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ɺʠʟʥʘʯʝʥʦ ʧʦʥʷʪʪʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, 

ʦʧʝʨʘʮʽʡʥʠʡ ʮʠʢʣ, ʱʦ ʾʾ ʭʘʨʘʢʪʝʨʠʟʫʻ. ʆʙʛʦʚʦʨʶʶʪʴʩʷ ʰʣʷʭʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʘ 

ʪʘʢʦʞ ʦʩʦʙʣʠʚʦʩʪʽ ʦʮʽʥʶʚʘʥʥʷ  ʮʽʻʾ ʚʣʘʩʪʠʚʦʩʪʽ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ, ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʪʽʡʢʽʩʪʴ, 

ʞʠʚʫʯʽʩʪʴ. 

ɺʩʪʫʧ 

ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʽʣʴʰʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (ɯʉ), ʱʦ ʟʘʜʽʷʥʽ ʫ 

ʧʨʦʮʝʩʘʭ ʫʧʨʘʚʣʽʥʥʷ, ʚʽʜʙʫʚʘʻʪʴʩʷ  ʟʘ ʫʤʦʚ ʧʦʩʪʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʽʟ 

ʧʝʨʤʘʥʝʥʪʥʦ ʟʤʽʥʥʠʤ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. ɺʘʛʦʤʫ ʯʘʩʪʠʥʫ 

ʪʘʢʠʭ ʚʟʘʻʤʦʜʽʡ ʩʢʣʘʜʘʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʢʦʥʬʣʽʢʪʠ, ʷʢʽ 

ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʟʘʛʘʣʴʥʦʩʠʩʪʝʤʥʦʾ ʮʽʣʽ. 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʢʦʥʬʣʽʢʪʠ ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʨʫʡʥʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ, ʧʦʨʫʰʝʥʥʷ ʨʝʛʣʘʤʝʥʪʽʚ ʚʟʘʻʤʦʜʽʾ ʪʘ 

ʰʪʘʪʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʧʦʨʫʰʫʻʪʴʩʷ 

ʚʠʢʦʥʘʥʥʷ ʩʠʩʪʝʤʥʠʭ ʽ ʧʨʠʢʣʘʜʥʠʭ ʬʫʥʢʮʽʡ, ʽ ʚʽʜʧʦʚʽʜʥʦ ʚʠʥʠʢʘʶʪʴ 

ʧʦʨʫʰʝʥʥʷ ʚ ʫʧʨʘʚʣʽʥʥʽ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʝʜʩʪʘʚʣʷʪʠ  ʧʦʪʝʥʮʽʡʥʫ 

ʟʘʛʨʦʟʫ ʣʶʜʩʴʢʦʤʫ ʞʠʪʪʶ ʡ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʫ ʫ ʨʘʟʽ 

ʢʨʠʪʠʯʥʦʩʪʽ ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ. ɯʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʣʽʢʚʽʜʘʮʽʷ ʷʢʠʭ ʤʦʞʝ ʧʦʪʨʝʙʫʚʘʪʠ ʟʥʘʯʥʠʭ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʽ ʣʶʜʩʴʢʠʭ ʨʝʩʫʨʩʽʚ, ʟʤʫʰʫʻ, ʦʮʽʥʶʶʯʠ ʨʠʟʠʢʠ ʾʭ 

ʨʝʘʣʽʟʘʮʽʾ, ʨʦʟʨʦʙʣʷʪʠ ʟʘʩʦʙʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʨʘʥʥʴʦʛʦ ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʧʦʧʝʨʝʜʞʝʥʥʷ, ʧʨʦʪʠʜʽʾ ʨʫʡʥʽʚʥʠʤ ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʚʧʣʠʚʘʤ 

ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ  

ɯʉ ʩʴʦʛʦʜʥʽ ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʫʧʨʘʚʣʽʥʥʷ, ʟʦʢʨʝʤʘ ʢʨʠʪʠʯʥʠʭ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨ. ɼʣʷ ʫʥʠʢʥʝʥʥʷ ʧʦʨʫʰʝʥʴ ʚ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʧʨʦʮʝʩʘʭ  
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ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʷʚʥʽʩʪʴ ʫ ɯʉ ʪʘʢʦʾ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢ 

ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʪʽʡʢʽʩʪʴ, ʱʦ ʜʦʟʚʦʣʷʻ ɯʉ ʟʙʝʨʽʛʘʪʠ ʽ/ʘʙʦ 

ʚʽʜʥʦʚʣʶʚʘʪʠ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʡ ʚ ʫʤʦʚʘʭ ʨʽʟʥʦʛʦ ʨʦʜʫ ʟʙʫʨʶʶʯʠʭ 

ʚʧʣʠʚʽʚ, ʤʽʥʽʤʽʟʫʶʯʠ ʨʠʟʠʢʠ ʧʝʨʝʭʦʜʫ ʚ ʘʚʘʨʽʡʥʠʡ (ʥʝʙʝʟʧʝʯʥʠʡ) 

ʩʪʘʥ [1]. ʎʝ ʽʥʪʝʛʨʘʣʴʥʘ ʚʣʘʩʪʠʚʽʩʪʴ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʚ ɯʉ 

ʧʝʚʥʦʛʦ ʨʽʚʥʷ ʥʘʜʽʡʥʦʩʪʽ, ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ, ʞʠʚʫʯʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʫ ʩʪʽʡʢʽʩʪʴ ʤʦʞʥʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʥʘʩʪʫʧʥʠʤ 

ʦʧʝʨʘʮʽʡʥʠʤ ʮʠʢʣʦʤ Ý, ʱʦ ʚʢʣʶʯʘʻ ʦʧʝʨʘʮʽʾ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ύ , 

ʧʦʧʝʨʝʜʞʝʥʥʷ ύ, ʚʠʷʚʣʝʥʥʷ ύ, ʣʦʢʘʣʽʟʘʮʽʾ ύ, ʽʟʦʣʷʮʽʾ ύ , 

ʧʘʨʠʨʫʚʘʥʥʷ ύ  ʚʽʜʤʦʚ, ʧʨʦʮʝʜʫʨ ʨʝʢʦʥʬʽʛʫʨʘʮʽʾ ύ  ʽ ʚʽʜʥʦʚʣʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ύ  . ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʽ ʯʘʩʦʚʽ ʤʝʞʽ ʦʧʝʨʘʮʽʡ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʩʧʝʮʠʬʽʢʠ ʜʝʬʝʢʪʽʚ ʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ɯʉ. ɼʣʷ ʨʽʟʥʠʭ ʜʝʬʝʢʪʽʚ ʪʘʢʦʞ 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʚʽʜʧʦʚʽʜʥʽ ʦʧʝʨʘʮʽʡʥʽ ʮʠʢʣʠ, ʪʘʢ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʫʨʘʟʣʠʚʦʩʪʝʡ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʦʥʝʥʪ ʤʘʻʤʦ [2]: ύ ï ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʤʦʞʣʠʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʪʘʢ ʥʘ ʮʶ ʫʨʘʟʣʠʚʽʩʪʴ (ʤʦʞʣʠʚʽʩʪʴ, 

ʩʧʦʩʽʙ, ʯʘʩʦʚʽ ʧʘʨʘʤʝʪʨʠ); ύ ï ʧʦʧʝʨʝʜʞʝʥʥʷ ʚʪʨʫʯʘʥʥʷ; ύ ï 

ʜʝʪʝʢʪʫʚʘʥʥʷ ʘʪʘʢʠ ʯʝʨʝʟ ʢʦʥʪʨʦʣʴ ʚʭʽʜʥʠʭ ʜʘʥʠʭ; ύ ï ʣʦʢʘʣʽʟʘʮʽʷ 

(ʽʟʦʣʷʮʽʷ) ʢʦʤʧʦʥʝʥʪʠ, ʥʘ ʷʢʫ ʟʜʽʡʩʥʝʥʘ ʘʪʘʢʘ; ύ ï ʨʝʢʦʥʬʽʛʫʨʘʮʽʷ, 

ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʢʦʤʧʝʥʩʘʮʽʶ ʤʦʞʣʠʚʦʾ ʚʽʜʤʦʚʠ ʚʥʘʩʣʽʜʦʢ ʘʪʘʢʠ ʥʘ 

ʫʨʘʟʣʠʚʽʩʪʴ; ύ ï ʧʨʦʜʦʚʞʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʩʝʨʚʽʩʫ ʽ ʚʠʙʽʨ 

ʩʪʘʮʽʦʥʘʨʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʪʽʡʢʽʩʪʴ ɯʉ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʪʨʘʜʠʮʽʡʥʦ ʚʚʝʜʝʥʥʷʤ ʧʝʚʥʦʾ ʥʘʜʤʽʨʥʦʩʪʽ; ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʩʠʩʪʝʤʠ 

ʚʙʫʜʦʚʘʥʦʛʦ ʢʦʥʪʨʦʣʶ; ʬʦʨʤʫʚʘʥʥʷʤ ʢʦʥʪʫʨʫ ʟʘʭʠʩʪʫ ʚʽʜ 

ʥʝʛʘʪʠʚʥʠʭ ʚʧʣʠʚʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; ʚʠʢʦʨʠʩʪʘʥʥʷʤ  

ʢʦʤʧʦʥʝʥʪʽʚ ʽʟ ʧʽʜʚʠʱʝʥʠʤ ʨʽʚʥʝʤ ʟʘʭʠʱʝʥʦʩʪʽ ʽ ʥʘʜʽʡʥʦʩʪʽ. ʊʘ ʥʘ 

ʞʘʣʴ, ʜʦʜʘʪʢʦʚʘ ʥʘʜʤʽʨʥʽʩʪʴ ʚʝʜʝ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɯʉ. ʉʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʚʽʜʩʪʝʞʫʶʪʴ 

ʟʘʜʘʥʠʡ ʨʷʜ ʧʘʨʘʤʝʪʨʽʚ, ʘʣʝ ʥʝ ʟʘʚʞʜʠ   ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʜʝʢʚʘʪʥʫ 

ʨʝʘʢʮʽʶ ʥʘ ʥʝʰʪʘʪʥʫ ʩʠʪʫʘʮʽʶ, ʜʦ ʪʦʛʦ ʞ ʥʝ ʟʤʝʥʰʫʻʪʴʩʷ 

ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʪʘʢʠʭ ʩʠʪʫʘʮʽʡ. ʂʦʥʪʫʨ ʟʘʭʠʩʪʫ ʤʽʥʽʤʽʟʫʻ 

ʚʧʣʠʚ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʘʣʝ ʧʦʚʥʽʩʪʶ ʡʦʛʦ ʥʝ ʚʠʢʣʶʯʘʻ. ɺʠʙʽʨ 

ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ ʟ ʧʽʜʚʠʱʝʥʠʤ ʨʽʚʥʝʤ ʟʘʭʠʱʝʥʦʩʪʽ ʡ ʥʘʜʽʡʥʦʩʪʽ 

ʧʽʜʚʠʱʫʻ ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ ɯʉ, ʪʘ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʩʪʽʡʢʦʩʪʽ, ʢʦʣʠ ʚʽʜʤʦʚʘ ʚʞʝ ʩʪʘʣʘʩʷ.  

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ɯʉ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʨʽʟʥʽ ʧʨʦʮʝʜʫʨʠ ʽ ʪʝʭʥʽʢʠ [2ï4], ʷʢʽ ʥʝʜʦʩʪʘʪʥʴʦ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʽ ʡ 

ʫʟʛʦʜʞʝʥʽ ʟʘ ʚʭʽʜʥʠʤʠ ʽ ʚʠʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɼʣʷ ʤʽʥʽʤʽʟʘʮʽʾ 

ʨʠʟʠʢʽʚ ʥʝʪʦʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠʩʴ ʟ ʧʦʨʷʜʢʦʤ ʾʭ 

ʩʫʤʽʩʥʦʛʦ ʽ ʧʘʨʘʣʝʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ.   
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ɺʠʩʥʦʚʢʠ 

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʪʽʡʢʽʩʪʴ ʻ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ɯʉ, ʷʢʽ ʟʘʜʽʷʥʽ 

ʚ ʧʨʦʮʝʩʘʭ ʫʧʨʘʚʣʽʥʥʷ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʾ ʧʦʪʨʽʙʥʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʤʝʪʦʜʽʚ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʜʽʚʝʨʩʥʦʩʪʽ, ʤʝʭʘʥʽʟʤʽʚ ʧʽʜʚʠʱʝʥʥʷ ʞʠʚʫʯʦʩʪʽ, ʧʨʠʥʮʠʧʽʚ ʙʘʛʘʪʦ 

ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʘʜʘʧʪʘʮʽʾ ʜʦ ʚʽʜʤʦʚ ʪʦʱʦ.   
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Optical media have long been and remain a reliable option for archival 

storage. The only problem with their widespread use is the limited ability 

to meet the requirements for the storage of ever-growing volumes of data, 

which today cannot be fully implemented. If optical recording technology 

can provide at least tens of terabytes (Tɺ) of capacity on a standard disk, 

then optical recording can be considered as a promising solution for 

archival storage [1]. The main disadvantage of modern optical recording 

systems is the low recording density, which leads to the high cost of 

storing data on optical media. The main problem with the limited capacity 

of optical media is the inability to reduce beyond the diffraction limit the 

diameter of the laser beam, which is used to record and read information. 

The task of overcoming the optical diffraction limit and increasing the 

resolution of optical recording systems, and thus increasing the capacity 

of optical media, is a key task for integrating optical storage technology 

with trends in information technology, such as storage and processing of 

large volumes of data and cloud storage.  

The use of long-field optical systems for recording significantly limits 

the surface density of information recording, but allows to create three-

dimensional (multilayer) media. Currently, the possibilities of creating 

three-dimensional optical (3D) storage technologies are not widely used, 

except for the creation of two and three-layer optical discs [2-4]. An 

important task that determines the widespread use of optical discs is the 

creation of media that provide both high recording density and long 

storage life. When creating optical media for long-term data storage, two 

central questions emerge. The first of these concerns the material of 

storage media likely to last long enough to convey a message to long 

enough period of time into the future. Nowadays special class of 

microfilms and optical disc-type media of with substrate made of 

synthesized materials are developed for long-term storage of information 

issue. The organizing of the modern distributed information system 

structure includes an analysis of the processes of working with data-in-use 

at the workstations and storing of data-in-rest at the servers storage and 

cloud services as it is shown at the Fig. 1. 
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Optical media is supposed to be highly perspective type of data-in-rest 

or ñcold dataò reliable storing. It should be noted that large-scale research 

is being carried out to create special optical media for long-term data 

storage based on the use of highly stable materials and recording methods, 

which support different approaches of digital reading [5-7]. 

                                      

Fig. 1. Distributed information system structure 

Faced with the lack of suitable options for storage device production, 

researchers around the world have re-embraced the use of chemically 

stable high-strength synthetic materials as adequately durable long-term 

storage media base. The second crucial problem when creating digital 

media concerns the choice of the form for the presentation and coding of 

data to be recorded which is relevant both to ensure the reliable long-term 

data storage system building and to ensure the unauthorized access 

prevention. The fact that the possibilities of optical media for storing large 

amounts of information are far from exhausted, evidenced by recent 

developments of optical media, which are based on the use of 

nanocomposite materials and near-field recording method [ 8-10]. 

Possibilities of creating optical disks of standard sizes with a capacity of 

up to 700 TB have been reported [11]. Special attention is paid to the 

creation of optical media for long-term storage of large amounts of data 

[5, 11]. The most impressive results in the creation of such media were 

achieved by Microsoft, which in the framework of the Project Silica 
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project proved the possibility of long-term storage of data in the volume 

of quartz glass. The recording is performed by a laser beam by deforming 

the silicon lattice to create layers of three-dimensional "records" in the 

thickness of the glass. To reproduce the information recorded in the glass, 

a machine learning algorithm is used, which decodes the inhomogeneities 

created by the rays of polarized light [12]. 

For long-term data storage (almost perpetual), optical media have 

significant advantages over other types of media. The size of this 

particular market segment is small compared to the general market of 

archival repositories [13]. To organize long-term data storage, special 

types of optical media must be created [5,7] 

The crucial problem when creating long-term data storage media 

concerns the choice of the form for the presentation and coding of data to 

be recorded. It is even more challenging than choosing materials for 

storage media. To estimate the service life of storage devices, accelerated 

tests can be used. However, these methods are not applicable when 

justifying the choice of presentation and coding methods for data subject 

to long-term storage.   It is proposed to record information on long-term 

storage media by means of placing diminished graphic or textual images 

onto the medium, which can be read by optical systems using appropriate 

magnification. The advantage of this way of presentation is that 

subsequent retrieval of information doesnôt require special reading 

devices or software. The optical resolution required to read the data is 

defined by the diminution used for recording. Such data presentation is 

used on several types of sapphire and metal discs [5,7]. Presenting data as 

microimages complicates their processing and lowers the processing 

speed. To ensure high durability of long-term storage of information, it is 

proposed to use non-binary codes working with digital data on a symbol 

level, e.g. with bytes of information. Non-binary codes are used in 

channels with grouped errors as components of cascade codes to ensure 

error control on various types of optical media ( ɺlu-rʘʫ, etc.) [7,14]. This 

coding method was chosen due to the fact that it had been widely and 

successfully used to produce billions of copies of compact discs of 

various types.   

 Improvements in optical discs development area allowed to increase 

volume of the storage. However, mentioned technologies are approaching 

fundamental limits. In particular surface-storage optical recording 

technology is characterized with diffraction limit while two-dimensional 

data storage systems resolution depends on the laser beam spot size that is 

focused onto an optical disc surface. In order to increase media density 

one should decrease the spot size. Therefore volumetric optical recording 



 

 

 9 

has been developed to overcome the limit of density. Nowadays, there are 

two different methodologies for approaching three-dimensional optical 

data storage: one is hologram data storage and the other is three-

dimensional bit-wise structures which could be presented as upgrade of 

optical disc systems. Three dimensional bit-wise optical data storage 

offers the potential for high recording capacity because bit information 

can be stored at different layers within a certain volume of the recording 

media. The information is coded in the form of micro-spots located inside 

of the substrate material. Thereby three-dimensional optical data storage 

using a nonlinear optical process are demonstrated to be most productive.  

Research into the development of optical memory systems is also 

aimed at providing additional levels of security when storing large arrays 

of information. An example of such a medium is a new optical medium 

based on transparent glass ceramics (TGC) with photoluminescent 

nanocrystals LiGa5O8: Mn2 +, on which it is possible to record and 

reproduce data in the mode of photon capture / radiation. Highly ordered 

nanostructure of the material provides recording with high resolution and 

low error rate. The high transparency of the developed volumetric 

recording environment makes it possible to 3D-optical data storage and 

increase the level of information security by multiplexing signals, 

reproduction in intensity and wavelength [15]. 

CONCLUSIONS 

1. Optical media have long been and remain a reliable option for archival 

storage. The only problem with their widespread use is the limited ability 

to meet the requirements for the storage of ever-growing volumes of data. 

2. Volumetric optical recording has been developed to overcome the limit 

of density. The development of optical memory systems is also aimed at 

providing additional levels of security 

3.As the data coding method, we propose to use non-binary codes 

working with digital data with grouped errors as components of cascade 

codes to ensure error control, which are used to produce compact discs. 
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ɺ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʘʭ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ ʤʽʩʪʠʪʴʩʷ ʙʘʛʘʪʦ 

ʧʨʠʭʦʚʘʥʠʭ ʟʥʘʥʴ. ʎʽ ʟʥʘʥʥʷ ʚʥʦʩʷʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʘʤʠ, ʷʢʽ ʫ 

ʩʫʢʫʧʥʦʩʪʽ ʫʪʚʦʨʶʶʪʴ ʩʚʦʻʨʽʜʥʝ ʝʢʩʧʝʨʪʥʝ ʩʝʨʝʜʦʚʠʱʝ. ʋ ʟʚôʷʟʢʫ ʟ 

ʮʠʤ, ʦʩʥʦʚʥʘ ʟʘʜʘʯʘ ʪʝʭʥʦʣʦʛʽʡ ʨʦʟʚʽʜʢʠ ʫ ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣʘʭ 

(OSINT) ʧʦʣʷʛʘʻ ʫ ʚʠʷʚʣʝʥʥʽ ʪʘ ʝʢʩʪʨʘʛʫʚʘʥʥʽ ʧʨʠʭʦʚʘʥʠʭ 

ʝʢʩʧʝʨʪʥʠʭ  ʟʥʘʥʴ, ʾʭ ʫʟʘʛʘʣʴʥʝʥʥʽ, ʘ ʪʘʢʦʞ ʧʦʜʘʣʴʰʦʾ ʘʥʘʣʽʪʠʯʥʦʾ 

ʦʙʨʦʙʢʠ. ɼʣʷ ʮʴʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʣʽʥʛʚʽʩʪʠʯʥʽ ʽ ʩʪʘʪʠʩʪʠʯʥʽ 

ʤʝʪʦʜʠ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ. ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ʤʝʪʦʜʠʢʘ ʝʢʩʪʨʘʛʫʚʘʥʥʷ ʧʦʥʷʪʴ ʽʟ ʪʝʢʩʪʽʚ ʧʦʚʽʜʦʤʣʝʥʴ ʤʝʨʝʞʝʚʠʭ  

ʜʞʝʨʝʣ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʢʽʙʝʨʙʝʟʧʝʢʠ, 

ʬʽʣʴʪʨʫʚʘʥʥʷ ʮʠʭ ʧʦʥʷʪʴ ʟʘ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʦʟʥʘʢʘʤʠ, 

ʨʝʡʪʠʥʛʫʚʘʥʥʷ, ʬʦʨʤʫʚʘʥʥʷ ʤʝʨʝʞʽ ʾʭ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ, ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʽ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʮʽʻʾ ʤʝʨʝʞʽ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʧʽʜʭʦʜʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Perl 

ʫ ʩʝʨʝʜʦʚʠʱʽ ʆʉ Linux, ʘ ʪʘʢʦʞ ʟʘʩʦʙʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ, ʘʥʘʣʽʟʫ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʛʨʘʬʽʚ ï Gephi. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: OSINT, ʦʙôʻʢʪʠ ʢʽʙʝʨʙʝʟʧʝʢʠ, ʝʢʩʪʨʘʛʫʚʘʥʥʷ 

ʧʦʥʷʪʴ, ʤʝʨʝʞʘ ʪʝʨʤʽʥʽʚ, ʚʝʙ-ʨʝʩʫʨʩʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 

ʌʘʭʽʚʮʷʤ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʚʠʟʥʘʯʝʥʽʡ ʧʨʝʜʤʝʪʥʽʡ ʦʙʣʘʩʪʽ, ʟʘʟʚʠʯʘʡ 

ʚʽʜʦʤʽ ʾʾ ʦʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʪʘ ʦʙôʻʢʪʠ. ʇʨʦʪʝ, ʟ ʧʣʠʥʦʤ ʯʘʩʫ ʚʠʥʠʢʘʶʪʴ 

ʥʦʚʽ ʧʦʥʷʪʪʷ ʪʘ ʥʦʚʽ ʦʙôʻʢʪʠ. ʋ ʩʬʝʨʽ ʢʽʙʝʨʙʝʟʧʝʢʠ ʪʘʢʠʤʠ ʦʙôʻʢʪʘʤʠ 

ʤʦʞʫʪʴ ʙʫʪʠ  ʥʦʚʽ ʚʠʜʠ ʢʽʙʝʨʘʪʘʢ, ʥʦʚʽ ʭʘʢʝʨʩʴʢʽ ʫʛʨʫʧʫʚʘʥʥʷ, ʥʦʚʝ 

ʜʝʩʪʨʫʢʪʠʚʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʘʥʘʣʽʪʠʯʥʽ ʛʨʫʧʠ ʪʦʱʦ.  

ʄʦʞʫʪʴ ʟôʷʚʣʷʪʠʩʷ ʥʦʚʽ ʟʤʽʩʪʦʚʥʽ ʟʚôʷʟʢʠ ʤʽʞ ʪʘʢʠʤʠ ʦʙôʻʢʪʘʤʠ, ʱʦ 

ʪʘʢʦʞ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ ʘʥʘʣʽʟʫ. ɺ ʦʢʨʝʤʠʭ ʛʨʫʧʘʭ ʦʙôʻʢʪʽʚ, 

https://orcid.org/0000-0002-9344-713X
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ʥʘʧʨʠʢʣʘʜ, ʟʣʦʯʠʥʥʠʭ ʭʘʢʝʨʩʴʢʠʭ ʫʛʨʫʧʫʚʘʥʥʷʭ, ʤʦʞʫʪʴ 

ʟʤʽʱʫʚʘʪʠʩʷ ʮʝʥʪʨʠ ʪʘ ʦʙôʻʢʪʠ ʦʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʬʘʭʽʚʮʽʚ ʽʟ 

ʢʽʙʝʨʙʝʟʧʝʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʥʠʢʘʻ ʟʘʚʜʘʥʥʷ ʧʦʩʪʽʡʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʽʥʬʦʨʤʘʮʽʾ ʫ ʤʝʞʘʭ ʚʠʟʥʘʯʝʥʦʾ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ. ʊʘʢʘ 

ʽʥʬʦʨʤʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ, ʜʦ ʢʦʥʪʝʥʪʫ 

ʷʢʦʾ, ʟʦʢʨʝʤʘ, ʜʦʢʫʤʝʥʪʽʚ, ʨʦʟʤʽʱʝʥʠʭ ʥʘ ʚʝʙ-ʩʘʡʪʘʭ, ʤʦʞʝ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʨʦʟʚʽʜʢʠ ʫ ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣʘʭ (OSINT) [1].  

ʄʝʪʘ ʮʽʻʾ ʨʦʙʦʪʠ ï ʩʪʚʦʨʝʥʥʷ ʽ ʘʧʨʦʙʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ 

ʦʩʥʦʚʥʠʭ ʦʙôʻʢʪʽʚ ʢʽʙʝʨʙʝʟʧʝʢʠ ʽ ʟʚóʷʟʢʽʚ ʤʽʞ ʥʠʤʠ ʥʘ ʙʘʟʽ ʘʥʘʣʽʟʫ 

ʟʤʽʩʪʦʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʝʙ-ʧʨʦʩʪʦʨʫ, ʘ ʪʘʢʦʞ ʬʦʨʤʫʚʘʥʥʷ, 

ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʪʘ ʘʥʘʣʽʪʠʯʥʘ ʦʙʨʦʙʢʘ ʩʬʦʨʤʦʚʘʥʠʭ ʤʝʨʝʞ ʦʙôʻʢʪʽʚ 

ʢʽʙʝʨʙʝʟʧʝʢʠ. ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʮʠʭ ʟʘʚʜʘʥʴ ʚ ʨʘʤʢʘʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʤʝʪʦʜʠʢʠ ʤʘʻ ʙʫʪʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʝʤʘʪʠʯʥʫ ʯʘʩʪʠʥʫ ʢʠʨʠʣʠʯʥʦʛʦ 

ʩʝʛʤʝʥʪʫ ʚʝʙ-ʧʨʦʩʪʦʨʫ ʽ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ ʱʦʜʦ ʧʫʙʣʽʢʘʮʽʡ ʫ ʩʬʝʨʽ 

ʢʽʙʝʨʙʝʟʧʝʢʠ. 

ʆʩʥʦʚʥʽ ʢʨʦʢʠ ʤʝʪʦʜʠʢʠ 

1. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʤʝʪʦʜʠʢʠ ʬʦʨʤʫʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʠʡ 

ʤʘʩʠʚ ʨʝʣʝʚʘʥʪʥʠʭ ʪʝʤʘʪʠʮʽ ʜʦʢʫʤʝʥʪʽʚ, ʜʣʷ ʯʦʛʦ ʤʘʶʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʥʘʷʚʥʽ ʩʠʩʪʝʤʠ ʢʦʥʪʝʥʪ-ʤʦʥʽʪʦʨʠʥʛʫ, ʥʘʧʨʠʢʣʘʜ 

ʩʠʩʪʝʤʘ Cyber Aggregator [1]. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʤʘʩʠʚʫ ʧʫʙʣʽʢʘʮʽʡ ʱʦʜʦ 

ʢʽʙʝʨʙʝʟʧʝʢʠ ʥʝʦʙʭʽʜʥʦ ʦʧʨʘʮʶʚʘʪʠ ʪʝʤʘʪʠʯʥʠʡ ʟʘʧʠʪ ʜʦ ʪʘʢʦʾ 

ʩʠʩʪʝʤʠ, ʥʘʧʨʠʢʣʘʜ, ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʟʘʧʠʪ:  

 

ʂʽʙʝʨʘʪʘʢʘ | ʢʠʙʝʨʘʪʘʢʘ | 

ʂʽʙʝʨʙʝʟʧʝʢʘ | ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ 
 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʤʘʩʠʚ ʨʝʣʝʚʘʥʪʥʠʭ 

ʜʦʢʫʤʝʥʪʽʚ ʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ (ʜʝʢʽʣʴʢʘ ʪʠʩʷʯ ʜʦʢʫʤʝʥʪʽʚ ʥʘ ʤʽʩʷʮʴ). 

2. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʥʘ ʦʩʥʦʚʽ ʣʽʥʛʚʽʩʪʠʯʥʦʛʦ ʽ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʝʢʩʪʨʘʛʫʚʘʥʥʷ ʧʦʥʷʪʴ ʽʟ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ, ʱʦ 

ʤʽʩʪʷʪʴʩʷ ʚ ʜʦʢʫʤʝʥʪʘʭ ʦʪʨʠʤʘʥʦʛʦ ʥʘ ʧʝʨʰʦʤʫ ʢʨʦʮʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʤʘʩʠʚʫ. ʆʩʥʦʚʥʘ ʽʜʝʷ ʝʢʩʪʨʘʛʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ 

ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʥʘ ʮʝʡ ʯʘʩ ʙʽʣʴʰʽʩʪʴ ʥʦʚʠʭ ʧʦʥʷʪʴ ʚ 

ʧʦʚʽʜʦʤʣʝʥʥʷʭ ʫʢʨʘʾʥʩʴʢʦʶ, ʨʦʩʽʡʩʴʢʦʶ, ʙʽʣʦʨʫʩʴʢʦʶ ʤʦʚʘʤʠ 

ʧʦʟʥʘʯʘʶʪʴʩʷ ʣʘʪʠʥʠʮʝʶ ʘʙʦ ʢʠʨʠʣʠʯʥʠʤʠ ʣʽʪʝʨʘʤʠ,  ʘʣʝ ʚ ʣʘʧʢʘʭ. 

ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʝʢʩʪʨʘʛʫʚʘʥʥʷ ʽʤʝʥʥʠʭ ʩʫʪʥʦʩʪʝʡ ʪʘʢʦʞ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʣʦʚʥʠʢ ʚʽʜʦʤʠʭ ʽʤʝʥʥʠʭ ʩʫʪʥʦʩʪʝʡ ʦʙôʻʢʪʽʚ 

ʢʽʙʝʨʙʝʟʧʝʢʠ, ʷʢʽ ʚʽʜʰʫʢʫʶʪʴʩʷ ʚ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʤʘʩʠʚʽ. ʂʨʽʤ ʪʦʛʦ, 
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ʚʠʷʚʣʷʶʪʴʩʷ ʥʝ ʢʠʨʠʣʠʯʥʽ ʢʦʨʦʪʢʽ ʩʣʦʚʦʩʧʦʣʫʯʝʥʥʷ ʚ 

ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʤʘʩʠʚʽ. 

3. ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʩʦʨʪʫʚʘʥʥʷ ʚʽʜʽʙʨʘʥʠʭ 

ʧʦʥʷʪʴ ʟʘ ʯʘʩʪʦʪʦʶ ʪʘ ʬʽʣʴʪʨʘʮʽʷ ʮʠʭ ʧʦʥʷʪʴ ʬʘʭʽʚʮʝʤ-ʝʢʩʧʝʨʪʦʤ.  

4. ʅʘ ʯʝʪʚʝʨʪʦʤʫ ʝʪʘʧʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʤʝʨʝʞʽ 

ʚʽʜʽʙʨʘʥʠʭ ʧʦʥʷʪʴ [2]. ɼʣʷ ʮʴʦʛʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʝʩʧʨʷʤʦʚʘʥʽ ʟʚôʷʟʢʠ 

ʤʽʞ ʧʦʥʷʪʪʷʤʠ. ɼʚʘ ʧʦʥʷʪʪʷ ʚʚʘʞʘʶʪʴʩʷ ʟʚôʷʟʘʥʠʤʠ, ʷʢʱʦ ʚʦʥʠ 

ʚʭʦʜʷʪʴ ʚ ʪʦʡ ʩʘʤʠʡ ʩʝʛʤʝʥʪ ʜʦʢʫʤʝʥʪʫ ʽʟ ʚʽʜʽʙʨʘʥʦʛʦ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʤʘʩʠʚʫ. 

5. ʅʘ ʧôʷʪʦʤʫ ʝʪʘʧʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʚʽʜʽʙʨʘʥʦʾ 

ʤʝʨʝʞʽ ʪʘ ʾʭ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʟʘ ʘʣʛʦʨʠʪʤʦʤ ʤʦʜʫʣʷʨʥʦʩʪʽ, ʘ ʪʘʢʦʞ 

ʚʽʟʫʘʣʽʟʘʮʽʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʠʩʪʝʤʠ Gephi [3]. 

ɺʠʩʥʦʚʢʠ 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʚʠʷʚʣʝʥʥʷ ʽʤʝʥʥʠʭ ʩʫʪʥʦʩʪʝʡ ʦʙôʻʢʪʽʚ 

ʢʽʙʝʨʙʝʟʧʝʢʠ ʽʟ ʜʦʢʫʤʝʥʪʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ. 

ʄʝʪʦʜʠʢʘ ʚʨʘʭʦʚʫʻ ʧʨʠʭʦʚʘʥʽ ʟʥʘʥʥʷ, ʚʥʝʩʝʥʽ ʝʢʩʧʝʨʪʥʠʤ 

ʤʝʨʝʞʝʚʠʤ ʩʝʨʝʜʦʚʠʱʝʤ.  

ʂʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ ʽ ʚʽʟʫʘʣʽʟʘʮʽʷ ʦʪʨʠʤʘʥʦʾ ʤʝʨʝʞʽ ʦʙôʻʢʪʽʚ 

ʢʽʙʝʨʙʝʟʧʝʢʠ ʜʦʟʚʦʣʷʶʪʴ ʥʘʛʣʷʜʥʦ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʘ ʩʪʘʥʦʤ ʽ 

ʜʠʥʘʤʽʢʦʶ ʨʦʟʚʠʪʢʫ ʧʦʥʷʪʽʡʥʦʾ ʙʘʟʠ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ 

1. D. Lande, O. Puchkov, I. Subach, M. Boliukh, D. Nahornyi OSINT 

investigation to detect and prevent cyber attacks and cyber security 

incidents // Information Technology and Security. ʊʦʤ 9, N 2 (2021). 

- C. 209-218. DOI: doi.org/10.20535/2411-1031.2021.9.2.249921. 

2. Lande, D., Dmytrenko, O. Creating Directed Weighted Network of 

Terms Based on Analysis of Text Corpora. 2020 IEEE 2nd 

International Conference on System Analysis and Intelligent 

Computing, SAIC 2020, 2020, 9239182 

3. Cherven K. Mastering Gephi Network Visualization. ï Packt 

Publishing, 2015. ï 378 p. ISBN 78-1-78398-734-4. 
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ʈʦʟʛʣʷʥʫʪʦ ʬʫʥʢʮʽʡʥʫ ʪʘ ʩʪʨʫʢʪʫʨʥʫ ʤʦʜʝʣʽ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʟʘ ʾʭ ʨʫʢʦʧʠʩʥʠʤ ʧʽʜʧʠʩʦʤ. ʈʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʟʘ ʾʭ ʨʫʢʦʧʠʩʥʠʤ ʧʽʜʧʠʩʦʤ ʪʘ ʤʝʪʦʜʠʢʫ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʽʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘʚʪʝʥʪʠʬʽʢʘʮʽʷ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʨʫʢʦʧʠʩʥʠʡ ʧʽʜʧʠʩ, ʚʝʢʪʦʨ ʙʽʦʤʝʪʨʠʯʥʠʭ ʦʟʥʘʢ. 

ɺʩʪʫʧ 

ʇʨʠ ʫʧʨʘʚʣʽʥʥʽ ʜʦʩʪʫʧʦʤ ʧʨʦʮʝʜʫʨʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ 

ʧʦʚʠʥʥʽ ʛʘʨʘʥʪʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʢʦʨʠʩʪʫʚʘʯʝʤ i ʡʦʛʦ 

ʽʜʝʥʪʠʬʽʢʘʪʦʨʦʤ, ʱʦ ʟʘʧʦʙʽʛʘʻ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʤʫ ʜʦʩʪʫʧʫ (ʅʉɼ) ʜʦ 

ʽʥʬʦʨʤʘʮʽʾ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʣʘʩʪʠʚʽ ʪʽʣʴʢʠ 

ʢʦʥʢʨʝʪʥʦʤʫ ʢʦʨʠʩʪʫʚʘʯʝʚʽ. ʉʠʩʪʝʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʙʽʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʘʢʪʠʯʥʦ ʧʦʟʙʘʚʣʝʥʽ ʮʠʭ 

ʥʝʜʦʣʽʢʽʚ, ʪʘʢ ʷʢ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʥʝʨʦʟʨʠʚʥʦ ʧʦʚôʷʟʘʥʠʡ ʟ ʩʘʤʠʤ 

ʢʦʨʠʩʪʫʚʘʯʝʤ i ʩʢʦʨʠʩʪʘʪʠʩʷ ʥʠʤ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦ ʧʨʘʢʪʠʯʥʦ 

ʥʝʤʦʞʣʠʚʦ [1][2] . 

ʗʢ ʙʽʦʤʝʪʨʠʯʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ 

ʨʫʢʦʧʠʩʥʠʡ ʧʽʜʧʠʩ. ɺʽʥ ʻ ʩʫʩʧʽʣʴʥʦ ʽ ʟʘʢʦʥʥʦ ʚʠʟʥʘʥʦʶ 

ʙʽʦʤʝʪʨʠʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʣʶʜʠʥʠ [3]. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʜʦʩʣʽʜʞʝʥʥʷ 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣʴ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟʘ ʾʭ ʨʫʢʦʧʠʩʥʠʤ 

ʧʽʜʧʠʩʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʦʩʥʦʚʽ 
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ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ Android ʷʢ ʟʘʩʦʙʽʚ ʚʚʝʜʝʥʥʷ. 

ɺ ʨʘʤʢʘʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʷʜ ʤʝʪʦʜʽʚ, 

ʩʝʨʝʜ ʷʢʠʭ: 

- ʤʝʪʦʜ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʭʠʱʝʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ ʤʽʞ ʤʦʙʽʣʴʥʦʶ ʪʘ 
ʩʪʘʮʽʦʥʘʨʥʦʶ ʩʢʣʘʜʦʚʦ ʁ[3]; 

- ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʯʘʩʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʫʢʦʧʠʩʥʦʛʦ 

ʧʽʜʧʠʩʫ ʢʦʨʠʩʪʫʚʘʯʘ [3][4] ; 

- ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʚʝʢʪʦʨʫ ʙʽʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʫʢʦʧʠʩʥʦʛʦ ʧʽʜʧʠʩʫ ʢʦʨʠʩʪʫʚʘʯʘ [4]; 

- ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʙʽʦʤʝʪʨʠʯʥʦʛʦ ʝʪʘʣʦʥʫ ʨʫʢʦʧʠʩʥʦʛʦ 

ʧʽʜʧʠʩʫ ʢʦʨʠʩʪʫʚʘʯʘ [4][5] ; 

- ʤʝʪʦʜ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʽʩʪʠʥʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ 
ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʨʠ ʍʝʤʤʽʥʛʘ [4][5] .   

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʬʫʥʢʮʽʡʥʫ ʤʦʜʝʣʴ ʫ ʚʠʛʣʷʜʽ ʜʽʘʛʨʘʤʠ ʚʘʨʽʘʥʪʽʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʩʢʣʘʜʦʚʠʭ, 

ʬʫʥʢʮʽʡʥʫ ʤʦʜʝʣʴ ʜʦʮʽʣʴʥʦ ʟʦʙʨʘʟʠʪʠ ʜʣʷ ʢʦʞʥʦʾ ʽʟ ʩʢʣʘʜʦʚʠʭ: 

ʨʦʟʛʣʷʜʘʶʯʠ ʦʜʥʫ ʩʢʣʘʜʦʚʫ, ʽʥʰʘ ʙʫʜʝ ʘʢʪʦʨʦʤ ʜʣʷ ʥʝʾ ʽ ʥʘʚʧʘʢʠ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʪʨʫʢʪʫʨʥʫ ʤʦʜʝʣʴ ʫ ʚʠʛʣʷʜʽ ʜʽʘʛʨʘʤʠ 

ʢʦʤʧʦʥʝʥʪʽʚ. ʈʝʘʣʽʟʘʮʽʷ ʤʦʜʝʣʽ ʧʦʪʨʝʙʫʻ ʩʠʩʪʝʤʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ 

ʚʟʘʻʤʦʜʽʾ ʟ ʜʠʩʧʣʝʻʤ ʚ ʤʦʙʽʣʴʥʽʡ ʩʢʣʘʜʦʚʽʡ, ʱʦ ʻ ʽʥʪʝʨʬʝʡʩʦʤ ʜʣʷ 

ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ɺ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʻ ʨʽʰʝʥʥʷ ʧʨʦ ʽʩʪʠʥʥʽʩʪʴ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʘʚʪʦʨʠʟʘʮʽʾ ʮʴʦʛʦ 

ʢʦʨʠʩʪʫʚʘʯʘ ʚ ʩʠʩʪʝʤʽ (ʥʘʜʘʥʥʷ ʯʠ ʥʝʥʘʜʘʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʥʝʾ). 

ɺʠʩʥʦʚʢʠ  

ɺ ʭʦʜʽ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ, ʤʝʪʦʜʠ ʪʘ ʤʝʪʦʜʠʢʫ 

ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟʘ ʾʭ ʨʫʢʦʧʠʩʥʠʤ ʧʽʜʧʠʩʦʤ. ʅʘ 

ʨʦʟʨʦʙʣʝʥʽ ʚ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʛʨʘʤʧʽ ʟʘʩʪʦʩʫʥʢʠ ʦʪʨʠʤʘʥʦ 

ʩʚʽʜʦʮʪʚʘ ʧʨʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʚʣʘʩʥʽʩʪʴ. 
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Introduction  

Among the criteria for evaluating the condition of universities and 

scientific institutions, the international activity level assessment of 

researchers in state scientific organizations and teachers of higher 

educational institutions is becoming more and more influential. For this 

purpose, various ratings are developed based on certain indicators of 

international activity. This is especially important when investing in 

scientific research by the state because the importance and relevance of 

such research are largely determined by the international evaluation and 

recognition level. Today, one of the most important indicators of the 

international activity level of a scientific institution is the number and 

quality of scientific publications placed in the most prestigious 

international bibliographic databases. 

Collection and processing of such information require significant time 

and resources, given its size and daily replenishment, variety of storage 

formats and access to information repositories. Therefore, the task of 

collecting, processing, consolidating and analysing the bibliographic 

information and assessing the international activity level of researchers in 

state scientific organizations and teachers of higher educational 

institutions is a task of processing big data and requires special 

approaches in the construction of specialized software systems for its 

solution. 
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System Architecture 

The peculiarity of the presented approach is the creation of an adaptive 

software system for collecting and processing consolidated information, 

which accumulates data on the international activities of individual 

researchers and institutions with the possibility of flexibly expanding the 

number of information sources depending on the request. 

Since the system is focused on a changing number of sources, which 

differ in data structures and interaction interfaces, the main requirement is 

the creation of a flexible architecture with the possibility of constant 

modification for minimal costs and the inclusion of new data sources, 

exclusion of old and no longer needed, and modification of relevant ones. 

The systemôs microservice architecture [1] is a set of independently 

deployed services. Each of them is responsible for a certain task and can 

be changed, supplemented and expanded. The systemôs key feature is the 

parametersô adaptation according to the user's request [2]. This is 

achieved by a generalized flexible data model, event-oriented 

microservice architecture and orchestration of software services. 

Microservice architecture with the distribution of services according 

to the functional purpose is the basis of the implementation. This is due to 

the need to expand the functionality of the system without interfering with 

existing components. In addition, higher flexibility is needed when 

scaling the system to increase the throughput. The interaction of software 

services within the system and the organization of information flow is 

based on event-oriented architecture. This is due to the need to maintain a 

high throughput of the system for processing and supporting a large 

number of users and ñheavyò (in terms of computation time) requests to 

the system [3]. 

Conclusions 

The developed system provides an opportunity to collect information 

about the international activities of individual researchers or institutions 

from heterogeneous (in terms of storage form and composition) sources. 

The set of information sources of the system can be expanded without 

interfering with the operation of other components. Each data processor 

can provide only partial data, which is supplemented by other 

components. The system adapts to the user's request in such a way that 

data is taken only from those sources that meet the request's requirements 

and can satisfy them. 
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Also, the system is characterized by load adaptability and high 

throughput, which is achieved due to the use of modern approaches in the 

organization of the software system architecture. 

The system provides users with a single point of entry for requests, 

information and analytical information on the international activities of 

both individual researchers and institutions. 
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ɼʆʂʋʄɽʅʊʆ-ʆʈɯɭʅʊʆɺɸʅʀʁ ʇɯɼʍɯɼ  

ɼʆ ʇʆɹʋɼʆɺʀ ʉʀʉʊɽʄ ʋʇʈɸɺʃɯʅʅʗ 

ɯʅʌʆʈʄɸʎɯʁʅʆʖ ɹɽɿʇɽʂʆʖ 
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1
, ʗ. ɼʦʨʦʛʠʡ

2
, ɺ. ʎʫʨʢʘʥ
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1
ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʝʥʝʨʛʝʪʠʮʽ ʽʤ. ɻ. ɭ. ʇʫʭʦʚʘ 

ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
2
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

v.mokhor@gmail.com, baov@meta.ua, argusyk@gmail.com, 
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ʈʦʟʛʣʷʥʫʪʦ ʧʝʨʝʜʫʤʦʚʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʙʝʟʧʝʢʦʶ ʚ ʦʨʛʘʥʽʟʘʮʽʷʭ. ʇʦʢʘʟʘʥʦ ʾʭ ʚʠʟʥʘʯʝʥʽʩʪʴ 

ʦʨʛʘʥʽʟʘʮʽʡʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʧʦʣʽʪʠʢʘʤʠ, ʧʨʦʮʝʜʫʨʘʤʠ, 

ʥʘʩʪʘʥʦʚʘʤʠ. ʎʠʤ ʦʙˇʨʫʥʪʦʚʘʥʦ ʪʘ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʜʦʢʫʤʝʥʪʦ-

ʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʶ 

ʙʝʟʧʝʢʦʶ. 

 

Keywords: ʽʥʬʦʨʤʘʮʽʡʥʘ ʙʝʟʧʝʢʘ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʶ 

ʙʝʟʧʝʢʦʶ, ʜʦʢʫʤʝʥʪʦ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ. 

ɺʩʪʫʧ 

ʉʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʙʝʟʧʝʢʦʶ ʛʘʨʘʥʪʫʻʪʴʩʷ 

ʙʝʟʧʝʯʥʽʩʪʴ ʜʽʷʣʴʥʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʡ ʽ ʥʘʜʘʥʥʷ ʥʠʤʠ ʧʦʩʣʫʛ ʟʘʚʜʷʢʠ 

ʥʘʣʝʞʥʦʤʫ ʦʮʽʥʶʚʘʥʥʽ ʨʠʟʠʢʽʚ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ [1] ʚʦʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʦʨʛʘʥʽʟʘʮʽʡʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʧʦʣʽʪʠʢʘʤʠ, ʧʨʦʮʝʜʫʨʘʤʠ, ʥʘʩʪʘʥʦʚʘʤʠ 

ʪʘ ʧʦʚôʷʟʘʥʠʤʠ ʟ ʥʠʤʠ ʜʽʷʤʠ ʩʪʦʩʦʚʥʦ ʟʙʝʨʝʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʘʢʪʠʚʽʚ. ʊʦʞ ʬʦʨʤʫʣʶʚʘʥʥʷ ʜʦʢʫʤʝʥʪʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ 

ʧʽʜʭʦʜʫ ʜʦ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʙʝʟʧʝʢʦʶ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ [1, 2]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʜʦʢʫʤʝʥʪʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ 

ɼʦʢʫʤʝʥʪʦ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʢʫʧʥʽʩʪʶ ʩʧʦʩʦʙʽʚ 

ʩʪʚʦʨʝʥʥʷ ʪʝʢʩʪʦʚʠʭ ʩʧʝʮʠʬʽʢʘʮʽʡ ʽ ʧʨʦʻʢʪʥʠʭ ʜʨʫʢʦʚʘʥʠʭ ʪʘ/ʘʙʦ 

ʝʣʝʢʪʨʦʥʥʠʭ ʜʦʢʫʤʝʥʪʽʚ [1, 3]. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʨʝʘʣʽʟʫʚʘʥʥʷ ʚʠʤʦʛ ʜʦ 

ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʙʝʟʧʝʢʦʶ. ɺʦʥʠ 
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ʧʦʚʠʥʥʽ ʙʫʪʠ ʜʦʩʪʫʧʥʽ ʷʢ ʟʘʜʦʢʫʤʝʥʪʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʥʘʧʨʠʢʣʘʜ, 

ʧʨʦ ʩʬʝʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʦʮʽʥʶʚʘʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ ʨʠʟʠʢʽʚ [4]. 

ʆʨʽʻʥʪʦʚʘʥʽʩʪʴ ʥʘ ʜʦʢʫʤʝʥʪʠ ʩʧʦʥʫʢʫʻ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ 

ʫʟʛʦʜʞʝʥʦʩʪʽ. ʇʨʠ ʮʴʦʤʫ ʧʦʙʫʜʦʚʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʙʝʟʧʝʢʦʶ ʟʚʦʜʠʪʴʩʷ ʜʦ ʦʮʽʥʶʚʘʥʥʷ ʯʘʩʫ ʪʘ ʟʫʩʠʣʴ 

ʜʣʷ ʾʭ ʩʪʚʦʨʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʜʦ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʝʢʩʪʦʚʠʤ 

ʩʧʝʮʠʬʽʢʘʮʽʷʤ ʽ ʧʨʦʻʢʪʥʠʤ ʜʦʢʫʤʝʥʪʘʤ [3, 4]. 

ɺʠʩʥʦʚʢʠ 

ʆʪʞʝ, ʜʦʢʫʤʝʥʪʦ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʙʝʟʧʝʢʦʶ ʧʝʨʝʜʙʘʯʘʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʾʭ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʠʩʪʝʤʽ ʜʦʢʫʤʝʥʪʽʚ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʢʣʘʜʥʦʱʽʚ 

ʦʮʽʥʶʚʘʥʥʷ ʧʦʚʥʦʪʠ, ʫʟʛʦʜʞʝʥʦʩʪʽ ʪʘ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ ʚʠʤʦʛʘʤʠ 

ʪʘ ʧʨʦʻʢʪʦʤ ʯʝʨʝʟ ʾʭ ʚʠʢʣʘʜʝʥʥʷ ʫ ʨʽʟʥʠʭ ʪʝʢʩʪʦʚʠʭ ʩʧʝʮʠʬʽʢʘʮʽʷʭ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ʊʆʇʆʃʆɻɯʏʅʆɻʆ ʇʈʆʉʊʆʈʋ 

ɼʃʗ ʆʎɯʅʖɺɸʅʅʗ ʈɯɺʅʗ ɿɸɹɽɿʇɽʏɽʅʅʗ 

ʌʋʅʂʎɯʁ ʂɯɹɽʈɹɽɿʇɽʂʀ ɺ ʂʈʀʊʀʏʅɯʁ 

ɯʅʌʈɸʉʊʈʋʂʊʋʈɯ 
 

ɿʫʙʦʢ ɺʽʪʘʣʽʡ ʖʨʽʡʦʚʠʯ, ɼʘʚʠʜʶʢ ɸʥʜʨʽʡ ɺʽʢʪʦʨʦʚʠʯ 

ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʝʥʝʨʛʝʪʠʮʽ ʽʤ. ɻ.ɭ. ʇʫʭʦʚʘ ʅɸʅ 

ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 
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ʌʨʝʡʤʚʦʨʢ ʟ ʧʦʢʨʘʱʝʥʥʷ ʢʽʙʝʨʙʝʟʧʝʢʠ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

(NIST CSF) ʚʠʟʥʘʯʘʻ ʧôʷʪʴ ʬʫʥʢʮʽʡ ʢʽʙʝʨʙʝʟʧʝʢʠ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʘʻ 

ʚʩʝʨʝʜʠʥʽ ʬʫʥʢʮʽʡ ʧʝʚʥʽ ʢʘʪʝʛʦʨʽʾ ʪʘ ʧʽʜʢʘʪʝʛʦʨʽʾ ʟʘʭʦʜʽʚ 

ʢʽʙʝʨʟʘʭʠʩʪʫ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʾ ʬʫʥʢʮʽʾ. ʄʥʦʞʠʥʘ 

ʮʠʭ ʟʘʭʦʜʽʚ ʪʘ ʚʩʽ ʾʾ ʧʽʜʤʥʦʞʠʥʠ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʪʦʧʦʣʦʛʽʯʥʠʡ 

ʧʨʦʩʪʽʨ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧôʷʪʠ ʩʝʢʪʦʨʽʚ, ʦʢʨʝʩʣʝʥʠʭ ʧôʷʪʴʤʘ 

ʬʫʥʢʮʽʷʤʠ ʢʽʙʝʨʙʝʟʧʝʢʠ, ʘ ʪʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʦʜʽʣʝʥʽ, ʥʘ ʧʽʜʩʝʢʪʦʨʠ 

(ʢʘʪʝʛʦʨʽʾ ʟʘʭʦʜʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ). ʈʝʘʣʽʟʘʮʽʷ ʢʦʞʥʦʛʦ ʟʘʭʦʜʫ 

ʢʽʙʝʨʟʘʭʠʩʪʫ ʥʘ ʦʙôʻʢʪʘʭ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʨʽʚʥʝʤ ʚʧʨʦʚʘʜʞʝʥʥʷ, 

ʦʙʫʤʦʚʣʝʥʠʤ ʙʘʛʘʪʴʤʘ ʩʫʙôʻʢʪʠʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. ɺ ʨʦʙʦʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚʣʘʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʘʥʘʣʽʟʫ ʮʴʦʛʦ ʨʽʚʥʷ ʪʘ 

çʚʠʤʽʨʶʚʘʥʥʷè ʡʦʛʦ ʜʦʩʪʘʪʥʦʩʪʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʡ 

ʢʽʙʝʨʙʝʟʧʝʢʠ. ɺʽʥ ʧʦʣʷʛʘʻ ʚ ʦʮʽʥʶʚʘʥʥʽ ʨʽʚʥʽʚ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦ 

ʢʦʞʥʽʡ ʢʘʪʝʛʦʨʽʾ ʟʘʭʦʜʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʯʠʩʝʣʴʥʠʭ 

ʟʥʘʯʝʥʴ ʜʣʷ ʧʦʙʫʜʦʚʠ ʪʦʧʦʣʦʛʽʾ ʟʘʭʦʜʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ ʧʝʚʥʦʛʦ ʦʙôʻʢʪʘ 

ʚ ʢʽʙʝʨʙʝʟʧʝʢʦʚʦʤʫ ʪʦʧʦʣʦʛʽʯʥʦʤʫ ʧʨʦʩʪʦʨʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʽʟʫʘʣʽʟʘʮʽʶ ʪʦʧʦʣʦʛʽʾ ʢʽʙʝʨʟʘʭʠʱʝʥʦʩʪʽ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʽʟʫʘʣʴʥʦ 

ʧʦʨʽʚʥʶʚʘʪʠ ʨʽʚʥʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʡ ʢʽʙʝʨʙʝʟʧʝʢʠ, ʚʠʟʥʘʯʘʶʯʠ 

ʪʘʢʠʤ ʯʠʥʦʤ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʙʽʣʴʰ ʟʨʽʣʽ ʪʘ ʤʝʥʰ ʟʨʽʣʽ ʦʙôʻʢʪʠ 

ʢʽʙʝʨʟʘʭʠʩʪʫ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʨʠʪʠʯʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʪʦʧʦʣʦʛʽʯʥʠʡ ʧʨʦʩʪʽʨ, 

ʪʦʧʦʣʦʛʽʷ ʟʘʭʦʜʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ. 

ɺʩʪʫʧ 

ʂʽʙʝʨʘʪʘʢʠ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʝʨʝʞʽ, ʽʥʜʫʩʪʨʽʘʣʴʥʽ ʩʠʩʪʝʤʠ, ʟʦʢʨʝʤʘ, 

ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʻ ʦʜʥʽʻʶ ʟ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʽ 

ʦʩʦʙʣʠʚʦ ï ʧʽʜʯʘʩ ʚʽʡʩʴʢʦʚʦʾ ʘʛʨʝʩʽʾ. ɼʣʷ ʚʦʨʦʛʘ ʮʠʬʨʦʚʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʚʠʨʦʙʥʠʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʻ ʧʨʽʦʨʠʪʝʪʥʦʶ ʮʽʣʣʶ 

ʢʽʙʝʨʘʪʘʢ. ʊʦʤʫ ʝʬʝʢʪʠʚʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʮʠʬʨʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʢʨʠʪʠʯʥʠʭ ʦʙôʻʢʪʽʚ (ʘʙʦ ï ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 
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ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (ʆʂɯɯ), ʘ ʩʘʤʝ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʾʭʥʴʦʛʦ ʝʬʝʢʪʠʚʥʦʛʦ 

ʢʽʙʝʨʟʘʭʠʩʪʫ ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʶ ʧʨʦʙʣʝʤʦʶ. 

ʅʘʨʘʟʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʜʘʧʪʘʮʽʷ ʫʢʨʘʾʥʩʴʢʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʪʘ 

ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʟ ʢʽʙʝʨʟʘʭʠʩʪʫ ʢʨʠʪʠʯʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʩʠʩʪʝʤ ʜʦ ʥʘʡʢʨʘʱʠʭ ʩʚʽʪʦʚʠʭ 

ʧʨʘʢʪʠʢ. ʎʝ ʜʦʚʛʦʪʨʠʚʘʣʘ ʽ ʙʘʛʘʪʦʰʘʨʦʚʘ ʨʦʙʦʪʘ, ʷʢʘ ʚʠʤʘʛʘʻ ʥʝ 

ʣʠʰʝ ʧʝʨʝʢʣʘʜʫ ʪʘ ʘʜʘʧʪʘʮʽʾ ʪʝʢʩʪʽʚ ʚʽʜʦʤʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʘ ʡ 

ʚʨʘʭʫʚʘʥʥʷ ʢʦʥʪʝʢʩʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʚʥʠʭ ʪʝʨʤʽʥʽʚ ʪʘ ʽʩʪʦʨʠʯʥʦ 

ʚʽʜʤʽʥʥʠʭ ʚʽʜ ʋʢʨʘʾʥʠ ʤʝʪʦʜʽʚ ʧʦʙʫʜʦʚʠ ʢʦʤʧʣʝʢʩʫ ʟʘʭʦʜʽʚ 

ʢʽʙʝʨʟʘʭʠʩʪʫ. ɼʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʝ ʦʜʥʽʡ ʟ ʪʘʢʠʭ ʧʨʦʙʣʝʤ, ʘ 

ʩʘʤʝ ï ʩʧʨʦʙʽ ʘʜʘʧʪʘʮʽʾ ʜʚʦʭ ʧʦʥʷʪʴ çʨʽʚʝʥʴ ʚʧʨʦʚʘʜʞʝʥʥʷè ʪʘ 

çʩʪʫʧʽʥʴ ʟʨʽʣʦʩʪʽè ʫ ʚʽʜʥʦʰʝʥʥʽ ʜʦ ʧʨʦʮʝʩʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʽʙʝʨʟʘʭʠʩʪʫ. 

ʂʽʙʝʨʙʝʟʧʝʢʘ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ NIST 

Cybersecurity Framework  

ʋ ʣʶʪʦʤʫ 2013 ʨʦʢʫ ʧʨʝʟʠʜʝʥʪ ʉʐɸ ɹʘʨʘʢ ʆʙʘʤʘ ʧʽʜʧʠʩʘʚ ʫʢʘʟ 

ˉ 13636 "ʇʦʩʠʣʝʥʥʷ ʢʽʙʝʨʙʝʟʧʝʢʠ ʢʨʠʪʠʯʥʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨ" [1], 

ʷʢʠʡ ʩʝʨʝʜ ʽʥʰʦʛʦ ʟʦʙʦʚ'ʷʟʘʚ ɸʤʝʨʠʢʘʥʩʴʢʠʡ ʽʥʩʪʠʪʫʪ ʟʽ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ NIST ʨʦʟʨʦʙʠʪʠ ʙʘʟʦʚʫ ʤʦʜʝʣʴ ʟʘʭʠʩʪʫ ʢʨʠʪʠʯʥʠʭ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨ  çFramework for Improving Critical Infrastructure 

Cybersecurityè, ʷʢʠʡ ʟʘʟʚʠʯʘʡ ʥʘʟʠʚʘʶʪʴ çCybersecurity Frameworkè 

(ʥʘʜʘʣʽ ï CSF) [2]. ʆʩʪʘʥʥʷ ʡʦʛʦ ʨʝʜʘʢʮʽʷ ʚʽʜʙʫʣʘʩʴ ʚ 2018 ʨʦʮʽ. 

NIST ʟʨʦʙʠʚ CSF ʧʨʘʢʪʠʯʥʠʤ ʪʘ ʢʦʥʢʨʝʪʥʠʤ. ʇʦ ʩʫʪʽ, ʬʨʝʡʤʚʦʨʢ 

ʧʨʠʜʘʪʥʠʡ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʞʠʪʪʻʚʦʤʫ ʮʠʢʣʽ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʙʫʜʴ-

ʷʢʦʛʦ ʦʙ'ʻʢʪʘ - ʚʽʜ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʜʦ ʧʨʦʤʠʩʣʦʚʦʾ ʤʝʨʝʞʽ. ʋ ʥʴʦʤʫ 

ʦʧʠʩʘʥʦ ʘʨʭʽʪʝʢʪʫʨʫ ʧʨʦʤʠʩʣʦʚʦʾ ʤʝʨʝʞʽ ʟ ʧʦʛʣʷʜʫ ʾʾ ʧʦʙʫʜʦʚʠ ʪʘ ʾʾ 

ʙʝʟʧʝʢʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʪʘʢ ʟʚʘʥʦʾ ʧ'ʷʪʠʨʽʚʥʝʚʦʾ ʤʦʜʝʣʽ 

ʋʥʽʚʝʨʩʠʪʝʪʫ ʇʫʨʜʴʶ (Purdue). ʆʩʥʦʚʦʶ ʬʨʝʡʤʚʦʨʢʫ ʻ ʡʦʛʦ ʷʜʨʦ, ʜʝ 

ʫʩʽ ʟʘʭʦʜʠ ʟʘʭʠʩʪʫ ʨʦʟʙʠʪʽ ʥʘ 5 ʚʝʣʠʢʠʭ ʙʣʦʢʽʚ (ʬʫʥʢʮʽʡ) - 

ʽʜʝʥʪʠʬʽʢʘʮʽʷ, ʟʘʭʠʩʪ, ʚʠʷʚʣʝʥʥʷ, ʨʝʘʛʫʚʘʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ (ʨʠʩ.1).  

ʋ ʢʦʞʥʦʤʫ ʟ ʧ'ʷʪʠ ʙʣʦʢʽʚ ʧʦʪʽʤ ʚʠʜʽʣʷʶʪʴʩʷ ʢʽʣʴʢʘ ʢʘʪʝʛʦʨʽʡ 

ʟʘʭʦʜʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ, ʷʢʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʜʝʢʦʤʧʦʟʫʶʪʴʩʷ ʜʦ ʨʽʚʥʷ 

ʧʽʜʢʘʪʝʛʦʨʽʡ. ɼʣʷ ʥʘʦʯʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʧʨʠʢʣʘʜ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘʭʦʜʽʚ 

ʧʦ ʢʘʪʝʛʦʨʽʷʭ ʪʘ ʧʽʜʢʘʪʝʛʦʨʽʷʭ ʜʣʷ ʦʜʥʽʻʾ ʟ ʧôʷʪʠ ʬʫʥʢʮʽʡ 

ʢʽʙʝʨʙʝʟʧʝʢʠ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2. 
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ʈʠʩʫʥʦʢ 1 ï ʗʜʨʦ Cybersecurity Framework [2] 

 

 

ʈʠʩʫʥʦʢ 2 ï ʂʘʪʝʛʦʨʽʾ ʪʘ ʧʚʽʜʢʘʪʝʛʦʨʽʾ ʟʘʭʦʜʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʾ çɺʽʜʥʦʚʣʝʥʥʷè [2] 

ɺʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʨʝʡʤʚʦʨʢʫ ʻ ʩʢʣʘʜʘʥʥʷ 

ʦʨʛʘʥʽʟʘʮʽʻʶ ʚʣʘʩʥʦʛʦ ʧʨʦʬʽʣʶ.  ʇʨʦʬʽʣʴ ʟʘ ʬʨʝʡʤʚʦʨʢʦʤ 

ʧʨʝʜʩʪʘʚʣʷʻ ʨʝʟʫʣʴʪʘʪʠ ʥʘ ʦʩʥʦʚʽ ʙʽʟʥʝʩ-ʧʦʪʨʝʙ, ʷʢʽ ʦʨʛʘʥʽʟʘʮʽʷ 

ʚʠʙʨʘʣʘ ʟ ʢʘʪʝʛʦʨʽʡ ʽ ʧʽʜʢʘʪʝʛʦʨʽʡ ʟʘʭʦʜʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ. ʇʨʦʬʽʣʴ 

ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʷʢ ʫʟʛʦʜʞʝʥʥʷ ʩʪʘʥʜʘʨʪʽʚ, ʽʥʩʪʨʫʢʮʽʡ ʽ 

ʧʨʘʢʪʠʢ ʟ ʷʜʨʦʤ CSF ʫ ʢʦʥʢʨʝʪʥʦʤʫ ʩʮʝʥʘʨʽʾ ʚʧʨʦʚʘʜʞʝʥʥʷ. ʇʨʦʬʽʣʽ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʩʪʘʥʫ ʢʽʙʝʨʙʝʟʧʝʢʠ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ çʇʦʪʦʯʥʦʛʦè 

ʧʨʦʬʽʣʶ (ʩʪʘʥ çʷʢ ʻè) ʽʟ çʎʽʣʴʦʚʠʤè ʧʨʦʬʽʣʝʤ (ʩʪʘʥ çʷʢ ʤʘʻ ʙʫʪʠè). 
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ʑʦʙ ʨʦʟʨʦʙʠʪʠ ʧʨʦʬʽʣʴ, ʦʨʛʘʥʽʟʘʮʽʷ ʤʦʞʝ ʧʝʨʝʛʣʷʥʫʪʠ ʚʩʽ ʢʘʪʝʛʦʨʽʾ 

ʪʘ ʧʽʜʢʘʪʝʛʦʨʽʾ ʪʘ, ʚʠʭʦʜʷʯʠ ʟ ʨʫʰʽʡʥʠʭ ʬʘʢʪʦʨʽʚ ʙʽʟʥʝʩʫ/ʤʽʩʽʾ ʪʘ 

ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ, ʚʠʟʥʘʯʠʪʠ, ʷʢʽ ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤʠ; ʚʽʥ ʤʦʞʝ ʜʦʜʘʚʘʪʠ 

ʢʘʪʝʛʦʨʽʾ ʪʘ ʧʽʜʢʘʪʝʛʦʨʽʾ, ʷʢʱʦ ʮʝ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʫʩʫʥʝʥʥʷ ʨʠʟʠʢʽʚ 

ʦʨʛʘʥʽʟʘʮʽʾ. ʇʦʪʽʤ ʧʦʪʦʯʥʠʡ ʧʨʦʬʽʣʴ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ ʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʛʨʝʩʫ ʥʘ ʰʣʷʭʫ ʜʦ 

ʮʽʣʴʦʚʦʛʦ ʧʨʦʬʽʣʶ, ʦʜʥʦʯʘʩʥʦ ʚʨʘʭʦʚʫʶʯʠ ʽʥʰʽ ʙʽʟʥʝʩ-ʧʦʪʨʝʙʠ, 

ʚʢʣʶʯʘʶʯʠ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʽʥʥʦʚʘʮʽʾ. ʇʨʦʬʽʣʽ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʩʘʤʦʦʮʽʥʢʠ ʪʘ ʩʧʽʣʢʫʚʘʥʥʷ 

ʚʩʝʨʝʜʠʥʽ ʦʨʛʘʥʽʟʘʮʽʾ ʘʙʦ ʤʽʞ ʦʨʛʘʥʽʟʘʮʽʷʤʠ. 

CSF ʪʘʢʦʞ ʚʚʦʜʠʪʴ ʧʦʥʷʪʪʷ ʨʽʚʥʽʚ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ 

ʢʽʙʝʨʟʘʭʠʩʪʫ. ʈʽʚʥʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʥʪʝʢʩʪ ʪʦʛʦ, ʷʢ 

ʦʨʛʘʥʽʟʘʮʽʷ ʨʦʟʛʣʷʜʘʻ ʨʠʟʠʢʠ ʢʽʙʝʨʙʝʟʧʝʢʠ ʪʘ ʧʨʦʮʝʩʠ, ʷʢʽ ʽʩʥʫʶʪʴ 

ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʮʠʤ ʨʠʟʠʢʦʤ. ʈʽʚʥʽ ʦʧʠʩʫʶʪʴ ʩʪʫʧʽʥʴ, ʜʦ ʷʢʦʛʦ 

ʧʨʘʢʪʠʢʠ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʢʽʙʝʨʙʝʟʧʝʢʠ ʦʨʛʘʥʽʟʘʮʽʾ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʠʟʥʘʯʝʥʽ ʚ ʈʘʤʢʦʚʽʡ ʦʩʥʦʚʽ 

(ʥʘʧʨʠʢʣʘʜ, ʫʩʚʽʜʦʤʣʝʥʥʷ ʨʠʟʠʢʽʚ ʽ ʟʘʛʨʦʟ, ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʽ 

ʘʜʘʧʪʠʚʥʽʩʪʴ). ʈʽʚʥʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʘʢʪʠʢʫ ʦʨʛʘʥʽʟʘʮʽʾ ʚ ʜʽʘʧʘʟʦʥʽ 

ʚʽʜ ʯʘʩʪʢʦʚʦʛʦ (ʨʽʚʝʥʴ 1) ʜʦ ʘʜʘʧʪʠʚʥʦʛʦ (ʨʽʚʝʥʴ 4). ʎʽ ʨʽʚʥʽ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʝʨʝʭʽʜ ʚʽʜ ʥʝʬʦʨʤʘʣʴʥʠʭ, ʨʝʘʢʪʠʚʥʠʭ ʨʝʘʢʮʽʡ ʜʦ 

ʧʽʜʭʦʜʽʚ, ʷʢʽ ʻ ʛʥʫʯʢʠʤʠ ʪʘ ʽʥʬʦʨʤʦʚʘʥʠʤʠ ʧʨʦ ʨʠʟʠʢʠ. ʇʽʜ ʯʘʩ 

ʧʨʦʮʝʩʫ ʚʠʙʦʨʫ ʨʽʚʥʷ ʦʨʛʘʥʽʟʘʮʽʷ ʧʦʚʠʥʥʘ ʚʨʘʭʦʚʫʚʘʪʠ ʩʚʦʶ ʧʦʪʦʯʥʫ 

ʧʨʘʢʪʠʢʫ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ, ʩʝʨʝʜʦʚʠʱʝ ʟʘʛʨʦʟ, ʧʨʘʚʦʚʽ ʪʘ 

ʥʦʨʤʘʪʠʚʥʽ ʚʠʤʦʛʠ, ʮʽʣʽ ʙʽʟʥʝʩʫ/ʤʽʩʽʾ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʦʙʤʝʞʝʥʥʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʤʥʦʞʠʥʠ ʟʘʭʦʜʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ CSF ʫ 

ʚʠʛʣʷʜʽ ʪʦʧʦʣʦʛʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ 

ʇʦʥʷʪʪʷ ʪʦʧʦʣʦʛʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʟʘʛʘʣʴʥʽʡ 

ʪʦʧʦʣʦʛʽʾ. ɺʠʟʥʘʯʝʥʥʷ ʪʦʧʦʣʦʛʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ ʩʧʠʨʘʻʪʴʩʷ ʣʠʰʝ ʥʘ 

ʪʝʦʨʽʶ ʤʥʦʞʠʥ, ʽ ʻ ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʠʤ ʧʦʥʷʪʪʷʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʧʨʦʩʪʦʨʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʽ ʢʦʥʮʝʧʮʽʾ, ʪʘʢʽ ʷʢ 

ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ, ʟʚ'ʷʟʥʽʩʪʴ ʪʘ ʢʦʥʚʝʨʛʝʥʪʥʽʩʪʴ [3].  

ʅʝʭʘʡ ʽʩʥʫʻ ʤʥʦʞʠʥʘ ʝʣʝʤʝʥʪʽʚ X. ʉʠʩʪʝʤʘ Ч ʚʽʜʢʨʠʪʠʭ 

ʧʽʜʤʥʦʞʠʥ ʾʾ ʝʣʝʤʝʥʪʽʚ ʻ ʪʦʧʦʣʦʛʽʻʶ ʥʘ X, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ, 

ʷʢʽ ʟʚʫʪʴʩʷ ʘʢʩʽʦʤʘʤʠ ʪʦʧʦʣʦʛʽʾ:  

- ʦʙôʻʜʥʘʥʥʷ ʜʦʚʽʣʴʥʦʛʦ ʩʽʤʝʡʩʪʚʘ ʧʽʜʤʥʦʞʠʥ L ʟ ʝʣʝʤʝʥʪʽʚ X 

ʥʘʣʝʞʠʪʴ T:  

- ʧʝʨʝʪʠʥ ʜʦʚʽʣʴʥʦʛʦ ʩʢʽʥʯʝʥʥʦʛʦ ʩʽʤʝʡʩʪʚʘ L ʟ ʧʽʜʤʥʦʞʠʥ 

ʝʣʝʤʝʥʪʽʚ X ʥʘʣʝʞʠʪʴ T:  

( ) :, TLLTLL Í¡¡Æ¡Í¡¡¡"

( ) :, TLLTLL Í¡¡Ç¡Í¡¡¡"
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- ʩʘʤʘ ʤʥʦʞʠʥʘ X ʪʘ ʧʦʨʦʞʥʷ ʤʥʦʞʠʥʘ ʥʘʣʝʞʘʪʴ T:  

 
ɸ ʚʧʦʨʷʜʢʦʚʘʥʘ ʧʘʨʘ (X, T) ʤʘʻ ʥʘʟʚʫ ʪʦʧʦʣʦʛʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ. 

ʆʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ ʪʦʧʦʣʦʛʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ ʻ ʧʨʦʩʪʽʨ ʟ 

ʜʠʩʢʨʝʪʥʦʶ ʪʦʧʦʣʦʛʽʻʶ. ʋ ʜʠʩʢʨʝʪʥʦʤʫ ʪʦʧʦʣʦʛʽʯʥʦʤʫ ʧʨʦʩʪʦʨʽ 

ʤʥʦʞʠʥʘ ʪʦʯʦʢ ʥʝ ʻ ʙʝʟʧʝʨʝʨʚʥʦʶ, ʚʩʽ ʪʦʯʢʠ ʧʨʦʩʪʦʨʫ ʚ ʧʝʚʥʦʤʫ 

ʩʝʥʩʽ ʽʟʦʣʴʦʚʘʥʽ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ. ʊʦʧʦʣʦʛʽʻʶ ʜʠʩʢʨʝʪʥʦʛʦ 

ʪʦʧʦʣʦʛʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ (ʜʠʩʢʨʝʪʥʦʶ ʪʦʧʦʣʦʛʽʻʶ) ʻ ʩʽʤʝʡʩʪʚʦ ʚʩʽʭ 

ʡʦʛʦ ʧʽʜʤʥʦʞʠʥ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʘʢʩʽʦʤʘʤ ʪʦʧʦʣʦʛʽʾ. ʆʩʦʙʣʠʚʽʩʪʶ 

ʜʠʩʢʨʝʪʥʦʾ ʪʦʧʦʣʦʛʽʾ ʻ ʪʝ, ʱʦ ʾʾ ʙʘʟʦʶ ʧʦʩʣʫʛʦʚʫʶʪʴ ʚʩʽ ʧʽʜʤʥʦʞʠʥʠ 

ʤʥʦʞʠʥʠ X, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʦʜʥʦʛʦ ʝʣʝʤʝʥʪʘ.  

ʅʝʭʘʡ s SÍ  - ʮʝ ʧʽʜʢʘʪʝʛʦʨʽʷ ʟʘʭʦʜʽʚ ʟʽ ʩʢʽʥʯʝʥʦʾ ʤʥʦʞʠʥʠ 

ʧʽʜʢʘʪʝʛʦʨʽʡ S, ʘ m MÍ  ï ʨʽʚʝʥʴ ʚʧʨʦʚʘʜʞʝʥʥʷ. ʅʘʟʚʝʤʦ ʢʦʨʪʝʞ 

c(s,m), ʱʦ ʧʦʻʜʥʫʻ ʧʽʜʢʘʪʝʛʦʨʽʶ ʟʘʭʦʜʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ ʪʘ ʨʽʚʝʥʴ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʽʻʾ ʟʘʭʦʜʽʚ ʧʽʜʢʘʪʝʛʦʨʽʾ, ʚʝʢʪʦʨʦʤ ʢʽʙʝʨʟʘʭʠʩʪʫ 

(ʧʽʜʢʘʪʝʛʦʨʽʷ ʟʘʭʦʜʽʚ ʚʢʘʟʫʻ ʥʘʧʨʷʤʦʢ, ʘ ʨʽʚʝʥʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʢʘʟʫʻ 

ʜʦʚʞʠʥʫ ʚʝʢʪʦʨʘ). 

ʄʥʦʞʠʥʘ ʚʩʽ ʤʦʞʣʠʚʠʭ ʚʝʢʪʦʨʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ ʨʘʟʦʤ ʟ ʫʩʽʤʘ 

ʤʦʞʣʠʚʠʤʠ ʢʦʤʙʽʥʘʮʽʷʤʠ ʚʝʢʪʦʨʽʚ ʫʪʚʦʨʶʻ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʚʠʟʥʘʯʝʥʥʷ, ʪʦʧʦʣʦʛʽʯʥʠʡ ʧʨʦʩʪʽʨ. ʂʦʞʝʥ ʚʝʢʪʦʨ ʧʨʠ ʮʴʦʤʫ, ʘ ʪʘʢʦʞ 

ʙʫʜʴ-ʷʢʘ ʾʭʥʷ ʧʽʜʤʥʦʞʠʥʘ ʻ ʝʣʝʤʝʥʪʘʤʠ ʪʦʧʦʣʦʛʽʾ. 

ʈʝʟʶʤʫʶʯʠ, ʥʝʭʘʡ ʽʩʥʫʻ ʤʥʦʞʠʥʘ ʉ ʚʩʽʭ ʚʝʢʪʦʨʽʚ c. ʅʝʭʘʡ ʽʩʥʫʻ 

ʩʠʩʪʝʤʘ ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ ʮʠʭ ʚʝʢʪʦʨʽʚ T, ʜʦ ʷʢʦʾ ʥʘʣʝʞʘʪʴ 

ʧʦʨʦʞʥʷ ʤʥʦʞʠʥʘ, ʩʘʤʘ ʤʥʦʞʠʥʘ ʚʩʽʭ ʚʝʢʪʦʨʽʚ, ʪʘ ʙʫʜʴ-ʷʢʽ 

ʢʦʤʙʽʥʘʮʽʾ (ʦʙôʻʜʥʘʥʥʷ ʪʘ ʧʝʨʝʪʠʥʠ) ʟ ʮʽʻʾ ʤʥʦʞʠʥʠ ʚʝʢʪʦʨʽʚ:  

( ): , ; ', " : ' " ; ' "  T C T C C T C C T C C T$ Å Í " Í Æ Í Ç Í 

ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʩʠʩʪʝʤʘ ʊ ʚʽʜʧʦʚʽʜʘʻ ʚʠʟʥʘʯʝʥʥʶ ʪʦʧʦʣʦʛʽʾ ʥʘ 

ʤʥʦʞʠʥʽ ʚʝʢʪʦʨʽʚ C, ʘ ʧʘʨʘ (C,T) ʚʽʜʧʦʚʽʜʘʻ ʚʠʟʥʘʯʝʥʥʶ 

ʪʦʧʦʣʦʛʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʜʝ ʤʥʦʞʠʥʘ ʚʝʢʪʦʨʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ ʻ 

çʥʦʩʽʻʤè ʪʦʧʦʣʦʛʽʾ.  

ʊʝʧʝʨ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚʠʟʥʘʯʝʥʴ ʬʦʨʤʘʣʽʟʫʻʤʦ 

ʧʦʥʷʪʪʷ ʧʨʦʬʽʣʶ ʢʽʙʝʨʟʘʭʠʩʪʫ. ʇʨʦʬʽʣʴ ʢʽʙʝʨʟʘʭʠʩʪʫ P ʻ 

ʧʽʜʤʥʦʞʠʥʦʶ ʚʝʢʪʦʨʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ, ʪʘʢʦʶ, ʱʦ ʢʦʞʥʽʡ ʧʽʜʢʘʪʝʛʦʨʽʾ 

ʚʽʜʧʦʚʽʜʘʻ ʣʠʰʝ ʦʜʠʥ ʚʝʢʪʦʨ. ɿʘ ʚʠʟʥʘʯʝʥʥʷʤ, ʚʩʽ ʧʽʜʤʥʦʞʠʥʠ 

ʚʝʢʪʦʨʽʚ ʥʘʣʝʞʘʪʴ ʜʦ ʪʦʧʦʣʦʛʽʾ, ʦʪʞʝ ʧʨʦʬʽʣʴ ʢʽʙʝʨʟʘʭʠʩʪʫ ʻ 

ʝʣʝʤʝʥʪʦʤ ʪʦʧʦʣʦʛʽʾ, ʫʪʚʦʨʝʥʦʾ ʥʘ ʤʥʦʞʠʥʽ ʚʝʢʪʦʨʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ.  

ʅʘʜʘʣʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʤʦ ʪʘʢʽ ʥʘʟʚʠ ʜʣʷ ʟʨʦʙʣʝʥʠʭ 

ʚʠʟʥʘʯʝʥʴ: 

- ʪʦʧʦʣʦʛʽʯʥʠʡ ʧʨʦʩʪʽʨ ʢʽʙʝʨʙʝʟʧʝʢʠ; 

- ʪʦʧʦʣʦʛʽʷ ʢʽʙʝʨʟʘʭʠʱʝʥʦʩʪʽ; 

  , TXT ÍÍÅ
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- ʚʝʢʪʦʨ ʢʽʙʝʨʟʘʭʠʩʪʫ. 

ɺʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ  

ʅʘʢʘʟʦʤ ɸʜʤʽʥʽʩʪʨʘʮʽʾ ɼʝʨʞʩʧʝʮʟʚôʷʟʢʫ [4] ʟʘʪʚʝʨʜʞʝʥʦ ʤʝʪʦʜʠʯʥʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʢʽʙʝʨʟʘʭʠʩʪʫ ʢʨʠʪʠʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʚ ʷʢʠʭ ʧʝʨʝʢʣʘʜʝʥʦ ʪʘ ʘʜʘʧʪʦʚʘʥʦ 

ʧʦʣʦʞʝʥʥʷ CSF. ʋ ʪʦʤʫ ʯʠʩʣʽ, ʚʠʟʥʘʯʝʥʽ ʪʘʢʽ ʨʽʚʥʽ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʟʘʭʦʜʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ: 

1.ʏʘʩʪʢʦʚʠʡ 

2.ʈʠʟʠʢ-ʦʨʽʻʥʪʦʚʥʠʡ 

3.ʇʦʚʪʦʨʶʚʘʥʠʡ 

4.ɸʜʘʧʪʠʚʥʠʡ. 

ʑʦʙ ʟʨʦʟʫʤʽʪʠ ʮʶ ʢʣʘʩʠʬʽʢʘʮʽʶ, ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʠʪʠ ʽʥʰʽ 

ʧʽʜʭʦʜʠ ʪʘ ʟʨʦʙʠʪʠ ʧʦʨʽʚʥʷʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʨʽʚʥʽʚ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʟʘʭʦʜʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ ʨʽʚʥʷʤ ʟʨʽʣʦʩʪʽ ɯʊ ʧʨʦʮʝʩʽʚ, ʚʠʟʥʘʯʝʥʠʭ 

ʄʝʪʦʜʦʣʦʛʽʻʶ COBIT 5 [5], ʪʘ ʨʽʚʥʽʚ ʟʘʭʠʱʝʥʦʩʪʽ ʟʛʽʜʥʦ ISA 62443-

1-1 [6], ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʚ ʪʘʙʣ.1. 

ʊʘʙʣʠʮʷ 1. ʇʦʨʽʚʥʷʥʥʷ ʨʽʚʥʽʚ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʟʨʽʣʦʩʪʽ 

ʈʝʢʦʤʝʥʜʘʮʽʾ/NIST 

ʉSF 

ISA 62443-1-1 

(ISA 62443-3-3 Annex A) 

COBIT 5 

1.ʏʘʩʪʢʦʚʠʡ 0. ʅʝ ʤʘʻ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ 

1. ɿʘʭʠʱʝʥʠʡ ʚʽʜ 

ʚʠʧʘʜʢʦʚʦʛʦ/ʥʝʥʘʚʤʠʩʥʦʛʦ 

ʧʦʨʫʰʝʥʥʷ ʙʝʟʧʝʢʠ 

0. Incomplete 

process (ʅʝ 

ʽʩʥʫʶʯʠʡ) 

1. Performed 

process 

(ʇʦʯʘʪʢʦʚʠʡ) 

2.ʈʠʟʠʢ-ʦʨʽʻʥʪʦʚʥʠʡ 2. ɿʘʭʠʱʝʥʠʡ ʚʽʜ ʩʣʘʙʢʦʛʦ 

ʥʘʚʤʠʩʥʦʛʦ ʚʪʨʫʯʘʥʥʷ 

(ʥʝʚʝʣʠʢʽ ʨʝʩʫʨʩʠ ʪʘ ʟʥʘʥʥʷ 

ʥʠʟʴʢʘ ʤʦʪʠʚʘʮʽʷ, ʧʨʦʩʪʽ 

ʟʘʩʦʙʠ) 

2. Managed 

process 

(ʇʦʚʪʦʨʶʚʘʥʠʡ 

ʘʣʝ ʽʥʪʫʾʪʠʚʥʠʡ) 

3.ʇʦʚʪʦʨʶʚʘʥʠʡ 3. ɿʘʭʠʱʝʥʠʡ ʚʽʜ 

ʥʘʧʦʣʝʛʣʠʚʦʛʦ ʥʘʚʤʠʩʥʦʛʦ 

ʚʪʨʫʯʘʥʥʷ (ʟʘʜʽʷʥʠ ʩʫʪʪʻʚʽ 

ʨʝʩʫʨʩʠ, ʧʽʜʢʣʶʯʝʥʦ 

ʧʨʦʬʝʩʽʦʥʘʣʽʚ ʽ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʟʘʩʦʙʠ, ʘʣʝ 

ʘʪʘʢʫʶʯʘ ʩʪʦʨʦʥʘ ʤʘʻ  

ʦʙʤʝʞʝʥʥʷ ʚ ʤʦʞʣʠʚʦʩʪʷʭ 

ʪʘ/ʘʙʦ ʨʝʩʫʨʩʘʭ ʪʘ/ʘʙʦ ʯʘʩʽ) 

3. Established 

process 

(ɺʠʟʥʘʯʝʥʠʡ) 

4.ɸʜʘʧʪʠʚʥʠʡ. 4. ɿʘʭʠʱʝʥʠʡ ʚʽʜ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʾ 

4. Predictable 

process 
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ʥʘʧʦʣʝʛʣʠʚʦʾ ʘʪʘʢʠ (ʢʦʣʠ 

ʘʪʘʢʫʶʯʘ ʩʪʦʨʦʥʘ ʤʘʻ 

ʨʝʩʫʨʩʠ ʥʘ 

ʨʝʛʫʣʷʨʥʽ ʚʦʨʦʞʽ ʜʽʾ, 

ʧʦʩʪʽʡʥʦ ʚʜʦʩʢʦʥʘʣʶʻ 

ʤʝʭʘʥʽʟʤʠ ʘʪʘʢʠ, ʚʠʯʽʢʫʻ, 

ʰʫʢʘʻ ʥʦʚʽ 

ʚʨʘʟʣʠʚʦʩʪʽ). 

(ʂʝʨʦʚʘʥʠʡ ʪʘ 

ʚʠʤʽʨʶʚʘʥʠʡ) 

5. Optimising 

process 

(ʆʧʪʠʤʽʟʦ-ʚʘʥʠʡ) 

 

ɼʦʩʷʛʥʝʥʥʷ ʨʽʚʥʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘ ʧʦʚʥʦʪʦʶ ʚʠʢʦʥʘʥʥʷ ʮʠʭ ʟʘʭʦʜʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʪʦʯʥʦʾ 

ʧʨʘʢʪʠʢʠ ʱʦʜʦ ʨʝʘʣʽʟʘʮʽʾ ʟʘʭʦʜʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʨʠʟʠʢʘʤʠ ʢʽʙʝʨʙʝʟʧʝʢʠ ʥʘ ʆʂɯ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʛʨʦʟ ʢʽʙʝʨʙʝʟʧʝʢʠ, 

ʟʘʢʦʥʦʜʘʚʯʽ ʪʘ ʥʦʨʤʘʪʠʚʥʽ ʚʠʤʦʛʠ, ʢʦʤʝʨʮʽʡʥʽ ʪʘ ʩʪʨʘʪʝʛʽʯʥʽ ʮʽʣʽ 

ʆʂɯ, ʚʠʤʦʛʠ ʜʦ ʢʽʙʝʨʙʝʟʧʝʢʠ ʚ ʣʘʥʮʶʟʽ ʧʦʩʪʘʚʦʢ 

ʧʨʦʛʨʘʤʥʦʛʦ/ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʪʘ ʽʥʰʽ 

ʦʙʤʝʞʝʥʥʷ. 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʧʨʦʬʽʣʶ ʢʽʙʝʨʟʘʭʠʩʪʫ 

ɺ ʥʝʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ, ʷʢʘ ʤʝʪʦʜʠʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ ʧʝʚʥʦʾ 

ʧʽʜʢʘʪʝʛʦʨʽʾ, ʧʨʦʬʽʣʴ ʢʽʙʝʨʟʘʭʠʩʪʫ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ 

ʚʠʛʣʷʜʽ ʩʫʢʫʧʥʦʩʪʽ ʚʝʢʪʦʨʽʚ ʧʦ ʚʩʽʭ ʧʽʜʢʘʪʝʛʦʨʽʷʭ, ʥʘʧʨʠʢʣʘʜ: 

{ }1 2 2 4 3 3 3 1( . ; ),( . ; )( . ; ),....,( . ; )P ID AM ID AM ID AM RC CO= - - - - 

ʋ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ ʧʨʦʬʽʣʴ ʤʘʪʠʤʝ ʜʦʚʞʠʥʫ ʧʦʥʘʜ 100 ʚʝʢʪʦʨʽʚ. 

ʄʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʩʧʨʦʱʝʥʠʡ, ʤʝʥʰ ʜʝʪʘʣʽʟʦʚʘʥʠʡ ʧʨʦʬʽʣʴ, ʷʢʱʦ 

ʫʩʝʨʝʜʥʠʪʠ ʨʽʚʝʥʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ ʜʣʷ ʢʦʞʥʦʾ 

ʢʘʪʝʛʦʨʽʾ ʟʘʭʦʜʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ: 

ʧʽʜʢʘʪ

ʢʘʪ

ʢʘʪ

V
ʉʎ

N
=
ä

, 

ʜʝ  

ʢʘʪʉʎ  ï ʤʽʥʽʤʘʣʴʥʠʡ ʩʝʨʝʜʥʽʡ ʨʽʚʝʥʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ; 

ʧʽʜʢʘʪ
V  ï ʨʽʚʝʥʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʽʜʢʘʪʝʛʦʨʽʾ ʟʘʭʦʜʽʚ, ʷʢʘ ʥʘʣʝʞʠʪʴ ʜʦ 

ʢʘʪʝʛʦʨʽʾ; 

ʢʘʪN  ï ʢʽʣʴʢʽʩʪʴ ʧʽʜʢʘʪʝʛʦʨʽʡ ʟʘʭʦʜʽʚ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʢʘʪʝʛʦʨʽʾ. 
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ʉʧʨʦʱʝʥʠʡ ʧʨʦʬʽʣʴ ʩʢʣʘʜʘʪʠʤʝʪʴʩʷ ʚʩʴʦʛʦ ʟ 23 ʫʩʝʨʝʜʥʝʥʠʭ 

ʚʝʢʪʦʨʽʚ ʚʝʢʪʦʨʽʚ ʽ ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

{ }2 2 3 2( . ; ),( . ; )( . ; ),....,( . ; )P ID AM ID BE IDGV RC CO=  

ʊʘʢʠʡ ʩʧʨʦʱʝʥʠʡ ʧʨʦʬʽʣʴ ʤʦʞʥʘ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʝʣʶʩʪʢʦʚʦʾ ʜʽʘʛʨʘʤʠ (ʨʠʩ.3). 

 

 
ʈʠʩʫʥʦʢ 3 ï ɺʽʟʫʘʣʽʟʘʮʽʷ ʩʧʨʦʱʝʥʠʭ ʧʨʦʬʽʣʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ 

 

ʅʘ ʨʠʩʫʥʢʫ 3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʧʨʦʱʝʥʽ ʧʨʦʬʽʣʽ ʢʽʙʝʨʟʘʭʠʩʪʫ ʪʨʴʦʭ 

ʫʷʚʥʠʭ ʆʂɯɯ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ, ʩʭʦʞʽʡ ʥʘ ʨʘʜʽʘʣʴʥʫ. ʇʦ ʢʨʫʛʫ 

ʨʦʟʪʘʰʦʚʘʥʽ ʢʘʪʝʛʦʨʽʾ ʟʘʭʦʜʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ. ɺʽʜʩʪʘʥʴ ʪʦʯʢʠ ʚʽʜ 

ʮʝʥʪʨʫ (ʨʘʜʽʫʩ) ʚʽʜʧʦʚʽʜʘʻ ʨʽʚʥʶ ʚʧʨʦʚʘʜʞʝʥʥʷ. ʆʯʝʚʠʜʥʦ, ʱʦ 

ʧʣʦʱʘ ʬʽʛʫʨʠ, ʦʪʦʯʝʥʦʾ ʧʝʚʥʠʤ ʢʦʣʴʦʨʦʤ, ʪʠʤ ʙʽʣʴʰʘ, ʯʠʤ ʚʠʱʠʡ 

ʩʝʨʝʜʥʽʡ ʨʽʚʝʥʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ ʆʂɯɯ. ʌʦʨʤʘ ʽ 

ʨʦʟʤʽʨ ʬʽʛʫʨʠ ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʩʪʫʧʝʥʶ ʟʨʽʣʦʩʪʽ 

ʬʫʥʢʮʽʡ ʢʽʙʝʨʙʝʟʧʝʢʠ ʆʂɯɯ.  

ɺʠʩʥʦʚʢʠ 

ʄʦʜʝʣʴ ʢʽʙʝʨʙʝʟʧʝʢʠ, ʷʢʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚ Cybersecurity Framework 

ʪʘ ʘʜʘʧʪʦʚʘʥʘ ʚ ʨʝʢʦʤʝʥʜʘʮʽʷʭ ɸʜʤʽʥʽʩʪʨʘʮʽʾ ʜʝʨʞʩʧʝʮʟʚôʷʟʢʫ, 

ʜʦʟʚʦʣʷʻ ʧʨʝʜʩʪʘʚʠʪʠ ʧʨʦʬʽʣʴ ʢʽʙʝʨʟʘʭʠʩʪʫ ʫ ʚʠʛʣʷʜʽ ʪʦʧʦʣʦʛʽʾ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʪʨʠʤʘʥʥʷ ʯʠʩʝʣʴʥʦʾ ʦʮʽʥʢʠ ʨʽʚʥʷ 

0

1

2

3

4
ID.AM
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ID.GV
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ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ ʜʘʻ ʜʦʜʘʪʢʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

çʚʠʤʽʨʶʚʘʥʥʷè ʜʦʩʪʘʪʥʦʩʪʽ ʨʽʚʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʡ 

ʢʽʙʝʨʙʝʟʧʝʢʠ ʟʘʚʜʷʢʠ ʧʦʙʫʜʦʚʽ ʪʦʧʦʣʦʛʽʾ ʟʘʭʦʜʽʚ ʢʽʙʝʨʟʘʭʠʩʪʫ 

ʧʝʚʥʦʛʦ ʦʙôʻʢʪʘ ʚ ʢʽʙʝʨʙʝʟʧʝʢʦʚʦʤʫ ʪʦʧʦʣʦʛʽʯʥʦʤʫ ʧʨʦʩʪʦʨʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʽʙ ʛʨʘʬʽʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʦʬʽʣʽʚ 

ʢʽʙʝʨʟʘʭʠʩʪʫ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʽʟʫʘʣʴʥʦ ʧʦʨʽʚʥʶʚʘʪʠ ʨʽʚʥʽ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʡ ʢʽʙʝʨʙʝʟʧʝʢʠ, ʚʠʟʥʘʯʘʶʯʠ ʪʘʢʠʤ ʯʠʥʦʤ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʙʽʣʴʰ ʟʨʽʣʽ ʪʘ ʤʝʥʰ ʟʨʽʣʽ ʦʙôʻʢʪʠ ʢʽʙʝʨʟʘʭʠʩʪʫ.  

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ 

1. Foreign Policy Cyber Security Executive Order 13636. The White 

House. URL: https://obamawhitehouse.archives.gov/issues/foreign-

policy/cybersecurity/eo-13636 (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 11.11.2022). 

2. Cybersecurity Framework. NIST. URL: https://www.nist.gov/ 

cyberframework (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 11.11.2022). 
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ʕʣʝʤʝʥʪʘʨʥʘʷ ʪʦʧʦʣʦʛʠʷ. ï ʄ.: ʄʎʅʄʆ. ï 2010. ï 352 ʩ. 

4. ʅʘʢʘʟ ɸʜʤʽʥʽʩʪʨʘʮʽʾ ɼʝʨʞʩʧʝʮʟʚôʷʟʢʫ ʚʽʜ 06 ʞʦʚʪʥʷ 2021 ʨʦʢʫ 
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ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʚʜʘʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʩʦʢʦʚʦʣʴʪʥʠʭ ʣʽʥʽʡ 

ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʙʝʟʧʽʣʦʪʥʠʤʠ ʣʽʪʘʣʴʥʠʤʠ ʘʧʘʨʘʪʘʤʠ (ɹʇʃɸ). 

ʆʙʛʦʚʦʨʶʶʪʴʩʷ ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ɹʇʃɸ, ʤʦʥʽʪʦʨʠʥʛ, ʫʧʨʘʚʣʽʥʥʷ, ʚʠʩʦʢʦʚʦʣʴʪʥʘ 

ʝʣʝʢʪʨʦʤʝʨʝʞʘ 

ɺʩʪʫʧ 

ɼʦ ʦʙ'ʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘʣʝʞʘʪʴ ʧʝʨʝʜʫʩʽʤ ʦʙ'ʻʢʪʠ 

ʙʘʥʢʽʚʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ. ʆʩʢʽʣʴʢʠ 

ʦʩʪʘʥʥʽ ʤʘʶʪʴ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ, ʾʭ ʩʪʘʥʫ ʩʣʽʜ ʧʨʠʜʽʣʷʪʠ ʩʝʨʡʦʟʥʫ 

ʫʚʘʛʫ. ʄʦʞʣʠʚʠʤ ʨʽʰʝʥʥʷʤ ʤʦʞʝ ʙʫʪʠ ʤʦʥʽʪʦʨʠʥʛ ʩʪʘʥʫ 

ʚʠʩʦʢʦʚʦʣʴʪʥʠʭ ʣʽʥʽʡ ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ɹʇʃɸ.  

ɼʣʷ ʢʦʥʪʨʦʣʶ ʮʽʣʽʩʥʦʩʪʽ ʚʠʩʦʢʦʚʦʣʴʪʥʠʭ ʣʽʥʽʡ ʝʣʝʢʪʨʦʤʝʨʝʞʽ 

ɹʇʃɸ ʤʘʻ ʙʫʪʠ ʦʩʥʘʱʝʥʠʡ ʟʘʩʦʙʘʤʠ ʥʘʚʽʛʘʮʽʾ, ʨʘʜʽʦʟʚ'ʷʟʢʫ ʪʘ 

ʚʽʜʝʦʢʘʤʝʨʘʤʠ. ʇʦʣʽʪ ɹʇʃɸ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʚʠʩʦʪʽ, ʜʦʩʪʘʪʥʴʦʾ ʜʣʷ 

ʢʦʥʪʨʦʣʶ ʚʽʜʝʦʢʘʤʝʨʘʤʠ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʨʦʣʶ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʘʣʘ ʛʨʫʧʘ ɹʇʃɸ ʫ ʩʢʣʘʜʽ 3-5 ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, 

ʤʘʨʰʨʫʪ ʷʢʦʾ ʧʨʦʣʷʛʘʻ ʚʟʜʦʚʞ ʣʽʥʽʾ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʣʽʥʽʾ 

ʝʣʝʢʪʨʦʤʝʨʝʞʽ. ɻʨʫʧʘ ʚʽʟʫʘʣʴʥʦ ʰʫʢʘʻ ʦʙʨʠʚʠ ʣʽʥʽʡ ʝʣʝʢʪʨʦʤʝʨʝʞʽ 

ʪʘ ʧʦʰʢʦʜʞʝʥʥʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʭ ʧʽʜʩʪʘʥʮʽʡ ʪʘ ʬʽʢʩʫʻ ʾʭ 

ʢʦʦʨʜʠʥʘʪʠ.  

ʇʨʠ ʨʫʩʽ ʟʘ ʤʘʨʰʨʫʪʦʤ ʛʨʫʧʘ ɹʇʃɸ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʜʘʪʥʦʶ 

ʚʠʢʦʥʫʚʘʪʠ ʥʝʩʢʣʘʜʥʽ ʤʘʥʝʚʨʠ ʪʘʢʽ, ʷʢ ʟʣʽʪ, ʧʦʩʘʜʢʘ, ʧʨʷʤʦʣʽʥʽʡʥʠʡ 

ʧʦʣʽʪ ʚʟʜʦʚʞ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʙʘʨʘʞʫʚʘʥʥʷ ʥʘ ʤʽʩʮʽ 

ʧʦʰʢʦʜʞʝʥʥʷ ʽ ʧʦʚʝʨʥʝʥʥʷ ʜʦ ʤʽʩʮʷ ʩʪʘʨʪʫ. 

ʄʝʪʘ ʩʪʘʪʪʽ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʣʝʥʥʽ ʘʣʛʦʨʠʪʤʽʚ ʫʧʨʘʚʣʽʥʥʷ 

ɹʇʃɸ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʷʢʦʩʪʽ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʢʦʥʪʨʦʣʶ 

ʚʽʜʝʦʢʘʤʝʨʘʤʠ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ 

ɻʨʫʧʦʚʠʡ ʧʦʣʽʪ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʟ ʣʽʜʝʨʦʤ, ʙʝʟ ʣʽʜʝʨʘ ʪʘ ʟ 

ʚʽʨʪʫʘʣʴʥʠʤ ʣʽʜʝʨʦʤ. ʆʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ ʦʨʛʘʥʽʟʘʮʽʾ ʛʨʫʧʦʚʦʛʦ 

ʧʦʣʴʦʪʫ ʟ ʣʽʜʝʨʦʤ ʧʦʣʷʛʘʶʪʴ ʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 
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ʜʦʩʪʫʧʥʦʩʪʽ ʣʽʜʝʨʘ ʜʦ ʯʣʝʥʽʚ ʢʦʤʘʥʜʠ, ʧʽʜʪʨʠʤʢʠ ʟʚ'ʷʟʢʫ ʪʘ 

ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʧʦʣʴʦʪʫ, ʧʦʚ'ʷʟʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ, ʟ ʜʦʣʘʥʥʷʤ 

ʧʝʨʝʰʢʦʜ [1; 2]. ʃʽʜʝʨ ʻ ʪʝʭʥʽʯʥʦ ʩʢʣʘʜʥʠʤ ʝʣʝʤʝʥʪʦʤ ʛʨʫʧʠ, ʚʽʜ 

ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʮʽʣʴʦʚʦʛʦ ʟʘʚʜʘʥʥʷ ʛʨʫʧʠ 

ɹʇʃɸ çʤʦʥʽʪʦʨʠʥʛè. ɸʣʝ ʣʽʜʝʨ ʻ ʩʣʘʙʢʦʶ ʣʘʥʢʦʶ ʚ ʫʧʨʘʚʣʽʥʥʽ 

ʛʨʫʧʦʶ, ʚʠʭʽʜ ʡʦʛʦ ʟ ʣʘʜʫ ʫʥʝʤʦʞʣʠʚʣʶʻ ʚʠʢʦʥʘʥʥʷ ʧʦʣʴʦʪʥʦʛʦ 

ʟʘʚʜʘʥʥʷ. ɼʣʷ ʧʦʜʦʣʘʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʤʘʻ ʙʫʪʠ ʚʠʨʽʰʝʥʘ ʟʘʜʘʯʘ 

ʚʠʙʦʨʫ ʥʦʚʦʛʦ ʣʽʜʝʨʘ ʪʘ ʧʝʨʝʜʘʯʘ ʡʦʤʫ ʫʧʨʘʚʣʽʥʥʷ. ɼʽʷ ʙʝʟ ʣʽʜʝʨʘ 

ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʩʪʦʨʦʚʝ ʪʘ ʪʠʤʯʘʩʦʚʝ ʨʦʟʥʝʩʝʥʥʷ ʯʣʝʥʽʚ ʛʨʫʧʠ ʜʣʷ 

ʦʨʛʘʥʽʟʘʮʽʾ ʧʦʣʴʦʪʫ, ʚʠʢʣʶʯʝʥʥʷ ʟʽʪʢʥʝʥʴ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ ʙʝʟʧʝʯʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʚʩʽʭ ʯʣʝʥʽʚ ʛʨʫʧʠ. ʇʝʨʝʚʘʛʘʤʠ ʪʘʢʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʻ 

ʥʝʟʘʣʝʞʥʝ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʠʤ ʯʣʝʥʦʤ ʛʨʫʧʠ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ, 

ʚʠʭʽʜ ʟ ʣʘʜʫ ʦʜʥʦʛʦ ʘʧʘʨʘʪʫ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʨʝʟʫʣʴʪʘʪ ʢʽʥʮʝʚʦʾ ʟʘʜʘʯʽ, 

ʟʘʚʜʘʥʥʷ ʚʠʢʦʥʘʥʝ ʭʦʯʘ ʙ ʦʜʥʠʤ ʘʧʘʨʘʪʦʤ, ʚʚʘʞʘʻʪʴʩʷ ʚʠʢʦʥʘʥʠʤ. 

ʇʦʪʨʝʙʫʶʪʴ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʨʝʪʝʣʴʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʤʘʨʰʨʫʪʫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʧʦʚʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʟʘ ʜʽʷʤʠ ʯʣʝʥʽʚ ʛʨʫʧʠ, ʦʩʦʙʣʠʚʦ ʫ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ 

ʚʟʘʻʤʦʜʽʾ ʚ ʢʨʠʪʠʯʥʽ ʤʦʤʝʥʪʠ ʚʠʨʽʰʝʥʥʷ ʮʽʣʴʦʚʦʛʦ ʟʘʚʜʘʥʥʷ 

çʤʦʥʽʪʦʨʠʥʛè ʪʘ ʥʝʫʟʛʦʜʞʝʥʦʶ ʜʽʷʣʴʥʽʩʪʶ ʯʣʝʥʽʚ ʛʨʫʧʠ.  

ɻʨʫʧʘ ʟ ʚʽʨʪʫʘʣʴʥʠʤ ʣʽʜʝʨʦʤ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʦʟʛʣʷʥʫʪʠʭ, ʤʦʞʝ 

ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʧʨʠ ʚʠʭʦʜʽ ʟ ʣʘʜʫ ʦʜʥʦʛʦ ʟ ʯʣʝʥʽʚ ʛʨʫʧʠ, ʟʜʘʪʥʘ 

ʚʟʘʻʤʦʜʽʷʪʠ ʦʜʠʥ ʟ ʦʜʥʠʤ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʨʠ 

ʚʪʨʘʪʽ ʦʜʥʦʛʦ ʟ ʯʣʝʥʽʚ ʛʨʫʧʠ, ʥʝ ʚʪʨʘʯʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʚʽʨʪʫʘʣʴʥʦʛʦ 

ʣʽʜʝʨʘ. ʊʘʢʠʤ ʯʠʥʦʤ ʛʨʫʧʘ ʟ ʚʽʨʪʫʘʣʴʥʠʤ ʣʽʜʝʨʦʤ ʢʦʤʧʝʥʩʫʻ 

ʥʝʜʦʣʽʢʠ, ʷʢʽ ʤʘʶʪʴ ʤʽʩʮʝ ʟ ʣʽʜʝʨʦʤ ʽ ʙʝʟ ʣʽʜʝʨʘ. ʗʢ ʥʝʜʦʣʽʢ ʪʘʢʦʾ 

ʦʨʛʘʥʽʟʘʮʽʾ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʪʨʠʤʢʠ ʜʝʷʢʦʾ ʩʪʨʫʢʪʫʨʠ 

ʱʦʜʦ ʣʽʜʝʨʘ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʢʦʦʨʜʠʥʘʪʠ 

ʢʦʞʥʦʛʦ ʯʣʝʥʘ ʛʨʫʧʠ. ɺʽʨʪʫʘʣʴʥʠʡ ʣʽʜʝʨ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʚ ʛʨʫʧʽ ʙʝʟ 

ʣʽʜʝʨʘ ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʟʘʚʜʘʥʥʷ çʧʦʜʦʣʘʥʥʷ 

ʧʝʨʝʰʢʦʜè. ɺʽʨʪʫʘʣʴʥʠʡ ʣʽʜʝʨ ʤʦʞʝ ʙʫʪʠ ʤʝʪʦʶ ʧʦʣʴʦʪʫ ʘʙʦ 

ʮʝʥʪʨʦʤ ʛʨʫʧʠ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʪʨʠʚʘʣʠʭ ʟʘ ʯʘʩʦʤ ʟʘʚʜʘʥʴ ʦʨʛʘʥʽʟʘʮʽʷ 

ʟ ʚʽʨʪʫʘʣʴʥʠʤ ʣʽʜʝʨʦʤ ʻ ʢʨʘʱʦʶ. 

ɺ ʜʦʧʦʚʽʜʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʘʣʘ ʛʨʫʧʘ ɹʇʃɸ, ʷʢʘ ʚʠʨʽʰʫʻ ʟʘʚʜʘʥʥʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʦʙ'ʻʢʪʽʚ ʚʠʩʦʢʦʚʦʣʴʪʥʦʾ ʣʽʥʽʾ ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʟ 

ʚʠʢʦʥʘʥʥʷʤ ʧʽʜʟʘʚʜʘʥʴ: ʨʫʭ ʟʘ ʤʘʨʰʨʫʪʦʤ; ʧʽʜʪʨʠʤʢʘ ʩʪʨʫʢʪʫʨʠ 

ʛʨʫʧʠ ʚ ʨʫʩʽ ʘʙʦ ʨʝʢʦʥʬʽʛʫʨʘʮʽʾ ʧʨʠ ʧʦʜʦʣʘʥʥʽ ʧʝʨʝʰʢʦʜ; ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʰʢʦʜʞʝʥʥʷ ʥʘ ʣʽʥʽʾ ʪʘ ʬʽʢʩʘʮʽʷ ʡʦʛʦ ʢʦʦʨʜʠʥʘʪ.  

ɺʠʩʥʦʚʢʠ 

ɽʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʩʦʢʦʚʦʣʴʪʥʠʭ 

ʣʽʥʽʡ ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʤʦʞʝ ʩʪʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʨʫʧʠ ɹʇʃɸ. 



 

 

 33 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʪʝʦʨʝʪʠʯʥʽ ʥʘʧʨʘʮʶʚʘʥʥʷ. 
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ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʫ ʩʠʩʪʝʤʘʭ ʟʘʭʠʩʪʫ ʢʨʠʪʠʯʥʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨ.  

ɼʣʷ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʤʽʞ ʜʨʦʥʘʤʠ ʥʝʦʙʭʽʜʥʘ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʘ 

ʽʥʬʦʨʤʘʮʽʷ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʦʜʥʦʟʥʘʯʥʠʡ ʢʦʥʪʝʥʪ, ʘ ʪʘʢʦʞ 

ʬʦʨʤʘʣʽʟʦʚʘʥʽ ʟʥʘʥʥʷ ʧʨʦ ʨʦʣʴʦʚʽ ʬʫʥʢʮʽʾ ʫʩʽʭ ʜʨʦʥʽʚ ʪʘ ʫʤʦʚʠ 

ʩʧʽʚʧʨʘʮʽ ʤʽʞ ʥʠʤʠ, ʫʤʦʚʠ ʧʝʨʝʥʘʟʥʘʯʝʥʥʷ ʨʦʣʝʡ ʧʨʠ ʟʙʦʷʭ ʘʙʦ 

ʚʪʨʘʪʘʭ, ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʽʥʰʠʭ ɹʇʃɸ.  ʎʽ ʟʘʚʜʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʦʢʣʘʜʝʥʽ ʥʘ ʦʥʪʦʣʦʛʽʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʬʦʨʤʘʣʽʟʫʻ ʧʝʚʥʽ ʟʥʘʥʥʷ ʧʨʦ 

ʧʦʣʽʪʠʢʫ ʜʽʡ ʩʠʩʪʝʤʠ ʫ ʨʽʟʥʠʭ ʩʢʣʘʜʥʠʭ ʩʠʪʫʘʮʽʷʭ ʽ ʜʦʧʦʤʘʛʘʻ ʄɸʉ 

ʢʨʘʱʝ ʚʠʢʦʥʘʪʠ ʧʦʩʪʘʚʣʝʥʽ ʟʘʚʜʘʥʥʷ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʥʪʦʣʦʛʽʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʥʘʥʴ, ʨʦʡʦʚʠʡ ʽʥʪʝʣʝʢʪ, 

ʜʨʦʥʠ, ɹʇʃɸ, ʽʻʨʘʨʭʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʢʝʨʫʚʘʥʥʷ, ʘʜʘʧʪʠʚʥʘ ʦʥʪʦʣʦʛʽʷ. 

ɺʩʪʫʧ 

ʉʴʦʛʦʜʥʽ ɹʇʃɸ, ʘʙʦ ʜʨʦʥʠ, ʧʨʠʚʝʨʪʘʶʪʴ ʚʝʣʠʢʫ ʫʚʘʛʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜ ʚʽʡʩʴʢʦʚʠʭ ʜʦ ʮʠʚʽʣʴʥʠʭ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʤʦʞʫʪʴ 

ʚʠʢʦʥʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʚʝʣʠʢʦʾ ʩʢʣʘʜʥʦʩʪʽ. ʉʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ɹʇʃɸ 

ʟ ʄɸʉ ʽ ʨʦʻʚʠʤ ʽʥʪʝʣʝʢʪʦʤ   ʩʴʦʛʦʜʥʽ ʦʭʦʧʣʶʶʪʴ ʚʽʜ ʽʥʩʧʝʢʮʽʾ 

ʚʠʩʦʪʥʠʭ ʩʧʦʨʫʜ ʽ ʤʦʩʪʽʚ (ʉʐɸ, ʅʽʤʝʯʯʠʥʘ) [1,2], ʧʦʰʫʢʦʚʦ-

ʨʷʪʫʚʘʣʴʥʠʭ ʨʦʙʽʪ (ɹʨʘʟʠʣʽʷ, ʉʐɸ) ʜʦ ʚʽʡʩʴʢʦʚʦʛʦ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʚʦʻʥʥʠʭ ʦʧʝʨʘʮʽʡ ʪʘ ʟʘʭʠʩʪʫ ʢʨʠʪʠʯʥʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨ.  

 ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ   ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ, ʜʦʟʚʦʣʷʻ  ʨʦʟʨʦʙʠʪʠ ʚʠʩʦʢʦʥʘʜʽʡʥʽ ʩʠʩʪʝʤʠ ɹʇʃɸ ʟ 

ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʷʢʽ ʤʘʶʪʴ ʪʨʘʜʠʮʽʡʥʽ ʨʦʙʦʪʠ, ʚʽʜ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʚʫʢʽʚ ʜʦ ʣʦʛʽʯʥʦʛʦ ʚʠʚʝʜʝʥʥʷ 

ʥʦʚʠʭ ʟʥʘʥʴ ʥʘ ʦʩʥʦʚʽ ʪʠʭ, ʷʢʽ ʻ ʚ ʥʘʷʚʥʦʩʪʽ [3].    
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ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʄɸʉ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʛʨʫʧʘ 

ʦʥʪʦʣʦʛʽʡ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʩʣʦʚʥʠʢ ʪʝʨʤʽʥʽʚ, ʜʘʶʪʴ 

ʟʤʦʛʫ ʚʠʟʥʘʯʘʪʠ ʬʫʥʢʮʽʶ, ʢʦʥʪʝʢʩʪ ʽ ʩʠʪʫʘʮʽʾ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʦʙʤʽʥʫ 

ʩʝʤʘʥʪʠʯʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʜʣʷ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ (ʇʨʆ) ʚ ʄɸʉ  ʘʙʦ 

ʤʽʞ ʦʧʝʨʘʪʦʨʦʤ ʪʘ ʘʛʝʥʪʦʤ. 

ʆʥʪʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʨʦʶ 

ɹʇʃɸ 

ʆʥʪʦʣʦʛʽʾ ʟʘʙʝʟʧʝʯʫʶʪʴ ʬʦʨʤʘʣʴʥʫ ʩʧʝʮʠʬʽʢʘʮʽʶ ʢʦʥʮʝʧʪʫʘʣʽʟʘʮʽʾ ʚ 

ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʠʡ ʽ ʦʜʥʦʟʥʘʯʥʠʡ ʩʧʦʩʽʙ, ʪʘʢʠʤ ʯʠʥʦʤ, ʚʦʥʠ ʩʧʨʠʷʶʪʴ 

ʦʙʤʽʥʫ ʪʘ ʧʦʚʪʦʨʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʟʥʘʥʴ. ʆʥʪʦʣʦʛʽʾ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʤʽʨʢʫʚʘʥʥʷ ʧʨʦ ʦʙôʻʢʪʠ ʪʘ ʾʭʥʽ ʘʪʨʠʙʫʪʠ ʫ 

ʚʠʟʥʘʯʝʥʦʤʫ ʜʦʤʝʥʽ [5]. ʉʠʩʪʝʤʠ ʟʘʩʥʦʚʘʥʽ ʥʘ ʨʦʷʭ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ 

ʤʥʦʞʠʥʠ ʘʛʝʥʪʽʚ, ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ ʤʽʞ ʩʦʙʦʶ ʪʘ ʟʦʚʥʽʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʣʘʥʫ ʨʫʭʫ ɹʇʃɸ, 

ʨʦʟʧʦʜʽʣʫ ʨʦʙʽʪ ʤʽʞ ʘʛʝʥʪʘʤʠ ʽ ʧʨʘʮʶʶʪʴ ʫ ʚʟʘʻʤʦʜʽʶ ʟ ʦʥʪʦʣʦʛʽʻʶ 

ʇʨʆ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɹʇʃɸ ʥʘ ʦʩʥʦʚʽ ʯʦʪʠʨʠ 

ʪʠʧʠ ʢʣʘʩʽʚ ʦʥʪʦʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ: 

1) ʢʣʘʩʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʦʙôʻʢʪʽʚ, ʪʘʢʽ ʷʢ ʽʥʩʪʨʫʢʮʽʾ ʧʦʣʴʦʪʫ ʪʘ 

ʨʦʟʚʽʜʢʠ, ʧʦʣʽʪʠʢʠ ʧʽʜʪʨʠʤʘʥʥʷ ʞʠʚʫʯʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ 

ʩʠʩʪʝʤʠ ʪʘ ʟʘʚʜʘʥʥʷ ʚʽʜ ʦʧʝʨʘʪʦʨʽʚ ʘʙʦ ʟʘʧʨʦʛʨʘʤʦʚʘʥʽ ʚ 

ɹʇʃɸ; 

2) ʢʣʘʩʠ ʘʛʝʥʪʽʚ, ʪʘʢʽ ʷʢ ʦʧʝʨʘʪʦʨʠ ɹʇʃɸ ʪʘ ʘʚʪʦʥʦʤʥʽ ɹʇʃɸ, 

ʷʢʽ ʥʘʜʩʠʣʘʶʪʴ, ʦʪʨʠʤʫʶʪʴ ʽ ʚʠʢʦʥʫʶʪʴ ʟʘʚʜʘʥʥʷ; 

3) ʢʣʘʩʠ ʧʨʦʮʝʩʽʚ, ʪʘʢʽ ʷʢ ʧʨʦʮʝʩʠ ʧʦʣʴʦʪʫ, ʟʚôʷʟʢʫ ʪʘ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʧʝʨʝʜʙʘʯʝʥʽ ʮʠʤʠ ʜʠʨʝʢʪʠʚʘʤʠ ʪʘ ʚʠʢʦʥʘʥʽ 

ʮʠʤʠ ʘʛʝʥʪʘʤʠ; ʽ 

4) ʢʣʘʩʠ ʨʦʣʝʡ, ʪʘʢʽ ʷʢ ʢʦʤʘʥʜʠʨ, ʦʧʝʨʘʪʦʨ, ʚʝʜʫʯʠʡ ʽ ʧʨʠʤʘʥʢʘ, 

ʷʢʽ ʧʨʠʟʥʘʯʘʶʪʴʩʷ ʫʯʘʩʥʠʢʘʤ ʮʠʭ ʧʨʦʮʝʩʽʚ ʽ ʜʠʢʪʫʶʪʴ 

ʧʨʠʧʠʩʠ, ʟʘ ʷʢʽ ʚʽʜʧʦʚʽʜʘʻ ʢʦʞʝʥ ʫʯʘʩʥʠʢ. 

 

ʆʥʪʦʣʦʛʽʯʥʦ  ʚʠʟʥʘʯʝʥʽ ʩʮʝʥʘʨʽʾ ʻ ʟʨʦʟʫʤʽʣʠʤʠ ʪʘ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʦʧʝʨʘʪʦʨʘʤʠ, ʪʘʢ ʽ ʘʛʝʥʪʘʤʠ, ʱʦ ʩʪʚʦʨʶʻ 

ʩʧʽʣʴʥʝ ʨʦʟʫʤʽʥʥʷ ʷʢ ʢʦʥʪʝʥʪʫ ʩʮʝʥʘʨʽʶ, ʪʘʢ ʽ ʩʫʪʥʦʩʪʝʡ, ʧʨʦ ʷʢʽ 

ʡʜʝʪʴʩʷ ʚ ʢʦʥʪʝʥʪʽ.  

ɺʠʩʥʦʚʢʠ 

ʆʜʥʽʻʶ ʟ ʚʠʟʥʘʯʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʽʣʴʥʠʭ ʜʽʡ ʻ ʪʝ, ʱʦ 

ʫʯʘʩʥʠʢʠ ʩʧʽʚʧʨʘʮʽ ʤʘʶʪʴ ʥʘʤʽʨ ʜʦʩʷʛʪʠ ʦʜʥʽʻʾ ʤʝʪʠ ʪʘ ʜʦʩʷʛʪʠ ʾʾ 
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ʨʘʟʦʤ ʷʢ ʛʨʫʧʘ. ʆʥʪʦʣʦʛʽʷ ʨʦʟʰʠʨʶʻ ʜʘʥʽ ʚ ʙʘʟʽ ʟʥʘʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʫʟʛʦʜʞʝʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʽʜʥʦʰʝʥʴ ʽ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʠʭ ʪʝʨʤʽʥʽʚ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʣʦʛʽʯʥʠʭ ʚʠʩʥʦʚʢʠ ʟ ʜʘʥʠʭ, ʧʦʟʥʘʯʝʥʠʭ ʪʝʨʤʽʥʘʤʠ ʟ ʮʽʻʾ 

ʦʥʪʦʣʦʛʽʾ.  
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ʋʢʨʘʾʥʘ 
3
 ʎʽʣʫ ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ ɸʢʘʜʝʤʽʾ ʥʘʫʢ ʧʨʦʚʽʥʮʽʾ ʐʘʥʴʜʫʥ, 

ʎʟʠʥʘʥʴ, ʂʅʈ 
4
 ɯʥʩʪʠʪʫʪ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɸʢʘʜʝʤʽʾ ʥʘʫʢ ʧʨʦʚʽʥʮʽʾ 

ʐʘʥʴʜʫʥ, ʎʟʠʥʘʥʴ, ʂʅʈ 

ʋ ʮʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʤʝʨʝʞʽ ʚʯʝʥʠʭ, ʚ ʷʢʠʭ ʚʨʘʭʦʚʫʶʪʴʩʷ ʥʝ 

ʪʽʣʴʢʠ ʚʽʜʥʦʩʠʥʠ ʩʧʽʚʘʚʪʦʨʩʪʚʘ, ʘʣʝ ʡ ʪʝʤʘʪʠʯʥʘ ʙʣʠʟʴʢʽʩʪʴ 

ʥʘʫʢʦʚʠʭ ʽʥʪʝʨʝʩʽʚ. ʆʩʦʙʣʠʚʽʩʪʴ ʥʘʚʝʜʝʥʦʛʦ ʧʽʜʭʦʜʫ ʧʦʣʷʛʘʻ ʚ 

ʫʨʘʭʫʚʘʥʥʽ ʜʝʩʢʨʠʧʪʦʨʽʚ ʪʝʤʘʪʠʢ, ʷʢʽ ʧʨʠʧʠʩʫʶʪʴ ʩʦʙʽ ʦʢʨʝʤʽ 

ʘʚʪʦʨʠ. ɿʤʽʩʪʦʚʥʘ ʢʦʨʝʣʷʮʽʷ ʪʝʤʘʪʠʢ ʚʠʟʥʘʯʘʻ ʚʘʛʫ ʟʚôʷʟʢʫ ʤʽʞ 

ʚʯʝʥʠʤʠ ʫ ʤʝʨʝʞʘʭ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ. ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʧʽʜʭʦʜʫ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʩʢʘʥʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ 

ʥʘʫʢʦʤʝʪʨʠʯʥʦʛʦ ʩʝʨʚʽʩʫ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʛʦ ʥʘʙʦʨʫ 

ʘʚʪʦʨʽʚ ʘʙʦ ʩʧʽʚʘʚʪʦʨʽʚ ʷʢ ʦʩʥʦʚʠ (ʚʫʟʣʽʚ) ʤʝʨʝʞʽ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ 

ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʧʽʜʭʦʜʽʚ ʽ ʤʝʪʦʜʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Perl, ʘ ʪʘʢʦʞ ʟʘʩʦʙʠ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʛʨʘʬʽʚ  Gephi. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʄʝʨʝʞʘ ɺʯʝʥʠʭ, ʅʘʫʢʦʤʝʪʨʠʯʥʠʡ ʉʝʨʚʽʩ, 

ɿʦʥʜʫʚʘʥʥʷ ɯʥʬʦʨʤʘʮʽʡʥʦʾ ʄʝʨʝʞʽ, ɼʝʩʢʨʠʧʪʦʨʠ ʊʝʤʘʪʠʢ, 

ʂʣʘʩʪʝʨʥʠʡ ɸʥʘʣʽʟ, ʂʽʙʝʨʙʝʟʧʝʢʘ.  

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 

ʅʘ ʮʝʡ ʯʘʩ ʘʢʪʫʘʣʴʥʦʶ ʻ ʟʘʜʘʯʘ ʚʠʙʦʨʫ ʝʢʩʧʝʨʪʥʠʭ ʛʨʫʧ, 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ [1] ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʚʯʝʥʠʭ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʟʦʢʨʝʤʘ, 

ʚ ʩʬʝʨʽ ʢʽʙʝʨʙʝʟʧʝʢʠ. ʗʢʱʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʽʜʥʦʰʝʥʥʷ ʩʧʽʚʘʚʪʦʨʩʪʚʘ 

ʪʘ/ʘʙʦ ʩʧʽʣʴʥʠʭ ʽʥʪʝʨʝʩʽʚ ʨʽʟʥʠʭ ʚʯʝʥʠʭ, ʪʦ ʤʦʞʥʘ ʩʬʦʨʤʫʚʘʪʠ 

ʤʝʨʝʞʽ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʥʦʚʦʛʦ ʧʽʜʭʦʜʠ ʜʦ ʧʦʙʫʜʦʚʠ 

ʤʝʨʝʞʽ ʚʯʝʥʠʭ ʰʣʷʭʦʤ ʟʦʥʜʫʚʘʥʥʷ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʩʝʨʚʽʩʽʚ. 
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ʇʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜʠʢʘ ʬʦʨʤʫʚʘʥʥʷ  ʽ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʝʨʝʞʽ ʚʯʝʥʠʭ ʰʣʷʭʦʤ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 

ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʤʝʨʝʞ. ʇʽʜ ʟʦʥʜʫʚʘʥʥʷʤ ʤʝʨʝʞ ʨʦʟʫʤʽʪʠʤʝʤʦ 

ʚʠʙʽʨʢʫ ʥʝʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ ʥʘʡʚʘʞʣʠʚʽʰʦʛʦ ʟʤʽʩʪʫ ʟ ʚʝʣʠʢʠʭ ʤʝʨʝʞ, 

ʷʢʽ ʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʠʯʠʥ ʥʝ ʧʽʜʣʷʛʘʶʪʴ ʧʦʚʥʦʤʫ ʩʢʘʥʫʚʘʥʥʶ [2]. 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʤʝʪʦʜʠʢʠ ʬʦʨʤʫʚʘʥʥʷ ʤʝʨʝʞ ʚʯʝʥʠʭ, ʟʦʢʨʝʤʘ, ʤʝʨʝʞ 

ʩʧʽʚʘʚʪʦʨʩʪʚʘ.  

ʋ ʙʘʛʘʪʴʦʭ ʩʫʯʘʩʥʠʭ  ʜʦʩʣʽʜʞʝʥʥʷʭ ʤʝʨʝʞ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʤʝʭʘʥʽʟʤʠ ʾʭ ʤʦʥʽʪʦʨʠʥʛʫ, ʧʽʩʣʷ ʯʦʛʦ ʨʦʙʣʷʪʴʩʷ ʚʠʩʥʦʚʢʠ ʱʦʜʦ 

ʪʦʧʦʣʦʛʽʾ ʪʘʢʠʭ ʤʝʨʝʞ. ʋ ʨʦʙʦʪʽ [3] ʧʦʢʘʟʘʥʦ, ʱʦ ʮʝʡ ʧʽʜʭʽʜ ʻ 

ʭʠʙʥʠʤ. ʆʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʦʥʽʪʦʨʠʥʛʫ ʦʙʨʘʟʠ ʧʝʨʚʠʥʥʠʭ 

ʤʝʨʝʞ, ʯʘʩʪʢʦʚʦ ʚʽʜʦʙʨʘʞʘʶʯʠ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ, ʥʘʡʯʘʩʪʽʰʝ ʩʫʪʪʻʚʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ. ɺʣʘʩʪʠʚʦʩʪʽ ʮʠʭ ʦʙʨʘʟʽʚ ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʘʣʛʦʨʠʪʤʽʚ, ʟʘ ʷʢʠʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʦʥʽʪʦʨʠʥʛ.   

ɸʣʛʦʨʠʪʤ  

ɿʦʥʜʫʚʘʥʥʷ ʦʧʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʪʘʢʠʤ 

ʘʣʛʦʨʠʪʤʦʤ: 

ʂʨʦʢ 1. ɺʠʙʠʨʘʻʪʴʩʷ ʙʘʟʦʚʠʡ ʜʝʩʢʨʠʧʪʦʨ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʙʘʟʦʚʠʡ ʜʣʷ ʟʦʥʜʫʚʘʥʥʷ (ʩʧʦʯʘʪʢʫ, ʫ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ 

ʚʠʙʠʨʘʻʪʴʩʷ ʦʜʠʥ ʚʫʟʦʣ ï cyber security). 

ʂʨʦʢ 2. ɼʣʷ ʦʙʨʘʥʦʛʦ ʜʝʩʢʨʠʧʪʦʨʘ/ʜʝʩʢʨʠʧʪʦʨʽʚ ʟʘʩʦʙʘʤʠ 

ʥʘʫʢʦʤʝʪʨʠʯʥʦʛʦ ʩʝʨʚʽʩʫ ʻ ʚʩʽ ʚʯʝʥʽ ï ʘʚʪʦʨʠ, ʷʢʽ ʧʨʠʧʠʩʘʣʠ ʩʦʙʽ ʮʽ 

ʜʝʩʢʨʠʧʪʦʨʠ. ɸʚʪʦʨ ʨʦʟʤʽʱʫʶʪʴʩʷ ʫ ʚʽʜʩʦʨʪʦʚʘʥʦʤʫ ʧʦʨʷʜʢʫ ï ʥʘ 

ʧʦʯʘʪʢʫ ʧʦʢʘʟʫʶʪʴʩʷ ʘʚʪʦʨʠ ʟ ʥʘʡʙʽʣʴʰʠʤʠ ʮʠʪʫʚʘʥʥʷʤʠ. ɼʣʷ 

ʧʦʙʫʜʦʚʠ ʤʝʨʝʞʽ ʰʣʷʭʦʤ ʟʦʥʜʫʚʘʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʘʚʪʦʨʠ ʟʽ 

ʟʥʘʯʝʥʥʷʤ ʮʠʪʫʚʘʥʥʷ ʥʝ ʤʝʥʰʝ 10 000.  

ʂʨʦʢ 3. ʉʢʣʘʜʘʻʪʴʩʷ ʧʝʨʝʣʽʢ ʜʝʩʢʨʠʧʪʦʨʽʚ ʚʽʜ ʟʥʘʡʜʝʥʠʭ ʘʚʪʦʨʽʚ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʨʚʠʥʥʽʡ ʪʝʤʽ cyber security. ɿʦʢʨʝʤʘ, ʥʘ ʧʝʨʰʠʭ 

ʩʪʦʨʽʥʢʘʭ ʘʚʪʦʨʽʚ ʧʦ ʧʝʨʰʦʤʫ ʜʝʩʢʨʠʧʪʦʨʫ ʟʥʘʭʦʜʷʪʴʩʷ ʪʘʢʽ 

ʜʝʩʢʨʠʧʪʦʨʠ, ʷʢ access control models architectures, secure cloud and 

IoT computing, Wireless Security, Network Security, Intrusion Detection, 

Deception Detection, Cloud Forensics access control ʪʦʱʦ. 

ʂʨʦʢ 4. ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʘʚʪʦʨʽʚ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʾʭ ʩʧʽʚʘʚʪʦʨʠ ʪʘʢʦʞ 

ʽʟ ʟʥʘʯʝʥʥʷʤ ʮʠʪʫʚʘʥʥʷ, ʥʝ ʤʝʥʰʝ 10 000. ɿ ʮʠʭ ʩʧʽʚʘʚʪʦʨʽʚ ʷʢ ʚʫʟʣʠ 

ʤʝʨʝʞʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʽ ʚʯʝʥʽ, ʜʝʩʢʨʠʧʪʦʨʠ ʷʢʠʭ ʙʣʠʟʴʢʽ ʜʦ 

ʧʝʨʚʠʥʥʦʾ ʪʝʤʘʪʠʢʠ cyber security. ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʠ ʟʥʘʡʜʝʥʽ ʪʘʢʽ 

ʜʝʩʢʨʠʧʪʦʨʠ, ʷʢ Network Security, Computer Security, Data breach 

analysis, Cyber crime investigation, IT Security, Security and Privacy 

ʪʦʱʦ. 
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ʂʨʦʢ 5. ɼʣʷ ʚʩʽʭ ʦʙʨʘʥʠʭ ʜʝʩʢʨʠʧʪʦʨʽʚ ʚʠʙʠʨʘʶʪʴʩʷ ʘʚʪʦʨʠ, ʷʢʠʤ 

ʮʽ ʜʝʩʢʨʠʧʪʦʨʠ ʧʨʠʧʠʩʘʥʽ. ʗʢʱʦ ʩʧʠʩʦʢ ʘʚʪʦʨʽʚ ʟʽ ʟʥʘʯʝʥʥʷʤ 

ʮʠʪʫʚʘʥʥʷ, ʙʽʣʴʰʠʤ ʟʘ 10 000, ʜʣʷ ʚʩʽʭ ʚʠʙʨʘʥʠʭ ʜʝʩʢʨʠʧʪʦʨʽʚ 

ʚʠʯʝʨʧʘʥʦ, ʪʦ ʧʨʦʮʝʩ ʟʘʚʝʨʰʫʻʪʴʩʷ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʧʝʨʝʭʽʜ ʜʦ ʢʨʦʢʫ 2. 

ɺʘʛʦʚʝ ʟʥʘʯʝʥʥʷʤ ʟʚ'ʷʟʢʽʚ, ʷʢʝ ʩʪʘʚʠʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ 

ʚʫʟʣʘʤʠ-ʘʚʪʦʨʘʤʠ ʚ ʤʝʨʝʞʽ, ʜʦʨʽʚʥʶʻ ʟʘʛʘʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ ʩʧʽʣʴʥʠʭ 

ʜʝʩʢʨʠʧʪʦʨʽʚ. ʗʢʱʦ ʽʩʥʫʻ ʚʽʜʥʦʰʝʥʥʷ ʩʧʽʚʘʚʪʦʨʩʪʚʘ, ʪʦ ʜʦ ʚʘʛʠ 

ʟʚ'ʷʟʢʽʚ ʤʽʞ ʚʫʟʣʘʤʠ ʜʦʜʘʻʪʴʩʷ ʜʝʷʢʘ ʢʦʥʩʪʘʥʪʘ (ʝʢʩʧʝʨʪʥʘ ʦʮʽʥʢʘ ï 

ʯʠʩʣʦ 5).  

ʅʘ ʈʠʩ. 1 ʥʘʚʝʜʝʥʦ ʬʨʘʛʤʝʥʪ ʤʝʨʝʞʽ ʚʯʝʥʠʭ ʫ ʛʘʣʫʟʽ 

ʢʽʙʝʨʙʝʟʧʝʢʠ. ʄʝʨʝʞʘ ʤʘʻ ʚʠʩʦʢʫ ʟʚ'ʷʟʥʽʩʪʴ ʪʘ ʷʚʥʦ ʚʠʨʘʞʝʥʽ 

ʢʣʘʩʪʝʨʠ. 

 
 

ʈʠʩʫʥʦʢ 1 ï ʌʨʘʛʤʝʥʪ ʤʝʨʝʞʽ ʚʯʝʥʠʭ 

ɺʠʩʥʦʚʢʠ 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʨʝʘʣʽʟʦʚʘʥʦ ʧʽʜʭʽʜ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʤʝʨʝʞ ʚʯʝʥʠʭ ʫ 

ʨʘʤʢʘʭ ʧʨʝʜʤʝʪʥʦʾ ʛʘʣʫʟʽ ʢʽʙʝʨʙʝʟʧʝʢʠ, ʦʙʤʝʞʫʚʘʣʴʥʠʤʠ 
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ʝʣʝʤʝʥʪʘʤʠ ʷʢʦʛʦ ʻ ʜʝʷʢʽ ʤʘʨʢʝʨʠ ʟʥʘʥʴ (ʜʝʩʢʨʠʧʪʦʨʠ), ʟʘʟʜʘʣʝʛʽʜʴ 

ʟʘʜʘʥʽ ʚʯʝʥʠʤʠ ʷʢ ʫʯʘʩʥʠʢʘʤʠ ʧʨʦʝʢʪʫ Google Scholar. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ ʧʨʠʥʮʠʧʦʚʫ ʚʽʜʤʽʥʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʤʝʨʝʞ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʫʯʘʩʪʽ ʝʢʩʧʝʨʪʽʚ. ʋ ʤʝʞʘʭ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʤʝʨʝʞʽ ʚ ʷʢʦʩʪʽ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ ʚʽʜʥʦʰʝʥʴ ʤʽʞ ʫʯʝʥʠʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʤʽʩʪʦʚʥʘ ʢʦʨʝʣʷʮʽʷ ʙʘʟʦʚʠʭ ʜʝʩʢʨʠʧʪʦʨʽʚ. 

ʇʨʦʛʨʘʤʘ ʟʦʥʜʫʚʘʥʥʷ ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʥʘʥʥʷ, ʟʘʢʣʘʜʝʥʽ 

ʘʚʪʦʨʘʤʠ, ʪʘʢʠʤ ʯʠʥʦʤ ʝʢʩʧʝʨʪʥʝ ʩʝʨʝʜʦʚʠʱʝ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʩʫʪʪʻʚʦ ʨʦʟʰʠʨʶʻʪʴʩʷ. 

ʄʦʜʝʣʴ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩ ɹʜʣʷ ʩʬʝʨʠ ʢʽʙʝʨʙʝʟʧʝʢʠ ʚ ʨʘʤʢʘʭ ʩʝʨʚʽʩʫ 

Google Scholar, ʘʣʝ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽ 

ʜʣʷ ʽʥʰʠʭ ʥʘʫʢʦʚʠʭ ʛʘʣʫʟʝʡ, ʘʙʦ ʜʣʷ ʽʥʰʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʩʝʨʚʽʩʽʚ. 
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ʈʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʚʠʷʚʣʝʥʥʷ ʢʽʙʝʨʽʥʮʠʜʝʥʪʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʭʦʜʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (ɯʂʉ), ʥʘ ʦʩʥʦʚʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʢʦʥʪʫʨʽ ʢʽʙʝʨʟʘʭʠʩʪʫ SIEM-ʩʠʩʪʝʤʠ, ʷʢ ʦʩʥʦʚʠ ʜʣʷ ʾʾ 

ʧʦʙʫʜʦʚʠ. ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʥʽʡ 

ʥʦʚʽʪʥʽʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʨʝʘʣʽʟʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʝʡ ʪʘ 

ʤʝʪʦʜʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʦʙʨʦʙʢʠ 

ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʪʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣʴ 

ʬʦʨʤʘʣʽʟʘʮʽʾ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʟʤʽʥʥʠʤʠ ñʦʟʥʘʢʠ 

ʢʽʙʝʨʽʥʮʠʜʝʥʪʽʚ-ʪʠʧʠ ʢʽʙʝʨʽʥʮʠʜʝʥʪʽʚò, ʥʘ ʦʩʥʦʚʽ ʦʧʠʩʫ ʮʠʭ ʟʚôʷʟʢʽʚ 

ʧʨʠʨʦʜʥʦʶ ʤʦʚʦʶ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ ʪʘ 

ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʟʤʽʥʥʠʭ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʽʙʝʨʙʝʟʧʝʢʘ, ʢʽʙʝʨʽʥʮʠʜʝʥʪ, SIEM-ʩʠʩʪʝʤʘ, ʥʝʯʽʪʢʽ 

ʤʥʦʞʠʥʠ, ʥʝʯʽʪʢʽ ʧʨʦʜʫʢʮʽʡʥʽ ʧʨʘʚʠʣʘ. 

ɺʩʪʫʧ 

ʆʩʥʦʚʦʶ ʧʦʙʫʜʦʚʠ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʢʽʙʝʨʟʘʭʠʩʪʫ ʤʘʻ ʙʫʪʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʘʢʪʠʚʥʦʾ SIEM-ʩʠʩʪʝʤʠ (Security Information and Event 

Management) ï ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʻʶ ʪʘ ʧʦʜʽʷʤʠ ʙʝʟʧʝʢʠ [1]. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʥʘ ʙʘʟʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ, ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʥʽʡ ʥʦʚʽʪʥʽʭ 
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ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʨʝʘʣʽʟʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʐɯ), ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ (Data Mining ï 

DM), ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ (Big Data), ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

(Machine Learning - ML) ʪʘ ʽʥʰʠʭ. ɼʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʫʯʘʩʪʴ ʣʶʜʠʥʠ ʧʽʜ ʯʘʩ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʨʝʘʛʫʚʘʥʥʷ ʥʘ 

ʢʽʙʝʨʽʥʮʠʜʝʥʪʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʭʦʜʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɯʂʉ, ʪʠʤ 

ʩʘʤʠʤ ʧʽʜʚʠʱʫʶʯʠ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʨʽʰʝʥʴ, ʷʢʽ ʚʦʥʘ 

ʧʨʠʡʤʘʻ [2]. 

ʄʦʜʝʣʴ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʢʽʙʝʨʽʥʮʠʜʝʥʪʽʚ SIEM-ʩʠʩʪʝʤʦʶ 

ɿʘʛʘʣʴʥʦʚʽʜʦʤʦ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʾ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʚ ʦʩʥʦʚʥʦʤʫ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʾʾ ʙʘʟʠ 

ʟʥʘʥʴ. ʇʨʦʪʝ, ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ 

ʤʝʪʦʜʘʤʠ ʚʠʷʚʣʝʥʥʷ ʢʽʙʝʨʽʥʮʠʜʝʥʪʽʚ SIEM-ʩʠʩʪʝʤʘʤʠ ʻ ʧʨʘʚʠʣʦ-

ʦʨʽʻʥʪʦʚʘʥʽ ʤʝʪʦʜʠ, ʷʢʽ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʢʣʘʩʠʯʥʠʭ ʧʨʦʜʫʢʮʽʡʥʠʭ 

ʧʨʘʚʠʣʘʭ. ɺʽʜʧʦʚʽʜʥʦ, ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʥʘʥʴ ʚ ʙʘʟʽ ʟʥʘʥʴ SIEM-

ʩʠʩʪʝʤʠ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʦʜʫʢʮʽʡʥʘ ʤʦʜʝʣʴ ʥʘʜʘʥʥʷ ʟʥʘʥʴ. 

ʇʨʦʪʝ, ʜʘʥʘ ʛʨʫʧʘ ʤʝʪʦʜʽʚ, ʚ ʫʤʦʚʘʭ ʥʝʧʦʚʥʦʪʠ ʪʘ ʥʝʪʦʯʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʽʙʝʨʽʥʮʠʜʝʥʪʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʭʦʜʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ɯʂʉ, ʥʝ ʟʘʚʞʜʠ ʜʘʶʪʴ ʦʯʽʢʫʚʘʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʘ, ʚʽʜʧʦʚʽʜʥʦ, ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʾʭ ʻ ʥʝʝʬʝʢʪʠʚʥʠʤ. 

ɼʣʷ ʫʩʫʥʝʥʥʷ ʜʘʥʦʛʦ ʥʝʜʦʣʽʢʫ, ʚ ʨʦʙʦʪʽ [3] ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ, ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ  ʥʘ ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ 

ʤʥʦʞʠʥ ʥʘ ʥʝʯʽʪʢʦʛʦ ʣʦʛʽʯʥʦʛʦ ʚʠʚʦʜʫ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ, ʤʦʜʝʣʴ ʚʠʷʚʣʝʥʥʷ (ʨʦʟʧʽʟʥʘʚʘʥʥʷ) 

ʢʽʙʝʨʽʥʮʠʜʝʥʪʽʚ SIEM-ʩʠʩʪʝʤʦʶ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦʶ ʫ ʚʠʜʽ [3]: 

 , , ,
i

MF KF O RF C= ,   (1) 

ʜʝ KF ï ʥʝʯʽʪʢʠʡ ʢʣʘʩʠʬʽʢʘʪʦʨ; 

{ }iRF RF=  ī ʤʥʦʞʠʥʘ ʥʝʯʽʪʢʠʭ ʧʨʘʚʠʣ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʢʽʙʝʨʽʥʮʠʜʝʥʪʽʚ: 

1 2: ( , ), : ( , ), , : ( , )v v l vRF K O RF K O RF K O C­ . 

ˆʨʫʥʪʫʶʯʠʩʴ ʥʘ [4] ʟʘʜʘʯʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʢʽʙʝʨʽʥʮʠʜʝʥʪʽʚ ʤʦʞʝ 

ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʟʘʜʘʯʘ ʾʭʥʴʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʘ ʨʽʰʝʥʥʷ ʾʾ ʧʦʣʷʛʘʻ ʫ 

ʟʥʘʭʦʜʞʝʥʥʽ ʚʽʜʦʙʨʘʞʝʥʥʷ: 

 ( ) ( )1 2 1 2

* * * *, , , , , , ,
n j m

O o o o c C c c c= ­ Í =  (2) 

ʜʝ -*O ʤʥʦʞʠʥʘ ʦʟʥʘʢ ʢʽʙʝʨʽʥʮʠʜʝʥʪʘ; -C ʤʥʦʞʠʥʘ ʤʦʞʣʠʚʠʭ 

ʢʽʙʝʨʽʥʮʠʜʝʥʪʽʚ. 
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ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ ʟʘʜʘʯʽ (2) ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦʛʦ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘʙʫʣʠ ʤʝʪʦʜʠ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, 

ʥʘʧʨʠʢʣʘʜ, ʤʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ, ʤʝʪʦʜ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ, ʤʝʪʦʜ ʩʝʨʝʜʥʽʭ ʥʝʚôʷʟʦʢ, ʤʝʪʦʜ ʩʪʘʭʦʩʪʠʯʥʦʾ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʪʘ ʽʥ. [5].  

ʆʩʥʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʮʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ ʫʩʢʣʘʜʥʶʶʪʴ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ ʥʘʩʪʫʧʥʽ: 

- ʤʦʜʝʣʽ ʦʙôʻʢʪʽʚ ʪʠʧʫ ñʚʭʦʜʠ-ʚʠʭʽʜò, ʷʢ ʧʨʘʚʠʣʦ ʥʝ ʤʘʶʪʴ ʯʽʪʢʦʾ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ; 

- ʚʽʜʩʫʪʥʷ ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʟ ʚʭʽʜʥʠʤʠ ʪʘ ʚʠʭʽʜʥʠʤʠ ʟʤʽʥʥʠʤʠ 

ʷʢʽʩʥʦʛʦ ʪʠʧʫ; 

- ʚʽʜʩʫʪʥʷ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʩʚʽʜʫ ʝʢʩʧʝʨʪʘ ʧʨʦ 

ʩʪʨʫʢʪʫʨʫ ʦʙôʻʢʪʫ, ʱʦ ʬʦʨʤʘʣʽʟʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʣʦʛʽʯʥʠʭ 

ʚʠʩʣʦʚʣʶʚʘʥʴ ʪʠʧʫ ñʗʂʑʆ-ʊʆò. 

ʋʩʫʥʝʥʥʷ ʥʘʚʝʜʝʥʠʭ ʥʝʜʦʣʽʢʽʚ ʧʦʣʷʛʘʻ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʽʥʰʦʛʦ 

ʧʽʜʭʦʜʫ, ʷʢʠʡ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʷʭ ʪʘ ʤʝʪʦʜʘʭ ʽʥʞʝʥʝʨʽʾ ʟʥʘʥʴ, 

ʟʦʢʨʝʤʘ, ʤʦʜʝʣʷʭ ʥʘʜʘʥʥʷ ʟʥʘʥʴ ʫ ʙʘʟʽ ʟʥʘʥʴ ʧʨʦ ʦʟʥʘʢʠ ʢʽʙʝʨʽʥʮʠʜʝʥʪʽʚ 

(ʆʂɯ), ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʭʦʜʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɯʂʉ ʪʘ ʪʠʧʠ 

ʢʽʙʝʨʽʥʮʠʜʝʥʪʽʚ (ʊʂɯ), ʜʣʷ ʾʭʥʴʦʾ ʧʦʜʘʣʴʰʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ 

ʤʥʦʞʠʥ. 

ʆʩʥʦʚʥʦʶ ʽʜʝʶ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʻ ʬʦʨʤʘʣʽʟʘʮʽʷ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ 

ʟʚôʷʟʢʽʚ ʤʽʞ ʟʤʽʥʥʠʤʠ ñʆʂɯ-ʊʂɯò, ʰʣʷʭʦʤ ʦʧʠʩʫ ʮʠʭ ʟʚôʷʟʢʽʚ 

ʧʨʠʨʦʜʥʦʶ ʤʦʚʦʶ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ ʪʘ 

ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʟʤʽʥʥʠʭ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ 

ʬʦʨʤʘʣʽʟʘʮʽʶ ʧʨʠʨʦʜʥʦ-ʤʦʚʥʠʭ ʚʠʩʣʦʚʣʶʚʘʥʴ ʱʦʜʦ ʾʭʥʴʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʢʽʙʝʨʽʥʮʠʜʝʥʪʽʚ ʫ 

ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʽ (2). 

ɺʠʩʥʦʚʢʠ 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʢʽʙʝʨʽʥʮʠʜʝʥʪʽʚ SIEM-ʩʠʩʪʝʤʦʶ, 

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʟʘʩʪʦʩʦʚʫʻ ʥʝʯʽʪʢʽ ʧʨʘʚʠʣʘ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʢʽʙʝʨʽʥʮʠʜʝʥʪʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʭʦʜʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ʎʝ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʜʦʟʚʦʣʷʻ ʫʩʫʥʫʪʠ ʥʝʧʦʚʥʦʪʫ 

ʪʘ ʥʝʪʦʯʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʽʙʝʨʽʥʮʠʜʝʥʪʠ ʫ ʧʨʦʮʝʩʽ ʾʭ ʽʜʝʥʪʠʬʽʢʘʮʽʾ. 
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ɿɸʉʆɹɯɺ ʅɸɼɹʋɼʆɺʀ ASPE 
 

ɸ.ɯ. ʂʫʟʴʤʠʯʦʚ  

ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʨʝʻʩʪʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
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ʅʘ ʢʦʥʢʨʝʪʥʠʭ ʧʨʠʢʣʘʜʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʜʙʫʜʦʚʠ Excel ASPE 

ʧʦʢʘʟʘʥʦ, ʷʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʽʚ ʨʦʟʚʽʜʫʚʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʟʜʽʡʩʥʶʶʪʴʩʷ ʧʨʦʮʝʜʫʨʠ: ʟʤʝʥʰʝʥʥʷ 

ʨʦʟʤʽʨʽʚ, ʢʣʘʩʪʝʨʠʟʘʮʽʾ, ʧʝʨʝʪʚʦʨʝʥʴ ʪʠʧʽʚ ʜʘʥʠʭ, ʧʽʜʩʠʣʝʥʠʡ 

ʚʠʙʽʨʢʦʚʠʡ ʘʥʘʣʽʟ, ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʤʘʡʥʽʥʛʫ ʪʝʢʩʪʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʈʦʟʚʽʜʫʚʘʣʴʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ, ʜʘʪʘʤʘʡʥʽʥʛ, ʤʘʰʠʥʥʝ 

ʥʘʚʯʘʥʥʷ, Analytic Solver Data Mining, ASPE. 

 
ɼʘʪʘʤʘʡʥʽʥʛ ʪʘ ʈʦʟʚʽʜʫʚʘʣʴʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ (Data Mining & Explo-

ratory Data Analysis) ï ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʥʘ ʪʣʽ 

çʚʝʣʠʢʠʭ ʜʘʥʠʭè, ʥʦʚʽʪʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʽ ʧʨʦʮʝʜʫʨʠ, 

ʟʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʚʠʷʚʣʝʥʥʷ ʚʘʜ ʚ ʥʘʙʦʨʘʭ ʪʘʙʣʠʯʥʠʭ ʜʘʥʠʭ ʚʝʣʠʢʠʭ 

ʦʙʩʷʛʽʚ ʧʨʦ ʦʙ'ʻʢʪʠ, ʟʛʽʜʥʦ ʧʦʩʪʘʚʣʝʥʠʭ ʮʽʣʝʡ. ʎʝʡ ʘʥʘʣʽʟ ʩʪʦʩʫʻʪʴʩʷ 

ʧʦʪʝʥʮʽʡʥʦ ʯʠ ʨʝʘʣʴʥʦ ʧʦʰʢʦʜʞʝʥʠʭ ʜʘʥʠʭ, ʜʝ ʥʝʦʜʤʽʥʥʘ 

ʧʝʨʝʜʦʙʨʦʙʢʘ ʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʤʠ  ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤʠ 

ʟʘʩʦʙʘʤʠ ʟ ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʛʦ ʚʠʣʫʯʝʥʥʷ ʢʦʨʠʩʥʦʾ ʽ ʮʽʥʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʙ'ʻʢʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʮʠʤʠ ʜʘʥʠʤʠ, ʚ ʣʘʢʦʥʽʯʥʠʭ 

ʬʦʨʤʘʭ, ʷʢ-ʦʪ ʚʽʟʫʘʣʽʟʘʮʽʻʶ. ɺʽʥ ʦʭʦʧʣʶʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʽʜʭʦʜʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʽ ʟʘʩʦʙʠ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ 

ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʧʨʘʢʪʠʢʠ, ʟʘʟʚʠʯʘʡ, ʜʣʷ ʧʝʨʝʜʙʘʯʫʚʘʣʴʥʠʭ ʮʽʣʝʡ 

ʟʘʩʦʙʘʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

ɺʝʣʠʢʽ ʜʘʥʽ, ʟʦʙʦʚôʷʟʘʥʽ ʫʩʧʽʭʘʤ ɯʊ ʫ ʚʠʛʣʷʜʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ 

ʨʝʻʩʪʨʘʮʽʾ, ʧʝʨʝʜʘʯʽ, ʟʙʝʨʽʛʘʥʥʷ, ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ 

ʨʽʟʥʦʛʦ ʬʦʨʤʘʪʫ ʽ ʧʦʭʦʜʞʝʥʥʷ, ʚʠʩʫʥʫʣʠ ʩʧʝʮʠʬʽʯʥʫ ʧʨʦʙʣʝʤʘʪʠʢʫ 

ʱʦʜʦ ʾʭ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ï mining of data: ʟʘ ʙʫʢʚʘʣʴʥʠʤ 

ʟʥʘʯʝʥʥʷʤ mine (ʢʦʧʘʣʴʥʷ) ʤʦʚʘ ʡʜʝ ʧʨʦ ʚʠʜʦʙʫʚʘʥʥʷ ʢʦʨʠʩʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʷʢʦʶ ʟʘʟʚʠʯʘʡ ʮʽʢʘʚʣʷʪʴʩʷ: ʨʦʟʚʽʜʥʠʢʠ, ʜʦʩʣʽʜʥʠʢʠ, 

ʛʝʦʣʦʛʠ, ʩʣʽʜʯʽ ʪʦʱʦ, ʪʦʙʪʦ, çʢʦʧʘʪʠ, ʷʢʥʘʡʛʣʠʙʰʝ, ʘʙʠ ʜʦʢʦʧʘʪʠʩʷè 

ʟʘ ʚʠʟʥʘʯʝʥʠʤ ʽʥʪʝʨʝʩʦʤ. 
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ʆʩʥʦʚʥʽ ʧʨʦʮʝʩʠ, ʟʘʜʘʯʽ, ʤʦʜʝʣʽ, ʤʝʪʦʜʠ, ʘʣʛʦʨʠʪʤʠ 

1. ʇʽʜʩʠʣʝʥʠʡ ʚʠʙʽʨʢʦʚʠʡ ʘʥʘʣʽʟ (Oversampling): ʫ ʥʘʙʦʨʽ ʜʘʥʠʭ ʽʟ 

ʪʠʩʷʯ ʟʘʧʠʩʽʚ ʽ ʜʝʩʷʪʢʽʚ ʟʤʽʥʥʠʭ ʫ ʜʫʞʝ ʤʘʣʽʡ ʢʽʣʴʢʦʩʪʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘʧʠʩʠ, ʱʦ ʩʠʣʴʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʽʥʰʠʭ, ʤʝʪʘ: 

ʪʘʢ ʦʨʛʘʥʽʟʫʚʘʪʠ ʚʠʙʽʨʢʠ (ʪʨʝʥʫʚʘʣʴʥʫ, ʚʘʣʽʜʘʮʽʡʥʫ) ʚʠʧʘʜʢʦʚʠʤ 

ʚʽʜʙʦʨʦʤ, ʘʙʠ ʧʦʚʥʽʩʪʶ ʟʙʝʨʝʛʪʠ ʮʽ ʟʘʧʠʩʠ, ʷʢʽ ʥʝʙʝʟʧʽʜʩʪʘʚʥʦ 

ʥʘʟʚʘʥʦ çʫʩʧʽʰʥʠʤʠè. 

2. ɺʽʜʙʽʨ ʚʧʣʠʚʦʚʠʭ ʟʤʽʥʥʠʭ/ʚʣʘʩʪʠʚʦʩʪʝʡ (Feature Selection, 

Principal Components): ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʥʘʷʚʥʠʭ ʜʘʥʠʭ ʩʝʨʝʜ 

ʜʝʩʷʪʢʽʚ ʟʤʽʥʥʠʭ ʪʨʝʙʘ ʚʠʟʥʘʯʠʪʠ ʥʝʚʝʣʠʢʫ ʾʭ ʢʽʣʴʢʽʩʪʴ, ʱʦ 

ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʘʪʠʩʪʠʯʥʽ ʦʮʽʥʢʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ 

ʧʝʨʝʜʙʘʯʝʥʥʷ, ʽʟ ʤʦʞʣʠʚʽʩʪʶ ʚʽʟʫʘʣʽʟʘʮʽʾ ʩʪʠʩʥʫʪʦʛʦ ʥʘʙʦʨʫ 

ʜʘʥʠʭ. 

3. ɺʠʧʨʘʚʣʝʥʥʷ/ʧʦʥʦʚʣʝʥʥʷ ʚʽʜʩʫʪʥʽʭ ʟʥʘʯʝʥʴ (Missing Data 

Handling): ʟʘʟʚʠʯʘʡ ʥʘʙʽʨ ʜʘʥʠʭ, ʱʦ çʤʘʡʥʷʪʴè, çʩʠʨʠʡè ʯʠ 

ʧʦʰʢʦʜʞʝʥʠʡ, ʚʠʧʘʜʢʦʚʦ ʯʠ ʰʪʫʯʥʦ, ʽ ʚʠʷʚʣʝʥʽ ʧʨʦʧʫʩʢʠ, 

ʧʦʤʠʣʢʠ, ʧʦʚʪʦʨʠ ï ʜʞʝʨʝʣʦ ʰʫʢʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʜʣʷ ʮʴʦʛʦ ʽʩʥʫʻ 

ʚʽʜʧʦʚʽʜʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨ. 

4. ʇʝʨʝʪʚʦʨʝʥʥʷ ʪʠʧʽʚ ʜʘʥʠʭ (Transform Continuous & Categorical 

Data) ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʢʣʘʩʠʬʽʢʘʮʽʾ, 

ʧʝʨʝʜʙʘʯʝʥʥʷ, ʘʥʘʣʽʟʫ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʪʘ ʧʦʰʫʢʫ ʧʨʘʚʠʣ ʘʩʦʮʽʘʮʽʾ, 

ʜʝ ʽʩʥʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʚʠʤʦʛʠ ʜʦ ʪʠʧʽʚ ʜʘʥʠʭ.  

5. ʂʣʘʩʪʝʨʠʟʘʮʽʷ (K-Means & Hierarchical Clustering) ʩʫʪʪʻʚʦ 

ʩʧʨʠʷʻ ʨʦʟʫʤʽʥʥʶ ʥʘʙʦʨʫ ʜʘʥʠʭ, ʤʦʞʣʠʚʦ, ʥʝʚʽʜʦʤʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ ʯʠ ʧʦʰʢʦʜʞʝʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʰʢʽʜʣʠʚʠʭ ʜʽʡ, ʜʝ 

ʨʝʟʫʣʴʪʘʪʦʤ ʻ ʨʦʟʜʽʣʝʥʥʷ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʟʘʧʠʩʽʚ ʥʘ 

ʧʦʪʨʽʙʥʝ/ʨʝʢʦʤʝʥʜʦʚʘʥʝ ʯʠʩʣʦ ʢʣʘʩʪʝʨʽʚ ʪʘ ʾʭ ʚʽʟʫʘʣʽʟʘʮʽʷ. 

6. ʂʣʘʩʠʬʽʢʘʮʽʷ (Discriminant Analysis, Logistic Regression, k-

Nearest Neighbors, Classification Tree, Naive Bayes, Neural 

Network, ʽʥʩʪʨʫʤʝʥʪʠ Ensemble: bagging, boosting, random trees, 

Find Best). ʈʝʢʦʤʝʥʜʦʚʘʥʘ ʢʦʣʝʢʮʽʷ ʢʨʘʱʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʤʦʜʝʣʝʡ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʟʘ ʥʠʤʠ ʢʣʘʩʽʚ ʟʘʧʠʩʽʚ ʥʦʚʠʭ ʜʘʥʠʭ. 

7. ʇʝʨʝʜʙʘʯʝʥʥʷ (Linear Regression, k-Nearest Neighbors, Regression 

Tree, Neural Network, ̔ ʥʩʪʨʫʤʝʥʪʠ Ensemble: bagging, boosting, 

random trees, Find Best, Association Rules). ʈʝʢʦʤʝʥʜʦʚʘʥʘ 

ʢʦʣʝʢʮʽʷ ʢʨʘʱʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʧʨʦʛʥʦʟʥʠʭ ʤʦʜʝʣʝʡ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʟʘ ʥʠʤʠ ʟʥʘʯʝʥʴ ʮʽʣʴʦʚʠʭ ʟʤʽʥʥʠʭ ʫ ʟʘʧʠʩʘʭ ʥʦʚʠʭ 

ʜʘʥʠʭ. 
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ʉʫʪʪʻʚʦ, ʱʦ ʥʘʚʝʜʝʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ 

ʜʦʩʪʫʧʥʦʤʫ ʡ ʟʥʘʡʦʤʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Excel, ʥʝ 

ʧʦʪʨʝʙʫʻ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʜʣʷ ʨʦʙʦʪʠ ʜʦʩʪʘʪʥʴʦ 

ʰʢʽʣʴʥʦʛʦ ʦʩʚʽʪʥʴʦʛʦ ʨʽʚʥʷ ʚ ʤʘʪʝʤʘʪʠʮʽ/ʽʥʬʦʨʤʘʪʠʮʽ. ɺ ʪʦʡ ʞʝ ʯʘʩ, 

ʧʨʦʬʝʩʽʡʥʦ-ʦʨʽʻʥʪʦʚʘʥʘ ʥʘʜʙʫʜʦʚʘ ASP ʪʘ ʾʾ ʦʩʚʽʪʥʷ ʚʝʨʩʽʷ ASPE 

ʧʽʜʪʨʠʤʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ ʪʘ ʦʧʝʨʘʮʽʡʥʠʭ 

ʧʣʘʪʬʦʨʤ: Web/Win/Mac.     
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ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʦʪʦʢʦʣ RADIUS, ʚʨʘʟʣʠʚʦʩʪʽ, ʩʢʽʥʯʝʥʥʠʡ ʘʚʪʦʤʘʪ 

ɺʩʪʫʧ 

ɹʫʨʭʣʠʚʠʡ ʨʦʟʚʠʪʦʢ ɯʥʪʝʨʥʝʪʫ ʧʦʨʦʜʠʚ ʰʠʨʦʢʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞ, ʚ ʷʢʠʭ ʩʧʽʚʨʦʙʽʪʥʠʢʠ ʧʨʘʮʶʶʪʴ ʫ 

ʚʽʜʜʘʣʝʥʦʤʫ ʨʝʞʠʤʽ.  ʈʘʟʦʤ ʟ ʟôʷʚʣʷʻʪʴʩʷ ʽ ʥʦʚʽ ʥʝʙʝʟʧʝʢʠ. ɿʘʟʚʠʯʘʡ 

ʚʽʜʜʘʣʝʥʠʡ ʜʦʩʪʫʧ ʟʘʛʘʣʦʤ ʥʘʜʘʻʪʴʩʷ ʟʘ IP-ʘʜʨʝʩʦʶ ʧʨʘʮʽʚʥʠʢʘ. 

ʆʜʥʘʢ ʽʩʥʫʻ ʚʽʨʦʛʽʜʥʽʩʪʴ, ʱʦ ʥʝʘʚʪʦʨʠʟʦʚʘʥʠʡ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ 

ʚʚʽʡʪʠ ʚ ʩʠʩʪʝʤʫ ʪʽʻʶ ʞ ʩʘʤʦʶ IP-ʘʜʨʝʩʦʶ. ʏʝʨʝʟ ʮʝ, ʤʘʻ ʙʫʪʠ 

ʟʘʧʨʦʚʘʜʞʝʥʘ ʜʦʜʘʪʢʦʚʘ ʘʚʪʝʥʪʠʬʽʢʘʮʽʷ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʧʘʢʝʪʠ, 

ʷʢʠʤʠ ʦʙʤʽʥʶʶʪʴʩʷ ʚ ʪʘʢʽʡ ʤʝʨʝʞʽ, ʤʘʶʪʴ ʙʫʪʠ ʟʘʰʠʬʨʦʚʘʥʽ ʪʘʢ, 

ʱʦʙ ʽʥʰʽ ʦʩʦʙʠ ʥʝ ʟʤʦʛʣʠ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. ʉʘʤʝ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʠʭ ʟʘʚʜʘʥʴ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʜʘʪʢʦʚʦʛʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʪʦʢʦʣʠ ʧʽʜ 

ʟʘʛʘʣʴʥʦʶ ʥʘʟʚʦʶ AAA, ʧʨʝʜʩʪʘʚʥʠʢʦʤ ʷʢʠʭ ʻ ʧʨʦʪʦʢʦʣ RADIUS[1]. 

ʇʨʦʪʝ ʧʨʘʢʪʠʢʘ ʧʦʢʘʟʘʣʘ ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ ʮʴʦʛʦ ʧʨʦʪʦʢʦʣʫ, ʷʢʽ 

ʧʦʨʦʜʞʫʶʪʴ ʚʨʘʟʣʠʚʦʩʪʽ ʤʝʨʝʞʽ ʚ ʪʘʢʦʤʫ ʟʘʭʠʱʝʥʦʤʫ ʨʝʞʠʤʽ.  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʩʪʚʦʨʝʥʥʷ ʨʦʟʰʠʨʝʥʦʾ ʘʚʪʦʤʘʪʥʦʾ 

ʤʦʜʝʣʽ ʧʨʦʪʦʢʦʣʫ ʜʣʷ ʧʦʰʫʢʫ  ʧʦʪʝʥʮʽʡʥʦ ʩʣʘʙʢʠʭ ʩʪʘʥʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ ʚʨʘʟʣʠʚʦʩʪʽ,  

ʇʘʢʝʪ ʧʨʦʪʦʢʦʣʫ RADIUS ʪʘ ʡʦʛʦ ʧʦʪʝʥʮʽʡʥʽ 

ʚʨʘʟʣʠʚʦʩʪʽ 

ʇʨʦʪʦʢʦʣ RADIUS ʙʝʨʝ ʟʘ ʦʩʥʦʚʫ ʧʘʢʝʪʠ ʬʦʨʤʘʪʫ UDP. ʂʦʞʝʥ 

ʧʘʢʝʪ RADIUS ʩʢʣʘʜʘʻʪʴʩʷ ʫʤʦʚʥʦ ʟ ʪʨʴʦʭ ʩʝʢʮʽʡ:  

- ʩʝʢʮʽʷ ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ, ʟʘ ʜʦʤʦʛʦʶ ʷʢʦʾ ʚ ʧʨʦʪʦʢʦʣʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʪʘ ʨʝʘʣʽʟʫʶʪʴʩʷ  ʟʘʧʠʪʠ ʽ 

ʚʽʜʧʦʚʽʜʽ; 

- ʩʝʢʮʽʷ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʜʣʷ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʚʽʜʧʦʚʽʜʽ ʚʽʜ 

ʩʝʨʚʝʨʘ RADIUS ʪʘ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ 

ʧʨʠʭʦʚʫʚʘʥʥʷ ʧʘʨʦʣʷ; 
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- ʪʘ ʩʝʢʮʽʷ ʘʪʨʠʙʫʪʽʚ, ʚ ʷʢʽʡ ʤʽʩʪʷʪʴʩʷ ʜʘʥʽ ʧʨʦ ʢʦʥʢʨʝʪʥʠʡ 

ʪʠʧ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ, ʘʚʪʦʨʠʟʘʮʽʾ, ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʙʣʽʢ ʽ 

ʢʦʥʬʽʛʫʨʘʮʽʶ ʜʣʷ ʧʘʢʝʪʽʚ ʟʘʧʠʪʫ ʪʘ ʚʽʜʧʦʚʽʜʽ. 

ʇʨʠʩʪʨʽʡ, ʷʢʠʡ ʬʫʥʢʮʽʦʥʫʻ ʷʢ ʢʣʽʻʥʪ RADIUS, ʦʪʨʠʤʫʻ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʢʦʨʠʩʪʫʚʘʯʘ, ʚʢʣʶʯʘʶʯʠ ʽʤôʷ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʧʘʨʦʣʴ, ʽ ʥʘʜʩʠʣʘʻ 

ʮʶ ʽʥʬʦʨʤʘʮʽʶ ʥʘ ʩʝʨʚʝʨ RADIUS. ʇʦʪʽʤ ʩʝʨʚʝʨ RADIUS 

ʘʚʪʝʥʪʠʬʽʢʫʻ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʽʥʬʦʨʤʘʮʽʾ, ʧʽʩʣʷ ʯʦʛʦ 

ʚʠʢʦʥʫʻ ʘʚʪʦʨʠʟʘʮʽʶ ʪʘ ʦʙʣʽʢ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʱʦ ʧʝʨʝʚʽʨʢʠ 

ʧʨʦʡʜʝʥʽ ʫʩʧʽʰʥʦ, ʘʙʦ ʚʽʜʭʠʣʷʻ ʦʪʨʠʤʘʥʠʡ ʟʘʧʠʪ. ʇʦʚʽʜʦʤʣʝʥʥʷʤʠ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʤʽʞ ʩʝʨʚʝʨʦʤ RADIUS ʽ ʢʣʽʻʥʪʘʤʠ RADIUS 

ʦʙʤʽʥʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʽʣʴʥʦʛʦ ʢʣʶʯʘ. ʇʘʢʝʪ RADIUS ʤʘʻ 16-

ʦʢʪʝʪʥʝ ʧʦʣʝ Authenticator, ʷʢʝ ʤʽʩʪʠʪʴ ʜʘʥʽ ʮʠʬʨʦʚʦʛʦ ʧʽʜʧʠʩʫ 

ʚʩʴʦʛʦ ʧʘʢʝʪʘ. ɼʘʥʽ ʧʽʜʧʠʩʫ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ 

MD5 ʽ ʩʧʽʣʴʥʦʛʦ ʢʣʶʯʘ. ʇʨʠʡʤʘʯ ʧʘʢʝʪʽʚ RADIUS ʤʘʻ ʧʝʨʝʚʽʨʠʪʠ, 

ʯʠ ʧʨʘʚʠʣʴʥʠʡ ʧʽʜʧʠʩ, ʽ ʚʽʜʢʠʜʘʻ ʧʘʢʝʪ, ʷʢʱʦ ʧʽʜʧʠʩ ʥʝʧʨʘʚʠʣʴʥʠʡ. 

ʎʝʡ ʤʝʭʘʥʽʟʤ ʧʦʢʨʘʱʫʻ ʙʝʟʧʝʢʫ ʦʙʤʽʥʫ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʤʽʞ 

ʢʣʽʻʥʪʘʤʠ RADIUS ʽ ʩʝʨʚʝʨʦʤ RADIUS. ʂʨʽʤ ʪʦʛʦ, ʧʘʨʦʣʽ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʧʘʢʝʪʘʭ RADIUS, ʰʠʬʨʫʶʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʽʣʴʥʠʭ ʢʣʶʯʽʚ ʧʝʨʝʜ ʧʝʨʝʜʘʚʘʥʥʷʤ ʧʘʢʝʪʽʚ, ʱʦʙ 

ʟʘʧʦʙʽʛʪʠ ʢʨʘʜʽʞʮʽ ʧʘʨʦʣʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ ʚ 

ʥʝʟʘʭʠʱʝʥʽʡ ʤʝʨʝʞʽ. ʉʝʨʚʝʨ ʦʪʨʠʤʫʻ ʧʘʢʝʪ RADIUS Access-Request ʽ 

ʧʝʨʝʚʽʨʷʻ, ʯʠ ʚʦʣʦʜʽʻ ʚʽʥ ʟʘʛʘʣʴʥʠʤ ʟ ʢʣʽʻʥʪʦʤ ʩʝʢʨʝʪʦʤ. ʗʢʱʦ 

ʩʝʨʚʝʨ ʥʝ ʚʦʣʦʜʽʻ ʩʧʽʣʴʥʠʤ ʩʝʢʨʝʪʦʤ ʟ ʢʣʽʻʥʪʦʤ, ʟʘʧʠʪ ʚʽʜʢʠʜʘʻʪʴʩʷ 

ʙʝʟ ʚʽʜʧʦʚʽʜʽ.  

ʈʦʟʰʠʨʝʥʘ ʘʚʪʦʤʘʪʥʘ ʤʦʜʝʣʴ ʧʨʦʪʦʢʦʣʫ RADIUS 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʦʾ ʧʦʚʝʜʽʥʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʨʦʪʦʢʦʣʫ 

ʨʦʟʛʣʷʥʫʪʦ  ʤʦʜʝʣʴ ʩʢʽʥʯʝʥʥʦʛʦ ʘʚʪʦʤʘʪʘ FSM, ʚ ʾʾ ʨʦʟʰʠʨʝʥʽʡ ʚʝʨʩʽʾ 

EFSM. ʇʽʜʩʪʘʚʦʶ ʜʣʷ ʚʠʙʦʨʫ ʤʦʜʝʣʽ ʩʢʽʥʯʝʥʥʦʛʦ ʘʚʪʦʤʘʪʘ ʻ ʪʝ, ʱʦ 

ʧʨʦʮʝʩ ʘʚʪʦʨʠʟʘʮʽʾ ʚ RADIUS ʤʘʻ ʩʢʽʥʯʝʥʥʠʡ ʞʠʪʪʻʚʠʡ ʮʠʢʣ, ʚ ʭʦʜʽ 

ʷʢʦʛʦ ʝʣʝʤʝʥʪʠ ʤʝʨʝʞʽ ʦʙʤʽʥʶʶʪʴʩʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʝʨʝʭʦʜʷʯʠ ʟʽ 

ʩʪʘʥʫ ʚ ʩʪʘʥ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʟʘʧʠʪʫ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ ʘʚʪʦʨʠʟʘʮʽʶ ʚ 

ʩʠʩʪʝʤʽ ʜʦ  ʚʜʘʣʦʾ ʘʚʪʦʨʠʟʘʮʽʾ, ʘʙʦ ʚʽʜʤʦʚʠ ʩʝʨʚʝʨʘ. EFSM[2]   

ʜʦʧʦʤʘʛʘʻ ʢʨʘʱʝ ʟʨʦʟʫʤʽʪʠ ʩʝʤʘʥʪʠʢʫ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ, ʢʦʣʠ 

ʢʽʣʴʢʽʩʪʴ ʩʪʘʥʽʚ ʽ ʧʝʨʝʭʦʜʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ.  

ʈʦʟʰʠʨʝʥʠʡ ʘʚʪʦʤʘʪ ʢʽʥʮʝʚʠʭ ʩʪʘʥʽʚ (EFSM) M ï ʮʝ ʢʦʨʪʝʞ (S, T, 

E, V), ʜʝ: S ï ʥʘʙʽʨ ʩʪʘʥʽʚ, T ï ʥʘʙʽʨ ʧʝʨʝʭʦʜʽʚ, E ï ʥʘʙʽʨ ʧʦʜʽʡ, V ï 

ʥʘʙʽʨ ʟʤʽʥʥʠʭ. ʇʝʨʝʭʦʜʠ ʤʘʶʪʴ ʚʠʭʽʜʥʠʡ ʩʪʘʥ source(t)  ɴS, ʮʽʣʴʦʚʠʡ 

ʩʪʘʥ target(t)  ɴS ʽ ʤʽʪʢʫ lbl(t). ʄʽʪʢʠ ʧʝʨʝʭʦʜʽʚ ʤʘʶʪʴ ʚʠʛʣʷʜ e1[c]/a, 
ʜʝ e1Eɴ, c ï ʫʤʦʚʘ, ʘ a - ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ.  
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ɺʠʩʥʦʚʢʠ 

ʊʘʢʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʩʢʽʥʯʝʥʥʠʡ ʘʚʪʦʤʘʪ ʟ ʫʤʦʚʥʠʤʠ 

ʧʝʨʝʭʦʜʘʤʠ. ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʦʧʠʩʘʥʦʾ ʤʦʜʝʣʽ ʜʦʟʚʦʣʠʣʘ 

ʚʠʷʚʠʪʠ ʩʪʘʥʠ, ʷʢ ʧʦʪʝʥʮʽʡʥʽ ʜʞʝʨʝʣʘ ʚʨʘʟʣʠʚʦʩʪʝʡ ʧʨʦʪʦʢʦʣʫ 

RADIUS. 
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ʆʎɯʅʖɺɸʅʅʗ ʈʀɿʀʂɯɺ ʉʂʃɸɼʅʀʍ ʉʀʉʊɽʄ 

ɿ ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɽʊʆɼɯɺ Q-ɸʅɸʃɯɿʋ 
 

ʇʦʣʫʮʠʛʘʥʦʚʘ ɺ.ɯ., ʉʤʠʨʥʦʚ ʉ.ɸ. 

ʅʘʮʽʦʥʘʣʴʥʠʭ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʂʠʾʚ, 

ʋʢʨʘʾʥʘ 
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ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʽʚ ʜʣʷ ʩʪʨʫʢʪʫʨʥʦ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʩʢʣʘʜʥʠʭ, ʚ ʷʢʠʭ ʚʨʘʟʣʠʚʦʩʪʽ, ʘ ʷʢ ʥʘʩʣʽʜʦʢ ʽ ʟʙʠʪʢʠ 

ʤʦʞʫʪʴ ʨʝʘʣʽʟʦʚʫʚʘʪʠʩʴ ʩʫʤʽʩʥʦ ʽ ʟʘʣʝʞʘʪʠ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ɼʣʷ 

ʪʘʢʠʭ ʚʠʧʘʜʢʽʚ ʤʦʜʠʬʽʢʦʚʘʥʦ ʢʣʘʩʠʯʥʫ ʬʦʨʤʫʣʫ ʦʮʽʥʶʚʘʥʥʷ 

ʨʠʟʠʢʽʚ. ɿʘ ʜʦʧʦʤʦʛʦʶ Q-ʘʥʘʣʽʟʫ ʦʧʠʩʘʥʦ ʩʪʨʫʢʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ 

ʚʨʘʟʣʠʚʦʩʪʷʤʠ, ʱʦ ʜʘʣʦ ʙʽʣʴʰ ʯʽʪʢʫ ʦʮʽʥʢʫ ʟʙʠʪʢʘʤ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʠʟʠʢ, ʚʨʘʟʣʠʚʦʩʪʽ, Q-ʘʥʘʣʽʟ, ʩʠʤʧʣʝʢʮʽʡʥʠʡ 

ʢʦʤʧʣʝʢʩ 

ɺʩʪʫʧ  

ɺ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʽʚ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʪʦʤʫ, ʱʦ ʚʨʘʟʣʠʚʦʩʪʽ ʩʠʩʪʝʤʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʣʝʞʥʠʤʠ ʪʘ ʦʜʥʦʯʘʩʥʦ 

ʨʝʘʣʽʟʦʚʫʚʘʪʠʩʷ. ʏʝʨʝʟ ʮʝ ʚʠʥʠʢʘʶʪʴ ʩʢʣʘʜʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʥʠʤʠ. 

ʑʦʙ ʾʭ ʦʧʠʩʘʪʠ ʪʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʜʦʨʝʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ [3]. 

ʉʠʩʪʝʤʘ ʚʨʘʟʣʠʚʦʩʪʝʡ ʪʦʜʽ ʦʧʠʩʫʻʪʴʩʷ ʷʢ ʩʠʤʧʣʝʢʮʽʡʥʠʡ ʢʦʤʧʣʝʢʩ, 

ʚʟʘʻʤʦʟʚôʷʟʢʠ ʦʙʨʘʭʦʚʫʶʪʴʩʷ ʪʘ ʦʮʽʥʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ Q-

ʘʥʘʣʽʟʫ. ʎʝ ʜʘʻ ʙʽʣʴʰ ʯʽʪʢʫ ʢʘʨʪʠʥʫ ʷʢ ʙʫʜʫʚʘʪʠ ʩʠʩʪʝʤʫ ʙʝʟʧʝʢʠ ʚ 

ʨʝʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʪʘ ʢʨʘʱʝ ʨʦʟʫʤʽʪʠ ʧʨʦʙʣʝʤʠ, ʷʢʽ ʟ ʮʠʤ ʧʦʚôʷʟʘʥʽ. 

ɼʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʤʝʪʦʜ ʜʣʷ ʦʙʨʘʭʫʥʢʫ 

ʨʠʟʠʢʽʚ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʟʘʻʤʦʟʘʣʝʞʥʠʤʠ ʚʨʘʟʣʠʚʦʩʪʷʤʠ, ʘ ʷʢ 

ʥʘʩʣʽʜʦʢ ʽ ʟʙʠʪʢʘʤʠ.  

ʄʝʪʦʜ ʦʙʨʘʭʫʥʢʫ ʨʠʟʠʢʽʚ ʜʣʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʧʨʦʚʝʩʪʠ ʘʥʘʣʦʛ ʩʠʤʧʣʝʢʩʽʡʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʣʷ 

ʚʨʘʟʣʠʚʦʩʪʝʡ ʚ ʢʽʙʝʨʙʝʟʧʝʮʽ ʧʦʪʨʽʙʥʦ ʰʫʢʘʪʠ ʥʝ ʪʨʠʚʽʘʣʴʥʽ ʟʚôʷʟʢʠ 

ʤʽʞ ʥʠʤʠ. ʅʘʧʨʠʢʣʘʜ, ʥʘʰʘ ʩʠʩʪʝʤʘ ʤʘʻ ʩʢʣʘʜʥʫ ʩʪʨʫʢʪʫʨʫ. ʂʦʞʥʘ ʟ 

ʾʾ ʧʽʜʩʠʩʪʝʤ ʤʘʻ ʩʚʽʡ ʥʘʙʽʨ ʚʨʘʟʣʠʚʦʩʪʝʡ !ȟ!ȟȣȟ![1]. ʇʨʠ ʮʴʦʤʫ 
ʢʦʞʥʘ ʟ ʥʠʭ ʤʦʞʝ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʚʨʘʟʣʠʚʦʩʪʽ ʟ ʽʥʰʠʭ 

ʧ̔ ʜʩʠʩʪʝʤ. ʊʦʜʽ ʚʠʥʠʢʘʶʪʴ ʟʘʣʝʞʥʦʩʪʽ ʩʭʦʞʽ ʥʘ ʟʘʣʝʞʥʦʩʪʽ ʚ 

ʩʠʧʣʝʢʮʽʡʥʦʤʫ ʢʦʤʧʣʝʢʩʽ. ʗʢʱʦ ʚʨʘʟʣʠʚʽʩʪʴ ʥʽʷʢ ʥʝ ʚʧʣʠʚʘʻ ʽ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʥʰʠʭ ʚʠʥʠʢʘʻ ʩʠʤʧʣʝʢʩ ʪʦʯʢʘ. ʗʢʱʦ ʜʚʽ ʚʨʘʟʣʠʚʦʩʪʽ 
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ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ ʪʦ ʚʠʥʠʢʘʻ ʨʝʙʨʦ ʤʽʞ ʩʠʤʧʣʝʢʩʘʤʠ. ʗʢʱʦ 3 

ʚʨʘʟʣʠʚʦʩʪʽ ʟʘʣʝʞʥʽ ʚʠʥʠʢʘʻ ʛʨʘʥʴ, ʷʢʱʦ 4 ï ʪʝʪʨʘʝʜʨ ʽ ʪʘʢ ʜʘʣʽ [4]. 

ʗʢʱʦ ʞ ʚʨʘʟʣʠʚʦʩʪʽ ʟ ʦʜʥʽʻʾ ʟ ʧʽʜʩʠʩʪʝʤ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʨʘʟʣʠʚʦʩʪʽ ʟ 

ʽʥʰʦʾ ʘʙʦ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʦʜʥʽʻʾ ʟ ʚʨʘʟʣʠʚʦʩʪʝʡ ʚʠʥʠʢʘʶʪʴ ʚʨʘʟʣʠʚʦʩʪʽ 

ʚ ʽʥʰʽʡ, ʪʦ ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʩʢʣʘʜʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚ ʢʦʤʧʣʝʢʩʽ. 

ɺʠʭʦʜʠʪʴ, ʱʦ ʜʣʷ ʩʠʩʪʝʤʠ ʜʝʷʢʽ ʚʨʘʟʣʠʚʦʩʪʽ ʤʦʞʫʪʴ ʟʘʧʫʩʢʘʪʠ 

ʢʘʩʢʘʜʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ. ɼʣʷ 

ʪʘʢʠʭ ʚʠʧʘʜʢʽʚ ʩʣʽʜ ʧʨʦʨʘʭʦʚʫʚʘʪʠ ʨʠʟʠʢʠ, ʘʣʝ ʚ ʢʣʘʩʠʯʥʫ ʬʦʨʤʫʣʫ 

ʜʣʷ ʨʠʟʠʢʽʚ ʧʦʪʨʽʙʥʦ ʚʥʝʩʪʠ ʟʤʽʥʠ, ʘʜʞʝ ʚʦʥʘ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʧʨʠʧʫʱʝʥʽ, ʱʦ ʚʩʽ ʚʪʨʘʪʠ ʪʘ ʡʤʦʚʽʨʥʦʩʪʽ ʾʭ ʥʘʩʪʘʥʥʷ ʥʝʟʘʣʝʞʥʽ[2]. 

ɸʣʝ ʥʝ ʣʠʰʝ ʨʠʟʠʢ ʤʦʞʥʘ ʧʨʦʨʘʭʦʚʫʚʘʪʠ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ. ʆʢʨʽʤ 

ʮʴʦʛʦ, ʤʦʞʣʠʚʦ ʧʨʦʚʝʩʪʠ Q-ʘʥʘʣʽʟ ʥʘ ʚʠʷʚʣʝʥʥʷ ʩʢʣʘʜʥʠʭ ʟʚôʷʟʢʽʚ 

ʤʽʞ ʚʨʘʟʣʠʚʦʩʪʷʤʠ. ʊʦʜʽ ʤʦʞʥʘ ʧʦʣʽʧʰʠʪʠ ʧʦʧʝʨʝʜʥʶ ʬʦʨʤʫʣʫ ʪʘʢ, 

ʱʦʙ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʜʝʷʢʠʡ ʩʠʤʧʣʝʢʩ ʚ ʢʦʤʧʣʝʢʩʽ (ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ 

ʚʨʘʟʣʠʚʽʩʪʴ ʚ ʩʠʩʪʝʤʽ ʚʨʘʟʣʠʚʦʩʪʝʡ) ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ. ɺ ʜʦʧʦʚʽʜʽ 

ʨʦʟʛʣʷʥʫʪʦ ʧʨʠʢʣʘʜ ʩʢʣʘʜʥʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ 

ʟʙʠʪʢʘʤʠ ʧʦʚôʷʟʘʥʠʤʠ ʟ ʥʝʩʧʨʘʚʥʦʩʪʷʤʠ ʘʚʪʦ. ʇʦʢʘʟʘʥʦ ʷʢ ʚʧʣʠʚʘʻ 

ʩʪʨʫʢʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʩʣʘʙʢʠʭ ʤʽʩʮʴ, ʪʘ ʷʢ ʾʭ ʚʠʷʚʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

Q-ʘʥʘʣʽʟʫ. ʇʨʦʨʘʭʦʚʘʥʽ ʟʙʠʪʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʮʝʥʘʨʽʶ ʨʝʘʣʽʟʘʮʽʾ 

ʥʝʩʧʨʘʚʥʦʩʪʝʡ. 

ɺʠʩʥʦʚʢʠ  

ʆʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʽʚ ʚʘʞʣʠʚʠʡ ʝʪʘʧ ʚ ʧʦʙʫʜʦʚʽ ʙʝʟʧʝʢʠ ʙʫʜʴ-ʷʢʦʾ 

ʩʠʩʪʝʤʠ. ʇʨʠ ʮʴʦʤʫ ʚʨʘʟʣʠʚʦʩʪʽ ʪʘ ʟʙʠʪʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʪʨʫʢʪʫʨʥʦ 

ʚʟʘʻʤʦʟʘʣʝʞʥʠʤʠ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʧʨʦʨʘʭʫʥʢʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ Q-

ʘʥʘʣʽʟʫ, ʚ ʨʦʙʦʪʽ, ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʪʘ ʦʮʽʥʝʥʦ ʩʪʨʫʢʪʫʨʫ 

ʚʨʘʟʣʠʚʦʩʪʝʡ. ʅʘʚʝʜʝʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʦʙʨʘʭʫʥʢʫ ʨʠʟʠʢʽʚ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʬʫʥʢʽʦʥʘʣʴʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ. 

ʇʦʩʠʣʘʥʥʷ  

1. ʂʘʯʠʥʩʴʢʠʡ ɸ. ɹ. ɹʝʟʧʝʢʘ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ / ï Kʠʾʚ: ʖʩʪʦʥ, 

2017. ï 498 ʩ. 

2. ɺʠʰʥʷʢʦʚ ʗ. ɼ., ʈʘʜʘʝʚ ʅ. ʅ. ʆʙʱʘʷ ʪʝʦʨʠʷ ʨʠʩʢʦʚ. ï2 ʠʟʜ. ï

ʄ. : ɸʢʘʜʝʤʠʷ, 2008.ð368 ʩ. 

3. Atkin R. H. ñMathematical structure in human affairsò, Heinemann 

Educational Books, (1973); 143. doi: 10.1137/1018064. 

4. Beaumont J.R., Gatrell A.C. ñAn introduction to Q-analysisò. 

Catmog 34, 1982.  

  



 

 

 53 

MALWARE DYNAMIC ANAL YSIS SYSTEM BASED 

ON VIRTUAL MACHINE I NTROSPECTION AND 

MACHINE LEARNING MET HODS 

 
ὃὰὥὲ ὔὥὪὭὭὩὺ , ὌὰὭὦ ὑὬέὰέὨόὰὯὭὲ and ὃὲὨὶὭὭ ὙέὨὭέὲέὺ 

 
1
 National Technical University of Ukraine ñIgor Sikorsky Kyiv 

Polytechnic Instituteò, Institute of Physics and Technology, Build. 1, 37, 

Prosp. Peremohy, Kyiv, 03056, Ukraine 
2
 Taras Shevchenko National University of Kyiv, Faculty of Computer 

Science and Cybernetics, Akademika Hlushkova Ave, 4, Kyiv, 03680, 

Ukraine 
 

Nowadays, malware authors are creating ever more advanced and 

sophisticated malware that is almost impossible to detect using static 

analysis. Even when using dynamic analysis, a malicious file can 

recognize being executed by the virtual environment and change its code. 

The aim of this work is to implement the process of collecting and 

processing behavioral characteristics for a set of different exe-files based 

on a dynamic analysis system, where the file is not able to detect being 

observed and can show its nature. Also, based on the collected data, 

machine learning models have been built and experiments have been 

carried out with training and test sets. 

 

Keywords: malware dynamic analysis, virtual machine introspection, 

feature selection, hypervisor, malware detection 

Introduction  

Malware analysis can be performed using both static and dynamic 

methods. As a rule, dynamic analysis is more efficient way to determine 

the functionality of the analyzed program. However, the success of 

detecting a malicious file depends on the type of a software agent 

responsible for collecting data and their completeness during dynamic 

analysis. Therefore, malware authors equip their programs with the ability 

to detect the agent and bypass such systems. As a result, a malicious file 

may recognize that it is running on an isolated system and delay its 

launch, or change its behavior to mislead the analysis system. Therefore, 

it is critical for dynamic malware analysis systems to provide a real file 

execution environment with hidden monitoring capability to hide the 

presence of executable data collection pattern. 
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In this work, we used the Drakvuf Sandbox malware analysis system 

[1], which allows you to track malware at the user and OS kernel levels 

without the need to install an agent in the guest OS. The system is built on 

the Xen virtualization platform, uses the LibVMI API and the DRAKVUF 

engine. 

Dataset Construction 

In the experiment, the training set includes 240 files, 120 benign and 120 

malicious. The test set includes 100 files, 50 benign and 50 malicious. 

Using Drakvuf sandbox, each .exe file was launched on a windows 7 

virtual machine. For five minutes the dynamic analysis system reads 

internal kernel functions used by kernel drivers, tracing system calls, file 

operations like file creation and deletion made by malware. Thus, we get 

a .txt file with the detailed behavioral profile of the executable file in 

dynamics. Each line in the .txt file corresponds to one action that takes 

place in the operating system during the execution of the executable file. 

This action is represented as a dictionary data type in python. There is a 

set of parameters and their values. The following is an example of such an 

action:  

 

{"Plugin": "filetracer", "TimeStamp": "1657826673.189062", "PID": 560, 

"PPID": 436, "TID": 572, "UserName": "SessionID", "UserId": 0, 

"ProcessName": 

"\\Device\\HarddiskVolume2\\Windows\\System32\\svchost.exe", 

"Method": "NtOpenFile", "EventUID": "0x8c8", "FileName": 

"\\??\\C:\\Windows\\System32\\DriverStore\\en-US\\", 

"ObjectAttributes": "OBJ_CASE_INSENSITIVE"} 

 

ProcessName - The name that the system uses to identify the process to 

the user 

Method - contains functions from the Windows library ntdll.lib 

FileName - the name of file that the system is using in a certain moment 

In the end, 340 .txt files have been collected with the result of dynamic 

analysis for each .exe file. 

Feature Selection 

Now that we have the results of dynamic analysis, there is a fundamental 

task of collecting and processing data. Based on these data, the final 

matrix will be formed, which will be sent to the SVM machine learning 

algorithm. For analysis, 3 parameters were selected (Method, FileName, 
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ProcessName), which contain significant information about the action 

taken in the operating system. To form the features on which SVM is 

trained, the N-gram method is used, where transition probabilities are 

used to build a Markov chain instead of 2-grams as the basic data 

representation. The following subsections will describe the process of 

generating the final matrix based on each of the 3 parameters. 

Parameter ñMethodò  

The first step in feature generation is parsing data from all .txt files. We 

received 340 arrays of the following form: 

 

[NtOpenFile, NtCreateFile, é, NtWriteFile, NtQueryAttributesFile]   (1) 

 

It turned out that in all .txt files the Method parameter takes only 7 

unique values: NtReadFile, NtWriteFile, NtCreateFile, NtOpenFile, 

NtSetInformationFile, NtQueryAttributesFile, NtOpenDirectoryObject. 

Let's show the principle of formation of the final matrix on the 

example of the sequence of values (1). Based on such an array, a two-

dimensional quadratic adjacency matrix of 7*7 dimensions is constructed 

and for each pair of values in the matrix we counted how many times the 

first value immediately followed the second. 

Our Markov chain can be represented as a graph in which the vertices 

are the states of the process (all possible values of the Method parameter), 

and the edges are transitions between states, and Ð is written on the edge 

from É to Ê - the probability of transition from one value to another. As a 

result, we get a quadratic transition matrix Ð  , dimension 7*7, on 

which the following conditions are imposed: 

Ð πȟ 

Éᶅ ὴ ρ 

Further, this matrix is converted into a vector form and completed into the 

final matrix. 

Parameter ñFileNameò 

After parsing all .txt files, it turned out that there are 25440 unique values 

of the FileName parameter. It would be possible to build the final matrix 

in the same way as in the case of the Method parameter. However, in this 

case, the adjacency matrix will be very large (25440 x 25440) and the 
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dimension of the final matrix will be (340 x 647 million), which is too 

large for the power of modern computers. In addition, most of the cells in 

such a matrix will be zeros. Therefore, the problem arises to choose a 

smaller number of the most significant features.  

To form a set of such features, a method is used where values that 

occur in total the most times in all .txt files are taken. So, 3 final matrices 

with different dimensions were formed based on 3 sets of values of the 

FileName parameter. The first set contains the 88 most common values. 

The second is 326 and the third is 712. 

Parameter ñProcessNameò 

The array of unique ProcessName parameter values contains 312 

elements. However, most of these elements are values that contain the 

name of the .exe file being launched. That is, such a value is found only in 

one .txt file out of 340, which means that it is not of a particular value 

when training a machine learning model. Therefore, from the set of 312 

unique values, those that contain their own file names were removed. The 

resulting array had 65 elements. Based on this set, adjacency matrices 

with dimensions (65 x 65) and one final matrix were built for each .exe 

file. 

All three parameters 

After the formation of all the final matrices, the idea arose to make a 

model that would be based on information not only from one parameter, 

but from all three at once. Each .exe file corresponds to a vector of 

numeric values that describes the nature of the file. The final matrix 

consists of such vectors. To combine three vectors from three different 

matrices, we can sum these vectors together. Then one, the most 

ñcompleteò in terms of information, final matrix will be obtained. To form 

such a matrix, the following final matrices were taken: a matrix based on 

the Method parameter with 7 features, a matrix based on the ProcessName 

parameter with 47 features, and a matrix based on the FileName 

parameter with 88 features.  

As you can see, the dimensions of the three matrices are different, and 

in order to sum the vectors, we need to achieve the same dimension. For 

this, the principal component method was used, with the help of which the 

ProcessName and FileName matrices were reduced to the dimension of 

the Method matrix. 
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Training and Metrics  

Machine learning models are trained using the SVM algorithm with a 

square exponential kernel. The algorithm hyperparameters are selected 

using cross-validation. The test final matrices were formed based on the 

features that were obtained from the training set. As an assessment of the 

accuracy of the models under study, F-score is used, which is a joint 

assessment of such metrics as precision and recall. Also, for the analysis 

of the models, the plots of the roc_auc and pr_auc curves were used. 

Table 1 shows the results of the accuracy of all models. All models 

demonstrated fairly high accuracy rates for all metrics. 

Table 1 

 

Conclusions 

In this study, we have created 6 machine learning models: 3 models based 

on the FileName parameter, a model based on the Method parameter, a 

model based on the ProcessName parameter, and a model that is based on 

all three parameters at once. Out of these three parameters, the FileName 

parameter turned out to be the most optimal one in terms of its ability to 

detect malicious files. Namely, the model containing the average number 

of features - 376. It showed the highest F-score metrics and almost the 

best values of the roc and precision-recall curves. Based on this, it can be 

argued that not always a model with a large number of features will show 

the best result. It is necessary to find the optimal set of features, since the 

stage of their formation is probably the most important step in the process 

of detecting malicious files. It is also worth noting the high performance 

of the model based on three parameters. The idea of summing the vectors 

of three adjacent matrices justified our expectations, since the 

performance of the roc and precision-recall curves turned out to be the 

highest among all models. It is also worth noting that despite the fact that 

the model based on the Method parameter has only 7 features, the 
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accuracy results were at a sufficient level among other models with a lot 

more features. 
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ɺ ʜʦʧʦʚʽʜʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʠʧʽʚ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʪʘʙʣʠʮʴ, 

ʷʢʽ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʧʨʦʮʝʩʽ ʩʮʝʥʘʨʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʇʨʦʧʦʥʫʶʪʴʩʷ ʩʧʦʩʦʙʠ ʚʠʷʚʣʝʥʥʷ ʽ ʧʦʙʫʜʦʚʠ ʪʘʙʣʠʮʴ ʨʽʟʥʠʭ ʪʠʧʽʚ ʟ 

ʩʝʤʘʥʪʠʯʥʠʭ ʤʝʨʝʞ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʮʝʥʘʨʥʠʡ ʘʥʘʣʽʟ, ʤʝʪʦʜ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ, ʤʦʨʬʦʣʦʛʽʯʥʽ ʪʘʙʣʠʮʽ, ʩʝʤʘʥʪʠʯʥʽ ʤʝʨʝʞʽ, ʙʘʟʠ ʟʥʘʥʴ. 

 

ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ (ʄʄʄɸ) ʻ ʧʦʪʫʞʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʷʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʚ ʟʘʜʘʯʘʭ, ʜʝ ʦʙôʻʢʪʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝʪʦʯʥʽʩʪʶ, ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ, ʥʝʧʦʚʥʦʪʦʶ, 

ʥʝʯʽʪʢʽʩʪʶ ʽʥʬʦʨʤʘʮʽʾ ʽ ʯʝʨʝʟ ʮʝ ʤʘʶʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʘʨʽʘʥʪʽʚ ʨʝʘʣʽʟʘʮʽʾ [1].  

ɺʽʜ ʢʦʨʝʢʪʥʦʛʦ, ʘʜʝʢʚʘʪʥʦʛʦ, ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʦʧʠʩʫ ʦʙôʻʢʪʽʚ 

ʘʥʘʣʽʟʫ ʯʘʩʪʦ ʟʘʣʝʞʠʪʴ ʫʩʧʽʰʥʽʩʪʴ ʧʨʦʮʝʩʫ ʧʝʨʝʜʙʘʯʝʥʥʷ ʚ ʮʽʣʦʤʫ. 

ʊʦʤʫ ʧʦʙʫʜʦʚʘ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʪʘʙʣʠʮʴ ʚ ʄʄʄɸ ʻ ʥʘʜʟʚʠʯʘʡʥʦ 

ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʫ ʨʝʘʣʴʥʽʡ 

ʢʘʨʪʠʥʽ ʩʚʽʪʫ. 

ʇʦʙʫʜʦʚʘ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʪʘʙʣʠʮʴ ʻ ʪʚʦʨʯʠʤ ʧʨʦʮʝʩʦʤ, ʢʽʥʮʝʚʠʡ 

ʨʝʟʫʣʴʪʘʪ ʷʢʦʛʦ ʤʦʞʝ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʠʡ ʪʽʣʴʢʠ ʣʶʜʠʥʦʶ-

ʘʥʘʣʽʪʠʢʦʤ. ʏʝʨʝʟ ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʜʘʥʠʭ ʫ ʩʢʣʘʜʥʠʭ 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʟʘʜʘʯʘʭ ʮʝʡ ʧʨʦʮʝʩ ʤʦʞʝ ʙʫʪʠ ʟʘʥʘʜʪʦ 

ʪʨʫʜʦʤʽʩʪʢʠʤ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʡʦʛʦ ʚʨʫʯʥʫ.  

ʈʦʟʛʣʷʥʝʤʦ ʪʠʧʠ ʦʙôʻʢʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʫʪʚʦʨʶʶʯʠʤʠ ʜʣʷ 

ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʪʘʙʣʠʮʽ. 

ʆʧʠʩ ʦʙôʻʢʪʘ. ʄʦʨʬʦʣʦʛʽʯʥʘ ʪʘʙʣʠʮʷ ʦʧʠʩʫʻ ʟʘʜʘʥʠʡ 

ʤʘʪʝʨʽʘʣʴʥʠʡ ʘʙʦ ʥʝʤʘʪʝʨʽʘʣʴʥʠʡ ʦʙôʻʢʪ ʘʙʦ ʩʠʩʪʝʤʫ.  

ʆʧʠʩ ʩʪʘʥʫ. ʄʦʨʬʦʣʦʛʽʯʥʘ ʪʘʙʣʠʮʷ ʦʧʠʩʫʻ ʩʪʘʥ ʜʝʷʢʦʛʦ ʦʙôʻʢʪʘ 

ʘʙʦ ʩʠʩʪʝʤʠ. ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʩʘʤʝ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʘʙʦ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʚ ʦʙôʻʢʪʽ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ.  

ʆʧʠʩ ʜʽʾ. ʄʦʨʬʦʣʦʛʽʯʥʘ ʪʘʙʣʠʮʷ ʦʧʠʩʫʻ ʧʝʚʥʫ ʧʦʜʽʶ ʘʙʦ 

ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʦʙôʻʢʪʘʤʠ. ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ ʤʦʞʝ ʧʦʣʷʛʘʪʠ ʫ ʩʪʘʥʽ ʮʽʻʾ 
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ʩʠʩʪʝʤʠ (ʢʦʥʪʝʢʩʪ ʧʦʜʽʾ), ʫ ʦʙôʻʢʪʘʭ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʧʦʜʽʾ, ʽ ʚ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʝʨʝʙʽʛʫ ʩʘʤʦʾ ʧʦʜʽʾ.  

ʗʢ ʙʘʯʠʤʦ, ʢʦʞʥʠʡ ʥʘʩʪʫʧʥʠʡ ʚʠʜ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʪʘʙʣʠʮʽ ʤʦʞʝ 

ʧʦʪʨʝʙʫʚʘʪʠ ʥʘʷʚʥʦʩʪʽ ʧʦʧʝʨʝʜʥʽʭ.  

ʈʽʟʥʠʤ ʪʠʧʘʤ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʪʘʙʣʠʮʴ ʤʦʞʥʘ ʩʧʽʚʚʽʜʥʝʩʪʠ 

ʬʨʘʛʤʝʥʪʠ ʤʝʨʝʞʽ ʩʫʪʥʦʩʪʝʡ. ɼʣʷ ʦʧʠʩʫ ʦʙôʻʢʪʘ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʘʨʭʽʪʝʢʪʫʨʠ ʙʘʟʠ ʟʥʘʥʴ ʧʘʨʘʤʝʪʨʘʤʠ ʽ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʪʘʙʣʠʮʽ ʤʦʞʫʪʴ ʩʪʘʪʠ: 

1. ʇʘʨʘʤʝʪʨ ï ʢʣʘʩʠʬʽʢʘʮʽʷ ʦʙôʻʢʪʘ ʟʘ ʜʝʷʢʠʤ ʨʦʟʨʽʟʦʤ, 

ʘʣʴʪʝʨʥʘʪʠʚʠ ï ʧʽʜʢʣʘʩʠ ʦʙôʻʢʪʘ ʚ ʮʴʦʤʫ ʨʦʟʨʽʟʽ; 

2. ʇʘʨʘʤʝʪʨ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙôʻʢʪʘ, ʘʣʴʪʝʨʥʘʪʠʚʠ ï ʤʦʞʣʠʚʽ 

ʟʥʘʯʝʥʥʷ ʘʙʦ ʜʽʘʧʘʟʦʥʠ ʟʥʘʯʝʥʴ ʮʽʻʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

3. ʇʫʥʢʪʠ 1, 2, 3 ʜʣʷ ʝʣʝʤʝʥʪʽʚ (ʧʽʜʦʙôʻʢʪʽʚ) ʦʙôʻʢʪʘ. 

 

ʇʨʦʮʝʜʫʨʘ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʪʘʙʣʠʮʽ ʤʦʞʝ 

ʚʠʢʦʥʫʚʘʪʠʩʴ ʨʝʢʫʨʩʠʚʥʦ, ʟ ʛʣʠʙʠʥʦʶ ʜʝʪʘʣʽʟʘʮʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʦʪʨʝʙ ʟʘʜʘʯʽ. ʇʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʘʥʘʣʽʪʠʢʦʤ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʪʘʙʣʠʮʽ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʽʥʪʝʨʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ ʚʟʘʻʤʦʜʽʾ ʽʟ ʙʘʟʦʶ ʟʥʘʥʴ. 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʪʘʙʣʠʮʽ ʜʣʷ ʦʧʠʩʫ ʩʪʘʥʫ ʦʙôʻʢʪʘ ʘʙʦ 

ʩʠʩʪʝʤʠ ʦʩʥʦʚʥʠʤʠ ʛʨʫʧʘʤʠ ʧʘʨʘʤʝʪʨʽʚ ʚ ʤʦʨʬʦʣʦʛʽʯʥʽʡ ʤʦʞʫʪʴ 

ʙʫʪʠ: 

1. ɿʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʘʙʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ ʤʘʻ ʦʙôʻʢʪ 

ʜʦʩʣʽʜʞʝʥʥʷ. 

2. ɿʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʘʙʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ ʤʘʶʪʴ ʧʦʚôʷʟʘʥʽ 

ʦʙôʻʢʪʠ ʘʙʦ ʩʠʩʪʝʤʠ (ʦʧʠʩ ʾʭ ʩʪʘʥʫ). ʉʝʨʝʜ ʥʠʭ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʽʜʩʠʩʪʝʤʠ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʜʩʠʩʪʝʤʠ (ʦʧʠʩ ʟʦʚʥʽʰʥʴʦʛʦ 

ʚʧʣʠʚʫ, ʢʦʥʪʝʢʩʪ) ʽ ʧʦʚôʷʟʘʥʽ ʦʙôʻʢʪʠ ʪʦʛʦ ʞ ʨʽʚʥʷ. 

3. ʆʧʠʩ ʧʦʚôʷʟʘʥʠʭ ʦʙôʻʢʪʽʚ (ʚʢʣʶʯʘʶʯʠ ʨʽʰʝʥʥʷ, ʱʦ ʤʦʛʣʠ ʙʫʪʠ 

ʧʨʠʡʥʷʪʠʤʠ ʱʦʜʦ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʚʧʣʠʥʫʪʠ ʥʘ ʡʦʛʦ ʩʪʘʥ). 

 

ɺ ʦʧʠʩʽ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙôʻʢʪʠ, ʷʢʽ ʚʢʣʶʯʘʶʪʴʩʷ 

ʚ ʤʦʨʬʦʣʦʛʽʯʥʫ ʪʘʙʣʠʮʶ ʟʘ ʥʘʚʝʜʝʥʦʶ ʚʠʱʝ ʧʨʦʮʝʜʫʨʦʶ ʦʧʠʩʫ 

ʦʙôʻʢʪʽʚ. 

ʇʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʪʘʙʣʠʮʽ, ʱʦ ʦʧʠʩʫʻ ʧʝʚʥʫ ʧʦʜʽʶ, 

ʻ: 

1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʧʽʜʢʣʘʩʠ ʧʦʜʽʾ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ (ʩʘʤʘ ʧʦʜʽʷ 

ʟ ʪʦʯʢʠ ʟʦʨʫ ʙʘʟʠ ʟʥʘʥʴ ʪʫʪ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʦʙôʻʢʪ). 

2. ʆʧʠʩ ʧʨʠʯʝʪʥʠʭ ʦʙôʻʢʪʽʚ ʪʘ/ʘʙʦ ʾʭ ʩʪʘʥʽʚ. 

3. ʆʧʠʩ ʩʪʘʥʫ ʩʠʩʪʝʤʠ, ʚ ʨʘʤʢʘʭ ʷʢʦʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʜʽʷ 

(ʢʦʥʪʝʢʩʪ). 

4. ʇʨʠʯʠʥʠ ʚʠʥʠʢʥʝʥʥʷ ʧʦʜʽʾ (ʷʢʱʦ ʾʭ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ). 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʧʨʠʡʦʤʠ ʚʠʜʦʙʫʚʘʥʥʷ 

ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʤʘʪʨʠʮʴ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʝʣʠʢʽ ʦʙôʻʤʠ 

ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʦʾ ʧʦʙʫʜʦʚʠ 

ʤʦʜʝʣʝʡ ʄʄʄɸ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ 

1. ʇʘʥʢʨʘʪʦʚʘ ʅ.ɼ., ʉʘʚʯʝʥʢʦ ɯ.ʆ. ʄʦʨʬʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ. 

ʇʨʦʙʣʝʤʠ, ʪʝʦʨʽʷ, ʟʘʩʪʦʩʫʚʘʥʥʷ. ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ. ï ʅʘʫʢʦʚʘ 

ʜʫʤʢʘ. ï 2015. ï 245 ʩ. 
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ɯʅʉʊʈʋʄɽʅʊɸʈɯʁ ʇʃɸʊʌʆʈʄʀ ʊʈɸʅʉʌɽʈʋ 

ɿʅɸʅʔ ɼʃʗ ʉʊʈɸʊɽɻɯʏʅʆɻʆ ʇʃɸʅʋɺɸʅʅʗ 

ɺʽʪʘʣʽʡ ʎʠʛʘʥʦʢ 
1,2,3 [0000-0002-0821-4877]

, 

ɸʥʪʦʥ ɸʩʪʘʭʦʚ 
1
, 

ɺʦʣʦʜʠʤʠʨ ʄʽʥʘʩ 
1
, 

ʄʘʢʩʠʤ ʂʦʥʦʚʘʣʶʢ 
2 [0000-0003-4601-3790]

 
 

1 ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʨʝʻʩʪʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ 

ʋʢʨʘʾʥʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
2
  ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ ñʂʠʾʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦò, ʂʠʾʚ, ʋʢʨʘʾʥʘ 
3
 ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ, ʂʠʾʚ, 

ʋʢʨʘʾʥʘ 

tsyganok@ipri.kiev.ua, astakhov.anton97@gmail.com, vminas@i.ua, 

konovalyuk@gmail.com 

ɼʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʘʚʣʝʥʝ ʥʘ ʚʠʨʽʰʝʥʥʷ ʛʣʦʙʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ ï 

ʪʨʘʥʩʬʝʨʫ ʟʥʘʥʴ ʚʽʜ ʦʩʽʙ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʟʥʘʥʥʷʤʠ (ʜʦʩʚʽʜʦʤ, 

ʽʥʪʫʾʮʽʻʶ) ʫ ʧʝʚʥʽʡ ʩʬʝʨʽ ʜʦ ʦʩʽʙ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʮʠʭ ʟʥʘʥʴ ʟʘʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʪʝʦʨʝʪʠʯʥʦʛʦ 

ʧʽʜˇʨʫʥʪʷ ʧʨʠʟʥʘʯʝʥʦ ʥʘ ʧʨʘʢʪʠʮʽ ʜʣʷ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʫ 

ʨʽʟʥʠʭ ʩʬʝʨʘʭ, ʦʩʦʙʣʠʚʦ, ʫ ʩʣʘʙʢʦ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʧʨʝʜʤʝʪʥʠʭ 

ʦʙʣʘʩʪʷʭ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʶ ʪʘ ʚʽʜʧʦʚʽʜʥʠʡ ʧʨʦʛʨʘʤʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʧʣʘʪʬʦʨʤʠ ʪʨʘʥʩʬʝʨʫ ʟʥʘʥʴ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʩʪʨʘʪʝʛʽʯʥʠʭ ʧʣʘʥʽʚ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʨʘʥʩʬʝʨ ʟʥʘʥʴ, ʩʪʨʘʪʝʛʽʯʥʠʡ ʘʥʘʣʽʟ, ʮʽʣʴʦʚʝ 

ʜʠʥʘʤʽʯʥʝ ʦʮʽʥʶʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ 

ʧʣʘʪʬʦʨʤʠ ʪʨʘʥʩʬʝʨʫ ʟʥʘʥʴ ʜʣʷ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʫ ʩʣʘʙʢʦ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʷʭ. 

ʄʝʪʦʜʦʣʦʛʽʷ 

ɺ ʦʩʥʦʚʫ ʪʝʭʥʦʣʦʛʽʾ ʧʦʢʣʘʜʝʥʦ ʛʨʫʧʦʚʫ ʧʦʙʫʜʦʚʫ ʮʽʣʝ-ʦʨʽʻʥʪʦʚʘʥʦʾ 

ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ (ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ) [1, 2], ʷʢʘ ʩʪʚʦʨʶʻʪʴʩʷ ʰʣʷʭʦʤ 

ʜʝʢʦʤʧʦʟʠʮʽʾ ʛʦʣʦʚʥʦʾ ʩʪʨʘʪʝʛʽʯʥʦʾ ʮʽʣʽ ʪʘ ʚʨʘʭʦʚʫʻ ʯʘʩʦʚʽ ʪʘ 

ʨʝʩʫʨʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʪʘ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ 

ʥʠʤʠ. ʇʨʦʛʨʘʤʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʜʦʟʚʦʣʷʻ ʚʽʜʜʘʣʝʥʦ ʽʥʞʝʥʝʨʘʤ 

https://orcid.org/0000-0001-8877-5289
mailto:tsyganok@ipri.kiev.ua
mailto:astakhov.anton97@gmail.com
mailto:vminas@i.ua
mailto:konovalyuk@gmail.com
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ʟʥʘʥʴ ʪʘ ʟʘʧʨʦʰʝʥʠʤ ʥʠʤʠ ʝʢʩʧʝʨʪʘʤ ʥʘʜʘʚʘʪʠ ʟʥʘʥʥʷ ʧʨʦ 

ʧʨʝʜʤʝʪʥʫ ʦʙʣʘʩʪʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʘʜʝʢʚʘʪʥʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ. 

ʉʫʪʥʽʩʪʴ ʧʽʜʭʦʜʫ 

ʉʪʨʘʪʝʛʽʯʥʝ ʧʣʘʥʫʚʘʥʥʷ [3] ʤʦʞʥʘ ʨʦʟʙʠʪʠ ʥʘ ʪʘʢʽ ʝʪʘʧʠ: 

1. ɺʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʦʾ ʩʪʨʘʪʝʛʽʯʥʦʾ ʮʽʣʽ; 

2. ɼʝʢʦʤʧʦʟʠʮʽʷ ʮʽʣʽ ʥʘ ʧʽʜʮʽʣʽ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʛʦʣʦʚʥʫ ʮʽʣʴ ʚ 
ʜʘʥʽʡ ʧʨʝʜʤʝʪʥʽʡ ʦʙʣʘʩʪʽ; 

3. ɺʠʟʥʘʯʝʥʥʷ ʘʪʦʤʘʨʥʠʭ ʮʽʣʝʡ ʚ ʤʝʞʘʭ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʦʩʦʙʠ, ʱʦ 
ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ (ʆʇʈ); 

4. ɺʠʟʥʘʯʝʥʥʷ ʨʝʩʫʨʩʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʞʥʦʛʦ 
ʟʘʭʦʜʫ (ʧʨʦʝʢʪʫ); 

5. ɺʠʟʥʘʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʪʘ ʟʘʪʨʠʤʦʢ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʢʦʞʥʦʛʦ 
ʧʨʦʝʢʪʫ; 

6. ɺʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʤʽʞ ʜʘʥʠʤʠ 

ʧʨʦʝʢʪʘʤʠ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʜʦʩʷʛʥʝʥʥʷ ʦʩʥʦʚʥʦʾ ʩʪʨʘʪʝʛʽʯʥʦʾ ʮʽʣʽ ʧʨʠ ʟʘʜʘʥʦʤʫ 

ʬʽʥʘʥʩʫʚʘʥʥʽ; 

7. ɿʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʢʦʨʝʢʮʽʾ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫ. 

ʄʝʪʦʜ ʮʽʣʴʦʚʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚ 

(ʄʎɼʆɸ) [4, 5] ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʦʮʽʥʶʚʘʥʥʷ, ʙʘʟʫʶʯʠʩʴ ʥʘ 

ʧʦʙʫʜʦʚʘʥʽʡ ʝʢʩʧʝʨʪʥʠʤ ʰʣʷʭʦʤ ʤʦʜʝʣʽ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ. ʄʝʪʦʜ 

ʜʘʻ ʟʤʦʛʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʽ ʤʦʜʝʣʽ ʩʣʘʙʢʦ-

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʝʡ, ʱʦ ʜʦʩʪʘʪʥʴʦʶ ʤʽʨʦʶ ʧʦʚʥʦ 

ʪʘ ʘʜʝʢʚʘʪʥʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʪʽʻʾ, ʯʠ ʽʥʰʦʾ ʧʨʝʜʤʝʪʥʦʾ 

ʦʙʣʘʩʪʽ. 

ʉʪʫʧʽʥʴ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʽ ʚ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʤʦʜʝʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

Ὠ ὸ

ừ
ỬỬ
Ừ

ỬỬ
ứ

πȟ if Ὀ ὸ Ὕ

Ὕȟ if Ὀ ὸ Ὕ

ὪὈ ὸȟifὝ Ὀ ὸ ρ ύ

 ρȟ ifρ ύ Ὀ ὸ ρ

ȟ 

ʜʝ Ὀ ὸ ίόὴВύ Ὠ ὸ; Ὕ ï ʧʦʨʽʛ ʜʦʩʷʛʥʝʥʥʷ i-ʾ ʮʽʣʽ; ὪὈ ὸ  ï 

ʬʫʥʢʮʽʷ ʩʪʫʧʝʥʷ ʜʦʩʷʛʥʝʥʥʷ i-ʾ ʮʽʣʽ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t; ύ  ï ʏʂɺ j-ʾ 
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ʮʽʣʽ ʚ k-ʡ ʛʨʫʧʽ ʩʫʤʽʩʥʠʭ ʮʽʣʝʡ, ʷʢʠʡ ʤʘʻ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ i-ʫ 

ʮʽʣʴ. 

ʈʝʟʫʣʴʪʘʪʠ 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠ ʢʦʣʝʢʪʠʚʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʟʥʘʥʴ. ʅʘ ʾʭ 

ʦʩʥʦʚʽ ʨʝʘʣʽʟʦʚʘʥʦ ʧʨʦʛʨʘʤʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʧʣʘʪʬʦʨʤʠ 

ʪʨʘʥʩʬʝʨʫ ʟʥʘʥʴ ʜʣʷ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʫ ʩʣʘʙʢʦ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʷʭ. ʈʦʟʨʦʙʣʝʥʦ ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ 

ʪʘ ʤʝʪʦʜʠ ʜʦʩʪʦʚʽʨʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʢʦʣʝʢʪʠʚʥʠʭ ʟʥʘʥʴ ʚ ʧʝʚʥʽʡ 

ʧʨʝʜʤʝʪʥʽʡ ʦʙʣʘʩʪʽ, ʾʭʥʴʦʛʦ ʫʟʛʦʜʞʝʥʥʷ, ʫʟʘʛʘʣʴʥʝʥʥʷ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ. 

ɺʠʩʥʦʚʢʠ 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʪʝʦʨʝʪʠʯʥʽ ʟʘʩʘʜʠ ʪʘ ʤʝʪʦʜʠ ʜʣʷ ʜʦʩʪʦʚʽʨʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʣʝʢʪʠʚʥʠʭ ʟʥʘʥʴ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, 

ʥʘʷʚʥʽʩʪʴ ʷʢʠʭ ʜʦʟʚʦʣʠʣʘ ʧʨʠʡʪʠ ʜʦ ʩʪʚʦʨʝʥʥʷ ʪʘ ʧʨʘʢʪʠʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʜʣʷ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʫ ʨʽʟʥʠʭ 

ʩʬʝʨʘʭ. 
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, ʉʝʨʛʽʡ ʂʘʜʝʥʢʦ

1 

1
ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʨʝʻʩʪʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ 

ʋʢʨʘʾʥʠ 

andriichuk@ipri.kiev.ua, seriga2009@gmail.com 
 

ʋ ʜʦʧʦʚʽʜʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʪʠʩʣʠʡ ʦʛʣʷʜ ʤʝʪʦʜʽʚ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʘʣʴʪʝʨʥʘʪʠʚ, ʱʦ 

ʚʨʘʭʦʚʫʶʪʴ ʦʨʜʠʥʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʥʠʤʠ. ʆʩʥʦʚʥʫ ʫʚʘʛʫ 

ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ ʘʚʪʦʨʩʴʢʦʤʫ ʤʝʪʦʜʽ ʝʢʩʧʝʨʪʥʠʭ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ, 

ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʝʚʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʮʽʥʶʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚ. ʎʷ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʧʝʨʝʜʥʽʤ ʨʘʥʞʠʨʫʚʘʥʥʷʤ ʘʣʴʪʝʨʥʘʪʠʚ, 

ʱʦ ʧʦʨʽʚʥʶʶʪʴʩʷ. ɼʘʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʪʠʟʠ, ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʫʟʛʦʜʞʝʥʽ ʝʢʩʧʝʨʪʥʽ ʜʘʥʽ, ʘ 

ʪʘʢʦʞ, ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʟʥʠʟʠʪʠ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʝʢʩʧʝʨʪʠʟʠ ʟʘ 

ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʣʘʙʦ ʩʪʨʫʢʪʫʨʦʚʘʥʘ ʧʨʝʜʤʝʪʥʘ ʦʙʣʘʩʪʴ, ʝʢʩʧʝʨʪʥʘ 

ʦʮʽʥʢʘ, ʤʘʪʨʠʮʷ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ, ʨʘʥʞʠʨʫʚʘʥʥʷ.  

ɺʩʪʫʧ: ʧʨʦʙʣʝʤʘʪʠʢʘ 

ʋ ʩʣʘʙʦ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʷʭ ʯʘʩʪʦ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ 

ʫ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ, ʱʦ ʧʦʣʷʛʘʶʪʴ ʫ ʚʠʙʦʨʽ ʥʘʡʢʨʘʱʦʾ ʘʣʴʪʝʨʥʘʪʠʚʠ, 

ʘʙʦ ʧʦʙʫʜʦʚʽ ʨʝʡʪʠʥʛʫ ʘʣʴʪʝʨʥʘʪʠʚ ʽʟ ʟʘʜʘʥʦʾ ʤʥʦʞʠʥʠ ʟʘ ʧʝʚʥʠʤ 

ʮʽʣʴʦʚʠʤ ʢʨʠʪʝʨʽʻʤ. ɺʦʜʥʦʯʘʩ, ʩʣʘʙʦ ʩʪʨʫʢʪʫʨʦʚʘʥʘ ʧʨʝʜʤʝʪʥʘ 

ʦʙʣʘʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʱʦ ʥʝ 

ʜʦʟʚʦʣʷʻ ʬʦʨʤʘʣʴʥʦ ʦʧʠʩʘʪʠ ʧʨʝʜʤʝʪʥʫ ʦʙʣʘʩʪʴ ʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʽ 

ʚʘʨʽʘʥʪʠ ʨʽʰʝʥʥʷ, ʘ ʪʘʢʦʞ ʦʪʨʠʤʘʪʠ ʢʽʣʴʢʽʩʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʥʠʭ. 

ɺʽʜʧʦʚʽʜʥʦ, ʯʘʩʪʦ, ʻʜʠʥʠʤ ʜʞʝʨʝʣʦʤ ʪʘʢʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʩʣʘʙʢʦ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʷʭ ʻ ʝʢʩʧʝʨʪʥʽ ʦʮʽʥʢʠ (ʟʦʢʨʝʤʘ, 

ʟʘʜʘʥʽ ʫ ʚʠʛʣʷʜʽ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ (ʇʇ)) ʘʣʴʪʝʨʥʘʪʠʚ, ʢʨʠʪʝʨʽʾʚ, 

ʬʘʢʪʦʨʽʚ ʪʘ ʚʘʨʽʘʥʪʽʚ ʨʽʰʝʥʴ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʫ ʨʝʘʣʴʥʠʭ ʩʣʘʙʦ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʷʭ, ʢʦʣʠ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ 

ʝʢʩʧʝʨʪʥʦʤʫ ʦʮʽʥʶʚʘʥʥʽ, ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠʤʽʪʠʚʥʽ 

ʧʨʦʮʝʜʫʨʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʽ ad hoc. ɺʪʽʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʙʽʣʴʰ ʬʦʨʤʘʣʴʥʠʭ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʧʨʦʮʝʜʫʨ ʝʢʩʧʝʨʪʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ ʜʦʟʚʦʣʠʣʦ ʙ ʧʽʜʚʠʱʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ 

ʝʢʩʧʝʨʪʠʟ, ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ.  
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ʇʇ ï ʮʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʝʚʽʜʦʤʠʭ ʚʽʜʥʦʩʥʠʭ ʚʘʛ ʘʣʴʪʝʨʥʘʪʠʚ, 

ʱʦ ʧʦʨʽʚʥʶʶʪʴʩʷ. ʅʘ ʦʩʥʦʚʽ ʤʘʪʨʠʮʽ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ (ʄʇʇ) 

ʘʣʴʪʝʨʥʘʪʠʚ ʦʙʯʠʩʣʶʶʪʴʩʷ ʾʭʥʽ ʚʽʜʥʦʩʥʽ ʚʘʛʠ. ɼʣʷ ʮʴʦʛʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʷʢʠʡʩʴ ʽʟ ʙʘʛʘʪʴʦʭ ʥʘʷʚʥʠʭ ʤʝʪʦʜʽʚ (ʚʣʘʩʥʦʛʦ ʚʝʢʪʦʨʫ 

[1] ʘʙʦ ʽʥʰʠʡ).  

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʧʦʨʽʚʥʷʪʠ Î ʘʣʴʪʝʨʥʘʪʠʚ ʤʽʞ ʩʦʙʦʶ ʥʝʦʙʭʽʜʥʦ 
ʚʠʢʦʥʘʪʠ ÎÎ ρȾς ʇʇ. ʗʢ ʙʘʯʠʤʦ, ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʨʦʟʤʽʨʥʦʩʪʽ, 
ʢʽʣʴʢʽʩʪʴ ʇʇ ʟʨʦʩʪʘʻ ʟʽ ʰʚʠʜʢʽʩʪʶ /Î . ʊʦʤʫ ʘʢʪʫʘʣʴʥʦʶ ʻ 
ʧʨʦʙʣʝʤʘ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ, ʷʢʽ ʙ ʜʦʟʚʦʣʷʣʠ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ 

ʥʝʦʙʭʽʜʥʠʭ ʇʇ ʽ ʧʨʠ ʮʴʦʤʫ ʫʥʠʢʥʫʪʠ ʚʪʨʘʪ ʪʘ ʩʧʦʪʚʦʨʝʥʴ ʝʢʩʧʝʨʪʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. 

ʉʪʘʥ ʧʨʦʙʣʝʤʠ: ʥʘʷʚʥʽ ʤʝʪʦʜʠ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʘʥʞʠʨʫʚʘʥʥʷ 

ʅʠʟʢʘ ʤʝʪʦʜʽʚ ʇʇ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʨʘʥʞʠʨʫʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚ. ɹʽʣʴʰʽʩʪʴ ʽʟ ʥʠʭ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʨʝʟʫʣʴʪʘʪʘʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʢʦʛʥʽʪʠʚʥʦʾ ʧʩʠʭʦʣʦʛʽʾ [2], ʷʢʽ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ, ʱʦ ʣʶʜʠʥʘ ʙʽʣʴʰ ʪʦʯʥʦ ʦʮʽʥʶʻ ʦʙôʻʢʪʠ, ʷʢʱʦ 

ʚʦʥʠ ʧʦʜʘʶʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʫ ʧʦʨʷʜʢʫ ʩʧʘʜʘʥʥʷ ʩʪʫʧʝʥʷ ʚʠʨʘʞʝʥʦʩʪʽ 

ʢʨʠʪʝʨʽʶ ʦʮʽʥʢʠ (ʚʽʜ ʥʘʡʢʨʘʱʦʛʦ ʜʦ ʥʘʡʛʽʨʰʦʛʦ, ʚʽʜ ʥʘʡʙʽʣʴʰʦʛʦ ʜʦ 

ʥʘʡʤʝʥʰʦʛʦ ʪʦʱʦ). 

ɯʩʪʦʨʠʯʥʦ ʧʝʨʰʠʤ ʤʝʪʦʜʦʤ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʘʥʠʡ ʧʨʠʥʮʠʧ, 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʡ ʤʝʪʦʜ TOPSIS [3]. ʋ ʥʴʦʤʫ, ʥʘ 

ʦʩʥʦʚʽ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʤʥʦʞʠʥʠ 

ʘʣʴʪʝʨʥʘʪʠʚ, ʛʝʥʝʨʫʶʪʴʩʷ çʽʜʝʘʣʴʥʘ ʥʘʡʛʽʨʰʘè ʪʘ çʽʜʝʘʣʴʥʘ 

ʥʘʡʢʨʘʱʘè ʘʣʴʪʝʨʥʘʪʠʚʠ. ʇʦʪʽʤ ʩʢʣʘʜʘʻʪʴʩʷ ʨʝʡʪʠʥʛ ʘʣʴʪʝʨʥʘʪʠʚ ʟʘ 

ʚʽʜʩʪʘʥʥʶ ʜʦ ʮʠʭ ʽʜʝʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ. 

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʴʦʛʦ ʜʝʩʷʪʠʣʽʪʪʷ ʟôʷʚʠʣʦʩʷ ʢʽʣʴʢʘ ʦʜʥʦ-

ʢʨʠʪʝʨʽʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʇʇ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʦʨʜʠʥʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ. ʊʘʢ, ʤʝʪʦʜ 

ñbest\worstò [4] ʧʝʨʝʜʙʘʯʘʻ (ʟʘʤʽʩʪʴ ʧʦʚʥʦʛʦ ʧʝʨʝʙʠʨʘʥʥʷ ʧʘʨ 

ʘʣʴʪʝʨʥʘʪʠʚ) ʧʦʨʽʚʥʷʥʥʷ ʫʩʽʭ ʘʣʴʪʝʨʥʘʪʠʚ ʽʟ ʟʘʜʘʥʦʾ ʤʥʦʞʠʥʠ ʣʠʰʝ ʟ 

ʥʘʡʢʨʘʱʦʶ ʪʘ ʥʘʡʛʽʨʰʦʶ ʽʟ ʥʠʭ. ʄʝʪʦʜ TOP2 (best\second best) [5] 

ʧʝʨʝʜʙʘʯʘʻ ʧʦʨʽʚʥʷʥʥʷ ʫʩʽʭ ʘʣʴʪʝʨʥʘʪʠʚ ʽʟ ʟʘʜʘʥʦʾ ʤʥʦʞʠʥʠ ʣʠʰʝ ʟ 

ʧʝʨʰʦʶ ʪʘ ʜʨʫʛʦʶ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ ʫ ʨʘʥʞʠʨʫʚʘʥʥʽ. 

ʄʝʪʦʜ ʧʦʨʽʚʥʷʥʥʷ ʥʘʡʚʽʜʜʘʣʝʥʽʰʠʭ ʘʣʴʪʝʨʥʘʪʠʚ  

ʑʝ ʦʜʠʥ ʤʝʪʦʜ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʘʥʞʠʨʫʚʘʥʥʷ 

ʘʣʴʪʝʨʥʘʪʠʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʚʪʦʨʘʤʠ ʜʘʥʦʾ ʜʦʧʦʚʽʜʽ [6]. ʄʝʪʦʜ 

ʧʝʨʝʜʙʘʯʘʻ ʧʦʨʽʚʥʷʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚ ʫ ʧʦʨʷʜʢʫ ʩʧʘʜʘʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ 
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ʥʠʤʠ ʫ ʨʘʥʞʠʨʫʚʘʥʥʽ. ɺʽʜʧʦʚʽʜʥʦ, ʇʇ ʟʜʽʡʩʥʶʶʪʴʩʷ ʫ ʢʽʣʴʢʘ ʯʝʨʛ. 

ʅʝʭʘʡ ʘʣʴʪʝʨʥʘʪʠʚʠ ʧʨʦʥʫʤʝʨʦʚʘʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʘʥʞʠʨʫʚʘʥʥʷ: 

Á Á Ễ Á, ʜʝ Á ʮʝ ʘʣʴʪʝʨʥʘʪʠʚʘ ʟ ʥʦʤʝʨʦʤ ʪʘ ʨʘʥʛʦʤ É, 

É ρȟÎ, ʘ Î ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʘʣʴʪʝʨʥʘʪʠʚ. ʊʦʜʽ ʯʝʨʛʦʚʽʩʪʴ 
ʚʠʢʦʥʘʥʥʷ ʝʢʩʧʝʨʪʦʤ ʇʇ (ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʚʠʱʫ ʘʜʝʢʚʘʪʥʽʩʪʴ 

ʨʝʟʫʣʴʪʘʪʽʚ ʇʇ ʫʷʚʣʝʥʥʷʤ ʝʢʩʧʝʨʪʘ) ʻ ʥʘʩʪʫʧʥʦʶ:  

ʯʝʨʛʘ 1: ÁȟÁ  (ʨʘʥʛʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʘ Î ρ ; 

ʯʝʨʛʘ 2: ÁȟÁ  ʘʙʦ ÁȟÁ   (ʨʘʥʛʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʘ Î ς Ƞ 
ʯʝʨʛʘ 3: ÁȟÁ  ʘʙʦ ÁȟÁ  or ÁȟÁ  (ʨʘʥʛʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʥʘ Î σ Ƞ 
é 

ʯʝʨʛʘ Î ρ: ÁȟÁ  ʘʙʦ ÁȟÁ  ʘʙʦ é ʘʙʦ Á ȟÁ  (ʨʘʥʛʠ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʘ ρ. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʫ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ, ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʝ ʫ 

[6], ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʦ, ʱʦ ʚʽʜʥʦʩʥʽ ʚʘʛʠ ʘʣʴʪʝʨʥʘʪʠʚ, ʦʙʯʠʩʣʝʥʽ 

ʤʝʪʦʜʦʤ ʚʣʘʩʥʦʛʦ ʚʝʢʪʦʨʫ ʥʘ ʦʩʥʦʚʽ ʄʇʇ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʢʘʟʘʥʽʡ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʇʇ, ʻ ʙʽʣʴʰ ʘʜʝʢʚʘʪʥʠʤʠ ʫʷʚʣʝʥʥʷʤ ʝʢʩʧʝʨʪʽʚ ʧʨʦ 

ʧʨʝʜʤʝʪʥʽ ʦʙʣʘʩʪʽ, ʫ ʷʢʠʭ ʚʦʥʠ ʢʦʤʧʝʪʝʥʪʥʽ (ʘʥʽʞ ʚʘʛʠ, ʦʪʨʠʤʘʥʽ ʥʘ 

ʦʩʥʦʚʽ ʽʥʰʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʇʇ). 

ɹʽʣʴʰ ʪʦʛʦ, ʦʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʘʚʪʦʨʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʡ ʩʘʤʽ 

ʄʇʇ, ʦʪʨʠʤʘʥʽ ʥʘ ʦʩʥʦʚʽ ʚʢʘʟʘʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʇʇ, ʻ, ʟʘʛʘʣʦʤ 

ʙʽʣʴʰ ʫʟʛʦʜʞʝʥʠʤʠ, ʘʥʽʞ ʄʇʇ, ʦʪʨʠʤʘʥʽ ʥʘ ʦʩʥʦʚʽ ʽʥʰʠʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ. 

 

ʊʘʙʣʠʮʷ 1. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʫ 

 

 
 

ʋ ʊʘʙʣʠʮʽ 1 ʧʦʢʘʟʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʤʝʪʦʜʫ. ɿʘʛʘʣʦʤ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 83 ʟʤʽʩʪʦʚʥʽ 

ʧʨʝʮʝʜʝʥʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʗʢ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʟ ʪʘʙʣʠʮʽ, ʙʽʣʴʰʽʩʪʴ 
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ʝʢʩʧʝʨʪʽʚ ʚʽʜʜʘʻ ʧʝʨʝʚʘʛʫ ʚʢʘʟʘʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʇʇ (ʚʚʘʞʘʻ 

ʚʽʜʥʦʩʥʽ ʚʘʛʠ ʘʣʴʪʝʨʥʘʪʠʚ, ʦʪʨʠʤʘʥʽ ʥʘ ʦʩʥʦʚʽ ʮʽʻʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, 

ʥʘʡʙʽʣʴʰ ʘʜʝʢʚʘʪʥʠʤʠ ʚʣʘʩʥʠʤ ʛʣʠʙʠʥʥʠʤ ʫʷʚʣʝʥʥʷʤ). ʇʨʠ ʮʴʦʤʫ, 

ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʧʦʢʘʟʥʠʢʘ (ʥʝ)ʫʟʛʦʜʞʝʥʦʩʪʽ (CR) [1] ʄʇʇ, 

ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʚʢʘʟʘʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʇʇ, ʻ ʤʝʥʰʠʤ, ʘʥʽʞ 

ʜʣʷ ʽʥʰʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ. ʊʘʢʦʞ, ʟʘʛʘʣʦʤ, ʟʘ ʟʥʘʯʝʥʥʷʤ CR, ʫ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ (30 ʟ 83) ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʇʇ ʻ 

ʣʽʜʝʨʦʤ ʟ-ʧʦʤʽʞ ʪʨʴʦʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʇʇ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ. 

ɯʜʝʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʧʦʨʽʚʥʷʥʥʷ ʤʝʪʦʜʽʚ 

ʆʯʝʚʠʜʥʠʤ ʥʘʧʨʷʤʢʦʤ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʘʻ ʩʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʇʇ (çʧʦʨʽʚʥʷʥʥʷ ʥʘʡʚʽʜʜʘʣʝʥʽʰʠʭè) ʽʟ 

ʽʥʰʠʤʠ ʧʦʜʽʙʥʠʤʠ ʤʝʪʦʜʘʤʠ (TOP2 ʪʘ best\worst). ɽʪʘʧʠ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʥʘʩʪʫʧʥʽ: 1) ɻʝʥʝʨʫʚʘʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ ʚʝʢʪʦʨʫ ʚʘʛ; 2) 

ʇʦʙʫʜʦʚʘ ʽʜʝʘʣʴʥʦ ʫʟʛʦʜʞʝʥʦʾ ʄʇʇ; 3) ɿʘʰʫʤʣʝʥʥʷ ɯʋʄʇʇ; 4) 

ʆʙʯʠʩʣʝʥʥʷ ʚʘʛ ʥʘ ʦʩʥʦʚʽ ʟʘʰʫʤʣʝʥʦʾ ʄʇʇ (ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ ï 

çʇʇ ʥʘʡʚʽʜʜʘʣʝʥʽʰʠʭè, TOP2, best\worst); 5) ʆʙʯʠʩʣʝʥʥʷ ʪʘ 

ʧʦʨʽʚʥʷʥʥʷ ʧʦʭʠʙʦʢ ʦʙʯʠʩʣʝʥʥʷ ʚʘʛ. ɺʪʽʤ, ʚʠʥʠʢʘʻ ʜʝʢʽʣʴʢʘ ʧʠʪʘʥʴ 

ʱʦʜʦ ʫʤʦʚ ʪʘʢʦʛʦ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʇʦ-ʧʝʨʰʝ, TOP2 ʪʘ best\worst ʻ ʥʝʧʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʇʇ. 

ʆʙʠʜʚʘ ʤʝʪʦʜʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʟʜʽʡʩʥʝʥʥʷ ʣʠʰʝ ςÎ σ ʧʦʨʽʚʥʷʥʴ. ʋ 
ʪʦʡ ʞʝ ʯʘʩ, ʤʝʪʦʜ çʧʦʨʽʚʥʷʥʥʷ ʥʘʡʚʽʜʜʘʣʝʥʽʰʠʭè ʜʦʟʚʦʣʷʻ ʷʢ 

ʧʦʚʥʽʩʪʶ ʚʠʙʫʜʫʚʘʪʠ ʄʇʇ, ʪʘʢ ʽ ʤʽʥʽʤʽʟʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʧʦʨʽʚʥʷʥʴ ʜʦ 

ʤʽʥʽʤʘʣʴʥʦʾ (Î ρ ʇʇ) [7]. ɺʽʜʪʘʢ, ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ, ʩʢʽʣʴʢʠ ʩʘʤʝ 

ʇʇ ʽʟ ʚʽʜʧʦʚʽʜʥʠʭ ʯʝʨʛ (ʜʠʚ. ʚʠʱʝ) ʩʣʽʜ ʟʘʜʽʷʪʠ ʫ ʝʢʩʧʝʨʠʤʝʥʪʽ? 

ɼʨʫʛʝ ʧʠʪʘʥʥʷ: ʷʢ ʩʘʤʝ ʜʦʧʦʚʥʶʚʘʪʠ ʥʝʧʦʚʥʫ ʄʇʇ ʜʦ ʧʦʚʥʦʾ (ʱʦʙ 

ʤʦʞʥʘ ʙʫʣʦ ʟʘʩʪʦʩʫʚʘʪʠ ʤʝʪʦʜ ʚʣʘʩʥʦʛʦ ʚʝʢʪʦʨʫ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʚʽʜʥʦʩʥʠʭ ʚʘʛ ʘʣʴʪʝʨʥʘʪʠʚ)? ʊʨʝʪʻ ʧʠʪʘʥʥʷ: ʷʢʽ ʱʝ ʤʝʪʦʜʠ, ʦʢʨʽʤ 

ʚʣʘʩʥʦʛʦ ʚʝʢʪʦʨʫ, ʤʦʞʥʘ ʟʘʜʽʷʪʠ ʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʚʘʛ; 

ʯʠ ʚʦʥʠ ʧʨʘʮʶʶʪʴ ʜʣʷ ʥʝʧʦʚʥʠʭ ʄʇʇ? 

ɺʠʩʥʦʚʢʠ 

ʋ ʜʦʧʦʚʽʜʽ ʥʘʚʝʜʝʥʦ ʦʛʣʷʜ ʤʝʪʦʜʽʚ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ, ʱʦ 

ʚʨʘʭʦʚʫʶʪʴ ʧʦʧʝʨʝʜʥʽ ʨʘʥʞʠʨʫʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚ. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʫʨʘʭʫʚʘʥʥʷ ʦʨʜʠʥʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ 

ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʢʽʣʴʢʽʩʪʴ ʇʇ ʙʝʟ ʩʫʪʪʻʚʠʭ ʚʪʨʘʪ ʪʘ ʩʧʦʪʚʦʨʝʥʴ 

ʝʢʩʧʝʨʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʘʚʪʦʨʩʴʢʠʡ ʤʝʪʦʜ ʇʇ, ʱʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʨʽʚʥʷʥʥʷʭ ʥʘʡʚʽʜʜʘʣʝʥʽʰʠʭ ʘʣʴʪʝʨʥʘʪʠʚ ʫ 

ʨʘʥʞʠʨʫʚʘʥʥʽ. ʆʪʨʠʤʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʩʚʽʜʯʘʪʴ 
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ʧʨʦ ʧʽʜʚʠʱʝʥʥʷ ʫʟʛʦʜʞʝʥʦʩʪʽ ʝʢʩʧʝʨʪʥʠʭ ʇʇ ʪʘ ʤʦʞʣʠʚʽʩʪʴ, ʟʘ 

ʥʝʦʙʭʽʜʥʦʩʪʽ, ʤʘʢʩʠʤʘʣʴʥʦ ʩʢʦʨʦʪʠʪʠ ʢʽʣʴʢʽʩʪʴ ʇʇ. ʇʦʜʘʣʴʰʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʪʝʤʘʪʠʢʦʶ ʧʝʨʝʜʙʘʯʘʶʪʴ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ 

ʧʦʨʽʚʥʷʥʥʷ ʘʚʪʦʨʩʴʢʦʛʦ ʤʝʪʦʜʫ ʪʘ ʽʥʰʠʭ ʘʥʘʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ ʇʇ, 

ʟʦʢʨʝʤʘ best\worst ʪʘ TOP2. 
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ʉʀʉʊɽʄɸ ɿɸɹɽɿʇɽʏɽʅʅʗ ʇʈʆɺɽɼɽʅʅʗ 

ɺʉʊʋʇʅʆɰ ʂɸʄʇɸʅɯɰ ɿ  ɺʀʂʆʈʀʉʊɸʅʅʗʄ 

ʍʄɸʈʅʀʍ ʊɽʍʅʆʃʆɻɯʁ 

ɻʥʘʪʽʻʥʢʦ ɻʨʠʛʦʨʽʡ ʄʠʢʦʣʘʡʦʚʠʯ
1
, ɯʣʘʨʽʦʥʦʚ ʆʣʝʛ ɭʚʛʝʥʦʚʠʯ

1
, 

ʄʠʨʫʪʝʥʢʦ ʃʘʨʠʩʘ ɺʽʢʪʦʨʽʚʥʘ
1
 ɺʣʘʩʝʥʢʦ ʆʢʩʘʥʘ ʆʣʝʢʩʘʥʜʨʽʚʥʘ

1
, 

ɻʘʤʦʮʴʢʘ ʉʥʽʞʘʥʘ ʃʝʦʥʽʜʽʚʥʘ
1
 

1 
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ, ʚʫʣ. 

ɺʦʣʦʜʠʤʠʨʩʴʢʘ, 64/13, 01601 ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɺʩʪʫʧ 

ɺ ʫʤʦʚʘʭ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʚʪʦʨʛʥʝʥʥʷ ʚ ʋʢʨʘʾʥʫ ʨʘʰʠʩʪʩʴʢʠʭ 

ʚʽʡʩʴʢ ʟôʷʚʣʷʶʪʴʩʷ ʥʦʚʽ ʚʠʢʣʠʢʠ ʫ ʚʩʽʭ ʩʬʝʨʘʭ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ 

ʥʘʰʦʾ ʢʨʘʾʥʠ. ɿʦʢʨʝʤʘ, ʚʽʡʥʘ, ʨʦʟʚôʷʟʘʥʘ ʨʦʩʽʡʩʴʢʦʶ ʬʝʜʝʨʘʮʽʻʶ, 

ʚʥʝʩʣʘ ʟʥʘʯʥʽ ʢʦʨʝʢʪʠʚʠ ʫ ʧʽʜʛʦʪʦʚʢʫ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ɺʩʪʫʧʥʦʾ 

ʢʘʤʧʘʥʽʾ (ɺʂ) ʜʦ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ ʋʢʨʘʾʥʠ (ɺʅɿ) ʱʦʜʦ 

ʧʨʦʚʝʜʝʥʥʷ ʬʘʭʦʚʠʭ ʚʩʪʫʧʠʭ ʽʩʧʠʪʽʚ ʜʦ ʤʘʛʽʩʪʨʘʪʫʨʠ. 

ʇʨʦʙʣʝʤʘ 

ʅʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʩʧʨʘʚʝʜʣʠʚʠʡ, ʩʚʦʻʯʘʩʥʠʡ ʪʘ ʧʨʦʬʝʩʽʡʥʠʡ 

ʚʽʜʙʽʨ ʢʨʘʱʠʭ ʘʙʽʪʫʨʽʻʥʪʽʚ ʜʦ ʫʢʨʘʾʥʩʴʢʠʭ ɺʅɿ. ʇʨʠ ʮʴʦʤʫ ʧʦʜʙʘʪʠ 

ʧʨʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʨʫʯʥʦʩʪʽ ʷʢ ʘʙʽʪʫʨʽʻʥʪʽʚ, ʪʘʢ ʽ ʚʠʢʣʘʜʘʯʽʚ, ʙʝʟʧʝʢʫ 

ʫʩʭ̔ ʫʯʘʩʥʠʢʽʚ ʚʩʪʫʧʥʦʾ ʢʘʤʧʘʥʽʾ, ʦʧʪʠʤʽʟʘʮʽʶ ʫʩʽʭ ʯʠʥʥʠʢʽʚ, ʷʢʽ 

ʩʪʦʩʫʶʪʴʩʷ ʮʽʻʾ ʧʦʜʽʾ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

ʋʩʽ ʘʩʧʝʢʪʠ ɺʂ ʤʘʶʪʴ ʙʫʪʠ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʬʦʨʤʘʣʽʟʦʚʘʥʽ, 

ʧʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ɺʂ ʤʘʻ ʙʫʪʠ ʩʪʨʫʢʪʫʨʦʚʘʥʘ, 

ʨʝʟʫʣʴʪʘʪʠ ɺʂ ʤʘʶʪʴ ʙʫʪʠ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʝʥʽ. 

ʂʨʠʪʝʨʽʾ 

ʆʩʥʦʚʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʷʢʽʩʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ɺʂ ʥʘ ʬʘʢʫʣʴʪʝʪʽ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ (ʌɯʊ) ʙʫʣʦ ʚʠʙʨʘʥʦ ʪʘʢʽ: 

1f -ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʽʜʢʨʠʪʦʩʪʽ ʪʘ ʽʥʬʦʨʤʦʚʘʥʦʩʪʽ 

ʩʫʩʧʽʣʴʩʪʚʘ ʧʨʦ ʧʝʨʝʙʽʛ ɺʂ; 

2f -ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʝʨʩʦʥʘʣʴʥʽ 

ʜʘʥʽ ʘʙʽʪʫʨʽʻʥʪʽʚ, ʩʢʣʘʜ ʝʢʟʘʤʝʥʘʮʽʡʥʠʭ ʙʽʣʝʪʽʚ ʪʦʱʦ; 
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3f -ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʥʦʥʽʤʥʦʩʪʽ ʘʙʽʪʫʨʽʻʥʪʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʜʣʷ 

ʚʠʢʣʘʜʘʯʽʚ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ɺʂ; 

4f - ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʜʝʢʚʘʪʥʦʩʪʽ ʦʮʽʥʶʚʘʥʥʷ ʟʥʘʥʴ ʘʙʽʪʫʨʽʻʥʪʽʚ; 

5f - ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʘʨʽʘʪʠʚʥʦʩʪʽ ʝʢʟʘʤʝʥʘʮʽʡʥʠʭ ʙʽʣʝʪʽʚ ʟ ʤʝʪʦʶ 

ʧʦʩʪʘʚʠʪʠ ʨʽʟʥʽ ʭʚʠʣʽ ʘʙʽʪʫʨʽʻʥʪʽʚ ʫ ʨʽʚʥʽ ʫʤʦʚʠ; 

6f - ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. 

ɺʘʨʽʘʥʪʠ ʨʽʰʝʥʴ 

ʅʘ ʚʠʙʽʨ ʚʘʨʽʘʥʪʫ ʨʽʰʝʥʥʷ ʚʧʣʠʚʘʶʪʴ ʢʽʣʴʢʘ ʧʘʨʘʤʝʨʽʚ: 
1p -ʩʧʦʩʦʙʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʮʝʩʫ ʧʨʦʚʝʜʝʥʥʷ ɺʂ, 
2p -̔ ʥʩʪʨʫʤʝʥʪʘʨʽʡ 

ʢʦʤʫʥʽʢʘʮʽʾ ʫʩʽʭ ʫʯʘʩʥʠʢʽʚ ʧʨʦʮʝʩʫ, 
3p -̔ ʥʩʪʨʫʤʝʥʪʘʨʽʡ ʦʮʽʥʶʚʘʥʥʷ 

ʘʙʽʪʫʨʽʻʥʪʽʚ ʪʘ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʻʤʦ ʛʽʧʝʨʧʘʨʘʣʝʣʝʧʽʧʝʜ (ɻʇ) ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ 

ʨʽʰʝʥʴ: 

( )1,..., ,nP p p p' =  n- ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ. 

ʄʦʜʝʣʴ ʚʩʪʫʧʥʦʾ ʢʘʤʧʘʥʽʾ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʙʣʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʢʨʘʱʦʾʜʣʷ ɺʅɿ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʧʘʨʘʤʝʪʨʽʚ ʨʽʰʝʥʴ ʤʦʞʝ ʙʫʪʠ ʬʦʨʤʘʣʽʟʦʚʘʥʘ ʫ ʢʣʘʩʽ ʟʘʜʘʯ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ (ɿɹʂʆ) 

() ,if p opt­ 1,..., ,i k=     (1) 

.p PÍ  

ɺʘʨʽʘʥʪʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ɹʫʣʦ ʚʠʟʥʘʯʝʥʦ ʚʘʨʽʘʥʪʠ ʧʨʦʚʝʜʝʥʥʷ ʬʘʭʦʚʠʭ ʚʩʪʫʧʥʠʭ ʽʩʧʠʪʽʚ ʜʦ 

ʤʘʛʽʩʪʨʘʪʫʨʠ:  

- ʚ ʨʝʞʠʤʽ ʦʬʬʣʘʡʥ; 

- ʦʥʣʘʡʥ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʝʨʚʝʨʘ ʌɯʊ; 

- ʦʥʣʘʡʥ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʣʘʩʥʦʛʦ ʩʝʨʚʝʨʘ ʢʦʞʥʦʶ 

ʢʘʬʝʜʨʦʶ; 

- ʦʥʣʘʡʥ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʜʽʣʝʥʦʛʦ ʩʝʨʚʝʨʘ ʚ 

ʜʘʪʘʮʝʥʪʨʘʭ ʋʢʨʘʾʥʠ; 

- ʦʥʣʘʡʥ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʜʽʣʝʥʦʛʦ ʩʝʨʚʝʨʘ ʚ 

ʜʘʪʘʮʝʥʪʨʘʭ ʘ ʤʝʞʘʤʠ ʋʢʨʘʾʥʠ 

- ʦʥʣʘʡʥ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ PaaS. 
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ɯʥʩʪʨʫʤʝʥʪʘʨʽʡ ʢʦʤʫʥʽʢʘʮʽʾ 

ɺ ʫʤʦʚʘʭ, ʱʦ ʩʢʣʘʣʠʩʷ, ʩʝʨʝʜ ʽʩʥʫʶʯʠʭ ʧʣʘʪʬʦʨʤ ʢʦʤʫʥʽʢʘʮʽʾ 

ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤʠ ʫ ʥʘʰʦʤʫ ɺʅɿ ʩʪʘʣʠ: Zoom, Google Meet ʪʘ 

Microsoft Teams. 

ɯʥʩʪʨʫʤʝʥʪʘʨʽʡ ʦʮʽʥʶʚʘʥʥʷ 

ʉʝʨʝʜ ʜʦʩʪʫʧʥʠʭ ʚʘʨʽʘʥʪʽʚ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʝʩʪʫʚʘʥʥʷ ʙʫʣʦ 

ʧʦʧʝʨʝʜʥʴʦ ʚʠʜʽʣʝʥʦ: ʜʠʩʪʘʥʮʽʡʥe ʩʠʩʪʝʤe ʥʘʚʯʘʥʥʷ Moodle, 

ʚʠʢʦʨʠʩʪʘʥʥʷ Googlʝ ʬʦʨʤ ʘʙʦ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʙʘʟʽ ʧʣʘʪʬʦʨʤʠ 

MicrosoftTeams.  

ɺʠʩʥʦʚʢʠ 

ɸʚʪʦʨʘʤʠ ʙʫʣʦ ʩʪʨʫʢʪʫʨʦʚʘʥʦ ʧʨʦʙʣʝʤʫ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ɺʂ ʥʘ ʨʽʚʥʽ 

ʬʘʢʫʣʴʪʝʪʫ. ɼʣʷ ʮʴʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʝʨʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʙʫʣʦ 

ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ, ʟʛʝʥʝʨʦʚʘʥʦ ɻʇ ʤʦʞʣʠʚʠʭ 

ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʪʘ ʬʦʨʤʘʣʽʟʦʚʘʥʦ ʽ ʨʦʟʚôʷʟʘʥʦ 

ɿɹʂʆ ʚʠʜʫ (1). ʈʝʟʫʣʴʪʘʪʠ ɺʂ ʥʘ ʌɯʊ ʜʦʚʦʜʷʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʩʪʚʦʨʝʥʦʾ ʘʚʪʦʨʘʤʠ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʚʝʜʝʥʥʷ ɺʂ  

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɺʦʣʦʰʠʥ ʆ.ʌ., ɻʥʘʪʽʻʥʢʦ ɻ.ʄ., ʂʫʜʽʥ ɺ.ɯ. ʇʦʩʣʽʜʦʚʥʠʡ ʘʥʘʣʽʟ 

ʚʘʨʽʘʥʪʽʚ. ʊʝʭʥʦʣʦʛʽʾ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ. ï ʂ.: ʉʪʠʣʦʩ, 2013, 304 ʩ. 

2. ɻʥʘʪʽʻʥʢʦ ɻ.ʄ., ʉʥʠʪʶʢ ɺ.ɭ. ɽʢʩʧʝʨʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ: ʄʦʥʦʛʨʘʬʽʷ. ï ʂ.: ʊʆɺ çʄʘʢʣʘʫʪè, 2008. ï 444 ʩ. 
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ɻʈʋʇʆɺɸ ɿɸɼɸʏɸ ʇɽʈɽʉʃɯɼʋɺɸʅʅʗ ɼʃʗ 

ɼʈʆɹʆɺʀʍ ɼʀʌɽʈɽʅʎɯɸʃʔʅʀʍ ʉʀʉʊɽʄ ɿ 

ʏʀʉʊʀʄ  ɿɸʇɯɿʅʖɺɸʅʅʗʄ 

ɹʘʨʘʥʦʚʩʴʢʘ ʃ.ɺ.
1[0000-0003-0024-8180]

, ʄʫʭʽʥ ɺ.ɭ.
1[0000-0002-1206-9131] 

1 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʂʠʾʚ, ʋʢʨʘʾʥʘ,  

 

lesia@baranovsky.org 

ʈʦʟʛʣʷʥʫʪʦ ʛʨʫʧʦʚʫ ʟʘʜʘʯʫ ʧʝʨʝʩʣʽʜʫʚʘʥʥʷ ʜʣʷ ʣʽʥʽʡʥʠʭ ʜʨʦʙʦʚʠʭ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʩʠʩʪʝʤ ʟ ʯʠʩʪʠʤ ʟʘʧʽʟʥʶʚʘʥʥʷʤ. ʈʦʟʨʦʙʣʝʥʦ ʩʭʝʤʫ 

ʤʝʪʦʜʫ ʨʦʟʚôʷʟʫʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʜʣʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʥʦʚʽʪʥʴʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʬʦʨʤʫʣʠ ʂʦʰʽ. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʜʦʩʪʘʪʥʽ 

ʫʤʦʚʠ ʟʘʚʝʨʰʝʥʥʷ ʛʨʠ ʪʘ ʤʝʪʦʜʠʢʫ ʧʨʘʢʪʠʯʥʦʛʦ ʟʥʘʭʦʜʞʝʥʥʷ 

ʨʦʟʚôʷʟʫʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ.  

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʥʬʣʽʢʪʥʦ-ʢʝʨʦʚʘʥʠʡ ʧʨʦʮʝʩ, ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ 

ʫʤʦʚʘʭ ʢʦʥʬʣʽʢʪʫ, ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʽʛʨʠ, ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʽʛʨʠ ʟ 

ʜʨʦʙʦʚʠʤʠ ʧʦʭʽʜʥʠʤʠ, ʪʝʦʨʽʷ ʽʛʦʨ. 

ɺʩʪʫʧ 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ, ʫ ʪʝʦʨʽʾ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʫʤʦʚʘʭ ʢʦʥʬʣʽʢʪʽʚ, ʥʘʙʫʣʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʟ 

ʜʨʦʙʦʚʠʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʟ ʟʘʧʽʟʥʶʚʘʥʥʷʤ. ʋ ʪʝʦʨʽʾ 

ʢʦʥʬʣʽʢʪʥʦ-ʢʝʨʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ ʘʢʪʫʘʣʴʥʠʤʠ, ʦʩʦʙʣʠʚʦ ʫ ʚʦʻʥʥʽʡ 

ʧʨʘʢʪʠʮʽ, ʻ ʟʘʜʘʯʽ ʛʨʫʧʦʚʦʛʦ ʧʝʨʝʩʣʽʜʫʚʘʥʥʷ. ʉʪʘʚʠʪʴʩʷ ʟʘʜʘʯʘ 

ʟʥʘʭʦʜʞʝʥʥʷ ʩʪʨʘʪʝʛʽʡ ʧʝʨʝʩʣʽʜʫʚʘʯʽʚ (ʥʝʦʙʦʚô̫ ʟʢʦʚʦ ʦʧʪʠʤʘʣʴʥʠʭ), 

ʷʢʽ ʛʘʨʘʥʪʫʶʪʴ ʨʦʟʚô̫ ʟʥʽʩʪʴ ʟʘʜʘʯʽ ʛʨʫʧʦʚʦʛʦ ʧʝʨʝʩʣʽʜʫʚʘʥʥʷ ʟʘ 

ʜʦʚʽʣʴʥʠʭ ʜʦʧʫʩʪʠʤʠʭ ʢʝʨʫʚʘʥʥʷʭ ʚʪʽʢʘʯʘ. ʇʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯ 

ʛʨʫʧʦʚʦʛʦ ʧʝʨʝʩʣʽʜʫʚʘʥʥʷ ʽʩʥʫʻ ʜʚʘ ʦʩʥʦʚʥʠʭ ʧʽʜʭʦʜʠ. ʇʝʨʰʠʡ ʟ ʥʠʭ 

ʧʦʚôʷʟʘʥʠʡ ʟ ʧʦʟʠʮʽʡʥʠʤ ʧʝʨʝʩʣʽʜʫʚʘʥʥʷʤ ʽ ʨʦʟʚʠʚʘʻ ʧʨʘʚʠʣʦ 

ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ ʧʨʠʮʽʣʶʚʘʥʥʷ. ʎʷ ʤʝʪʦʜʠʢʘ ʜʘʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʟʘʢʦʥʫ ʧʝʨʝʩʣʽʜʫʚʘʥʥʷ ʟʘ ʧʦʛʦʥʥʦʶ ʢʨʠʚʦʶ. ɼʨʫʛʠʡ ʧʽʜʭʽʜ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʙʝʨʥʝʥʠʭ ʬʫʥʢʮʽʦʥʘʣʽʚ ʄʽʥʢʦʚʩʴʢʦʛʦ [1]. ɼʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʮʽʻʾ ʤʝʪʦʜʠʢʠ ʥʝʦʙʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʝʨʝʜʽʩʪʦʨʽʶ 

ʢʝʨʫʚʘʥʥʷ ʚʪʽʢʘʯʽ, ʚʢʣʶʯʘʶʯʠ ʡʦʛʦ ʤʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ. ʂʦʣʦ ʟʘʜʘʯ 

ʛʨʫʧʦʚʦʛʦ ʧʝʨʝʩʣʽʜʫʚʘʥʥʷ, ʷʢʽ ʤʦʞʥʘ ʨʦʟʚô̫ ʟʘʪʠ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, 

ʟʥʘʯʥʦ ʰʠʨʰʝ. ɿ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʚʠʧʣʠʚʘʻ ʧʨʘʚʠʣʦ ʧʘʨʘʣʝʣʴʥʦʛʦ 

ʧʝʨʝʩʣʽʜʫʚʘʥʥʷ, ʜʦʙʨʝ ʚʽʜʦʤʦʛʦ ʽʥʞʝʥʝʨʘʤ-ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʘʤ.  
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ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

ʈʦʟʛʣʷʥʝʤʦ ʢʦʥʬʣʽʢʪʥʦ-ʢʝʨʦʚʘʥʠʡ ʧʨʦʮʝʩ 

          Ὀ ᾀ ὸ ὃᾀὸ Ὤ Ὢό ὸȟὺὸȟ         (1) 

  ὸ πȟὬ πȟὭ ρȟȣȟ’ȟ         
         ᾀὸḳ• ὸȟ   ᾀǲὸḳ•ǲὸȟὬ ὸ πȟ     

 ʜʝ Ὀ  ʚʠʟʥʘʯʝʥʦ ʷʢ ʜʨʦʙʦʚʫ ʧʦʭʽʜʥʫ ʂʘʧʫʪʦ ʧʦʨʷʜʢʫ ‌ᶰ ρȟς ʟ 

ʥʫʣʴʦʚʦʶ ʥʠʞʥʴʦʶ ʤʝʞʝʶ [2]; ᾀ ᾀȟȣȟᾀ ȡ ὬȟЊ ᴼὙ  ʻ 

ʨʦʟʚôʷʟʢʦʤ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ (1) ʧʨʠ ʚʩʽʭ ὸ πȠ ὃ ʻ ʩʪʘʣʠʤʠ 

ʜʽʡʩʥʠʤʠ ʥʝʥʫʣʴʦʚʠʤʠ ʤʘʪʨʠʮʷʤʠ ʧʦʨʷʜʢʫ ὲȠ ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ 
ʟʘʜʘʻʪʴʩʷ ʬʫʥʢʮʽʷʤʠ ὪȡὟ ὠᴼὙ ȟ ʥʝʧʝʨʝʨʚʥʠʤʠ ʟʘ ʩʫʢʫʧʥʽʩʪʶ 
ʟʤʽʥʥʠʭ; ό ὸᶰὟȟ  ὺὸᶰὠ cʫʢʫʧʥʦʩʪʽ ʥʝʧʦʨʦʞʥʽʭ ʢʦʤʧʘʢʪʽʚ; •ȡ 
ὬȟπᴼὙ  ʻ ʜʦʚʽʣʴʥʠʤʠ ʜʠʬʝʨʝʥʮʽʡʦʚʥʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ.  

ʉʬʦʨʤʫʣʶʻʤʦ ʟʘʜʘʯʫ ʧʝʨʝʩʣʽʜʫʚʘʥʥʷ, ʟʘʜʘʥʫ ʩʠʩʪʝʤʦʶ (1). 

ʊʝʨʤʽʥʘʣʴʥʘ ʤʥʦʞʠʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʮʠʣʽʥʜʨʠʯʥʠʭ ʤʥʦʞʠʥ ὓᶻ, ʜʝ 
ὓᶻ ὓ ὓȟ   Ὥ ρȟȣȟ’ȟ ὓ  ʣʽʥʽʡʥʽ ʧʽʜʧʨʦʩʪʦʨʠ ʟ ʝʚʢʣʽʜʦʚʠʭ 

ʧʨʦʩʪʦʨʽʚ Ὑ ȟὓ ʥʝʧʦʨʦʞʥʽ ʢʦʤʧʘʢʪʠ ʟ ʚʽʜʧʦʚʽʜʥʠʭ ʦʨʪʦʛʦʥʘʣʴʥʠʭ 

ʜʦʧʦʚʥʝʥʴ ὒ ʜʦ ὓ  ʚ Ὑ Ȣ  
ʄʝʪʘ ʧʝʨʝʩʣʽʜʫʚʘʯʽʚ (ό) ï ʚʠʚʝʩʪʠ ʪʨʘʻʢʪʦʨʽʶ ʧʨʦʮʝʩʫ ʥʘ 

ʪʝʨʤʽʥʘʣʴʥʫ ʤʥʦʞʠʥʫ ὓᶻ ʟʘ ʥʘʡʤʝʥʰʠʡ ʯʘʩ. ʄʝʪʘ ʚʪʽʢʘʯʘ (v) ï 

ʫʥʠʢʥʫʪʠ ʟʫʩʪʨʽʯʽ ʘʙʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʽʜʪʝʨʤʽʥʫʚʘʪʠ ʤʦʤʝʥʪ 

ʧʦʪʨʘʧʣʷʥʥʷ ʥʘ ʪʝʨʤʽʥʘʣʴʥʫ ʤʥʦʞʠʥʫ ὓᶻ.  

ʉʭʝʤʘ ʤʝʪʦʜʫ ʨʦʟʚôʷʟʫʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ 

ʅʝʭʘʡ “ ʦʧʝʨʘʪʦʨʠ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʟ 

Ὑ  ̃ ὒȢ ɺʚʝʜʝʤʦ ʙʘʛʘʪʦʟʥʘʯʥʽ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ὡ ὸȟὺ “╢ ȟ ὃ ὸ ὪὟȟὺ),  ὡ ὸ Ẕ ὡ ὸȟὺᶰ  σȢ 

ʈʦʟʛʣʷʥʝʤʦ ʫʤʦʚʫ ʇʦʥʪʨʷʛʽʥʘ: ὡ ὸ  ɲʜʣʷ ʚʩʽʭ ὸ πȟὭ ρȟȣȟ’.  
ɼʣʷ ʢʦʥʬʣʽʢʪʥʦ-ʢʝʨʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ (1) ʟʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ 

ʫʤʦʚʠ ʇʦʥʪʨʷʛʽʥʘ ʜʣʷ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ • Ȣ ʟʛʽʜʥʦ ʟʽ ʩʭʝʤʦʶ 

ʤʝʪʦʜʫ ʨʦʟʚô̫ ʟʫʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʟʥʘʡʜʝʥʦ ʜʦʩʪʘʪʥʽ ʫʤʦʚʠ ʜʣʷ 

ʧʨʠʚʝʜʝʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʧʨʦʮʝʩʫ ʟ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ ʥʘ ʪʝʨʤʽʥʘʣʴʥʫ 

ʤʥʦʞʠʥʫ ʚ ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʽʜʧʦʚʽʜʥʦʾ ʢʚʘʟʽʩʪʨʘʪʝʛʽʾ. 
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ɸʅɸʃɯɿ ɯ ʈʆɿʈʆɹʂɸ ʄɸʊɽʄɸʊʀʏʅʀʍ 

ʄʆɼɽʃɽʁ ʆʎɯʅʖɺɸʅʅʗ ɯʅɺɽʉʊʀʎɯʁʅʀʍ 

ʈʀɿʀʂɯɺ ʅɸ ʌɯʅɸʅʉʆɺʀʍ ʈʀʅʂɸʍ 

ʂʫʟʥʻʮʦʚʘ ʅʘʪʘʣʽʷ ɺʦʣʦʜʠʤʠʨʽʚʥʘ
1
, ɹʘʪʝʡʢʦ ɽʜʫʘʨʜ ɸʥʘʪʦʣʽʡʦʚʠʯ

1 

1
 ɯʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ 

ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

natalia-kpi@ukr.net, bateikoeduard@gmail.com  

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʨʠʟʠʢʽʚ ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʣʘʩʥʽ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʦʣʦʛʽʡ Value-at-Risk, Conditional 

VaR. ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʬʦʥʜʦʚʠʡ ʨʠʥʦʢ ʪʘ 

ʨʽʟʥʽ ʟʘ ʥʘʧʨʷʤʦʤ ʜʽʷʣʴʥʦʩʪʽ ʢʦʤʧʘʥʽʾ S&P 500. ɼʦʩʣʽʜʞʝʥʦ ʮʽʥʠ 

ʘʢʪʠʚʽʚ ʢʦʤʧʘʥʽʡ ʫ ʨʦʟʨʽʟʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʩʝʢʪʦʨʘ ʟʘ ʦʩʪʘʥʥʽ 5 ʨʦʢʽʚ, 

ʧʦʙʫʜʦʚʘʥʦ ʽ ʦʙʨʦʙʣʝʥʦ ʯʘʩʦʚʽ ʨʷʜʠ ʮʽʥ ʘʢʮʽʡ ʫ ʚʠʛʣʷʜʽ ʧʨʠʙʫʪʢʫ ʟʘ 

ʦʜʠʥ ʜʝʥʴ ʜʣʷ ʢʦʞʥʦʾ ʘʢʮʽʾ, ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʽ VaR, cVaR, Monte 

Carlo VaR.  

Kʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʚʝʩʪʠʮʽʡʥʽ ʨʠʟʠʢʠ, VaR, CVaR, ʬʽʥʘʥʩʦʚʠʡ 

ʨʠʥʦʢ, ʯʘʩʦʚʽ ʨʷʜʠ. 

ɺʩʪʫʧ 

ʌʽʥʘʥʩʦʚʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʧʨʠʤʥʦʞʝʥʥʷ ʚʣʘʩʥʦʛʦ ʢʘʧʽʪʘʣʫ ʻ ʦʜʥʠʤ 

ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʦʙô̒ ʢʪʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʨʦʟʨʦʙʢʠ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʧʽʜʩʚʽʜʦʤʠʤ ʙʘʞʘʥʥʷʤ ʣʶʜʝʡ 

ʧʨʠʤʥʦʞʠʪʠ ʚʣʘʩʥʽ ʟʘʦʱʘʜʞʝʥʥʷ, ʧʦʢʣʘʚʰʠ ʾʭ ʥʘ ʜʝʧʦʟʠʪʠ, 

ʽʥʚʝʩʪʫʚʘʚʰʠ ʚ ʜʦʨʦʛʦʮʽʥʥʽ ʤʝʪʘʣʠ, ʚʢʣʘʚʰʠ ʚ ʥʝʨʫʭʦʤʽʩʪʴ, 

ʢʨʠʧʪʦʚʘʣʶʪʫ ʘʙʦ ʚ ʘʢʮʽʾ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʭ ʢʦʤʧʘʥʽʡ. ɺʠʙʽʨ ʽ 

ʤʦʞʣʠʚʦʩʪʽ ʽʥʚʝʩʪʫʚʘʥʥʷ ʩʫʪʪʻʚʦ ʦʙʤʝʞʫʶʪʴʩʷ ʥʘʷʚʥʠʤʠ 

ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʟʘʩʦʙʘʤʠ, ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ, ʜʦʩʪʫʧʦʤ ʽ ʤʦʞʣʠʚʽʩʪʶ 

ʜʣʷ ʽʥʚʝʩʪʫʚʘʥʥʷ ʥʘ ʬʽʥʘʥʩʦʚʠʭ (ʬʦʥʜʦʚʠʭ) ʨʠʥʢʘʭ, ʘ ʛʦʣʦʚʥʝ ī 

ʛʦʪʦʚʥʽʩʪʶ ʽ ʪʦʣʝʨʘʥʪʥʽʩʪʶ ʽʥʚʝʩʪʦʨʘ ʜʦ ʨʠʟʠʢʫ. ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ 

ʽʥʚʝʩʪʫʚʘʥʥʷ ʻ ʟʙʝʨʝʞʝʥʥʷ ʢʦʰʪʽʚ ʚʽʜ ʽʥʬʣʷʮʽʾ ʪʘ ʧʨʠʤʥʦʞʝʥʥʷ ʾʭ. 

ʊʦʤʫ ʥʝʦʙʭʽʜʥʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʷʢʽʩʥʦʛʦ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ, 

ʚʨʘʭʦʚʫʶʯʠ ʷʢ ʨʠʟʠʢʠ ʬʦʥʜʦʚʦʛʦ ʨʠʥʢʫ, ʪʘʢ ʽ ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ.  
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ʆʮʽʥʶʚʘʥʥʷ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʨʠʟʠʢʫ 

ɿʘ ʤʝʪʦʜʦʣʦʛʽʻʶ Value at Risk (VaR) ʤʦʞʥʘ ʟ ʧʝʚʥʠʤ ʜʦʚʽʨʯʠʤ 

ʨʽʚʥʝʤ ʦʙʯʠʩʣʠʪʠ ʚʝʨʭʥʶ ʤʝʞʫ ʚʪʨʘʪ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʤʽʥ ʬʘʢʪʦʨʽʚ 

ʨʠʟʠʢʫ ʫ ʜʦʚʽʨʯʦʤʫ ʽʥʪʝʨʚʘʣʽ: 

100( ( ) ( )) ( )%
t t

P Loss k VaR k a< = - ,   

ʜʝ ( )
t

Loss k  ï ʬʘʢʪʠʯʥʽ ʚʪʨʘʪʠ ʥʘ ʤʦʤʝʥʪ ʯʘʩʫ t  ʟʘ ʧʝʨʽʦʜ k  ʜʥʽʚ, 

( )
t

VaR k  ï ʧʨʦʛʥʦʟʦʚʘʥʽ ʚʪʨʘʪʠ ʥʘ ʤʦʤʝʥʪ ʯʘʩʫ t  ʟʘ ʧʝʨʽʦʜ k  ʜʥʽʚ, 

a ï ʜʦʚʽʨʯʠʡ ʨʽʚʝʥʴ. Conditional Value at Risk (CVaR) ʚʠʟʥʘʯʘʻ 

ʢʽʣʴʢʽʩʪʴ ʨʠʟʠʢʫ ʘʙʦ çʪʦʚʱʠʥʫ ʭʚʦʩʪʘè ʜʣʷ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ 

ʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʯʝʨʝʟ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʝ ʟʥʘʯʝʥʥʷ çʝʢʩʪʨʝʤʘʣʴʥʠʭè 

ʚʪʨʘʪ ʫ ʭʚʦʩʪʽ, ʱʦ ʚʠʭʦʜʷʪʴ ʟʘ ʤʝʞʽ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ VaR.  

( | )CVaR E X X VaR= > , ʪʦʙʪʦ 
1

1

1
( )

VaR

CVaR xp x dx
c
-

=
- ñ

, 

ʜʝ ( )p x   ʮʝ ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʚʪʨʘʪ, c   ʪʦʯʢʘ ʚʽʜʩʽʢʘʥʥʷ ʥʘ 

ʨʦʟʧʦʜʽʣʽ, ʚʩʪʘʥʦʚʣʝʥʘ ʘʥʘʣʽʪʠʢʦʤ ʷʢ ʧʦʨʽʛ VaR, VaR  ʧʦʛʦʜʞʝʥʘ 

ʚʝʨʭʥʷ ʤʝʞʘ VaR. 

ʊʦʜʽ ʦʯʽʢʫʚʘʥʽ ʚʪʨʘʪʠ ʘʙʦ ʧʨʠʙʫʪʦʢ ʽʥʚʝʩʪʦʨʘ ʙʫʜʫʪʴ ʚʠʟʥʘʯʘʪʠʩʴ 

ʷʢ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ VaR ʚ ʤʝʞʘʭ ʧʝʚʥʦʛʦ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ 

(ʢʚʘʥʪʠʣʶ). 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʨʽʟʥʽ ʛʘʣʫʟʽ ʽʥʚʝʩʪʫʚʘʥʥʷ ʟ 

ʧʦʨʪʬʝʣʶ S&P 500, ʚʠʷʚʣʝʥʦ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʥʘʧʨʷʤʠ: 

ʧʨʦʤʠʩʣʦʚʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, IT ʢʦʤʧʘʥʽʾ, ʬʽʥʘʥʩʦʚʽ ʢʦʤʧʘʥʽʾ ʽ ʢʦʤʧʘʥʽʾ, 

ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʛʘʣʫʟʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ. ɹʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ 

ʩʝʨʝʜʥʽʡ ʜʝʥʥʠʡ ʧʨʠʙʫʪʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʝʡ VAR ʽ CVAR ʟ 

ʜʦʚʽʨʯʠʤ ʽʥʪʝʨʚʘʣʦʤ 0.95 ʪʘ ʚʠʢʦʥʘʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ 

ʧʦʨʪʬʝʣʷ ʥʘ 100 ʜʥʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ Monte Carlo VAR ʟ 

ʧʦʯʘʪʢʦʚʠʤʠ ʽʥʚʝʩʪʠʮʽʷʤʠ ʨʦʟʤʽʨʦʤ 10000 ʜʦʣʘʨʽʚ. 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ 4 ʨʽʟʥʠʭ ʪʠʧʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʣʷ ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ 

ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʥʘ ʚʝʩʴ ʨʦʟʤʽʨ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ ʟ 1 ʢʚʽʪʥʷ 2016 ʨʦʢʫ 

ʧʦ ʞʦʚʪʝʥʴ 2021 ʨʦʢʫ. ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʦʮʽʥʶʚʘʣʠʩʷ ʨʽʟʥʽ ʯʘʩʦʚʽ 

ʽʥʪʝʨʚʘʣʠ ʽʥʚʝʩʪʫʚʘʥʥʷ (1 ʜʝʥʴ, 3, 7 ʪʘ 30 ʜʥʽʚ). ʊʘ ʚʽʜʧʦʚʽʜʥʦ ʟ 

ʨʽʟʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʯʘʩʫ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʽ ʧʣʘʥʫʚʘʥʥʷ ʜʦʭʦʜʫ 

ʽʥʚʝʩʪʦʨʘ ʥʘ ʚʽʢʥʦ ʫ 1, 7, 30 ʪʘ 90 ʜʥʽʚ. ɼʘʣʽ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʥʘʡʙʽʣʴʰ 

ʮʽʢʘʚʽ ʜʣʷ ʽʥʚʝʩʪʫʚʘʥʥʷ ʢʦʤʧʘʥʽʾ ʽ ʩʬʦʨʤʦʚʘʥʽ ʧʦʨʪʬʝʣʽ ʪʘʢ ʟʚʘʥʠʭ 

ñʙʣʘʢʠʪʥʠʭ ʬʽʰʦʢò. ɹʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʤʦʜʝʣʽ Var, cVar, Expected 

Porfolio Return ʥʘ 180, 365 ʜʥʽʚ ʽ ʚʝʩʴ ʧʝʨʽʦʜ ʽʥʚʝʩʪʫʚʘʥʥʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʷʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ 
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ʝʬʝʢʪʠʚʥʠʡ ʩʧʦʩʽʙ ʽʥʚʝʩʪʫʚʘʥʥʷ ī ʮʝ ʽʥʚʝʩʪʫʚʘʪʠ ʚ ñʙʣʘʢʠʪʥʽ ʬʽʰʢʠò 

ʥʘ ʚʩʴʦʤʫ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ. 

ɺʠʩʥʦʚʢʠ 

ɺʠʢʦʥʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʦʚʠ ʽ 

ʢʦʤʙʽʥʫʚʘʥʥʷ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʽ VaR, cVar, Monte Carlo Var ʟ 

ʤʝʪʦʜʘʤʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʪʨʘʪʝʛʽʾ 

ʽʥʚʝʩʪʫʚʘʥʥʷ ʽ ʦʮʽʥʢʠ ʤʦʞʣʠʚʠʭ ʧʨʠʙʫʪʢʽʚ ʪʘ ʚʪʨʘʪ ʚ ʟʘʣʝʞʥʦʩʪʽ ʥʝ 

ʣʠʰʝ ʚʽʜ ʚʦʣʘʪʠʣʴʥʦʩʪʽ ʬʽʥʘʥʩʦʚʠʭ ʨʷʜʽʚ, ʘ ʡ ʚʽʜ ʪʦʣʝʨʘʥʪʥʦʩʪʽ ʜʦ 

ʨʠʟʠʢʫ ʩʘʤʦʛʦ ʽʥʚʝʩʪʦʨʘ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʤʦʙʽʣʴʥʠʭ ʘʛʝʥʪʽʚ ʜʣʷ ʨʦʙʦʪʠ ʥʘ ʬʽʥʘʥʩʦʚʠʭ ʨʠʥʢʘʭ, ʷʢʽ ʟʘ 

ʧʦʯʘʪʢʦʚʦ ʟʘʜʘʥʠʤʠ ʫʤʦʚʘʤʠ ʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʥʦʰʝʥʥʷ ʽʥʚʝʩʪʦʨʘ 

ʜʦ ʨʠʟʠʢʫ ʙʫʜʫʪʴ ʦʙʠʨʘʪʠ ʩʪʨʘʪʝʛʽʶ ʽ ʧʦʚʝʜʽʥʢʫ ʥʘ ʨʠʥʢʫ ʪʘ 

ʬʽʥʘʥʩʦʚʽ ʽʥʩʪʨʫʤʝʥʪʽ (ʘʢʮʽʾ), ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʯʽʢʫʚʘʥʠʤ ʜʣʷ 

ʽʥʚʝʩʪʦʨʘ ʚʦʣʘʪʠʣʴʥʦʩʪʽ ʽ ʜʦʭʦʜʦʤ ʟʘ ʧʦʨʪʬʝʣʝʤ.   
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ʉɽʄɸʅʊʀʏʅʀʁ ʇɯɼʍɯɼ ɼʆ 

ɹɸɻɸʊʆʂʈʀʊɽʈɯɸʃʔʅʆɻʆ ʉʇɯɺʉʊɸɺʃɽʅʅʗ 

ʉʂʃɸɼʅʀʍ  ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʆɹ`ɭʂʊɯɺ 

ʈʦʛʫʰʠʥʘ ʖʣʽʷ ɺʽʪʘʣʽʾʚʥʘ
1
, ɻʣʘʜʫʥ ɸʥʘʪʦʣʽʡ ʗʩʦʥʦʚʠʯ

2
 

1
ɯʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʅɸʅʋ, ʂʠʾʚ, ʋʢʨʘʾʥʘ, 

2
ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʥʘʚʯʘʣʴʥʠʡ ʮʝʥʪʨ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʪʘ ʩʠʩʪʝʤ ʅɸʅʋ ʪʘ ʄʆʅʋ,  ʂʠʾʚ,  ʋʢʨʘʾʥʘ 

ladamandraka2010@gmail.com, glanat@yahoo.com 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʩʢʣʘʜʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʦʩʥʦʚʽ ʷʢ ʩʢʣʘʜʦʚʦʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʦʥʪʦʣʦʛʽʡ ʚʽʜʧʦʚʽʜʥʦʾ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʪʘ ʤʝʪʨʠʢ ʚʠʟʥʘʯʝʥʥʷ 

ʩʝʤʘʥʪʠʯʥʦʾ ʙʣʠʟʴʢʦʩʪʽ. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʩʝʤʘʥʪʠʯʥʦʛʦ 

ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʟ ʧʦʜʽʙʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʱʦ ʚʠʟʥʘʯʝʥʘ 

ʩʧʽʣʴʥʦʶ ʦʥʪʦʣʦʛʽʻʶ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʛʝʥʝʨʫʚʘʪʠ ʤʥʦʞʠʥʫ ʢʨʠʪʝʨʽʾʚ 

ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʪʘ ʚʠʟʥʘʯʘʪʠ ʾʭ ʽʻʨʘʨʭʽʶ ʜʣʷ ʧʦʪʦʯʥʦʾ ʩʠʪʫʘʮʽʾ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ:  ʩʢʣʘʜʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʦʙôʻʢʪ, ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, 

ʦʥʪʦʣʦʛʽʷ, ʩʝʤʘʥʪʠʯʥʘ ʧʦʜʽʙʥʽʩʪʴ. 

ɺʩʪʫʧ   

ʆʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʧʠʪʘʥʴ ʫ ʨʦʟʨʦʙʮʽ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʻ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʧʨʦʙʣʝʤʥʠʭ ʩʠʪʫʘʮʽʷʭ, ʪʘʢʠʭ ʷʢ 

ʢʝʨʫʚʘʥʥʷ ʨʠʟʠʢʘʤʠ, ʤʝʥʝʜʞʤʝʥʪ ʢʦʤʧʣʝʢʩʥʠʭ ʧʨʦʝʢʪʽʚ ʪʘ ʨʦʟʧʦʜʽʣ 

ʣʶʜʩʴʢʠʭ ʨʝʩʫʨʩʽʚ. ʉʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ (Decision 

Support System) ʻ ʩʧʝʮʠʬʽʯʥʠʤ ʢʣʘʩʦʤ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (ɯɯʉ), ʷʢʽ ʜʦʧʦʤʘʛʘʶʪʴ ʬʘʭʽʚʮʷʤ 

ʚʠʙʨʘʪʠ/ʩʬʦʨʤʫʚʘʪʠ ʧʦʪʨʽʙʥʫ ʘʣʴʪʝʨʥʘʪʠʚʫ ʩʝʨʝʜ ʥʘʙʦʨʫ 

ʧʨʠʧʫʩʪʠʤʠʭ ʚʘʨʽʘʥʪʽʚ ʧʨʠ ʧʨʠʡʥʷʪʪʽ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʨʽʰʝʥʴ, ʽ ʯʘʩʪʦ 

ʧʦʻʜʥʫʶʪʴ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʪʘ ʤʦʜʝʣʽ ʧʦʰʫʢʫ ʨʽʰʝʥʥʷ ʟ 

ʝʚʨʠʩʪʠʯʥʠʤʠ, ʣʦʛʽʢʦ-ʣʽʥʛʚʽʩʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ ʪʘ ʤʝʪʦʜʘʤʠ, ʱʦ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʟʥʘʥʥʷʭ ʬʘʭʽʚʮʽʚ ï ʝʢʩʧʝʨʪʽʚ, ʤʦʜʝʣʷʭ ʣʶʜʩʴʢʠʭ 

ʤʽʨʢʫʚʘʥʴ ʪʘ ʥʘʢʦʧʠʯʝʥʦʤʫ ʜʦʩʚʽʜʽ. ʇʨʦʙʣʝʤʠ ʫ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ ʚ 

ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʩʪʦʩʫʶʪʴʩʷ ʚʠʙʦʨʫ ʥʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ, 

ʟʘ ʷʢʠʤʠ ʧʦʨʽʚʥʶʶʪʴʩʷ  ʧʦʪʝʥʮʽʡʥʽ ʨʽʰʝʥʥʷ. ʉʠʪʫʘʮʽʶ ʫʩʢʣʘʜʥʶʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʘʥʘʣʽʟʫ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʦʙ'ʻʢʪʽʚ, ʟ ʷʢʠʭ 

ʩʢʣʘʜʘʶʪʴʩʷ ʧʦʪʝʥʮʽʡʥʽ ʨʽʰʝʥʥʷ, ʪʘ ʧʦʪʨʝʙʘ ʚ ʫʥʽʬʽʢʘʮʽʾ ʾʭ 

ʩʪʨʫʢʪʫʨʠ. ʋ ʚʽʜʢʨʠʪʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʜʝʬʽʮʠʪ ʯʘʩʫ ʥʘ ʦʙʨʦʙʢʫ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʾʾ ʰʚʠʜʢʽ ʟʤʽʥʠ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 
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ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ. ʆʜʥʠʤ ʟ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚôʷʟʘʥʥʷ 

ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʥʘʥʴ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ (ʇʨʆ) ʟʘʜʘʯʽ.  

ʇʨʦʙʣʝʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʥʘʥʴ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʜʣʷ ɯɯʉ 

ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ [1] ʷʢ 

ʦʢʨʝʤʦʛʦ ʚʠʧʘʜʢʫ ʩʝʤʘʥʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ [2]. ʆʥʪʦʣʦʛʽʾ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʽʩʪʴ ʪʘ ʦʜʥʦʟʥʘʯʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʟʥʘʥʴ ʇʨʆ, ʽ ʪʦʤʫ 

ʚʦʥʠ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʟʦʚʥʽʰʥʽ ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ 

ʨʽʟʥʠʭ ɯɯʉ. ʊʦʤʫ ʜʦʮʽʣʴʥʠʤ  ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ɯɯʉ ʥʘ ʦʩʥʦʚʽ  ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʽʥʞʝʥʝʨʽʥʛʫ. 

ʇʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʚʽʜʢʨʠʪʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʦʚôʷʟʘʥʝ ʟ ʧʦʰʫʢʦʤ 

ʘʢʪʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʟʤʽʥ ʫ ʮʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ 

ʷʢ ʩʘʤʠʭ ʦʙôʻʢʪʽʚ, ʱʦʜʦ ʷʢʠʭ ʧʨʠʡʤʘʶʪʴʩʷ ʨʽʰʝʥʥʽ, ʪʘʢ ʽ ʪʠʭ 

ʢʨʠʪʝʨʽʾʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʮʝʡ ʚʠʙʽʨ. ʋ ʙʘʛʘʪʴʦʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʨʽʰʝʥʥʷ ï ʮʝ ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʥʘʙʽʨ 

ʝʣʝʤʝʥʪʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʻ ʚʣʘʩʥʫ ʩʪʨʫʢʪʫʨʫ ʪʘ ʧʦʚôʷʟʘʥʠʭ ʟ 

ʽʥʰʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʩʝʤʘʥʪʠʯʥʦ ʥʘʚʘʥʪʘʞʝʥʠʤʠ 

ʚʽʜʥʦʰʝʥʥʷʤʠ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʮʝʩ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʦʪʨʝʙʫʻ 

ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʪʘʢʠʭ ʥʘʙʦʨʽʚ, ʷʢʽ ʥʘʜʘʣʽ ʤʠ ʨʦʟʛʣʷʜʘʻʤʦ ʷʢ ʩʢʣʘʜʥʽ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʦʙôʻʢʪʠ (ʉɯʆ). 

ʂʦʞʝʥ ʉɯʆ ʧʦʜʘʻʪʴʩʷ ʷʢ ʚʧʦʨʷʜʢʦʚʘʥʠʡ ʥʘʙʽʨ ʟ ʙʽʣʴʰ ʥʽʞ ʦʜʥʦʛʦ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙôʻʢʪʘ (ɯʆ), ʷʢʽ ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʚʽʜʥʦʰʝʥʥʷʤʠ 

ʪʘ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʱʦʜʦ ʩʪʨʫʢʪʫʨʠ ʪʘ ʟʥʘʯʝʥʴ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ɯʆ. ɺ ʢʦʞʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ ʪʘʢʘ ʩʪʨʫʢʪʫʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʟʥʘʥʴ ʱʦʜʦ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ (ʇʨʆ) ʪʘ ʩʧʝʮʠʬʽʢʠ ʟʘʜʘʯʽ. 

ʏʝʨʝʟ ʪʝ, ʱʦ ʟʘʨʘʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʥʪʦʣʦʛʽʡ ʻ ʧʨʘʢʪʠʯʥʦ ʩʪʘʥʜʘʨʪʦʤ 

ʜʣʷ ʬʦʨʤʘʣʽʟʘʮʽʾ ʟʥʘʥʴ ʱʦʜʦ ʇʨʆ ʫ Web-ʦʨʽʻʥʪʦʚʘʥʠʭ ɯɯʉ, ʥʘʜʘʣʽ ʤʠ 

ʟʘʩʪʦʩʦʚʫʻʤʦ ʩʘʤʝ ʝʣʝʤʝʥʪʠ ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʦʧʠʩʫ ʤʦʜʝʣʽ 

ʪʘ ʤʝʪʦʜʽʚ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʉɯʆ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʦʥʪʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ɯʆ ï ʮʝ ʙʫʜʴ-ʷʢʽ ʢʣʘʩʠ ʘʙʦ 

ʝʢʟʝʤʧʣʷʨʠ ʦʥʪʦʣʦʛʽʾ. ɯʆ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʣʘʩʘʤ ʦʥʪʦʣʦʛʽʾ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʚʦʻʶ ʩʪʨʫʢʪʫʨʦʶ ï ʥʘʙʦʨʦʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʾʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʪʘʢʦʞ ʧʨʠʧʫʩʪʠʤʠʤʠ ʚʽʜʥʦʰʝʥʥʷʤʠ ʟ ʽʥʰʠʤʠ 

ʢʣʘʩʘʤʠ ʦʥʪʦʣʦʛʽʾ. ɯʆ, ʱʦ ʧʦʚôʷʟʘʥʽ ʽʟ ʝʢʟʝʤʧʣʷʨʘʤʠ ʢʣʘʩʽʚ ʦʥʪʦʣʦʛʽʾ, 

ʪʘʢʦʞ ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ (ʚʩʽʭ ʘʙʦ ʜʝʷʢʠʭ) ʮʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʩʝʨʝʜ 

ʷʢʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʥʦʰʝʥʥʷ ʟ ʽʥʰʠʤʠ ʝʢʟʝʤʧʣʷʨʘʤʠ ʦʥʪʦʣʦʛʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʉɯʆ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʧʽʜʤʥʦʞʠʥʘ ʦʥʪʦʣʦʛʽʾ ʇʨʆ, 

ʱʦ ʚʠʦʢʨʝʤʣʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʜʘʯʽ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʇʨʠʢʣʘʜʠ ʉɯʆ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʦʥʪʦʣʦʛʽʾ 

ʧʝʚʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ,  ï ʮʝ ʢʦʤʘʥʜʘ ʪʘ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʽ 
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ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʝʚʥʦʛʦ ʧʨʦʝʢʪʫ ʘʙʦ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʥʷ ʧʦʪʨʝʙʫʻ ʚʠʙʦʨʫ ʪʘʢʦʾ ʧʽʜʤʥʦʞʠʥʠ  ʦʩʦʙʠʩʪʦʛʦ ʩʢʣʘʜʫ 

ʦʨʛʘʥʽʟʘʮʽʾ, ʱʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʥʘʻ ʧʨʦʝʢʪ. ʇʨʠʢʣʘʜʠ ʉɯʆ, 

ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʦʥʪʦʣʦʛʽʾ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ, ï ʚʠʙʽʨ 

ʩʧʝʮʽʘʣʴʥʦʩʪʽ ʘʙʦ ʧʦʙʫʜʦʚʘ ʥʘʚʯʘʣʴʥʦʛʦ ʧʣʘʥʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʚʠʟʥʘʯʝʥʦʛʦ ʥʘʙʦʨʫ ʢʦʤʧʝʪʝʥʮʽʡ, ʪʦʜʽ ʷʢ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ 

ʧʦʚôʷʟʘʥʝ ʟ ʦʪʨʠʤʘʥʥʷʤ ʥʝʦʙʭʽʜʥʠʭ ʢʦʤʧʝʪʝʥʮʽʡ ʟʘ ʥʘʡʤʝʥʰʠʡ ʯʘʩ 

ʘʙʦ ʟ ʥʘʡʙʽʣʴʰʦʶ ʧʦʚʥʦʪʦʶ, ʷʢʫ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʣʘʜʘʯʽ 

ʜʘʥʦʾ ʫʩʪʘʥʦʚʠ [1].  

ʉʧʽʚʩʪʘʚʣʝʥʥʷ ʩʢʣʘʜʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʦʙôʻʢʪʽʚ  

ʉʧʽʚʩʪʘʚʣʝʥʥʷ ʉɯʆ ʻ ʩʢʣʘʜʦʚʦʶ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ɯɯʉ. ʇʨʠ ʮʴʦʤʫ 

ʧʨʦʙʣʝʤʠ ʛʝʥʝʨʘʮʽʾ ʨʽʰʝʥʥʷ ʷʢ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʝʚʥʠʭ ʜʽʡ ʚ 

ʜʠʥʘʤʽʯʥʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʦʪʦʯʝʥʥʽ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʟʘ ʩʬʝʨʦʶ 

ʨʦʟʛʣʷʜʫ ʮʽʻʾ ʨʦʙʦʪʠ. ʆʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʤʫ ʧʦʨʽʚʥʷʥʥʶ ʪʠʭ ʉɯʆ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʚʠʤʦʛʘʤ ʟʘʜʘʯʽ.  

ʆʩʦʙʣʠʚʽʩʪʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʻ ʪʝ, ʱʦ ʩʧʽʚʩʪʘʚʣʷʻʪʴʩʷ 

ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʉɯʆ, ʪʦʙʪʦ ʥʝ ʚʩʽ ʪʝʦʨʝʪʠʯʥʦ ʤʦʞʣʠʚʽ, ʘ 

ʣʠʰʝ ʪʽ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʨʘʥʽ ʚ ʧʦʪʦʯʥʽʡ ʩʠʪʫʘʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʧʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʥʝ ʫ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ (ʟʘ ʧʝʚʥʠʤʠ 

ʢʨʠʪʝʨʽʷʤʠ) ʨʽʰʝʥʥʷ, ʘ ʫ ʚʠʙʦʨʽ ʧʨʠʡʥʷʪʥʦʛʦ ʨʽʰʝʥʥʷ ʟ ʥʘʙʦʨʫ 

ʥʘʷʚʥʠʭ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʝʚʥʦʛʦ ʧʨʦʝʢʪʫ ʧʦʪʨʽʙʥʦ 

ʦʙʨʘʪʠ ʛʨʫʧʫ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʟ ʧʝʚʥʦʛʦ ʧʽʜʨʦʟʜʽʣʫ, ʘ ʥʝ ʚʟʘʛʘʣʽ ʟ ʫʩʽʭ 

ʣʶʜʝʡ. ʊʦʤʫ ʧʨʠʧʫʩʪʠʤʘ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʚʩʽ ʤʦʞʣʠʚʽ ʨʽʰʝʥʥʷ ʻ 

ʥʝʟʘʜʦʚʽʣʴʥʠʤʠ ʽ ʟʤʽʥʶʶʪʴ ʩʠʪʫʘʮʽʶ ʪʽʣʴʢʠ ʥʘ ʛʽʨʰʫ. ʅʘʧʨʠʢʣʘʜ, 

ʚʠʢʦʥʘʥʥʷ ʧʨʦʝʢʪʫ ʥʝʜʦʩʪʘʪʥʴʦ ʢʦʤʧʝʪʝʥʪʥʠʤʠ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ 

ʧʨʠʟʚʝʜʝ ʜʦ ʚʪʨʘʪʠ ʯʘʩʫ ʪʘ ʨʝʩʫʨʩʽʚ, ʘʣʝ ʧʦʪʨʽʙʥʠʡ ʨʝʟʫʣʴʪʘʪ ʥʝ ʙʫʜʝ 

ʦʪʨʠʤʘʥʦ. ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʫʱʽʩʪʴ ʢʨʠʪʝʨʽʾʚ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʟ 

ʯʘʩʦʤ ʯʝʨʝʟ ʟʤʽʥʠ ʚ ʜʠʥʘʤʽʯʥʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʦʪʦʯʝʥʥʽ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʧʨʠʢʣʘʜʦʤ ʟʤʽʥʠ ʧʨʽʦʨʠʪʝʪʽʚ ʻ ʚʘʨʪʽʩʪʴ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʪʘ ʰʚʠʜʢʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ.  

ʉʧʽʚʩʪʘʚʣʝʥʥʷ ʉɯʆ ʟʘʙʝʟʧʝʯʫʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʦʰʫʢʫ ʽʥʬʦʨʤʘʮʽʾ 

ʥʘ ʟʤʽʩʪʦʚʥʦʤʫ ʨʽʚʥʽ. ʇʨʠʢʣʘʜʠ ʩʝʤʘʥʪʠʯʥʦʛʦ ʧʦʰʫʢʫ: ʟʥʘʡʪʠ ʛʨʫʧʫ 

ʣʶʜʝʡ ʟ ʧʝʚʥʦʶ ʢʚʘʣʽʬʽʢʘʮʽʻʶ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʦʜʥʽʡ ʦʨʛʘʥʽʟʘʮʽʾ, ʷʢʘ 

ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʘʤ ʢʦʥʢʫʨʩʫ; ʚʠʟʥʘʯʠʪʠ ʢʨʘʾʥʠ, ʚ ʷʢʠʭ ʧʨʦʚʦʜʠʣʠʩʷ 

ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʚʥʦʾ ʪʝʤʘʪʠʢʠ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʙʫʣʠ 

ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʦʙʨʘʥʽʡ ʤʥʦʞʠʥʽ ʞʫʨʥʘʣʽʚ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ 

ʪʦʱʦ. ɸʣʝ ʷʢʱʦ ʨʝʟʫʣʴʪʘʪʦʤ ʧʦʰʫʢʫ ʻ, ʷʢ ʧʨʘʚʠʣʦ, ʥʘʙʽʨ ɯʆ ʦʜʥʦʛʦ 

ʘʙʦ ʢʽʣʴʢʦʭ ʢʣʘʩʽʚ, ʪʦʜʽ ʷʢ ʦʙʤʝʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʽʣʴʢʠ ʜʣʷ 
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ʚʽʜʙʦʨʫ ʧʨʠʡʥʷʪʥʠʭ ʚʘʨʽʘʥʪʽʚ, ʪʦ ʫ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʟʘʜʘʯʘʭ ʩʘʤ 

ʨʝʟʫʣʴʪʘʪ ʻ ʤʥʦʞʠʥʦʶ ʨʽʟʥʠʭ ʩʫʢʫʧʥʦʩʪʝʡ ɯʆ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʢʦʞʥʘ ʟ 

ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʠʤ ʫʤʦʚʘʤ. ʇʨʠʢʣʘʜʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʉɯʆ ʻ 

ʽʻʨʘʨʭʽʯʥʝ ʘʛʨʝʛʘʪʥʝ ʦʮʽʥʶʚʘʥʥʷ (ɯɸʆ), ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʧʽʚʩʪʘʚʣʝʥʥʷ 

ʢʦʤʘʥʜ ʟ ʢʽʣʴʢʦʤʘ ʨʽʚʥʷʤʠ ʽʻʨʘʨʭʽʾ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ 

ʪʘ ʢʦʣʝʢʪʠʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʩʪʽʚ.  

ɽʪʘʧʠ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʉɯʆ 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʟʘʜʘʯʘ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʉɯʆ, ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʫ 

ʩʪʨʫʢʪʫʨʫ ʪʘ ʙʘʟʫʶʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʦʥʪʦʣʦʛʽʷʭ, ʧʦʪʨʝʙʫʻ ʚʠʨʽʚʥʶʚʘʥʥʷ 

ʮʠʭ ʦʥʪʦʣʦʛʽʡ ʪʘ ʧʦʰʫʢʫ ʧʦʜʽʙʥʦʩʪʽ ʤʽʞ ʾʭ ʩʪʨʫʢʪʫʨʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ï ɯʆ ʪʘ ʾʭ ʧʦʻʜʥʘʥʥʷʤʠ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʤʠ ʨʦʟʛʣʷʜʘʻʤʦ 

ʦʢʨʝʤʠʡ ʚʠʧʘʜʦʢ ʪʘʢʦʾ ʟʘʜʘʯʽ, ʢʦʣʠ ʚʩʽ ʉɯʆ, ʱʦ ʧʦʪʨʽʙʥʦ 

ʩʧʽʚʩʪʘʚʠʪʠ, ʙʘʟʫʶʪʴʩʷ ʥʘ ʻʜʠʥʽʡ ʦʥʪʦʣʦʛʽʾ ʪʘ ʤʘʶʪʴ ʧʦʜʽʙʥʫ 

ʩʪʨʫʢʪʫʨʫ, ʷʢʠʡ ʧʦʪʨʝʙʫʻ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʝʪʘʧʽʚ [3]: 

- ʩʪʚʦʨʝʥʥʷ ʝʪʘʣʦʥʥʦʾ ʤʦʜʝʣʽ ʉɯʆ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʚʠʤʦʛʠ 

ʢʦʨʠʩʪʫʚʘʯʘ; 

- ʛʝʥʝʨʘʮʽʷ ʥʘʙʦʨʫ ʥʘʷʚʥʠʭ ʉɯʆ, ʷʢʽ ʩʪʨʫʢʪʫʨʥʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʝʪʘʣʦʥʥʽʡ ʤʦʜʝʣʽ, ʥʘ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʪʦʯʥʠʡ ʩʪʘʥ 

ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʧʝʚʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʪʘ ʩʝʤʘʥʪʠʯʥʫ ʧʦʜʽʙʥʽʩʪʴ ʤʽʞ 

ʝʣʝʤʝʥʪʘʤʠ ʉɯʆ [4]; 

- ʚʠʙʽʨ ʩʝʨʝʜ ʥʘʷʚʥʠʭ ʉɯʆ ʪʠʭ, ʱʦ ʥʝ ʩʫʧʝʨʝʯʘʪʴ ʚʠʤʦʛʘʤ 

ʢʦʨʠʩʪʫʚʘʯʘ; 

- ʧʦʰʫʢ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ ʉɯʆ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʥʘʥʴ ʟ 

ʦʥʪʦʣʦʛʽʾ ʇʨʆ;  

- ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʟʥʘʯʫʱʦʩʪʽ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʢʨʠʪʝʨʽʶ 

ʥʘ ʧʦʪʦʯʥʠʡ ʤʦʤʝʥʪ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʪʘ 

ʝʚʨʠʩʪʠʢ ʇʨʆ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ; 

- ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʢʦʞʥʦʛʦ ʉɯʆ ʥʘ ʦʩʥʦʚʽ 

ʩʫʢʫʧʥʦʩʪʽ ʢʨʠʪʝʨʽʾʚ. 

ɺʠʩʥʦʚʢʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʦʾ ʨʦʙʦʪʠ 

ʉʧʽʚʩʪʘʚʣʝʥʥʷ ʉɯʆ, ʱʦ ʤʘʶʪʴ ʧʦʜʽʙʥʫ ʩʪʨʫʢʪʫʨʫ, ʻ ʥʝʦʙʭʽʜʥʦʶ 

ʩʢʣʘʜʦʚʦʶ ʚ ʘʥʘʣʽʟʽ ʪʘ ʧʦʨʽʚʥʷʥʥʽ ʉɯʆ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʭ 

ʦʥʪʦʣʦʛʽʡ ʪʘ ʤʘʶʪʴ ʨʽʟʥʫ ʩʪʨʫʢʪʫʨʫ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʧʦʯʘʪʢʫ 

ʧʦʪʨʽʙʥʦ: 1. ʚʠʢʦʥʘʪʠ ʚʠʨʽʚʥʶʚʘʥʥʷ ʙʘʟʦʚʠʭ ʦʥʪʦʣʦʛʽʡ ʇʨʆ ʡ ʟʥʘʡʪʠ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ ʾʭ ʢʦʥʮʝʧʪʘʤʠ ʪʘ ʚʽʜʥʦʰʝʥʥʷʤʠ; 2. ʟʥʘʡʪʠ ʚ ʉɯʆ, 

ʱʦ ʩʧʽʚʩʪʘʚʣʷʶʪʴʩʷ, ʧʽʜʤʥʦʞʠʥʠ ʟ ʧʦʜʽʙʥʦʶ ʩʪʨʫʢʪʫʨʦʶ; 

3. ʩʧʽʚʩʪʘʚʠʪʠ ʪʘʢʽ ʧʽʜʤʥʦʞʠʥʠ ʟʘ ʨʦʟʛʣʷʥʫʪʠʤ ʚʠʱʝ ʘʣʛʦʨʠʪʤʦʤ.  
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ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʽʻʨʘʨʭʽʯʥʦʛʦ ʘʛʨʝʛʘʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʢʦʣʝʢʪʠʚʽʚ, ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʽʥʪʝʛʨʦʚʘʥʝ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʝ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʫʤʦʚʘʭ, ʢʦʣʠ ʩʘʤ ʥʘʙʽʨ ʢʨʠʪʝʨʽʾʚ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʜʘʯʽ ʽ ʤʦʞʝ ʙʫʪʠ ʩʪʚʦʨʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʟʥʘʥʴ ʇʨʆ, ʘʣʝ 

ʚ ʨʽʟʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ ʚʽʜʥʦʩʥʘ ʟʥʘʯʫʱʽʩʪʴ ʮʠʭ ʢʨʠʪʝʨʽʾʚ ʤʦʞʝ 

ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʚʘʪʠʩʷ. ʎʝʡ ʧʽʜʭʽʜ ʫ ʧʝʨʩʧʝʢʪʠʚʽ ʧʣʘʥʫʻʪʴʩʷ 

ʨʦʟʰʠʨʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʦʙʽʚ ʽ ʤʝʪʦʜʽʚ ʢʝʨʫʚʘʥʥʷ ʟʥʘʥʥʷʤʠ, 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʝʪʝʥʪʥʠʭ ʟʥʘʥʴ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʪʝʦʨʝʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ 

ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʪʘʢʠʭ ʘʢʪʫʘʣʴʥʠʭ ʜʣʷ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʟʘʜʘʯ, ʷʢ 

ʢʝʨʫʚʘʥʥʷ ʨʠʟʠʢʘʤʠ, ʰʚʠʜʢʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘ ʚʠʧʫʩʢ 

ʚʘʞʣʠʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʚʽʜʥʦʚʣʶʚʘʣʴʥʝ ʙʫʜʽʚʥʠʮʪʚʦ,   ʜʠʥʘʤʽʯʥʘ 

ʘʜʘʧʪʘʮʽʷ  ʢʦʤʘʥʜ, ʦʨʛʘʥʽʟʘʮʽʡ, ʢʦʣʝʢʪʠʚʽʚ ʟ ʙʘʛʘʪʦʨʽʚʥʝʚʦʶ 

ʽʻʨʘʨʭʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ (ʧʨʦʻʢʪʥʽ ʛʨʫʧʠ, ʛʨʫʧʠ ʜʦʩʣʽʜʥʠʢʽʚ, 

ʬʦʨʤʫʚʘʥʥʷ ʚʽʡʩʴʢʦʚʠʭ ʧʽʜʨʦʟʜʽʣʽʚ, ʝʢʩʧʝʨʪʥʽ ʢʦʤʽʩʽʾ, ʤʝʜʠʯʥʽ ʛʨʫʧʠ 

ʰʚʠʜʢʦʛʦ ʨʝʘʛʫʚʘʥʥʷ) ʜʦ ʚʠʢʦʥʘʥʥʷ ʚʘʞʣʠʚʠʭ ʦʧʝʨʘʪʠʚʥʠʭ ʟʘʚʜʘʥʴ 

ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʩʪʘʪʥʽʭ ʢʦʤʧʝʪʝʥʮʽʡ, ʥʘʚʠʯʦʢ ʪʘ ʜʦʩʚʽʜʫ [5]. ʊʘʢʝ 

ʢʦʤʧʣʝʢʩʥʝ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʩʣʘʙʢʽ ʪʘ ʩʠʣʴʥʽ ʩʪʦʨʦʥʠ 

ʨʽʟʥʠʭ ʢʦʤʘʥʜ ʪʘ ʾʭ  ʫʯʘʩʥʠʢʽʚ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʟʘʚʜʘʥʴ, ʚʥʝʩʪʠ 

ʢʦʨʝʢʪʠʚʠ ʜʦ ʾʭ ʩʢʣʘʜʫ ʘʙʦ ʧʨʦʚʝʩʪʠ ʜʦʜʘʪʢʦʚʝ ʥʘʚʯʘʥʥʷ. 
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ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʪʥʠʭ 

ʟʥʘʥʴ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʩʠʩʪʝʤ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ (ʉʆʋ), 

ʷʢʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʩʢʣʘʜʘʶʪʴ ʽʥʬʦʨʤʘʮʽʡʥʫ ʦʩʥʦʚʫ ʙʘʟ ʜʘʥʠʭ ʪʘ ʙʘʟ 

ʟʥʘʥʴ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ ʉʆʋ. ɺʠʜʽʣʝʥʦ ʧôʷʪʴ ʨʽʟʥʦʚʠʜʽʚ 

ʘʥʘʣʽʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚ ʨʘʤʢʘʭ ʉʆʋ. ɿʘʟʥʘʯʝʥʦ ʥʘʡʙʽʣʴʰ 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʥʠʭ ʢʦʛʥʽʪʠʚʥʽ ʚʠʢʨʠʚʣʝʥʥʷ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʤʦʞʣʠʚʽ ʰʣʷʭʠ ʾʭ ʟʤʝʥʰʝʥʥʷ ʘʙʦ ʟʥʠʞʝʥʥʷ ʾʭ ʚʧʣʠʚʫ ʥʘ ʷʢʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʥʘʣʽʪʠʢ, ʝʢʩʧʝʨʪʥʽ ʟʥʘʥʥʷ, ʢʦʛʥʽʪʠʚʥʽ 

ʚʠʢʨʠʚʣʝʥʥʷ, ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʨʝʩʫʨʩ, ʩʠʩʪʝʤʘ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ. 

ɺʩʪʫʧ 

ɸʥʘʣʽʟ ʨʽʟʥʠʭ ʚʠʟʥʘʯʝʥʴ ʩʠʩʪʝʤʠ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʧʦʢʘʟʫʻ, ʱʦ ʾʾ ʢʣʶʯʦʚʦʶ  ʦʟʥʘʢʦʶ ʻ ʥʘʷʚʥʽʩʪʴ ʚʧʣʠʚʫ ʚ ʤʝʞʘʭ 

ʦʙôʻʢʪʘ ʪʘ ʩʫʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ [1]. ʃʶʜʠʥʘ 

(ʘʥʘʣʽʪʠʢ, ʬʘʭʽʚʝʮʴ, ʝʢʩʧʝʨʪ) ʚ ʪʘʢʠʭ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤʘʭ ʻ ʚʘʞʣʠʚʠʤ 

ʜʞʝʨʝʣʦʤ ʜʘʥʠʭ ʪʘ ʟʥʘʥʴ, ʷʢʽ, ʟʦʢʨʝʤʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ ʉʆʋ. ʇʨʦʮʝʩʫ ʦʪʨʠʤʘʥʥʷ ʪʘ 

ʦʙʨʦʙʢʠ ʪʘʢʦʾ ʽʥʬʦʨʤʘʮʽʾʧʨʠʪʘʤʘʥʥʽ ʧʝʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʫ ʪʦʤʫ ʯʠʩʣʽ 

- ʥʘʷʚʥʽʩʪʴ ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʥʝʾ ʢʦʛʥʽʪʠʚʥʠʭ ʚʠʢʨʠʚʣʝʥʴ [2], 

ʟʤʝʥʰʝʥʥʷ ʷʢʠʭ ʘʙʦ ʟʥʠʞʝʥʥʷ ʾʭ ʚʧʣʠʚʫ ʥʘ ʷʢʽʩʪʴ ʚʤʽʩʪʫ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʷʢʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʾ (ʟʥʘʥʴ) ʧʨʷʤʦ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʫʧʨʘʚʣʽʥʩʴʢʠʭ 
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ʨʽʰʝʥʴ.ɼʣʷ ʉʆʋ ʭʘʨʘʢʪʝʨʥʦʶ ʻ ʽʻʨʘʨʭʽʯʥʘ ʦʙʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʾ, ʜʝ 

ʬʘʭʽʚʮʽ ʥʠʞʥʽʭ ʨʽʚʥʽʚ ʽʻʨʘʨʭʽʾ, ʷʢʽ ʻ ʚʘʞʣʠʚʠʤ ʧʝʨʰʦʜʞʝʨʝʣʦʤ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʩʠʩʪʝʤʠ ʪʘ ʩʝʨʝʜʦʚʠʱʘ ʾʾ ʽʩʥʫʚʘʥʥʷ, ʻ 

ʘʥʘʣʽʪʠʢʘʤʠ, ʱʦ ʥʝ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʜʦ ʝʢʩʧʝʨʪʘ. 

ʂʨʽʤ ʪʦʛʦ, ʚʨʘʭʦʚʫʶʯʠ ʜʦʮʽʣʴʥʽʩʪʴ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʩʢʦʨʦʯʝʥʥʷ 

ʮʠʢʣʫ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʟ ʽʥʰʠʭ ʧʨʠʯʠʥ ï ʝʢʩʧʝʨʪʥʽ ʦʮʽʥʶʚʘʥʥʷ ʚ ʜʘʥʽʡ 

ʧʨʝʜʤʝʪʥʽʡ ʦʙʣʘʩʪʽ ʧʝʨʝʚʘʞʥʦ ʟʜʽʡʩʥʶʶʪʴʩʷ ʣʠʰʝ ʥʘ ʚʝʨʭʥʽʭ ʨʽʚʥʷʭ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ.  ɿʘʟʥʘʯʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʉʆʋ ʧʦʪʨʝʙʫʶʪʴ 

ʜʦʜʘʪʢʦʚʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʤʦʞʣʠʚʦʛʦ ʜʦʜʘʪʢʦʚʦʛʦ ʧʨʦʷʚʫ 

ʢʦʛʥʽʪʠʚʥʠʭ ʚʠʢʨʠʚʣʝʥʴ ʽʥʬʦʨʤʘʮʽʾ.  

ʆʪʞʝ, ʤʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʪʨʠʤʘʥʥʷ ʪʘ 

ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʪʥʠʭ ʟʥʘʥʴ ʚ ʩʠʩʪʝʤʘʭ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʢʦʛʥʽʪʠʚʥʠʭ 

ʚʠʢʨʠʚʣʝʥʴ ʥʘ ʷʢʽʩʪʴ ʚʤʽʩʪʫ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ ʉʆʋ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʝʢʩʧʝʨʪʥʠʭ ʟʥʘʥʴ 

ɺʠʜʽʣʠʤʦ ʥʘʩʪʫʧʥʽ ʟʘʛʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʝʢʩʧʝʨʪʥʠʭ ʟʥʘʥʴ, ʷʢʽ, ʥʘ 

ʥʘʰ ʧʦʛʣʷʜ, ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʨʝʩʫʨʩʫ ʉʆʋ. 

1) ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ [2], ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ 

ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʥʘʷʚʥʽ ʢʦʛʥʽʪʠʚʥʽ ʚʠʢʨʠʚʣʝʥʥʷ ʜʘʥʠʭ ʪʘ 

ʟʥʘʥʴ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʚʧʣʠʥʫʪʠ ʥʘ ʡʦʛʦ ʨʝʟʫʣʴʪʘʪ. 

2) ʇʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʽ ʦʙʤʝʞʝʥʥʷ ʣʶʜʠʥʠ [2] ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʾʡ 
ʦʜʥʦʯʘʩʥʦ ʦʧʝʨʫʚʘʪʠ ʙʽʣʴʰ ʥʽʞ 9-ʤʘ ʦʙ'ʻʢʪʘʤʠ. 

3) ɽʢʩʧʝʨʪʥʝ ʦʮʽʥʶʚʘʥʥʷ ʧʦʪʨʝʙʫʻ ʯʘʩʦʚʠʭ ʟʘʪʨʘʪ, ʻ ʜʦʨʦʛʠʤ 
ʧʨʦʮʝʩʦʤ ʽ ʪʦʤʫ ʢʨʘʱʝ ʡʦʛʦ  ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʣʠʰʝ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʥʘʛʘʣʴʥʦʾ ʥʝʦʙʭʽʜʥʦʩʪʽ. ɹʘʞʘʥʦ, ʟʘ ʤʦʞʣʠʚʦʩʪʽ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʨʘʥʽʰʝ ʧʦʙʫʜʦʚʘʥʽ ʙʘʟʠ ʟʥʘʥʴ (ɹɿ), ʾʭ ʬʨʘʛʤʝʥʪʠ ʪʘ ʰʘʙʣʦʥʠ 

ʧʨʦʝʢʪʫʚʘʥʥʷ [3]. 

4) ɽʢʩʧʝʨʪ ʤʦʞʝ ʧʨʦʧʫʩʢʘʪʠ ʩʝʘʥʩʠ ʦʮʽʥʶʚʘʥʥʷ, ʥʝ 

ʚʽʜʧʦʚʽʜʘʪʠ ʥʘ ʧʝʚʥʽ ʧʠʪʘʥʥʷ ʯʝʨʝʟ ʙʨʘʢ ʯʘʩʫ, ʩʠʣʴʥʫ ʟʘʡʥʷʪʽʩʪʴ, 

ʚʪʦʤʫ, ʥʝʙʘʞʘʥʥʷ, ʪʦʱʦ. ʊʦʤʫ ʩʣʽʜ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ 

ʦʙʨʦʙʢʠ ʥʝʧʦʚʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ [4]. 

5) ʇʦʪʨʝʙʠ ʚ ʫʟʘʛʘʣʴʥʝʥʠʭ ʪʘ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʠʭ ʟʥʘʥʥʷʭ 

ʧʦʝʪʘʧʥʦ ʜʝʪʘʣʽʟʫʶʪʴʩʷ (ʧʨʦʮʝʩ ʜʝʢʦʤʧʦʟʠʮʽʾ) ʥʘ ʙʽʣʴʰ ʥʠʟʴʢʠʭ 

ʨʽʚʥʷʭ ʽʻʨʘʨʭʽʾ ʬʦʨʤʫʚʘʥʥʷ ʟʥʘʥʴ ʽ, ʥʘʚʧʘʢʠ, ʜʝʪʘʣʽʟʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʷ 

ʥʘ ʰʣʷʭʫ çʟʥʠʟʫ ʚʚʝʨʭè ʘʛʨʝʛʫʻʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʧʦʪʨʝʙ ʾʾ ʩʧʦʞʠʚʘʯʽʚ [5]. 
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ʌʦʨʤʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ ʉʆʋ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʝʢʩʧʝʨʪʥʠʭ ʟʥʘʥʴ 

ɼʽʷʣʴʥʽʩʪʴ ʬʘʭʽʚʮʽʚ ʉʆʋ, ʷʢʽ ʥʘ ʨʽʟʥʠʭ ʾʾ ʨʽʚʥʷʭ ʟʘʣʫʯʝʥʽ ʜʦ ʧʨʦʮʝʩʽʚ 

ʬʦʨʤʫʚʘʥʥʷ, ʦʙʨʦʙʢʠ (ʘʛʨʝʛʫʚʘʥʥʷ) ʪʘ ʘʥʘʣʽʟʫ ʽʥʬʦʨʤʘʮʽʾ (ʜʘʥʠʭ), 

ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʘʥʘʣʽʪʠʯʥʦʶ ʜʽʷʣʴʥʽʩʪʶ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ 

ʜʘʥʦʾ ʨʦʙʦʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʜʽʣʠʪʠ ʪʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʠʜʠ ʘʥʘʣʽʪʠʯʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʨʽʟʥʠʭ ʽʻʨʘʨʭʽʯʥʠʭ ʨʽʚʥʽʚ ʉʆʋ. 

ʋ [1] ʧʨʝʜʩʪʘʚʣʝʥʦ ʫʟʘʛʘʣʴʥʝʥʫ ʩʭʝʤʫ ʬʦʨʤʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ ʜʝʷʢʦʾ ʉʆʋ, ʷʢʘ, ʧʽʩʣʷ ʟʤʽʱʝʥʥʷ ʘʢʮʝʥʪʫ ʚ 

ʩʪʦʨʦʥʫ ʚʠʟʥʘʯʝʥʥʷ ʚ ʥʽʡ ʤʽʩʮʷ ʘʥʘʣʽʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʧʝʨʩʦʥʘʣʫ, 

ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ, ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 1. ɸʥʘʣʽʟ ʨʠʩ. 1 ʧʦʢʘʟʫʻ, ʱʦ ʚ 

ʨʘʤʢʘʭ ʉʆʋ ʤʦʞʝ ʙʫʪʠ ʚʠʜʽʣʝʥʦ ʧʨʠʥʘʡʤʥʽ ʧ'ʷʪʴ ʨʽʟʥʦʚʠʜʽʚ 

ʘʥʘʣʽʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʛʨʫʧ ʬʘʭʽʚʮʽʚ. 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ ʉʆʋ 
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çɼʞʝʨʝʣʴʥʠʡè ʘʥʘʣʽʪʠʢ ï ʮʝ ʘʥʘʣʽʪʠʢ, ʱʦ ʟʜʽʡʩʥʶʻ ʩʚʦʶ 

ʘʥʘʣʽʪʠʯʥʫ ʜʽʷʣʴʥʽʩʪʴ ʫ ʤʝʞʘʭ ʦʜʥʦʛʦ ʝʣʝʤʝʥʪʘ ʉʆʋ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʜʘʥʠʭ ʙʝʟʧʦʩʝʨʝʜʥʽʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʘʥ ʚʽʜʧʦʚʽʜʥʦʛʦ ʝʣʝʤʝʥʪʘ ʩʠʩʪʝʤʠ, ʪʘ/ʘʙʦ ʜʘʥʠʭ 

ʤʦʥʽʪʦʨʠʥʛʫ ʬʘʢʪʦʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʠʡ 

ʘʥʘʣʽʪʠʢ ʬʦʨʤʫʻ ʩʫʜʞʝʥʥʷ ʱʦʜʦ ʩʪʘʥʫ ʝʣʝʤʝʥʪʘ ʩʠʩʪʝʤʠʯʠ ʩʪʘʥʫ 

ʦʢʨʝʤʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʷʚʠʱ, ʷʢʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʫ ʟʦʚʥʽʰʥʴʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉʆʋ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʚʣʘʩʥʽ ʫʷʚʣʝʥʥʷ ʪʘ 

ʜʦʩʚʽʜ. ʗʢ ʧʨʘʚʠʣʦ, ʪʘʢʽ ʩʫʜʞʝʥʥʷ ʬʦʨʤʫʶʪʴʩʷ ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ 

ʦʜʥʦʛʦ ʟ ʤʦʞʣʠʚʠʭ ʩʪʘʥʽʚ ʝʣʝʤʝʥʪʫ (ʘʙʦ ʩʢʣʘʜʦʚʦʾ ʟʦʚʥʽʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ) ʽʟ ʤʥʦʞʠʥʠ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʠʭ ʩʪʘʥʽʚ. ʉʫʜʞʝʥʥʷ 

çʜʞʝʨʝʣʴʥʠʭè ʘʥʘʣʽʪʠʢʽʚ ʧʝʨʝʚʘʞʥʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʦʙôʻʢʪʠʚʥʠʭ ʜʘʥʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ (ʤʦʥʽʪʦʨʠʥʛʫ), ʦʜʥʘʢ ʚʠʭʽʜʥʽ ʜʘʥʽ ʤʽʩʪʷʪʴ ʩʫʙôʻʢʪʠʚʥʽ 

ʚʠʢʨʠʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ ʨʝʟʫʣʴʪʘʪʽ ʢʦʛʥʽʪʠʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ɼʦ ʜʨʫʛʦʾ ʛʨʫʧʠ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʘʥʘʣʽʪʠʢʽʚ ʟ ʘʛʨʝʛʫʚʘʥʥʷ, ʷʢʽ 

ʟʜʽʡʩʥʶʶʪʴ ʘʥʘʣʽʪʠʯʥʫ ʜʽʷʣʴʥʽʩʪʴ ʰʣʷʭʦʤ ʫʟʘʛʘʣʴʥʝʥʥʷ (ʽʥʪʝʛʨʘʮʽʾ) 

ʜʘʥʠʭ (ʽʥʬʦʨʤʘʮʽʾ) ʚʽʜ çʜʞʝʨʝʣʴʥʠʭè ʘʥʘʣʽʪʠʢʽʚ. ɺʦʥʠ ʬʦʨʤʫʶʪʴ 

ʩʫʜʞʝʥʥʷ ʱʦʜʦ ʩʪʘʥʫ ʨʽʟʥʠʭ ʧʽʜʩʠʩʪʝʤ ʘʙʦ ʛʨʫʧ ʝʣʝʤʝʥʪʽʚ ʉʆʋ ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʟʜʝʙʽʣʴʰʦʛʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʩʫʙôʻʢʪʠʚʥʠʭ ʜʘʥʠʭ. ʆʩʢʽʣʴʢʠ 

ʫ ʨʘʤʢʘʭ ʨʽʟʥʠʭ ʉʆʋ ʤʦʞʫʪʴ ʚʠʜʽʣʷʪʠʩʷ ʨʽʟʥʽ ʧʽʜʩʠʩʪʝʤʠ ʪʘ 

ʤʦʞʣʠʚʘ ʥʘʷʚʥʽʩʪʴ ʽʻʨʘʨʭʽʯʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʥʠʤʠ, ʦʯʝʚʠʜʥʦ, ʱʦ 

ʜʽʷʣʴʥʽʩʪʴ ʪʘʢʠʭ ʘʥʘʣʽʪʠʢʽʚ ʬʦʨʤʫʻ ʽʻʨʘʨʭʽʯʥʫ ʧʨʦʮʝʜʫʨʫ 

ʘʛʨʝʛʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʽʟ ʦʪʨʠʤʘʥʥʷʤ ʩʫʜʞʝʥʴ ʱʦʜʦ ʩʪʘʥʫ 

ʧʽʜʩʠʩʪʝʤ (ʩʪʘʥʫ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ) ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ 

ʫʟʘʛʘʣʴʥʝʥʥʷ. ʋ ʨʝʟʫʣʴʪʘʪʽ, ʩʫʙôʻʢʪʠʚʥʽ ʚʠʢʨʠʚʣʝʥʥʷ, ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʫ 

ʚʠʭʽʜʥʠʭ ʩʫʜʞʝʥʥʷʭ (ʨʝʟʫʣʴʪʘʪʘʭ ʘʥʘʣʽʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ), ʤʦʞʫʪʴ 

ʟʨʦʩʪʘʪʠ ʟʘ ʨʘʭʫʥʦʢ ʥʘʢʣʘʜʘʥʥʷ ʚʣʘʩʥʠʭ ʢʦʛʥʽʪʠʚʥʠʭ ʚʠʢʨʠʚʣʝʥʴ ʥʘ 

ʢʦʛʥʽʪʠʚʥʽ ʩʧʦʪʚʦʨʝʥʥʷ çʜʞʝʨʝʣʴʥʠʭè ʘʥʘʣʽʪʠʢʽʚ. ʗʢ ʧʽʜʩʫʤʦʢ, 

ʽʥʬʦʨʤʘʮʽʡʥʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʱʦʜʦ ʜʽʡʩʥʦʛʦ ʩʪʘʥʫ ʷʚʠʱ, ʱʦ 

ʘʥʘʣʽʟʫʶʪʴʩʷ, ʤʦʞʝ ʟʨʦʩʪʠ. 

ɿʥʠʞʝʥʥʷ ʢʦʛʥʽʪʠʚʥʠʭ ʚʠʢʨʠʚʣʝʥʴ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʭʘʨʘʢʪʝʨʥʽ 

ʜʣʷ ʜʚʦʭ ʚʠʟʥʘʯʝʥʠʭ ʛʨʫʧ ʬʘʭʽʚʮʽʚ, ʤʦʞʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʷʞʥʦʶ ʬʦʨʤʘʣʽʟʘʮʽʻʶ ʧʨʦʮʝʩʫ ʾʾ ʦʪʨʠʤʘʥʥʷ ʪʘ 

ʘʛʨʝʛʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʩʧʽʣʴʥʦʶ ʦʙʨʦʙʢʦʶ ʜʫʙʣʶʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ 

ʜʝʢʽʣʴʢʦʭ ʘʥʘʣʽʪʠʢʽʚ. ɼʣʷ ʪʘʢʦʾ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʝ ʝʬʝʢʪʠʚʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ, ʨʦʟʨʦʙʣʝʥʠʡ ʚ ʨʘʤʢʘʭ ʪʝʦʨʽʾ 

ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ ʪʘ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ, ʷʢʠʡ ʩʧʝʮʽʘʣʴʥʦ ʩʪʚʦʨʶʚʘʚʩʷ 

ʜʣʷ ʨʦʙʦʪʠ ʽʟ ʩʫʜʞʝʥʥʷʤʠ ʝʢʩʧʝʨʪʽʚ. ɼʨʫʛʠʤ ʰʣʷʭʦʤ ʻ ʟʤʝʥʰʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʜʥʦʛʦ ʘʥʘʣʽʪʠʢʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʠʭ ʦʙʤʝʞʝʥʴ ʣʶʜʠʥʠ ʯʝʨʝʟ ʨʘʮʽʦʥʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʚʜʘʥʴ ʤʽʞ ʘʥʘʣʽʪʠʢʘʤʠ.  
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ɯʥʞʝʥʝʨʠ ʟʥʘʥʴ ʪʘ ʦʨʛʘʥʽʟʘʪʦʨʠ ʝʢʩʧʝʨʪʠʟʠ ʧʝʨʝʜ 

ʧʦʙʫʜʦʚʦʶ ɹɿ ʤʘʶʪʴ ʧʦʧʝʨʝʜʥʴʦ ʟʥʘʡʦʤʠʪʴʩʷ ʟ ʚʽʜʧʦʚʽʜʥʦʶ 

ʧʨʝʜʤʝʪʥʦʶ ʦʙʣʘʩʪʶ. ɼʣʷ ʮʴʦʛʦ ʧʝʨʝʚʘʞʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʦʩʪʫʧʥʽ ʚʽʜʢʨʠʪʽ ʜʞʝʨʝʣʘ (ɯʥʪʝʨʥʝʪ, ʩʪʘʪʪʽ, ʣʝʢʮʽʾ), ʘ ʪʘʢʦʞ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʟʘʩʦʙʠ, ʥʘʧʨʠʢʣʘʜ, ʩʠʩʪʝʤʠ ʢʦʥʪʝʥʪ-ʤʦʥʽʪʦʨʠʥʛʫ. ʇʨʠ 

ʮʴʦʤʫ ʤʦʞʝ ʩʧʨʘʮʶʚʘʪʠ ʢʦʛʥʽʪʠʚʥʝ ʫʧʝʨʝʜʞʝʥʥʷ çʝʬʝʢʪ ʽʣʶʟʽʾ 

ʧʨʘʚʜʠè [2]. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʉʆʋ ʥʝʜʦʮʽʣʴʥʦ ʬʦʨʤʫʚʘʪʠ ʝʢʩʧʝʨʪʥʽ 

ʦʮʽʥʢʠ, ʙʘʟʫʶʯʠʩʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʜʘʥʠʭ ʧʦʧʫʣʷʨʥʠʭ ʜʞʝʨʝʣ. 

ɹʽʣʴʰ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʻ 

ʟʘʣʫʯʝʥʥʷ ʬʦʨʤʘʣʽʟʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʥʝʧʦʚʥʦʾ ʝʢʩʧʝʨʪʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. ʂʨʽʤ ʪʦʛʦ, ʦʨʛʘʥʽʟʘʪʦʨ ʝʢʩʧʝʨʪʠʟʠ ʧʨʦʚʦʜʠʪʴ ʧʽʜʙʽʨ 

ʛʨʫʧʠ ʝʢʩʧʝʨʪʽʚ, ʱʦ ʤʘʶʪʴ ʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʫ 

ʧʨʝʜʤʝʪʥʽʡ ʦʙʣʘʩʪʽ, ʘ ʚ ʧʦʜʘʣʴʰʽʡ ʨʦʙʦʪʽ ʟ ʧʦʙʫʜʦʚʠ ɹɿ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʨʽʚʝʥʴ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʝʢʩʧʝʨʪʘ ʫ ʢʦʞʥʦʤʫ ʟ ʧʠʪʘʥʴ 

ʝʢʩʧʝʨʪʠʟʠ. ʇʨʠ ʮʴʦʤʫ ʤʦʞʝ ʩʧʨʘʮʶʚʘʪʠ ʢʦʛʥʽʪʠʚʥʝ ʫʧʝʨʝʜʞʝʥʥʷ - 

ʝʬʝʢʪ ɼʘʥʥʽʥʛʘ-ʂʨʶʛʝʨʘ [2]. 

ɽʢʩʧʝʨʪʠ ʟʜʽʡʩʥʶʶʪʴ ʜʝʢʦʤʧʦʟʠʮʽʶ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ, 

ʨʦʟʜʽʣʷʶʪʴ ʮʽʣʽ ʥʘ ʧʽʜʮʽʣʽ, ʚʠʟʥʘʯʘʶʪʴ ʢʨʠʪʝʨʽʾ ʪʘ ʬʘʢʪʦʨʠ, ʷʢʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪ ʝʢʩʧʝʨʪʠʟʠ. ʎʴʦʤʫ ʧʨʦʮʝʩʫ 

ʭʘʨʘʢʪʝʨʥʽ ʥʘʩʪʫʧʥʽ ʢʦʛʥʽʪʠʚʥʽ ʚʠʢʨʠʚʣʝʥʥʷ: ʝʬʝʢʪ ʈʽʥʛʝʣʴʤʘʥʘ, 

ʝʬʝʢʪ çʬʦʢʫʩʫʚʘʥʥʷè, çʧʦʤʠʣʢʘ ʪʦʛʦ, ʭʪʦ ʚʠʞʠʚè, ʝʬʝʢʪ 

çʚʝʣʦʩʠʧʝʜʥʦʛʦ ʩʘʨʘʶè [2]. ɼʣʷ ʾʭ ʫʥʠʢʥʝʥʥʷ ʧʨʠ ʨʦʙʦʪʽ ʝʢʩʧʝʨʪʥʦʾ 

ʛʨʫʧʠ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʟʙʦʨʫ ʪʘ 

ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɽʢʩʧʝʨʪʥʝ ʦʮʽʥʶʚʘʥʥʷ ʤʘʻ ʟʘ ʤʝʪʫ 

ʜʦʩʪʦʚʽʨʥʦ ʚʠʟʥʘʯʠʪʠ ʩʪʫʧʝʥʽ ʧʝʨʝʚʘʛʠ ʤʽʞ 

ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ/ʢʨʠʪʝʨʽʷʤʠ. ʄʦʞʣʠʚʝ ʧʨʦʚʝʜʝʥʥʷ  ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ ʚ ʙʘʣʘʭ ʪʘ ʧʘʨʥʽ ʧʦʨʽʚʥʷʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʫʥʠʢʘʪʠ 

ʥʘʩʪʫʧʥʠʭ ʢʦʛʥʽʪʠʚʥʠʭ ʫʧʝʨʝʜʞʝʥʴ: ʧʦʤʠʣʢʘ ʨʦʟʨʽʟʥʝʥʥʷ, ʝʬʝʢʪ 

ʧʨʠʚ'ʷʟʢʠ, ʝʬʝʢʪ ʢʦʥʪʨʘʩʪʫ [2]. ʊʘʢʦʞ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ɼʞʦʨʜʞʘ ʄʽʣʣʝʨʘ, ʧʨʠʩʚʷʯʝʥʽ ʦʙʤʝʞʝʥʦʩʪʽ ʢʦʨʦʪʢʦʯʘʩʥʦʾ ʧʘʤ'ʷʪʽ 

ʣʶʜʠʥʠ. 

ɺʠʩʥʦʚʢʠ 

ʋ ʨʦʙʦʪʽ ʟʜʽʡʩʥʝʥʦ ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʮʝʩʫ ʦʪʨʠʤʘʥʥʷ ʪʘ 

ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʪʥʠʭ ʟʥʘʥʴ ʚ ʩʠʩʪʝʤʘʭ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. 

ɺʠʜʽʣʝʥʦ ʧôʷʪʴ ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʉʆʋ ʚʠʜʽʚ ʘʥʘʣʽʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, 

ʨʦʟʛʣʷʥʫʪʦ ʾʭ ʚʽʜʤʽʥʥʦʩʪʽ ʪʘ ʟʘʟʥʘʯʝʥʦ ʜʞʝʨʝʣʘ ʚʠʥʠʢʥʝʥʥʷ 

ʢʦʛʥʽʪʠʚʥʠʭ ʚʠʢʨʠʚʣʝʥʴ ʜʘʥʠʭ ʪʘ ʟʥʘʥʴ, ʧʨʠʪʘʤʘʥʥʽ ʢʦʞʥʦʤʫ ʚʠʜʫ 

ʜʽʷʣʴʥʦʩʪʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʜʝʢʽʣʴʢʘ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ ʟʥʠʞʝʥʥʷ 

ʢʦʛʥʽʪʠʚʥʠʭ ʚʠʢʨʠʚʣʝʥʴ ʪʘ ʟʤʝʥʰʝʥʥʷ ʾʭ ʚʧʣʠʚʫ ʥʘ ʷʢʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ ʉʆʋ. 
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ʂɯʃʔʂɯʉʅɽ ʆʎɯʅʖɺɸʅʅʗ ʈɯɺʅʗ 

ʂʈʀʊʀʏʅʆʉʊɯ ɽʃɽʄɽʅʊɯɺ ɼʃʗ ʉʊɯʁʂʆɻʆ 

ʌʋʅʂʎɯʆʅʋɺɸʅʅʗ ʆʈɻɸʅɯɿɸʎɯʁʅʆɰ 

ʉʀʉʊɽʄʀ 
 

ɻʥʘʪʽʻʥʢʦ ɻʨʠʛʦʨʽʡ ʄʠʢʦʣʘʡʦʚʠʯ
1
, ɹʘʙʝʥʢʦ ʊʝʪʷʥʘ ɺʘʩʠʣʽʚʥʘ

1
 

1 
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ, ʚʫʣ. 

ɺʦʣʦʜʠʤʠʨʩʴʢʘ, 64/13, 01601 ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɺʩʪʫʧ 

ʂʨʠʪʠʯʥʦʶ ʯʘʩʪʠʥʦʶ ʙʫʜʴ-ʷʢʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʘʙʦ ʢʨʠʪʠʯʥʠʤ 
ʝʣʝʤʝʥʪʦʤ (ʚʫʟʣʦʤ, ʣʘʥʢʦʶ, ʧʽʜʩʠʩʪʝʤʦʶ) (ʂɽ) ʙʫʜʴ-ʷʢʦʾ ʩʠʩʪʝʤʠ ʻ 
ʪʘʢʽ ʝʣʝʤʝʥʪʠ, ʚʽʜ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʩʪʘʥ ʪʘ 
ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʩʠʩʪʝʤʠ. ʆʩʢʽʣʴʢʠ ʩʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʝʣʝʤʝʥʪʽʚ ʤʦʞʝ 
ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʘʛʘʪʦʟʚôʷʟʥʠʤ ʛʨʘʬʦʤ, ʪʦ ʢʨʠʪʠʯʥʠʤʠ ʚʫʟʣʘʤʠ 
ʪʘʢʦʛʦ ʛʨʘʬʘ ʻ ʪʽ ʚʫʟʣʠ ʛʨʘʬʘ, ʚʠʭʽʜ ʷʢʠʭ ʟ ʣʘʜʫ ʧʨʠʟʚʝʜʝ ʜʦ 
ʟʥʠʞʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ (ʌʉ) ʘʙʦ ʜʦ ʚʪʨʘʪʠ ʟʚôʷʟʥʦʩʪʽ 
ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʫʟʣʽʚ ʛʨʘʬʘ.  
ʂʨʠʪʠʯʥʽ ʝʣʝʤʝʥʪʠ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʥʘ ʫʩʽʭ ʝʪʘʧʘʭ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʌʉ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ (ʆʉ) ʪʘ ʫ ʚʩʽʭ ʘʩʧʝʢʪʘʭ 
ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʌʉ ʆʉ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ 
ʚʧʣʠʚʫ ʂɽ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʩʣʽʜ ʚʚʝʩʪʠ ʧʦʥʷʪʪʷ ʨʽʚʥʷ 
ʢʨʠʪʠʯʥʦʩʪʽ (ʈʂ). ʈʂ ï ʮʝ ʯʠʩʣʦʚʠʡ ʧʦʢʘʟʥʠʢ, ʷʢʠʡ ʚʽʜʦʙʨʘʞʫʻ 
ʽʥʪʝʛʨʘʣʴʥʠʡ ʚʧʣʠʚ ʂɽ ʥʘ ʷʢʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ. 

ɸʩʧʝʢʪʠ ʩʠʩʪʝʤʠ 

ɼʣʷ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʨʽʚʥʷ (ʢʣʘʩʫ, 
ʧʦʢʘʟʥʠʢʽʚ) ʢʨʠʪʠʯʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʩʣʽʜ ʟʜʽʡʩʥʠʪʠ ʤʦʥʽʪʦʨʠʥʛ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʜʽʣʝʥʽ ʥʘ ʢʽʣʴʢʘ ʘʩʧʝʢʪʽʚ [1] (ʛʨʫʧ, 
ʥʘʧʨʷʤʢʽʚ, ʰʘʨʽʚ, ʙʣʦʢʽʚ). ɼʦʮʽʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ ʪʘʢʽ ʘʩʧʝʢʪʠ ʝʣʝʤʝʥʪʽʚ 
ʩʢʣʘʜʥʦʾ ʩʣʘʙʢʦʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʽ ʻ ʚʫʟʣʘʤʠ ʛʨʘʬʘ, ʱʦ 

ʤʦʜʝʣʶʻ ʢʦʥʢʨʝʪʥʫ ʩʠʩʪʝʤʫ ʫ ʜʝʷʢʽʡ ʧʨʝʜʤʝʪʥʽʡ ʦʙʣʘʩʪʽ: 
1
a- ʚʧʣʠʚ 

ʥʘ ʨʝʩʫʨʩʠ ʩʠʩʪʝʤʠ; 
2
a- ʧʦʪʦʢʠ, ʷʢʽ ʢʦʥʪʨʦʣʶʻ ʝʣʝʤʝʥʪ; 

3
a- ʚʧʣʠʚ 

ʥʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʩʠʩʪʝʤʽ; 
4
a- ʩʫʢʫʧʥʽʩʪʴ ʫʧʨʘʚʣʽʥʩʴʢʠʭ 

ʚʧʣʠʚʽʚ ʥʘ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ; 
5
a- ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʘʛʫʚʘʥʥʷ ʥʘ 

ʤʥʦʞʠʥʫ ʟʘʧʠʪʽʚ, ʷʢʽ ʦʙʨʦʙʣʷʶʪʴʩʷ ʩʠʩʪʝʤʦʶ; 
6
a- ʫʧʨʘʚʣʽʥʥʷ 

ʜʦʩʪʫʧʘʤʠ ʜʦ ʚʘʞʣʠʚʠʭ ʘʩʧʝʢʪʽʚ ʜʽʷʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ; 
7
a- ʤʥʦʞʠʥʘ 

ʨʝʙʝʨ ʛʨʘʬʘ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʬʦʨʤʫʚʘʥʥʷ ʚʝʨʰʠʥ; 
8
a- ʩʫʢʫʧʥʽʩʪʴ 
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ʨʝʙʝʨ ʛʨʘʬʘ, ʷʢʽ ʤʦʜʝʣʶʶʪʴ ʧʨʦʮʝʜʫʨʠ ʧʦʛʦʜʞʝʥʥʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 
ʫ ʆʉ. 

ʐʢʘʣʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʆʩʦʙʣʠʚʽʩʪʶ ʤʦʜʝʣʶʚʘʥʥʷ ʢʨʠʪʠʯʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ 
ʻ ʪʝ, ʱʦ ʜʘʥʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʧʦʨʽʚʥʷʥʥʷ 
ʢʨʠʪʠʯʥʦʩʪʽ, ʚʠʤʽʨʶʶʪʴʩʷ ʘʙʦ ʦʮʽʥʶʶʪʴʩʷ ʫ ʨʽʟʥʠʭ ʰʢʘʣʘʭ. ɿʦʢʨʝʤʘ 
ʯʝʨʝʟ ʮʝ, ʘʛʨʝʛʫʚʘʥʥʷ ʜʘʥʠʭ, ʦʙô̒ ʜʥʘʥʠʭ ʫ ʘʩʧʝʢʪʠ ʱʦʜʦ ʢʦʞʥʦʛʦ 
ʝʣʝʤʝʥʪʘ ʩʠʩʪʝʤʠ, ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʝ ʫ ʨʽʟʥʠʭ ʬʦʨʤʘʭ: ʚʠʟʥʘʯʝʥʦ 
ʜʝʷʢʽ ʜʠʩʢʨʝʪʥʽ ʨʽʚʥʽ ʢʨʠʪʠʯʥʦʩʪʽ; ʦʙʯʠʩʣʝʥʦ ʬʫʥʢʮʽʶ ʥʘʣʝʞʥʦʩʪʽ 
ʢʨʠʪʠʯʥʦʩʪʽ ʝʣʝʤʝʥʪʘ ʥʝʯʽʪʢʽʡ ʤʥʦʞʠʥʽ; ʚʠʟʥʘʯʝʥʦ ʽʥʪʝʨʚʘʣʠ 
ʟʥʘʯʝʥʴ ʢʨʠʪʠʯʥʦʩʪʽ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ; ʦʙʯʠʩʣʝʥʦ ʬʽʢʩʦʚʘʥʽ 
ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʫ ʤʝʪʨʠʟʦʚʘʥʠʭ ʰʢʘʣʘʭ. 

ʈʝʩʫʨʩʠ ʩʠʩʪʝʤʠ 

ʈʦʟʛʣʷʥʝʤʦ ʜʦʢʣʘʜʥʽʰʝ ʧʦʢʘʟʥʠʢʠ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʘʨʘʤʝʪʨʠ), ʷʢʽ 
ʤʦʞʫʪʴ ʙʫʪʠ ʚʢʣʶʯʝʥʽ ʜʦ ʜʝʷʢʠʭ ʘʩʧʝʢʪʽʚ. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʧʣʠʚʫ 
ʝʣʝʤʝʥʪʘ ʩʠʩʪʝʤʠ ʥʘ ʾʾ ʨʝʩʫʨʩʠ, ʩʣʽʜ ʟʜʽʡʩʥʠʪʠ ʧʦʛʣʠʙʣʝʥʠʡ ʘʥʘʣʽʟ 

ʨʝʩʫʨʩʽʚ ʩʠʩʪʝʤʠ: -11a  ʣʶʜʩʴʢʽ (ʪʨʫʜʦʚʽ) ʨʝʩʫʨʩʠ; -12a  ʬʽʥʘʥʩʦʚʽ 

ʨʝʩʫʨʩʠ; -13a ʤʘʪʝʨʽʘʣʴʥʽ ʨʝʩʫʨʩʠ; -14a  ʥʝʤʘʪʝʨʽʘʣʴʥʽ ʨʝʩʫʨʩʠ; 

-15a ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ. 

ʇʦʪʦʢʠ ʫ ʩʠʩʪʝʤʽ 

ʉʣʽʜ ʪʘʢʦʞ ʟʜʽʡʩʥʠʪʠ ʘʥʘʣʽʟ ʧʦʪʦʢʽʚ, ʷʢʽ ʢʦʥʪʨʦʣʶʻ ʝʣʝʤʝʥʪ, ʘʙʦ ʤʘʻ 

ʥʘ ʥʠʭ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ: -21a ʬʽʥʘʥʩʦʚʽ ʧʦʪʦʢʠ; -22a ʤʘʪʝʨʽʘʣʴʥʽ 

ʧʦʪʦʢʠ; -23a ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʦʪʦʢʠ; -24a ʩʝʨʚʽʩʥʽ ʧʦʪʦʢʠ.; 
25a - 

ʫʧʨʘʚʣʽʥʩʴʢʽ ʚʧʣʠʚʠ. 

ɺʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʢʨʠʪʠʯʥʦʩʪʽ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʈʂ ʝʣʝʤʝʥʪʽʚ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʽʥʪʝʛʨʦʚʘʥʽ ʧʦʪʦʢʠ, ʜʦ 
ʷʢʠʭ ʤʘʶʪʴ ʚʽʜʥʦʰʝʥʥʷ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ. ʂʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ, ʱʦ 
ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʦʪʦʢʠ, ʥʘ ʷʢʽ ʤʘʻ ʚʧʣʠʚ ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʩʠʩʪʝʤʠ, 

ʦʙʯʠʩʣʶʶʪʴʩʷ ʬʦʨʤʫʣʦʶ ( )2 21 25,...,i if a a , IiÍ . ɿʨʦʟʫʤʽʣʦ, ʱʦ 

ʟʥʘʯʝʥʥʷ ʮʽʻʾ ʬʫʥʢʮʽʾ ʜʣʷ ʜʝʷʢʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʞʝ ʙʫʪʠ ʥʫʣʴʦʚʠʤ: 

, :i i I$ Í  ( )2 21 25,...,i if a a =0. 

ɿʘʛʘʣʴʥʠʡ ʚʧʣʠʚ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʥʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʫ ʆʉ 

(ʘʩʧʝʢʪ 
3a), ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʫʢʫʧʥʦʩʪʽ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʚʧʣʠʚʽʚ (ʘʩʧʝʢʪ 4

a
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), ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʤʥʦʞʠʥʫ ʟʘʧʠʪʽʚ, ʷʢʽ ʦʙʨʦʙʣʷʶʪʴʩʷ 

ʩʠʩʪʝʤʦʶ, (ʘʩʧʝʢʪ 
5a) ʪʘ ʨʽʚʝʥʴ ʧʦʚʥʦʚʘʞʝʥʴ ʝʣʝʤʝʥʪʘ ʱʦʜʦ 

ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʘʤʠ ʜʦ ʚʘʞʣʠʚʠʭ ʘʩʧʝʢʪʽʚ ʜʽʷʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ (ʘʩʧʝʢʪ 

6a) ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ, ʥʘʧʨʠʢʣʘʜ, ʫ ʧʦʨʷʜʢʦʚʠʭ ʰʢʘʣʘʭ ʰʣʷʭʦʤ 

ʝʢʩʧʝʨʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʙʝʨ ʛʨʘʬʘ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʬʦʨʤʫʚʘʥʥʷ ʚʫʟʣʽʚ, (ʘʩʧʝʢʪ 
7
a) ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʛʦʜʞʝʥʥʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʩʠʩʪʝʤʽ, (ʘʩʧʝʢʪ 
8a) ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʽ ʫ ʢʽʣʴʢʽʩʥʠʭ ʰʢʘʣʘʭ. 

ɯʥʪʝʛʨʘʣʴʥʝ (ʘʛʨʝʛʦʚʘʥʝ, ʫʟʘʛʘʣʴʥʝʥʝ) ʟʥʘʯʝʥʥʷ ʈʂ ʢʦʞʥʦʛʦ i-ʛʦ 
ʝʣʝʤʝʥʪʘ ʩʠʩʪʝʤʠ ,i IÍ  ʻ ʩʫʧʝʨʧʦʟʠʮʽʻʶ ʬʫʥʢʮʽʡ, ʘʨʛʫʤʝʥʪʘʤʠ ʷʢʠʭ 

ʻ ʟʘʟʥʘʯʝʥʽ ʘʩʧʝʢʪʠ: 

( )( ),i i

j jlF F f a=   

ʜʝ ,i IÍ  1,...,8,j =  1,..., ,jl s=                (1) 

js -ʢʽʣʴʢʽʩʪʴ ʢʨʠʪʝʨʽʾʚ ʢʦʞʥʦʛʦ ʘʩʧʝʢʪʘ , 1,...,8.j ja =   

ɺʠʩʥʦʚʢʠ 

ɿ ʦʛʣʷʜʫ ʥʘ ʦʧʠʩʘʥʫ ʤʦʜʝʣʴ ʚʠʜʫ (1), ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʚʧʣʠʚ ʂɽ ʥʘ ʌʉ ʆʉ ʤʘʻ ʙʫʪʠ ʱʦʥʘʡʤʝʥʰʝ ʥʘ ʦʜʠʥ ʯʠ ʥʘ ʢʽʣʴʢʘ 

ʧʦʨʷʜʢʽʚ ʙʽʣʴʰʠʤ ʚʽʜ ʚʧʣʠʚʫ ʣʽʥʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʎʝʡ ʬʘʢʪ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʤʠ. 
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All known algorithms of cryptographic systems, which have the property 

of interference resistance, are based on codes that detect and correct 

errors.  The  study of stochastic codes for their use in algorithms of 

cryptographic systems are proposed in this work.  For stochastic codes, 

there is a "copy" decoding algorithm, when for two or more values of a 

code block of a stochastic code, including (n, n - 1) - a code with the 

detection of errors that are the same during their transmission, it is 

possible to carry out joint decoding of the extended code  with bug fixes.  

At the same time, the number of errors corrected in a block of extended 

code significantly exceeds the number of errors corrected in total in each 

block.  To simplify the comparative analysis, a recalculation was made 

from the given value Pq to the value of the probability of twisting the 

binary symbol P0 for different degrees of error grouping, which is 

estimated according to the Portov model with the coefficient  a. 

Keywords: stochastic code, cryptographic protection, probabilities of 

distortion in the channel, error-correcting codes, error bursts, decoding 

mode 

Introduction  

The introduction of modern information technologies into the everyday 

life of society has caused problems in ensuring information security.  One 

of the solutions to this problem is the widespread use of cryptography.  At 

https://www.scopus.com/redirect.uri?url=https://orcid.org/0000-0003-3990-5205&authorId=57211289386&origin=AuthorProfile&orcId=0000-0003-3990-5205&category=orcidLink%252522
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the moment, strict technological requirements are imposed on 

cryptographic algorithms not only in terms of stability, but also in terms 

of speed and ease of implementation [1]. 

 Increased speed requirements are associated with the need to maintain 

high performance of automated systems after some protection 

mechanisms are built into them.  The simplicity of hardware 

implementation is necessary to reduce the cost of encryption tools, which 

will  contribute to their mass application and wider possibilities of 

embedding in portable equipment.  Due to the specificity of information 

presentation in digital devices, block ciphers are of greatest interest. 

 All  known algorithms of cryptographic systems, which have the 

property of interference resistance, are based on codes that detect and 

correct errors [2]. 

 Thus, interference-resistant crypto-algorithms have high requirements 

for hardware implementation, operation speed, memory, crypto-security 

and jam-resistance, which directly depend on the properties of the applied 

code algorithms that use artificial redundancy. 

Statement of research problem 

The construction and properties of error-correcting stochastic 

codes 
  

In the 1980s, work was started on the creation of a new design of codes 

that fit into the structure of existing data transmission networks, with the 

aim of increasing the technical and economic effect when transmitting 

information through communication channels of different quality.  As a 

result of the work, designs and algorithms for coding (decoding) of q-th 

stochastic codes with error correction based on forming binary codes for 

communication channels of different quality were created [3]. 

The basis of the code is q = 2
32

, it means that the binary length of the 

q-symbol is 32 bits, the number of such symbols in the block is n and n  ̔

k [3]. 

The probability of error [3] decoding stochastic q-codes does not 

depend on the type and nature of twists and is mainly related to the value 

of q as in the error detection mode (n, n - 1) - ode (with one redundant 

symbol), and in error correction mode.  With the selected base q, the 

probability of an error after decoding does not exceed any type of twists  

 

ʈerrors  < q
-1 

= 2 
-32  

< 10
-9
   (1) 
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The number of corrected errors t is related to the code distance d of 

the original binary code by the ratio  

t = d - 2 and approximately corresponds to the number of corrected errors 

of the Reed-Solomon code with the same parameters n  ̔k. 

Decoding (and encoding) uses only binary operations with q- th 

symbols [4].  

 Furthermore, for the code (16,15) at q = 2
32  

he number of binary 

encoding (decoding) operations is 16 per block of length  16*32 = 512 

bits [5]. 

The value of the probability of successful decoding of the code block 

ʈr(1) rom the first transmission and the effective speed, calculated by the 

formula: 

 

  

 

(3) 

 

Nr  ̔Nt  ï are the number of received and transmitted blocks, respectively. 

For stochastic codes, there is a "copy" decoding algorithm, when for 

two or more values of a code block of a stochastic code, including (n, n - 

1) - a code with the detection of errors that are the same during their 

transmission, it is possible to carry out joint decoding of the extended 

code  with error correction. At the same time, the number of errors 

corrected in the block of extended code significantly exceeds the number 

of errors corrected in total in each block, for example, if  the source code 

corrects t = 2 errors , then with  2-ʭ repetitions of the source block in the 

extended block  at least 6 twisted q-ic symbols are corrected, with three 

repetitions - at least 10 symbols, etc.  At the same time, the guarantee of 

the reliability of the decoded information is preserved. 

The copy decoding mode is most promising in simplex radio channels, 

especially with low quality of the communication channel, including with 

intense radio interference, as well as in duplex channels with joint 

decoding of not previously decoded and repeated blocks. 

Temporal ("pace") characteristics depend both on the effective speed 

of the Ref, and, at the same speed, on the probability of the block being 

delivered from the first (second, etc.) transmission [3]. 
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Fig.1. Channel quality for different degrees of error grouping with 

coefficient Ŭ 
 

Comparative characteristics of stochastic codes with error 

correction, and obtained results of hardware and software tests 
 

During the tests, the values of the probability of twisting in the channel of 

the q-th symbol Pq [were set twisted randomly on average every second 

(1/2), every fourth (1/4), etc.  q-th symbol].  To simplify the comparative 

analysis, the calculation from the given value  Pq o the value of the 

probability of twisting the binary symbol P0 for different degrees of 

grouping of errors is estimated according to the Purtov model with the 

coefficient a (0 ï independent errors, 0.3 ï weak grouping in the leading 

channel, 0.5 ï  strong grouping in the radio channel. 

Conclusions 

The obtained results reveal the possibility of using codes with natural 

redundancy in information systems of various purposes, in which there 

are strict requirements for the security of the processed information in 

conditions of noise of communication channels, as well as for the 

hardware in terms of minimizing its size, cost and energy consumption. 
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ɯʅʌʆʈʄɸʎɯʁʅɸ ɹɽɿʇɽʂɸ ʋ ʍʄɸʈʅʀʍ ʊɸ 

ɻɯɹʈɯɼʅʀʍ ʉɽʈɽɼʆɺʀʑɸʍ ɼʃʗ ʈɽɸʃɯɿɸʎɯɰ 

ʉɽʈɺɯʉʋ ɯʅʊɽʈʅɽʊ-ɻʆʃʆʉʋɺɸʅʔ 
 

ɺʦʣʦʜʠʤʠʨ ʌʣʴʦʥʮ 

ʌʽʟʠʢʦ-ʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʋʢʨʘʾʥʠ "ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ" 

ɺʩʪʫʧ 

ʉʪʚʦʨʝʥʥʷ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʘʥʪʠʢʦʨʫʧʮʽʡʥʦʛʦ ʙʶʨʦ ʋʢʨʘʾʥʠ, ʘ 

ʟʛʦʜʦʤ,ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ ʚʽʜ 15 ʪʨʘʚʥʷ 2015 ʨʦʢʫ ˉ 272/2015 

ʚʧʝʨʰʝ ʚʚʝʣʠ ʚ ʧʨʘʚʦʚʝ ʧʦʣʝ ʪʝʨʤʽʥ ʽʥʪʝʨʥʝʪ-ʛʦʣʦʩʫʚʘʥʥʷ ʷʢ 

ʦʬʽʮʽʡʥʠʡʩʧʦʩʽʙʧʨʦʚʝʜʝʥʥʷ ʢʦʥʢʫʨʩʫ ʟ ʬʦʨʤʫʚʘʥʥʷ ʦʨʛʘʥʽʚ 

ʮʠʚʽʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ. 

ʇʝʨʰʘ ʩʧʨʦʙʘ ʧʨʦʚʝʩʪʠ ʽʥʪʝʨʥʝʪ-ʛʦʣʦʩʫʚʘʥʥʷ 26 ʪʨʘʚʥʷ 2015 

ʨʦʢʫ ʟʘʚʝʨʰʠʣʘʩʴ ʧʝʨʝʜʯʘʩʥʦ, ʚʥʘʩʣʽʜʦʢ ʯʠʩʣʝʥʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʧʨʦ 

ʟʣʘʤ ʩʠʩʪʝʤʠ ʛʦʣʦʩʫʚʘʥʥʷ, ʱʦ ʚ ʧʽʜʩʫʤʢʫ ʧʨʠʟʚʝʣʦ ʜʦ ʚʽʜʤʽʥʠ ʡʦʛʦ 

ʨʝʟʫʣʴʪʘʪʽʚ. ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʨʦʙʣʝʤʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʽʥʪʝʨʥʝʪ-ʛʦʣʦʩʫʚʘʥʴ ʟʘʣʠʰʘʻʪʴʩʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʙʝʟʧʝʢʠ.ʈʝʘʣʽʟʘʮʽʷ ʩʝʨʚʽʩʽʚʽʥʪʝʨʥʝʪ-ʛʦʣʦʩʫʚʘʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʬʽʟʠʯʥʠʭ ʩʝʨʚʝʨʽʚ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʥʝ 

ʚʠʧʨʘʚʜʘʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʪʘʢʠʭ 

ʛʦʣʦʩʫʚʘʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʮʴʦʛʦ ʭʤʘʨʥʠʭ ʪʘ ʛʽʙʨʽʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱ ʤʦʞʝ ʟʥʘʯʥʦ ʩʧʨʦʩʪʠʪʠ ʨʝʘʣʽʟʘʮʽʶ ʩʝʨʚʽʩʽʚ ʛʦʣʦʩʫʚʘʥʴ, 

ʙʝʟ ʰʢʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʦʛ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ[1].  

ɸʢʪʫʘʣʴʥʽʩʪʴ 

ɯʥʪʝʨʥʝʪ-ʛʦʣʦʩʫʚʘʥʥʷ ʷʢ ʦʬʽʮʽʡʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʥʢʫʨʩʫ ʟ ʬʦʨʤʫʚʘʥʥʷ ʛʨʦʤʘʜʩʴʢʠʭ ʨʘʜ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧôʷʪʴ 

ʤʽʥʽʩʪʝʨʩʪʚ ʪʘ ʽʥʰʽ ʮʝʥʪʨʘʣʴʥʽʦʨʛʘʥʠ ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ. ʉʪʘʥʦʤ ʥʘ 

ʞʦʚʪʝʥʴ 2022 ʨʦʢʫ ʧʨʦʚʝʜʝʥʦ ʧʦʥʘʜ 20 ʦʬʽʮʽʡʥʠʭ ʽʥʪʝʨʥʝʪ-

ʛʦʣʦʩʫʚʘʥʴ.ʅʘʡʙʣʠʞʯʠʤ ʯʘʩʦʤ ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʛʦʣʦʩʫʚʘʥʴ ʣʠʰʝ 

ʟʨʦʩʪʘʪʠʤʝ. 

ɸʥʘʣʽʟ ʧʨʦʙʣʝʤʠ 

ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʪʠʧʦʚʽʩʪʴ ʟʘʜʘʯʽ, ʷʢʽ ʚʠʢʦʥʫʻ ʽʥʪʝʨʥʝʪ-

ʛʦʣʦʩʫʚʘʥʥʷ,ʜʦʩʽ ʥʝ ʽʩʥʫʻ ʩʧʽʣʴʥʠʭ ʚʠʤʦʛ ʜʦ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ 

ʽʥʪʝʨʥʝʪ-ʛʦʣʦʩʫʚʘʥʴ.ʄʽʥʽʩʪʝʨʩʪʚʘ ʪʘ ʽʥʰʽ ʮʝʥʪʨʘʣʴʥʽ ʦʨʛʘʥʠ 

ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʧʦʣʦʞʝʥʥʷ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ 




