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ʇʨʠʢʣʘʜʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ʇʀʉ-2019) : ʩʙʦʨʥʠʢ 

ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ VI ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ (ʈʦʩʩʠʷ, ʛ. ʋʣʴʷʥʦʚʩʢ, 27 ʤʘʷ ï 09 ʠʶʥʷ,  

2019 ʛ.) ï ʋʣʴʷʥʦʚʩʢ, ʋʣɻʊʋ, 2019. ï 116 ʩ. 

 

ɺ ʩʙʦʨʥʠʢʝ ʦʧʫʙʣʠʢʦʚʘʥʳ ʜʦʢʣʘʜʳ ʫʯʘʩʪʥʠʢʦʚ VI ɺʩʝʨʦʩʩʠʡʩʢʦʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʇʨʠʢʣʘʜʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ (ʇʀʉ-2019)è.  

ʄʘʪʝʨʠʘʣʳ ʩʙʦʨʥʠʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʤʘʛʠʩʪʨʘʥʪʘʤ ʠ ʘʩʧʠʨʘʥʪʘʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʚʫʟʦʚ.  

ʂʦʥʬʝʨʝʥʮʠʷ ʧʨʦʚʝʜʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʫʯʥʳʤ ʧʨʦʝʢʪʦʤ 

2.1182.2017/4.6 çʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʘʛʨʝʛʘʪʥʦ-ʩʙʦʨʦʯʥʦʛʦ 

ʩʘʤʦʣʝʪʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʤʫʣʴʪʠʧʨʦʜʫʢʪʦʚʦʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳè, ʚʳʧʦʣʥʷʝʤʳʡ ʥʘʫʯʥʳʤ ʢʦʣʣʝʢʪʠʚʦʤ 

ʋʣʴʷʥʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʨʘʤʢʘʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ. 

ʉʪʘʪʴʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʘʚʪʦʨʩʢʦʡ ʨʝʜʘʢʮʠʠ. 
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VI ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

ʇʨʠʢʣʘʜʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ-2019 

VI ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʇʨʠʢʣʘʜʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ-2019è 

ʧʨʦʚʝʜʝʥʘ ʥʘ ʙʘʟʝ ʋʣʴʷʥʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ ʥʝʯʝʪʢʠʭ ʩʠʩʪʝʤ ʠ 

ʤʷʛʢʠʭ ʚʳʯʠʩʣʝʥʠʡ. 

ʂʦʥʬʝʨʝʥʮʠʷ çʇʨʠʢʣʘʜʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ-2019è ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ 2.1182.2017/4.6 

çʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʘʛʨʝʛʘʪʥʦ-ʩʙʦʨʦʯʥʦʛʦ 

ʩʘʤʦʣʝʪʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʤʫʣʴʪʠʧʨʦʜʫʢʪʦʚʦʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳè, ʚʳʧʦʣʥʷʝʤʳʡ ʥʘʫʯʥʳʤ ʢʦʣʣʝʢʪʠʚʦʤ 

ʋʣʴʷʥʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʨʘʤʢʘʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ. 

ɺ ʨʘʤʢʘʭ ʢʦʥʬʝʨʝʥʮʠʠ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʦʣʝʝ ʜʚʘʜʮʘʪʠ ʥʘʫʯʥʳʭ 

ʜʦʢʣʘʜʦʚ ʧʦ ʩʣʝʜʫʶʱʠʤ ʪʝʤʘʪʠʢʘʤ: çʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭè, 

çʀʥʞʝʥʝʨʠʷ ʟʥʘʥʠʡ, ʦʥʪʦʣʦʛʠʡ, ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠè, çʅʝʯʝʪʢʠʝ 

ʩʠʩʪʝʤʳ ʠ ʤʷʛʢʠʝ ʚʳʯʠʩʣʝʥʠʷè, çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤè. ʊʘʢʞʝ ʚ ʨʘʤʢʘʭ ʢʦʥʬʝʨʝʥʮʠʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʄʦʣʦʜʝʞʥʘʷ 

ʰʢʦʣʘ-ʩʝʤʠʥʘʨ, ʚ ʢʦʪʦʨʦʡ ʫʯʘʩʪʚʦʚʘʣʠ ʙʘʢʘʣʘʚʨʳ ʠ ʤʘʛʠʩʪʨʘʥʪʳ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ. 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʢʦʤʠʪʝʪ ʙʣʘʛʦʜʘʨʠʪ ʘʚʪʦʨʦʚ ʜʦʢʣʘʜʦʚ, ʧʨʠʩʣʘʚʰʠʭ 

ʩʚʦʠ ʨʘʙʦʪʳ ʥʘ ʢʦʥʬʝʨʝʥʮʠʶ, ʘ ʪʘʢʞʝ ʨʝʢʪʦʨʘʪ ʋʣʴʷʥʦʚʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʦʙʝʩʧʝʯʠʚʰʠʡ ʧʨʦʚʝʜʝʥʠʝ 

ʢʦʥʬʝʨʝʥʮʠʠ ʠ ʠʟʜʘʥʠʝ ʝʝ ʤʘʪʝʨʠʘʣʦʚ. 
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ʋɼʂ 004.94 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅɸʗ ɼʀɸɻʅʆʉʊʀʂɸ 

ʄɽɼʀʎʀʅʉʂʀʍ ʆɹʉʃɽɼʆɺɸʅʀʁ 

ʀʚʘʥʦʚʘ ʅ.ʇ.(np.iva9ova@ulstu.ru) 

ʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ, ʋʣʴʷʥʦʚʩʢ 

ʈʘʩʩʤʦʪʨʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ 

ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʝʥʥʳʭ ʰʢʘʣ ʜʘʥʥʳʭ 

ʧʘʮʠʝʥʪʦʚ. ʂʦʜʠʨʦʚʘʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʯʘʩʪʦʪʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʦ ʢʣʘʩʪʝʨʘʤ ʠ ʧʨʦʚʝʩʪʠ ʢʘʯʝʩʪʚʝʥʥʦʝ 

ʨʝʟʶʤʠʨʦʚʘʥʠʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ, ʢʘʯʝʩʪʚʝʥʥʳʝ ʰʢʘʣʳ, 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʜʠʘʛʥʦʩʪʠʢʘ, ʤʝʜʠʮʠʥʩʢʠʝ ʦʙʩʣʝʜʦʚʘʥʠʷ, 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ, ʨʝʟʶʤʠʨʦʚʘʥʠʝ. 

ɺʚʝʜʝʥʠʝ 

ʐʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʦʙʫʩʣʦʚʣʝʥʦ 

ʪʝʤ, ʯʪʦ ʩʦʟʜʘʥʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʠʤʝʝʪ ʦʙʲʝʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʣʝʛʢʦ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ. ʂʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʩʛʨʫʧʧʠʨʦʚʘʪʴ 

ʤʥʦʛʦʤʝʨʥʳʝ ʦʙʲʝʢʪʳ. ɺ ʩʪʘʪʴʝ [ʂʫʟʥʝʮʦʚ, 2006] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʯʘʩʪʴ ʤʥʦʛʦʤʝʨʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʢʥʠʛʝ [ʂʦʙʨʠʥʩʢʠʡ, 2013] 

ʚʢʣʶʯʘʝʪ ʵʪʦʪ ʘʥʘʣʠʟ ʚ ʦʜʠʥ ʠʟ ʵʪʘʧʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʘ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʟʘʙʦʣʝʚʘʥʠʡ (ʩʦʩʪʦʷʥʠʡ, ʩʠʤʧʪʦʤʦʚ).  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʫʶʪ ʠʟʚʝʩʪʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʘʢʝʪʳ: 

SPSS, Stastica ʠ ʪ. ʜ. 

ɸ ʚ ʨʘʙʦʪʝ [ʉʝʤʝʥʝʥʢʦ, 2014] ʧʨʠʤʝʥʷʝʪ ʤʝʪʦʜʳ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʨʘʙʦʪʳ ʚʨʘʯʘ. ɺ ʩʪʘʪʴʝ 

[ʏʦʧʦʨʦʚ ʠ ʜʨ., 2015] ʧʦ ʠʩʩʣʝʜʫʝʤʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʨʘʩʩʢʘʟʳʚʘʝʪ ʦ 

ʤʥʦʛʦʫʨʦʚʥʝʚʦʤ ʤʦʥʠʪʦʨʠʥʛʝ ʠ ʧʨʝʜʣʘʛʘʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ 

ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠ ʢʣʘʩʪʝʨʠʟʘʮʠʶ. ʇʨʠʯʝʤ ʚʘʞʥʳʤ ʚʳʚʦʜʦʤ ʠʟ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 
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ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʮʝʜʫʨ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ.  

ʊʘʢʞʝ ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ ʢʦʤʤʝʨʯʝʩʢʫʶ ʨʘʟʨʘʙʦʪʢʫ ɸʉ çʂʦʄʝɼè, ʚ 

ʢʦʪʦʨʦʡ ʦʮʝʥʠʚʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʩʦʪʨʫʜʥʠʢʘ ʜʦ ʠ ʧʦʩʣʝ ʦʩʤʦʪʨʘ, ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʠʟʤʝʨʝʥʠʷ. 

1 ʉʨʝʜʩʪʚʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʮʝʣʴʶ ʧʨʦʝʢʪʘ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʨʘʟʣʠʯʠʷ ʠ 

ʩʭʦʜʩʪʚʘ ʢʘʯʝʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʧʦ ʢʣʘʩʪʝʨʘʤ, 

ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʩʪʝʡʰʠʝ 

ʤʝʪʦʜʳ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ 

ʛʨʘʬʠʯʝʩʢʠʝ ʠ ʪʘʙʣʠʯʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ.  

ɸʥʘʣʠʟ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ ʧʦʤʦʱʠ ʦʧʝʨʘʮʠʡ ʠʟ MS Excel ʠ 

ʧʨʦʛʨʘʤʤʳ ʥʘ ʷʟʳʢʝ python ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ pyplot. 

2 ʇʨʦʚʝʜʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ 

2.1 ʆʪʙʦʨ ʚʳʙʦʨʢʠ ʜʣʷ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʟʷʪʳ ʜʘʥʥʳʝ: 

1. ʜʝʤʝʥʮʠʷ 

2. ʭʨʦʥʠʯʝʩʢʘʷ ʙʦʣʝʟʥʴ ʧʦʯʝʢ 

3. ʩʠʩʪʦʣʠʯʝʩʢʦʝ ʘʨʪʝʨʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 

4. ʜʠʘʩʪʦʣʠʯʝʩʢʦʝ ʘʨʪʝʨʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 

5. ʦʙʨʘʟʦʚʘʥʠʝ 

6. ʩʝʤʝʡʥʦʝ ʧʦʣʦʞʝʥʠʝ 

7. ʩʦʮʠʘʣʴʥʳʡ ʩʪʘʪʫʩ 

8. ʠʥʜʝʢʩ ʤʘʩʩʳ ʪʝʣʘ 

9. ʦʙʲʝʤ ʪʘʣʠʠ 

10. ʠʥʜʝʢʩ ʤʘʩʩʳ ʤʠʦʢʘʨʜʘ ʣʝʚʦʛʦ ʞʝʣʫʜʢʘ 

11. ʬʨʘʢʮʠʷ ʚʳʙʨʦʩʘ ʣʝʚʦʛʦ ʞʝʣʫʜʦʯʢʘ 

12. ʘʥʝʤʠʷ 

13. ʪʨʠʛʣʠʮʝʨʠʜʳ 

14. ʭʦʣʝʩʪʝʨʠʥ 

15. ʘʨʪʝʨʠʘʣʴʥʘʷ ʛʠʧʝʨʪʝʥʟʠʷ 

16. ʬʠʙʨʠʣʣʷʮʠʷ ʧʨʝʜʩʝʨʜʠʡ 

17. ʠʥʬʘʨʢʪ ʤʠʦʢʘʨʜʘ 

18. ʷʟʚʝʥʥʘʷ ʙʦʣʝʟʥʴ ʞʝʣʫʜʢʘ 

19. ʦʩʪʨʦʝ ʥʘʨʫʰʝʥʠʝ ʤʦʟʛʦʚʦʛʦ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ 

20. ʩʘʭʘʨʥʳʡ ʜʠʘʙʝʪ 2 ʪʠʧʘ 

21. ʢʨʝʘʪʠʥʠʥ 
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22. ʩʢʦʨʦʩʪʴ ʢʣʫʙʦʯʢʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ 

23. ʢʫʨʝʥʠʝ 

24. ʦʛʨʘʥʠʯʝʥʠʝ ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ 

25. ʬʠʟʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

26. ʧʨʠʚʝʨʞʝʥʥʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʦʙʨʘʟʘ ʞʠʟʥʠ ʠ ʢ ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʡ 

ʪʝʨʘʧʠʠ 

27. ʫʨʦʚʝʥʴ ʬʠʟʠʯʝʩʢʦʛʦ ʟʜʦʨʦʚʴʷ, ʙʘʣʣʳ (ʰʢʘʣʘ ʧʦ SF36) 

28. ʫʨʦʚʝʥʴ ʧʩʠʭʠʯʝʩʢʦʛʦ ʟʜʦʨʦʚʴʷ, ʙʘʣʣʳ (ʰʢʘʣʘ ʧʦ SF36) 

29. ʫʨʦʚʝʥʴ ʜʝʧʨʝʩʩʠʠ, ʙʘʣʣʳ (ʧʦ ʦʧʨʦʩʥʠʢʫ mmpi) 

30. ʘʢʮʝʥʪʫʘʮʠʷ ʭʘʨʘʢʪʝʨʘ (ʪʨʝʚʦʞʥʦʩʪʴ). 

ʀʤʝʝʪʩʷ ʙʘʟʘ ʜʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ ʧʦ ʚʳʰʝ ʦʧʠʩʘʥʥʳʤ ʤʝʜʠʮʠʥʩʢʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʧʦ ʵʪʠʤ 

ʜʘʥʥʳʤ ʢʦʜʠʨʫʶʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʙʫʜʝʪ ʫʧʨʦʱʝʥʘ ʜʘʣʴʥʝʡʰʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ. 

ʈʘʟʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ:  

¶ ʜʚʘ ʧʘʨʘʤʝʪʨʘ: N(ʥʦʨʤʘ) ʠ A(ʥʝ ʥʦʨʤʘ)   

¶ ʯʝʪʳʨʝ ʠ ʧʷʪʴ ʧʘʨʘʤʝʪʨʦʚ: N(ʥʦʨʤʘʣʴʥʳʡ), H (ʚʳʩʦʢʠʡ),  

F (ʧʝʨʚʳʡ), S (ʚʪʦʨʦʡ), T (ʪʨʝʪʠʡ). 

ʇʨʠʯʝʤ ʫʨʦʚʥʠ ʟʜʦʨʦʚʴʷ ʧʦ ʰʢʘʣʝ SF36 (ʧ.27,28) ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʚ ʜʘʣʴʥʝʡʰʝʤ ʠ ʜʠʘʧʘʟʦʥʳ ʥʝ ʚʳʜʝʣʷʶʪʩʷ. 

2.2 ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʨʫʧʧ 

ʩʭʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʦʮʝʥʢʠ 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʣʷ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʨʝʰʝʥʦ ʚʨʫʯʥʫʶ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ ï ʰʝʩʪʴ, ʠ ʫʞʝ ʧʦ ʭʦʜʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʨʠʪʴ ʠ 

ʚʳʷʩʥʠʪʴ ʠʭ ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ.  

ʇʦʣʫʯʝʥʥʘʷ ʤʦʱʥʦʩʪʴ (ʢʦʣʠʯʝʩʪʚʦ ʦʙʲʝʢʪʦʚ) ʢʘʞʜʦʛʦ ʢʣʘʩʪʝʨʘ: 

1. 14 ʧʘʮʠʝʥʪʦʚ, 

2. 17 ʧʘʮʠʝʥʪʦʚ, 

3. 10 ʧʘʮʠʝʥʪʦʚ, 

4. 15 ʧʘʮʠʝʥʪʦʚ, 

5. 26 ʧʘʮʠʝʥʪʦʚ, 

6. 18 ʧʘʮʠʝʥʪʦʚ. 

ɼʣʷ ʵʪʦʛʦ ʥʘ ʦʩʥʦʚʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʦʪʢʨʳʪʦʡ ʙʘʟʳ ʜʘʥʥʳʭ 

ʙʫʜʫʪ ʧʨʦʚʝʜʝʥʳ ʘʥʘʣʠʟʳ: 

¶ ʧʦ ʚʩʝʤ ʧʘʮʠʝʥʪʘʤ (ʪʘʙʣʠʮʘ 1), 

¶ ʧʦ ʧʘʮʠʝʥʪʘʤ ʚ ʢʘʞʜʦʤ ʢʣʘʩʪʝʨʝ (ʪʘʙʣʠʮʘ 2). 
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ʊʘʙʣʠʮʘ 1 ï ʌʨʘʛʤʝʥʪ ʘʥʘʣʠʟʘ ʧʦ ʚʩʝʤ ʧʘʮʠʝʥʪʘʤ 

ɼʝʤʝʥʮʠʷ ʉɸɼ ʆʙʨʘʟʦʚʘʥʠʝ ʀʄʄ ʃɾ 

N A N H F S T H T M Z N A 

74 26 29 0 40 25 6 53 39 6 2 1 99 

 

ʊʘʙʣʠʮʘ 2 ï ʌʨʘʛʤʝʥʪ ʘʥʘʣʠʟʘ ʧʦ ʧʘʮʠʝʥʪʘʤ ʚ ʢʘʞʜʦʤ ʢʣʘʩʪʝʨʝ 
ʇʦʢʘʟʘʪʝʣʠ 

ʠ ʠʭ ʢʦʜ 

ˉ 

ʢʣʘʩʪʝʨʘ 
1 2 3 4 5 6 

ɼʝʤʝʥʮʠʷ 
N 9 8 9 7 24 17 

A 5 9 1 8 2 1 

ʉɸɼ 

N 12 1 2 5 4 5 

H 0 0 0 0 0 0 

F 2 4 2 5 17 10 

S 0 11 6 1 4 3 

T 0 1 0 4 1 0 

ʆʙʨʘʟʦʚʘ-

ʥʠʝ 

H 10 14 5 1 13 10 

T 4 3 5 6 13 8 

M 0 0 0 6 0 0 

Z 0 0 0 2 0 0 

ʀʄʄ ʃɾ 
N 0 0 1 0 0 0 

A 14 17 9 15 26 18 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʚʝʜʝʥʥʳʝ ʧʨʦʚʝʨʢʠ ʜʘʣʠ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʥʦʨʦʜʥʳʝ 

ʩʠʤʚʦʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʠʤʧʪʦʤʦʚ ʚ ʢʘʞʜʦʤ ʢʣʘʩʪʝʨʝ, ʧʦʪʦʤʫ ʨʝʰʝʥʦ ʥʝ 

ʤʝʥʷʪʴ ʠʭ ʢʦʣʠʯʝʩʪʚʦ. ʆʜʥʘʢʦ ʚʳʜʝʣʷʶʪʩʷ ʧʦʯʪʠ ʦʜʥʦʨʦʜʥʳʝ ʟʘʧʠʩʠ 

ʩʣʝʜʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ: 
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¶ ʠʥʜʝʢʩ ʤʘʩʩʳ ʤʠʦʢʘʨʜʘ ʣʝʚʦʛʦ ʞʝʣʫʜʢʘ, 

¶ ʘʨʪʝʨʠʘʣʴʥʘʷ ʛʠʧʝʨʪʝʥʟʠʷ, 

¶ ʫʨʦʚʝʥʴ ʜʝʧʨʝʩʩʠʠ, ʙʘʣʣʳ (ʧʦ ʦʧʨʦʩʥʠʢʫ mmpi), 

¶ ʘʢʮʝʥʪʫʘʮʠʷ ʭʘʨʘʢʪʝʨʘ (ʪʨʝʚʦʞʥʦʩʪʴ). 

ʀʭ ʨʝʰʝʥʦ ʠʩʢʣʶʯʠʪʴ ʠʟ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʘʢ ʠ ʧʦʢʘʟʘʪʝʣʠ, 

ʥʝ ʦʪʦʙʨʘʞʘʶʱʠʝ ʤʝʜʠʮʠʥʩʢʠʭ ʜʘʥʥʳʭ:  

¶ ʦʙʨʘʟʦʚʘʥʠʝ, 

¶ ʩʝʤʝʡʥʦʝ ʧʦʣʦʞʝʥʠʝ, 

¶ ʩʦʮʠʘʣʴʥʳʡ ʩʪʘʪʫʩ, 

¶ ʠʥʜʝʢʩ ʤʘʩʩʳ ʪʝʣʘ. 

2.3 ʃʠʥʛʚʠʩʪʠʯʝʩʢʦʝ ʨʝʟʶʤʠʨʦʚʘʥʠʝ 

ʕʪʦʪ ʵʪʘʧ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʯʘʩʪʦʪʥʳʡ ʘʥʘʣʠʟ, ʧʨʦʚʦʜʠʤʳʡ ʧʦ ʢʘʞʜʦʤʫ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʤʫ ʟʥʘʯʝʥʠʶ ʧʦʢʘʟʘʪʝʣʷ. ɼʣʷ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʘʥʘʣʠʟʘ 

ʢʘʞʜʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʨʝʰʝʥʦ ʙʳʣʦ ʦʙʲʝʜʠʥʠʪʴ ʧʘʨʘʤʝʪʨʳ (H ʠ F, S ʠ T), 

ʩʦʢʨʘʪʠʚ ʠʭ ʜʦ ʪʨʝʭ ï N, HF, ST.  ɿʥʘʷ ʤʦʱʥʦʩʪʴ ʢʘʞʜʦʛʦ ʢʣʘʩʪʝʨʘ, ʣʝʛʢʦ 

ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʢʘʞʜʦʤʫ ʢʣʘʩʪʝʨʫ ʯʘʩʪʦʪʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʊʘʙʣʠʮʝ 4.  

 

ʊʘʙʣʠʮʘ 4 ï ʌʨʘʛʤʝʥʪ ʯʘʩʪʦʪʥʳʡ ʘʥʘʣʠʟʘ ʚ ʢʘʞʜʦʤ ʢʣʘʩʪʝʨʝ 
ʇʦʢʘʟʘʪʝʣʠ 

ʠ ʠʭ ʢʦʜ 

ˉ 

ʢʣʘʩʪʝʨʘ 
1 2 3 4 5 6 

ɼʝʤʝʥʮʠʷ 
N 64,29 47,06 90 46,67 92,31 94,44 

A 35,71 52,94 10 53,33 7,69 5,56 

ʉɸɼ 

N 85,71 5,88 20 33,33 15,38 27,78 

HF 14,29 28,57 14,29 35,71 121,3 71,43 

ST 0 85,71 42,86 35,71 35,71 21,43 

 

ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴʩʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʝ 

ʨʝʟʶʤʠʨʦʚʘʥʠʝ ʧʘʮʠʝʥʪʦʚ ʧʦ ʦʪʜʝʣʴʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʩʠʤʧʪʦʤʘ, ʜʣʷ 

ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ ʙʘʟʦʚʳʡ ʧʦʜʭʦʜ ʗʛʝʨʘ [Jager 1982]. 

ɺ ʨʘʤʢʘʭ ʙʘʟʦʚʦʛʦ ʧʦʜʭʦʜʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʠʟ n ʦʙʲʝʢʪʦʚ 

ʚ ʚʠʜʝ ʟʘʧʠʩʝʡ F {S1,é, gn} ʚ ʙʘʟʝ ʜʘʥʥʳʭ D {y (g1),é,y (gn)} ʩ ʦʜʥʠʤ 

ʘʪʨʠʙʫʪʦʤ (ʩʚʦʡʩʪʚʦʤ) y, ʧʨʠ ʵʪʦʤ y(gi) ï ʵʪʦ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ʩʠʤʧʪʦʤʘ ʜʣʷ ʧʘʮʠʝʥʪʘ ʚ ʢʣʘʩʪʝʨʝ gi. 

ʗʜʨʦʤ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ ʨʝʟʶʤʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʙʦʨ ʧʨʝʜʣʦʞʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʚ ʘʙʩʪʨʘʢʪʥʦʤ ʚʠʜʝ: 

Q ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ g`s ʠʤʝʶʪ ʟʥʘʯʝʥʠʝ V ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʫ 
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ʈʝʟʫʣʴʪʘʪʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʣʠ ʟʥʘʯʝʥʠʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ 

ʧʝʨʝʤʝʥʥʳʭ ʧʦ ʢʣʘʩʪʝʨʘʤ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʧʦʤʦʱʴʶ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʰʢʘʣʳ, ʩʪʨʦʷʱʝʡʩʷ ʠʟ ʪʨʘʧʝʮʝʠʜʘʣʴʥʳʭ ʬʫʥʢʮʠʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʣʷ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ (ʨʠʩ. 1). 

 

 

ʈʠʩʫʥʦʢ 1 ï ʃʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʰʢʘʣʳ ʜʣʷ ʨʝʟʶʤʠʨʦʚʘʥʠʷ 

ʇʦ ʛʨʘʬʠʢʫ (ʨʠʩ. 1) ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ ʩʪʝʧʝʥʠ ʠʩʪʠʥʥʦʩʪʠ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʪʝʨʤʘʤʠ ʠ ʩʬʦʨʤʠʨʦʚʘʥʦ ʨʝʟʶʤʠʨʦʚʘʥʠʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʨʠʩ. 2. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦ ʜʘʥʥʦʤʫ ʤʘʩʩʠʚʫ ʜʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ ʚʳʷʚʣʝʥʦ 

ʟʜʦʨʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʦʙʲʝʢʪʦʚ ʚ ʢʘʞʜʦʤ ʢʣʘʩʪʝʨʝ ʧʦ 

ʧʦʢʘʟʘʪʝʣʷʤ. ʆʜʥʘʢʦ ʚʳʜʝʣʷʶʪʩʷ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʚʳʜʝʣʷʶʱʠʤʩʷ 

ʘʥʦʤʘʣʴʥʳʤ ʫʨʦʚʥʷʤ, ʢʘʢ ʭʦʣʝʩʪʝʨʠʥ, ʦʙʲʝʤ ʪʘʣʠʠ, ʠʥʜʝʢʩ ʤʘʩʩʳ 

ʤʠʦʢʘʨʜʘ ʣʝʚʦʛʦ ʞʝʣʫʜʢʘ, ʜʠʘʩʪʦʣʠʯʝʩʢʦʝ ʘʨʪʝʨʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ. 

ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ ʦʙʲʝʢʪʳ ʯʝʪʚʝʨʪʦʛʦ ʢʣʘʩʪʝʨʘ, ʦʙʣʘʜʘʶʱʠʝ ʚ 

ʙʦʣʴʰʝʡ ʧʦʣʦʚʠʥʝ ʧʦʢʘʟʘʪʝʣʝʡ ʘʥʦʤʘʣʴʥʳʤʠ ʫʨʦʚʥʷʤʠ ʧʦ ʤʝʜʠʮʠʥʩʢʠʤ 

ʥʘʙʣʶʜʝʥʠʷʤ. 
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ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʤʝʜʠʮʠʥʩʢʠʭ ʦʙʩʣʝʜʦʚʘʥʠʡ 

ʚʳʙʨʘʥʳ ʩʨʝʜʩʪʚʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʫʪʦʯʥʝʥʳ ʟʥʘʯʠʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠʟ 

ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʜʘʥʥʳʝ ʩʠʤʧʪʦʤʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʚʝʜʝʥʥʳʤʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ.  

ʕʪʘ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣʘ ʧʨʦʚʝʩʪʠ ʙʦʣʝʝ ʫʧʨʦʱʝʥʥʳʡ 

ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʠ ʧʦʣʫʯʠʪʴ ʯʘʩʪʦʪʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʦ ʢʣʘʩʪʝʨʘʤ. 

ɼʘʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʤʧʪʦʤʦʚ ʥʝʦʙʭʦʜʠʤʘ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʨʝʟʶʤʠʨʦʚʘʥʠʷ. ɸ ʠʤʝʥʥʦ ʢʘʞʜʘʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʧʝʨʝʤʝʥʥʘʷ ʩʚʷʟʳʚʘʝʪ 

ʯʠʩʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʘʩʪʝʨʦʚ ʩ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʤʠ ʪʝʨʤʘʤʠ, 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʪʨʘʧʝʮʠʝʚʠʜʥʦʡ ʬʫʥʢʮʠʠ. 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ, ʙʣʘʛʦʜʘʨʷ ʪʦʯʝʯʥʦʤʫ 

ʧʨʠʤʝʥʝʥʠʶ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʙʝʟ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ, ʦʙʳʯʥʦ 

ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ. ɺ ʠʪʦʛʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʨʘʩʰʠʨʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʪʦʛʦʚʦʛʦ ʟʘʢʣʶʯʝʥʠʷ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʩʰʠʨʠʪʴ ʵʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʧʨʦʚʝʩʪʠ 

ʙʦʣʝʝ ʫʛʣʫʙʣʝʥʥʫʶ ʜʠʘʛʥʦʩʪʠʢʫ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʦʚ 

ʠ ʩʨʝʜʩʪʚ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚ ʩʪʦʨʦʥʫ ʩʦʢʨʘʱʝʥʠʷ ʦʙʲʝʤʘ ʨʝʟʫʣʴʪʘʪʦʚ. 
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ʋɼʂ 004.94  

ʈɸɿʈɸɹʆʊʂɸ ʉɽʈɺʀʉɸ ɼʃʗ ʌʆʈʄʀʈʆɺɸʅʀʗ 

ʉʆʎʀɸʃʔʅʆɻʆ ʇʆʈʊʈɽʊɸ ʇʆʃʔɿʆɺɸʊɽʃʗ  

ʅɸ ʆʉʅʆɺɽ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆɻʆ ɸʅɸʃʀɿɸ 

ʉʆɼɽʈɾʀʄʆɻʆ ɼɸʅʅʓʍ ɺ ʆʊʂʈʓʊʓʍ 

ʀʉʊʆʏʅʀʂɸʍ
*
 

ɻʨʠʛʦʨʠʯʝʚʘ ʄ.ʉ.(gms4295@mail.ru) 

ʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ, ʋʣʴʷʥʦʚʩʢ 

ʆʧʠʩʳʚʘʝʪʩʷ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ, ʚʳʙʦʨ ʠ ʘʜʘʧʪʘʮʠʷ ʘʣʛʦʨʠʪʤʘ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʮʠʘʣʴʥʦʛʦ 

ʧʦʨʪʨʝʪʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʩʦʜʝʨʞʠʤʦʛʦ ʜʘʥʥʳʭ ʚ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʘʭ ʥʘ ʧʨʠʤʝʨʝ 

ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ɺʂʦʥʪʘʢʪʝ. ʊʘʢʦʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʪ ʧʨʦʚʝʩʪʠ 

ʩʝʛʤʝʥʪʘʮʠʶ ʘʫʜʠʪʦʨʠʠ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ʠ ʧʦʣʫʯʠʪʴ 

çʫʩʨʝʜʥʝʥʥʳʡè ʩʦʮʠʘʣʴʥʳʡ ʧʦʨʪʨʝʪ ʪʠʧʦʚʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ 

ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʮʠʘʣʴʥʳʡ ʧʦʨʪʨʝʪ, ʢʣʘʩʪʝʨʠʟʘʮʠʷ, ʩʦʮʠʘʣʴʥʳʝ 

ʩʝʪʠ 

ɺʚʝʜʝʥʠʝ 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʋʣʴʷʥʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʫʶʪ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʟʘʥʠʤʘʶʱʠʝʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʧʨʦʜʚʠʞʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ ʥʘ 

ʨʳʥʦʢ: ITECH.group, MST digital agency, ʉʠʤʙʠʨʉʦʬʪ, ʠ ʜʨ. ɼʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʘʥʘʣʠʟʘ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ɹʦʣʴʰʠʝ 

ʦʙʲʝʤʳ ʜʘʥʥʳʭ, ʤʥʦʛʦʦʙʨʘʟʠʝ ʬʦʨʤ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʠʭ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʧʝʨʘʪʠʚʥʦ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʦʮʠʘʣʴʥʳʡ ʧʦʨʪʨʝʪ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʧʨʦʜʫʢʪʘ ʢʦʤʧʘʥʠʠ. ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʦʢʠ ʧʨʦʮʝʩʩʦʚ 

ʘʥʘʣʠʟʘ ʪʨʝʙʦʚʘʥʠʡ, ʠʜʝʠ, ʢʦʥʢʫʨʝʥʪʦʚ ʠ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ. 

                                                           

1) *
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʌʉʀ (ʥʦʤʝʨ ʜʦʛʦʚʦʨʘ 

13655ɻʋ/2018). 
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ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ 

ʧʦʩʪʨʦʝʥʠʷ ʩʦʮʠʘʣʴʥʦʛʦ ʧʦʨʪʨʝʪʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʚʨʝʤʝʥʠ ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʘʥʘʣʠʟʘ ʝʛʦ ʩʦʮʠʘʣʴʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ ʠ ʧʨʝʜʧʦʯʪʝʥʠʡ. ʇʦʤʠʤʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʠʥʪʝʨʝʩʥʳʤ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʩʦʦʙʱʝʩʪʚʘ 

(ʛʨʫʧʧʳ) ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʂʘʞʜʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʦʩʪʘʚʣʷʝʪ ʚ ʩʝʪʠ ʠʥʪʝʨʥʝʪ ʤʥʦʞʝʩʪʚʦ ʮʠʬʨʦʚʳʭ 

çʩʣʝʜʦʚè, ʩʦʧʦʩʪʘʚʠʚ ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʩʦʮʠʘʣʴʥʳʡ ʧʦʨʪʨʝʪ 

ʯʝʣʦʚʝʢʘ. ʕʪʦʪ ʧʦʨʪʨʝʪ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʦʟʨʘʩʪʝ, ʧʦʣʝ, 

ʦʙʨʘʟʦʚʘʥʠʠ, ʩʦʮʠʘʣʴʥʦʤ ʩʪʘʪʫʩʝ, ʨʦʜʩʪʚʝʥʥʳʭ ʩʚʷʟʷʭ, ʜʨʫʟʴʷʭ, 

ʠʥʪʝʨʝʩʘʭ, ʧʦʣʠʪʠʯʝʩʢʠʭ ʠ ʨʝʣʠʛʠʦʟʥʳʭ ʧʨʝʜʧʦʯʪʝʥʠʷʭ, ʤʝʩʪʘʭ 

ʞʠʪʝʣʴʩʪʚʘ, ʫʯʝʙʳ ʠ ʨʘʙʦʪʳ, ʘ ʠʥʦʛʜʘ ʠ ʦʙ ʫʨʦʚʥʝ ʜʦʭʦʜʦʚ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʣʶʜʝʡ ʜʦʙʨʦʚʦʣʴʥʦ ʫʢʘʟʳʚʘʶʪ ʚʩʶ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʝʙʝ ʚ ʩʦʮʠʘʣʴʥʳʭ 

ʩʝʪʷʭ [safe-surf, 2013]. 

ɼʘʞʝ ʝʩʣʠ ʯʝʣʦʚʝʢ ʥʝ ʚʝʜʝʪ ʩʪʨʘʥʠʮʫ ʚ ʩʦʮʩʝʪʠ ʠʣʠ ʟʘʚʝʜʦʤʦ ʥʝ 

ʚʳʢʣʘʜʳʚʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʝʙʝ, ʦ ʪʘʢʦʤ ʯʝʣʦʚʝʢʝ ʚʩʝ ʨʘʚʥʦ ʤʦʞʥʦ 

ʤʥʦʛʦʝ ʫʟʥʘʪʴ, ʥʘʧʨʠʤʝʨ, ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦ ʝʛʦ ʜʨʫʟʴʷʭ. ʅʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʨʪʨʝʪʘ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʩʪʫʧʢʠ 

ʯʝʣʦʚʝʢʘ, ʘ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʣʫʯʘʷʭ ʠ ʧʦʚʣʠʷʪʴ ʥʘ ʝʛʦ ʧʦʚʝʜʝʥʠʝ ʠ 

ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ. ɺ ʩʦʚʨʝʤʝʥʥʫʶ ʵʧʦʭʫ ʚʩʝʦʙʱʝʡ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ 

çʙʦʣʴʰʠʭ ʜʘʥʥʳʭè ʚʩʝ ʵʪʦ ʩʪʘʣʦ ʨʝʘʣʴʥʦʩʪʴʶ [safe-surf, 2013]. 

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʨʝʰʠʪʴ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʩʝʨʚʠʩʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʮʠʘʣʴʥʦʛʦ ʧʦʨʪʨʝʪʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ 

ɺʂʦʥʪʘʢʪʝ, ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʥʘ ʩʪʨʘʥʠʮʝ ʧʦʣʴʟʦʚʘʪʝʣʷ (ʧʨʦʬʠʣʴ) ʩʦʮʠʘʣʴʥʦʡ 

ʩʝʪʠ.  

ɺ ʨʘʙʦʪʝ ʙʫʜʝʪ ʦʧʠʩʘʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ, ʚʳʙʦʨ ʠ ʘʜʘʧʪʘʮʠʷ 

ʘʣʛʦʨʠʪʤʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦ 

ʧʦʣʴʟʦʚʘʪʝʣʝ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ. ʊʘʢʦʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʪ ʧʨʦʚʝʩʪʠ 

ʩʝʛʤʝʥʪʘʮʠʶ ʘʫʜʠʪʦʨʠʠ ʩʦʦʙʱʝʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʩʝʛʤʝʥʪʘʮʠʶ 

ʘʫʜʠʪʦʨʠʠ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ʠ ʧʦʣʫʯʠʪʴ çʫʩʨʝʜʥʝʥʥʳʡè ʩʦʮʠʘʣʴʥʳʡ 

ʧʦʨʪʨʝʪ ʪʠʧʦʚʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ.  

1 ʆʙʟʦʨ ʘʣʛʦʨʠʪʤʦʚ ʠ ʤʝʪʦʜʦʚ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 

ʌʦʨʤʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʨʘʟʙʠʝʥʠʝ ʟʘʜʘʥʥʦʛʦ 

ʤʥʦʞʝʩʪʚʘ ʦʙʲʝʢʪʦʚ ʥʘ ʥʝʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʧʦʜʤʥʦʞʝʩʪʚʘ, ʥʘʟʳʚʘʝʤʳʝ 

ʢʣʘʩʪʝʨʘʤʠ, ʪʘʢ, ʯʪʦʙʳ ʢʣʘʩʪʝʨʳ ʩʦʩʪʦʷʣʠ ʠʟ ʧʦʭʦʞʠʭ ʦʙʲʝʢʪʦʚ, ʘ 

ʦʙʲʝʢʪʳ ʨʘʟʥʳʭ ʢʣʘʩʪʝʨʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʣʠʩʴ. ʂʣʘʩʪʝʨʠʟʘʮʠʷ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʜʘʯ ʚ Data Mining ʠ ʯʘʩʪʦ 

ʚʳʩʪʫʧʘʝʪ ʧʝʨʚʳʤ ʰʘʛʦʤ ʧʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ: ʚʳʜʝʣʝʥʠʝ ʛʨʫʧʧ ʧʦʭʦʞʠʭ 
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ʦʙʲʝʢʪʦʚ ʧʦʤʦʛʘʝʪ ʧʦʥʷʪʴ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʦʡ ʧʦʜʭʦʜ 

ʢ ʦʙʨʘʙʦʪʢʝ ʢʘʞʜʦʡ ʛʨʫʧʧʳ [ɺʘʨʣʘʤʦʚ, 2012]. 

ɽʩʣʠ ʦʙʦʙʱʠʪʴ ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʝʪʦʜʦʚ ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʪʦ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʷʜ ʛʨʫʧʧ [ʌʠʣʠʧʧʦʚ, 2013]: 

1. ɺʝʨʦʷʪʥʦʩʪʥʳʡ ʧʦʜʭʦʜ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʘʞʜʳʡ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʦʙʲʝʢʪ ʦʪʥʦʩʠʪʩʷ ʢ ʦʜʥʦʤʫ ʠʟ k ʢʣʘʩʩʦʚ.  

Å k-ʩʨʝʜʥʠʭ (K-means); 

Å k-medians; 

Å em-ʘʣʛʦʨʠʪʤ; 

Å ʘʣʛʦʨʠʪʤʳ ʩʝʤʝʡʩʪʚʘ FOREL; 

Å ʜʠʩʢʨʠʤʠʥʘʥʪʥʳʡ ʘʥʘʣʠʟ. 

2. ʇʦʜʭʦʜʳ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

Å ʤʝʪʦʜ ʥʝʯʝʪʢʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ C-ʩʨʝʜʥʠʭ (C-means); 

Å ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʂʦʭʦʥʝʥʘ; 

Å ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ. 

3. ʃʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ. ʇʦʩʪʨʦʝʥʠʝ ʜʝʥʜʨʦʛʨʘʤʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 
ʧʦʤʦʱʴʶ ʜʝʨʝʚʘ ʨʝʰʝʥʠʡ. 

4. ʊʝʦʨʝʪʠʢʦ-ʛʨʘʬʦʚʳʡ ʧʦʜʭʦʜ. 

5. ʀʝʨʘʨʭʠʯʝʩʢʠʡ ʧʦʜʭʦʜ. 

6. ɼʨʫʛʠʝ ʤʝʪʦʜʳ. ʅʝ ʚʦʰʝʜʰʠʝ ʚ ʧʨʝʜʳʜʫʱʠʝ ʛʨʫʧʧʳ. 

ɺʩʝ ʤʝʪʦʜʳ ʨʘʟʙʠʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʥʘ ʢʣʘʩʪʝʨʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ: 

Å ʥʝʠʝʨʘʨʭʠʯʝʩʢʠʝ; 

Å ʠʝʨʘʨʭʠʯʝʩʢʠʝ. 

ʅʝʠʝʨʘʨʭʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʣʦʞʥʳ ʚ ʥʘʩʪʨʦʡʢʝ, 

ʪʘʢ ʢʘʢ ʪʨʝʙʫʶʪ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʧʨʠʤʝʨ, 

ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʦʚ, ʢʨʠʪʝʨʠʡ ʦʩʪʘʥʦʚʢʠ, ʠ ʪ. ʜ. ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʤʝʪʦʜʳ 

ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʢ ʰʫʤʘʤ, ʚʳʙʦʨʫ ʤʝʪʨʠʢʠ ʠ ʚʢʣʶʯʝʥʠʶ ʥʝʟʥʘʯʠʤʳʭ 

ʧʝʨʝʤʝʥʥʳʭ ʚ ʥʘʙʦʨ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ [ʌʠʣʠʧʧʦʚ, 

2013]. 

ʀʝʨʘʨʭʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʥʝʠʝʨʘʨʭʠʯʝʩʢʠʭ, ʩʪʨʦʷʪ ʧʦʣʥʦʝ ʜʝʨʝʚʦ ʚʣʦʞʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ 

(ʜʝʥʜʨʦʛʨʘʤʤ) ʠ ʥʝ ʪʨʝʙʫʶʪ ʫʢʘʟʘʥʠʷ ʯʠʩʣʘ ʢʣʘʩʪʝʨʦʚ, ʥʦ ʧʨʠ ʵʪʦʤ 

ʜʘʥʥʳʝ ʤʝʪʦʜʳ ʥʘʢʣʘʜʳʚʘʶʪ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʦʙʲʝʤ ʥʘʙʦʨʘ ʜʘʥʥʳʭ, 

ʟʘʚʠʩʠʤʳ ʦʪ ʚʳʙʦʨʘ ʤʝʨʳ ʙʣʠʟʦʩʪʠ ʠ ʠʤʝʶʪ ʤʝʥʴʰʫʶ ʛʠʙʢʦʩʪʴ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʰʝʥʠʡ [ʌʠʣʠʧʧʦʚ, 2013]. 

ʀʝʨʘʨʭʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

[ʌʠʣʠʧʧʦʚ, 2013]: 

Å ʘʛʣʦʤʝʨʘʪʠʚʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʦʙʲʝʜʠʥʝʥʠʝʤ 

ʠʩʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʫʤʝʥʴʰʝʥʠʝʤ ʯʠʩʣʘ 

ʢʣʘʩʪʝʨʦʚ (ʧʦʩʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʦʚ ʩʥʠʟʫ-ʚʚʝʨʭ); 
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Å ʜʠʚʠʟʠʤʥʳʝ (ʜʝʣʠʤʳʝ), ʚ ʢʦʪʦʨʳʭ ʯʠʩʣʦ ʢʣʘʩʪʝʨʦʚ ʚʦʟʨʘʩʪʘʝʪ, 

ʥʘʯʠʥʘʷ ʩ ʦʜʥʦʛʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʨʘʩʱʝʧʣʷʶʱʠʭ ʛʨʫʧʧ (ʧʦʩʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʦʚ ʩʚʝʨʭʫ ʚʥʠʟ). 

ɼʣʷ ʮʝʣʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ ʥʝʯʝʪʢʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ  

c-means. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʦʪʥʦʩʠʪʩʷ ʢ ʙʦʣʝʝ ʯʝʤ ʦʜʥʦʤʫ ʢʣʘʩʪʝʨʫ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. ɸʣʛʦʨʠʪʤ Fuzzy C-Means ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʠʝʤ 

ʘʣʛʦʨʠʪʤʘ k-means ʩ ʫʯʝʪʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʣʘʩʪʝʨʦʚ ʥʝʯʝʪʢʠʤʠ 

ʤʥʦʞʝʩʪʚʘʤʠ, ʢʘʞʜʘʷ ʪʦʯʢʘ ʢʦʪʦʨʳʭ ʧʨʠʥʘʜʣʝʞʠʪ ʨʘʟʣʠʯʥʳʤ ʢʣʘʩʪʝʨʘʤ ʩ 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. ʊʦʯʢʘ ʦʪʥʦʩʠʪʩʷ ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ 

ʢʣʘʩʪʝʨʫ ʧʦ ʢʨʠʪʝʨʠʶ ʤʘʢʩʠʤʫʤʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʘʥʥʦʤʫ ʢʣʘʩʪʝʨʫ 

[ʌʠʣʠʧʧʦʚ, 2013]. 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʘʣʛʦʨʠʪʤʘ: ʢʣʘʩʪʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʯʝʪʢʠʝ 

ʤʥʦʞʝʩʪʚʘ, ʪ.ʝ. ʢʘʞʜʳʡ ʦʙʲʝʢʪ ʧʨʠʥʘʜʣʝʞʠʪ ʚʩʝʤ ʢʣʘʩʪʝʨʘʤ ʩ ʨʘʟʥʦʡ 

ʩʪʝʧʝʥʴʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ [ɸ. ʂʫʣʘʞʩʢʠʡ]. 

ɼʦʩʪʦʠʥʩʪʚʘ: ʥʝʯʝʪʢʦʩʪʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʦʙʲʝʢʪʘ ʚ ʢʣʘʩʪʝʨ 

ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʛʨʘʥʠʮʝ, ʚ ʢʣʘʩʪʝʨʳ  

[ɸ. ʂʫʣʘʞʩʢʠʡ]. 

ʅʝʜʦʩʪʘʪʢʠ: [ɸ. ʂʫʣʘʞʩʢʠʡ] 

Å ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ,  

Å ʟʘʜʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʣʘʩʪʝʨʦʚ,  

Å ʚʦʟʥʠʢʘʝʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʩ ʦʙʲʝʢʪʘʤʠ, ʢʦʪʦʨʳʝ ʫʜʘʣʝʥʳ ʦʪ 

ʮʝʥʪʨʦʚ ʚʩʝʭ ʢʣʘʩʪʝʨʦʚ. 

ɸʣʛʦʨʠʪʤ: 

1. ɿʘʜʘʪʴ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ Ὧ ʮʝʥʪʨʦʚ ʢʣʘʩʪʝʨʦʚ  ̒ȟὮ ρȣὯ; 

2. ʈʘʩʩʯʠʪʘʪʴ ʤʘʪʨʠʮʫ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʢ ʢʣʘʩʪʝʨʘʤ ὶȢ ɺ ʩʣʫʯʘʝ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: ὶ
ȟ ȿ ȟ

В ȟ ȿ ȟ
, 

ʛʜʝ  ὼ ï Ὥ-ʡ ʵʣʝʤʝʥʪ ʤʥʦʞʝʩʪʚʘ, ̒ ʮὶʝʥʪʨ ʢʣʘʩʪʝʨʘὮ, Ὠὼȟὧɀ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠὼ ʠ ̒, ὔ  ʵʪʦ ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʪʦʯʢʝὨὼȟὧ ; 

3. ʇʝʨʝʤʝʩʪʠʪʴ ʮʝʥʪʨʳ ʢʣʘʩʪʝʨʦʚ ̒ᴺ
В

В
; 

4. ʈʘʩʩʯʠʪʘʪʴ ʬʫʥʢʮʠʶ ʧʦʪʝʨʴ. ɺ ʩʣʫʯʘʝ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʬʫʥʢʮʠʷ ʧʦʪʝʨʴ ʙʫʜʝʪ ʨʘʚʥʘ:ὐ В В Ὠὼȟὧ ὶ; 

5. ɽʩʣʠ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʫʤʝʥʴʰʘʝʪʩʷ, ʪʦ ʧʦʚʪʦʨʠʪʴ ʮʠʢʣ ʩ ʧ.2. 
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2 ɸʜʘʧʪʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʛʨʫʧʧʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ 

ʂʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʪ ʧʨʦʚʝʩʪʠ ʩʝʛʤʝʥʪʘʮʠʶ ʘʫʜʠʪʦʨʠʠ ʛʨʫʧʧʳ 

ʠ ʧʦʣʫʯʠʪʴ ʩʦʮʠʘʣʴʥʳʡ ʧʦʨʪʨʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʟ ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ, 

ʦʧʠʨʘʷʩʴ ʥʘ ʜʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʮʝʥʪʨʦʤ ʢʘʞʜʦʛʦ ʢʣʘʩʪʝʨʘ. 

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʚ ʧ. 2 ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ, ʧʝʨʚʳʤ ʵʪʘʧʦʤ 

ʘʣʛʦʨʠʪʤʘ ʥʝʯʝʪʢʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ Fuzzy c-means ʷʚʣʷʝʪʩʷ 

ʠʥʠʮʠʘʣʠʟʘʮʠʷ. ʕʪʦʪ ʵʪʘʧ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʳʙʦʨ ʤʝʪʨʠʢʠ ʨʘʩʩʪʦʷʥʠʷ ʦʪ 

ʦʙʲʝʢʪʘ ʜʦ ʮʝʥʪʨʘ ʢʣʘʩʪʝʨʘ. 

ʄʝʪʨʠʢʘ ʨʘʩʩʪʦʷʥʠʷ ï ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʚʭʦʜʥʳʤʠ 

ʚʝʢʪʦʨʘʤʠ (ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʩʭʦʜʩʪʚʘ ʠʣʠ ʨʘʟʣʠʯʠʷ). ɺʳʙʦʨ ʩʧʦʩʦʙʘ 

ʚʳʯʠʩʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʨʝʟʫʣʴʪʘʪ [ʌʠʣʠʧʧʦʚ, 2013]. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʚʭʦʜʥʦʡ ʚʝʢʪʦʨ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘʙʦʨʦʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʧʨʦʬʠʣʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ 

ɺʢʦʥʪʘʢʪʝ. 

ɼʣʷ ʮʝʣʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʨʘʙʦʪʘʪʴ ʩʦ 

ʩʣʝʜʫʶʱʠʤʠ ʜʘʥʥʳʤʠ, ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʚ ʧʨʦʬʠʣʝ ʧʦʣʴʟʦʚʘʪʝʣʷ: 

Å ʧʦʣ, 

Å ʜʝʥʴ ʨʦʞʜʝʥʠʷ, 

Å ʦʙʨʘʟʦʚʘʥʠʝ, 

Å ʛʦʨʦʜ. 

ʕʪʠ ʜʘʥʥʳʝ ʤʦʞʥʦ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʚ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

Å ʧʦʣ -> ʧʦʣ, 

Å ʜʝʥʴ ʨʦʞʜʝʥʠʷ -> ʚʦʟʨʘʩʪ, 

Å ʦʙʨʘʟʦʚʘʥʠʝ -> ʦʙʨʘʟʦʚʘʥʠʝ, 

Å ʛʦʨʦʜ -> ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ. 

ɺʩʝ ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʡ ʪʠʧ ʜʘʥʥʳʭ (ʪʘʙʣʠʮʘ 1).  

 

ʊʘʙʣʠʮʘ 1 ï ʊʠʧʳ ʜʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʊʠʧ ʜʘʥʥʳʭ 

ʇʦʣ ɹʫʣʝʚʦ 

ɺʦʟʨʘʩʪ ɼʘʪʘ, ʏʠʩʣʦ 

ʆʙʨʘʟʦʚʘʥʠʝ ʉʦʩʪʘʚʥʦʡ ʪʠʧ ʜʘʥʥʳʭ 

ɻʦʨʦʜ ɻʝʦ-ʢʦʦʨʜʠʥʘʪʳ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʚʳʙʦʨʘ 

ʤʝʪʨʠʢʠ ʨʘʩʩʪʦʷʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʇʦʣ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʦʜʥʦ ʠʟ ʜʚʫʭ 

ʟʥʘʯʝʥʠʡ çʄʫʞʩʢʦʡè ʠʣʠ çɾʝʥʩʢʠʡè, ʝʝ ʪʠʧ ʜʘʥʥʳʭ ï ʙʫʣʝʚʦ. ʊʦʛʜʘ 
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ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʢʦʦʨʜʠʥʘʪ ʤʦʞʥʦ ʥʘʡʪʠ ʢʘʢ ʩʦʚʧʘʜʝʥʠʝ 

ʠʣʠ ʥʝ ʩʦʚʧʘʜʝʥʠʝ ʟʥʘʯʝʥʠʡ. ɺ ʪʦʤ ʩʣʫʯʘʝ ʝʩʣʠ ʦʥʠ ʩʦʚʧʘʜʘʶʪ, ʪʦ 

ʨʘʩʩʪʦʷʥʠʝ ʙʫʜʝʪ ʨʘʚʥʳʤ 0. ɺ ʜʨʫʛʦʤ ʩʣʫʯʘʝ ʨʘʩʩʪʦʷʥʠʝ ʙʫʜʝʪ ʨʘʚʥʦ 1. 

ɼʘʥʥʳʝ ʦ ʚʦʟʨʘʩʪʝ ʚ ʧʨʦʬʠʣʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʫʢʘʟʘʪʴ ʜʘʪʫ ʩʚʦʝʛʦ 

ʨʦʞʜʝʥʠʷ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʥʠʯʝʛʦ ʥʝ ʫʢʘʟʘʪʴ ʚ ʧʦʣʝ 

ɼʘʪʘ ʨʦʞʜʝʥʠʷ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʙʫʜʝʪ ʩ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʴʶ 

ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʣʫʯʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ɺʦʟʨʘʩʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʫʛʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʩʦ ʩʪʨʘʥʠʮʳ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʥʘʧʨʠʤʝʨ, ɼʘʪʘ ʦʢʦʥʯʘʥʠʷ 

ʰʢʦʣʳ. ʊʦʛʜʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʢʦʦʨʜʠʥʘʪ ʤʦʞʥʦ ʥʘʡʪʠ ʢʘʢ 

ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʜʘʪʘʤʠ. ɿʥʘʯʝʥʠʷ ʚʦʟʨʘʩʪʘ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʙʫʜʫʪ 

ʧʦʣʫʯʝʥʳ ʚ ʚʠʜʝ ʯʠʩʝʣ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʨʝʜʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʠʟ ʧʨʦʬʠʣʷ ʧʫʪʝʤ ʧʝʨʝʚʦʜʘ ʜʘʪʳ ʨʦʞʜʝʥʠʷ ʚ ʯʠʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ 

ʚʦʟʨʘʩʪʘ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʆʙʨʘʟʦʚʘʥʠʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʦʣʴʰʦʡ ʦʙʲʝʤ 

ʠʥʬʦʨʤʘʮʠʠ ʩʦ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʦʡ: ʋʨʦʚʝʥʴ ʦʙʨʘʟʦʚʘʥʠʷ, ɻʦʨʦʜ, 

ʅʘʟʚʘʥʠʝ ʚʫʟʘ, ʉʧʝʮʠʘʣʴʥʦʩʪʴ ʠ ʪ. ʜ. ɺʦʟʤʦʞʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʤʝʨʳ 

ʨʘʩʩʪʦʷʥʠʷ ʵʪʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʨʘʬʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʧʨʠʤʝʨ 

ʚʳʯʠʩʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʧʦ ʵʣʝʤʝʥʪʫ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ ï ʋʨʦʚʝʥʴ 
ʦʙʨʘʟʦʚʘʥʠʷ. ɿʥʘʯʝʥʠʷʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʵʪʦʤʫ ʵʣʝʤʝʥʪʫ ʤʦʛʫʪ ʙʳʪʴ: 

çʉʨʝʜʥʝʝè, çʉʨʝʜʥʝ-ʩʧʝʮʠʘʣʴʥʦʝè ʠʣʠ çɺʳʩʰʝʝè. ɼʣʷ ʫʜʦʙʩʪʚʘ ʨʘʩʯʝʪʦʚ 

ʧʨʠʩʚʦʠʤ ʢʘʞʜʦʤʫ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʠʩʣʦʚʦʝ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: çʉʨʝʜʥʝʝè - 0, çʉʨʝʜʥʝ-ʩʧʝʮʠʘʣʴʥʦʝè - 1,        

çɺʳʩʰʝʝè - 2.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɻʦʨʦʜ ʧʦʣʫʯʘʝʪʩʷ ʧʫʪʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʥʘʠʤʝʥʦʚʘʥʠʷ ʛʦʨʦʜʘ ʠʟ ʧʨʦʬʠʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ 

ʢʦʦʨʜʠʥʘʪʳ. ʕʪʦ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʯʠʩʣʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʦʙʲʝʢʪʘʤʠ. ʂʨʘʪʯʘʡʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ ʥʘ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʝʩʣʠ ʧʨʠʥʷʪʴ ʝʝ ʟʘ ʩʬʝʨʫ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ: 

            ÃÏÓὨ ÓÉÎ• ÓzÉÎ• ÃÏÓ• ÃzÏÓ• *ÃÏÓᴧ ᴧ ,          (1) 

ʛʜʝ  •  ʠ •ɀ ʰʠʨʦʪʳ, ᴧ ʠ ᴧɀʜʦʣʛʦʪʳ ʜʘʥʥʳʭ ʧʫʥʢʪʦʚ, Ὠɀ ʨʘʩʩʪʦʷʥʠʝ 
ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ, ʠʟʤʝʨʷʝʤʦʝ ʚ ʨʘʜʠʘʥʘʭ ʜʣʠʥʦʡ ʜʫʛʠ ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ 

ʟʝʤʥʦʛʦ ʰʘʨʘ. 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ, ʠʟʤʝʨʷʝʤʦʝ ʚ ʢʠʣʦʤʝʪʨʘʭ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ 

                                                ὒ Ὠz Ὑ,                                                  (2) 

ʛʜʝ  Ὑ φσχρ ̋  ̍ɀ ̒̑̆̅̎̉̊ ̑́̅̉̔̒ ̈̆̍̎̏̄̏ ̙́̑Ȣ́ 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʫʥʢʮʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ 

ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 
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D=В ὲ ὶ ,                                             (3) 

ʛʜʝ ὲ ï ʟʥʘʯʝʥʠʝ i-ʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʚʦʛʦ ʦʙʲʝʢʪʘ, ʘ ὶ ï ʟʥʘʯʝʥʠʝ i-ʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʪʦʨʦʛʦ ʦʙʲʝʢʪʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʩʦʦʙʱʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ɺʂʦʥʪʘʢʪʝ, ʫʯʘʩʪʥʠʢʠ ʢʦʪʦʨʦʛʦ ʫʚʣʝʢʘʶʪʩʷ ʤʫʟʳʢʦʡ.  

ɺ ʵʪʦʤ ʩʦʦʙʱʝʩʪʚʝ ʩʦʩʪʦʷʪ ʧʦʣʴʟʦʚʘʪʝʣʠ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ: 

1. ʇʨʦʬʠʣʴ_1{ʄʫʞʩʢʦʡ, 60, ɺʳʩʰʝʝ, ʋʣʴʷʥʦʚʩʢ};  

2. ʇʨʦʬʠʣʴ_2{ʄʫʞʩʢʦʡ, 23, ʉʨʝʜʥʝʝ, ʄʦʩʢʚʘ};  

3. ʇʨʦʬʠʣʴ_3{ɾʝʥʩʢʠʡ, 53, ɺʳʩʰʝʝ, ʄʦʩʢʚʘ};  

4. ʇʨʦʬʠʣʴ_4{ɾʝʥʩʢʠʡ, 57, ɺʳʩʰʝʝ, ɼʠʤʠʪʨʦʚʛʨʘʜ};  

5. ʇʨʦʬʠʣʴ_5{ʄʫʞʩʢʦʡ, 21, ɺʳʩʰʝʝ, ʅʦʛʠʥʩʢ};  

6. ʇʨʦʬʠʣʴ_6{ɾʝʥʩʢʠʡ, 22, ɺʳʩʰʝʝ, ɼʠʤʠʪʨʦʚʛʨʘʜ};  

7. ʇʨʦʬʠʣʴ_7{ʄʫʞʩʢʦʡ, 56, ʉʨʝʜʥʝʝ ʩʧʝʮʠʘʣʴʥʦʝ, ɹʘʨʳʰ};  

8. ʇʨʦʬʠʣʴ_8{ɾʝʥʩʢʠʡ, 25, ʉʨʝʜʥʝʝ, ʂʨʘʩʥʦʛʦʨʩʢ}. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʥʘʭʦʞʜʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʝʨʚʳʤ ʠ 

ʦʩʪʘʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ɺʩʝ ʦʙʲʝʢʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʨʘʥʝʝ. ʊʦʛʜʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʝʨʚʳʤ (ʇʨʦʬʠʣʴ_1) ʠ 

ʚʪʦʨʳʤ ʦʙʲʝʢʪʦʤ (ʇʨʦʬʠʣʴ_2) ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʇʨʦʬʠʣʴ_1(ʇʦʣ)= çʄʫʞʩʢʦʡè, ʇʨʦʬʠʣʴ_2(ʇʦʣ)= çʄʫʞʩʢʦʡè. 

ɿʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʦʙʲʝʢʪʘ ʩʦʚʧʘʜʘʶʪ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʩʩʪʦʷʥʠʝ ʙʫʜʝʪ ʨʘʚʥʦ 0. 

ʇʨʦʬʠʣʴ_1(ɺʦʟʨʘʩʪ)= 60, ʇʨʦʬʠʣʴ_2(ɺʦʟʨʘʩʪ)= 23. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʧʝʨʚʳʤ ʠ ʚʪʦʨʳʤ ʦʙʲʝʢʪʦʤ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ɺʦʟʨʘʩʪ ʤʦʞʥʦ ʥʘʡʪʠ 

ʧʫʪʝʤ ʨʘʟʥʦʩʪʠ ʟʥʘʯʝʥʠʡ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʠʤ 37. 

ʇʨʦʬʠʣʴ_1(ʆʙʨʘʟʦʚʘʥʠʝ)= ɺʳʩʰʝʝ, ʇʨʦʬʠʣʴ_2(ʆʙʨʘʟʦʚʘʥʠʝ)= 

ʉʨʝʜʥʝʝ. ʉ ʫʯʝʪʦʤ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ ʨʘʩʩʪʦʷʥʠʷ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʆʙʨʘʟʦʚʘʥʠʝ, ʦʧʠʩʘʥʥʦʤʫ ʚʳʰʝ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʥʦ ʙʫʜʝʪ ʨʘʚʥʦ 1. 

ʇʨʦʬʠʣʴ_1(ɻʦʨʦʜ)= ʋʣʴʷʥʦʚʩʢ, ʇʨʦʬʠʣʴ_2(ɻʦʨʦʜ)= ʄʦʩʢʚʘ. 

ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʛʦʨʦʜʘ ʋʣʴʷʥʦʚʩʢ: 54Á19,00' ʩʝʚʝʨʥʦʡ 

ʰʠʨʦʪʳ ʠ 48Á23,00' ʚʦʩʪʦʯʥʦʡ ʜʦʣʛʦʪʳ. ʂʦʦʨʜʠʥʘʪʳ ʛʦʨʦʜʘ ʄʦʩʢʚʘ:  

55Á 45' 07" ʩʝʚʝʨʥʦʡ ʰʠʨʦʪʳ 37Á 36' 59" ʚʦʩʪʦʯʥʦʡ ʜʦʣʛʦʪʳ. ʇʦʩʣʝ 

ʧʦʜʩʪʘʥʦʚʢʠ ʵʪʠʭ ʟʥʘʯʝʥʠʡ ʚ ʬʦʨʤʫʣʫ 1 ʧʦʣʫʯʠʤ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʦʙʲʝʢʪʘʤʠ ʧʦ ʬʦʨʤʫʣʝ 2, ʨʘʚʥʦʝ 703,648 ʢʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʧʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ çɺʦʟʨʘʩʪè, çʆʙʨʘʟʦʚʘʥʠʝè ʠ çɻʦʨʦʜè, ʧʝʨʝʜ ʨʘʩʯʝʪʦʤ 

ʠʪʦʛʦʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʥʦʨʤʠʨʦʚʘʪʴ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʟʥʘʯʝʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 1. ʅʦʨʤʠʨʦʚʘʥʠʝ ʟʥʘʯʝʥʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʥʘʠʙʦʣʝʝ ʦʙʱʝʫʧʦʪʨʝʙʣʷʝʤʦʛʦ ʩʧʦʩʦʙʘ ʧʨʠʚʝʜʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʢ 

ʙʝʟʨʘʟʤʝʨʥʦʤʫ ʚʠʜʫ ï ʣʠʥʝʡʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ: 
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                                                ώὼ   ,                                           (4) 

ʛʜʝ ὼ ï ʟʥʘʯʝʥʠʝ i-ʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʘ, ὼ  ï ʤʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ Ὥ-ʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʘ ʠʟ ʚʩʝʡ ʚʳʙʦʨʢʠ, ὼ  ï 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ Ὥ-ʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʘ ʠʟ ʚʩʝʡ ʚʳʙʦʨʢʠ. 

ʇʦʜʩʪʘʚʠʚ ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ ʥʦʨʤʠʨʦʚʢʠ ʧʦ ʬʦʨʤʫʣʝ (4) ʟʥʘʯʝʥʠʷ 

ʨʘʩʩʪʦʷʥʠʡ ʧʦ ʢʘʞʜʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʚ ʬʦʨʤʫʣʫ (3), ʧʦʣʫʯʠʤ, ʯʪʦ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʙʲʝʢʪʦʤ ʇʨʦʬʠʣʴ_1 ʠ ʦʙʲʝʢʪʦʤ ʇʨʦʬʠʣʴ_2: 

Ὀ π 0,81+0,5+0,97=2,28. 

ʇʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ 

ʦʙʲʝʢʪʦʤ ʇʨʦʬʠʣʴ_1 ʠ ʦʩʪʘʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 ï ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʙʲʝʢʪʦʤ ʇʨʦʬʠʣʴ_1 ʠ ʦʩʪʘʣʴʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ 

ʇʨʦʬʠʣʴ ʈʘʩʩʪʦʷ-

ʥʠʝ  

ʇʦʣ 

ʈʘʩʩʪʦʷ-

ʥʠʝ 

ɺʦʟʨʘʩʪ 

ʈʘʩʩʪʦʷʥʠʝ 

ʆʙʨʘʟʦʚʘʥʠʝ 

ʈʘʩʩʪʦʷʥʠʝ 

ɻʦʨʦʜ 

ʀʪʦʛʦʚʦʝ 

ʨʘʩʩʪʦʷʥʠʝ 

ʇʨʦʬʠʣʴ_2 0 0,81 0,5 0,97 2,28 

ʇʨʦʬʠʣʴ_3 1 0,1 0 0,97 2,07 

ʇʨʦʬʠʣʴ_4 1 0 0 0 1 

ʇʨʦʬʠʣʴ_5 0 0,86 0 0,89 1,75 

ʇʨʦʬʠʣʴ_6 1 0,83 0 0 1,83 

ʇʨʦʬʠʣʴ_7 0 0,23 1 0,05 1,28 

ʇʨʦʬʠʣʴ_8 1 1 0,5 1 3,5 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʩʪʘʪʴʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ, ʚʳʙʦʨ ʠ ʘʜʘʧʪʘʮʠʷ 

ʘʣʛʦʨʠʪʤʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʛʨʫʧʧʳ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʝʨʚʠʩʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʦʮʠʘʣʴʥʦʛʦ ʧʦʨʪʨʝʪʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʩʦʜʝʨʞʠʤʦʛʦ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ. ʊʘʢʦʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʪ ʧʨʦʚʝʩʪʠ 

ʩʝʛʤʝʥʪʘʮʠʶ ʘʫʜʠʪʦʨʠʠ ʛʨʫʧʧʳ ʠ ʧʦʣʫʯʠʪʴ ʩʦʮʠʘʣʴʥʳʡ ʧʦʨʪʨʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʟ ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ.  

ɹʳʣ ʧʨʦʚʝʜʝʥ ʦʙʟʦʨ ʤʝʪʦʜʦʚ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʠ ʦʙʦʩʥʦʚʘʥ ʚʳʙʦʨ ʤʝʪʦʜʘ 

ʥʝʯʝʪʢʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ Fuzzy c-means. ɼʣʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ ʦʧʠʩʘʥʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʚʳʙʦʨʘ ʤʝʪʨʠʢʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʌʦʥʜʫ ʩʦʜʝʡʩʪʚʠʷ 

ʠʥʥʦʚʘʮʠʷʤ ʟʘ ʧʦʤʦʱʴ ʚ ʬʠʥʘʥʩʠʨʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[safe-surf, 2013] safe-surf, ʉʦʮʠʘʣʴʥʳʡ ʧʦʨʪʨʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʂʪʦ ʠ ʟʘʯʝʤ 

ʝʛʦ ʩʦʩʪʘʚʣʷʝʪ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] //ɹʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ 

ʩʝʪʠ ʠʥʪʝʨʥʝʪ: [ʩʘʡʪ].URL: https://safe-surf.ru/users-of/article/611617/ (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 11.07.2019).  

[ɺʘʨʣʘʤʦʚ, 2012] ʉʨʘʚʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʦʪʥʦʰʝʥʠʷ Ŭ-ʢʚʘʟʠʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʠʝʨʘʨʭʠʯʝʩʢʠʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] 

//[ʩʘʡʪ].URL: http://seminar.at.ispras.ru/wp-

content/uploads/2012/07/Varlamov-thesis.pdf (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

11.07.2019). 

[ʌʠʣʠʧʧʦʚ, 2013] ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʘʨʭʠʚʘ ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ / ʌʠʣʠʧʧʦʚ ɸ.ɸ.: 

ʜʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ / 

ʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ï ʋʣʴʷʥʦʚʩʢ, 

ï 2013. 
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[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] //ɸʣʛʦʨʠʪʤʳ: [ʩʘʡʪ].URL: http://blogs.it-

claim.ru/akulazhski/algoritmy/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 11.07.2019).  
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ʋɼʂ 004.93'14 

ʈɸʉʇʆɿʅɸɺɸʅʀɽ ʉʃʀɺʆɺ ʊʆʇʃʀɺɸ  

ɺ ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʆʁ ʊɽʍʅʀʂɽ 

ɸʥʘʰʢʠʥʘ ʖ.ɺ.(julyaanashkin@yandex.ru) 

ɹɻʊʋ ʠʤ. ɺ.ɻ.ʐʫʭʦʚʘ, ɹʝʣʛʦʨʦʜ 

ʍʠʱʝʥʠʝ ʪʦʧʣʠʚʘ ï ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʧʨʦʙʣʝʤʘ ʚ ʩʝʣʴʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝ. ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪ ʩʣʠʚ 

ʠʣʠ ʟʘʧʨʘʚʢʫ ʪʦʧʣʠʚʘ, ʫʯʠʪʳʚʘʝʪ ʢʦʣʝʙʘʥʠʝ ʫʨʦʚʥʷ ʪʦʧʣʠʚʘ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʠ ʩʪʦʷʥʢʝ. ʇʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʠʚʘ ʠ ʩʦʢʨʘʪʠʪʴ 

ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʠʱʝʥʠʝ ʪʦʧʣʠʚʘ, ʘʣʛʦʨʠʪʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, 

ʦʮʝʥʢʘ ʈʦʟʝʥʙʣʘʪʪʘ-ʇʘʨʟʝʥʘ, ʤʝʪʦʜ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ 

ʩʛʣʘʞʠʚʘʥʠʷ 

ɺʚʝʜʝʥʠʝ 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʠʜʦʤ ʭʠʱʝʥʠʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʷʚʣʷʝʪʩʷ ʩʣʠʚ 

ʪʦʧʣʠʚʘ [ɹʘʨʳʰʥʠʢʦʚ ʠ ʜʨ., 2018]. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʭʠʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ ʩ ʜʘʪʯʠʢʦʚ ʫʨʦʚʥʷ ʪʦʧʣʠʚʘ 

(ɼʋʊ), ʢʦʪʦʨʳʝ ʬʠʢʩʠʨʫʶʪ ʪʝʢʫʱʠʡ ʫʨʦʚʝʥʴ ʪʦʧʣʠʚʘ ʚ ʙʘʢʝ. ʇʦʢʘʟʘʥʠʷ 

ɼʋʊ ʦʙʨʘʟʫʶʪ ʚʨʝʤʝʥʥʦʡ ʨʷʜ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ  ὸȟὨόὸ ȟ, ʛʜʝ Ὠόὸ ï ʫʨʦʚʝʥʴ ʪʦʧʣʠʚʘ ʚ ʙʘʢʝ ʚ 
ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸ. ɸʥʦʤʘʣʠʠ ʚ ʧʦʚʝʜʝʥʠʠ ʵʪʦʛʦ ʨʷʜʘ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ 
ʢʘʢ ʧʦʜʦʟʨʝʥʠʷ ʥʘ ʩʣʠʚ ʠʣʠ ʟʘʧʨʘʚʢʫ. ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʘʣʛʦʨʠʪʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʬʘʢʪʦʚ ʟʘʧʨʘʚʢʠ ʠ ʩʣʠʚʦʚ 

ʪʦʧʣʠʚʘ ʠ ʠʭ ʟʥʘʯʝʥʠʡ. 

ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʟʘʧʨʘʚʦʢ ʠ ʩʣʠʚʦʚ ʪʦʧʣʠʚʘ ʧʦ 

ʧʦʢʘʟʘʥʠʷʤ ɼʋʊ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ 

ʢʦʤʧʘʥʠʷʤ ʵʢʦʥʦʤʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʧʫʪʝʤ ʚʳʷʚʣʝʥʠʷ ʬʘʢʪʦʚ 

ʭʠʱʝʥʠʷ ʪʦʧʣʠʚʘ. ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʘʢʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʩʦʩʪʦʠʪ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʧʦʢʘʟʘʥʠʡ ɼʋʊ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ 
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ʠ ʩʪʦʷʥʦʢ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 20% ʦʙʲʝʤʦʚ 

ʙʘʢʘ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 100 ï 1200 ʣʠʪʨʦʚ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʪʝʭʥʠʢʠ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʘʣʛʦʨʠʪʤ ʜʦʣʞʝʥ ʨʘʩʧʦʟʥʘʚʘʪʴ 

ʟʘʧʨʘʚʢʠ ʠ ʩʣʠʚʳ ʪʦʧʣʠʚʘ ʩ ʧʨʠʝʤʣʝʤʦʡ ʥʘ ʧʨʘʢʪʠʢʝ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʘʤʦʛʦ ʬʘʢʪʘ ʟʘʧʨʘʚʢʠ ʠʣʠ ʩʣʠʚʘ ʠ ʠʭ ʟʥʘʯʝʥʠʡ. ʆʩʥʦʚʥʳʤ 

ʧʦʜʭʦʜʦʤ ʚ ʨʝʰʝʥʠʠ ʵʪʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʩʛʣʘʞʠʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʪʦʧʣʠʚʘ ʠ ʦʮʝʥʢʘ ʠʭ ʬʘʢʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ. 

ʆʜʥʠʤ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʩʛʣʘʞʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʘʣʛʦʨʠʪʤ ʩʢʦʣʴʟʷʱʝʝ ʩʨʝʜʥʝʝ [ʉʘʨʳʯʝʚ, 2009]. ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʦʪʥʦʩʠʪʩʷ ʢ 

ʩʝʤʝʡʩʪʚʫ ʬʫʥʢʮʠʡ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʚʥʳ 

ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʠʩʭʦʜʥʦʡ ʬʫʥʢʮʠʠ ʟʘ ʧʨʝʜʳʜʫʱʠʡ ʧʝʨʠʦʜ: 

άὥ

В ώ

ύ
ȟ 

ʛʜʝ ύ ï ʦʢʥʦ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ: ʯʝʤ ʦʥʦ ʙʦʣʴʰʝ, ʪʝʤ ʙʦʣʴʰʝ ʜʘʥʥʳʭ 

ʫʯʘʩʪʚʫʝʪ ʚ ʨʘʩʯʝʪʝ ʩʨʝʜʥʝʛʦ, ʪʝʤ ʙʦʣʝʝ ʛʣʘʜʢʦʡ ʧʦʣʫʯʘʝʪʩʷ ʢʨʠʚʘʷ 

[ʉʘʨʳʯʝʚ, 2009]. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʜʣʷ 

ʩʛʣʘʞʠʚʘʥʠʷ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ 

ʪʝʥʜʝʥʮʠʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʣʠʚʘ ʪʦʧʣʠʚʘ ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝ 

ʧʦʜʦʰʝʣ. ʊʘʢ ʢʘʢ ʘʣʛʦʨʠʪʤ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ ʩʛʣʘʞʠʚʘʝʪ ʤʝʣʢʠʝ 

ʥʝʨʦʚʥʦʩʪʠ, ʪʝʤ ʩʘʤʳʤ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʚʪʦʨʷʷ ʠʩʭʦʜʥʫʶ ʢʨʠʚʫʶ ʜʘʥʥʳʭ. 

ɸʣʛʦʨʠʪʤ ʥʝ ʩʧʦʩʦʙʝʥ ʫʯʝʩʪʴ ʨʝʟʢʦʛʦ ʩʢʘʯʢʘ ʫʨʦʚʥʷ ʪʦʧʣʠʚʘ ʧʨʠ 

ʪʦʨʤʦʞʝʥʠʠ ʠʣʠ ʥʘʯʘʣʝ ʜʚʠʞʝʥʠʷ, ʠʟ-ʟʘ ʯʝʛʦ ʥʝʚʦʟʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ 

ʜʦʩʪʘʪʦʯʥʫʶ ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. 

ʇʦʜʭʦʜ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ, ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. 

ʌʘʢʪʠʯʝʩʢʠʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʩʫʤʤʦʡ ʢʫʩʦʯʥʦ-

ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ ʠ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʩ ʥʝʠʟʚʝʩʪʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, 

ʤʦʜʝʣʠʨʫʶʱʝʡ ʚʩʝʚʦʟʤʦʞʥʳʝ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʪʦʧʣʠʚʘ ʚ ʙʘʢʝ. 

ʇʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʤʝʪʦʜʦʤ ʈʦʟʝʥʙʣʘʪʪʘ-

ʇʘʨʟʝʥʘ, ʘ ʟʘʪʝʤ ʜʘʥʥʳʝ ɼʋʊ ʩʛʣʘʞʠʚʘʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʬʠʣʴʪʨʘ. 

1 ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʄʝʪʦʜ ʈʦʟʝʥʙʣʘʪʪʘ-ʇʘʨʟʝʥʘ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ 1956 ʛʦʜʫ ʄʶʨʨʝʝʤ 

ʈʦʟʝʥʙʣʘʪʪʦʤ ʠ ʧʦʟʞʝ ʦʙʦʙʱʝʥ ʕʤʤʘʥʫʵʣʝʤ ʇʘʨʟʝʥʦʤ [ɼʦʙʨʦʥʝʮ ʠ ʜʨ., 

2017]. ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʣʝʞʠʪ ʷʜʝʨʥʘʷ ʦʮʝʥʢʘ ʧʣʦʪʥʦʩʪʠ ï 

ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʦʮʝʥʢʠ ʧʣʦʪʥʦʩʪʠ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ. ʕʪʦ 

ʤʝʪʦʜ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʦʤ ʜʝʣʘʝʪʩʷ ʟʘʢʣʶʯʝʥʠʝ ʦ 
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ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʢʦʥʝʯʥʳʭ 

ʚʳʙʦʨʢʘʭ ʜʘʥʥʳʭ. 

ʄʝʪʦʜ ʈʦʟʝʥʙʣʘʪʪʘ-ʇʘʨʟʝʥʘ ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʩʚʷʟʘʥʘ ʩ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʝʨʝʟ 

ʦʧʝʨʘʪʦʨʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ [ɹʘʨʜʘʩʦʚ, 2017], ʢʦʪʦʨʳʡ ʟʘʤʝʥʷʝʪʩʷ 

ʢʦʥʝʯʥʦʡ ʨʘʟʥʦʩʪʴʶ: 

Ὢ ὼ
ὨὊὼ

Ὠὼ

Ὂὼ Ὤ Ὂὼ Ὤ

ςὬ
Ȣ                      ρ 

ʌʦʨʤʫʣʘ (1) ʙʝʨʝʪʩʷ ʟʘ ʦʩʥʦʚʫ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʦʮʝʥʢʠ ʧʣʦʪʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ Ὢὼ. 

ʌʫʥʢʮʠʠ Ὂὼ Ὤ, Ὂὼ Ὤ ʟʘʤʝʥʷʶʪʩʷ ʧʨʦʩʪʝʡʰʠʤʠ ʢʫʩʦʯʥʦ-

ʧʦʩʪʦʷʥʥʳʤʠ ʦʮʝʥʢʘʤʠ, ʧʦʩʪʨʦʝʥʥʳʤʠ ʥʘ ʦʩʥʦʚʝ ʚʳʙʦʨʢʠ ὼȟȣȟὼ ʜʣʷ 

ʦʜʥʦʤʝʨʥʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ὢ. ʊʦʛʜʘ ʦʮʝʥʢʘ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ 

ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ: 

Ὢὼ

ρ
ὲ
В ρὼ Ὤ ὼ

ρ
ὲ
В ρὼ Ὤ ὼ

ςὬ
 

ρ

ὲ

ρ

Ὤ

ρὼ Ὤ ὼ ρὼ Ὤ ὼ

ς
Ȣ                        ς 

ɺ ʬʦʨʤʫʣʝ (2) ʚʳʨʘʞʝʥʠʝ ʧʦʜ ʟʥʘʢʦʤ ʩʫʤʤʳ ʥʘʟʳʚʘʶʪ 

ʩʝʣʝʢʪʠʨʫʶʱʠʤ ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʷʜʨʦʤ: 
ρὼ Ὤ ὼ ρὼ Ὤ ὼ

ς
Ὅ
ὼ ὼ

Ὤ
Ȣ 

ʗʜʨʦ Ὅᾀ ʩʠʤʤʝʪʨʠʯʥʦʝ, ʠ ʧʣʦʱʘʜʴ ʧʦʜ ʢʨʠʚʦʡ Ὅᾀ ʨʘʚʥʘ ʝʜʠʥʠʮʝ. 

ʕʪʘ ʬʫʥʢʮʠʷ ʥʠʯʝʤ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ᾀ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʚ 

ʠʥʪʝʨʚʘʣʝ [-1;1]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʮʝʥʢʘ ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʠʤʝʝʪ ʚʠʜ: 

Ὢὼ
ρ

ὲ

ρ

Ὤ
Ὅ
ὼ ὼ

Ὤ
Ȣ 

ɿʘʤʝʥʠʤ ʚ ʦʮʝʥʢʝ Ὢὼ ʧʨʷʤʦʫʛʦʣʴʥʦʝ ʷʜʨʦ Ὅᾀ ʥʘ ʧʨʦʠʟʚʦʣʴʥʦʝ 

ὑᾀ ʠ ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʦʮʝʥʢʠ ʈʦʟʝʥʙʣʘʪʪʘ-ʇʘʨʟʝʥʘ:  

Ὢὼ
ρ

ὲ

ρ

Ὤ
ὑ
ὼ ὼ

Ὤ
ȟ 

ʛʜʝ ὑᾀ ï ʧʨʦʠʟʚʦʣʴʥʘʷ ʯʝʪʥʘʷ ʬʫʥʢʮʠʷ, ʥʘʟʳʚʘʝʤʘʷ ʬʫʥʢʮʠʝʡ ʷʜʨʘ ʠʣʠ 

ʦʢʥʘ, Ὤ ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʳʪʦʩʪʠ ʷʜʨʘ ʠʣʠ ʰʠʨʠʥʘ ʦʢʥʘ. ʉʪʝʧʝʥʴ 

ʛʣʘʜʢʦʩʪʠ ʦʮʝʥʢʠ ʧʣʦʪʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʛʣʘʜʢʦʩʪʠ ʷʜʨʘ, ʧʦʵʪʦʤʫ 

ʥʘ ʧʨʘʢʪʠʢʝ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʦʣʝʝ ʛʣʘʜʢʠʝ ʬʫʥʢʮʠʠ. ʐʠʨʠʥʘ ʦʢʥʘ 
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ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ [ʄʝʱʝʨʷʢʦʚ ʠ ʜʨ., 

2017] ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʇʨʠ ʩʣʠʰʢʦʤ ʤʘʣʦʤ ʦʢʥʝ 

ʧʣʦʪʥʦʩʪʴ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚʙʣʠʟʠ ʵʢʩʪʨʝʤʫʤʦʚ. ʇʨʠ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʤ 

ʦʢʥʝ ʧʣʦʪʥʦʩʪʴ ʚʳʨʦʞʜʘʝʪʩʷ ʚ ʢʦʥʩʪʘʥʪʫ. 

2 ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʩʣʠʚʦʚ ʠ ʟʘʧʨʘʚʦʢ ʪʦʧʣʠʚʘ 

2.1 ɸʣʛʦʨʠʪʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʟʘʜʘʯʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʩʣʠʚʦʚ ʪʦʧʣʠʚʘ ʪʨʝʙʫʝʪʩʷ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʣʫʯʘʡʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʘ ʩʛʣʘʞʠʚʘʪʴ ʠʭ. ʇʦʵʪʦʤʫ ʤʝʪʦʜ ʈʦʟʝʥʙʣʘʪʪʘ-

ʇʘʨʟʝʥʘ ʙʳʣ ʧʨʠʤʝʥʝʥ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʬʠʣʴʪʨʦʤ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʧʦʣʫʯʝʥ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ: 

1. ɼʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ὸȟὨόὸ ȟ ʚʳʯʠʩʣʷʝʤ ʜʠʩʢʨʝʪʥʫʶ 

ʧʨʦʠʟʚʦʜʥʫʶ ʧʦ ʬʦʨʤʫʣʝ: 

Ὢ ὸ
Ὠόὸ Ὠόὸ

ὸ ὸ
ȟὭ ρȟὲȢ 

2. ʇʨʦʠʟʚʦʜʠʤ ʥʦʨʤʠʨʦʚʢʫ ʚʝʣʠʯʠʥʳ Ὢ ὸ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʚʳʨʘʞʝʥʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʫʨʦʚʥʷ 

ʪʦʧʣʠʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ. ʀʱʝʤ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʦ ʤʦʜʫʣʶ 

ʧʨʦʠʟʚʦʜʥʫʶ ʠ ʜʝʣʠʤ ʥʘ ʥʝʝ ʚʩʝ ʵʣʝʤʝʥʪʳ Ὢ ὸ : 

ÆÔ
ÆÔ

ÍÁØ ȿÆÔȿ
Ȣ 

3. ʇʨʦʠʟʚʝʜʝʤ ʩʛʣʘʞʠʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʬʠʣʴʪʨʘ Ὢ Ὢ ὸ : 

Ὢ Ὢ ὸ
ςɇὩ ς

Ὡ Ὡ
ȟ 

ʛʜʝ Ὧ π ï ʧʘʨʘʤʝʪʨ ʩʛʣʘʞʠʚʘʥʠʷ. 

4. ʇʨʦʠʟʚʦʜʠʤ ʬʠʣʴʪʨʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʢʠ ʧʣʦʪʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ. ʉʨʘʚʥʠʚʘʝʤ ʤʦʜʫʣʴ ʦʮʝʥʢʠ Ὢ Ὢ ὸ  

ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʦ ʤʦʜʫʣʶ ʟʥʘʯʝʥʠʝʤ ʦʮʝʥʢʠ ʥʘ ʚʩʝʤ ʚʨʝʤʝʥʥʦʤ 

ʦʪʨʝʟʢʝ, ʫʤʥʦʞʝʥʥʳʤ ʥʘ ʛʨʘʥʠʮʫ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʘʟʥʦʩʪʠ ï 

ÂÏÒÄÅÒ.  ʊʦ ʝʩʪʴ ʠʟ ʠʩʭʦʜʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʚʳʜʝʣʷʝʤ ʩʦʙʳʪʠʷ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʶ: 

Ὢ Ὢ ὸ ὦέὶὨὩὶάzὥὼ Ὢ Ὢ ὸ Ȣ 
5. ɿʘʪʝʤ ʢʣʘʩʩʠʬʠʮʠʨʫʝʤ ʧʦʜʦʟʨʠʪʝʣʴʥʳʝ ʩʦʙʳʪʠʷ ʥʘ ʟʘʧʨʘʚʢʫ ʠ 

ʩʣʠʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʢʘ Ὢ Ὢ ὸ . ɽʩʣʠ ʦʮʝʥʢʘ 

ʧʦʣʦʞʠʪʝʣʴʥʘʷ, ʪʦ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʟʘʧʨʘʚʢʘ. ɽʩʣʠ ʦʮʝʥʢʘ 

ʦʪʨʠʮʘʪʝʣʴʥʘʷ, ʪʦ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʩʣʠʚ.  
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2.2 ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ɸʣʛʦʨʠʪʤ ʬʠʣʴʪʨʘ ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʩʛʣʘʞʠʚʘʥʠʝʤ ʙʳʣ 

ʧʨʦʛʨʘʤʤʥʦ ʨʝʘʣʠʟʦʚʘʥ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʥʘ ʨʝʘʣʴʥʳʭ ʠ ʠʤʠʪʘʮʠʦʥʥʳʭ 

ʜʘʥʥʳʭ.  

ʅʘ ʩʣʝʜʫʶʱʠʭ ʨʠʩʫʥʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥ r ʨʝʟʫʣʴʪʘʪ r ʨʘʙʦʪʳ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʘ ʜʚʫʭ ʥʘʙʦʨʘʭ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʠ Ὧ ςȟυ 
ʠ ὦέὶὨὩὶπȟφ (ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʳʙʨʘʥʳ ʵʤʧʠʨʠʯʝʩʢʠ). ɼʘʥʥʳʝ 

ʨʘʟʣʠʯʘʶʪʩʷ ʦʙʲʝʤʦʤ ʚʳʙʦʨʢʠ ʠ ʭʘʨʘʢʪʝʨʦʤ ʧʝʨʝʜʚʠʞʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ (ʊʉ).  

ʅʘ ʛʨʘʬʠʢʘʭ ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʪʦʧʣʠʚʘ ʜʣʷ 

ʜʚʫʭ ʩʦʩʪʦʷʥʠʡ ʊʉ: çʊʉ ʚ ʜʚʠʞʝʥʠʠè ʠ çʊʉ ʚ ʧʦʢʦʝè. ʂʨʠʚʘʷ ʯʝʨʥʦʛʦ 

ʮʚʝʪʘ ʦʪʦʙʨʘʞʘʝʪ ʦʮʝʥʢʫ ʤʝʪʦʜʦʤ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ. ʉʝʨʘʷ 

ʢʨʠʚʘʷ ï ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʪʝʢʫʱʝʤʫ ʠ ʧʨʝʜʳʜʫʱʝʤʫ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ɼʋʊ, ʵʪʦ ʧʝʨʚʳʡ ʰʘʛ ʤʝʪʦʜʘ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ. 

ʊʝʩʪʦʚʳʝ ʜʘʥʥʳʝ ˉ1: 

 

ʈʠʩʫʥʦʢ 1 ï ʊʝʩʪʦʚʳʝ ʜʘʥʥʳʝ ˉ1, ʊʉ ʚ ʜʚʠʞʝʥʠʠ 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʪʦʧʣʠʚʘ, 

ʢʦʛʜʘ ʊʉ ʥʘʭʦʜʠʪʩʷ ʚ ʜʚʠʞʝʥʠʠ. ʍʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʡ ʤʘʢʩʠʤʫʤ ʯʝʨʥʦʡ 

ʢʨʠʚʦʡ ʚ ʨʘʡʦʥʝ 259 ʦʪʤʝʪʢʠ ʚʨʝʤʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʫʨʦʚʥʷ ʪʦʧʣʠʚʘ ʚ ʙʘʢʝ. ʉʝʨʘʷ ʢʨʠʚʘʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚʦʟʨʘʩʪʘʝʪ 

ï ʘʣʛʦʨʠʪʤ ʦʙʥʘʨʫʞʠʣ ʟʘʧʨʘʚʢʫ.  

ɿʘʤʝʪʠʤ, ʯʪʦ ʨʝʟʢʠʝ ʢʦʣʝʙʘʥʠʷ ʪʦʧʣʠʚʘ ʪʘʢʞʝ ʠʤʝʶʪʩʷ ʚ ʨʘʡʦʥʝ 340 

ʦʪʤʝʪʢʠ ʚʨʝʤʝʥʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ ʘʣʛʦʨʠʪʤ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʪ ʠʭ ʢʘʢ ʩʣʠʚ ʪʦʧʣʠʚʘ, ʘ ʧʨʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ 

ʵʪʠ ʢʦʣʝʙʘʥʠʷ ʠʛʥʦʨʠʨʫʶʪʩʷ. ʌʘʢʪʠʯʝʩʢʠ ʚ ʵʪʦ ʚʨʝʤʷ ʪʝʭʥʠʢʘ ʨʘʙʦʪʘʣʘ ʚ 

ʧʦʣʝ, ʪ. ʝ. ʢʦʣʝʙʘʥʠʷ ʧʦʢʘʟʘʥʠʡ ɼʋʊ ʚʳʟʚʘʥʳ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʧʨʠʯʠʥʘʤʠ.  
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ʈʠʩʫʥʦʢ 2 ï ʊʝʩʪʦʚʳʝ ʜʘʥʥʳʝ ˉ1, ʊʉ ʚ ʧʦʢʦʝ 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʪʦʧʣʠʚʘ,  

ʚ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ. ʆʪʯʝʪʣʠʚʦ 

ʚʠʜʥʦ, ʯʪʦ ʚ ʨʘʡʦʥʝ 121 ʦʪʤʝʪʢʠ ʚʨʝʤʝʥʠ ʘʣʛʦʨʠʪʤ ʬʠʢʩʠʨʫʝʪ ʟʘʧʨʘʚʢʫ. 

ʊʝʩʪʦʚʳʝ ʜʘʥʥʳʝ ˉ2: 

 

ʈʠʩʫʥʦʢ 3 ï ʊʝʩʪʦʚʳʝ ʜʘʥʥʳʝ ˉ2, ʊʉ ʚ ʜʚʠʞʝʥʠʠ 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʪʦʧʣʠʚʘ ʚ 

ʧʝʨʠʦʜ ʨʘʙʦʪʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ 

ʪʦʧʣʠʚʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʘʡʦʥʝ 72 ʠ 185 ʦʪʤʝʪʦʢ ʚʨʝʤʝʥʠ ï ʘʣʛʦʨʠʪʤ 

ʟʘʬʠʢʩʠʨʦʚʘʣ 2 ʟʘʧʨʘʚʢʠ. 
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ʈʠʩʫʥʦʢ 4 ï ʊʝʩʪʦʚʳʝ ʜʘʥʥʳʝ ˉ2, ʊʉ ʚ ʧʦʢʦʝ 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʪʦʧʣʠʚʘ ʚ 

ʧʝʨʠʦʜ, ʢʦʛʜʘ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ. ʆʪʯʝʪʣʠʚʦ 

ʚʠʜʥʦ, ʯʪʦ ʚ ʨʘʡʦʥʝ 470 ʦʪʤʝʪʢʠ ʚʨʝʤʝʥʠ ʘʣʛʦʨʠʪʤ ʬʠʢʩʠʨʫʝʪ 

ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʟʘʧʨʘʚʢʫ, ʘ ʚ ʨʘʡʦʥʝ 473 ʦʪʤʝʪʢʠ ʚʨʝʤʝʥʠ ʙʳʣ 

ʟʘʬʠʢʩʠʨʦʚʘʥ ʩʣʠʚ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʡ ʩʣʠʚ ʙʳʣ 

ʥʝʦʙʭʦʜʠʤ ʧʨʦʠʟʚʦʜʩʪʚʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʝʤʦʥʪʘ ʙʘʢʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʨʝʜʩʪʚʘ. 

ɸʣʛʦʨʠʪʤ ʬʠʣʴʪʨʘ ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʩʛʣʘʞʠʚʘʥʠʝʤ ʪʘʢ ʞʝ ʙʳʣ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʠ ʥʘ ʠʤʠʪʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ ʩ ʛʝʥʝʨʘʪʦʨʘ 

ʧʦʢʘʟʘʥʠʡ ɼʋʊ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ 100 ʠʩʧʳʪʘʥʠʡ, ʠʟ ʢʦʪʦʨʳʭ ʚ 86 ʩʣʫʯʘʷʭ 

ʙʳʣʠ ʧʨʘʚʠʣʴʥʦ ʨʘʩʧʦʟʥʘʥʳ ʩʣʠʚʳ ʠʣʠ ʟʘʧʨʘʚʢʠ ʪʦʧʣʠʚʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʣʠʚʦʚ ʠʣʠ ʟʘʧʨʘʚʦʢ ʪʦʧʣʠʚʘ 

ʩʦʩʪʘʚʣʷʝʪ 86,3%. ʊʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ ʧʫʪʝʤ ʘʚʪʦ-

ʧʦʜʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ Ὧ ʠ ὦέὶὨὩὶ ʤʝʪʦʜʦʤ ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʠ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʬʘʢʪʳ ʟʘʧʨʘʚʦʢ ʠʣʠ ʩʣʠʚʦʚ ʪʦʧʣʠʚʘ, ʥʦ ʠ ʟʘʱʠʱʝʥ ʦʪ 

ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʙʝʨʝʯʴ ʢʦʤʧʘʥʠʠ ʦʪ ʧʦʪʝʨʠ 

ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʠ ʩʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʘʥʘʣʠʪʠʢʦʤ ʥʘ ʧʦʠʩʢ 

ʩʣʠʚʦʚ ʪʦʧʣʠʚʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʂʦʥʪʘʢʪʥʦʝ ʣʠʮʦ: ɸʥʘʰʢʠʥʘ ʖʣʠʷ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʩʪʫʜʝʥʪʢʘ 2 ʢʫʨʩʘ 

ʤʘʛʠʩʪʨʘʪʫʨʳ. 
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RECOGNITION  OF FUEL PLUMES IN AGRICULTURAL  
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Fuel theft is a common problem in agriculture. The recognition 

algorithm described in the paper is based on a method of exponential 

data smoothing. The developed method determines fuel draining or 

fueling up with sufficient accuracy, while taking into account deviations 

of fuel level while in motion or standstill. The use of the recognition 

method will enable increase of reliability in determining fuel drain and 

reduce duration of data processing. 
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ʈɸɿʈɸɹʆʊʂɸ ʉʀʉʊɽʄʓ ʀʅʊɽɻʈɸʎʀʀ ʈɸɹʆʊʓ  

ʉ ɻʈɸʅʊɸʄʀ ʉ ʂɸʌɽɼʈɸʃʔʅʓʄ ʇʈʀʃʆɾɽʅʀɽʄ 

ɹʝʣʦʫʩʦʚʘ ʊ.ʉ. (zirael36@gmail.com) 

ʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ, ʋʣʴʷʥʦʚʩʢ 

ʆʧʠʩʳʚʘʶʪʩʷ ʦʙʲʝʢʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʮʝʣʴ, ʟʘʜʘʯʠ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʠʥʪʝʛʨʘʮʠʠ ʨʘʙʦʪʳ ʩ ʛʨʘʥʪʘʤʠ ʩ ʢʘʬʝʜʨʘʣʴʥʳʤ 

ʧʨʠʣʦʞʝʥʠʝʤ çNG-Trackerè.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʛʨʘʮʠʷ, ʩʠʩʪʝʤʘ, NG-Tracker, ʛʨʘʥʪ 

ɺʚʝʜʝʥʠʝ 

ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʠʥʪʝʛʨʘʮʠʠ ʨʘʙʦʪʳ ʩ ʛʨʘʥʪʘʤʠ ʩ ʢʘʬʝʜʨʘʣʴʥʳʤ 

ʧʨʠʣʦʞʝʥʠʝʤ çNG-Trackerè ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʥʘʜ 

ʚʳʧʫʩʢʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʦʡ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʇʨʦʛʨʘʤʤʥʘʷ 

ʠʥʞʝʥʝʨʠʷè ʢʘʬʝʜʨʳ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳè ʋʣʴʷʥʦʚʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. çNG-Trackerè ï 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘʫʯʥʦʡ 

ʛʨʫʧʧʳ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʛʨʘʥʪʳ, ʩʪʘʪʴʠ, ʢʦʥʬʝʨʝʥʮʠʠ ʠ 

ʜʨ. ʎʝʣʠ ʩʦʟʜʘʥʠʷ ʜʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ: 

¶ ʧʦʣʫʯʠʪʴ ʫʜʦʙʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʢʫʱʠʤʠ ʘʢʪʠʚʥʦʩʪʷʤʠ ʥʘʫʯʥʦʡ ʛʨʫʧʧʳ; 

¶ ʩʦʟʜʘʪʴ ʥʦʚʫʶ ʬʫʥʢʮʠʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʟʘʜʘʯʘʤʠ ï ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯ ʠʩʧʦʣʥʠʪʝʣʷʤ; 

¶ ʩʦʟʜʘʪʴ ʩʠʩʪʝʤʫ ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʣʷʮʠʠ ʦʧʳʪʘ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ 

ʥʘʫʯʥʦʡ ʛʨʫʧʧʳ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʦʤʘʰʥʷʷ ʩʪʨʘʥʠʮʘ ʢʘʬʝʜʨʘʣʴʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ. ʆʥʘ ʩʦʜʝʨʞʠʪ ʤʦʜʫʣʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʦʙʣʘʩʪʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʪʨʫʜʥʠʢʦʚ ʢʘʬʝʜʨʳ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ, ʦʪʚʝʯʘʶʱʝʡ ʟʘ ʨʘʙʦʪʫ ʩ ʛʨʘʥʪʘʤʠ.  
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ʈʠʩʫʥʦʢ 1 ï ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ 

1 ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

ʉʠʩʪʝʤʘ ʠʥʪʝʛʨʘʮʠʠ ʨʘʙʦʪʳ ʩ ʛʨʘʥʪʘʤʠ ʩ ʢʘʬʝʜʨʘʣʴʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʨʘʙʦʪʥʠʢʦʚ 

ʢʘʬʝʜʨʳ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʯʘʩʪʠ ʠʩʧʦʣʥʝʥʠʷ 

ʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʛʨʘʥʪʘʤ:  

¶ ʩʦʟʜʘʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʛʨʘʥʪʘʤʠ; 

¶ ʧʣʘʥʠʨʦʚʘʥʠʝ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʘ ʨʘʙʦʪ ʧʦ ʛʨʘʥʪʫ; 

¶ ʧʦʜʙʦʨ ʯʣʝʥʦʚ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ ʧʦ ʟʘʜʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ, ʫʯʠʪʳʚʘʷ 

ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʜʨʫʛʠʤʠ ʧʨʦʝʢʪʘʤʠ; 

¶ ʦʧʝʨʘʪʠʚʥʦʝ ʦʪʩʣʝʞʠʚʘʥʠʝ ʚʩʝʭ ʠʟʤʝʥʝʥʠʡ ʚ ʛʨʘʥʪʝ ʧʫʪʝʤ 

ʦʪʧʨʘʚʢʠ ʫʚʝʜʦʤʣʝʥʠʡ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʥʘ ʧʦʯʪʫ ʯʣʝʥʘʤ ʨʘʙʦʯʝʡ 

ʛʨʫʧʧʳ ʛʨʘʥʪʘ; 

¶ ʥʘʜʝʞʥʦʝ ʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʠ ʬʘʡʣʦʚ ʚ ʦʙʱʝʤ ʜʦʩʪʫʧʝ; 

¶ ʢʦʥʪʨʦʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʥʘʫʯʥʳʭ ʠ ʧʫʙʣʠʢʘʮʠʦʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʛʨʘʥʪʘ, ʟʘʷʚʣʝʥʥʳʭ ʧʨʠ ʩʦʟʜʘʥʠʠ. 

 ʆʙʲʝʢʪʦʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʷʚʣʷʣʘʩʴ ʨʘʙʦʯʘʷ ʛʨʫʧʧʘ ʧʦ ʫʯʘʩʪʠʶ ʚ 

ʢʦʥʢʫʨʩʘʭ ʥʘ ʧʦʣʫʯʝʥʠʝ ʛʨʘʥʪʦʚ, ʘ ʧʨʝʜʤʝʪʦʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ï ʫʯʝʪ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʟʘʷʚʢʘʤ ʥʘ ʛʨʘʥʪʳ, ʠʭ ʩʪʘʪʫʩʘʤ ʠ ʚʳʧʦʣʥʷʝʤʳʤ ʨʘʙʦʪʘʤ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʢʘʬʝʜʨʘ 

çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳè ʥʫʞʜʘʣʘʩʴ ʚ ʨʝʘʣʠʟʘʮʠʠ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʤʦʜʫʣʷ ʧʦ ʨʘʙʦʪʝ ʩ ʛʨʘʥʪʘʤʠ ʢʘʢ ʯʘʩʪʠ ʧʦʣʥʦʮʝʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʤʥʦʛʠʭ ʜʝʷʪʝʣʴʥʦʩʪʝʡ ʢʘʬʝʜʨʳ. ʈʘʥʝʝ ʨʘʙʦʪʘ ʩ ʛʨʘʥʪʘʤʠ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʫʤʘʞʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʫʩʪʥʳʭ 

ʜʦʛʦʚʦʨʝʥʥʦʩʪʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʘʥʘ ʨʘʙʦʪ ʠ ʢʦʦʨʜʠʥʘʮʠʠ ʜʝʡʩʪʚʠʡ 

ʩʦʪʨʫʜʥʠʢʦʚ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʝʜʳʜʫʱʠʤ ʥʦʚʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʠʣʦ 
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ʠʩʢʣʶʯʠʪʴ ʚʩʶ ʙʫʤʘʞʥʫʶ ʨʘʙʦʪʫ, ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʦʝ ʭʨʘʥʝʥʠʝ 

ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʩʢʦʦʨʜʠʥʠʨʦʚʘʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʦʚ ʧʦʩʨʝʜʩʪʚʦʤ 

ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʘ ʨʘʙʦʪ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚ ʩʠʩʪʝʤʝ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʨʘʙʦʪʳ ʩʦʪʨʫʜʥʠʢʦʚ ʢʘʬʝʜʨʳ, ʧʦʚʳʰʝʥʠʝ ʦʧʝʨʘʪʠʚʥʦʩʪʠ 

ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʦ ʩʪʘʪʫʩʝ ʨʘʙʦʪ ʧʦ ʛʨʘʥʪʫ ʠ ʩʥʠʞʝʥʠʝ ʪʨʫʜʦʝʤʢʦʩʪʠ 

ʨʘʙʦʪʳ ʙʣʘʛʦʜʘʨʷ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʜʘʯ 

ʧʦ ʛʨʘʥʪʘʤ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʨʠʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʪʨʫʜʘ.  

2 ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ 

ɺʦʧʨʦʩ ʚʳʙʦʨʘ ʪʝʭʥʦʣʦʛʠʡ ʥʝ ʙʳʣ ʘʢʪʫʘʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʨʘʙʦʪʘ ʚʝʣʘʩʴ 

ʥʘʜ ʦʜʥʠʤ ʠʟ ʤʦʜʫʣʝʡ ʢʘʬʝʜʨʘʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʜʨʫʛʠʝ 

ʤʦʜʫʣʠ ʫʞʝ ʯʘʩʪʠʯʥʦ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʪʝʢ ʪʝʭʥʦʣʦʛʠʡ 

ʙʳʣ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥ. ɹʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ, ʷʟʳʢʦʤ 

ʨʝʘʣʠʟʘʮʠʠ ʙʳʣ ʚʳʙʨʘʥ Java. ʉʪʝʢ ʪʝʭʥʦʣʦʛʠʡ:  

1. WEB ï ʦʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ web-ʧʨʠʣʦʞʝʥʠʷ;  

2. JPA ï ʪʝʭʥʦʣʦʛʠʷ, ʪʨʝʙʫʝʤʘʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʦʙʲʝʢʪʥʦ-ʨʝʣʷʮʠʦʥʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʦʚ; 

3. Hibernate ï  ʧʦʧʫʣʷʨʥʘ ̫ʨʝʘʣʠʟʘʮʠʷ ORM-ʤʦʜʝʣʠ; 

4. Spring Boot  ï  ʧʦʤʦʛʘʝʪ ʦʙʣʝʛʯʠʪʴ ʨʘʟʨʘʙʦʪʢʫ ʧʨʠʣʦʞʝʥʠʡ ʟʘ ʩʯʝʪ 

ʥʘʩʪʨʦʡʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʠʣʦʞʝʥʠʷ; 

5. Thymeleaf ï ʩʦʚʨʝʤʝʥʥʳʡ ʩʝʨʚʝʨʥʳʡ ʤʝʭʘʥʠʟʤ Java-ʰʘʙʣʦʥʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʨʤʘ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʛʨʘʥʪʘ. ʌʫʥʢʮʠʠ 

ʩʦʟʜʘʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʛʨʘʥʪʘ ʙʳʣʠ ʧʨʠʥʷʪʦ ʨʘʟʤʝʩʪʠʪʴ ʥʘ ʦʜʥʦʡ 

ʩʪʨʘʥʠʮʝ ï ʧʨʠ ʦʪʢʨʳʪʠʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʛʨʘʥʪʘ ʚʩʝ ʧʦʣʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʧʦʣʥʷʶʪʩʷ ʩʦʭʨʘʥʝʥʥʦʡ ʨʘʥʝʝ ʠʥʬʦʨʤʘʮʠʝʡ, ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʥʦʚʦʛʦ ï ʚʩʝ ʧʦʣʷ ʧʫʩʪʳʝ.  

http://spring-projects.ru/projects/spring-boot
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ʈʠʩʫʥʦʢ 2 ï ʉʪʨʘʥʠʮʘ ʧʨʦʩʤʦʪʨʘ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʛʨʘʥʪʘ 

ʅʘ ʜʘʥʥʦʡ ʩʪʨʘʥʠʮʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʫʧʨʘʚʣʝʥʠʝ 

ʛʨʘʥʪʦʤ ʠ ʝʛʦ ʧʦʢʘʟʘʪʝʣʷʤʠ. ʆʪʦʙʨʘʞʘʝʪʩʷ ʥʘʟʚʘʥʠʝ, ʩʪʘʪʫʩ ʠ 

ʢʦʤʤʝʥʪʘʨʠʡ ʢ ʛʨʘʥʪʫ. ɺ ʜʝʜʣʘʡʥʘʭ ʬʠʢʩʠʨʫʝʪʩʷ ʵʪʘʧʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ 

ʥʘʫʯʥʳʭ ʠ ʧʫʙʣʠʢʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʛʨʘʥʪʘ, ʦʥʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 

ʩʨʝʜʩʪʚʦ ʫʚʝʜʦʤʣʝʥʠʷ. ʌʠʣʴʪʨ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʚʳʙʦʨʝ 

ʩʦʪʨʫʜʥʠʢʦʚ ʜʣʷ ʫʯʘʩʪʠʷ ʚ ʛʨʘʥʪʝ. ʌʠʣʴʪʨ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʠ ʥʘ ʧʦʣʝ 

ʨʫʢʦʚʦʜʠʪʝʣʷ ʛʨʘʥʪʘ, ʠ ʥʘ ʧʦʣʝ ʫʯʘʩʪʥʠʢʦʚ ʠ ʷʚʣʷʝʪʩʷ ʩʚʝʨʥʫʪʳʤ, ʝʩʣʠ 

ʬʠʣʴʪʨʳ ʥʝ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ. ʊʘʢ ʞʝ ʢ ʛʨʘʥʪʫ ʤʦʞʥʦ ʧʨʠʢʨʝʧʠʪʴ ʩʪʘʪʴʠ, 

ʢʦʪʦʨʳʝ ʝʱʝ ʥʝ ʷʚʣʷʶʪʩʷ ʟʘʚʝʨʰʝʥʥʳʤʠ ʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ. ɼʘʣʝʝ ʧʦ 

ʠʭ ʩʪʘʪʫʩʫ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʥʪʨʦʣʴ ʚʳʧʦʣʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ï ʝʩʣʠ ʩʪʘʪʫʩ 

ʩʪʘʪʴʠ çʟʘʚʝʨʰʝʥʘè, ʟʥʘʯʠʪ, ʧʦʢʘʟʘʪʝʣʴ ʚʳʧʦʣʥʝʥ. ɺʦʟʤʦʞʝʥ ʪʘʢ ʞʝ ʠ 

ʙʳʩʪʨʳʡ ʧʝʨʝʭʦʜ ʢ ʧʨʠʢʨʝʧʣʝʥʥʦʡ ʩʪʘʪʴʝ ï ʟʜʝʩʴ ʫʞʝ ʟʘʜʝʡʩʪʚʫʝʪʩʷ 

ʤʦʜʫʣʴ çʉʪʘʪʴʠè ʢʘʬʝʜʨʘʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. ɼʣʷ ʭʨʘʥʝʥʠʷ ʬʘʡʣʘ ʟʘʷʚʢʠ 

ʥʘ ʛʨʘʥʪ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʥʝʦʙʭʦʜʠʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʥʘʜ ʛʨʘʥʪʦʤ 

ʬʘʡʣʦʚ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʧʨʠʢʨʝʧʣʝʥʠʝ ʠ ʦʪʦʙʨʘʞʝʥʠʝ ʬʘʡʣʦʚ. 

ʀʥʪʝʛʨʘʮʠʷ ʚʳʧʦʣʥʷʣʘʩʴ ʩ ʩʘʡʪʦʤ https://kias.rfbr.ru, ʦʪʪʫʜʘ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʚ ʩʠʩʪʝʤʫ ʟʘʛʨʫʞʘʣʠʩʴ ʛʨʘʥʪʳ ʟʘ ʪʝʢʫʱʠʡ ʛʦʜ, 

ʟʘʷʚʢʠ ʥʘ ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʣʠʩʴ ʚ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ. 

ɸʣʛʦʨʠʪʤ ʩʦʟʜʘʥʠʷ ʛʨʘʥʪʘ: 

1. ɸʚʪʦʨʠʟʦʚʘʪʴʩʷ ʚ ʩʠʩʪʝʤʝ; 

2. ʇʝʨʝʡʪʠ ʥʘ ʩʪʨʘʥʠʮʫ ʛʨʘʥʪʦʚ; 

3. ɺʳʙʨʘʪʴ ʬʫʥʢʮʠʶ çɼʦʙʘʚʠʪʴ ʛʨʘʥʪè, ʧʝʨʝʭʦʜ ʥʘ ʩʪʨʘʥʠʮʫ 

ʩʦʟʜʘʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʛʨʘʥʪʘ; 

4. ɿʘʧʦʣʥʠʪʴ ʚʩʝ ʧʦʣʷ, ʧʦʣʷ çʅʘʟʚʘʥʠʝè, çʈʫʢʦʚʦʜʠʪʝʣʴ ʛʨʘʥʪʘè ʠ 

çɼʝʜʣʘʡʥè ʷʚʣʷʶʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤʠ; 
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5. ʅʘʞʘʪʴ ʢʥʦʧʢʫ çʉʦʭʨʘʥʠʪʴè;  

6. ʇʨʦʚʝʨʢʘ ʫʥʠʢʘʣʴʥʦʩʪʠ ʛʨʘʥʪʘ ʧʦ ʥʘʟʚʘʥʠʶ. ɽʩʣʠ ʪʘʢʦʛʦ ʛʨʘʥʪʘ 
ʝʝɦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʚ ʩʠʩʪʝʤʝ, ʪʦ ʚ ʩʧʠʩʢʝ ʛʨʘʥʪʦʚ ʦʪʦʙʨʘʟʠʪʩʷ 

ʪʦʣʴʢʦ ʯʪʦ ʩʦʟʜʘʥʥʳʡ ʛʨʘʥʪ, ʠʥʘʯʝ ʦʪʦʙʨʘʞʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʦʰʠʙʢʠ.  

ɸʣʛʦʨʠʪʤ ʠʥʪʝʛʨʘʮʠʠ ʩ ʩʠʩʪʝʤʦʡ ʂʀɸʉ: 

1. ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʚʳʟʦʚ ʧʣʘʥʠʨʦʚʱʠʢʦʤ ʬʫʥʢʮʠʠ ʟʘʛʨʫʟʢʠ ʛʨʘʥʪʦʚ 
ʧʦ ʟʘʜʘʥʥʦʤʫ ʨʘʩʧʠʩʘʥʠʶ; 

2. ɿʘʧʫʩʢ ʙʨʘʫʟʝʨʘ ʚ headless ʨʝʞʠʤʝ; 

3. ʇʝʨʝʭʦʜ ʥʘ ʩʪʨʘʥʠʮʫ ʩ ʢʦʥʢʫʨʩʘʤʠ, ʫʩʪʘʥʦʚʢʘ ʬʠʣʴʪʨʦʚ ï ʪʝʢʫʱʠʡ 

ʛʦʜ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʘʪʴ ʟʘʷʚʢʫ ʥʘ ʛʨʘʥʪ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ 

ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʨʘʥʪʘʭ; 

4. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʧʠʩʢʘ ʛʨʘʥʪʦʚ, ʧʨʦʚʝʨʢʘ ʠʭ ʫʥʠʢʘʣʴʥʦʩʪʠ ʚ 

ʩʠʩʪʝʤʝ; 

5. ʋʥʠʢʘʣʴʥʳʝ ʛʨʘʥʪʳ ʩʦʭʨʘʥʷʶʪʩʷ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʠʥʪʝʛʨʘʮʠʠ ʨʘʙʦʪʳ ʩ ʛʨʘʥʪʘʤʠ ʩ 

ʢʘʬʝʜʨʘʣʴʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ, ʨʘʙʦʪʘ ʩʦʪʨʫʜʥʠʢʦʚ ʢʘʬʝʜʨʳ ʚ ʦʪʥʦʰʝʥʠʠ 

ʛʨʘʥʪʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʘ. ʇʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʨʝʘʣʠʟʫʝʪ ʚʩʝ ʙʠʟʥʝʩ-

ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʪʨʝʙʦʚʘʣʦʩʴ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦ ʧʣʘʥʫ.   
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ʋɼʂ 665.6 

ʈɸɿʈɸɹʆʊʂɸ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ʉʀʉʊɽʄʓ 

ʇʈʆʄʓʐʃɽʅʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ  

ɼʃʗ ʇʈɽɼʇʈʀʗʊʀʁ ʅɽʌʊɽɻɸɿʆɺʆɻʆ ʉɽʂʊʆʈɸ 

ʀʣʶʰʠʥ ʇ.ʖ. (ilushin-pavel@yandex.ru)  

ʃʝʢʦʤʮʝʚ ɸ.ɺ. (alex.lekomtsev@mail.ru) 

ɻʘʣʢʠʥ ʉ.ɺ. (gnfd@pstu.ru) 

ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʇʝʨʤʴ 

ʇʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ɸʉʇɹ), ʫʩʧʝʰʥʦ ʦʧʨʦʙʦʚʘʥʥʦʡ ʥʘ 

ʦʜʥʦʡ ʠʟ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʦʢ ʆʆʆ çʃʋʂʆʁʃ-ʇɽʈʄʔè. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʪʦʪʠʧʘ ɸʉʇɹ 

ʦʙʝʩʧʝʯʝʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʚ ʦʙʣʘʩʪʠ ʜʦʧʫʩʢʘ ʥʘ 

ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ ʧʦʚʳʰʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ, ʧʦʜʛʦʪʦʚʢʘ ʠ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ 

ʧʦʚʳʰʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʦʤʳʰʣʝʥʥʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʦʭʨʘʥʘ ʪʨʫʜʘ. 

ɺʚʝʜʝʥʠʝ 

ʆʩʦʙʝʥʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʙʫʩʣʦʚʣʠʚʘʶʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʘʜʝʢʚʘʪʥʦʡ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʪʨʫʜʘ [ʏʫʡʢʦ, 2011]. ɼʣʷ 

ʵʪʦʛʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʠʩʪʝʤ rʫʧʨʘʚʣʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʦʙʝʩʧʝʯʝʥʠʝ ʦʧʝʨʘʪʠʚʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʩʬʝʨʝ ʦʭʨʘʥʳ ʪʨʫʜʘ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ [ʉʶʯ, 2008]. ʉʦʟʜʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʠ ʦʭʨʘʥʦʡ ʪʨʫʜʘ ʜʦʣʞʥʦ 

ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʧʦʜʦʙʥʳʤ ʩʠʩʪʝʤʘʤ 

ʫʧʨʘʚʣʝʥʠʷ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʚ ʩʪʘʥʜʘʨʪʘʭ ISO 9001, ISO 14001, 

OHSAS 18001 ʠ ʜʨʫʛʠʭ ʜʦʢʫʤʝʥʪʘʭ [ʄʘʨʢʦʚ, 2011].  
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1 ʉʠʩʪʝʤʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ɻʨʫʧʧʦʡ ʘʚʪʦʨʦʚ ʨʘʟʨʘʙʦʪʘʥʘ ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ɸʉʇɹ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ 

ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʦʧʝʨʘʪʠʚʥʦ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʩʪʨʦʡʩʪʚ, ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʥʘ ʦʧʘʩʥʦʤ ʦʙʲʝʢʪʝ; ʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʠ ʩʦʦʪʚʝʪʩʪʚʠʠ ʧʝʨʩʦʥʘʣʘ ʠ ʣʠʮ, ʜʦʧʫʱʝʥʥʳʭ ʥʘ 

ʦʧʘʩʥʳʡ ʦʙʲʝʢʪ; ʦ ʩʠʪʫʘʮʠʠ ʩ ʭʨʘʥʝʥʠʝʤ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ ʦʧʘʩʥʳʭ 

ʚʝʱʝʩʪʚ; ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʧʨʦʚʝʨʦʢ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʦ ʩʪʘʪʫʩʝ 

ʚʳʧʦʣʥʝʥʠʷ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʧʨʝʜʧʠʩʘʥʠʡ; ʦ ʚʥʫʪʨʝʥʥʠʭ 

ʥʦʨʤʘʪʠʚʘʭ ʠ ʜʦʢʫʤʝʥʪʘʭ ʧʦ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʆʩʥʦʚʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ɸʉʇɹ 

ʷʚʣʷʶʪʩʷ: 

¶ ʩʦʟʜʘʥʠʝ ʝʜʠʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ; 

¶ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʜʝʡʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʥʘʜ 

ʩʦʙʣʶʜʝʥʠʝʤ ʧʨʘʚʠʣ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

¶ ʦʧʝʨʘʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʦʧʘʩʥʦʛʦ ʦʙʲʝʢʪʘ ʠ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

¶ ʦʧʝʨʘʪʠʚʥʳʡ çʧʣʘʥ-ʬʘʢʪè ʢʦʥʪʨʦʣʴ ʚʳʧʦʣʥʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʠ 

ʧʨʝʜʧʠʩʘʥʠʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ; 

¶ ʢʦʥʪʨʦʣʴ ʩʦʙʣʶʜʝʥʠʷ ʧʝʨʩʦʥʘʣʦʤ ʚʥʫʪʨʝʥʥʠʭ ʨʝʛʣʘʤʝʥʪʦʚ ʠ 

ʧʨʘʚʠʣ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʩʩʦʚ; 

¶ ʩʥʠʞʝʥʠʝ ʨʠʩʢʦʚ ʘʚʘʨʠʡ ʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʧʦ ʧʨʠʯʠʥʘʤ 

ʥʝʩʦʙʣʶʜʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

¶ ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʧʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ. 

ʉʠʩʪʝʤʘ ɸʉʇɹ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ ʩʦʛʣʘʩʦʚʘʥʠʷ 

ʚʳʜʘʯʠ ʥʘʨʷʜ-ʜʦʧʫʩʢʘ [ɹʝʣʦʩʣʫʜʮʝʚ, 2019]. ʆʥʘ ʷʚʣʷʝʪʩʷ 

ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʨʦʚʥʷʤʠ ʜʦʩʪʫʧʘ ʩʦʛʣʘʩʥʦ 

ʟʘʥʠʤʘʝʤʦʡ ʜʦʣʞʥʦʩʪʠ ʠ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʫʢʨʫʧʥʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʙʣʦʢʦʚ: ʥʦʨʤʘʪʠʚʥʦ-ʩʧʨʘʚʦʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʠ ʞʫʨʥʘʣ ʥʘʨʷʜ-ʜʦʧʫʩʢʦʚ. 

ʈʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1 ï  ʕʣʝʤʝʥʪʳ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʩʪʝʤʳ 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʣʝʤʝʥʪʳ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʟʙʠʪʳʝ 

ʥʘ ʙʣʦʢʠ ʦʪ 1 ʜʦ 6. 

ɹʣʦʢ 1. ɺʝʜʝʥʠʝ ʥʦʨʤʘʪʠʚʥʦ-ʩʧʨʘʚʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ;  

ɹʣʦʢ 2. ɾʫʨʥʘʣ ʥʘʨʷʜ-ʜʦʧʫʩʢʦʚ; 

ɹʣʦʢ 3. ʇʘʥʝʣʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʬʠʣʴʪʨʘʮʠʠ ʥʘʨʷʜ-ʜʦʧʫʩʢʦʚ;  

ɹʣʦʢ 4. ʀʝʨʘʨʭʠʯʝʩʢʦʝ ʜʝʨʝʚʦ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʥʘʨʷʜ-ʜʦʧʫʩʢʦʚ;  

ɹʣʦʢ 5. ʆʪʦʙʨʘʞʝʥʠʝ ʥʘʨʷʜ-ʜʦʧʫʩʢʦʚ; 

ɹʣʦʢ 6. ɼʘʥʥʳʝ ʫʯʝʪʥʦʡ-ʟʘʧʠʩʠ, ʚʳʭʦʜ ʠʟ ʩʠʩʪʝʤʳ.  

ʀʥʪʝʨʬʝʡʩ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʘʥ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʘʥʜʘʨʪʦʚ ʠ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʧʨʝʜʧʨʠʷʪʠʷ ʆʆʆ çʃʋʂʆʁʃ-ʇɽʈʄʔè, ʠ ʧʨʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʤʦʞʝʪ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥ ʧʦʜ ʜʨʫʛʠʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʦʪʨʘʩʣʠ. 

ɹʣʦʢ çʅʦʨʤʘʪʠʚʥʦ-ʩʧʨʘʚʦʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷè (ʅʉʀ) ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʦʧʝʨʘʪʠʚʥʳʡ ʜʦʩʪʫʧ ʢ ʜʦʢʫʤʝʥʪʘʤ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʠʩʧʦʣʥʠʪʝʣʷʭ ʨʘʙʦʪ (ʨʠʩʫʥʦʢ 2). 
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ʈʠʩʫʥʦʢ 2 ï ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ ʅʉʀ 

ʆʩʥʦʚʥʳʝ ʙʣʦʢʠ ʅʉʀ. 

ɹʣʦʢ 1. ɻʨʫʧʧʳ ʥʦʨʤʘʪʠʚʥʦ-ʩʧʨʘʚʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

ɹʣʦʢ 2. ɼʦʢʫʤʝʥʪʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʚʳʙʨʘʥʥʦʡ ʛʨʫʧʧʝ.  

ɹʣʦʢ 3. ʇʦʠʩʢ ʥʦʨʤʘʪʠʚʥʦ-ʩʧʨʘʚʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

ɻʨʫʧʧʳ ʥʦʨʤʘʪʠʚʥʦ-ʩʧʨʘʚʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʦʜʝʨʞʘʪ ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʩʣʝʜʫʶʱʠʤ ʨʘʟʜʝʣʘʤ:  

ʈʘʩʧʦʨʷʜʠʪʝʣʴʥʳʝ ʜʦʢʫʤʝʥʪʳ: ʇʦʣʦʞʝʥʠʷ, ʀʥʩʪʨʫʢʮʠʠ, 

ʈʘʩʧʦʨʷʞʝʥʠʷ ʦ ʥʘʟʥʘʯʝʥʠʠ, ʉʦʛʣʘʰʝʥʠʷ;  

ʆʧʘʩʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʦʙʲʝʢʪʳ: ʉʧʠʩʦʢ ʦʧʘʩʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ;  

ʉʪʨʫʢʪʫʨʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʢʦʤʧʘʥʠʠ;  

ʀʥʬʦʨʤʘʮʠʷ ʧʦ ʧʦʜʨʷʜʥʳʤ (ʩʝʨʚʠʩʥʳʤ) ʠ ʩʫʙʧʦʜʨʷʜʥʳʤ 

ʦʨʛʘʥʠʟʘʮʠʷʤ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ, ʧʨʦʩʤʦʪʨ, ʭʨʘʥʝʥʠʝ 

ʥʘʨʷʜ-ʜʦʧʫʩʢʦʚ ʥʘ ʧʨʦʚʦʜʠʤʳʝ ʨʘʙʦʪʳ. 

ʌʦʨʤʘ ʟʘʧʦʣʥʝʥʠʷ ʥʘʨʷʜ-ʜʦʧʫʩʢʘ ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʳʝ ʩʧʨʘʚʦʯʥʠʢʠ ʧʦ 

ʪʠʧʘʤ ʨʘʙʦʪ, ʦʙʲʝʢʪʘʤ, ʩʧʝʮʠʘʣʠʩʪʘʤ, ʧʦʜʨʷʜʥʳʤ ʦʨʛʘʥʠʟʘʮʠʷʤ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʨʘʙʦʪʫ ʩ ʥʘʨʷʜ-ʜʦʧʫʩʢʘʤʠ. ʅʘʨʷʜ-ʜʦʧʫʩʢʠ ʠʤʝʶʪ 

ʧʨʠʚʷʟʢʫ ʢʦ ʚʨʝʤʝʥʠ ʠ ʫʪʚʝʨʞʜʘʶʱʝʤʫ ʣʠʮʫ.  

ʉʬʦʨʤʠʨʦʚʘʥʥʳʡ ʥʘʨʷʜ-ʜʦʧʫʩʢ ʦʪʦʙʨʘʞʘʝʪʩʷ ʧʦ ʬʦʨʤʝ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʩʚʝʨʩʪʳʚʘʝʪʩʷ ʜʣʷ ʧʝʯʘʪʠ (ʨʠʩʫʥʦʢ 3). 
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ʈʠʩʫʥʦʢ 3 ï ʉʬʦʨʤʠʨʦʚʘʥʥʳʡ ʚʠʜ ʥʘʨʷʜ-ʜʦʧʫʩʢʘ 

ʅʘʨʷʜ-ʜʦʧʫʩʢ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʚʦʟʤʦʞʥʦ ʧʨʠʩʚʘʠʚʘʪʴ 

ʨʘʟʣʠʯʥʳʡ ʩʪʘʪʫʩ, ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘʢʨʳʪʠʝ ʥʘʨʷʜ-

ʜʦʧʫʩʢʘ. 

2 ʆʧʠʩʘʥʠʝ ʦʙʱʝʛʦ ʘʣʛʦʨʠʪʤʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʆʙʱʠʡ ʘʣʛʦʨʠʪʤ (ʩʮʝʥʘʨʠʡ ʜʝʡʩʪʚʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ï ʨʠʩʫʥʦʢ 4) ʚ 

ʨʘʤʢʘʭ ʧʨʦʮʝʩʩʘ ʩʣʝʜʫʶʱʠʡ. 

ʀʩʧʦʣʥʠʪʝʣʴ ʚ ʧʦʜʨʘʟʜʝʣʝʥʠʠ/ʧʦʜʨʷʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʚʥʦʩʠʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʨʷʜ-ʜʦʧʫʩʢʝ ʥʘ ʨʘʙʦʪʫ ʧʦʚʳʰʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ ʚ ʄʦʜʫʣʴ 

ʠ ʦʧʨʝʜʝʣʷʝʪ ʩʦʛʣʘʩʫʶʱʠʝ ʩʪʦʨʦʥʳ. ʇʦʩʣʝ ʵʪʦʛʦ ʠʩʧʦʣʥʠʪʝʣʴ ʦʪʧʨʘʚʣʷʝʪ 

ʥʘʨʷʜ-ʜʦʧʫʩʢ ʥʘ ʩʦʛʣʘʩʦʚʘʥʠʝ. ʉʦʛʣʘʩʦʚʳʚʘʶʱʠʝ ʣʠʮʘ ʤʦʛʫʪ ʩʦʛʣʘʩʦʚʘʪʴ 

ʜʦʢʫʤʝʥʪ ʠʣʠ ʦʪʧʨʘʚʠʪʴ ʜʦʢʫʤʝʥʪ ʥʘ ʜʦʨʘʙʦʪʢʫ ʠʩʧʦʣʥʠʪʝʣʶ, ʥʘʧʠʩʘʚ ʚ 

ʧʨʠʤʝʯʘʥʠʠ ʦ ʧʨʠʯʠʥʘʭ ʦʪʢʣʦʥʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʝʩʣʠ ʜʦʢʫʤʝʥʪ 

ʨʝʜʘʢʪʠʨʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʦʛʣʘʩʦʚʘʥʠʷ, ʪʦ ʚʩʝ ʬʣʘʛʠ çʉʦʛʣʘʩʦʚʘʥʥʦè 

ʩʥʠʤʘʶʪʩʷ. ɽʩʣʠ ʥʘʨʷʜ-ʜʦʧʫʩʢ ʫʩʧʝʰʥʦ ʩʦʛʣʘʩʦʚʘʥ ʚʩʝʤʠ ʫʯʘʩʪʥʠʢʘʤʠ 

ʧʨʦʮʝʩʩʘ, ʪʦ ʠʩʧʦʣʥʠʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʟʘʢʨʳʪʴ ʜʦʢʫʤʝʥʪ ʜʣʷ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠ ʨʘʩʧʝʯʘʪʘʪʴ ʜʦʢʫʤʝʥʪ. ʇʦʩʣʝ ʵʪʦʛʦ ʠʜʝʪ ʧʦʜʧʠʩʘʥʠʝ ʠ 

ʫʪʚʝʨʞʜʝʥʠʝ ʙʫʤʘʞʥʦʛʦ ʜʦʢʫʤʝʥʪʘ. ɺ ʩʣʫʯʘʝ ʦʙʥʘʨʫʞʝʥʠʷ ʦʰʠʙʢʠ ʚ 

ʟʘʢʨʳʪʦʤ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʜʦʢʫʤʝʥʪʝ ʥʘʨʷʜ-ʜʦʧʫʩʢ ʘʥʥʫʣʠʨʫʝʪʩʷ ʚ 

ʄʦʜʫʣʝ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʥʘʨʷʜ-ʜʦʧʫʩʢ ʧʦʜʧʠʩʘʥ, ʚ ʤʦʜʫʣʝ ʫʯʘʩʪʥʠʢ ʨʦʣʠ 

çʀʩʧʦʣʥʠʪʝʣʴ ʦʪ ʧʦʜʨʘʟʜʝʣʝʥʠʷ/ʧʦʜʨʷʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠè ʧʨʠʩʚʘʠʚʘʝʪ 

ʝʤʫ ʩʪʘʪʫʩ çʆʬʦʨʤʣʝʥè. ɼʣʷ ʥʘʯʘʣʘ ʨʘʙʦʪ ʥʝʦʙʭʦʜʠʤʦ ʦʪʢʨʳʪʴ ʥʘʨʷʜ-

ʜʦʧʫʩʢ, ʵʪʘ ʧʨʦʮʝʜʫʨʘ ʧʨʦʚʦʜʠʪʩʷ ʚ ʪʝ ʜʥʠ, ʢʦʛʜʘ ʧʨʦʠʟʚʦʜʷʪʩʷ ʨʘʙʦʪʳ ʧʦ 
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ʜʦʢʫʤʝʥʪʫ ʚ ʧʨʝʜʝʣʘʭ ʚʨʝʤʝʥʥʦʛʦ ʧʝʨʠʦʜʘ, ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚ ʥʘʨʷʜ-

ʜʦʧʫʩʢʝ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʨʘʙʦʪ ʠʣʠ ʧʨʠ ʠʩʪʝʯʝʥʠʠ ʩʨʦʢʘ ʜʝʡʩʪʚʠʷ ʥʘʨʷʜ-

ʜʦʧʫʩʢʘ ʫʯʘʩʪʥʠʢ ʨʦʣʠ çʀʩʧʦʣʥʠʪʝʣʴ ʦʪ ʧʦʜʨʘʟʜʝʣʝʥʠʷ/ʧʦʜʨʷʜʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠè ʜʦʣʞʝʥ ʧʨʦʚʝʩʪʠ ʦʧʝʨʘʮʠʶ ʟʘʢʨʳʪʠʷ ʥʘʨʷʜ-ʜʦʧʫʩʢʘ 

(ʨʠʩʫʥʦʢ 5). ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʝʘʣʠʟʘʮʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 

 

 

ʈʠʩʫʥʦʢ 4 ï ʉʮʝʥʘʨʠʠ ʜʝʡʩʪʚʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 
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ʈʠʩʫʥʦʢ 5 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

3 ʉʨʝʜʩʪʚʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʣʦʞʝʥʠʷ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʝʨʚʝʨʫ 

ʧʨʠʣʦʞʝʥʠʷ 

ʉʝʨʚʝʨʥʘʷ ʯʘʩʪʴ: ʉʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ Microsoft Visual Studio 2017, ʷʟʳʢ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C#. ʊʠʧ ʧʨʦʝʢʪʘ ASP.NET MVC. ɹʘʟʘ ʜʘʥʥʳʭ 

ʨʝʣʷʮʠʦʥʥʘʷ MS SQL. ʀʥʩʪʨʫʤʝʥʪ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ï 

EntityFramework.  

ʂʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ: ʗʟʳʢ ʨʘʟʤʝʪʢʠ HTML, ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

JavaScript. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʩʝʨʚʝʨʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ AJAX 

ʟʘʧʨʦʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ JQuery. ʆʪʜʝʣʝʥʠʝ ʙʠʟʥʝʩ ʣʦʛʠʢʠ 

ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ ʧʨʠʣʦʞʝʥʠʷ ʦʪ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʙʠʙʣʠʦʪʝʢʠ Knockout. 

ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʧʧʘʨʘʪʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ: 

4-ʷʜʝʨʥʳʡ 64-ʨʘʟʨʷʜʥʳʡ ʧʨʦʮʝʩʩʦʨ ʩ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ 3,0 ɻɻʮ 

ʆʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ 16 ɻɹ 

ʉʚʦʙʦʜʥʳʡ ʦʙʲʝʤ ʞʝʩʪʢʦʛʦ ʜʠʩʢʘ ʥʝ ʤʝʥʝʝ 50 ɻɹ 

ʉʝʪʝʚʦʡ ʠʥʪʝʨʬʝʡʩ 100MBps Ethernet 
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ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ: 

ʆʉ MicrosoftÈ Windows Server 2012 R2 / 2014 R2; 

.NET Framework 4.5.2 

ʉʋɹɼ Microsoft SQL Server 2014 Standard/Business 

Intelligence/Enterprise 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʝʨʩʦʥʘʣʴʥʦʤʫ ʢʦʤʧʴʶʪʝʨʫ ʧʦʣʴʟʦʚʘʪʝʣ ̫

ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʧʧʘʨʘʪʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ: 

ʈʘʟʨʝʰʝʥʠʝ ʵʢʨʘʥʘ 1280Ĭ720 ʠ ʚʳʰʝ. 

ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ:  

ʆʜʠʥ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʙʨʘʫʟʝʨʦʚ: Microsoft Edge, Google Chrome, 

Mozilla Firefox, Opera. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ, 

ʥʘʜʝʞʥʦʩʪʠ ʠ ʫʜʦʙʩʪʚʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʨʝʜʩʪʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʜʦʧʫʩʢʘ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ ʧʦʚʳʰʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ, ʧʦʜʛʦʪʦʚʢʠ ʠ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʩʠʩʪʝʤʳ ʥʘ ʦʙʲʝʢʪʝ ʋʇʇʅ 

çʂʘʤʝʥʥʳʡ ʣʦʛè ʎɼʅɻ ˉ4 ʆʆʆ çʃʋʂʆʁʃ-ʇɽʈʄʔè. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʪʦʪʠʧʘ ɸʉʇɹ ʦʙʝʩʧʝʯʝʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʧʨʦʮʝʩʩʘ ʚ ʦʙʣʘʩʪʠ ʜʦʧʫʩʢʘ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ ʧʦʚʳʰʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ, 

ʧʦʜʛʦʪʦʚʢʘ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ 

ʧʦʚʳʰʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ 

ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʥʝʬʪʝʛʘʟʦʚʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʚ ʦʙʣʘʩʪʠ 

ʙʝʟʦʧʘʩʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦʚʳʰʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ.  
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The article describes the developed automated industrial safety system 

(AISS), successfully tested on the production sites of LLC LUKOIL-

PERM. As a result of the carried out testing of the AISS prototype, the 

automation of the process in the area of access to high-risk work, 

training and testing of specialists in the field of high-risk work was 

ensured. 

Keywords: management system, industrial safety, labor protection. 

  



 

49 

 

ʋɼʂ 004.94  

ɻɽʅɽʊʀʏɽʉʂɸʗ ʆʇʊʀʄʀɿɸʎʀʗ ʇʆɼɹʆʈɸ 

ʀʉʇʆʃʅʀʊɽʃɽʁ ʀɿ ʉʇʀʉʂɸ ʇʆʊɽʅʎʀɸʃʔʅʓʍ 

ʋʏɸʉʊʅʀʂʆɺ ɼʃʗ ʇʈʆɽʂʊʆɺ  

ʉʠʥʜʶʢʦʚʘ ʄ.ʆ.(sindyukova.m@gmail.com),  

ɻʦʨʣʦʚʘ ɽ.ɸ. (gorlova.k@mail.ru) 

ʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ, ʋʣʴʷʥʦʚʩʢ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʧʦʩʦʙ ʧʦʜʙʦʨʘ ʩʦʪʨʫʜʥʠʢʦʚ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʝ ʧʨʦʝʢʪʳ, 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʚ ʋʣʴʷʥʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʠʩʧʦʣʥʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʧʨʦʝʢʪʘ, ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʝʛʠʦʥʘ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʥʘʟʥʘʯʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʷ ʥʘ ʢʦʥʢʨʝʪʥʫʶ 

ʟʘʜʘʯʫ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʚʳʧʦʣʥʝʥʥʳʭ ʠʤʠ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʝʢʪʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ, 

ʦʥʪʦʣʦʛʠʷ, ʧʦʜʙʦʨ ʧʝʨʩʦʥʘʣʘ 

ɺʚʝʜʝʥʠʝ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘ ʫʨʦʚʥʝ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʬʝʜʝʨʘʣʴʥʳʭ ʦʨʛʘʥʦʚ 

ʚʣʘʩʪʠ ʚʩʝ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʶ ʧʨʦʝʢʪʘʤʠ. ʆʜʥʠʤ ʠʟ 

ʛʣʘʚʥʳʭ ʧʨʠʦʨʠʪʝʪʦʚ ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ ʤʘʩʰʪʘʙʥʦʝ ʚʥʝʜʨʝʥʠʝ ʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʝʢʪʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʬʝʜʝʨʘʣʴʥʳʭ, ʚʝʜʦʤʩʪʚʝʥʥʳʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʠʦʨʠʪʝʪʥʳʭ ʧʨʦʝʢʪʦʚ.  

ɺ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʮʝʥʥʦʩʪʠ ʩʦʟʜʘʚʘʝʤʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʨʦʣʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʚʦʟʨʘʩʪʘʝʪ ʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʢʨʫʧʥʳʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʠ 

ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʧʨʦʝʢʪʦʚ. 

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʦʚʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ 

ʦʙʲʝʢʪʠʚʥʳʡ ʚʳʙʦʨ ʢʫʨʘʪʦʨʘ, ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʠ ʦʪʚʝʪʩʪʚʝʥʥʳʭ 

ʠʩʧʦʣʥʠʪʝʣʝʡ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʧʨʦʝʢʪʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʨʫʢʦʚʦʜʠʪʝʣʴ 

ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʙʦʨʘ ʩʦʪʨʫʜʥʠʢʦʚ ʜʣʷ ʨʘʙʦʪʳ ʥʘʜ 
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ʧʨʦʝʢʪʦʤ (ʢʨʠʪʝʨʠʷʤʠ ʦʪʙʦʨʘ ʦʙʳʯʥʦ ʚʳʩʪʫʧʘʶʪ ʦʧʳʪ ʠ ʢʦʤʧʝʪʝʥʮʠʠ 

ʩʦʪʨʫʜʥʠʢʘ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ).   

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʳʪʘ ʠ ʢʦʤʧʝʪʝʥʮʠʡ 

ʩʦʪʨʫʜʥʠʢʦʚ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʦʥʪʦʣʦʛʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜʙʦʨʘ ʩʦʪʨʫʜʥʠʢʦʚ ʥʘ ʧʨʦʝʢʪʳ c ʧʦʤʦʱʴʶ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ.  

ɸʥʘʣʠʟ ʠ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʤʧʝʪʝʥʮʠʷʭ ʠʩʧʦʣʥʠʪʝʣʝʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʷʭ ʬʦʨʤʠʨʫʶʪʩʷ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʙʘʟʳ çʂʦʥʪʨʦʣʴʥʳʝ 

ʧʦʨʫʯʝʥʠè̫. çʂʦʥʪʨʦʣʴʥʦʝ ʧʦʨʫʯʝʥʠʝè ï ʜʦʢʫʤʝʥʪ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ 

ʠʩʧʦʣʥʠʪʝʣʠ ʧʨʦʝʢʪʦʚ ʦʪʯʠʪʳʚʘʶʪʩʷ ʧʦ ʧʨʦʝʢʪʘʤ, ʜʘʣʝʝ ï ʢʦʥʪʨʦʣʴʥʦʝ 

ʧʦʨʫʯʝʥʠʝ. ʕʪʠ ʜʘʥʥʳʝ ʚʳʩʪʫʧʘʶʪ ʢʨʠʪʝʨʠʷʤʠ ʦʪʙʦʨʘ ʜʣʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʘʣʛʦʨʠʪʤʘ. ɿʘʜʘʯʝʡ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʤʘʥʜʳ 

ʷʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʯʣʝʥʦʚ ʢʦʤʘʥʜʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʣʠ ʙʳ:  

1. ʉʦʦʪʚʝʪʩʪʚʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʢʦʤʘʥʜʳ 
ʮʝʣʷʤ ʧʨʦʝʢʪʘ; 

2. ʕʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʚʳʙʨʘʥʥʦʡ ʛʨʫʧʧʳ ʧʦ ʫʧʨʘʚʣʝʥʠʶ 

ʧʨʦʝʢʪʦʤ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʠ ʩʨʝʜʩʪʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʦʜʙʦʨʘ ʠʩʧʦʣʥʠʪʝʣʝʡ ʜʣʷ 

ʧʨʦʝʢʪʦʚ, ʠʩʭʦʜʷ ʠʟ ʟʘʜʘʯ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ, ʦʧʳʪʘ ʨʘʙʦʪʳ 

ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʠʭ ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʷʭ. 

1 ʉʙʦʨ ʠ ʘʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʢʘʥʜʠʜʘʪʦʚ ʜʣʷ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʨʫʯʝʥʠʡ ʧʦ ʧʨʦʝʢʪʘʤ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʤ ʚ 

ʋʣʴʷʥʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʭʘʥʠʟʤ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʬʦʨʤʠʨʫʝʪ ʜʦʢʫʤʝʥʪ çʢʦʥʪʨʦʣʴʥʦʝ 

ʧʦʨʫʯʝʥʠʝè, ʠʩʧʦʣʥʠʪʝʣʴ ʬʦʨʤʠʨʫʝʪ ʦʪʯʝʪ ʦ ʚʳʧʦʣʥʝʥʠʠ ʧʦʨʫʯʝʥʠʷ. 

ʂʦʥʪʨʦʣʴʥʦʝ ʧʦʨʫʯʝʥʠʝ ï ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ 

ʜʦʢʣʘʜ ʦʙ ʠʩʧʦʣʥʝʥʠʠ ʧʦʨʫʯʝʥʠʡ ʠʩʧʦʣʥʠʪʝʣʝʤ (ʦʪʚʝʪʩʪʚʝʥʥʳʤ 

ʠʩʧʦʣʥʠʪʝʣʝʤ), ʢʦʪʦʨʳʡ ʥʝʩʝʪ ʧʝʨʩʦʥʘʣʴʥʫʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ 

ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʠ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠʩʧʦʣʥʝʥʠʝ ʧʦʨʫʯʝʥʠʡ ʥʘ ʧʨʦʝʢʪʘʭ, 

ʨʝʘʣʠʟʫʝʤʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʋʣʴʷʥʦʚʩʢʦʡ ʦʙʣʘʩʪʠ [ʈʘʩʧʦʨʷʞʝʥʠʝ, 2010]. 

ɼʘʥʥʳʡ ʜʦʢʫʤʝʥʪ ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʧʦʨʫʯʝʥʠʠ: 

ʥʘʠʤʝʥʦʚʘʥʠʝ, ʜʘʪʘ ʠ ʥʦʤʝʨ, ʩʪʘʪʫʩ, ʟʘʛʦʣʦʚʦʢ, ʧʦʨʫʯʝʥʠʝ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ 

ʠʩʧʦʣʥʠʪʝʣʴ, ʢʦʥʪʨʦʣʴʥʳʡ ʩʨʦʢ, ʬʘʢʪʠʯʝʩʢʠʡ ʩʨʦʢ, ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʚʳʧʦʣʥʝʥʠʠ ʧʦʨʫʯʝʥʠʷ (ʜʦʢʣʘʜ). ɸʥʘʣʠʟ ʙʘʟʳ ʢʦʥʪʨʦʣʴʥʳʭ ʧʦʨʫʯʝʥʠʡ 

ʧʦʟʚʦʣʠʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʧʠʩʦʢ ʩʦʪʨʫʜʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʣʠ ʢʘʢʠʝ-

ʣʠʙʦ ʨʘʙʦʪʳ ʧʦ ʧʨʦʝʢʪʘʤ, ʦʮʝʥʠʪʴ ʠʭ ʢʦʤʧʝʪʝʥʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ 
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ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʷʭ. ʂʦʥʪʨʦʣʴʥʳʝ ʧʦʨʫʯʝʥʠʷ ʟʘʛʨʫʞʘʶʪʩʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚ ʩʠʩʪʝʤʫ ʚ ʬʦʨʤʘʪʝ *.docx. 

ʀʥʬʦʨʤʘʮʠʶ ʦ ʩʦʪʨʫʜʥʠʢʘʭ, ʜʦʣʞʥʦʩʪʷʭ, ʢʦʤʧʝʪʝʥʮʠʷʭ ʠ ʧʨʝʜʤʝʪʥʳʭ 

ʦʙʣʘʩʪʷʭ ʧʨʦʝʢʪʦʚ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʦʥʪʦʣʦʛʠʠ. ʌʦʨʤʘʣʴʥʦ 

ʤʦʜʝʣʴ ʦʥʪʦʣʦʛʠʠ ʩʦʪʨʫʜʥʠʢʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  
S

O

S

E

SSSS

i

S

i RRLʉPESO ,,,,,,= , 

ʛʜʝ iS ï ʢʦʥʢʨʝʪʥʳʡ ʩʦʪʨʫʜʥʠʢ; 

},...,,{ 21 n

S eeeE =  ï ʤʥʦʞʝʩʪʚʦ ʚʝʜʦʤʩʪʚ ʠʣʠ ʩʪʨʫʢʪʫʨ ʛʦʩ.ʩʣʫʞʙʳ, ʚ 

ʢʦʪʦʨʳʭ ʨʘʙʦʪʘʣ ʩʦʪʨʫʜʥʠʢ; 

PPS Ì ï ʤʥʦʞʝʩʪʚʦ ʜʦʣʞʥʦʩʪʝʡ ʩʦʪʨʫʜʥʠʢʘ; 

CCS Ì  ï ʤʥʦʞʝʩʪʚʦ ʢʦʤʧʝʪʝʥʮʠʡ ʩʦʪʨʫʜʥʠʢʘ;  

LLS Ì  ï ʤʥʦʞʝʩʪʚʦ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ, ʚ ʢʦʪʦʨʳʭ ʨʘʙʦʪʘʝʪ 

ʩʦʪʨʫʜʥʠʢ; 
S

ER  ï ʦʪʥʦʰʝʥʠʝ ʪʠʧʘ çʦʙʲʝʢʪ-ʦʙʲʝʢʪè, ʩʚʷʟʳʚʘʶʱʝʝ ʩʧʝʮʠʘʣʠʩʪʘ ʩ 

ʜʦʣʞʥʦʩʪʴʶ ʠ ʢʦʤʧʝʪʝʥʮʠʷʤʠ; 
S

OR  = {ʩʪʝʧʝʥʴ, ʥʘʧʨʘʚʣʝʥʠʝ} ï ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʩʚʦʡʩʪʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʦʙʨʘʟʦʚʘʥʠʝ. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʦʥʪʦʣʦʛʠʷ ʧʦʩʪʨʦʝʥʘ ʚʨʫʯʥʫʶ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʨʘʟʚʠʪʠʝ ʧʨʦʝʢʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʦʨʘʙʦʪʢʫ ʤʦʜʫʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʦʥʪʦʣʦʛʠʠ 

ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ. 

ɸʥʘʣʠʟ ʢʘʞʜʦʛʦ ʜʦʢʫʤʝʥʪʘ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʪʨʠ ʵʪʘʧʘ. ʇʝʨʚʳʡ ï 

ʠʟʚʣʝʯʝʥʠʝ ʜʘʥʥʳʭ ʦʙ ʠʩʧʦʣʥʠʪʝʣʝ ʧʨʦʝʢʪʘ ï ʝʛʦ ʌʀʆ, ʤʝʩʪʦ ʨʘʙʦʪʳ ʠ 

ʜʦʣʞʥʦʩʪʴ, ʜʘʥʥʳʭ ʦ ʩʘʤʦʤ ʧʦʨʫʯʝʥʠʠ ï ʥʦʤʝʨ, ʥʘʠʤʝʥʦʚʘʥʠʝ, ʩʨʦʢʠ 

ʠʩʧʦʣʥʝʥʠʷ ʠ ʩʘʤʦʛʦ ʜʦʢʣʘʜʘ ʧʦʨʫʯʝʥʠʷ. ɼʘʥʥʳʝ ʠʟʚʣʝʢʘʶʪʩʷ ʧʫʪʝʤ 

ʧʝʨʝʙʦʨʘ ʢʣʶʯʝʚʳʭ ʩʣʦʚ ʜʦʢʫʤʝʥʪʘ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʝʜʦʙʨʘʙʦʪʢʘ ʠʩʭʦʜʥʦʛʦ ʪʝʢʩʪʘ 

ʜʦʢʫʤʝʥʪʘ ʠ ʝʛʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Mystem. 

Mystem ʨʘʙʦʪʘʝʪ ʥʘ ʦʩʥʦʚʝ ʩʣʦʚʘʨʷ, ʧʨʠʚʦʜʠʪ ʩʣʦʚʘ ʢ ʥʘʯʘʣʴʥʦʡ ʬʦʨʤʝ ʠ 

ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʛʠʧʦʪʝʟʳ ʦ ʥʝʠʟʚʝʩʪʥʳʭ ʝʡ ʩʣʦʚʘʭ. 

ɼʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʩʦʟʜʘʝʪ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʘʥʘʣʠʟʝ ʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʜʦʢʫʤʝʥʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʝʨʝʜ ʪʝʤ ʢʘʢ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʝʢʩʪ ʧʨʦʛʨʘʤʤʦʡ Mystem, ʩʠʩʪʝʤʘ ʧʨʦʠʟʚʦʜʠʪ ʧʦʠʩʢ ʠ 

ʠʩʢʣʶʯʝʥʠʝ ʘʙʙʨʝʚʠʘʪʫʨ, ʛʦʨʦʜʦʚ, ʬʘʤʠʣʠʡ, ʠʥʠʮʠʘʣʦʚ, ʩʣʦʚ ʠʟ ʜʨʫʛʠʭ 

ʷʟʳʢʦʚ, ʯʠʩʝʣ.  

ɿʘʢʣʶʯʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʘʥʘʣʠʟʘ ʪʝʢʩʪʘ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʢʦʤʧʝʪʝʥʮʠʡ ʩʦʪʨʫʜʥʠʢʘ ʠ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ, ʚ ʢʦʪʦʨʳʭ ʦʥ ʨʘʙʦʪʘʣ.  
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ʂʦʤʧʝʪʝʥʮʠʠ ʩʦʪʨʫʜʥʠʢʘ ʠʟʚʣʝʢʘʶʪʩʷ ʠʟ ʜʦʢʫʤʝʥʪʘ ʧʦ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳʤ 

ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʠʟ ʪʝʢʩʪʘ 

ʠʟʚʣʝʢʘʶʪʩʷ ʪʝʨʤʠʥʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʚ ʦʥʪʦʣʦʛʠʠ 

ʥʘʙʦʨʫ ʧʦʥʷʪʠʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʠ ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ ʠʭ ʯʘʩʪʦʪʘ ʠ 

ʩʪʝʧʝʥʴ ʚʳʨʘʞʝʥʥʦʩʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʣʝʜʫʶʱʝʛʦ ʚʳʨʘʞʝʥʠʷ:  

,/)( Nxfk=  

ʛʜʝ k ï ʩʪʝʧʝʥʴ ʚʳʨʘʞʝʥʥʦʩʪʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʤ 

ʪʝʢʩʪʝ; 

f(x) ï ʢʦʣʠʯʝʩʪʚʦ ʢʣʶʯʝʚʳʭ ʩʣʦʚ ʚ ʪʝʢʩʪʝ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʦʥʢʨʝʪʥʦʡ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ (ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ); 

N ï ʦʙʱʝʝ ʯʠʩʣʦ ʩʣʦʚ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʪʝʢʩʪʘ.  

ʉʧʠʩʦʢ ʠʩʧʦʣʥʠʪʝʣʝʡ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʪʘʙʣʠʮʫ, ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʧʝʨʝʜʘʝʪʩʷ ʚ ʤʦʜʫʣʴ ʧʦʜʙʦʨʘ ʠʩʧʦʣʥʠʪʝʣʝʡ ʜʣʷ ʧʨʦʝʢʪʦʚ. 

ʆʙʨʘʙʦʪʘʥʥʳʝ ʜʘʥʥʳʝ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʩ ʮʝʣʴʶ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʩʠʩʪʝʤʝ 

ʥʘʟʥʘʯʝʥʠʷ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʠʩʧʦʣʥʠʪʝʣʝʡ ʥʘ ʧʨʦʝʢʪʳ (ʨʠʩʫʥʦʢ 1). 

 

ʈʠʩʫʥʦʢ 1 ï ER- ʜʠʘʛʨʘʤʤʘ ʙʘʟʳ ʜʘʥʥʳʭ ʩʠʩʪʝʤʳ 

2 ʂʦʨʧʦʨʘʪʠʚʥʘʷ ʩʦʮʠʘʣʴʥʘʷ ʩʝʪʴ 

ɼʣʷ ʨʝʰʝʥʠʷ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʧʨʦʙʣʝʤʳ ʙʳʣʦ ʚʳʙʨʘʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʬʦʨʤʘʪʝ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ʜʣʷ 

ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʧʨʦʝʢʪʦʚ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʩʧʦʣʥʠʪʝʣʝʡ ʧʨʦʝʢʪʦʚ.  

ɽʝ ʤʦʜʝʣʴ ʤʦʞʥʦ ʬʦʨʤʘʣʴʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʝʛʦ 

ʚʳʨʘʞʝʥʠʷ:  

ὉὛὔ ộὖὶȟὝȟὉὼȟὙỚ, 

ʛʜʝ  ὶ ï ʤʥʦʞʝʩʪʚʦ ʧʨʦʝʢʪʦʚ; 

T  ï ʤʥʦʞʝʩʪʚʦ ʢʦʤʘʥʜ ʧʨʦʝʢʪʦʚ; 

Ὁὼ ï ʤʥʦʞʝʩʪʚʦ ʩʧʝʮʠʘʣʠʩʪʦʚ; 
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R  ï ʤʥʦʞʝʩʪʚʦ ʦʪʥʦʰʝʥʠʡ ʪʠʧʘ çʦʙʲʝʢʪ-ʦʙʲʝʢʪè, ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ὑ Ὑ ȟὙ , 

ʛʜʝ 
PTR  ï ʦʪʥʦʰʝʥʠʝ, ʩʚʷʟʳʚʘʶʱʝʝ ʧʨʦʝʢʪ ʠ ʧʨʦʝʢʪʥʫʶ ʢʦʤʘʥʜʫ 

(çʚʳʧʦʣʥʝʥè); 
TER  ï ʦʪʥʦʰʝʥʠʝ, ʩʚʷʟʳʚʘʶʱʝʝ ʠʩʧʦʣʥʠʪʝʣʷ ʧʨʦʝʢʪʘ ʠ ʧʨʦʝʢʪʥʫʶ 

ʢʦʤʘʥʜʫ (çʠʩʧʦʣʥʷʣè). 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʛʣʘʚʥʳʝ ʦʙʲʝʢʪʳ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ 

ʨʘʩʩʤʦʪʨʠʤ ʥʠʞʝ: 

ʆʙʲʝʢʪ çʇʨʦʝʢʪè ï ʵʪʦ ʪʝʢʫʱʠʡ ʧʨʦʝʢʪ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʥʫʞʥʦ 

ʧʦʜʦʙʨʘʪʴ ʠʩʧʦʣʥʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʫʞʝ ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʧʨʦʝʢʪʳ. ɼʘʥʥʳʡ 

ʦʙʲʝʢʪ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʩʣʝʜʫʶʱʠʝ ʩʚʦʡʩʪʚʘ: ʥʘʠʤʝʥʦʚʘʥʠʝ ʧʨʦʝʢʪʘ; 

ʦʙʣʘʩʪʴ ʧʨʦʝʢʪʘ (ʜʣʷ ʧʦʠʩʢʘ ʠʩʧʦʣʥʠʪʝʣʝʡ, ʦʙʣʘʜʘʶʱʠʭ ʢʦʤʧʝʪʝʥʮʠʷʤʠ ʚ 

ʟʘʜʘʥʥʦʡ ʦʙʣʘʩʪʠ); ʚʠʜ ʧʨʦʝʢʪʘ (ʥʘʧʨʠʤʝʨ, ʤʝʨʦʧʨʠʷʪʠʝ, ʜʦʨʦʞʥʘʷ ʢʘʨʪʘ, 

ʦʪʯʝʪ ʠ ʪ. ʜ.) 

ʆʙʲʝʢʪ çʈʘʙʦʪʥʠʢè ʦʧʠʩʳʚʘʝʪ ʩʦʪʨʫʜʥʠʢʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ 

ʠʣʠ ʫʞʝ ʨʘʙʦʪʘʝʪ ʥʘʜ ʧʨʦʝʢʪʘʤʠ. çʈʘʙʦʪʥʠʢè ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʩʣʝʜʫʶʱʠʝ 

ʩʚʦʡʩʪʚʘ: ʌʘʤʠʣʠʷ; ʀʤʷ; ʆʪʯʝʩʪʚʦ; ɼʦʣʞʥʦʩʪʴ; ɼʘʪʘ ʨʦʞʜʝʥʠʷ; ʇʦʣ; 

ʉʪʘʞ; ʂʦʥʪʘʢʪʥʳʝ ʜʘʥʥʳʝ (ʘʜʨʝʩ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ, ʪʝʣʝʬʦʥ); 

ʂʦʤʧʝʪʝʥʮʠʠ ʨʘʙʦʪʥʠʢʘ. 

3 ɻʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʧʦʜʙʦʨʘ ʠʩʧʦʣʥʠʪʝʣʝʡ  

ʥʘ ʧʨʦʝʢʪʳ 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʩʦʟʜʘʝʪʩʷ ʢʦʨʧʦʨʘʪʠʚʥʘ ̫ ʩʦʮʠʘʣʴʥʘ ̫ ʩʝʪɹ, ʚ 

ʟʘʜʘʯʠ ʢʦʪʦʨʦʡ ʚʢʣʶʯʝʥʳ ʧʦʜʙʦʨ ʠ ʩʦʩʪʘʚʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

ʧʨʦʝʢʪʥʦʡ ʢʦʤʘʥʜʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʝʪʝʥʮʠʡ ʩʦʪʨʫʜʥʠʢʦʚ. ɼʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʢʦʤʘʥʜʳ ʚ ʦʧʠʩʳʚʘʝʤʦʡ ʧʦʜʩʠʩʪʝʤʝ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ɺ ʙʘʟʝ ʜʘʥʥʳʭ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ʭʨʘʥʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʘʙʦʪʥʠʢʘʭ, ʠʭ 

ʢʦʤʧʝʪʝʥʮʠʷʭ ʠ ʧʨʦʝʢʪʘʭ. ʇʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʥʦʚʦʛʦ ʧʨʦʝʢʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʟʠʮʠʡ, ʥʘ ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʪʨʫʜʥʠʢʦʚ. 

ʇʨʦʮʝʜʫʨʘ ʩʨʘʚʥʝʥʠʷ ʢʦʤʧʝʪʝʥʮʠʠ ʠ ʩʪʘʞʘ ʩʦʪʨʫʜʥʠʢʦʚ ʩ ʪʨʝʙʫʝʤʳʤʠ ʠ 

ʧʦʩʣʝʜʫʶʱʠʡ ʚʳʙʦʨ ʢʦʥʢʨʝʪʥʦʛʦ ʯʝʣʦʚʝʢʘ ʥʘ ʢʦʥʢʨʝʪʥʳʡ ʧʨʦʝʢʪ 

ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ. ʅʘʩʪʨʘʠʚʘʝʤʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʶʪʩʷ: 

¶ ʨʘʟʤʝʨ ʧʦʧʫʣʷʮʠʠ p_size; 

¶ ʨʘʟʤʝʨ ʬʦʨʤʠʨʫʝʤʦʡ ʧʨʦʝʢʪʥʦʡ ʢʦʤʘʥʜ rɡ_count; 

¶ ʤʘʩʩʠʚ ʚʝʩʦʚ ύ Ƞ ύ ; 

¶ ʢʦʣʠʯʝʩʪʚʦ ʵʣʠʪʥʳʭ ʭʨʦʤʦʩʦʤ elit; 
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¶ ʚʝʨʦʷʪʥʦʩʪʴ ʢʨʦʩʩʠʥʛʦʚʝʨʘ cros 

¶ ʚʝʨʦʷʪʥʦʩʪʴ ʤʫʪʘʮʠʠ mut; 

¶ ʧʦʨʦʛʦʚʦʝ ʠʟʤʝʥʝʥʠʝ ʬʫʥʢʮʠʠ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ delta 

¶ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ ʘʣʛʦʨʠʪʤʘ max_step. 

ʇʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʢʘʥʜʠʜʘʪʦʚ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʘʥʠʯʝʥʠʝ, ʦ ʢʦʪʦʨʦʤ 

ʥʝʣʴʟʷ ʟʘʙʳʚʘʪʴ ï ʦʪʧʫʩʢ, ʘ ʪʘʢʞʝ ʦʜʠʥ ʩʦʪʨʫʜʥʠʢ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ 

ʫʯʘʩʪʠʝ ʥʝ ʚ ʙʦʣʝʝ ʯʝʤ ʧʷʪʠ ʧʨʦʝʢʪʘʭ. 

ʌʫʥʢʮʠʷ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʧʦʢʘʟʘʪʝʣʠ ʩʪʘʞʘ, 

ʢʦʤʧʝʪʝʥʮʠʡ ʯʝʣʦʚʝʢʘ ʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

Ὂ  В ρ ˞ ᴼάὭὲȟὴ  ρȟί,          (1) 

ʛʜʝ s ï ʢʦʣʠʯʝʩʪʚʦ ʪʨʝʙʫʝʤʳʭ ʣʶʜʝʡ ʚ ʧʨʦʝʢʪʝ; 

ʉʨ ï ʫʨʦʚʝʥʴ ʢʚʘʣʠʬʠʢʘʮʠʠ ʢʘʥʜʠʜʘʪʘ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʜʦʣʞʥʦʩʪʴ, ʚʳʯʠʩʣʷʝʤʳʡ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʝʛʦ ʚʳʨʘʞʝʥʠʷ: 

˞  ύ  z
 

 ύ  zВὧὴὬ,            (2) 

ʛʜʝ ύ ȟύ  ï ʚʝʩʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʪʘʞʘ ʠ ʫʨʦʚʥʷ ʢʦʤʧʝʪʝʥʮʠʡ 

ʩʦʪʨʫʜʥʠʢʘ; 

vstst,  ï ʩʪʘʞ ʢʘʥʜʠʜʘʪʘ ʠ ʪʨʝʙʫʝʤʳʡ ʩʪʘʞ (ʩʪʘʞ ʚʘʢʘʥʩʠʠ); 

ὧὴ ï ʩʪʝʧʝʥʴ ʦʙʣʘʜʘʥʠʷ ʪʨʝʙʫʝʤʳʤ ʫʨʦʚʥʝʤ ʢʦʤʧʝʪʝʥʮʠʠ ʨʘʙʦʪʥʠʢʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

      Ὤ ï ʚʝʨʦʷʪʥʦʩʪʴ ʚʟʷʪʠʷ ʦʪʧʫʩʢʘ ʥʘ ʚʨʝʤʷ ʧʨʦʝʢʪʘ (0 ï ʙʦʣʴʰʘʷ 

ʚʝʨʦʷʪʥʦʩʪʴ; 1 ï ʥʘʠʤʝʥʴʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ) 

ʇʦʪʝʥʮʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ (ʭʨʦʤʦʩʦʤʘ) ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʥʦʡ ʢʦʤʘʥʜʳ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

( ) countvvcvat

i _,1,, == , 

ʛʜʝ v ï ʥʦʤʝʨ ʚʘʢʘʥʩʠʠ ʚ ʬʦʨʤʠʨʫʝʤʦʡ ʧʨʦʝʢʪʥʦʡ ʢʦʤʘʥʜʝ; 

c ï ʥʦʤʝʨ ʩʦʪʨʫʜʥʠʢʘ, ʧʨʝʪʝʥʜʫʶʱʝʛʦ ʥʘ ʚʘʢʘʥʩʠʶ; 

v_count ï ʢʦʣʠʯʝʩʪʚʦ ʚʘʢʘʥʩʠʡ; 

i ï ʥʦʤʝʨ ʭʨʦʤʦʩʦʤʳ; 

t ï ʥʦʤʝʨ ʧʦʢʦʣʝʥʠʷ. 

ʇʝʨʚʳʡ ʵʪʘʧ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʝʥʝʨʘʮʠʠ ʥʘʯʘʣʴʥʦʛʦ 

ʧʦʢʦʣʝʥʠʷ: ʜʣʷ ʢʘʞʜʦʛʦ ʚʘʢʘʥʪʥʦʛʦ ʤʝʩʪʘ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʚʳʙʠʨʘʝʪʩʷ 

ʩʦʪʨʫʜʥʠʢ. ɽʩʣʠ ʦʥ ʥʝ ʧʦʜʭʦʜʠʪ ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʝʢʪʘ, ʪʦ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʩʣʫʯʘʡʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʦ ʪʦʛʦ ʤʦʤʝʥʪʘ, 

ʧʦʢʘ ʥʘ ʢʘʞʜʫʶ ʚʘʢʘʥʩʠʶ ʥʝ ʙʫʜʝʪ ʥʘʟʥʘʯʝʥ ʩʦʪʨʫʜʥʠʢ ʠʣʠ ʥʝ ʙʫʜʝʪ 

ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦʙ ʦʩʪʘʚʣʝʥʠʠ ʵʪʦʡ ʚʘʢʘʥʩʠʠ ʥʝ ʟʘʧʦʣʥʝʥʥʦʡ.  

ʇʦʩʣʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʦʙʱʘʷ ʬʫʥʢʮʠʷ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ʜʣʷ 

ʩʦʟʜʘʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʚʳʨʘʞʝʥʠʝ 1). 
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ɺ ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʧʝʨʝʭʦʜʷʪ ʪʦʣʴʢʦ elit ʧʝʨʚʳʭ ʭʨʦʤʦʩʦʤ ʠʟ 

ʧʦʣʫʯʝʥʥʦʡ ʧʦʧʫʣʷʮʠʠ. ʉ ʧʦʤʦʱʴʶ ʦʧʝʨʘʪʦʨʘ ʩʢʨʝʱʠʚʘʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ 

ʦʩʪʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ, ʧʨʠ ʵʪʦʤ ʚ ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʚʳʙʠʨʘʝʪʩʷ ʪʦʣʴʢʦ 

ʦʜʥʘ ʭʨʦʤʦʩʦʤʘ ʠʟ ʜʚʫʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʢʨʝʱʠʚʘʥʠ.̫ ʊʦʯʢʘ 

ʩʢʨʝʱʠʚʘʥʠʷ ʥʘʟʥʘʯʘʝʪʩʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ, ʧʦʪʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚʟʘʠʤʦʦʙʤʝʥ ʯʘʩʪʷʤʠ ʭʨʦʤʦʩʦʤʳ (ʨʠʩʫʥʦʢ 2). 

 

ʈʠʩʫʥʦʢ 2 ï ʅʘʛʣʷʜʥʳʡ ʧʨʠʤʝʨ ʦʧʝʨʘʪʦʨʘ ʩʢʨʝʱʠʚʘʥʠʷ 

ʉʣʝʜʦʤ ʟʘ ʟʘʚʝʨʰʝʥʠʝʤ ʧʨʦʮʝʩʩʘ ʛʝʥʝʨʘʮʠʠ ʧʦʧʫʣʷʮʠʠ, ʧʨʠʤʝʥʷʝʪʩʷ 

ʦʧʝʨʘʪʦʨ ʤʫʪʘʮʠʠ (ʨʠʩ. 2). ʆʥ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʣʫʯʘʡʥʳʡ ʚʳʙʦʨ ʥʦʤʝʨʘ 

ʚʘʢʘʥʩʠʠ, ʟʘʪʝʤ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʠʣʠ ʫʚʝʣʠʯʝʥʠʠ 

ʥʦʤʝʨʘ ʩʦʪʨʫʜʥʠʢʘ ʥʘ ʜʘʥʥʫʶ ʜʦʣʞʥʦʩʪʴ. ʅʦʤʝʨ ʢʘʥʜʠʜʘʪʘ ʠʟʤʝʥʷʝʪʩʷ ʥʘ 

ʝʜʠʥʠʮʫ. 

 

ʈʠʩʫʥʦʢ 3 ï ʅʘʛʣʷʜʥʳʡ ʧʨʠʤʝʨ ʦʧʝʨʘʪʦʨʘ ʤʫʪʘʮʠʠ 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʜʠʥ ʢʘʥʜʠʜʘʪ ʤʦʞʝʪ 

ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʥʝ ʙʦʣʝʝ ʯʝʤ ʧʷʪʠ ʨʘʟʥʳʭ ʧʨʦʝʢʪʘʭ, ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ 

ʦʧʝʨʘʮʠʡ ʩʢʨʝʱʠʚʘʥʠʷ ʠ ʤʫʪʘʮʠʠ ʘʢʪʠʚʠʨʫʝʪʩʷ ʬʫʥʢʮʠʷ ʩʣʫʯʘʡʥʦʛʦ 

ʚʳʙʦʨʘ ʩʦʪʨʫʜʥʠʢʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʙʫʜʝʪ ʧʦʚʪʦʨʷʪɹ ʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʘ 

ʜʘʥʥʫʶ ʜʦʣʞʥʦʩʪʴ ʥʝ ʥʘʡʜʝʪʩʷ ʨʘʙʦʪʥʠʢ, ʢʦʪʦʨʳʡ ʟʘʥʷʪ ʥʘ ʤʝʥʝʝ ʯʝʤ 
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ʧʷʪʠ ʜʨʫʛʠʭ ʧʨʦʝʢʪʘʭ, ʠʣʠ ʥʝ ʙʫʜʝʪ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦʙ ʦʩʪʘʚʣʝʥʠʠ ʵʪʦʡ 

ʚʘʢʘʥʩʠʠ ʥʝ ʟʘʧʦʣʥʝʥʥʦʡ. 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʤʫʪʘʮʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʥʜʠʜʘʪʦʚ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ. 

ɽʩʣʠ ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ ʘʣʛʦʨʠʪʤʘ ʜʦʩʪʠʛʣʦ ʟʥʘʯʝʥʠʷ max_step ʠʣʠ 

ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʬʫʥʢʮʠʠ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʠ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʧʦʢʦʣʝʥʠʷ ʤʝʥʴʰʝ delta, ʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ 

ʧʦʢʦʣʝʥʠʷ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʬʫʥʢʮʠʠ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ʙʫʜʝʪ 

ʥʘʠʣʫʯʰʠʤ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʢʘʥʜʠʜʘʪʳ ʥʘʠʣʫʯʰʠʤ 

ʦʙʨʘʟʦʤ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʦʣʞʥʦʩʪʠ ʚ ʨʘʤʢʘʭ 

ʧʦʩʪʫʧʘʶʱʠʭ ʥʦʚʳʭ ʧʨʦʝʢʪʦʚ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʥʝʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʭʦʜʦʚʘʥʠʷ 

ʚʨʝʤʝʥʠ ʥʘ ʥʘʟʥʘʯʝʥʠʝ ʠʩʧʦʣʥʠʪʝʣʝʡ ʥʘ ʥʦʚʳʡ ʧʨʦʝʢʪ. ɹʳʣ ʧʨʝʜʣʦʞʝʥ 

ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʳʪʘ ʠ ʢʦʤʧʝʪʝʥʮʠʡ ʩʦʪʨʫʜʥʠʢʦʚ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʥʪʦʣʦʛʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ, ʯʪʦʙʳ ʜʘʣʝʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʚ ʛʝʥʝʪʠʯʝʩʢʦʤ ʘʣʛʦʨʠʪʤʝ ʜʣʷ ʧʦʜʙʦʨʘ 

ʠʩʧʦʣʥʠʪʝʣʝʡ ʥʘ ʧʨʦʝʢʪʳ.  

ɺ ʩʪʘʪʴʝ ʙʳʣʠ ʦʧʠʩʘʥʳ ʤʦʜʝʣʠ ʦʥʪʦʣʦʛʠʠ ʩʦʪʨʫʜʥʠʢʘ ʠ 

ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ. ɼʣʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʬʫʥʢʮʠʷ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ 

(ʭʨʦʤʦʩʦʤʘ), ʘ ʪʘʢʞʝ ʚʳʙʨʘʥʳ ʦʧʝʨʘʮʠʠ ʩʢʨʝʱʠʚʘʥʠʷ ʠ ʤʫʪʘʮʠʠ ʜʣʷ 

ʨʝʰʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʧʨʦʙʣʝʤʳ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʚʠʪʠʝ ʧʨʦʝʢʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʦʨʘʙʦʪʢʫ ʤʦʜʫʣʷ 

ʩʦʩʪʘʚʣʝʥʠʷ ʦʥʪʦʣʦʛʠʠ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʠ ʨʝʘʣʠʟʘʮʠʶ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

[ʈʘʩʧʦʨʷʞʝʥʠʝ, 2010] ʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʇʦʨʷʜʢʘ ʠʩʧʦʣʥʝʥʠʷ ʧʦʨʫʯʝʥʠʡ 

ɻʫʙʝʨʥʘʪʦʨʘ - ʇʨʝʜʩʝʜʘʪʝʣʷ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʋʣʴʷʥʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 

ʄʕʈʀʗ ɻʆʈʆɼɸ ʋʃʔʗʅʆɺʉʂɸ ʈɸʉʇʆʈʗɾɽʅʀɽ ʦʪ 4 ʠʶʥʷ                          

2010 ʛ. N 85-ʈ.  

[ɺʦʨʦʥʠʥʘ ʠ ʜʨ., 2015] ɺʦʨʦʥʠʥʘ ɺ.ɺ., ʄʦʰʢʠʥ ɺ.ʉ.  ʈʘʟʨʘʙʦʪʢʘ 

ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʘʥʘʣʠʟʘ ʩʣʘʙʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʨʝʩʫʨʩʦʚ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ï ʋʣʴʷʥʦʚʩʢ : ʋʣɻʊʋ, 2015. ï 162 ʩ. 

[ʉʦʣʦʚʴʝʚ ʠ ʜʨ.] ʉʦʣʦʚʴʝʚ ɺ.ɼ., ɼʦʙʨʦʚ ɹ.ɺ., ʀʚʘʥʦʚ ɺ.ɺ., ʃʫʢʘʰʝʚʠʯ 

ʅ.ɺ. ʆʥʪʦʣʦʛʠʠ ʠ ʪʝʟʘʫʨʫʩʳ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ï ʄ., 2006. ï 157 ʩ. 



 

57 

 

[ʉʢʫʨʠʭʠʥ 1995] ʉʢʫʨʠʭʠʥ ɸ.ʅ. ɻʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ // ʅʦʚʦʩʪʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ˉ4. ï ʄ.: ɸʉʀ, 1995. ï ʉ. 6-17. 

[ʇʘʥʯʝʥʢʦ, 2007] ʇʘʥʯʝʥʢʦ ʊ.ɺ. ɻʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ: ʫʯʝʙʥʦ-

ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ / ʧʦʜ ʨʝʜ. ʖ.ʖ. ʊʘʨʘʩʝʚʠʯʘ. ï ɸʩʪʨʘʭʘʥʴ: ʀɼ 

çɸʩʪʨʘʭʘʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, 2007. ï 87 ʩ. 

[ʉʪʝʮʶʨʘ, 1998] ʉʪʝʮʶʨʘ ɻ.ɻ. ʕʚʦʣʶʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʚ ʟʘʜʘʯʘʭ 

ʫʧʨʘʚʣʝʥʠʷ, ʚʳʙʦʨʘ, ʦʧʪʠʤʠʟʘʮʠʠ // ʇʨʠʙʦʨʳ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ï 

ɹ.ʤ.: ɹ.ʠ. ï 1998. ï ʉ. 54-62. 

[ʀʚʘʥʦʚ ʠ ʜʨ., 2014] ʀʚʘʥʦʚ ɺ.ʂ., ʄʝʩʢʠʥ ʇ.ʀ. ʈʝʘʣʠʟʘʮʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʦʢʫʤʝʥʪʘʣʴʥʦʛʦ ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ. 

// ʇʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʠ ʩʠʩʪʝʤʳ ˉ4 (108) ï ʊʚʝʨʴ : ʅʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ çʎʝʥʪʨʧʨʦʛʨʘʤʤʩʠʩʪʝʤè, 2014.  

ï ʉ.118-126. 

[Pathak et al, 2000] Pathak, P. Gordon, M. Fan, W. Effective information 

retrieval using genetic algorithms based matching functions adaption // 

Proc. 33rd Hawaii International Conference on Science (HICS), Hawaii, 

USA. pp. 8-15. 

[ʐʠʧʠʣʦʚ ʠ ʜʨ., 2014] ʐʠʧʠʣʦʚ ɺ.ɺ., ʉʘʭʘʨʦʚ ʆ.ɺ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʦʜʙʦʨʘ ʠ ʨʘʩʩʪʘʥʦʚʢʠ ʢʘʜʨʦʚ ʩ ʫʯʝʪʦʤ ʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʥʘʚʳʢʦʚ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʦʚ // ɺʦʧʨʦʩʳ ʪʝʦʨʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤ ˉ16. ï ʄ.: ɺʎ ʈɸʅ. 2014. ï ʉ. 153-164. 

 

GENETIC OPTIMIZATION OF SELECTION OF 

EXECUTORS FROM THE LIST OF POTENTIAL 

PARTICIPANTS FOR PROJECTS 

Sindyukova M.O. (sindyukova.m@gmail.com), 

Gorlova E.A. (gorlova.k@mail.ru) 

Ulyanovsk State Technical University, Ulyanovsk 

The paper discusses the method of selection of government employees 

for regional projects developed in the Ulyanovsk region for the 
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ɼʘʝʚ ɾ.ɸ.(zhand@yandex.ru) 

ɹʘʠʰʝʚ ʫʥʠʚʝʨʩʠʪʝʪ, ɸʢʪʦʙʝ, ʂʘʟʘʭʩʪʘʥ 

ʉʫʣʪʘʥʦʚ ʅ.ɿ. (sultanov@mail.osu.ru) 

ʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʆʨʝʥʙʫʨʛ 

ʆʧʠʩʳʚʘʝʪʩʷ ʤʝʪʦʜ ʠ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʦʜʦʨʘʥʪʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ 

ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʜʦʨʠʟʘʮʠʠ ʛʘʟʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʘʚʪʦʨʘʤʠ 

ʚʚʦʜʷʪʩʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʜʦʨʘʥʪʘ, 

ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʛʘʟʘ ʠ ʚʨʝʤʝʥʠ ʛʦʜʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʥʝʯʝʪʢʠʤʠ 

ʤʥʦʞʝʩʪʚʘʤʠ. ɺ ʩʪʘʪʴʝ ʜʘʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʨʝʘʣʠʟʘʮʠʝʡ ʩʠʩʪʝʤʳ ʠ ʤʝʪʦʜʘ ʥʘ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ 

ʢʦʥʪʨʦʣʣʝʨʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʯʝʪʢʠʝ ʤʥʦʞʝʩʪʚʘ, ʦʜʦʨʠʟʘʮʠʷ, ʛʘʟ, ʩʠʩʪʝʤʘ. 

ɺʚʝʜʝʥʠʝ 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʧʦʩʦʙʦʚ ʜʦʩʪʘʚʢʠ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ 

ʪʨʫʙʦʧʨʦʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʜʦʙʳʚʘʝʤʳʡ ʧʨʠʨʦʜʥʳʡ 

ʛʘʟ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʧʦ ʤʘʛʠʩʪʨʘʣʴʥʳʤ ʛʘʟʦʧʨʦʚʦʜʘʤ [ɸʣʠʝʚ ʠ ʜʨ., 

1988]. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʜʦʩʪʘʚʢʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʝʧʨʝʨʳʚʥʦʡ ʧʦʜʘʯʠ, ʧʨʦʩʪʦʪʘ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʥʘʜ ʧʘʨʘʤʝʪʨʘʤʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. ɺʦ ʚʨʝʤʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʧʦ 

ʤʘʛʠʩʪʨʘʣʴʥʳʤ ʛʘʟʦʧʨʦʚʦʜʘʤ ʜʦʩʪʘʚʢʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ ʜʦ ʢʦʥʝʯʥʦʛʦ 

ʧʦʪʨʝʙʠʪʝʣʷ ʩʦʩʪʦʠʪ ʠʟ ʩʝʨʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʪʘʢʠʭ, ʢʘʢ 

ʦʩʫʰʢʘ ʛʘʟʘ, ʫʜʘʣʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, ʥʘʛʥʝʪʘʥʠʝ, 

ʨʝʜʫʮʠʨʦʚʘʥʠʝ, ʠʟʤʝʨʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʛʘʟʘ, ʦʜʦʨʠʟʘʮʠʷ ʠ ʪ. ʜ.  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʦʜʦʨʠʟʘʮʠʠ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʙʦʪʦʡ [ɸʣʠʝʚ ʠ ʜʨ., 1988] ʧʨʠʨʦʜʥʳʡ 

ʛʘʟ, ʦʯʠʱʝʥʥʳʡ ʦʪ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʝ ʠʤʝʝʪ ʥʠʢʘʢʦʛʦ ʮʚʝʪʘ 
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ʠ ʟʘʧʘʭʘ, ʧʦʵʪʦʤʫ ʦʙʥʘʨʫʞʠʪʴ ʝʛʦ ʫʪʝʯʢʫ ʜʦʚʦʣʴʥʦ ʪʨʫʜʥʦ. ɼʣʷ ʪʦʛʦ 

ʯʪʦʙʳ ʧʨʠʜʘʪʴ ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʫ ʨʝʟʢʠʡ ʠ ʥʝʧʨʠʷʪʥʳʡ ʟʘʧʘʭ, ʝʛʦ 

ʦʜʦʨʠʨʫʶʪ. ɺʦ ʚʨʝʤʷ ʦʜʦʨʠʟʘʮʠʠ ʚ ʧʨʠʨʦʜʥʳʡ ʛʘʟ ʚʚʦʜʷʪ ʩʧʝʮʠʘʣʴʥʳʝ 

ʚʝʱʝʩʪʚʘ, ʥʘʟʳʚʘʝʤʳʝ ʦʜʦʨʘʥʪʘʤʠ. ʆʜʦʨʘʥʪʳ ʠ ʧʨʦʜʫʢʪʳ ʠʭ ʩʞʠʛʘʥʠʷ 

ʜʦʣʞʥʳ ʙʳʪʴ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʙʝʟʚʨʝʜʥʳʤʠ, ʜʦʩʪʘʪʦʯʥʦ ʣʝʪʫʯʠʤʠ, ʥʝ 

ʚr ʟʳʚʘʪʴ ʢʦʨʨʦʟʠʶ ʤʝʪʘʣʣʘ ʪʨʫʙʳ, ʭʠʤʠʯʝʩʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʛʘʟʦʤ, 

ʧʦʛʣʦʱʘʪʴʩʷ ʚʦʜʦʡ, ʩʦʨʙʠʨʦʚʘʪʴʩʷ ʧʦʯʚʦʡ ʠʣʠ ʧʨʝʜʤʝʪʘʤʠ, 

ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʧʦʤʝʱʝʥʠʠ [ɸʣʠʝʚ ʠ ʜʨ., 1988]. ʕʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʤʝʨʢʘʧʪʘʥʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʜʦʨʘʥʪ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ 

ʩʤʝʩʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʤʝʪʠʣʤʝʨʢʘʧʪʘʥʘ, ʵʪʠʣʤʝʨʢʘʧʪʘʥʘ, 

ʧʨʦʧʠʣʤʝʨʢʘʧʪʘʥʘ [ɼʘʥʠʣʦʚ, 2014]. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [ɼʘʥʠʣʦʚ, 2014] 

ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʦʜʦʨʘʥʪ ʤʘʨʢʠ ʉʇʄ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ, ʢʦʪʦʨʘʷ 

ʩʦʩʪʦʠʪ ʠʟ 30% ʵʪʠʣʤʝʨʢʘʧʪʘʥʘ, 50-60% ʠʟʦ- ʠ ʥ-ʧʨʦʧʠʣʤʝʨʢʘʧʪʘʥʦʚ,  

10-20% ʠʟʦʙʫʪʠʣʝʤʨʢʘʧʪʘʥʦʚ. ʂʦʥʪʨʦʣʴ ʢʦʣʠʯʝʩʪʚʘ ʦʜʦʨʘʥʪʘ ʚ ʩʦʩʪʘʚʝ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʦ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ʏʨʝʟʤʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʜʦʨʘʥʪʘ ʚ ʛʘʟʝ 

ʚʣʠʷʝʪ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʩʝʨʦʚʦʜʦʨʦʜʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴʩʷ ʚ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʤ ʛʘʟʝ, ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʝʜʦʩʪʘʪʦʢ ʦʜʦʨʘʥʪʘ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʫʪʝʯʝʢ ʛʘʟʘ, ʯʪʦ ʪʦʞʝ ʚʣʠʷʝʪ ʥʘ ʙʝʟʦʧʘʩʥʫʶ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʛʘʟʦʚʳʭ ʧʨʠʙʦʨʦʚ.  

ʋʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ ʦʜʦʨʠʟʘʮʠʶ, ʥʘʟʳʚʘʶʪʩʷ 

ʦʜʦʨʠʟʘʮʠʦʥʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʭʦʜʘ ʫʩʪʘʥʦʚʢʠ 

ʜʦʙʘʚʣʷʶʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʜʦʨʘʥʪʘ. ʅʝʢʦʪʦʨʳʝ ʚʠʜʳ ʪʘʢʠʭ 

ʫʩʪʘʥʦʚʦʢ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʘʭ [ɸʣʠʝʚ ʠ ʜʨ., 1988; ʊʝʤʥʠʢʦʚ, 2016; ʂʫʟʴ ʠ 

ʜʨ., 2014; Negaresh et al. 1988; ɼʘʥʠʣʦʚ, 2014].  

ʉʪʝʧʝʥʴ ʦʜʦʨʠʟʘʮʠʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʦʮʝʥʠʚʘʶʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʦʤ [ɻʆʉʊ, 1986]. ɺ ʜʘʥʥʦʤ ʜʦʢʫʤʝʥʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʘ ʩʧʦʩʦʙʘ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʦʜʦʨʠʟʘʮʠʠ: ʢʘʤʝʨʥʳʡ ʠ 

ʧʨʠʙʦʨʥʳʡ. ʉʫʱʥʦʩʪʴ ʦʙʦʠʭ ʤʝʪʦʜʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʮʝʥʢʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʧʘʭʘ ʛʘʟʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ, ʩʦʟʜʘʚʘʝʤʦʡ ʚ ʢʘʤʝʨʝ ʠʣʠ 

ʧʨʠʙʦʨʝ, ʧʦ ʩʣʝʜʫʶʱʝʡ ʧʷʪʠʙʘʣʣʴʥʦʡ ʰʢʘʣʝ [ɻʆʉʊ, 1986]: 

0 ï ʟʘʧʘʭʘ ʥʝʪ; 

1 ï ʟʘʧʘʭ ʦʯʝʥʴ ʩʣʘʙʳʡ, ʥʝʦʧʨʝʜʝʣʝʥʥʳʡ; 

2 ï ʟʘʧʘʭ ʩʣʘʙʳʡ, ʥʦ ʦʧʨʝʜʝʣʝʥʥʳʡ; 

3 ï ʟʘʧʘʭ ʫʤʝʨʝʥʥʳʡ; 

4 ï ʟʘʧʘʭ ʩʠʣʴʥʳʡ; 

5 ï ʟʘʧʘʭ ʦʯʝʥʴ ʩʠʣʴʥʳʡ.  

ʇʦʩʣʝʜʥʷʷ ʧʷʪʠʙʘʣʣʴʥʘʷ ʰʢʘʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʷʚʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʝʯʝʪʢʦʝ ʤʥʦʞʝʩʪʚʦ, ʩʚʷʟʘʥʥʦʝ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʟʘʧʘʭʘ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʙʘʣʣʳ ʷʚʣʷʶʪʩʷ ʪʝʨʤʘʤʠ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 
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ʟʘʧʘʭʘ ʦʜʦʨʘʥʪʘ ʚ ʛʘʟʝ. ʇʦʵʪʦʤʫ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʜʦʨʠʟʘʮʠʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, 

ʨʘʙʦʪʘ ʢʦʪʦʨʦʡ ʦʩʥʦʚʘʥʘ ʥʘ ʤʝʪʦʜʘʭ ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ. ɺʳʙʦʨ 

ʩʠʩʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʜʦʨʘʥʪʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʥʝʯʝʪʢʠʭ ʤʦʜʝʣʷʭ, 

ʦʙʫʩʣʦʚʣʝʥ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʨʮʠʦʥʥʦ-ʜʠʩʢʨʝʪʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʧʘʭʘ ʦʜʦʨʘʥʪʘ ʚ ʛʘʟʝ. ʇʦʩʣʝʜʥʝʝ ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʝ 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʠ ʧʨʦʩʪʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʛʘʟʘ, ʘ ʪʘʢʞʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʦʙʥʳʡ ʢʦʥʪʨʦʣʴ ʜʣʷ ʚʦʩʧʨʠʷʪʠʷ ʦʧʝʨʘʪʦʨʘ 

ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʪʘʥʮʠʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ 

ʟʘʜʘʯʠ ʩ ʧʦʤʦʱʴʶ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʜʦʟʠʨʦʚʘʥʠʝ ʦʜʦʨʘʥʪʘ, ʥʘʧʨʠʤʝʨ, ʩʝʟʦʥʥʳʝ ʧʦʛʦʜʥʳʝ 

ʠʟʤʝʥʝʥʠʷ. 

1 ɺʚʝʜʝʥʠʝ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ ʜʣʷ ʧʨʦʮʝʩʩʘ ʦʜʦʨʠʟʘʮʠʠ ʛʘʟʘ 

ʇʨʝʜʩʪʘʚʣʝʥʥʫʶ ʚ ʜʦʢʫʤʝʥʪʝ [ɻʆʉʊ, 1986] ʰʢʘʣʫ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʚ 

ʚʠʜʝ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ ʭ çʀʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʧʘʭʘ ʛʘʟʘè, 

ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ɺ ʢʘʯʝʩʪʚʝ ʪʝʨʤʦʚ ʜʘʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ 

ʚʚʝʜʝʤ ʪʨʝʫʛʦʣʴʥʳʝ ʥʝʯʝʪʢʠʝ ʤʥʦʞʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʘʥʘʣʦʛʠʯʥʳʭ ʟʘʜʘʯʘʭ, ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʝ [ʇʝʛʘʪ, 2013]. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʥʝʯʝʪʢʠʝ ʤʥʦʞʝʩʪʚʘ ʚʚʝʜʝʥʥʦʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ 

ʧʝʨʝʤʝʥʥʦʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʨʝʟ ʜʠʩʢʨʝʪʥʳʝ ʙʘʣʣʳ. ɼʣʷ ʨʝʰʝʥʠʷ ʥʘʰʝʡ 

ʟʘʜʘʯʠ ʟʘʤʝʥʠʤ ʜʘʥʥʳʝ ʙʘʣʣʳ ʤʘʩʩʦʚʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʦʜʦʨʘʥʪʘ. 

 

ʈʠʩʫʥʦʢ 1 ï ʃʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʧʝʨʝʤʝʥʥʘʷ çʀʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʧʘʭʘ ʛʘʟʘè 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʙʦʪʦʡ [ɼʘʥʠʣʦʚ, 2014], ʨʝʢʦʤʝʥʜʫʝʤʘʷ ʥʦʨʤʘ 

ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʜʦʨʘʥʪʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ 

ʤʝʨʢʘʧʪʘʥʦʚ ʜʣʷ 1000 ʤ
3
, ʜʦʣʞʥʘ ʙʳʪʴ ʩʣʝʜʫʶʱʘʷ: 

¶ ʤʠʥʠʤʘʣʴʥʘʷ ʥʦʨʤʘ 5 ʛ; 
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¶ ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʦʨʤʘ 16 ʛ. 

ʇʦʧʨʦʙʫʝʤ ʩʚʷʟʘʪʴ ʜʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ çʀʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʧʘʭʘ ʛʘʟʘè ʥʘ ʨʠʩʫʥʢʝ 1. 

ɼʣʷ ʵʪʦʛʦ ʦʧʨʝʜʝʣʠʤ ʛʨʘʥʠʮʳ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ 

ʪʝʨʤʳ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ɸ1={ʭ, )(ɛ
1

xA } 

ï ʟʘʧʘʭʘ ʥʝʪ, ɸ2={ʭ, )(ɛ
2

xA } ï ʟʘʧʘʭ ʦʯʝʥʴ ʩʣʘʙʳʡ, ʥʝʦʧʨʝʜʝʣʝʥʥʳʡ, 

ɸ3={ʭ, )(ɛ
3

xA } ï ʟʘʧʘʭ ʩʣʘʙʳʡ, ʥʦ ʦʧʨʝʜʝʣʝʥʥʳʡ, ɸ4={ʭ, )(ɛ
4

xA } ï ʟʘʧʘʭ 

ʫʤʝʨʝʥʥʳʡ, ɸ5={ʭ, )(ɛ
5

xA } ï ʟʘʧʘʭ ʩʠʣʴʥʳʡ, ɸ6={ʭ, )(ɛ
6

xA } ï ʟʘʧʘʭ 

ʦʯʝʥʴ ʩʠʣʴʥʳʡ, ʛʜʝ ʭ ï ʤʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʜʦʨʘʥʪʘ ʥʘ 1000 ʤ
3
, Õ(ʭ) ï 

ʬʫʥʢʮʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ. ʇʨʝʦʙʨʘʟʦʚʘʥʥʘʷ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʧʝʨʝʤʝʥʥʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

ʈʠʩʫʥʦʢ 2 ï ʇʨʝʦʙʨʘʟʦʚʘʥʥʘʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʧʝʨʝʤʝʥʥʘʷ 

çʀʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʧʘʭʘ ʛʘʟʘè 

ʉ ʫʯʝʪʦʤ ʚʚʝʜʝʥʥʦʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ ʥʝʯʝʪʢʠʡ ʨʝʛʫʣʷʪʦʨ 

ʤʦʞʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʝʣʠʯʠʥʫ ʜʦʟʠʨʦʚʘʥʠʷ, ʯʪʦʙʳ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʧʘʭ 

ʛʘʟʘ ʦʩʪʘʚʘʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʡ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʨʘʙʦʪʘʭ [ɸʣʠʝʚ ʠ ʜʨ., 

1988; ɼʘʥʠʣʦʚ, 2014] ʛʦʚʦʨʠʪʩʷ ʦ ʪʦʤ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ, 

ʫʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 2, ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʝʛʦʜʦʚʦʡ, ʘ ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ ʛʦʜʘ 

ʥʦʨʤʘ ʦʜʦʨʘʥʪʘ ʜʦʣʞʥʘ ʩʥʠʞʘʪʴʩʷ ʚ ʜʚʘ ʨʘʟʘ. ʊʘʢʞʝ ʚʝʣʠʯʠʥʘ ʨʘʩʭʦʜʘ 

ʦʜʦʨʘʥʪʘ ʪʘʢʞʝ ʜʦʣʞʥʘ ʟʘʚʠʩʝʪʴ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʛʘʟʘ. 

ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʥʘ ʢʘʞʜʦʤ ʥʘʩʝʣʝʥʥʦʤ ʧʫʥʢʪʝ ʧʦʪʨʝʙʣʝʥʠʝ ʛʘʟʘ 

ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ. ɺ ʧʦʩʝʣʢʘʭ ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʘ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 

ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʢʫʙʠʯʝʩʢʠʭ ʤʝʪʨʦʚ ʟʠʤʦʡ, ʘ ʣʝʪʦʤ ʨʘʩʭʦʜ ʚʦʚʩʝ 

ʫʤʝʥʴʰʘʪʴʩʷ ʜʦ ʜʝʩʷʪʢʦʚ ʢʫʙʠʯʝʩʢʠʭ ʤʝʪʨʦʚ ʚ ʯʘʩ. ɺ ʛʦʨʦʜʘʭ ʢʦʣʠʯʝʩʪʚʦ 
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ʧʦʪʨʝʙʣʝʥʠʷ ʪʘʢʞʝ ʩʠʣʴʥʦ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʞʠʪʝʣʝʡ 

ʛʦʨʦʜʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʨʘʩʭʦʜʘ ʛʘʟʘ, ʦʪʧʫʩʢʘʝʤʦʛʦ ʚ ʥʘʩʝʣʝʥʥʳʡ ʧʫʥʢʪ, 

ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʚʚʝʩʪʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʫʶ ʧʝʨʝʤʝʥʥʫʶ ʫ çʇʦʪʨʝʙʣʷʝʤʳʡ 

ʨʘʩʭʦʜ ʛʘʟʘè. ʅʝʯʝʪʢʠʝ ʤʥʦʞʝʩʪʚʘ ʜʣʷ ʪʘʢʦʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ 

ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʥʦʨʤʘʪʠʚʥʦʛʦ 

ʜʦʢʫʤʝʥʪʘ [ʄʀ, 2007]. ɺ ʜʘʥʥʦʤ ʜʦʢʫʤʝʥʪʝ ʟʘʤʝʨʥʳʝ ʫʟʣʳ ʨʘʩʭʦʜʘ ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʛʘʟʘ ʜʝʣʷʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʠʟʤʝʨʷʝʤʦʛʦ 

ʦʙʲʝʤʥʦʛʦ ʨʘʩʭʦʜʘ ʛʘʟʘ ʥʘ ʩʣʝʜʫʶʱʠʝ ʢʘʪʝʛʦʨʠʠ: 

¶ ʩʚʳʰʝ 100 ʪʳʩ. ʤ
3
/ʯ ï ʙʦʣʴʰʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ; 

¶ ʦʪ 20 ʪʳʩ. ʜʦ 100 ʪʳʩ. ʤ
3
/ʯ ï ʩʨʝʜʥʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ; 

¶ ʦʪ 1 ʪʳʩ. ʜʦ 20 ʪʳʩ. ʤ
3
/ʯ ï ʤʘʣʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ; 

¶ ʜʦ 1 ʪʳʩ. ʤ
3
/ʯ ï ʤʠʥʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ɽʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʢʘʪʝʛʦʨʠʠ ʚ ʢʘʯʝʩʪʚʝ ʪʝʨʤʦʚ ʚʚʝʜʝʥʥʦʡ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʪʦ ʝʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

ɺ1={ʫ, )(ɛ
1

yB } ï ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ ʛʘʟʘ; ɺ2={ʫ, )(ɛ
2

yB } ï ʤʘʣʳʡ 

ʨʘʩʭʦʜ ʛʘʟʘ; ɺ3={ʫ, )(ɛ
3

yB } ï ʩʨʝʜʥʠʡ ʨʘʩʭʦʜ ʛʘʟʘ; ɺ4={ʫ, )(ɛ
4

yB } ï 

ʙʦʣʴʰʦʡ ʨʘʩʭʦʜ ʛʘʟʘ. ʃʠʥʛʚʠʩʪʠʯʝʩʢʫʶ ʧʝʨʝʤʝʥʥʫʶ ʩ ʝʝ ʪʝʨʤʘʤʠ ʤʦʞʥʦ 

ʠʟʦʙʨʘʟʠʪʴ ʯʝʨʝʟ ʪʨʘʧʝʮʝʠʜʘʣʴʥʳʝ ʥʝʯʝʪʢʠʝ ʤʥʦʞʝʩʪʚʘ, ʢʘʢ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

ʈʠʩʫʥʦʢ 3 ï ʃʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʧʝʨʝʤʝʥʥʘʷ çʇʦʪʨʝʙʣʷʝʤʳʡ ʨʘʩʭʦʜ ʛʘʟʘè 

ʇʦʩʣʝ ʚʚʝʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʥʝʯʝʪʢʠʤʠ ʤʥʦʞʝʩʪʚʘʤʠ ʨʘʟʨʘʙʦʪʘʝʤ ʥʝʯʝʪʢʫʶ ʙʘʟʫ 

ʧʨʘʚʠʣ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʧʦʣʦʞʝʥʘ ʚ ʦʩʥʦʚʫ ʨʘʙʦʪʳ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, 

ʚʳʧʦʣʥʷʶʱʝʛʦ ʜʦʟʠʨʦʚʘʥʠʝ ʦʜʦʨʘʥʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʪʨʝʙʣʷʝʤʦʛʦ 

ʨʘʩʭʦʜʘ ʠ ʚʨʝʤʝʥʠ ʛʦʜʘ. ɼʣʷ ʫʯʝʪʘ ʚʨʝʤʝʥʠ ʛʦʜʘ ʚʚʝʜʝʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʫʶ ʧʝʨʝʤʝʥʥʫʶ t çɺʨʝʤʷ ʛʦʜʘè. ɺʚʝʜʝʤ ʪʝʨʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ 
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ʚʨʝʤʝʥʝʤ ʛʦʜʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʥʝʯʝʪʢʠʤʠ ʤʥʦʞʝʩʪʚʘʤʠ: ʉ1={ t, 

)(ɛ
1

tC } ï ʟʠʤʥʝʝ ʚʨʝʤʷ ʛʦʜʘ; ʉ2={ t, )(ɛ
2

tC } ï ʚʝʩʝʥʥʝ-ʣʝʪʥʝʝ ʚʨʝʤʷ ʛʦʜʘ; 

ʉ3={ t, )(ɛ
3

tC } ï ʦʩʝʥʥʝʝ ʚʨʝʤʷ ʛʦʜʘ.  

ɼʘʥʥʘʷ ʧʝʨʝʤʝʥʥʘʷ ʙʫʜʝʪ ʦʪʨʘʞʘʪʴ ʚʨʝʤʝʥʘ ʛʦʜʘ. ʆʪʩʯʝʪ ʧʦ ʰʢʘʣʝ 

ʘʙʩʮʠʩʩ ʥʘʯʥʝʤ ʩ ʜʝʢʘʙʨʷ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʠʥʪʝʨʚʘʣʦʤ ʦʪ 

ʥʫʣʷ ʜʦ ʝʜʠʥʠʮʳ, ʠ ʪʘʢ ʜʘʣʝʝ ʜʦ ʦʜʠʥʥʘʜʮʘʪʦʛʦ ʤʝʩʷʮʘ. ɻʨʘʬʠʯʝʩʢʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʦʪʦʙʨʘʞʘʝʪʩʷ ʪʨʘʧʝʮʝʠʜʘʣʴʥʳʤʠ 

ʥʝʯʝʪʢʠʤʠ ʤʥʦʞʝʩʪʚʘʤʠ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

ʈʠʩʫʥʦʢ 4 ï ʃʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʧʝʨʝʤʝʥʥʘʷ çɺʨʝʤʷ ʛʦʜʘè 

2 ʅʝʯʝʪʢʘʷ ʙʘʟʘ ʧʨʘʚʠʣ ʠ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʙʦʪʘʤʠ [ʇʝʛʘʪ, 2013; Mamdani, 1974] ʢʦʥʮʝʧʮʠʷ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʄʘʤʜʘʥʠ. ʎʝʣʴʶ ʤʝʪʦʜʠʢʠ ʄʘʤʜʘʥʠ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ, ʚʳʧʦʣʥʷʶʱʝʡ ʪʘʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʩʚʦʠʭ ʚʭʦʜʦʚ ʚ 

ʚʳʭʦʜ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʣʦ ʙʳ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʪʦʯʥʫʶ 

ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʨʝʘʣʴʥʦʡ ʩʠʩʪʝʤʳ [ʇʝʛʘʪ, 2013]. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʘ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʦʜʦʨʘʥʪʘ ʜʦʣʞʥʘ ʚʳʧʦʣʥʷʪʴ ʜʦʟʠʨʦʚʘʥʠʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʨʘʩʭʦʜʘ ʠ ʚʨʝʤʝʥʠ ʛʦʜʘ. ɺʚʝʜʝʥʠʝ 

ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ ʧʦʟʚʦʣʠʪ ʪʘʢʞʝ ʚʘʨʴʠʨʦʚʘʪʴ ʚʝʣʠʯʠʥʫ ʦʜʦʨʠʟʘʮʠʠ ʩ 

ʫʯʝʪʦʤ ʚʨʝʤʝʥʠ ʛʦʜʘ ʪʘʢ, ʯʪʦʙʳ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʧʘʭʘ ʛʘʟʘ ʙʳʣʘ ʜʦʚʦʣʴʥʦ 

ʦʱʫʪʠʤʦʡ ʠ ʤʝʥʝʝ ʚʨʝʜʥʦʡ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʷ.  

ʅʘ ʚʭʦʜ ʩʠʩʪʝʤʳ ʜʦʣʞʝʥ ʧʦʩʪʫʧʘʪʴ ʩʠʛʥʘʣ ʦ ʧʦʪʨʝʙʣʷʝʤʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʛʘʟʘ ʠ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ, ʩʚʷʟʘʥʥʦʡ ʩ ʚʨʝʤʝʥʝʤ ʛʦʜʘ, ʘ ʥʘ ʚʳʭʦʜʝ 

ʩʠʩʪʝʤʳ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʜʦʟʠʨʦʚʘʥʠʝ ʦʜʦʨʘʥʪʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʥʦ 

ʩʤʦʜʝʣʠʨʦʚʘʪʴ, ʘ ʟʘʪʝʤ ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʥʝʯʝʪʢʦʤ ʨʝʛʫʣʷʪʦʨʝ ʧʫʪʝʤ 

ʚʚʝʜʝʥʠʷ ʥʝʯʝʪʢʦʡ ʙʘʟʳ ʧʨʘʚʠʣ, ʢʦʪʦʨʫʶ ʩʦʩʪʘʚʠʤ ʥʠʞʝ: 
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R1:   ɽʉʃʀ )( 1By=  ʀ )( 1Ct=  ʊʆ ( 5Ax= ), 

R2:   ɽʉʃʀ )( 1By=  ʀ )( 2Ct=  ʊʆ ( 4Ax= ), 

R3:   ɽʉʃʀ )( 1By=  ʀ )( 3Ct=  ʊʆ ( 5Ax= ), 

R4:   ɽʉʃʀ )( 2By=  ʀ )( 1Ct=  ʊʆ ( 6Ax= ), 

R5:   ɽʉʃʀ )( 2By=  ʀ )( 2Ct=  ʊʆ ( 4Ax= ),                                      (1) 

R6:   ɽʉʃʀ )( 2By=  ʀ )( 3Ct=  ʊʆ ( 5Ax= ), 

R7:   ɽʉʃʀ )( 3By=  ʀ )( 1Ct=  ʊʆ ( 6Ax= ), 

R8:   ɽʉʃʀ )( 3By=  ʀ )( 2Ct=  ʊʆ ( 4Ax= ), 

R9:   ɽʉʃʀ )( 3By=  ʀ )( 3Ct=  ʊʆ ( 5Ax= ), 

R10: ɽʉʃʀ )( 4By=  ʀ )( 1Ct=  ʊʆ ( 6Ax= ), 

R11: ɽʉʃʀ )( 4By=  ʀ )( 2Ct=  ʊʆ ( 4Ax= ), 

R12: ɽʉʃʀ )( 4By=  ʀ )( 3Ct=  ʊʆ ( 5Ax= ). 

ʀʜʝʥʪʠʯʥʦʩʪʴ ʚʳʭʦʜʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʦʟʚʦʣʷʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʙʘʟʫ 

ʧʨʘʚʠʣ (1) ʧʫʪʝʤ ʘʛʨʝʛʘʮʠʠ ʫʩʣʦʚʠʡ ʩ ʧʦʤʦʱʴʶ ʦʧʝʨʘʪʦʨʘ ʀʃʀ ʩ ʮʝʣʴʶ 

ʫʤʝʥʴʰʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʣʦʛʠʯʝʩʢʠʡ ʨʝʰʘʪʝʣʴ ʠ ʩʦʢʨʘʱʝʥʠʷ ʙʘʟʳ ʧʨʘʚʠʣ. 

ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʘʭ [ʇʝʛʘʪ, 

2013; ʗʨʫʰʢʠʥʘ, 2009]: 

R1:   (ɽʉʃʀ )( 1By=  ʀ )( 1Ct= ) ʀʃʀ 

         (ɽʉʃʀ )( 1By=  ʀ )( 3Ct= ) ʀʃʀ 

         (ɽʉʃʀ )( 2By=  ʀ )( 3Ct= ) ʀʃʀ  

         (ɽʉʃʀ )( 3By=  ʀ )( 3Ct= ) ʀʃʀ  

         (ɽʉʃʀ )( 4By=  ʀ )( 3Ct= ) ʊʆ (5Ax= ), 

R2:   (ɽʉʃʀ )( 1By=  ʀ )( 2Ct= ) ʀʃʀ          (2) 

         (ɽʉʃʀ )( 2By=  ʀ )( 2Ct= ) ʀʃʀ 

         (ɽʉʃʀ )( 3By=  ʀ )( 2Ct= ) ʀʃʀ 

         (ɽʉʃʀ )( 4By=  ʀ )( 2Ct= ) ʊʆ (4Ax= ), 

R3:    (ɽʉʃʀ )( 2By=  ʀ )( 1Ct= ) ʀʃʀ 

          (ɽʉʃʀ )( 3By=  ʀ )( 1Ct= ) ʀʃʀ 

          (ɽʉʃʀ )( 4By=  ʀ )( 1Ct= ) ʊʆ (6Ax= ). 

ʇʨʠʤʝʥʷʝʤʳʝ ʦʧʝʨʘʮʠʠ ʀ, ʀʃʀ ʚʳʧʦʣʥʷʶʪ ʩ ʧʦʤʦʱʴʶ s-ʥʦʨʤ  

ʠ t-ʥʦʨʤ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪʩʷ ʚ ʨʘʙʦʪʘʭ [ʇʝʛʘʪ, 2013; ʗʨʫʰʢʠʥʘ, 2009]. 

ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʳʭ 

ʦʧʝʨʘʪʦʨʦʚ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʝʡ ʪʠʧʘ ʄʘʤʜʘʥʠ ʧʦ ʧʨʘʚʠʣʘʤ (1) ʠ (2), 
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ʪ. ʝ. ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʝʨʘʪʦʨʳ SUM ʠ MEAN. ʆʧʝʨʘʪʦʨʳ s-ʥʦʨʤ ʠ t-

ʥʦʨʤ ʤʦʛʫʪ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʳ ʚ ʢʦʥʪʨʦʣʣʝʨʘʭ, ʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʠʚʘʶʪ 

ʩʪʘʥʜʘʨʪ ʄʕʂ 61131-7, ʣʠʙʦ ʪʘʢʠʝ ʦʧʝʨʘʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ 

ʧʫʪʝʤ ʥʘʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤ ʥʘ ʷʟʳʢʘʭ ʩʪʘʥʜʘʨʪʘ ʄʕʂ 61131-3.  

ɸʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʨʝʰʝʥʠʷʤʠ ʠ ʥʘ ʙʘʟʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʜʦʨʠʟʘʮʠʦʥʥʳʭ 

ʫʩʪʘʥʦʚʦʢ [ɼʘʥʠʣʦʚ, 2014; ʂʫʟʴ ʠ ʜʨ., 2014]. ʅʦʚʠʟʥʦʡ ʠ ʦʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʡ 

ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥ ʚ ʣʦʛʠʯʝʩʢʦʤ ʨʝʰʘʪʝʣʝ (ʇʃʂ), ʢʦʪʦʨʳʡ ʧʦʣʥʦʩʪʴʶ 

ʦʩʥʦʚʘʥ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʯʝʪʢʦʡ 

ʙʘʟʳ ʧʨʘʚʠʣ.  

ʅʘ ʧʨʠʤʝʨʝ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʧʦʢʘʟʘʥʘ ʬʦʨʤʘʣʠʟʘʮʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʜʦʨʠʟʘʮʠʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ʇʫʪʝʤ ʚʚʝʜʝʥʠʷ 

ʛʨʫʧʧʳ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʝʯʝʪʢʠʭ 

ʤʥʦʞʝʩʪʚ ʣʝʛʢʦ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʩʣʦʞʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʚʧʦʣʥʝ ʘʜʝʢʚʘʪʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʚʳʧʦʣʥʷʪʴ ʦʜʦʨʠʟʘʮʠʶ ʛʘʟʘ, ʧʝʨʝʜ ʪʝʤ ʢʘʢ ʦʪʧʨʘʚʣʷʪʴ ʝʛʦ ʢʦʥʝʯʥʦʤʫ 

ʧʦʪʨʝʙʠʪʝʣʶ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʨʘʩʩʤʦʪʨʝʥʦ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯʠ ʦʙ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʜʦʨʠʟʘʮʠʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʩ 

ʧʦʤʦʱʴʶ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ. ʇʦʢʘʟʘʥʘ ʤʦʜʝʣʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʦʜʦʨʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʚʳʧʦʣʥʷʝʪ ʜʦʟʠʨʦʚʘʥʠʝ ʦʜʦʨʘʥʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʘʟʘ, ʠ ʫʯʠʪʳʚʘʝʪ ʚʨʝʤʷ ʛʦʜʘ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʩʥʠʞʘʝʪʩʷ ʨʘʩʭʦʜ ʦʜʦʨʘʥʪʘ. ʄʦʜʝʣʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʜʦʨʠʟʘʮʠʠ 

ʧʦʣʥʦʩʪʴʶ ʧʦʩʪʨʦʝʥʘ ʥʘ ʘʧʧʘʨʘʪʝ ʥʝʯʝʪʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʩʪʘʪʴʝ 

ʪʘʢʞʝ ʜʘʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʠ ʨʝʘʣʠʟʘʮʠʠ ʥʝʯʝʪʢʦʡ 

ʩʠʩʪʝʤʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʢʦʥʪʨʦʣʣʝʨʦʚ. 
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