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ɸ.ɹ. ʂɸʏʀʅʉʔʂʀʁ, ɯ.ɺ. ʉʊʔʆʇʆʏʂɯʅɸ 

 

ɯʅʌʆʈʄɸʎɯʁʅʀʁ ɯ ʂɯɹɽʈʅɽʊʀʏʅʀʁ ʇʈʆʉʊʆʈʀ  

ʗʂ ɼɾɽʈɽʃʆ ʉʋʏɸʉʅʀʍ ɿɸɻʈʆɿ  

 
ɸʥʦʪʘʮʽʷ. ɺʠʜʽʣʝʥʦ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥ̔  ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ 

ʟʘʛʨʦʟ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʽʩʪʦʨʽʶ ʚʞʠʚʘʥʥʷ ʪʝʨʤʽʥʽʚ ñʽʥʬʦʨʤʘʮʽʡʥʠʡ 

ʧʨʦʩʪʽʨò, ñʢʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨò ʥʘʫʢʦʚʠʤ ʩʫʩʧʽʣʴʩʪʚʦʤ ʥʘ ʦʩʥʦʚʽ 

ʦʥʣʘʡʥʦʚʠʭ ʙʘʟ ʧʫʙʣʽʢʘʮʽʡ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ, 

ʟʦʢʨʝʤʘ ʚʧʝʨʰʝ ʦʙʯʠʩʣʝʥʦ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ ʚʟʘʻʤʦʟʘʣʝʞʥʽʩʪʴ ʢʘʪʝʛʦʨʽʡ ʧʨʠ 

ʽʩʥʫʚʘʥʥʽ ʚʦʜʥʦʯʘʩ ʩʫʪʪʻʚʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ. ɼʣʷ ʮʴʦʛʦ ʟʜʽʡʩʥʝʥʦ 

ʧʽʜʨʘʭʫʥʦʢ ʢʽʣʴʢʦʩʪʽ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ ʟʘ ʜʞʝʨʝʣʘʤʠ JSTOR, 

ScienceDirect, GoogleScholar, ʚ ʷʢʠʭ ʚʞʠʚʘʁʪʴʩʷ ʘʙʦ ʮʠʪʫʶʪʴʩ̫ 

ʢʘʪʝʛʦʨʽʾ çʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨè, çʢʽʙʝʨʧʨʦʩʪʽʨè (ʟʘ ʧʝʨʽʦʜ 1950-

2018 ʨʨ.), ʧʦʙʫʜʦʚʘʥʦ ʚʽʜʧʦʚʽʜʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʽʣʶʩʪʨʫʶʪʴ 

ʜʠʥʘʤʽʢʫ ʟʤʽʥ. ɺʽʜʤʽʯʝʥʦ ʥʘʷʚʥʽʩʪʴ ʪʨʴʦʭ ʯʘʩʦʚʠʭ ʧʝʨʽʦʜʽʚ ʚ 

ʭʘʨʘʢʪʝʨ ̔ ʨʦʟʚʠʪʢʫ ʚʞʠʚʘʥʥʷ ʢʘʪʝʛʦʨʽʡ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʪʘ 

ʢʽʙʝʨʥʝʪʠʯʥʦʛʦ ʧʨʦʩʪʦʨʽʚ, ʷʢʽ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʽ ʽʟ ʫʩʚʽʜʦʤʣʝʥʥʷʤ 

ʩʫʩʧʽʣʴʩʪʚʦʤ ʚʽʜʧʦʚʽʜʥʠʭ ʢʣʘʩʽʚ ʟʘʛʨʦʟ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨ, ʢʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨ, ʚʝʙ-

ʢʦʣʝʢʮʽʾ ʧʫʙʣʽʢʘʮʽʡ, ʪʝʨʤʽʥʦʣʦʛʽʷ, ʢʽʙʝʨʙʝʟʧʝʢʘ, ʽʥʬʦʨʤʘʮʽʡʥʘ ʙʝʟʧʝʢʘ 

DOI: 10.35350/2409-8876-2019-16-3-5-17 

 

ɺʩʪʫʧ 

 

ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʢʘʪʝʛʦʨʽʡ ʟʘʛʘʣʴʥʦʾ ʪʝʦʨʽʾ ʙʝʟʧʝʢʠ 

ʻ ʧʦʥʷʪʪʷ çʜʞʝʨʝʣʦ ʟʘʛʨʦʟè. ɺʦʥʦ ʻ ʤʝʪʦʜʦʣʦʛʽʯʥʦʶ ʙʘʟʦʶ ʢʽʣʴʢʽʩʥʦʛʦ 

ʚʠʤʽʨʫ ʩʪʘʥʫ ʟʘʭʠʱʝʥʦʩʪʽ ʦʙôʻʢʪʽʚ ʟʘʭʠʩʪʫ ʽ ʚʽʜʜʟʝʨʢʘʣʶʻ ʚʟʘʻʤʠʥʠ ʪʘ 

ʧʨʦʪʠʨʽʯʯ̫  ʤʽʞ ʦʩʦʙʠʩʪʽʩʪʶ, ʩʫʩʧʽʣʴʩʪʚʦʤ, ʜʝʨʞʘʚʦʶ, ʣʶʜʩʴʢʦʶ ʩʧʽʣʴʥʦʪʦʶ 

ʟʘʛʘʣʦʤ ʪʘ ʦʪʦʯʫʶʯʠʤ ʾʭ ʩʝʨʝʜʦʚʠʱʝʤ. 

ʇʽʜ ʜʞʝʨʝʣʦʤ ʟʘʛʨʦʟ ʤʠ ʨʦʟʫʤʽʻʤʦ ʙʫʜʴ-ʷʢʫ ʣʶʜʩʴʢʫ ʜʽʷʣʴʥʽʩʪʴ ʘʙʦ ʩʪʘʥ 

ʜʦʚʢʽʣʣʷ, ʱʦ ʟʜʘʪʥʽ ʧʨʠʟʚʝʩʪʠ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʟʘʛʨʦʟʠ ʽ ʧʦʷʚʠ ʚ ʦʪʦʯʫʶʯʦʤʫ ʾʭ 

ʩʝʨʝʜʦʚʠʱ ̔ ʚʨʘʞʘʶʯʠʭ ʬʘʢʪʦʨʽʚ [1]. ʅʘ ʩʫʯʘʩʥʠʡ ʤʦʤʝʥʪ ʧʦʨʷʜ ʟ 

ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʧʨʦʩʪʦʨʦʤ, ʷʢʠʡ ʻ ʜʞʝʨʝʣʦʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ [2], 

ʚʠʜʽʣʷʻʪʴʩʷ ʧʦʥʷʪʪʷ ʢʽʙʝʨʧʨʦʩʪʦʨʫ, ʱʦ ʧʦʨʦʜʞʫʻ ʢʣʘʩ ʢʽʙʝʨʥʝʪʠʯʥʠʭ ʟʘʛʨʦʟ. 

 

 

 

ɯʅʌʆʈʄɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯɰ ɺ ɽʂʆʅʆʄɯʎɯ 

Ò ɸ.ɹ. ʂʘʯʠʥʩʴʢʠʡ,  ɯ.ɺ.ʉʪʴʦʧʦʯʢʽʥʘ, 2019 
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ɺʟʘʻʤʦʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʧʦʥʷʪʪʷʤʠ ñʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨò ʪʘ 

ñʢʽʙʝʨʧʨʦʩʪʽʨò ʧʦʨʦʜʞʫʻ ʟʥʘʯʥʽ ʩʫʧʝʨʝʯʥʦʩʪʽ ʫ ʾʭ ʪʨʘʢʪʫʚʘʥʥʽ, ʱʦ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʽ ʨʦʟʫʤʽʥʥʷ ʟʘʢʦʥʦʜʘʚʯʦʾ ʙʘʟʠ ʫ ʩʬʝʨʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʪʘ ʢʽʙʝʨʥʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ, ʘ ʚʽʜʧʦʚʽʜʥʦ, ʚʧʣʠʚʘʻ ʽ ʥʘ ʚʩʽ ʩʬʝʨʠ ʣʶʜʩʴʢʦʾ 

ʜʽʷʣʴʥʦʩʪʽ, ʷʢʽ ʢʝʨʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʟʘʢʦʥʘʤʠ.  

ʇʠʪʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʩʪʦʚʥʦʛʦ ʥʘʧʦʚʥʝʥʥʷ ʪʝʨʤʽʥʽʚ ñʽʥʬʦʨʤʘʮʽʡʥʠʡ 

ʧʨʦʩʪʽʨò ʪʘ ñʢʽʙʝʨʧʨʦʩʪʽʨò ʨʦʟʛʣʷʜʘʣʠʩʴ ʚ ʨʷʜʽ ʨʦʙʽʪ, ʚ ʪʦʤʫ ʯʠʩʣʽ [3-9], 

ʘʚʪʦʨʘʤʠ ʷʢʠʭ, ʟʦʢʨʝʤʘ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʥʦʨʤʘʪʠʚʥʫ ʙʘʟʫ, ʟʘʢʦʥʦʜʘʚʯʝ ʪʘ 

ʧʨʘʢʪʠʯʥʝ ʧʽʜʨ̌ʫʥʪʷ ʜʣʷ ʚʽʜʧʦʚ̔ ʜʥʠʭ ʪʝʨʤʽʥʽʚ ʽ ʥʘʜʘʥʦ ʚʽʜʧʦʚʽʜʥʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʫʪʦʯʥʝʥʥʷ ʽʩʥʫʶʯʠʭ ʚʠʟʥʘʯʝʥʴ.  

ʆʜʥʘʢ, ʜʦʩʣʽʜʞʝʥʥʷ ʽʩʪʦʨʠʯʥʠʭ ʟʘʩʘʜ ʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʚʞʠʚʘʥʦʩʪʽ ʜʘʥʠʭ 

ʪʝʨʤʽʥʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʷʢʠʡ ʤʦʞʝ ʥʘʜʘʪʠ ʥʦʚʽ 

ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʾʭ ʩʫʪʥʦʩʪʽ, ʧʨʦʚʝʜʝʥʦ ʥʝ ʙʫʣʦ.  

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʦ ʦʛʣʷʜ ʧʦʪʝʥʮʽʡʥʦʛʦ ʚʧʣʠʚʫ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʪʘ ʢʽʙʝʨʧʨʦʩʪʦʨʫ ʷʢ ʜʞʝʨʝʣ ʟʘʛʨʦʟ ʥʘ ʩʫʯʘʩʥʝ ʩʫʩʧʽʣʴʩʪʚʦ ʪʘ ʩʬʝʨʠ 

ʜʽʷʣʴʥʦʩʪʽ, ʨʦʟʛʣʷʥʫʪʦ ʽʩʥʫʶʯʽ ʚʠʟʥʘʯʝʥʥʷ ʮʠʭ ʢʘʪʝʛʦʨʽʡ; ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ 

ʚʞʠʚʘʥʦʩʪʽ ʪʘ ʮʠʪʫʚʘʥʥʷ ʪʝʨʤʥ̔ʽʚ ñʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨò ʽ ñʢʽʙʝʨʥʝʪʠʯʥʠʡ 

ʧʨʦʩʪʽʨò ʥʘ ʦʩʥʦʚʽ ʚʝʙ-ʢʦʣʝʢʮʽʡ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ JSTOR, Science Direct, 

Google Scholar; ʦʙʯʠʩʣʝʥʦ ʥʝʦʙʭʽʜʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ ʪʝʥʜʝʥʮʽʾ ʚʞʠʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʨʤʥ̔ʽʚ 

ʥʘʫʢʦʚʮʷʤʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʾʭ ʨʦʟʚʠʪʢʫ. ʆʜʝʨʞʘʥʽ ʚ ʜʘʥʽʡ ʩʪʘʪʪʽ ʨʝʟʫʣʴʪʘʪʠ ʻ 

ʧʝʨʝʜʫʤʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʷʚʠʱ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʪʘ 

ʢʽʙʝʨʥʝʪʠʯʥʦʛʦ ʧʨʦʩʪʦʨʽʚ ʪʘ ʧʦʨʦʜʞʫʚʘʥʠʭ ʥʠʤʠ ʟʘʛʨʦʟ.  

 

1. ɺʧʣʠʚ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʪʘ ʢʽʙʝʨʥʝʪʠʯʥʦʛʦ ʧʨʦʩʪʦʨʽʚ ʷʢ ʜʞʝʨʝʣʘ ʟʘʛʨʦʟ 

ʥʘ ʨʽʟʥʽ ʩʬʝʨʠ ʜʽʷʣʴʥʦʩʪʽ  

 

ɺʧʣʠʚ ʢʽʙʝʨʥʝʪʠʯʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʦʤʫʥʽʢʘʮʽʡʥʽ  ʩʠʩʪʝʤʠ, ʦʙôʻʢʪʠ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʽ, ʚʣʘʩʥʝ, ʥʘ ʩʘʤʝ 

ʩʫʩʧʽʣʴʩʪʚʦ ʧʦʩʪʽʡʥʦ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʽ ʨʦʟʚʠʚʘʻʪʴʩʷ.  

ɯʥʬʦʨʤʘʮʽʡʥʝ ʥʘʧʦʚʥʝʥʥ̫  ʙʫʜʴ-ʷʢʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʧʨʠʨʦʜʥʦ, ʻ ʩʢʣʘʜʦʚʠʤʠ 

ʢʽʙʝʨʥʝʪʠʯʥʦʛʦ ʯʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʽʚ. ʅʘ ʯʘʩʽ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʪʽʣʴʢʠ ʥʘʨʦʜʞʫʶʪʴʩʷ ï ʨʦʙʦʪʦʪʝʭʥʽʢʘ, ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ, 

ʘʜʠʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ, ʩʠʥʪʝʪʠʯʥʘ ʙʽʦʣʦʛʽʷ, ï ʛʣʠʙʦʢʦ 

ʚʧʣʠʚʘʪʠʤʫʪʴ ʥʘ ʥʘʩ ʽ ʦʜʥʦʯʘʩʥʦ ʙʫʜʫʪʴ ʧʦʨʦʜʞʫʚʘʪʠ ʩʝʨʡʦʟʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʜʣʷ ʰʧʠʛʫʥʩʴʢʦʾ, ʢʨʠʤʽʥʘʣʴʥʦʾ ʪʘ ʪʝʨʦʨʠʩʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ.  

ʆʩʦʙʣʠʚʦ ʚʠʜʽʣʷʻʪʴʩʷ ʥʦʚʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʧʘʨʘʜʠʛʤʘ ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ 

(ɯʦʊ), ʷʢ ʛʣʦʙʘʣʴʥʝ ʥʘʚʢʦʣʠʰʥʻ ʤʝʨʝʞʝʚʝ ʩʝʨʝʜʦʚʠʱʝ, ʩʪʚʦʨʝʥʝ ʟʘʚʜ̫ ʢʠ 

ʧʦʩʪʽʡʥʦʤʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʜʘʪʯʠʢʽʚ, ʢʘʤʝʨ ʽ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʙʘʟ ʜʘʥʠʭ ʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ, ʱʦ ʦʭʦʧʣʶʻ ʩʚʽʪ. ʗʢ 

ʪʽʣʴʢʠ ʮʷ ʧʘʨʘʜʠʛʤʘ ʨʘʟʦʤ ʽʟ Big Data ʽ ʭʤʘʨʥʠʤʠ ʦʙʯʠʩʣʝʥʥʷʤʠ ʙʫʜʝ 

ʦʩʪʘʪʦʯʥʦ ʟʘʧʨʦʚʘʜʞʝʥʘ, ʪʦ ʩʚʽʪ, ʚ ʷʢʦʤʫ ʤʠ ʞʠʚʝʤʦ, ʦʩʪʘʪʦʯʥʦ ʽ ʥʘʟʘʚʞʜʠ 

ʟʤʽʥʠʪʴʩʷ. 

ʅʘ ʜʫʤʢʫ [10], ʧʝʨʝʜ ʥʘʤʠ ï ʤʘʡʙʫʪʥʽʡ ʫʨʘʛʘʥ, ʱʦ ʥʘʟʨʽʚʘʻ, ʽ ʥʝʩʝ ʫ ʩʦʙʽ 

ʚʩʽ ʦʟʥʘʢʠ ʛʣʦʙʘʣʴʥʦʾ ʢʘʪʘʩʪʨʦʬʠ. ʊʦʤʫ ʘʥʘʣʽʟ ʜʞʝʨʝʣ ʟʘʛʨʦʟ ʜʣʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʘ ʢʽʙʝʨʥʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʥʘ ʨʘʟʽ ʻ ʚʢʨʘʡ ʚʘʞʣʠʚʠʤ. ɿʘ ʪʘʢʠʭ 

ʫʤʦʚ ʧʦʥʷʪʪʷ çʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨè ʽ çʢʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨè ʤʘʶʪʴ 

ʚʢʨʘʡ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʘ ʢʽʙʝʨʥʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ. 
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ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʪʘ ʢʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʦʨʠ ʻ ʜʞʝʨʝʣʦʤ ʟʘʛʨʦʟ ʽ ʜʣʷ 

ʣʶʜʩʴʢʦʾ ʩʚʽʜʦʤʦʩʪʽ ʪʘ ʣʶʜʩʪʚʘ ʚ ʮʽʣʦʤʫ. ʇʦʷʚʘ ɯʥʪʝʨʥʝʪʫ ʧʨʠʟʚʝʣʘ ʜʦ ʧʦʷʚʠ 

ʥʦʚʠʭ ʤʦʜʝʣʝʡ ʩʦʮʽʘʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʚʽʨʪʫʘʣʴʥʽ ʩʧʽʣʴʥʦʪʠ, ʷʢʽ 

ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʙʘʟʫʶʪʴʩʷ ʥʘ ʢʦʤʫʥʽʢʘʮʽʾ ʦʥʣʘʡʥ, ʩʪʘʣʠ ʪʣʫʤʘʯʠʪʠʩʷ ʷʢ 

ʢʫʣʴʤʽʥʘʮʽʷ ʽʩʪʦʨʠʯʥʦʛʦ ʧʨʦʮʝʩʫ ʫ ʬʦʨʤʫʚʘʥʥʽ ʩʧʽʣʴʥʦʪʠ ʟʘʛʘʣʦʤ [11].  

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʢʨʠʪʠʢʠ ɯʥʪʝʨʥʝʪʫ ʜʦʚʦʜʷʪʴ, ʱʦ ʥʦʚʽ, ʚʠʙʽʨʢʦʚʽ ʤʦʜʝʣʽ 

ʩʦʮʽʘʣʴʥʠʭ ʩʪʦʩʫʥʢʽʚ ʤʦʞʫʪʴ ʩʪʘʪʠ ʧʦʪʫʞʥʠʤ ʜʞʝʨʝʣʦʤ ʟʣʦʯʠʥʽʚ 

ʤʘʡʙʫʪʥʴʦʛʦ [10]. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʤʠ ʙʫʜʫʻʤʦ ʮʠʚʽʣʽʟʘʮʽʶ, ʱʦ ʚʦʜʥʦʯʘʩ ʽ 

ʛʣʠʙʦʢʦ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʘ, ʽ ʪʝʭʥʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʘ. ʄʠ ʩʪʚʦʨʶʻʤʦ ʩʚʽʪ, 

ʧʦʚ'ʷʟʘʥʠʡ ʟʽ ʟʣʦʯʠʥʥʽʩʪʶ ʽ ʮʽʣʠʤ ʘʨʩʝʥʘʣʦʤ ʥʦʚʠʭ ʟʘʛʨʦʟ ʦʩʦʙʽ, ʩʫʩʧʽʣʴʩʪʚʫ 

ʟʘʛʘʣʦʤ ʽ ʜʝʨʞʘʚʽ [1]. 

 

2. ɿʘʛʘʣʴʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ, ʦʙôʻʢʪ, ʧʨʝʜʤʝʪ ʪʘ ʤʝʪʘ ʜʦʩʣʽʜʞʝʥʴ  

 

ʐʚʠʜʢʽʩʪʴ ʟʤʽʥ ʫ ʭʘʨʘʢʪʝʨʽ ʪʘ ʢʽʣʴʢʦʩʪʽ ʟʘʛʨʦʟ, ʜʞʝʨʝʣʘʤʠ ʷʢʠʭ ʻ 

ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʽ, ʦʩʦʙʣʠʚʦ, ʢʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʦʨʠ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʥʘʜʘʥʥʷ ʯʽʪʢʠʭ ʚʠʟʥʘʯʝʥʴ, ʚ ʷʢʠʭ ʙʫʜʝ ʦʢʨʝʩʣʝʥʦ, ʚ ʯʦʤʫ 

ʧʦʣʷʛʘʻ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʮʠʤʠ ʜʚʦʤʘ ʬʝʥʦʤʝʥʘʤʠ, ʱʦ ʩʧʨʠʷʪʠʤʝ 

ʥʝʩʫʧʝʨʝʯʣʠʚʦʤʫ ʨʦʟʫʤʽʥʥʶ ʬʘʭʽʚʮʷʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʥʷʪʴ.  

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʴ ï ʢʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʴ ï ʚʠʷʚʣʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ ʫ ʚʞʠʚʘʥʥʽ ʢʘʪʝʛʦʨʽʡ 

ñʢʽʙʝʨʧʨʦʩʪʽʨò ʪʘ ñʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨò, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʫʩʚʽʜʦʤʣʝʥʥʷʤ 

ʥʘʫʢʦʚʠʤ ʩʫʩʧʽʣʴʩʪʚʦʤ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʛʨʦʟ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʻ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘʷʚʥʦʩʪ̔ ʯʠ ʚʽʜʩʫʪʥʦʩʪʽ ʦʙôʻʢʪʠʚʥʠʭ ʚʟʘʻʤʦʟʘʣʝʞʥʦʩʪʝʡ ʪʘ 

ʚʽʜʤʽʥʥʦʩʪʝʡ ʫ ʢʘʪʝʛʦʨʽʷʭ ñʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨò ʪʘ ñʢʽʙʝʨʧʨʦʩʪʽʨò ʪʘ 

ʦʜʝʨʞʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ, ʚʠʙʦʨʫ ʥʝʦʙʭʽʜʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʧʦʜʘʣʴʰʦʛʦ ʦʙôʻʢʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ ʷʚʠʱ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ 

ʢ̔ ʙʝʨʥʝʪʠʯʥʦʛʦ ʧʨʦʩʪʦʨʫ.  

 

3. ɺʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʪʘ ʢʽʙʝʨʥʝʪʠʯʥʦʛʦ ʧʨʦʩʪʦʨʫ 

 

ʗʢ ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʷ, ʧʦʧʨʠ ʚʩʶ ʪʝʦʨʝʪʠʯʥʫ ʪʘ ʧʨʘʢʪʠʯʥʫ ʚʘʞʣʠʚʽʩʪʴ 

ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʢʘʪʝʛʦʨʽʡ, ʚ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʜʦʩʽ ʥʝ ʨʦʟʨʦʙʣʝʥʦ ʻʜʠʥʦʛʦ 

ʧʽʜʭʦʜʫ ʱʦʜʦ ʾʭ ʚʠʟʥʘʯʝʥʥʷ. ʇʦʥʷʪʪʷ çʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨè ʽ 

çʢʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨè ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʨʦʙʽʪ [3-9, 12-18]. 

ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʧʦʥʷʪʪʷ ñʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨò. ʆʢʨʽʤ 

ʪʦʛʦ, ʫ ʥʠʟʮʽ ʧʫʙʣʽʢʘʮʽʡ ʷʢ ʩʠʥʦʥʽʤ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚʞʠʚʘʶʪʴ 

ʩʣʦʚʦʩʧʦʣʫʯʝʥʥʷ ñʽʥʬʦʨʤʘʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝò. ɺ ʜʝʷʢʠʭ ʨʦʙʦʪʘʭ ʮʽ ʧʦʥʷʪʪʷ 

ʜʝʱʦ ʚʽʜʨʽʟʥʷʶʪʴ ʤʽʞ ʩʦʙʦʶ, ʘ ʩʘʤʝ: ñʽʥʬʦʨʤʘʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝò ʻ ʙʽʣʴʰ 

ʟʘʛʘʣʴʥʠʤ ʽ ʚʢʣʶʯʘʻ ʟʘʛʘʣʴʥʦʣʶʜʩʴʢʽ, ʧʩʠʭʦʣʦʛʽʯʥʽ ʪʘ ʩʦʮʽʦʢʫʣʴʪʫʨʥʽ 

ʘʩʧʝʢʪʠ, ʘ ñʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨò ʻ ʙʽʣʴʰ ʪʝʭʥʽʯʥʦ-ʦʨ̔̒ʥʪʦʚʘʥʠʤ ʧʦʥʷʪʪʷʤ, 

ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʥʘʩʘʤʧʝʨʝʜ ʥʘʷʚʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʟʘʻʤʦʜʽʡ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞ ʯʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʨʽʟʥʠʭ 

ʚʠʜʽʚ. 

ʅʘ ʥʘʰ ʧʦʛʣʷʜ, ʥʘʡʙʽʣʴʰ ʪʠʧʦʚʠʤʠ ʚʠʟʥʘʯʝʥʥʷʤʠ ʪʝʨʤʽʥʫ 

çʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨè, ʱʦ ʜʘʶʪʴ ʧʨʦ ʥʴʦʛʦ ʯ̔ʪʢʝ ʫʷʚʣʝʥʥʷ, ʻ ʥʘʩʪʫʧʥʽ: 

ɻʣʦʩʘʨʽʡ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ: ñɯʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨ ï 

ʽʥʬʦʨʤʘʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʚ ʷʢʦʤʫ ʟʜʽʡʩʥʶʶʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʚʽʜʥʦʩʠʥʠ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ, ʟʙʠʨʘʥʥʷ, ʚʽʜʦʙʨʘʞʝʥʥʷ, ʨʝʻʩʪʨʘʮʽʾ, 
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ʥʘʢʦʧʠʯʝʥʥʷ, ʟʙʝʨ̔ʛʘʥʥ̫, ʟʘʭʠʩʪʫ ʽ ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ, ʥʘ ʷʢʝ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʶʨʠʩʜʠʢʮʽʷ 

ʜʝʨʞʘʚʠò [19]. 

ʃʘʙʦʨʘʪʦʨʽʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ MIT (MIT Artificial Intelligence 

Laboratory): ñɯʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨ ï ʮʝ ʪʠʧ ʽʥʬʦʨʤʘʮ̔ ʡʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʚ 

ʷʢʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʦʙôʻʢʪʽʚ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʧʨʠʥʮʠʧʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ. ɺ ʧʨʠʥʮʠʧʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʪʘ 

ʥʘʧʨʷʤʦʢ, ʪʘʢʠʤ ʯʠʥʦʤ ʻ ʤʦʞʣʠʚʠʤʠ ʢʘʨʪʠ ʪʘ ʥʘʚʽʛʘʮʽʷ ʧʦ ʥʠʭò [20]. 

ʂʝʤʙʨʽʜʞʩʴʢʠʡ ʩʣʦʚʥʠʢ (Cambridge dictionary): ñɯʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨ ï 

ʮʝ ʤʽʩʮʝ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʚʝʙ-ʨʝʩʫʨʩ, ʜʝ ʽʥʬʦʨʤʘʮʽʷ ʜʦʩʪʫʧʥʘò [21]. 

ʌʽʥʘʥʩʦʚʠʡ ʩʣʦʚʥʠʢ: ñɯʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨ ï ʩʫʢʫʧʥʽʩʪʴ ʙʘʥʢʽʚ ʽ ʙʘʟ 

ʜʘʥʠʭ, ʪʝʭʥʦʣʦʛʽʡ ʾʭ ʩʫʧʨʦʚʦʜʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʬʫʥʢʮʽʦʥʫʶʯʠʭ ʥʘ ʦʩʥʦʚʽ ʟʘʛʘʣʴʥʠʭ ʧʨʠʥʮʠʧʽʚ, ʽ 

ʪʘʢʠʭ ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʬʦʨʤʘʮʽʡʥʫ ʚʟʘʻʤʦʜʽʶ ʦʨʛʘʥʽʟʘʮʽʡ ʪʘ ʛʨʦʤʘʜʷʥ, 

ʟʘʜʦʚʦʣʝʥʥʷ ʾʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʨʝʙò [22]. 

ɼʦʚʽʜʥʠʢ ʪʝʭʥʽʯʥʦʛʦ ʧʝʨʝʢʣʘʜʘʯʘ: ñɯʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨ ʮʝ: 

1. ɯʥʪʝʛʨʘʣʴʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨ, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʣʝʢʪʨʦʥʥʠʭ ʤʝʨʝʞ. 

2. ʉʬʝʨʠ ʚ ʩʫʯʘʩʥʦʤʫ ʩʫʩʧʽʣʴʥʦʤʫ ʞʠʪʪʽ ʩʚʽʪʫ, ʚ ʷʢʠʭ ʽʥʬʦʨʤʘʮʽʡʥʽ 
ʢʦʤʫʥʽʢʘʮʽʾ ʚʽʜʽʛʨʘʶʪʴ ʧʨʦʚʽʜʥʫ ʨʦʣʴ. (ʊʫʪ ʢʘʪʝʛʦʨʽʷ ñʽʥʬʦʨʤʘʮʽʡʥʠʡ 

ʧʨʦʩʪʽʨò ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʢʘʪʝʛʦʨʽʾ ñʽʥʬʦʨʤʘʮ̔ʡʥʝ ʩʝʨʝʜʦʚʠʱʝò). 

3. ʇʨʦʩʪʽʨ, ʚ ʷʢʦʤʫ ʮʠʨʢʫʣʶʶʪʴ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʦʪʦʢʠ. 

4. ʌʦʨʤʘ ʽʩʥʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʩʪʨʫʢʪʫʨʥʽʩʪʶ, ʧʨʦʪʷʞʥʽʩʪʶ ʪʘ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʽʩʪʶò [23]. 

ʅʘʚʯʘʣʴʥʘ ʣʽʪʝʨʘʪʫʨʘ: ñɯʥʬʦʨʤʘʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ (information 

environment) ï cʬʝʨʘ ʜʽʷʣʴʥʦʩʪʽ ʩʫʙôʻʢʪʽʚ, ʱʦ ʧʦʚôʷʟʘʥʘ ʟʽ ʩʪʚʦʨʝʥʥʷʤ, 

ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ. ɯʥʬʦʨʤʘʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ 

ʫʤʦʚʥʦ ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʪʨʠ ʦʩʥʦʚʥʽ ʩʢʣʘʜʦʚʽ: ʩʪʚʦʨʝʥʥʷ ʪʘ ʧʦʰʠʨʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ, ʬʦʨʤʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ, ʧʽʜʛʦʪʦʚʢʠ ʧʨʦʜʫʢʪʽʚ ʪʘ 

ʥʘʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʩʣʫʛ, ʩʧʦʞʠʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʜʚʽ ʜʦʧʦʤʽʞʥʽ 

ʩʢʣʘʜʦʚʽ: ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʪʝʭʥʦʣʦʛʽʡ ʽ 

ʟʘʩʦʙʽʚ ʾʭ ʟʘʙʝʟʧʝʯʝʥʥʷ; ʩʪʚʦʨʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʽʚ ʽ ʤʝʭʘʥʽʟʤʽʚ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠò [24]. 

ʇʦʧʨʠ ʚʝʣʠʢʫ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʤʽʞʥʘʨʦʜʥʦʾ ʩʧʽʣʴʥʦʪʠ, ʦʢʨʝʤʠʭ ʜʝʨʞʘʚ ʚ 

ʢʝʨʫʚʘʥʥʽ ʧʨʦʮʝʩʘʤʠ ʚ ʢʽʙʝʨʧʨʦʩʪʦʨʽ ʧʦʜʽʙʥʘ ʪʝʥʜʝʥʮʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽ ʫ 

ʚʠʟʥʘʯʝʥʥʽ ʪʝʨʤʽʥʫ çʢʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨè. 

ʄʽʞʥʘʨʦʜʥʠʡ ʩʪʘʥʜʘʨʪ: ñʂʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨ ʮʝ ï ʩʝʨʝʜʦʚʠʱʝ 

ʽʩʥʫʚʘʥʥʷ, ʱʦ ʚʠʥʠʢʣʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʣʶʜʝʡ, ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʧʦʩʣʫʛ ʚ ɯʥʪʝʨʥʝʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ 

ʤʝʨʝʞ, ʱʦ ʧʽʜôʻʜʥʘʥʽ ʜʦ ʥʠʭ, ʽ ʷʢʦʛʦ ʥʝ ʽʩʥʫʻ ʚ ʙʫʜʴ-ʷʢʽʡ ʽʥʰʽʡ ʬʦʨʤʽò [12]. 

ʉʐɸ: ñʂʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨ ʮʝ ï ʩʬʝʨʘ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫ̒ʪʴʩ̫ 

ʤʦʞʣʠʚʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ 

ʟʘʧʘʤôʷʪʦʚʫʚʘʥʥʷ, ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʪʘ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʚ ʤʝʨʝʞʝʚʠʭ ʩʠʩʪʝʤʘʭ ʽ 

ʧʦʚôʷʟʘʥʘ ʟ ʥʠʤʠ ʬʽʟʠʯʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘò [13]. 

ñʂ̔ʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨ ʮʝ ï ʦʧʝʨʘʮʽʡʥʠʡ ʜʦʤʝʥ, ʘʙʦ ʙʘʟʦʚʘ 

ʘʜʤʽʥʩ̔ʪʨʘʪʠʚʥʘ ʦʜʠʥʠʮʷ ʚ ɯʥʪʝʨʥʝʪʽ, ʬʦʨʤʘʪʦʚʘʥʘ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʥʥʠʤ ʦʙʣʘʜʥʫʚʘʥʥʷʤ ʟ ʤʝʪʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʩʠʩʪʝʤ ʽ ʟʚô̫ʟʘʥʠʤ ʟ ʥʠʤʠ ʤʝʨʝʞʝʚʠʤ ʫʩʪʘʪʢʫʚʘʥʥʷʤò [25]. 
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ɭʚʨʦʩʦʶʟ: ñʂʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨ ʮʝ ï ʚʽʨʪʫʘʣʴʥʠʡ ʧʨʦʩʪ̔ʨ, ʫ ʷʢʦʤʫ 

ʮʠʨʢʫʣʶʶʪʴ ʝʣʝʢʪʨʦʥʥʽ ʜʘʥʽ ʩʚʽʪʦʚʠʭ ʧʝʨʩʦʥʘʣʴʥʠʭ ʢʦʤʧôʶʪʝʨʽʚ. ʆʩʢʽʣʴʢʠ 

ʪʝʦʨʽʷ ʩʠʩʪʝʤ ʽ ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ʚ ʦʩʥʦʚʥʦʤʫ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʤʝʪʦʜʦʣʦʛʽʯʥʽ 

ʧʠʪʘʥʥʷ ʚʠʚʯʝʥʥʷ ʪʘ ʦʧʠʩʫ ʩʠʩʪʝʤ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ, ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ 

ʤʝʪʦʜʘʤʠ ʩʠʩʪʝʤʥʦʾ ʤʝʪʦʜʦʣʦʛ̔ ʾ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴò [13]. 

ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ: ñʂʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨ ʮʝ ï ʚʩʽ ʬʦʨʤʠ ʤʝʨʝʞʝʚʦʾ 

ʮʠʬʨʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʫ ʩʝʙʝ ʢʦʥʪʝʥʪ ʽ ʜʽʾ, ʟʜʽʡʩʥʶʚʘʥʽ ʯʝʨʝʟ 

ʮʠʬʨʦʚʽ ʤʝʨʝʞʽò [13]. 

ʅʽʤʝʯʯʠʥʘ: ñʂʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨ ʮʝ ï ʚʩʷ ʽʥʬʦʨʤʘʮʽʡʥʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʱʦ ʜʦʩʪʫʧʥʘ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ ʧʦʟʘ ʙʫʜʴ-ʷʢʠʤʠ 

ʪʝʨʠʪʦʨʽʘʣʴʥʠʤʠ ʢʦʨʜʦʥʘʤʠò [13]. 

ʋʢʨʘʾʥʘ: ñʂʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨ ʮʝ ï ʚʽʨʪʫʘʣʴʥʠʡ ʧʨʦʩʪʽʨ, ʱʦ 

ʦʪʨʠʤʘʥʠʡ ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʧʨʦʛʨʘʤʥʦʛʦ ʡ ʘʧʘʨʘʪʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ (ʫ ʪ.ʯ. ɯʥʪʝʨʥʝʪ) ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ (ʝʣʝʢʪʨʦʥʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʨʝʩʫʨʩʽʚ) ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʨʝʙ ʩʫʩʧʽʣʴʩʪʚʘò [17]. 

ñʂ̔ʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨ ʮʝ ï ʚʽʨʪʫʘʣʴʥʝ ʢʦʤʫʥʽʢʘʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ 

ʫʪʚʦʨʝʥʝ ʩʠʩʪʝʤʦʁ  ʟʚôʷʟʢʽʚ ʤʽʞ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʪʘ ʦʙôʻʢʪʘʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʪʘʢʠʤʠ ʷʢ ʝʣʝʢʪʨʦʥʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʨʝʩʫʨʩ, ʩʠʩʪʝʤʠ ʪʘ 

ʤʝʨʝʞʽ ʚʩʽʭ ʬʦʨʤ ʚʣʘʩʥʦʩʪʽ, ʢʝʨʦʚʘʥʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝ ʣʠʰʝ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʚ ʥʠʭ ʮʠʨʢʫʣʶʻ, ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʨʝʙ 

ʩʫʩʧʽʣʴʩʪʚʘ, ʘ ʡ ʜʣʷ ʚʧʣʠʚʫ ʥʘ ʘʥʘʣʦʛʽʯʥʽ ʦʙôʻʢʪʠ ʧʨʦʪʠʙʦʨʯʦʾ ʩʪʦʨʦʥʠò [26]. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʚʠʱʝʥʘʚʝʜʝʥʽ ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʽʥʽʚ çʽʥʬʦʨʤʘʮʽʡʥʠʡ 

ʧʨʦʩʪʽʨè (ʽʥʬʦʨʤʘʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ) ʪʘ çʢ̔ʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨè ʤʘʶʪʴ 

ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʠʡ ʭʘʨʘʢʪʝʨ, ʚʽʜ ʟʘʛʘʣʴʥʦ-ʬʽʣʦʩʦʬʩʴʢʦʛʦ ʜʦ ʩʫʪʦ ʪʝʭʥʽʯʥʦʛʦ. 

ʇʦʧʨʠ ʪʝ, ʱʦ ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʽ ʢʽʙʝʨʥʝʪʠʯʥʠʭ ʟʘʛʨʦʟ ʻ ʨʝʘʣʴʥʠʤ 

ʯʠʥʥʠʢʦʤ ʥʝʧʨʠʡʥʷʪʥʦʛʦ ʨʠʟʠʢʫ, ʥʠʥʽ ʽʩʥʫʻ ʟʥʘʯʥʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʱʦʜʦ ʮʠʭ 

ʪʝʨʤʽʥʽʚ. ʊʘʢʝ ʩʪʘʚʣʝʥʥʷ ʜʦ ʥʠʭ ʟʙʝʨʽʛʘʻʪʴʩʷ ʷʢ ʫ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʪʘʢ ʽ ʚ 

ʟʘʩʦʙʘʭ ʤʘʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʎʝ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʮʽʢʘʚʠʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʚ ʢʦʥʪʝʢʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʰʦʾ ʧʨʦʙʣʝʤʠ, ʱʦ ʦʜʝʨʞʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʥʣʘʡʥ-ʩʣʦʚʥʠʢʫ [26], ʜʝ ʥʘʡʙʽʣʴʰ ʨʝʣʝʚʘʥʪʥʠʤʠ ʩʠʥʦʥ̔ʤʘʤʠ 

ʩʣʦʚʦʩʧʦʣʫʯʝʥʥʷ ñʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨò(ñinformation spaceò) ʻ ʥʘʩʪʫʧʥʽ: 

computer network; information technology; web; Internet; WWW; 

communications; email. ɸ ʥʘʡʙʽʣʴʰ ʨʝʣʝʚʘʥʪʥʠʤʠ ʩʠʥʦʥʽʤʘʤʠ 

ʩʣʦʚʦʩʧʦʣʫʯʝʥʥʷ ñʢʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨò (ñcybernetic spaceò)  ̒ʪʘʢ:̔ World 

Wide Web; data bank; data network; electronic highway; electronic mail; global 

village; infobahn; information superhighway; online community; virtual 

community; virtual library; virtual reality. ɿʥʘʡʜʝʥʽ ʩʣʦʚʘ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʨʦʟʤʠʪʽʩʪʴ ʤʝʞ ʤʽʞ ʧʦʥ̫ʪʪʷʤʠ ñ̔ ʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨò ʪʘ ñʢʽʙʝʨʧʨʦʩʪʽʨò 

(cyberspace), ʜʣʷ ʷʢʠʭ ʜʘʥʠʡ ʨʝʩʫʨʩ ʥʘʜʘʻ ʧʨʘʢʪʠʯʥʦ ʽʜʝʥʪʠʯʥʠʡ ʧʝʨʝʣʽʢ 

ʨʝʣʝʚʘʥʪʥʠʭ ʩʣʽʚ. 

 

3. ʄʝʪʦʜʠʢʘ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʝʥʜʝʥʮʽʡ ʚʞʠʚʘʥʥʷ ʪʝʨʤʽʥʽʚ 

ñʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨò ʪʘ ñʢʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨò 

 

ʅʠʥʽ ʧʦʰʫʢʦʚʽ ʩʠʩʪʝʤʠ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʚʢʣʶʯʘʻ ʧʦʰʫʢ, ʚʠʙʽʨ ʽ ʟʙʽʨ ʽʥʬʦʨʤʘʮʽʾ ʟʽ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʭ 

ʜʞʝʨʝʣ, ʟ ʥʘʩʪʫʧʥʠʤ ʾʾ ʘʥʘʣʽʟʦʤ. ɺʝʙ-ʧʨʦʩʪʽʨ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʬʽʟʠʯʥʽʡ 
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ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ, ʦʙôʻʜʥʫ̒ ʩʦʪʥʽ ʤʽʣɹʡʦʥʽʚ ʚʝʙ-ʩʝʨʚʝʨʽʚ, 

ʧʽʜôʻʜʥʘʥʠʭ ʜʦ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ [27], ʽ ʤʦʞʝ ʜʘʪʠ ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ 

ʚʞʠʚʘʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʪʝʨʤʽʥʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʡ ʪʠʭ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʜʘʥʽʡ 

ʨʦʙʦʪʽ.  

ɼʣʷ ʘʥʘʣʽʟʫ ʚʞʠʚʘʥʦʩʪʽ ʪʘ ʮʠʪʫʚʘʥʥʷ ʪʝʨʤʽʥʽʚ ñʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʨ̔ò ʽ 

ñʢʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨò ʘʥʛʣʽʡʩʴʢʦʶ ʡ ʫʢʨʘʾʥʩʴʢʦʶ ʤʦʚʘʤʠ ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʚʝʙ-ʢʦʣʝʢʮʽʾ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ JSTOR, Science Direct, Google 

Scholar. ʅʘ ʨʘʟʽ, ʦʙʩʷʛʠ ʧʫʙʣʽʢʘʮʽʡ, ʜʦʩʪʫʧʥʽ ʮʠʤ ʚʝʙ-ʢʦʣʝʢʮʽʷʤ, ʚʢʣʶʯʘʶʪʴ 

ʙʽʣʴʰʽʩʪʴ ʨʝʮʝʥʟʦʚʘʥʠʭ ʦʥʣʘʡʥ-ʞʫʨʥʘʣʽʚ ɭʚʨʦʧʠ ʡ ɸʤʝʨʠʢʠ ʧʨʦʚʽʜʥʠʭ 

ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʴ. 

ɿʜʽʡʩʥʝʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʟʛʽʜʥʦ ʟ JSTOR (ʘʥʘʣʦʛʽʯʥʦ Science Direct 

ʽ Google Scholar) ʧʝʨʰʘ ʟʛʘʜʢʘ ʪʝʨʤʽʥʫ ñʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨò ʧʨʠʧʘʜʘʻ ʥʘ 

1959 ʨʽʢ. ʇʦʧʨʠ ʪʝ, ʱʦ ʯʘʩʪʦʪʘ ʮʠʪʫʚʘʥʥʷ ʫ ʚʝʙ-ʨʝʩʫʨʩʘʭ ʨʽʟʥʘ, ʟʘʛʘʣʴʥʘ 

ʪʝʥʜʝʥʮʽʷ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʘʢʦʚʘ (ʨʠʩ. 1) ï ʤʦʞʥʘ ʚʠʦʢʨʝʤʠʪʠ ʪʨʠ ʨʽʟʥʽ 

ʧʝʨʽʦʜʠ. ʇʝʨʰʠʡ ʧʝʨʽʦʜ ʧʦʚʽʣʴʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʧʨʠʧʘʜʘʻ ʥʘ ʢʽʥʝʮʴ 50-ʭ ʽ 

ʧʦʯʘʪʦʢ 60-ʭ ʨʦʢʽʚ ʜʦ ʩʝʨʝʜʠʥʠ 80-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ. ɼʨʫʛʠʡ ʧʝʨʽʦʜ 

ʩʪʨʽʤʢʦʛʦ ʟʨʦʩʪʘʥʥʷ ʧʨʠʧʘʜʘʻ ʥʘ ʩʝʨʝʜʠʥʫ 80-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʜʦ 

2013-2015 ʨʦʢʽʚ ʮʴʦʛʦ ʩʪʦʣʽʪʪʷ. ʅʘʨʝʰʪʽ, ʪʨʝʪʽʡ ʧʝʨʽʦʜ ʩʪʨʽʤʢʦʛʦ ʧʘʜʽʥʥʷ 

ʧʦʯʠʥʘʻʪʴʩʷ ʟ 2016 ʨ. ʡ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʜʦ ʥʠʥʽ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɼʠʥʘʤiʢʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤiʥʫ ñɯʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨò  

ʚ ʥʘʫʢʦʚʠʭ ʜʞʝʨʝʣʘʭ 

 

ʊʝʨʤʽʥ çʢʽʙʝʨʧʨʦʩʪʽʨè ʚʧʝʨʰʝ ʙʫʚ ʚʚʝʜʝʥʠʡ ʫ ʚʞʠʪʦʢ ʧʠʩʴʤʝʥʥʠʢʦʤ 

ɺʽʣʴʷʤʦʤ ɻʽʙʩʦʥʦʤ ʫ 1982 ʨ. ʚ ʥʦʚʝʣʽ çʇʘʣʘʶʯʠʡ ʍʨʦʤè, ʘ ʚ 1984 ʨʦʮʽ ʮʝʡ 

ʪʝʨʤʽʥ ʙʽʣʴʰ ʜʦʢʣʘʜʥʦ ʙʫʚ ʥʠʤ ʨʦʟʢʨʠʪʠʡ ʫ ʪʚʦʨʽ çʅʝʡʨʦʤʘʥʪè. ʆʜʥʘʯʝ, ʷʢ 

ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ (ʨʠʩ. 2), ʪʝʨʤʽʥ ñʢʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨò ʧʦʯʠʥʘ̒ ʘʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʥʘʫʢʦʚʽʡ ʩʬʝʨʽ ʚ 1992-1997 ʨʦʢʘʭ ʽ ʜʦʩʷʛʘʻ ʧʽʢʫ 

ʧʦʧʫʣʷʨʥʦʩʪʽ ʚ 2012-2013 ʨʦʢʘʭ. 
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ʈʠʩʫʥʦʢ 2 ï ɼʠʥʘʤiʢʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤiʥʫ ñʂʽʙʝʨʧʦʩʪʽʨò ʚ ʥʘʫʢʦʚʠʭ 

ʜʞʝʨʝʣʘʭ 

 

ʇʦʧʨʠ ʥʝʟʥʘʯʥʽ ʚʽʜʤʽʥʥʦʩʪʽ, ʯʘʩʪʦʪʘ ʮʠʪʫʚʘʥʥʷ ʪʝʨʤ̔ ʥʫ ñʢʽʙʝʨʥʝʪʠʯʥʠʡ 

ʧʨʦʩʪʽʨò ʫ ʚʝʙ-ʨʝʩʫʨʩʘʭ JSTOR, Science Direct ʽ Google Scholar ʧʦʜʽʙʥʘ. 

ʊʘʢʦʞ ʩʧʽʚʧʘʜʘʻ ʡ ʟʘʛʘʣʴʥʘ ʪʝʥʜʝʥʮʽʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʪʝʨʤʽʥʫ. ʄʦʞʥʘ 

ʚʠʦʢʨʝʤʠʪʠ ʪʨʠ ʨʽʟʥʽ ʧʝʨʽʦʜʠ ʯʘʩʪʦʪʠ ʮʠʪʫʚʘʥʥʷ ʮʴʦʛʦ ʪʝʨʤʽʥʫ: ʧʝʨʰʠʡ 

ʧʝʨʽʦʜ ʧʦʚʽʣʴʥʦʛʦ ʟʨʦʩʪʘʥʥ ̫ʧʨʠʧʘʜʘʻ ʥʘ ʢ̔ʥʝʮʴ 80-ʭ ʽ ʧʦʯʘʪʦʢ 90-ʭ ʨʦʢʽʚ 

ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ. ɼʨʫʛʠʡ ʧʝʨʽʦʜ ʩʪʨʽʤʢʦʛʦ ʟʨʦʩʪʘʥʥʷ ʧʨʠʧʘʜʘʻ ʥʘ ʧʦʯʘʪʦʢ 

90-ʭ ʽ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʜʦ 2013 ʨʦʢʫ ʮʴʦʛʦ ʩʪʦʣʽʪʪʷ. ʅʘʨʝʰʪʽ, ʪʨʝʪʽʡ ʧʝʨʽʦʜ 

ʩʪʨʽʤʢʦʛʦ ʧʘʜʽʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʟ 2013 ʨ. ʡ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʥʠʥ.̔ 

ʆʪʞʝ, ɦʦ ʥʘʤ ʜʘʻ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʯʘʩʪʦʪʫ ʮʠʪʫʚʘʥʥʷ ʪʝʨʤʽʥʽʚ 

ñʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨò ʽ ñʢʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨò ʫ ʟʛʘʜʘʥʠʭ ʚʝʙ-ʨʝʩʫʨʩʘʭ?  

ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʤʠ ʜʽʟʥʘʻʤʦʩʷ, ʱʦ ʪʝʨʤʽʥ ñʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨò ʧʦʯʘʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʨʘʥʽʰʝ ʪʝʨʤʽʥʫ ñʢʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʨ̔ò ï ʚʽʜʧʦʚʽʜʥʦ 

ʢʽʥʝʮʴ 50-ʭ ʽ ʧʦʯʘʪʦʢ 90-ʭ ʨʦʢʽʚ. ʊʘʢʦʞ ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ ʟʘʛʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ 

ʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʯʘʩʪʦʪʠ ʚʞʠʚʘʥʥʷ ʮʠʭ ʪʝʨʤʽʥʽʚ, ʷʢʦʤʫ ʚʣʘʩʪʠʚʽ ʪʨʠ 

ʧʦʜʽʙʥʽ ʧʝʨʽʦʜʠ: ʧʦʚʽʣʴʥʦʛʦ ʟʨʦʩʪʘʥʥʷ, ʩʪʨʽʤʢʦʛʦ ʟʨʦʩʪʘʥʥʷ, ʩʪʨʽʤʢʦʛʦ ʧʘʜʽʥʥʷ.  

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʚʽʟʫʘʣɹʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ (ʨʠʩ. 3) ʧʦʢʘʟʫʻ, ʱʦ ʚʦʥʠ ʤʘʶʪʴ 

ʨʽʟʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʤʝʜʽʘʥʠ, 

ʚʨʘʭʦʚʫʶʯʠ ʩʧʝʮʠʬʽʢʫ ʥʘʰʠʭ ʨʷʜʽʚ, ʢʦʣʠ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʝ ʯʠʩʣʦ ʝʣʝʤʝʥʪʽʚ 

ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ʩʧʦʩʪʝʨʝʞʝʥɹ. ʊʘʢ, ʤʝʜʽʘʥʘ ʪʝʨʤʽʥʫ 

ñʢʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨò ʟʥʘʯʥʦ ʙʽʣʴʰʘ ʟʘ ʤʝʜʽʘʥʫ ʪʝʨʤʽʥʫ ñʽʥʬʦʨʤʘʮʽʡʥʠʡ 

ʧʨʦʩʪʽʨò. ʅʘʛʘʜʘʻʤʦ, ʱʦ ʤʝʜʽʘʥʘ (ʭ50) ï ʮʝ ʯʠʩʣʦ, ʷʢʝ ʙʽʣʴʰʝ ʘʙʦ ʜʦʨʽʚʥʶʻ ʽ 

ʦʜʥʦʯʘʩʥʦ ʤʝʥʰʝ ʘʙʦ ʜʦʨʽʚʥʶʻ ʧʦʣʦʚʠʥʽ ʟʥʘʯʝʥʴ ʨʷʜʫ ʨʦʟʧʦʜʽʣʫ. 

ʄʽʞʢʚʘʨʪʠʣʴʥʠʡ ʽʥʪʝʨʚʘʣ (ʭ75 - ʭ25), ʱʦ ʜʦʨʽʚʥʶʻ ʨʽʟʥʠʮʽ ʤʽʞ 75-ʤ ʽ 25-ʤ 

ʧʨʦʮʝʥʪʠʣʷʤʠ ʪʝʨʤʽʥʫ ñʢʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨò ʟʥʘʯʥʦ ʙʽʣʴʰʠʡ ʪʝʨʤʽʥʫ 

ñʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨò. ñɺʫʩʘò, ʱʦ ʡʜʫʪʴ ʚʽʜ ʢʚʘʨʪʠʣʽʚ ʜʦ ʩʪʘʪʠʩʪʠʯʥʦ 

ʟʥʘʯʠʤʠʭ ʪʦʯʦʢ ʭ1  ̔ʭ2, ʜʝ 

ʭ1 = max(ʭmin, ʭ25 ï 1,5 (ʭ75 ï ʭ25)) 

ʭ2 = max(ʭmin, ʭ25 + 1,5 (ʭ75 ï ʭ25)) 
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ʧʦʢʘʟʫʶʪʴ, ʱʦ ʨʷʜʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʝ ʤʽʩʪʷʪʴ ʚʠʢʠʜʽʚ, ʱʦ ʥʝ ʚʭʦʜʷʪʴ ʚ 

ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʠʤʠʡ ʜʽʘʧʘʟʦʥ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʉʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʪʦʪʠ ʮʠʪʫʚʘʥʥʷ ʪʝʨʤʽʥʽʚ 

ñʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨò ʽ ñʢʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨò  ʚ Google Scholar 

(ʩʢʨʠʥʴʢʘ ʊʴʶʢʽ) 

 

ɸʣʝ ʻ ʚʠʩʥʦʚʦʢ ʥʘʙʘʛʘʪʦ ʛʣʠʙʰʠʡ ʚʠʱʝʥʘʚʝʜʝʥʠʭ: ʤʘʻʤʦ ʢʦʥʩʪʘʪʫʚʘʪʠ, 

ʱʦ ʯʘʩʪʦʪʘ ʚʞʠʚʘʥʥʷ ʪʝʨʤʽʥʽʚ ñʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨò ʽ ñʢʽʙʝʨʥʝʪʠʯʥʠʡ 

ʧʨʦʩʪʽʨò ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʚʟʘʻʤʦʟʘʣʝʞʥʘ. ʅʘ ʨʠʩʫʥʢʫ 4 

ʥʘʚʝʜʝʥʘ ʣʽʥʽʡʥʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʯʘʩʪʦʪʠ ʚʞʠʚʘʥʥʷ ʮʠʭ ʪʝʨʤʽʥʽʚ. ɺʠʩʦʢʝ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʪʝʨʤʽʥʘʮʽʾ ʤʦʜʝʣʽ R2 = 0,94 ʧʽʜʪʚʝʨʜʞʫʻ ʮʝ 

ʧʨʠʧʫʱʝʥʥʷ. ʆʯʝʚʠʜʥʦ, ʱʦ ʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ ʮʠʭ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ 

ʪʝʨʤʽʥʽʚ ñʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨò ʽ ñʢʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨò ʻ ʽʩʪʦʨʠʯʥʠʤ 

ʷʚʠʱʝʤ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʚʠʪʢʫ ʪʝʭʥʽʢʠ, ʩʚʽʜʦʤʦʩʪʽ ʣʶʜʠʥʠ ʪʘ ʧʩʠʭʽʢʠ. 

ʇʝʨʰʠʤ ʚʠʥʠʢʣʦ ʧʦʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨ ʪʦʜʽ, ʢʦʣʠ ʟôʷʚʠʚʩʷ 

ʟʥʘʢ (ʟʥʘʢʦʚʽ ʩʠʩʪʝʤʠ). ʇʦʥʷʪʪʷ ʢʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨ ï ʧʽʩʣʷ ʪʦʛʦ ʷʢ 

ʥʘʨʦʜʠʣʘʩʷ ʥʘʫʢʘ ʢʽʙʝʨʥʝʪʠʢʘ, ʢʦʣʠ ʪʝʦʨ̔ ʷ ʢʝʨʫʚʘʥʥʷ ʟôʻʜʥʘʣʘʩʷ ʟ ʪʝʦʨʽʻʶ 

ʽʥʬʦʨʤʘʮʽʾ, ʧʦʨʦʜʠʚʰʠ ʢʘʪʝʛʦʨʽʶ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʦʥʪʫʨʫ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚôʷʟʢʫ. ɼʘʥʠʡ ʝʪʘʧ ʨʦʟʫʤʽʥʥʷ ʥʘʤʠ ʮʠʭ ʪʝʨʤʽʥʽʚ ʡ ʯʘʩʪʦʪʘ ʾʭ ʚʞʠʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʘʣʠ ʟʘʢʦʥʘʤ ʣʽʥʽʡʥʦʛʦ ʤʠʩʣʝʥʥʷ. ɿ ʯʘʩʦʤ ʢʽʙʝʨʥʝʪʠʯʥʘ ʧʝʨʩʧʝʢʪʠʚʘ 

ʦʛʦʣʦʩʠʣʘ, ʦɦ ʜʚʘ ʧʦʪʫʞʥʽ ʯʠʥʥʠʢʠ ï ʽʥʬʦʨʤʘʮʽʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʨʘʟʦʤ  

ʟ ɯʥʪʝʨʥʝʪʦʤ ʷʢ ʥʦʚʠʤ ʢʦʤʫʥʽʢʘʮʽʡʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʻ ʾʾ ʦʩʥʦʚʥʠʤʠ 

ʩʢʣʘʜʦʚʠʤʠ. ʊʦʤʫ ʥʘ ʨʘʟʽ ʯʘʩʪʦʪʘ ʚʞʠʚʘʥʥʷ ʮʠʭ ʪʝʨʤʽʥʽʚ ʧʝʨʝʩʪʘʻ 

ʚʽʜʧʦʚʽʜʘʪʠ ʟʘʢʦʥʘʤ ʣʽʥʽʡʥʦʛʦ ʤʠʩʣʝʥʥʷ (ʚʝʨʭʥʷ ʯʘʩʪʠʥʘ ʨʠʩʫʥʢʫ 4). 

ʆʯʝʚʠʜʥʦ ʦʜʥʝ: ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʟʨʦʩʪʘʻ, ʘ ʥʘʰʘ ʟʜʘʪʥʽʩʪʴ 

ʨʦʟʫʤʽʪʠ ʛʣʦʙʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʤʝʨʝʞʫ ï ʧʘʜʘʻ. ʎʝ ʪʘʢʦʞ ʩʪʦʩʫʻʪʴʩʷ ʡ 

ʨʦʟʫʤʽʥʥʷ ʪʝʨʤʽʥʽʚ ñʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨò ʽ ñʢʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨò, ʱʦ 

ʟʥʘʭʦʜʠʪʴ ʩʚʦʻ ʚʽʜʦʙʨʘʞʝʥʥʷ ʫ ʧʘʜʽʥʥʽ ʯʘʩʪʦʪʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ (ʨʠʩ. 1, 2). 

ʆʯʝʚʠʜʥʦ, ʱʦ ʟʘʟʥʘʯʝʥʽ ʚʠʱʝ ʯʠʥʥʠʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʘʥ 

çʤʝʥʪʘʣʴʥʠʭè ʤʦʜʝʣʝʡ ï ʤʦʜʝʣʝʡ ʩʚʽʪʫ ʩʫʙôʻʢʪʽʚ ʧʽʟʥʘʥʥʷ. 

ʇʽʜ ʤʦʜʝʣʷʤʠ ʩʚʽʪʫ ʩʫʙôʻʢʪʽʚ ʧʽʟʥʘʥʥʷ ʨʦʟʫʤʽʶʪʴ ʘʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʫ ʥʠʤʠ ʩʫʢʫʧʥʽʩʪʴ ʫʷʚʣʝʥʴ ʧʨʦ ʩʫʪʥʦʩʪʽ ʪʘ ʧʨʦʮʝʩʠ ʨʝʘʣʴʥʦʛʦ 

ʩʚʽʪʫ ʫ ʨʝʟʫʣʴʪʘʪʽ ʥʘʢʦʧʠʯʝʥʥʷ ʡ ʘʥʘʣʽʟʫ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʪʘ ʩʦʮʽʘʣʴʥʦʛʦ 

ʜʦʩʚʽʜʫ [28]. 

ɹʽʣʴʰ ʪʦʛʦ, ʚʽʜʦʤʠʡ ʬʫʪʫʨʦʣʦʛ ʈ. ʂʫʨʮʚʝʡʣ [29], ʚʽʜʟʥʘʯʘʶʯʠ ʧʦʩʪʽʡʥʝ 

ʧʦʜʚʦʻʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʮʽʥʦʚʦʾ ʜʠʥʘʤʽʢʠ ʽ ʧʦʪʫʞʥʦʩʪʝʡ, ʧʨʦʨʦʢʫʻ ʤʦʤʝʥʪ  

ʫ ʯʘʩʽ, ʜʝ ʤʘʪʠʤʝ ʤʩ̔ʮʝ çʪʝʭʥʦʣʦʛʽʯʥʘ ʩʠʥʛʫʣʷʨʥʽʩʪʴè: ʢʦʤʧôʶʪʝʨʥʠʡ ʧʨʦʛʨʝʩ 
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ʥʘʩʪʽʣʴʢʠ ʧʨʠʩʢʦʨʠʪʴʩʷ, ʱʦ ʚʠʧʝʨʝʜʠʪʴ ʩʧʨʦʤʦʞʥʽʩʪʴ ʣʶʜʩʪʚʘ ʦʩʷʛʥʫʪʠ ʡʦʛʦ 

ʽ ʤʘʰʠʥʥʠʡ ʽʥʪʝʣʝʢʪ ʧʝʨʝʚʝʨʰʠʪʴ ʣʶʜʩʴʢʠʡ ʨʦʟʫʤ. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʃʽʥʽʡʥʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʯʘʩʪʦʪʠ ʮʠʪʫʚʘʥʥʷ ʪʝʨʤ̔ʥʽʚ 

ñʥ̔ʬʦʨʤʘʮ̔ʡʥʠʡ ʧʨʦʩʪʽʨò ʽ ñʢʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨò 

 

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʽʥʽʚ ñʽʥʬʦʨʤʘʮʽʡʥʠʡ 

ʧʨʦʩʪʽʨò ʽ ñʢʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨò ʚ ʫʢʨʘʾʥʦʤʦʚʥʽʡ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ 

ʧʦʯʘʣʦʩʷ ʟʥʘʯʥʦ ʧʽʟʥʽʰʝ ʘʥʛʣʦʤʦʚʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʽ ʾʡ ʧʨʠʪʘʤʘʥʥʠʡ ʜʦʩʠʪɹ 

ʥʝʩʠʩʪʝʤʥʠʡ ʭʘʨʘʢʪʝʨ. 

ʇʽʜʩʫʤʢʦʚʠʡ ʚʠʩʥʦʚʦʢ, ʷʢʠʡ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ï ʮʝ ʪʝ, ʱʦ ʯʘʩʪʦʪʘ 

ʚʞʠʚʘʥʥʷ ʮʠʭ ʪʝʨʤʽʥʽʚ ʩʣʽʜʫʻ ʩʪʘʣʦʤʫ ʟʙʽʣʴʰʝʥʥʶ (ʧʦʜʚʦʻʥʥʶ) 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʢʦʤʧôʶʪʝʨʽʚ ʽ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʯʽʡ 

ʧʨʠʩʫʪʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʥʘʰʦʤʫ ʞʠʪʪ,̔ ʧʝʨʝʜʙʘʯʝʥʠʤ 

ʘʢʩʽʦʤʦʶ ʪʝʭʥʦʣʦʛʽʾ, ʚʽʜʦʤʦ ʁʷʢ çʟʘʢʦʥ ʄʫʨʘè ʽ ʡʦʛʦ ʥʘʩʣʽʜʢʘʤʠ [10]. ʎʽ 

ʥʘʩʣʽʜʢʠ ʪʘʢʦʞ ʧʦʰʠʨʶʶʪʴʩʷ ʟʘ ʤʝʞʽ ʥʘʫʢʠ, ʥʘ ʚʩʽ ʩʬʝʨʠ ʣʶʜʩʴʢʦʾ 

ʜʽʷʣʴʥʦʩʪʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʡ ʥʘ ʧʨʝʜʤʝʪ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʦʥʠ ʩʣʽʜʫʶʪʴ 

ʥʝʚʙʣʘʛʘʥʥʽʡ ʣʦʛʽʮʽ ʩʪʘʥʦʚʣʝʥʥ̫ ʢʽʙʝʨʥʝʪʠʢʠ ʢ̫ ʥʘʫʢʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʪʨʴʦʭ ʬʘʟ [30, 31]: ʛʦʤʝʦʩʪʘʟʫ, ʨʝʬʣʝʢʪʠʚʥʦʩʪʽ ʢʽʙʝʨʥʝʪʠʯʥʦʾ ʧʘʨʘʜʠʛʤʠ ʪʘ 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ. ɸ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʢʨʠʚʽ ʨʦʟʚʠʪʢʫ ʚʩʽʭ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʻ ʝʢʩʧʦʥʝʥʮʽʡʥʠʤʠ, ʘ ʥʝ ʣʽʥʽʡʥʠʤʠ.  

ɿʘʚʜʷʢʠ ʢʦʤʧʣʝʢʩʥʦʩʪʽ ʷʚʠʱ ̔ ʥʬʦʨʤʘʮ̔ʡʥʦʛʦ ʪʘ ʢʽʙʝʨʥʝʪʠʯʥʦʛʦ 

ʧʨʦʩʪʦʨʽʚ, ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤʠ ʘʜʝʢʚʘʪʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʽʥʽʚ 

çʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨè (ʽʥʬʦʨʤʘʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ) ʪʘ çʢʽʙʝʨʥʝʪʠʯʥʠʡ 

ʧʨʦʩʪʽʨè ʤʦʞʝ ʩʧʨʠʷʪʠ ʩʠʩʪʝʤʥʘ ʤʝʪʦʜʦʣʦʛʽʷ, ʟʦʢʨʝʤʘ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʘʥʘʣʽʟʫ ʩʠʩʪʝʤ. ɹʫʜʫʯʠ ʨ̔ʟʥʦʚʠʜʦʤ ʮʣ̔ʝʩʧʨʷʤʦʚʘʥʦʾ ʜʦʩʣʽʜʥʠʮʴʢʦʾ 

ʜʽʷʣʴʥʦʩʪʽ, ʱʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘ ʬʦʨʤʦʶ, 

ʟʤʽʩʪʦʤ, ʘ ʪʘʢʦʞ ʨʽʚʥʝʤ ʜʝʪʘʣʽʟʘʮʽʾ ʽ ʬʦʨʤʘʣʽʟʘʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʥʘʷʚʥʠʭ 

ʜʘʥʠʭ ʧʨʦ ʩʢʣʘʜʥʽ ʩʠʩʪʝʤʠ, ʚʽʥ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʜʘʪʠ ʘʜʝʢʚʘʪʥʽ, ʘʜʘʧʪʦʚʘʥʽ ʜʦ 

ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʮʠʭ ʧʦʥʷʪʴ, ʱʦ ʙʫʜʝ ʧʨʝʜʤʝʪʦʤ ʥʘʰʠʭ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
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ɺʠʩʥʦʚʢʠ 

 

ʗʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʧʝʨʰʠʤ ʚʠʥʠʢʣʦ ʧʦʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʡʥʠʡ 

ʧʨʦʩʪʽʨ, ʪʦʜʽ ʷʢ ʧʦʥʷʪʪʷ ʢʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨ ʚʠʥʠʢʣʦ ʧʽʩʣʷ ʧʦʷʚʠ ʥʘʫʢʠ 

ʢʙ̔ʝʨʥʝʪʠʢʠ. ʊʘʢʦʞ ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ ʟʘʛʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʩʪʘʥʦʚʣʝʥʥʷ ʪʘ 

ʨʦʟʚʠʪʢʫ ʯʘʩʪʦʪʠ ʚʞʠʚʘʥʥʷ ʮʠʭ ʪʝʨʤʽʥʽʚ, ʷʢʦʤʫ ʚʣʘʩʪʠʚʽ ʪʨʠ ʧʦʜʽʙʥʽ ʧʝʨʽʦʜʠ: 

ʧʦʚʽʣʴʥʦʛʦ ʟʨʦʩʪʘʥʥʷ, ʩʪʨʽʤʢʦʛʦ ʟʨʦʩʪʘʥʥʷ, ʩʪʨʽʤʢʦʛʦ ʧʘʜʽʥʥʷ. ʇʨʠ ʮʴʦʤʫ 

ʚʦʥʠ ʤʘʶʪʴ ʨʽʟʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʤʝʜʽʘʥʘ ʪʝʨʤʽʥʫ 

ñʢ̔ʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨò ʟʥʘʯʥʦ ʙʽʣʴʰʘ ʟʘ ʤʝʜʽʘʥʫ ʪʝʨʤʽʥʫ ñʽʥʬʦʨʤʘʮʽʡʥʠʡ 

ʧʨʦʩʪʽʨò, ʘ ʤʽʞʢʚʘʨʪʠʣʴʥʠʡ ʽʥʪʝʨʚʘʣ ñʢʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨò ʟʥʘʯʥʦ 

ʙʽʣʴʰʠʡ ʪʝʨʤʽʥʫ ñʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨò. 

ʃʽʥʽʡʥʠʡ ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʯʘʩʪʦʪʘ ʚʞʠʚʘʥʥʷ ʪʝʨʤʥ̔ʽʚ 

ñ̔ʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨò ʽ ñʢʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨò ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ 

ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʚʟʘʻʤʦʟʘʣʝʞʥʘ ï ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʤʦʜʝʣʽ ʜʦʨʽʚʥʶʻ 

0,94, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʮʝ ʧʨʠʧʫʱʝʥʥʷ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʪʝʨʤʽʥʽʚ 

ñʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪ̔ʨò ʽ ñʢʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨò ʻ ʽʩʪʦʨʠʯʥʠʤ ʷʚʠʱʝʤ, ʱʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʚʠʪʢʫ ʪʝʭʥʽʢʠ, ʩʚʽʜʦʤʦʩʪʽ ʣʶʜʠʥʠ ʪʘ ʧʩʠʭʽʢʠ, ʽ ʪʽʩʥʦ 

ʧʦʚôʷʟʘʥʦ ʽʟ ʫʩʚʽʜʦʤʣʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʛʨʦʟ. ʏʘʩʪʦʪʘ ʚʞʠʚʘʥʥʷ ʮʠʭ 

ʪʝʨʤʽʥʽʚ ʩʣʽʜʫʻ ʟʙʽʣʴʰʝʥʥʶ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʢʦʤʧôʪʁʝʨʽʚ ʽ 

ʧʦʩʪ̔ ʡʥʦ ʟʨʦʩʪʘʶʯʽʡ ʧʨʠʩʫʪʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʥʘʰʦʤʫ ʞʠʪʪʽ, 

ʱʦ ʧʝʨʝʜʙʘʯʝʥʦ çʟʘʢʦʥʦʤ ʄʫʨʘè ʽ ʡʦʛʦ ʥʘʩʣʽʜʢʘʤʠ. ʇʦʧʨʠ ʪʝ, ʱʦ ʟʘʢʦʥ ʄʫʨʘ 

ʚ ʯʠʩʪʦʤʫ ʚʠʜʽ ʯʝʨʝʟ ʜʝʷʢʠʡ ʯʘʩ ʧʝʨʝʩʪʘʥʝ ʚʠʢʦʥʫʚʘʪʠʩʴ ʚʥʘʩʣʽʜʦʢ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙʤʝʞʝʥʴ ʢʣʘʩʠʯʥʦʾ ʥʝʡʤʘʥʽʚʩɹʢʦ ʾ ʘʨʭʽʪʝʢʪʫʨʠ, 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʩʢʦʨʽʰʝ ʟʘ ʚʩʝ, ʟʨʦʩʪʘʪʠʤʫʪʴ ʟ ʨʘʭʫʥʦʢ 

ʫʩʢʣʘʜʥʝʥʥʷ ʧʽʜʭʦʜʽʚ ʜʦ ʾʭʥʴʦʾ ʦʨʛʘʥʽʟʘʮʽʾ, ʘ ʦʪʞʝ, ʢʽʙʝʨʧʨʦʩʪʽʨ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨ ʩʪʘʥʫʪʴ ʜʞʝʨʝʣʘʤʠ ʚʩʝ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʟʘʛʨʦʟ 

ʣʶʜʩʪʚʫ. 

ʅʘ ʨʘʟʽ ʧʦʥʷʪʪʷ çʽʥʬʦʨʤʘʮ̔ʡʥʠʡ ʧʨʦʩʪʨ̔è ʽ çʢʽʙʝʨʥʝʪʠʯʥʠʡ ʧʨʦʩʪʽʨè 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʨʦʙʽʪ, ʘʣʝ ʧʦʧʨʠ ʚʩʶ ʪʝʦʨʝʪʠʯʥʫ ʪʘ 

ʧʨʘʢʪʠʯʥʫ ʚʘʞʣʠʚʽʩʪʴ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʢʘʪʝʛʦʨʽʡ, ʚ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʜʦʩʽ 

ʥʝ ʨʦʟʨʦʙʣʝʥʦ ʻʜʠʥʦʛʦ ʧʽʜʭʦʜʫ ʱʦʜʦ ʾʭ ʚʠʟʥʘʯʝʥʥʷ. ɺʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤʠ 

ʘʜʝʢʚʘʪʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʽʥʽʚ çʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨè ʪʘ çʢʽʙʝʨʥʝʪʠʯʥʠʡ 

ʧʨʦʩʪʽʨè ʤʦʞʝ ʩʧʨʠʷʪʠ ʩʠʩʪʝʤʥʘ ʤʝʪʦʜʦʣʦʛʽʷ. 

ɸʚʪʦʨʠ ʚʚʘʞʘʶʪʴ ʩʚʦʾʤ ʧʨʠʻʤʥʠʤ ʦʙʦʚôʷʟʢʦʤ ʚʠʩʣʦʚʠʪʠ ʧʦʜʷʢʫ 

ʩʪʫʜʝʥʪʘʤ ʌʽʟʠʢʦ-ʪʝʭʥʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʅʊʊʋ "ʂʇɯ" ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

ʉʴʦʤʘʢʫ ʈ. ʪʘ ʗʩʢʘʣʫ ʅ. ʟʘ ʘʢʪʠʚʥʫ ʫʯʘʩʪʴ ʚ ʧʽʜʛʦʪʦʚʮʽ ʡ ʦʬʦʨʤʣʝʥʥʽ ʩʪʘʪʪʽ 

ʜʦ ʜʨʫʢʫ. 
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ʆ.ʉ. ʇʋʉʊʆɺɯʊ, ɺ.ʆ. ʋʉʊʀʄɽʅʂʆ 

 

ʇʈʆ ʅʆɺɯ ʇʆʊʆʂʆɺI  ɸʃɻʆʈʀʊʄʀ ʉʊɺʆʈɽʅʅʗ ʏʋʊʃʀɺʀʍ 

ɼɸʁɼɾɽʉʊIɺ ɽʃɽʂʊʈʆʅʅʀʍ ɼʆʂʋʄɽʅʊɯɺ 

 
ɸʥʦʪʘʮʽʷ. ɼʣʷ ʧʨʠʡʥʷʪʪʷ ʦʙʨ̌ʫʥʪʦʚʘʥʠʭ ʧʣʘʥʦʚʠʭ ʨʽʰʝʥʴ ʫ 

ʩʫʩʧʽʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʽʡ ʩʬʝʨʽ ʩʧʝʮʽʘʣʽʩʪʠ ʧʦʚʠʥʥʽ ʢʦʨʠʩʪʫʚʘʪʠʩʷ 

ʧʝʨʝʚʽʨʝʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. ɼʦ ʟʘʩʦʙʽʚ ʧʝʨʝʚʽʨʢʠ ʜʦʢʫʤʝʥʪʽʚ 

ʥʘʣʝʞʘʪʴ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦ ʩʪʘʙʽʣʴʥʽ ʘʣʛʦʨʠʪʤʠ ʢʦʤʧʨʝʩʽʾ ʚʝʣʠʢʦʛʦ 

ʬʘʡʣʫ ʚ ʜʘʡʜʞʝʩʪ ʚʠʟʥʘʯʝʥʦʛʦ ʨʦʟʤʽʨʫ, ʯʫʪʣʠʚʠʡ ʜʦ ʙʫʜʴ-ʷʢʦʾ ʟʤʽʥʠ 

ʩʠʤʚʦʣʽʚ ʥʘ ʚʭʦʜʽ. ʇʨʦʧʦʥʫʶʪʴʩʷ ʥʦʚʽ ʰʚʠʜʢʽ ʘʣʛʦʨʠʪʤʠ ʢʦʤʧʨʝʩʽʾ, 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʷʢʠʭ ʧʦʚôʷʟʫʻʪʴʩʷ ʟʽ ʩʢʣʘʜʥʠʤʠ 

ʘʣʛʝʙʨʘʾʯʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥ̫ʥɹ  ʚʝʣʠʢʦʾ ʩʪʝʧʝʥʽ ʪʘ ʟʘʜʘʯʘ ʨʦʟʢʣʘʜʫ ʥʝʣʽʥʽʡʥʦʛʦ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʨʦʩʪʦʨʫ ʟʘ ʪʚʽʨʥʠʤʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ 

ʩʪʚʦʨʝʥʥʷ ʯʫʪʣʠʚʠʭ ʜʦ ʟʤʽʥ ʜʘʡʜʞʝʩʪʽʚ ʜʦʢʫʤʝʥʪʽʚ ʙʫʜʫʪʴ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʢʽʙʝʨʘʪʘʢ ʪʘ ʘʫʜʠʪʫ ʫʩʽʭ ʬʘʡʣʽʚ ʩʠʩʪʝʤʠ 

ʧʽʩʣʷ ʟʘʨʝʩ̒ʪʨʦʚʘʥʦʛʦ ʚʪʨʫʯʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢ̔ʙʝʨʙʝʟʧʝʢʘ, ʭʝʰ-ʬʫʥʢʮʽʾ, ʘʫʜʝʥʪʠʬʽʢʘʮʽʡʥʽ ʢʦʜʠ 

ʧʦʚʽʜʦʤʣʝʥʴ, ʛʦʤʦʤʦʨʬʽʟʤ ʢʦʤʧʨʝʩʽʾ, ʚʠʩʦʢʦ ʥʝʣʽʥʽʡʥʘ ʢʨʠʧʪʦʛʨʘʬʽ ̫

ʚʽʜ ʙʘʛʘʪʴʦʭ ʟʤʽʥʥʠʭ, ʥʝʢʦʤʫʪʘʪʠʚʥʘ ʢʨʠʧʪʦʛʨʘʬʽʷ. 

DOI: 10.35350/2409-8876-2019-16-3-18-35 

 

ɺʩʪʫʧ 

 

ʋ ʩʪʘʪʪʽ ʧʨʦʧʦʥʫʻʪʩɹ̫ ʥʦʚʠʡ ʰʚʠʜʢʠʡ ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʨʝʩʦʚʘʥʦʛʦ 

ʜʘʡʜʞʝʩʪʫ ʚʝʣʠʢʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ʙʽʥʘʨʥʦʤʫ 

ʘʣʬʘʚʽʪʽ ʫ ʚʠʛʣʷʜʽ ʤʝʥh ʦʛʦ ʙʽʥʘʨʥʦʛʦ ʬʘʡʣʫ, ʨʦʟʤʽʨ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʢʦʨʠʩʪʫʚʘʯʝʤ. ʉʪʚʦʨʝʥʠʡ ʜʘʡʜʞʝʩʪ ʚʠʷʚʠʚʩʷ ʯʫʪʣʠʚʠʤ ʜʦ ʟʤʽʥ. ʊʘʢ, ʟʤʽʥʘ 

ʧʦʻʜʠʥʦʛʦ ʩʠʤʚʦʣʫ ʚ ʦʨʠʛʥ̔ʘʣʴʥʦʤʫ ʜʦʢʫʤʝʥʪʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʙʽʣʴʰʝ 

ʥʽʞ 98% ʩʠʤʚʦʣʽʚ ʫ ʜʘʡʜʞʝʩʪʽ. ɸʣʛʦʨʠʪʤ ʻ ʩʠʤʝʪʨʠʯʥʠʤ ʪʘ ʟʘʣʝʞʥʠʤ ʚ̔ʜ 

ʢʣʶʯʘ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʘʤ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ. ɺʚʘʞʘʻʤʦ, ʱʦ 

ʨʦʟʨʦʙʢʘ ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣ̫ ʨʦʟʚôʷʟʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʜʚʦʭ 

ʟʘʜʘʯ: 

1. ɿʘʭʠʩʪʫ ʚʝʣʠʢʠʭ ʩʭʦʚʠʱ ʜʘʥʠʭ ʚʽʜ ʢʽʙʝʨʘʪʘʢ ʟʘ ʥʘʩʪʫʧʥʠʤ 

ʘʣʛʦʨʠʪʤʦʤ: ʩʪʚʦʨʶʶʪʴʩʷ ʜʘʡʜʞʝʩʪʠ ʷʢ ʟʘʢʦʜʦʚʘʥʠʭ, ʪʘʢ ʽ ʥʝ ʟʘʢʦʜʦʚʘʥʠʭ 

ʝʣʝʢʪʨʦʥʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʚ ʦʙʨʘʥʠʡ ʧʦʯʘʪʢʦʚʠʡ ʯʘʩ. ɺ ʧʦʪʦʯʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ 

ʩʪʚʦʨʶʶʪʴʩʷ ʥʦʚʽ ʜʘʡʜʞʝʩʪʠ ʪʘ ʧʦʨʽʚʥʶʶʪɹʩʷ ʟ ʧʦʯʘʪʢʦʚʠʤʠ. ʇʨʠʩʫʪʥʽʩʪʴ 

ʙʫʜʴ-ʷʢʠʭ ʟʤʽʥ ʦʟʥʘʯʘʻ ʫʰʢʦʜʞʝʥʥʷ ʬʘʡʣʽʚ (ʢʽʙʝʨʘʪʘʢʘ, ʢʦʤʧôʶʪʝʨʥʠʡ ʚʽʨʫʩ, 

ʚʽʜʤʦʚʘ ʘʧʘʨʘʪʫʨʠ, ʧʦʤʠʣʢʘ ʧʝʨʩʦʥʘʣʫ ʪʘ ʽʥʰʝ). 

2. ʇʝʨʝʚʽʨʢʘ ʮʽʣʽʩʥʦʩʪʽ ʝʣʝʢʪʨʦʥʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʧʨʠ ʧʝʨʝʩʠʣʘʥʥʽ. 

ʂʦʨʝʩʧʦʥʜʝʥʪ ʩʪʚʦʨʶ̒ ʜʘʡʜʞʝʩʪ ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʬʘʡʣʫ ʪʘ ʮʴʦʛʦ ʞ ʬʘʡʣʫ  

ʫ ʟʘʰʠʬʨʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ. ʇʽʩʣʷ ʧʝʨʝʩʠʣʘʥʥʷ ʩʪʚʦʨʶʻʪʴʩʷ ʜʘʡʜʞʝʩʪ 

ʦʪʨʠʤʘʥʦʛʦ ʬʘʡʣʫ ʪʘ ʜʝʢʦʜʦʚʘʥʦʛʦ ʜʦʢʫʤʝʥʪʘ. ʂʦʨʝʩʧʦʥʜʝʥʪʠ ʧʦʨʽʚʥʶʶʪʴ 

ʜʘʡʜʞʝʩʪʠ ʪʘ ʨʦʙʣʷʪʴ ʚʠʩʥʦʚʦʢ ʱʦʜʦ ʥʘʷʚʥʦʩʪʽ ʧʦʰʢʦʜʞʝʥʥʷ. 

 
Ò ʆ.ʉ. ʇʫʩʪʦʚʽʪ, ɺ.ʆ. ʋʩʪʠʤʝʥʢʦ, 2019 
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1. ʇʨʦ ʚʝʨʠʬʽʢʘʮʽʶ ʝʣʝʢʪʨʦʥʥʠʭ ʜʦʢʫʤʝʥʪʽʚ 

 

ʉʧʨʦʱʝʥʫ ʤʦʜʝʣʴ ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʤʦʞʥʘ ʫʷʚʣʷʪʠ ʷʢ 

ʚʝʣʠʢʫ, ʟʨʦʩʪʘʶʯʫ ʚ ʯʘʩʽ ʤʝʨʝʞʫ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʚʽʨʪʫʘʣʴʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ 

(ʬʽʟʠʯʥʽ ʦʩʦʙʠ ʘʙʦ ʫʩʪʘʥʦʚʠ), ʷʢʽ ʦʙʤʽʥʶʶʪʴʩʷ ʽʥʬʦʨʤʘʮʽʻʶ ʪʘ ʤʦʞʫʪʴ ʾʾ 

ʟʙʝʨʽʛʘʪʠ ʚ ʝʣʝʢʪʨʦʥʥʠʭ ʩʭʦʚʠʘɦʭ, ʱʦ ʨʦʟʪʘʰʦʚʘʥ̔ ʚ ʤʝʨʝʞʽ ʘʙʦ ʟʥʘʭʦʜʷʪʴʩʷ 

ʚ ʽʟʦʣʷʮʽʾ ʚʽʜ ʥʝʾ. 

ʈʦʟʤʽʨ ʬʘʡʣʽʚ ʜʣʷ ʦʙʤʽʥʫ (ʝʣʝʢʪʨʦʥʥʠʭ ʜʦʢʫʤʝʥʪʽʚ) ʤʘ ̒ ʪʝʥʜʝʥʮʽʶ 

ʟʨʦʩʪʘʪʠ. ɺʘʞʣʠʚʦʶ ʢʘʪʝʛʦʨʽʻʶ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʻ ʜʦʚʽʨʘ ʜʦ 

ʜʦʢʫʤʝʥʪʽʚ. ʂʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʘʪʠ ʩʠʤʝʪʨʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʟ̔ 

ʧʨʠʚʘʪʥʠʤ ʢʣʁʯʝʤ ʜʣʷ ʰʠʬʨʫʚʘʥʥʷ ʜʦʢʫʤʝʥʪʽʚ ʪʘ ʧʨʦʪʦʢʦʣʫ ʦʙʤʽʥʫ ʢʣʶʯʽʚ 

ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʙʝʟʧʝʢʠ ʧʨʦʮʝʜʫʨʠ ʢʦʜʫʚʘʥʥʷ. ɼʣʷ ʟʤʽʥʠ ʢʣʶʯʘ ʪʘʢʦʞ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʽ ʩʝʨʪʠʬʽʢʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ ʟ ʧʫʙʣʽʯʥʠʤ ʢʣʶʯʝʤ. ʎʽ ʤʝʪʦʜʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʧʝʢʫ ʢʘʥʘʣʽʚ ʦʙʤʽʥʫ. 

ʃʝʛʢʦ ʧʦʙʘʯʠʪʠ, ʱʦ ʥʘʚʽʪʴ ʢʦʨʠʩʪʫʚʘʥʥʷ ʥʘʜʽʡʥʠʤʠ ʟʘʩʦʙʘʤʠ 

ʰʠʬʨʫʚʘʥʥʷ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʦʾ ʜʦʚʽʨʠ ʜʦ ʜʦʢʫʤʝʥʪʽʚ, ʪʦʤʫ ʱʦ ʪʨʝʙʘ 

ʨʘʭʫʚʘʪʠʩʷ ʽʟ ʰʫʤʘʤʠ ʫ ʢʘʥʘʣʘʭ ʪʘ ʧʨʦʙʣʝʤʘʤʠ ʙʝʟʧʝʯʥʦʛʦ ʟʙʝʨʝʞʝʥʥʷ 

ʬʘʡʣʽʚ ʚ ʝʣʝʢʪʨʦʥʥʠʭ ʩʭʦʚʠʱʘʭ, ʜʝ ʜʦʢʫʤʝʥʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʽʜʨʦʙʣʝʥʽ, 

ʧʦʰʢʦʜʞʝʥ ̔ ʢʦʤʧôʶʪʝʨʥʠʤʠ ʚʽʨʫʩʘʤʠ, ʪʝʭʥʽʯʥʠʤʠ ʧʦʤʠʣʢʘʤʠ ʚ ʨʦʙʦʪʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʽʥʰʝ. 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ ʟʘʛʨʦʟʘ ʧʦʪʫʞʥʠʭ 

ʢʽʙʝʨʪʝʨʦʨʠʩʪʠʯʥʠʭ ʘʪʘʢ ʥʘ ʩʭʦʚʠʱʘ ʝʣʝʢʪʨʦʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʨ̔ʟʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ, ʾʭ ʥʘʩʣʽʜʢʠ ï ʮʝ ʥʝ ʪʽʣʴʢʠ ʚʠʪ̔ʢ ʽʥʬʦʨʤʘʮʽʾ, ʘʣʝ ʡ ʫʰʢʦʜʞʝʥʥʷ 

ʘʙʦ ʬʘʣʴʩʠʬʽʢʫʚʘʥʥʷ ʜʦʢʫʤʝʥʪʽʚ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʧʽʩʣʷ ʚʠʷʚʣʝʥʥʷ ʢʽʙʝʨʘʪʘʢʠ 

ʥʘ ʢʦʨʧʦʨʘʪʠʚʥʝ ʩʭʦʚʠʱʝ ʽʥʬʦʨʤʘʮʽʾ ʧʦʪʨʽʙʥʦ ʨʦʙʠʪʠ ʘʫʜʠʪ ʫʩʽʭ ʬʘʡʣʽʚ 

ʩʠʩʪʝʤʠ. ʇʨʦʪʠʜʽʷ ʮʽʡ ʟʘʛʨʦʟʽ ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ. 

ɼʦʚʽʨʘ ʜʦ ʜʦʢʫʤʝʥʪʽʚ ʻ ʚʘʞʣʠʚʦʶ ʢʘʪʝʛʦʨʽʻʶ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ. 

ʃʝʛʢʦ ʧʦʙʘʯʠʪʠ, ʱʦ ʥʘʚʽʪʴ ʢʦʨʠʩʪʫʚʘʥʥ ̫ʥʘʜʽʡʥʠʤʠ ʟʘʩʦʙʘʤʠ ʰʠʬʨʫʚʘʥʥʷ ʥʝ 

ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʦʾ ʜʦʚʽʨʠ ʜʦ ʜʦʢʫʤʝʥʪʽʚ, ʪʦʤʫ ʱʦ ʪʨʝʙʘ ʨʘʭʫʚʘʪʠʩʷ ʽʟ ʰʫʤʘʤʠ 

ʫ ʢʘʥʘʣʘʭ ʪʘ ʧʨʦʙʣʝʤʘʤʠ ʙʝʟʧʝʯʥʦʛʦ ʟʙʝʨʝʞʝʥʥʷ ʬʘʡʣ̔ ʚ ʫ ʝʣʝʢʪʨʦʥʥʠʭ 

ʩʭʦʚʠʱʘʭ, ʜʝ ʜʦʢʫʤʝʥʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʽʜʨʦʙʣʝʥʽ, ʧʦʰʢʦʜʞʝʥʽ 

ʢʦʤʧôʶʪʝʨʥʠʤʠ ʚʽʨʫʩʘʤʠ, ʪʝʭʥʽʯʥʠʤʠ ʧʦʤʠʣʢʘʤʠ ʚ ʨʦʙʦʪʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʪʝʭʥʽʢʠ ʪʘ ʽʥʰʝ. ɼʣʷ ʟʘʜʘʯ ʚʠʷʚʣʝʥʥʷ ʢʽʙʝʨʘʪʘʢ, ʚʝʨʠʬʽʢʘʮʽʾ ʪʘ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ 

ʜʦʢʫʤʝʥʪʽʚ ʧʦʪʨʽʙʥʽ ʪʘʢ ʟʚʘʥʽ ʟʘʣʝʞʥʽ ʚʽʜ ʢʣʶʯiʚ ʭʝʰ-ʬʫʥʢʮʽʾ 

(ʘʚʪʝʥʪʠʬʽʢʘʮʽʡʥʽ ʢʦʜʠ ʧʦʚʽʜʦʤʣʝʥʴ ʘʙʦ MACʠ), ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʛʘʩʣʘ [2]. 

ʍʝ-hʬʫʥʢʮʽʷ ʧʦʪʨʽʙʥʘ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʩʢʦʤʧʝʥʩʦʚʘʥʦʾ ʬʦʨʤʠ ʦʨʠʛʽʥʘʣʴʥʦʛʦ 

ʜʦʢʫʤʝʥʪʘ ʜʦʚʽʣʴʥʦ ʦʙʨʘʥʦʛʦ ʨʦʟʤʽʨʫ. ʊʘʢʫ ʬʦʨʤʫ ʥʘʟʠʚʘʶʪʴ ʭʝʰʝʤ ʘʙʦ 

ʜʘʡʜʞʝʩʪʦʤ ʜʦʢʫʤʝʥʪʘ, ʾʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʨʽʟʥʠʭ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷʭ. ʍʝ-hʬʫʥʢʮʽʷ h ʧʨʘʮʶʻ ʟ ʬʘʡʣʦʤ ʜʦʚ̔ʣʴʥʦʛʦ ʨʦʟʤʽʨʫ n, ʾʾ 

ʟʥʘʯʝʥʥʷ ʤʘʻ ʬʽʢʩʦʚʘʥʠʡ ʨʦʟʤʽʨ.  

ɼʣʷ ʽʥʰʠʭ ʟʘʜʘʯ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʧʦʪʨʽʙʥʘ ʟʘʛʘʣʴʥʘ ʭʝ-hʬʫʥʢʮʽʷ, ʱʦ 

ʥʝ ʧʦʪʨʝʙʫʻ ʢʣʶʯʘ ʘʙʦ ʞ ʛʘʩʣʘ. ʅʝʦɦʜʘʚʥʦ ʙʫʣʦ ʩʝʨʪʠʬʽʢʦʚʘʥʦ ʟʘʛʘʣʴʥʫ ʭʝʰ-

ʬʫʥʢʮʽʶ ʂʫʧʠʥʘ ʷʢ ʥʦʚʠʡ ʜʝʨʞʘʚʥʠʡ ʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ [1].  

 

2. ɺʠʤʦʛʠ ʜʦ ʜʘʡʜʞʝʩʪʫ ʜʦʢʫʤʝʥʪʽʚ 

 

ʂʨʠʧʪʦʛʨʘʬʽʯʥʦ ʩʪʘʙʽʣʴʥʘ ʬʫʥʢʮʽʷ ʭʝʰʫʚʘʥʥʷ f ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ: 

ʧʨʘʢʪʠʯʥʫ ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʧʘʨʠ ʧʦʩʠʣʘʥʴ x ʪa z ʪʘʢʠʤ ʩʘʤʠʤ ʟʥʘʯʝʥʥʷʤ 

ʭʝ-hʬʫʥʢʮʽʾ. ɼʣʷ ʜʘʡʜʞʝʩʪʫ ʜʦʢʫʤʝʥʪʘ, ʩʪʚʦʨʝʥʦʛʦ ʟʘʣʝʞʥʦʶ ʚʽʜ ʢʣʶʯʘ  
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ʭʝ-hʬʫʥʢʮʽʻʁ  (MAC), ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠʤʚʦʣ HMAC. ʂʦʣʠ ʢʦʨʠʩʪʫʚʘʯʽ 

ʭʦʯʫʪʴ ʙʝʟʧʝʯʥʦ ʦʙʤʽʥʷʪʠʩʷ ʢʦʨʝʩʧʦʥʜʝʥʮʽʻʶ, ʧʝʨʝʚʽʨʷʶʯʠ ʭʪʦ ʻ ʜʽʡʩʥʠʤ 

ʘʚʪʦʨʦʤ ʣʠʩʪʘ, ʪʘʢ ʽ ʚ̔ ʜʩʫʪʥʽʩʪʴ ʟʤʽʥ ʧʨʠ ʧʝʨʝʩʠʣʮʽ, ʚʦʥʠ ʨʘʟʦʤ ʦʙʠʨʘʶʪʴ 

ʩʧʽʣʴʥʠʡ MAC. ʇʨʠ ʮʴʦʤʫ ʢʦʨʠʩʪʫʶʪʴʩʷ ʩʧʽʣʴʥʦʶ ʩʭʝʤʦʶ ʩʠʤʝʪʨʠʯʥʦʛʦ 

ʰʠʬʨʫʚʘʥʥʷ. 

ʂʨʽʤ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʜʫʞʝ ʚʘʞʣʠʚʘ ʰʚʠʜʢʦʜʽʷ ʪʘ ʚʠʩʦʢʠʡ 

ʧʦʢʘʟʥʠʢ ʘʚʘʣʘʥʯ ʝʬʝʢʪʫ. ʎʝʡ ʝʬʝʢʪ ʚʠʤʽʨʶʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ. 

ʆʙʯʠʩʣʶʻʪʴʩʷ HMAC ʜʣʷ ʛʝʥʝʨʦʚʘʥʦʛʦ ʬʘʡʣʫ, ʟʤʽʥʶʻʪʴʩʷ ʜʦʚʽʣʴʥʠʡ ʡʦʛʦ 

ʙʽʪ ʪʘ ʦʙʯʠʩʣʶʻʪʴʩʷ HMAC ʜʣʷ ʟʤʽʥʝʥʦʛʦ ʬʘʡʣʫ, ʧʽʩʣʷ ʮʴʦʛʦ ʨʦʙʠʪʴʩʷ 

ʧʦʙʽʪʦʚʝ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʜʘʡʜʞʝʩʪʽʚ. ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʞʠʚʘʥʥʷ 

MACʫ ʧʦʪʨʽʙʥʦ, ʱʦʙ ʩʪʘʪʠʩʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʦʻʜʠʥʘ ʟʤʽʥʘ 

ʩʠʤʚʦʣʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ 40% ʙʽʪʽʚ HMACʫ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʫ ʬʘʡʣʽʚ, 

ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ [9]. 

 

3. ʇʨʦ ʥʝʢʦʤʫʪʘʪʠʚʥʫ ʢʨʠʧʪʦʛʨʘʬʽʶ ʪʘ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʟʘʜʘʯ 

ʩʠʤʝʪʨʠʯʥʦʛʦ hʠʬʨʫʚʘʥʥʷ ʽ ʧʦʙʫʜʦʚʠ ʭʝʰ-ʬʫʥʢʮʽʡ 

 

ʅʝʢʦʤʫʪʘʪʠʚʥʘ ʢʨʠʧʪʦʛʨʘʬʽʷ ʻ ʘʢʪʠʚʥʦʁ  ʦʙʣʘʩʪʶ ʢʨʠʧʪʦʣʦʛʽʾ, ʷʢʘ ʜʦʩʣʽʜʞʫʻ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʽ ʧʨʠʤʽʪʠʚʠ ʪʘ ʩʠʩʪʝʤʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʘʣʛʝʙʨʘʾʯʥʠʭ ʩʪʨʫʢʪʫʨʘʭ, 

ʪʘʢʠʭ ʷʢ ʛʨʫʧʠ, ʥʘʧʽʚʛʨʫʧʠ ʪʘ ʥʝʢʦʤʫʪʘʪʠʚʥʽ ʢʽʣʴʮʷ (ʜʠʚ. [18-29]). ʆʜʥʠʤ ʟ 

ʥʘʡʙʽʣʴʰ ʨʘʥʥʽʭ ʟʘʩʪʦʩʫʚʘʥʴ ʥʝʢʦʤʫʪʘʪʠʚʥʦʾ ʘʣʛʝʙʨʘʾʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʣʷ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʮʽʣʝʡ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʫʧ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʧʨʦʪʦʢʦʣʽʚ. ʇʽʟʥʽʰʝ ʜʝʢʽʣʴʢʘ ʽʥʰʠʭ ʥʝʢʦʤʫʪʘʪʠʚʥʠʭ 

ʩʪʨʫʢʪʫʨ, ʪʘʢʠʭ ʷʢ ʛʨʫʧʠ ʊʦʤʧʩʦʥʘ ʪʘ ʛʨʫʧʠ ɻʨʠʛʦʨʯʫʢʘ, ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʷʢ 

ʧʦʪʝʥʮʽʡʥʽ ʢʘʥʜʠʜʘʪʠ ʜʣʷ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʧʦʩʪʢʚʘʥʪʦʚʠʭ ʜʦʜʘʪʢʽʚ. 

ʉʪʘʥʜʘʨʪʥʠʤ ʩʧʦʩʦʙʦʤ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʛʨʫʧ ʽ ʥʘʧʽʚʛʨʫʧ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʝʥʝʨʘʪʦʨʽʚ ʽ ʟʚ'ʷʟʢʽʚ (ʊʝʦʨʽʷ ʢʦʤʙ̔ ʥʘʪʦʨʥʠʭ ʛʨʫʧ). ʂʨʠʧʪʦʛʨʘʬʽʷ ʥʘ ʦʩʥʦʚʽ 

ʥʘʧʽʚʛʨʫʧʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ̔ ʟʘʛʘʣʴʥʠʭ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʩʭʝʤ, ʚʠʟʥʘʯʝʥʠʭ ʫ 

ʪʝʨʤʽʥʘʭ ʰʠʨʦʢʠʭ ʢʣʘʩʽʚ ʥʘʧʽʚʛʨʫʧ ʽ ʾʭ ʨʝʘʣʽʟʘʮʽʡ ʜʣʷ ʚʠʙʨʘʥʠʭ ʥʘʧʽʚʛʨʫʧ 

ʩʽʤʝʡ (ʪʘʢ ʟʚʘʥʽ ʧʣʘʪʬʦʨʤʠ ʥʘʧʽʚʛʨʫʧ). ɿʚʠʯʘʡʥʘ ʪʝʭʥʽʢʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʘʤ'ʷʪʽ ʢʦʤʧ'ʶʪʝʨʘ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʛʨʫʧʠ ʽ ʥʘʧʽʚʛʨʫʧʠ ʟʘʩʥʦʚʘʥʘ ʥʘ ʤʝʪʦʜʽ 

ʛʝʥʝʨʘʪʦʨʽʚ ʽ ʚʽʜʥʦʰʝʥ.ɹ 

ʋ ʨʦʙʦʪʘʭ [3, 14, 30, 32, 33] ʘʚʪʦʨʠ ʨʦʟʛʣʷʜʘʶʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʤʝʪʦʜ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʛʨʫʧʠ ʧʣʘʪʬʦʨʤ G ʷʢ ʧʽʜʛʨʫʧʠ ʘʬʽʥʥʦʾ ʥʘʧʽʚʛʨʫʧʠ ʂʨʝʤʦʥʠ 

S(Kn) ʥʘʜ ʩʢʽʥʯʝʥʥʠʤ ʢʦʤʫʪʘʪʠʚʥʠʤ ʢʽʣʴʮʝʤ K ʚʩʽʭ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʽ ʧʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʧʦʜʘʻʪʴʩʷ ʫ ʩʪʘʥʜʘʨʪʥʽʡ 

ʬʦʨʤʽ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʢʨʠʧʪʦʛʨʘʬʽʾ. ʆʪʞʝ, ʥʘʧʽʚʛʨʫʧʘ ʦʧʝʨʘʮʽʡ ʚʽʜʦʙʨʘʞʝʥʴ 

ʢʦʤʧʦʟʠʮʽʡ ʽʥʜʫʢʫʻ ʛʨʫʧʦʚʽ ʦʧʝʨʘʮʽʾ ʧʝʨʝʪʚʦʨʝʥʴ. ʎʝ ʩʧʨʦʙʘ ʧʦʻʜʥʘʪʠ ʤʝʪʦʜʠ 

ʥʝʢʦʤʫʪʘʪʠʚʥʦʾ ʢʨʠʧʪʦʛʨʘʬʽʾ ʪʘ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʢʨʠʧʪʦʛʨʘʬʽʾ. 

ʅʝʢʦʤʫʪʘʪʠʚʥʫ ʢʨʠʧʪʦʛʨʘʬʽʶ ʩʪʚʦʨʝʥʦ ʜʣʷ ʜʦʩʣ̔ ʜʞʝʥʥʷ ʧʨʦʙʣʝʤ 

ʘʩʠʤʝʪʨʠʯʥʦʾ ʢʨʠʧʪʦʛʨʘʬʽ,ʾ ʪʘʢʠʭ ʷʢ ʘʣʛʦʨʠʪʤʠ ʚʽʜʢʨʠʪʠʭ ʢʣʶʯʽʚ, ʧʨʦʪʦʢʦʣʠ 

ʦʙʤʽʥʫ ʢʣʶʯʘʤʠ ʪʘ ʢʨʠʧʪʦʩʠʩʪʝʤʠ ʪʠʧʫ ɽʣʴ ɻʘʤʘʣ̫. ʋ ʚʠʧʘʜʢʫ ʢʦʨʦʪʢʦ 

ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʚʠʱʝ ʧʽʜʭʦʜʫ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʧʽʜʛʨʫʧ ʘʬʽʥʥʠʭ 

ʤʝʪʦʜʠʢ ʥʘʧʽʚʛʨʫʧʠ ʂʨʝʤʦʥʠ ʥʝʢʦʤʫʪʘʪʠʚʥʦʾ ʢʨʠʧʪʦʛʨʘʬ̔ ʾ ʫ ʩʠʤʝʪʨʠʯʥʽʡ 

ʢʨʠʧʪʦʛʨʘʬʽʾ, ʪʘʢʠʭ ʷʢ ʨʦʟʨʦʙʢʘ ʧʦʪʦʢʦʚʠʭ ʰʠʬʨʽʚ (ʜʠʚ. [6, 34] ʪʘ ʽʥʰʽ 

ʧʦʩʠʣʘʥʥʷ) ʽ ʢʦʥʩʪʨʫʢʮʽʾ HMAC (ʜʠʚ., ʥʘʧʨʠʢʣʘʜ, [35], ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 

ʩʧʝʮʽʘʣʴʥʽ ʣʽʥʽʡʥʽ ʛʨʫʧʠ), ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʥʝʣʽʥʽʡʥʽ ʧʽʜʛʨʫʧʠ ʘʬʥ̔ʥʠʭ 

ʥʘʧʽʚʛʨʫʧ ʂʨʝʤʦʥʠ. ʄʝʪʦʜ ʛʝʥʝʨʫʚʘʥʥ̫ ʘʬʽʥʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʫ ʪʝʨʤʽʥʘʭ 

ʩʧʝʮʽʘʣʴʥʠʭ ʛʨʘʬʽʚ, ʟʘʜʘʥʠʭ ʨʽʚʥʷʥʥʷʤʠ (ʪʘʢ ʟʚʘʥʽ ʣʽʥʛʚʽʩʪʠʯʥ̔ ʛʨʘʬʠ), 
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ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʤʽʩʪʴ ʤʝʪʦʜʫ ʛʝʥʝʨʘʪʦʨʽʚ ʽ ʚʽʜʥʦʰʝʥʴ (ʜʠʚ. [13, 14] ʽ 

ʨʦʟʜʽʣ 6 ʥʠʞʯʝ). ɯʥʰʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʽʾ ʛʨʘʬʽʚ ʜʦ ʢʨʠʧʪʦʛʨʘʬʽʾ 

ʨʦʟʛʣʷʜʘʶʪʴʩ̫ ʚ [31]. 

ɼʦʩʣʽʜʞʝʥʥʷ HMAC (ʽ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʥʠʤʠ ʅMACʘʤʠ) ï ʛʘʨʷʯʘ ʛʘʣʫʟʴ. 

ʇʦʚʥʠʡ ʦʛʣʷʜ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʨʦʟʨʦʙʢʠ ʮʠʭ ʟʘʩʦʙʽʚ ʪʘ ʾʭ 

ʢʨʠʧʪʦʘʥʘʣʽʟʫ ʧʨʦʩʪʦ ʥʝ ʤʦʞʣʠʚʠʡ, ʤʠ ʟʚʝʨʪʘʻʤʦʩʷ ʣʠʰʝ ʜʦ ʜʝʢʽʣʴʢʦʭ 

ʦʩʪʘʥʥʽʭ ʨʦʙʽʪ [36-45]. 

ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʙʫʜʴ-ʷʢʘ ʢʨʠʧʪʦʛʨʘʬʽʯʥʘ ʭʝʰ-ʬʫʥʢʮʽʷ, ʪʘʢʘ ʷʢ MD5 

ʘʙʦ SHA-1, ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʦʙʯʠʩʣʝʥʥ ̔ HMAC; ʦʪʨʠʤʘʥʠʡ 

ʘʣʛʦʨʠʪʤ MAC ʥʘʟʠʚʘʻʪʴʩʷ HMAC-MD5 ʘʙʦ HMAC-SHA-1 ʚʽʜʧʦʚʽʜʥʦ. 

ʂʨʠʧʪʦʛʨʘʬʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ HMAC ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦ ʾ

ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʩʥʦʚʥʦʾ ʭʝʰ-ʬʫʥʢʮʽʾ, ʨʦʟʤʽʨʫ ʾʾ ʭʝʰ-ʚʠʭʦʜʫ, ʘ ʪʘʢʦʞ ʚʽʜ 

ʨʦʟʤʽʨʫ ʽ ʷʢʦʩʪʽ ʢʣʶʯʘ. 

 

4. ʄʘʪʝʤʘʪʠʯʥʝ ʧʽʜʨ̌ʫʥʪʷ ʭʝʰ-ʬʫʥʢʮʽʾ, ʱʦ ʧʨʦʧʦʥʫʻʪʴʩʷ 

 

ʅʝʭʘʡ )(KF  ï ʧʨʦʩʪʽʨ ʧʦʪʝʥʮʽʡʥʦ ʥʝʩʢʽʥʯʝʥʥʠʭ ʪʝʢʩʪʽʚ ʚ ʘʣʬʘʚʽʪʽ K, ʷʢʠʡ 

ʚ̫ʣʷ̒ ʩʫʢʫʧʥʩ̔ʪʴ ʚʩʽʭ ʢʦʨʪʝʞʚ̔ ʚʠʜʫ Kaaaa ik Í),,...,,( 21  ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ k . 

ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ K ʻ ʩʢʽʥʯʝʥʥʠʤ ʢʦʤʫʪʘʪʠʚʥʠʤ ʢʽʣʴʮʝʤ ʪʘ 

ʦʪʦʪʦʞʥʶʚʘʪʠ )(KF  ʟ ʥʘʧʽʚʛʨʫʧʦʶ ʽʟ ʥʘʩʪʫʧʥʠʤ ʤʥʦʞʝʥʥʷʤ 

)21212121 ,,,,...,,(),...,,(),...,,( kskkksk abababaaabbbaaa +++=a . ʅʝʭʘʡ )(KF¡  

ʙʫʜʝ ʧʽʜʥʘʧʽʚʛʨʫʧʦʶ ʚʩʽʭ ʩʣʽʚ ʧʘʨʥʦʾ ʜʦʚʞʠʥʠ. ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ )( nKS  

ʩʢʽʥʯʝʥʥʫ ʥʘʧ̔ʚʛʨʫʧʫ ʚʩʽʭ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ ʧʨʦʩʪʦʨʫ nK  ʚ ʩʝʙʝ.  

ʅʘʰ ʘʣʛʦʨʠʪʤ ʨ̌ʫʥʪʫʻʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʪʚʝʨʜʞʝʥʥʽ. 

ʊʝʦʨʝʤʘ [3]. ɼʣʷ ʢʦʞʥʦʛʦ ʥʘʪʫʨʘʣʴʥʦʛʦ mÓ2 ʽʩʥʫʻ ʛʦʤʦʤʦʨʬʥʝ 

ʚʽʜʦʙʨʘʞʝʥʥʷ )()(: mKSKF ¡y  ʪʘʢʝ, ʱʦ ʡʦʛʦ ʦʙʨʘʟ ))(( KF¡y  ʫʪʚʦʨʶʻ ʛʨʫʧʫ 

G ʢʫʙʽʯʥʠʭ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ ʩʪʫʧʝʥʷ 3. 

ʅʘʛʘʜʘʻʤʦ, ʱʦ ʚʣʘʩʪʠʚʽʩʪʴ ʛʦʤʦʤʦʨʬʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʣʷ myy=  

ʟʘʧʠʩʫʻʪʴʩʷ ʷʢ )()()( baba yyy aa = . 

ɺʽʜʦʙʨʘʞʝʥʥʷ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʘʤ ʪʝʦʨʝʤʠ, ʙʫʜʫʻʪʴʩʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʚ ʪʝʨʤʽʥʘʭ ʪʝʦʨʽʾ ʜʠʩʢʨʝʪʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ, ʚʠʟʥʘʯʝʥʠʭ 

ʟʘ ʘʣʛʝʙʨʘʾʯʥʠʤʠ ʛʨʘʬʘʤʠ ʟ ʝʢʩʪʨʝʤʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪ̫ ʤʠ [4]. ʎʽ ʤʝʪʦʜʠ 

ʜʦʟʚʦʣʷʶʪʴ ʦʜʝʨʞʘʪʠ ʪʘʢʫ ʥʠʞʥʶ ʦʮʽʥʢʫ ʧʦʨʷʜʢʫ ʢʦʥʩʪʨʫʢʪʠʚʥʦ 

ʧʦʙʫʜʦʚʘʥʦʾ ʛʨʫʧʠ:nG 42|| ² . ɿʘʟʥʘʯʠʤʦ, ʱʦ ʪʚʝʨʜʞʝʥʥʷ ʚʠʟʥʘʯʘʻ ʨʽʜʢʽʩʥʠʡ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʙ'ʻʢʪ. ʉʫʧʝʨʧʦʟʠʮʽʷ ʜʚʦʭ ʢʫʙʽʯʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ ʟ ʚʝʣʠʢʦʶ 

ʡʤʦʚʽʨʥʽʩʪʶ ʙʫʜʝ ʤʘʪʠ ʩʪʫʧʽʥʴ 9, ʪʨɹ ʦʭ ï 27, ʯʦʪʠʨʴʦʭ ï 81, ʘ ʫ ʧʦʙʫʜʦʚʘʥʽʡ 

ʛʨʫʧʽ ʚʩʽ ʮʽ ʜʦʙʫʪʢʠ ʦʙʤʝʞʝʥʽ ʯʠʩʣʦʤ 3. ʎʷ ʛʨʫʧʘ ʚʞʝ ʚʞʠʚʘʣʘʩʷ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʟ ʧʨʠʚʘʪʥʠʤ ʢʣʶʯʝʤ ([5, 6] ʪa 

ʧʦʜʘʣʴʰʽ ʧʦʩʠʣʘʥʥʷ) ʪʘ ʧʨʦʪʦʢʦʣʽʚ ʦʙʤʽʥʫ ʢʣʁ ʯʘʤʠ [4, 7, 10, 11]. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ MACʫ [9] ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥo ʥʝ ʩʘʤʫ ʛʨʫʧʫ G,  

ʘ ʚʽʜʦʙʨʘʞʝʥʥʷ y, ʱʦ ʾʾ ʚʠʟʥʘʯʘʻ, ʨʘʟʦʤ ʟ ʘʬʽʥʥʠʤʠ A ʪa B ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ 

ʛʨʫʧʠ ʂʨʝʤʦʥʠ ʟa ʧʨʘʚʠʣʦʤ BxAxg )(: y . ʅʝ ʚʘʞʢʦ ʧʦʙʘʯʠʪʠ, ʱʦ y ï 

ʧʨʠʨʦʜʥʠʡ ʦʧʝʨʘʪʦʨ ʢʦʤʧʨʝʩʽʾ ʜʘʥʠʭ, ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻ ʥʝʩʢʽʥʯʝʥʥʫ ʤʥʦʞʠʥʫ 

)(KF¡  ʫʩʽʭ ʩʣʽʚ ʧʘʨʥʦ ʾʜʦʚʞʠʥʠ ʚ ʘʣʬʘʚʽʪʽ K ʥʘ ʩʢʽʥʯʝʥʥʫ ʤʥʦʞʠʥʫ )( mKS . 

ʅʘ ʚʠʭʽʜ ʧʦʜʘʻʪʴʩʷ ʩʧʠʩʦʢ ʢʦʦʨʜʠʥʘʪ g(x), ʜʦ ʷʢʠʭ ʜʚʽʯʽ ʟʘʩʪʦʩʦʚʘʥʦ ʦʧʝʨʘʪʦʨ 
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ʧʦʚʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʫ. ʂʦʤʧ'ʶʪʝʨʥʘ ʩʠʤʫʣʷʮʽʷ ʜʦʟʚʦʣʠʣʘ ʦʙʯʠʩʣʠʪʠ ʜʫʞʝ 

ʚʠʩʦʢʠʡ ʘʚʘʣʘʥʯ ʝʬʝʢʪ ʫ ʤʝʞʘʭ 97-99%. ɼʣʷ ʧʨʠʢʣʘʜʫ ʚ MACʫ ʨʦʩʽʡʩʴʢʠʭ 

ʜʦʩʣʽʜʥʠʢʽʚ ʽʥʪʝʨʚʘʣ ʘʚʘʣʘʥʯ ʝʬʝʢʪʫ ʦʮʽʥʶʻʪʴʩʷ ʷʢ 47-50% [8]. 

ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʧʦʙʫʜʦʚʘ ʛʦʤʦʤʦʨʬʽʟʤʽʚ ʢʦʤʧʨʝʩʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫ ʪʝʨʤ̔ʥʘʭ 

ʪʝʦʨʽʾ ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʛʨʘʬʽʚ, ʝʣʝʤʝʥʪʠ ʷʢʦʾ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʨʦʟʜʽʣʽ 5. ʇʨʠ 

ʮʴʦʤʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚʜ̔ʦʤʽ ʣʽʥʛʚʽʩʪʠʯʥʽ ʛʨʘʬʠ A(n,K) ʪa D(n,K), ʧʦʙʫʜʦʚʘʥʽ 

ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯ ʝʢʩʪʨʝʤʘʣʴʥʦʾ ʪʝʦʨʽʾ ʛʨʘʬʽʚ (ʨʦʟʜʽʣ 6).  

 

5. ʇʨʠʰʚʠʜʰʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ 

 

ʋ ʮʴʦʤʫ ʨʦʟʜ̔ ʣʽ ʙʫʜʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʦʜʠʬʽʢʘʮʽʶ ʦʧʠʩʘʥʦʛʦ ʚʠʱʝ ʘʣʛʦʨʠʪʤʫ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʟʙʝʨʝʛʪʠ (ʘʙʦ ʞ ʧʦʣʽʧʰʠʪʠ) ʨʽʚʝʥʴ ʘʚʘʣʘʥʯ ʝʬʝʢʪʫ ʧʨʠ ʟʥʘʯʥʦʤʫ 

ʧʽʜʚʠʱʝʥʥʽ ʰʚʠʜʢʦʜʽʾ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʘʻʪʴʩʷ çʟʘ ʤʦʜʫʣʝʤè 

ʧʨʦʮʝʜʫʨʠ ʦʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʴ ʛʦʤʦʤʦʨʬʽʟʤʫ ʟ ʪʝʦʨʝʤʠ 1 ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʨʦʟʜʽʣʫ. ʂʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʟʥʘʯʝʥʥʷ ʛʦʤʦʤʦʨʬʽʟʤʫ ɣ ʙʫʜʝ ʦʧʠʩʘʥʝ ʫ ʨʦʟʜʽʣʽ 6 

ʫ ʪʝʨʤʽʥʘʭ ʚʽʜʦʤʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʛʨʘʬʽʚ ʟ ʝʢʩʪʨʝʤʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʘʥʘ ʢʦʥʮʝʧʮʽʷ ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʨʦʜʠʥ ʛʨʘʬʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʚʯʘʪʠ ʩʧʝʮʽʘʣʴʥʽ ʥʘʧ̔ʚʛʨʫʧʫ ʪʘ ʛʨʫʧʫ, ʧʦʚôʷʟʘʥ ̔ ʟ ʛʨʘʬʘʤʠ ʟʘʜʘʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ. 

ʅʝʭʘʡ ),...,,( 21 naaa  ï ʜʦʢʫʤʝʥʪ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʘʣʬʘʚʽʪʽ K ʧʽʩʣʷ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʟ ʜʝʷʢʠʤ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʤ ʩʣʦʚʦʤ ʩʪʘʣʦʾ ʜʦʚʞʠʥʠ. ɹʫʜʝʤʦ 

ʚʚʘʞʘʪʠ, ʱʦ ʯʠʩʣʦ n ʧʘʨʥʝ. ʂʦʨʠʩʪʫʚʘʯʽ ʦʙʠʨʘʶʪʴ ʨʦʟʤʽʨ ʜʘʡʜʞʝʩʪʫ nmm <,  

ʪʘ )1(Om=  ʘʙʦ ʞ )(nOm=  ʨʘʟʦʤ ʟ ʢʣʶʯʝʤ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʟʨʦʩʪʘʶʯʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʘʪʫʨʘʣʴʥʠʭ ʯʠʩʝʣ )1(),...,2(),1( -miii  ʪʘ ʥʝʚʠʨʦʜʞʝʥʦ ʾʤʘʪʨʠʮ̔ 

ʄ, ʩʢʣʘʜʝʥʦʾ ʟ ʝʣʝʤʝʥʪʽʚ ʢʽʣʴʮʷ ʣʠʰʢʽʚ 256Z . ɺʦʥʠ ʫʪʚʦʨʶʶʪʴ ʚʝʢʪʦʨ 

),...,,( 21 mvvvu= , ʜʝ )1(1211 ,...,... ---=+++= jijjn avvaaav . ʇʦʪʽʤ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʢʫʙʽʯʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ),...,,( 21 nm aaaF y= , ʷʢʝ ʢʦʨʝʩʧʦʥʜʝʥʪʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʦ ʚʝʢʪʦʨʘ u. ʆʪʨʠʤʘʥʠʡ ʚʝʢʪʦʨ-ʨʷʜʦʢ )(uF  ʤʥʦʞʠʪʴʩʷ ʥʘ 

ʤʘʪʨʠʮʶ M. ɺʝʢʪʦʨ MuFw )(=  ʚʚʘʞʘʻʤʦ ʜʘʡʜʞʝʩʪʦʤ ʜʦʢʫʤʝʥʪʘ.  

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʟʥʘʯʝʥʥʷ )(uF  ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʢʫʨʩʠʚʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ, ʡʦʛʦ ʩʢʣʘʜʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʩɹ̫  ʷʢ )(mnO  ʽ ʩʧʽʚʧʘʜʘʻ ʟʽ ʩʢʣʘʜʥʽʩʪʶ 

ʩʪʚʦʨʝʥʥʷ ʜʘʡʜʞʝʩʪʫ. 

ʎʝʡ ʙʘʟʦʚʠʡ ʘʣʛʦʨʠʪʤ ʣʝʛʢʦ ʤʦʜʠʬʽʢʫʚʘʪʠ ʙʝʟ ʟʤ̔ʥʝʥʥʷ ʩʢʣʘʜʥʦʩʪʽ 

ʦʙʯʠʩʣʝʥʴ. ɿʦʢʨʝʤʘ: 

1) ʄʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʩʣʦʚʦ ),...,,( 21 naaa  ʫ ʚʠʛʣʷʜʽ ʢʦʥʢʘʪʝʥʘʮʽʾ 

ʩʢʽʥʯʝʥʥʦʾ ʢʽʣʴʢʦʩʪʽ ʩʣʽʚ tzzz ,...,, 21  ʧʘʨʥʦʾ ʜʦʚʞʠʥʠ. ʇʦʪʽʤ ʦʙʨʘʪʠ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʣʽʚ ʚʠʛʣʷʜʫ kuuu ,...,, 21 , ʜʝ { }ti zzzu ,...,, 21Í  ʪʘʢʫ, ʱʦ ʢʦʞʥʝ iz  

ʫ ʮʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʥʝ ʤʝʥʰʝ ʥʽʞ ʦʜʠʥ ʨʘʟ. ɼʘʣʽ ʦʙʯʠʩʣʶʻʪʴʩʷ 

ʟʥʘʯʝʥʥ ̫ y ʜʦʙʫʪʢʫ kuuu ,...,, 21  ʫ ʨʦʟʛʣʷʥʫʪʽʡ ʚʠʱʝ ʥʘʧʽʚʛʨʫʧʽ ʩʣʽʚ )(KF¡ . 

ɸʣʛʦʨʠʪʤ ʤʦʜʠʬʽʢʫʻʪʴʩʷ ʟʘʤ̔ ʥʦʶ ʢʫʙʽʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ )(ay  ʥʘ )(yy . ʇʨʠ 

ʫʤʦʚʽ ʚʩʽʤ ʚʽʜʦʤʦʛʦ ʨʦʟʙʠʪʪʷ ʬʘʡʣʫ ʢʨʠʧʪʦʛʨʘʬʽʯʥʘ ʩʪʘʙʣ̔ʥɹ̔ ʩʪʴ ʪʘʢʦʛʦ 

ʜʘʡʜʞʝʩʪʫ ʙʫʜʝ ʟʘʣʝʞʥʦʶ ʚʽʜ ʧʨʦʙʣʝʤʠ ʨʦʟʢʣʘʜʫ )(yy  ʫ ʜʦʙʫʪʦʢ 

ʧʝʨʝʪʚʦʨʝʥʴ )( izy  ʟ ʘʬʬʽʥʥʦʾ ʛʨʫʧʠ ʂʨʝʤʦʥʠ. ɿʘʟʥʘʯʠʤʦ, ʱʦ 

ʧʦʣʽʥʦʤʽʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʥʘ ʟʚʠʯʘʡʥʦʤʫ ʘʙʦ 

ʢʚʘʥʪʦʚʦʤʫ ʢʦʤʧôʶʪʝʨʽ ʥʘ ʩʴʦʛʦʜʥ̔ ʰʥʽʡ ʜʝʥʴ ʥʝ ʟʥʘʡʜʝʥʦ. ʅʘʩʧʨʘʚʜʽ ʮʷ 
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ʟʘʜʘʯʘ ʚʠʥʠʢʘʻ ʟʘ ʫʤʦʚ ʥʝʧʦʚʥʦʾ ʚʠʟʥʘʯʝʥʦʩʪʽ, ʙʦ ʚʽʜʦʤʝ ʪʣ̔ɹ ʢʠ ʟʥʘʯʝʥʥʷ 

)(yy  ʥʘ ʜʝʷʢʦʤʫ ʟʘʣʝʞʥʦʤʫ ʚʽʜ ʬʘʡʣʫ ʚʝʢʪʦʨʽ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʨʦʟʙʠʪʪʷ ʘ ʥʘ 

ʧʽʜʩʣʦʚʘ iz  ʪʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ju  ʩʣʽʜ ʚʚʘʞʘʪʠ ʯʘʩʪʠʥʦʶ ʩʧʽʣʴʥʦʛʦ ʢʣʶʯʘ ʜʣʷ 

ʢʦʨʝʩʧʦʥʜʝʥʪʽʚ. 

2) ʄʦʞʥʘ ʦʙʯʠʩʣʶʚʘʪʠ 1v  ʷʢ ʜʦʙʫʪʦʢ ʚʠʨʘʟʽʚ 12 +ia  ʪʘ ʦʜʝʨʞʫʚʘʪʠ iv  

ʜʽʣʝʥʥʷʤ 1-iv  ʥʘ 12 )1( +-jia . 

3) ʋ ʚʘʨʽʘʥʪʽ 2 ʤʦʞʥʘ ʟʘʤʽʥʶʚʘʪʠ iv  ʥʘ ʡʦʛʦ ʥʝʧʘʨʥʽ ʩʪʝʧʝʥʽ 128, <kk . 

ʊʦʜʽ ʮʽ ʩʪʝʧʝʥʽ ʩʣʽʜ ʚʚʘʞʘʪʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʣʶʯʘ.   

ɯʤʧʣʝʤʝʥʪʦʚʘʥʽ ʚʠʧʘʜʢʠ (ʜʠʚ. ʨʦʟʜʽʣ 7) ʟʨʫʯʥʽ ʜʣʷ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ 

ʪʝʭʥʦʣʦʛ̔ ʾ blockchain, ʜʝ ʧʦʪʨʽʙʥʽ ʜʘʡʜʞʝʩʪʠ ʫ ʚʠʛʣʷʜʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʙʽʪʽʚ ʘʙʦ 

ʞ ʥʫʣʽʚ ʪʘ ʦʜʠʥʠʮʴ.   

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʜʦʙʨ̔ ʚʣʘʩʪʠʚʦʩʪʽ ʬʫʥʢʮʽʾ ʢʦʤʧʨʝʩʽʾ ʨ̌ʫʥʪʫʶʪʴʩʷ ʥa 

ʢʦʥʩʪʨʫʢʮʽʷʭ ʛʦʤʦʤʦʨʬʽʟʤiʚ ʥʝʩʢʽʥʯʝʥʥʦʾ ʧʽʚʛʨʫʧʠ ʩʣʽʚ ʧʘʨʥʦʾ ʜʦʚʞʠʥʠ ʫ 

ʧ̔ ʚʛʨʫʧʠ ʂʨʝʤʦʥʠ, ʚʠʟʥʘʯʝʥi ʨʦʜʠʥʘʤʠ ʘʣʛʝʙʨʘʾ ʯʥʠʭ ʛʨʘʬʽʚ ʟ 

ʝʢʩʪʨʝʤʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ.  

 

6. ʇʨʦ ʣʽʥʛʚʽʩʪʠʯʥʽ ʛʨʘʬʠ ʪʘ ʧʦʚôʷʟʘʥʽ ʟ ʥʠʤʠ ʥʘʧʽʚʛʨʫʧʠ ʘʬʽʥʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ 

 

ɺʽʜʩʫʪʥʽ ʚʠʟʥʘʯʝʥʥʷ ʪʝʦʨʽʾ ʛʨʘʬiʚ, ʷʢʽ ʟ'ʷʚʣʷʶʪʴʩʷ ʫ ʜʘʥʽʡ ʩʪʘʪʪʽ, ʤʦʞʥʘ 

ʟʥʘʡʪʠ ʫ [12]. ɺʩʽ ʛʨʘʬʠ, ʷʢʽ ʤʠ ʨʦʟʛʣʷʜʘ̒ ʤʦ, ʻ ʧʨʦʩʪʠʤʠ ʛʨʘʬʘʤʠ, ʪʦʙʪʦ 

ʥʝʦʨʽʻʥʪʦʚʘʥʠʤʠ ʙʝʟ ʧʝʪʝʣʴ ʪʘ ʢʨʘʪʥʠʭ ʨʝʙʝʨ. ʅʝʭʘʡ ʯʝʨʝʟ V(G)  ̔ E(G) 

ʧʦʟʥʘʯʠʤʦ ʤʥʦʞʠʥʫ ʚʝʨʰʠʥ ʪʘ ʤʥʦʞʠʥʫ ʨʝʙʝʨ G ʚʽʜʧʦʚʽʜʥʦ.  

ʂʦʣʠ ʙʫʜʝ ʟʨʫʯʥʦ, ʤʠ ʙʫʜʝʤʦ ʦʪʦʪʦʞʥʶʚʘʪʠ G ʟ ʚʽʜʧʦʚʽʜʥʠʤ 

ʘʥʪʠʨʝʬʣʝʢʩʠʚʥʠʤ ʙʽʥʘʨʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ ʥʘ V(G), ʪʦʙʪʦ E(G)  ̒

ʧʽʜʤʥʦʞʠʥʦʶ V(G)ǓV(G), ʽ ʟʘʧʠʰʝʤʦ v G u ʜʣʷ ʩʫʤʽʞʥʠʭ ʚʝʨʰʠʥ u  ̔v (ʯʠ 

ʩʫʩʽʜʥʽʭ).  

ʇʦʟʥʘʯʠʤʦ |{ x ⱦ V(G)| xGv }| ʷʢ ʩʪʫʧʽʥʴ ʚʝʨʰʠʥʠ v.  

ʉʪʨʫʢʪʫʨʘ ʽʥʮʠʜʝʥʪʥʦʩʪʽ  ̒ ʤʥʦʞʠʥʘ V ʟ ʨʦʟʜʽʣʝʥʠʤʠ ʤʥʦʞʠʥʘʤʠ P 

(ʪʦʯʦʢ)  ̔ L (ʧʨ̫ʤʠʭ) ʽ ʩʠʤʝʪʨʠʯʥʦʛʦ ʙ̔ ʥʘʨʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ I, ʪʘʢʦʛʦ ʱʦ 

ʥʘʣʝʞʥʽʩʪʴ ʜʚʦʭ ʝʣʝʤʝʥʪʽʚ ʦʟʥʘʯʘʻ, ʱʦ ʦʜʠʥ ʽʟ ʥʠʭ ʙʫʜʝ ʪʦʯʢʦʶ, ʘ ʽʥʰʠʡ ï 

ʧʨʷʤʦʶ. ʄʠ ʙʫʜʝʤʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ I ʟ ʧʨʦʩʪʠʤ ʛʨʘʬʦʤ ʮʴʦʛʦ ʚʽʜʥʦʰʝʥʥʷ 

ʽʥʮʠʜʝʥʪʥʦʩʪʽ ʘʙʦ ʜʚʦʜʦʣʴʥʦʛʦ ʛʨʘʬʘ. ʇʘʨʘ x,  y,  x ⱦ P, yⱦ L, ʪʘʢʘ ʱʦ x I y, 

ʥʘʟʠʚʘʻʪʩɹʷ ʧʨʘʧʦʨʦʤ ʩʪʨʫʢʪʫʨʠ ʽʥʮʠʜʝʥʪʥʦʩʪʽ I. 

ʅʝʭʘʡ K ï ʩʢʽʥʯʝʥʥʝ ʢʦʤʫʪʘʪʠʚʥʝ ʢʽʣʴʮʝ. ʇʦʟʥʘʯʠʤʦ ʩʪʨʫʢʪʫʨʫ 

ʽʥʮʠʜʝʥʪʥʦʩʪʽ ʟ ʤʥʦʞʠʥʠ ʪʦʯʦʢ P = Ps,m = Ks+m ʽ ʤʥʦʞʠʥʠ ʧʨʷʤʠʭ L = Lr,m = Kr+m 

ʷʢ ʣʽʥʛʚʽʩʪʠʯʥʫ ʩʪʨʫʢʪʫʨʫ ʽʥʮʠʜʝʥʪʥʦʩʪʽ Im, ʷʢʱʦ ʪʦʯʢʘ x = (x1, x2,é, xs, xs+1, 

xs+2, é,  xs+m) ʥʘʣʝʞʠʪʴ ʧʨʷʤʽʡ y = [y1, y2, é , yr , ,yr+1, yr+2 , é, yr+s] ʪʦʜʽ ʽ 

ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʚʠʢʦʥʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 
 

 a1xs+1+b1yr+1=f1 ( x1, x2 ,é , xs, y1, y2, é  , yr) 

 a2xs+2+b2yr+2=f2 ( x1, x2 ,é , xs, xs+1, y1, y2, é  , yr, yr+1) 

                                é 

 amxs+m+bmyr+m=fm ( x1, x2 ,é , xs, xs+1,é, xs+m, y1, y2, é  , yr, yr+1, é,  yr+m), 
  

ʜʝ aj,  ̔bj, j = 1,2,é,m ʥʝ ʻ ʜʽʣʴʥʠʢʘʤʠ ʥʫʣʷ ʽ f j ï ʙʘʛʘʪʦʚʠʤʽʨʥʽ ʤʥʦʛʦʯʣʝʥʠ ʟ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʟ K [13]. ʂʚʘʜʨʘʪʥʽ ʪʘ ʢʨʫʛʣʽ ʜʫʞʢʠ ʜʦʟʚʦʣʷʶʪʴ ʚʽʜʨʽʟʥʪ̫ʠ 

ʪʦʯʢʠ ʚʽʜ ʧʨʷʤʠʭ. 
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ʂʦʣ̔ʨ ɟ(x) = ɟ((x)) (ɟ(y) = ɟ([y])) ʪʦʯʢʠ x (ʧʨʷʤʦʾ [y]) ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʧʨʦʝʢʮʽʷ ʝʣʝʤʝʥʪʘ (x) (ʚʽʜʧʦʚʽʜʥʦ [y]) ʚʽʜ ʚʽʣʴʥʦʛʦ ʤʦʜʫʣʷ ʥʘ ʡʦʛʦ ʧʦʯʘʪʦʢ s 

(ʚʽʜʥʦʩʥʦ r) ʢʦʦʨʜʠʥʘʪ. ʗʢ ʚʠʧʣʠʚʘʻ ʽʟ ʚʠʟʥʘʯʝʥʥʷ ʣʽʥʛʚʽʩʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʽʥʮʠʜʝʥʪʥʦʩʪʽ, ʜʣʷ ʢʦʞʥʦʾ ʚʝʨʰʠʥʠ ʛʨʘʬʘ ʩ̔ʥʫʻ ʻʜʠʥʠʡ ʩʫʩʽʜ ʚʠʙʨʘʥʦʛʦ 

ʢʦʣʴʦʨʫ.  

ʇʦʟʥʘʯʠʤʦ ɟ((x))=(x1, x2 ,é , xs) ʜʣʷ (x)=(x1, x2 ,é , xs+m) ̔  ɟ([y])=(y1, y2, é  , yr) 

ʜʣʷ [y]=[y1, y2, é  , yr+m] ʷʢ ʢʦʣʽʨ ʪʦʯʢʠ ʪʘ ʢʦʣʽʨ ʧʨʷʤʦʾ ʚʽʜʧʦʚʜ̔ʥʦ. ɼʣʷ 

ʢʦʞʥʦʛʦ b ⱦ Kr ʽ p=(p1, p2 ,é , ps+m) ʩ̔ʥʫ̒ ʻʜʠʥʠʡ ʩʫʩʜ̔ ʪʦʯʢʠ [l]=Nb(p) ʢʦʣʴʦʨʫ 

b. ʊʘʢ ʩʘʤʦ ʜʣʷ ʢʦʞʥʦʛʦ cⱦKs ʽ ʧʨʷʤʦʾ l=[l1, l2 ,é , lr+m] ʽʩʥʫʻ ʻʜʠʥʠʡ ʩʫʩʽʜ 

ʧʨʷʤʦʾ (p)= Nc([l]) ʢʦʣʴʦʨʫ c. ʇʦʪʨʽʡʥʽ ʧʘʨʘʤʝʪʨʠ s,r,m ʚʠʟʥʘʯʘʶʪʴ ʪʠʧ 

ʣʽʥʛʚʽʩʪʠʯʥʦʛʦ ʛʨʘʬʘ. 

ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʪʘʢʦʞ ʣʽʥʛʚʽʩʪʠʯʥʽ ʩʪʨʫʢʪʫʨʠ ʽʥʮʠʜʝʥʪʥʦʩʪʽ, ʚʠʟʥʘʯʝʥ̔ 

ʥʝʩʢʽʥʯʝʥʥʠʤ ʯʠʩʣʦʤ ʨʽʚʥʷʥʴ.  

ʋ ʚʠʧʘʜʢʫ ʣʽʥʛʚʽʩʪʠʯʥʦʛʦ ʛʨʘʬʘ ũ ʰʣʷʭ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʡʦʛʦ ʚʝʨʰʠʥ 

v0, v1, v2, é,vk, ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʯʘʪʢʦʚʦʶ ʚʝʨʰʠʥʦʶ v0 ʽ 

ʢʦʣʴʦʨʘʤʠ ɟ(vi,), i=1, 2,..., k ʽʥʰʠʭ ʚʝʨʠhʥ ʟʽ ʰʣʷʭʫ. ʈʦʟʛʣʷʥʝʤʦ ʚʽʜʥʦʰʝʥʥʷ 

ʝʢʚ̔ʚʘʣʝʥʪʥʦʩʪʽ ʥʘ ʤʥʦʞʠʥʘʭ ʨʦʟʙʠʪʪʷ ʪʘʢʽ, ʱʦ (p)å(pô) ([l] å [lô]), ʢ̫ɦ ʦ 

pi+s=pôi+s  (l i+r=lôi+r ) ʜʣʷ i ⱦ{1,2,..m}.  

ɺʠʟʥʘʯʠʤʦ ʦʧʝʨʘʪʦʨ ʩʪʨʠʙʢʘ J(p, a), aⱦKs ʥʘ ʤʥʦʞʠʥʽ ʨʦʟʙʠʪʪʷ P (J(l,a), 

aⱦKr ʥʘ ʤʥʦʞʠʥʽ ʨʦʟʙʠʪʪʷ L) ʫʤʦʚʘʤʠ J(p,a)å(p) ʪʘ ɟ(J(p,a))=a(J([l],a)å[l] ʪʘ 

ɟ(J([l],a))=a). 

ʆʧʝʨʘʪʦʨ ʦʙʯʠʩʣʝʥʥʷ ʩʫʩʽʜʘ (ʯʠ ʦʧʝʨʘʪʦʨ ʢʦʚʟʘʥʥʷ) N(v, a), ʜʽʻ ʥʘ PUL ʟʘ 

ʧʨʘʚʠʣʘʤʠ N(p, a)=[l], ʜʝ (p)I[l], ɟ([l])=a ʽ N([l],a)=(p), ʜʝ (p)I[l], ɟ((p))=a.  

ʈʦʟʛʣʷʥʝʤʦ ʣʘʥʮʶʛʠ ʢʦʚʟʘʥʥʷ ʣʽʥʛʚʽʩʪʠʯʥʦʛʦ ʛʨʘʬʘ ʟ ʧʦʯʘʪʢʦʚʦʁ  

ʪʦʯʢʦʶ p, ʷʢʘ  ̒ʧʦʩʣʽʜʦʚʥʽʩʪʶ (p, p0, l1, l2, p3, p4, é, l t-3, l t-2, pt-1,pt), t=4k, kÓ0 

ʪʘʢʝ, ʱʦ påp0,l2i+1ål2i+2, iÓ0, p2i+1åp2i+2 ʽ p2iIl 2i+1 ʜʣʷ i Ó0. 

ʂʦʣʴʦʨʠ ʝʣʝʤʝʥʪʽʚ ʩʪʨʽʯʦʢ ʢʦʚʟʘʥʥʷ ʽ ʧʦʯʘʪʢʦʚʘ ʪʦʯʢʘ ʚʠʟʥʘʯʘʶʪʴ ʮʶ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ. ʆʯʝʚʠʜʥʦ, ʱʦ ʧʦʩʣʜ̔ʦʚʥʽʩʪʴ ʦʙʯʠʩʣʶ̒ʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤʠ 

ʦʧʝʨʘʪʦʨʽʚ ʩʪʨʠʙʢa Ja ʽ ʢʦʚʟʘʥʥʷ, ʱʦ ʯʝʨʛʫʶʪʩɹ̫ . ʅʘʩʧʨʘʚʜʽ ʪʝʨʤʽʥ ʣʘʥʮʶʛ 

ʢʦʚʟʘʥʥʷ ʚʠʙʠʨʘʻʪʴʩʷ, ʪʦʤʫ ʱʦ ʡʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʥʘʛʘʜʫʻ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʩʪʨʠʙʢʽʚ ʪa ʧʦʚʝʨʭʥʝʚʠʭ ʢʦʚʟʘʥʴ ʫ ʬʽʛʫʨʥʦʤʫ ʢʘʪʘʥʥʽ (ʘʙʦ ʞ ʨʽʟʥʠʭ 

ʟʤʘʛʘʥʥʷʭ ʥʘ ʩʢʝʡʪʙʦʨʜʘʭ). 

ʂʦʥʩʪʨʫʢʮʽʾ ʥʘʧʽʚʛʨʫʧ ʪʘ ʛʨʫʧ.  

ʈʦʟʛʣʷʥʝʤʦ ʥʘʧʽʚʛʨʫʧʫ S(Ks) ʽ ʩʫʢʫʧʥ̔ ʩʪʴ Ss,r(K) ʚʽʜʦʙʨʘʞʝʥʴ ʚʠʛʣʷʜʫ 

G:(y1, y2,é, yr)Ÿ(f1(x1, x2,é , xs), f2(x1, x2,é , xs),é, fr(x1, x2,é , xs)). ʗʢʱʦ 

HⱦS(Ks) ʪʦʜʽ G(H) ʜʣʷ GⱦSs,r(K) ʽʩʥʫʻ ʚʽʜʦʙʨʘʞʝʥʥʷ (y1, y2,é, 

yr)Ÿ(f1(H(x1),H(x2),é, H(xs)), f2(H(x1),H(x2),é, H(xs)),é, fr(H(x1),H(x2),é, 

H(xs))). 

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʙʫʜʝʤʦ ʦʪʦʪʦʞʥʶʚʘʪʠ ʝʣʝʤʝʥʪʠ ʤʥʦʞʠʥʠ S(Ks) ʟ 

ʢʦʨʪʝʞʘʤʠ ʫ K[x1, x2,é, xs] s ʽ ʝʣʝʤʝʥʪʠ  Ss,r(K) ʢʦʨʪʝʞʘʤʠ ʫ K[x1, x2,é,xs]r.   

ʈʦʟʛʣʷʥʝʤʦ ʩʫʢʫʧʥʽʩʪʴ sBSr(K) ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʚʠʜʫ u=(H0, G1, G2, H3, H4, 

G5, G6,é, Ht-1, Ht), t=4i, ʜʝ Hk ⱦ S(Ks), Gj ⱦSs,r(K). ɹʫʜʝʤʦ ʥʘʟʠʚʘʪʠ sBSr(K) 

ʩʫʢʫʧʥʽʩʪʶ ʩʤʫʛʘʩʪʠʭ ʩʠʤʚʦʣʴʥʠʭ ʩʪʨʽʯʦʢ. 

ɹʫʜʝʤʦ ʚʠʟʥʘʯʘʪʠ ʜʦʙʫʪʦʢ u ʟ uô=(Hô0, Gô1, Gô2, Hô3, Hô4, Gô5, Gô6,é, Hôl-1, Hl) 

ʷʢ w=(H0, G1, G2, H3, H4, G5, G6,é, Ht-1, Hô0(Ht), Gô1(Ht), Gô2(Ht), Hô3(Ht), 

Hô4(Ht),  Gô5(Ht), Gô6(Ht), é, Hôl-1(Ht),  Hôl(Ht)). 

ʃʝʛʢʦ ʧʦʙʘʯʠʪʠ, ʱʦ ʮʷ ʦʧʝʨʘʮʽʷ ʧʝʨʝʪʚʦʨʶʻ sBSr(K) ʫ ʥʘʧʚ̔ʛʨʫʧʫ ʟ 

ʦʜʠʥʠʯʥʠʤ ʝʣʝʤʝʥʪʦʤ (H0)=(E0), ʜʝ E0 ï ʪʦʪʦʞʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ S(Ks).   
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ʈʦʟʛʣʷʥʝʤʦ ʛʦʤʦʤʦʨʬʽʟʤ ʛʨʫʧʠ sBSr(K) ʫ ʥʘʧʽʚʛʨʫʧʫ ʂʨʝʤʦʥʠ S(Ks+m), 

ʚʠʟʥʘʯʝʥʠʭ ʫ ʪʝʨʤʽʥʘʭ ʣʽʥʛʚʽʩʪʠʯʥʦʛʦ ʛʨʘʬʘ I=I m(K). ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ 

ʤʠ ʤʦʞʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʛʨʘʬ I m(Kô) ʥʘʜ ʨʦʟʰʠʨʝʥʥʷʤ Kô ʢʽʣʴʮʷ K ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʠʭ ʩʘʤʠʭ ʨʽʚʥʷʥʴ ʫ ʚʠʟʥʘʯʝʥʥʽ. 

ɺʽʟʴʤʝʤʦ ʢʽʣɹʮʝ Kô=K[x1, x2,é, xm+s], ʜʝ xi ʻ ʬʦʨʤʘʣʴʥʠʤʠ ʟʤʽʥʥʠʤʠ, ʽ 

ʨʦʟʛʣʷʥʝʤʦ ʥʝʩʢʽʥʯʝʥʥʠʡ ʛʨʘʬ Im(K[x1,x2,é,xn]), n=m+s ʟ ʤʥʦʞʠʥʘʤʠ ʪʦʯʦʢ ʽ 

ʧʨʷʤʠʭ Pô=K[x1, x2,é, xm+s]m+s ʪa Lô=K[x1, x2,é, xm+s]m+r. ʇʩ̔ʣ̫ ʮʴʦʛʦ ʙʝʨʝʤʦ 

ʩʤʫʛʘʩʪʫ ʩʪʨʽʯʢʫ u=(H0, G1, G2, H3, H4, G5, G6,é, Ht-1, Ht), ʫʪʚʦʨʝʥʫ 

ʩʫʢʫʧʥʽʩʪʶ ʧʦʣʽʥʦʤʽʚ ʟ ʢʽʣʴʮʷ K[x1, x2,é,xs], i ʪʦʯʢʫ  (x)=(x1, x2,é, xn), 

ʫʪʚʦʨʝʥʫ ʪʚʽʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ Kô. ʎʽ ʜʘʥʽ ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʘʶʪʴ ʣʘʥʮʶʛ 

ʢʦʚʟʘʥʥʷ (x), J((x),H0)=( 1x), N(( 1x), G1)=[ 2x], J([  2x],G2)=[3x], N([3x], H3)=( 4x), 

J((4x),H4)=( 5x),é, J([ t-2x],Gt-2)=[  t-1x], N([ t-1x], Ht-1)=( tx), J((tx),Ht)=(tx). 

ʅʝʭʘʡ ( tx) ï ʢʦʨʪʝʞ (Ht, F2, F3,é, Fn) ʜʝ Fi ⱦK[x1, x2,é, xn]. ʄʠ 

ʚʠʟʥʘʯʘʻʤʦ IɊ(u) ʷʢ ʚʽʜʦʙʨʘʞʝʥʥʷ (x1, x2,é, xn)Ÿ(Ht, F2, F3,é, Fn, ), n=m+s. 

ʊʚʝʨʜʞʝʥʥʷ, ʥʘʚʝʜʝʥʽ ʥʠʞʯʝ (ʜʠʚ. [14]), ʚʠʧʣʠʚʘʪʁɹ  ʟ ʚʠʟʥʘʯʝʥʥʷ 

ʚʽʜʦʙʨʘʞʝʥʥʷ.  

ʃʝʤʘ 1. ɺʽʜʦʙʨʘʞʝʥʥʷ ɣ=Iɣ: sBSr(K)ŸS(Kn) ʻ ʛʦʤʦʤʦʨʬʽʟʤʦʤ ʥʘʧʽʚʛʨʫʧ.  

ʇʦʩʠʣʘʻʤʦʩʷ ʥʘ Iɣ(sBSr(K))= ISR(K) ʷʢ ʥʘʧʽʚʛʨʫʧʫ ʣʘʥʮʶʛʦʚʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʣʽʥʛʚʽʩʪʠʯʥʦʛʦ ʛʨʘʬʘ I.  

ʄʠ ʚʠʟʥʘʯʘʻʤʦ ʧʽʜʥʘʧʽʚʛʨʫʧʫ sSr(K) ʛʣʘʜʢʠʭ ʩʪʨʽʯʦʢ ʷʢ ʩʫʢʫʧʥʽʩʪʴ 

ʩʤʫʛʘʩʪʠʭ ʩʪʨʽʯʦʢ u=(H0, G1, G2, H3, H4, G5, G6,é, Ht-1, Ht)  z sBSr(K) ʟ H0=E0, 

G1=G2, H3=H4, G5=G6,é, Ht-1=Ht. ɹʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʦʙʨʘʟ ʮʽʻʾ ʥʘʧʽʚʛʨʫʧʠ 
Iɣ(sSr(K)= ISW(K) ʥʘʧʽʚʛʨʫʧʦʶ ʩʠʤʚʦʣʽʯʥʠʭ ʧʝʨʝʭʦʜʽʚ ʥʘ ʣʽʥʛʚʽʩʪʠʯʥʦʤʫ 

ʛʨʘʬʽ I. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ Ht ʻ ʙʽʻʢʪʠʚʥʠʤ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʽ ʡʦʛʦ ʦʙʝʨʥʝʥʝ ʻ 

ʧʦʣ̔ʥʦʤʽʘʣʴʥʠʤ ʚʽʜʦʙʨʘʞʝʥʥʷʤ (ʫ ʚʠʧʘʜʢʫ ʥʝʩʢʽʥʯʝʥʥʦʛʦ ʢʽʣʴʮʷ K). ʊʦʜʽ ʤʠ 

ʤʦʞʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʟʚʦʨʦʪʥʶ ʙʽʥʘʨʥʫ ʩʪʨʽʯʢʫ Rev(u)= (Ht-1(Ht
-1), Gt-2(Ht

-1),  

Gt-3,(Ht
-1), Ht-4(Ht

-1), Ht-5
1(Ht), é, G2(Ht

-1), G1(Ht
-1), H0(Ht

-1), Ht
-1). 

ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʩʫʢʫʧʥʽʩʪʴ ʙʽʥʘʨʥʠʭ ʩʪʨʽʯʦʢ u ʟ Ht
-1 ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ 

ʧʨʠʨʦʜʠ ʫʪʚʦʨʶʻ ʧʽʜʥaʧʽʚʛʨʫʧʫ sBCr(K). ɹʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʾʾ ʥʘʧʽʚʛʨʫʧʦʶ 

ʨʝʚʝʨʩʽʡʥʠʭ ʙʽʥʘʨʥʠʭ ʩʪʨʽʯʦʢ  

ʃʝʤʘ 2. ɻʦʤʦʤʦʨʬʥʝ ʟʦʙʨʘʞʝʥʥʷ Iɣ(sBCr(K))= IRI(K) ï ʧ̔ ʜʛʨʫʧʘ ʛʨʫʧʠ 

ʂʨʝʤʦʥʠ C(Kn). 

ɼʽʡʩʥʦ, Iɣ(uĿRev(u)), uⱦ sBCr(K) ï ʪʦʪʦʞʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ.  

ʄʠ ʥʘʟʠʚʘʻʤʦ IRI(K) ʧʽʜʛʨʫʧʦʶ ʨʝʚʝʨʩʽʡʥʠʭ ʩʠʤʚʦʣʽʯʥʠʭ ʧʝʨʝʭʦʜʽʚ 

ʣʽʥʛʚʽʩʪʠʯʥʦʛʦ ʛʨʘʬʘ I.   

 

7. ɼʝʷʢ̔ ʘʣʛʝʙʨʘʾʯʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʝʢʩʪʨʝʤʘʣʴʥʦʾ ʪʝʦʨʽʾ ʛʨʘʬʽʚ, ʚʽʜʧʦʚʽʜʥʽ 

ʛʦʤʦʤʦʨʬʽʟʤʠ ʢʦʤʧʨʝʩʽʾ ʪʘ ʥʝʣʽʥʽʡʥʽ ʛʨʫʧʠ ʧʝʨʝʪʚʦʨʝʥʴ  

 

7.1. ɼʝʷʢʽ ʦʟʥʘʯʝʥʥʷ ʝʢʩʪʨʝʤʘʣʴʥʦʾ ʪʝʦʨʽʾ ʛʨʘʬʽʚ 

 

ʆʙʭʚʘʪ ʛʨʘʬʘ ũ, ʧʦʟʥʘʯʘʻʤʦ g = g(ũ), ï ʜʦʚʞʠʥʘ ʥʘʡʢʦʨʦʪʰʦʛʦ ʮʠʢʣʫ ʫ ũ. 

ɼʽʘʤʝʪʨ d= d(ũ) ʛʨʘʬʘ ũ ï ʤʘʢʩʠʤʘʣʴʥʘ ʜʦʚʞʠʥʘ ʥʘʡʢʦʨʦʪʰʦʛʦ ʧʨʦʭʦʜʫ ʤʽʞ 

ʜʚʦʤʘ ʡʦʛʦ ʚʝʨʰʠʥʘʤʠ.  

ʅʝʭʘʡ gx = gx(ũ) ï ʜʦʚʞʠʥʘ ʤʽʥʽʤʘʣʴʥʦʛʦ ʮʠʢʣʫ ʯʝʨʝʟ ʚʝʨhʠʥʫ x ʟ 

ʤʥʦʞʠʥʠ V (ũ) ʚʝʨʰʠʥ ʛʨʘʬʘ ũ. ʇʦʟʥʘʯʠʤʦ Cind(ũ) = max{ g x, x  ɴV (ũ)} ʷʢ 

ʽʥʜʠʢʘʪʦʨ ʮʠʢʣʫ ʛʨʘʬʘ ũ.  
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ʗʢʱʦ ũi ï ʩʽʤ'ʷ k-ʨʝʛʫʣʷʨʥʠʭ ʟʚôʷʟʥʠʭ ʛʨʘʬʽʚ ʟʨʦʩʪʘʶʯʦʛʦ ʧʦʨʷʜʢʫ ʟ̔  

ʟʨʦʩʪʘʶʯʠʤ ʽʥʜʠʢʘʪʦʨʦʤ ʮʠʢʣʫ, ʜʣʷ ʷʢʦʛʦ ʜʦʙʨʝ ʚʠʟʥʘʯʝʥʦ ʧʨʦʝʢʪʠʚʥy 

ʛʨʘʥʠʮʶ ũ = lim ũi, iŸÐ, ʪʦʜʽ ũ ï ʜʝʨʝʚʦ, ʪʦʙʪʦ ʥʝʩʢʽʥʯʝʥʥʠʡ ʟʚôʷʟʥʠʡ ʛʨʘʬ 

ʙʝʟ ʮʠʢʣʽʚ. ʉʽʤ'ʷ ũi k-ʨʝʛʫʣʷʨʥʠʭ ʟʚôʷʟʥʠʭ ʛʨʘʬʽʚ ʧʦʩʪʽʡʥʦʛʦ ʩʪʫʧʝʥʷ ʻ 

ʨʦʜʠʥʦʶ ʛʨʘʬʽʚ ʤʘʣʦʛʦ ʩʚʽʪʫ, ʷʢʱʦ d(ũi) Ò clogk (vi), ʜʣʷ ʜʝ̫ ʢʦʾ ʢʦʥʩʪʘʥʪʠ c,  

c > 0. 

ʅʘʛʘʜʘʻʤʦ, ʱʦ ʩʽʤʝʡʩʪʚʦ ʨʝʛʫʣʷʨʥʠʭ ʛʨʘʬʽʚ ũi ʩʪʫʧʝʥʷ k ʽ ʟʨʦʩʪʘʶʯʦʛʦ 

ʧʦʨʷʜʢʫ vi ʻ ʩʽʤ'ʻʶ ʛʨʘʬʽʚ ʚʝʣʠʢʦʛʦ ʦʙʭʚʘʪʫ, ʷʢʱʦ g(ũi) Ó clogk (vi), ʜʣʷ ʜʝʷʢʦʾ 

ʥʝʟʘʣʝʞʥʦʾ ʢʦʥʩʪʘʥʪʠ c, c > 0.  

ʅʘʟʚʝʤʦ ʩʽʤʝʡʩʪʚʦ ʨʝʛʫʣʷʨʥʠʭ ʧʨʦʩʪʠʭ ʛʨʘʬʽʚ ũi ʩʪʫʧʝʥʷ k ʽ ʧʦʨʷʜʢʫ vi ʷʢ 

ʩʽʤʝʡʩʪʚʦ ʛʨʘʬʽʚ ʟ ʚʝʣʠʢʠʤ ʽʥʜʠʢʘʪʦʨʦʤ ʮʠʢʣʫ, ʷʢʱʦ Cind(ũi) Ó clogk (vi) ʜʣʷ 

ʜʝʷʢʦʾ ʥʝʟʘʣʝʞʥʦʾ ʢʦʥʩʪʘʥʪʠ c, c > 0.  

ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʜʣʷ ʚʝʨʰʠʥʥʦ-ʪʨʘʥʟʠʪʠʚʥʦʛʦ ʛʨʘʬʫ ʡʦʛʦ ʦʙʭʚʘʪ ʪʘ 

ʽʥʜʠʢʘʪʦʨ ʮʠʢʣʫ ʟʙʽʛʘʶʪʴʩʷ. ɺʠʟʥʘʯʝʥʽ ʚʠʱʝ ʨʦʜʠʥʠ ʚ̔ ʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ 

ʚ ʝʢʩʪʨʝʤʘʣʴʥʽʡ ʪʝʦʨʽʾ ʛʨʘʬʽʚ, ʪʝʦʨʽ ʾLDPC ʢʦʜʽʚ ʪʘ ʢʨʠʧʪʦʛʨʘʬʽʾ (ʜʠʚ. [15] ʪʘ 

ʧʦʜʘʣʴʰʽ ʧʦʩʠʣʘʥʥʷ). 

 

7.2. ɸʣʛʝʙʨʘʾʯʥʽ ʛʨʘʬʠ A(n, K) ʽ D(n,K), ʜʝʷʢʽ ʨʝʟʫʣʴʪʘʪʠ ʽ ʚʽʜʢʨʠʪʽ 

ʧʠʪʘʥʥ  ̫

 

ʅʠʞʯʝ ʙʫʜʝ ʚʠʟʥʘʯʝʥʦ ʩʽʤʝʡʩʪʚa ʛʨʘʬ̔ ʚ A(n,K) ʽ D(n,K), ʜʣʷ ʢʦʞʥʦʛʦ 

ʥʘʪʫʨʘʣʴʥʦʛʦ ʯʠʩʣʘ n, n > 2 ʪa ʢʦʤʫʪʘʪʠʚʥʦʛʦ ʢʣ̔ɹ ʮʷ K. ʋ ʚʠʧʘʜʢʫ K = Fq  

ʧʦʟʥʘʯʘʪʠʤʝʤʦ ʮʽ ʛʨʘʬʠ ʷʢ A(n, q)  ̔D(n, q), ʚʽʜʧʦʚʽʜʥʦ. ʎʽ ʛʨʘʬʠ ʚʠʥʠʢʘʶʪʴ 

ʷʢ ʛʦʤʦʤʦʨʬʥʽ ʟʦʙʨʘʞʝʥʥʷ ʥʝʩʢʽʥʯʝʥʥʠʭ ʜʚʦʜʦʣʴʥʠʭ ʛʨʘʬʽʚ A(K) ʽ D(K), ʜʣ̫ 

ʢ̫ʠʭ ʤʥʦʞʠʥʠ ʪʦʯʦʢ ʪʘ ʧʨʷʤʠʭ P ʽ L ʦʪʦʪʦʞʥʶʶʪʴʩʷ ʟ ʢʦʧʽʷʤʠ ʜʝʢʘʨʪʦʚʦʾ 

ʩʪʝʧʝʥʽ KN, ʜʝ K ï ʢʦʤʫʪʘʪʠʚʥʝ ʢʽʣʴʮʝ ʽ N ï ʤʥʦʞʠʥʘ ʥʘʪʫʨʘʣʴʥʠʭ ʯʠʩʝʣ. 

ʑʦʙ ʚʽʜʨʽʟʥʷʪʠ ʪʦʯʢʠ ʚʽʜ ʧʨʷʤʠʭ, ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʨʫʛʣʽ ʪʘ 

ʢʚʘʜʨʘʪʥʽ ʜʫʞʢʠ. ʗʢʱʦ x  ɴV, ʪʦʜʽ ( x)  ɴP  ̔[x]  ɴL.  

ʆʧʠʩ ʨ̌ʫʥʪʫʻʪʩɹ̫  ʥʘ ʧʦʙʫʜʦʚʽ ʮʠʭ ʛʨʘʬʽʚ ʫ ʪʝʨʤʽʥʘʭ ʤʥʦʞʠʥʠ ʢʦʨʝʥʽʚ 

ʨʦʟʰʠʨʝʥʦʾ  ʜʽʘʛʨʘʤʠ ɼʠʥʢʽʥʘ A1 ʪʘ ʚʽʜʧʦʚʽʜʥʦʾ ʡʾ ʘʣʛʝʙʨʠ ʃʽ, ʱʦ ʥʘʣʝʞʠʪʴ ʜʦ 

ʢʣʘʩʫ ʘʣʛʝʙʨ ʂʘʮʘ-ʄʫʜʽ.  

ɺʝʨʰʠʥʠ D(K) ï ʥʝʩʢʽʥʯʝʥʥʽ ʨʦʟʤʽʨʥʽ ʢʦʨʪʝʞʽ ʥʘʜ K, ʤʠ ʟʘʧʠʰʝʤʦ ʾʭ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ (p)=(p0,1, p1,1, p1,2,  p21, p22, pô22,  p23,  é , pi,i, pôi,i  , pi,i+1, pi+1,i, é), 

[l]=[l1,0, l1,1 ,l1,2,,  l21, l22, lô22, l23,  é ,l i,i, lôi,i  ,l i,i+1, l i+1,i, é]. ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ 

ʤʘʡʞʝ ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ ʪʦʯʦʢ ʽ ʧʨʷʤʠʭ ʥʫʣʽ. ʋʤʦʚʘ ʥʘʣʝʞʥʦʩʪʽ ʪʦʯʢʠ (p)  ̔

ʧʨ̫ ʤʦʾ [l] ((p)I[l]) ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʣʽʢʫ 

ʥʠʞʯʝʥʘʚʝʜʝʥʠʭ ʨʽʚʥʷʥʴ:  

l i,i - pi,i = l1,0 pi-1,i; lôi,i ï pôi,i = l i,i -1 p0,1; l i,i+1 ï pi,i+1 = l i,i p0,1; l i+1,i - pi+1,i = l1,0 pôi,i. 

ʎʽ ʯʦʪʠʨʠ ʩʧʽʚʚʽʜʥʦ ʝhʥʥʷ ʚʠʟʥʘʯʝʥʽ ʜʣʷ iÓ1, (pô1,1 = p1,1,  lô1,1 = l1,1). 

ɸʥʘʣʦʛʽʯʥʦ, ʚʠʟʥʘʯʠʤʦ ʛʨʘʬʠ A(K) ʥʘ ʤʥʦʞʠʥʽ ʚʝʨʰʠʥ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ 

ʟ ʪʦʯʦʢ ʪʘ ʧʨʷʤʠʭ (p) = (p0,1, p1,1, p1,2,  p21, p22,,  p23,  é, pi,i  , pi,i+1,é ). 

[l] = [l1,0, l1,1 ,l1,2,,  l21, l22, l23,  é ,l i,i , l i,i+1, é] ʪʘʢʠʭ, ʱʦ ʪʦʯʢʘ (p) ʥʘʣʝʞʠʪʴ 

ʧʨʷʤʽʡ [l] ((p)I[l], ʷʢʱʦ ʤʽʞ ʾʭ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘʩʪʫʧʥ ̔

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: l i,i - pi,i =l1,0 pi-1,i; l i,i+1 ï pi,i+1 =l i,i p0,1. 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʤʥʦʞʠʥʘ ʽʥʜʝʢʩʽʚ A={(1; 0), (0; 1), (1; 1), (1; 2),  (2; 2),  

(2; 3), é , (i-1, i), (i, i),é } ʻ ʧ̔ʜʤʥʦʞʠʥʦʶ D={(1, 0), (0; 1), (1, 1), (1, 2), (2; 2), 

(2, 2)ô,é, (i- 1, i); (i; i - 1); (i, i); (i, i)ô,é}. ʊʦʯʢʠ ʽ ʧʨʷʤʽ D(K) ʻ ʬʫʥʢʮʽʷʤʠ ʚʽʜ  

KD-{(1,0)}   ̔ KD-{(0,1), ʾʭʥʽ ʦʙʤʝʞʝʥʥʷ ʥʘ A-{(1,0)}  ʽ A-{(0,1)} ʚʠʟʥʘʯʘʻ 

ʛʦʤʦʤʦʨʬʽʟʤ Ɋ ʛʨʘʬʘ D(K) ʥʘ A(K).   
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ɼʣ̫ ʢʦʞʥʦʛʦ ʜʦʜʘʪʥʦʛʦ ʮʽʣʦʛʦ m Ó 2 ʨʦʟʛʣʷʜʘʻʤʦ ʧʽʜʤʥʦʞʠʥʠ A(m) ʽ 

D(m), ʱʦ ʤʩ̔ʪʷʪʴ ʧʝʨʰʽ m+1 eʣʝʤʝʥʪʽʚ A ʽ D ʱʦʜʦ ʚʠʟʥʘʯʝʥʠʭ ʧʦʨʷʜʢʽʚ. 

ʆʙʤʝʞʝʥʥʷ ʪʦʯʦʢ ʽ ʧʨʷʤʠʭ D(K) ʥʘ D(m)-{(1,0)}  ʽ D(m)-{(0,1)}  ʚʠʟʥʘʯʘʶʪʴ 

ʛʨʘʬ ʛʦʤʦʤʦʨʬʽʟʤʫ Dæ(m) ʽʟ ʟʦʙʨʘʞʝʥʥʷʤ, ʧʦʟʥʘʯʝʥʠʤ ʷʢ D(n, K). 

ɸʥʘʣʦʛʯ̔ʥʦ ʦʙʤʝʞʝʥʥʷ ʪʦʯʦʢ ʽ ʧʨʷʤʠʭ A(K) ʥʘ A(m) -{(1,0)}  ʽ A(m)-{(0,1)} 

ʚʠʟʥʘʯʘʶʪʴ ʛʦʤʦʤʦʨʬʽʟʤ Aæ(m) ʛʨʘʬʘ A(K) ʥʘ ʛʨʘʬ, ʚʠʟʥʘʯʝʥʠʡ ʷʢ A(m, K).   

ʈʦʟʛʣʷʥʝʤʦ ʪʘʢʦʞ ʚʽʜʦʙʨʘʞʝʥʥʷ æ(m) ʥʘ ʚʝʨʰʠʥʘʭ ʛʨʘʬʫ D(m, K), 

ʧʦʩʠʣʘʶʯʠʩʴ ʥʘ ʡʦʛʦ ʪʦʯʢʫ (p)ⱦK D(m)-{ (1,0)}, ʦʙʤʝʞʝʥʫ ʫ D(m)žA-{(1,0)} , ʽ ʡʦʛʦ 

ʧʨʷʤʫ [l] ⱦK D(m)-{(0,1)} , ʦʙʤʝʞʝʥʫ ʫ D(m)žA-{(0,1)}.  ʎʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʻ 

ʛʦʤʦʤʦʨʬʽʟʤʦʤ D(m, K) ʥʘ A(n, k), n=|D(m)žA|-1.   

ɻʨʘʬ D(q)=D(Fq), ʜʝ q-ʨʝʛʫʣʷʨʥʠʡ ʣʽʩ. ʁʦʛʦ ʯʘʩʪʢʠ D(n,q) ʻ ʢʨʘʡʦʚʠʤʠ 

ʪʨʘʥʟʠʪʠʚʥʠʤʠ ʛʨʘʬʘʤʠ. ʊʦʤʫ ʾʭʥʽ ʟʚôʷʟʥ ̔ ʢʦʤʧʦʥʝʥʪʠ ʻ ʽʟʦʤʦʨʬʥʠʤʠ. 

ʉʠʤʚʦʣ D(n,q) ʦʟʥʘʯʘʻ ʛʨʘʬ, ʽʟʦʤʦʨʬʥʠʡ ʦʜʥʽʡ ʟ ʪʘʢʠʭ ʟʚôʷʟʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ.  

ʉʽʤʝʡʩʪʚʦ CD(n, q), n=2,3,é ʻ ʩʽʤʝʡʩʪʚʦʤ ʚʝʣʠʢʦʛʦ ʦʙʭʚʘʪʫ ʜʣʷ ʢʦʞʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ q, q>2 (ʜʠʚ. [16] ʽ ʧʦʜʘʣʴʰʽ ʧʦʩʠʣʘʥʥʷ). ʇʠʪʘʥʥʷ çʏʠ ʻ CD(n, q) 

ʩʽʤʝʡʩʪʚʦʤ ʛʨʘʬʽʚ ʤʘʣʦʛʦ ʩʚʽʪʫ?è ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜʢʨʠʪʠʤ. ɻʨʘʬ A(q), q>2  ̒ 

q-ʨʝʛʫʣʷʨʥʠʤ ʜʝʨʝʚʦʤ. ɻʨʘʬʠ A(n, q) ʥʝ ʤʘʶʪʴ ʪʨʘʥʟʠʪʠʚʥʠʭ ʚʝʨʰʠʥ.  

ɺʦʥʠ ʫʪʚʦʨʶʶʪʴ ʩʽʤʝʡʩʪʚʦ ʛʨʘʬʽʚ ʟ ʚʝʣʠʢʠʤ ʽʥʜʠʢʘʪʦʨʦʤ ʮʠʢʣʫ, ʷʢʠʡ  

q-ʨʝʛʫʣʷʨʥʠʡ ʩʽʤʝʡʩʪʚʘ ʛʨʘʬʽʚ ʤʘʣʦʛʦ ʩʚʽʪʫ [17]. ʇʠʪʘʥʥʷ çʏʠ ʻ A(n,q), 

n=2,3,éʩʽʤʝʡʩʪʚʦʤ ʚʝʣʠʢʦʛʦ ʦʙʭʚʘʪʫ?è ʟʘʣʠh ʘ̒ ʪʴʩʷ ʚʽʜʢʨʠʪʠʤ. 

 

7.3. ʇʨʦ ʣʽʥʛʚʽʩʪʠʯʥʽ ʪʘ ʝʢʩʪʨʝʤʘʣʴʥʽ ʛʨʘʬʠ ʽ ʩʪʘʙʽʣʴʥʽ ʥʝʣʽʥʽʡʥʽ 

ʧʽʜʛʨʫʧʠ ʘʬʽʥʥʦʾ ʛʨʫʧʠ ʂʨʝʤʦʥʠ 

 

ɺʩʽ ʛʨʘʬʠ, ʚʠʟʥʘʯʝʥʽ ʫ 2 ʨʦʟʜʽʣʽ, ʥʘʣʝʞʘʪʴ ʜʦ ʢʣʘʩʫ L ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʛʨʘʬʽʚ 

ũ=ɻ(K) ʪʠʧʫ (1, 1, n-1), nⱦN aʙo n=Ð. ɺʠʟʥʘʯʘʶʪʴʩʷ ʥʘʜ ʢʦʤʫʪʘʪʠʚʥʠʤ 

ʢʽʣʴʮʝʤ K, ʷʢʝ ʤʽʩʪʠʪʴ ʜʚʦʜʦʣʴʥʽ ʛʨʘʬʠ ʟ ʤʥʦʞʠʥʦʶ ʪʦʯʦʢ P=Kn ʽ ʤʥʦʞʠʥʦʶ 

ʧʨʷʤʠʭ L=Kn  ʪʘʢʠʭ, ʱʦ (p)=(p1, p2, é ,pn)ⱦPn ʽ [l]=[l1,  l2, é , ln]ⱦLn. ʫʪʚʦʨʶʻ 

ʨʝʙʨʦ ũ, ʷʢʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʫʤʦʚʠ 2ap2 ï 2bl2=2f(l1, p1),   
3ap2ï3bl2=3f(p1, p12, l1 , l2), é , napn ïnbln=nf(p1, p2, é, pn , l1, l2, é , ln), ʜʝ ia  ̔ib, iÓ2 

ʝʣʝʤʝʥʪʠ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʦʾ ʛʨʫʧʠ K*, f i ʧʦʣʽʥʦʤʠ ʚʽʜ ʙʘʛʘʪʴʦʭ ʟʤʽʥʥʠʭ. 

ɺʠʟʥʘʯʠʤʦ ʢʦʣʴʦʨʠ ɟ((p))  ̔ɟ([l]) ʪʦʯʢʠ (p) ʽ ʧʨʤ̫ʦʾ [l] ʷʢ ʾʭ ʧʝʨh ʽ ʢʦʦʨʜʠʥʘʪʠ 

p1 ʽ l1. ɺʚʝʜʝʤʦ ʜʦʙʨʝ ʚʠʟʥʘʯʝʥʠʡ ʦʧʝʨʘʪʦʨ N(v, a), ʷʢʠʡ ʦʙʯʠʩʣʶʻ ʩʫʩʽʜʘ 

ʚʝʨʰʠʥʠ v ʢʦʣʴʦʨʫ aⱦK.  

ʅʝʭʘʡ S(Kn) ʦʟʥʘʯʘʻ ʥʘʧʽʚʛʨʫʧʫ ʂʨʝʤʦʥʠ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

ʚ̔ ʣʴʥʦʛʦ ʤʦʜʫʣʷ Kn ʽ C(Kn) ï ʘʬʽʥʥʘ ʛʨʫʧʘ ʂʨʝʤʦʥʠ ʦʙʝʨʥʝʥʠʭ ʝʣʝʤʝʥʪʽʚ 

S(Kn) ʟ ʧʦʣʽʥʦʤʽʘʣʴʥʦ ʁʽʥʚʝʨʩʽʻʶ. ʎʽ ʘʣʛʝʙʨʘʾʯʥʽ ʩʪʨʫʢʪʫʨʠ ʻ ʚʘʞʣʠʚʠʤʠ 

ʦʙôʻʢʪʘʤʠ ʘʣʛʝʙʨʘʾʯʥʦʾ ʛʝʦʤʝʪʨʽʾ. ʆʜʥʘ ʟʽ ʩʢʣʘʜʥʠʭ ʧʨʦʙʣʝʤ ʧʦʣʷʛʘʻ ʚ 

ʧʦʙʫʜʦʚʽ ʩʽʤʝʡ ʩʪʘʙʽʣʴʥʠʭ ʧʽʜʛʨʫʧ Gn ʟ C(Kn) (ʯʠ ʥʘʧʽʚʛʨʫʧʠ Sn ʟ S(Kn)) ʛʨʫʧʠ 

ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʩʪʫʧʝʥʝʤ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ 

ʢʦʥʩʪʘʥʪʽ c. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʧʘʨʘ f ,g ⱦ C(Kn) ʩʪʫʧʝʥʽʚ r ʽ s ʾʭ 

ʥʘʙʦʨʽʚ ʤʘʻ ʩʪʫʧʽʥʴ rs. ʊʦʤʫ ʮʷ ʧʨʦʙʣʝʤʘ ʩʢʣʘʜʥʘ, ʚʦʥʘ ʤʘʻ ʩʠʣʴʥʽ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʽ ʤʦʪʠʚʘʮʽʾ.  

ʈʦʟʛʣʷʥʝʤʦ ʩʫʢʫʧʥʽʩʪʴ St(K) ʨʷʜʢʽʚ ʚʠʜʫ (f1, f2,é, fk,) ʜʝ f i ⱦK[x]. ʇʦʟʥʘʯʠʤʦ 

ʧʦʣʽʥʦʤ f ʽ ʚʽʜʦʙʨʘʞʝʥʥʷ xŸf(x) ʟ S(K). ɼʦʙʫʪʦʢ ʜʚʦʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ  

(f1, f2,é, fk,)  ̔ (g1, g2,é, , gt,) ʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ (f1, f2,é, fk,, g1(fk ), g2,(fk ), é, gt,(Fk )). 

ʇʦʨʦʞʥʽʡ ʨʷʜʦʢ ï ʮʝ ʦʜʠʥʠʮʷ ʟ ʥʘʧʽʚʛʨʫʧʠ St(K). ʌʘʢʪʠʯʥʦ St(K) ʻ 

ʥʘʧʽʚʧʨ̫ʤʠʤ ʜʦʙʫʪʢʦʤ ʚʽʣʴʥʦʾ ʥʘʧʽʚʛʨʫʧʠ ʥʘʜ ʘʣʬʘʚʽʪʦʤ K[x] ʽ ʥʘʧʽʚʛʨʫʧʠ 

ʂʨʝʤʦʥʠ S(K). ʄʠ ʧʦʩʠʣʘʻʤʦʩʷ ʥʘ St(K) ʷʢ ʥʘʧʽʚʛʨʫʧʫ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ 
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ʨʷʜʢʽʚ. ʅʝʭʘʡ Stô(K) ʦʟʥʘʯʘʻ ʥʘʧʽʚʛʨʫʧʫ ʨʷʜʢʽʚ ʧʘʨʥʦʾ ʜʦʚʞʠʥʠ ʟ St(K) ʽ ×(K) ï 

ʧʽʜʛʨʫʧʘ ʨʷʜʢʽʚ ʧʘʨʥʦʾ ʜʦʚʞʠʥʠ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʠʜʫ x+c, cⱦK. 

ʋ ʚʠʧʘʜʢʫ ʣʽʥʛʚʽʩʪʠʯʥʦʛʦ ʛʨʘʬʫ ɻ=ũ(K) ʪʠʧʫ (1,1,n-1) ʰʣʷʭ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʡʦʛʦ ʚʝʨʰʠʥ v0, v1, v2, é,vk, ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʘʪ̒ʴʩʷ 

ʧʦʯʘʪʢʦʚʦʶ ʚʝʨʰʠʥʦʶ v0, ʽ ʢʦʣʴʦʨʠ ɟ(vi,), i=1, 2,..., k ï ʽʥʰʠʤʠ ʚʝʨʰʠʥʘʤʠ ʟʽ 

ʰʣʷʭʫ. ʄʠ ʤʦʞʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʛʨʘʬ ɻô=ũ(K[x1, x2, é, xn]), ʚʠʟʥʘʯʝʥʠʡ ʪʠʤʠ 

ʩʘʤʠʤʠ ʨʽʚʥ̫ ʥʥʷʤʠ ʟ ũ, ʘʣʝ ʥʘʜ ʢʦʤʫʪʘʪʠʚʥʠʤ ʢʽʣʴʮʝʤ K[x1, x2, é, xn]. 

ʆʪʞʝ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʝ ʩʠʤʚʦʣʽʯʥʝ ʦʙʯʠʩʣʝʥʥʷ. ɺʽʟʴʤʝʤʦ 

ʩʠʤʚʦʣʽʯʥʫ ʪʦʯʢʫ x=(x1, x2, é, xn), ʜʝ xi ʻ ʟʘʛʘʣʴʥʠʤʠ ʟʤʽʥʥʠʤʠ ʟ K[x1, x2, é, xn]  ̔

ʧʦʣʥ̔ʦʤʽʘʣʴʥʠʤ ʨʷʜʢʦʤ CⱦStô(K), ʷʢʠʡ ʻ ʢʦʨʪʝʞʝʤ ʤʥʦʛʦʯʣʝʥʽʚ  f1,, f2,, ... , fk, 

ʟ K[x1] ʟ ʧʘʨʥʠʤ ʧʘʨʘʤʝʪʨʦʤ k. (x=x1). ʋʪʚʦʨʶʻʤʦ ʰʣʷʭ ʚʝʨʰʠʥ v0,=x, v1 ʪʘʢ, 

ʱʦ v1Ivo ʽ ɟ(v1)=f1(x1), v2 ʪʘʢ, ʱʦ v2Iv1 ʽ ɟ(v2)=f2(x1), ..., vk ʪʘʢ, ʱʦ vkIvk-1  ̔

ɟ(vk)=fk(x1). ɺʠʙʠʨʘʻʤʦ ʧʘʨʘʤʝʪʨ k ʷʢ ʧʘʨʥʝ ʯʠʩʣʦ. ʊʘʢ vk ï ʪʦʯʢʘ ʟ ʤʥʦʞʠʥʠ 

K[x1, x2,é, xn]n ʛʨʘʬʘ ɻô.   

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʦʙʯʠʩʣʝʥʥʷ ʢʦʞʥʦʾ ʢʦʦʨʜʠʥʘʪʠ vi ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʤʽʥʥʠʭ 

x1, x2, é, xn  ̔ʤʥʦʛʦʯʣʝʥʽʚ f1,, f2,, ... , fk, ʧʦʪʨʝʙʫʻ ʣʠʰʝ ʘʨʠʬʤʝʪʠʯʥʠʭ 

ʦʧʝʨʘʮʽʡ ʜʦʜʘʚʘʥʥʷ ʪʘ ʤʥʦʞʝʥʥʷ. ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʚʠʟʥʘʯʝʥʥʷ ʣʽʥʛʚʽʩʪʠʯʥʦʛʦ 

ʛʨʘʬʘ, ʦʩʪʘʥʥʷ ʚʝʨʰʠʥʘ vk (ʪʦʯʢʘ) ʤʘʻ ʢʦʦʨʜʠʥʘʪʠ (h1(x1), h2(x1,x2), 

h3(x1,x2,x3),...,hn(x1,x2,é, xn)), ʜʝ h1(x1)=fk(x1). ʈʦʟʛʣʷʥʝʤʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ɻH(C): 

xiŸ hi(x1, x2,é, xn), i=1, 2,..., n ʷʢʘ ʚ̔ ʜʧʦʚʽʜʘʻ ʧʦʣʽʥʦʤ̔ ʘʣʴʥʦʤʫ ʨʷʜʢʫ C.  

ʅʘʩʪʫʧʥʽ ʪʚʝʨʜʞʝʥʥʷ ʥʘʚʝʜʝʥ̔  ʫ [14]. 

ʊʝʦʨʝʤʘ 1. ɺʽʜʦʙʨʘʞʝʥʥʷ ɻɖ :C Ÿ ɻH(C) ʻ ʛʦʤʦʤʦʨʬʽʟʤʦʤ St'(K) ʫ 

ʥʘʧʽʚʛʨʫʧʽ ʂʨʝʤʦʥʠ S(K n). 

ʄʠ ʥʘʟʠʚʘʻʤʦ ɻɖ ʣʽʥʛʚʽʩʪʠʯʥʠʤ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʩʪʠʩʥʝʥʥʷ. ʗʢʱʦ K 

ʩʢʽʥʯʝʥʥʝ, ʪʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʝʨʝʪʚʦʨʶʻ ʩʫʢʫʧʥʩ̔ʪʴ ʧʦʪʝʥʮʽʡʥʦ ʥʝʩʢʽʥʯʝʥʥʠʭ 

ʨʷʜʢʽʚ ʫ ʩʢʽʥʯʝʥʥʫ ʥʘʧʽʚʛʨʫʧʫ.  

ʅʝʚʘʞʢʦ ʧʦʙʘʯʠʪʠ, ʱʦ St'(K) ʟʙʽʛʘʻʪʴʩʷ ʟ ʥʘʧʽʚʛʨʫʧʦʶ sSr(K) ʛʣʘʜʢʠʭ 

ʩʪʨʽʯʦʢ ʜʣʷ ʚʠʧʘʜʢʫ s=r=1, ʦɦ ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʫ ʨʦʟʜʽʣʽ 5. ʃ ̔ʦʙʨʘʟ ɻɖ(St'(K)) 

ʩʧʽʚʧʘʜʘʻ ʟ ʥʘʧʽʚʛʨʫʧʦʶ ISW(K) ʩʠʤʚʦʣʽʯʥʠʭ ʧʝʨʝʭʦʜʽʚ ʥʘ ʣʽʥʛʚʽʩʪʠʯʥʦʤʫ 

ʛʨʘʬʽ I. 

ʅʝʚʘʞʢʦ ʧʦʙʘʯʠʪʠ, ʱʦ ʮʷ ʥʘʧʽʚʛʨʫʧʘ ×(K) ʻ ʽʟʦʤʦʨʬʥʦʶ ʥʘʧʽʚʛʨʫʧʽ 

F'(K), ʚʠʟʥʘʯʝʥʽʡ ʫ 1 ʨʦʟʜʽʣʽ. 

ʊʝʦʨʝʤʘ 2. ʗʢʱʦ ɻ ï ʦʜʠʥ ʟ ʛʨʘʬʽʚ D(n, K) ʽ A(n,K), ʪʦ ɻɖ(×(K)) ʻ 

ʩʪʘʙ̔ ʣʴʥʦʶ ʧʽʜʛʨʫʧʦʶ C(K n) ʩʪʫʧʝʥʷ 3. 

ʗʢ ʥʘʩʣʽʜʦʢ ʽʟ ʮʴʦʛʦ ʪʚʝʨʜʞʝʥʥʷ ʦʜʝʨʞʫʻʤʦ ʪʝʦʨʝʤʫ ʟ ʨʦʟʜʽʣʫ 1. ʇʨʠ 

ʮʴʦʤʫ ʚʠʥʠʢʘʻ ʜʚʽ ʝʬʝʢʪʠʚʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʛʦʤʦʤʦʨʬʽʟʤʫ ɣ, ʘ ʩʘʤʝ ɣ= D(n,K)ɖ ʪa 

ɣ= A(n,K)ɖ  

ʇʦʟʥʘʯʠʤʦ ɻɖ(×(K)) ʜʣʷ ɻ=D(n,K) ʽ ɻ=A(n,K) ʷʢ GD(n,K) ʽ GA(n,K). ʎʽ 

ʛʨʫʧʠ ʚʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚ ʫʩʽʭ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʜʦʜʘʪʢʘʭ ʛʨʘʬʽʚ D(n,K) 

ʽ A(n,K). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚʠʱʝ ʘʣʛʦʨʠʪʤ ʩʪʚʦʨʝʥʥʷ ʜʘʡʜʞʝʩʪʫ, 

ʚʠʟʥʘʯʝʥʠʡ ʫ ʨʦʟʜʽʣʽ 4 çʟʘ ʤʦʜʫʣʝʤ ʧʨʦʮʝʜʫʨʠ ʦʙʯʠʩʣʝʥʥʷ ʛʦʤʦʤʦʨʬʽʟʤʫè, 

ʧʦʧʦʚʥʶʻʪʴʩʷ ʦʧʠʩʦʤ ʮʽʻʾ ʧʨʦʮʝʜʫʨʠ. ɼʚʽ ʨʽʟʥʽ ʚʝʨʩʽʾ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʛʦʤʦʤʦʨʬʽʟʤʫ ɣ ʚʠʟʥʘʯʘʶʪʴ ʜʚʘ ʨʽʟʥʽ ʘʣʛʦʨʠʪʤʽʯʥʽ ʧʘʢʝʪʠ 

ʩʪʚʦʨʝʥʥ ̫ʯʫʪʣʠʚʠʭ ʜʘʡʜʞʝʩʪʽʚ ʜʦʢʫʤʝʥʪʽʚ. 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʛʨʫʧʠ GD(n,K) ʽ GA(n,K) ʻ ʧʽʜʛʨʫʧʘʤʠ ʛʨʫʧ Iɣ(sBCr(K))= 

IRI(K), I=D(n,K) ʪa A(n,K).   
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ʈʦʟʛʣʷʥʝʤʦ ʧʜ̔ʛʨʫʧʫ SIRI(K), ʧʝʨʝʭʦʜʽʚ ʟʩʫʚʫ ʛʨʫʧʠ IRI(K), ʨʝʚʝʨʩʽʡʥʠʭ 

ʩʠʤʚʦʣ̔ ʯʥʠʭ ʧʝʨʝʭʦʜʽʚ ʣʽʥʛʚʽʩʪʠʯʥʦʛʦ ʛʨʘʬʘ I, ʱʦ ʩʢʣʘʜʘʪ̒ʴʩʷ ʟ ʦʙʨʘʟʽʚ 

ʩʪʨ̔ʯʦʢ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʠʛʣʷʜʫ x+c, cⱦK. ɽʣʝʤʝʥʪʠ ʛʨʫʧ SIRI(K), I=D(n,K), 

I=A(n,K) ʤʦʞʥʘ ʚʞʠʚʘʪʠ ʚ ʘʣʛʦʨʠʪʤʘʭ ʩʪʚʦʨʝʥʥʷ ʜʘʡʜʞʝʩʪ̔ ʚ ʟʘʤʽʩʪʴ ʛʨʫʧ 

GD(n,K) ʽ GA(n,K). ʇʨʠ ʮʦɹʤʫ ʢʦʣʴʦʨʠ, ʱʦ ʚʽʜʧʦʚ̔ ʜʘʶʪʴ ʩʪʨʠʙʢʘʤ, ʩʣʽʜ 

ʚʚʘʞʘʪʠ ʝʣʝʤʝʥʪʘʤʠ ʛʘʩʣʘ.  

 

8. ʇʨʦ ʽʤʧʣʝʤʝʥʪʘʮʽʶ ʘʣʛʦʨʠʪʤʽʚ ʩʪʚʦʨʝʥʥʷ ʜʘʡʜʞʝʩʪʫ  

 

ʇʨʦʛʨʘʤʠ ʽʤʧʣʝʤʝʥʪʦʚʘʥʦ ʥʘ ʤʦʚʽ ʉ++. ʏʘʩ ʾʾ ʨʦʙʦʪʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 

ʢʦʤʧ'ʶʪʝʨʘ. ʄʠ ʚʠʢʦʨʠʩʪʘʣʠ ʟʚʠʯʘʡʥʠʡ ʧʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧ'ʶʪʝʨ ʟ 

ʧʨʦʮʝʩʦʨʦʤ Pentium 3.00 GHz, 2GB ʧʘʤ'ʷʪʽ RAM ʪa ʩʠʩʪʝʤʠ Windows 7. ɼʣʷ 

ʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʙʘʟʦʚʠʤ ʘʣʛʦʨʠʪʤʦʤ, ʦʧʠʩʘʥʠʤ 

ʫ ʨʦʟʜʽʣʽ 4, ʙʫʣʦ ʦʙʨʘʥʦ ʛʨʫʧʫ GA(n,K) ʪʘ ʨʦʟʰʠʨʝʥʽ ʤʘʪʨʠʮʽ ʄ, ̫ʢ̔ 

ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʯʘʩ O(m), ʜʝ m ï ʨʦʟʤʽʨ ʜʘʡʜʞʝʩʪʫ.  

ɼʣʷ ʚʠʤʽʨʚʁʘʥʥʷ ʘʚʘʣʘʥʯ ʝʬʝʢʪʫ ʜʘʡʜʞʝʩʪ ʧʨʝʜʩʪʘʚʣʷʚʩʷ ʫ ʩʠʤʚʦʣʘʭ 

ʙʽʥʘʨʥʦʛʦ ʘʣʬʘʚʽʪʫ. ʐʚʠʜʢʦʜʽʷ ʘʣʛʦʨʠʪʤʫ ʚ ʩʝʢʫʥʜʘʭ, ʚʠʤʽʨʷʥʘ ʥʘ ʬʘʡʣʘʭ 

ʨʽʟʥʦʛʦ ʪʠʧʫ, ʧʦʜʘʻʪʴʩʷ ʥʠʞʯʝ. 

 

ʊʘʙʣʠʮʷ 1 ï ʐʚʠʜʢʦʜʽʷ ʘʣʛʦʨʠʪʤʫ ʩʪʚʦʨʝʥʥʷ ʜʘʡʜʞʝʩʪʽʚ 
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ʘ
ʙ
ʘ

ʡ
ʪ 

ʈʦʟʤʨ̔ ʜʘʡʜʞʝʩʪʫ (ʫ ʙ̔ʪʘʭ) 

256 384 512 640 768 896 1024 

4,0 1,36 2,03 2,74 3,43 4,12 4,81 5,52 

16,1 4,94 7,40 9,90 11,09 14,88 16,99 19,82 

38,7 11,60 17,39 23,20 29,03 34,84 40,65 46,46 

62,3 18,54 27,80 37,10 46,38 55,68 64,94 74,22 

121,3 36,24 54,35 72,52 90,63 108,76 126,89 145,02 

174,2 51,22 77,72 103,66 129,40 155,53 181,42 207,34 

 

ʂʦʤʧ'ʶʪʝʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʠ ʟʤʽʥʽ ʦʜʥʦʛʦ ʙʽʥʘʨʥʦʛʦ 

ʩʠʤʚʦʣʫ ʝʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʟʤʽʥʶʻʪʴʩʷ ʱʦʥʘʡʤʝʥʰʝ 98% ʩʠʤʚʦʣʽʚ 

ʜʘʡʜʞʝʩʪʫ. 

ʏʘʩʪʠʥʫ ʤʦʜʠʬʽʢʘʮʽʾ ʙʘʟʦʚʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʦʧʠʩʘʥʫ ʫ ʨʦʟʜʽʣʽ 4, ʪʘ ʜʝʷʢʽ 

ʘʣʛʦʨʠʪʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʨʫʧ SIRI(K), ʚʠʟʥʘʯʝʥ ̔ ʫ ʨʦʟʜʽʣʽ 5, ʚʞʝ 

ʽʤʧʣʝʤʝʥʪʦʚʘʥʦ. ʇʨʦʚʦʜʷʪʴʩʷ ʢʦʤʧôʶʪʝʨʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʘʨʘʤʝʪʨʽʚ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʛʨʘʤʘʭ.  

 

ɺʠʩʥʦʚʢʠ 

 

ʇʦʪʦʯʥʘ ʨʦʙʦʪʘ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʢʦʨʧʦʨʘʮʽʾ, ʬʽʥʘʥʩʦʚʦʾ ʫʩʪʘʥʦʚʠ ʧʦʪʨʝʙʫʻ 

ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʧʨʘʮʽ ʩʧʝʮʽʘʣʽʩʪʽʚ ʟ̔ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʝʣʝʢʪʨʦʥʥʠʭ 

ʜʦʢʫʤʝʥʪʽʚ. ɼʣʷ ʧʨʠʡʥʷʪʪʷ ʦʙʨ̌ʫʥʪʦʚʘʥʠʭ ʧʣʘʥʦʚʦ-ʬʽʥʘʥʩʦʚʠʭ ʨʽʰʝʥʴ, 
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ʩʧʝʮʽʘʣʽʩʪʠ ʧʦʚʠʥʥʽ ʢʦʨʠʩʪʫʚʘʪʠʩ ̫ʧʝʨʝʚʨ̔ʝʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ. ɯʥʩʪʨʫʤʝʥʪʦʤ 

ʧʝʨʝʚʽʨʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʘʣʛʦʨʠʪʤʠ ʢʦʤʧʨʝʩʽʾ ʚʝʣʠʢʦʛʦ ʬʘʡʣʫ ʽ ʜʘʡʜʞʝʩʪ 

ʚʠʟʥʘʯʝʥʦʛʦ ʨʦʟʤʽʨʫ, ʯʫʪʣʠʚʠʡ ʜʦ ʙʫʜʴ-ʷʢʦʾ ʟʤʽʥʠ ʩʠʤʚʦʣʽʚ ʥʘ ʚʭʦʜʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʫ ʨʦʜʠʥʫ ʟʘʣʝʞʥʠʭ ʚʽʜ ʢʣʶʯʘ ʰʚʠʜʢʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʩʪʚʦʨʝʥʥʷ ʜʘʡʜʞʝʩʪ̔ ʚ ʝʣʝʢʪʨʦʥʥʠʭ ʜʦʢʫʤʝʥʪʽʚ. ʂʦʤʧ'ʶʪʝʨʥʘ ʩʠʤʫʣʷʮʽ ̫

ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʠʪʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʘʚʘʣʘʥʯ ʝʬʝʢʪʫ, ʱʦ ʚʠʥʠʢʘʻ. ʅʝʭʘʡ K ï 

ʚʽʣʴʥʦ ʦʙʨʘʥʝ ʩʢʽʥʯʝʥʥʝ ʢʦʤʫʪʘʪʠʚʥʝ ʢʽʣʴʮʝ, m ï ʜʦʜʘʪʥʝ ʮʽʣʝ ʯʠʩʣʦ. 

ɸʣʛʦʨʠʪʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʝʱʦʜʘʚʥʴʦ ʟʥʘʡʜʝʥʽ ʛʦʤʦʤʦʨʬʥʽ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʢʦʤʧʨʝʩʽ ʾ ʥʘʧʽʚʛʨʫʧʠ ʧʦʪʝʥʮʽʡʥʦ ʥʝʩʢʽʥʯʝʥʥʠʭ ʪʝʢʩʪʽʚ ʫ ʘʣʬʘʚʽʪʽ K ʥʘ 

ʩʢʽʥʯʝʥʥʫ ʛʨʫʧʫ ʢʫʙʽʯʥʠʭ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ m ʚʠʤʽʨʥʦʛʦ 

ʘʬʬʽʥʥʦʛʦ ʧʨʦʩʪʦʨʫ Km.  

ʂʨʠʧʪʦʛʨʘʬʽʯʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʬʫʥʢʮʽʡ ʭʝʰʫʚʘʥʥʷ ʧʦʚôʷʟʫʻʪʴʩʷ ʟʽ 

ʩʢʣʘʜʥʠʤʠ ʘʣʛʝʙʨʘʾʯʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʚʝʣʠʢʦʾ ʩʪʝʧʝʥʽ ʪʘ ʟʘʜʘʯʘ ʨʦʟʢʣʘʜʫ ʥʝʣʽʥʽʡʥʦʛʦ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʽʣʴʥʦʛʦ ʤʦʜʫʣʷ ʟʘ ʟʘʜʘʥʠʤʠ ʪʚʽʨʥʠʤʠ. 

ɸʣʛʦʨʠʪʤʠ ʽʤʧʣʝʤʝʥʪʦʚʘʥʦ ʫ ʚʠʧʘʜʢʘʭ ʩʢʽʥʯʝʥʥʠʭ ʧʦʣʽʚ 32
2

16
2

8
2

,, FFF , 

ʢʽʣʝʮʴ 256Z  ʪa ɺ(32) (ʙʫʣʝʚʝ ʢʽʣʴʮʝ ʧʦʨ̫ ʜʢʫ 
322 ). ʂʦʤʧ'ʶʪʝʨʥʘ ʩʠʤʫʣʷʮʽʷ 

ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʦʟʤʽʨʫ 

ʙʘʟʦʚʦʛʦ ʢʦʤʫʪʘʪʠʚʥʦʛʦ ʢʽʣʴʮʷ.  

ʇʨʦʧʦʥʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʟ ʜʘʥʠʤʠ ʫ ʚʠʛʣʷʜ ̔ʪʝʢʩʪʫ, 

ʚʽʜʝʦ- ʪʘ ʘʫʜʽʦʬʘʡʣʽʚ, ʬʽʣʴʤʫ ʪʦʱʦ. ʈʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ ʜʘʡʜʞʝʩʪʽʚ 

ʤʘʶʪʴ ʧʦʪʦʢʦʚʠʡ ʭʘʨʘʢʪʝʨ ï ʰʚʠʜʢʦʜʽʷ ʧʨʠ ʩʪʘʣʦʤʫ m ʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

n. ɿʨʦʩʪʘʥʥʷ n ʟʙʽʣʴʰʫʻ ʢʨʠʧʪʦʛʨʘʬʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ. ɯʤʧʣʝʤʝʥʪʘʮʽ ̫ ʫ 

ʙʣʦʢʦʚʦʤʫ ʨʝʞʠʤʽ ʤʦʞʣʠʚʘ, ʘʣʝ ʥʝ ʚʤʦʪʠʚʦʚʘʥʘ, ʙʦ ʨʦʟʤʽʨ ʙʣʦʢʫ ʦʙʤʝʞʫʻ 

ʢʽʣʴʢʽʩʪ ɹʟʤʽʥʥʠʭ ʩʠʩʪʝʤʠ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ.  

ʅʝʦʙʭʽʜʥʽʩʪʴ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʟʨʦʙʦʢ ʟʽ 

ʩʪʚʦʨʝʥʥ ̫ʥʦʚʠʭ ʟʘʣʝʞʥʠʭ ʚʽʜ ʢʣʶʯʘ ʰʚʠʜʢʠʭ ʭʝ-hʬʫʥʢʮʽʡ ʧʦʚôʷʟʘʥʘ ʽʟ 

ʚʠʢʣʠʢʘʤʠ ʢʽʙʝʨʙʝʟʧʝʢʠ, ʟʨʦʩʪʘʥʥʷʤ ʛʣʦʙʘʣɹ ʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ, 

ʦʯʽʢʫʚʘʥʥʤ̫ ʧʦʷʚʠ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧôʁ ʪʝʨʘ ʪʘ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ bitcoins, 

ʜʝ ʧʦʪʨʽʙʥʦ ʭʝʰʫʚʘʪʠ ʚʭʽʜʥʽ ʜʘʥʽ ʜʦʚʽʣʴʥʦʛʦ ʨʦʟʤʽʨʫ, ʧʝʨʝʪʚʦʨʶʶʯʠ ʾʭ ʫ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʙʽʪʽʚ, ʱʦ ʻ ʜʘʡʜʞʝʩʪʦʤ ʪʘʢ ʟʚʘʥʠʭ blockchains. ɿʘʧʨʦʧʦʥʦʚʘʥʽ 

ʰʚʠʜʢ̔ ʘʣʛʦʨʠʪʤʠ ʩʪʚʦʨʝʥʥʷ ʯʫʪʣʠʚʠʭ ʜʦ ʟʤʽʥ ʜʘʡʜʞʝʩʪʚ̔ ʜʦʢʫʤʝʥʪʽʚ ʚʞʝ 

ʟʘʨʘʟ ʙʫʜʫʪʴ ʧʨʘʢʪʠʯʥʦ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʢʽʙʝʨʘʪʘʢ ʪʘ ʘʫʜʠʪʫ ʫʩʽʭ 

ʬʘʡʣʽʚ ʩʠʩʪʝʤʠ ʧʽʩʣʷ ʟʘʨʝʩ̒ʪʨʦʚʘʥʦʛʦ ʚʪʨʫʯʘʥʥʷ. ʎʝ ʧʝʨʰʘ ʚʜʘʣʘ ʩʧʨʦʙʘ ʧʦ 

ʟʘʩʪʦʩʫʚʘʥʥʶ ʽʜʝʾ ʥʝʢʦʤʫʪʘʪʠʚʥʦʾ ʢʨʠʧʪʦʛʨʘʬ̔ʾ ʜʣʷ ʩʪʚʦʨʝʥʥʷ HMACʽʚ. 

ɺʚʘʞʘʻʤʦ, ʱʦ ʧʦʪʨʽʙʥʘ ʧʦʜʘʣʴʰʘ ʨʦʙʦʪʘ ʟ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʙʫʜʦʚʘʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ, ʾʭ ʧʦʨʽʚʥʷʥʥʷ ʽʟ ʚʽʜʦʤʠʤʠ ʨʘʥʽʰʝ HMACaʤʠ ʪʘ ʢʨʠʧʪʦʘʥʘʣʽʪʠʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ. 
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ʊɽʆʈɽʊʀʂʆ-ʄɽʊʆɼʀʏʅɯ ɸʉʇɽʂʊʀ ʂʆʅʎɽʇʎɯɰ  

ɿɸɹɽɿʇɽʏɽʅʅʗ ʅɽʆɹʍɯɼʅʆɻʆ ʈɯɺʅʗ ʇʆɺʅʆʊʀ ɹɽɿʇɽʂʀ 

ɸɺʊʆʄɸʊʀɿʆɺɸʅʀʍ ʉʀʉʊɽʄ ʋʇʈɸɺʃɯʅʅʗ ʆɹ'ɭʂʊɸʄʀ 

ʇɯɼɺʀʑɽʅʆɰ ʅɽɹɽɿʇɽʂʀ  

 
ɸʥʦʪʘʮʽʷ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʘʩʧʝʢʪʠ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʨʽʰʝʥʥʷ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʧʨʦʙʣʝʤʠ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ 

ʧʦʚʥʦʪʠ ʙʝʟʧʝʢʠ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ɸʉʋ ʊʇ ʦʙ'ʻʢʪʘʤʠ ʧʽʜʚʠʱʝʥʦʾ 

ʥʝʙʝʟʧʝʢʠ. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʽ ʪʝʦʨʝʪʠʢʦ-

ʤʝʪʦʜʠʯʥʘ ʢʦʥʮʝʧʮʽʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʽ ʙʝʟʧʝʢʠ 

ʘʧʘʨʘʪʥʠʭ ʽ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ɸʉʋʊʇ. ʈʦʟʛʣʷʥʫʪʦ ʽʩʥʫʶʯʽ ʪʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʨʠʛʽʥʘʣʴʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʥʦʨʤʫʶʯʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʥʘʜʽʡʥʦʩʪʽ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ SIL-ʘʥʘʣʽʟʫ. ʈʦʟʛʣʷʥʫʪʦ ʧʨʦʙʣʝʤʠ 

ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ SIL ʧʨʠ 

ʨʦʟʨʦʙʮʽ ɸʉʋʊʇ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʽʚʝʥʴ ʧʦʚʥʦʪʠ ʙʝʟʧʝʢʠ, ʬʫʥʢʮʽʦʥʘʣʥɹʘ ʙʝʟʧʝʢʘ, 

ʝʣʝʢʪʨʠʯʥʽ/ʝʣʝʢʪʨʦʥʥ/̔ʧʨʦʛʨʘʤʦʚʘʥʽ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ, ʥʘʜʽʡʥʽʩʪʴ, 

ʙʝʟʧʝʢʘ, ʽʥʞʝʥʝʨʽʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʢʦʤʧ'ʶʪʝʨʥʘ 

ʽʥʞʝʥʝʨʽʷ, ʢʦʤʧ'ʶʪʝʨʥʽ ʥʘʫʢʠ, ʤʦʜʝʣʽ ʧʨʦʮʝʩʦʨʽʚ, ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ. 

DOI: 10.35350/2409-8876-2019-16-3-36-48 
ɺʩʪʫʧ 

 

ʆʮʥ̔ʢʘ ʽ ʧʨʦʬʽʣʘʢʪʠʢʘ ʪʝʭʥʦʛʝʥʥʠʭ ʨʠʟʠʢʽʚ, ʧʦʧʝʨʝʜʞʝʥʥʷ ʚʝʣʠʢʠʭ ʘʚʘʨʽʡ 

ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙ'ʻʢʪʽʚ ʧʽʜʚʠʱʝʥʦʾ ʥʝʙʝʟʧʝʢʠ ʚʠʤʘʛʘʶʪʴ 

ʟʚʘʞʝʥʦʛʦ ʧʽʜʭʦʜʫ, ʥʦʨʤʫʪʁʴʩʷ ʥʘʮʽʦʥʘʣʴʥʠʤ ʽ ʤʽʞʥʘʨʦʜʥʠʤ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ 

ʽ ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʶ ʧʨʦʙʣʝʤʦʶ. ʈʽʰʝʥʥ̫ ʪʘʢʦʾ ʧʨʦʙʣʝʤʠ ʫ 

ʚʠʛʣʷʜʽ ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʽ ʤʦʜʝʣʝʡ ʦʮʽʥʢʠ ʨʽʚʥʷ ʥʘʜʽʡʥʦʩʪʽ 

ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʝʙʝʟʧʝʢʠ ʥʘʩʣʽʜʢʽʚ ʚʽʜʤʦʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ (ɸʉʋʊʇ), ʘ ʪʘʢʦʞ ʨʝʘʣʽʟʘʮʽʾ 

ʢʦʤʧʣʝʢʩʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʦ 

ʟʘʙʝʟʧʝʯʝʥʥʶ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ɸʉʋʊʇ ʩʪʘʥʦʚʠʪʴ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ 

ʜʣʷ ʨʦʟʨʦʙʥʠʢʽʚ ʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʚʝʣʠʢʠʭ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: ʭʽʤʽʯʥʽ ʽ ʥʘʬʪʦʭʽʤʽʯʥʽ ʟʘʚʦʜʠ, ʟʘʩʦʙʠ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʚʘʥʪʘʞʽʚ ʽ ʨʝʯʦʚʠʥ. 

ʅʘ ʞʘʣʴ, ʮʽʡ ʧʨʦʙʣʝʤ ̔ʧʨʠʜʽʣʷʻʪʴʩʷ ʤʘʣʦ ʫʚʘʛʠ ʚ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ 

ʩʬʝʨʽ, ʪʘʢ ʷʢ ʘʥʘʣʽʟ ʚʝʣʠʢʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʘʚʘʨʽʡ ʽ ʢʘʪʘʩʪʨʦʬ ʥʘʡʯʘʩʪʽʰʝ 

ʟʘʚʝʨʰʫʻʪʴʩʷ ʚʠʩʥʦʚʢʦʤ ʧʨʠʯʠʥʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʽʜʤʦʚ, ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ 

ʘʙʦ ʣʁʜʩɹʢʠʭ ʬʘʢʪʦʨʽʚ. ɯʥʦʜʽ ʧʨʠʯʠʥʘʤʠ ʪʘʢʠʭ ʥʝʙʝʟʧʝʯʥʠʭ ʘʚʘʨʽʡ ʻ ʥʝ 

ʜʽʘʛʥʦʩʪʦʚʘʥʘ ʚʽʜʤʦʚʘ ɸʉʋʊʇ. ʆʜʥʘʢ, ʮʝ ʩʣʘʙʦ ʜʦʢʘʟʦʚʽ ʧʨʠʧʫʱʝʥʥʷ, 

ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʟʨʦʩʪʘʶʯʦʾ ʩʢʣʘʜʥʦʩʪʽ ʽ ʽʥʪʝʛʨʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ. 
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ɻʘʡʜʘʤʘʢʥ̔ ʅ.ɸ., Wong Y.K., Eriksson J., Grindal M. ʪʘ ʽʥʰʽ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʙʝʟʣʽʯ ʩʪʘʥʜʘʨʪʥʠʭ ʤʝʪʦʜʽʚ ʽ ʧʽʜʭʦʜʽʚ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʧʦʚʥʦʪʠ ʙʝʟʧʝʢʠ (ʈʇɹ) ʜʣʷ ɸʉʋʊʇ, ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʧʨʦʪʠʨʽʯ, ʥʝʪʦʯʥʦʩʪʝʡ, ʧʨʦʙʣʝʤ ʬʦʨʤʘʣʽʟʘʮʽʾ ʽ ʥʝʚʠʨʽʰʝʥʠʭ ʧʠʪʘʥʴ ʦʮʽʥʢʠ 

ʨʠʟʠʢʫ ʚʽʜʤʦʚ ʝʣʝʤʝʥʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʻ ʟʥʘʯʥʽ ʩʢʣʘʜʥʦʩʪʽ ʧʨʠ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ ʽ ʩʝʨʪʠʬʽʢʘʮʽʾ 

ʫʧʨʘʚʣʷʶʯʠʭ ʢʦʤʧʣʝʢʩʽʚ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʽʥʪʝʛʨʘʣʴʥʦʤʫ ʨʽʚʥʶ ʙʝʟʧʝʢʠ 

(Safety integrity level ï SIL) ʜʣʷ ʩʠʩʪʝʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʠʯʥʠʭ, 

ʝʣʝʢʪʨʦʥʥʠʭ, ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ (ɽ/ɽ/ʇɽ ï E/E/PE). 

ʆʩʦʙʣʠʚʽ ʪʨʫʜʥʦʱʽ ʚʽʜʯʫʚʘʶʪʴ ʨʦʟʨʦʙʥʠʢʠ ʙʘʟʦʚʠʭ ʝʣʝʢʪʨʦʥʥʠʭ, 

ʝʣʝʢʪʨʠʯʥʠʭ, ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ɸʉʋʊʇ. ʊʘʢ ʷʢ ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʯʘʩʪʠʥʠ 

ʫʧʨʘʚʣʽʥʥʷ ʩʧʦʯʘʪʢʫ ʥʝʚʽʜʦʤʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʧʨʠʟʥʘʯʝʥʥʷ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ, 

ʾʭ ʽʥʬʦʨʤʘʮʽʡʥʘ ʟʥʘʯʠʤʽʩʪʴ ʽ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʝʚʥʠʤ ʚʠʜʘʤ ʥʝʛʘʪʠʚʥʠʭ 

ʥʘʩʣʽʜʢʽʚ ʫ ʨʘʟʽ ʾʭ ʩʧʦʪʚʦʨʝʥʥʷ, ʽʩʪʦʪʥʦ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʽʥʪʝʨʧʨʝʪʘʮʽʷ 

ʥʝʙʝʟʧʝʢʠ ʪʘʢʠʭ ʚʽʜʤʦʚ. ʎʝ ʩʘʤʝ ʤʦʞʥʘ ʩʢʘʟʘʪʠ ʽ ʜʦ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦʮʝʩʦʨʘʤʠ ʽ ʚʠʨʦʙʣʝʥʥ ̫ʢʝʨʫʶʯʠʭ ʩʠʛʥʘʣʽʚ. ɿʘʚʜʘʥʥʷ ʩʧʨʦʱʫʻʪʴʩʷ ʚ ʨʘʟ̔, 

ʢʦʣʠ ɸʉʋʊʇ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʚʥʠʤ ʟʘʤʢʥʫʪʠʤ ʢʦʥʪʫʨʦʤ ʚʽʜ ʜʘʪʯʠʢʽʚ ʽ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʩʪʨʫʢʪʫʨʦʶ ʧʨʠʡʦʤʫ, ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʽ ʚʠʜʘʯʽ 

ʢʝʨʫʶʯʠʭ ʩʠʛʥʘʣʽʚ ʘʞ ʜʦ ʚʠʢʦʥʘʚʯʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʤʝʭʘʥʽʟʤʽʚ. ɺ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʤʦʞʣʠʚʘ ʙʽʣʴʰ-ʤʝʥʰ ʧʝʚʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʽ ʘʥʘʣʽʟ ʥʝʙʝʟʧʝʢʠ 

ʥʘʩʣʽʜʢʽʚ ʚʽʜʤʦʚ ʩʠʩʪʝʤʠ ʘʙʦ ʩʧʦʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʥʽʡ.  

ʇʨʦʪʝ, ʧʨʦʙʣʝʤʘ ʧʨʦʚʝʜʝʥʥʷ SIL ʘʥʘʣʽʟʫ ʽ ʦʮʽʥʢʘ ʨʽʚʥʷ ʧʦʚʥʦʪʠ ʙʝʟʧʝʢʠ 

ʜʣʷ ʮʝʥʪʨʘʣʴʥʠʭ ʯʘʩʪʠʥ ʨʦʟʨʦʙʣʶʚʘʥʠʭ ɸʉʋʊʇ (ʜʠʚ. ʥʘ ʨʠʩ. 1) ʻ ʘʢʪʫʘʣʴʥʦʶ 

ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʝʨʭʥʴʦʾ ʤʝʞʽ ʈʇɹ, ʘ ʪʘʢʦʞ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ 

ʪʝʭʥʦʣʦʛʽʡ ʨʦʟʨʦʙʢʠ ʪʘʢʠʭ ʩʠʩʪʝʤ.  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʊʠʧʦʚʘ ʩʪʨʫʢʪʫʨʘ ʙʘʟʦʚʦʾ ʯʘʩʪʠʥʠ ɸʉʋʊʇ 

 

ʆʮʽʥʢʘ ʨʽʚʥʷ ʧʦʚʥʦʪʠ ʙʝʟʧʝʢʠ ʜʣʷ ʘʧʘʨʘʪʥʠʭ ʯʘʩʪʠʥ ɸʉʋʊʇ 

ʨʝʛʣʘʤʝʥʪʦʚʘʥʘ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ [1-4] ʽ ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ 

ʧʨʠʯʠʥ ʽ ʥʘʩʣʽʜʢʽʚ ʚʽʜʤʦʚ (Failure modes and effects analysis ï FMEA), ʘ ʪʘʢʦʞ 

ʾʭ ʢʨʠʪʠʯʥʦʩʪʽ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʜʠ ʥʘʩʣʽʜʢʽʚ ʚʽʜʤʦʚ 

ʝʣʝʤʝʥʪʽʚ ʨʦʟʛʣʷʥʫʪʠʭ ʙʣʦʢʽʚ ɸʉʋʊʇ ʘʙʦ ʾʾ ʮʝʥʪʨʘʣʴʥʦ ʾʯʘʩʪʠʥʠ, ʽ ʜʘʣʽ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʨʠʟʠʢʫ, ʦʙʯʠʩʣʶʶʪʴʩʷ ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ 

ʡʤʦʚʽʨʥʦʩʪʝʡ ʚʽʜʤʦʚ. 
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ʅʘʡʙʽʣʴʰ ʩʢʣʘʜʥʦʶ ʯʘʩʪʠʥʦʶ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʦʮʽʥʢʠ ʈʇɹ ʜʣʷ 

ʨʦʟʨʦʙʣʶʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʻ ʚʠʟʥʘʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʽ ʙʝʟʧʝʢʠ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ɺʽʜʦʤʽ ʽ ʨʝʛʣʘʤʝʥʪʦʚʘʥʽ ʤʝʪʦʜʠ [1-3] ʟʘʩʥʦʚʘʥʽ ʚ ʦʩʥʦʚʥʦʤʫ ʥʘ 

ʨʘʥʛʦʚʠʭ ʦʮʽʥʢʘʭ, ʱʦ ʫ ʚʝʣʠʢʽʡ ʤʽʨʽ ʥʽʚʝʣʶʻ ʚʽʨʦʛʽʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʧʨʝʜʩʪʘʚʣʷʻ ʚʝʣʠʢʫ ʪʨʫʜʥʽʩʪʴ ʜʣʷ 

ʨʦʟʨʦʙʥʠʢʽʚ ʙʘʟʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʇʆ) ʮʝʥʪʨʘʣʴʥʠʭ ʯʘʩʪʠʥ 

ʢʦʤʧʣʝʢʩʽʚ ɸʉʋʊʇ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ 

ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʫ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʪʘ 

ʪʝʭʥʽʯʥʫ ʙʝʟʧʝʢʫ ʨʦʙʦʪʠ ɸʉʋʊʇ, ʦʙʫʤʦʚʣʝʥʘ ʧʨʘʢʪʠʯʥʦʶ ʚʽʜʩʫʪʥʽʩʪʶ ʪʘʢʠʭ 

ʤʝʪʦʜʽʚ ʽ ʧʨʦʙʣʝʤʦʶ ʫʟʛʦʜʞʝʥʥʷ ʷʢʽʩʥʠʭ ʽ ʢʽʣʴʢʽʩʥʠʭ ʢʨʠʪʝʨʽʾʚ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʽʚʝʥʴ ʧʦʚʥʦʪʠ ʙʝʟʧʝʢʠ ʨʦʟʨʦʙʣʶʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. 

 

1. ɸʥʘʣʽʟ ʜʘʥʠʭ ʽ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʴ 

 

ʈʽʚʝʥʴ ʧʦʚʥʦʪʠ ʙʝʟʧʝʢʠ ʚʽʜʦʙʨʘʞʘʻ ʩʪʫʧʽʥʴ ʨʠʟʠʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙ'ʻʢʪʽʚ 

ʢʨʠʪʠʯʥʦʾ ʦʙʣʘʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʋ ʮʴʦʤʫ ʩʝʥʩʽ ʧʽʜ çʨʠʟʠʢʦʤè ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ 

ʥʘʩʪʘʥʥʷ ʧʝʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʟ ʧʝʚʥʦʶ ʡʤʦʚʽʨʥʽʩʪʶ (ʘʙʦ ʯʘʩʪʦʪʦʶ ʜʣʷ ʟʘʜʘʥʦʛʦ 

ʧʝʨʽʦʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ). ʇʨʦʙʣʝʤʘ ʧʨʦʬʽʣʘʢʪʠʢʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʨʠʟʠʢʫ ʦʙ'ʻʢʪʽʚ 

ʧʽʜʚʠʱʝʥʦʾ ʥʝʙʝʟʧʝʢʠ, ʦʙʫʤʦʚʣʝʥʦʛʦ ʚʽʜʤʦʚʘʤʠ ɸʉʋʊʇ, ʤʦʞʝ ʙʫʪʠ 

ʨʦʟʚ'ʷʟʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʜʝʢʽʣʴʢʦʭ ʟʘʜʘʯ: 

1) ʘʥʘʣʽʟ ʚʠʥʠʢʥʝʥʥʷ ʽ ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʩʽʚ ʚʽʜʤʦʚ ʝʣʝʤʝʥʪʽʚ ɸʉʋʊʇ ʽ 

ʦʮʽʥʢʘ ʡʤʦʚʽʨʥʦʩʪʽ ʪʘʢʠʭ ʧʦʜʽʡ; 

2) ʘʥʘʣʽʟ ʥʘʩʣʽʜʢʽʚ ʨʦʟʛʣʷʥʫʪʠʭ ʚʽʜʤʦʚ ʽ ʚʽʜʥʝʩʝʥʥʷ ʾʭ ʜʦ ʧʝʚʥʦʾ ʢʘʪʝʛʦʨʽʾ 

(ʥʝʙʝʟʧʝʯʥ;̔ ʙʝʟʧʝʯʥʽ; ʜʽʘʛʥʦʩʪʫʶʪʴʩʷ; ʱʦ ʥʝ ʜʽʘʛʥʦʩʪʫʶʪʴʩʷ; ʢʨʠʪʠʯʥʽ; ʱʦ ʥʝ 

ʢʨʠʪʠʯʥʽ; ʷʢʽ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʙʝʟʧʝʢʫ) ʥʘ ʧʽʜʩʪʘʚʽ ʦʮʽʥʢʠ ʤʘʩʰʪʘʙʽʚ ʪʘʢʠʭ 

ʥʘʩʣʽʜʢʽʚ; 

3) ʦʮʽʥʢʘ ʥʘʜʽʡʥʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ɸʉʋʊʇ (ʧʦʢʘʟʥʠʢʽʚ 

ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚ: ʩʝʨʝʜʥʷ ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ʥʘ ʟʘʧʠʪ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʾ 

ʙʝʟʧʝʢʠ ʟʘ ʯʘʩ T1 (Probability of Failure on Demand) ï PFDavg (T1); ʩʝʨʝʜʥʷ 

ʯʘʩʪʦʪʘ ʥʝʙʝʟʧʝʯʥʠʭ ʚʽʜʤʦʚ ʫ ʛʦʜʠʥʫ (Hazardous Failure Probability) ï PFH; 

4) ʨʦʟʨʦʙʢʘ ʚʠʤʦʛ ʜʦ ʜʽʘʛʥʦʩʪʠʢʠ ʽ ʤʝʪʦʜʽʚ ʚʝʨʠʬʽʢʘʮʽʾ ʇɿ ʜʣʷ ʚʩʽʭ ʩʪʘʜʽʡ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ; 

5) ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʧʨʦʛʨʘʤʥʦʾ ʽ ʘʧʘʨʘʪʥʦʾ 

ʯʘʩʪʠʥʠ ɸʉʋʊʇ ʽ ʚʠʨʦʙʣʝʥʥʷ ʨʽʰʝʥʴ (ʨʝʢʦʤʝʥʜʘʮʽʡ) ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ 

ʨʦʟʨʦʙʢʠ ɸʉʋʊʇ ʥʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʥʦʨʤʘʪʠʚʥʠʭ ʽ ʧʦʪʦʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ. 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʜʚʽ ʩʠʪʫʘʮʽʾ, ʜʣʷ ʷʢʠʭ ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʷ ʘʥʘʣʽʟ ʽ 

ʚʠʟʥʘʯʝʥʥʷ ʈʇɹ ʟ ʤʝʪʦʶ ʩʝʨʪʠʬʽʢʘʮʽʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ: 

1. ʇʨʠ ʨʦʟʨʦʙʮʽ ʙʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ɸʉʋʊʇ ʙʝʟ ʢʦʥʢʨʝʪʥʦʾ ʧʨʠʚ'ʷʟʢʠ ʜʦ 

ʦʙ'ʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʥʠʞʥʶ ʤʝʞʫ ʈʇɹ, ʷʢʘ 

ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʛʨʘʣʴʥʠʡ ʨʚ̔ʝʥʴ ʙʝʟʧʝʢʠ ʥʝ ʛʽʨʰʝ ʟʘʷʚʣʝʥʦʛʦ ʨʽʚʥʷ. 

2. ʇʨʠ ʩʪʚʦʨʝʥʥʽ ɸʉʋʊʇ ʟ ʧʦʚʥʦʶ ʧʨʠʚ'ʷʟʢʦʶ ʜʦ ʦʙ'ʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ ʽ 

ʦʮʽʥʢʦʶ ʧʦʢʘʟʥʠʢʽʚ ʨʠʟʠʢʫ, ʦʙʫʤʦʚʣʝʥʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʶ ʙʝʟʧʝʢʦʶ 

ɸʉʋʊʇ. ʇʨʠ ʮʴʦʤʫ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʽ ʪʝʭʥʽʯʥʘ ʙʝʟʧʝʢʘ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʚʥʫʪʨʽʰʥʴʦʾ ʩʢʣʘʜʦʚʦʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 

ʇɿ. 

ɺʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʘʧʘʨʘʪʥʦʾ 

ʯʘʩʪʠʥʠ ɸʉʋʊʇ ʻ ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ (ʥʘʧʨʘʮʶʚʘʥʥʷ ʥʘ ʚʽʜʤʦʚʫ, 
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ʧʘʩʧʦʨʪʥʽ ʜʘʥʽ ʧʨʦ ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚ ʥʘ ʟʘʧʠʪ ʽ ʥʘ ʧʝʨʽʦʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʽʥ.) 

ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ɽ/ɽ/ʇɽ ʧʨʠʩʪʨʦʾʚ. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʜʦ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ 

ʚʽʜʥʦʩʷʪʴʩʷ ʪʽʣʴʢʠ ʬʽʟʠʯʥʽ ʝʣʝʤʝʥʪʠ ʙʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʪʫ ɸʉʋʊʇ (ʙʝʟ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʽ ʚʠʢʦʥʘʚʯʠʭ ʧʨʠʩʪʨʦʾʚ). ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʘʥʘʣʽʟʫʶʪʴʩʷ ʚʩʽ 

ɽ/ɽ/ʇɽ ʝʣʝʤʝʥʪʠ, ʚʢʣʶʯʘʶʯʠ ʜʘʪʯʠʢʠ, ʱʦ ʧʝʨʝʜʘʶʪʴ, ʽ ʚʠʢʦʥʘʚʯʽ ʧʨʠʩʪʨʦʾ. 

ɿʘʚʜʘʥʥʷ ʦʮʽʥʢʠ SIL ʜʣʷ ʮʠʭ ʜʚʦʭ ʩʠʪʫʘʮʽʡ ʪʘʢʦʞ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʠʤ, ʱʦ ʚ 

ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʘʧʨʽʦʨʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʦʥʷʪʪʷ çʙʝʟʧʝʯʥʦʛʦ ʩʪʘʥʫè ʷʢ 

ʚʽʜʤʦʚʘ ʩʠʩʪʝʤʠ ʘʙʦ ʧʨʠʧʠʥʝʥʥʷ ʾʾ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʟʘ ʫʤʦʚʠ ʧʦʚʥʦʛʦ ʽ 

ʦʜʥʦʟʥʘʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʘʢʦʛʦ ʩʪʘʥʫ ʽ ʥʦʨʤʘʣʴʥʦ ʙʝʟʘʚʘʨʽʡʥʦʛʦ 

ʚʽʜʢʣʶʯʝʥʥʷ ɸʉʋʊʇ. ʇʨʠ ʮʴʦʤʫ ʪʘʢʽ ʚʽʜʤʦʚʠ ʘʙʦ ʟʫʧʠʥʢʠ ʚʚʘʞʘʶʪʴʩʷ 

ʙʝʟʧʝʯʥʠʤʠ. ɺʩʽ ʚʽʜʤʦʚʠ ʝʣʝʤʝʥʪʽʚ ɸʉʋʊʇ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʩʧʦʪʚʦʨʝʥʥʷ 

ʘʙʦ ʧʨʠʧʠʥʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʟʘʢʣʘʜʝʥʠʭ ʬʫʥʢʮʽʡ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ, 

ʚʚʘʞʘʶʪʴʩʷ ʘʧʨʽʦʨʽ ʥʝʙʝʟʧʝʯʥʠʤʠ. ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ 

ʚʜ̔ʤʦʚʠ ʝʣʝʤʝʥʪʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ 

ʥʘʩʣʽʜʢʽʚ ʪʘʢʦ ʾʚʽʜʤʦʚʠ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʦʙ'ʻʢʪʘ 

ʫʧʨʘʚʣʽʥʥʷ. 

ʊʝʦʨʽʷ ʥʘʜʽʡʥʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʪʨʠʤʘʣʘ ʨʦʟʚʠʪʦʢ 

ʦʜʥʦʯʘʩʥʦ ʟ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ʢʝʨʫʶʯʠʭ 

ʢʦʤʧʣʝʢʩʘʭ [9, 11]. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʜʠʥʘʤʽʢʫ ʚʠʷʚʣʝʥʥʷ 

ʧʦʤʠʣʦʢ ʚ ʟʘʢʽʥʯʝʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʫʪʚʦʨʝʥʥʷʭ. ʆʩʦʙʣʠʚʽ ʪʨʫʜʥʦʱʽ 

ʧʨʝʜʩʪʘʚʣʷʻ ʚʟʘʻʤʦʜʽʷ ʮʠʭ ʫʪʚʦʨʝʥʴ, ʪʘʢ ʷʢ ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʥʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʫ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʥʘʚʽʪʴ ʩʝʨʝʜʥʴʦʾ ʩʢʣʘʜʥʦʩʪʽ ʥʘʡʯʘʩʪʽʰʝ 

ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʧʦʚʥʦ  ʁʤʽʨʦ .ʁ 

 

2. ʆʙ'ʻʢʪ, ʤʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʦʢ 

 

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʽʥʬʦʨʤʘʮʽʡʥʘ ʧʽʜʪʨʠʤʢʘ ʧʨʦʮʝʩʽʚ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʢʝʨʫʶʯʠʭ ʢʦʤʧʣʝʢʩʽʚ ɸʉʋʊʇ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʜʦʩʷʛʥʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʧʦʚʥʦʪʠ ʙʝʟʧʝʢʠ. 

ɼʘʥʘ ʨʦʟʨʦʙʢʘ ʧʨʦʚʦʜʠʪʩɹʷ ʟ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʽʚ, ʤʦʜʝʣʝʡ  

(ʭʾ ʢʦʤʧʦʟʠʮʽʡ) ʽ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʤʦʛʣʠ ʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʦʮʝʩ ʧʽʜʪʨʠʤʢʠ ʨʽʰʝʥʴ ʧʨʠ ʨʦʟʨʦʙʮʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥ ̫ ʦʙ'ʻʢʪʘʤʠ ʧʽʜʚʠʱʝʥʦʾ ʥʝʙʝʟʧʝʢʠ. ɺʠʚʯʝʥʥʷ ʽ ʨʦʟʚ'ʷʟʘʥʥʷ 

ʧʨʦʙʣʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʜ̔ʥʦʛʦ ʨʽʚʥʷ ʧʦʚʥʦʪʠ ʙʝʟʧʝʢʠ ʟʘʚʜʘʥʴ ʤʦʞʣʠʚʦ 

ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚ 

ʦʢʨʝʤʠʭ ʘʧʘʨʘʪʥʠʭ ʽ ʧʨʦʛʨʘʤʥʠʭ ʩʢʣʘʜʦʚʠʭ ɸʉʋʊʇ ʟ ʫʨʘʭʫʚʘʥʥ̫ʤ ʾʭ 

ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʚ ʽʥʪʝʛʨʘʣʴʥʦʤʫ ʨʠʟʠʢʫ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʦʜʝʣʽ, ʤʝʪʦʜʠ, ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ 

ʦʮʽʥʢʠ ʽ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʨʽʚʥʷ ʧʦʚʥʦʪʠ ʙʝʟʧʝʢʠ ʥʘ ʚʩʽʭ ʩʪʘʜʽʷʭ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʩʪʚʦʨʝʥʥʷ, ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʣʽʢʚʽʜʘʮʽʾ ʢʝʨʫʶʯʠʭ ʢʦʤʧʣʝʢʩʽʚ. 

 

3. ɯʩʥʫʶʯʽ ʤʝʪʦʜʠ ʽ ʧʽʜʭʦʜʠ ʜʦ ʦʮʽʥʢʠ ʨʽʚʥʷ ʧʦʚʥʦʪʠ ʙʝʟʧʝʢʠ 

 

ʆʮʽʥʢʘ ʨʽʚʥʷ ʧʦʚʥʦʪʠ ʙʝʟʧʝʢʠ ʜʣʷ ʘʧʘʨʘʪʥʠʭ ʯʘʩʪʠʥ ɸʉʋʊʇ ʜʦʩʠʪʴ ʧʦʚʥʦ 

ʨʝʛʣʘʤʝʥʪʦʚʘʥʘ ʤʽʞʥʘʨʦʜʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ [1-6] ʽ ʨʷʜʦʤ ʽʥʰʠʭ ʢʝʨʽʚʥʠʭ 

ʜʦʢʫʤʝʥʪʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʩʪʚʦʨʝʥʠʭ ʧʨʦʚʽʜʥʠʤʠ ʢʦʤʧʘʥʽʷʤʠ ʚ ʦʙʣʘʩʪʽ 

ʨʦʟʨʦʙʢʠ ʢʝʨʫʶʯʠʭ ʢʦʤʧʣʝʢʩʽʚ. ʅʘʧʨʠʢʣʘʜ, ɻʣʽʟʝʥʪʝ ʃʘʥʜʨʽʥ [12] 
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ʧʨʝʜʩʪʘʚʣʷʻ ʨʷʜ ʩʪʘʪʝʡ, ʚ ʷʢʠʭ ʜʝʪʘʣʴʥʦ ʽ ʜʦʭʽʜʣʠʚʦ ʧʦʩ̫ʥʶʻ ʧʽʜʭʦʜʠ ʽ 

ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʢʨʠʪʝʨʽʾ 

ʚʠʙʦʨʫ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʽ 

ʩʧʝʮʽʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʟ ʨʽʟʥʠʤʠ ʨʽʚʥʷʤʠ SIL, ʷʢʽ 

ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʚ ʩʪʘʥʜʘʨʪʘʭ ʄɽʂ 61508 ʪʘ 61511. ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʪʘʢʦʞ 

ʧʨʘʢʪʠʯʥʽ ʧʨʠʢʣʘʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʢʨʠʪʝʨʽʾʚ. ʋ ʩʪʘʪʪʷʭ ʄ. ɸ. ʄʽʪʯʝʣʘ 

[13] ʟʨʦʙʣʝʥʦ ʩʧʨʦʙʫ ʨʦʟ'ʷʩʥʠʪʠ ʫʟʘʛʘʣʴʥʝʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʟʥʘʯʝʥʥʷ SIL ʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ, ʦʧʠʩʘʥʠʭ ʚ ʩʪʘʥʜʘʨʪʘʭ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ. 

ɺ ʦʩʥʦʚʽ ʪʘʢʠʭ ʧʽʜʭʦʜʽʚ ʣʝʞʘʪʴ ʤʝʪʦʜʠ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʠʯʠʥ ʽ 

ʥʘʩʣʽʜʢʽʚ ʚʽʜʤʦʚ FMEA (Failure modes and effects analysis) ʘʙʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʾʭ ʢʨʠʪʠʯʥʦʩʪʽ (FMECA). ʇʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʨʠʥʮʠʧ ALARP (As Low 

as Reasonable Practible - ʥʠʟʴʢʠʡ, ʥʘʩʢʽʣʴʢʠ ʮʝ ʤʦʞʣʠʚʦ) ʜʣʷ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ 

ʨʝʘʣʽʟʘʮʽʾ ʥʝʙʝʟʧʝʢ, ʱʦ ʚʠʢʣʠʢʘʶʪʴʩʷ ʚʽʜʤʦʚʘʤʠ ʜʦ ʧʨʠʡʥʷʪʥʦʾ ʚʝʣʠʯʠʥʠ. 

ʅʘʡʙʽʣʴʰʫ ʪʨʫʜʥʽʩʪʴ ʽ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʧʨʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ ʚʠʢʣʠʢʘʶʪʴ: 

ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʬʦʨʤʘʣʽʟʘʮʽʷ ʬʫʥʢʮʽʡ ʙʝʟʧʝʢʠ ʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʜʥʦʟʥʘʯʥʠʭ 

ʟʚ'ʷʟʢʽʚ ʤʽʞ ʟʥʘʯʫʱʠʤʠ ʚʠʜʘʤʠ ʚ̔ ʜʤʦʚ ʝʣʝʤʝʥʪʽʚ ʢʝʨʫʶʯʦʾ ʩʠʩʪʝʤʠ ʽ ʚʧʣʠʚʦʤ 

ʪʘʢʠʭ ʚʽʜʤʦʚ ʥʘ ʤʘʩʰʪʘʙʠ ʥʝʙʝʟʧʝʯʥʠʭ ʥʘʩʣʽʜʢʽʚ.  

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʽʜʥʦʰʝʥʥʷ ʨʽʟʥʠʭ ʝʪʘʧʽʚ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʩʪʘʥʜʘʨʪʽʚ IEC. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʆʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʥʜʘʨʪʽʚ IEC  

ʜʣʷ ʦʮʽʥʢʠ ʥʘʜʽʡʥʦʩʪʽ ɸʉʋʊʇ 

 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʤʝʪʦʜʘʤʠ ʻ ʷʢʽʩʥʽ ʽ ʥʘʧʽʚʷʢʽʩʥʽ ʤʝʪʦʜʠ 

ʨʘʥʞʠʨʫʚʘʥʥʷ ʨʠʟʠʢʫ ʧʨʠ ʦʮʽʥʮʽ ʧʦʪʦʯʥʦʛʦ ʽ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ SIL. ʆʜʥʘʢ 

ʫʷʚʥʘ ʧʨʦʩʪʦʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʟʥʘʯʥʦ ʥʽʚʝʣʶʻʪʴʩʷ ʨʽʚʥʝʤ ʾʭ 

ʥʝʜʦʩʪʦʚʽʨʥʦʩʪʽ. 

ʇʝʨʚʠʥʥʘ ʧʨʦʙʣʝʤʘ ʚʠʥʠʢʘʻ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ HAZOP ʟ ʧʦʜʘʣʴʰʠʤ 

ʧʦʜʽʣʦʤ ʬʫʥʢʮʽʡ ʙʝʟʧʝʢʠ. ɸʥʘʣʽʟ ʥʝʙʝʟʧʝʢʠ ʽ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ 

ʧʨʦʚʦʜʠʪʴʩʷ ʤʝʪʦʜʘʤʠ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʽ ʥʝ ʜʦʟʚʦʣʷʻ ʚ ʧʦʚʥʽʡ ʤʽʨʽ 

ʚʠʜʽʣʠʪʠ ʬʫʥʢʮʽʦʥʘʣ ʙʝʟʧʝʢʠ ʟ ʬʫʥʢʮʽʡ ʟʘʩʦʙʽʚ ʧʦʜʚʽʡʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʘʙʦ 

ʥʘʚʽʪʴ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ. ʌʦʨʤʘʣʽʟʘʮʽʷ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʟʚ'ʷʟʢʽʚ ʚʽʜʤʦʚ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʽ ʥʘʩʣʽʜʢʽʚ ʪʘʢʠʭ ʚʽʜʤʦʚ ʙʝʟ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʥʘʜʽʡʥʦʩʪʽ ʽ ʨʠʟʠʢʫ ʻ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʧʨʦʬʘʥʘʮʽʻʶ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʘʢʪʫʘʣʴʥʦʶ 
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ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʽ ʤʦʜʝʣʝʡ, ʱʦ ʢʦʤʙʽʥʫʶʪʴ HAZOP ʽ FMEA ʟ ʤʦʞʣʠʚʽʩʪʶ 

ʬʦʨʤʘʣʽʟʘʮʽʾ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʟʚ'ʷʟʢʽʚ ʚʽʜʤʦʚ ʽ ʧʦʜʽʡ, ʥʠʤʠ ʚʠʢʣʠʢʘʥʠʭ, 

ʜʦ ʨʽʚʥʷ ʛʨʘʬʽʚ ʘʙʦ ʜʝʨʝʚ ʚʽʜʤʦʚ ʽ ʜʝʨʝʚ ʧʦʜʽʡ. ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʦ ʚʠʡʪʠ ʥʘ 

ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ʽ ʥʝʙʝʟʧʝʢʠ, ʘ ʥʝ ʪʽʣʴʢʠ ʥʘ ʨʘʥʛʦʚʽ ʦʮʽʥʢʠ. 

ɹʝʟʧʝʢʫ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʥʝʦʙʭʽʜʥʦ ʦʮʽʥʶʚʘʪʠ ʥʘ ʚʩʽʭ ʩʪʘʜʽʷʭ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ: ʧʨʠ ʩʠʩʪʝʤʥʦʤʫ ʘʥʘʣʽʟʽ ʧʨʦʝʢʪʫ, ʧʨʦʝʢʪʫʚʘʥʥʽ, ʨʦʟʨʦʙʮʽ, 

ʪʝʩʪʫʚʘʥʥʽ, ʚʝʨʠʬʽʢʘʮʽʾ ʪʘ ʚʘʣʽʜʘʮʽʾ, ʪʝʩʪʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ, ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ 

ʩʫʧʨʦʚʦʜʽ, ʤʦʜʠʬʽʢʘʮʽʾ ʽ ʩʪʚʦʨʝʥʥ ̔ʥʦʚʠʭ ʚʝʨʩʽʡ, ʚʠʚʝʜʝʥʥ ̔ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʅʘ 

ʚʩʽʭ ʩʪʘʜʽʷʭ ʙʫʜʴ-ʷʢʽ ʚʧʣʠʚʠ ʤʦʞʫʪʴ ʤʘʪʠ ʥʘʩʣʽʜʢʠ ʜʣʷ ʙʝʟʧʝʢʠ ʽ ʟʤʽʥʶʶʪʴ 

ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ. 

ʎʷ ʦʙʩʪʘʚʠʥʘ ʩʧʨʠʷʣʘ ʧʦʷʚʽ ʜʝʷʢʠʭ ʪʝʭʥʦʣʦʛʽʡ [14-16]: 

1. Microsoft Solutions Framework (MSF). ʄʝʪʦʜʠʢʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʧʨʦʝʢʪʽʚ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʧʨʠʥʮʠʧʘʭ ʘʜʘʧʪʦʚʘʥʦʾ ʤʦʜʝʣʽ 

ʢʦʣʝʢʪʠʚʥʦʾ ʨʦʟʨʦʙʢʠ ʟʘʩʦʙʘʤʠ Microsoft Visual Studio. ʈʦʟʨʦʙʢʘ ʇʆ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʦʝʪʘʧʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʧʦʜʽʣʝʥʠʭ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ 

(çʚʦʜʦʩʧʘʜè), ʘ ʝʪʘʧʠ ʨʦʟʨʦʙʢʠ ʤʦʞʫʪʴ ʧʦʚʪʦʨʶʚʘʪʠʩʷ (çʩʧʽʨʘʣʴè). 

2. Rational Unified Process (RUP). ʇʨʦʝʢʪ ʦʬʦʨʤʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʨʦʟʧʦʜʽʣʝʥʦʾ Web ʙʘʟʠ ʟʥʘʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʩʦʙʽʚ ʧʦʰʫʢʫ ʪʘ ʚʠʜʽʣʝʥʥʷ 

ʧʦʜʽʡ. ʄʝʪʦʜʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʟʧʦʜʽʣ ʨʦʣʝʡ ʪʘ ʦʙʦʚ'ʷʟʢʽʚ ʫ ʢʦʤʘʥʜʽ 

ʧʨʦʛʨʘʤʽʩʪʽʚ ʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʟʘʩʦʙʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʦʢʨʝʤʠʭ ʝʪʘʧʽʚ 

ʩʪʚʦʨʝʥʥʷ. 

3. EXtreme Programming (XP). ʄʝʪʦʜʠ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʷʢ ʢʦʤʘʥʜʠ ʧʨʦʛʨʘʤʽʩʪʽʚ, ʪʘʢ ʽ ʧʦʩʪʘʥʦʚʥʠʢʽʚ ʽ 

ʟʘʤʦʚʥʠʢʽʚ ʟʘ ʨʘʭʫʥʦʢ ʮʠʢʣʽʚ ʧʦʛʦʜʞʝʥʴ ʽ ʧʝʨʝʚʽʨʦʢ ʯʝʨʛʦʚʠʭ ʯʘʩʪʠʥ ʚʠʤʦʛ 

ʟʘʤʦʚʥʠʢʘ. 

ʆʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ, ʷʢʽ ʚʠʥʠʢʘʁʪɹ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʟʥʘʯʝʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʽ ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʚʽʜʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʇʆ, ʻ ʧʦʤʠʣʢʠ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽ ʘʣʛʦʨʠʪʤʽʟʘʮʽʾ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʫʩʫʥʫʪʦ ʚ ʜʦʩʪʘʪʥʽʡ ʤʽʨʽ 

ʤʝʪʦʜʘʤʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ, ʧʝʨʝʚʽʨʢʠ ʪʘ ʟʘʪʚʝʨʜʞʝʥʥʷ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʽ ʩʫʧʨʦʚʦʜʽ ʇɿ. 

ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʚʠʜʠ ʪʝʩʪʫʚʘʥʥʷ: 

- ʤʦʜʫʣʴʥʝ ʪʝʩʪʫʚʘʥʥʷ ï ʜʣ̫ ʛʨʫʧ ʥʝʟʘʣʝʞʥʠʭ ʤʦʜʫʣʽʚ ʽʟ ʟʘʤʢʥʫʪʦʶ 

ʧʦʚʥʦʪʦʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ; 

- ʽʥʪʝʛʨʘʮʽʡʥʝ ʪʝʩʪʫʚʘʥʥʷ ï ʚʨʘʭʦʚʫʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʟʚ'ʷʟʢʠ ʤʽʞ 

ʛʨʫʧʘʤʠ ʤʦʜʫʣʽʚ; 

- ʩʠʩʪʝʤʥʝ ʪʝʩʪʫʚʘʥʥʷ ï ʧʝʨʝʚʽʨʢʘ ʢʦʨʝʢʪʥʦʩʪʽ ʚʩʴʦʛʦ ʧʘʢʝʪʫ ʇʆ, 

ʚʜ̔ʧʦʚʽʜʥʦʩʪʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʢʨʠʪʠʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʧʦʤʠʣʦʢ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʩʪʽʡʢʦʩʪʽ ʜʦ ʧʨʦʛʨʘʤʥʠʭ ʽ ʘʧʘʨʘʪʥʠʭ ʟʙʦʾʚ. 

ɺʝʨʠʬʽʢʘʮʽʷ ʪʘ ʚʘʣʽʜʘʮʽʷ ʇʆ ʧʝʨʝʜʙʘʯʝʥʘ ʩʪʘʥʜʘʨʪʘʤʠ [17-19]. 

ɽʪʘʧʠ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʇʆ ʧʝʨʝʜʙʘʯʘʶʪʴ [20-23]: 

- ʧʦʰʫʢ ʽ ʚʠʜʽʣʝʥʥʷ ʬʫʥʢʮʽʡ ʙʝʟʧʝʢʠ ʇɿ; 

- ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʙʝʟʧʝʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʇɿ; 

- ʚʠʜʠ ʽ ʢʨʠʪʝʨʽʾ ʚʽʜʤʦʚ ʇɿ; 

- ʨʽʚʥʽ ʙʝʟʧʝʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʇɿ; 

- ʧʝʨʝʣʽʢ ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʚʧʣʠʚʽʚ, ʷʢʽ ʩʪʘʥʦʚʣʷʪʴ ʟʘʛʨʦʟʫ ʙʝʟʧʝʮʽ; 

- ʨʝʩʫʨʩʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʈʇɹ; 

- ʬʦʨʤʫʚʘʥʥʷ ʽ ʨʝʘʣʽʟʘʮʽʷ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʇɿ. 
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ʂʘʪʝʛʦʨʽʶʚʘʥʥʷ ʚʠʜʽʚ ʚʽʜʤʦʚ ʽ ʾʭ ʚʠʷʚʣʝʥʥʷ ʻ ʪʨʫʜʦʤʽʩʪʢʦʶ ʬʫʥʢʮʽʻʶ ʽ 

ʚʠʤʘʛʘʻ ʚʠʩʦʢʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ ʽ ʛʣʠʙʦʢʦʛʦ ʘʥʘʣʽʟʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʚ'ʷʟʢʽʚ 

ʫʩʝʨʝʜʠʥʽ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ. 

ɺʠʜʽʣʝʥʥʷ ʨʝʩʫʨʩʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʧʨʠʥʮʠʧʽʚ 

ʥʘʜʤʽʨʥʦʩʪʽ ʷʢ ʨʝʩʫʨʩʽʚ ʧʘʤ'ʷʪʽ, ʪʘʢ ʽ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʨʦʙʦʯʦʛʦ 

ʮʠʢʣʫ. ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ: 

- ʢʦʥʪʨʦʣʴ ʟʦʚʥʽʰʥʽʭ ʜʘʥʠʭ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʇʆ; 

- ʢʦʰʪʠ on-line ʢʦʪʨʦʣʷ ʧʨʘʚʠʣʴʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤ ʽ ʪʨʘʥʩʣʷʮʽʾ 

ʜʘʥʠʭ; 

- ʟʘʩʦʙʠ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʟʘʛʨʦʟʠ ʥʘʮʽʦʥʘʣʴʥʽʡ ʙʝʟʧʝʮʽ (ʧʘʩʪʢʠ); 

- ʦʧʝʨʘʪʠʚʥʽ ʧʨʦʮʝʜʫʨʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ 

(ʚʠʟʥʘʯʫʚʘʥʠʭ) ʽ ʚʽʜʥʦʚʣʝʥʥʷ ʦʙʯʠʩʣʝʥʴ ʧʽʩʣʷ ʟʙʦʾʚ. 

ʇʨʠ ʮʴʦʤʫ ʙʽʣʴʰ ʜʽʻʚʠʤʠ ʻ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ, ʽʥʪʝʛʨʦʚʘʥʽ ʫ ʚʠʭ̔ʜʥʠʡ ʢʦʜ 

ʜʦ ʢʦʤʧʽʣʷʮʽʾ. ʆʜʥʘʢ ʪʘʢʠʡ ʧʽʜʭʽʜ ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʻ ʢʦʜ ʽ ʧʨʦʮʝʜʫʨʠ 

ʚʝʨʠʬʽʢʘʮʽʾ. 

ɿʘʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʧʦʚʠʥʥʽ ʧʨʦʪʠʩʪʦʷʪʠ ʟʦʚʥʽʰʥʽʤ ʽ 

ʚʥʫʪʨʽʰʥʽʤ ʟʘʛʨʦʟʘʤ ʟ ʟʘʜʘʥʠʤ ʨʽʚʥʝʤ ʥʘʜʽʡʥʦʩʪʽ, ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ, ʥʽʞ ʮʝ 

ʧʝʨʝʜʙʘʯʝʥʦ ʟʘʷʚʣʝʥʠʤ ʈʇɹ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʧʦʚʥʝ 

ʫʩʫʥʝʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʧʨʦʷʚʽʚ ʪʘʢʠʭ ʟʘʛʨʦʟ ʥʝʟʜʽʡʩʥʝʥʥʦ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʟʘʟʚʠʯʘʡ ʥʝʦʙʭʽʜʥʦ ʬʦʨʤʫʚʘʪʠ ʢʦʤʘʥʜʫ 

ʪʘʢʠʭ ʬʘʭʽʚʮʽʚ: 

- ʤʝʥʝʜʞʝʨ ʙʝʟʧʝʢʠ ʧʨʦʝʢʪʫ (ʣʽʜʝʨ), ʷʢʠʡ ʟʦʙʦʚ'ʷʟʘʥʠʡ ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʠʤʦʛʠ ʟʘʤʦʚʥʠʢʘ ʟ ʙʝʟʧʝʢʠ ʟʘʩʦʙʽʚ ɸʉʋʊʇ; 

- ʘʨʭʽʪʝʢʪʦʨʠ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʽ ʨʦʟʨʦʙʢʠ ʙʘʟʦʚʦʾ ʩʧʝʮʠʬʽʢʘʮʽʾ 

ʬʫʥʢʮʽʦʥʘʣʫ ʇʉ ʧʨʠ ʢʨʠʪʠʯʥʠʭ ʨʽʰʝʥʥʷʭ; 

- ʬʘʭʽʚʮʽ, ʷʢʽ ʨʦʟʨʦʙʣʷʶʪʴ ʚʝʩʴ ʬʫʥʢʮʽʦʥʘʣ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘʭʠʩʪʫ ʽ 

ʟʚ'ʷʟʦʢ ʜʝʪʘʣʝʡ ʬʫʥʢʮʽʦʥʘʣʫ (ʘʣʛʦʨʠʪʤʽʟʘʮʽʷ) ʜʣʷ ʢʦʨʝʢʪʥʦʛʦ ʩʪʚʦʨʝʥʥʷ 

ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ ʽ ʡʦʛʦ ʚʝʨʠʬʽʢʘʮʽʾ; 

- ʧʨʦʛʨʘʤʽʩʪʠ, ʨʽʚʝʥʴ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʻ ʚʠʙʨʘʥʽʡ ʩʧʝʮʠʬʽʢʘʮʽʾ ʢʦʜʫ; 

- ʬʘʭʽʚʮʽ, ʷʢʽ ʟʜʽʡʩʥʶʚʘʣʠ ʬʦʥʦʚʫ ʧʝʨʝʚʽʨʢʫ ʽ ʪʝʩʪʫʚʘʥʥʷ ʢʦʜʫ; 

- ʬʘʭʽʚʮʽ, ʟʜʘʪʥʽ ʨʦʟʨʦʙʠʪʠ ʧʽʜʩʫʤʢʦʚʽ ʜʦʢʫʤʝʥʪʠ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤ 

ʙʝʟʧʝʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʩʪʘʥʜʘʨʪʽʚ. 

ɺʝʨʠʬʽʢʘʮʽʷ ʇɿ ʧʨʦʚʦʜʠʪʴʩʷ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʷʢʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʙʨʘʥʽ 

ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʨʦʟʨʦʙʢʠ. 

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʽ ʥʝʜʦʨʦʛʠʭ ʤʝʪʦʜʽʚ ʻ ʝʢʩʧʝʨʪʥʽ ʦʮʽʥʢʠ. 

ʅʘʧʨʠʢʣʘʜ, ʦʮʽʥʢʘ ʧʦ ʌʘʛʘʥʫ (Fagan software inspection) [24] ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘʩʢʨʽʟʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ (brainstorming). ɼʦʜʘʪʢʦʚʦ 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʤʝʪʦʜʠ ʽʥʩʧʝʢʮʽʾ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʽʚ [25] ʽ 

ʝʢʩʧʝʨʪʠʟʠ ʷʢʦʩʪʽ ʘʨʭʽʪʝʢʪʫʨʠ ʽ ʟʘʭʠʩʪʫ ʇʆ [26-27]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ ʽ ʡʦʛʦ ʘʨʭʽʪʝʢʪʫʨʠ. ʆʜʥʘʢ 

ʮʝʡ ʤʝʪʦʜ ʧʦʚ'ʷʟʘʥʠʡ ʟʽ ʟʥʘʯʥʠʤʠ ʪʨʫʜʥʦʱʘʤʠ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʢʝʨʫʶʯʠʭ ʩʠʩʪʝʤ 

ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚ ʟʚ'ʷʟʢʫ ʟ ʥʝʤʦʞʣʠʚʽʩʪʶ ʧʨʷʤʦʛʦ ʪʨʘʥʩʣʶʚʘʥʥʷ ʢʦʜʫ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʚ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʽ ʤʦʚʠ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ, ʱʦ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʦʩʪʽ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʝʨʝʚʽʨʢʠ ʢʦʤʧʦʥʝʥʪ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʇɿ. 

ʌʦʨʤʘʣʴʥʽ ʽ ʥʘʧʽʚʬʦʨʤʘʣʴʥʽ ʤʝʪʦʜʠ ʚʝʨʠʬʽʢʘʮʽʾ ʇɿ ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʨʦʟʨʦʙʮʽ ʚʠʤʦʛ ʜʦ ʣʦʛʽʢʦ-ʘʣʛʝʙʨʘʾʯʥʠʭ ʤʦʜʝʣʝʡ ʽ ʘʙʩʪʨʘʢʪʥʠʭ ʤʦʜʝʣʝʡ. ʊʘʢʽ 

ʤʦʜʝʣʽ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʫʪʴ ʙʫʪʠ ʬʦʨʤʘʣʽʟʦʚʘʥʽ ʜʦ ʣʦʛʽʯʥʦʛʦ ʨʚ̔ʥʷ ʽ 
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ʟʘʙʝʟʧʝʯʠʪʠ ʨʦʟʨʦʙʢʫ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ 

ʜʦʟʚʦʣʫ ʨʷʜʫ ʟʘʚʜʘʥʴ ʚʝʨʠʬʽʢʘʮʽʾ ʇɿ. ʇʨʠʢʣʘʜ ʧʦʙʫʜʦʚʠ ʧʨʝʜʠʢʘʪ ʚ ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ ʣʦʛʽʯʥʠʭ ʦʙʯʠʩʣʝʥʴ ʟ ʦʪʨʠʤʘʥʥʷʤ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ ʥʘʚʦʜʠʪʴʩʷ ʚ ʮʽʡ ʩʪʘʪʪʽ. 
 

4. ʇʨʦʧʦʟʠʮʽʾ ʪʘ ʤʝʪʦʜʠ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʨʠʟʠʢʫ ̔ ʈʇɹ ɸʉʋʊʇ 
 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʚʠʚʯʝʥʥʷ ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ ʤʦʞʥʘ 

ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʦʢʨʝʤʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʈʇɹ ʥʘ 

ʦʩʥʦʚʽ ʩʪʦʭʘʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʜʠʩʢʨʝʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʝʨʫʶʯʦʾ 

ʩʠʩʪʝʤʠ ʽ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ɸʉʋʊʇ. 

ɺʠʟʥʘʯʝʥʥʷ ʈʇɹ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʘʧʘʨʘʪʥʦʾ ʯʘʩʪʠʥʠ ʩʢʣʘʜʦʚʦʾ ɸʉʋʊʇ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʜʽʡʩʥʶʚʘʪʠ ʛʽʙʨʠʜʥʠʤʠ ʤʝʪʦʜʘʤʠ ʝʢʩʧʝʨʪʥʦʛʦ ʘʥʘʣʽʟʫ, ʱʦ 

ʧʦ̒ʜʥʫʻ ʩʪʘʥʜʘʨʪʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʦʙʣʘʩʪʽ ʥʝʙʝʟʧʝʢʠ ʥʘʩʣʽʜʢʽʚ 

ʚʽʜʤʦʚ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʙʘʟʽ HAZOP ʘʥʘʣʽʟʫ ʽ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦʩʪʽ ʪʘʢʠʭ ʚʽʜʤʦʚ. ɸʥʘʣʽʟ ʥʝʙʝʟʧʝʢʠ 

ʽ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʠʭ 

ʧʨʦʪʦʢʦʣʽʚ, ʚ ʷʢʠʭ ʚ̔ ʜʦʙʨʘʞʘʶʪʴʩʷ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʽ ʟʚ'ʷʟʢʠ ʤʽʞ 

ʤʦʞʣʠʚʠʤʠ ʧʨʠʯʠʥʘʤʠ ʚʽʜʤʦʚ ʚʠʭʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʾʭ ʚʧʣʠʚʦʤ ʥʘ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʽ ʥʘʩʣʽʜʢʘʤʠ ʚʪʨʘʪʠ ʬʫʥʢʮʽʡ ʩʠʩʪʝʤʠ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʤʦʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʟʘʧʠʩʽʚ ʪʘʢʠʭ ʧʨʠʯʠʥʥʦ-

ʥʘʩʣʜ̔ʢʦʚʠʭ ʟʚ'ʷʟʢʽʚ, ʦʬʦʨʤʣʝʥʠʭ, ʥʘʧʨʠʢʣʘʜ, ʟʘʩʦʙʘʤʠ ʤʦʚʠ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ 

ʨʦʟʤʽʪʢʠ (xml), ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʾ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʦʮʽʥʢʠ SIL ʜʣʷ ʟʘʷʚʣʝʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. ʊʘʢʘ 

ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʢʦʨʪʝʞʝʤ (ʘʙʦ ʛʨʘʬʦʤ) ʨ̔ ʚʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʽ 

ʤʦʞʝ ʙʫʪʠ ʬʦʨʤʘʣʽʟʦʚʘʥʘ ʜʦ ʩʪʘʥʫ ʟʛʦʨʪʢʠ / ʨʦʟʛʦʨʪʢʠ ʜʝʨʝʚ ʚʽʜʤʦʚ (FTA) ʽ 

ʜʝʨʝʚ ʧʦʜʽʡ (ETA). ʇʨʠʯʦʤʫ ʚ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ (ʽʥʽʮʽʶʶʯʠʭ) ʚʽʜʤʦʚ ʘʙʦ ʧʦʜʽʡ 

ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʽ ʝʣʝʤʝʥʪʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ɸʉʋʊʇ. 

ɸʚʪʦʨʘʤʠ ʩʪʘʪʪʽ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠ ʧʦʩʪʘʥʦʚʮʽ ʟʘʚʜʘʥʴ, 

ʨʦʟʨʦʙʮʽ ʘʣʛʦʨʠʪʤʽʚ, ʚʝʨʠʬʽʢʘʮʽʾ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʽ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʦʮʽʥʮʽ ʨʠʟʠʢʫ ʚʝʣʠʢʠʭ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ [28-29]. ʇʝʨʝʚʽʨʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʚʠʱʝʦʧʠʩʘʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ʽ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʧʦʙʫʜʦʚ FTA ʽ ETA ʥʘ 

ʙʘʟʽ ʣʦʛʽʯʥʠʭ ʚʽʜʥʦʩʠʥ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʟʚ'ʷʟʢʽʚ ʘʥʘʣʽʟʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ɸʉʋʊʇ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ɯ (ɿʘʙʦʨʦʥʘ), ɸɹʆ (ʜʠʚ. ʊʘʙ. 1) [30] 

ʜʣʷ ʥʠʟʭʽʜʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʛʦʨʪʢʠ ʜʝʨʝʚ ʚʽʜʤʦʚ ʽ ʙʽʥʘʨʥʦʛʦ ʨʦʟʛʘʣʫʞʝʥʥʷ 

ʧʦʜʽʡ ʧʨʠ ʚʧʣʠʚʘʭ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʜʝʨʝʚʘʭ ʧʦʜʽʡ, ʜʦʟʚʦʣʷʻ 

ʟʜʽʡʩʥʠʪʠ ʢʽʣʴʢʽʩʥʽ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ 

ʚʽʜʤʦʚ ʝʣʝʤʝʥʪʽʚ ɸʉʋ ʊʇ. 
 

ʊʘʙʣʠʮʷ 1 ï ɺʽʜʧʦʚʜ̔ʥ̔ʩʪʴ ʬʦʨʤʫʣ ʚʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ 
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ʇʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ (ʧʨʠʢʣʘʜ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.) ʧʽʜʪʨʠʤʢʠ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ FTA, ETA ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʦʪʦʢʦʣʫ ʘʥʘʣʽʟʫ HAZOP ʜʦʟʚʦʣʷʶʪʴ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʟʜʽʡʩʥʠʪʠ ʧʨʦʝʢʪ 

ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ SIL ʽ ʚʠʜʽʣʠʪʠ ʽ ʩʦʨʪʫʚʘʪʠ ʧʦʻʜʥʘʥʥʷ ʚʽʜʤʦʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʢʨʠʪʠʯʥʽʩʪʴ ʥʘʩʣʽʜʢʽʚ ʫ ʤʽʨʫ ʾʭ ʟʥʘʯʫʱʦʩʪʽ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʠʡʥʷʪ̔ ʨʽʰʝʥʥʷ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʇʨʠʢʣʘʜ ʘʚʪʦʤʘʪʠʯʥʦʾ ʨʦʟʛʦʨʪʢʠ ʜʝʨʝʚʘ ʚʽʜʤʦʚ ʟ ʛʨʘʬʘ 

ʧʨʦʪʦʢʦʣʫ HAZOP 

 

ɸʚʪʦʥʦʤʥʝ ʪʝʩʪʫʚʘʥʥʷ ʤʦʜʫʣʽʚ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʘʟʦʚʠʭ 

ʯʘʩʪʠʥ ɸʉʋʊʇ ʦʙ'ʻʢʪʽʚ ʧʽʜʚʠʱʝʥʦʾ ʥʝʙʝʟʧʝʢʠ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʦ ʥʘ ʦʩʥʦʚʽ 

ʘʙʩʪʨʘʢʪʥʠʭ ʩʠʥʪʘʢʩʠʯʥʠʭ ʧʦʙʫʜʦʚ ʜʝʨʝʚʦʚʠʜʥʦʾ ʬʦʨʤʠ [31-33]. 

 

ɺʠʩʥʦʚʢʠ 

 

ɯʩʥʫʶʯʽ ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʩʪʘʥʦʚʠʪʠ ʨʽʚʝʥʴ ʧʦʚʥʦʪʠ ʙʝʟʧʝʢʠ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʦʙ'ʻʢʪʘʤʠ ʧʽʜʚʠʱʝʥʦʾ ʥʝʙʝʟʧʝʢʠ, ʥʝ ʚ ʧʦʚʥʽʡ ʤʽʨ̔ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʧʨʦʚʝʜʝʥʥʷ ʩʝʨʪʠʬʽʢʘʮʽʡʥʠʭ ʧʨʦʮʝʜʫʨ. 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʧʨʦʙʣʝʤʘ ʢʦʤʧʣʝʢʩʥʦʾ ʩʠʩʪʝʤʥʦʾ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʚ ʦʙʣʘʩʪʽ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ ɸʉʋʊʇ ʻ ʘʢʪʫʘʣʴʥʦʶ. 

ɿʥʠʞʝʥʥʷ ʩʫʙ'ʻʢʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʦʮʽʥʢʠ ʨʠʟʠʢʫ ʽ ʨʽʚʥʷ ʈʇɹ ʻ ʚʘʞʣʠʚʠʤ 

ʟʘʚʜʘʥʥʷʤ ʧʨʠ ʩʝʨʪʠʬʽʢʘʮʽʾ ʟʘʩʦʙʽʚ ɸʉʋʊʇ ʽ ʤʦʞʝ ʜʦʩʷʛʘʪʠʩʷ ʤʝʪʦʜʘʤʠ 

ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚ ʘʧʘʨʘʪʥʦʾ ʽ ʧʨʦʛʨʘʤʥʦʾ ʩʢʣʘʜʦʚʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʦʙ'ʻʢʪʘʤʠ ʢʨʠʪʠʯʥʦʾ ʟʥʘʯʫʱʦʩʪʽ. 

ʈʘʮʽʦʥʘʣʴʥʠʤʠ ʜʣʷ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚ ʘʧʘʨʘʪʥʦʾ ʯʘʩʪʠʥʠ ʻ ʤʝʪʦʜʠ 

ʜʝʨʝʚ ʚʽʜʤʦʚ (FTA) ʜʣʷ ʽʥʽʮʽʶʶʯʠʭ ʥʝʙʝʟʧʝʯʥʠʭ ʧʦʜʽʡ ʽ ʤʝʪʦʜ ʜʝʨʝʚ ʧʦʜʽʡ 

(ETA) ʜʣʷ ʚʽʜʤʦʚ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʽ ʚʠʟʥʘʯʝʥʥ ̫ʩʮʝʥʘʨʽʾʚ ʥʘʩʣʽʜʢʽʚ ʪʘʢʠʭ ʚʽʜʤʦʚ. 

ʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʝ ʙʫʪʠ 

ʨʝʘʣʽʟʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ SIL ʜʣʷ ʢʝʨʫʶʯʠʭ ʢʦʤʧʣʝʢʩʽʚ ʦʙ'ʻʢʪʽʚ 

ʧʽʜʚʠʱʝʥʦʾ ʥʝʙʝʟʧʝʢʠ, ʘʢʪʫʘʣʴʥʘ ʽ ʟʜʽʡʩʥʝʥʥʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʧʨʦʧʦʥʦʚʘʥʠʭ ʚ ʩʪʘʪʪʽ ʤʝʪʦʜʽʚ ʽ ʤʦʜʝʣʝʡ. 
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ɸʥʦʪʘʮʽʷ. ɺʽʟʫʘʣʽʟʘʮʽʷ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʰʚʠʜʢʦʩʪʝʡ ʻ ʥʝʚʽʜ'ʻʤʥʦʶ 
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ʽʥʬʦʨʤʘʮʽʷ ʟʨʦʟʫʤʽʣʘ ʣʠʰʝ ʬʘʭʽʚʮʷʤ ʟ ʛʽʜʨʦʤʝʭʘʥʽʢʠ ʽ ʥʝ ʜʘʻ ʚʠʯʝʨʧʥʫ 

ʢʘʨʪʠʥʫ ʪʝʯʽʾ ʚ ʮʽʣʦʤʫ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʤʝʪʦʜ 

ʪʝʢʩʪʫʨʥʦʾ ʘʜʚʝʢʮʽʾ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʪʝʯʽʡ ʚôʷʟʢʦʾ ʨʽʜʠʥʠ, ʷʢʠʡ ʟʘ 

ʽʥʬʦʨʤʘʪʠʚʥʩ̔ʪʁ ʤʘʢʩʠʤʘʣʥɹʦ ʥʘʙʣʠʞʝʥʠʡ ʜʦ ʥʘʪʫʨʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʽ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʜʝʪʘʣʴʥʫ ʢʘʨʪʠʥʫ ʪʝʯʽʾ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʦʤʙʽʥʘʮʽʾ ʽʜʝʡ ʤʝʪʦʜʫ ʧʣʷʤʠʩʪʦʛʦ 

ʰʫʤʫ ʪʘ ʘʜʚʝʢʮʽʾ ʃʘʛʨʘʥʞʘ ï ɽʡʣʝʨʘ. ʇʦʣʝ ʰʚʠʜʢʦʩʪʝʡ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʤʝʪʦʜʦʤ ʨ̌ʘʪʢʦʚʠʭ ʨʽʚʥʷʥʴ ɹʦʣʴʮʤʘʥʘ.  

ʂʣʯʁʦʚ̔  ʩʣʦʚʘ: ʣʽʥʽʾ ʪʝʯʽʾ, ʪʝʢʩʪʫʨʥʘ ʘʜʚʝʢʮʽʷ, ʩʠʩʪʝʤʘ ʯʘʩʪʠʥʦʢ, 

ʧʦʣʝ ʰʚʠʜʢʦʩʪʝʡ, ʤʝʪʦʜ ʨ̌ʘʪʢʦʚʠʭ ʨʽʚʥʷʥʴ ɹʦʣʴʮʤʘʥʘ. 
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ɺʩʪʫʧ 

 

ʈʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʛʽʜʨʦʤʝʭʘʥʽʮʽ ʟʘʟʚʠʯʘʡ ʻ ʚʝʣʠʢʽ 

ʤʘʩʠʚʠ ʚʝʢʪʦʨʥʠʭ ʘʙʦ ʩʢʘʣ̫ ʨʥʠʭ ʧʦʣʽʚ. ɽʪʘʧ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʧʽʜ ʯʘʩ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʧʦʚʠʥʝʥ ʥʘʜʘʪʠ 

ʜʦʩʣʽʜʥʠʢʫ ʚʠʯʝʨʧʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʪʝʯʽʾ, ʰʚʠʜʢʦʩʪʽ ʡ ʽʥʰʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʋʩʧʽʰʥʠʡ ʨʝʟʫʣʴʪʘʪ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ,  

ʚ ʢ̫ʦʤʫ ʚʠʛʣ̫ʜʽ ʙʫʜʫʪʴ ʦʪʨʠʤʘʥʽ ʮʽ ʜʘʥʽ ʜʦʩʣʽʜʥʠʢʦʤ ʽ ʷʢʽ ʚʠʩʥʦʚʢʠ ʚʽʥ 

ʟʨʦʙʠʪʴ, ʨ̌ʫʥʪʫʶʯʠʩʴ ʥʘ ʥʠʭ.  

ɺʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ ʧʨʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʨʽʣʦʯʥʠʭ ʜʽʘʛʨʘʤ 

ʚʜ̔ʦʙʨʘʞʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʪʨʽʣʢʠ, ʥʘʧʨʷʤʦʢ ʽ ʚʝʣʠʯʠʥʘ ʷʢʦʾ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʟʥʘʯʝʥʥʷʤ ʧʦʣʷ ʚ ʪʦʯʮʽ. ʅʝʜʦʣ̔ ʢʦʤ ʩʪʨʽʣʦʯʥʠʭ ʜʽʘʛʨʘʤ ʻ ʥʠʟʴʢʘ ʨʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ ʧʨʠ ʚʽʜʦʙʨʘʞʝʥʥʽ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ. ʇʨʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʚʠʭʨʦʚʠʭ 

ʩʪʨʫʢʪʫʨ ʤʘʻ ʤʽʩʮʝ ʧʝʨʝʪʠʥ ʚʝʢʪʦʨʥʠʭ ʩʠʤʚʦʣʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʘʰʫʤʣʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʽ ʥʝʤʦʞʣʠʚʦʩʪʽ ʡʦʛʦ ʽʥʪʝʨʧʨʝʪʘʮʽʾ. 

 

 

ʄɸʊɽʄɸʊʀʏʅɯ ʊɸ ɯʅʌʆʈʄɸʎɯʁʅɯ ʄʆɼɽʃɯ  

ɺ ɽʂʆʅʆʄɯʎɯ 
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ʉʝʨʝʜ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜ̔ʚ ʚʽʟʫʘʣʽʟʘʮʽʾ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʟʘʡʤʘʶʪʴ ʤʝʪʦʜʠ 

ʪʝʢʩʪʫʨʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʢʘʨʪʠʥʫ ʪʝʯʽʾ ʥʝʧʝʨʝʨʚʥʦʶ 

ʪʝʢʩʪʫʨʦʶ. ɿʘ ʩʚʦʾʤ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʤʝʪʦʜʠ ʪʝʢʩʪʫʨʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʦʜʽʙʥʽ 

ʥʘʥʝʩʝʥʥʶ ʩʫʤʽʰʽ ʤʘʩʣʘ ʪʘ ʬʘʨʙʠ ʥʘ ʧʦʚʝʨʭʥʶ ʨʽʜʠʥʠ ʫ ʥʘʪʫʨʥʦʤʫ 

ʝʢʩʧʝʨʠʤʝʥʪʽ. ɼʘʥʽ ʤʝʪʦʜʠ ʻ ʜʦʩʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʽ ʘʢʪʫʘʣʴʥʠʤʠ, ʦʩʢʽʣʴʢʠ 

ʜʦʟʚʦʣʷʶʪʴ ʙʘʯʠʪʠ ʢʘʨʪʠʥʫ ʪʝʯʽʾ ʚ ʮʽʣʦʤʫ ʽ ʝʬʝʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ. 

ʆʜʥʽʻʶ ʟ ʧʝʨʰʠʭ ʨʦʙʽʪ ʚ ʥʘʧʨʷʤʢʫ ʪʝʢʩʪʫʨʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʙʫʣʘ ʨʦʙʦʪʘ 

Jack van Wijk [1], ʚ ʷʢʽʡ ʚʽʥ ʟʘʧʨʦʧʦʥʫʚʘʚ ʤʝʪʦʜ ʧʣʷʤʠʩʪʦʛʦ ʰʫʤʫ. ʎʝʡ 

ʘʣʛʦʨʠʪʤ ʩʪʚʦʨʶʻ ʟʦʙʨʘʞʝʥʥʷ ʪʝʯʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʧʝʨʧʦʟʠʮʽʾ ʦʢʨʝʤʠʭ 

ʝʣʽʧʪʠʯʥʠʭ ʧʣʷʤ, ʱʦ ʧʦʟʥʘʯʘʶʪʴ ʯʘʩʪʠʥʢʠ, ʧʦʤʽʱʝʥʽ ʚ ʧʦʪʽʢ. ʅʘʧʨʷʤʦʢ ʨʫʭʫ 

ʧʣʷʤʠ ʚ ʪʝʢʩʪʫʨʽ ʚʽʜʧʦʚʽʜʘʻ ʥʘʧʨʷʤʢʫ ʧʦʣʷ ʰʚʠʜʢʦʩʪʝʡ ʚ ʨʦʟʛʣʷʥʫʪʽʡ 

ʣʦʢʘʣʴʥʽʡ ʦʙʣʘʩʪʽ. 

ʇʦʜʘʣʴʰʽ ʨʦʙʦʪʠ ʚ ʦʙʣʘʩʪʽ ʪʝʢʩʪʫʨʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʨʠʚʝʣʠ ʜʦ ʩʪʚʦʨʝʥʥʷ 

ʘʣʛʦʨʠʪʤʽʚ ʩʽʤʝʡʩʪʚʘ ʣʽʥʽʡʥʦʾ ʽʥʪʝʛʨʘʣʴʥʦʾ ʟʛʦʨʪʢʠ (Line Integral Convolution) 

[2, 3]. ʆʩʥʦʚʥʘ ʽʜʝʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʧʦʙʫʜʦʚʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʟʦʙʨʘʞʝʥʥʷ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʷʢ ʨʝʟʫʣʴʪʘʪʫ ʟʛʦʨʪʢʠ ʩʧʝʮʽʘʣʴʥʦ ʧʽʜʽʙʨʘʥʦʾ 

ʬʫʥʢʮʽʾ-ʬʽʣʴʪʨʘ ʽ ʙʽʣʦʛʦ ʰʫʤʫ ʚʟʜʦʚʞ ʣʽʥʽʾ ʪʝʯʽʾ. ʎʝʡ ʤʝʪʦʜ ʥʘʙʫʚ ʰʠʨʦʢʦʛʦ 

ʧʦʰʠʨʝʥʥʷ ʚ ʟʚ'ʷʟʢʫ ʟ ʚʠʩʦʢʦʶ ʷʢʽʩʪʶ ʦʜʝʨʞʫʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʆʜʥʘʢ, ʜʣʷ 

ʪʦʛʦ, ʱʦʙ ʨʦʟʨʘʭʫʚʘʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʽʢʩʝʣʷ ʚ ʮʴʦʤʫ ʤʝʪʦʜʽ, ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʚʝʩʪʠ ʽʥʪʝʛʨʫʚʘʥʥʷ ʫʟʜʦʚʞ ʚʩʽʻʾ ʣʽʥʽʾ ʪʝʯʽʾ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʜʘʥʫ 

ʪʦʯʢʫ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʩʦʢʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ ʚʽʟʫʘʣʽʟʘʮʽʾ. ɹʫʣʘ 

ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʮʠʭ ʤʝʪʦʜʽʚ [4], ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʟʥʘʯʝʥʴ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʪʦʯʦʢ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʦʢʦʣʽ ʜʘʥʦʾ ʪʦʯʢʠ.  

ʆʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʝʪʘʧʽʚ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ ʥʘʫʢʦʚʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʱʦ 

ʜʘʣʠ ʧʦʯʘʪʦʢ ʙʘʛʘʪʴʦʤ ʤʝʪʦʜʠʢʘʤ, ʩʪʘʣʠ ʤʝʪʦʜʠ ʘʜʚʝʢʮʽʾ ʧʦʯʘʪʢʦʚʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʚʟʜʦʚʞ ʣʽʥʽʾ ʪʝʯʽʾ. ʊʝʨʤʽʥ ñʘʜʚʝʢʮʽʷò ʦʟʥʘʯʘʻ ʧʝʨʝʥʝʩʝʥʥʷ 

ʩʢʘʣʷʨʥʦʛʦ ʟʥʘʯʝʥʥʷ ʫ ʚʝʢʪʦʨʥʦʤʫ ʧʦʣʽ, ʧʨʠ ʷʢʦʤʫ ʮʝ ʟʥʘʯʝʥʥʷ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ. ʆʜʥʠʤ ʽʟ ʙʘʟʦʚʠʭ ʤʝʪʦʜʽʚ ʻ ʪʝʢʩʪʫʨʥʘ ʘʜʚʝʢʮʽʷ ʃʘʛʨʘʥʞʘ ï ɽʡʣʝʨʘ 

(Lɽɸ-Largangian-Eulcrian Advection). ɯʜʝʷ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʦʣʷʛʘʻ ʚ 

ʩʧʽʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʣʘʛʨʘʥʞʝʚʦʾ ʽ ʝʡʣʝʨʦʚʦʾ ʢʽʥʝʤʘʪʠʢʠ ʨʫʭʫ ʩʫʮʽʣʴʥʦʛʦ 

ʩʝʨʝʜʦʚʠɦ ʘ. ʇʝʨʝʥʝʩʝʥʥʷ ʪʝʢʩʪʫʨʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʘʟʦʤ ʽʟ ʨʫʭʦʤ 

ʯʘʩʪʠʥʢʠ, ʧʦʪʽʤ ʢʦʣʽʨ ʫ ʜʘʥʽʡ ʪʦʯʮʽ ʥʘʙʫʚʘʻ ʟʥʘʯʝʥʥʷ ʢʦʣʴʦʨʫ ʮʽʻʾ ʯʘʩʪʠʥʢʠ. 

ʑʦʙ ʧʦʯʘʪʢʦʚʝ ʟʦʙʨʘʞʝʥʥʷ ʟ ʯʘʩʦʤ ʥʝ ʙʫʣʦ ʚʠʥʝʩʝʥʝ ʟʘ ʤʝʞʽ ʦʙʣʘʩʪʽ, ʱʦ 

ʚʽʟʫʘʣʽʟʫʻʪʴʩʷ, ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʧʦ ʯʘʩʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʽʜʤʽʰʫʚʘʥʥʷ ʜʦ 

ʧʨʦʘʜʚʝʢʪʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʰʫʤʦʚʦʾ ʩʪʨʫʢʪʫʨʠ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʢʣʘʜʘʥʥʷ ʮʠʭ ʜʚʦʭ ʟʦʙʨʘʞʝʥʴ: ʘʜʚʝʢʪʦʚʘʥʦʛʦ ʽ ʰʫʤʦʚʦʛʦ. 

ʆʙʯʠʩʣʝʥʠʡ ʨʝʟʫʣʴʪʘʪ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʥʘʩʪʫʧʥʽʡ ʽʪʝʨʘʮʽʾ. 

ɹʽʣʴʰ ʜʝʪʘʣʴʥʠʡ ʦʛʣʷʜ ʤʝʪʦʜʽʚ ʪʝʢʩʪʫʨʥʦʾ ʚ̔ʟʫʘʣʽʟʘʮʽʾ ʚʝʢʪʦʨʥʠʭ ʧʦʣʽʚ 

ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ ʨʦʙʦʪʽ [5]. 

 

1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ  

 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʪʝʢʩʪʫʨʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʦ 

ʧʣʦʩʢʠʭ ʪʝʯʽʡ ʚôʷʟʢʦʾ ʨʽʜʠʥʠ ʧʨʠ ʯʠʩʝʣʴʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʤʝʪʦʜʦʤ ʨ̌ʘʪʢʦʚʠʭ 

ʨʽʚʥʷʥʴ ɹʦʣʴʮʤʘʥʘ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜʠʢʘ, ʱʦ ʢʦʤʙʽʥʫʻ ʦʩʥʦʚʥʽ ʽʜʝʾ 

ʤʝʪʦʜʫ ʧʣʷʤʠʩʪʦʛʦ ʰʫʤʫ ʪʘ ʘʜʚʝʢʮʽʾ ʃʘʛʨʘʥʞʘ ï ɽʡʣʝʨʘ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ 

ʧʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʤʝʪʦʜʽʚ ʪʝʢʩʪʫʨʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʚʦʚʠʤʽʨʥʠʭ ʪʝʯʽʡ ʧʨʠ 

ʯʠʩʝʣʴʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʤʝʪʦʜʦʤ ʨ̌ʘʪʢʦʚʠʭ ʨʽʚʥʷʥʴ ɹʦʣʴʮʤʘʥʘ (LBM).  
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ɯʜʝʷ ʤʝʪʦʜʫ LBM ʘʥʘʣʦʛʽʯʥʘ ʽʜʝʾ ʤʝʪʦʜʫ ʢʨʫʧʥʠʭ ʯʘʩʪʠʥʦʢ, ʨʦʟʨʦʙʣʝʥʦʛʦ 

ɹʽʣʦʮʝʨʢʦʚʩʴʢʠʤ ʪʘ ɼʘʚʠʜʦʚʠʤ ʫ 1965 ʨʦʮʽ. ʆʙʯʠʩʣʶʚʘʣʴʥʘ ʦʙʣʘʩʪʴ 

ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʝʨʫʭʦʤʦʶ ʝʡʣʝʨʦʚʦʶ ʩʽʪʢʦʶ, ʢʦʤʽʨʢʠ ʷʢʦʾ ʪʨʘʢʪʫʶʪʴʩʷ ʷʢ 

ʢʨʫʧʥʽ ʯʘʩʪʠʥʢʠ. ʆʜʥʘʢ ʟʘ ʤʝʪʦʜʦʤ LBM ʜʠʥʘʤʽʢʘ ʪʘʢʠʭ ʯʘʩʪʠʥʦʢ ʦʧʠʩʫʻʪʴʩʷ 

ʥʝ ʨʽʚʥʷʥʥʷʤʠ ɽʡʣʝʨʘ ʘʙʦ ʅʘʚôʻ ï ʉʪʦʢʩʘ, ʘ ʢʽʥʝʪʠʯʥʠʤ ʨʽʚʥʷʥʥʷʤ ɹʦʣʴʮʤʘʥʘ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʫʧʥʠʭ ʯʘʩʪʠʥʦʢ ʻ ʦʩʝʨʝʜʥʝʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʩʽʻʾ 

ʩʫʢʫʧʥʦʩʪʽ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʯʘʩʪʠʥʦʢ ʫ ʮʽʡ ʢʦʤʽʨʮʽ ʽ ʦʧʠʩʫʶʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮ̔ʾ  ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʘ ʰʚʠʜʢʦʩʪʷʤʠ. ʊʦʞ 

ʜʠʥʘʤʽʢʘ ʢʨʫʧʥʠʭ ʤʝʟʦʩʢʦʧʽʯʥʠʭ ʯʘʩʪʠʥʦʢ ʤʦʜʝʣʶʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʥʘ 

ʤʘʢʨʦʩʢʦʧʽʯʥʦʤʫ ʨʽʚʥʽ ʚʠʢʦʥʫʚʘʣʠʩʷ ʨʽʚʥʷʥʥʷ ʅʘʚôʻ ï ʉʪʦʢʩʘ ʟ ʪʦʯʥʽʩʪʶ ʜʦ 

ʤʘʣʠʭ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʤʦʞʥʘ ʟʥʘʡʪʠ, 

ʥʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʘʭ [6, 7]. 

ʆʩʢʽʣʴʢʠ ʤʝʪʦʜ ʨ̌ʘʪʢʦʚʠʭ ʨʽʚʥʷʥʴ ɹʦʣʴʮʤʘʥʘ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʜʚʘ ʧʽʜʭʦʜʠ: 

ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥʦʢ ʽ ʨʦʟʨʘʭʫʥʦʢ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ 

ʢʦʞʥʦʾ ʢʦʤʽʨʢʠ, ʟʦʢʨʝʤʘ ʧʦʣʷ ʰʚʠʜʢʦʩʪʝʡ, ʱʦ ʻ ʦʩʝʨʝʜʥʝʥʥʷʤ ʧʦ ʚʩ̔ʭ 

ʯʘʩʪʠʥʢʘʭ, ʪʦ ʚ ʜʘʥʠʡ ʘʣʛʦʨʠʪʤ ʦʨʛʘʥʽʯʥʦ ʚʧʠʩʫʻʪʴʩʷ ʤʝʪʦʜ ʪʝʢʩʪʫʨʥʦʾ 

ʘʜʚʝʢʮʽʾ, ʦʩʢʽʣʴʢʠ ʚʽʟʫʘʣʽʟʘʮʽʷ ʪʝʯʽʾ ʪʝʞ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʜʚʘ ʝʪʘʧʠ: 

ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥʦʢ ʧʝʚʥʦʛʦ ʢʦʣʴʦʨʫ ʽ ʩʫʧʝʨʧʦʟʠʮʽʷ ʟʦʙʨʘʞʝʥʴ.  

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʽʜʝʷ ʧʦʙʫʜʦʚʠ ʣʽʥʽʡ ʪʝʯʽʾ, ʷʢ ʩʣʜ̔ʫ ʨʫʭʫ ʯʘʩʪʠʥʦʢ ʧʦ 

ʟʘʜʘʥʦʤʫ ʧʦʣʶ ʰʚʠʜʢʦʩʪʝʡ ʫ ʩʧʨʦʱʝʥʦʤʫ ʚʘʨʽʘʥʪʽ ʙʫʣʘ ʚʞʝ ʨʝʘʣʽʟʦʚʘʥʘ ʚ 

ʨʦʙʦʪʽ [8] ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʨʢʝʨʽʚ. ʆʜʥʘʢ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʘʣʛʦʨʠʪʤʽ 

ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʟʘʜʘʚʘʪʠ ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ ʤʘʨʢʝʨʽʚ ʥʘ ʜʝʷʢʠʭ 

ʬʽʢʩʦʚʘʥʠʭ ʚʽʜʨʽʟʢʘʭ, ʱʦ ʻ ʥʝ ʜʫʞʝ ʟʨʫʯʥʠʤ, ʦʩʢʽʣʴʢʠ ʥʘʧʝʨʝʜ ʥʝ ʚʽʜʦʤʦ, ʜʝ 

ʢʨʘʱʝ ʨʦʟʩʪʘʚʠʪʠ ʜʘʥʽ ʚʽʜʨʽʟʢʠ. ʂʦʣʽʨ ʚʩʽʭ ʤʘʨʢʝʨʽʚ ʧʨʠ ʮʴʦʤʫ ʟʘʜʘʚʘʚʩʷ 

ʦʜʥʘʢʦʚʠʤ ʽ ʥʝ ʟʤʽʥʶʚʘʚʩʷ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʪʝʢʩʪʫʨʥʦʾ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʚʦʚʠʤʽʨʥʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ, ʦʙʯʠʩʣʝʥʦʛʦ ʤʝʪʦʜʦʤ ̌ʨʘʪʢʦʚʠʭ 

ʨʽʚʥʷʥʴ ɹʦʣʴʮʤʘʥʘ ʥʘ ʦʩʥʦʚʽ ʢʦʤʙʽʥʘʮʽʾ ʚʽʜʦʤʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʝʢʩʪʫʨʥʦʾ 

ʚʽʟʫʘʣʽʟʘʮʽʾ. ɼʘʥʘ ʚʽʟʫʘʣʽʟʘʮʽʷ ʪʝʯʽʡ ʧʦʚʠʥʥʘ ʚʽʜʙʫʚʘʪʠʩʴ ʥʘ ʦʩʥʦʚʽ 

ʟʘʚʘʥʪʘʞʝʥʠʭ ʢʘʪʘʣʦʛʽʚ ʜʠʩʢʨʝʪʥʠʭ ʧʦʣʽʚ ʰʚʠʜʢʦʩʪʝʡ ʪʘ ʜʦʟʚʦʣʷʪʠ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʢʘʨʪʠʥʠ ʣʽʥʽʡ ʪʝʯʽʾ ʚ ʜʠʥʘʤʮ̔ʽ. ʊʘʢʦʞ ʚʦʥʘ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʧʨʠʜʘʪʥʦ ʁʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʚʝʢʪʦʨʥʠʭ ʧʦʣʽʚ, ʦʙʯʠʩʣʝʥʠʭ ʙʫʜʴ-ʷʢʠʤ ʽʥʰʠʤ 

ʤʝʪʦʜʦʤ. 

 

2. ɸʣʛʦʨʠʪʤ ʤʝʪʦʜʫ  

 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʤʝʪʦʜʦʤ ʨ̌ʘʪʢʦʚʠʭ ʨʽʚʥʷʥʴ ɹʦʣʴʮʤʘʥʘ ʥʘ ʚʠʭʦʜʽ ʤʠ ʤʘʻʤʦ 

ʚ ʢʦʞʝʥ ʤʦʤʝʥʪ ʯʘʩʫ ʧʦʣʝ ʰʚʠʜʢʦʩʪʝʡ, ʦʙʯʠʩʣʝʥʝ ʥʘ ʨ̔ʚʥʦʤʽʨʥʽʡ ʩʽʪʮʽ, ʱʦ 

ʧʦʢʨʠʚʘʻ ʨʦʟʨʘʭʫʥʢʦʚʫ ʦʙʣʘʩʪʴ. ɯʜʝʷ ʤʝʪʦʜʫ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʱʦ ʧʨʦʧʦʥʫʻʪʴʩʷ  

ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: 

1. ɿʘʚʘʥʪʘʞʫʻʤʦ ʧʦʣʝ ʰʚʠʜʢʦʩʪʝʡ ʜʣʷ ʜʝʷʢʦʛʦ ʬʽʢʩʦʚʘʥʦʛʦ ʤʦʤʝʥʪʫ 
ʯʘʩʫ. 

2. ɻʝʥʝʨʫʻʤʦ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʯʘʩʪʠʥʦʢ  

ʫ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʦʙʣʘʩʪʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʽʪʢʠ. ʂʦʞʥʘ ʟ ʮʠʭ ʯʘʩʪʠʥʦʢ 

ʥʘʜʽʣʝʥʘ ʷʩʢʨʘʚʽʩʪʶ (ʜʣʷ ʤʦʥʦʭʨʦʤʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ) ʘʙʦ ʢʦʣʴʦʨʦʤ, 

ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ. ʗʩʢʨʘʚʽʩʪʴ ʘʙʦ ʢʦʣʽʨ ʢʦʤʽʨʢʠ 

ʚʽʜʧʦʚʽʜʘʻ ʢʦʣʴʦʨʫ ʯʘʩʪʠʥʢʠ, ʷʢʘ ʧʦʧʘʣʘ ʚ ʜʘʥʫ ʢʦʤʽʨʢʫ. ʂʦʤʽʨʢʠ,  

ʚ ʷʢʽ ʥʝ ʧʦʧʘʣʘ ʯʘʩʪʠʥʢʘ, ʟʘʬʘʨʙʦʚʫʶʪʴʩʷ ʚ ʯʦʨʥʠʡ ʢʦʣʽʨ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʤʘʻʤʦ ʟʦʙʨʘʞʝʥʥʷ ʪʠʧʫ çʙʽʣʠʡ ʰʫʤè.  
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3. ʇʝʨʝʩʫʚʘʻʤʦ ʮʽ ʯʘʩʪʠʥʢʠ ʧʦ ʧʨʦʩʪʦʨʫ ʟʽ ʩʚʦʾʤ ʢʦʣʴʦʨʦʤ ʟʽ ʰʚʠʜʢʽʩʪʶ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʣʶ ʰʚʠʜʢʦʩʪʝʡ ʥʘ ʦʜʠʥ ʢʨʦʢ æŰ. ʆʪʨʠʤʫ̒ʤʦ ʥʦʚʝ 

ʟʦʙʨʘʞʝʥʥʷ. ʗʢʱʦ ʚ ʢʦʤʽʨʢʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʛʦ ʧʝʨʝʩʫʚʫ ʥʝ ʟʘʡʰʣʘ 

ʥʽʷʢʘ ʯʘʩʪʠʥʢʘ, ʪʦ ʟʘʣʠʰʘʻʪʴʩʷ ʢʦʣʽʨ, ʷʢʠʡ ʙʫʚ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ 

ʢʨʦʮʽ. ʊʘʢʠʭ ʢʨʦʢʽʚ ʨʦʙʠʤʦ ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ (ʯʠʤ ʙʽʣʴʰʝ, ʪʠʤ 

ʢʨʘʱʝ). ʈʫʭ ʪʘʢʠʭ ʯʘʩʪʠʥʦʢ, ʱʦ ʤʘʶʪɹ ʧʝʚʥʠʡ ʢʦʣʽʨ, ʯʝʨʝʟ ʧʝʚʥʫ 

ʢʽʣʴʢʽʩʪʴ ʢʨʦʢʽʚ ʧʦ ʧʨʦʩʪʦʨʫ ʟʘʣʠʰʠʪʴ ʟʘ ʩʦʙʦʶ ʩʣʽʜ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡ 

ʪʝʯʽʾ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʢʨʦʢ æŰ, ʟ ʷʢʠʤ ʤʠ ʨʫʭʘʻʤʦ ʯʘʩʪʠʥʢʠ, ʥʝ ʻ ʪʠʤ 

ʢʨʦʢʦʤ ʧʦ ʯʘʩʫ, ʟ ʷʢʠʤ ʧʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ. ʎʝ ʜʝʷʢʠʡ ʫʤʦʚʥʠʡ 

ʢʨʦʢ, ʟ ʷʢʠʤ ʤʠ ʨʫʭʘʻʤʦ ʯʘʩʪʠʥʢʠ ʧʦ ʧʦʣʶ ʰʚʠʜʢʦʩʪʝʡ ʫ ʬʽʢʩʦʚʘʥʠʡ 

ʤʦʤʝʥʪ ʯʘʩʫ t.  

4. ʇʽʜʩʫʤʢʦʚʝ ʟʦʙʨʘʞʝʥʥʷ ʬʦʨʤʫʻʪʴʩʷ ʷʢ ʩʫʧʝʨʧʦʟʠʮʽʷ ʚʩʽʭ ʧʦʧʝʨʝʜʥʽʭ 
ʟʦʙʨʘʞʝʥʴ. ʌʘʢʪʠʯʥʦ, ʢʦʤʽʨʢʘ ʟʘʬʘʨʙʦʚʫʻʪʴʩʷ ʚ ʢʦʣʽʨ ʯʘʩʪʠʥʢʠ, ʷʢʘ 

ʥʘ ʦʩʪʘʥʥʴʦʤʫ ʢʨʦʮʽ ʟʘʡʰʣʘ ʚ ʥʝʾ. ʗʢʱʦ ʥʝ ʟʘʡʰʣʘ ʥʽʷʢʘ ʯʘʩʪʠʥʢʘ ï 

ʪʦ ʚ ʢʦʣʨ̔ ʯʘʩʪʠʥʢʠ, ʷʢʘ ʟʘʡhʣʘ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʢʨʦʮʽ ʽ ʪ.ʜ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʤʠ ʙʫʜʝʤʦ ʤʘʪʠ ʣʽʥʽʾ ʪʝʯʽʾ ʚ ʢʦʞʝʥ ʤʦʤʝʥʪ ʯʘʩʫ. 

ɹʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʤʝʪʦʜʫ ʥʘ ʷʢʽʩʪʴ ʪʝʢʩʪʫʨʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʰʚʠʜʢʽʩʪʴ ʡʦʛʦ ʦʪʨʠʤʘʥʥʷ: ʢʽʣʴʢʦʩʪʽ ʯʘʩʪʠʥʦʢ, ʱʦ 

ʛʝʥʝʨʫʶʪʴʩ,̫ ʢʽʣʴʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ, ʱʦ ʥʘʢʣʘʜʘʶʪʴʩʷ (ʬʨʝʡʤʽʚ), ʚʝʣʠʯʠʥʠ 

ʢʨʦʢʫ æŰ  ʪʘ ʨʦʟʤʽʨʫ ʢʦʤʽʨʦʢ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ. 

 

3. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

 

ʅʘ ʨʠʩ. 1 ʟʦʙʨʘʞʝʥʦ ʣʽʥʽʾ ʪʝʯʽʾ ʚ ʢʚʘʜʨʘʪʥʽʡ ʢʘʚʝʨʥʽ ʟ ʨʫʭʦʤʦʶ ʚʝʨʭʥʴʦʶ 

ʢʨʠʰʢʦʶ ʧʨʠ ʯʠʩʣʽ ʈʝʡʥʦʣʴʜʩʘ Re = 100 ʽʟ ʢʨʫʧʥʦʶ ʩʽʪʢʦ ʁ 100Ĭ100  

(10000 ʢʦʤʽʨʦʢ). ʂʘʨʪʠʥʘ ʧʦʙʫʜʦʚʘʥʘ ʧʦ ʧʦʣʶ ʰʚʠʜʢʦʩʪʝʡ, ʷʢʝ ʙʫʣʦ 

ʦʪʨʠʤʘʥʝ ʤʝʪʦʜʦʤ ʨ̌ʘʪʢʦʚʠʭ ʨʽʚʥʷʥʴ ɹʦʣʴʮʤʘʥʘ. ɹʫʣʦ ʟʛʝʥʝʨʦʚʘʥʦ n = 10000 

ʯʘʩʪʠʥʦʢ. 

ɿʨʦʙʣʝʥʦ 1000 ʢʨʦʢʽʚ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʯʘʩʪʠʥʦʢ, ʪʘʢʠʤ ʯʠʥʦʤ ʬʽʥʘʣʴʥʘ 

ʢʘʨʪʠʥʢʘ ʻ ʩʫʧʝʨʧʦʟʠʮʽʻʶ ns = 1000 ʟʦʙʨʘʞʝʥʴ. ʗʢ ʙʘʯʠʤʦ, ʟʦʙʨʘʞʝʥʥʷ ʥʝ 

ʜʦʩʠʪʴ ʯʽʪʢʝ ʽ ʩʪʨʫʢʪʫʨʘ ʪʝʯʽʾ ʧʨʦʛʣʷʜʘʻʪʴʩʷ ʩʣʘʙʦ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʪʝʯʽʾ ʚ ʢʚʘʜʨʘʪʥʽʡ ʢʘʚʝʨʥʽ (ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ Re = 100, 

ʢʨʦʢ ʟʤʽʱʝʥʥʷ ʧʦ ʧʨʦʩʪʦʨʫ æŰ = 0.1, ʩʽʪʢʘ 100Ĭ100, ʢʽʣʴʢʩ̔ʪ ɹʟʦʙʨʘʞʝʥʴ ʜʣ̫ 

ʩʫʧʝʨʧʦʟʠʮʽʾ ns = 1000) 
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ɸʥʘʣʦʛʽʯʥʫ ʢʘʨʪʠʥʫ ʤʠ ʙʘʯʠʤʦ ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʮʠʣʽʥʜʨʘ ʚ ʧʨʷʤʦʢʫʪʥʽʡ 

ʦʙʣʘʩʪʽ. ʅʘ ʨʠʩ. 2 ʟʦʙʨʘʞʝʥʦ ʢʘʨʪʠʥʫ ʪʝʯʽʾ ʧʨʠ ʯʠʩʣʽ ʈʝʡʥʦʣʴʜʩʘ Re = 500 ʽ 

ʩʽʪʮʽ 100Ĭ300, ʢʽʣʴʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʩʫʧʝʨʧʦʟʠʮʽʾ ns = 1000 ʽ ʢʣ̔ʴʢʦʩʪʽ 

ʟʛʝʥʝʨʦʚʘʥʠʭ ʯʘʩʪʠʥʦʢ n = 10000. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʂʘʨʪʠʥʘ ʪʝʯʽʾ ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʢʨʫʛʣʦʛʦ ʮʠʣʽʥʜʨʘ (Re = 500, ʩʽʪʢʘ 

100Ĭ300, ʢʽʣʴʢʽʩʪʴ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʩʫʧʝʨʧʦʟʠʮʽʾ ns = 1000, ʢʨʦʢ ʟʤʽʱʝʥʥʷ ʧʦ 

ʧʨʦʩʪʦʨʫ æŰ = 0.1) 

 

ʉʠʪʫʘʮʽʷ ʧʦʢʨʘʱʫʻʪʴʩʷ ʧʨʠ ʧʦʜʨʽʙʥʝʥʥʽ ʩʽʪʢʠ. ʅʘ ʨʠʩ. 3 ʟʦʙʨʘʞʝʥʘ 

ʢʘʨʪʠʥʘ ʣʽʥʽʡ ʪʝʯʽʾ ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʮʠʣʽʥʜʨʘ ʧʨʠ ʯʠʩʣʽ ʈʝʡʥʦʣʴʜʩʘ Re = 1000 ʽ 

ʩʽʪʮʽ 400Ĭ1200. ʗʢ ʙʘʯʠʤʦ, ʟʝʨʥʠʩʪʽʩʪʴ ʧʨʠ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʱʝ ʟʙʝʨʽʛʘʻʪʴʩʷ, 

ʭʦʯʘ ʩʪʨʫʢʪʫʨʘ ʪʝʯʽʾ ʚʞʝ ʜʦʩʪʘʪʥʴʦ ʯʽʪʢʘ. ʂʽʣʴʢʽʩʪʴ ʟʦʙʨʘʞʝʥʴ ʜʣʷ 

ʩʫʧʝʨʧʦʟʠʮʽʾ ns, ʢʨʦʢ ʟʤʽʱʝʥʥʷ æŰ = 0.1 ʽ ʢʽʣʴʢʽʩʪʴ ʟʛʝʥʝʨʦʚʘʥʠʭ ʯʘʩʪʠʥʦʢ n 

ʧʨʠ ʮʴʦʤʫ ʥʝ ʟʤʽʥʠʣʠʩʴ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʂʘʨʪʠʥʘ ʪʝʯʽʾ ʧʨʠ ʦʙʪʽʢʘʥʥʽ ʢʨʫʛʣʦʛʦ ʮʠʣʽʥʜʨʘ ʟ ʧʘʨʘʤʝʪʨʘʤʠ: 

Re = 1000, ʩʽʪʢʘ 400Ĭ1200, ʢʽʣʴʢʽʩʪʴ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʩʫʧʝʨʧʦʟʠʮʽʾ ns = 1000, 

ʢʨʦʢ ʟʤʽʱʝʥʥʷ ʧʦ ʧʨʦʩʪʦʨʫ æŰ = 0.1 

 

ɿ ̔ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ, ʩʫʧʝʨʧʦʟʠʮʽʷ ʷʢʠʭ ʬʦʨʤʫʻ ʬʽʥʘʣʴʥʝ 

ʟʦʙʨʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʢʨʦʢʫ ʟʤʽʱʝʥʥʷ ʧʦ ʧʨʦʩʪʦʨʫ, ʟʦʙʨʘʞʝʥʥʷ 

ʩʪʘʻ ʙʽʣʴʰ ʯʽʪʢʠʤ ʽ ʛʣʘʜʢʠʤ ʽ ʟʝʨʥʠʩʪʽʩʪʴ ʧʨʘʢʪʠʯʥʦ ʟʥʠʢʘʻ. ʅʘ ʨʠʩ. 4 

ʟʦʙʨʘʞʝʥʘ ʢʘʨʪʠʥʘ ʪʝʯʽʾ ʟʘ ʢʨʫʛʣʠʤ ʮʠʣʽʥʜʨʦʤ ʫ ʧʨʷʤʦʢʫʪʥʦʤʫ ʢʘʥʘʣʽ ʟ 

ʧʘʨʘʤʝʪʨʘʤʠ Re = 1000, ʩʽʪʢʘ 400Ĭ1200, ʢʽʣʴʢʽʩʪʴ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʩʫʧʝʨʧʦʟʠʮʽʾ 

ns = 4000, ʢʨʦʢ ʟʤʽʱʝʥʥʷ ʧʦ ʧʨʦʩʪʦʨʫ æŰ = 0.01. ʂʘʨʪʠʥʘ ʪʝʯʽʾ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʜʣʷ ʤʦʤʝʥʪʫ ʯʘʩʫ t = 30. ʏʘʩ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʣʷ ʜʘʥʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ ʧʨʠ ʪʘʢʠʭ 

ʧʘʨʘʤʝʪʨʘʭ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 2 ʭʚ. 

  


