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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 

 

ɼɺʇ ï ʜʠʩʢʨʝʪʥʦʝ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ; 

ɼʇʌ ï ʜʠʩʢʨʝʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ; 

ɽɹʉ  ï ɽʜʠʥʘʷ ʙʠʦʤʝʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ; 

ʀʀ  ï ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ; 

ʄʊʆ ï ʤʥʦʛʦʪʦʯʝʯʥʳʡ ʦʙʲʝʢʪ; 

ʅʉ  ï ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ; 

ʉʂʆ ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ; 

ʉʇʆ ï ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ; 

MLP ï (Multilayer Perceptron) ï ʤʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʮʝʧʪʨʦʥ; 

TSDB ï (Time Series Database) ï ʙʘʟʘ ʜʘʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ; 

FAR ï (False Acceptance Rate) ï ʢʦʵʬʬʠʮʠʝʥʪ ʣʦʞʥʦʛʦ ʜʦʧʫʩʢʘ; 

FRR ï (False Rejection Rate) ï ʢʦʵʬʬʠʮʠʝʥʪ ʣʦʞʥʦʛʦ ʦʪʢʘʟʘ; 

EER ï (Equal Error Rate) ïʫʨʦʚʝʥʴ ʨʘʚʥʳʭ ʦʰʠʙʦʢ. 
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ɺɺɽɼɽʅʀɽ 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʮʠʬʨʦʚʦʤ ʤʠʨʝ, ʛʜʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʥʠʢʘʶʪ ʚʦ ʚʩʝ ʩʬʝʨʳ ʥʘʰʝʡ ʞʠʟʥʠ, ʢʘʯʝʩʪʚʦ ʩʙʦʨʘ, ʦʙʨʘʙʦʪʢʠ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʩʪʘʥʦʚʠʪʩʷ ʚʦʧʨʦʩʦʤ 

ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ ʚʘʞʥʦʩʪʠ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʘʥʘʣʠʟʫ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʠ ʤʦʪʦʨʥʳʭ 

ʧʘʪʪʝʨʥʦʚ. ɹʠʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʠʦʙʨʝʪʘʶʪ 

ʤʘʩʩʦʚʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʝʨʩʦʥʘʣʴʥʳʭ ʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩʠʩʪʝʤ [1-3]. 

ʈʫʢʦʧʠʩʥʳʝ ʧʦʜʧʠʩʠ ʢʘʢ ʙʠʦʤʝʪʨʠʯʝʩʢʠʡ ʠʩʪʦʯʥʠʢ ʜʘʥʥʳʭ ʜʣʷ 

ʘʥʘʣʠʟʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʦʣʝʝ 40 ʣʝʪ, ʧʦʩʢʦʣʴʢʫ ʦʮʠʬʨʦʚʘʥʥʘʷ ʩʪʘʪʠʯʝʩʢʘʷ ʧʦʜʧʠʩʴ 

ʯʝʣʦʚʝʢʘ ʦʪʥʦʩʠʪʩʷ ʢ ʦʜʥʦʤʫ ʠʟ ʩʘʤʳʭ ʜʝʰʸʚʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʧʦ 

ʨʝʘʣʠʟʘʮʠʠ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʨʫʢʦʧʠʩʥʦʛʦ ʦʙʨʘʟʘ. ʈʘʟʚʠʪʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʜʦʩʪʫʧʥʦʩʪʴ 

ʩʨʝʜʩʪʚ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʜʧʠʩʠ, ʯʪʦ ʩʥʠʞʘʝʪ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʫʩʠʣʠʚʘʝʪ ʠʥʪʝʨʝʩ ʢ 

ʘʥʘʣʠʟʫ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ ʧʦʜʧʠʩʘʥʠʷ [4-6]. 

ʄʝʞʜʫ ʪʝʤ, ʣʠʰʴ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ, ʩ ʨʘʟʚʠʪʠʝʤ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʜʦʩʪʫʧʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʘ ʧʦʩʪʘʥʦʚʢʠ ʧʦʜʧʠʩʠ (ʩ ʧʦʤʦʱʴʶ 

ʧʣʘʥʰʝʪʦʚ, ʩʤʘʨʪʬʦʥʦʚ, ʦʩʥʘʱʝʥʥʳʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʩʝʥʩʦʨʥʳʤʠ 

ʵʢʨʘʥʘʤʠ), ʬʦʢʫʩ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʤʝʩʪʠʣʩʷ ʚ ʦʙʣʘʩʪʴ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʠʛʥʘʪʫʨʳ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʦʜʧʠʩʠ ʧʦ ʤʥʦʛʦʤʝʨʥʳʤ ʚʨʝʤʝʥʥʳʤ ʜʘʥʥʳʤ. 

ɸʥʘʣʠʟ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʙʠʦʤʝʪʨʠʠ, ʧʦʩʢʦʣʴʢʫ 

ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʤʥʦʛʦʤʝʨʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ 
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ʨʷʜʘʤʠ ʠ ʫʯʠʪʳʚʘʪʴ ʚʥʫʪʨʠʢʣʘʩʩʦʚʫʶ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʠʩʧʦʣʥʝʥʠʷ. ʊʘʢʠʝ 

ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʠʨʫʶʪ ʥʝ ʩʪʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʘ ʤʥʦʛʦʤʝʨʥʳʡ 

ʚʨʝʤʝʥʥʦʡ ʨʷʜ, ʦʧʠʩʳʚʘʶʱʠʡ ʧʨʦʮʝʩʩ ʝʝ ʩʦʟʜʘʥʠʷ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʘʥʘʣʠʟ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʢʦʨʦʩʪʴ, ʫʩʢʦʨʝʥʠʝ, ʠ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʘʚʣʝʥʠʝ ʧʝʨʘ ʠ ʜʨ. 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʧʦʜʧʠʩʴ ʚʦʩʪʨʝʙʦʚʘʥʘ ʚ ʧʨʠʢʣʘʜʥʳʭ ʩʮʝʥʘʨʠʷʭ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʦʤ ʠ ʫʜʘʣʸʥʥʳʤ ʚʚʦʜʦʤ 

ʨʫʢʦʧʠʩʥʳʭ ʜʘʥʥʳʭ, ʛʜʝ ʚʘʞʥʳ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʢʦʨʨʝʢʪʥʘʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʨʝʘʣʠʟʘʮʠʡ ʧʨʠ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʠʩʧʦʣʥʝʥʠʷ ʠ ʨʘʟʣʠʯʠʷʭ ʚ 

ʘʧʧʘʨʘʪʫʨʝ ʨʝʛʠʩʪʨʘʮʠʠ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ 

ʤʝʪʦʜʳ ʥʦʨʤʘʣʠʟʘʮʠʠ, ʨʘʩʰʠʨʝʥʠʷ ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʠ ʥʝʡʨʦʩʝʪʝʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʝ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʤʥʦʛʦʤʝʨʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʧʦʜʧʠʩʴ ʯʘʩʪʠʯʥʦ ʩʚʦʙʦʜʥʘ ʦʪ ʥʝʜʦʩʪʘʪʢʦʚ, 

ʩʚʦʡʩʪʚʝʥʥʳʭ ʩʪʘʪʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ, ʦʜʥʘʢʦ ʠ ʜʣʷ ʥʝʝ ʦʩʪʨʦ ʩʪʦʠʪ 

ʧʨʦʙʣʝʤʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʥʘʣʠʟʘ ʠ ʢʘʯʝʩʪʚʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʘʣʠʟʘʮʠʡ, 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ [7-12]:  

1) ʟʘʚʠʩʠʤʦʩʪʴʶ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʧʠʩʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʜʘʪʯʠʢʦ-

ʧʨʝʦʙʨʘʟʫʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ; 

2) ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ ʧʦʩʪʘʥʦʚʢʠ ʜʣʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʠʩʧʦʣʥʠʪʝʣʷ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʵʤʦʮʠʷʤʠ, ʩʪʨʝʩʩʦʤ ʠ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ʉʘʤʘʷ ʙʦʣʴʰʘʷ ʧʨʦʙʣʝʤʘ ï ʥʝʧʨʝʜʩʢʘʟʫʝʤʘʷ ʤʝʞʣʠʯʥʦʩʪʥʘʷ 

ʠʟʤʝʥʯʠʚʦʩʪʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʤʫʶ ʩʦ 100% 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʦʜʜʝʣʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʦʟʥʠʢʘʝʪ ʧʨʘʛʤʘʪʠʯʝʩʢʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ, 

ʟʘʢʣʶʯʘʶʱʝʝʩʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚ ʥʘʣʠʯʠʠ ʛʠʛʘʥʪʩʢʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʧʨʠʣʦʞʝʥʠʡ (ʪ.ʝ. 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʥʝʜʨʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʝʰʝʚʦʛʦ 

ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ ʨʫʢʦʧʠʩʥʳʭ ʜʘʥʥʳʭ), ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ 
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ï ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʦ ʢʘʯʝʩʪʚʫ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʚʳʩʦʢʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ ʩʦʩʪʦʷʥʠʷ ʠʩʧʦʣʥʠʪʝʣʷ ʠ ʜʘʪʯʠʢʦ-ʧʨʝʦʙʨʘʟʫʶʱʝʡ 

ʘʧʧʘʨʘʪʫʨʳ ʩʝʥʩʦʨʥʳʭ ʩʨʝʜʩʪʚ. 

ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʨʝʰʝʥʠʷ ʧʦʜʦʙʥʦʛʦ ʧʨʘʛʤʘʪʠʯʝʩʢʦʛʦ 

ʧʨʦʪʠʚʦʨʝʯʠʷ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠʟʥʘʢʦʚ ʠ 

ʨʝʛʫʣʷʨʠʟʘʮʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ 

ʥʝʥʘʙʣʶʜʘʝʤʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʘʧʧʘʨʘʪʫʨʳ ʨʝʛʠʩʪʨʘʮʠʠ, ʥʘ 

ʦʩʥʦʚʝ ʤʝʪʦʜʦʣʦʛʠʠ ʨʝʰʝʥʠʷ ʥʝʢʦʨʨʝʢʪʥʳʭ ʟʘʜʘʯ ɸ. ʅ. ʊʠʭʦʥʦʚʘ [13, 14].  

ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʵʪʦ ʫʩʫʛʫʙʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ 

ʝʜʠʥʦʛʦ ʩʣʠʯʘʝʤʦʛʦ ʰʘʙʣʦʥʘ, ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʠʤʝʨʦʚ ʜʣʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʤʥʦʛʦʤʝʨʥʦʩʪʴʶ ʠ ʘʧʨʠʦʨʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʠʩʧʦʣʥʝʥʠʷ ʧʦʜʧʠʩʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʦʟʥʠʢʘʝʪ ʥʘʫʯʥʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ, ʩʚʷʟʘʥʥʦʝ, ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʧʦʩʪʘʚʣʷʪʴ ʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ 

ʦʙʨʘʟʮʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ, ʦʙʣʘʜʘʶʱʝʡ ʚʥʫʪʨʠʢʣʘʩʩʦʚʦʡ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʥʝʥʘʙʣʶʜʘʝʤʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ 

ʧʨʦʮʝʩʩʘ ʧʦʩʪʘʥʦʚʢʠ ʧʦʜʧʠʩʠ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ï ʦʪʩʫʪʩʪʚʠʝʤ ʥʘʫʯʥʦʡ 

ʤʝʪʦʜʦʣʦʛʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʥʦʛʦʤʝʨʥʳʭ ʢʨʠʚʳʭ ʠ ʠʭ 

ʦʙʦʙʱʝʥʠʷ ʥʘ ʥʦʚʳʝ (ʚʥʝ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ) ʨʝʘʣʠʟʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʢʣʘʩʩʦʚ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʧʠʩʠ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʶʪʩʷ, ʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʸʤʘʤʠ ʜʘʥʥʳʭ ʚʩʸ ʰʠʨʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʦʣʦʛʠʷ ʠ ʩʨʝʜʩʪʚʘ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʊʘʢ, ʚ 

ʦʙʟʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ S. M. Lucas, R. I. Damper, J. Bromley (1989ï1993) 

ʦʧʠʩʘʥʳ ʨʘʥʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʩʠʥʪʘʢʪʠʯʝʩʢʠʭ ʥʝʡʨʦʩʝʪʝʡ ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ. K. Cpağka, M. Zalasinski, L. Rutkowski (2014-2019) 

ʧʨʝʜʣʘʛʘʣʩʷ ʛʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ 
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ʧʦʜʧʠʩʠ. Songxuan Lai ʠ Lianwen Jin ʚ 2017-2019 ʛʦʜʘʭ ʧʦʣʫʯʠʣʠ ʧʝʨʚʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩʚʷʟʘʥʥʳʝ ʩ ʩʠʥʪʝʟʦʤ ʦʙʫʯʘʶʱʠʭ ʚʳʙʦʨʦʢ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʦʜʧʠʩʠ. ɸʚʪʦʨʘʤʠ Ruben Tolosana, Ruben Vera-Rodriguez, Juli§n Fierrez, 

Javier Ortega-Garc²a ʚ ʨʘʙʦʪʝ ñDeepSign: Deep On-Line Signature 

Verificationò (2020) ʧʨʝʜʣʦʞʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ TA-RNN (Time-Aligned 

Recurrent Neural Networks), ʦʙʲʝʜʠʥʷʶʱʘʷ Dynamic Time Warping ʠ 

ʨʝʢʫʨʨʝʥʪʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. ʀ ʥʘʢʦʥʝʮ, Moises Diaz, Miguel A. Ferrer ʠ 

ʩʦʘʚʪʦʨʳ ʚ ʮʠʢʣʝ ʨʘʙʦʪ ʩ ʟʘʚʝʨʰʘʶʱʝʡ ʩʪʘʪʴʝʡ ñNeural network modelling 

of kinematic and dynamic features for signature verification" (2024) 

ʘʧʨʦʙʠʨʦʚʘʣʠ ʤʝʪʦʜʦʣʦʛʠʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʚʳʙʦʨʦʢ ʜʣʷ 

ʦʮʝʥʢʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʫʛʣʦʚʘʷ 

ʩʢʦʨʦʩʪʴ/ʧʦʟʠʮʠʷ, ʤʦʤʝʥʪ ʩʠʣʳ).  

ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʝ ʧʦʩʣʝʜʦʚʘʪʝʣʠ ɾʫʨʘʚʣʸʚʘ ʖ.ʀ. 

(ʄɻʋ) ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʟʘʜʘʯ 

ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʜʧʠʩʠ. ɽʛʦ 

ʰʢʦʣʘ ʟʘʣʦʞʠʣʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʜʣʷ ʤʥʦʛʠʭ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʈʦʩʩʠʠ. ɻʨʫʧʧʘ ʂʦʪʣʷʨʦʚʘ ʀ.ɼ. (ʉʇʙʇʋ) ʧʨʦʚʝʣʘ ʦʜʥʫ ʠʟ 

ʩʘʤʳʭ ʮʠʪʠʨʫʝʤʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ. ʆʥʠ ʨʘʟʨʘʙʦʪʘʣʠ ʠ 

ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʣʠ ʩʚʸʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (CNN) ʠ ʨʝʢʫʨʨʝʥʪʥʳʝ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (RNN), ʚ ʯʘʩʪʥʦʩʪʠ LSTM-ʩʝʪʠ, ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ. ʂʦʤʘʥʜʘ ʉʦʢʦʣʦʚʘ ɸ.ɺ. (ʄʕʀ) ʩʬʦʢʫʩʠʨʦʚʘʥʘ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʘʨʭʠʪʝʢʪʫʨʘʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʤʝʪʦʜʘʭ ʦʙʨʘʙʦʪʢʠ ʚʨʝʤʝʥʥʳʭ 

ʨʷʜʦʚ ʜʘʥʥʳʭ ʧʦʜʧʠʩʠ ʠ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤ ʢ ʧʦʜʜʝʣʢʘʤ. ɺ 

ʨʘʙʦʪʘʭ ɸ. ʀ. ʀʚʘʥʦʚʘ ʠ ʩʦʘʚʪ. ʩʬʦʨʤʠʨʦʚʘʥʘ ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʣʠʥʠʷ 

ʚʳʩʦʢʦʨʘʟʤʝʨʥʦʡ ʥʝʡʨʦʩʝʪʝʚʦʡ ʙʠʦʤʝʪʨʠʠ çʙʠʦʤʝʪʨʠʷŸʢʦʜè: 

ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʫʩʢʦʨʸʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩ ʩʠʥʪʝʪʠʯʝʩʢʠʤ 

ʨʘʩʰʠʨʝʥʠʝʤ ʚʳʙʦʨʦʢ ʠ ʘʧʨʠʦʨʥʳʤ ʦʧʠʩʘʥʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚʳʭʦʜʥʳʭ 

ʢʦʜʦʚ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʘʩʩʪʦʷʥʠʡ ʍʵʤʤʠʥʛʘ ʜʣʷ ʦʮʝʥʢʠ 

ʵʥʪʨʦʧʠʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʤʘʣʳʭ ʚʳʙʦʨʢʘʭ; ʧʦʢʘʟʘʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ ʢ 

ʨʫʢʦʧʠʩʥʳʤ ʘʚʪʦʛʨʘʬʘʤ.  
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ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʫʶʱʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʳʭ ʰʢʦʣʘʭ ʥʘʫʯʥʦ-

ʤʝʪʦʜʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʧʨʠʣʦʞʝʥʠʷ ʤʝʪʦʜʦʚ ʥʝʡʨʦʠʥʬʦʨʤʘʪʠʢʠ ʥʘʧʨʷʤʫʶ 

(ʧʦʜʘʯʝʡ ʦʪʩʯʝʪʦʚ ʢʨʠʚʳʭ ʨʝʘʣʠʟʘʮʠʡ ʥʘ ʚʭʦʜ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ), ʥʝ ʜʘʝʪ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʪ.ʢ. ʟʘʰʫʤʣʝʥʥʦʩʪʴ ʜʘʥʥʳʭ ʠ ʠʭ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʥʝ ʩʬʦʨʤʠʨʫʶʪ ʯʝʪʢʠʝ, ʢʘʢ ʧʨʠʚʠʣʦ, ʟʘʤʢʥʫʪʳʝ ʦʙʣʘʩʪʠ 

ʢʣʘʩʩʦʚ (ʧʝʨʩʦʥ ʧʦʣʴʟʦʚʘʪʝʣʝʡ) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪʩʯʝʪʦʚ ʤʥʦʛʦʤʝʨʥʳʭ 

ʢʨʠʚʳʭ [15-17].  ʆʙʲʝʤ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʠ ʯʠʩʣʦ ʢʣʘʩʩʦʚ 

ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʚʩʝ ʢʣʘʩʩʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ çʧʨʦʢʣʷʪʠʷ ʨʘʟʤʝʨʥʦʩʪʝʡè 

ʧʨʷʤʦʛʦ ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʟʘʜʘʯʠ.   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʵʧʦʭʫ ʯʝʪʚʝʨʪʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʝʚʦʣʶʮʠʠ, ʪʝʤʘ 

ʜʠʩʩʝʨʪʘʮʠʠ çʄʝʪʦʜʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʧʠʩʠ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡè ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʠ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʧʠʩʠ, ʧʨʠ ʨʦʩʪʝ 

ʯʠʩʣʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʩʝʨʚʠʩʦʚ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ 

ʧʝʨʩʦʥʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʨʝʛʠʩʪʨʘʮʠʠ, 

ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʧʠʩʠ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʚʳʜʝʣʝʥʠʷ 

ʧʨʠʟʥʘʢʦʚ, ʥʦʨʤʘʣʠʟʘʮʠʠ, ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʘʣʠʟʘʮʠʡ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

ʎʝʣʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʘʣʠʟʘʮʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʥʘ ʦʩʥʦʚʝ 

ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʝʪʦʜʦʚ 

ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʧʨʠ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʠʩʧʦʣʥʝʥʠʷ ʠ ʨʘʟʣʠʯʠʷʭ ʚ ʘʧʧʘʨʘʪʫʨʝ 

ʨʝʛʠʩʪʨʘʮʠʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
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1. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʘʣʠʟʘʮʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʧʦ ʝʝ ʧʘʨʘʤʝʪʨʘʤ, 

ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ.  

2. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʠ ʨʘʩʰʠʨʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʧʠʩʠ ʧʦ ʢʦʨʪʝʞʫ ʩʪʘʥʜʘʨʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʝʥʩʦʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʘʥʘʣʠʟʘ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ. 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʨʝʘʣʠʟʘʮʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʦʜʧʠʩʠ (ʧʘʨʦʣʴʥʦʡ ʬʨʘʟʳ) ʜʣʷ ʟʘʜʘʯ ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ  

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʚ ʥʝʡʨʦʩʝʪʝʚʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʙʘʟʠʩʝ. 

4. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʦʪʦʞʜʝʩʪʚʣʝʥʠʷ ʦʙʨʘʟʮʘ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʦʜʧʠʩʠ ʩ ʵʪʘʣʦʥʘʤʠ ʥʘ ʦʩʥʦʚʝ ʢʦʨʪʝʞʘ ʫʥʠʢʘʣʴʥʳʭ ʤʘʪʨʠʮ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʝʞʥʝʡʨʦʥʥʳʭ ʩʚʷʟʝʡ ʤʥʦʛʦʩʣʦʡʥʦʡ 

ʥʝʡʨʦʩʝʪʠ. 

5. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʤʝʪʦʜʠʢʫ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʛʥʘʪʫʨʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʥʦʛʦʪʦʯʝʯʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʤʝʡʩʪʚʘ ʢʨʠʚʳʭ, 

ʦʧʨʝʜʝʣʠʪʴ ʠʥʚʘʨʠʘʥʪʳ ʠ ʤʝʪʨʠʢʠ ʩʨʘʚʥʝʥʠʷ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʢʘʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ. 

6. ʇʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʛʠʧʦʪʝʟʳ ʨʘʩʰʠʨʝʥʠʷ ʯʠʩʣʘ ʫʯʠʪʳʚʘʝʤʳʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʦʩʥʦʚ ʩʠʩʪʝʤʦʪʝʭʥʠʢʠ, ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, 

ʪʝʦʨʠʠ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʧʨʠʥʷʪʠʡ ʨʝʰʝʥʠʡ, 

ʤʝʪʦʜʦʚ ʥʝʡʨʦʠʥʬʦʨʤʘʪʠʢʠ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʯʘʩʪʴ ʚʳʧʦʣʥʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʝʭʥʦʣʦʛʠʡ 

ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ.  
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1. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʠ ʨʘʩʰʠʨʝʥʠʷ ʧʨʠʟʥʘʢʦʚʦʛʦ ʦʧʠʩʘʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʥʘ ʤʥʦʞʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʥʳʭ 

ʤʥʦʛʦʤʝʨʥʳʭ ʢʨʠʚʳʭ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʦʨʪʝʞʘ ʩʝʥʩʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʘʩʰʠʨʝʥʥʳʭ (ʩʠʥʪʝʪʠʯʝʩʢʠʭ) ʧʨʠʟʥʘʢʦʚ. ɼʘʥʥʦʝ 

ʦʪʣʠʯʠʝ ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʠ ʦʙʝʩʧʝʯʠʣʦ ʜʦʩʪʠʞʝʥʠʝ ʤʝʪʨʠʢʠ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʠ 0,95, ʯʪʦ ʥʘ 25ï35 % 

ʧʨʝʚʳʰʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʠʟʚʝʩʪʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʥʘ 5ï15 % ð 

ʤʝʪʨʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ. 

2. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʨʝʘʣʠʟʘʮʠʡ 

ʧʦʜʧʠʩʠ ʥʘ ʦʩʥʦʚʝ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʭʩʷ ʢʘʨʪ ʂʦʭʦʥʝʥʘ (SOM), 

ʦʪʣʠʯʘʶʱʠʡʩʷ ʘʣʛʦʨʠʪʤʦʤ ʚʟʚʝʰʠʚʘʥʠʷ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʫʯʝʪʘ ʠʭ ʨʘʟʥʦʡ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʠ ʘʜʘʧʪʠʚʥʦʡ ʧʨʦʮʝʜʫʨʦʡ ʧʦʜʙʦʨʘ ʯʠʩʣʘ ʵʪʘʣʦʥʦʚ. 

ɺʚʝʜʝʥʥʳʝ ʦʪʣʠʯʠʷ ʧʦʟʚʦʣʷʶʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʚʥʫʪʨʠʢʣʘʩʩʦʚʫʶ 

ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʧʦʜʧʠʩʠ ʠ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʣʦʞʥʦʛʦ ʦʪʢʘʟʘ (FRR) ʜʦ 

ʫʨʦʚʥʷ 0,12. 

3. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʪʦʞʜʝʩʪʚʣʝʥʠʷ ʦʙʨʘʟʮʘ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʦʜʧʠʩʠ ʩ ʵʪʘʣʦʥʘʤʠ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʜʝʢʦʤʧʦʟʠʮʠʝʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʧʨʦʮʝʜʫʨʳ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʨʦʛʦʥ ʧʦ ʢʦʨʪʝʞʫ ʫʥʠʢʘʣʴʥʳʭ 

ʧʦʩʣʦʡʥʳʭ ʤʘʪʨʠʮ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʚʚʝʜʝʥʠʝʤ ʢʣʘʩʩʘ 

çʦʪʢʘʟ ʦʪ ʨʘʩʧʦʟʥʘʚʘʥʠʷè. ʊʘʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʞʝʩʪʢʦ 

ʬʠʣʴʪʨʦʚʘʪʴ ʘʥʦʤʘʣʴʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 

ʣʦʞʥʦʛʦ ʜʦʧʫʩʢʘ (FAR) ʜʦ ʫʨʦʚʥʷ 0,08. 

4. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʛʥʘʪʫʨʳ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ 

ʢʘʞʜʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚ ʚʠʜʝ ʤʥʦʛʦʪʦʯʝʯʥʦʛʦ ʥʘʙʦʨʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʤʝʡʩʪʚʘ ʢʨʠʚʳʭ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʩʠʩʪʝʤʳ: ʧʨʠ 

ʥʘʩʪʨʦʡʢʝ ʧʦʨʦʛʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ) ʦʢʦʣʦ 0,06 
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ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʨʘʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʦʢ (EER) ʜʦʩʪʠʛʘʝʪ 

0,09. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. ʆʙʣʘʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʙʦʟʥʘʯʝʥʥʘʷ ʚ ʧʘʩʧʦʨʪʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 2.3.8. 

çʀʥʬʦʨʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳè, ʦʭʚʘʪʳʚʘʝʪ ʩʣʝʜʫʶʱʠʝ 

ʥʘʧʨʘʚʣʝʥʠʷ: 

ï ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ ʦʧʠʩʘʥʠʷ, ʦʮʝʥʢʠ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʨʝʩʫʨʩʦʚ, ʘ ʪʘʢʞʝ ʩʨʝʜʩʪʚ 

ʘʥʘʣʠʟʘ ʠ ʚʳʷʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ (ʧ. 1); 

ï ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʢʦʜʠʨʦʚʘʥʠʷ, ʩʞʘʪʠʷ ʠ 

ʨʘʟʤʝʱʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʧʨʠ ʝʸ ʭʨʘʥʝʥʠʠ ʠ 

ʧʝʨʝʜʘʯʝ (ʧ.3); 

ï ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ, 

ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʥʝʡʨʦʩʝʪʝʚʳʭ ʠ ʥʝʯʝʪʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʨʝʰʘʶʱʠʭ 

ʧʨʘʚʠʣ, ʤʷʛʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠ ʘʥʘʣʠʟʝ ʨʘʟʥʦʨʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʙʘʟʘʭ 

ʜʘʥʥʳʭ (ʧ. 13). 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʚʠʪʠʠ 

ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʘʥʘʣʠʟʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʤʥʦʛʦʤʝʨʥʳʭ ʩʠʛʥʘʪʫʨ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʚ ʫʩʣʦʚʠʷʭ ʘʧʨʠʦʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ 

ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʚʳʨʘʞʝʥʥʦʡ ʤʝʞʣʠʯʥʦʩʪʥʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʡ 

ʧʦʜʧʠʩʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ, ʘʣʛʦʨʠʪʤʦʚ ʠ  ʧʨʦʛʨʘʤʤʥʳʭ 

ʨʝʘʣʠʟʘʮʠʡ ʤʘʢʝʪʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʛʥʘʪʫʨʳ ʧʦʜʧʠʩʠ, ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʘʣʠʟʘʮʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ 
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ʧʦʜʧʠʩʠ ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʚʭʦʜʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʜʧʠʩʠ 

ʧʫʪʝʤ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʠʭ 

ʥʦʨʤʘʣʠʟʘʮʠʠ ʢ ʝʜʠʥʦʤʫ ʜʠʘʧʘʟʦʥʫ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ 

ʤʝʪʨʠʯʝʩʢʠʭ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠ ʥʝʡʨʦʩʝʪʝʚʳʭ ʦʮʝʥʦʢ. 

ʈʝʘʣʠʟʘʮʠʷ ʠ ʚʥʝʜʨʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ 

ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʚʥʝʜʨʝʥʳ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʥʘ ʢʘʬʝʜʨʝ 

çʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè ʌɻɹʆʋ ɺʆ ʇʝʥʟɻʊʋ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʝ ʩʪʫʜʝʥʪʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʤʘʛʠʩʪʨʘʪʫʨʳ 09.04.04  

çʇʨʦʛʨʘʤʤʥʘʷ ʠʥʞʝʥʝʨʠʷè ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʣʝʢʮʠʦʥʥʳʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʨʘʙʦʪ ʧʦ ʜʠʩʮʠʧʣʠʥʘʤ: çʀʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠ ʛʣʫʙʦʢʦʝ 

ʦʙʫʯʝʥʠʝè, çʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭè, çʄʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘè. ʆʪʜʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ, ʩʦʟʜʘʥʥʳʝ ʚ ʭʦʜʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʚ ʆʆʆ ʅʀʀ çʂʨʠʧʪʦʩʦʬʪè (ʛ. ʇʝʥʟʘ) ʧʨʠ ʨʘʙʦʪʝ ʩ ʧʨʦʝʢʪʦʤ çQP-MD3è ʥʘ 

ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʭ 

ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴʶ ʨʝʟʫʣʴʪʘʪʘʤ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʚʥʝʜʨʝʥʠʝʤ ʚ 

ʧʨʘʢʪʠʯʝʩʢʫʶ ʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʨʷʜʘ 

ʦʨʛʘʥʠʟʘʮʠʡ, ʘ ʪʘʢʞʝ ʘʧʨʦʙʘʮʠʝʡ ʠ ʦʜʦʙʨʝʥʠʝʤ ʥʘ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʄʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʠ ʨʘʩʰʠʨʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʜʧʠʩʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɿʘ ʩʯʝʪ ʩʠʥʪʝʟʘ ʤʥʦʞʝʩʪʚʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦ 

ʩʚʷʟʘʥʥʳʭ ʤʥʦʛʦʤʝʨʥʳʭ ʢʨʠʚʳʭ ʤʝʪʦʜ ʧʨʝʦʜʦʣʝʚʘʝʪ ʧʨʦʙʣʝʤʫ ʤʘʣʦʡ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʩʪʘʥʜʘʨʪʥʳʭ ʩʝʥʩʦʨʦʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʪʘʙʠʣʴʥʳʤ ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ ʥʘ ʫʨʦʚʥʝ 0,95, ʜʘʞʝ ʧʨʠ 

ʚʳʨʘʞʝʥʥʦʡ ʤʝʞʣʠʯʥʦʩʪʥʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʡ. 

2. ʄʝʪʦʜ ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʨʝʘʣʠʟʘʮʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ 

ʩʚʷʟʘʥʥʳʭ ʢʨʠʚʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʝʪʠ SOM. ɺʚʝʜʝʥʠʝ 

ʢʨʠʪʝʨʠʷ ʦʩʪʘʥʦʚʢʠ ʧʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʪʝʧʝʥʝʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 
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ʛʘʨʘʥʪʠʨʫʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʦʜʝʣʠ ʢ ʧʦʚʝʜʝʥʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ ʧʦʜʧʠʩʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʫʜʝʨʞʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʣʦʞʥʦʛʦ ʦʪʢʘʟʘ (FRR) ʚ 

ʧʨʝʜʝʣʘʭ 0,12. 

3. ɼʝʢʦʤʧʦʟʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʦʪʦʞʜʝʩʪʚʣʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʛʥʘʪʫʨʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʨʪʝʞʘ ʤʘʪʨʠʮ 

ʤʝʞʥʝʡʨʦʥʥʳʭ ʩʚʷʟʝʡ ʚʤʝʩʪʦ ʝʜʠʥʦʡ ʩʝʪʠ ʧʦʚʳʰʘʝʪ ʟʘʱʠʱʝʥʥʦʩʪʴ 

ʩʠʩʪʝʤʳ ʦʪ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʜʜʝʣʦʢ. ʇʦʜʜʝʨʞʢʘ ʩʦʩʪʦʷʥʠʷ çʦʪʢʘʟ ʦʪ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷè ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʣʦʞʥʦʛʦ ʜʦʧʫʩʢʘ (FAR) 

ʟʥʘʯʝʥʠʝʤ 0,08 ʙʝʟ ʜʝʛʨʘʜʘʮʠʠ ʦʙʱʝʡ ʪʦʯʥʦʩʪʠ. 

4. ʄʝʪʦʜʠʢʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʛʥʘʪʫʨʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʤʥʦʛʦʪʦʯʝʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʚʘʨʠʘʥʪʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʚʳʷʚʣʝʥʥʳʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʨʠʢ ʩʨʘʚʥʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʩʠʩʪʝʤʳ ʠ ʛʘʨʘʥʪʠʨʫʝʪ ʜʦʩʪʠʞʝʥʠʝ ʢʦʤʧʨʦʤʠʩʩʘ 

ʤʝʞʜʫ ʦʰʠʙʢʘʤʠ 1-ʛʦ ʠ 2-ʛʦ ʨʦʜʘ ʥʘ ʫʨʦʚʥʝ EER = 0,09 ʧʨʠ ʨʘʙʦʯʝʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 0,06. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ 

ʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʀʥʜʫʩʪʨʠʷ 4.0è (SmartIndustryCon) (ʉʦʯʠ, 2025); ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʀʪʦʛʠ ʧʨʦʰʣʦʛʦ ʠ ʧʨʦʙʣʝʤʳ ʥʘʩʪʦʷʱʝʛʦè 

(ʇʝʥʟʘ, 2025); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè (ʇʝʥʟʘ, 2024, 2025); 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʥʘʫʢʠ ʠ ʦʙʱʝʩʪʚʘ - ʧʫʪʴ ʢ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʤʫ ʨʘʟʚʠʪʠʶè 

(ʉʪʝʨʣʠʪʘʤʘʢ, 2025); XX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʧʦʩʚʷʱʝʥʥʦʡ 60-ʣʝʪʠʶ ʢʘʬʝʜʨʳ "ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ" 

ʇʝʥʟɻʊʋ (ʇʝʥʟʘ, 2023); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷè (ʇʝʥʟʘ, 2020). 
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʫʙʣʠʢʦʚʘʥʦ 15 

ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ 4 ʩʪʘʪʴʠ ʚ ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ, 1 ʩʪʘʪʴʷ, ʠʥʜʝʢʩʠʨʫʝʤʘʷ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʙʘʟʝ 

ʜʘʥʥʳʭ Scopus. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɺʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʦʨʠʛʠʥʘʣʴʥʳʤʠ ʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ɼʘʥʥʳʝ, ʟʘʠʤʩʪʚʦʚʘʥʥʳʝ ʫ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ, 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʩʩʳʣʢʘʤʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ 

ʠʩʪʦʯʥʠʢʠ. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 

ʯʝʪʳʨʝʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ 88 

ʥʘʠʤʝʥʦʚʘʥʠʡ, ʠ 2 ʧʨʠʣʦʞʝʥʠ̫. ʆʙʱʠʡ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 157 

ʩʪʨʘʥʠʮ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʜʝʨʞʠʪ 8 ʪʘʙʣʠʮ ʠ 53 ʨʠʩʫʥʢʘ. 
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1. ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʄɽʊʆɼʆʃʆɻʀʁ ʀ 

ɸʃɻʆʈʀʊʄʀʏɽʉʂʀʍ ʇʆɼʍʆɼʆɺ ʂ ʉʆʇʆʉʊɸɺʃɽʅʀʖ 

ʀ ʂʃɸʉʉʀʌʀʂɸʎʀʀ ʈɽɸʃʀɿɸʎʀʁ ɼʀʅɸʄʀʏɽʉʂʆʁ 

ʇʆɼʇʀʉʀ 

 

1.1. ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʨʦʚʥʷ ʤʝʪʦʜʦʚ ʨʝʛʠʩʪʨʘʮʠʠ, ʧʨʝʜʦʙʨʘʙʦʪʢʠ, ʚʳʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʠ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʝʘʣʠʟʘʮʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ 

 

ʉʪʘʪʠʯʝʩʢʠʝ (ʥʝʠʟʤʝʥʥʳʝ) ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ 

(ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ) ʦʩʦʙʝʥʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʧʦʩʪʦʷʥʥʳʤʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʝʛʦ ʞʠʟʥʠ (ʥʝʢʦʪʦʨʳʝ 

ʠʟ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʳ ʧʨʠ ʨʦʞʜʝʥʠʠ ʠ ʥʝʠʟʤʝʥʥʳ, ʘ ʜʨʫʛʠʝ ʤʝʥʷʶʪʩʷ ʚ 

ʪʝʯʝʥʠʝ ʞʠʟʥʠ), ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʝʛʦ ʜʦʩʪʦʚʝʨʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ [18-

22]. 

ʇʨʦʛʥʦʟʳ ʨʦʩʪʘ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʥʘ ʨʠʩ. 1.1. 

 

 

ʈʠʩʫʥʦʢ 1.1 ï ʉʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧ ʨʦʩʪʘ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʠ ʝʛʦ ʩʪʨʫʢʪʫʨʘ (ʩʧʨʘʚʘ) 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʳʥʢʘ Data Bridge [23] ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʙʲʝʤ 

ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʮʝʥʠʚʘʣʩʷ ʚ 45,48 ʤʣʥ ʜʦʣʣʘʨʦʚ 

ʉʐɸ ʚ 2023 ʛʦʜʫ ʠ, ʧʦ ʧʨʦʛʥʦʟʘʤ, ʢ 2031 ʛʦʜʫ ʜʦʩʪʠʛʥʝʪ 128,18 ʤʣʥ 

ʜʦʣʣʘʨʦʚ ʉʐɸ, ʘ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧ ʨʦʩʪʘ ʩʦʩʪʘʚʠʪ 13,83% ʚ ʪʝʯʝʥʠʝ 

ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʧʝʨʠʦʜʘ ʩ 2024 ʧʦ 2031 ʛʦʜ. 

ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ, ʝʱʝ ʚ 2018 ʛʦʜʫ ʎɹ ʈʌ ʠ ʄʠʥʮʠʬʨʳ 

ʨʘʟʨʘʙʦʪʘʣʠ ʩʪʨʘʪʝʛʠʶ ʠ ʟʘʧʫʩʪʠʣʠ ɽʜʠʥʫʶ ʙʠʦʤʝʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ 

(ɽɹʉ). ɺ 2022 ʛʦʜʫ ʦʧʝʨʘʪʦʨʦʤ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ çɽʜʠʥʘʷ ʙʠʦʤʝʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘè ʩʪʘʣ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʳʡ 

ɸʆ çʎʝʥʪʨ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡè [24]. 

ɺ ɽɹʉ ʧʨʠ ʧʦʤʦʱʠ ʙʘʥʢʦʚ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʜʚʘ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʨʠʟʥʘʢʘ: 

1) ʩʥʠʤʦʢ ʣʠʮʘ; 

2) ʟʘʧʠʩʴ ʛʦʣʦʩʘ.  

ʅʝ ʨʝʘʣʠʟʦʚʘʥʥʳʝ, ʥʦ ʚʭʦʜʷʱʠʝ ʚ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʧʝʨʝʯʝʥʴ 

ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʝʣʦʚʝʢʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʝʛʦ ʘʥʘʪʦʤʠʝʡ ʠ 

ʬʠʟʠʦʣʦʛʠʝʡ, ʩʦʩʪʘʚʣʷʶʪ: 

3) ʦʪʧʝʯʘʪʢʠ ʧʘʣʴʮʝʚ; 

4) ʨʘʜʫʞʥʘʷ ʦʙʦʣʦʯʢʘ ʛʣʘʟʘ; 

5) ɼʅʂ; 

6) ʨʠʩʫʥʦʢ ʚʝʥ ʥʘ ʨʫʢʘʭ; 

7) ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʞʝʥʠʷ ʛʫʙ; 

8) ʘʥʪʨʦʧʦʤʝʪʨʠʷ: ʨʦʩʪ, ʚʝʩ; 

9) ʚʠʜʝʦ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ʯʝʣʦʚʝʢʘ; 

10) ʪʝʨʤʦʛʨʘʤʤʘ ʣʠʮʘ; 

11) ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʧʠʩʠ. 

ɺ ʩʬʝʨʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ɻʆʉʊ ʧʦ ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʭʚʘʪʳʚʘʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʦʧʨʦʩʦʚ - ʦʪ ʪʝʨʤʠʥʦʣʦʛʠʠ ʠ 

ʬʦʨʤʘʪʦʚ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʜʦ ʤʝʪʦʜʠʢ ʠʩʧʳʪʘʥʠʡ. ʂʣʶʯʝʚʳʝ ʩʪʘʥʜʘʨʪʳ 

ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʠʯʝʩʢʠʤ ʢʦʤʠʪʝʪʦʤ ˉ 098 çɹʠʦʤʝʪʨʠʷ ʠ 
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ʙʠʦʤʦʥʠʪʦʨʠʥʛè [25]. ɺ ʪʘʙʣ. 1.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ 

ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʚ ʦʙʣʘʩʪʠ ʙʠʦʤʝʪʨʠʠ. 

 

ʊʘʙʣʠʮʘ 1.1 ï ʆʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʚ ʦʙʣʘʩʪʠ 

ʙʠʦʤʝʪʨʠʠ 

ɻʨʫʧʧʘ ʩʪʘʥʜʘʨʪʦʚ ʂʣʶʯʝʚʳʝ ʧʨʠʤʝʨʳ 

ɻʆʉʊ 

ʆʩʥʦʚʥʘʷ ʦʙʣʘʩʪʴ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʆʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ 

ʩʪʘʥʜʘʨʪʳ 

ɻʆʉʊ ISO/IEC 2382-37-

2016 

ʊʝʨʤʠʥʦʣʦʛʠʷ ʠ ʩʣʦʚʘʨʴ ʚ 

ʦʙʣʘʩʪʠ ʙʠʦʤʝʪʨʠʠ. 

ʌʦʨʤʘʪʳ ʦʙʤʝʥʘ 

ʙʠʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʜʘʥʥʳʤʠ 

ɻʆʉʊ ʈ ʀʉʆ/ʄʕʂ 19794-5-

2013 (ʜʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʣʠʮʘ), ɻʆʉʊ ʈ 58668.11-

2019 (ʜʘʥʥʳʝ ʛʦʣʦʩʘ), ɻʆʉʊ 

ʈ ʀʉʆ/ʄʕʂ 19794-2-2013 

(ʜʘʥʥʳʝ ʦʪʧʝʯʘʪʢʘ ʧʘʣʴʮʘ) 

ʉʪʘʥʜʘʨʪʠʟʘʮʠʷ ʬʦʨʤʘʪʦʚ 

ʜʘʥʥʳʭ ʜʣʷ ʨʘʟʥʳʭ 

ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʘʣʴʥʦʩʪʝʡ 

(ʛʦʣʦʩ, ʣʠʮʦ, ʦʪʧʝʯʘʪʢʠ ʧʘʣʴʮʝʚ 

ʠ ʜʨ.) ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩʠʩʪʝʤ. 

ʀʩʧʳʪʘʥʠʷ ʠ ʦʮʝʥʢʘ ɻʆʉʊ ʈ 71414.1-2024, 

ɻʆʉʊ ʈ 58292-2018 

ʇʨʠʥʮʠʧʳ ʠ ʤʝʪʦʜʠʢʠ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ. 

ʇʨʦʛʨʘʤʤʥʳʝ 

ʠʥʪʝʨʬʝʡʩʳ (API) 

ɻʆʉʊ ʈ ʀʉʆ/ʄʕʂ 19784-1-

2007 (ɹʠʦɸʇʀ) 

ʉʧʝʮʠʬʠʢʘʮʠʠ ʧʨʦʛʨʘʤʤʥʳʭ 

ʠʥʪʝʨʬʝʡʩʦʚ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ 

ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

  

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʝʨʠʷ ɻʆʉʊ ʈ 52633, 

ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ (ʪʘʙʣ.1.2), 

ʛʜʝ ɻʆʉʊ ʈ 52633.0-2006 ʟʘʜʘʝʪ ʦʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ, ʘ ʧʦʩʣʝʜʫʶʱʠʝ ʯʘʩʪʠ 

(** .1 - .6**) ʜʝʪʘʣʠʟʠʨʫʶʪ ʢʦʥʢʨʝʪʥʳʝ ʘʩʧʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʪʝʩʪʠʨʦʚʘʥʠʝ, 

ʩʦʟʜʘʥʠʝ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʠ ʨʘʙʦʪʫ ʩ ʥʝʡʨʦʩʝʪʝʚʳʤʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ [26]. 

 

ʊʘʙʣʠʮʘ 1.2 ï ʉʝʨʠʷ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ɻʆʉʊ ʈ 52633 

ʅʦʤʝʨ 

ʩʪʘʥʜʘʨʪʘ 

ʅʘʟʚʘʥʠʝ 

ɻʆʉʊ ʈ 

52633.0-2006 

ɿʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ. ʊʝʭʥʠʢʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. ʊʨʝʙʦʚʘʥʠʷ ʢ 

ʩʨʝʜʩʪʚʘʤ ʚʳʩʦʢʦʥʘʜʝʞʥʦʡ ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ 

ɻʆʉʊ ʈ 

52633.1-2009 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʘʟ ʝʩʪʝʩʪʚʝʥʥʳʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʦʙʨʘʟʦʚ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ɻʆʉʊ ʈ ʊʨʝʙʦʚʘʥʠʷ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚ 
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52633.2-2010 ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ɻʆʉʊ ʈ 

52633.3-2011 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʩʪʦʡʢʦʩʪʠ ʩʨʝʜʩʪʚ ʚʳʩʦʢʦʥʘʜʝʞʥʦʡ ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ 

ʟʘʱʠʪʳ ʢ ʘʪʘʢʘʤ ʧʦʜʙʦʨʘ 

ɻʆʉʊ ʈ 

52633.4-2011 

ʀʥʪʝʨʬʝʡʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʝʡʨʦʩʝʪʝʚʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ 

ʙʠʦʤʝʪʨʠʷ-ʢʦʜ ʜʦʩʪʫʧʘ 

ɻʆʉʊ ʈ 

52633.5-2011 

ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʦʙʫʯʝʥʠʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʙʠʦʤʝʪʨʠʷ-ʢʦʜ ʜʦʩʪʫʧʘ 

ɻʆʉʊ ʈ 

52633.6-2012 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʠʥʜʠʢʘʮʠʠ ʙʣʠʟʦʩʪʠ ʧʨʝʜʲʷʚʣʝʥʥʳʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʦʙʨʘʟʫ çʉʚʦʡè 

 

ʇʦ ʤʥʝʥʠʶ ʨʷʜʘ ʘʚʪʦʨʦʚ [18, 27, 28] ʙʠʦʤʝʪʨʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʥʝʣʴʟʷ ʦʪʥʝʩʪʠ ʥʠ ʢ ʪʝʢʩʪʦʚʦʡ, ʥʠ ʢ ʛʨʘʬʠʯʝʩʢʦʡ, ʥʠ ʢ ʠʟʦʙʨʘʟʠʪʝʣʴʥʦʡ, ʥʠ 

ʢ ʢʘʢʦʡ-ʣʠʙʦ ʜʨʫʛʦʡ. 

ɹʠʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʥʘ ʜʚʘ ʙʦʣʴʰʠʭ ʢʣʘʩʩʘ: 

1) ʩʪʘʪʠʯʝʩʢʠʝ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ï ʫʥʠʢʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ 

ʦʙʨʘʟʮʘ ʠʣʠ ʩʣʠʯʘʝʤʦʛʦ ʰʘʙʣʦʥʘ, ʧʦʣʫʯʝʥʥʳʝ ʤʛʥʦʚʝʥʥʦ, ʚ ʦʜʠʥ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ, ʢʦʪʦʨʳʝ ʥʝʠʟʤʝʥʥʳ ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʥʝʩʦʠʟʤʝʨʠʤʦ ʤʘʣʳʤ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʥʦʩʠʪʝʣʷ, ʥʘʧʨʠʤʝʨ ʨʫʯʥʘʷ ʧʦʜʧʠʩʴ, 

ɼʅʂ, ʦʪʧʝʯʘʪʢʠ ʧʘʣʴʮʝʚ, ʛʝʦʤʝʪʨʠʷ ʨʫʢʠ, ʨʘʜʫʞʥʘʷ ʦʙʦʣʦʯʢʘ ʛʣʘʟʘ, 

ʧʨʠʟʥʘʢʠ ʣʠʮʘ ʠ ʜʨʫʛʠʝ; 

2) ʜʠʥʘʤʠʯʝʩʢʠʝ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ (ʪ.ʥ. ʧʦʚʝʜʝʥʯʝʩʢʘʷ 

ʙʠʦʤʝʪʨʠʷ) ï ʫʥʠʢʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ, ʢʦʪʦʨʳʭ 

ʦʧʨʝʜʝʣʝʥʘ ʪʦʣʴʢʦ ʥʘ ʢʦʥʝʯʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʝʥʠʷ 

ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠʣʠ ʧʩʠʭʦʤʦʪʦʨʥʳʭ ʨʝʘʢʮʠʡ ʯʝʣʦʚʝʢʘ, ʥʘʧʨʠʤʝʨ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʞʝʥʠʷ ʨʫʢʠ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʧʠʩʠ, ʧʦʭʦʜʢʠ, ʥʘʙʦʨʘ 

ʪʝʢʩʪʘ ʧʨʠ ʨʘʙʦʪʝ ʩ ʢʣʘʚʠʘʪʫʨʦʡ (ʢʣʘʚʠʘʪʫʨʥʦʛʦ ʧʦʜʯʝʨʢʘ), ʛʦʣʦʩʘ, 

ʤʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʪ.ʜ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ï ʵʪʦ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʘ ʚ 

ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʝʨʠʪʴ 

ʣʠʯʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʫʩʪʘʥʦʚʠʪʴ ʝʛʦ ʧʨʘʚʦ ʥʘ ʜʦʩʪʫʧ ʢ ʩʠʩʪʝʤʝ, 

ʜʘʥʥʳʤ ʠʣʠ ʨʝʩʫʨʩʘʤ. 
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ʃʶʙʘʷ ʙʠʦʤʝʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩʦʛʣʘʩʥʦ 

ʩʣʝʜʫʶʱʝʤʫ ʦʙʦʙʱʝʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ 

(ʨʠʩ. 1.2). 

 

ʈʠʩʫʥʦʢ 1.2 ï ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

 

ʉʠʩʪʝʤʳ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʦʙʳʯʥʦ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʨʝʰʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʢʘʢ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʘʧʧʘʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʩʙʦʨʘ ʧʦʚʝʜʝʥʯʝʩʢʠʭ 

ʜʘʥʥʳʭ (ʧʣʘʥʰʝʪʳ ʠ ʩʪʠʣʫʩʳ), ʪʘʢ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʧʣʘʪʬʦʨʤʳ ʜʣʷ 
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ʧʨʝʜʦʙʨʘʙʦʪʢʠ, ʥʦʨʤʘʣʠʟʘʮʠʠ, ʚʳʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ, ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʥʦʛʦʤʝʨʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. 

ʇʨʠʤʝʨʳ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʠ ʢʣʶʯʝʚʳʭ ʠʛʨʦʢʦʚ ʨʳʥʢʘ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1.3 [29, 30]. 

 

ʊʘʙʣʠʮʘ 1.3 ï ʆʩʥʦʚʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʣʘʪʬʦʨʤʳ (e-Signature Solutions) 

ʅʘʟʚʘʥʠʝ 

ʇʣʘʪʬʦʨʤʳ 

ʉʧʝʮʠʘʣʠʟʘʮʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʅʘʟʥʘʯʝʥʠʝ ʧʣʘʪʬʦʨʤʳ 

Adobe Sign (Adobe 

Document Cloud) 

ʂʦʨʧʦʨʘʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʩ ʛʣʫʙʦʢʦʡ 

ʠʥʪʝʛʨʘʮʠʝʡ ʚ ʵʢʦʩʠʩʪʝʤʫ Adobe ʠ 

ʠʥʩʪʨʫʤʝʥʪʳ Microsoft 365, ʘ ʪʘʢʞʝ 

Salesforce.    

ʆʙʝʩʧʝʯʠʚʘʝʪ 

ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʧʨʠ ʨʘʙʦʪʝ 

ʩ PDF-ʜʦʢʫʤʝʥʪʘʤʠ ʠ 

ʢʦʥʪʨʘʢʪʘʤʠ. 

OneSpan Sign ʈʝʰʝʥʠʝ, ʦʪʣʠʯʘʶʱʝʝʩʷ ʚʳʩʦʢʠʤ 

ʫʨʦʚʥʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʘʩʪʦ 

ʧʦʟʠʮʠʦʥʠʨʫʝʪʩʷ ʢʘʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʪʘʥʜʘʨʪʘʤ 

çʙʘʥʢʦʚʩʢʦʛʦ ʢʣʘʩʩʘè (bank-grade 

security). ɸʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪ 

ʠʥʩʪʨʫʤʝʥʪʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʤʦhʝʥʥʠʯʝʩʪʚʘ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʣʠʯʥʦʩʪʠ.    

ʇʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʳʭ ʩʮʝʥʘʨʠʝʚ, ʪʘʢʠʭ 

ʢʘʢ ʬʠʥʘʥʩʦʚʳʝ 

ʪʨʘʥʟʘʢʮʠʠ ʠ ʦʪʢʨʳʪʠʝ 

ʩʯʝʪʦʚ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʟʘʱʠʪʘ ʦʪ 

ʧʦʜʜʝʣʢʠ.    

ɹʠʦʅʝʡʨʦɸʚʪʦʛʨʘʬ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʩʨʝʜʘ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʫʢʦʧʠʩʥʦʡ 

ʧʦʜʧʠʩʠ ʧʦ ʜʠʥʘʤʠʯʝʩʢʠʤ 

ʧʘʨʘʤʝʪʨʘʤ; ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʨʠʟʥʘʢʦʚ ʠʟ ʪʨʘʝʢʪʦʨʠʠ ʧʝʨʘ (X, 

Y) ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ/ʩʪʘʪʠʩʪʠʢ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʫʯʝʙʥʳʝ 

ʟʘʜʘʯʠ ʧʦ ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, 

ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʝ ʤʦʜʫʣʝʡ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʜʧʠʩʠ ʠ 

ʛʝʥʝʨʘʮʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ; 

ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʠ ʧʦʜʙʦʨ 

ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤ. 

Scrive ʉʢʘʥʜʠʥʘʚʩʢʘʷ ʧʣʘʪʬʦʨʤʘ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʶʨʠʜʠʯʝʩʢʦʝ 

ʩʦʦʪʚʝʪʩʪʚʠʝ (legal compliance) ʠ 

ʨʘʩʧʦʟʥʦʚʘʥʠʝ ʣʠʯʥʦʩʪʠ, ʩ 

ʩʠʣʴʥʳʤ ʘʢʮʝʥʪʦʤ ʥʘ 

ʧʨʘʚʦʤʝʨʥʦʩʪʠ ʧʦʜʧʠʩʠ ʠ 

ʘʨʭʠʚʠʨʦʚʘʥʠʠ ʜʦʢʫʤʝʥʪʦʚ.    

ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʶʨʠʜʠʯʝʩʢʦʡ 

ʩʠʣʳ ʵʣʝʢʪʨʦʥʥʳʭ 

ʢʦʥʪʨʘʢʪʦʚ. 

 

ɼʣʷ ʩʙʦʨʘ ʧʦʣʥʳʭ ʥʘʙʦʨʦʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (ʩʢʦʨʦʩʪʴ, 

ʜʘʚʣʝʥʠʝ, ʫʩʢʦʨʝʥʠʝ, ʫʛʦʣ ʥʘʢʣʦʥʘ) ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʝʨʠʡʥʦ ʠʟʛʦʪʦʚʣʷʝʤʳʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʩʧʦʩʦʙʥʳʝ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʵʪʠ 



23 

 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚʦ ʚʨʝʤʝʥʠ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʧʣʘʥʰʝʪʘ ʠʣʠ ʠʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʩʪʘʥʦʚʢʠ 

ʧʦʜʧʠʩʠ [31, 32]. 

ʆʮʝʥʢʘ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʩʠʩʪʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʦʨʘ ʩʢʘʣʷʨʥʳʭ ʠ ʚʝʢʪʦʨʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʤʝʪʨʠʢ), 

ʦʧʠʩʳʚʘʶʱʠʭ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʠ ʫʜʦʙʩʪʚʦʤ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ (Deep Learning), 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʠʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʠʧʘ ʘʪʘʢʠ. 

ʊʘʢ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ ʨʘʩʧʦʟʥʘʚʘʥʠʶ  ʦʥʣʘʡʥ-ʧʦʜʧʠʩʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʣʫʙʦʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʪʘʢʠʭ ʢʘʢ MLP ʠ CNN) ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʩʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣ. 1.4 [29-32].    

 

ʊʘʙʣʠʮʘ 1.4 ï ʉʚʦʜʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʦʰʠʙʦʢ (EER) ʧʨʠ ʢʣʘʩʠʬʠʢʘʮʠʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤʘʭ DSV 

ʄʝʪʦʜ / ɸʣʛʦʨʠʪʤ ʊʠʧ ʬʘʣʴʩʠʬʠʢʘʮʠʠ ʇʦʢʘʟʘʪʝʣʴ ɿʥʘʯʝʥʠʝ 

(%)  

Deep Neural Network 

(CNN/MLP) 

ʉʣʫʯʘʡʥʘʷ (Random Forgery) EER 0.63%    

Deep Neural Network 

(CNN/MLP) 

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ (Skilled 

Forgery) 

EER 6.66%    

PCA-based Classifier 

(Baseline) 

ʅʝ ʫʢʘʟʘʥ EER 6.70%    

Forensic DTW (Local 

Features) 

ʀʤʠʪʘʮʠʦʥʥʘʷ (Simulated) EER 5,33%    

ɼʘʥʥʳʝ ʪʘʙʣ. 1.4 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʨʠʪʠʯʝʩʢʠʡ ʨʘʟʨʳʚ ʚ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʠʩʪʝʤʳ ʯʨʝʟʚʳʯʘʡʥʦ ʫʩʪʦʡʯʠʚʳ ʢ 

ʩʣʫʯʘʡʥʦʡ ʬʘʣʴʩʠʬʠʢʘʮʠʠ (EER 0.63%), ʠʭ ʫʷʟʚʠʤʦʩʪʴ ʧʝʨʝʜ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʠʤʠʪʘʮʠʝʡ ʚʦʟʨʘʩʪʘʝʪ ʧʦʯʪʠ ʥʘ ʧʦʨʷʜʦʢ, ʜʦʩʪʠʛʘʷ EER 

6.66%. ʕʪʦʪ ʜʝʩʷʪʠʢʨʘʪʥʳʡ ʨʘʟʨʳʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ, ʭʦʪʷ 

ʜʠʥʘʤʠʯʝʩʢʘʷ ʧʦʜʧʠʩʴ ʵʬʬʝʢʪʠʚʥʦ ʬʠʣʴʪʨʫʝʪ ʥʝʪʨʝʥʠʨʦʚʘʥʥʳʭ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ, ʦʥʘ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʩʝʨʴʝʟʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʧʨʠ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʭ ʘʪʘʢʘʭ. ʕʪʦ ʦʙʲʷʩʥʷʝʪ, ʧʦʯʝʤʫ ʧʦʚʝʜʝʥʯʝʩʢʠʝ 
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ʙʠʦʤʝʪʨʠʠ ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ FAR ʠ 

FRR, ʯʝʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʜʦʙʘʚʣʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ - ʣʦʢʘʣʴʥʳʭ, ʥʝ ʦʙʣʘʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʨʷʜʦʤ ʩ ʠʩʪʦʯʥʠʢʦʤ 

ʠʥʬʦʨʤʘʮʠʠ. 

 

1.2.  ʆʙʟʦʨ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ ʢ ʘʥʘʣʠʟʫ, 

ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ 

ʧʦʜʧʠʩʠ 

 

ʊʝʭʥʦʣʦʛʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʧʦʜʧʠʩʠ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʙʠʦʤʝʪʨʠʠ, ʢʦʪʦʨʦʝ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʜʠʠ 

ʩʪʘʥʦʚʣʝʥʠʷ. [33]. 

ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʥʘ ʨʠʩ. 1.3 [34-40].  

 

ʈʠʩʫʥʦʢ 1.3 ï ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʫʢʦʧʠʩʥʳʭ ʧʦʜʧʠʩʝʡ 

ʯʘʩʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ: 
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- ʠʩʢʘʞʝʥʠʝ ʨʫʢʦʧʠʩʥʦʡ ʧʦʜʧʠʩʠ, ʚʳʟʚʘʥʥʦʝ ʫʩʣʦʚʠʷʤʠ ʝʸ 

ʬʦʨʤʠʨʦʚʘʥʠʷ (ʤʝʩʪʦ, ʚʨʝʤʷ, ʧʦʣʦʞʝʥʠʝ ʯʝʣʦʚʝʢʘ, ʝʛʦ ʩʦʩʪʦʷʥʠʝ ʠ ʪ.ʜ.) 

[41]; 

- ʤʘʣʳʡ ʨʘʟʤʝʨ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʣʠʯʠʷ ʧʦʜʜʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ, ʢʦʪʦʨʳʝ ʧʦ ʥʝʢʦʪʦʨʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʠʤʝʶʪ ʩʭʦʞʠʝ ʩ ʧʦʜʣʠʥʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʟʥʘʯʝʥʠʷ  

ɺ ʩʚʷʟʠ ʩ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʝʡ ʠ ʮʠʬʨʦʚʠʟʘʮʠʝʡ ʚʩʝʭ ʦʪʨʘʩʣʝʡ 

ʚʥʝʜʨʝʥʠʷ ʙʠʦʤʝʪʨʠʠ ʧʦʚʩʝʤʝʩʪʥʦ ʚʥʝʜʨʷʶʪʩʷ ʛʨʘʬʠʯʝʩʢʠʝ ʧʣʘʥʰʝʪʳ. 

ɺ ʨʷʜʝ ʧʫʙʣʠʢʘʮʠʡ [28, 42] ʚʩʪʨʝʯʘʶʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ, 

ʠʟʤʝʨʷʝʤʳʭ ʚʩʪʨʦʝʥʥʳʤʠ MEMS-ʜʘʪʯʠʢʘʤʠ ʚ ʩʪʠʣʫʩ (ʨʠʩ. 1.4). 

 

 

ʈʠʩʫʥʦʢ 1.4 ï ʇʨʠʤʝʨ ʨʘʟʚʝʨʪʢʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʢʦʨʦʩʪʠ ʢʦʥʮʘ 

ʧʝʨʘ ʠ ʝʛʦ ʫʩʢʦʨʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʪʘʥʦʚʢʠ ʩʣʠʯʘʝʤʦʡ ʧʦʜʧʠʩʠ 

 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ 

ʩʚʷʟʘʥʥʳʭ 5-ʪʠ ʢʨʠʚʳʭ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʤʥʦʛʦʤʝʨʥʦʡ (ʧʷʪʠʤʝʨʥʦʡ) ʢʨʠʚʦʡ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʪrʴ ʦʙʨʘʙʦʪʘʥʘ ʤʝʪʦʜʘʤʠ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʤʝʪʦʜʘʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ, ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʩʪʨʫʢʪʫʨʥʦ-

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ, ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ. 
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ʅʘʙʣʶʜʘʝʤʘʷ ʚʦ ʚʨʝʤʝʥʠ ʧʣʦʩʢʘʷ ʢʨʠʚʘʷ (ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ R
1
) ʣʠʙʦ 

ʤʥʦʛʦʤʝʨʥʘʷ ʢʨʠʚʘʷ (R
n
), ʤʦʞʝʪ ʙʳʪʴ ʬʦʨʤʘʣʠʟʦʚʘʥʘ ʢʘʢ ʤʥʦʛʦʤʝʨʥʳʡ 

ʚʨʝʤʝʥʥʦʡ ʨʷʜ: 

 

1

11 11
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,
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M MNM
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t t

s ss

s ss

=                                     (1.1) 

 

ʛʜʝ (),  1, ,  1,ij i j i N j Ms s t= = =  ï ʟʥʘʯʝʥʠʝ (ʦʪʩʯʝʪ) j-ʡ ʢʨʠʚʦʡ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

i.  

ʂʣʶʯʝʚʘʷ ʩʧʝʮʠʬʠʢʘ ʤʥʦʛʦʤʝʨʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʩʦʩʪʦʠʪ ʚ 

ʩʠʥʭʨʦʥʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ: ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʦʜʠʥ ʠ 

ʪʦʪ ʞʝ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʢʦʤʧʦʥʝʥʪʥʳʡ ʨʷʜ, ʚʳʜʝʣʝʥʥʳʡ 

ʠʟ ʚʝʢʪʦʨʘ ʥʘʙʣʶʜʝʥʠʡ, ʜʦʧʫʩʪʠʤʦ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʦʜʥʦʤʝʨʥʳʡ ʚʨʝʤʝʥʥʦʡ 

ʨʷʜ [43]. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʝʨʝʜʢʦ ʩʚʦʜʠʪʩʷ ʢ ʩʝʛʤʝʥʪʘʮʠʠ ï 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʤʫ ʚʳʜʝʣʝʥʠʶ ʚʦ ʚʨʝʤʝʥʥʦʤ ʨʷʜʝ ʠʥʪʝʨʚʘʣʦʚ, ʥʘ ʢʦʪʦʨʳʭ 

ʠʩʩʣʝʜʫʝʤʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʦʝ, ʰʘʙʣʦʥʥʦʝ 

ʧʦʚʝʜʝʥʠʝ.  

ɽʩʣʠ ʰʘʙʣʦʥ ʟʘʜʘʥ ʚʝʢʪʦʨʦʤ ʦʪʩʯʝʪʦʚ ( )1
,..., ,

n
Q q q=  ʪʦʛʜʘ ʦʥ 

ʷʚʣʷʝʪʩʷ ʠʜʝʥʪʠʯʥʳʤ ʚ ʜʝʪʝʨʤʠʥʠʩʪʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʬʨʘʛʤʝʥʪʫ 

( )1,...,i i nS s s+ +=  ʨʷʜʘ ( ),..., ,  i NS n Ns s= <  ʧʨʠ { }1, .i j j
j n qs+" Í ­ =   

ʇʨʠ ʵʪʦʤ ʜʣʷ ʧʦʠʩʢʘ ʚʦ ʚʨʝʤʝʥʥʦʤ ʨʷʜʝ, ʜʣʠʥʳ N ʚʩʝʭ ʬʨʘʛʤʝʥʪʦʚ, 

ʠʜʝʥʪʠʯʥʳʭ ʰʘʙʣʦʥʫ ʜʣʠʥʳ n, ʤʝʪʦʜʦʤ ʧʝʨʝʙʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ( )1N n n- + Ö 

ʦʧʝʨʘʮʠʡ ʩʨʘʚʥʝʥʠʷ. 
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ʏʘʱʝ ʚʩʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʤʝʨʳ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʨʷʜʘʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʝʚʢʣʠʜʦʚʦ ʨʘʩʩʪʦʷʥʠʝ, ( ) ( )
2

1 2 1 2, ,[ ] [ ]E
i

i iS S S SD = -ä  ʘ ʨʷʜʳ ʤʦʛʫʪ ʙʳʪʴ 

ʦʪʥʝʩʝʥʳ ʢ ʦʜʥʦʤʫ ʢʣʘʩʩʫ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ 0,e²  ʝʩʣʠ ( )1 2, .E eS SD <   

ʉʦʚʨʝʤʝʥʥʳʡ ʘʨʩʝʥʘʣ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʦʙʨʘʙʦʪʢʠ ʤʥʦʛʦʤʝʨʥʳʭ ʚʨʝʤʝʥʥʳʭ 

ʨʷʜʦʚ ʠ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣ. 1.5. 

ʊʘʙʣʠʮʘ 1.5 ï ʆʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʟʘʜʘʯʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʘʣʠʟʘʮʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ, ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʧʦ ʭʘʨʘʢʪʝʨʫ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʠʟʥʘʢʘʭ 

ʇʦʜʭʦʜʳ 

ʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 
ʄʝʪʦʜʳ, ʘʣʛʦʨʠʪʤʳ 

ʕʚʨʠʩʪʠʯʝʩʢʠʡ ʕʢʩʧʝʨʪʥʳʝ ʦʮʝʥʢʠ (ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ, ʢʦʣʣʝʢʪʠʚʥʳʝ). 

ʕʚʨʠʩʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠ ʜʠʩʢʨʠʤʠʥʘʥʪʥʳʭ ʬʫʥʢʮʠʡ. 

ʂʦʣʣʝʢʪʠʚʳ ʨʝʰʘʶʱʠʭ ʧʨʘʚʠʣ. 

ʅʝʯʝʪʢʠʝ ʤʝʪʦʜʳ, ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ ʠ ʜʨ.  

ɼʠʩʢʨʠʤʠʥʘʥʪʥʳʡ  

(ʚ 

ʜʝʪʝʨʤʠʥʠʩʪʩʢʦʡ  

ʧʦʩʪʘʥʦʚʢʝ),  

ʤʝʪʨʠʯʝʩʢʠʡ 

ʄʝʪʦʜ ʵʪʘʣʦʥʦʚ, ʢʦʤʙʠʥʘʮʠʦʥʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ, ʰʘʙʣʦʥʥʳʡ 

ʜʨʦʙʷʱʠʭʩʷ ʵʪʘʣʦʥʦʚ. 

ɼʠʩʢʨʠʤʠʥʘʥʪʥʳʝ ʨʘʟʜʝʣʷʶʱʠʝ ʬʫʥʢʮʠʠ 

ʆʙʦʙʱʝʥʥʳʝ ʨʝʰʘʶʱʠʝ ʬʫʥʢʮʠʠ. 

ʂʫʩʦʯʥʦ-ʣʠʥʝʡʥʳʝ ʨʘʟʜʝʣʷʶʱʠʝ ʬʫʥʢʮʠʠ. 

ʌʫʥʢʮʠʠ ʨʘʩʩʪʦʷʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʪʨʠʢʘʭ. 

ʄʝʪʦʜ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ. 

ʄʦʜʠʬʠʢʘʮʠʠ ʘʣʛʦʨʠʪʤʘ k-ʚʥʫʪʨʠʛʨʫʧʧʦʚʳʭ ʩʨʝʜʥʠʭ; 

ʘʣʛʦʨʠʪʤʳ ʪʘʢʩʦʥʦʤʠʠ FOREL, SKAT, KOLAPS, BIGFOR, KRAB, 

JOINT ʠ ʜʨ. 

ɸʣʛʦʨʠʪʤ ISODATA. 

ʄʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ. 

ʄʝʪʦʜ ʧʦʪʝʥʮʠʘʣʦʚ. 

ʄʝʪʦʜ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʬʫʥʢʮʠʡ. 

ʄʦʜʠʬʠʢʘʮʠʠ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

ɸʣʛʦʨʠʪʤ BProp ʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʄɻʋɸ. 

ʄʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʅʉ) ʂʦʭʦʥʝʥʘ. 

ʄʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ ʅʉ ʍʦʧʬʠʣʜʘ ʠ ʍʵʤʤʠʥʛʘ 

ɺʝʨʦʷʪʥʦʩʪʥʦ- 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ 

ɹʘʡʝʩʦʚʩʢʠʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ. 

ʄʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʄʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ (ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʠʩʢʘ: ʤʠʥʠʤʫʤʘ 

ʯʠʩʣʘ ʦʰʠʙʦʯʥʳʭ ʨʝʰʝʥʠʡ, ʤʠʥʠʤʘʢʩʘ, ʅʝʡʤʘʥʘ ï ʇʠʨʩʦʥʘ, 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ). 

k-ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ. 

ʄʝʪʦʜʳ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ. 

ʄʝʪʦʜʳ ʦʮʝʥʠʚʘʥʠʷ ʩʤʝʩʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʧʣʦʪʥʦʩʪʝʡ. 

ʉʢʨʳʪʳʝ ʤʘʨʢʦʚʩʢʠʝ ʮʝʧʠ. 

ɹʘʡʝʩʦʚʩʢʠʝ ʩʝʪʠ. 
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ʇʦʜʭʦʜʳ 

ʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 
ʄʝʪʦʜʳ, ʘʣʛʦʨʠʪʤʳ 

ʄʝʪʦʜʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʙʘʡʝʩʦʚʩʢʠʭ ʩʝʪʝʡ. 

ɺʝʨʦʷʪʥʦʩʪʥʳʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ, ʦʙʫʯʘʝʤʳʝ ʤʝʪʦʜʘʤʠ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ  

ʃʦʛʠʯʝʩʢʠʡ,  

ʠʩʢʫʩʩʪʚʝʥʥʳʡ  

ʠʥʪʝʣʣʝʢʪ 

ʄʝʪʦʜ ʩʦʢʨʘʱʝʥʥʦʛʦ ʙʘʟʠʩʘ. 

ɸʣʛʦʨʠʪʤʳ ʚʳʯʠʩʣʝʥʠʷ ʦʮʝʥʦʢ. 

ɸʥʘʣʠʟ ʚʳʩʢʘʟʳʚʘʥʠʡ, ʠʩʯʠʩʣʝʥʠʝ ʧʨʝʜʠʢʘʪʦʚ. 

ɸʣʛʦʨʠʪʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʪʘʙʣʠʮ; 

ʘʣʛʦʨʠʪʤ çCoralè. 

ɼʨʝʚʦʦʙʨʘʟʥʳʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ. 

ɸʣʛʦʨʠʪʤ ʛʦʣʦʩʦʚʘʥʠʷ ʧʦ ʪʫʧʠʢʦʚʳʤ ʪʝʩʪʘʤ. 

ɸʣʛʦʨʠʪʤ ʛʦʣʦʩʦʚʘʥʠʷ ʧʦ ʣʦʛʠʯʝʩʢʠʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ. 

ɼʝʨʝʚʴʷ ʨʝʰʝʥʠʡ. 

ʉʪʨʫʢʪʫʨʥʦ-ʣʦʛʠʯʝʩʢʠʝ. 

ʇʦʠʩʢ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʪʦʷʥʠʡ 

ʉʪʨʫʢʪʫʨʥʦ-

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʡ 

ʄʝʪʦʜʳ ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ɸʣʛʦʨʠʪʤʳ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʄʝʪʦʜ ʵʪʘʣʦʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. 

ʉʝʤʝʡʩʪʚʦ ʜʚʫʤʝʨʥʳʭ ʛʨʘʤʤʘʪʠʢ ʠ ʚʠʜʦʚ ʛʨʘʤʤʘʪʠʯʝʩʢʦʛʦ ʨʘʟʙʦʨʘ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʣʠʥʛʚʠʩʪʠʢʘ, ʪʝʦʨʠʷ ʬʦʨʤʘʣʴʥʳʭ ʛʨʘʤʤʘʪʠʢ ʠ ʜʨ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʅʘʪʫʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ʀʤʠʪʘʮʠʦʥʥʦʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ʕʚʦʣʶʮʠʦʥʥʦʝ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʛʨʘʬʘʭ 

 

ʆʩʥʦʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʫʧʦʤʷʥʫʪʳʭ ʤʝʪʦʜʦʚ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʦʙʨʘʙʘʪʳʚʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘʙʣʶʜʘʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ (ʨʘʙʦʪʘʷ ʩ ʧʘʤʷʪʴʶ) ʚʳʧʦʣʥʷʪʴ ʦʧʝʨʘʮʠʠ ʣʠʥʝʡʥʦʛʦ ʠ 

ʥʝʣʠʥʝʡʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʣʶʙʦʡ 

ʪʦʯʢʠ ʠʟʦʙʨʘʞʝʥʠʷ (j, k), ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʘʥʘʣʠʟʝ ʨʘʟʣʦʞʝʥʠʷ ʚ 

ʨʷʜ ʌʫʨʴʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɸʜʘʤʘʨʘ, ʍʘʘʨʘ ʠ ʜʨ [44]. 

ɺ ʧʨʠʚʝʜʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʳʜʝʣʷʶʪ 2 ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʯʘʩʪʦ 

ʧʨʠʤʝʥʠʤʳʭ ʤʝʪʦʜʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ  ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʧʠʩʠ: 

1. ʄʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʛʣʦʙʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʦʙʲʝʢʪʘ (1.1). ɻʣʦʙʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʠʟʚʣʝʢʘʶʪʩʷ ʠʟ ʚʩʝʡ ʧʦʜʧʠʩʠ, ʠ ʵʪʠ 

ʧʦʜʭʦʜʳ ʚ ʦʩʥʦʚʥʦʤ ï ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ [45, 46]. 
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ʉʪʨʦʢʘʤ 
1 11 2, ,...,

l lm m mS S S
- -+ +

   ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʦʛʦ 

ʧʨʠʟʥʘʢʘ ( )iy S l=  (ʦʙʲʝʢʪʳ ʧʨʠʥʘʜʣʝʞʘʪ ʢʣʘʩʩʫ lK ), ʪ. ʝ. 
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, ʛʜʝ ( )ij j ia x S= .           (1.2) 

ɺ ʠʪʦʛʝ, ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ ʧʨʝʮʝʜʝʥʪʘʤ ʥʝʦʙʭʦʜʠʤʦ, ʦʧʠʨʘʷʩʴ 

ʥʘ ʪʘʙʣʠʮʫ ʦʙʫʯʝʥʠʷ 
nmlT  ʧʦʩʪʨʦʠʪʴ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʢʦʨʨʝʢʪʥʦ 

ʦʧʨʝʜʝʣʷʝʪ ʢʣʘʩʩ ʧʨʝʜʲʷʚʣʝʥʥʦʛʦ ʢ ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʦʙʲʝʢʪʘ. ɺ ʬʦʨʤʘʣʴʥʦʤ 

ʚʠʜʝ ʘʣʛʦʨʠʪʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʟʘʜʘʸʪʩʷ ʦʪʦʙʨʘʞʝʥʠʝʤ:  

 

1 2( ) (Ŭ ( ),Ŭ ( ),...,Ŭ ( )),Ŭ( ) {0,1, }, 1,2,...,A A A

l iA S S S S S i l= Í D = ,          (1.3)  

 

ʛʜʝ ( )A

i Sa  ï ʨʝʰʝʥʠʝ ʘʣʛʦʨʠʪʤʘ, ʪ.ʝ. ʦʪʥʝʩʝʥʠʝ ʦʙʲʝʢʪʘS  ʢ ʢʣʘʩʩʫ iK  

ɽʩʣʠ ( ) 1A

i Sa = ʠ ( ) 0A

i Sa = ï ʪʦ ʘʣʛʦʨʠʪʤ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ 

çʦʙʲʝʢʪ s ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ ʢʣʘʩʩʫ Kiè,   ʧʨʠ ( )A

i Sa =D ï ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ 

ʦʪʢʘʟ ʦʪ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʘ S ʜʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ
iK .  

ʆʮʝʥʢʠ ʫʩʣʦʚʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ( | )iP K x  ʤʦʛʫʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʳ ʧʦ 

ʬʦʨʤʫʣʝ (1.4) ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʦʢ ʘʧʨʠʦʨʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ
1( ), , ( )lP K P K»  ʠ 

ʧʣʦʪʥʦʩʪʝʡ 
1( ), , ( ).lf x f x»  
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i i
i l
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i

f x P K
P K x

f x P K
=

=

ä

.                                         (1.4) 

 

ʅʘ ʧʨʘʢʪʠʢʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʤʥʦʛʦʤʝʨʥʦʝ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʚ ʦʙʱʝʤ ʚʠʜʝ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ: 

11
2/2 1/2

1
( ) exp ( ɛ) ( ɛ)

(2ˊ) | |

t

n
f x x x-è ø= - - S -ê úS

,                    (1.5) 

 

ʛʜʝ n ï ʨʘʟʤʝʨʥʦʩʪʴ ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, m ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʞʠʜʘʥʠʝ ʚʝʢʪʦʨʘ ʧʨʠʟʥʘʢʦʚ x, S ï ʤʘʪʨʠʮʘ ʢʦʚʘʨʠʘʮʠʡ ʢʦʤʧʦʥʝʥʪ 

ʚʝʢʪʦʨʘ x, | |S ï ʜʝʪʝʨʤʠʥʘʥʪ ʤʘʪʨʠʮʳ S.  

ɺ ʨʘʤʢʘʭ ʜʠʩʢʨʠʤʠʥʘʥʪʥʳʭ ʧʦʜʭʦʜʦʚ (ʨʠʩ. 1.5) ʧʦʩʪʨʦʝʥʠʝ 

ʣʠʥʝʡʥʦʡ ʨʘʟʜʝʣʷʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʛʠʧʝʨʧʣʦʩʢʦʩʪʠ) ʩʚʦʜʠʪʩʷ ʢ 

ʥʘʭʦʞʜʝʥʠʶ ʬʫʥʢʮʠʠ, ʣʠʥʝʡʥʦʡ ʧʦ ʧʨʠʟʥʘʢʘʤ, 

 

 1 1 2 2 1( ) ... n n nf x a x a x a x a+= + + + +                       (1.6) 

 

ʠ ʧʨʠʤʝʥʝʥʠʶ ʫʧʨʦʱʸʥʥʦʛʦ ʨʝʰʘʶʱʝʛʦ ʧʨʘʚʠʣʘ 

 

1, ( ) 0,

Ŭ ( ) , ( ) 0,

0, ( ) 0,

A

f S

S f S

f S

>ë
î
= D =ì
î <í

                                         (1.7) 

 

ɿʜʝʩʴ ʨʝʰʝʥʠʝ Ŭ ( ) 1A S =  ʦʟʥʘʯʘʝʪ ʦʪʥʝʩʝʥʠʝ ʦʙʲʝʢʪʘ ʢ ʧʝʨʚʦʤʫ 

ʢʣʘʩʩʫ, ʘ ( ) 0A Sa =  ï ʦʪʥʝʩʝʥʠʝ ʚʦ ʚʪʦʨʦʤʫ, Ŭ ( )A S =D ï ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ ʦʪʢʘʟ 

ʦʪ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 
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a)                                                            b) 

ʈʠʩʫʥʦʢ 1.5 ï ʇʨʠʤʝʨ ʨʘʟʜʝʣʝʥʠʷ ʜʚʫʭ ʢʣʘʩʩʦʚ ʛʠʧʝʨʧʣʦʩʢʦʩʪʴʶ: 

ʘ ï ʙʝʟʦʰʠʙʦʯʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʜʚʫʭ ʢʣʘʩʩʦʚ ʛʠʧʝʨʧʣʦʩʢʦʩʪʴʶ; b ï 

ʨʘʟʜʝʣʝʥʠʝ ʜʚʫʭ ʢʣʘʩʩʦʚ ʛʠʧʝʨʧʣʦʩʢʦʩʪʴʶ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʯʠʩʣʦʤ ʦʰʠʙʦʢ 

 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʘʣʠʟʘʮʠʠ ʢʨʠʪʝʨʠʝʚ ʚʳʙʦʨʘ f(x). 

ʅʘʠʙʦʣʝʝ ʪʠʧʠʯʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʙʦʨʝ ʬʫʥʢʮʠʠ f(x), 

ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʦʡ ʥʝʠʟʚʝʩʪʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ1 2 1, ,..., , ,n na a a a+  ʧʨʠ 

ʢʦʪʦʨʦʡ ʤʠʥʠʤʠʟʠʨʫʝʪʩʷ ʯʠʩʣʦ ʥʘʨʫʰʝʥʠʡ ʥʝʨʘʚʝʥʩʪʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʩʠʩʪʝʤʝ: 

1 1 1

1 1 1 2 2 1 1 1

1 1 2 2 2 2 2 1

1 1 2 2 1

( ) ( ) ... ( ) 0,

( ) ( ) ... ( ) 0,

...

( ) ( ) ... ( ) 0,

n n n

n n n

m m n n m n

a x S a x S a x S a

a x S a x S a x S a

a x S a x S a x S a

+

+

+

+ + + + >

+ + + + >

+ + + + >

 

    ... ... ...      (1.8) 

1 1 1

1 1 1

1 1 1 2 2 1 1 1

1 1 2 2 2 2 2 1

1 1 2 2 1

( ) ( ) ... ( ) 0,

( ) ( ) ... ( ) 0,

...

( ) ( ) ... ( ) 0.

m m n n m n

m m n n m n

m m n n m n

a x S a x S a x S a

a x S a x S a x S a

a x S a x S a x S a

+ + + +

+ + + +

+

+ + + + <

+ + + + <

+ + + + <

 

ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʧʨʘʚʠʣʦʤ (1.7) ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʠʥʠʤʠʟʘʮʠʷ ʯʠʩʣʘ 

ʦʰʠʙʦʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ï ʢʘʢ ʥʝʚʝʨʥʳʭ ʦʪʥʝʩʝʥʠʡ, ʪʘʢ ʠ ʦʪʢʘʟʦʚ. 

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʛʣʦʙʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʷʚʣʷʝʪʩʷ 

ʥʝʡʨʦʩʝʪʝʚʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʙʠʦʤʝʪʨʠʠ ʚ ʢʣʶʯ (çʙʠʦʤʝʪʨʠʷŸʢʦʜè), 
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ʨʘʟʨʘʙʦʪʘʥʥʦʝ ɸ. ʀ. ʀʚʘʥʦʚʳʤ ʠ ʩʦʘʚʪʦʨʘʤʠ, ʦʧʠʩʘʥʥʦʝ ʢʘʢ ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʚʳʩʦʢʦʥʘʜʝʞʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʨʝʘʣʠʟʦʚʘʥʥʦʝ ʚ ʠʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤʘʭ. ʆʙʫʯʝʥʠʝ ʠ ʧʨʦʚʝʨʢʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ʣʠʥʠʝʡ ʩʪʘʥʜʘʨʪʦʚ ɻʆʉʊ ʠ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʥʘʙʦʨʝ 

ʨʝʘʣʠʟʘʮʠʡ, ʨʝʟʫʣʴʪʘʪʦʤ ʩʣʫʞʘʪ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʝʪʠ ʠ 

ʧʝʨʩʦʥʘʣʴʥʳʡ 256-ʙʠʪʥʳʡ ʢʣʶʯ. ʅʘ ʚʭʦʜ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦʜʘʸʪʩʷ ʚʝʢʪʦʨ 

ʧʨʠʟʥʘʢʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʠʟ ʠʟʤʝʨʷʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜʧʠʩʠ 

(ʢʦʦʨʜʠʥʘʪʳ ʪʨʘʝʢʪʦʨʠʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ʠ ʜʨ.).  

ɺ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʩʨʝʜʝ çɹʠʦʅʝʡʨʦɸʚʪʦʛʨʘʬè ʪʘʢʦʡ ʚʝʢʪʦʨ 

ʚʢʣʶʯʘʝʪ 416 ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ ʢʘʞʜʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠ 

ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʬʘʡʣ ʩ ʠʭ ʪʝʢʫʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ. ʕʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʩʧʨʦʠʟʚʦʜʠʤʫʶ ʧʨʝʜʦʙʨʘʙʦʪʢʫ ʠ ʢʦʥʪʨʦʣʴ ʢʦʨʨʝʢʪʥʦʩʪʠ 

ʜʘʥʥʳʭ [47]. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʨʝʘʣʠʟʫʝʪʩʷ ʥʝʡʨʦʩʝʪʴʶ, ʥʘ ʚʳʭʦʜʘʭ 

ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʫʝʪʩʷ 256-ʙʠʪʦʚʳʡ ʢʦʜ; ʧʦ ʟʘʚʝʨʰʝʥʠʠ ʦʙʫʯʝʥʠʷ 

ʩʦʭʨʘʥʷʶʪʩʷ ʚʝʩʘ ʥʝʡʨʦʥʦʚ, çʦʙʫʯʘʶʱʠʡ ʢʣʶʯè ʠ ʥʘʙʦʨ çʧʨʦʚʝʨʦʯʥʳʭ 

ʢʣʶʯʝʡè ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. ɼʣʷ ʦʮʝʥʢʠ ʙʣʠʟʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʘʩʩʪʦʷʥʠʷ ʍʵʤʤʠʥʛʘ ʤʝʞʜʫ ʢʦʜʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʧʨʝʜʲʷʚʣʝʥʠʠ 

ʦʙʨʘʟʮʘ, ʠ ʵʪʘʣʦʥʥʳʤ ʢʦʜʦʤ/ʧʘʨʦʣʝʤ [48] . 

ʇʨʠ ʦʙʫʯʝʥʠʠ ʧʦ ɻʆʉʊ ʈ 52633.5 - 2011 ʜʦʩʪʠʛʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ, 

ʢʦʛʜʘ ʜʣʷ ʩʣʫʯʘʡʥʳʭ çʯʫʞʠʭè ʚʭʦʜʦʚ ʨʘʟʨʷʜʳ 256-ʙʠʪʦʚʦʛʦ ʢʦʜʘ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦʯʪʠ ʨʘʚʥʦʚʝʨʦʷʪʥʦ (0/1), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʩʦʢʦʡ 

ʵʥʪʨʦʧʠʠ ʧʦ ʍʵʤʤʠʥʛʫ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʜʣʷ ʤʘʣʳʭ ʚʳʙʦʨʦʢ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʨʘʟʨʷʜʘʤʠ; ʧʦʵʪʦʤʫ ʢ ʦʮʝʥʢʝ ʵʥʪʨʦʧʠʠ ʍʵʤʤʠʥʛʘ 

ʜʦʙʘʚʣʷʝʪʩʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʵʥʪʨʦʧʠʷ, ʚʳʯʠʩʣʷʝʤʘʷ ʯʝʨʝʟ ʚʟʘʠʤʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʙʠʪʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʊʘʢʘʷ 

ʧʨʦʮʝʜʫʨʘ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʚʘʣʠʜʘʮʠʠ ʚʳʭʦʜʥʳʭ ʢʦʜʦʚ 

ʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢ ʦʪʨʘʞʝʥʠʶ ʚ ʘʢʪʫʘʣʠʟʘʮʠʠ ɻʆʉʊ ʈ 52633.3 - 2011. 

ʇʦʣʫʯʝʥʥʳʡ 256-ʙʠʪʦʚʳʡ ʢʦʜ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ 
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ʘʫʪʝʥʪʠʬʠʢʘʪʦʨ, ʚʤʝʩʪʝ ʩ ʦʙʳʯʥʳʤ ʧʘʨʦʣʝʤ ʠʣʠ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʣʶʯʘ [49].  

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʣʦʞʝʥʦ ʠʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʧʨʠʟʥʘʢʦʚʦʛʦ ʦʧʠʩʘʥʠʷ 

-  ʙʘʟʦʚʳʡ ʢʦʨʪʝʞ ʧʘʨʘʤʝʪʨʦʚ ʩ ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʥʦʨʤʘʣʠʟʘʮʠʝʡ ʧʦ ʝʜʠʥʦʤʫ ʤʘʩʰʪʘʙʫ. 

ʊʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʚʭʦʜʥʦʛʦ 

ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʫʣʫʯʰʘʝʪ ʨʘʟʜʝʣʠʤʦʩʪʴ ʢʣʘʩʩʦʚ, ʘ ʪʘʢʞʝ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʩʤʝʥʝ ʩʝʥʩʦʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤ ʚʳʭʦʜʥʳʤ ʙʠʪʘʤ ʧʨʠ ʢʦʜʦʦʙʨʘʟʦʚʘʥʠʠ ʧʦ 

ʪʠʧʫ çʙʠʦʤʝʪʨʠʷŸʢʦʜè ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʨʦʩʪʫ ʵʥʪʨʦʧʠʠ ʚʳʭʦʜʥʦʛʦ ʢʦʜʘ 

ʠ ʩʥʠʞʝʥʠʶ ʦʰʠʙʦʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʉʦʧʦʩʪʘʚʠʤʦʩʪʴ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤ, 

ʯʪʦ ʠ çɹʠʦʅʝʡʨʦɸʚʪʦʛʨʘʬè, ʠ ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʦʧʠʨʘʶʪʩʷ ʥʘ 

ʥʦʨʤʠʨʦʚʘʥʠʝ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʥʘʙʦʨʳ ʧʨʠʟʥʘʢʦʚ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʝ 

ʦʙʫʯʝʥʠʝ/ʪʝʩʪʠʨʦʚʘʥʠʝ. 

 ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʤʝʪʦʜʦʚ ʦʪʥʦʩʠʪʩʷ ʢ ʣʦʢʘʣʴʥʳʤ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʳʭ 

ʚʝʢʪʦʨ ʧʨʠʟʥʘʢʦʚ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʣʦʢʘʣʠʟʘʮʠʠ 

ʪʦʯʝʯʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʥʦʛʦʤʝʨʥʦʡ ʢʨʠʚʦʡ (ʨʠʩ. 1.6). 
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ʈʠʩʫʥʦʢ 1.6 - ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʜʝʪʝʢʪʦʨʦʚ ʧʨʦʩʪʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʦʜʧʠʩʠ 

 

ʈʷʜ ʘʚʪʦʨʦʚ ʧʨʠʜʝʨʞʠʚʘʝʪʩʷ ʤʥʝʥʠʷ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʘʟʜʝʣʷʶʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʠʝ ʧʨʠʟʥʘʢʠ ʣʝʞʘʪ ʚ ʠʭ ʦʩʥʦʚʝ. ɽʩʣʠ ʚ ʦʩʥʦʚʝ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʝʞʘʪ ʛʣʦʙʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ, ʪʦ ʵʪʦ ʛʣʦʙʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ɽʩʣʠ ʚ ʦʩʥʦʚʝ ï ʣʦʢʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ (ʥʘʧʨʠʤʝʨ, 

ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʣʠ ʫʩʢʦʨʝʥʠʷ, ʨʘʜʠʫʩ ʟʘʢʨʫʛʣʝʥʠʷ, ʚʟʷʪʳʝ ʚ ʢʘʞʜʦʡ 

ʪʦʯʢʝ ʧʦʜʧʠʩʠ), ʪʦ ʵʪʦ ʣʦʢʘʣʴʥʳʝ ʤʝʪʦʜʳ [34, 35, 50]. ɽʩʣʠ ʞʝ ʚ ʦʩʥʦʚʝ 

ʤʝʪʦʜʘ ʣʝʞʘʪ ʠ ʣʦʢʘʣʴʥʳʝ, ʠ ʛʣʦʙʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ, ʪʦ ʵʪʦ ʛʠʙʨʠʜʥʳʝ 

ʤʝʪʦʜʳ. 

ʆʙʱʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʦʚ ʷʚʣʷʶʪʩʷ ʠʭ ʥʝ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʢ ʚʠʜʫ 

ʩʦʩʪʦʷʥʠʷ ʥʦʩʠʪʝʣʷ ʧʦʜʧʠʩʠ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʠʟʢʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 
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ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʩʥʠʞʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʦ ʠ ʨʘʟʤʝʨʘʤʠ ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ ʙʘʟʳ ʜʘʥʥʳʭ, ʯʪʦ, ʪʘʢʞʝ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʢʦʪʦʨʘʷ ʚ ʨʷʜʝ 

ʦʪʨʘʩʣʝʡ ʧʨʠʤʝʥʝʥʠʷ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ 

ʬʘʢʪʦʨʦʤ ʧʨʠʤʝʥʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʜʦʩʪʠʞʝʥʠʡ ʩʦʚʨʝʤʝʥʥʳʭ 

ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʯʘʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ. 

 

1.3.  ʆʙʦʩʥʦʚʘʥʠʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʢʘʢ ʨʝʰʝʥʠʡ ʟʘʜʘʯ 

ʘʥʘʣʠʟʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʥʦʛʦʤʝʨʥʳʭ ʩʠʛʥʘʪʫʨ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʦʜʧʠʩʠ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʥʘʨʷʜʫ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʨʠʩ. 1.7), ʙʳʣʠ 

ʧʨʝʜʣʦʞʝʥʳ ʠ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʦʚʳʝ 

ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʦʜʭʦʜʳ (ʨʠʩ. 1.8). ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʘʚʪʦʵʥʢʦʜʝʨʳ, LSTM, 

ʪʨʘʥʩʬʦʨʤʝʨʳ, ʛʝʥʝʨʘʪʠʚʥʦ-ʩʦʩʪʷʟʘʪʝʣʴʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠ ʨʷʜ ʜʨʫʛʠʭ 

ʨʝʰʝʥʠʡ [41, 51, 52]. 

 

ʈʠʩʫʥʦʢ 1.7 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 
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ʈʠʩʫʥʦʢ 1.8 ï ʄʥʦʛʦʦʙʨʘʟʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʅʉ  
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ʅʝʩʤʦʪʨʷ ʥʘ ʥʦʚʦʚʚʝʜʝʥʠʷ, ʧʨʠʥʮʠʧ ʠʭ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʚ ʦʩʥʦʚʥʦʤ, ʧʦʜʦʙʝʥ ʢʣʘʩʩʠʯʝʩʢʠʤ ʩʝʪʷʤ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ (ʨʠʩ. 1.9).  

 

 

ʈʠʩʫʥʦʢ 1.9 ï ʆʩʥʦʚʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʩʝʪʠ 

 

ʅʘ ʨʠʩ. 1.9 ʚʝʣʠʯʠʥʘ f(S) ʦʙʦʟʥʘʯʘʝʪ ʬʫʥʢʮʠʶ, ʚʳʧʦʣʥʷʶʱʫʶ ʨʦʣʴ 

ʧʦʨʦʛʦʚʦʡ (ʘʢʪʠʚʘʮʠʦʥʥʦʡ). ʅʘ ʧʨʘʢʪʠʢʝ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʘʮʠʦʥʥʦʡ 

ʬʫʥʢʮʠʠ ʯʘʱʝ ʚʩʝʛʦ ʚʳʙʠʨʘʶʪ ʩʠʛʤʦʠʜʥʫʶ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʬʦʨʤʘʣʠʟʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʥʝʡʨʦʥʘ ʟʘʜʘʸʪʩʷ ʢʘʢ ʦʪʦʙʨʘʞʝʥʠʝ 
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ʛʜʝ f ï ʚʝʱʝʩʪʚʝʥʥʘʷ ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ, ʍ ï ʚʝʢʪʦʨ ʚʭʦʜʥʳʭ 

ʩʠʛʥʘʣʦʚ ʥʝʡʨʦʥʘ, W ï ʥʘʙʦʨ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ), ʩ ʢʦʪʦʨʳʤʠ ʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʫʯʘʩʪʚʫʶʪ ʚʦ 

ʚʟʚʝʰʠʚʘʥʠʠ, I0 ï ʩʠʛʥʘʣ ʩʤʝʱʝʥʠʷ (ʧʦʨʦʛʦʚʘʷ ʢʦʥʩʪʘʥʪʘ). 

ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʪ 

ʢʣʘʩʩʠʯʝʩʢʠʭ, ʟʘʜʘʥʥʳʭ ʚ ʬʦʨʤʫʣʴʥʦ-ʪʝʢʩʪʦʚʦʤ ʚʠʜʝ ï ʵʪʦ ʦʪʩʫʪʩʪʚʠʝ 

ʵʪʘʧʘ ʘʣʛʦʨʠʪʤʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʟʘʤʝʥʷʝʪʩʷ ʵʪʘʧʦʤ ʦʙʫʯʝʥʠʷ ʧʨʠ ʨʝʰʝʥʠʠ 

ʪʨʫʜʥʦ ʬʦʨʤʘʣʠʟʫʝʤʳʭ ʟʘʜʘʯ, ʪʘʢʠʭ, ʛʜʝ ʥʝʪ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʭ 

ʯʠʩʣʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ɸ ʵʪʦ ʠʤʝʥʥʦ ʪʦʪ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ 
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ʨʘʩʧʦʟʥʘʚʘʪʴ ʤʥʦʛʦʤʝʨʥʳʝ ʩʠʛʥʘʪʫʨʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʚ ʫʩʣʦʚʠʷʭ 

ʝʝ ʩʠʣʴʥʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʩʦʩʪʦʷʥʠʷ ʥʦʩʠʪʝʣʷ. 

ʇʦʜʭʦʜʳ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʨʘʟʣʠʯʥʳ. ʆʜʠʥ ʠʟ ʥʠʭ, ʚ ʨʘʤʢʘʭ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʦʩʥʦʚʘʥ ʥʘ ʵʚʨʠʩʪʠʯʝʩʢʠʭ, ʥʝ ʜʦ ʢʦʥʮʘ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-ʠʟʙʳʪʦʯʥʳʭ ʩʧʦʩʦʙʘʭ ʧʦʚʳʰʝʥʠʷ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʅʉ, ʠ ʢʦʪʦʨʳʝ 

ʩʦʯʝʪʘʶʪʩʷ ʩ ʵʢʩʪʝʥʩʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ [53-59]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʧʨʠʤʝʥʠʪʴ ʧʦʜʭʦʜ ʢ 

ʘʥʘʣʠʟʫ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʣʦʚʘʨʷ ʧʨʠʟʥʘʢʦʚ ʤʘʩʩʠʚʘ 

ʩʦʦʪʥʦʰʝʥʠʡ ʠʩʭʦʜʥʳʭ ʧʨʠʟʥʘʢʦʚ ʤʥʦʛʦʤʝʨʥʦʡ ʩʠʛʥʘʪʫʨʳ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʦʜʧʠʩʠ. ʉʦʛʣʘʩʥʦ ʚʳʜʚʠʛʘʝʤʦʡ ʚ ʨʘʙʦʪʝ ʛʠʧʦʪʝʟʝ, ʪʘʢʘʷ ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ 

ʚʭʦʜʥʳʭ ʦʙʨʘʟʮʦʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴʶ, ʘ ʧʦʣʫʯʝʥʥʳʝ ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʦʜʝʣʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ï ʚʳʩʦʢʦʡ ʨʘʟʣʠʯʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʪʣʠʯʠʷ ʠ ʥʦʚʠʟʥʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʦʪ 

ʦʧʠʩʘʥʥʳʭ ʚ ʧ. 1.2 ʠ 1.3 ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. 

ʂʘʞʜʳʡ ʦʙʨʘʟʝʮ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʝʤʝʡʩʪʚʦʤ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʥʳʭ N ʧʣʦʩʢʠʭ ʢʨʠʚʳʭ, ʣʠʙʦ, ʯʪʦ ʧʦʜʦʙʥʦ: N ï 

ʤʝʨʥʦʡ ʢʨʠʚʦʡ. ʂʨʠʚʘʷ ʜʠʩʢʨʝʪʠʟʠʨʦʚʘʥʘ ʚʦ ʚʩʝʭ ʩʚʦʠʭ ʠʟʤʝʨʝʥʠʷʭ. ʇʦ 

ʦʩʠ ʘʙʩʮʠʩʩ N-ʤʝʨʥʦʡ ʢʨʠʚʦʡ ï ʚʨʝʤʷ (ʝʛʦ ʜʠʩʢʨʝʪʥʳʝ ʦʪʩʯʝʪʳ), 

ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʧʦʜʧʠʩʠ, ʧʦ (N-1) ʦʩʷʤ ʦʨʜʠʥʘʪ ï 

ʜʠʩʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʬʠʟʠʢʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʧʦʜʧʠʩʴ: ʫʛʦʣ ʠ ʤʛʥʦʚʝʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʢʦʥʮʘ ʧʝʨʘ ʦʪ 

ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ (ʚ ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʝ); ʩʠʣʘ ʥʘʞʘʪʠʷ ʧʝʨʘ, ʫʛʣʳ 

ʦʨʠʝʥʪʘʮʠʠ ʧʝʨʘ, ʩʢʦʨʦʩʪʴ, ʫʩʢʦʨʝʥʠʷ ʢʦʥʮʘ ʧʝʨʘ. ɺʩʝ ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ 

ʬʠʟʠʢʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʨʘʟʚʝʨʥʫʪʳ ʚʦ ʚʨʝʤʝʥʠ ʚ ʜʠʩʢʨʝʪʥʦʡ 

ʰʢʘʣʝ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʪʘʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʦʩʥʦʚʘʥʳ ʥʘ ʢʣʘʩʩʠʯʝʩʢʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ 

ʘʧʧʘʨʘʪʝ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʧʨʠʯʝʤ ʢʘʞʜʘʷ ʧʣʦʩʢʘʷ ʢʨʠʚʘʷ 
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(ʪ.ʝ. ʬʠʟʠʢʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ) ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʦʪʜʝʣʴʥʦ, ʟʘʪʝʤ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ (ʩʣʠʯʝʥʠʷ) ʢʦʤʧʣʝʢʩʠʨʫʶʪʩʷ ʥʘ ʫʨʦʚʥʝ 

ʨʝʰʝʥʠʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʥʘ ʦʩʥʦʚʝ ʢʘʞʜʦʛʦ 

ʦʙʨʘʟʮʘ ʧʦʜʧʠʩʠ ʬʦʨʤʠʨʫʝʪʩʷ ʛʨʫʧʧʦʚʦʡ ʪʦʯʝʯʥʳʡ ʦʙʲʝʢʪ, ʚʣʦʞʝʥʥʳʡ ʚ 

M-ʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʚʦʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠ ʩʦʙʳʪʠʡʥʳʭ ʧʨʠʟʥʘʢʦʚ, 

ʥʘʧʨʠʤʝʨ: ʨʘʟʣʠʯʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʦʤʝʥʪʳ ʨʘʟʚʝʨʪʦʢ ʢʨʠʚʳʭ ʚʦ 

ʚʨʝʤʝʥʠ, ʯʠʩʣʦ ʠ ʚʠʜʳ ʧʠʢʦʚ, ʨʘʜʠʫʩʦʚ ʠ ʜʨ. ʧʨʠʟʥʘʢʦʚ ʠʟ ʛʨʦʤʘʜʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʜʝʪʝʢʪʦʨʦʚ ʧʨʠʟʥʘʢʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ (ʨʠʩ. 1.10). 

ʆʪʥʦʰʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʧʠʢʘ ʢ ʉʂʆ ʚʪʦʨʠʯʥʳʭ 
ʤʘʢʩʠʤʫʤʦʚ 

ʋʨʦʚʝʥʴ 
ʜʦʚʝʨʠʪʝʣʴʥʦʡ 

ʚʝʨʦʷʪʥʦʩʪʠ ʚʩʝʭ 
ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʧʠʢʦʚ 

ʇʝʨʠʦʜ ʧʨʝʮʝʩʩʠʠ ʦʩʠ ʚʨʘʱʝʥʠʷ  

ʈʠʩʫʥʦʢ 1.10 ï ʇʨʝʜʣʘʛʘʝʤʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʘʣʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʦʜʧʠʩʠ ʚ M-ʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ  

 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʛʨʫʧʧʦʚʦʛʦ ʪʦʯʝʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩ ʠʩʢʘʞʝʥʠʷʤʠ 

ʜʦ 50% ʦʪ ʣʠʥʝʡʥʦʛʦ ʨʘʟʤʝʨʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʝ ʦʧʫʩʢʘʝʪʩʷ 

ʥʠʞʝ 0,85 [60, 61]. 

ɸʣʛʦʨʠʪʤʳ ʯʠʩʪʦ ʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʩʢʘʞʝʥʠʷʤ ʛʨʫʧʧʦʚʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚʠʜʘ ʩʤʝʱʝʥʠʷ, ʧʦʚʦʨʦʪʘ ʠʟʤʝʥʝʥʠʡ ʤʘʩʰʪʘʙʘ, ʯʪʦ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʬʠʟʠʦʣʦʛʠʝʡ ʯʝʣʦʚʝʢʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦ-ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʦʩʠʪʝʣʷ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ, ʥʘʧʨʠʤʝʨ, ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʤʘʪʨʠʮʘ 

ʧʦʧʘʨʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʛʨʫʧʧʦʚʦʛʦ ʪʦʯʝʯʥʦʛʦ ʦʙʲʝʢʪʘ. ɺ 
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ʵʪʦʤ ʩʣʫʯʘʝ ʯʠʩʣʦ ʬʦʨʤʠʨʫʝʤʳʭ ʧʨʠʟʥʘʢʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʪʨʠʮʳ 

ʧʦʧʘʨʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ M: 

 
( )

!
,

2! 2 !

N
n

N
=

-
                                            (1.10) 

ʝʩʣʠ ʞʝ ʚʝʢʪʦʨ ʧʨʠʟʥʘʢʦʚ ʩʪʨʦʠʪʩʷ ʧʦ ʫʛʣʘʤ ʠ ʨʘʩʩʪʦʷʥʠʷʤ, 

ʦʪʩʯʠʪʳʚʘʝʤʳʤ ʦʪ ʥʝʢʦʪʦʨʦʡ ʟʘʨʘʥʝʝ ʚʳʙʨʘʥʥʦʡ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ, ʪʦ ʜʣʷ 

ʦʙʨʘʟʮʘ ʛʨʫʧʧʦʚʦʛʦ ʪʦʯʝʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʘ ʧʣʦʩʢʦʩʪʠ (M = 2) 

ʧʦʣʫʯʘʝʤ:  

2 3,n N= -                                                (1.11) 

ʘ ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʣʫʯʘʷ (M= 3): 

( )
( 1)!

( 1) ,
3! ( 1) 3 !

N
n N

N

-
= - +

- -
                                       (1.12) 

ʛʜʝ N ï ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʦʙʨʘʟʮʘ ʛʨʫʧʧʦʚʦʛʦ ʪʦʯʝʯʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʪʦ ʝʩʪʴ ʯʠʩʣʦ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʬʠʟʠʢʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʚʳʨʘʞʝʥʠʡ (1.10) - (1.12), ʧʨʠ ʪʘʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʠʟ 

ʦʜʥʦʡ ʝʜʠʥʩʪʚʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʠʟʚʣʝʢʘʝʪʩʷ 

ʛʠʛʘʥʪʩʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, ʥʝʩʨʘʚʥʠʤʦʡ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʦʙʥʘʨʫʞʝʥʠʷ ʦʮʝʥʠʚʘʥʠʷ. 

ɽʩʪʝʩʪʚʝʥʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʣʷ ʩʪʦʣʴ ʚʳʩʦʢʦʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʤʝʪʦʜʦʣʦʛʠʝʡ ʘʥʘʣʠʟʘ, 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʦʛʫʪ ʩʪʘʪʴ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ 

ʩʝʪʠ, ʨʝʘʣʠʟʫʝʤʳʝ ʢʘʢ ʧʦ ʧʨʠʥʮʠʧʫ ʜʦʦʙʫʯʝʥʠʷ ʢʨʫʧʥʳʭ ʤʦʜʝʣʝʡ, ʪʘʢ ʠ ʚ 

ʚʠʜʝ ʢʦʤʧʘʢʪʥʳʭ ʘʨʭʠʪʝʢʪʫʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʫʩʪʦʡʯʠʚʦʝ ʦʙʦʙʱʝʥʠʝ ʥʘ 

ʥʦʚʳʭ ʨʝʘʣʠʟʘʮʠʷʭ ʟʘ ʩʯʸʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠʟʥʘʢʦʚʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʥʝʡʨʦʩʝʪʝʚʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʙʘʟʠʩʝ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʛʠʧʦʪʝʟʫ, ʧʦʟʚʦʣʷʶʱʫʶ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ 

ʢʘʯʝʩʪʚʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ, 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʜʦʢʘʟʘʪʴ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ. 
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ʇʨʦʚʝʜʝʥʥʳʡ ʦʙʟʦʨ ʠʩʪʦʯʥʠʢʦʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʦʟʚʦʣʷʝʪ 

ʩʫʜʠʪʴ, ʯʪʦ, ʚ ʜʘʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ, ʦʟʚʫʯʝʥʥʘʷ ʟʘʜʘʯʘ ʝʱʝ ʥʝ ʨʝʰʝʥʘ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʘʫʯʥʦ ʤʝʪʦʜʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʥʝ ʨʘʟʨʘʙʦʪʘʥ. 

ɺ ʫʩʣʦʚʠʷʭ ʤʝʞʫʩʪʨʦʡʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʝʥʩʦʨʦʚ ʠ ʚʳʩʦʢʦʡ 

ʚʥʫʪʨʠʢʣʘʩʩʦʚʦʡ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʧʦʜʧʠʩʝʡ ʠʤʝʥʥʦ ʮʝʣʦʩʪʥʳʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʤʝʪʨʠʢ ʢʘʯʝʩʪʚʘ. 

ʅʘ ʨʠʩʫʥʢʝ 1.11 ʧʨʝʜʩʪʘʚʣʝʥ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʚ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʝ ʘʥʘʣʠʟʘ, ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ð ʵʪʦ ʥʝʧʨʝʨʳʚʥʳʡ ʧʦʪʦʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʜʘʥʥʳʭ 

ʦʪ ʤʦʤʝʥʪʘ ʨʝʛʠʩʪʨʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʜʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʰʝʥʠʷ 

ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʢ ʦʜʥʦʤʫ ʠʟ ʵʪʘʣʦʥʦʚ. ʆʥ ʠʥʪʝʛʨʠʨʫʝʪ ʚʩʝ 

ʢʣʶʯʝʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ: ʥʦʨʤʘʣʠʟʘʮʠʶ ʜʘʥʥʳʭ ʩ ʨʘʟʥʳʭ ʩʝʥʩʦʨʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʵʢʩʪʨʘʧʦʣʷʮʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ 

ʢʦʨʪʝʞʫ ʩʪʘʥʜʘʨʪʥʳʭ, ʵʪʘʣʦʥʠʨʦʚʘʥʠʝ ʨʝʘʣʠʟʘʮʠʡ ʥʘ SOM ʜʣʷ ʫʯʸʪʘ 

ʚʥʫʪʨʠʢʣʘʩʩʦʚʦʡ ʚʘʨʠʘʪʠʚʥʦʩʪʠ, ʥʝʡʨʦʩʝʪʝʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʵʪʘʣʦʥʦʚ ʚ 

ʚʠʜʝ ʢʦʨʪʝʞʘ ʧʦʩʣʦʡʥʳʭ ʤʘʪʨʠʮ ʚʝʩʦʚ. 

 

ʈʠʩʫʥʦʢ 1.11ï ʉʭʝʤʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʵʪʘʧʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʇʨʦʮʝʩʩ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʤʝʪʦʜʦʚ ʵʢʩʪʨʘʧʦʣʷʮʠʠ, 

ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʜʘʥʥʳʭ, 
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ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʧʦʜʧʠʩʝʡ ʠ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ.  

 

1.4. ɺʳʚʦʜʳ ʧʦ ʧʝʨʚʦʡ ʛʣʘʚʝ ʠ ʦʙʱʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ 

ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʠ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ: 

1. ʉʨʝʜʠ ʤʝʪʦʜʦʚ ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʜʥʠʤ ʠʟ ʜʝʰʝʚʳʭ 

ʠ ʜʦʩʪʫʧʥʳʭ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʦʜʧʠʩʴ. ʆʜʥʘʢʦ ʩʪʘʪʠʯʝʩʢʘʷ ʧʦʜʧʠʩʴ 

ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʨʘʟʣʠʯʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʚ ʩʠʣʫ ʚʥʫʪʨʠʢʣʘʩʩʦʚʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʴʶ, ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʧʦʩʪʦʷʥʩʪʚʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʫʯʠʪʴ 

ʧʦʜʧʠʩʴ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʥʝʨʘʟʣʠʯʠʤʦʡ ʩʪʘʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʧʦʜʜʝʣʦʢ. ʋʢʘʟʘʥʥʳʝ ʚʳʰʝ ʘʩʧʝʢʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʚʘʨʠʘʮʠʠ 

ʧʦʜʧʠʩʠ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʢʣʘʩʩʘ, ʧʨʝʚʨʘʱʘʶʪ ʟʘʜʘʯʠ ʫʩʪʦʡʯʠʚʦʛʦ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʫʢʦʧʠʩʥʦʡ ʩʠʛʥʘʪʫʨʳ ʚ ʚʝʩʴʤʘ 

ʩʝʨʴʝʟʥʫʶ ʧʨʦʙʣʝʤʫ. 

2. ɼʠʥʘʤʠʯʝʩʢʘʷ ʧʦʜʧʠʩʴ ʯʘʩʪʠʯʥʦ ʩʚʦʙʦʜʥʘ ʦʪ ʫʢʘʟʘʥʥʳʭ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʦʜʥʘʢʦ ʠ ʜʣʷ ʥʝʝ ʦʩʪʨʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʢʘʯʝʩʪʚʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʘʣʠʟʘʮʠʡ ʚ ʧʨʠʢʣʘʜʥʳʭ ʩʠʩʪʝʤʘʭ ʦʙʨʘʙʦʪʢʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ. ʇʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʥʝʜʨʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʝʰʝʚʦʛʦ 

ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʩ ʜʨʫʛʦʡ ʥʠʟʢʦʡ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʤʝʪʦʜʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʚʳʩʦʢʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ ʠ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ ʩʦʩʪʦʷʥʠʷ ʥʦʩʠʪʝʣʷ. ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʵʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʝʜʠʥʦʛʦ ʩʣʠʯʘʝʤʦʛʦ ʰʘʙʣʦʥʘ, ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʝʨʦʚ ʜʣʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʤʥʦʛʦʤʝʨʥʦʩʪʠ ʠ ʘʧʨʠʦʨʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 
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ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʥʦʩʠʪʝʣʷ ʧʦʜʧʠʩʠ. 

3. ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʘʥʘʣʠʟʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʜʧʠʩʠ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ ʥʘʭʦʜʷʪ ʚ ʥʝʡʨʦʩʝʪʝʚʳʭ 

ʤʝʪʦʜʘʭ. ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʪ 

ʢʣʘʩʩʠʯʝʩʢʠʭ, ʟʘʜʘʥʥʳʭ ʚ ʬʦʨʤʫʣʴʥʦ-ʪʝʢʩʪʦʚʦʤ ʚʠʜʝ, ï ʵʪʦ ʦʪʩʫʪʩʪʚʠʝ 

ʵʪʘʧʘ ʘʣʛʦʨʠʪʤʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʟʘʤʝʥʷʝʪʩʷ ʵʪʘʧʦʤ ʦʙʫʯʝʥʠʷ ʧʨʠ ʨʝʰʝʥʠʠ 

ʪʨʫʜʥʦ ʬʦʨʤʘʣʠʟʫʝʤʳʭ ʟʘʜʘʯ, ʪʘʢʠʭ, ʛʜʝ ʥʝʪ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʭ 

ʯʠʩʣʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ɸ ʵʪʦ ʠʤʝʥʥʦ ʪʦʪ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʧʦʩʪʘʚʣʷʪʴ ʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʤʥʦʛʦʤʝʨʥʳʝ ʩʠʛʥʘʪʫʨʳ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʦʜʧʠʩʠ ʚ ʫʩʣʦʚʠʷʭ ʝʝ ʩʠʣʴʥʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʫʩʣʦʚʠʡ ʠʩʧʦʣʥʝʥʠʷ. ʆʜʥʘʢʦ ʠ ʟʜʝʩʴ ʩʫʱʝʩʪʚʫʶʪ ʥʝʨʝʰʝʥʥʳʝ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʥʘʧʨʠʤʝʨ, ʦʪʩʫʪʩʪʚʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʦʙʫʯʘʶʱʝʡ 

ʚʳʙʦʨʢʠ, ʦʪʩʫʪʩʪʚʠʝ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠʟʥʘʢʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʙʣʝʤʘ ʤʘʩʰʪʘʙʠʨʫʝʤʦʛʦ ʧʦʠʩʢʘ ʠ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʦ ʢʨʫʧʥʳʤ ʙʘʟʘʤ ʵʪʘʣʦʥʥʳʭ ʨʝʘʣʠʟʘʮʠʡ, ʪʨʝʙʫʶʱʘʷ 

ʦʧʪʠʤʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʭʨʘʥʝʥʠʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʦʧʨʝʜʝʣʝʥʥʳʤ (ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʠʟʚʝʩʪʥʳʤ) ʦʙʨʘʟʦʤ ʜʘʥʥʳʭ, ʠʭ ʚʳʙʦʨʢʠ ʠ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ. 

 

2. ʄɽʊʆɼʓ ʇʈɽɼʉʊɸɺʃɽʅʀʗ ɹʀʆʄɽʊʈʀʏɽʉʂʀʍ 

ɼɸʅʅʓʍ ɺ ʅɽʁʈʆʉɽʊɽɺʆʄ ɺʓʏʀʉʃʀʊɽʃʔʅʆʄ ɹɸɿʀʉɽ 

 

2.1. ʄʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʠ ʨʘʩʰʠʨʝʥʠʷ ʧʨʠʟʥʘʢʦʚʦʛʦ ʦʧʠʩʘʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʧʠʩʠ ʥʘ ʤʥʦʞʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ 

ʩʚʷʟʘʥʥʳʭ ʤʥʦʛʦʤʝʨʥʳʭ ʢʨʠʚʳʭ 

 

ʆʙʟʦʨ ʤʝʭʘʥʠʟʤʦʚ ʘʥʘʣʠʟʘ, ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʨʝʘʣʠʟʘʮʠʡ ʧʦ ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʧʦʜʧʠʩʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ I, ʠʭ ʯʠʩʣʘ N ʧʨʠ 
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ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʠ ʠʭ ʨʝʛʠʩʪʨʘʮʠʠ ʚʣʝʯʝʪ ʧʦʚʳʰʝʥʠʝ ʤʝʪʨʠʢʠ 

ʢʘʯʝʩʪʚʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ D ʧʦ ʤʥʦʞʝʩʪʚʫ ʢʣʘʩʩʦʚ (ʵʪʘʣʦʥʦʚ) ʧʦ ʟʘʢʦʥʘʤ 

ʥʝʢʦʪʦʨʦʡ ʦʙʦʙʱʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ F1: 

 

( )1 , ,D N IF=                                                 (2.1) 

 

ʛʜʝ N ï ʯʠʩʣʦ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, I ï ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʢʘʞʜʦʛʦ ʠʟ N ʧʘʨʘʤʝʪʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ, ʨʘʟʣʠʯʝʥʠʷ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, F1 ï 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚ ʦʙʦʙʱʝʥʥʦʤ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʝʩʪʚʝʥʥʦʤ 

ʚʠʜʝ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʤʘʩʩʠʚʦʚ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʣʠʙʦ ʙʘʟʳ ʜʘʥʥʳʭ ʩʪʘʪʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʜʧʠʩʝʡ, ʣʠʙʦ ʙʘʟʳ 

ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ ʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ï ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦ ʦʩʷʤ x(t), y(t) ʠ ʜʘʚʣʝʥʠʝ ʥʘ ʭʦʣʩʪ 

ï p(t), ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴʶ ʠ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʣʘʥʰʝʪʥʳʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. ʅʘʟʦʚʝʤ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ï ʩʪʘʥʜʘʨʪʥʳʤʠ, ʘ ʦʙʫʯʘʶʱʫʶ 

ʚʳʙʦʨʢʫ, ʩʦʜʝʨʞʘʱʫʶ ʪʦʣʴʢʦ ʩʪʘʥʜʘʨʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ï ʚʳʙʦʨʢʦʡ 

ʩʦʢʨʘʱʝʥʥʦʛʦ ʩʦʩʪʘʚʘ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ (ʥʝ ʥʠʞʝ Dmin=0,95 ʥʘ 

ʪʝʩʪʦʚʳʭ ʜʘʥʥʳʭ) ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʙʦʨʢʠ ʩʦʢʨʘʱʝʥʥʦʛʦ ʩʦʩʪʘʚʘ. ʆʧʳʪ ʨʘʟʨʘʙʦʪʦʢ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʩʦʩʪʘʚʝ ʚʳʙʦʨʢʠ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʜʚʝ ʠʣʠ ʙʦʣʝʝ ʪʘʢʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ: 

1) vx(t) ï ʩʢʦʨʦʩʪʴ ʧʝʨʘ ʧʦ ʦʩʠ x; 

2) vy(t) ï ʩʢʦʨʦʩʪʴ ʧʝʨʘ ʧʦ ʦʩʠ y; 

3) ax(t) ï ʫʩʢʦʨʝʥʠʝ ʧʝʨʘ ʧʦ ʦʩʠ x; 

4) ay(t) ï ʫʩʢʦʨʝʥʠʝ ʧʝʨʘ ʧʦ ʦʩʠ y; 

5) ʩʦʙʳʪʠʡʥʳʡ ʧʘʨʘʤʝʪʨ ʦʪʨʳʚʘ ʧʝʨʘ ʦʪ ʭʦʣʩʪʘ; 
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6) a(t) - 1-ʡ ʧʘʨʘʤʝʪʨ ʦʨʠʝʥʪʘʮʠʠ ʧʝʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ 

ʧʣʘʥʰʝʪʘ ï ʫʛʦʣ a ʤʝʞʜʫ ʧʨʦʜʦʣʴʥʦʡ ʦʩʴʶ ʩʠʤʤʝʪʨʠʠ ʧʝʨʘ ʠ ʥʦʨʤʘʣʴʶ ʢ 

ʵʢʨʘʥʫ; 

7) b(t) - 2-ʡ ʧʘʨʘʤʝʪʨ ʦʨʠʝʥʪʘʮʠʠ ʧʝʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ 

ʧʣʘʥʰʝʪʘ ï ʫʛʦʣ b ʤʝʞʜʫ ʧʨʦʝʢʮʠʝʡ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʧʝʨʘ ʥʘ ʧʣʦʩʢʦʩʪʴ 

ʵʢʨʘʥʘ ʠ ʦʧʦʨʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʟʘʜʘʥʥʦʡ ʦʙʣʘʩʪʠ [X, Y] ʥʘ ʧʣʘʥʰʝʪʝ, 

ʥʘʧʨʠʤʝʨ, ʦʩʴʶ Y ï ʪ.ʥ. ʘʟʠʤʫʪʘʣʴʥʳʡ ʫʛʦʣ, 

ʠ ʜʨʫʛʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʘ 

ʚʳʩʦʢʦʠʥʬʦʨʤʘʪʠʚʥʦʡ, ʥʦ ʦʛʨʘʥʠʯʝʥʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʝ ʩʝʥʩʦʨʥʳʭ 

ʧʣʘʥʰʝʪʥʳʭ ʩʨʝʜʩʪʚ ʨʝʛʠʩʪʨʘʮʠʠ ʙʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ ʧʦʜʧʠʩʠ.. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ ʈ 52633.0ï2006 [26] ʙʠʦʤʝʪʨʠʯʝʩʢʠʤ 

ʦʙʨʘʟʦʤ ʩʯʠʪʘʝʪʩʷ ʦʙʨʘʟ ʯʝʣʦʚʝʢʘ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʚʳʭʦʜʦʚ ʧʝʨʚʠʯʥʳʭ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʥʦʡ ʠ ʠʥʦʡ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩ ʮʝʣʴʶ ʠʟʚʣʝʯʝʥʠʷ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ 

ʧʦʜ ʜʠʥʘʤʠʯʝʩʢʠʤ ʙʠʦʤʝʪʨʠʯʝʩʢʠʤ ʦʙʨʘʟʦʤ ʧʦʜʧʠʩʠ ʧʦʥʠʤʘʝʪʩʷ 

ʤʥʦʞʝʩʪʚʦ ʩʠʥʭʨʦʥʥʦ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʩ 

ʧʣʘʥʰʝʪʘ/ʢʦʥʪʨʦʣʣʝʨʘ ʚʚʦʜʘ ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʢʠʥʝʤʘʪʠʢʫ ʜʚʠʞʝʥʠʷ 

ʧʝʨʘ ʠ ʜʠʥʘʤʠʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ, ʧʦʩʪʨʦʝʥʠʷ 

ʵʪʘʣʦʥʦʚ ʠ ʦʙʫʯʝʥʠʷ ʨʘʩʧʦʟʥʘʶʱʠʭ ʤʦʜʝʣʝʡ. ʇʨʠʥʷʪʳʝ ʚ ʨʘʙʦʪʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʵʪʘʧʳ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʦʛʣʘʩʦʚʘʥʳ ʩ ʧʦʣʦʞʝʥʠʷʤʠ 

ɻʆʉʊ ʈ 52633.0ï2006. ɼʦʚʝʜʝʥʠʝ ʨʝʰʝʥʠʷ ʜʦ ʢʣʘʩʩʘ çʚʳʩʦʢʦʥʘʜʝʞʥʳʭè ʚ 

ʯʘʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ çʙʠʦʤʝʪʨʠʷ Ÿ ʢʦʜè ʠ ʢʨʠʧʪʦʘʫʪʝʥʪʠʬʠʢʘʮʠʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʥʘʧʨʘʚʣʝʥʠʝ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. 

ʅʘʟʦʚʝʤ ʚʳʙʦʨʢʫ, ʩʦʜʝʨʞʘʱʫʶ, ʧʦʤʠʤʦ ʩʪʘʥʜʘʨʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʜʚʝ ʠ ʙʦʣʝʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʚʳʙʦʨʢʦʡ 

ʧʦʣʥʦʛʦ ʩʦʩʪʘʚʘ. 
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ɺ ʩʠʣʫ ʧʨʦʩʪʦʪʳ ʧʦʣʫʯʝʥʠʷ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚʳʙʦʨʢʠ 

ʩʦʢʨʘʱʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʠ ʩʫʱʝʩʪʚʫʝʪ ʥʝ ʙʦʣʝʝ ʜʝʩʷʪʢʘ ʜʘʪʘʩʝʪʦʚ ʙʘʟ 

ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʝ ʚʳʙʦʨʢʠ ʧʦʣʥʦʛʦ ʩʦʩʪʘʚʘ. 

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʛʠʧʦʪʝʟʘ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʨʝʘʣʠʟʘʮʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʟʘ ʩʯʝʪ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʟʥʘʯʝʥʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʢʦʨʪʝʞʘ ʟʥʘʯʝʥʠʡ 

ʩʪʘʥʜʘʨʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʊʝʤ ʩʘʤʳʤ, ʟʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʦʡ 

ʵʢʩʪʨʘʧʦʣʷʮʠʠ (ʘʥʘʣʠʪʠʯʝʩʢʠ ʧʦʩʪʨʦʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ), ʤʦʞʥʦ ʥʘ ʦʩʥʦʚʝ 

ʢʘʞʜʦʡ ʚʳʙʦʨʢʠ ʩʦʢʨʘʱʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʩʬʦʨʤʠʨʦʚʘʪʴ ʯʘʩʪʠʯʥʦ 

ʩʠʥʪʝʪʠʯʝʩʢʫʶ ʚʳʙʦʨʢʫ ʧʦʣʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʜʣʷ ʦʙʫʯʝʥʠʷ 

ʤʦʜʝʣʝʡ ʘʥʘʣʠʟʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʚ ʩʠʩʪʝʤʘʭ 

ʦʙʨʘʙʦʪʢʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʃʦʛʠʢʘ ʪʘʢʦʡ ʛʠʧʦʪʝʟʳ 

ʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʥʘ ʨʠʩ. 2.1-2.3.  

ʅʘ ʨʠʩ. 2.1 ʧʦʢʘʟʘʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʠʥʪʝʟʘ ʤʦʜʝʣʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʘʣʠʟʘʮʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʧʦ ʜʘʥʥʳʤ ʚʳʙʦʨʢʠ 

ʩʦʢʨʘʱʝʥʥʦʛʦ ʯʠʩʣʘ ʧʘʨʘʤʝʪʨʦʚ N=3, ʥʦ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ V1. 

 

ʈʠʩʫʥʦʢ 2.1 ï ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ 

ʜʘʥʥʳʤ ʚʳʙʦʨʦʢ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʠ ʤʘʣʦʛʦ ʯʠʩʣʘ ʧʘʨʘʤʝʪʨʦʚ 

 

ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʪʘʢʦʡ ʤʦʜʝʣʠ, ʚʚʠʜʫ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʚʳʙʦʨʢʠ ʩʦʢʨʘʱʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʥʝ ʚʝʣʠʢʘ D1< Dmin. 
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ʅʘ ʨʠʩ. 2.2 ʧʦʢʘʟʘʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʠʥʪʝʟʘ ʤʦʜʝʣʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʘʣʠʟʘʮʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʧʦ ʜʘʥʥʳʤ ʚʳʙʦʨʢʠ 

ʧʦʣʥʦʛʦ ʩʦʩʪʘʚʘ N>3, ʥʦ ʤʝʥʴʰʝʛʦ ʦʙʲʝʤʘ V2<V1. ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʤʝʪʨʠʢʘ 

ʢʘʯʝʩʪʚʘ ʪʘʢʦʡ ʤʦʜʝʣʠ, ʚʚʠʜʫ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʚʳʙʦʨʢʠ 

ʤʘʣʦʛʦ ʦʙʲʝʤʘ, ʪʘʢʞʝ, ʥʝ ʚʝʣʠʢʘ D2< Dmin. 

 

ʈʠʩʫʥʦʢ 2.2 ï ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʙʦʨʢʠ ʧʦʣʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʤʘʣʦʛʦ ʦʙʲʝʤʘ 

 

ʅʘ ʨʠʩ. 2.3 ʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʣʦʛʠʢʘ ʧʦʚʳʰʝʥʠʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ 

ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʜʘʪʘʩʝʪʘ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, 

ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʦʙʦʠʭ ʠʩʭʦʜʥʳʭ ʚʳʙʦʨʢʘʭ. 

ɺʳʙʦʨʢʘ ʧʦʣʥʦʛʦ ʩʦʩʪʘʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʝʞʜʫ ʩʪʘʥʜʘʨʪʥʳʤʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ.  

 

ʈʠʩʫʥʦʢ 2.3 ï ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʜʘʪʘʩʝʪʘ 
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ʇʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ ʤʦʜʝʣʠ F2, 

ʩʚʷʟʳʚʘʶʱʝʡ ʩʪʘʥʜʘʨʪʥʳʝ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚ ʬʦʨʤʘʪʝ çʚʭʦʜ-

ʚʳʭʦʜè: 

 

( ) ( )24,..., , , ,N x y ps s F=                                       (2.2) 

ʛʜʝ N ï ʯʠʩʣʦ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, s ï ʪʘʢʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, x, y, ʠ p - ʚʨʝʤʝʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʦ ʦʩʷʤ x, y ʠ ʜʘʚʣʝʥʠʝ ʥʘ ʭʦʣʩʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʩʦʩʪʘʚʝ ʦʙʱʝʡ ʧʨʦʮʝʜʫʨʳ ʘʥʘʣʠʟʘ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʦʜʧʠʩʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʜʦʩʪʘʪʦʯʥʳʭ ʧʦ ʦʙʲʝʤʫ ʚʳʙʦʨʦʢ 

ʩʦʢʨʘʱʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʩʦʟʜʘʝʪʩʷ ʚʳʙʦʨʢʘ ʧʦʣʥʦʛʦ ʩʦʩʪʘʚʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ 

ʫʞʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʩʢʦʤʦʡ ʤʦʜʝʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʘʣʠʟʘʮʠʡ ʩ 

ʟʘʜʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʤʝʪʨʠʢʠ ʢʘʯʝʩʪʚʘ. D2ÓDmin. 

ʋʯʠʪʳʚʘʷ ʭʘʨʘʢʪʝʨ ʚʭʦʜʥʳʭ-ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʠʭ ʨʘʟʤʝʨ ʠ 

ʨʘʟʤʝʨʥʦʩʪʴ, ʤʦʜʝʣʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʝʜʦʩʪʘʶʱʠʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʤʥʦʛʦʩʣʦʡʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ BProp 

(Backpropagation), ʩʭʝʤʘ ʧʦʜʘʯʠ ʚʭʦʜʥʳʭ-ʚʳʭʦʜʥʳʭ ʚʝʢʪʦʨʦʚ, ʥʘ ʢʦʪʦʨʫʶ 

ʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʥʘ ʨʠʩ. 2.4.  
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ʈʠʩʫʥʦʢ 2.4 ï ʉʭʝʤʘ ʧʦʜʘʯʠ ʚʭʦʜʥʳʭ-ʚʳʭʦʜʥʳʭ ʚʝʢʪʦʨʦʚ ʥʘ ʥʝʡʨʦʩʝʪʝʚʫʶ 

ʤʦʜʝʣʴ ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʦʙʫʯʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ º10
3
,é,10

5
 ʧʨʠʤʝʨʦʚ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ (ʜʣʷ 

ʠʩʪʠʥʥʳʭ ʠ ʧʦʜʜʝʣʴʥʳʭ ʧʦʜʧʠʩʝʡ ʚʩʝʛʦ ʤʥʦʞʝʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ) ʧʨʠ 

ʤʘʣʦʨʘʟʤʝʨʥʦʤ ʚʭʦʜʝ-ʚʳʭʦʜʝ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʚʫʭ- ʪʨʝʭʩʣʦʡʥʫʶ 

ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʯʠʩʣʦʤ ʥʝʡʨʦʥʦʚ ʚ ʩʢʨʳʪʳʭ ʩʣʦʷʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʥʝʡʨʦʩʝʪʝʚʫʶ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ ʧʦʣʥʦʛʦ ʥʘʙʦʨʘ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʛʦ ʧʦʜʧʠʩʠ ʥʘ ʦʩʥʦʚʝ ʠʩʭʦʜʥʳʭ 

ʩʪʘʥʜʘʨʪʥʳʭ ʜʘʥʥʳʭ [62]. 

ʀʩʪʦʯʥʠʢʘʤʠ ʜʘʥʥʳʭ ʜʣʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ (ʦʙʫʯʝʥʠʷ) 

ʤʥʦʛʦʩʣʦʡʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʙʘʟʳ ʜʘʥʥʳʭ (ʪʘʙʣ. 2.1). 

 

ʊʘʙʣʠʮʘ 2.1 ï ʀʩʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʦʙʫʯʝʥʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ɹɼ 

ʗʟʳʢ 

ʥʦʩʠʪʝʣʷ 

ʧʦʜʧʠʩʠ 

ʏʠʩʣʦ ʠʩʪʠʥʥʳʭ 

ʧʦʜʧʠʩʝʡ/ ʯʠʩʣʦ 

ʧʦʜʜʝʣʴʥʳʭ ʧʦʜʧʠʩʝʡ 

/ʯʠʩʣʦ ʧʦʜʧʠʩʘʥʪʦʚ 

ʆʩʦʙʝʥʥʦʩʪʠ 

e-BioSign-DSl-

Signature DB 
ɸʥʛʣʠʡʩʢʠʡ 520\390\65 

5 ʨʘʟʣʠʯʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ 

ʧʠʩʴʤʘ. ʉʥʷʪʦ ʟʘ ʜʚʘ 

ʩʝʘʥʩʘ 

MOBISIG database 
ɸʥʛʣʠʡʩʢʠʡ 

ʠ ʚʝʥʛʝʨʩʢʠʡ 
3735/1660/83 

ʇʦʣʴʟʦʚʘʪʝʣʠ ʥʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʚʦʶ 

ʥʘʩʪʦʷʱʫʶ ʧʦʜʧʠʩʴ 

SVC-Task1 subcorpus 
ʂʠʪʘʡʩʢʠʡ ʠ 

ʘʥʛʣʠʡʩʢʠʡ 
800/800/40 

ʇʦʣʴʟʦʚʘʪʝʣʠ ʥʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʚʦʶ 

ʥʘʩʪʦʷʱʫʶ ʧʦʜʧʠʩʴ 

SVC-Task2 subcorpus 
ʂʠʪʘʡʩʢʠʡ ʠ 

ʘʥʛʣʠʡʩʢʠʡ 
800/800/40 

ʇʦʣʴʟʦʚʘʪʝʣʠ ʥʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʚʦʶ 

ʥʘʩʪʦʷʱʫʶ ʧʦʜʧʠʩʴ 

Synthetic MCYT-330 ɸʥʛʣʠʡʩʢʠʡ 8250/8250/330 

ʀʤʠʪʘʮʠʷ 

ʠʩʧʦʣʥʝʥʠʷ ʠ 

ʚʥʝʰʥʝʛʦ ʚʠʜʘ 

Synthetic 

SUSIG-Blind 
ɸʥʛʣʠʡʩʢʠʡ 820/880/88 

ʀʤʠʪʘʮʠʷ 

ʠʩʧʦʣʥʝʥʠʷ ʠ 

ʚʥʝʰʥʝʛʦ ʚʠʜʘ 
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ɺʩʝ ʜʘʪʘʩʝʪʳ ʚ ʪʘʙʣʠʮʝ 2.1 ʠʤʝʶʪ ʙʦʣʝʝ 3-ʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʩʥʷʪʳ ʩ ʨʘʟʣʠʯʥʦʡ ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠ ʚʢʣʶʯʘʶʪ, ʢʘʢ 

ʤʠʥʠʤʫʤ ʩʢʦʨʦʩʪʠ ʧʦ ʦʩʷʤ x, y. ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʪʩʯʝʪʦʚ ʨʘʟʥʠʮʘ 

ʤʝʞʜʫ ʯʘʩʪʦʪʘʤʠ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʥʝʚʘʞʥʘ, ʦʩʥʦʚʥʦʝ ʪʨʝʙʦʚʘʥʠʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʠʥʭʨʦʥʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ. ʆʩʥʦʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʪʘʢʠʭ 

ʜʘʪʘʩʝʪʦʚ ï ʨʝʜʢʦʩʪʴ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʩʫʤʤʘʨʥʘʷ ʝʤʢʦʩʪʴ, 

ʪ.ʝ. ʯʠʩʣʦ ʧʨʠʤʝʨʦʚ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ. 

ɺ ʪʘʙʣʠʮʝ 2.2 ʧʨʠʚʝʜʝʥʳ ʙʦʣʝʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʥʦ 

ʩʦʜʝʨʞʘʱʠʝ ʦʛʨʘʥʠʯʝʥʥʳʡ ʥʘʙʦʨ ʩʪʘʥʜʘʨʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʢʦʦʨʜʠʥʘʪʳ 

x,y ʠ ʜʘʚʣʝʥʠʝ). ʕʪʠ ʜʘʥʥʳʝ ʧʦʜʘʶʪʩʷ ʥʘ ʚʭʦʜ ʦʙʫʯʝʥʥʦʡ ʤʦʜʝʣʠ F2 ʠ ʥʘ 

ʚʳʭʦʜʝ ʬʦʨʤʠʨʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ï ʩʢʦʨʦʩʪʠ, ʫʩʢʦʨʝʥʠʷ ʠ 

ʘʟʠʤʫʪʳ. 

 

ʊʘʙʣʠʮʘ 2.2 ï ʀʩʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʚʳʙʦʨʢʠ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ɹɼ 

ʗʟʳʢ 

ʥʦʩʠʪʝʣʷ 

ʧʦʜʧʠʩʠ 

ʏʠʩʣʦ ʠʩʪʠʥʥʳʭ 

ʧʦʜʧʠʩʝʡ/ ʯʠʩʣʦ 

ʥʝʨʝʣʝʚʘʥʪʥʳʭ /ʯʠʩʣʦ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʆʩʦʙʝʥʥʦʩʪʠ 

SG-NOTE database ɸʥʛʣʠʡʩʢʠʡ 500/0/25 ʉʥʷʪʦ ʟʘ ʜʚʘ ʩʝʘʥʩʘ 

BSEC 2009 ɸʥʛʣʠʡʩʢʠʡ 6480/4320/432 

ʉʥʷʪʦ ʟʘ ʜʚʘ ʩʝʘʥʩʘ. 

ʆʮʠʬʨʦʚʳʚʘʶʱʠʡ 

ʧʣʘʥʰʝʪ ʠ ʂʇʂ 

SigWIcomp 2015 
ɸʥʛʣʠʡʩʢʠʡ 

ʠ ʥʝʤʝʮʢʠʡ 
450/300/30  

Signature Long-Term 

DB 
ɸʥʛʣʠʡʩʢʠʡ 1334/0/29 

ɼʘʥʥʳʝ ʩʦʙʠʨʘʣʠʩʴ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ 

ʚʨʝʤʷ (ʧʦʜʧʠʩʠ 

ʚʘʨʠʘʙʝʣʴʥʳʝ) 

NDSD 
ʇʝʨʩʠʜʩʢʠʝ 

ʥʘʨʝʯʠʷ 
3575/2200/55 

ʉʥʷʪʦ ʟʘ ʜʚʘ ʩʝʘʥʩʘ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ 

ʬʘʣʴʩʠʬʠʢʘʪʦʨʘʤʠ 
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Biosecur ID-SONOF ɸʥʛʣʠʡʩʢʠʡ 2112/1584/132 

ʉʥʷʪʦ ʟʘ ʯʝʪʳʨʝ 

ʩʝʘʥʩʘ. ɺʢʣʶʯʘʝʪ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ 

NISDCC database ɸʥʛʣʠʡʩʢʠʡ 1200/600/100  

Synthetic 

BiosecureID-UAM 
ɸʥʛʣʠʡʩʢʠʡ 2112/1584/132 

ʀʤʠʪʘʮʠʷ 

ʠʩʧʦʣʥʝʥʠʷ ʠ 

ʚʥʝʰʥʝʛʦ ʚʠʜʘ 

Synthetic NISDCC ɸʥʛʣʠʡʩʢʠʡ 1200/600/100 

ʀʤʠʪʘʮʠʷ 

ʠʩʧʦʣʥʝʥʠʷ ʠ 

ʚʥʝʰʥʝʛʦ ʚʠʜʘ 

Synthetic SVC2004  ɸʥʛʣʠʡʩʢʠʡ 1600/1600/80 

ʀʤʠʪʘʮʠʷ 

ʠʩʧʦʣʥʝʥʠʷ ʠ 

ʚʥʝʰʥʝʛʦ ʚʠʜʘ 

Synthetic 

SUSIG-Visual 
ɸʥʛʣʠʡʩʢʠʡ 1880/940/94 

ʀʤʠʪʘʮʠʷ 

ʠʩʧʦʣʥʝʥʠʷ ʠ 

ʚʥʝʰʥʝʛʦ ʚʠʜʘ 

SigComp2009 ɸʥʛʣʠʡʩʢʠʡ 1260/2613/112  

SigWiComp2013 
ɸʥʛʣʠʡʩʢʠʡ, 

ɼʘʪʩʢʠʡ 
270/972/27  

SigWiComp2013 ʗʧʦʥʩʢʠʡ 2604/2232/62  

QU-PRIP ɸʨʘʙʩʢʠʡ 1164/582/200 
ɺ ʦʩʥʦʚʥʦʤ ʘʨʘʙʩʢʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʠ 

SIGMA. Malaysian 
ʄʘʣʘʟʠʡʩʢʠ

ʡ 
6000/2000/265 ʉʥʷʪʦ ʟʘ ʪʨʠ ʩʝʘʥʩʘ 

Synthetic OnOff 

SigBengali-75 
ɹʝʥʛʘʣʴʩʢʠʡ 24/75/4 

ʀʤʠʪʘʮʠʷ 

ʠʩʧʦʣʥʝʥʠʷ ʠ 

ʚʥʝʰʥʝʛʦ ʚʠʜʘ 

Synthetic OnOff 

SigHindi-75 

ɼʝʚʘʥʘʛʘʨʠ 

(ʭʠʥʜʠ) 
24/75/4 

ʀʤʠʪʘʮʠʷ 

ʠʩʧʦʣʥʝʥʠʷ ʠ 

ʚʥʝʰʥʝʛʦ ʚʠʜʘ 

GPDS-960 Signature 

DB 
ɸʥʛʣʠʡʩʢʠʡ 21144/26430/881  

GPDS-300 Signature 

DB 
ɸʥʛʣʠʡʩʢʠʡ 7200/9000/300 

ʉʦʢʨʘʱʝʥʥʳʡ 

ʚʘʨʠʘʥʪ GPDS-960 

Signature DB 

Brazilian (PUC-PR) ɸʥʛʣʠʡʩʢʠʡ 6720/2280/168  

BiosecurID ɸʥʛʣʠʡʩʢʠʡ 6400/4800/400 
ʉʥʷʪʦ ʟʘ ʯʝʪʳʨʝ 

ʩʝʘʥʩʘ 
 

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʙʘʟʘ ʜʘʥʥʳʭ MOBISIG, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʥʘʙʦʨ 

ʧʩʝʚʜʦʧʦʜʧʠʩʝʡ 83 ʧʦʣʴʟʦʚʘʪʝʣʝʡ (49 ʤʫʞʯʠʥ, 34 ʞʝʥʱʠʥʳ), ʧʦʣʫʯʝʥʥʳʝ 

ʩ ʧʦʤʦʱʴʶ ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʝʤʢʦʩʪʥʳʤ ʩʝʥʩʦʨʥʳʤ ʵʢʨʘʥʦʤ 

(ʧʣʘʥʰʝʪ Nexus 9, Android 6.0) [63]. ɹʘʟʘ ʜʘʥʥʳʭ ʙʳʣʘ ʩʦʙʨʘʥʘ ʟʘ ʪʨʠ 

ʩʝʘʥʩʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʫ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʙʳʣʦ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ 



52 

 

(ʦʩʦʟʥʘʥʥʳʤ) ʩʧʦʩʦʙʦʤ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 45 ʧʦʜʣʠʥʥʳʭ ʧʦʜʧʠʩʝʡ ʠ 20 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʜʜʝʣʦʢ. ʉʨʝʜʥʠʡ ʚʦʟʨʘʩʪ: ʧʦʣʴʟʦʚʘʪʝʣʝʡ: 26,03 ʣʝʪ, 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ: 9,84 ʛʦʜʘ. 

ʂʘʞʜʘʷ ʧʦʜʧʠʩʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʦʯʝʢ ʠ 

ʩʦʭʨʘʥʝʥʘ ʚ ʦʪʜʝʣʴʥʦʤ ʪʝʢʩʪʦʚʦʤ ʚ ʬʘʡʣʝ (ʨʠʩ. 2.5). 

 

 

ʈʠʩʫʥʦʢ 2.5 ï ʌʨʘʛʤʝʥʪ ʜʘʪʘʩʝʪʘ MOBISIG 

 

ʅʘ ʚʭʦʜ ʩʝʪʠ BProp ʧʦʜʘʚʘʣʠʩʴ ʪʨʠ ʟʥʘʯʝʥʠʷ ʚ ʩʪʨʦʢʝ ʧʦʜ 

ʩʣʝʜʫʶʱʠʤʠ ʟʘʛʦʣʦʚʢʘʤʠ: 

1) x ï ʧʨʦʝʢʮʠʷ ʪʝʢʫʱʝʛʦ ʧʦʣʦʞʝʥʠʷ ʧʝʨʘ ʥʘ ʦʩʴ x; 

2) y ï ʧʨʦʝʢʮʠʷ ʪʝʢʫʱʝʛʦ ʧʦʣʦʞʝʥʠʷ ʧʝʨʘ ʥʘ ʦʩʴ y; 

3) pressure ï ʪʝʢʫʱʘʷ ʩʠʣʘ ʜʘʚʣʝʥʠʷ ʧʝʨʘ ʥʘ ʵʢʨʘʥ, 

ʅʘ ʚʭʦʜ ʧʨʠ ʦʙʫʯʝʥʠʠ ʩʝʪʠ, ʘ ʧʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʩ ʚʳʭʦʜʘ 

ʩʥʠʤʘʶʪʩʷ 

1) velocityx ï ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʧʝʨʘ ʥʘ ʦʩʴ x; 

2) velocityy ï ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʧʝʨʘ ʥʘ ʦʩʴ y; 

3) accelx ï ʧʨʦʝʢʮʠʷ ʫʩʢʦʨʝʥʠʷ ʧʝʨʘ ʥʘ ʦʩʴ x; 

4) accely ï ʧʨʦʝʢʮʠʷ ʫʩʢʦʨʝʥʠʷ ʧʝʨʘ ʥʘ ʦʩʴ y. 

ʀʪʦʛʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 

2.6. 
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ʈʠʩʫʥʦʢ 2.6 ï ɸʨʭʠʪʝʢʪʫʨʘ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʚʳʙʦʨʢʠ ʧʦʣʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ BProp 3-n-m-k-4 

 

ʈʘʟʤʝʨʥʦʩʪʴ ʩʢʨʳʪʳʭ ʩʣʦʸʚ ʟʘʜʘʚʘʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 2 ʜʦ 4 

ʥʝʡʨʦʥʦʚ. ʇʦʜʙʦʨ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʙʫʯʝʥʠʷ ʚʳʧʦʣʥʷʣʩʷ ʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʥʘ ʦʩʥʦʚʝ ʨʘʟʜʝʣʴʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʙʫʯʘʶʱʝʡ, ʚʘʣʠʜʘʮʠʦʥʥʦʡ ʠ ʪʝʩʪʦʚʦʡ ʧʦʜʚʳʙʦʨʦʢ.  

ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʚ ʜʘʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ 

ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʥʝʠʟʚʝʩʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦ ʜʦʩʪʫʧʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʬʫʥʢʮʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ ʚʳʷʚʣʝʥʥʫʶ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʥʘ ʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ. ʊʨʘʜʠʮʠʦʥʥʦ ʪʘʢʠʝ ʟʘʜʘʯʠ 

ʨʝʰʘʶʪʩʷ ʨʝʛʨʝʩʩʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʪʦʛʜʘ ʢʘʢ ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʦʜʝʣʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʦʙʱʠʡ ʠ ʛʠʙʢʠʡ ʢʣʘʩʩ ʘʧʧʨʦʢʩʠʤʘʮʠʡ, ʯʪʦ ʧʦʚʳʰʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʧʨʠ ʥʝʣʠʥʝʡʥʳʭ ʠ ʩʣʦʞʥʦ ʫʩʪʨʦʝʥʥʳʭ 

ʩʚʷʟʷʭ. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

3 4: ,f A R RË ­                                         (2.3) 

 

ʨʝʘʣʠʟʫʝʪʩʷ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʴʶ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʡ 

ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʥʘ ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʜʘʥʥʳʭ ʧʦʣʥʦʡ 
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ʚʳʙʦʨʢʠ. ɸʨʭʠʪʝʢʪʫʨʘ ʩʝʪʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʣʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʩʣʦʷʤʠ, ʘ ʥʝʣʠʥʝʡʥʦʩʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʠʛʤʦʠʜʥʦʡ ʬʫʥʢʮʠʝʡ ʘʢʪʠʚʘʮʠʠ; ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2.7. 

 

ʈʠʩʫʥʦʢ 2.7 ï ʆʩʥʦʚʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʤʦʜʝʣʠ BProp 

ʅʝʡʨʦʥʳ ʚʭʦʜʥʦʛʦ ʩʣʦʷ ʬʘʢʪʠʯʝʩʢʠ ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʙʫʬʝʨʘ, ʦʥʠ 

ʣʠʰʴ ʧʝʨʝʜʘʶʪ ʚ ʩʝʪʴ ʧʦʩʪʫʧʘʶʱʠʝ ʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ, ʧʨʝʜʩʪʘʚʣʷʷ ʠʭ 

ʢʦʧʠʠ. 

ʇʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʤʦʜʝʣʠ ʚʝʩʘ ʩʚʷʟʝʡ ʠ 

ʟʥʘʯʝʥʠʷ ʩʤʝʱʝʥʠʡ ʟʘʜʘʶʪʩʷ ʥʘʯʘʣʴʥʦʡ ʢʚʘʟʠʩʣʫʯʘʡʥʦʡ ʠʥʠʮʠʘʣʠʟʘʮʠʝʡ ï 

ʩʣʫʯʘʡʥʳʤʠ ʯʠʩʣʘʤʠ, ʙʣʠʟʢʠʤʠ ʢ 0,5 ʠ ʣʝʞʘʱʠʤʠ ʚ ʧʨʝʜʝʣʘʭ ʦʙʣʘʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ [0,1].  

ʈʘʙʦʪʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ ʥʘʩʪʨʦʝʥʥʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʦʧʠʨʘʝʪʩʷ ʥʘ ʪʝʦʨʝʤʫ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʵʢʩʪʨʘʧʦʣʷʮʠʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʜʣʷ 

ʣʶʙʦʛʦ ʮʝʣʦʛʦ nÓ2 ʩʫʱʝʩʪʚʫʶʪ ʥʝʧʨʝʨʳʚʥʳʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ 

y
pq

(x), ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʘ ʝʜʠʥʠʯʥʦʤ ʦʪʨʝʟʢʝ 1 [0;1]E =  ʠ ʯʪʦ ʢʘʞʜʘʷ 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʥʘ n-ʤʝʨʥʦʤ ʝʜʠʥʠʯʥʦʤ ʢʫʙʝ E
n
 ʥʝʧʨʝʨʳʚʥʘʷ 

ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ ( )1 2, ,,..., nf x x x  ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ 

 

( ) ( )
2 1

1 2
1 1

, ,,..., ,
q n n

pq

n q p
q p

f x x x x xy
= +

= =

è ø
= ä äé ùê ú

                                (2.4) 
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ʛʜʝ ʬʫʥʢʮʠʠ xq(*) ï ʷʚʣʷʶʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ ʠ ʥʝʧʨʝʨʳʚʥʳʤʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʤʝʪʦʜʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʘʣʛʦʨʠʪʤ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ. ɽʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚʦʟʤʦʞʥʦ 

ʙʣʘʛʦʜʘʨʷ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʩʪʠ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʟʘʧʠʩʘʪʴ ʦʩʥʦʚʥʫʶ ʦʧʝʨʘʮʠʶ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʠ ʚ ʚʠʜʝ 

( ) ()
()

()
( ) ()

()

()
1 ,    1 ,j j

j

E k E k
t t I t I tw w

t I tw

µ µ
+ = - + = -

µµ
a a                (2.5) 

 

ʛʜʝ j=1,é,n,   n ï ʯʠʩʣʦ ʚʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʨʘʟʤʝʨʥʦʩʪʴ ʚʭʦʜʥʦʛʦ 

ʚʝʢʪʦʨʘ), ʘ a - ʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ. 

ɼʘʥʥʳʝ ʧʨʝʜʦʙʨʘʙʦʪʘʥʳ ʠ ʥʦʨʤʠʨʦʚʘʥʳ ʚ ʜʠʘʧʘʟʦʥ [0,1], ʧʨʠ ʵʪʦʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʠʜʘ 
,min

,max ,min

,
i inorm

i

i i

x x
x

x x

-
=

-
  xi

norm
 Í[0,1] ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʪ.ʢ. 

ʜʠʥʘʤʠʢʘ ʧʦʜʧʠʩʠ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʚʳʙʨʦʩʳ ʥʝʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʷʚʣʷʶʱʠʝʩʷ ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

ʇʦʵʪʦʤʫ ʚ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʥʦʨʤʠʨʦʚʘʥʠʝ, 

ʦʧʠʨʘʶʱʝʝʩʷ ʥʘ ʙʘʟʦʚʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʨʷʜʦʚ ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ. 

ʅʦʨʤʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ: 2,     1,  norm
i i ix x N­ = ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʷʤ: 

 

( )
1 1  2

2

1 11 1

1 1 1
,      ,     .

1
1

i i

i

N N
norm
i i i i i i

i i
x x x x x

x x N N
e

s

s

*

* *

å õ- = =æ ö-
æ öæ ö
ç ÷

= ¹ ¹ -ä ä
-

+

       (2.6) 

 

ɿʜʝʩʴ N1 ï ʯʠʩʣʦ ʦʪʩʯʝʪʦʚ ʧʘʨʘʤʝʪʨʘ, N2 ï ʢʦʣʠʯʝʩʪʚʦ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʧʠʩʠ, xi

*ï  ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ i ïʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦ N1 ʦʪʩʯʝʪʦʚ, 

si ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ i ïʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦ N1 ʦʪʩʯʝʪʦʚ. 

ʆʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ (ʜʝʥʦʨʤʠʨʦʚʘʥʠʝ) ʟʘʜʘʸʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 



56 

 

1
ln 1 .i i i norm

i

x x
x

s
* å õ

= - -æ ö
ç ÷

                            (2.7) 

 

ʇʨʠ ʧʦʜʘʯʝ ʜʘʥʥʳʭ ʥʘ ʚʭʦʜ ʩʝʪʠ ʚʦʟʤʦʞʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ: 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʩʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʤʫʶ (ʨʠʩ. 2.6) ʣʠʙʦ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʢʘʞʜʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ ʯʝʨʝʟ ʧʦʟʠʮʠʦʥʥʳʝ ʢʦʜʳ. ɺʦ ʚʪʦʨʦʤ 

ʩʣʫʯʘʝ ʩʪʨʫʢʪʫʨʘ (ʪʦʧʦʣʦʛʠʷ) ʚʭʦʜʥʦʛʦ ʩʣʦʷ ʠʟʤʝʥʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ ʥʘ 

ʨʠʩ. 2.8. 

 

ʈʠʩʫʥʦʢ 2.8 ï ɸʨʭʠʪʝʢʪʫʨʘ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʙʦʨʢʠ ʧʦʣʥʦʛʦ 

ʩʦʩʪʘʚʘ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ BProp  

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʪʘʢʦʡ ʧʦʟʠʮʠʦʥʥʦʡ ʤʦʜʝʣʠ BProp ʦʧʠʩʳʚʘʝʪʩʷ 

ʚʳʨʘʞʝʥʠʷʤʠ (2.8) - (2.9): 
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,r n m l= + +                                                (2.9) 

 

ʛʜʝ   n - ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʨʷʜʦʚ ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ ʪʝʢʫʱʝʡ ʢʦʦʨʜʠʥʘʪʳ 

ʧʝʨʘ ʧʦ ʦʩʠ x; 

m - ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʨʷʜʦʚ ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ ʪʝʢʫʱʝʡ ʢʦʦʨʜʠʥʘʪʳ ʧʝʨʘ 

ʧʦ ʦʩʠ y; 

l - ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʨʷʜʦʚ ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ ʪʝʢʫʱʝʡ ʩʠʣʳ ʥʘʞʘʪʠʷ ʥʘ 

ʵʢʨʘʥ. 

ɸʣʛʦʨʠʪʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʪʦʙʨʘʞʝʥʠʷ ʠʣʠ 

ʦʙʫʯʝʥʠʷ ʩʝʪʠ BProp ʚʢʣʶʯʘʝʪ ʵʪʘʧʳ. 

1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʩʝʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʘʟʤʝʨʥʦʩʪʴʶ ʠ ʨʘʟʤʝʨʘʤʠ ʦʙʫʯʘʶʱʠʭ ʚʳʙʦʨʦʢ. 

2. ʅʘʯʘʣʴʥʘʷ ʠʥʠʮʠʘʣʠʟʘʮʠʷ ʚʝʩʦʚ {a,b,g} ʠ ʩʤʝʱʝʥʠʡ {c,h,u} 

ʜʘʪʯʠʢʦʤ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʚ ʜʠʘʧʘʟʦʥʝ ([0,1] Ñ e).  

3. ɼʣʷ ʢʘʞʜʦʛʦ ʦʪʩʯʝʪʘ ʚʳʙʦʨʢʠ ʘʢʪʠʚʘʮʠʷ ʚʭʦʜʥʦʛʦ ʩʣʦʷ ʩʝʪʠ 

ʚʝʢʪʦʨʦʤ {Xi}, i =1,é,r : 

 

,     1, ,    1, .i
l i i N l rx a= = =                               (2.10) 

 

4. ɺʳʯʠʩʣʝʥʠʝ ʚʳʭʦʜʦʚ qh, h =1,é,n ʩʦʛʣʘʩʥʦ (2.8). 

5. ɺʳʯʠʩʣʝʥʠʝ ʦʰʠʙʦʢ ʚ ʚʳʭʦʜʥʦʤ ʩʣʦʝ: 
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                            (2.11) 

 

6. ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʚʝʩʦʚ ʠ ʩʤʝʱʝʥʠʡ:  
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                   (2.12) 

 

( 1) 1ɡ ɡ

( 1) 1 2ɖ ɖ ů

( 1) 1 1,ɢ ɢ ŭ

h h h

ss s

jj j

t    , h ,...,n, e

t , s ,...,r ,

t , j ,...,r

f

f

f

ë + = + =
î

+ = + =ì
î + = + =í

                             (2.13) 

ʛʜʝ j > 0  - ʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ. 

7. ʂʦʥʪʨʦʣʴ ʦʰʠʙʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ:  

 

Ů,  1, , 1, , 
k
h h n k Ne ¢ = ="                               (2.14) 

 

ʛʜʝ e ï ʘʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʦʜʥʦʛʦ ʚʭʦʜʥʦʛʦ 

ʚʝʢʪʦʨʘ. 

ʇʨʠ ʵʪʦʤ ʚʦʧʨʦʩʳ ʦ ʪʦʤ ʷʚʣʷʝʪʩʷ ʣʠ ʥʘʡʜʝʥʥʳʡ ʤʠʥʠʤʫʤ 

ʛʣʦʙʘʣʴʥʳʤ ʠʣʠ ʣʦʢʘʣʴʥʳʤ, ʘ ʪʘʢʞʝ, ʢʘʢʦʚʘ ʦʙʣʘʩʪʴ ʧʨʠʪʷʞʝʥʠʷ 

ʚʳʙʨʘʥʥʦʛʦ ʤʠʥʠʤʫʤʘ, ʠ ʢʘʢʦʚʘ ʯʘʩʪʦʪʘ ʧʦʷʚʣʝʥʠʷ ʤʠʥʠʤʫʤʦʚ, 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʨʝʜʤʝʪ ʦʪʜʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʥʘʙʦʨʘ ʜʘʥʥʳʭ [64, 65]. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʛʣʘʚʝ 4. 

 

2.2. ʄʝʪʦʜ ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʨʝʘʣʠʟʘʮʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ 

ʥʘ ʦʩʥʦʚʝ SOM ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʥʳʭ 

ʤʥʦʛʦʤʝʨʥʳʭ ʢʨʠʚʳʭ 

 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʧʨʝʜʳʜʫʱʝʛʦ ʧʫʥʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʩʩʠʚʳ 

ʨʝʘʣʠʟʘʮʠʡ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʦʥʪʝʢʩʪʝ ʟʘʜʘʯʠ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʘʣʠʟʘʮʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʧʦ 
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ʤʥʦʞʝʩʪʚʫ ʵʪʘʣʦʥʦʚ, ʘ ʪʘʢʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʛʨʘʥʠʯʥʳʭ ʠ ʚ 

ʥʝʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʨʝʘʣʠʟʘʮʠʡ. ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʧʦʣʦʞʝʥʠʷ ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʚ ʚʠʜʝ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ 

ʤʝʪʨʠʯʝʩʢʦʛʦ ʩʭʦʜʩʪʚʘ ʠʣʠ ʩʪʝʧʝʥʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʟʘʜʘʯ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʩʪʨʦʛʦʡ ʬʦʨʤʘʣʴʥʦʡ ʬʦʨʤʝ 

ʩʚʷʟʘʥʦ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʩʭʦʜʩʪʚʘ, ʘʥʘʣʦʛʠʠ (ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ) ʠ 

ʦʪʥʦʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʧʦʟʠʮʠʶ ʤʝʞʜʫ ʥʠʤʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʯʝʪʢʦʝ ʦʪʥʦʰʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ (ʧʦʜʦʙʠʷ), ʦʙʦʟʥʘʯʝʥʥʦʝ  

r = <X, R>. ɺʟʷʚ ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ X, ʨʘʩʩʤʦʪʨʠʤ ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘ ʥʝʤ 

ʧʦʜʛʨʘʬ ʛʨʘʬʘ. ʕʪʦ ʦʪʥʦʰʝʥʠʝ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʪʨʝʤʷ ʪʦʯʢʘʤʠ x, ʫ, z 

ʧʨʠʥʘʜʣʝʞʘʱʠʤʠ ʤʥʦʞʝʩʪʚʫ. (ʨʠʩ. 2.9).  

 

x

y

z

v

mR(y,x)

mR(x,y)

mR(z,x)

mR(x,z)

mR(z,y)
mR(y,z)

 

ʈʠʩʫʥʦʢ 2.9 ï ʇʦʜʛʨʘʬ ʥʝʯʝʪʢʦʛʦ ʦʪʥʦʰʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ 

 

ɺ ʨʘʤʢʘʭ ʨʝʬʣʝʢʩʠʚʥʦʛʦ ʩʚʦʡʩʪʚʘ ʜʣʷ ʢʘʞʜʦʡ ʚʝʨʰʠʥʳ ʟʘʜʘʸʪʩʷ 

ʩʘʤʦʩʚʷʟʴ (ʧʝʪʣʷ) ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʴʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʨʘʚʥʦʡ 1. 

ʊʨʝʙʦʚʘʥʠʝ ʩʠʤʤʝʪʨʠʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʣʷ 

ʚʟʘʠʤʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʜʫʛ ʜʦʣʞʥʳ ʩʦʚʧʘʜʘʪʴ, ʪʦ ʝʩʪʴ ʚʳʧʦʣʥʷʶʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʷ ʚʠʜʘ: 

( ) ( ) ( ) ( ) ( ) ( ), , ,   , , ,   , , .R R R R R Rx y y x y z z y x z z xm m m m m m= = =  (2.15) 

 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʧʦʣʥʝʥʠʶ ʩʣʝʜʫʶʱʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ:  
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( ) ( ) ( )( )

( ) ( ) ( )( )

( ) ( ) ( )( )

, min , , , ,

, min , , , ,

, min , , , .

R R R

R R R

R R R

x y x z z ym m m

x z x y y zm m m

y z y x x zm m m

²

²

²

                              (2.16) 

 

ʀʟ ʫʢʘʟʘʥʥʳʭ ʘʢʩʠʦʤ ʩʣʝʜʫʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ, 

ʦʧʨʝʜʝʣʷʶʱʘʷ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʩʪʝʧʝʥʝʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʣʷ ʧʘʨ 

ʚʝʨʰʠʥ ʚ ʛʨʘʬʝ ʦʪʥʦʰʝʥʠʷ ʧʦʜʦʙʠʷ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚʳʧʦʣʥʷʝʪʩʷ 

ʫʩʣʦʚʠʝ:  

( ) ( ), , .R Rx y x zm m²  

ʊʦʛʜʘ, ʧʦʜʩʪʘʚʣʷʷ ʚ ʧʦʩʣʝʜʥʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʪʨʘʥʟʠʪʠʚʥʦʩʪʠ, 

ʧʦʣʫʯʘʝʤ ( ) ( ), , ,R Ry x x ym m=  ʠʤʝʝʤ ( ) ( ), , ,R Ry z x zm m² ʘʥʘʣʦʛʠʯʥʦ, 

ʧʨʠʤʝʥʷʷ ʚʪʦʨʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʪʨʘʥʟʠʪʠʚʥʦʩʪʠ, ʧʨʠʭʦʜʠʤ ʢ ʩʦʦʪʥʦʰʝʥʠʶ 

( ) ( ), , .R Rx z y zm m²   

ɼʣʷ ʣʶʙʦʡ ʪʨʦʡʢʠ ʪʦʯʝʢ x, ʫ, z Í X ʩʪʝʧʝʥʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʘʨ ʚ 

ʛʨʘʬʝ ʦʪʥʦʰʝʥʠʷ ʧʦʜʦʙʠʷ (ʪʦ ʝʩʪʴ ʜʫʛ ʛʨʘʬʘ ʧʦʜʦʙʠʷ) ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʩʣʝʜʫʶʱʝʤʫ ʧʨʘʚʠʣʫ ï ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʝ ʠʟ ʪʨʸʭ ʩʪʝʧʝʥʝʡ ʩʦʚʧʘʜʘʶʪ, ʘ 

ʪʨʝʪʴʷ ʥʝ ʤʝʥʴʰʝ ʵʪʠʭ ʟʥʘʯʝʥʠʡ (ʪʦ ʝʩʪʴ ʣʠʙʦ ʧʨʝʚʦʩʭʦʜʠʪ ʠʭ, ʣʠʙʦ ʨʘʚʥʘ 

ʠʤ). ʀʟ ʫʢʘʟʘʥʥʦʛʦ ʧʨʘʚʠʣʘ ʩʨʘʟʫ ʩʣʝʜʫʶʪ ʚʘʞʥʳʝ ʩʣʝʜʩʪʚʠʷ. ɽʩʣʠ ʚ ʵʪʦʡ 

ʪʨʦʡʢʝ ʪʦʯʢʘ ʭ ʩʚʷʟʘʥʘ ʩ ʪʦʯʢʦʡ ʫ ( ) ( ), , 0,R Rx y y xm m= > ʪʦ ʪʦʯʢʘ z 

ʦʢʘʟʳʚʘʝʪʩʷ ʣʠʙʦ ʩʚʷʟʘʥʥʦʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʙʝʠʤʠ ʪʦʯʢʘʤʠ, ʣʠʙʦ ʥʝ 

ʩʚʷʟʘʥʥʦʡ ʥʠ ʩ ʦʜʥʦʡ ʠʟ ʥʠʭ. 

ɽʩʣʠ ʪʨʠ ʪʦʯʢʠ x, ʫ, z ʦʙʨʘʟʫʶʪ ʚʟʘʠʤʦʩʚʷʟʘʥʥʫʶ ʛʨʫʧʧʫ, ʪʦ ʜʣʷ 

ʣʶʙʦʡ ʜʦʙʘʚʣʷʝʤʦʡ ʪʦʯʢʠ v ʚʦʟʤʦʞʥʳ ʣʠʰʴ ʜʚʘ ʚʘʨʠʘʥʪʘ: ʦʥʘ ʦʢʘʟʳʚʘʝʪʩʷ 

ʩʚʷʟʘʥʥʦʡ ʩʦ ʚʩʝʤʠ ʵʣʝʤʝʥʪʘʤʠ ʜʘʥʥʦʡ ʪʨʦʡʢʠ ʣʠʙʦ ʥʝ ʠʤʝʝʪ ʩʚʷʟʝʡ ʥʠ ʩ 

ʦʜʥʠʤ ʠʟ ʥʠʭ. ʄʥʦʞʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ X, ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʠ 

çʩʦʙʨʘʥʥʳʭè ʚʦʢʨʫʛ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʠ, ʦʙʨʘʟʫʝʪ ʢʣʘʩʩ ʦʪʥʦʰʝʥʠʷ ʧʦʜʦʙʠʷ.  

ʊʦʯʢʘ v Í X, ʥʝ ʧʨʠʥʘʜʣʝʞʘʱʝʡ ʜʘʥʥʦʤʫ ʢʣʘʩʩʫ, ʬʦʨʤʠʨʫʝʪʩʷ ʠʥʦʡ 

ʢʣʘʩʩ ʧʦʜʦʙʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʞʝʩʪʚʦ X ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʩʠʩʪʝʤʫ ʧʦʧʘʨʥʦ 

ʥʝʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʢʣʘʩʩʦʚ, ʪʦ ʝʩʪʴ ʦʙʨʘʟʫʝʪ ʨʘʟʙʠʝʥʠʝ, ʧʦ ʩʤʳʩʣʫ ʙʣʠʟʢʦʝ 
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ʢ ʨʘʟʙʠʝʥʠʶ ʧʨʠ ʦʪʥʦʰʝʥʠʠ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ. ʆʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ ʩʚʷʟʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʟʘʜʘʶʪʩʷ ʥʝ ʙʠʥʘʨʥʦ, 

ʘ ʯʝʨʝʟ ʩʦʛʣʘʩʦʚʘʥʥʳʝ ʩʪʝʧʝʥʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʨʘʥʝʝ 

ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʧʨʘʚʠʣʫ. 

ɼʘʣʝʝ ʚʚʦʜʠʪʩʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʥʝʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩ 

ʥʝʧʨʝʨʳʚʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ mij, iv : 

 

{ }{}

2
2

1 1

.min
ij i

k N
ij

ij
i j m v

I m vz
= =

= - ­ää                                      (2.17) 

ʛʜʝ 
j

z  ï ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʤʙʠʥʘʮʠʠ ʟʥʘʯʝʥʠʡ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜʧʠʩʠ 

1

1,     1,2,..., ,     , , 0.
k

ij ij
i

j N i jm m
=

= = " " ²ä                         (2.18) 

mij ï  ʩʪʝʧʝʥʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ j-ʭ ʦʙʲʝʢʪʦʚ ʢ i-ʤ ʢʣʘʩʪʝʨʫ 
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                                 (2.19) 

iv ï  ʢʦʦʨʜʠʥʘʪʳ ʠʩʢʦʤʳʭ ʢʣʘʩʪʝʨʦʚ. 

ʕʪʦ ʟʘʜʘʸʪ ʬʦʨʤʘʣʴʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ ʚ ʜʚʘ ʵʪʘʧʘ: ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ ʠ 

ʦʩʥʦʚʥʦʡ. 

ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ ʵʪʘʧ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʧʝʨʚʠʯʥʫʶ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʫʶ ʛʨʫʧʧʠʨʦʚʢʫ ʤʥʦʞʝʩʪʚʘ ʦʙʲʝʢʪʦʚ ʈ ={ʨ
1
, ʨ

2
,é,p

N
} . ɼʣʷ 

ʵʪʦʛʦ ʥʘ ὖ ʟʘʜʘʸʪʩʷ ʦʪʥʦʰʝʥʠʝ ʩʭʦʜʩʪʚʘ .r  ʇʦʩʣʝ ʯʝʛʦ ʩʪʨʦʠʪʩʷ ʝʛʦ 

ʪʨʘʥʟʠʪʠʚʥʦʝ ʟʘʤʳʢʘʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʩʚʷʟʝʡ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʛʨʫʧʧ. ʇʨʠ ʵʪʦʤ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʧʨʠʟʥʘʢʦʚʳʭ ʦʧʠʩʘʥʠʷʭz
j
 ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʧʘʨʘʤʝʪʨʘ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʦʜʧʠʩʠ, ʦʙʨʘʟʫʶʱʠʭ ʤʥʦʞʝʩʪʚʦ Z ={z
1
, z

2
,é,z

N
}, ʥʝ ʚʢʣʶʯʘʝʪʩʷ ʚ 
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ʦʪʥʦʰʝʥʠʝ ὶ ʥʘʧʨʷʤʫʶ, ʦʜʥʘʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʧʦʩʨʝʜʦʚʘʥʥʦ ð ʯʝʨʝʟ 

ʧʨʦʮʝʜʫʨʫ ʚʳʚʦʜʘ ʠ ʬʠʢʩʘʮʠʠ ʬʘʢʪʦʚ ʩʭʦʜʩʪʚʘ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ. 

ʐʘʛ ʧʝʨʚʳʡ. ʌʦʨʤʠʨʫʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʩʭʦʜʩʪʚʘ r ʥʘ ʤʥʦʞʝʩʪʚʝ ʈ. 

ʐʘʛ ʚʪʦʨʦʡ. ɺʳʧʦʣʥʷʝʪʩʷ ʪʨʘʥʟʠʪʠʚʥʦʝ ʟʘʤʳʢʘʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʧʦʜʦʙʠʷ .r  

ʐʘʛ ʪʨʝʪʠʡ. ʅʘ ʦʩʥʦʚʝ r  ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʟʙʠʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʈ ʥʘ k 

ʢʣʘʩʩʦʚ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ (ʟʥʘʯʝʥʠʝ k ʚʳʙʠʨʘʝʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʩʦʜʝʨʞʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ). 

ʐʘʛ ʯʝʪʚʝʨʪʳʡ. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ k ʢʣʘʩʩʦʚ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ, 

ʠʩʧʦʣʴʟʫʷ ʦʪʥʦʰʝʥʠʝ ʧʦʜʦʙʠʷ r ʟʘʜʘʸʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʝʤʫ ʤʥʦʞʝʩʪʚʦ 

ʢʣʘʩʪʝʨʦʚ; ʜʘʣʝʝ ʚʳʜʝʣʷʝʪʩʷ ʦʜʠʥ ʢʣʘʩʪʝʨ, ʥʘʧʨʠʤʝʨ ʢʣʘʩʪʝʨ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʫʤʤʦʡ ʩʪʝʧʝʥʝʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʦʙʲʝʢʪʦʚ. ɼʣʷ 

ʚʳʙʨʘʥʥʦʛʦ ʢʣʘʩʪʝʨʘ ʬʠʢʩʠʨʫʶʪʩʷ ʟʥʘʯʝʥʠʷ mij ʢʘʞʜʦʛʦ j -ʛʦ ʦʙʲʝʢʪʘ. 

ʐʘʛ ʧʷʪʳʡ. ʀʩʧʦʣʴʟʫʷ ʚʝʢʪʦʨʳ ʧʨʠʟʥʘʢʦʚ z
j
 ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʦʙʲʝʢʪʘʤ ʨ, ʠ ʟʥʘʯʝʥʠʷ mij ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ (2.19) ʚʳʯʠʩʣʷʶʪʩʷ 

ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ ʢʣʘʩʪʝʨʦʚ ,    1,2,..., .
o

i
i kv =  

ʆʩʥʦʚʥʦʡ ʘʣʛʦʨʠʪʤ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʚʢʣʶʯʘʝʪ 3 ʰʘʛʘ. 

ʐʘʛ ʧʝʨʚʳʡ. ʇʦ ʪʝʢʫʱʠʤ ʟʥʘʯʝʥʠʷʤ mij (i=1,2,...,k; j=1,2,...,N) ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ (2.19) ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʮʝʥʪʨʳ ,    1,2,..., .
i

i kv =  ʅʘ ʧʝʨʚʦʡ 

ʠʪʝʨʘʮʠʠ ʵʪʦʪ ʰʘʛ ʵʢʚʠʚʘʣʝʥʪʝʥ ʰʘʛʫ 5 ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ (ʦʧʨʝʜʝʣʝʥʠʝʤ ,    1,2,...,
o

i
i kv = ). 

ʐʘʛ ʚʪʦʨʦʡ. ɼʣʷ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʨ
j
 (j =1,2,...,N) ʧʦ ʬʦʨʤʫʣʝ 

( )
22

2
1

1

1 1
, 1,..., , 1,...,

1
,

, '
, '

ij k
j j

ki iji
i ji

i

i k j Nm

vz vz
vz

vz

=

=

= = = =
å õ- ä
æ öä
æ ö
ç ÷

       (2.20) 

 

ʧʝʨʝʩʯʠʪʳʚʘʶʪʩʷ ʩʪʝʧʝʥʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ  mij, (i=1,2,...,k; j=1,2,...,N). 

ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ mij ʩʦʭʨʘʥʷʶʪʩʷ.  
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ʐʘʛ ʪʨʝʪʠʡ. ʇʨʦʚʝʨʷʝʪʩʷ ʢʨʠʪʝʨʠʡ ʦʩʪʘʥʦʚʢʠ ʜʣʷ ʚʩʝʭ mij ʜʦʣʞʥʦ 

ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ 

 

( ), ,'ij ijm md ¢e                                             (2.21) 

 

ʛʜʝ mij ï ʩʪʝʧʝʥʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʝʢʫʱʝʡ ʠʪʝʨʘʮʠʠ, môij ï ʟʥʘʯʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ, ( ), 'ij ijm md  ï ʤʝʨʘ ʦʪʢʣʦʥʝʥʠʷ, 

( ), ;' 'ij ij ij ijm m m md = -
 
e ï ʟʘʜʘʥʥʳʡ ʧʦʨʦʛ. ɽʩʣʠ ʧʦʨʦʛ ʧʨʝʚʳʰʝʥ ï 

ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʝʢʨʘʱʘʝʪʩʷ, ʠʥʘʯʝ ʚʳʧʦʣʥʷʝʪʩʷ ʚʦʟʚʨʘʪ ʢ ʰʘʛʫ 1. 

ʕʪʘʣʦʥʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʧʠʩʠ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʚʩʝʛʜʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʥʝʩʢʦʣʴʢʠʭ ʩʪʘʙʠʣʴʥʳʭ, ʫʩʪʦʡʯʠʚʳʭ, 

ʥʦ ʨʘʟʣʠʯʥʳʭ ʨʝʘʣʠʟʘʮʠʡ. 

ʉʦʚʨʝʤʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ʤʦʜʝʣʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʫʯʠʪʳʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʦʜʢʣʘʩʩʦʚ ʚ ʦʜʥʦʤ ʵʪʘʣʦʥʝ, ʷʚʣʷʝʪʩʷ 

ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʘʷʩʷ ʢʘʨʪʘ ʂʦʭʦʥʝʥʘ (Self-Organizing Maps, SOM). 

ʅʦʚʠʟʥʦʡ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ 

ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʠʭ ʧʦʜʧʠʩʝʡ, ʥʦ ʠ ʚʟʚʝʰʠʚʘʥʠʝ ʧʨʠʟʥʘʢʦʚ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʘ ʚʭʦʜ ʩʠʩʪʝʤʳ ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʧʦʩʪʫʧʘʶʪ 

ʦʪʩʯʝʪʳ ʪʨʝʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʜʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɺʩʝ 

ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳ, ʪʘʢ ʢʘʢ ʫʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʧʦʜʧʠʩʠ. ʇʫʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴ ʛʝʥʝʨʠʨʫʝʪ ʚ l ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ (ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ) ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʧʦ 

ʥʘʧʠʩʘʥʠʶ ʪʠʧʦʚ ʧʦʜʧʠʩʝʡ. ʅʝʦʙʭʦʜʠʤʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪʩʯʝʪʦʚ ʚʩʝʭ 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʧʨʝʜʝʣʠʪʴ ʢʦʦʨʜʠʥʘʪʳ l ʮʝʥʪʨʦʠʜʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʘʞʜʦʤʫ ʩʦʩʪʦʷʥʠʶ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʨʠʪʝʨʠʝʤ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ï ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ. 
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ʆʙʦʟʥʘʯʠʤ ʤʥʦʞʝʩʪʚʦ ʠʩʢʦʤʳʭ ʮʝʥʪʨʦʠʜʦʚ ʢʘʢ { }| 1,..., ,
k

G k lg= =  

ʛʜʝ l ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʠʧʦʚ ʧʦʜʧʠʩʝʡ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʫʩʪʴ 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʪʨʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘ: 

1) ʢʦʦʨʜʠʥʘʪʘ ʦʪʩʯʝʪʘ ʧʦ ʦʩʠ x, 

2) ʢʦʦʨʜʠʥʘʪʘ ʦʪʩʯʝʪʘ ʧʦ ʦʩʠ y, 

3) ʜʘʚʣʝʥʠʝ ʥʘ ʭʦʣʩʪ. 

ʀʩʢʦʤʘʷ ʢʦʦʨʜʠʥʘʪʥʘʷ ʤʘʪʨʠʮʘ l ʮʝʥʪʨʦʠʜʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʨʘʟʣʠʯʥʳʤ ʚʘʨʠʘʥʪʘʤ ʧʦʜʧʠʩʠ ʦʜʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ: 

 

   

1 1 1

2 2 2 .
... ... ...

g gg

g gg

l

g gg
l l l

y px

y px
G

y px

è ø
é ù
é ù
=é ù
é ù
é ùê ú

                                            (2.22) 

 

ʊʦʛʜʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʨʠʪʝʨʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʥʝʦʪʨʠʮʘʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ ʩʪʦʠʤʦʩʪʠ ʚʠʜʘ: 

 

( ) ( ) ( )
2 222

1 1

,
kk

l l
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sk k k
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E y y p pC G c x xH
= Í = Í

= - = + - + --ä ä ä ä      

(2.23) 

 

ʛʜʝ ck ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʥʘʯʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʘ; hs ï ʦʙʦʙʱʝʥʥʦʝ 

ʦʙʦʟʥʘʯʝʥʠʝ s ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʦʪʩʯʝʪʦʚ ʪʨʸʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʙʲʝʜʠʥʝʥʥʘʷ ʢʦʦʨʜʠʥʘʪʥʘʷ ʤʘʪʨʠʮʘ 

ʢʦʪʦʨʳʭ ʚʳʛʣʷʜʠʪ ʢʘʢ 
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1 1 1
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                                            (2.24) 

 

ʛʜʝ  { }1 2, ,...,s
sh h hH =   - ʤʥʦʞʝʩʪʚʦ ʨʝʘʣʠʟʘʮʠʡ ʧʦʜʧʠʩʠ ʦʜʥʠʤ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ. 

ʌʘʢʪʠʯʝʩʢʠ ʤʘʪʨʠʮʘ (2.24) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ 

ʟʘʧʠʩʴ ʤʥʦʞʝʩʪʚʘ s. ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʠʟ ʜʠʩʢʨʝʪʥʳʭ 

ʚʨʝʤʝʥʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʪʨʝʭ ʧʘʨʘʤʝʪʨʦʚ: ʧʝʨʚʳʡ ʩʪʦʣʙʝʮ ï ʦʪʩʯʝʪʳ 

ʢʦʦʨʜʠʥʘʪ ʢʨʠʚʦʡ ʧʦʜʧʠʩʠ ʧʦ ʦʩʠ x, ʚʪʦʨʦʡ ʩʪʦʣʙʝʮ ï ʦʪʩʯʝʪʳ ʢʦʦʨʜʠʥʘʪ 

ʢʨʠʚʦʡ ʧʦʜʧʠʩʠ ʧʦ ʦʩʠ y ʠ ʪʨʝʪʠʡ ʩʪʦʣʙʝʮ - ʦʪʩʯʝʪʳ ʚʨʝʤʝʥʥʦʡ ʢʨʠʚʦʡ 

ʜʘʚʣʝʥʠʷ p ʥʘ ʭʦʣʩʪ. 

ɼʣʷ s ï ʩʫʤʤʘʨʥʦʛʦ ʯʠʩʣʘ ʨʝʘʣʠʟʘʮʠʡ ʧʦʜʧʠʩʠ ʦʮʝʥʢʘ ʚʝʨʦʷʪʥʦʩʪʠ pk 

ʪʦʛʦ, ʯʪʦ r ʧʦʧʳʪʦʢ ʙʫʜʫʪ ʧʨʠʥʘʜʣʝʞʘʪʴ hk-ʤʫ ʮʝʥʪʨʦʠʜʫ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ [66] 
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p C=                                             (2.25) 

 

ʛʜʝ 
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r s r
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-
 - ʯʠʩʣʦ ʩʧʦʩʦʙʦʚ ʧʝʨʝʢʦʤʙʠʥʘʮʠʠ ʚʳʙʦʨʦʢ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʣʦʞʝʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʧʦ 

ʢʨʠʪʝʨʠʶ ʤʠʥʠʤʫʤʫ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʣʦʢʘʣʠʟʫʶʪʩʷ 

ʮʝʥʪʨʦʠʜʳ ʢʣʘʩʪʝʨʦʚ ʩʛʫʱʝʥʠʡ ʝʝ ʨʘʟʣʠʯʥʳʭ ʨʝʘʣʠʟʘʮʠʡ, ʪʘʢ, ʯʪʦ ʢʘʞʜʳʡ 

ʘʢʪ ʧʦʩʪʘʥʦʚʢʠ ʧʦʜʧʠʩʠ ʩʦʦʪʥʦʩʠʪʩʷ ʢ ʦʜʥʦʤʫ ʠʟ l ʝʝ ʚʘʨʠʘʥʪʦʚ, ʠ ʚʩʝ 

ʚʘʨʠʘʥʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ (ʨʠʩ. 2.10). 
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ʈʠʩʫʥʦʢ 2.10 ï ɼʘʥʥʳʝ, ʬʦʨʤʠʨʫʶʱʠʝ ʜʚʘ ʢʣʘʩʪʝʨʘ ʥʘ ʧʨʠʤʝʨʝ 

ʜʚʫʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ. 

 

SOM-ʩʝʪʴ ʦʪʥʦʩʠʪʩʷ ʢ ʘʨʭʠʪʝʢʪʫʨʘʤ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʢʣʶʯʘʝʪ ʜʚʘ ʩʣʦʷ [67ï69]: ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ 

ʚʟʚʝʰʝʥʥʳʡ ʩʣʦʡ ʠ ʩʣʦʡ ʂʦʭʦʥʝʥʘ. ɺ ʩʣʦʝ ʂʦʭʦʥʝʥʘ ʥʝʡʨʦʥʳ 

ʦʨʛʘʥʠʟʦʚʘʥʳ ʧʦ ʪʦʧʦʣʦʛʠʠ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʩʪʚʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

ʯʝʨʝʟ ʚʟʘʠʤʦʧʦʜʘʚʣʷʶʱʠʝ ʩʚʷʟʠ. 

ʅʘ ʚʭʦʜ SOM ʧʦʜʘʝʪʩʷ ʚʝʢʪʦʨ ( )1 2, ,..., mH h h h=  ʦʧʠʩʳʚʘʶʱʠʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʝʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʧʠʩʠ ï ʥʘʧʨʠʤʝʨ, ʢʘʢ 

ʪʦʯʢʘ ʚ N-ʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʧʦ ʦʪʩʯʸʪʘʤ ʢʘʞʜʦʡ 

ʢʨʠʚʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ. ɺʳʭʦʜʦʤ ʩʝʪʠ ʷʚʣʷʝʪʩʷ ʦʪʢʣʠʢ ʩʣʦʷ: 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʡ ʥʝʡʨʦʥ ʠʟ ʚʝʢʪʦʨʘ ( )1 2, ,..., nD d d d= , 

ʠʤʝʥʥʦ ʥʝʡʨʦʥ-ʧʦʙʝʜʠʪʝʣʴ ʟʘʜʘʸʪ ʢʣʘʩʪʝʨ (ʵʪʘʣʦʥ), ʢ ʢʦʪʦʨʦʤʫ ʦʪʥʦʩʠʪʩʷ 

ʚʭʦʜʥʘʷ ʨʝʘʣʠʟʘʮʠʷ. 

ɺʤʝʩʪʦ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʬʫʥʢʮʠʠ 3 4: ,n mf A R R
=Ë ­  ʧʨʦʠʟʚʦʜʷʱʝʡ 

ʦʪʦʙʨʘʞʝʥʠʝ ʧʦʜʤʥʦʞʝʩʪʚʘ ɸ n-ʤʝʨʥʦʛʦ ʝʚʢʣʠʜʦʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ m-

ʤʝʨʥʦʝ ʝʚʢʣʠʜʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʥʘ ʧʨʠʤʝʨʘʭ, ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʘʷʩʷ ʢʘʨʪʘ ʧʨʦʠʟʚʦʜʠʪ ʥʝʧʨʝʨʳʚʥʦʝ 

ʪʦʧʦʣʦʛʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ 3 4: n mf B CR R
= =Ë ­ Ë  ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ, ʚʳʟʚʘʥʥʦʡ ʦʙʫʯʘʶʱʠʤʠ ʚʝʢʪʦʨʘʤʠ y ʚ ʉ, ʧʣʦʪʥʦʩʪʴ 

ʚʝʨʦʷʪʥʦʩʪʠ ʢʦʪʦʨʳʭ ʨ(ʫ). 
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ʂʘʞʜʳʡ ʠʟ N ʵʣʝʤʝʥʪʦʚ ʩʝʪʠ ʂʦʭʦʥʝʥʘ ʧʨʠʥʠʤʘʝʪ ʥʘ ʚʭʦʜ ʫʛʣʦʚʳʝ 

ʢʦʦʨʜʠʥʘʪʳ (j, q) ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʦʯʢʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ (U, V), ʧʨʠ ʵʪʦʤ 

ʧʝʨʝʭʦʜ ( ) ( ), ,U V jq­   ʥʦʩʠʪ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʩʝʪʠ ʟʘʜʘʸʪʩʷ ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʩʦʚʦʡ ʚʝʢʪʦʨ Wi, 

ʩʦʛʣʘʩʦʚʘʥʥʳʡ ʩ ʚʭʦʜʥʳʤ ʚʝʢʪʦʨʦʤ ʠ ʚʢʣʶʯʘʶʱʠʡ ʜʚʝ ʢʦʤʧʦʥʝʥʪʳ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʥʝʡʨʦʥ ʧʦʣʫʯʘʝʪ ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʩʝʪʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʢʫʨʝʥʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʥʝʡʨʦʥ-ʧʦʙʝʜʠʪʝʣʴ.  

ʎʝʣʴʶ ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʤʦʜʝʣʠ ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʡ ʢʘʢ ʫʢʘʟʘʪʝʣʴ ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ (U, V), 

ʭʦʪʷ ʥʘ ʚʭʦʜ ʩʝʪʠ ʧʦʩʪʫʧʘʶʪ ʥʝ ʢʦʦʨʜʠʥʘʪʳ (U, V), ʘ ʫʛʣʳ (j, q). 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʪʦʯʢʘ ʥʘʭʦʜʠʪʩʷ ʚ ʣʝʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ ʧʨʦʩʪʨʘʥʩʪʚʘ (U, V), 

ʪʦ ʚ ʥʝʡʨʦʩʝʪʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʫʟʣʦʤ ʩ ʚʳʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ, ʨʘʚʥʳʤ 1, 

ʜʦʣʞʝʥ ʙʳʪʴ ʫʟʝʣ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʣʝʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ ʩʣʦʷ ʂʦʭʦʥʝʥʘ. ɽʩʣʠ 

ʪʦʯʢʘ ʚ ʩʝʨʝʜʠʥʝ - ʫʟʝʣ ʚ ʩʝʨʝʜʠʥʝ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚʳʧʦʣʥʷʝʪʩʷ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠ ʥʝʧʨʝʨʳʚʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʤʘʩʩʠʚʘ ʢʦʦʨʜʠʥʘʪ ʧʘʨʘʤʝʪʨʦʚ 

ʨʝʘʣʠʟʘʮʠʡ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʧʠʩʠ ʚ ʤʘʩʩʠʚ ʢʦʦʨʜʠʥʘʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʪʘʣʦʥʦʚ (ʢʣʘʩʪʝʨʦʚ). 

ʆʙʫʯʝʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʨʠʩʚʦʝʥʠʷ ʚʝʩʦʚʳʤ ʢʦʵʬʬʠʮʠʝʥʪʘʤ 

ʩʣʫʯʘʡʥʳʭ, ʟʥʘʯʝʥʠʡ, ʦʙʳʯʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚʦʢʨʫʛ ʪʦʯʢʠ, ʷʚʣʷʶʱʝʡʩʷ 

ʮʝʥʪʨʦʤ ʧʦʣʷ (U, V). ʆʙʫʯʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʥʘʙʦʨʘ ʰʘʛʦʚ, ʥʘ ʢʘʞʜʦʤ ʠʟ 

ʢʦʪʦʨʳʭ ʩʣʫʯʘʡʥʦ ʚʳʙʠʨʘʝʪʩʷ ʪʦʯʢʘ (U, V). ɿʘʪʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʡ 

ʫʛʣʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ ʧʦʜʘʶʪʩʷ ʥʘ ʩʝʪʴ, ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʢʫʨʝʥʮʠʷ ʤʝʞʜʫ 

ʵʣʝʤʝʥʪʘʤʠ ʩʝʪʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ Wi ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʛʦ ʢ (j, q). ɺʳʭʦʜ 

ʵʣʝʤʝʥʪʘ-ʧʦʙʝʜʠʪʝʣʷ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ 1, ʦʩʪʘʣʴʥʳʭ - 0. ʇʦʩʣʝ ʵʪʦʛʦ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʚʝʩʦʚ ʵʣʝʤʝʥʪʘ - ʧʦʙʝʜʠʪʝʣʷ ʠ ʝʛʦ ʦʢʨʫʞʝʥʠʷ. 

ɺʝʩʘ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʦʩʪʘʶʪʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ. ʇʨʦʮʝʩʩ ʘʜʘʧʪʘʮʠʠ ʚʝʩʦʚ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʦʙʫʯʝʥʠʝ ʂʦʭʦʥʝʥʘ, ʨʘʩʩʤʦʪʨʝʥʥʦʝ ʨʘʥʝʝ: 
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( ) () () ()( )1 ,   0 1,ij ij i ijt t t tw w h wh h+ = + - ¢ ¢                (2.26) 

 

ʛʜʝ 1 2 3, , ,x y ph h h= = = ʚʝʢʪʦʨ ʢʦʦʨʜʠʥʘʪ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʧʠʩʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ. 

ɼʣʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦʙʝʜʠʪʝʣʷ hº0.8,é,0.9, ʜʣʷ ʜʨʫʛʠʭ 

ʵʣʝʤʝʥʪʦʚ - ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʨʦʩʪʦʤ ʚʨʝʤʝʥʠ ʧʨʦʠʩʭʦʜʠʪ ʩʞʘʪʠʝ ʦʢʨʫʞʝʥʠʷ ʚʦʢʨʫʛ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʠ h ʚʥʫʪʨʠ ʵʪʦʛʦ ʙʣʦʢʘ ʵʣʝʤʝʥʪʦʚ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ. ʇʦʩʣʝ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʚʝʩʦʚ ʜʣʷ ʪʝʢʫʱʝʛʦ ʚʭʦʜʥʦʛʦ ʦʙʨʘʟʘ ʥʘ ʩʝʪʴ ʧʦʜʘʸʪʩʷ 

ʩʣʝʜʫʶʱʠʡ ʦʙʨʘʟ, ʠ ʦʧʠʩʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʧʦʚʪʦʨʷʝʪʩʷ. ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʤʝʞʜʫ 

ʚʝʩʦʚʳʤʠ ʚʝʢʪʦʨʘʤʠ ʠ ʚʭʦʜʥʳʤʠ ʚʝʢʪʦʨʘʤʠ. ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʵʪʦʛʦ ʵʪʘʧʘ 

ʩʝʪʴ ʩʯʠʪʘʝʪʩʷ ʦʙʫʯʝʥʥʦʡ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦ ʥʘʟʥʘʯʝʥʠʶ ð ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʪʘʣʦʥʦʚ. 

ɺ ʦʙʦʙʱʝʥʥʦʤ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʰʘʛʦʚ ʩʠʥʪʝʟʘ ʤʦʜʝʣʠ 

ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.11. 
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ʈʠʩʫʥʦʢ 2.11 ï ʆʙʱʠʡ ʘʣʛʦʨʠʪʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʥʝʡʨʦʩʝʪʝʚʦʡ 

ʤʦʜʝʣʠ ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʨʝʘʣʠʟʘʮʠʷ 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʢʣʘʩʪʝʨʦʚ ʚ ʧʨʦʮʝʜʫʨʘʭ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʢʘʢ 

ʧʨʘʚʠʣʦ ʟʘʜʘʝʪʩʷ ʠʟʚʥʝ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʰʘʛʦʚ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ. 

1. ʆʧʨʝʜʝʣʷʝʪʩʷ ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʯʝʨʝʟ 

ʧʦʢʘʟʘʪʝʣʴ. ʇʨʦʮʝʜʫʨʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʟʘʧʫʩʢʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʧʦʩʣʝ 

ʢʘʞʜʦʡ ʚʳʯʠʩʣʷʝʪʩʷ ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʚʥʫʪʨʠ-ʢʣʘʩʪʝʨʥʳʭ ʨʘʩʩʪʦʷʥʠʡ 

(ʨʠʩ. 2.10): 

( )ä
=

-=
n

i

qipipq xxd
1

2

.                   (2.27) 

 

 

2. ʂʦʛʜʘ ʯʠʩʣʦ ʵʪʘʣʦʥʦʚ ʨʘʟʣʠʯʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʧʦʜʧʠʩʠ ʦʜʥʠʤ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʷʚʥʦ ʥʝ ʟʘʜʘʥʦ ʜʣʷ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʮʝʜʫʨʫ, ʠʣʣʶʩʪʨʠʨʦʚʘʥʥʫʶ ʥʘ ʨʠʩ. 2.12.  
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ʈʠʩʫʥʦʢ 2.12 ï ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʧʦʠʩʢʘ ʯʠʩʣʘ ʮʝʥʪʨʦʠʜʦʚ 

ʩʛʫʱʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʧʦʜʧʠʩʠ ʦʜʥʠʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʯʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʮʝʥʪʨʦʠʜʦʚ C ʨʝʘʣʠʟʫʝʪʩʷ 

ʧʫʪʝʤ ʩʣʫʯʘʡʥʦʛʦ ʚʳʙʦʨʘ ʠʟ 3-ʭ ʤʝʨʥʦʡ ʧʦʜʦʙʣʘʩʪʠ D ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʘʚʠʣʦʤ 

( ) ( ) ( ) [ ]min max min rand,  ʧʨʠ rand 0,1,j j jj UC è ø- + - Ö ÍD D Dê ú  

ʛʜʝ U[0,1] ï ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ U ʥʘ 

ʠʥʪʝʨʚʘʣʝ [0, 1]. 

ʇʦʰʘʛʦʚʦ ʫʚʝʣʠʯʠʚʘʷ ʯʠʩʣʦ ʢʣʘʩʪʝʨʦʚ, ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ 

ʫʩʣʦʚʠʷ: çʯʠʩʣʝʥʥʦʩʪʴ ʥʘʠʤʝʥʴʰʝʡ ʛʨʫʧʧʳ ʵʪʘʣʦʥʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʧʦʜʧʠʩʠ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʟʘʜʘʥʥʫʶ ʜʦʣʶ ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘè. 

ɽʩʣʠ ʜʘʥʥʦʝ ʫʩʣʦʚʠʝ ʥʘʯʠʥʘʝʪ ʚʳʧʦʣʥʷʪʴʩʷ, ʪʦ ʚ ʢʘʯʝʩʪʚʝ ʠʩʢʦʤʦʛʦ ʯʠʩʣʘ 

ʢʣʘʩʪʝʨʦʚ ʧʨʠʥʠʤʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ʩʛʫʱʝʥʠʡ, ʧʦʣʫʯʝʥʥʦʝ ʥʘ ʧʨʝʜʳʜʫʱʝʡ 

ʠʪʝʨʘʮʠʠ. 

ʅʘ ʨʠʩ. 2.13 ʧʨʠʚʝʜʝʥʘ ʠʣʣʶʩʪʨʠʨʦʚʘʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʨʘʟʙʠʝʥʠʷ ʥʘ n=5 ʢʣʘʩʩʦʚ ʚ ʤʦʜʝʣʴʥʦʤ ʧʨʠʤʝʨʝ ʥʘ ʧʣʦʩʢʦʩʪʠ (ʜʚʘ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘ ʧʦʜʧʠʩʠ) ʧʨʠ ʯʠʩʣʝ ʨʝʘʣʠʟʘʮʠʡ s=200. 

 

 

ʈʠʩʫʥʦʢ 2.13 ï ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʟʙʠʝʥʠʡ ʧʨʠ ʧʦʠʩʢʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʯʠʩʣʘ ʢʣʘʩʩʦʚ (ʩʣʝʚʘ ʥʘʧʨʘʚʦ, ʩʚʝʨʭʫ ʚʥʠʟ). 
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ʅʘ ʨʠʩ. 2.14. ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʚʝʩʦʚʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝʡʨʦʥʦʚ ʦʙʫʯʝʥʥʦʛʦ ʩʣʦʷ ʂʦʭʦʥʝʥʘ, ʪ.ʝ. ʥʘʡʜʝʥʥʳʭ 

ʮʝʥʪʨʦʠʜʦʚ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ ʢʦʦʨʜʠʥʘʪʳ ʵʪʘʣʦʥʥʳʭ ʨʝʘʣʠʟʘʮʠʡ 

ʧʦʜʧʠʩʠ ʦʜʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ) ʥʘ ʧʣʦʩʢʦʩʪʴ ʩ ʦʪʤʝʯʝʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ 

ʚʭʦʜʥʳʭ ʚʝʢʪʦʨʦʚ ï ʢʦʦʨʜʠʥʘʪʘʤʠ ʧʦʣʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʨʝʘʣʠʟʘʮʠʡ ʧʦʜʧʠʩʠ 

ʦʜʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʂʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʚʦʷ. 

ʈʘʚʥʦ ʢʘʢ ʠ ʯʠʩʣʦ ʝʛʦ ʵʪʘʣʦʥʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ. 

 

 

ʈʠʩʫʥʦʢ 2.14 ï ʇʨʠʤʝʨ ʧʨʦʝʢʮʠʠ ʥʘʡʜʝʥʥʳʭ ʮʝʥʪʨʦʠʜʦʚ ʥʘ ʧʣʦʩʢʦʩʪʴ ʩ 

ʦʪʤʝʯʝʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʭʦʜʥʳʭ ʚʝʢʪʦʨʦʚ ʤʥʦʞʝʩʪʚʘ ʨʝʘʣʠʟʘʮʠʡ 

ʧʦʜʧʠʩʠ ʦʜʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ 

 

ɺʤʝʩʪʦ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʬʫʥʢʮʠʠ F: ɸ
n
ËR

m
­R, ʧʨʦʠʟʚʦʜʷʱʝʡ 

ʦʪʦʙʨʘʞʝʥʠʝ ʧʦʜʤʥʦʞʝʩʪʚʘ ɸ n-ʤʝʨʥʦʛʦ ʝʚʢʣʠʜʦʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ m-

ʤʝʨʥʦʝ ʝʚʢʣʠʜʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʥʘ ʧʨʠʤʝʨʘʭ, ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʘʷʩʷ ʢʘʨʪʘ ʂʦʭʦʥʝʥʘ ʧʨʦʠʟʚʦʜʠʪ 

ʥʝʧʨʝʨʳʚʥʦʝ ʪʦʧʦʣʦʛʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ F: BËR
n­C­R

m
 ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ, ʚʳʟʚʘʥʥʦʡ ʚʝʢʪʦʨʘʤʠ H ʚ C, ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ 
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ʢʦʪʦʨʳʭ ʈ(H). ʉʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʩʝʪʠ SOM ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʟʥʘʥʠʷ ʦ 

ʥʝʣʠʥʝʡʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʤʝʞʜʫ ʫʛʣʦʚʳʤʠ ʠ ʝʚʢʣʠʜʦʚʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ  

1 1 1

2 2 2 .
... ... ...

h hh

h hh

s

h hh
s s s

y px

y px
H

y px

è ø
é ù
é ù
=é ù
é ù
é ùê ú

                   (2.28) 

 

ʅʘ ʨʠʩ. 2.15 ʠʣʣʶʩʪʨʠʨʦʚʘʥ ʧʨʠʤʝʨ ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʜʚʫʭ ʢʦʦʨʜʠʥʘʪ ʧʣʘʥʰʝʪʘ ʠ ʜʘʚʣʝʥʠʷ ʥʘ ʭʦʣʩʪ. 

 

ʈʠʩʫʥʦʢ 2.15 ï ʀʩʭʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 50-ʪʠ ʨʝʘʣʠʟʘʮʠʡ ʧʦʜʧʠʩʠ ʦʜʥʠʤ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ 10 ʝʛʦ ʵʪʘʣʦʥʦʚ 

 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʯʝʤ ʧʨʠʤʝʯʘʪʝʣʴʥʘ ʤʦʜʝʣʴ ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʢʘʨʪʳ ʂʦʭʦʥʝʥʘ, ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʥʦʚʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʧʠʩʠ ʠ 

ʧʦʜʘʯʝ ʝʝ ʢʦʦʨʜʠʥʘʪ ʥʘ ʚʭʦʜ ʩʝʪʠ SOM ʥʘ ʚʳʭʦʜʝ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʠʚʝʥ 

ʥʝʡʨʦʥ-ʧʦʙʝʜʠʪʝʣʴ, ʠ ʝʛʦ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʧʨʝʜʝʣʷʶʪ ʵʪʘʣʦʥ, ʢ 

ʢʦʪʦʨʦʤʫ ʜʘʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʠʥʘʜʣʝʞʠʪ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʤʦʜʝʣʴ 

ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʶ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʦʪʥʝʩʝʥʠʷ 
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ʨʝʘʣʠʟʘʮʠʠ ʢ ʦʜʥʦʤʫ ʠʟ ʵʪʘʣʦʥʦʚ  ʚ ʩʣʫʯʘʝ ʝʝ ʦʙʫʯʝʥʠʷ ʥʘ ʜʘʥʥʳʭ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʥʝʩʢʦʣʴʢʠʤ ʢʣʘʩʩʘʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ, ʘ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ï ʚʳʜʝʣʷʪʴ ʢʣʘʩʩ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʜʣʷ ʧʦʛʨʘʥʠʯʥʳʭ ʠ ʚ 

ʥʝʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʨʝʘʣʠʟʘʮʠʡ. 

2.3.  ʆʩʥʦʚʥʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʥʦʛʦʤʝʨʥʳʭ 

ʢʨʠʚʳʭ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ 

 

ʇʨʝʞʜʝ ʯʝʤ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʠʤʝʥʠʤʦʩʪʴ ʦʩʥʦʚʥʳʭ ʤʦʜʝʣʝʡ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ, ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʥʦʛʦʤʝʨʥʳʭ ʢʨʠʚʳʭ, 

ʨʘʩʩʤʦʪʨʠʤ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʦʩʥʦʚʥʳʭ, ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠ 

ʩʚʷʟʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʝ ʩʠʛʥʘʣʦʚ ʚ ʪʘʙʣʠʮʝ 

2.3. 

ʊʘʙʣʠʮʘ 2.3 ï ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʧʦ 

ʤʘʩʩʠʚʘʤ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʪʫʨ 

ʅʘʟʚʘʥʠʝ 

ʤʝʪʦʜʘ 
ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ʃʠʥʝʡʥʘʷ 

ʨʝʛʨʝʩʩʠʷ 

ʇʨʦʩʪʘ ʠ ʧʦʥʷʪʥʘ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʣʠʥʝʡʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʨʝʜʠʢʪʦʨʘʤʠ 

ʠ ʨʝʟʫʣʴʪʘʪʦʤ 
ʄʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʜʣʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʪʘʢ ʠ ʜʣʷ ʚʳʚʦʜʘ 

 

ʄʦʞʝʪ ʙʳʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ 

ʚʳʙʨʦʩʘʤ 

ʄʦʞʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʢʘʢ ʯʠʩʣʦʚʳʝ, ʪʘʢ ʠ 

ʢʘʪʝʛʦʨʠʘʣʴʥʳʝ ʧʨʝʜʠʢʪʦʨʳ 

ʅʝ ʤʦʞʝʪ ʩʧʨʘʚʠʪʴʩʷ ʩ 

ʥʝʣʠʥʝʡʥʳʤʠ ʚʟʘʠʤʦʩʚʷʟʷʤʠ 

ʤʝʞʜʫ ʧʨʝʜʠʢʪʦʨʘʤʠ ʠ 

ʨʝʟʫʣʴʪʘʪʦʤ 

ʃʦʛʠʩʪʠʯʝʩʢ

ʘʷ ʨʝʛʨʝʩʩʠʷ 

ʇʨʦʩʪʘ ʠ ʧʦʥʷʪʥʘ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʣʠʥʝʡʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʨʝʜʠʢʪʦʨʘʤʠ 

ʠ ʣʦʛʘʨʠʬʤʘʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʨʝʟʫʣʴʪʘʪʘ 
ʄʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʜʣʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʪʘʢ ʠ ʜʣʷ ʚʳʚʦʜʘ 

 

ʄʦʞʝʪ ʙʳʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ 

ʧʝʨʝʦʙʫʯʝʥʠʶ, ʝʩʣʠ ʤʦʜʝʣʴ 

ʩʣʠʰʢʦʤ ʩʣʦʞʥʘ 

ʄʦʞʝʪ ʜʘʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʝʢʩʪʘ 

ʅʝ ʤʦʞʝʪ ʩʧʨʘʚʠʪʴʩʷ ʩ 

ʥʝʣʠʥʝʡʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ 

ʤʝʞʜʫ ʧʨʝʜʠʢʪʦʨʘʤʠ ʠ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʨʝʟʫʣʴʪʘʪʘ 
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ɼʝʨʝʚʴʷ 

ʨʝʰʝʥʠʡ 

ʇʨʦʩʪʘ ʠ ʧʦʥʷʪʥʘ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

 

ʄʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ 

ʧʝʨʝʦʙʫʯʝʥʠʶ, ʝʩʣʠ ʜʝʨʝʚʦ 

ʩʣʠʰʢʦʤ ʛʣʫʙʦʢʦʝ ʠʣʠ ʥʘʙʦʨ 

ʜʘʥʥʳʭ ʩʣʠʰʢʦʤ ʤʘʣ 

ʄʦʛʫʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʢʘʢ ʯʠʩʣʦʚʳʝ, ʪʘʢ ʠ 

ʢʘʪʝʛʦʨʠʘʣʴʥʳʝ ʧʨʝʜʠʢʪʦʨʳ 

ʄʦʛʫʪ ʙʳʪʴ ʥʝʩʪʘʙʠʣʴʥʳʤʠ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʥʝʙʦʣʴʰʠʤ 

ʠʟʤʝʥʝʥʠʷʤ ʚ ʜʘʥʥʳʭ 

ʄʦʛʫʪ ʬʠʢʩʠʨʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʧʨʝʜʠʢʪʦʨʘʤʠ 

ʄʦʛʫʪ ʧʣʦʭʦ ʦʙʦʙʱʘʪʴʩʷ ʥʘ ʥʦʚʳʝ 

ʜʘʥʥʳʝ 

ʄʝʪʦʜ 

ʦʧʦʨʥʳʭ 

ʚʝʢʪʦʨʦʚ 

(SVM) 

ʄʦʛʫʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ ʙʦʣʴʰʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ 

ɺʳʯʠʩʣʠʪʝʣʴʥʦ ʟʘʪʨʘʪʥʳ ʜʣʷ 

ʦʙʫʯʝʥʠʷ ʠ ʦʮʝʥʢʠ, ʦʩʦʙʝʥʥʦ ʩ 

ʙʦʣʴʰʠʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ 

ʍʦʨʦʰʦ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʰʠʨʦʢʠʤ 

ʩʧʝʢʪʨʦʤ ʟʘʜʘʯ, ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʜʘʥʥʳʝ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ 

ʄʦʛʫʪ ʧʣʦʭʦ ʨʘʙʦʪʘʪʴ ʩ ʩʠʣʴʥʦ 

ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤʠ ʥʘʙʦʨʘʤʠ 

ʜʘʥʥʳʭ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʷʜʨʘ ʧʦʟʚʦʣʷʝʪ SVM 

ʫʣʘʚʣʠʚʘʪʴ ʩʣʦʞʥʳʝ ʥʝʣʠʥʝʡʥʳʝ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʧʨʝʜʠʢʪʦʨʘʤʠ ʠ 

ʨʝʟʫʣʴʪʘʪʦʤ 

ɺʳʙʦʨ ʬʫʥʢʮʠʠ ʷʜʨʘ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʣʠʷʪʴ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʦʜʝʣʠ 

ʅʘʠʚʥʳʡ 

ʙʘʡʝʩʦʚʩʢʠʡ 

ʢʣʘʩʩʠʬʠʢʘʪ

ʦʨ 

ʇʨʦʩʪ ʠ ʣʝʛʢʦ ʜʦʩʪʫʧʝʥ ʚ ʨʝʘʣʠʟʘʮʠʠ 

ʄʦʞʝʪ ʥʝ ʩʨʘʙʦʪʘʪʴ ʜʦʣʞʥʳʤ 

ʦʙʨʘʟʦʤ, ʝʩʣʠ ʙʫʜʝʪ ʥʘʨʫʰʝʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʝʟʘʚʠʩʠʤʦʩʪʠ 

ʄʦʞʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ ʙʦʣʴʰʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ 

ʏʫʚʩʪʚʠʪʝʣʝʥ ʢ ʚʳʙʦʨʫ ʘʧʨʠʦʨʥʳʭ 

ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʄʦʞʝʪ ʭʦʨʦʰʦ ʨʘʙʦʪʘʪʴ ʩ ʥʝʙʦʣʴʰʠʤʠ 

ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ 

ʇʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʚʭʦʜʥʳʝ 

ʦʙʲʝʢʪʳ ʫʩʣʦʚʥʦ ʥʝʟʘʚʠʩʠʤʳ ʩ 

ʫʯʸʪʦʤ ʧʝʨʝʤʝʥʥʦʡ ʢʣʘʩʩʘ, ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʥʝʚʝʨʥʦ ʥʘ ʧʨʘʢʪʠʢʝ 

K-

ʙʣʠʞʘʡʰʠʝ 

ʩʦʩʝʜʠ (KNN) 

ʇʨʦʩʪ ʠ ʣʝʛʢʦ ʜʦʩʪʫʧʝʥ ʚ ʨʝʘʣʠʟʘʮʠʠ 

ʆʙʫʯʝʥʠʝ ʠ ʦʮʝʥʢʘ ʤʦʛʫʪ ʙʳʪʴ 

ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʚʳʯʠʩʣʝʥʠʡ 

ʄʦʞʝʪ ʬʠʢʩʠʨʦʚʘʪʴ ʥʝʣʠʥʝʡʥʳʝ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʧʨʝʜʠʢʪʦʨʘʤʠ ʠ 

ʨʝʟʫʣʴʪʘʪʦʤ 

ʄʦʞʝʪ ʧʣʦʭʦ ʨʘʙʦʪʘʪʴ ʩ ʜʘʥʥʳʤʠ 

ʚʳʩʦʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 

ʄʦʞʝʪ ʭʦʨʦʰʦ ʨʘʙʦʪʘʪʴ ʩ ʥʝʙʦʣʴʰʠʤʠ 

ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ 

ʄʦʞʝʪ ʙʳʪʴ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ 

ʚʳʙʦʨʫ ʯʠʩʣʘ K ʠ ʤʝʪʨʠʢʠ 

ʨʘʩʩʪʦʷʥʠʷ 

AdaBoost 

ʄʦʞʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ ʙʦʣʴʰʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ 

ʆʙʫʯʝʥʠʝ ʠ ʦʮʝʥʢʘ ʤʦʛʫʪ ʙʳʪʴ 

ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʚʳʯʠʩʣʝʥʠʡ 

ʂʘʢ ʧʨʘʚʠʣʦ, ʭʦʨʦʰʦ ʩʧʨʘʚʣʷʝʪʩʷ ʩ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʟʘʜʘʯ 

ʄʦʞʝʪ ʧʣʦʭʦ ʨʘʙʦʪʘʪʴ ʩ ʩʠʣʴʥʦ 

ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʤʠ ʧʨʝʜʠʢʪʦʨʘʤʠ 

ʄʦʞʝʪ ʙʳʪʴ ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥ 

ʧʝʨʝʦʙʫʯʝʥʠʶ, ʯʝʤ ʦʪʜʝʣʴʥʳʝ ʩʣʘʙʳʝ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ 

ʄʦʞʝʪ ʙʳʪʴ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ 

ʟʘʰʫʤʣʸʥʥʳʤ ʜʘʥʥʳʤ ʠ ʚʳʙʨʦʩʘʤ 

XGBoost 

ʂʘʢ ʧʨʘʚʠʣʦ, ʭʦʨʦʰʦ ʩʧʨʘʚʣʷʝʪʩʷ ʩ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʟʘʜʘʯ 

ʆʙʫʯʝʥʠʝ ʠ ʦʮʝʥʢʘ ʤʦʛʫʪ ʙʳʪʴ 

ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʚʳʯʠʩʣʝʥʠʡ 

ʄʦʞʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ ʙʦʣʴʰʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ 

ʄʦʞʝʪ ʙʳʪʴ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ 

ʟʘʰʫʤʣʸʥʥʳʤ ʜʘʥʥʳʤ ʠ ʚʳʙʨʦʩʘʤ 

ʄʦʞʝʪ ʙʳʪʴ ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥ 

ʧʝʨʝʦʙʫʯʝʥʠʶ, ʯʝʤ ʦʪʜʝʣʴʥʳʝ ʜʝʨʝʚʴʷ 

ʨʝʰʝʥʠʡ 

ʄʦʞʝʪ ʧʣʦʭʦ ʨʘʙʦʪʘʪʴ ʩ ʩʠʣʴʥʦ 

ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʤʠ ʧʨʝʜʠʢʪʦʨʘʤʠ 
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ɺʳʜʝʣʷʶʪ ʪʨʠ ʙʘʟʦʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʘʨʭʠʪʝʢʪʫʨ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ: 

1) ʤʥʦʛʦʩʣʦʡʥʳʝ ʩʝʪʠ ʩ ʧʦʣʥʦʡ ʣʠʙʦ ʯʘʩʪʠʯʥʦʡ ʤʝʞʩʣʦʡʥʦʡ 

ʩʚʷʟʥʦʩʪʴʶ, ʦʙʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ 

ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ; 

2) ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʝʩʷ ʩʪʨʫʢʪʫʨʳ, ʚʢʣʶʯʘʷ ʩʣʦʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʢʘʨʪʳ SOM; 

3) ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʝʪʠ. 

ʇʝʨʚʳʝ ʜʚʝ ʘʨʭʠʪʝʢʪʫʨʳ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʧ. 2.1 ʠ 2.2 ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʳ, 

ʠ ʠʭ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʷʚʣʷʶʪʩʷ ʪʦ, ʯʪʦ ʚʳʭʦʜʥʦʡ ʚʝʢʪʦʨ, ʧʦʣʫʯʘʶʱʠʡʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʥʝʡʨʦʩʝʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʩʪʦʷʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩʝʪʠ. ʆʥ 

ʤʦʞʝʪ ʙʳʪʴ ʣʠʙʦ ʜʚʦʠʯʥʳʤ, ʣʠʙʦ ʩʦʩʪʦʷʪʴ ʠʟ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʠʩʝʣ. 

ʉʤʳʩʣ, ʢʦʪʦʨʳʡ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʚʝʢʪʦʨʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʰʘʝʤʦʡ ʧʨʦʙʣʝʤʳ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʪʠ ʦʙʨʘʟʳ ʤʦʛʫʪ ʧʨʠʥʘʜʣʝʞʘʪʴ ʢ ʦʜʥʦʤʫ ʠʟ 4-ʭ 

ʢʣʘʩʩʦʚ. ʅʘ ʚʳʭʦʜʥʦʤ ʩʣʦʝ ʟʘʜʘʝʤ 4 ʥʝʡʨʦʥʘ. ɺ ʧʨʦʮʝʩʩʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʘʩʪʨʘʠʚʘʝʤ ʩʝʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ, 

ʧʦʣʫʯʘʷ ʦʙʨʘʟ i-ʦʛʦ ʢʣʘʩʩʘ, ʩʦʩʪʦʷʥʠʝ i-ʦʛʦ ʥʝʡʨʦʥʘ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ 

ʩʪʘʥʦʚʠʣʦʩʴ = 1, ʦʩʪʘʣʴʥʳʭ = 0 ɺʦʟʤʦʞʥʳ ʠ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ ʧʦʩʪʨʦʝʥʠʷ 

ʩʝʪʝʡ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʧ. 2.1 ï ʧʦʟʠʮʠʦʥʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ. 

ɺʦʟʤʦʞʥʦʩʪʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʦ ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʦʙʨʘʟʦʚ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʭ ʩʪʨʫʢʪʫʨʦʡ, ʬʫʥʢʮʠʝʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ 

ʵʣʝʤʝʥʪʘʤʠ ʩʝʪʠ, ʠ ʤʝʭʘʥʠʟʤʘʤʠ ʦʙʫʯʝʥʠʷ. ʊʘʢ, ʩʨʝʜʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ 

ʩʝʪʝʡ, ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʦʙʨʘʟʦʚ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ 

ʤʥʦʛʦʩʣʦʡʥʳʝ ʩʝʪʠ BProp ʠ CNN (Convolutional neural network, ʩʚʸʨʪʦʯʥʳʝ 

ʩʝʪʠ) ʧʨʠ ʫʩʣʦʚʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʬʫʥʢʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʚ ʫʟʣʘʭ ʩʝʪʠ). 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʨʦʚ ʦʙʫʯʘʶʱʠʭ ʚʳʙʦʨʦʢ ï ʠʩʭʦʜʥʳʭ 

ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʜʘʥʥʳʭ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʢʣʘʩʩʘ ʤʥʦʛʦʩʣʦʡʥʳʭ MLP (multilayer 
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perceptron) (ʠʣʠ BProp) ʩʝʪʝʡ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʝʤʢʠʭ 

ʩʪʨʫʢʪʫʨ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ. 

 

2.4.  ʄʝʪʦʜʠʢʘ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʦʪʦʞʜʝʩʪʚʣʝʥʠʷ ʦʙʨʘʟʮʘ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʛʥʘʪʫʨʳ ʧʦʜʧʠʩʠ ʩ ʵʪʘʣʦʥʘʤʠ ʧʦ ʢʦʨʪʝʞʫ 

ʫʥʠʢʘʣʴʥʳʭ ʤʘʪʨʠʮ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʝʞʥʝʡʨʦʥʥʳʭ 

ʩʚʷʟʝʡ 

 

ɺ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʘʥʘʣʠʟʫ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʨʝʘʣʠʟʘʮʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʛʥʘʪʫʨʳ ʧʦʜʧʠʩʠ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘʙʦʨʳ 

ʤʘʪʨʠʮ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʟʘʜʘʶʱʠʝ ʫʩʪʦʡʯʠʚʦʝ ʦʪʦʙʨʘʞʝʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʤʥʦʞʝʩʪʚʘ ʨʝʘʣʠʟʘʮʠʡ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʵʣʝʤʝʥʪʳ 

ʤʥʦʞʝʩʪʚʘ ʵʪʘʣʦʥʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʣʠʯʥʳʤ ʫʩʪʦʡʯʠʚʳʤ ʚʘʨʠʘʥʪʘʤ 

ʠʩʧʦʣʥʝʥʠʷ ʧʦʜʧʠʩʠ ʚ ʫʩʣʦʚʠʷʭ ʚʥʫʪʨʠʢʣʘʩʩʦʚʦʡ ʚʘʨʠʘʪʠʚʥʦʩʪʠ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʟʥʘʯʝʥʠʡ ʤʘʪʨʠʮ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʳʤ ʧʨʦʮʝʩʩʦʤ ʚ 

ʩʠʣʫ ʥʘʯʘʣʴʥʦʡ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʚʝʩʦʚ ʠ ʩʤʝʱʝʥʠʡ ʩʣʫʯʘʡʥʳʤʠ ʯʠʩʣʘʤʠ. 

ʆʜʥʘʢʦ ʢʘʞʜʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ, ʚ ʠʪʦʛʝ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʡ ʫʥʠʢʘʣʴʥʳʡ 

ʥʘʙʦʨ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʪʨʠʮ ʤʝʞʥʝʡʨʦʥʥʳʭ ʩʚʷʟʝʡ. 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʤʝʪʦʜʠʢʠ ʦʪʦʞʜʝʩʪʚʣʝʥʠʷ ʦʙʨʘʟʮʘ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʠʛʥʘʪʫʨʳ ʧʦʜʧʠʩʠ ʩ ʵʪʘʣʦʥʘʤʠ ʧʦ ʢʦʨʪʝʞʫ ʫʥʠʢʘʣʴʥʳʭ ʤʘʪʨʠʮ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʝʞʥʝʡʨʦʥʥʳʭ ʩʚʷʟʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʜʝʢʦʤʧʦʟʠʮʠʠ ʧʨʦʮʝʜʫʨʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʞʜʦʛʦ ʥʘʙʦʨʘ ʤʘʪʨʠʮ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʘʣʬʘʚʠʪ ʢʣʘʩʩʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʵʣʝʤʝʥʪ ï çʦʪʢʘʟ ʦʪ ʨʘʩʧʦʟʥʘʚʘʥʠʷè, ʢʦʛʜʘ ʚʭʦʜʥʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥʘ ʥʠ ʢ ʦʜʥʦʤʫ ʠʟ ʵʪʘʣʦʥʦʚ ʩ ʟʘʜʘʥʥʳʤ 

ʫʨʦʚʥʝʤ ʫʚʝʨʝʥʥʦʩʪʠ [64]. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʪʘʢʦʡ ʜʝʢʦʤʧʦʟʠʮʠʠ ʦʙʱʝʛʦ ʧʨʦʮʝʩʩʘ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʪ.ʢ. ʥʝʦʙʭʦʜʠʤʦ ʦʙʫʯʘʪʴ ʥʝ ʝʜʠʥʫʶ ʢʨʫʧʥʫʶ ʥʝʡʨʦʥʥʫʶ 

ʩʝʪʴ ʥʘ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʢʣʘʩʩʦʚ ʠ ʚʥʫʪʨʠʢʣʘʩʩʦʚʳʭ ʨʝʘʣʠʟʘʮʠʡ, ʘ ʩʠʩʪʝʤʫ 
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ʢʦʤʧʘʢʪʥʳʭ ʩʝʪʝʡ, ʥʘ ʚʳʭʦʜʝ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʫʝʪʩʷ ʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ 

çʠ/ʠʣʠ/ʥʝʪè, ʧʦʟʚʦʣʷʶʱʘʷ ʤʝʪʦʜʦʤ ʫʪʦʯʥʝʥʠʡ ʠ ʧʦʵʪʘʧʥʦʛʦ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʷ ʦʪʥʦʩʠʪʴ ʚʭʦʜʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʢ ʦʜʥʦʤʫ ʠʟ ʵʪʘʣʦʥʦʚ  ʩ ʟʘʜʘʥʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʤʝʪʨʠʢʠ ʢʘʯʝʩʪʚʘ. ʇʨʦʠʛʨʳʰʝʤ ʚ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ 

ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʧʨʦʮʝʜʫʨʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʦʜʥʘʢʦ ʨʦʩʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʤʦʱʥʦʩʪʝʡ ʢʦʥʝʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩʦ ʚʨʝʤʝʥʝʤ ʥʠʚʝʣʠʨʫʝʪ ʜʘʥʥʳʡ 

ʥʝʜʦʩʪʘʪʦʢ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʚʥʝʜʨʝʥʠʝ ʤʝʪʦʜʠʢʠ ʦʪʦʞʜʝʩʪʚʣʝʥʠʷ ʵʪʘʣʦʥʘ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʛʥʘʪʫʨʳ ʧʦʜʧʠʩʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʦ ʢʦʨʪʝʞʫ ʫʥʠʢʘʣʴʥʳʭ 

ʤʘʪʨʠʮ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʝʞʥʝʡʨʦʥʥʳʭ ʩʚʷʟʝʡ ʧʦʚʣʝʯʝʪ 

ʠʟʤʝʥʝʥʠʷ ʚ ʩʠʩʪʝʤʫ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʪ.ʢ. ʧʦʥʘʜʦʙʠʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʚʨʝʤʝʥʥʳʭ 

ʨʷʜʦʚ, ʥʦ ʠ ʩʠʩʪʝʤʳ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʤʘʪʨʠʮ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ, ʦʜʥʦʟʥʘʯʥʦ ʢʣʘʩʩʠʬʠʮʠʨʫʶʱʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʇʦʤʠʤʦ ʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ, ʙʝʟʦʧʘʩʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʫʪʦʯʥʷʶʱʝʡ ʧʨʦʮʝʜʫʨʝ, 

ʦʪʦʞʜʝʩʪʚʣʝʥʠʷ ʤʘʪʨʠʮʳ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʝʞʥʝʡʨʦʥʥʳʭ 

ʩʚʷʟʝʡ ʤʦʞʥʦ ʦʪʦʞʜʝʩʪʚʣʷʪʴ ʩ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʠʭ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʩʭʦʞʝʩʪʠ ʩʦ ʩʭʦʞʝʩʪʴʶ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʩʪʘʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʘʣʠʟʘʮʠʡ ʧʦʜʧʠʩʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ.  

ɺ ʘʣʛʦʨʠʪʤʘʭ ʦʪʦʞʜʝʩʪʚʣʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʝʨʳ ʙʣʠʟʦʩʪʠ ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʶʪ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʣʘʩʩʠʬʠʮʠʨʫʝʤʳʤ 

ʥʘʙʦʨʦʤ ʤʘʪʨʠʮ w ʠ ʥʘʙʦʨʦʤ ʦʙʲʝʢʪʦʚ Wg =(w1,w2,....,wn), ʢʦʪʦʨʳʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʨʝʜʩʪʘʚʣʝʥʠʝ (ʦʧʠʩʘʥʠʝ) ʧʦʣʴʟʦʚʘʪʝʣʷ: 

 

2

1

1
( , ) ( , )

gk

g g
gg

d w W d w w
k =

å õ
= æ öæ ö
ç ÷
ä ,                                   (2.29) 

 

ɿʜʝʩʴ kg ï ʢʦʣʠʯʝʩʪʚʦ ʦʙʲʝʢʪʦʚ , ʚʭʦʜʷʱʠʭ ʚ ʦʧʠʩʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ Wg.  
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ʇʨʠ ʵʪʦʤ ʢʦʥʢʨʝʪʥʳʡ ʩʧʦʩʦʙ ʚʳʯʠʩʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʦʙʲʝʢʪʘʤʠ d(w,wg) ʤʦʞʝʪ ʚʳʙʠʨʘʪʴʩʷ ʨʘʟʣʠʯʥʳʤ ʦʙʨʘʟʦʤ. ʅʘʧʨʠʤʝʨ, ʧʨʠ 

ʧʨʷʤʦʤ ʩʨʘʚʥʝʥʠʠ ʢʦʦʨʜʠʥʘʪ (ʧʨʠʟʥʘʢʦʚ) ʧʨʠʤʝʥʷʝʪʩʷ ʝʚʢʣʠʜʦʚʘ ʤʝʪʨʠʢʘ: 
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= -ä                                   (2.30) 

ʛʜʝ N ï ʨʘʟʤʝʨʥʦʩʪʴ ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ.  

ɽʩʣʠ ʞʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʫʛʣʦʚʳʤ ʦʪʢʣʦʥʝʥʠʷʤ, ʪʦ 

ʨʘʩʩʪʦʷʥʠʝ ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʯʝʨʝʟ ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ʧʨʠʟʥʘʢʦʚ: 
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,                                (2.31) 

 

ʛʜʝ ||Xw|| ʠ ||Xwg|| ï ʥʦʨʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʢʪʦʨʦʚ.  

ɺ ʘʣʛʦʨʠʪʤʘʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʦʧʫʩʢʘʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʠʭ ʚʝʩʘ Vj (ʢʘʢ ʤʝʨʫ ʜʦʚʝʨʠʷ), 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʨʘʩʩʪʦʷʥʠʷ 

ʧʝʨʝʭʦʜʠʪ ʢ ʚʟʚʝʰʝʥʥʦʤʫ ʚʠʜʫ [64]. 
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ɺ ʢʘʯʝʩʪʚʝ ʥʝʧʦʣʥʦʛʦ ʧʝʨʝʯʥʷ ʧʨʠʤʝʨʦʚ ʤʝʪʨʠʢ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʧʨʠʟʥʘʢʦʚ ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ: 

1) ʤʝʪʨʠʢʫ ʄʠʥʢʦʚʩʢʦʛʦ; 

2) ʝʚʢʣʠʜʦʚʦ ʠ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʝʚʢʣʠʜʦʚʦ ʨʘʩʩʪʦʷʥʠʝ; 

3) ʨʘʩʩʪʦʷʥʠʝ ʄʘʭʘʣʘʥʦʙʠʩʘ; 

4) ʨʘʩʩʪʦʷʥʠʝ ʧʦ ʄʘʥʭʝʪʪʝʥʫ ï ʢʘʢ ʩʫʤʤʫ ʘʙʩʦʣʶʪʥʳʭ ʚʝʣʠʯʠʥ 

ʦʪʢʣʦʥʝʥʠʡ ʧʦ ʚʩʝʤ ʠʟʤʝʨʝʥʠʷʤ; 
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5) ʢʦʩʠʥʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ï ʢʘʢ ʝʜʠʥʠʮʫ ʤʠʥʫʩ ʢʦʩʠʥʫʩ ʦʪ ʫʛʣʘ 

ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ; 

6) ʢʦʨʨʝʣʷʮʠʦʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ï ʢʘʢ ʝʜʠʥʠʮʫ ʤʠʥʫʩ ʚʳʙʦʨʦʯʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʧʨʠʟʥʘʢʦʚ ʤʥʦʛʦʤʝʨʥʦʡ 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ; 

7) ʨʘʩʩʪʦʷʥʠʝ ʍʵʤʤʠʥʛʘ ï ʢʘʢ ʧʨʦʮʝʥʪ ʦʪʣʠʯʘʶʱʠʭʩʷ ʢʦʦʨʜʠʥʘʪ 

ʦʪ ʠʭ ʦʙʱʝʛʦ ʯʠʩʣʘ; 

8) ʨʘʩʩʪʦʷʥʠʝ ɼʞʘʢʢʘʨʜʘ ï ʢʘʢ ʝʜʠʥʠʮʫ ʤʠʥʫʩ ʧʨʦʮʝʥʪ 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʥʝʥʫʣʝʚʳʭ ʢʦʦʨʜʠʥʘʪ ʦʪ ʠʭ ʦʙʱʝʛʦ ʯʠʩʣʘ. 

9) ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʂʫʣʴʙʘʢʘ ï ʃʝʡʙʣʝʨʘ. 

ɺ ʨʘʩʧʦʟʥʘʶʱʠʭ ʘʣʛʦʨʠʪʤʘʭ, ʦʧʠʨʘʶʱʠʭʩʷ ʥʘ ʚʝʨʦʷʪʥʦʩʪʥʳʝ 

ʧʨʠʟʥʘʢʠ, ʨʦʣʴ ʤʝʨʳ ʙʣʠʟʦʩʪʠ ʚʳʧʦʣʥʷʝʪ ʨʠʩʢ (ʦʞʠʜʘʝʤʳʝ ʧʦʪʝʨʠ), 

ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʦʙʲʝʢʪ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ 

Wi, ʛʜʝ i ï ʠʥʜʝʢʩ ʢʣʘʩʩʘ. (i=1,2,..,m.). ʆʧʠʩʘʥʠʝ ʢʣʘʩʩʦʚ ʟʘʜʘʸʪʩʷ ʥʘʙʦʨʦʤ

1 2{ ( ), ( ), ( , ... )}i i nf X P W X X X X= . ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʪʘʢʦʡ ʤʝʨʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʘʪʸʞʥʘʷ (ʤʘʪʨʠʮʘ ʧʦʪʝʨʴ) ʚʠʜʘ 
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,                                            (2.33) 

 

ʧʨʠʯʸʤ ʵʣʝʤʝʥʪʳ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʪʝʨʷʤ ʧʨʠ 

ʧʨʘʚʠʣʴʥʳʭ ʨʝʰʝʥʠʷʭ. 

ʇʫʩʪʴ ʚʝʢʪʦʨ ʧʨʠʟʥʘʢʦʚ ʢʣʘʩʩʠʬʠʮʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ w ʨʘʚʝʥ Xw . 

ʊʦʛʜʘ ʨʠʩʢ, ʩʚʷʟʘʥʥʳʡ ʩ ʚʳʙʦʨʦʤ ʢʣʘʩʩʘ Wg, ʚ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʠʩʪʠʥʥʘʷ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʦʙʲʝʢʪʘ ʤʦʞʝʪ ʦʪʥʦʩʠʪʴʩʷ ʢ ʦʜʥʦʤʫ ʠʟ ʢʣʘʩʩʦʚ 

W1,W2,...,Wm, ʝʩʪʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʪʴ ʢʘʢ ʩʨʝʜʥʝʝ (ʧʦ ʚʦʟʤʦʞʥʳʤ 

ʠʩʪʠʥʥʳʤ ʢʣʘʩʩʘʤ) ʟʥʘʯʝʥʠʝ ʧʦʪʝʨʴ ʠʟ g-ʛʦ ʩʪʦʣʙʮʘ ʤʘʪʨʠʮʳ, ʪ.ʝ. ʉ1g, 

C2g,...,Cmg. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʨʝʜʥʠʡ ʨʠʩʢ ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ 
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ɿʜʝʩʴ P(Wi/Xw) ï ʘʧʦʩʪʝʨʠʦʨʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ wÍWi. ɼʣʷ 

ʟʘʜʘʥʥʳʭ ʦʧʠʩʘʥʠʡ ʢʣʘʩʩʦʚ ʫʢʘʟʘʥʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ, 

ʥʘʧʨʠʤʝʨ, ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʝʤʳ ʛʠʧʦʪʝʟ ʣʠʙʦ ʧʦ ʬʦʨʤʫʣʝ ɹʘʡʝʩʘ. 
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2.5. ɺʳʚʦʜʳ ʧʦ ʚʪʦʨʦʡ ʛʣʘʚʝ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ ʚʪʦʨʦʡ ʛʣʘʚʳ 

ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʠ ʨʘʩʰʠʨʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʧʠʩʠ ʧʦ ʢʦʨʪʝʞʫ ʩʪʘʥʜʘʨʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʝʥʩʦʨʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ 

ʧʦʩʪʘʥʦʚʢʠ ʧʦʜʧʠʩʠ ʥʘ ʤʥʦʞʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʥʳʭ 

ʤʥʦʛʦʤʝʨʥʳʭ ʢʨʠʚʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʘʣʠʟʘʮʠʡ ʧʦʜʧʠʩʠ. ɺ 

ʦʩʥʦʚʫ ʤʦʜʝʣʠ ʧʦʣʦʞʝʥʘ ʛʠʧʦʪʝʟʘ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʘʣʠʟʘʮʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʟʘ ʩʯʝʪ 

ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʟʥʘʯʝʥʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʢʦʨʪʝʞʘ ʟʥʘʯʝʥʠʡ ʩʪʘʥʜʘʨʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɺʳʙʦʨ 

ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʢʘʢ ʤʥʦʛʦʤʝʨʥʦʛʦ ʥʝʣʠʥʝʡʥʦʛʦ ʵʢʩʪʨʘʧʦʣʷʪʦʨʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʝʢʮʠʡ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʜʘʥʥʳʭ 

ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʧʦ ʚʨʝʤʝʥʠ, ʪ.ʝ. ʥʝʜʦʩʪʘʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʨʪʨʝʪʘ ʧʦʜʧʠʩʠ, ʦʙʫʩʣʦʚʣʝʥ ʨʘʟʤʝʨʥʦʩʪʴʶ ʠ ʨʘʟʤʝʨʘʤʠ 

ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʧʨʠ ʚʥʫʪʨʠʢʣʘʩʩʦʚʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʨʝʘʣʴʥʳʭ 

ʜʘʥʥʳʭ. 

2. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʨʝʘʣʠʟʘʮʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʦʜʧʠʩʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʥʳʭ ʤʥʦʛʦʤʝʨʥʳʭ ʢʨʠʚʳʭ. 
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ʈʘʟʨʘʙʦʪʢʘ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʦʜʠʢʪʦʚʘʥʘ ʚʳʨʘʞʝʥʥʦʡ ʚʥʫʪʨʠʢʣʘʩʩʦʚʦʡ 

ʚʘʨʠʘʪʠʚʥʦʩʪʴʶ, ʢʦʛʜʘ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʵʪʘʣʦʥʘ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ 

ʥʝʩʢʦʣʴʢʦ ʫʩʪʦʡʯʠʚʳʭ ʚʘʨʠʘʥʪʦʚ ʚʳʧʦʣʥʝʥʠʷ ʧʦʜʧʠʩʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʠʭ 

ʨʘʟʜʝʣʴʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. ʉʦʚʨʝʤʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ 

ʤʦʜʝʣʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʫʯʠʪʳʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʫʩʪʦʡʯʠʚʳʭ 

ʚʘʨʠʘʥʪʦʚ ʚ ʦʜʥʦʤ ʵʪʘʣʦʥʝ, ʷʚʣʷʝʪʩʷ ʩʝʪʴ SOM.  

3. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʦʩʥʦʚʥʳʭ, 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʝ 

ʤʥʦʛʦʤʝʨʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʝ ʤʦʜʝʣʠ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ ʠ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʴ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʥʦʛʦʤʝʨʥʳʭ ʢʨʠʚʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʧʠʩʠ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʨʦʚ ʦʙʫʯʘʶʱʠʭ 

ʚʳʙʦʨʦʢ, ʠʩʭʦʜʥʳʭ ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʢʣʘʩʩʘ 

ʤʥʦʛʦʩʣʦʡʥʳʭ MLP (multilayer perceptron) (ʠʣʠ BProp) ʩʝʪʝʡ ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʝʤʢʠʭ ʩʪʨʫʢʪʫʨ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʥʦʛʦʤʝʨʥʳʭ ʩʠʛʥʘʣʦʚ. 

4. ʇʨʝʜʩʪʘʚʣʝʥʘ ʜʝʢʦʤʧʦʟʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʥʝʡʨʦʩʝʪʝʚʦʛʦ 

ʦʪʦʞʜʝʩʪʚʣʝʥʠʷ ʦʙʨʘʟʮʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʛʥʘʪʫʨʳ ʧʦʜʧʠʩʠ ʩ ʵʪʘʣʦʥʘʤʠ ʧʦ 

ʢʦʨʪʝʞʫ ʫʥʠʢʘʣʴʥʳʭ ʤʘʪʨʠʮ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʤʝʞʥʝʡʨʦʥʥʳʭ ʩʚʷʟʝʡ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʝʢʦʤʧʦʟʠʮʠʠ 

ʧʨʦʮʝʜʫʨʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʘʞʜʦʛʦ ʥʘʙʦʨʘ ʤʘʪʨʠʮ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʘʣʬʘʚʠʪ ʢʣʘʩʩʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʚʚʝʩʪʠ ʵʣʝʤʝʥʪ ï çʦʪʢʘʟ ʦʪ ʨʘʩʧʦʟʥʘʚʘʥʠʷè, ʢʦʛʜʘ ʚʭʦʜʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥʘ ʥʠ ʢ ʦʜʥʦʤʫ ʠʟ ʵʪʘʣʦʥʦʚ ʩ ʟʘʜʘʥʥʳʤ ʫʨʦʚʥʝʤ 

ʫʚʝʨʝʥʥʦʩʪʠ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʡ ʜʝʢʦʤʧʦʟʠʮʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ 

ʥʘ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʧʨʦʮʝʜʫʨʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 
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3. ʄɽʊʆɼʀʂʀ ʀ ɸʃɻʆʈʀʊʄʓ ɸʅɸʃʀɿɸ, 

ʉʆʇʆʉʊɸɺʃɽʅʀʗ ʀ ʂʃɸʉʉʀʌʀʂɸʎʀʀ ʈɽɸʃʀɿɸʎʀʁ 

ɼʀʅɸʄʀʏɽʉʂʆʁ ʇʆɼʇʀʉʀ ʅɸ ʆʉʅʆɺɽ ʅɽʁʈʆʉɽʊɽɺʆɻʆ 

ɺʓʏʀʉʃʀʊɽʃʔʅʆɻʆ ɹɸɿʀʉɸ 

 

3.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʘʥʘʣʠʟʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʠʛʥʘʪʫʨʳ ʧʦʜʧʠʩʠ ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʠ 

ʤʥʦʛʦʪʦʯʝʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʝʤʝʡʩʪʚʘ ʢʨʠʚʳʭ 

 

ʉ ʫʯʝʪʦʤ ʚʳʚʦʜʦʚ ʚʪʦʨʦʡ ʛʣʘʚʳ, ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʘʣʠʟʘʮʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ 

ʷʚʣʷʶʪʩʷ ʵʪʘʣʦʥʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʛʥʘʪʫʨʳ ʧʦʜʧʠʩʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʚʠʜʝ ʤʥʦʛʦʤʝʨʥʦʡ ʢʨʠʚʦʡ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʩʠʥʪʝʟʘ ʪʘʢʠʭ 

ʰʘʙʣʦʥʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʪʢʨʳʪʳʝ ɹɼ, ʩʦʜʝʨʞʘʱʠʝ ʜʦ ʜʝʩʷʪʢʘ ʧʘʨʘʤʝʪʨʦʚ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʧʠʩʠ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʐʘʙʣʦʥ (ʵʪʘʣʦʥ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʢʨʠʚʫʶ, 

ʚʣʦʞʝʥʥʫʶ ʚ ʤʥʦʛʦʤʝʨʥʦʝ (ʧʦ ʯʠʩʣʫ ʧʘʨʘʤʝʪʨʦʚ) ʧʨʦʩʪʨʘʥʩʪʚʦ, ʢʘʢ 

ʨʝʟʫʣʴʪʘʪ ʢʣʘʩʪʝʨʠʟʘʮʠʠ (ʪʘʢʩʦʥʦʤʠʠ) ʤʥʦʞʝʩʪʚʘ ʨʝʘʣʠʟʘʮʠʡ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʢʣʘʩʩʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʘʣʬʘʚʠʪ ʢʣʘʩʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʤʥʦʞʝʩʪʚʦʤ ʰʘʙʣʦʥʦʚ 

W1. ɿʘʜʘʯʘ ʘʥʘʣʠʟʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʛʥʘʪʫʨʳ ʧʦʜʧʠʩʠ ʥʘ 

ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʢʨʠʚʳʭ ʠ 

ʤʥʦʛʦʪʦʯʝʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʤʝʡʩʪʚʘ 

ʢʨʠʚʳʭ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʌʘʢʪʦʛʨʘʬʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ ʦ ʪʦʤ, ʢʘʢʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʧʨʠʥʘʜʣʝʞʠʪ ʢʘʞʜʳʡ ʰʘʙʣʦʥ, ʟʘʜʘʶʪʩʷ ʯʝʨʝʟ ʧʨʝʮʝʜʝʥʪ-ʧʦʜʤʥʦʞʝʩʪʚʦ ʠʟ 

L ʧʘʨ çʚʭʦʜïʚʳʭʦʜè: ʚʭʦʜʘʤʠ ʚʳʩʪʫʧʘʶʪ ʤʥʦʛʦʤʝʨʥʳʝ ʢʨʠʚʳʝ ʨʝʘʣʠʟʘʮʠʡ 

ʧʦʜʧʠʩʠ { }
1

L
i

i
X

=

 ʘ ʚʳʭʦʜʘʤʠ ð ʢʦʜʦʚʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʚʣʘʜʝʣʴʮʝʚ { }
1

L
i

i
Z

=

, 
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, 1,i i Lt =  ʆʙʫʯʘʶʱʠʝ ʚʝʢʪʦʨʳ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ , 1,i i Lt = , 

ʧʨʠʯʸʤ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʨʝʤʝʥʥʘʷ ʜʠʩʢʨʝʪʠʟʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʥʝʨʘʚʥʦʤʝʨʥʦʡ. 

ʊʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ: 

1. ʄʥʦʛʦʤʝʨʥʫʶ ʤʦʜʝʣʴ F2 (ʠʟ ʤʥʦʞʝʩʪʚʘ F) ʦʪʦʙʨʘʞʝʥʠʷ 

:  X ZY ­  

ʧʝʨʝʚʦʜʷʱʫʶ ʚʭʦʜʥʳʝ ʚʝʢʪʦʨʳ  1
i

X ÍW  ʠʟ ʢʦʥʝʯʥʦʛʦ ʥʘʙʦʨʘ { }
1

L
i

i
X

=

 

ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʭʦʜʥʳʝ 1
i

Z ÍW  ʠʟ ʤʥʦʞʝʩʪʚʘ { }
1

L
i

i
Z

=
, 1,i L= . 

ʇʦʩʪʨʦʝʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʤʝʨʥʦʡ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʢʦʥʝʯʥʦʛʦ 

ʯʠʩʣʘ ʧʨʝʮʝʜʝʥʪʦʚ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ (ʧʨʠʥʘʜʣʝʞʘʱʝʡ W1) ʩ 

ʚʝʨʦʷʪʥʦʩʪʴʶ p1 ʥʝ ʤʝʥʴʰʝʡ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʚʝʨʦʷʪʥʦʩʪʠ 

ʢʦʨʨʝʢʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʝʢʪʦʨʘ  { }
1

L
i

i
Z

=
, 1,i L=  ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʠ 

ʩʚʝʨʭʫ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʫʶ ʧʦʛʨʝʰʥʦʩʪʴ D1 ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ. 

2. ʀʩʧʦʣʴʟʫʷ ʥʘʡʜʝʥʥʫʶ F2 ʧʦ ʧʨʝʮʝʜʝʥʪ-ʧʦʜʤʥʦʞʝʩʪʚʫ ʠʟ M ʘʙʦʯʠʭ 

ʚʭʦʜʥʳʭ ʚʝʢʪʦʨʦʚ, { }
1

M
i

i
X

=

, , 1,i i Mt =  ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʤʦʤʝʥʪʳ 

, 1,i i Mt = , ʧʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʰʘʛʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠ ʧʨʠʥʘʜʣʝʞʘʱʠʭ W2, 

(ʧʨʠ ʫʩʣʦʚʠʠ W1 Æ W2 = Å), ʚʳʯʠʩʣʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʥʦʞʝʩʪʚʦ 

ʚʳʭʦʜʦʚ { }
1

M
i

i
Z

=

, 1,i M= , ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ p2 ʥʝ ʥʠʞʝ ʤʠʥʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʘʚʠʣʴʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚʝʢʪʦʨʘ  { }
1

L
i

i
Z

=
, 

1,i L=  ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʷ ʩʚʝʨʭʫ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʫʶ 

ʧʦʛʨʝʰʥʦʩʪʴ D2 ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʤʥʦʛʦʢʨʘʪʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ 

ʧʦʜʧʠʩʠ ʥʘ ʨʘʥʝʝ ʥʝ ʚʩʪʨʝʯʘʚʰʠʭʩʷ ʧʨʠʤʝʨʘʭ ʠ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ 

ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. 



84 

 

3.2. ʉʪʨʫʢʪʫʨʥʳʡ ʩʠʥʪʝʟ ʥʝʡʨʦʩʝʪʝʚʳʭ ʘʨʭʠʪʝʢʪʫʨ ʘʥʘʣʠʟʘ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʧʠʩʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʦʪʩʯʝʪʦʚ ʤʥʦʛʦʤʝʨʥʳʭ ʢʨʠʚʳʭ 

 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʤʦʜʝʣʴ ʧʦʩʪʘʥʦʚʢʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʥʘ 

ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʝʝ ʨʝʘʣʠʟʘʮʠʠ [t0, t) ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

 

 {}{}{} {}0 0: [ , ) [ , ),F U N K t X tt t³ ³ ³ ­ ³                           (3.1) 

 

ʛʜʝ: {U} ï ʤʥʦʞʝʩʪʚʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ( )1 2 3, , ,..., ,mU u u u u=  ʤʦʪʦʨʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ ʧʝʨʦ ʩʪʠʣʫʩʘ ʧʣʘʥʰʝʪʘ;  

{ N} ï ʤʥʦʞʝʩʪʚʦ ʟʥʘʯʝʥʠʡ ʚʝʢʪʦʨʘ ( )1 2 3, , ,..., ,lN n n n n=  

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʤʝʭ ʩ ʥʝʠʟʚʝʩʪʥʳʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʯʝʣʦʚʝʯʝʩʢʘʷ ʧʦʜʧʠʩʴ ʚʩʝʛʜʘ 

ʚʘʨʠʘʙʝʣʴʥʘ;   

{ K} ï ʤʥʦʞʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʦʤʝʭ ʨʝʛʠʩʪʨʘʮʠʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʵʣʝʢʪʨʦʥʠʢʦʡ ʧʣʘʥʰʝʪʘ  ( )1 2 3, , ,..., ,rK k k k k=  ʩ 

ʠʟʚʝʩʪʥʳʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ;  

{ X} ï ʤʥʦʞʝʩʪʚʦ ʟʥʘʯʝʥʠʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʨʠʚʳʭ ʧʦʜʧʠʩʠ 

( )1 2 3, , ,..., ;qX x x x x=  

F ï ʦʜʥʦʟʥʘʯʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʤʥʦʞʝʩʪʚ {U}, { N}, { K} ʚ 

ʵʣʝʤʝʥʪʳ ʤʥʦʞʝʩʪʚʘ {X}.  

ʇʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʧʦʩʪʘʥʦʚʢʠ ʧʦʜʧʠʩʠ, ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʟʘʜʘʝʪʩʷ ʚ 

ʚʠʜʝ ʚʝʢʪʦʨʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ( )1 2 3
, , ,..., .

v
F=j j j j 

ʂʦʦʨʜʠʥʘʪʳ ʌ ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʠ ʟʘʜʘʶʪʩʷ ʜʚʫʤʷ 

ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: 

- ʥʘ ʤʥʦʞʝʩʪʚʘʭ {U}, { N}, { K} ʚ ʚʠʜʝ: 
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{}{}{} 0: [ , ) ,vU N K tt RF ³ ³ ³ ­                          (3.2) 

 

ʛʜʝ R
v
 ï ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʠʩʝʣ; 

- ʥʘ ʤʥʦʞʝʩʪʚʘʭ {U}, { N}, { X} ʚ ʚʠʜʝ: 

 

{}{}{} 0: [ , ) .vU N X tt RF ³ ³ ³ ­                          (3.3) 

 

ʕʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʩʧʦʩʦʙʦʚ (3.2) ʠ (3.3) ʦʙʫʩʣʦʚʣʝʥʘ ʦʜʥʦʟʥʘʯʥʳʤ 

ʦʪʦʙʨʘʞʝʥʠʝʤ F. 

ʕʣʝʤʝʥʪʳ {ʌ} ʧʦ ʦʧʨʝʜʝʣʝʥʠʷʤ (3.2) ʠ (3.3) ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʘʢʩʠʦʤʘʤ ʠ ʦʧʝʨʘʮʠʷʤ ʣʠʥʝʡʥʦʛʦ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ Lʌ, 

ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ 

çʧʦʣʴʟʦʚʘʪʝʣʴïʨʫʢʘïʩʪʠʣʫʩïʧʣʘʥʰʝʪè. 

ʇʦ ʟʘʜʘʥʥʳʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ U ʠ 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʚʦʟʤʫʱʝʥʠʡ ʧʨʠ ʠʟʚʝʩʪʥʦʡ ʤʦʜʝʣʠ (3.1) ʤʝʪʦʜʘʤʠ 

ʪʝʦʨʠʠ ʦʮʝʥʠʚʘʥʠʷ ʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʥʦʤʠʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʢʪʦʨʘ ʧʘʨʘʤʝʪʨʦʚ K
ʥ
, ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ 

* 1 2,Íè øF F Fê ú ʠ ʵʪʘʣʦʥʥʳʝ ʚʳʭʦʜʥʳʝ ʨʝʘʢʮʠʠ X
ʵ
. 

ɺ ʧʨʦʮʝʩʩʝ ʧʦʩʪʘʥʦʚʢʠ ʧʦʜʧʠʩʠ ʦʜʥʠʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʦʤʝʥʪʳ ʚʭʦʜʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʠʥʠʤʘʶʪ ʣʶʙʳʝ ʟʘʨʘʥʝʝ 

ʥʝʠʟʚʝʩʪʥʳʝ ʟʥʘʯʝʥʠʷ UÍ{ U} ʠ NÍ{ N}.  

ʆʩʦʙʝʥʥʦ ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʧʦʜʧʠʩʠ ʚ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʷ, ʚ ʫʩʣʦʚʠʷʭ ʥʝʠʟʚʝʩʪʥʳʭ ʚʭʦʜʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ U, ʚ ʫʩʣʦʚʠʷʭ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ N. ɼʣʷ ʪʘʢʠʭ 

ʩʠʪʫʘʮʠʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʌ, ʟʘʜʘʥʥʳʡ ʚ ʚʠʜʝ (3.2) ʠ (3.3), ʠ ʚʳʭʦʜʥʳʝ 

ʨʝʘʢʮʠʠ X, ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ (3.1), ʟʘʚʠʩʷʪ ʦʪ ʥʝʠʟʚʝʩʪʥʳʭ U, N ʠ K, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʦʪʣʠʯʠʝʤ ʟʘʜʘʯʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʨʠ ʢʦʥʪʨʦʣʝ ʧʨʦʮʝʩʩʦʚ 

ʧʦʩʪʘʥʦʚʢʠ ʧʦʜʧʠʩʠ ʦʪ ʪʝʩʪʦʚʳʭ ʧʨʦʮʝʜʫʨ ʧʦʩʪʘʥʦʚʢʠ ʠʣʠ ʧʦʜʜʝʣʢʠ 

ʧʦʜʧʠʩʠ. 
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ʉʠʩʪʝʤʘ (3.1) ʦʙʣʘʜʘʝʪ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʴʶ, ʝʩʣʠ 

ʨʘʟʤʝʨʥʦʩʪʴ X ʙʦʣʴʰʝ ʩʫʤʤʘʨʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ U ʠ N ʠ ʨʘʥʛ ʤʘʪʨʠʮʳ 

 

,    1,..., ,   1,...( )
i i

j j

F F
rank m l i q j m l

U n

è øµ µ
² + = = +é ù

µ µê ú
                (3.4) 

 

q > m + l ʜʣʷ ʣʶʙʳʭ UÍ{ U}, NÍ{ N}.  

ɺʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ (3.4) ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ (3.1) ʚ ʚʠʜʝ 

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

 

( ), , , ,   1,...,i i
K N U t i qfx = =                                     (3.5) 

 

ʠ ʨʘʟʨʝʰʠʪʴ ʧʝʨʚʳʝ m + l ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ U ʠ N 

 

( ), , ,   1,..., ,j j K X t j mU U= =                                     (3.6) 

 

( ), , ,   1,..., .j j K X t j lN N= =                                     (3.7) 

 

ʋʨʘʚʥʝʥʠʷ (3.6), (3.7) ʧʦʜʩʪʘʚʣʷʶʪʩʷ ʚ ʦʩʪʘʚʰʠʝʩʷ q - (m + l) 

ʫʨʘʚʥʝʥʠʡ (3.5) ʚʤʝʩʪʦ N ʠ U ʠ ʧʦʣʫʯʘʶʪʩʷ q - (m + l)  ʢʦʥʪʨʦʣʴʥʳʭ 

ʫʩʣʦʚʠʡ, ʠʥʚʘʨʠʘʥʪʥʳʭ ʢ N ʠ U ʚ ʚʠʜʝ 

 

( ), , ,   1,...,( ( )).i i
K X t i q m lfx = = - +                           (3.8) 

 

ɽʩʣʠ ʨʘʟʤʝʨʥʦʩʪʴ K, ʨʘʚʥʘʷ r ¢ q - (m + l), ʠ ʨʘʥʛ ʤʘʪʨʠʮʳ  

 

()
( )( )

*
,   1,..., ,   1,...,i

j

f
rank r i q m l j r

k

è øµ
² = - + =é ù

µê ú
                   (3.9) 
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ʜʣʷ ʣʶʙʳʭ KÍ{ K}, ʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʨʝʥʠʷ X ʦʜʥʦʟʥʘʯʥʦ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ K. ʪ.ʝ. ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘʜʘʥʥʘʷ ʛʣʫʙʠʥʘ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ.  

ʉʨʝʜʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʮʝʜʫʨʳ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚ ʩʝʙʷ ʟʘʪʨʘʪʳ ʥʘ ʠʟʤʝʨʝʥʠʷ X ʠ ʦʨʛʘʥʠʟʘʮʠʶ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʧʨʦʮʝʜʫʨʳ ʦʧʨʝʜʝʣʝʥʠʷ ʂ. 

ʆʧʠʩʘʥʠʝ ʤʦʜʝʣʠ ʧʦʩʪʘʥʦʚʢʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʠ ʝʝ ʘʥʘʣʠʟʘ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ (ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʨʝʟʫʣʴʪʘʪʦʚ) ʥʝʩʢʦʣʴʢʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʤʘʞʦʨʠʪʘʨʥʳʤ 

ʛʦʣʦʩʦʚʘʥʠʝʤ ʦʨʛʘʥʠʟʫʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ ʥʘ ʨʠʩ. 3.1. 

 

 

ʈʠʩʫʥʦʢ 3.1 ï ʆʙʱʘʷ ʩʭʝʤʘ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ 

 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚʘʭ ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ 

ʩʣʝʜʫʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ (ʧʦ ʚʳʙʨʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ) ʘʣʛʦʨʠʪʤʳ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʇʨʠ ʨʝʰʝʥʠʠ ʵʪʦʡ ʟʘʜʘʯʠ ʚʦʟʥʠʢʘʶʪ ʦʙʳʯʥʳʝ ʜʣʷ 



88 

 

ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʪʨʫʜʥʦʩʪʠ, ʫʩʣʦʞʥʷʶʱʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʠʩʪʝʤʳ. ɸʣʛʦʨʠʪʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʦʣʞʝʥ ʚ 

ʥʝʢʦʪʦʨʦʤ ʩʤʳʩʣʝ ʦʧʪʠʤʘʣʴʥʦ ʩʦʧʦʩʪʘʚʣʷʪʴ ʘʧʦʩʪʝʨʠʦʨʥʳʝ ʜʘʥʥʳʝ ʦ 

ʥʝʠʟʚʝʩʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʧʠʩʠ ʩ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʘʧʨʠʦʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʪʴ, ʢ ʢʘʢʦʤʫ 

ʢʣʘʩʩʫ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥʘ. 

ɺ ʩʚʷʟʠ ʩ ʟʘʜʘʯʝʡ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʛʦ ʧʝʨʝʯʥʷ ʧʨʠʟʥʘʢʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʠʟʥʘʢʦʚ (ʚ ʫʩʣʦʚʠʷʭ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʥʘ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠʟʥʘʢʠ) ʚʝʨʦʷʪʥʦʩʪʴ ʦʜʥʦʟʥʘʯʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʪʨʝʤʠʪʩʷ ʢ ʝʜʠʥʠʮʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʠʩʪʝʤʘʭ ʘʥʘʣʠʟʘ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʟʤʝʨʷʝʤʳʭ ʧʨʠʟʥʘʢʦʚ 

ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʠ ʥʝʧʦʣʥʦʪʳ ʜʘʥʥʳʭ, ʢʦʛʜʘ ʦʪʜʝʣʴʥʳʝ 

ʧʨʠʟʥʘʢʠ ʥʝʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʚʩʝʤ ʣʠʙʦ ʠʭ ʟʥʘʯʝʥʠʷ ʠʩʢʘʞʘʶʪʩʷ 

ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʚʦʟʥʠʢʘʝʪ ʨʠʩʢ ʦʰʠʙʦʯʥʦʛʦ ʦʪʥʝʩʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ ʢ ʢʣʘʩʩʫ. 

ɺ ʥʘʩʪʦʷʱʠʭ ʘʣʛʦʨʠʪʤʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʠ 

ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ. ʇʨʠʟʥʘʢʠ, ʧʨʠʥʷʪʳʝ ʚ 

ʵʪʠʭ ʩʠʩʪʝʤʘʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʠ 

ʚʝʨʦʷʪʥʦʩʪʥʳʝ. 

ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʠʟʥʘʢʦʚ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ. 

ɽʝ ʧʨʠʤʝʥʝʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤʳ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʢʦʛʜʘ ʠʤʝʶʱʘʷʩʷ ʘʧʨʠʦʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʝʱʝ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʡ ʦʪʜʝʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʘ ʪʘʢʞʝ 

ʫʩʪʘʥʦʚʠʪʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʩʚʷʟʠ ʠ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ 

ʦʙʲʝʢʪʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʦʙʲʝʢʪʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʦʣʴʢʦ ʥʘʙʦʨʦʤ ʢʦʥʢʨʝʪʥʳʭ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ, 

ʚʳʨʘʞʝʥʥʳʭ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʰʢʘʣʝ, ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʧʨʠʟʥʘʢʠ, ʯʪʦ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʧʝʨʚʦʤ ʘʣʛʦʨʠʪʤʝ 

ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʳ.  
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ʅʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʝʤʢʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʜʣʷ ʘʥʘʣʠʟʘ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʥʦʛʦʤʝʨʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʤʥʦʛʦʤʝʨʥʦʡ ʢʨʠʚʦʡ ʷʚʣʷʝʪʩʷ 

ʤʥʦʛʦʩʣʦʡʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ (ʢʘʢ ʧʨʘʚʠʣʦ, ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ BProp ʠʣʠ 

MLP). ʏʠʩʣʦ ʚʭʦʜʥʳʭ ʥʝʡʨʦʥʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʢʘʪʝʥʘʮʠʠ ʚʝʢʪʦʨʦʚ 

ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʝʪʦʚ ʢʨʠʚʳʭ ʚʜʦʣʴ ʛʣʘʚʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ (ʨʠʩ. 3.2). ʏʠʩʣʦ 

ʥʝʡʨʦʥʦʚ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʨʷʜʥʦʩʪʠ ʧʦʟʠʮʠʦʥʥʦʛʦ ʢʦʜʘ, 

ʦʜʥʦʟʥʘʯʥʦ ʫʢʘʟʳʚʘʶʱʝʛʦ ʥʘ ʚʣʘʜʝʣʴʮʘ ʧʦʜʣʠʥʥʦʡ ʧʦʜʧʠʩʠ.  

 

ʈʠʩʫʥʦʢ 3.2 ï ʇʨʠʤʝʨ ʘʨʭʠʪʝʢʪʫʨʳ ʅʉ BProp ʜʣʷ ʩʣʫʯʘʷ ʜʚʫʤʝʨʥʦʡ 

ʢʨʠʚʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ (ʧʝʨʚʦʝ ʠʟʤʝʨʝʥʠʝ ï ʢʦʦʨʜʠʥʘʪʘ ʧʝʨʘ ʧʦ 

ʦʩʠ X, ʚʪʦʨʦʝ ï ʧʦ ʦʩʠ Y) 

 

ʆʮʝʥʢʘ ʯʠʩʣʘ ʤʝʞʵʣʝʤʝʥʪʥʳʭ ʩʚʷʟʝʡ Nw ʜʣʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʝʪʠ ʩ 

ʩʠʛʤʦʠʜʘʣʴʥʳʤʠ ʧʝʨʝʜʘʪʦʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʧʦʣʫʯʘʝʪʩʷ ʢʘʢ ʩʣʝʜʩʪʚʠʝ 

ʪʝʦʨʝʤ ɸʨʥʦʣʴʜʘïʂʦʣʤʦʛʦʨʦʚʘïʍʝʭʪïʅʠʣʴʩʝʥʘ [70 ʠ 71] ʠ ʚʳʨʘʞʘʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝʤ:  
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ɿʜʝʩʴ zL  ï ʟʘʜʘʸʪ ʨʘʟʨʷʜʥʦʩʪʴ ʧʦʟʠʮʠʦʥʥʦʛʦ ʢʦʜʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, L ï 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʲʸʤʫ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʧʨʦʪʦʢʦʣʘ ʥʘʙʣʶʜʝʥʠʡ W1, ʘ n 

ʦʙʦʟʥʘʯʘʝʪ ʯʠʩʣʦ ʧʝʨʝʤʝʥʥʳʭ, ʚʳʙʨʘʥʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʧʨʠʟʥʘʢʦʚ ʧʨʠ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʧʦʜʧʠʩʠ.  

ʉ ʫʯʝʪʦʤ ʠʩʢʫʩʩʪʚʝʥʥʦ ʚʚʝʜʝʥʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʦʙʦʙʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʧʨʦʪʦʢʦʣʘ W1: 
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,        (3.11) 

 

ʛʜʝ ( )sf p  ï ʟʥʘʯʝʥʠʝ ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʠ ʦʪ ʚʝʨʦʷʪʥʦʩʪʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ 

ʧʦʜʦʙʠʷ ʨʝʘʣʠʟʘʮʠʡ ʧʦʜʧʠʩʠ, ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʢʦʪʦʨʳʭ 

ʩʦʜʝʨʞʘʪʩʷ ʚ ʧʨʦʪʦʢʦʣʝ ʥʘʙʣʶʜʝʥʠʡ W1. 

 

3.3.  ʉʪʨʫʢʪʫʨʥʳʡ ʩʠʥʪʝʟ ʥʝʡʨʦʩʝʪʝʚʳʭ ʘʨʭʠʪʝʢʪʫʨ ʘʥʘʣʠʟʘ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʧʠʩʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʚʪʦʨʠʯʥʳʭ ʧʨʠʟʥʘʢʦʚ ʤʥʦʛʦʤʝʨʥʳʭ ʢʨʠʚʳʭ 

 

ʇʦʜ ʚʪʦʨʠʯʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʤʥʦʛʦʤʝʨʥʳʭ ʢʨʠʚʳʭ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʦʜʧʠʩʠ ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ, ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʧʨʠʟʥʘʢʠ ʜʘʥʥʳʭ ʢʨʠʚʳʭ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʯʠʩʣʷʝʤʳʝ ʠ ʧʦʜʘʚʘʝʤʳʝ ʥʘ 

ʚʭʦʜ ʢʣʘʩʩʠʬʠʮʠʨʫʶʱʝʡ ʤʥʦʛʦʩʣʦʡʥʦ ʅʉ ʪʠʧʘ BProp ʠʣʠ MLP. 

ʄʝʭʘʥʠʟʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʪʘʢʦʝ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʠʩʢ ʦʢʘʟʳʚʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤ. 

ʂʦʥʢʨʝʪʥʳʡ ʚʳʙʦʨ ʧʨʦʮʝʜʫʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʢʘʢʘʷ ʘʧʨʠʦʨʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʜʦʩʪʫʧʥʘ ʦ ʢʣʘʩʩʘʭ (ʵʪʘʣʦʥʘʭ) ʠ ʨʝʘʣʠʟʘʮʠʷʭ, ʘ ʪʘʢʞʝ ʪʝʤ, ʢʘʢ 

ʟʘʜʘʥʘ ʬʫʥʢʮʠʷ ʨʠʩʢʘ; ʧʦʵʪʦʤʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʠʤʝʥʷʶʪ ʦʜʥʫ 



91 

 

ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ ʩʪʨʘʪʝʛʠʡ ð ʙʘʡʝʩʦʚʩʢʫʶ, ʤʠʥʠʤʘʢʩʥʫʶ ʠʣʠ ʩʪʨʘʪʝʛʠʶ 

ʅʝʡʤʘʥʘïʇʠʨʩʦʥʘ. 

ɼʣʷ ʧʨʦʩʪʝʡʰʠʭ ʧʦʩʪʘʥʦʚʦʢ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚʩʝ ʪʨʠ ʧʦʜʭʦʜʘ ʧʨʠʚʦʜʷʪ 

ʢ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʨʝʰʘʶʱʝʤʫ ʧʨʘʚʠʣʫ; ʨʘʟʣʠʯʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʣʠʰʴ ʚ 

ʪʦʤ, ʢʘʢ ʚʳʙʠʨʘʶʪʩʷ ʧʦʨʦʛʦʚʳʝ ʫʨʦʚʥʠ. ɺ ʩʣʫʯʘʝ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʬʘʢʪʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʪʩʷ ʙʘʡʝʩʦʚʩʢʦʝ ʨʝʰʘʶʱʝʝ ʧʨʘʚʠʣʦ, 

ʧʦʩʢʦʣʴʢʫ ʚ ʟʘʜʘʯʘʭ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʘʧʨʠʦʨʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ʤʦʞʥʦ ʟʘʜʘʪʴ 

ʟʘʨʘʥʝʝ ʥʘ ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ, ʦʧʠʨʘʷʩʴ ʥʘ ʩʙʦʨ ʠ ʦʙʨʘʙʦʪʢʫ ʜʦʩʪʦʚʝʨʥʳʭ 

ʜʘʥʥʳʭ ʦʙʦ ʚʩʸʤ ʤʥʦʞʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʚʳʙʦʨʢʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʥʝʧʨʝʨʳʚʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʧʠʩʠ, ʪʦʛʜʘ 

ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʬʘʢʪʦʚ ʠʟʤʝʥʝʥʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʦʜʧʠʩʠ ʚʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʴʰʦʡ ʩʧʝʢʪʨ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʢ ʢʘʞʜʦʡ 

ʢʨʠʚʦʡ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, ʪʘʢ ʠ ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʠ. 

ɼʘʣʝʝ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʢʚʘʟʠ-ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ: 

ʪʨʝʙʫʝʪʩʷ ʣʠʰʴ ʠʥʪʝʨʚʘʣ, ʜʦʩʪʘʪʦʯʥʳʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʩʝʭ ʢʨʠʚʳʭ ʠ 

ʚʳʯʠʩʣʝʥʠʷ ʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʜʣʷ ʅʉ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

1) ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ xm  ʢʘʞʜʦʡ ʢʨʠʚʦʡ ʠ ʦʮʝʥʢʘ ʝʛʦ ʦʰʠʙʢʠ 
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= =ä , (3.12) 

 

ʛʜʝ n ï ʯʠʩʣʦ ʦʪʩʯʸʪʦʚ ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ, s ï 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

2) ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ s: 
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3) ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʠ ʝʛʦ ʦʰʠʙʢʘ eJ: 
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4) ʩʨʝʜʥʷʷ ʨʘʟʥʦʩʪʴ ɼʞʠʥʥʠ: 
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5) ʫʜʝʣʴʥʘʷ ʵʥʪʨʦʧʠʷ ʢʨʠʚʦʡ H: 

 

 2
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= ä ,        3,32lg 1 1,44ln 1,k n n= + = +            (3.16) 

 

ʧʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨ k  ʟʘʜʘʸʪʩʷ ʯʝʨʝʟ ʣʦʛʘʨʠʬʤʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʦʪ n   

6) ʧʦʢʘʟʘʪʝʣʴ ʪʦʯʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʢʨʠʚʦʡ: 
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ʛʜʝ N ï  ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ, 

s ï ʠʥʜʝʢʩ ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ,  s xm  ï  ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ s-ʛʦ 

ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ,  s mxe ï  ʦʰʠʙʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ s-ʛʦ 

ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

7) ʧʘʨʘʤʝʪʨ ʵʢʚʠʚʦʢʘʮʠʠ ʜʣʷ ʜʚʫʭ ʨʝʘʣʠʟʘʮʠʡ ʧʦʩʪʘʥʦʚʢʠ ʧʦʜʧʠʩʠ ï 

ˉ1 (ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʦʩʪʦʷʥʠʶ ʧʦʢʦʷ ʧʦʣʴʟʦʚʘʪʝʣʷ) ʠ ˉ2 

(ʧʨʝʜʲʷʚʣʷʝʤʦʡ ʢ ʨʘʩʧʦʟʥʘʚʘʥʠʶ) ï ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʚʝʣʠʯʠʥʘ, 

ʨʘʩʩʯʠʪʳʚʘʝʤʘʷ ʧʦ ʚʳʨʘʞʝʥʠʶ: 
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ʛʜʝ N - ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ,
1
sI - 

ʠʟʙʳʪʦʯʥʦʩʪʴ ʧʝʨʚʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʛʦʤʝʨʥʦʡ ʢʨʠʚʦʡ, 
2
sI - ʠʟʙʳʪʦʯʥʦʩʪʴ 

ʚʪʦʨʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʛʦʤʝʨʥʦʡ ʢʨʠʚʦʡ. 

ʇʘʨʘʤʝʪʨ ʵʢʚʠʚʦʢʘʮʠʠ ʦʪʨʘʞʘʝʪ ʩʪʝʧʝʥʴ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʧʨʦʮʝʩʩʘ ʧʦʩʪʘʥʦʚʢʠ ʧʦʜʧʠʩʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʟʤʝʨʷʝʤʳʭ ʧʨʠʟʥʘʢʦʚ ʧʨʠ 

ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʜʚʫʭ ʫʩʣʦʚʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 

ʢʣʘʩʩʠʬʠʮʠʨʫʝʤʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɽʛʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭ 

ʚʝʢʪʦʨʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ: ʧʝʨʚʳʡ 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʦ ʜʘʥʥʳʤ, ʨʘʩʩʯʠʪʘʥʥʳʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʝʨʚʦʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʚʪʦʨʦʡ ð ʧʦ ʜʘʥʥʳʤ ʚʪʦʨʦʛʦ ʠʥʪʝʨʚʘʣʘ. ʇʨʠ ʵʪʦʤ 

ʚ ʢʘʞʜʦʤ ʠʟ ʵʪʠʭ ʠʥʪʝʨʚʘʣʦʚ ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʘʭʦʜʠʪʩʷ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ 

ʩʦʩʪʦʷʥʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʛʠʧʦʪʝʟʳ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʠʜʝʷ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ 

ʧʝʨʝʚʦʜʝ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʜʘʥʥʳʭ ʠʟ ʘʤʧʣʠʪʫʜʥʦʡ ʚ ʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ 

ʤʦʛʫʪ ʧʨʦʷʚʠʪʴʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʧʨʠʟʥʘʢʠ ʠʣʠ ʫʩʪʦʡʯʠʚʳʝ ʚʟʘʠʤʦʩʚʷʟʠ 

ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ 

ʚʳʨʘʙʦʪʢʠ ʢʨʠʪʝʨʠʝʚ ï ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ. 

ʆʩʥʦʚʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʙʘʟʝ 

ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (ɼʇʌ).  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʤʝʪʦʜʦʤ ʌʫʨʴʝ (ʚ ʪʦʤ 

ʯʠʩʣʝ ʥʝ ʧʨʠʚʝʜʸʥʥʳʭ ʥʘ ʛʨʘʬʠʢʘʭ: ʢʦʦʨʜʠʥʘʪʳ ʧʦ ʦʩʠ ὢ, ʢʦʦʨʜʠʥʘʪʳ ʧʦ 

ʦʩʠ ὣ, ʜʘʚʣʝʥʠʝ ʥʘ ʵʢʨʘʥ, ʩʢʦʨʦʩʪʴ ʧʦ ʦʩʠ ὢ, ʩʢʦʨʦʩʪʴ ʧʦ ʦʩʠ ὣ, ʫʩʢʦʨʝʥʠʝ 

ʧʦ ʦʩʠ ὢ, ʫʩʢʦʨʝʥʠʝ ʧʦ ʦʩʠ ὣ), ʚʳʷʚʠʣʦ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʧʨʦʷʚʣʷʶʱʫʶʩʷ ʚ ʟʘʤʝʪʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʦʪ ʦʜʥʦʡ ʚʳʙʦʨʢʠ ʢ ʜʨʫʛʦʡ. 

ʉʭʦʜʥʳʡ ʵʬʬʝʢʪ ʙʳʣ ʧʦʣʫʯʝʥ ʠ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʜʠʩʢʨʝʪʥʦʛʦ ʢʦʩʠʥʫʩʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ɼʂʇ) ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʷʤ [72].  



94 

 

 

ɼʂʇ-I: ( )( ) ( )
1

11

2

2
cos 1 1 1

1 2 1 2

n
s n

r

r

u u
u r s

n n

p-
-

=

å õå õ
+ - - + -æ öæ ö

- -ç ÷ç ÷
ä     (3.19) 

ɼʂʇ-II : ( )
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ɼʂʇ-IV: 
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ʂʦʵʬʬʠʮʠʝʥʪʳ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʪʘʢʞʝ ʢʘʢ ʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʦʤʝʥʪʳ ʧʦʢʘʟʘʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ 

ʨʘʟʜʝʣʝʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠʟʥʘʢʦʚ ʥʘ ʢʣʘʩʩʳ ʢʣʘʩʩʠʬʠʮʠʨʫʝʤʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ [73]. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʤʝʥʝʥʠʝ ʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʠʛʥʘʣʘ ʷʚʣʷʝʪʩʷ ʦʧʨʘʚʜʘʥʥʳʤ. ʂ 

ʦʙʣʘʩʪʠ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʪʥʦʩʷʪ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʚʨʝʤʝʥʥʦ-

ʯʘʩʪʦʪʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʚʢʣʶʯʘʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

[74]. 

ʉ ʫʯʸʪʦʤ ʜʠʩʢʨʝʪʥʦʡ ʧʨʠʨʦʜʳ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʜʣʷ ʥʝʛʦ 

ʙʳʣ ʘʧʨʦʙʠʨʦʚʘʥ ʘʧʧʘʨʘʪ ʜʠʩʢʨʝʪʥʦʛʦ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ɼɺʇ): 

[]( )[] [][ ]*
k

y n x g n x k g n k
¤

=-¤

= = -ä                       (3.23) 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʷʶʪʩʷ ʜʝʪʘʣʠʟʠʨʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʵʢʩʪʨʘʧʦʣʷʮʠʠ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʢ 

ʚʪʦʨʠʯʥʳʝ ʧʨʠʟʥʘʢʠ ʠ ʧʦʜʘʚʘʣʠʩʴ ʥʘ ʚʭʦʜ ʅʉ. 

ʇʫʪʝʤ ʦʪʙʨʘʩʳʚʘʥʠʷ ʨʷʜʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (ʜʝʪʘʣʠʟʠʨʫʶʱʠʭ ʠʣʠ, 

ʥʘʧʨʦʪʠʚ ʵʢʩʪʨʘʧʦʣʠʨʫʶʱʠʭ) ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʦʚʘʪʴ ʥʠʟʢʦ- 

ʠʣʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʬʠʣʴʪʨʘʮʠʶ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ.  
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ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʜʘʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʙʫʜʫʯʠ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ 

ʚʨʝʤʝʥʥʦ-ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʦʣʞʥʳ ʧʦʟʚʦʣʠʪʴ ʣʦʢʘʣʠʟʦʚʘʪʴ 

ʠʩʢʦʤʳʡ ʬʨʘʛʤʝʥʪ ʩʠʛʥʘʣʘ ʥʘ ʚʨʝʤʝʥʥʦʡ ʦʩʠ, ʯʪʦ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, 

ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʨʘʟʮʦʚ 

ʧʦʜʧʠʩʠ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʣʘʩʩʫ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʚʝʡʚʣʝʪ-ʩʛʣʘʞʠʚʘʥʠʝ, ʫʜʘʣʝʥʠʝ ʰʫʤʘ ʠ ʢʦʤʧʨʝʩʩʠʷ ʩʠʛʥʘʣʦʚ 

ʧʨʠ ʚʳʙʦʨʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʙʘʟʠʩʘ ʠ ʧʨʠ ʠʟʤʝʥʷʝʤʦʤ ʧʦʨʦʛʝ ʫʜʘʣʝʥʠʷ ʯʘʩʪʠ 

ʚʝʡʚʣʝʪ-ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ʆʯʠʩʪʢʘ ʩʠʛʥʘʣʘ ʚʳʧʦʣʥʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʩ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʧʦʨʦʛʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʩʣʦʚʠʷ ʫʜʘʣʝʥʠʷ ʚʝʡʚʣʝʪ-ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʕʪʠ ʧʦʨʦʛʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʠʜʦʤ ʠʭ ʧʝʨʝʜʘʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʚʝʡʚʣʝʪ-ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ 

ʢʨʠʚʳʭ ʧʦʜʘʶʪʩʷ ʥʘ ʚʭʦʜ ʅʉ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʜʧʠʩʠ. 

ʇʨʦʪʦʢʦʣ ʥʘʙʣʶʜʝʥʠʡ W1 ʧʨʝʮʝʜʝʥʪʦʚ ʚʠʜʘ (3.12) ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʤʘʪʨʠʮʫ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʚʠʜʘ "ʦʙʲʝʢʪ-ʧʨʠʟʥʘʢ": 

 

1 1 1 1 1 1 1 1 1 1 1 1
1 11 1 1 1

1 111 1 1 1

... ... ... ... ... ...

... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...

... ... ... ... ... ...

... ... ... ... ... ... ... ... ...

k zv p

k zv p

L LL m NL

i i i i i i i i i i i i
L LL m NL

k k y y p p q q

k k y y p p q q

v v z z

v v z z=W

1 11 1 1 1

,

... ... ... ... ... ... ... ... ...

... ... ... ... ... ...
k zv p

L L L L L L L L L L L L
L LL m NL

k k y y p p q qv v z z

è ø
é ù
é ù
é ù
é ù
é ù
é ù
é ù
ê ú

      (3.24) 

 

ʛʜʝ (n+Lz+N) ï ʨʘʟʤʝʨ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʢʘʞʜʦʛʦ ʧʨʝʮʝʜʝʥʪʘ; 

L ï ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʦʢ ʤʘʪʨʠʮʳ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʙʲʝʤ ʦʙʫʯʘʶʱʝʡ 

ʚʳʙʦʨʢʠ. 

ʂʘʞʜʳʡ ʠʟ ʚʝʢʪʦʨʦʚ { }
1

L
i

i
Z

=
, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʡ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

, 1,i i Lt =  ʩʦʜʝʨʞʠʪ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʢʨʠʚʳʭ ʧʦʜʧʠʩʠ ʚ ʚʠʜʝ: 
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 ( )1 2, ,... ,... ,   ,    1, 1,
z

i i i i i

j zL
i jL LZ z z z z= = = ,  (3.25) 

 

ʛʜʝ i

jz  ï j-ʡ ʧʘʨʘʤʝʪʨ ʦʧʠʩʘʥʠʷ ʧʦʜʧʠʩʠ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʚ i-ʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ; 

Lz ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʧʠʩʘʥʠʷ 

ʧʦʜʧʠʩʠ. 

ʅʘ ʵʪʘʧʝ ʩʠʥʪʝʟʘ ʤʦʜʝʣʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚʠʜʘ ʧʦʜʧʠʩʠ (ʪ.ʝ. ʝʝ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ) ʚʝʢʪʦʨ { }
1

L
i

i
Z

=  
ʷʚʣʷʝʪʩʷ ʚʳʭʦʜʥʳʤ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ 

{} {}1: X ZY ­  ʠ ʚʭʦʜʥʳʤ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ { } {}2: ,P Z QY ­ .  

ʂʘʞʜʘʷ ʧʦʜʧʠʩʴ ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʭʦʜʥʳʤ ʚʝʢʪʦʨʦʤ 

 

{ } ( )1 1 2
1

, ,... ,... ,   1, ,   1,
L

i i i ii N

j j j N
i

j N i LQ q q q q=
=

= = = .                        (3.26) 

 

ʄʥʦʞʝʩʪʚʦ ʢʦʨʪʝʞʝʡ ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʘ { }1
1

,   1, ,   1,
L

i N

j j
i

j N i LQ =
=

= =
 

ʩʦʩʪʘʚʣʷʝʪ ʘʣʬʘʚʠʪ ʢʣʘʩʩʦʚ ʧʦʜʧʠʩʠ.  

ʕʪʘʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʪʦʢʦʣʘ ʤʘʪʨʠʮʳ W1 ʟʘʚʝʨʰʘʝʪʩʷ 

ʧʨʝʜʦʙʨʘʙʦʪʢʦʡ ʟʥʘʯʝʥʠʡ ʤʘʪʨʠʮʳ (3.24). ʂʘʢ ʚʭʦʜʘʤʠ, ʪʘʢ ʠ ʚʳʭʦʜʘʤʠ 

ʤʦʜʝʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʠʜʘ ʧʦʜʧʠʩʠ ʤʦʛʫʪ ʙʳʪʴ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʦʨʦʜʥʳʝ 

ʚʝʣʠʯʠʥʳ. ʈʝʟʫʣʴʪʘʪʳ ʩʠʥʪʝʟʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʠ ʥʝ ʜʦʣʞʥʳ 

ʟʘʚʠʩʝʪʴ ʦʪ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ.  

ʆʩʥʦʚʥʦʡ ʦʧʝʨʘʮʠʝʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ 

ʧʨʠʚʝʜʝʥʠʝ ʟʥʘʯʝʥʠʡ { }
1

L
i

i
X

=
 ʢ ʝʜʠʥʠʯʥʦʤʫ ʤʘʩʰʪʘʙʫ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʥʦʨʤʠʨʦʚʢʦʡ ʢʘʞʜʦʡ j-ʡ ʧʝʨʝʤʝʥʥʦʡ 1 2, ,... ,   1, ,   1,,...
ii i i

p n
p n i Lxx x x = =  ʥʘ 

ʜʠʘʧʘʟʦʥ ʨʘʟʙʨʦʩʘ ʝʝ ʟʥʘʯʝʥʠʡ ʧʦ ʚʩʝʤ ʦʪʩʯʝʪʘʤ 1,i L= . 

ʕʪʘʧ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ ʤʦʜʝʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʘʥʘʣʠʟʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ MLP-ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, ʯʠʩʣʘ 
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ʨʘʙʦʯʠʭ ʠ ʠʟʙʳʪʦʯʥʳʭ ʥʝʡʨʦʥʦʚ ʚ ʢʘʞʜʦʤ ʩʣʦʝ, ʟʘʜʘʥʠʝ ʚʠʜʘ ʬʫʥʢʮʠʠ 

ʘʢʪʠʚʘʮʠʠ ʚ ʢʘʞʜʦʤ ʩʣʦʝ, ʢʦʣʠʯʝʩʪʚʘ ʠʟʙʳʪʦʯʥʳʭ ʥʝʣʠʥʝʡʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʚ ʢʘʞʜʦʤ ʩʣʦʝ. ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ MLP-ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʥʝʠʟʤʝʥʥʦʩʪʠ ʬʦʨʤʘʪʦʚ 

ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠ ʜʘʥʥʳʭ, ʥʘ ʦʩʥʦʚʝ 

ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʚʠʜʘ ʧʦʜʧʠʩʠ.  

ʊʘʢ ʢʘʢ ʤʦʜʝʣʴ ʨʝʘʣʠʟʫʝʪ ʜʚʘ ʦʪʦʙʨʘʞʝʥʠʷ:  {} {}1: X ZY ­  ʠ 

{ } {}2: ,P Z QY ­ , ʨʘʩʩʤʦʪʨʠʤ ʩʪʨʫʢʪʫʨʫ ʥʝʡʨʦʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʢʘʞʜʦʛʦ ʠʟ 

ʥʠʭ. 

ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʥʝʡʨʦʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʜʥʦʛʦ ʠʟ N ʚʠʜʦʚ ʧʦʜʧʠʩʠ ʧʦ ʚʝʢʪʦʨʫ ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ X ʥʘ ʚʭʦʜʝ ʩ ʫʯʝʪʦʤ ʜʘʥʥʳʭ P ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.3. 

 

ʈʠʩʫʥʦʢ 3.3 ï ʉʪʨʫʢʪʫʨʘ ʥʝʡʨʦʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʡ ʦʪʩʯʝʪʦʚ 

ʢʨʠʚʳʭ ʚʦ ʤʥʦʞʝʩʪʚʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʸʥʥʘʷ ʩʪʨʫʢʪʫʨʘ MLP-ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʜʣʷ 

ʦʪʦʙʨʘʞʝʥʠʡ {} {}1: X ZY ­ , { } {}2: ,P Z QY ­
 
ʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦ ʜʘʥʥʳʤ 

ʧʨʦʪʦʢʦʣʘ W1 ʦʙʫʯʘʶʱʠʝ ʚʳʙʦʨʢʠ ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʡʪʠ ʢ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤʫ 

ʩʠʥʪʝʟʫ ʤʦʜʝʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʠʜʘ ʧʦʜʧʠʩʠ ʠ ʝʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʤʦʜʝʣʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʜʝʣʴʥʦ ʜʣʷ 

ʢʘʞʜʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʴʥʳʤ ʜʣʷ ʢʘʞʜʦʡ ʢʨʠʚʦʡ 
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ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʪʝʭʥʦʣʦʛʠʷʤ çMulti-

sensor fusionè ʠʣʠ çData fusionè. 

 

3.4. ʄʝʪʦʜʠʢʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʛʥʘʪʫʨʳ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʥʦʛʦʪʦʯʝʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʚʘʨʠʘʥʪʦʚ 

 

ʄʥʦʛʦʪʦʯʝʯʥʳʡ ʦʙʲʝʢʪ (ʄʊʆ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʞʝʩʪʚʦ 

ʫʧʦʨʷʜʦʯʝʥʥʳʭ (ʠʥʜʝʢʩʠʨʦʚʘʥʥʳʭ) ʪʦʯʝʢ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ, ʚ N-ʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʨʫʧʧʦʚʳʝ ʧʨʠʟʥʘʢʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʠʟʥʘʢʘʤʠ ʦʪʜʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʜʝʡʩʪʚʠʶ ʤʝʰʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʠ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ. ʀʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʧʦʚʳʰʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʢʘʞʜʦʡ ʪʦʯʢʠ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, ʥʦ ʠ ʟʘ 

ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʭ ʚʟʘʠʤʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʄʥʦʛʦʪʦʯʝʯʥʳʝ ʦʙʲʝʢʪʳ ï ʵʪʦ ʦʙʲʝʢʪʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʜʫʨʳ 

ʨʝʛʠʩʪʨʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ. ʂʘʞʜʘʷ ʪʦʯʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʟʥʘʯʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠʣʠ ʠʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʞʜʦʡ ʢʨʠʚʦʡ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʠʩʣʦ ʪʦʯʝʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʫ ʢʨʠʚʳʭ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ, 

ʘ ʨʘʟʤʝʨʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʣʦʞʝʥʠʷ ï ʯʠʩʣʫ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʳʯʠʩʣʷʝʤʳʭ ʧʦ ʢʘʞʜʦʡ ʢʨʠʚʦʡ. 

ʕʣʝʤʝʥʪ ʄʊʆ ï ʠʥʜʝʢʩʠʨʦʚʘʥʥʘʷ (ʫʧʦʨʷʜʦʯʝʥʥʘʷ) ʪʦʯʢʘ ,   1,ɝ
j

j M= ï 

ʥʫʣʴʤʝʨʥʳʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ (ʠʤʝʥʦʚʘʥʥʳʡ) ʦʙʲʝʢʪ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʡ, 

ʥʘʧʨʠʤʝʨ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʫʥʠʢʘʣʴʥʳʤ ʚʝʢʪʦʨʦʤ

1 2
, ,..., ,... ,

T

j j ij Njx x x xè ø
ê ú 1, ,   1,i N j M= =   ʨʘʟʤʝʨʘ 1³N, ʛʜʝ xij ï ʧʨʦʝʢʮʠʷ j-ʛʦ 

ʚʝʢʪʦʨʘ ʠʟ ʥʘʯʘʣʘ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʠʣʠ ʧʦʣʶʩʘ ʥʘ i-ʶ ʦʩʴ. 
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ɽʩʣʠ ʧʨʦʥʫʤʝʨʦʚʘʪʴ ʚʝʢʪʦʨʳ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʙʘʟʠʩʘ ʦʪ 1 ʜʦ N, 

ʪʦ ʚ ʦʩʥʦʚʝ ʤʘʪʨʠʯʥʦʡ ʤʦʜʝʣʠ ʙʫʜʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʟʘʧʠʩʴ ʢʦʦʨʜʠʥʘʪ 

ʪʦʯʝʢ: 

{}

11 21 1 1

12 22 2 2

1
1 1 2

1 2

... ...

... ...

... ... ... ... ... ...

... ...

... ... ... ... ... ...

... ...

i N

i N

N
M

ij i
j j j ij Nj

M M iM NM

x x x x

x x x x

x
x x x x

x x x x

=
=

è ø
é ù
é ù
é ù
=é ù
é ù
é ù
é ù
ê ú

.                        (3.27) 

 

ʂʘʞʜʘʷ ʩʪʨʦʢʘ ʟʘʜʘʝʪ ʪʦʯʢʫ , 1, ,ɝ
j

j M=  ʚ N-ʤʝʨʥʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ. ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʠʭ ʥʫʤʝʨʘʮʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʦʨʷʜʢʦʤ ʧʦʷʚʣʝʥʠʷ ʪʦʯʢʠ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʝʥʠʷ. 

ɸʣʛʦʨʠʪʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʄʊʆ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʤʴʶ ʦʩʥʦʚʥʳʤʠ 

ʰʘʛʘʤʠ [75]. 

1. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʤʝʪʦʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʦʨʤʠʨʦʚʢʘ ʚʩʝʭ ʰʢʘʣ, ʚ 

ʢʦʪʦʨʳʭ ʠʟʤʝʨʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʯʝʢ ʚ ʝʜʠʥʳʡ ʜʠʘʧʘʟʦʥ [a b]: 

( ),minnorm

,max ,min

,   1, ,
i i

i

i i

x x
b a a i Nx

x x

-
= - + =

-
                             (3.28) 

2. ʌʠʢʩʘʮʠʷ ʪʠʧʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʥʚʘʨʠʘʥʪʘ ʚ N-

ʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

3. ɺʳʯʠʩʣʷʝʪʩʷ ʤʘʪʨʠʮʘ ʧʦʧʘʨʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʪʦʯʢʘʤʠ: 

 

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

2 1 11

1 2 22

1 2

1 2

0 / /ɝ ɝ ɝ ɝ/ɝ ɝ

0/ /ɝ ɝ ɝ ɝ/ɝ ɝ

0/ / /ɝ ɝ ɝ ɝ ɝ ɝ

0/ /ɝ ɝ ɝ ɝ /ɝ ɝ

Mj

Mj

ij

i i M i

m m j M

D DD

D DD

D
D D D

D D D

è ø
é ù
é ù
é ù=è øê úé ù
é ù
é ù
é ùê ú

,                             (3.29) 
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ʛʜʝ ( )/ɝ ɝ
j i

D  ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ i,j, ( ) ( )/ / .ɝ ɝ ɝ ɝ
j i i j

D D=  ʇʦʩʢʦʣʴʢʫ 

ʦʙʨʘʙʦʪʢʘ ʄʊʆ ʚʢʣʶʯʘʝʪ ʧʨʦʮʝʜʫʨʳ ʚʳʜʝʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʪʦʯʝʯʥʳʭ 

ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ ʣʦʢʘʣʠʟʘʮʠʠ, ʢʦʨʨʝʢʪʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʫʶ 

ʬʦʨʤʫʣʫ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʪʦʯʢʘʤʠ i, j, ʚ ʢʦʪʦʨʦʡ ʚ ʢʘʯʝʩʪʚʝ ʘʨʛʫʤʝʥʪʘ 

ʫʯʠʪʳʚʘʝʪʩʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʣʦʢʘʣʠʟʘʮʠʠ (ʠʣʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ) i-ʡ ʪʦʯʢʠ 

ʦʙʨʘʟʮʘ ʄʊʆ: 

 

 ( )

1

22

1

1
/ ɝ ɝ ,ɝ ɝ

ɟ

N

ir jrj i

ri

D
=

å õ
= -æ ö
ç ÷
ä                                (3.30) 

ri ï ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ i-ʡ ʪʦʯʢʠ ʦʙʨʘʟʮʘ, N ï ʨʘʟʤʝʨʥʦʩʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠʟʥʘʢʦʚ ʄʊʆ.  

4. ʅʘ ʦʩʥʦʚʝ ijDè øê ú ʬʦʨʤʠʨʫʝʪʩʷ ʚʝʢʪʦʨ [Y] ʵʣʝʤʝʥʪʦʚ ʪʨʝʫʛʦʣʴʥʦʡ 

ʧʦʣʫʤʘʪʨʠʮʳ ʧʦʧʘʨʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʦʙʨʘʟʮʘ ʄʊʆ: 

 

 
( ) ( ) ( ) ( )

( ) ( ) ( ) [ ]

2 1 1 1 2

2 1 1

[ / ,..., / ,..., / , / ,...ɝ ɝ ɝ ɝ ɝ ɝ ɝ ɝ

/ ,... / ,... / ] ,... ,  ɝ ɝ ɝ ɝ ɝ ɝ

j M j

M M i M M n

X D D D D

D D D y y
-

=

=
                   (3.31) 

 

ʛʜʝ n ï ʯʠʩʣʦ ʧʦʧʘʨʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʦʙʨʘʟʮʘ ʄʊʆ, 

( )( )! 2! 2 ! ,n M M= -  ʘ m ï ʯʠʩʣʦ ʪʦʯʝʢ ʦʙʨʘʟʮʘ ʄʊʆ.  

5. ɼʘʣʝʝ ʬʦʨʤʠʨʫʝʪʩʷ ʜʚʫʤʝʨʥʳʡ ʤʘʩʩʠʚ ʠʥʜʝʢʩʦʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ r ʬʨʘʛʤʝʥʪʦʚ ʢʘʞʜʦʛʦ ʠʟ Lk ʚʝʢʪʦʨʦʚ 

ʧʦʧʘʨʥʳʭ ʨʘʩʩʪʦʷʥʠʡ , 1,l kX l L=  ʜʣʷ ʰʘʙʣʦʥʦʚ ʘʣʬʘʚʠʪʘ ʢʣʘʩʩʦʚ, ʧʨʠ 

ʵʪʦʤ ʯʠʩʣʦ ʪʦʯʝʢ ʚ ʰʘʙʣʦʥʘʭ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ ʯʠʩʣʫ ʪʦʯʝʢ 

ʨʘʩʧʦʟʥʘʚʘʝʤʦʛʦ ʦʙʨʘʟʮʘ ʄʊʆ. 

6. ɿʘʪʝʤ ʚʳʧʦʣʥʷʝʪʩʷ ʧʝʨʝʩʪʘʥʦʚʢʘ ʠʥʜʝʢʩʦʚ ʪʦʯʝʢ ʜʣʷ ʢʘʞʜʦʡ 

ʧʝʨʝʩʪʘʥʦʚʢʠ ʚ ʝʚʢʣʠʜʦʚʦʡ ʤʝʪʨʠʢʝ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ ʙʣʠʟʦʩʪʠ 

(ʩʭʦʜʩʪʚʘ) ʚʝʢʪʦʨʦʚ X ʜʣʷ ʤʘʪʨʠʮʳ ʰʘʙʣʦʥʦʚ ʠ ʨʘʩʧʦʟʥʘʚʘʝʤʦʛʦ ʦʙʨʘʟʘ. 
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7. ʈʝʰʝʥʠʝ ʦ ʢʣʘʩʩʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʨʠʥʠʤʘʝʪʩʷ ʧʦ ʤʠʥʠʤʫʤʫ 

ʢʨʠʪʝʨʠʷ: 

 

( ) ( ) ( ) ( )
2 2 2 2

1 1 2 2
1

... ,

argmin(argmin( )),  1, ,  1, ,

l

n
l l l ll

k k k k k kn kn ki ki
i

l
r k

x x x x x x x xE

C r R lE L

=

= + + + =- - - -ä

= = =
      (3.32)  

ʛʜʝ R ʯʠʩʣʦ ʜʦʧʫʩʪʠʤʳʭ ʢʦʤʙʠʥʘʮʠʡ ʪʦʯʝʢ l-ʛʦ ʰʘʙʣʦʥʘ ʩʦʨʘʟʤʝʨʥʦʛʦ 

ʨʘʩʧʦʟʥʘʚʘʝʤʦʤʫ ʦʙʨʘʟʮʫ, Lk ï ʢʦʣʠʯʝʩʪʚʦ ʰʘʙʣʦʥʦʚ ʥʘ k-ʤ ʫʨʦʚʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ (ʨʠʩ. 3.4). 
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ʈʠʩʫʥʦʢ 3.4 ï ɸʣʛʦʨʠʪʤ ʤʝʪʦʜʠʢʠ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʘʥʘʣʠʟʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ  

ʩʠʛʥʘʪʫʨʳ ʧʦʜʧʠʩʠ ʧʦʣʴʟʦʚʘʪʝʣʷ  

 

 

3.5. ɸʣʛʦʨʠʪʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʛʥʘʪʫʨʳ ʧʦʜʧʠʩʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪʩʯʝʪʦʚ 

ʤʥʦʛʦʤʝʨʥʳʭ ʢʨʠʚʳʭ 
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ʇʦʜ ʘʣʛʦʨʠʪʤʦʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʥʠʤʘʝʪʩʷ 

ʩʭʝʤʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʤʥʦʛʦʤʝʨʥʳʡ ʬʨʘʛʤʝʥʪ ʢʨʠʚʦʡ ʧʘʨʘʣʣʝʣʴʥʦ 

ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʨʘʟʣʠʯʥʳʤʠ ʦʙʥʘʨʫʞʠʪʝʣʷʤʠ, ʘ ʟʘʪʝʤ ʠʭ 

ʯʘʩʪʥʳʝ ʨʝʰʝʥʠʷ ʦʙʲʝʜʠʥʷʶʪʩʷ ʥʘ ʵʪʘʧʝ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʘʣʛʦʨʠʪʤ ʩʪʨʦʠʪʩʷ ʥʘ ʠʥʪʝʛʨʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ 

ʛʨʫʧʧ ʧʨʠʟʥʘʢʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʤʘʩʰʪʘʙʘʤ ʠʟʤʝʨʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʥʳʤ 

ʚʨʝʤʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ. ʊʘʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʠʚʦʜʠʪ ʢ 

ʪʦʤʫ, ʯʪʦ ʧʨʦʮʝʜʫʨʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʜʧʠʩʠ ʬʘʢʪʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʪ 

ʧʨʠʥʮʠʧʳ ʦʙʲʝʜʠʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʭʘʨʘʢʪʝʨʥʳʝ 

ʜʣʷ ʧʦʜʭʦʜʦʚ Multi-sensor fusion ʠʣʠ Data fusion, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ 

ʚʳʥʝʩʝʥʠʠ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʛʦ ʨʝʰʝʥʠʷ [76]. ʉʫʱʝʩʪʚʝʥʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʷʚʣʷʝʪʩʷ ʫʥʠʬʠʢʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʠ ʧʝʨʝʚʦʜ ʠʩʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʦʙʱʝʝ ʤʝʪʨʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʯʪʦ ʧʦʚʳʰʘʝʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʦʤʝʭʘʤ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʚʢʣʘʜ ʤʝʥʝʝ 

ʥʘʜʸʞʥʳʭ ʢʘʥʘʣʦʚ ʟʘ ʩʯʸʪ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠ ʚʟʘʠʤʥʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʠʟʥʘʢʦʚ 

[77, 78]. 

ɸʣʛʦʨʠʪʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʪʥʦʩʠʪʩʷ ʢ ʤʝʪʦʜʘʤ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʠ ʚʢʣʶʯʘʝʪ ʵʪʘʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ ʥʘ ʜʘʥʥʳʭ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʩʪʫʧʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʝʞʠʤʝ, 

ʧʨʠʙʣʠʞʝʥʥʦʤ ʢ ʨʝʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ [79]. ɽʜʠʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʠʟʥʘʢʦʚ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ð ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʜʦ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʨʝʘʣʠʟʘʮʠʡ, ʚʢʣʶʯʘʷ ʥʝʡʨʦʩʝʪʝʚʳʝ ʘʨʭʠʪʝʢʪʫʨʳ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʙʦʨʘ ʠ ʘʜʘʧʪʘʮʠʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʙʘʟʠʩʘ ʧʦʜ 

ʢʦʥʢʨʝʪʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʟʘʜʘʯʠ [80]. 

ɺ ʨʘʤʢʘʭ ʵʪʘʧʘ ʠʥʪʝʛʨʘʮʠʠ ʧʨʠʟʥʘʢʦʚ ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʨʝʘʣʠʟʦʚʳʚʘʣʘʩʴ ʥʝʩʢʦʣʴʢʠʤʠ ʛʨʫʧʧʘʤʠ ʤʝʪʦʜʦʚ. ɺʦ-

ʧʝʨʚʳʭ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʩʩʪʦʷʥʠʷ ʚ ʤʝʪʨʠʯʝʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ, ʛʜʝ 

ʨʝʰʝʥʠʝ ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʧʦ ʧʨʠʥʮʠʧʫ ʤʠʥʠʤʠʟʘʮʠʠ ʤʝʨʳ ʙʣʠʟʦʩʪʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʤʝʪʨʠʢ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʝʚʢʣʠʜʦʚʘ, ʏʝʙʳʰʸʚʘ, ʘ ʪʘʢʞʝ ʤʝʪʨʠʢʘ 
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ʄʠʥʢʦʚʩʢʦʛʦ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 

ʩʪʝʧʝʥʠ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʠʤʝʥʷʣʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʚʝʣʠʯʠʥʝ ʨʘʩʭʦʞʜʝʥʠʷ ʧʦ ʂʫʣʴʙʘʢʫðʃʝʡʙʣʝʨʫ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʤʘʢʩʠʤʫʤʫ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʢʨʦʩʩ-

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ. ʅʘʢʦʥʝʮ, ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʝʡʨʦʩʝʪʝʚʘʷ ʤʦʜʝʣʴ ï ʤʥʦʛʦʩʣʦʡʥʘʷ ʩʝʪʴ ʧʨʷʤʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʬʦʨʤʠʨʫʶʱʘʷ ʚʝʢʪʦʨʥʳʡ ʚʳʭʦʜʥʦʡ ʦʪʢʣʠʢ (ʨʠʩ. 3.5). 

 

ʈʠʩʫʥʦʢ 3.5 ï ʊʠʧʦʚʘʷ MLP ʅʉ ʜʣʷ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʜʧʠʩʠ ʩ ʜʨʫʛʠʤʠ ʦʙʥʘʨʫʞʠʪʝʣʷʤʠ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʫʯʘʩʪʢʘ ʤʥʦʛʦʤʝʨʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʚ ʨʘʤʢʘʭ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʝʨʩʝʧʪʨʦʥʘ: 

[] [] [] [] [] []2 1
3 3 2 2 1 1

1 1 1

,
n n n

ij mj m hm h ihj
m h i

f w f w f wy x
= = =

å õå õå õå õå õ
= æ öæ öæ öæ öæ öæ öç ÷ç ÷ç ÷ç ÷ç ÷

ä ä ä                 (3.33) 

 



105 

 

ʌʫʥʢʮʠʷ f ï ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʩʪʫʧʘʝʪ ʧʝʨʝʜʘʪʦʯʥʦʡ (ʘʢʪʠʚʘʮʠʦʥʥʦʡ) 

ʬʫʥʢʮʠʝʡ ʥʝʡʨʦʥʦʚ MLP-ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ. ɽʩʣʠ ʜʚʘ ʨʘʟʣʠʯʘʝʤʳʭ 

ʬʨʘʛʤʝʥʪʘ ʚ N-ʤʝʨʥʦʤ ʧʨʠʟʥʘʢʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʝʜʩʪʘʚʠʪʴ ʪʦʯʢʘʤʠ 

X ʠ A, ʪʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʚ ʝʚʢʣʠʜʦʚʦʡ ʤʝʪʨʠʢʝ ʟʘʜʘʸʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ 

 

2 2 2 2
2 1 1 2 2

1

( , ) ( ) ( ) ... ( ) ( ) .
N

n n i i
i

X A x a x a x a x al
=

= - + - + + - = -ä      (3.34) 

 

ɽʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʚʘʜʨʘʪ ʝʚʢʣʠʜʦʚʘ ʨʘʩʩʪʦʷʥʠʷ, ʪʦ ʧʨʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʦʣʝʝ ʫʜʘʣʸʥʥʳʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʦʙʲʝʢʪʳ ʧʦʣʫʯʘʶʪ ʙʦʣʴʰʠʡ 

ʚʝʩ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʣʠʞʘʡʰʠʤʠ. 

ɺ ʨʘʤʢʘʭ ʤʝʪʨʠʢʠ ʄʠʥʢʦʚʩʢʦʛʦ ( )

ɛ

ɛ

1

, ,
N vv

v j j
j

X A x al
=

å õ
= -äæ ö
ç ÷

 ʧʨʠ 

v­¤ ʦʥʘ ʧʝʨʝʭʦʜʠʪ ʚ ʨʘʩʩʪʦʷʥʠʝ ʏʝʙʳʰʸʚʘ: 
1
max ,j j

j N
l x a¤

¢ ¢
= -  ʪʦ ʝʩʪʴ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ʧʦ ʦʜʥʦʡ ʠʟ ʢʦʦʨʜʠʥʘʪ.  

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʪʦʯʝʢ 1 1 1( , , ) (2,3,4)A x y z A=  ʠ 

2 2 2( , , ) (5,9,11),X x y z X=  ʧʦʣʫʯʘʝʤ: 

( ) { } { } { }2 12 1 2 1
, max , , max 2 5 , 3 9 , 4 11 max 3,6,7 7.X A y yl x x z z¤ = - - - = - - - = =

 

ɼ ʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʜʚʫʤʷ ʢʨʠʚʳʤʠ X 

ʠ A ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 

 

,
ɛ

ů ů
xa

xa
x a

r =                                              (3.35) 

 

ʇʨʠ ʥʘʣʠʯʠʠ k ʥʘʙʣʶʜʝʥʠʡ ʚ ʢʘʞʜʦʤ ʬʨʘʛʤʝʥʪʝ ʢʦʚʘʨʠʘʮʠʷ ʜʣʷ 

ʧʘʨʥʳʭ ʚʳʙʦʨʦʢ X ʠ A ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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1

1
ɛ( , ) ( )( ).

k

i i
i

X A x x a a
k =

= - -ä                              (3.36) 

 

ɺ ʢʘʯʝʩʪʚʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʳʨʘʞʝʥʠʷ: 

1 2
1 2

1 2

( , )
) )

( , )

( (I
I

I J

t t
K t t

p
t ts s

=  ʠʣʠ 1 2

1 1 2 2

1 2( , ) ,
( , ) ( , )

( , )
I

I J

It t
K t t K t t

K t t
p =           (3.37) 

 

ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʜʚʫʭ ʩʠʛʥʘʪʫʨʥʳʭ ʢʨʠʚʳʭ ʦʮʝʥʢʘ ʠʭ ʩʭʦʜʩʪʚʘ 

ʚʳʧʦʣʥʷʣʘʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ. ɼʣʷ ʜʚʫʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʬʨʘʛʤʝʥʪʦʚ ï ʦʢʥʘ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ xt 

ʠ at+k ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʤʝʨʘ ʦʪʩʯʝʪʘ k ʚʳʯʠʩʣʷʣʘʩʴ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʧʘʨʘʤʝʪʨ ʩʭʦʜʩʪʚʘ): 

 

2 2

1 1 1

2 2

1 1

/ ( )

.

/ ( ) / ( )

n k n k n k

t t k t t k
t t t

k
n k n k n n

t t t t
t k t k t k t k

X A A X n k

r

A A n k X X n k

- - -

+ +
= = =

- -

= = = + = +

- -

=
è øè ø

- - - -
é ùé ùê úê ú

ä ä ä

ä ä ä ä
          (3.38) 

 

ʇʦʣʦʞʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʘʢʩʠʤʫʤʫ ʚʳʨʘʞʝʥʠʷ (3.38) 

ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʢʘʢ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʫʯʘʩʪʢʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʮʝʣʝʚʫʶ 

ʩʠʛʥʘʪʫʨʫ. 

ɺ ʥʝʧʨʝʨʳʚʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʜʠʚʝʨʛʝʥʮʠʷ ʂʫʣʴʙʘʢʘïʃʝʡʙʣʝʨʘ 

ʟʘʜʘʸʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʤ ʚʳʨʘʞʝʥʠʝʤ: 

( ) () () ()( )|| ln ,KL P Q p x p x q x dxD ñ=                    (3.30) 

 

ʜʣʷ ʜʠʩʢʨʝʪʥʦʛʦ ʩʣʫʯʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʫʤʤʠʨʦʚʘʥʠʝ ʧʦ ʦʪʩʯʸʪʘʤ: 

( ) ( )
1

|| ln ,
n

i iKL i
i

P Q QP PD
=

ä=                                    (3.40) 
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ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʠʧʘ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʠʛʥʘʪʫʨʳ ʧʦʜʧʠʩʠ ʤʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʚʝʨʦʷʪʥʦʩʪʴ ʢʦʨʨʝʢʪʥʦʛʦ ʚʳʚʦʜʘ 

ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢʣʘʩʩʠʬʠʮʠʨʫʝʤʦʡ ʩʠʪʫʘʮʠʠ ʢ ʦʧʨʝʜʝʣʸʥʥʦʤʫ ʢʣʘʩʩʫ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʙʣʶʜʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʝʸ ʦʮʝʥʢʠ ʦʩʥʦʚʘʥ 

ʥʘ ʧʦʜʩʯʸʪʝ ʯʠʩʣʘ ʚʝʨʥʳʭ ʨʝʰʝʥʠʡ: 

 

1 ,
N

D
N

=                                                       (3.41) 

 

ʛʜʝ N1 - ʢʦʣʠʯʝʩʪʚʘ ʧʨʘʚʠʣʴʥʳʭ ʦʪʚʝʪʦʚ, N ï ʦʙʱʝʝ ʯʠʩʣʦ ʨʝʰʝʥʠʡ, 

ʚʳʜʘʥʥʳʭ ʩʠʩʪʝʤʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʠʪʫʘʮʠʡ. 

ɺʝʣʠʯʠʥʫ ʦʰʠʙʢʠ ʤʦʞʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤʠ 

ʚʝʨʦʷʪʥʦʩʪʷʤʠ: 

 

( ) ( ) ( )/ ,   / ,    .j j ji i iP P Ps s sr r r                                  (3.42) 

 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʚʚʦʜʷʪʩʷ ʠ ʧʦʢʘʟʘʪʝʣʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ: 

ʘʧʨʠʦʨʥʘʷ( )/i iP sr , ʘʧʦʩʪʝʨʠʦʨʥʫʶ  ( )/ iiP s r  ʠ ʙʝʟʫʩʣʦʚʥʫʶ ( ) iiP s r  

ʜʦʩʪʦʚʝʨʥʦʩʪʠ. 

ɸʧʦʩʪʝʨʠʦʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʯʝʩʪʚʘ ï ʦʰʠʙʢʠ ʠ ʧʦʢʘʟʘʪʝʣʠ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ï ʟʘʜʘʶʪʩʷ ʯʝʨʝʟ ʚʝʨʦʷʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤ (ʥʘʙʣʶʜʘʝʤʦʤ) ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ʇʨʠʥʷʪʘʷ 

ʩʠʩʪʝʤʘ ʦʙʦʟʥʘʯʝʥʠʡ ʜʣʷ ʦʰʠʙʦʢ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʝʡ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦʤ 

ʯʠʩʣʝ ʨʘʟʣʠʯʘʝʤʳʭ ʩʦʩʪʦʷʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.6. 
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P(s1/ r1) = D1
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Dj

..
.

si

Dn

sj

sn

s1

ri

rj

rn

r1

..
.

..
.

..
.

..
.

..
.

 

ʈʠʩʫʥʦʢ 3.6 ï ɼʠʘʛʨʘʤʤʘ ʦʪʨʘʞʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ʩʠʪʫʘʮʠʠ ʩ 

ʘʧʦʩʪʝʨʠʦʨʥʳʤʠ ʦʰʠʙʢʘʤʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʷʤʠ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʦʰʠʙʦʢ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʦʣʥʦʪʦʡ ʘʣʬʘʚʠʪʘ ʢʣʘʩʩʦʚ ʩʠʪʫʘʮʠʡ, ʟʘʜʘʸʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝʤ  

( )
,

1 1

P P
D

P Q H QH
= =
+ - -

                                      (3.43) 

 

ʛʜʝ Q ï ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʥʝʨʘʩʧʦʟʥʘʥʥʦʡ ʩʠʪʫʘʮʠʠ, H ï 

ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʛʣʫʙʠʥʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, P ï ʚʝʨʦʷʪʥʦʩʪʴ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ. 

ʆʙʦʙʱʸʥʥʘʷ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʢʦʤʧʣʝʢʩʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.7. 
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ʈʠʩʫʥʦʢ 3.7 ï ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʢʦʤʧʣʝʢʩʥʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

 

 

3.6. ɺʳʚʦʜʳ ʧʦ ʪʨʝʪʴʝʡ ʛʣʘʚʝ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʪʦʜʠʢʠ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʘʥʘʣʠʟʘ, ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʥʦʛʦʤʝʨʥʳʭ ʢʨʠʚʳʭ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ: 

1. ʆʩʫʱʝʩʪʚʣʝʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʘʥʘʣʠʟʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʛʥʘʪʫʨʳ ʧʦʜʧʠʩʠ ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʠ 

ʤʥʦʛʦʪʦʯʝʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʤʝʡʩʪʚʘ 

ʢʨʠʚʳʭ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʩʠʥʪʝʟʘ ʪʘʢʠʭ ʵʪʘʣʦʥʦʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʪʢʨʳʪʳʝ ɹɼ, ʩʦʜʝʨʞʘʱʠʝ ʜʦ ʜʝʩʷʪʢʘ ʧʘʨʘʤʝʪʨʦʚ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʧʠʩʠ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʕʪʘʣʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʤʝʨʥʫʶ (ʧʦ ʯʠʩʣʫ ʧʘʨʘʤʝʪʨʦʚ) 

ʢʨʠʚʫʶ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʤʥʦʞʝʩʪʚʘ ʨʝʘʣʠʟʘʮʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʦʜʧʠʩʠ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʢʣʘʩʩʘ (ʵʪʘʣʦʥʘ). 

2. ʆʧʠʩʘʥʳ ʧʨʦʮʝʜʫʨʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ ʥʝʡʨʦʩʝʪʝʚʳʭ 

ʘʨʭʠʪʝʢʪʫʨ ʜʣʷ ʘʥʘʣʠʟʘ, ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʦʜʧʠʩʠ ʚ ʜʚʫʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ, ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪʩʯʸʪʦʚ ʤʥʦʛʦʤʝʨʥʳʭ 

ʢʨʠʚʳʭ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʪʦʨʠʯʥʳʭ ʧʨʠʟʥʘʢʦʚ. ɸʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʧʠʩʠ ʢ ʢʣʘʩʩʫ (ʵʪʘʣʦʥʫ), ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʪʝʦʨʝʤʝ ʨʘʟʜʝʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʨʝʘʣʠʟʫʝʤʦʩʪʴ 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʩ ʟʘʜʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʤʝʪʨʠʢʠ ʢʘʯʝʩʪʚʘ. 

ɼʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʨʝʤʝʥʥʳʭ ʦʪʩʯʸʪʦʚ ʥʘʠʣʫʯʰʝʡ 

ʧʦʢʘʟʘʣʘ ʩʝʙʷ ʤʥʦʛʦʩʣʦʡʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ (BProp/MLP). ɺʦ ʚʪʦʨʦʤ 

ʚʘʨʠʘʥʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʘʨʘʥʝʝ ʚʳʯʠʩʣʝʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʤʥʦʛʦʤʝʨʥʳʭ ʢʨʠʚʳʭ, ʧʦʜʘʚʘʝʤʳʝ ʥʘ ʚʭʦʜ 

ʢʣʘʩʩʠʬʠʮʠʨʫʶʱʝʡ ʤʥʦʛʦʩʣʦʡʥʦʡ ʅʉ. 
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3. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʠʛʥʘʪʫʨʳ ʧʦʜʧʠʩʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʥʦʛʦʪʦʯʝʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʤʝʡʩʪʚʘ ʢʨʠʚʳʭ. ʂʘʞʜʘʷ ʪʦʯʢʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʥʘʯʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠʣʠ ʠʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʘʞʜʦʡ ʢʨʠʚʦʡ; ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʠʩʣʦ ʪʦʯʝʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʫ ʢʨʠʚʳʭ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ, ʘ ʨʘʟʤʝʨʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʣʦʞʝʥʠʷ ï ʯʠʩʣʫ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʳʯʠʩʣʷʝʤʳʭ ʧʦ ʢʘʞʜʦʡ ʢʨʠʚʦʡ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʤʝʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʩʢʘʞʝʥʠʷʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʨʘʤʝʪʨʦʚ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʧʨʠ ʚʥʫʪʨʠʢʣʘʩʩʦʚʦʡ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʡ. 

4. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʛʥʘʪʫʨʳ ʧʦʜʧʠʩʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪʩʯʝʪʦʚ ʤʥʦʛʦʤʝʨʥʳʭ 

ʢʨʠʚʳʭ. ʇʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʤʥʦʛʦʤʝʨʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʢʨʠʚʦʡ ʨʘʟʣʠʯʥʳʤʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘʤʠ (ʜʝʪʝʢʪʦʨʘʤʠ) ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʲʝʜʠʥʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʠ ʘʣʛʦʨʠʪʤʳ ʠʩʩʣʝʜʫʶʪʩʷ ʧʦ ʤʝʪʨʠʢʘʤ 

ʢʘʯʝʩʪʚʘ ʚ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ.  
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4. ʈɽɿʋʃʔʊɸʊʓ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ 

ʀʉʉʃɽɼʆɺɸʅʀʁ ʀ ʇʈɽɼʃʆɾɽʅʀʗ ʇʆ ʇʈɸʂʊʀʏɽʉʂʆʁ 

ʈɽɸʃʀɿɸʎʀʀ ʈɸɿʈɸɹʆʊɸʅʅʓʍ ʄɽʊʆɼʆɺ 

 

4.1. ʇʨʦʛʨʘʤʤʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʤʘʢʝʪʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ, ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʛʥʘʪʫʨʳ ʧʦʜʧʠʩʠ 

 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʘʥʘʣʠʟʘ, ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʛʥʘʪʫʨʳ ʧʦʜʧʠʩʠ ʙʳʣʠ ʚʳʙʨʘʥʳ MATLAB 

(ʢʘʢ ʩʠʩʪʝʤʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ) ʠ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ C++.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ MATLAB ʩʚʷʟʘʥʦ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ: 

1. ɺʳʯʠʩʣʠʪʝʣʴʥʦʝ ʷʜʨʦ MATLAB ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʤʘʪʨʠʯʥʳʝ 

ʦʧʝʨʘʮʠʠ, ʧʦʵʪʦʤʫ ʵʬʬʝʢʪʠʚʥʦ ʚʳʧʦʣʥʷʝʪ ʪʨʫʜʦʸʤʢʠʝ ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʸʪʳ 

ʜʣʷ ʩʠʛʥʘʪʫʨ, ʧʨʝʜʩʪʘʚʠʤʳʭ ʢʘʢ ʤʥʦʛʦʤʝʨʥʳʝ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʠʝ ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ ʠ ʨʝʰʘʪʴ 

ʩʣʦʞʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʜʝʣʘʝʪ MATLAB ʫʜʦʙʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

2. MATLAB ʨʘʩʧʦʣʘʛʘʝʪ ʨʘʟʚʠʪʳʤ ʥʘʙʦʨʦʤ ʚʩʪʨʦʝʥʥʳʭ ʬʫʥʢʮʠʡ ʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʘʢʝʪʦʚ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʰʠʨʦʢʠʡ ʢʨʫʛ ʟʘʜʘʯ, 

ʚʢʣʶʯʘʷ ʦʙʨʘʙʦʪʢʫ ʤʥʦʛʦʤʝʨʥʳʭ ʩʠʛʥʘʣʦʚ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʘ ʪʘʢʞʝ 

ʤʘʪʨʠʯʥʳʝ ʠ ʢʦʤʙʠʥʘʪʦʨʥʳʝ ʦʧʝʨʘʮʠʠ. 

ʇʨʠ ʵʪʦʤ ʜʣʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦ-ʥʘʛʨʫʞʝʥʥʳʭ ʧʨʦʮʝʜʫʨ ï ʥʘʧʨʠʤʝʨ, 

ʧʦʵʣʝʤʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʪʩʯʸʪʦʚ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʧʘʨʘʤʝʪʨʦʚ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ï ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʷʟʳʢʠ ʫʨʦʚʥʷ C/C++ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʬʠʣʴʥʳʭ 

ʙʠʙʣʠʦʪʝʢ. ʇʦʵʪʦʤʫ ʜʣʷ ʯʘʩʪʠ ʟʘʜʘʯ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ 

ʘʥʘʣʠʟʘ, ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʥʦʛʦʤʝʨʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ 
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ʩʠʛʥʘʪʫʨʳ ʧʨʠʤʝʥʷʣʘʩʴ ʩʨʝʜʘ C++, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʯʪʝʥʠʝ ʜʘʥʥʳʭ, ʠʭ 

ʦʙʨʘʙʦʪʢʫ ʠ ʪʨʝʙʫʝʤʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ ʜʣʷ ʬʘʡʣʦʚ. 

ɺ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʜʦʢʘʟʘʪʝʣʴʥʦʡ ʬʘʢʪʫʨʳ 

ʥʘʩʪʦʷʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʣʝʞʠʪ ʙʘʟʘ ʜʘʥʥʳʭ MOBISIG, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ 

ʩʦʙʦʡ ʥʘʙʦʨ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʜʧʠʩʝʡ 83 ʧʦʣʴʟʦʚʘʪʝʣʝʡ (49 ʤʫʞʯʠʥ, 34 

ʞʝʥʱʠʥʳ), ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʝʤʢʦʩʪʥʳʤ 

ʩʝʥʩʦʨʥʳʤ ʵʢʨʘʥʦʤ (ʧʣʘʥʰʝʪ Nexus 9, Android 6.0) [63]. ɼʘʥʥʳʝ ʢʘʞʜʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʦʜʝʨʞʘʪ 45 ʠʩʪʠʥʥʳʭ ʠ 20 ʧʦʜʜʝʣʴʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʝʛʦ 

ʧʦʜʧʠʩʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʬʦʨʤʘʪʝ ʬʘʡʣʘ ç*.csvè (ʨʠʩ. 

4.1). 

 

ʈʠʩʫʥʦʢ 4.1 ï ʀʩʭʦʜʥʦʝ ʬʘʡʣʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ 

  

ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʤʘʢʝʪʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʘʣʠʟʘʮʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʦʜʧʠʩʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʥʘ ʨʠʩ. 4.2. 

 

ʈʠʩʫʥʦʢ 4.2 - ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʤʘʢʝʪʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

 

ʉʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʤʥʦʛʦʤʝʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ 

ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ (ʉ++) ʅʉ 

ʂʦʭʦʥʝʥʘ (ʩʣʦʷ ʂʦʭʦʥʝʥʘ) ʠ ʠʩʧʦʣʴʟʫʝʪ ʦʜʥʦʪʦʯʝʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 
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ʵʪʘʣʦʥʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʨʝʘʣʠʟʘʮʠʡ ʢʨʠʚʳʭ, ʦʧʠʩʘʥʥʳʭ ʚ 

ʛʣʘʚʝ 3 ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʉʇʆ ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʣʣʶʩʪʨʠʨʦʚʘʥ ʥʘ ʨʠʩ. 4.3. 

 

ʈʠʩʫʥʦʢ 4.3 - ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʉʇʆ ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ (ʉ++) ʤʥʦʛʦʤʝʨʥʳʭ ʢʨʠʚʳʭ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ (N ï 

ʯʠʩʣʦ ʢʨʠʚʳʭ ʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ, M ï ʯʠʩʣʦ ʦʙʫʯʘʶʱʠʭ ʨʝʘʣʠʟʘʮʠʡ, 

K - ʧʨʦʚʝʨʦʯʥʳʭ) 

ʀʥʪʝʨʬʝʡʩ ʦʢʦʥ ʧʨʦʛʨʘʤʤʳ ʚ ʨʝʞʠʤʘʭ ʯʪʝʥʠʷ ʤʥʦʛʦʤʝʨʥʳʭ ʢʨʠʚʳʭ 

ʧʦʜʧʠʩʠ ʠ ʨʘʩʯʝʪʘ ʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 4.4. 
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a) 

 

b) 

ʈʠʩʫʥʦʢ 4.4 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʘʩʯʝʪʦʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʧʦʨʪʨʝʪʘ ʢʘʞʜʦʡ ʨʝʘʣʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ: a) ʚ ʛʨʘʬʠʯʝʩʢʦʤ 

ʚʠʜʝ, b) ʚ ʪʝʢʩʪʦʚʦʤ 

ɺ ʭʦʜʝ ʤʝʪʨʠʯʝʩʢʦʡ ʘʚʪʦ-ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʪ.ʝ., ʢʦʛʜʘ ʤʦʜʝʣʠʨʫʝʪʩʷ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʮʘ ʧʦʜʧʠʩʠ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʧʘʨʘʤʝʪʨ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʢʘʞʜʦʛʦ ʘʢʪʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (ʨʠʩ. 4.5). ʊʘʢ ʢʘʢ 

ʧʘʨʘʤʝʪʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʙʨʘʟʮʘ ʜʦ ʵʪʘʣʦʥʘ ʚ 
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ʥʦʨʤʠʨʦʚʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ, ʪʦ ʥʘ ʦʙʨʘʟʮʘʭ 

ʧʨʦʚʝʨʦʯʥʦʡ ʚʳʙʦʨʢʠ ʠ ʥʦʚʦʡ ʥʦʨʤʠʨʦʚʢʠ ʦʥ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʝʜʠʥʠʮʫ. 

 

ʈʠʩʫʥʦʢ 4.5 ï ʀʥʪʝʨʬʝʡʩ ʉʇʆ (ʉ++) ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʨʝʞʠʤʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

 

ʆʩʦʙʝʥʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʉʇʆ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʩʣʝʜʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʢʣʘʩʪʝʨʦʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʚ L-ʤʝʨʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ: 

,L N R= Ö                                                  (4.1) 

 

ʛʜʝ N - ʯʠʩʣʦ ʢʨʠʚʳʭ ʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ, R ï ʯʠʩʣʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ, ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʘʞʜʦʡ ʢʨʠʚʦʡ ʧʦʜʧʠʩʠ. 

ɸʣʛʦʨʠʪʤ ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʅʉ ʂʦʭʦʥʝʥʘ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 

4.6. 
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ʈʠʩʫʥʦʢ 4.6 ï ɸʣʛʦʨʠʪʤ ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʅʉ ʂʦʭʦʥʝʥʘ (SOM) 

ʉʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʛʥʘʪʫʨʳ ʧʦʜʧʠʩʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪʩʯʝʪʦʚ 

ʤʥʦʛʦʤʝʨʥʳʭ ʢʨʠʚʳʭ (MATLAB) ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʮʝʥʘʨʠʝʚ, 
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ʟʘʧʫʩʢʘʝʤʳʭ ʥʘ ʠʩʧʦʣʥʝʥʠʝ ʚ ʟʘʜʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʉʇʆ (MATLAB) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.7. 

 

 

ʈʠʩʫʥʦʢ 4.7 ï ɺʟʘʠʤʦʩʚʷʟʴ ʠʩʧʦʣʥʷʝʤʳʭ ʩʮʝʥʘʨʠʝʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ 

ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʛʥʘʪʫʨʳ ʧʦʜʧʠʩʠ 

 

ʂ ʢʣʶʯʝʚʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʘʣʛʦʨʠʪʤʦʚ ʘʥʘʣʠʟʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʦʪʥʦʩʠʪʩʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʪʦ ʝʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʚʣʝʢʘʪʴ ʧʨʦʠʟʚʦʣʴʥʦʝ (ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʦʛʨʘʥʠʯʝʥʥʦʝ 

ʩʚʝʨʭʫ) ʯʠʩʣʦ ʧʣʦʩʢʠʭ ʢʨʠʚʳʭ ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʦʪʥʝʩʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ 

ʧʦʜʧʠʩʠ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʢʣʘʩʩʫ (ʵʪʘʣʦʥʫ).  

ʊʘʢʦʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʨʝʜʩʪʚ ʘʥʘʣʠʟʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ.  
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ʅʝʡʨʦʩʝʪʝʚʳʝ ʘʣʛʦʨʠʪʤʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʩʥʦʚʘʥʳ ʥʘ ʜʚʫʭ ʩʝʪʷʭ ï 

ʩʦ ʩʢʘʣʷʨʥʦʡ ʠ ʩ ʚʝʢʪʦʨʥʦʡ ʬʫʥʢʮʠʝʡ ʚʳʭʦʜʘ (ʨʠʩ. 4.8). 

 

 

ʈʠʩʫʥʦʢ 4.8 ï ɸʨʭʠʪʝʢʪʫʨʳ ʅʉ ʚʠʜʘ MLP ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʤʥʦʛʦʤʝʨʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ 

 

ɸʣʛʦʨʠʪʤ ʩʠʥʪʝʟʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʅʉ ʠʣʣʶʩʪʨʠʨʦʚʘʥ ʥʘ ʨʠʩ. 4.9-4.10. 
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ʈʠʩʫʥʦʢ 4.9 ï ɸʣʛʦʨʠʪʤ ʩʠʥʪʝʟʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʅʉ MLP (ʥʘʯʘʣʦ) 
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ʈʠʩʫʥʦʢ 4.10 ï ɸʣʛʦʨʠʪʤ ʩʠʥʪʝʟʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʅʉ MLP (ʦʢʦʥʯʘʥʠʝ) 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʫʯʝʥʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʛʨʘʬʠʢʠ ʩʭʦʜʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ ʢʨʠʚʳʝ ʧʦʜʧʠʩʝʡ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʢʘʢ ʚʭʦʜʥʳʝ ʚʝʢʪʦʨʳ 

(ʨʠʩ. 4.11). 

 

ʈʠʩʫʥʦʢ 4.11 - ʢʨʠʚʳʝ ʧʦʜʧʠʩʝʡ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʢʘʢ ʚʭʦʜʥʳʝ ʚʝʢʪʦʨʳ ʅʉ 
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ɺʳʭʦʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʮʝʥʘʨʠʷ ˉ3 ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ 

MATLAB ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʚ ʦʪʜʝʣʴʥʦʤ 

ʦʢʥʝ (ʨʠʩ. 4.12).  

 

 

ʈʠʩʫʥʦʢ 4.12 ï ʇʨʠʤʝʨ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʉʇʆ (MATLAB) 

 

4.2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʩʨʘʚʥʝʥʠʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪʩʯʝʪʦʚ 

ʤʥʦʛʦʤʝʨʥʳʭ ʢʨʠʚʳʭ ʩ ʙʘʟʦʚʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʤʥʦʛʦʤʝʨʥʳʭ ʩʠʛʥʘʣʦʚ 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʯʠʥʝʥʳ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ï 

ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʘʣʠʟʘʮʠʡ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʥʘ ʦʩʥʦʚʝ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʝʪʦʜʦʚ ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʭʝʤ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʮʝʥʠʚʘʥʠʷ ʩʠʛʥʘʣʦʚ, ʘ 

ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʝ ʩʚʝʜʝʥʠʡ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʘʥʘʣʠʟʘ ʩʠʛʥʘʪʫʨ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʧʠʩʠ ʚ ʢʦʤʧʣʝʢʩʘʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʠʩʪʝʤ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʦʣʠʯʝʩʪʚʦ  ʩʢʨʳʪʳʭ ʩʣʦʝʚ ʥʝʡʨʦʩʝʪʠ 

ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ 1 ʜʦ 4 ʬʫʥʢʮʠʝʡ ʘʢʪʠʚʘʮʠʠ ʷʚʣʷʣʩʷ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ 

ʪʘʥʛʝʥʩ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʦʪʩʯʝʪʦʚ ʧʦʜʧʠʩʠ ʥʝ ʧʨʝʚʳʰʘʣʦ 260.  
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ʂʦʨʨʝʢʮʠʷ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʳʧʦʣʥʷʣʘʩʴ ʧʦ ʘʣʛʦʨʠʪʤʫ 

ʦʙʫʯʝʥʠʷ ʃʝʚʝʥʙʝʨʛʘïʄʘʨʢʚʘʨʜʪʘ: 

1( 1) ( ) ( ( ) ( ) ) ( )( ( ) ( ( ) ( )))T T

j j j j j j jw k w k J k J k I J k d k f w k x kc -+ = + + - ,       (4.3) 

 

ɿʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʜʫʨʳ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʮʝʥʠʚʘʣʠʩʴ ʯʘʩʪʦʪʥʳʤ ʤʝʪʦʜʦʤ. ɺ ʢʘʞʜʦʡ ʪʦʯʢʝ 

ʛʨʘʬʠʢʦʚ ʚʳʧʦʣʥʷʣʦʩʴ ʥʝ ʤʝʥʝʝ 30 ʠʩʧʳʪʘʥʠʡ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʳʯʠʩʣʷʣʘʩʴ ʧʦ ʯʘʩʪʦʪʥʦʡ ʦʮʝʥʢʝ: 

,D M N=                                                     (4.4) 

 

ʛʜʝ M - ʯʠʩʣʦ ʫʩʧʝʰʥʳʭ ʦʧʳʪʦʚ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, N ï 

ʦʙʱʝʝ ʯʠʩʣʦ ʦʧʳʪʦʚ.  

ʅʘ ʨʠʩ. 4.13 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʪ ʯʠʩʣʘ ʢʨʠʚʳʭ ʝʛʦ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʛʥʘʪʫʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʭ 
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ʧʨʠ ʨʘʩʧʦʟʥʘʚʘʥʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʸʤ ʫʩʨʝʜʥʝʥʠʷ ʧʦ 30 ʪʦʯʢʘʤ ʠ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʰʝʩʪʠ ʘʣʛʦʨʠʪʤʦʚ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʢʘʞʜʦʡ ʪʦʯʢʠ ʛʨʘʬʠʢʘ ʠʟ 

ʦʙʱʝʛʦ ʥʘʙʦʨʘ ʚ 50 ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʫʩʨʝʜʥʷʣʠʩʴ ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʜʣʷ 10 ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʟ ʧʨʦʪʦʢʦʣʘ ʠʩʧʳʪʘʥʠʡ (ʧʨʦʚʝʨʦʯʥʦʡ ʚʳʙʦʨʢʠ), ʧʨʠ 

ʵʪʦʤ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʫʯʠʪʳʚʘʣʦʩʴ ʧʦ 20 ʨʝʘʣʠʟʘʮʠʡ ʧʦʜʧʠʩʠ. 

 

ʈʠʩʫʥʦʢ 4.13 ï ɿʘʚʠʩʠʤʦʩʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʪ ʯʠʩʣʘ 

ʢʨʠʚʳʭ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ 

 

ʇʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 3ï5 ʙʘʟʦʚʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ï ʢʦʦʨʜʠʥʘʪ ὼ ʠ ώ ʚ ʧʣʦʩʢʦʩʪʠ ʧʣʘʥʰʝʪʘ, ʜʘʚʣʝʥʠʷ ʥʘ ʵʢʨʘʥ, ʘ 

ʪʘʢʞʝ ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʠ ʧʝʨʘ ʧʦ ὼ ʠ ώ  ï ʫʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʝʤʣʝʤʳʡ 

ʫʨʦʚʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ 

ʫʯʠʪʳʚʘʝʤʳʭ ʢʨʠʚʳʭ ʧʨʠʚʦʜʠʪ ʣʠʰʴ ʢ ʥʝʙʦʣʴʰʦʤʫ ʧʨʠʨʦʩʪʫ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʦʜʥʘʢʦ ʟʘʤʝʪʥʦ ʧʦʚʳʰʘʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ 

ʨʝʩʫʨʩʦʸʤʢʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʘʣʛʦʨʠʪʤ ʃʝʚʝʥʙʝʨʛʘïʄʘʨʢʚʘʨʜʪʘ ʪʨʝʙʫʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʨʠʮʳ ʗʢʦʙʠ J: 

 

( ) T ,H I EJa d+ =                                           (4.5) 
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 F(xi,w) ï ʟʥʘʯʝʥʠʝ ʚʳʭʦʜʘ ʅʉ 

ʥʘ i-ʡ ʚʭʦʜʥʦʡ ʚʝʢʪʦʨ X [81, 82, 83]. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʧʘʨʘʤʝʪʨʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʝʨʝʯʥʝ ʢʨʠʚʳʭ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ. ʕʢʩʧʝʨʠʤʝʥʪʳ 

ʜʣʷ ʧʷʪʠ ʢʨʠʚʳʭ ʧʦʢʘʟʘʣʠ ʤʘʢʩʠʤʫʤ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʥʘ ʩʣʝʜʫʶʱʝʤ 

ʩʦʩʪʘʚʝ: 

1) x ï ʧʨʦʝʢʮʠʷ ʪʝʢʫʱʝʛʦ ʧʦʣʦʞʝʥʠʷ ʧʝʨʘ ʥʘ ʦʩʴ x; 

2) y ï ʧʨʦʝʢʮʠʷ ʪʝʢʫʱʝʛʦ ʧʦʣʦʞʝʥʠʷ ʧʝʨʘ ʥʘ ʦʩʴ y; 

3) pressure ï ʪʝʢʫʱʘʷ ʩʠʣʘ ʜʘʚʣʝʥʠʷ ʧʝʨʘ ʥʘ ʵʢʨʘʥ; 

4) velocityx ï ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʧʝʨʘ ʥʘ ʦʩʴ x; 

5) velocityy ï ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʧʝʨʘ ʥʘ ʦʩʴ y. 

ɼʘʣʴʥʝʡʰʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʨʝʘʣʠʟʦʚʳʚʘʣʠʩʴ ʩ ʜʘʥʥʳʤ ʥʘʙʦʨʦʤ 

ʧʘʨʘʤʝʪʨʦʚ. 

ʅʘ ʨʠʩ. 4.14 ʧʦʢʘʟʘʥʘ ʫʩʨʝʜʥʸʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʨʠʚʦʡ (ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʧʦʣʴʟʦʚʘʪʝʣʷ) ʦʪ ʦʙʲʸʤʘ 

ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʠ ʯʠʩʣʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: 

- ʯʠʩʣʦ ʘʣʛʦʨʠʪʤʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʠ, ï 3 

(ʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʚ ʝʚʢʣʠʜʦʚʦʡ ʤʝʪʨʠʢʝ, ʢʨʦʩʩʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʤʝʪʦʜ ʠ 

ʅʉ ʩʦ ʩʢʘʣʷʨʥʦʡ ʬʫʥʢʮʠʝʡ ʚʳʭʦʜʘ); 

- ʯʠʩʣʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʨʠʚʳʭ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ï 5 (x, y, p, vx, 

vy); 

ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʤʦʥʦʪʦʥʥʳʡ ʨʦʩʪ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʟʮʦʚ 

ʧʦʜʧʠʩʠ ʥʘ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʤʝʥʴʰʝʥʠʠ ʯʠʩʣʘ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʊʘʢʦʡ ʵʬʬʝʢʪ ʝʩʪʝʩʪʚʝʥʥʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʯʝʨʝʟ 
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ʩʦʢʨʘʱʝʥʠʝ ʯʠʩʣʘ ʦʙʣʘʩʪʝʡ ʢʣʘʩʩʦʚ ʠ ʠʟʤʝʥʝʥʠʝ ʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʠ (ʚ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʤ ʩʤʳʩʣʝ) ʚ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʧʨʠʟʥʘʢʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʯʪʦ 

ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʢʦʨʨʝʢʪʥʦʛʦ ʦʪʥʝʩʝʥʠʷ ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʦʙʨʘʟʮʦʚ 

ʧʦʜʧʠʩʠ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʣʘʩʩʘʤ. 

 

ʈʠʩʫʥʦʢ 4.14 ï ʀʟʤʝʥʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʦʜʧʠʩʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣ-ʚʘ ʵʪʘʣʦʥʦʚ ʠ ʛʨʫʧʧ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

 

ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 4.14, ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʸʞʥʦʩʪʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʧʦʣʥʷʪʴ ʜʝʢʦʤʧʦʟʠʮʠʶ 

ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʝʣʝʡ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʥʘ 

ʛʨʫʧʧʳ, ʩʦʜʝʨʞʘʱʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘ ʨʝʘʣʠʟʘʮʠʡ ʧʦʜʧʠʩʠ 

ʦʜʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʝʡʨʦʩʝʪʝʚʳʝ 

ʘʣʛʦʨʠʪʤʳ ʩ ʘʣʛʦʨʠʪʤʘʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʦʮʝʥʠʚʘʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ 

ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʤʥʦʛʦʤʝʨʥʳʭ ʩʠʛʥʘʣʦʚ. 

ʅʘ ʨʠʩ. 4.15 ʧʨʠʚʝʜʝʥʳ ʠʟʤʝʥʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʪ ʯʠʩʣʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʦʙʲʸʤʘʭ ʦʙʫʯʘʶʱʝʡ ʠ ʧʨʦʚʝʨʦʯʥʦʡ ʚʳʙʦʨʦʢ. 
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ʈʠʩʫʥʦʢ 4.15 ï ʀʟʤʝʥʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʦʜʧʠʩʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʯʠʩʣʘ 

 

ɺʠʟʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʨʠʩ. 4.15 ʧʦʢʘʟʳʚʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʅʉ ʩ 

ʚʝʢʪʦʨʥʦʡ ʬʫʥʢʮʠʝʡ ʚʳʭʦʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ ʧʨʠʤʝʥʸʥʥʳʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ.  

ʅʘ ʨʠʩ. 4. 16 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʮʝʥʢʠ ʦʰʠʙʦʢ ʣʦʞʥʦʛʦ ʜʦʧʫʩʢʘ ï FAR 

(False Acceptance Rate) ʠ ʣʦʞʥʦʛʦ ʦʪʢʘʟʘ ï FRR (False Rejection Rate) ʜʣʷ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ. ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʛʨʘʬʠʢʝ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʵʬʬʝʢʪʠʚʥʦ ʩʥʠʞʘʝʪ ʟʥʘʯʝʥʠʷ 

FAR ʠ FRR ʧʨʠ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. ʇʨʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

0,1 ʧʦʢʘʟʘʪʝʣʴ FAR ʩʦʩʪʘʚʣʷʝʪ 0,08%, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʤʠʥʠʤʠʟʘʮʠʶ 

ʣʦʞʥʳʭ ʜʦʧʫʩʢʦʚ ʚ ʨʘʤʢʘʭ ʟʘʜʘʥʥʦʛʦ ʧʦʨʦʛʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ, FRR ʧʨʠ 

ʜʘʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʘʚʝʥ 0,12%, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʠʟʢʦʤ 

ʫʨʦʚʥʝ ʣʦʞʥʳʭ ʦʪʢʘʟʦʚ. ʇʦʢʘʟʘʪʝʣʴ EER ʜʣʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʜʦʩʪʠʛʘʝʪ 

0,9% ʧʨʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʠʞʝ 0,1, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʧʪʠʤʘʣʴʥʦʝ 

ʩʦʯʝʪʘʥʠʝ ʪʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ ʜʣʷ ʟʘʜʘʯ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 

ʦʰʠʙʢʘʤʠ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ EER 
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ʈʠʩʫʥʦʢ 4.16 - ʆʮʝʥʢʘ ʜʦʣʠ ʦʰʠʙʦʢ ʣʦʞʥʦʛʦ ʜʦʧʫʩʢʘ ʠ ʣʦʞʥʦʛʦ ʦʪʢʘʟʘ ʜʣʷ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ 

 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʪʘʢʞʝ ʦʙʫʩʣʦʚʣʝʥ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʴʶ ʠʩʭʦʜʥʦʛʦ ʜʘʪʘʩʝʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ MOBISIG, ʠ ʜʣʷ 

ʜʨʫʛʠʭ ʜʘʥʥʳʭ ʥʘʢʣʦʥ ʢʨʠʚʳʭ ʤʦʞʝʪ ʙʳʪʴ ʜʨʫʛʠʤ.  

ʆʛʨʘʥʠʯʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʅʉ ʩ ʚʝʢʪʦʨʥʦʡ ʬʫʥʢʮʠʝʡ 

ʚʳʭʦʜʘ, ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʡ ʭʘʨʘʢʪʝʨ ʨʦʩʪʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʩʣʦʞʥʦʩʪʠ ʦʙʫʯʝʥʠʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʘʣʛʦʨʠʪʤʘ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʜʝʮʝʥʪʨʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤ ʨʝʛʠʩʪʨʘʮʠʠ ʠ 

ʦʙʨʘʙʦʪʢʠ ʧʦʜʧʠʩʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʢʨʠʚʳʭ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ. 

 

4.3.  ʇʨʝʜʣʦʞʝʥʠʷ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʭʨʘʥʝʥʠʷ ʵʪʘʣʦʥʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʥʘ ʦʩʥʦʚʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʙʘʟ ʜʘʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠ ʫʥʠʢʘʣʴʥʳʭ ʤʘʪʨʠʮ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʝʞʥʝʡʨʦʥʥʳʭ ʩʚʷʟʝʡ 
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ʆʩʦʙʝʥʥʦʩʪʷʤʠ ʜʘʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʤʥʦʞʝʩʪʚʘ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʷʚʣʷʶʪʩʷ: 

1. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʦʜʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚ ʝʜʠʥʦʤ ʬʦʨʤʘʪʝ ʤʥʦʛʦʤʝʨʥʦʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ [m, n], ʛʜʝ m ï ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ, 

ʧʦʨʷʜʢʘ ʝʜʠʥʠʮ - ʜʝʩʷʪʢʦʚ, n ï ʯʠʩʣʦ ʦʪʩʯʝʪʦʚ ʤʥʦʛʦʤʝʨʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ 

ʨʷʜʘ. 

2. ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʦʪʩʯʝʪʦʚ ʤʥʦʛʦʤʝʨʥʦʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʢʘʞʜʦʡ ʧʦʜʧʠʩʠ, n = 100,é300, ʪ.ʢ. ʧʨʦʮʝʩʩ ʧʦʩʪʘʥʦʚʢʠ 

ʧʦʜʧʠʩʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʜʣʝʥʥʦʤʝʥʷʶʱʠʤʠʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʜʚʠʞʝʥʠʷ ʧʝʨʘ. 

3. ʄʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʘʣʠʟʘʮʠʡ ʧʦʜʧʠʩʠ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, 

ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʝʜʠʥʠʮ ʠʟʥʘʯʘʣʴʥʦ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʩʠʩʪʝʤʝ, ʧʨʠ 

ʵʪʦʤ ʢʘʞʜʳʡ ʘʢʪ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ ʥʘ 

ʦʜʥʫ ʨʝʘʣʠʟʘʮʠʶ. ʆʙʦʟʥʘʯʠʤ ʜʘʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʠʥʜʝʢʩʦʤ k, ʠ ʚ ʧʨʝʜʝʣʝ: 

k­¤.  

4. ɻʠʛʘʥʪʩʢʦʡ ʯʠʩʣʦ v ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʦʝ ʦʭʚʘʪʳʚʘʝʪ ʮʝʣʝʚʦʡ 

ʢʣʘʩʩ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʚ ʧʨʝʜʝʣʝ: v­¤. 

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ k-ʛʦ ʠʟʤʝʨʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʧʨʦʮʝʜʫʨʘ ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʜʥʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ ʙʫʜʝʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʵʪʘʣʦʥʦʚ ʝʛʦ ʧʦʜʧʠʩʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʨʘʥʠʣʠʱʝ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ ʚʠʜʝ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʤʝʝʪ ʪʦʧʦʣʦʛʠʶ ʩ ʯʝʪʳʨʴʤʷ 

ʥʝʟʘʚʠʩʠʤʳʤʠ, ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ, ʪ.ʝ.  ʚ ʝʚʢʣʠʜʦʚʦʡ ʤʝʪʨʠʢʝ ï 

ʛʠʧʝʨʢʫʙʘ ʨʘʟʤʝʨʥʦʩʪʴʶ [m, n, k, v]. ɻʨʘʬʠʯʝʩʢʠ ʫʯʘʩʪʦʢ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ 

ʦʜʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʥʝ ʪʦʣʴʢʦ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ, ʥʦ 

ʠ ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʨʫʛʠʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʫʙʲʝʢʪʘ (ʨʠʩ. 4.17). 

ʄʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʧʨʠʚʦʜʠʪ ʢ 

ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʜʘʥʥʳʭ ʚ ʬʦʨʤʝ ʤʥʦʛʦʤʝʨʥʦʡ ʤʦʜʝʣʠ.  
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ʈʠʩʫʥʦʢ 4.17 - ʄʥʦʛʦʤʝʨʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʭʨʘʥʠʣʠʱʘ ʵʪʘʣʦʥʦʚ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ (ʬʨʘʛʤʝʥʪ ʦʜʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʸʪʩʷ ʤʥʦʞʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ D, ʣʶʙʘʷ ʪʦʯʢʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʧʠʩʳʚʘʝʪʩʷ ʥʘʙʦʨʦʤ (d1,é,dn), ʛʜʝ di Í 

D, ʠ ʩʦʧʦʩʪʘʚʣʝʥʥʳʤ ʝʡ ʚʝʢʪʦʨʦʤ ʤʝʨ (m1,é,mk), mi Í M, ʛʜʝ M ï 

ʤʥʦʞʝʩʪʚʦ ʤʝʨ. 

ʊʦʛʜʘ ʤʥʦʛʦʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʦʞʥʦ ʟʘʜʘʪʴ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʩʭʝʤʦʡ R, ʘʪʨʠʙʫʪʘʤʠ ʢʦʪʦʨʦʡ ʚʳʩʪʫʧʘʶʪ ʠʟʤʝʨʝʥʠʷ ʠ ʤʝʨʳ, ʪʦ ʝʩʪʴ R = 

<D, M>, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʤʥʦʞʝʩʪʚʦʤ ʦʪʥʦʰʝʥʠʡ r ʦʧʨʝʜʝʣʸʥʥʳʭ ʥʘʜ 

ʵʪʦʡ ʩʭʝʤʦʡ R. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʜʣʷ ʣʶʙʦʛʦ "A ÍD, ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʝʢʮʠʷ r[A] ʪʘʢʘʷ, 

ʯʪʦ ʜʣʷ ʣʶʙʦʛʦ "a Ír[A]:  ʚʳʧʦʣʥʷʝʪʩʷ a Í{ ALL}, ʛʜʝ {ALL} ʟʘʜʘʸʪ ʧʦʣʥʳʡ 

ʥʘʙʦʨ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʟʤʝʨʝʥʠʷ. ʉʘʤʦ 

ʤʥʦʛʦʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʜʝʢʘʨʪʦʚʳʤ 

ʧʨʦʠʟʚʝʜʝʥʠʝʤ 

Space(r) = {(r[A] ÇALL) Ç{0,é,0}}. 
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ʉʫʱʝʩʪʚʝʥʥʦʝ ʜʦʩʪʦʠʥʩʪʚʦ ʧʦʜʦʙʥʦʡ ʪʦʧʦʣʦʛʠʠ ʙʘʟʳ ʜʘʥʥʳʭ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʦʠʩʢʝ ʠ ʠʟʚʣʝʯʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʠʟ çʢʫʙʘè ʧʦ 

ʠʟʤʝʨʝʥʠʷʤ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʪʠʧʦʚʳʝ ʦʧʝʨʘʮʠʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ: ʩʝʯʝʥʠʝ 

(ʩʨʝʟ), ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʝ, ʩʚʸʨʪʢʫ ʠ ʜʝʪʘʣʠʟʘʮʠʶ. 

ɸʣʛʦʨʠʪʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʠʩʧʦʣʴʟʫʶʱʠʡ 

ʥʦʨʤʠʨʦʚʘʥʥʫʶ ʬʫʥʢʮʠʶ ʢʨʦʩʩʢʦʨʨʝʣʷʮʠʠ, ʦʧʠʨʘʝʪʩʷ ʥʘ ʦʧʝʨʘʮʠʶ 

ʩʚʸʨʪʢʠ  ʛʜʝ ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʟʘʤʝʥʷʶʪʩʷ ʙʦʣʝʝ ʦʙʱʠʤʠ, ʠʝʨʘʨʭʠʯʝʩʢʠ 

ʚʳʰʝʩʪʦʷʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ (ʨʠʩ. 4.18), ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʩʪʝʧʝʥʴ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʠ ʦʙʦʙʱʸʥʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ. 

 

ʈʠʩʫʥʦʢ 4.18 ï ʇʨʦʮʝʜʫʨʘ ʩʚʝʨʪʢʠ 

 

ɺ ʢʘʯʝʩʪʚʝ ʪʝʭʥʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʙʘʟʳ ʜʘʥʥʳʭ ʢʣʘʩʩʘ TSDB (Time 

Series Database) ð ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʭʨʘʥʠʣʠʱʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ 

ʨʘʙʦʪʫ ʩ ʜʘʥʥʳʤʠ, ʩʥʘʙʞʸʥʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʤʝʪʢʘʤʠ, ʠ ʥʘ ʵʬʬʝʢʪʠʚʥʫʶ 

ʦʙʨʘʙʦʪʢʫ ʚʨʝʤʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ.  

4.4.  ʇʨʝʜʣʦʞʝʥʠʷ ʧʦ ʦʙʣʠʢʫ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʮʝʥʪʨʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ 

 

ʉʦʛʣʘʩʥʦ ʦʙʦʙʱʸʥʥʦʡ ʩʭʝʤʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʨʝʛʠʩʪʨʘʮʠʠ 

ʠ ʦʙʨʘʙʦʪʢʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ, ʘʨʭʠʪʝʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʩʨʝʜʩʪʚ 

ʚʢʣʶʯʘʝʪ ʥʘʙʦʨ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 4.19. 
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ʈʠʩʫʥʦʢ 4.19 - ɸʨʭʠʪʝʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

 

ʂʘʢ ʨʘʩʧʨʝʜʝʣʸʥʥʘʷ ʩʠʩʪʝʤʘ, ʪʘʢʦʡ ʢʦʤʧʣʝʢʩ ʦʙʷʟʘʪʝʣʴʥʦ ʩʦʜʝʨʞʠʪ 

ʪʝʨʤʠʥʘʣ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʚʷʟʴ ʠ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʤʝʞʜʫ ʪʦʯʢʦʡ ʩʲʸʤʘ 

ʧʦʜʧʠʩʠ ʠ ʮʝʥʪʨʦʤ ʝʸ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʧ. 4.2, ʧʨʠ 

ʥʘʢʦʧʣʝʥʠʠ ʦʙʨʘʟʮʦʚ ʧʦʜʧʠʩʝʡ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʨʘʤʢʘʭ 

ʦʜʥʦʡ ʨʘʟʣʠʯʠʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʩʥʠʞʘʝʪʩʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

ʆʜʥʠʤ ʠʟ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʫʩʪʨʘʥʝʥʠʷ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʷʚʣʷʝʪʩʷ 

ʜʝʢʦʤʧʦʟʠʮʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʝʞʜʫ 

ʥʝʩʢʦʣʴʢʠʤʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ ʮʝʥʪʨʘʤʠ ʚ ʨʘʤʢʘʭ 

ʢʦʥʮʝʧʮʠʠ IoT. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʪʨʦʠʪʴ ʧʦ 

ʦʙʣʘʯʥʦʤʫ ʧʨʠʥʮʠʧʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ Fog-ʫʟʣʦʚ, 

ʚʳʧʦʣʥʷʶʱʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʠ ʤʘʨʰʨʫʪʠʟʘʮʠʶ ʜʘʥʥʳʭ. 

ɺ ʤʦʜʝʣʠ ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ ʦʙʳʯʥʦ ʚʳʜʝʣʷʶʪ ʪʨʠ ʫʨʦʚʥʷ (ʨʠʩ. 

4.20):  

1) ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʡ ʫʨʦʚʝʥʴ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ ʨʝʩʫʨʩʳ ʜʣʷ 

ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ (IaaS); 

2) ʧʣʘʪʬʦʨʤʝʥʥʳʡ ʫʨʦʚʝʥʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʨʘʟʚʸʨʪʳʚʘʥʠʝ ʠ 

ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʪʘʢʠʭ ʧʨʠʣʦʞʝʥʠʡ (PaaS); 

3) ʫʨʦʚʝʥʴ ʧʨʠʣʦʞʝʥʠʡ/ʩʝʨʚʠʩʦʚ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʦʣʴʟʦʚʘʪʝʣʠ 

ʧʦʣʫʯʘʶʪ ʜʦʩʪʫʧ ʢ ʬʫʥʢʮʠʦʥʘʣʫ (SaaS). 
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ʈʠʩʫʥʦʢ 4.20 ï ʄʦʜʝʣʴ ʦʙʣʘʯʥʳʭ ʩʣʫʞʙ 

 

ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʩʥʠʞʝʥʠʷ ʟʘʜʝʨʞʝʢ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʠʥʪʝʛʨʘʮʠʷ ʧʦʜʭʦʜʦʚ çʪʫʤʘʥè ʠ çʦʙʣʘʢʦè [84, 85]. ʆʜʥʘʢʦ ʪʘʢʘʷ 

ʠʥʪʝʛʨʘʮʠʷ ʪʨʝʙʫʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʠ ʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. 

ɼʣ̫ ʩʠʩʪʝʤ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʰʠʨʷʪʴ ʩʣʦʡ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʟʘ ʧʨʝʜʝʣʳ ʩʦʙʩʪʚʝʥʥʦ çʦʙʣʘʢʘè, ʚʢʣʶʯʘʷ ʚ 

ʥʝʛʦ çʪʫʤʘʥè [86ï88].  

 

4.5. ɺʳʚʦʜʳ ʧʦ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʳ 

ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʤʘʢʝʪ ʢʦʤʧʣʝʢʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ. ʈʝʘʣʠʟʘʮʠʷ: MATLAB ʠ C++. ɺ 

ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʙʘʟʳ ʠʩʧʦʣʴʟʦʚʘʥʘ MOBISIG. ɸʨʭʠʪʝʢʪʫʨʘ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʦʜʫʣʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʤʥʦʛʦʤʝʨʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʜʧʠʩʠ ʥʘ ʅʉ ʂʦʭʦʥʝʥʘ (C++) ʩ ʦʜʥʦʪʦʯʝʯʥʳʤ ʵʪʘʣʦʥʦʤ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʨʝʘʣʠʟʘʮʠʡ ʢʨʠʚʳʭ ʠ ʤʦʜʫʣʴ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪʩʯʸʪʦʚ ʤʥʦʛʦʤʝʨʥʳʭ ʢʨʠʚʳʭ 

(MATLAB), ʚʳʧʦʣʥʝʥʥʳʡ ʢʘʢ ʮʝʧʦʯʢʘ ʩʮʝʥʘʨʠʝʚ, ʟʘʧʫʩʢʘʝʤʳʭ ʚ ʟʘʜʘʥʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 
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2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ 

ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʘʥʘʣʠʟʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʛʥʘʪʫʨʳ ʧʦʜʧʠʩʠ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪʩʯʝʪʦʚ ʤʥʦʛʦʤʝʨʥʳʭ ʢʨʠʚʳʭ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʦʧʪʠʤʘʣʴʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʦʙʥʘʨʫʞʝʥʠʷ-ʨʘʟʣʠʯʝʥʠʷ ʤʥʦʛʦʤʝʨʥʳʭ 

ʩʠʛʥʘʣʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʅʉ ʩ ʚʝʢʪʦʨʥʦʡ 

ʬʫʥʢʮʠʝʡ ʚʳʭʦʜʘ ʥʘʜ ʦʩʪʘʣʴʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. ʉʨʝʜʥʠʡ ʚʳʠʛʨʳʰ ʦʪ 

ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʜʧʠʩʠ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʩʦʩʪʘʚʠʣ 25 ï 35%, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʩ ʚʝʨʥʦʩʪʴʶ ʦʪ 5 ʜʦ 15 

%. 

3. ʇʨʝʜʣʦʞʝʥʘ ʦʨʛʘʥʠʟʘʮʠʷ ʭʨʘʥʝʥʠʷ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʵʪʘʣʦʥʦʚ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʢʘʢ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʭʨʘʥʠʣʠʱʘ ʚʨʝʤʝʥʥʳʭ 

ʨʷʜʦʚ ʠ ʢʘʢ ʧʦʩʣʦʡʥʦʛʦ ʭʨʘʥʠʣʠʱʘ ʤʘʪʨʠʮ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʩʦʚ 

ʥʝʡʨʦʩʝʪʠ. ɼʘʥʥʳʝ ʧʦʜʧʠʩʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʦʧʦʣʦʛʠʠ ʯʝʪʳʨʸʭʤʝʨʥʦʛʦ 

ʛʠʧʝʨʢʫʙʘ ʩ ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʤʥʦʛʦʤʝʨʥʳʡ ʘʥʘʣʠʟ ʚ ʝʚʢʣʠʜʦʚʦʡ ʤʝʪʨʠʢʝ. 

ʊʝʭʥʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʧʝʨʚʦʛʦ ʚʘʨʠʘʥʪʘ ʚʳʩʪʫʧʘʶʪ TSDB-ʩʠʩʪʝʤʳ. ɺʦ 

ʚʪʦʨʦʤ ʧʦʜʭʦʜʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʦʩʣʦʡʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʝʩʦʚ 

ʢʣʘʩʩʠʬʠʮʠʨʫʶʱʝʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ð ʩʦ ʩʢʘʣʷʨʥʦʡ ʣʠʙʦ ʚʝʢʪʦʨʥʦʡ 

ʬʫʥʢʮʠʝʡ ʚʳʭʦʜʘ ï ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʫʯʝʥʥʦʡ ʨʘʟʣʠʯʘʪʴ v ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʪʘʢʦʛʦ ʭʨʘʥʠʣʠʱʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ 

ʥʝʨʝʣʷʮʠʦʥʥʳʝ ʉʋɹɼ, ʩʧʦʩʦʙʥʳʝ ʵʬʬʝʢʪʠʚʥʦ ʚʳʧʦʣʥʷʪʴ ʦʧʝʨʘʮʠʠ ʟʘʧʠʩʠ 

ʠ ʚʳʙʦʨʢʠ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴʩʷ ʧʨʠ ʨʘʙʦʪʝ ʩ ʚʳʩʦʢʦʨʘʟʤʝʨʥʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ ʧʨʠʟʥʘʢʦʚ. 

4. ʇʨʝʜʣʦʞʝʥ ʦʙʣʠʢ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʝʪʠ ʫʟʣʦʚ ʦʙʨʘʙʦʪʢʠ, ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ. ɼʝʢʦʤʧʦʟʠʮʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʬʫʥʢʮʠʡ ʤʝʞʜʫ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ ʫʟʣʘʤʠ ʚ ʧʘʨʘʜʠʛʤʘʭ 

IoT, ʦʙʣʘʯʥʳʭ ʠ ʪʫʤʘʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʩʥʠʞʘʝʪ ʩʝʪʝʚʫʶ ʥʘʛʨʫʟʢʫ, 

ʟʘʜʝʨʞʢʠ ʜʦʩʪʘʚʢʠ ʩʝʛʤʝʥʪʦʚ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠ ʨʠʩʢ ʧʦʪʝʨʴ ʜʘʥʥʳʭ. 
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ɸʨʭʠʪʝʢʪʫʨʘ ʩʪʨʦʠʪʩʷ ʧʦ ʦʙʣʘʯʥʦʡ ʤʦʜʝʣʠ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ Fog-ʫʟʣʘʤʠ 

ʜʣʷ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. ʊʝʭʥʠʯʝʩʢʦʝ ʷʜʨʦ ʬʦʨʤʠʨʫʝʪʩʷ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʠ ʛʠʙʨʠʜʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʦʙʫʯʝʥʠʷ ʩ 

ʧʦʜʢʨʝʧʣʝʥʠʝʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʥʘ ʨʘʙʦʪʫ ʩ ʥʝʯʸʪʢʠʤʠ ʜʘʥʥʳʤʠ ʠ 

ʨʝʘʣʠʟʫʝʤʳʤ ʥʘ ʦʩʥʦʚʝ ʧʨʦʮʝʜʫʨ ʥʝʯʸʪʢʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. 
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ɿɸʂʃʖʏɽʅʀɽ 

 

1. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʭʘʥʠʟʤʦʚ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʘʣʠʟʘʮʠʡ ʥʘ ʦʩʥʦʚʝ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʦʜʧʠʩʠ (ʨʫʢʦʧʠʩʥʦʛʦ ʧʘʨʦʣʷ). ʆʙʦʩʥʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʢʘʢ ʩʧʦʩʦʙʘ ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʠ ʦʙʦʙʱʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʢʣʘʩʩʦʚ ʠ ʚʥʫʪʨʠʢʣʘʩʩʦʚʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʘ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʦʜʧʠʩʠ ʚ ʚʠʜʝ ʤʥʦʞʝʩʪʚʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʥʳʭ ʤʥʦʛʦʤʝʨʥʳʭ 

ʢʨʠʚʳʭ ʚ ʧʨʦʝʢʮʠʷʭ ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʠʟʤʝʨʝʥʠʡ ʬʠʟʠʢʦ-

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɸʣʛʦʨʠʪʤʳ ʯʠʩʪʦ ʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʘʥʘʣʠʟʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʢʘʟʳʚʘʶʪ 

ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʩʢʘʞʝʥʠʷʤ ʛʨʫʧʧʦʚʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚʠʜʘ 

ʩʤʝʱʝʥʠʷ, ʧʦʚʦʨʦʪʘ, ʠʟʤʝʥʝʥʠʡ ʤʘʩʰʪʘʙʘ, ʯʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠ ʫʯʝʪʝ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʬʠʟʠʦʣʦʛʠʝʡ ʯʝʣʦʚʝʢʘ. 

2. ʊʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥ ʠ ʧʨʦʛʨʘʤʤʥʦ ʨʝʘʣʠʟʦʚʘʥ ʤʝʪʦʜ 

ʨʘʩʰʠʨʝʥʠʷ ʧʨʠʟʥʘʢʦʚʦʛʦ ʦʧʠʩʘʥʠʷ ʧʦʜʧʠʩʠ. ɺ ʦʩʥʦʚʫ ʤʝʪʦʜʘ ʧʦʣʦʞʝʥʘ 

ʛʠʧʦʪʝʟʘ ʦ ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʘʥʘʣʠʟʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʘ ʩʯʝʪ 

ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʟʥʘʯʝʥʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʢʦʨʪʝʞʘ ʟʥʘʯʝʥʠʡ ʤʠʥʠʤʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ 

ʩʝʥʩʦʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʧʨʦʮʝʩʩ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ: ʠʪʦʛʦʚʘʷ ʪʦʯʥʦʩʪʴ ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʠʣʘ 0,95, ʟʘʬʠʢʩʠʨʦʚʘʥ 

ʧʨʠʨʦʩʪ ʢʘʯʝʩʪʚʘ ʦʪ 5 % ʜʦ 35 % ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ 

ʤʝʪʨʠʯʝʩʢʠʤʠ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. 

3. ʅʘ ʦʩʥʦʚʝ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʝʡʩʷ ʢʘʨʪʳ ʂʦʭʦʥʝʥʘ (SOM) 

ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʨʝʘʣʠʟʘʮʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʥʳʭ ʤʥʦʛʦʤʝʨʥʳʭ ʢʨʠʚʳʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʧʠʩʠ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʤʝʪʦʜʘ ʦʙʫʩʣʦʚʣʝʥʘ 

ʚʥʫʪʨʠʢʣʘʩʩʦʚʦʡ ʚʘʨʠʘʪʠʚʥʦʩʪʴʶ ʢʦʛʜʘ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʢʣʘʩʩʘ ʚʦʟʤʦʞʥʳ 
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ʥʝʩʢʦʣʴʢʦ ʫʩʪʦʡʯʠʚʳʭ ʚʘʨʠʘʥʪʦʚ ʧʦʩʪʘʥʦʚʢʠ ʧʦʜʧʠʩʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʠʣʠ ʩʦʩʪʦʷʥʠʷʭ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʡ SOM ʚ ʤʝʪʦʜ 

ʚʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʪʣʠʯʠʷ: ʚʟʚʝʰʠʚʘʥʠʝ ʧʨʠʟʥʘʢʦʚ ʧʦ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ 

ʜʣʷ ʫʯʸʪʘ ʨʘʟʥʦʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʦʮʝʜʫʨʘ ʧʦʜʙʦʨʘ ʯʠʩʣʘ 

ʵʪʘʣʦʥʦʚ ʩ ʢʨʠʪʝʨʠʝʤ ʦʩʪʘʥʦʚʢʠ ʧʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʪʝʧʝʥʝʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʥʘ-ʧʦʙʝʜʠʪʝʣʷ ʢʘʢ ʫʢʘʟʘʪʝʣʷ ʥʘ 

ʢʦʥʢʨʝʪʥʳʡ ʵʪʘʣʦʥ (ʚʘʨʠʘʥʪ ʨʝʘʣʠʟʘʮʠʠ) ʩ ʧʨʠʚʷʟʢʦʡ ʢ ʢʦʜʦʚʦʤʫ 

ʦʙʦʟʥʘʯʝʥʠʶ ʢʣʘʩʩʘ (ʵʪʘʣʦʥʘ), ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʢʘʨʪʳ ʢʘʢ 

ʢʦʤʧʦʥʝʥʪʘ ʧʦʜʩʠʩʪʝʤʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʚ ʢʦʤʧʣʝʢʩʝ ʤʝʪʦʜʦʚ ʩ 

ʤʝʪʨʠʯʝʩʢʠʤ ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ. ʇʨʦʚʝʜʝʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʫʩʧʝʰʥʦ ʥʠʚʝʣʠʨʫʝʪ ʝʩʪʝʩʪʚʝʥʥʫʶ ʚʘʨʠʘʪʠʚʥʦʩʪʴ 

ʤʦʪʦʨʠʢʠ ʯʝʣʦʚʝʢʘ, ʧʦʟʚʦʣʠʚ ʩʥʠʟʠʪʴ ʧʦʢʘʟʘʪʝʣʴ FRR ʜʦ 0,12 ʚ ʩʮʝʥʘʨʠʷʭ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. 

4. ʇʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʤʝʪʦʜʠʢʠ ʦʪʦʞʜʝʩʪʚʣʝʥʠʷ ʦʙʨʘʟʮʘ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʩ ʵʪʘʣʦʥʘʤʠ ʧʦ ʢʦʨʪʝʞʫ ʫʥʠʢʘʣʴʥʳʭ ʤʘʪʨʠʮ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʝʞʥʝʡʨʦʥʥʳʭ ʩʚʷʟʝʡ, ʦʩʥʦʚʥʘʷ ʠʜʝʷ 

ʢʦʪʦʨʦʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʝʢʦʤʧʦʟʠʮʠʠ ʧʨʦʮʝʜʫʨʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʞʜʦʛʦ ʥʘʙʦʨʘ ʤʘʪʨʠʮ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʘʣʬʘʚʠʪ ʢʣʘʩʩʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʵʣʝʤʝʥʪ ï çʦʪʢʘʟ ʦʪ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷè, ʢʦʛʜʘ ʚʭʦʜʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥʘ ʥʠ ʢ 

ʦʜʥʦʤʫ ʠʟ ʵʪʘʣʦʥʦʚ ʩ ʟʘʜʘʥʥʳʤ ʫʨʦʚʥʝʤ ʫʚʝʨʝʥʥʦʩʪʠ. ʇʨʦʚʝʜʝʥʥʦʝ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʫʩʧʝʰʥʦ ʥʠʚʝʣʠʨʫʝʪ 

ʝʩʪʝʩʪʚʝʥʥʫʶ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʤʦʪʦʨʠʢʠ ʯʝʣʦʚʝʢʘ, ʧʦʟʚʦʣʠʚ ʩʥʠʟʠʪʴ 

ʧʦʢʘʟʘʪʝʣʴ FRR ʜʦ 0,12 ʚ ʩʮʝʥʘʨʠʷʭ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. 

5. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʛʥʘʪʫʨʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʥʦʛʦʪʦʯʝʯʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʤʝʡʩʪʚʘ ʢʨʠʚʳʭ. ɺ 

ʤʝʪʦʜʠʢʝ ʦʧʨʝʜʝʣʝʥʳ ʠʥʚʘʨʠʘʥʪʳ ʠ ʤʝʪʨʠʢʠ ʩʨʘʚʥʝʥʠʷ, ʘ ʥʝʡʨʦʩʝʪʝʚʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʚʳʧʦʣʥʝʥʘ ʥʘ ʙʘʟʝ ʤʥʦʛʦʩʣʦʡʥʳʭ ʅʉ ʚ ʜʚʫʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ ð 

ʩʦ ʩʢʘʣʷʨʥʦʡ ʠ ʚʝʢʪʦʨʥʦʡ ʬʫʥʢʮʠʝʡ ʚʳʭʦʜʘ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 
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ʤʝʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʩʢʘʞʝʥʠʷʤ ʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʧʦ ʯʠʩʣʫ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʨʠʟʥʘʢʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʥʘ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʚʳʙʦʨʢʘʭ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʤʥʦʛʦʪʦʯʝʯʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʛʠʙʢʦ ʥʘʩʪʨʘʠʚʘʪʴ ʩʠʩʪʝʤʫ: ʟʘʬʠʢʩʠʨʦʚʘʥ 

ʦʧʪʠʤʘʣʴʥʳʡ ʙʘʣʘʥʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʧʦʢʘʟʘʪʝʣʝʤ EER ʨʘʚʥʳʤ 0,09 (ʧʨʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 0,06). 

6. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʠ 

ʤʝʪʦʜʠʢʠ ʚ ʢʦʤʧʣʝʢʩʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʠʞʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ï 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʘʥʘʣʠʟʘ, ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʘʣʠʟʘʮʠʡ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ, ʨʝʘʣʠʟʫʷ ʩʚʦʡ ʬʫʥʢʮʠʦʥʘʣ ʚ ʩʣʝʜʫʶʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 1) ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʦʙʨʘʙʦʪʢʠ ʠ ʨʘʩʰʠʨʝʥʠʷ 

ʧʨʠʟʥʘʢʦʚʦʛʦ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʬʦʨʤʠʨʫʶʪʩʷ ʦʙʫʯʘʶʱʠʝ 

ʚʳʙʦʨʢʠ ʧʦʚʳʰʝʥʥʦʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ; 2) ʥʘ ʦʩʥʦʚʝ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ 

ʚʳʙʦʨʢʠ ʧʦʣʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʤʝʪʦʜʫ ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ ʨʝʘʣʠʟʘʮʠʡ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʥʘ ʦʩʥʦʚʝ SOM ʬʦʨʤʠʨʫʶʪʩʷ ʵʪʘʣʦʥʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ; 3) ʤʝʪʦʜʠʢʘ ʦʪʦʞʜʝʩʪʚʣʝʥʠʷ ʦʙʨʘʟʮʘ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʦʜʧʠʩʠ ʩ ʵʪʘʣʦʥʘʤʠ ʧʦ ʢʦʨʪʝʞʫ ʫʥʠʢʘʣʴʥʳʭ ʤʘʪʨʠʮ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʠʢʘ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʘʥʘʣʠʟʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʛʥʘʪʫʨʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʥʦʛʦʪʦʯʝʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʤʝʡʩʪʚʘ ʢʨʠʚʳʭ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ 

ʘʣʬʘʚʠʪʘ ʢʣʘʩʩʦʚ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠ ʵʪʘʣʦʥʠʨʦʚʘʥʠʷ. ʉʨʘʚʥʝʥʠʝ ʩ 

ʠʟʚʝʩʪʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʦʙʥʘʨʫʞʝʥʠʷ-ʨʘʟʣʠʯʝʥʠʷ ʤʥʦʛʦʤʝʨʥʳʭ ʩʠʛʥʘʣʦʚ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʦʜʭʦʜʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ï ʢʦʦʨʜʠʥʘʪ ʧʝʨʘ ʚ 

ʧʣʦʩʢʦʩʪʠ ʧʣʘʥʰʝʪʘ ʠ ʜʘʚʣʝʥʠʷ ʥʘ ʵʢʨʘʥ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʠʞʝʥʠʝ ʟʥʘʯʝʥʠʡ 

ʤʝʪʨʠʢʠ ʢʘʯʝʩʪʚʘ ʜʦ 0,8é0,95 ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʝʤʝ ʦʙʫʯʘʶʱʠʭ 

ʜʘʥʥʳʭ ʠ ʯʠʩʣʝ ʢʣʘʩʩʦʚ, ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠʝʤʣʝʤʳʡ ʫʨʦʚʝʥʴ 

ʢʘʯʝʩʪʚʘ ʧʨʠ ʠʭ ʫʚʝʣʠʯʝʥʠʠ. ʉʨʝʜʥʠʡ ʚʳʠʛʨʳʰ ʦʪ ʧʨʠʤʝʥʝʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʘʥʘʣʠʟʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 
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ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʩʦʩʪʘʚʠʣ 25ï35 %, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʨʠʯʝʩʢʠʤʠ ï ʦʪ 5 ʜʦ 15 %. 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʦʮʝʥʦʢ FAR ʠ FRR, ʜʣʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʨʦʚʥʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ 

ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ FAR ʠ FRR. ʇʨʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 0,1 ʧʦʢʘʟʘʪʝʣʴ FAR 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0,08, ʘ FRR ʦʢʦʣʦ 0,12,  ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʷʤ 

ʣʦʞʥʳʭ ʜʦʧʫʩʢʦʚ ʠ ʦʪʢʘʟʦʚ ʧʨʠ ʚʳʙʨʘʥʥʦʡ ʥʘʩʪʨʦʡʢʝ ʧʦʨʦʛʘ. ʇʦʢʘʟʘʪʝʣʴ 

EER (Equal Error Rate), ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʝʨʝʩʝʯʝʥʠʝʤ ʢʨʠʚʳʭ FAR ʠ FRR 

ʜʣʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ, ʜʦʩʪʠʛʘʝʪ 0,09 ʧʨʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 0,06. ʕʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ 

ʤʦʜʝʣʝʡ ʜʣʷ ʟʘʜʘʯ ʘʥʘʣʠʟʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʧʠʩʠ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʦʰʠʙʢʘʤʠ ʧʝʨʚʦʛʦ ʠ 

ʚʪʦʨʦʛʦ ʨʦʜʘ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ EER.   
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