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ʜʣʷ ʩʠʩʪʝʤ ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʇʦʙʫʜʦʚʘʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʥʘ ʪʦʯʥʽʩʪʴ ʽ ʦʜ-
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ɺʩʪʫʧ 
 
 

ɯʜʝʷ ʥʘʧʠʩʘʥʥʷ ʮʴʦʛʦ ʧʦʩʽʙʥʠʢʘ ʚʠʥʠʢʣʘ ʚ ʘʚʪʦʨʘ ʚ ʧʨʦʮʝʩʽ ʚʠʢʣʘ-
ʜʘʥʥʷ ʥʦʨʤʘʪʠʚʥʦʛʦ ʢʫʨʩʫ Ăʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷò ʜʣʷ ʬʘʭʽʚʮʽʚ ʩʧʝʮʽ-
ʘʣʴʥʦʩʪʽ Ăʇʨʠʢʣʘʜʥʘ ʤʘʪʝʤʘʪʠʢʘò ʥʘ ʬʘʢʫʣʴʪʝʪʽ ʢʽʙʝʨʥʝʪʠʢʠ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽ-
ʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ, ʜʝ ʮʝʡ ʢʫʨʩ ʯʠʪʘʻʪʴʩʷ 
ʦʙôʻʤʦʤ 70 ʛʦʜ. ʣʝʢʮʽʡʥʠʭ ʽ 35 ʛʦʜ. ʣʘʙʦʨʘʪʦʨʥʠʭ. 

ʂʨʽʤ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝ-
ʣʶʚʘʥʥʷ, ʱʦ ʯʠʪʘʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʣʘʩʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽʟ ʪʝʦʨʽʾ ʦʧ-
ʪʠʤʽʟʘʮʽʾ, ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ 
ʬʽʟʠʢʠ, ʫ ʢʫʨʩʽ ʚʠʩʚʽʪʣʶʶʪʴʩʷ ʥʦʚʽ ʧʽʜʭʦʜʠ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤ, 
ʷʢʽ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʫʟʘʛʘʣʴʥʝʥʥʷʭ ʧʩʝʚʜʦʽʥʚʝʨʩʥʠʭ ʤʝʪʦʜʽʚ ʧʦʙʫʜʦʚʠ ʪʘ ʜʦʩ-
ʣʽʜʞʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʩʠʩʪʝʤ. ʎʝʡ ʜʦʩʠʪʴ ʫʥʽ-
ʚʝʨʩʘʣʴʥʠʡ ʪʘ ʧʨʘʢʪʠʯʥʦ ʥʘʧʨʘʚʣʝʥʠʡ ʧʽʜʭʽʜ ʻ ʥʦʚʠʤ ʽ ʤʘʣʦ ʚʠʩʚʽʪʣʝʥʠʤ ʫ 
ʣʽʪʝʨʘʪʫʨʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʦʩʽʙʥʠʢ ʽ ʤʘʻ ʜʦʧʦʤʦʛʪʠ ʦʧʘʥʫʚʘʪʠ ʽʜʝʾ ʧʩʝʚʜʦʽ-
ʥʚʝʨʩʥʠʭ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤ ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪ-
ʨʘʤʠ. 

ʄʘʪʝʨʽʘʣ ʫ ʜʘʥʦʤʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʦʩʽʙʥʠʢʫ ʧʦʜʘʻʪʴʩʷ ʥʝ ʩʫʭʦ ʘʢʘ-
ʜʝʤʽʯʥʦ, ʘ ʚʽʜ ʧʦʩʪʘʥʦʚʢʠ ʛʣʦʙʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʾ ʧʦʩʪʘʥʦʚʢʠ 
ʟʘʜʘʯʽ, ʷʢʽʡ ʚʦʥʘ ʝʢʚʽʚʘʣʝʥʪʥʘ; ʜʘʣʽ ï ʜʦ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʡ ʧʦʩʪʘ-
ʥʦʚʢʠ ʥʦʚʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʨʦʙʣʝʤ, ʘʣʝ ʚʞʝ ʚʫʞʯʦʛʦ ʧʣʘʥʫ. ʅʘ ʜʫʤʢʫ ʘʚʪʦ-
ʨʘ, ʮʝ ʜʦʧʦʤʦʞʝ ʩʪʫʜʝʥʪʘʤ ʢʨʘʱʝ ʟʨʦʟʫʤʽʪʠ, ʱʦ ʪʨʝʙʘ ʨʦʟʚôʷʟʫʚʘʪʠ ʥʘ ʧʨʘʢ-
ʪʠʮʽ, ʷʢʽ ʪʨʫʜʥʦʱʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʧʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʧʠʪʘʥʴ ʽ ʷʢ 
ʮʽ ʪʨʫʜʥʦʱʽ ʨʝʘʣʴʥʦ ʟʜʦʣʘʪʠ. ʋ ʧʦʩʽʙʥʠʢʫ ʚʠʩʚʽʪʣʶʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʟʘʜʘʯʽ 
ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ, ʘʣʝ ʡ ʤʝʪʦʜʠʢʘ ʾʭ ʨʦʟʚôʷʟʘʥʥʷ ʟʘ ʜʦʩʠʪʴ ʟʘʛʘʣʴʥʠʭ ʧʦ-
ʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʪʘ ʟʦʚʥʽʰʥʴʦ-ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʦ-
ʩʣʽʜʞʫʚʘʥʠʭ ʩʠʩʪʝʤ. ɼʝʪʘʣʴʥʦ ʨʦʟʛʣʜ̫ʘʶʪʴʩʷ ʥʦʚʽ ʽʜʝʥʪʠʬʽʢʘʮʽʡʥʽ ʧʽʜʭʦʜʠ 
ʜʦ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ ʘʣʛʝʙʨʘʾʯʥʦʛʦ, ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʪʠʧʽʚ 
ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʾʭ ʜʦ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 
ɺʝʣʠʢʘ ʫʚʘʛʘ ʪʘʢʦʞ ʧʨʠʜʽʣʷʻʪʴʩʷ ʤʝʪʦʜʘʤ ʧʦʙʫʜʦʚʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʛʘʣʴ-
ʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʦʙʝʨʥʝʥʠʭ ʪʘ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ.  

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʚʠʢʣʘʜʝʥʽ ʚ ʧʦʩʽʙʥʠʢʫ ʧʽʜʭʦʜʠ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʽʜʝʥ-
ʪʠʬʽʢʘʮʽʾ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʫʩʧʽʰʥʦ ʨʝʘʣʽ-
ʟʫʶʪʴʩʷ ʩʪʫʜʝʥʪʘʤʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʠʭ ʟʘʥʷʪʪʷʭ, ʱʦ ʧʨʠʥʦʩʠʪʴ ʾʤ ʟʘʜʦʚʦʣʝʥ-
ʥʷ ʪʘ ʽʥʽʮʽʶʻ ʙʘʞʘʥʥʷ ʛʣʠʙʰʝ ʚʠʚʯʘʪʠ ʩʫʪʴ ʦʧʠʩʘʥʠʭ ʧʨʦʙʣʝʤ. 

ɸʚʪʦʨ ʙʫʚ ʙʠ ʥʝ ʱʠʨʠʤ, ʢʦʣʠ ʙ ʥʝ ʚʠʩʣʦʚʠʚ ʚʜʷʯʥʽʩʪʴ ʧʨʦʚʽʜʥʦʤʫ 
ʥʘʫʢʦʚʦʤʫ ʩʧʽʚʨʦʙʽʪʥʠʢʫ ɯʥʩʪʠʪʫʪʫ ʢʽʙʝʨʥʝʪʠʢʠ ʽʤ. ɺ.ʄ.ɻʣʫʰʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ 
ʧʨʦʬʝʩʦʨʫ ʂʠʨʠʯʝʥʢʫ ʄ.ʌ. ï ʽʜʝʡʥʦʤʫ ʛʝʥʝʨʘʪʦʨʫ ʦʧʠʩʘʥʠʭ ʪʫʪ ʤʝʪʦʜʽʚ ʪʘ 
ʧʽʜʭʦʜʽʚ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʪʘ ʟʘʚʽʜʫʚʘʯʫ ʚʽʜʜʽʣʫ ʮʴʦʛʦ ʞ ʽʥʩʪʠʪʫʪʫ ʯʣʝʥʫ-
ʢʦʨʝʩʧʦʥʜʝʥʪʫ ʅɸʅ ʋʢʨʘʾʥʠ, ʧʨʦʬʝʩʦʨʫ ʉʢʦʧʝʮʴʢʦʤʫ ɺ.ɺ. ï ʨʝʮʝʥʟʝʥʪʫ ʪʘ 
ʥʘʫʢʦʚʦʤʫ ʢʫʨʘʪʦʨʫ ʮʴʦʛʦ ʧʦʩʽʙʥʠʢʘ. ɸʚʪʦʨ ʚʜʷʯʥʠʡ ʟʘ ʧʽʜʪʨʠʤʢʫ ʪʘ ʜʦʙʨʦ-
ʟʠʯʣʠʚʽʩʪʴ ʜʝʢʘʥʫ ʬʘʢʫʣʴʪʝʪʫ ʢʽʙʝʨʥʝʪʠʢʠ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨ-



   

4 

ʩʠʪʝʪʫ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ ʧʨʦʬʝʩʦʨʫ ɿʘʢʫʩʠʣʫ ʆ.ʂ., ʟʘʚʽʜʫʚʘʯʫ ʢʘʬʝʜʨʠ 
ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʮʴʦʛʦ ʞ ʬʘʢʫʣʴʪʝʪʫ ʧʨʦʬʝʩʦʨʫ ɻʘʨʘʱʝʥʢʫ 
ʌ.ɻ., ʩʧʽʚʨʦʙʽʪʥʠʢʘʤ ʢʘʬʝʜʨʠ ʪʘ ʦʩʦʙʣʠʚʦ ʩʪʫʜʝʥʪʘʤ ʬʘʢʫʣʴʪʝʪʫ ʢʽʙʝʨʥʝʪʠ-
ʢʠ ʡ ʩʚʦʻʤʫ ʩʠʥʦʚʽ ɺʽʪʘʣʽʶ ʟʘ ʚʠʢʦʥʘʥʫ ʥʠʤʠ ʪʝʭʥʽʯʥʫ ʨʦʙʦʪʫ ʟ ʧʽʜʛʦʪʦʚʢʠ 
ʧʦʩʽʙʥʠʢʘ ʜʦ ʜʨʫʢʫ. 
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ʈʆɿɼɯʃ 1 
 

ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ  
ʇʈʗʄʀʍ ɿɸɼɸʏ ɼʀʅɸʄɯʂʀ ʉʀʉʊɽʄ  
ɯɿ ʈʆɿʇʆɼɯʃɽʅʀʄʀ ʇɸʈɸʄɽʊʈɸʄʀ 

 

ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʧʨʦʙʣʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʽʟ ʨʦʟʧʦʜʽʣʝ-
ʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʥʝʦʙʤʝʞʝʥʠʭ, ʯʘʩʪʢʦʚʦ ʦʙʤʝʞʝʥʠʭ ʪʘ ʦʙʤʝʞʝʥʠʭ ʧʨʦ-
ʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʦʙʣʘʩʪʷʭ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʯʘʪʢʦ-
ʚʦ-ʢʨʘʡʦʚʦʛʦ ʪʘ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩʠʩʪʝʤʦʶ ʬʽʢʪʠʚʥʠʭ 
ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʠʭ ʟʙʫʨʝʥʴ, ʷʢʽ ʜʽʶʪʴ ʟʘ ʤʝʞʘʤʠ ʨʦʟʛʣʷʜʫʚʘʥʠʭ ʧʨʦʩʪʦʨʦ-
ʚʦ-ʯʘʩʦʚʠʭ ʦʙʣʘʩʪʝʡ. ʇʦʙʫʜʦʚʘʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʥʘ ʪʦʯʥʽʩʪʴ ʽ ʦʜʥʦʟʥʘʯʥʽʩʪʴ 
ʤʥʦʞʠʥʠ ʤʦʜʝʣʶʶʯʠʭ ʬʫʥʢʮʽʡ (ʾʭ ʜʠʩʢʨʝʪʥʠʭ ʟʥʘʯʝʥʴ), ʷʢʠʤʠ ʟʘ ʩʝʨʝʜʥʴ-
ʦʢʚʘʜʨʘʪʠʯʥʠʤ ʢʨʠʪʝʨʽʻʤ ʤʦʜʝʣʶʻʪʴʩʷ ʝʬʝʢʪ ʚʧʣʠʚʫ ʥʘ ʩʪʘʥ ʩʠʩʪʝʤʠ ʜʠʩ-
ʢʨʝʪʠʟʦʚʘʥʠʭ (ʥʝʧʝʨʝʨʚʥʦ ʟʘʜʘʥʠʭ) ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ. ʇʦʩʪʘʚʣʝʥʦ 
ʟʘʜʘʯʽ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʠʩʪʝʤ ʧʨʠ ʥʝʧʦʚʥʦʪʽ ʽʥʬʦʨ-
ʤʘʮʽʾ ʧʨʦ ʪʝ ʩʝʨʝʜʦʚʠʱʝ (ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʩʠʩʪʝʤʦʶ, ʟʘ ʧʦʯʘʪʢʦʚʠʤʠ ʪʘ 
ʢʨʘʡʦʚʠʤʠ ʫʤʦʚʘʤʠ), ʚ ʷʢʦʤʫ ʪʘʢʽ ʩʠʩʪʝʤʠ ʬʫʥʢʮʽʦʥʫʶʪʴ. 

Ä1. ʇʨʦʙʣʝʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤ 
ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

 

1.1. ɼʠʬʝʨʝʥʮʽʘʣʴʥʘ ʤʦʜʝʣʴ ʜʠʥʘʤʽʢʠ. 
 

ʈʦʟʛʣʷʥʝʤʦ ʩʠʩʪʝʤʫ (ʧʨʦʮʝʩ), ʩʪʘʥ ʷʢʦʾ (ʷʢʦʛʦ) ʫ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʽʡ ʦʙ-

ʣʘʩʪʽ [ ]0 1 0{( , ) : ( ,.., ) , 0, }TS x t s x x x S t T
D D D

n= = = Í Í , ʦʙʤʝʞʝʥʽʡ ʢʦʥʪʫʨʦʤ ɻ, ʚʠ-

ʟʥʘʯʘʻʪʴʩʷ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʻʶ 1( ) ( ( ),..., ( )).ny s col y s y s=  ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʬʟ̔ʠʢʦ-

ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ (ʧʨʦʮʝʩʽʚ) ʧʽʩʣʷ ʚʠʚʯʝʥʥʷ ʡ ʬʦʨʤʘʣʽʟʘʮʽʾ ʾʭ ʩʫʪʽ ʚʜʘ̒ ʪʴʩʷ 

ʧʦʙʫʜʫʚʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ y(s) ʚʽʜ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ 

1( ) ( ( ),..., ( ))mu s col u s u s=  ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚ ʦʙʣʘʩʪʽ 0
TS  

ʜʽʶʪʴ ʥʘ ʩʠʩʪʝʤʫ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʮʷ ʟʘʣʝʞʥʽʩʪʴ ʟʘʧʠʩʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ 
ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʫ ʚ ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝʤʦ ʟʘʧʠʩʫʚʘʪʠ ʫ ʚʠʛʣʷʜʽ: 

),(),(),(),(
21

txuLtxyL
txtx
µµ=µµ ,   (1.1) 

ʜʝ
1

( ,.., ),x x x tn
µ = µ µ µ ð ʚʝʢʪʦʨ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ ʟʘ ʧʨʦʩʪʦʨʦʚʠʤʠ ʢʦʦʨ-

ʜʠʥʘʪʘʤʠ ( 1, )ix i n=  ʪʘ ʧʦʭʽʜʥʘ ʟʘ ʯʘʩʦʤ t,  

;

1 1 , 1

;

2 2 , 1

( , ) ( , ) ,

( , ) ( , )

i N j n

x t ij x t i j

i N j m

x t ij x t i j

L L

L L

= =

=

= =

=

è øµ µ = µ µê ú

è øµ µ = µ µê ú

   (1.2) 
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ï ʟʘʜʘʥʽ ʤʘʪʨʠʯʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʦʧʝʨʘʪʦʨʠ. 
ʆʧʠʩ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (1.1) ʙʫʜʝ ʥʝ ʧʦʚʥʠʤ, ʷʢʱʦ ʥʝ 

ʚʨʘʭʫʚʘʪʠ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ ʪʘ ʚʧʣʠʚ ʦʪʦʯʫʶʯʦʛʦ ʾʾ ʩʝʨʝʜʦʚʠʱʘ (ʜʦ-

ʚʢʽʣʣʷ), ʷʢʠʡ ʧʨʦʷʚʣʷʻʪʴʩʷ ʯʝʨʝʟ ʛʨʘʥʠʯʥʠʡ ʩʪʘʥ ʢʦʥʪʫʨʫ ũ ʦʙʣʘʩʪʽ 0S . 

ɺʧʣʠʚ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʟʙʫʨʝʥʴ ʥʘ ʩʪʘʥ ʩʠʩʪʝʤʠ ʚ ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝʤʦ 
ʦʧʠʩʫʚʘʪʠ ʥʘʩʪʫʧʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ: 

0 0

0
( ) ( ) ( )r t r

t
L y s Y x

=
µ = , 0x SÍ  0( 1, );r R=    (1.3) 

[ ]; 0,

( ) ( ) ( , )x
x x ɻ t T

L y s Y x t
G

G G G
r r

= Í Í

µ = , xG GÍ ( 1, ),RGr=  (1.4) 

ʜʝ 
0( ), ( )r t xL LGrµ µ  ï ʟʘʜʘʥʽ ʤʘʪʨʠʯʥʽ ʦʧʝʨʘʪʦʨʠ, ʘ 

0( )rY x  ʪʘ ( , )ɻY x tG
r  ï ʟʘʜʘʥʽ 

ʚʝʢʪʦʨʠ ʪʘ ʚʝʢʪʦʨʥʽ ʬʫʥʢʮʽʾ, ʨʦʟʤʽʨʥʽʩʪʴ ʷʢʠʭ, ʷʢ ʧʨʘʚʠʣʦ, ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʨʦʟʤʽʨʥʽ-

ʩʪʶ ʪʘ ʧʦʨʷʜʢʦʤ ʤʘʪʨʠʯʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʦʧʝʨʘʪʦʨʽʚ 1( , )x tL µ µ ʪʘ 

2( , )x tL µ µ. 

ʗʢʱʦ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʝʥʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ (1.1) ï (1.4) ʽ ʘʜʝ-
ʢʚʘʪʥʦ ʦʧʠʩʫʻ ʜʠʥʘʤʽʢʫ ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʦʛʦ ʦʙôʻʢʪʘ (ʧʨʦʮʝʩʫ), ʪʦ ʤʦʞʥʘ 
ʩʪʘʚʠʪʠ ʽ ʨʦʟʚôʷʟʫʚʘʪʠ: 

1. ʇʨʷʤʽ ʟʘʜʘʯʽ ʜʠʥʘʤʽʢʠ ï ʚʠʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ ʩʪʘʥʫ y(s) ʧʨʠ ʟʘʜʘʥʠʭ 

ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʠʭ ʬʘʢʪʦʨʘʭ ( )u s , 
0( )rY x  0( 1, )r R= , ( , )Y x tG G

r  ( 1, )RGr= ; 

2. ʆʙʝʨʥʝʥʽ ʟʘʜʘʯʽ ʜʠʥʘʤʽʢʠ ï ʚʠʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʡ ( )u s , 
0( )rY x  

0( 1, )r R= , ( , )Y x tG G
r  ( 1, )RGr= , ʷʢʽ ʙ ʟʛʽʜʥʦ ʟ ʧʝʚʥʠʤ ʢʨʠʪʝʨʽʻʤ ʜʦʟʚʦʣʷʣʠ 

ʦʪʨʠʤʫʚʘʪʠ ʟʘʜʘʥʫ ʢʘʨʪʠʥʫ ʟʤʽʥ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ y(s) (ʘʙʦ ʥʘʙʣʠʞʘʪʠʩʷ ʜʦ ʥʝʾ). 

ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʢʣʘʩʠʯʥʠʭ ʩʠʩʪʝʤ ʤʦʜʝʣʽ ʚʠʛʣʷʜʫ (1.1) ï (1.4) ʧʦʙʫʜʦʚʘʥʽ 
ʪʘ ʘʧʨʦʙʦʚʘʥʽ ʧʨʘʢʪʠʢʦʶ, ʘ ʚʽʜʧʦʚʽʜʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʪʝʦʨʽʾ ʜʦʟʚʦʣʷʶʪʴ 
ʨʦʟʚôʷʟʫʚʘʪʠ ʷʢ ʧʨʷʤʽ, ʪʘʢ ʽ ʦʙʝʨʥʝʥʽ ʟʘʜʘʯʽ ʜʠʥʘʤʽʢʠ ʪʘʢʠʭ ʩʠʩʪʝʤ. 
ʇʨʦʙʣʝʤʠ ʚʠʥʠʢʘʶʪʴ ʪʘʤ, ʜʝ ʯʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ ʩʠʩʪʝʤʠ (ʧʨʦʮʝʩʫ), ʤʦʜʝʣʴ 

(1.1) ï (1.4) ʥʝ ʧʦʚʥʘ (ʥʝʤʘʻ ʫʟʛʦʜʞʝʥʦʩʪʽ ʤʽʞ ʨʦʟʤʽʨʥʽʩʪʶ ʡ ʧʦʨʷʜʢʦʤ ʩʠʩʪʝʤʠ 
(1.1) ʪʘ ʨʦʟʤʽʨʥʽʩʪʶ ʡ ʢʽʣʴʢʽʩʪʶ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (1.3), (1.4)), ʥʝʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʻ 
ʜʠʥʘʤʽʢʫ ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʘʙʦ ʩʝʨʝʜʦʚʠʱʝ, ʚ ʷʢʦʤʫ ʬʫʥʢʮʽʦʥʫʻ ʩʠʩʪʝ-
ʤʘ (ʧʨʦʪʽʢʘʻ ʧʨʦʮʝʩ), ʥʝ ʟʦʚʩʽʤ ʚʠʚʯʝʥʝ ʡ ʬʦʨʤʘʣʽʟʦʚʘʥʝ ʫ ʚʠʛʣʜ̫ʽ (1.3), (1.4). 
ʈʦʟʚôʷʟʦʢ ʧʨʦʙʣʝʤʠ ï ʫ ʥʘʩʪʨʦʡʮʽ ʤʦʜʝʣʽ (1.1) ʪʘ ʫʤʦʚ (1.3), (1.4) ʥʘ ʨʝʘʣʴʥʫ 
ʜʠʥʘʤʽʯʥʫ ʢʘʨʪʠʥʫ, ʷʢʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʩʠʩʪʝʤʠ. ʎʝ ʚʠʢʦʥʫ̒ ʪʴʩʷ: 

1. ʐʣʷʭʦʤ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (1.1), (1.3), (1.4) 
ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʷʢʱʦ ʩʠʩʪʝʤʘ (ʧʨʦʮʝʩ) ʬʦʨʤʘʣʽʟʦʚʘʥʘ 
ʤʦʜʝʣʣʶ (1.1) ï (1.4); 

2. ʄʦʜʝʣʶʚʘʥʥʷʤ ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʦʾ ʦʙʩʪʘʥʦʚʢʠ, ʷʢʱʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

(1.3), (1.4) ʚʘʞʢʦ ʬʦʨʤʘʣʽʟʫʶʪʴʩʷ, ʘʙʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ( )u s , 
0( )rY x , 

( , )Y x tG G
r  ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʦʛʦ ʦʪʦʯʝʥʥʷ ʩʠʩʪʝʤʠ ʥʝ ʜʦʩʪʫʧʥʽ (ʯʘʩʪʢʦʚʦ 

ʜʦʩʪʫʧʥʽ) ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ. 
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ʇʨʘʢʪʠʢʘ ʨʦʙʦʪʠ ʟ ʤʦʜʝʣʷʤʠ (1.1) ï (1.4) ʚʠʤʘʛʘʻ ʚʤʽʥʥʷ ʩʪʘʚʠʪʠ ʪʘ 
ʨʦʟʚôʷʟʫʚʘʪʠ ʪʘʢʽ ʟʘʜʘʯʽ: 

0

2
( ) ( ) min

TS a

y s Y s ds
­

- ­ñ ;   (1.5) 

0
0

2

( ), ( ), ( )
( ) ( ) min

T u s u s u s
S

y s Y s ds
G

- ­ñ ,  (1.6) 

ʜʝ ( )Y s  ïʩʧʦʩʪʝʨʝʞʫʚʘʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ, a
­

 ï ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ, ʚʽʜ 

ʷʢʠʭ ʟʘʣʝʞʘʪʴ ʤʘʪʨʠʯʥʽ ʦʧʝʨʘʪʦʨʠ 1( , )x tL µ µ, 2( , )x tL µ µ, 
0( ), ( )r t xL LGrµ µ, ʘ 

0( )u s  ʪʘ ( )u sG  ï ʬʽʢʪʠʚʥʽ ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʽ ʬʘʢʪʦʨʠ, ʷʢʠʤʠ ʤʦʜʝʣʶʻʪʴʩʷ 

ʝʬʝʢʪ ʚʧʣʠʚʫ ʥʘ ʚʝʢʪʦʨ-ʩʪʘʥ y(s) ʩʠʩʪʝʤʠ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ (1.3), (1.4). 

ʄʝʪʦʜʠ ʧʦʩʪʘʥʦʚʢʠ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ (1.5), (1.6) ʜʣʷ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʽ 
ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ (1.1) ï (1.4) ʨʦʟʛʣʷʥʫʪʦ ʜʘʣʽ. 
 

1.2. ɯʥʪʝʛʨʘʣʴʥʘ ʤʦʜʝʣʴ ʜʠʥʘʤʽʢʠ. 
 

ʇʨʘʢʪʠʢʘ ʨʦʙʦʪʠ ʽʟ ʩʠʩʪʝʤʘʤʠ, ʱʦ ʬʫʥʢʮʦ̔ʥʫʶʪʴ ʫ ʧʝʚʥʽʡ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʽʡ 
ʦʙʣʘʩʪʽ, ʧʦʢʘʟʘʣʘ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʙʦʨʫ ʤʦʜʝʣʽ ʜʠʥʘʤʽʢʠ ʫ ʬʦʨʤʽ (1.1) ï (1.4) ʽ ʜʦ-
ʚʝʣʘ ʜʽʻʚʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʷʤʠʭ ʪʘ ʦʙʝʨʥʝʥʠʭ ʟʘʜʘʯ 
ʜʠʥʘʤʽʢʠ ʪʘʢʠʭ ʩʠʩʪʝʤ. ʈʦʟʚ'ʷʟʢʠ ʞ ʟʘʜʘʯ (1.5), (1.6) ʜʣʷ ʩʠʩʪʝʤ, ʜʠʥʘʤʽʢʘ ʷʢʠʭ 
ʦʧʠʩʫʻʪʴʩʷ ʤʦʜʝʣʣʶ (1.1) ï (1.4), ʻ ʩʢʣʘʜʥʠʤʠ. ʊʦʤʫ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ (1.5), 
(1.6) ʦʙʝʨʝʤʦ ʽʥʪʝʛʨʘʣʴʥʫ ʤʦʜʝʣʴ, ʷʢʫ ʟʘʧʠʰʝʤʦ ʫ ʚʠʛʣʷʜʽ: 

0

( ) ( ) ( )
TS

y s G s s u s ds¡ ¡ ¡= -ñ ,  (1.7) 

ʜʝ ( )G s s¡-  ï ʚʽʜʦʤʘ ʤʘʪʨʠʯʥʘ ʬʫʥʢʮʽʷ. ʗʚʥʘ ʘʥʘʣʽʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ y(s) ʚʽʜ 

u(s) ʩʧʨʦʱʫʻ ʨʦʙʦʪʫ ʟ ʤʦʜʝʣʣʶ ʪʘ ʘʣʛʦʨʠʪʤʠ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ (1.5), (1.6). 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.7), ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (1.1) ï (1.4), ʟ ʬʽʟʠʢʦ-
ʪʝʭʥʽʯʥʠʭ ʤʽʨʢʫʚʘʥʴ ʻ ʩʢʣʘʜʥʠʤ ʜʣʷ ʧʦʙʫʜʦʚʠ. ʑʦʙ ʦʪʨʠʤʘʪʠ ʡʦʛʦ ʟ ʤʦʜʝʣʽ 
(1.1) ï (1.4), ʜʦ ʚʠʛʣʷʜʫ (1.7) ʥʝʦʙʭʽʜʥʦ ʧʨʠʟʚʝʩʪʠ ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʧʦ-
ʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ (1.1) ï (1.4). ʎʝ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʜʣʷ ʜʝʷʢʠʭ ʥʝʩʢʣʘʜ-
ʥʠʭ ʤʦʜʝʣʝʡ ʽ ʜʦʩʠʪʴ ʧʨʦʩʪʠʭ ʫʤʦʚ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʄʝʪʦʜʠ, ʱʦ ʨʦʟʛʣʷ-
ʜʘʶʪʴʩʷ ʜʘʣʽ, ʩʧʨʦʱʫʶʪʴ ʨʦʟʚôʷʟʦʢ ʮʽʻʾ ʧʨʦʙʣʝʤʠ. ɼʣʷ ʧʦʯʘʪʢʫ ʟʘʧʨʦʧʦʥʫʻ-
ʤʦ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ (1.7) ʜʣʷ ʩʠʩʪʝʤ, ʷʢʽ ʬʫʥʢʮʽʦʥʫʶʪʴ ʫ ʥʝʦʙʤʝʞʝ-
ʥʽʡ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ: 

( : ; )S s x R tn¤
¤= Í -¤< <¤.   (1.8) 

ʇʦʙʫʜʦʚʘʥʘ ʜʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ ʟʘʣʝʞʥʽʩʪʴ  

( ) ( ) ( )

S

y s G s s u s ds
¤
¤

¤ ¡ ¡ ¡= -ñ    (1.9) 
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ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʚʽʜ ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʠʭ ʟʙʫʨʝʥʴ u(s) ʙʫʜʝ 
ʨʦʟʚôʷʟʢʦʤ ʨʽʚʥʷʥʥʷ (1.1) ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ (1.3), (1.4). 

ʄʘʪʨʠʯʥʘ ʬʫʥʢʮʽʷ ( )G s s¡-  ʫ ʮʴʦʤʫ ʨʦʟʚôʷʟʢʫ ʙʫʜʝ ʬʫʥʢʮʽ̒ʶ ɻʨʽʥʘ ʪʘʢʦʶ, ʱʦ  

1 2( , ) ( ) ( , ) ( )x t x tL G s s L s sD¡ ¡µ µ - = µ µ -,  (1.10) 

ʜʝ ( ) ( ( '),  1, )s s diag s s i mD d¡- = - =, ʘ d(s-sô) ï ʪʘʢ ʟʚʘʥʘ dïʬʫʥʢʮʽʷ, ʘʙʦ 

ʬʫʥʢʮʽʷ ʦʜʠʥʠʯʥʦʛʦ ʜʞʝʨʝʣʘ. 
ʋʨʘʭʦʚʫʶʯʠ, ʱʦ  

( ) ' 1; ( ) ( ) ( ),s s ds u s s s ds u sd d
¤ ¤

-¤ -¤

¡ ¡ ¡ ¡- = - =ñ ñ  

ʦʪʨʠʤʫʻʤʦ, ʱʦ ʜʽʡʩʥʦ ( )y s¤  ʫ ʬʦʨʤʽ (1.9) ʟʘʜʦʚʦʣʴʥʷʪʠʤʝ ʨʽʚʥʷʥʥʶ (1.1) ʚ 

ʦʙʣʘʩʪʽ S¤¤ . 

ʌʫʥʢʮʽʶ ʩʪʘʥʫ y(s) ʩʠʩʪʝʤʠ (1.1) ï (1.4), ʱʦ ʬʫʥʢʮʽʦʥʫʻ ʚ ʟʘʤʢʥʝʥʽʡ ʧʨʦʩ-

ʪʦʨʦʚʦ-ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ 0
TS , ʘʙʦ ʪʘʢ ʟʚʘʥʫ ʽʥʪʝʛʨʘʣʴʥʫ ʤʦʜʝʣʴ ʜʠʥʘʤʽʢʠ ʩʠʩ-

ʪʝʤʠ, ʧʦʙʫʜʫ̒ ʤʦ ʫ ʚʠʛʣʷʜʽ  

0( ) ( ) ( ) ( ),ɻy s y s y s y s¤= + +   (1.11) 

ʜʝ 0( )y s  ʪʘ ( )ɻy s  ï ʩʢʣʘʜʦʚʽ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ y(s) ʩʠʩʪʝʤʠ, ʷʢʠʤʠ ʚʠʟʥʘʯʘ-

ʻʪʴʩʷ ʚʥʝʩʦʢ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ (1.3), (1.4) ʫ ʟʘʛʘʣʴʥʫ ʢʘʨʪʠʥʫ ʜʠʥʘʤʽ-

ʢʠ ʩʠʩʪʝʤʠ. ʇʨʠ ʮʴʦʤʫ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ 0( )y s  ʪʘ ( )ɻy s  ʦʙʝʨʝʤʦ ʫ ʚʠʛʣʷʜʽ  

0

0

0 0( ) ( ) ( ) ;
S

y s dt G s s u s dx
-¤

¡ ¡ ¡ ¡= -ñ ñ    (1.12) 

0\ 0

( ) ( ) ( )
T

S S

y s dx G s s u s dtG G

¤

¡ ¡ ¡ ¡= -ñ ñ ,  (1.13) 

ʜʝ S Rn¤¹ , ʘ 0( )u s¡ ʪʘ ( )u sG ¡ ï ʬʽʢʪʠʚʥʽ ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʽ ʟʙʫʨʝʥʥʷ, ʷʢʽ 

(ʜʠʚ. (1.12), (1.13)) "ʜʽʶʪʴ" ʟʘ ʤʝʞʘʤʠ ʯʘʩʦʚʦʾ ʪʘ ʧʨʦʩʪʦʨʦʚʦʾ ʦʙʣʘʩʪʝʡ ʚʽʜ-
ʧʦʚʽʜʥʦ ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʫʤʦʚʠ, ʱʦʙ ʟ ʫʨʘʭʫʚʘʥʥʷʤ (1.11) ʚʠʢʦʥʫʚʘʣʠʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.3), (1.4) ʧʨʠ ʟʘʜʘʥʠʭ 
0( ), ( , )rY x Y x tG G

r . ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʞ 

(1.1) ʽʟ ʟʦʙʨʘʞʝʥʥʷʤ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ ʩʪʘʥʫ y(s) ʫ ʚʠʛʣʷʜʽ (1.11) ʙʫʜʫʪʴ ʚʠʢʦʥʫ-

ʚʘʪʠʩʷ. ʎʝ ʣʝʛʢʦ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʣʘʩʪʠʚʦʩʪʝʡ (1.10) ʬʫʥʢ-

ʮʽ (ʾ )G s s¡- , d-ʬʫʥʢʮʽʾ ( )s sd ¡-  ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ 0( )u s  

ʪʘ ( )u sG  ʚ (1.12) ʪʘ (1.13). 

 

1.3. ʇʨʦʙʣʝʤʠ ʧʝʨʝʭʦʜʫ ʚʽʜ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʬʦʨʤʠ 
ʤʦʜʝʣʽ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤʠ ʜʦ ʽʥʪʝʛʨʘʣʴʥʦʾ. 

 

ɿʘʤʽʥʘ ʢʣʘʩʠʯʥʦʾ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʬʦʨʤʠ (1.1) ʤʦʜʝʣʽ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤ ʽʟ 
ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʽʥʪʝʛʨʘʣʴʥʦʶ ʬʦʨʤʦʶ (1.9), (1.11) ï (1.13), ʷʢʘ 
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ʤʦʞʝ ʙʫʪʠ ʟʨʫʯʥʽʰʦʶ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯ (1.5), (1.6), ʚʠʢʣʠʢʘʻ ʯʠʤʘʣʽ ʪʨʫ-
ʜʥʦʱʽ, ʷʢʽ ʧʦʣʛ̫ʘʶʪʴ ʫ: 

1) ʧʦʙʫʜʦʚʽ ʤʘʪʨʠʯʥʦʾ ʬʫʥʢʮʽʾ ɻʨʽʥʘ ( )G s s¡-  ʨʽʚʥʷʥʥʷ (1.1) ʜʣʷ ʥʝʦʙʤʝ-

ʞʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ ʦʙʣʘʩʪʽ S¤¤ ; 

2) ʧʦʙʫʜʦʚʽ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʡ 0( )u s  ʪʘ ( )u sG , ʷʢʠʤʠ ʙ ʤʦʜʝʣʶʚʘʣʠʩʷ ʧʦʯʘ-

ʪʢʦʚʦ-ʢʨʘʡʦʚʽ ʫʤʦʚʠ (1.3), (1.4). 
ʄʘʪʝʤʘʪʠʯʥʦ ʧʝʨʰʘ ʧʨʦʙʣʝʤʘ ʟʚʦʜʠʪʩɹʷ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ (1.10). 

ʈʦʟʚôʷʟʦʢ ʜʨʫʛʦʾ ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʩʠʩʪʝʤʦʶ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ: 

0

0

0

0
0

0 0

0
0

\ 0

00 0
0 0

( ) ( ) ( )

( ) ( ) ( )

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

r t t

S

T

r t t r

S S

rr r t t

S

dt L G s s u s ds

dx L G s s u s ds

Y x L G s s u s ds Y x r R
D

¤

=

-¤

=

=

¡ ¡ ¡ ¡µ - +

¡ ¡ ¡ ¡+ µ - =

¡ ¡ ¡= - µ - = =

ñ ñ

ñ ñ

ñ

 (1.14) 

0

0

0

0

\ 0

( ) ( ) ( )

( ) ( ) ( )

x x x
S

T

x x x
S S

dt L G s s u s ds

dx L G s s u s ds

G

G

G
r

G
r G

¤

=
-¤

=

¡ ¡ ¡ ¡µ - +

¡ ¡ ¡ ¡+ µ - =

ñ ñ

ñ ñ

 (1.15) 

0

( , ) ( ) ( ) ( ) ( , ) ( 1, ).
T

x x x
S

Y x t L G s s u s ds Y x t RG

D GG G G
rr G r Gr

=
¡ ¡ ¡= - µ - = =ñ  

ʇʨʠ ʮʴʦʤʫ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ, ʱʦ ʬʫʥʢʮʽʷ ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʠʭ ʟʙʫ-

ʨʝʥʴ u(s) ʚ̔ʜʦʤʘ. 

ɺʘʨʽʘʥʪʠ ʨʦʟʚôʷʟʘʥʥʷ ʮʠʭ ʜʚʦʭ ʧʨʦʙʣʝʤ ʤʠ ʨʦʟʛʣʷʥʝʤʦ ʜʘʣʽ, ʦʜʥʘʢ ʟʘʫʚʘ-
ʞʠʤʦ, ʱʦ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ (1.1) ʽʥʪʝʛʨʘʣʴʥʽ ʩʧʽʚʚʽʜ-
ʥʦʰʝʥʥʷ (1.14), (1.15) ʩʧʨʦʱʫʶʪʴʩʷ. ʎʝ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʧʨʠ ʨʦʟʛʣʷʜʽ ʜʠʥʘʤʽʢʠ 
ʩʠʩʪʝʤʠ (1.1) ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʧʦʯʘʪʢʦʚʠʤ ʘʙʦ ʢʨʘʡʦʚʠʤ ʟʙʫʨʝʥʥʷʤ. ɼʣʷ ʮʠʭ 
ʜʚʦʭ ʚʠʧʘʜʢʽʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.14), (1.15) ʩʧʨʦʱʫʶʪʴʩʷ ʜʦ ʪʘʢʠʭ:  
1) ʜʣʷ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤʠ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʢʨʘʡʦʚʠʭ ʫʤʦʚ (ʫ ʥʝʦʙʤʝʞʝʥʽʡ 

ʧʨʦʩʪʦʨʦʚʽʡ ʦʙʣʘʩʪʽ): 

0

0
00

00 0( ) ( ) ( ) ( )  ( 1, );rr t t

S

dt L G s s u s ds Y x r R=

-¤

¡ ¡ ¡ ¡µ - = =ñ ñ  (1.16) 

2) ʜʣʷ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤʠ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ (ʫ ʥʝʦʙʤʝʞʝ-
ʥʽʡ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ):  

0\ 0

( ) ( ) ( )

( , ) ( 1, ) .

T

x x x
S S

ɻ

dx L G s s u s ds

Y x t R

G
G
r G

G G
r r

¤

=
¡ ¡ ¡ ¡µ - =

= =

ñ ñ
  (1.17) 
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ʈʦʟʛʣʷʥʝʤʦ ʪʨʠ ʚʘʨʽʘʥʪʠ ʦʙʝʨʥʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (1.14) ï (1.17): 

ʜʠʩʢʨʝʪʠʟʦʚʘʥʠʭ ʧʦ s ʪʘ s¡; 

ʜʠʩʢʨʝʪʠʟʦʚʘʥʠʭ ʧʦ s; 

ʜʠʩʢʨʝʪʠʟʦʚʘʥʠʭ ʧʦ s¡. 

ʎʽ ʚʘʨʽʘʥʪʠ ʟʚʦʜʷʪʴʩʷ ʜʦ ʧʦʙʫʜʦʚʠ ʨʦʟʚôʷʟʢʫ ʘʣʛʝʙʨʘʾʯʥʠʭ, ʽʥʪʝʛʨʘʣʴʥʠʭ 
ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚʽʜʧʦʚʽʜʥʦ: 

;Cu y=      (1.18) 

( ) ( ) ;A s u s ds y¡¡ ¡=ñ    (1.19) 

( ) ( )B s u y s= .    (1.20) 

ɺʠʧʠʰʝʤʦ ʚʠʨʘʟʠ ʤʘʪʨʠʮʽ ʉ, ʚʝʢʪʦʨʽʚ u  ʪʘy, ʘ ʪʘʢʦʞ ʤʘʪʨʠʯʥʠʭ ʬʫʥʢ-

ʮʽʡ ( )A s¡ʪʘ ( )B s  ʜʣʷ ʟʘʜʘʯʽ (1.14), (1.15). 

1). ʋ ʨʽʚʥʷʥʥʽ (1.18): 

11 12

21 22

;
G G

C
G G

å õ
=æ ö
ç ÷

0
;

u
u

uG

å õ
=æ ö
æ ö
ç ÷

 0
,

y
y

yG

å õ
=æ ö
æ ö
ç ÷

   (1.21)  

ʘ 

0
0 0

11 0 0 00,
(( ( ( ) ( ) , 1, ) , 1, ), 1, );

l
r t m t x x

G col str L G s s m M l L r R
= =

= µ - = = = 

0
0

12 0 00,
(( ( ( ) ( ) , 1, ) , 1, ), 1, );

l
r t m t x x

G col str L G s s m M l L r RG
G= =

= µ - = = = 

0
21 0,

((( ( ( ) ( ) , 1, ), 1, ), 1, ) , 1, );
k l

x m t t x x
G col str L G s s m M l L k K RG

G
r G Gr

= =
= µ - = = = = 

22 ,
((( ( ( ) ( ) , 1, ), 1, ), 1, ) , 1, );

k l
x m t t x x

G col str L G s s m M l L k K RG
G G
r G G Gr

= =
= µ - = = = = 

0
0 0 0(( ( ), 1, ), 1, )

( ( ), 1, );

m

m

u col u s m M l L

u col u s m M

G

G
G G G

= = =

= =
 

0 0
0 00 (( ( ,0), 1, ),   1, );

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

r l

ɻ
ɻ ɻl kɻ

y col Y x l L r R

y col Y x t l L k K RG
r r

= = =

= = = =
 (1.22) 

ʊʫʪ 0 0, , , ,K L L M MG G ï ʟʘʜʘʥʽ ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ 

[ ]0,kt TÍ , 0
0,l lx S xG GÍ Í , 0 0

0 0 ( ,0];ms S S¤Í = ³ -¤ 0 0( \ ) [0, ].T
ms S S S TG D

¤ ¤Í = ³  

2). ʋ ʨʽʚʥʷʥʥʽ (1.19): 

11 12

21 22

0 0

( ) ( )
( ) ;

( ) ( )

( )
( ) ;    ,

( )

A A

A A

G s G s
A s

G s G s

yu s
u s y

u s yG G

å õ¡ ¡
¡=æ ö
æ ö¡ ¡ç ÷

å õ¡å õ
¡= =æ öæ ö æ ö¡ç ÷ ç ÷

   (1.23) 
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ʜʝ ( )0
0 0( )u s s S¤¡ ¡Í  ʪʘ ( )0( ) Tu s s SG ¤¡ ¡Í  ï ʤʦʜʝʣʶʶʯʽ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ, 

ʫʚʝʜʝʥʽ ʚ (1.12), (1.13), 0y ʪʘ yG  ʚʠʟʥʘʯʝʥʽ ʚ (1.22), ʘ 

0

0
01 0 0( ) ( ) ( ) , 1, , 1, ;

l

A
ti r t

x x

G s col L G s s l L r R=

=

å õå õ
æ öæ ö¡ ¡= µ - = =
æ öæ ö
ç ÷ç ÷

 (1.24) 

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

l

A
t ti x

x x

G s col L G s s l L k K ɟ R
G

G
r G G=

=

å õå õå õ
æ öæ öæ ö¡ ¡= µ - = = =
æ öæ öæ ö
ç ÷ç ÷ç ÷

. 

ʊʫʪ 
0

0s S¤¡Í  ʧʨʠ i=1 ʪʘ 0
Ts S¤Í  ʧʨʠ i=2. 

3). ʋ ʨʽʚʥʷʥʥʽ (1.20): 

()

11 12

21 22

0
0

( ) ( )
( ) ;

( ) ( )

( )
; ,

( , )

B B

B B

G s G s
B s

G s G s

u Y x
u y s

u Y x tG
G

å õ
=æ ö
æ ö
ç ÷

å õå õ
= =æ öæ ö æ öç ÷ ç ÷

   (1.25) 

ʜʝ 
0 0

0 0( ) ( ( ), 1, ) ( )rY x col Y x r R x S= = Í . 

[ ]( , ) ( ( , ), 1, ) ( , 0, )Y x t col Y x t R x t TG G
r Gr G= = Í Í , 

0u ʪʘ ɻu ʚʠʟʥʘʯʝʥʽ ʚ (1.22), ʘ 

( )( )
( )( )

( )( )
( )( )

0 0
11 0 0 0

0
12 0 0

0
21 0

22

( ) ( ) ( ) , 1, , 1, ;

( ) ( ) ( ) , 1, , 1, ;

( ) ( ) ( ) , 1, , 1, ;

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

B
r t m t

B
r t m t

B
x m x x

B
x m x x

G s col str L G s s m M r R

G s col str L G s s m M r R

G s col str L G s s m M R

G s col str L G s s m M R

G

G

G
G

G
r G

G G
r G G

r

r

=

=

=

=

= µ - = =

= µ - = =

= µ - = =

= µ - = =

 (1.26) 

ɺʠʨʘʟʠ (1.21), (1.23) ʪʘ (1.25) ʜʣʷ ʤʘʪʨʠʮʽ ʉ ʚʝʢʪʦʨʽʚ ,u y, ʤʘʪʨʠʯʥʠʭ ʬʫ-

ʥʢʮʽʡ ( ), ( )A s B s¡  ʩʧʨʦʱʫʶʪʴʩʷ ʜʣʷ ʟʘʜʘʯ (1.16) ʪʘ (1.17) ʽ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʦʟʥʘʯʝʥʴ (1.22), (1.24), (1.26), ʟʘʧʠʩʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

1). ɼʣʷ ʟʘʜʘʯʽ (1.16): 

011 0; ; ;C G u u y y= = =     (1.27) 

11 0 0( ') ( '); ( ') ( ');AA s G s u s u s y y= = =; 

0
011( ) ( ); ; ( ) ( ) ;BB s G s u u y s Y x= = =  

2). ɼʣʷ ʟʘʜʘʯʽ (1.17): 
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22; ; ;C G u u y yG G= = =    (1.28) 

22( ') ( '); ( ') ( ');AA s G s u s u s y yG G
= = =; 

22( ) ( ); ; ( ) ( , ) .BB s G s u u y s Y x tG
G= = =  

ʆʪʞʝ, ʧʨʦʙʣʝʤʘ ʧʝʨʝʭʦʜʫ ʚʽʜ ʜʠʬʝʨʝʥʮʘ̔ʣʴʥʦʛʦ ʟʘʧʠʩʫ ʤʦʜʝʣʽ ʜʠʥʘʤʽʢʠ 

ʫ ʬʦʨʤʽ (1.1) ï (1.4) ʜʦ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʫ ʬʦʨʤʽ (1.9), (1.11) ï (1.13) 

ʙʫʜʝ ʨʦʟʚôʷʟʘʥʘ, ʷʢʱʦ: 

1) ʙʫʜʝ ʧʦʙʫʜʦʚʘʥʘ ʤʘʪʨʠʯʥʘ ʬʫʥʢʮʽʷ ɻʨʽʥʘ ( )G s s¡-  ʜʣʷ ʥʝʦʙʤʝʞʝʥʦʾ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ ʦʙʣʘʩʪʽ S¤¤ ; 

2) ʙʫʜʫʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʨʦʟʚôʷʟʢʽʚ (ʘʙʦ ʥʘʙʣʠʞʝʥʴ ʜʦ 

ʥʠʭ) ʨʽʚʥʷʥʴ (1.18) ï (1.20). 

ʎʽ ʜʚʘ ʧʠʪʘʥʥʷ ʜʝʪʘʣʴʥʦ ʦʙʛʦʚʦʨʶʚʘʪʠʤʫʪʴʩʷ ʜʘʣʽ. 
 

1.4. ʇʨʦʙʣʝʤʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤ 

ʽʟ ʨʦʟʧʦʜʣ̔ʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 
 

ʗʢ ʚʽʜʟʥʘʯʘʣʦʩʷ ʚʠʱʝ, ʥʝ ʟʘʚʞʜʠ ʚʜʘʻʪʴʩʷ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʘʪʠ ʜʠʥʘʤʽʢʫ 

ʩʠʩʪʝʤʠ; ʦʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʩʢʣʘʜʥʠʭ ʜʣʷ ʬʦʨʤʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ. ʋ ʪʘ-

ʢʠʭ ʚʠʧʘʜʢʘʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʦʧʝʨʘʪʦʨʠ ʨʽʚʥʷʥʥʷ (1.1), ʘ ʽʥʢʦʣʠ ʡ ʩʧʽʚʚʽʜʥʦ-

ʰʝʥʴ (1.3) ʪʘ (1.4), ʤʦʞʫʪʴ ʟʘʣʝʞʘʪʠ ʚʽʜ ʥʝʚʽʜʦʤʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɿ ʮʴʦʛʦ ʚʠ-

ʧʣʠʚʘʻ, ʱʦ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʛʣʷʜ ʮʠʭ ʦʧʝʨʘʪʦʨʽʚ ʤʦʞʝ ʙʫʪʠ ʪʘʢʠʤ: 

.),(),(),,(),,(
0

0

2211 xtrtxtx
aLaLaLaL µµµµµµ
G

G

r  

ʊʫʪ 1 2 0, , ,a a a aG ï ʚʝʢʪʦʨʠ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʟ ʝʢʩʧʝ-

ʨʠʤʝʥʪʫ. 

ʋʨʘʭʦʚʫʶʯʠ, ʱʦ ʚʽʜ ( )1 2 0, , ,a a a a a
D

G=  ʟʘʣʝʞʘʪʠʤʝ ʬʫʥʢʮʽʷ ɻʨʽʥʘ 

( )G s s¡- , ʟʘ ʫʤʦʚʠ, ʱʦ ʚʜʘʣʦʩʷ ʦʙʝʨʥʫʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.18)-(1.20) ʪʘʢ, ʱʦ 

( )

( )

;

( ) ( ) ;

( ) ( ) ,

u A y

u s A s y

u B s y s ds

+

+

+

=

=

=ñ

   (1.29) 

ʪʘ ʧʦʟʥʘʯʘʶʯʠ ʯʝʨʝʟ 
* * *(( , ( )), 1, )i i is y y s i P

D

= =  ʥʘʙʽʨ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘ-

ʥʠʭ, ʧʨʦʙʣʝʤʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ a
C

 ʟʚʝʜʝʤʦ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ: 

2
*

1

( , ) min
P

i i
ai

y s a y
=

- ­ä ,   (1.30) 

ʜʝ 

( , ) ( )y s a B s u=     (1.31) 

ʘʙʦ 
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( , ) ( ) ( ) .y s a G s s u s ds¡ ¡ ¡= -ñ                     (1.32) 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.29) ʻ ʜʫʞʝ ʩʧʨʦʱʝʥʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ ʨʦʟʚôʷʟʢʫ ʨʽʚ-

ʥʷʥʴ (1.18) ï (1.20). ʆʜʥʘʢ ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʽʩʣʷ ʧʦʙʫʜʦʚʠ ʦʙʝ-

ʨʥʝʥʴ ʪʠʧʫ (1.29) ʤʠ ʟʘʧʨʦʧʦʥʫʻʤʦ. 
 
 

1.5. ʇʨʦʙʣʝʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʦʛʦ ʦʪʦʯʝʥʥʷ 

ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤ ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 
 

ʏʘʩʪʦ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ, ʟʥʘʶʯʠ ʩʪʨʫʢʪʫʨʫ ʤʦʜʝʣʽ, ʚʽʜʥʦʚʠʪʠ ʟʥʘʯʝʥʥʷ 

( )u s , 
0

0( ) ( 1, )rY x r R= , ( , ) ( 1, )Y x t ɟ RG G
r G=  ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʦʛʦ ʟʙʫ-

ʨʝʥʥʷ, ʧʦʯʘʪʢʦʚʠʭ ʪʘ ʢʨʘʡʦʚʠʭ ʟʙʫʨʶʶʯʠʭ ʬʘʢʪʦʨʽʚ ï ʫʩʽʭ ʨʘʟʦʤ, ʯʠ ʜʝʷʢʠʭ ʽʟ 

ʥʠʭ. ɺʠʭʦʜʷʯʠ ʟ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

* *(( , ), 1, )i is y i P=  ʪʘ ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʚʧʣʠʚ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʟʙʫʨʝʥʴ ʥʘ 

ʩʪʘʥ ʩʠʩʪʝʤʠ ʟʛʽʜʥʦ ʟ (1.12), (1.13) ʤʦʜʝʣʶʻʪʴʩʷ ʬʫʥʢʮʽʷʤʠ 0( )u s  ʪʘ ( )u sG , 

ʟʚʝʜʝʤʦ ʧʨʦʙʣʝʤʫ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ 

0

2
* *

( ), ( ), ( )
1

( ) min
i

P

i
u s u s u s

i

y s y
G=

- ­ä .   (1.33) 

ʊʫʪ y(s) ï ʚʝʢʪʦʨ-ʬʫʥʢʮʽʷ ʩʪʘʥʫ ʩʠʩʪʝʤʠ, ʷʢʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ (1.11) ï 

(1.13) ʧʦʚôʷʟʘʥʘ ʟ 0( ), ( ), ( )u s u s u sG . 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʠʢʠ ʦʙʝʨʥʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (1.18) ï (1.20) ʮʷ 

ʟʘʜʘʯʘ ʙʫʜʝ ʨʦʟʚôʷʟʘʥʘ ʥʠʞʯʝ. 
 

1.6. ɿʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʯʽʚ ʪʘ ʢʝʨʫʚʘʯʽʚ. 
 

ʋ ʧʨʦʮʝʩʽ ʧʝʨʝʭʦʜʫ ʚʽʜ ʩʠʩʪʝʤ (1.14) ï (1.17) ʜʦ ʨʽʚʥʷʥʴ (1.18) ï (1.20) ʚʠ-

ʢʦʥʫʚʘʣʘʩʷ ʜʠʩʢʨʝʪʠʟʘʮʽʷ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʽ ʢʝʨʫʶʯʦʾ ʚʝʢʪʦʨ-

ʬʫʥʢʮʽʾ u(s) ʪʦʯʢʘʤʠ 0( ,0), ( , )l l kx x tG
 ʪʘ 

0 ,m ms sG  ʚʽʜʧʦʚʽʜʥʦ. ʊʦʯʢʘʤʠ 
* *( , )i is y  

ʜʠʩʢʨʝʪʠʟʫʚʘʚʩʷ ʡ ʝʢʩʧʝʨʠʤʝʥʪ. 

ɺʠʙʽʨ ʮʠʭ ʪʦʯʦʢ ʯʝʨʝʟ ʨʦʟʚôʷʟʢʠ (1.29) ʨʽʚʥʷʥʴ (1.18) ï (1.20) ʚʧʣʠʚʘʻ 

ʥʘ ʚʝʣʠʯʠʥʫ 

2
2 * *

1

( )
P

i i
i

Ů y s y
=

= -ä , 

ʪʦʤʫ ʤʘʻ ʩʝʥʩ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʜʫʨʠ ʚʠʙʦʨʫ ʪʦʯʦʢ ʜʠʩ-

ʢʨʝʪʠʟʘʮʽʾ ʰʣʷʭʦʤ ʤʽʥʽʤʽʟʘʮʽʾ ʚʝʣʠʯʠʥʠ 
2Ů. ʎʶ ʟʘʜʘʯʫ ʙʫʜʝ ʨʦʟʚôʷʟʘʥʦ ʧʽʩʣʷ 

ʧʦʙʫʜʦʚʠ ʘʣʛʦʨʠʪʤʫ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ (1.30) ʪʘ (1.33). 
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ʄʠ ʦʢʨʝʩʣʠʣʠ ʢʦʣʦ ʪʠʭ ʧʨʦʙʣʝʤ ʽ ʟʘʜʘʯ, ʨʦʟʚôʷʟʘʥʥʷ ʷʢʠʭ ʨʦʟʛʣʷʜʘ-

ʪʠʤʝʤʦ ʜʘʣʽ. 
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Ä2. ʇʦʙʫʜʦʚʘ ʤʘʪʨʠʯʥʦʾ ʬʫʥʢʮʽʾ ɻʨʽʥʘ 
ʪʘ ʽʥʪʝʛʨʘʣʴʥʦʾ ʤʦʜʝʣʽ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤ  

ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 
ʚ ʥʝʦʙʤʝʞʝʥʽʡ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ 

 

2.1. ʌʫʥʢʮʽʷ ɻʨʽʥʘ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤ ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 
ʚ ʥʝʦʙʤʝʞʝʥʽʡ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ. 

 

ʈʦʟʛʣʷʥʝʤʦ ʤʝʪʦʜʠʢʫ ʧʦʙʫʜʦʚʠ ʬʫʥʢʮʽʾ ɻʨʽʥʘ ( )G s s¡-  ʩʠʩʪʝʤʠ (1.1) ʫ 

ʥʝʦʙʤʝʞʝʥʽʡ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ S¤¤. ʇʨʠ ʮʴʦʤʫ ʙʫʜʝʤʦ ʚʠʭʦʜʠʪʠ ʽʟ 

ʟʦʙʨʘʞʝʥʥʷ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ ʩʪʘʥʫ y(s) ʫ ʚʠʛʣʷʜʽ (1.9), (1.10), ʘ ʪʘʢʦʞ ʽʟ ʪʦʛʦ, 

ʱʦ ʰʫʢʘʥʘ ʤʘʪʨʠʯʥʘ ʬʫʥʢʮʽʷ G(s-s') ʻ ʨʦʟʚôʷʟʢʦʤ ʨʽʚʥʷʥʥʷ (1.1), ʷʢʠʡ 
ʚʽʜʧʦʚʽʜʘʻ ʟʦʩʝʨʝʜʞʝʥʠʤ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʤ ʟʙʫʨʝʥʥʷʤ ʦʜʠʥʠʯʥʦʾ ʽʥʪʝʥ-
ʩʠʚʥʦʩʪʽ, ʪʦʙʪʦ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

u(s)=col(d(s-s'), i=1,m ). 

ʗʢʱʦ ʧʦʟʥʘʯʠʪʠ ʯʝʨʝʟ 

U(s)=(u
(l)

(s), l=1,m ); 

Y(s)=(
( ) ( )ly s , l=1,m ), 

ʜʝ 

( )

1

( )

1

( ) ( )
1 2

( ) ( );

( ) ( );

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

m
l

l

m
l

l

l l
x t x t

u s u s

y s y s

L y s L u s l m

=

=

=

=

µ µ = µ µ =

ä

ä  

ʪʦ ʤʘʪʠʤʝʤʦ, ʱʦ  

1 2( , ) ( ) ( , ) ( )x t x tL Y s L U sµ µ = µ µ , 

ʘ 

1 2( , ) ( ) ( , ) ( ),x t x tL G s s L s sD¡ ¡µ µ - = µ µ -  (2.1) 

ʜʝ 1 2( ),   ( ),   ( )L L DÖ Ö Ö ï ʚʠʟʥʘʯʝʥʽ ʚʠʱʝ ʤʘʪʨʠʯʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʦʧʝʨʘʪʦʨʠ 

ʪʘ ʤʘʪʨʠʯʥʘ ʬʫʥʢʮʽʷ ʦʜʠʥʠʯʥʦʛʦ ʜʞʝʨʝʣʘ. 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʤʘʪʨʠʯʥʘ ʬʫʥʢʮʽʷ ( )G s s¡-  ʚʽʜʧʦʚʽʜʘʻ ʬʽʟʠʯʥʦʤʫ ʟʤʽʩʪʫ 

ʟʘʜʘʯʽ, ʘ ʨʦʟʚôʷʟʦʢ ʾʾ ʜʽʡʩʥʦ ʟʦʙʨʘʞʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (1.9). 
ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ (2.1) ʙʫʜʝʤʦ ʚʠʭʦʜʠʪʠ ʟ ʪʦʛʦ, ʱʦ  

( )1
( ) ,

2

i t tt t e dld l
p

¤
¡-

-¤

¡- = ñ  (2.2) 

ʘ 

( )1
( ) ( )

2

n n i t t
t t t i e dld l l

p

¤
¡-

-¤

¡µ - = ñ  .n ZÍ   (2.3) 
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ɿʚʽʜʩʠ ʜʣʷ ʚʩʷʢʦʾ ʘʥʘʣʽʪʠʯʥʦʾ ʬʫʥʢʮʽʾ ( , )L x t ʦʪʨʠʤʫʻʤʦ: 

( , ) ( ) ( , ) ( );x tL s s L i i s sd l m d¡ ¡µ µ - = -   (2.4) 

2 2 2 2( , ) ( ) ( , ) ( ),x tL s s L s sd l m d¡ ¡µ µ - = - - - 

ʜʝ 1,..., vl l l= . 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ (2.4) ʜʣʷ ʨʽʚʥʷʥʥʷ (1.10) ʫ ʥʝʦʙʤʝʞʝʥʽʡ ʧʨʦʩʪʦʨʦʚʦ-

ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ S¤¤  ʤʘʻʤʦ: 

( ) ( )2

1 1
1

( , )1
( ) ... ,

( , )(2 )

k k ki x x i t t

k

L i i
G s s e e d d

L i i

n
l m

n

l m
P l m

l mp

¤ ¤
¡ ¡- -

+ =
-¤ -¤

¡- = ñ ñ  (2.5) 

ʜʝ 1,..., .d d d nl l l=  

ʇʦʟʥʘʯʠʚʰʠ ʯʝʨʝʟ 1( , )L i il m ʬʫʥʢʮʽʶ, ʩʧʨʷʞʝʥʫ ʜʦ 1( , )L i il m, ʟ (2.5) 

ʟʥʘʭʦʜʠʤʦ: 

1

( ) ( )
12

1

1 1
( ) ...

( , )(2 )

Re ( , ) ( , ) ,k k ki x x i t t

k

G s s
L

L i i L i i e e d d

n

n
l m

l mp

l m l m P l m

¤ ¤

+
-¤ -¤

¡ ¡- -

=

¡- = ³

å õ
³ æ ö
ç ÷

ñ ñ
 (2.6) 

ʜʝ 11( , ) ( , ) ( , ).L L i i L i il m l m l m=  

ʇʦʰʠʨʶʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.4), (2.5) ʥʘ ʩʠʩʪʝʤʫ (1.1), ʟʥʘʭʦʜʠʤʦ, ʱʦ 

ʬʫʥʢʮʽʷ ɻʨʽʥʘ ʮʽʻʾ ʩʠʩʪʝʤʠ ʚ ʥʝʦʙʤʝʞʝʥʽʡ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ S¤¤  

ʤʦʞʝ ʙʫʪʠ ʧʦʜʘʥʘ ʫ ʚʠʛʣʷʜʽ:  

1 21

( ) ( )

1

1 1
( ) ... Re( ( , ) ( , )

( , )(2 )

) .k k ki x x i t t

k

G s s L i i L i i
L

e e d d

n

n
l m

l m l m
l mp

P l m

¤ ¤

+
-¤ -¤

¡ ¡- -

=

¡- = ³

³

ñ ñ
 (2.7) 

ɿʘʧʠʩ (2.7) ʜʣʷ ʬʫʥʢʮʽʾ ɻʨʽʥʘ ( )G s s¡- ʩʧʨʦʱʫʻʪʴʩʷ, ʷʢʱʦ ʤʦʜʝʣʴ (1.1) 

ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤʠ ʟʘʧʠʩʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ  
2 2 2 2

1 2( , ) ( , ) ( , ) ( , ),x t x tL y x t L u x tµ µ = µ µ    (2.8) 

ʜʝ 
1

2 2 2( ,..., )x x xn
µ = µ µ. 

ʇʦʢʣʘʜʘʶʯʠ ʥʘ ʟʘʤʽʥʫ (2.2) 

0

1
( ) cos ( )t t t t dd l l

p

¤

¡ ¡- = -ñ  

ʪʘ ʚʨʘʭʦʚʫʶʯʠ, ʱʦ 
2 2( ) ( ) ( )n n
t t t t td l d¡ ¡µ - = - - ( ),n ZÍ  

ʬʫʥʢʮʽʶ ɻʨʽʥʘ ʩʠʩʪʝʤʠ (2.8) ʟʘʧʠʰʝʤʦ ʫ ʚʠʛʣʷʜʽ: 
2 2

2

1 2 2 1
0 0 1

( , )1
( ) ... cos ( )cos ( ) .

( , )
k k k

k

L
G s s x x t t d d

L

n

n

l m
P l m l m

p l m

¤ ¤

+ =

- -
¡- = ³ - -

- -
ñ ñ  (2.9) 
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2.2. ɯʥʪʝʛʨʘʣʴʥʘ ʤʦʜʝʣʴ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤ ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ 
ʥʝʦʙʤʝʞʝʥʽʡ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ. 

 

ɹʫʜʝʤʦ ʚʠʭʦʜʠʪʠ ʟ ʪʦʛʦ, ʱʦ 

( , ) ( , ) ( , ) .u x t u x t x x t t dx dtd
¤

-¤

¡ ¡ ¡ ¡ ¡ ¡= - -ñ ñ   (2.10) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ (2.10) ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (2.1), (2.3) ʨʦʙʠʤʦ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʫ ʤʦʜʝʣʴ (1.1) ʫ ʥʝʦʙʤʝʞʝʥʽʡ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ S¤¤  

ʤʦʞʥʘ ʟʘʤʽʥʠʪʠ ʽʥʪʝʛʨʘʣʴʥʦʶ: 

( , ) ( , ) ( , )y x t G x x t t u x t dx dt
¤

-¤

¡ ¡ ¡ ¡ ¡ ¡= - -ñ ñ , 

ʜʝ ( , )G x x t t¡ ¡- -  ï ʬʫʥʢʮʽʷ ɻʨʽʥʘ, ʚʠʟʥʘʯʝʥʘ ʥʘʤʠ ʚ (2.7).  

 

2.3. ʇʨʠʢʣʘʜʠ. 
 

ʇʨʦʽʣʶʩʪʨʫʻʤʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʚʠʱʝ ʤʝʪʦʜʠʢʠ ʧʦʙʫʜʦʚʠ 
ʬʫʥʢʮʽʾ ɻʨʽʥʘ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤ ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘ-
ʤʝʪʨʘʤʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʨʦʟʚôʷʟʢʽʚ ʜʝʷʢʠʭ ʢʣʘʩʠʯʥʠʭ ʨʽʚʥʷʥʴ. 
ʇʨʠʢʣʘʜ 1. ɻʘʨʤʦʥʽʯʥʝ ʨʽʚʥʷʥʥʷ: 

2( ) ( ) ( )x t x t u ta¡¡+ =  0;t²  (0) 0.x =   (2.11) 

ɺʠʭʦʜʷʯʠ ʟ (2.8) ʪʘ ʚʨʘʭʦʚʫʶʯʠ ʦʙʤʝʞʝʥʥʷ ʥʘ tx, , ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ 

(2.11) ʟʥʘʭʦʜʠʤʦ ʫ ʚʠʛʣʷʜʽ: 

2 2
0 0 0

1 cos ( ) 1
( ) ( ) ( )sin ( ) ,

tt t
x t u t d dt u t t t dt

l
l a

p aa l

¤ ¤ ¡-
¡ ¡ ¡ ¡ ¡= = -

-
ñ ñ ñ  

ʱʦ ʧʦʚʥʽʩʪʶ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʨʦʟʚôʷʟʢʦʤ ʟʘʜʘʯʽ, ʦʪʨʠʤʘʥʠʤ ʢʣʘʩʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʇʨʠʢʣʘʜ 2. ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʟʥʘʭʦʜʞʝʥʥʷ ʧʨʦʛʠʥʫ ( )y x ʥʝʩʢʽʥʯʝʥʥʦʛʦ ʟʘ 

ʜʦʚʞʠʥʦʶ ʧʨʫʞʥʦʛʦ ʩʪʝʨʞʥʷ ʥʘ ʧʨʫʞʥʽʡ ʦʩʥʦʚʽ, ʷʢʠʡ ʟʘʚʘʥʪʘʞʝʥʦ ʨʦʟʧʦʜʽʣʝʥʠ-

ʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ( )q x . ʌʫʥʢʮʽʷ ʧʨʦʛʠʥʫ ʪʘʢʦʛʦ ʩʪʝʨʞʥʷ ʟʘʜʦʚʦʣʴʥʷʻ ʨʽʚʥʷʥ-

ʥ ̫
( ) 2( ) 4 ( ) ( ),IVy x a y x q x+ =   (2.12) 

ʜʝ 
24

k
a

EI
=  ( k  ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʪʝʣʽ ʦʩʥʦʚʠ, E ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ,I ï 

ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʪʝʨʞʥʷ). 
ɿʛʽʜʥʦ ʟ ʚʠʢʣʘʜʝʥʠʤ ʚʠʱʝ, ʦʪʨʠʤʫʻʤʦ: 

( ) ( ) ( ) ,y x q x G x x dx
+¤

-¤

¡ ¡ ¡= -ñ   (2.13) 
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4 2
0

( )

1 cos ( )
( )

4

1
[sin ( ) cos ( )].

4

a x x

x x
G x x d

a

e a x x a x x
k

l
l

pEI l

EI

¤

¡- -

¡-
¡- = =

+

¡ ¡= - + -

ñ
 

ʇʨʠʢʣʘʜ 3. ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʧʨʦ ʢʦʣʠʚʘʥʥʷ ʩʪʨʫʥʠ, ʟʤʽʱʝʥʥʷ 

( , )y x t¤ ʪʦʯʦʢ ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ:  

2 2
2

2 2

( , ) ( , )
( , ),

y x t y x t
a u x t

t x

¤ ¤µ µ
- =

µ µ
  (2.14) 

ʜʝ 
2,   0,   x t a-¤< <+¤ > ï ʟʘʜʘʥʘ ʢʦʥʩʪʘʥʪʘ. 

ʆʪʨʠʤʫʻʤʦ: 

0

( , ) ( , ) ( , ) ,
t

y x t dx u x t G x x t t dt
+¤

¤

-¤

¡ ¡ ¡ ¡ ¡ ¡= - -ñ ñ  

ʜʝ 

1
( , ) [ (( ) ( ))

4

(( ) ( ))].

G x x t t sign x x a t t
a

sign x x a t t

¡ ¡ ¡ ¡- - = - + - -

¡ ¡- - - -

 

ɿʚʽʜʩʠ 

2 2 2
0 0

1 cos ( )cos ( )
( , ) ( , )

t t t x x
y x t dx dt u x t d d

a

l m
l m

p m l

+¤ ¤¤

¤

-¤ -¤

¡ ¡- -
¡ ¡ ¡ ¡= =

-
ñ ñ ññ  

( )

0 ( )

1
( , ) .

2

x a t tt

x a t t

dt u x t dx
a

¡+ -

¡- -

¡ ¡ ¡ ¡= ñ ñ    (2.15) 

ʈʦʟʚôʷʟʦʢ (2.15) ʟʘʜʦʚʦʣʴʥʷʻ ʨʽʚʥʷʥʥʷ (2.14) ʪʘ ʥʫʣʴʦʚʽ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ. 
ʈʦʟʛʣʷʥʝʤʦ ʽʣʶʩʪʨʘʮʽʶ ʨʦʟʚôʷʟʢʫ (2.15) ʜʣʷ ʜʝʷʢʠʭ ʥʘʡʧʨʦʩʪʽʰʠʭ ʚʠʧʘʜ-

ʢʽʚ ʬʫʥʢʮʽʾ ( , )u x t . 

ɺʠʧʘʜʦʢ 1. ʗʢʱʦ 

( , ) ( ) ( ),u x t x td d=    (2.16) 

ʜʝ ( )dÖ ï ʜʝʣʴʪʘ-ʬʫʥʢʮʽʷ ɼʽʨʘʢʘ, ʪʦ 

1
( , ) [ ( ) (( )]

4

1 ( )
.

4

y x t sign x at sign x at
a

sign x at

a

¤ = + - - =

+ -
=

  (2.17) 

ʈʦʟʚ'ʷʟʦʢ (2.17) ʜʦʙʨʝ ʽʣʶʩʪʨʫʻ ʧʨʦʮʝʩ ʧʦʰʠʨʝʥʥʷ (ʽʟ ʰʚʠʜʢʽʩʪʶ a) ʟʦ-

ʩʝʨʝʜʞʝʥʦʛʦ ʩʠʣʦʚʦʛʦ ʽʤʧʫʣʴʩʫ (2.16) ʚ ʦʙʠʜʚʘ ʙʦʢʠ ʚʽʜ ʪʦʯʢʠ 0x=  ʡʦʛʦ 

ʧʨʠʢʣʘʜʘʥʥʷ. 
ɺʠʧʘʜʦʢ 2. ʗʢʱʦ 
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( ) ( )
( , )

0

U x t
u x t

dë
=ì
í

 
ʧʨʠ

ʧʨʠ
 

;

;

x

x

x

x

W

W

Í

Î
  (2.18) 

ʜʝ ( )U x  ï ʟʘʜʘʥʘ ʬʫʥʢʮʽʷ, ʪʦ 

1
( , ) ( ) .

2

x at

x at

y x t U x dx
a

+

¤

-

¡ ¡= ñ    (2.19) 

ɸʥʘʣʽʟʫʶʯʠ (2.19), ʙʘʯʠʤʦ, ʱʦ ʥʘ ʜʠʥʘʤʽʢʫ ʪʦʯʢʠ ( , )xÍ -¤ +¤ ʫ ʤʦʤʝʥʪ 

ʯʘʩʫ 0t>  ʚʧʣʠʚʘʶʪʴ ʪʽʣʴʢʠ ʟʙʫʨʝʥʥʷ ( )U x¡ xx W¡Í , ʢʦʦʨʜʠʥʘʪʘ x¡ ʧʨʠʢ-

ʣʘʜʘʥʥʷ ʷʢʠʭ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʫ x x at¡- < , ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʭʚʠʣʴʦʚʠʤ 

ʧʨʠʥʮʠʧʦʤ ʧʦʰʠʨʝʥʥʷ ʟʙʫʨʝʥʥʷ (2.18) ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʩʪʨʫʥʠ. 

ɺʠʧʘʜʦʢ 3. ʗʢʱʦ ʜʣʷ 0t>  

( ) ( )
( , )

0

U t x
u x t

dë
=ì
í

 
ʧʨʠ

ʧʨʠ
 

;

;

t

t

t

t

W

W

Í

Î
  (2.20) 

ʜʝ ( )U t  ï ʟʘʜʘʥʘ ʬʫʥʢʮʽʷ, ʪʦ 

0

1
( , ) ( ) .

xt
a

y x t U t dt
a

-

¤ ¡ ¡= ñ    (2.21) 

ɸʥʘʣʽʟ (2.21) ʩʚʽʜʯʠʪʴ, ʱʦ ʥʘ ʜʠʥʘʤʽʢʫ ʪʦʯʢʠ ( , )xÍ -¤ +¤ ʫ ʤʦʤʝʥʪ ʯʘʩʫ 

0t>  ʟʦʩʝʨʝʜʞʝʥʝ ʟʙʫʨʝʥʥʷ (2.20) ʽʥʪʝʥʩʠʚʥʦʩʪʽ ( )U t  ʚʧʣʠʚʘʻ ʪʽʣʴʢʠ ʟʘ 

ʫʤʦʚʠ, ʢʦʣʠ ʭʚʠʣʴʦʚʠʡ ʧʨʦʮʝʩ, ʚʠʢʣʠʢʘʥʠʡ ʥʠʤ, ʜʽʡʜʝ ʜʦ ʪʦʯʢʠ x, ʱʦ ʜʦʙʨʝ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʬʽʟʠʢʦʶ ʨʦʟʛʣʷʜʫʚʘʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʇʨʠʢʣʘʜ 4. ʗʢʱʦ ʟʘʤʽʩʪʴ ʩʪʨʫʥʠ ʚʟʷʪʠ ʧʨʫʞʥʠʡ ʩʪʝʨʞʝʥʴ, ʪʦ ʧʦʧʝʨʝʯʥʽ 

ʢʦʣʠʚʘʥʥʷ ʡʦʛʦ ʙʫʜʫʪʴ ʦʧʠʩʫʚʘʪʠʩʷ ʨʽʚʥʷʥʥʷʤ: 

2 4
2

2 4

( , ) ( , )
( , )

y x t y x t
a u x t

t x

µ µ
+ =

µ µ
,   (2.22) 

ʜʝ ( , ), ( , 0)y x t x t* * * *<¤ > ï ʚʽʜʭʠʣʝʥʥʷ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʩʪʝʨʞʥʷ ʚ ʪʦʯʮʽ x x*=  

ʜʣʷ 
2,   t t a*=  ï ʟʘʜʘʥʘ ʢʦʥʩʪʘʥʪʘ, ʘ ( , )u x t  ï ʟʦʚʥʽʰʥʷ ʟʙʫʨʶʶʯʘ ʩʠʣʘ. 

ɼʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ, ʟʛʽʜʥʦ ʟ (1.7), (2.7), 

2

2
0 0 0

1 cos ( )
( , ) ( , ) ( , ) ,

2

x t a t t
y x t u x t f x x d dx dt

a

x
x x

p x

¤ ¡-
¡ ¡ ¡ ¡ ¡= -ññ ñ  

ʜʝ 

( )( , ) ( ) .x xf x x sign x x exx x
¡- -¡ ¡- = - -   (2.23) 
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ɿʘʫʚʘʞʠʤʦ, ʱʦ ʧʦʙʫʜʦʚʘ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ (1.1) ʩʧʨʘʚʘ ʥʝ ʧʨʦʩʪʘ ʽ ʚ ʣʽ-

ʪʝʨʘʪʫʨʽ ʪʘʢʽ ʨʦʟʚʷôʟʢʠ ʟʥʘʭʦʜʠʤʦ, ʷʢ ʧʨʘʚʠʣʦ, ʪʽʣʴʢʠ ʜʣʷ ʯʘʩʪʠʥʥʠʭ ʚʠʧʘʜʢʽʚ 

ʟʦʚʥʽʰʥʽʭ ʩʠʣ ( , )u x t . 

ʅʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ ʽʣʶʩʪʨʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʣʘʜʝʥʦʛʦ ʚʠʱʝ ʧʽʜʭʦʜʫ 

ʜʦ ʧʦʙʫʜʦʚʠ ʨʦʟʚôʷʟʢʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʫ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ ʜʣʷ 

ʥʝʦʙʤʝʞʝʥʠʭ ʯʘʩʦʚʦ-ʧʨʦʩʪʦʨʦʚʠʭ ʦʙʣʘʩʪʝʡ. 
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Ä 3. ɼʠʩʢʨʝʪʥʠʡ ʚʘʨʽʘʥʪ ʧʦʙʫʜʦʚʠ 
ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤ  
ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

 

3.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʪʘ ʧʨʦʙʣʝʤʠ ʾʾ ʨʦʟʚôʷʟʘʥʥʷ. 
 

ʇʦʚʝʨʥʝʤʦʩʷ ʜʦ ʧʠʪʘʥʥʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʶʶʯʠʭ ʬʫʥʢʮʽʡ u0(s) ʪʘ uɻ(s) ʚ ʽʥ-
ʪʝʛʨʘʣʴʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ (1.14), (1.15), ʷʢʠʤʠ ʟʘʤʠʢʘʣʘʩʷ ʧʨʦʙʣʝʤʘ ʧʝʨʝ-
ʭʦʜʫ ʚʽʜ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʤʦʜʝʣʽ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤʠ ʫ ʬʦʨʤʽ (1.1) ï (1.4) ʜʦ ʾʾ 
ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ (1.9) ï (1.13). ʇʨʠ ʮʴʦʤʫ ʦʙʤʝʞʠʤʦʩʷ ʩʘ-
ʤʠʤ ʧʨʦʩʪʠʤ ʚʠʧʘʜʢʦʤ, ʢʦʣʠ ʽ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʽ ʫʤʦʚʠ (1.3) ï (1.4), ʽ ʤʦʜʝʣʶ-

ʶʯʽ ʬʫʥʢʮʽʾ u0(s) ʪʘ uɻ(s) ʜʠʩʢʨʝʪʠʟʦʚʘʥʽ. ʗʢ ʽ ʚ (1.22), ʜʠʩʢʨʝʪʠʟʘʮʽʶ ʚʠʢʦʥʘʻʤʦ 
ʪʦʯʢʘʤʠ: 

0
ms  ( 01,m M= ) ï ʜʣʷ ʬʫʥʢʮʽʡ u0(s) (s,

0 0
0ms S¤Í ); 

ms
G

 ( 1, ɻm M= ) ï ʜʣʷ ʬʫʥʢʮʽʡ uɻ(s) (s, 0ms SG G
¤Í ); 

0
lx  ( 01,l L= ) ï ʜʣʷ ʬʫʥʢʮʽʡ 

0
rY (x) 

0
0( )lx SÍ ; 

( , )ɻ
l kx t  ( 1, ; 1,ɻl L k ʂ= = ) ʜʣʷ ʬʫʥʢʮʽʡ ,Y x tG G

r ( )  

( , ; , [0, ])l kx x t t TG G GÍ Í . 

ʗʢ ʧʦʢʘʟʘʥʦ ʚ ʧ. 1.3, ʧʨʦʙʣʝʤʘ ʟʥʘʭʦʜʞʝʥʥʷ ʚʝʢʪʦʨʽʚ 
0

00 0( ( ), 1, )mu col u s m M= =    (3.1) 

ʪʘ 

ɻɻ ( ( ), 1, )mu col u s m MG
G= =    (3.2) 

ʤʦʜʝʣʶʶʯʠʭ ʬʫʥʢʮʽʡ u0(s) ʪʘ ɻ( )u s  ʧʨʠ ʚʽʜʦʤʠʭ ʟʥʘʯʝʥʥʷʭ 

0 0
0 00 (( ( ), 1, ), 1, )r ly col Y x l L r R= = =   (3.3) 

ʪʘ 

ɻ ɻɻ ((( ( , ), 1, ), 1, ), 1, )l ky col Y x t l L k K r RG G
r= = = =   (3.4) 

ʬʫʥʢʮʽʡ 
0( )rY x  ʽ ( , )Y x tG

r  ʟʚʦʜʠʪʴʩʷ (ʜʠʚ. ʧ. 1.3.) ʜʦ ʧʦʙʫʜʦʚʠ ʪʘ ʜʦʩʣʜ̔ʞʝʥʥʷ 

ʟʘʛʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ:  

,Cu y=     (3.5) 

ʜʝ 

0 ɻ,u u u= , ʘʙʦ 0 ɻ( , )col u u ; 

0 ɻ,y y y= , ʘʙʦ 0 ɻ( , )col y y  

ʜʣʷ ʧʦʯʘʪʢʦʚʦʾ (ʟʘʜʘʯʽ ʂʦʰʽ), ʢʨʘʡʦʚʦʾ ʪʘ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʦʾ ʟʘʜʘʯ ʚʽʜʧʦʚʽʜ-

ʥʦ, ʘ ʤʘʪʨʠʮʷ ʉ ʜʣʷ ʢʦʞʥʦʾ ʽʟ ʟʘʜʘʯ ʚʠʟʥʘʯʝʥʘ ʚʠʱʝ (ʬʦʨʤʫʣʠ (1.21), (1.27), 
(1.28)). ʇʽʜ ʟʘʛʘʣʴʥʠʤ ʨʦʟʚôʷʟʢʦʤ ʪʫʪ ʨʦʟʫʤʽʻʪʴʩʷ ʢʣʘʩʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ, ʷʢʱʦ 
ʚʽʥ ʻ (ʻʜʠʥʠʡ, ʘʙʦ ʧʝʚʥʠʡ ʽʟ ʤʥʦʞʠʥʠ ʨʦʟʚôʷʟʢʽʚ), ʘʙʦ ʥʘʡʢʨʘʱʝ ʩʝʨʝʜʥʴʦʢʚʘ-
ʜʨʘʪʠʯʥʝ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʥʴʦʛʦ (ʦʜʥʦʟʥʘʯʥʝ, ʘʙʦ ʧʝʚʥʝ ʟ ʤʥʦʞʠʥʠ ʤʦʞʣʠʚʠʭ 
ʥʘʙʣʠʞʝʥʴ), ʷʢʱʦ ʪʦʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʥʝ ʽʩʥʫʻ. 
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3.2. ʇʩʝʚʜʦʦʙʝʨʥʝʥʽ ʤʘʪʨʠʮʽ ʪʘ ʧʨʦʙʣʝʤʠ ʧʦʙʫʜʦʚʠ ʟʘʛʘʣʴʥʦʛʦ 
ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ. 

 

ɿʫʧʠʥʠʤʦʩʷ ʥʘ ʧʨʦʙʣʝʤʘʭ ʦʙʝʨʥʝʥʥʷ ʣʽʥʽʡʥʦʾ ʘʣʛʝʙʨʘʾʯʥʦʾ ʩʠʩʪʝʤʠ (3.5), 

ʚ ʷʢʽʡ ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ( )C L M- ³ -ʚʠʤʽʨʥʘ ʤʘʪʨʠʮʷ, ʘ y 

ʪʘ u ï ʟʘʜʘʥʠʡ ʪʘ ʰʫʢʘʥʠʡ L- ʪʘ M-ʚʠʤʽʨʥʽ ʚʝʢʪʦʨʠ ʚʽʜʧʦʚʽʜʥʦ. 

ɺʽʜʦʤʦ ʙʘʛʘʪʦ ʧʽʜʭʦʜʽʚ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ (3.5), ʷʢʘ ʤʦʞʝ ʤʘʪʠ ʻʜʠʥʠʡ 
ʨʦʟʚôʷʟʦʢ, ʤʥʦʞʠʥʫ ʨʦʟʚôʷʟʢʽʚ, ʘʙʦ ʟʦʚʩʽʤ ʾʭ ʥʝ ʤʘʪʠ. ʄʠ ʙʫʜʝʤʦ ʚʠʭʦʜʠʪʠ ʟ 
ʤʝʪʦʜʠʢʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʪʘ ʨʦʟʚʠʥʝʥʦʾ ʚ ʨʦʙʦʪʘʭ ʄ.ʌ.ʂʠʨʠʯʝʥʢʘ. 

ʋʚʝʜʝʤʦ ʜʦ ʨʦʟʛʣʷʜʫ ʤʘʪʨʠʮʶ C+, ʧʩʝʚʜʦʦʙʝʨʥʝʥʫ ʜʦ C  ʪʘʢʫ, ʱʦʙ  

2
arg min ,

uu
C y u

W

+

Í
=    (3.6) 

ʜʝ 

M

2

u R

arg min .u Cu yW
Í

= -    (3.7) 

ɼʦʩʣʽʜʠʤʦ ʚʣʘʩʪʠʚʦʩʪʽ ʚʝʢʪʦʨʘ u C y+=^ , ʷʢʠʡ ʥʘʜʘʣʽ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ 

ʧʩʝʚʜʦʨʦʟʚôʷʟʢʦʤ ʩʠʩʪʝʤʠ (3.5). 

ɼʣʷ ʧʦʯʘʪʢʫ ʧʦʢʘʞʝʤʦ, ʱʦ ʤʘʪʨʠʮʷ C+ ʽʩʥʫʻ ʡ ʤʦʞʝ ʙʫʪʠ ʦʜʥʦʟʥʘʯʥʦ 

ʧʦʙʫʜʦʚʘʥʘ. 

ɿ ʮʽʻʶ ʤʝʪʦʶ ʚʠʜʽʣʠʤʦ ʚ ʤʘʪʨʠʮʽ C r  ʣʽʥʽʡʥʦ ʥʝʟʘʣʝʞʥʠʭ ʩʪʦʚʧʮʽʚ. ʇʦʟ-

ʥʘʯʠʤʦ ʯʝʨʝʟ 1 1( , , )rC ʩ ʩ=  ʤʘʪʨʠʮʶ, ʫʪʚʦʨʝʥʫ ʮʠʤʠ ʩʪʦʚʧʮʷʤʠ. ʋʨʘʭʦʚʫ-

ʶʯʠ ʪʝ, ʱʦ ʢʦʞʝʥ ʩʪʦʚʧʝʮʴ ʤʘʪʨʠʮʽ C ʤʦʞʝ ʙʫʪʠ ʨʦʟʢʣʘʜʝʥʠʡ ʟʘ ʩʠʩʪʝʤʦʶ 

ʚʝʢʪʦʨʽʚ 1, , rc c  ʷʢ ʟʘ ʙʘʟʠʩʦʤ, ʤʘʪʨʠʮʶ C ʧʦʜʘʤʦ ʫ ʚʠʛʣʷʜʽ: 

1 1 1( )MC C Ca a= , 

ʜʝ 
r

m Ra Í  ( 1, )m M=  ï ʚʝʢʪʦʨ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʢʣʘʜʫ m  ʩʪʦʚʧʮʷ ʤʘʪʨʠʮʽ ʉ 

ʟʘ ʙʘʟʠʩʦʤ 1, , rc c . ɿʚʽʜʩʠ 1 2C C C= , ʜʝ  

2 1( ).MC a a=    (3.8) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ (3.5) ï (3.6) ʧʦʙʫʜʫʻʤʦ ʫ ʜʚʘ ʝʪʘʧʠ: 

1) ʨʦʟʚôʷʞʝʤʦ ʟʘʜʘʯʫ ʟʥʘʭʦʜʞʝʥʥʷ ʚʝʢʪʦʨʘ 
ru RÍ^  ʪʘʢʦʛʦ, ʱʦʙ  

2

1arg min ;
rz R

u C z y
Í

= -^     (3.9) 

2) ʟʥʘʡʜʝʤʦ ʤʽʥʽʤʘʣʴʥʠʡ ʟʘ ʥʦʨʤʦʶ ʚʝʢʪʦʨ ʠ ʪʘʢʠʡ, ʱʦʙ 

2C u u=^ .    (3.10) 

ʎʽ ʟʘʜʘʯʽ ʤʘʶʪʴ ʦʜʥʦʟʥʘʯʥʠʡ ʨʦʟʚôʷʟʦʢ: ʧʝʨʰʘ ï ʷʢ ʟʘʜʘʯʘ ʨʦʟʢʣʘʜʫ ʚʝʢ-

ʪʦʨʘ 
Ly RÍ  ʟʘ ʩʠʩʪʝʤʦʶ ʚʝʢʪʦʨʽʚ 1, , rʩ ʩ ( 1, )i r= ; ʜʨʫʛʘ ï ʪʦʤʫ, ʱʦ ʜʣʷ 

ʩʠʩʪʝʤʠ (3.10) ʨʘʥʛ ʦʩʥʦʚʥʦʾ ʤʘʪʨʠʮʽ ʜʦʨʽʚʥʶʻ ʨʘʥʛʫ ʨʦʟʰʠʨʝʥʦʾ.  
ʇʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯʽ (3.9) ʙʫʜʝʤʦ ʚʠʭʦʜʠʪʠ ʟ ʪʦʛʦ, ʱʦ  
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2

1 1 1( ) ( )Tʉz y Cz y Cz y- = - - =1 1 12T T T T Tz C C z z C y y y- + . 

ɿʚʽʜʩʠ  
2

1 1 1 1grad 2 2 0T T
z C z y C C z C y- = - =; 

1
1 1 1( )T Tz C C C y-=^ .   (3.11) 

ʈʦʟʚôʷʟʦʢ ʜʨʫʛʦʾ ʟʘʜʘʯʽ ʟʥʘʡʜʝʤʦ ʰʣʷʭʦʤ ʤʽʥʽʤʽʟʘʮʽʾ ʬʫʥʢʮʽʾ ʃʘʛʨʘʥʞʘ: 
2

2( )Tu C u zF l= + -^ . 

ʋʨʘʭʦʚʫʶʯʠ, ʱʦ ʜʣʷ  

2
T T T Tu u u C zF l l= + - ^ , 

22 0T
ugrad u CF l= + = 

ʧʨʠ 2

1

2

Tu C l=-  ʟ (3.10) ʟʥʘʭʦʜʠʤʦ: 

2 2 2 0TC C zl- =^ . 

ɿʚʽʜʩʠ  
1

2 22( )TC C zl -=- ^ , 

ʘ ʰʫʢʘʥʝ 
1

2 2 2( )T Tu C C C z-= ^ . 

ʋʨʘʭʦʚʫʶʯʠ (3.11), ʦʪʨʠʤʫʻʤʦ:  

u C y+= ,    (3.12)  

ʜʝ 
1 1

2 2 2 1 1 1( ) ( )T T T TC C C C C C C+ - -= .   (3.13) 

ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʪʘʢʘ ʪʝʦʨʝʤʘ. 

ʊʝʦʨʝʤʘ 3.1. ɺʠʟʥʘʯʝʥʘ ʟʛʽʜʥʦ ʟ (3.6), (3.7) ʤʘʪʨʠʮʷ C+, ʧʩʝʚʜʦʦʙʝʨʥʝʥʘ ʜʦ 

( L M³ )-ʚʠʤʽʨʥʦʾ ʤʘʪʨʠʮʽ C, ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (3.13), ʚ ʷʢʦʤʫ 1C  

ï ʤʘʪʨʠʮʷ, ʫʪʚʦʨʝʥʘ r  ʣʽʥʽʡʥʦ ʥʝʟʘʣʝʞʥʠʤʠ ʩʪʦʚʧʮʷʤʠ ʤʘʪʨʠʮʽ C, ʘ 2C  ï ʤʘ-

ʪʨʠʮʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʢʣʘʜʫ ʟʘ ʥʠʤʠ ʚʩʽʭ ʚʝʢʪʦʨ-ʩʪʦʚʧʯʠʢʽʚ ʤʘʪʨʠʮʽ C . 

ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ, ʩʠʩʪʝʤʘ (3.10) ʤʘʻ ʨʦʟʚôʷʟʦʢ ʧʨʠ ʢʦʞʥʦʤʫẑ . ẑ  ï 

ʮʝ ʚʝʢʪʦʨ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʢʣʘʜʫ ʚʝʢʪʦʨʘ y  ʟʘ ʚʝʢʪʦʨ-ʩʪʦʚʧʮʷʤʠ ʤʘʪʨʠʮʽ 1C . 

ɿʚʽʜʩʠ ʨʦʙʠʤʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʝʢʪʦʨ y ʪʝʞ ʤʦʞʝ ʙʫʪʠ ʜʦʚʽʣʴʥʠʤ. 

ʇʠʪʘʥʴ ʥʝ ʚʠʥʠʢʘʻ, ʷʢʱʦ ʨʦʟʤʽʨʥʽʩʪʴ L  ʚʝʢʪʦʨʘ y  ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ r  

ʚʝʢʪʦʨʽʚ 1, , rc c  (ʙʘʟʠʩʫ ʤʘʪʨʠʮʽ 1C ). ʗʢʱʦ ʞ L r> , ʪʦ ʦʜʥʦʟʥʘʯʥʽʩʪʴ ʪʘ 

ʪʦʯʥʽʩʪʴ ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤʠ  

1C z y=  

ʙʫʜʝ ʜʦʩʷʛʘʪʠʩʷ, ʷʢʱʦ ʟʘ ʚʝʢʪʦʨ-ʩʪʦʚʧʮʷʤʠ ʤʘʪʨʠʮʽ 1C  ʙʫʜʝ ʨʦʟʢʣʘʜʘʪʠʩʷ 

1( )PrL C y  ï ʧʨʦʝʢʮʽʷ ʚʝʢʪʦʨʘ y  ʥʘ ʣʽʥʽʡʥʫ ʦʙʦʣʦʥʢʫ, ʥʘʪʷʛʥʝʥʫ ʥʘ ʚʝʢʪʦʨ-
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ʩʪʦʚʧʮʽ ʤʘʪʨʠʮʽ 1C . ʋʨʘʭʦʚʫʶʯʠ (3.11), ʨʦʙʠʤʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʘʪʨʠʮʷ C+, ʘ 

ʦʪʞʝ ʡ ʨʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ (3.5), ʙʫʜʝ ʦʜʥʦʟʥʘʯʥʠʤ, ʷʢʱʦ 

1( )PrL C y
1

1 1 1 1( )T TC C C C y-= . 

ʆʩʢʽʣʴʢʠ r  ʣʽʥʽʡʥʦ ʥʝʟʘʣʝʞʥʠʭ ʚʝʢʪʦʨ-ʩʪʦʚʧʯʠʢʽʚ ʤʘʪʨʠʮʽ 1C  ʻ ʦʜʥʦʯʘʩ-

ʥʦ ʡ ʣʽʥʽʡʥʦ ʥʝʟʘʣʝʞʥʠʤʠ ʚʝʢʪʦʨ-ʩʪʦʚʧʮʷʤʠ ʤʘʪʨʠʮʽ ʉ, ʪʦ ʤʦʞʝʤʦ ʩʬʦʨʤʫ-

ʣʶʚʘʪʠ ʪʘʢʠʡ ʥʘʩʣʽʜʦʢ. 

ʅʘʩʣʽʜʦʢ 3.1. ʇʨʦʝʢʮʽʷ ʚʝʢʪʦʨʘ 
Ly RÍ  ʥʘ ʣʽʥʽʡʥʫ ʦʙʦʣʦʥʢʫ, ʥʘʪʷʛʥʝʥʫ ʥʘ 

ʚʝʢʪʦʨ-ʩʪʦʚʧʮʽ ʤʘʪʨʠʮʽ C, ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

1

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

L C L Cy y C C C C y-= = . 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʚ ʥʘʩʣʽʜʢʫ 3.1 ʦʩʦʙʣʠʚʦʩʪʽ ʧʩʝʚʜʦʦʙʝʨ-
ʥʝʥʥʷ ʩʠʩʪʝʤʠ (3.5) ʤʦʞʝʤʦ ʧʦʙʫʜʫʚʘʪʠ ʱʝ ʦʜʠʥ ʟʨʫʯʥʠʡ ʜʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘ-

ʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤ ʧʦʙʫʜʦʚʠ C+, ʘ, ʦʪʞʝ, ʽ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ (3.9), (3.10). ɸʣʛʦ-

ʨʠʪʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʄ.ʌ.ʂʠʨʠʯʝʥʢʦʤ ʪʘ ʥʘʟʚʘʥʦ "ʤʝʪʦʜʦʤ ʨʝʰʝʪʫʚʘʥʥʷ". 
ʉʫʪʴ ʘʣʛʦʨʠʪʤʫ: 

1). ɺʠʜʽʣʠʤʦ ʽʟ C  r  ʣʽʥʽʡʥʦ ʥʝʟʘʣʝʞʥʠʭ ʩʪʦʚʧʯʠʢʽʚ. ʆʜʝʨʞʠʤʦ ʤʘʪʨʠʮʶ 

1C . ɿʛʽʜʥʦ ʟ ʨʦʟʛʣʷʥʫʪʠʤ ʚʠʱʝ, 

( ) 1PrL C y C z= ; 

2). ɺʠʜʽʣʠʤʦ ʽʟ 1C  r  ʣʽʥʽʡʥʦ ʥʝʟʘʣʝʞʥʠʭ ʨʷʜʢʽʚ. ɿ ʤʘʪʨʠʮʽ 1C  ʟʘʣʠʰʠʪʴ-

ʩʷ ʤʘʪʨʠʮʷ 12C , ʝʣʝʤʝʥʪʠ ʷʢʦʾ ʥʘʣʝʞʘʪʴ ʦʜʥʦʯʘʩʥʦ ʚʠʜʽʣʝʥʠʤ r  ʨʷʜʢʘʤ ʽ 

r  ʩʪʦʚʧʮʷʤ. ʇʨʠ ʮʴʦʤʫ 

( ) 12PrL C y C z=  

ʽ ʟʘʤʽʩʪʴ ʨʽʚʥʷʥʥʷ (3.10) ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʦʙʫʜʦʚʠ ʤʘʪ-

ʨʠʮʽ C+ ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʨʽʚʥʷʥʥʷ: 

2 12C u C z= ,    (3.14) 

ʜʝ  
1

1 1 1( )T Tz C C C y-= ; 

3). ʈʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ (3.14) ʪʘʢʠʡ, ʱʦ  

2 12 min
u

C u C z- ­ , 

2
minu ­ , 

ʟʘʧʠʰʝʤʦ ʫ ʚʠʛʣʷʜʽ: 

u C y+= , 

ʜʝ  
1 1

2 2 2 12 1 1 1( ) ( )T T T TC C C C C C C C+ - -= .   (3.15) 

ʂʨʽʤ ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ ʟʦʙʨʘʞʝʥʥʷ (3.13) ʪʘ (3.15) ʧʩʝʚʜʦʦʙʝʨʥʝʥʦʾ ʤʘʪ-

ʨʠʮʽ C+, ʚʽʜʦʤʽ ʡ ʽʥʰʽ, ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʽ, ʟʦʙʨʘʞʝʥʥʷ. ʄʠ ʟʫʧʠʥʠʤʦʩʷ ʱʝ ʥʘ 
ʦʜʥʦʤʫ ʟ ʥʠʭ, ʷʢʝ ʥʦʩʠʪʴ ʙʽʣʴʰ ʪʝʦʨʝʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʙʫʜʝ ʥʘʤ ʧʦʪʨʽʙʥʝ 
ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʣʘʜʽ ʤʘʪʝʨʽʘʣʫ. 
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3.3. ʉʠʥʛʫʣʷʨʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʨʷʤʦʢʫʪʥʠʭ ʤʘʪʨʠʮʴ. 
 

ʂʦʞʥʫ ʧʨʷʤʦʢʫʪʥʫ ʤʘʪʨʠʮʶ C ʨʦʟʤʽʨʥʦʩʪʽ L³M ʤʦʞʥʘ ʟʦʙʨʘʟʠʪʠ ʫ ʚʠʛʣʷ-

ʜʽ ʜʦʙʫʪʢʫ ʜʚʦʭ ʤʘʪʨʠʮʴ C1 ʪʘ C2 ʨʦʟʤʽʨʥʦʩʪʽ L*r ʪʘ r*M ʚʽʜʧʦʚʽʜʥʦ, ʜʝ r ï 

ʨʘʥʛ ʤʘʪʨʠʮʽ C. ʊʦʙʪʦ  

(1)(2)

1 2 1(1) (1)

( )(2)

( ... )

T

r

T
r

c

C C C c c

c

å õ
æ ö

= = æ ö
æ ö
æ ö
ç ÷

, 

ʜʝ ʩi(1) ( 1, )i r=  ï ʣʽʥʽʡʥʦ ʥʝʟʘʣʝʞʥʽ ʩʪʦʚʧʮʽ ʤʘʪʨʠʮʽ C, ʘ ( )(2)
T
ic  ( 1, )i r=  ï 

ʨʷʜʢʠ ʤʘʪʨʠʮʽ C2, ʚʠʟʥʘʯʝʥʦʾ ʚ (3.8). ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 

(1) ( )(2)
1

r
T

i i
i

C c c
=

=ä .    (3.16) 

ʗʢʱʦ ʞ ʚʝʢʪʦʨʠ (1)ic  ʪʘ ( )(2)
T
ic  ʨʦʟʢʣʘʩʪʠ ʟʘ ʩʠʩʪʝʤʦʶ ʦʨʪʦʥʦʨʤʦʚʘʥʠʭ 

ʚʝʢʪʦʨʽʚ L
iy RÍ  ( 1, )i r=  ʪʘ T M

ix RÍ  ( 1, )i r= ʚʽʜʧʦʚʽʜʥʦ, ʪʦ ʟʦʙʨʘʞʝʥʥʷ 

(3.16) ʤʘʪʠʤʝ ʚʠʛʣʷʜ:  

1

r
T

i i i
i

C y x l
=

=ä .    (3.17) 

ɺʠʥʠʢʘʻ ʧʨʠʨʦʜʥʝ ʟʘʧʠʪʘʥʥʷ: òʗʢ ʩʠʩʪʝʤʘ ʦʨʪʦʥʦʨʤʦʚʘʥʠʭ ʚʝʢʪʦʨʽʚ yi, 
T
ix  ʪʘ ʯʠʩʝʣ il ʧʦʚôʷʟʘʥʘ ʟ ʤʘʪʨʠʮʝʶ C ?ò 

ʈʦʟʛʣʷʥʝʤʦ CC
T
ys { }1,...,s r" Í . ʋʨʘʭʦʚʫʶʯʠ ʦʨʪʦʛʦʥʘʣʴʥʽʩʪʴ ʚʝʢʪʦʨʽʚ 

T
ix  ʪʘ yi, ʤʘʻʤʦ: 

2 2

1 1 1

r r r
T T T T

s i i i j j j s i i i s s s
i j i

CC y y x x y y y y y yl l l l
= = =

= = =ä ä ä . (3.18) 

ɸʥʘʣʦʛʽʯʥʦ ʟʥʘʭʦʜʠʤʦ, ʱʦ 
2T

s s sC Cx xl=  { }1,...,s r" Í .  (3.19) 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʩʠʩʪʝʤʘ ʚʝʢʪʦʨʽʚ xi, yi ʪʘ ʯʠʩʝʣ il ( 1, )i r=  ʽʩʥʫʻ: ʚʝʢʪʦʨʠ 

xi ʪʘ yi ʻ ʚʣʘʩʥʠʤʠ ʚʝʢʪʦʨʘʤʠ ʜʣʷ ʤʘʪʨʠʮʴ C
T
C ʪʘ CC

T
 ʽʟ ʚʣʘʩʥʠʤʠ ʟʥʘʯʝʥ-

ʥʷʤʠ, ʱʦ ʜʦʨʽʚʥʶʶʪʴ il. ʊʦʙʪʦ ʟʦʙʨʘʞʝʥʥʷ ʤʘʪʨʠʮʽ C ʫ ʚʠʛʣʷʜʽ (3.17) ʤʦʞ-

ʣʠʚʝ, ʭʦʯ ʧʨʘʢʪʠʯʥʦ ʡʦʛʦ ʚʘʞʢʦ ʧʦʙʫʜʫʚʘʪʠ. 

ɺʠʭʦʜʷʯʠ ʽʟ ʟʦʙʨʘʞʝʥʥʷ (3.17) ʤʘʪʨʠʮʽ C, ʧʦʙʫʜʫʻʤʦ ʘʥʘʣʦʛʽʯʥʝ ʟʦʙʨʘ-

ʞʝʥʥʷ ʡ ʜʣʷ ʤʘʪʨʠʮʽ C
+
. 

ɿʛʽʜʥʦ ʟ (3.13), ʜʝ 
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1

1 1( ... ) ...

T

r r

T
r

x

C y y

x

l l

å õ
æ ö

= æ ö
æ öæ ö
ç ÷

, 

ʟʥʘʭʦʜʠʤʦ: 

1( )rC x x+=

1

1

1( )

T

r

T
r

x

x x

x

-
å õå õ
æ öæ ö

³æ öæ ö
æ öæ öæ ö
ç ÷ç ÷

 

1

1 1 1 1

1 1( )

T T

y r

T T
r r r r

y y

y y

y y

l l

l l

l l

-
å õå õ å õ
æ öæ ö æ ö
³ =æ öæ ö æ ö
æ öæ ö æ öæ ö
ç ÷ ç ÷ç ÷

  (3.20) 

2
1 1 1

1
1

1
1

0 0

( )

0 0

T

r
T

r j j j
j

T
r r r

y

x x x y

y

l l

l

l l

-

-

=
-

å õå õ
æ öæ ö

= =æ öæ ö
æ öæ öæ öç ÷ç ÷

ä . 

 

3.4. ʇʨʦʝʢʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʩʝʚʜʦʦʙʝʨʥʝʥʠʭ ʤʘʪʨʠʮʴ. 
 

ɿʦʙʨʘʞʝʥʥʷ (3.17), (3.20) ʤʘʪʨʠʮʴ C  ʪʘ C+ ʜʦʟʚʦʣʷʶʪʴ ʫ ʤʝʞʘʭ ʫʚʝʜʝʥʠʭ 

ʚʠʱʝ ʧʦʟʥʘʯʝʥʴ ʟʘʧʠʩʘʪʠ ʪʘ ʧʨʦʽʣʶʩʪʨʫʚʘʪʠ ʜʦʩʠʪʴ ʮʽʢʘʚʽ ʡ ʧʦʪʨʽʙʥʽ ʜʣʷ ʧʨʘʢʪʠʢʠ 
ʚʣʘʩʪʠʚʦʩʪʽ ʧʩʝʚʜʦʦʙʝʨʥʝʥʠʭ ʤʘʪʨʠʮʴ. ʉʬʦʨʤʫʣʶʻʤʦ ʾʭ ʫ ʚʠʛʣʷʜʽ ʪʝʦʨʝʤʠ. 

ʊʝʦʨʝʤʘ 3.2. ɼʣʷ ʚʝʢʪʦʨʘ 
Ly RÍ  ʪʘ (L M³ )-ʚʠʤʽʨʥʦʾ ʤʘʪʨʠʮʽ C  ʪʘʢʦʾ, ʱʦ 

ʜʣʷ ʦʨʪʦʥʦʨʤʦʚʘʥʠʭ ʚʝʢʪʦʨʽʚ 1, , ry y , ʷʢʽ ʻ ʙʘʟʠʩʥʠʤʠ ʜʣʷ ʚʝʢʪʦʨ-ʩʪʦʚʧʯʠʢʽʚ 

ʤʘʪʨʠʮʽ C, ʚʠʢʦʥʫʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.18), ʤʘʪʨʠʮʽ CC+ ʪʘ 

L( )TZ C I CC+= -  ʻ ʧʨʦʝʢʮʽʷʤʠ ʥʘ ʣʽʥʽʡʥʫ ʦʙʦʣʦʥʢʫ ( )Z C , ʥʘʪʷʛʥʝʥʫ ʥʘ ʚʝʢʪʦʨ-

ʩʪʦʚʧʮʽ ʤʘʪʨʠʮʽ C  ʪʘ ʦʨʪʦʛʦʥʘʣʴʥʝ ʜʦʧʦʚʥʝʥʥʷ ( )L C ʜʦ ʮʽʻʾ ʦʙʦʣʦʥʢʠ ʚʽʜʧʦʚʽʜʥʦ. 

ɼʦʚʝʜʝʥʥʷ. ɼʣʷ ʜʦʚʝʜʝʥʥʷ ʪʝʦʨʝʤʠ ʩʠʩʪʝʤʫ ʚʝʢʪʦʨʽʚ 1, , ry y  ʜʦʧʦʚ-

ʥʠʤʦ ʩʠʩʪʝʤʦʶ ʦʨʪʦʥʦʨʤʦʚʘʥʠʭ ʚʝʢʪʦʨʽʚ 1, , ,r My y+  ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʜʦ 

1, , ry y . ʊʦʜʽ 

1

M T
y y Ij j Lj

=ä
=

, 

ʘ ʜʦʩʣʽʜʞʫʚʘʥʽ ʚ ʪʝʦʨʝʤʽ ʤʘʪʨʠʮʽ 

1

r
T

j j
j

CC y y+

=

=ä ;    (3.21) 
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1

( )
L

T T
L j j

j r

Z C I CC y y+

= +

= - =ä .   (3.22) 

ʗʢʱʦ ʨʦʟʛʣʷʥʫʪʠ  

1

r
T

j j
j

CC y y y y+

=

=ä ;   (3.23) 

1

( )
L

T
L j j

j r

I CC y y y y+

= +

- =ä ,   (3.24) 

ʪʦ 
T
jy y  ʻ ʥʝ ʱʦ ʽʥʰʝ, ʷʢ ʧʨʦʝʢʮʽʷ ʚʝʢʪʦʨʘ y  ʥʘ jy , ʘ 

1

r
T

j j
j

y y y
=

ä  ʻ ʨʦʟʢʣʘʜ 

ʚʝʢʪʦʨʘ yʟʘ ʩʠʩʪʝʤʦʶ ʚʝʢʪʦʨʽʚ 1, , ry y . ʗʢʱʦ ry RÍ , ʪʦ ʮʝʡ ʨʦʟʢʣʘʜ 

ʟʨʦʟʫʤʽʣʠʡ. ʗʢʱʦ ʞ ʨʦʟʤʽʨʥʽʩʪʴ ʚʝʢʪʦʨʘ y  ʙʽʣʴʰʘ r , ʪʦ ʟʦʙʨʘʞʝʥʥʷ (3.23) 

ʙʫʜʝ ʜʘʚʘʪʠ ʨʦʟʢʣʘʜ ʧʦ 1, , ry y  ʧʨʦʝʢʮʽʾ ʚʝʢʪʦʨʘ y  ʥʘ ʣʽʥʽʡʥʫ ʦʙʦʣʦʥʢʫ, 

ʥʘʪʷʛʥʫʪʫ ʥʘ ʚʝʢʪʦʨʠ 1, , ry y , ʘ, ʦʪʞʝ, ʽ ʥʘ ʚʝʢʪʦʨ-ʩʪʦʚʧʮʽ ʤʘʪʨʠʮʽ C . 

ʊʦʙʪʦ  

( )PrL CCC y y+ = . 

ɸʥʘʣʦʛʽʯʥʠʤʠ ʤʽʨʢʫʚʘʥʥʷʤʠ, ʚʠʭʦʜʷʯʠ ʟ (3.22), ʜʦʚʦʜʠʪʴʩʷ ʡ ʜʨʫʛʝ ʪʚʝʨ-
ʜʞʝʥʥʷ ʪʝʦʨʝʤʠ, ʟʛʽʜʥʦ ʟ ʷʢʠʤ 

( )
( ) PrL L C
I CC y y+- = . 

ɸʥʘʣʦʛʽʯʥʦ ʜʦʚʦʜʠʪʴʩʷ ʥʘʩʪʫʧʥʘ ʪʝʦʨʝʤʘ. 

ʊʝʦʨʝʤʘ 3.3. ɼʣʷ ʚʝʢʪʦʨʘ 
My RÍ  ʪʘ (L M³ )-ʚʠʤʽʨʥʦʾ ʤʘʪʨʠʮʽ C  ʪʘʢʦʾ, 

ʱʦ ʜʣʷ ʦʨʪʦʥʦʨʤʦʚʘʥʠʭ ʚʝʢʪʦʨʽʚ 1, , rx x , ʷʢʽ ʻ ʙʘʟʠʩʥʠʤʠ ʜʣʷ ʚʝʢʪʦʨ-

ʨʷʜʢʽʚ 1 , ,T T
rx x  ʤʘʪʨʠʮʽ C  ʽ ʜʣʷ ʷʢʠʭ ʚʠʢʦʥʫʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.18), 

(3.19), ʤʘʪʨʠʮʽ C C+  ʽ M( ) IZ C C C+= -  ʻ ʧʨʦʝʢʮʽʡʥʠʤʠ ʥʘ ʣʽʥʽʡʥʫ ʦʙʦʣʦʥʢʫ, 

ʥʘʪʷʛʥʫʪʫ ʥʘ ʚʝʢʪʦʨ-ʨʷʜʢʠ ʤʘʪʨʠʮʽ C  ʪʘ ʦʨʪʦʛʦʥʘʣʴʥʝ ʜʦʧʦʚʥʝʥʥʷ ʜʦ ʮʽʻʾ 

ʦʙʦʣʦʥʢʠ ʚʽʜʧʦʚʽʜʥʦ. 
 

3.5. ɿʘʛʘʣʴʥʽ ʨʦʟʚôʷʟʢʠ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ. 
 

ʇʨʦʝʢʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʨʠʮʴ CC+, C C+ , ( )Z C  ʪʘ ( )TZ C  (ʜʠʚ. ʪʝ-

ʦʨʝʤʠ 3.2 ʪʘ 3.3) ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʣʽʜʠʪʠ ʟʘʛʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ ʣʽʥʽʡ-
ʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ. ʉʬʦʨʤʫʣʶʻʤʦ ʮʝ ʫ ʚʠʛʣʷʜʽ ʪʝʦʨʝʤʠ. 
ʊʝʦʨʝʤʘ 3.4. ɿʘʛʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ 

Cu y= ,    (3.25) 

ʜʝ C  ï ( )L M³ -ʚʠʤʽʨʥʘ ʤʘʪʨʠʮʷ, 
Mu RÍ , 

Ly RÍ , ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫ-

ʣʦʶ: 
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( )u C y Z C v+= + ,   (3.26) 

ʜʝ v  ï ʜʦʚʽʣʴʥʠʡ ʚʝʢʪʦʨ ʨʦʟʤʽʨʥʦʩʪʽ M , C
+
 ï ʤʘʪʨʠʮʷ, ʧʩʝʚʜʦʦʙʝʨʥʝʥʘ ʜʦ 

C, ʘ ( ) MZ C I C C+= - . ʈʦʟʚôʷʟʦʢ ʙʫʜʝ: 

1) ʻʜʠʥʠʤ ʽ ʪʦʯʥʠʤ ʧʨʠ 

( ) 0T Ty Z C y= ;    (3.27)  

det( ) 0TC C > ; 

2) ʜʘʚʘʪʠʤʝ ʤʥʦʞʠʥʫ ʨʦʟʚôʷʟʢʽʚ ʧʨʠ  

( ) 0T Ty Z C y= ;    (3.28) 

det( ) 0TC C = ; 

3) ʻʜʠʥʠʤ ʧʩʝʚʜʦʨʦʟôʷʟʢʦʤ ʪʘʢʠʤ, ʱʦ  

22 min ( )T T

u
Cu y y Z C ye= - =   (3.29) 

ʧʨʠ  

( ) 0T Ty Z C y> ;    (3.30) 

det( ) 0TC C > ; 

4) ʜʘʚʘʪʠʤʝ ʤʥʦʞʠʥʫ 

2
min

M
u

u R

Arg Cu yW
Í

= -  

ʧʩʝʚʜʦʨʦʟʚôʷʟʢʽʚ ʟ ʥʝʚ'ʷʟʢʦʶ 
2e, ʚʠʟʥʘʯʝʥʦʶ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (3.29), ʧʨʠ  

( ) 0T Ty Z C y>     (3.31) 

det( ) 0TC C = . 

ɼʦʚʝʜʝʥʥʷ. ɹʫʜʝʤʦ ʚʠʭʦʜʠʪʠ ʟ ʪʦʛʦ, ʱʦ, ʟʛʽʜʥʦ ʟ ʨʦʟʛʣʷʥʫʪʠʤ ʚʠʱʝ, 

ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ (3.25), ʷʢʱʦ ʚʽʥ ʽʩʥʫʻ, ʟʘʧʠʩʫʻʪʴʩʷ ʯʝʨʝʟ ʧʩʝʚʜʦʦʙʝʨʥʝʥʫ 

ʤʘʪʨʠʮʶ C+ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (3.12). 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʞ ʚʠʧʘʜʢʫ  

u C y w+= + ,    (3.32) 

ʜʝ w  ï ʜʦʚʽʣʴʥʠʡ ʚʝʢʪʦʨ ʨʦʟʤʽʨʥʦʩʪʽ M  ʪʘʢʠʡ, ʱʦ 

0Cw= . 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʝʢʪʦʨ w  ʤʫʩʠʪʴ ʙʫʪʠ ʦʨʪʦʛʦʥʘʣʴʥʠʤ ʜʦ ʚʝʢʪʦʨ-ʨʷʜʢʽʚ 

ʤʘʪʨʠʮʽ C, ʪʦʙʪʦ w  ʤʫʩʠʪʴ ʥʘʣʝʞʘʪʠ ʦʨʪʦʛʦʥʘʣʴʥʦʤʫ ʜʦʧʦʚʥʝʥʥʶ ʜʦ ʣʽ-

ʥʽʡʥʦʾ ʦʙʦʣʦʥʢʠ ʥʘʪʷʛʥʝʥʦʾ ʥʘ ʚʝʢʪʦʨ-ʨʷʜʢʠ ʤʘʪʨʠʮʽ C, ʘ, ʦʪʞʝ 

( )w Z C v=   
Lv R" Í , 

ʱʦ ʡ ʜʦʚʦʜʠʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.26). 
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ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.27), (3.28), (3.30), (3.31) ʩʪʘʥʫʪʴ ʟʨʦʟʫʤʽʣʠʤʠ, ʷʢʱʦ 

ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ det( ) 0TC C >  ʻ ʫʤʦʚʦʶ ʥʝʚʠʨʦʜʞʝʥʦʩʪʽ ʤʘʪʨʠʮʽ C, ʘ 

( ) 0T Ty Z C y=  ʚʠʧʣʠʚʘʻ ʟ ʫʤʦʚʠ: 

2
( ) 0TZ C y = , 

ʱʦ ʻ ʫʤʦʚʦʶ ʨʽʚʥʦʩʪʽ ʥʫʣʶ ʧʨʦʝʢʮʽʾ ʚʝʢʪʦʨʘ y  ʥʘ ʦʨʪʦʛʦʥʘʣʴʥʝ ʜʦʧʦʚʥʝʥʥʷ 

ʜʦ ʣʽʥʽʡʥʦʾ ʦʙʦʣʦʥʢʠ, ʥʘʪʷʛʥʝʥʦʾ ʥʘ ʚʝʢʪʦʨ-ʩʪʦʚʧʮʽ ʤʘʪʨʠʮʽ C. ʎʝ ʞ ʦʧʠʩʫʻ 

ʫʤʦʚʫ, ʟʘ ʷʢʦʶ ʚʝʢʪʦʨ y  ʤʦʞʝ ʙʫʪʠ ʨʦʟʢʣʘʜʝʥʠʡ ʟʘ ʚʝʢʪʦʨ-ʩʪʦʚʧʮʷʤʠ ʤʘʪ-

ʨʠʮʽ C, ʪʦʙʪʦ ʫʤʦʚʫ, ʢʦʣʠ ʪʦʯʥʦ ʟʘʜʦʚʦʣʴʥʷʻʪʴʩʷ ʨʽʚʥʷʥʥʷ (3.25). 
 

3.6. ʑʝ ʜʝʷʢʽ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʟʘʣʝʞʥʦʩʪʽ ʧʩʝʚʜʦʦʙʝʨʥʝʥʠʭ ʤʘʪʨʠʮʴ. 
 

ʉʠʥʛʫʣʷʨʥʝ ʟʦʙʨʘʞʝʥʥʷ ʤʘʪʨʠʮʴ C , C+ ʫ ʚʠʛʣʷʜʽ (3.17), (3.20) ʜʦʟʚʦʣʷʻ 

ʜʦʚʝʩʪʠ ʱʝ ʜʚʽ ʢʦʨʠʩʥʽ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʦʨʤʫʣʠ: 

( ) ( )T T T TC C CC C C C+ + += = .   (3.33) 

ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʬʦʨʤʫʣʠ (3.33) ʧʝʨʝʚʽʨʠʤʦ, ʚʠʭʦʜʷʯʠ ʟ (3.17), (3.20). ʇʨʠ ʮʴʦʤʫ  

2

1 1 1

r r r
T T T T

j j j k k k j j j
j k j

CC y x x y y yl l l
= = =

= =ä ä ä ; 

2

1 1 1

r r r
T T T T

j j j k k k j j j
j k j

C C x x y y x xl l l
= = =

= =ä ä ä .  (3.34) 

ɿʚʽʜʩʠ 

2

1 1

( ) ( )
r r

T T T T
j j j k k k

j k

C CC x y y yl l+ +

= =

= =ä ä
1

1

r
T

j j j
j

x y Cl- +

=

=ä ; 

2 1

1 1 1

( ) ( ) ( )
r r r

T T T T T
j j j k k k j j j

j k j

C C C x x x y x y Cl l l+ + - +

= = =

= = =ä ä ä . 

ɿʘʫʚʘʞʝʥʥʷ. ɿʦʙʨʘʞʝʥʥʷ (3.34) ʤʘʪʨʠʮʽ 
TC C  ʟ ʫʨʘʭʫʚʘʥʥʷʤ (3.17), (3.20) 

ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 
2( )T T

j j jC C x xl+ -= . 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 

1

( )
r

T T T
j j

j

C C C C C C x x+ +

=

= =ä . 

ɿʚʽʜʩʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʝʢʪʦʨʽʚ jx  ( 1, )j r=  ʨʦʙʠʤʦ ʚʠʩʥʦ-

ʚʦʢ, ʱʦ det( )C C+  ʤʦʞʝ ʤʘʪʠ ʟʥʘʯʝʥʥʷ çʦʜʠʥè ʘʙʦ çʥʫʣʴè: çʦʜʠʥè ï ʢʦʣʠ 

ʨʦʟʚôʷʟʦʢ (ʧʩʝʚʜʦʨʦʟʚôʷʟʦʢ) ʩʠʩʪʝʤʠ (3.25) ʦʜʥʦʟʥʘʯʥʠʡ; çʥʫʣʴè ï ʢʦʣʠ ʮʠʭ 
ʨʦʟʚôʷʟʢʽʚ (ʧʩʝʚʜʦʨʦʟʚôʷʟʢʽʚ) ʤʥʦʞʠʥʘ. 
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ʎʝ ʜʦʟʚʦʣʷʻ ʫʤʦʚʫ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʟʘʛʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ (3.26) ʩʠʩʪʝʤʠ ʣʽ-
ʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ (3.25) ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ (3.27), (3.28), (3.30), 
(3.31) ʟʘʤʽʥʠʪʠ ʫʤʦʚʦʶ: 

det( ) 0C C+ = , 

ʘʙʦ  

det( ) 1C C+ = . 
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Ä4. ʄʦʜʝʣʶʚʘʥʥʷ ʜʠʩʢʨʝʪʠʟʦʚʘʥʠʭ  
ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ 

 

4.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʪʘ ʧʨʦʙʣʝʤʠ ʾʾ ʨʦʟʚôʷʟʘʥʥʷ. 
 

ʈʦʟʛʣʷʥʫʪʠʡ ʚʠʱʝ ʚʘʨʽʘʥʪ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ (1.3), 

(1.4), ʜʠʩʢʨʝʪʠʟʦʚʘʥʠʭ ʪʦʯʢʘʤʠ 
0

0 0( 1, ),lx S l LÍ =  ( , )l kx tG
 

( ; 0; 1, ; 1, ),l kx t l L k KG
GGÍ ² = =  ʩʠʩʪʝʤʦʶ ʚʝʢʪʦʨʽʚ 

0
0 0 0( ( ), 1, ),mu col u s m M= =    (4.1) 

( ( ), 1, )mu col u s m MG
G G G= =    (4.2) 

ʟʥʘʯʝʥʴ ʤʦʜʝʣʶʶʯʠʭ ʬʫʥʢʮʽʡ 0( )u s  ʪʘ ( )u sG  ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʙʦʨʫ 

ʪʦʯʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʷʢ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ, ʪʘʢ ʽ ʤʦʜʝʣʶʶʯʠʭ ʬʫʥʢʮʽʡ. 
ɹʽʣʴʰ ʪʦʯʥʠʤʠ ʡ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʙʫʣʠ ʙ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʦʜʝʣʶʶʯʠʭ 

ʬʫʥʢʮʽʡ 0( )u s  ʪʘ ( )u sG , ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʠʩʢʨʝʪʠʟʦʚʘʥʠʤ ʪʦʯʢʘʤʠ 
0
lx  ʽ 

( , )l kx tG
 ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʤ ʫʤʦʚʘʤ (1.3), (1.4): 

0
0 0 0

00,
( ) ( , ) ( ), 1, ;

l
r t r lt x x

L y x t Y x r R
= =

µ = =   (4.3) 

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

k l
x l kt t x x

L y x t Y x t RG
G G G
r r GG

r
= = Í

µ = =   (4.4) 

ɿʛʽʜʥʦ ʟ ʚʠʢʣʘʜʝʥʠʤ ʫ ʧ.1.3 ʟʥʘʯʝʥʥʷ 0( )u s^  ʪʘ ( )u sG
^  ʬʫʥʢʮʽʡ 0( )u s , 

( )u sG , ʷʢʠʤʠ ʤʦʜʝʣʶʶʪʴʩʷ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʽ ʫʤʦʚʠ (4.3), (4.4) ʫ ʨʦʟʚôʷʟʢʫ 

(1.11) ʟʘʜʘʯʽ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤʠ (1.1), ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ: 

0 0

0

0

2
0 0

0,( ), ( ) 1 1

2

,
1 1

( )
arg min [ ( ) ( )

( )

( ) ( ) ],

l

k l

R L

r t rolt x xu s u s r l

R L

x klt t x x
l

u s
L y s Y

u s

L y s Y

G

G G

G

G

G
r rG

r

= =
= =

= =
= =

å õ
æ ö= µ - +
æ ö
ç ÷

+ µ -

ä ä

ää

 (4.5) 

ʜʝ 0 0( ),rol r lY Y x= ( , ).kl l kY Y x tG G
rG r=  

ɿʘʣʠʰʘʶʯʠʩʴ ʫ ʤʝʞʘʭ ʚʠʟʥʘʯʝʥʠʭ ʫ (1.23) ʚʝʢʪʦʨʘ y, ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ 

( )u s  ʪʘ ʤʘʪʨʠʯʥʦʾ ʬʫʥʢʮʽʾ ( )A s¡, ʧʨʦʙʣʝʤʫ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ (4.5) ʟʘʤʽʥʠʤʦ 

ʪʘʢʦʶ: 

0

2

( ), ( )
( ) ( ) min .

u s u s
A s u s ds y

G

¡ ¡ ¡- ­ñ   (4.6) 

ʊʫʪ  

0 0( (( , (1, ), 1, ),

((( , 1, ), 1, ), 1, ));

r l

kl ɻ

y col col Y l L r R

col Y l L k K RrG G r

= = =

= = =
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0
0 0( ) ( ( ) ,u s col u s s S¤= Í  

0( ) );Tu s s SG ¤Í  

, 2

, 1
( ) ( ) ;

i j

ij i j
A s G s

=

=
¡ è ¡ ø=ê ú    (4.7) 

0
0

1 0 00,
( ) (( ( ) ( ) , 1, ), 1, );

l
j r t t x x

G s col L G s s l L r R
= =

¡ ¡= µ - = =  

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

k l
j x t t x x

G s col L G s s l L k K RG
G
r G Gr

= =
¡ ¡= µ - = = =  

ʧʨʠʯʦʤʫ 
0

0s S¤¡Í  ʧʨʠ ̔=1 ʪʘ 0
ʊs S¤¡Í  ʧʨʠ ̔=2. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙʣʘʩʪʽ ʟʤʽʥʠ 

ʘʨʛʫʤʝʥʪʫ s¡ ʫ ʚʠʟʥʘʯʝʥʥʽ ʤʘʪʨʠʯʥʠʭ ʪʘ ʚʝʢʪʦʨʥʠʭ ʬʫʥʢʮʽʡ ( )ijG s¡, 0( )u s¡ 

ʪʘ ( )u sG ¡ ʨʦʟʫʤʽʻʪʴʩʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚ (4.6). 

ʗʢ ʽ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ, ʜʦʩʣʽʜʞʝʥʽ ʥʘʤʠ ʚ ʧʦʧʝʨʝʜ-

ʥʴʦʤʫ ʧʘʨʘʛʨʘʬʽ, ʟʘʜʘʯʘ (4.6), ʟʘʣʝʞʥʦ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ ( )A s  ʪʘ y , 

ʤʦʞʝ ʤʘʪʠ ʪʦʯʥʠʡ ʨʦʟʚôʷʟʦʢ, ʘʙʦ ʚʠʟʥʘʯʝʥʝ ʟʛʽʜʥʦ ʟ (4.6) ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʥʴʦ-

ʛʦ. ʗʢ ʨʦʟʚôʷʟʦʢ, ʪʘʢ ʽ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʥʴʦʛʦ ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʥʦʟʥʘʯʥʠʤʠ, ʘʙʦ 

ʚʠʟʥʘʯʘʪʠʩʷ ʤʥʦʞʠʥʦʶ ʟʥʘʯʝʥʴ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ (4.6), (4.7) ʙʫ-

ʜʝʤʦ ʚʠʭʦʜʠʪʠ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (3.26) ï (3.31), ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʦʙʝʨʥʝʥʥʽ ʩʠʩ-

ʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ (3.25). ʉʧʨʷʤʫʻʤʦ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ ʟʥʘ-

ʯʝʥʥʷ N ʫ ʟʘʜʘʯʽ: 
2

( ), 1,1

( ) ( ) min ,
i

N

i i N
u s i Ni

A s u s s yD
==

- ­ä   (4.8) 

ʜʝ 
( ) ( )
1 ,..., ,

N N
N Ns x x tnD D D D=  ï ʜʠʩʢʨʝʪʠʟʘʮʽʡʥʘ ʩʽʪʢʘ ʜʣʷ ʧʨʦʩʪʦʨʦʚʦ-

ʯʘʩʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ( , )x t  (
( )NxnD  ï ʢʨʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʢʦʦʨʜʠʥʘʪʠ xn). 

 

4.2. ʄʝʪʦʜʠ ʣʽʥʽʡʥʦʾ ʘʣʛʝʙʨʠ ʚ ʧʦʙʫʜʦʚʽ ʪʘ ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʛʘʣʴʥʦʛʦ 

ʨʦʟʚôʷʟʢʫ ʜʠʩʢʨʝʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. 

 

ɺʠʢʦʥʘʻʤʦ ʮʽʣʝʩʧʨʷʤʦʚʘʥʝ (ʟʛʽʜʥʦ ʟ (4.8)) ʦʙʝʨʥʝʥʥʷ ʩʠʩʪʝʤʠ: 

1

( ) ( ) .
N

i i N
i

A s u s s yD
=

=ä    (4.9) 

ʈʦʟʛʣʷʥʝʤʦ ʤʘʪʨʠʯʥʽ ʪʘ ʚʝʢʪʦʨʥʽ ʬʫʥʢʮʽʾ ʜʠʩʢʨʝʪʥʦʛʦ ʘʨʛʫʤʝʥʪʫ: 

1 1( ) ( ( ) ,..., ( ) );N N NA A s s A s sD DÖ =  

1 1( ) ( ( ) ,..., ( ) )N N Nu col u s s u s sD DÖ =   (4.10) 

ʪʘʢʽ, ʱʦ 
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1 1( ) ( ) ; ( ) ( ) .i N i NA i A s s u i u s sD D= =  

ʉʠʩʪʝʤʫ (4.9) ʟʘʧʠʰʝʤʦ ʫ ʚʠʛʣʷʜʽ:  

1 1( ) ( ) ,A u yÖ Ö =    (4.11) 

ʟʚʽʜʩʠ 

1

2
1 1 1 1

( )

( ) : arg min ( ) ( ) .
Nn

u
u R

u u A u yW
ÖÍ

ë û
= Ö = Ö Ö -ì ü
í ý

^ ^  

ɿʛʽʜʥʦ ʟ (3.26) 

{ }1 1 1 1( ) : ( ) ( ) ( ) ( ) ,ʊ
u vu u A P y p vW += Ö Ö = Ö - + Ö (4.12) 

ʜʝ 

1 1 1 1 1( ) ( ); ( ) ( ),T
vP A A p A v= Ö Ö = Ö Ö 

1( ) ( (1),..., ( )) ( ) ( 1, ).mv col v v N v i R i NÖ = " Í =  

ʋʨʘʭʦʚʫʶʯʠ ʚʠʟʥʘʯʝʥʥʷ (4.10) ʤʘʪʨʠʯʥʠʭ ʪʘ ʚʝʢʪʦʨʥʠʭ ʚʝʢʪʦʨʽʚ 1( )A Ö, 

1( )u Ö, ʨʦʙʠʤʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʨʦʟʚôʷʟʢʦʤ (ʧʩʝʚʜʦʨʦʟʚôʷʟʢʦʤ) ʨʽʚʥʷʥʥʷ (4.9), 

ʷʢʠʡ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʫ (4.8), ʙʫʜʝ  

( ) { ( ) : ( ) ( ) ( ) ( )},T
i ui i i i v iu s u s u s A s P y p v sW +Í = = - +  (4.13) 

ʜʝ  

1

( ) ( ) ;
N

T
i i N

i

P A s A s sD
=

=ä  

1

( ) ( )
N

v i i N
i

p A s v s sD
=

=ä  

( ) m
iv s R" Í  ʧʨʠ 1, .i N=  

ɺʠʢʦʥʘʻʤʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʤʥʦʞʠʥ uW , uiW  ʚʝʢ-

ʪʦʨʥʦʾ ʬʫʥʢʮʽʾ 1( )u Ö ʪʘ ʚʝʢʪʦʨʘ ( )iu s . ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.26) 

ï (3.31) (ʜʠʚ. ʧ.3.5) ʜʣʷ ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ, ʟʥʘʭʦʜʠʤʦ, ʱʦ 

ʤʥʦʞʠʥʘ uW  ʙʫʜʝ ʤʥʦʞʠʥʦʶ ʪʦʯʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʟʘʜʘʯʽ (4.9), ʷʢʱʦ 

2
1 0.T Ty y y PP ye += - =   (4.14) 

ʗʢʱʦ ʞ 
2
1 0e> , ʪʦ uW  ʙʫʜʝ ʤʥʦʞʠʥʦʶ ʧʩʝʚʜʦʨʦʟʚôʷʟʢʽʚ ʪʘʢʦʶ, ʱʦ 

1

2

2
1 1

( ) 1

min ( ) ( ) .
u

N

u i

A u y
W

e
ÖÍ =

Ö Ö - =ä   (4.15) 

ʄʥʦʞʠʥʘ ʙʫʜʝ ʦʜʥʦʟʥʘʯʥʦʶ ʧʨʠ  

1 1det( ( ) ( )) 0.TA AÖ Ö >   (4.16) 
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ʉʧʨʷʤʦʚʫʶʯʠ N­¤ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ (4.14) ï (4.16), ʟʘʧʠʰʝʤʦ ʫʤʦʚʠ 

ʪʦʯʥʦʩʪʽ ʪʘ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʜʣʷ ʤʥʦʞʠʥ ( 1, )ui i NW = . ʇʨʠ ʮʴʦʤʫ ʤʘʪʠʤʝʤʦ: 

ʘ) ʫʤʦʚʘ ʪʦʯʥʦʩʪʽ: 
2 0;T Ty y y PP ye += - =   (4.17) 

ʙ) ʫʤʦʚʘ ʦʜʥʦʟʥʘʯʥʦʩʪʽ: 

,

, 1
lim det ( ) ( ) 0;

i j N
T

i j
i jN

A s A s
=

=­¤

å õè ø >æ öê úç ÷
  (4.18) 

ʚ) ʧʦʭʠʙʢʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ (4.8): 
2

2

( ) 1

min ( ) ( ) .
i ui

N

i i N
u s i

A s u s s y
W

D e
Í =

- =ä   (4.19) 

 

4.3. ɿʘʛʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʧʨʦʙʣʝʤʠʦʙʝʨʥʝʥʥʷ ʩʠʩʪʝʤʠ 
ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʚ̔ʥʷʥʴ. 

 

ʋʨʘʭʦʚʫʶʯʠ, ʱʦ ʟʘʜʘʯʘ (4.8) ʻ ʜʦʧʦʤʽʞʥʦʶ ʜʣʷ ʟʘʜʘʯʽ (4.6), (4.7), ʚʠʢʦ-
ʥʘʻʤʦ ʧʦʙʫʜʦʚʫ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʦʩʪʘʥʥʴʦʾ. ʇʨʠ ʮʴʦʤʫ 
ʙʫʜʝʤʦ ʚʠʭʦʜʠʪʠ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (4.12), (4.14) ï (4.16) ʪʘ (4.13), (4.17) ï 
(4.19), ʷʢʠʤʠ ʦʧʠʩʫʻʪʴʩʷ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯ (4.9) ʪʘ (4.11). ʉʧʨʷʤʦʚʫʶʯʠ 

N­¤ ʪʘ ʚʨʘʭʦʚʫʶʯʠ, ʱʦ 

1
1

( )
lim lim ( ( ),..., ( )) ( );N

N N
N

A
A s A s A s

sD­¤ ­¤

Ö
= =   (4.20) 

1

1

( )
( )

lim lim ... ( );

( )

T

T
T

N N
N T

N

A s
A

A s
s

A s
D­¤ ­¤

å õ
æ öÖ

=æ ö
æ ö
ç ÷

   (4.21) 

1

1

( )
( )

lim lim ... ( ),

( )
N N

N
N

u s
u

u s
s

u s
D­¤ ­¤

å õ
Ö æ ö
= =æ ö

æ ö
ç ÷

   (4.22) 

ʟʥʘʭʦʜʠʤʦ, ʱʦ ʚʠʟʥʘʯʝʥʘ ʚ (4.6) ʚʝʢʪʦʨ-ʬʫʥʢʮʽʷ  

( ) { ( ) : ( ) ( ) ( ) ( )},T
u vu s u s u s A s P y p v sW +Í = = - +  (4.23) 

ʜʝ )(sv  ï ʜʦʚʽʣʴʥʘ ʽʥʪʝʛʨʦʚʘʥʘ ʚ ʦʙʣʘʩʪʽ ʟʤʽʥʠ ʘʨʛʫʤʝʥʪʫ s ʬʫʥʢʮʽʷ, ʘ  

( ) ( ) ; ( ) ( ) .T
vP A s A s ds p A s v s ds= =ñ ñ   (4.24) 

ɺʠʟʥʘʯʝʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (4.23) ʤʦʜʝʣʶʶʯʽ ʬʫʥʢʮʽʾ 0( )u s  ʪʘ ( )u sG  

ʨʦʟʚôʷʟʫʚʘʪʠʤʫʪʴ ʟʘʜʘʯʫ (4.6) ʪʦʯʥʦ, ʷʢʱʦ ʧʨʠ ʈ, ʦʙʨʘʭʦʚʘʥʦʤʫ ʟʛʽʜʥʦ ʟ 
(4.24),  

2 0.T Ty y y PP ye += - =   (4.25) 



ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʷʤʠʭ ʟʘʜʘʯ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤ 

 ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 
   

35 

ʇʨʠ 
2 0e>  ʚʝʢʪʦʨ ( )u s ʤʦʜʝʣʶʶʯʠʭ ʬʫʥʢʮʽʡ 0( )u s  ʪʘ ( )u sG  ʙʫʜʝ ʪʘʢʠʤ, 

ʱʦ  
2 2

( )
min ( ) ( ) .

uu s
A s u s ds y

W
e

Í
- =ñ   (4.26) 

ʄʥʦʞʠʥʘ (4.23) ʚʝʢʪʦʨ-ʬʫʥʢʮʽʡ )(su  ʙʫʜʝ ʦʜʥʦʟʥʘʯʥʦʶ ʧʨʠ 

,

, 1
lim det ( ) ( ) 0.

i j N
T

i j
i jN

A s A s
=

=­¤

è ø >
ê ú

  (4.27) 

 

 

4.4. ʇʩʝʚʜʦʦʙʝʨʥʝʥʥʷ ʤʘʪʨʠʯʥʠʭ ʩʪʦʚʧʮʽʚ-ʬʫʥʢʮʽʡ ʪʘ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ 

ʤʦʜʝʣʚʁʘʥʥʷ ʜʠʩʢʨʝʪʠʟʦʚʘʥʠʭ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ. 
 

ʄʝʪʦʜʠʢʘ ʧʦʙʫʜʦʚʠ ʤʥʦʞʠʥʠ (4.23) ʚʝʢʪʦʨ-ʬʫʥʢʮʽʡ  

0( ) ( ( ), ( ))u s col u s u sG= , 

ʷʢʠʤʠ ʯʝʨʝʟ  

0
0

0 0( ) ( ) ( )

S

y s G s s u s ds
¤

¡ ¡ ¡= -ñ  

ʪʘ  

0

( ) ( ) ( )
TS

y s G s s u s dsG G

¤

¡ ¡ ¡= -ñ  

ʟʛʽʜʥʦ ʟ ʢʨʠʪʝʨʽʻʤ (4.5) ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʥʝʩʦʢ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ (4.3), 

(4.4) ʫ ʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ ʩʪʘʥʫ 

0( ) ( ) ( ) ( )y s y s y s y sG ¤= + + ,  (4.28) 

ʙʫʜʫʚʘʣʘʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʨʠʯʥʦʾ ʬʫʥʢʮʽʾ A(s) ʪʘ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ ( )u s , 

ʚʠʟʥʘʯʝʥʠʭ ʫ (4.7). 

ʈʦʟʛʣʷʜʘʶʯʠ A(s) ʪʘ u(s) ʟʛʽʜʥʦ ʟ (4.20) ï (4.22), ʫʨʘʭʦʚʫʶʯʠ, ʱʦ ʢʨʠʪʝʨʽʻʤ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʻ (ʜʠʚ.(4.6)) 
2

( )
( ) ( ) min

u s
A s u s ds y- ­ñ  

ʪʘ ʧʦʟʥʘʯʠʚʰʠ ʯʝʨʝʟ 

( )
1 1

( )
( ) lim ( ( ) ( ))

T
T

N
N

A
A s A A

sD

+ +

­¤

Ö
= Ö Ö 

ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʽ, ʧʩʝʚʜʦʦʙʝʨʥʝʥʦʾ ʜʦ 1( )A Ö, ʟʥʘʭʦʜʠʤʦ, ʱʦ  

( )( ) ( ) ( ) ( ) ( ) ( ) .T T TA s A s A s A s ds A s P
+

+ += =ñ   (4.29) 

ʎʝ ʜʦʟʚʦʣʷʻ ʤʘʪʨʠʯʥʫ ʬʫʥʢʮʽʶ 
( ) ( )A s+

 ʥʘʟʚʘʪʠ ʧʩʝʚʜʦʦʙʝʨʥʝʥʦʶ ʜʦ 

ʤʘʪʨʠʯʥʦʾ ʬʫʥʢʮʽʾ ( )A s . 
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ɯʟ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (4.23) ʟʥʘʭʦʜʠʤʦ, ʱʦ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʷ ( )u s , ʷʢʦʶ, ʟʛʽʜʥʦ ʟ 

(4.5), ʤʦʜʝʣʶʶʪʴʩʷ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʽ ʫʤʦʚʠ (4.3), (4.4), ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚ-

ʚʽʜʥʦʰʝʥʥʷʤʠ 
( )( ) { ( ) : ( ) ( )( ) ( ) }.u vu s u s u s A s y p v sW +Í = = - +  (4.30) 

ʇʨʠ ʮʴʦʤʫ ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ (3.6) 
( ) 2

( )
( ) arg min || ( ) || .

uu s
A s y u s

W

+

Í
=    (4.31) 

ʅʘʧʨʠʢʽʥʮʽ ʥʘʛʘʜʘʻʤʦ, ʱʦ ʚʠʨʘʟʠ (4.30), (4.31) ʪʘ ʫʤʦʚʠ ʾʭ ʪʦʯʥʦʩʪʽ ʡ ʦʜ-

ʥʦʟʥʘʯʥʦʩʪʽ ʫ ʬʦʨʤʽ (4.25) ï (4.27) ʤʘʶʪʴ ʤʽʩʮʝ ʜʣʷ ʚʩʽʭ ʧʦʩʪʘʥʦʚʦʢ ʧʦʯʘʪʢʦ-

ʚʦ-ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ, ʩʬʦʨʤʫʣʴʦʚʘʥʠʭ ʫ ʧ. 1.3. ʎʝ ʽ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʘ ʟʘʜʘʯʘ 

ʟʘʛʘʣʴʥʦʾ ʧʦʩʪʘʥʦʚʢʠ, ʽ ʟʘʜʘʯʽ ʜʠʥʘʤʽʢʠ ʨʦʟʛʣʷʜʫʚʘʥʠʭ ʩʠʩʪʝʤ, ʨʦʟʚôʷʟʫʚʘʥʽ 

ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʢʨʘʡʦʚʠʭ ʫʤʦʚ (ʫ ʥʝʦʙʤʝʞʝʥʽʡ ʧʨʦʩʪʦʨʦʚʽʡ ʦʙʣʘʩʪʽ) ʯʠ ʧʦʯʘ-

ʪʢʦʚʠʭ ʫʤʦʚ (ʫ ʥʝʦʙʤʝʞʝʥʽʡ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ). 

ɺʘʨʽʘʥʪ ʟʘʜʘʯʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʙʦʨʦʤ ʦʟʥʘʯʝʥʴ ʜʣʷ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ ( )u s , 

ʤʘʪʨʠʯʥʦʾ ʬʫʥʢʮʽʾ ( )A s  ʪʘ ʚʝʢʪʦʨʘ y . 

ʊʘʢ, ʧʨʠ 

 0 0( ) ( ( ), ( )); ( , );u s col u s u s y col y yG G= =  

, 2
, 1( ) [ ( )] ,

i j
ij i jA s G s

=
==  

ʜʝ ( )ijG s  ʚʠʟʥʘʯʝʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ (4.7), ʮʝ ʙʫʜʝ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʘ ʟʘ-

ʜʘʯʘ ʟʘʛʘʣʴʥʦʾ ʧʦʩʪʘʥʦʚʢʠ.  

ʇʨʠ 0 0 11( ) ( ); ; ( ) ( )u s u s y y A s G s= = =  ʮʝ ʙʫʜʝ ʟʘʜʘʯʘ ʂʦʰʽ.  

ʇʨʠ 22( ) ( ); ; ( ) ( )u s u s y y A s G sG G= = =  ʮʝ ʙʫʜʝ ʢʨʘʡʦʚʘ ʟʘʜʘʯʘ. 
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Ä5. ʄʦʜʝʣʶʚʘʥʥʷ ʥʝʧʝʨʝʨʚʥʦʾ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʦʾ ʟʘ-
ʜʘʯʽʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤ ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

 

5.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʪʘ ʧʨʦʙʣʝʤʠ ʾʾ ʨʦʟʚôʷʟʘʥʥʷ. 
 

ʈʦʟʛʣʷʥʫʪʠʡ ʚʠʱʝ ʚʘʨʽʘʥʪ ʧʦʩʪʘʥʦʚʢʠ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ ʤʦʜʝʣʶ-
ʚʘʥʥʷ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤʠ (1.1) ï (1.4) ʙʫʜʫʚʘʚʩʷ ʟ 
ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʽ ʫʤʦʚʠ (1.3), (1.4) ʤʫʩʷʪʴ ʩʧʨʘʚʜʞʫʚʘʪʠʩʷ 
ʪʦʯʥʦ (ʘʙʦ ʥʘʙʣʠʞʝʥʦ) ʫ ʧʝʚʥʠʭ, ʥʘʧʝʨʝʜ ʚʠʟʥʘʯʝʥʠʭ, ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ 
ʪʦʯʢʘʭ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʧʦʙʫʜʫʚʘʪʠ ʪʘ ʜʦʩʣʽʜʠʪʠ ʤʥʦʞʠʥʠ ʥʝʧʝʨʝʨʚʥʠʭ ʤʦʜʝ-
ʣʶʁʯʠʭ ʬʫʥʢʮʽʡ, ʷʢʽ ʦʜʥʦʟʥʘʯʥʦ, ʘʙʦ ʥʝʦʜʥʦʟʥʘʯʥʦ, ʪʦʯʥʦ, ʘʙʦ ʟ ʧʝʚʥʠʤʠ 
ʧʦʭʠʙʢʘʤʠ ʤʦʜʝʣʶʶʪʴ ʜʠʩʢʨʝʪʥʦ ʟʘʜʘʥʽ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʽ ʫʤʦʚʠ (4.3), (4.4). 
ʄʦʞʥʘ, ʦʜʥʘʢ, ʥʘʚʝʩʪʠ ʨʷʜ ʧʨʠʢʣʘʜʽʚ, ʢʦʣʠ ʩʧʝʮʠʬʽʢʘ ʧʨʦʮʝʩʫ, ʱʦ ʦʧʠ-

ʩʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ (1.1) ï (1.4), ʚʠʤʘʛʘʻ ʚʠʢʦʥʘʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʫ 
ʚʩʽʭ ʪʦʯʢʘʭ ʦʙʣʘʩʪʽ, ʘ ʢʨʘʡʦʚʠʭ ï ʧʦ ʚʩʴʦʤʫ ʢʦʥʪʫʨʫ, ʪʦʙʪʦ, ʱʦʙ ʚʝʢʪʦʨ-
ʬʫʥʢʮʽʷ ʩʪʘʥʫ y(s) ʚʠʟʥʘʯʘʣʘʩʷ ʫʤʦʚʘʤʠ (1.3), (1.4): 

0 0
0 0 0( ) ( ) ( ) ( , 1, );r t t rL y s Y x x S r R=µ = Í =   (5.1) 

( ) ( ) ( , ) ( , [0, ], 1, )x x x
L y s Y x t x t T RG
G G G G
r r GG

G r
= Í

µ = Í Í = . (5.2) 

ʋʨʘʭʦʚʫʶʯʠ ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʙʣʝʤʠ ʧʦʙʫʜʦʚʠ ʥʝʧʝʨʝʨʚʥʠʭ ʬʫʥʢʮʽʡ 

0 0( ) ( ( ,0])u s s SÍ ³ -¤  ʪʘ 0( ) ( ( \ ) (0, ])u s s R S Tn
G Í ³ , ʷʢʠʤʠ ʙ ʯʝʨʝʟ ʩʢʣʘ-

ʜʦʚʽ 0( )y s  ʪʘ ( )y sG  ʤʦʜʝʣʶʚʘʚʩʷ ʚʧʣʠʚ ʥʘ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʶ ( )y s  ʧʦʯʘʪʢʦʚʦ-

ʢʨʘʡʦʚʠʭ ʫʤʦʚ (5.1), (5.2), ʨʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʧʦʙʫʜʦʚʠ ʟʥʘʯʝʥʴ 
0 0

0 0 0 0(( ), 1, , ( ,0])m mu u s m M s S= = Í ³ -¤  (5.3) 

ʪʘ 

0(( ), 1, , ( \ ) ( 0, ])m mu u s m M s R S TG G n
G G G= = Í ³ -  (5.4)  

ʤʦʜʝʣʶʶʯʠʭ ʬʫʥʢʮʽʡ 0( )u s  ʪʘ ( )ɻu s  ʪʘʢʠʭ, ʱʦʙ 

0

0

0

2
0 0

0
1

2

,1 0

( ) ( ) ( )

( ) ( ) ( , ) min .

R

r t t r
r S

TR

x
u u

L y s Y x dx

dx L y s Y x t dt
G

G

G G
r r

r G

=
=

=

µ - +

+ µ - ­

äñ

äñ ñ

 (5.5) 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʤʝʪʦʜʠʢʫ ʨʦʟʚôʷʟʘʥʥʷ ʜʠʩʢʨʝʪʠʟʦʚʘʥʦʾ ʟʘʜʘʯʽ ʤʦʜʝʣʶʚʘʥ-
ʥʷ ʜʠʥʘʤʽʢʠ ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʨʦʟʚʠʥʫʪʫ ʚ Ä3 ʪʘ ʫʟʘʛʘʣʴʥʝʥʫ (Ä4) ʜʣʷ 
ʟʘʜʘʯ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʩʢʨʝʪʠʟʦʚʘʥʠʭ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʥʝʧʝʨʝʨʚʥʠ-

ʤʠ ʬʫʥʢʮʽʷʤʠ 0( )u s  ʪʘ ( )u sG , ʧʦʰʠʨʠʪʠ ʥʘ ʟʘʜʘʯʫ (5.5), ʫʚʝʜʝʤʦ ʜʦ ʨʦʟʛʣʷ-

ʜʫ ʪʘʢʽ ʚʝʢʪʦʨʥʽ ʪʘ ʤʘʪʨʠʯʥʽ ʬʫʥʢʮʽʾ: 
0 0

0 0( ) ( ( ), 1, ) ;rY x col Y x r R x S= = Í   (5.6) 

( , ) ( ( , ), 1, ) , [0, ];Y x t col Y x t R x t TG G
r Gr G= = Í Í  
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0 0
11 0 0 0 0( ) ( ( ( ) ( ) , 1, ), 1, ) ;r t m tG x col str L G s s m M r R x S== µ - = = Í 

0
12 0 0 0( ) ( ( ( ) ( ) , 1, ), 1, ) ;r t m tG x col str L G s s m M r R x SG

G== µ - = = Í (5.7) 

0
21 0( , ) ( ( ( ) ( ), 1, ), 1, ) , [0, ];x mG x t col str L G s s m M R x t TG

r Gr G= µ - = = Í Í 

22( , ) ( ( ( ) ( ), 1, ), 1, ) , [0, ].x mG x t col str L G s s m M R x t TG G
r G Gr G= µ - = = Í Í 

ʎʝ ʜʦʟʚʦʣʷʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (5.5) ʧʝʨʝʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 

0

2
0

11 12( ( ), ( )) ( ) min;
u

S

G x G x u Y x dxè ø- ­
ê úñ   (5.8) 

2
21 22

0

[( ( , ), ( , )) ( , )] min,
T

u
dx G x t G x t u Y x t dtG

G

- ­ñ ñ  

ʜʝ 0( , )u col u uG= . 

ʎʝ ʝʢʚʽʚʘʣʝʥʪʥʦ ʟʘʜʘʯʽ ʦʙʝʨʥʝʥʥʷ ʩʠʩʪʝʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʨʚ̔ʥʷʥʴ: 

( ) ( ),B s u Y s=     (5.9) 

ʜʝ ʟ ʫʨʘʭʫʚʘʥʥʷʤ (5.7) 
0

11 12

21 22

( ) ( ) ( )
( ) ; ( ) .

( , ) ( , ) ( , )

G x G x Y s
B s Y s

G x t G x t Y x tG

å õå õ
= =æ öæ ö æ öç ÷ ç ÷

 (5.10) 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʟʘʜʘʯʘ ʦʙʝʨʥʝʥʥʷ ʨʽʚʥʷʥʴ (5.9) ʟʛʽʜʥʦ ʟ ʢʨʠʪʝʨʽʻʤ (5.8) ʻ 
ʩʢʣʘʜʥʦʶ. ɿʘ ʜʝʷʢʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ ʤʘʪʨʠʯʥʦʶ ʪʘ ʚʝʢʪʦʨʥʦʶ ʬʫʥʢʮʽʷʤʠ 

( )B s  ʪʘ ( )Y s  ʮʷ ʟʘʜʘʯʘ ʤʦʞʝ ʤʘʪʠ ʨʦʟʚôʷʟʦʢ (ʦʜʥʦʟʥʘʯʥʠʡ, ʘʙʦ ʤʥʦʞʠʥʫ). ʋ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʥʘ ʥʘʙʣʠʞʝʥʝ ʟʛʽʜʥʦ ʟ (5.8) ʦʙʝʨʥʝʥ-
ʥ.̫ 
ɼʣʷ ʧʦʙʫʜʦʚʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʤʥʦʞʠʥʠ ʤʦʞʣʠʚʠʭ ʦʙʝʨʥʝʥʴ ʨʽʚʥʷʥʴ (5.9), 

ʘ, ʦʪʞʝ, ʽ ʧʦʙʫʜʦʚʠ ʤʥʦʞʠʥʠ ʟʥʘʯʝʥʴ 0u  ʪʘ uG  ʤʦʜʝʣʶʶʯʠʭ ʬʫʥʢʮʽʡ 0( )u s  

ʪʘ ( )u sG , ʙʫʜʝʤʦ ʚʠʭʦʜʠʪʠ ʟʥʦʚʫ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (3.26) ï (3.31), ʦʪʨʠʤʘʥʠʭ 

ʥʘʤʠ ʧʨʠ ʧʦʙʫʜʦʚʽ ʪʘ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʟʚôʷʟʢʽʚ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ 

ʨʽʚʥʷʥʴ (3.25). ɼʣʷ ʮʴʦʛʦ ʨʦʟʛʣʷʥʝʤʦ (ʧʨʠ 0N ­¤ ʪʘ NG­¤) ʩʠʩʪʝʤʫ: 

0
11 12

21 22

,
YG G

u
G G YG

å õå õ
=æ öæ ö æ ö

ç ÷ ç ÷

   (5.11) 

ʜʝ ʧʨʠ 
0

0, ( , ), , [0, ]l l l l lx S s x t x t TG G G GÍ = Í Í  

0 0 0
0( ( ), 1, );lY col Y x l N= =  

( ( , ), 1, );l lY col Y s t l NG G G
G= =  

0
1 1 0( ( ), 1, );i i lG col G x l N= =  

2 2( ( , ), 1, ).i i l lG col G x t l NG
G= =  
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ɹʘʯʠʤʦ, ʱʦ ʧʨʦʙʣʝʤ ʟ ʦʙʝʨʥʝʥʥʷʤ ʩʠʩʪʝʤʠ (5.11) ʥʝʤʘʻ. ʈʦʟʚôʷʟʦʢ ʾʾ, ʘ 
ʪʘʢʦʞ ʫʤʦʚʠ ʪʦʯʥʦʩʪʽ ʪʘ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʨʦʟʚôʷʟʢʫ, ʚʠʧʣʠʚʘʶʪʴ ʽʟ ʩʧʽʚʚʽʜʥʦ-
ʰʝʥʴ (3.26) ï (3.31). ʇʨʦʙʣʝʤʦʶ ʻ ʧʝʨʝʭʽʜ ʚʽʜ ʮʴʦʛʦ ʨʦʟʚôʷʟʢʫ ʜʦ ʥʝʧʝʨʝ-
ʨʚʥʦʛʦ ʚʠʧʘʜʢʫ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʨʽʚʥʷʥʥʷʤ (5.9). 

 

5.2. ɹʣʦʯʥʦʣʽʥʽʡʥʽ ʩʠʩʪʝʤʠ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʪʘ ʾʭ ʟʘʛʘʣʴʥʠʡ 
ʨʦʟʚôʷʟʦʢ. 

 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʧʝʨʝʡʪʠ ʚʽʜ ʜʠʩʢʨʝʪʥʦʾ ʩʠʩʪʝʤʠ (5.11) ʜʦ ʾʾ ʥʝʧʝʨʝʨʚʥʦʛʦ 

ʘʥʘʣʦʛʫ (5.9), ʫʨʘʭʫʻʤʦ ʧʦʚôʷʟʘʥʫ ʟ 0N  ʪʘ NG  ʜʠʩʢʨʝʪʠʟʘʮʽʡʥʫ ʩʽʪʢʫ ʜʣʷ 

ʦʙʣʘʩʪʽ 0S , ʢʦʥʪʫʨʫ ɻ ʪʘ ʯʘʩʫ t. ʇʨʠ ʮʴʦʤʫ ʟʘʤʽʩʪʴ (5.11) ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ 

ʩʠʩʪʝʤʫ: 

0 0 0 0 0 0
0( ) ( ) , ( 1, );i N i NB x x u Y x x i ND D= =  

( , ) ( , ) , ( 1, ),i i N i i NB x t s u Y x t s i NG G G G G G
GD D= =   (5.12) 

ʜʝ N N Ns x tG GD D D= , 0 0 0
1 1,..., , ,..., ,N Nx x x x x xG G G

n nD D D D D D= =  

0( , ( 1, )i ix x iGD D n=  ï ʢʨʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʢʦʦʨʜʠʥʘʪ ( 1, )ix i n=  ʚ ʦʙʣʘʩʪʽ 0S  

ʪʘ ʥʘ ʢʦʥʪʫʨʽ ɻ ʚʽʜʧʦʚʜ̔ʥʦ),  

ʘ    
0 0 0 0

11 12( ) ( ( ), ( )),i i iB x G x G x=  

21 22( , ) ( ( , ), ( , )).i i i i i iB x t G x t G x tG G G G=   (5.13) 

ɼʣʷ ʦʙʝʨʥʝʥʥʷ ʩʠʩʪʝʤʠ (5.12) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʢʣʘʜʝʥʠʭ ʫ ʧ. 3.5 ʤʝʪʦ-
ʜʽʚ ʣʽʥʽʡʥʦʾ ʘʣʛʝʙʨʠ ʟʘʧʠʰʝʤʦ ʾʾ ʫ ʚʠʛʣʷʜʽ: 

1 1( ) ( ),B u YÖ = Ö    (5.14) 

ʜʝ 

0

0 0 0 0 0 0 0
1 1 1( ) ( ( ) ( ( ) ,..., ( ) ),N N NB col B col B x x B x xD DÖ = Ö =  

1 1( ) ( ( ) ,..., ( ) ));N N NB col B s s B s s
G

G G G G G G GD DÖ =   (5.15) 

0

0 0 0 0 0 0 0
1 1 1( ) ( ( ) ( ( ) ,..., ( ) ),N N NY col Y col Y x x Y x xD DÖ = Ö =  

1 ( ) ( ( ) ,..., ( ) ))i N N NY col Y s s Y s s
G

G G G G G G GD DÖ =  

ï ʤʘʪʨʠʯʥʽ ʪʘ ʚʝʢʪʦʨʥʽ ʬʫʥʢʮʽʾ ʜʠʩʢʨʝʪʥʦʛʦ ʘʨʛʫʤʝʥʪʫ ʪʘʢʽ, ʱʦ  

0 0 0 0 0 0
1 1( ) ( ) , ( ) ( )i N i NB i B x x Y i Y x xD D= =  

ʧʨʠ 0i N¢   ̔

1 1( ) ( ) , ( ) ( )i N i NB i B s s Y i Y s sG G G G G GD D= =  

ʧʨʠ    0 0 .N i N NG< ¢ +  

ɿʚʽʜʩʠ ʟʛʽʜʥʦ ʟ (3.26) ʟʥʘʭʦʜʠʤʦ, ʱʦ 
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0

2
1 1{ : arg min || ( ) ( ) || }

M M
u

u R

u u B u Y
G

W
+

Í

= = Ö - Ö  (5.16) 

ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

1 1 1 1 1 1 1{ : ( ( ) ( )) ( )[ ( ) ( ) ] },T T
u u u B B B Y B v vW += = Ö Ö Ö Ö - Ö + (5.17) 

ʜʝ 

00 0
1 ( , ) , .

mM mM
v col v v v R v R GG G= " Í " Í  

ʎʝ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ (5.15), ʜʦʟʚʦʣʷʻ ʤʥʦʞʠʥʫ uW  ʟʥʘʯʝʥʴ u  ʤʦʜʝʣʶʶʯʠʭ 

ʬʫʥʢʮʽʡ 0( )u s  ʪʘ ( )u sG  ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 

1 1 1 1{ : ( ) },u Yu u P b Pv vW += = - +  (5.18) 

ʜʝ 

0
0 0 0 0 0

1
1 1

[ ( )] ( ) [ ( )] ( ) ;
N N

T T
i i N i i N

i i

P B x B x x B s B s s
G

G G G G GD D
= =

= +ä ä  

0
0 0 0 0 0

1 1

[ ( )] ( ) [ ( )] ( ) .
N N

T T
Y i i N i i N

i i

b B x Y x x B s Y s s
G

G G G G GD D
= =

= +ä ä  (5.19) 

ʇʝʨʰ ʥʽʞ ʟʘʧʠʩʘʪʠ ʫʤʦʚʠ ʪʦʯʥʦʩʪʽ ʪʘ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʤʥʦʞʠʥʠ (5.18), ʜʦʩ-
ʣʽʜʠʤʦ ʾʭ ʜʣʷ ʮʽʻʾ ʞ ʤʥʦʞʠʥʠ, ʚʠʭʦʜʷʯʠ ʽʟ ʟʦʙʨʘʞʝʥʥʷ (5.17). ɺʠʢʦʨʠʩʪʦʚʫʶ-
ʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.26) ï (3.31), ʥʘʚʝʜʝʥʽ ʚ ʧ. 3.5 ʜʣʷ ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ ʘʣʛʝ-
ʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ, ʟʥʘʭʦʜʠʤʦ, ʱʦ 

2 2
1 1 1

1 1 1 1 1 1 1

min || ( ) ( ) ||

( ) ( ) ( ) ( ) ( ) ( ).

uu

T T T

B u Y

Y Y Y B P B Y

W
e

Í

+

= Ö - Ö =

= Ö Ö - Ö Ö Ö Ö

 (5.20) 

ʋʤʦʚʦʶ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʤʥʦʞʠʥʠ (5.18) ʙʫʜʝ 

1det 0,P >     (5.21) 

ʜʝ 1P  ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʛʽʜʥʦ ʟ (5.19). 

ʗʢʱʦ ʫʤʦʚʘ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʫ ʬʦʨʤʽ (5.21) ʟʨʫʯʥʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʪʦ 
ʮʴʦʛʦ ʥʝ ʤʦʞʥʘ ʩʢʘʟʘʪʠ ʧʨʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (5.20), ʷʢʠʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʤʠ-
ʣʢʘ ʚ ʦʙʝʨʥʝʥʥʽ ʨʽʚʥʷʥʴ (5.14). ɿʘʫʚʘʞʠʤʦ, ʱʦ ʚʠʨʘʟ (5.20) ʩʧʨʦʱʫʻʪʴʩʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʟʥʘʯʝʥʥʷ (5.15) ʜʣʷ ʤʘʪʨʠʯʥʠʭ ʪʘ ʚʝʢʪʦʨʥʠʭ ʬʫʥʢʮʽʡ 1( )B Ö ʪʘ 

1( )Y Ö. ʗʢɦ ʦ ʧʦʟʥʘʯʠʪʠ ʯʝʨʝʟ  

0
0 0 0 0 0

1 1
1 1

( ) ( ) [ ( )] ( ) [ ( )] ( ) ,
N N

T T T
Y i i N i i N

i i

b B Y B x Y x x B s Y s s
G

G G G G GD D
= =

= Ö Ö = +ä ä  (5.22) 

0
0 0 0 0 0

1 1
1 1

( ) ( ) [ ( )] ( ) [ ( )] ( ) ,
N N

T T T
i i N i i N

i i

b Y Y Y x Y x x Y s Y s s
G

G G G G GD D
= =

= Ö Ö = +ä ä  

ʪʦ  
2
1 1

T
Y Yb b P be += - .    (5.23) 

 

5.3. ɿʘʛʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʤʦʜʝʣʶʚʘʥʥʷ 
ʥʝʧʝʨʝʨʚʥʠʭ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ. 
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ʋʨʘʭʦʚʫʶʯʠ, ʱʦ ʧʦʙʫʜʦʚʘʥʠʡ ʪʘ ʜʦʩʣʽʜʞʝʥʠʡ ʚʠʱʝ ʨʦʟʚôʷʟʦʢ (5.18) ʩʠʩ-
ʪʝʤʠ (5.14) (ʘ, ʦʪʞʝ, ʽ ʩʠʩʪʝʤʠ (5.11)) ʻ ʜʦʧʦʤʽʞʥʠʤ ʜʣʷ ʧʦʙʫʜʦʚʠ ʪʘ ʜʦʩʣʽ-
ʜʞʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤʠ (5.9) (ʘ, ʦʪʞʝ, ʽ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʥʘ ʧʦ-
ʯʘʪʢʫ ʟʘʜʘʯʽ (5.5)), ʚʠʢʦʥʘʻʤʦ ʧʝʨʝʭʽʜ ʜʦ ʦʩʪʘʥʥʴʦʾ. 

ʉʧʨʷʤʦʚʫʶʯʠ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ ʟʥʘʯʝʥʥʷ 0N  ʪʘ NG  ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ 

(5.18), (5.19), (5.22), ʦʪʨʠʤʫʻʤʦ, ʱʦ ʟʘʛʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ (5.5) ʚʠʟʥʘʯʘ-
ʪʠʤʝʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (5.18), ʚ ʷʢʦʤʫ 

0

0 0
1 [ ( )] ( ) [ ( , )] ( , ) ;

T
T T

S o

P B x B x dx dx B x t B x t dtG G

G

= +ñ ñ ñ  

0

0 0

0

[ ( )] ( ) [ ( , )] ( , ) .
T

T T
Y

S

b B x Y x dx dx B x t Y x t dtG G

G

= +ñ ñ ñ  (5.24) 

ɿ (5.23), ʫʨʘʭʦʚʫʶʯʠ (5.22), ʧʨʠ 0 ,N NG­¤ ­¤ ʟʥʘʭʦʜʠʤʦ, ʱʦ ʧʦʤʠ-

ʣʢʠ ʚ ʤʦʜʝʣʶʚʘʥʥʽ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ (5.1), (5.2) ʚʝʢʪʦʨʦʤ u  ʟʥʘʯʝʥʴ 

ʤʦʜʝʣʶʶʯʠʭ ʬʫʥʢʮʽʡ 0( )u s  ʪʘ ( )u sG  ʚʠʟʥʘʯʘʪʠʤʫʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

0

0

2 0 0 2
0

1

2
1

1 0

min[ || ( ) ( ) ( ) ||

|| ( ) ( ) ( ) || ] ,

u

R

r t t r
u r S

TR
T

x Y Y

L y s Y x dx

dx L y s Y s dt b b P b
G

W

G G
r r

r G

e =
Í =

+

=

= µ - +

+ µ - = -

äñ

äñ ñ

 (5.25) 

ʚ ʷʢʦʤʫ  

0

0 0

0

[ ( )] ( ) [ ( )] ( ) ,
T

T T

S

b Y x Y x dx dx Y s Y s dtG G

G

= +ñ ñ ñ   (5.26) 

ʘ yb  ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (5.24). 

ʋʤʦʚʘ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʤʥʦʞʠʥʠ uW  ʟʘʣʠʰʠʪʴʩʷ ʥʝʟʤʽʥʥʦʶ: 

1det 0.P >    (5.27) 

 

5.4. ʇʩʝʚʜʦʦʙʝʨʥʝʥʥʷ ʤʘʪʨʠʯʥʠʭ ʨʷʜʢʽʚ-ʬʫʥʢʮʽʡ 
ʽ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʤʦʜʝʣʚʁʘʥʥʷ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ. 

 

ʄʝʪʦʜʠʢʘ ʧʦʙʫʜʦʚʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ (5.5) ʤʦ-
ʜʝʣʶʚʘʥʥʷ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ (5.1), (5.2) ʚʝʢʪʦʨʘʤʠ (5.3), (5.4), ʟʥʘ-

ʯʝʥʴ ʤʦʜʝʣʶʶʯʠʭ ʬʫʥʢʮʽʡ 0( )u s  ʪʘ ( )u sG  ˇʨʫʥʪʫʚʘʣʘʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʤʘʪʨʠʯʥʦʛʦ ʨʷʜʢʘ-ʬʫʥʢʮʽʾ 1( )B Ö, ʚʠʟʥʘʯʝʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ (5.13), (5.15). 

ʉʧʨʷʤʦʚʫʶʯʠ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ ʟʥʘʯʝʥʥʷ 0N  ʪʘ NG  ʫ ʚʠʟʥʘʯʝʥʥʽ ʮʽʻʾ 

ʬʫʥʢʮʽʾ, ʫʚʝʜʝʤʦ ʜʦ ʨʦʟʛʣʷʜʫ ʤʘʪʨʠʯʥʽ ʪʘ ʚʝʢʪʦʨʥʽ ʬʫʥʢʮʽʾ: 
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0
0 0

0
0 0 0 0 0 1

1
0

[ ( )]
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1
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xD­¤ ­¤
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1
1

( )
( ) lim ( ( ),..., ( )) limN

N N
N

Y
Y x Y s Y s

s
G
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G
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GD­¤ ­¤

Ö
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ʇʦʟʥʘʯʠʚʰʠ ʯʝʨʝʟ  

0

0
( ) 1 1

1 1
0

( ) ( )
( ) lim ( ( ) ( )) ,T

N
N NN

B B
B s B B

x s
G

G

GD D

+ +

­¤
­¤

å õÖ Ö
æ ö= Ö Ö
æ ö
ç ÷

 

ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʽ, ʧʩʝʚʜʦʦʙʝʨʥʝʥʦʾ ʜʦ )(
1
ÖB , ʟʥʘʭʦʜʠʤʦ, ʱʦ 

( ) 0
1( ) ( ( ), ( )).B s P B x B sG+ +=  (5.28) 

ʎʝ ʜʦʟʚʦʣʷʻ ʤʘʪʨʠʯʥʫ ʬʫʥʢʮʽʶ 
( ) ( )B s+

 ʥʘʟʚʘʪʠ ʧʩʝʚʜʦʦʙʝʨʥʝʥʦʶ ʜʦ 

ʤʘʪʨʠʯʥʦʾ ʬʫʥʢʮʽʾ ( )B s . 

ʇʽʩʣʷ ʯʦʛʦ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (5.17), ʧʦʜʘʶʯʠ ʡʦʛʦ ʫ ʚʠʛʣʷʜʽ  

1 1 1 1 1{ : ( ( ) ( )) ( ) [ ( ) ( ) ] },T T
u u u B B B E Y B v vW += = Ö Ö Ö Ö - Ö + 

ʜʽʩʪʘʻʤʦ, ʱʦ ʚʝʢʪʦʨ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʡ 0( )u s  ʪʘ ( )u sG , ʷʢʠʤʠ ʯʝʨʝʟ ʩʢʣʘʜʦʚʽ 

0( )y s  ʪʘ ( )y sG  ʬʫʥʢʮʽʾ ʩʪʘʥʫ 

0( ) ( ) ( ) ( )y s y s y s y sG ¤= + +  

ʤʦʜʝʣʶʻʪʴʩʷ ʚʧʣʠʚ ʥʘ ʥʝʾ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ (5.1), (5.2), ʚʠʟʥʘʯʘ̒ ʪʴʩʷ 
ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

( ) ( ){ : ( ) ( ) ( ( ) ( ) ) },uu u u B s Y s ds v B s B s ds vW + +Í = = + -ñ ñ  (5.29) 

ʜʝ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚʝʜʝʪʴʩʷ ʧʦ ʦʙʣʘʩʪʽ ʟʤʽʥʠ ʟʤʽʥʥʠʭ ʭ ʚ 0( )B x  ʪʘ s ï ʚ ( )B sG
, ʘ  

0

0
01 1

0

( ) ( )
( ) lim , ( ( ), ( )).

N
N NN

Y Y
Y s col col Y x Y s

x s
G

G
G

GD D­¤
­¤

å õÖ Ö
æ ö= =
æ ö
ç ÷

 

ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚ (5.29) ʟʥʠʢʘʻ, ʷʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʯʘʩʪʠʥʥʽ 
ʚʠʧʘʜʢʠ ʨʦʟʚôʷʟʫʚʘʥʦʾ ʟʘʜʘʯʽ, ʘ ʩʘʤʝ: 
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ʘ) ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʫ ʟʘʜʘʯʽ ʂʦʰʽ; 
ʙ) ʤʦʜʝʣʶʚʘʥʥʷ ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʫ ʟʘʜʘʯʽ ʫʩʪʘʣʝʥʦʾ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤʠ. 

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ 
( ) 0 ( )( ) ( ( ))B s B x+ += , ʫ ʜʨʫʛʦʤʫ ï 

( ) ( )( ) ( ( ))B s B xG+ += . 

ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʮʠʭ ʚʠʧʘʜʢʽʚ 
0( ) ( )Y s Y x=  ʪʘ ( ) ( )Y s Y sG=  ʚʽʜʧʦʚʽ-

ʜʥʦ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ:  

ʘ) ʚʝʢʪʦʨ 0u  ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʾ ]0 0( ) ( ( ,0 )u s s SÍ ³ -¤ , ʷʢʠʤ ʤʦʜʝʣʶʶʪʴ-

ʩʷ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ (5.1), ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

0

0 0

0 ( ) 0 0 ( ) 0
0 0 0 0 0 0 0{ : ( ( )) ( ) ( ( )) ( ( )) , };

M

S S

u u u B x Y x dx v B x B x dx v v RW + +
å õ

Í = = + - " Íæ ö
æ ö
ç ÷

ñ ñ

 

ʚ) ʚʝʢʪʦʨ uG  ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʡ 0( ) ( ( \ ) [0, ])vu s s R S TG Í ³ , ʷʢʠʤ ʤʦʜʝ-

ʣʶʶʪʴʩʷ ʢʨʘʡʦʚʽ ʫʤʦʚʠ (5.2), ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

( ) ( )

0 0

{ : ( ( )) ( ) ( ( )) ( ( )) }.
T T

M
u u u B s Y s ds v B s B s ds v v RGG G G G
G G G G G G G

G G

W + +å õ
Í = = + - " Íæ ö

ç ÷
ññ ññ

 
ʇʨʠ ʮʴʦʤʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʟʥʘʯʝʥʥʷ ʧʩʝʚʜʦʦʙʝʨʥʝʥʦʾ ʤʘʪʨʠʯʥʦʾ ʬʫʥʢ-

ʮʽʾ, ʷʢʝ ʚʠʧʣʠʚʘʻ ʟ (3.6), 

0 0
0

0 ( ) 0 2
0( ( )) ( ) arg min || || ;

u
S

B x Y x dx u
W

+

Í
=ñ  

( ) 2
`

0

( ( )) ( ) arg min || || .
T

u
B s Y s ds u

G G

G G
G

W
G

+

Í
=ññ  

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʜʣʷ ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʦʢʨʝʤʦ ʟʘʜʘʯʽ ʂʦʰʽ ʪʘ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ 
ʩʧʨʦʩʪʷʪʴʩʷ ʫʤʦʚʠ ʪʦʯʥʦʩʪʽ ʪʘ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʾʭ ʨʦʟʚôʷʟʘʥʥʷ. ɼʣʷ ʢʦʞʥʦʾ ʟ 
ʮʠʭ ʟʘʜʘʯ ʚʦʥʠ ʙʫʜʫʪʴ ʪʘʢʠʤʠ: 
ʘ) ʜʣʷ ʟʘʜʘʯʽ ʂʦʰʽ: 

0

0 0
0

2
2 0 0
0 0

1

min ( ) ( ) ( )
R

r t t r
u r S

L y s Y x dx
W

e =
Í =

= µ - =äñ  

0 0 0

0 0 0 0 0 0
0[ ( )] ( ) [ ( )] ( ) [ ( )] ( ) ;T T T

S S S

Y x Y x dx Y x B x dx P B x Y x dx+
å õ å õ

= - ³æ ö æ ö
æ ö æ ö
ç ÷ ç ÷

ñ ñ ñ  

0

0 0det [ ( )] ( ) 0;T

S

B x B x dx>ñ  

ʙ) ʜʣʷ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ: 

2
2

1 0

min ( ) ( ) ( )
TR

x
u

L y s Y s ds
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G G

G G
G r r

W r G

e
Í =

= µ - =äññ  

0 0 0
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T T T
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0

det [ ( )] ( ) 0;
T

TB s B s dsG G

G

>ññ  

ʜʝ 0 ,P PG
+ +

 ï ʤʘʪʨʠʮʽ, ʧʩʝʚʜʦʦʙʝʨʥʝʥʽ ʜʦ 

0

0 0
0 [ ( )] ( )T

S

P B x B x dx=ñ  

ʪʘ 

0

[ ( )] ( )
T

TP B s B s dsG G
G

G

=ññ  

ʚʽʜʧʦʚʽʜʥʦ. 
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Ä 6. ʄʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ 
ʟ̔ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ  

ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʥʠʤʠ 
 

6.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʤʦʜʝʣʶʚʘʥʥʷ. 
 

ʈʦʟʛʣʷʥʫʪʽ ʚʠʱʝ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤʠ (1.1) 
ʜʦʟʚʦʣʷʶʪʴ ʚʽʜ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʬʦʨʤʠ ʤʦʜʝʣʽ ʧʝʨʝʡʪʠ ʜʦ ʽʥʪʝʛʨʘʣʥɹʦʾ ʜʣʷ 
ʚʠʧʘʜʢʫ, ʢʦʣʠ ʩʠʩʪʝʤʘ ʬʫʥʢʮʽʦʥʫʻ ʚ ʟʘʤʢʥʝʥʠʭ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʦʙʣʘʩ-
ʪʷʭ, ʫ ʥʝʦʙʤʝʞʝʥʠʭ ʯʘʩʦʚʠʭ ʪʘ ʥʝʦʙʤʝʞʝʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʦʙʣʘʩʪʷʭ. ʇʨʠ 
ʮʴʦʤʫ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ, ʱʦ ʜʣʷ ʮʠʭ ʟʘʜʘʯ ʟʘʜʘʥʽ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʽ, ʧʦʯʘʪ-
ʢʦʚʽ ʪʘ ʢʨʘʡʦʚʽ ʫʤʦʚʠ ʚʽʜʧʦʚʽʜʥʦ. ʊʦʙʪʦ, ʟʘʜʘʯʘ ʜʠʥʘʤʽʢʠ ʦʧʠʩʘʥʘ ʽʟ ʟʘʚʜʘʥ-
ʥʷʤ ʫʩʽʭ ʧʦʪʨʽʙʥʠʭ ʜʣʷ ʾʾ ʨʦʟʚôʷʟʘʥʥʷ ʫʤʦʚ. 
ɿʘʫʚʘʞʠʤʦ, ʱʦ ʥʘ ʧʨʘʢʪʠʮʽ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʥʝ ʟʘʚʞʜʠ ʧʦʚʥʘ ï ʯʘʩʪʦ 

ʜʝʷʢʽ ʫʤʦʚʠ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʾʭ ʥʘʷʚʥʽʩʪʴ, ʥʝ ʜʦʩʪʫʧʥʽ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ. ʊʦʤʫ 
ʚʠʥʠʢʘʶʪʴ ʟʘʜʘʯʽ ʤʦʜʝʣʶʚʘʥʥʷ ʜʽʾ ʥʝʚʽʜʦʤʠʭ ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ 
(ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ, ʧʦʯʘʪʢʦʚʠʭ ʪʘ ʢʨʘʡʦʚʠʭ ʫʤʦʚ). ʈʦʟʛʣʷʥʝʤʦ ʧʦʩʪʘʥʦʚʢʫ ʪʘ 
ʤʝʪʦʜʠ ʨʦʟʚôʷʟʘʥʥʷ ʪʘʢʠʭ ʟʘʜʘʯ. 

ɹʫʜʝʤʦ ʚʠʭʦʜʠʪʠ ʟ ʪʦʛʦ, ʱʦ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʷ ( )y s  ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʟʘʜʦʚʦ-

ʣʴʥʷʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.1) ï (1.4), ʘ ʩʘʤʝ: 

1 2( , ) ( ) ( , ) ( );x t x tL y s L u sµ µ = µ µ   (6.1) 

0 0
0( ) ( ) | ( )r t t rL y s Y x=µ =  0( 1, );r R=   (6.2) 

( ) ( ) | ( , )x x x
L y s Y x tG
G G G
r rG= Í
µ = ( 1, ),RGr=   (6.3) 

ʜʝ ʚʩʽ ʧʦʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʠʡʥʷʪʠʤ ʫ (1.1) ï (1.4). 
ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤʠ (6.1) ï (6.3) ʚ ʦʙʤʝʞʝʥʽʡ ʧʨʦʩʪʦʨʦ-

ʚʦ-ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ 0 0 [0, ]TS S T= ³  ʟʘ ʫʤʦʚʠ, ʱʦ: 

1). ɺʽʜʦʤʘ ʬʫʥʢʮʽʷ ( );u s  ʥʝʚʽʜʦʤʽ - 
0( ), ( , );rY x Y x tG

r  (6.4) 

2). ɺʽʜʦʤʽ ʬʫʥʢʮʽʾ 
0( );rY x ʥʝʚʽʜʦʤʽ - ( ), ( , );u s Y x tG

r  (6.5) 

3). ɺʽʜʦʤʽ ʬʫʥʢʮʽʾ ( , );Y x tG
r ʥʝʚʽʜʦʤʽ - 

0( ), ( );ru s Y x  (6.6) 

4). ɺʽʜʦʤʽ ʬʫʥʢʮʽʾ 
0( ), ( );ru s Y x ʥʝʚʽʜʦʤʽ - ( , );Y x tG

r  (6.7) 

5). ɺʽʜʦʤʽ ʬʫʥʢʮʽʾ ( ), ( , );u s Y x tG
r ʥʝʚʽʜʦʤʽ - 

0( );rY x  (6.8) 

6). ɺʽʜʦʤʽ ʬʫʥʢʮʽʾ 
0( ), ( , );rY x Y x tG

r ʥʝʚ̔ʜʦʤʘ - ( ).u s  (6.9) 

ɼʦʜʘʪʢʦʚʦ ʩʧʦʩʪʝʨʝʞʝʥʥʶ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʪʫʧʥʠʤʠ ʚʝʢʪʦʨ-ʢʦʤʙʽʥʘʮʽʾ 
ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ ʩʪʘʥʫ ( )y s :  

( ) ( , ) ( )c c
x tY s L y ss s= µ µ  

01, , ,c cR s S Ss= Í Ë   (6.10) 

ʜʝ ( , )c
x tLsµ µ ï ʟʘʜʘʥʽ ʤʘʪʨʠʯʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʦʧʝʨʘʪʦʨʠ. 
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ɺʠʭʦʜʷʯʠ ʽʟ ʩʧʦʩʪʝʨʝʞʝʥʴ (6.10), ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʩʪʫʧʥʠʭ ʜʣʷ ʚʠʤʽʨʶ-
ʚʘʥʥʷ ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ (6.4) ï (6.9), ʟʤʦʜʝʣʶʻʤʦ ʜʽʶ ʥʝʚʽʜʦ-
ʤʠʭ ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ (6.4) ï (6.9) ʨʦʟʛʣʷʜʫʚʘʥʠʭ ʟʘʜʘʯ ʪʘʢ, 
ʱʦʙ: 

1). 
0

1
( ), ( )

min
rY x Y sG

r

F ­  (
01, ; 1,r R RGr= = ); (6.11) 

2). 
1 2

( ), ( )

min
u s Y sG

r

F F+ ­ ( 1,RGr= ); (6.12) 

3). 
0

1 3
( ), ( )

min
ru s Y x

F F+ ­  (
01,r R= ); (6.13) 

4). 
1 2

( )

min
Y sG
r

F F+ ­  ( 1,RGr= ); (6.14) 

5). 
0

1 3
( )

min
rY s

F F+ ­  (
01,r R= ); (6.15) 

6). 
1 2 3

( )
min
u s

F F F+ + ­ , (6.16) 

ʜʝ 

2
1

1

|| ( , ) ( ) ( ) || ;
c

c

R
c c

x t

S

L y s Y s dss s
s

F
=

= µ µ -ä ñ  

0

0

0 0 2
2 0

1

|| ( ) ( ) | ( ) || ;
R

r t t r
r S

L y s Y x dxF =
=

= µ -ä ñ  (6.17) 

2
3

1 0

|| ( ) ( ) ( , ) || .
r TR

xdx L y s Y x t dtG G
r r

r G

F
=

= µ -ä ñ ñ  

ʅʝ ʨʦʟʧʠʩʫʶʯʠ ʜʝʪʘʣʴʥʦ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʦʩʪʘʥʦʚʦʢ ʟʘʜʘʯ, ʫʢʘʞʝʤʦ, ʱʦ 
ʤʦʞʣʠʚʽ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʚʽʜʦʤʘ ʪʽʣʴʢʠ ʯʘʩʪʠʥʘ ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ, 
ʪʘʢʠʭ, ʷʢ ʧʦʯʘʪʢʦʚʽ ʪʘ ʢʨʘʡʦʚʽ ʫʤʦʚʠ. ɯʥʰʘ ʯʘʩʪʠʥʘ ʥʝʚʽʜʦʤʘ ʡ ʧʽʜʣʷʛʘʻ ʤʦ-
ʜʝʣʶʚʘʥʥʶ. ʎʝ ʚʠʛʣʷʜʘʻ ʪʘʢ: 

1). ɺʽʜʦʤʽ 0( )rY x  ʜʣʷ 
01 01 01, ( );r R R R= <  (6.18) 

ʥʝʚʽʜʦʤʽ 0( )rY x  ʜʣʷ 
01 01, ;r R R= +  

2). ɺʽʜʦʤʽ ( )Y sG
r

 ʜʣʷ 
1 11, ( );R R RG G Gr= <  (6.19) 

ʥʝʚʽʜʦʤʽ ( )Y sG
r

 
1 1, .R RG Gr= +  

ʄʦʞʣʠʚʠʡ ʪʘʢʦʞ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ (6.10) ʚʽʜʩʫʪʥʻ. 
 

6.2. ʇʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʪʝʨʤʽʥʘʭ ʤʘʪʨʠʯʥʠʭ ʬʫʥʢʮʽʡ 
ʪʘ ʤʘʪʨʠʯʥʠʭ ʚʝʢʪʦʨʽʚ. 

 

ʉʬʦʨʤʫʣʴʦʚʘʥʽ ʚʠʱʝ ʟʘʜʘʯʽ (6.11) ï (6.16) ʩʭʦʞʽ ʥʘ ʟʘʜʘʯʽ, ʨʦʟʛʣʷʜʫʚʘʥʽ ʚ 
ʧʦʧʝʨʝʜʥʽʭ ʧʘʨʘʛʨʘʬʘʭ, ʷʢʽ ʨʦʟʚôʷʟʫʚʘʣʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʧʘʨʘʪʫ ʧʩʝʚ-
ʜʦʦʙʝʨʥʝʥʠʭ ʤʘʪʨʠʮʴ ʪʘ ʤʘʪʨʠʯʥʠʭ ʬʫʥʢʮʽʡ ʽ ʟʚʦʜʠʣʠʩʷ ʜʦ ʟʘʜʘʯ ʟʥʘʭʦ-

ʜʞʝʥʥʷ ʚʝʢʪʦʨʘ ,u  ʘʙʦ ʚʝʢʪʦʨʥʦʾ ʬʫʥʢʮʽʾ ( )u s  ʪʘʢʠʭ, ʱʦʙ ʧʨʠ ʟʘʜʘʥʽʡ ʤʘʪ-

ʨʠʮʽ ʉ, ʤʘʪʨʠʯʥʠʭ ʬʫʥʢʮʽʷʭ ( ), ( ),A s B s ʚʝʢʪʦʨʫ y  ʪʘ ʚʝʢʪʦʨʥʽʡ ʬʫʥʢʮʽʾ ( )y s  
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2argmin || || ;u Cu y= -    (6.20) 

2( ) argmin || ( ) ( ) || ;u s A s u s ds y= -ñ   (6.21) 

2argmin || ( ) ( ) || .u B s u y s ds= -ñ    (6.22) 

ɼʣʷ ʧʨʠʚʝʜʝʥʥʷ ʟʘʜʘʯ (6.11) ï (6.16) ʜʦ ʟʘʜʘʯ ʚʠʛʣʷʜʫ (6.20) ï (6.22) ʟʚʝ-
ʜʝʤʦ ʾʭ ʩʧʦʯʘʪʢʫ ʜʦ ʚʠʛʣʷʜʫ 

2

( )

|| ( , ) ( ) ( ) || min ,
U s

D s s u s ds y s ds¡ ¡ ¡- ­ñ ñ   (6.23) 

ʜʝ, ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ: 

1). 
0

0( ) (( ( ), 1, ),( ( ), 1, ));rU s Y x r R Y s RG
r Gr= = =  

0( ) ( ( ), ( ));u s col u s u sG=  (6.24) 

( ) ( ( ), 1, );c
cy s col Y s Rs s= =  

2). ( ) ( ( ),( ( ), 1, ));U s u s Y s RG
r Gr= =  

0( ) ( ( ), ( ), ( ));u s col u s u s u sG=
 (6.25) 

0
0( ) (( ( ), 1, ),( ( ), 1, ));c

c ry s col Y s R Y x r Rs s= = =  

3). 
0

0( ) ( ( ),( ( ), 1, ));rU s u s Y x r R= =  

0( ) ( ( ), ( ), ( ));u s col u s u s u sG=
 (6.26) 

( ) (( ( ), 1, ),( ( ), 1, ));c
cy s col Y s R Y s RG

s r Gs r= = =  

4). 
0

01 0( ) (( ( ), 1, ),( ( ), 1, ));rU s Y x r R R Y s RG
r Gr= = + =  

0( ) ( ( ), ( ));u s col u s u sG=
  (6.27) 

01( ) (( ( ), 1, ),( ( ), 1, ));c o
c ry s col Y s R Y x r Rs s= = =  

5). 
0

01 0( ) (( ( ), 1, ),( ( ), 1, ));rU s Y x r R R Y s RG
r Gr= = + =  

0( ) ( ( ), ( ));u s col u s u sG=
 (6.28) 

1( ) (( ( ), 1, ),( ( ), 1, ));c
cy s col Y s R Y s RG

s r Gs r= = =  

6). 0( ) ( ( ), ( ), ( ));u s col u s u s u sG=   (6.29) 

0
01 0 1( ) ( ( ),( ( ), 1, ),( ( ), 1, ));rU s u s Y x r R R Y s R RG

r G Gr= = + = +  

0
01 1( ) (( ( ), 1, ),( ( ), 1, ),( ( ), 1, ));c

c ry s col Y s R Y x r R Y s RG
s r Gs r= = = =  

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʜʣʷ ʟʘʜʘʯ (6.11) ï (6.16) ʤʘʪʨʠʯʥʘ ʬʫʥʢʮʽʷ ( , )D s s¡ ʙʫʜʝ 

ʙʣʦʯʥʦʶ ʡ ʚʠʨʘʞʘʪʠʤʝʪʴʩʷ ʯʝʨʝʟ ʤʘʪʨʠʯʥʽ ʙʣʦʢʠ-ʬʫʥʢʮʽʾ 

1 0( ) ( ( , ) ( ), 1, ), [0, ];c
j x t cd s s col L G s s R s S Ts s¡ ¡- = µ µ - = Í ³ 
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0
2 0 0( ) ( ( ) ( ), 1, ), , 0;j r td s s col L G s s r R x S t¡ ¡- = µ - = Í = (6.30) 

3 ( ) ( ( ) ( ), 1, ), , [0, ];j xd s s col L G s s R x t TG
r Gr G¡ ¡- = µ - = Í Í 

0
4 01( ) ( ( ) ( ), 1, );j r td s s col L G s s r R¡ ¡- = µ - =  

5 1( ) ( ( ) ( ), 1, );j xd s s col L G s s RG
r Gr¡ ¡- = µ - =  

6 4 5( ) ( ( ), ( )),j j jd s s col d s s d s s¡ ¡ ¡- = - - 

ʚ ʷʢʠʭ ( )G s s¡-  ï ʤʘʪʨʠʯʥʘ ʬʫʥʢʮʽʷ ɻʨʽʥʘ, ʘ 0 0 [0, ]Ts S S T¡Í = ³  ʧʨʠ 

0 01, ( ,0]j s S S¤¡= Í = ³ -¤, ʧʨʠ 02, ( \ ) [0, ]Tj s S R S Tu
¤¡= Í = ³ , ʧʨʠ 3,j =  

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ: 

1; 1,2( , ) [ ( )] ;ij i jD s s d s s = =¡ ¡= -  

1,2; 1,3
( , ) [ ( )] ;ij i j

D s s d s s
= =

¡ ¡= -  

1,3; 1,3
( , ) [ ( )] ;ij i j

D s s d s s
= =

¡ ¡= -   (6.31) 

1,4; 2,3( , ) [ ( )] ;ij i jD s s d s s = =¡ ¡= -  

1,5; 2,3( , ) [ ( )] ;ij i jD s s d s s = =¡ ¡= -  

1,6; 1,3
( , ) [ ( )] .ij i j

D s s d s s
= =

¡ ¡= -  

 
 

6.3. ɼʠʩʢʨʝʪʥʠʡ ʚʘʨʽʘʥʪ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʤʦʜʝʣʶʚʘʥʥʷ 
ʟʦʚʥʽʥhʴʦʜʠʥʘʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʜʠʥʘʤʽʢʠ ʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ 

ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 
 

ɼʣʷ ʟʚʝʜʝʥʥʷ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ (6.23) ʜʦ ʟʘʜʘʯʽ (6.20), ʟʘʛʘʣʴʥʠʡ 
ʨʦʟʚôʷʟʦʢ ʷʢʦʾ ʧʦʙʫʜʦʚʘʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʚ ʧ. 3.5: 
1) ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ 0( ), ( ), ( )Tu s u s u s ʜʠʩʢʨʝʪʠʟʫʻʤʦ ʪʦʯʢʘʤʠ 

0
0 0 0( 1, ), ( 1, ),T

m ms S m M s S m M¤Í = Í =  ( 1, )T
ms S m MG

G¤Í =  ʚʽʜʧʦʚʽʜʥʦ, ʫʚʦ-

ʜʷʯʠ ʜʦ ʨʦʟʛʣʷʜʫ ʚʝʢʪʦʨʠ  

( ( ),c mu col u s=  0
0 0 01, ), ( ( ), 1, )mm M u col u s m M= = =  

ʪʘ  

( ( ), 1, );mu col u s m MG
G G= =  

2) ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ 0
0( ) ( 1, ), ( ) ( 1, )c

c rY s R Y x r Rs s= =  ʪʘ ),1()(
G

G = RsY rr
 ʜʠʩʢʨʝ-

ʪʠʟʫʻʤʦ ʪʦʯʢʘʤʠ 
0 ( 1, ),T

ls S l LÍ =  0
00 ( 1, )lx S l LÍ =  ʪʘ [0, ] ( 1, )ls T l LG

GGÍ ³ =  ʚʜ̔-

ʧʦʚʽʜʥʦ, ʫʚʦʜʷʯʠ ʜʦ ʨʦʟʛʣʷʜʫ ʚʝʢʪʦʨʠ 

(( ( ), 1, ), 1, ),c
c l cy col Y s l L Rs s= = =  

0 0
0 0 0(( ( ), 1, ), 1, ),r ly col Y x l L r R= = =  

0 0
01 01 0(( ( ), 1, ), 1, )r ly col Y x l L r R= = = , 
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(( ( ), 1, ), 1, ),ly col Y s l L RG G
G r G Gr= = =  

1 1(( ( ), 1, ), 1, ),ly col Y s l L RG G
G r G Gr= = =  

0 01 1( , ).y col y yG G=  

ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʤʽʥʠ ʝʣʝʤʝʥʪʽʚ-ʤʘʪʨʠʮʴ ( )ijd s s¡-  ʤʘʪʨʠʯʥʠʭ ʬʫʥʢʮʽʡ 

( , )D s s¡ ʤʘʪʨʠʮʷʤʠ 

,

1 1 , 1[ ( )] ;j
l L m M

j j l mj l mD d s s
= =

== -  

0,0 0 0
2 2 , 1[ ( )] ( ( ,0));jl L m M

j j l mj l ll mD d s s s x
= =

== - =   (6.32) 

,

3 3 , 1[ ( )] ;j
l L m M

j j l mj l mD d s s GG = =

== -  

01,0
4 4 , 1[ ( )] ;j

l L m M

j j l mj l mD d s s
= =

== -  

1,

5 5 , 1[ ( )] ;j
l L m M

j j l mj l mD d s s GG = =

== -  

6 4 5( , ),j j jD col d d=  

ʚ ʷʢʠʭ 
1 2 0 3; ; ;M M M M M MG¹ ¹ ¹  

1 0 ( 1, );T
ms S m MÍ =  

2 0 0( 1, );ms S m M¤Í =  
3 ( 1, ).T

ms S m MG¤Í =  

ɿʘʤʽʩʪʴ ʤʘʪʨʠʯʥʦʾ ʬʫʥʢʮʽʾ ( , )D s s¡, ʚʝʢʪʦʨʥʠʭ ʬʫʥʢʮʽʡ ( ), ( )u s y s¡  ʫ (6.23) 

ʧʨʠ ʨʦʟʛʣʷʜʽ ʟʘʜʘʯ (6.24) ï (6.29) ʚʠʢʦʨʠʩʪʘʻʤʦ ʤʘʪʨʠʮʽ ʪʘ ʚʝʢʪʦʨʠ: 
1) 11 12 0( , ); ( , ); ;cC D D u col u u y yG= = ¹  

2) 11 12 13
0

21 22 23 0

; ( , , ); ;
c

c

D D D y
C u col u u u y

D D D y
G

å õ å õ
= = ¹æ ö æ ö
ç ÷ ç ÷

 

3) 11 12 13
0

31 32 33

; ( , , ); ;
c

c

D D D y
C u col u u u y

D D D y
G

G

å õ å õ
= = ¹æ ö æ ö

ç ÷ç ÷

 

4) 12 13
0

22 23 01

; ( , ); ;
cD D y

C u col u u y
D D y

G

å õ å õ
= = ¹æ ö æ ö
ç ÷ ç ÷

 (6.33) 

5) 12 13
0

32 33 1

; ( , ); ;
cD D y

C u col u u y
D D y

G
G

å õ å õ
= = ¹æ ö æ ö

ç ÷ç ÷

 

6) 11 12 13
0

61 62 63 0

, ,
; ( , , ); .

, ,

c

c

yD D D
C u col u u u y

D D D y
G

G

å õå õ
= = ¹æ öæ ö æ ö
ç ÷ ç ÷

 

ʇʨʠ ʮʴʦʤʫ ʟʘʜʘʯʘ ʟʥʘʭʦʜʞʝʥʥʷ ʚʝʢʪʦʨʘ u ʜʠʩʢʨʝʪʥʠʭ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʾ 

ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʠʭ ʟʙʫʨʝʥʴ ( )u s  ʪʘ ʤʦʜʝʣʶʶʯʠʭ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʡ 0( )u s , 

( )u sG  ʟʚʝʜʝʪʴʩʷ ʜʦ ʟʘʜʘʯʽ (6.20), ʨʦʟʚôʷʟʦʢ ʷʢʦʾ ʧʦʙʫʜʦʚʘʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʚ 

ʧ. 3.5 (ʬʦʨʤʫʣʠ (3.26) ï (3.32)). 
 

6.4. ʈʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʜʠʩʢʨʝʪʥʦ-ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ 
ʟʦʚʥʽhʥʴʦʜʠʥʘʤʽʯʥʠʭ ʬʘʢʪʦʨʘʭ. 

 

ʈʦʟʛʣʷʥʝʤʦ ʚʘʨʽʘʥʪ ʟʚʝʜʝʥʥʷ ʟʘʜʘʯʽ (6.23) ʜʦ ʟʘʜʘʯʽ (6.21), ʨʦʟʚôʷʟʘʥʦʾ ʪʘ 
ʜʦʩʣʽʜʞʝʥʦʾ ʚ ʧ. 4.3. 
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ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʥʘʻʤʦ ʜʠʩʢʨʝʪʠʟʘʮʽʶ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ ( )y s  ʩʧʦʩʪʝʨʝʞʫʚʘ-

ʥʠʭ ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ 
0

0( ) ( 1, ), ( ) ( 1, ), ( ) ( 1, )c
c rY s R Y x r R Y s RG

s r Gs r= = =  ʪʦʯʢʘʤʠ 

0
0( 1, ), ( 1, ), ( 1, )l l ls l L s l L s l LG

G= = =  ʚʽʜʧʦʚʽʜʥʦ. ʎʝ ʝʢʚʽʚʘʣʝʥʪʥʦ ʟʘ-

ʤʽʥʽ ʮʠʭ ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʚʝʢʪʦʨʘʤʠ , ,c oy y yG  ʚʽʜʧʦʚʽʜʥʦ. 

ɽʣʝʤʝʥʪʠ ( )ijd s s¡-  ʤʘʪʨʠʯʥʠʭ ʬʫʥʢʮʽʡ ( , )D s s¡ ʧʨʠ ʮʴʦʤʫ ʧʝʨʝʪʚʦʨʷʪʴʩʷ 

ʥʘ ʤʘʪʨʠʯʥʽ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ ʚʠʛʣʷʜʫ: 

1 1( ) ( ( ), 1, );j j lD s col d s s l L¡ ¡= - =  

0
2 2 0( ) ( ( ), 1, );j j lD s col d s s l L¡ ¡= - =    (6.34) 

3 3( ) ( ( ), 1, );j j lD s col d s s l LG
G¡ ¡= - =  

0
4 4 01( ) ( ( ), 1, );j j lD s col d s s l L¡ ¡= - =  

5 5 1( ) ( ( ), 1, );j j lD s col d s s l LG
G¡ ¡= - =  

6 4 5( ) ( ( ), ( )),j j jD s col D s D s¡ ¡ ¡=  

ʜʝ 0
Ts S¡Í , 0s S¤¡Í  ʪʘ 

Ts S¤¡Í  ʧʨʠ 1,2,3j =  ʚʽʜʧʦʚʽʜʥʦ.  

ɿʘʤʽʩʪʴ ʤʘʪʨʠʯʥʦʾ ʬʫʥʢʮʽʾ ( , )D s s¡ ʪʘ ʚʝʢʪʦʨʥʦʾ ʬʫʥʢʮʽʾ ( )y s  ʫ (6.23) ʧʨʠ 

ʨʦʟʛʣʷʜʽ ʟʘʜʘʯ (6.24) ï (6.29) ʚʠʢʦʨʠʩʪʘʻʤʦ ʤʘʪʨʠʯʥʽ ʬʫʥʢʮʽʾ ʪʘ ʚʝʢʪʦʨʠ: 

1) 12 13( ) ( ( ), ( )); ;cA s D s D s y y¡ ¡ ¡= =  

2) 11 12 13

21 22 23 0

( ) ( ) ( )
( ) ; ;

( ) ( ) ( )

cD s D s D s y
A s y

D s D s D s y

¡ ¡ ¡å õ å õ
¡= =æ ö æ ö

¡ ¡ ¡ç ÷ ç ÷

 

3) 11 12 13

31 32 33

( ) ( ) ( )
( ) ; ;

( ) ( ) ( )

cD s D s D s y
A s y

D s D s D s yG

¡ ¡ ¡å õ å õ
¡= =æ ö æ ö

¡ ¡ ¡ ç ÷ç ÷

 (6.35) 

4) 12 13

22 23 01

( ) ( )
( ) ; ;

( ) ( )

cD s D s y
A s y

D s D s y

¡ ¡å õ å õ
¡= =æ ö æ ö

¡ ¡ç ÷ ç ÷

 

5) 12 13

32 33 1

( ) ( )
( ) ; ;

( ) ( )

cD s D s y
A s y

D s D s yG

¡ ¡å õ å õ
¡= =æ ö æ ö

¡ ¡ ç ÷ç ÷

 

6) 11 12 13
0

61 62 63

( ) ( ) ( )
( ) ; ( , ),

( ) ( ) ( )
c

D s D s D s
A s y col y y

D s D s D s
G

¡ ¡ ¡å õ
¡= =æ ö

¡ ¡ ¡ç ÷

 

ʜʝ ʦʙʣʘʩʪʴ ʟʤʽʥʠ ʟʤʽʥʥʦʾ s¡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʛʽʜʥʦ ʟ (6.34). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʜʘʯʘ ʟʥʘʭʦʜʞʝʥʥʷ ʤʦʜʝʣʶʶʯʦʾ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ ( )u s  (ʜʠʚ. 

ʬʦʨʤʫʣʠ (6.24) ï (6.29)) ʟʚʝʜʝʪʴʩʷ ʜʦ ʟʘʜʘʯʽ (6.21), ʨʦʟʚôʷʟʦʢ ʷʢʦʾ ʧʦʙʫʜʦʚʘ-
ʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʚ ʧ. 4.3 (ʬʦʨʤʫʣʠ (4.23) ï (4.27)). 

 

6.5. ʈʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʜʠʩʢʨʝʪʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 
ʥʝʧʝʨʝʨʚʥʦ-ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʠʭ ʟʙʫʨʝʥʴ. 
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ʈʦʟʛʣʷʥʝʤʦ ʚʘʨʽʘʥʪ ʟʚʝʜʝʥʥʷ ʟʘʜʘʯʽ (6.23) ʜʦ ʟʘʜʘʯʽ (6.22), ʨʦʟʚôʷʟʘʥʦʾ ʪʘ 
ʜʦʩʣʽʜʞʝʥʦʾ ʚ ʧ. 5.3. 

ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʥʘʻʤʦ ʜʠʩʢʨʝʪʠʟʘʮʽʶ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ ( )u s  ʤʦʜʝʣʶʶʯʠʭ ʬʫʥʢʮʽʡ 

0 0( ) ( ), ( ) ( )T
ou s s S u s s S¤Í Í  ʪʘ ( ) ( )Tu s s SG ¤Í  ʪʦʯʢʘʤʠ 

0
0( 1, ), ( 1, )m ms m M s m M= =  ʽ ( 1, )ms m MG

G=  ʚʽʜʧʦʚʽʜʥʦ. ʎʝ ʝʢʚʽʚʘʣʝʥ-

ʪʥʦ ʟʘʤʽʥʽ ʮʠʭ ʬʫʥʢʮʽʡ ʚʝʢʪʦʨʘʤʠ 0, ,cu u uG. ɽʣʝʤʝʥʪʠ ( )ijd s s¡-  ʤʘʪʨʠʯʥʠʭ 

ʬʫʥʢʮʽʡ ( , )D s s¡ ʧʨʠ ʮʴʦʤʫ ʧʝʨʝʪʚʦʨʷʪʴʩʷ ʥʘ ʤʘʪʨʠʯʥʽ ʨʷʜʢʠ-ʬʫʥʢʮʽʾ ʚʠʛʣʷʜʫ: 

1 1( ) ( ( ), 1, );i i mD s str d s s m M= - =  

2 2 0( ) ( ( ), 1, );o
i i mD s str d s s m M= - =   (6.36) 

3 3( ) ( ( ), 1, ),i i mD s str d s s m MG
G= - =  

ʜʝ 0 0, ( , 0), ( , [0, ])Ts S s x S t s x ɻ t TÍ = Í = = Í Í  ʜʣʷ 1,2,3i =  ʚʽʜʧʦʚʜ̔ʥʦ. 

ɿʘʤʽʩʪʴ ʤʘʪʨʠʯʥʦʾ ʬʫʥʢʮʽʾ )',( ssD  ʪʘ ʚʝʢʪʦʨʥʠʭ ʬʫʥʢʮʽʡ ( )u s ʪʘ ( )y s  ʚ 

(6.23) ʧʨʠ ʨʦʟʛʣʷʜʽ ʟʘʜʘʯ (6.24) ï (6.29) ʚʠʢʦʨʠʩʪʘʻʤʦ ʤʘʪʨʠʯʥʽ ʬʫʥʢʮʽʾ, ʚʝʢ-
ʪʦʨʠ ʪʘ ʚʝʢʪʦʨʥʽ ʬʫʥʢʮʽʾ: 

1) 12 13( ) ( ( ), ( )); ( , ); ( ) ( );c
oB s D s D s u col u u y s Y sG= = =  

2)
 

1 2 3

0

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

( ) ( ( ), ( ));

i i i c o

c

B s col D s D s D s i u col u u u

y s col Y s Y s

G= = =

=
 

3)
 1 2 3( ) (( ( ), ( ), ( )), 1;3); ( , , );

( ) ( ( ), ( ));

i i i c o

c

B s col D s D s D s i u col u u u

y s col Y s Y s

G

G

= = =

=
 

4)
 2 3

01

( ) (( ( ), ( ), 1;4); ( , );

( ) ( ( ), ( ));

i i o

c

B s col D s D s i u col u u

y s col Y s Y s

G= = =

=
 (6.37) 

5)
 2 3

1

( ) (( ( ), ( ), 1;5); ( , );

( ) ( ( ), ( ));

i i o

c

B s col D s D s i u col u u

y s col Y s Y s

G

G

= = =

=
 

6)
 1 2 3

01 1

( ) (( ( ), ( ), ( )), 1;6); ( , , );

( ) ( ( ), ( ), ( )),

i i i c o

c

B s D s D s D s i u col u u u

y s col Y s Y s Y s

G

G

= = =

=
 

ʜʝ ʦʙʣʘʩʪʴ ʟʤʽʥʠ ʟʤʽʥʥʦʾ sʚʠʟʥʘʯʘʻʪʴʩʷ ʟʛʽʜʥʦ ʟ (6.36), ʘ 

( ) ( ( ), 1, );c c
cY s col Y s Rs s= =  

0 0
0( ) ( ( ), 1, );rY s col Y s r R= =  

( ) ( ( ), 1, );Y s col Y s RG G
r Gr= =  

01 0
01( ) ( ( ), 1, );rY s col Y s r R= =  
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1
1( ) ( ( ), 1, ).Y s col Y s RG G

r Gr= =  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʜʘʯʘ ʟʥʘʭʦʜʞʝʥʥʷ ʚʝʢʪʦʨʘ u  ʟʥʘʯʝʥʴ ʤʦʜʝʣʶʶʯʠʭ ʬʫʥ-

ʢʮʽʡ 0( ), ( ), ( )u s u s u sG  ʯʝʨʝʟ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʶ ( )y s  (ʜʠʚ. ʬʦʨʤʫʣʠ (6.24) ï 

(6.29)) ʟʚʝʜʝʪʴʩʷ ʜʦ ʟʘʜʘʯʽ (6.22), ʨʦʟʚôʷʟʦʢ ʷʢʦʾ ʧʦʙʫʜʦʚʘʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʚ 
ʧ. 5.3 (ʬʦʨʤʫʣʠ (5.18), (5.24) ï (5.27)). 

 

6.6. ʄʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʯʘʩʪʢʦʚʦ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʩʠʩʪʝʤ 
ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

 

ʈʦʟʚôʷʟʘʥʽ ʚʠʱʝ ʟʘʜʘʯʽ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʨʦʟʛʣʷʜʫʚʘʥʠʭ ʩʠʩʪʝʤ ʜʦ-
ʧʫʩʢʘʣʠ ʥʝʜʦʩʪʫʧʥʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʦʜʥʦʛʦ ʟ ʜʚʦʭ ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʠʭ 
ʬʘʢʪʦʨʽʚ ï ʧʦʯʘʪʢʦʚʠʭ ʘʙʦ ʢʨʘʡʦʚʠʭ ʫʤʦʚ (ʟʘʜʘʯʽ (6.25) ï (6.26)). ʈʦʟʛʣʷʜʘ-
ʣʠʩʷ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʩʪʘʥʦʚʢʠ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʚʠʱʝ ʟʘʜʘʯ ʟʘ 
ʫʤʦʚʠ, ʱʦ ʚʨʘʭʦʚʘʥʽ ʚ ʥʠʭ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʽ ʫʤʦʚʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʯʘʩʪʢʦ-
ʚʦ (ʟʘʜʘʯʽ (6.27) ï (6.29)). ʄʦʞʣʠʚʽ ʧʦʩʪʘʥʦʚʢʠ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ, ʚ ʷʢʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʻʶ ʩʪʘʥʫ ( )y s  ʚʽʜʩʫʪʥʻ ʧʦʚʥʽʩʪʶ. 

ʎʝ ʚʠʢʣʠʢʘʻ ʪʘʢʽ ʟʤʽʥʠ ʫ ʚʠʟʥʘʯʝʥʥʽ ʤʘʪʨʠʯʥʦʾ ( , )D s s¡ ʪʘ ʚʝʢʪʦʨʥʦʾ ʬʫʥʢʮʽʾ 

( )y s  ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ (6.23), ʘ, ʦʪʞʝ, ʫ ʯʘʩʪʠʥʥʠʭ ʚʠʧʘʜʢʘʭ (6.20) ï (6.22) ʟʘʜʘʯʽ 

(6.23):  

ʘ) ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ( ) ( 1, )c
cY s Rs s=  ʙʫʜʫʪʴ ʚʽʜʩʫʪʥʽ ʡ 

ʢʦʤʧʦʥʝʥʪʠ 1 ( ) ( 1,3)jd s s j¡- =  ʤʘʪʨʠʯʥʦʾ ʬʫʥʢʮʽʾ ( , );D s s¡ 

ʙ) ʯʘʩʪʢʦʚʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʟʤʽʥʶʻ ʜʦ 01R  ʢʽʣʴʢʽʩʪʴ ʩʢʣʘʜʦ-

ʚʠʭ 0( ) ( )r tL G s s¡µ -  ʫ ʚʠʟʥʘʯʝʥʥʽ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʡ 
2 ( )jd s s¡-  (ʬʦʨʤʫʣʠ (6.30)) ʪʘ 

ʩʢʣʘʜʦʚʠʭ 0( )rY x  ʫ ʚʠʟʥʘʯʝʥʥʽ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ ( )y s  (ʬʦʨʤʫʣʠ (6.27), (6.29)); 

ʚ) ʯʘʩʪʢʦʚʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʟʤʽʥʶʻ ʜʦ 1RG  ʢ̔ ʣʴʢʽʩʪʴ ʩʢʣʘ-

ʜʦʚʠʭ ( ) ( )xL G s sG
r ¡µ -  ʫ ʚʠʟʥʘʯʝʥʥʽ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʡ 3 ( )jd s s¡-  (ʬʦʨʤʫʣʠ 

(6.30)) ʪʘ ʩʢʣʘʜʦʚʠʭ ( )Y sG
r  ʫ ʚʠʟʥʘʯʝʥʥʽ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ ( )y s  (ʬʦʨʤʫʣʠ 

(6.28), (6.29)). 

ʆʧʠʩʘʥʦʶ ʚ ʧʧ.6.3 ï 6.5 ʜʠʩʢʨʝʪʠʟʘʮʽʻʶ ʟʤʽʥʝʥʠʭ ʪʘʢʠʤ ʯʠʥʦʤ ʤʘʪʨʠʯʥʠʭ 

ʬʫʥʢʮʽʡ ( )D s s¡-  ʪʘ ʚʝʢʪʦʨʥʠʭ ʬʫʥʢʮʽʡ ( )y s  ʟʘʜʘʯʘ (6.23) ʚʩʝ ʦʜʥʦ ʟʚʝʜʝʪʴʩʷ 

ʜʦ ʦʜʥʽʻʾ ʽʟ ʟʘʜʘʯ, ʩʬʦʨʤʫʣʴʦʚʘʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ (6.20) ï (6.22). ʎʝ ʦʟʥʘ-

ʯʘʻ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʷʤʠʭ ʟʘʜʘʯ ʜʠʥʘʤʽʢʠ ʨʦʟʛʣʷ-

ʜʫʚʘʥʠʭ ʩʠʩʪʝʤ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʨʦʟʚôʷʟʢʠ (ʥʘʡʢʨʘʱʽ ʚ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯ-

ʥʦʤʫ ʩʝʥʩʽ) ʮʠʭ ʟʘʜʘʯ ʽ ʫ ʚʠʧʘʜʢʫ ʥʝʧʦʚʥʦʪʠ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʫ 

ʦʙʩʪʘʥʦʚʢʫ, ʚ ʷʢʽʡ ʬʫʥʢʮʽʦʥʫʻ ʜʦʩʣʽʜʞʫʚʘʥʘ ʩʠʩʪʝʤʘ. ʎʝ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝʜʦʩʷʞʥʦ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʪʘʢʠʭ ʟʘʜʘʯ. 
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ʆʇʊʀʄɯɿɸʎɯʗ ʉʊʈʋʂʊʋʈ ʉʀʉʊɽʄ  
ɯɿ ʈʆɿʇʆɼɯʃɽʅʀʄʀ ʇɸʈɸʄɽʊʈɸʄʀ 

 

ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʟʘʜʘʯʘ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ ʦʙʩʪʘʥʦʚʢʠ, ʚ ʷʢʽʡ 
ʬʫʥʢʮʽʦʥʫʻ ʩʠʩʪʝʤʘ, ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʚ ʧʨʦʩʪʦʨʽ ʪʘ ʯʘʩʽ ʤʦʜʝʣʶʶʯʠʤʠ ʬʫʥʢʮʽʷʤʠ 
ʪʘ ʟʘʜʘʯʘ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʩʢʨʝʪʥʦ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʾ ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʦʾ ʦʙ-
ʩʪʘʥʦʚʢʠ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʤʠ ʤʦʜʝʣʶʶʯʠʤʠ ʬʫʥʢʮʽʷʤʠ. ʉʪʘʚ-
ʣʷʪʴʩʷ ʪʘ ʨʦʟʚôʷʟʫʶʪʴʩʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʤʽʱʝʥʥʷ ʟʦʩʝʨʝʜʞʝʥʠʭ ʤʦʜʝʣʶʶ-
ʯʠʭ ʬʫʥʢʮʽʡ ʪʘ ʪʦʯʢʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʜʠʥʘʤʽʢʦʶ ʩʠʩʪʝʤʠ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ 
ʛʨʘʜʽʻʥʪʥʦʾ ʧʨʦʮʝʜʫʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʜʦʩʣʜ̔ʞʫʶʪʴʩʷ ʧʨʦʙʣʝʤʠ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ 
ʬʫʥʢʮʽʦʥʘʣʽʚ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʪʘ ʾʭ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʢʽʥʯʝʥʥʦʚʠʤʽʨʥʠʭ ʚʘʨʽʘʮʽʡ ʧʨʦ-
ʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ʤʦʜʝʣʶʶʯʠʭ ʬʫʥʢʮʽʡ ʪʘ ʩʧʦʩʪʝʨʽʛʘʯʽʚ ʟʘ ʩʠʩʪʝʤʦʶ. 

 

Ä7. ɿʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʣʽʥʽʡʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ 
ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

 

7.1. ʇʨʦʙʣʝʤʠ ʦʧʪʠʤʽʟʘʮʽʾ ʚ ʤʦʜʝʣʶʚʘʥʥʽ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤ 
 ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

 

ʈʦʟʛʣʷʥʫʪʽ ʚʠʱʝ ʟʘʜʘʯʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ (ʜʠʚ. (1.3), 
(1.4)) 

0 0
0 0( ) ( , ) | ( ) ( 1, )=µ = =r t t rL y x t Y x r R ,   (7.1) 

( ) ( , ) | ( , ) ( 1, )
= Í

µ = =x x x
L y x t Y x t RG
G G G
r r GG

r   (7.2) 

ʪʘ ʩʧʦʩʪʝʨʝʞʝʥʴ (ʜʠʚ. (6.10)) 

( , ) ( , ) ( ) ( 1, )µ µ = =ʩ c
x t cL y x t Y s Rs s s   (7.3) 

ʩʠʩʪʝʤʠ (ʜʠʚ. (1.1)) 

1 2( , ) ( , ) ( , ) ( , )µ µ = µ µx t x tL y x t L u x t    (7.4) 

ʨʦʟʚôʷʟʫʚʘʣʠʩʷ ʫ ʪʨʴʦʭ ʚʠʧʘʜʢʘʭ: 
1) ʜʠʩʢʨʝʪʠʟʫʚʘʣʠʩʷ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʽ ʫʤʦʚʠ (7.1), (7.2) ʪʘ ʩʧʦʩʪʝʨʝʞʝʥ-

ʥʷ (7. 3) ʟʘ ʩʠʩʪʝʤʦʶ; 
2) ʜʠʩʢʨʝʪʠʟʫʚʘʣʠʩʷ ʤʦʜʝʣʶʶʯʽ ʬʫʥʢʮʽʾ, ʷʢʠʤʠ ʽʤʽʪʫʚʘʣʘʩʷ ʜʽʷ ʥʝʧʝʨʝ-

ʨʚʥʠʭ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ (7.1), (7.2) ʪʘ ʩʧʦʩʪʝʨʝʞʝʥʴ (7.3); 

3) ʜʠʩʢʨʝʪʠʟʫʚʘʣʠʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (7.1) ï (7.3) ʽ ʬʫʥʢʮʽʾ 0( )u s  ʪʘ 

( )u sG , ʷʢʠʤʠ ʚʦʥʠ ʤʦʜʝʣʶʚʘʣʠʩʷ. 

ʋ ʢʦʞʥʦʤʫ ʟ ʮʠʭ ʪʨʴʦʭ ʚʠʧʘʜʢʽʚ ʧʨʦʙʣʝʤʠ ʟʥʘʭʦʜʞʝʥʴ ʚʝʢʪʦʨʘ ʤʦʜʝʣʶʶʯʠʭ 

ʬʫʥʢʮʽʡ ( )u s  (ʜʠʚ. (4.7)) ʘʙʦ ʚʝʢʪʦʨʘ u  (ʜʠʚ. (5.3), (5.4)) ʟʥʘʯʝʥʴ ʮʠʭ ʬʫʥʢʮʽʡ 

ʟʚʦʜʠʪɹʩʷ ʜʦ ʦʙʝʨʥʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (ʜʠʚ. (3.5), (4.6), (5.9)): 
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( ) ( ) ;A s u s ds y¡ ¡¡ ¡=ñ      (7.5) 

( ) ( );B s u Y s=     (7.6) 

,Cu y=      (7.7) 

ʜʝ ʚʩʽ ʧʦʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʠʡʥʷʪʠʤ ʫ (3.5), (4.6) ʪʘ (5.9). 

ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʮʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʟʘʧʠʩʫʚʘʣʠʩʷ ʤʥʦʞʠʥʠ uW  ʨʦʟʚôʷʟʢʽʚ 

(ʧʩʝʚʜʦʨʦʟʚôʷʟʢʽʚ) ʽ ʧʦʤʠʣʢʠ ʾʭ ʧʩʝʚʜʦʦʙʝʨʥʝʥʥʷ  
2 2
1

( )
min || ( ) ( ) || ;

uu s
A s u s ds y

W
e

Í
¡ ¡ ¡= -ñ   (7. 8) 

2 2
2 min || ( ) ( ) || ;

uu
B s u Y s ds

W
e

Í
= -ñ   (7. 9) 

2 2
3 min || || ,

uu
Cu y

W
e

Í
= -    (7.10) 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʧʦʤʠʣʦʢ 
2 ( 1,3)i ie =  ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʦʯʥʽʩʪʶ 

ʦʙʝʨʥʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (7.5) ï (7.7). ʆʜʥʘʢ, ʷʢ ʙʠ ʪʦʯʥʦ ʥʝ ʦʙʝʨʪʘʣʠʩʷ ʮʽ 
ʩʧʚ̔ʚʽʜʥʦʰʝʥʥʷ, ʫ ʩʚʦʻʤʫ ʥʝʦʙʝʨʥʝʥʦʤʫ ʚʠʛʣʷʜʽ ʚʦʥʠ ʚʞʝ ʤʽʩʪʷʪʴ ʧʦʤʠʣʢʠ 
ʟʘʤʽʥʠ ʥʝʧʝʨʝʨʚʥʦʾ ʽʥʪʝʛʨʘʣʴʥʦʾ ʤʦʜʝʣʽ (ʜʠʚ. (1.7)) 

( ) ( ) ( )y s G s s u s ds¡ ¡ ¡= -ñ   (7.11) 

ʾʾ ʜʠʩʢʨʝʪʥʠʤ ʘʥʘʣʦʛʦʤ. ʇʦʤʠʣʢʠ ʮʽ ʧʦʚôʷʟʘʥʽ ʟ ʚʠʙʦʨʦʤ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ ʜʠʩ-
ʢʨʝʪʠʟʘʮʽʾ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ, ʤʦʜʝʣʶʶʯʠʭ ʬʫʥʢʮʽʡ ʪʘ ʚʝʢʪʦʨʘ ʩʧʦ-
ʩʪʝʨʝʞʝʥʴ ʩʪʘʥʫ ʩʠʩʪʝʤʠ. 
ʊʦʤʫ ʚʠʥʠʢʘʻ ʧʨʠʨʦʜʥʝ ʙʘʞʘʥʥʷ ʟʨʦʙʠʪʠ ʚʠʙʽʨ ʪʦʯʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʩʧʽʚ-

ʚʽʜʥʦʰʝʥʥʷ (7.11) ʪʘʢʠʤ, ʱʦʙ ʚʽʜʧʦʚʽʜʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʚʠʛʣʷʜʫ (7.5) ï 
(7.7) ʙʫʣʘ ʥʘʡʙʣʠʞʯʦʶ ʜʦ ʨʝʘʣʴʥʦʾ, ʘ ʪʘʢʦʞ, ʱʦʙ ʧʦʙʫʜʦʚʘʥʽ ʪʫʪ ʤʝʪʦʜʠ ʜʦ-
ʟʚʦʣʷʣʠ ʮʶ ʤʦʜʝʣʴ ʷʢ ʤʦʞʥʘ ʪʦʯʥʽʰʝ ʦʙʝʨʥʫʪʠ. ʗʢʱʦ ʧʝʨʰʘ ʟʘʜʘʯʘ 
ʨʦʟʚôʷʟʫʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʽʟʠʯʥʦʾ ʩʫʪʽ ʧʨʦʙʣʝʤʠ, ʪʦ ʜʨʫʛʘ ï ʤʽʥʽʤʽʟʘʮʽʻʶ 
(ʟʘ ʪʦʯʢʘʤʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ) ʧʦʤʠʣʦʢ (7.8) ï (7.10). 
 

7.2. ɿʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ ʩʧʦʩʪʝʨʽʛʘʯʽʚ. 
 

ʈʦʟʛʣʷʥʝʤʦ ʚʘʨʽʘʥʪ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʤʦʜʝʣʶʚʘʥʥʷ, ʢʦʣʠ ʨʦʟʚôʷʟʦʢ ʾʾ 
ʟʥʘʭʦʜʠʪʴʩʷ ʰʣʷʭʦʤ ʦʙʝʨʥʝʥʥʷ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (7.5). 

ɺʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʤʘʪʨʠʯʥʘ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʷ A(s') ï ʜʠʩʢʨʝʪʠʟʦʚʘʥʘ ʟʘ 

ʥʝʰʪʨʠʭʦʚʘʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʤʘʪʨʠʯʥʘ ʬʫʥʢʮʽʷ ɻʨʽʥʘ ( )G s s¡- , ʘ ʪʦʯʢʘʤʠ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾʾ ʮʠʭ ʢʦʦʨʜʠʥʘʪ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ y  ï ʚʝʢʪʦʨʘ 

ʟʥʘʯʝʥʴ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ ʩʪʘʥʫ y(s) ʩʠʩʪʝʤʠ ð ʨʦʙʠʤʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʪʦʯʢʘʤʠ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʩʠʩʪʝʤʠ (7.11), ʾʾ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ (7.1), (7.2) ʪʘ ʩʧʦʩʪʝ-
ʨʝʞʝʥʴ (7.3) ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʙʽʨ ʢʦʦʨʜʠʥʘʪ ʨʦʟʤʽʱʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʯʽʚ ʟʘ ʩʪʘ-
ʥʦʤ ʩʠʩʪʝʤʠ ʪʘ ʾʾ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʤʠ ʫʤʦʚʘʤʠ. ʊʦʤʫ ʟʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ 
ʚʠʙʦʨʫ ʪʦʯʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾʾ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (7.1) ï (7.3) ʪʘ (7.11) ʻ ʟʘʜʘʯʝʶ ʦʧ-
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ʪʠʤʽʟʘʮʽʾ ʨʦʟʤʽʱʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʯʽʚ ʟʘ ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ-
ʤʠ ʩʠʩʪʝʤʠ. 

ʇʦʟʥʘʯʠʚʰʠ ʯʝʨʝʟ 
*
AS  ʤʥʦʞʠʥʫ ʪʦʯʦʢ 

* ( 1, )ks k K=  ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʦʚ-

ʥʽʰʥʴʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʠ (ʚʦʥʘ ʙʫʜʝ ʨʽʟʥʦʶ ʜʣʷ ʨʽʟʥʠʭ ʟʘ-
ʜʘʯ) ʪʘ ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʟʛʽʜʥʦ ʟ (4.14) ʧʦʤʠʣʢʠ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʤʦʜʝʣʶ-
ʚʘʥʥʷ 

2 *
1 1 1( ) T T

AS y y y PP ye += - ,  (7.12) 

ʜʝ 
* *

1 ( , )[ ( , )]TA AP A S s A S s ds=ñ ,   (7.13) 

ʚʠʩʥʦʚʫʻʤʦ, ʱʦ ʧʨʦʙʣʝʤʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʯʽʚ ʟʘ ʩʠʩʪʝ-
ʤʦʶ (7.1) ï (7.4) ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʾʾ ʜʠʩʢʨʝʪʠʟʦʚʘʥʠʭ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ 

ʫʤʦʚ ʬʫʥʢʮʽ̫ʤʠ 0( ) ʪʘ ( )u s u sG  ʟʚʝʜʝʪʴʩʷ ʜʦ ʟʘʜʘʯʽ 

*

*
1( ) min,

A

A
S

Se ­    (7.14) 

ʜʝ ʙʝʟ ʧʨʠʚôʷʟʢʠ ʜʦ ʢʦʥʢʨʝʪʥʦʾ ʟʘʜʘʯʽ (ʙʝʟ ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʽʥʪʝʛʨʫʚʘʥʥʷ) ʪʘ 

ʢʦʥʢʨʝʪʠʟʘʮʽʾ ʚʠʨʘʟʫ ʜʣʷ A(
* ,AS s) 

( )* * ( ) *
1 ( ) ( , ) ( , ) .T T

A A AS y y y A S s A s S ds ye += - ñ  (7.15) 

ʇʨʠ ʮʴʦʤʫ y  ʻ ʪʝʞ ʬʫʥʢʮʽʻʶ 
*
AS , ʦʩʢʽʣʴʢʠ y  ʻ ʚʝʢʪʦʨʦʤ ʟʥʘʯʝʥʴ ʬʫʥʢ-

ʮʽʡ 
0

0( )( 1, ),rY x r R=  ( , )( 1, ),Y x t RG
r Gr=  ʪʘ ( 1, )c

cY Rss=  ʫ ʪʦʯʢʘʭ 

* ( 1, )ks k K= . 

 

7.3. ɿʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ ʢʝʨʫʚʘʯʽʚ. 
 

ɿʫʧʠʥʠʤʦʩʷ ʥʘ ʦʩʦʙʣʠʚʦʩʪʷʭ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʯʝ-
ʨʝʟ ʦʙʝʨʥʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʧʽʚʚʽʜʥʦh ʝʥʴ (7.6). 

ɺʠʭʦʜʷʯʠ ʟ ʦʟʥʘʯʝʥʥʷ (5.10) ʤʘʪʨʠʯʥʦʛʦ ʨʷʜʢʘ-ʬʫʥʢʮʽʾ ( )B s , ʚʠʩʥʦʚʫʻʤʦ, ʱʦ 

ʢʦʤʧʦʥʝʥʪʠ ʡʦʛʦ ʻ ʤʘʪʨʠʯʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ( )G s s¡- , ʜʠʩʢʨʝʪʠʟʦʚʘʥʠʤʠ ʟʘ ʰʪʨʠ-

ʭʦʚʘʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ. ʎʽʢʘʚʦ, ʱʦ ʪʦʯʢʘʤʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʤʘʪʨʠʮʽ ( )G s s¡-  ʚʠ-

ʟʥʘʯʘʶʪʴʩʷ ʡ ʟʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ u  ï ʟʥʘʯʝʥʥʷ ʤʦʜʝʣʶʶʯʠʭ ʬʫʥʢʮʽʡ 

0( ) ʪʘ ( )u s u sG . ʊʦʙʪʦ ʚʠʙʦʨʦʤ ʪʦʯʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ 

ʪʠʧʫ (7.11) ï ʩʢʣʘʜʦʚʠʭ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ï ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʦʯʢʠ ʧʨʠʢ-

ʣʘʜʘʥʥʷ ʤʦʜʝʣʶʶʯʠʭ ʬʫʥʢʮʽʡ 0( ) ʪʘ ( )u s u sG . ʊʦʤʫ ʟʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʙʦ-

ʨʫ ʪʦʯʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʜʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ ʻ ʟʘʜʘʯʝʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ 

ʤʦʜʝʣʶʶʯʠʭ ʬʘʢʪʦʨʽʚ 0( ) , ( )u s u sG  ʪʘ ʢʝʨʫʯʁʦʛʦ ï ( )u s .  
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ʇʦʟʥʘʯʠʚʰʠ ʯʝʨʝʟ 
*
BS  ʤʥʦʞʠʥʫ ʪʦʯʦʢ 

* ( 1, )ks k K=  ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʤʦʜʝ-

ʣʶʯʁʠʭ ʬʫʥʢʮʽʡ 0( ), ( )u s u sG  ʪʘ ʢʝʨʫʶʯʦʾ ʬʫʥʢʮʽʾ ( )u s (ʤʥʦʞʠʥʘ ʙʫʜʝ ʨʽʟ-

ʥʦʶ ʜʣʷ ʨʽʟʥʠʭ ʟʘʜʘʯ), ʚʠʟʥʘʯʘʻʤʦ, ʱʦ, ʟʛʽʜʥʦ ʟ (5.25), (5.26), ʧʦʤʠʣʢʠ 
ʨʦʟʚôʷʟʘʥʴ ʟʘʜʘʯʽ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʝʣʠʯʠʥʦʶ 

2 * 2
2 2( ) ,T

B Y YS b b P be += -   (7.16) 

ʜʝ ʙʝʟ ʧʨʠʚôʷʟʢʠ ʜʦ ʢʦʥʢʨʝʪʥʦʾ ʟʘʜʘʯʽ (ʙʝʟ ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʽʥʪʝʛʨʫʚʘʥʥʷ ʪʘ 

ʢʦʥʢʨʝʪʠʟʘʮʽʾ ʚʠʨʘʟʫ ʜʣʷ *( , )BB s S ) 

* *
2 ( , ) ( , ) ,

ʊ

B BP B s S B s S dsè ø=
ê úñ    (7.17) 

*( , ) ( )
ʊ

Y Bb B s S Y s dsè ø=
ê úñ  

(ʪʫʪ Y(s) ï ʚʝʢʪʦʨ-ʬʫʥʢʮʽʷ, ʷʢʘ ʦʙôʻʜʥʫʻ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ 

ʫʤʦʚ ʪʘ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʩʠʩʪʝʤʦʶ, ʘ 
2b  ï ʢʦʥʩʪʘʥʪʘ, ʥʝ ʟʘʣʝʞʥʘ ʚʽʜ 

*
BS ). 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʨʦʙʣʝʤʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʤʦʜʝʣʶʶʯʠʭ ʪʘ ʢʝ-
ʨʫʶʯʠʭ ʬʫʥʢʮʽʡ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ 
ʫʤʦʚ (7.1), (7.2) ʩʠʩʪʝʤʠ (7.4) ʪʘ ʢʝʨʫʚʘʥʥʷ ʥʝʶ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʘʜʘʯʽ 

*

2 *
2 ( ) min,

B

B
S

Se ­     (7.18) 

ʜʝ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʟʥʘʯʝʥʥʷ (5.28) ʤʘʪʨʠʯʥʦʛʦ ʩʪʦʚʧʮʷ-ʬʫʥʢʮʽʾ 
( ) *( , )BB S s+

, 

ʧʩʝʚʜʦʦʙʝʨʥʝʥʦʛʦ ʜʦ ʤʘʪʨʠʯʥʦʛʦ ʨʷʜʢʘ-ʬʫʥʢʮʽʾ *( , )BB s S , 

( )2 * 2 *
2

( ) *

( ) ( ) ( , )

( ( , ) ( ) ).

ʊ
B B

B

S b Y s B s S ds

B S s Y s ds

e

+

= - ³

³

ñ

ñ

    (7.19) 

 

7.4. ʇʦʚʥʘ ʟʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤ 
ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

 

ʈʦʟʛʣʷʥʫʪʽ ʫ ʜʚʦʭ ʧʦʧʝʨʝʜʥʽʭ ʧʫʥʢʪʘʭ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟ-
ʤʽʱʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʯʽʚ ʪʘ ʢʝʨʫʚʘʯʽʚ ʻ ʯʘʩʪʢʦʚʠʤʠ, ʦʩʢʽʣʴʢʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ 
ʦʢʨʝʤʦ. ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʜʠʩʢʨʝʪʥʠʤʠ ʻ ʷʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʩʠʩ-

ʪʝʤʦʶ, ʪʘʢ ʽ ʤʦʜʝʣʶʶʯʽ ʪʘ ʢʝʨʫʶʯʽ ʬʫʥʢʮʽʾ 0( ), ( )u s u sG , ( )u s . 

ʈʦʟʚôʷʟʦʢ ʮʽʻʾ ʟʘʜʘʯʽ ʙʫʜʫʚʘʚʩʷ ʚ Ä3 ʰʣʷʭʦʤ ʦʙʝʨʥʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʪʠʧʫ 
(7.7), ʷʢʽ ʦʪʨʠʤʫʚʘʣʠ ʧʽʩʣʷ ʜʠʩʢʨʝʪʠʟʘʮʽʾʾ ʷʢ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʪʘ ʩʧʦʩʪʝ-

ʨʝʞʝʥʴ (7.1) ï (7.3), ʪʘʢ ʽ ʤʦʜʝʣʶʶʯʦ-ʢʝʨʫʶʯʠʭ ʬʫʥʢʮʽʡ 0( ), ( )u s u sG , ( )u s . 

ʇʨʠ ʮʴʦʤʫ ʤʘʪʨʠʯʥʽ ʬʫʥʢʮʽʾ ɻʨʽʥʘ ( )G s s¡-  ʜʠʩʢʨʝʪʠʟʫʚʘʣʠʩʷ ʷʢ ʟʘ ʰʪʨʠ-

ʭʦʚʘʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ (ʧʦʟʥʘʯʠʤʦ ʤʥʦʞʠʥʫ ʪʦʯʦʢ 
* ( 1, )ms m M=  ʯʝʨʝʟ

*
BS ), 

ʪʘʢ ʽ ʟʘ ʥʝʰʪʨʠʭʦʚʘʥʠʤʠ (ʧʦʟʥʘʯʠʤʦ ʤʥʦʞʠʥʫ ʪʦʯʦʢ 
* ( 1, )ls l L=  ʯʝʨʝʟ 

*
AS ). 



ʆʧʪʠʤʽʟʘʮʽʷ ʩʪʨʫʢʪʫʨ ʩʠʩʪʝʤ 

 ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 
   

57 

ʎʠʤʠ ʞ ʪʦʯʢʘʤʠ ʜʠʩʢʨʝʪʠʟʫʚʘʣʠʩʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ (7.3) ʟʘ ʩʪʘʥʦʤ ʩʠʩʪʝʤʠ, ʾʾ 
ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʽ ʫʤʦʚʠ (7.1), (7.2) ʪʘ ʢʝʨʫʶʯʦ-ʤʦʜʝʣʶʶʯʽ ʬʫʥʢʮʽʾ 

0( ), ( )u s u sG , ( )u s . ʎʝ ʟʥʘʯʠʪʴ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʡ ʚʠʙʽʨ ʪʦʯʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ 

ʚʠʟʥʘʯʘʻ ʦʧʪʠʤʘʣʴʥʝ ʨʦʟʤʽʱʝʥʥʷ ʷʢ ʩʧʦʩʪʝʨʽʛʘʯʽʚ ʟʘ ʩʠʩʪʝʤʦʶ, ʪʘʢ ʽ ʢʝʨʫʚʘ-
ʯʽʚ ʥʝʶ. ʊʦʤʫ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʤʽʱʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʯʽʚ ʪʘ 

ʢʝʨʫʚʘʯʽʚ ʥʝʦʙʭʽʜʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʧʦʤʠʣʢʠ 
2 * *
3 ( , )A BS Se  ʦʙʝʨʥʝʥʥʷ ʩʧʽʚʚʽʜʥʦ-

ʰʝʥʴ ʪʠʧʫ (7.7) ʜʣʷ ʢʦʞʥʦʾ ʟ ʨʦʟʛʣʷʜʫʚʘʥʠʭ ʟʘʜʘʯ. 
ɿ ʫʨʘʭʫʚʘʥʥʷʤ (3.29) ʤʘʻʤʦ, ʱʦ  

2 * * * * * *
3 ( , ) ( , ) ( , )ʊ ʊ

A B A B A BS S y y yʉ S S ʉ S S ye +è ø= -
ê ú

,  (7. 20) 

ʘ, ʦʪʞʝ, ʧʨʦʙʣʝʤʠ ʨʦʟʚôʷʟʘʥʥʷ ʦʙʛʦʚʦʨʶʚʘʥʦʾ ʟʘʜʘʯʽ ʟʚʝʜʫʪʴʩʷ ʜʦ 
ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ  

* *

2 * *
3

,

( , ) min
A B

A B
S S

S Se ­ .    (7. 21) 

 
7.5. ɻʨʘʜʽʻʥʪʥʽ ʧʨʦʮʝʜʫʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʤʽʱʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʯʽʚ 

ʪʘ ʢʝʨʫʚʘʯʽʚ ʜʣʷ ʩʠʩʪʝʤ ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʡ ʧʨʦʙʣʝʤʠ ʾʭ ʨʝʘʣʽʟʘʮʽʾ. 
 

ʈʦʟʛʣʷʥʫʪʽ ʚʠʱʝ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʤʽʱʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʯʽʚ ʪʘ ʢʝʨʫʚʘʯʽʚ 

ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʥʝʧʝʨʝʨʚʥʦʾ ʤʦʜʝʣʽ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʜʦ ʨʽʟʥʠʭ 

ʬʦʨʤ ʜʠʩʢʨʝʪʥʦʾ ʟʚʝʣʠʩʷ ʜʦ ʟʘʜʘʯ ʤʽʥʽʤʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʽʚ 2 * 2 *
1 2( ), ( )A BS Se e  ʪʘ 

2 * *
3 ( , )A BS Se  ʟʘ ʤʥʦʞʠʥʘʤʠ ʪʦʯʦʢ *

AS  ʪʘ *
BS .  

ɼʣʷ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʬʫʥʢʮʽʦʥʘʣʠ ʚʠʨʘʞʘʶʪʴ ʧʦʤʠʣʢʠ ʧʩʝʚʜʦʥʘʙʣʠʞʝʥʴ ʜʦ 

ʨʦʟʚôʷʟʢʽʚ ʨʽʚʥʷʥʴ ʪʠʧʫ (7.5) ï (7.7), ʬʫʥʢʮʽʦʥʘʣʠ 
2( )ie Ö ʥʝʧʝʨʝʨʚʥʦ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʩʚʦʾʭ ʧʘʨʘʤʝʪʨʽʚ. ʊʦʤʫ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ (7.14), (7.18), (7.21) ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʛʨʘʜʽʻʥʪʥʽ ʧʨʦʮʝʜʫʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʽʚ. 

ɹʘʯʠʤʦ, ʱʦ ʬʫʥʢʮʽʦʥʘʣʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ * *,A BS S  ʯʝʨʝʟ ʟʥʘʯʝʥ-

ʥʷ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ y  (ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʪʘ ʩʧʦ-

ʩʪʝʨʝʞʫʚʘʥʠʭ ʬʫʥʢʮʽʡ), ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ * *( , )A Bʉ S S, ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ *( )AA S  ʪʘ 

ʨʷʜʢʘ-ʬʫʥʢʮʽʾ *( )BB S . ʇʨʠ ʟʥʘʭʦʜʞʝʥʥʽ ʛʨʘʜʽʻʥʪʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʬʫʥʢʮʽʦʥʘ-

ʣʽʚ ʜʦʚʝʜʝʪʴʩʷ ʜʠʬʝʨʝʥʮʽʶʚʘʪʠ ʩʘʤʝ ʮʽ ʝʣʝʤʝʥʪʠ. ʗʢʱʦ ʧʨʦʙʣʝʤ ʽʟ ʜʠʬʝ-

ʨʝʥʮʽʶʚʘʥʥʷʤ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ y  ʥʝ ʧʦʚʠʥʥʦ ʙʫʪʠ, ʪʦ ʚʦʥʠ ʤʦʞʫʪʴ ʚʠʥʠʢ-

ʥʫʪʠ ʧʨʠ ʨʦʙʦʪʽ ʟ ʤʘʪʨʠʮʝʶ * *( , )A Bʉ S S, ʚʝʢʪʦʨ-ʬʫʥʢʮʽʻʶ *( )AA S  ʪʘ ʨʷʜʢʦʤ-

ʬʫʥʢʮʽʻʶ *( )BB S , ʪʠʤ ʙʽʣʴʰ, ʱʦ ʚʦʥʠ ʚʭʦʜʷʪʴ ʫ ʬʫʥʢʮʽʦʥʘʣʠ 2( ) ( 1,3)i ie Ö =  

ʡ ʫ ʧʩʝʚʜʦʦʙʝʨʥʝʥʦʤʫ ʚʠʛʣʷʜʽ. 
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ʈʦʟʛʣʷʥʝʤʦ ʜʨʫʛʫ ʯʘʩʪʠʥʫ ʚʠʨʘʟʽʚ (7.15), (7.19) ʪʘ (7.20) ʜʣʷ 
2( )ie Ö. ɿ ʫʨʘ-

ʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʜʣʷ ʚʩʷʢʦʾ ( n n³ )-ʚʠʤʽʨʥʦʾ ʤʘʪʨʠʮʽ ɸ ʪʘ ʚʝʢʪʦʨʘ 
nʘ RÍ  

1 1

n n
ʊ ʊ

ij i j
i j

a Aa trAaa A a a
= =

= =ää , 

ʚʠʩʥʦʚʫʻʤʦ, ʱʦ 
2 * * ( ) *
1

,,

( ) ( , ) ( , )ʊ
A A A i j

i ji j

S y y A S s A s S ds y ye +è ø= -
ê úäñ ; 

2 * 2 * ( ) *
2 1 2 1 2 1 2

,,

( ) ( , ) ( , ) ( ) ( ) ; (7.22)B B B i j
i ji j

S b B s S B S s Y s Y s ds dse +è ø= -
ê úäññ  (7.22) 

2 * * * * * *
3

, ,

( , ) ( , ) ( , )ʊ
A B A B B A i j

i j i j

S S y y C S S C S S y ye +è ø= -
ê úä . 

ʇʦʟʥʘʯʘʶʯʠ ʯʝʨʝʟ ʂ ʘʙʩʪʨʘʢʪʥʫ ʨʦʟʤʽʨʥʽʩʪʴ ʤʥʦʞʠʥ * *,A BS S , ʨʦʟʛʣʷʥʝʤʦ 

ʧʨʦʙʣʝʤʠ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ 2( ) ( 1,3)i ie Ö =  ʧʦ * * * *, ( 1, )k A k Bs S S k KsÍ Í = . ʅʝ 

ʟʘʧʠʩʫʶʯʠ ʢʦʤʧʦʥʝʥʪ ʛʨʘʜʽʻʥʪʥʠʭ ʚʝʢʪʦʨʽʚ, ʟʫʧʠʥʠʤʦʩʷ ʢʦʨʦʪʢʦ ʥʘ ʧʨʦʙʣʝ-

ʤʘʭ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʬʫʥʢʮʽʡ  
* * * * * * *( ), ( , ), ( , ), ( , ) ʧʦ ʪʘA A B A B i iy S A S s B s S C S S s s . 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ 
* *( ) ( ) ( 1, );i A iy S Y s i K= =  

* *( , ) ( ( ), 1, )A iA S s col G s s i K= - = ; 

* *( , ) ( ( ), 1, );A iB s S str G s i Ks= - =  

,
* * * *

, 1
( , ) ( )

i j K

A B i j
i j

C S S G s s
=

=
è ø= -
ê ú

, 

ʜʝ ( )G s s¡-  ï ʤʘʪʨʠʮʷ ɻʨʽʥʘ ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʟʘʜʘʯʽ, ʘ Y(s) ï ʚʽʜʦʤʘ ʬʫʥʢʮʽʷ 

ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ (ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʪʘ ʩʧʦʩʪʝʨʝʞʝʥʴ 

ʟʘ ʩʠʩʪʝʤʦʶ), ʟʥʘʭʦʜʠʤʦ 

*

*

*

0,
( )

( ) , 1, ;
,

k

i A

k
s s

i k
y S

dY s k K
i ks

ds =

û¸ë
µ îî

= =ì ü=µ î î
í ý

 

*

*

*

0,
( , )

( )( , 1, );
,

k

A

k
s s

i k
A S s

G s scol i K
i ks

s =

û¸ë
¡µ îî

¡µ -= =ì ü=µ î îµ
í ý
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*

*

*

0,
( , )

( )( , 1, );
,

k

B

k

i k
B s S

G sstr i K
i k

s s

s
s

s =

û¸ë
¡µ îî

µ -= =ì ü=µ î îµ
í ý

 

*

,

* *

*

, 1

0,
( , )

( )
,

k

i j K

A B

k
s s

i j

i k
C S S

G s
i ks

s

s

=

=
=

è ø¸ë û
µ é ùî î

µ -=ì üé ù=µ î îé ùµ
í ýê ú

; 

*

,

* *

*

, 1

0,
( , )

( )
,

k

i j K

A B

k

i j

j k
C S S

G s
j k

s s

s
s

s

=

=
=

è ø¸ë û
µ é ùî î

µ -= ì üé ù=µ î îé ùµ
í ýê ú

. 

ɿʘʣʠʰʘʶʪʴʩʷ ʚʽʜʢʨʠʪʠʤʠ ʧʠʪʘʥʥʷ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʬʫʥʢʮʽʡ 
( ) * ( ) * ( ) * *( , ), ( , ), ( , ).A B B AA s S B S s C S S+ + +

ʎʽ ʧʠʪʘʥʥʷ ʧʨʦʙʣʝʤʘʪʠʯʥʽ, ʦʩʢʽʣʴʢʠ 

ʥʝʤʘʻ ʷʚʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʬʫʥʢʮʽʡ ʚʽʜ ʟʤʽʥʥʠʭ is* ʪʘ 
*
is . ʆʜʥʘʢ, 

ʤʠ ʨʦʟʚ'ʷʞʝʤʦ ʮʶ ʧʨʦʙʣʝʤʫ (ʜʠʚ. ʥʘʩʪʫʧʥʽ ʧʘʨʘʛʨʘʬʠ). 
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Ä8. ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʩʪʨʫʢʪʫʨʠ ʜʠʩʢʨʝʪʠʟʦʚʘʥʠʭ 

ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ 
 

8.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʪʘ ʧʨʦʙʣʝʤʠ ʾʾ ʨʦʟʚôʷʟʘʥʥʷ. 
 

ʆʜʥʠʤ ʽʟ ʚʘʨʽʘʥʪʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʦʾ ʦʙ-

ʩʪʘʥʦʚʢʠ, ʚ ʷʢʽʡ ʬʫʥʢʮʽʦʥʫʻ ʩʠʩʪʝʤʘ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʻ ʚʘʨʽʘʥʪ, ʢʦʣʠ 

ʜʠʩʢʨʝʪʠʟʫʶʪʴʩʷ ʾʾ ʚʭʦʜʠ-ʚʠʭʦʜʠ. ʊʦʙʪʦ ʮʝʡ ʚʘʨʽʘʥʪ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʜʠʩʢʨʝʪʠʟʦ-

ʚʘʥʽ ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʽ ʟʙʫʨʝʥʥʷ ʤʦʜʝʣʶʶʪʴʩʷ ʜʠʩʢʨʝʪʠʟʦʚʘʥʠʤʠ ʤʦʜʝʣʶʶʯʠ-

ʤʠ ʬʫʥʢʮʽʷʤʠ. ʇʨʠ ʮʴʦʤʫ ʧʨʦʙʣʝʤʘ ʟʥʘʭʦʜʞʝʥʥʷ ʦʩʪʘʥʥʽʭ ʟʚʦʜʠʪʴʩʷ ʜʦ ʦʙʝʨʥʝʥ-

ʥʷ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ (ʜʠʚ. ʧ. 3.1.) ʚʠʛʣʷʜʫ 

,Cu y=     (8.1) 

ʜʝ ʉ ï ʟʘʜʘʥʘ ʧʨʷʤʦʢʫʪʥʘ ʤʘʪʨʠʮʷ ʨʦʟʤʽʨʥʦʩʪʽ L³M, y  ï ʚʽʜʦʤʠʡ ʚʝʢʪʦʨ, ʘ 

u  ï ʰʫʢʘʥʠʡ ʨʦʟʚôʷʟʦʢ. 

ɺʠʱʝ (ʜʠʚ. ʧ. 7.4) ʫʢʘʟʫʚʘʣʦʩʷ, ʱʦ ʩʪʨʫʢʪʫʨʘ ʤʘʪʨʠʮʽ ʉ ʪʘ ʚʝʢʪʦʨʽʚ y , u  

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʙʦʨʦʤ ʪʦʯʦʢ ʨʦʟʤʽʱʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʯʽʚ ʪʘ ʢʝʨʫʚʘʯʽʚ ʩʠʩʪʝʤʠ, 

ʧʨʦʙʣʝʤʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʷʢʠʭ ʙʫʜʫʪʴ ʨʦʟʚôʷʟʘʥʽ, ʷʢʱʦ ʙʫʜʫʪʴ 

ʟʥʘʡʜʝʥʽ ʷʚʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʘʪʨʠʮʽ 
* *( , )B AC S S+

 ʚʽʜ ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥ 
*
AS  (ʢʦ-

ʦʨʜʠʥʘʪ ʩʧʦʩʪʝʨʽʛʘʯʽʚ) ʪʘ 
*
BS  (ʢʦʦʨʜʠʥʘʪ ʢʝʨʫʚʘʯʽʚ). ʇʠʪʘʥʥʷ ʧʦʙʫʜʦʚʠ ʮʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʤʠ ʚʠʚʯʠʤʦ ʥʠʞʯʝ. 

ɹʫʜʫʪʴ ʧʦʙʫʜʦʚʘʥʽ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʤʘʪʨʠʮʽ 
* *( , )B AC S S+

 

ʚʽʜ ʜʦʚʽʣʴʥʦʛʦ 
*
is  ʝʣʝʤʝʥʪʘ ʤʥʦʞʠʥʠ 

*
AS  ʪʘ ʝʣʝʤʝʥʪʘ 

*
is  ʤʥʦʞʠʥʠ 

*
BS , ʘ 

ʪʘʢʦʞ ʬʦʨʤʫʣʠ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʤʘʪʨʠʮʽ 
* *( , )B AC S S+

 ʟʘ ʮʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. 

ʋ ʧʨʦʮʝʩʽ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʙʫʜʫʪʴ ʧʦʙʫʜʦʚʘʥʽ ʬʦʨʤʫʣʠ ʦʙʝʨ-

ʥʝʥʥʷ ʧʨʷʤʦʢʫʪʥʠʭ ʤʘʪʨʠʮʴ, ʨʦʟʰʠʨʝʥʠʭ ʨʷʜʢʦʤ ʘʙʦ ʩʪʦʚʧʯʠʢʦʤ ʟ ʷʚʥʦʶ 

ʘʥʘʣʽʪʠʯʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘʢʦʛʦ ʦʙʝʨʥʝʥʥʷ ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ ʤʘʪʨʠ-

ʮʽ ʪʘ ʚʝʢʪʦʨ-ʩʪʦʚʧʮʷ (ʯʠ ʚʝʢʪʦʨ-ʨʷʜʢʘ), ʷʢʠʤ ʮʷ ʤʘʪʨʠʮʷ ʨʦʟʰʠʨʝʥʘ. 

ʆʩʢʽʣʴʢʠ ʨʦʟʰʠʨʝʥʥʷ ʤʘʪʨʠʮʽ ʉ ʚʝʢʪʦʨ-ʨʷʜʢʦʤ ʦʟʥʘʯʘʻ ʧʦʷʚʫ ʚ ʜʦʩʣʽ-

ʜʞʫʚʘʥʽʡ ʩʠʩʪʝʤʽ ʥʦʚʦʛʦ ʩʧʦʩʪʝʨʽʛʘʯʘ, ʘ ʨʦʟʰʠʨʝʥʥʷ ʮʽʻʾ ʞ ʤʘʪʨʠʮʽ ʥʦʚʠʤ 

ʚʝʢʪʦʨ-ʩʪʦʚʧʮʝʤ ï ʧʦʷʚʫ ʥʦʚʦʛʦ ʢʝʨʫʚʘʯʘ, ʪʦ ʙʫʜʫʪʴ ʩʪʚʦʨʝʥʽ ʫʤʦʚʠ ʜʣʷ ʜʦ-

ʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ (ʫ ʜʠʩʢʨʝʪʠʟʦʚʘʥʦʤʫ ʚʘʨʽʘʥʪʽ), ʷʢʽ ʜʦʧʫʩʢʘʶʪʴ 

ʨʦʟʰʠʨʝʥʥʷ (ʟʚʫʞʝʥʥʷ) ʤʝʨʝʞʽ ʩʧʦʩʪʝʨʽʛʘʯʽʚ (ʢʝʨʫʚʘʯʽʚ) ʩʠʩʪʝʤʠ. 
 

8.2. ʌʦʨʤʫʣʠ ɻʨʝʚʽʣʷ ʦʙʝʨʥʝʥʥʷ ʧʨʷʤʦʢʫʪʥʠʭ ʤʘʪʨʠʮʴ. 
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ɹʫʜʝʤʦ ʚʠʭʦʜʠʪʠ ʟ ʪʦʛʦ, ʱʦ ʜʣʷ ʜʦʚʽʣʴʥʦʾ ʧʨʷʤʦʢʫʪʥʦʾ ʤʘʪʨʠʮʽ ʉ ʨʦʟʤʽʨ-

ʥʦʩʪʽ ( )L M³  ʚ̔ ʜʦʤʘ ʤʘʪʨʠʮʷ ʉ+, ʦʙʝʨʥʝʥʘ (ʧʩʝʚʜʦʦʙʝʨʥʝʥʘ) ʜʦ ʥʝʾ. ɿʘ 

ʫʤʦʚʠ, ʱʦ ʤʘʪʨʠʮʷ ʉ ʨʦʟʰʠʨʝʥʘ ʨʷʜʢʦʤ ʊa , ʤʘʻʤʦ  

1

( ) ( )
( ) 0;

( ) ( )

( ) ( )
( ) 0,

1 ( ) ( )

ʊ
ʊ

ʊ ʊ

T ʊ
ʊ

ʊ ʊ

Z C aa C Z C a
C a Z C a

C a Z C a a Z C a
C

a R C aa C R C a
C a Z C a

a R C a a R C a

+
+

+

+

+
+

ëå õ
- >îæ öæ öå õ îç ÷

= =æ ö ìæ ö å õç ÷ î
- =æ öîæ ö+ç ÷í

ʧʨʠ

ʧʨʠ

 (8.2) 

ʜʝ ( ) ( )ʊR C C C+ += , ( )Z C I C C+= - . ɼʦʚʝʜʝʥʥʷ ʬʦʨʤʫʣʠ (8.2) ʚʠʢʦʥʘʻʤʦ, ʚʠ-

ʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜʠʢʫ ʄ.ʌ.ʂʠʨʠʯʝʥʢʘ ʪʘ ʦʪʨʠʤʘʥʠʡ ʚʠʱʝ ʟʘʛʘʣʴʥʠʡ 

ʨʦʟʚôʷʟʦʢ (3.26) ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ (8.1). 

ɼʣʷ ʜʦʚʝʜʝʥʥʷ ʬʦʨʤʫʣʠ (8.2) ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ( ) 0ʊa Z C a>  (ʮʝ ʫʤʦʚʘ ʣʽ-

ʥʽʡʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʚʝʢʪʦʨ-ʨʷʜʢʘ 
ʊa  ʟ ʨʷʜʢʘʤʠ ʤʘʪʨʠʮʽ ʉ), ʨʦʟʛʣʷʥʝʤʦ ʩʠʩʪʝʤʫ 

1

,
ʊ

C y
u

ya

å õ å õ
=æ ö æ öæ ö
ç ÷ç ÷

 

ʷʢʫ ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʟʘʧʠʰʝʤʦ ʫ ʚʠʛʣʷʜʽ 

1

;

.ʊ

Cu y

a u y

=

=
    (8.3) 

ʈʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ (8.3) ʧʦʜʘʤʦ ʫ ʚʠʛʣʷʜʽ 

( ) ,Mu C y Z C Rn n+= + " Í  

ʧʨʠ ʮʴʦʤʫ ʙʫʜʝʤʦ ʚʠʤʘʛʘʪʠ, ʱʦʙ 

{ }1: .ʊu a u y= ¸Å 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ 
2

( )ʊC ʉ ʉ
-+= , ʟ ʫʤʦʚʠ, ʱʦ 

1( ( ) ) ,ʊa ʉ y Z C v y+ + =     (8.4) 

ʟʥʘʭʦʜʠʤʦ: 

1

( ) ( ) ( )
( ) ( ) .

( ) ( )

ʊ
ʊ

ʊ ʊ

Z C a Z C aa Z C
v y a ʉ y I w

a Z C a a Z C a

+= - + -  (8.5) 

ʇʽʜʩʪʘʚʠʚʰʠ (8.5) ʫ (8.4), ʦʪʨʠʤʘʻʤʦ ʪʦʪʦʞʥʽʩʪʴ .Mw R" Í  

ɿ ʫʤʦʚʠ 
2

( ) min
v

C y Z C v+ + ­  

ʚʠʩʥʦʚʫʻʤʦ, ʱʦ w=0, ʘ, ʦʪʞʝ, 
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1

( )
( ).

( )

ʊ

ʊ

Z C a
v y a C y

a Z C a

+= -  

ʇʽʩʣʷ ʯʦʛʦ ʟʥʘʭʦʜʠʤʦ 

1

( )
( ).

( )

ʊ

ʊ

Z C a
u C y y aʉ y

a Z C a

+ += + -  

ʇʨʠʚʦʜʷʯʠ ʦʩʪʘʥʥʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʦ ʚʠʛʣʷʜʫ 

1

,
ʊ

C y
u

ya

+
å õå õ
=æ öæ öæ ö

ç ÷ç ÷

 

ʦʪʨʠʤʫʻʤʦ: 

1
1

( ) ( ) ( ) ( )
.

( ) ( ) ( ) ( )

ʊ ʊ

ʊ ʊ ʊ ʊ

yZ C aa C Z C a Z C aa C Z C a
u C y y C

ya Z C a a Z C a a Z C a a Z C a

+ +
+ +

å õ å õå õ
= - + = -æ ö æ öæ öæ ö æ ö

ç ÷ç ÷ ç ÷

 

ɿʚʽʜʩʠ ʦʪʨʠʤʘʻʤʦ ʧʝʨʰʫ ʯʘʩʪʠʥʫ ʬʦʨʤʫʣʠ (8.2). 

ɼʣʷ ʜʦʚʝʜʝʥʥʷ ʜʨʫʛʦʾ ʯʘʩʪʠʥʠ ʬʦʨʤʫʣʠ ʟʥʘʡʜʝʤʦ ( )ʊʉ a+. ɼʣʷ ʮʴʦʛʦ 

ʙʫʜʝʤʦ ʚʠʭʦʜʠʪʠ ʟ ʤʘʪʨʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ 

( ) ,ʊ u
C a y

a

å õ
=æ ö

ç ÷

 

ʷʢʝ ʝʢʚʽʚʘʣʝʥʪʥʝ ʩʠʩʪʝʤʽ 

.ʊʉ u a ya+ =     (8.6) 

ʈʦʟʚôʷʟʦʢ ( )ua ʩʠʩʪʝʤʠ (8.6), ʷʢʠʡ ʧʨʠ ʜʦʚʽʣʴʥʦʤʫ a ʤʽʥʽʤʽʟʫʚʘʚ ʙʠ 

ʥʝʚôʷʟʢʫ u, ʟʘʧʠʰʝʤʦ ʫ ʚʠʛʣʷʜʽ 

( ) ( ) ( ) .ʊ ʊu C y C aa a+ += -    (8.7) 

ʇʘʨʘʤʝʪʨ Ŭ ʟʥʘʡʜʝʤʦ ʟ ʫʤʦʚʠ 
2 2( ) min.u

a
a a+ ­  

ɿ ʫʤʦʚʠ 
( )

0,
d

d

F a

a
=  

ʜʝ 
2( ) (( ) ( ) ) (( ) ( ) ),ʊ ʊ ʊ ʊ ʊC y C a C y C aF a a a a+ + + += + - -  

ʟʥʘʭʦʜʠʤʦ 

( )
.

1 ( )

ʊ ʊ

ʊ ʊ

a ʉ ʉ y

a ʉ ʉ a
a

+ +

+ +
=
+

    (8.8) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ (8.8) ʽʟ (8.7) ʟʥʘʭʦʜʠʤʦ ʪʝ 

( )
( ) ( ) ( ) ,

1 ( )

ʊ ʊ
ʊ ʊ

ʊ ʊ

a ʉ ʉ
u C y C a

a ʉ ʉ a
a

+ +
+ +

+ +
= -

+
 

ʧʨʠ ʷʢʦʤʫ ʤʽʥʽʤʽʟʫʻʪʴʩʷ ʥʝʚôʷʟʢʘ ʩʠʩʪʝʤʠ (8.6) ʽ ʜʦʩʷʛʘʻʪʴʩʷ ʤʽʥʽʤʫʤ ʾʾ 
ʨʦʟʚôʷʟʢʫ. ɿʚʽʜʩʠ 
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( )

( ) ( )
( )

1 ( )
.

( )

1 ( )

ʊ ʊ
ʊ

ʊ
ʊ

ʊ

ʊ

C aa R C
C

u a R C a
C a y y

a R C

a R C a

a

+
+

+

å õ
-æ ö
+å õ æ ö

= =æ ö æ ö
ç ÷ æ ö

æ ö+ç ÷

  (8.9) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ 

( ) ,

ʊ

ʊ

ʊ

ʉ
ʉ a

a

+

+
è øå õ
é ù=æ öæ öé ùç ÷ê ú

   (8.10) 

ʟ (8.9) ʟʥʘʭʦʜʠʤʦ ʜʨʫʛʫ ʯʘʩʪʠʥʫ ʬʦʨʤʫʣʠ (8.2). 

ɯʥʰʽ ʚʘʨʽʘʥʪʠ ʬʦʨʤʫʣʠ (8.2) ʨʦʟʛʣʷʜʘʪʠ ʥʝ ʙʫʜʝʤʦ. ɿʘʫʚʘʞʠʤʦ, ʱʦ, ʚʠʭʦ-

ʜʷʯʠ ʟ (8.2) ʪʘ (8.9), ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʬʦʨʤʫʣʫ ʦʙʝʨʥʝʥʥʷ ʤʘʪʨʠʮʽ ʉ, ʨʦʟ-

ʰʠʨʝʥʦʾ ʩʪʦʚʧʮʝʤ ʘ, ʪʦʙʪʦ ʤʘʪʨʠʮʽ ( )ʉ a. ɿ ʫʨʘʭʫʚʘʥʥʷʤ (8.9), (8.10) ʟʘʧʠ-

ʰʝʤʦ ʩʧʦʯʘʪʢʫ ʮʶ ʬʦʨʤʫʣʫ ʜʣʷ ʤʘʪʨʠʮʽ ( )ʊʉ a+:  

( ) [ ( )]
( )

[ ( )]
, [ ( )] 0;

[ ( )]

[ ( )]
( )

( ) [ ( )]
( )

1 [ ( )]
, [ ( )] 0.

[ ( )]

[ ( )]

ʊ ʊ ʊ
ʊ

ʊ ʊ
ʊ ʊ

ʊ ʊ

ʊ
ʊ ʊ

ʊ

ʊ ʊ ʊ ʊ
ʊ

ʊ ʊ
ʊ ʊ

ʊ ʊ

ʊ ʊ

C aa Z C
C

a Z C a
a Z C a

a Z C

ʉ a Z C a
ʉ a

a C aa R C
C

a R C a
a Z C a

a R C

a R C a

+
+

+

+

+
+

ëå õ
-îæ ö

îæ ö
>îæ ö

îæ ö
æ öè øå õ ç ÷é ù= =æ ö ìæ öé ù å õç ÷ê ú -æ ö

+æ ö
=æ ö

æ ö
æ ö
ç ÷

ʧʨʠ

ʧʨʠ

îî

î
î
î
î
î
îí

 (8.1

1) 

ɿ ʦʪʨʠʤʘʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʫʨʘʭʦʚʫʶʯʠ, ʱʦ 

[ ]( ) ( ) ;
ʊ ʊʊ ʊ ʊZ C I C C I C C I C C+ + +è ø è ø= - = - = -

ê ú ê ú
 

[ ]( ) ( ) ( ) ( ),
ʊʊ ʊ ʊR C C C C C R C+ + + +è ø= = =

ê ú
 

ʜʣʷ ʜʦʚʽʣʴʥʦʾ ʧʨʷʤʦʢʫʪʥʦʾ ʤʘʪʨʠʮʽ ʉ ʟʥʘʭʦʜʠʤʦ: 
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( )

( )
, ( ) 0;

( )

( )
( )

( )

1 ( )
, ( ) 0,

( )

( )

ʊ ʊ

ʊ ʊ
ʊ ʊ

ʊ ʊ

ʊ ʊ

ʊ ʊ

ʊ ʊ
ʊ ʊ

ʊ ʊ

ʊ ʊ

C aa Z C
C

a Z C a
a Z C a

a Z C

a Z C a
ʉ a

C aa R C
C

a R C a
a Z C a

a R C

a R C a

+
+

+

+
+

ëå õ
-îæ ö

îæ ö
>îæ ö

îæ ö
æ öîîç ÷

=ì
å õî
-æ öî
+æ öî =æ öî

æ öî
æ ö
îç ÷í

ʧʨʠ

ʧʨʠ

 (8.12) 

ʜʝ ( ) , ( ) ( ) .ʊ ʊ ʊ
LZ C I CC R C C ʉ+ + += - =  

ʌʦʨʤʫʣʠ (8.2) ʪʘ ʾʭ ʫʟʘʛʘʣʴʥʝʥʥʷ ʫ ʬʦʨʤʽ (8.12) ʜʦʟʚʦʣʷʶʪʴ ʧʦʙʫʜʫʚʘʪʠ 

ʨʝʢʫʨʝʥʪʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʦʙʝʨʥʝʥʥʷ ʧʨʷʤʦʢʫʪʥʠʭ ʤʘʪʨʠʮʴ. 

ɺʽʜʰʪʦʚʭʫʶʯʠʩʴ ʚʽʜ ʦʙʝʨʥʝʥʦʾ ʤʘʪʨʠʮʽ ʥʝʚʝʣʠʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ (ʤʦʞʣʠʚʦ ʥʘ-

ʚʽʪʴ ʧʨʷʤʦʢʫʪʥʦʾ) ʰʣʷʭʦʤ ʾʾ ʨʦʟʰʠʨʝʥʥʷ ʥʘ ʦʜʠʥ ʨʷʜʦʢ (ʩʪʦʚʧʯʠʢ) ʽʟ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷʤ ʬʦʨʤʫʣ (8.2) ʪʘ (8.12) ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʦʙʝʨʥʝʥʥʷ ʧʨʷʤʦʢʫʪʥʦʾ 

ʤʘʪʨʠʮʽ ʜʦʚʣ̔ʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ. 
 

8.3. ɼʦ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʤʽʱʝʥʥʷ ʚʭʦʜʽʚ-ʚʠʭʦʜʽʚ 
ʫ ʜʠʩʢʨʝʪʠʟʦʚʘʥʽʡ ʣʽʥʽʡʥʽʡ ʜʠʥʘʤʽʯʥʽʡ ʩʠʩʪʝʤʽ. 

 

ʗʢ ʚʽʜʟʥʘʯʘʣʦʩʷ ʚ ʧ. 8.1, ʧʨʦʙʣʝʤʘ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʤʽʱʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʯʽʚ 
ʪʘ ʢʝʨʫʚʘʯʽʚ ʟʘ ʩʠʩʪʝʤʦʶ, ʷʢʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʦʙʝʨʥʝʥʥʷ ʩʠʩʪʝʤʠ (8.1), ʙʫʜʝ 
ʨʦʟʚôʷʟʘʥʘ, ʷʢʱʦ ʙʫʜʫʪʴ ʧʦʙʫʜʦʚʘʥʽ ʬʦʨʤʫʣʠ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʤʘʪʨʠʮʽ 

* *( , )A BC S S+  ʧʦ ʢʦʦʨʜʠʥʘʪʘʭ *
is  ʪʘ *is  ʩʧʦʩʪʝʨʽʛʘʯʽʚ ʽ ʢʝʨʫʚʘʯʽʚ ʚʽʜʧʦʚʽʜʥʦ. 

ʇʦʙʫʜʫʻʤʦ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʭʽʜʥʠʭ ʚʽʜ ʝʣʝʤʝʥʪʽʚ ʤʘʪʨʠʮʽ 
* *( , )A BC S S+  ʧʦ k-ʤʫ ʝʣʝʤʝʥʪʫ ʤʥʦʞʠʥʠ 

*
AS . ɼʣʷ ʮʴʦʛʦ ʙʫʜʝʤʦ ʚʠʭʦʜʠʪʠ ʟ ʪʦ-

ʛʦ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʤʘʪʨʠʮʽ * *( , )A BC S S+  ʚʽʜ ʢʦʦʨʜʠʥʘʪʠ * *
k As SÍ  ʚʠʟʥʘʯʘʻʪʴʩʷ 

(ʜʠʚ. (1.21)) k-ʪʠʤ ʨʷʜʢʦʤ ʤʘʪʨʠʮʽ * *( , )A BC S S . ɺʠʜʽʣʠʤʦ ʚʥʝʩʦʢ ʮʴʦʛʦ ʨʷʜʢʘ ʚ 

ʘʥʘʣʽʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʤʘʪʨʠʮʽ * *( , )A BC S S+ . ʎʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ, ʩʢʦʨʠʩʪʘʚ-

ʰʠʩʴ ʬʦʨʤʫʣʦʶ ɻʨʝʚʽʣʷ (8.2) ʜʣʷ ʦʙʝʨʥʝʥʥʷ ʤʘʪʨʠʮʽ 
* *

* * *

* *

( , )
( , , ) ,

( , )

k A B
k A B k ʊ

k k B

C S S
ʉ S S s

a s S

å õ
=æ ö
æ ö
ç ÷

    (8.13) 

ʜʝ 
* *( , )Ak BC S S  ï ʤʘʪʨʠʮʷ * *( , )A BC S S  ʙʝʟ k-ʛʦ ʨʷʜʢʘ, 

*
AS  ï ʤʥʦʞʠʥʘ ʪʦʯʦʢ *

AS  

ʙʝʟ k-ʛʦ ʝʣʝʤʝʥʪʘ, ʘ * *( , )ʊ
k k Ba s S  ï k-ʪʠʡ ʨʷʜʦʢ, ʷʢʠʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ 

ʤʘʪʨʠʮʽ * *( , )A BC S S  ʚʽʜ k-ʛʦ ʝʣʝʤʝʥʪʘ ʤʥʦʞʠʥʠ *
AS . 
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ʑʦʙ ʟʘʧʠʩʘʪʠ ʬʦʨʤʫʣʫ ɻʨʝʚʽʣʷ ʜʣʷ ʤʘʪʨʠʮʽ ( )kC Ö, ʫʨʘʭʫʻʤʦ, ʱʦ k-ʪʠʡ 

ʨʷʜʦʢ ʤʘʪʨʠʮʽ ( )C Ö 

* * *( , ) ( ( ), 1, ),ʊ
k k B k ma s S G s s m M= - =  

ʜʝ ( ')kG s s-  ï ʬʫʥʢʮʽʷ (ʥʝ ʤʘʪʨʠʯʥʘ!) ɻʨʽʥʘ ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʟʘʜʘʯʽ. ɼʘʣʽ ʚʠʢʦ-

ʥʘʻʤʦ ʧʦʩʣʽʜʦʚʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʦʨʤʫʣʠ (8.2) ʜʣʷ ʤʘʪʨʠʮʽ (8.13): 

* * * * *

1

( ) ( ) ( ) ( ) ( );
M

ʊ
k l l m k m l k

m

a a G s s G s s G s
D

=

Ö Ö = - - =ä  

* * * * *
1

( ) ( ) ( ( ) ( ), 1, ; )

( ( ) ( ), 1, 1; ( ) ( ), , 1 ) ( );

ʊ ʊ ʊ
k k k l

ʊ

i k i k i k i k k

a C a a l L l k

G s G s i k G s G s i k L G s
D D D

+

Ö Ö = Ö Ö = ¸ =

= = = - = = - =

 (8.14) 

*( )[ ( )] ( ) ( ) ( ) ( );
Tʊ ʊ ʊ ʊ

k k k k k k k ka C a C P G s P W s
D

+ + +Ö Ö = Ö Ö = = 

* * *( ( )) ( ) ( ( ) ( )) ( ) ( ) [ ( )] ( ) ( , , ),T ʊ
k k k k k k k k k A BZ C a I C P C a a C W D s S S

D
+Ö Ö = - Ö Ö Ö = Ö - Ö Ö = 

ʜʝ 
* * * *( , )[ ( , )] .ʊk k A B k A BP C S S C S S=  

ʋʨʘʭʦʚʫʶʯʠ, ʱʦ 

*

( ) ( ( ), 1, 1);

( ) ( ),

ik k

k k k

G s col G s i L

W s P G s+

= = -

=

 

ʟʛʽʜʥʦ ʟ (8.14) ʟʥʘʭʦʜʠʤʦ: 

2 * * * *

1

( ) ( ( )) ( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( );

ʊ ʊ ʊ ʊ
k k k k k k k k k k

M ʊ

k m k k k k
m

a Z C a a a a C P C a

G s s G s P G s s
D

d

+

+

=

Ö Ö Ö = Ö Ö - Ö Ö Ö Ö =

= - - =ä
 

* * *1 ( ) ( ( )) ( ) 1 ( ) ( )( ( )) ( ) 1 ( ) ( ) ( ).T T ʊ ʊ
k k k k k k k k k ka R C a a C C a W s W s sD+ ++ Ö Ö Ö = + Ö Ö Ö Ö = + = 

 
ʇʽʩʣʷ ʮʴʦʛʦ ʬʦʨʤʫʣʫ ɻʨʝʚʽʣʷ (8.2) ʜʣʷ ʤʘʪʨʠʮʽ (8.13) ʟʘʧʠʰʝʤʦ ʫ ʚʠʛʣʷʜʽ 
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* ** * * * *
* * *

* *

* * *

* * *
* * *

1 * *

( , , ) ( ) ( , , )
( , ) ( ) 0 ;

( ) ( )

( , , )

( ) ( ) ( )
( , ) ( ) 0 ,

( ) ( )

ʊ
A Ak B k k B

Ak B k

k k

Ak B k

ʊ
k k k

Ak B L k

k k

D s S S W s D s S S
ʉ S S s

s s

ʉ S S s

W s W s W s
ʉ S S I s

s s

d
d d

d
D D

+

+

+

-

ëè ø
è øîé ù- >
é ùê úîé ù
ê úî
î
îîè ø=ìé ùê ú

è øè ø- - =é ùé ùê úé ùê ú

ʧʨʠ

(8.15)

ʧʨʠ

î
î
î
î
î
îí

 

ʜʝ * * , 1, .k As S k LÍ =  

ʇʦʟʥʘʯʠʚʰʠ ʯʝʨʝʟ 
* * *( , , ) ( 1, )Al B kw S S s l L=  ʩʪʦʚʧʮʽ ʤʘʪʨʠʮʽ 

* *( , )A BC S S+
 

ʦʪʨʠʤʫʻʤʦ:  

[ ]
* * *

1 1 1( , , ) ( ),..., ( ), ( ),..., ( ), ( ) .Ak B k k k L kʉ S S s w w w w w
+

- +
è ø= Ö Ö Ö Ö Ö
é ùê ú

 

ɿʚʜ̔ʩʠ 

** * *
* * *

*

* * * *

* * *

*

( , , )[ ( )]
( , ) ( ) 0;

( )

( )

( , ) ( )[ ( )]

( , ) ( ) 0;
( )

ʊ
Ak B k l

Ak B k
l k

l ʊ
ʊ

Ak B k k k l

Ak B k
l k

D s S S W s
ʉ S S s

s

w

ʉ S S P W s W s

ʉ S S s
s

d
d

d
D

+

+
+

ëè ø
è øîé ù- >
é ùîé ùê ú
ê úî

Ö =ì
è øî
é ùî ê úè ø- =îé ùê úí

ʧʨʠ

ʧʨʠ

 

*1 * * * *

*1 * * * *

( ) ( , , ) ( ) 0;

( )
( ) ( , ) ( ) ( ) 0

Ak k B k

ʊk

Ak k B k k k

s D s S S s

w
s ʉ S S P W s s

d d

D d

-

- +

ë >
î

Ö =ì
è øî =
é ùê úí

ʧʨʠ

ʧʨʠ  

* *( ; 1, ; ; 1, )k As S l L l k k LÍ = ¸ = , 

ʜʝ 
l

][Ö ï l-ʩʪʦʚʧʝʮʴ ʤʘʪʨʠʮʽ, ʘʙʦ l-ʝʣʝʤʝʥʪ ʚʝʢʪʦʨʘ, ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʪʝʢʩʪʫ. 

ɿ ʮʴʦʛʦ ʤʦʞʥʘ ʟʥʘʡʪʠ ʧʦʭʽʜʥʽ ʚʽʜ ʩʪʦʚʧʯʠʢʽʚ (ʘ, ʦʪʞʝ, ʽ ʝʣʝʤʝʥʪʽʚ) ʤʘʪʨʠʮʽ 
* * * *( , ) .A B k AC S S s S+ Íʧʦ  ɺʦʥʠ ʙʫʜʫʪʴ ʪʘʢʠʤʠ: 
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* *

** * *
* * * *

*

( , , )[ ( )]
( , , ) ʧʨʠ ( ) 0;

( )k k

ʊ
Ak B k l

Al B k ks s
k

D s S S W s
w S S s s

s
d

d

è ø
é ùµ =-µ >
é ù
ê ú

 

* *

* * * *

* * *

*

*

( , ) ( )[ ( )]

( , , )
( )

( ) 0;

k k

ʊ
ʊ

Ak B k k k l

Al B ks s
k

k

ʉ S S P W s W s

w S S s
s

s

D

d

+è øè ø
é ùé ùê úé ùµ =-µ
é ù
é ùê ú

=ʧʨʠ

 

* *

** *
* * * *

*

( , , )
( , , ) ( ) 0;

( )k k

Ak B
Al B k ks s

k

D s S S
w S S s s

s
d

d

è ø
é ùµ =µ >
é ù
ê ú

ʧʨʠ  

* *

* * *

* * * *

*

( , ) ( )

( , , ) ( ) 0
( )k k

ʊ

Ak B k k

Al B k ks s
k

ʉ S S P W s

w S S s s
s

d
D

+è øè ø
é ùé ùê ú
é ùµ =µ =
é ù
é ùê ú

ʧʨʠ  

* *( ; 1, ; ; 1, )k As S l L l k k LÍ = ¸ = . 

ʇʦʙʫʜʫʻʤʦ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʭʽʜʥʠʭ ʚʽʜ ʝʣʝʤʝʥʪʽʚ ʤʘʪʨʠʮʽ 
* *( , )A Bʉ S S+  ʧʦ k-ʤʫ ʝʣʝʤʝʥʪʫ ʤʥʦʞʠʥʠ *

BS . ɼʣʷ ʮʴʦʛʦ ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ 

*
ks -ʮʝʡ ʝʣʝʤʝʥʪ, 

*
BS  ï ʤʥʦʞʠʥʫ *

BS  ʙʝʟ k-ʛʦ ʝʣʝʤʝʥʪʘ. ʏʝʨʝʟ 

* * * *( , ) ( ( ), 1, )k k A l ka S col G s l Ls s= - =    

ʧʦʟʥʘʯʠʤʦ k-ʪʠʡ ʩʪʦʚʧʝʮʴ ʤʘʪʨʠʮʽ * *( , )A Bʉ S S, ʯʝʨʝʟ * *( , )k A Bʉ S S ï ʤʘʪʨʠʮʶ 

* *( , )A Bʉ S S ʙʝʟ k-ʛʦ (1 )k M¢ ¢  ʩʪʦʚʧʮʷ. 

ʑʦʙ ʧʦʙʫʜʫʚʘʪʠ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʨʷʜʢʽʚ 
**( , , ) ( 1, )ʊ
Bm A kw S S m Ms =  ʤʘʪʨʠʮʽ  

** * *( , ) ( ( , , ), 1, )ʊ
BA B m A kʉ S S col w S S m Ms

+
è ø= =
ê ú

, (8.17) 

ʚʽʜ 
*
ks  ʟʘʩʪʦʩʫʻʤʦ ʬʦʨʤʫʣʫ ɻʨʝʚʽʣʷ ʜʦ ʤʘʪʨʠʮʽ 

* *
**

*

( , )
( , , )

( , )

ʊ
k A B

k BA k ʊ
k k A

C S S
C S S

a S
s

s

å õ
=æ ö
æ ö
ç ÷

,  (8.18) 

ʤʘʶʯʠ ʥʘ ʫʚʘʟʽ, ʱʦ 

1 1 1( ) ( ( ),..., ( ), ( ),..., ( ), ( ) ).ʊ ʊ ʊ ʊ ʊ
k k k M kC col w w w w w

+

- +
è øÖ = Ö Ö Ö Ö Ö
ê ú

   (8.19) 



ʈʦʟʜʽʣ 2 

 

68 

ɿʘ ʘʥʘʣʦʛʽʻʶ ʟ (8.14) ʚʠʢʦʥʘʻʤʦ ʮʝ ʧʦʩʣʽʜʦʚʥʦ. ʆʪʨʠʤʘʻʤʦ: 

* * * * *

1

( ) ( ) ( ) ( ) ( );
L

ʊ
k m l k l m m k

l

a a G s G s G
D

s s s
=

Ö Ö = - - =ä  

* *

* * *
1

( ) ( ) ( ( ) ( ), 1, ; ) ( ( ) ( ), 1, 1;

( ) ( ), , 1 ) ( );

ʊ ʊ
k k k m i k i k

ʊ

i k i k k

a C a a m M m k G G i k

G G i k M G

D

D D

s s

s s s+

Ö Ö = Ö Ö = ¸ = = = -

= = - =

 

* *( )[ ( )] ( ) ( ) ( ) ( );
Tʊ ʊ ʊ ʊ

k k k k k k k ka C a C P G P W
D

s s+ + +Ö Ö = Ö Ö = =  

* ** *[ ( , )] ( , );ʊ
B Bk k A k AP C S S C S S=    (8.20) 

** *( ( )) ( ) ( ( ) ( )) ( ) ( ) ( ) ( ) ( , , );ʊ ʊ
Bk k k k k k k k k AZ C a I C P C a a C W D S Ss

D
+Ö Ö = - Ö Ö Ö = Ö - Ö Ö = 

2 * * * * *

1

( ) ( ( )) ( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( );

ʊ ʊ ʊ ʊ ʊ
k k k k k k k k k k

L ʊ

l k k k k k
l

a Z C a a a a C P C a

G s G P G
D

s s s d s

+

+

=

Ö Ö Ö = Ö Ö - Ö Ö Ö Ö =

= - - =ä
 

* * *

1 ( ) ( ( )) ( ) 1 ( )( ( )) ( ( ) ) ( )

1 ( ) ( ) ( ).

T ʊ T ʊ ʊ ʊ
k k k k k k k

ʊ
k k k

a R C a a C C a

W Ws s D s

+ ++ Ö Ö Ö = + Ö Ö Ö Ö =

= + =
 

ɿʘʧʠʩʫʶʯʠ ʬʦʨʤʫʣʫ ɻʨʝʚʽʣʷ ʜʣʷ ʤʘʪʨʠʮʽ (8.18), ʟ ʫʨʘʭʫʚʘʥʥʷʤ (8.20) ʦʪʨʠʤʘ-
ʻʤʦ: 

* * *

* ** * * * *
** *

* *

* * *
** *

1 * *

( , , )

( , , ) ( ) ( , , )
( , ) ( ) 0;

( ) ( )

( ) ( ) ( )
( , ) ( ) 0, (8.21)

( ) ( )

k A B k

ʊ
B Bʊ k A k k A

Bk A k

k k

ʊ
ʊ k k k

Bk A M k

k k

C S S

D S S W D s S S
ʉ S S

W s W W
ʉ S S I

s

s s
d s

d s d s

s s
d s

D s D s

+

+

+

-

è ø=
ê ú

ëè ø
è øîé ù- >
é ùê úîé ùîê ú=ì
î è øè ø - =î é ùé ùê úé ùê úí

ʧʨʠ

ʧʨʠ

î

 

ʜʝ 
* * , 1, .k BS k MsÍ =  

ɿʚʽʜʩʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ (8.17), (8.19) ʟʥʘʭʦʜʠʤʦ: 
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** *
** *

*

** * *
** *

*

( , , )[ ( )]
( , ) ( ) 0;

( )
( )

( , ) ( )[ ( )]
( , ) ( ) 0;

( )

ʊ
Bʊ k A k m

Bk A k
m k

m
ʊ

Bʊ k A k k k m
Bk A k

m k

D S S W
ʉ S S

w

ʉ S S P W W
ʉ S S

s s
d s

d s

s s
d s

D s

+

++

ëè ø
è øîé ù- >
é ùê úîé ùîê úÖ =ì
î
è øî - =
é ùê úîí

ʧʨʠ

ʧʨʠ

 (8.2
2) 

*1 * * * *

*1 * * * *

( ) ( , , ) ( ) 0;
( )

( ) ( , ) ( ) ( ) 0

Bk k A k
k

Bk k A k k k

D S S
w

ʉ S S P W

d s s d s

D s s d s

-

- +

ë >î
Ö =ì
î =í

ʧʨʠ

ʧʨʠ
 (8.23) 

* *( ; 1, ; ; 1, )k BS m M m k k MsÍ = ¸ = , 

ʜʝ, ʷʢ ʽ ʚʠʱʝ, [ ]m mÖ --ʩʪʦʚʧʝʮʴ ʤʘʪʨʠʮʽ, ʘʙʦ m-ʝʣʝʤʝʥʪ ʚʝʢʪʦʨʘ ʚ ʟʘʣʝʞ-

ʥʦʩʪʽ ʚʽʜ ʢʦʥʪʝʢʩʪʫ.  

ɺʠʭʦʜʷʯʠ ʟ (8.22), (8.23), ʟʥʘʭʦʜʠʤʦ ʡ ʧʦʭʽʜʥʽ ʚʽʜ ʨʷʜʢʽʚ 

( ) ( 1, )ʊ
mw m MÖ =  (ʘ, ʦʪʞʝ, ʽ ʝʣʝʤʝʥʪʽʚ) ʤʘʪʨʠʮʽ 

* *( , )A Bʉ S S ʟʘ 
* * .k BSs Í  

ɺʦʥʠ ʙʫʜʫʪʴ ʪʘʢʠʤʠ: 

* *

* * * *
* * * *

*

( , , )[ ( )]
( , , ) ʧʨʠ ( ) 0;

( )k k

T
k A B k m

m A B k k

k

D S S W
w S S

s s

s s
s d s

d s

è ø
µ =-µ >é ù

é ùê ú

 

* *

** * *
** * *

*

( , ) ( )[ ( )]
( , , ) ( ) 0;

( )k k

ʊ
Bk A k k k m

Bm A k ks
k

ʉ S S P W W
w S S

s

s s
s d s

D s

+è ø
é ùµ =-µ =
é ù
ê ú

ʧʨʠ

* *

* * *
* * * *

*

( , , )
( , , ) ( ) 0;

( )k k

k A B
m A B k k

k

D S S
w S S

s s

s
s d s

d s

è ø
µ =µ >é ù

é ùê ú

ʧʨʠ  

* *

** *
** * *

*

( , ) ( )
( , , ) ( ) 0

( )k k

Bk A k k
Bm A k k

k

ʉ S S P W
w S S

s s

s
s d s

D s

+è ø
é ùµ =µ =
é ù
ê ú

ʧʨʠ  

* *( ; 1, ; ; 1, ),k BS m M m k k MsÍ = ¸ =  ʜʝ, ʷʢ ʽ ʚʠʱʝ, [ ]m mÖ - ʝʣʝʤʝʥʪ 

ʚʝʢʪʦʨʘ [ ]Ö. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʙʫʜʦʚʘʥʽ ʬʦʨʤʫʣʠ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʤʘʪʨʠʮʽ 
* *[ ( , )]A Bʉ S S+ ʟʘ ʢʦʦʨʜʠʥʘʪʘʤʠ ʩʧʦʩʪʝʨʽʛʘʯʽʚ 

* *( ; 1, )k As S k LÍ =  ʪʘ ʢʝʨʫʚʘ-
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ʯʽʚ 
* *( ; 1, ),k BS k MsÍ =  ʘ, ʦʪʞʝ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʛʨʘʜʽʻʥʪʥʽ ʧʨʦ-

ʮʝʜʫʨʠ ʟ ʦʧʪʠʤʽʟʘʮʽʾ ʾʭ ʨʦʟʤʽʱʝʥʥʷ ʟʛʽʜʥʦ ʟ ʢʨʠʪʝʨʽʻʤ (7.10), (7.21), ʘ ʩʘʤʝ: 

*

2
min min,

u A
u S

Cu y
WÍ

- ­  

*

2
min min.

u B
u S

Cu y
WÍ

- ­  
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Ä9. ʆʧʪʠʤʽʟʘʮʽʡʥʽ ʤʝʪʦʜʠ ʚ ʟʘʜʘʯʘʭ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʠʩʢʨʝʪʠʟʦʚʘʥʠʭ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ 
 

9.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʪʘ ʧʨʦʙʣʝʤʠ ʾʾ ʨʦʟʚôʷʟʘʥʥʷ. 
 

ʇʦʩʪʘʚʣʝʥʽ ʚʠʱʝ ʟʘʜʘʯʽ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ ʾʭ ʨʦʟʚôʷʟʘʥʥʷ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʤʽʱʝʥʥʷ ʚʭʦʜʽʚ-ʚʠʭʦʜʽʚ ʜʦʚʽʣʴʥʦʾ ʣʽʥʽʡʥʦʾ 

ʩʠʩʪʝʤʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʤʽʱʝʥʥʷ ʩʧʦʩʪʝʨʽ-

ʛʘʯʽʚ-ʢʝʨʫʚʘʯʽʚ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʜʠʩʢʨʝʪʠʟʦʚʘʥʠʭ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ 

ʜʠʩʢʨʝʪʥʦ ʨʦʟʤʽʱʝʥʠʤʠ ʬʽʢʪʠʚʥʠʤʠ ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʠʤʠ ʟʙʫʨʝʥʥʷʤʠ. 

ɹ̔ ʣʴʰ ʪʦʯʥʦʶ ʽ ʧʨʠʨʦʜʥʦʶ ʧʦʩʪʘʥʦʚʢʦʶ ʟʘʜʘʯʽ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʩʢʨʝʪʠ-

ʟʦʚʘʥʠʭ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʻ ʚʘʨʽʘʥʪ, ʢʦʣʠ ʤʦʜʝʣʶʶʯʽ ʬʫʥʢʮʽʾ ʥʝʧʝ-

ʨʝʨʚʥʽ ʚ ʦʙʣʘʩʪʽ ʟʤʽʥʠ ʩʚʦʾʭ ʘʨʛʫʤʝʥʪʽʚ (ʜʠʚ. ʧ. 4.1). ʋ ʥʘʩʪʫʧʥʠʭ ʧʫʥʢʪʘʭ Ä4 

ʧʦʢʘʟʘʥʦ, ʱʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʟʚʦʜʠʪʴʩʷ ʜʦ ʦʙʝʨʥʝʥʥʷ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʘʣʴ-

ʥʠʭ ʨʽʚʥʷʥʴ ʚʠʛʣʷʜʫ  

( ') ( ') ' ,A s u s ds y=ñ     (9.1) 

ʜʝ y  ï ʜʠʩʢʨʝʪʠʟʦʚʘʥʠʡ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ, ( ')u s  ï ʚʝʢʪʦʨ-

ʬʫʥʢʮʽʷ, ʷʢʦʶ ʮʝʡ ʩʪʘʥ ʤʦʜʝʣʶʻʪʴʩʷ, ʘ ( ')A s  ï ʤʘʪʨʠʯʥʘ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʷ, 

ʷʢʘ ʯʝʨʝʟ ʬʫʥʢʮʽʶ ɻʨʽʥʘ ʧʦʚôʷʟʘʥʘ ʟʽ ʩʧʝʮʠʬʽʢʦʶ ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʩʠʩʪʝʤʠ 

(ʦʙʣʘʩʪʴ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʩʪʘʥʦʚʢʠ ʢʦʥʢʨʝʪʥʦʾ ʟʘʜʘʯʽ). 

ʋʨʘʭʦʚʫʶʯʠ, ʱʦ ʤʘʪʨʠʯʥʘ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʷ ( )A s  ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ (ʜʠʚ. 

ʧ. 4.1) ʚʽʜ ʪʦʯʦʢ ʩʧʦʩʪʝʨʝʞʝʥʴ * ( 1, )ls l L=  ʟʘ ʩʠʩʪʝʤʦʶ, ʘ ʪʘʢʦʞ ʪʝ, ʱʦ ʬʫʥʢʮʽʷ 

ʮʷ ʚʧʣʠʚʘʻ ʥʘ ʪʦʯʥʽʩʪʴ ʦʙʝʨʥʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (9.1), ʫ ʧ. 7.2 ʙʫʣʘ ʧʦʩʪʘʚʣʝʥʘ 

ʟʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʙʦʨʫ ʪʦʯʦʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʩʠʩʪʝʤʦʶ ʟ ʫʤʦʚʠ, ʱʦʙ  
2 *
1 ( ) ||ASe =

*

* ' 2

, 1,

( , ) ( ') ' || min
k

A
s k L

A S s u s ds y
=

- ­ñ ,  (9.2) 

ʜʝ * * *
1{ , , }A LS s s=  ï ʤʥʦʞʠʥʘ ʪʦʯʦʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʩʠʩʪʝʤʦʶ. 

ʋ ʧ. 7.5 ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʛʨʘʜʽʻʥʪʥʽ ʧʨʦʮʝʜʫʨʠ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ (9.2). ʊʘʤ 

ʞʝ ʚʢʘʟʫʚʘʣʦʩʴ, ʱʦ ʧʨʦʮʝʜʫʨʠ ʮʽ ʙʫʜʫʪʴ ʨʝʘʣʽʟʦʚʘʥʽ, ʷʢʱʦ ʙʫʜʫʪʴ ʧʦʙʫʜʦʚʘʥʽ 

ʘʥʘʣ̔ʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʭʽʜʥʠʭ ʟʘ * ( 1, )ks k L=  ʚʽʜ ʤʘʪʨʠʯʥʦʛʦ ʨʷʜʢʘ-ʬʫʥʢʮʽʾ 

( ) *( , )AA s S+ , ʧʩʝʚʜʦʦʙʝʨʥʝʥʦʛʦ ʜʦ ʤʘʪʨʠʯʥʦʛʦ ʩʪʦʚʧʮʷ-ʬʫʥʢʮʽʾ *( , ).AA S s  

ɼʣʷ ʧʦʙʫʜʦʚʠ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ( ) *( , )AA s S+  ʚʽʜ * *
k As SÍ ( 1, )k L= , ʘ, 

ʦʪʞʝ, ʽ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ( ) *( , )AA s S+  ʟʘ 
*
ks , ʥʠʞʯʝ 
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ʙʫʜʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʫʟʘʛʘʣʴʥʝʥʥʷʭ ʬʦʨʤʫʣ ɻʨʝʚʽ-

ʣʷ ʜʣʷ ʤʘʪʨʠʯʥʠʭ ʩʪʦʚʧʮʽʚ-ʬʫʥʢʮʽʡ *( , ).AA S s  

 
 

9.2. ʌʦʨʤʫʣʠ ɻʨʝʚʽʣʷ ʜʣʷ ʤʘʪʨʠʯʥʠʭ ʩʪʦʚʧʮʽʚ-ʬʫʥʢʮʽʡ. 
 

ʗʢ ʽ ʚ ʧ. 4.2 Ä 4, ʚ ʷʢʦʤʫ ʙʫʜʫʚʘʚʩʷ ʟʘʛʘʣʴʥʠʡ ʨʦʟʚ'ʷʟʦʢ ʩʠʩʪʝʤʠ ʚʠʛʣʷʜʫ 
(9.1), ʨʦʟʛʣʷʥʝʤʦ ʩʧʦʯʘʪʢʫ ʜʠʩʢʨʝʪʠʟʦʚʘʥʠʡ ʚʘʨʽʘʥʪ ʩʠʩʪʝʤʠ, ʧʦʜʘʥʠʡ ʩʧʽʚ-
ʚʽʜʥʦʰʝʥʥʷʤʠ (4.9), ʘ ʩʘʤʝ:  

1

( ) ( ) ,
N

i i N
i

A s u s s yD
=

=ä  (9.3) 

ʜʝ NsD  ï ʢʨʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʽʥʪʝʨʚʘʣʫ (ʦʙʣʘʩʪʽ) ʽʥʪʝʛʨʫʚʘʥʥʷ ʚ (9.1). ʗʢ ʽ ʚ 

ʧ. 4.2, ʫʚʝʜʝʤʦ ʜʦ ʨʦʟʛʣʷʜʫ ʤʘʪʨʠʯʥʠʡ ʨʷʜʦʢ-ʬʫʥʢʮʽʶ ʜʠʩʢʨʝʪʥʦʛʦ ʘʨʛʫʤʝʥʪʫ  

( )1 1( ) ( ) , , ( )N N NA A s s A s sD DÖ =     

ʪʘʢʫ, ʱʦ 

1( ) ( ) ( 1, );i NA i A s s i ND= =    (9.4) 

1( )
lim lim ( ) ( )i

N N
N

A i
A s A s

sD­¤ ­¤
= = ; 

1 ( )
lim lim ( ) ( );

T
T T

i
N N

N

A i
A s A s

sD­¤ ­¤
= =  

( )1
1 1

( )
lim ( ( ) ( )) ( ).

T
T

N
N

A i
A A A s

sD

+ +

­¤
Ö Ö =  

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʷʢ ʜʣʷ ʬʫʥʢʮʽʡ ʥʝʧʝʨʝʨʚʥʦʛʦ, ʪʘʢ ʽ ʜʠʩʢʨʝʪʥʦʛʦ ʘʨʛʫʤʝʥʪʫ 

ʨʦʟʫʤʽʻʪʴʩʷ ʥʝʷʚʥʘ ʟʘʣʝʞʥʽʩʪʴ ʾʭ ʚʽʜ ʤʥʦʞʠʪʠ ʪʦʯʦʢ *
AS . 

ʋʨʘʭʦʚʫʶʯʠ, ʱʦ ʚʚʝʜʝʥʥʷ ʜʦ ʨʦʟʛʣʷʜʫ ʤʘʪʨʠʯʥʦʛʦ ʨʷʜʢʘ-ʬʫʥʢʮʽʾ 1( )A Ö 

ʜʦʟʚʦʣʠʣʦ ʧʦʙʫʜʫʚʘʪʠ ʟʘʛʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʦʙʝʨʥʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ 
(9.1) ʽʟ ʥʝʧʝʨʝʨʚʥʠʤʠ ʤʘʪʨʠʯʥʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʧʦʰʠʨʠʤʦ ʬʦʨʤʫʣʠ ɻʨʝʚʽʣʷ 

(8.2) ʩʧʦʯʘʪʢʫ ʥʘ ʤʘʪʨʠʯʥʠʡ ʨʷʜʦʢ-ʬʫʥʢʮʽʶ ʜʠʩʢʨʝʪʥʦʛʦ ʘʨʛʫʤʝʥʪʫ 1( )A Ö. 

ʈʦʟʰʠʨʶʶʯʠ ʢʦʞʝʥ ʽʟ L-ʚʠʤʽʨʥʠʭ ʩʪʦʚʧʮʽʚ-ʬʫʥʢʮʽʡ ( )kA s NsD  ( 1, )k N=  

ʝʣʝʤʝʥʪʦʤ ( )T
k Na s sD , ʟʘʩʪʦʩʫʻʤʦ ʬʦʨʤʫʣʠ ɻʨʝʚʽʣʷ (8.2) ʜʦ ʤʘʪʨʠʯʥʦʛʦ ʨʷʜʢʘ 

1

1*

1

( ) ( )
( ) , , .

( ) ( )

N N N

T T
N N N

A s s A s s
A

a s s a s s

D D

D D

å õå õ å õ
æ öæ ö æ öÖ =
æ ö æ öæ ö
ç ÷ ç ÷ç ÷

  (9.5) 
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ɿʘʣʝʞʥʽʩʪʴ ʚʽʜ *
AS  ʥʝ ʚʢʘʟʫʻʪʴʩʷ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʟʘʧʠʩʽʚ ʪʘ ʚʠʢʣʘʜʦʢ. ɺʦ-

ʥʘ ʙʫʜʝ ʚʢʘʟʘʥʘ ʧʨʠ ʧʦʙʫʜʦʚʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʬʦʨʤʫʣ ʜʣʷ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ 

ʚʠʙʦʨʫ ʪʦʯʦʢ *
AS . 

ɺʠʭʦʜʷʯʠ ʽʟ ʩʪʨʫʢʪʫʨʠ ʬʦʨʤʫʣʠ ɻʨʝʚʽʣʷ (8.2), ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ  

1 1( ) ( ( ) , , )T T
N Na a s s sD DÖ = ; 

1 1
1

( ) ( ) ( ) ( ) ;
N

a k k N
k

A A a A s a s sD
=

= Ö Ö =ä    (9.6) 

1 1
1

( ) ( ) ( ) ( ) ;
N

T T T T T
a k k N

k

A a A a s A s sD
=

= Ö Ö =ä  

1 1 1
1

( ) ( ( )) ( ) ( ) ( ) ;
N

T T T
a k k N a a

k

Z a Z A a a s a s s A P AD +

=

= Ö Ö Ö = -ä  

1 1 1( ) ( ( )) ( ) ( ) ,T T
a a ar a R A a A R P A= Ö Ö Ö =  

ʜʝ 

1 1
1

( ) ( ) ( ) ( ) ;
N

T T
k k N

k

P A A A s A s sD
=

= Ö Ö =ä  

( ) [ ] .TR P P P+ +=  

ʇʽʩʣʷ ʯʦʛʦ, ʚʠʭʦʜʷʯʠ ʟ (8.2), ʦʪʨʠʤʫʻʤʦ: 

1 1 1 1
1

1

1*

1 1 1
1

( ( ) ( ) ) ( ) ( )
( ) 0;

( )
( )

( ) ( ) ( ) ( ) ( )
( ) 0.

1 1

T T T T
a a a a

a
a a

T T T T
a a a

a
a a

a A A P A A P a A P A
A Z

Z ZA
A

a A R P A A P A R P A
A Z

r r

+ + +
+

+

+

+
+

ëè øÖ - Ö Ö - Ö
Ö - >îé ù

Ö é ùå õ îê úî
Ö = =æ ö ìæ ö èÖ øÖ Öîç ÷

Ö - =é ùî + + ùé úîêí

ʧʨʠ

ʧʨʠ

  

(9.7) 
ɿʚʽʜʩʠ, ʧʦʟʥʘʯʠʚʰʠ  

( )( )
1

( ) ( )
1 1* *( ) ( ), , ( ) ,N NA col A s A s sD

-
+ ++

*Ö =  

ʜʣʷ ʝʣʝʤʝʥʪʽʚ ( )
* ( )kA s
+  (1, )k N=  ʦʪʨʠʤʫʻʤʦ: 

( )
* ( )kA s
+

= 

( )

( )

( ( ) ( ) ) ( ) ( )
( )

                                                                              0;

( ) ( ) ( ) ( )
( )

1 1

T T T T
k a k a a k k a

k
a a

a

T T T
k a a k a

k
a

a s A A s P A A P a s A s P A
A s

Z Z

Z

A s R P A A P A s R P A
A s

r

+ + +
+

+
+

è ø- -
-é ù

é ùê ú

= >

è
-é

+ +éê

ʧʨʠ

0,a
a

Z
r

ë
î
î
î
ì
î

øî =ùî ùúí

ʧʨʠ

 (9.8) 
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ʜʝ 1,k N= , 

( )( ) ( )
1 ( )

( ) ( )
1 1 1( ),..., ( ) ( ) ,..., ( ) ( ),N N N N Ncol A s A s s A s s A s s AD D D

- +
+ + += = Ö 

ʘ ʽʥʰʽ ʧʦʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʠʡʥʷʪʠʤ ʫ (9.6). 
ɼʣʷ ʧʝʨʝʭʦʜʫ ʜʦ ʥʝʧʝʨʝʨʚʥʦʛʦ ʚʠʧʘʜʢʫ ʙʫʜʝʤʦ ʚʠʭʦʜʠʪʠ ʽʟ ʩʧʽʚʚʽʜʥʦ-

ʰʝʥʴ (9.8), ʨʦʟʛʣʷʜʘʶʯʠ ʾʭ ʧʨʠ N­¤. 

ʋʨʘʭʦʚʫʶʯʠ, ʱʦ ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ (9.4)  

lim ( ) ( );k
N

a s a s
­¤

=  

lim ( ) ( );T T
k

N
a s a s

­¤
=  

( ) ( )lim ( ) ( ) ( ) ,T
k

N
A s A s A s P+ + +

­¤
= =  

ʟ (9.8) ʦʪʨʠʤʘʻʤʦ: 

( )

( )
*

( ( ) ( ) ) ( ) ( )
( )

( )
( )                                                                                     0;

( )
( ) ( )

( )

T T T T
T a a a a

a a

aT

T
T a

a s A A s P A A P a s A s P A
A s P

Z Z
A s

A s Z
a s

A s R P A
A s P

+ + +
+

+

+

+

è ø- -
-é ù

é ùê ú
å õ
= = >æ öæ ö
ç ÷

-

ʧʨʠ

( ) ( )
0,

1 1

T T
a a

a
a a

A P A s R P A
Z

r r

+

ë
î
î
î
ì
î
è øî =é ùî + +é ùê úí

ʧʨʠ

 (9.

9) 

ʜʝ  

( ) ( ) ;aA A s a s ds=ñ  ( ) ( ) ;T T T
aA a s A s ds=ñ  

( ) ( ) ;T T
a a aZ a s a s ds A P A+= -ñ  ( ) ;T

a a ar A R P A=  

( ) ( ) ;TP A s A s ds=ñ  ( ) [ ] .TR P P P+ +=  

ʆʙʣʘʩʪʴ ʽʥʪʝʛʨʫʚʘʥʥʷ ʪʫʪ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʩʪʘʥʦʚʢʦʶ ʟʘʜʘʯʽ ʤʦʜʝʣʶʚʘʥ-

ʥʷ. ʋ ʜʘʥʦʤʫ ʧʘʨʘʛʨʘʬʽ ʮʷ ʦʙʣʘʩʪʴ ʟʙʽʛʘʻʪʴʩʷ ʟ ʦʙʣʘʩʪʶ ʽʥʪʝʛʨʫʚʘʥʥʷ ʫ ʩʧʽʚ-

ʚʽʜʥʦh ʝʥʥʷʭ (9.1). 
 

9.3. ɼʦ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʤʽʱʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʯʽʚ  

ʫ ʟʘʜʘʯʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ. 
 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʦʧʠʩʘʥʦʾ ʚ ʧ. 7.5 ʛʨʘʜʽʻʥʪʥʦʾ ʧʨʦʮʝʜʫʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʤʽ-

ʱʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʯʽʚ, ʢʦʦʨʜʠʥʘʪʠ ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʥʘʯʝʥʥʷʤʠ 
* *{ , 1, }k As k L S= = , ʙʫʜʝʤʦ ʚʠʭʦʜʠʪʠ ʟ ʪʦʛʦ, ʱʦ ʢʦʦʨʜʠʥʘʪʠ ʮʽ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʯʝʨʝʟ ʚʝʢʪʦʨ-ʩʪʦʚʧʝʮʴ ( )A s , ʱʦ ʚʽʜʦʙʨʘʟʠʤʦ, ʧʝʨʝʧʦʟʥʘʯʠ-

ʚʰʠ ʜʘʣʽ ( )A s ʥʘ *( , )AA S s. ʋʨʘʭʫʻʤʦ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʮʽʻʾ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ ʚʽʜ 
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ʢʦʦʨʜʠʥʘʪʠ * 1,ks k L" =  ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʾ k-ʪʠʤ ʝʣʝʤʝʥʪʦʤ * *( , ) ( )T
k k ka s s G s s= - , 

ʜʝ *( )kG s s-  ï ʤʘʪʨʠʯʥʘ ʬʫʥʢʮʽʷ ɻʨʽʥʘ ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʟʘʜʘʯʽ. ʇʨʦʙʣʝʤʫ ʜʠʬʝ-

ʨʝʥʮʽʶʚʘʥʥʷ 
( )

*( , )AA s s
+

è ø
ê ú

 ʧʦ *
ks  ʨʦʟʚôʷʞʝʤʦ, ʷʢʱʦ ʙʫʜʝ ʷʚʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʝʢ-

ʪʦʨ-ʩʪʦʚʧʮʷ * ( )( , )AA S s +  ʚʽʜ *
ks . 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʧʨʦʙʣʝʤʠ ʟʘʩʪʦʩʫʻʤʦ ʫʟʘʛʘʣʴʥʝʥʫ ʬʦʨʤʫʣʫ 

ɻʨʝʚʽʣʷ (9.9) ʜʦ ʤʘʪʨʠʯʥʦʾ ʬʫʥʢʮʽʾ 
*

* *
* *

( , )
( , , )

( , )

k A
A k T

k k

A S s
A S s s

a s s

å õ
=æ ö
æ ö
ç ÷

, 

ʜʝ *( , )k AA S s  ï ʤʘʪʨʠʯʥʠʡ ʩʪʦʚʧʝʮʴ-ʬʫʥʢʮʽʷ *( , )AA S s  ʙʝʟ k-ʛʦ ʝʣʝʤʝʥʪʘ, 

*( , )T
k ka s s  ï ʮʝʡ ʝʣʝʤʝʥʪ, ʘ * * * * *

1 1 1{ , , , , , }.A k k LS s s s s- +=  

ʇʨʠ ʮʴʦʤʫ 
* * * *

1 1* * ( )
* * * * *

2 2

[ ( , , ) ( , , )] 0;
[ ( , , )

[ ( , , ) ( , , )] 0,

A k A k a
A k

A k A k a

M S s s S s s Z
A S s s

M S s s S s s Z

u

u

+
ë >î
=ì

=îí

ʧʨʠ

ʧʨʠ

 (9.10) 

ʜʝ 
* * ** *

* * *
1 * *

( ( , ) ( , ) ( , )) ( , )
( , , ) ( , , ) ;

( , )

T T
A A AT k k k k a k ʘ k k

A k k A k

Aa k

a s s A S s P A S s A S s P
M S s s A S s P

Z S s

* + +
+ -

= -  

* * ** *
*

2 * *

( , ) ( ) ( , ) ( , )
( , , ) ( , ) ;

1 ( , )

T T
A A AT k k a k a k k

A Ak k k

Aa k

A S s R P A S s A S s P
M S s s A S s P

r S s

+
+= -

+

 (9.11) 

* * * *
* *

1 * *

( , ) ( , ) ( , )
( , , ) ;

( , )

T
k k k A k a A k

A k

a A k

a s s A S s P A S s
S s s

Z S s
u

+-
=  

* * *
* *

2 * *

( , ) ( ) ( , )
( , , ) ;

1 ( , )

T
k A k a A k

A k

a A k

A S s R P A S s
S s s

r S s
u =

+
 

* * * *( , ) ( , ) ( , ) ;a A k k A k kA S s A S s a s s ds=ñ  

* * * *( , ) ( , ) ( , ) ;T T T
a A k k k k AA S s a s s A S s ds=ñ   (9.12) 

* * * * * * * *( , ) ( , ) ( , ) ( , ) ( , );T T
a A k k k k k a A k k a A kZ S s a s s a s s ds A S s P A S s+= -ñ  

* * * * * *( , ) ( , ) ( ) ( , );T
a A k a A k k a A kr S s A S s R P A S s=  

* *( , ) ( , ) ;T
k k A k AP A S s A S s ds=ñ  ( ) [ ] .T

k k kR P P P+ +=  
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ʇʦʟʥʘʯʠʚʰʠ ʯʝʨʝʟ 
*( , , )A kS s sw *=  ( 1, )L=  ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʯʥʦʛʦ ʨʷʜʢʘ 

* ( )[ ( , )]AA S s +
, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ 

 
* ( )

* 1 1 1( , , ) [ ( ), , ,( ), ( ), , ( ), , ( )],A k k k L kA S s s w w w w w* +
- += Ö Ö Ö Ö Ö 

ʟ (9.10) ï (9.12) ʟʥʘʭʦʜʠʤʦ: 

* *

* * * * * * *
* *

* *

( ( , ) ( , ) ( , ))[ ( , ) ]
( , , )  

( , )k k

T T
k k k A k k a A k a A k k

A kS S
a A k

a s s A S s P A S s A S s P
S s s

Z S s
w

+ +è ø-
µ =-µé ù

é ùê ú

 

ʧʨʠ ( ) 0;aZ Ö > 

* *

* * * * *
* *

* *

( , ) ( ) ( , )[ ( , ) ]
( , , )

1 ( , )k k

T T
k A k a A k a A k k

A kS S
a A k

A S s R P A S s A S s P
S s s

r S s
w

+è ø
µ =-µé ù

+é ùê ú

 

ʧʨʠ ( ) 0;aZ Ö = 

* *
* * * *

1( , , ) ( , , )
k k

k A k A kS S
S s s v S s swµ =µ  ʧʨʠ ( ) 0;aZ Ö >  (9.13) 

* *
* * * *

2( , , ) ( , , )
k k

l A k A kS S
S s s v S s swµ =µ  ʧʨʠ ( ) 0aZ Ö = 

* *( ; 1, ;k As S LÍ =  ;ķ  1, )k L= , 

ʜʝ [ ]Ö  ï -ʝʣʝʤʝʥʪ ʨʷʜʢʘ [ ].Ö 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʙʫʜʦʚʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʬʦʨʤʫʣʠ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʤʘʪʨʠʯ-

ʥʦʛʦ ʨʷʜʢʘ-ʬʫʥʢʮʽʾ 
* ( )[ ( , )]AA S s +

 ʟʘ ʢʦʦʨʜʠʥʘʪʘʤʠ 
* *
k As SÍ  ( 1, )k L=  ʩʧʦʩʪʝʨʽ-

ʛʘʯʽʚ. ʎʝ ʚʽʜʢʨʠʚʘʻ ʰʣʷʭ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʛʨʘʜʽʻʥʪʥʠʭ ʧʨʦʮʝʜʫʨ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟ-
ʤʽʱʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʯʽʚ ʨʦʟʛʣʷʜʫʚʘʥʠʭ ʩʠʩʪʝʤ ʟʛʽʜʥʦ ʽʟ ʢʨʠʪʝʨʽʻʤ (7.8), (7.14), 
(7.15), ʘ ʩʘʤʝ: 

*

* 2

( )
min || ( , ') ( ') ' || min,

u A

A
u s S

A S s u s ds y
WÍ

- ­ñ  

ʜʝ uW  ï ʤʥʦʞʠʥʘ ʧʩʝʚʜʦʨʦʟʚ'ʷʟʢʽʚ ʚʽʜʧʦʚʽʜʥʦʾ ʟʘʜʘʯʽ ʤʦʜʝʣʶʚʘʥʥʷ, 

*

2
min min,

u A
u S

Cu y
WÍ

- ­  

*

2
min min.

u B
u S

Cu y
WÍ

- ­  
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Ä 10. ʆʧʪʠʤʽʟʘʮʽʡʥʽ ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʧʝʨʝʨʚʥʠʭ ʧʦ-
ʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ 

 

10.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʪʘ ʧʨʦʙʣʝʤʠ ʾʾ ʨʦʟʚôʷʟʘʥʥʷ. 
 

ʈʦʟʛʣʷʥʫʪʽ ʚ ʧʦʧʝʨʝʜʥʽʭ ʜʚʦʭ ʧʘʨʘʛʨʘʬʘʭ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʦʧʪʠʤʽʟʫ-
ʚʘʪʠ ʚʠʙʽʨ ʪʦʯʦʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʩʠʩ-
ʪʝʤʠ (ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʽ ʟʙʫʨʝʥʥʷ, ʧʦʯʘʪʢʦʚʽ ʪʘ ʢʨʘʡʦʚʽ ʫʤʦʚʠ) ʧʨʠ ʤʦʜʝ-
ʣʶʚʘʥʥʽ ʾʭ ʜʠʩʢʨʝʪʥʠʤʠ ʪʘ ʥʝʧʝʨʝʨʚʥʠʤʠ ʟʘ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʤʠ ʢʦʦʨʜʠ-
ʥʘʪʘʤʠ ʤʦʜʝʣʶʶʯʠʤʠ ʬʫʥʢʮʽʷʤʠ 0( )u s ʪʘ ( )u sG  ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʟʦʚʥʽʰʥʴʦ-

ʜʠʥʘʤʽʯʥʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʧʽʜʣʷʛʘʶʪʴ ʤʦʜʝʣʶʚʘʥʥʶ, ʜʠʩʢʨʝʪʠʟʦʚʘʥʽ. ʆʜʥʘʢ, ʷʢ 
ʚʽʜʟʥʘʯʘʣʦʩʷ ʚ ʧ. 5.1, ʮʽʢʘʚʠʤʠ ʡ ʧʦʪʨʽʙʥʠʤʠ ʜʣʷ ʧʨʘʢʪʠʢʠ ʻ ʧʦʩʪʘʥʦʚʢʠ ʟʘ-
ʜʘʯ, ʢʦʣʠ ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʽ ʬʘʢʪʦʨʠ ʩʠʩʪʝʤʠ ʧʨʠ ʾʭ ʤʦʜʝʣʶʚʘʥʥʽ ʟʘʣʠʰʘ-
ʶʪʴʩʷ ʥʝʧʝʨʝʨʚʥʠʤʠ. ʎʽ ʟʘʜʘʯʽ ʧʦʩʪʘʚʣʝʥʦ ʪʘ ʨʦʟʚôʷʟʘʥʦ ʚ Ä 5.  
ʇʦʙʫʜʦʚʘ ʨʦʟʚôʷʟʢʽʚ ʪʘʢʠʭ ʟʘʜʘʯ, ʘʙʦ ʥʘʡʢʨʘʱʦʛʦ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʥʠʭ, ʟʥʘʭʦʜʠʪʴʩʷ ʧʨʠ ʦʙʝʨʥʝʥʥʽ ʩʠʩʪʝʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 
ʩʧʚ̔ʚʽʜʥʦʰʝʥʴ: 

( ) ( ),B s u Y s=    (10.1) 

ʜʝ ( )Y s  ï ʫʟʘʛʘʣʴʥʝʥʘ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʷ ʟʦʚʥʽʰʥʴʦʜʠʥʘʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ 

ʤʦʜʝʣʶʶʪʴʩʷ, u  ï ʚʝʢʪʦʨ ʟʥʘʯʝʥʴ ʤʦʜʝʣʶʶʯʠʭ ʬʫʥʢʮʽʡ 0( )u s  ʪʘ ( )u sG , ʘ 

( )B s  ï ʤʘʪʨʠʯʥʘ ʬʫʥʢʮʽʷ, ʷʢʘ ʯʝʨʝʟ ʬʫʥʢʮʽʶ ɻʨʽʥʘ ʧʦʚôʷʟʘʥʘ ʟʽ ʩʧʝʮʠʬʽʢʦʶ 

ʨʦʟʚôʷʟʫʚʘʥʦʾ ʟʘʜʘʯʽ. ɺʠʛʣʷʜ ʮʽʻʾ ʬʫʥʢʮʽʾ ʪʘ ʾʾ ʨʦʟʤʽʨʥʽʩʪʴ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠ-
ʙʦʨʦʤ ʪʦʯʦʢ, ʚ ʷʢʠʭ ʜʽʶʪʴ ʢʝʨʫʚʘʯʽ ʪʘ ʤʦʜʝʣʶʶʯʽ ʬʫʥʢʮʽʾ. 

ʇʦʟʥʘʯʠʚʰʠ ʯʝʨʝʟ * *{ , 1, }B kS s k M= = ʤʥʦʞʠʥʫ ʪʦʯʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʤʦʜʝ-

ʣʶʶʯʠʭ ʬʫʥʢʮʽʡ 0( ), ( ),u s u sG  ʢʝʨʫʶʯʦʾ ʬʫʥʢʮʽʾ ( )u s  ʪʘ ʚʨʘʭʦʚʫʶʯʠ ʧʦʤʠʣʢʠ ʚ 

ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯʽ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ  
2 * 2
2 ( ) || ( ) ( ) ||BS B s u Y s dse = -ñ ,   (10.2) 

ʨʦʟʧʠʩʘʥʦʶ ʟʛʽʜʥʦ ʟ (7.16) ʫ ʧ. 7.3, ʧʦʩʪʘʚʠʤʦ ʟʘʜʘʯʫ ʤʽʥʽʤʽʟʘʮʽʾ ʮʠʭ ʧʦʤʠʣʦʢ. 
ʆʧʠʩʘʥʽ ʚ 7.5 ʛʨʘʜʽʻʥʪʥʽ ʤʝʪʦʜʠ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ 

*

2 *
2 ( ) min

B

B
S

Se ­     (10.3) 

ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʟʘ ʫʤʦʚʠ, ʢʦʣʠ ʙʫʜʫʪʴ ʧʦʙʫʜʦʚʘʥʽ ʟʨʫʯʥʽ ʜʣʷ ʚʠʢʦ-
ʨʠʩʪʘʥʥʷ ʘʥʘʣʽʪʠʯʥʽ ʬʦʨʤʫʣʠ ʦʙʯʠʩʣʝʥʥʷ ʧʦʭʽʜʥʠʭ ʚʽʜ ʤʘʪʨʠʯʥʦʾ ʬʫʥʢʮʽʾ 

* ( )[ ( , )]BB s S +  ʟʘ ʢʦʦʨʜʠʥʘʪʘʤʠ * * ( 1, )k Bs S k MÍ =  ʢʝʨʫʚʘʯʽʚ ï ʢʦʦʨʜʠʥʘʪʘʤʠ, 

ʷʢʠʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʤʽʨʥʽʩʪʴ ʪʘ ʩʪʨʫʢʪʫʨʘ ʚʝʢʪʦʨʘ u  ʽ ʧʦʚôʷʟʘʥʦʛʦ ʟ ʥʠʤ 

ʤʘʪʨʠʯʥʦʛʦ ʨʷʜʢʘ-ʬʫʥʢʮʽʾ *( , ).BB s S  
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ʅʠʞʯʝ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʟʘʛʘʣʴʥʝʥʴ ʬʦʨʤʫʣ ɻʨʝʚʽʣʷ, ʙʫʜʫʪʴ ʟʘʧʨʦʧʦʥʦ-

ʚʘʥʽ ʚʘʨʽʘʥʪʠ ʧʦʙʫʜʦʚʠ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ * ( )[ ( , )]BB s S +  ʚʽʜ 

* * ( 1, )k Bs S k MÍ = , ʘ, ʦʪʞʝ, ʽ ʦʙʯʠʩʣʝʥʥʷ ʧʦʭʽʜʥʠʭ  

*
* ( )[ ( , )]

k
Bs

B s S +µ 1, ,k M" = * *
k Bs S" Í . 

 

10.2. ʌʦʨʤʫʣʠ ɻʨʝʚʽʣʷ ʜʣʷ ʤʘʪʨʠʯʥʠʭ ʨʷʜʢʽʚ-ʬʫʥʢʮʽʡ. 
 

ʗʢ ʽ ʚ ʧ. 5.2 Ä 5, ʚ ʷʢʦʤʫ ʙʫʜʫʚʘʚʩʷ ʟʘʛʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ ʚʠʛʣʷʜʫ 
(10.1), ʨʦʟʛʣʷʥʝʤʦ ʩʧʦʯʘʪʢʫ ʜʠʩʢʨʝʪʠʟʦʚʘʥʽ ʚʘʨʽʘʥʪʠ ʩʠʩʪʝʤʠ, ʧʦʜʘʥʽ ʩʧʽʚʚʽʜ-
ʥʦʰʝʥʥʷʤʠ (5.14), ʘ ʩʘʤʝ:  

( ) ( ) ( 1, ),i iB s u Y s i N= =    (10.4) 

ʜʝ is  ï ʪʦʯʢʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʢʦʦʨʜʠʥʘʪʠ .s  

ʇʦʟʥʘʯʠʚʰʠ ʯʝʨʝʟ NsD  ʢʨʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʽʥʪʝʨʚʘʣʫ (ʦʙʣʘʩʪʽ) ʟʤʽʥʠ 

ʟʤʽʥʥʦʾ s, ʷʢ ʽ ʚ ʧ. 5.2, ʫʚʝʜʝʤʦ ʜʦ ʨʦʟʛʣʷʜʫ ʤʘʪʨʠʯʥʠʡ ʩʪʦʚʧʝʮʴ-ʬʫʥʢʮʽʶ 

ʜʠʩʢʨʝʪʥʦʛʦ ʘʨʛʫʤʝʥʪʫ 

1 1( ) ( ( ) ,..., ( ) )N N NB col B s s B s sD DÖ =  

ʪʘʢʠʡ, ʱʦ 

1( ) ( ) ( 1, );i NB i B s s i ND= =  

1( )
lim lim ( ) ( );i

N N
N

B i
B s B s

sD­¤ ­¤
= =  

1 ( )
lim lim ( ) ( );

T
T T

i
N N

N

B i
B s B s

sD­¤ ­¤
= =   (10.5) 

( )1
1 1

( )
lim ( ( ) ( )) ( ).

T
T

N
N

B i
B B B s

sD

+ +

­¤
Ö Ö =  

ɿʘʫʚʘʞʠʤʦ, ʱʦ, ʷʢ ʽ ʧʨʠ ʨʦʙʦʪʽ ʟ ʤʘʪʨʠʯʥʠʤʠ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʷʤʠ ( )A s  

(Ä9), ʬʫʥʢʮʽʾ ( )B s  ʪʘ 1( )B Ö ʟʘʣʝʞʘʪʴ ʥʝʷʚʥʦ ʚʽʜ ʤʥʦʞʠʥʠ ʪʦʯʦʢ 
*
BS . ɿʘʣʝʞ-

ʥʽʩʪʴ ʮʷ ʨʦʟʫʤʽʻʪʴʩʷ ʡ ʪʠʤʯʘʩʦʚʦ ʥʝ ʚʢʘʟʫʻʪʴʩʷ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʟʘʧʠʩʽʚ ʪʘ 
ʚʠʢʣʘʜʦʢ, ʘʣʝ ʙʫʜʝ ʚʢʘʟʘʥʘ ʧʨʠ ʧʦʙʫʜʦʚʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʬʦʨʤʫʣ ʜʣʷ ʟʘʜʘʯ 

ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʙʦʨʫ ʪʦʯʦʢ 
*
BS . 

ʋʨʘʭʦʚʫʶʯʠ, ʱʦ ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʟʘʜʘ-
ʯʽ ʦʙʝʨʥʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (10.1) ʙʫʜʫʚʘʚʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ 
ʜʣʷ ʜʠʩʢʨʝʪʠʟʦʚʘʥʦʛʦ ʘʥʘʣʦʛʫ (10.4) ʮʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ, ʘ ʪʘʢʦʞ ʪʦʛʦ, ʱʦ ʷʚʥʫ 
ʟʘʣʝʞʥʽʩʪʴ ʧʩʝʚʜʦʦʙʝʨʥʝʥʦʾ ʤʘʪʨʠʮʽ ʚʽʜ ʩʚʦʾʭ ʧʘʨʘʤʝʪʨʽʚ ʤʠ ʦʪʨʠʤʘʣʠ ʟ ʚʠʢʦ-
ʨʠʩʪʘʥʥʷʤ ʬʦʨʤʫʣʠ ɻʨʝʚʽʣʷ, ʨʦʟʛʣʷʥʝʤʦ ʚʘʨʽʘʥʪʠ ʫʟʘʛʘʣʴʥʝʥʥʷ ʮʽʻʾ ʬʦʨʤʫʣʠ 

ʥʘ ʤʘʪʨʠʯʥʠʡ ʩʪʦʚʧʝʮʴ-ʬʫʥʢʮʽʶ 1( )B Ö ʜʠʩʢʨʝʪʥʦʛʦ ʘʨʛʫʤʝʥʪʫ 1,i N= . 
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ʈʦʟʰʠʨʶʶʯʠ ʢʦʞʥʫ ʟ ( )L M³ -ʚʠʤʽʨʥʠʭ ʤʘʪʨʠʮʴ ( ) ( 1, )k NB s s k ND =  L -

ʚʠʤʽʨʥʠʤ ʩʪʦʚʧʮʝʤ ( )k Na s sD , ʟʘʩʪʦʩʫʻʤʦ ʬʦʨʤʫʣʫ ɻʨʝʚʽʣʷ (8.2) ʜʦ ʤʘʪʨʠ-

ʯʥʦʛʦ ʩʪʦʚʧʮʷ 

1* ( ) (( ( ) ( ) ), 1, ).i N i NB col B s s a s s i ND DÖ = =   (10.6) 

ɺʠʭʦʜʷʯʠ ʟʽ ʩʪʨʫʢʪʫʨʠ ʬʦʨʤʫʣʠ ɻʨʝʚʽʣʷ (8.11) ʜʣʷ ʧʨʷʤʦʢʫʪʥʦʾ ʤʘʪʨʠʮʽ C, 

ʨʦʟʰʠʨʝʥʦʾ ʩʪʦʚʧʮʝʤ ʘ, ʧʦʟʥʘʯʠʤʦ: 

1 1( ) ( ( ) ,..., ( ) );N N Na col a s s a s sD DÖ =  

1 1
1

( ) ( ) ( ) ( ) ;
N

T T
a k k N

k

B B a B s a s sD
=

= Ö Ö =ä  

1 1
1

( ) ( ) ( ) ( ) ;
N

T T T
a k k N

k

B a B a s B s sD
=

= Ö Ö =ä    (10.7) 

1 1 1
1

( ) ( ( )) ( ) ( ) ( ) ;
N

T T T T
a k k N a a

k

Z a Z B a a s a s s B P BD +

=

= Ö Ö Ö = -ä  

1 1 1( ) ( ( )) ( ) ( ) ( ) ;T T T T T T
a a a a ar a R B a B P P B B R P B+ += Ö Ö Ö = =  

1 1
1

( ) ( ) ( ) ( ) ; ( ) ( ) .
N

T T T T
k k N

k

P B B B s B s s R P P PD + +

=

= Ö Ö = =ä  

ʇʽʩʣʷ ʯʦʛʦ, ʚʠʭʦʜʷʯʠ ʟ (8.11), (8.12), ʦʪʨʠʤʫʻʤʦ: 

1* ( ) ( (( ( ) ( ) ), 1, ))i N i NB col B s s a s s i ND D+ +Ö = = = 

1

1

( ) ( )
, 1,

( ) ( )

T T
T T

i N

T T
i N

B s s B
i N

a s s a

D

D

+ +è ø è øå õå õ å õÖé ù é ùæ öæ ö= = = =æ ö
é ù æ öæ ö é ùæ ö Öç ÷ç ÷ç ÷é ù ê úê ú

 

1 1
1

1 1

1 1
1

1

( ( ) ( ))
( )

0
( ) ( )

( ( ) ( ) ( ))
( )

1
0

( ) ( )

1

T T T
a a

a
aT T T

a

a

T T T T
a a

a
aT T T

a

a

P B a B P B
B

Z
Z

a B P B

Z

P B a B R P B
B

r
Z

B R P B

r

+ +
+

+

+
+

ë ûå õÖ - Ö
Ö -î îæ ö

î îæ ö
>î îæ ö

Ö - Öî îæ ö
æ öî îî ç ÷ î

=ì ü
å õÖ - Öî î

Ö -æ öî î+æ öî î=
æ öî îÖæ öî îæ ö+î îç ÷í ý

ʧʨʠ

ʧʨʠ

. (10.8) 
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ɿʚʽʜʩʠ, ʧʦʟʥʘʯʠʚʰʠ 

( ) ( ) 1
1* 1* *( ) ( ( ),..., ( ))( ) ,N NB B s B s sD+ ++ -Ö =  

ʜʣʷ ʝʣʝʤʝʥʪʽʚ 
( )
* ( ), ( 1, )kB s k N
+

=  ʦʪʨʠʤʘʻʤʦ: 

( )

( )
*

( )

( ( ) ( ))
( )

0;
( ) ( )

( )
( ( ) ( ) ( ))

( )
1

0,
( ) ( )

1

T T T
a k a k

k
a

aT T T
k a k

a

k
T T T T

a k a k
k

a
aT T T

a k

a

P B a s B P B s
B s

Z
Z

a s B P B s

Z
B s

P B a s B R P B s
B s

r
Z

B R P B s

r

+ +
+

+

+

+
+

ëå õ-
-îæ ö

îæ ö
>îæ ö

-îæ ö
æ öîî ç ÷

=ì
å õ-î

-æ öî +æ öî =
æ öî
æ öîæ ö+îç ÷í

ʧʨʠ

ʧʨʠ

(10.9) 

ʜʝ 1,k N= , 

( ) ( ) 1
1 1( ( ),..., ( ))( ) ( ( ( ) , 1, )) ( ),N N i NB s B s s col B s s i N BD D+ + - + += = = Ö 

ʘ ʽʥʰʽ ʧʦʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʠʡʥʷʪʠʤ ʫ (10.7). 
ɼʣʷ ʧʝʨʝʭʦʜʫ ʜʦ ʥʝʧʝʨʝʨʚʥʦʛʦ ʚʠʧʘʜʢʫ ʙʫʜʝʤʦ ʚʠʭʦʜʠʪʠ ʽʟ ʩʧʽʚʚʽʜʥʦ-

ʰʝʥʥʷ (10.9), ʨʦʟʛʣʷʜʘʶʯʠ ʾʭ ʧʨʠ .N­¤ 

ʋʨʘʭʦʚʫʶʯʠ, ʱʦ ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ (10.5) 

( ) ( )

lim ( ) ( ); lim ( ) ( );

lim ( ) ( ) ( ), ( ) ( ) ,

T T
k k

N N

T T
k

N

a s a s a s a s

B s B s P B s P B s B s ds

­¤ ­¤

+ + +

­¤

= =

= = =ñ
 

ʟ (10.9) ʦʪʨʠʤʘʻʤʦ: 

( ( ) ( ))
( )

0;
( ) ( )

( ( ) ( ) ( ))
( )

1
0,

( ) ( )

1

T T T
T a a

a
aT T T

a

a

T T T T
T a a

a
aT T T

a

a

P B a s B P B s
P B s

Z
Z

a s B P B s

Z

P B a s B R P B s
P B s

r
Z

B R P B s

r

+ +
+

+

+
+

ëå õ-
-îæ ö

îæ ö
>îæ ö

-îæ ö
æ öîî ç ÷

=ì
å õ-î

-æ öî +æ öî =
æ öî
æ öîæ ö+îç ÷í

ʧʨʠ

ʧʨʠ

 (10.10) 

ʜʝ  

( ) ( ) ;T
aB B s a s ds=ñ  ( ) ( ) ;T T

aB a s B s ds=ñ  
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( ) ( ) ;T T
a a aZ a s a s ds B P B+= -ñ  ( ) ;T T

a a ar B R P B=  (10.11) 

( ) ( ) ;TP B s B s ds=ñ  ( ) ( ) .T TR P P P+ +=  

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʦʙʣʘʩʪʴ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚ (10.11) ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʩʪʘʥʦʚʢʠ 
ʟʘʜʘʯʽ ʤʦʜʝʣʶʚʘʥʥʷ. ʆʙʣʘʩʪʴ ʪʫʪ ʥʝ ʢʦʥʢʨʝʪʠʟʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʚʽʜʩʫʪʥʷ ʢʦʥ-
ʢʨʝʪʠʟʘʮʽʷ ʟʘʜʘʯʽ ʡ ʧʨʠ ʟʘʧʠʩʽ ʨʽʚʥʷʥʴ (10.1). 

 

10.3. ɼʦ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʤʽʱʝʥʥʷ ʢʝʨʫʚʘʯʽʚ  
ʫ ʟʘʜʘʯʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʯʘʪʢʦʚʦ-ʢʨʘʡʦʚʠʭ ʫʤʦʚ. 

 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʦʧʠʩʘʥʦʾ ʚ ʧ. 7.5 ʛʨʘʜʽʻʥʪʥʦʾ ʧʨʦʮʝʜʫʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʤʽ-
ʱʝʥʥʷ ʢʝʨʫʚʘʯʽʚ, ʢʦʦʨʜʠʥʘʪʠ ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʥʘʯʝʥʥʷʤʠ 

* *{ , 1, }k Bs k M S= = , ʙʫʜʝʤʦ ʚʠʭʦʜʠʪʠ ʟ ʪʦʛʦ, ʱʦ ʢʦʦʨʜʠʥʘʪʠ ʮʽ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʯʝʨʝʟ ʨʷʜʦʢ-ʬʫʥʢʮʽʶ ( )B s , ʱʦ ʚʽʜʦʙʨʘʟʠʤʦ, ʧʝʨʝʧʦʟʥʘʯʠʚ-

ʰʠ ʜʘʣʽ ( )B s  ʥʘ 
*( , )BB s S . ɿʘʣʝʞʥʽʩʪʴ ʮʽʻʾ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ ʚʽʜ ʢʦʦʨʜʠʥʘʪʠ 

* 1,ks k M" =  ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʾ k-ʪʠʤ ʝʣʝʤʝʥʪʦʤ 
* *( ) ( )k k ka s s G s s- = -, ʜʝ 

( ')G s s-  ï ʤʘʪʨʠʯʥʘ ʬʫʥʢʮʽʷ ɻʨʽʥʘ ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʟʘʜʘʯʽ. ʇʨʦʙʣʝʤʫ ʜʠʬʝ-

ʨʝʥʮʽʶʚʘʥʥʷ 
* ( )[ ( , )]BB s S +

 ʧʦ 
*
ks  ʨʦʟʚôʷʞʝʤʦ, ʷʢʱʦ ʙʫʜʝ ʧʦʙʫʜʦʚʘʥʘ ʷʚʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʮʴʦʛʦ ʚʝʢʪʦʨ-ʨʷʜʢʘ 
*( , )BB s S  ʚʽʜ 

*
ks . 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʧʨʦʙʣʝʤʠ ʟʘʩʪʦʩʫʻʤʦ ʫʟʘʛʘʣʴʥʝʥʫ ʬʦʨʤʫʣʫ 
ɻʨʝʚʽʣʷ (10.10) ʜʦ ʤʘʪʨʠʯʥʦʾ ʬʫʥʢʮʽʾ 

* * *
* ( , , ) ( ( , ) ( , )),B k k B k kB s S s B s S a s s=  

ʜʝ 
*( , )k BB s S  ï ʤʘʪʨʠʯʥʠʡ ʨʷʜʦʢ-ʬʫʥʢʮʽʷ 

*( , )BB s S  ʙʝʟ k -ʛʦ ʝʣʝʤʝʥʪʘ, 

*( , )k ka s s  ï ʮʝʡ ʝʣʝʤʝʥʪ, ʘ 
* * * * *

1 1 1{ ,..., , ,..., }.B k k MS s s s s- +=  

ʇʨʠ ʮʴʦʤʫ  
* *

1 * *

* *
1* * ( )

*
* *

2 * *

* *
2

( , , )
( , , ) 0;

( , , )
[ ( , , )]

( , , )
( , , ) 0,

( , , )

B k
a B k

B k

B k

B k
a B k

B k

M s S s
Z s S s

s S s
B s S s

M s S s
Z s S s

s S s

J

J

+

ëå õ
î >æ ö
æ öîîç ÷

=ì
å õî

=æ öîæ ö
îç ÷í

ʧʨʠ

ʧʨʠ

 (10.12) 

ʜʝ  
* * * * * *

* * *
1 * *

( , )( ( , ) ( , ) ( , ))
( , , ) ( , ) ;

( , )

T T T
T k a B k k k a B k k k B

B k k k B

a B k

P B S s a s s B S s P B s S
M s S s P B s S

Z S s

+ +
+ -

= -

 (10.13
) 
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* * * * *
* * *

2 * *

( , )( ( , ) ( , ) ( ) ( , ))
( , , ) ( , ) ;

1 ( , )

T T T T
T k a B k k k a B k k k B

B k k k B

a B k

P B S s a s s B S s R P B s S
M s S s P B s S

r S s

+ *
+ -

= -
+

 

* * * *
* *

1 * *

( , ) ( , ) ( , )
( , , ) ;

( , )

T T T
k k a B k k k B

B k

a B k

a s s B S s P B s S
s S s

Z S s
J

+-
=   (10.14) 

* * *
* *

2 * *

( , ) ( ) ( , )
( , , ) ;

1 ( , )

T T T
a B k k k B

B k

a B k

B S s R P B s S
s S s

r S s
J =

+
 

* * * *( , ) ( , ) ( , ) ;T
a B k k B kB S s B s S a s s ds=ñ  

* * * *( , ) ( , ) ( , ) ;T T
a B k k k BB S s a s s B s S ds=ñ  

* * * * * * * *( , ) ( , ) ( , ) ( , ) ( , );T T
a B k k k a B k k a B kZ S s a s s a s s ds B S s P B S s+= -ñ  (10.15) 

* * * * * *( , ) ( , ) ( ) ( , );T T
a B k a B k k a B kr S s B S s R P B S s=  

* *( , ) ( , ) ;T
k k B BP B s S B s S ds=ñ  ( ) ( ) .T T

k k kR P P P+ +=  

ʇʦʟʥʘʯʠʚʰʠ ʯʝʨʝʟ *( , , ) ( 1, )m B ks S s m Mw =  ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʯʥʦʛʦ ʩʪʦʚʧʮʷ 

* ( )[ ( , )]BB s S +
, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ  

* ( )
* 1 1 1[ ( , , )] ( ( ),..., ( ), ( ),..., ( ), ( )),B k k k M kB s S s colw w w w w+

- += Ö Ö Ö Ö Ö 

ʟ (10.12) ï (10.15) ʟʥʘʭʦʜʠʤʦ: 

* *

* * * * * *
* *

* *

[ ( , )] [ ( , ) ( , ) ( , )]
( , , )

( , )k k

T T T
k a B k m k k a B k k k B

m B kS S
a B k

P B S s a s s B S s P B s S
s S s

Z S s
w

+ +è ø-
µ =-µé ù

é ùê ú

 

ʧʨʠ 
* *( , ) 0;a B kZ S s >  

* *

* * * * * *
* *

* *

[ ( , )] [ ( , ) ( , ) ( ) ( , )]
( , , )

1 ( , )k k

T T T T
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m B kS S
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w

+è ø-
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* *( ; 1, ; ; 1, ),k Bs S m M m k k MÍ = ¸ =  

ʜʝ [ ]mÖ  ï m-ʝʣʝʤʝʥʪ ʤʘʪʨʠʯʥʦʛʦ ʩʪʦʚʧʮʷ [ ].Ö 

ʊʦʙʪʦ, ʜʣʷ ʤʘʪʨʠʯʥʦʛʦ ʩʪʦʚʧʮʷ-ʬʫʥʢʮʽʾ 
* ( )[ ( , )]BB s S +

 ʧʦʙʫʜʦʚʘʥʽ ʘʥʘʣʽʪʠ-

ʯʥʽ ʬʦʨʤʫʣʠ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʟʘ ʢʦʦʨʜʠʥʘʪʘʤʠ 
* * ( 1, )k Bs S k MÍ =  ʢʝʨʫʚʘ-

ʯʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʨʘʢʪʠʯʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʛʨʘʜʽʻʥʪʥʽ ʧʨʦʮʝʜʫʨʠ ʦʧʪʠʤʽʟʘʮʽʾ 
ʨʦʟʤɦ̔ʝʥʥʷ ʢʝʨʫʚʘʯʽʚ ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʩʠʩʪʝʤʠ ʟʛʽʜʥʦ ʟ ʢʨʠʪʝʨʽʻʤ (7.9), (7.18), 
(7.19), ʘ ʩʘʤʝ: 

*

2min || ( ) ( ) || min,
u B

u S

B s u Y s ds
WÍ

- ­ñ  

ʜʝ uW  ï ʤʥʦʞʠʥʘ ʧʩʝʚʜʦʨʦʟʚôʷʟʢʽʚ ʚʽʜʧʦʚʽʜʥʦʾ ʟʘʜʘʯʽ ʤʦʜʝʣʶʚʘʥʥʷ. 
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Ä 11. ʌʦʨʤʫʣʠ ʧʩʝʚʜʦʦʙʝʨʥʝʥʥʷ ʟʙʫʨʝʥʠʭ ʤʘʪʨʠʮʴ 
ʪʘ ʾʭ ʤʽʩʮʝ ʚ ʟʘʜʘʯʘʭ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤ 

ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 
 

11.1. ɼʠʩʢʨʝʪʠʟʦʚʘʥʠʡ ʚʘʨʽʘʥʪ ʟʘʜʘʯʽ ʜʠʥʘʤʽʢʠ ʟʙʫʨʝʥʠʭ ʩʠʩʪʝʤ. 
 

ʋ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ ʧʦʩʪʘʥʦʚʢʘʭ ʪʘ ʨʦʟʚôʷʟʢʘʭ ʟʘʜʘʯ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽ-
ʢʠ ʩʠʩʪʝʤ ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʟʫʤʽʣʦʩʷ, ʱʦ ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʽ ʭʘʨʘ-
ʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ ʥʝʟʤʽʥʥʽ. ʏʝʨʝʟ ʮʝ ʥʝʟʤʽʥʥʠʤʠ ʚʚʘʞʘʣʠʩʷ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʤʦʜʝʣʽ. ʎʝ ʽ ʩʪʨʫʢʪʫʨʘ ʤʦʜʝʣʽ, ʽ ʩʪʨʫʢʪʫʨʘ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʾʾ ʚʭʦʜʽʚ-ʚʠʭʦʜʽʚ. 
ʆʜʥʘʢ ʫ ʨʝʘʣʴʥʦʤʫ ʞʠʪʪʽ ʜʝʷʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝʣʽ ʪʘ ʾʭ ʚʭʦʜʽʚ-ʚʠʭʦʜʽʚ 

ʤʦʞʫʪʴ ʟʘʟʥʘʚʘʪʠ ʥʝʚʝʣʠʢʠʭ ʟʤʽʥ ï ʟʙʫʨʝʥʴ (ʚʠʧʘʜʢʦʚʠʭ, ʘʙʦ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ). 
ʎʽ ʟʤʽʥʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʡʥʷʪʠʭ ʫ ʨʦʙʦʪʽ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʘʶʪʴ 
ʥʘ ʤʘʪʨʠʯʥʫ ʬʫʥʢʮʽʶ ɻʨʽʥʘ, ʥʘ ʚʠʟʥʘʯʝʥʽ ʥʝʶ ʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʤʘʪʨʠʮʴ ʪʘ 
ʤʘʪʨʠʯʥʠʭ ʨʷʜʢʽʚ (ʩʪʦʚʧʮʽʚ)-ʬʫʥʢʮʽʡ. ʊʦʤʫ ʧʦʪʨʽʙʥʽ ʬʦʨʤʫʣʠ, ʷʢʽ ʙ ʜʦʟʚʦʣʠʣʠ 
ʚʨʘʭʫʚʘʪʠ ʮʽ ʚʧʣʠʚʠ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝʣʽ ʪʘ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ. 
ɼʣʷ ʧʦʯʘʪʢʫ ʦʙʤʝʞʠʤʦʩʷ ʜʠʩʢʨʝʪʠʟʦʚʘʥʠʤ ʚʘʨʽʘʥʪʦʤ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ, 

ʢʦʣʠ ʤʘʪʨʠʯʥʘ ʬʫʥʢʮʽʷ ɻʨʽʥʘ ʜʠʩʢʨʝʪʠʟʦʚʘʥʘ ʷʢ ʟʘ ʰʪʨʠʭʦʚʘʥʠʤʠ, ʪʘʢ ʽ ʟʘ 
ʥʝʰʪʨʠʭʦʚʘʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘ-

ʻʪʴʩʷ ʧʨʤ̫ʦʢʫʪʥʦʶ ʤʘʪʨʠʮʝʶ ʉ, ʘ ʨʦʟʚôʷʟʦʢ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʽ ʧʦʚôʷʟʘʥʽ 

ʟ ʤʘʪʨʠʮʝʶ ʉ
+
, ʧʩʝʚʜʦʦʙʝʨʥʝʥʦʶ ʜʦ ʉ. 

ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʟʙʫʨʝʥʥʷ ʤʘʪʨʠʮʽ ʉ ʚʠʢʦʥʫʻʪʴʩʷ (ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠ-

ʧʘʜʢʫ) ʟʘ ʚʩʽʤʘ ʝʣʝʤʝʥʪʘʤʠ, ʱʦ ʩʧʦʥʫʢʘʻ ʧʨʘʮʶʚʘʪʠ ʟ ʤʘʪʨʠʮʷʤʠ (ʉ+ab
T
) ʪʘ 

(ʉ+ ʘb
T
)
+
, ʜʝ ʜʣʷ (L³M)-ʚʠʤʽʨʥʦʾ ʤʘʪʨʠʮʽ ʉ,  aÍR

L
, bÍR

M
 ï ʚʝʢʪʦʨʠ, ʷʢʠʤʠ ʡ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʙʫʨʝʥʥʷ ʤʘʪʨʠʮʽ ʉ, ʘ, ʦʪʞʝ, ʽ ʩʠʩʪʝʤʠ ʚʮʽʣʦʤʫ. 

ʗʢʱʦ ʧʨʠʛʘʜʘʪʠ ʩʪʨʫʢʪʫʨʫ ʽʥʪʝʛʨʘʣʴʥʦʾ ʬʦʨʤʠ ʤʦʜʝʣʽ ʪʘ ʚʥʠʢʥʫʪʠ ʚ ʾʾ ʜʠʩʢʨʝ-

ʪʠʟʦʚʘʥʠʡ ʚʘʨʽʘʥʪ, ʪʦ ʩʪʘʻ ʟʨʦʟʫʤʽʣʠʤ, ʱʦ ʤʘʪʨʠʮʷ ʘʝ̔
ʊ
 (ʽ=1,M ) ʦʧʠʩʫʻ ʟʙʫʨʝʥʥʷ 

-̔ʛʦ ʚʭʦʜʫ ʩʠʩʪʝʤʠ, ʘ ʤʘʪʨʠʮʷ ʝ̔b
T
 (ʽ=L,1 ) ï ʾʾ -̔ʛʦ ʚʠʭʦʜʫ. ʅʘʙʽʨ ʤʘʪʨʠʮʴ ʘʝ̔

ʊ
 ʪʘ 

ʝ̔b
T
 ʜʦʟʚʦʣʷʻ ʥʘʢʨʠʪʠ ʚʩʽ ʚʭʦʜʠ-ʚʠʭʦʜʠ ʩʠʩʪʝʤʠ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥ ʤʘʪʨʠʮʴ 

(ʉ+ab
T
) ʪʘ (ʉ+ab

T
)
+
 ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʴ ʚʝʢʪʦʨʽʚ ʘ ʪʘ b ʻ ʘʢʪʫʘʣʥɹʠʤ. 

ʗʢʱʦ ʧʨʠ ʨʦʙʦʪʽ ʟ ʤʘʪʨʠʮʝʶ (ʉ+ab
T
) ʧʨʦʙʣʝʤ ʥʝʤʘʻ (ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʘ ʪʘ 

b ʪʫʪ ʷʚʥʽ), ʪʦ ʜʣʷ ʤʘʪʨʠʮʽ (ʉ+ab
T
)
+
 ʧʦʪʨʽʙʥʽ ʟʨʫʯʥʽ ʪʘ ʝʬʝʢʪʠʚʥʽ ʤʝʪʦʜʠ 

ʦʙʯʠʩʣʝʥʥʷ ʚʧʣʠʚʽʚ ʘ ʪʘ b ʥʘ ʟʤʽʩʪ ʾʾ ʝʣʝʤʝʥʪʽʚ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʤʦ ʬʦʨʤʫʣʠ, ʷʢʠʤʠ ʟʘʜʘʻʪʴʩʷ ʘʥʘʣʽʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ  

(ʉ+ab
T
)
+
=f(C,C

+
,a,b)     (11.1) 

ʜʣʷ ʨʽʟʥʠʭ ʚʠʧʘʜʢʽʚ ʪʘ ʚʘʨʽʘʥʪʽʚ ʟʙʫʨʝʥʴ. ʎʽ ʚʘʨʽʘʥʪʠ ʧʦʚôʷʟʘʥʽ ʟ ʣʽʥʽʡʥʦʶ 

ʟʘʣʝʞʥʽʩʪʶ (ʥʝʟʘʣʝʞʥʽʩʪʶ) ʚʝʢʪʦʨʽʚ ʘ ʪʘ b ʟ ʚʝʢʪʦʨ-ʩʪʦʚʧʮʷʤʠ (ʨʷʜʢʘʤʠ) 

ʤʘʪʨʠʮʽ ʉ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤʠ a
T
Z(C

T
)a ʪʘ b

T
Z(C)b, ʜʝ Z(C

T
)=I L-

CC
+
 ʪʘ Z(C)=I M-C

+
C ï ʧʨʦʝʢʮʽʡʥʽ ʦʧʝʨʘʪʦʨʠ ʥʘ ʣʽʥʽʡʥʽ ʦʙʦʣʦʥʢʠ, ʥʘʪʷʛʥʝʥʽ 

ʥʘ ʚʝʢʪʦʨ-ʩʪʦʚʧʮʽ ʪʘ ʚʝʢʪʦʨ-ʨʷʜʢʠ ʤʘʪʨʠʮʽ ʉ. ʎʽ ʬʦʨʤʫʣʠ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ 
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ʄ.ʌ. ʂʠʨʠʯʝʥʢʦʤ. ʄʠ ʥʘʚʝʜʝʤʦ ʾʭ ʙʝʟ ʜʦʚʝʜʝʥʥʷ, ʦʨʽʻʥʪʫʶʯʠʩʴ ʙʽʣʴʰʝ ʥʘ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʦʨʤʫʣ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʨʦʟʛʣʷʜʫʚʘʥʠʭ ʥʘʤʠ ʟʘʜʘʯ. 
 
 

11.2. ʌʦʨʤʫʣʠ ʦʙʝʨʥʝʥʥʷ ʟʙʫʨʝʥʠʭ ʤʘʪʨʠʮʴ. 

 

1). ʗʢʱʦ ( ) 0, ( ) 0,T T Ta Z C a b Z C b> > ʪʦ 

( ) ( )
( )

( ) ( )

T T T
T

T T T

C aa Z C Z C bb C
ʉ ab C

a Z C a b Z C b

+ +
+ ++ = - - +

 

1
( ) ( )

( ) ( )

T
T T

T T T

b C a
Z C ba Z C

a Z C ab Z C b

++
+ ;  (11.2) 

2). ʗʢʱʦ ( ) 0, ( ) 0T T Ta Z C a b Z C b= >, ʪʦ  

2
( )

T
T

M

kk
C ab I

k

+
å õ
æ ö+ = - ³
æ ö
ç ÷

 

2 2

( ) ( )
,

( ) 1 ( ) (1 )

T T T

M LT T

Z C bb aa Z C ba
I C I

b Z C b a b Z C b a

+
å õå õå õ
æ öæ ö³ - - +æ öæ öæ öæ ö+ +ç ÷ç ÷ç ÷

  (11.3) 

ʜʝ 

( )
(1 )

( )

T

T

Z C b
k C a b A a

b Z C b

+ += - + ; 

3). ʗʢʱʦ ( ) 0, ( ) 0, 1T T T Ta Z C a b Z C b b C a+= = =-, ʪʦ  

( )
( )

( )

T T
T

T T

C aa R C
C ab C

a R C a

+
+ ++ = - - 

( ) ( )

( ) ( ) ( )

T T T T

T T T T

R C bb C C ab C b C C C a

b R C b a R C ab R C b

+ + + + + +

- + ,  (11.4) 

ʜʝ ( ) ( )TR C C C+ += ; 

4). ʗʢʱʦ ( ) 0, ( ) 0, 1T T T Ta Z C a b Z C b b C a+= = ¸-, ʪʦ  

( )
1

T
T

T

C ab C
C ab C

b C a

+ +
+ +

+
+ = -

+
.   (11.5)  




