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ɺʚʝʜʝʥʠʝ 

ʉʣʦʚʦ çʤʦʜʝʣʴè ʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ ʠ ʧʨʠ-
ʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʝ ʦʙʳʯʥʦ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠ-
ʝʤ ʦ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ (ʤʘʨʢʦʚʩʢʦʤ ʧʨʦʮʝʩʩʝ, ʧʨʦ-
ʛʨʘʤʤʝ), ʢʦʪʦʨʘʷ ʜʘʝʪ ʧʨʦʛʥʦʟ, ʨʘʩʩʯʠʪʳʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-
ʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʦ ʨʝʢʫʨʨʝʥʪʥʳʤ ʬʦʨʤʫʣʘʤ, ʦʪʨʘ-
ʞʘʶʱʠʤ ʧʨʠʯʠʥʥʳʝ ʩʚʷʟʠ ʚ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʝ (ʟʘʜʘʯʘ 
ʂʦʰʠ).  

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʚʝʜʝʥʠʷ ʨʘʟʫʤʥʦʛʦ ʩʫʱʝʩʪʚʘ 
(ʃʇʈ), ʚʦʟʥʠʢʘʝʪ ʫʧʨʘʚʣʷʝʤʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ. ɺ 
ʥʝʡ ʯʘʩʪʴ ʧʝʨʝʤʝʥʥʳʭ (ʫʧʨʘʚʣʝʥʠʷ) ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝ ʧʨʠ-
ʯʠʥʥʳʤʠ ʩʚʷʟʷʤʠ, ʘ ʥʝʢʠʤ ʧʨʠʥʮʠʧʦʤ ʦʧʪʠʤʘʣʴʥʦʩʪʠ. ʕʪʦʪ 
ʧʨʠʥʮʠʧ ʦʙʳʯʥʦ ʪʨʝʙʫʝʪ çʟʘʛʣʷʜʳʚʘʪʴ ʚ ʙʫʜʫʱʝʝè, ʥʦ ʥʘʠ-
ʣʫʯʰʝʡ ʬʦʨʤʦʡ ʨʝʰʝʥʠ ̫ ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 
ʩʧʨʘʚʝʜʣʠʚʦ ʧʨʠʟʥʘʝʪʩʷ ʩʠʥʪʝʟ ʫʧʨʘʚʣʝʥʠʷ (ʦʙʨʘʪʥʘʷ 
ʩʚʷʟʴ), ʪ.ʝ. ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʫʧʨʘʚʣʝʥʠʡ ʢʘʢ ʬʫʥʢʮʠʡ 
ʥʘʙʣʶʜʘʝʤʳʭ ʩʦʩʪʦʷʥʠʡ ʠ ʚʦʟʤʫʱʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ 
ʩʥʦʚʘ ʧʨʠʭʦʜʠʤ ʢ ʦʙʳʯʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ. 

ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʤʦʣʯʘʣʠʚʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʩ-
ʩʣʝʜʦʚʘʪʝʣʴ ʦʧʝʨʘʮʠʠ  ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʰʠʨʦʢʠʤʠ ʟʥʘʥʠʷʤʠ 
ʠ ʙʦʣʝʝ ʤʦʱʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʘʥʘʣʠʟʘ, ʥʝʞʝʣʠ ʚʩʝ ʠʤʝʶɦ ʠʝ 
ʦʪʥʦʰʝʥʠʝ ʢ ʜʝʣʫ ʃʇʈ, ʚʤʝʩʪʝ ʚʟʷʪʳʝ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʜʝ-
ʣʦ ʪʘʢ ʠ ʦʙʩʪʦʠʪ, ʯʪʦ ʠ ʦʙʫʩʣʦʚʠʣʦ ʫʩʧʝʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠ-
ʣʦʞʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʝʨʘʮʠʡ. ʅʦ ʯʝʤ ʦʙʰʠʨʥʝʝ ʯʘʩʪʴ 
ʦʙʱʝʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʫʶ ʤʳ ʭʦʪʠʤ ʩʤʦʜʝʣʠʨʦʚʘʪʴ, 
ʪʝʤ ʨʘʟʠʪʝʣʴʥʝʝ ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʟʨʳʚ ʤʝʞʜʫ ʩʣʦʞʥʦʩʪʴʶ ʩʠʩ-
ʪʝʤʳ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʝʝ ʜʝʪʘʣʴʥʦʛʦ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ 
ʦʧʠʩʘʥʠʷ.  ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʧʦʩʦʙʥʦʩʪʴ ʘʚʪʦʨʘ ʤʦʜʝʣʠ çʜʫ-
ʤʘʪʴ ʟʘ ʚʩʝʭ ʠ ʣʫʯʰʝ ʚʩʝʭè ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʩʦʤʥʠʪʝʣʴ-
ʥʦʡ. 

ʄʝʞʜʫ ʪʝʤ, çʚ ʥʝʜʨʘʭè ʪʝʦʨʠʠ ʠʛʨ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 
ʵʢʦʥʦʤʠʢʠ ʥʝʟʘʤʝʪʥʦ ʜʣʷ ʦʢʨʫʞʘʶʱʠʭ ʥʘʫʯʥʳʭ ʜʠʩʮʠʧʣʠʥ 
ʫʞʝ ʜʦʚʦʣʴʥʦ ʜʘʚʥʦ ʠ ʰʠʨʦʢʦ ʨʘʟʚʠʚʘʶʪʩʷ ʤʦʜʝʣʠ ʠʥʦʛʦ ʪʠ-
ʧʘ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʤʦʜʝʣʷʤʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʨʘʮʠʦ-
ʥʘʣʴʥʳʭ ʦʞʠʜʘʥʠʡ. ʕʪʠ ʤʦʜʝʣʠ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʦʩʦʙʦʤ ʩʪʠ-
ʣʝ ʘʨʛʫʤʝʥʪʘʮʠʠ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʤ, ʩʚʦʝʛʦ ʨʦʜʘ, ʨʘʚʥʦʧʨʘ-
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ʚʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʫʙʲʝʢʪʘ, ʠ ʦʧʠʩʳʚʘʶʪ 
ʵʚʦʣʶʮʠʶ ʩʠʩʪʝʤʳ ʨʝʰʝʥʠʷʤʠ ʢʨʘʝʚʳʭ ʟʘʜʘʯ, ʘ ʥʝ ʟʘʜʘʯ 
ʂʦʰʠ. 

ʇʨʠ ʙʝʛʣʦʤ ʚʟʛʣʷʜʝ ʨʘʩʩʫʞʜʝʥʠʷ, ʦʙʦʩʥʦʚʳʚʘʶʱʠʝ ʵʪʠ 
ʤʦʜʝʣʠ, ʤʦʛʫʪ ʧʨʦʠʟʚʝʩʪʠ ʚʧʝʯʘʪʣʝʥʠʝ ʥʝʢʦʪʦʨʦʡ ʩʭʦʣʘʩʪʠ-
ʯʝʩʢʦʡ ʚʳʯʫʨʥʦʩʪʠ ʠ ʜʘʞʝ çʦʙʤʘʥʘè. ʀ ʧʨʠʤʝʥʷʶʪʩʷ ʵʪʠ ʤʦ-
ʜʝʣʠ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʘʥʘʣʠʟʘ ʜʦʚʦʣʴʥʦ ʘʙʩʪʨʘʢʪʥʳʭ ʧʨʦʙʣʝʤ 
ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ [38]. ʆʜʥʘʢʦ ʥʝʜʘʚʥʦ ʤʳ ʦʙʥʘʨʫʞʠʣʠ, 
ʯʪʦ ʤʦʜʝʣʠ ʵʪʦʛʦ ʪʠʧʘ ʤʦʛʫʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʚʝʨʥʦ ʦʧʠʩʳʚʘʪʴ 
ʜʚʠʞʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʢʠ, ʧʨʠʯʝʤ ʦʧʠʩʳ-
ʚʘʪʴ ʜʘʞʝ ʙʦʣʝʝ ʪʦʯʥʦ, ʯʝʤ ʵʪʦ ʜʝʣʘʣʠ ʥʘʰʠ ʧʨʝʞʥʠʝ ʤʦʜʝ-
ʣʠ, ʠʤʝʚʰʠʝ ʬʦʨʤʫ ʦʙʳʯʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [47].  ɼʣʷ 
ʠʣʣʶʩʪʨʘʮʠʠ ʧʨʠʚʝʜʝʤ ʟʜʝʩʴ ʪʦʣʴʢʦ ʜʚʘ ʛʨʘʬʠʢʘ ʠʟ ʧʦʩʣʝʜ-
ʥʠʭ ʨʘʩʯʝʪʦʚ ʧʦ ʤʦʜʝʣʠ, ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʥʦʡ ʚ [41]. 
 

ɺɺʇ, ʤʣʨʜ. ʨʫʙ. 2000ʛ. ʚ ʢʚʘʨʪʘʣ
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ʈʠʩ.1. ʆʩʥʦʚʥʳʝ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ: ʩʝʨʘʷ ʣʠ-
ʥʠʷ ï ʩʪʘʪʠʩʪʠʢʘ, ʯʝʨʥʘʷ ï ʨʘʩʯʝʪ ʧʦ ʤʦʜʝʣʠ 
 
 ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʳ ʩʝʡʯʘʩ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʤʦʜʝʣʠ ʩʦ-
ʛʣʘʩʦʚʘʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ ʦʞʠʜʘʥʠʡ ʢʘʢ ʩʘʤʳʡ ʧʝʨʩʧʝʢʪʠʚ-
ʥʳʡ ʘʧʧʘʨʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʎʝʣʴ 
ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʢʦʣʣʝʛ ʠʟ ʩʤʝʞʥʳʭ 
ʦʙʣʘʩʪʝʡ ʥʘ ʬʘʢʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʥʝʧʨʠʚʳʯʥʦʛʦ ʪʠ-
ʧʘ, ʥʘ ʠʭ ʦʩʦʙʝʥʥʦʩʪʠ, ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʪʨʫʜʥʦʩʪʠ.  
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1 ɼʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʤʝʞʚʨʝʤʝʥʥʦʛʦ 
ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ  

1.1 ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʕʨʨʦʫ-ɼʝʙʨʝ ʙʝʟ 
ʨʝʩʫʨʩʦʚ 

ʍʦʪʷ ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʥʝ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ ʠʟʣʦ-
ʞʝʥʠʝʤ ʧʨʝʜʤʝʪʘ, ʥʘʯʘʪʴ ʧʨʠʜʝʪʩʷ ʩ ʥʝʩʢʦʣʴʢʦ ʫʧʨʦʱʝʥʥʦʛʦ 
ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʠʟʥʘʥʥʦʡ ʦʩʥʦʚʳ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʤʘʪʠ-
ʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʟʘʤʢʥʫʪʦʡ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʵʢʦʥʦʤʠʢʠ ï 
ʤʦʜʝʣʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ 1950ʭ ʛʦʜʘʭ ʂ. ʕʨʨʦʫ ʠ ɼ. ɼʝʙʨʝ [13].
  

ʄʦʜʝʣʴ ʕʨʨʦʫ-ɼʝʙʨʝ  ʦʧʠʩʳʚʘʝʪ ʤʛʥʦʚʝʥʥʳʡ ʧʨʦʮʝʩʩ 
ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʥʘʙʦ-

ʨʘ ʧʨʦʜʫʢʪʦʚ T  ʢʦʥʝʯʥʳʤ ʯʠʩʣʦʤ ʘʛʝʥʪʦʚ, ʥʝʟʘʚʠʩʠʤʦ 

ʧʨʠʥʠʤʘʶʱʠʭ ʨʝʰʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʩʚʦʝʡ ʢʦʤʧʝʪʝʥʮʠʠ. ɸʛʝʥ-
ʪʳ ʜʝʣʷʪʩʷ ʥʘ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʧʨʠʯʝʤ ʧʦ-
ʪʨʝʙʠʪʝʣʠ ʪʨʘʢʪʫʶʪʩʷ ʢʘʢ ʬʠʟʠʯʝʩʢʠʝ ʣʠʮʘ, ʘ ʧʨʦʠʟʚʦʜʠʪʝʣʠ 
ï ʢʘʢ ʶʨʠʜʠʯʝʩʢʠʝ ʣʠʮʘ (ʬʠʨʤʳ), ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʜʦʣʝʚʦʡ 
ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʠ m M  ʟʘʥʠʤʘʶʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʝʦʙʨʘ-

ʟʫʶʪ ʦʜʥʠ ʧʨʦʜʫʢʪʳ ʚ ʜʨʫʛʠʝ. ɼʣʷ ʵʪʦʛʦ ʦʜʥʠ ʧʨʦʜʫʢʪʳ ʧʨʦʠʟ-
ʚʦʜʠʪʝʣʴ ʧʨʠʦʙʨʝʪʘʝʪ, ʘ ʜʨʫʛʠʝ ʦʪʜʘʝʪ ʚ ʦʙʤʝʥ ʥʘ ʧʨʠʦʙʨʝ-
ʪʝʥʥʳʝ. ʈʘʟʥʠʮʘ ʦʪʜʘʥʥʦʛʦ ʠ ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ  ʥʘʟʳ-

ʚʘʝʪʩʷ ʯʠʩʪʳʤʠ ʧʨʦʜʘʞʘʤʠ 
myT
. ʇʨʦʠʟʚʦʜʠʪʝʣʴ m M  ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʜʦʧʫʩʪʠʤʳʭ ʯʠʩʪʳʭ ʧʨʦʜʘʞ 
mY . 

ʉʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʘʞʜʳʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʧʣʘʥʠʨʫʝʪ ʪʘʢ, 
ʯʪʦʙʳ  ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʧʨʠʙʳʣʴ ʦʪ ʯʠʩʪʳʭ ʧʨʦʜʘʞ ʚ ʠʟ-

ʚʝʩʪʥʳʭ ʚʩʝʤ ʘʛʝʥʪʘʤ ʮʝʥʘʭ p  

 
m mp y

T

. (1.1) 

 

ʇʦʪʨʝʙʠʪʝʣʴ n N  ʧʨʠʦʙʨʝʪʘʝʪ ʠ ʧʦʪʨʝʙʣʷʝʪ ʧʨʦʜʫʢ-

ʪʦʚʳʡ ʥʘʙʦʨ 
ncT
, ʢʦʪʦʨʳʡ ʧʨʠʥʦʩʠʪ ʝʤʫ çʫʜʦʚʦʣʴʩʪʚʠʝè, ʠʟ-
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ʤʝʨʷʝʤʦʝ ʬʫʥʢʮʠʝʡ ʧʦʣʝʟʥʦʩʪʠ 
nU . ʂʨʦʤʝ ʬʫʥʢʮʠʡ ʧʦʣʝʟʥʦ-

ʩʪʠ ʧʦʪʨʝʙʠʪʝʣʠ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʥʘʯʘʣʴʥʳʤʠ ʟʘʧʘ-

ʩʘʤʠ ʧʨʦʜʫʢʪʘ 
nw  ʠ ʜʦʣʷʤʠ ʫʯʘʩʪʠʷ 0nm

, 1nm

n N

, ʟʘ-

ʜʘʶʱʠʤʠ ʯʘʩʪʴ ʧʨʠʙʳʣʠ ʬʠʨʤʳ m M , ʢʦʪʦʨʘʷ ʧʨʠʥʘʜʣʝ-

ʞʠʪ n -ʫ ʧʦʪʨʝʙʠʪʝʣʶ. ʉʪʦʠʤʦʩʪʴ ʧʦʪʨʝʙʣʝʥʥʦʛʦ ʧʨʦʜʫʢʪʦʚʦ-

ʛʦ ʥʘʙʦʨʘ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʝʛʦ ʜʦʭʦʜʦʚ ʦʪ ʧʨʦʜʘʞʠ ʟʘ-
ʧʘʩʘ ʠ ʧʨʠʯʠʪʘʶʱʝʡʩʷ ʝʤʫ ʧʨʠʙʳʣʠ ʬʠʨʤ  

 
n nm m n

m

p c p w
T M T

. (1.2) 

 
ɺ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʟʘʜʘʯʝ ʵʪʦ ʙʶʜʞʝʪʥʦʝ ʦʛʨʘ-

ʥʠʯʝʥʠʝ ʦʜʥʦ, ʠ  ʧʦʪʨʝʙʠʪʝʣʴ ʚʳʙʠʨʘʝʪ ʧʨʦʜʫʢʪʦʚʳʡ ʥʘʙʦʨ 
ncT

 ʠʟ ʙʶʜʞʝʪʥʦʛʦ ʤʥʦʞʝʩʪʚʘ 

 

n n n nm m n

m

B p c p c p wT T

T M T

 

 

ʥʘʠʣʫʯʰʠʡ ʚ ʩʤʳʩʣʝ ʚʝʣʠʯʠʥʳ ʝʛʦ ʧʦʣʝʟʥʦʩʪʠ  
n nU cT . 

 

ʈʘʚʥʦʚʝʩʠʝʤ ʚ ʤʦʜʝʣʠ ʥʘʟʳʚʘʝʪʩʷ ʥʘʙʦʨ , ,c y pN M

T T T  

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʫʩʣʦʚʠʷʤ:  

Á Argmaxn n n

n nc B p

c U cT T

T T

ʜʣʷ ʚʩʝʭ n N ,       (1.3) 

Á maxm m

t t

t
m my

y Arg p yT

TT Y
  ʜʣʷ ʚʩʝʭ m M ,   

Á ʜʣʷ ʚʩʝʭ t T  ʚʳʧʦʣʥʝʥ ʤʘʪʝʨʠʘʣʴʥʳʡ ʙʘʣʘʥʩ 
n m n

n m n

w y c
N M N

. (1.4) 
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ʇʦʩʣʝʜʥʝʝ ʥʝʨʘʚʝʥʩʪʚʦ ï ʫʩʣʦʚʠʝ ʨʘʚʥʦʚʝʩʠʷ ʩʧʨʦʩʘ ʥʘ ʧʨʦ-
ʜʫʢʪ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʧʨʦʜʫʢʪʘ ï ʥʝʷʚʥʦ ʦʧʨʝʜʝʣʷʝʪ ʨʘʚʥʦʚʝʩ-

ʥʳʝ ʮʝʥʳ pT
.  

 ɻʣʘʚʥʦʝ ʫʧʨʦʱʝʥʠʝ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʤʦʜʝʣʠ ʧʦ ʩʨʘʚ-
ʥʝʥʠʶ  ʩ ʠʩʭʦʜʥʦʡ [13] ï ʦʪʩʫʪʩʪʚʠʝ ʨʝʩʫʨʩʦʚ. ʈʝʩʫʨʩ  rï ʦʩʦ-
ʙʦʛʦ ʨʦʜʘ ʙʣʘʛʘ, ʥʘʯʘʣʴʥʳʝ ʟʘʧʘʩʳ ʢʦʪʦʨʳʭ ʠʤʝʶʪʩʷ ʪʦʣʴʢʦ ʫ 
ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʚʣʠʷʁʪ ʥʘ ʧʦʣʝʟʥʦʩʪʴ ʠʭ ʧʦʪʨʝʙʣʝʥʠʷ.  ʉ 
ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʨʝʩʫʨʩʳ ʥʝʦʙʭʦʜʠʤʳ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʜʣʷ 
ʩʦʟʜʘʥʠʷ ʧʨʦʜʫʢʪʘ. ʈʝʩʫʨʩʳ ʧʨʦʜʘʶʪʩʷ ʧʦ ʩʚʦʠʤ ʮʝʥʘʤ, ʧʨʠ-
ʯʝʤ ʦʧʣʘʯʠʚʘʝʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴ, ʘ ʚʳʨʫʯʢʘ 
ʦʪ ʧʨʦʜʘʞʠ ʠʜʝʪ ʠʭ ʚʣʘʜʝʣʴʮʫ, ʧʦʪʨʝʙʠʪʝʣʶ. ʎʝʥʳ ʥʘ ʨʝʩʫʨ-
ʩʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʨʘʚʥʦʚʝʩʠʷ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʥʘ ʨʝ-
ʩʫʨʩʳ. ʉʦʜʝʨʞʘʪʝʣʴʥʦ ʨʝʩʫʨʩʳ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ, ʯʘʱʝ ʚʩʝ-
ʛʦ, ʢʘʢ ʪʨʫʜ ʠ ʢʘʧʠʪʘʣ, ʧʨʠʯʝʤ ʢʘʧʠʪʘʣ ʧʦʥʠʤʘʝʪʩʷ ʚ ʩʤʳʩʣʝ 
ʦʩʥʦʚʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʦʥʜʦʚ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʩʥʦʚ-
ʥʳʝ ʬʦʥʜʳ ʧʨʠʥʘʜʣʝʞʘʪ ʧʦʪʨʝʙʠʪʝʣʷʤ-ʩʦʙʩʪʚʝʥʥʠʢʘʤ, ʢʦʪʦ-
ʨʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ, ʥʘʧʨʠʤʝʨ, ʥʘ ʧʨʘʚʘʭ 
ʘʨʝʥʜʳ.  

ʆʜʥʘʢʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʢʘʞʝʪʩʷ ʙʦʣʝʝ ʝʩʪʝʩʪ-
ʚʝʥʥʳʤ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʠʢʠ ʥʝ ʟʥʘʶʪ ʩʦʩʪʘʚʘ ʦʩʥʦʚʥʳʭ ʧʨʦʠʟ-
ʚʦʜʩʪʚʝʥʥʳʭ ʬʦʥʜʦʚ ʥʘ ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʠʤ ʧʨʝʜʧʨʠʷʪʠʷʭ. 
ʉʢʦʨʝʝ, ʩʦʙʩʪʚʝʥʥʠʢʠ ʫʧʨʘʚʣʷʶʪ ʬʠʨʤʘʤʠ ʥʘ ʫʨʦʚʥʝ ʬʠʥʘʥ-
ʩʦʚʳʭ ʦʧʝʨʘʮʠʡ, ʪʦʛʜʘ ʢʘʢ ʦʩʥʦʚʥʳʝ ʬʦʥʜʳ ʧʨʠʥʘʜʣʝʞʘʪ ʠ 
ʫʧʨʘʚʣʷʶʪʩʷ ʩʘʤʠʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤ. ʊʦʛʜʘ ʢʘʧʠʪʘʣ ʚʳʨʘʞʘʝʪ 
ʥʝ ʩʪʦʠʤʦʩʪʴ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ, ʘ ʦʮʝʥʢʫ ʩʪʦʠʤʦʩʪʠ ʧʨʘʚ ʩʦʙ-
ʩʪʚʝʥʥʠʢʘ ʥʘ ʧʦʣʫʯʝʥʠʝ ʯʘʩʪʠ ʧʨʠʙʳʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ.  

ɺʘʨʠʘʥʪ ʤʦʜʝʣʠ ʨʘʚʥʦʚʝʩʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʧʨʘʚʣʝʥʠʝ 
ʬʠʨʤʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʬʠʥʘʥʩʦʚ, ʠʟʣʦʞʝʥ ʥʠʞʝ ʚ 
ʨʘʟʜ. 1.4 ʠ 3. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʦʧʠʩʘʥʠʷ 
ʚʟʷʪʘ ʤʦʜʝʣʴ ʕʨʨʦʫ-ɼʝʙʨʝ ʙʝʟ ʨʝʩʫʨʩʦʚ. 

ʆʪʤʝʪʠʤ ʝʱʝ, ʯʪʦ ʠ ʚ ʤʦʜʝʣʠ ʕʨʨʦʫ-ɼʝʙʨʝ, ʠ ʚʦ ʚʩʝʭ 
ʦʧʠʩʳʚʘʝʤʳʭ ʥʠʞʝ ʥʝ ʘʚʪʦʨʩʢʠʭ ʤʦʜʝʣʷʭ ʚ ʠʩʭʦʜʥʳʭ ʬʦʨʤʫ-
ʣʠʨʦʚʢʘʭ ʬʠʛʫʨʠʨʫʝʪ ʥʝ ʬʫʥʢʮʠʷ ʧʦʣʝʟʥʦʩʪʠ, ʘ ʦʪʥʦʰʝʥʠʝ 
ʧʨʝʜʧʦʯʪʝʥʠʷ. ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʪʝʢʩʪʘ ʤʳ ʚʩʶʜʫ ʠʩʧʦʣʟɹʫʝʤ 
ʬʫʥʢʮʠʶ ʧʦʣʝʟʥʦʩʪʠ, ʥʦ ʧʦʜʯʝʨʢʠʚʘʝʤ, ʯʪʦ ʚʩʝ ʦʙʩʫʞʜʘʝ-
ʤʳʝ ʥʠʞʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʧʨʝʜʧʦʣʘʛʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ  
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ʩʨʘʚʥʠʚʘʪʴ ʚʝʣʠʯʠʥʳ ʧʦʣʝʟʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʘʛʝʥʪʦʚ 
ʤʝʞʜʫ ʩʦʙʦʡ.  

1.2 ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʚʥʦʚʝʩʠʷ ʠ ʟʘʢʦʥ ɺʘʣʴʨʘʩʘ 

ʈʘʚʥʦʚʝʩʠʝ ʚ ʤʦʜʝʣʠ ʕʨʨʦʫ-ɼʝʙʨʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 
ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ ʦ ʨʝʛʫʣʷʨʥʦʩʪʠ ʤʦʜʝʣʠ ʩʫʱʝʩʪʚʫʝʪ ʠ, ʢʘʢ 
ʧʨʘʚʠʣʦ, ʝʜʠʥʩʪʚʝʥʥʦ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʨʦʠʟʚʦʣʴʥʦʡ ʥʦʨʤʠ-
ʨʦʚʢʠ ʮʝʥ. ʕʪʦ ʨʘʚʥʦʚʝʩʠʝ ʦʙʣʘʜʘʝʪ ʚʘʞʥʝʡʰʠʤ ʩʚʦʡʩʪʚʦʤ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ: ʦʙʲʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʚ 
ʨʘʚʥʦʚʝʩʠʠ ʦʢʘʟʳʚʘʶʪʩʷ ʪʘʢʠʤʠ ʞʝ, ʢʘʢ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ 
ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ ï ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʤʘʢʩʠʤʠʟʘʮʠʠ ʚʟʚʝ-
ʰʝʥʥʦʡ ʩ ʥʝʢʠʤʠ ʚʝʩʘʤʠ ʩʫʤʤʳ ʧʦʣʝʟʥʦʩʪʠ ʧʦʪʨʝʙʠʪʝʣʝʡ  
 

,
max

m m n

n n n

y c
n

a U c
T T

T

N
Y

 (1.5) 

 
ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ (1.4). ʇʨʠ ʵʪʦʤ 
ʨʘʚʥʦʚʝʩʥʳʝ ʮʝʥʳ ʦʢʘʟʳʚʘʶʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ ʤʥʦʞʠ-
ʪʝʣʷʤ ʃʘʛʨʘʥʞʘ  ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ  (1.4) ʚ ʟʘʜʘʯʝ (1.5), ʘ ʚʝ-

ʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 
na  ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʯʘʣʴʥʳʤʠ ʟʘʧʘʩʘ-

ʤʠ 
nw  ʠ ʜʦʣʷʤʠ ʫʯʘʩʪʠʷ 

nm
. 

 ɺ ʨʘʚʥʦʚʝʩʠʠ (1.2) ʠ (1.4) ʦʙʨʘʱʘʶʪʩʷ ʚ ʨʘʚʝʥʩʪʚʘ, ʠ 
ʩʠʩʪʝʤʘ ʵʪʠʭ ʨʘʚʝʥʩʪʚ ʦʢʘʟʳʚʘʝʪʩʷ ʟʘʚʠʩʠʤʦʡ (ʟʘʢʦʥ ɺʘʣʴ-
ʨʘʩʘ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʮʝʥʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʦʣʴʢʦ ʩ ʪʦʯʥʦʩʪʴʶ 
ʜʦ ʤʥʦʞʠʪʝʣʷ, ʯʪʦ, ʢʘʢ ʤʳ ʫʚʠʜʠʤ, ʩʦʟʜʘʝʪ ʙʦʣʴʰʠʝ ʪʨʫʜʥʦ-
ʩʪʠ ʜʣʷ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʦʙʦʙʱʝʥʠʡ ʤʦʜʝʣʠ (ʩʤ. ʨʘʟʜ. 2.5). 

ɸʚʪʦʨ ʢʦʥʮʝʧʮʠʠ ʦʙʱʝʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 
ʃ. ɺʘʣʴʨʘʩ [44] ʦʪʤʝʪʠʣ, ʯʪʦ ʩʪʦʠʤʦʩʪʠ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ 
ʚ ʟʘʤʢʥʫʪʦʡ ʵʢʦʥʦʤʠʢʝ ʨʘʚʥʳ ʜʨʫʛ ʜʨʫʛʫ, ʧʦʩʢʦʣʴʢʫ ʜʦʭʦʜʳ 
ʘʛʝʥʪʦʚ ʦʙʨʘʟʫʶʪʩʷ ʠʟ ʨʘʩʭʦʜʦʚ ʜʨʫʛʠʭ ʘʛʝʥʪʦʚ ʠ ʥʘʦʙʦʨʦʪ1. 
ɺ ʙʦʣʝʝ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ 
ʢʨʝʜʠʪʦʚʘʥʠʷ, ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʠ ʵʤʠʩʩʠʠ, ʟʘʢʦʥ ɺʘʣʴʨʘʩʘ ʦʢʘ-
ʟʳʚʘʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʩʚʦʡʩʪʚʘ ʟʘʤʢʥʫ-

                                                 
1
 ˹ͦ ˶Φ ʕ ͊͡Έͪ͊ͫ ͔ͤ ͯ;͔͡Σ ;ͭͦ Ήͭͦ ͔͍ͭͦ͗͒ͫͭͦ ͔͔͒͊ͭ͡ ͍͙ͯͫͦ͡Ύ ͍͔͍ͪ͊ͤͫͭ͊ ͫͨͪͦͫ͊ ͙ 
͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ ͤ͊ ͔ͦͭ͒͡Έͤ·͔ ͍ͭͦ͊ͪ· ͍͙͙͊ͫͣ͘·͙ͣ όζͦ΄͙͋͊͟ ˤ͊͡Έͪ͊ͫ ͊ηύΦ  
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ʪʦʩʪʠ ʬʠʥʘʥʩʦʚʳʭ ʧʦʪʦʢʦʚ [49], ʠ ʩʚʦʙʦʜʘ ʤʘʩʰʪʘʙʠʨʦʚʘ-
ʥʠʷ ʮʝʥ ʚ ʢʘʢʦʡ-ʪʦ ʬʦʨʤʝ ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ ʚʩʝʭ ʫʩʣʦʞʥʝʥʠʷʭ 
ʤʦʜʝʣʠ ʨʘʚʥʦʚʝʩʠʷ. ʇʦʵʪʦʤʫ ʜʘʞʝ ʧʨʠ ʩʘʤʦʤ ʣʠʙʝʨʘʣʴʥʦʤ 
ʧʦʜʭʦʜʝ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʵʢʦʥʦʤʠʢʠ ʚ ʥʝʡ ʦʩʪʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 
ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʦʥʝʪʘʨʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ɺ ʵʢʦʥʦʤʠʯʝ-
ʩʢʦʡ ʪʝʦʨʠʠ ʵʪʫ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ʯʘʩʪʦ ʘʩʩʦʮʠʠʨʫʶʪ ʩʦ ʩʚʦ-
ʙʦʜʦʡ ʥʘʟʥʘʯʝʥʠʷ ʫʯʝʪʥʦʡ ʩʪʘʚʢʠ ʎʝʥʪʨʘʣʴʥʳʤ ʙʘʥʢʦʤ. 

1.3 ʈʘʮʠʦʥʘʣʴʥʳʝ ʦʞʠʜʘʥʠʷ ʢʘʢ ʧʨʠʥʮʠʧ 
ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ 

ʈʘʚʥʦʚʝʩʠʝ (1.3) - (1.4) ï ʩʪʘʪʠʯʝʩʢʦʝ. ʆʥʦ ʦʧʠʩʳʚʘʝʪ 
ʧʦʚʝʜʝʥʠʝ ʘʛʝʥʪʦʚ ʚ ʢʘʢʦʡ-ʪʦ ʠʟʦʣʠʨʦʚʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝ-
ʥʠ ʠʣʠ ʚ ʩʪʨʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʤ ʧʨʦʮʝʩʩʝ, ʢʦʛʜʘ ʮʝʥʳ ʥʝ ʪʦʣʢɹʦ 
ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ, ʥʦ ʠ ʩʘʤʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʟ-
ʤʝʥʝʥʠʷ ʘʛʝʥʪʘʤʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ. ɺ ʪʘʢʦʤ ʦʛʨʘʥʠʯʝʥʥʦʤ 
ʩʤʳʩʣʝ ʢʦʥʩʪʨʫʢʮʠʷ ʥʝ ʚʳʟʳʚʘʝʪ ʥʘʨʝʢʘʥʠʡ. ɽʩʣʠ ʞʝ ʧʦʧʳ-
ʪʘʪʴʩʷ ʧʦʩʪʨʦʠʪʴ ʧʦ ʩʭʝʤʝ ʕʨʨʦʫ-ɼʝʙʨʝ ʜʠʥʘʤʠʯʝʩʢʫʶ ʤʦ-
ʜʝʣʴ, ʪʦ ʥʝʤʝʜʣʝʥʥʦ ʚʦʟʥʠʢʥʝʪ ʦʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʧʦ-
ʩʪʨʦʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʵʢʦʥʦʤʠʢʠ ʚʦʦʙʱʝ. ɺ ʜʠʥʘ-
ʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʘʛʝʥʪʘ ʜʦʣʞʥʘ ʟʘʚʠʩʝʪɹ 
ʦʪ ʙʫʜʫʱʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʅʦ, ʯʪʦʙʳ ʧʣʘʥʠ-
ʨʦʚʘʪʴ ʵʪʫ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʘʛʝʥʪ ʜʦʣʞʝʥ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʙʫʜʫ-
ʠɦʝ ʮʝʥr. ɺʦʟʥʠʢʘʝʪ ʧʘʨʘʜʦʢʩ: ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 
ʤʦʜʝʣʠ ʩʪʨʦʷʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʤʦʯʴ ʘʛʝʥʪʘʤ ʧʨʦʛʥʦʟʠʨʦ-
ʚʘʪʴ ʮʝʥ,r ʘ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʥʫʞʥʦ 
ʟʥʘʪʴ, ʢʘʢ ʘʛʝʥʪʳ ʜʝʣʘʶʪ ʵʪʠ ʧʨʦʛʥʦʟʳ.  

ɼʣʷ ʨʘʜʠʢʘʣʴʥʦʛʦ ʧʨʝʦʜʦʣʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʧʘʨʘʜʦʢʩʘ 
ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʧʨʠʥʮʠʧ ʨʘʮʠʦʥʘʣʴʥʳʭ ʦʞʠʜʘʥʠʡ [19, 24]. 
ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʝʨʚʳʤ, ʢʪʦ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʛʠʧʦʪʝʟʳ, ʣʝʞʘ-
ʱʠʝ ʚ ʝʛʦ ʦʩʥʦʚʝ, ʙʳʣ J. Muth [30]. ɽʛʦ ʠʜʝʷ ʙʳʣʘ ʧʦʜʭʚʘʯʝʥʘ 
ʠ ʧʨʠʤʝʥʝʥʘ ʢ ʙʦʣʴʰʦʤʫ ʩʧʝʢʪʨʫ ʤʦʜʝʣʝʡ ʈ. ʃʫʢʘʩʦʤ.  ɺ 
1970-1980ʭ ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ʨʘʥʝʝ ʬʦʨʤʘʣʴʥʳʝ ʩʭʝʤʳ ʦʧʠ-
ʩʘʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʘʚʥʦʚʝʩʠʡ ʥʘʧʦʣʥʠʣʠʩʴ ʥʦʚʳʤ ʩʦʜʝʨ-
ʞʘʥʠʝʤ ʠ ʧʦʜʚʝʨʛʣʠʩʴ ʛʣʫʙʦʢʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ [24, 53], ʚ ʨʝ-
ʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʠʥʮʠʧ ʨʘʮʠʦʥʘʣʴʥʳʭ ʦʞʠʜʘʥʠʡ ʩʪʘʣ ʫʞʝ ʧʨʠ-
ʟʥʘʥʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʥʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʬʦʨ-
ʤʠʨʦʚʘʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʧʦʥʷʪʠ ̫ ʨʘʮʠʦʥʘʣʴʥʳʭ 
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ʦʞʠʜʘʥʠʡ ï ʚ ʩʠʣʴʥʦʡ, ʩʣʘʙʦʡ ʬʦʨʤʝ ʠ ʬʦʨʤʝ ʧʦʣʥʦʛʦ ʧʨʝʜ-
ʚʠʜʝʥʠ.̫  

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ 
,t hI  ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʤʥʦʞʝʩʪʚʦ, 

ʜʦʩʪʫʧʥʦʝ ʘʛʝʥʪʫ h  ʚ ʢʦʥʮʝ ʧʝʨʠʦʜʘ t. ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ 
ʤʥʦʞʝʩʪʚʦ ʦʙʨʘʟʫʶʪ ʠʟʚʝʩʪʥʳʝ (ʥʘʙʣʶʜʘʝʤʳʝ) ʘʛʝʥʪʫ ʟʥʘʯʝ-

ʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʇʫʩʪʴ 
,t h t kE u  ï  ʩʫʙʲʝʢ-

ʪʠʚʥʦʝ ʦʞʠʜʘʥʠʝ (ʧʨʦʛʥʦʟ), ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʘʛʝʥʪʦʤ h  ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʠʤʝʪ ʧʝʨʝʤʝʥʥʘʷ u  ʚ ʧʝʨʠ-

ʦʜ ʚʨʝʤʝʥʠ , 1t k k . ʇʫʩʪʴ ʪʘʢʞʝ ,t k t hu IE  ï  ʦʙʲʝʢʪʠʚ-

ʥʦʝ, ʪ.ʝ. ʚʳʯʠʩʣʝʥʥʦʝ ʚ ʩʠʣʫ ʤʦʜʝʣʠ, ʩʚʷʟʳʚʘʶʱʝʡ, ʚ 
ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʨʝʰʝʥʠʷ ʚʩʝʭ ʘʛʝʥʪʦʚ, ʦʞʠʜʘʥʠʝ ʟʥʘʯʝ-

ʥʠʷ 
t ku  ʧʨʠ ʫʩʣʦʚʠʠ 

,t hI  (ʯʝʨʝʟ E ʟʜʝʩʴ ʦʙʦʟʥʘʯʝʥ ʦʧʝʨʘʪʦʨ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ). ʆʙʲʝʢʪʠʚʥʦʝ ʠ ʩʫʙʲʝʢʪʠʚʥʦʝ 
ʦʞʠʜʘʥʠʷ ʤʦʛʫʪ ʥʝ ʩʦʚʧʘʜʘʪʴ ʚʚʠʜʫ ʦʰʠʙʢʠ ʥʘʙʣʶʜʝʥʠʷ ʠʣʠ 

ʧʨʝʜʥʘʤʝʨʝʥʥʦʛʦ ʦʪʢʘʟʘ ʘʛʝʥʪʘ ʦʪ ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
,t hI  

ʚ ʩʠʣʫ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʠʯʠʥ. ɻʦʚʦʨʷʪ, ʯʪʦ ʘʛʝʥʪ h  ʦʙʣʘʜʘʝʪ ʨʘ-

ʮʠʦʥʘʣʴʥʳʤʠ ʦʞʠʜʘʥʠʷʤʠ ʚ ʩʣʘʙʦʡ ʬʦʨʤʝ ʚ ʦʪʥʦʰʝʥʠʠ 

t ku , ʝʩʣʠ  

 

, , ,t h t k t k t h t hE u u IE , ʛʜʝ 
, , 0t h t hIE .  (1.6) 

 
ɸʛʝʥʪ ʦʙʣʘʜʘʝʪ ʨʘʮʠʦʥʘʣʴʥʳʤʠ ʦʞʠʜʘʥʠʷʤʠ ʚ ʩʠʣɹ-

ʥʦʡ ʬʦʨʤʝ, ʝʩʣʠ ʘʛʝʥʪ ʦʙʣʘʜʘʝʪ ʨʘʮʠʦʥʘʣʴʥʳʤʠ ʦʞʠʜʘʥʠʷʤ 
ʚ ʩʣʘʙʦʡ ʬʦʨʤʝ ʠ ʝʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʥʘ ʢʦʥʝʮ 
ʧʝʨʠʦʜʘ t  ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ: 

Á ʇʦʜʣʠʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʫʨʘʚʥʝʥʠʡ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʧʝ-
ʨʝʤʝʥʥʳʭ ʤʦʜʝʣʠ, ʚʢʣʶʯʘʷ ʧʨʘʚʠʣʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ 
ʚʩʝʭ ʜʨʫʛʠʭ ʘʛʝʥʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʡ-
ʩʪʚʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʞʠʜʘʥʠʡ 

Á ʇʦʜʣʠʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʵʢʟʦʛʝʥ-
ʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʤʦʜʝʣʠ 
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Á ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚʩʝʭ ʵʢʟʦʛʝʥʥʳʭ ʩʣʫʯʘʡ-
ʥʳʭ ʚʝʣʠʯʠʥ 

Á ʈʝʘʣʠʟʦʚʘʚʰʠʝʩʷ ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʵʥʜʦʛʝʥʥʳʭ ʚʝʣʠʯʠʥ, 
ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʤʦʜʝʣʠ ʥʘ ʢʦʥʝʮ ʧʝʨʠʦʜʘ t  

 
ʇʦ ʩʫʪʠ ʜʝʣʘ, ʨʝʯʴ ʠʜʝʪ ʦ ʪʦʤ, ʯʪʦ ʘʛʝʥʪ ʤʦʞʝʪ ʧʨʦʚʝʩʪʠ 

ʨʘʩʯʝʪʳ ʧʦ ʤʦʜʝʣʠ, ʜʝʣʘʷ ʨʘʟʣʠʯʥʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʥʝ-
ʥʘʙʣʶʜʘʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ (ʥʘʧʨʠʤʝʨ, ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦ̫ -
ʥʠʭ̫ ʜʨʫʛʠʭ ʘʛʝʥʪʦʚ). ʉʦʧʦʩʪʘʚʠʚ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʦ 
ʟʥʘʯʝʥʠʷʤʠ ʥʘʙʣʶʜʘʝʤʳʭ ʧʝʨʝʤʝʥʥʳʤʠ (ʥʘʧʨʠʤʝʨ, ʨʳʥʦʯ-
ʥʳʤʠ ʮʝʥʘʤʠ)  ʠ ʦʪʦʙʨʘʚ ʩʦʛʣʘʩʫʶʱʠʝʩʷ ʩ ʥʠʤʠ ʛʠʧʦʪʝʟʳ ʦ 
ʥʝʥʘʙʣʶʜʘʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʘʛʝʥʪ ʜʦʣʞʝʥ ʧʦʣʫʯʠʪʴ ʦʜʥʦ-
ʟʥʘʯʥʳʡ ʧʨʦʛʥʦʟ ʪʝʭ ʧʝʨʝʤʝʥʥʳʭ (ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ), ʢʦʪʦ-
ʨʳʝ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʚʣʠʷʶʪ ʥʘ ʝʛʦ ʨʝʰʝʥʠʝ, ʙʝʟ ʩʠʩʪʝʤʘ-
ʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ (ʩʤ. (1.6)). 
ʕʪʦ, ʢʦʥʝʯʥʦ, ʦʯʝʥʴ ʩʠʣʴʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʢ ʤʦʜʝʣʠ. ʇʦ-

ʵʪʦʤʫ ʚʚʦʜʠʪʩʷ ʝʱʝ ʦʜʠʥ ʫʨʦʚʝʥʴ çʨʘʮʠʦʥʘʣʴʥʦʩʪʠ ʦʞʠʜʘ-
ʥʠʡè.  

ɸʛʝʥʪ ʦʙʣʘʜʘʝʪ ʧʦʣʥʳʤ ʧʨʝʜʚʠʜʝʥʠʝʤ, ʝʩʣʠ ʦʥ ʦʙʣʘ-
ʜʘʝʪ ʨʘʮʠʦʥʘʣʴʥʳʤʠ ʦʞʠʜʘʥʠʷʤʠ ʚ ʩʠʣʴʥʦʡ ʬʦʨʤʝ ʠ   

 

,t h t k t kE u u . 

 
ʅʘʩʢʦʣʴʢʦ ʤʦʞʥʦ ʩʫʜʠʪʴ, ʧʨʠ ʧʫʥʢʪʫʘʣʴʥʦʤ ʩʣʝʜʦʚʘʥʠʠ 

ʵʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʤʦʜʝʣʴ ʩʥʘʯʘʣʘ ʠʟʫʯʘʶʪ ʚ ʧʨʝʜʧʦʣʦʞʝ-
ʥʠʠ ʧʦʣʥʦʛʦ ʧʨʝʜʚʠʜʝʥʠʷ, ʢʦʪʦʨʦʝ ʦʙʳʯʥʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʟʥʘ-
ʥʠʝ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʣʥʦʛʦ ʨʘʩʯʝʪʘ, ʘ 
ʟʘʪʝʤ ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴʶ ʨʘʮʠʦʥʘʣʴ-
ʥʳʭ ʦʞʠʜʘʥʠʡ ʚ ʩʠʣʴʥʦʡ ʬʦʨʤʝ. ʊ.ʝ. ʥʘʙʣʶʜʝʥʠʷ ʪʝʢʫʱʠʭ 
ʟʥʘʯʝʥʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʜʦʩʪʫʧʥʳʭ ʘʛʝʥʪʫ, 
ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʨʠʥʷʪʠʷ ʪʦʛʦ ʨʝʰʝʥʠʷ, ʢʦ-
ʪʦʨʦʝ ʧʦʣʫʯʘʝʪʩʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʧʦʣʥʦʛʦ ʧʨʝʜʚʠʜʝʥʠʷ [37]. 

ɺʧʨʦʯʝʤ, ʪʘʢʘʷ ʧʫʥʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʨʝʜʢʦ, ʜʘ ʠ 
ʩʘʤʠ ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝ ʩʣʠʰʢʦʤ ʩʪʨʦʛʠ ʠ 
ʠʩʯʝʨʧʳʚʘʶʱʠ. ʆʙʳʯʥʦ, ʩʩʳʣʘʷʩʴ ʥʘ ʧʨʠʥʮʠʧ ʨʘʮʠʦʥʘʣʥɹʳʭ 
ʦʞʠʜʘʥʠʡ, ʧʨʝʜʧʦʣʘʛʘʶʪ ʧʨʦʩʪʦ, ʯʪʦ ʘʛʝʥʪʳ ʦʙʣʘʜʘʶʪ ʪʦʯ-
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ʥʳʤ ʧʨʦʛʥʦʟʦʤ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʠʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 
ʧʝʨʝʤʝʥʥʳʭ ʥʘ ʪʦʪ ʧʝʨʠʦʜ, ʥʘ ʢʦʪʦʨʳʡ ʦʥʠ ʧʣʘʥʠʨʫʶʪ 
ʜʝʷʪʝʣʥɹʦʩʪʴ. ʅʠʞʝ ʤʳ ʪʘʢ  ʠ ʙʫʜʝʤ ʨʘʩʩʫʞʜʘʪʴ. 

ɿʜʝʩʴ, ʧʨʘʚʜʘ, ʚʘʞʥʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʧʫʥʢʪ ʦ ʟʥʘ-
ʥʠʠ ʤʦʜʝʣʠ ʠ ʦ ʩʦʛʣʘʩʠʠ ʩ ʥʝʡ. ɽʩʣʠ ʚ ʤʦʜʝʣʠ ʘʛʝʥʪ ʧʦʩʪʘʚ-
ʣʝʥ ʚ ʧʦʣʦʞʝʥʠʝ ʘʛʝʥʪʘ, ʧʨʠʥʠʤʘʶʱʝʛʦ ʮʝʥʳ ʢʘʢ ʜʘʥʥʦʩʪʴ (ʚ 
ʫʩʣʦʚʠʷ ʩʚʦʙʦʜʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ), ʪʦ ʨʘʩʯʝʪ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ 
ʧʦʣʥʦʛʦ ʧʨʝʜʚʠʜʝʥʠʷ ʦʥ ʜʦʣʞʝʥ ʚʝʩʪʠ, ʥʝ ʧʳʪʘ̫ ʩʴ  ʫʧʨʘʚʣʷʪʴ 
ʮʝʥʦʡ ʢʘʢ ʤʦʥʦʧʦʣʠʩʪ, ʟʥʘʶʱʠʡ ʥʘʤʝʨʝʥʠʷ ʢʦʥʪʨʘʛʝʥʪʦʚ. ʕʪʦ 
ʩʘʤʦʦʛʨʘʥʠʯʝʥʠʝ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ ʯʠʩʪʦʡ ʩʦʬʠʩʪʠʢʦʡ, ʠ ʦʥʦ 
ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʙʫʜʝʪ ʪʘʢʦʚʦʡ, ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʚʟʘʠʤʦʜʝʡ-
ʩʪʚʠʠ ʜʚʫʭ-ʪʨʝʭ ʣʠʮ.  ʅʦ ʧʦʢʘʟʘʪʝʣʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʢʦʥʲʶʥʢ-
ʪʫʨʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʝʡʩʪʚʠʷʤʠ ʤʘʢʨʦʘʛʝʥʪʦʚ [41], ʪ. ʝ. 
ʛʨʫʧʧʘʤʠ ʠʟ ʤʠʣʣʠʦʥʦʚ ʩʫʙʲʝʢʪʦʚ, ʠʩʧʦʣʥʷʶʱʠʭ ʩʭʦʜʥʳʝ ʨʦ-
ʣʠ ʚ ʵʢʦʥʦʤʠʢʠ, ʥʝ ʧʦʜʦʟʨʝʚʘʶʱʠʭ ʜʘʞʝ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ 
ʜʨʫʛ ʜʨʫʛʘ. ʄʘʢʨʦʘʛʝʥʪʳ ʥʝ ʦʙʣʘʜʘʶʪ ʨʝʬʣʝʢʩʠʝʡ, ʠ ʜʣʷ ʦʜ-
ʥʦʛʦ ʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʭ ʩʫʙʲʝʢʪʦʚ, ʨʘʩʩʯʠʪʳʚʘʶʱʝʛʦ ʧʨʦ-
ʛʥʦʟ ʧʦ ʤʦʜʝʣʠ, ʧʦʣʦʞʝʥʠʝ çʚʩʝ ʟʥʘʝʪ, ʥʦ ʧʦʚʣʠʷʪʴ ʥʝ ʤʦ-
ʞʝʪè ʦʯʝʥʴ ʝʩʪʝʩʪʚʝʥʥʦ.  

ʇʨʠʥʮʠʧ ʨʘʮʠʦʥʘʣʴʥʳʭ ʦʞʠʜʘʥʠʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ 
ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʛʝʥʪ ʤʦʞʝʪ ʠ ʜʦʣʞʝʥ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʝʶʱʫʶʩʷ ʫ ʥʝʛʦ ʠʥʬʦʨʤʘʮʠʶ, ʧʦʵʪʦʤʫ ʥʝʣʴ-
ʟʷ ʩʯʠʪʘʪʴ, ʯʪʦ ʨʝʘʣʴʥʦ ʜʝʡʩʪʚʫʶʱʠʝ ʚ ʵʢʦʥʦʤʠʢʝ ʘʛʝʥʪʳ 
ʛʣʫʧʝʝ ʪʝʭ, ʢʪʦ ʩʪʨʦʠʪ ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʢʦʥʦʤʠʢʠ. 
ʇʦʯʝʤʫ ʘʛʝʥʪʳ ʚ ʩʚʦʠʭ ʧʨʦʛʥʦʟʘʭ ʜʦʣʞʥʳ ʧʦʣʴʟʦʚʘʪʴʩʷ ʤʦ-
ʜʝʣʷʤʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʩʢʘʟʘʥʥʳʝ ʘʛʝʥʪʘʤʠ ʟʥʘʯʝʥʠʷ ʥʝ ʩʦʚ-
ʧʘʜʫʪ ʩ ʨʝʘʣʠʟʫʶʱʠʤʠʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ? ɽʩʣʠ ʘʛʝʥʪʘʤ ʧʨʝʜ-
ʩʪʘʚʠʪʴ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʛʥʦʟʠʨʫʝʤʦʝ ʟʥʘʯʝʥʠʝ ʩʦʚʧʘ-
ʜʘʝʪ ʩ ʨʝʘʣʠʟʦʚʘʚʰʠʤʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ, ʪʦ, ʫʚʠʜʝʚ ʝʝ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʴ, ʦʥ ʩʪʘʥʝʪ ʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ. ʇʦʵʪʦʤʫ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ 
ʧʨʠʥ̫ʪʠʷ ʧʨʠʥʮʠʧʘ ʨʘʮʠʦʥʘʣʴʥʳʭ ʦʞʠʜʘʥʠʡ ʚ ʩʘʤʦʡ ʩʠʣʴʥʦʡ 
ʬʦʨʤʝ (ʧʦʣʥʦʝ ʧʨʝʜʚʠʜʝʥʠʝ), ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʧʨʠʥʷʪʴ 
ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʧʨʦʛʥʦʟʦʚ ʘʛʝʥ-
ʪʦʚ, ʪ.ʝ. ʚ ʨʘʚʥʦʚʝʩʠʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ  ʠʥ-
ʬʦʨʤʘʮʠʦʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʢʘʢʠʝ ʠ ʦʞʠʜʘʣʠ ʫʚʠʜʝʪʴ ʘʛʝʥʪʳ. 
ʄʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʠ ʤʝʥʝʝ ʩʪʨʦʛʫʶ, ʥʦ ʙʦʣʝʝ ʢʦʨʦʪʢʫʶ ʬʦʨ-
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ʤʫʣʠʨʦʚʢʫ: ʘʛʝʥʪʳ ʚ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʨʦʛʥʦʟʘ ʪʫ 
ʩʘʤʫʶ ʤʦʜʝʣʴ, ʢʦʪʦʨʫʶ ʤʳ ʩʪʨʦʠʤ. 

ʂʘʢ ʦʪʤʝʯʘʶʪ ʢʨʠʪʠʢʠ ʧʨʠʥʮʠʧʘ ʨʘʮʠʦʥʘʣʴʥʳʭ ʦʞʠʜʘ-
ʥʠʡ, ʚ ʩʣʫʯʘʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʦʞʠʜʘʥʠʡ ʚ ʩʠʣʴʥʦʡ ʬʦʨʤʝ ʢʘʞ-
ʜʳʡ ʘʛʝʥʪ ʥʘʩʪʦʣʴʢʦ ʤʥʦʛʦ ʟʥʘʝʪ ʦʙ ʵʢʦʥʦʤʠʢʝ, ʩʢʦʣʴʢʦ ʧʦ-
ʨʦʶ ʥʝ ʧʦʜ ʩʠʣʫ ʟʥʘʪʴ ʵʢʩʧʝʨʪʫ, ʩʦʩʪʘʚʣʷʶʱʝʤʫ ʤʦʜʝʣʴ. ʇʦ-
ʵʪʦʤʫ ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʘʤ ʈ. ʃʫʢʘʩ ʥʝ ʧʨʝʜʧʦʣʘʛʘʣ, ʯʪʦ ʚ 
ʨʝʘʣʴʥʦʩʪʠ ʘʛʝʥʪʳ ʩʧʦʩʦʙʥʳ ʧʨʝʜʚʠʜʝʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʩʮʝ-
ʥʘʨʠʠ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ, ʪ.ʝ., ʯʪʦ ʦʥʠ ʦʙʣʘʜʘʶʪ ʚʩʝʤʠ ʪʝʤʠ 
ʦʙʰʠʨʥʳʤʠ ʟʥʘʥʠʷʤʠ, ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʠʥ-
ʮʠʧʘ ʨʘʮʠʦʥʘʣʴʥʳʭ ʦʞʠʜʘʥʠʡ. ʆʥ ʣʠʰʴ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ, 
ʚʦʟʤʦʞʥʦ, ʝʩʪʴ ʥʝʢʦʪʦʨʳʝ ʤʝʭʘʥʠʟʤʳ, ʦʙʫʯʘʶʱʠʝ ʧʨʘʚʠʣʘ, 
ʢʦʪʦʨʳʤʠ ʧʦʣʴʟʫʶʪʩʷ ʘʛʝʥʪʳ, ʠ ʨʝʟʫʣʴʪʘʪʦʤ ʯʝʛʦ ʷʚʣʝ̫ʪʩʷ 
ʧʨʠʥʮʠʧ ʨʘʮʠʦʥʘʣʴʥʳʭ ʦʞʠʜʘʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʶ ʪʘʢʠʭ ʤʝʭʘ-
ʥʠʟʤʦʚ ʧʦʩʚʷʱʝʥʘ ʦʙʰʠʨʥʘʷ ʣʠʪʝʨʘʪʫʨʘ, ʥʘʧʨʠʤʝʨ [35].  

ɿʜʝʩʴ ʝʱʝ ʨʘʟ ʫʤʝʩʪʥʦ ʚʩʧʦʤʥʠʪʴ ʦʙ ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ  
ʤʘʢʨʦʘʛʝʥʪʘʭ. ɺ ɻʪʠʭ ʙʦʣʴʰʠʭ ʛʨʫʧʧʘʭ ʩʫʙʲʝʢʪʦʚ ʜʝʡʩʪʚʫʶʪ 
ʤʝʭʘʥʠʟʤʳ ʢʦʥʢʫʨʝʥʮʠʠ, ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʠ ʧʦʜʨʘʞʘʥʠʷ, ʢʦʪʦ-
ʨʳʝ ʤʦʛʫʪ ʚʳʨʘʙʦʪʘʪʴ ʫ ʛʨʫʧʧʳ ʚ ʮʝʣʦʤ ʧʦʚʝʜʝʥʠʝ ʙʦʣʝʝ ʨʘ-
ʮʠʦʥʘʣʴʥʦʝ, ʯʝʤ ʫ ʢʘʞʜʦʛʦ ʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʝ ʠʥʜʠʚʠʜʦʚ 
[50].  

ɼʘʣʝʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʪʠʧʦʚʳʝ ʠ ʘʚʪʦʨʩʢʠʝ ʤʦʜʝʣʠ, ʙʘ-
ʟʠʨʫʶʱʠʝʩʷ ʥʘ ʧʨʠʥʮʠʧʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʦʞʠʜʘʥʠʡ, ʠ ʧʦʢʘʞʝʤ 
ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʠʭ ʤʦʜʝʣʝʡ. 

 

1.4 ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʤʝʞʚʨʝʤʝʥʥʦʛʦ 
ʨʘʚʥʦʚʝʩʠʷ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʢʘʧʠʪʘʣʦʤ 

ʂʘʢ ʪʦʣʴʢʦ ʤʳ ʧʨʠʥʠʤʘʝʤ ʧʨʠʥʮʠʧ ʨʘʮʠʦʥʘʣʴʥʳʭ ʦʞʠ-
ʜʘʥʠʡ, ʬʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʦʜʝʣʠ ʕʨʨʦʫ-ɼʝʙʨʝ ʥʘ 
ʦʧʠʩʘʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʥʘ ʢʦʥʝʯʥʦʤ ʯʠʩʣʝ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʳʭ ʧʝʨʠʦʜʦʚ ʚʨʝʤʝʥʠ 1,...,TT  ʩʪʘʥʦʚʠʪʩʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʳʤ. ʅʫʞʥʦ ʧʨʦʩʪʦ ʩʯʠʪʘʪʴ ʦʜʠʥ ʠ ʪʦʪ ʞʝ 
ʧʨʦʜʫʢʪ, ʧʨʦʠʟʚʝʜʝʥʥʳʡ ʠʣʠ ʧʦʪʨʝʙʣʝʥʥʳʡ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜr  
ʚʨʝʤʝʥʠ, ʨʘʟʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʘ ʭʨʘʥʝʥʠʝ ʧʨʦʜʫʢʪʘ ï ʧʨʦʠʟ-
ʚʦʜʩʪʚʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʧʨʝʚʨʘʱʘʶʱʠʤ ʩʝʛʦʜʥʷʰʥʠʡ ʧʨʦ-
ʜʫʢʪ ʚ ʟʘʚʪʨʘʰʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʤʦʜʝʣʴ ʤʝʞʚʨʝ-
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ʤʝʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ [52, 46]. ʇʨʠ ɻʪʦʤ ʚʩʝ ʬʦʨʤʫʣʠʨʦʚʢʠ 
ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʟʜ. 1.1. ʦʩʪʘʶʪʩʷ ʚ ʩʠʣʝ. ʅʫʞʥʦ ʪʦʣʴʢʦ 

ʩʯʠʪʘʪʴ T  ʤʥʦʞʝʩʪʚʦʤ ʧʝʨʠʦʜʦʚ ʚʨʝʤʝʥʠ, ʘ ʧʝʨʝʤʝʥʥʳʝ 

ʤʦʜʝʣʠ , ,c y pN M

T T T  ï ʚʝʢʪʦʨʘʤʠ, ʢʦʤʧʦʥʝʥʪʳ ʢʦʪʦʨʳʭ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ ʧʨʦʜʫʢʪʦʚ. ʄʥʦʞʝʩʪʚʘ 
mY  ʩʪʘ-

ʥʦʚʷʪʩʷ ʤʥʦʞʝʩʪʚʘʤʠ ʜʦʧʫʩʪʠʤʳʭ ʪʨʘʝʢʪʦʨʠʡ ʨʘʟʚʠʪʠʷ ʧʨʦ-
ʠʟʚʦʜʩʪʚʘ, ʚʢʣʶʯʘʶʱʠʭ ʦʧʠʩʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʨʝʟʫʣʴʪʘ-
ʪʦʚ ʠʥʚʝʩʪʠʮʠʡ ʚ ʦʩʥʦʚʥʳʝ ʠ ʦʙʦʨʦʪʥʳʝ ʬʦʥʜʳ. çʅʘʯʘʣʴʥʳʝ 

ʟʘʧʘʩʳè 
nw   ʦʧʠʩʳʚʘʶʪ ʪʝʧʝʨʴ ʩʧʦʥʪʘʥʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʧʨʦ-

ʜʫʢʪʘ ʠʟ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʥʘʧʨʠʤʝʨ, ʤʘʥʥʳ ʥʝʙʝʩʥʦʡ).  
ɺʧʨʦʯʝʤ, ʠ ʧʦʩʣʝ ʪʘʢʦʡ ʧʝʨʝʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʤʦʜʝʣʴ ʦʩ-

ʪʘʝʪʩʷ ʩʪʘʪʠʯʥʦʡ. ʄʳ ʥʝ ʤʦʞʝʤ ʧʨʦʜʚʠʛʘʪʴʩʷ ʚ ʥʝʡ ʧʦ ʚʨʝ-
ʤʝʥʠ ʰʘʛ ʟʘ ʰʘʛʦʤ, ʧʦʩʢʦʣʴʢʫ ʢʦʥʝʮ ʨʘʚʥʦʚʝʩʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, 

ʦʪʚʝʯʘʶʱʝʡ ʢʦʥʮʫ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ,...,t T T , ʥʝ 

ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝʤ ʥʠʢʘʢʦʡ ʘʥʘʣʦʛʠʯʥʦʡ ʟʘʜʘʯʠ. ʇʦʜʭʦʜ ʢ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʤʦʜʝʣʠ ʤʝʞʚʨʝʤʝʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʕʨʨʦʫ-
ɼʝʙʨʝ ʚ ʜʠʥʘʤʠʯʝʩʢʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʙʳʣ ʧʨʝʜʣʦʞʝʥ 
ʀ.ɻ. ʇʦʩʧʝʣʦʚʳʤ ʚ [51]. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʜʠʚʠʜʝʥʜʳ 
nm m

 ʧʦʪʨʝʙʠʪʝʣʶ ʧʦ-

ʩʪʫʧʘʶʪ ʯʘʩʪʷʤʠ, ʨʘʟʜʝʣʝʥʥʳʤʠ ʚʦ ʚʨʝʤʝʥʠ  
 

nm m nm

t

t T

. 

 

ʊʦʛʜʘ ʠʟʤʝʥʝʥʠʝ ʯʠʩʪʳʭ ʩʙʝʨʝʞʝʥʠʡ ʘʛʝʥʪʦʚ 
t

N M
 

ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʷʤʠ 
 

1

n n nm n

t t t t t

m

p c
M

,  n N  

 

1

m m nm m

t t t t t

n

p y
N

.      m M  
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ʉʙʝʨʝʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʨʘʩʪʫʪ ʟʘ ʩʯʝʪ ʜʠʚʠʜʝʥʜʦʚ 
nm

t

m M

 ʠ ʫʤʝʥʴʰʘʶʪʩʷ ʧʨʠ ʧʦʢʫʧʢʝ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʧʨʦʜʫʢʪʘ 

n

tc . ʋ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʩʙʝʨʝʞʝʥʠʷ ʨʘʩʪʫʪ ʟʘ ʩʯʝʪ ʯʠʩʪʳʭ ʧʨʦ-

ʜʘʞ 
m

ty  ʠ ʫʤʝʥʴʰʘʶʪʩʷ ʧʨʠ ʚʳʧʣʘʪʝ ʜʠʚʠʜʝʥʜʦʚ 
nm

t

n N

. ʇʦ-

ʣʦʞʠʪʝʣʴʥʦʩʪ ɹʯʠʩʪʳʭ ʩʙʝʨʝʞʝʥʠʡ çʧʦ ʜʦʨʦʛʝè ʥʝ ʧʨʝʜʧʦʣʘ-
ʛʘʝʪʩʷ, ʥʦ ʪʨʝʙʫʝʪʩʷ ʠʭ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ ʚ ʢʦʥʮʝ. ʆʪʨʠʮʘ-
ʪʝʣʴʥʳʝ ʯʠʩʪʳʝ ʩʙʝʨʝʞʝʥʠʷ ʚʳʨʘʞʘʪʁ ʜʦʣʛ ʘʛʝʥʪʘ ʧʝʨʝʜ 
ʜʨʫʛʠʤʠ ʘʛʝʥʪʘʤʠ. 

ɼʠʚʠʜʝʥʜʳ 
nm

t
 ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʜʦʭʦʜ ʦʪ ʦʧʝʨʘ-

ʮʠʡ ʩ ʘʢʮʠʷʤʠ ʬʠʨʤʳ, ʢʦʪʦʨʳʤʠ ʧʦʟʚʦʣʝʥʦ ʪʦʨʛʦʚʘʪʴ. ɽʩʣʠ 
ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʢʮʠʡ ʢʘʞʜʦʡ ʬʠʨʤʳ ʥʝ ʤʝʥʷʝʪʩʷ, ʘ 
ʨʳʥʢʠ ʵʪʠʭ ʘʢʮʠʡ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ, ʪʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ 
[41, 51], ʜʝʣʦ ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʠʢʠ ʦʧʨʝʜʝʣ̫ʶʪ 
ʚʨʝʤʝʥʥʫʶ ʧʨʦʧʦʨʮʠʶ ʧʦʩʪʫʧʣʝʥʠʷ ʜʠʚʠʜʝʥʜʦʚ ʦʪ ʬʠʨʤ, ʘ 
ʬʠʨʤʳ ï ʩʫʤʤʫ ʵʪʠʭ ʜʠʚʠʜʝʥʜʦʚ. ʌʦʨʤʘʣʴʥʦ ʧʦʪʦʢ ʜʠʚʠʜʝʥ-

ʜʦʚ ʤʦʞʥʦ ʦʧʠʩʘʪʴ  ʢʘʢ ʫʤʝʥʴʰʝʥʠʝ ʚʣʦʞʝʥʠʡ 
nm

t
 ʩʦʙʩʪ-

ʚʝʥʥʠʢʘ n N ʚ ʢʘʧʠʪʘʣ ʬʠʨʤʳ m M , ʦʮʝʥʝʥʥʦʝ ʧʦ ʥʝ 

ʟʘʚʠʩʷʱʝʤʫ ʦʪ ʚʨʝʤʝʥʠ ʢʫʨʩʫ 
0

m
  

 

0 1

nm m nm nm

t t t . 

 
ʉʘʤʘ ʞʝ ʤʦʜʝʣʴ ʤʝʞʚʨʝʤʝʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʕʨʨʦʫ-

ɼʝʙʨʝ ʩʚʦʜʠʪʩʷ ʢ ʩʣʝʜʫʶʱʝʡ ʤʦʜʝʣʠ ʨʘʚʥʦʚʝʩʠʷ ʩ ʫʧʨʘʚ-
ʣʝʥʠʝʤ ʢʘʧʠʪʘʣʦʤ (ʧʦʜʨʦʙʥʝʝ ʩʤ. [51, 41]). 

ʇʦʪʨʝʙʠʪʝʣʴ n N  ʤʘʢʩʠʤʠʟʠʨʫʝʪ ʧʦʣʝʟʥʦʩʪʴ ʧʦ-

ʪʨʝʙʣʝʥʠʷ 
n nU cT  ʚ ʨʘʤʢʘʭ ʦʛʨʘʥʠʯʝʥʠʷ ʬʠʥʘʥʩʦʚʦʛʦ ʙʘ-

ʣʘʥʩʘ  
 

n n m nm nm n

t t 1 0 t 1 t t t

m

p c
M

,   (1.7) 
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ʠ ʢʨʝʜʠʪʦʩʧʦʩʦʙʥʦʩʪʠ 
 

n

T 0 , (1.8) 

 

ʫʧʨʘʚʣʷ̫: ʯʠʩʪʳʤʠ ʩʙʝʨʝʞʝʥʠʷʤʠ 
n

t
, ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʤ̫ʠ 

nm

t 0  ʠ ʦʙʲʝʤʘʤʠ ʧʦʪʨʝʙʣʝʥʠʷ 
n

tc 0 ʧʨʠ ʟʘʜʘʥʥʦʡ ʧʦ-

ʩʪʦʷʥʥʦʡ ʮʝʥʝ ʢʘʧʠʪʘʣʘ 
m

0
 ʠ ʟʘʜʘʥʥʦʤ (ʧʨʘʚʠʣʴʥʦʤ) ʧʨʦʛʥʦ-

ʟʝ ʮʝʥ 
tp .  

ʇʨʦʠʟʚʦʜʠʪʝʣʴ m M  ʤʘʢʩʠʤʠʟʠʨʫʝʪ ʩʚʦʶ ʢʘʧʠʪʘʣʠ-

ʟʘʮʠʶ   
 

maxm nm

0 0

n N

 

 
ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ ʬʠʥʘʥʩʦʚʦʛʦ ʙʘʣʘʥʩʘ 

 
m m m nm nm m

t t 1 0 t 1 t t t

n

p y
N

, (1.9) 

 
ʠ ʢʨʝʜʠʪʦʩʧʦʩʦʙʥʦʩʪʠ 

 
m

T 0, (1.10) 

 

ʫʧʨʘʚʣʷ̫  ʮʝʥʦʡ ʢʘʧʠʪʘʣʘ 
m

0
, ʯʠʩʪʳʤʠ ʩʙʝʨʝʞʝʥʠʷʤʠ 

m

t
 ʠ 

ʯʠʩʪʳʤʠ ʧʨʦʜʘʞʘʤʠ 
m myT Y  ʧʨʠ ʟʘʜʘʥʥʦʡ ʩʦʙʩʪʚʝʥʥʠʢʘʤʠ 

ʧʨʦʛʨʘʤʤʝ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ 
nm

t

n N

 ʠ ʟʘʜʘʥʥʦʤ (ʧʨʘʚʠʣʴ-

ʥʦʤ) ʧʨʦʛʥʦʟʝ ʮʝʥ 
tp . 

ʎʝʥʳ ʥʘ ʧʨʦʜʫʢʪ r
tp  ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʩʣʦʚʠʝʤ ʚʳʧʦʣ-

ʥʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ 
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m n

t t

m n

y c
M N

, t T . 

 
ɺ [51] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʛʫ-

ʣʷʨʥʦʩʪʠ ʤʦʜʝʣʠ2 ʨʘʚʥʦʚʝʩʠʝ ʩʫʱʝʩʪʚʫʝʪ ʠ ʵʬʬʝʢʪʠʚʥʦ. 
ʈʘʚʥʦʚʝʩʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʥʘʪʫʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ï ʧʨʦʠʟ-
ʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ï ʪʝ ʞʝ, ʯʪʦ ʠ ʚ ʤʦʜʝʣʠ ʤʝʞʚʨʝʤʝʥʥʦ-
ʛʦ ʨʘʚʥʦʚʝʩʠʷ ʕʨʨʦʫ-ɼʝʙʨʝ. ʅʦ ʚʚʝʜʝʥʥʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʬʠʥʘʥʩʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ 
m

t
 ʠ 

nm

t
 ʠʛʨʘʶʪ ʨʦʣʴ ʧʝʨʝʤʝʥʥʳʭ 

ʩʦʩʪʦʷʥʠʷ. ɽʩʣʠ ʠʭ ʟʘʜʘʪʴ, ʪʦ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʢʦʥʝʮ ʨʘʚʥʦ-
ʚʝʩʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʢʘʢ ʨʘʚʥʦʚʝʩʠʝ ʚ çʫʩʝʯʝʥʥʦʡè ʤʦʜʝʣʠ3.  

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʦʩʪʦʷʥʠʝ ʥʝ ʦʧʨʝʜʝʣʷʝʪ ʮʝʥʳ ʚ ʩʣʝ-
ʜʫʶʱʠʡ ʧʝʨʠʦʜ. ɿʘʜʘʯʘ ʥʘ ʚʩʝʭ ʰʘʛʘʭ ʦʩʪʘʝʪʩʷ ʢʨʘʝʚʦʡ ʟʘ-
ʜʘʯʝʡ ʤʝʞʚʨʝʤʝʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʧʠʨʘʶ-
ʱʝʡʩʷ ʥʘ ʪʝʨʤʠʥʘʣʴʥʳʝ ʫʩʣʦʚʠʷ (1.8), (1.10) (ʢʦʪʦʨʳʝ ʚ ʨʘʚ-
ʥʦʚʝʩʠʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʨʘʱʘʶʪʩʷ ʚ ʨʘʚʝʥʩʪʚʘ).    

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ ʪʦ, ʯʪʦ ʚ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʧʠ-
ʪʘʣʦʤ ʧʦʪʨʝʙʠʪʝʣʴ-ʩʦʙʩʪʚʝʥʥʠʢ ʫʧʨʘʚʣʷʝʪ ʬʠʨʤʦʡ ʥʘ ʫʨʦʚʥʝ 
ʬʠʥʘʥʩʦʚʳʭ ʧʦʪʦʢʦʚ. ʌʠʨʤʘ ʞʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʠʥʠʤʘʝʪ 
ʨʝʰʝʥʠʝ ʦ ʚʳʙʦʨʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʣʘʥʘ, ʥʝ̫ʚʥʦ ʚʢʣʶ-
ʯʘʶʱʝʛʦ ʠ ʧʣʘʥ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ.  

ʉʦʙʩʪʚʝʥʥʠʢ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʧʨʦʩʪʦ ʥʝ ʠʤʝʝʪ ʧʨʝʜ-
ʩʪʘʚʣʝʥʠʷ ʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʷʭ, ʪʝʭʥʦʣʦʛʠʷʭ ʠ 
ʪ. ʜ. ʂʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʦʢʘʟʳʚʘʶʪʩʷ ʯʠʩʪʦ ʬʠʥʘʥʩʦʚʦʡ ʚʝʣʠ-
ʯʠʥʦʡ ʠ ʥʝ ʠʤʝʶʪ ʥʠʯʝʛʦ ʦʙʱʝʛʦ ʩ ʦʩʥʦʚʥʳʤʠ ʬʦʥʜʘʤʠ, ʯʘʩʪʦ 
ʪʘʢʞʝ ʠʤʝʥʫʶʱʠʤʠʩʷ çʢʘʧʠʪʘʣʦʤè. ɺʦ ʤʥʦʛʠʭ ʤʦʜʝʣʷʭ ʵʪʦ ʥʝ 
ʪʘʢ: ʥʘʧʨʠʤʝʨ, ʚ ʧʦʧʫʣʷʨʥʦʡ ʤʦʜʝʣʠ [36] ʠʤʝʥʥʦ ʩʦʙʩʪʚʝʥʥʠ-
ʢʠ ʧʨʠʥʠʤʘʶʪ ʨʝʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʘʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ. 

                                                 
2
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ʀʤʝʥʥʦ ʦʧʠʩʘʥʥʘʷ ʚʳʰʝ ʩʭʝʤʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ 
ʫʧʦʤʷʥʫʪʦʡ ʚʦ ɺʚʝʜʝʥʠʠ ʤʦʜʝʣʠ ʩʦʚʨʝʤʝʥʥʦʡ ʨʦʩʩʠʡʩʢʦʡ 
ʵʢʦʥʦʤʠʢʠ [41] ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʙʩʪʚʝʥʥʠʢʦʚ ʩ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʠ  ʬʠʥʘʥʩʦʚʳʤ ʩʝʢʪʦʨʘʤʠ ʵʢʦʥʦʤʠʢʠ. 

ʆʜʥʘʢʦ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʢʘ-
ʧʠʪʘʣʦʤ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʢʦʪʦʨʳʤʠ ʦʙʣʘʜʘʪʁ 
ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ  ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʥʮʠʧʝ ʨʘ-
ʮʠʦʥʘʣʴʥʳʭ ʦʞʠʜʘʥʠʡ. 

ɺʦ-ʧʝʨʚʳʭ, ʮʝʥʘ ʢʘʧʠʪʘʣʘ 
m

0
 ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʦ 

ʚʨʝʤʝʥʠ. ʂʘʟʘʣʦʩʴ ʙʳ, ʩʘʤʘʷ ʝʩʪʝʩʪʚʝʥʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 
ʮʝʥʳ ʢʘʧʠʪʘʣʘ ʵʪʦ ʢʫʨʩ ʘʢʮʠʡ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʚʦ-
ʣʘʪʠʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ, ʝʩʣʠ ʚ ʙʘ-
ʣʘʥʩʝ (1.9) ʚʦ ʚʪʦʨʦʤ ʩʣʘʛʘʝʤʦʤ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʧʦʩʪʘʚʠʪʴ ʥʝ 

ʧʦʩʪʦʷʥʥʫʶ ʮʝʥʫ ʢʘʧʠʪʘʣʘ 
m

0
, ʘ ʟʘʚʠʩʷʱʫʶ ʦʪ ʚʨʝʤʝʥʠ 

m

t
, 

ʪʦ ʥʘ ʨʘʚʥʦʚʝʩʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚʩʝ ʨʘʚʥʦ ʦʢʘʞʝʪʩʷ, ʯʪʦ 
m m

t 0
 ʜʣʷ ʚʩʝʭ t T . ʇʦʵʪʦʤʫ, ʥʘʧʠʩʘʚ ʚ ʧʦʩʪʘʥʦʚʢʝ ʧʦ-

ʩʪʦʷʥʥʫʶ ʮʝʥʫ ʢʘʧʠʪʘʣʘ, ʤʳ ʣʠʰʴ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʚʦʡʩʪ-
ʚʦʤ ʨʝh ʝʥʠʷ. 

ɺʪʦʨʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʦʢʘʟʳʚʘʝʪʩʷ ʪʦ, ʯʪʦ ʢʘʧʠʪʘʣʦʚʣʦ-

ʞʝʥʠʷ 
nm

t
 ʠ ʩʙʝʨʝʞʝʥʠʷ 

t
 ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʥʝʦʜʥʦʟʥʘʯʥʦ. ʉʦʙʩʪʚʝʥʥʠʢ ʤʦʞʝʪ ʚʣʦʞʠʪʴ ʩʚʦʠ 
ʩʙʝʨʝʞʝʥʠʷ ʚ ʦʜʥʫ ʬʠʨʤʫ, ʤʦʞʝʪ ʚʣʦʞʠʪʴ ʚ ʜʨʫʛʫʶ, ʘ ʤʦʞʝʪ 
ʚʦʦʙʱʝ ʩʦʭʨʘʥʠʪʴ ʠʭ ʚ ʜʝʥʝʞʥʦʡ ʬʦʨʤʝ ï ʝʤʫ ʚʩʝ ʨʘʚʥʦ ʚʚʠ-
ʜʫ ʦʜʠʥʘʢʦʚʦʡ ʜʦʭʦʜʥʦʩʪʠ ʦʧʝʨʘʮʠʡ. ʇʨʠ ʵʪʦʤ ʪʘ ʯʘʩʪʴ ʨʝ-
ʰʝʥʠʷ ʟʘʜʘʯʠ, ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʥʘʪʫʨʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ, 
ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ. ɺ ʫʧʦʤʷʥʫʪʦʡ ʤʦʜʝʣʠ ʵʢʦʥʦʤʠʢʠ  ʈʦʩ-
ʩʠʠ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʙʳʣʘ ʯʘʩʪʠʯʥʦ ʩʥʷʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 
ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʥʘ ʜʚʠʞʝʥʠʝ ʢʘʧʠʪʘʣʘ ʠ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠ-
ʤʠ ʩʚʷʟʷʤʠ ʤʝʞʜʫ ʬʠʥʘʥʩʦʚʳʤʠ ʠ ʨʝʘʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 
(ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʣʠʢʚʠʜʥʦʩʪʠ, (ʩʤ. ʨʘʟʜ. 2.5)). ʆʜʥʘʢʦ ʥʘ ʚʦ-
ʧʨʦʩ, ʧʦʯʝʤʫ ʧʨʠ ʚʳʙʦʨʝ ʩʭʦʞʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, 
ʨʘʟʣʠʯʥʳʭ ʘʢʮʠʡ ʥʘ ʦʜʥʦʡ ʪʦʨʛʦʚʦʡ ʧʣʦʱʘʜʢʝ, ʥʝ ʚʦʟʥʠʢʘʝʪ 
ʙʝʟʨʘʟʣʠʯʠʝ, ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʥʝ ʦʪʚʝʯʘʝʪ. 

ʏʪʦʙʳ ʧʨʠʜʘʪʴ ʝʩʪʝʩʪʚʝʥʥʫʶ ʜʠʥʘʤʠʢʫ ʢʫʨʩʫ, ʤʦʞʥʦ ʦʙ-
ʨʘʪʠʪʴʩʷ ʢ ʩʪʦʭʘʩʪʠʯʝʩʢʦʤʫ ʘʥʘʣʦʛʫ ʤʦʜʝʣʠ. ʆʢʘʟrʚʘʝʪʩʷ, 



19 

 

ʯʪʦ ʦʙʦʙʱʝʥʠʝ ʟʘʜʘʯʠ ʥʘ ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʩʣʫʯʘʡ ʚʳʷʚʣʷʝʪ 
ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ, ʢʦʪʦʨʳʤ ʚ ʣʠʪʝʨʘʪʫ-
ʨʝ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʫʜʝʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ 
ʚʥʠʤʘʥʠʷ.  

 

2 ʉʪʦʭʘʩʪʠʯʝʩʢʠʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 
ʤʝʞʚʨʝʤʝʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ  

2.1 ʉʪʦʭʘʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʯʠʩʪʦʛʦ ʦʙʤʝʥʘ 

ʇʝʨʝʭʦʜ ʢ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʨʘʚʥʦʚʝ-
ʩʠʷ ʦʙʥʘʨʫʞʠʚʘʝʪ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʦʩʦʙʝʥ-
ʥʦʩʪʠ ʟʘʜʘʯʠ. ʏʪʦʙʳ ʠʭ  ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ, ʜʦʩʪʘʪʦʯʥʦ ʨʘʩ-
ʩʤʦʪʨʝʪʴ ʧʨʦʩʪʝʡʰʠʡ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʤʦʜʝʣʠ ʕʨʨʦʫ-ɼʝʙʨʝ ï 
ʤʦʜʝʣʴ ʯʠʩʪʦʛʦ ʦʙʤʝʥʘ. ɺ ʵʪʦʡ ʤʦʜʝʣʠ ʥʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʠ 
ʧʦʪʨʝʙʠʪʝʣʠ ʧʨʦʩʪʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʩʧʦʥ-
ʪʘʥʥʦ ʚʦʟʥʠʢʘʶʱʠʝ ʫ ʥʠʭ ʟʘʧʘʩʳ ʧʨʦʜʫʢʪʦʚ. ʇʨʠ ʵʪʦʤ ʦʢʘʟʳ-
ʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʦʙʦʡʪʠʩʴ ʚʩʝʛʦ ʦʜʥʠʤ ʧʨʦʜʫʢʪʦʤ. ʆʙʤʝʥ 
ʠʤ ʤʦʞʝʪ ʠʤʝʪʴ ʩʤʳʩʣ, ʝʩʣʠ, ʥʘʧʨʠʤʝʨ, ʦʜʥʠ ʧʦʪʨʝʙʠʪʝʣʠ 
ʭʦʪʷʪ ʩʲʝʩʪʴ, ʭʦʪʴ ʥʝʤʥʦʛʦ, ʥʦ ʧʦʨʘʥʴʰʝ, ʘ ʜʨʫʛʠʝ ʛʦʪʦʚʳ 
ʞʜʘʪʴ ʜʦʣʴʰʝ, ʯʪʦʙʳ ʩʲʝʩʪʴ ʙʦʣʴh ʝ. 

ɿʘʧʘʩʳ ʧʨʦʜʫʢʪʦʚ 
n

tw  ʩʯʠʪʘʝʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʩʣʫʯʘʡ-

ʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʳ ʚʩʝʤ 
ʘʛʝʥʪʘʤ, ʘ ʟʥʘʯʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʠʟʚʝʩʪʥʳʤ ʢ ʤʦʤʝʥʪʫ t . ʊʦʯ-

ʥʝʝ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ( ) 0n n

t tw w s , ʛʜʝ 
ts  ï ʦʪʨʝʟʦʢ 

1,..., ts s  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʣʫʯʘʡʥʳʭ çʩʦʩʪʦʷʥʠʡ ʩʨʝʜʳè, 

ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʧʨʝʜʳʩʪʦʨʠʠ. ɺʦʟʤʦʞʥʳʝ ʨʝʘ-
ʣʠʟʘʮʠʠ ʙʫʜʫʱʝʛʦ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʧʣʘʥʠʨʫʶʱʠʭ ʩʚʦʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ 0t , ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʢʦʥʝʯʥʳʤ ʜʝʨʝʚʦʤ ʠʩʭʦʜʦʚ (ʨʠʩ.2). 
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ʈʠʩ.2.  ɼʝʨʝʚʦ ʠʩʭʦʜʦʚ: ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʨʝʘʣʠʟʘʮʠʠ ʙʫ-

ʜʫʱʝʛʦ ʧʦʪʨʝʙʠʪʝʣʝʡ  

 
ʋʟʣr ʜʝʨʝʚʘ ʥʘʟʦʚʝʤ ʧʦʟʠʮʠʷʤʠ. ɺʩʝʤ ʥʝʪʝʨʤʠʥʘʣʴ-

ʥʳʤ ʧʦʟʠʮʠʷʤ 1,...,t ts s s  ʦʪʚʝʯʘʝʪ ʩʚʦʷ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠ-

ʥʘ 
1ts , ʨʝʘʣʠʟʘʮʠ ̫ ʢʦʪʦʨʦʡ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪ ʚʝʪʚʴ 

ʜʘʣʴʥʝʡʰʝʛʦ ʜʚʠʞʝʥʠʷ. ʉʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ, ʦʪʚʝʯʘʶʱʠʝ 
ʨʘʟʥʳʤ ʫʟʣʘʤ, ʥʝʟʘʚʠʩʠʤʳ, ʧʦʵʪʦʤʫ ʧʨʦʮʝʩʩ ʧʝʨʝʭʦʜʘ ʧʦ ʜʝ-
ʨʝʚʫ ï ʤʘʨʢʦʚʩʢʠʡ. ɼʝʨʝʚʦ ʩʮʝʥʘʨʠʝʚ ʟʘʜʘʝʪ ʯʘʩʪʠʯʥʳʡ ʧʦ-
ʨʷʜʦʢ ʥʘ ʤʥʦʞʝʩʪʚʝ ʧʦʟʠʮʠʡ, ʢʦʪʦʨʳʡ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʢʘʢ 

t ts s  (
ts  ï  ʥʘʯʘʣʴʥʳʡ ʦʪʨʝʟʦʢ ʧʫʪʠ ʢ ʧʦʟʠʮʠʠ 

ts ). ʄʥʦʞʝ-

ʩʪʚʦ ʚʩʝʭ ʧʦʟʠʮʠʡ 
ts, ʚʢʣʶʯʘʷ ʢʦʨʝʥʴ ʜʝʨʝʚʘ ,  ʦʙʦʟʥʘʯʘ-

ʝʪʩʷ ʯʝʨʝʟ S, ʘ ʤʥʦʞʝʩʪʚʦ ʪʝʨʤʠʥʘʣʴʥʳʭ ʧʦʟʠʮʠʡ ï 

( ) ,T is i I . ʅʘʠʙʦʣʝʝ ʜʣʠʥʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʥʘʟʦʚʝʤ ʜʣʠʥʦʶ 

ʜʝʨʝʚʘ: max
i I

T T i . 

ɺ ʧʦʟʠʮʠʠ 
ts  ʧʦʪʨʝʙʠʪʝʣʴ n N  ʤʦʞʝʪ ʧʨʦʜʘʪʴ ʠʣʠ ʢʫ-

ʧʠʪʴ ʧʨʦʜʫʢʪ ʧʦ ʦʞʠʜʘʝʤʦʡ ʚ ʵʪʦʡ ʧʦʟʠʮʠʠ ʮʝʥʝ ( )tp s . ʆʥ 

ʧʣʘʥʠʨʫʝʪ ʦʙʲʝʤʳ ʧʦʪʨʝʙʣʝʥʠʷ ( )n

tc s  ʚ ʢʘʞʜʦʡ ʧʦʟʠʮʠʠ 
ts  

ʪʘʢ, ʯʪʦʙʳ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʦʞʠʜʘʝʤʫʶ ʧʦʣʝʟʥʦʩʪʴ ʧʦʪʨʝʙ-
ʣʝʥʠʷ  
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0

( )
T

n n

t

t

U c sE ,  (2.1)   

 

ʛʜʝ E ï ʦʧʝʨʘʪʦʨ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʧʦ ʨʝʘʣʠʟʘʮʠ̫ ʤ 

ʧʨʦʮʝʩʩʘ 
ts , ʠ 

nU  ï ʛʣʘʜʢʘʷ ʬʫʥʢʮʠʷ ʧʦʣʝʟʥʦʩʪʠ ʪʘʢʘʷ, ʯʪʦ 

 

  (0)nU ,   ( ) 0nU x ,    
2 ( ) 0nU x .  (2.2) 

.  
ʇʦʪʨʝʙʠʪʝʣʴ ʦʛʨʘʥʠʯʝʥ ʚ ʩʚʦʝʤ ʚʳʙʦʨʝ ʤʝʞʚʨʝʤʝʥ-

ʥʳʤʠ ʙʶʜʞʝʪʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʤ̫ʠ  
 

( ) ( ) ( ) ( )n n

t t t t

t i t i

p s w s p s c s
T T

,   
( ),t T is s i I . (2.3) 

 
ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʟʜʝʩʴ ʙʶʜʞʝʪʥʳʭ 
ʦʛʨʘʥʠʯʝʥʠʡ ʤʥʦʛʦ ï ʩʪʦʣʴʢʦ, ʩʢʦʣʴʢʦ ʨʝʘʣʠʟʘʮʠʡ ʫ ʩʣʫʯʘʡʥʦ-
ʛʦ ʧʨʦʮʝʩʩʘ.  

ʈʘʚʥʦʚʝʩʠʝʤ (ʩʦʙʩʪʚʝʥʥʳʤ) ʚ ʤʦʜʝʣʠ ʯʠʩʪʦʛʦ ʦʙʤʝʥʘ 
ʥʘʟʦʚʝʤ ʥʘʙʦʨ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʮʝʥ p  ʠ ʦʙʲʝʤʦʚ ʧʦʪʨʝʙʣʝʥʠʷ 

,n nc N  ʪʘʢʠʝ, ʯʪʦ: 

Á ʚʝʢʪʦʨ ʧʦʪʨʝʙʣʝʥʠʡ 
n

c  ʤʘʢʩʠʤʠʟʠʨʫʝʪ ʬʫʥʢʮʠʦʥʘʣ 

(2.1) ʧʨʠ ʙʶʜʞʝʪʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ (2.3); 
Á ʚr ʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ  

  

( ) ( )n n

t t

n n

w s c s
N N

,    
ts S .  (2.4) 

 
ʆʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʚ ʤʦʜʝʣʠ ʯʠʩʪʦʛʦ ʦʙʤʝʥʘ  ʩʫʱʝʩʪʚʫʝʪ 

ʦʯʝʥʴ ʤʥʦʛʦ ʪʘʢʠʭ ʨʘʚʥʦʚʝʩʠʡ. ʈʘʩʩʤʦʪʨʠʤ ʢʦʥʢʨʝʪʥʫʶ ʨʝʘ-

ʣʠʟʘʮʠʶ ( ) ,T is i I . ʂʘʢ ʠ ʚ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʤ ʩʣʫʯʘʝ, ʙ ʜʁ-

ʞʝʪʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ (2.3) ʠ ʤʘʪʝʨʠʘʣʴʥʳʝ ʙʘʣʘʥʩʳ (2.4) ʚ 
ʨʘʚʥʦʚʝʩʠʠ ʦʙʨʘɦʘʶʪʩʷ ʚ ʨʘʚʝʥʩʪʚʘ, ʠ ʵʪʠ ʨʘʚʝʥʩʪʚʘ ʟʘʚʠ-
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ʩʠʤʳ. ʋʤʥʦʞʝʥʠʝ (2.4)  ʥʘ ( )tp s  ʠ ʩʣʦʞʝʥʠʝ ʧʦ t iT  ʜʘʝʪ 

ʪʫ ʞʝ ʚʝʣʠʯʠʥʫ, ʯʪʦ ʩʣʦʞʝʥʠʝ (2.3) ʧʦ n N , ʪʘʢ ʯʪʦ ʧʦʩʣʝʜ-

ʥʠʡ ʙʘʣʘʥʩ ( ) ( )( ) ( )n n

T i T i

n n

w s c s
N N

 ʪʦʞʜʝʩʪʚʝʥʥʦ ʩʣʝʜʫʝʪ ʠʟ 

ʦʩʪʘʣʴʥʳʭ ʧʨʠ ʣʶʙʳʭ ʟʥʘʯʝʥʠʷʭ ʪʝʨʤʠʥʘʣʴʥʦʡ ʮʝʥʳ 
( )( )T ip s . 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [40], ʩʦʙʩʪʚʝʥʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʚ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ 
ʤʦʜʝʣʠ ʯʠʩʪʦʛʦ ʦʙʤʝʥʘ ʩʫʱʝʩʪʚʫʝʪ ʧʨʠ ʣʶʙʦʤ ʥʘʙʦʨʝ ʧʦʣʦ-
ʞʠʪʝʣʴʥʳʭ ʪʝʨʤʠʥʘʣʴʥʳʭ ʮʝʥ.  

ʅʦ ʜʝʣʦ ʥʝ ʪʦʣʴʢʦ ʚ ʪʦʤ, ʯʪʦ ʚ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʤ ʩʣʫ-
ʯʘʝ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ʚ ʚʳʙʦʨʝ ʮʝʥʳ ʦʜʥʘ, ʘ ʚ ʩʪʦʭʘʩʪʠʯʝʩʢʦʤ 
ʠʭ ʤʥʦʛʦ. ɺ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʤ ʩʣʫʯʘʝ ʝʜʠʥʩʪʚʝʥʥʘʷ ʩʪʝ-
ʧʝʥʴ ʩʚʦʙʦʜʳ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʮʝʥʳ ʩʚʦʜʠʪʩʷ ʢ ʧʨʦʠʟʚʦʣʫ ʚ 
ʥʦʨʤʠʨʦʚʢʝ ʮʝʥ, ʢʦʪʦʨʘ ̫ʥʝ ʚʣʠʷʝʪ ʥʘ ʨʝʰʝʥʠʷ ʘʛʝʥʪʦʚ ʦʪʥʦ-
ʩʠʪʝʣʴʥʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʚʚʠʜʫ ʣʠʥʝʡʥʦʡ ʦʜʥʦ-
ʨʦʜʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʦʚ (1.1) ʠ ʦʛʨʘʥʠʯʝʥʠʡ (1.2).  

ɺ ʩʪʦʭʘʩʪʠʯʝʩʢʦʤ ʩʣʫʯʘʝ ʧʦʪʨʝʙʣʝʥʠʝ ʘʛʝʥʪʘ ʚ ʧʦʟʠʮʠʠ 

ts  ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʦʞʠʜʘʝʤʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʮʝʥ ʚ 

ʚʦʟʤʦʞʥʳʭ ʠʩʭʦʜʘʭ   
( )T i ts s ʠ 

( )T j ts s. ʅʘ ʨʠʩ. 3 ʠʟʦʙʨʘʞʝ-

ʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʨʘʚʥʦʚʝʩʠʡ ʜʣʷ (ʧʨʦʩʪʝʡʰʝʡ) ʤʦʜʝʣʠ 

ʯʠʩʪʦʛʦ ʦʙʤʝʥʘ ʩ ʜʚʫʤʷ ʘʛʝʥʪʘʤʠ 1,2N  ʠ ʪʨʝʤʷ ʧʦʟʠ-

ʮʠʷʤʠ ,1,2S : 

1 2

0

( ) ( ) (1) (1)
T

n n n n n n n n

t

t

U c s U c U c U cE  

 

ʧʨʠ 
21 2U x B B x , 

2U x x. ɹʶʜʞʝʪʥʳʝ ʦʛʨʘʥʠʯʝ-

ʥʠʷ (2.3) ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʶʪ ʚʠʜ:  
 

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )n n n np w p s w s p c p s c s, 1,2s . 
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ɼʣʷ ʦʙʦʠʭ ʛʨʘʬʠʢʦʚ ʚʟʷʪʳ ʦʜʥʠ ʠ ʪʝ ʞʝ ʩʫʤʤʘʨʥʳʝ ʟʘ-

ʧʘʩʳ ʧʨʦʜʫʢʪʘ (
1,2

( )n

n

w const), ʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʩʫʤʤʘʨ-

ʥʳʝ ʟʘʧʘʩʳ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʧʦ-ʨʘʟʥʦʤʫ. 
 

ʘ)  ʙ)   
ʈʠʩ. 3. ʄʥʦʞʝʩʪʚʘ ʩʦʙʩʪʚʝʥʥʳʭ ʨʘʚʥʦʚʝʩʠʡ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʩʪʦʭʘʩ-
ʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʯʠʩʪʦʛʦ ʦʙʤʝʥʘ (ʢʨʝʩʪʳ) ʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʙʣʘ-
ʛʦʩʦʩʪʦʷʥʠʷ (ʦʢʨʫʞʥʦʩʪʠ) 

 
ʂʨʫʞʢʘʤʠ ʚ ʚʝʨʭʥʝʤ ʧʨʘʚʦʤ ʫʛʣʫ ʦʙʦʟʥʘʯʝʥʳ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ ï ʤʘʢʩʠʤʠʟʘʮʠʠ ʚʟʚʝʰʝʥʥʦʡ ʧʦʣʝʟʥʦ-
ʩʪʠ ʘʛʝʥʪʦʚ  

0

( ) max
T

n n n

t t

n t

a U c s s
N

SE  (2.5) 

 
ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ (2.4) ʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʚʟʚʝʰʠʚʘʶɦ ʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ 0na . ʗʩʥʦ, ʯʪʦ ʵʪʠ ʟʥʘʯʝʥʠʷ  ʦʞʠʜʘʝʤʦʡ  

ʧʦʣʝʟʥʦʩʪʠ ʘʛʝʥʪʦʚ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʚʟʦʡʜʝʥʳ ʥʘ ʨʘʚʥʦʚʝʩ-
ʥʳʭ ʪʨʘʝʢʪʦʨʠʷʭ.   

 ɿʘʤʝʪʠʤ, ʯʪʦ ʤʥʦʞʝʩʪʚʦ ʨʘʚʥʦʚʝʩʠʡ ʥʝ ʟʘʤʢʥʫʪʦ ʠ, ʧʦ-
ʨʦʶ, ʫ ʥʝʛʦ ʥʝʪ ʇʘʨʝʪʦ ʛʨʘʥʠʮʳ (ʨʠʩ. 3ʙ). ʇʨʝʜʝʣʴʥʳʝ ʪʦʯʢʠ, 
ʠʟʦʙʨʘʞʝʥʥʳʝ ʦʢʨʫʞʥʦʩʪʷʤʠ, ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ 
ʥʝʩʦʙʩʪʚʝʥʥʳʝ ʨʘʚʥʦʚʝʩʠʷ ʩ ʘʢʪʫʘʣʴʥʦ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʠ-
ʤʠ ʮʝʥʘʤʠ. ʀʭ ʪʨʘʝʢʪʦʨʠʠ ʠʥʪʝʨʝʩʥʳ ʪʝʤ, ʯʪʦ ʧʨʠ ʨʝʘʣʠʟʘ-
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ʮʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʦʙʳʪʠʡ ʥʘ ʥʠʭ ʧʨʦʠʩʭʦʜʠʪ ʜʝʬʦʣʪ ï ʚʩʝ 
ʩʙʝʨʝʞʝʥʠʷ ʠ ʜʦʣʛʠ ʘʛʝʥʪʦʚ ʦʙʝʩʮʝʥʠʚʘʶʪʩʷ [40]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝ-
ʣʝʡ ʨʘʚʥʦʚʝʩʠʷ ʦʪ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʚ ʪʦʤ, ʯʪʦ ʚ ʩʪʦʭʘʩ-
ʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʨʘʚʥʦʚʝʩʠʡ ʤʥʦʛʦ, ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʥʠ 
ʥʝ ʵʬʬʝʢʪʠʚʥʳ.  ʇʝʨʚʦʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʤʦ-
ʜʝʣʠ ʢʘʢ ʜʝʩʢʨʠʧʪʠʚʥʳʝ, ʘ ʚʪʦʨʦʝ ï ʢʘʢ ʥʦʨʤʘʪʠʚʥʳʝ. 

ʕʪʠ ʩʚʦʡʩʪʚʘ ʙʳʣʠ, ʚʠʜʠʤʦ, ʟʘʤʝʯʝʥʳ ʜʘʚʥʦ, ʠ ʦʩʥʦʚ-
ʥʦʝ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʨʘʚʥʦʚʝʩʠʡ 
ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʠʜʝʝʡ ʚʚʝʩʪʠ ʚ ʤʦʜʝʣʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʨʘʭʦ-
ʚʘʥʠʷ ʨʠʩʢʦʚ, ʧʨʠʯʝʤ ʪʘʢ, ʯʪʦʙʳ ʙʶʜʞʝʪʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʩʥʦ-
ʚʘ ʦʩʪʘʣʦʩʴ ʝʜʠʥʩʪʚʝʥʥʳʤ. ʆʙ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ, ʜʦʩ-
ʪʠʛʥʫʪʳʭ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʨʘʩʩʢʘʟʘʥʦ ʚ ʩʣʝʜʫʶʱʠʭ ʜʚʫʭ 
ʨʘʟʜʝʣʘʭ.  

2.2 ʋʩʣʦʚʥʳʝ ʪʦʚʘʨʳ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 
ʕʨʨʦʫ 

ʀʜʝʷ ʩʪʨʘʭʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʨʛʦʚʣʝ ʫʩʣʦʚʥʳʤ ʢʦʥ-
ʪʨʘʢʪʦʤ: çʷ ʩʜʝʣʘʶ ʪʦ-ʪʦ, ʝʩʣʠ ʩʣʫʯʠʪʩʷ ʪʦ-ʪʦè. ʅʘʠʙʦʣʝʝ 
ʧʦʣʥʦʝ ʠ ʬʦʨʤʘʣʴʥʦ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʪʦʡ 
ʠʜʝʠ ʥʘ ʦʧʠʩʘʥʠʝ ʨʠʩʢʦʚʘʥʥʳʭ ʪʦʚʘʨʥʳʭ ʨʳʥʢʦʚ ʙʳʣʦ ʜʘʥʦ ʚ 
ʦʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʨʘʚʥʦʚʝʩʠʷ, ʧʨʝʜ-
ʣʦʞʝʥʥʦʡ ʂ. ʕʨʨʦʫ ʚ 1950ʭ [13, 1, 19:Ch.20]. ɺ ʝʝ ʦʩʥʦʚʝ ʣʝ-
ʞʠʪ ʧʦʥʷʪʠʝ ʫʩʣʦʚʥʦʛʦ ʪʦʚʘʨʘ.  

ʉʥʦʚʘ ʨʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʴ ʯʠʩʪʦʛʦ ʦʙʤʝʥʘ4  ʩ ʢʦʥʝʯʥʳ-

ʤʠ ʤʥʦʞʝʩʪʚʘʤʠ ʧʦʪʨʝʙʠʪʝʣʝʡ n N , ʠ ʪʦʚʘʨʦʚ 

,...,l 1 LL . ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʜʚʘ ʤʦʤʝʥʪʘ ʚʨʝ-

ʤʝʥʠ: 0t  ï çʜʦè, ʠ 1t  ï çʧʦʩʣʝè ʨʝʘʣʠʟʘʮʠʠ ʩʣʫʯʘʡʥʦʩʪʠ. 

ʉʣʫʯʘʡʥʦʩʪʴ ʚʚʦʜʠʪʩʷ ʚ ʤʦʜʝʣʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʦ ʪʦʤ, ʯʪʦ 
ʟʘʧʘʩʳ ʧʨʦʜʫʢʪʦʚ ʫ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʘ ʙʳʪʴ ʤʦʞʝʪ, ʠ ʠʭ ʧʦʣʝʟ-
ʥʦʩʪʠ ʟʘʚʠʩʷʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ. ʉʦʩʪʦʷʥʠʝ ʩʨʝʜʳ ʵʪʦ ʩ 
ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ï ʵʣʝʤʝʥʪʘʨʥʳʡ ʠʩʭʦʜ. 
ʅʘʙʦʨ ʵʣʝʤʝʥʪʘʨʥʳʭ ʠʩʭʦʜʦʚ ʜʦʣʞʝʥ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʦʙ-
ʰʠʨʥʳʤ, ʯʪʦʙʳ ʨʝʘʣʠʟʫʶʱʠʝʩʷ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ ʚʟʘʠʤʥʦ ʠʩ-

                                                 
4
 ́ͦ͡Έͦ͟ ͒͡Ύ ͔͎͙ͦͫͭ͟͡ ͍͔͙ͫͪ͊ͤͤΎ ͫ ͔ͨͪ͒·͒ͯ΅͔͚ ͔ͣͦ͒͡ΈΌΦ ͙̅͊ͭ͟;͔͙ͫ͟ ͔ͣͦ͒͡Έ ̏ͪπ
ͪͦͯ ͙ͫͯ͗ͭ͡ ͫͭͦͻ͙͊ͫͭ;͔͙ͫͣ͟ ͦ͋ͦ͋΅͔ͤ ͙͔ͣ ͚ͨͦͤͦ͡ ͔͙ͣͦ͒͡ ̏ͪͪͦͯ-˨͔͔͋ͪ 
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ʢʣʶʯʘʣʠ ʜʨʫʛ ʜʨʫʛʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʩʯʝʨʧʳʚʘʶʱʠʡ ʧʝ-

ʨʝʯʝʥʴ ʩʦʩʪʦʷʥʠʡ ʩʨʝʜʳ ,...,s 1 VS  ʟʘʜʘʥ. ʉʦʩʪʦʷʥʠʶ 

ʩʨʝʜʳ s  ʢʘʞʜʳʡ ʧʦʪʨʝʙʠʪʝʣʴ n N  ʧʨʠʧʠʩʳʚʘʝʪ ʩʫʙʲʝʢ-

ʪʠʚʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ 
n

s
. 

ɼʣʷ ʣʶʙʦʛʦ ʪʦʚʘʨʘ l L  ʠ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ s S  ʝʜʠ-

ʥʠʮʝʡ ʫʩʣʦʚʥʦʛʦ ʪʦʚʘʨʘ ls  ʥʘʟʳʚʘʝʪʩʷ ʧʨʘʚʦ ʧʦʣʫʯʠʪʴ ʝʜʠ-

ʥʠʮʫ ʪʦʚʘʨʘ l  ʚ ʪʦʤ ʠ ʪʦʣʴʢʦ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʨʝʘʣʠʟʫʝʪʩʷ 

ʩʦʩʪʦʷʥʠʝ ʩʨʝʜʳ s. ɺʝʢʪʦʨ ʫʩʣʦʚʥrʭ ʪʦʚʘʨʦʚ   

 

,..., ,..., ,...,n n n n n LV

11 L1 1V LVc c c c c R  

 
ʦʧʠʩʳʚʘʝʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʘʚ ʧʦʣʫʯʠʪ ɹ ʥʘʙʦʨ ʪʦʚʘʨʦʚ 

,...,n n

1s Lsc c  ʚ ʩʣʫʯʘʝ ʨʝʘʣʠʟʘʮʠʠ s. ɼʣʷ ʧʨʦʩʪʦʪʳ ʩʯʠʪʘʝʪʩʷ,  

ʯʪʦ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʥʠ ʟʘʧʘʩʦʚ, ʥʠ  ʧʦʪʨʝʙʣʝʥʠʷ ʥʝʪ.  
ɺ ʪʝʨʤʠʥʘʭ ʫʩʣʦʚʥʳʭ ʪʦʚʘʨʦʚ ʦʧʠʩʳʚʘʶʪʩʷ ʚʩʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʠ ʮʝʥʳ. ʅʘʯʘʣʴʥʳʝ ʟʘʧʘʩʳ 
ʧʦʪʨʝʙʠʪʝʣʝʡ ï ʵʪʦ ʚʝʢʪʦʨ ʫʩʣʦʚʥʳʭ ʪʦʚʘʨʦʚ 

 ,..., ,..., ,...,n n n n n LV

11 L1 1V LVw w w w w R ,  

ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʙʦʨʘ ʟʘʧʘʩʦʚ ,...,n n

1s Lsw w  

ʫ ʧʦʪʨʝʙʠʪʝʣʷ n N  ʚ ʩʣʫʯʘʝ ʨʝʘʣʠʟʘʮʠʠ s . ʇʨʝʜʧʦʯʪʝʥʠʷ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʤʥʦʞʝʩʪʚʝ ʚʝʢʪʦʨʦʚ ʫʩʣʦʚʥʳʭ 

ʪʦʚʘʨʦʚ ʠ ʟʘʜʘʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʧʦʣʝʟʥʦʩʪʠ 
nU . 

ɼʘʣʝʝ ʜʝʣʘʝʪʩʷ ʦʯʝʥʴ ʩʠʣʴʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, 

ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʫʩʣʦʚʥʦʛʦ ʪʦʚʘʨʘ ls  ʩʫʱʝʩʪʚʫʝʪ ʩʚʦʡ ʨʳʥʦʢ 

ʜʣʷ ʪʦʨʛʦʚʣʠ. ʕʪʦʪ ʨʳʥʦʢ ʦʪʢʨʳʚʘʝʪʩʷ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ t 0  ʜʦ ʪʦʛʦ, ʢʘʢ ʧʨʦʠʟʦʰʣʘ ʨʝʘʣʠʟʘʮʠʷ s. ʎʝʥ r

ʫʩʣʦʚʥʭr ʪʦʚʘʨʦʚ ʦʙʦʟʥʘʯʘʪʁʩʷ ʯʝʨʝʟ ,..., LV

11 LVp p p R , 

ʘ ʧʦʢʫʧʢʘ ʫʩʣʦʚʥʦʛʦ ʪʦʚʘʨʘ ʦʟʥʘʯʘʝʪ ʧʨʘʚʦ ʧʦʣʫʯʠʪʴ ʪʦʚʘʨ l  

ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʩʦʩʪʦʷʥʠʷ s. ɺʩʝ ʚʦʟʤʦʞʥʳʝ ʧʦʩʪʘʚʢʠ ʦʧʣʘ-

ʯʠʚʘʶʪʩʷ ʟʘʨʘʥʝʝ (ʙʝʟʫʩʣʦʚʥʦ), ʭʦʪʷ ʬʘʢʪʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʪʩʷ 
ʪʦʣʴʢʦ ʦʜʥʘ ʠʟ ʧʦʩʪʘʚʦʢ. 
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ʉʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷ-
ʝʪʩʷ ʪʦ, ʯʪʦ ʚʩʝ ʘʛʝʥʪʳ ʩʧʦʩʦʙʥʳ ʨʘʩʧʦʟʥʘʪʴ ʚʩʝ ʩʦʩʪʦʷʥʠʷ 
ʩʨʝʜʳ s  ʠ, ʙʦʣʝʝ ʪʦʛʦ, ʥʝ ʩʧʦʨʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʛʦ, ʢʘʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʨʝʘʣʠʟʦʚʘʣʦʩʴ ʚ ʮʝʣʷʭ ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʥɹʦʡ 
ʚʳʛʦʜʳ. 

ʈʘʚʥʦʚʝʩʠʝʤ ʚ ʤʦʜʝʣʠ ʕʨʨʦʫ ʥʘʟʳʚʘʝʪʩʷ ʥʘʙʦʨ 

,c pN
, ʛʜʝ p  ï ʚʝʢʪʦʨ ʮʝʥ ʥʘ ʫʩʣʦʚʥʳʡ ʪʦʚʘʨ, ʪʘʢʦʡ, ʯʪʦ  

 

Á ɼʣʷ ʧʦʪʨʝʙʠʪʝʣʷ n N  ʚʝʢʪʦʨ 
nc  ʥʘʠʣʫʯʰʠʡ  

 

max
n n

n n n

c B
c Arg U cE ,    

1 ,...,n n n n n n

s s Ls

s

U c U c c
S

E , 

 
ʥʘ ʙʶʜʞʝʪʥʦʤ ʤʥʦʞʝʩʪʚʝ  

 

n n n n nm m

m

B c pc pw py
M

 (2.6) 

 
Á ɺʳʧʦʣʥʝʥ ʤʘʪʝʨʠʘʣʴʥʳʡ ʙʘʣʘʥʩ  

 
n n m

n n m

c w y
N N M

 

 
C ʧʦʤʦʱʴʶ ʣʝʤʤʳ ɻʝʡʣʘ [42] ʧʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʨʘʚʥʦ-

ʚʝʩʠʝ ʕʨʨʦʫ-ɼʝʙʨʝ ʩʫʱʝʩʪʚʫʝʪ [2, 12, 13]. ɹʦʣʝʝ ʪʦʛʦ, ʦʥʦ 
ʦʢʘʟʳʚʘʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʝʜʠʥʩʪʚʝʥʥʳʤ ʠ ʚʩʝʛʜʘ ʵʬʬʝʢʪʠʚ-
ʥʳʤ (ʩʤ. ʥʘʧʨʠʤʝʨ, [51]). ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʤ ʜʣʷ ʜʦʢʘʟʘʪʝʣʴ-
ʩʪʚʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʙʶʜʞʝʪʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ 
ʧʦʪʨʝʙʠʪʝʣʷ (2.6) ʩʦʩʪʦʠʪ ʣʠʰʴ ʠʟ ʦʜʥʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ. 

 

2.3 ʈʘʚʥʦʚʝʩʠʝ ʈʘʜʥʝʨʘ ʚ ʤʦʜʝʣʠ ʩʦ ʩʧʦʪ-ʨʳʥʢʘʤʠ 
ʠ ʦʛʨʘʥʠʯʝʥʥʳʤ ʯʠʩʣʦʤ ʫʩʣʦʚʥʳʭ ʪʦʚʘʨʦʚ 

ɺ ʤʦʜʝʣʠ ʕʨʨʦʫ ʣʝʛʢʦ ʜʦʢʘʟʳʚʘʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʚʥʦʚʝʩʠʷ, ʥʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʵʪʘ ʤʦʜʝʣʴ ʥʝ-
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ʨʝʘʣʠʩʪʠʯʥʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʤʦʜʝʣʠ ʕʨʨʦʫ ʚʩʷ ʪʦʨʛʦʚʣʷ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʛʥʦʚʝʥʥʦ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʝʱʝ 
ʜʦ ʪʦʛʦ, ʢʘʢ ʨʝʘʣʠʟʦʚʘʣʦʩʴ ʢʘʢʦʝ-ʪʦ ʩʦʩʪʦʷʥʠʝ ʩʨʝʜʳ. ɺ ʜʝʡ-
ʩʪʚʠʪʝʣʴʥʦʩʪʠ ʞʝ ʤʳ ʚʠʜʠʤ, ʯʪʦ ʪʦʨʛʦʚʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 
ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ.  

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʫ ʞʝ ʩʘʤʫʶ ʩʠʪʫʘʮʠʶ, ʯʪʦ ʠ ʚ 
ʧʨʝʜʳʜʫʱʝʤ ʧʦʜʨʘʟʜʝʣʝ, ʥʦ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʦʤʠʤʦ ʨʳʥʢʘ 

ʫʩʣʦʚʥʳʭ ʪʦʚʘʨʦʚ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0t  (ʬʦʨʚʘʨʜʥʳʡ ʨʳ-

ʥʦʢ) ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 1t  ʦʪʢʨʳʚʘʶʪʩʷ ʨʳʥʢʠ ʜʣʷ ʪʦʨʛʦʚʣʠ 

ʪʦʚʘʨʘʤʠ (ʩʧʦʪ-ʨʳʥʢʠ). ʕʪʠ ʨʳʥʢʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʧʦʩʣʝ ʪʦʛʦ, 
ʢʘʢ ʩʪʘʣʦ ʠʟʚʝʩʪʥʦ ʩʦʩʪʦʷʥʠʝ ʩʨʝʜʳ s, ʥʦ ʝʱʝ ʜʦ ʪʦʛʦ, ʢʘʢ 
ʧʦʪʨʝʙʣʝʥ ʜʦʩʪʘʚʣʝʥʥʳʡ ʩ ʫʩʣʦʚʥʦʛʦ ʨʳʥʢʘ ʪʦʚʘʨʦʚ ʥʘʙʦʨ 

ʧʨʦʜʫʢʪʦʚ ,...,n n

1s Lsc c . ɺʦʟʥʠʢʥʝʪ ʣʠ ʞʝʣʘʥʠʝ ʫ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʪʦʨʛʦʚʘʪʴ ʧʨʦʜʫʢʪʦʤ ʥʘ ʩʧʦʪ-ʨʳʥʢʘʭ? ʆʪʚʝʪ ï ʥʝʪ, ʥʝ ʚʦʟʥʠʢ-
ʥʝʪ. ʕʪʦ ʩʣʝʜʫʝʪ ʠʟ ʩʚʦʡʩʪʚʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʚʥʦʚʝʩʠʷ.  

ʉʠʪʫʘʮʠʷ ʤʝʥʷʝʪʩʷ, ʝʩʣʠ ʥʝ ʚʩʝ LV  ʨʳʥʢʦʚ ʫʩʣʦʚʥʳʭ 

ʪʦʚʘʨʦʚ ʦʪʢʨʳʚʘʶʪʩʷ ʚ ʤʦʤʝʥʪ 0t . ʊʦʛʜʘ ʵʬʬʝʢʪʠʚʥʦʝ 

ʨʘʚʥʦʚʝʩʠʝ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʜʦʩʪʠʞʠʤʦ ʧʨʠ ʥʘʣʠʯʠʠ ʚʩʝʭ ʬʦʨ-
ʚʘʨʜʥʳʭ ʨʳʥʢʦʚ, ʤʦʞʝʪ ʧʝʨʝʩʪʘʪʴ ʙʳʪʴ ʜʦʩʪʠʞʠʤʳʤ, ʠ ʚʦʟ-

ʥʠʢʥʝʪ ʧʦʙʫʞʜʝʥʠʝ ʢ ʪʦʨʛʦʚʣʝ ʧʨʠ 1t . 

ɽʩʣʠ ʥʝ ʚʩʝ ʠʟ LV  ʨʳʥʢʦʚ ʫʩʣʦʚʥʳʭ ʪʦʚʘʨʦʚ ʜʦʩʪʫʧʥʳ 

ʚ ʤʦʤʝʥʪ 0t , ʪʦ, ʢʘʢ ʟʘʤʝʪʠʣ ʝʱʝ ʕʨʨʦʫ [1], ʧʨʠ ʥʝʢʦʪʦʨʳʭ 

ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʨʛʦʚʣʠ ʚ ʤʦʤʝʥʪ 1t  ʤʦʞʝʪ ʦʙʝʩʧʝ-

ʯʠʪʴ ʩʚʦʡʩʪʚʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʚʥʦʚʝʩʠʷ. ɼʣʷ ʵʪʦʛʦ, ʦʢʘʟʳ-
ʚʘʝʪʩʷ, ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʩʫʱʝʩʪʚʦʚʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʨ-

ʛʦʚʣʠ ʦʜʥʠʤ ʚʳʜʝʣʝʥʥʳʤ ʫʩʣʦʚʥʳʤ ʪʦʚʘʨʦʤ ʚ ʤʦʤʝʥʪ 0t  

ʥʘ ʬʦʨʚʘʨʜʥʦʤ ʨʳʥʢʝ, ʠ ʮʝʥʳ ʩʧʦʪ-ʨʳʥʢʦʚ ʚ ʤʦʤʝʥʪ 1t  

ʧʨʘʚʠʣʴʥʦ ʧʨʝʜʫʛʘʜʳʚʘʣʠʩʴ ʘʛʝʥʪʘʤʠ ʚ ʤʦʤʝʥʪ 0t  (ʧʨʠʥ-

ʮʠʧ ʨʘʮʠʦʥʘʣʴʥʳʭ ʦʞʠʜʘʥʠʡ). 

ʀʪʘʢ, ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʯʝʨʝʟ 
L

sp R  ʚʝʢʪʦʨ ʮʝʥ ʥʘ 

ʩʧʦʪ-ʨʳʥʢʝ. ʏʝʨʝʟ 1,...,
V

Vq q q R  ʦʙʦʟʥʘʯʠʤ ʚʝʢʪʦʨ ʮʝʥ 

ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʪʦʚʘʨʘ 1l L , ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʬʦʨ-

ʚʘʨʜʥʦʤ ʨʳʥʢʝ V  ʫʩʣʦʚʥʳʤʠ ʪʦʚʘʨʘʤʠ 1s. ʊʦʛʜʘ, ʟʥʘʷ ʮʝʥʳ 
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Vq R  ʠ ʦʞʠʜʘʝʤʳʝ ʮʝʥʳ ʩʧʦʪ-ʨʳʥʢʘ 1,...,
LV

Vp p R , ʧʦ-

ʪʨʝʙʠʪʝʣʴ ʚʳʙʠʨʘʝʪ ʧʣʘʥ ʧʦʩʪʘʚʦʢ ʫʩʣʦʚʥʳʭ ʪʦʚʘʨʦʚ 

1 ,...,n n n V

Vz z z R  ʠ ʥʘʙʦʨ ʧʦʪʨʝʙʣʝʥʠʡ ,...,n n LV

1 Vc c R  ʥʘ 

ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʨʝʘʣʠʟʘʮʠʠ s . 

ʇʫʩʪʴ ʧʨʝʜʧʦʯʪʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʟʘʜʘʥʳ ʬʫʥʢʮʠʝʡ ʧʦ-

ʣʝʟʥʦʩʪʠ 
nU .  

ʈʘʚʥʦʚʝʩʠʝʤ ʚ ʤʦʜʝʣʠ ʈʘʜʥʝʨʘ [31, 19:Ch.20] ʥʘʟʳʚʘʝʪ-

ʩ ̫ʥʘʙʦʨ , , ,q p z cN N

S S , ʩʦʩʪʦʷʱʠʡ ʠʟ ʚʝʢʪʦʨʦʚ ʮʝʥ ʥʘ ʫʩ-

ʣʦʚʥʳʝ ʪʦʚʘʨʳ 1s  Vq R , ʮʝʥ ʩʧʦʪ-ʨʳʥʢʘ ,L

sp sR S , 

ʧʣʘʥʦʚ ʧʦʩʪʘʚʦʢ ʫʩʣʦʚʥʳʭ ʪʦʚʘʨʦʚ ,n Vz n NR , ʧʣʘʥʦʚ 

ʧʦʪʨʝʙʣʝʥʠʡ , ,n L

sc s nR S N  ʪʘʢʠʭ, ʯʪʦ  

Á ɼʣʷ ʧʦʪʨʝʙʠʪʝʣʷ n N  ʧʣʘʥ ,n nz cS
 ʥʘʠʣʫʯʰʠʡ  
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ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʘʚʥʦʚʝʩʠʷ ʕʨʨʦʫ-ɼʝʙʨʝ, ʚ ʨʘʚʥʦʚʝʩʠʠ 

ʈʘʜʥʝʨʘ ʪʦʨʛʦʚʣʷ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ 
ʚʨʝʤʝʥʠ, ʥʦ ʠ ʚ ʦʩʪʘʣʴʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 
ʣʶʙʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ s. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʛʝʥʪʳ ʩʪʘʣʢʠʚʘ-

ʶʪʩʷ ʫʞʝ ʥʝ ʩ ʦʜʥʠʤ, ʘ ʩʦ ʤʥʦʛʠʤʠ ʙʶʜʞʝʪʥʳʤʠ ʦʛʨʘʥʠʯʝ-
ʥʠʷʤʠ. 
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ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʚʥʦʚʝʩʠʝ ʚ ʤʦʜʝʣʠ ʈʘʜ-
ʥʝʨʘ ʵʬʬʝʢʪʠʚʥʦ, ʙʦʣʝʝ ʪʦʛʦ, ʥʘʪʫʨʘʣʴʥʘʷ ʯʘʩʪʴ ʨʘʚʥʦʚʝʩʠʷ 

cN

S
 ʦʢʘʟʳʚʘʝʪʩʷ ʪʘʢʦʡ ʞʝ, ʯʪʦ ʠ ʚ ʨʘʚʥʦʚʝʩʠʠ ʤʦʜʝʣʠ ʕʨʨʦʫ 

[31, 28:Ch.19]. ʊ.ʝ. ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʪʫʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 
ʵʪʠ ʨʘʚʥʦʚʝʩʠʷ ʵʢʚʠʚʘʣʝʥʪʥʳ. 

ʈʘʚʥʦʚʝʩʠʝ ʈʘʜʥʝʨʘ ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʪʦʨʛʫʝʤʳʭ 

ʫʩʣʦʚʥʳʭ ʪʦʚʘʨʦʚ ʜʦ V  ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʚʥʦʚʝʩʠʝʤ ʕʨʨʦʫ-

ɼʝʙʨʝ, ʛʜʝ ʠʭ LV  ʰʪʫʢ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʫʩʣʦʚʥʳʡ ʪʦʚʘʨ ʦʩʪʘ-

ʝʪʩʷ ʦʙʲʝʢʪʦʤ, ʘʥʘʣʦʛʠʶ ʢʦʪʦʨʦʤʫ ʚ ʨʝʘʣʴʥʦʩʪʠ ʥʘʡʪʠ ʪʷʞʝ-
ʣʦ. ɼʘʞʝ ʦʧʮʠʦʥʳ ʥʝ ʷʚʣʷʶʪʩʷ, ʧʦ ʩʫʪʠ, ʧʨʠʤʝʨʦʤ ʫʩʣʦʚʥʳʭ 
ʪʦʚʘʨʦʚ: ʬʘʢʪ ʠʩʧʦʣʥʝʥʠʷ ʦʧʮʠʦʥʘ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ 
ʦʛʦʚʦʨʝʥʥʦʡ ʟʘʨʘʥʝʝ ʮʝʥʳ ʠʩʧʦʣʥʝʥʠʷ ʠ ʩʪʦʠʤʦʩʪʠ ʮʝʥʥʦʡ 
ʙʫʤʘʛʠ ʥʘ ʤʦʤʝʥʪ ʠʩʧʦʣʥʝʥʠʷ, ʪ.ʝ. ʦʩʥʦʚʘʥʠʝ ʜʣʷ ʠʩʧʦʣʥʝʥʠʷ 
ʦʧʮʠʦʥʘ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʥʦʡ ʚʝʣʠʯʠʥʦʡ ʦʪ ʨʘʚʥʦʚʝʩʠʷ ʥʘ 
ʦʪʜʝʣʴʥʦʤ ʨʳʥʢʝ (ʪʦʚʘʨʥʦʤ ʠʣʠ ʨʳʥʢʝ ʮʝʥʥʳʭ ʙʫʤʘʛ), ʘ ʥʝ 
ʥʝʢʦʪʦʨʳʤ ʥʝʟʘʚʠʩʠʤʳʤ ʩʦʙʳʪʠʝʤ, ʢʘʢʦʚʳʤʠ ʩʯʠʪʘʶʪʩʷ ʩʦ-
ʩʪʦʷʥʠʷ ʩʨʝʜʳ s. ʅʘʚʝʨʥʦʝ, ʧʦʵʪʦʤʫ ʤʦʜʝʣʠ ʩ ʫʩʣʦʚʥʳʤʠ 

ʪʦʚʘʨʘʤʠ ʥʘʰʣʠ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʣʠʰʴ ʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʢʦʥ-
ʩʪʨʫʢʮʠʷʭ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʜʝʣʴ ʨʘʚʥʦʚʝʩʠʷ 
ʈʘʜʥʝʨʘ ʦʪʨʘʞʘʝʪ ʨʝʰʘʶʱʠʡ ʜʣʷ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 
ʤʦʤʝʥʪ: ʝʩʣʠ ʥʦʤʝʥʢʣʘʪʫʨʘ ʪʦʨʛʫʝʤʳʭ ʘʢʪʠʚʦʚ, ʩʚʷʟʳʚʘʶʱʠʭ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ, ʥʝ ʤʝʥʴʰʝ, ʯʝʤ ʯʠʩʣʦ 
ʩʣʫʯʘʡʥʳʭ ʠʩʭʦʜʦʚ, ʪʦ ʨʝʘʣʠʟʫʶʱʝʝʩʷ ʨʘʚʥʦʚʝʩʠʝ ʵʬʬʝʢ-

ʪʠʚʥʦ. (ɺ ʤʦʜʝʣʠ ʈʘʜʥʝʨʘ ʯʠʩʣʦ ʫʩʣʦʚʥʳʭ ʪʦʚʘʨʦʚ 1 ,s s S  

ʨʘʚʥʦ ʯʠʩʣʫ ʩʦʩʪʦʷʥʠʡ ʩʨʝʜʳ s). ʕʪʦʪ ʤʦʤʝʥʪ ʠʩʩʣʝʜʫʝʪʩʷ ʚ 
ʪʝʦʨʠʠ ʧʦʣʥʳʭ ʠ ʥʝʧʦʣʥʳʭ ʨʳʥʢʦʚ, ʩʪʨʦʷʱʠʭʩʷ ʥʘ ʙʘʟʝ ʤʦ-
ʜʝʣʠ ʩ ʘʢʪʠʚʘʤʠ. 

2.4 ʇʦʣʥʳʝ ʠ ʥʝʧʦʣʥʳʝ ʨʳʥʢʠ 

ʇʦʜʥʷʪʳʝ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ ʚʦʧʨʦʩʳ ʫʜʦʙʥʦ ʠʟʫ-
ʯʘʪʴ ʥʘ ʘʙʩʪʨʘʢʪʥʳʭ ʤʦʜʝʣʷʭ ʨʘʚʥʦʚʝʩʠʷ, ʚ ʢʦʪʦʨʳʭ ʨʝʯʴ 
ʠʜʝʪ ʦ ʪʦʨʛʦʚʣʝ ʘʢʪʠʚʘʤʠ.  ɸʢʪʠʚʦʤ ʥʘʟʳʚʘʶʪ  ʧʨʘʚʦ ʧʦʣʫ-
ʯʝʥʠʷ ʢʘʢʦʛʦ-ʪʦ ʢʦʣʠʯʝʩʪʚʘ ʣʠʙʦ ʪʦʚʘʨʘ, ʣʠʙʦ ʜʝʥʝʛ ʚ ʤʦʤʝʥʪ 

1t . ʂʦʣʠʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ ʪʦʚʘʨʘ ʠʣʠ ʜʝʥʝʛ, ʪ.ʝ. ʜʦʭʦʜ, 

ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ s . ɽʩʣʠ ʜʦʭʦʜ ʧʦ ʘʢʪʠʚʘʤ 

ʚʳʧʣʘʯʠʚʘʝʪʩʷ ʚ ʥʘʪʫʨʘʣʴʥʦʡ ʬʦʨʤʝ, ʪʦ ʘʢʪʠʚ ʥʘʟʳʚʘʶʪ ʨʝ-
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ʘʣʴʥʳʤ. ɽʩʣʠ ʜʦʭʦʜ ʚʳʧʣʘʯʠʚʘʶʪʩʷ ʚ ʬʦʨʤʝ ʜʝʥʝʛ, ʪʦ ʘʢʪʠʚ 
ʬʠʥʘʥʩʦʚʳʡ. 

ʇʨʠʚʝʜʝʤ ʧʨʦʩʪʝʡʰʫʶ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʙʫʜʫʪ ʨʘʩ-
ʩʤʘʪʨʠʚʘʪʴʩʷ ʨʝʘʣʴʥʳʝ ʘʢʪʠʚ,r ʚʳʧʣʘʪʳ ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʠʟ-
ʚʦʜ̫ʪʩʷ ʦʜʥʦʨʦʜʥʳʤ ʧʨʦʜʫʢʪʦʤ.   

ɽʜʠʥʠʮʝʡ ʘʢʪʠʚʘ ʠʣʠ ʮʝʥʥʦʡ ʙʫʤʘʛʦʡ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ 

ʧʨʘʚʦ ʧʦʣʫʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 
sr  ʧʨʦʜʫʢʪʘ 1l  ʚ ʤʦʤʝʥʪ ʚʨʝʤʝ-

ʥʠ 1t , ʝʩʣʠ ʨʝʘʣʠʟʫʝʪʩʷ ʩʦʩʪʦʷʥʠʝ s. ʊʦʛʜʘ ʘʢʪʠʚ ʧʦʣʥʦ-

ʩʪʴʶ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʢʪʦʨʦʤ ʜʦʭʦʜʘ (1),..., ( ) Vr r r V R . 

ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʘʢʪʠʚʦʚ 

1,...,KK . ɺʝʢʪʦʨ ʮʝʥ ʥʘ ʘʢʪʠʚʳ, ʪʦʨʛʫʝʤʳʝ ʚ ʤʦʤʝʥʪ ʚʨʝ-

ʤʝʥʠ 0t  ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ 1,...,
K

Kq q q R . ʇʦʨʪʬʝʣʝʤ 

ʘʢʪʠʚʦʚ ʧʦʪʨʝʙʠʪʝʣʷ n N  ʥʘʟʦʚʝʤ ʚʝʢʪʦʨ 

1 ,...,n n n K

Kz z z R , ʢʦʤʧʦʥʝʥʪʳ ʢʦʪʦʨʦʛʦ ʦʟʥʘʯʘʶʪ ʢʦʣʠʯʝ-

ʩʪʚʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʢʪʠʚʘ, ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ ʧʦʪʨʝʙʠʪʝʣʶ  

n N  ʧʦ ʦʢʦʥʯʘʥʠʶ ʪʦʨʛʦʚʣʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0t . 

ɺ ʤʦʤʝʥʪ 1t , ʢʦʛʜʘ ʨʝʘʣʠʟʫʝʪʩʷ ʩʣʫʯʘʡʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʩʨʝʜʳ s S, ʫ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʦʷʚʣʷʶʪʩʷ ʟʘʧʘʩʳ ( )nw s , ʢʦʪʦ-

ʨʳʝ ʦʥ ʤʦʞʝʪ ʧʨʦʜʘʪʴ ʥʘ ʩʧʦʪ-ʨʳʥʢʝ ʧʦ ʮʝʥʝ ( )p s , ʯʪʦʙʳ ʢʫ-

ʧʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ( )nc s . ʆʙʦʟʥʘʯʠʤ (1),..., ( )n n n Vc c c V R , 

(1),..., ( )n n nw w w V . 

ʈʘʚʥʦʚʝʩʠʝʤ ʚ ʤʦʜʝʣʠ ʩ ʘʢʪʠʚʘʤʠ ʥʘʟʳʚʘʝʪʩʷ ʥʘʙʦʨ 

, , ,q p z cN N
, ʪʘʢʦʡ ʯʪʦ   

Á ɼʣʷ ʧʦʪʨʝʙʠʪʝʣʷ n N  ʧʦʨʪʬʝʣʴ 
nz  ʠ ʚʝʢʪʦʨ ʧʦʪʨʝʙʣʝ-

ʥʠʷ 
nc  ʦʧʪʠʤʘʣʴʥʳ 

 

,

, Argmax ( )
n n

s

n n n n

s
c z

z c U c sE  

 
ʧʨʠ ʙʶʜʞʝʪʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ  
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   ( ) ( ) ( ) ( ) ( ) ( )n n n k

k

k

p s c s p s w s p s z r s
K

,  s S . (2.7) 

 
Á ɺʳʧʦʣʥʝʥʳ ʙʘʣʘʥʩʳ  
 

0n

k

n

z
N

,  k K   ʠ  ( ) ( )n n

n n

c s w s
N N

, s S . 

 
ɺ ʤʦʜʝʣʠ ʩ ʘʢʪʠʚʘʤʠ ʤʘʪʨʠʮʝʡ ʘʢʪʠʚʦʚ ʙʫʜʝʤ ʥʘʟʳ-

ʚʘʪʴ V K  ʤʘʪʨʠʮʫ, k -ʷ ʢʦʣʦʥʢʘ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨʦʤ 

ʜʦʭʦʜʘ k -ʛʦ ʘʢʪʠʚʘ: 

 
1

1

(1) ... (1)

... ... ...

( ) ... ( )

K

K

r r

R

r V r V

 

 
ʈʳʥʦʢ (ʩʪʨʫʢʪʫʨʘ ʘʢʪʠʚʦʚ) ʥʘʟʳʚʘʝʪʩ  ̫ ʧʦʣʥʳʤ, ʝʩʣʠ 

Rg R V, ʪ.ʝ. ʝʩʣʠ ʩʨʝʜʠ ʘʢʪʠʚʦʚ K  ʥʘʡʜʫʪʩʷ V  ʰʪʫʢ ʪʘʢʠʭ, 

ʯʪʦ ʠʭ ʚʝʢʪʦʨʘ ʜʦʭʦʜʦʚ (1),..., ( )k k kr r r V  ʙʫʜʫʪ ʣʠʥʝʡʥʦ 

ʥʝʟʘʚʠʩʠʤʳ. ʀʥʘʯʝ ʨʳʥʦʢ ʩʯʠʪʘʝʪʩʷ ʥʝʧʦʣʥʳʤ [26, 
28:Ch.19].  

ʆʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ, ʝʩʣʠ ʨʳʥʦʢ ʧʦʣʥʳʡ, ʪʦ ʚ ʤʦʜʝʣʠ ʩ ʘʢ-
ʪʠʚʘʤʠ ʨʝʘʣʠʟʫʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʚʥʦʚʝʩʠʝ (ʥʘʧʨʠʤʝʨ, 
[28:Ch.1]). ɺ ʵʪʦʤ ʨʘʚʥʦʚʝʩʠʠ ʥʘʪʫʨʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʧʦ-

ʪʨʝʙʣʝʥʠʷ cN
, ʦʧʷʪʴ ʞʝ ʩʦʚʧʘʜʘʶʪ ʩ ʧʦʪʨʝʙʣʝʥʠʷʤʠ, ʨʝʘʣʠ-

ʟʫʶʱʠʤʠʩʷ ʚ ʤʦʜʝʣʠ ʕʨʨʦʫ. ʄʝʞʜʫ ʦʩʪʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 
ʨʘʚʥʦʚʝʩʠʷ ʤʦʜʝʣʠ ʩ ʘʢʪʠʚʘʤʠ ʠ ʤʦʜʝʣʠ ʕʨʨʦʫ ʫʩʪʘʥʘʚʣʠʚʘ-
ʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʩʚʷʟʴ. ɽʩʣʠ ʞʝ ʨʳʥʦʢ ʥʝʧʦʣʥʳʡ, ʪʦ ʨʘʚʥʦ-
ʚʝʩʠʝ ʤʦʞʝʪ ʥʝ ʩʫʱʝʩʪʚʦʚʘʪʴ [21], ʘ ʝʩʣʠ ʠ ʩʫʱʝʩʪʚʫʝʪ, ʪʦ ʚ 
ʩʣʫʯʘʝ ʦʙʱʝʛʦ ʧʦʣʦʞʝʥʠʷ ʥʝʵʬʬʝʢʪʠʚʥʦ [16, 19:Ch.30]. 
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ɼʣʷ ʧʦʣʥʦʪʳ ʨʳʥʢʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠ-

ʚʦʚ, ʘ ʨʘʟʤʝʨʥʦʩʪʴ ʣʠʥʝʡʥʦʡ ʦʙʦʣʦʯʢʠ ʚʝʢʪʦʨʦʚ ʚʳʧʣʘʪ 
kr . 

ʀʤʝʥʥʦ ʝʝ ʨʘʟʤʝʨʥʦʩʪʴ, ʘ ʥʝ ʧʨʦʩʪʦ ʯʠʩʣʦ ʘʢʪʠʚʦʚ, ʜʦʣʞʥʘ 
ʙʳʪʴ ʥʝ ʤʝʥʴʰʝ, ʯʝʤ ʯʠʩʣʦ ʩʣʫʯʘʡʥʳʭ ʠʩʭʦʜʦʚ.  

ɽʩʣʠ ʞʝ ʚʝʢʪʦʨʳ ʚʳʧʣʘʪ ʢʘʢʦʡ-ʪʦ ʧʦʜʩʠʩʪʝʤ rʘʢʪʠʚʦʚ 

K K  ʫʞʝ ʠʤʝʁʪ ʣʠʥʝʡʥʫʶ ʦʙʦʣʦʯʢʫ ʨʘʟʤʝʨʥʦʩʪʠ V, ʪʦ 

ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʮʝʥʫ 
iq  ʣʶʙʦʛʦ ʘʢʪʠʚʘ \i K K  ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ  
k

i k

k

q q
K

, \i K K  (2.8) 

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 
k
 ï ʩʫʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ ʚʝʢ-

ʪʦʨʘ ʜʦʭʦʜʦʚ  
 

i k k

k

r r
K

. (2.9) 

 
ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʯʘʩʪʦ ʛʦʚʦʨʷʪ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʦʛʦ ʘʢʪʠʚʘ 
ʥʝ ʠʟʤʝʥʷʝʪ ʨʘʚʥʦʚʝʩʠʷ ʥʘ ʧʦʣʥʦʤ ʨʳʥʢʝ. ʆʜʥʘʢʦ ʵʪʦ ʥʝ ʩʦ-
ʚʩʝʤ ʢʦʨʨʝʢʪʥʦ. ɽʩʣʠ ʜʦʙʘʚʣʷʝʪʩʷ ʨʝʘʣʴʥʳʡ ʘʢʪʠʚ, ʪʦ ʠʟʤʝ-
ʥʷʝʪʩʷ ʩʫʤʤʘʨʥʳʡ ʧʨʦʜʫʢʪ ʚ ʵʢʦʥʦʤʠʢʝ, ʘ ʵʪʦ ʠʟʤʝʥʷʝʪ ʨʘʚ-
ʥʦʚʝʩʠʝ.  

 ʋʩʣʦʚʠʷ (2.9)-(2.8) ʩʦʜʝʨʞʘʪʝʣʴʥʦ ʦʟʥʘʯʘʶʪ, ʯʪʦ ʧʦʪʨʝ-
ʙʠʪʝʣʶ ʜʦʩʪʘʪʦʯʥʦ ʚʳʙʠʨʘʪʴ ʧʦʨʪʬʝʣʴ ʩʨʝʜʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 
ʥʘʙʦʨʘ ʙʫʤʘʛ. ɽʩʣʠ ʞʝ ʘʢʪʠʚʦʚ ʙʦʣʴʰʝ, ʯʝʤ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 
ʧʦʣʥʦʪʳ ʨʳʥʢʘ, ʪʦ ʧʦʪʨʝʙʠʪʝʣʴ ʥʘʯʠʥʘʝʪ ʚʳʙʠʨʘʪʴ ʧʦʨʪʬʝʣʴ 
ʚ ʨʘʤʢʘʭ ʧʦʣʷ ʙʝʟʨʘʟʣʠʯʠʷ, ʢʦʪʦʨʦʝ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ 
ʯʠʩʣʦ ʘʢʪʠʚʦʚ. ʊʘʢʞʝ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ, ʝʩʣʠ ʯʠʩʣʦ ʘʢʪʠʚʦʚ 

K  ʙʦʣʴʰʝ ʯʠʩʣʘ, ʜʦʩʪʘʪʦʯʥʦʛʦ ʜʣʷ ʧʦʣʥʦʪʳ, ʪʦ ʩʫʱʝʩʪʚʫʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʙʦʨʦʚ K K , ʚʝʢʪʦʨʳ 
ʜʦʭʦʜʦʚ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪ ʣʠʥʝʡʥʳʝ ʦʙʦʣʦʯʢʠ ʨʘʟʤʝʨʥʦʩʪʠ 

V, ʘ ʦʩʪʘʣʴʥʳʝ ʘʢʪʠʚʳ \K K  çʨʘʩʢʣʘʜʳʚʘʶʪʩʷè ʧʦ ʚʳʙʨʘʥ-

ʥʳʤ ʘʢʪʠʚʘʤ. 
ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʥʷʪʠʝ ʧʦʣʥʦʪʳ ʠ 

ʥʝʧʦʣʥʦʪʳ ʨʳʥʢʦʚ ʤʝʥʷʝʪʩʷ ʦʪ ʤʦʜʝʣʠ ʢ ʤʦʜʝʣʠ. ʅʝʪ ʦʙʱʝ-
ʧʨʠʥʷʪʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʥʦʪʳ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʥʝʪ ʝʜʠʥʦʛʦ 
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ʩʪʘʥʜʘʨʪʘ ʤʦʜʝʣʠ ʩ ʘʢʪʠʚʘʤʠ. ʇʦʥʷʪʠʝ ʧʦʣʥʦʛʦ ʨʳʥʢʘ, ʢʘʢ 
ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʥʝʢʦʪʦʨʳʤ ʭʦʨʦʰʠʤ ʩʚʦʡʩʪ-
ʚʦʤ ʨʘʚʥʦʚʝʩʠʷ, ʯʘʱʝ ʚʩʝʛʦ ï ʵʬʬʝʢʪʠʚʥʦʩʪʴ ,ʁ ʢʦʪʦʨʦʝ ʧʦ-
ʷʚʣʷʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʥʝʢʦʡ ʧʦʣʥʦʪʝ. 

2.5 ʇʨʦʙʣʝʤʘ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʠ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ 
ʨʘʚʥʦʚʝʩʠʡ 

ɺʦʧʨʦʩ ʦ ʢʦʣʠʯʝʩʪʚʝ ʨʘʚʥʦʚʝʩʠʡ ʚʦʣʥʦʚʘʣ ʵʢʦʥʦʤʠʩʪʦʚ 
ʜʘʚʥʦ, ʘ ʧʝʨʚʳʝ ʟʥʘʯʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥ-
ʥʳʭ ʤʦʜʝʣʝʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 1970 ɼ. ɼʝʙʨʝ [14]. ʅʦ ʜʦ ʩʝ-
ʨʝʜʠʥʳ 90ʭ ʛʦʜʦʚ ʬʘʢʪʫ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘ ʨʘʚʥʦʚʝ-
ʩʠʡ ʚ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʚʚʠʜʫ ʧʨʦʠʟʚʦʣʴʥʦʩʪʠ ʪʝʨʤʠ-
ʥʘʣʴʥʳʭ ʮʝʥ (ʢʘʢ ʚ ʤʦʜʝʣʠ ʯʠʩʪʦʛʦ ʦʙʤʝʥʘ ʠʟ ʨʘʟʜʝʣʘ 2.1) ʥʝ 
ʫʜʝʣʷʣʦʩʴ ʜʦʣʞʥʦʛʦ ʚʥʠʤʘʥʠʷ, ʘ ʤʦʜʝʣʠ ʟʘʯʘʩʪʫʶ ʬʦʨʤʫʣʠ-
ʨʦʚʘʣʠʩʴ ʜʣʷ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʪʝʨʤʠʥʘʣʴʥʳʭ ʮʝʥ, ʧʨʝʜʧʦʣʘ-
ʛʘʷ, ʯʪʦ ʦʪ ʪʝʨʤʠʥʘʣʴʥʳʭ ʮʝʥ ʥʠʯʝʛʦ ʥʝ ʟʘʚʠʩʠʪ, ʯʪʦ ʥʝ ʚʩʝ-
ʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ.  

ʆʜʥʘʢʦ ʧʦʩʣʝ ʧʨʠʤʝʨʘ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʚ [7], ʩʪʨʦʛʦʛʦ 
ʨʘʟʙʦʨʘ ʦʙʱʝʛʦ ʩʣʫʯʘʷ ʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚ, ʜʘʥʥʳʭ ʚ [17], ʩʠʪʫʘ-
ʮʠʷ ʩʪʘʣʘ ʙʦʣʝʝ ʷʩʥʦʡ. ɸʚʪʦʨʳ ʫʢʘʟʘʣʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠ-
ʯʠʷ ʤʝʞʜʫ ʨʘʚʥʦʚʝʩʠʷʤʠ ʤʦʜʝʣʝʡ ʩ ʨʝʘʣʴʥʳʤʠ ʘʢʪʠʚʘʤʠ ʠ 
ʨʘʚʥʦʚʝʩʠʷʤʠ ʤʦʜʝʣʝʡ ʩ ʬʠʥʘʥʩʦʚʳʤʠ (ʥʦʤʠʥʘʣʴʥʳʤʠ) ʘʢ-
ʪʠʚʘʤʠ. ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ, ʨʝʘʣʴʥʳʝ ʘʢʪʠʚʳ ʧʨʠʥʦʩʷʪ ʜʦ-
ʭʦʜ ʠ ʧʦʢʫʧʘʶʪʩʷ ʟʘ ʝʜʠʥʠʮʳ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʧʨʦʜʫʢʪʘ, ʥʦʤʠ-
ʥʘʣʴʥʳʝ ï ʟʘ ʜʝʥʝʞʥʳʝ ʝʜʠʥʠʮʳ.  

ɺ ʤʦʜʝʣʷʭ ʠ ʩ ʨʝʘʣʴʥʳʤʠ ʘʢʪʠʚʘʤʠ, ʠ ʩ ʥʦʤʠʥʘʣʴʥʤrʠ, 
ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʨʦʚʦʜʠʪʩʷ ʪʝʩʪ ɺʘʣʴʨʘʩʘ [19:Ch.30:Sect.3] 
ʥʘ ʩʦʦʪʥʝʩʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʥʝʠʟʚʝʩʪʥʳʭ ʤʦʜʝʣʠ ʠ ʣʠʥʝʡʥʦ-
ʥʝʟʘʚʠʩʠʤʳʭ ʫʨʘʚʥʝʥʠʡ. ʀ ʚ ʪʝʭ, ʠ ʚ ʜʨʫʛʠʭ ʤʦʜʝʣʷʭ, ʢʘʢ ʧʨʘ-
ʚʠʣʦ, ʚʳʧʦʣʥʷʝʪʩʷ ʪʦʞʜʝʩʪʚʦ (ʟʘʢʦʥ) ɺʘʣʴʨʘʩʘ ʚ ʢʘʞʜʦʤ ʧʝ-
ʨʠʦʜʝ ʠ ʧʨʠ ʢʘʞʜʦʤ ʩʦʩʪʦʷʥʠʠ ʩʨʝʜʳ. ɺ ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʰʝ 
ʤʦʜʝʣʠ ʩ ʘʢʪʠʚʘʤʠ ʵʪʦ ʦʟʥʘʯʘʝʪ ʚʧrʦʣʥʝʥʠʝ ʪʦʞʜʝʩʪʚʝʥʥʦ 

1V  ʫʨʘʚʥʝʥʠʷ, ʘ ʟʥʘʯʠʪ, ʠ ʥʝʠʟʚʝʩʪʥʳʭ ʥʘ 1V  ʙʦʣʴʰʝ, 

ʯʝʤ ʫʨʘʚʥʝʥʠʡ.  
ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [18], ʚ ʤʦʜʝʣʠ ʩ ʨʝʘʣʴʥʳʤʠ ʘʢʪʠʚʘʤʠ 

ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ  1V  ʧʝʨʝʤʝʥʥʦʡ ʥʠʢʘʢ ʥʝ ʚʣʠʷʝʪ ʥʘ ʨʘʚ-

ʥʦʚʝʩʠʝ. ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʥʦʪʳ ʠʣʠ ʥʝʧʦʣʥʦʪʳ ʨʳʥʢʦʚ 
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ʚ ʤʦʜʝʣʷʭ ʩ ʨʝʘʣʴʥʳʤʠ ʘʢʪʠʚʘʤʠ ʩʫʱʝʩʪʚʫʝʪ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ 
ʨʘʚʥʦʚʝʩʠʡ.  

ʉʦʚʩʝʤ ʠʥʘʯʝ ʦʙʩʪʦʠʪ ʜʝʣʦ ʩ ʥʦʤʠʥʘʣʴʥʳʤʠ ʘʢʪʠʚʘʤʠ ï 
ʨʘʚʥʦʚʝʩʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝʦʜʥʦʟʥʘʯʥʦ. ʇʨʦʙʣʝʤʘ ʥʝʦʜʥʦ-
ʟʥʘʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ indeterminacy (ʥʝ-
ʦʜʥʦʟʥʘʯʥʦʩʪʴ5). ʅʦʤʠʥʘʣʴʥʦʡ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴʶ ʥʘʟʳʚʘʝʪ-
ʩʷ ʪʘʢʘʷ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʨʘʚʥʦʚʝ-
ʩʠʷ (ʢʘʢ ʧʨʘʚʠʣʦ, ʪʝʨʤʠʥʘʣʴʥʳʭ ʮʝʥ), ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʜʘʥʥʳʭ 
ʵʣʝʤʝʥʪʦʚ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʨʘʚʥʦʚʝʩʥʦʛʦ ʧʦʪʨʝʙʣʝ-

ʥʠʷ ( )cN
, ʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʣʠʰʴ ʦʩʪʘʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (ʮʝʥ ( )p , ʩʪʦʠʤʦʩʪʝʡ ʘʢʪʠʚʦʚ q  ʠ ʜʨ.). ʈʝʘʣʴʥʘʷ 

ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ï ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʱʘʷ 
ʥʘ ʨʘʚʥʦʚʝʩʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʤʝʞʜʫ ʘʛʝʥʪʘʤʠ.  

ɺ ʤʦʜʝʣʠ ʩ ʥʦʤʠʥʘʣʴʥʳʤʠ ʘʢʪʠʚʘʤʠ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ 
ʨʳʥʢʠ ʧʦʣʥʳ, ʥʘʣʠʯʠʝ ʬʠʥʘʥʩʦʚʳʭ ʘʢʪʠʚʦʚ ʧʨʠʚʦʜʠʪ ʣʠʰʴ ʢ 

ʥʦʤʠʥʘʣʴʥʦʡ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʩʪʝʧʝʥʠ 1V . ɺ ʩʣʫʯʘʝ ʥʝ-

ʧʦʣʥʳʭ ʨʳʥʢʦʚ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ [17], 1V  ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ʩʚʦʜʠʪʩʷ ʢ ʜʚʫʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ 

ʥʦʤʠʥʘʣʴʥʦʡ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʠ 1V  ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ ʨʝ-

ʘʣʴʥʦʡ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ. 
ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʞʝ ʯʠʩʪʦ ʥʦʤʠʥʘʣʴʥʘʷ ʥʝʦʜʥʦ-

ʟʥʘʯʥʦʩʪʴ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʨʘʚʥʦʚʝʩʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝ-
ʣʝʥʥʫʶ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʪʨʫʜʥʦʩʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠʥʮʠʧʘ 
ʨʘʮʠʦʥʘʣʴʥʳʭ ʦʞʠʜʘʥʠʡ. ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʚ-
ʥʦʚʝʩʠʷ ʤʳ ʜʦʣʞʥʳ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʩʝ ʘʛʝʥʪʳ ʧʨʦʛʥʦʟʠʨʫʶʪ ʮʝ-
ʥʳ ʦʜʠʥʘʢʦʚʦ. ʇʨʦʛʥʦʟʳ ʘʛʝʥʪʦʚ ʤʳ ʦʧʠʩʳʚʘʝʤ, ʠʩʭʦʜʷ ʠʟ 
ʧʨʠʥʮʠʧʘ ʨʘʮʠʦʥʘʣʴʥʳʭ ʦʞʠʜʘʥʠʡ, ʢʦʪʦʨʳʡ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ 
ʧʨʘʚʠʣʘ ʧʦʚʝʜʝʥʠʷ ʘʛʝʥʪʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʙʲʝʢʪʠʚʥʦ ʩʫʱʝ-
ʩʪʚʫʶʱʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʵʢʦʥʦʤʠʢʠ. ʅʦ ʝʩʣʠ ʮʝʥʳ ʚ ʨʘʚʥʦ-
ʚʝʩʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝʦʜʥʦʟʥʘʯʥʦ, ʪʦ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʥʝʪ 
ʦʙʲʝʢʪʠʚʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ  ʘʛʝʥʪʘʤ ʩʜʝʣʘʪʴ 
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ʩʦʛʣʘʩʦʚʘʥʥʳʡ ʚʳʙʦʨ ʦʜʥʦʛʦ ʠʟ ʥʘʙʦʨʦʚ ʪʝʨʤʠʥʘʣʴʥʳʭ ʮʝʥ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʨʘʚʥʦʚʝʩʠʷ, ʜʘʞʝ ʯʠʩʪʦ ʥʦ-
ʤʠʥʘʣʴʥʘʷ, ʥʘʨʫʰʘʝʪ ʧʨʠʥʮʠʧ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʧʨʦʛʥʦ-
ʟʦʚ ʘʛʝʥʪʦʚ. 

2.6 ʄʦʜʝʣɹ ʦʙʤʝʥʘ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʣʠʢʚʠʜʥʦʩʪʠ 

ʇʨʝʦʜʦʣʝʪʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʮʝʥ ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟ-
ʤʦʞʥʳʤ, ʝʩʣʠ ʷʚʥʦ ʦʧʠʩʘʪʴ ʚ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʝ ʜʝʥʝʛ ʢʘʢ 
ʩʨʝʜʩʪʚʘ ʧʣʘʪʝʞʘ.  ʕʪʦ ʧʦʜʭʦʜ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ, ʥʘʧʨʠʤʝʨ, ʚ  
[25]. ʈʝʯʴ ʚ ʵʪʦʡ ʤʦʜʝʣʠ ʠʜʝʪ ʦ ʤʥʦʛʦʩʪʘʜʠʡʥʦʤ ʧʨʦʮʝʩʩʝ 
ʦʙʤʝʥʘ ʪʦʚʘʨʦʤ, ʚ ʢʦʪʦʨʳʡ ʚʦʚʣʝʯʝʥʦ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʧʦʪʨʝ-
ʙʠʪʝʣʝʡ ʠ ʛʦʩʫʜʘʨʩʪʚʦ, ʢʘʢ ʨʝʛʫʣʠʨʫʶʱʠʡ ʦʨʛʘʥ. ʕʢʦʥʦʤʠʢʘ 
ʞʠʚʝʪ ʜʚʘ ʧʝʨʠʦʜʘ: ʧʦʩʣʝ ʥʘʯʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ, ʦʙʦʟʥʘʯʘʝʤʦ-

ʛʦ ʢʘʢ ʩʦʩʪʦʷʥʠʝ 0s , ʨʝʘʣʠʟʫʝʪʩʷ ʦʜʥʦ ʠʟ 1,...,s V  ʩʦ-

ʩʪʦʷʥʠʡ ʩʨʝʜʳ. ʏʪʦʙʳ ʨʘʟʜʝʣʠʪʴ ʜʝʡʩʪʚʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙ-
ʤʝʥʦʤ ʪʦʚʘʨʦʚ ʥʘ ʜʝʥʴʛʠ (ʧʨʦʜʘʞʝʡ) ʠ ʦʙʤʝʥʦʤ ʜʝʥʝʛ ʥʘ ʪʦ-

ʚʘʨʳ (ʧʦʢʫʧʢʦʡ), ʢʘʞʜʦʝ ʩʦʩʪʦʷʥʠʝ 0,1,...,s V  ʙʳʣʦ ʨʘʟʜʝ-

ʣʝʥʦ ʥʘ ʪʨʠ ʩʪʘʜʠʠ: 
1 2 3, ,s s s. ɺ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʥʘʯʘʣʴʥʦʛʦ ʧʝ-

ʨʠʦʜʘ 
10  ʘʛʝʥʪʳ ʦʙʤʝʥʠʚʘʶʪ ʩʚʦʠ ʥʘʯʘʣʴʥʳʝ ʟʘʧʘʩʳ 

0

nw  ʥʘ 

ʩʫʤʤʫ ʜʝʥʝʛ 
0 0

np w  ʥʘ ʮʝʥʪʨʘʣʴʥʦʡ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ) ʙʠʨʞʝ. 

ʆʙʱʘʷ ʩʫʤʤʘ ʜʝʥʝʛ, ʢʦʪʦʨʫ  ʁʦʥʠ ʧʨʠ ʵʪʦʤ ʧʦʣʫʯʘʶʪ, ʩʦ-

ʩʪʘʚʣʷʝʪ ʬʠʢʩʠʨʦʚʘʥʥʫʶ ʛʦʩʫʜʘʨʩʪʚʦʤ ʚʝʣʠʯʠʥʫ 
0M . ʅʘ 

ʚʪʦʨʦʡ ʩʪʘʜʠʠ 
20  ʢʘʞʜʳʡ ʧʦʪʨʝʙʠʪʝʣʴ ʧʦʢʫʧʘʝʪ ʫ ʜʨʫʛʠʭ ʧʦ-

ʪʨʝʙʠʪʝʣʝʡ ʧʦ ʮʝʥʝ q  ʧʦʨʪʬʝʣ ɹ
nz  ʮʝʥʥʳʭ ʙʫʤʘʛ k K , ʢʦ-

ʪʦʨʡr ʛʘʨʘʥʪʠʨʫʝʪ ʧʦʣʫʯʝʥʠʝ ʥʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʚʪʦʨʦʛʦ ʧʝ-

ʨʠʦʜʘ ʩʫʤʤʳ ʜʝʥʝʛ 
n k

k

k

z N
K

. ʆʧʝʨʘʮʠʠ ʩ ʮʝʥʥʳʤʠ ʙʫʤʘʛʘʤʠ 

k K  ï ʵʪʦ ʦʙʦʙʱʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʠ ʦʜʘʣʞʠ-

ʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʩʨʝʜʩʪʚ ʜʨʫʛ ʫ ʜʨʫʛʘ, ʯʠʩʪʳʡ ʩʧʨʦʩ ʥʘ 

ʙʫʤʘʛʠ ï ʥʫʣʝʚʦʡ. ʅʘ ʪʨʝʪʝʡ ʩʪʘʜʠʠ 
30  ʧʦʪʨʝʙʠʪʝʣʠ ʚʳʢʫʧʘ-

ʶʪ ʧʨʦʜʫʢʪ ʩ ʙʠʨʞʠ ʧʦ ʥʦʚʦʡ ʮʝʥʝ 
0p  ʠ ʦʧʨʝʜʝʣʷʶʪ ʚʝʣʠʯʠʥʫ 

ʩʚʦʠʭ ʯʠʩʪʳʭ ʩʙʝʨʝʞʝʥʠʡ 
0

nz , ʢʦʪʦʨʫʶ ʦʥʠ ʚʝʨʥʫʪ ʥʘ ʪʨʝʪʝʡ 
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ʩʪʘʜʠʠ ʚʪʦʨʦʛʦ ʧʝʨʠʦʜʘ. ʅʘ ʩʪʘʜʠʷʭ ʚʪʦʨʦʛʦ ʧʝʨʠʦʜʘ ʚʩʝ 
ʧʨʦʠʩʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʩ ʪʦʡ ʣʠʰʴ ʨʘʟʥʠʮʝʡ, ʯʪʦ 
ʪʝʧʝʨʴ ʧʦʪʨʝʙʠʪʝʣʠ ʥʝ ʧʦʢʫʧʘʶʪ ʘʢʪʠʚʳ, ʘ ʧʦʣʫʯʘʶʪ ʧʦ ʥʠʤ 

ʚʳʧʣʘʪʳ. ɻʦʩʫʜʘʨʩʪʚʦ ʥʘ ʩʪʘʜʠʠ 
1s   ʟʘʢʫʧʘʝʪ ʪʦʚʘʨʳ  

n

sw  ʧʦ 

ʮʝʥʝ 
sp  ʥʘ ʩʫʤʤʫ 

sM . 

ɹʁ ʜʞʝʪʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠʤʝʁ ʪ ʚʠʜ 
 

0 0 0 0 0

n n n np c p w qz z, 

 

0 , 1,...,n n n k n

s s s s k

k

p c p w z N z s V
K

. 

 
ʋʩʣʦʚʠʝ ʨʘʚʥʦʚʝʩʠʝ ʩʧʨʦʩʘ ʥʘ ʜʝʥʴʛʠ ʠ ʧʨʝʜʣʦʞʝʥʠʷ 

ʜʝʥʝʛ ʚʳʨʘʞʝʥʦ ʩʣʝʜʫʶʱʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 
 

0 , 0,1,...,n n

s s s

n n

p c z M s V
N N

. 

 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʵʪʠ ʚʳʨʘʞʝʥʠʷ ʧʨʠʦʙʨʝ-

ʪʘʁʪ ʬʦʨʤʫ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʪʝʦʨʠʠ ʜʝʥʝʛ: 
 

, 0,1,...,n

s s s s

n

p c M s V
N

,  

 

ʛʜʝ ʩʢʦʨʦʩʪʠ ʦʙʨʘʱʝʥʠʷ ʜʝʥʝʛ 
s
 ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʥʫʪʨʠ ʤʦ-

ʜʝʣʠ. ʉʫʤʤʘʨʥʦʝ ʧʨʝʜʣʦʞʝʥʠʝ ʜʝʥʝʛ 
sM  ʵʪʦ ʨʝʰʝʥʠʝ ʛʦʩʫ-

ʜʘʨʩʪʚʘ, ʦʙʲʷʚʣʝʥʥʦʝ ʘʛʝʥʪʘʤ ʟʘʨʘʥʝʝ. ɺr ʙʦʨʦʤ 
sM ʦʜʥʦ-

ʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʩʝ ʨʳʥʦʯʥʳʝ ʮʝʥʳ [25]. ʊʘʢʠʤ ʩʧʦʩʦ-
ʙʦʤ ʧʨʝʦʜʦʣʝʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ.  
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3 ʇʨʠʤʝʨ rʜʠʥʘʤʠʯʝʩʢʠʭ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ 
ʤʦʜʝʣʝʡ ʩ ʧʦʣʥʳʤʠ ʨʳʥʢʘʤʠ: ʮʝʥʦʦʙʨʘ-
ʟʦʚʘʥʠʝ ʘʢʪʠʚʦʚ 

ɿʜʝʩʴ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨʳ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝ-
ʣʝʡ, ʟʘʪʨʘʛʠʚʘʶʱʠʭ ʪʝʤʘʪʠʢʫ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʘʢʪʠʚʦʚ. ɺ 
ʦʜʥʦʡ ʠʟ ʥʠʭ ï ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩ ʢʘʧʠʪʘʣʦʤ ï ʪʘʢʞʝ 
ʚʦʟʥʠʢʘʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʚʥʦʚʝʩʠʡ ʧʨʠ ʨʘʟʥʳʭ ʪʝʨʤʠʥʘʣʴʥʳʭ 
ʮʝʥʘʭ ʥʘ ʧʨʦʜʫʢʪʳ. ʆʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʦʜʝʣʠ ʯʠʩʪʦʛʦ ʦʙ-
ʤʝʥʘ ʠʟ ʨʘʟʜʝʣʘ 2.1 ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʩʣʫʯʘʡ ʧʦʣʥʳʭ ʨʳʥʢʦʚ.  

3.1 CAPM ʠ CCAPM ʤʦʜʝʣʠ 

ʄʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʝʥʳ ʢʘʧʠʪʘʣʘ CAPM (Capital 
Asset Pricing Model) ʧʦʣʫʯʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʚ ʧʝʨʚʫʶ 
ʦʯʝʨʝʜʴ, ʙʣʘʛʦʜʘʨʷ ʨʘʙʦʪʘʤ ɺ. ʐʘʨʧʘ [33] ʠ ʌ. ɹʣʵʢʘ [5] (ʧʦ-
ʩʣʝʜʥʠʡ ʨʘʩʧʨʦʩʪʨʘʥʠʣ ʤʦʜʝʣʴ ʥʘ ʩʣʫʯʘʡ ʦʪʩʫʪʩʪʚʠʷ ʙʝʟʨʠʩ-
ʢʦʚʦʛʦ ʘʢʪʠʚʘ). ʆʩʥʦʚʥʘʷ ʨʦʣʴ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ ï ʜʘʪʴ ʦʮʝʥʢʫ 
ʪʝʢʫʱʝʡ ʩʪʦʠʤʦʩʪʠ ʮʝʥʥʳʭ ʙʫʤʘʛ (ʘʢʪʠʚʦʚ ʚ ʪʝʨʤʠʥʘʭ 
ʨʘʟʜ. 2.4), ʫʯʠʪʳʚʘʷ ʚʦʟʤʦʞʥʦʩʪʠ ʪʦʨʛʦʚʣʠ ʠ ʥʝʦʧʨʝʜʝʣʝʥ-
ʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʫʜʫʱʝʛʦ. 

ʈʘʩʩʤʦʪʨʠʤ ʫʞʝ ʦʧʠʩʘʥʥʫʶ ʚ ʨʘʟʜ. 2.4 ʤʦʜʝʣʴ ʩ ʨʝʘʣɹ-
ʥʳʤʠ ʘʢʪʠʚʘʤʠ ʠ ʦʜʥʠʤ ʧʨʦʜʫʢʪʦʤ. ʂʦʥʝʯʥʦʝ ʯʠʩʣʦ ʘʢʪʠʚʦʚ 

1,...,KK , ʢʘʢ ʠ ʨʘʥʝʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʝʢʪʦʨʘʤʠ ʜʦʭʦ-

ʜʦʚ (1),..., ( )k k k Vr r r V R , ,...,s 1 VS , ʚʳʨʘʞʝʥʥʳʭ ʚ 

ʝʜʠʥʠʮʘʭ ʧʨʦʜʫʢʪʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʬʫʥʢʮʠʠ ʧʦʣʝʟʥʦʩʪʠ 
nU  ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʤʥʦʞʝʩʪʚʝ ʚʝʢʪʦʨʦʚ (1),..., ( )n n nc c c V , 

ʩʪʨʦʛʦ ʤʦʥʦʪʦʥʥʳ ʠ ʩʪʨʦʛʦ ʚʦʛʥʫʪʳ. 
ɺ ʵʪʦʡ ʤʦʜʝʣʠ, ʩʦʛʣʘʩʥʦ ʨʘʟʜʝʣʫ 2.5, ʚʦʟʥʠʢʘʝʪ ʥʝʦʜʥʦ-

ʟʥʘʯʥʦʩʪʴ ʨʘʚʥʦʚʝʩʠʡ: ʝʩʪʴ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 
ʪʝʨʤʠʥʘʣʴʥʳʭ ʮʝʥ ʥʘ ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʨʦʜʫʢʪ. ʅʦ ʧʨʠ ʨʝʘʣɹ-
ʥʳʭ ʘʢʪʠʚʘʭ ʵʪʘ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʥʦʤʠʥʘʣʴʥʘʷ, ʪ.ʝ. ʥʝ ʚʣʠʷʝʪ 
ʥʘ ʨʘʚʥʦʚʝʩʠʝ. ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʵʪʠʤ ʠ ʫʩʪʨʘʥʠʤ ʥʝʦʜʥʦʟʥʘʯ-
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ʥʦʩʪʴ, ʩʯʠʪʘʷ, ʯʪʦ ʮʝʥʘ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʪʦʚʘʨʘ ʧʨʠ ʣʶʙʦʤ 

ʠʩʭʦʜʝ s S  ʦʜʥʘ ʠ ʪʘ ʞʝ6: ( )p s 1.  

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ Z  ʢʦʥʫʩ, ʥʘʪʷʥʫʪʳʡ ʥʘ ʤʥʦʞʝʩʪʚʦ ʚʝʢ-

ʪʦʨʦʚ ʜʦʭʦʜʦʚ ,kr k K , ʠ ʧʨʝʜʧʦʣʦʞʠʤ, ʚʦ-ʧʝʨʚʳʭ, ʯʪʦ ʚʩʝ 

ʨʝʘʣʠʟʘʮʠʠ ʟʘʧʘʩʦʚ ʥʝ ʚʳʭʦʜʷʪ ʟʘ ʧʨʝʜʝʣʳ ʵʪʦʛʦ ʢʦʥʫʩʘ   
 

( ) , 0n k

k k

k

w s Z r r
K

 

ʊʘʢʞʝ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚ ʨʘʚʥʦʚʝʩʠʠ ʮʝʥʳ ʘʢʪʠʚʦʚ q  

ʷʚʣʷʶʪʩʷ ʨʠʩʢ-ʥʝʡʪʨʘʣʴʥʳʤʠ, ʪ. ʝ. ʩʫʱʝʩʪʚʫʝʪ ʢʦʥʩʪʘʥʪʘ 

A ʪʘʢʘʷ, ʯʪʦ ʜʣʷ ʚʩʝʭ k K  ʚʝʨʥʦ ( )k

k sq A r sE . 

ɽʩʣʠ ʚʳʧʦʣʥʝʥʳ ʜʘʥʥʳʝ ʜʚʘ ʫʩʣʦʚʠʷ, ʪʦ ʜʣʷ ʣʶʙʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ , 1,...,1 , , n k

k

k

q p z c w z rN N N

K

 ʚ ʤʦʜʝʣʠ ʩ 

ʘʢʪʠʚʘʤʠ ʩʫʱʝʩʪʚʫʶʪ ʢʦʥʩʪʘʥʪʳ A ʠ a  ʪʘʢʠʝ, ʯʪʦ ʜʣʷ ʚʩʝʭ 

k K  

 

cov , k k

kq a w r A E r , (3.1) 

 

ʛʜʝ 
n

n

w w
N

. ɺʳʚʦʜ ʜʘʥʥʦʡ ʬʦʨʤʫʣʳ ʤʦʞʥʦ ʥʘʡʪʠ, ʥʘʧʨʠ-

ʤʝʨ, ʚ [10].  
ʌʦʨʤʫʣʘ (3.1) ʷʚʣʷʝʪʩʷ CAPM-ʤʦʜʝʣʴʶ ʚ ʮʝʥʦʚʦʡ ʬʦʨ-

ʤʝ. ɹʦʣʝʝ ʠʟʚʝʩʪʥʘ -ʬʦʨʤʘ CAPM-ʤʦʜʝʣʠ.  

                                                 
6
 ͔́͊ͦ͟ ͔͙͔ͯͫͭͪ͊ͤͤ ͔ͤͦ͒ͤͦͤ͊͘;͙ͤͦͫͭ ͼ͔ͤ ͊ͫͫͦͼ͙͙͔ͪͯͭͫΎ ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͤ͊ͭͯπ
ͪ͊͡Έͤ·ͻ ͔͔͎͒ͤ όͦͦͭ͊͘͡Σ ͔͙ͣ͒Σ ͍ͪ͊ͦ͟ ͙ͤ ͙ ͭΦ ͨ Φύ ͍ ͙͍ͨͪͦͭͦͨͦͦ͗ͤͦͫͭ͡Έ ͙ͫͨͦ͡Έ͔ͯͣ͘·ͣ 
͍ ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ͔͙ͪ͒ͭͤ͟·ͣ ͔͒ͤΈ͎͊ͣ όͦ͋Ύ͔͊ͭ͘͡Έ͍ͫͭ͊ͣύΦ ˽͔͎͔ͪ͒͊͊ͣ͡·͚ ͙͎ͤͦ͒͊ 
͍͍ͦͪ͊ͭ͘ ͟ ͤ͊ͭͯͪ͊͡Έͤ·ͣ ͔͒ͤΈ͎͊ͣ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭͫΎ ͔ͤͪ ͊ͯͣͤ͘·ͣΣ ͨͦͫͦ͟͡Έͯ͟ ͔͙ͦ͋͊ͤ͟͡Ύ 
͙͔ͦͭͤͦͫͭ͡Έͤ·ͻ ͼ͔ͤ ͤ·͔ͤ΄͙ͤͻ ζ͙͍͊ͤ͒͒͊ͭͦ͟ ͍ ͤ͊ͭͯͪ͊͡Έͤ·͔ ͔͒ͤΈ͎͙η όͦͦͭ͊͘͡Σ ͔ͤͺ͙ͭΣ 
Ή͔ͭͪͦ͟͡Ή͔͎͙͙ͤͪύ ͫͭͦ͡Έ ͙ͫ͡Έͤ·Σ ;ͭͦ ͼ͔ͤ·Σ ͙͔͔ͣͪͤͤ͘·͔ ͍ ͡Ό͋ͦͣ ͙͘ Ή͙ͭͻ ͍ͨͪͦ͒ͯͭͦ͟Σ 
͋·͙͡ ͋· ͎ͦͪ͊͒ͦ͘ ͔͔͔ͣͤ ͫͭ͊͋ ͙͡Έͤ·Σ ;͔ͣ ͼ͔ͤ·Σ ͙͔͔ͣͪͤͤ͘·͔ ͍ ͔͙ͪ͒ͭͤ͟·ͻ ͔͒ͤΈ͎͊ͻΦ  
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ɼʣʷ ʚʳʚʦʜʘ -ʬʦʨʤʳ ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʜʦʭʦʜʥʦʩʪʠ 

ʧʦʨʪʬʝʣʷ 
nz  ʩ ʥʝʥʫʣʝʚʦʡ ʨʳʥʦʯʥʦʡ ʩʪʦʠʤʦʩʪʴʶ nq z  ʩʣʝ-

ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  
  

n

n k

k

k

nz

z r

R
q z

K .  

 
ʉʦʛʣʘʩʥʦ ʧʝʨʚʦʤʫ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʥʳʭ ʫʩʣʦʚʠʡ, ʥʘʡʜʝʪ-

ʩʷ ʧʦʨʪʬʝʣʴ 
Km R  ʮʝʥʥʳʭ ʙʫʤʘʛ ʪʘʢʦʡ, ʯʪʦ 

k n

k

k n

m r w w
K N

. ʊʘʢʦʡ ʧʦʨʪʬʝʣʴ ʥʘʟʦʚʝʤ ʨʳʥʦʯʥʳʤ 

ʧʦʨʪʬʝʣʴ. 
ʇʨʝʜʧʦʣʦʞʠʤ ʪʘʢʞʝ ʪʨʝʪʴʝ ʫʩʣʦʚʠʝ, ʯʪʦ ʩʪʦʠʤʦʩʪʴ ʨʳ-

ʥʦʯʥʦʛʦ ʧʦʨʪʬʝʣʷ ʥʝʥʫʣʝʚʘʷ 0qm  ʠ var 0mR . ʇʨʠ ʜʘʥ-

ʥʦʤ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʢʘʟʘʪʝʣʴ  ʣʶʙʦ-

ʛʦ ʧʦʨʪʬʝʣʷ 
nz  ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 

cov ,

var

n

n

mz

z
m

R R

R
. (3.2) 

 
ʊʦʛʜʘ ʧʨʠ ʩʜʝʣʘʥʥʳʭ ʪʨʭy ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ ʩʫʱʝʩʪʚʫʝʪ 

ʧʦʨʪʬʝʣʴ b  (ʙʘʟʦʚʳʡ ʘʢʪʠʚ) ʩ ʥʝʥʫʣʝʚʦʡ ʨʳʥʦʯʥʦʡ ʩʪʦʠʤʦ-

ʩʪʴʶ ʠ 0b
, ʠ ʜʣʷ ʣʶʙʦʛʦ ʧʦʨʪʬʝʣʷ 

nz  ʩ ʥʝʥʫʣʝʚʦʡ ʨʳʥʦʯ-

ʥʦʡ ʩʪʦʠʤʦʩʪʴʶ ʚʝʨʥʦ 
 

n b b m bz
E R E R E R E R . (3.3) 

 

ʀʟ (3.2) ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʙʝʟʨʠʩʢʦʚʦʛʦ ʘʢʪʠʚʘ 0, ʧʦ-

ʵʪʦʤʫ, ʝʩʣʠ ʙʝʟʨʠʩʢʦʚʳʡ ʘʢʪʠʚ ʩ ʥʝʥʫʣʝʚʦʡ ʨʳʥʦʯʥʦʡ ʩʪʦʠ-
ʤʦʩʪʴʶ ʩʫʱʝʩʪʚʫʝʪ, ʪʦ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʚʟʷʪ ʚ ʢʘʯʝʩʪʚʝ  ʧʦʨʪ-
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ʬʝʣʷ b. ʌʦʨʤʫʣʘ (3.3) ʣʝʛʢʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ: ʧʨʝʤʠʷ ʠʥʚʝ-

ʩʪʦʨʘ ʟʘ ʨʠʩʢ ʨʘʩʪʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-ʢʦʵʬʬʠʮʠʝʥʪʫ ʚr -

ʙʨʘʥʥʦʛʦ ʧʦʨʪʬʝʣʷ. ʉʘʤ -ʢʦʵʬʬʠʮʠʝʥʪ ʚ ʪʝʦʨʠʠ ʦʮʝʥʢʠ 

ʮʝʥʥʳʭ ʙʫʤʘʛ, ʧʨʠ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʘʥʘʣʦʛʠ ʚʩʝʭ ʚʦʟʤʦʞ-
ʥʳʭ ʙʫʜʫʱʠʭ ʩʦʙʳʪʠʡ ʫʞʝ ʢʦʛʜʘ-ʪʦ ʧʨʦʠʩʭʦʜʠʣʠ ʚ ʧʨʦʰʣʦʤ, 
ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ ʤʝʨʘ ʨʳʥʦʯʥʦʛʦ ʨʠʩʢʘ ʧʦʨʪʬʝʣʷ, ʦʪʨʘʞʘʶ-
ʱʘ ̫ʠʟʤʝʥʯʠʚʦʩʪʴ ʜʦʭʦʜʥʦʩʪʠ ʧʦʨʪʬʝʣʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʦ-
ʭʦʜʥʦʩʪʠ ʨʳʥʢʘ ʚ ʩʨʝʜʥʝʤ. 

ɺ ʤʦʜʝʣʠ CCAPM (Consumption-based Capital Asset Pric-
ing Model) ʜʝʣʘʝʪʩʷ ʫʧʦʨ ʥʘ ʚʳʷʚʣʝʥʠʠ ʨʦʣʠ ʧʨʝʜʧʦʯʪʝʥʠʡ 
ʧʦʪʨʝʙʠʪʝʣʝʡ, ʚʳʨʘʞʝʥʥʳʭ ʬʫʥʢʮʠʝʡ ʧʦʣʝʟʥʦʩʪʠ, ʚ ʦʧʨʝʜʝ-
ʣʝʥʠʠ ʩʪʦʠʤʦʩʪʠ ʘʢʪʠʚʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʬʦʨʤʫʣ ʚʠʜʘ (3.1) ʠ 
(3.3). ʄʦʜʝʣʠ CCAPM ʯʘʩʪʦ ʩʪʨʦʷʪʩʷ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʚʨʝʤʝʥʠ 
[6, 19:Ch.31:Sect. 4.4], ʦʧʠʨʘʷʩʴ ʥʘ ʦʙʰʠʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 
ʪʝʦʨʠʠ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʨʷʜʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʝ-
ʪʨʠʚʠʘʣʴʥʳʭ ʪʝʦʨʝʤ, ʠʣʠ ʚ ʜʠʩʢʨʝʪʥʦʤ ʚʨʝʤʝʥʠ, ʥʦ ʩ ʥʝʧʨʝ-
ʨʳʚʥʳʤʠ ʩʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ [23]. ʀʟʣʦʞʠʤ ʥʘʠʧʨʦ-
ʩʪʝʡʰʠʡ ʩʣʫʯʘʡ ʩ ʜʠʩʢʨʝʪʥʳʤʠ ʧʝʨʠʦʜʘʤʠ ʚʨʝʤʝʥʠ ʠ ʜʠʩ-
ʢʨʝʪʥʳʤʠ ʩʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ [20]. 

ʇʦʤʠʤʦ ʧʦʪʨʝʙʣʝʥʠʷ ʠ ʟʘʧʘʩʦʚ ʚʦ ʚʪʦʨʦʡ ʤʦʤʝʥʪ ʚʨʝ-
ʤʝʥʠ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʪʘʢʞʝ ʧʦʪʨʝʙʣʝʥʠʝ ʠ ʟʘʧʘʩ ʚ ʥʘ-
ʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ɹʶʜʞʝʪʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʧʨʦ-
ʩʪʝʡʰʝʤ ʚʘʨʠʘʥʪʝ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʚʳʛʣʷʜʷʪ ʩʣʝʜʫʶʱʠʤ ʦʙ-
ʨʘʟʦʤ: 
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ʀʟ ʫʩʣʦʚʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʟʘʜʘʯʠ ʧʦʪʨʝʙʠʪʝʣʷ n N  

ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ  
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ʛʜʝ ʦʙʦʟʥʘʯʝʥʦ 
n

n U
U  ʠ E E . ʆʙʳʯʥʦ ʩʯʠʪʘʝʪʩʷ, 

ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʫʯʘʡ ʧʦʣʥʳʭ ʨʳʥʢʦʚ, ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʚʥʦʚʝʩʠʷ ʠ ʩʚʦʡʩʪʚʦ ʨʘʚʝʥʩʪʚʘ ʦʪʥʦʰʝʥʠʡ 

ʧʨʝʜʝʣʴʥʳʭ ʧʦʣʝʟʥʦʩʪʝʡ 

0

n n

s

n n

U c

U c
 ʩʨʝʜʠ ʚʩʝʭ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ʊ.ʝ. ʚʳʨʘʞʝʥʠʝ (3.6) ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʠʥʜʝʢʩʘ n. ʀʟ 
(3.6) ʩʣʝʜʫʝʪ, ʯʪʦ  
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ɽʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʙʝʟʨʠʩʢʦʚʳʡ ʘʢʪʠʚ, ʪʦ ʜʣʷ ʥʝʛʦ 
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ʧʦʜʩʪʘʚʣʷʷ ʧʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ ʚ (3.7), ʧʦʣʫʯʘʝʤ ʛʣʘʚʥʫʶ 
ʬʦʨʤʫʣʫ CCAPM ʚ ʮʝʥʦʚʦʡ ʬʦʨʤʝ 
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ʉʦʛʣʘʩʥʦ (3.8), ʩʪʦʠʤʦʩʪʴ ʣʶʙʦʛʦ ʘʢʪʠʚʘ ʨʘʚʥʘ ʧʨʠʚʝ-

ʜʝʥʥʦʡ ʦʞʠʜʘʝʤʦʡ ʩʪʦʠʤʦʩʪʠ ʙʫʜʫʱʠʭ ʧʦʩʪʫʧʣʝʥʠʡ ʧʦ ʘʢʪʠʚʫ 
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ʧʣʶʩ ʧʨʝʤʠʷ ʟʘ ʨʠʩʢ. ʀʟ ʚʳʧʦʣʥʷʶʱʝʛʦʩʷ ʩʚʦʡʩʪʚʘ ʨʘʚʝʥʩʪ-
ʚʘ ʦʪʥʦʰʝʥʠʡ ʧʨʝʜʝʣʴʥʳʭ ʧʦʣʝʟʥʦʩʪʝʡ ʧʦʪʨʝʙʣʝʥʠʷ ʧʦ ʧʦ-

ʪʨʝʙʠʪʝʣʷʤ, ʨʘʚʝʥʩʪʚʘ 
n n

s s

n n

w c
N N

 ʠ ʩʘʤʦʡ ʬʦʨʤʫʣʳ (3.8) 

ʩʣʝʜʫʝʪ, ʯʪʦ ʘʢʪʠʚ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʮʝʥʫ, ʝʩʣʠ ʚʳʧʣʘʪʳ 
kr  ʧʦ 

ʥʝʤʫ ʦʪʨʠʮʘʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʦʙʱʠʤ ʧʦʪʨʝʙʣʝʥʠʝʤ 
n

s

n

w
N

.  ʕʪʦ ʢʘʞʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʪʘʢʦʡ ʘʢʪʠʚ 

ʩʪʨʘʭʫʝʪ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ ʩʣʫʯʘʷʭ ʧʣʦʭʠʭ ʠʩʭʦʜʦʚ s, ʢʦʛʜʘ ʟʘ-

ʧʘʩʳ ʚ ʵʢʦʥʦʤʠʢʝ ʥʠʟʢʠ.  

ɸʥʘʣʦʛʠʯʥʦ ʬʦʨʤʫʣʝ (3.3) ʚʳʛʣʷʜʠʪ -ʬʦʨʤʘ ʤʦʜʝʣʠ 

CCAPM ʩ ʪʦʡ ʨʘʟʥʠʮʝʡ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʨʳʥʦʯʥʦʛʦ ʧʦʨʪʬʝʣʷ 
m  ʙʝʨʝʪʩʷ ʘʢʪʠʚ ʩ ʚʳʧʣʘʪʘʤʠ ʚʦ ʚʪʦʨʦʤ ʧʝʨʠʦʜʝ, ʨʘʚʥʳʤʠ  
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ɺʳʨʘʞʝʥʠʷ ʜʣʷ ʩʪʦʠʤʦʩʪʠ ʘʢʪʠʚʦʚ ʷʚʣʷʪʁʩʷ ʦʜʥʠʤ ʠʟ 

ʪʝʭ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʧʨʠʢʣʘʜʥʳʭ ʢʦʥʝʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʢʦʪʦ-
ʨ ʝr ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥ rʠʟ ʤʦʜʝʣʝʡ ʦʙʱʝʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʦʩ-
ʥʦʚʘʥʥʳʭ ʥʘ ʧʨʠʥʮʠʧʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʦʞʠʜʘʥʠʡ. ɼʘʣʴʥʝʡh ʠʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ CCAPM, ʧʨʦʩʪʠʨʘʶʪʩʷ ʦʪ ʪʝʦ-
ʨʠʠ ʨʳʥʦʯʥʦʛʦ ʧʦʨʪʬʝʣʷ ʮʝʥʥʳʭ ʙʫʤʘʛ ʜʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʦ-
ʣʝʝ ʫʟʢʠʭ ʧʨʦʙʣʝʤ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʙʣʝʤʘ ʚʳʩʦʢʦʡ ʥʘʙʣʜʁʘʝʤʦʡ 
ʧʨʝʤʠʠ ʟʘ ʨʠʩʢ ʠ ʥʠʟʢʠʭ ʥʘʙʣʶʜʘʝʤʳʭ ʙʝʟʨʠʩʢʦʚʳʭ ʩʪʘʚʦʢ 
ʧʨʦʮʝʥʪʘ [29, 11].  

ɼʘʣʝʝ ʧʦʢʘʞʝʤ, ʢʘʢ ʨʘʩʢʨʳʚʘʝʪʩʷ ʚʦʧʨʦʩ ʮʝʥʦʦʙʨʘʟʦ-
ʚʘʥʠʷ ʘʢʪʠʚʦʚ, ʠ ʢʘʢ ʚʳʛʣʷʜʠʪ ʚʳʨʘʞʝʥʠʝ, ʘʥʘʣʦʛʠʯʥʦʝ (3.8),  
ʚ ʙʦʣʝʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʤʦʜʝʣʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʚʪʦʨʘʤʠ. 
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3.2 ʉʪʦʭʘʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩ ʫʧʨʘʚʣʝʥʠʝʤ 
ʢʘʧʠʪʘʣʦʤ  

3.2.1 ʌʆʈʄʋʃʀʈʆɺʂɸ  ʄʆɼɽʃʀ 

ʈʘʩʩʤʦʪʨʠʤ ʩʪʦʭʘʩʪʠʯʝʩʢʦʝ ʦʙʦʙʱʝʥʠʝ ʤʦʜʝʣʠ ʩ 
ʫʧʨʘʚʣʝʥʠʝʤ ʢʘʧʠʪʘʣʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʨʘʟʜʝʣ 1.4. ʎʝʣʴʶ 
ʝʛʦ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʦ ʩʪʨʝʤʣʝʥʠʝ ʧʨʝʦʜʦʣʝʪʴ ʫʢʘʟʘʥʥʳʝ ʚ 
ʨʘʟʜ. 1.4 ʥʝʜʦʩʪʘʪʢʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʧʦʩʪʘʥʦʚʢʠ, ʩʦʭʨʘ-
ʥʠʚ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʚʥʦʚʝʩʠʷ, ʥʦ ʦʙʦʡʜʷʩʴ ʙʝʟ ʚʚʝʜʝʥʠʷ 
ʩʪʨʘʭʫʶʱʠʭ ʮʝʥʥʳʭ ʙʫʤʘʛ, ʧʦʩʢʦʣʴʢʫ, ʢʘʢ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʚ 
ʈʦʩʩʠʠ ʦʥʠ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʠʛʨʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʠ. ʇʦʣʫ-
ʯʝʥʥʦʝ ʦʙʦʙʱʝʥʠʝ ʧʦʜʨʦʙʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʤʝʩʪʝ ʩʦ ʚʩʝʤʠ 
ʜʦʢʘʟʘʪʝʣʴʩʪʚʘʤʠ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʄ.ʖ. ɸʥʜʨʝʝʚʘ 
[39]. 

ɺ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʢʘʧʠʪʘʣʦʤ ʙʫ-
ʜʝʤ ʧʨʝʜʩʪʘʚʣʷʪʴ ʚʨʝʤʷ ʚ ʚʠʜʝ ʪʦʡ ʞʝ ʜʨʝʚʦʚʠʜʥʦʡ ʩʪʨʫʢʪʫ-
ʨʳ, ʯʪʦ ʠ ʚ ʨʘʟʜʝʣʝ 2.1 (ʨʠʩ.2). ʆʙʦʟʥʘʯʝʥʠʷ ʦʩʪʘʚʠʤ ʪʝʤʠ 
ʞʝ, ʥʦ ʜʣʷ ʧʨʦʩʪʦʪʳ ʩʜʝʣʘʝʤ ʥʝʢʦʪʦʨʳʝ ʫʧʨʦʱʝʥʠʷ. 
Á ɺ ɻʢʦʥʦʤʠʢʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʨʦʜʫʢʪ, ʢʦʪʦʨʳʡ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʜʣʷ ʧʦʪʨʝʙʣʝʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘ-
ʪʨʘʪ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʩʣʝʜʫʶʱʠʝ ʧʝʨʠʦʜʳ. 
Á ɺ ʜʝʨʝʚʝ ʩʮʝʥʘʨʠʝʚ ʚʩʝ ʚʝʪʚʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʜʣʠʥʫ, 
ʪ.ʝ. ʵʢʦʥʦʤʠʢʘ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʧʝʨʠʦʜʦʚ, 

1,,...,t TT , ʚ ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʨʝʘʣʠʟʘʮʠʷ 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ 
ts .  

Á ʉʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʩʯʠʪʘʝʤ  
ʦʜʠʥʘʢʦʚʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ, ʥʝʟʘʚʠʩʠʤʳʤʠ, ʠ ʧʨʠʥʠʤʘʶ-

ʱʠʤʠ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʟʥʘʯʝʥʠʡ 1,...,ts V .  

ʈʘʩʩʤʦʪʨʝʥʠʝ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ-
ʨʘʟʥʦʤʫ, ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ ʠ ʤʥʦʛʠʭ ʧʨʦʜʫʢ-
ʪʦʚ ʥʝ ʧʨʠʚʥʦʩʠʪ ʚ ʤʦʜʝʣʴ ʥʠʯʝʛʦ ʩʫʱʝʩʪʚʝʥʥʦ ʥʦʚʦʛʦ ʠ ʠʥ-
ʪʝʨʝʩʥʦʛʦ. 

ɺ ʵʢʦʥʦʤʠʢʝ ʜʝʡʩʪʚʫʶʪ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʘʛʝʥʪʦʚ ʜʚʫʭ ʪʠ-
ʧʦʚ: ʧʦʪʨʝʙʠʪʝʣʠ-ʩʦʙʩʪʚʝʥʥʠʢʠ n N  ʠ ʬʠʨʤʳ-

ʧʨʦʠʟʚʦʜʠʪʝʣʠ m M . ɸʛʝʥʪʳ ʧʨʠʥʠʤʘʶʪ ʨʝʰʝʥʠʷ, ʟʥʘʷ ʧʦ-
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ʟʠʮʠʶ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʧʨʦʮʝʩʩ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʜʘʣʴʥʝʡ-
ʰʝʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʘ. 

ʇʦʪʨʝʙʠʪʝʣʠ ʤʘʢʩʠʤʠʟʠʨʫʝʪ ʦʞʠʜʘʝʤʫʶ ʧʦʣʝʟʥʦʩʪʴ 
ʧʦʪʨʝʙʣʝʥʠʷ 

 

 (3.10) 

 

ʧʦ ʦʙʲʝʤʘʤ ʧʦʪʨʝʙʣʝʥʠʷ , ʯʠʩʪʳʤ ʩʙʝʨʝʞʝʥʠʷʤ 

 ʠ ʚʣʦʞʝʥʠʷʤ  ʧʦʪʨʝʙʠʪʝʣʷ  ʚ ʢʘʧʠ-

ʪʘʣ ʬʠʨʤ   ʧʨʠ ʬʠʥʘʥʩʦʚʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ  

 

, , (3.11) 

 

.  (3.12) 

 
ʆʛʨʘʥʠʯʝʥʠʷ ʬʠʥʘʥʩʦʚʦʛʦ ʙʘʣʘʥʩʘ (3.11) ʠ ʢʨʝʜʠʪʦʩʧʦ-

ʩʦʙʥʦʩʪʠ (3.12) ʠʤʝʶʪ ʪʦʪ ʞʝ ʚʠʜ ʠ ʩʤʳʩʣ, ʯʪʦ ʠ (1.7), (1.8), ʟʘ 

ʪʝʤ ʣʠʰʴ ʠʩʢʣʶʯʝʥʠʝʤ, ʯʪʦ ʮʝʥʳ ʢʘʧʠʪʘʣʘ ʬʠʨʤ  

ʩʯʠʪʘʶʪʩʷ ʪʝʧʝʨʴ ʥʝ ʧʦʩʪʦʷʥʥʳʤʠ, ʘ ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʧʦ-
ʟʠʮʠʠ (ʩʣʫʯʘʡʥʳʤʠ). ɿʘʚʠʩʠʤʦʩʪʴ ʮʝʥ ʧʨʦʜʫʢʪʘ ʠ ʢʘʧʠʪʘʣʘ ʦʪ 
ʧʦʟʠʮʠʠ, ʩʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʨʘʮʠʦʥʘʣʴʥʳʭ ʦʞʠʜʘʥʠʡ, ʩʯʠʪʘ-
ʝʪʩʷ ʧʦʪʨʝʙʠʪʝʣʶ ʠʟʚʝʩʪʥʦʡ. 

ʌʠʨʤʳ ʚʳʧʫʩʢʘʶʪ ʧʨʦʜʫʢʪ ʠ ʜʝʣʘʶʪ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘ-

ʪr  . ɺʳʧʫʩʢ ʧʨʦʜʫʢʪʘ ʬʠʨʤʦʡ m M  ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʩʣʫʯʘʡʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪ-

ʚʘ  ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʤʦʱʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʩʯʠʪʘ-

ʝʪʩʷ ʨʘʚʥʦʡ ʩʫʤʤʝ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ. ɺʝ-

ʣʠʯʠʥʘ ʯʠʩʪʳʭ ʧʨʦʜʘʞ ʬʠʨʤʳ  ʥʝ ʤʦʞʝʪ ʧʨʝʚʦʩʭʦʜʠʪʴ 

ʨʘʟʥʠʮʫ ʚʳʧʫʩʢʘ ʠ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ. ɺʩʝ ʵʪʠ ʧʨʝʜʧʦʣʦʞʝ-


