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ɸʥʥʦʪʘʮʠʷ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʙʣʝʤʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, 

ʨʘʟʚʠʚʘʝʤʦʛʦ ʥʘʫʯʥʦʡ ʰʢʦʣʦʡ ʘʢʘʜʝʤʠʢʘ ʈɸʅ ʖ. ʀ. ɾʫʨʘʚʣʝʚʘ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʪʦʜʳ ʧʦʩʪʨʦʝʥʠʷ ʘʜʘʧʪʠʚʥʳʭ 

ʢʦʤʧʦʟʠʮʠʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʤʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ 

ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʮʝʥʠʚʘʥʠʠ ʧʣʦʪʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʰʠʙʦʢ ʧʦ 

ʩʢʦʣʴʟʷʱʝʤʫ ʢʦʥʪʨʦʣʶ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʨʘʚʥʝʥʠʷ (ʥʘ 

ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʙʲʸʤʦʚ ʧʨʦʜʘʞ) ʜʚʫʭ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ: ʢʚʘʥʪʠʣʴʥʦʡ 

ʨʝʛʨʝʩʩʠʠ (quantile regression) ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (density 

forecast).  ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ ʢʚʘʥʪʠʣʴʥʦʡ 

ʨʝʛʨʝʩʩʠʠ, ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ, ʘ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ L1-ʥʦʨʤr. 
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1 ɺʚʝʜʝʥʠʝ  
ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. 

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʘʚʪʦʨʝʛʨʝʩʠʦʥʥʳʝ, ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ, ʩʧʝʢʪʨʘʣʴʥʳʝ, ʥʝʡʨʦʩʝʪʝʚʳʝ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʧʣʦʪʥʦʩʪʠ (density forecast), ʢʚʘʥʪʠʣʴʥʘʷ ʨʝʛʨʝʩʩʠʷ (quantile regression) ʠ ʪʘʢ ʜʘʣʝʝ. ɺʩʝ 

ʵʪʠ ʘʣʛʦʨʠʪʤʳ ʦʩʥʦʚʘʥʳ ʥʘ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʦʜʝʣʠ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ, ʫʯʠʪʳʚʘʶʱʝʡ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʣʠ ʢʣʘʩʩʘ ʧʦʭʦʞʠʭ 

ʟʘʜʘʯ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʩ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʝʡ ʧʦʪʝʨʴ. ɺʦ ʤʥʦʛʠʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯʘʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʚʳʰʝʥʠʝ ʠʣʠ ʟʘʥʠʞʝʥʠʝ ʧʨʦʛʥʦʟʘ ʚʝʜʫʪ ʟʘ ʩʦʙʦʡ ʧʦʪʝʨʠ ʧʨʠʥʮʠʧʠʘʣʥɹʦ 

ʨʘʟʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʦʙʲʝʤʘ ʟʘʢʫʧʦʢ ʪʦʚʘʨʘ ʜʣʷ ʤʘʛʘʟʠʥʘ 

ʟʘʚʳʰʝʥʥʳʡ ʧʨʦʛʥʦʟ ʚʣʝʯʝʪ ʨʘʩʭʦʜʳ ʥʘ ʭʨʘʥʝʥʠʝ ʠ ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʩʨʝʜʩʪʚ, ʘ 

ʟʘʥʠʞʝʥʥʳʡ ʧʨʦʛʥʦʟ ï ʧʦʪʝʨʶ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʨʠʙʳʣʠ. ɼʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʨʠʪʝʡʣʠʥʛʦʚʳʭ 

ʩʝʪʝʡ ʧʦʪʝʨʠ ʦʪ ʟʘʥʠʞʝʥʠʷ ʧʨʦʛʥʦʟʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʧʦʪʝʨʠ ʦʪ 

ʟʘʚhrʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʩʠʤʤʝʪʨʠʯʥʘʷ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ 

ʧʦʪʝʨʴ, ʢʦʪʦʨʳʡ ʦʪʨʘʞʘʝʪ ʩʧʝʮʠʬʠʢʫ ʪʘʢʠʭ ʟʘʜʘʯ ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦ, ʯʝʤ ʩʪʘʥʜʘʨʪʥʘʷ 

ʢʚʘʜʨʘʪʠʯʥʘʷ ʬʫʥʢʮʠʷ, ʩʤ. ʈʠʩ.1.1. 

ʉʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʦʚ ʧʨʠ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ 

ʧʦʪʝʨʴ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʥʝʩʠʤʤʝʪʨʠʯʥʫʶ L1-ʥʦʨʤʫ ï ʵʪʦ ʤʝʪʦʜ ʢʚʘʥʪʠʣʴʥʦʡ 

ʨʝʛʨʝʩʩʠʠ [4]. ɻʣʘʚʥʳʤ ʝʸ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʦʩʦʙʝʥʥʦ ʥʘ ʜʣʠʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʘʭ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʙʦʣʝʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦ 

ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʮʝʥʠʚʘʥʠʠ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʰʠʙʦʢ ʧʦ 

ʩʢʦʣʴʟʷʱʝʤʫ ʢʦʥʪʨʦʣʶ. 

ɹʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʩʪʨʦʠʪʩʷ ʥʝʢʦʪʦʨʦʝ ʯʠʩʣʦ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʚʦʟʤʦʞʥʦ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʘʟʥʳʭ 

ʤʦʜʝʣʷʭ, ʫʯʠʪʚrʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ, ʥʦ ʢʘʞʜʳʡ ʠʟ ʵʪʠʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʣʘʜʘʝʪ ʥʝ 

ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʠʤ ʢʘʯʝʩʪʚʦʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʠʤʝʝʪ ʩʤʳʩʣ ʩʪʨʦʠʪʴ 

ʢʦʤʧʦʟʠʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʙʘʟʦʚʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʚʟʘʠʤʥʦ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʨʨʝʢʪʠʨʫʶʱʝʡ ʦʧʝʨʘʮʠʠ. ʆʙʱʘʷ 

ʤʝʪʦʜʦʣʦʛʠʷ ʧʦʩʪʨʦʝʥʠʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ ʚ ʟʘʜʘʯʘʭ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʘʟʚʠʪʘ ʚ ʘʣʛʝʙʨʘʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ ʘʢʘʜʝʤʠʢʘ ʖ. ʀ. ɾʫʨʘʚʣʝʚʘ [2]. ɺʦ 

ʤʥʦʛʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʥʝʩʪʘʮʠʦʥʘʨʥʳ, ʠ 

ʘʣʛʦʨʠʪʤʳ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʥʘʠʣʫʯʰʝʝ ʢʘʯʝʩʪʚʦ ʧʨʦʛʥʦʟʦʚ, ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʤʦʛʫʪ 

çʫʩʪʘʨʝʚʘʪʴè, ʫʩʪʫʧʘʷ ʤʝʩʪʦ ʜʨʫʛʠʤ ʘʣʛʦʨʠʪʤʘʤ. ʄʦʜʝʣʴ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʤʦʞʝʪ 

ʠʟʤʝʥʷʪʴʩʷ ʩʦ ʚʨʝʤʝʥʝʤ. ʇʦʵʪʦʤʫ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʮʠʠ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ 

ʩʚʦʡʩʪʚʦʤ ʘʜʘʧʪʠʚʥʦʩʪʠ [6]. ʉʪʘʥʜʘʨʪʥʳʡ ʩʧʦʩʦʙ ʦʙʝʩʧʝʯʠʪʴ ʘʜʘʧʪʠʚʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦʙʳ ʧʦ ʤʝʨʝ ʧʦʩʪʫʧʣʝʥʠʷ ʥʦʚʳʭ ʜʘʥʥʳʭ ʧʝʨʝʥʘʩʪʨʘʠʚʘʪʴ ʢʘʢ ʙʘʟʦʚʳʝ ʘʣʛʦʨʠʪʤʳ, 

ʚʭʦʜʷʱʠʝ ʚ ʢʦʤʧʦʟʠʮʠʶ, ʪʘʢ ʠ ʢʦʨʨʝʢʪʠʨʫʶʱʫʶ ʦʧʝʨʘʮʠʶ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʧʨʝʜʣʦʞʠʪʴ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ 

ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ. 

ɺ ʧʝʨʚʦʤ ʨʘʟʜʝʣʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʱʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ 

ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʚʨʝʤʝʥʥʳʭ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʢʣʘʜʥʘʷ ʟʘʜʘʯʘ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ. ʌʦʨʤʫʣʠʨʫʝʪʩʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. 

ɺʪʦʨʦʡ ʨʘʟʜʝʣ ʩʦʜʝʨʞʠʪ ʦʧʠʩʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ 

ʨʷʜʦʚ: ʢʘʢ ʧʨʠ ʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ, ʪʘʢ ʠ ʧʨʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʘʜʘʧʪʠʚʥʳʤ ʤʦʜʝʣʷʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʣʛʦʨʠʪʤʘʤ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ 

ʩʛʣʘʞʠʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʪʨʝʥʜʘ ʠ ʩʝʟʦʥʥʦʩʪʠ, ʟʘʜʘʯʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʣʦʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ 
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ʤʝʪʦʜʫ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʦʚʦʜʠʪʩʷ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʧʦʩʪʨʦʝʥʠʷ 

ʢʦʤʧʦʟʠʮʠʡ ʘʣʛʦʨʠʪʤʦʚ ʧʨʠ ʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ. ʌʦʨʤʫʣʠʨʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʚʘʨʠʘʥʪʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 

ʊʨʝʪʠʡ ʨʘʟʜʝʣ ʩʦʜʝʨʞʠʪ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʪʘʥʜʘʨʪʥʳʭ ʘʣʛʦʨʠʪʤʘʭ ʪʦʯʝʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʆʧʠʩʳʚʘʝʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ. 

ɺ ʯʝʪʚʝʨʪʦʤ ʨʘʟʜʝʣʝ ʩʨʘʚʥʠʚʘʶʪʩʷ ʜʚʘ ʤʝʪʦʜʘ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʦʚ ʧʨʠ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ: ʤʝʪʦʜ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʠ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ 

ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ. ɼʣʷ ʯʠʩʪʦʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʢʘʞʜʦʤ ʤʝʪʦʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʠʜʝʥʪʠʯʥʘʷ ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʘʷ ʬʫʥʢʮʠʷ. ʇʨʦʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦ ʩʢʦʨʦʩʪʠ ʠ ʢʘʯʝʩʪʚʫ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʢʣʘʜʥʦʡ ʟʘʜʘʯʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ ʚ ʩʫʧʝʨʤʘʨʢʝʪʘʭ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʳ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʥʘ 

ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʙʲʝʤʦʚ ʧʨʦʜʘʞ.  

 

1.1 ɿʘʜʘʯʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʚʝʣʠʯʠʥ ( )tyyy ,..., 21 , ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʟʥʘʯʝʥʠʷ ʥʝʢʦʪʦʨʦʛʦ 

ʧʘʨʘʤʝʪʨʘ, ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t,...2,1  ʥʘʟʳʚʘʝʪʩʷ ʚʨʝʤʝʥʥʳʤ ʨʷʜʦʤ. ɿʘʜʘʯʘ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʮʝʥʠʚʘʥʠʠ ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ ,...,Ĕ,Ĕ 21 ++ tt yy   

ʚ ʙʫʜʫʱʠʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ,...2,1 ++ tt . 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʝ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. 

1) ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʛʥʦʟ ʥʝʢʦʪʦʨʦʡ ʚʝʣʠʯʠʥʳ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ dt+ , 

ʢʘʢ ʬʫʥʢʮʠʶ ʟʥʘʯʝʥʠʡ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʚ ʧʨʝʜʳʜʫʱʠʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t,...2,1  ʪʘʢ, ʯʪʦʙʳ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʢʚʘʜʨʘʪ ʨʘʟʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʠ ʨʝʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ: 

{ }

min)Ĕ()(
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dyyyfy
    (1.1) 

2)  ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʛʥʦʟ ʥʝʢʦʪʦʨʦʡ ʚʝʣʠʯʠʥʳ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

dt+ , ʢʘʢ ʬʫʥʢʮʠʶ ʟʥʘʯʝʥʠʡ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʚ ʧʨʝʜʳʜʫʱʠʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t,...2,1 , ʥʦ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʤʠʥʠʤʠʟʠʨʫʝʪʩʷ ʧʨʦʠʟʚʦʣʴʥʘʷ ʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʬʫʥʢʮʠʷ ʧʦʪʝʨʴ (ʯʘʩʪʥʳʡ 

ʩʣʫʯʘʡ, ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ ʧʦʪʝʨʴ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʥʝʩʠʤʤʝʪʨʠʯʥʫʶ L1-

ʥʦʨʤʫ): 

{ }
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tdt

yyFtQ

dyyyfy
.    (1.2) 

 

1.2 ɿʘʜʘʯʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ 

ʩʧʨʦʩʘ. ʆʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʨʝʜʩʢʘʟʘʪʴ ʦʙʲʝʤ ʧʨʦʜʘʞ ʟʘʜʘʥʥʦʛʦ ʪʦʚʘʨʘ ʚ 

ʟʘʜʘʥʥʦʤ ʤʘʛʘʟʠʥʝ ʥʘ ʟʘʜʘʥʥʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʚʧʝʨʝʜ. ʂʦʥʝʯʥʦʡ ʮʝʣʴʶ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʣʘʥʠʨʦʚʘʥʠʝ ʟʘʢʫʧʦʢ. ʇʨʦʛʥʦʟ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʚ 

ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʩʧʨʦʩʘ. 

ʈʝʰʝʥʠʷ ʦ ʩʨʦʢʘʭ ʠ ʦʙʲʝʢʪʘʭ ʟʘʢʫʧʦʢ ʧʨʠʥʠʤʘʶʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʝ ʪʦʣʴʢʦ 

ʧʨʦʛʥʦʟʦʚ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ, ʥʦ ʠ ʢʘʣʝʥʜʘʨʷ ʧʦʩʪʘʚʦʢ, ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦʩʪʘʚʱʠʢʘ, 

ʦʩʪʘʪʢʘ ʪʦʚʘʨʘ, ʚʳʜʝʣʷʝʤʦʛʦ ʙʶʜʞʝʪʘ ʥʘ ʟʘʢʘʟ ʪʦʚʘʨʘ, ʤʘʢʩʠʤʘʣʴʥʦʡ ʟʘʛʨʫʟʢʝ ʩʢʣʘʜʘ 

ʜʘʥʥʳʤ ʪʦʚʘʨʦʤ. ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʩʧʨʦʩʘ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʥʘʫʢʦʝʤʢʘʷ ʟʘʜʘʯʘ, ʨʝʰʘʝʤʘʷ ʚ ʨʘʤʢʘʭ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʢʫʧʦʢ. 

ɿʘʜʘʯʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ ʦʙʣʘʜʘʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ʇʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʷʜ ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʦʨʦʚ: 
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ʩʝʟʦʥʥʦʩʪʴ, ʪʨʝʥʜ, ʧʨʘʟʜʥʠʢʠ, ʨʝʢʣʘʤʥʳʝ ʘʢʮʠʠ, ʚʨʝʤʝʥʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʪʦʚʘʨʘ ʥʘ ʩʢʣʘʜʝ, 

ʥʝʩʣʫʯʘʡʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʩʧʨʦʩʘ ʥʘ ʪʦʚʘʨ, ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʧʨʦʜʘʞ ʨʘʟʣʠʯʥʳʭ ʪʦʚʘʨʦʚ, 

ʧʣʘʥʳ ʧʨʦʜʘʞ, ʧʘʨʘʤʝʪʨʳ ʚʳʢʣʘʜʢʠ ʪʦʚʘʨʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʬʘʢʪʦʨʳ ʧʦʜʨʦʙʥʝʝ. 

ʊʨʝʥʜ. ʊʨʝʥʜʦʤ ʥʘʟʳʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʦʙʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʨʘʟʚʠʪʠʷ, ʦʩʥʦʚʥʫʶ ʪʝʥʜʝʥʮʠʶ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ. ʏʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʣʠʥʝʡʥʫʶ ʤʦʜʝʣʴ 

ʪʨʝʥʜʘ: tt ty eba ++= , ʛʜʝ ba,  - ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʜʘ, te - ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ, 

ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʤ ʚʨʝʤʝʥʥʳʤ ʨʷʜʦʤ ʩ ʥʫʣʝʚʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʦʞʠʜʘʥʠʝʤ. ɼʨʫʛʠʝ ʧʨʠʤʝʨʳ ʪʨʝʥʜʦʚ: 2ttyt gba ++=  ï ʢʚʘʜʨʘʪʠʯʥʳʡ ʪʨʝʥʜ, t

t ey ba= ï 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʪʨʝʥʜ. 

ʉʝʟʦʥʥʦʩʪʴ. ɺʨʝʤʝʥʥʳʝ ʨʷʜʳ ʤʦʛʫʪ ʫʯʠʪʳʚʘʪʴ ʩʝʟʦʥʥʫʶ ʢʦʤʧʦʥʝʥʪʫ. ʅʘʧʨʠʤʝʨ, ʚ 

ʢʚʘʨʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʩʝʟʦʥʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩ ʧʝʨʠʦʜʦʤ n : 

() tt tSy e+=  

( ) ()tSntS =+  

ɿʜʝʩʴ ʨʷʜ ty  ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʢʦʤʧʦʟʠʮʠʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

S(t) (ʩʝʟʦʥʥʘʷ ʢʦʤʧʦʥʝʥʪʘ) ʠ ʩʣʫʯʘʡʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʤ 

ʚʨʝʤʝʥʥʳʤ ʨʷʜʦʤ ʩ ʥʫʣʝʚʳʤ ʩʨʝʜʥʠʤ. ʅʘʧʨʠʤʝʨ, ʚ ʟʘʜʘʯʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ ʛʦʜʦʚʦʡ ʩʝʟʦʥʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʩʧʨʦʩ ʥʘ ʤʦʨʦʞʝʥʦʝ (ʣʝʪʦʤ 

ʤʦʨʦʞʝʥʦʛʦ ʧʨʦʜʘʝʪʩʷ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʦʩʪʘʣʴʥʳʝ ʚʨʝʤʝʥʘ ʛʦʜʘ).  

ʈʝʢʣʘʤʥʳʝ ʘʢʮʠʠ. ʂ ʨʝʢʣʘʤʥʳʤ ʘʢʮʠʷʤ ʦʪʥʦʩʷʪʩʷ ʧʨʦʤʦ-ʘʢʮʠʠ, ʨʘʩʧʨʦʜʘʞʠ, 

ʨʝʢʣʘʤʘ ʚ ʉʄʀ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʢʣʘʤʥʳʭ ʘʢʮʠʡ ʩʧʨʦʩ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʦʚʘʨ ʨʝʟʢʦ 

ʚʦʟʨʘʩʪʘʝʪ. ʅʘʧʨʠʤʝʨ, ʷʚʥʳʡ ʨʦʩʪ ʧʨʦʜʘʞ ʥʘ ʥʘʧʠʪʦʢ Pepsi-Cola ʥʘʙʣʶʜʘʣʩʷ ʚʦ ʚʨʝʤʷ 

ʨʝʢʣʘʤʥʦʡ ʘʢʮʠʠ ʩ 17 ʤʘʷ ʧʦ 14 ʠʶʥʷ 2005 ʛʦʜʘ. ʆʜʥʘʢʦ ʥʝ ʚʩʝʛʜʘ ʨʝʢʣʘʤʥʳʝ ʘʢʮʠʠ ʜʘʶʪ 

ʦʜʥʦʟʥʘʯʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʧʨʦʩʘ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʦʚʘʨ: ʨʝʢʣʘʤʥʳʝ ʘʢʮʠʠ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʨʝʟʢʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʩʧʨʦʩʘ ʥʘ ʜʨʫʛʠʝ ʪʦʚʘʨʳ ʨʝʢʣʘʤʠʨʫʝʤʦʡ ʛʨʫʧʧʳ ʠʣʠ 

ʪʦʚʘʨʳ-ʟʘʤʝʥʠʪʝʣʠ. 

ɺʨʝʤʝʥʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʪʦʚʘʨʘ ʚ ʧʨʦʜʘʞʝ. ʇʨʠ ʚʨʝʤʝʥʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʪʦʚʘʨʘ ʥʘ 

ʩʢʣʘʜʝ ʩʧʨʦʩ ʥʘ ʥʝʛʦ ʤʦʞʝʪ ʦʩʪʘʚʘʪʴʩʷ ʥʝʥʫʣʝʚʳʤ, ʦʜʥʘʢʦ ʧʨʦʜʘʞʠ ʙʫʜʫʪ ʨʘʚʥʳ ʥʫʣʶ. 

ʀʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʪʦʚʘʨ ʦʪʩʫʪʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʣʯʁʘʪʴ ʠʟ 

ʨʘʩʩʤʦʪʨʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʥʠ ʠʩʢʘʞʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʝʘʣʴʥʦʤ ʩʧʨʦʩʝ. 

ɺʣʠʷʥʠʝ ʧʨʦʜʘʞ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʭ ʠ ʚʟʘʠʤʦʜʦʧʦʣʥʷʝʤʳʭ ʪʦʚʘʨʦʚ. ʇʨʠʤʝʨʦʤ 

ʟʘʤʝʥʷʝʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʜʘʞ ʭʦʣʦʜʥʦʛʦ ʯʘʷ Lipton ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ 

ʩʦʨʪʦʚ ʭʦʣʦʜʥʦʛʦ ʯʘʷ. ʇʨʠʤʝʨʦʤ ʜʦʧʦʣʥʷʝʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʦʢʫʧʢʘ ʯʠʧʩʦʚ ʧʨʠ ʧʦʢʫʧʢʝ 

ʧʠʚʘ. ɿʘʜʘʯʘ ʧʦʠʩʢʘ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʭ ʠ ʚʟʘʠʤʦʜʦʧʦʣʥʷʝʤʳʭ ʪʦʚʘʨʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʨʝʰʘʝʪʩʷ ʤʝʪʦʜʘʤʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠʣʠ ʚʝʢʪʦʨʥʦʡ ʨʝʛʨʝʩʩʠʠ. ɽʩʣʠ ʪʦʚʘʨʳ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʢʦʨʨʝʣʷʮʠʝʡ, ʪʦ ʩ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʦʥʠ 

ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʤʠ, ʘ ʝʩʣʠ ʪʦʚʘʨʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʘʥʪʠʢʦʨʨʝʣʷʮʠʝʡ, ʪʦ ʠʭ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʤ ʪʦʚʘʨʘʤ. ɿʘʜʘʯʘ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʭ ʠ 

ʚʟʘʠʤʦʜʦʧʦʣʥʷʝʤʳʭ ʪʦʚʘʨʦʚ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ, ʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ. 
 

1.3 ʅʝʩʠʤʤʝʪʨʠʯʥʘʷ ʬʫʥʢʮʠʷ ʧʦʪʝʨʴ 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʩʭʦʜʷʪ ʠʟ ʧʨʠʥʮʠʧʘ 

ʤʠʥʠʤʠʟʘʮʠʠ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ: 
2)Ĕ()Ĕ,( tttt yyyyF -= ,    (1.3) 

ʛʜʝ tyĔ ï ʧʨʦʛʥʦʟ, ty ï ʨʝʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʆʜʥʘʢʦ ʩʠʤʤʝʪʨʠʯʥʘʷ ʢʚʘʜʨʘʪʠʯʥʘʷ ʬʫʥʢʮʠʷ ʧʦʪʝʨʴ ʚʦ ʤʥʦʛʠʭ ʧʨʠʢʣʘʜʥʳʭ 

ʟʘʜʘʯʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʟʘʜʘʯʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ ʥʝ ʚʧʦʣʥʝ 

ʘʜʝʢʚʘʪʥʦ ʦʮʝʥʠʚʘʝʪ ʚʝʣʠʯʠʥʫ ʧʦʪʝʨʴ, ʯʝʤ ʥʝʩʠʤʤʝʪʨʠʯʥʘʷ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʚʝʣʠʯʠʥʫ ʧʦʪʝʨʴ ʚ ʜʝʥʝʞʥʦʤ ʚʳʨʘʞʝʥʠʠ ʠ ʟʘʜʘʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 
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( )
î
í

î
ì

ë

=

¢-

²-

=

;Ĕ,0

;Ĕ,Ĕ

;Ĕ),Ĕ(

)Ĕ,( 2

1

tt

tttt

tttt

tt

yyʧʨʠ

yyʧʨʠyyf

yyʧʨʠyyf

yyF ,    (1.4) 

ʛʜʝ 2,1 ff  - ʧʦʪʝʨʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʟʘʚʳʰʝʥʥʦʤ ʠ ʟʘʥʠʞʝʥʥʦʤ ʧʨʦʛʥʦʟʘʭ ʚ ʨʘʩʯʝʪʝ ʥʘ 

ʝʜʠʥʠʮʫ ʪʦʚʘʨʘ. 

ɽʱʝ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʪʝʨʴ ʧʨʠʚʦʜʠʪ ʢ ʢʫʩʦʯʥʦ-ʥʝʣʠʥʝʡʥʦʡ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ. ʅʘ ʨʠʩ.1.1 ʧʦʢʘʟʘʥ ʚʠʜ ʪʘʢʦʡ ʬʫʥʢʮʠʠ ʜʣʷ ʟʘʜʘʯʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ [14]. 

 

 
ʈʠʩ.1.1 ʆʙʱʠʡ ʚʠʜ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ  ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ. 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʚʠʜ ʜʘʥʥʦʡ ʬʫʥʢʮʠʠ. 

1) ɽʩʣʠ ʧʨʦʛʥʦʟ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʦʜʘʞʠ, ʪʦ ʧʦʪʝʨʠ ʚʦʟʥʠʢʘʶʪ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʧʨʠʯʠʥʘʤ:  

¶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʟʜʝʨʞʢʠ ʩʢʣʘʜʘ ï ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʪʦʠʤʦʩʪʴ 

ʭʨʘʥʝʥʠʷ ʪʦʚʘʨʘ, ʢʦʪʦʨʳʡ ʥʝ ʙʳʣ ʧʨʦʜʘʥ; 

¶ ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʩʨʝʜʩʪʚ ï ʜʝʥʴʛʠ, ʧʦʪʨʘʯʝʥʥʳʝ ʥʘ ʧʦʢʫʧʢʫ ʪʦʚʘʨʘ, ʢʦʪʦʨʳʡ 

ʥʝ ʙʳʣ ʧʨʦʜʘʥ. ɹʦʣʝʝ ʚʳʛʦʜʥʳʤ ʙʳʣʦ ʙʳ ʚʥʝʩʪʠ ʵʪʠ ʜʝʥʴʛʠ ʚ ʙʘʥʢ. ʇʦʪʝʨʠ 

ʦʪ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʩʨʝʜʩʪʚ ʙʫʜʫʪ ʙʦʣʴʰʠʤʠ, ʯʝʤ ʦʪ ʠʟʜʝʨʞʝʢ ʩʢʣʘʜʘ; 

¶ ʩʨʦʢ ʛʦʜʥʦʩʪʠ. ɽʩʣʠ ʪʦʚʘʨ ʠʩʧʦʨʪʠʣʩʷ, ʪʦ ʤʳ ʪʝʨʷʝʤ ʩʫʤʤʫ ʟʘʢʫʧʦʯʥʦʡ 
ʩʪʦʠʤʦʩʪʠ ʜʘʥʥʦʛʦ ʪʦʚʘʨʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʪʝʨʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʫʜʫʪ 

ʥʘʠʙʦʣʴh ʠʤʠ. 

       2)   ɽʩʣʠ ʧʨʦʛʥʦʟ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʦʜʘʞʠ, ʪʦ: 

¶ ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʦʪʦʨʳʡ ʩʪʨʘʭʦʚʦʡ ʟʘʧʘʩ ʪʦʚʘʨʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʨʦʜʘʥ. ɺ ʵʪʦʤ                                               

ʩʣʫʯʘʝ ʧʦʪʝʨʠ ʨʘʚʥʳ ʥʫʣʶ; 

¶ ʧʦʩʣʝ ʧʨʦʜʘʞʠ ʩʪʨʘʭʦʚʦʛʦ ʟʘʧʘʩʘ ʪʦʚʘʨ ʙʫʜʝʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʠʤʝʶʱʠʡʩʷ ʩʧʨʦʩ. 

ʆʯʝʚʠʜʥʦ, ʚʦ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʣʫʯʘʷʭ ʚʝʣʠʯʠʥʘ ʧʦʪʝʨʴ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʦʰʠʙʢʠ ʧʨʦʛʥʦʟʘ tt yy -Ĕ . 
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ʅʦ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ ʜʦʚʦʣʴʥʦ 

ʩʣʦʞʥʦ ʫʯʠʪʳʚʘʪʴ ʚʳʰʝʦʧʠʩʘʥʥʫʶ ʬʫʥʢʮʠʶ, ʧʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʙʫʜʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʧʨʦʱʝʥʥʫʶ ʬʫʥʢʮʠʶ ʧʦʪʝʨʴ, ʚʠʜ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 1.2 ʠ ʢʦʪʦʨʘʷ 

ʟʘʜʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 

í
ì
ë

¢-

²-
=

tttt

tttt

tt
yyyyb

yyyya
yyF

Ĕ,)Ĕ(

,Ĕ,)Ĕ(
)Ĕ,(     (1.5) 

 

 
ʈʠʩ.1.2. ɺʠʜ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

 

1.4 ʆ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ ʚ ʟʘʜʘʯʝ 
ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ. 

ɿʘʜʘʯʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ ʦʙʣʘʜʘʝʪ ʠ ʜʨʫʛʠʤʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʨʘʚʥʦʝ 

ʧʨʦʠʟʚʝʜʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʤʘʛʘʟʠʥʦʚ ʥʘ ʯʠʩʣʦ ʪʦʚʘʨʦʚ ʚ ʥʠʭ (ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʧʦʨʷʜʦʢ ʤʦʞʝʪ ʙʳʪʴ ʙʣʠʟʦʢ ʢ 10
5
) ʥʘʢʣʘʜʳʚʘʝʪ ʞʝʩʪʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʨʝʤʷ ʚʳʯʠʩʣʝʥʠʷ 

ʧʨʦʛʥʦʟʦʚ ʠ ʥʘʩʪʨʦʡʢʠ (ʘʜʘʧʪʘʮʠʠ) ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʉʣʝʜʫʶʱʝʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʝ ʦʪʥʦʰʝʥʠʝ ʰʫʤ/ʩʠʛʥʘʣ, ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴ (ʚ ʯʘʩʪʥʦʩʪʠ, 

ʥʝʧʦʩʪʦʷʥʩʪʚʦ ʜʠʩʧʝʨʩʠʠ), ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʠʤʝʥʝʥʠʝ ʤʥʦʛʠʭ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʚʨʝʤʝʥʥʳʝ 

ʨʷʜʳ ʚ ʨʘʤʢʘʭ ʢʘʢʦʡ-ʣʠʙʦ ʦʜʥʦʡ ʤʦʜʝʣʠ ʘʣʛʦʨʠʪʤʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʦʩʪʨʦʝʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ. ʂʨʦʤʝ ʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ 

ʥʘʩʪʨʦʡʢʠ ʢʘʢ ʙʘʟʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʪʘʢ ʠ ʢʦʨʨʝʢʪʠʨʫʶʱʝʡ ʦʧʝʨʘʮʠʠ. 

ʅʘʠʙʦʣʝʝ ʦʙʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʢʦʤʧʦʟʠʮʠʠ ʜʘʸʪʩʷ ʚ 

ʘʣʛʝʙʨʘʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ ɾʫʨʘʚʣʸʚʘ. ɺʚʦʜʠʪʩʷ ʤʥʦʞʝʩʪʚʦ R, ʥʘʟʳʚʘʝʤʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦʤ 

ʦʮʝʥʦʢ, ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʣʛʦʨʠʪʤʳ, ʠʤʝʶʱʠʝ ʚʠʜ ʩʫʧʝʨʧʦʟʠʮʠʠ () ()( )xBCxA = , ʛʜʝ 

ʬʫʥʢʮʠʷ RXB ­:  ʥʘʟʳʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʤ ʦʧʝʨʘʪʦʨʦʤ, ʘ ʬʫʥʢʮʠʷ YRC ­:  ï 

ʨʝʰʘʶʱʠʤ ʧʨʘʚʠʣʦʤ. ɺ ʟʘʜʘʯʘʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʝʰʘʶɦ ʠʝ 

ʧʨʘʚʠʣʘ ʦʙʳʯʥʦ ʥʝ ʠʩʧʦʣʴʟʫʶʪ, ʧʦʣʘʛʘʷ YR= ʠ BBC =)( . 

ɸʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʢʦʤʧʦʟʠʮʠʝʡ, ʩʦʩʪʘʚʣʝʥʥʦʡ ʠʟ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʦʧʝʨʘʪʦʨʦʚ 

RXBj ­: , pj ,,12= , ʢʦʨʨʝʢʪʠʨʫʶʱʝʡ ʦʧʝʨʘʮʠʠ RRF p ­:  ʠ ʨʝʰʘʶʱʝʛʦ ʧʨʘʚʠʣʘ 

YRC ­:  ʥʘʟʳʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤ YXA ­:  ʚʠʜʘ 

() () ()( )( )xBxBFCxA p,,1 2= , XxÍ .    (1.6) 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʫʪ ʧʨʝʜʣʦʞʝʥʳ, ʦʧʠʩʘʥʳ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʤʝʪʦʜʳ ʥʘʩʪʨʦʡʢʠ 

ʘʜʘʧʪʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ  ʬʫʥʢʮʠʠ 

ʧʦʪʝʨʴ. ʊʘʢʞʝ ʙʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʢʘʞʜʳʡ ʘʣʛʦʨʠʪʤ jB  ʠ ʢʦʨʨʝʢʪʠʨʫʶʱʘʷ 

ʦʧʝʨʘʮʠʷ F  ʜʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʘ ʧʨʦʛʥʦʟ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ ʟʘ 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ ʚ ʙʫʜʫʱʝʤ, ʠ ʚʩʝ ʘʣʛʦʨʠʪʤʳ jB ʷʚʣʷʶʪʩʷ ʘʣʛʦʨʠʪʤʘʤʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʧʨʦʩʘ ʧʨʠ ʩʠʤʤʝʪʨʠʯʥʦʡ ʠʣʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ. 
 

1.5 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. 

1) ʆʧʠʩʘʪʴ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʠ ʩʠʤʤʝʪʨʠʯʥʦʡ ʠ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʷʭ ʧʦʪʝʨʴ; 

2) ʇʨʝʜʣʦʞʠʪʴ ʤʝʪʦʜʳ ʧʦʩʪʨʦʝʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ  ʘʣʛʦʨʠʪʤʦʚ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʘʢ, ʯʪʦʙʳ ʵʪʠ ʤʦʜʝʣʠ ʙʳʣʠ ʥʘʩʪʨʦʝʥʳ ʧʦ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ 

ʧʦʪʝʨʴ, ʘ ʜʘʥʥʳʝ ʤʝʪʦʜʳ ʙʳʣʠ ʵʬʬʝʢʪʠʚʥʳ (ʪʘʢ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʟʘʜʘʯʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʦʛʨʦʤʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʩ 

ʙʦʣʴʰʦʡ ʧʨʝʜʳʩʪʦʨʠʝʡ); 

3) ʈʝʘʣʠʟʦʚʘʪʴ ʵʪʠ ʤʝʪʦʜʳ ʚ ʩʨʝʜʝ MATLAB  ʠ ʧʨʦʚʝʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʨʝʘʣʴʥʳʭ ʟʘʜʘʯʘʭ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ; 

4) ʇʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʢʨʠʪʝʨʠʷʤ 

ʪʦʯʥʦʩʪʠ ʠ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ. 
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2 ʄʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

ɺʳʙʦʨ ʤʝʪʦʜʘ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʘ ʧʦ ʚʨʝʤʝʥʥʦʤʫ ʨʷʜʫ ʟʘʚʠʩʠʪ ʦʪ ʩʪʦʷʱʝʡ ʟʘʜʘʯʠ 

ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʧʨʝʜʝʣʷʪʩʷ ʪʝʤ, ʢʘʢʦʡ ʧʨʦʛʥʦʟ ʪʨʝʙʫʝʪʩʷ ʧʦʣʫʯʠʪʴ - ʜʦʣʛʦʚʨʝʤʝʥʥʳʡ ʠʣʠ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ. ʇʦʩʪʨʦʝʥʠʝ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʛʥʦʟʘ ʷʚʣʷʝʪʩʷ (ʢʘʢ ʵʪʦ ʠ ʤʦʞʥʦ 

ʦʞʠʜʘʪʴ) ʟʘʜʘʯʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʩʣʦʞʥʦʡ, ʥʝ ʚʩʝʛʜʘ ʠʤʝʶʱʝʡ ʨʝʰʝʥʠʝ (ʧʨʠʯʝʤ ʥʝ 

ʪʦʣʴʢʦ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ - ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çʛʦʨʠʟʦʥʪ 

ʧʨʦʛʥʦʟʘè, ʪʦ ʝʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ, ʥʘ ʢʦʪʦʨʦʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʦʟʤʦʞʥʦ ʜʘʪʴ 

ʧʨʦʛʥʦʟ ʧʦʚʝʜʝʥʠʷ) ʠ ʦʙʳʯʥʦ ʪʨʝʙʫʶʱʝʡ ʧʨʠʚʣʝʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʩʠʩʪʝʤʝ. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʠ ʩʠʤʤʝʪʨʠʯʥʦʡ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ, ʘ ʪʘʢʞʝ 

ʧʨʠʚʦʜʠʪʩʷ ʦʙʟʦʨ ʘʜʘʧʪʠʚʥʳʭ ʤʦʜʝʣʝʡ ʢʦʤʧʦʟʠʮʠʡ ʘʣʛʦʨʠʪʤʦʚ. 

2.1 ʉʠʤʤʝʪʨʠʯʥʘʷ ʬʫʥʢʮʠʷ ʧʦʪʝʨʴ. 

ɿʘʜʘʯʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʠ ʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠʟʚʝʩʪʥʦ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʪʘʢʦʡ 

ʟʘʜʘʯʠ. ɺʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ: ʘʚʪʦʨʝʛʨʝʩʠʦʥʥʳʝ ʤʦʜʝʣʠ ʠ ʤʦʜʝʣʠ 

ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ  (ʘʣʛʦʨʠʪʤʳ ARIMA , GARCH, ARMA), ʥʝʡʨʦʩʝʪʝʚʳʝ, ʤʝʪʦʜʳ 

ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʘ ʪʘʢʞʝ ʘʜʘʧʪʠʚʥʳʝ ʤʦʜʝʣʠ. 

2.1.1 ɸʚʪʦʨʝʛʨʝʩʠʦʥʥʳʝ ʤʦʜʝʣʠ ʠ ʤʦʜʝʣʠ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ.  

2.1.1.1 ʄʦʜʝʣʠ ARMA ʠ ARIMA.  

ʈʘʩʩʤʦʪʨʠʤ ʢʣʘʩʩ ʤʦʜʝʣʝʡ ʩʪʘʮʠʦʥʘʨʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ: 

ptpttptptt yyy ---- ---+=--- eqeqedff 22 1111 ,           ( )2,0se iidt º     (2.1) 

ʠʣʠ ʚ ʙʦʣʝʝ ʢʦʨʦʪʢʦʡ ʟʘʧʠʩʠ 

() () tt LyL ed ÖQ+=ÖF ,           ( )2,0se iidt º      (2.2) 

ʛʜʝ 
() p

pLLL ff ---=F 211
 ʠ
() p

pLLL qq ---=Q 211
 ï ʧʦʣʠʥʦʤʳ ʦʪ ʦʧʝʨʘʪʦʨʘ ʩʜʚʠʛʘ. 

ʊʘʢʘʷ ʤʦʜʝʣʴ ʥʘʟʳʚʘʝʪʩʷ ʤʦʜʝʣʴʶ ʘʚʪʦʨʝʛʨʝʩʩʠʠ ʠ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ (autoregressive 

moving average) ʠʣʠ ( )qpARMA , . 

ʅʘʧʨʠʤʝʨ, ʧʨʦʮʝʩʩ ARMA (1,0) 

ttt yy efd +Ö+= -11            ( )2,0se iidt º  

ʷʚʣʷʝʪʩʷ ()1AR  ʧʨʦʮʝʩʩʦʤ. 

ʄʦʜʝʣʴʶ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ (moving average) ʧʦʨʷʜʢʘ q  ʥʘʟʳʚʘʝʪʩʷ ʤʦʜʝʣʴ 

( )qARMA ,0  

() qtqtttt Ly -- Ö--Ö-+=Q+= eqeqeded 211 ,           ( )2,0se iidt º ,    (2.3) 

ʢʦʪʦʨʘʷ ʦʙʦʟʥʘʯʘʝʪʩʷ ()qMA . ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ()qMA  ʩʪʘʮʠʦʥʘʨʝʥ ʧʨʠ ʣʶʙʦʤ q  ʠ 

ʣʶʙʳʭ iq. 

ʉʫʱʝʩʪʚʫʝʪ ʫʩʣʦʚʠʝ ʦʙʨʘʪʠʤʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʪʦ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʚʠʜʝ AR ʧʨʦʮʝʩʩʘ. 



 10 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚʨʝʤʝʥʥʦʡ ʨʷʜ ty  ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʢ ʥʝʤʫ ʧʨʠʤʝʥʠʣʠ d  ʨʘʟ 

ʦʧʝʨʘʪʦʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʘʟʥʦʩʪʠ, ʩʪʘʣ ʩʪʘʮʠʦʥʘʨʥʳʤ ʨʷʜʦʤ t

d yD  ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤ 

( )qpARMA ,  ʤʦʜʝʣʠ  

ptpttptptt yyy ---- Ö--Ö-+=Ö--Ö- eqeqedff 22 1111 ,           ( )2,0se iidt º .    (2.4) 

ʊʦʛʜʘ ʧʨʦʮʝʩʩ ty  ʥʘʟʳʚʘʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʧʨʦʮʝʩʩʦʤ ʘʚʪʦʨʝʛʨʝʩʩʠʠ ʠ 

ʩʢʦʣʴʟʷɦ ʝʛʦ ʩʨʝʜʥʝʛʦ (integrated autoregression and moving average), ( )dqpARIMA ,, .  

2.1.1.2 ʄʝʪʦʜʦʣʦʛʠʷ ɹʦʢʩʘ-ɼʞʝʥʢʠʥʩʘ.  

ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜʦʣʦʛʠʷ ɹʦʢʩʘ-

ɼʞʝʥʢʠʥʩʘ ʧʦʜʙʦʨʘ ARIMA ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʪʨʝʭ ʵʪʘʧʦʚ: 

I. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʤʦʜʝʣʠ 

I.1. ʇʝʨʚʳʡ ʰʘʛ ï ʧʦʣʫʯʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʷʜʘ. ʈʷʜ ʪʝʩʪʠʨʫʝʪʩʷ ʥʘ 

ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʚʠʟʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʛʨʘʬʠʢʦʚ, ʚʠʟʫʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ACF ʠ ʯʘʩʪʥʦʡ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ 

ʬʫʥʢʮʠʠ PACF. ɽʩʣʠ ʨʷʜ ʥʝʩʪʘʮʠʦʥʘʨʝʥ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʠʪʴ ʦʧʝʨʘʪʦʨ 

ʚʟʷʪʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʘʟʥʦʩʪʠ (ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʙʦʣʴʰʝ ʜʚʫʭ ʨʘʟ) ʠ 

ʧʦʚʪʦʨʠʪʴ ʪʝʩʪʠʨʦʚʘʥʠʝ. 

I.2. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ, ʩʪʨʦʷʪʩʷ ʝʛʦ ʚʳʙʦʨʦʯʥʳʝ 

ACF ʠ PACF, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʛʠʧʦʪʝʟ ʦ 

ʚʦʟʤʦʞʥʳʭ ʧʦʨʷʜʢʘʭ ʘʚʪʦʨʝʛʨʝʩʩʠʠ (p) ʠ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ (q). ʆʙʳʯʥʦ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʠ ʚʦʟʤʦʞʥʦ ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʧʦʨʷʜʢʘ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʩ 3¢+qp  (ʝʩʣʠ ʥʝʪ ʩʝʟʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ). 

ɺʳʙʦʨʦʯʥʳʝ ACF ʠ PACF, ʢʦʥʝʯʥʦ, ʥʝ ʦʙʷʟʘʥʳ ʚ ʪʦʯʥʦʩʪʠ ʩʣʝʜʦʚʘʪʴ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʘʥʘʣʦʛʘʤ, ʥʦ ʜʦʣʞʥʳ ʙʳʪʴ çʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠè ʢ ʥʠʤ.  

II.  ʆʮʝʥʠʚʘʥʠʝ ʤʦʜʝʣʠ ʠ ʧʨʦʚʝʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ 

II.1. ɼʣʷ ʢʘʞʜʦʡ ʠʟ ʚʳʙʨʘʥʥʳʭ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʤʦʜʝʣʝʡ ʦʮʝʥʠʚʘʶʪʩʷ ʠʭ ʧʘʨʘʤʝʪʨʳ 

ʠ ʚʳʯʠʩʣʷʶʪʩʷ ʦʩʪʘʪʢʠ. 

II.2. ʂʘʞʜʘʷ ʠʟ ʤʦʜʝʣʝʡ ʧʨʦʚʝʨʷʝʪʩʷ, ʥʘʩʢʦʣʴʢʦ ʦʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ. ʀʟ 
ʤʦʜʝʣʝʡ, ʘʜʝʢʚʘʪʥʳʭ ʜʘʥʥʳʤ, ʚʳʙʠʨʘʝʪʩʷ ʩʘʤʘʷ ʧʨʦʩʪʘʷ ʤʦʜʝʣʴ, ʪ. ʝ. ʤʦʜʝʣʴ ʩ 

ʥʘʠʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʘʨʘʤʝʪʨʦʚ. 

III.  ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʚʳʙʨʘʥʘ ʤʦʜʝʣʴ, ʤʦʞʥʦ ʩʪʨʦʠʪʴ ʧʨʦʛʥʦʟ ʥʘ ʦʜʠʥ 

ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʰʘʛʦʚ ʧʦ ʚʨʝʤʝʥʠ ʠ ʦʮʝʥʠʚʘʪʴ ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʛʨʘʥʠʮʳ ʧʨʦʛʥʦʟʥʳʭ 

ʟʥʘʯʝʥʠʡ. 

 

2.1.2 ʄʥʦʞʝʩʪʚʝʥʥʘʷ ʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ.  

2.1.2.1 ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

ɺ ʨʝʛʨʝʩʩʠʦʥʥʦʤ ʘʥʘʣʠʟʝ ʠʟʫʯʘʝʪʩʷ ʩʚʷʟʴ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʥʝʟʘʚʠʩʠʤʳʤʠ 

ʧʝʨʝʤʝʥʥʳʤʠ. ʄʥʦʞʝʩʪʚʝʥʥʘʷ ʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʦʤ ʠʣʠ 

ʠʩʢʦʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʚʭʦʜʥʳʭ ʠ ʥʝʟʘʚʠʩʠʤʳʭ 

ʧʝʨʝʤʝʥʥʳʭ ʠ ʦʰʠʙʢʠ.  
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iikkiii xaxaxaaY e+Ö++Ö+Ö+= 222110 , 

ʛʜʝ iY  ï ʟʘʚʠʩʠʤʘʷ ʧʝʨʝʤʝʥʥʘʷ, kaaa ,,, 10 2  ï ʣʠʥʝʡʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ikii xxx ,,, 21 2  ï 

ʥʝʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ, ie ï ʦʰʠʙʢʘ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʩʣʫʯʘʡʥʳʝ ʦʰʠʙʢʠ 

ʥʘʙʣʶʜʝʥʠʡ ʠʤʝʣʠ ʥʦʨʤʘʣʴʥʳʡ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: 

( )se ,0Ni º , () 0=iM e , () constD i == 2se , 

ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʳʤ ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʥʘʷ ʥʝʢʦʨʝʣʣʠʨʦʚʘʥʥʦʩʪʴ (ʦʪʩʫʪʩʪʚʠʝ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ) ʤʝʞʜʫ ʦʰʠʙʢʘʤʠ ʥʘʙʣʶʜʝʥʠʡ, ʪ.ʝ. ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ie ʥʝ 

ʟʘʚʠʩʷʪ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

( )
í
ì
ë

¸

=
=

jiʧʨʠ

jiʧʨʠ
M ji

0

2s
ee . 

2.1.2.2 ʄʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʣʠʥʝʡʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (ʄʅʂ). ʇʫʩʪʴ ʧʨʦʚʝʜʝʥʦ n  ʥʝʟʘʚʠʩʠʤʳʭ ʥʘʙʣʶʜʝʥʠʡ ʩʣʫʯʘʡʥʦʡ 

ʚʝʣʠʯʠʥʳ iY  ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʷʭ ikii xxx ,,, 10 2 , ʩʦʚʤʝʩʪʥʳʡ ʟʘʢʦʥ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʪʦʨʳʭ ʥʝʠʟʚʝʩʪʝʥ. ʅʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʵʤʧʠʨʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ 

ʨʝʛʨʝʩʩʠʠ 

ikkii xaxaaY Ö++Ö+= ~~~~
110 2 . 

ʉʦʛʣʘʩʥʦ ʄʅʂ, ʧʘʨʘʤʝʪʨʳ ʧʦʜʙʠʨʘʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʩʫʤʤʫ ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʡ ʥʘʙʣʶʜʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ʦʪ ʨʘʩʯʝʪʥʳʭ ʧʦ ʤʦʜʝʣʠ ʟʥʘʯʝʥʠʡ  

( ) ( ) min~~~~

1

2

110

1

2

­Ö--Ö--=-= ää
==

n

i

ikkii

n

i

ii xaxaaYYYF 2 ,    (2.5) 

ʛʜʝ iY  ï ʥʘʙʣʶʜʘʝʤʳʝ ʟʥʘʯʝʥʠʷ ʚʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ; iY
~

 ï ʟʥʘʯʝʥʠʷ ʚʳʭʦʜʥʦʡ 

ʧʝʨʝʤʝʥʥʦʡ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʤʦʜʝʣʠ. 

ɺʚʝʜʝʤ ʤʘʪʨʠʯʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

( )Tkyyyy 221=  ï ʚʝʢʪʦʨ ʥʘʙʣʶʜʝʥʠʡ, 

( )Tkaaaa 210=  ï ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʦʚ, 

ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ

ç

å

=

knnn

k

k

xxx

xxx

xxx

A

21

22212

12111

1

1

1

63

3

 ï ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʥʦʩʪʠ ( )1+nk . 

ʇʦʣʫʯʘʝʤ ʥʦʚʫʶ ʟʘʧʠʩʴ ʜʣʷ F : 

min
2
­-= AayF  

ʀʟ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ ʤʠʥʠʤʫʤʘ 

0=
µ

µ

a

F
, 



 12 

ʠʣʠ 

( ) 0=-Ö AayAT  

ʉʠʩʪʝʤʘ ʥʦʨʤʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠʤʝʝʪ ʚʠʜ ( ) yAaAA TT Ö=ÖÖ . ʇʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 

AAT  ï ʥʝʚʳʨʦʞʜʝʥʥʘʷ ʤʘʪʨʠʮʘ, ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

( ) yAAAa TT ÖÖÖ=
-1

 

2.1.2.3 ʇʨʦʚʝʨʢʘ ʧʨʝʜʧʦʩʳʣʦʢ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʆʮʝʥʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʨʘʩʩʯʠʪʘʥʥʦʡ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ ʚʳʯʠʩʣʷʝʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ  

( )

( )ä

ä

=

=

-

-

=
k

n

n

k

n

n

YY

YY

R

1

2

1

2

2

~

,  

ʛʜʝ nY
~

 ï ʧʨʦʛʥʦʟʥʳʝ ʟʥʘʯʝʥʠʷ, Y  ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ Y , ä
=

Ö=
k

n

nY
k

Y
1

1
. ʂʦʵʬʬʠʮʠʝʥʪ 

ʜʝʪʝʨʤʠʥʘʮʠʠ ʧʦʢʘʟʳʚʘʝʪ ʜʦʣʶ ʧʨʘʚʠʣʴʥʦ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʳʭ ʚʝʣʠʯʠʥ. ɽʩʣʠ 75.02 =R  

ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʤʦʜʝʣʴ ʨʘʙʦʪʘʝʪ ʥʘ 75%, ʘ 25% ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʦʰʠʙʢʫ ʠʣʠ ʥʝʫʯʪʝʥʥʳʝ ʚ 

ʤʦʜʝʣʠ ʬʘʢʪʦʨʳ  

ɼʘʣʝʝ ʚʳʯʠʩʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ 2RR= , ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʦʡ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʙʣʶʜʝʥʠʡ ʠ ʚʳʯʠʩʣʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

nY
~

. 

ʇʨʦʚʝʨʢʘ ʟʥʘʯʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʟʥʘʯʠʤʦʩʪʠ l -ʛʦ ʧʘʨʘʤʝʪʨʘ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʠʩʧʦʣʴʟʫʶʪ t -

ʢʨʠʪʝʨʠʡ: 

()l
l

l
aS

a
t = ,  

ʧʦʜʯʠʥʷʶʱʫʶʩʷ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉʪʴʶʜʝʥʪʘ ʩ ( )1--mk  ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ (ʛʜʝ m  

ï ʢʦʣʠʯʝʩʪʚʦ  ʧʘʨʘʤʝʪʨʦʚ ikx ). ɿʥʘʤʝʥʘʪʝʣʴ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ ï ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ma :  

( ) ( ) 21

ʦʩʪjm

T

m SXXaS ÖÖ=
-

, 

ʛʜʝ ʦʩʪS  ï ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʜʣʷ ʦʩʪʘʪʢʦʚ: 

( )ä
=

-Ö
--

=
k

n

nnʦʩʪ YY
mk

S
1

22 ~

1

1
. 

ʂʦʛʜʘ ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ t -ʢʨʠʪʝʨʠʷ ʧʨʝʚʦʩʭʦʜʠʪ ʝʛʦ ʪʘʙʣʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ 

ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʛʨʝʩʩʠʠ ʩʯʠʪʘʝʪʩʷ ʟʥʘʯʠʤʳʤ. 

ʇʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟʳ ʦ ʨʘʚʝʥʩʪʚʝ ʥʫʣʷ ʚʩʝʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 
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ɼʣʷ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʦ ʨʘʚʝʥʩʪʚʝ ʥʫʣʶ ʚʩʝʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ F -

ʢʨʠʪʝʨʠʡ:  

( )
2

1

2

1

1

ʦʩʪ

k

n

nn

S

YY
k

F
ä
=

-Ö
-

= ,  

ʛʜʝ nY  ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ Y, ʘ F  ʧʦʜʯʠʥʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʌʠʰʝʨʘ ʩ ( )1-k  ʠ 

( )1--mk  ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. ɽʩʣʠ ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ F -ʢʨʠʪʝʨʠʷ ʙʦʣʴʰʝ ʝʛʦ 

ʪʘʙʣʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠ ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ, ʪʦ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʩʯʠʪʘʝʪʩʷ 

ʟʥʘʯʠʤʳʤ. 

ʇʨʦʚʝʨʢʘ ʥʘ ʘʚʪʦʢʦʨʨʝʣʷʮʠʶ ʩʣʫʯʘʡʥʳʭ ʦʰʠʙʦʢ. 

ʂʨʠʪʝʨʠʡ ɼʘʨʙʠʥʘ-ʋʦʪʩʦʥʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʣʠʯʠʝ ʘʚʪʦʢʦʨʝʣʣʷʮʠʠ 

ʦʩʪʘʪʢʦʚ ʚ ʤʦʜʝʣʠ:  

( )

ä

ä

=

=

--

=
k

n

n

k

n

nn

d

dd

DU

1

2

1

2

1

,  

ʛʜʝ nnn YYd
~
Ĕ-=  ï ʨʘʟʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʠ ʬʘʢʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ (ʦʩʪʘʪʦʢ) ʥʘ 

ʠʥʪʝʨʚʘʣʝ ʚ k  ʪʦʯʝʢ, ʜʣʷ ʢʦʪʦʨʳʭ nY  ʠʟʚʝʩʪʥʦ. ɽʩʣʠ ʟʥʘʯʝʥʠʝ DU  ʙʣʠʟʢʦ ʢ 2, ʪʦ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʷ ʦʩʪʘʪʢʦʚ ʦʪʩʫʪʩʪʚʫʝʪ. ʇʨʝʜʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ 2, ʧʨʠ ʢʦʪʦʨʦʤ ʛʠʧʦʪʝʟʘ 

ʦ ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʠ ʦʩʪʘʪʢʦʚ ʧʨʠʥʠʤʘʝʪʩʷ ï ʪʘʙʣʠʯʥʘʷ ʚʝʣʠʯʠʥʘ, ʟʘʚʠʩʷʱʘʷ ʦʪ N . 
 

2.1.3 ɸʜʘʧʪʠʚʥʳʝ ʤʦʜʝʣʠ. 

2.1.3.1 ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ. 

ɺʦ ʤʥʦʛʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳ, ʧʦʵʪʦʤʫ ʘʣʛʦʨʠʪʤʳ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʥʘʠʣʫʯʰʝʝ ʢʘʯʝʩʪʚʦ ʧʨʦʛʥʦʟʦʚ 

ʤʦʛʫʪ ʫʩʪʘʨʝʚʘʪʴ, ʫʩʪʫʧʘʷ ʤʝʩʪʦ ʜʨʫʛʠʤ ʘʣʛʦʨʠʪʤʘʤ. ʄʦʜʝʣʴ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʤʦʞʝʪ 

ʠʟʤʝʥʷʪʴʩʷ ʩʦ ʚʨʝʤʝʥʝʤ. ʇʦʵʪʦʤʫ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʦʣʞʥʳ ʙʳʪʴ ʘʜʘʧʪʠʚʥʳ. 

ʉʪʘʥʜʘʨʪʥʳʡ ʩʧʦʩʦʙ ʦʙʝʩʧʝʯʠʪʴ ʘʜʘʧʪʠʚʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʦ ʤʝʨʝ 

ʧʦʩʪʫʧʣʝʥʠʷ ʥʦʚʳʭ ʜʘʥʥʳʭ ʧʝʨʝʥʘʩʪʨʘʠʚʘʪʴ ʘʣʛʦʨʠʪʤʠʯʝʩʢʫʶ ʤʦʜʝʣʴ.  

ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʘʜʘʧʪʠʚʥʳʭ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ. ʉʫʪʴ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. ʂʘʞʜʦʝ ʟʥʘʯʝʥʠʝ iy  

ʙʝʨʝʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʚʝʩʦʤ: ʧʦʩʣʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʙʝʨʝʪʩʷ ʩ ʚʝʩʦʤ 1, ʧʨʝʜʧʦʩʣʝʜʥʝʝ ʩ 

ʚʝʩʦʤ a, ʩʣʝʜʫʶʱʝʝ ʩ ʚʝʩʦʤ 2a  ʠ ʪʘʢ ʜʘʣʝʝ. ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʩʛʣʘʞʠʚʘʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʨʝʢʫʨʨʝʥʪʥʦʡ ʬʦʨʤʫʣʝ: 

( ) 11 --+= ttt SyS aa   ,                      (2.6) 

ʛʜʝ tS  ï ʟʥʘʯʝʥʠʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʩʨʝʜʥʝʡ ʚ ʤʦʤʝʥʪ t , aï ʧʘʨʘʤʝʪʨ ʩʛʣʘʞʠʚʘʥʠʷ.  

ɽʩʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʠʤʝʥʠʪʴ ʨʝʢʫʨʨʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʷ (2.6), ʪʦ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ ʩʨʝʜʥʶʶ tS  ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ y : 

( ) ( ) 0

1

0

11 SyS
N

N

t

it

i

t aaa -+-= ä
-

=

- , 

ʛʜʝ Nï ʢʦʣʠʯʝʩʪʚʦ ʯʣʝʥʦʚ ʨʷʜʘ, 0S  ï ʥʝʢʦʪʦʨʘʷ ʚʝʣʠʯʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʥʘʯʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʧʝʨʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʬʦʨʤʫʣʳ (2.6) ʧʨʠ 1=t . 
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ʇʨʠ ¤­N  ( ) 01 ­-
N

a , ʘ ʩʫʤʤʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ( ) 11
1

0

­-ä
-

=

N

i

i
aa . ʊʦʛʜʘ  

( )ä
-

=

--=
1

0

1
N

t

it

i

t yS aa . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʣʠʯʠʥʘ tS  ʦʢʘʟʳʚʘʝʪʩʷ ʚʟʚʝʰʝʥʥʦʡ ʩʫʤʤʦʡ ʚʩʝʭ ʯʣʝʥʦʚ ʨʷʜʘ. 

ʇʨʠʯʝʤ ʚʝʩʘ ʧʘʜʘʶʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ çʚʦʟʨʘʩʪʘè ʥʘʙʣʶʜʝʥʠʡ. ʊʘʢʘʷ 

ʤʦʜʝʣʴ ʥʘʟʳʚʘʝʪʩʷ ʘʜʘʧʪʠʚʥʦʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ, ʘ ʚʝʣʠʯʠʥʫ a ʥʘʟʳʚʘʶʪ 

ʧʘʨʘʤʝʪʨʦʤ ʘʜʘʧʪʘʮʠʠ. 

ɼʦʢʘʞʝʤ ʚʘʞʥʫʶ ʣʝʤʤʫ. 

ʃʝʤʤʘ 1. ʇʫʩʪʴ ʧʨʦʛʥʦʟ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 1+t  ʩʪʨʦʠʪʩʷ ʠʩʭʦʜʷ ʠʟ ʤʠʥʠʤʠʟʘʮʠʠ 

ʩʣʝʜʫʶʱʝʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʧʦʪʝʨʴ: ( )ä
=

+

- Í-
t

i

it

it wyyw
1

2

1 ).1,0(,Ĕ  ʊʦʛʜʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʧʨʦʛʥʦʟʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʩʪʘʥʜʘʨʪʥʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ 

ʩʛʣʘʞʠʚʘʥʠʷ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ: 

ʄʠʥʠʤʠʟʠʨʫʝʤ ʜʘʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʧʦʪʝʨʴ: 

( )ä ä
ä

ä

= =

=

-

=

-

++

-

+

- =Ý=-Ý­-
t

i

t

i
t

i

it

t

i

i

it

tit

it

it

it

w

yw

yyywyyw
1 1

1

1

11

2

1
Ĕ,0)Ĕ(2,minĔ . 

11

12

3

1

2

1

0

2

2

1

1

1

1

1
..1..1

)...(

..1

...
Ĕ

--

-

--

-

--

=

-

=

-

+
+++

+
+++

+++
=

+++

+++
==

ä

ä
t

t

t

t

tt

t

t

tt

t

i

it

t

i

i

it

t
ww

y

ww

yywyww

ww

ywywyw

w

yw

y . 

ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ ʜʣʷ ʧʦʜʩʯʝʪʘ ʩʫʤʤʳ ʙʝʩʢʦʥʝʯʥʦ ʫʙʳʚʘʶʱʝʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʦʣʫʯʠʤ: 

)1(Ĕ)1(
...1

Ĕ
1

1

1

1

1 wyywwy
ww

yww

y tttt

t

i

i

it

t -+=-+
+++

=
-

-

=

--

+

ä
. 

ʇʫʩʪʴ  ),1,0(,1 Í-= aaw  ʪʦʛʜʘ ʧʦʣʫʯʠʤ: ttt yyy Ĕ)1(Ĕ
1 aa -+=+ , ʯʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ 

ʜʦʢʘʟʘʪʴ. 

2.1.3.2 ɸʜʘʧʪʠʚʥʳʝ ʤʦʜʝʣʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʪʝʥʜʝʥʮʠʡ ʠ ʮʠʢʣʠʯʝʩʢʠʭ 
ʷʚʣʝʥʠʡ ʘʜʜʠʪʠʚʥʦʛʦ ʠ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʛʦ ʪʠʧʘ.  

ɺ ʵʢʦʥʦʤʠʢʝ ʤʥʦʛʠʝ ʷʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʚʪʦʨʷʶʱʠʤʠʩʷ 

ʩʝʟʦʥʥʳʤʠ ʵʬʬʝʢʪʘʤʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ, ʠʭ ʦʪʨʘʞʘʶʱʠʝ ʩʦʜʝʨʞʘʪ 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʩʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ. ʕʪʠ ʨʷʜʳ ʠ ʠʭ ʢʦʣʝʙʘʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ 

ʛʝʥʝʨʠʨʫʝʤʳʝ ʤʦʜʝʣʷʤʠ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ: ʤʦʜʝʣʷʤʠ ʩ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʤʠ ʠ ʩ 

ʘʜʜʠʪʠʚʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʩʝʟʦʥʥʦʩʪʠ.  ʂʨʦʤʝ ʵʪʦʛʦ, ʤʥʦʛʠʝ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʠʤʝʶʪ 

ʪʨʝʥʜ. ʕʪʠ ʨʷʜʳ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʤʦʜʝʣʷʤʠ ʩ ʘʜʜʠʪʠʚʥʳʤ ʠ ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ 

ʨʦʩʪʦʤ. 

ʉ ʧʦʤʦʱʴʶ ʘʜʘʧʪʠʚʥʳʭ ʤʦʜʝʣʝʡ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʤʥʦʞʝʩʪʚʦ ʢʦʤʙʠʥʘʮʠʡ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʪʝʥʜʝʥʮʠʡ ʠ ʮʠʢʣʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʘʜʜʠʪʠʚʥʦʛʦ ʠ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʛʦ 

ʚʠʜʘ. ʅʠʞʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʜʝʚʷʪʴ ʚʩʝʚʦʟʤʦʞʥʳʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʦʙʦʙʱʝʥʥʦ ʚʳʨʘʞʝʥʳ 

ʦʜʥʦʡ ʬʦʨʤʫʣʦʡ: 

2111,1 )1(Ĕ dda t aa -+= ,    (2.7) 

ʛʜʝ ta ,1
Ĕ  - ʪʝʢʫʱʠʡ ʫʨʦʚʝʥʴ ʨʷʜʘ, 
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1a  - ʧʘʨʘʤʝʪʨ ʩʛʣʘʞʠʚʘʥʠʷ; 

ʟʥʘʯʝʥʠʷ 21,dd  ʜʘʥʳ ʚ ʪʘʙʣʠʮʝ 2.1, ʢʘʞʜʘʷ ʢʣʝʪʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʫ ʠʣʠ ʠʥʫʶ ʤʦʜʝʣʴ. 

 

ʊʘʙʣʠʮʘ 2.1 ɿʥʘʯʝʥʠʷ ʤʥʦʞʠʪʝʣʝʡ 21,dd  ʜʣʷ ʢʦʤʙʠʥʘʮʠʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʪʝʥʜʝʥʮʠʡ ʠ 

ʮʠʢʣʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʘʜʜʠʪʠʚʥʦʛʦ ʠ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʛʦ ʚʠʜʘ.  

ʊʝʥʜʝʥʮʠʷ ʨʦʩʪʘ/ʍʘʨʘʢʪʝʨ 

ʩʝʟʦʥʥʦʩʪʠ 

ʆʪʩʫʪʩʪʚʠʝ 

ʩʝʟʦʥʥʦʛʦ 

ʵʬʬʝʢʪʘ 

ɸʜʜʠʪʠʚʥʳʡ 

ʩʝʟʦʥʥʳʡ ʵʬʬʝʢʪ 

ʄʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʡ 

ʩʝʟʦʥʥʳʡ ʵʬʬʝʢʪ 

ʆʪʩʫʪʩʪʚʠʝ ʪʝʥʜʝʥʮʠʠ 

ʨʦʩʪʘ 
1d  

ty  ltt gy --Ĕ  
ltt fy -
Ĕ/  

2d  
1-ty  1-ty  1-ty  

ɸʜʜʠʪʠʚʥʳʡ ʨʦʩʪ 
1d  ty  ltt gy --Ĕ  

ltt fy -
Ĕ/  

2d  1,21,1
ĔĔ
--+ tt aa  1,21,1

ĔĔ
--+ tt aa  1,21,1

ĔĔ
--+ tt aa  

ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ 

ʨʦʩʪ 
1d  ty  ltt gy --Ĕ  

ltt fy -
Ĕ/  

2d  11,1
ĔĔ
-- tt ra  11,1

ĔĔ
-- tt ra  11,1

ĔĔ
-- tt ra  

 

ta ,2
Ĕ - ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʨʦʩʪʘ, ʦʮʝʥʠʚʘʝʤʳʡ ʧʦ ʬʦʨʤʫʣʝ: 

10,Ĕ)1()ĔĔ(Ĕ
21,221,1,12,2 <<-+-= -- aaa tttt aaaa ; 

trĔ- ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʦʩʪʘ, ʧʦʣʫʯʘʝʤʳʡ ʧʦ ʬʦʨʤʫʣʝ: 

10,Ĕ)1(
Ĕ

Ĕ
Ĕ

1

1,1

,1
<<-+= -

-

rtr

t

t

rt r
a

a
r aaa ; 

tgĔ- ʘʜʜʠʪʠʚʥʘʷ ʩʝʟʦʥʥʘʷ ʢʦʤʧʦʥʝʥʪʘ, ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

10,Ĕ)1()Ĕ(Ĕ
,1 <<-+-= - gltgttgt gayg aaa ; 

l - ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʩʝʟʦʥʥʦʛʦ ʷʚʣʝʥʠʷ; 

tf
Ĕ - ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʝʟʦʥʥʦʩʪʠ, ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

10,Ĕ)1(
Ĕ

Ĕ

,1

<<-+= - fltf

t

t
ft f

a

y
f aaa . 

ʇʨʦʛʥʦʟ ʬʘʢʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ t+tyĔ , ʦʞʠʜʘʝʤʳʭ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t+t , 

ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ ʜʣʷ ʢʘʞʜʦʡ ʤʦʜʝʣʠ ʩʧʦʩʦʙʦʤ, ʫʢʘʟʘʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 2.2.  

 

ʊʘʙʣʠʮʘ 2.2 ʌʦʨʤʫʣʳ ʜʣʷ ʧʦʜʩʯʝʪʘ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʛʥʦʟʘ ʜʣʷ ʢʦʤʙʠʥʘʮʠʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʪʝʥʜʝʥʮʠʡ ʠ ʮʠʢʣʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʘʜʜʠʪʠʚʥʦʛʦ ʠ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʛʦ ʚʠʜʘ 

ʊʝʥʜʝʥʮʠʷ ʨʦʩʪʘ/ʍʘʨʘʢʪʝʨ 

ʩʝʟʦʥʥʦʩʪʠ 

ʆʪʩʫʪʩʪʚʠʝ 

ʩʝʟʦʥʥʦʛʦ ʵʬʬʝʢʪʘ 

ɸʜʜʠʪʠʚʥʳʡ 

ʩʝʟʦʥʥʳʡ ʵʬʬʝʢʪ 

ʄʫʣʴʪʠʧʣʠʢʘʪʠʚ

ʥʳʡ ʩʝʟʦʥʥʳʡ 

ʵʬʬʝʢʪ 

ʆʪʩʫʪʩʪʚʠʝ ʪʝʥʜʝʥʮʠʠ ʨʦʩʪʘ 
ta ,1
Ĕ  t+-+ ltt ga ĔĔ

,1  
t+-ltt fa ĔĔ

,1  

ɸʜʜʠʪʠʚʥʳʡ ʨʦʩʪ 
tt aa ,2,1
ĔĔ t+  tt +-++ lttt gaa ĔĔĔ

,2,1  
tt +-+ lttt faa Ĕ)ĔĔ( ,2,1  

ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ tt ra tĔĔ
,1  t

t
+-+ lttt gra ĔĔĔ

,1  
t

t
+-lttt fra ĔĔĔ

,1  
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2.1.4 ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ.  

2.1.4.1 ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ. 

ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʝʨʚʥʦʡ ʢʣʝʪʢʠ. 

ʆʩʥʦʚʦʡ ʤʝʪʦʜʘ ʷʚʠʣʦʩʴ ʪʦ, ʯʪʦ ʥʝʡʨʦʥ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʤʘʰʠʥʥʦʤ ʚʠʜʝ, ʘ 

ʚʩʶ ʩʣʦʞʥʦʩʪʴ ʥʝʨʚʥʦʡ ʢʣʝʪʢʠ ʠ ʜʨʫʛʠʝ ʢʘʯʝʩʪʚʘ ʝʝ ʨʘʙʦʪʳ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʚʷʟʷʤʠ. 

ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʨʠʤʝʥʠʤʦʩʪʴ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʟʘʜʘʯ ʦʙʫʯʝʥʠʷ 

ʧʦ ʧʨʝʮʝʜʝʥʪʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʨʝʛʨʝʩʩʠʠ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩʦʩʪʦʠʪ ʠʟ ʧʨʦʩʪʝʡʰʠʭ ʵʣʝʤʝʥʪʦʚ ï ʥʝʡʨʦʥʦʚ. ʂʘʞʜʳʡ ʥʝʡʨʦʥ 

ʦʙʣʘʜʘʝʪ ʛʨʫʧʧʦʡ ʩʠʥʘʧʩʦʚ ï ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʚʭʦʜʥʳʭ ʩʚʷʟʝʡ, ʩʦʝʜʠʥʝʥʥʳʭ ʩ 

ʚʳʭʦʜʘʤʠ ʜʨʫʛʠʭ ʥʝʡʨʦʥʦʚ, ʘ ʪʘʢʞʝ ʠʤʝʝʪ ʘʢʩʦʥ ï ʚʳʭʦʜʥʫʶ ʩʚʷʟʴ ʜʘʥʥʦʛʦ ʥʝʡʨʦʥʘ, ʩ 

ʢʦʪʦʨʦʡ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ ʥʘ ʩʠʥʘʧʩʳ ʩʣʝʜʫʶʱʠʭ ʥʝʡʨʦʥʦʚ. ʂʘʞʜʳʡ ʩʠʥʘʧʩ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʠʣʠ ʝʝ ʚʝʩʦʤ iw.ʆʙʠɦʡ ʚʠʜ ʥʝʡʨʦʥʘ 

ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.1.  

 

ʈʠʩ. 2.1 ʆʙʱʠʡ ʚʠʜ ʥʝʡʨʦʥʘ. 

ʊʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʥʝʡʨʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʘʢ ʚʟʚʝʰʝʥʥʘʷ ʩʫʤʤʘ ʝʛʦ ʚʭʦʜʦʚ: 

ä
=

Ö=
p

i

ii wxs
1

 

ɺʳʭʦʜ ʥʝʡʨʦʥʘ ʝʩʪʴ ʬʫʥʢʮʠʷ ʝʛʦ ʩʦʩʪʦʷʥʠʷ: 

()sfy=  

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ ʩ ʥʘʩʳʱʝʥʠʝʤ 

(ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʠʣʠ ʩʠʛʤʦʠʜ (ʪ.ʝ. ʬʫʥʢʮʠʷ S-ʦʙʨʘʟʥʦʛʦ ʚʠʜʘ)): 

xe
xf

a-+
=

1

1
)(  

ʆʜʥʦ ʠʟ ʮʝʥʥʳʭ ʩʚʦʡʩʪʚ ʩʠʛʤʦʠʜʥʦʡ ʬʫʥʢʮʠʠ ï ʧʨʦʩʪʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʝʝ 

ʧʨʦʠʟʚʦʜʥʦʡ: 

f x f x f x'( ) ( ) ( ( ))= Ö Ö-a 1  

ʃʶʙʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩʦʩʪʦʠʪ ʠʟ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ ʠ ʤʦʞʝʪ ʠʤʝʪʴ ʦʜʠʥ 

ʠʣʠ ʙʦʣʝʝ ʩʢʨʳʪʳʭ ʩʣʦʝʚ. ʅʘ ʚʭʦʜʥʦʡ ʩʣʦʡ ʧʦʜʘʝʪʩʷ ʚʝʢʪʦʨ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

{ }pxxX ,,1 2= , ʟʘʪʝʤ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʥʝʡʨʦʥʘʤʠ ʩʝʪʠ ʠ ʚʳʜʘʶʪ 

ʨʝʟʫʣʴʪʘʪ ʥʘ ʚʳʭʦʜʥʦʡ ʩʣʦʡ, ʛʜʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʩ ʧʦʨʦʛʦʚʦʡ 

ʚʝʣʠʯʠʥʦʡ ʠ ʚʳʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪ ï ʚʝʢʪʦʨ { }kyyY ,,1 2= .  
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ʇʦʤʠʤʦ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʩʣʦʝʚ ʚ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʝʪʠ ʩʫʱʝʩʪʚʫʶʪ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʩʢʨʳʪʳʝ ʩʣʦʠ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʡʨʦʥʳ, ʢʦʪʦʨʳʝ ʥʝ ʠʤʝʶʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʚʭʦʜʦʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʘ ʩʚʷʟʘʥʳ ʪʦʣʴʢʦ ʩ ʚʳʭʦʜʘʤʠ ʚʭʦʜʥʦʛʦ ʩʣʦʷ 

ʠ ʩ ʚʭʦʜʦʤ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʢʨʳʪʳʝ ʩʣʦʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʝʦʙʨʘʟʫʶʪ 

ʠʥʬʦʨʤʘʮʠʶ ʠ ʜʦʙʘʚʣʷʶʪ ʥʝʣʠʥʝʡʥʦʩʪʠ ʚ ʤʦʜʝʣʠ.  

ʆʙʱʠʡ ʚʠʜ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2.2. 

 

ʈʠʩ. 2.2 ʆʙʱʠʡ ʚʠʜ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. 

2.1.4.2 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

ʇʦ ʘʨʭʠʪʝʢʪʫʨʝ ʩʚʷʟʝʡ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʤʦʛʫʪ ʙʳʪʴ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ ʜʚʘ ʢʣʘʩʩʘ: 

ʩʝʪʠ ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʩʚʷʟʠ ʥʝ ʠʤʝʶʪ ʧʝʪʝʣʴ, ʠ ʩʝʪʠ ʨʝʢʫʨʨʝʥʪʥʦʛʦ 

ʪʠʧʘ, ʚ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʳ ʦʙʨʘʪʥʳʝ ʩʚʷʟʠ. 

ʉʝʪʠ ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʦʜʥʦʩʣʦʡʥʳʝ ʠ ʤʥʦʛʦʩʣʦʡʥʳʝ 

ʧʝʨʩʝʧʪʨʦʥʳ. 

ʂʣʘʩʩ ʨʝʢʫʨʨʝʥʪʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʛʦʨʘʟʜʦ ʦʙʰʠʨʥʝʝ, ʩʘʤʠ ʩʝʪʠ ʩʣʦʞʥʝʝ ʧʦ 

ʩʚʦʝʤʫ ʫʩʪʨʦʡʩʪʚʫ. ʉʝʪʴ ʦʨʛʘʥʠʟʦʚʘʥʘ ʪʘʢ, ʯʪʦ ʢʘʞʜʳʡ ʥʝʡʨʦʥ ʧʦʣʫʯʘʝʪ ʚʭʦʜʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦʪ ʜʨʫʛʠʭ ʥʝʡʨʦʥʦʚ ʠ, ʚʦʟʤʦʞʥʦ, ʥʝʡʨʦʥʦʚ ʪʦʛʦ ʞʝ ʩʣʦʷ ʠ ʦʪ ʩʘʤʦʛʦ ʩʝʙʷ. 

ʕʪʦʪ ʪʠʧ ʩʝʪʝʡ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʩ ʠʭ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʥʝʣʠʥʝʡʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ.  

ʉʨʝʜʠ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʝʪʝʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʝʪʠ ʍʦʧʬʠʣʜʘ ʠ ʩʝʪʠ ʂʦʭʦʥʝʥʘ. ʉ 

ʧʦʤʦʱʴʶ ʩʝʪʝʡ ʍʦʧʬʠʣʜʘ ʤʦʞʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʝ (ʨʫʢʦʧʠʩʥʳʝ ʙʫʢʚʳ), 

ʫʧʦʨʜ̫ʦʯʝʥʥʳʝ ʚʦ ʚʨʝʤʝʥʠ (ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ) ʠʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʛʨʘʬʠʢʠ) ʦʙʨʘʟʮʳ.  

2.1.4.3 ʆʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ.  

ʅʘ ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚʳʯʠʩʣʝʥʠʝ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ iw  ʚ 

ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ ʟʘʜʘʯ, ʚ ʢʦʪʦʨʳʭ ʥʫʞʥʳʡ ʦʪʚʝʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʧʦ 

ʧʨʘʚʠʣʘʤ, ʘ ʩ ʧʦʤʦʱʴʶ ʧʨʠʤʝʨʦʚ, ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʭ ʚ ʦʙʫʯʘʶʱʠʝ ʤʥʦʞʝʩʪʚʘ. ʂʨʦʤʝ 

ʧʘʨʘʤʝʪʨʘ ʢʘʯʝʩʪʚʘ ʧʦʜʙʦʨʘ ʚʝʩʦʚ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʠ 

ʜʚʘ ʧʘʨʘʤʝʪʨʘ ʩʚʷʟʘʥʳ ʦʙʨʘʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʠ ʠʭ ʧʨʠʭʦʜʠʪʩʷ ʚʳʙʠʨʘʪʴ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʨʦʤʠʩʩʘ. 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩ 

ʫʯʠʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ (Back Propagation 

Algorithm). ʀʜʝʷ ʘʣʛʦʨʠʪʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ 

çʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷè ʜʚʘʞʜʳ: ʥʘ ʧʨʷʤʦʤ ʧʨʦʭʦʜʝ ʚʳʯʠʩʣʷʝʪʩʷ ʦʰʠʙʢʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʘ 

ʨʘʙʦʪʝ ʚʩʝʭ ʧʨʝʮʝʜʝʥʪʥʳʭ ʚʝʢʪʦʨʦʚ, ʥʘ ʦʙʨʘʪʥʦʤ ʧʨʦʭʦʜʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʜʩʯʝʪ ʦʰʠʙʦʢ. 

ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʤʠʥʠʤʠʟʠʨʫʝʤʦʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʝʡ 

ʦʰʠʙʢʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ: 
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() ( ) minĔ
1 1

2
­-=À ää

= =

n

i

k

j

ij

N

ij yyw  

ʛʜʝ )(N

ijy  ï ʨʝʘʣʴʥʦʝ ʚʳʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʝʡʨʦʥʘ j  ʧʦʩʣʝʜʥʝʛʦ (ʚʳʭʦʜʥʦʛʦ) ʩʣʦʷ N  

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʨʠ ʧʦʜʘʯʝ ʥʘ ʝʝ ʚʭʦʜʳ i -ʛʦ ʦʙʲʝʢʪʘ; ijyĔ ï ʠʜʝʘʣʴʥʦʝ (ʞʝʣʘʝʤʦʝ) 

ʚʳʭʦʜʥʦʝ ʩʦʩʪʦʥ̫ʠʝ ʵʪʦʛʦ ʥʝʡʨʦʥʘ. 

ʉʫʤʤʠʨʦʚʘʥʠʝ ʚʝʜʝʪʩʷ ʧʦ ʚʩʝʤ ʥʝʡʨʦʥʘʤ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ ʠ ʧʦ ʚʩʝʤ 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʤ ʩʝʪʴʶ ʦʙʲʝʢʪʘʤ. ʄʠʥʠʤʠʟʘʮʠʷ ʚʝʜʝʪʩʷ ʤʝʪʦʜʦʤ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ, 

ʯʪʦ ʦʟʥʘʯʘʝʪ ʧʦʜʩʪʨʦʡʢʫ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ij

n

ij
w

w
µ

µ
h
À

Ö-=D )(            (ʅʉ 1) 

ɿʜʝʩʴ ijw  ï ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ, ʩʦʝʜʠʥʷʶʱʝʡ i -ʳʡ ʥʝʡʨʦʥ 

ʩʣʦʷ 1-n  ʩ j -ʳʤ ʥʝʡʨʦʥʦʤ ʩʣʦʷ n , h ï ʰʘʛ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ, 10 <<h . 

ɼʘʣʝʝ 

ij

j

j

j

jij w

v

dv

dy

yw µ

µ

µ

µ

µ

µ
ÖÖ

À
=

À
           (ʅʉ 2) 

ɿʜʝʩʴ ʧʦʜ jy , ʢʘʢ ʠ ʨʘʥʴʰʝ, ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʚʳʭʦʜ ʥʝʡʨʦʥʘ j, ʘ ʧʦʜ jv  ï 

ʚʟʚʝʰʝʥʥʘʷ ʩʫʤʤʘ ʝʛʦ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ, ʪʦ ʝʩʪʴ ʘʨʛʫʤʝʥʪ ʘʢʪʠʚʘʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ. ʊʘʢ 

ʢʘʢ ʤʥʦʞʠʪʝʣʴ 
j

j

dv

dy
 ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʥʦʡ ʵʪʦʡ ʬʫʥʢʮʠʠ ʧʦ ʝʝ ʘʨʛʫʤʝʥʪʫ, ʠʟ ʵʪʦʛʦ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʘʷ ʘʢʪʠʚʘʮʠʦʥʥʦʡ ʬʫʥʢʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʥʘ ʚʩʝʡ ʦʩʠ 

ʘʙʩʮʠʩʩ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʬʫʥʢʮʠʷ ʝʜʠʥʠʯʥʦʛʦ ʩʢʘʯʢʘ ʠ ʧʨʦʯʠʝ ʘʢʪʠʚʘʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʩ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʥʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ɺ ʥʠʭ 

ʧʨʠʤʝʥʷʶʪʩʷ ʪʘʢʠʝ ʛʣʘʜʢʠʝ ʬʫʥʢʮʠʠ, ʢʘʢ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʪʘʥʛʝʥʩ ʠʣʠ ʢʣʘʩʩʠʯʝʩʢʠʡ 

ʩʠʛʤʦʠʜ ʩ ʵʢʩʧʦʥʝʥʪʦʡ.  

ʊʨʝʪʠʡ ʤʥʦʞʠʪʝʣʴ 
ij

j

w

v

µ

µ
, ʦʯʝʚʠʜʥʦ, ʨʘʚʝʥ ʚʳʭʦʜʫ ʥʝʡʨʦʥʘ ʧʨʝʜʳʜʫʱʝʛʦ ʩʣʦʷ ( )1-n

iy . 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʝʨʚʦʛʦ ʤʥʦʞʠʪʝʣʷ ʚ (2), ʦʥ ʣʝʛʢʦ ʨʘʩʢʣʘʜʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 
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ɿʜʝʩʴ ʩʫʤʤʠʨʦʚʘʥʠʝ ʧʦ k  ʚʳʧʦʣʥʷʝʪʩʷ ʩʨʝʜʠ ʥʝʡʨʦʥʦʚ ʩʣʦʷ 1+n . 

ɺʚʝʜʷ ʥʦʚʫʶ ʧʝʨʝʤʝʥʥʫʶ 

j

j

j

n

j
dv

dy

y
Ö

À
=
µ

µ
d )(  

ʤʳ ʧʦʣʫʯʠʤ ʨʝʢʫʨʩʠʚʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʦʚ ʚʝʣʠʯʠʥ 
)(n

jd  ʩʣʦʷ n  ʠʟ ʚʝʣʠʯʠʥ 
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kd  

ʙʦʣʝʝ ʩʪʘʨʰʝʛʦ ʩʣʦʷ 1+n . 
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ɼʣʷ ʚʳʭʦʜʥʦʛʦ ʞʝ ʩʣʦʷ 

dl

N

l

N

l
l

l

y d
dy

ds

( ) ( )( )= - Ö  

ʊʝʧʝʨʴ ʤʳ ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ (2.1) ʚ ʨʘʩʢʨʳʪʦʤ ʚʠʜʝ: 

Dw yij

n

j

n

i

n( ) ( ) ( )=-Ö Ö -hd 1  

ʀ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʚʩʝ ʚʝʩʘ ʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʦ ʬʦʨʤʫʣʝ: 

w t w t w tij

n

ij

n

ij

n( ) ( ) ( )( ) ( ) ( )= - +1 D . 

 

2.2 ʅʝʩʠʤʤʝʪʨʠʯʥʘʷ ʬʫʥʢʮʠʷ ʧʦʪʝʨʴ.  

ɿʘʜʘʯʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʩʪʘʚʠʣʘʩʴ ʤʥʦʛʠʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʥʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝʤ ʧʨʠ ʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʝʡ 

ʧʦʪʝʨʴ, ʟʘʥʠʤʘʝʪ ʩʢʨʦʤʥʦʝ ʤʝʩʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. 

ɻʣʘʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʂ ʪʦʤʫ ʞʝ, ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʠʪʴ ʪʘʢʠʝ ʘʣʛʦʨʠʪʤʳ, ʢʦʪʦʨʳʝ ʙʳ ʤʦʛʣʠ 

ʩʪʨʦʠʪʴ ʧʨʦʛʥʦʟʳ ʧʨʠ ʣʶʙʦʡ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ, ʘ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ. ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʠ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʣʦʪʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʛʥʦʟʳ ʚʳʜʘʶʪ ʥʝ ʯʠʩʣʦ, ʘ ʢʦʥʢʨʝʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʦʯʝʥʴ ʚʘʞʥʳʤ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ, ʢʫʨʩʦʚ ʚʘʣʶʪ ʠ ʮʝʥʥʳʭ 

ʙʫʤʘʛ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʠʥʬʣʷʮʠʠ ʠ ʪ.ʜ. 

2.2.1 ʂʚʘʥʪʠʣʴʥʘʷ ʨʝʛʨʝʩʩʠʷ. 

ʄʝʪʦʜ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʝ ʪʦʣʴʢʦ ʪʦʯʥʳʝ ʧʨʦʛʥʦʟʳ, ʥʦ ʠ 

ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʛʨʘʥʠʮʳ ʢʦʣʝʙʘʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʩʪʨʦʠʪʴ ʪʦʯʥʳʝ ʧʨʦʛʥʦʟʳ ʧʨʠ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ. ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʈʦʩʩʠʠ ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʦʯʪʠ 

ʥʝʠʟʚʝʩʪʝʥ, ʪʘʢ ʢʘʢ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʢʚʘʥʪʠʣʴʥʘʷ ʨʝʛʨʝʩʩʠʷ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ. 

ʄʝʪʦʜ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ ʢ ʦʪʢʣʦʥʝʥʠʷʤ ʦʪ 

ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʩʚʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʤʦʜʝʣʴ 

ʫʩʪʦʡʯʠʚʘ ʢ çʚʳʙʨʦʩʘʤè, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʩʣʫʯʘʝ 

ʧʦʢʘʟʘʪʝʣʝʡ ʬʠʥʘʥʩʦʚʦʛʦ ʨʳʥʢʘ. ʇʦʵʪʦʤʫ ʧʨʠ ʧʨʦʛʥʦʟʝ ʬʠʥʘʥʩʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ, ʯʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʥʘ ʧʨʘʢʪʠʢʝ, ʚ ʵʢʦʥʦʤʠʢʝ ʯʘʩʪʦ ʥʝʢʦʪʦʨʳʝ ʟʥʘʯʝʥʠʷ ʟʘʚʠʩʠʤʦʡ 

ʚʝʣʠʯʠʥʳ ʤʦʛʫʪ ʙʳʪʴ ʮʝʥʟʫʨʠʨʦʚʘʥʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʮʝʥʠʚʘʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʟʘʪʨʫʜʥʝʥʦ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʞʝ ʤʦʜʝʣʝʡ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʥʝ ʥʫʞʥʦ ʟʥʘʪʴ 

ʠʩʪʠʥʥʫʶ ʚʝʣʠʯʠʥʫ ʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ. 

ʆʙʱʝʫʧʦʪʨʝʙʠʪʝʣʴʥʳʝ ʪʝʩʪʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʦʮʝʥʢʘʭ ʤʝʪʦʜʘʤʠ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ ʠ ʘʙʩʦʣʶʪʥʳʭ ʤʦʜʫʣʝʡ, ʩʚʦʙʦʜʥʳ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʠʰʴ ʘcʠʤʧʪʦʪʠʯʝʩʢʠ. 

ʇʦ ʩʫʱʝʩʪʚʫ, ʝʜʠʥʩʪʚʝʥʥʦʡ ʩʝʨʴʝʟʥʦʡ ʧʨʝʪʝʥʟʠʝʡ ʢ ʵʪʦʤʫ ʤʝʪʦʜʫ ʷʚʣʷʝʪʩʷ 

ʥʝʚʳʩʦʢʘʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦ 

ʩʪʘʥʜʘʨʪʥʳʤʠ, ʪʠʧʘ ʛʘʫʩʩʦʚʩʢʠʭ, çʭʚʦʩʪʘʤʠè. 

2.2.1.1 ʆʙʱʘʷ ʤʦʜʝʣʴ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʤʦʜʝʣʴ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ 

ʂʝʥʢʝʨʦʤ ʠ ɹʘʩʩʝʪʦʤ ʚ 1978 ʛʦʜʫ.  
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ʇʫʩʪʴ ( ) nixy ii ,...,1,, =  - ʥʝʢʦʪʦʨʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʛʜʝ ix  - 1³K - ʥʝʟʘʚʠʩʠʤʳʭ 

ʧʝʨʝʤʝʥʥʳʭ ʚ ʫʨʘʚʥʝʥʠʠ ʨʝʛʨʝʩʩʠʠ. ɼʦʧʫʩʢʘʝʪʩʷ, ʯʪʦ  

( ) qqqq bb iiiiii xxyQuantuxy ¡=+¡= ,, ,    (2.9) 

ʛʜʝ ( )ii xyQuant ,q  ʦʙʦʟʥʘʯʘʝʪ ʫʩʣʦʚʥʫʶ ʢʚʘʥʪʠʣʴ iy  ʥʘ ʚʝʢʪʦʨʝ ʨʝʛʨʝʩʩʦʨʘ ix . ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ix  ʠ iy  ʥʘʙʣʶʜʘʶʪʩʷ ʙʝʟ ʦʰʠʙʢʠ ʠ ʫʨʘʚʥʝʥʠʝ (2.9) ʦʧʨʝʜʝʣʝʥʦ ʧʨʘʚʠʣʴʥʦ. 

ɽʩʣʠ (2.9) ʦʧʨʝʜʝʣʝʥʦ ʥʝʢʦʨʨʝʢʪʥʦ (ʪʦ ʝʩʪʴ, ʥʝʣʠʥʝʡʥʦ), ʪʦʛʜʘ ʤʦʜʝʣʴ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʣʫʯʰʠʡ ʣʠʥʝʡʥʳʡ ʧʨʦʛʥʦʟ ʜʣʷ ʫʩʣʦʚʥʦʡ ʢʚʘʥʪʠʣʠ. ɺ ʜʘʥʥʦʡ ʤʦʜʝʣʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʯʣʝʥʘ  iuq ʦʩʪʘʝʪʩʷ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ 

ʩʦʦʪʥʦʰʝʥʠʝ (2.9) ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʪʦ, ʯʪʦ iuq 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ  ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʢʚʘʥʪʠʣʴ: 

( ) 0, =ii xuQuant qq .    (2.10) 

ɺʦʦʙʱʝ, q-ʘʷ ʧʨʦʩʪʘʷ ʢʚʘʥʪʠʣʴ (0<q<1) ʧʝʨʝʤʝʥʥʦʡ , ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ 

ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʠ:  

b
byi

i

byi

i

ii

byby min)1(
::

­
ö
ö
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õ

æ
æ

ç

å
--+- ää

¢²

qq    (2.11) 

ɸʥʘʣʦʛ ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ ʜʣʷ q-ʦʛʦ ʢʚʘʥʪʠʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ. ʊʦ 

ʝʩʪʴ qb
Ĕ, ʦʮʝʥʢʘ ʜʣʷ qb  ʚ ʩʦʦʪʥʦʰʝʥʠʠ (4) ï ʥʘʟʳʚʘʝʤʦʤ q-ʦʡ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʝʡ ï 

ʨʝʰʘʝʪ ʟʘʜʘʯʫ: 

b
bqbq min)1(

1

::
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ö
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õ

æ
æ
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¡--+¡- ää

¡¢¡² bxyi

iii

bxyi

ii

iiii

xyxy
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   (2.12) 

ʆʯʝʚʠʜʥʦ, ʧʨʠ 2/1=q  ʧʦʣʫʯʘʝʤ ʢʣʘʩʩʠʯʝʩʢʫʶ ʟʘʜʘʯʫ ʥʘʠʤʝʥʴʰʠʭ ʨʘʩʩʪʦʷʥʠʡ 
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2.2.1.2 ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʚ ʚʠʜʝ ʟʘʜʘʯʠ ʣʠʥʝʡʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ɿʘʜʘʯʘ (5), ʪʦ ʝʩʪʴ  
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    (2.13) 

ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʟʘʜʘʯʘ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (ʃʇ). ʇʘʨʫ 

ʜʚʦʡʩʪʚʝʥʥʳʭ ʟʘʜʘʯ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʭ 
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ʀʟ ʪʝʦʨʝʤʳ ʜʚʦʡʩʪʚʝʥʥʦʩʪʠ ʩʣʝʜʫʝʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (2.9), ʪʘʢ ʢʘʢ ʦʙʝ ʟʘʜʘʯʠ 

ʠʤʝʶʪ ʜʦʧʫʩʪʠʤʦʝ ʨʝʰʝʥʠʝ, ʝʩʣʠ ʤʘʪʨʠʮʘ Xʠʤʝʝʪ ʧʦʣʥʳʡ ʨʘʥʛ. ʀʟ ʪʝʦʨʠʠ ʣʠʥʝʡʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʠ ʜʨʫʛʠʝ ʧʦʣʝʟʥʳʝ ʩʚʦʡʩʪʚʘ ʟʘʜʘʯʠ (2.9). 
 

2.2.1.3 ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʧʨʦʛʥʦʟʦʚ ʧʨʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʧʨʦʛʥʦʟ 1
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+ty  ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 1+t , ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʳʩʪʦʨʠʠ ʨʷʜʘ tyyy ,...,, 21 ʥʝʦʙʭʦʜʠʤʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʫʶ 
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ʣʝʛʢʦ ʩʚʦʜʠʪʩʷ ʢ ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʝ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: 
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ʜʣʷ ʢʦʪʦʨʦʡ ʩʫʱʝʩʪʚʫʶʪ ʚʩʪʨʦʝʥʥʳʝ ʚ MATLAB  ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ. 

ɽʩʣʠ ʚʚʝʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʪʘʨʝʚʘʥʠʷ ʜʘʥʥʳʭ )1,0(Íw  ʠ ʧʦʪʝʨʠ ʙʨʘʪʴ ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʚʝʩʦʤ: ʧʦʪʝʨʠ ʧʦ ʧʦʩʣʝʜʥʝʤʫ ʟʥʘʯʝʥʠʷ ï 1, ʧʦ ʧʨʝʜʧʦʩʣʝʜʥʝʤʫ - w, ʧʦ 

ʩʣʝʜʫʶʱʝʤʫ 2w  ʠ ʪʘʢ ʜʘʣʝʝ, ʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʛʥʦʟʘ 1
Ĕ
+ty  ʥʝʦʙʭʦʜʠʤʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 
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ʊʘʢʘʷ ʟʘʜʘʯʘ ʩ ʧʦʤʦʱʴʶ ʟʘʤʝʥ ʩʚʦʜʠʪʩʷ ʢ ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʝ ʣʠʥʝʡʥʦʛʦ 
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2.2.2 ʇʦʩʪʨʦʝʥʠʝ ʠ ʦʮʝʥʠʚʘʥʠʝ ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ. 

ʇʦʩʪʨʦʝʥʠʝ ʠ ʦʮʝʥʠʚʘʥʠʝ ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. 

ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʤʝʥʝʝ ʨʘʟʚʠʪʘ, ʯʝʤ ʧʦʩʪʨʦʝʥʠʝ ʪʦʯʝʯʥʳʭ ʧʨʦʛʥʦʟʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 



 22 

ʬʫʥʢʮʠʷʭ ʧʦʪʝʨʴ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʪʦʯʝʯʥʦʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʥʝʷʩʥʦ ʢʘʢʠʝ ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ 

ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʣʦʪʥʦʩʪʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʤʘʢʨʦʵʢʦʥʦʤʠʢʝ, ʬʠʥʘʥʩʘʭ, ʟʘʜʘʯʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ. 

2.2.2.1 ʇʦʩʪʨʦʝʥʠʝ ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ 

ɺʧʝʨʚʳʝ ʜʦʣʛʦʩʨʦʯʥʳʝ ʧʨʦʛʥʦʟʳ ʧʣʦʪʥʦʩʪʠ ʚ ʤʘʢʨʦʵʢʦʥʦʤʠʢʝ ʜʘʪʠʨʫʶʪʩʷ 1968 

ʛʦʜʦʤ, ʢʦʛʜʘ ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʩʝʢʮʠʷ ʙʠʟʥʝʩʘ ʠ ʵʢʦʥʦʤʠʢʠ ɸʤʝʨʠʢʘʥʩʢʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʘʩʩʦʮʠʘʮʠʠ ʠ ʅʘʮʠʦʥʘʣʴʥʦʝ ʙʶʨʦ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʚʤʝʩʪʥʦ ʧʨʦʚʝʣʠ 

ʢʚʘʨʪʘʣʴʥʳʡ ʦʙʟʦʨ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʛʥʦʟʦʚ ʚ ʉʐɸ.[10] ʇʦʟʜʥʝʝ ʌʝʜʝʨʘʣʴʥʳʡ 

ʙʘʥʢ ʨʘʟʚʠʪʠʷ ʌʠʣʘʜʝʣʴʬʠʠ ʩʪʘʣ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʣʛʦʩʨʦʯʥʳʝ ʧʨʦʛʥʦʟʳ ʧʣʦʪʥʦʩʪʠ. ɺ 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʧʦʩʪʨʦʝʥʠʝʤ ʧʨʦʛʥʦʟʦʚ ʧʣʦʪʥʦʩʪʠ ʩʪʘʣʠ ʟʘʥʠʤʘʪʴʩʷ ʛʦʨʘʟʜʦ ʧʦʟʜʥʝʝ. ɺ 

ʬʝʚʨʘʣʝ 1996 ʛʦʜʘ ɹʘʥʢ ɸʥʛʣʠʠ ʥʘʯʘʣ ʧʫʙʣʠʢʦʚʘʪʴ ʦʙʟʦʨʳ ʧʦʩʚʷʱʝʥʥʳʝ ʧʨʦʛʥʦʟʘʤ 

ʧʣʦʪʥʦʩʪʠ ʠʥʬʣʷʮʠʠ. ʇʣʦʪʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʠʥʬʣʷʮʠʠ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʘʥʘʣʠʪʠʯʝʩʢʠ 

ʥʝʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʚʘ ʢʫʩʦʯʥʳʭ ʥʦʨʤʘʣʴʥʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 21,, ssm : 
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21 )2/)(2( -+= sspA . ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʦʨʤʠʨʫʝʪʩʷ ʚʟʷʪʠʝʤ ʜʚʫʭ ʧʦʣʦʚʠʥʦʢ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ),( 1sm  ʠ ),( 2sm , ʠ ʠʭ ʥʘʩʣʘʠʚʘʥʠʝʤ, ʯʪʦʙʳ 

ʧʦʣʫʯʠʪʴ ʦʙʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ )(yf  (ʈʠʩ.2.3). 

 

ʈʠʩ. 2.3 ʇʨʠʤʝʨ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ ʠʥʬʣʷʮʠʠ. 

 

ʇʨʦʛʥʦʟ ʧʣʦʪʥʦʩʪʠ ʠʥʬʣʷʮʠʠ ʧʫʙʣʠʢʫʝʪʩʷ ʠ ʧʦ ʩʝʡ ʜʝʥʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ 

10 ʣʝʪ ʢʘʞʜʳʡ ʢʚʘʨʪʘʣ ʢʘʢ ɹʘʥʢʦʤ ɸʥʛʣʠʠ, ʪʘʢ ʠ ʅʘʮʠʦʥʘʣʴʥʳʤ ʠʥʩʪʠʪʫʪʦʤ ʵʢʦʥʦʤʠʢʘ ʠ 

ʩʦʮʠʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʠʭ ʝʞʝʛʦʜʥʳʭ ʧʨʦʛʥʦʟʘʭ. ʇʨʦʛʥʦʟ ʧʣʦʪʥʦʩʪʠ ʠʥʬʦʨʤʠʨʫʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʦ ʨʠʩʢʘʭ, ʚʦʚʣʝʢʘʝʤʳʭ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʥʦʟʘ. 

ʉʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʚʠʜʝ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ),( sm .  ʆʯʝʥʴ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ. ʇʫʩʪʴ ʠʤʝʝʪʩʷ  N  ʧʨʦʛʥʦʟʦʚ ʧʣʦʪʥʦʩʪʠ )(tpi , 

ʩʜʝʣʘʥʥʳʭ ʵʢʩʧʝʨʪʘʤʠ. ʊʦʛʜʘ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʧʨʦʛʥʦʟ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʚʟʚʝʰʝʥʥʘʷ 

ʣʠʥʝʡʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʵʢʩʧʝʨʪʥʳʭ ʧʨʦʛʥʦʟʦʚ. 
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ʛʜʝ iw  - ʥʘʙʦʨ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʚʝʩʦʚ, ʩʫʤʤʘ ʢʦʪʦʨʳʭ ʨʘʚʥʘ ʝʜʠʥʠʮʝ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʢʦʤʙʠʥʘʮʠʠ ʵʢʩʧʝʨʪʥʳʭ ʚʦʧʨʦʩʦʚ ʚʝʩʘ ʤʦʛʫʪ ʙʳʪʴ ʠʟʚʝʩʪʥʳ. ɸ 

ʢʘʢ ʦʧʨʝʜʝʣʷʪʴ ʚʝʩʘ ʚ ʢʦʤʧʦʟʠʮʠʠ ʧʨʦʛʥʦʟʳ ʧʣʦʪʥʦʩʪʠ, ʝʩʣʠ ʦʥʠ ʥʝʠʟʚʝʩʪʥʳ? ɼʦʧʫʩʪʠʤ, 
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ʫ ʥʘʩ ʝʩʪʴ N  ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ ʠ ʩʪʨʦʠʪʩʷ ʣʠʥʝʡʥʘʷ 

ʢʦʤʧʦʟʠʮʠʷ ʵʪʠʭ ʤʦʜʝʣʝʡ. ɺ ʨʘʙʦʪʝ [11] ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʚʘ ʚʘʨʠʘʥʪʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʩʦʚ: 

1) ʉʘʤʳʡ ʧʨʦʩʪʦʡ ʠ ʥʘʠʙʦʣʝʝ ʧʨʷʤʦʡ ʩʧʦʩʦʙ ï ʵʪʦ ʩʜʝʣʘʪʴ ʚʝʩʘ ʚʩʝʭ ʧʨʦʛʥʦʟʦʚ 

ʧʣʦʪʥʦʩʪʠ ʚ ʢʦʤʧʦʟʠʮʠʠ ʨʘʚʥʳʤʠ, ʪʦ ʝʩʪʴ NiNwi ,...,1,1 == .  

2) ɼʨʫʛʠʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ɹʘʝʡʩʦʚʩʢʘʷ ʤʦʜʝʣʴ ʫʩʨʝʜʥʝʥʠʷ. 

ʄʘʨʞʠʥʘʣʴʥʘʷ (ʠʣʠ ʛʨʘʥʠʯʥʘʷ) ʚʝʨʦʷʪʥʦʩʪʴ ʢʘʞʜʦʡ ʤʦʜʝʣʠ )( iyp  ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʦʜʩʯʝʪʘ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: 

Ni

Mpyp

Mpyp
w

N

i

ii

ii

i ,...,1,

)()(

)()(

1

==

ä
=

. 

ʛʜʝ NMp i 1)( = . 

ɽʩʣʠ ʧʨʦʛʥʦʟʳ ʧʣʦʪʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, ʥʦ ʤʦʞʥʦ 

ʧʦʜʩʯʠʪʘʪʴ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ ʧʦʩʪʨʦʠʪʴ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʧʨʦʛʥʦʟ ʧʣʦʪʥʦʩʪʠ. ʅʦ 

ʩʠʪʫʘʮʠʷ ʫʩʣʦʞʥʷʝʪʩʷ, ʝʩʣʠ ʧʨʦʛʥʦʟʳ ʧʣʦʪʥʦʩʪʠ ʥʝ ʷʚʣʷʶʪʩʷ ʥʦʨʤʘʣʴʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʠʣʠ ʚʦʦʙʱʝ ʧʨʦʛʥʦʟ ʧʣʦʪʥʦʩʪʠ ʥʝʣʴʟʷ ʧʨʝʜʩʪʘʚʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠ 

ʥʠʢʘʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʦʩʪʨʦʝʥʠʝ ʢʦʤʧʦʟʠʮʠʠ ʦʧʠʩʘʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ 

ʷʚʣʷʝʪʩʷ ʪʨʫʜʥʦʨʘʟʨʝʰʠʤʦʡ ʟʘʜʘʯʝʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ 

ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟ ʧʣʦʪʥʦʩʪʠ ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʘʭ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

2.2.2.2 ʉʧʦʩʦʙʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ 

ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʩʧʦʩʦʙʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ: ʘʥʘʣʠʪʠʯʝʩʢʠʡ (ʧʨʠ 

ʧʦʤʦʱʠ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ), ʛʨʘʬʠʯʝʩʢʠʡ ʠ ʩ ʧʦʤʦʱʴʶ ʪʘʙʣʠʮ. ʀʟ ʵʪʠʭ ʩʧʦʩʦʙʦʚ 

ʥʝʣʴʟʷ ʚʳʜʝʣʠʪʴ ʩʘʤʳʡ ʣʫʯʰʠʡ, ʪʘʢ ʢʘʢ ʥʝʢʦʪʦʨʳʝ ʩʧʦʩʦʙʳ ʤʦʛʫʪ ʩʢʨʳʚʘʪʴ ʦʜʥʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʠ ʥʘʦʙʦʨʦʪ ʘʢʮʝʥʪʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʜʨʫʛʠʝ. 

2.2.2.3 ʆʮʝʥʠʚʘʥʠʝ ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ 

ʆʮʝʥʠʚʘʥʠʝ ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʪʨʫʜʥʦʡ ʟʘʜʘʯʝʡ. ʇʨʠ 

ʦʮʝʥʠʚʘʥʠʠ ʪʦʯʝʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ʚʩʝʛʜʘ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʬʫʥʢʮʠʶ 

ʧʦʪʝʨʴ, ʧʨʠ ʦʮʝʥʠʚʘʥʠʠ ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ ʚʳʙʦʨ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ 

ʪʨʫʜʥʦʡ ʟʘʜʘʯʝʡ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʦʪʢʨʳʪʦʡ. ʀʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ 

ʢ ʨʝʰʝʥʠ ʁ ʟʘʜʘʯʠ ʦʮʝʥʠʚʘʥʠʷ ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʥʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ. ʕʪʠ ʤʝʪʦʜʳ ʦʮʝʥʠʚʘʥʠʷ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʚʝʨʦʷʪʥʦʩʪʥʦʤ ʠʥʪʝʛʨʘʣʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (Probability integral transform, PIT). ʕʪʦʪ ʤʝʪʦʜ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ 1998 ʛʦʜʫ 

ɼʠʘʙʦʣʜʦʤ, ʭʦʪʷ ʧʦʥʷʪʠʝ integral transform ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʝʱʸ ʚ 1952 ʛʦʜʘ ʈʦʟʝʥʙʣʘʪʪʦʤ. 

ʇʫʩʪʴ )( tt yf  ð ʥʝʢʦʪʦʨʘʷ ʤʦʜʝʣʴ, ʘ )( tt yp  ð ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʛʥʦʟʦʚ ʧʣʦʪʥʦʩʪʠ. 

ɺʝʨʦʷʪʥʦʩʪʥʳʡ ʠʥʪʝʛʨʘʣ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (PIT) ʚʳʯʠʩʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

ñ¤- ==
ty

tttt yPduupz )()( . 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʚʷʟʠ ʤʝʞʫ ʜʘʥʥʳʤʠ ʛʝʥʝʨʠʨʫʶʱʠʤʠʩʷ ʤʦʜʝʣʴʶ ʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʧʨʦʛʥʦʟʦʚ ʧʣʦʪʥʦʩʪʠ )( tt yp . ʉʫʪʴ PIT ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʣʝʜʫʶʱʘʷ 

ʪʝʦʨʝʤʘ: 

ʊʝʦʨʝʤʘ. ʇʫʩʪʴ {}m
tty

1=
 ʛʝʥʝʨʠʨʫʝʪʩʷ ʠʟ { }m

tttt yf
1

)(
=

W , ʛʜʝ  { },..., 21 --=W ttt yy . ɽʩʣʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʛʥʦʟʦʚ ʧʣʦʪʥʦʩʪʠ { }m
ttt yp

1
)(
=

 ʩʦʚʧʘʜʘʝʪ ʩ { }m
tttt yf

1
)(
=

W , ʪʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪ ɹʚʝʨʦʷʪʥʦʩʪʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ {}m
tty

1=
 ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

{ }m
ttt yp

1
)(
=

 ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʝʡ m ʥʝʟʘʚʠʩʠʤʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʥʘ ʦʪʨʝʟʢʝ [0,1]. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ ʜʘʥʥʘʷ ʪʝʦʨʠʷ ʧʨʝʜʣʘʛʘʝʪ 

ʦʮʝʥʠʪʴ, ʷʚʣʷʝʪʩʷ ʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʥʝʟʘʚʠʩʠʤʳʤʠ ʩʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʥʘ ʦʪʨʝʟʢʝ [0,1]. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʪʘʢʞʝ ʣʝʛʢʦ ʦʙʦʙʱʘʝʪʩʷ ʥʘ n -ʤʝʨʥʳʡ ʩʣʫʯʘʡ. ɺ ʩʣʫʯʘʝ ʦʮʝʥʠʚʘʥʠʷ 

ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ h  ʰʘʛʦʚ ʚʧʝʨʝʜ, ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦ ʨʘʟʜʝʣʠʪʴ zʩʝʨʠʠ 

ʥʘ ʛʨʫʧʧʳ, ʜʣʷ ʢʘʞʜʦʡ ʧʨʦʚʝʨʠʪʴ ʥʝʟʘʚʠʩʠʤʦʩʪʴ, ʦʜʠʥʘʢʦʚʦʝ ʠ ʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʢʦʨʨʝʢʪʥʳʭ ʧʨʦʛʥʦʟʦʚ ʥʘ 2 ʰʘʛʘ ʚʧʝʨʝʜ, ʧʦʜʛʨʫʧʧʳ 

{ }531 ,, zzz  ʠ { }642 ,, zzz  ʜʦʣʞʥʳ ʙʳʪʴ ʥʝʟʘʚʠʩʠʤʳʤʠ, ʨʘʚʥʦʤʝʨʥʦ ʠ ʦʜʠʥʘʢʦʚʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʥʘ ʦʪʨʝʟʢʝ [0,1], ʭʦʪʷ ʧʦʣʥʘʷ ʩʝʨʠʷ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʘ ʙʳʪʴ 

ʪʘʢʦʚʦʡ. 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (PIT) ʧʨʠʚʦʜʠʪʩʷ ʥʘ 

ʨʠʩ.2.4. ʅʘ ʛʨʘʬʠʢʘʭ ʩʠʥʠʤ ʮʚʝʪʦʤ ʧʦʢʘʟʳʚʘʝʪʩʷ çʧʨʘʚʠʣʴʥʦʝè ʨʘʩʧʨʝʜʝʣʝʥʠʝ )1,0(N , 

ʢʨʘʩʥʳʤ ï ʧʨʦʛʥʦʟʠʨʫʝʤʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʨʦʛʥʦʟʠʨʫʝʤʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʚʧʘʜʘʝʪ ʩ çʧʨʘʚʠʣʴʥʳʤè, ʚ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʨʘʟʣʠʯʥʦ: )5.0,0(N , 

)2,0(N , )1,1(N . ʅʘ ʛʨʘʬʠʢʘʭ (ʨʠʩ 2.4) ʧʦʢʘʟʘʥʘ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ PIT-ʛʠʩʪʦʛʨʘʤʤʘ ʜʣʷ 

ʢʘʞʜʦʛʦ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯʘʝʚ. 

 

ʈʠʩ. 2.4 ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (PIT). 

 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ ʩʫʱʝʩʪʚʫʝʪ ʮʝʣʳʡ ʨʷʜ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ. ɼʘʣʝʝ ʧʨʠʚʝʜʝʤ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʠʟ ʥʠʭ.  

1) ʊʝʩʪ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ.  

2) ʊʝʩʪ ɸʥʜʝʨʩʦʥʘ ʠ ɼʘʨʣʠʥʛʘ. ʗʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʠʣʴʥʳʤ, ʯʝʤ ʪʝʩʪ ʂʦʣʤʦʛʦʨʦʚʘ-

ʉʤʠʨʥʦʚʘ.  

3) ʊʝʩʪ ʃʴʠʥʛʘ-ɹʦʢʩʘ ʜʣʷ ʧʨʦʚʝʨʢʠ ʥʝʟʘʚʠʩʠʤʦʩʪʠ {}tz . 

4) ʊʝʩʪ ʍʦʥʛʘ ʜʣʷ ʧʨʦʚʝʨʢʠ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ {}tz . 

ʄʥʦʛʠʝ ʫʯʝʥʳʝ ʧʨʝʜʣʘʛʘʶʪ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʟʥʘʯʝʥʠʷ PIT (Probability integral 

transforms) ʚ ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʦʙʨʘʪʥʦʡ 

ʥʦʨʤʘʣʴʥʦʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʪʝʩʪʳ ʥʦʨʤʘʣʴʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʤʦʱʥʳʤʠ, ʯʝʤ ʪʝʩʪʳ 

ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʇʨʠʚʝʜʝʤ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʪʝʩʪʳ ʧʨʦʚʝʨʢʠ 

ʥʦʨʤʘʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: 
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1) ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʪʝʩʪ ɹʝʨʢʦʚʠʮʘ. ʀʤʝʝʪ ʩʤʳʩʣ ʣʠʰʴ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʥʝʥʦʨʤʘʣʴʥʦʩʪʠ ʧʫʪʝʤ ʧʝʨʚʳʭ ʜʚʫʭ ʤʦʤʝʥʪʦʚ. 

2) ʊʝʩʪ Jarque-Bera (JB). ʊʝʩʪ ʜʣʷ ʧʨʦʚʝʨʢʠ ʥʦʨʤʘʣʴʥʦʩʪʠ { }*tz . ɼʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʪʝʩʪʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʩʩʠʤʝʪʨʠʠ ʠ 

ʵʢʩʮʝʩʩʘ. ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʨʘʩʭʦʞʜʝʥʠʷ ʚ ʧʝʨʚʳʭ ʜʚʫʭ 

ʤʦʤʝʥʪʘʭ. ʆʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʷʚʣʷʝʪʩʷ ʥʝʥʘʜʝʞʥʦʩʪʴ ʧʨʠ ʦʮʝʥʠʚʘʥʠʠ ʜʣʷ 

ʦʯʝʥʴ ʙʦʣʴʰʠʭ T . 

3) ʊʝʩʪ Doornik-Hansen (DH). ʆʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʣʫʯʘʡʥʦʡ ʚʳʙʦʨʢʝ, ʢ ʪʦʤʫ ʞʝ ʥʝ 

ʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʭʦʞʜʝʥʠʝ ʚ ʧʝʨʚʳʭ ʜʚʫʭ ʤʦʤʝʥʪʘʭ. 

4) ʊʝʩʪ Diebold-Mariano (DB). ʗʚʣʷʝʪʩʷ ʥʘʜʝʞʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ 0 ʠ ʜʠʩʧʝʨʩʠʝʡ 1 

)1,0(N .  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʨʫʛʦʡ, ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ 

ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ ʠ ʬʦʨʤʫʣʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʦʪʝʨʴ.  
 

2.3 ʂʦʤʧʦʟʠʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʧʨʠ ʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ. 

ʆʯʝʥʴ ʯʘʩʪʦ ʧʨʠʭʦʜʠʪʩʷ ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴʶ, ʦʛʨʦʤʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ (ʥʘʧʨʠʤʝʨ, ʚ ʟʘʜʘʯʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ 

ʩʧʨʦʩʘ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠʭ ʧʦʨʷʜʦʢ ʤʦʞʝʪ ʙʳʪʴ ʙʣʠʟʦʢ ʢ 510 ) ʠʣʠ ʩ 

ʦʪʩʫʪʩʪʚʠʝʤ ʥʘʠʣʫʯʰʝʡ ʤʦʜʝʣʠ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʠ ʦʜʠʥ ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʝ ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʠʤ ʢʘʯʝʩʪʚʦʤ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʪʦʛʜʘ ʠʤʝʝʪ ʩʤʳʩʣ ʩʪʨʦʠʪʴ ʢʦʤʧʦʟʠʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʢʦʤʧʦʟʠʮʠʡ ʘʣʛʦʨʠʪʤʦʚ ʚ ʪʦʤ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʤʦʛʫʪ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʜʨʫʛ ʜʨʫʛʘ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʦʚ 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʜʠʩʧʝʨʩʠʡ ʦʰʠʙʦʢ. 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʠʤ ʩʧʦʩʦʙʳ ʧʦʩʪʨʦʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ ʘʣʛʦʨʠʪʤʦʚ ʧʨʠ 

ʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ʇʨʝʜʧʦʣʘʛʘʝʤ, 

ʯʪʦ ʢʘʞʜʳʡ ʙʘʟʦʚʳʡ ʘʣʛʦʨʠʪʤ iB  ʠ ʢʦʨʨʝʢʪʠʨʫʶʱʘʷ ʦʧʝʨʘʮʠʷ F  ʜʘʶʪ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʟʫʣʴʪʘʪʘ ʧʨʦʛʥʦʟ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ ʟʘ ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ ʚ ʙʫʜʫʱʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʨʨʝʢʪʠʨʫʶʱʘʷ ʦʧʝʨʘʮʠʷ A  ʩʪʨʦʠʪʩʷ ʚ ʚʠʜʝ ʩʫʧʝʨʧʦʟʠʮʠʠ: 

( )
pBBFA ,,1 2= . 

ɹʫʜʝʤ ʩʪʨʦʠʪʴ ʢʦʨʨʝʢʪʠʨʫʶʱʫʶ ʦʧʝʨʘʮʠʶ ʧʦ ʬʦʨʤʫʣʝ  

ä
=

Ö=
p

i

i

t

i

tt BwA
1

,  

ʛʜʝ i

tB  ï ʧʨʦʛʥʦʟʳ ʙʘʟʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t , i

tw  ï ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ʅʘ ʚʝʩʘ ʤʦʞʥʦ ʥʘʢʣʘʜʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ:  

0²i

tw            ʠ           ä
=

=
p

i

i

tw
1

1.  

ʇʝʨʚʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʪʠʧʘ ʥʝʨʘʚʝʥʩʪʚʘ 0²i

tw  ʦʪʚʝʯʘʝʪ ʟʘ ʤʦʥʦʪʦʥʥʦʩʪʴ 

ʢʦʨʨʝʢʪʠʨʫʶʱʝʡ ʦʧʝʨʘʮʠʠ, ʪʦ ʝʩʪʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ (ʫʤʝʥʴʰʝʥʠʠ) ʦʪʚʝʪʘ ʣʶʙʦʛʦ ʠʟ 

ʙʘʟʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ pBB ,,1 2  ʦʪʚʝʪ ʢʦʨʨʝʢʪʠʨʫʶʱʝʡ ʦʧʝʨʘʮʠʠ A  ʥʝʫʙʳʚʘʝʪ 

(ʥʝʚʦʟʨʘʩʪʘʝʪ). ɺʪʦʨʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʪʠʧʘ ʨʘʚʝʥʩʪʚʘ ä
=

=
p

i

i

tw
1

1 ʦʧʨʝʜʝʣʷʝʪ ʫʩʣʦʚʠʝ 

ʥʦʨʤʠʨʦʚʢʠ, ʝʛʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺʳʧʦʣʥʝʥʠʝ 
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ʦʙʦʠʭ ʫʩʣʦʚʠʡ ʦʟʥʘʯʘʝʪ ʚʳʧʫʢʣʦʩʪʴ ʢʦʨʨʝʢʪʠʨʫʶʱʝʡ ʦʧʝʨʘʮʠʠ, ʪʦ ʝʩʪʴ ʝʝ ʦʪʚʝʪ ʣʝʞʠʪ ʚ 

ʠʥʪʝʨʚʘʣʝ ʤʝʞʜʫ ʤʘʢʩʠʤʘʣʴʥʳʤ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʧʨʦʛʥʦʟʘʤʠ ʙʘʟʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ.  

2.3.1 ʇʨʦʩʪʦʝ ʫʩʨʝʜʥʝʥʠʝ 

ʂʦʨʨʝʢʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʚʩʝʭ ʙʘʟʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ä
=

Ö=
p

i

iB
p

A
1

1
. ɼʘʣʝʝ ʚʳʯʠʩʣʷʝʪʩʷ ʦʰʠʙʢʘ ʧʨʦʛʥʦʟʘ: ttt Ay -=e .  

2.3.2 ɺʳʙʦʨ ʥʘʠʣʫʯʰʝʛʦ ʘʣʛʦʨʠʪʤʘ ʩʨʝʜʠ ʙʘʟʦʚʳʭ 

ʇʦʩʪʨʦʝʥʠʝ ʢʦʨʨʝʢʪʦʨʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʙʘʟʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

ʀʟ ʚʩʝʭ ʙʘʟʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚʳʙʠʨʘʝʪʩʷ ʪʦʪ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʜʘʚʘʣʠ ʥʘʠʤʝʥʴʰʫʶ 

ʦʰʠʙʢʫ ʥʘ ʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʠʥʬʦʨʤʘʮʠʠ ʦʙʫʯʝʥʠʷ, ʪʦ ʝʩʪʴi

tt BA = , ʜʣʷ 

ʢʦʪʦʨʦʛʦ ʩʨʝʜʥʷʷ ʦʰʠʙʢʘ ʧʨʦʛʥʦʟʦʚ i

ttt By -=e  ʥʘ ʧʨʝʜʳʩʪʦʨʠʠ ʙʳʣʘ ʙʳ ʥʘʠʤʝʥʴʰʝʡ. 

2.3.3 ʄʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 

ʂʦʨʨʝʢʪʦʨ ʧʦʩʪʨʦʝʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʟʘʚʠʩʠʪ ʦʪ ʚʩʝʭ ʘʣʛʦʨʠʪʤʦʚ ʠʟ ʥʘʙʦʨʘ 

ʙʘʟʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʂʘʞʜʦʤʫ ʘʣʛʦʨʠʪʤʫ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʚʝʩ i

tw , ʢʦʪʦʨʳʡ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ 

ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʨʝʟʫʣʴʪʘʪ, ʚʳʜʘʚʘʝʤʳʡ ʢʦʨʨʝʢʪʦʨʦʤ, ʙʳʣ 

ʥʘʠʣʫʯʰʠʡ. ɺ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  ʢʦʨʨʝʢʪʦʨ ʩʪʨʦʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ ä
=

Ö=
p

i

i

t

i

tt BwA
1

, 

ʛʜʝ tB  ï ʤʘʪʨʠʮʘ ʠʟ ( )1-t -ʦʡ ʩʪʨʦʢʠ.  

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 2 ʩʣʫʯʘʷ: ʩ ʥʘʣʦʞʝʥʠʝʤ ʦʛʨʘʥʠʯʝʥʠʷ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʚʝʩʦʚ ʠ 

ʙʝʟ ʥʝʛʦ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʨʝʰʘʣʘʩʴ ʟʘʜʘʯʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʠʤʝʶʱʘʷ 

ʚʠʜ:  
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ʚʦ ʚʪʦʨʦʤ ï ʨʝʰʘʝʤʘʷ ʟʘʜʘʯʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠʤʝʣʘ ʚʠʜ  
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Ö=

ä

ä

=

=
p

i

i

t

p

i

i

t

i

tt

w

BwA

1

1

1

.  

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚʝʩʦʚ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (ʄʅʂ).  

1

2
1

,...,
1 1

min
p

t t

pt
i i

t s s
w w

s i

w B y
-

= =

å õ
Ö - ­æ ö

ç ÷
ä ä  

ʇʦʩʣʝ ʧʝʨʝʥʘʩʪʨʦʡʢʠ ʢʦʨʨʝʢʪʦʨʘ ʧʦ ʠʥʪʝʨʚʘʣʫ ʚʨʝʤʝʥʠ [ ]1,1 -t  ʚʳʯʠʩʣʷʝʪʩʷ 

ʧʨʦʛʥʦʟ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʢʦʤʧʦʟʠʮʠʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t, ʦʰʠʙʢʘ ʧʨʦʛʥʦʟʘ ttt Ay -=e  

ʠ ʦʰʠʙʢʠ ʫʩʨʝʜʥʷʶʪʩʷ ʧʦ ʚʩʝʤ t. ʇʦʣʫʯʝʥʥʘʷ ʦʮʝʥʢʘ ʥʘʟʳʚʘʝʪʩʷ ʦʮʝʥʢʦʡ ʩʢʦʣʴʟʷʱʝʛʦ 

ʢʦʥʪʨʦʣʷ. 
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ɼʣʷ ʥʘʩʪʨʦʡʢʠ ʄʅʂ ʩ ʦʜʥʠʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʨʘʚʝʥʩʪʚʘ ʚʠʜʘ ä
=

=
p

i

i

tw
1

1 ʠ ʦʜʥʠʤ 

ʦʛʨʘʥʠʯʝʥʠʝʤ ʥʝʨʘʚʝʥʩʪʚʘ ʚʠʜʘ 0²i

tw  ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ɺ ʩʠʩʪʝʤʝ MATLAB  ʝʩʪʴ ʚʩʪʨʦʝʥʥʳʝ ʬʫʥʢʮʠʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚʠʜʘ  

w

TT wfwHw min
2

1
­Ö+ÖÖ  

ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ bwA ¢Ö , eqeq bwA =Ö , ubwlb ¢¢ , ʛʜʝ H , A , eqA  ʷʚʣʷʶʪʩʷ ʤʘʪʨʠʮʘʤʠ, 

ʘ f , b , eqb , lb , ub  ʠ w  ï ʚʝʢʪʦʨʘʤʠ.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʵʪʦʡ ʬʫʥʢʮʠʝʡ, ʜʘʥʥʳʝ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ ʙʳʣʠ 

ʧʨʠʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

w
ywB min

2
­-Ö=F , 

w

TTT ywBywBBw min2 2 ­+ÖÖÖÖ-ÖÖÖ=F , 

( ) ( )
w

TTT wBywBBw min
2

1
­ÖÖ-+ÖÖÖÖ . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʷ TBBH Ö= , TByf Ö-= , [ ]piaA ieq ,1,1 === , 1=eqb , 

0=lb , ʚʳʯʠʩʣʷʝʤ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʢʪʠʨʫʶʱʝʡ ʦʧʝʨʘʮʠʠ ʩ ʧʦʤʦʱʴʶ 

ʚʩʪʨʦʝʥʥʦʡ ʚ MATLAB  ʬʫʥʢʮʠʠ. 

2.3.4 ʄʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʠʟʘʮʠʝʡ 

ʂʦʨʨʝʢʪʦʨ ʩʪʨʦʠʪʩʷ ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʢʘʢ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʫʥʢʪʝ ä
=

Ö=
p

i

i

t

i

tt BwA
1

, 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʝʩʘ ʦʩʪʘʶʪʩʷ ʧʨʝʞʥʠʤʠ ä
=

=
p

i

i

tw
1

1, 0²i

tw . ʆʜʥʘʢʦ ʧʨʠ ʧʝʨʝʥʘʩʪʨʦʡʢʝ 

ʢʦʨʨʝʢʪʦʨʘ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚʝʩʦʚʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʇʦʪʨʝʙʫʝʤ, ʯʪʦʙʳ ʚʝʩʘ ʥʝ ʠʟʤʝʥʷʣʠʩʴ ʩʠʣʴʥʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʤʦʤʝʥʪʘ 

ʚʨʝʤʝʥʠ t  ʢ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ 1+t . ɼʣʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʪʨʝʙʦʚʘʥʠʷ 

ʚʚʦʜʠʪʩʷ ʰʪʨʘʬʥʦʝ ʩʣʘʛʘʝʤʦʝ ( )ä
=

--Ö
p

i

i

t

i

t ww
1

2

1l  ʚ ʬʫʥʢʮʠʦʥʘʣ ʢʘʯʝʩʪʚʘ:  

( )
1

2
1

2

1
,...,

1 1 1

min
p

t t

p pt
i i i i

t s s t t
w w

s i i

w B y w wl
-

-

= = =

å õ
Ö - + Ö - ­æ ö

ç ÷
ä ä ä . 

ɺʠʜ ʵʪʦʛʦ ʩʣʘʛʘʝʤʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʳʯʥʦʡ ʧʨʘʢʪʠʢʝ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʟʘʜʘʯ, 

ʥʝʢʦʨʨʝʢʪʥʦ ʧʦʩʪʘʚʣʝʥʥʳʭ ʧʦ ʊʠʭʦʥʦʚʫ. ʇʘʨʘʤʝʪʨ l ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʝʩʦʚ ʧʦ ʚʨʝʤʝʥʠ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʥʘʭʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʚʳʯʠʩʣʷʝʪʩʷ ʩʨʝʜʥʷʷ ʦʰʠʙʢʘ ʧʨʦʛʥʦʟʦʚ ʧʦ ʩʢʦʣʴʟʷʱʝʤʫ ʢʦʥʪʨʦʣʶ ʜʣʷ ʢʘʞʜʦʛʦ 

ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ l ʠ ʚʳʙʠʨʘʝʪʩʷ ʪʘʢʦʝ ʟʥʘʯʝʥʠʷ *ll= , ʧʨʠ ʢʦʪʦʨʦʤ ʦʰʠʙʢʘ 

ʤʠʥʠʤʘʣʴʥʘ. 
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ʈʠʩ. 2.5. ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʨʝʛʫʣʷʨʠʟʘʮʠʠ *l  

ɼʣʷ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʥʘʩʪʨʦʡʢʠ ʚʝʩʦʚ ʚ ʧʝʨʚʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 1=t  ʚʩʝʤ 

ʚʝʩʘʤ ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ 
p

wi

t

1
= , ʟʘʪʝʤ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʥʘʭʦʞʜʝʥʠʷ ʚʝʩʦʚ ʤʝʪʦʜʦʤ 

ʄʅʂ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t , 2,2=t  ʢ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ 1+t  ʨʝʰʘʝʪʩʷ 

ʟʘʜʘʯʘ ʥʘʭʦʞʜʝʥʠʷ ʚʝʩʦʚ ʤʝʪʦʜʦʤ ʄʅʂ ʩ ʨʝʛʫʣʷʨʠʟʘʮʠʝʡ.  

ʕʪʫ ʟʘʜʘʯʫ ʪʘʢʞʝ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʚʩʪʨʦʝʥʥʦʡ ʚ MATLAB  ʬʫʥʢʮʠʠ 

w

TT wfwHw min
2

1
­Ö+ÖÖ . ʇʨʠ ʘʥʘʣʦʛʠʯʥʦʤ ʧʨʠʚʝʜʝʥʠʠ ʜʘʥʥʳʭ ʧʦʣʫʯʘʝʤ 

p

T IBBH Ö+Ö= l , ( )T

t

T wByf 1-Ö+Ö-= l , ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ eqA , eqb  ʠ lb  ʦʩʪʘʶʪʩʷ 

ʧʨʝʞʥʠʤʠ. ɼʘʣʝʝ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʚʩʪʨʦʝʥʥʦʡ ʚ ʩʠʩʪʝʤʫ MATLAB  ʬʫʥʢʮʠʝʡ. 

ʇʨʠʚʝʜʝʥʠʝ ʜʘʥʥʳʭ:  

( ) ( )
w

t

T

t wwwwywB min11

2
­-Ö-Ö+-Ö=F --l , 

w
t

T

tt

TTTTT wwwwwwywBywBBw min22 111

2 ­ÖÖ+ÖÖÖ-ÖÖ++ÖÖÖÖ-ÖÖÖ=F --- lll , 

( ) ( )
w

T

t

T

p

TT wwBywIBBw min
2

1
1 ­ÖÖ-Ö-+ÖÖ+ÖÖÖ -ll . 

2.3.5 ʄʝʪʦʜ ʣʦʢʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ ʚʝʩʦʚ ʩ ʨʝʛʫʣʷʨʠʟʘʮʠʝʡ 

ʂʦʨʨʝʢʪʦʨ ʧʦʩʪʨʦʝʥ ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ, ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ: ä
=

Ö=
p

i

i

t

i

tt BwA
1

. 

ʂʘʨʜʠʥʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʫʯʠʪʳʚʘʝʪʩʷ ʠʩʪʦʨʠʷ ʧʨʦʜʘʞ ʪʦʚʘʨʘ ʥʝ ʚʦ ʚʩʝ 

ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t , 1,,2,1 -= tt 2 , ʘ ʪʦʣʴʢʦ ʟʘ ʧʨʝʜʳʜʫʱʠʡ ʤʦʤʝʥʪ 1-t  ʚʨʝʤʝʥʠ t . 

ɺʝʩʘ ʢʦʨʨʝʢʪʦʨʘ ʪʘʢʞʝ ʚʳʯʠʩʣʷʶʪʩʷ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʠʟʘʮʠʝʡ, ʪʦ 

ʝʩʪʴ ʚ ʤʦʜʝʣʴ ʚʚʝʜʝʥʦ ʰʪʨʘʬʥʦʝ ʩʣʘʛʘʝʤʦʝ ʚʠʜʘ ( )ä
=

--Ö
p

i

i

t

i

t ww
1

2

1l , ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʝʩʦʚ ʧʦ ʚʨʝʤʝʥʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʩʘ ʥʘʭʦʜʷʪʩʷ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: 

( ) min
1

2

1

2

1

1

1 ­-Ö+öö
÷

õ
ææ
ç

å
-Ö ää

=

--

=

-

p

i

i

t

i

tt

p

i

i

t

i

t wwyBw l , 

ʚ ʢʦʪʦʨʦʡ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʝʩʘ ʦʩʪʘʶʪʩʷ ʧʨʝʞʥʠʤʠ: ä
=

=
p

i

i

tw
1

1, 0²i

tw . ɿʘʤʝʪʠʤ, ʯʪʦ ʵʪʦʪ 

ʩʣʫʯʘʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʩʤʦʪʨʝʥʥʦʤʫ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ ʧʨʠ 0K= . 
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ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʢʦʨʨʝʢʪʦʨʘ ʧʦʚʪʦʨʷʝʪ ʰʘʛʠ ʧʦʩʪʨʦʝʥʠʷ ʢʦʨʨʝʢʪʦʨʘ ʤʝʪʦʜʦʤ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʠʟʘʮʠʝʡ. ɺʝʩʘ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

1=t ʧʨʠʨʘʚʥʠʚʘʁ ʪʩʷ 
p

wi

t

1
= , ʠ ʚ ʩʣʝʜʫʶʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t , 2,2=t  ʥʘʭʦʜʷʪʩʷ 

ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʠʟʘʮʠʝʡ.  

ʇʘʨʘʤʝʪʨ l ʥʘʭʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚʳʯʠʩʣʷʝʪʩʷ ʦʰʠʙʢʘ ʧʨʦʛʥʦʟʘ 

() ttt Ay -=le  ʜʣʷ ʢʘʞʜʦʛʦ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ l ʠ ʚʳʙʠʨʘʝʪʩʷ ʪʘʢʦʝ ʟʥʘʯʝʥʠʷ *ll= , ʧʨʠ 

ʢʦʪʦʨʦʤ ʦʰʠʙʢʘ ʤʠʥʠʤʘʣʴʥʘ (ʨʠʩ. 2.5). 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 1-t  ʢʦʨʨʝʢʪʦʨ ʥʘʩʪʨʦʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʦʙʨʘʟʦʤ, ʪʦʛʜʘ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚʝʩʦʚ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʪʫ ʞʝ 

ʧʨʦʮʝʜʫʨʫ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʚʝʨʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʨʨʝʢʪʦʨʘ ʪʘʢʦʛʦ ʚʠʜʘ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʪʘʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ 

ʜʨʫʛʠʭ ʢʦʨʨʝʢʪʦʨʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ ʨʘʙʦʪʝ. 

ɿʘʜʘʯʫ ʥʘʭʦʞʜʝʥʠʷ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʝʪʦʜʦʤ ʣʦʢʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ ʩ 

ʨʝʛʫʣʨ̫ʠʟʘʮʠʝʡ ʪʘʢʞʝ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʚʩʪʨʦʝʥʥʦʡ ʚ MATLAB  ʬʫʥʢʮʠʠ 

w

TT wfwHw min
2

1
­Ö+ÖÖ , ʧʨʠ p

T IBBH Ö+Ö= l , (ʛʜʝ B  ï ʚʝʢʪʦʨ, ʘ ʥʝ ʤʘʪʨʠʮʘ), 

( )T

t

T wByf 1-Ö+Ö-= l , ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ eqA , eqb  ʠ lb  ʦʩʪʘʶʪʩʷ ʧʨʝʞʥʠʤʠ.  

 

2.4 ʂʦʤʧʦʟʠʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʧʨʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ 
ʧʦʪʝʨʴ. 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʠʤ ʩʧʦʩʦʙʳ ʧʦʩʪʨʦʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ ʘʣʛʦʨʠʪʤʦʚ ʧʨʠ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ. ʊʘʢʞʝ, ʢʘʢ ʠ ʚ ʧʨʦʰʣʦʤ ʨʘʟʜʝʣʝ, ʙʫʜʝʤ ʩʪʨʦʠʪʴ 

ʢʦʨʨʝʢʪʠʨʫʶʱʫʶ ʦʧʝʨʘʮʠʶ ʧʦ ʬʦʨʤʫʣʝ  

ä
=

Ö=
p

i

i

t

i

tt BwA
1

,  

ʛʜʝ i

tB  ï ʧʨʦʛʥʦʟʳ ʙʘʟʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t , i

tw  ï ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ʅʘ ʚʝʩʘ ʤʦʞʥʦ ʥʘʢʣʘʜʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ:  

0²i

tw            ʠ           ä
=

=
p

i

i

tw
1

1.  

ʇʦ ʩʫʪʠ, ʤʝʪʦʜʳ ʧʦʩʪʨʦʝʥʠʷ ʢʦʤʧʦʟʠʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʧʨʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ 

ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʘʥʘʣʦʛʠʯʥ r ʦʧʠʩʘʥʥʳʤ ʤʝʪʦʜʘʤ ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ, 

ʦʜʥʘʢʦ ʛʣʘʚʥʳʤ ʦʪʣʠʯʠʝʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚʝʩʦʚ ʫʞʝ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ,  ʘ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʤʦʜʫʣʝʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʧʦʩʪʨʦʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ. 

 

2.4.1 ʄʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʤʦʜʫʣʝʡ. 

ʂʦʨʨʝʢʪʦʨ ʧʦʩʪʨʦʝʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʟʘʚʠʩʠʪ ʦʪ ʚʩʝʭ ʘʣʛʦʨʠʪʤʦʚ ʠʟ ʥʘʙʦʨʘ 

ʙʘʟʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʂʘʞʜʦʤʫ ʘʣʛʦʨʠʪʤʫ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʚʝʩ i

tw . ɺ ʢʘʞʜʳʡ ʤʦʤʝʥʪ 
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ʚʨʝʤʝʥʠ t  ʢʦʨʨʝʢʪʦʨ ʩʪʨʦʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ ä
=

Ö=
p

i

i

t

i

tt BwA
1

.  ɺʝʩʘ ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʧʨʠ 

ʟʘʜʘʥʥʦʤ t  ʧʦ ʢʨʠʪʝʨʠʶ ʤʠʥʠʤʫʤʘ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ 

( )tt yAF , . 

ʈʘʩʩʤʦʪʨʠʤ 3 ʩʣʫʯʘʷ: ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʩʫʤʤʫ ʚʝʩʦʚ, ʩ ʦʜʥʠʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʥʘ 

ʩʫʤʤʫ ʚʝʩʦʚ: ä
=

=
p

i

i

tw
1

1 ʠ ʩ ʜʚʫʤʷ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʥʘ ʩʫʤʤʫ ʚʝʩʦʚ: ä
=

=
p

i

i

tw
1

1 ʧʨʠ symIiÍ  ʠ 

ä
=

=
p

i

i

tw
1

1 ʧʨʠ nsymIiÍ , ʛʜʝ  symI  ʠ nsymI  - ʤʥʦʞʝʩʪʚʘ ʥʦʤʝʨʦʚ ʙʘʟʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, 

ʥʘʩʪʨʦʝʥʥʳʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʩʠʤʤʝʪʨʠʯʥʦʡ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʷʭ ʧʦʪʝʨʴ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʣʫʯʘʝʤ ʪʨʠ ʟʘʜʘʯʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʩ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʥʘ ʩʫʤʤʫ ʚʝʩʦʚ ʣʠʙʦ: 

î
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ʃʠʙʦ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʩʫʤʤʫ ʚʝʩʦʚ: 

î
í

î
ì

ë

²

Ö=ä
=

0
1

i

t

p

i

i

t

i

tt

w

BwA
.  

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚʝʩʦʚ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʤʦʜʫʣʝʡ (ʄʅʄ). 

( )
p
tt ww

t

s

ss yAF
,...,

1

1
1
min, ½­½ä

-

=

, 

ʛʜʝ i

s

p

i

i

ts BwA Ö=ä
=1

. 

ʅʘʩʪʨʦʡʢʘ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʤʦʜʫʣʝʡ c ʦʜʥʠʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ï ʥʝʨʘʚʝʥʩʪʚʦʤ 

ʚʠʜʘ  0²i

tw  ʩʚʦʜʠʪʩʷ ʢ ʟʘʜʘʯʝ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʝʰʠʪʴ ʩ 

ʧʦʤʦʱʴʶ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʘ. ɺʚʝʜʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ 
+=

+

öö
÷

õ
ææ
ç

å
-Ö= ä

p

i

s

i

s

i

ts yBwa
1

h , 

-=

-

öö
÷

õ
ææ
ç

å
Ö-= ä

p

i

i

s

i

tss Bwyb
1

h . ʊʦʛʜʘ ʠʩʭʦʜʥʘʷ ʟʘʜʘʯʘ  ʧʨʠʤʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ʊʘʢʘʷ ʟʘʜʘʯʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʝʡʰʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩʚʦʜʠʪʩʷ ʢ ʩʪʘʥʜʘʨʪʥʦʡ 

ʟʘʜʘʯʝ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: 

î
î

í

î
î

ì

ë

¢¢

=
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­

.

;

;

min;

ubxlb

bxA

bAx

xc

eqeq

T

. 

ʜʣʷ ʢʦʪʦʨʦʡ ʩʫʱʝʩʪʚʫʶʪ ʚ ʩʠʩʪʝʤʝ MATLAB  ʚʩʪʨʦʝʥʥʳʝ ʬʫʥʢʮʠʠ. 

ʅʘʩʪʨʦʡʢʘ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʤʦʜʫʣʝʡ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʚʠʜʘ 0²i

tw  ʠ ä
=

=
p

i

i

tw
1

1 

ʠʣʠ 0²i

tw  ʠ  ä
=

=
p

i

i

tw
1

1 ʧʨʠ symIiÍ , ä
=

=
p

i

i

tw
1

1 ʧʨʠ nsymIiÍ  ʩʚʦʜʠʪʩʷ ʢ ʟʘʜʘʯʝ ʣʠʥʝʡʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ.  

 

2.4.2 ʄʝʪʦʜ ʣʦʢʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ ʚʝʩʦʚ ʩ ʨʝʛʫʣʷʨʠʟʘʮʠʝʡ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʣʥʦʩʪʴʶ ʠʜʝʥʪʠʯʝʥ ʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ, ʢʨʦʤʝ 

ʬʦʨʤʫʣʳ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʝʩʦʚ. ɺ ʩʣʫʯʘʝ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʚʝʩʘ 

ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

( ) ( )
p
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ttt
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111 ½­½-+ä
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--- l , 
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i
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1 -

=

- Ö=ä . 

ʅʘʩʪʨʦʡʢʘ ʤʝʪʦʜʘ ʣʦʢʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ ʚʝʩʦʚ ʩ ʨʝʛʫʣʷʨʠʟʘʮʠʝʡ ʩ ʦʜʥʠʤ 

ʦʛʨʘʥʠʯʝʥʠʝʤ ʥʝʨʘʚʝʥʩʪʚʘ ʚʠʜʘ  0²i

tw  ʩʚʦʜʠʪʩʷ ʢ ʟʘʜʘʯʝ ʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ ʚ ʩʠʩʪʝʤʝ MATLAB  ʩʫʱʝʩʪʚʫʶʪ ʚʩʪʨʦʝʥʥʳʝ 

ʬʫʥʢʮʠʠ. ɺʚʝʜʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ  
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tt Bwyb
1

11h . ʊʦʛʜʘ ʠʩʭʦʜʥʘʷ ʟʘʜʘʯʘ ʧʨʠʤʝʪ  ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ʊʘʢʘʷ ʟʘʜʘʯʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʝʡʰʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩʚʦʜʠʪʩʷ ʢ ʩʪʘʥʜʘʨʪʥʦʡ 

ʟʘʜʘʯʝ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: 
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ubxlb

bxA

bAx

xfHxx
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ʜʣʷ ʢʦʪʦʨʦʡ ʩʫʱʝʩʪʚʫʶʪ ʚ ʩʠʩʪʝʤʝ MATLAB  ʚʩʪʨʦʝʥʥʳʝ ʬʫʥʢʮʠʠ. 

ʅʘʩʪʨʦʡʢʘ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʤʦʜʫʣʝʡ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʚʠʜʘ 0²i

tw  ʠ ä
=

=
p

i

i

tw
1

1 

ʠʣʠ 0²i

tw  ʠ  ä
=

=
p

i

i

tw
1

1 ʧʨʠ symIiÍ , ä
=

=
p

i

i

tw
1

1 ʧʨʠ nsymIiÍ  ʩʚʦʜʠʪʩʷ ʢ ʟʘʜʘʯʝ ʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ 

ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʤʦʜʫʣʝʡ. ɺ ʧʦʣʫʯʝʥʥʦʡ ʟʘʜʘʯʝ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʯʠʩʣʦ ʧʝʨʝʤʝʥʥʳʭ )3( +p ʠ ʯʠʩʣʦ ʦʛʨʘʥʠʯʝʥʠʡ )5( +p ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ ʦʪ ʯʠʩʣʘ ʙʘʟʦʚʳʭ 

ʘʣʛʦʨʠʪʤʦʚ p . 

 

2.5 ʈʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʠ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ: 

1) ʊʦʯʝʯʥʳʡ ʧʨʦʛʥʦʟ tyĔ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʧʦ ʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ, 

ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʧʨʦʛʥʦʟ ʧʣʦʪʥʦʩʪʠ tp , ʧʦʪʝʨʠ ʩʯʠʪʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʚʝʨʪʢʠ ʧʨʦʛʥʦʟʳ 

ʧʣʦʪʥʦʩʪʠ ʩ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʝʡ ʧʦʪʝʨʴ. 

2) ʊʦʯʝʯʥʳʡ ʧʨʦʛʥʦʟ tyĔ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʧʦ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ, ʧʦʪʝʨʠ 

ʩʯʠʪʘʶʪʩʷ ʧʦ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ. 

3) ʊʦʯʝʯʥʳʝ ʧʨʦʛʥʦʟʳ i

tB  ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʧʦ ʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʠ 

ʧʦʜʘʶʪʩʷ ʥʘ ʚʭʦʜ ʢʦʤʧʦʟʠʮʠʠ, ʢʦʨʨʝʢʪʠʨʫʶʱʘʷ ʢʦʤʧʦʟʠʮʠʷ, ʥʘʩʪʨʦʝʥʥʘʷ ʧʦ 

ʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʧʨʝʦʙʨʘʟʫʝʪ ʪʦʯʝʯʥʳʝ ʧʨʦʛʥʦʟʳ i

tB  ʚ ʪʦʯʝʯʥʳʡ ʧʨʦʛʥʦʟ 

tyĔ, ʪʦʯʝʯʥʳʡ ʧʨʦʛʥʦʟ tyĔ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʧʨʦʛʥʦʟ ʧʣʦʪʥʦʩʪʠ tp , ʧʦʪʝʨʠ ʩʯʠʪʘʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʩʚʝʨʪʢʠ ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ ʩ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʝʡ ʧʦʪʝʨʴ (ʨʠʩ.2.6). 



 33 

ʩ

ʩ

ʩ

A,ʩ

Bt
1

Bt
2

Bt
p

wt
1

wt
p

wt
2

ä
=

Ö=
p

i

i

t

i

tt BwA
1

tyĔ

11,...,, ---- tktkt eee

)())(()Ĕ,()( tdtpyyFtQ tt eeñ=

tp

 

ʈʠʩ. 2.6. ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ʧʦʩʪʨʦʝʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʠ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ. 

4) ʊʦʯʝʯʥʳʝ ʧʨʦʛʥʦʟʳ i

tB  ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʧʦ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʠ 

ʧʦʜʘʶʪʩʷ ʥʘ ʚʭʦʜ ʢʦʤʧʦʟʠʮʠʠ, ʢʦʨʨʝʢʪʠʨʫʶʱʘʷ ʦʧʝʨʘʮʠʷ, ʥʘʩʪʨʦʝʥʥʘʷ ʧʦ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ, ʧʨʝʦʙʨʘʟʫʝʪ ʪʦʯʝʯʥʳʝ ʧʨʦʛʥʦʟʳ i

tB  ʚ ʪʦʯʝʯʥʳʡ ʧʨʦʛʥʦʟ 

tyĔ, ʧʦʪʝʨʠ ʩʯʠʪʘʶʪʩʷ ʧʦ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ (ʨʠʩ.2.7). 
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ʈʠʩ. 2.7. ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ʧʦʩʪʨʦʝʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʠ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ. 

5) ʇʨʦʛʥʦʟʳ ʧʣʦʪʥʦʩʪʠ i

tp  ʧʦʜʘʶʪʩʷ ʥʘ ʚʭʦʜ ʢʦʤʧʦʟʠʮʠʠ, ʢʦʨʨʝʢʪʠʨʫʶʱʘʷ 

ʢʦʤʧʦʟʠʮʠʷ ʧʨʝʦʙʨʘʟʫʝʪ ʧʨʦʛʥʦʟʳ ʧʣʦʪʥʦʩʪʝʡ i

tp  ʚ ʧʨʦʛʥʦʟ ʧʣʦʪʥʦʩʪʠ tp  ʠ ʩʯʠʪʘʶʪʩʷ 

ʧʦʪʝʨʠ ʧʦ ʩʚʝʨʪʢʝ ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ ʩ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʝʡ ʧʦʪʝʨ ɹ(ʨʠʩ.2.8).  
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ʈʠʩ. 2.8. ʊʨʝʪʠʡ ʚʘʨʠʘʥʪ ʧʦʩʪʨʦʝʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʠ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʝʨʚʳʝ ʪʨʠ ʪʠʧʘ ʢʦʤʧʦʟʠʮʠʡ, ʧʨʦʚʦʜʷʪʩʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. ɿʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ ʘʣʛʦʨʠʪʤʦʚ, ʚ ʩʣʫʯʘʝ 

ʧʦʜʘʯʠ ʥʘ ʚʭʦʜ ʢʦʨʨʝʢʪʠʨʫʶʱʝʡ ʦʧʝʨʘʮʠʠ ʧʨʦʛʥʦʟʦʚ ʧʣʦʪʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʘʜʘʯʫ 

ʙʫʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɿʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʥʘ 

ʚʭʦʜ ʢʦʨʨʝʢʪʠʨʫʶʱʝʡ ʦʧʝʨʘʮʠʠ ʧʦʜʘʶʪʩʷ ʪʦʯʝʯʥʳʝ ʧʨʦʛʥʦʟʳ, ʥʘʩʪʨʦʝʥʥʳʝ ʧʦ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʙʦʣʝʝ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ. 
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3 ʆʙ ʦʜʥʦʤ ʵʬʬʝʢʪʠʚʥʦʤ ʤʝʪʦʜʝ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʘ 
ʧʣʦʪʥʦʩʪʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʮʝʥʠʚʘʥʠʠ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʰʠʙʦʢ ʧʦ ʩʢʦʣʴʟʷʱʝʤʫ ʢʦʥʪʨʦʣʶ. 

ʊʘʢʞʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʧʦʜʪʚʝʨʜʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ ʪʦʯʝʯʥʦʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

3.1 ʇʦʩʪʨʦʝʥʠʝ ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: ʟʘ ʦʩʥʦʚʫ ʙʝʨʝʪʩʷ ʣʶʙʦʡ ʩʪʘʥʜʘʨʪʥʳʡ 

ʤʝʪʦʜ ʪʦʯʝʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʠ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ. ʉ ʧʦʤʦʱʴʶ 

ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʦʣʫʯʘʝʤ ʪʦʯʝʯʥʳʡ 

ʧʨʦʛʥʦʟ tyĔ ʥʘ ʩʣʝʜʫʶʱʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. ɼʘʣʝʝ ʩʪʨʦʠʪʩʷ ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʦʰʠʙʦʢ 

ʪʦʯʝʯʥʳʭ ʧʨʦʛʥʦʟʦʚ ʚ ʧʨʝʜʳʜʫʱʠʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʚ ʨʝʞʠʤʝ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ: 

11,...,, ---- tktkt eee , ʟʘʪʝʤ ʧʦ ʥʝʤʫ ʩʪʨʦʠʪʩʷ ʚʘʨʠʘʮʠʦʥʥʳʡ ʨʷʜ ʦʰʠʙʦʢ )()(
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)( ,...,,
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k

k

kk eee  ʠ  

ʵʤʧʠʨʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʰʠʙʦʢ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ ʚ 

ʟʘʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʵʤʧʠʨʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʰʠʙʦʢ ʩʜʚʠʛʘʝʪʩʷ ʥʘ 

ʚʝʣʠʯʠʥʫ ʪʦʯʝʯʥʦʛʦ ʧʨʦʛʥʦʟʘ tyĔ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ: t
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ɸʥʘʣʠʪʠʯʝʩʢʠ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʛʥʦʟʘ ʚ ʟʘʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʟʘʧʠʰʝʪʩʷ 
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    (3.1) 

ɺʳʯʠʩʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʴ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʚʝʨʪʢʠ ʵʤʧʠʨʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʝʡ ʧʦʪʝʨʴ.  

ʃʝʤʤʘ 2.  ʇʫʩʪʴ )( tpe  ð ʧʨʦʛʥʦʟ ʧʣʦʪʥʦʩʪʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t , ttt yy Ĕ-=e . 

ʊʦʛʜʘ ʧʦʪʝʨʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ: 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʬʦʨʤʫʣʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʯʘʩʪʷʤ ʠ ʪʝʤ ʯʪʦ, ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ 

ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʚʥʘ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʧʦʣʫʯʠʤ: 
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ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ (3.1) ʜʣʷ ʧʦʜʩʯʝʪʘ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʧʦʣʫʯʠʤ: 
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tQ eee +++= , ʯʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ ʜʦʢʘʟʘʪʴ. 

 

3.2 ʕʢʩʧʝʨʠʤʝʥʪ. 

ʇʨʦʚʦʜʠʣʩʷ ʵʢʩʧʝʨʠʤʝʥʪ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʝʜʣʦʞʝʥʥʳʤ ʚʳʰʝ ʩʧʦʩʦʙʦʤ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʜʚʘ ʤʝʪʦʜʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʤʧʦʟʠʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ: 

ʄʝʪʦʜ 1. ɹʘʟʦʚʳʝ ʘʣʛʦʨʠʪʤʳ ʚʳʜʘʶʪ ʪʦʯʝʯʥʳʝ ʧʨʦʛʥʦʟʳ, ʢ ʵʪʠʤ ʧʨʦʛʥʦʟʘʤ 

ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʨʨʝʢʪʠʨʫʶʱʘʷ ʦʧʝʨʘʮʠʷ, ʧʨʝʦʙʨʘʟʫʶʱʘʷ ʥʘʙʦʨ ʪʦʯʝʯʥʳʭ ʧʨʦʛʥʦʟʦʚ ʚ 

ʪʦʯʝʯʥʳʡ ʧʨʦʛʥʦʟ. ʇʦʪʝʨʠ ʩʯʠʪʘʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʪʘʥʜʘʨʪʥʦʡ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʫʥʢʮʠʠ 

ʧʦʪʝʨʴ. 
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ʈʠʩ. 3.2 ʉʭʝʤʘ ʤʝʪʦʜʘ 1 ʜʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

 

ʄʝʪʦʜ 2. ʊʦʯʝʯʥʳʝ ʧʨʦʛʥʦʟʳ ʥʘ ʚʳʭʦʜʝ ʢʦʨʨʝʢʪʠʨʫʶʱʝʡ ʦʧʝʨʘʮʠʠ ʧʨʝʦʙʨʘʟʫʶʪʩʷ 

ʚ ʧʨʦʛʥʦʟ ʧʣʦʪʥʦʩʪʠ. ʇʦʪʝʨʠ ʩʯʠʪʘʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʚʝʨʪʢʠ ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ ʩ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʝʡ ʧʦʪʝʨʴ. 
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ʈʠʩ. 3.3 ʉʭʝʤʘ ʤʝʪʦʜʘ 2 ʜʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

 

ʎʝʣʴʶ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʦ ʧʦʢʘʟʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ 

ʤʝʪʦʜʘ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚ ʢʘʞʜʦʤ ʠʟ ʧʦʜʭʦʜʦʚ ʦʪʨʘʥʞʠʨʦʚʘʪʴ ʙʘʟʦʚʳʝ ʘʣʛʦʨʠʪʤʳ ʠ 

ʢʦʤʧʦʟʠʮʠʠ ʘʣʛʦʨʠʪʤʦʚ. ɽʩʣʠ ʚ ʦʙʦʠʭ ʤʝʪʦʜʘʭ ʘʣʛʦʨʠʪʤʳ ʦʪʨʘʥʞʠʨʫʶʪʩʷ ʦʜʠʥʘʢʦʚʦ, ʪʦ 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʪʦʯʝʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʣʛʦʨʠʪʤʳ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ 

ʩʛʣʘʞʠʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʬʘʢʪʦʨʦʚ ʩʝʟʦʥʥʦʩʪʠ ʠ ʪʨʝʥʜʘ: 
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ɹʘʟʦʚʳʡ ʘʣʛʦʨʠʪʤ 1. ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʩʛʣʘʞʠʚʘʥʠʝ ʙʝʟ ʫʯʝʪʘ ʩʝʟʦʥʥʦʩʪʠ ʠ 

ʪʨʝʥʜʘ. 

ɹʘʟʦʚʳʡ ʘʣʛʦʨʠʪʤ 2. ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʩʛʣʘʞʠʚʘʥʠʝ ʩ ʫʯʝʪʦʤ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ 

ʨʦʩʪʘ. 

ɹʘʟʦʚʳʡ ʘʣʛʦʨʠʪʤ 3. ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʩʛʣʘʞʠʚʘʥʠʝ ʩ ʫʯʝʪʦʤ ʘʜʜʠʪʠʚʥʦʛʦ ʨʦʩʪʘ. 

ɹʘʟʦʚʳʡ ʘʣʛʦʨʠʪʤ 4. ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʩʛʣʘʞʠʚʘʥʠʝ ʩ ʫʯʝʪʦʤ 

ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʛʦ ʩʝʟʦʥʥʦʛʦ ʵʬʬʝʢʪʘ. 

ɹʘʟʦʚʳʡ ʘʣʛʦʨʠʪʤ 5. ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʩʛʣʘʞʠʚʘʥʠʝ ʩ ʫʯʝʪʦʤ ʘʜʜʠʪʠʚʥʦʛʦ 

ʩʝʟʦʥʥʦʛʦ ʵʬʬʝʢʪʘ. 

ʂʦʤʧʦʟʠʮʠʠ ʙʘʟʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʜʘʶʱʠʭ ʪʦʯʝʯʥʳʝ ʧʨʦʛʥʦʟʳ, ʩʪʨʦʠʣʠʩʴ 

ʩʣʝʜʫʶʱʠʤʠ ʩʧʦʩʦʙʘʤʠ: 

1) ɺʳʙʦʨ ʥʘʠʣʫʯʰʝʛʦ ʘʣʛʦʨʠʪʤʘ ʩʨʝʜʠ ʙʘʟʦʚʳʭ (ɺʳʙʦʨ ʣʫʯʰʝʛʦ); 

2) ʇʨʦʩʪʦʝ ʫʩʨʝʜʥʝʥʠʝ ʩʨʝʜʠ ʙʘʟʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ (ʉʨʝʜʥʝʝ); 

3) ʄʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʚʝʩʦʚ (ʄʅʂ 

ʄ); 

4) ʄʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʚʝʩʦʚ (ʄʅʂ 
ʥʝʄ); 

5) ʄʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʠʟʘʮʠʝʡ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʚʝʩʦʚ (ʄʅʂ-ʨʝʛ ʄ); 

6) ʄʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʠʟʘʮʠʝʡ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʚʝʩʦʚ (ʄʅʂ-ʨʝʛ ʥʝʄ); 

7) ʃʦʢʘʣʴʥʘʷ ʘʜʘʧʪʘʮʠʷ ʚʝʩʦʚ ʩ ʨʝʛʫʣʷʨʠʟʘʮʠʝʡ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʚʝʩʦʚ (ʃɸɺʈ ʄ); 

8) ʃʦʢʘʣʴʥʘʷ ʘʜʘʧʪʘʮʠʷ ʚʝʩʦʚ ʩ ʨʝʛʫʣʷʨʠʟʘʮʠʝʡ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʚʝʩʦʚ (ʃɸɺʈ ʥʝʄ). 

 

3.3 ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʙʳʣ ʧʨʦʚʝʜʝʥ ʥʘ ʨʝʘʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʘʭ 

ʦʙʲʝʤʦʚ ʧʨʦʜʘʞ ʚ ʩʫʧʝʨʤʘʨʢʝʪʘʭ. ɺʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʦʢʦʣʦ 40 ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʚ 

ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʩʪʨʦʠʣʦʩʴ ʧʨʠʤʝʨʥʦ ʧʦ 600 ʧʨʦʛʥʦʟʦʚ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ɺ 

ʪʘʙʣʠʮʝ 1 (ʇʨʠʣʦʞʝʥʠʝ) ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʤʝʪʦʜʦʚ ʜʣʷ ʙʘʟʦʚʳʭ 

ʘʣʛʦʨʠʪʤʦʚ. ɺ ʢʘʞʜʦʡ ʷʯʝʡʢʝ ʧʦʢʘʟʘʥʦ ʢʘʢʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʣʛʦʨʠʪʤ 

ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʧʦ ʚʝʣʠʯʠʥʝ ʦʰʠʙʢʠ.  

ɺ ʪʘʙʣʠʮʝ 2 (ʇʨʠʣʦʞʝʥʠʝ) ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʤʝʪʦʜʦʚ ʜʣʷ 

ʢʦʤʧʦʟʠʮʠʡ ʘʣʛʦʨʠʪʤʦʚ. 

ʀʟ ʪʘʙʣʠʮʳ 2 (ʇʨʠʣʦʞʝʥʠʝ) ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʦʙʦʠʭ ʤʝʪʦʜʦʚ ʙʘʟʦʚʳʝ ʘʣʛʦʨʠʪʤʳ 

ʨʘʥʞʠʨʫʶʪʩʷ, ʟʘ ʨʝʜʢʠʤ ʠʩʢʣʶʯʝʥʠʝʤ, ʦʜʠʥʘʢʦʚʦ. ʂʦʤʧʦʟʠʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʦʙʦʠʭ 

ʤʝʪʦʜʦʚ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʨʘʥʞʠʨʫʶʪʩʷ ʪʘʢʞʝ ʦʜʠʥʘʢʦʚʦ. ʆʪʣʠʯʠʷ ʚʳʟʚʘʥʳ ʪʝʤ, ʯʪʦ 

ʦʰʠʙʢʠ ʜʣʷ ʢʦʤʧʦʟʠʮʠʡ ʘʣʛʦʨʠʪʤʦʚ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʨʘʟʣʠʯʘʶʪʩʷ ʩʦʚʩʝʤ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʣʦʪʥʦʩʪʠ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʩʪʨʦʠʪʴ ʢʘʢʠʝ-ʪʦ 

ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ (ʥʘʧʨʠʤʝʨ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʝʰʝʥʠʠ ʪʨʫʜʥʳʭ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ 

ʟʘʜʘʯ ʩ ʥʝʢʚʘʜʨʘʪʠʯʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ ʧʦʪʝʨʴ), ʘ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʪʘʥʜʘʨʪʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʪʦʯʝʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 
 

ʊʘʙʣʠʮʘ 3.1 ʉʫʤʤʘ ʨʘʥʛʦʚ ʙʘʟʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʩʨʘʚʥʠʚʘʝʤʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʚʩʝʭ ʨʷʜʦʚ. 

ʄʝʪʦʜ ɹʘʟʦʚʳʡ 1 ɹʘʟʦʚʳʡ 2 ɹʘʟʦʚʳʡ 3 ɹʘʟʦʚʳʡ 4 ɹʘʟʦʚʳʡ 5 

ʄʝʪʦʜ 1 64 161 121 101 108 

ʄʝʪʦʜ 2 69 149 127 98 112 
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ʊʘʙʣʠʮʘ 3.2 ʉʫʤʤʘ ʨʘʥʛʦʚ ʢʦʤʧʦʟʠʮʠʡ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʩʨʘʚʥʠʚʘʝʤʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʚʩʝʭ 

ʨʷʜʦʚ.  

ʄʝʪʦʜ ʉʨʝʜʥʝʝ 
ɺʳʙʦʨ 
ʣʫʯʰʝʛʦ  

ʄʅʂ ʄ 
ʄʅʂ 
ʥʝʄ 

ʄʅʂ-ʨʝʛ 
ʄ 

ʄʅʂ-ʨʝʛ 
ʥʝʄ 

ʃɸɺʈ 
ʄ 

ʃɸɺʈ 
ʥʝʄ 

ʄʝʪʦʜ 1 211 202 88 115 162 198 170 185 

ʄʝʪʦʜ 2 209 199 80 113 157 202 176 194 

 

ʂʨʦʤʝ ʵʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʤʧʦʟʠʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʜʘʶʪ 

ʤʝʥʴʰʠʝ ʧʦʪʝʨʠ, ʯʝʤ ʙʘʟʦʚʳʝ ʘʣʛʦʨʠʪʤʳ. ɸ ʥʘʠʣʫʯʰʠʤ ʩʨʝʜʠ ʢʦʤʧʦʟʠʮʠʡ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʚʝʩʦʚ (ʊʘʙʣʠʮʘ 3.2). 
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4 ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʘ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʠ ʤʝʪʦʜʘ, 
ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʦʮʝʥʠʚʘʥʠʠ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʧʦ ʩʢʦʣʴʟʷʱʝʤʫ ʢʦʥʪʨʦʣʶ 

 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʦʚ ʧʨʠ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ:  

1) ʉʪʘʥʜʘʨʪʥʦʛʦ ʤʝʪʦʜʘ ï ʤʝʪʦʜʘ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ; 

2) ʄʝʪʦʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʦʮʝʥʠʚʘʥʠʠ ʧʣʦʪʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʰʠʙʦʢ ʧʦ 

ʩʢʦʣʴʟʷʱʝʤʫ ʢʦʥʪʨʦʣʶ.  

ʌʫʥʢʮʠʷ ʧʦʪʝʨʴ ʠʤʝʝʪ ʚʠʜ, ʧʨʠʚʝʜʝʥʥʳʡ ʥʘ ʈʠʩ.1.2 ʠ ʟʘʜʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʦʡ: 
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ʎʝʣʴ ʜʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ï ʩʨʘʚʥʠʪʴ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠ 

ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʧʦ ʩʢʦʨʦʩʪʠ ʠ ʢʘʯʝʩʪʚʫ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʇʦʢʘʟʘʪʴ, ʯʪʦ 

ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʦʚ ʧʣʦʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʝʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʤ, ʯʝʤ ʤʝʪʦʜ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʨʷʜʫ ʩ ʤʝʪʦʜʦʤ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʦʚ ʧʨʠ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ..  

ɼʣʷ ʯʠʩʪʦʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʦʜʥʘ ʠ ʪʘ ʞʝ 

ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʤʦʜʝʣʠ: 

1)  ɸʚʪʦʨʝʛʨʝʩʠʦʥʥʘʷ ʤʦʜʝʣʴ ʙʝʟ ʫʯʝʪʘ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: ä
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       2) ɸʚʪʦʨʝʛʨʝʩʠʦʥʥʘʷ ʤʦʜʝʣʴ ʩ ʫʯʝʪʦʤ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: ä
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ʇʨʠʚʝʜʝʤ ʩʧʦʩʦʙʳ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʛʥʦʟʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʢʘʞʜʦʡ 

ʘʚʪʦʨʝʛʨʝʩʠʦʥʥʦʡ ʤʦʜʝʣʠ.  

 

4.1 ɺʳʯʠʩʣʝʥʠʝ ʧʨʦʛʥʦʟʦʚ ʜʣʷ ʘʚʪʦʨʝʛʨʝʩʠʦʥʥʦʡ ʤʦʜʝʣʠ ʙʝʟ ʫʯʝʪʘ 
ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

4.1.1 ʄʝʪʦʜ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʛʥʦʟʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʠ: 
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iy  - ʨʝʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ,  

)/( baa +=q .  

ʊʘʢʘʷ ʟʘʜʘʯʘ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʠʭ ʟʘʤʝʥ: 
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4.1.2 ʄʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʮʝʥʠʚʘʥʠʠ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʩʢʦʣʴʟʷʱʝʤʫ 

ʢʦʥʪʨʦʣʶ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʦʯʝʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 1+t  ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ 

ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʠ: 

1Ĕ1

2

1 min)Ĕ(
+

­-ä
=

+
iy

t

i

ti yy . 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʦʯʝʯʥʳʡ ʧʨʦʛʥʦʟ ʨʘʚʝʥ ʩʨʝʜʥʝʤʫ ʘʨʠʬʤʝʪʠʯʝʩʢʦʤʫ ʚʩʝʭ 

ʧʨʝʜʳʜʫʱʠʭ ʟʥʘʯʝʥʠʡ ʨʷʜʘ:  
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ɼʘʣʝʝ, ʪʦʯʝʯʥʳʡ ʧʨʦʛʥʦʟ 1
Ĕ
+ty  ʩ ʧʦʤʦʱʴʶ ʦʧʝʨʘʮʠʡ, ʦʧʠʩʘʥʥʳʭ ʚ ʧ.3.1 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪʩʷ ʚ ʧʨʦʛʥʦʟ ʧʣʦʪʥʦʩʪʠ. 

 

4.2 ɺʳʯʠʩʣʝʥʠʝ ʧʨʦʛʥʦʟʦʚ ʜʣʷ ʘʚʪʦʨʝʛʨʝʩʠʦʥʥʦʡ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ 
ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

4.2.1 ʄʝʪʦʜ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʛʥʦʟʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʠ: 
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iy  - ʨʝʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ,  

)/( baa +=q .  

ʊʘʢʘʷ ʟʘʜʘʯʘ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʠʭ ʟʘʤʝʥ: 
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ʣʝʛʢʦ ʩʚʦʜʠʪʩʷ ʢ ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʝ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: 

î
î
í

îî
ì

ë

²

=+-

­¡-+¡

-+

+

-+

--+-

+
-+

0,

,Ĕ11

min)1(

1

''

Ĕ,, 1

uu

yyuu

uwuw

t

yuu

itit

t

qq

, 

 

ʜʣʷ ʢʦʪʦʨʦʡ ʩʫʱʝʩʪʚʫʶʪ ʚʩʪʨʦʝʥʥʳʝ ʚ MATLAB  ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ. 

 



 41 

4.2.2 ʄʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʮʝʥʠʚʘʥʠʠ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʩʢʦʣʴʟʷʱʝʤʫ 

ʢʦʥʪʨʦʣʶ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʦʯʝʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 1+t  ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ 

ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʠ: 

1Ĕ1
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1 min)Ĕ(
+

­-ä
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it yyw . 

ʇʦ ʣʝʤʤʝ 1, ʪʦʯʝʯʥʳʡ ʧʨʦʛʥʦʟ ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ:  

)1,0(,1,Ĕ)1(Ĕ
1 Í-=-+=+ wwyyy ttt aaa  

ɼʘʣʝʝ, ʪʦʯʝʯʥʳʡ ʧʨʦʛʥʦʟ 1
Ĕ
+ty  ʩ ʧʦʤʦʱʴʶ ʦʧʝʨʘʮʠʡ, ʦʧʠʩʘʥʥʳʭ ʚ ʧ.3.1 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪʩʷ ʚ ʧʨʦʛʥʦʟ ʧʣʦʪʥʦʩʪʠ. 

 

4.3 ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʙʳʣ ʧʨʦʚʝʜʝʥ ʥʘ ʨʝʘʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʘʭ 

ʦʙʲʝʤʦʚ ʧʨʦʜʘʞ ʚ ʩʫʧʝʨʤʘʨʢʝʪʘʭ. ɺʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʦʢʦʣʦ 40 ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʧʦ 

ʧʨʦʜʘʞʘʤ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ ʪʦʚʘʨʦʚ. ɺ ʢʘʞʜʦʤ ʨʷʜʫ ʙʳʣʦ ʧʨʠʤʝʨʥʦ 800 

ʟʥʘʯʝʥʠʡ. ɼʣʷ ʢʘʞʜʦʛʦ ʨʷʜʘ ʩʪʨʦʠʣʦʩʴ ʦʪ 400 ʜʦ 600 ʧʨʦʛʥʦʟʦʚ. ʆʧʠʩʘʥʥʳʝ ʤʝʪʦʜʳ 

ʩʨʘʚʥʠʚʘʣʠʩʴ ʧʦ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ ʠ ʧʦ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʝ ʧʦʪʝʨʴ.  

ɼʣʷ ʤʝʪʦʜʘ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʧʦʪʝʨʠ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʯʠʪʘʣʠʩʴ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 
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ɺ ʩʣʫʯʘʝ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʛʥʦʟʦʚ ʧʦ ʤʝʪʦʜʫ, ʦʩʥʦʚʘʥʥʦʤʫ ʥʘ ʦʮʝʥʠʚʘʥʠʠ ʧʣʦʪʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʩʢʦʣʴʟʷʱʝʤʫ ʢʦʥʪʨʦʣʶ, ʧʦʪʝʨʠ, ʩʦʛʣʘʩʥʦ ʣʝʤʤʝ 2, ʚʳʯʠʩʣʷʣʠʩʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ɺ ʪʘʙʣʠʮʝ 3 (ʇʨʠʣʦʞʝʥʠʝ) ʧʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʴ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʘʚʪʦʨʝʛʨʝʩʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʙʝʟ ʫʯʝʪʘ ʚʝʩʦʚʳʭ 

ʢʦʬɻʬʠʮʠʝʥʪʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʣʠʯʥʳʡ ʥʘʢʣʦʥ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ: 1 ʢ 1, 1 ʢ 5, 5 ʢ 1. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʣʫʯʘʷ 

ʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚ 20% 

ʩʣʫʯʘʝʚ ʜʘʝʪ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ. ɺ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ, ʧʦʪʝʨʠ ʧʨʝʚʳʰʘʶʪ ʧʦʪʝʨʠ ʚ 

ʤʝʪʦʜʝ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 30%. ɺ ʩʣʫʯʘʝ ʫʚʝʣʠʯʝʥʠʷ ʥʘʢʣʦʥʘ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ (ʥʘʧʨʠʤʝʨ, 5 ʢ 1 ʠʣʠ 1 ʢ 5), ʧʦʪʝʨʠ ʧʨʝʚʳʰʘʶʪ ʧʦʪʝʨʠ ʚ 

ʤʝʪʦʜʝ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ. ʕʪʦ ʚʳʟʚʘʥʦ ʚʣʠʷʥʠʝʤ çʭʚʦʩʪʦʚè 

ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʩʛʣʘʞʠʚʘʪʴ ʵʪʠ 

çʭʚʦʩʪʳè. ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ, ʤʝʪʦʜ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʷʚʣʷʝʪʩʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʥʝʵʬʬʝʢʪʠʚʥʳʤ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʦʜʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ 

ʨʷʜʘ ʚ ʩʣʫʯʘʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʟʘʥʠʤʘʣʘ ʜʦ 30 ʩʝʢʫʥʜ, ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ 

ʜʣʷ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʟʘʪʨʘʯʠʚʘʣʦʩʴ 15-20 ʤʠʥʫʪ (ʚ ʥʝʩʢʦʣʴʢʦ 

ʜʝʩʷʪʢʦʚ ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ). 

ʅʘ ʨʠʩʫʥʢʝ 1 (ʇʨʠʣʦʞʝʥʠʝ) ʧʨʠʚʦʜʠʪʩʷ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʳ 

ʧʦʪʝʨʴ ʩʦ ʚʨʝʤʝʥʝʤ. ɻʨʘʬʠʢʠ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘʢʣʦʥʘ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ. ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ 

ʦʙʦʟʥʘʯʝʥʳ ʧʦʪʝʨʠ ʜʣʷ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʣʦʪʥʦʩʪʠ, ʩʠʥʠʤ ʮʚʝʪʦʤ ï ʜʣʷ ʤʝʪʦʜʘ 

ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ. 
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ɺ ʪʘʙʣʠʮʝ 4 (ʇʨʠʣʦʞʝʥʠʝ)  ʧʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʴ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʘʚʪʦʨʝʛʨʝʩʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʩ ʫʯʝʪʦʤ ʚʝʩʦʚʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ.  ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʝʩʦʚʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ: ʦʪ 0.5 ʜʦ 0.95 ʩ ʰʘʛʦʤ 0.05. ʊʘʢʞʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʣʠʯʥʳʡ ʥʘʢʣʦʥ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ: 1 ʢ 1, 5 ʢ 1, 1 ʢ 5.  

ʅʘ ʨʠʩʫʥʢʝ 2 (ʇʨʠʣʦʞʝʥʠʝ) ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʩʨʝʜʥʠʭ ʧʦʪʝʨʴ ʦʪ 

ʚʝʩʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ, ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ ʩʣʫʯʘʝʚ ʠʤʝʝʪʩʷ 

ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʤʠʥʠʤʫʤ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ. ʕʢʩʧʝʨʠʤʝʥʪ ʝʱʝ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ. ʆʙʨʘʙʦʪʢʘ ʚʨʝʤʝʥʥʳʭ 

ʨʷʜʦʚ ʜʣʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʟʘʥʠʤʘʣʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʤʝʥʴʰʝ 

ʚʨʝʤʝʥʠ.  

 

4.4 ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 
ʧʣʦʪʥʦʩʪʠ ʠ ʤʝʪʦʜʘ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ 

ʇʨʦʚʝʜʝʥʥʘʷ ʨʘʙʦʪʘ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʝʪʦʜʦʚ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʙʦʪ 

ʧʦ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʠ ʩʢʦʨʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

 ʄʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʣʦʪʥʦʩʪʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: 

1) ɺʳʯʠʩʣʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʝʥ, ʜʘʞʝ ʥʘ ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʘʭ (ʧʦʨʷʜʢʘ 1000 

ʟʥʘʯʝʥʠʡ) ʠ ʙʦʣʴʰʦʡ ʧʨʝʜʳʩʪʦʨʠʝʡ; 

2)  ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ  ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ, ʘ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ L1-ʥʦʨʤr; 

3)  ɽʩʣʠ ʧʦʪʝʨʠ ʦʪ ʥʝʜʦʧʨʦʛʥʦʟʘ ʥʝ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʦʪʝʨʴ ʦʪ ʧʝʨʝʧʨʦʛʥʦʟʘ, 

ʜʘʥʥʳʡ ʤʝʪʦʜ ʜʘʝʪ ʨʝʟʫʣʴʪʘʪʳ, ʩʨʘʚʥʠʚʳʝ ʧʦ ʚʝʣʠʯʠʥʝ ʧʦʪʝʨʴ ʩ ʤʝʪʦʜʦʤ ʢʚʘʥʪʠʣʴʥʦʡ 

ʨʝʛʨʝʩʩʠʠ; 

4) ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʛʥʦʟʘ ʚʳʜʘʝʪʩʷ ʥʝ ʪʦʯʝʯʥʦʝ ʟʥʘʯʝʥʠʝ, ʘ ʥʝʢʦʪʦʨʘʷ ʬʫʥʢʮʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ ʬʫʥʢʮʠʶ ʧʣʦʪʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʠ ʥʝʩʝʪ ʚ 

ʩʝʙʝ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʯʝʤ ʧʨʦʩʪʦ ʪʦʯʝʯʥʳʡ ʧʨʦʛʥʦʟ. 

ʅʝʜʦʩʪʘʪʢʠ: 

1) ɹʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ ʧʦʪʝʨʴ, ʝʩʣʠ ʧʦʪʝʨʠ ʦʪ ʥʝʜʦʧʨʦʛʥʦʟʘ ʠ ʦʪ ʧʝʨʝʧʨʦʛʥʦʟʘ 

ʦʪʣʠʯʘʶʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. 

ɼʘʣʴʥʝʡʰʠʝ ʨʘʙʦʪʳ: ʫʚʝʣʠʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʩʛʣʘʞʠʚʘʥʠʷ 

çʭʚʦʩʪʦʚè ʧʦʣʫʯʘʝʤʳʭ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

 ʄʝʪʦʜ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: 

1) ɺʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

ʅʝʜʦʩʪʘʪʢʠ: 

1) ʀʩʧʦʣʴʟʫʝʪʩʷ ʣʠʰʴ ʜʣʷ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ L1-ʥʦʨʤr. ʅʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ; 

2) ʆʯʝʥʴ ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

ɼʘʣʴʥʝʡʰʠʝ ʨʘʙʦʪʳ: ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ 

ʠʟʫʯʝʥʠʷ ʤʝʪʦʜʘ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʟʘʤʝʥʳ ʩʪʘʥʜʘʨʪʥʦʛʦ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʘ ʥʘ 

ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʣ ʙʳ ʨʝʰʘʪʴ ʪʘʢʠʝ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʛʦʨʘʟʜʦ ʙʳʩʪʨʝʝ. 
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5 ɿʘʢʣʶʯʝʥʠʝ 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʟʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ 

ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ.   

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʷʟʘʥʦ ʩ ʨʝʰʝʥʠʝʤ ʘʢʪʫʘʣʴʥʦʡ ʧʨʠʢʣʘʜʥʦʡ ʟʘʜʘʯʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʙʲʝʤʦʚ ʧʨʦʜʘʞ ʚ ʩʝʪʠ ʩʫʧʝʨʤʘʨʢʝʪʦʚ. ʉʧʝʮʠʬʠʢʘ ʟʘʜʘʯʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʯʠʩʣʦ ʨʷʜʦʚ ʤʦʞʝʪ ʠʩʯʠʩʣʷʪʴ ʩʦʪʥʷʤʠ ʪʳʩʷʯ, ʧʦʵʪʦʤʫ ʚʳʯʠʩʣʷʪʴ ʧʨʦʛʥʦʟʳ 

ʪʨʝʙʫʝʪʩʷ ʙʳʩʪʨʦ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʟʘʜʘʯʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ 

ʥʝʩʠʤʤʝʪʨʠʯʥʘʷ  ʬʫʥʢʮʠʷ ʧʦʪʝʨʴ ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦ ʦʮʝʥʠʚʘʝʪ ʚʝʣʠʯʠʥʫ ʧʦʪʝʨʴ, ʯʝʤ 

ʩʪʘʥʜʘʨʪʥʘʷ ʢʚʘʜʨʘʪʠʯʥʘʷ ʬʫʥʢʮʠʷ ʧʦʪʝʨʴ. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʳ ʧʦʩʪʨʦʝʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʥʘʜ 

ʘʜʘʧʪʠʚʥʳʤʠ ʙʘʟʦʚʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ.  

ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʮʝʥʠʚʘʥʠʠ 

ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʰʠʙʦʢ ʧʦ ʩʢʦʣʴʟʷʱʝʤʫ ʢʦʥʪʨʦʣʶ. ʊʘʢʞʝ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʵʢʩʧʝʨʠʤʝʥʪ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ 

ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ ʪʦʯʝʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʩʨʘʚʥʝʥʠʝ (ʥʘ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʙʲʝʤʦʚ 

ʧʨʦʜʘʞ) ʜʚʫʭ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʨʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ: 

ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʠ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʣʦʪʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʣʦʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʠ 

ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʧʨʦʛʥʦʟʳ ʧʦ ʚʨʝʤʝʥʠ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʙʳʩʪʨʝʝ, ʯʝʤ ʤʝʪʦʜ 

ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ. ʂ ʪʦʤʫ ʞʝ, ʤʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʣʦʪʥʦʩʪʠ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ 

ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ L1-ʥʦʨʤr, ʥʦ ʠ ʜʣʷ ʣʶʙʦʡ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ. 

ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʣʦʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʴ ʧʨʠ ʥʝʜʦʧʨʦʛʥʦʟʝ ʠ ʧʝʨʝʧʨʦʛʥʦʟʝ 

ʦʪʣʠʯʘʶʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. 

ʆʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʜʘʣʴʥʝʡʰʠʭ ʨʘʙʦʪ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚ ʤʝʪʦʜʝ 

ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ. ʋʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʘ ʧʣʦʪʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ 

ʫʣʫʯʰʝʥʦ ʧʨʠ ʧʦʤʦʱʠ ʩʛʣʘʞʠʚʘʥʠʷ çʭʚʦʩʪʦʚè ʧʦʣʫʯʘʝʤʳʭ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɼʣʷ 

ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʦʚ ʚ ʤʝʪʦʜʝ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʝʜʣʦʞʠʪʴ ʙʦʣʝʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʣʠʥʝʡʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʯʝʤ ʩʪʘʥʜʘʨʪʥʳʡ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜ. 

ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʱʠʡ ʦʙʟʦʨ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ 

ʩʧʨʦʩʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ: ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, 

ʚʝʢʪʦʨʥʘʷ ʘʚʪʦʨʝʛʨʝʩʩʠʷ, ʘʜʘʧʪʠʚʥʳʝ ʤʦʜʝʣʠ, ʤʦʜʝʣʠ ARIMA , GARCH ʠ ʜʨʫʛʠʝ ʤʝʪʦʜʳ. 
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ʇʨʠʣʦʞʝʥʠʷ 
 

ʊʘʙʣʠʮʘ 1. ʈʘʥʛʠ ʙʘʟʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʩʨʘʚʥʠʚʘʝʤʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʨʷʜʘ. 

ˉ ʨʷʜʘ ʄʝʪʦʜ ɹʘʟʦʚʳʡ 1 ɹʘʟʦʚʳʡ 2 ɹʘʟʦʚʳʡ 3 ɹʘʟʦʚʳʡ 4 ɹʘʟʦʚʳʡ 5 

2934 
ʄʝʪʦʜ 1 1 2 3 4 5 

ʄʝʪʦʜ 2 1 2 3 4 5 

1488 
ʄʝʪʦʜ 1 1 5 4 3 2 

ʄʝʪʦʜ 2 1 5 4 3 2 

1604 
ʄʝʪʦʜ 1 2 5 4 3 1 

ʄʝʪʦʜ 2 3 5 4 2 1 

2988 
ʄʝʪʦʜ 1 1 4 2 5 3 

ʄʝʪʦʜ 2 1 4 3 5 2 

3314 
ʄʝʪʦʜ 1 3 2 4 1 5 

ʄʝʪʦʜ 2 3 2 4 1 5 

3367 
ʄʝʪʦʜ 1 1 5 4 3 2 

ʄʝʪʦʜ 2 2 5 4 3 1 

3488 
ʄʝʪʦʜ 1 1 5 3 2 4 

ʄʝʪʦʜ 2 1 5 3 2 4 

3760 
ʄʝʪʦʜ 1 1 3 2 5 4 

ʄʝʪʦʜ 2 1 2 3 5 4 

4122 
ʄʝʪʦʜ 1 2 5 4 3 1 

ʄʝʪʦʜ 2 2 5 4 3 1 

4176 
ʄʝʪʦʜ 1 3 5 4 1 2 

ʄʝʪʦʜ 2 3 5 4 1 2 

4730 
ʄʝʪʦʜ 1 3 5 2 1 4 

ʄʝʪʦʜ 2 3 5 2 1 4 

4929 
ʄʝʪʦʜ 1 1 3 4 5 2 

ʄʝʪʦʜ 2 1 2 4 5 3 

4936 
ʄʝʪʦʜ 1 3 5 4 1 2 

ʄʝʪʦʜ 2 2 5 4 1 3 

5184 
ʄʝʪʦʜ 1 1 5 3 2 4 

ʄʝʪʦʜ 2 1 4 3 2 5 

5620 
ʄʝʪʦʜ 1 1 3 2 5 4 

ʄʝʪʦʜ 2 1 3 2 5 4 

1742 
ʄʝʪʦʜ 1 2 5 1 3 4 

ʄʝʪʦʜ 2 2 5 1 3 4 

2425 
ʄʝʪʦʜ 1 1 5 4 3 2 

ʄʝʪʦʜ 2 1 5 4 3 2 

2934 
ʄʝʪʦʜ 1 1 2 3 4 5 

ʄʝʪʦʜ 2 1 2 3 4 5 

6304 
ʄʝʪʦʜ 1 1 3 2 4 5 

ʄʝʪʦʜ 2 1 3 2 5 4 

6305 
ʄʝʪʦʜ 1 1 5 4 3 2 

ʄʝʪʦʜ 2 1 5 4 3 2 

6310 
ʄʝʪʦʜ 1 2 5 4 1 3 

ʄʝʪʦʜ 2 2 5 4 1 3 

6314 
ʄʝʪʦʜ 1 1 5 4 2 3 

ʄʝʪʦʜ 2 1 5 4 2 3 

449 
ʄʝʪʦʜ 1 3 5 4 2 1 

ʄʝʪʦʜ 2 3 5 4 2 1 

6353 ʄʝʪʦʜ 1 3 5 4 2 1 
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ʄʝʪʦʜ 2 3 5 4 1 2 

6631 
ʄʝʪʦʜ 1 1 4 2 3 5 

ʄʝʪʦʜ 2 1 4 2 3 5 

7954 
ʄʝʪʦʜ 1 2 4 1 5 3 

ʄʝʪʦʜ 2 3 1 2 5 4 

8492 
ʄʝʪʦʜ 1 2 5 4 3 1 

ʄʝʪʦʜ 2 2 3 5 4 1 

8937 
ʄʝʪʦʜ 1 1 3 2 4 5 

ʄʝʪʦʜ 2 1 2 3 4 5 

9128 
ʄʝʪʦʜ 1 3 5 4 1 2 

ʄʝʪʦʜ 2 3 5 4 1 2 

10190 
ʄʝʪʦʜ 1 2 5 4 3 1 

ʄʝʪʦʜ 2 3 5 4 2 1 

10898 
ʄʝʪʦʜ 1 1 5 2 3 4 

ʄʝʪʦʜ 2 1 3 2 4 5 

10899 
ʄʝʪʦʜ 1 1 5 3 2 4 

ʄʝʪʦʜ 2 1 5 3 2 4 

12543 
ʄʝʪʦʜ 1 2 3 4 1 5 

ʄʝʪʦʜ 2 2 3 4 1 5 

12597 
ʄʝʪʦʜ 1 2 5 4 1 3 

ʄʝʪʦʜ 2 2 4 5 1 3 

12602 
ʄʝʪʦʜ 1 3 5 4 1 2 

ʄʝʪʦʜ 2 3 5 4 2 1 

12966 
ʄʝʪʦʜ 1 2 5 4 3 1 

ʄʝʪʦʜ 2 3 5 4 1 2 

13188 
ʄʝʪʦʜ 1 2 5 4 3 1 

ʄʝʪʦʜ 2 3 5 4 1 2 
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ʊʘʙʣʠʮʘ 2. ʈʘʥʛʠ ʢʦʤʧʦʟʠʮʠʡ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʩʨʘʚʥʠʚʘʝʤʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʨʷʜʘ.  

ˉ ʨʷʜʘ ʄʝʪʦʜ ʉʨʝʜʥʝʝ 
ɺʳʙʦʨ 
ʣʫʯʰʝʛʦ  

ʄʅʂ ʄ 
ʄʅʂ 
ʥʝʄ 

ʄʅʂ-
ʨʝʛ ʄ 

ʄʅʂ-
ʨʝʛ 
ʥʝʄ 

ʃɸɺʈ 
ʄ 

ʃɸɺʈ 
ʥʝʄ 

2934 
ʄʝʪʦʜ 1 8 2 3 1 4 5 6 7 

ʄʝʪʦʜ 2 8 2 3 1 4 5 6 7 

1488 
ʄʝʪʦʜ 1 7 4 1 3 5 2 6 8 

ʄʝʪʦʜ 2 7 5 1 3 4 2 6 8 

1604 
ʄʝʪʦʜ 1 8 7 2 1 6 5 4 3 

ʄʝʪʦʜ 2 8 5 1 2 7 6 4 3 

2988 
ʄʝʪʦʜ 1 1 3 6 8 7 4 5 2 

ʄʝʪʦʜ 2 1 5 3 6 7 4 8 2 

3314 
ʄʝʪʦʜ 1 2 8 3 4 1 5 6 7 

ʄʝʪʦʜ 2 1 8 2 3 4 6 5 7 

3367 
ʄʝʪʦʜ 1 7 8 2 3 1 6 4 5 

ʄʝʪʦʜ 2 5 8 2 3 1 4 6 7 

3488 
ʄʝʪʦʜ 1 8 3 1 2 4 7 5 6 

ʄʝʪʦʜ 2 8 3 1 2 4 7 5 6 

3760 
ʄʝʪʦʜ 1 8 1 2 3 4 7 6 5 

ʄʝʪʦʜ 2 8 1 2 3 4 6 7 5 

4122 
ʄʝʪʦʜ 1 6 3 1 2 5 4 7 8 

ʄʝʪʦʜ 2 5 3 1 2 4 6 7 8 

4176 
ʄʝʪʦʜ 1 4 8 2 1 6 7 5 3 

ʄʝʪʦʜ 2 6 8 2 1 5 7 4 3 

4730 
ʄʝʪʦʜ 1 4 7 2 3 1 5 6 8 

ʄʝʪʦʜ 2 6 8 2 5 1 4 3 7 

4929 
ʄʝʪʦʜ 1 3 7 2 6 5 8 1 4 

ʄʝʪʦʜ 2 5 7 4 6 3 8 1 2 

4936 
ʄʝʪʦʜ 1 7 5 2 3 1 6 4 8 

ʄʝʪʦʜ 2 7 5 1 2 3 6 4 8 

5184 
ʄʝʪʦʜ 1 4 1 2 3 5 8 6 7 

ʄʝʪʦʜ 2 2 1 3 4 5 8 6 7 

5620 
ʄʝʪʦʜ 1 7 1 2 3 4 5 6 8 

ʄʝʪʦʜ 2 7 1 2 3 4 5 6 8 

1742 
ʄʝʪʦʜ 1 7 8 5 6 2 4 1 3 

ʄʝʪʦʜ 2 4 8 1 2 7 5 3 6 

2425 
ʄʝʪʦʜ 1 8 6 1 2 7 5 3 4 

ʄʝʪʦʜ 2 8 3 1 2 7 4 5 6 

2934 
ʄʝʪʦʜ 1 8 2 3 1 4 5 6 7 

ʄʝʪʦʜ 2 8 2 3 1 4 5 6 7 

6304 
ʄʝʪʦʜ 1 7 6 1 3 2 8 5 4 

ʄʝʪʦʜ 2 7 1 2 3 4 5 8 6 

6305 
ʄʝʪʦʜ 1 7 3 2 5 6 8 4 1 

ʄʝʪʦʜ 2 7 4 2 6 5 8 3 1 

6310 
ʄʝʪʦʜ 1 8 4 2 1 7 6 5 3 

ʄʝʪʦʜ 2 7 3 1 2 6 5 4 8 

6314 
ʄʝʪʦʜ 1 8 4 2 1 3 6 7 5 

ʄʝʪʦʜ 2 8 3 2 1 4 6 7 5 

449 
ʄʝʪʦʜ 1 7 8 4 6 2 5 3 1 

ʄʝʪʦʜ 2 6 8 5 7 1 4 2 3 

6353 
ʄʝʪʦʜ 1 7 8 1 2 5 6 3 4 

ʄʝʪʦʜ 2 7 8 1 2 3 6 4 5 

6631 ʄʝʪʦʜ 1 4 8 2 1 6 3 7 5 
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ˉ ʨʷʜʘ ʄʝʪʦʜ ʉʨʝʜʥʝʝ 
ɺʳʙʦʨ 
ʣʫʯʰʝʛʦ  

ʄʅʂ ʄ 
ʄʅʂ 
ʥʝʄ 

ʄʅʂ-
ʨʝʛ ʄ 

ʄʅʂ-
ʨʝʛ 
ʥʝʄ 

ʃɸɺʈ 
ʄ 

ʃɸɺʈ 
ʥʝʄ 

ʄʝʪʦʜ 2 4 5 2 1 6 3 8 7 

7954 
ʄʝʪʦʜ 1 2 8 6 7 4,5 4,5 1 3 

ʄʝʪʦʜ 2 2,3 8 6 7 4,5 4,5 1 2,3 

8492 
ʄʝʪʦʜ 1 5 8 3 4 2 1 6 7 

ʄʝʪʦʜ 2 4 8 3 5 2 1 6 7 

8937 
ʄʝʪʦʜ 1 2 8 1 3 5 6 7 4 

ʄʝʪʦʜ 2 1 8 2 3 5 6 7 4 

9128 
ʄʝʪʦʜ 1 6 3 2 1 5 7 4 8 

ʄʝʪʦʜ 2 7 4 2 1 5 8 3 6 

10190 
ʄʝʪʦʜ 1 8 6 1 2 7 3 5 4 

ʄʝʪʦʜ 2 8 7 1 2 3 4 6 5 

10898 
ʄʝʪʦʜ 1 4 7 1 2 5 6 3 8 

ʄʝʪʦʜ 2 5 7 2 3 4 8 1 6 

10899 
ʄʝʪʦʜ 1 3 8 2 1 7 6 4 5 

ʄʝʪʦʜ 2 3 8 2 1 7 6 4 5 

12543 
ʄʝʪʦʜ 1 6 7 2 1 5 4 8 3 

ʄʝʪʦʜ 2 6 8 2 1 4 5 7 3 

12597 
ʄʝʪʦʜ 1 4 8 5 7 3 6 2 1 

ʄʝʪʦʜ 2 6 8 4 5 2 7 3 1 

12602 
ʄʝʪʦʜ 1 5 4 2 3 6 7 1 8 

ʄʝʪʦʜ 2 6 3 1 4 5 8 2 7 

12966 
ʄʝʪʦʜ 1 3 7 6 8 5 4 2 1 

ʄʝʪʦʜ 2 3 8 4 6 5 7 2 1 

13188 
ʄʝʪʦʜ 1 8 3 1 2 5 4 6 7 

ʄʝʪʦʜ 2 8 7 1 2 4 3 6 5 
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ʊʘʙʣʠʮʘ 3. ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʠ ʤʝʪʦʜʘ ʧʦʩʪʨʦʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʜʣʷ 

ʘʚʪʦʨʝʛʨʝʩʠʦʥʥʦʡ ʤʦʜʝʣʠ ʙʝʟ ʫʯʝʪʘ ʚʝʩʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʥʘʢʣʦʥʘ ʬʫʥʢʮʠʠ 

ʧʦʪʝʨʴ. 

ʄʝʪʦʜ 1. ʂʚʘʥʪʠʣʴʥʘʷ ʨʝʛʨʝʩʩʠʷ. 

ʄʝʪʦʜ 2. ʇʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʦʚ ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʦʚ ʧʣʦʪʥʦʩʪʠ. 

  a=1, b=1 a=5, b=1 a=1, b=5 

ˉ ʨʷʜʘ 
ʇʦʪʝʨʠ 
ʄʝʪʦʜ 1 

ʇʦʪʝʨʠ 
ʄʝʪʦʜ 2 

ʇʦʪʝʨʠ 
ʄʝʪʦʜ 1 

ʇʦʪʝʨʠ 
ʄʝʪʦʜ 2 

ʇʦʪʝʨʠ 
ʄʝʪʦʜ 1 

ʇʦʪʝʨʠ 
ʄʝʪʦʜ 2 

449 4,44 5,39 10,85 16,72 7,16 18,9 

1742 3,7 3,65 8,17 12,14 5,63 9,8 

2425 5,61 7,55 11,84 22,68 9,5 22,44 

2934 6,96 6,43 15,625 22,217 9,483 16,65 

6304 4,76 6,05 10,738 16,705 7,87 19,46 

6305 6,59 9,13 14,34 27,34 11,3 27,75 

6310 3,73 4,85 7,94 14,28 6,18 14,73 

6314 8,1 11,05 17,81 31,53 14,38 36,14 

3314 10,04 14,41 25,39 42,58 16,64 42,53 

3367 27,3 31,39 61,29 102,13 42,71 86,47 

3371 4,47 4,7 10,45 15,93 8,76 12,56 

3397 51,3 54,73 136,13 170,32 98,76 153,56 

3488 15,32 15,87 31,23 50,54 25,25 44,72 

3760 7,76 10,34 16,12 31,42 12,88 31 

4122 4,3 5,66 8,638 18,541 7,3 16,127 

4176 31,08 21,97 68,54 54,139 46,825 74,81 

4730 5,14 7,14 12,75 22,11 8,14 20,74 

4929 5,81 8,07 12 27,27 10,58 23,6 

4936 8,6 10,86 24,35 33,98 11,52 30,47 

5184 5,02 6,81 11,38 20,39 8,1 20,48 

5620 11,21 10,35 19,55 36,05 18,34 28,06 

6353 3,18 3,9 6,07 12,18 6,3 12,5 

6631 5,21 6,16 12,64 19,29 7,82 17,98 

7954 8,55 10,34 20,57 33,11 15,41 30,12 

8492 15,06 18,74 30,56 59,4 25.46 47,85 

8937 6,75 6,37 13,88 21,31 12,21 19,89 

9128 5,47 5,21 12,5 17,39 8,41 17,39 

10190 3,16 4,34 6,45 12,88 6,02 12,88 

10230 4,85 6,71 11,97 20,68 9,54 16,4 

10897 6,29 7,84 14,73 23,15 12,16 20,18 

10898 10,09 10,82 24,52 28,64 20,76 27,81 

10899 9,96 11,37 22,34 34,45 18,65 32,71 

11167 6,52 7,64 15,05 23,45 12,5 19,76 

12543 4,94 5,93 11,57 17,72 8,14 14,54 

12597 4,95 6,14 12,71 19,37 9,06 17,85 

12602 4,23 5,18 10,2 16,58 8,76 15,46 

12966 4,35 6,32 11,56 19,08 9,15 17,76 

13051 19,68 22,79 60,42 72,41 45,53 65,68 

13188 6,44 7,23 13,84 20,5 8,74 15,45 

13312 6,2 7,6 14,9 22,4 12,32 19,24 
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ʊʘʙʣʠʮʘ 4. ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʠ ʤʝʪʦʜʘ ʧʦʩʪʨʦʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʜʣʷ 

ʘʚʪʦʨʝʛʨʝʩʠʦʥʥʦʡ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ 

ʥʘʢʣʦʥʘ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ. 

ʄʝʪʦʜ 1. ʂʚʘʥʪʠʣʴʥʘʷ ʨʝʛʨʝʩʩʠʷ. 

ʄʝʪʦʜ 2. ʇʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʦʚ ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʦʚ ʧʣʦʪʥʦʩʪʠ. 

    a=1, b=1 a=5, b=1 a=1, b=5 

ˉ ʨʷʜʘ 
ɺʝʩʦʚʦʡ 
ʢʦʵʬʬ., 

w 

ʇʦʪʝʨʠ 
ʄʝʪʦʜ 

1 

ʇʦʪʝʨʠ 
ʄʝʪʦʜ 

2 

ʇʦʪʝʨʠ 
ʄʝʪʦʜ 

1 

ʇʦʪʝʨʠ 
ʄʝʪʦʜ 

2 

ʇʦʪʝʨʠ 
ʄʝʪʦʜ 

1 

ʇʦʪʝʨʠ 
ʄʝʪʦʜ 

2 

1742 

0,5 3,233 3,837 6,751 11,507 5,705 11,517 

0,55 2,872 3,79 6,567 11,366 5,54 11,375 

0,6 2,8 3,745 6,455 11.231 5.155 11,279 

0,65 2,78 3,702 6,321 11,101 4,963 11,11 

0,7 2,765 3,662 6,289 10,98 4,901 10,99 

0,75 2,677 3,624 6,187 10,865 4,737 10,878 

0,8 2,643 3,591 6,045 10,763 4,6 10.786 

0,85 2,582 3,568 5,599 10,681 4,556 10,725 

0,9 2,58 3,559 5,576 10,636 4,532 10,72 

0,95 2,6 3,578 6,437 10,669 4,657 10,789 

5620 

0,5 5,999 7,181 12,969 21,553 11,644 21,537 

0,55 5,4 7,138 12,82 21,44 11,324 21,391 

0,6 5,39 7,1 12,575 21,348 11,105 21,253 

0,65 5,495 7,079 12,187 21,319 10,52 21,16 

0,7 5,545 7,076 12,112 21,355 10,27 21,103 

0,75 5,435 7,099 11,889 21,494 10,05 21,105 

0,8 5,465 7,146 11,766 21,746 9,495 21,136 

0,85 5,455 7,24 11,004 22,229 9,525 21,211 

0,9 5,765 7,483 12,846 23,396 9,535 21,506 

0,95 6,475 8,366 13,431 27,236 10,365 22,6 

2934 

0,5 6,879 7,699 15,77 23.088 10,19 23.105 

0,55 5,845 7,55 14,287 22.642 9,74 22.661 

0,6 5,689 7,405 14,109 22.206 9,122 22.226 

0,65 5,66 7,263 13,739 21.779 8,69 21.799 

0,7 5,55 7,123 13,249 21.362 8,256 21.378 

0,75 5,376 6,985 13,008 20.951 8,061 20.960 

0,8 5,246 6,85 12,129 20.553 7,983 20.546 

0,85 4,845 6,72 12,01 20.176 7,701 20.141 

0,9 4,976 6,6 12,145 19.837 7,535 19.739 

0,95 5,096 6,482 12,435 19.596 7,457 19.301 

6353 

0,5 3,7555 4,135 9,73 12,393 7,31 12,417 

0,55 3,205 4,068 6,549 12,193 6,99 12,218 

0,6 3,165 4,008 6,334 12,013 6,725 12,039 

0,65 3,09 3,952 21,682 11,843 6,415 11,87 

0,7 3,025 3,9 17,854 11,69 6,22 11,72 

0,75 2,9 3,852 26,4 11,544 6,125 11,572 

0,8 2,88 3,8 26,101 11,41 6,035 11,44 

0,85 2,85 3,767 16,288 11,284 5,75 11,32 

0,9 2,84 3,737 7,5 11,194 5,615 11,23 

0,95 2,78 3,735 5,37 11,154 5,68 11,259 
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ʄʝʪʦʜ 1. ʂʚʘʥʪʠʣʴʥʘʷ ʨʝʛʨʝʩʩʠʷ. 

ʄʝʪʦʜ 2. ʇʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʦʚ ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʦʚ ʧʣʦʪʥʦʩʪʠ. 

    a=1, b=1 a=5, b=1 a=1, b=5 

ˉ ʨʷʜʘ 
ɺʝʩʦʚʦʡ 
ʢʦʵʬʬ., 

w 

ʇʦʪʝʨʠ 
ʄʝʪʦʜ 

1 

ʇʦʪʝʨʠ 
ʄʝʪʦʜ 

2 

ʇʦʪʝʨʠ 
ʄʝʪʦʜ 

1 

ʇʦʪʝʨʠ 
ʄʝʪʦʜ 

2 

ʇʦʪʝʨʠ 
ʄʝʪʦʜ 

1 

ʇʦʪʝʨʠ 
ʄʝʪʦʜ 

2 

6631 

0,5 4,7 5,851 13,546 17,872 13,715 17,236 

0,55 4,064 5,781 13,429 17,688 13,546 17 

0,6 4,064 5,717 13,019 17,518 13,425 16,784 

0,65 4,008 5,562 12,865 17,347 12,968 16,567 

0,7 3,97 5,585 12,648 17,167 12,678 16,346 

0,75 3,886 5,509 12,356 16,958 12,365 16,1 

0,8 3,752 5,424 11,978 16,718 12,109 15,828 

0,85 3,723 5,345 11,768 16,49 11,878 15,58 

0,9 3,71 5,286 11,54 16,31 11,657 15,42 

0,95 3,85 5,536 11,34 16,449 11,78 15.75 

7954 

0,5 6,22 6,9 11,225 20,718 11,83 20,719 

0,55 5,415 6,815 11,237 20,548 11,34 20,432 

0,6 5,32 6,723 11,11 20,2 11,1 20,139 

0,65 5,295 6,633 21,25 19,953 10,725 19,85 

0,7 5,175 6,547 10,32 19,722 10,445 19,563 

0,75 5,055 6,467 10,37 19,518 10,305 19,287 

0,8 4,99 6,393 14,75 19,346 9,79 19,015 

0,85 4,99 6,332 14,66 19,238 9,435 18,754 

0,9 4,985 6,285 10,99 19,242 9,1 18,472 

0,95 4,985 6,283 9,35 19,642 8,91 18,06 

8492 

0,5 11,209 12,759 22,522 38,044 21,132 38,511 

0,55 10,269 12,599 21,96 37,512 21,392 38,085 

0,6 10,295 12,445 20,66 36,984 19,888 37,69 

0,65 10,11 12,305 20,3 36,476 18,768 37,354 

0,7 10,08 12,179 19,48 35,985 18,6 37,089 

0,75 9,65 12,054 18,63 35,46 18,55 36,869 

0,8 9,6 11,934 18,508 34,88 17,74 36,719 

0,85 9,6 11,828 17,657 34,253 17,46 36,716 

0,9 9,37 11,773 17,555 33,544 17,97 37,086 

0,95 9,47 11,782 17,685 32,363 17,99 38,33 

8937 

0,5 4,32 4,677 8,773 14,204 7,025 13,86 

0,55 3,825 4,623 8,852 14,052 6,85 13,685 

0,6 3,69 4,578 8,628 13,933 6,502 13,539 

0,65 3,63 4,543 11,696 13,844 6,36 13,416 

0,7 3,625 4,518 8,367 13,796 6,355 13,318 

0,75 3,57 4,509 9,368 13,791 6,125 13,259 

0,8 3,495 4,524 10,098 13,887 6,15 13,258 

0,85 3,495 4,571 7,815 14,102 6,1 13,327 

0,9 3,56 4,683 8 14,547 6,28 13,55 

0,95 3,94 4,94 8,247 15,446 6,645 14,198 
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ʈʠʩʫʥʦʢ 1. ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʴ ʩʦ ʚʨʝʤʝʥʝʤ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʤʝʪʦʜʦʚ ʜʣʷ ʘʚʪʦʨʝʛʨʝʩʠʦʥʥʦʡ ʤʦʜʝʣʠ ʙʝʟ ʫʯʝʪʘ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ 

ʚʘʨʠʘʥʪʳ ʥʘʢʣʦʥʘ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ. ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ ʧʦʪʝʨʠ ʜʣʷ ʤʝʪʦʜʘ ʧʦʩʪʨʦʝʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʧʨʦʛʥʦʟʘ, ʩʠʥʠʤ ï ʜʣʷ ʤʝʪʦʜʘ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ. 
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ʈʠʩʫʥʦʢ 2. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʴ ʦʪ ʚʝʩʦʚʳʭ ʢʦɻ ʬʬʠʮʠʝʥʪʦʚ ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ 

ʥʘʢʣʦʥʘ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ. ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ ʧʦʪʝʨʠ ʜʣʷ ʤʝʪʦʜʘ ʧʦʩʪʨʦʝʥʠʷ ʧʣʦʪʥʦʩʪʠ 

ʧʨʦʛʥʦʟʘ, ʩʠʥʠʤ ï ʜʣʷ ʤʝʪʦʜʘ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ. 

ʈʷʜ 1742. a=1,b=1.
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ʈʷʜ 1742. a=5,b=1.
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ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʨʴ ʚ ʤʝʪʦʜʝ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʦʪ ʧʦʪʝʨʴ ʚ ʤʝʪʦʜʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʣʦʪʥʦʩʪʠ.   

ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʨʴ ʚ ʤʝʪʦʜʝ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʦʪ 

ʧʦʪʝʨʴ ʚ ʤʝʪʦʜʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʣʦʪʥʦʩʪʠ. a=1, b=1.
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ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʨʴ ʚ ʤʝʪʦʜʝ ʢʚʘʥʪʠʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʦʪ 

ʧʦʪʝʨʴ ʚ ʤʝʪʦʜʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʣʦʪʥʦʩʪʠ. a=5, b=1.
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