷ, ɻʨʫʟʠʷ, ɻʘʥʘ, 

ɻʨʝʮʠʷ, ɺʝʥʛʨʠʷ, ʀʨʣʘʥʜʠʷ, ʀʟʨʘʠʣʴ, ʀʦʨʜʘ-

ʥʠʷ, ʂʘʟʘʭʩʪʘʥ, ʂʫʚʝʡʪ, ʃʘʪʚʠʷ, ʃʠʪʚʘ, ʃʶʢ-

ʩʝʤʙʫʨʛ, ʄʘʣʘʡʟʠʷ, ʄʦʣʜʦʚʘ, ʄʘʨʦʢʢʦ, ʄʦʟʘʤ-

ʙʠʢ, ʅʠʜʝʨʣʘʥʜʳ ʅʦʚʘʷ ɿʝʣʘʥʜʠʷ, ʅʠʛʝʨʠʷ, ʉʝ-

ʚʝʨʥʘʷ ʄʘʢʝʜʦʥʠʷ, ʅʦʨʚʝʛʠʷ, ʆʤʘʥ, ʇʘʢʠʩʪʘʥ, 

ʇʝʨʫ, ʌʠʣʠʧʧʠʥʳ , ʇʦʣʴʰʘ, ʇʦʨʪʫʛʘʣʠʷ, ʇʫʵʨ-

ʪʦ-ʈʠʢʦ, ʈʫʤʳʥʠʷ, ʉʝʥʝʛʘʣ, ʉʝʨʙʠʷ, ʉʠʥʛʘʧʫʨ, 

ʉʣʦʚʝʥʠʷ, ʖɸʈ, ʀʩʧʘʥʠʷ, ʐʚʝʮʠʷ, ʐʚʝʡʮʘʨʠʷ, 

ʊʘʜʞʠʢʠʩʪʘʥ, ʊʘʥʟʘʥʠʷ, ʊʨʠʥʠʜʘʜ ʠ ʊʦʙʘʛʦ, 

ʊʫʥʠʩ, ʊʫʨʮʠʷ, ʋʢʨʘʠʥʘ, ʋʨʫʛʚʘʡ, ʋʟʙʝʢʠʩʪʘʥ, 

ɺʴʝʪʥʘʤ 

 

ʂʘʢ ʚʠʜʥʦ ʧʦ ʪʘʙʣ. 2, ʚ ʦʪʜʝʣʴʥʳʡ ʢʣʘʩʪʝʨ ʚʳʜʝʣʠʣʠʩʴ ʜʚʝ ʩʚʝʨʭʜʝʨʞʘʚʳ, ʥʘ ʛʨʘ-

ʬʠʢʝ ʩʨʝʜʥʠʭ ʨʠʩ. 1 ʦʪʣʠʯʥʦ ʚʠʜʥʦ, ʯʪʦ ʠʭ ʫʨʦʚʥʠ ʧʦʪʨʝʙʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ 

ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʫʨʦʚʥʷ ʦʩʪʘʣʴʥʳʭ ʩʪʨʘʥ. ɺʦ ʚʪʦʨʦʤ ʢʣʘʩʪʝʨʝ ʦʙʲ-

ʝʜʠʥʝʥʳ ʛʦʩʫʜʘʨʩʪʚʘ, ʯʴʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʙʲʝʢʪʠʚʥʦ 

ʧʨʠʟʥʘʶʪʩʷ ʚ ʤʠʨʝ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʚʳʩʦʢʠʭ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʣʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʠʭ ʫʨʦʚʥʠ ʧʦʪʨʝʙʣʝʥʠʷ ʪʦʧʣʠʚʘ ʙʫʜʫʪ ʪʘʢʞʝ ʥʘ ʚʳʩʦʢʠʭ ʧʦʟʠʮʠʷʭ, ʯʪʦ ʧʦʜʪʚʝʨʜʠʣʦʩʴ ʚʳ-

ʜʝʣʝʥʠʝʤ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʩʪʨʘʥ ʚ ʦʪʜʝʣʴʥʳʡ ʢʣʘʩʪʝʨ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʪʨʝʪʠʡ ʢʣʘʩʪʝʨ 

ʙʳʣʠ ʦʙʲʝʜʠʥʝʥʳ ʩʪʨʘʥʳ, ʫʨʦʚʥʠ ʧʦʪʨʝʙʣʝʥʠʷ ʢʦʪʦʨʳʭ ʥʝ ʚʳʜʝʣʷʶʪʩʷ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘ-

ʪʝʣʷʤʠ ʚ ʦʙʱʝʡ ʚʳʙʦʨʢʝ. 
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ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʀʅʊɽɻʈɸʎʀʀ ʄʆɼʋʃɽʁ  

ɼʃʗ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʉʀʉʊɽʄ ʅɸ ʇʈʀʄɽʈɽ ʋʈʌʋ 

 

ʇʘʥʴʢʦʚ ʃʝʚ ɽʚʛʝʥʴʝʚʠʯ  

E-mail: carzverey@gmail.com 

 

ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ. ɽʣʴʮʠʥʘ 

ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʪʝʤʝ ʩʦʢʨʘʱʝʥʠʷ ʜʫʙʣʠʨʫʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʩ ʧʦʤʦʱʴʶ ʩʦʟʜʘʥʠʷ ʠʥʪʝʛʨʠʨʫʝʤʦʛʦ ʤʦʜʫʣʷ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʦʚʘʪʴ ʩ ʢʣʠʝʥʪʦʤ ʠʟ ʯʠʩʣʘ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥ ʘʥʘʣʠʟ ʩʠʩʪʝʤ 

ʋʨʘʣʴʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʩʝʣʝʥʠʷ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʩʪʫ-

ʜʝʥʯʝʩʢʠʝ ʢʦʨʧʫʩʘ. ʀʤʝʥʥʦ ʥʘ ʠʭ ʦʩʥʦʚʝ ʙʫʜʝʪ ʧʨʦʠʟʚʝʜʝʥʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʪʝʛʨʠʨʫʝ-

ʤʦʛʦ ʤʦʜʫʣʷ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʧʝʨʝʥʦʩʠʪʴ ʠ ʚ ʠʥʳʝ ʩʠʩʪʝʤʳ. ʉʪʘʪʴʷ ʙʫʜʝʪ ʧʦʣʝʟʥʘ ʠ ʠʥʪʝ-

ʨʝʩʥʘ ʜʘʞʝ ʯʠʪʘʪʝʣʷʤ, ʢʦʪʦʨʳʝ ʥʝ ʦʩʚʝʜʦʤʣʝʥʳ ʦ ʧʨʦʮʝʩʩʘʭ, ʢʦʪʦʨʳʝ ʧʨʦʪʝʢʘʶʪ ʚ ʩʪʫ-

ʜʝʥʯʝʩʢʦʡ ʩʬʝʨʝ, ʠ ʦ ʚʦʟʤʦʞʥʳʭ ʘʚʪʦʤʘʪʠʟʘʮʠʷʭ ʨʘʙʦʪ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʚ ʣʶʙʳʭ ʝʝ ʚʠʜʘʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʠʥʪʝʛʨʘʮʠʷ, ʜʫʙʣʠʨʦʚʘʥʠʝ, ʦʙʱʝʞʠʪʠʝ, ʠʥʬʦʨ-

ʤʘʮʠʷ. 

 

ɺʚʝʜʝʥʠʝ 

 ɺ ʥʘʰʠ ʜʥʠ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʜʫʨ ʣʶʜʠ ʦʩʪʘʚʣʷʶʪ ʩʚʦʡ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʡ ʩʣʝʜ ʚʝʟʜʝ, ʛʜʝ ʦʥʠ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ. ʊʘʢ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, ʢʦ-

ʪʦʨʫʶ ʥʝʩʝʪ ʚ ʩʝʙʝ ʦʜʠʥ ʯʝʣʦʚʝʢ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʦʛʨʘʥʠʯʝʥʦ, ʥʝ ʧʦʣʫʯʠʪʩʷ ʠʟʙʝʞʘʪʴ ʩʠ-

ʪʫʘʮʠʠ, ʢʦʛʜʘ ʦʥʘ ʥʝ ʧʦʚʪʦʨʷʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʷʚʣʷʝʪʩʷ ʪʘʢʦʝ ʷʚʣʝʥʠʝ, ʢʘʢ ʜʫʙʣʠʨʦ-

ʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʠ ʨʘʙʦʪʳ ʚ ʦʜʥʠʭ ʦʧʨʝʜʝʣʝʥʠʷʭ, ʩʪʦʠʪ 

ʨʘʩʢʨʳʪʴ ʧʦʥʷʪʠʝ ʜʫʙʣʠʨʫʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʦʜ ʵʪʠʤ ʩʣʦʚʦʩʦʯʝʪʘʥʠ-

ʝʤ ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʯʝʣʦʚʝʢʝ, ʢʦʪʦʨʳʝ ʫʞʝ ʟʘʥʝʩʝʥʳ ʚ ʙʘʟʳ ʜʘʥʥʳʭ ʦʜʥʦʡ ʦʨ-

ʛʘʥʠʟʘʮʠʠ, ʦʜʥʘʢʦ ʧʦʚʪʦʨʥʦ ʟʘʧʦʣʥʷʝʤʳʝ ʯʝʣʦʚʝʢʦʤ ʚ ʦʜʥʦʤ ʠʟ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʢʦʤʧʘʥʠʠ.  

 ɺʪʦʨʳʤ ʧʦ ʩʯʝʪʫ, ʥʦ ʥʝ ʧʦ ʚʘʞʥʦʩʪʠ ʨʝʩʫʨʩʦʤ ʚ ʞʠʟʥʠ ʣʶʜʝʡ ʷʚʣʷʝʪʩʷ ʚʨʝʤʷ. 

ʇʨʦʙʣʝʤʘ ʜʫʙʣʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘʧʨʷʤʫʶ ʨʘʩʭʦʜʫʝʪ ʝʛʦ. ʂʘʞʜʦʝ ʧʦʚʪʦʨʝʥʠʝ ʧʨʠ-

ʚʦʜʠʪ ʢ ʪʨʘʪʝ ʜʨʘʛʦʮʝʥʥʦʛʦ ʚʨʝʤʝʥʠ, ʨʦʩʪʫ ʩʦʮʠʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦ-

ʜʠʤʦ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʦʣʥʷʪʴ ʦʜʥʫ ʠ ʪʫ ʞʝ ʠʥʬʦʨʤʘʮʠʶ.  

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʪʘʢʦʡ ʩʣʫʯʘʡ ʥʘ ʧʨʠʤʝʨʝ ʩʠʩʪʝʤ ʋʨʘʣʴʩʢʦʛʦ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

 

ʀʩʭʦʜʥʘʷ ʩʠʪʫʘʮʠʷ 

 ʇʨʦʙʣʝʤʘ ʜʫʙʣʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʝ ʚʟʷʣʘʩʴ ʠʟ ʥʝʦʪʢʫʜʘ. ɺ ʵʪʦʤ ʛʦʜʫ ʢʦʤʘʥʜʘ 

ʉʦʚʝʪʘ ʩʪʫʜʝʥʯʝʩʢʦʛʦ ʢʦʨʧʫʩʘ ʧʨʦʚʝʣʘ ʩʚʦʡ ʩʦʙʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʤʥʝʥʠʡ ʧʨʦʞʠʚʘʶʱʠʭ. 

ʉʚʷʟʘʥ ʦʥ ʙʳʣ ʩ ʩʠʪʫʘʮʠʠ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʦʚʘʣʘʩʴ ʧʨʠ ʧʦʩʝʣʝʥʠʠ ʩʪʫʜʝʥʪʦʚ ʚ ʦʙʱʝʞʠʪʠʝ. 

ɹʦʣʴʰʠʝ ʦʯʝʨʝʜʠ, ʥʝʨʚʳ, ʧʦʪʨʘʯʝʥʥʦʝ ʚʨʝʤʷ. ɺʩʝ ʵʪʦ ʧʨʠʚʝʣʦ ʢ ʚʦʧʨʦʩʘʤ ʦ ʪʦʤ, ʯʪʦ ʧʨʦ-

ʠʩʭʦʜʠʪ ʥʝ ʪʘʢ ʠ ʢʫʜʘ ʪʨʘʪʠʪʩʷ ʚʨʝʤʷ. ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʘʥʘʣʠʟʫ ʚʳʩʢʘʟʘʥʥʳʭ ʤʥʝʥʠʡ ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ 64,3 % (ʨʠʩ. 1) ʦʩʪʘʣʦʩʴ ʥʝʜʦʚʦʣʴʥʦ ʧʨʦʰʝʜʰʠʤ ʧʦʩʝʣʝʥʠʝʤ. ɹʳʣʦ ʚʳʩʢʘ-

ʟʘʥʦ ʙʦʣʝʝ 100 ʤʥʝʥʠʡ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʫʪʝʤ ʣʠʯʥʳʭ ʦʙʨʘʱʝʥʠʡ) ʦ ʪʦʤ, ʯʪʦ ʫʯʘʩʪʥʠʢʘʤ 

ʧʨʦʮʝʩʩʘ ʧʨʠʰʣʦʩʴ ʚ ʦʯʝʨʝʜʥʦʡ ʨʘʟ ʚʥʦʩʠʪʴ ʣʠʯʥʳʝ ʜʘʥʥʳʝ ʚ ʥʦʚʫʶ ʙʘʟʫ ʜʘʥʥʳʭ. ɺʩʝ ʵʪʦ 

ʧʨʦʠʩʭʦʜʠʣʦ ʤʝʪʦʜʦʤ ʠʥʪʝʨʚʴʶʠʨʦʚʘʥʠʷ, ʯʪʦ ʥʘʤʥʦʛʦ ʫʚʝʣʠʯʠʚʘʣʦ ʢʦʣʠʯʝʩʪʚʦ ʟʘʪʨʘʯʠ-

ʚʘʝʤʦʛʦ ʚʨʝʤʝʥʠ.   
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ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʦʧʨʦʩʘ ʧʨʦʞʠʚʘʶʱʠʭ 

ɺʳʷʚʣʝʥʥʘʷ ʧʨʦʙʣʝʤʘ 

 ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʝ ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʩʣʝʜʩʪʚʠʷʤ ʧʨʦʙʣʝʤʳ ʜʫʙʣʠʨʦʚʘʥʠʷ ʠʥ-

ʬʦʨʤʘʮʠʠ ʠ ʤʝʪʦʜʘ ʝʝ ʚʥʝʩʝʥʠʷ ʚ ʙʘʟʳ ʜʘʥʥʳʭ. ʇʨʦʙʣʝʤʫ ʞʝ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʦ 

ʩʠʩʪʝʤʝ SMART [3] ʪʘʢ: ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʡ ʧʫʪʝʤ ʣʠʯʥʳʭ ʦʙʨʘʱʝʥʠʡ ʠ ʧʨʦʭʦʞʜʝʥʠʷ ʦʧʨʦ-

ʩʘ ʨʦʩʪ ʩʦʮʠʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʨʦʮʝʩʩʘ ʟʘʧʦʣʥʝʥʠʷ ʬʦʨʤ ʩ ʣʠʯʥʳʤʠ 

ʜʘʥʥʳʤʠ ʩʨʝʜʠ ʫʯʘʩʪʥʠʢʦʚ, ʩʚʷʟʘʥʥʦʝ ʩ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤʠ ʩʙʦʷʤʠ ʠ ʜʫʙʣʠʨʦʚʘʥʠʝʤ ʠʥ-

ʬʦʨʤʘʮʠʠ. 

 ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʠʩʘʪʴ ʟʘʜʘʯʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ 

ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ V-ʤʦʜʝʣʠ (ʨʠʩ. 2)[4] ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʧʦʥʠʤʘʥʠʷ ʩʣʦʞʥʦʩʪʝʡ, ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʩʠʩʪʝʤ. 

 

 
ʈʠʩ. 2. V-ʤʦʜʝʣʴ ʟʘʜʘʯ 

ʇʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ 

 ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʷʚʣʝʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʝʥʠʝ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʝʝ ʧʦʜ 

ʩʦʙʦʡ ʩʦʟʜʘʥʠʝ ʩʝʨʚʠʩʘ, ʢʦʪʦʨʳʡ ʠ ʙʫʜʝʪ ʠʥʪʝʛʨʘʮʠʦʥʥʳʤ ʤʦʜʫʣʝʤ ʠ ʙʫʜʝʪ ʩʦʢʨʘʱʘʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ ʚʚʝʜʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʥʘ 

ʧʨʠʤʝʨʝ ʦʙʱʝʞʠʪʠʷ ʋʨʌʋ.  

ʉʦʟʜʘʥʠʝ ʩʝʨʚʠʩʘ ʜʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠʭ ʦʙʨʘʙʦʪʢʠ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ:  

1. ʉʦʟʜʘʝʪʩʷ ʩʝʨʚʠʩ + ʙʘʟʘ ʜʘʥʥʳʭ (ʜʘʣʝʝ ɹɼ), ʥʘ ʢʦʪʦʨʫʶ ʙʫʜʝʪ ʩʩʳʣʘʪʴʩʷ ʩʝʨʚʠʩ. 
ʇʦʩʪʦʷʥʥʳʡ ʜʦʩʪʫʧ ʢ ɹɼ ʠʤʝʶʪ ʫʯʘʩʪʥʠʢʠ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʦʨʛʘʥʠʟʘʮʠʠ, ʜʣʷ ʢʦʪʦ-

ʨʦʡ ʥʫʞʥʘ ʠʥʬʦʨʤʘʮʠʷ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʜʘʥʥʳʭ. ɺʨʝʤʝʥʥʳʡ ʜʦʩʪʫʧ ʜʣʷ ʧʦʤʦʱʠ ʠʤʝʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʟʘʨʘʥʝʝ ʩʧʠʩʦʢ ʣʶʜʝʡ ʠʟ ʢʦʤʘʥʜʳ ʚʦʣʦʥʪʝʨʦʚ. ʉʝʨʚʠʩ ʧʦʜʛʨʫʞʘʝʪ ʠʟ ʫʞʝ 

ʠʤʝʶʱʠʭʩʷ ʙʘʟ ʜʘʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʠ ʚʩʶ ʠʤʝʶʱʫʶʩʷ ʠʥʬʦʨʤʘʮʠʶ. 
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2. ʋʯʘʩʪʥʠʢ ʧʨʦʮʝʩʩʘ: 

a. ɺʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʩʪʝʥʜʝ ʧʣʘʥʰʝʪʦʤ. ʅʘ ʥʝʤ ʦʪʢʨʳʪ 
ʩʝʨʚʠʩ; 

b. ɺʚʦʜʠʪ ʩʚʦʠ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ (ʌʀʆ);  

c. ʉʢʘʥʠʨʫʝʪ ʧʦʣʫʯʝʥʥʳʡ QR-ʢʦʜ; 

d. ʉʚʝʨʷʝʪ ʩʚʦʠ ʜʘʥʥʳʝ ʩ ʪʝʤʠ, ʢʦʪʦʨʳʝ ʧʦʜʛʨʫʞʝʥʳ; 

e. ʇʦʣʫʯʘʝʪ ʵʣʝʢʪʨʦʥʥʳʡ ʪʘʣʦʥ ʚ ʦʯʝʨʝʜʴ ʥʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚʚʝʜʝʥʥʳʭ ʜʘʥ-

ʥʳʭ; 

f. ʅʦʤʝʨ ʵʣʝʢʪʨʦʥʥʦʡ ʦʯʝʨʝʜʠ ʚʳʚʦʜʠʪʩʷ ʥʘ ʪʘʙʣʦ, ʢʦʪʦʨʦʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 
ʜʦ ʚʘʭʪʳ ʚʥʫʪʨʠ ʦʙʱʝʞʠʪʠʠ ʠ ʩʥʘʨʫʞʠ, ʚʦʟʣʝ ʫʞʝ ʠʤʝʶʱʝʛʦʩʷ; 

g. ʂʦʥʪʨʦʣʴ ʧʨʦʜʚʠʞʝʥʠʷ ʦʯʝʨʝʜʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʤʘʥʜʦʡ ʚʦʣʦʥʪʝʨʦʚ. 

3. ɸʜʤʠʥʠʩʪʨʘʮʠʷ:  

a. ʈʘʙʦʪʘʝʪ ʩ ɹɼ ʯʝʨʝʟ ʧʝʨʩʦʥʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳ; 

b. ʇʝʯʘʪʘʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʜʦʢʫʤʝʥʪʳ. 

 

ʆʞʠʜʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʂʘʯʝʩʪʚʝʥʥʳʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ǒ ʉʥʠʞʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʨʦʮʝʩʩ ʦʬʦʨʤʣʝʥʠʷ ʜʦʢʫʤʝʥʪʦʚ.  

ǒ ʉʦʢʨʘʱʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʫʙʣʠʨʫʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ǒ ʉʦʟʜʘʥʠʝ ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʤʦʜʫʣʷ ʩ ʫʯʝʪʦʤ ʟʘʧʨʦʩʦʚ ʩʪʝʡʢʭʦʣʜʝʨʦʚ. 

ǒ ʉʥʠʞʝʥʠʝ ʩʦʮʠʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʨʝʜʠ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʮʝʩʩʘ.  

ǒ ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʧʨʦʝʢʪʘ ʥʘ ʚʩʝ ʩʪʫʜʝʥʯʝʩʢʠʝ ʦʙʱʝʞʠʪʠʷ ʩʪʫʜʝʥʯʝʩʢʦʛʦ ʛʦʨʦʜʢʘ 
ʋʨʌʋ ʠ ʋʥʠʚʝʨʩʠʘʜʫ 2023 ʚ ɽʢʘʪʝʨʠʥʙʫʨʛʝ. 
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ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ, ʛ. ʅʠʞʥʠʡ ʊʘʛʠʣ, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʠʤʝʥʝʥʠʶ ʘʣʛʦʨʠʪʤʘ TF-IDF, ʧʨʝʜʥʘʟʥʘ-

ʯʝʥʥʦʛʦ ʜʣʷ ʨʘʩʯʝʪʘ ʚʘʞʥʦʩʪʠ ʩʣʦʚʘ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʜʦʢʫʤʝʥʪʝ, ʜʣʷ ʧʦʠʩʢʘ ʢʣʶʯʝʚʳʭ 

ʩʣʦʚ ʚ ʥʦʚʦʩʪʷʭ ʥʘ ʩʘʡʪʝ ntagil.org. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʝʰʝʥʠʶ ʚʳʷʚʣʝʥʥʦʡ ʧʨʦʙʣʝʤʳ, ʘ 

ʠʤʝʥʥʦ: ʦʪʩʫʪʩʪʚʠʶ ʢʣʶʯʝʚʳʭ ʩʣʦʚ ʚ ʪʝʢʩʪʝ ʥʦʚʦʩʪʝʡ ʥʘ ʩʘʡʪʝ ʛʦʨʦʜʘ ʅʠʞʥʠʡ ʊʘʛʠʣ. 

ʅʘʣʠʯʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʫʩʣʦʞʥʷʝʪ ʧʦʠʩʢ ʠ ʯʪʝʥʠʝ ʥʦʚʦʩʪʝʡ ʥʘ ʩʘʡʪʝ, ʪ. ʢ. ʥʝʚʦʟʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʛʣʘʚʥʫʶ ʤʳʩʣʴ ʩʪʘʪʴʠ, ʥʝ ʧʨʦʯʠʪʘʚ ʝʝ ʧʦʣʥʦʩʪʴʶ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ 

ʙʳʣ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʳ ʪʝ-

ʩʪʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʭ ʩʪʘʪʝʡ ʥʘ ʧʦʠʩʢ ʢʣʶʯʝʚʳʭ ʩʣʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦ-

ʪʳ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʢʘʞʜʦʡ ʩʪʘʪʴʠ ʙʳʣ ʧʦʣʫʯʝʥ ʩʧʠʩʦʢ ʢʣʶʯʝʚʳʭ ʩʣʦʚ, ʦʪʨʘʞʘʶʱʠʭ ʛʣʘʚ-

ʥʫʶ ʤʳʩʣʴ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʡ ʥʦʚʦʩʪʥʦʡ ʩʪʘʪʴʠ, ʘ ʪʘʢʞʝ ʤʝʪʨʠʢʘ ÔÆÉÄÆ, ʦʪʨʘʞʘʶ-
ʱʘʷ ʠʥʚʝʨʩʠʶ ʯʘʩʪʦʪʳ, ʩ ʢʦʪʦʨʦʡ ʥʝʢʦʪʦʨʦʝ ʩʣʦʚʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʜʦʢʫʤʝʥʪʝ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʤʳʭ ʥʦʚʦʩʪʝʡ. ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʦʠʩʢ ʢʣʶʯʝʚʳʭ ʩʣʦʚ ʚ ʥʦʚʦʩʪʷʭ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪ 

ʚʨʝʤʷ ʧʦʠʩʢʘ ʜʘʥʥʳʭ ʩʣʦʚ, ʧʦʟʚʦʣʠʪ ʛʦʨʘʟʜʦ ʙʳʩʪʨʝʝ ʦʧʨʝʜʝʣʠʪʴ ʪʝʤʫ ʠ ʚʳʜʝʣʠʪʴ ʛʣʘʚ-

ʥʳʝ ʤʳʩʣʠ ʚ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ʥʦʚʦʩʪʠ ʠ ʦʙʝʩʧʝʯʠʪ ʢʦʨʨʝʢʪʥʦʝ ʠʥʜʝʢʩʠʨʦʚʘʥʠʝ ʥʦʚʦʩʪʝʡ 

ʚ ʧʦʠʩʢʦʚʳʭ ʩʠʩʪʝʤʘʭ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʅʦʚʦʩʪʴ, TF-IDF, ʦʙʨʘʙʦʪʢʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ, ʢʣʶʯʝʚʳʝ ʩʣʦ-

ʚʘ, ʤʘʰʠʥʥʘʷ ʦʙʨʘʙʦʪʢʘ. 

 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʦʚʦʩʪʠ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʯʠʪʘʝʤʳʭ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ 

ʨʫʙʨʠʢ ʥʘ ʨʘʟʥʳʭ ʩʘʡʪʘʭ. ʅʦʚʦʩʪʠ ʨʘʟʤʝʱʘʶʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʘʡʪʘʭ, ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ 

ʦʪʜʝʣʴʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ, ʪʘʢ ʠ ʩʘʡʪʳ ʦʪʜʝʣʴʥʳʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʠ ʛʦʨʦ-

ʜʦʚ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʩʘʡʪʦʚ ʷʚʣʷʝʪʩʷ ntagil.org, ʥʘ ʥʝʤ ʝʞʝʜʥʝʚʥʦ ʧʫʙʣʠʢʫʶʪʩʷ ʘʢʪʫʘʣʴ-

ʥʳʝ ʠ ʩʚʝʞʠʝ ʥʦʚʦʩʪʠ ʛʦʨʦʜʘ ʅʠʞʥʠʡ ʊʘʛʠʣ. ʈʫʙʨʠʢʘ ʩʘʡʪʘ çʅʦʚʦʩʪʠè ʩʦʜʝʨʞʠʪ ʥʘʟʚʘʥʠʝ 

ʥʦʚʦʩʪʠ, ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʠ ʜʘʪʫ ʧʫʙʣʠʢʘʮʠʠ, ʥʦʚʦʩʪʠ ʪʘʢʞʝ ʤʦʞʥʦ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʧʦ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʘʪʝ ʧʫʙʣʠʢʘʮʠʠ, ʚʳʙʨʘʚ ʝʝ ʚ ʢʘʣʝʥʜʘʨʝ.  

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ ʩʘʡʪʘ ntagil.org ʩʝʡʯʘʩ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʢʣʶʯʝʚʳʭ 

ʩʣʦʚ ʚ ʪʝʢʩʪʝ ʥʦʚʦʩʪʝʡ. ʕʪʦ ʫʩʣʦʞʥʷʝʪ ʧʦʠʩʢ ʠ ʯʪʝʥʠʝ ʥʦʚʦʩʪʝʡ, ʪ. ʢ. ʥʝʚʦʟʤʦʞʥʦ ʧʦʥʷʪʴ, 

ʧʨʦ ʯʪʦ ʥʦʚʦʩʪʴ, ʥʝ ʧʨʦʯʠʪʘʚ ʝʝ. ʊʘʢʞʝ ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʠʥ-

ʜʝʢʩʠʨʦʚʘʥʠʷ ʥʦʚʦʩʪʝʡ ʚ ʧʦʠʩʢʦʚʳʭ ʩʠʩʪʝʤʘʭ, ʥʘʧʨʠʤʝʨ, Google ʠʣʠ Yandex [1]. 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʢʣʶʯʝʚʳʭ ʩʣʦʚ ʠʟ ʪʝʢʩʪʘ ʥʦʚʦʩʪʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʫʜ ʯʝʣʦʚʝ-

ʢʘ, ʥʦ ʛʦʨʘʟʜʦ ʵʬʬʝʢʪʠʚʥʝʝ ʙʫʜʝʪ ʧʨʠʤʝʥʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʚʟʨʦʩʣʳʡ ʯʝʣʦʚʝʢ ʪʨʘʪʠʪ ʥʘ ʯʪʝʥʠʝ ʦʜʥʦʡ ʥʦʚʦʩʪʠ, ʟʘ-

ʥʠʤʘʶʱʝʡ ʧʦʣʩʪʨʘʥʠʮʳ ʧʝʯʘʪʥʦʛʦ ʪʝʢʩʪʘ, ʠ ʚʳʙʦʨʫ ʢʣʶʯʝʚʳʭ ʩʣʦʚ ʦʢʦʣʦ 5ï7 ʤʠʥʫʪ, 

ʧʨʦʛʨʘʤʤʘ ʞʝ ʩʧʨʘʚʠʣʘʩʴ ʙʳ ʩ ʵʪʦʡ ʟʘʜʘʯʝʡ ʟʘ ʩʯʠʪʘʥʥʳʝ ʩʝʢʫʥʜʳ. 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʢʣʶʯʝʚʳʭ ʩʣʦʚ ʚ ʪʝʢʩʪʝ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʤʥʦʞʝʩʪʚʦ ʘʣʛʦʨʠʪʤʦʚ, 

ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ TF-IDF (term frequency ï inverse 

document frequency) ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ. TF-IDF ï ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʤʝʨʘ, ʠʩ-

ʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʦʮʝʥʢʠ ʚʘʞʥʦʩʪʠ ʩʣʦʚʘ ʚ ʢʦʥʪʝʢʩʪʝ ʜʦʢʫʤʝʥʪʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʯʘʩʪʴʶ ʢʦʣ-

ʣʝʢʮʠʠ ʜʦʢʫʤʝʥʪʦʚ ʠʣʠ ʢʦʨʧʫʩʘ. ɺʝʩ ʥʝʢʦʪʦʨʦʛʦ ʩʣʦʚʘ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʯʘʩʪʦʪʝ ʫʧʦʪʨʝʙ-

ʣʝʥʠʷ ʵʪʦʛʦ ʩʣʦʚʘ ʚ ʜʦʢʫʤʝʥʪʝ ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʯʘʩʪʦʪʝ ʫʧʦʪʨʝʙʣʝʥʠʷ ʩʣʦʚʘ ʚʦ 

ʚʩʝʭ ʜʦʢʫʤʝʥʪʘʭ ʢʦʣʣʝʢʮʠʠ [2]. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʜʘʥʥʳʭ ʙʳʣʘ ʚʟʷʪʘ ʚʳʙʦʨʢʘ ʥʦʚʦʩʪʝʡ ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʩ 25.01.22 

ʧʦ 25.04.22. ɿʘ 3 ʤʝʩʷʮʘ ʥʘ ʩʘʡʪʝ ntagil.org ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ 186 ʥʦʚʦʩʪʠ, ʯʘʩʪʦʪʫ ʧʫʙ-

ʣʠʢʘʮʠʡ ʧʦ ʦʪʜʝʣʴʥʳʤ ʜʘʪʘʤ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩ. 1. 
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ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʧʫʙʣʠʢʘʮʠʡ ʥʦʚʦʩʪʝʡ ʥʘ ʩʘʡʪʝ ntagil.org ʚ ʧʝʨʠʦʜ ʩ 25.01.22 ʧʦ 25.04.22 ʛ. 

 

ʀʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʚ ʜʝʥʴ ʧʫʙʣʠʢʫʝʪʩʷ ʦʢʦʣʦ 3ï4 ʥʦʚʦʩʪʝʡ. ʂʘʞ-

ʜʘʷ ʥʦʚʦʩʪʴ ʚ ʩʨʝʜʥʝʤ ʩʦʜʝʨʞʠʪ 2500 ʩʠʤʚʦʣʦʚ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʠʤʚʦʣʦʚ ʚ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʥʦʚʦʩʪʷʭ ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʨʠʩ. 2. 

 

 
ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʠʤʚʦʣʦʚ ʚ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʥʦʚʦʩʪʷʭ 

 

ʇʝʨʚʳʤ ʰʘʛʦʤ ʜʣʷ ʧʦʠʩʢʘ ʢʣʶʯʝʚʳʭ ʩʣʦʚ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘ-

ʙʦʪʢʘ ʜʘʥʥʳʭ: ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʝʩʪʠ ʚʩʝ ʩʠʤʚʦʣʳ ʢ ʝʜʠʥʦʤʫ ʨʝʛʠʩʪʨʫ, ʫʜʘʣʠʪʴ ʚʩʝ ʟʥʘʢʠ 

ʧʫʥʢʪʫʘʮʠʠ, ʮʠʬʨʳ ʠ ʣʠʰʥʠʝ ʦʪʩʪʫʧʳ, ʘ ʪʘʢʞʝ ʫʙʨʘʪʴ ʩʣʦʚʘ, ʢʦʪʦʨʳʝ ʥʝ ʥʝʩʫʪ ʩʤʳʩʣʘ, 

ʵʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʩʪʦʧ ʩʣʦʚʘ, ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʩʦʶʟʳ, ʥʘʨʝʯʠʷ ʠ ʪ. ʧ.  

ʇʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʦʞʥʦ ʧʨʠʩʪʫʧʘʪʴ ʢ ʧʨʠʤʝʥʝʥʠʶ ʘʣʛʦʨʠʪʤʘ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʩʣʦʚʘ ʚ ʪʝʢʩʪʝ ʥʦʚʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʤʝʪʨʠʢʘ TF-IDF. ɼʣʷ ʥʘʯʘʣʘ ʨʘʩʩʯʠ-

ʪʳʚʘʝʪʩʷ TF ʯʘʩʪʦʪʘ ʩʣʦʚʘ ʚ ʜʦʢʫʤʝʥʪʝ ʧʦ ʬʦʨʤʫʣʝ 1. ɿʘʪʝʤ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ IDF ʦʙʨʘʪʥʘʷ 

ʯʘʩʪʦʪʘ ʜʦʢʫʤʝʥʪʘ, ʠʥʚʝʨʩʠʷ ʯʘʩʪʦʪʳ, ʩ ʢʦʪʦʨʦʡ ʥʝʢʦʪʦʨʦʝ ʩʣʦʚʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʜʦʢʫʤʝʥ-

ʪʘʭ ʢʦʣʣʝʢʮʠʠ ʧʦ ʬʦʨʤʫʣʝ 2. ɺ ʢʦʥʮʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʤʝʨʘ TF-IDF, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʧʨʦ-

ʠʟʚʝʜʝʥʠʝʤ ʜʚʫʭ ʩʦʤʥʦʞʠʪʝʣʝʡ ʧʦ ʬʦʨʤʫʣʝ 3. ʇʦʩʣʝ ʚʳʯʠʩʣʝʥʠʷ ʤʝʨʳ ʜʣʷ ʚʩʝʭ ʩʣʦʚ ʚ 

ʪʝʢʩʪʝ ʥʦʚʦʩʪʠ ʚʳʙʠʨʘʶʪʩʷ 10 ʩʣʦʚ ʩ ʩʘʤʦʡ ʙʦʣʴʰʦʡ ʤʝʪʨʠʢʦʡ, ʠʤ ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʩʣʦʚʘ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʪʝʢʩʪʝ ʠ ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʜʨʫʛʠʭ ʥʦʚʦʩʪʷʭ. ʆʥʠ ʠ 

ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʢʣʶʯʝʚʳʤʠ ʩʣʦʚʘʤʠ ʜʣʷ ʥʦʚʦʩʪʠ [3]. 

ὸὪὸȟὨ  
В
                                                           (1), 
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ʛʜʝ ὲ ï ʯʠʩʣʦ ʚʭʦʞʜʝʥʠʡ ʩʣʦʚʘ t ʚ ʜʦʢʫʤʝʥʪ, ʚ ʟʥʘʤʝʥʘʪʝʣʝ ï ʦʙʱʝʝ ʯʠʩʣʦ ʩʣʦʚ ʚ ʜʘʥʥʦʤ 

ʜʦʢʫʤʝʥʪʝ. 

ὭὨὪὸȟὈ  ÌÏÇ
ȿȿ

ȿ  ɴ  ȿ  ɴ  ȿ
                                                (2), 

 

ʛʜʝ ȿὈȿ ï ʯʠʩʣʦ ʜʦʢʫʤʝʥʪʦʚ ʚ ʢʦʣʣʝʢʮʠʠ, ȿὨ ɴ Ὀ ȿ ὸ ɴ Ὠ ȿï ʯʠʩʣʦ ʜʦʢʫʤʝʥʪʦʚ ʠʟ ʢʦʣ-
ʣʝʢʮʠʠ Ὀ, ʢʦʪʦʨʳʭ ʚʩʪʨʝʯʘʝʪʩʷ ὸ (ʢʦʛʜʘ ὲ π) 

 

ὸὪὭὨὪὸȟὨȟὈ ὸὪὸȟὨ ὭὨὪὸȟὈ                                    (3) 
 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʘʥʘʣʠʟ ʦʜʥʦʡ ʠʟ ʥʦʚʦʩʪʝʡ ʩ ʩʘʡʪʘ ntagil.org. 

ʆʪʨʳʚʦʢ ʠʟ ʩʪʘʪʴʠ, ʚʟʷʪʦʡ ʜʣʷ ʧʦʠʩʢʘ ʢʣʶʯʝʚʳʭ ʩʣʦʚ: çɺ ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 

ʜʘʥ ʩʪʘʨʪ X ʆʪʢʨʳʪʦʤʫ ʨʝʛʠʦʥʘʣʴʥʦʤʫ ʯʝʤʧʠʦʥʘʪʫ çʄʦʣʦʜʳʝ ʧʨʦʬʝʩʩʠʦʥʘʣʳè. ɺ ʉʚʝʨʜ-

ʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʜʘʥ ʦʬʠʮʠʘʣʴʥʳʡ ʩʪʘʨʪ X ʆʪʢʨʳʪʦʤʫ ʨʝʛʠʦʥʘʣʴʥʦʤʫ ʯʝʤʧʠʦʥʘʪʫ çʄʦ-

ʣʦʜʳʝ ʧʨʦʬʝʩʩʠʦʥʘʣʳè (WorldSkills Russia)è [4]. 

ʈʝʟʫʣʴʪʘʪ ʥʘʭʦʞʜʝʥʠʷ ʢʣʶʯʝʚʳʭ ʩʣʦʚ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚ ʪʘʙʣ. 1. 
ʊʘʙʣʠʮʘ 1 

ɸʥʘʣʠʟ ʢʣʶʯʝʚʳʭ ʩʣʦʚ ʚ ʩʪʘʪʴʝ 

ʂʣʶʯʝʚʦʝ ʩʣʦʚʦ ʄʝʪʨʠʢʘ ὸὪὭὨὪ 
ʯʝʤʧʠʦʥʘʪ 0.473 

worldskills 0.351 

ʧʨʦʬʝʩʩʠʦʥʘʣ 0.276 

russia 0.253 

ʤʦʣʦʜʦʡ 0.237 

ʩʚʝʨʜʣʦʚʩʢʠʡ 0.18 

ʦʙʣʘʩʪʴ 0.175 

ʢʦʤʧʝʪʝʥʮʠʷ 0.158 

ʨʝʛʠʦʥʘʣʴʥʳʡ 0.136 

ʦʪʢʨʳʪʳʡ 0.114 

  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ TF-IDF ʧʦʟʚʦʣʷʝʪ ʟʘ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ 

ʦʧʨʝʜʝʣʠʪʴ ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ ʚ ʣʶʙʦʡ ʥʦʚʦʩʪʠ ʠ ʫʧʨʦʩʪʠʪʴ ʥʝ ʪʦʣʴʢʦ ʧʦʥʠʤʘʥʠʝ ʩʤʳʩʣʘ 

ʥʘʧʠʩʘʥʥʦʛʦ ʪʝʢʩʪʘ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʪʴ ʢʦʨʨʝʢʪʥʦʝ ʠʥʜʝʢʩʠʨʦʚʘʥʠʝ ʥʦʚʦʩʪʝʡ ʚ ʧʦʠʩʢʦʚʳʭ 

ʩʠʩʪʝʤʘʭ. 

  

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ  
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ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɹʘʨʥʘʫʣ, ʈʌ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʨʘʩʩʯʠʪʘʥʳ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʢʮʠʠ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ʧʦ ʄʘʨʢʫʩʫ ʩ ʙʠʦʨʘʜʠʢʘʣʦʚ O2
-, NO ʠ NO- ʥʘ 

ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ʮʠʪʦʭʨʦʤʘ ʩ. ʇʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ȹGÍ, ʤʘʪʨʠʯʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʧʝʨʝʢʨʳʚʘʥʠʷ ʜʦʥʦʨʥʦʡ ʠ ʘʢʮʝʧʪʦʨʥʦʡ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ HDA, ʯʘʩʪʦʪ-

ʥʳʡ ʬʘʢʪʦʨ ʧʝʨʝʥʦʩʘ ket ʠ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʧʝʨʝʥʦʩʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ k. ʏʠʩʣʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ k ʜʣʷ ʪʨʝʭ ʨʘʜʠʢʘʣʦʚ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʦʤ ʬʝʨʤʝʥʪʘ. ɼʣʷ ʩʫʧʝʨʦʢʩʠʜ-

ʠʦʥʘ O2
-  k = 6,32Ā105 ʥʘ ʨʘʩʩʪʦʷʥʠʠ 5,02 ¡, ʜʣʷ ʤʦʥʦʦʢʩʠʜʘ ʘʟʦʪʘ NO k = 6,96Ā106 ʥʘ ʨʘʩ-

ʩʪʦʷʥʠʠ 5,60 ¡ ʠ ʦʢʩʦʘʟʘʥʠʜ-ʠʦʥʘ NO- k = 4,45Ā101 ʥʘ ʘʥʘʣʦʛʠʯʥʦʤ ʨʘʩʩʪʦʷʥʠʠ 5,60 ¡. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʡʪʨʘʣʴʥʳʡ ʨʘʜʠʢʘʣ NO ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʘʢʪʠʚ-

ʥʳʤ ʮʝʥʪʨʦʤ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʯʝʤ ʜʚʝ ʜʨʫʛʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʯʘʩʪʠʮʳ. ʈʘʩʩʪʦʷʥʠʷ 

ʧʝʨʝʥʦʩʘ ʧʦʣʫʯʝʥʳ ʠʟ ʢʨʠʚʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʩʙʣʠʞʝʥʠʠ ʨʘʜʠʢʘʣʘ ʩ ʠʦʥʦʤ 

ʞʝʣʝʟʘ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʠʦʥ ʞʝʣʝʟʘ ʚ ʛʝʤʦʚʦʤ ʙʝʣʢʦʚʦʤ ʦʢʨʫʞʝʥʠʠ ʩʧʦʩʦʙʝʥ ʜʝʟʘʢʪʠʚʠʨʦʚʘʪʴ ʩʫʧʝʨʦʢʩʠʜ-ʠʦʥ ʠ 

ʤʦʥʦʦʢʩʠʜ ʘʟʦʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʂʦʥʪʠʥʫʘʣʴʥʳʝ ʤʦʜʝʣʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʨʝʜʳ ʨʘʩʪʚʦʨʠʪʝʣʷ, 

ʩʫʧʝʨʦʢʩʠʜ-ʠʦʥ ʢʠʩʣʦʨʦʜʘ, ʤʦʥʦʦʢʩʠʜ ʘʟʦʪʘ, ʵʥʝʨʛʠʷ ʩʨʦʜʩʪʚʘ ʢ ʵʣʝʢʪʨʦʥʫ, ʤʝʪʦʜ ʬʫʥʢ-

ʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ.  

 

ɺ ʨʝʘʢʮʠʷʭ ʩ ʫʯʘʩʪʠʝʤ ʢʠʩʣʦʨʦʜʘ ʚ ʢʣʝʪʢʘʭ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʧʦʣ-

ʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʪʦʢʩʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ï ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ 

ʢʠʩʣʦʨʦʜʘ (ɸʌʂ). ʂ ʠʭ ʯʠʩʣʫ ʦʪʥʦʩʠʪʩʷ ʩʫʧʝʨʦʢʩʠʜ-ʠʦʥ ʆ2
-, ʧʨʦʷʚʣʷʶʱʠʡ ʢʨʘʡʥʝ ʚʳʩʦ-

ʢʫʶ ʨʘʟʨʫʰʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʤʧʦʥʝʥʪʘʤ ʠ ʩʪʨʫʢʪʫʨʝ ʢʣʝʪʢʠ. ʆʜ-

ʥʠʤ ʠʟ ʙʘʨʴʝʨʦʚ ʦʨʛʘʥʠʟʤʘ ʧʨʦʪʠʚ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ɸʌʂ ʷʚʣʷʝʪʩʷ ʮʠʪʦʭʨʦʤ ʩ. ʕʪʦ 

ʬʝʨʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʚ ʩʚʦʝʤ ʛʝʤʝ ʠʦʥ Fe3+. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʮʠʪʦʭʨʦʤʘ ʩ ʧʨʦʠʩʭʦʜʠʪ 

ʦʢʠʩʣʝʥʠʝ ʩʫʧʝʨʦʢʩʠʜ-ʠʦʥʘ ʆ2
- ʚ ʥʝʡʪʨʘʣʴʥʫʶ ʤʦʣʝʢʫʣʫ ʢʠʩʣʦʨʦʜʘ ʆ2 [1]. ʂʨʦʤʝ ʢʠʩʣʦ-

ʨʦʜʘ, ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʠ ʜʨʫʛʦʡ ʙʠʦʛʝʥʥʳʡ ʵʣʝʤʝʥʪ ï ʘʟʦʪ N. ʂ ʘʢ-

ʪʠʚʥʳʤ ʬʦʨʤʘʤ ʘʟʦʪʘ ʦʪʥʦʩʠʪʩʷ ʤʦʥʦʦʢʩʠʜ ʘʟʦʪʘ NO, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʢʦʤʧʦ-

ʥʝʥʪʳ ʢʣʝʪʢʠ [2]. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʵʣʝʤʝʥʪʳ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ 

ʵʣʝʢʪʨʦʥ-ʪʨʘʥʩʧʦʨʪʥʦʡ ʮʝʧʠ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ʩ ʤʦʥʦʦʢʩʠʜʦʤ ʘʟʦʪʘ. ʄʝʭʘʥʠʟʤ ʨʝʘʢ-

ʮʠʡ ʮʠʪʦʭʨʦʤʘ ʩ ʤʦʥʦʦʢʩʠʜʦʤ ʘʟʦʪʘ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʝʥ ʠ ʥʝ ʜʦ ʢʦʥʮʘ ʠʟʫʯʝʥ. 

ɸʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʠ ʨʘʟʨʘʙʦʪʢʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ ʜʘʥʥʳʭ ʨʘʜʠʢʘʣʴʥʳʭ ʯʘʩʪʠʮ in vivo ʠ in vitro. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙ-

ʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ ʵʣʝʢʪʨʦʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʠ ʵʬʬʝʢʪʳ ʧʨʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʤʦʜʝʣʴ-

ʥʦʡ ʯʘʩʪʠʮʝʡ, ʠʤʠʪʠʨʫʶʱʝʡ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ʧʨʠʨʦʜʥʦʛʦ ʬʝʨʤʝʥʪʘ ʛʨʫʧʧʳ ʮʠʪʦʭʨʦʤʦʚ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʯʘʩʪʠʮʳ O2
-, NO, 

NO-, ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʪʦʨʳʭ ʩ ʮʠʪʦʭʨʦʤʦʤ ʩ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʫʨʘʚʥʝ-

ʥʠʷʤʠ:  

O2
- + Cyt-Fe3+ = O2

0 + Cyt-Fe2+              (1) 

NO0 + Cyt-Fe3+ = NO+ + Cyt-Fe2+                 (2) 

NO- + Cyt-Fe3+ = NO0 + Cyt-Fe2+           (3) 
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ɺ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʥʘ ʘʪʦʤʥʘʷ ʤʦʜʝʣʴ ʮʠʪʦʭʨʦʤʘ ʩ ʠʟ ʢʦʣʣʝʢʮʠʠ PDB (Protein 

Data Bank; www.rcsb.org/pdb/), ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʢʣʘʩʪʝʨʥʘʷ ʤʦʜʝʣʴ ʘʢ-

ʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʧʫʪʝʤ ʦʪʜʝʣʝʥʠʷ ʧʝʨʚʦʛʦ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʠʦʥʘ ʞʝʣʝʟʘ ʦʪ ʦʩʪʘʣʴʥʦʡ 

ʙʝʣʢʦʚʦʡ ʯʘʩʪʠ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʩ ʮʠʪʦʭʨʦʤʦʤ ʩ ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʧʘʢʝʪʝ ORCA ʚʝʨʩʠʠ 5.0.2. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʨʦʚʝʥʴ ʪʝʦʨʠʠ ʬʫʥʢ-

ʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ GGA ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʇʝʨʜʴʶ-ɹʝʨʢ-

ʕʨʥʮʝʨʭʦʬʘ PBE [3]. ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ ʠ ʨʘʩʯʝʪʘ ʦʜʥʦʪʦʯʝʯʥʳʭ ʵʥʝʨʛʠʡ ʤʘʣʳʭ 

ʯʘʩʪʠʮ (O2
-, O2, NO, NO-, NO+) ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʘʟʠʩ def2-TZVPD [4]. ʊʘʢ ʢʘʢ ʢʘʪʘʣʠʪʠʯʝ-

ʩʢʫʶ ʬʫʥʢʮʠʶ ʚ ʤʦʣʝʢʫʣʝ ʬʝʨʤʝʥʪʘ ʚʳʧʦʣʥʷʝʪ ʦʙʲʝʤʥʳʡ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ, ʧʨʠ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʝʛʦ ʛʝʦʤʝʪʨʠʠ ʧʨʠʤʝʥʷʣʠ ʫʧʨʦʱʝʥʥʳʡ ʙʘʟʠʩ def2-SVP [4]. ʋʯʝʪ ʚʣʠʷʥʠʷ ʜʠʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʩʨʝʜʳ ʫʯʠʪʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʥʪʠʥʫʘʣʴʥʦʡ ʤʦʜʝʣʠ CPCM. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟ-

ʚʦʣʠʣ ʫʨʘʚʥʦʚʝʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ ʠ ʟʘʪʨʘʪʫ ʘʧʧʘʨʘʪʥʦʛʦ ʚʨʝʤʝʥʠ.  

ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʟʘʢʪʠʚʘʮʠʠ ʨʘʜʠʢʘʣʴʥʦʡ ʯʘʩʪʠʮʳ, ʤʦʞʥʦ ʨʘʩʩʯʠ-

ʪʘʪʴ ʢʦʥʩʪʘʥʪʫ ʩʢʦʨʦʩʪʠ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ʦʪ ʥʝʝ ʥʘ ʠʦʥ ʞʝʣʝʟʘ. ʏʘʩʪʦʪʥʳʡ ʬʘʢʪʦʨ ket, 

ʠʣʠ ʢʦʥʩʪʘʥʪʫ ʩʢʦʨʦʩʪʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ, ʠʩʧʦʣʴ-

ʟʫʷ ʬʦʨʤʘʣʠʟʤ ʄʘʨʢʫʩʘ [5]: 
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                   (4) 

ʛʜʝ h ï ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ, ɼʞĀʩ; HDA ï ʤʘʪʨʠʯʥʳʡ ʵʣʝʤʝʥʪ ʧʝʨʝʢʨʳʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʦʨʙʠʪʘʣʝʡ ʜʦʥʦʨʘ ʠ ʘʢʮʝʧʪʦʨʘ ʵʣʝʢʪʨʦʥʘ, ɼʞ; ɚtot ï ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝ-

ʤʳ, ɼʞ; kB ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ; ɼʞ/ʂ; ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; ȹGÍ ï ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ 

ʧʝʨʝʥʦʩʘ, ɼʞ. 

ɺ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦʡ ʤʝʨʝ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ, ʧʦ-

ʣʫʯʠʚ ʟʥʘʯʝʥʠʝ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ k ʧʝʨʝʥʦʩʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ: 

   
¸Ö= preet Kkk

,                                      (5) 

ʛʜʝ ket ï ʯʘʩʪʦʪʥʳʡ ʬʘʢʪʦʨ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ʧʦ ʄʘʨʢʫʩʫ, ʩ
-1; Kpre

Í ï ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ 

ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ-ʧʨʝʢʫʨʩʦʨʘ ʠʟ ʜʦʥʦʨʘ ʠ ʘʢʮʝʧʪʦʨʘ ʵʣʝʢʪʨʦ-

ʥʘ, ʄ-1. ɸʣʛʦʨʠʪʤʳ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥ, ʚʭʦʜʷʱʠʭ ʚ ʫʨʘʚʥʝʥʠʷ (4ï5), ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʘʭ 

[6ï8].  

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ʦʪ ʯʘ-

ʩʪʠʮʳ X ʢ ʠʦʥʫ ʞʝʣʝʟʘ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʷʤ ʨʝʘʢʮʠʡ (1ï3). 
ʊʘʙʣʠʮʘ 1 

ɸʢʪʠʚʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʢʮʠʡ 

ʇʘʨʘʤʝʪʨ O2
- NO0 NO- 

ȹG0, ʵɺ ï2,689 ï0,227 ï3,034 

R, ¡ 5,02 5,60 5,60 

ɚtot, ʵɺ 1,039 1,129 1,085 

ȹGÍ, ʵɺ 0,467 0,207 0,695 

HDA, ʵɺ 0,012 0,002 0,009 

ket, c-1 3,07Ā104 1,57Ā107 2,4Ā101 

k, M-1Āc-1 6,32Ā105 6,96Ā106 4,45Ā101 

 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʚʝʣʠʯʠʥ R, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʝʨʝʥʦʩ ʵʣʝʢ-

ʪʨʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʚʥʝʰʥʝʩʬʝʨʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. ɸʥʘʣʠʟ ʫʨʘʚʥʝʥʠʷ (4), ʘ ʪʘʢʞʝ ʧʦʣʫ-

ʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠʟʦʙʘʨʥʦ-ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ȹG0, ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ȹGÍ ʠ 

ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ɚtot ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʝʨʝʥʦʩ ʩ ʫʯʘʩʪʠʝʤ ʩʫʧʝʨʦʢʩʠʜʘ ʆ2
- ʠ 

ʦʢʩʦʘʟʘʥʠʜʘ NO- ʠʜʝʪ ʚ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ ʄʘʨʢʫʩʘ, ʛʜʝ ʵʥʝʨʛʠʷ ʨʝʦʨʛʘʥʠʟʘʮʠʠ 

ʤʝʥʴʰʝ ʧʦ ʤʦʜʫʣʶ, ʯʝʤ ʧʦʪʝʥʮʠʘʣ ʧʝʨʝʥʦʩʘ. ʀʤʝʥʥʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʚʝʣʠ-
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ʯʠʥʘ ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ ʧʝʨʝʥʦʩʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʤʝʜʣʷʝʪ ʧʝʨʝʥʦʩ, ʯʪʦ ʚʠʜʥʦ ʠʟ ʟʥʘʯʝʥʠʡ 

ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ ʧʝʨʝʥʦʩʘ. ʅʘʣʠʯʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʥʘ ˊ-ʨʘʟʨʳʭʣʷʶʱʠʭ ʦʨ-

ʙʠʪʘʣʷʭ ʜʣʷ ʩʫʧʝʨʦʢʩʠʜʘ ʠ ʦʢʩʦʘʟʘʥʠʜʘ ʜʝʣʘʝʪ ʠʭ ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʳʤʠ ʠ ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠ-

ʯʠʚʘʝʪ ʟʥʘʯʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ ʧʝʨʝʥʦʩʘ.  

ɸʥʘʣʠʟʠʨʫʷ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʥʦʛʦ ʬʘʢʪʦʨʘ ʧʝʨʝʥʦʩʘ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳ-

ʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʝʡʪʨʘʣʴʥʳʡ ʨʘʜʠʢʘʣ NO ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ 

ʩ ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʦʤ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʯʝʤ ʜʚʝ ʜʨʫʛʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʯʘʩʪʠʮʳ. ʇʦ 

ʟʥʘʯʝʥʠʷʤ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʧʝʨʝʥʦʩʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ k ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʆ2
- ʠ NO ʚ 

ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ ʜʝʟʘʢʪʠʚʠʨʫʶʪʩʷ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʠʦʥʘ ʞʝʣʝʟʘ ʚ ʛʝʤʦʚʦʤ 

ʦʢʨʫʞʝʥʠʠ ʮʠʪʦʭʨʦʤʘ ʩ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ 

ʦ ʪʦʤ, ʯʪʦ ʠʦʥ ʞʝʣʝʟʘ ʚ ʛʝʤʦʚʦʤ ʦʢʨʫʞʝʥʠʠ ʩʧʦʩʦʙʝʥ ʢ ʵʬʬʝʢʪʠʚʥʦʡ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʨʘʜʠ-

ʢʘʣʴʥʳʭ ʙʠʦʛʝʥʥʳʭ ʯʘʩʪʠʮ O2
- ʠ NO, ʥʦ ʥʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʨʤʳ ʦʢʩʠʜʘ ʘʟʦʪʘ NO-. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

 

1. BarjaG. Mitochondrial oxygen radical generation and leak: sites of production in states 

4 and 3, organ specificity, and relation to aging and longevity // J. Bioenergetics and Biomem- 

branes.1999. V. 31. P. 347ï366.  

2. ʆʩʠʧʦʚ, ɸ. ʅ. ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʨʦʣʴ ʥʠʪʨʦʟʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʛʝʤʦʧʨʦʪʝʠʥʦʚ / 

ɸ. ʅ. ʆʩʠʧʦʚ, ɻ. ɻ. ɹʦʨʠʩʝʥʢʦ // ʋʩʧʝʭʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʭʠʤʠʠ. ï ʊ 47. ï 2007. ï ʉ. 259ï

292.  

3. Perdew, J. P. Generalized Gradient Approximation Made Simple / J. P. Perdew, 

K. Burke, M. Ernzerhof // Phys. Rev. Letters. ï 1996. ï Vol. 77. ï P. 3865. 

4. Weigend, F. Balanced Basis Sets of Split Valence, Triple Zeta Valence and Quadruple 

Zeta Valence Quality for H to Rn: Design and Assessment of Accuracy / F. Weigend, 

R. Ahlrichs // Phys. Chem. Chem. Phys. ï 2005. ï Vol. 7. ï P. 3297. 

5. Marcus R. A., Sutin N. Electron transfers in chemistry and biology. ï 1985. ï Vol. 

811(3). ï P. 265ï322.  

6.  Eberson L. The Marcus theory of electron transfer, a sorting device for toxic com-

pounds // Advances in Free Radical Biology & Medicine. ï 1985. ï Vol. 1(1). ï P. 19ï90. 

7.  Rosso, K. M. Outer-sphere electron transfer kinetics of metal ion oxidation by molec-

ular oxygen / K. M. Rosso, J. J. Morgan // Geochimica et Cosmochimica Acta. ï 2002. ï Vol. 

66(24). ï P. 4223ï4233. 

8.  Cave, R. J. Calculation of electronic coupling matrix elements for ground and excited 

state electron transfer reactions: Comparison of the generalized MullikenïHush and block diago-

nalization methods / R. J. Cave, M. D. Newton // The Journal of Chemical Physics. ï 1997. ï 

Vol. 106(22). ï P. 9213ï9226.  

  

  



150 

 

ɺʆɿʄʆɾʅʆʉʊʀ ɼʃʗ ʈɸɿʈɸɹʆʊʂʀ ɺʅɽʐʅʀʍ ʆɹʈɸɹʆʊʆʂ  

ɼʃʗ EPLAN PRO PANEL ʀ ʀʍ ʀʅʊɽɻʈɸʎʀʗ ɺ ʉʀʉʊɽʄʋ 

 

ʈʫʜʘʢʦʚ ɸʨʪʝʤ ɽʚʛʝʥʴʝʚʠʯ 

E-mail: ipadnt66@gmail.com 

 

ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ, ʛ. ʅʠʞʥʠʡ ʊʘʛʠʣ, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʚʥʝʰʥʠʭ ʦʙʨʘʙʦʪʦʢ ʜʣʷ EPLAN Pro Panel, ʧʦʟʚʦʣʷʶʱʠʭ ʨʘʩʰʠʨʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ 

ʇʆ ʩʪʦʨʦʥʥʠʤʠ ʦʙʨʘʙʦʪʯʠʢʘʤʠ ʜʘʥʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. EPLAN, API, ʉɸʇʈ, ʚʥʝʰʥʷʷ ʦʙʨʘʙʦʪʢʘ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ. 

 

EPLAN ï ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʥʞʝʥʝʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦ-

ʠʥʞʝʥʠʨʠʥʛʘ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʤʝʭʘʪʨʦʥʠʢʠ, ʧʦʟʚʦʣʷʶʱʝʝ ʨʘʙʦʪʘʪʴ ʥʘʜ ʧʨʦʝʢʪʦʤ ʥʘ ʚʩʝʭ 

ʩʪʘʜʠʷʭ ʨʘʟʨʘʙʦʪʢʠ, ʥʘʯʠʥʘʷ ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ 

ʜʦ ʨʘʟʤʝʱʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʫʩʢʦ-ʥʘʣʘʜʦʯʥʳʭ ʨʘʙʦʪ.  

ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʚ EPLAN ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʧʦʜʜʝʨʞʢʘ ʚʥʝʰʥʠʭ ʦʙʨʘ-

ʙʦʪʦʢ: ʚʳʛʨʫʟʢʘ ʜʘʥʥʳʭ ʜʣʠ ʦʙʨʘʙʦʪʢʠ ʠʟ ʩʨʝʜʳ ʠ ʠʭ ʦʙʨʘʪʥʘʷ ʟʘʛʨʫʟʢʘ ʚ ʜʘʥʥʳʝ ʧʨʦʝʢʪʘ. 

ʇʨʠ ʥʘʩʪʨʦʡʢʝ ʩʭʝʤʳ ʵʢʩʧʦʨʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʙʦʨ ʥʝʦʙʭʦʜʠʤʳʭ ʜʘʥʥʳʭ ʜʣʷ ʚʳʙʦʨʘ, 

ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ ʩʚʦʡʩʪʚʘ ʠʟʜʝʣʠʡ, ʬʫʥʢʮʠʠ, ʚʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦ ʟʘʜʘʥʥʳʤ ʬʦʨʤʫ-

ʣʘʤ (ʨʠʩ. 1) ɺʳʚʦʜ ʜʘʥʥʳʭ ʚʦʟʤʦʞʝʥ ʚ ʬʦʨʤʘʪʳ .xml, .xls, .txt. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʤʦʞʥʦ 

ʥʘʩʪʨʦʠʪʴ ʟʘʧʫʩʢ ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʦʙʨʘʙʦʪʯʠʢʘ (ʬʦʨʤʘʪʳ .exe, .com). ɺʥʝʰʥʝʝ 

ʇʆ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʣʶʙʫʶ ʥʝʦʙʭʦʜʠʤʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ. 

 

 

ʈʠʩ. 1. ʅʘʩʪʨʦʡʢʘ ʵʢʩʧʦʨʪʘ ʜʘʥʥʳʭ 

mailto:ipadnt66@gmail.com
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ʇʨʠʤʝʨ ʚʳʚʦʜʘ ʜʘʥʥʳʭ ʦʙ ʠʟʜʝʣʠʷʭ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʚ 3D-ʤʦʜʝʣʷʭ ʧʦʢʘʟʘʥ ʥʘ 

ʨʠʩ. 2. 

 

ʈʠʩ. 2. ʇʨʠʤʝʨ ʵʢʩʧʦʨʪʘ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʟʜʝʣʠʷʭ ʥʘ 3D-ʤʦʜʝʣʠ 

ɼʣʷ ʙʦʣʝʝ ʙʳʩʪʨʦʛʦ ʚʳʚʦʜʘ ʜʘʥʥʳʭ (ʥʝ ʯʝʨʝʟ ʦʪʜʝʣʴʥʳʡ ʧʫʥʢʪ ʤʝʥʶ ʩ ʚʳʙʦʨʦʤ 

ʩʭʝʤʳ ʵʢʩʧʦʨʪʘ) ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʦʟʜʘʚʘʪʴ ʦʪʜʝʣʴʥʫʶ ʢʥʦʧʢʫ, ʟʘʧʫʩʢʘʶʱʫʶ ʠʤʝʥʥʦ ʵʪʦʪ 

ʘʣʛʦʨʠʪʤ ʵʢʩʧʦʨʪʘ. ɼʣʷ ʵʪʦʛʦ ʚ Eplan ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʩʪʨʫʤʝʥʪ çʩʮʝʥʘʨʠʠè. ʉʮʝ-

ʥʘʨʠʠ ï ʥʝʙʦʣʴʰʠʝ ʚʳʧʦʣʥʷʝʤʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʜʳ, ʥʘʧʠʩʘʥʥʳʝ, ʧʦʤʠʤʦ EPLAN, ʥʘ 

ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C# ʠʣʠ Visual Basic.Net. ʆʥʠ ʩʫʱʝʩʪʚʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ 

ʬʘʡʣʦʚ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦʜʝʨʞʘʱʠʭ ʢʦʜ ʧʨʦʛʨʘʤʤʳ (ʨʘʩʰʠʨʝʥʠʷ ʬʘʡʣʦʚ *.cs ʠʣʠ *.vb). 

ɺ EPLAN ʵʪʠ ʩʮʝʥʘʨʠʠ ʦʙʨʘʱʘʶʪʩʷ ʢ ʠʥʪʝʨʬʝʡʩʫ API, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʨʧʨʝʪʠʨʦ-

ʚʘʪʴ ʵʪʦʪ ʢʦʜ ʧʨʦʛʨʘʤʤʳ, ʦʜʥʘʢʦ ʜʣʷ ʵʪʦʛʦ ʥʝ ʥʫʞʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʣʠʮʝʥʟʠʨʦʚʘʪʴ 

EPLAN API. ʉʠʥʪʘʢʩʠʩ ʢʦʜʘ ʦʩʥʦʚʘʥ ʥʘ ʧʨʘʚʠʣʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦ-

ʚʘʥʠʷ, ʘ ʚʦʪ ʢʦʥʢʨʝʪʥʳʝ ʠʩʧʦʣʥʷʝʤʳʝ ʢʦʤʘʥʜʳ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʙʠʙ-

ʣʠʦʪʝʢʝ EPLAN API. 

ʌʫʥʢʮʠʷ DeclareAction ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʜʝʡʩʪʚʠʝ (ʬʫʥʢʮʠʶ) ʧʦ ʥʘʞʘʪʠʶ ʢʥʦʧʢʠ. 

ʌʫʥʢʮʠʝ ʧʨʠ ʵʪʦʤ ʧʨʠʩʚʘʠʚʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʚʥʝʰʥʝʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ (ʧʫʪʴ ʢ ʮʝʣʝʚʦ-

ʤʫ ʬʘʡʣʫ, ʚʳʙʦʨ ʩʭʝʤʳ ʵʢʩʧʦʨʪʘ, ʚʳʙʦʨ ʟʘʧʫʩʢʘʝʤʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʷʟʳʢ, 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʣʝʜʫʶʱʝʛʦ ʟʘʧʫʩʢʘ ʧʨʦʛʨʘʤʤʳ-ʦʙʨʘʙʦʪʯʠʢʘ ʠ ʪ. ʜ.). ʇʦ ʟʘʚʝʨʰʝʥʠʶ 

ʚʳʧʦʣʥʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʚʳʚʝʩʪʠ ʩʦʦʙʱʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʶ. ʀʩʭʦʜʥʳʭ ʢʦʜ ʬʫʥʢʮʠʠ ʵʩʢ-

ʩʧʦʨʪʘ ʜʘʥʥʳʭ ʧʦ ʟʘʜʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3. 
 

 

ʈʠʩ. 3. ʀʩʭʦʜʥʳʡ ʢʦʜ ʬʫʥʢʮʠʠ ʵʢʩʧʦʨʪʘ 

ɿʘʛʨʫʟʢʘ ʩʮʝʥʘʨʠʝʚ ʚ Eplan ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʫʥʢʪʘ ʤʝʥʶ ɿʘʛʨʫʟʠʪʴ, ʧʨʠ 

ʵʪʦʤ ʩʮʝʥʘʨʠʡ ʙʫʜʝʪ ʟʘʛʨʫʞʘʪʴʩʷ ʢʘʞʜʳʡ ʧʦʩʣʝʜʫʶʱʠʡ ʟʘʧʫʩʢ EPLAN ʠ ʙʫʜʝʪ ʚ ʣʶʙʦʤ 

ʤʦʤʝʥʪ ʜʦʩʪʫʧʝʥ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ. ʄʦʞʥʦ, ʥʘʧʨʠʤʝʨ, ʚʳʟʚʘʪʴ ʯʝʨʝʟ ʢʦ-

ʤʘʥʜʥʫʶ ʩʪʨʦʢʫ ʠʣʠ ʜʦʙʘʚʠʪʴ ʝʝ ʢ ʧʫʥʢʪʫ ʤʝʥʶ ʠʣʠ ʢʥʦʧʢʝ ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ.  
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Annotation 

Currently, the task of self-driving cars is can be solved in different approaches. Some of 

them involve classical machine learning approaches such as canny edge detection, and Hough 

transform. The others are tend to solve this task as a robotics one preferring to use different sen-

sor to gather information around the car. The third ones introduce different neural networks to 

detect different objects on the road to make the system to react properly to tackle this task as an 

object detection one. However, there is still no such research to tackle this problem as a video 

classification one. The study aims to describe the process of data collection in the application of 

the task of action recognition in self-driving cars, namely the description of the properties of the 

dataset building the robot, the description of the field for data collection and an example of the 

field itself. A RaspberryPi single board computer is used as the base computer. Also the L298n 

driver is used to control the motors. The main acquisition device is a Logytech camera.  

 

Data and methodology 

This chapter describes the steps for conducting research on self-driving cars as an action 

recognition problem. The main goal of this thesis is to investigate the self-driving cars problem 

from the side of action recognition. The chapter contains a description of the necessary data, how 

to obtain it and the research methodology.  

 

Data mining goal 

There are several main questions to answer when collecting data: 

ǒ What characteristics should the data have? 

ǒ What will be the source of this data? 

ǒ What limits should the data fit into? 

ǒ What is the required amount of data for the study? 

 

It is common to have the following for machine learning tasks:  

ǒ A training dataset to be used for direct training. 

ǒ Validation dataset to be used to calibrate the learning process. 

ǒ Test dataset, which will be used directly to evaluate the quality of the training. 

 

Since the goal of the study is the task of action recognition, the data will contain several 

classes, such as: Straight, Turn Right, Turn Left, Stop. Also an important characteristic of the 

data should be their temporal dependence. The data should be collected directly from the robot 

that will perform the ride.  

 

Robot architecture 

A RaspberryPi single-board computer was used as the base computer. The robot consists 

of two main modules, a module for motor operation and a camera module for data acquisition. A 

schematic representation of the robot is shown in Figure 2. 

The Raspberry Pi is an inexpensive, small and portable computer board. It can be used to 

connect to a computer monitor, keyboard, mouse, etc.  
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Figure 1. Single board computer RaspberryPi 

 

The Raspberry Pi has built-in software such as Scratch, which allows users to program 

and create animations, games or interesting videos. In addition, programmers can develop scripts 

or programs in Python, which is the main language of the Raspbian operating system. 

 

 
Figure 2. Schematic representation of the robot 

 

The computer sends commands to the motors through the L298n motor driver. The 

L298N motor driver is used for multifunction control of DC motors. The dual H-bridge circuitry 

of the module allows one bipolar stepper motor or two brushed DC motors to be connected at the 

same time. It is possible to change the speed and direction of the motors. The control is done by 

sending the appropriate signals to the command inputs, made in the form of pin contacts.  The 

camera from the manufacturer Logycom is used as an on-board camera.  

An example of a field with size A0 is shown in the figure below (Figure 3). 

 

 
Figure 3. Example of a field for a robot 
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A robot field was also printed to collect data. The field had to meet the following proper-

ties: 

ǒ The width of the road line should be comparable to the width of the robot, the ro-

bot is about 15 cm wide.; 

ǒ The field must contain at least one turn. A turn can be used as a right turn or as a 

left turn; 

ǒ There should be a horizontal line (perpendicular to the road line) on the field to 

indicate that the robot has stopped; 

As a result, the robot was built and field prepared. In the future work I am going to col-

lect data itself and try different approaches to measure performance of the several networks. 
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ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ. ɽʣʴʮʠʥʘ, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʌ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʩʠʩʪʝʤʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʩʙʦʨʘ 

ʠ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʢʠ ʧʦʩʝʱʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʘʤʠ ʫʯʝʙʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʋʯʝʙʥʳʡ ʧʣʘʥ, ʩʪʘʪʠʩʪʠʢʘ ʧʦʩʝʱʘʝʤʦʩʪʠ, ʦʪʩʣʝʞʠʚʘʥʠʝ ʧʦʩʝ-

ʱʘʝʤʦʩʪʠ, ʦʧʪʠʤʠʟʘʮʠʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ɺʋɿʘʭ ʠ ʢʦʣʣʝʜʞʘʭ ʜʝʡʩʪʚʫʝʪ ʨʫʯʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʧʦʩʝ-

ʱʘʝʤʦʩʪʠ ʟʘʥʷʪʠʡ ʧʫʪʝʤ ʟʘʧʦʣʥʝʥʠʷ ʞʫʨʥʘʣʘ ʧʦʩʝʱʘʝʤʦʩʪʠ ʛʨʫʧʧʳ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʠʣʠ 

ʩʪʘʨʦʩʪʦʡ ʛʨʫʧʧʳ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʥʝ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʦʙʲʝʢʪʠʚʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʝʝ 

ʨʘʙʦʪʘ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ, ʩʠʩʪʝʤʘ ʥʝ ʢʦʥʪʨʦʣʠʨʫʝʪ ʥʘʭʦʞʜʝʥʠʝ 

ʩʪʫʜʝʥʪʘ ʚ ʧʨʝʜʝʣʘʭ ʘʫʜʠʪʦʨʠʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʟʘʥʷʪʠʷ, ʥʝ ʬʠʢʩʠʨʫʝʪ ʦʧʦʟʜʘʥʠʷ ʠ 

ʜʦʩʨʦʯʥʦʝ ʧʦʢʠʜʘʥʠʝ ʘʫʜʠʪʦʨʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʥʘʢʦʧʣʝʥʠʝ ʥʝʪʦʯʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʯʝ-

ʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ ʦʪʤʝʯʘʶʱʝʛʦ, ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʲʝʢʪʠʚʥʦʩʪʠ ʦʮʝʥʠʚʘʥʠʷ ʫʯʘʱʠʭʩʷ, 

ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʦʥʬʣʠʢʪʥʳʭ ʩʠʪʫʘʮʠʡ.  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʝʩʣʠ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʚʝʜʝʪ ʧʨʦʬʠʣʴʥʳʡ ʧʨʝʜʤʝʪ, ʦʪ-

ʧʫʩʢʘʝʪ ʫʯʘʱʠʭʩʷ ʥʘ 10 ʤʠʥʫʪ ʨʘʥʴʰʝ (ʠʣʠ ʜʝʣʘʝʪ ʧʝʨʝʨʳʚ), ʘ ʪʘʢʞʝ ʪʨʘʪʠʪ ʥʘ ʟʘʧʦʣʥʝʥʠʝ 

ʞʫʨʥʘʣʘ ʧʦʩʝʱʘʝʤʦʩʪʠ ʚʩʝʛʦ 5 ʤʠʥʫʪ ʢʘʞʜʳʡ ʨʘʟ, ʪʦ ʢ ʢʦʥʮʫ ʫʯʝʙʥʦʛʦ ʛʦʜʘ ʥʘʢʘʧʣʠʚʘʝʪ-

ʩʷ ʧʨʠʤʝʨʥʦ 1485 ʥʝʵʬʬʝʢʪʠʚʥʳʭ ʤʠʥʫʪ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 16 ʧʘʨ! ɿʘ ʪʘʢʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʯʘʩʦʚ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʮʝʣʳʡ ʥʝʧʨʦʬʠʣʴʥʳʡ ʢʫʨʩ ʧʦ 1 ʦʜʥʦʡ ʧʘʨʝ ʚ 

ʥʝʜʝʣʶ ʚ ʪʝʯʝʥʠʠ ʩʝʤʝʩʪʨʘ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡʦʡ ʩʠʩʪʝʤʳ (ʀʉ) ʜʣʷ 

ʚʫʟʦʚ ʠ ʢʦʣʣʝʜʞʝʡ, ʢʦʪʦʨʳʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʦʧʪʠʤʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʪʝʭʥʠʯʝ-

ʩʢʠʝ ʩʨʝʜʩʪʚʘ ʨʘʙʦʪʳ ʩ ʠʥʬʦʨʤʘʮʠʝʡ, ʢʦʤʧʴʶʪʝʨʳ, ʩʝʨʚʝʨʥʳʝ ʠ ʩʝʪʝʚʳʝ ʫʩʪʨʦʡʩʪʚʘ) ʢʦ-

ʪʦʨʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ (ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʠ ʩʪʫʜʝʥʪʘʤʠ) ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ), ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʤ ʦʙʝʩʧʝʯʝʥʠʝ (ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ), ʬʦʨʤʠʨʫʝʪ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ (ʙʘʟʳ ʜʘʥʥʳʭ) ʩʦʛʣʘʩʥʦ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʧʨʘʚʦʚʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

ʈʦʣʠ ʩʪʝʡʢʭʦʣʜʝʨʦʚ, ʧʨʦʙʣʝʤʳ, ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠ-

ʩʪʝʤʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 
ʊʘʙʣʠʮʘ  

ʆʧʠʩʘʥʠʝ ʩʪʝʡʢʭʦʣʜʝʨʦʚ, ʧʨʦʙʣʝʤ, ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʪʨʝʙʦʚʘʥʠʡ 
 

ʉʪʝʡʢʭʦʣʜʝʨʳ ʇʨʦʙʣʝʤʳ ʇʦʪʨʝʙʥʦʩʪʠ ʊʨʝʙʦʚʘʥʠʷ 

ʇʦʣʴʟʦʚʘʪʝʣʴ ï 

ʘʜʤʠʥʠʩʪʨʘʮʠʷ 

ɺʋɿʦʚ 

ʇʨ.1 ʉʦʩʪʘʚʣʷʝ-

ʤʳʡ ʫʯʝʙʥʳʡ ʧʣʘʥ 

ʥʝ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚ-

ʥʳʤ ʠʟ-ʟʘ ʥʝʜʦʩʪʘ-

ʪʦʯʥʦʩʪʠ ʠʥʬʦʨ-

ʤʘʮʠʠ. 

ʇ1. ʇʦʣʫʯʝʥʠʝ ʩʪʘ-

ʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥ-

ʥʳʭ ʦ ʧʦʩʝʱʘʝʤʦ-

ʩʪʠ ʧʘʨ. 

ʊʨ.1 ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʩʦʙʠʨʘʪʴ, 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʠ ʭʨʘʥʠʪʴ ʠʥʬʦʨ-

ʤʘʮʠʶ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʩʪʫʜʝʥʪʦʚ 

ʥʘ ʧʘʨʝ. 
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ʇʨ.2 ʅʝʚʦʟʤʦʞʥʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʫʯʝʙʥʳʭ ʤʝʨʦʧʨʠ-

ʷʪʠʡ.  

ʇ2. ʇʦʣʫʯʝʥʠʝ ʠʥ-

ʬʦʨʤʘʮʠʠ ʦ ʜʝʡ-

ʩʪʚʠʪʝʣʴʥʳʭ ʯʘʩʘʭ 

ʨʘʙʦʪʳ ʧʨʝʧʦʜʘʚʘ-

ʪʝʣʝʡ. 

ʊʨ.2 ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʩʦʙʠʨʘʪʴ, 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʠ ʭʨʘʥʠʪʴ ʠʥʬʦʨ-

ʤʘʮʠʶ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʧʨʝʧʦʜʘʚʘ-

ʪʝʣʷ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʘʨʳ. 

ʇʦʣʴʟʦʚʘʪʝʣʠ 

ʩʪʫʜʝʥʪʳ 

ʇʨ.3 ʅʝʧʦʩʪʦʷʥ-

ʩʪʚʦ ʘʫʜʠʪʦʨʠʡ 

(ʦʧʦʟʜʘʥʠʷ, ʧʨʦ-

ʧʫʩʢʠ ʟʘʧʣʘʥʠʨʦ-

ʚʘʥʥʳʭ ʧʘʨ) 

ʇ3. ɿʘʙʣʘʛʦʚʨʝ-

ʤʝʥʥʦʝ ʠʥʬʦʨʤʠ-

ʨʦʚʘʥʠʝ ʩʪʫʜʝʥʪʦʚ 

ʦ ʧʝʨʝʥʦʩʝ ʠʣʠ ʦʪ-

ʤʝʥʝ ʟʘʥʷʪʠʡ. 

ʊʨ.3 ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʧʝʨʝʜʘʚʘʪʴ 

ʜʘʥʥʳʝ ʩ ʪʝʣʝʬʦʥʘ ʧʨʝʧʦʜʘʚʘʪʝʣʷ 

ʥʘ ʪʝʣʝʬʦʥʳ ʩʪʫʜʝʥʪʦʚ ʠ ʩ ʪʝʣʝ-

ʬʦʥʦʚ ʩʪʫʜʝʥʪʦʚ ʥʘ ʪʝʣʝʬʦʥ ʧʨʝ-

ʧʦʜʘʚʘʪʝʣʷ. 

ʊʨ.4 ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʠ ʦʪʤʝʯʘʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʩʪʫ-

ʜʝʥʪʘ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʝʛʦ ʪʝʣʝ-

ʬʦʥʘ ʚ ʘʫʜʠʪʦʨʠʠ ʠ ʚʳʧʦʣʥʝʥʠʠ 

ʥʝʦʙʭʦʜʠʤʳʭ ʠʥʩʪʨʫʢʮʠʡ. 

 

ʊʨ.5 ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʨʘʙʦʪʘʪʴ 

ʙʝʩʧʝʨʝʙʦʡʥʦ, ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʧʦ-

ʚʝʱʘʪʴ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʘʜʤʠʥʠ-

ʩʪʨʘʮʠʶ ʦ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. 

ʇʦʣʴʟʦʚʘʪʝʣʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʠ 

ʇʨ.4 ɺʝʨʦʷʪʥʦʩʪʴ 

ʩʨʳʚʘ ʟʘʥʷʪʠʡ ʠʟ-

ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʩʚʷʟʠ 

ʩʦ ʩʪʫʜʝʥʪʘʤʠ 

ʇ4. ɺʦʟʤʦʞʥʦʩʪʴ 

ʜʦʥʝʩʪʠ ʜʦ ʩʪʫʜʝʥ-

ʪʦʚ ʥʝʦʙʭʦʜʠʤʫʶ 

ʠʥʬʦʨʤʘʮʠʶ. 

ʇʨ.5 ʅʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʪʨʘʪʠʪʴ ʚʨʝ-

ʤʷ ʧʘʨʳ ʥʘ ʢʦʥ-

ʪʨʦʣʴ ʧʦʩʝʱʘʝʤʦ-

ʩʪʠ ʩʪʫʜʝʥʪʦʚ. 

ʇ5. ɹʳʩʪʨʦʝ ʦʮʝ-

ʥʠʚʘʥʠʷ ʧʨʠʩʫʪ-

ʩʪʚʠʷ ʩʪʫʜʝʥʪʦʚ 

ʙʝʟ ʫʯʘʩʪʠʷ ʧʨʝʧʦ-

ʜʘʚʘʪʝʣʷ.  

ʇʨ.6 ɺʦʟʤʦʞʥʦʩʪʴ 

ʨʘʟʥʦʛʣʘʩʠʡ ʠʟ-ʟʘ 

ʥʝʪʦʯʥʦʩʪʠ ʦʮʝʥʠ-

ʚʘʥʠʷ ʧʦʩʝʱʘʝʤʦ-

ʩʪʠ 

ʇ6. ʊʦʯʥʦʝ ʠ ʦʙʲ-

ʝʢʪʠʚʥʦʝ ʦʮʝʥʠʚʘ-

ʥʠʝ ʧʨʠʩʫʪʩʪʚʠʷ. 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʤʝʶʱʠʭʩʷ ʧʨʦʙʣʝʤ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, 

ʦʪʚʝʯʘʶʱʘʷ ʚʩʝʤ ʚʳʜʚʠʥʫʪʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤ.  

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ  

ɼʣʷ ʘʚʪʦʨʠʟʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʩʠʩʪʝʤʝ ʧʨʠ ʧʝʨʚʦʤ ʧʦʜʢʣʶʯʝʥʠʠ ʢ ʣʦʢʘʣʴʥʦʤʫ 

wi-fi ʨʦʫʪʝʨʫ ʩʪʫʜʝʥʪʫ ʧʨʠʜʝʪʩʷ ʚʥʝʩʪʠ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʝʙʝ: ʬʘʤʠʣʠʶ, ʠʤʷ ʠ ʦʪʯʝʩʪʚʦ, ʛʦʜ 

ʨʦʞʜʝʥʠʷ, ʥʦʤʝʨ ʛʨʫʧʧʳ, ʠʥʩʪʠʪʫʪ. ʅʘʙʦʨ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʦʪ ɺʋɿʘ 

ʢ ɺʋɿʫ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʦʜʥʦʟʥʘʯʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʩʪʫʜʝʥʪʘ ʠ ʧʨʠʚʷʟʘʪʴ 

ʩʠʛʥʘʣ ʦʪ ʝʛʦ ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʢ ʝʛʦ ʣʠʯʥʦʤʫ ʜʝʣʫ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ.  

ʇʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʪʝʣʝʬʦʥʘ ʩʪʫʜʝʥʪʘ ʢ ʣʦʢʘʣʴʥʦʤʫ wi-fi ʨʦʫʪʝʨʫ, ʩʠʩʪʝʤʘ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʠ ʣʦʚʠʪ ʩʠʛʥʘʣ ʦʪ ʫʞʝ ʘʚʪʦʨʠʟʦʚʘʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʉʪʫʜʝʥʪʫ ʥʝ ʥʫʞʥʦ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦ ʥʠʯʝʛʦ ʜʝʣʘʪʴ, ʛʣʘʚʥʦʝ ï ʧʨʦʩʣʝʜʠʪʴ, ʯʪʦʙʳ ʧʦʜʢʣʶʯʠʣʩʷ wi-fi ʘʫʜʠʪʦʨʠʠ. ʇʨʠ ʧʦ-

ʩʪʫʧʣʝʥʠʠ ʩʠʛʥʘʣʘ ʦ ʧʦʜʢʣʶʯʝʥʠʠ ʩʠʩʪʝʤʘ ʦʙʨʘʙʘʪʳʚʘʝʪ ʝʛʦ ʠ ʬʠʢʩʠʨʫʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʟʘ 

ʢʦʥʢʨʝʪʥʳʤ ʩʪʫʜʝʥʪʦʤ. ʇʦʪʦʢʠ ʦʪ ʨʘʟʥʳʭ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʤʦʛʫʪ ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ 

ʧʘʨʘʣʣʝʣʴʥʦ, ʧʦʵʪʦʤʫ ʚʨʝʤʷ ʧʨʠʭʦʜʘ ʩʪʫʜʝʥʪʘ ʙʫʜʝʪ ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʚ ʤʦʤʝʥʪ ʧʦʜʢʣʶʯʝ-

ʥʠʷ ʝʛʦ ʪʝʣʝʬʦʥʘ ʢ ʩʝʪʠ, ʙʝʟ ʦʞʠʜʘʥʠʷ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʦʪ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ.  

ʇʨʠ ʦʪʢʣʶʯʝʥʠʠ ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʩʝʪʠ ʠʥʪʝʨʥʝʪ ʜʘʥʥʦʡ ʘʫʜʠʪʦʨʠʠ, ʩʠ-

ʩʪʝʤʘ ʬʠʢʩʠʨʫʝʪ ʚʨʝʤʷ ʫʭʦʜʘ ʩʪʫʜʝʥʪʘ. ʂʦʣʠʯʝʩʪʚʦ ʬʠʢʩʠʨʫʝʤʳʭ ʧʨʦʤʝʞʫʪʢʦʚ (ʥʘʧʨʠ-

ʤʝʨ, ʯʪʦʙʳ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʦʪʣʫʯʝʥʠʝ ʩʪʫʜʝʥʪʘ ʚʦ ʚʨʝʤʷ ʟʘʥʷʪʠʷ) ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʠ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʝʥʦ ʧʦʩʣʝ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʟʘʢʘʟʯʠʢʦʤ.  

ʊʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʨʘʙʦʪʘʝʪ ʬʠʢʩʘʮʠʷ ʚʨʝʤʝʥʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ. ʊʘʢ ʞʝ, ʚ ʠʥʪʝʨʬʝʡ-

ʩʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʪʘʢʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ, ʢʘʢ 

ʥʘʧʨʠʤʝʨ ʦʧʦʚʝʱʝʥʠʝ ʩʪʫʜʝʥʪʦʚ ʦ ʧʝʨʝʥʦʩʝ, ʟʘʜʝʨʞʢʝ ʠʣʠ ʦʪʤʝʥʳ ʧʘʨʳ. ʇʨʝʧʦʜʘʚʘʪʝʣʴ 

ʤʦʞʝʪ ʫʚʝʜʦʤʠʪʴ ʩʪʫʜʝʥʪʦʚ ʟʘʨʘʥʝʝ, ʥʘ ʪʝʣʝʬʦʥʳ ʩʪʫʜʝʥʪʦʚ ʧʦʩʪʫʧʠʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʩʦʦʙʱʝʥʠʝ ʚʥʫʪʨʠ ʧʨʠʣʦʞʝʥʠʷ.   
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ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʵʪʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʢʦʪʦ-

ʨʳʝ ʙʫʜʫʪ ʩʦʙʨʘʥʳ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ. ʉ ʠʭ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʙʫʜʝʪ ʦʪʩʣʝʞʠʚʘʪʴ 

ʥʝ ʪʦʣʴʢʦ ʦʙʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʩʝʱʘʝʤʦʩʪʠ, ʥʦ ʠ ʧʦʜʨʦʙʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʫʯʝʙʥʳʡ 

ʧʨʦʮʝʩʩ. ʅʘʧʨʠʤʝʨ, ʧʨʠʣʦʞʝʥʠʝ ʚʳʜʘʝʪ ʩʪʘʪʠʩʪʠʢʫ ʧʦʩʝʱʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʘʤʠ ʧʘʨ ʦʧʨʝ-

ʜʝʣʝʥʥʦʛʦ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʪʘʢʞʝ ʩʪʘʪʠʩʪʠʢʫ ʧʦʩʝʱʘʝʤʦʩʪʠ ʧʘʨ ʦʧʨʝʜʝʣʝʥʥʳʤ ʩʪʫʜʝʥʪʦʤ 

ʠʣʠ ʛʨʫʧʧʦʡ ʩʪʫʜʝʥʪʦʚ. ɼʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʫʧʥʘ ʥʝ ʪʦʣʴʢʦ ʘʜʤʠʥʠʩʪʨʘ-

ʮʠʠ ɺʋɿʘ, ʥʦ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʠ ʩʪʫʜʝʥʪʘʤ. 

ʇʦʪʦʢʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ. 

 

ʈʠʩ. ʇʦʪʦʢʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ  

ɹr ʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʢʘʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʚʘʪʴ 

ʧʦʩʝʱʘʝʤʦʩʪʴ ʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʠ ʩʪʫʜʝʥʪʘʤʠ. ʇʨʦʨʘʙʦʪʘʥʳ ʚʩʝ ʵʪʘʧʳ 

ʦʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʜʝʠ ʜʦ ʫʪʠʣʠʟʘʮʠʠ, ʦʧʠʩʘʥ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ, ʚʳʷʚʣʝʥʳ ʩʪʝʡʢʭʦʣʜʝʨʳ, 

ʠʭ ʧʦʪʨʝʙʥʦʩʪʠ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʠʩʪʝʤʥʳʝ ʪʨʝʙʦʚʘʥʠʷ. ʆʧʠʩʘʥʳ ʧʦʪʦʢʠ ʜʘʥʥʳʭ, ʧʨʦ-

ʨʘʙʦʪʘʥʦ ʧʝʨʚʠʯʥʦʝ ʦʧʠʩʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤʳ.  
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ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ  

ɹ.ʅ. ɽʣʴʮʠʥʘ, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʝ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʟʜʘʥʠʷʤʠ çʫʤʥʳʡ ʜʦʤè ʢʘʢ ʩʧʦʩʦʙ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʪʨʝʙʣʝʥʠʷ ʨʝʩʫʨʩʦʚ. ʆʧʠʩʘʥʦ ʧʦʣʦʞʝ-

ʥʠʝ ʨʝʰʝʥʠʡ ʜʣʷ çʫʤʥʦʛʦ ʜʦʤʘè ʥʘ ʨʳʥʢʝ. ʈʘʩʩʤʦʪʨʝʥ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢ-

ʪʫʨʥʳʡ ʩʦʩʪʘʚ ʫʤʥʦʛʦ ʜʦʤʘ, ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʘʷ ʩʭʝʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʜʣʷ 

ʞʠʣʳʭ ʤʥʦʛʦʵʪʘʞʥʳʭ ʟʜʘʥʠʡ, ʘ ʪʘʢʞʝ ʟʜʘʥʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʚ ʢʘʯʝʩʪʚʝ ʛʦʩʪʠʥʠʮʳ, ʧʝ-

ʨʝʯʠʩʣʝʥ ʚʦʟʤʦʞʥʳʡ ʩʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʠʩʪʝʤʝ ʫʩʪʨʦʡʩʪʚ. ʅʘ ʧʨʠʤʝʨʝ ʛʦʩʪʠʥʠʮʳ ʠ 

ʞʠʣʦʛʦ ʜʦʤʘ ʧʦʢʘʟʘʥʦ ʢʘʢ ʩʥʠʞʘʶʪʩʷ ʨʘʩʭʦʜʳ ʨʝʩʫʨʩʦʚ. ʆʩʥʦʚʥʦʡ ʚʳʚʦʜ ʩʪʘʪʴʠ ʚ ʪʦʤ, 

ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʚʥʝʜʨʝʥʠʶ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ ʚ ʟʜʘʥʠʷ ʨʘʟʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ʜʣʷ 

ʪʝʭ ʣʶʜʝʡ ʠʣʠ ʵʣʝʤʝʥʪʦʚ ʵʢʦʥʦʤʠʢʠ, ʫ ʢʦʪʦʨʳʭ ʝʩʪʴ ʧʨʦʙʣʝʤʳ ʩ ʠʟʣʠʰʥʠʤ ʧʦʪʨʝʙʣʝʥʠʝʤ 

ʨʝʩʫʨʩʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʋʤʥʳʡ ʜʦʤ, ʧʦʪʨʝʙʣʝʥʠʝ ʨʝʩʫʨʩʦʚ, ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʵʥʝʨʛʦ-

ʩʙʝʨʝʞʝʥʠʝ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʙʳʪʘ, ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ, ʫʧʨʘʚʣʝʥʠʝ ʨʝʩʫʨʩʘʤʠ, ʩʠʩʪʝʤʘ 

ʢʦʥʪʨʦʣʷ, ʫʯʝʪ ʧʦʪʨʝʙʣʝʥʠʷ ʟʜʘʥʠʡ, ʵʢʦʥʦʤʠʷ ʵʥʝʨʛʠʠ. 

 

ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʩʠʩʪʝʤʫ, ʩ ʢʦʪʦʨʦʡ ʤʳ ʨʘʙʦʪʘʝʤ, ʥʫʞʥʦ ʥʘʯʘʪʴ ʩ ʦʧʨʝ-

ʜʝʣʝʥʠʷ. ʉʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʟʜʘʥʠʝʤ, ʧʨʦʱʝ ʛʦʚʦʨʷ çʫʤʥʳʡ ʜʦʤè, ʦʧʨʝ-

ʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [1, 2, 3]. ʉʠʩʪʝʤʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʮʠʬʨʦʚʠʟʘʮʠʝʡ ʙʳʪʦ-

ʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʦʙʲʝʜʠʥʝʥʠʝʤ ʠʭ ʚ ʝʜʠʥʫʶ ʩʝʪʴ, ʩʧʦʩʦʙʥʫʶ ʢʘʢ ʢ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤʫ ʧʦʜ-

ʜʝʨʞʘʥʠʶ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢ ʠ ʢ ʠʟʤʝʥʝʥʠʶ ʧʦ ʫʜʘʣʝʥʥʦʡ ʢʦʤʘʥʜʝ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʳʥʦʢ ʫʤʥʳʭ ʜʦʤʦʚ ʥʦʚʳʡ, 

ʫ ʥʝʛʦ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʨʦʩʪʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚ ʙʣʠʞʘʡʰʠʝ 5 ʣʝʪ 

ʩʨʝʜʥʝʛʦʜʦʚʳʝ ʪʝʤʧʳ ʨʦʩʪʘ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʩʦʩʪʘʚʷʪ ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ 20 % (ʨʠʩ. 1) [4]. 
 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʨʝʰʝʥʠʡ ʜʣʷ ʫʤʥʦʛʦ ʛʦʨʦʜʘ 

mailto:rostislav970s@gmail.com
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ʅʦ ʨʦʩʩʠʡʩʢʠʡ ʨʳʥʦʢ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʅʘ ʈʦʩʩʠʶ ʧʨʠʭʦ-

ʜʠʪʩʷ ʤʝʥʝʝ 1 % ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ (ʨʠʩ. 2), ʩʧʨʦʩ ʚ 10 ʨʘʟ ʥʠʞʝ, ʯʝʤ 

ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ [4]. ʆʪʤʝʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʨʠʯʠʥʳ: 1) ʥʠʟʢʠʡ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʳʡ 

ʩʧʨʦʩ ʥʘʩʝʣʝʥʠʷ; 2) ʩʥʠʞʝʥʠʝ ʠʥʜʝʢʩʘ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʫʚʝʨʝʥʥʦʩʪʠ; 3) ʥʠʟʢʘʷ ʠʥʚʝʩʪʠ-

ʮʠʦʥʥʘʷ ʣʠʢʚʠʜʥʦʩʪʴ ʨʳʥʢʘ ʠ ʩʣʦʞʥʦʩʪʴ ʧʨʠʚʣʝʯʝʥʠʷ ʠʥʚʝʩʪʦʨʘ. 
 

 
 

ʈʠʩ. 2. ɼʦʣʷ ʦʪ ʦʙʲʝʤʘ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ, % 

 

ʊʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʯʠʥ [5] ʦʪʤʝʯʘʶʪ: 1) ʦʪʩʫʪʩʪʚʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ 

çʫʤʥʦʛʦ ʜʦʤʘè; 2) ʦʪʩʫʪʩʪʚʠʝ ʩʚʦʠʭ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ çʫʤʥʦʛʦ ʜʦ-

ʤʘ; 3) ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʝ ʮʝʥʳ ʥʘ ʵʣʝʢʪʨʦ-, ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ. 

ʇʝʨʚʳʝ ʜʚʘ ʧʫʥʢʪʘ ʬʦʨʤʠʨʫʶʪ ʧʨʠʯʠʥʫ ʜʦʨʦʛʦʚʠʟʥʳ ʨʝʰʝʥʠʡ ʫʤʥʦʛʦ ʜʦʤʘ. ɼʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʨʦʩʩʠʷʥ ʩʦʙʩʪʚʝʥʥʦʝ çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʟʜʘʥʠʝè ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ï ʵʪʦ 

ʧʦʢʘʟʘʪʝʣʴ ʨʦʩʢʦʰʠ ʠ ʜʦʩʪʘʪʢʘ, ʘ ʥʝ ʩʧʦʩʦʙ ʵʢʦʥʦʤʠʠ. 

ʉʠʩʪʝʤʘ ʫʤʥʳʡ ʜʦʤ ʚ ʞʠʣʳʭ ʟʜʘʥʠʷʭ 

ʀʝʨʘʨʭʠʷ ʩʠʩʪʝʤ ʫʤʥʦʛʦ ʜʦʤʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʚ ʦʙʱʝʤ ʚʠʜʝ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ʋʢʨʫʧʥʝʥʥʦ ʬʫʥʢʮʠʠ ʩʠʩʪʝʤʳ ʨʘʟʜʝʣʷʶʪ ʥʘ (ʨʠʩ. 3) [3]: 1) ʩʠʩʪʝʤʫ ʞʠʟʥʝʦʙʝʩ-

ʧʝʯʝʥʠʷ; 2) ʩʠʩʪʝʤʫ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʫʤʥʦʛʦ ʜʦʤʘ; 3) ʩʠʩʪʝʤʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. 

 
ʈʠʩ. 3. ɼʝʢʦʤʧʦʟʠʮʠʷ ʬʫʥʢʮʠʡ ʩʠʩʪʝʤʳ çʫʤʥʳʡ ʜʦʤè 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʩʠʩʪʝʤʘ ʫʤʥʳʡ ʜʦʤ ʠʤʝʝʪ ʰʠʨʦʢʠʡ ʩʧʠʩʦʢ ʧʦʜ-

ʩʠʩʪʝʤ. ʇʨʠ ʵʪʦʤ ʧʦʜʩʠʩʪʝʤ ʤʥʦʛʦ ʥʝ ʪʦʣʴʢʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦ, ʥʦ ʠ ʩʪʨʫʢʪʫʨʥʦ ï ʥʘʧʨʠʤʝʨ 

ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ [6] ʧʨʠʚʝʜʝʥʦ 69 ʵʣʝʤʝʥʪʦʚ (ʪʘʙ. 1), ʢʦʪʦʨʳʝ ʩʘʤʠ ʪʘʢʞʝ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦʡ ʪʨʫʜʦʝʤʢʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ ʫʤʥʳʡ ʜʦʤ.  
ʊʘʙʣʠʮʘ 1  

ɺʦʟʤʦʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʫʤʥʳʡ ʜʦʤ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 
 

ʉʠʩʪʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 17 

ʕʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ 15 

ʋʧʨʘʚʣʝʥʠʝ ʢʣʠʤʘʪʦʤ 12 

ʆʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʫʧʘ 6 

ɿʘʱʠʪʘ ʦʪ ʯʧ 6 

ʊʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷ ʠ ʩʚʷʟʴ 4 
 

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʩʣʦʞʥʦʩʪʴ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʩʪʘʪʴʷʭ ʧʨʠʚʦʜʠʪʩʷ ʪʦʣʴʢʦ 

ʫʧʨʦʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ï ʧʦʜʩʠʩʪʝʤ ʤʦʞʝʪ ʙʳʪʴ ʥʘʩʪʦʣʴʢʦ ʤʥʦʛʦ, ʯʪʦ 

ʯʠʪʘʪʴʩʷ ʪʘʢʠʝ ʩʭʝʤʳ ʥʝ ʙʫʜʫʪ. 

ʊʘʢ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʚʠʜ çʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʩʠ-

ʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʫʤʥʳʤ ʜʦʤʦʤè, ʩʦʩʪʦʷʱʘʷ ʠʟ: ʫʧʨʘʚʣʷʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʥʪʨʦʣʣʝʨʘ, 

ʩʧʠʩʢʘ ʫʩʪʨʦʡʩʪʚ ʠ ʜʘʪʯʠʢʦʚ, ʠʥʪʝʨʬʝʡʩʘ (ʨʠʩ. 4) [3].  
 

 
 

ʈʠʩ. 4. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ çʫʤʥʳʡ ʜʦʤè 

 

ʕʬʬʝʢʪʦʤ ʦʪ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ çʫʤʥʳʡ ʜʦʤè ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʨʘʩʭʦʜʦʚ 

ʧʦ ʩʘʤʳʤ ʚʘʞʥʳʤ ʩʪʘʪʴʷʤ ʨʘʩʭʦʜʦʚ (ʪʘʙ. 2) [2, 3]. 
ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ çʫʤʥʳʡ ʜʦʤè ʚ ʞʠʣʦʝ ʟʜʘʥʠʝ 
 

ʉʪʘʪʴʷ ʨʘʩʭʦʜʦʚ ʋʨʦʚʝʥʴ ʩʥʠʞʝʥʠʷ, % 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 30 

ʕʣʝʢʪʨʦʵʥʝʨʛʠʷ 30-33 

ɺʦʜʦʩʥʘʙʞʝʥʠʝ ʠ ʚʦʜʦʦʪʚʝʜʝʥʠʝ 35-41 

ʊʝʧʣʦʩʥʘʙʞʝʥʠʝ 35-50 

 

ʉʠʩʪʝʤʘ çʫʤʥʳʡ ʜʦʤè ʚ ʛʦʩʪʠʥʠʮʝ 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʞʠʣʳʭ ʜʦʤʘʭ, ʥʦ ʠ, ʥʘʧʨʠʤʝʨ, ʚ ʛʦʩʪʠʥʠ-

ʮʝ. ɺ ʫʢʘʟʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʘ ʦʧʠʩʘʥʘ ʧʨʦʙʣʝʤʘ ʧʝʨʝʨʘʩʭʦʜʘ ʩʨʝʜʩʪʚ ʚ ʦʪʝʣʝ [7].  

ʇʨʠʯʠʥʘ ʧʝʨʝʨʘʩʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʦʤʝʨʘ, ʚ ʢʦʪʦʨʳʭ ʥʝʪ ʧʨʦʞʠʚʘʶʱʠʭ, 

ʦʪʘʧʣʠʚʘʶʪʩʷ ʥʝʧʨʝʨʳʚʥʦ ʠ ʥʘ ʧʦʣʥʫʶ ʤʦʱʥʦʩʪʴ. ʕʪʦ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ ʚʥʝʜʨʝʥʠʝʤ 

Property management system, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʫʙʘʚʣʷʪʴ ʧʦʜʘʯʫ ʪʝʧʣʘ ʚ ʥʦʤʝʨ ʠʣʠ ʟʘʙʣʘʛʦ-

ʚʨʝʤʝʥʥʦ ʜʦʙʘʚʣʷʪʴ, ʝʩʣʠ ʦʞʠʜʘʝʪʩʷ ʟʘʩʝʣʝʥʠʝ ʛʦʩʪʷ (ʨʠʩ. 5). 
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ʈʠʩ. 5. ʈʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ çʫʤʥʦʝ ʦʪʦʧʣʝʥʠʝè ʚ ʛʦʩʪʠʥʠʮʝ ʚ ʧʘʨʝ ʩ PMS 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʦ: 1) ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʢʣʶʯʝʥʠʝ / ʚʳʢʣʶʯʝʥʠʝ 

ʦʪʦʧʣʝʥʠʷ ʚ ʥʦʤʝʨʘʭ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʥʠʭ. 2) ʩʥʠʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʧʝʨ-

ʩʦʥʘʣ, ʪ. ʢ. ʠʤ ʥʝ ʧʨʠʜʝʪʩʷ ʩʘʤʠʤ ʦʙʜʫʤʳʚʘʪʴ, ʢʦʛʜʘ ʠ ʛʜʝ ʥʫʞʥʦ ʧʨʠʙʘʚʠʪʴ/ʫʙʘʚʠʪʴ ʧʦ-

ʜʘʯʫ ʪʝʧʣʘ. 3) ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫ-

ʯʝʥʠʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ. 

ʕʬʬʝʢʪʦʤ ʦʪ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʚ ʦʪʝʣʴ ʷʚʣʷʣʦʩʴ ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʦʚ ʥʘ ʦʪʦʧʣʝʥʠʝ 

ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʜʦ 28 % ʚ ʛʦʜ. 

ɿʘʢʣʶʯʝʥʠʝ 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʠ ʩʪʨʫʢʪʫʨʥʳʡ ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ 

ʫʤʥʳʡ ʜʦʤ, ʦʧʠʩʘʥʳ ʵʣʝʤʝʥʪʳ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʠ ʚʦʟʤʦʞʥʳʡ ʩʧʦʩʦʙ ʠʥʪʝʛʨʘʮʠʠ ʩʠʩʪʝʤʳ ʚ 

ʛʦʩʪʠʥʠʯʥʳʡ ʢʦʤʧʣʝʢʩ. 

ʉʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ çʫʤʥʳʡ ʜʦʤè ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ 

ʨʘʩʭʦʜʳ ʵʥʝʨʛʠʠ ʠ ʨʝʩʫʨʩʦʚ, ʯʪʦ ʠʤʝʝʪ ʦʩʦʙʫʶ ʚʘʞʥʦʩʪʴ ʧʨʠ ʩʠʪʫʘʮʠʠ ʧʝʨʝʨʘʩʭʦʜʘ ʨʝ-

ʩʫʨʩʦʚ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʥʝ 

ʪʦʣʴʢʦ ʚ ʞʠʣʳʭ ʜʦʤʘʭ ʜʣʷ ʣʦʢʘʣʴʥʳʭ ʟʘʜʘʯ, ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʚ ʟʜʘʥʠʷʭ ʩ ʨʘʟʣʠʯ-

ʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʠ ʨʘʟʣʠʯʥʦʡ ʩʧʝʮʠʬʠʢʦʡ. 
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ɾʘʙʠʮʢʠʡ2 ʄʠʭʘʠʣ ɻʝʦʨʛʠʝʚʠʯ, ʟʘʤ. ʜʠʨʝʢʪʦʨʘ 

E-mail: katya.uspenskaya.1997@mail.ru 
 

1 ï ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè (ʅʀʗʋ ʄʀʌʀ)  

2 ï ɺʳʩʰʘʷ ʀʥʞʠʥʠʨʠʥʛʦʚʘʷ ʐʢʦʣʘ çʄʀʌʀè 

ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʝʛʦʜʥʷ ʜʣʷ ʤʥʦʛʠʭ ʩʫʜʦʚʳʭ ʢʦʤʧʘʥʠʡ ʢʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʧʦʚʳʰʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ 

ʫʤʝʥʴʰʝʥʠʷ ʥʝʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʧʨʦʩʪʦʝʚ ʠ ʦʪʢʘʟʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʫʜʘʣʝʥʥʦʛʦ 

ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ. ʇʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʙʘʟʝ ʧʨʦ-

ʤʳʰʣʝʥʥʦʛʦ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ: ʜʘʥʥʳʝ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʙʠʨʘʶʪʩʷ ʩ ʜʘʪʯʠʢʦʚ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʭ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʧʦʩʪʫʧʘʶʪ ʥʘ ʙʦʨʪʦʚʦʡ ʢʦʤʧʴʶʪʝʨ ʠʣʠ ʎʝʥʪʨʳ ʆʙʨʘʙʦʪʢʠ 

ɼʘʥʥʳʭ (ʎʆɼʳ) ʜʣʷ ʘʥʘʣʠʟʘ, ʠ ʥʘ ʦʩʥʦʚʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʩʮʝʥʘʨʠʠ ʙʫʜʫʱʝʛʦ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ. ɺ ʩʪʘʪʴʝ 

ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʧʨʦʙʣʝʤʥʦʡ ʩʠʪʫʘʮʠʠ, ʚʳʟʚʘʚʰʝʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʠ-

ʩʪʝʤʳ ʫʜʘʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ɸʨʢʪʠʯʝʩʢʠʭ 

ʩʫʜʦʚ, ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʮʝʣʴ ʨʘʙʦʪʳ, ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʚʳʙʦʨ ʩʠʩʪʝʤʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ. ʆʧʠ-

ʩʳʚʘʝʪʩʷ ʧʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ, ʧʝʨʝʯʠʩʣʷʶʪʩʷ ʠʩʧʦʣʴʟʫʝʤʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʤʝʪʦʜʦʣʦ-

ʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʠʩʪʝʤʝ ʫʜʘʣʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʘʥʘʣʠʟʫ ʚʳʙʨʘʥʥʦʡ ʩʠʩʪʝʤʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʡ 

ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʘʥʘʣʠʟ ʠ ʨʘʟʨʘʙʦʪʢʘ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʠʩʪʝʤʝ ʫʜʘʣʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʉʠʩʪʝʤʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ; ʩʠʩʪʝʤʥʦʝ ʤʳʰʣʝʥʠʝ; ʫʜʘʣʝʥʥʘʷ ʜʠʘ-

ʛʥʦʩʪʠʢʘ; ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʠʩʪʝʤʳ; ʩʪʝʡʢʭʦʣʜʝʨʳ; ʞʝʩʪʢʦʝ ʩʠʩʪʝʤʥʦʝ ʤʳʰʣʝʥʠʝ; ʩʠ-

ʩʪʝʤʥʳʡ ʘʥʘʣʠʟ; ʪʨʝʙʦʚʘʥʠʷ; ʘʥʘʣʠʟ ʩʠʩʪʝʤʳ; ʚʝʨʭʥʝʫʨʦʚʥʝʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ; ʠʥʪʝʨʥʝʪ ʚʝ-

ʱʝʡ. 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʘʤ ʧʦʚʳʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝ-

ʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʩ-

ʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʨʘʙʦʪʳ ʚ ʩʫʨʦʚʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʢʚʘʣʠʬʠʮʠʨʦ-

ʚʘʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʠ ʩʝʨʚʠʩʦʚ ʩʚʷʟʠ ʚ ʫʜʘʣʝʥʥʳʭ ʨʝʛʠʦʥʘʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʗʨʢʠʤ ʧʨʠʤʝ-

ʨʦʤ ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʩʫʜʘ ʠ ʢʦʨʘʙʣʠ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʝ ʚ ʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ ʈʦʩʩʠʡ-

ʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʥʘʨʘʙʦʪʢʫ [4].  

ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʚ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ 

ʙʘʟʝ ʪʝʭʥʦʣʦʛʠʠ çʇʨʦʤʳʰʣʝʥʥʦʛʦ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʪʯʠʢʦʚ ï ʜʣʷ 

ʩʯʠʪʳʚʘʥʠʷ ʜʘʥʥʳʭ ʩ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʝʨʝʜʘʯʠ ʠʭ ʥʘ ʙʦʪʦʚʦʡ ʢʦʤʧʴʶʪʝʨ ʠ/ʠʣʠ ʎʆɼ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʵʪʠʭ ʜʘʥʥʳʭ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʦʟʜʘʥʠʝʤ ʮʠʬʨʦʚʳʭ ʢʘʨʪ ʠ ʧʨʦʛʥʦʟʦʚ 

ʨʘʙʦʪʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʠʪ ʚʳʷʚʠʪʴ ʜʝʬʝʢʪʳ, ʧʦ-

ʣʦʤʢʠ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ, ʦʧʨʝʜʝʣʠʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʧʣʘʥʦʚʦʛʦ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʠ ʠʩʢʣʶʯʠʪʴ ʚʦʟʤʦʞ-

ʥʳʝ ʘʚʘʨʠʠ.  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʣʶʙʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʘ ʩʪʘʜʠʷ ʘʥʘʣʠʟʘ ʠ ʧʣʘʥʠ-

ʨʦʚʘʥʠʷ [2]. ɼʘʥʥʳʡ ʘʥʘʣʠʟ ʥʝʚʦʟʤʦʞʝʥ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ, ʧʦʟʚʦ-

mailto:katya.uspenskaya.1997@mail.ru


163 

 

ʣʷʶʱʝʡ ʧʨʦʠʟʚʦʜʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʠ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʫʶ ʧʨʦʮʝʜʫʨʫ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦ-

ʝʢʪʘ ʩ ʥʝʦʙʭʦʜʠʤʳʤ ʧʦʜʢʣʶʯʝʥʠʝʤ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʨʘ-

ʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʠ ʨʘʟʨʘʙʦʪʢʘ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʠʩʪʝʤʝ ʫʜʘʣʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʩʧʨʝ-

ʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɼʣʷ ʘʥʘʣʠʟʘ ʠ ʨʘʟʨʘʙʦʪʢʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʠʩʪʝʤʝ ʫʜʘʣʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʩʧʨʝʜʝ-

ʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʠʤʝʥʠʪʴ ʪʘʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʢʘʢ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʵʢʩʧʝʨʪʥʦʝ ʠʥʪʝʨʚʴʶ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʩʠʩʪʝʤʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ. 

ʀʩʧʦʣʴʟʫʷ ʠʥʩʪʨʫʤʝʥʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ 

ʚʝʨʭʥʝʫʨʦʚʥʝʚʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʩʠʩʪʝʤʳ ʫʜʘʣʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. 

ʉʠʩʪʝʤʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʝʩʪʠ ʤʥʦʛʦʩʪʦʨʦʥʥʠʡ ʘʥʘʣʠʟ ʩʠʪʫʘʮʠʠ, 

ʦʪʥʦʰʝʥʠʡ ʜʝʡʩʪʚʫʶʱʠʭ ʣʠʮ, ʠʭ ʚʠʜʝʥʠʝ ʩʠʩʪʝʤʳ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʚʝʜʝʥʠʝʤ ʧʨʦʘʥʘʣʠ-

ʟʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʚ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ï ʨʝʝʩʪʨ ʪʨʝʙʦʚʘʥʠʡ, ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʩʠʩʪʝʤʘ. ʉʠʩʪʝʤʥʳʝ ʤʝʪʦʜʦʣʦʛʠʠ ʫʜʦʙʥʦ ʨʘʩʩʤʦʪʨʝʪʴ, 

ʧʦʣʴʟʫʷʩʴ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ, ʧʨʝʜʣʦʞʝʥʥʦʡ ɼʞʝʢʩʦʥʦʤ ʠ ʂʝʡʩʦʤ, ʥʘʟʚʘʥʥʦʡ ʉʠʩʪʝʤʦʡ ʉʠ-

ʩʪʝʤʥʳʭ ʄʝʪʦʜʦʣʦʛʠʡ (SOSM) [1, 3]. ʆʩʥʦʚʦʡ ʜʣʷ SOSM ʩʣʫʞʠʪ ʪʘʙʣʠʮʘ ʘʙʩʪʨʘʢʪʥʳʭ 

ʪʠʧʦʚ ʧʨʦʙʣʝʤʥʳʭ ʢʦʥʪʝʢʩʪʦʚ (ʪʘʙʣ. 1).  

ʊʘʙʣʠʮʘ 1 

ɸʙʩʪʨʘʢʪʥʳʝ ʪʠʧʳ ʧʨʦʙʣʝʤʥʳʭ ʢʦʥʪʝʢʩʪʦʚ 

 ʋʯʘʩʪʥʠʢʠ 

ʋʥʠʪʘʨʥʳʝ ʇʣʶʨʘʣʠʩʪʠʯʝʩʢʠʝ ʂʦʥʬʣʠʢʪʥʳʝ 

ʉʠʩʪʝʤʳ ʇʨʦʩʪʳʝ ʇʨʦʩʪʳʝ + 

ʋʥʠʪʘʨʥʳʝ 

ʇʨʦʩʪʳʝ + ʇʣʶʨʘ-

ʣʠʩʪʠʯʝʩʢʠʝ 

ʇʨʦʩʪʳʝ + 

ʂʦʥʬʣʠʢʪʥʳʝ 

ʉʣʦʞʥʳʝ ʉʣʦʞʥʳʝ + 

ʋʥʠʪʘʨʥʳʝ 

ʉʣʦʞʥʳʝ + ʇʣʶ-

ʨʘʣʠʩʪʠʯʝʩʢʠʝ 

ʉʣʦʞʥʳʝ + 

ʂʦʥʬʣʠʢʪʥʳʝ 

 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʦʩʴ ʤʘʪʨʠʮʳ ɼʞʝʢʩʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʣʦʞʥʦʩʪʴ ʩʠʩʪʝʤ. ʇʦ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ʤʘʪʨʠʮʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʫʯʘʩʪʥʠʢʠ ʧʦ ʪʠʧʫ ʠʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ. ɺ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʩʣʦʞʥʦʩʪʠ ʩʠʩʪʝʤ ʠ ʭʘʨʘʢʪʝʨʘ ʫʯʘʩʪʥʠʢʦʚ, ʠʤʝʶʪ ʤʝʩʪʦ ʙʳʪʴ ʨʘʟʣʠʯʥʳʝ ʩʠ-

ʩʪʝʤʥʳʝ ʧʦʜʭʦʜʳ, ʢʦʪʦʨʳʝ ʜʝʣʷʪʩʷ ʥʘ ʯʝʪʳʨʝ ʪʠʧʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʥʘ ʯʪʦ ʦʥʠ 

ʥʘʧʨʘʚʣʝʥʳ: ʞʝʩʪʢʦʝ ʩʠʩʪʝʤʥʦʝ ʤʳʰʣʝʥʠʝ ï ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʮʝʣʠ, ʤʷʛʢʦʝ ʩʠʩʪʝʤʥʦʝ 

ʤʳʰʣʝʥʠʝ ï ʥʘ ʚʳʷʚʣʝʥʠʝ ʮʝʣʝʡ, ʵʤʘʥʩʠʧʘʮʠʦʥʥʦʝ ʩʠʩʪʝʤʥʦʝ ʤʳʰʣʝʥʠʝ ï ʥʘ ʫʩʪʘʥʦʚʣʝ-

ʥʠʷ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ, ʧʦʩʪʤʦʜʝʨʥʠʩʪʩʢʦʝ ʩʠʩʪʝʤʥʦʝ ʤʳʰʣʝʥʠʝ ï ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʨʘʟʥʦʦʙ-

ʨʘʟʠʷ. ʕʪʠ ʪʠʧʳ ʧʦʜʭʦʜʦʚ ʥʝ ʠʩʢʣʶʯʘʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʘ ʣʠʰʴ ʫʢʘʟʳʚʘʶʪ ʦʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝ-

ʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦʜʭʦʜʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʠ ʨʘʩʩʤʦʪʨʝʥʠʷ ʜʣʷ ʠʟʫʯʘʝʤʦʡ ʩʠʩʪʝʤʳ ʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ 

ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʷʚʣʷʝʪʩʷ ʞʝʩʪʢʦʝ ʩʠʩʪʝʤʥʦʝ ʤʳʰʣʝʥʠʝ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʝ ʝʜʠʥʫʶ, 

ʣʝʛʢʦ ʦʧʨʝʜʝʣʷʝʤʫʶ ʮʝʣʴ, ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʝ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

1) ʦʥʦ ʠʩʧʦʣʴʟʫʝʪ ʥʘʫʯʥʳʡ ʧʦʜʭʦʜ ʠ ʨʘʙʦʪʘʝʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʢ ʢʦʪʦʨʳʤ ʠ ʦʪʥʦʩʠʪʩʷ ʠʩʩʣʝʜʫʝʤʘʷ ʩʠʩʪʝʤʘ; 

2) ʦʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʧʦ ʧʨʠʯʠʥʝ ʦʙʱʥʦʩʪʠ ʮʝʣʝʡ ʠ ʚʠʜʝʥʠʷ 

ʮʝʣʝʚʦʡ ʩʠʩʪʝʤʳ ʫ ʚʩʝʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ; 

3) ʩʪʝʡʢʭʦʣʜʝʨʳ ʚʦʚʣʝʯʝʥʳ ʚ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʨʝʰʝʥʠʷ ʥʝ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ɾʎ, 

ʘ ʪʦʣʴʢʦ ʥʘ ʵʪʘʧʝ ʘʥʘʣʠʟʘ ʧʨʠ ʩʙʦʨʝ ʪʨʝʙʦʚʘʥʠʡ ʠ ʥʘ ʵʪʘʧʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 

ʭʦʜʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʠʩʧʳʪʘʥʠʡ ʨʝʰʝʥʠʷ. 

ʀʟ ʪʨʝʭ ʤʝʪʦʜʦʚ ʞʝʩʪʢʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʤʳʰʣʝʥʠʷ (ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʧʝʨʘʮʠʡ, ʩʠʩʪʝʤ-

ʥʳʡ ʘʥʘʣʠʟ ʠ ʩʠʩʪʝʤʥʳʡ ʠʥʞʠʥʠʨʠʥʛ) ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʥʳʡ ʘʥʘ-

ʣʠʟ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʤʫ ʧʦʜʭʦʜʫ, ʨʘʟʨʘʙʦʪʢʘ ʨʝʰʝʥʠʷ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʚ 3 ʵʪʘʧʘ: 1) ʬʦʨ-
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ʤʫʣʠʨʦʚʘʥʠʝ ʧʨʦʙʣʝʤʳ; 2) ʠʩʩʣʝʜʦʚʘʥʠʝ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʙʫʜʫʪ ʨʘʟʨʘʙʦʪʘʥʳ ʘʣʴʪʝʨʥʘ-

ʪʠʚʥʳʝ ʚʘʨʠʘʥʪʳ ʢʦʥʮʝʧʮʠʠ ʠ ʧʦʩʪʨʦʝʥʘ ʮʝʣʝʚʘʷ ʤʦʜʝʣʴ ʜʣʷ ʧʨʦʚʝʨʢʠ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝ-

ʥʠʷ; 3) ʦʮʝʥʢʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʚ ʭʦʜʝ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʧʫʪʠ 

ʨʝʰʝʥʠʷ ʦʮʝʥʠʚʘʶʪʩʷ ʠ ʨʘʥʞʠʨʫʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʧʦʯʪʝʥʠʷʤʠ ʣʠʮ, ʧʨʠʥʠʤʘʶ-

ʱʠʭ ʨʝʰʝʥʠʷ, ʠ, ʥʘʢʦʥʝʮ, ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠ ʧʨʦʚʦʜʠʪʩʷ ʠʭ ʦʮʝʥʢʘ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ʄʦʩʢʚʘ, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʢʚʘʢʫʣʴʪʫʨʳ ʚ ʨʳʙʝ ʙʳʩʪʨʦ 

ʚʳʨʦʩʣʦ ʚ ʦʙʲʝʤʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʫʨʦʞʘʡʥʦʩʪʠ, ʠ ʩʝʛʦʜʥʷ ʦʥʘ ʷʚʣʷʝʪʩʷ 

ʢʣʶʯʝʚʳʤ ʧʦʩʪʘʚʱʠʢʦʤ ʤʦʨʝʧʨʦʜʫʢʪʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʘʟʥʦʨʦʜʥʳʭ ʨʳʙʥʳʭ ʧʦʧʫʣʷʮʠʡ 

ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʆʆʆ çʇʘʥʠʥʩʢʦʝ ʧʣʶʩè. 

ʆʙʲʝʢʪʦʤ ʛʣʫʙʦʢʦʡ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʜʝʡʩʪʚʫʶʱʝʝ ʚʳʩʦʢʦʠʥ-

ʪʝʥʩʠʚʥʦʝ ʘʢʚʘʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ 

(ʧʦʨʦʜʘ ʢʘʨʤʫʪ) ʚ ʪʦʚʘʨʥʳʭ ʦʙʲʝʤʘʭ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʟʘʤʢʥʫʪʦʛʦ ʚʦʜʦʦʙʨʘʱʝʥʠʷ.  

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʪʨʝʙʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʩʫʨʩʦʚ ʥʘ ʝʜʠʥʠʮʫ ʧʨʦʜʫʢʮʠʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ, ʫʜʦʙʩʪʚʝ ʢʦʥʪʨʦʣʷ 

ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʯʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʤʦʛʘʝʪ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʦʰʠʙʢʠ ʠ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʪʦʪʠʧʘ ʮʠʬʨʦʚʦʡ ʧʣʘʪʬʦʨʤʳ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʙʠʦʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʮʝʧʮʠʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʝʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʦʥ-

ʢʨʝʪʥʦʛʦ ʚʠʜʘ ʨʳʙʳ ʠ ʝʝ ʨʝʘʣʠʟʘʮʠʠ. 

ʆʞʠʜʘʝʤʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʦʪʦʪʠʧ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʧʦ-

ʚʳʰʘʶʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʥʦʨʦʜʥʳʭ ʨʳʙʥʳʭ ʧʦʧʫʣʷʮʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ, ʘʢʚʘʢʫʣʴʪʫʨʘ, ʙʘʟʘ ʜʘʥʥʳʭ, ʧʨʦʪʦʪʠʧ, ʩʠʩʪʝʤʘ, 

ʮʠʬʨʦʚʘʷ ʧʣʘʪʬʦʨʤʘ, ʜʘʪʯʠʢʠ, ʟʘʤʢʥʫʪʘʷ ʮʠʨʢʫʣʷʮʠʷ ʚʦʜʳ, ʨʳʙʥʳʝ ʧʦʧʫʣʷʮʠʠ, ʨʳʙʦʣʦʚ-

ʩʪʚʦ. 

 

ɺʚʝʜʝʥʠʝ 

ʇʦʪʨʝʙʣʝʥʠʝ ʨʳʙʳ ʚ ʤʠʨʝ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ ʜʦʩʪʠʛʣʦ ʥʦʚʦʛʦ ʨʝʢʦʨʜʥʦʛʦ ʫʨʦʚʥʷ ʚ 

20,5 ʢʛ ʚ ʛʦʜ ʠ ʚ ʧʨʝʜʩʪʦʷʱʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʜʦʣʞʥʦ ʚʳʨʘʩʪʠ ʝʱʝ ʙʦʣʴʰʝ, ʧʦʜʯʝʨʢʠʚʘʷ ʝʝ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʠʪʘʥʠʷ ʚ ʤʠʨʝ. ʋʩʪʦʡʯʠ-

ʚʦʝ ʨʘʟʚʠʪʠʝ ʘʢʚʘʢʫʣʴʪʫʨʳ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʳʙʦʣʦʚʩʪʚʦʤ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ 

ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʵʪʠʭ ʪʝʥʜʝʥʮʠʡ. ʆʙ ʵʪʦʤ ʛʦʚʦʨʠʪʩʷ ʚ ʥʦʚʦʤ ʜʦʢʣʘʜʝ ʇʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʆʙʲʝʜʠʥʝʥʥʳʭ ʅʘʮʠʡ. 

ɺ 2020 ʛ. ʚ ʩʚʷʟʠ ʩ ʚʣʠʷʥʠʝʤ ʧʘʥʜʝʤʠʠ COVID-19 ʧʨʦʠʟʚʦʜʩʪʚʦ, ʪʦʨʛʦʚʣʷ ʠ ʧʦ-

ʪʨʝʙʣʝʥʠʝ ʨʳʙʳ ʩʦʢʨʘʪʠʣʠʩʴ.  

ʂ 2030 ʛʦʜʫ, ʩʦʛʣʘʩʥʦ ʜʦʢʣʘʜʫ çʉʦʩʪʦʷʥʠʝ ʤʠʨʦʚʦʛʦ ʨʳʙʦʣʦʚʩʪʚʘ ʠ ʘʢʚʘʢʫʣʴʪʫʨʳè 

(ʉʆʌʀɸ), ʩʦʚʦʢʫʧʥʳʡ ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʳʙʳ ʚʳʨʘʩʪʝʪ ʜʦ 204 ʤʣʥ ʪʦʥʥ, ʯʪʦ ʥʘ 15 

ʧʨʦʮʝʥʪʦʚ ʙʦʣʴʰʝ, ʯʝʤ ʚ 2018 ʛ. ʋʨʦʚʝʥʴ ʧʦʪʨʝʙʣʝʥʠʷ ʨʳʙʳ ʚ ʧʠʱʫ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ ʢ 

2030 ʛ., ʧʦ ʧʨʦʛʥʦʟʘʤ, ʜʦʩʪʠʛʥʝʪ 21,5 ʢʛ ʚ ʛʦʜ. 

ʊʘʢʞʝ, ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʢʚʘʢʫʣʴʪʫʨʳ ʚ ʨʳʙʝ ʙʳʩʪʨʦ ʚʳ-

ʨʦʩʣʦ ʚ ʦʙʲʝʤʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʫʨʦʞʘʡʥʦʩʪʠ, ʠ ʩʝʛʦʜʥʷ ʦʥʘ ʷʚʣʷʝʪʩʷ ʢʣʶ-

ʯʝʚʳʤ ʧʦʩʪʘʚʱʠʢʦʤ ʤʦʨʝʧʨʦʜʫʢʪʦʚ. 

ʂ ʦʩʥʦʚʥʳʤ ʧʨʦʙʣʝʤʘʤ ʨʳʙʦʣʦʚʩʪʚʘ ʦʪʥʦʩʷʪʩʷ: 
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1. ʅʠʟʢʠʡ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʚʦʜʳ 

2. ɸʚʘʨʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ  

3. ʅʠʟʢʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʩʭʦʜʷʪ ʦʛʨʦʤʥʳʝ ʧʦʪʝʨʠ ʠʟ-ʟʘ ʨʫʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʙʦʝʚ ʚ 

ʫʧʨʘʚʣʝʥʠʠ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʆʆʆ çʇʘʥʠʥʩʢʦʝ ʧʣʶʩè. ʇʨʝʜʧʨʠʷʪʠʝ ʨʘʩʧʦʣʦ-

ʞʝʥʦ ʚ ʂʫʨʩʢʦʡ ʦʙʣʘʩʪʠ, ʩʫʱʝʩʪʚʫʝʪ ʩ 2009 ʛ. ʇʦʨʦʜʳ ʨʳʙ: ʨʳʙʘ-ʰʘʨ (Clarias anguillaris) ʠ 

ʬʦʨʝʣʴ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʦʩʥʦʚʘʥʦ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʟʘʤʢʥʫʪʦʡ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜʳ. ʆʙʲʝʤ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ï ʙʦʣʝʝ 540 ʪʦʥʥ ʚ ʛʦʜ (2021). ʆʙʲʝʤ ʚʦʜʥʦʡ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 500 ʢʫ-

ʙʠʯʝʩʢʠʭ ʤʝʪʨʦʚ, ʦʙʲʝʤ ʨʳʙʦʚʦʜʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ï 250 ʢʫʙʠʯʝʩʢʠʭ ʤʝʪʨʦʚ. ʀʤʝʶʪʩʷ 64 

ʨʝʟʝʨʚʫʘʨʘ, ʦʙʱʘʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʣʦʱʘʜʴ 2000 ʢʚ.ʤ. ɽʜʠʥʦʚʨʝʤʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʳ-

ʙʳ ï ʜʦ 120 ʪʦʥʥ. 

ʈʝʰʝʥʠʝ 

ɼʣʷ ʨʝʰʝʥʠʷ ʪʝʢʫʱʠʭ ʧʨʦʙʣʝʤ ʨʳʙʦʚʦʜʩʪʚʘ ʙʫʜʝʪ ʩʦʟʜʘʥ ʧʨʦʪʦʪʠʧ ʮʠʬʨʦʚʦʡ 

ʧʣʘʪʬʦʨʤʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʙʠʦʪʝʭʥʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʳ. 

ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʧʨʦʪʦʪʠʧʘ: 

1. ʉʙʦʨ ʠ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʦ ʩʦʩʪʦʷʥʠʠ ʩʠʩʪʝʤ ʩ ʜʘʪʯʠʢʦʚ 

2. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ. ʕʪʦ ʘʥʘʣʠʟ, ʨʘʩʯʸʪ ʩʪʘʪʠʩʪʠʢʠ, ʧʨʦʚʝʨʢʘ ʚʳʭʦʜʘ ʠʟ ʜʦʧʫ-
ʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ 

3. ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʠ ʫʯʘʩʪʥʠʢʘʤ ʧʨʦʮʝʩʩʦʚ 

a. ʆʪʧʨʘʚʢʘ ʫʚʝʜʦʤʣʝʥʠʡ 

4. ɻʝʥʝʨʘʮʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ 

a. ʋʧʨʘʚʣʝʥʠʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʤ ʢʦʨʤʣʝʥʠʝʤ ʨʘʟʥʦʨʦʜʥʳʭ ʨʳʙʥʳʭ ʧʦ-
ʧʫʣʷʮʠʡ 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʘ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʀʥʪʝʨʚʴʶʠʨʦʚʘʥʠʝ 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʨʦʣʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

3. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ɹɼ 

4. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʀʉ 

5. ʆʧʨʝʜʝʣʝʥʠʝ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ ʩʠʩʪʝʤ 

6. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

7. ʈʘʟʨʘʙʦʪʢʘ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ ʧʨʦʪʦʪʠʧʘ ʀʉ 

8. ʈʘʟʨʘʙʦʪʢʘ ʚʭʦʜʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ  

9. ʈʘʟʨʘʙʦʪʢʘ ʚʳʭʦʜʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ  

a. ʈʘʟʨʘʙʦʪʢʘ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ 

b. ʈʘʟʨʘʙʦʪʢʘ ʛʝʥʝʨʘʮʠʠ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ 

10. ʀʥʪʝʛʨʘʮʠʷ ʩ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʤ ʢʦʨʤʣʝʥʠʝʤ ʨʘʟʥʦʨʦʜʥʳʭ ʨʳʙʥʳʭ ʧʦʧʫʣʷ-

ʮʠʡ 

ʇʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʪʘʢʦʛʦ ʧʨʦʜʫʢʪʘ ʦʞʠʜʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʧʦʣʴʟʘ: 

1. ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ;  

2. ʇʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ;  

3. ʋʚʝʣʠʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ ʦʙʲʝʤʦʚ ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ;  

4. ʀʩʢʣʁʯʝʥʠʝ ʠʣʠ ʩʦʢʨʘʱʝʥʠʝ ʨʠʩʢʦʚ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ;  

5. ʇʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ;  

6. ʉʥʠʞʝʥʠʝ ʪʨʫʜʦʸʤʢʦʩʪʠ ʦʧʝʨʘʮʠʡ;  

7. ʇʦʚʳʰʝʥʠʝ ʢʦʤʬʦʨʪʘ ʧʝʨʩʦʥʘʣʘ  

8. ʂʦʥʪʨʦʣʴ ʠʟʜʝʨʞʝʢ 
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ʈʝʟʫʣʴʪʘʪ 

ʅʘ ʵʢʦ-ʬʝʨʤʝ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʘ ʩʠʩʪʝʤ, ʦʥʠ ʦʙʦʨʫʜʦʚʘʥʳ ʜʘʪʯʠʢʘʤʠ. ɼʘʥ-

ʥʳʝ ʩ ʜʘʪʯʠʢʦʚ ʦʪʧʨʘʚʣʷʶʪʩʷ ʥʘ ʮʠʬʨʦʚʫʶ ʧʣʘʪʬʦʨʤʫ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʩʙʦʨ, ʭʨʘʥʝʥʠʝ 

ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ. ɼʘʣʝʝ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʩʦʪʨʫʜʥʠʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʦ-

ʣʝʚʦʡ ʤʦʜʝʣʴʶ. ʊʘʢʞʝ, ʮʠʬʨʦʚʘʷ ʧʣʘʪʬʦʨʤʘ ʤʦʞʝʪ ʦʪʧʨʘʚʣʷʪʴ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ 

ʥʘ ʤʝʭʘʥʠʟʤ, ʥʘʧʨʠʤʝʨ, ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʝ ʢʦʨʤʣʝʥʠʝ. ʉʭʝʤʘ ʦʧʠʩʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ. 

 

ʈʠʩ. ʆʙʱʘʷ ʨʘʙʦʪʘ ʩʠʩʪʝʤʳ 

ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʘʟʛʨʘʥʠʯʝʥʠʝ 

ʨʦʣʝʡ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʆʥʘ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʠʩʪʝʤʘʭ, ʙʘʩʩʝʡʥʘʭ ʩ ʨʳʙʥʳʤʠ 

ʧʦʧʫʣʷʮʠʷʤʠ ʠ ʧʦʢʘʟʘʥʠʡ ʜʘʪʯʠʢʦʚ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɸʢʚʘʢʫʣʴʪʫʨʘ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝ-

ʨʘʮʠʠ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʩʨʝʜʩʪʚ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʌʝʨʤʝʨʳ ʥʫʞʜʘʶʪʩʷ ʚ 

ʧʦʣʫʯʝʥʠʠ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʚ ʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʤʘʢʩʠ-

ʤʘʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʉʝʡʯʘʩ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ ʠ ʧʨʦʮʝʜʫʨʳ ʜʣʷ ʘʢʚʘʢʫʣʴʪʫʨʳ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʨʘʟʥʦʨʦʜʥʳʭ ʨʳʙʥʳʭ ʧʦʧʫʣʷʮʠʡ ʙʫʜʝʪ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʪʦʪʠʧ ʮʠʬʨʦʚʦʡ ʧʣʘʪʬʦʨʤʳ, ʘʚʪʦ-

ʤʘʪʠʟʠʨʫʶʱʠʡ ʨʫʯʥʦʡ ʪʨʫʜ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʣʠʪʴʷ ʧʣʘʩʪʠʥ 

ʩ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʨʘʟʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʠʟ ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘ-
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ʤʝʥʷʶʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʘʛʨʫʞʝʥʥʳʭ ʠʟʜʝʣʠʡ. ʊʝʭʥʦʣʦʛʠʷ ʣʠʪʴʷ 

ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʠʟʜʝʣʠʷ ʜʘʞʝ ʩʘʤʦʡ ʩʣʦʞʥʦʡ ʬʦʨʤʳ. ʉʦʩʪʘʚ 

ʚʧʨʳʩʢʠʚʘʝʪʩʷ ʚ ʣʠʪʴʝʚʫʶ ʦʩʥʘʩʪʢʫ ʠ ʧʨʠʥʠʤʘʝʪ ʬʦʨʤʫ ʙʫʜʫʱʝʛʦ ʠʟʜʝʣʠʷ, ʧʨʠ ʵʪʦʤ ʧʦ-

ʩʪʦʷʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʦʨʠʝʥʪʘʮʠʷ ʘʨʤʠʨʫʶʱʠʭ ʚʦʣʦʢʦʥ. ɾʝʩʪʢʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ ʢʦʤʧʦʟʠ-

ʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʨʠʝʥʪʘʮʠʝʡ ʚʦʣʦʢʦʥ, ʧʦʵʪʦʤʫ ʧʨʠ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʠ ʠʟʜʝʣʠʡ ʠʟ ʢʦʨʦʪʢʦʘʨʤʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʚʩʝ ʵʪʘʧʳ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʊʘʢ ʢʘʢ ʩʦʝʜʠʥʝʥʠʝ ʜʚʫʭ ʧʦʪʦʢʦʚ ʩʦʩʪʘʚʘ ʚ 

ʬʦʨʤʝ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʣʠʥʠʠ ʩʧʘʷ, ʢʦʪʦʨʘʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʜʝʣʠʷ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʣʠ-

ʪʴʷ ʧʣʘʩʪʠʥ ʩ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʨʘʟʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ 

Moldex3D. ʎʝʣʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʠʥʠʡ ʩʧʘʷ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʬʦʨʤʳ ʧʨʝʧʷʪʩʪʚʠʷ ʠ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʵʢʩ-

ʧʝʨʠʤʝʥʪʦʤ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʠʥʠʡ ʩʧʘʷ ʧʦ-

ʩʪʨʦʝʥʳ ʪʨʸʭʤʝʨʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʣʘʩʪʠʥ (300Ĭ150Ĭ4 ʤʤ) ʩ ʧʨʝʧʷʪʩʪʚʠʷʤʠ 

ʢʨʫʛʣʦʡ (ʜʠʘʤʝʪʨ 80 ʤʤ), ʪʨʝʫʛʦʣʴʥʦʡ (ʨʘʚʥʦʙʝʜʨʝʥʥʳʡ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ ʩ 

ʦʩʥʦʚʘʥʠʝʤ 80 ʤʤ) ʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ (ʜʣʠʥʘ 40 ʤʤ, ʰʠʨʠʥʘ 80 ʤʤ) ʬʦʨʤʳ. ɼʣʠʥʘ ʧʣʘʩʪʠʥ 

ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʣʠʥʠʶ ʩʧʘʷ ʥʘ ʜʣʠʥʝ ʜʦ ʜʚʫʭ ʭʘʨʘʢʪʝʨʥʳʭ ʨʘʟʤʝʨʦʚ ʧʨʝʧʷʪʩʪʚʠʷ. 

ʈʘʟʤʝʨʳ ʧʣʘʩʪʠʥ ʠ ʧʨʝʧʷʪʩʪʚʠʡ ʚʳʙʨʘʥʳ ʩ ʫʯʸʪʦʤ ʨʘʟʤʝʨʦʚ ʦʙʨʘʟʮʦʚ ʧʦ ʩʪʘʥʜʘʨʪʫ ISO 

527-2 [1] ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʩʠʣʠʷ ʩʤʳʢʘʥʠʷ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʪʝʨʤʦʧʣʘʩʪ-

ʘʚʪʦʤʘʪʘ Negri Bossi VE 1700-210. ʇʝʨʝʜ ʵʪʘʧʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ANSYS 

Meshing ʠ Rhinosceros ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʨʘʩʯʝʪʥʳʝ ʩʝʪʢʠ. ʉʝʪʢʠ ʩʦʩʪʦʷʪ ʠʟ ʫʟʣʦʚ ʛʝʢʩʘ-

ʛʦʥʘʣʴʥʦʡ ʬʦʨʤʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʤ Sweep ʚ 10 ʩʣʦʝʚ ʧʦ ʪʦʣʱʠʥʝ ʧʣʘʩʪʠʥʳ. ʇʨʦ-

ʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ Moldex3D ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʚʩʝ ʵʪʘʧʳ ʠʥʞʝʢʮʠʦʥʥʦʛʦ ʣʠʪʴʷ.  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʧʘʨʘʤʝʪʨʳ ʤʘʪʝʨʠʘʣʘ. ɺ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʦʚʘʥ ʇʦʣʠʧʣʘʩʪʠʢ PA6 Aramid PA SV 30-1ETM (ʧʦʣʠʘʤʠʜ-6, ʘʨʤʠʨʦʚʘʥʥʳʡ 30 % 

ʚʦʣʦʢʦʥ). ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 
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ʊʘʙʣʠʮʘ 1  

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ PA6 Aramid PA SV 30-1ETM 

ʉʚʦʡʩʪʚʘ ɿʥʘʯʝʥʠʝ ɽʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ 

ʇʣʦʪʥʦʩʪʴ 1280 ʢʛ/ʤ3 

ʇʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ 140 ʄʇʘ 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 218 ↔ʉ 

ʂʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ  

ʨʘʩʰʠʨʝʥʠʷ 
0,3 (10-5)ʂ-1 

ʊʝʤʧʝʨʘʪʫʨʘ ʨʘʩʧʣʘʚʘ 260 ↔ʉ 

ʊʝʤʧʝʨʘʪʫʨʘ ʬʦʨʤʳ 80 ↔ʉ 

 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʣʠʪʴʝʚʦʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʣʠʪʴʝʚʦʡ ʤʘʰʠʥʳ Negri Bossi VE 1700-210. ʇʘʨʘʤʝʪʨʳ 

ʤʦʞʥʦ ʟʘʜʘʪʴ ʪʨʝʤʷ ʩʧʦʩʦʙʘʤʠ: ʚʳʙʦʨ ʣʠʪʴʝʚʦʡ ʤʘʰʠʥʳ ʠʟ ʙʠʙʣʠʦʪʝʢʠ, ʧʦʜʛʨʫʟʢʘ ʬʘʡʣʘ 

ʩ ʨʘʩʰʠʨʝʥʠʝʤ.bnk ʩ ʧʨʦʛʨʘʤʤʦʡ ʣʠʪʴʷ ʠʣʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ CAE. ɿʘʜʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʪʝʤʧʝʨʘʪʫʨʳ 

ʬʦʨʤʳ, ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʩʦʩʪʘʚʘ; ʜʘʚʣʝʥʠʝ ʚʧʨʳʩʢʘ; ʨʘʩʯʝʪʥʦʝ ʚʨʝʤʷ ʟʘʧʦʣʥʝʥʠʷ 

ʬʦʨʤʳ, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʳ ʚʳʜʝʨʞʢʠ ʠʟʜʝʣʠʷ. ɿʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʣʠʪʴʷ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣ. 2. ʂʦʨʨʝʢʪʥʦʝ ʟʘʜʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʫʯʝʪ 
ʨʘʟʣʠʯʠʡ ʧʘʨʘʤʝʪʨʦʚ, ʫʢʘʟʳʚʘʝʤʳʭ ʧʨʠ ʨʘʩʯʝʪʝ ʠ ʚ ʨʝʘʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʣʠʪʴʷ, ʠʤʝʶʪ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʜʘʥʥʳʭ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʫʱʠʭ ʠʟʜʝʣʠʡ. 
ʊʘʙʣʠʮʘ 2 

ʆʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʣʠʪʴʷ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ɼʠʘʤʝʪʨ ʰʥʝʢʘ, ʤʤ 60 

ʉʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʰʥʝʢʘ, ʩʤ/ʩ 33 

ʊʝʤʧʝʨʘʪʫʨʘ ʬʦʨʤʳ, ᴈ 120 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʦʩʪʘʚʘ, ᴈ 235 

 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʝ ʧʨʦʮʝʩʩʘ ʠʥʞʝʢʮʠʦʥʥʦʛʦ ʣʠʪʴʷ ʧʣʘʩʪʠʥ ʩ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʨʘʟʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʬʦʨʤʳ ʠ ʦʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʣʠʪʴʷ ʦʧʠʩʳʚʘʶʪ ʚʩʝ ʮʠʢʣʳ 

ʟʘʧʦʣʥʝʥʠʷ ʧʣʘʩʪʠʥʳ. ɺʨʝʤʷ ʣʠʪʴʷ ʧʣʘʩʪʠʥʳ ʩ ʢʨʫʛʣʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʩʦʩʪʘʚʠʣʦ 4,4 ʩ, 

ʪʨʝʫʛʦʣʴʥʳʤ ï 4,8 ʩ, ʧʨʷʤʦʫʛʦʣʴʥʳʤ ï 4,6 ʩ. ʇʦʣʫʯʝʥʳ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʣʠʥʠʡ ʩʧʘʷ 

(ʨʠʩ. 1) ʠ ʦʮʝʥʝʥʳ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ ʧʨʝʧʷʪʩʪʚʠʷ.  

 

ʈʠʩ. 1. ʈʘʩʧʦʣʦʞʝʥʠʝ ʣʠʥʠʡ ʩʧʘʷ ʚ ʧʣʘʩʪʠʥʘʭ ʩ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʨʘʟʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ 
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ɼʣʠʥʘ ʣʠʥʠʠ ʩʧʘʷ ʧʦʩʣʝ ʢʨʫʛʣʦʛʦ ʧʨʝʧʷʪʩʪʚʠʷ ʩʦʩʪʘʚʣʷʝʪ 25 % ʰʠʨʠʥʳ ʧʨʝʧʷʪ-

ʩʪʚʠʷ. ʃʠʥʠʷ ʩʧʘʷ ʟʘ ʨʘʚʥʦʙʝʜʨʝʥʥʳʤ ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʪʨʝʫʛʦʣʴʥʠʢʦʤ ʥʘʠʤʝʥʴʰʘʷ ʠ ʩʦ-

ʩʪʘʚʣʷʝʪ 7,5 % ʰʠʨʠʥʳ ʧʨʝʧʷʪʩʪʚʠʷ. ʇʨʷʤʦʫʛʦʣʴʥʦʝ ʧʨʝʧʷʪʩʪʚʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʥʠʠ 

ʩʧʘʷ ʥʘʠʙʦʣʴʰʝʡ ʜʣʠʥʳ, ʩʦʩʪʘʚʣʷʶʱʝʡ 40 % ʦʪ ʰʠʨʠʥʳ ʧʨʝʧʷʪʩʪʚʠʷ. ʆʮʝʥʢʘ ʧʦʣʫʯʝʥ-

ʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʘ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʬʨʦʥʪʦʚ ʣʠʪʴʷ ʩ ʧʣʘʩʪʠʥʘʤʠ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʥʘ ʪʝʨʤʦʧʣʘʩʪ-ʘʚʪʦʤʘʪʝ (ʨʠʩ. 2). ʉʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʣʦ ʭʦʨʦʰʫʶ ʩʭʦʜʠ-

ʤʦʩʪʴ. ʇʦʣʫʯʝʥʘ ʩʪʨʫʢʪʫʨʘ ʘʨʤʠʨʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʣʠʥʠʠ ʩʧʘʷ. ɼʣʷ ʚʝʨʠ-

ʬʠʢʘʮʠʠ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʨʝʟʘ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦ-

ʩʢʦʧʝ ʬʠʨʤʳ TESCAN ʩʝʨʠʠ VEGA. 

 

 

ʈʠʩ. 2. ʉʨʘʚʥʝʥʠʝ ʬʨʦʥʪʦʚ ʣʠʪʴʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʣʠʪʴʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʦʟ-

ʚʦʣʷʝʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʣʠʥʠʡ ʩʧʘʷ ʚ ʦʪʣʠʪʳʭ ʠʟʜʝʣʠʷʭ. ʋʯʝʪ ʧʦʣʫʯʝʥ-

ʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʣʠʥʠʡ ʩʧʘʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʣʠʪʴʝʚʳʭ ʜʝʪʘʣʝʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ, 

ʧʨʦʝʢʪ ˉ 19-79-10205. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

 

1. ISO-527-2-2012 Plastics. Determination of tensile properties. Test conditions for 

moulding and extrusion plastics [Text] / Publication date: 2012-02. ï 2012. ï 20 p. 
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ʇʈʀʄɽʅɽʅʀɽ ɼɺʆʁʅʓʍ ʉɺɽʊʆʇʈʆɿʈɸʏʅʓʍ ʌɸʉɸɼʆɺ 

 

ɸʨʪʶʛʠʥʘ ʄʘʨʠʷ ɼʤʠʪʨʠʝʚʥʘ, ʩʪʫʜʝʥʪʢʘ 2 ʢʫʨʩʘ ʐɹ ɼʊʆ 

E-mail: artyugina.mari11@mail.ru 

ʏʝʨʥʦʚʘ ɽʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ ɼʊʆ 

E-mail: chernova-ev@mail.ru 

 

ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ, ʛ. ʅʠʞʥʠʡ ʊʘʛʠʣ, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʟʜʘʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʳʩʦʢʠʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʵʢʦʣʦʛʠʯʥʦʩʪʴ. ʊʘʢʠʤ ʚʘʨʠʘʥʪʦʤ ʚʳʩʪʫʧʘʝʪ ʜʚʦʡʥʦʡ 

ʬʘʩʘʜ. ɺ ʈʦʩʩʠʠ ʪʘʢʦʡ ʬʘʩʘʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʪʘʢ ʯʘʩʪʦ ʠ ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʴʶ ʪʝʤʳ. ʊʨʝʙʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʩʝʨʴʝʟʥʳʡ 

ʘʥʘʣʠʟ ʥʝ ʪʦʣʴʢʦ ʩʫʱʥʦʩʪʠ ʠ ʚʠʜʦʚ ʜʚʦʡʥʳʭ ʩʚʝʪʦʧʨʦʟʨʘʯʥʳʭ ʬʘʩʘʜʦʚ, ʥʦ ʠ ʠʭ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ, ʠ ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʘʭ. ʉʪʝʢʣʷʥ-

ʥʳʝ ʜʚʦʡʥʳʝ ʬʘʩʘʜʳ ʷʚʣʷʶʪʩʷ ʠʥʪʝʨʝʩʥʳʤʠ ʥʝ ʪʦʣʴʢʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʠʟʘʡʥʘ, ʥʦ ʠ ʠʤʝ-

ʶʪ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʢ ʠʟʤʝʥʝʥʠʷʤ ʥʘʨʫʞʥʦʛʦ ʢʣʠʤʘʪʘ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʪʘʢʠʝ ʤʝʪʦʜʳ ʢʘʢ: ʘʥʘʣʠʟ, ʩʠʥʪʝʟ, ʩʨʘʚʥʝʥʠʝ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʜʨ. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʟʥʘʯʝʥʠʝ, ʩʫʱʥʦʩʪʴ, ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʪʨʝʙʦʚʘ-

ʥʠʷ ʢ ʜʚʦʡʥʳʤ ʩʚʝʪʦʧʨʦʟʨʘʯʥʳʤ ʬʘʩʘʜʘʤ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʬʘʩʘ-

ʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʨʦʩʩʠʡʩʢʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʠʤʝʝʪʩʷ ʤʥʦʛʦ ʨʘʟ-

ʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʪʝʢʣʷʥʥʳʭ ʜʚʦʡʥʳʭ ʬʘʩʘʜʦʚ. ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝ-

ʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ï ʩ ʤʦʤʝʥʪʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʜʦ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʟʜʘʥʠʡ. ʀʤʝʷ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ (ʩʚʦʙʦʜʥʘʷ ʬʦʨʤʘ, ʩʦʟʜʘʥʠʝ ʩʣʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʵʢʦʥʦʤʠʷ, ʣʝʛʢʦʚʝʩʥʦʩʪʴ, ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʠ ʜʨ.), ʪʘʢʠʝ ʬʘʩʘʜʳ ʠʤʝʶʪ ʠ ʥʝʜʦʩʪʘʪʢʠ (ʟʘʚʳ-

ʰʝʥʥʳʝ ʢʘʧʠʪʘʣʴʥʳʝ ʨʘʩʭʦʜʳ, ʫʩʣʦʞʥʸʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʜʨ.). ʅʦ ʚʤʝʩʪʝ 

ʩ ʪʝʤ ʠʤʝʶʪ ʤʝʩʪʦ ʙʳʪʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʥʘʰʝʡ ʩʪʨʘʥʳ, ʭʦʪʷ ʠ ʥʝ ʪʘʢ ʯʘʩʪʦ ʢʘʢ ʭʦʪʝʣʦʩʴ ʙʳ. 

ʏʘʱʝ ʚʩʝʛʦ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ʛʦʨʦʜʘʭ (ʄʦʩʢʚʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʉʦʯʠ, ɽʢʘʪʝ-

ʨʠʥʙʫʨʛ ʠ ʜʨ.). ʉʦʚʨʝʤʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʥʝ ʦʙʭʦʜʠʪʩʷ ʙʝʟ ʬʘʩʘʜʥʦʛʦ ʦʩʪʝʢʣʝʥʠʷ. ʏʘʱʝ 

ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʪʦʨʛʦʚʳʭ ʮʝʥʪʨʦʚ, ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʭ ʮʝʥʪʨʦʚ, ʢʦʤ-

ʤʝʨʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ ʜʨ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɼʚʦʡʥʳʝ ʩʪʝʢʣʷʥʥʳʝ ʬʘʩʘʜʳ, ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʢʦʥʮʝʧʮʠʷ, ʜʚʦʡ-

ʥʦʡ ʬʘʩʘʜ, ʙʫʬʝʨʥʘʷ ʟʘʱʠʪʘ, ʚʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʬʘʩʘʜʘ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʵʢʦʣʦʛʠʯ-

ʥʦʩʪʴ, ʙʫʬʝʨʥʘʷ ʟʦʥʘ, ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ. 

 

ʇʦʥʷʪʠʝ çʜʚʦʡʥʳʝ ʩʪʝʢʣʷʥʥʳʝ ʬʘʩʘʜʳè ʙʳʣʦ ʚʚʝʜʝʥʦ ʄ. ʂʨʘʛʦʤ (ɺʝʣʠʢʦʙʨʠʪʘ-

ʥʠʷ) ʠ ʦʟʥʘʯʘʣʦ çʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʥʘʨʫʞʥʦʛʦ ʦʩʪʝʢʣʝʥʠʷ, ʚʦʟʜʫʰʥʦʡ ʧʨʦʩʣʦʡʢʠ 

ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʦʩʪʝʢʣʝʥʠʷè [3]. 

çɼʚʦʡʥʦʡ ʬʘʩʘʜè ʢʘʢ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʢʦʥʮʝʧʮʠʷ ʧʨʦʝʮʠʨʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ çʜʦ-

ʧʦʣʥʠʪʝʣʴʥʦʡ ʙʫʬʝʨʥʦʡ ʟʦʥʳ ʤʝʞʜʫ ʦʩʥʦʚʥʦʡ ʩʚʝʪʦʧʨʦʟʨʘʯʥʦʡ ʦʙʦʣʦʯʢʦʡ ʟʜʘʥʠʷ, ʦʙʝʩ-

ʧʝʯʠʚʘʶʱʝʡ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʪʝʧʣʦʚʦʡ ʟʘʱʠʪʳ, ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡè. 

ɺʥʝʰʥʠʡ ʢʦʥʪʫʨ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʝʢʣʷʥʥʫʶ ʦʙʦʣʦʯʢʫ. ɺʥʫʪʨʝʥʥʷʷ 

ʯʘʩʪʴ ʬʘʩʘʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ çʥʝʩʫʱʠʡ ʢʘʨʢʘʩ ʠ ʩʣʦʡ ʜʚʦʡʥʦʛʦ ʩʪʝʢʣʘ, ʜʣʷ ʥʘʨʫʞʥʦʛʦ 

ʬʘʩʘʜʘ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʦʜʠʥʘʨʥʳʡ ʩʣʦʡ ʫʧʨʦʯʥʝʥʥʦʛʦ ʟʘʢʘʣʝʥʥʦʛʦ ʠʣʠ ʣʘʤʠʥʠʨʦʚʘʥ-

ʥʦʛʦ ʩʪʝʢʣʘè. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʦʙʦʣʦʯʢʘʤʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,2 ʤ ʜʦ 2 ʤ. [4, ʩ. 18]. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʜʚʦʡʥʳʭ ʬʘʩʘʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʂʘʨʣʦʤ ɻʝʨʪʠʩʦʤ, ʜʠʨʝʢʪʦʨʦʤ ʀʥ-

ʩʪʠʪʫʪʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʬʠʟʠʢʠ ʠʤ. ʌʨʘʫʥʛʦʬʝʨʘ (ɻʝʨʤʘʥʠʷ) [1, ʩ. 34]: 

Á ʧʦ ʨʘʟʤʝʱʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʚʦʡʥʦʛʦ ʬʘʩʘʜʘ: ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚʥʫʪʨʠ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʚʥʝʰʥʝʡ ʩʪʝʥʳ, ʯʘʩʪʠʯʥʦ ʚʳʜʚʠʥʫʪʳʝ ʚʧʝʨʸʜ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʚʳʩʪʫʧʘʶʱʠʝ ʟʘ 

ʚʥʝʰʥʶʶ ʩʪʝʥʫ; 
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Á ʧʦ ʥʘʣʠʯʠʶ ʠ ʨʘʟʤʝʱʝʥʠʶ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʦʪʚʝʨʩʪʠʡ: ʙʝʟ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ 

ʦʪʚʝʨʩʪʠʡ, ʩ ʦʪʚʝʨʩʪʠʷʤʠ ʪʦʣʴʢʦ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʥʘ ʦʙʝʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʜʚʦʡʥʦʛʦ ʬʘʩʘʜʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʠʠ ʤʦʞʝʪ ʚʨʝʤʝʥʥʦ ʧʦʜʘʚʘʪʴ ʚʦʟʜʫʭ ʚ ʦʙ-

ʭʦʜ ʜʚʦʡʥʦʛʦ ʬʘʩʘʜʘ; 

Á ʧʦ ʩʝʛʤʝʥʪʠʨʦʚʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʝʡ: ʧʨʦʤʝʞʫʪʦʢ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʬʘ-

ʩʘʜʘ ʩʝʛʤʝʥʪʠʨʫʝʪʩʷ ʠʣʠ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʚʠʜʝ ʰʠʨʤʳ. ʇʦʩʣʝʜʥʠʡ ʚʘʨʠʘʥʪ ʠʤʝʝʪ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʝʨʝʥʦʩʘ ʚʦʟʜʫʭʘ ʚ ʧʨʦʤʝʞʫʪʢʝ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ. 

ɺʘʨʠʘʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʟʘʟʦʨʘ: 

- ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ 30 ʩʤ 

- ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ 60 ʩʤ 

- ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ >60 ʩʤ 

 

 
ʈʠʩ. 1. ɺʘʨʠʘʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʟʘʟʦʨʘ [1, ʩ. 34] 

 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʢʦʪʦʨʳʝ ʥʝʜʦʩʪʘʪʢʠ ʜʚʦʡʥʦʛʦ ʬʘʩʘʜʘ: ʧʦʚʳʰʝʥʥʳʝ ʢʘʧʠʪʘʣʴ-

ʥʳʝ ʨʘʩʭʦʜʳ; ʜʚʦʡʥʦʡ ʬʘʩʘʜ ʦʛʨʘʥʠʯʠʚʘʝʪ ʯʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ ʟʜʘʥʠʷ ʧʨʠ ʟʘʜʘʥʥʳʭ ʨʘʟ-

ʤʝʨʘʭ ʢʦʥʩʪʨʫʢʮʠʠ; ʦʯʠʱʝʥʠʝ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʚʦʡʥʦʛʦ ʬʘʩʘʜʘ, ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʫʥʢʪʦʤ ʚ ʨʘʩʭʦʜʘʭ ʜʣʷ ʩʦʙʩʪʚʝʥʥʠʢʘ 

ʟʜʘʥʠʷ; ʧʨʠ ʧʦʞʘʨʝ ʜʳʤ ʤʦʞʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʠʟ ʦʜʥʦʡ ʯʘʩʪʠ ʟʜʘʥʠʷ ʚ ʜʨʫʛʦʝ ʯʝʨʝʟ ʚʥʫʪ-

ʨʝʥʥʶʶ ʦʙʣʘʩʪʴ ʜʚʦʡʥʦʛʦ ʬʘʩʘʜʘ, ʧʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʝʩʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʟʘʧʘʭʦʚ 

ʠʣʠ ʟʚʫʢʦʚ, ʥʦ ʜʘʥʥʳʡ ʤʠʥʫʩ ʤʦʞʥʦ ʫʩʪʨʘʥʠʪʴ ʧʫʪʝʤ ʫʩʣʦʞʥʝʥʠʷ ʩʠʩʪʝʤʳ ï ʚʥʫʪʨʝʥʥʶʶ 

ʟʦʥʫ ʬʘʩʘʜʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʜʝʣʠʪʴ ʧʝʨʝʛʦʨʦʜʢʘʤʠ ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʝ ʠʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ 

ʦʪʩʝʢʠ; ʚʦʟʤʦʞʥʘ ʢʦʥʜʝʥʩʘʮʠʷ ʘʪʤʦʩʬʝʨʥʦʡ ʚʣʘʛʠ ʚʥʫʪʨʠ ʢʦʥʩʪʨʫʢʮʠʠ ʜʚʦʡʥʦʛʦ ʬʘʩʘʜʘ; 

ʝʩʪʝʩʪʚʝʥʥʦʝ ʧʨʦʚʝʪʨʠʚʘʥʠʝ ʧʦʤʝʱʝʥʠʡ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ 

ʚʦʟʜʫʭʘ; ʧʨʦʠʟʚʦʣʴʥʦʝ ʦʪʢʨʳʪʠʝ ʬʨʘʤʫʛ, ʧʨʦʠʟʚʦʜʠʤʦʝ ʚʨʫʯʥʫʶ, ʧʦ ʞʝʣʘʥʠʶ ʥʘʭʦʜʠʚ-

ʰʠʭʩʷ ʚʥʫʪʨʠ ʟʜʘʥʠʷ ʣʶʜʝʡ ʤʦʞʝʪ ʧʨʠʜʘʚʘʪʴ ʬʘʩʘʜʫ çʥʝʙʨʝʞʥʳʡè ʚʠʜ [1, ʩ. 35; 5, ʩ. 10]. 

ʇʦʤʠʤʦ ʵʪʦʛʦ ʜʚʦʡʥʳʝ ʩʪʝʢʣʷʥʥʳʝ ʬʘʩʘʜʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʘ ʠʤʝʥ-

ʥʦ: ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʦʙʦʜʥʫʶ ʬʦʨʤʫ, ʚʳʧʦʣʥʷʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʩʣʦʞʥʫʶ ʛʝʦ-

ʤʝʪʨʠʶ, ʠ ʧʨʠ ʵʪʦʤ ʜʦʩʪʘʪʦʯʥʦ ʩʝʨʴʸʟʥʦ ʵʢʦʥʦʤʠʪʴ; ʦʪʥʦʩʠʪʝʣʴʥʦ çʣʝʛʢʦʚʝʩʥʳè; ʧʨʘʢ-

ʪʠʯʥʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ; ʫʩʪʦʡʯʠʚʳ ʚ ʢʦʨʨʦʟʠʠ; ʫʣʴʪʨʘʬʠʦʣʝʪ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʥʝ ʤʦʞʝʪ 

ʥʘʥʝʩʪʠ ʚʨʝʜ;  ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʠ ʚʝʪʨʷʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ; ʪʝʭʥʦʣʦʛʠʯʥʳ; 

ʣʝʛʢʦʚʝʩʥʳ, ʘ ʟʥʘʯʠʪ, ʩʥʠʞʝʥʘ ʥʘʛʨʫʟʢʘ ʥʘ ʬʫʥʜʘʤʝʥʪ; ʧʦʞʘʨʦʫʩʪʦʡʯʠʚʳ; ʵʩʪʝʪʠʯʥʳ; ʜʠ-

ʟʘʡʥʝʨʩʢʠ ʫʜʦʙʥʳ; ʥʠʟʢʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ; ʥʝʦʛʨʘʥʠʯʝʥʥʳʡ ʩʨʦʢ ʠʩʧʦʣʴʟʦʚʘʥʠʷ; ʚʳʩʦ-

ʢʦʧʨʦʯʥʳ; ʵʢʦʣʦʛʠʯʥʳ [1, ʩ. 35]. 

ɼʣʷ ʚʝʥʪʠʣʷʮʠʠ ʟʜʘʥʠʷ ʧʦʜʘʸʪʩʷ ʙʦʣʝʝ ʪʸʧʣʳʡ ʧʨʠʪʦʯʥʳʡ ʥʘʨʫʞʥʳʡ ʚʦʟʜʫʭ ï ʦʪ-

ʩʶʜʘ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʫʤʝʥʴʰʘʶʪʩʷ 

ʦʙʱʠʝ ʪʝʧʣʦʧʦʪʝʨʠ ʟʜʘʥʠʷ ʟʘ ʩʯʝʪ ʝʛʦ ʚʝʥʪʠʣʷʮʠʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʤʝʥʴʰʘʝʪ ʥʘʛʨʫʟ-

ʢʫ ʥʘ ʩʠʩʪʝʤʫ ʦʪʦʧʣʝʥʠʷ [6, ʩ. 206]. 
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ɹʫʬʝʨʥʘʷ ʟʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʨʫʜʦʚʘʥʘ ʩʦʣʥʮʝʟʘʱʠʪʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʫʷʟʚʠ-

ʤʳʤʠ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠ ʚʝʪʨʫ. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʘʢʞʝ ʪʘʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ ʜʚʦʡʥʳʭ ʬʘʩʘʜʦʚ: 

Á ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ,  

Á ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʘʧʠʪʘʣʠʟʘʮʠʠ (ʧʨʠʚʣʝʢʘʷ ʠʥʚʝʩʪʦʨʦʚ, ʧʝʨʚʦʢʣʘʩʩʥʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ), ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʮʝʥʳ,  

Á ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʤʬʦʨʪʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʚʥʫʪʨʠ,  

Á ʩʥʠʞʝʥʠʝ ʦʧʝʨʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ,  

Á ʵʢʦʥʦʤʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ 25ï30 %. 

ʉʦʚʨʝʤʝʥʥʳʝ ʫʩʣʦʚʠʷ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʧʨʝʜʲʷʚʣʷʶʪ ʚʩʝ ʙʦʣʝʝ ʟʘʚʳʰʝʥʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʟʜʘʥʠʷʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʢ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʶ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʤʫ ʢʦʤʬʦʨʪʫ, 

ʵʢʦʣʦʛʠʯʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢ ʤʠʥʠʤʠʟʘʮʠʠ ʫʱʝʨʙʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʊʘʢʠʤ ʚʘʨʠʘʥʪʦʤ 

ʚʳʩʪʫʧʘʶʪ ʜʚʦʡʥʳʝ ʬʘʩʘʜʳ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ.  

ʈʦʩʩʠʡʩʢʘʷ ʩʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ ʟʥʘʝʪ ʝʱʝ ʥʝ ʪʘʢ ʯʘʩʪʦ ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʧʨʠʤʝʨʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʩʪʫʧʘʶʪ ʟʜʘʥʠʷ 

ʧʨʝʤʠʫʤ-ʢʣʘʩʩʘ ï ʩʪʝʢʣʷʥʥʳʝ ʜʚʦʡʥʳʝ ʬʘʩʘʜʳ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʰʪʘʙ-ʢʚʘʨʪʠʨʝ ʢʦʤʧʘʥʠʠ 

çʅʦʚʘʪʵʢè (ʄʦʩʢʚʘ, 2011).  

ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʈʦʩʩʠʠ, ʵʪʘ ʩʠʩʪʝʤʘ ʧʦʜʣʝʞʠʪ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʪʦʯʥʝ-

ʥʠʷʤ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʘʤ ʧʦ ʧʦʚʦʜʫ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʥʘʰʝʤ ʩʝʚʝʨʥʦʤ ʢʣʠʤʘʪʝ, ʠ ʧʦʵʪʦʤʫ 

ʝʝ ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. ʅʝʦʙʭʦʜʠʤ ʢʦʤʧʣʝʢʩʥʳʡ 

ʧʦʜʭʦʜ, ʚʘʞʥʦ ʪʱʘʪʝʣʴʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʪʘʢʠʭ 

ʩʠʩʪʝʤ, ʧʨʦʚʦʜʠʪʴ ʠʩʧʳʪʘʥʠʷ ʠ ʨʘʩʰʠʨʷʪʴ ʥʘʫʯʥʫʶ ʙʘʟʫ. 

ɹʝʩʩʧʦʨʥʦ, ʧʨʠʤʝʥʝʥʠʝ ʩʪʝʢʣʷʥʥʳʭ ʜʚʦʡʥʳʭ ʬʘʩʘʜʦʚ, ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ 

ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʙʫʜʝʪ ʨʘʩʰʠʨʷʪʴʩʷ, ʧʦʪʦʤʫ ʯʪʦ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩʥʳʤ ʥʝ ʪʦʣʴʢʦ 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʠʟʘʡʥʘ, ʥʦ ʠ ʠʤʝʝʪ ʤʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʝʠʤʫʱʝʩʪʚ.   
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ʀʅʅʆɺɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ɺ ʉʊʈʆʀʊɽʃʔʉʊɺɽ 

 

ɹʘʨʳʰʥʠʢʦʚ ʅʠʢʠʪʘ ʄʠʭʘʡʣʦʚʠʯ, ʇʘʥʴʰʠʥʘ ɸʣʠʥʘ ɽʚʛʝʥʴʝʚʥʘ ï ʩʪʫʜʝʥʪʳ 

ɹʠʟʷʝʚ ʉʝʨʛʝʡ ɸʨʢʘʜʴʝʚʠʯ, ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʏʝʨʥʦʚʘ ɽʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ  

E-mail: chernova-ev@mail.ru 

 

ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ, ʛ. ʅ. ʊʘʛʠʣ, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʦʜʠʪʩʷ ʦʙʟʦʨ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʘ. ʆʪʤʝʯʘʝʪʩʷ ʦʩʦʙʘʷ ʨʦʣʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ʇʝʨʝ-

ʯʠʩʣʝʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠ ʚʥʝʜʨʝʥʠʠ 3D-ʪʝʭʥʦʣʦʛʠʡ, ʠʭ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦ-

ʩʪʘʪʢʠ. ʈʘʩʩʤʦʪʨʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ 3D-ʧʨʠʥʪʝʨʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʦʟʚʝʜʝʥʠʶ 

ʩʪʝʥʦʚʦʛʦ ʦʛʨʘʞʜʝʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʧʨʠʚʝʜʝʥ ʧʝʨʝʯʝʥʴ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. 3D-ʪʝʭʥʦʣʦʛʠʠ, 3D-ʧʨʠʥʪʝʨ, ʩʧʝʢʘʥʠʝ, ʣʘʟʝʨʥʘʷ ʩʪʝʨʝʦʣʠʪʦʛʨʘ-

ʬʠʷ; ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʩʣʦʡʥʦʝ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʝ, ʩʳʨʴʝʚʘʷ ʩʤʝʩʴ. 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʜʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠʭ ʟʥʘʯʠʪʝʣʴʥʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ. 

ʉʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ ʩʝʛʦʜʥʷ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʪʘʢʠʤʠ ʩʝʨʴʝʟʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʢʘʢ 

ʥʠʟʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, ʚʳʩʦʢʘʷ ʩʪʘʪʠʩʪʠʢʘ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʥʘ ʩʪʨʦʠʪʝʣʴ-

ʥʳʭ ʧʣʦʱʘʜʢʘʭ, ʩʣʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʝʜʦʩʪʘʪʦʢ ʢʚʘʣʠʬʠʮʠʨʦ-

ʚʘʥʥʳʭ ʨʘʙʦʯʠʭ, ʟʘʪʨʘʪʳ ʠ ʚʨʝʤʷ ʥʘ ʧʦʩʪʨʦʡʢʫ ʦʙʲʝʢʪʦʚ ʠ ʢʦʥʝʯʥʦ ʞʝ ʵʢʦʥʦʤʠʷ ʨʝʩʫʨʩʦʚ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ [7].  

ʆʜʥʠʤ ʠʟ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʷʚʣʷʶʪʩʷ ʘʜʜʠʪʠʚʥʳʝ ʪʝʭ-

ʥʦʣʦʛʠʠ. ʆʥʠ ʨʘʩʰʠʨʷʶʪ ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʤʥʦʛʠʭ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʘʧʨʘʚʣʝʥʠʡ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ï ʦʙʦʙʱʝʥʥʦʝ ʥʘʟʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʝʜʧʦʣʘʛʘ-

ʶʱʠʭ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠʟʜʝʣʠʷ ʧʦ ʜʘʥʥʳʤ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ (ʠʣʠ CAD-ʤʦʜʝʣʠ) ʤʝʪʦʜʦʤ ʜʦ-

ʙʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ [1]. ʊʝʭʥʦʣʦʛʠʠ ʧʦʩʣʦʡʥʦʛʦ ʩʠʥʪʝʟʘ ʤʦʛʫʪ ʩʪʘʪʴ ʧʨʦʨʳʚʦʤ ʜʣʷ ʢʦʥ-

ʩʪʨʫʢʮʠʡ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʮʝʤʝʥʪʘ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʥʘʯʘʣʝ XXI ʚʝʢʘ ʥʝʩʢʦʣʴʢʦ ʥʝʟʘʚʠʩʠʤʳʭ ʛʨʫʧʧ ʫʯʝʥʳʭ, ʠʟ ʨʘʟʥʳʭ ʩʪʨʘʥ, ʥʘʯʘʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʦʣʦʛʠʠ 3D-ʧʝʯʘʪʠ ʚ ʩʬʝʨʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ɺ 2012 ʛʦʜʫ ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʚʳʝ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʩʪʨʦʠʪʝʣʴʥʳʝ 3D-ʧʨʠʥʪʝʨʳ, ʘ ʫʞʝ ʯʝʨʝʟ ʜʚʘ ʛʦʜʘ 

ʙʳʣ ʚʚʝʜʝʥ ʪʝʨʤʠʥ çʢʦʥʪʫʨʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦè [6].  

ʉʪʨʦʠʪʝʣʴʥʳʡ ʧʨʠʥʪʝʨ ʩʚʦʝʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʧʨʠʧʦʤʠʥʘʝʪ ʢʦʟʣʦʚʦʡ ʢʨʘʥ, ʤʝʞʜʫ 

ʜʚʫʤʷ ʦʧʦʨʘʤʠ ʢʦʪʦʨʦʛʦ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʧʝʯʘʪʘʶʱʘʷ ʛʦʣʦʚʢʘ ʩ ʪʨʝʭʤʝʨʥʳʤ ʧʦʟʠʮʠʦʥʠʨʦ-

ʚʘʥʠʝʤ (ʨʠʩ. 1). ʕʪʦ ʨʘʟʨʝʰʘʝʪ ʝʡ ʧʝʯʘʪʘʪʴ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʩʷʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ɺ ʠʪʦʛʝ 

ʤʦʞʥʦ ʙʳʩʪʨʦ ʚʦʟʚʦʜʠʪʴ ʥʘʜʸʞʥʳʝ ʩʦʦʨʫʞʝʥʠʷ [2]. 

 
ʈʠʩ. 1. ʉʪʨʦʠʪʝʣʴʥʳʡ 3D-ʧʨʠʥʪʝʨ 
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ɺ 2014 ʛ. ʙʳʣ ʚʳʧʦʣʥʝʥ ʧʝʨʚʳʡ ʵʢʩʧʦʥʘʪ ʦʜʥʦʵʪʘʞʥʦʛʦ ʞʠʣʴʷ ʢʦʤʧʘʥʠʝʡ 

ShanghaiWinSun (ʂʠʪʘʡ) ʵʪʦ ʩʪʘʣʦ ʥʘʯʘʣʦʤ ʧʨʦʨʳʚʘ ʚ ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʜʘʥʠʡ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʪʫʨʥʦʡ 3D-ʧʝʯʘʪʠ ʙʝʪʦʥʦʤ [2]. 

ɻʘʙʘʨʠʪʳ ʧʝʯʘʪʥʦʛʦ ʜʦʤʘ ʟʘʚʠʩʷʪ ʦʪ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʥʪʝʨʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʨʘʡʦʥ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʧʝʯʘʪʠ ʩʪʨʦʝʥʠʷ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʛʨʘʥʠʯʝʥ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʥʠʟʢʦ ʵʪʘʞʥʦʤ ʜʦʤʦʩʪʨʦʝʥʠʠ (ʨʠʩ. 2). ɼʣʷ ʧʝʯʘʪʠ ʚʳʩʦʪʥʦʛʦ ʞʠʣʠʱʘ 

ʧʦʥʘʜʦʙʠʪʩʷ ʧʨʠʥʪʝʨ ʧʦ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʙʦʣʝʝ, ʯʝʤ ʩʘʤ ʜʦʤ. ʄʦʞʥʦ ʪʦʣʴʢʦ ʧʨʝʜʧʦʣʦ-

ʞʠʪʴ, ʢʘʢʦʛʦ ʨʘʟʤʝʨʘ ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ. 

 

 
 

ʈʠʩ. 2. ʇʨʦʮʝʩʩ ʚʦʟʚʝʜʝʥʠʷ ʟʜʘʥʠʷ ʩ ʧʦʤʦʱʴʶ 3D-ʧʨʠʥʪʝʨʘ 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʰʝʜʰʠʝ ʧʫʪʴ ʦʪ 3D-ʧʝʯʘʪʠ ʤʘ-

ʢʝʪʦʚ ʠ ʙʳʩʪʨʦʛʦ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʢ ʠʟʛʦʪʦʚʣʝʥʠʶ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪ-

ʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʨʠʚʣʝʢʘʶʪ ʚʩʝ ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ ʠʥʚʝʩʪʠʮʠʡ. ʈʦʩʪ ʠʥʪʝʨʝʩʘ ʢ 

ʘʜʜʠʪʠʚʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʬʘʢʪʦʨʦʚ: ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʚʪʦ-

ʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʫʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʦʟʜʘʥʠʷ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʪʠʤʠʟʘʮʠʠ CAD ʤʦʜʝʣʝʡ, ʫʤʝʥʴʰʝʥʠʝ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɼʘʥʥʳʝ 

ʬʘʢʪʦʨʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʧʝʨʝʭʦʜʘ ʢ ʢʦʥʮʝʧʮʠʠ çʮʠʬʨʦʚʳʭ ʬʘʙʨʠʢè ʙʫ-

ʜʫʱʝʛʦ [2]. 

ʇʦ ʤʝʪʦʜʘʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʷ ʨʘʟʣʠʯʘʶʪ ʜʚʘ ʪʠʧʘ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ: Bed 

Deposition (ʦʩʘʞʜʝʥʠʝ ʥʘ ʧʣʘʪʬʦʨʤʝ) ʠ Direct Deposition (ʧʨʷʤʦʝ ʦʩʘʞʜʝʥʠʝ) [3]. 

Bed Deposition ï ʢʣʘʩʩ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘʥʦʩʠʪʩʷ 

ʩʣʦʡ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʠʟʜʝʣʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʦʡʥʦ ʩ ʧʦʤʦʱʴʶ 

ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ: ʣʘʟʝʨʘ (SLM), ʵʣʝʢʪʨʦʥʥʦʛʦ ʣʫʯʘ (EBM) ʠʣʠ ʩʚʝʪʘ (DLP, SLA) ʠʣʠ ʚʩʧʦ-

ʤʦʛʘʪʝʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ (Binder Jetting), ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʢʫʱʠʤ ʩʝʯʝʥʠʝʤ CAD ʤʦʜʝʣʠ. 

ʆʩʪʘʪʢʠ ʧʦʨʦʰʢʘ ʫʜʘʣʷʶʪʩʷ, ʨʘʙʦʯʘʷ ʧʣʘʪʬʦʨʤʘ ʩʤʝʱʘʝʪʩʷ ʠ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ. 

Direct Deposition ï ʩʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʘʪʝʨʠʘʣ ʧʦʜʘʝʪʩʷ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʝʩʪʦ ʧʦʩʪʨʦʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ CAD ʤʦʜʝʣʴʶ. 

ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʟʝʣʸʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʪʘʢ ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʶʪ ʧʦʯʪʠ ʙʝʟʦʪʭʦʜʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɺʳʩʦʢʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʨʦʙʦʪʠ-

ʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʨʦʝʢʪʳ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ, ʥʝ ʧʦʜʚʝʨʛʘʷ 

ʦʧʘʩʥʦʩʪʠ ʟʜʦʨʦʚʴʝ ʧʝʨʩʦʥʘʣʘ [1].  
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ɼʣʷ ʩʦʟʜʘʥʠʷ ʤʘʣʳʭ ʬʦʨʤ ʠ ʮʝʣʳʭ ʦʙʲʝʢʪʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ ʦʩ-

ʥʦʚʥʳʭ ʤʝʪʦʜʘ: ʩʧʝʢʘʥʠʝ; ʣʘʟʝʨʥʘʷ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʷ; ʧʦʩʣʦʡʥʦʝ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʝ. 

ʉʫʪʴ ʩʧʦʩʦʙʘ ʩʧʝʢʘʥʠʷ (ʩʝʣʝʢʪʠʚʥʦʝ ʩʧʝʢʘʥʠʝ) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʘʙʦʯʠʝ 

ʯʝʨʥʠʣʘ, ʢ ʧʨʠʤʝʨʫ, ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ, ʨʘʩʧʣʘʚʣʷʶʪʩʷ ʟʘ ʩʯʝʪ ʜʝʡʩʪʚʠʷ ʪʦʯʝʯʥʦʛʦ ʣʘʟʝʨʥʦ-

ʛʦ ʣʫʯʘ. 

ʉʧʦʩʦʙʳ ʥʘʧʳʣʝʥʠʷ ʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʩʧʝʢʘʥʠʷ ʷʚʣʷʶʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʚʨʝʜʥʳʤʠ, 

ʧʦʩʢʦʣʴʢʫ ʠʭ ʨʝʘʣʠʟʘʮʠʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ↑ ʵʥʝʨʛʠʠ, ʘ ʨʘʙʦʯʝʡ 

ʩʤʝʩʴʶ ʷʚʣʷʝʪʩʷ ʧʝʩʦʢ.  

ʉʧʦʩʦʙ ʧʦʩʣʦʡʥʦʛʦ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ Contour Crafting (ʉʉ) ʥʘ ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ ʦʩ-

ʥʦʚʥʳʤ ʩʧʦʩʦʙʦʤ 3D-ʧʝʯʘʪʠ [6]. 

ʆʛʨʘʞʜʘʶʱʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʥʘʧʝʯʘʪʘʥʥʘʷ ʩ ʧʦʤʦʱʴʶ 3D-ʧʨʠʥʪʝʨʘ, ʜʦʣʞʥʘ ʠʤʝʪʴ 

ʭʦʨʦʰʠʝ ʧʨʦʯʥʦʩʪʥʳʝ ʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʢʘʯʝʩʪʚʘ. ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ, ʚʦʟʚʝʜʝʥʥʳʭ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʛʦ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ, ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʝ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠʝ ʬʦʨʤʳ ʩʪʝʥ. ʂʦʥʩʪʨʫʢʪʠʚ ʩʪʝʥ ʚ ʧʣʘʥʝ ʯʘʱʝ ʚʩʝʛʦ ʥʘʧʦʤʠʥʘʝʪ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʫʶ ʬʝʨʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʥʘʧʝʯʘʪʘʥʥʳʭ ʚʥʫʪʨʝʥʥʝʛʦ (ʥʝʩʫʱʝʛʦ), ʥʘʨʫʞʥʦʛʦ ʩʣʦʝʚ. 

ɼʣʷ ʘʨʤʠʨʦʚʘʥʠʷ ʚ ʩʦʩʪʘʚ çʩʪʨʦʠʪʝʣʴʥʳʭ ʯʝʨʥʠʣè ʤʦʞʥʦ ʚʚʦʜʠʪʴ ʜʠʩʧʝʨʩʥʫʶ ʘʨʤʘʪʫʨʫ 

(ʬʠʙʨʳ), ʣʠʙʦ ʫʢʣʘʜʳʚʘʪʴ ʘʨʤʘʪʫʨʥʳʝ ʩʪʝʨʞʥʠ ʠʣʠ ʢʣʘʜʦʯʥʫʶ ʩʝʪʢʫ ʤʝʞʜʫ ʩʣʦʷʤʠ. ɺʝʨ-

ʪʠʢʘʣʴʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʫʩʪʘʥʦʚʢʦʡ ʩʪʝʨʞʥʝʚʦʡ ʘʨʤʘʪʫʨʳ ʚ ʧʫʩʪʦʪʳ, ʩ ʠʭ 

ʜʘʣʴʥʝʡʰʠʤ ʟʘʧʦʣʥʝʥʠʝʤ ʤʘʪʝʨʠʘʣʦʤ, ʩ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 3D-

ʧʨʠʥʪʝʨ ʩʧʦʩʦʙʝʥ ʠʟʛʦʪʦʚʠʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʦʛʨʘʞʜʘʶʱʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʩ ʚʳʩʦʢʠʤʠ 

ʧʨʦʯʥʦʩʪʥʳʤʠ ʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʤʠ ʢʘʯʝʩʪʚʘʤʠ [6]. 

ʈʦʣʴ ʚ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʠʪʝʣʴʥʦʡ 3D-ʧʝʯʘʪʠ ʠʛʨʘʝʪ ʩʦʩʪʘʚ ʩʪʨʦʠʪʝʣʴʥʳʭ çʯʝʨʥʠʣè 

ʤʘʪʝʨʠʘʣʦʚ (ʩʳʨʴʝʚʦʡ ʩʤʝʩʠ). ɽʝ ʦʩʥʦʚʦʡ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʢʘʢ ʧʦʨʪʣʘʥʜʮʝ-

ʤʝʥʪ, ʛʠʧʩ, ʩʤʝʰʘʥʥʳʝ ʚʷʞʫʱʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʘʢʪʠʚʥʳʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʠ ʭʠʤʠ-

ʯʝʩʢʠʤʠ ʜʦʙʘʚʢʘʤʠ. ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʙʝʟʜʝʬʝʢʪʥʦʡ ʧʦʩʣʦʡʥʦʡ ʫʢʣʘʜʢʠ çʯʝʨʥʠʣè, ʩʳʨʴʝ-

ʚʘʷ ʩʤʝʩʴ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʳʤ ʥʘʙʦʨʦʤ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʟʘʤʝʜʣʝʥʥʦʡ 

ʢʠʥʝʪʠʢʝ ʥʘʯʘʣʴʥʦʛʦ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʩʳʨʴʝʚʘʷ ʩʤʝʩʴ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ 

ʪʠʢʩʦʪʨʦʧʥʳʤʠ ʠ ʘʜʛʝʟʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʙʳʪʴ ʫʜʦʙʦʫʢʣʘʜʳʚʘʝʤʦʡ ʧʨʠʥʪʝʨʦʤ ʠ ʚ ʪʦ 

ʞʝ ʚʨʝʤʷ ʥʝ ʨʘʩʪʝʢʘʪʴʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʩʣʝʜʫʶʱʠʭ ʩʣʦʝʚ ʠ ʠʤʝʪʴ ʥʝʚʳʩʦʢʠʝ ʫʩʘ-

ʜʦʯʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʪʚʝʨʜʝʥʠʠ. ɼʣʷ ʧʝʯʘʪʠ ʩʪʝʥ ʟʜʘʥʠʡ ʪʨʝʙʫʶʪʩʷ ʢʦʥʩʠʩʪʝʥʮʠʠ 

ʩ ʚʳʩʦʯʘʡʰʝʡ ʩʢʦʨʦʩʪʴʶ ʩʭʚʘʪʳʚʘʥʠʷ ʠ ʟʘʪʚʝʨʜʝʚʘʥʠʷ. ɼʣʷ ʥʝʦʪʚʝʪʩʪʚʝʥʥʳʭ ʜʝʪʘʣʝʡ, 

ʢ ʧʨʠʤʝʨʫ, ʤʘʣʳʭ ʬʦʨʤ ʜʣʷ ʣʘʥʜʰʘʬʪʘ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʷʪʴ ʥʝʜʦʨʦʛʠʝ ʩʤʝʩʠ [4]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ: ʨʘʟʣʠʯʥʳʝ ʧʦʣʠʤʝʨʳ ʠ ʨʝʟʠʥʳ, ʧʦʨʦʰʢʠ ʩʪʘʣʝʡ, ʩʧʣʘʚʦʚ ʪʠʪʘʥʘ, ʥʠʢʝʣʷ, ʘʣʶʤʠ-

ʥʠʷ, ʤʝʜʠ, ʘ ʪʘʢʞʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʢʝʨʘʤʠʢʠ, ʙʠʦʩʦʚʤʝʩʪʠʤʳʝ 

ʠ ʥʘʥʦʫʧʨʦʯʥʝʥʥʳʝ ʢʦʤʧʦʟʠʪʳ.  

ɺʳʚʦʜʳ  

ʅʝʩʦʤʥʝʥʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʘʜʜʠʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʪʨʫ-

ʜʦʝʤʢʦʩʪʠ ʨʘʙʦʪ, ʨʠʩʢʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ, ʧʦʚʳʰʝʥʠʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ 

ʩʢʦʨʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʩʥʠʞʝʥʠʝ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʪʨʦʠʪʝʣʴʥʘʷ 3D-ʧʝʯʘʪʴ ð ʦʜ-

ʥʦ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʚʦʟʚʝʜʝʥʠʷ ʚʩʝʚʦʟʤʦʞʥʳʭ ʩʦʦʨʫʞʝ-

ʥʠʡ. ʄʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʝʨʩʦʥʘʣʘ ʠ ʩʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʤʘʪʝʨʠʘʣʳ; 

ʩʦʮʠʘʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ð ʚ ʩʚʷʟʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʙʳʩʪʨʦʡ ʧʦʩʪʨʦʡʢʠ ʥʝʜʦʨʦʛʦʛʦ ʞʠ-

ʣʴʷ ʜʣʷ ʤʘʣʦʠʤʫʱʠʭ ʠ ʧʦʩʪʨʘʜʘʚʰʠʭ ʧʨʠ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʷʭ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ  

 

1. ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʘʜʜʠʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. URL: httʨ://3d.glʦbʘtʝk.ru/ 
wʦrld3d/ʘdditivʝ_tʝʩh/ 

2. ʆʙʟʦʨʥʘʷ ʩʪʘʪʴʷ ʧʦ 3D-ʩʪʨʦʠʪʝʣʴʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. URL: httʨ://gʝʝktimʝs.ru/ʨʦst/ 

3. ʂʦʤʧʘʥʠʷ Winsun. 3D-ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʜʦʤʦʚ. URL: 

httʨ://www.yhbm.ʩʦm/indʝx.ʨhʨ?ʘ=lists&ʩ=indʝx&ʩʘtid=67&m=ʩʦntʝnt 



178 

 

4. ʋʜʦʜʦʚ ʉ. ɸ., ɹʝʣʦʚ ʌ. ɸ., ɿʦʣʦʪʫʭʠʥʘ ɸ. ɽ. 3D-ʧʝʯʘʪʴ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ: ʥʦʚʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʪʝʭʥʦʣʦʛʠʠ ʙʝʪʦʥʘ ʠ ʩʫʭʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʤʝʩʝʡ : ʩʙ. ʩʪ. VI ʄʝʞʜʫʥʘʨʦʜ-

ʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʄʎʅʉ ï ʅʘʫʢʘ ʠ ʧʨʦʩʚʝʱʝʥʠʝè. 

5. ʄʫʭʘʤʝʪʨʘʭʠʤʦʚ ʈ. ʍ., ʀʟʦʪʦʚ ɺ. ʉ. ɺʣʠʷʥʠʝ ʘʢʪʠʚʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʜʦʙʘʚʦʢ ʥʘ 
ʛʠʜʨʘʪʘʮʠʶ ʚʷʞʫʱʝʛʦ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʬʠʙʨʦʮʝʤʝʥʪʥʳʭ ʧʣʠʪ // ʀʟʚʝʩʪʠʷ 

ʂɻɸʉʋ. 2011. 

6. 3D-ʧʝʯʘʪʴ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ: ʢʘʢ ʵʪʦ ʨʘʙʦʪʘʝʪ, ʪʝʭʥʦʣʦʛʠʠ ʠ 3D-ʧʨʠʥʪʝʨʳ. 

URL:https://top3dshop.ru/blog/3d-printing-of-buildings-technologies-and-3d-printers.html 

7. ʊʝʭʥʦʣʦʛʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. URL: https://www.spbgasu.ru 

8. ʕʥʮʠʢʣʦʧʝʜʠʷ 3D-ʧʝʯʘʪʠ. ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. URL: 

httʨ://3dtʦdʘy.ru/wiki/3D_ʨrint_tʝʩhnʦlʦg 

  

https://top3dshop.ru/blog/3d-printing-of-buildings-technologies-and-3d-printers.html
https://www.spbgasu.ru/


179 

 

ʂʆʅʉʊʈʋʂʊʀɺʅʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ɿɼɸʅʀʁ  

ɺ ʋʉʃʆɺʀʗʍ ɺɽʏʅʆʁ ʄɽʈɿʃʆʊʓ 

 

ɹʝʨʝʩʥʝʚʘ ɼʘʨʴʷ ʈʦʤʘʥʦʚʥʘ, ʩʪʫʜʝʥʪʢʘ  
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ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ, ʛ. ʅʠʞʥʠʡ ʊʘʛʠʣ, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʘʚʪʦʨ ʠʟʫʯʘʝʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʟʜʘʥʠʡ ʚ 

ɸʨʢʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʧʨʠʨʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʫʩʠ-

ʣʝʥʥʳʤʠ ʥʝʛʘʪʠʚʥʳʤ ʜʝʡʩʪʚʠʝʤ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʟʘ-

ʪʨʫʜʥʝʥʠʶ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ, ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʠ ʜʨ. ɺ ʩʪʘʪʴʝ ʨʝʰʘʶʪʩʷ 

ʟʘʜʘʯʠ: ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʠʥʮʠʧʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʯʥʦʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ; ʠʟʫʯʠʪʴ ʦʩʦʙʝʥʥʦ-

ʩʪʠ ʧʨʦʢʣʘʜʢʠ ʠʥʞʝʥʝʨʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʚ ʫʩʣʦʚʠʷʭ ʢʨʘʡʥʝʛʦ ʩʝʚʝʨʘ; ʠʩʩʣʝʜʦʚʘʪʴ ʢʘʨ-

ʢʘʩʥʦ-ʧʘʥʝʣʴʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʩʪʨʦʠʪʝʣʴʩʪʚʘ; ʠʩʩʣʝʜʦʚʘʪʴ ʙʣʦʢ-ʤʦʜʫʣʴʥʫʶ ʪʝʭʥʦʣʦʛʠʶ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ; ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʋʩʣʦʚʠʷ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ, ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʧʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ, 

ʫʩʣʦʚʠʷ ʢʨʘʡʥʝʛʦ ʩʝʚʝʨʘ, ʩʦʚʨʝʤʝʥʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʩʙʦʨʥʘʷ ʢʘʨʢʘʩʥʦ-

ʧʘʥʝʣʴʥʘʷ ʩʪʨʦʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ.  

 

ʆʙʣʘʩʪʴ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʟʘʥʠʤʘʝʪ ʜʚʝ ʪʨʝʪʠ ʧʣʦʱʘʜʠ ʥʘʰʝʡ ʩʪʨʘʥʳ. ɿʜʝʩʴ ʨʘʙʦ-

ʪʘʶʪ ʢʦʤʙʠʥʘʪʳ, ʰʘʭʪʳ ʠ ʢʘʨʴʝʨʳ, ʧʨʦʣʦʞʝʥʳ ʜʦʨʦʛʠ, ʧʦʩʪʨʦʝʥʳ ʧʦʨʪʳ ʠ ʘʵʨʦʜʨʦʤʳ. ʅʘ 

ʚʝʯʥʳʭ ʣʴʜʘʭ ʩʪʦʷʪ ʮʝʣʳʝ ʛʦʨʦʜʘ, ʚ ʢʦʪʦʨʳʭ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʢʘʞʜʦʛʦ ʜʦʤʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʧʦʜʚʠʛʦʤ. 

ʉʪʨʦʠʪʴ ʜʦʤ ʥʘ ʣʝʜʷʥʦʤ ʧʘʥʮʠʨʝ, ʢʦʪʦʨʳʡ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʝʪ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ, 

ʦʯʝʥʴ ʩʣʦʞʥʦ. ʈʳʭʣʳʝ ʛʨʫʥʪʳ ï ʧʝʩʯʘʥʠʢʠ, ʛʘʣʝʯʥʠʢʠ ʠ ʛʣʠʥʳ ʚ ʫʩʣʦʚʠʷʭ ʚʝʯʥʦʡ ʤʝʨʟʣʦ-

ʪʳ ʚʝʜʫʪ ʩʝʙʷ ʩʘʤʳʤ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʤ ʦʙʨʘʟʦʤ. ɺʦʟʚʝʜʝʥʥʳʝ ʥʘ ʥʠʭ ʩʦʦʨʫʞʝʥʠʷ ʥʘʛʨʝ-

ʚʘʶʪ ʛʨʫʥʪ, ʠ ʦʥ ʪʝʨʷʝʪ ʤʦʥʦʣʠʪʥʦʩʪʴ, ʥʘʯʠʥʘʝʪ ʧʦʜʪʘʠʚʘʪʴ ʠ ʩʤʝʱʘʪʴʩʷ. ʀʟʚʝʩʪʥʳ ʩʣʫ-

ʯʘʠ ʨʘʟʨʫʰʝʥʠʷ ʥʝʧʨʘʚʠʣʴʥʦ ʧʦʩʪʨʦʝʥʥʳʭ ʜʦʤʦʚ ʚ ʏʠʪʝ, çʧʣʳʚʫʪè ʥʝʢʦʪʦʨʳʝ ʫʯʘʩʪʢʠ 

ɹɸʄʘ (ɹʘʡʢʘӢʣʦ-ɸʤʫӢʨʩʢʘʷ ʤʘʛʠʩʪʨʘӢʣʴ (ɹɸʄ), ʩ 1985 ʛʦʜʘ ï ɹʘʡʢʘʣʦ-ɸʤʫʨʩʢʘʷ ʞʝʣʝʟʥʘʷ 

ʜʦʨʦʛʘ ʠʤʝʥʠ ʃʝʥʠʥʩʢʦʛʦ ʢʦʤʩʦʤʦʣʘ ï ʞʝʣʝʟʥʘʷ ʜʦʨʦʛʘ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ɺʦʩʪʦʯʥʫʶ 

ʉʠʙʠʨʴ ʠ ɼʘʣʴʥʠʡ ɺʦʩʪʦʢ ʈʦʩʩʠʠ, ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 4324 ʢʤ. ʆʜʥʘ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʞʝʣʝʟ-

ʥʦʜʦʨʦʞʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ ʚ ʤʠʨʝ). ɸ ʚ ʂʘʥʘʜʝ, ʥʘʧʨʠʤʝʨ, ʞʠʪʝʣʷʤ ʧʨʠʰʣʦʩʴ ʧʦʢʠʥʫʪʴ ʮʝ-

ʣʳʭ ʜʚʘ ʥʝʙʦʣʴʰʠʭ ʛʦʨʦʜʘ, ʧʦʩʪʨʦʝʥʥʳʭ ʚ ʛʦʜʳ ʚʦʡʥʳ: ʠʭ ʜʦʤʘ ʚʝʯʥʘʷ ʤʝʨʟʣʦʪʘ ʙʫʢʚʘʣʴ-

ʥʦ ʚʳʚʝʨʥʫʣʘ ʠʟ ʟʝʤʣʠ. ʊʘʢ ʯʪʦ ʩʪʨʦʠʪʴ ʦʩʥʦʚʘʥʠʷ ʟʜʘʥʠʡ ʥʘ ʤʝʨʟʣʦʪʝ ʤʦʞʥʦ, ʪʦʣʴʢʦ 

ʧʨʠʥʷʚ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʨʳ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʨʫʥʪʘ. 

ɺʦʟʚʝʜʝʥʠʝ ʬʫʥʜʘʤʝʥʪʦʚ ʚ ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ ʜʦʣʞʥʦ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʧʨʦʚʝ-

ʜʝʥʠʝʤ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʩ ʮʝʣʴʶ ʘʜʝʢʚʘʪʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʦʚʝʜʝʥʠʷ ʛʨʫʥʪʘ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʩʪʨʦʡʢʠ. 

ʋʞʝ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʙʫʜʫʪ ʧʨʦʚʝʜʝʥʳ ʠʥʞʝʥʝʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʷʶʪʩʷ 

ʨʘʩʯʝʪʳ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʛʨʫʥʪʦʚ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʪʠʧʦʤ ʬʫʥʜʘʤʝʥʪʦʚ. 

ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʧʨʠʥʮʠʧʘ, ʥʘ ʢʦʪʦʨʳʭ ʙʘʟʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʯʥʦʤʝʨʟʣʳʭ 

ʛʨʫʥʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ ʟʜʘʥʠʡ: ʣʠʙʦ ʩʪʨʝʤʷʪʩʷ ʢ ʪʦʤʫ, ʯʪʦʙʳ ʩʦʭʨʘʥʠʪʴ ʚʝʯʥʦʤʝʨʟ-

ʣʳʡ ʛʨʫʥʪ ʚ ʝʛʦ ʝʩʪʝʩʪʚʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʦʝ ʠ ʥʝʜʦʨʦʛʦʝ ʨʝʰʝʥʠʝ), ʣʠ-

ʙʦ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʟʜʘʥʠʝ ʩ ʨʘʩʯʝʪʦʤ, ʯʪʦ ʦʩʥʦʚʘʥʠʝ ʜʦʤʘ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʦʪʪʘʠʚʘʶʱʝʤ 

(ʦʪʪʘʷʥʥʦʤ) ʩʦʩʪʦʷʥʠʠ. ʂʦʥʢʨʝʪʥʳʡ ʚʳʙʦʨ ʜʝʣʘʝʪʩʷ ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʝʰʝʥʠʡ. 

ʇʝʨʚʳʡ ʧʨʠʥʮʠʧ ï ʩʦʭʨʘʥʷʝʪʩʷ ʤʝʨʟʣʦʝ ʩʦʩʪʦʷʥʠʝ ʛʨʫʥʪʘ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʧʨʠʥʮʠʧʦʤ ʚʝʯʥʦʤʝʨʟʣʦʝ ʦʩʥʦʚʘʥʠʝ ʩʪʨʝʤʷʪʩʷ ʩʦʭʨʘʥʠʪʴ ʚ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʦʮʝʩʩʝ ʚʦʟʚʝʜʝʥʠʷ ʧʦʩʪʨʦʡʢʠ, ʥʦ ʠ ʧʨʠ ʝʛʦ 

ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɼʘʥʥʳʡ ʧʨʠʥʮʠʧ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʪʝʭ ʩʠʪʫʘʮʠʷʭ, ʢʦʛʜʘ ʩʦʭʨʘʥʝ-
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ʥʠʝ ʟʘʤʝʨʟʰʝʛʦ ʛʨʫʥʪʘ ʚ ʝʛʦ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ. ʇʨʦʱʝ 

ʚʩʝʛʦ ʩʪʨʦʠʪʴ ʬʫʥʜʘʤʝʥʪ ʥʘ ʧʝʩʯʘʥʦʤ ʛʨʫʥʪʝ, ʢʦʪʦʨʳʡ ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ ʧʣʘʩʪʠʯ-

ʥʦ-ʤʝʨʟʣʳʭ. ɼʣʷ ʧʦʩʣʝʜʥʠʭ ʩʣʫʯʘʝʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ 

ʫʤʝʥʴʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʥʦʚʘʥʠʷ ʜʦ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʚ ʨʘʩʯʝʪʘʭ ʬʫʥʜʘ-

ʤʝʥʪʘ ʫʯʠʪʳʚʘʶʪ ʚʦʟʤʦʞʥʳʝ ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʦʩʥʦʚʘʥʠʷ ʧʦʜ ʥʘʛʨʫʟʢʦʡ. 

ʉʣʝʜʫʷ ʧʝʨʚʦʤʫ ʧʨʠʥʮʠʧʫ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʫʩʪʨʘʠʚʘʶʪ ʩʚʘʡʥʳʡ ʠʣʠ ʩʪʦʣʙʯʘʪʳʡ 

ʬʫʥʜʘʤʝʥʪ. ʅʦ ʤʦʛʫʪ ʙʳʪʴ ʠ ʜʨʫʛʠʝ ʨʝʰʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʣʝʥʪʦʯʥʳʡ ʬʫʥʜʘʤʝʥʪ. ɽʜʠʥ-

ʩʪʚʝʥʥʦʝ ʫʩʣʦʚʠʝ ï ʥʝ ʜʘʪʴ ʚʝʨʭʥʝʤʫ ʩʣʦʶ ʛʨʫʥʪʘ ʠʟʤʝʥʠʪʴ ʩʚʦʠ ʩʚʦʡʩʪʚʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠ-

ʝʤ ʪʝʧʣʘ ʦʪ ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʩʦʦʨʫʞʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʧʦʜʧʦʣʴʝ ʜʝʣʘʶʪ ʭʦʣʦʜʥʳʤ, ʚʝʥʪʠ-

ʣʠʨʫʝʤʳʤ ʯʝʨʝʟ ʧʨʦʜʫʭʠ ʚ ʟʘʙʠʨʢʝ ʠʣʠ ʮʦʢʦʣʴʥʦʡ ʯʘʩʪʠ ʜʦʤʘ. ʄʦʞʥʦ ʪʘʢʞʝ ʚʳʧʦʣʥʠʪʴ 

ʩʧʣʦʰʥʦʡ ʩʣʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʩ ʚʳʩʦʢʠʤʠ ʠʟʦʣʷʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʜ ʚʩʝʤ ʟʜʘʥʠʝʤ, 

ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʦʭʨʘʥʷʪʴ ʛʨʫʥʪ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ɺʪʦʨʦʡ ʧʨʠʥʮʠʧ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʦʚ ï ʜʦʧʫʩʢʘʝʪʩʷ ʧʦʩʣʝʜʫʶʱʝʝ ʦʪʪʘʠ-

ʚʘʥʠʝ ʛʨʫʥʪʘ. 

ʕʪʦʪ ʩʧʦʩʦʙ ʠʩʧʦʣʴʟʫʶʪ ʨʝʞʝ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʛʨʫʥʪ ʥʘ ʩʪʨʦʠʪʝʣʴ-

ʥʦʡ ʧʣʦʱʘʜʢʝ ʥʝ ʷʚʣʷʝʪʩʷ ʧʫʯʠʥʠʩʪʳʤ ʠʣʠ ʧʨʦʩʘʜʦʯʥʳʤ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʫʩʣʦʚʠʡ ʢʦʪʦʨʦʛʦ ʜʝʬʦʨʤʘʮʠʠ ʥʝ ʧʨʝʚʳʰʘʶʪ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʝʛʦ ʣʠʙʦ ʦʪʪʘʠʚʘʶʪ ʧʝʨʝʜ ʚʦʟʚʝʜʝʥʠʝʤ ʬʫʥʜʘʤʝʥʪʘ, ʣʠʙʦ ʧʨʦʚʦʜʷʪ ʚʩʝ ʥʝʦʙʭʦʜʠ-

ʤʳʝ ʨʘʩʯʝʪʳ ʠ ʜʦʧʫʩʢʘʶʪ, ʯʪʦ ʦʩʥʦʚʘʥʠʝ ʙʫʜʝʪ ʦʪʪʘʠʚʘʪʴ ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦ-

ʩʪʨʦʡʢʠ. 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʦʩʥʦʚʳ ʟʜʘʥʠʡ ʧʦ ʚʪʦʨʦʤʫ ʧʨʠʥʮʠʧʫ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʨʘʩʯʝʪ ʛʣʫʙʠʥʳ 

ʟʘʣʦʞʝʥʠʷ ʧʦʜʦʰʚʳ ʬʫʥʜʘʤʝʥʪʘ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʝ ʪʦʣʱʠʥʳ ʩʝʟʦʥʥʦ ʧʨʦʤʝʨʟʘʶ-

ʱʝʛʦ ʛʨʫʥʪʘ, ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ï ʚʩʝ ʩ ʧʨʠʚʷʟʢʦʡ ʢ ʟʦʥʝ ʦʪʪʘʠʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʦʨʫʞʝʥʠʷ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʥʘʣʠʯʠʝ ʤʝʨʟʣʦʪʳ ʩʠʣʴʥʦ ʦʩʣʦʞʥʷʝʪ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʝʢʪʥʦʛʦ ʧʦʣʦ-

ʞʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ɿʥʘʯʠʪʝʣʴʥʘʷ ï ʜʦ 2 ʤ ʠ ʙʦʣʝʝ ʛʣʫʙʠʥʘ ʩʣʦʷ ʩʝʟʦʥʥʦʛʦ ʧʨʦʪʘʠʚʘʥʠʷ, 

ʥʠʟʢʘʷ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪʘʣʳʭ ʛʨʫʥʪʦʚ ʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʤʝʨʟʣʦʪʳ, ʠʥʪʝʥʩʠʚʥʳʝ 

ʤʝʨʟʣʦʪʥʳʝ ʧʨʦʮʝʩʩʳ ʚʳʥʫʞʜʘʶʪ ʧʨʦʢʣʘʜʳʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʪʨʫʙʦʧʨʦʚʦʜʳ ʥʘʜ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ ʛʨʫʥʪʘ ï ʥʘ ʦʧʦʨʘʭ ʠʣʠ ʧʦ ʵʩʪʘʢʘʜʘʤ. ɺʦʟʤʦʞʝʥ ʜʨʫʛʦʡ ʩʧʦʩʦʙ: ʚ ʅʦʨʠʣʴʩʢʝ 

ʚʩʝ ʪʨʫʙʳ ʫʣʦʞʝʥʳ ʧʦʜ ʟʝʤʣʝʡ ʥʘ ʛʣʫʙʠʥʝ 6 ʤ. ʂʦʣʣʝʢʪʦʨʳ ʧʨʦʭʦʜʷʪ ʚ ʦʪʜʘʣʝʥʠʠ ʦʪ ʜʦ-

ʤʦʚ, ʯʪʦʙʳ ʫʙʝʨʝʯʴ ʦʪ ʪʝʧʣʘ ʤʝʨʟʣʳʝ ʛʨʫʥʪʳ ʧʦʜ ʟʜʘʥʠʷʤʠ. ɼʦʨʦʛʫ, ʧʦʜ ʢʦʪʦʨʦʡ ʧʨʦʚʝʜʝ-

ʥʳ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʯʠʩʪʷʪ ʦʪ ʩʥʝʛʘ ʦʩʦʙʝʥʥʦ ʪʱʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʚʝʪʝʨ ʦʩʪʫʞʘʣ ʟʝʤʣʶ. 

ʊʨʫʙʦʧʨʦʚʦʜ, ʧʨʦʣʦʞʝʥʥʳʡ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʨʫʥʪʘ, ʧʦʜʚʝʨʛʘʝʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʝʝ 

ʩʠʣʴʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʝʤ ʧʨʠ ʧʦʜʟʝʤʥʦʡ ʧʨʦʢʣʘʜʢʝ. ʆʩʦʙʝʥʥʦ ʢʨʠʪʠʯʥʳʤʠ 

ʧʨʠ ʵʪʦʤ ʦʢʘʟʳʚʘʶʪʩʷ ʟʠʤʥʠʝ ʭʦʣʦʜʘ, ʢʦʛʜʘ ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ ʚʦʟʨʘʩ-

ʪʘʶʪ ʜʦ ʥʝʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ, ʠ ʫʛʨʦʟʘ ʠʭ ʟʘʤʝʨʟʘʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʯʝʤ ʨʝʘʣʴʥʦʡ. 

ʕʪʦ ʚʳʥʫʞʜʘʝʪ ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʪʴ ʪʨʫʙʳ, ʧʨʦʢʣʘʜʳʚʘʪʴ ʚʦʜʦʧʨʦʚʦʜʳ ʩ ʪʝʧʣʦʩʧʫʪʥʠʢʘʤʠ, 

ʩʪʨʦʠʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʢʦʪʝʣʴʥʳʝ ʥʘ ʚʦʜʦʚʦʜʘʭ ʠ ʪ.ʧ. ɺʩʝ ʵʪʠ ʤʝʨʳ, ʚʦ-ʧʝʨʚʳʭ, ʪʨʝʙʫʶʪ 

ʥʝʤʘʣʳʭ ʟʘʪʨʘʪ, ʚʦ-ʚʪʦʨʳʭ, ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʥʦʡ ʙʝʟʘʚʘʨʠʡʥʦʩʪʠ ʩʝʪʝʡ. ʃʶʙʘʷ ʦʩʪʘ-

ʥʦʚʢʘ ʧʦʜʘʯʠ ʚʦʜʳ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʤʦʞʝʪ ʦʙʝʨʥʫʪʴʩʷ ʘʚʘʨʠʝʡ ʩ ʪʷʞʝʣʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷ-

ʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʨʘʟʤʦʨʘʞʠʚʘʥʠʝʤ ʪʨʫʙ ʠ ʚʳʭʦʜʦʤ ʠʭ ʠʟ ʩʪʨʦʷ. 

ɽʱʝ ʦʜʥʘ ʦʩʦʙʝʥʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʦʧʨʦʚʦʜʦʚ ʠ ʪʝʧʣʦʪʨʘʩʩ ʚ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦ-

ʥʘʭ ʩʚʷʟʘʥʘ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʨʦʜʥʳʭ ʚʦʜ, ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʜʣʷ ʟʘʙʦʣʦʯʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʨʅ (ʚʦʜʦʨʦʜʥʳʡ ʧʦʢʘ-

ʟʘʪʝʣʴ) ʠ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ. ʉʪʘʣʴʥʳʝ ʪʨʫʙʳ, ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʝ ʪʘʢʫʶ ʚʦʜʫ, 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʠʥʪʝʥʩʠʚʥʦʤʫ ʟʘʨʘʩʪʘʥʠʶ ʠ ʩʣʫʞʘʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʩʚʦʝʛʦ ʥʦʨʤʘʪʠʚ-

ʥʦʛʦ ʩʨʦʢʘ. 

ʇʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʜʘʥʠʡ ʚ ɸʨʢʪʠʢʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʙʦʨʥʘʷ ʢʘʨʢʘʩʥʦ-ʧʘʥʝʣʴʥʘʷ 

ʩʪʨʦʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʥʝʩʫʱʝʛʦ ʢʘʨʢʘʩʘ, ʩʦʙʠʨʘʝʤʦʛʦ ʠʟ 

ʣʝʛʢʠʭ ʦʮʠʥʢʦʚʘʥʥʳʭ ʩʪʘʣʴʥʳʭ ʧʨʦʬʠʣʝʡ ʠ ʧʘʥʝʣʝʡ ʪʠʧʘ çʩʵʥʜʚʠʯè, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ 

ʩʪʝʥ ʠ ʧʦʢʨʳʪʠʷ.  
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ʇʝʨʚʳʝ ʧʘʥʝʣʴʥʦ-ʢʘʨʢʘʩʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 1950-ʭ ʛʦʜʘʭ ʚ ɸʥ-

ʪʘʨʢʪʠʜʝ ʩʦʚʝʪʩʢʠʤʠ ʧʦʣʷʨʥʠʢʘʤʠ. ʊʦʣʴʢʦ ʚʤʝʩʪʦ OSB (OSB ʠʣʠ ʆʉʇ ʣʠʩʪ ï

 ʵʪʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʩʪʨʫʞʝʯʥʘʷ ʧʣʠʪʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʜʨʝʚʝʩʥʦʩʪʨʫʞʝʯ-

ʥʳʡ ʤʘʪʝʨʠʘʣ ʩʢʣʝʝʥʥʳʡ ʩʧʝʮʠʘʣʴʥʳʤ ʧʦʣʠʤʝʨʦʤ) ʧʨʠʤʝʥʷʣʘʩʴ ʬʘʥʝʨʘ. ʊʝʭʥʦʣʦʛʠʷ ʪʦ-

ʛʜʘ ʫʩʧʝʰʥʦ ʩʝʙʷ ʧʦʢʘʟʘʣʘ ʚ ʩʫʨʦʚʳʭ ʧʦʣʷʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ ʵʪʠ ʜʦʤʠʢʠ ʩʪʦʷʪ ʚ ɸʥʪʘʨʢʪʠ-

ʜʝ ʠ ʩʝʡʯʘʩ. 

ʀʩʧʦʣʴʟʫʷ ʦʧʳʪ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ɸʥʪʘʨʢʪʠʢʠ, ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʙʳʣʘ ʚʟʷʪʘ ʥʘ ʚʦ-

ʦʨʫʞʝʥʠʝ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʜʨʝʡʬʫʶʱʠʭ ʘʨʢʪʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ, ʧʨʦʛʨʘʤʤʘ ʨʘʟʚʠʪʠʷ ʢʦʪʦ-

ʨʳʭ ʩʫʱʝʩʪʚʫʝʪ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʩ 1937 ʛʦʜʘ. ʀ ʧʦ ʩʝʡ ʜʝʥʴ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ɸʨʢʪʠʢʠ ʧʨʝʜ-

ʧʦʯʠʪʘʶʪ ʢʘʨʢʘʩʥʦ-ʧʘʥʝʣʴʥʫʶ ʪʝʭʥʦʣʦʛʠʶ. 

ʂʘʨʢʘʩʥʦ-ʧʘʥʝʣʴʥʳʝ ʜʦʤʘ ʩʪʨʦʷʪʩʷ ʧʦ ʩʪʘʥʜʘʨʪʘʤ ʢʘʨʢʘʩʥʦʡ ʪʝʭʥʦʣʦʛʠʠ: ʚʦʟʚʝʜʝ-

ʥʠʝ ʢʘʨʢʘʩʘ, ʤʦʥʪʘʞ ʫʪʝʧʣʠʪʝʣʷ, ʦʙʰʠʚʢʘ. ʆʩʦʙʝʥʥʦʩʪʠ ʤʝʪʦʜʘ ʚ ʪʦʤ, ʯʪʦ ʧʘʥʝʣʠ ʜʣʷ ʢʘʨ-

ʢʘʩʥʳʭ ʜʦʤʦʚ ʩ ʧʨʦʣʦʞʝʥʥʳʤ ʫʪʝʧʣʠʪʝʣʝʤ ʜʝʣʘʶʪ ʥʘ ʟʘʚʦʜʝ, ʠ ʩʙʦʨʢʘ ʜʦʤʘ ʠʜʝʪ ʛʦʨʘʟʜʦ 

ʙʳʩʪʨʝʝ. ʂʘʨʢʘʩʥʳʝ ʟʜʘʥʠʷ ʠʟ ʣʝʛʢʠʭ ʩʪʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʧʦʢʨʳʪʠʝʤ ʠ ʩʪʝʥʘʤʠ ʚ ʚʠ-

ʜʝ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʝʡ ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʢʣʘʜʩʢʠʭ ʟʜʘʥʠʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-

ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʧʫʥʢʪʦʚ ʤʦʨʩʢʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ.  

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʩʥʘʙʞʝʥʠʷ ʩʝʚʝʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ 

ʚ ʧʝʨʠʦʜ ʩʝʚʝʨʥʦʛʦ ʟʘʚʦʟʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʙʲʝʢʪʦʚ ʙʘʟʠʨʦʚʘʥʠʷ ʚ ɸʨʢʪʠʢʝ, ʚ ʄʘʡʤʘʢʩʘʥ-

ʩʢʦʤ ʦʢʨʫʛʝ ʛʦʨʦʜʘ ɸʨʭʘʥʛʝʣʴʩʢʘ ʚ ʨʘʡʦʥʝ ʧʦʨʪʘ çʕʢʦʥʦʤʠʷè ʩʪʨʦʠʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-

ʣʦʛʠʩʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ çɸʨʭʘʥʛʝʣʴʩʢè. ɿʜʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʧʦ ʧʨʦʝʢʪʫ ʩʦʩʪʦʷʪ ʠʭ ʣʝʛʢʠʭ 

ʩʪʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʧʘʥʝʣʝʡ ʩʪʝʥ ʠ ʧʦʢʨʳʪʠʷ ʪʠʧʘ çʩʵʥʜʚʠʯè.  

ɺ ʮʝʣʦʤ ʩʦʟʜʘʥʠʝ ʦʙʲʝʢʪʘ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ; ʠʥʞʝʥʝʨ-

ʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ; ʟʝʤʣʷʥʳʝ ʨʘʙʦʪʳ ʠ ʚʦʟʚʝʜʝʥʠʝ ʤʦʥʦʣʠʪʥʦʛʦ 

ʬʫʥʜʘʤʝʥʪʘ; ʠʟʛʦʪʦʚʣʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʟʘʚʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ; ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʢʦʤʧʣʝʢ-

ʪʘ ʥʘ ʩʪʨʦʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʢʫ; ʧʦʜʛʦʪʦʚʢʫ ʢʦʥʩʪʨʫʢʮʠʡ ʢ ʤʦʥʪʘʞʫ, ʚʢʣʶʯʘʷ ʫʢʨʫʧʥʠ-

ʪʝʣʴʥʫʶ ʩʙʦʨʢʫ; ʤʦʥʪʘʞ ʢʦʣʦʥʥ, ʩʚʷʟʝʡ, ʬʝʨʤ ʠ ʧʨʦʛʦʥʦʚ; ʤʦʥʪʘʞ ʧʘʥʝʣʝʡ ʩʪʝʥ ʠ ʧʦʢʨʳ-

ʪʠʷ; ʫʩʪʘʥʦʚʢʫ ʦʢʦʥ, ʜʚʝʨʝʡ ʠ ʚʦʨʦʪ; ʚʳʧʦʣʥʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʦʙʱʝʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ; 

ʧʨʦʢʣʘʜʢʫ ʚʥʫʪʨʝʥʥʠʭ ʠʥʞʝʥʝʨʥʳʭ ʩʝʪʝʡ ʠ ʫʩʪʘʥʦʚʢʫ ʧʨʠʙʦʨʦʚ; ʤʦʥʪʘʞ ʠ ʧʫʩʢʦʥʘʣʘʜʢʫ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ɺ ʪʨʫʜʘʭ ɸ. ʅ. ɸʩʘʫʣʘ, ʖ. ʅ. ʂʘʟʘʢʦʚʘ, ɺ. ʃ. ɹʳʢʦʚʘ, ʀ. ʇ. ʂʥʷʟʷ, ʇ. ʖ. ɽʨʦʬʝʝʚʘ 

ʠ ʜʨ. ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʩʪʨʦʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʚʝʜʝʥʠʷ ʤʦʙʠʣʴʥʳʭ ʠ 

ʙʳʩʪʨʦʚʦʟʚʦʜʠʤʳʭ ʟʜʘʥʠʡ, ʢʦʪʦʨʳʝ ʚʧʦʣʥʝ ʧʨʠʤʝʥʠʤʳ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʚʨʝʤʝʥʥʦʛʦ ʦʙʫ-

ʩʪʨʦʡʩʪʚʘ ʧʦʩʝʣʢʦʚ ʩʪʨʦʠʪʝʣʝʡ ʠ ʥʝʬʪʷʥʠʢʦʚ, ʥʦ ʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʙʲʝʢʪʦʚ ʙʘʟʠʨʦʚʘʥʠʷ 

ʚ ɸʨʢʪʠʢʝ, ʥʘʧʨʠʤʝʨ, ʩʪʨʦʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ çʄʦʜʫʣʴè (ʂʉʉ çʄʦʜʫʣʴè ʷʚʣʷʝʪʩʷ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʦʡ ʩʠʩʪʝʤʦʡ ʦʪʢʨʳʪʦʛʦ ʪʠʧʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʦʙʲ-

ʝʤʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʝ ʠʟʜʝʣʠʡ ʠ ʫʥʠʚʝʨʩʘʣʴ-

ʥʦʤ ʫʟʣʝ ʩʦʝʜʠʥʝʥʠʷ çʰʠʧ-ʛʥʝʟʜʦè). 

ʉʠʩʪʝʤʘ çʄʦʜʫʣʴè ʧʨʠʥʷʪʘ ʚ ʢʘʯʝʩʪʚʝ ʘʥʘʣʦʛʘ ʧʨʠ ʦʮʝʥʢʝ ʩʦʚʨʝʤʝʥʥʳʭ ʙʳʩʪʨʦ-

ʚʦʟʚʦʜʠʤʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ.  

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʢʘʨʢʘʩʥʦ-ʧʘʥʝʣʴʥʘʷ ʩʪʨʦʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʦʢʘʟʘʣʘ ʩʚʦʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʤʝʜʠʮʠʥʩʢʠʭ ʮʝʥʪʨʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʢʘʧʠʪʘʣʴʥʦʩʪʴ ʪʘ-

ʢʠʭ ʟʜʘʥʠʡ ʚʳʰʝ 4-ʛʦ ʢʣʘʩʩʘ, ʠ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʩʦʩʪʘʚʣʷʝʪ 60ï70 ʣʝʪ. 

ʂʨʦʤʝ ʢʘʨʢʘʩʥʦ-ʧʘʥʝʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʜʣʷ ʚʦʟʚʝʜʝʥʠʷ ʞʠʣʳʭ ʟʜʘʥʠʡ ʧʨʠʤʝʥʷʝʪʩʷ 

ʙʣʦʢ-ʤʦʜʫʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ. ʉʦʚʨʝʤʝʥʥʘʷ ʦʙʲʝʤʥʦ-ʤʦʜʫʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʝʜʫʩʤʘʪʨʠ-

ʚʘʝʪ ʚʦʟʚʝʜʝʥʠʝ ʜʦʤʦʚ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʨʫʧʥʳʭ ʩʝʢʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʝʱʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʚʳʧʦʣʥʝʥʘ ʦʪʜʝʣʢʘ, ʧʨʦʚʝʜʝʥʳ ʵʣʝʢʪʨʦʢʘʙʝʣʠ, ʪʨʫʙʳ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʢʘʥʘʣʠʟʘʮʠʠ, 

ʚʩʪʘʚʣʝʥʳ ʦʢʥʘ ʠ ʜʚʝʨʠ, ʩʤʦʥʪʠʨʦʚʘʥʦ ʩʘʥʪʝʭʥʠʯʝʩʢʦʝ ʠ ʦʩʚʝʪʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ.  

ʅʘ ʧʦʙʝʨʝʞʴʝ ʙʫʭʪʳ ʊʠʢʩʠ ʤʦʨʷ ʃʘʧʪʝʚʳʭ ʚ ʈʝʩʧʫʙʣʠʢʝ ʉʘʭʘ (ʗʢʫʪʠʷ) ʧʦ ʙʣʦʢ-

ʤʦʜʫʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʪʨʦʝʥʳ ʜʚʘ ʟʜʘʥʠʷ ʦʙʱʝʞʠʪʠʷ ʧʦ 150 ʯʝʣʦʚʝʢ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʛʘʨʥʠʟʦʥʘ ʚ ʧʦʩʝʣʢʝ ʛʦʨʦʜʩʢʦʛʦ ʪʠʧʘ ʊʠʢʩʠ. 
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ɹʣʦʢ-ʤʦʜʫʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʩʦʙʝʥʥʦ ʮʝʣʝʩʦʦʙʨʘʟʥʳ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚ ʩʫʨʦʚʦʤ 

ʢʣʠʤʘʪʝ, ʢʦʛʜʘ ʟʘ ʢʦʨʦʪʢʠʡ ʣʝʪʥʠʡ ʩʝʟʦʥ ʥʘʜʦ ʫʩʧʝʪʴ ʜʦʩʪʘʚʠʪʴ ʤʘʪʝʨʠʘʣʳ, ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʠ ʧʦʩʪʨʦʠʪʴ ʜʦʩʨʦʯʥʦ ʢʨʫʧʥʳʡ ʦʙʲʝʢʪ ʩ ʠʥʞʝʥʝʨʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. 

ɹʣʦʢ-ʤʦʜʫʣʴʥʳʝ ʟʜʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʨʦʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʚʦʟʚʦʜʠʤʳʝ 

ʧʫʪʝʤ ʤʦʥʪʘʞʘ ʙʣʦʢ-ʤʦʜʫʣʝʡ ʧʦʣʥʦʡ ʟʘʚʦʜʩʢʦʡ ʛʦʪʦʚʥʦʩʪʠ. ʆʙʳʯʥʦ ʤʦʥʪʘʞ ʜʘʥʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ çʩ ʢʦʣʝʩè ʩʪʨʝʣʦʚʳʤ ʢʨʘʥʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʚʝʨʩʳ. ʊʝʭ-

ʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʦʥʪʘʞʘ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʢʨʘʥʦʤ ʙʣʦʢ-ʢʦʥʪʝʡʥʝʨʘ (ʤʦʜʫʣʷ) ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩ. 1. ʈʘʙʦʪʳ ʚʳʧʦʣʥʷʶʪ ʜʚʘ ʟʚʝʥʘ: ʧʝʨʚʦʝ ï ʦʙʱʝʩʪʨʦʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʥʫʣʝʚʦʛʦ ʠ 

ʥʘʜʟʝʤʥʦʛʦ ʮʠʢʣʘ, ʚʪʦʨʦʝ ï ʤʦʥʪʘʞ ʠ ʧʦʜʢʣʶʯʝʥʠʝ ʠʥʞʝʥʝʨʥʳʭ ʩʝʪʝʡ, ʤʦʣʥʠʝʟʘʱʠʪʫ ʠ 

ʟʘʟʝʤʣʝʥʠʝ ʠ ʪ. ʧ.   

 
ʈʠʩ. 1. ʊʝʭʥʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʦʥʪʘʞʘ ʙʣʦʢ-ʢʦʥʪʝʡʥʝʨʘ çʩ ʢʦʣʝʩè 

 

ʇʝʨʝʚʦʟʢʘ ʙʣʦʢ-ʢʦʥʪʝʡʥʝʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʥʠʟʢʦʨʘʤʥʦʡ 

ʧʣʘʪʬʦʨʤʦʡ ʩ ʦʬʦʨʤʣʝʥʠʝʤ ʨʘʟʨʝʰʝʥʠʷ ʥʘ ʧʝʨʝʚʦʟʢʫ ʥʝʛʘʙʘʨʠʪʥʦʛʦ ʛʨʫʟʘ.  

ɹʣʦʢ-ʤʦʜʫʣʠ ʤʦʞʥʦ ʩʦʝʜʠʥʠʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʪʦʨʮʝʚʦʡ ʩʪʦʨʦʥʦʡ, ʙʦʢʦʚʦʡ ʩʪʦʨʦʥʦʡ, 

ʩʪʘʚʠʪʴ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʜʦ ʪʨʝʭ ʵʪʘʞʝʡ. ʇʨʠʦʙʨʝʪʘʶʪ ʚʩʝ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʩʙʦʨʥʦ-

ʨʘʟʙʦʨʥʳʝ ʙʣʦʢʠ-ʤʦʜʫʣʠ, ʜʦʩʪʘʚʣʷʝʤʳʝ ʥʘ ʩʪʨʦʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʢʫ ʚ ʨʘʟʦʙʨʘʥʥʦʤ ʚʠʜʝ ʚ 

ʩʧʝʮʠʘʣʴʥʦʤ ʢʦʤʧʘʢʪʥʦʤ ʧʘʢʝʪʝ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʪʨʘʥʩʧʦʨʪʥʳʝ ʨʘʩʭʦʜʳ ʧʦ ʜʦ-

ʩʪʘʚʢʝ ʩ ʟʘʚʦʜʘ-ʠʟʛʦʪʦʚʠʪʝʣʷ ʢ ʤʝʩʪʫ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʅʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ ʚʥʘʯʘʣʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʩʙʦʨʢʘ ʙʣʦʢ-ʤʦʜʫʣʝʡ, ʧʦʩʣʝ ʠʟ ʥʠʭ ʤʦʥʪʠʨʫʝʪʩʷ ʟʜʘʥʠʝ. 

ʉʨʘʚʥʠʚʘʷ ʩʦʚʨʝʤʝʥʥʳʝ ʙʳʩʪʨʦʚʦʟʚʦʜʠʤʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩ ʪʝʭʥʦʣʦʛʠ-

ʝʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ çʄʦʜʫʣʴè, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʨʝʚʦʩʭʦʜʩʪʚʝ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚ ɸʨʢʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʀʩʭʦʜʷ ʠʟ ʚʩʝʛʦ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ɸʨʢʪʠʯʝʩʢʠʭ ʫʩʣʦ-

ʚʠʷʭ ʧʨʝʫʩʧʝʣʠ ʪʘʢʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢ ʢʘʨʢʘʩʥʦ-ʧʘʥʝʣʴʥʦʝ ʠ 

ʙʣʦʢ-ʤʦʜʫʣʴʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ. ʋʯʠʪʳʚʘʷ ʚʩʝ ʧʦʢʘʟʘʪʝʣʠ ʜʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʢʨʘʩʥʦ 

ʧʦʜʭʦʜʷʪ ʜʣʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʚ ɸʨʢʪʠʢʦʡ ʟʦʥʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘ ʜʘʥ-

ʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʢʦʤʬʦʨʪʥʦʝ ʦʙʠʪʘʥʠʝ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʠ ʜʨ.  

ʆʧʠʨʘʷʩʴ ʥʘ ʠʟʣʦʞʝʥʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʙʣʦʢ-ʤʦʜʫʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʦʢʘ ʚʦʟʚʝʜʝʥʠʝʤ ʟʜʘʥʠʡ ʞʠʣʦʛʦ ʠ ʘʜʤʠ-

ʥʠʩʪʨʘʪʠʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʛʜʝ ʥʝ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʠʭ ʧʨʦʣʸʪʦʚ. ʉʢʣʘʜʩʢʠʝ ʟʜʘʥʠʷ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʠʤʫʱʝʩʪʚʘ ʠ ʪʝʭʥʠʢʠ ʩʣʝʜʫʝʪ ʚʦʟʚʦʜʠʪʴ ʩ ʧʨʦʣʝʪʘʤʠ 12-24 ʤ ʧʦ ʢʘʨʢʘʩʥʦ-

ʧʘʥʝʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ɼʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʦʤʧʣʝʢʩʥʳʭ ʟʜʘʥʠʡ ʩ ʟʘʣʴʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ 

ʠ ʦʪʜʝʣʴʥʳʤʠ ʧʦʤʝʱʝʥʠʷʤʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʦʚʤʝʱʘʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʘʨʢʘʩ, ʙʣʦʢ-

ʤʦʜʫʣʴ ʠ ʩʵʥʜʚʠʯ-ʧʘʥʝʣʴ.  

ʆʜʠʥʦʢʠʝ ʙʣʦʢ-ʤʦʜʫʣʠ ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʤʦʜʫʣʴʥʳʭ ʛʘʟʦʚʳʭ ʢʦʪʝʣʴʥʳʭ, ʜʠʟʝʣʴʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʚʦʜʦʦʯʠʩʪʠʪʝʣʴʥʳʭ ʩʪʘʥʮʠʡ ʠ ʜʨʫʛʠʭ ʠʥʞʝʥʝʨʥʳʭ ʤʦʜʫʣʝʡ ʚ ɸʨʢʪʠʯʝ-

ʩʢʠʭ ʫʩʣʦʚʠʷʭ. 
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ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ, ʛ. ʅʠʞʥʠʡ ʊʘʛʠʣ, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʘʚʪʦʨ ʠʟʫʯʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʟʨʘʯʥʳʭ ʢʨʦʚʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʂʨʦʚʣʷ ʠʤʝʝʪ ʩʚʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʠ ʷʚʣʷ-

ʝʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʣʶʙʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʨʘʟ-

ʣʠʯʥʳʝ ʚʠʜʳ ʢʨʦʚʣʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʥʝʦʙʳʯ-

ʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʷʚʣʷʝʪʩʷ ʧʨʦʟʨʘʯʥʳʡ ʢʨʦʚʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ. ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʪʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʟʨʘʯʥʳʭ ʢʨʦʚʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ɺ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴʶ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʫʱ-

ʥʦʩʪʴ ʠ ʚʠʜʳ ʧʨʦʟʨʘʯʥʳʭ ʢʨʦʚʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; ʚʳʜʝʣʠʪʴ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ; ʨʘʩʩʤʦʪʨʝʪʴ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʟʨʘʯʥʳʭ ʢʨʦʚʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɺ ʠʪʦʛʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ 

(ʟʠʤʥʠʝ ʩʘʜʳ, ʦʙʩʝʨʚʘʪʦʨʠʠ, ʛʘʣʝʨʝʠ, ʩʪʘʜʠʦʥʳ ʠ ʜʨ.) ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʷʝʪ ʦʪʥʦ-

ʩʠʪʴ ʝʛʦ ʢ ʫʥʠʚʝʨʩʘʣʴʥʳʤ. ʉʦʚʨʝʤʝʥʥʳʡ ʧʨʦʟʨʘʯʥʳʡ ʢʨʦʚʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʝʜʩʪʘʚʣʝʥ 

ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʤ ʘʩʩʦʨʪʠʤʝʥʪʦʤ ʠ ʦʪʣʠʯʘʝʪʩʷ ʦʨʠʛʠʥʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ, ʧʨʘʢʪʠʯ-

ʥʦʩʪʴʶ, ʧʨʦʯʥʦʩʪʴʶ, ʵʩʪʝʪʠʯʥʦʩʪʴʶ, ʧʨʦʩʪʦʪʦʡ ʠ ʫʜʦʙʩʪʚʦʤ ʤʦʥʪʘʞʘ. ʂʦʥʝʯʥʦ, ʪʘʢʦʡ ʤʘ-

ʪʝʨʠʘʣ ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʥʘʚʳʢʦʚ, ʥʦ ʚʩʝ ʚʦʩʧʦʣʥʷʝʪʩʷ ʵʩʪʝʪʠʢʦʡ ʟʜʘ-

ʥʠʷ, ʝʛʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʨʘʩʰʠʨʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʥʫʪʨʠ ʧʦ-

ʤʝʱʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ; ʢʨʦʚʣʷ; ʧʨʦʟʨʘʯʥʘʷ ʢʨʳʰʘ; ʧʦʢʨʳʪʠʝ ʟʜʘʥʠʷ; 

ʦʩʪʝʢʣʝʥʠʝ ʟʜʘʥʠʷ; ʧʨʦʟʨʘʯʥʳʝ ʢʨʦʚʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ.  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʨʝʩʥʳʡ ʚʳʙʦʨ ʧʨʦʟʨʘʯʥʳʭ ʢʨʦʚʝʣʴʥʳʭ ʤʘʪʝʨʠ-

ʘʣʦʚ. ʇʨʦʟʨʘʯʥʳʝ ʢʨʳʰʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʠʟ ʩʪʝʢʣʘ, ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʧʦ-

ʣʠʢʘʨʙʦʥʘʪ; ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜ; ʘʢʨʠʣʦʚʦʝ ʩʪʝʢʣʦ; ʧʦʣʠʩʪʠʨʦʣ. ɺʳʙʦʨ ʠʭ ʟʘʚʠʩʠʪ ʦʪ 

ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʯʥʦʩʪʠ ʠ ʚʥʝʰʥʝʤʫ ʚʠʜʫ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʶ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʩʚʝʪʦʧʨʦʟʨʘʯʥʳʭ ʢʨʦʚʝʣʴʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

- ʧʦ ʩʚʝʪʦʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʧʦʜ ʩʚʝʪʦʧʨʦʧʫʩʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ 

çʩʧʦʩʦʙʥʦʩʪʴ ʚʦʣʥʳ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ ʤʦʛʫʪ ʧʨʦʭʦʜʠʪʴ ʩʢʚʦʟʴ ʪʦʣʱʫ ʤʘʪʝʨʠʘʣʘè. ʉʚʝʪʦ-

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʦʚʥʝʤ ʧʨʦʭʦʜʠʤʦʩʪʠ. ʅʘʠʙʦʣʴʰʝʡ ʩʚʝʪʧʨʦʧʫʩʢʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʩʠʣʠʢʘʪʥʦʝ ʩʪʝʢʣʦ (99 %)) ʢʨʦʚʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʝʣʷʪʩʷ ʥʘ ʩʚʝ-

ʪʦʥʝʧʨʦʥʠʮʘʝʤʳʝ, ʧʨʦʟʨʘʯʥʳʝ ʠ ʧʦʣʫʧʨʦʟʨʘʯʥʳʝ; 

- ʧʦ ʩʫʤʤʘʨʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʵʢʦʣʦʛʠʯʥʦʩʪʠ: ʵʢʦʣʦʛʠʯʥʳʤ ʠ ʥʝʵʢʦʣʦʛʠʯʥʳʤ; 

- ʧʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ: ʚʳʩʦʢʠʝ (ʧʣʝʢʩʠʛʣʘʩ, ʫʤʥʦʝ ʩʪʝʢʣʦ, ʩʘʤʦʤʦʶʱʝʝʩʷ 

ʩʪʝʢʣʦ, ʢʨʦʚʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʩʦʧʦʣʠʤʝʨʘ ʵʪʠʣʝʥʘ ʠ ʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ (ʧʣʸʥʢʠ 

ETFE)), ʩʨʝʜʥʠʝ, ʥʠʟʢʠʝ; 

- ʧʦ ʩʣʦʡʥʦʩʪʠ: ʦʜʥʦʩʣʦʡʥʳʝ, ʤʥʦʛʦʩʣʦʡʥʳʝ;  

- ʧʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʤʘʪʝʨʠʘʣʘʤ: ʪʨʘʜʠʮʠʦʥʥʳʝ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʠ ʜʨ.  

ʄʘʪʝʨʠʘʣʳ ʜʣʷ ʣʝʛʢʠʭ ʧʨʦʟʨʘʯʥʳʭ ʢʨʳʰ ʨʘʟʜʝʣʷʪʴʩʷ ʥʘ ʧʣʦʩʢʠʝ ʠ ʧʨʦʬʠʣʠʨʦʚʘʥ-

ʥʳʝ (ʧʨʦʟʨʘʯʥʳʡ ʰʠʬʝʨ). 

ɼʘʜʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʧʨʦʟʨʘʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  



185 

 

ʉʦʪʦʚʳʡ ʧʦʣʠʢʘʨʙʦʥʘʪ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʠ ʙʦʣʝʝ ʧʣʘʩʪʠʥ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ 

ʨʝʙʨʘʤʠ ʞʝʩʪʢʦʩʪʠ, ʢʦʪʦʨʳʝ ʚ ʩʝʯʝʥʠʠ ʦʯʝʥʴ ʩʭʦʜʥʳ ʧʦ ʩʪʨʦʝʥʠʶ ʩ ʩʦʪʘʤʠ. ʇʨʠʤʝʨʳ ʧʦ-

ʣʠʢʘʨʙʦʥʘʪʘ: ɹʘʫʛʣʘʩʩ (Bauglass), ʈʸʦʙʝʨ (Roeber ɻʝʨʤʘʥʠʷ) ʠ ʜʨ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦ-

ʢʨʳʪʠʷ ʟʠʤʥʠʭ ʩʘʜʦʚ, ʢʦʟʳʨʴʢʦʚ ʥʘʜ ʚʭʦʜʘʤʠ ʚ ʟʜʘʥʠʷ, ʥʘʚʝʩʦʚ ʥʘʜ ʙʘʩʩʝʡʥʘʤʠ ʠ ʘʚʪʦʤʦ-

ʙʠʣʴʥʳʤʠ ʩʪʦʷʥʢʘʤʠ, ʤʘʥʩʘʨʜ ʠ ʣʝʪʥʠʭ ʢʫʭʥʷʭ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʫʩʪʦʪʥʳʭ ʧʦʣʠʢʘʨʙʦ-

ʥʘʪʥʳʭ ʧʘʥʝʣʝʡ: ʩʚʝʨʭʚʳʩʦʢʘʷ ʫʜʘʨʥʘʷ ʧʨʦʯʥʦʩʪʴ; ʯʨʝʟʚʳʯʘʡʥʘʷ ʣʝʛʢʦʩʪʴ, ʤʘʣʳʡ ʫʜʝʣʴ-

ʥʳʡ ʚʝʩ; ʚʳʩʦʢʠʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ (ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ï 2,5 ʚʪ/ʤ2ʢ); 

ʧʨʝʚʦʩʭʦʜʥʘʷ ʩʚʝʪʦʧʨʦʥʠʮʘʝʤʦʩʪʴ (ʧʨʦʟʨʘʯʥʦʩʪʴ ï ʜʦ 86 %); ʦʪʣʠʯʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʪ-

ʤʦʩʬʝʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ (ï40 Üʉ ʜʦ +120 Üʉ); ʟʘʱʠʪʘ ʦʪ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ; 

ʚʳʩʦʢʘʷ ʭʠʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ; ʚʳʩʦʢʘʷ ʦʛʥʝʩʪʦʡʢʦʩʪʴ; ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ ʠ ʨʘʟʨʳʚ 

ʤʘʪʝʨʠʘʣʘ ʛʘʨʘʥʪʠʨʫʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʤʦʥʪʘʞ; 

ʆʨʛʩʪʝʢʣʦ (ʘʢʨʠʣʦʚʦʝ ʩʪʝʢʣʦ, ʧʣʝʢʩʠʛʣʘʩ). ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʣʦʞʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʷʭ: ʦʨʘʥʞʝʨʝʷʭ, ʢʫʧʦʣʴʥʳʭ ʢʨʳʰʘʭ, ʘʨʦʯʥʳʭ ʧʝʨʝʢʨʳʪʠʷʭ. ʅʘʠʤʝʥʝʝ ʧʦʜʭʦʜʷʱʠʡ 

ʤʘʪʝʨʠʘʣ ʜʣʷ ʧʨʦʟʨʘʯʥʦʡ ʢʨʳʰʠ ʠʟ ʚʩʝʡ ʛʨʫʧʧʳ. ʆʨʛʩʪʝʢʣʦ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʨʦʟʨʘʯʥʦʡ 

ʢʨʦʚʣʠ ʠʟ-ʟʘ ʤʘʣʦʡ ʩʪʦʡʢʦʩʪʠ ʢ ʫʣʴʪʨʘʬʠʦʣʝʪʫ. ʅʦ ʪʘʤ ʧʨʠʤʝʥʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʟʘ-

ʱʠʪʘ ʚ ʚʠʜʝ ʧʣʝʥʢʠ, ʨʝʞʝ ʩʧʝʮʠʘʣʴʥʳʭ ʜʦʙʘʚʦʢ ʚ ʩʘʤ ʤʘʪʝʨʠʘʣ. ʅʦ ʜʣʷ ʯʘʩʪʥʦʛʦ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ ʵʪʠ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʦʨʛʩʪʝʢʣʘ ʥʝʜʦʩʪʫʧʥʳ ʠʣʠ ʚʦ ʤʥʦʛʦ ʨʘʟ ʜʦʨʦʞʝ ʘʥʘʣʦʛʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʜʨʫʛʠʤ ʙʘʟʦʚʳʤ ʩʦʩʪʘʚʦʤ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʆʨʛʩʪʝʢʣʘ: ʩʧʦʩʦʙʥʦʩʪʴ ʦʨʛʩʪʝʢ-

ʣʘ ʧʨʦʧʫʩʢʘʪʴ ʩʚʝʪ (92 %); ʵʢʦʣʦʛʠʯʥʦʩʪʴ; ʣʝʛʢʦ ʤʝʭʘʥʠʯʝʩʢʠ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ; ʦʥʦ ʠʥʝʨʪ-

ʥʦ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʚʦʜʳ ʠ ʨʘʟʣʠʯʥʳʭ ʙʘʢʪʝʨʠʡ; ʣʝʛʢʦʩʪʴ ʦʨʛʩʪʝʢʣʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩ-

ʧʣʫʘʪʠʨʦʚʘʪʴ ʝʛʦ ʙʝʟ ʚʦʟʚʝʜʝʥʠʷ ʛʨʦʤʦʟʜʢʠʭ ʢʘʨʢʘʩʦʚ ʠ ʦʧʦʨ, ʧʨʠʜʘʚʘʷ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦ-

ʟʨʘʯʥʦʩʪʴ; ʦʨʛʩʪʝʢʣʦ ʭʦʨʦʰʦ ʚʳʜʝʨʞʠʚʘʝʪ ʫʜʘʨʥʳʝ ʥʘʛʨʫʟʢʠ; ʠʩʧʦʣʴʟʫʷ ʪʝʭʥʦʣʦʛʠʠ 

ʥʘʛʨʝʚʘ, ʤʘʪʝʨʠʘʣʫ ʤʦʞʥʦ ʧʨʠʜʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʦʨʛʘʥʠʯʝʩʢʦʝ ʩʪʝʢʣʦ ʤʦʞʥʦ ʵʢʩ-

ʧʣʫʘʪʠʨʦʚʘʪʴ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʦʥʦ ʫʩʪʦʡʯʠʚʦ ʢ ʭʠʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʢʦʨ-

ʨʦʟʠʠ; ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ; ʧʨʦʧʫʩʢʘʝʪ ʜʦ 70 % 

ʋʌ-ʣʫʯʝʡ, ʥʝ ʞʝʣʪʝʷ ʠ ʥʝ ʪʝʨʷʷ ʧʨʠ ʵʪʦʤ ʧʨʦʟʨʘʯʥʦʩʪʠ; 

ɻʦʬʨʠʨʦʚʘʥʥʳʡ ʇɺʍ (ʧʨʦʟʨʘʯʥʳʡ ʰʠʬʝʨ, ʢʨʦʚʣʷ Tuftex, ʤʘʨʢʘ Salux). ʕʪʦ ʦʜʠʥ ʠʟ 

ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʨʦʟʨʘʯʥʦʡ ʢʨʳʰʠ. ʆʥʜʝʢʩ (Ondex): ʧʨʦʟʨʘʯ-

ʥʳʡ ʰʠʬʝʨ ʬʨʘʥʮʫʟʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʥʜʝʢʩ ʧʨʠ ʚʩʝʤ ʩʦʚʝʨʰʝʥʩʪʚʝ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʚʥʝʰʥʝʤ ʚʠʜʝ ʜʦʩʪʫʧʝʥ. ʕʣʠʧʣʘʩʪ (Fibreglass ʀʪʘʣʠʷ): ʵʪʦ ʨʫʣʦʥʥʳʡ ʧʨʦʟʨʘʯʥʳʡ ʇɺʍ 

ʰʠʬʝʨ, ʘʨʤʠʨʦʚʘʥʥʳʡ ʩʪʝʢʣʦʚʦʣʦʢʥʦʤ. ʈʫʣʦʥʥʘʷ ʬʦʨʤʘ ʫʜʦʙʥʝʝ ʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ 

ʧʨʘʢʪʠʯʥʝʝ ʚ ʫʢʣʘʜʢʝ, ʧʦʪʦʤʫ ʯʪʦ ʤʝʥʴʰʝ ʩʪʳʢʦʚ ʠ ʧʝʨʝʭʣʝʩʪʦʚ.  ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɻʦʬʨʠ-

ʨʦʚʘʥʥʦʛʦ ʇɺʍ: ʛʠʙʢʠʡ, ʵʣʘʩʪʠʯʥʳʡ; ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʳʡ ʤʘʪʝʨʠʘʣ; ʩʨʦʢ ʩʣʫʞʙʳ ʤʘʪʝ-

ʨʠʘʣʘ ʜʦ 30 ʣʝʪ; ʚʝʩʴʤʘ ʣʝʛʢʠʡ ʤʦʥʪʘʞ; ʘʥʪʠʚʘʥʜʘʣʴʥʳʡ; ʜʦʩʪʘʪʦʯʥʦ ʵʩʪʝʪʠʯʥʳʡ ʠ ʧʨʠʷʪ-

ʥʳʡ ʚʥʝʰʥʠʡ ʚʠʜ; ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʟʨʘʯʥʦʩʪʠ ʜʦ 95 %; ʠʤʝʝʪ ʤʘʣʳʡ ʚʝʩ; ʥʝ ʧʦʜʚʝʨʞʝʥ 

ʚʦʟʜʝʡʩʪʚʠʶ ʫʣʴʪʨʘʬʠʦʣʝʪʘ; ʵʢʦʥʦʤʠʯʥʳʡ; ʵʢʦʣʦʛʠʯʥʳʡ; 

ʊʨʠʧʣʝʢʩ (ʤʥʦʛʦʩʣʦʡʥʦʝ ʩʪʝʢʣʦ): ʦʩʦʙʫʶ ʧʨʦʯʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʢʨʳʪʠʝ ʩʧʝʮʠ-

ʘʣʴʥʦʡ ʧʣʝʥʢʦʡ ʠ ʟʘʢʘʣʢʘ ʩʣʦʝʚ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʩʪʝʢʣʝʥʠʷ ʩʢʘʪʥʦʡ ʢʨʳʰʠ. ɺ ʥʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʶʪʩʷ ʪʨʠʧʣʝʢʩʳ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

ʩʣʦʝʤ ʠʟ ʧʦʣʠʚʠʥʠʣʙʫʪʝʨʘʣʴʥʦʡ ʧʣʝʥʢʠ (PVB). ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʊʨʠʧʣʝʢʩʘ: ʚʳʩʦʢʘʷ ʧʨʦʯ-

ʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʦʚʨʝʞʜʝʥʠʷʤ; ʪʝʧʣʦʩʙʝʨʝʞʝʥʠʝ ʠ ʟʘʱʠʪʘ ʦʪ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ; ʭʦʨʦʰʘʷ ʟʚʫʢʦʠʟʦʣʷʮʠʷ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʧʦʩʪʦʨʦʥʥʠʭ ʰʫʤʦʚ; 

ʩʪʝʢʣʦ ʙʝʟʦʧʘʩʥʦ ʜʘʞʝ ʧʨʠ ʨʘʟʙʠʚʘʥʠʠ; ʵʩʪʝʪʠʯʝʩʢʘʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ï ʙʦʣʴʰʦʡ ʚʳʙʦʨ 

ʮʚʝʪʦʚ ʠ ʦʪʪʝʥʢʦʚ, ʩʧʦʩʦʙʦʚ ʦʙʨʘʙʦʪʢʠ ʜʝʣʘʶʪ ʪʨʠʧʣʝʢʩ ʜʦʩʪʦʡʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʩʦ-

ʟʜʘʥʠʷ ʩʘʤʳʭ ʠʟʳʩʢʘʥʥʳʭ ʠ ʥʝʦʙʳʯʥʳʭ ʠʥʪʝʨʴʝʨʦʚ; ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʝʢʣʘ 

ʣʶʙʦʛʦ ʨʘʟʤʝʨʘ ʠ ʬʦʨʤʳ; ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ;   

ɸʨʤʠʨʦʚʘʥʥʳʡ ʧʦʣʠʵʩʪʝʨ (ʣʠʩʪʦʚʦʡ ʠʣʠ ʨʫʣʦʥʥʳʡ) ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟ ʧʦʣʠʵʬʠʨʥʳʭ 

ʩʤʦʣ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʩʪʝʢʣʦʚʦʣʦʢʥʘ. ʉʘʤʳʡ ʵʢʦʥʦʤʠʯʥʳʡ ʠ ʫʜʦʙʥʳʡ ʚ ʤʦʥʪʘʞʝ. ɺʦʩʪʨʝ-

ʙʦʚʘʥ ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʥʘʚʝʩʦʚ, ʧʦʢʨʳʪʠʡ ʟʦʥ ʦʪʜʳʭʘ, ʩʪʘʜʠʦʥʦʚ, ʫʩʪʨʦʡʩʪʚʝ ʦʛʨʘʞʜʝʥʠʡ ʠ 

ʜʨ.  
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʟʨʘʯʥʳʭ ʢʨʦʚʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʚʦʟʚʦʜʠʪʴ ʨʘʟʣʠʯ-

ʥʳʝ ʟʜʘʥʠʷ ʧʦ ʬʦʨʤʘʤ, ʦʙʲʸʤʘʤ, ʥʘʟʥʘʯʝʥʠʶ: ʬʫʪʙʦʣʴʥʳʝ ʩʪʘʜʠʦʥʳ, ʧʠʨʘʤʠʜʳ, ʢʫʧʦʣʘ, 

ʘʥʛʘʨʳ, ʪʦʨʛʦʚʳʝ ʮʝʥʪʨʳ ʠ ʜʨ. ʃʝʛʢʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ, ʧʦʢʨʳʪʠʝ ʙʦʣʴʰʠʭ ʧʣʦ-

ʱʘʜʝʡ, ʩʚʝʪʦʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʥʝʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ï ʵʪʦ ʥʝ ʚʩʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʦʪʦ-

ʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʪʨʘʥʘʭ ʩ ʞʘʨʢʠʤ ʢʣʠʤʘʪʦʤ ʝʱʝ ʠ ʦʙʦʛʘʱʝʥʥʳʝ ʩʦʣʥʝʯʥʳʤʠ ʙʘ-

ʪʘʨʝʷʤʠ ʧʦʟʚʦʣʷʪ ʦʙʝʩʧʝʯʠʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʚʠʜʦʤ ʵʥʝʨʛʠʠ ï ʩʦʣʥʝʯʥʦʡ. ʉʧʝʮʠʘʣʠʩʪʳ 

ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ ʚʠʜʳ ʢʨʦʚʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʨʘʡʦʥʘʭ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ 

ʠ ʉʠʙʠʨʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʚʝʪʫʱʠʭ ʚʝʯʥʦʟʝʣʝʥʳʭ ʩʘʜʦʚ. ʅʘʠʙʦʣʝʝ ʧʨʦʜʚʠʥʫʪʳʝ ʫʯʝ-

ʥʳʝ ʧʨʝʜʣʘʛʘʶʪ ʧʦʬʘʥʪʘʟʠʨʦʚʘʪʴ ʠ, ʠʩʧʦʣʴʟʫʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦ-

ʨʠʡ, ʧʦʩʪʨʦʠʪʴ ʥʘʢʣʦʥʥʳʝ ʣʠʬʪʳ, ʩʦʝʜʠʥʷʶʱʠʝ ʟʜʘʥʠʷ; ʜʚʠʞʫʱʠʝʩʷ ʜʦʨʦʞʢʠ; ʜʣʷ ʦʨʛʘ-

ʥʠʟʘʮʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʘʥʩʧʦʨʪʘ; ʦʙʲʝʜʠʥʝʥʠʝ ʧʦʜ ʦʜʥʦʡ ʢʨʳʰʝʡ ʟʜʘʥʠʡ ʨʘʟʣʠʯʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʝʜʥʘʟʥʘʯʝʥʠʡ (ʜʝʪʩʘʜʦʚ, ʰʢʦʣ, ʦʬʠʩʦʚ, ʞʠʣʳʭ ʜʦʤʦʚ ʠ ʜʨ.) ʠ ʩʬʦʨʤʠ-

ʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩʳ.         

ʉʦʚʨʝʤʝʥʥʳʝ ʫʥʠʢʘʣʴʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʩʚʦʠʤʠ ʠʥʪʝʨʝʩʥʳʤʠ ʜʠʟʘʡʥʝʨ-

ʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ, ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʬʦʨʤʘʤʠ ʠ ʜʠʟʘʡʥʦʤ. ʀʥʪʝʨʝʩʥʳʝ, ʥʘʧʨʠʤʝʨ, ʨʝʰʝ-

ʥʠʷ ʧʨʠʥʷʪʳ ʠ ʨʝʘʣʠʟʦʚʘʥʳ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʧʦʨʪʠʚʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʩ ʥʘʨʫʞʥʳʤʠ ʚʝʨ-

ʪʠʢʘʣʴʥʳʤʠ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʠ ʥʘʢʣʦʥʥʳʤʠ ʦʛʨʘʞʜʘʶʱʠʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ, ʧʦʣʥʦʩʪʴʶ 

ʠʣʠ ʯʘʩʪʠʯʥʦ ʚʳʧʦʣʥʝʥʥʳʤʠ ʠʟ ʥʘʪʫʨʘʣʴʥʳʭ ʠ ʧʦʣʠʤʝʨʥʳʭ ʩʚʝʪʦʧʨʦʟʨʘʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠʣʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʜʝʣʠʡ ʠʟ ʥʠʭ (ʩʪʘʜʠʦʥ ʚ ʉʪʦʢʛʦʣʴʤʝ, ʩʪʘʜʠʦʥ çʌʠʰʪè ʚ ʉʦʯʠ, ʢʘʪʘʨ-

ʩʢʠʝ ʩʪʘʜʠʦʥʳ ʜʣʷ ʠʛʨ ʤʫʥʜʠʘʣʷ 2022 ʛ. ʠ ʜʨ.). ʊʘʢʞʝ ʦʩʪʝʢʣʝʥʠʝ ʢʨʦʚʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ 

ʤʥʦʛʠʭ ʚʩʝʤʠʨʥʦ ʠʟʚʝʩʪʥʳʭ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʷʭ (ʈʝʘʣʠʟʦʚʘʥʥʳʡ ʧʠʣʦʪʥʳʡ ʢʦʨʧʫʩ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʢʣʘʩʪʝʨʘ (ʉʢʦʣʢʦʚʦ); ʇʠʨʘʤʠʜʘ ʃʫʚʨʘ (ʇʘʨʠʞ); ʅʝʙʦʩʢʨʝʙ ʄʵʨʠ-ʕʢʩ (ʃʦʥ-

ʜʦʥ); ʅʘʮʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʠʩʧʦʣʥʠʪʝʣʴʩʢʠʭ ʠʩʢʫʩʩʪʚ ï ʦʧʝʨʥʳʡ ʪʝʘʪʨ (ʇʝʢʠʥ); ʄʫʟʝʡ 

ʤʠʨʦʚʦʛʦ ʦʢʝʘʥʘ (ʂʘʣʠʥʠʥʛʨʘʜ); ʎʝʥʪʨ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʢʫʩʩʪʚ ʉʝʡʜʞ ɻʝʡʪʩʭʝʜ (ɻʝʡʪ-

ʩʭʝʜ); ɼʚʦʨʝʮ ʚʦʜʥʳʭ ʚʠʜʦʚ ʩʧʦʨʪʘ ʚ (ʄʦʩʢʚʘ)). ʂʨʦʚʣʷ ʠʟ ʧʨʦʟʨʘʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦ-

ʦʨʫʞʘʝʪʩʷ ʧʦ ʩʪʦʝʯʥʦ-ʨʠʛʝʣʴʥʦʡ ʩʠʩʪʝʤʝ.  

ɺ ʈʦʩʩʠʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʘʷ ʪʝʭʥʦʣʦʛʠʷ ʰʚʝʜʩʢʦʡ ʢʦʤʧʘʥʠʠ 

SolTech Energy. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʦʤʦʚ ʵʢʦʧʘʨʢʘ ʚ ʉʫʟʜʘʣʝ ʧʨʠʤʝʥʷʣʘʩʴ 

ʩʪʝʢʣʷʥʥʘʷ ʯʝʨʝʧʠʮʘ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʦʜʢʣʶʯʠʪʴ ʢ ʚʦʜʷʥʦʡ ʩʠʩʪʝʤʝ ʦʪʦʧʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʢ 

ʛʘʟʦʚʦʤʫ ʢʦʪʣʫ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʙʦʡʣʝʨʫ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʙʝʩʧʝʯʠʪʴ ʜʦʤ ʪʝʧʣʦʡ ʚʦʜʦʡ 

(ʥʘʧʨʠʤʝʨ, ʥʘʛʨʝʪʴ ʚʦʜʫ ʜʣʷ ʙʘʩʩʝʡʥʘ). ʊʝʭʥʦʣʦʛʠʷ ʫʩʪʨʦʡʩʪʚʘ ʘʥʘʣʦʛʠʯʥʘ ʪʝʭʥʦʣʦʛʠʠ 

ʫʩʪʨʦʡʩʪʚʘ ʢʝʨʘʤʠʯʝʩʢʦʡ ʯʝʨʝʧʠʮʳ. ʇʨʦʟʨʘʯʥʳʡ ʰʠʬʝʨ ʤʦʥʪʠʨʫʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʥʘ ʚʩʶ 

ʢʨʦʚʣʶ ʠʣʠ ʠʟ ʥʝʛʦ ʜʝʣʘʶʪʩʷ ʚʩʪʘʚʢʠ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʧʦʤʝ-

ʱʝʥʠʡ, ʥʝ ʠʤʝʶʱʠʭ ʦʢʦʥ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʵʢʦʥʦʤʠʪʴ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʇʨʠ-

ʤʝʥʷʶʪ ʝʛʦ ʜʣʷ ʧʦʢʨʳʪʠʷ ʘʨʦʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ, ʪʝʧʣʠʯʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ, ʘ ʪʘʢʞʝ ʘʥʛʘʨʘʭ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʢʣʘʜʘʭ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʧʨʦʟʨʘʯʥʳʭ ʢʨʦʚʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ.  

ʂ ʦʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʘʤ ʦʪʥʦʩʷʪʩʷ: ʩʚʝʪʦʧʨʦʥʠʮʘʝʤʦʩʪʴ; ʣʝʛʢʦʩʪʴ; ʚʳʩʦʢʘʷ 

ʧʨʦʯʥʦʩʪʴ; ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ; ʵʩʪʝʪʠʯʥʳʡ ʚʥʝʰʥʠʡ ʚʠʜ; ʥʠʟʢʘʷ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʴ; ʚʠʟʫ-

ʘʣʴʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ; ʟʘʱʠʪʘ ʦʪ ʥʝʧʦʛʦʜʳ; ʚʣʘʛʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴ; ʟʘʱʠʪʘ ʦʪ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʭ ʠʟʣʫʯʝʥʠʡ; ʤʘʣʳʡ ʚʝʩ ï ʚ 3ï5 ʨʘʟ ʣʝʛʯʝ ʤʠʥʝʨʘʣʴʥʦʛʦ (ʥʘʩʪʦʷʱʝʛʦ) 

ʩʪʝʢʣʘ; ʫʜʘʨʦʧʨʦʯʥʦʩʪʴ ï ʜʘʞʝ ʪʦʥʢʠʡ ʩʣʦʡ ʧʦʣʠʢʘʨʙʦʥʘʪʘ ʦʯʝʥʴ ʩʣʦʞʥʦ ʨʘʟʙʠʪʴ, ʘ ʜʘʞʝ 

ʝʩʣʠ ʤʘʪʝʨʠʘʣ ʨʘʟʨʫʰʘʝʪʩʷ, ʥʝʪ ʦʧʘʩʥʳʭ ʦʩʪʨʳʭ ʦʩʢʦʣʢʦʚ; ʛʠʙʢʦʩʪʴ ï ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ 

ʧʨʠʜʘʪʴ ʦʢʨʫʛʣʫʶ ʠʣʠ ʢʦʥʫʩʥʫʶ ʬʦʨʤʫ; ʧʣʘʩʪʠʢʦʚʘʷ ʧʨʦʟʨʘʯʥʘʷ ʢʨʦʚʣʷ ʥʝ ʨʞʘʚʝʝʪ, ʥʝ 

ʙʦʠʪʩʷ ʛʨʠʙʢʘ, ʧʣʝʩʝʥʠ, ʭʠʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ çʢʠʩʣʦʪʥʳʭ ʜʦʞʜʝʡ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʠʚʳʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʙʦʣʝʝ 

ʢʦʨʦʪʢʠʡ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ; ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʤʦʥʪʘʞ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ 

ʢʨʦʚʣʠ; ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʜʠʩʢʦʤʬʦʨʪ; ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʦʥʪʘʞʥʳʭ ʨʘ-

ʙʦʪ; ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ï ʥʝ ʚʝʟʜʝ ʤʦʞʥʦ ʠʭ ʧʨʠʤʝʥʠʪʴ; ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʜʦʨʦʛʦʚʠʟʥʘ; ʦʧʨʝʜʝʣʸʥʥʘʷ ʩʪʝʧʝʥʴ ʩʣʦʞʥʦʩʪʠ ʧʨʠ  ʤʦʥʪʘʞʝ ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʣʝʩʘʭ; ʥʝ 

ʥʘ ʚʩʝʭ ʪʝʨʨʠʪʦʨʠʷʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ; ʥʠʟʢʘʷ ʩʪʦʡʢʦʩʪʴ ʢ ʮʘʨʘʧʠʥʘʤ ï ʨʘʟʙʠʪʴ ʩʣʦʞ-
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ʥʦ, ʥʦ ʧʦʮʘʨʘʧʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ, ʝʩʪʴ ʢʦʥʝʯʥʦ ʠ ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʧʦʣʠʤʝʨʳ, ʥʦ ʠ 

ʩʪʦʷʪ ʦʥʠ ʜʦʨʦʞʝ ʦʙʳʯʥʦʛʦ ʩʪʝʢʣʘ; ʥʠʟʢʘʷ ʦʛʥʝʩʪʦʡʢʦʩʪʴ ï ʜʘ, ʙʣʘʛʦʜʘʨʷ ʩʦʚʨʝʤʝʥʥʳʤ 

ʜʦʙʘʚʢʘʤ ʧʨʦʟʨʘʯʥʳʡ ʰʠʬʝʨ ʜʣʷ ʢʨʳʰʠ ʦʪʥʦʩʠʪʩʷ ʢ ʩʣʘʙʦʚʦʩʧʣʷʤʝʥʷʱʠʤʩʷ ʠ ʩʘʤʦʟʘʪʫ-

ʭʘʶʱʠʤ ʤʘʪʝʨʠʘʣʘʤ, ʥʦ ʚʩʝ ʞʝ ʵʪʦ ʛʦʨʶʯʠʡ ʤʘʪʝʨʠʘʣ.  

ʇʦʜʚʦʜʷ ʠʪʦʛʠ ʚʳʰʝʩʢʘʟʘʥʥʦʤʫ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʚʝʪʦʧʨʦʟʨʘʯʥʘʷ ʢʨʦʚʣʷ ʷʚʣʷ-

ʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʦʧʫʣʷʨʥʳʭ ʧʦʢʨʳʪʠʡ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʦʟʨʘʯʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠʭ ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ. ʊʘʢʠʝ ʧʨʦʟʨʘʯʥʳʝ 

ʢʨʦʚʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʘʢ ʊʨʠʧʣʝʢʩ, ʆʨʛʩʪʝʢʣʦ, ʧʨʦʟʨʘʯʥʳʡ ʰʠʬʝʨ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʜʣʷ ʦʩʪʝʢʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢʨʳʰʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʝʨʝʭʦʜʦʚ, ʢʫʧʦʣʴʥʳʭ ʢʨʳʰ, ʘʨʦʯʥʳʭ 

ʧʝʨʝʢʨʳʪʠʡ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʟʨʘʯʥʦʛʦ ʢʨʦʚʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʦʩʪʝʢʣʝʥʠʷ ʫʥʠʢʘʣʴʥʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ.  
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ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ ʣʶʙʦʡ ʩʪʨʘʥ r̫ ʚʣʷʝʪʩʷ ʢʨʫʧʥʳʤ ʧʦʪʨʝʙʠʪʝʣʝʤ 

ʵʥʝʨʛʠʠ, ʧʦʵʪʦʤʫ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ, ʙʝʟ ʢʦʪʦʨʦʛʦ ʥʝʣʴʟʷ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʫʩʧʝʭʠ ʚ ʩʪʨʦʠ-

ʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨ ʧʦ ʩʥʠʞʝʥʠʶ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʅʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʤ ʢʘʯʝʩʪʚʘʤ ʞʠʣʴʷ, ʩʦʚʨʝʤʝʥ-

ʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʦ- ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ ʪʨʝʙʫʶʪ, ʢʘʢ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʥʮʠ-

ʧʠʘʣʴʥʦ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʟʜʘʥʠʡ, ʪʘʢ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʵʬʬʝʢ-

ʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʜʦʩʪʠʞʝʥʠʷʭ ʩʪʨʦʠʪʝʣʴ-

ʥʦʡ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʇʝʥʦʙʝʪʦʥ, ʢʦʪʦʨʳʡ ʧʦʷʚʠʣʩʷ ʚ ʥʘʯʘʣʝ 20 ʚʝʢʘ, ï ʦʜʠʥ ʠʟ ʪʘʢʠʭ ʤʘ-

ʪʝʨʠʘʣʦʚ. ʆʥ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʪʘʢ ʢʘʢ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦ-

ʩʪʴʶ ʠ ʚʳʩʦʢʠʤʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʀ ʝʩʣʠ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʂʠʪʘʝ 

ʚ 2021 ʛ. ʜʦʩʪʠʛʣʦ 40 ʤʣʥ ʤ3, ʚ ɹʝʣʘʨʫʩʠ ʦʥʦ ʝʱʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦ.  

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʝʥʦʙʝʪʦʥʘ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʪʨʦʡʤʘʪʝʨʠʘʣʘ ʩ ʧʦʤʦʱʴʶ ʨʘʟʥʦʛʦ ʚʠʜʘ ʥʝʤʝʪʘʣʣʠ-

ʯʝʩʢʦʡ ʬʠʙʨʳ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʩʦʟʜʘʥʠʷ ʦʙʨʘʟʮʦʚ ʠ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ, ʦʙʨʘ-

ʱʘʝʪʩʷ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʧʝʥʦʙʝʪʦʥ ʩ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʚʦʣʦʢʥʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʘʨʤʠʨʫʶ-

ʱʠʭ ʜʦʙʘʚʦʢ ï ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʡ ʠ ɻʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ ʤʘʪʝʨʠʘʣ, 

ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʇʝʥʦʙʝʪʦʥ, ʧʨʦʯʥʦʩʪʴ, ʥʝʤʝʪʘʣʣʠʯʝʩʢʘʷ ʬʠʙʨʘ. 

 

ʕʬʬʝʢʪʠʚʥʦʝ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʨʝʰʝ-

ʥʠʝʤ ʧʨʦʙʣʝʤʳ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʜʦʤʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʥʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʨʫ-

ʛʠʭ ʠʥʥʦʚʘʮʠʡ ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʧʦʪʨʝʙʣʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʚʳʙʨʦʩʳ ʚ ʘʪ-

ʤʦʩʬʝʨʫ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʯʪʦ ʩʣʫʞʠʪ ʟʘʱʠʪʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʪʝʧʣʦʠʟʦ-

ʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ ʧʝʥʦʙʝʪʦʥ (ʇɹ) ï ɻ ʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ ʪʝʧ-

ʣʦʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ.  

ʇɹ ï ɻ ʪʦ ʣʝʛʢʠʡ ʙʝʪʦʥ ʩ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʆʥ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʩʧʝʮʠʘʣʴʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʧʦ ʢʦʪʦʨʦʡ ʚ ʙʝʪʦʥʥʫʶ ʩʤʝʩʴ ʚʚʦʜʷʪʩʷ ʧʝʥʦʦʙʨʘʟʫʶʱʠʝ ʠʥʛʨʝʜʠʝʥʪʳ. ʆʥ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ, ʪʘʢ ʢʘʢ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦ-
ʩʪʴʶ, ʤʝʥʴʰʠʤʠ ʩʪʘʪʠʯʝʩʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ, ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ ʠ ʣʫʯʰʠʤʠ ʘʢʫʩʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʝʤ ʦʙʳʯʥʳʡ ʙʝʪʦʥ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʇɹ ʷʚ-

ʣʷʶʪʩʷ ʦʛʨʘʥʠʯʝʥʥʘʷ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ, ʠʟʛʠʙ ʠ ʨʘʩʪʷʞʝʥʠʝ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʘʷ ʥʝʩʪʘ-

ʙʠʣʴʥʦʩʪʴ ʨʘʟʤʝʨʦʚ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʝʛʦ ʣʝʛʢʦʩʪʠ.  

ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ [1] ʫʣʫʯʰʠʣʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʨʘʟʤʝʨʦʚ ʣʝʛʢʦʛʦ ʙʝʪʦʥʘ, ʜʦʙʘʚʠʚ ʚ ʢʘʯʝʩʪʚʝ ʘʨʤʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ. ʉʦʛʣʘʩʥʦ ɹʨʘʥʜʪʫ, ʧʦʷʚʣʝʥʠʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʠʢʨʦʪʨʝʱʠʥ 

ʚ ʙʝʪʦʥʝ ʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, ʚʚʦʜʷ ʚ ʮʝʤʝʥʪʥʫʶ ʤʘʪʨʠʮʫ ʢʦʨʦʪʢʠʝ ʜʠʩ-

ʧʝʨʩʥʳʝ ʚʦʣʦʢʥʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʠʥʥʳʝ ʚʦʣʦʢʥʘ (50ï80 ʤʤ) ʩʧʦʩʦʙʥʳ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ 

ʧʦʷʚʣʝʥʠʶ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʪʨʝʱʠʥ, ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʩʠʪʴ ʢʦʥʝʯʥʫʶ ʧʨʦʯʥʦʩʪʴ ʩʪʨʦʡʤʘ-

ʪʝʨʠʘʣʘ. ʆʯʝʥʴ ʚʘʞʥʦ ʧʝʨʝʜ ʜʦʙʘʚʣʝʥʠʝʤ ʚʦʣʦʢʦʥ ʚ ʮʝʤʝʥʪʥʫʶ ʤʘʪʨʠʮʫ ʦʧʨʝʜʝʣʠʪʴ ʠʭ 
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ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʣʦʢʦʥ ʤʦʞʝʪ ʣʝʛʢʦ ʧʨʠ-

ʚʝʩʪʠ ʢ ʘʛʣʦʤʝʨʘʮʠʠ ʢʦʤʧʦʟʠʪʘ ʚ ʧʨʦʮʝʩʩʝ ʩʤʝʰʠʚʘʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʣʠʰʢʦʤ ʤʘʣʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚʦʣʦʢʦʥ ʥʝ ʦʙʝʩʧʝʯʠʪ ʘʨʤʠʨʦʚʘʥʠʷ ʮʝʤʝʥʪʥʦʡ ʤʘʪʨʠʮʳ [2].  

ʏʪʦʙʳ ʧʦʚʳʩʠʪʴ ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝ-

ʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʣʸʛʢʠʭ ʙʝʪʦʥʘʭ, ʚʤʝʩʪʦ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ, ʥʘʪʫ-

ʨʘʣʴʥʳʝ: ʢʦʡʨʫ, ʩʠʟʘʣʴ, ʪʨʦʩʪʥʠʢ, ʩʦʣʦʤʫ ʠ ʜʞʫʪ [3]. ʆʙʳʯʥʦ ʵʪʠ ʤʘʪʝʨʠʘʣʳ ʨʘʩʩʤʘʪʨʠ-

ʚʘʶʪʩʷ ʢʘʢ ʤʫʩʦʨ, ʠ ʝʛʦ ʩʞʠʛʘʶʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʶʜʴʤʠ 

ʚ ʙʳʪʫ, ʟʘʛʨʷʟʥʷʷ ʧʨʠ ʵʪʦʤ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʉʝʛʦʜʥʷ ʫʯʝʥʳʝ ʠʱʫʪ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʥʘʪʫʨʘʣʴʥʳʤ ʚʦʣʦʢʥʘʤ ʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʝ, ʥʝʜʦʨʦʛʠʝ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ ʩʪʨʦʡʤʘʪʝʨʠʘʣʳ, ʥʘʧʨʠʤʝʨ, ʧʝʥʦʙʝʪʦʥʥʳʝ ʬʠʙʨʦʧʘʥʝʣʠ.  

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʛʠʙʢʦʩʪʴ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʚʦʣʦʢʦʥ 

ʦʙʣʝʛʯʘʝʪ ʩʤʝʰʠʚʘʥʠʝ ʩ ʮʝʤʝʥʪʥʦʡ ʤʘʪʨʠʮʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʝʝ 

ʞʝʩʪʢʠʭ ʩʪʘʣʴʥʳʭ ʚʦʣʦʢʦʥ ʠ ʧʨʠʭʦʜʷʪ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʘʪʫʨʘʣʴʥʳʭ 

ʚʦʣʦʢʦʥ ʚ ʪʷʞʝʣʦʤ ʠ ʣʝʛʢʠʭ ʙʝʪʦʥʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʘʤʠʭ ʥʘʪʫʨʘʣʴʥʳʭ 

ʚʦʣʦʢʦʥ [4].  

ʇʝʥʦʙʝʪʦʥ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ, ʠʥʞʝʥʝʨʥʦʡ 

ʟʘʩʳʧʢʝ ʠ ʪ. ʜ. ɽʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʷʚʣʷʶʪʩʷ ʣʛyʢʘʷ ʪʝʢʩʪʫʨʘ ʠ ʧʣʦʪʥʦʩʪʴ ʦʢʦʣʦ 400ï

1 000 ʢʛ/ʤ3, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ, ʭʦʨʦʘh ̫ʪʝʧʣʦʧʨʦʚʦʜ-

ʥʦʩʪʴ 0,10 ~ 0,24 ɺʪ/(ʤĿʂ), ʦʛʥʝʩʪʦʡʢʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ. ʀʩ-

ʧʦʣʴʟʫʝʤʳʡ ʚ ʥʝʤ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʞʠʚʦʪʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʙʝʣʢʘ 

ʠ ʧʦʵʪʦʤʫ ʩʣʫʞʠʪ ʟʘʱʠʪʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [5].  

ʆʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʧʝʥʦʙʝʪʦʥʘ: ʥʠʟʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʚʳʩʦʢʦʝ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ ʠ 

ʙʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ ʩʫʭʦʡ ʫʩʘʜʢʠ. ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʠʥʞʝʥʝʨʥʦʝ ʧʨʠʤʝ-

ʥʝʥʠʝ ʧʝʥʦʙʝʪʦʥʘ, ʷʚʣʷʝʪʩʷ ʝʛʦ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʧʨʦʯʥʦʩʪʴ [6].  

ʏʪʦʙʳ ʧʦʚʳʩʠʪʴ ʧʨʦʯʥʦʩʪʴ ʧʝʥʦʙʝʪʦʥʘ, ʤʳ ʩʯʠʪʘʝʤ ʚʦʟʤʦʞʥʳʤ ʜʦʙʘʚʠʪʴ ʥʝʤʝʪʘʣ-

ʣʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ (ʢʦʢʦʩʦʚʦʝ, ʪʨʦʩʪʥʠʢʦʚʦʝ, ʩʪʝʢʣʦʚʦʣʦʢʥʦ, ʢʫʩʦʯʢʠ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ 

ʠ ʜʨ.) ʠ ʧʨʦʚʝʩʪʠ ʠʩʧʳʪʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʤʝʩʠ. ʃʘʫʨʠʣʩʫʣʴ-

ʬʘʪ ʥʘʪʨʠʷ (ʂ12): ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʴ, ʘʢʪʠʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Ó 94 %, ʨʘʩʪʚʦʨʠʤ ʚ ʧʝʪʨʦʣʝʡ-

ʥʦʤ ʵʬʠʨʝ Ò 1,0 %, ʧʨʦʠʟʚʦʜʠʪʝʣʴ ï ɹʝʣʦʨʫʩʩʢʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʨʦ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʉʪʝʘʨʘʪ ʢʘʣʴʮʠʷ: ʛʠʜʨʦʬʦʙʠʟʘʪʦʨ, ʩʦʜʝʨʞʘʥʠʝ ʩʚʦʙʦʜʥʳʭ ʢʠʩʣʦʪ Ò 0,5 %, ʩʦʜʝʨʞʘʥʠʝ 

ʭʣʦʨʠʜʦʚ Ò 0,05 %, ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ Ò 0,3 %, ʧʨʦʠʟʚʦʜʠʪʝʣʴ ï ɹʝʣʦʨʫʩʩʢʦʝ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʦʝ ʙʶʨʦ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʎʝʤʝʥʪ: ʚʷʞʫʱʠʡ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʦʙʳʯʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ (PO 42,5). ɺʦʜʘ: ʦʙʳʯʥʘʷ ʚʦʜʘ ʠʟ-ʧʦʜ ʢʨʘʥʘ. ɺʦʜʦʮʝʤʝʥʪʥʦʝ ʦʪʥʦʰʝʥʠʝ 

ʩʦʩʪʘʚʣʷʝʪ 0,45. ʄʘʪʝʨʠʘʣʳ ʩ ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʠʙʨʦʡ (ʢʦʢʦʩʦʚʦʝ, ʪʨʦʩʪʥʠʢʦʚʦʝ, ʫʛʣʝ-

ʨʦʜʥʦʝ ʚʦʣʦʢʥʦ, ʩʪʝʢʣʦʚʦʣʦʢʥʦ) ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʫʨʦʚʥʶ ʧʨʦʯʥʦ-

ʩʪʠ. ʉʦʦʪʥʦʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʂʠʪʘʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1.   
ʊʘʙʣʠʮʘ 1 

ʇʘʨʘʤʝʪʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʇʣʦʪʥʦʩʪʴ 

 

ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʇʨʝʜʝʣ ʧʨʦʯʥʦ-

ʩʪʠ 

ʄʦʜʫʣʴ ʨʘʩʪʷ-

ʞʝʥʠʷ 

ʋʜʣʠʥʝʥʠʝ 

1,76 ʛ/ʩʤ3   0,5 ʄʇʘ 3,6 ɻʇʘ 240 ɻʇʘ 1,50% 

 

ʏʪʦʙʳ ʠʟʛʦʪʦʚʠʪʴ ʦʙʨʘʟʮʳ, ʥʝʦʙʭʦʜʠʤʦ ʚʟʚʝʩʠʪʴ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʴ ʠ ʛʠʜʨʦʠʟʦʣʷ-

ʮʠʦʥʥʳʡ ʘʛʝʥʪ ʠ ʜʦʙʘʚʠʪʴ ʚʦʜʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʦʡ, ʥʝʙʦʣʴʰʦʡ ʠ ʫʩʪʦʡʯʠʚʦʡ ʧʝ-

ʥʳ; ʧʝʨʝʤʝʰʘʪʴ ʮʝʤʝʥʪ, ʚʦʜʫ ʠ ʢʫʩʦʯʢʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʮʝ-

ʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ; ʜʦʙʘʚʠʪʴ ʧʝʥʫ ʚ ʮʝʤʝʥʪʥʳʡ ʨʘʩʪʚʦʨ ʠ ʧʝʨʝʤʝʰʘʪʴ ʜʦ ʦʜʥʦʨʦʜʥʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ; ʟʘʣʠʪʴ ʚ ʬʦʨʤʫ ʠ ʠʟʚʣʝʯʴ ʦʙʨʘʟʝʮ ʠʟ ʬʦʨʤʳ ʯʝʨʝʟ 24 ʯʘʩʘ; ʧʨʦʥʫʤʝʨʦʚʘʪʴ ʦʙʨʘ-

ʟʝʮ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʝʛʦ ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ.  

ɼʣʷ ʧʨʦʚʝʨʢʠ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʠ ʩʞʘʪʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʮʠʟʠʦʥ-

ʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ KBLS-300 ʠ çʄʘʰʠʥʘ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʛʠʜ-

ʨʘʚʣʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ-GB/T3722è. 
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ɼʣʷ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʩʤʝʩʠ ʠ ʚʦʟʨʘʩʪʘ ʥʘ ʧʨʦʯʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʧʝʥʦʙʝʪʦʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʷ ʂ12 ʩʦʩʪʘʚʣʷʣʘ 0,6 %, 1,2 %, 1,8 %, 2,4 %, ʘ ʚʨʝʤʷ ʪʚʝʨʜʝ-

ʥʠʷ ï 3 ʩʫʪ, 7 ʩʫʪ, 28 ʩʫʪ. ɻʠʜʨʦʠʟʦʣʷʮʠʷ: ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʨʷʜʦʚʦʡ = 1:1 000, ʚʦʜʦʮʝʤʝʥʪ-

ʥʦʝ ʦʪʥʦʰʝʥʠʝ 0,45, ʂ12: ʚʦʜʘ = 1,2:100.  

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʝʥʦʙʝʪʦʥʘ ʜʘʥʳ ʚ ʪʘʙʣ. 2. 
ʊʘʙʣʠʮʘ 2 

ʀʥʜʝʢʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʝʥʦʙʝʪʦʥʘ 

 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʉʤʷʛʯʘʶʱʠʡ 

ʬʘʢʪʦʨ 

ʄʦʨʦʟʦ-

ʩʪʦʡʢʦʩʪʴ 

ʇʦʪʝʨʷ 

ʢʘʯʝʩʪʚʘ 

ʋʩʘʜʢʘ ʧʨʠ 

ʚʳʩʳʭʘʥʠʠ 

ʇʣʦʪʥʦʩʪʴ 

0,055 ɺʪ/(ʤĿʂ) 15,2 %/ɺʪ Ò 17% Ò 2 % Ò 0,3 ʤʤ/ 300 ʢʛ/ʤ3 

 

ʇʝʥʦʙʝʪʦʥ ʩ ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʠʙʨʦʡ ʠʤʝʝʪ ʥʠʟʢʫʶ ʧʣʦʪʥʦʩʪʴ, ʭʦʨʦʰʠʝ ʪʝʧʣʦ-, 

ʟʚʫʢʦ- ʠ ʚʣʘʛʦʠʟʦʣʷʮʠʶ. ɽʛʦ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢ-

ʮʠʷʭ ʠ ʦʪʜʝʣʢʝ. ɼʣʷ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʝʰʝʚʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʠ ʩʝʣʴʩʢʦ-

ʭʦʟʷʡʩʪʚʝʥʥʳʝ ʦʪʭʦʜʳ, ʯʪʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦ ʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʨʝʰʘʝʪ 

ʧʨʦʙʣʝʤʳ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʨʠʤʝʥʝʥʠʝ ʧʝʥʦʙʝʪʦʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʯʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʚʦʣʦʢʥʘʤʠ, ʤʦʞʝʪ ʩʪʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠ-

ʝʤ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ɹʝʣʘʨʫʩʠ.  
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ʉʆɿɼɸʅʀɽ ʂʆʄʌʆʈʊʅʆʁ ɻʆʈʆɼʉʂʆʁ ʉʈɽɼʓ ʅɸ ʆʉʅʆɺɽ  
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ʂʘʨʘʥʜʘʰʝʚʘ ʄʘʨʠʷ ʂʦʥʩʪʘʥʪʠʥʦʚʥʘ, ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ 
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ʃʠʧʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʛ. ʃʠʧʝʮʢ, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʟʚʠʪʠʝ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʧʦʜʯʠʥʷʝʪʩʷ ʦʩʦʙʳʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ ʚ 

ʨʘʟʚʠʪʠʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʞʠʣʦʡ, ʦʙʱʝʩʪʚʝʥʥʦʡ ʠʣʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʘ-

ʩʪʨʦʡʢʠ, ʙʝʟ ʠʭ ʫʯʝʪʘ ʦʥ ʥʝ ʩʤʦʞʝʪ ʧʦʣʥʦʮʝʥʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʚʦʠʭ 

ʞʠʪʝʣʝʡ ʥʝʦʙʭʦʜʠʤʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʜʣʷ ʨʘʙʦʪʳ ʠ ʜʦʩʫʛʘ. ɺʦʟʥʠʢʰʘʷ ʚ ʥʘʯʘʣʝ ʜʚʘʜʮʘʪʦʛʦ 

ʚʝʢʘ, ʘʨʭʠʪʝʢʪʫʨʘ ʩʪʠʣʷ ɹʘʫʭʘʫʩ ʥʦʩʠʪ ʤʘʩʩʦʚʳʡ ʭʘʨʘʢʪʝʨ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʤʦʛʘʝʪ ʛʨʘ-

ʜʦʩʪʨʦʠʪʝʣʷʤ ʦʩʚʘʠʚʘʪʴ ʦʙʰʠʨʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʨʝʰʘʷ ʧʨʦʙʣʝʤʫ ʜʦʩʪʫʧʥʦʩʪʠ ʞʠʣʴʷ. 

ʇʨʠʥʮʠʧʳ ɹʘʫʭʘʫʩ ʧʦʣʫʯʠʣʠ ʩʚʦʝ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʙʣʘ-

ʛʦʜʘʨʷ ʩʚʦʝʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘ ʫʜʦʙʩʪʚʦ ʙʳʪʘ ʠ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʵʩʪʝ-

ʪʠʯʝʩʢʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʣʶʜʝʡ. ʄʘʩʰʪʘʙʥʳʝ ʧʣʘʥʳ ʢʚʘʨʪʘʣʦʚ ʠ ʨʘʡʦʥʦʚ ʪʨʝʙʫʶʪ ʤʘʢʩʠ-

ʤʘʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʦʪ ʘʨʭʠʪʝʢʪʦʨʦʚ ʧʦ ʯʘʩʪʠ ʵʨʛʦʥʦʤʠʢʠ ʠ ʦʙʱʝʛʦ ʦʙʣʠʢʘ ʢʦʤʧʣʝʢʩʦʚ 

ʟʜʘʥʠʡ. ʀʟ ʵʪʠʭ ʢʨʠʪʝʨʠʝʚ ʯʝʣʦʚʝʢʦʤ ʬʦʨʤʠʨʫʝʪʩʷ ʮʝʣʦʩʪʥʦʝ ʠ ʢʦʤʬʦʨʪʥʦʝ ʚʦʩʧʨʠʷʪʠʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʯʪʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠʥʮʠʧʘʤʠ ɹʘʫʭʘʩ. ʄʠʥʠʤʘʣʠʩʪʠʯʥʳʡ ʩʪʠʣʴ 

ʦʙʲʝʜʠʥʷʝʪ ʚʩʝ ʧʦʩʪʨʦʡʢʠ ʚ ʝʜʠʥʫʶ ʢʦʤʧʦʟʠʮʠʦʥʥʦ ʠʥʪʝʨʝʩʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʋʪʠʣʠʪʘʨ-

ʥʦʩʪʴ ʦʙʣʝʛʯʘʝʪ ʙʳʪ ʣʶʜʝʡ ʠ ʦʨʛʘʥʠʟʫʝʪ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩ ʧʦʤʦʱʴʶ ʟʦʥʠʨʦ-

ʚʘʥʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʜʝʣʘʝʪʩʷ ʧʦʧʳʪʢʘ ʨʘʩʩʤʦʪʨʝʪʴ ʵʪʠ ʧʨʠʥʮʠʧʳ ʥʘ ʫʞʝ ʚʦʧʣʦʱʝʥʥʳʭ 

ʚ ʞʠʟʥʴ ʧʨʠʤʝʨʘʭ ʠ ʫʩʪʘʥʦʚʠʪʴ ʠʭ ʚʟʘʠʤʦʩʚʷʟʴ ʩ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʤ ʠʩʢʫʩʩʪʚʦʤ 20ï30 

ʛʦʜʦʚ ʜʚʘʜʮʘʪʦʛʦ ʩʪʦʣʝʪʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɸʨʭʠʪʝʢʪʫʨʘ ɹʘʫʭʘʫʩ, ʛʦʨʦʜʩʢʘʷ ʩʨʝʜʘ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʤʘʩ-

ʩʦʚʦʩʪʴ, ʦʙʲʝʜʠʥʝʥʠʝ, ʩʦʯʝʪʘʥʠʝ. 

 

ʇʨʦʤʳʰʣʝʥʥʘʷ ʨʝʚʦʣʶʮʠʷ 20 ʚʝʢʘ ʧʦʣʦʞʠʣʘ ʥʘʯʘʣʦ ʤʘʩʩʦʚʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ, ʨʘʟ-

ʚʠʪʠʶ ʢʦʪʦʨʦʛʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢ-

ʮʠʠ. ʊʘʢ ʧʦʷʚʠʣʩʷ ʧʨʦʤʳʰʣʝʥʥʳʡ ʜʠʟʘʡʥ, ʨʘʙʦʪʘʶʱʠʡ ʥʘ ʧʦʪʨʝʙʥʦʩʪʠ ʦʙʱʝʩʪʚʘ. ʉ ʝʛʦ 

ʧʦʤʦʱʴʶ ʨʝʰʘʣʠʩʴ ʟʘʜʘʯʠ ʵʩʪʝʪʠʢʠ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʦʣʴʟʳ ʧʨʠ 

ʥʘʠʤʝʥʴʰʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʘ.  

ɿʥʘʯʠʪʝʣʴʥʳʭ ʫʩʧʝʭʦʚ ʚ ʩʠʤʙʠʦʟʝ ʪʚʦʨʯʝʩʪʚʘ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʦʩʪʠʛʣʘ ʰʢʦʣʘ 

ɹʘʫʭʘʫʩ, ʦʩʥʦʚʘʥʥʘʷ ʚ ɻʝʨʤʘʥʠʠ ʚ 1919 ʛ., ʨʘʟʨʘʙʦʪʢʠ ʢʦʪʦʨʦʡ ʢʘʩʘʣʠʩʴ ʥʝ ʪʦʣʴʢʦ ʧʨʝʜ-

ʤʝʪʥʦʛʦ ʜʠʟʘʡʥʘ, ʥʦ ʠ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ, ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʠ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʠʩʢʫʩʩʪʚ. 

ʇʨʠʥʮʠʧ ʦʙʫʯʝʥʠʷ ʩʦʩʪʦʷʣ ʚ ʪʦʤ, ʯʪʦ ʫʯʝʥʠʢʠ ʧʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʢʫʨʩʦʚ ʦʙʫʯʝʥʠʷ ʨʝʤʝʩʣʫ 

ʠ ʨʘʙʦʪʳ ʚ ʤʘʩʪʝʨʩʢʠʭ ʤʦʛʣʠ ʧʨʠʩʪʫʧʘʪʴ ʢ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʦʙʫʯʝʥʠʶ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʬʝ-

ʨʝ. ʇʦʩʣʝ ʚʳʧʫʩʢʘ ʩʧʝʮʠʘʣʠʩʪʳ ʙʳʣʠ ʢʦʤʧʝʪʝʥʪʥʳ ʢʘʢ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʧʨʘʢʪʠʯʝ-

ʩʢʦʡ ʯʘʩʪʠ, ʯʪʦ ʧʦʚʣʠʷʣʦ ʥʘ ʨʘʟʚʠʪʠʝ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʠʜʝʡ ʠ ʧʨʦʝʢʪʦʚ 

ʪʦʛʦ ʚʨʝʤʝʥʠ. ʋʯʝʥʠʢʠ ʰʢʦʣʳ ʩʦʝʜʠʥʷʣʠ ʚ ʧʨʦʝʢʪʘʭ ʚʦʝʜʠʥʦ ʠʩʢʫʩʩʪʚʦ ʠ ʤʘʩʩʦʚʦʝ ʧʨʦʠʟ-

ʚʦʜʩʪʚʦ [1]. 

ɺ ʩʪʝʥʘʭ ʰʢʦʣʳ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʨʠʥʮʠʧʳ, ʢʦʪʦʨʳʝ ʧʦ ʩʝʡ ʜʝʥʴ ʤʦʛʫʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʤʬʦʨʪʥʦʡ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʨʠʩ. 1).  

ɺ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʝ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʬʦʨʤʘ ʟʜʘ-

ʥʠʷ ʠʣʠ ʢʚʘʨʪʘʣʘ ʩʣʝʜʫʝʪ ʟʘ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ, ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʦʙʣʠʢʘ ʟʜʘʥʠʷ ʠ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ, ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʨʝʰʝʥʠʠ ʧʨʝʜ-

ʧʦʯʪʠʪʝʣʝʥ ʤʠʥʠʤʘʣʠʟʤ.  

 

mailto:Gelizaveta182@gmail.com


192 

 

                                  
 

ʈʠʩ. 1. ʇʨʠʥʮʠʧʳ ʰʢʦʣʳ ɹʘʫʭʘʫʩ 

 

ʋʪʠʣʠʪʘʨʥʦʩʪʴ ʜʝʢʣʘʨʠʨʦʚʘʣʘʩʴ ʢʘʢ ʛʣʘʚʥʘʷ ʠʜʝʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʩʫʱʝʩʪʚʦ-

ʚʘʥʠʷ ʰʢʦʣʳ, ʦʪʩʶʜʘ ʧʝʨʚʠʯʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʣʘʩʴ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʨʦ-

ʝʢʪʦʚ, ʠ ʪʦʣʴʢʦ ʟʘʪʝʤ ʠʟ ʥʝʝ ʩʦʟʜʘʚʘʣʘʩʴ ʬʦʨʤʘ. ʌʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʩʨʝʜʳ ʠ ʟʜʘʥʠʡ ʦʪʨʘ-

ʞʘʣʘʩʴ ʥʘ ʬʦʨʤʝ ʢʚʘʨʪʘʣʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʦ ʛʦʨʦʜʘ. ɿʜʘʥʠʷ ɹʘʫʭʘʫʩ ʠ ʠʭ 

ʢʦʤʧʣʝʢʩʳ ʦʨʛʘʥʠʯʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʯʝʨʝʟ ʨʝʛʫʣʷʨʥʫʶ ʟʘʩʪʨʦʡʢʫ, ʠ, 

ʦʙʲʝʜʠʥʷʷʩʴ, ʩʦʟʜʘʶʪ ʫʜʦʙʥʫʶ ʛʦʨʦʜʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʆʜʠʥ ʠʟ ʜʠʨʝʢʪʦʨʦʚ ʰʢʦʣʳ ɹʘ-

ʫʭʘʫʩ ʄʠʩ ʚʘʥ ʜʝʨ ʈʦʵ ʦ ʬʦʨʤʝ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʧʠʩʘʣ çʗ ʥʝ ʧʨʦʪʠʚ ʬʦʨʤʳ, ʥʦ ʧʨʦʪʠʚ ʣʠʰʴ 

ʬʦʨʤʳ ʢʘʢ ʩʘʤʦʮʝʣʠè. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʳʯʫʨʥʳʡ ʚʥʝʰʥʠʡ ʦʙʣʠʢ ʟʜʘʥʠʡ ʠ ʩʣʦʞʥʳʝ 

ʬʦʨʤʳ ʢʚʘʨʪʘʣʦʚ ʢʘʢ ʪʘʢʦʚʳʝ ʥʝ ʙʳʣʠ ʥʝʦʙʭʦʜʠʤʳ ʚ ʢʦʤʬʦʨʪʥʦʤ ʛʦʨʦʜʝ. ʋʜʦʙʩʪʚʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ ʠ ʨʘʮʠʦʥʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʧʣʘʥʠʨʦʚʘʥʠʶ ʪʝʨʨʠʪʦʨʠʠ ʠ ʩʘʤʠʭ ʜʦʤʦʚ ʧʦʟʚʦʣʷʣʠ 

ʩʦʟʜʘʚʘʪʴ ʙʣʘʛʦʧʨʠʷʪʥʫʶ ʛʦʨʦʜʩʢʫʶ ʩʨʝʜʫ. 

ɺʦʧʣʦʱʝʥʠʝ ʜʘʥʥʳʭ ʧʨʠʥʮʠʧʦʚ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʚ ʧʨʦʝʢʪʘʭ ʢʘʢ ʨʝʘʣʠʟʦʚʘʥʥʳʭ, 

ʪʘʢ ʠ ʦʩʪʘʚʰʠʭʩʷ ʥʘ ʙʫʤʘʛʝ. 

ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʧʨʦʝʢʪ çɹʝʣʳʡ ʛʦʨʦʜè ʚ ʊʝʣʴ-ɸʚʠʚʝ. ɺ ʝʛʦ ʚʦʧʣʦʱʝ-

ʥʠʠ ʚʦʝʜʠʥʦ ʩʧʣʝʣʠʩʴ ʚʩʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʘʨʭʠʪʝʢʪʦʨʘʤ ʧʨʦʷʚʠʪʴ ʩʝʙʷ ʩ 

ʦʧʦʨʦʡ ʥʘ ʮʝʥʥʦʩʪʠ ʰʢʦʣʳ [2]. ʀʟ-ʟʘ ʤʘʩʩʦʚʦʛʦ ʨʦʩʪʘ ʥʘʩʝʣʝʥʠʷ ʛʦʨʦʜʫ ʥʝ ʭʚʘʪʘʣʦ ʞʠʣʦʡ 

ʟʘʩʪʨʦʡʢʠ, ʧʨʠʩʫʪʩʪʚʦʚʘʣʘ ʭʘʦʪʠʯʥʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʝʡ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ, ʥʘʮʠʦʥʘʣʴʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʥʝ ʠʤʝʣʠ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʦʩʦʙʦʛʦ ʚʣʠʷʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʷʨʢʠʭ ʠ ʠʥʜʠ-

ʚʠʜʫʘʣʴʥʳʭ ʠʩʪʦʨʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ. ɼʘʥʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʧʦʟʚʦʣʠʣʠ ʧʨʠʝʭʘʚʰʠʤ ʫʯʝ-

ʥʠʢʘʤ ʰʢʦʣʳ (ʐʣʦʤʦ ɹʝʨʝʥʰʪʝʡʥ, ɸʨʴʝ ʐʘʨʦʥ ʠ ʐʤʫʵʣʴ ʄʠʩʪʝʯʢʠʥ) ʧʦʢʘʟʘʪʴ ʥʘ ʨʝ-

ʘʣʴʥʳʭ ʧʨʠʤʝʨʘʭ (ʦʢʦʣʦ 3000 ʟʜʘʥʠʡ) ʨʘʙʦʪʫ ʧʨʠʥʮʠʧʦʚ ɹʘʫʭʘʫʩ. 

 ʈʘʮʠʦʥʘʣʴʥʦʝ ʟʦʥʠʨʦʚʘʥʠʝ ʠ ʨʝʛʫʣʷʨʥʘʷ ʟʘʩʪʨʦʡʢʘ ʜʝʣʘʣʠ ʛʦʨʦʜ ʫʜʦʙʥʝʝ ʠ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʝʝ. ɸʨʢʘʜʳ ʠ ʧʨʦʭʦʜʳ ʤʝʞʜʫ ʧʦʩʪʨʦʡʢʘʤʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʘʵʨʘʮʠʷ, ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʧʨʦʚʝʪʨʠʚʘʝʤʦʩʪʴ ʢʚʘʨʪʘʣʦʚ. ɺʝʥʪʠʣʷʮʠʦʥʥʳʝ ʣʶʢʠ ʟʜʘʥʠʡ ʨʘʩ-

ʧʦʣʘʛʘʣʠʩʴ ʧʦ ʚʩʝʤ ʬʘʩʘʜʘʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʪʨʦʚ. ʉ ʫʯʝʪʦʤ ʞʘʨʢʦʛʦ ʢʣʠʤʘʪʘ ʤʝʞʜʫ ʜʦ-

ʤʦʚ ʫʩʪʨʘʠʚʘʣʠʩʴ ʚʥʫʪʨʝʥʥʠʝ ʜʚʦʨʳ, ʯʘʩʪʦ ʦʙʫʩʪʨʦʝʥʥʳʝ ʚʦʜʦʝʤʘʤʠ ʠ ʟʝʣʝʥʳʤʠ ʥʘʩʘʞ-

ʜʝʥʠʷʤʠ. ɹʦʣʴʰʠʝ ʩʪʝʢʣʷʥʥʳʝ ʧʘʥʝʣʠ ʦʢʦʥ ʙʳʣʠ ʟʘʤʝʥʝʥʳ ʥʘ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʩʠʩʪʝ-

ʤʳ, ʥʝ ʧʨʦʧʫʩʢʘʚʰʠʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʮʘ ʚ ʧʦʤʝʱʝʥʠʷ ʚʦ ʠʟʙʝʞʘʥʠʝ ʧʝʨʝʛʨʝʚʘ. 

ʀʟʣʠʰʥʝʝ ʜʝʢʦʨʠʨʦʚʘʥʠʝ ʥʝ ʧʨʠʤʝʥʷʣʦʩʴ, ʪʘʢ ʢʘʢ ʬʦʨʤʘ, ʩʣʝʜʫʶʱʘʷ ʟʘ ʬʫʥʢʮʠʦʥʘʣʦʤ, 

ʩ ʧʦʜʘʯʠ ʘʨʭʠʪʝʢʪʦʨʦʚ ʩʘʤʘ ʩʦʟʜʘʚʘʣʘ ʨʠʪʤʠʯʥʦʩʪʴ ʠ ʮʝʣʦʩʪʥʳʡ ʦʙʣʠʢ ʟʜʘʥʠʷ. ʊʘʢʞʝ, 

ʙʣʘʛʦʜʘʨʷ ʤʠʥʠʤʘʣʠʩʪʠʯʥʦʩʪʠ ʠ ʧʨʠʤʝʥʝʥʠʶ ʝʜʠʥʳʭ ʮʚʝʪʦʚʳʭ ʨʝʰʝʥʠʡ, ʟʜʘʥʠʷ ʦʙʲʝʜʠ-

ʥʷʣʠʩʴ ʚ ʮʝʣʦʩʪʥʫʶ ʩʨʝʜʫ, ʢʦʤʬʦʨʪʥʫʶ ʜʣʷ ʯʝʣʦʚʝʢʘ. ʆʜʠʥʘʢʦʚʳʝ ʩʚʝʪʣʳʝ ʩʪʝʥʳ ʥʝ ʘʢ-

ʢʫʤʫʣʠʨʦʚʘʣʠ, ʘ ʦʪʨʘʞʘʣʠ ʪʝʧʣʦ, ʧʦʚʳʰʘʣʠ ʢʦʤʬʦʨʪ ʞʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʚʠʟʫʘʣʴʥʦ ʩʚʷʟʳ-

ʚʘʣʠ ʟʜʘʥʠʝ ʩ ʩʦʩʝʜʥʠʤʠ ʧʦʩʪʨʦʡʢʘʤʠ [3]. 

ɽʱʝ ʦʜʥʠʤ ʧʨʠʤʝʨʦʤ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʛʝʥʝʨʘʣʴʥʳʡ ʧʣʘʥ ɹʠʨʦʙʠʜʞʘʥʘ, ʨʘʟʨʘʙʦ-

ʪʘʥʥʳʡ ʚ 1933 ʛʦʜʫ ʍʘʥʥʝʩʦʤ ʄʝʡʝʨʦʤ. ɼʠʨʝʢʪʦʨ ɹʘʫʭʘʫʩ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʥʝʢʫʶ ʢʦʥʮʝʧ-

ʮʠʶ, ʢʦʪʦʨʫʶ ʩʘʤ ʧʦʟʞʝ ʥʘʟʚʘʣ çʅʦʚʦʡ ʪʝʦʨʠʝʡ ʩʪʨʦʠʪʝʣʴʩʪʚʘè. ʆʥʘ ʦʩʥʦʚʳʚʘʣʘʩʴ ʥʘ ʣʘ-

ʢʦʥʠʯʥʦʩʪʠ ʬʦʨʤ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʛʣʘʚʝʥʩʪʚʫʶʱʘʷ ʨʦʣʴ ʦʪʚʦʜʠʣʘʩʴ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʟʦ-

ʥʠʨʦʚʘʥʠʶ ʛʦʨʦʜʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʄʝʡʝʨ ʭʦʪʝʣ ʚʦʧʣʦʪʠʪʴ ʚ ʞʠʟʥʴ ʠʜʝʘʣʴʥʦ ʩʧʣʘʥʠʨʦ-

ˣ͊ͯͻ͊ͯͫ
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ʚʘʥʥʳʡ ʩʦʮʛʦʨʦʜ ʜʣʷ ʩʯʘʩʪʣʠʚʦʛʦ ʙʫʜʫʱʝʛʦ. ɺʩʷ ʪʝʨʨʠʪʦʨʠʷ ʙʳʣʘ ʨʘʩʯʣʝʥʝʥʘ ʥʘ ʟʦʥʳ ʜʣʷ 

ʦʙʫʯʝʥʠʷ, ʧʨʦʛʫʣʦʢ, ʞʠʣʴʷ, ʨʘʙʦʪʳ ʠ ʜʨʫʛʠʭ ʩʦʮʠʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪ. ʝ. ʬʫʥʢʮʠʦʥʘʣʴʥʦ. 

ʀʟ-ʟʘ ʥʝʭʚʘʪʢʠ ʨʘʙʦʯʠʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʨʦʝʢʪ ʚʳʥʫʞʜʝʥ 

ʙʳʣ ʧʨʠʦʩʪʘʥʦʚʠʪʴʩʷ, ʘ ʘʨʭʠʪʝʢʪʦʨʳ ʧʦʢʠʥʫʪʴ ʩʪʨʘʥʫ. ʂʦʥʮʝʧʮʠʷ, ʭʦʪʴ ʠ ʥʝ ʩʪʘʣʘ ʨʝʘʣʴ-

ʥʳʤ ʧʨʦʝʢʪʦʤ, ʩʤʦʛʣʘ ʧʨʦʜʝʨʞʘʪʴʩʷ ʚ ʦʙʱʝʩʪʚʝ ʢʘʢ ʠʜʝʷ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʙʫʜʫʱʝʛʦ.  

ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʤʘʩʩʦʚʦʩʪʴ ʚ ʧʨʦʝʢʪʘʭ ʛʦʨʦʜʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ɹʘ-

ʫʭʘʫʩ. ʆʥʘ ʨʝʰʘʣʘ ʧʨʦʙʣʝʤʫ ʜʦʩʪʫʧʥʦʩʪʠ ʞʠʣʴʷ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʪʨʦʠʣʦʩʴ ʤʥʦʛʦ ʜʦʤʦʚ ʠ 

ʦʪʜʝʣʴʥʦ ʫʜʝʣʷʣʦʩʴ ʚʥʠʤʘʥʠʝ ʠʭ ʦʨʛʘʥʠʯʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ. ɸʨʭʠʪʝʢʪʦʨʳ ʦʙʲʝʜʠʥʷʣʠ ʚʩʝ 

ʧʦʩʪʨʦʡʢʠ ʝʜʠʥʦʡ ʢʦʥʮʝʧʮʠʝʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʮʝʣʴʥʦʡ ʩʨʝʜʳ, ʘ ʟʘʪʝʤ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʢʣʦʥʠʨʦʚʘʥʠʷ ʟʜʘʥʠʡ ʦʥʠ ʨʘʟʥʳʤʠ ʬʦʨʤʘʤʠ ʩʦʟʜʘʚʘʣʠ ʨʠʪʤʠʯʥʦʩʪʴ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʟʘ-

ʩʪʨʦʡʢʠ.  

ʊʘʢʠʝ ʞʠʣʳʝ ʟʜʘʥʠʷ, ʦʙʲʝʜʠʥʝʥʥʳʝ ʦʙʱʝʡ ʠʜʝʝʡ ʠ ʧʝʨʝʢʣʠʢʘʶʱʠʝʩʷ ʧʦ ʚʥʝʰʥʝʤʫ 

ʦʙʣʠʢʫ, ʥʦ ʥʝ ʩʦʟʜʘʶʱʠʝ ʤʦʥʦʪʦʥʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʩʩʠʚʘʤʠ ʎʠʙʠʛ/ʂʥʘʨʨʙʝʨʛ ʠ ʊʝʨ-

ʪʝʥ ʚ ɼʝʩʩʘʫ. ʇʝʨʚʳʡ ʟʘʧʨʦʝʢʪʠʨʦʚʘʥ ʘʨʭʠʪʝʢʪʦʨʦʤ ʃʝʦʧʦʣʴʜʦʤ ʌʠʰʝʨʝʤ ʠ ʣʘʥʜ-

ʰʘʬʪʥʳʤ ʜʠʟʘʡʥʝʨʦʤ ʃʠʙʝʨʝʭʪʦʤ ʄʠʛʛʝ [4]. ʇʦʤʠʤʦ ʚʥʫʪʨʝʥʥʝʛʦ ʫʜʦʙʩʪʚʘ ʜʦʤʦʚ, ʠʭ 

ʚʥʝʰʥʷʷ ʛʝʦʤʝʪʨʠʯʥʘʷ ʦʙʦʣʦʯʢʘ ʪʘʢʞʝ ʧʝʨʝʜʘʝʪ ʥʝʢʦʝ ʩʧʦʢʦʡʩʪʚʠʝ ʞʠʪʝʣʷʤ ʟʘ ʩʯʝʪ ʛʘʨ-

ʤʦʥʠʯʥʳʭ ʩʚʝʪʣʳʭ ʬʘʩʘʜʦʚ, ʦʬʦʨʤʣʝʥʥʳʭ ʚ ʝʜʠʥʦʡ ʢʦʥʮʝʧʮʠʠ ʠ ʥʝ ʧʝʨʝʛʨʫʞʝʥʥʳʭ ʣʠʰ-

ʥʠʤʠ ʜʝʪʘʣʷʤʠ. ʆʢʥʘ ʨʘʟʥʦʡ ʬʦʨʤʳ ʠ ʨʠʪʤʠʯʥʘʷ ʵʪʘʞʥʦʩʪʴ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʬʫʥʢʮʠʦʥʘʣʘ 

ʧʦʤʝʱʝʥʠʡ ʜʦʤʦʚ, ʩʦʟʜʘʶʪ ʠʥʪʝʨʝʩʥʫʶ ʢʘʨʪʠʥʫ ʠ ʥʝ ʩʦʟʜʘʶʪ ʚʧʝʯʘʪʣʝʥʠʷ ʦʜʥʦʪʠʧʥʦʩʪʠ. 

ʄʠʛʛʝ ʥʘʩʪʘʠʚʘʣ ʥʘ ʪʦʤ, ʯʪʦ ʫ ʢʘʞʜʦʛʦ ʜʦʤʘ ʜʦʣʞʝʥ ʙʳʪʴ ʩʚʦʡ ʫʯʘʩʪʦʢ ʟʝʤʣʠ ʧʦʜ ʦʛʦʨʦʜ. 

ɿʝʣʝʥʴ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʤʝʩʪʘ ʧʨʦʞʠʚʘʥʠʷ ʯʝʣʦʚʝʢʘ ʢʘʢ ʟʘʣʦʛ ʢʦʤʬʦʨʪʘ, ʧʦʵʪʦʤʫ ʩ ʧʘʨʘʜ-

ʥʦʛʦ ʚʭʦʜʘ ʧʝʨʝʜ ʢʘʞʜʳʤ ʩʪʨʦʝʥʠʝʤ ʧʨʝʜʫʩʤʦʪʨʝʥ ʮʚʝʪʥʠʢ.  

ɺʪʦʨʦʡ ʞʠʣʦʡ ʤʘʩʩʠʚ ï ʵʪʦ ʧʦʩʝʣʦʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ 314 ʩʙʣʦʢʠʨʦʚʘʥʥʳʭ ʜʦʤʦʚ, ʟʘ-

ʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ ɺʘʣʴʪʝʨʦʤ ɻʨʦʧʧʠʫʩʦʤ. ɺʥʝʰʥʝ ʧʦʭʦʞʠʝ, ʟʜʘʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʥʝʢʦʪʦ-

ʨʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʬʘʩʘʜʦʚ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʦʢʦʥ. ɼʚʫʭʵʪʘʞʥʘʷ ʟʘʩʪʨʦʡʢʘ ʩʦʧʦʩʪʘʚʠʤʘ 

ʩ ʨʦʩʪʦʤ ʯʝʣʦʚʝʢʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʦʤʬʦʨʪʥʦʤʫ ʚʦʩʧʨʠʷʪʠʶ, ʧʝʨʝʜ ʟʜʘʥʠʷʤʠ ʪʘʢʞʝ 

ʫʩʪʨʦʝʥʳ ʟʝʣʝʥʳʝ ʧʣʦʱʘʜʢʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʦʥʳ. ɸʨʭʠʪʝʢʪʦʨʦʤ ʙʳʣʘ ʩʦʟʜʘʥʘ ʩʧʦ-

ʢʦʡʥʘʷ ʩʨʝʜʘ ʩ ʧʨʦʛʫʣʦʯʥʦʡ ʪʨʦʧʦʡ ʠ ʜʦʩʪʘʪʦʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʝʣʝʥʠ, ʘ ʚ ʮʝʥʪʨʝ ʧʦʩʝʣ-

ʢʘ ʧʦʩʪʨʦʝʥʦ ʚʳʩʦʪʥʦʝ ʟʜʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʜʦʤʠʥʘʥʪʳ ʩ ʢʚʘʨʪʠʨʘʤʠ ʠ ʦʜʥʦʵʪʘʞʥʳʤ ʤʘʛʘ-

ʟʠʥʦʤ. ɺʩʝ ʧʦʩʪʨʦʡʢʠ ʦʪʨʘʞʘʶʪ ʩʚʦʝ ʫʪʠʣʠʪʘʨʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ, ʥʝ 

ʪʝʨʷʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʰʢʦʣʳ ɹʘʫʭʘʫʩ, ʷʚʣʷʷʩʴ ʚʦʧʣʦʱʝʥʠʝʤ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʠ ʠʥʪʝʨʥʘʮʠʦ-

ʥʘʣʴʥʦʛʦ ʩʪʠʣʷ, ʟʘʣʦʞʠʣʘ ʦʩʥʦʚʳ ʬʫʥʢʮʠʦʥʘʣʠʟʤʘ ʚ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʘ ʪʘʢʞʝ ʚʦ ʤʥʦ-

ʛʦʤ ʦʧʨʝʜʝʣʠʣʘ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʜʠʟʘʡʥʘ. 
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ʛʘʨʤʦʥʠʯʥʦʝ ʩʦʯʝʪʘʥʠʝ ʬʦʨʤ ʠ ʦʙʲʝʤʦʚ ʚ ʝʜʠʥʫʶ ʢʦʥʮʝʧʮʠʶ. ʕʪʦ ʩʦʯʝʪʘʥʠʝ ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ ʚʢʣʶʯʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʜʝʣʴʥʳʭ ʧʨʘʚʠʣ ʠ ʪʨʝʙʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʢʘʢ ʙʳ 

ʥʘʩʣʘʠʚʘʶʪʩʷ ʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʟʘʜʫʤʢʫ ʠ ʢʦʤʙʠʥʠʨʫʶʪʩʷ ʘʨʭʠʪʝʢʪʦʨʦʤ ʠʩʭʦʜʷ ʠʟ ʝʛʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʘ ʠ ʚʢʫʩʘ. ʏʪʦʙʳ ʠʟ ʦʢʦʥʯʝʥʥʦʛʦ ʧʨʦʝʢʪʘ ʜʦʤʘ ʥʝ ʧʦʣʫʯʠʣʘʩʴ ʙʝʟʚʢʫʩʠ-

ʮʘ, ʠʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʨʘʙʦʪʳ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʬʦʨʤ, ʪ. ʝ. ʠʭ ʮʝʣʝʩʦʦʙʨʘʟ-

ʥʦʩʪʴ, ʚʟʘʠʤʦʩʚʷʟʴ, ʩʦʨʘʟʤʝʨʥʦʩʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ, ʢʦʥʝʯʥʦ ʞʝ, ʩ ʯʝʣʦʚʝʢʦʤ. ɼʦʣʞʥʘ ʯʫʚ-

ʩʪʚʦʚʘʪʴʩʷ ʢʘʢ ʟʘʢʘʟʯʠʢʦʤ, ʪʘʢ ʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʤ ʤʝʨʘ ʚ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʦʙʲʝʤʘʭ ʩʦ-

ʧʨʷʞʸʥʥʘʷ ʩ ʵʩʪʝʪʠʢʦʡ ʠ ʝʜʠʥʳʤ ʩʪʠʣʝʚʳʤ ʨʝʰʝʥʠʝʤ. ɽʩʣʠ ʥʝ ʧʦʥʷʪʴ ʵʪʠʭ ʧʨʠʥʮʠʧʦʚ ʠ 

ʥʝ ʧʦʜʛʦʪʦʚʠʪʴʩʷ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʩʚʦʝʛʦ ʜʦʤʘ ʧʨʦʠʟʦʡʜʝʪ ʣʠʰʥʷʷ ʪʨʘʪʘ ʜʝʥʝʛ, ʢʦʪʦʨʘʷ 

ʥʝ ʧʨʠʚʝʜʝʪ ʢ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʵʤʦʮʠʦʥʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤ ʠ ʤʘʪʝʨʠʘʣʴʥʳʤ ʨʝʟʫʣʴʪʘ-

ʪʘʤ. ʕʪʦ ʚʩʝ ʦʧʨʝʜʝʣʷʝʪ ʙʦʣʴʰʫʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʪʦ, ʢʘʢ ʣʶʜʠ ʙʫʜʫʪ ʚʦʩʧʨʠʥʠʤʘʪʴ 

ʩʪʨʦʝʥʠʝ ʠ ʝʛʦ ʦʢʨʫʞʝʥʠʝ. ɿʘʧʨʦʝʢʪʠʨʦʚʘʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʦʙʱʘʷ ʦʙʩʪʘʥʦʚʢʘ ʤʦʞʝʪ 

ʤʝʥʷʪʴ ʥʘʩʪʨʦʝʥʠʝ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʣʶʜʝʡ. ʅʘʩʪʨʦʠʪʴ ʥʘ ʧʨʦʜʫʢʪʠʚʥʳʡ ʠ 

ʵʥʝʨʛʠʯʥʳʡ ʜʝʥʴ ʠʣʠ ʞʝ ʥʘʦʙʦʨʦʪ ʦʪʥʷʪʴ ʚʩʝ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʝ ʨʝʩʫʨʩʳ. ʇʦʵʪʦʤʫ ʢʨʘʩʠ-

ʚʳʡ ʜʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʟʘʠʤʦʩʚʷʟʘʥ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʠ ʵʤʦʮʠʦʥʘʣʴʥʳʤ ʥʘʩʪʨʦʝʤ ʝʛʦ 

ʞʠʣʴʮʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʭʦʞʠʭ. ɼʦʣʞʝʥ ʧʦʟʠʪʠʚʥʦ ʚʣʠʷʪʴ ʥʘ ʠʭ ʩʘʤʦʯʫʚʩʪʚʠʝ ʢʘʢ ʜʫʭʦʚʥʦʝ, 

ʪʘʢ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʯʝʨʝʟ ʛʘʨʤʦʥʠʯʥʦʝ ʩʦʯʝʪʘʥʠʝ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʠ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ 

ʛʣʘʚʥʳʭ ʪʨʝʙʦʚʘʥʠʷ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ ʠ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʂʨʘʩʠʚʳʡ ʜʦʤ, ʛʘʨʤʦʥʠʷ, ʩʦʨʘʟʤʝʨʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʬʦʨʤʦʦʙʨʘ-

ʟʦʚʘʥʠʝ, ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʚʦʩʧʨʠʷʪʠʝ. 

 

ʂ ʢʦʥʢʨʝʪʥʳʤ ʧʨʘʚʠʣʘʤ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʝʪʩʷ ʩʦʙʣʶʜʘʪʴ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʨʘʩʠ-

ʚʦʛʦ ʜʦʤʘ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʵʨʛʦʥʦʤʠʯʥʦʩʪʴ, ʮʚʝʪʦʚʦʝ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʧʦʟʥʘʥʠʡ ʚ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʤ ʠ ʣʘʥʜʰʘʬʪʥʦʤ ʜʝʣʝ. ʕʪʠ ʧʨʘʚʠʣʘ ʜʘʶʪ ʘʨʭʠʪʝʢ-

ʪʦʨʫ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʪʴ ʪʦʪ ʜʦʤ, ʢʦʪʦʨʳʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ ʢʨʘʩʠʚʳʤ ʠ 

ʢʦʤʬʦʨʪʥʳʤ. ɻʣʘʚʥʳʤ ʘʩʧʝʢʪʦʤ ʩʣʫʞʠʪ ʛʘʨʤʦʥʠʷ ʚ ʞʠʣʠʱʝ. ʆʥʘ ʜʦʩʪʠʛʘʝʪʩʷ ʩʙʘʣʘʥʩʠ-

ʨʦʚʘʥʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝʤ ʚʩʝʭ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ [1]. ʅʝʧʦʜ-

ʛʦʪʦʚʣʝʥʥʦʤʫ ʯʝʣʦʚʝʢʫ ʩʪʦʠʪ ʥʘʥʷʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʘ, ʯʪʦʙʳ ʦʥ ʩʤʦʛ ʦʙʲʝʜʠʥʠʪʴ ʚʩʝ ʵʪʠ 

ʪʨʝʙʦʚʘʥʠʷ ʚ ʮʝʣʦʩʪʥʳʡ ʦʙʨʘʟ. ɸʨʭʠʪʝʢʪʦʨ ʨʘʩʩʤʦʪʨʠʪ ʟʜʘʥʠʝ ʩʦ ʩʪʦʨʦʥʳ ʧʩʠʭʦʬʠʟʠʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʥʘʰʝʛʦ ʚʦʩʧʨʠʷʪʠʷ, ʵʩʪʝʪʠʢʠ ʠ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʩʤʳʩʣʘ [2]. ʇʦʣʫ-

ʯʠʚʰʘʷʩʷ ʬʦʨʤʘ ʠ ʦʙʨʘʟ ʪʦʛʜʘ ʩʤʦʛʫʪ ʦʪʨʘʟʠʪʴ ʢʘʢ ʭʘʨʘʢʪʝʨ ʟʘʢʘʟʯʠʢʘ, ʪʘʢ ʠ ʪʝʥʜʝʥʮʠʠ 

ʩʦʚʨʝʤʝʥʥʦʩʪʠ, ʯʪʦʙʳ ʜʦʤ ʥʨʘʚʠʣʩʷ ʝʱʝ ʠ ʦʢʨʫʞʘʶʱʠʤ. ɺʦʪ ʪʦʛʜʘ ʪʘʢʦʡ ʜʦʤ ʙʫʜʝʪ ʢʨʘ-

ʩʠʚʳʤ ʜʣʷ ʚʩʝʭ, ʠ ʧʨʠʥʦʩʠʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʵʤʦʮʠʠ.  

ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ, ʜʣʷ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ ʧʦʥʷʪʠʝ ʩʚʦʝʛʦ çʢʨʘʩʠʚʦʛʦ ʜʦʤʘè ʦʪ-

ʣʠʯʘʝʪʩʷ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʦʱʫʱʘʝʪʩʷ ʚ ʵʩʪʝʪʠʯʝʩʢʦʤ ʚʦʩʧʨʠʷʪʠʠ ʜʦʤʘ. ɼʣʷ ʦʮʝʥʢʠ ʭʫʜʦʞʝ-

ʩʪʚʝʥʥʳʭ ʢʘʯʝʩʪʚ ʘʨʭʠʪʝʢʪʫʨʳ ʠʩʧʦʣʴʟʫʶʪ ʧʦʥʷʪʠʝ çʩʪʠʣʴè. ɺ ʢʦʥʢʨʝʪʥʦʤ ʩʪʠʣʝʚʦʤ ʨʝ-

ʰʝʥʠʠ ʝʩʪʴ ʩʚʦʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʝʪʩʷ ʦʙʲʝʤʥʘʷ ʢʦʤʧʦʟʠʮʠʷ 

ʚʤʝʩʪʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʨʝʜʩʪʚ ʤʦʥʫʤʝʥʪʘʣʴʥʦʛʦ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʠʩʢʫʩʩʪʚʘ. ɿʜʝʩʴ ʛʣʘʚʥʘʷ 

ʟʘʜʘʯʘ ʜʣʷ ʘʨʭʠʪʝʢʪʦʨʘ ʛʨʘʤʦʪʥʦ ʦʙʲʝʜʠʥʠʪʴ ʩʨʝʜʩʪʚʘ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ ʚ ʦʜʥʫ ʢʦʥʮʝʧ-

ʮʠʶ, ʧʨʠʷʪʥʫʶ ʛʣʘʟʫ ʯʝʣʦʚʝʢʘ. ʉ ʤʝʨʦʡ ʚ ʜʝʢʦʨʠʨʦʚʘʥʠʠ ʠ ʩʦʦʪʥʦʰʝʥʠʠ ʦʙʲʝʤʦʚ ʟʜʘʥʠʷ 

ʜʦʩʪʠʛʘʝʪʩʷ ʪʦ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʯʝʣʦʚʝʢʘ. ʊʘʢ ʞʝ ʦʙʨʘʟ 

ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢ ʩʫʙʲʝʢʪʠʚʥʘʷ ʦʙʦʙʱʝʥʥʘʷ ʦʮʝʥʢʘ ʮʝʣʦʩʪʥʦʩʪʠ ʞʠʣʦʛʦ ʜʦʤʘ. ʆʥʘ ʚ ʩʚʦʶ 
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ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ. ʇʦʵʪʦʤʫ ʚ ʩʚʷʟʢʝ ʩ ʵʩʪʝʪʠʯʝʩʢʦʡ ʠ ʩʪʠʣʝʚʦʡ ʩʦʩʪʘʚ-

ʣʷʶʱʝʡ ʜʦʣʞʥʘ ʧʨʦʨʘʙʘʪʳʚʘʪʴʩʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ. ʉʦʟʜʘʪʝʣʴ ʵʨʛʦ-

ʥʦʤʠʢʠ ʢʘʢ ʥʘʫʢʠ ʃʝ ʂʦʨʙʶʟʴʝ ʩʯʠʪʘʣ, ʯʪʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʘʩʪʦʣʴʢʦ ʧʨʦ-

ʜʫʤʘʥʥʳʤ, ʯʪʦʙʳ ʩʤʦʯʴ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʚʩʝ ʧʦʪʨʝʙʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʆʥʘ ʧʦʜʩʪʨʘʠʚʘʝʪ ʜʦʤ 

ʧʦʜ ʚʩʝ ʝʛʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʂʣʠʤʘʪ ʚ ʜʦʤʝ, ʚʣʘʞʥʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟ-

ʜʫʭʘ, ʦʩʚʝʱʝʥʠʝ, ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʤʥʘʪ ʠ ʤʝʙʝʣʠ ʚʣʠʷʶʪ ʥʘ ʢʦʤ-

ʬʦʨʪʥʦʝ ʧʨʝʙʳʚʘʥʠʝ ʞʠʣʴʮʘ. ʆʯʝʥʴ ʚʘʞʥʦ ʧʦʜʩʪʨʦʠʪʴ ʞʠʣʴʝ ʠ ʝʛʦ ʤʠʢʨʦʢʣʠʤʘʪ ʧʦʜ ʩʘ-

ʤʦʛʦ ʚʣʘʜʝʣʴʮʘ. ʇʨʘʚʠʣʴʥʦʝ, ʦʪʣʘʞʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʢʨʫʞʘʶʱʠʭ ʧʨʝʜʤʝʪʦʚ ʦʙʣʝʛʯʘ-

ʝʪ ʜʝʷʪʝʣʴʥʦʩʪʴ ʣʶʜʝʡ ʠ ʜʝʣʘʝʪ ʞʠʟʥʴ ʢʦʤʬʦʨʪʥʝʝ. ʆʩʫʱʝʩʪʚʣʷʝʪ ʵʢʦʥʦʤʠʶ ʵʥʝʨʛʦʨʝʩʫʨ-

ʩʦʚ, ʦʨʛʘʥʠʟʘʮʠʶ ʜʦʩʫʛʘ ʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʦʮʠʘʣʴʥʦ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ. 

ɺʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʮʚʝʪʦʚʦʝ ʨʝʰʝʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʜʦʤʘ, ʩʦʦʨʫʞʝʥʠʷ ʠʣʠ ʤʘ-

ʣʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʬʦʨʤʳ ʚ ʢʨʘʩʠʚʦʤ ʜʦʤʝ. ʄʘʣʦ ʢʪʦ ʦʪʜʘʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʮʚʝʪʫ ʚ 

ʧʨʦʮʝʩʩʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʭʦʪʷ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʜʩʦʟʥʘʪʝʣʴʥʦʤ ʫʨʦʚʥʝ ʥʘ ʯʫʚʩʪʚʘ 

ʠ ʦʱʫʱʝʥʠʷ ʯʝʣʦʚʝʢʘ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ. ɽʩʣʠ ʫʤʝʣʦ ʨʘʙʦʪʘʪʴ ʵʪʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʤʦʞ-

ʥʦ ʠʟʤʝʥʠʪʴ ʝʛʦ ʩʦʩʪʦʷʥʠʝ ʚ ʣʫʯʰʫʶ ʩʪʦʨʦʥʫ ʩ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʠʣʠ ʜʫʭʦʚʥʦʡ ʩʪʦʨʦʥʳ. 

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʛʘʨʤʦʥʠʷ ʮʚʝʪʦʚ, ʠʭ ʩʦʯʝʪʘʥʠʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʥʘ ʯʝʣʦʚʝʢʘ ʢʘʢ ʥʝʢʦʝʛʦ ʠʥʜʠʢʘʪʦʨʘ ʵʤʦʮʠʦʥʘʣʴʥʳʭ 

ʩʦʩʪʦʷʥʠʡ. ʉʣʝʜʫʝʪ ʦʩʪʦʨʦʞʥʦ ʠ ʦʩʦʟʥʘʥʥʦ ʩʦʩʪʘʚʣʷʪʴ ʢʦʤʧʦʟʠʮʠʶ, ʯʪʦʙʳ ʦʥʘ ʥʝ ʙʳʣʘ 

ʩʣʠʰʢʦʤ ʭʘʦʪʠʯʥʦʡ ʠ ʚʳʯʫʨʥʦʡ, ʪʘʢ ʢʘʢ ʮʚʝʪ ʚʣʠʷʝʪ ʥʘ ʥʘʩ ʯʝʨʝʟ ʦʨʛʘʥʳ ʯʫʚʩʪʚ ʥʘ ʙʝʩʩʦ-

ʟʥʘʪʝʣʴʥʦʤ ʫʨʦʚʥʝ. ʅʝ ʩʪʦʠʪ ʧʨʝʥʝʙʨʝʛʘʪʴ ʮʚʝʪʦʤ, ʚʝʜʴ ʜʘʞʝ ʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʝ 

ʧʨʠʛʣʫʰʝʥʥʳʝ ʝʛʦ ʦʪʪʝʥʢʠ ʩʧʦʩʦʙʥʳ ʩʜʝʣʘʪʴ ʜʦʤ ʛʘʨʤʦʥʠʯʥʳʤ ʠ ʢʨʘʩʠʚʳʤ. 

ɸʨʭʠʪʝʢʪʫʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʥʠʤʘʶʪ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʥʫʪʨʝʥʥʝʛʦ, ʦʛʨʘʞʜʘʶ-

ʱʝʛʦ ʚʥʝʰʥʝʛʦ. ɺʥʝʰʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʙʫʜʴ ʪʦ ʛʦʨʦʜʩʢʦʝ ʠʣʠ ʧʨʠʨʦʜʥʦʝ ʷʚʣʷʝʪʩʷ ʥʝʢʦʡ 

ʧʨʝʜʧʦʩʳʣʢʦʡ ʠ ʫʩʣʦʚʠʝʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʦʙʲʝʢʪʘ, ʯʝʨʝʟ ʝʜʠʥʩʪʚʦ ʦʛʨʘʞ-

ʜʘʶʱʠʭ ʬʦʨʤ ʩ ʦʢʨʫʞʘʶʱʠʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʘʷ ʧʨʦʨʘ-

ʙʦʪʢʘ ʛʘʨʤʦʥʠʟʘʮʠʠ ʩʦʩʝʜʥʠʭ ʜʦʤʦʚ ʠʣʠ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʦ ʠ ʦʟʝʣʝʥʝʥʠʝ [3]. ʇʨʦʨʘʙʦʪʢʘ 

ʣʘʥʜʰʘʬʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʥʘʤʠ ʘʨʭʠʪʝʢʪʫʨʳ, 

ʧʦʤʦʛʘʝʪ ʜʦʤʫ ʛʘʨʤʦʥʠʯʥʦ ʚʧʠʩʘʪʴʩʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʯʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʚʘʞʥʦ ʜʣʷ 

ʢʨʘʩʠʚʦʛʦ ʜʦʤʘ. ʆʥ ʜʦʣʞʝʥ ʩʦʯʝʪʘʪʴʩʷ ʩ ʜʨʫʛʦʡ ʟʘʩʪʨʦʡʢʦʡ ʠʣʠ ʨʘʩʪʠʪʝʣʴʥʳʤ ʦʢʨʫʞʝʥʠ-

ʝʤ. ʇʨʠʨʦʜʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚ ʧʨʦʝʢʪʝ ʜʦʤʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʘʨʭʠʪʝʢʪʫʨʥʦ-

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʨʝʜʫ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʫʤʠʨʦʪʚʦʨʷʶʱʝ ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʣʶʜʝʡ [4]. 

 
ʈʠʩ. 1. ʇʨʠʤʝʨʳ ʙʝʟʚʢʫʩʥʳʭ ʜʦʤʦʚ 

 

ʄʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʠʤʝʨʳ ʜʦʤʦʚ, ʥʝ ʦʙʣʘʜʘʶʱʠʭ ʪʦʡ ʢʨʘʩʦʪʦʡ, ʢʦʪʦʨʘʷ ʩʧʦ-

ʩʦʙʥʘ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʪʴ ʥʘ ʥʘʰʝ ʭʫʜʦʞʝʩʪʚʝʥʥʦʝ ʚʦʩʧʨʠʷʪʠʝ (ʨʠʩ. 1). ʅʘ ʧʨʠʤʝʨʝ ʤʳ 

ʚʠʜʠʤ, ʯʪʦ ʥʝʪ ʮʝʣʦʩʪʥʦʡ ʢʘʨʪʠʥʳ, ʧʣʦʭʦ ʧʦʜʦʙʨʘʥʥʳʝ ʧʨʦʧʦʨʮʠʠ ʠ ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ ʦʙʲ-

ʝʤʳ ʜʝʣʘʶʪ ʜʦʤ ʛʨʦʤʦʟʜʢʠʤ ʠ ʥʝʩʦʨʘʟʤʝʨʥʳʤ ʯʝʣʦʚʝʢʫ. ʅʘʨʫʰʝʥʘ ʪʝʢʪʦʥʠʢʘ ʢʦʥʩʪʨʫʢ-

ʮʠʡ, ʘ ʪʘʢʞʝ ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʣʦʞʥʳʝ ʬʦʨʤʳ ʢʨʳʰ ʛʦʚʦʨʷʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʝʜʠʥʦʛʦ 

ʧʨʦʨʘʙʦʪʘʥʥʦʛʦ ʦʙʨʘʟʘ ʜʦʤʘ. ʇʦʩʤʦʪʨʝʚ ʧʨʠʤʝʨʳ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ 
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ʩʦʟʜʘʥʠʷ çʂʨʘʩʠʚʦʛʦ ʜʦʤʘè. ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʛʘʨʤʦʥʠʯʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʧʨʠʝʤʦʚ ʠ ʵʣʝ-

ʤʝʥʪʦʚ, ʧʨʠʜʘʶʱʠʭ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴ, ʠ ʤʝʨʝ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʠʠ ʦʙʲʝʤʦʚ ʜʣʷ ʫʜʦʚʣʝʪʚʦ-

ʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ ʠ ʩʚʷʟʠ ʝʛʦ ʩʘʤʦʛʦ ʩ ʦʢʨʫʞʘʶʱʠʤ ʤʠʨʦʤ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ.  
ʂʨʘʩʠʚʳʡ ʜʦʤ ï ʜʦʤ, ʚ ʢʦʪʦʨʦʤ ʤʳ ʚʠʜʠʤ ʛʘʨʤʦʥʠʶ, ʤʝʨʫ ʠ ʢʨʘʩʦʪʫ ʚ ʨʘʚʥʦʤ ʩʦ-

ʦʪʥʦʰʝʥʠʠ, ʢʦʪʦʨʳʝ ʫʤʝʩʪʥʦ ʧʝʨʝʢʣʠʢʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʥʝ ʤʝʰʘʶʪ ʮʝʣʦʩʪʥʦʤʫ ʚʦʩ-

ʧʨʠʷʪʠʶ ʚʩʝʡ ʬʦʨʤʳ ʧʦʩʪʨʦʡʢʠ ʠ ʝʝ ʦʢʨʫʞʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ʌɻɹʆʋ ɺʆ çʃʠʧʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè,  

ʛ. ʃʠʧʝʮʢ, ʈʌ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ ʥʘ ʮʝʤʝʥʪʥʳʡ 

ʢʘʤʝʥʴ ʠ ʙʝʪʦʥʥʳʝ ʧʦʣʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʧʨʝʜʣʦʞʝʥʳ ʨʝʰʝʥʠʷ ʧʦ ʵʬʬʝʢʪʠʚʥʦʡ 

ʟʘʱʠʪʝ ʦʪ ʢʦʨʨʦʟʠʦʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʘʥʪʠʩʝʧʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʥʘ ʢʦʤʧʦʥʝʪʳ ʟʘʪʚʝʨʜʝʚ-

ʰʝʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʢʦʨʨʦʟʠʷ, ʮʝʤʝʥʪʥʳʡ ʢʘʤʝʥʴ, ʧʦʢʨʳʪʠʷ ʧʦʣʦʚ, ʛʠʧʦʭʣʦʨʠʜ, 

ʘʛʨʝʩʩʠʚʥʘʷ ʩʨʝʜʘ. 

 

ʂʦʨʨʦʟʠʷ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʚʳʟʚʘʥʘ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʛʨʝʩʩʠʚʥʳʭ ʛʘʟʦʚ ʠ ʞʠʜʢʦʩʪʝʡ 

ʥʘ ʢʦʤʧʦʥʝʥʪʳ ʟʘʪʚʝʨʜʝʚʰʝʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ, ʚ ʦʩʥʦʚʥʦʤ ʥʘ Ca(ʆʅ)2 ʠ 3CaO*Al2O3* 

6H2O. ɺʩʪʨʝʯʘʶʪʩʷ ʜʝʩʷʪʢʠ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʮʝʤʝʥʪʥʳʡ ʢʘʤʝʥʴ ʠ ʦʢʘ-

ʟʘʪʴʩʷ ʜʣʷ ʥʝʛʦ ʚʨʝʜʥʳʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʦʦʙʨʘʟʠʝ ʘʛʨʝʩʩʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʦʩʥʦʚʥʳʝ 

ʧʨʠʯʠʥʳ ʢʦʨʨʦʟʠʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʚʠʜʘ: ʨʘʟʣʦʞʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʥʷ, ʨʘʩʪʚʦʨʝʥʠʝ ʩʦʣʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʴʮʠʷ, ʦʙʨʘʟʦʚʘʥʠʝ 

ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʠ ʜʨʫʛʠʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʩ ʘʛʨʝʩʩʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʚʳʤʳ-

ʚʘʥʠʝ ʵʪʠʭ ʩʦʣʝʡ (ʢʠʩʣʦʪʥʘʷ, ʤʘʛʥʝʟʠʘʣʴʥʘʷ ʢʦʨʨʦʟʠʷ); ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʚ ʧʘʨʘʭ, ʠʤʝʶʱʠʭ ʙʦʣʴʰʠʡ ʦʙʲʝʤ, ʯʝʤ ʧʨʦʜʫʢʪʳ ʥʘʯʘʣʴʥʦʡ ʨʝʘʢʮʠʠ; ʵʪʦ ʚʳʟʳʚʘʝʪ ʚʥʫʪ-

ʨʝʥʥʝʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʙʝʪʦʥʝ ʠ ʝʛʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ (ʢʦʨʨʦʟʠʷ ʩʫʣʴʬʘʪʘ ʘʣʶʤʠʥʠʷ). ʍʠʤʠ-

ʯʝʩʢʘʷ ʢʦʨʨʦʟʠʷ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ (ʙʘʢʪʝʨʠʘʣʴʥʦʡ) 

ʘʛʨʝʩʩʠʝʡ. ʆʩʦʙʝʥʥʦ ʯʘʩʪʦ ʵʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʧʦʣʠʢʣʠʥʠʢʘʭ, ʙʦʣʴʥʠʮʘʭ ʠ ʫʯʨʝʞʜʝʥʠʷʭ ʤʝ-

ʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [1]. 

ʋʩʣʦʚʠʷ ʨʘʙʦʪʳ ʧʦʣʦʚ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʷʭ ʢʨʘʡʥʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳ, ʦʩʦ-

ʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʥʳʥʝʰʥʝʡ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ.  ɺ ʮʝʣʷʭ ʧʨʦʬʠʣʘʢʪʠʢʠ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʝʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʜʣʝʞʘʱʠʤ ʦʙʨʘʟʦʤ ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʠ ʜʝʟʠʥʬʠʮʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦʣʳ [2].  
ʋʙʦʨʢʘ ʧʦʟʚʦʣʷʝʪ ʫʜʘʣʠʪʴ ʧʘʪʦʛʝʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴ-

ʰʠʪʴ ʤʠʢʨʦʙʥʫʶ ʢʦʥʪʘʤʠʥʘʮʠʶ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʘʥʠʪʘʨʥʦ-

ʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʦʤʝʱʝʥʠʡ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʨʠʩʢ ʚʨʝʜʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝ-

ʣʝʡ, ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʨʫʰʝʥʠʶ 

ʥʝ ʪʦʣʴʢʦ ʧʦʢʨʳʪʠʷ ʧʦʣʦʚ ʠʟ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʣʠʪʦʢ, ʥʦ ʠ ʙʝʪʦʥʥʦʛʦ ʦʩʥʦʚʘʥʠʷ.  

ʇʨʠʯʠʥʦʡ ʨʘʟʨʫʰʝʥʠʷ ʧʦʣʦʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʛʠʧʦʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʠʣʠ ʛʠʧʦʭʣʦ-

ʨʠʜʘ ʢʘʣʴʮʠʷ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʘʥʪʠʩʝʧʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚʘʭ ʥʘ ʦʩʥʦʚʝ ʛʠʧʦʭʣʦʨʠʜʦʚ. ʕʪʠ 
ʩʨʝʜʩʪʚʘ ʨʘʩʪʚʦʨʷʶʪ ʚ ʚʦʜʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʭʣʦʨʩʦʜʝʨʞʘʱʝʛʦ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʝʦʙʭʦʜʠ-

ʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʤ ʘʛʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʥʝʜʠʩʩʦʮʠʠʨʦʚʘʥʥʘʷ 

ʭʣʦʨʥʦʚʘʪʠʩʪʘʷ ʢʠʩʣʦʪʘ (HOCl) [2]. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʭʣʦʨʘ ʩ ʱʝʣʦʯʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ (ʛʠʜʨʦʢʩʠ-

ʜʦʤ, ʛʠʜʨʦʩʠʣʠʢʘʪʘʤʠ ʠ ʛʠʜʨʦʘʣʶʤʠʥʘʪʘʤʠ ʢʘʣʴʮʠʷ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʝʯʥʦ-

ʛʦ ʧʨʦʜʫʢʪʘ ʭʣʦʨʠʜʘʢʘʣʴʮʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʪʚʦʨʝʥʠʶ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʚ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʤ ʩʣʦʝ ʙʝʪʦʥʘ, ʘ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʭʣʦʨʠʜʦʚ ʙʦʣʝʝ 0,5 % ʦʪ ʤʘʩʩʳ ʮʝʤʝʥʪʘ ʚ ʙʝʪʦʥʝ 

ʚʳʟʳʚʘʝʪ ʢʦʨʨʦʟʠʶ ʩʪʘʣʴʥʦʡ ʘʨʤʘʪʫʨʳ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʝʞʝʛʦʜʥʳʭ ʨʝ-

ʤʦʥʪʦʚ, ʪʨʝʙʫʶʱʠʭ ʙʦʣʴʰʠʭ ʪʨʫʜʦʟʘʪʨʘʪ ʠ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ. 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʛʠʧʦʭʣʦʨʠʜʘ ʥʘʪʨʠʷ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʙʣʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʧʦʣʦʚ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʷʭ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ ʠ ʪʨʝʙʫʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʢʦʥʢʨʝʪʥʳʤ ʫʩʣʦ-

ʚʠʷʤ ʠʭ ʨʘʙʦʪʳ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʦʧʪʠʤʠʟʘʮʠʶ ʤʘʪʝʨʠʘʣʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʫʢʘʟʘʥ-

ʥʳʤ ʫʩʣʦʚʠʷʤ, ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʧʦʢʨʳʪʠʷ ʧʦʣʦʚ ʚ ʘʛʨʝʩʩʠʚʥʦʡ ʭʣʦʨʠ-

ʩʪʦʡ ʩʨʝʜʝ [4]. 

ʇʦʚʳʰʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʧʦʢʨʳʪʠʡ ʧʦʣʦʚ ʚ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʝ, ʩʚʦʡʩʪʚʝʥʥʦʡ ʤʝ-

ʜʠʮʠʥʩʢʠʤ ʫʯʨʝʞʜʝʥʠʷʤ, ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʵʥʘʯʠʪʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʟʘ ʩʯʝʪ 

ʩʥʠʞʝʥʠʷ ʪʨʫʜʦʟʘʪʨʘʪ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ. 
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ʯʝʚʳʭ ʜʣʷ ʢʦʤʧʘʥʠʠ ʬʘʢʪʦʨʘ: ʟʘʙʦʪʘ ʦʙ ʵʢʦʣʦʛʠʠ, ʩʦʮʠʘʣʴʥʦʝ ʠ ʢʦʨʧʦʨʘʪʠʚʥʦʝ ʫʧʨʘʚʣʝ-

ʥʠʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ESG-ʩʬʝʨʘ ʪʦʣʴʢʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʥʝʢʦʪʦʨʳʝ ʠʥʚʝʩʪʦʨʳ ʫʞʝ ʟʘʜʫ-

ʤʳʚʘʶʪʩʷ ʦ ʪʦʤ, ʢʘʢʠʝ ʧʨʦʝʢʪʳ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ. ʇʝʨʝʜ ʥʠʤʠ ʚʩʪʘʝʪ ʚʳ-

ʙʦʨ: ʚʣʦʞʠʪʴ ʩʨʝʜʩʪʚʘ ʚ ʩʪʘʥʜʘʨʪʥʳʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʧʨʦʝʢʪ, ʠʣʠ ʞʝ ʚ ʧʨʦ-

ʝʢʪ, ʩʚʷʟʘʥʥʳʡ ʩ ESG-ʢʦʥʮʝʧʮʠʝʡ. ɺ ʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʧʦʜʦʙʥʳʭ ʧʨʦʝʢʪʦʚ ʥʝ ʪʘʢ ʤʥʦʛʦ, ʠʥ-

ʚʝʩʪʦʨʳ ʧʦʙʘʠʚʘʶʪʩʷ ʠʥʚʝʩʪʠʨʦʚʘʪʴ ʜʝʥʴʛʠ ʚ ʝʱʝ ʥʝ ʨʘʟʚʠʪʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. ʂʨʦʤʝ ʪʦʛʦ, 

ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʦʪʦʨʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ESG-ʪʝʤʘʪʠʢʠ, ʧʦʵʪʦʤʫ ʚʦʟʥʠʢʘ-

ʝʪ ʥʝʜʦʚʝʨʠʝ. ʅʦ ʛʦʩʫʜʘʨʩʪʚʦ ʫʞʝ ʩʝʡʯʘʩ ʧʨʘʢʪʠʯʝʩʢʠ ʩʬʦʨʤʠʨʦʚʘʣʦ ʟʘʢʦʥʦʜʘʪʝʣʴʥʫʶ 

ʙʘʟʫ, ʘ ʪʘʢʞʝ ʨʘʟʲʷʩʥʠʪʝʣʴʥʳʝ ʧʦʩʦʙʠʷ ʧʦ ESG-ʢʦʥʮʝʧʮʠʠ, ʧʦʵʪʦʤʫ ʠʛʥʦʨʠʨʦʚʘʪʴ ʵʪʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ. ɹʦʣʝʝ ʪʦʛʦ, ʚʩʢʦʨʝ ʧʦʣʫʯʠʪʴ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʙʝʟ 

ʫʯʝʪʘ ESG-ʧʨʠʥʮʠʧʦʚ ʚ ʩʪʨʘʪʝʛʠʠ ʢʦʤʧʘʥʠʠ ʠ ʝʝ ʧʨʦʝʢʪʘʭ ʩʪʘʥʝʪ ʢʨʘʡʥʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. 

ɺ ʜʘʥʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ ʧʨʦʠʟʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘ-

ʪʝʣʴʥʦʩʪʠ ʜʚʫʭ ʧʨʦʝʢʪʦʚ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʫʯʠʪʳʚʘʝʪ ESG-ʢʦʥʮʝʧʮʠʶ. ʇʦʜʦʙʥʘʷ ʦʮʝʥʢʘ 

ʷʚʣʷʝʪʩʷ ʧʝʨʚʠʯʥʦʡ ʠ ʥʝ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʧʨʠʥʷʪʠʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ, ʦʜʥʘʢʦ ʧʦʟ-

ʚʦʣʷʝʪ ʫʙʝʜʠʪʴʩʷ ʚ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ESG-ʧʨʦʝʢʪʦʚ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡ-

ʰʝʛʦ ʘʥʘʣʠʟʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ESG-ʢʦʥʮʝʧʮʠʷ, ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ, ʠʥʚʝʩʪʠʮʠʦʥʥʘʷ ʧʨʠ-

ʚʣʝʢʘʪʝʣʴʥʦʩʪʴ, ʩʪʨʦʠʪʝʣʴʥʘʷ ʩʬʝʨʘ, ESG-ʧʨʠʥʮʠʧʳ. 

 

ɺ ʩʚʷʟʠ ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʤ ʨʳʥʢʝ ʥʦʚʦʡ ʠ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ 

ʢʦʥʮʝʧʮʠʠ ESG, ʩʚʷʟʘʥʥʦʡ ʩ ʵʢʦʣʦʛʠʯʝʩʢʦʡ, ʩʦʮʠʘʣʴʥʦʡ ʠ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠ-

ʤʠ, ʧʝʨʝʜ ʠʥʚʝʩʪʦʨʘʤʠ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦ ʚʳʙʦʨʝ ʧʨʦʝʢʪʦʚ ʜʣʷ ʚʣʦʞʝʥʠʷ ʩʨʝʜʩʪʚ: ʫʯʠʪʳʚʘ-

ʶʱʠʤʠ ʝʝ ʠ ʥʝ ʫʯʠʪʳʚʘʶʱʠʤʠ [1, 2]. ʇʨʦʮʝʩʩ ʦʮʝʥʢʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦ-

ʩʪʠ ʧʨʦʝʢʪʦʚ ʪʨʫʜʦʝʤʦʢ ʠ ʩʣʦʞʝʥ, ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʢʦʤʧʣʝʢʩʥʫʶ ʦʮʝʥʢʫ ʩ ʫʯʝʪʦʤ 

ʚʩʝʭ ʬʘʢʪʦʨʦʚ, ʦʜʥʘʢʦ ʜʣʷ ʧʝʨʚʠʯʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʜʚʫʭ ʧʨʦʝʢʪʦʚ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜ 

ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ (ʤʝʪʦʜ ʊ. ʃ. ʉʘʘʪʠ). ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʷʚʣʝʥʠʝ ʢʨʠʪʝʨʠʝʚ 

ʦʮʝʥʢʠ ʧʨʦʝʢʪʦʚ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʭ ʨʘʥʞʠʨʦʚʘʥʠʷ. ɺ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ ʠ ʨʘʩʩʪʘʚʠʪʴ ʧʦ ʧʨʝʜʧʦʯʪʝʥʠʷʤ ʜʦʩʪʫʧʥʳʝ ʚʘʨʠʘʥʪʳ ʨʝʰʝʥʠʡ [3].  

ɺ ʢʘʯʝʩʪʚʝ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʠʤ ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʛʦ ʚʘʨʠ-

ʘʥʪʘ ʠʥʚʝʩʪʠʮʠʡ: ʚ ʧʨʦʝʢʪ, ʫʯʠʪʳʚʘʶʱʠʡ ESG-ʢʦʥʮʝʧʮʠʶ, ʠʣʠ ʦʙʳʯʥʳʡ. ʂʘʞʜʳʡ ʧʨʦʝʢʪ 

ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʝʜʫʶʱʠʭ 10 ʢʨʠʪʝʨʠʝʚ (ʨʠʩʢʦʚ):  

- ʫʜʦʨʦʞʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ (ʂ1);  

- ʠʟʤʝʥʝʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ (ʧʨʠʥʷʪʠʝ çʟʝʣʝʥʳʭè ʩʪʘʥʜʘʨʪʦʚ ʠ ʠʥʳʭ ʜʦʢʫʤʝʥ-
ʪʦʚ, ʫʯʠʪʳʚʘʶʱʠʭ ESG-ʢʦʥʮʝʧʮʠʶ) (ʂ2); 

-  ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ: ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ, ʪʝʧʣʦʩʙʝʨʝʛʘʶ-

ʱʠʭ, ʩʠʩʪʝʤ ʫʤʥʦʛʦ ʜʦʤʘ ʠ ʧʨʦʯʠʭ (ʂ3);  

- ʨʘʟʚʠʪʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ (ʂ4);  

- ʜʦʩʪʫʧʥʦʩʪʴ ʥʘʩʝʣʝʥʠʶ (ʫʤʝʨʝʥʥʘʷ ʮʝʥʘ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ) 
(ʂ5); 

- ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʘʤ ʠ ɻʆʉʊʘʤ (ʂ6);  
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- ʩʜʚʠʛ ʩʨʦʢʦʚ ʧʨʦʝʢʪʘ (ʂ7);  

- ʫʪʠʣʠʟʘʮʠʷ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʫʩʦʨʘ (ʂ8);  

- ʥʝʭʚʘʪʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘ ʨʳʥʢʝ ʪʨʫʜʘ (ʂ9);  

- ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ (ʂ10).  

ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʜʘʣʴʥʝʡ-

ʰʝʝ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʧʨʦʝʢʪʦʚ, ʛʜʝ ɺ ï ʚʳʩʦʢʦʝ, ʉ ï ʩʨʝʜʥʝʝ, ʅʉ ï ʥʠʞʝ ʩʨʝʜʥʝʛʦ, ʅ ï ʥʠʟ-

ʢʦʝ. 
ʊʘʙʣʠʮʘ 1 

ɼʘʥʥʳʝ ʦ ʧʨʦʝʢʪʘʭ 

 ʂ1 ʂ2 ʂ3 ʂ4 ʂ5 ʂ6 ʂ7 ʂ8 ʂ9 ʂ10 

ESG ʧʨʦ-

ʝʢʪ 
ɺ 

ɺ ʧʨʠʦʨʠʪʝ-

ʪʝ 
ɺ ɺ ʅC ɺ ʈʝʜʢʦ ɺ ɺ ɺ 

ʆʙʳʯʥʳʡ 

ʧʨʦʝʢʪ 
ʉ ʋʩʪʘʨʝʚʘʥʠʝ ʅ ʅ ɺ ʉ ʏʘʩʪʦ ʉ ʅʉ ʉ 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʣʝʜʫʶʱʘʷ ʰʢʘʣʘ: 1 ï ʦʜʠʥʘʢʦʚʘʷ 

ʟʥʘʯʠʤʦʩʪʴ/ʥʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ, 3 ï ʥʝʤʥʦʛʦ ʙʦʣʴʰʘʷ ʟʥʘʯʠʤʦʩʪʴ, 5 ï ʙʦʣʝʝ ʚʳʩʦʢʘʷ 

ʟʥʘʯʠʤʦʩʪʴ, 7 ï ʦʯʝʥʴ ʚʳʩʦʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʚ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʝ 2 

ɼʘʥʥʳʝ ʦ ʧʨʦʝʢʪʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʚʝʜʝʥʥʦʡ ʰʢʘʣʳ 

 ʂ1 ʂ2 ʂ3 ʂ4 ʂ5 ʂ6 ʂ7 ʂ8 ʂ9 ʂ10 

ESG ʧʨʦ-

ʝʢʪ 
3 5 5 5 1 3 5 3 1 3 

ʆʙʳʯʥʳʡ 

ʧʨʦʝʢʪ 
1 1 1 1 7 1 1 1 7 1 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʩ ʢʨʠʪʝʨʠʝʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʝʢʪʳ, 

ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʠʪʴ ʥʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʫʯʠʚʰʠʭʩʷ ʚʝʩʦʚ. ɺ ʭʦʜʝ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʩʦʚ ʙʳʣʘ 

ʚʳʧʦʣʥʝʥʘ ʩʣʝʜʫʶʱʘʷ ʨʘʙʦʪʘ: ʧʨʦʠʟʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʘʥʝʝ ʚʳʷʚʣʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ; ʚʳ-

ʩʪʘʚʣʝʥʳ ʙʘʣʣʳ ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ ʤʘʪʨʠʮʳ; ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʤʘʪʨʠʮʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝ-

ʥʠʷ, ʦʙʨʘʪʥʳʝ ʟʥʘʯʝʥʠʷʤ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ; ʥʘʡʜʝʥʦ ʩʨʝʜʥʝʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʦ ʩʪʨʦʢʘʤ; 

ʥʘʡʜʝʥʳ ʩʫʤʤʳ ʩʪʦʣʙʮʦʚ, ʚʢʣʶʯʘʷ ʩʪʦʣʙʝʮ ʩʦ ʩʨʝʜʥʝʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ; ʙʳʣʦ 

ʧʨʦʠʟʚʝʜʝʥʦ ʥʦʨʤʠʨʦʚʘʥʠʝ ʚʝʩʦʚ ʢʨʠʪʝʨʠʝʚ ʧʫʪʝʤ ʜʝʣʝʥʠʷ ʢʘʞʜʦʛʦ ʩʨʝʜʥʝʛʝʦʤʝʪʨʠʯʝ-

ʩʢʦʛʦ ʥʘ ʠʪʦʛʦʚʫʶ ʩʫʤʤʫ ʧʦ ʩʪʦʣʙʮʫ; ʚʳʧʦʣʥʝʥʘ ʧʨʦʚʝʨʢʘ ʥʘ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʜʘʥʥʳʭ ʧʫ-

ʪʝʤ ʥʘʭʦʞʜʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʯʠʩʣʘ ʤʘʪʨʠʮʳ, ʠʥʜʝʢʩʘ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʦʮʝʥʦʢ, ʘ ʟʘʪʝʤ 

ʦʧʨʝʜʝʣʝʥʦ ʦʪʥʦʰʝʥʠʝ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʧʫʪʝʤ ʜʝʣʝʥʠʷ ʠʥʜʝʢʩʘ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʥʘ ʢʦʵʬ-

ʬʠʮʠʝʥʪ 1,49 (ʪ. ʢ. ʨʘʥʛ ʤʘʪʨʠʮʳ 10). ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʚʝʩʦʚ 

ʢʨʠʪʝʨʠʝʚ ʧʦʣʫʯʠʣʦʩʴ ʩʣʝʜʫʶʱʠʤ: ʂ1 ï 23,2 %, ʂ2 ï 2,0 %, ʂ3 ï 3,5 %, ʂ4 ï 6,5 %, ʂ5 ï 

23,0 %, ʂ6 ï 12,7 %, ʂ7 ï 12,7 %, ʂ8 ï 6,5 %, ʂ9 ï 3,5 %, ʂ10 ï 6,5%.  

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʝʥʠʝ ʧʦ ʢʘʞʜʦʤʫ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʤʫ ʢʨʠʪʝ-

ʨʠʶ ʧʦ ʜʚʫʤ ʧʨʦʝʢʪʘʤ, ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʪʘʙʣ. 2 ʜʣʷ ʚʳʩʪʘʚʣʝʥʠʷ ʦʮʝʥʦʢ ʚ ʤʘʪʨʠʮʘʭ. ɼʣʷ 

ʢʘʞʜʦʡ ʤʘʪʨʠʮʳ ʙʳʣʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʦʪʥʦʰʝʥʠʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ, ʛʜʝ ʢʘʞʜʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʦʢʘʟʘʣʩʷ ʤʝʥʴʰʝ 10 %. ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʦʮʝʥʦʢ ʜʘʥʥʳʝ, ʘ ʪʘʢʞʝ ʥʦʨʤʠʨʦ-

ʚʘʥʥʳʝ ʚʝʩʘ ʢʨʠʪʝʨʠʝʚ, ʦʪʨʘʞʝʥʳ ʚ ʪʘʙʣ. 3. 

ɻʣʦʙʘʣʴʥʳʡ ʧʨʠʦʨʠʪʝʪ ʙʳʣ ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʩʣʦʞʝʥʠʷ ʧʨʦʠʟʚʝʜʝʥʠʡ ʥʦʨʤʠʨʦʚʘʥ-

ʥʳʭ ʚʝʩʦʚ ʢʨʠʪʝʨʠʝʚ ʠ ʚʝʢʪʦʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʢʘʞʜʦʤʫ ʢʨʠʪʝʨʠʶ ʦʪʜʝʣʴʥʦ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʝʨʚʠʯʥʦʡ ʦʮʝʥʢʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴ-

ʥʦʩʪʠ, ʠʩʭʦʜʷ ʠʟ ʪʝʢʫʱʠʭ ʨʳʥʦʯʥʳʭ ʪʝʥʜʝʥʮʠʡ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʝʢʪ, 

ʫʯʠʪʳʚʘʶʱʠʡ ESG-ʢʦʥʮʝʧʮʠʶ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʜʦʨʦʛʦʚʠʟʥʫ ʠ ʙʦʣʝʝ ʥʠʟʢʫʶ ʜʦʩʪʫʧ-

ʥʦʩʪʴ ʥʘʩʝʣʝʥʠʶ, ʟʘ ʩʯʝʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʨʫʛʠʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʧʦʢʘʟʘʣ ʣʫʯʰʫʶ ʠʥ-

ʚʝʩʪʠʮʠʦʥʥʫʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ. ʉʣʝʜʫʝʪ ʦʪʜʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʠʤʝʥʥʦ ESG-ʧʨʦʝʢʪʫ.  
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ɺʝʢʪʦʨʳ ʧʨʠʦʨʠʪʝʪʦʚ, ʩʦʚʤʝʱʝʥʥʳʝ ʩ ʥʦʨʤʠʨʦʚʘʥʥʳʤʠ ʚʝʩʘʤʠ ʢʨʠʪʝʨʠʝʚ 

 

  ɺʝʢʪʦʨʳ ʧʨʠʦʨʠʪʝʪʦʚ ɻʣʦʙʘʣʴʥʳʡ 

ʧʨʠʦʨʠʪʝʪ 
  ʂ1 ʂ2 ʂ3 ʂ4 ʂ5 ʂ6 ʂ7 ʂ8 ʂ9 ʂ10 

  23,2

% 

2,0

% 

3,5

% 

6,5

% 

23,0

% 

12,7

% 

12,7

% 

6,5

% 

3,5

% 

6,5

% 

  

ʇʨʦʝʢʪ 

ESG 

67% 80% 80% 80% 13% 67% 80% 67% 13% 67% 56% 

ʆʙʳʯʥʳʡ 

ʧʨʦʝʢʪ 

33% 20% 20% 20% 88% 33% 20% 33% 88% 33% 44% 

ʉʫʤʤʘ                     100% 

 

ʇʦʩʢʦʣʴʢʫ ESG-ʪʝʤʘʪʠʢʘ ʧʦʷʚʠʣʘʩʴ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ, 

ʝʱʝ ʥʝʪ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʘʢʪʠʢ ʠ ʧʨʦʝʢʪʦʚ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʙʳʣʦ 

ʙʳ ʥʘʡʪʠ ʚʘʨʠʘʥʪʳ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʚʣʠʷʥʠʷ ʨʠʩʢʦʚ ʫʜʦʨʦʞʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʥʘʩʝʣʝʥʠʶ [4, 5]. ʆʜʥʘʢʦ ʝʩʣʠ 

ʥʘʡʪʠ ʙʘʣʘʥʩ ʚ ʩʪʦʠʤʦʩʪʠ ʙʝʟ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ, ʪʦ ESG-ʧʨʦʝʢʪʳ ʩʪʘʥʫʪ ʝʱʝ ʙʦʣʝʝ ʧʦʧʫ-

ʣʷʨʥʳʤʠ ʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦ-ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ.  
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ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɹʆʊʓ ʄʀʅʀ ɻʀɼʈʆʕʃɽʂʊʈʆʉʊɸʅʎʀʀ  

ʅɸ ʈɽʂɽ ʎɽʇʈɸ 

 

ʂʦʥʦʥʦʚʠʯ ɺʣʘʜʠʩʣʘʚ ɺʠʪʘʣʴʝʚʠʯ  

E-Mail: feliks9595@yandex.by 

 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʦʣʣʝʜʞ  

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʬʠʣʠʘʣ) ɹɻʊʋ 

ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʤʠʥʠ ʛʠʜʨʦʵʣʝʢʪʨʦ-

ʩʪʘʥʮʠʠ ʥʘ ʨʝʢʝ ʎʝʧʨʘ, ʢʦʪʦʨʘʷ ʧʨʦʪʝʢʘʝʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʝʩʚʠʞʩʢʦʛʦ ʠ ʂʣʝʮʢʦʛʦ ʨʘʡʦ-

ʥʦʚ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʟʥʘʯʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʤʘʣʦʡ 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʚ ɹʝʣʘʨʫʩʠ ʚ ʮʝʣʷʭ ʫʢʨʝʧʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʘʥʳ, 

ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʨʝʰʠʪʴ ʚʦʧʨʦʩ ʦʩʚʝʱʝʥʠʷ ʫʣʠʮ ʩʝʣʴʩʢʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ɿʫʙʢʦʚʩʢʦʛʦ 

ʩʝʣʴʩʢʦʛʦ ʩʦʚʝʪʘ ʂʣʝʮʢʦʛʦ ʨʘʡʦʥʘ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʟʥʘ-

ʯʝʥʠʝ ʤʘʣʦʡ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʚʦʟʨʦʩʣʘ ʚ ʩʚʷʟʠ ʩ ʝʛʦ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ 

ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ. ʆʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʘʣʳʭ ʛʠʜʨʦʵʣʝʢʪʨʦ-

ʩʪʘʥʮʠʡ ʦʙʨʝʪʘʶʪ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʩʝʣʴʩʢʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, 

ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʩ ʧʦʤʦʱʴʶ ʧʣʘʚʘʶʱʝʛʦ ʦʙʲʝʢʪʘ ʦʧʨʝʜʝʣʝʥʘ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʨʝʢʠ ʚ ʨʘʟʥʳʝ ʬʘʟʳ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʣʦʱʘʜʠ ʞʠʚʦʛʦ ʩʝʯʝ-

ʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʩʨʝʜʥʠʡ ʨʘʩʭʦʜ ʚʦʜʳ. ʆʮʝʥʝʥ ʛʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥ-

ʮʠʘʣ ʨʝʢʠ. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʚ ʪʝʯʝʥʠʝ 90 ʩʫʪʦʢ ʚ ʛʦʜʫ ʨʝʢʘ ʧʦʢʨʳʪʘ ʣʴʜʦʤ, 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʪʝʯʝʥʠʝ 275 ʩʫʪʦʢ. ɿʘ ʵʪʦʪ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʩʤʦʞʝʪ 

ʚʳʨʘʙʦʪʘʪʴ 275 Ā 653 = 179603 ʢɺʪ. ʇʦ ʜʘʥʥʳʤ ɿʫʙʢʦʚʩʢʦʛʦ ʩʝʣʴʩʢʦʛʦ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʢʦʤʠʪʝʪʘ ʟʘ ʛʦʜ ʚ ʜʝʨʝʚʥʝ ɿʫʙʢʠ ʩʫʤʤʘʨʥʦʝ ʛʦʜʦʚʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 200900 

ʢɺʪ/ʯʘʩ ʚ ʛʦʜ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʠʥʠ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʩʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ 89 % ʧʦ-

ʪʨʝʙʥʦʩʪʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʜʝʨʝʚʥʝ ɿʫʙʢʠ. 

ʂʣʯʁʝʚʳʝ ʩʣʦʚʘ. ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ, ʨʝʢʘ ʎʝʧʨʘ, ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘ, ʛʠʜʨʦʵʣʝʢ-

ʪʨʦʩʪʘʥʮʠʠ, ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ. 

 
ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʪʝʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʫʣʠʮʳ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ɿʫʙʢʦʚʩʢʦʛʦ 

ʩʝʣʴʩʢʦʛʦ ʩʦʚʝʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʩʚʝʱʘʶʪʩʷ, ʚʦʟʥʠʢ ʚʦʧʨʦʩ, ʯʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʜʣʷ ʪʦʛʦ 

ʯʪʦʙ ʥʘ ʫʣʠʮʘʭ ʩʝʣʴʩʢʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʙʳʣʦ ʪʘʢ ʞʝ ʩʚʝʪʣʦ, ʢʘʢ ʠ ʚ ʛʦʨʦʜʘʭ ʥʘʰʝʡ 

ʩʪʨʘʥʳ. ʇʦʩʣʝ ʢʦʥʩʫʣʴʪʘʮʠʠ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʛʝʦʛʨʘʬʠʠ ʧʦ ʵʪʦʤʫ ʚʦʧʨʦʩʫ, ʨʝʰʠʣʠ ʦʮʝ-

ʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʤʠʥʠ ɻʕʉ ʥʘ ʨʝʢʝ ʎʝʧʨʘ, ʢʦʪʦʨʘʷ ʧʨʦʪʝʢʘʝʪ ʥʘ ʦʢʨʘʠʥʝ ʜʝ-

ʨʝʚʥʠ ɿʫʙʢʠ ʂʣʝʮʢʦʛʦ ʨʘʡʦʥʘ. 

ɺʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ɹʝʣʘʨʫʩʠ ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʵʥʝʨ-

ʛʝʪʠʢʠ ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʘʭ ʵʥʝʨʛʠʠ ʚ ʩʚʷʟʠ ʩ ʝʛʦ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʵʢʦʣʦʛʠʯʝ-

ʩʢʠʤ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ. ɿʘ 2020 ʛ. ʚ ɹʝʣʘʨʫʩʠ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ 38685 ʤʣʥ. 

ʢɺʪ/ʯʘʩ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʠʟ ʥʠʭ 37592 ï ʥʘ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ, 338 ï ʥʘ ʘʪʦʤʥʦʡ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, 400 ï ʥʘ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ, 185 ï ʚʝʪʨʦʚʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ, 170 ï ʩʦʣ-

ʥʝʯʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ [5]. ʉʦʛʣʘʩʥʦ ʘʥʘʣʠʟʫ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʚ 2015 ʛ. ʜʦʣʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʩʦʩʪʘʚʣʷʣʘ ʚʩʝʛʦ 0,5 % ʦʪ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʘ ʚ 2020 ʛ. ï 2 %, ʪ. ʝ. ʟʘ ʧʷʪʴ ʣʝʪ ʚʳʨʦʩʣʘ ʚ ʯʝʪʳʨʝ ʨʘʟʘ. ʈʦʣʴ ʛʠʜʨʦ-

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʟʘ ʧʷʪʴ ʣʝʪ ʚʳʨʦʩʣʘ ʧʦʯʪʠ ʚ ʯʝʪʳʨʝ ʨʘʟʘ, ʥʦ ʠʭ ʜʦʣʷ ʜʣʷ ʵʥʝʨʛʝʪʠʢʠ ʩʪʨʘ-

ʥʳ ʥʝʚʝʣʠʢʘ, ʠ ʩʣʝʜʫʝʪ ʙʦʣʴʰʠʤʠ ʪʝʤʧʘʤʠ ʨʘʟʚʠʚʘʪʴ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʫ, ʪ. ʢ. ʥʳʥʝ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʪʦʣʴʢʦ 6 % ʦʪ ʛʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʨʝʢ ɹʝʣʘʨʫʩʠ [5].  
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ʉʨʝʜʥʠʡ ʫʢʣʦʥ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʢʠ ʎʝʧʨʘ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢ ï 1,7 ă, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ. ɺ ʨʘʟʥʳʝ ʬʘʟʳ ʨʝʞʠʤʘ ʨʝʢʠ ʩ ʧʦʤʦʱʴʶ ʧʣʘʚʘ-

ʶʱʝʛʦ ʦʙʲʝʢʪʘ ʠʟʤʝʨʷʣʠ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʨʝʢʠ, ʜʝʣʠʚ ʧʫʪʴ ʧʦʧʣʘʚʢʘ ʥʘ ʚʨʝʤʷ ʝʛʦ ʜʚʠʞʝ-

ʥʠʷ [2ï4]. ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʚ ʚʝʩʝʥʥʝʤ ʧʦʣʦʚʦʜʴʝ 1,03 ʤ/ʩ, ʣʝʪʥʝʡ ʤʝʞʝʥʠ 

0,93 ʤ/ʩ, ʦʩʝʥʥʝʤ ʧʘʚʦʜʢʝ 0,97 ʤ/ʩ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʠʟʤʝʨʝʥʠʡ ʜʘʥʥʳʭ, ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ [2] ʧʦ ʰʠ-

ʨʠʥʝ ʠ ʛʣʫʙʠʥʝ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ ʚ ʨʘʟʥʳʝ ʬʘʟʳ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʩʪʨʦʠʣʠ ʧʦʧʝʨʝʯʥʳʝ ʧʨʦ-

ʬʠʣʠ ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ ʨʝʢʠ. ʅʘ ʧʨʦʬʠʣʝ ʧʦʣʫʯʠʣʠ 2 ʪʨʝʫʛʦʣʴʥʠʢʘ. ɺʳʯʠʩʣʠʣʠ ʠʭ ʧʣʦʱʘʜʠ 

ʧʦ ʬʦʨʤʫʣʝ Sæ = (d Ŀ h) : 2, ʛʜʝ d ï ʦʜʠʥ ʢʘʪʝʪ, h ï ʚʪʦʨʦʡ. ʉʣʦʞʠʚ ʧʣʦʱʘʜʠ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, 

ʧʦʣʫʯʠʣʠ ʧʣʦʱʘʜʴ ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ S. ʈʘʩʭʦʜ ʚʦʜʳ Q (ʤ3) ʧʦʣʫʯʘʣʠ, ʫʤʥʦʞʠʚ ʧʣʦʱʘʜʴ 

ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ ʥʘ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ: Q = S Ŀ v. ɺʳʯʠʩʣʝʥʠʷ ʧʨʠʚʦʜʷʪʩʷ ʥʠʞʝ. ʈʝʟʫʣʴʪʘ-

ʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. ʉʨʝʜʥʠʡ ʨʘʩʭʦʜ ʚʦʜʳ Q (ʤ3) ʨʘʚʝʥ (1,95 + 0,33 + 0,39) : 3 = 0,89 

ʤ3/ʩ. 
ʊʘʙʣʠʮʘ 

ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʢʠ ʎʝʧʨʘ 
 

ʌʘʟʘ 

ʨʝʞʠʤʘ 

ʨʝʢʠ 

ʐʠʨʠʥʘ 

ʚʦʜʥʦʛʦ 

ʧʦʪʦʢʘ, ʤ 

ɻʣʫʙʠʥʘ ʚ 

ʩʝʨʝʜʠʥʝ 

ʚʦʜʥʦʛʦ 

ʧʦʪʦʢʘ, ʤ 

ʇʣʦʱʘʜʴ 

ʧʝʨʚʦʛʦ 

ʪʨʝʫʛʦʣʴ-

ʥʠʢʘ S, ʤ2 

ʇʣʦʱʘʜʴ 

ʚʪʦʨʦʛʦ 

ʪʨʝʫʛʦʣʴ-

ʥʠʢʘ S, ʤ2 

ʇʣʦʱʘʜʴ 

ʞʠʚʦʛʦ 

ʩʝʯʝʥʠʷ 

S, ʤ2 

ʉʨʝʜʥʷʷ 

ʩʢʦʨʦʩʪʴ 

ʪʝʯʝʥʠʷ, 

v, ʤ/ʩ 

ʈʘʩʭʦʜ 

ʚʦʜʳ Q, 

ʤ3/ʩ 

ɺʝʩʝʥʥʝʝ 

ʧʦʣʦʚʦʜʴʝ 
4,2 0,90 0,99 0,90 1,89 1,03 1,95 

ʃʝʪʥʷʷ  

ʤʝʞʝʥʴ 
2,3 0,30 0,18 0,17 0,35 0,93 0,33 

ʆʩʝʥʥʠʡ 

ʧʘʚʦʜʦʢ 
2,5 0,32 0,21 0,19 0,4 0,97 0,49 

 

ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʥʠʡ ʨʘʩʭʦʜ ʚʦʜʳ Q (ʤ3) ʚ ʨʝʢʝ ʎʝʧʨʘ ʥʠʞʝ ʧʨʫʜʘ ʨʘʚʝʥ 

0,89 ʤ3/ʩ. ʅʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʧʘʜʝʥʠʝ ʚʦʜʳ (ʅ) ʩʦʩʪʘʚʣʷʝʪ 5,2 ʤ, ʢ ʪʦʤʫ ʞʝ ʧʨʫʜ ʦʩʥʘʱʝʥ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤʠ ʩʦʦʨʫʞʝʥʠʷʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʨʝʛʫʣʠʨʦʚʘʪʴ ʨʘʩʭʦʜ ʚʦʜʳ, ʯʪʦ ʜʝʣʘʝʪ 

ʚʦʟʤʦʞʥʳʤ ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʦʜʘʯʫ ʚʦʜʳ ʢ ʛʠʜʨʦʘʛʨʝʛʘʪʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʪʨʝʙʥʦʩʪʠ 

ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɟ ï ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ ʨʘʚʥʦ 1000 ʢʛ/ʤ3, g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ 

ʨʘʚʥʦ 9,8 ʤ/ʩ2. 

ʊʘʢ ʢʘʢ ʚʩʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʘ 

ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʴ ʚʳʰʝʦʧʠʩʘʥʥʫʶ ʬʦʨʤʫʣʫ ʤʝʭʘʥʠʯʝ-

ʩʢʠʤ ʂʇɼ ʛʠʜʨʦʘʛʨʝʛʘʪʘ ɖ (ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,6 ʜʦ 0,95 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʛʠʜʨʦʘʛʨʝʛʘʪʘ) [1].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʣʫʯʘʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʂʇɼ ʛʠʜʨʦʘʛʨʝʛʘʪʘ ɖ ʩʦʩʪʘʚʠʪ 0,6, ʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦ, ʦʨʠʝʥʪʠʨʦʚʦʯʥʘʷ ʤʦʱʥʦʩʪʴ, ʚʳʜʘʚʘʝʤʘʷ ʤʠʥʠ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʝʡ ʚ ʚʘʪʪʘʭ, 

ʩʦʩʪʘʚʠʪ: N = ɟ  Āg Ā Q Ā H Ā ɖ = 1000 ʢʛ/ʤ3 Ā 9,8ʤ/ʩ2 Ā 0,89ʤ3/ʩ Ā 5,2 Ā 0,6 = 27212 ɺʪ. ʊʦ ʝʩʪʴ, 

ʟʘ ʩʫʪʢʠ ʩʤʦʞʝʪ ʚʳʨʘʙʦʪʘʪʴ 653 ʢɺʪ/ʯʘʩ. 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʚ ʪʝʯʝʥʠʝ 90 ʩʫʪʦʢ ʚ ʛʦʜʫ ʨʝʢʘ ʧʦʢʨʳʪʘ ʣʴʜʦʤ, ʵʣʝʢ-

ʪʨʦʩʪʘʥʮʠʷ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʪʝʯʝʥʠʝ 275 ʩʫʪʦʢ. ɿʘ ʵʪʦʪ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʩʤʦʞʝʪ ʚʳ-

ʨʘʙʦʪʘʪʴ 275 Ā 653 = 179603 ʢɺʪ/ʯʘʩ. ʇʦ ʜʘʥʥʳʤ ɿʫʙʢʦʚʩʢʦʛʦ ʩʝʣʴʩʢʦʛʦ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʢʦʤʠʪʝʪʘ ʟʘ ʛʦʜ ʚ ʜʝʨʝʚʥʝ ɿʫʙʢʠ ʩʫʤʤʘʨʥʦʝ ʛʦʜʦʚʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 200900 

ʢɺʪ/ʯʘʩ ʚ ʛʦʜ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʠʥʠ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʩʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ 89 % ʧʦ-

ʪʨʝʙʥʦʩʪʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʜʝʨʝʚʥʝ ɿʫʙʢʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʜʦʩʪʠʛʥʫʪʘ ʮʝʣʴ, ʧʦʜʪʚʝʨʜʠʣʘʩʴ ʛʠ-

ʧʦʪʝʟʘ. ɺʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʢʘ ʎʝʧʨʘ ʠʤʝʝʪ ʛʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʥʝ-

ʦʙʭʦʜʠʤʳʡ ʜʣʷ ʨʘʙʦʪʳ ʤʠʥʠ ɻʕʉ. 
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ɽʩʪʴ ʧʝʨʩʧʝʢʪʠʚʘ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʝʢʪʘ, ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ 

ʠʥʚʝʩʪʦʨʘ. ʇʦ ʩʣʦʚʘʤ ʩʧʝʮʠʘʣʠʩʪʦʚ ʫʯʨʝʞʜʝʥʠʷ çɹʝʣʛʠʧʨʦʚʦʜʭʦʟè ʩʫʱʝʩʪʚʫʝʪ ʨʝʘʣʴʥʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʤʠʥʠ ɻʕʉ ʥʘ ʨʝʢʝ ʎʝʧʨʘ, ʠ ʩʪʦʠʤʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʙʫʜʝʪ ʚ ʧʨʝʜʝʣʘʭ 

50 ʪʳʩ. ʙʝʣʦʨʫʩʩʢʠʭ ʨʫʙʣʝʡ, ʩʫʤʤʘ ʩʦʛʣʘʩʥʦ ʥʘʰʠʤ ʨʘʩʯʝʪʘʤ ʦʢʫʧʠʪʩʷ ʚ ʪʝʯʝʥʠʝ 5 ʣʝʪ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ʉʊʈʆʀʊɽʃʔʉʊɺʆ ɸʌʀʅʉʂʆɻʆ ɸʂʈʆʇʆʃʗ 

 

ʂʦʩʘʢʦʚʘ ʄʘʜʠʥʘ ʊʘʥʘʪʢʳʟʳ, ʩʪʫʜʝʥʪʢʘ, E-mail:  m.llek.00@mail.ru 

ʅʦʛʘʡʙʝʢʦʚʘ ʄʘʥʘʪ ʊʫʟʝʣʙʝʢʦʚʥʘ, ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ E-mail: 1964manat@mail.ru 

 

ʊʘʨʘʟʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ. ʍ. ɼʫʣʘʪʠ 

ʛ. ʊʘʨʘʟ, ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʨʘʩʩʢʘʟʳʚʘʝʪʩʷ ʦʙ ʠʩʪʦʨʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ɸʬʠʥʩʢʦʛʦ 

ɸʢʨʦʧʦʣʷ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʦʩʪʨʦʝʥ ʙʦʣʝʝ ʜʚʫʭ ʪʳʩʷʯ ʣʝʪ ʥʘʟʘʜ. ʈʘʟʙʠʚ ʢʦʤʧʣʝʢʩ ʥʘ ʯʘʩʪʠ 

ʠ ʪʱʘʪʝʣʴʥʦ ʠʟʫʯʠʚ ʝʛʦ ʩʪʨʫʢʪʫʨʫ, ʙʫʢʚʘʣʴʥʦ ʧʦ ʤʝʣʢʠʤ ʢʘʤʝʰʢʘʤ, ʙʳʣʠ ʨʘʩʢʨʳʪʳ 

ʫʜʠʚʠʪʝʣʴʥʳʝ ʠʥʞʝʥʝʨʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʝʢʨʝʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʇʘʤʷʪʥʠʢ ʘʨʭʠʪʝʢʪʫʨʳ, ʵʣʝʤʝʥʪ, ʛʦʨʦʜ, ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ, 

ʩʢʫʣʴʧʪʫʨʘ. 

 
ɸʬʠʥʩʢʠʡ ʘʢʨʦʧʦʣʴ ï ʦʜʥʦ ʠʟ ʯʫʜʝʩ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʤʳʩʣʝʡ ʣʶʜʝʡ ʥʘ ʭʦʣʤʝ, 

ʧʦʩʪʨʦʝʥʥʦʝ ʙʦʣʝʝ ʜʚʫʭ ʪʳʩʷʯ ʣʝʪ ʥʘʟʘʜ. ʄʘʩʰʪʘʙʳ ʭʨʘʤʦʚ ʧʦʨʘʞʘʶʪ ʪʝʤ, ʢʘʢ ʜʨʝʚʥʠʝ 

ʵʣʣʠʥʳ ʧʦʩʪʨʦʠʣʠ ʵʪʦ ʚʝʣʠʢʦʣʝʧʥʦʝ ʩʦʦʨʫʞʝʥʠʝ, ʠ ʦʩʪʘʝʪʩʷ ʟʘʛʘʜʢʦʡ, ʢʘʢ ʦʥʠ ʫʮʝʣʝʣʠ, 

ʭʦʪʷ ʙʝʩʯʠʩʣʝʥʥʳʝ ʜʨʝʚʥʠʝ ʟʜʘʥʠʷ ʙʳʣʠ ʨʘʟʨʫʰʝʥʳ ʚ ʧʳʣʴ. ɽʩʪʴ ʪʦʣʴʢʦ ʦʜʠʥ ʩʧʦʩʦʙ 

ʨʘʩʧʫʪʘʪʴ ʵʪʫ ʠʩʪʦʨʠʶ. ʈʘʟʙʠʚ ʢʦʤʧʣʝʢʩ ʥʘ ʯʘʩʪʠ ʠ ʪʱʘʪʝʣʴʥʦ ʠʟʫʯʠʚ ʝʛʦ ʩʪʨʫʢʪʫʨʫ, 

ʙʫʢʚʘʣʴʥʦ ʧʦ ʤʝʣʢʠʤ ʢʘʤʝʰʢʘʤ, ʥʘʤ ʦʪʢʨʦʶʪʩʷ ʫʜʠʚʠʪʝʣʴʥʳʝ ʠʥʞʝʥʝʨʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ 

ʩʝʢʨʝʪʳ. 

 

 

 
 

ʈʠʩ. 1. ʉʦʚʨʝʤʝʥʥʳʡ ʚʠʜ ɸʬʠʥʩʢʦʛʦ ɸʢʨʦʧʦʣʷ 
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ʈʠʩ. 2. ʆʜʠʥ ʚʠʜ ʭʨʘʤʦʚʦʡ ʨʝʟʴʙʳ 

 

ʉʪʘʨʝʡʰʠʤ ʘʨʭʠʪʝʢʪʫʨʥʳʤ ʧʘʤʷʪʥʠʢʦʤ ɸʬʠʥ ʚ ɻʨʝʮʠʠ ʷʚʣʷʝʪʩʷ ɸʢʨʦʧʦʣʴ. ɹʦʣʝʝ 

ʜʚʫʭ ʪʳʩʷʯ ʯʝʪʳʨʝʭʩʦʪ ʣʝʪ ʥʘʟʘʜ ʵʣʣʠʥʳ ʧʦʩʪʨʦʠʣʠ ʦʛʨʦʤʥʳʡ ʭʨʘʤʦʚʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ 

ʧʦʢʣʦʥʝʥʠʷ ɹʦʛʘʤ. ʉʝʛʦʜʥʷ ʨʘʙʦʪʘ ʫʯʝʥʳʭ ʨʝʩʪʦʨʘʪʦʨʦʚ ʨʘʩʢʨʳʚʘʝʪ ʟʘʙʳʪʳʝ ʩʝʢʨʝʪʳ 

ʜʨʝʚʥʝʛʦ ʩʚʷʪʠʣʠʱʘ. ɼʚʘ ʝʛʦ ʵʣʝʤʝʥʪʘ ï ʟʥʘʤʝʥʠʪʳʡ ʇʘʨʬʝʥʦʥ ʠ ʛʣʘʚʥʳʡ, ʠʟʚʝʩʪʥʳʡ ʢʘʢ 

ʧʨʦʧʠʣʝʠ. ʇʘʨʬʝʥʦʥ ï ʩʘʤʳʡ ʙʦʣʴʰʦʡ ʭʨʘʤ ʩʚʦʝʡ ʵʧʦʭʠ ʠ ʥʘʩʪʦʷʱʝʝ ʯʫʜʦ ʜʨʝʚʥʦʩʪʠ. 

ɼʚʘʜʮʘʪʴ ʜʚʝ ʪʳʩʷʯʠ ʪʦʥʥ ʜʨʘʛʦʮʝʥʥʦʛʦ ʤʨʘʤʦʨʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʧʦʠʩʪʠʥʝ ʫʥʠʢʘʣʴʥʦʛʦ ʟʜʘʥʠʷ. ʊʨʠʥʘʜʮʘʪʴ ʪʳʩʷʯ ʢʘʤʥʝʡ ʦʢʘʟʘʣʠʩʴ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʳʤʠ. 

ʇʷʪʴʜʝʩʷʪ ʚʦʩʝʤʴ ʠʟʷʱʥʳʭ ʢʦʣʦʥʥ ʚʳʜʝʨʞʠʚʘʶʪ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʅʦ ʢʘʢ ʜʨʝʚʥʠʝ ʵʣʣʠʥʳ 

ʧʦʩʪʨʦʠʣʠ ʵʪʦʪ ʧʘʤʷʪʥʠʢ? 
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ʈʠʩ. 4. ɼʨʝʚʥʠʡ ʚʠʜ ɸʬʠʥʩʢʦʛʦ ɸʢʨʦʧʦʣʷ 

 

ʈʘʟʛʘʜʢʘ ʪʘʡʥʳ ʇʘʨʬʝʥʦʥʘ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʨʘʤʦʨʘ. 

ʂʘʞʜʳʡ ʠʟ ʩʘʤʳʭ ʙʦʣʴʰʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʚʝʩʠʪ ʜʝʩʷʪʴ ʪʦʥʥ. ʂʘʢ ʜʨʝʚʥʠʝ ʵʣʣʠʥʳ 

ʙʨʘʣʠ ʙʦʣʴʰʠʝ ʛʣʳʙʳ ʤʨʘʤʦʨʘ ʠ ʚʝʣʠ ʠʭ ʥʘ ʚʝʨʰʠʥʫ ʧʨʠʛʦʨʦʜʥʦʛʦ ʭʦʣʤʘ? ʆʪʚʝʪ ʩʣʝʜʫʝʪ 

ʠʩʢʘʪʴ ʥʘ ʛʦʨʝ ʇʝʥʪʝʣʠʢʦʥ, ʚ ʩʝʤʥʘʜʮʘʪʠ ʢʠʣʦʤʝʪʨʘʭ ʦʪ ɸʬʠʥ. ʀʩʪʦʨʠʢ ʕʜʠʪ ʍʦʣʣ 

ʧʨʠʝʭʘʣʘ ʩʶʜʘ ʚ ʧʦʠʩʢʘʭ ʨʘʟʛʘʜʢʠ ʵʪʦʡ ʜʨʝʚʥʝʡ ʪʘʡʥʳ. ɿʜʝʩʴ ʛʨʝʢʠ ʚʳʨʝʟʘʣʠ ʤʨʘʤʦʨʥʳʝ 

ʙʣʦʢʠ, ʘ ʟʘʪʝʤ ʦʪʚʝʟʣʠ ʠʭ ʚ ɸʬʠʥʳ, ʯʪʦʙʳ ʧʦʩʪʨʦʠʪʴ ʩʚʷʪʠʣʠʱʝ.  

 

 

 
 

ʈʠʩ. 5. ʄʨʘʤʦʨʥʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ 
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ɺ ʜʨʝʚʥʠʝ ʚʨʝʤʝʥʘ ʢʘʤʝʥʱʠʢʫ ʧʨʠʭʦʜʠʣʦʩʴ ʙʨʘʪʴ ʛʦʨʘʟʜʦ ʙʦʣʴʰʠʝ ʙʣʦʢʠ, ʯʪʦʙʳ 

ʧʦʩʪʨʦʠʪʴ ʇʘʨʬʝʥʦʥ. ʉʝʛʦʜʥʷ ʢʘʤʝʥʱʠʢʠ ʥʘ ʛʦʨʝ ʇʝʥʪʝʣʠʢʦʥ ʩʪʘʣʢʠʚʘʶʪʩʷ 

ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʧʨʦʙʣʝʤʦʡ. ʄʝʩʪʥʳʡ ʤʨʘʤʦʨ ʩʯʠʪʘʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ. ʕʪʦʪ ʤʨʘʤʦʨ ʮʝʥʠʪʩʷ 

ʟʘ ʝʛʦ ʦʜʥʦʨʦʜʥʳʡ ʙʝʣʳʡ ʮʚʝʪ. ɼʘʞʝ ʩ ʩʦʚʨʝʤʝʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʥʝʣʝʛʢʦ ʨʘʟʨʝʟʘʪʴ 

ʙʦʣʴʰʦʡ ʙʣʦʢ. ɺ ʣʶʙʦʡ ʧʦʨʦʜʝ ʙʣʦʢʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ. ɼʣʷ ʇʘʨʬʝʥʦʥʘ ʪʨʝʙʫʶʪʩʷ 

ʙʦʣʴʰʠʝ ʙʣʦʢʠ. 
 

 
 

ʈʠʩ. 6. ʇʨʠʙʣʠʟʠʪʝʣʴʥʳʡ ʚʠʜ ʇʘʨʬʝʥʦʥʘ 

 

ʈʝʟʢʘ ʙʦʣʴʰʠʭ ʙʣʦʢʦʚ ï ʵʪʦ ʪʦʣʴʢʦ ʯʘʩʪʴ ʧʨʦʙʣʝʤʳ. ʂʘʢ ʦʥʠ ʩʜʚʠʥʫʣʠ ʵʪʠ ʙʣʦʢʠ ʥʘ 

ʩʝʤʥʘʜʮʘʪʴ ʢʠʣʦʤʝʪʨʦʚ? ɺʳʩʦʪʘ ʭʦʣʤʘ, ʥʘ ʢʦʪʦʨʦʤ ʚʝʣʦʩʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʩʦʩʪʘʚʣʷʣʘ 

70 ʤ. ʅʝʚʦʟʤʦʞʥʦ ʙʳʣʦ ʧʝʨʝʪʘʩʢʠʚʘʪʴ ʪʷʞʝʣʳʝ ʙʣʦʢʠ ʧʨʷʤʦ ʥʘ ʚʝʨʰʠʥʫ ʭʦʣʤʘ. ʏʪʦ 

ʜʝʣʘʣʠ ʜʨʝʚʥʠʝ ʵʣʣʠʥʳ? ʆʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʢʨʦʝʪʩʷ ʚ ʛʣʘʟʘʭ ʪʳʩʷʯ ʪʫʨʠʩʪʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʠʝʟʞʘʶʪ ʩʶʜʘ. ɼʨʝʚʥʠʝ ʛʨʝʢʠ ʩʦʦʨʫʜʠʣʠ ʢʘʤʝʥʥʫʶ ʧʣʠʪʫ ʧʦʜ ʫʛʣʦʤ ʦʢʦʣʦ 10 ʛʨʘʜʫʩʦʚ.   

ʅʦ, ʩʫʜʷ ʧʦ ʩʢʣʦʥʫ, ʦʥʠ ʙʳʣʠ ʯʘʩʪʴʶ ʦʛʨʦʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ, ʚʦʟʚʝʜʝʥʥʦʛʦ ʥʘ ʚʝʨʰʠʥʝ 

ʭʦʣʤʘ. ɸʨʭʝʦʣʦʛʠ ʩʯʠʪʘʶʪ, ʯʪʦ ʚʩʝ ʟʘʜʫʤʘʣʠ ʵʣʣʠʥʳ. ɺʝʨʭʥʠʤʠ ʪʦʯʢʘʤʠ ʙʳʣʘ ʜʝʨʝʚʷʥʥʘʷ 

ʣʝʙʝʜʢʘ, ʢʦʪʦʨʘʷ ʧʨʦʭʦʜʠʣʘ ʯʝʨʝʟ ʚʝʨʝʚʦʯʥʫʶ ʪʝʣʝʞʢʫ, ʪʘ ʞʝ ʚʝʨʝʚʢʘ ʙʳʣʘ ʧʨʠʢʨʝʧʣʝʥʘ 

ʢ ʜʨʫʛʦʡ ʪʝʣʝʞʢʝ, ʟʘʛʨʫʞʝʥʥʦʡ ʤʫʩʦʨʦʤ ʠ ʧʨʝʚʨʘʱʝʥʥʦʡ ʚ ʧʨʦʪʠʚʦʚʝʩ. ʄʫʩʦʨʦʚʦʟ 

ʩʢʘʪʠʣʩʷ ʚʥʠʟ ʠ ʧʦʜʥʷʣ ʬʫʨʛʦʥ ʩ ʤʨʘʤʦʨʥʳʤʠ ʙʣʦʢʘʤʠ. ʕʪʦ ʙʳʣʘ ʛʝʥʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʦʩʪʦʪʝ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɹʣʘʛʦʜʘʨʷ ʦʛʨʦʤʥʳʤ ʫʩʠʣʠʷʤ ʥʘ ʚʝʨʰʠʥʫ 

ʭʦʣʤʘ ʙʳʣʦ ʧʦʜʥʷʪʦ ʜʚʘʜʮʘʪʴ ʜʚʝ ʪʳʩʷʯʠ ʪʦʥʥ ʤʨʘʤʦʨʘ. ʅʦ ʜʨʝʚʥʠʝ ʵʣʣʠʥʳ ʤʦʛʣʠ 

ʧʦʩʪʨʦʠʪʴ ʩʚʷʪʠʣʠʱʝ ʛʜʝ ʫʛʦʜʥʦ. 

ɺ ʧʝʨʝʚʦʜʝ ɸʢʨʦʧʦʣʴ ʦʟʥʘʯʘʝʪ ʚʝʨʭʥʠʡ ʛʦʨʦʜ. ɺ ɸʢʨʦʧʦʣʝ ʘʬʠʥʷʥʝ ʯʫʚʩʪʚʦʚʘʣʠ 

ʩʝʙʷ ʙʣʠʞʝ ʢ ʦʣʠʤʧʠʡʩʢʠʤ ʙʦʛʘʤ. ʇʘʥʪʝʦʥ ʛʨʝʢʦʚ ʙʳʣ ʦʙʰʠʨʝʥ, ʥʦ ʛʣʘʚʥʳʡ ʭʨʘʤ 

ɸʢʨʦʧʦʣʷ ʙʳʣ ʧʦʩʚʷʱʝʥ ʦʜʥʦʤʫ ɹʦʛʫ ï ɸʬʠʥʝ. 

ɸʬʠʥʘ ï ʦʜʥʘ ʠʟ ʜʨʝʚʥʝʛʨʝʯʝʩʢʠʭ ʙʦʛʠʥʴ, ʧʦʢʨʦʚʠʪʝʣʴʥʠʮʘ ʛʦʨʦʜʦʚ ʠ ʛʦʩʫʜʘʨʩʪʚ. 

ʏʘʱʝ ʚʩʝʛʦ ʭʨʘʤʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʝʤʫ, ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʪʦʯʢʝ ʜʨʝʚʥʠʭ 

ʵʣʣʠʥʩʢʠʭ ʛʦʨʦʜʦʚ. ɺ ʝʛʦ ʯʝʩʪʴ ʥʘʟʚʘʥʘ ʩʪʦʣʠʮʘ ɻʨʝʮʠʠ ï ʛʦʨʦʜ ɸʬʠʥʳ. ɸʬʠʥʘ ʙʳʣʘ 

ʠʟʚʝʩʪʥʘ ʢʘʢ ɹʦʛʠʥʷ-ɼʝʚʩʪʚʝʥʥʠʮʘ. ʇʦʵʪʦʤʫ ʥʘʟʚʘʥʠʝ ʩʚʷʪʦʛʦ ʤʝʩʪʘ ʧʨʦʠʩʭʦʜʠʪ ʦʪ 
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ʛʨʝʯʝʩʢʦʛʦ ʩʣʦʚʘ ʜʝʚʩʪʚʝʥʥʳʡ ʇʘʨʬʝʥʦʥ. ɼʦʢʫʤʝʥʪʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, 

ʯʪʦ ʢʦʛʜʘ-ʪʦ ʵʪʦ ʙʳʣ ʩʚʝʨʢʘʶʱʠʡ ʭʨʘʤ. ɺʥʫʪʨʠ ʥʘʭʦʜʠʣʘʩʴ 11-ʤʝʪʨʦʚʘʷ ʩʪʘʪʫʷ ʙʦʛʠʥʠ 

ɸʬʠʥʳ. ɺ ʨʫʢʘʭ ʦʥ ʜʝʨʞʘʣ ʬʠʛʫʨʢʫ ʅʠʢʠ, ʙʦʛʠʥʠ ʧʦʙʝʜʳ, ʨʘʟʤʝʨʦʤ ʧʨʠʤʝʨʥʦ ʩ ʯʝʣʦʚʝʢʘ. 

ʉʯʠʪʘʣʦʩʴ, ʯʪʦ ʩʪʘʪʫʷ ʙʳʣʘ ʦʢʨʫʞʝʥʘ ʫʜʠʚʠʪʝʣʴʥʦ ʢʨʘʩʠʚʳʤ ʩʦʦʨʫʞʝʥʠʝʤ, 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʤ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʞʠʪʝʣʠ ɸʬʠʥ ʤʦʛʣʠ ʚʦʟʜʘʪʴ ʟʘʩʣʫʞʝʥʥʦʝ 

ʫʚʘʞʝʥʠʝ ɹʦʛʫ, ʢʦʪʦʨʳʡ ʟʘʱʠʱʘʝʪ ʛʦʨʦʜ ʠ ʥʝ ʜʝʣʘʝʪ ʝʛʦ ʧʨʝʩʪʫʧʣʝʥʠʝʤ. ʅʝʜʘʚʥʦ 

ʘʨʭʝʦʣʦʛʠ ʩʜʝʣʘʣʠ ʫʜʠʚʠʪʝʣʴʥʦʝ ʦʪʢʨʳʪʠʝ. ʆʩʪʘʪʢʠ ʩʪʨʘʥʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʙʳʣʠ ʥʘʡʜʝʥʳ 

ʧʨʷʤʦ ʧʦʜ ʇʘʨʬʝʥʦʥʦʤ. ɼʦʣʞʥʦ ʙʳʪʴ, ʯʪʦ-ʪʦ ʧʨʦʠʟʦʰʣʦ ʟʜʝʩʴ ʜʦ ʜʨʝʚʥʝʛʦ ʩʚʷʪʠʣʠʱʘ. 

ʉʝʛʦʜʥʷ ʚ ʮʝʥʪʨʝ ʛʨʝʯʝʩʢʦʡ ʩʪʦʣʠʮʳ ʨʝʘʣʠʟʫʝʪʩʷ ʤʘʩʰʪʘʙʥʳʡ ʧʨʦʝʢʪ ʧʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʜʨʝʚʥʝʛʦ ʩʚʷʪʠʣʠʱʘ ɸʢʨʦʧʦʣʷ. ɺ ʩʘʤʦʤ ʩʝʨʜʮʝ ʵʪʦʛʦ ʭʨʘʤʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʥʘʭʦʜʠʪʩʷ ʇʘʨʬʝʥʦʥ. ʀʟʫʯʘʷ ʝʛʦ ʤʥʦʛʦʚʝʢʦʚʫʶ ʠʩʪʦʨʠʶ, ʘʨʭʝʦʣʦʛʠ ʤʥʦʛʦʝ 

ʫʟʥʘʣʠ ʦ ʝʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʠ ʦʙʥʘʨʫʞʠʣʠ ʦʩʪʘʪʢʠ ʝʱʝ ʙʦʣʝʝ ʜʨʝʚʥʝʛʦ ʩʦʦʨʫʞʝʥʠʷ. 

ɼʝʩʷʪʢʠ ʪʳʩʷʯ ʪʘʠʥʩʪʚʝʥʥʳʭ ʙʣʦʢʦʚ ʙʳʣʠ ʥʘʡʜʝʥʳ ʧʦʜ ʤʨʘʤʦʨʥʳʤʠ ʧʣʠʪʘʤʠ ʧʦʣʘ. ʆʥʠ 

ʩʦʙʠʨʘʶʪʩʷ ʜʨʫʛ ʥʘ ʜʨʫʛʝ ʚ ʜʚʘʜʮʘʪʴ ʜʚʘ ʵʪʘʞʘ, ʢʦʪʦʨʳʝ ʫʢʨʝʧʣʷʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʦʙʨʘʟʫʷ 

ʛʠʛʘʥʪʩʢʦʝ ʦʩʥʦʚʘʥʠʝ, ʧʦʭʦʞʝʝ ʥʘ ʢʣʝʥ, ʢʦʪʦʨʦʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʭʦʣʤʳ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ 

ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʙʣʦʢʠ ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ ʥʘ 100 ʣʝʪ ʩʪʘʨʰʝ ʇʘʨʬʝʥʦʥʘ, ʥʘ 

ʢʦʪʦʨʦʤ ʦʥʠ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʜʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʚʷʪʠʣʠʱʘ ʥʘ ʵʪʦʤ ʤʝʩʪʝ 

ʙʳʣʦ ʝʱʝ ʦʜʥʦ ʟʜʘʥʠʝ. ʀʪʘʢ, ʯʪʦ ʞʝ ʵʪʦ ʙʳʣʘ ʟʘ ʩʪʨʫʢʪʫʨʘ ʠ ʯʪʦ ʩ ʥʝʡ ʩʣʫʯʠʣʦʩʴ? 

ɸʨʭʝʦʣʦʛ ʕʣʠʟʘʙʝʪ ʉʝʫʤʧʘʨʘ ʫʞʝ ʧʳʪʘʣʘʩʴ ʨʘʟʛʘʜʘʪʴ ʵʪʫ ʪʘʡʥʫ. ʊʳʩʷʯʠ ʢʘʤʥʝʡ 

ʨʘʟʙʨʦʩʘʥʳ ʧʦ ɸʢʨʦʧʦʣʶ, ʠ ʚʩʝ ʵʪʠ ʢʘʤʥʠ ʥʝ ʤʨʘʤʦʨʥʳʝ, ʘ ʠʟʚʝʩʪʥʷʢʦʚʳʝ. ʕʪʦ ʦʩʪʘʪʢʠ 

ʜʨʝʚʥʝʛʦ ʩʦʦʨʫʞʝʥʠʷ ʜʦ ʇʘʨʬʝʥʦʥʘ. ɻʦʜʳ ʫʧʦʨʥʦʡ ʨʘʙʦʪʳ ʧʨʠʚʝʣʠ ʢ ʜʦʣʛʦʞʜʘʥʥʦʤʫ 

ʥʦʚʦʚʚʝʜʝʥʠʶ. ɸʥʘʣʠʟ ʥʘʡʜʝʥʥʳʭ ʤʝʣʢʠʭ ʬʨʘʛʤʝʥʪʦʚ ʧʦʟʚʦʣʠʣ ʘʨʭʝʦʣʦʛʘʤ ʦʧʨʝʜʝʣʠʪʴ 

ʨʘʟʤʝʨʳ ʟʘʛʘʜʦʯʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ. ʀʟ ʬʨʘʛʤʝʥʪʦʚ ʚʳʨʝʟʘʥʥʳʭ ʙʣʦʢʦʚ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʵʪʦ 

ʙʳʣ ʭʨʘʤ ʜʣʠʥʦʡ ʩʦʨʦʢ ʚʦʩʝʤʴ ʤʝʪʨʦʚ ʠ ʚʝʩʦʤ ʚ ʪʳʩʷʯʫ ʪʦʥʥ. ʍʨʘʤ ʩʪʦʷʣ ʥʘ ʬʫʥʜʘʤʝʥʪʝ 

ʠʟ ʠʟʚʝʩʪʥʷʢʦʚʳʭ ʙʣʦʢʦʚ, ʢʦʪʦʨʳʝ ʜʦ ʩʠʭ ʧʦʨ ʣʝʞʘʪ ʚ ʬʫʥʜʘʤʝʥʪʝ ʇʘʨʬʝʥʦʥʘ. 

 

 

 
 

ʈʠʩ. 7. ʌʨʘʛʤʝʥʪ  ʢʦʣʦʥʥ ʇʘʨʬʝʥʦʥʘ 

 

ɼʨʝʚʥʠʝ ʘʨʭʠʪʝʢʪʦʨʳ ʚʳʨʝʟʘʣʠ ʪʨʠʥʘʜʮʘʪʴ ʪʳʩʷʯ ʠʜʝʘʣʴʥʦ ʢʚʘʜʨʘʪʥʳʭ ʤʨʘʤʦʨʥʳʭ 

ʙʣʦʢʦʚ. ɹʣʦʢʠ ʙʳʣʠ ʩʦʙʨʘʥʳ ʥʘ ʩʪʝʥʘʭ ʚʳʩʦʪʦʡ ʜʚʝʥʘʜʮʘʪʴ ʪʳʩʷʯ ʤʝʪʨʦʚ, ʙʦʣʝʝ ʰʝʩʪʠʩʦʪ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʩʪʦʷʣʠ ʜʨʫʛ ʥʘ ʜʨʫʛʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʷʚʠʣʦʩʴ ʧʷʪʴʜʝʩʷʪ ʚʦʩʝʤʴ 

ʢʦʣʦʥʥ ʚʳʩʦʪʦʡ ʩ ʪʨʝʭʵʪʘʞʥʦʝ ʟʜʘʥʠʝ. ɸ ʩʚʝʨʭʫ ï ʧʣʠʪʳ ʚʝʩʦʤ ʧʦ ʜʝʩʷʪʴ ʪʦʥʥ ʢʘʞʜʘʷ. ʂʘʢ 

ʜʨʝʚʥʠʝ ʛʨʝʢʠ ʧʦʜʥʠʤʘʣʠ ʪʘʢʦʡ ʚʝʩ ʥʘ ʪʘʢʫʶ ʚʳʩʦʪʫ ʠ ʜʦʩʪʠʛʘʣʠ ʝʛʦ ʭʠʨʫʨʛʠʯʝʩʢʦʡ 

ʪʦʯʥʦʩʪʠ? ɺʦ ʚʨʝʤʷ ʨʝʩʪʘʚʨʘʮʠʠ ʚʭʦʜʘ ʚ ɸʢʨʦʧʦʣʴ, ʠʟʚʝʩʪʥʦʛʦ ʢʘʢ ʧʨʦʧʠʣʝ, ʨʝʩʪʦʨʘʪʦʨʳ 
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ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʧʨʦʙʣʝʤʦʡ ʧʦʜʲʝʤʘ ʠ ʨʘʟʤʝʱʝʥʠʷ ʛʨʫʟʘ. ɸʨʭʠʪʝʢʪʦʨ ʉʫʢʢʘʨ ɸʥʥʘʩ ʠ ʣʶʜʠ 

ʜʦʣʞʥʳ ʙʳʣʠ ʧʦʜʥʷʪʴ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʙʣʦʢ ʥʘ ʚʝʨʰʠʥʫ ʢʦʣʦʥʥʳ. ʋ ʵʣʣʠʥʦʚ ʙʳʣʠ 

ʧʦʜʲʝʤʥʳʝ ʢʨʘʥʳ, ʜʦʩʪʠʛʘʚʰʠʝ ʚʳʩʦʪʳ ʪʨʝʭʵʪʘʞʥʦʛʦ ʟʜʘʥʠʷ ʠʟ ʤʨʘʤʦʨʥʳʭ ʙʣʦʢʦʚ. 

ɹʣʦʢʘʤ ʧʨʠʜʘʣʠ ʥʫʞʥʫʶ ʬʦʨʤʫ, ʥʦ ʢʨʘʷ ʦʩʪʘʚʠʣʠ ʧʦ ʙʦʢʘʤ, ʠ ʢ ʥʠʤ ʙʳʣʦ ʫʜʦʙʥʦ 

ʧʨʠʢʨʝʧʣʷʪʴ ʚʝʨʝʚʢʠ. ʆʜʠʥʥʘʜʮʘʪʴ ʤʨʘʤʦʨʥʳʭ ʙʣʦʢʦʚ ʦʙʨʘʟʦʚʘʣʠ ʢʦʣʦʥʥʳ, ʘ ʟʘʪʝʤ 

ʢʘʤʝʥʱʠʢʠ ʚʳʨʝʟʘʣʠ ʢʦʣʦʥʥʳ ʠ ʚʳʨʝʟʘʣʠ ʞʝʣʦʙʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝʤ ʢʦʣʦʥʢʘʤ ʙʳʣ 

ʧʨʠʜʘʥ ʦʜʠʥʘʢʦʚʳʡ ʚʥʝʰʥʠʡ ʚʠʜ. ɺʦʟʨʘʩʪ ʩʦʦʨʫʞʝʥʠʷ ɸʢʨʦʧʦʣʷ ʩʦʩʪʘʚʣʷʝʪ ʜʚʝ ʪʳʩʷʯʠ 

ʯʝʪʳʨʝʩʪʘ ʣʝʪ. ɺ ʤʠʨʝ ʥʝ ʪʘʢ ʤʥʦʛʦ ʟʜʘʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʭ ʚʦʟʨʘʩʪʫ. ɸ ɻʨʝʮʠʷ 

ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʩʝʡʩʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʟʦʥʝ. ʉʦʚʨʝʤʝʥʥʦʝ ʟʜʘʥʠʝ ʥʝ ʤʦʞʝʪ ʚʳʜʝʨʞʠʚʘʪʴ 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʇʦʯʝʤʫ ʪʦʣʯʢʠ ʥʝ ʩʧʘʜʘʶʪ ʦʪ ʪʦʣʯʢʦʚ. ʂʘʤʝʥʴ ʦʙʣʘʜʘʝʪ 

ʟʘʚʠʜʥʦʡ ʩʠʣʦʡ, ʘ ʛʦʨʦʜ ʚʦʢʨʫʛ ʥʝʛʦ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʨʳʭʣʦʡ ʧʦʯʚʝ, ʢʦʪʦʨʘʷ ʙʫʨʥʦ 

ʨʝʘʛʠʨʫʝʪ ʥʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʇʘʨʬʝʥʦʥ ʩʪʦʠʪ ʥʘ ʠʟʚʝʩʪʥʷʢʝ ʠ ʦʯʝʥʴ ʭʨʫʧʦʢ. ʅʦ ʪʦʣʴʢʦ ʵʪʠ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʥʝ ʤʦʛʫʪ ʦʙʲʷʩʥʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚ ɸʢʨʦʧʦʣʝ. ɽʱʝ ʦʜʠʥ 

ʬʘʢʪʦʨ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʣʝʜʫʝʪ ʠʩʢʘʪʴ ʚ ʙʣʦʢʘʭ, ʥʘ ʢʦʪʦʨʳʭ ʧʦʩʪʨʦʝʥ ʢʦʤʧʣʝʢʩ. ɽʩʣʠ ʤʳ 

ʨʘʟʜʝʣʠʤ ʚʝʩ ʇʘʨʬʝʥʦʥʘ ʥʘ ʤʝʣʢʠʝ ʯʘʩʪʠ, ʪʦ ʤʝʞʜʫ ʥʠʤʠ ʥʝ ʙʫʜʝʪ ʥʠ ʛʨʘʤʤʘ ʮʝʤʝʥʪʘ. 

ɼʣʷ ʵʪʦʛʦ ʚ ʙʣʦʢʘʭ ʝʩʪʴ ʪʘʠʥʩʪʚʝʥʥʦʝ ʦʪʚʝʨʩʪʠʝ ʠ ʞʝʣʝʟʥʳʝ ʢʨʝʧʣʝʥʠʷ ʚʥʫʪʨʠ ʥʠʭ. ʉʨʝʜʠ 

ʙʣʦʢʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʣʦʥʥʫ, ʙʳʣʠ ʥʘʡʜʝʥʳ ʜʝʨʝʚʷʥʥʳʝ ʢʣʠʥʴʷ ʠ ʰʪʳʨʠ. ɺʩʝ ʵʪʦ 

ʟʘʱʠʱʘʝʪ ʦʪ ʨʘʟʨʫʰʠʪʝʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɺ ʢʦʣʦʥʢʘʭ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʝʱʝ ʙʦʣʝʝ ʠʥʪʝʨʝʩʥʘʷ ʩʠʩʪʝʤʘ. ɺʦ ʚʨʝʤʷ ʜʝʤʦʥʪʘʞʘ ʢʦʣʦʥʥ ʘʨʭʝʦʣʦʛʠ ʦʙʥʘʨʫʞʠʣʠ 

ʜʝʨʝʚʷʥʥʳʝ ʵʣʝʤʝʥʪʳ, ʧʨʦʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ʜʚʝ ʪʳʩʷʯʠ ʯʝʪʳʨʝʩʪʘ ʣʝʪ. ʅʦ ʦʥʠ ʧʨʝʢʨʘʩʥʦ 

ʩʦʭʨʘʥʠʣʠʩʴ. ʕʪʠ ʵʣʝʤʝʥʪʳ ʥʘʟʳʚʘʶʪʩʷ ʵʤʧʦʣʠʝʤ ʠ ʧʦʣʦʩʢʘʤʠ. ʕʪʦ ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʦʝ 

ʠʥʞʝʥʝʨʥʦʝ ʨʝʰʝʥʠʝ. ɹʝʟ ʧʦʜʢʨʝʧʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʜʘʚʥʳʤ-ʜʘʚʥʦ ʨʘʟʨʫʰʠʣʦ ʙʳ 

ʢʦʣʦʥʥʳ, ʥʦ ʜʝʨʝʚʷʥʥʳʝ ʵʤʧʦʣʠʠ ʥʝ ʧʦʟʚʦʣʷʣʠ ʵʪʦʛʦ. ʆʥʠ ʨʘʩʧʦʣʦʞʝʥʳ ʪʦʯʥʦ ʧʦ ʮʝʥʪʨʫ 

ʙʣʦʢʦʚ ʠ ʟʘʱʠʱʘʶʪ ʢʦʣʦʥʥʳ ʦʪ ʨʘʟʨʫʰʝʥʠʷ. ʌʦʨʤʳ ʵʤʧʦʣʠʫʤʘ ʧʦʟʚʦʣʷʶʪ ʚʳʙʠʨʘʪʴ 

ʩʪʦʣʙʮʳ ʚʦ ʚʨʝʤʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʪʴ ʙʣʦʢʠ ʥʘ ʤʝʩʪʝ. ɼʨʫʛʠʤʠ 

ʩʣʦʚʘʤʠ, ʦʥʠ ʥʝ ʨʘʟʨʫʰʘʶʪʩʷ, ʠ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʇʘʨʬʝʥʦʥ ʦʩʪʘʝʪʩʷ 

ʮʝʣʳʤ ʠ ʥʝʚʨʝʜʠʤʳʤ. 

ʂʘʢ ʦʥʠ ʟʘʚʝʨʰʠʣʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʢʘʢ ʚʳʛʣʷʜʝʣʠ ʵʪʠ ʟʜʘʥʠʷ? ʆʢʘʟʳʚʘʝʪʩʷ, 

ʜʨʝʚʥʠʝ ʩʪʨʦʠʪʝʣʠ ʥʝ ʪʦʣʴʢʦ ʧʦʩʪʨʦʠʣʠ ʟʜʘʥʠʝ ʠʟ ʤʨʘʤʦʨʘ, ʥʦ ʠ ʨʘʩʧʠʩʘʣʠ ʝʛʦ. ɽʛʦ ʘʣʪʘʨʴ 

ʧʦʨʘʞʘʝʪ ʩʚʦʝʡ ʤʨʘʤʦʨʥʦʡ ʦʪʜʝʣʢʦʡ ʠ ʥʘʩʳʱʝʥʥʳʤʠ ʮʚʝʪʘʤʠ. ʍʠʪʦʥʳ ʘʬʠʥʩʢʠʭ 

ʜʦʩʧʝʭʦʚ ʙʳʣʠ ʦʪʣʠʪʳ ʠʟ ʯʠʩʪʝʡʰʝʛʦ ʟʦʣʦʪʘ, ʘ ʪʫʣʦʚʠʱʝ ʚʳʨʝʟʘʥʦ ʠʟ ʜʨʘʛʦʮʝʥʥʦʡ 

ʩʣʦʥʦʚʦʡ ʢʦʩʪʠ, ʘ ʧʦʪʦʣʦʢ ʫʢʨʘʰʝʥ ʩʣʦʞʥʳʤ ʦʨʥʘʤʝʥʪʦʤ. ʉʪʘʪʫʠ ʥʘʜ ʚʭʦʜʦʤ ʠʟʦʙʨʘʞʘʣʠ 

ʩʮʝʥʳ ʠʟ ʛʨʝʯʝʩʢʦʡ ʤʠʬʦʣʦʛʠʠ ʚ ʜʝʪʘʣʷʭ ʠ ʢʨʘʩʢʘʭ, ʦ ʢʦʪʦʨʳʭ ʤʳ ʤʦʞʝʤ ʪʦʣʴʢʦ 

ʜʦʛʘʜʳʚʘʪʴʩʷ. ɺ ʤʥʦʛʦʚʝʢʦʚʦʡ ʠʩʪʦʨʠʠ ʭʨʘʤʘ ʯʘʩʪʦ ʚʩʪʨʝʯʘʣʠʩʴ ʩʣʫʯʘʠ ʟʚʝʨʩʪʚ ʚ 1607 ʛ. 

ʜʦ ʥʘʰʝʡ ʵʨʳ, ʢʦʛʜʘ ʢʨʳʰʘ ʟʜʘʥʠʷ ʙʳʣʘ ʫʥʠʯʪʦʞʝʥʘ ʦʛʥʝʤ. ʉʦ ʚʨʝʤʝʥʝʤ ʉʪʘʪʫʷ ɸʬʠʥʳ, 

ʩʜʝʣʘʥʥʘʷ ʠʟ ʙʦʣʝʝ ʯʝʤ ʪʦʥʥʳ ʩʣʦʥʦʚʦʡ ʢʦʩʪʠ ʠ ʟʦʣʦʪʘ, ʪʘʢʞʝ ʠʩʯʝʟʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʭʨʠʩʪʠʘʥʝ ʧʨʝʚʨʘʪʠʣʠ ʇʘʨʬʝʥʦʥ ʚ ʮʝʨʢʦʚʴ ʠ ʫʥʠʯʪʦʞʠʣʠ ʩʪʘʪʫʠ ʙʦʛʦʚ, ʫʢʨʘʰʘʚʰʠʝ ʝʛʦ 

ʩʪʝʥʳ. ɺ 1687 ʛ. ʚʟʨʳʚ ʦʨʫʜʠʷ ʨʘʟʨʫʰʠʣ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʩʦʦʨʫʞʝʥʠʷ. ʉʚʷʪʠʣʠʱʝ 

ɸʢʨʦʧʦʣʷ ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʫʛʨʦʟʦʡ ʚ ʥʘʰʝ ʚʨʝʤʷ. 
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

 

1. ɸʬʠʥʩʢʠʡ ɸʢʨʦʧʦʣʴ / ʊʘʨʫʘʰʚʠʣʠ ʃ. ʀ. // ɸʥʢʠʣʦʟ-ɹʘʥʢ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 

ï 2005. ï ʉ. 517; 2004ï2017. ʊ. 2. ï ɹʦʣʴʰʘʷ ʨʦʩʩʠʡʩʢʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷ: [ʚ 35 ʪʦʤʘʭ] / ʛʣ. 

ʨʝʜ. ʆʩʠʧʦʚ ʖ. ʉ.; 2004ï2017. ʊ. 2. ï ISBN 5ï85270ï330ï3. 

2. ɸʬʠʥʩʢʠʡ ɸʢʨʦʧʦʣʴ, 1975ï1983. ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʟʳʩʢʘʥʠʷ, 

ʨʝʩʪʘʚʨʘʮʠʷ. ʇʫʰʢʠʥʩʢʠʡ ʤʫʟʝʡ, 26 ʠʶʥʷ-26 ʠʶʣʷ 1985 / ʄʠʥʠʩʪʝʨʩʪʚʦ ʢʫʣʴʪʫʨʳ ʠ ʥʘʫʢʠ 

ɻʨʝʮʠʠ, ʢʦʤʠʪʝʪ ʧʦ ʦʭʨʘʥʝ ʧʘʤʷʪʥʠʢʦʚ ɸʢʨʦʧʦʣʷ. ï ɸʬʠʥʳ: ʩʦʢʨʦʚʠʱʘ ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ ʠ ʵʢʩʧʨʦʧʨʠʘʮʠʡ, 1985. ï 87 ʩ. 

3. ɹʨʫʥʦʚ ʅ. ʀ. ʇʘʤʷʪʥʠʢʠ ɸʬʠʥʩʢʦʛʦ ɸʢʨʦʧʦʣʷ. ʇʘʨʬʝʥʦʥ ʠ ʕʨʝʭʪʝʦʥ / 

ʅ. ʀ. ɹʨʫʥʦʚ. ï ʄʦʩʢʚʘ : ʀʩʢʫʩʩʪʚʦ, 1973. ï 170 ʩ. 

 



211 

 

ʃɽɻɽʅɼɸʈʅʓʁ ʇʈʆʇʀʃɽʁ 

 
ʂʦʩʘʢʦʚʘ ʄʘʜʠʥʘ ʊʘʥʘʪʢʳʟʳ, ʩʪʫʜʝʥʪʢʘ, E-mail:  m.llek.00@mail.ru 

ʅʦʛʘʡʙʝʢʦʚʘ ʄʘʥʘʪ ʊʫʟʝʣʙʝʢʦʚʥʘ, ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ, E-mail: 1964manat@mail.ru 

 

ʊʘʨʘʟʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ. ʍ. ɼʫʣʘʪʠ 

ʛ. ʊʘʨʘʟ, ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʨʘʩʩʢʘʟʳʚʘʝʪʩʷ ʦʙ ʠʩʪʦʨʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʇʨʦʧʠʣʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɺʭʦʜ, ʜʨʝʚʥʠʝ ʚʨʝʤʝʥʘ, ʧʘʥʜʫʩ, ʘʨʭʠʪʝʢʪʫʨʘ, ʟʜʘʥʠʝ. 

 

ʇʨʦʧʠʣʝʡ ʙʳʣ ʧʦʩʪʨʦʝʥ ʢʘʢ ʤʦʥʫʤʝʥʪʘʣʴʥʳʡ ʚʭʦʜ ʚ ʩʢʘʣʫ ɸʢʨʦʧʦʣʷ. ʕʪʦ ʚʧʝʯʘʪ-

ʣʷʶʱʝʝ ʟʜʘʥʠʝ, ʦʢʨʫʞʘʶʱʝʝ ʝʩʪʝʩʪʚʝʥʥʳʡ ʚʭʦʜ ʥʘ ʧʣʘʪʦ, ʜʦ ʢʦʪʦʨʦʛʦ ʚ ʜʨʝʚʥʠʝ ʚʨʝʤʝʥʘ 

ʤʦʞʥʦ ʙʳʣʦ ʜʦʙʨʘʪʴʩʷ ʧʦ ʥʘʢʣʦʥʥʦʤʫ ʧʘʥʜʫʩʫ, ʢʦʪʦʨʳʡ ʚʝʣ ʧʦʩʝʪʠʪʝʣʝʡ ʢ ʩʪʫʧʝʥʷʤ ʧʝ-

ʨʝʜ ʇʨʦʧʠʣʝʝʤ. ʇʦʟʞʝ ʨʠʤʣʷʥʝ ʧʦʩʪʨʦʠʣʠ ʚʧʝʯʘʪʣʷʶʱʠʡ ʧʘʥʜʫʩ, ʢʦʪʦʨʳʡ ʟʠʛʟʘʛʦʦʙʨʘʟ-

ʥʦ ʚʝʣ ʧʦʩʝʪʠʪʝʣʝʡ ʢʦ ʚʭʦʜʫ ʚ ɸʢʨʦʧʦʣʴ. 

 

 

 
 

ʈʠʩ. 1. ɺʠʜ ʇʨʦʧʠʣʝʷ 

        
ɸʨʭʠʪʝʢʪʦʨʦʤ ʧʨʦʝʢʪʘ ʙʳʣ ʄʥʝʩʠʢʣ, ʠ ʦʥ ʥʘʯʘʣ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʨʘʟʫ ʧʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʇʘʨʬʝʥʦʥʘ ʚ 437 ʛʦʜʫ ʜʦ ʥ. ʵ., ʥʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʚʥʝʟʘʧʥʦ ʧʨʝʢʨʘʪʠʣʦʩʴ ʧʷʪʴ ʣʝʪ ʩʧʫʩʪʷ, ʢʦʛʜʘ ʨʘʟʨʘʟʠʣʘʩʴ ʇʝʣʦʧʦʥʥʝʩʩʢʘʷ ʚʦʡʥʘ. ʂ ʵʪʦʤʫ 

ʚʨʝʤʝʥʠ ʨʘʟʨʝʟ ʙʳʣ ʟʘʚʝʨʰʝʥ, ʥʝʢʦʪʦʨʳʝ ʦʪʜʝʣʦʯʥʳʝ ʨʘʙʦʪʳ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ, ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʢʘʤʥʠ (ʚʳʩʪʫʧʳ) ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʩʪʝʥʝ ʟʜʘʥʠʷ 

ʠ ʥʝʢʦʪʦʨʳʝ ʯʘʩʪʠ ʤʨʘʤʦʨʥʦʡ ʢʨʳʰʠ ʩ ʟʘʧʘʜʥʦʡ ʩʪʦʨʦʥʳ. ʅʝʢʦʪʦʨʳʝ ʫʯʝʥʳʝ ʩʯʠʪʘʶʪ, 

ʯʪʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʇʨʦʧʠʣʝʡ ʙʳʣʦ ʦʩʪʘʥʦʚʣʝʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʵʢʦʥʦʤʠʪʴ ʨʝʩʫʨʩʳ ʜʣʷ 

ʚʦʡʥʳ. ʆʜʥʘʢʦ ʵʪʫ ʪʝʦʨʠʶ ʤʦʞʥʦ ʫʧʨʦʩʪʠʪʴ ʟʘ ʜʚʝʥʘʜʮʘʪʴ ʣʝʪ. 
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ʈʠʩ. 2. ʇʨʦʧʠʣʝʡ ɸʬʠʥʩʢʦʛʦ ɸʢʨʦʧʦʣʷ 

 
ʇʨʦʧʠʣʝʡ ï ʵʪʦ ʟʜʘʥʠʝ ʜʦʨʠʯʝʩʢʦʛʦ ʦʨʜʝʨʘ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʠʦʥʠʯʝʩʢʠʤʠ 

ʢʦʣʦʥʥʘʤʠ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʤʠ ʢʨʳʰʫ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʨʳʣʘ. ʕʪʦ ʙʳʣʘ ʩʣʦʞʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʩʦʙʨʘʪʴ, ʠ ʦʥʘ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʪʘʢ, ʯʪʦʙʳ ʧʨʦʠʟʚʝʩʪʠ ʥʝʟʘʙʳʚʘʝʤʦʝ ʚʧʝʯʘʪʣʝʥʠʝ ʥʘ ʚʭʦʜʷʱʝʛʦ ʧʦʩʝʪʠʪʝʣʷ. 

ʇʦʩʝʪʠʪʝʣʴ ʧʦʜʥʷʣʩʷ ʧʦ ʰʠʨʦʢʦʤʫ ʥʘʢʣʦʥʥʦʤʫ ʧʘʥʜʫʩʫ ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ 

ʇʨʦʧʠʣʝʠ, ʠ ʧʦʜ ʙʦʣʴʰʠʤʠ ʜʚʝʨʷʤʠ ʙʳʣʦ ʰʝʩʪʴ ʙʦʣʴʰʠʭ ʜʦʨʠʯʝʩʢʠʭ ʢʦʣʦʥʥ, 

ʦʙʨʘʤʣʷʶʱʠʭ ʜʚʝʨʴ, ʠ ʰʝʩʪʴ ʤʘʣʝʥʴʢʠʭ ʢʦʣʦʥʥ ʧʦ ʢʨʘʶ ʧʦʩʝʪʠʪʝʣʷ. ʏʪʦʙʳ ʧʨʦʜʦʣʞʠʪʴ, 

ʝʤʫ ʧʨʠʰʣʦʩʴ ʧʦʜʥʷʪʴʩʷ ʧʦ ʯʝʪʳʨʝʤ ʤʨʘʤʦʨʥʳʤ ʣʝʩʪʥʠʮʘʤ ʧʨʷʤʦ ʧʦʜ ʢʦʣʦʥʥʘʤʠ ʠʣʠ 

ʧʦʜʥʷʪʴʩʷ ʧʦ ʫʟʢʦʤʫ ʧʘʥʜʫʩʫ ʧʦʩʝʨʝʜʠʥʝ. ʄʠʥʦʚʘʚ ʣʝʩʪʥʠʮʫ, ʦʥ ʚʦʰʝʣ ʚ ʎʝʥʪʨʘʣʴʥʳʡ 

ʟʘʣ, ʢʦʪʦʨʳʡ ʙʳʣ ʥʘʤʥʦʛʦ ʫʞʝ ʧʘʥʜʫʩʘ, ʥʦ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʙʳʣ ʦʢʨʫʞʝʥ ʪʨʝʤʷ 

ʠʦʥʠʯʝʩʢʠʤʠ ʢʦʣʦʥʥʘʤʠ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʤʠ ʙʦʣʴʰʫʶ ʢʨʳʰʫ. ʇʦʪʦʣʦʢ ʧʦʣʥʦʩʪʴʶ 

ʩʜʝʣʘʥ ʠʟ ʙʦʣʴʰʠʭ ʤʨʘʤʦʨʥʳʭ ʧʣʠʪ, ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʪʦʣʴʢʦ ʢʦʣʦʥʥʘʤʠ, ʠ ʜʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʝʛʦ ʚʝʩʘ ʚʳʨʝʟʘʥʳ ʜʝʢʦʨʘʪʠʚʥʳʝ ʰʢʘʬʳ (ʧʦʰʘʛʦʚʳʝ, ʚʦʛʥʫʪʳʝ ʢʚʘʜʨʘʪʳ). 

ʆʥʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʨʢʦ ʦʢʨʘʰʝʥʳ ʠ ʫʢʨʘʰʝʥʳ ʜʝʢʦʨʘʪʠʚʥʳʤʠ ʮʚʝʪʦʯʥʳʤʠ ʤʦʪʠʚʘʤʠ 

ʠ ʟʚʝʟʜʥʳʤʠ ʫʟʦʨʘʤʠ. ʅʘʢʦʥʝʮ ʦʥ ʧʦʜʦʰʝʣ ʢ ʙʦʣʴʰʠʤ ʮʝʥʪʨʘʣʴʥʳʤ ʚʦʨʦʪʘʤ, ʧʦ ʦʙʝ 

ʩʪʦʨʦʥʳ ʢʦʪʦʨʳʭ ʙʳʣʠ ʜʚʝ ʤʘʣʝʥʴʢʠʝ ʜʚʝʨʠ. 

ɻʣʘʚʥʳʡ ʟʘʣ ʜʝʣʠʣ ʟʜʘʥʠʝ ʥʘ ʜʚʘ ʢʨʳʣʘ, ʦʜʥʦ ʥʘ ɺʦʩʪʦʢ, ʘ ʜʨʫʛʦʝ ʥʘ ɿʘʧʘʜ. 

ɺ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʧʨʦʧʠʣʝʠ ʥʘʭʦʜʠʣʦʩʴ ʚʥʫʪʨʝʥʥʝʝ ʢʨʳʣʦ; ʧʦ-ʚʠʜʠʤʦʤʫ, ʚ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʡ ʧʠʥʘʢʦʪʝʢʝ, ʩʦʛʣʘʩʥʦ ʇʘʚʩʘʥʠʶ, ʙʳʣʠ ʠʟʦʙʨʘʞʝʥʠʷ ʤʠʬʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ. 

ɿʘʧʘʜʥʦʝ ʢʨʳʣʦ ʙʳʣʦ ʧʦʩʪʨʦʝʥʦ ʥʘ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ, ʯʝʤ 

ɺʦʩʪʦʯʥʦʝ, ʠ ʚʝʜʝʪ ʧʦ ʜʠʘʛʦʥʘʣʠ ʢ ʛʣʘʚʥʦʤʫ ʧʦʜʲʝʤʥʦʤʫ ʧʘʥʜʫʩʫ ʨʷʜʦʤ ʩ ʥʝʙʦʣʴʰʠʤ 

ʭʨʘʤʦʤ ɸʬʠʥʳ ʅʠʢʠ, ʘ ʚ ɿʘʧʘʜʥʦʤ ʢʨʳʣʝ ʪʝʧʝʨʴ ʝʩʪʴ ʙʦʣʴʰʦʡ ʧʴʝʜʝʩʪʘʣ (ɸʛʨʠʧʧʘ). 

ʈʘʥʝʝ, ʚ ʵʧʦʭʫ ʵʣʣʠʥʠʟʤʘ, ʜʚʘ ʤʝʮʝʥʘʪʘ ʠʟ ʇʝʨʛʘʤʘ, ʕʚʤʝʥ ʠ ɸʪʪʘʣ, ʧʦʩʪʨʦʠʣʠ 

ʠ ʧʦʜʜʝʨʞʠʚʘʣʠ ʚ ɸʛʨʠʧʧʝ ʢʦʤʧʣʝʢʩ ʙʨʦʥʟʦʚʳʭ ʩʢʫʣʴʧʪʫʨ, ʠʟʦʙʨʘʞʘʶʱʠʭ ʯʝʪʳʨʝʭ 

ʣʦʰʘʜʝʡ, ʪʷʥʫʱʠʭ ʧʦʚʦʟʢʫ. 




















































































































































































































































































































































































































































































































































































































































































































































































