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ʇʨʝʜʠʩʣʦʚʠʝ 
ʆʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʥʘʰʝʡ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʤʦʪʠʚʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ. ʅʘʯʠʥʘʷ ʠʟʫʯʘʪʴ ʥʦʚʳʡ ʢʫʨʩ, 
ʩʪʫʜʝʥʪ ʥʝʨʝʜʢʦ ʟʘʜʘʸʪ ʩʝʙʝ ʚʦʧʨʦʩʳ: çɿʘʯʝʤ ʤʥʝ ʵʪʦ ʥʘʜʦ?è, ç ʇʨʠʛʦʜʷʪʩʷ 

ʣʠ ʤʥʝ ʵʪʠ ʟʥʘʥʠʷ ʚ ʤʦʝʡ ʙʫʜʫʱʝʡ ʥʘʫʯʥʦʡ ʠʣʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʝ?è. 
ʗʩʥʦ, ʯʪʦ ʧʦʣʫʯʠʪʴ ʦʜʥʦʟʥʘʯʥʳʡ ʦʪʚʝʪ ʥʘ ʵʪʠ ʚʦʧʨʦʩʳ ï ʥʝʣʴʟʷ. ʅʦ, ʞʝʣʘʷ 

ʚʦʟʙʫʜʠʪʴ ʠʥʪʝʨʝʩ ʢ ʠʟʣʘʛʘʝʤʦʤʫ ʢʫʨʩʫ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʩʪʨʝʤʠʪʩʷ 
ʨʝʘʣʠʟʦʚʘʪʴ ʜʚʝ ʮʝʣʠ. ʇʝʨʚʘʷ ï ʨʘʩʰʠʨʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʢʨʫʛʦʟʦʨ 

ʙʫʜʫʱʝʛʦ ʩʧʝʮʠʘʣʠʩʪʘ, ʧʦʚʳʩʠʪʴ ʝʛʦ ʫʨʦʚʝʥʴ ʥʘʫʯʥʦʛʦ ʤʳʰʣʝʥʠʷ, ʯʪʦ ʚ 
ʙʫʜʫʱʝʤ ʧʦʟʚʦʣʠʪ ʝʤʫ ʣʝʛʯʝ ʚʥʠʢʥʫʪʴ ʚ ʩʫʪʴ ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʦʙʣʝʤʳ ʠ 

ʚʳʙʨʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʘʥʘʣʦʛʠʯʥʫʶ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʩ ʚʦʟʥʠʢʰʝʡ 
ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ, ʢʦʪʦʨʘʷ ʧʦʤʦʞʝʪ ʨʝʰʠʪʴ ʵʪʫ ʟʘʜʘʯʫ. ɺʪʦʨʘʷ ï 
ʧʦʟʥʘʢʦʤʠʪʴ ʙʫʜʫʱʝʛʦ ʩʧʝʮʠʘʣʠʩʪʘ ʩ ʤʝʪʦʜʦʣʦʛʠʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʤʳʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʪ ʠʟʫʯʝʥʠʠ ʧʨʦʩʪʳʭ ʤʦʜʝʣʝʡ ʜʦ 
ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʩ ʧʨʘʚʠʣʘʤʠ 

ʚʳʙʦʨʘ ʧʫʪʠ ʨʝʰʝʥʠʷ ʚʦʟʥʠʢʰʝʡ ʟʘʜʘʯʠ. ɺʳʙʦʨ ʧʫʪʠ ʨʝʰʝʥʠʷ ʚʦʟʥʠʢʰʝʡ 
ʟʘʜʘʯʠ, ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʫʤʝʥʠʠ ʫʚʠʜʝʪʴ ʘʥʘʣʦʛʠʶ ʚ ʧʦʩʪʘʥʦʚʢʝ ʵʪʦʡ 

ʟʘʜʘʯʠ ʩ ʬʦʨʤʫʣʠʨʦʚʢʘʤʠ ʠ ʧʫʪʷʤʠ ʨʝʰʝʥʠʷ ʜʨʫʛʠʭ, ʢʘʟʘʣʦʩʴ ʙʳ, ʥʘ 
ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʥʝʧʦʭʦʞʠʭ, ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʟʘʜʘʯ.  

ʋ ʤʦʣʦʜʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ, ʘʩʧʠʨʘʥʪʘ, ʥʘʫʯʥʦʛʦ ʨʘʙʦʪʥʠʢʘ, 
ʟʘʥʠʤʘʶʱʝʛʦʩʷ ʥʘʫʯʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ, ʧʨʦʚʝʜʝʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʠʥʪʝʨʝʩʫʶʱʠʤ ʝʛʦ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ 
ʚʨʝʤʷ ʩʢʘʧʣʠʚʘʝʪʩʷ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʸʤ ʜʘʥʥʳʭ. ʏʘʩʪʦ 

ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʯʪʦ ʜʝʣʘʪʴ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʜʘʥʥʳʤʠ, ʢʘʢ ʠʭ 
ʦʙʨʘʙʘʪʳʚʘʪʴ, ʢʘʢ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʠ ʠʩʪʦʣʢʦʚʳʚʘʪʴ ʧʦʣʫʯʘʶʱʠʝʩʷ 
ʨʝʟʫʣʴʪʘʪʳ? ʊʝʤ ʙʦʣʝʝ ʯʪʦ ʢʫʨʩ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ ʩ ʦʩʥʦʚʘʤʠ ʪʝʦʨʠʠ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʧʨʦʩʣʫʰʠʚʘʣʩʷ ʠ ʩʜʘʚʘʣʩʷ ʚ 
ʬʦʨʤʝ ʵʢʟʘʤʝʥʘ ʜʚʘ-ʪʨʠ ʛʦʜʘ ʥʘʟʘʜ.  

ʅʘʜʦ ʷʩʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʝʙʝ, ʯʪʦ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 
ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʪʨʝʙʫʝʪ  ʧʨʠʚʣʝʯʝʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ 

ʵʪʦʡ ʦʙʣʘʩʪʠ. ʅʦ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʣʫʯʰʠʡ ʩʧʦʩʦʙ ʜʣʷ 
ʩʦʟʜʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʝ ʟʘ ʦʛʨʘʥʠʯʝʥʥʦʝ 

ʚʨʝʤʷ ï ʧʦʜʨʦʙʥʦ ʨʘʟʲʷʩʥʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʦʩʪʨʦʝʥʠʷ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʠ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʯʘʩʪʥʳʝ 

ʧʨʠʸʤʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ.  
ɺ ʧʦʩʦʙʠʠ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʘʤ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʠ ʚʦʧʨʦʩʘʤ ʬʦʨʤʫʣʠʨʦʚʘʥʠʷ 
ʚʳʚʦʜʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. 
ʉʪʦʣʴ ʧʦʜʨʦʙʥʦʝ ʠʟʣʦʞʝʥʠʝ ʚʦʧʨʦʩʦʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʠ 

ʟʘʜʘʯʠ, ʭʦʜʘ ʝʸ ʚʳʧʦʣʥʝʥʠʷ ʠ, ʦʩʦʙʝʥʥʦ, ʬʦʨʤʫʣʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ 
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ʧʨʘʢʪʠʯʝʩʢʠʡ ʨʘʙʦʪʥʠʢ, ʚ ʚʠʜʫ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 
ʧʦ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʨʝʰʘʷ ʢʘʢʫʶ-ʪʦ 

ʧʨʦʙʣʝʤʫ, ʟʘʜʘʯʫ ʧʦ ʩʚʦʝʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ, ʥʝ ʟʥʘʝʪ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ 
ʜʘʶʪ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ. 

ɹʦʣʴʰʠʥʩʪʚʫ ʩʫʱʝʩʪʚʫʶʱʠʭ ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʡ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 
ʩʪʘʪʠʩʪʠʢʝ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ ʥʝʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʧʨʠʩʫʱ ʦʜʠʥ ʥʝʜʦʩʪʘʪʦʢ ï ʵʪʦ ʨʝʮʝʧʪʫʨʥʦʝ ʠʟʣʦʞʝʥʠʝ 
ʤʘʪʝʨʠʘʣʘ. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʠʟʣʘʛʘʝʪʩʷ ʚ ʩʣʠʰʢʦʤ ʩʞʘʪʦʡ ʬʦʨʤʝ, 

ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʘʤ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 
ʟʘʜʘʯ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ 

ʚʘʞʥʦ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʨʘʙʦʪʥʠʢʘ ʠʣʠ ʩʧʝʮʠʘʣʠʩʪʘ, ʧʨʠʸʤʘʤ 
ʧʨʘʚʠʣʴʥʦʛʦ ʠ ʫʙʝʜʠʪʝʣʴʥʦʛʦ ʜʣʷ ʦʧʧʦʥʝʥʪʦʚ ʬʦʨʤʫʣʠʨʦʚʘʥʠʷ ʚʳʚʦʜʦʚ ʠʟ 
ʨʝʟʫʣʴʪʘʪʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʚ ʵʪʠʭ ʧʦʩʦʙʠʷʭ 

ʤʥʦʛʦ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ ʠʟʣʦʞʝʥʠʶ ʪʝʭʥʠʯʝʩʢʦʡ ʩʪʦʨʦʥʳ ʚʦʧʨʦʩʘ ʠ 
ʠʟʣʠʰʥʝ ʧʦʜʨʦʙʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʧʨʦʮʝʜʫʨʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  
ɺ ʜʨʫʛʠʭ ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʷʭ ʧʦʩʚʷʱʸʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʝ 

ʚ ʦʩʥʦʚʥʦʤ ʫʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʩʪʦʨʦʥʝ ʧʦʩʪʨʦʝʥʠʷ ʢʫʨʩʘ ʠ 
ʤʘʣʦ ʦʪʚʦʜʠʪʩʷ ʤʝʩʪʘ ʧʨʘʢʪʠʯʝʩʢʦʡ ʠʣʣʶʩʪʨʘʮʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʧʦʩʪʨʦʝʥʠʡ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʯʪʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʘʢʪʠʢʫ-ʩʪʘʪʠʩʪʠʢʫ. 
ɺʩʸ ʵʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ ʢ ʙʦʣʝʝ ʰʠʨʦʢʦʤʫ 

ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʧʨʠ 
ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ  

ʥʘʙʣʶʜʝʥʠʡ.  
ɺ ʜʘʥʥʦʡ ʢʥʠʛʝ ʚʳʙʨʘʥʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʠʸʤʳ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʥʘʙʣʶʜʝʥʠʡ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʵʪʠʭ ʧʨʠʸʤʦʚ ʜʣʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʧʨʘʢʪʠʢʝ ʟʘʜʘʯ. ɿʘʢʦʥ ʙʦʣʴʰʠʭ ʯʠʩʝʣ, ʧʦ ʩʫʱʝʩʪʚʫ, 
ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʝʣʠʯʠʥ, 

ʥʘʙʣʶʜʘʝʤʳʤʠ ʚ ʚʳʙʦʨʢʝ, ʠ ʠʩʪʠʥʥʳʤ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʧʦ ʚʩʝʡ 
ʩʦʚʦʢʫʧʥʦʩʪʠ ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʸʤʘ ʚʳʙʦʨʢʠ. 

ʎʝʥʪʨʘʣʴʥʘʷ ʧʨʝʜʝʣʴʥʘʷ ʪʝʦʨʝʤʘ ʦʙʲʷʩʥʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʨʤʘʣʴʥʦʛʦ 
ʟʘʢʦʥʘ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟ. 
ʊʨʫʜʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʦʪʭʦʜʷʪ ʥʘ ʚʪʦʨʦʡ ʧʣʘʥ, ʠ 

ʩʪʘʥʦʚʠʪʩʷ ʚʧʦʣʥʝ ʜʦʩʪʫʧʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʩʴʤʘ ʪʨʫʜʦʸʤʢʠʭ ʤʝʪʦʜʦʚ 
ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʆʜʥʘʢʦ ʦʩʪʘʥʫʪʩʷ ʪʨʫʜʥʦʩʪʠ ʧʦʥʠʤʘʥʠʷ ʩʫʱʝʩʪʚʘ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ, ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ  ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 
ʤʦʜʝʣʠ ʠ ʧʨʘʚʠʣʴʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

   ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʧʦʩʦʙʠʠ ʠʟʣʦʞʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚʝʜʝʪʩʷ ʪʨʝʤʷ 
ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʫʪʷʤʠ.  
ɺ ʧʫʥʢʪʘʭ çʪʝʦʨʠʷè ʠʟʣʘʛʘʝʪʩʷ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʨʦʛʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ 

ʧʦʩʪʨʦʝʥʠʝ ʢʫʨʩʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ. ɿʜʝʩʴ ʧʨʝʩʣʝʜʫʝʪʩʷ ʮʝʣʴ 
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ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʙʫʜʫʱʝʛʦ ʩʧʝʮʠʘʣʠʩʪʘ, ʯʪʦ 
ʧʦʟʚʦʣʠʪ ʝʤʫ ʙʦʣʝʝ ʛʣʫʙʦʢʦ, ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʦʩʤʳʩʣʠʚʘʪʴ 

ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʟʘʜʘʯʠ. 
ɺ ʧʫʥʢʪʝ çʢʦʤʤʝʥʪʘʨʠʡè ʦʙʩʫʞʜʘʝʪʩʷ ʤʝʪʦʜʦʣʦʛʠʷ ʧʦʩʪʘʥʦʚʢʠ ʮʝʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ. ʆʧʠʩʳʚʘʝʪʩʷ 
ʚʘʨʠʘʥʪʳ ʧʨʘʚʠʣʴʥʦʡ, ʯʸʪʢʦʡ ʬʦʨʤʫʣʠʨʦʚʢʠ ʟʘʜʘʯʠ ʠ ʦʙʲʷʩʥʝʥʠʷ 

ʧʦʣʫʯʠʚʰʝʛʦʩʷ ʦʪʚʝʪʘ.  
ɺ ʧʫʥʢʪʝ çʧʨʘʢʪʠʢʘè ʧʨʠʚʦʜʷʪʩʷ ʢʦʥʢʨʝʪʥʳʝ ʧʨʠʤʝʨʳ ʧʦʩʪʘʥʦʚʢʠ 

ʧʨʦʙʣʝʤʳ, ʧʫʪʠ ʝʸ ʨʝʰʝʥʠʷ ʠ ʬʦʨʤʫʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʘʶʱʝʛʦʩʷ ʨʝʟʫʣʴʪʘʪʘ. 
ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʤʦʜʝʣʠ ʧʨʝʩʣʝʜʫʶʪ ʚ ʦʩʥʦʚʥʦʤ ʦʜʥʫ ʮʝʣʴ: ʫʚʝʣʠʯʠʪʴ 

çʙʠʙʣʠʦʪʝʢʫè ʚʘʨʠʘʥʪʦʚ ʟʘʜʘʯ ʠ ʩʧʦʩʦʙʦʚ ʠʭ ʨʝʰʝʥʠʷ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ 
ʧʦʟʚʦʣʠʪ  ʩʧʝʮʠʘʣʠʩʪʫ ʣʝʛʯʝ ʠ ʙʳʩʪʨʝʝ ʥʘʡʪʠ ʘʥʘʣʦʛʠʶ ʩ ʚʦʟʥʠʢʰʝʡ ʧʝʨʝʜ 
ʥʠʤ ʟʘʜʘʯʝʡ.   

ʇʝʨʚʳʡ ʧʫʥʢʪ çʪʝʦʨʠʷè ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʣʶʙʦʤ ʢʦʥʩʧʝʢʪʝ ʣʝʢʮʠʡ. 
ʉʪʫʜʝʥʪ ʚʦ ʚʨʝʤʷ ʣʝʢʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʩʧʝʚʘʝʪ ʟʘʧʠʩʘʪʴ ʠʜʝʠ, 

ʩʚʷʟʳʚʘʶʱʠʝ ʦʪʜʝʣʴʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʩʪʨʦʝʥʠʷ, ʦʙʩʫʞʜʝʥʠʷ 
ʨʝʟʫʣʴʪʘʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪʩʷ ʚ çʢʦʤʤʝʥʪʘʨʠʠè. ɸ ʩʧʫʩʪʷ ʥʝʢʦʪʦʨʦʝ 

ʚʨʝʤʷ, ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʵʢʟʘʤʝʥʫ, ʟʘʙʳʚʘʶʪʩʷ ʣʦʛʠʯʝʩʢʠʝ ʩʚʷʟʠ 
ʟʘʧʠʩʘʥʥʳʭ ʚ çʪʝʦʨʠʠè ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʡ ʠ ʧʦʩʪʨʦʝʥʠʡ. ɺʩʸ ʵʪʦ 

ʟʘʪʨʫʜʥʷʝʪ ʠʟʫʯʝʥʠʝ ʢʫʨʩʘ. ʇʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʢʠ ʢ ʵʢʟʘʤʝʥʫ ʩʚʦʜʠʪʩʷ ʢ 
ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʟʘʧʦʤʠʥʘʥʠʶ ʦʧʨʝʜʝʣʝʥʠʡ, ʪʝʦʨʝʤ ʠ ʬʦʨʤʫʣ. ɺʩʸ ʵʪʦ 

ʤʝʭʘʥʠʯʝʩʢʠ, ʙʝʟ ʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ, ʟʘʫʯʝʥʥʦʝ  ʙʳʩʪʨʦ ʟʘʙʳʚʘʝʪʩʷ. 
ʀ ʧʦʨʦʡ ʯʝʨʝʟ ʛʦʜ ʩʪʫʜʝʥʪ ʚʩʧʦʤʠʥʘʝʪ ʣʠʰʴ ʥʘʟʚʘʥʠʝ ʢʫʨʩʘ, ʥʦ ʥʝ ʤʦʞʝʪ 

ʯʸʪʢʦ ʦʧʠʩʘʪʴ ʮʝʣʴ ʠ ʤʝʪʦʜʦʣʦʛʠʶ  ʵʪʦʛʦ ʢʫʨʩʘ. ʂʘʢ ʪʦʛʜʘ ʪʘʢʠʤʠ ʟʥʘʥʠʷʤʠ 
ʦʥ ʙʫʜʝʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʝ?      
ɺ ʧʫʥʢʪʝ çʧʨʘʢʪʠʢʘè, ʥʘ ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʵʢʟʘʤʝʥʫ 

ʩʪʫʜʝʥʪ ʥʝ ʦʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʷ, ʧʨʠʚʦʜʷʪʩʷ ʪʠʧʠʯʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ. 
ʆʥʠ ʤʦʛʫʪ ʧʦʤʦʯʴ ʩʧʝʮʠʘʣʠʩʪʫ-ʩʪʘʪʠʩʪʠʢʫ ʫʚʠʜʝʪʴ ʘʥʘʣʦʛʠʶ ʤʝʞʜʫ ʵʪʠʤʠ 

ʟʘʜʘʯʘʤʠ ʠ ʩ ʚʦʟʥʠʢʰʝʡ ʧʝʨʝʜ ʥʠʤ ʟʘʜʘʯʝʡ ʠ ʥʘʡʪʠ ʩʧʦʩʦʙ ʝʸ ʨʝʰʝʥʠʷ. 
ɼʘʥʥʘʷ ʢʥʠʛʘ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʙʨʘʟʦʚʘʥʥʦʛʦ 

ʝʩʪʝʩʪʚʦʠʩʧʳʪʘʪʝʣʷ, ʢʦʪʦʨʳʡ ʥʝ ʩʦʙʠʨʘʝʪʩʷ ʩʪʘʪʴ ʩʧʝʮʠʘʣʠʩʪʦʤ ʧʦ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʝ. ʆʜʥʘʢʦ ʝʤʫ ʥʝʦʙʭʦʜʠʤʦ ʯʸʪʢʦ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʩʝʙʝ, ʚ ʢʘʢʠʭ ʩʣʫʯʘʷʭ ʵʪʘ ʥʘʫʢʘ ʤʦʞʝʪ ʧʨʠʥʝʩʪʠ ʩʫʱʝʩʪʚʝʥʥʫʶ ʧʦʣʴʟʫ, ʠ 
ʫʤʝʪʴ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʠʩʪʘ. ʃʫʯʰʠʡ ʩʧʦʩʦʙ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʪʘʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʘ ʦʛʨʘʥʠʯʝʥʥʦʝ ʚʨʝʤʷ ï ʧʦʜʨʦʙʥʦʝ 
ʠʟʣʦʞʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʥʳʭ ʧʨʠʸʤʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, 

ʜʦʚʝʜʷ ʠʭ ʜʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʣʦʞʝʥʠʡ, ʥʦ ʦʩʪʘʚʠʚ ʚ ʩʪʦʨʦʥʝ ʜʨʫʛʠʝ 
ʧʨʠʸʤʳ ʟʘ ʥʝʜʦʩʪʘʪʢʦʤ ʚʨʝʤʝʥʠ. ʉʘʤʘ ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʩʪʘʪʠʩʪʠʢʠ ʧʦʟʚʦʣʷʝʪ ʪʘʢʦʝ ʠʩʯʝʨʧʳʚʘʶʱʝʝ ʠʟʫʯʝʥʠʝ ʦʜʥʠʭ ʧʨʠʸʤʦʚ ʟʘ 
ʩʯʸʪ ʧʦʣʥʦʛʦ ʠʛʥʦʨʠʨʦʚʘʥʠʷ ʜʨʫʛʠʭ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʡ ʥʘʫʢʝ ʩʨʘʚʥʠʪʝʣʴʥʦ 
ʥʝʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʦʙʱʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʪʝʦʨʝʤʳ, ʘ ʦʪʜʝʣʴʥʳʝ 

ʧʨʠʸʤʳ ʯʘʩʪʦ ʣʦʛʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 
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ʇʨʠ ʥʘʧʠʩʘʥʠʠ ʢʥʠʛʠ ʩʪʘʚʠʣʠʩʴ ʜʚʝ ʮʝʣʠ. ʇʝʨʚʘʷ ʮʝʣʴ: ʜʘʪʴ 
ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʪʝʤʘʪʠʢʫ, ʠʥʪʝʨʝʩʫʶʱʝʤʫʩʷ ʩʪʘʪʠʩʪʠʢʦʡ, ʦʚʣʘʜʝʪʴ 

ʦʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʧʨʠ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʝ. ɺʪʦʨʘʷ ʮʝʣʴ: ʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʘʪʠʩʪʠʢʫ, 

ʠʥʪʝʨʝʩʫʶʱʝʤʫʩʷ ʤʘʪʝʤʘʪʠʢʦʡ, ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ 
ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ.  

ʈʘʩʩʤʦʪʨʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʚʳʙʦʨʦʯʥʦʛʦ ʤʝʪʦʜʘ, ʪʝʦʨʠʠ 
ʪʦʯʝʯʥʳʭ ʠ ʠʥʪʝʨʚʘʣʴʥʳʭ ʦʮʝʥʦʢ, ʧʨʦʚʝʨʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʛʠʧʦʪʝʟ, 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʠ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʦʚ.  
ʍʦʯʫ ʚʳʨʘʟʠʪʴ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʠ ʛʣʫʙʦʢʫʶ 

ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ  ʜʠʨʝʢʪʦʨʫ ʠʥʩʪʠʪʫʪʘ ʤʘʪʝʤʘʪʠʢʠ, ʤʝʭʘʥʠʢʠ ʠ 
ʢʦʤʧʴʶʪʝʨʥʳʭ ʥʘʫʢ ʠʤ. ʀ.ʀ.ɺʦʨʦʚʠʯʘ, ʜʦʢʪʦʨʫ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 
ʥʘʫʢ ʂʘʨʷʢʠʥʫ ʄʠʭʘʠʣʫ ʀʛʦʨʝʚʠʯʫ ʠ ʟʘʚʝʜʫʶʱʝʤʫ ʢʘʬʝʜʨʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʜʦʢʪʦʨʫ ʬʠʟʠʢʦ-
ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ ɸʚʩʷʥʢʠʥʫ ʆʣʝʛʫ ɻʝʥʥʘʜʴʝʚʠʯʫ ʟʘ ʩʪʠʤʫʣ ʢ 

ʥʘʧʠʩʘʥʠʶ ʜʘʥʥʦʛʦ ʫʯʝʙʥʠʢʘ. 
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çʀʟʤʝʨʷʡ ʚʩʸ ʜʦʩʪʫʧʥʦʝ ʠʟʤʝʨʝʥʠʶ 
 ʠ ʜʝʣʘʡ ʥʝʜʦʩʪʫʧʥʦʝ ʠʟʤʝʨʝʥʠʶ ʜʦʩʪʫʧʥʳʤè 

 ɻʘʣʠʣʝʦ ɻʘʣʠʣʝʡ 

 
ʄʦʜʫʣʴ ʧʝʨʚʳʡ 

ʇʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 
Ä1.1 ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ 

ʂʦʤʤʝʥʪʘʨʠʡ 

ʆʩʥʦʚʥʳʤʠ ʧʦʥʷʪʠʷʤʠ, ʩ ʢʦʪʦʨʳʭ ʥʘʯʠʥʘʝʪʩʷ ʟʥʘʢʦʤʩʪʚʦ ʩ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʦʡ, ʷʚʣʷʶʪʩʷ ʧʦʥʷʪʠʷ: çʛʝʥʝʨʘʣʴʥʘʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴè ʠ çʚʳʙʦʨʢʘè. ʇʨʘʢʪʠʯʝʩʢʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʫʯʝʙʥʦʛʦ 
ʧʦʩʦʙʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʙʦʣʝʝ ʫʧʨʦʱʸʥʥʦʝ ʚʚʝʜʝʥʠʝ ʵʪʠʭ ʧʦʥʷʪʠʡ. ʆʜʥʘʢʦ, 

ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʤ ʫʨʦʚʥʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ, ʝʩʪʝʩʪʚʦʠʩʧʳʪʘʪʝʣʶ 
ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʪʴ ʩʫʪʴ 

ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʠ ʩʧʦʩʦʙʦʚ ʠʭ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʨʝʰʘʶʪʩʷ ʤʝʪʦʜʘʤʠ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ. ʋʧʨʦʱʸʥʥʦ ʦʧʠʩʘʚ ʵʪʠ ʧʦʥʷʪʠʷ, ʜʘʜʠʤ 
ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʠʭ, ʙʘʟʠʨʫʶʱʝʝʩʷ ʥʘ ʦʩʥʦʚʥʳʭ ʧʦʥʷʪʠʷʭ 

ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ. 
ʊʝʦʨʠʷ 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʜʥʦʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ʀʟʫʯʝʥʠʶ 
ʧʦʜʣʝʞʠʪ ʥʝʢʦʪʦʨʳʡ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʠʣʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʨʠʟʥʘʢ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʵʪʠ ʦʙʲʝʢʪʳ ʠ ʦʙʲʝʜʠʥʷʶʱʠʡ ʠʭ ʚ ʵʪʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ 
ʩʦʚʦʢʫʧʥʦʩʪʴ. ʕʪʘ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʙʝʩʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ 

ʵʣʝʤʝʥʪʦʚ. ʈʝʟʫʣʴʪʘʪʦʤ ʠʟʫʯʝʥʠʷ ʵʪʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʙʫʜʝʪ ʥʘʙʦʨ ʜʘʥʥʳʭ, 
ʪʦ ʝʩʪʴ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠʟʥʘʢʘ ʫ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ, ʷʚʣʷʶʱʝʛʦʩʷ 

ʵʣʝʤʝʥʪʦʤ ʵʪʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ. ɺʩʸ ʤʥʦʞʝʩʪʚʦ ʵʪʠʭ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ 
ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ. ʇʨʘʢʪʠʯʝʩʢʠ ʧʦʣʫʯʝʥʠʝ ʠ 

ʠʟʫʯʝʥʠʝ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫ ʚʩʝʭ 
ʵʣʝʤʝʥʪʦʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʥʦʛʜʘ ʧʨʦʩʪʦ ʥʝʚʦʟʤʦʞʥʦ, ʝʩʣʠ ʠʭ ʤʥʦʞʝʩʪʚʦ 
ʙʝʩʢʦʥʝʯʥʦ, ʘ ʠʥʦʛʜʘ ʪʝʭʥʠʯʝʩʢʠ ʠʣʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʝʥʦ. 

ʇʦʵʪʦʤʫ ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʙʝʛʘʪʴ ʢ ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʯʠʩʣʫ ʥʘʙʣʶʜʝʥʠʡ. 
ʉʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʦʪʙʠʨʘʝʪʩʷ n ʦʙʲʝʢʪʦʚ ʠ ʫ ʥʠʭ ʠʟʤʝʨʷʝʪʩʷ ʟʥʘʯʝʥʠʝ 

ʠʥʪʝʨʝʩʫʶʱʝʛʦ  ʧʨʠʟʥʘʢʘ. ʇʦʣʫʯʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ n 
ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ, ʥʘʟʳʚʘʝʪʩʷ ʚʳʙʦʨʢʦʡ ʠʟ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ. 

ʗʩʥʦ, ʯʪʦ ʦʙʘ ʪʠʧʘ ʩʦʚʦʢʫʧʥʦʩʪʝʡ ï ʠ ʛʝʥʝʨʘʣʴʥʘʷ, ʠ ʚʳʙʦʨʦʯʥʘʷ ʙʫʜʫʪ 
ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʦʜʠʥʘʢʦʚʳʤʠ ʦʙʱʠʤʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʧʨʦʷʚʣʝʥʠʷ 

ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ  ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʧʨʠʟʥʘʢʘ. ɼʘʜʠʤ 
ʦʙʲʷʩʥʝʥʠʝ ʩʢʘʟʘʥʥʦʤʫ, ʦʧʠʨʘʷʩʴ ʥʘ ʪʝʦʨʠʶ ʚʝʨʦʷʪʥʦʩʪʝʡ. ʕʪʦ ʧʦʤʦʞʝʪ 

ʥʘʤ ʧʦʥʷʪʴ ʪʦʯʥʳʡ ʩʤʳʩʣ ʦʩʥʦʚʥʳʭ ʧʦʥʷʪʠʡ ʠ ʧʦʣʫʯʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʦʝ 
ʦʙʦʩʥʦʚʘʥʠʝ  ʧʨʠʸʤʦʚ ʠ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ. 



8 

 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ,W A P, , ʦʧʨʝʜʝʣʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʜʘʸʪʩʷ ʚ  ʘʢʩʠʦʤʘʪʠʯʝʩʢʦʤ ʧʦʩʪʨʦʝʥʠʠ ɸ.ʅ.ʂʦʣʤʦʛʦʨʦʚʘ. 

ʕʣʝʤʝʥʪʳ ʤʥʦʞʝʩʪʚʘ W - ʠʟʫʯʘʝʤʳʝ ʦʜʥʦʨʦʜʥʳʝ ʦʙʲʝʢʪʳ. ʅʘ ʵʪʦʤ 

ʚʝʨʦʷʪʥʦʩʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟʤʝʨʠʤʘʷ ʬʫʥʢʮʠʷ x , 

ʥʘʟʳʚʘʝʤʘʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʢʦʪʦʨʘʷ ʦʪʦʙʨʘʞʘʝʪ ʤʥʦʞʝʩʪʚʦ W ʚ 

ʥʝʢʦʪʦʨʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ 
R
W  ʤʥʦʞʝʩʪʚʘ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʠʩʝʣ R. ʕʪʦ 

ʤʥʦʞʝʩʪʚʦ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʠʩʝʣ 
R
W , ʪʦ ʝʩʪʴ ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ 

ʟʥʘʯʝʥʠʡ x, ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ. ʄʥʦʞʝʩʪʚʦ 
R
W  

ʤʦʞʝʪ ʙʳʪʴ ʙʝʩʢʦʥʝʯʥʳʤ, ʤʦʞʝʪ ʩʦʚʧʘʜʘʪʴ ʩ ʤʥʦʞʝʩʪʚʦʤ R. 
ɺʝʨʦʷʪʥʦʩʪʥʘʷ ʬʫʥʢʮʠʷ P ʝʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʣʫʯʘʡʥʦʡ 

ʚʝʣʠʯʠʥʳ x.  

ʇʫʩʪʴ G  ʩʣʫʯʘʡʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʪʦʤ, ʯʪʦ ʤʳ 

ʚʳʙʠʨʘʝʤ ʩʣʫʯʘʡʥʦ, ʥʘʫʛʘʜ ʢʘʢʦʡ-ʥʠʙʫʜʴ ʦʙʲʝʢʪ - ʵʣʝʤʝʥʪ  ʠʟ ʤʥʦʞʝʩʪʚʘ 

W. ʈʝʛʠʩʪʨʠʨʫʝʤ ʟʥʘʯʝʥʠʝ ʝʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʦ ʝʩʪʴ, 

ʧʦʣʫʯʘʝʤ ʯʠʩʣʦ x ï ʦʜʥʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x , 

xÍ
R
W . ɿʥʘʯʠʪ { }x=x  ʵʪʦ ʩʣʫʯʘʡʥʦʝ ʩʦʙʳʪʠʝ, ʦʜʥʦʪʦʯʝʯʥʳʡ ʵʣʝʤʝʥʪ 

ʘʣʛʝʙʨʳ ʩʦʙʳʪʠʡ B ï s -ʘʣʛʝʙʨʳ ʙʦʨʝʣʝʚʩʢʠʭ ʤʥʦʞʝʩʪʚ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʠʩʝʣ. ɽʩʣʠ ʵʪʦʪ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʚʪʦʨʠʪʴ n ʨʘʟ, ʪʦ 

ʤʦʞʝʤ ʩʢʘʟʘʪʴ, ʯʪʦ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʟʘʜʘʥʥʳʝ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ 

ʚʝʨʦʷʪʥʦʩʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ,W A P,  ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ 
n

,...,, xxx
21

 ʠ 

ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʤ n ʰʪʫʢ ʩʦʙʳʪʠʡ:  { }
11

x=x , { }
22

x=x ,...,{ }
nn

x=x . 

ʉʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ 
n

,...,, xxx
21

 ʥʘʟʦʚʸʤ ʚʳʙʦʨʦʯʥʳʤʠ ʩʣʫʯʘʡʥʳʤʠ 

ʚʝʣʠʯʠʥʘʤʠ, ʘ ʤʥʦʞʝʩʪʚʦ ʠʭ ʟʥʘʯʝʥʠʡ ( )
n

x,...,x,x
21

 - ʚʳʙʦʨʢʦʡ ʠʟ 

ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ W. ʗʩʥʦ, ʯʪʦ ʣʶʙʦʡ ʵʣʝʤʝʥʪ 
i

x  ʚʳʙʦʨʢʠ 

( )
n

x,...,x,x
21

 ʙʫʜʝʪ ʵʣʝʤʝʥʪʦʤ ʤʥʦʞʝʩʪʚʘ 
R
W . ʏʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ n 

ʥʘʟʳʚʘʝʪʩʷ ʦʙʲʸʤʦʤ ʚʳʙʦʨʢʠ. 

ʂʦʤʤʝʥʪʘʨʠʡ 

ʄʳ ʥʝ ʙʫʜʝʤ ʢʘʩʘʪʴʩʷ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʮʝʩʩʦʤ 

ʧʦʣʫʯʝʥʠʷ ʠʣʠ ʧʨʦʮʝʩʩʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʙʦʨʢʠ ( )
n

x,...,x,x
21

. ʗʩʥʦ, ʯʪʦ 

ʚʩʝ ʵʣʝʤʝʥʪʳ 
R
W  ʜʦʣʞʥʳ ʠʤʝʪʴ ʨʘʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʧʘʩʪʴ ʚ ʚʳʙʦʨʢʫ

( )
n

x,...,x,x
21

. ʅʝ ʜʦʣʞʥʦ ʙʳʪʴ ʦʩʥʦʚʘʥʠʡ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʩʨʝʜʠ 

ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ ʝʩʪʴ çʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʳʝè ʵʣʝʤʝʥʪʳ. ɼʣʷ  ʵʪʦʛʦ ʤʳ 
ʜʦʣʞʥʳ ʪʨʝʙʦʚʘʪʴ, ʯʪʦʙʳ:  

ʘ) ʚʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ G, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʠʭ ʨʝʟʫʣʴʪʘʪʳ, ʙʳʣʠ 

ʥʝʟʘʚʠʩʠʤʳʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ; 

ʙ) ʚʦ ʚʩʝʭ n ʵʢʩʧʝʨʠʤʝʥʪʘʭ G ʫʩʣʦʚʠʷ ʠʭ ʧʨʦʚʝʜʝʥʠʷ ʦʩʪʘʚʘʣʠʩʴ 
ʦʜʠʥʘʢʦʚʳʤʠ;  
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ʚ) ʚʦ ʚʩʝʭ n ʵʢʩʧʝʨʠʤʝʥʪʘʭ G ʠʟʤʝʨʷʣʩʷ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ 

ʧʨʠʟʥʘʢ ʧʦ ʧʦʩʪʦʷʥʥʦʡ, ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʤʝʪʦʜʠʢʝ. 
ɺʩʸ ʵʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦʙʳ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ 

ʬʠʥʘʥʩʦʚʳʭ ʠ ʪʨʫʜʦʚʳʭ ʟʘʪʨʘʪʘʭ, ʚʳʙʦʨʢʘ ʙʳʣʘ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʠʙʦʣʝʝ 

ʠʥʬʦʨʤʘʪʠʚʥʦʡ. ɽʩʣʠ ʤʳ ʥʘʟʳʚʘʝʤ ʥʘʙʦʨ ʯʠʩʝʣ ( )
n

x,...,x,x
21

 ʚʳʙʦʨʢʦʡ, ʪʦ 

ʤʳ ʧʦʜʨʘʟʫʤʝʚʘʝʤ, ʯʪʦ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ  ʩʦʙʣʶʜʘʣʠʩʴ ʧʨʠ 
ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʙʦʨʢʠ, ʧʨʠ ʩʙʦʨʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʊʘʢʫʶ 
ʚʳʙʦʨʢʫ ʤʳ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ï  ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ (representative ï 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʘʷ). ʀ ʚʧʨʝʜʴ, ʩʪʨʦʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 
ʩʪʘʪʠʩʪʠʢʠ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʧʨʠʤʝʨʳ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ, ʤʳ ʚʩʝʛʜʘ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʳʙʦʨʢʘ, ʩ ʢʦʪʦʨʦʡ ʤʳ ʨʘʙʦʪʘʝʤ,- 
ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʘʷ. 

 ʅʝʦʙʭʦʜʠʤʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʠʩʯʝʨʧʳʚʘʶʱʝʛʦ ʩʧʦʩʦʙʘ 

ʧʨʦʚʝʨʢʠ ʪʦʛʦ, ʯʪʦ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ 
n

x,...,x,x
21

 ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʚʳʙʦʨʢʦʡ ( )
n

x,...,x,x
21

. ʊʦ ʝʩʪʴ, ʥʝʪ ʥʘʜʸʞʥʦʛʦ ʩʧʦʩʦʙʘ 

ʦʮʝʥʢʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʠ ʚʳʙʦʨʢʠ. ʇʨʠ ʵʪʦʤ ʤʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʚ ʚʠʜʫ, 

ʯʪʦ ʯʝʣʦʚʝʢ ï ʫʜʠʚʠʪʝʣʴʥʦ ʧʣʦʭʦʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʦʟʥʘʪʝʣʴʥʦʛʦ 
ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʩʣʫʯʘʡʥʦʡ, ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʚʳʙʦʨʢʠ. ʅʘ ʧʨʦʙʣʝʤʳ 

ʦʨʛʘʥʠʟʘʮʠʠ ʩʣʫʯʘʡʥʦʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʚʳʙʦʨʢʠ ʩʪʘʣ ʦʙʨʘʱʘʪʴ 
ʚʥʠʤʘʥʠʝ ʝʱʸ ʚ 20-ʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʘʥʛʣʠʡʩʢʠʡ ʤʘʪʝʤʘʪʠʢ ʠ 

ʙʠʦʣʦʛ ʈ.ɸ.ʌʠʰʝʨ.  
 ʄʳ ʜʦʣʞʥʳ ʟʥʘʪʴ, ʯʪʦ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʧʨʘʚʠʣʴʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʤʝʪʦʜʦʚ ʨʘʙʦʪʳ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʙʦʨʢʠ ʧʨʠʦʙʨʝʪʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʧʨʦʮʝʩʩʝ 

ʥʘʢʦʧʣʝʥʠʷ ʦʧʳʪʘ.  
 

ʇʨʘʢʪʠʢʘ 
ʇʨʠʤʝʨ 1.1 [13]  

 ʅʘ ʩʪʦʣ ʧʦʣʦʞʠʣʠ 1200 ʢʘʤʥʝʡ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʤʘʩʩʳ. ɹʳʣʦ 
ʧʨʝʜʣʦʞʝʥʦ 12 ʣʠʮʘʤ (ʢʘʞʜʦʤʫ ʪʨʠʞʜʳ) ʦʪʦʙʨʘʪʴ 20 ʢʘʤʥʝʡ çʪʠʧʠʯʥʳʭè 

ʜʣʷ ʵʪʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ. ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʠʩʧʳʪʘʥʠʷ ʢʘʤʥʠ ʚʦʟʚʨʘʱʘʣʠʩʴ 
ʦʙʨʘʪʥʦ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠʩʴ, ʪʘʢ ʯʪʦ ʚʩʝ ʥʘʙʣʶʜʘʪʝʣʠ, ʠ ʢʘʞʜʳʡ ʠʟ ʥʠʭ 

ʣʠʯʥʦ, ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʦʪʙʦʨʝ ʥʘʭʦʜʠʣʠʩʴ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ. 
ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ.  

 

ʧʦʚʪʦʨʥʦʩʪ ɹ

ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨ 

1 2 3 4 5 6 7 8 9 10 11 12 
1 

2 
3 

1,9 

1,8 
1,7 

2,4 

3,0 
2,4 

2,4 

2,4 
2,1 

1,9 

2,0 
2,0 

2,2 

2,7 
3,1 

2,8 

2,6 
2,8 

2,4 

2,6 
2,5 

1,6 

2,0 
2,0 

2,2 

2,2 
2,2 

2,6 

2,2 
3,1 

2,4 

2,4 
1,8 

2,4 

3,0 
2,4 

ʩʨʝʜʥʝʝ, 
i

x  1,8 2,6 2,3 2,0 2,7 2,7 2,5 1,9 2,2 2,6 2,2 2,6 

ʈʘʩʩʤʦʪʨʠʤ ʵʪʦʪ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʧʦʟʠʮʠʡ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʚʳʰʝ 
ʧʦʥʷʪʠʡ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠ ʚʳʙʦʨʢʠ.  
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 ʀʩʩʣʝʜʫʝʤʳʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʧʨʠʟʥʘʢʦʤ ʙʫʜʝʪ ʤʘʩʩʘ ʦʪʙʠʨʘʝʤʳʭ ʚ 
ʢʘʞʜʦʤ ʧʦʚʪʦʨʥʦʤ ʦʧʳʪʝ 20 ʢʘʤʥʝʡ. ʆʪʙʠʨʘʷ 20 çʪʠʧʠʯʥʳʭè ʢʘʤʥʝʡ ʠʟ 

ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ 1200 ʢʘʤʥʝʡ, ʢʘʞʜʳʡ ʠʟ 12 
ʫʯʘʩʪʥʠʢʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʪʨʝʤʠʪʩʷ, ʯʪʦʙʳ ʧʨʦʧʦʨʮʠʠ ʢʦʣʠʯʝʩʪʚ ʤʝʣʢʠʭ, 

ʩʨʝʜʥʠʭ ʠ ʢʨʫʧʥʳʭ ʢʘʤʥʝʡ ʚ ʝʛʦ ʚʳʙʦʨʢʝ ʙʳʣʠ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳ 
ʧʨʦʧʦʨʮʠʷʤ ʢʦʣʠʯʝʩʪʚ ʤʝʣʢʠʭ, ʩʨʝʜʥʠʭ ʠ ʢʨʫʧʥʳʭ ʢʘʤʥʝʡ ʚ ʛʝʥʝʨʘʣʴʥʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʠ. ʂʘʞʜʳʡ ʫʯʘʩʪʥʠʢ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʝʣʘʝʪ ʪʨʠ ʦʪʙʦʨʘ ʧʦ 20 
ʢʘʤʥʝʡ. ɿʥʘʯʠʪ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʳ ʙʫʜʝʤ ʠʤʝʪʴ 36 ʚʳʙʦʨʦʢ, ʢʘʞʜʘʷ ʠʟ 

ʢʦʪʦʨʳʭ, ʧʦ ʤʥʝʥʠʶ  ʩʦʟʜʘʚʰʝʛʦ ʝʸ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘ, ʦʙʣʘʜʘʝʪ 
ʭʘʨʘʢʪʝʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʤʝʨʳ çʧʨʝʜʧʦʯʪʝʥʠʡè ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʦʚ ʧʨʠ 
ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʘʞʜʦʡ ʚʳʙʦʨʢʠ ʚʦʟʴʤʸʤ (ʚʳʙʝʨʝʤ) ʩʨʝʜʥʠʡ ʚʝʩ ʢʘʤʥʷ ʚ 
ʚʳʙʦʨʢʝ. 
ʉʨʝʜʥʠʡ ʚʝʩ ʦʜʥʦʛʦ ʢʘʤʥʷ ʚ ʪʨʸʭ ʚʳʙʦʨʢʘʭ ʧʦ 20 ʰʪʫʢ ʫ  i  ï ʪʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘ ʦʙʦʟʥʘʯʠʤ 
i

x , 1221 ,...,,i = . ʇʦʩʣʝʜʥʷʷ ʩʪʨʦʢʘ ʪʘʙʣʠʮʳ 

ʧʦʢʘʟʳʚʘʝʪ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʫʩʨʝʜʥʸʥʥʳʭ çʣʠʯʥʳʭ ʧʨʝʜʧʦʯʪʝʥʠʡè 
ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʦʚ: ʦʪ 1,8 ʜʦ 2,7. ʉʨʝʜʥʠʡ ʚʝʩ ʦʜʥʦʛʦ ʢʘʤʥʷ ʚ 36 ʚʳʙʦʨʢʘʭ 

ʦʢʘʟʘʣʩʷ ʨʘʚʥʳʤ 342,x= . ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʨʝʜʥʠʡ ʚʝʩ ʦʜʥʦʛʦ ʢʘʤʥʷ ʚ 

ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʙʳʣ ʨʘʚʝʥ x=1,91. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʨʝʘʣʴʥʳʤ 

ʩʨʝʜʥʠʤ ʚʝʩʦʤ ʢʘʤʥʷ ʠ ʩʨʝʜʥʠʤ ʚʝʩʦʤ ʢʘʤʥʷ, ʥʘ ʢʦʪʦʨʳʡ ʦʢʘʟʘʣʠ 
ʩʫʙʲʝʢʪʠʚʥʳʝ ʧʨʝʜʧʦʯʪʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʦʚ, ʩʦʩʪʘʚʠʣʘ ʙʦʣʝʝ 22,5%. 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʧʨʠʤʝʨ ʥʘʛʣʷʜʥʦ ʠʣʣʶʩʪʨʠʨʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʨʫʰʝʥʠʷ 
ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʠ ʚʳʙʦʨʢʠ, ʚʳʟʚʘʥʥʫʶ ʩʫʙʲʝʢʪʠʚʠʟʤʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘ.  
ʅʘʠʙʦʣʝʝ ʥʘʜʸʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ ʦʪʙʦʨʝ ʠʟ ʛʝʥʝʨʘʣʴʥʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʚ ʚʳʙʦʨʢʫ n ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʜʘʪʯʠʢ ʠʣʠ ʪʘʙʣʠʮʘ 

ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ.  

 
 
Ä2.1 ʕʤʧʠʨʠʯʝʩʢʘʷ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ. ɺʘʨʠʘʮʠʦʥʥʳʡ ʨʷʜ. 

ɻʠʩʪʦʛʨʘʤʤʘ 
ʊʝʦʨʠʷ 

ɺʳʙʦʨʢʘ ( )
n

x,...,x,x
21

 ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʥʘʤʠ ʢʘʢ ʤʥʦʞʝʩʪʚʦ 

ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʜʠʩʢʨʝʪʥʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʫʶ 

ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʵʤʧʠʨʠʯʝʩʢʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ ʠ ʦʙʦʟʥʘʯʘʪʴ *x . 

ʉʣʫʯʘʡʥʳʡ ʚʳʙʦʨ ʵʣʝʤʝʥʪʦʚ 
n

x,...,x,x
21

 ʠʟ ʤʥʦʞʝʩʪʚʘ 
R
W  ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʩʦ ʩʪʨʝʤʣʝʥʠʝʤ ʦʙʝʩʧʝʯʠʪʴ ʥʘʠʙʦʣʴʰʫʶ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʴ. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʚʩʝ ʵʣʝʤʝʥʪʳ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʤʝʶʪ ʨʘʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʧʘʩʪʴ ʚ ʚʳʙʦʨʢʫ. ʊʦ ʝʩʪʴ, ʜʣʷ ʣʶʙʦʛʦ ʵʣʝʤʝʥʪʘ 
i

x  ʚʳʙʦʨʢʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

n ʵʣʝʤʝʥʪʦʚ, ʝʛʦ ʚʝʨʦʷʪʥʦʩʪʴ ( )
n

xP
i

1
==*x . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʨʦʷʪʥʦʩʪʴ 
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ʣʶʙʦʛʦ ʙʦʨʝʣʝʚʩʢʦʛʦ ʤʥʦʞʝʩʪʚʘ B, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʳʤ ʩʦʙʳʪʠʝʤ, 

ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ, ʙʫʜʝʪ ʨʘʚʥʘ 

()
()
n

B
BP

m
=* , ʛʜʝ ()Bm  - ʯʠʩʣʦ (ʢʦʣʠʯʝʩʪʚʦ) ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ 

( )
n

x,...,x,x
21

, ʧʦʧʘʚʰʠʭ ʚʦ ʤʥʦʞʝʩʪʚʦ B. 

ʗʩʥʦ, ʯʪʦ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ 

*x, ʦʧʨʝʜʝʣʷʝʤʦʡ ʚʳʙʦʨʢʦʡ ʦʙʲʸʤʘ n, ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ ()
( )
n

S
xF x

n

m
=* , ʛʜʝ 

( )x;S
x

¤-=  - ʙʦʨʝʣʝʚʩʢʦʝ ʤʥʦʞʝʩʪʚʦ. 

 
ʂʦʤʤʝʥʪʘʨʠʡ 

ʀʥʪʫʠʪʠʚʥʦ ʤʳ ʧʦʥʠʤʘʝʤ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʸʤʘ ʚʳʙʦʨʢʠ n 

ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ()xF
n

*  ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ *x  ʠ 

ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ()xF  ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ. 

ʅʦ ʪʘʢ ʢʘʢ ʤʳ ʦʩʫʱʝʩʪʚʣʷʝʤ ʩʣʫʯʘʡʥʳʡ ʦʪʙʦʨ ʵʣʝʤʝʥʪʦʚ ʚ ʚʳʙʦʨʢʫ ʠ 

ʩʦʩʪʘʚ ʢʘʞʜʦʡ ʚʳʙʦʨʢʠ ʩʣʫʯʘʝʥ, ʪʦ ʥʝʣʴʟʷ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʝʩʣʠ 
12

nn > , ʪʦ 

ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʬʫʥʢʮʠʷʤʠ()xF
2n

*  ʠ ()xF  ʦʙʷʟʘʪʝʣʴʥʦ ʙʫʜʝʪ ʤʝʥʴʰʝ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʬʫʥʢʮʠʷʤʠ ()xF
1n

*  ʠ ()xF . ʇʨʠ ʵʪʦʤ ʦʩʪʘʸʪʩʷ ʥʝʷʩʥʳʤ: 

ʢʘʢ ʦʮʝʥʠʚʘʪʴ ʚʝʣʠʯʠʥʫ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʬʫʥʢʮʠʷʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ? 
ʇʦʣʥʳʡ ʦʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʠ ʯʸʪʢʦʝ ʦʙʲʷʩʥʝʥʠʝ ʧʨʦʮʝʩʩʘ çʩʙʣʠʞʝʥʠʷè 

ʵʤʧʠʨʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ()xF
n

*  ʩ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

()xF  ʜʘʸʪ ʪʝʦʨʝʤʘ ɻʣʠʚʝʥʢʦ.  

ʊʝʦʨʠʷ 
ʊʝʦʨʝʤʘ ɻʣʠʚʝʥʢʦ:  

ʇʫʩʪʴ ʯʠʩʣʘ 
n

x,...,x,x
21

ʦʙʨʘʟʫʶʪ ʚʳʙʦʨʢʫ ʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, 

ʠʤʝʶʱʝʛʦ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ()xF . ʊʦʛʜʘ ʧʨʠ 

ʣʶʙʦʤ x +¤<<¤- x , ʙʫʜʝʪ ʩʧʨʘʚʝʜʣʠʚʦ  

() ()( )1=<-*

¤
exFxFPlim

n
n

. 

ʊʦ ʝʩʪʴ, ʧʨʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʸʤʘ ʚʳʙʦʨʢʠ n, ʜʣʷ 

ʣʶʙʦʛʦ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ x, ʵʤʧʠʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʭʦʜʠʪʩʷ ʧʦ ʚʝʨʦʷʪʥʦʩʪʠ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ.   
ʇʫʩʪʴ ʧʨʠ ʚʳʙʨʘʥʥʦʤ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʘʨʛʫʤʝʥʪʘ x ʬʫʥʢʮʠʷ 

()xF  ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ p, 10 ¢¢p , ʪʦ ʝʩʪʴ p ï ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʙʳʪʠʷ 

{ }
x

SÍx , ʢʦʨʦʪʢʦ:( )
x

SPp Í= x . ʇʨʠ ʵʪʦʤ  ʟʥʘʯʝʥʠʠ x ʬʫʥʢʮʠʷ ()xF
n

*
 

ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 
n

m
, ʛʜʝ m ï ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ ( )

n
x,...,x,x

21
, 

ʢʦʪʦʨʳʝ ʦʢʘʟʘʣʠʩʴ ʤʝʥʴʰʝ ʯʝʤ x, ʪʦ ʝʩʪʴ ( )mS
x
=m . ʅʦ ʪʦʛʜʘ ʤʳ ʤʦʞʝʤ 
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ʩʢʘʟʘʪʴ, ʯʪʦ  ʝʩʣʠ p ï ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʙʳʪʠʷ { }
x

SÍx , ʪʦ 
n

m
 - ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʯʘʩʪʦʪʘ ʵʪʦʛʦ ʩʦʙʳʪʠʷ. ʉʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ʗ.ɹʝʨʥʫʣʣʠ ʠʟ ɿʘʢʦʥʘ ʙʦʣʴʰʠʭ 
ʯʠʩʝʣ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʯʘʩʪʦʪʘ ʥʘʩʪʫʧʣʝʥʠʡ ʥʝʢʦʪʦʨʦʛʦ ʩʦʙʳʪʠʷ, ʧʨʠ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʚʦʟʨʘʩʪʘʶʱʝʤ ʯʠʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ, ʩʭʦʜʠʪʩʷ ʧʦ 
ʚʝʨʦʷʪʥʦʩʪʠ ʢ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʩʪʫʧʣʝʥʠʷ ʵʪʦʛʦ ʩʦʙʳʪʠʷ ʚ ʝʜʠʥʠʯʥʦʤ 

ʠʩʧʳʪʘʥʠʠ, ʪʦ ʝʩʪʴ 1=ö
÷

õ
æ
ç

å
<-

¤
ep

n

m
Plim

n
. ɿʘʤʝʥʷʷ ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʯʘʩʪʦʪʳ ʩʦʙʳʪʠʷ { }
x

SÍx ʠ ʟʥʘʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʵʪʦʛʦ ʩʦʙʳʪʠʷ ʥʘ 

ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ()xF
n

*  ʠ ()xF , ʧʦʣʫʯʠʤ ʫʪʚʝʨʞʜʝʥʠʝ 

ʪʝʦʨʝʤʳ.  

 
ʂʦʤʤʝʥʪʘʨʠʡ 

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʪʝʦʨʝʤʘ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʩʝʛʦ 
ʢʫʨʩʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ. ʄʳ ʪʝʧʝʨʴ ʧʦʥʠʤʘʝʤ, ʯʪʦ ʥʝʠʟʚʝʩʪʥʦʝ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʘʙʣʶʜʘʝʤʦʛʦ ʠʣʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʧʨʠʟʥʘʢʘ, ʪʦ ʝʩʪʴ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x

, ʩ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ ʫʚʝʨʝʥʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʣʴʢʦ ʫʛʦʜʥʦ ʪʦʯʥʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʦ ʧʦ ʚʳʙʦʨʢʝ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ.   ɿʥʘʯʠʪ, ʧʦ 
ʚʳʙʦʨʢʝ ʤʳ ʤʦʞʝʤ ʩʦʩʪʘʚʠʪʴ ʤʥʝʥʠʝ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x, ʦ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʦ 

ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ. 
 

ʊʝʦʨʠʷ 

ʊʘʢ ʢʘʢ ʚʳʙʦʨʢʘ ʠʤʝʝʪ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ, ʪʦ ʤʳ ʚʩʝʛʜʘ ʤʦʞʝʤ 

ʥʘʡʪʠ ʤʠʥʠʤʘʣʴʥʳʡ 
min

x  ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ 
max

x  ʵʣʝʤʝʥʪʳ ʵʪʦʡ ʚʳʙʦʨʢʠ. 

ɺʝʣʠʯʠʥʘ ʨʘʟʥʦʩʪʠ 
minmax

xx - , ʪʦ ʝʩʪʴ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ 

ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ, ʥʘʟʳʚʘʝʪʩʷ ʨʘʟʤʘʭ ʚʳʙʦʨʢʠ. ʕʪʫ ʚʝʣʠʯʠʥʫ ʜʝʣʠʤ ʥʘ 
ʚʳʙʨʘʥʥʦʝ ʯʠʩʣʦ k, ʪʦ ʝʩʪʴ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ 

ʚʳʙʦʨʢʠ ʜʝʣʠʤ ʥʘ k ʠʥʪʝʨʚʘʣʦʚ ʠ ʦʙʦʟʥʘʯʠʤ 
k

xx
minmax

-
=d  - ʜʣʠʥʫ 

ʢʘʞʜʦʛʦ ʠʥʪʝʨʚʘʣʘ. ɿʘʧʠʩʳʚʘʝʤ ʛʨʘʥʠʮʳ ʠʥʪʝʨʚʘʣʦʚ: 

dddd +=+=+=+=¢
++ kkjjmin

aa,...,aa,...,aa,aa,xa
1123121

. 

ʇʦʣʫʯʘʝʤ k ʠʥʪʝʨʚʘʣʦʚ: ( ]( ] ( ] ( ]
113221 ++ kkjj

a;a,...,a;a,...,a;a,a;a . ʕʪʠ 

ʧʦʣʫʟʘʢʨʳʪʳʝ ʩʧʨʘʚʘ ʠʥʪʝʨʚʘʣʳ ʙʫʜʫʪ ʩʣʫʯʘʡʥʳʤʠ ʩʦʙʳʪʠʷʤʠ 

{ } k,...,j,B
j

1= . ʇʦʜʩʯʠʪʳʚʘʝʤ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ { }
j

m , ʛʜʝ ( )
jj

Bm m=  - ʯʠʩʣʦ 

ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ ( )
n

x,...,x,x
21

, ʢʦʪʦʨʳʝ ʧʦʧʘʣʠ ʚ ʠʥʪʝʨʚʘʣ ( ]
1+jj

a;a . 

ʈʝʟʫʣʴʪʘʪʳ ʟʘʧʠʩʳʚʘʝʤ ʚ ʪʘʙʣʠʮʫ, ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ ʯʘʩʪʦʪʥʳʡ 

ʚʘʨʠʘʮʠʦʥʥʳʡ ʨʷʜ. 
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( ]
21

a;a  ( ]
32

a;a  é ( ]
1+jj

a;a  é ( ]
1+kk

a;a  

m1 m2 é mj é mk 

ʗʩʥʦ, ʯʪʦ ʚʩʝʛʜʘ ʙʫʜʝʪ ʩʧʨʘʚʝʜʣʠʚʦ  nm
k

j

j
=ä

=1

. ɽʩʣʠ ʚʦ ʚʪʦʨʦʡ ʩʪʨʦʢʝ 

ʪʘʙʣʠʮʳ ʟʘʧʠʩʘʪʴ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪ, ʪʦ ʧʦʣʫʯʘʝʤʘʷ ʪʘʙʣʠʮʘ:   
   

( ]
21

a;a  ( ]
32

a;a  é ( ]
1+jj

a;a  é ( ]
1+kk

a;a  

n

m
1

 
n

m
2  

é 

n

m
j
 
é 

n

m
k  

ʙʫʜʝʪ ʥʘʟʳʚʘʪʴʩʷ ʚʘʨʠʘʮʠʦʥʥʳʤ ʨʷʜʦʤ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪ.  

ʇʨʘʢʪʠʢʘ 
ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʥʘʙʦʨʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʟʘʧʠʩʘʥʥʳʝ ʚ ʨʘʟʥʳʭ 

ʬʦʨʤʘʭ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʤʳ ʧʦʥʠʤʘʝʤ ʢʘʢ 
ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʚʳʙʦʨʢʠ, ʷʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʧʨʠʟʥʘʢʘ, ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x, - ʨʦʩʪ ʤʫʞʯʠʥ ʚ ʩʤ. 

ʕʪʠ ʜʘʥʥʳʝ ʚʟʷʪʳ ʠʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʘʟʥʳʤʠ 
ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʧʦʵʪʦʤʫ ʤʳ ʥʝ ʙʫʜʝʤ ʟʜʝʩʴ ʦʙʩʫʞʜʘʪʴ ʚʦʧʨʦʩʳ ʦ 

ʛʝʥʝʨʘʣʴʥʳʭ ʩʦʚʦʢʫʧʥʦʩʪʷʭ, ʩ ʢʦʪʦʨʳʤʠ ʨʘʙʦʪʘʣʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ. ʍʦʪʷ 
ʢʨʘʪʢʦ, ʚ ʜʦʚʦʣʴʥʦ ʦʙʱʝʡ ʬʦʨʤʝ, ʤʳ ʤʦʞʝʤ ʩʢʘʟʘʪʴ, ʯʪʦ ʟʜʝʩʴ ʛʝʥʝʨʘʣʴʥʘʷ 
ʩʦʚʦʢʫʧʥʦʩʪʴ ï çʤʫʞʯʠʥʳ, ʧʨʦʞʠʚʘʶʱʠʝ ʚ ʥʝʢʦʪʦʨʦʤ ʨʝʛʠʦʥʝ, ʚ 

ʥʝʢʦʪʦʨʦʡ ʦʙʣʘʩʪʠ, ʥʝʢʦʪʦʨʦʤ ʛʦʩʫʜʘʨʩʪʚʝ, ʠ ʪ.ʧ.è.  
ʇʨʠʤʝʨ 2ʘ.1 [11] ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʥʝʢʦʪʦʨʦʡ ʛʨʫʧʧʳ 

ʤʫʞʯʠʥ (115 ʯʝʣ.) ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ ʦ ʨʦʩʪʝ (ʩʤ): 
 

162 151 161 170 167 164 166 164 173 172 165 153 164 169 170 154 163 159 
161167  168 164 170 166 176 157 159 158 160 161 167 155 166 167 173 165 

175 165 174 167 170 169 159 159 160 156 161 162 161 181 159 169 160 169 
161 161 166 164 170 180 158 167 169 165 166 172 168 171 178 178 171 165 

161 162 182 164 171 169 176 177 170 169 171 160 165 165 179 161 178 173 
168 171 163 165 166 166 166 169 167 166 167 172 169 171 168 162 165 168 

171 174 165 168 167 170 170 
 

ʇʨʠʤʝʨ 2ʙ.1 [13] ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ 906 
ʧʨʠʟʳʚʥʠʢʦʚ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ ʠʭ ʨʦʩʪʘ (ʩʤ): 

 

xi 

(ʩʤ) 
ʯʘʩʪʦʪʘ 

(mi) 
xi 

(ʩʤ) 
ʯʘʩʪʦʪʘ 

(mi) 
xi 

(ʩʤ) 
ʯʘʩʪʦʪʘ 

(mi) 
xi 

(ʩʤ) 
ʯʘʩʪʦʪʘ 

(mi) 
xi 

(ʩʤ) 
ʯʘʩʪʦʪʘ 

(mi) 

147 1 155 6 163 48 170 47 177 13 
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148 
149 
150 

151 
152 

153 
154 

0 
0 
2 

4 
3 

4 
7 

156 
157 
158 

159 
160 

161 
162 

12 
14 
25 

22 
30 

35 
43 

164 
165 
166 

167 
168 

169 

47 
60 
63 

74 
60 

64 

171 
172 
173 

174 
175 

176 
 

48 
36 
31 

36 
21 

24 

178 
179 
180 

181 
182 

183 

9 
9 
3 

3 
4 

1 

 

ʈʘʟʙʠʚʘʷ ʜʠʘʧʘʟʦʥʳ ʠʟʤʝʥʝʥʠʡ ʟʥʘʯʝʥʠʡ ʥʘ ʦʜʠʥʘʢʦʚʦʝ ʯʠʩʣʦ 
ʠʥʪʝʨʚʘʣʦʚ k=6, ʚ ʢʘʞʜʦʤ ʠʥʪʝʨʚʘʣʝ ʚʦʟʴʤʸʤ ʧʦ ʧʷʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʵʪʠʭ ʚʳʙʦʨʦʢ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʦʪʳ ʥʘʠʙʦʣʝʝ 
ʨʝʜʢʠʭ ʤʠʥʠʤʘʣʴʥʳʭ ʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ xi ʚʢʣʶʯʠʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʧʝʨʚʳʡ ʠ ʧʦʩʣʝʜʥʠʡ ʠʥʪʝʨʚʘʣʳ. 
ʇʦʜʩʯʠʪʘʚ ʯʘʩʪʦʪʳ mj ʧʦʧʘʜʘʥʠʡ ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʦʢ ʚ ʢʘʞʜʳʡ 

ʠʥʪʝʨʚʘʣ ( ]
1+jj

a;a , 654321 ,,,,,j = , ʧʦʩʪʨʦʠʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʚʘ 

ʚʘʨʠʘʮʠʦʥʥʳʭ ʨʷʜʘ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪ. 
ʇʨʠʤʝʨ.2ʘ.1  

( ]155150;  ( ]160155;  ( ]165160;  ( ]170165;  ( ]175170;  ( ]180175;  

0350
115

4
,=

 

1130
115

13
,=

 

2700
115

31
,=

 

3560
115

41
,=

 

1390
115

16
,=

 

0870
115

10
,=

 

 

 
ʇʨʠʤʝʨ.2ʙ.1 

( ]155145;  ( ]160155;  ( ]165160;  ( ]170165;  ( ]175170;  ( ]185175;  

0300
906

27
,=

 

1140
906

103
,=  2570

906

233
,=  3400

906

308
,=

 

1860
906

169
,=

 

0730
906

66
,=  

 
  ɼʘʞʝ ʙʝʛʣʳʡ, ʙʝʟ ʘʥʘʣʠʟʘ, ʚʟʛʣʷʜ ʥʘ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪ, 

ʚʳʯʠʩʣʝʥʥʳʭ ʧʦ ʨʘʟʥʳʤ ʚʳʙʦʨʢʘʤ, ʜʣʷ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʠʥʪʝʨʚʘʣʦʚ 
ʧʨʠʚʦʜʠʪ ʥʘʩ ʢ ʟʘʚʝʜʦʤʦ ʦʞʠʜʘʝʤʦʤʫ ʚʳʚʦʜʫ, ʯʪʦ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, ʠʟ ʛʝʥʝʨʘʣʴʥʳʭ ʩʦʚʦʢʫʧʥʦʩʪʝʡ ʢʦʪʦʨʳʭ 
ʚʟʷʪʳ ʚʳʙʦʨʢʠ, - ʦʜʠʥʘʢʦʚʳʝ. ʍʦʪʷ ʦʙʲʷʚʣʝʥʠʝ ʧʦʜʦʙʥʳʭ ʚʳʚʦʜʦʚ ʙʝʟ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 
ʥʝʫʙʝʜʠʪʝʣʴʥʦ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʰʠʙʢʘʤ. 

ʊʝʦʨʠʷ 
ʇʦʩʪʨʦʝʥʥʦʤʫ ʚʘʨʠʘʮʠʦʥʥʦʤʫ ʨʷʜʫ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪ ʤʦʞʥʦ 

ʧʦʩʪʨʦʠʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʠʣʣʶʩʪʨʘʮʠʶ, ʢʦʪʦʨʘʷ ʥʘʛʣʷʜʥʦ ʙʫʜʝʪ 
ʧʦʢʘʟʳʚʘʪʴ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪ ʚ ʦʙʣʘʩʪʠ 

ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʤʝʯʘʶʪʩʷ 
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ʠʥʪʝʨʚʘʣʳ  ʨʘʟʙʠʝʥʠʷ ( ]
1+jj

a;a  (j=1,2,é,k) ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ 

ʚʳʙʦʨʢʠ. ʕʪʠ ʠʥʪʝʨʚʘʣʳ ʙʫʜʫʪ ʦʩʥʦʚʘʥʠʷʤʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ, ʚʳʩʦʪʳ 

ʢʦʪʦʨʳʭ ʨʘʚʥʳ 
dÖn

m
j
, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʫʯʘʶʱʘʷʩʷ ʧʨʠ ʵʪʦʤ ʩʪʫʧʝʥʯʘʪʘʷ 

ʬʠʛʫʨʘ ʥʘʟʳʚʘʝʪʩʷ ʛʠʩʪʦʛʨʘʤʤʦʡ ʚʳʙʦʨʢʠ. 

 
ʂʦʤʤʝʥʪʘʨʠʡ 

ɻʠʩʪʦʛʨʘʤʤʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʚʘʨʠʘʮʠʦʥʥʳʤ ʨʷʜʘʤ ʧʨʠʤʝʨʦʚ 2ʘ ʠ 2ʙ, 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ.1 ʠ ʨʠʩ.2. ʇʣʦʱʘʜʴ 
j

S  ʢʘʞʜʦʛʦ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ 

ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʚʥʘ ʟʥʘʯʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʯʘʩʪʦʪʳ 
n

m

n

m
S

jj

j
=Ö

Ö
= d
d

 

ʧʦʧʘʜʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ ʚ ʠʥʪʝʨʚʘʣ ( ]
1+jj

a;a . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʱʘʷ 

ʧʣʦʱʘʜʴ ʚʩʝʭ k ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ ʚʩʝʛʜʘ ʙʫʜʝʪ ʨʘʚʥʘ ʝʜʠʥʠʮʝ. ɽʩʣʠ ()xF  ï 

ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x , ʪʦ 

ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʙʳʪʠʷ  ( ]{ }
1+

Í
jj

a;ax  ʙʫʜʝʪ ʨʘʚʥʘ: 

( ) ( ) ()
jjjjj

paFaFaaP =-=¢<
++ 11

x . ɺ ʯʘʩʪʥʦʩʪʠ, ʝʩʣʠ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ 

x ʥʝʧʨʝʨʳʚʥʦʛʦ ʪʠʧʘ, ʪʦ ʚʝʨʦʷʪʥʦʩʪʴ 
j

p  ʤʳ ʦʙʳʯʥʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤ ʢʘʢ 

ʧʣʦʱʘʜʴ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʪʨʘʧʝʮʠʠ, ʛʨʘʥʠʮʳ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʠʥʪʝʨʚʘʣʦʤ ( ]
1+jj

a;a
 
ʠ ʛʨʘʬʠʢʦʤ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ()xp , ʪʦ ʝʩʪʴ: 

()ñ
+

=
1j

j

a

a

j
dxxpp . 

 
 

                                                                          

 
0,3                                                             0,3    

                                                                  
0,2                                                             0,2   

 
0,1                                                             0,1               

 
 

 150  155  160    165    170   175    180                 150   155   160   165    170   175   180 

ʈʠʩ.1.1 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʯʘʩʪʦʪʘ 
n

m
j

 ʧʨʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʸʤʘ 

ʚʳʙʦʨʢʠ n ʩʭʦʜʠʪʩʷ ʧʦ ʚʝʨʦʷʪʥʦʩʪʠ ʢ ʚʝʨʦʷʪʥʦʩʪʠ 
j

p . ʊʦ ʝʩʪʴ ʤʳ ʤʦʞʝʤ 
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ʩʢʘʟʘʪʴ, ʛʠʩʪʦʛʨʘʤʤʘ ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʛʨʘʬʠʢʘ 

ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ  ʠʟʫʯʘʝʤʦʡ (ʠʩʩʣʝʜʫʝʤʦʡ) ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x.  

ʏʠʩʣʦ k - ʯʠʩʣʦ ʠʥʪʝʨʚʘʣʦʚ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʨʷʜʘ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ, ʯʪʦʙʳ ʧʨʠ ʤʘʣʳʭ ʦʙʲʸʤʘʭ ʚʳʙʦʨʢʠ (n<100)  
ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪ ʥʘʙʣʶʜʝʥʠʡ mj ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ, 

ʧʦʧʘʚʰʠʭ ʚ ʠʥʪʝʨʚʘʣ ( ]
1+jj

a;a , ʙʳʣʦ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳʤ 3~5, ʪʦ ʝʩʪʴ 

ʜʦʣʞʥʦ ʙʳʪʴ: min mj=3~5. ʗʩʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʸʤʘ ʚʳʙʦʨʢʠ  n 

ʤʠʥʠʤʘʣʴʥʦʝ 
min

x  ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ max
x  ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ 

ʤʦʛʫʪ ʥʝ ʠʟʤʝʥʠʪʴʩʷ, ʘ ʝʩʣʠ ʦʥʠ ʠ ʠʟʤʝʥʷʪʩʷ, ʪʦ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʙʫʜʫʪ 
ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ.  ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ  ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʸʤʘ ʚʳʙʦʨʢʠ 

ʨʘʟʤʘʭ ʚʳʙʦʨʢʠ 
minmax

xx -  ʠʣʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʠʣʠ ʠʟʤʝʥʷʝʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʕʪʦ, ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ  min mj=3~5, ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ 

ʯʠʩʣʦ ʠʥʪʝʨʚʘʣʦʚ k, ʘ ʪʦʛʜʘ ʜʣʠʥʳ d  ʠʥʪʝʨʚʘʣʦʚ ( ]
1+jj

a;a  ʙʫʜʫʪ 

ʫʤʝʥʴʰʘʪʴʩʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʜʣʠʥʳ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ,  ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 
ʦʪʨʝʟʢʦʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʥʪʫʨʘ ʛʠʩʪʦʛʨʘʤʤʳ ʙʫʜʫʪ ʫʤʝʥʴʰʘʪʴʩʷ. ʕʪʦʪ 

ʚʝʨʭʥʠʡ ʢʦʥʪʫʨ ʙʫʜʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʘʥʘʣʦʛʦʤ (ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 
ʤʦʜʝʣʴʶ) ʛʨʘʬʠʢʘ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ. ɿʥʘʯʠʪ, ʧʦ ʚʠʜʫ 

ʛʠʩʪʦʛʨʘʤʤʳ ʤʳ ʩʤʦʞʝʤ ʩʜʝʣʘʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʩʫʞʜʝʥʠʝ ʦ ʟʘʢʦʥʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x.  

 

Ä3.1. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʯʠʩʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʫʯʘʡʥʳʭ 
ʚʝʣʠʯʠʥ 
ʂʦʤʤʝʥʪʘʨʠʡ 

ɿʥʘʷ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ, 

ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ ()xF  - ʝʸ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʤʦʞʝʤ ʧʦʣʫʯʠʪʴ 

ʣʶʙʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʝ x . ʀʥʪʝʛʨʠʨʦʚʘʥʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ, ʥʠʚʝʣʠʨʫʶʱʫʶ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʦ 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʝ x ʜʘʶʪ ʥʘʤ ʯʠʩʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʫʯʘʡʥʦʡ 

ʚʝʣʠʯʠʥʳ. ʏʠʩʣʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʷʚʣʷʶʪʩʷ: 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ xM , ʜʠʩʧʝʨʩʠʷ xD , ʥʘʯʘʣʴʥʳʝ 
k

k
Mxa =  ʠ 

ʮʝʥʪʨʘʣʴʥʳʝ ʤʦʤʝʥʪʳ [ ]k
k

MM xxm -= , ʤʝʜʠʘʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʩʨʝʜʥʝʝ 

ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʩʠʤʤʝʪʨʠʠ ʠ ʵʢʩʮʝʩʩʘ ʠ ʪ.ʜ. 
ɺʘʨʠʘʮʠʦʥʥʳʡ ʨʷʜ ʠ ʛʠʩʪʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʶʪ ʥʘʤ ʩʦʩʪʘʚʠʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʟʘʢʦʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x. ʇʦʵʪʦʤʫ ʤʳ ʥʘʟʳʚʘʝʤ ʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ 

ʤʦʜʝʣʷʤʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ. 

 ʊʦʯʥʳʭ ʟʥʘʯʝʥʠʡ ʯʠʩʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʳ ʥʝ ʟʥʘʝʤ. ʅʘʰʘ ʟʘʜʘʯʘ, 

ʠʩʧʦʣʴʟʫʷ ʵʣʝʤʝʥʪʳ ʚʳʙʦʨʢʠ ( )
n

x,...,x,x
21

, ʧʦʣʫʯʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 
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ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x  ʠ ʦʮʝʥʠʪʴ 

ʪʦʯʥʦʩʪʴ ʵʪʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ.  
ʊʝʦʨʠʷ 

ʆʧʨʝʜʝʣʠʤ ʟʥʘʯʝʥʠʷ ʯʠʩʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʤʧʠʨʠʯʝʩʢʦʡ 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ *x. ʊʘʢ ʢʘʢ *x - ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ʜʠʩʢʨʝʪʥʦʛʦ ʪʠʧʘ, 

ʫ ʢʦʪʦʨʦʡ ʤʥʦʞʝʩʪʚʦʤ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨʢʘ ( )
n

x,...,x,x
21

 

ʠ ʚʩʝ ʝʸ ʟʥʘʯʝʥʠʷ ʨʘʚʥʦʚʦʟʤʦʞʥʳʝ  - ( )
n

xP
i

1
==*x , ʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʞʠʜʘʥʠʝ *x  ʙʫʜʝʪ ʨʘʚʥʦ: ( ) xx
n

xPxM
n

i

i

n

i

ii
===Ö= ää

==

**

11

1
xx . ʊʦ ʝʩʪʴ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ *x  ʨʘʚʥʦ ʩʨʝʜʥʝʤʫ ʘʨʠʬʤʝʪʠʯʝʩʢʦʤʫ ʵʣʝʤʝʥʪʦʚ 

ʚʳʙʦʨʢʠ x .  

ʈʘʩʩʫʞʜʘʷ ʘʥʘʣʦʛʠʯʥʦ, ʧʦʣʫʯʠʤ, ʯʪʦ ʜʠʩʧʝʨʩʠʷ *x  ʙʫʜʝʪ ʨʘʚʥʘ: 

( ) 2

1

21
Sxx

n
D

n

i

i
=-= ä

=

*x . ʅʘʯʘʣʴʥʳʝ ʠ ʮʝʥʪʨʘʣʴʥʳʝ ʤʦʤʝʥʪʳ k-ʪʦʛʦ 

ʧʦʨʷʜʢʘ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ *x  ʦʙʦʟʥʘʯʠʤ ʠʭ: k
a  ʠ 

k
m , ʙʫʜʫʪ ʨʘʚʥʳ: 

ä
=

=
n

i

k

ik
x

n
a

1

1
    ʠ    ( )ä

=

-=
n

i

k

ik
xx

n
m

1

1
. 

ʃʶʙʫʶ ʯʠʩʣʦʚʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x  ʙʫʜʝʤ 

ʦʙʦʟʥʘʯʘʪʴ J (ʠʣʠ q). ɸʥʘʣʦʛʠʯʥʦ, ʣʶʙʫʶ ʯʠʩʣʦʚʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʵʤʧʠʨʠʯʝʩʢʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ *x  ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ 
*J  (ʠʣʠ 

*q). ɽʩʣʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʵʤʧʠʨʠʯʝʩʢʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ *x  ʤʳ 

ʤʦʞʝʤ ʧʨʠʥʠʤʘʪʴ ʢʘʢ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʥʝʠʟʚʝʩʪʥʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x, ʪʦ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʧʨʠʥʷʪʴ 

ʯʠʩʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʤʧʠʨʠʯʝʩʢʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ *x  ʚ ʢʘʯʝʩʪʚʝ 

ʦʮʝʥʦʢ ʥʝʠʟʚʝʩʪʥʳʭ ʟʥʘʯʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʠʩʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x . ʅʘʧʨʠʤʝʨ, ʥʝʠʟʚʝʩʪʥʦʝ ʟʥʘʯʝʥʠʝ m 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ xM  ʤʳ ʙʫʜʝʤ ʦʮʝʥʠʚʘʪʴ ʟʥʘʯʝʥʠʝʤ x  - 

ʟʥʘʯʝʥʠʝʤ ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ, ʥʝʠʟʚʝʩʪʥʦʝ 

ʟʥʘʯʝʥʠʝ 
2s  ʜʠʩʧʝʨʩʠʠ xD  ʤʳ ʙʫʜʝʤ ʦʮʝʥʠʚʘʪʴ ʟʥʘʯʝʥʠʝʤ 

2
S - ʟʥʘʯʝʥʠʝʤ 

ʜʠʩʧʝʨʩʠʠ ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ.   
ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʝʩʣʠ J  - ʯʠʩʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʣʫʯʘʡʥʦʡ 

ʚʝʣʠʯʠʥʳ x , ʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʵʤʧʠʨʠʯʝʩʢʫʶ ʯʠʩʣʦʚʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 
*J  ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʦʡ ʯʠʩʣʦʚʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ J.  
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çɽʩʣʠ ʕʢʩʧʝʨʠʤʝʥʪ ï ʂʦʨʦʣʴ ʥʘʫʢ,  
ʪʦ ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ï ʝʛʦ ʊʝʣʦʭʨʘʥʠʪʝʣʴè  

ʄ. ʊʨʘʡʙʫʩ 
 ʄʦʜʫʣʴ ʚʪʦʨʦʡ 

ʊʦʯʝʯʥʳʝ ʠ ʠʥʪʝʨʚʘʣʴʥʳʝ ʦʮʝʥʢʠ ʯʠʩʣʦʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ 

 
Ä1.2. ʊʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʝʯʥʳʤ ʦʮʝʥʢʘʤ. 

ʊʝʦʨʠʷ 

ʌʦʨʤʠʨʫʷ ʚʳʙʦʨʢʫ, ʤʳ ʧʨʦʚʦʜʠʤ n ʨʘʟ G  ʩʣʫʯʘʡʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ.  

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʳ ʥʘʙʣʶʜʘʝʤ n ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ 
n

,...,, xxx
21

, ʢʦʪʦʨʳʝ 

ʤʳ ʥʘʟʚʘʣʠ ʚʳʙʦʨʦʯʥʳʤʠ ʩʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʘʞʜʦʡ 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ 
i
x, i=1,2,é,n, ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x . ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚʳʙʦʨʦʯʥʳʝ ʩʣʫʯʘʡʥʳʝ 

ʚʝʣʠʯʠʥʳ ʵʪʦ ʥʝʟʘʚʠʩʠʤʳʝ, ʦʜʠʥʘʢʦʚʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ n- 
ʤʝʨʥʦʛʦ ʚʝʢʪʦʨʘ. ʂʘʞʜʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʚʝʜʸʥʥʦʛʦ n ʨʘʟ ʩʣʫʯʘʡʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ G,  ʝʩʪʴ ʥʘʙʦʨ ʯʠʩʝʣ ( )
n

x,...,x,x
21

 - ʥʘʟʳʚʘʝʤʳʡ ʚʳʙʦʨʢʦʡ. 

ɺʳʯʠʩʣʷʷ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ä
=

=
n

i

i
x

n
x

1

1
, ʤʳ ʦʧʨʝʜʝʣʷʝʤ 

ʧʦ ʠʤʝʶʱʝʡʩʷ ʚʳʙʦʨʢʝ ʟʥʘʯʝʥʠʝ ä
=

=
n

i

i
n 1

1
xx  - ʬʫʥʢʮʠʠ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ 

n
,...,, xxx

21
. ʊʦ ʝʩʪʴ x ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ.  

ʆʧʨʝʜʝʣʝʥʠʝ. ʃʶʙʫʶ ʬʫʥʢʮʠʶ ( )
n

,...,,g xxxJ
21

=*  ʚʳʙʦʨʦʯʥʳʭ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʩʪʘʪʠʩʪʠʢʦʡ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʚʝʜʸʥʥʳʝ ʚʳʰʝ ʪʦʯʝʯʥʳʝ ʦʮʝʥʢʠ 
*J  ʯʠʩʣʦʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ J ʷʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʩʪʘʪʠʩʪʠʢ ï ʟʥʘʯʝʥʠʷʤʠ ʬʫʥʢʮʠʡ 

ʚʳʙʦʨʦʯʥʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ 
n

,...,, xxx
21

.  

ʂʦʤʤʝʥʪʘʨʠʡ 

ʅʘʰʘ ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: ʞʝʣʘʷ ʦʮʝʥʠʪʴ ʥʝʠʟʚʝʩʪʥʦʝ 

ʟʥʘʯʝʥʠʝ ʯʠʩʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ J, ʤʳ ʧʦ ʚʳʙʦʨʦʯʥʳʤ ʩʣʫʯʘʡʥʳʤ 

ʚʝʣʠʯʠʥʘʤ  
n

, . . . ,, xxx
21

 ʟʘʜʘʸʤ ʥʝʢʦʪʦʨʫʶ ʩʪʘʪʠʩʪʠʢʫ ( )
n

,...,,g xxxJ
21

=* . 

ɿʥʘʯʝʥʠʝ ʵʪʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʧʦʣʫʯʘʝʤʦʝ ʧʦ ʯʠʩʣʦʚʳʤ ʵʣʝʤʝʥʪʘʤ ʠʤʝʶʱʝʡʩʷ 

ʫ ʥʘʩ ʚʳʙʦʨʢʠ ( )
n

x,...,x,x
21

, ʧʨʠʥʠʤʘʝʪʩʷ ʥʘʤʠ ʢʘʢ ʦʮʝʥʢʘ ʟʥʘʯʝʥʠʷ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʯʠʩʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ J.  

ʅʦ ʩʪʘʪʠʩʪʠʢ - ʬʫʥʢʮʠʡ ʚʳʙʦʨʦʯʥʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʜʣʷ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʯʠʩʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ J ʤʦʞʥʦ ʧʨʠʜʫʤʘʪʴ ʤʥʦʛʦ. 
ʂʘʞʜʳʡ ʘʚʪʦʨ ʤʦʞʝʪ ʧʨʠʜʫʤʘʪʴ ʩʚʦʶ ʩʪʘʪʠʩʪʠʢʫ ï ʬʫʥʢʮʠʶ 

( )
n

,...,,g xxxJ
21

=*  ʠ ʦʙʲʷʚʠʪʴ ʝʸ ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʦʡ ʯʠʩʣʦʚʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ J.  
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ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʢʘʢʘʷ ʠʟ ʧʨʝʜʣʘʛʘʝʤʳʭ ʩʪʘʪʠʩʪʠʢ ( )
n

,...,,g xxxJ
21

=*  

ʙʫʜʝʪ ʥʘʠʣʫʯʰʝʡ ʜʣʷ ʯʠʩʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ J?  
ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʚʳʙʦʨʘ ʥʘʠʣʫʯʰʝʡ ʩʪʘʪʠʩʪʠʢʠ ʤʳ ʜʦʣʞʥʳ 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʠʩʭʦʜʷʱʠʝ ʠʟ ʟʜʨʘʚʦʛʦ ʩʤʳʩʣʘ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʪʘʪʠʩʪʠʢʘʤ 
ʠ ʧʨʦʚʝʨʷʪʴ ʚʳʧʦʣʥʝʥʠʝ ʵʪʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʪʘʪʠʩʪʠʢʝ. ɽʩʣʠ 

ʧʨʦʚʝʨʷʝʤʘʷ ʩʪʘʪʠʩʪʠʢʘ ʙʫʜʝʪ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʭʦʪʷ ʙʳ ʦʜʥʦʤʫ ʠʟ ʵʪʠʭ 
ʪʨʝʙʦʚʘʥʠʡ, ʪʦ ʙʫʜʝʤ ʵʪʫ ʩʪʘʪʠʩʪʠʢʫ ʦʪʢʣʦʥʷʪʴ. 

 
ʊʝʦʨʠʷ 

ʉʬʦʨʤʫʣʠʨʫʝʤ ʪʨʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʝʯʥʳʤ ʦʮʝʥʢʘʤ ʯʠʩʣʦʚʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʚʠʜʝ ʦʧʨʝʜʝʣʝʥʠʡ. 

ʆʧʨʝʜʝʣʝʥʠʝ 1. ʊʦʯʝʯʥʘʷ ʦʮʝʥʢʘ ( )
n

,...,,g xxxJ
21

=*  ʯʠʩʣʦʚʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʟʳʚʘʝʪʩʷ ʩʦʩʪʦʷʪʝʣʴʥʦʡ, ʝʩʣʠ ʦʥʘ ʩʭʦʜʠʪʩʷ ʧʦ 

ʚʝʨʦʷʪʥʦʩʪʠ ʢ ʦʮʝʥʠʚʘʝʤʦʡ ʯʠʩʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ J, ʪʦ ʝʩʪʴ, ʝʩʣʠ  

ʚʳʧʦʣʥʷʝʪʩʷ: ( )1=<-*
¤

eJJPlim
n

. 

ʕʪʦ ʪʨʝʙʦʚʘʥʠʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ, ʝʩʣʠ ʦʮʝʥʢʘ ʩʦʩʪʦʷʪʝʣʴʥʘʷ, ʪʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʸʤʘ ʚʳʙʦʨʢʠ ( )¤n  ʥʘʰʘ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʪʦʤ, ʯʪʦ ʦʮʝʥʢʘ 
*J  ʙʫʜʝʪ ʤʘʣʦ ʦʪʣʠʯʘʪʴʩʷ (e - ʤʘʣʦ) ʦʪ ʦʮʝʥʠʚʘʝʤʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ J, - 

ʜʦʣʞʥʘ ʚʦʟʨʘʩʪʘʪʴ. ʋʚʝʨʝʥʥʦʩʪʴ ʚ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʘʝʤʦʡ ʦʮʝʥʢʠ 
*J  ʤʳ 

ʦʮʝʥʠʚʘʝʤ ʚʝʣʠʯʠʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ P ʩʣʫʯʘʡʥʦʛʦ ʩʦʙʳʪʠʷ { }eJJ <-* , 

ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʤʘʣʦ ʦʪ 1.   

ʆʧʨʝʜʝʣʝʥʠʝ 2. ʊʦʯʝʯʥʘʷ ʦʮʝʥʢʘ ( )
n

,...,,g xxxJ
21

=*  ʯʠʩʣʦʚʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʟʳʚʘʝʪʩʷ ʥʝʩʤʝʱʸʥʥʦʡ, ʝʩʣʠ ʝʸ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʞʠʜʘʥʠʝ 
*JM  ʨʘʚʥʦ ʚʝʣʠʯʠʥʝ ʦʮʝʥʠʚʘʝʤʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ J, ʪʦ ʝʩʪʴ, 

ʝʩʣʠ JJ =*M . 

ʃʶʙʘʷ ʩʪʘʪʠʩʪʠʢʘ ( )
n

,...,,g xxxJ
21

=*  - ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ. ɽʸ ʟʥʘʯʝʥʠʷ 

ʟʘʚʠʩʷʪ ʦʪ ʵʣʝʤʝʥʪʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʳʙʦʨʢʫ ( )
n

x,...,x,x
21

. ʋ ʩʣʫʯʘʡʥʦʡ 

ʚʝʣʠʯʠʥʳ 
*J  ʝʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ 

*JM , ʥʘʟʳʚʘʝʤʦʝ ʥʘʤʠ  
ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ. ʊʨʝʙʦʚʘʥʠʝ ʥʝʩʤʝʱʸʥʥʦʩʪʠ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʮʝʥʢʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦʣʫʯʘʝʤʳʭ ʜʣʷ 

ʨʘʟʥʳʭ ʚʳʙʦʨʦʢ ʟʥʘʯʝʥʠʡ ʦʮʝʥʢʠ 
*J  ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ ʟʥʘʯʝʥʠʶ J.  

ʇʝʨʝʜ ʬʦʨʤʫʣʠʨʦʚʘʥʠʝʤ ʪʨʝʪʴʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʤʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʜʚʝ ʨʘʟʥʳʝ ʩʪʘʪʠʩʪʠʢʠ ( )
n

,...,,g xxxJ
2111

=*  ʠ 

( )
n

,...,,g xxxJ
2122

=* . ʆʙʝ ʩʪʘʪʠʩʪʠʢʠ, ʢʘʢ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ, ʠʤʝʶʪ 

ʜʠʩʧʝʨʩʠʠ 
*

1
JD  ʠ 

*

2
JD , ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʜʣʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʚʳʙʦʨʢʠ, ï 

ʨʘʟʣʠʯʥʳʝ. 

ʆʧʨʝʜʝʣʝʥʠʝ 3. ʊʦʯʝʯʥʘʷ ʦʮʝʥʢʘ ( )
n

,...,,g xxxJ
2111

=*  ʯʠʩʣʦʚʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ, ʯʝʤ ʪʦʯʥʘʷ ʦʮʝʥʢʘ 
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( )
n

,...,,g xxxJ
2122

=* , ʝʩʣʠ ʝʸ ʜʠʩʧʝʨʩʠʷ *

1
JD  ʤʝʥʴʰʝ ʜʠʩʧʝʨʩʠʠ *

2
JD , ʪʦ 

ʝʩʪʴ, ʝʩʣʠ **<
21
JJ DD . 

ɼʠʩʧʝʨʩʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʵʪʦ ʤʝʨʘ ʨʘʟʙʨʦʩʘ ʟʥʘʯʝʥʠʡ ʩʣʫʯʘʡʥʦʡ 
ʚʝʣʠʯʠʥʳ ʦʢʦʣʦ ʝʸ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ. ɼʣʷ ʢʘʞʜʦʡ ʥʦʚʦʡ ʚʳʙʦʨʢʠ 

ʤʳ ʧʦʣʫʯʠʤ ʥʝʢʦʪʦʨʦʝ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʦʮʝʥʢʠ ʯʠʩʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
ʕʪʠ ʟʥʘʯʝʥʠʷ ʠʤʝʶʪ ʨʘʟʙʨʦʩ ʦʢʦʣʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ, ʚʝʣʠʯʠʥʘ 

ʢʦʪʦʨʦʛʦ ʦʮʝʥʠʚʘʝʪʩʷ ʜʠʩʧʝʨʩʠʝʡ. ʗʩʥʦ, ʯʪʦ ʠʟ ʜʚʫʭ ʩʪʘʪʠʩʪʠʢ ʤʳ ʜʦʣʞʥʳ 
ʦʪʜʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʪʦʡ ʩʪʘʪʠʩʪʠʢʝ, ʫ ʢʦʪʦʨʦʡ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʜʣʷ ʦʜʥʠʭ 

ʠ ʪʝʭ ʞʝ ʚʳʙʦʨʦʢ ʙʫʜʝʪ ʤʝʥʴʰʝ. 
 

ʂʦʤʤʝʥʪʘʨʠʡ 

ɸʥʘʣʠʟ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʦʯʝʯʥʳʤ ʦʮʝʥʢʘʤ ʧʨʠʚʦʜʠʪ 

ʥʘʩ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʵʪʠ ʪʨʝʙʦʚʘʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʠʩʭʦʜʷʪ ʠʟ ʟʜʨʘʚʦʛʦ 
ʩʤʳʩʣʘ ʠ, ʝʩʣʠ ʧʨʠʤʝʥʷʝʤʘʷ ʦʮʝʥʢʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʪʦ 
ʥʘʰʝ ʜʦʚʝʨʠʝ ʢ ʧʦʣʫʯʘʝʤʳʤ ʟʥʘʯʝʥʠʷʤ ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʠ ʫ ʥʘʩ ʙʫʜʝʪ 

ʥʘʠʙʦʣʴʰʠʤ.  
ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨʳ ʧʨʦʚʝʨʢʠ ʚʳʧʦʣʥʝʥʠʷ (ʩʦʦʪʚʝʪʩʪʚʠʷ) ʵʪʠʭ 

ʪʨʝʙʦʚʘʥʠʡ ʪʦʯʝʯʥʳʤʠ ʦʮʝʥʢʘʤʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ 
ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ  ʯʠʩʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ʇʫʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ xJ M=  - ʯʠʩʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ, ʥʝʠʟʚʝʩʪʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʤʳ ʭʦʪʠʤ ʦʮʝʥʠʪʴ 

ʩʪʘʪʠʩʪʠʢʦʡ  ( )
n

,...,,g xxxJ
21

=* . ɼʣʷ ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʦʞʠʜʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥʳ ʪʘʢʠʝ ʩʪʘʪʠʩʪʠʢʠ: 

1) xxJ == ä
=

*
n

i

i
n 1

1

1
 - ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʚʳʙʦʨʦʯʥʳʭ ʩʣʫʯʘʡʥʳʭ 

ʚʝʣʠʯʠʥ. 

2) 
ʚʟʚ.

n

i

ii
b

n
xxJ =Ö= ä

=

*

1
2

1
- ʩʨʝʜʥʝʝ ʚʟʚʝʰʝʥʥʦʝ ʚʳʙʦʨʦʯʥʳʭ ʩʣʫʯʘʡʥʳʭ 

ʚʝʣʠʯʠʥ. 

ʉʦʟʜʘʚʘʷ ʵʪʫ ʩʪʘʪʠʩʪʠʢʫ, ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʵʣʝʤʝʥʪʳ ʚʳʙʦʨʦʯʥʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʠ 
i
x ʥʝ ʷʚʣʷʶʪʩʷ ʜʣʷ ʥʘʩ ʨʘʚʥʦʟʥʘʯʥʳʤʠ. ʄʳ, ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ 

ʣʠʯʥʳʤʠ ʩʦʦʙʨʘʞʝʥʠʷʤʠ, ʧʨʠʩʚʘʠʚʘʝʤ ʢʘʞʜʦʤʫ ʵʣʝʤʝʥʪʫ 
i
x  çʚʝʩè 

i
b , 

ʥʘʟʳʚʘʝʤʳʡ ʚʝʩʦʚʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ, n,...,,i 21= . ɺʩʝ ʚʝʩʦʚʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ï ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʝ ʯʠʩʣʘ: 0²
i

b  ʠ ʩʫʤʤʘ ʠʭ ʟʥʘʯʝʥʠʡ ʨʘʚʥʘ 

ʝʜʠʥʠʮʝ: 1
1

=ä
=

n

i

i
b . 

3) 
ʛʝʦʤ.

n

n

i

i
xxJ ==

=

* /
1

3 - ʩʨʝʜʥʝʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʚʳʙʦʨʦʯʥʳʭ ʩʣʫʯʘʡʥʳʭ 

ʚʝʣʠʯʠʥ. (ɺ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ, ʛʜʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ 
.ʛʝʦʤ

x , 
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ʠʩʩʣʝʜʫʝʤʘʷ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ x  ʧʨʠʥʠʤʘʝʪ ʪʦʣʴʢʦ ʧʦʣʦʞʠʪʝʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ.) 

4) 
ʛʘʨʤ.

n

i i
x

:n xJ == ä
=

*

1
4

1
- ʩʨʝʜʥʝʝ ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʚʳʙʦʨʦʯʥʳʭ ʩʣʫʯʘʡʥʳʭ 

ʚʝʣʠʯʠʥ. 

5) 
ʢʚ.

n

i

i
x

n
xJ
G
== ä

=

*

1

2

5

1
- ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʚʳʙʦʨʦʯʥʳʭ ʩʣʫʯʘʡʥʳʭ 

ʚʝʣʠʯʠʥ. 
ʗʩʥʦ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʞʝʣʘʥʠʷ ʠ ʥʝʢʦʪʦʨʦʡ ʜʦʣʠ ʬʘʥʪʘʟʠʠ ʧʨʠʜʫʤʘʪʴ 

ʩʪʘʪʠʩʪʠʢ ʜʣʷ ʦʮʝʥʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʤʦʞʥʦ ʤʥʦʛʦ. ʄʳ, 
ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʟʥʘʥʠʠ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ, 

ʧʨʦʚʝʨʠʤ ʚʳʧʦʣʥʝʥʠʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʦʯʝʯʥʳʤ ʦʮʝʥʢʘʤ 
ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʠʟ ʵʪʠʭ ʧʨʝʜʣʘʛʘʝʤʳʭ ʩʪʘʪʠʩʪʠʢ.  

 
ʊʝʦʨʠʷ 

ʇʨʦʚʝʨʠʤ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʧʝʨʚʳʭ ʪʨʸʭ ʧʨʝʜʣʘʛʘʝʤʳʭ ʦʮʝʥʦʢ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ. 

1) ʉʪʘʪʠʩʪʠʢʘ xxJ == ä
=

*
n

i

i
n 1

1

1
 ʩʦʛʣʘʩʥʦ ʥʘʰʠʤ ʧʨʘʚʠʣʘʤ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʳʙʦʨʢʠ, ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʠʤ ʘʨʠʬʤʝʪʠʯʝʩʢʠʤ n ʥʝʟʘʚʠʩʠʤʳʭ, ʦʜʠʥʘʢʦʚʦ 

ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ 
n

,...,, xxx
21

. ʋ ʚʩʝʭ ʵʪʠʭ ʩʣʫʯʘʡʥʳʭ 

ʚʝʣʠʯʠʥ ʦʜʠʥʘʢʦʚʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ, ʨʘʚʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ 

ʦʞʠʜʘʥʠʶ ʠʩʩʣʝʜʫʝʤʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ Jxx ==MM
i

.  ɺʩʝ ʫʩʣʦʚʠʷ 

ʪʝʦʨʝʤʳ ʍʠʥʯʠʥʘ ʚʳʧʦʣʥʝʥʳ. ʉʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʚʳʙʦʨʦʯʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ { }
ʪ

,...,, xxx
21

 ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ ʙʦʣʴʰʠʭ ʯʠʩʝʣ, ʪʦ 

ʝʩʪʴ 1
1

1

=ö
÷

õ
æ
ç

å
<-ä

=
¤

exx M
n

Plim
n

i

i
n

 ʠʣʠ ( )1=<-*
¤

eJJPlim
n

. ɿʥʘʯʠʪ 

ʩʪʘʪʠʩʪʠʢʘ xJ =*  - ʩʦʩʪʦʷʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ 

xJ M= . 

2) ʉʪʘʪʠʩʪʠʢʘ 
ʚʟʚ.

n

i

ii
b

n
xxJ =Ö= ä

=

*

1
2

1
 ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʠʤ ʘʨʠʬʤʝʪʠʯʝʩʢʠʤ 

n ʥʝʟʘʚʠʩʠʤʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ 
nn

b,...,b,b xxx
2211

. ʊʘʢ ʢʘʢ ʚʝʩʦʚʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ 
i

b  ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ï ʨʘʟʣʠʯʥʳʝ ʯʠʩʣʘ, ʪʦ ʩʣʫʯʘʡʥʳʝ 

ʚʝʣʠʯʠʥʳ 
nn

b,...,b,b xxx
2211

- ʠʤʝʶʪ ʨʘʟʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ. 

ʏʠʩʣʘ 
i

b  ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʣʠʰʴ ʜʚʫʤ ʫʩʣʦʚʠʷʤ: ʢʘʞʜʦʝ  
i

b  - 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʝ ʯʠʩʣʦ ʠ nb
n

i

i
=ä

=1

. ɿʥʘʯʠʪ, ʤʦʞʝʪ  ʙʳʪʴ ʥʝ ʙʦʣʝʝ ʦʜʥʦʛʦ 
i

b , 

ʢʦʪʦʨʦʝ ʨʘʚʥʦ n. ʗʩʥʦ, ʯʪʦ ʩʣʫʯʘʡ ʢʦʛʜʘ nb
i
=

0
, ʘ ʦʩʪʘʣʴʥʳʝ  

i
b =0 - ʥʝ 
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ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʠʢʘʢʦʛʦ ʠʥʪʝʨʝʩʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ,  ʥʘʡʜʸʪʩʷ ʪʘʢʘʷ ʢʦʥʩʪʘʥʪʘ 

C, ʯʪʦ ʜʣʷ ʣʶʙʦʛʦ ʥʦʤʝʨʘ i  ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ [ ] CbDbbD
iiiii
¢=Ö= 222 sxx .  

ɺʳʯʠʩʣʠʤ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʞʠʜʘʥʠʡ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ-ʩʣʘʛʘʝʤʳʭ 
ii

bx. ɽʩʣʠ ʦʙʦʟʥʘʯʠʪʴ mM =x  ʠ ʪʘʢ ʢʘʢ ʜʣʷ 

ʣʶʙʦʛʦ ʥʦʤʝʨʘ  i  ʩʧʨʘʚʝʜʣʠʚʦ xx MM
i
= , ʪʦ: 

[ ] mbm
n

Mb
n

bM
n

n

i

i

n

i

ii

n

i

ii
==Ö= äää

=== 111

111
xx . 

ɺʩʝ ʫʩʣʦʚʠʷ ʪʝʦʨʝʤʳ ʏʝʙʳʰʸʚʘ ʠʟ ʟʘʢʦʥʘ ʙʦʣʴʰʠʭ ʯʠʩʝʣ ï 

ʚʳʧʦʣʥʝʥʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ: 1
1

1

=ö
÷

õ
æ
ç

å
<-ä

=
¤

exx Mb
n

Plim
n

i

ii
n

, ʪʦ ʝʩʪʴ 

ʩʪʘʪʠʩʪʠʢʘ 
ʚʟʚ.
xJ =*

2

 
ʩʭʦʜʠʪʩʷ ʧʦ ʚʝʨʦʷʪʥʦʩʪʠ ʢ ʯʠʩʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ 

xJ M= . ɿʥʘʯʠʪ ʦʥʘ ʩʦʩʪʦʷʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ. 

3) ʇʨʝʦʙʨʘʟʫʝʤ ʩʪʘʪʠʩʪʠʢʫ 
ʛʝʦʤ.

n

n

i

i
xxJ ==

=

* /
1

3
- ʩʨʝʜʥʝʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ 

ʚʳʙʦʨʦʯʥʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʠ ʨʘʩʩʤʦʪʨʠʤ: ä
=

* ==
n

i

iʛʝʦʤ.
ln

n
lnln

1
3

1
xxJ . 

ʊʘʢ ʢʘʢ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ 
n

,...,, xxx
21

- ʥʝʟʘʚʠʩʠʤʳʝ ʠ ʦʜʠʥʘʢʦʚʦ 

ʨʘʩʧʨʝʜʝʣʝʥʳ, ʪʦ ʠ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ 
n

ln,...,ln,ln xxx
21

 ʙʫʜʫʪ 

ʥʝʟʘʚʠʩʠʤʳʤʠ ʠ ʦʜʠʥʘʢʦʚʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ. ɽʩʣʠ () xlnxfy == , ʪʦ 

ʟʘʧʠʰʝʤ ( ) ** =
33
JJ lnf  ʠ  () [ ].lnMf JJ=  ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʝʨʚʦʡ 

ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʠ *

1
J  ʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʵʣʝʤʝʥʪʦʚ 

ʚʳʙʦʨʢʠ ï ʩʦʩʪʦʷʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ. ɿʥʘʯʠʪ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʨʝʜʥʠʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ
*

3
Jln  ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʸʤʘ 

ʚʳʙʦʨʢʠ n ʩʭʦʜʠʪʩʷ ʧʦ ʚʝʨʦʷʪʥʦʩʪʠ ʢ [ ] JJ lnlnM = . ʊʘʢ ʢʘʢ 

() xlnxfy ==  - ʥʝʧʨʝʨʳʚʥʘʷ ʬʫʥʢʮʠʷ ʜʣʷ ʣʶʙʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ x, ʪʦ 

ʩʣʫʯʘʡʥʳʝ ʩʦʙʳʪʠʷ ( ) (){ }eJJ <-* ff
3

 ʠ { }dJJ <-n

3
 ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ 

ʤʘʣʳʭ e ʠ d ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʩʪʫʧʣʝʥʠʷ. 

ʆʪʩʶʜʘ ʧʦʣʫʯʘʝʤ: ( ) ( )1
33

=<-=<- *

¤¤
dqJeJJ PlimlnlnPlim

n

n

n
. ʊʦ 

ʝʩʪʴ, ʩʨʝʜʥʝʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ n

n

i

i.ʛʝʦʤ /
1=

= xx  ʷʚʣʷʝʪʩʷ ʩʦʩʪʦʷʪʝʣʴʥʦʡ 

ʦʮʝʥʢʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ xM . 

ʊʝʦʨʝʤʘ ʍʠʥʯʠʥʘ ɸ.ʗ. ʠʟ ɿʘʢʦʥʘ ʙʦʣʴʰʠʭ ʯʠʩʝʣ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ 

ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʦʮʝʥʦʢ ä
=

=
n

i

k

ik
n

a
1

1
x  ʚʩʝʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʫ ʩʣʫʯʘʡʥʦʡ 

ʚʝʣʠʯʠʥʳ x  ʥʘʯʘʣʴʥʳʭ ʤʦʤʝʥʪʦʚ [ ]k

k
M xa = . ʊʘʢ ʢʘʢ ʠʟ ʪʦʛʦ, ʯʪʦ 

ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ 
n

,...,, xxx
21  - ʥʝʟʘʚʠʩʠʤʳʝ ʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ 
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ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʙʫʜʫʪ ʥʝʟʘʚʠʩʠʤʳʤʠ ʠ ʙʫʜʫʪ 
ʠʤʝʪʴ ʦʜʠʥʘʢʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ 

k

n

kk
,...,, xxx

21
. ɼʣʷ ʚʩʝʭ i  ʠ ʣʶʙʦʛʦ ʚʦʟʤʦʞʥʦʛʦ k ʙʫʜʝʪ ʩʧʨʘʚʝʜʣʠʚʦ 

[ ]
k

k

i
M ax = . ɺʩʝ ʫʩʣʦʚʠʷ ʪʝʦʨʝʤʳ ʍʠʥʯʠʥʘ ʚʳʧʦʣʥʝʥʳ. ɿʥʘʯʠʪ:

 
( )1=<-

¤
ea

kk
n

aPlim , ʪʦ ʝʩʪʴ ʢʘʞʜʘʷ ʪʦʯʝʯʥʘʷ ʦʮʝʥʢʘ 
k

a  ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʦʙʲʸʤʘ ʚʳʙʦʨʢʠ ʩʭʦʜʠʪʩʷ ʧʦ ʚʝʨʦʷʪʥʦʩʪʠ ʢ ʥʘʯʘʣʴʥʦʤʫ ʤʦʤʝʥʪʫ 
k
a . 

ʇʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʢʘʞʜʘʷ 
k

a - ʩʦʩʪʦʷʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʥʘʯʘʣʴʥʦʛʦ 

ʤʦʤʝʥʪʘ 
k
a, ʝʩʣʠ ʵʪʦʪ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ.  

 
ʂʦʤʤʝʥʪʘʨʠʡ 

ʇʨʦʚʝʨʢʘ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʪʦʯʝʯʥʳʭ ʦʮʝʥʦʢ ( )ä
=

* -==
n

i

k

ik
n

m
1

1
xxJ  

ʮʝʥʪʨʘʣʴʥʳʭ ʤʦʤʝʥʪʦʚ [ ]k
k

MM xxmJ -==  ʠʩʩʣʝʜʫʝʤʦʡ ʩʣʫʯʘʡʥʦʡ 

ʚʝʣʠʯʠʥʳ x ʢʨʦʤʝ ʧʨʠʤʝʥʝʥʠʷ ʪʝʦʨʝʤ ɿʘʢʦʥʘ ʙʦʣʴʰʠʭ ʯʠʩʝʣ ʠʩʧʦʣʴʟʫʝʪ 

ʩʣʝʜʫʶʱʫʶ ʣʝʤʤʫ. 

ʃʝʤʤʘ. ʇʫʩʪʴ {}
n
x  ʠ {}

n
h , ,...,,n 321= , ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, ʢʦʪʦʨʳʝ ʩʭʦʜʷʪʩʷ ʧʦ ʚʝʨʦʷʪʥʦʩʪʠ ʢ ʧʦʩʪʦʷʥʥʳʤ 

ʚʝʣʠʯʠʥʘʤ a ʠ b, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɽʩʣʠ ʬʫʥʢʮʠʷ ( )y,xf  ʥʝʧʨʝʨʳʚʥʘ ʚ 

ʪʦʯʢʝ ( )b,a , ʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ( ){ }
nn

,f hx , 

,...,,n 321= , ʩʭʦʜʠʪʩʷ ʧʦ ʚʝʨʦʷʪʥʦʩʪʠ ʢ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʝ ( )b,af , ʪʦ 

ʝʩʪʴ: 

( ) ( )( )1=<-
¤

ehx b,af,fPlim
nn

n
. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʗʩʥʦ, ʯʪʦ 

( ) ( )( ) ( ) ( )( )ehxehx ²--=<- b,af,fPb,af,fP
nnnn

1 . ʊʘʢ ʢʘʢ ʬʫʥʢʮʠʷ 

( )y,xf  ʥʝʧʨʝʨʳʚʥʘ ʚ ʪʦʯʢʝ ( )b,a , ʪʦ ʩʣʫʯʘʡʥʦʝ ʩʦʙʳʪʠʝ 

( ) ( ){ }ehx ²- b,af,f
nn

 ʥʘʩʪʫʧʠʪ, ʝʩʣʠ, ʩʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʬʫʥʢʮʠʠ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ, ʥʘʩʪʫʧʠʪ ʩʦʙʳʪʠʝ { }dx ²-a
n

 

ʠʣʠ ʩʦʙʳʪʠʝ { }dh ²-b
n

. ɿʥʘʯʠʪ, ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʙʳʪʠʷ 

( ) ( ){ }ehx ²- b,af,f
nn  ʨʘʚʥʘ ʚʝʨʦʷʪʥʦʩʪʠ ʩʫʤʤʳ ʩʦʙʳʪʠʡ { }dx ²-a

n  ʠ 

{ }dh ²-b
n .  

ʊʦʛʜʘ ʙʫʜʝʪ ʩʧʨʘʚʝʜʣʠʚʦ: 

                 ( ) ( )( ) ( )dhdxehx ²-²--=²-- baPb,af,fP
nnnn

811 .  

ɺʝʨʦʷʪʥʦʩʪʴ ʩʫʤʤʳ ʩʦʙʳʪʠʡ ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ ʩʫʤʤʳ ʚʝʨʦʷʪʥʦʩʪʝʡ ʵʪʠʭ 
ʩʦʙʳʪʠʡ-ʩʣʘʛʘʝʤʳʭ, ʪʦ ʝʩʪʴ: 

                 ( ) ( ) ( )dhdxdhdx ²-+²-¢²-²- bPaPbaP
nnnn

8 . 
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ɿʥʘʯʠʪ: ( ) ( )( ) ( ) ( )[ ]dhdxehx ²-+²--²<- bPaPb,af,fP
nnnn

1 . 

ʇʝʨʝʡʜʸʤ ʚ ʦʙʝʠʭ ʯʘʩʪʷʭ ʵʪʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ ʢ ʧʨʝʜʝʣʫ ʧʨʠ ¤n : 

( ) ( )( ) ( ) ( )[ ]dhdxehx ²-+²--²<-
¤¤¤

bPlimaPlimb,af,fPlim
n

n
n

n
nn

n
1 . 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ {}
n
x  ʠ {}

n
h  ʩʭʦʜʷʪʩʷ ʧʦ ʚʝʨʦʷʪʥʦʩʪʠ ʢ 

ʧʦʩʪʦʷʥʥʳʤ ʯʠʩʣʘʤ a ʠ b, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ¤n  ʧʨʝʜʝʣʳ ʚ ʧʨʘʚʦʡ 

ʯʘʩʪʠ ʥʝʨʘʚʝʥʩʪʚʘ ʨʘʚʥʳ ʥʫʣʶ. ɸ ʪʘʢ ʢʘʢ ʚʝʨʦʷʪʥʦʩʪʴ ʣʶʙʦʛʦ ʩʦʙʳʪʠʷ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ, ʪʦ ʧʦʣʫʯʘʝʤ: ( ) ( )( )1=<-
¤

ehx b,af,fPlim
nn

n
. 

ʏʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ ʜʦʢʘʟʘʪʴ.   
ʊʝʦʨʠʷ 

ʇʨʦʚʝʨʠʤ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʜʠʩʧʝʨʩʠʠ 

( )ä
=

* -==
n

i

i
n

S
1

22 1
xxJ - ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʠʠ xJ D=  ʩʣʫʯʘʡʥʦʡ 

ʚʝʣʠʯʠʥʳ x. 

ɺ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʧʨʠʤʝʥʷʷ ʩʚʦʡʩʪʚʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʦʞʠʜʘʥʠʷ, ʤʳ ʧʦʣʫʯʘʝʤ, ʯʪʦ ʜʠʩʧʝʨʩʠʶ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʪʘʢ: 

xxx 22
MMD -= . ʊʦ ʝʩʪʴ ʜʠʩʧʝʨʩʠʷ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʥʘʯʘʣʴʥʳʝ 

ʤʦʤʝʥʪʳ ʚʪʦʨʦʛʦ ʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʦʚ 2

12
aax -=D . ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ 

ʨʘʟʥʦʩʪʠ ʢʚʘʜʨʘʪʦʚ ʠ ʧʨʦʚʝʜʷ ʩʫʤʤʠʨʦʚʘʥʠʝ ʚ ʚʳʨʘʞʝʥʠʠ ʜʣʷ ʦʮʝʥʢʠ 
2

S , 

ʤʳ ʧʦʣʫʯʠʤ: 2

2

2
xaS -==*J . ʊʦʯʝʯʥʘʷ ʦʮʝʥʢʘ ʜʠʩʧʝʨʩʠʠ ʚʳʨʘʞʘʝʪʩʷ 

ʯʝʨʝʟ ʪʦʯʝʯʥʳʝ ʦʮʝʥʢʠ ʥʘʯʘʣʴʥʳʭ ʤʦʤʝʥʪʦʚ. ʕʪʠ ʪʦʯʝʯʥʳʝ ʦʮʝʥʢʠ 
2

a  ʠ x , 

ʢʘʢ ʙʳʣʦ ʚʳʰʝ ʧʦʢʘʟʘʥʦ, ʩʭʦʜʷʪʩʷ ʧʦ ʚʝʨʦʷʪʥʦʩʪʠ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʯʠʩʣʦʚʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 2

2
xa M=  ʠ xa M=

1
. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʧʨʠʤʝʥʠʪʴ ʣʝʤʤʫ, ʨʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʶ ( ) 2
yxy,xf -= . ʕʪʘ ʬʫʥʢʮʠʷ 

ʥʝʧʨʝʨʳʚʥʘʷ ʚ ʣʶʙʦʡ ʪʦʯʢʝ  ʧʣʦʩʢʦʩʪʠ 2
R  ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʪʦʯʢʝ ʩ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ( )
12
aa ; , ʚ ʢʦʪʦʨʦʡ ( ) xaaaa D,f =-= 2

1212
.  ʅʦ ʪʦʛʜʘ, 

ʩʦʛʣʘʩʥʦ ʣʝʤʤʝ, ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ: ( ) ( )( )1
1212

=<-
¤

eaa ,fa,afPlim
n

.  

ʀʣʠ, ʪʘʢ ʢʘʢ ( ) 2

12
Sa,af = ,  ( )12 =<-

¤
exDSPlim

n
. ɿʥʘʯʠʪ ʪʦʯʝʯʥʘʷ 

ʦʮʝʥʢʘ 
2

S=*J  - ʩʦʩʪʦʷʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʜʠʩʧʝʨʩʠʠ xJ D= . 

ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ ʙʠʥʦʤʘ ʅʴʶʪʦʥʘ ʠ ʩʚʦʡʩʪʚʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʦʞʠʜʘʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ, ʤʳ ʤʦʞʝʤ ʚʳʨʘʟʠʪʴ ʮʝʥʪʨʘʣʴʥʳʡ ʤʦʤʝʥʪ 

k
m ʣʶʙʦʛʦ ʧʦʨʷʜʢʘ k ʯʝʨʝʟ ʥʘʯʘʣʴʥʳʝ ʤʦʤʝʥʪʳ 

j
a  ʧʦʨʷʜʢʘ  ʥʝ ʚʳʰʝ, ʯʝʤ 

k, ʪʦ ʝʩʪʴ ʜʣʷk,...,,j 21= . ɸ ʪʦʛʜʘ, ʫʯʠʪʳʚʘʷ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʦʮʝʥʦʢ 
j

a  

ʥʘʯʘʣʴʥʳʭ ʤʦʤʝʥʪʦʚ 
j

a , ʧʦʜʙʠʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʥʝʧʨʝʨʳʚʥʫʶ 

ʬʫʥʢʮʠʶ ʠ ʧʨʠʤʝʥʷʷ ʣʝʤʤʫ, ʤʳ ʫʙʝʞʜʘʝʤʩʷ, ʯʪʦ ʪʦʯʝʯʥʘʷ ʦʮʝʥʢʘ 
k

m  

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʯʠʩʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
k
m ʷʚʣʷʝʪʩʷ ʩʦʩʪʦʷʪʝʣʴʥʦʡ.  
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ʂʦʤʤʝʥʪʘʨʠʡ 

ɺʪʦʨʦʝ ʪʨʝʙʦʚʘʥʠʝ ʢ ʪʦʯʝʯʥʳʤ ʦʮʝʥʢʘʤ *J  ʯʠʩʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ J
, ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʦʛʦ ʤʳ ʜʦʣʞʥʳ ʧʨʦʚʝʨʠʪʴ, ʚʳʙʠʨʘʷ ʥʘʠʣʫʯʰʫʶ 

ʩʪʘʪʠʩʪʠʢʫ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʘʣʠʯʠʝ ʥʝʩʤʝʱʸʥʥʦʩʪʠ ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʠ. 
ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʪʘʪʠʩʪʠʢʠ 

( )
n

,...,,g xxxJ
21

=*  ʜʦʣʞʥʦ ʩʦʚʧʘʜʘʪʴ ʩʦ ʟʥʘʯʝʥʠʝʤ ʦʮʝʥʠʚʘʝʤʦʡ ʯʠʩʣʦʚʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʦ ʝʩʪʴ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ: JJ =*M .  

1) ʉʪʘʪʠʩʪʠʢʘ xxJ == ä
=

*
n

i

i
n 1

1

1
 ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʠʤ ʘʨʠʬʤʝʪʠʯʝʩʢʠʤ n 

ʥʝʟʘʚʠʩʠʤʳʭ, ʦʜʠʥʘʢʦʚʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ 
n

,...,, xxx
21

. 

ʂʘʞʜʘʷ 
i
x , i=1,2,é,n, ʠʤʝʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʨʘʚʥʦʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʦʞʠʜʘʥʠʶ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x , ʪʦ ʝʩʪʴ 

mMM
i

== xx . ʊʦʛʜʘ ʧʦʣʫʯʘʝʤ: 

mnm
n

M
nn

MMM
n

i

i

n

i

i1
===ù

ú

ø
é
ê

è
== ää

==

* 111

11

xxxJ . ɿʥʘʯʠʪ, ʩʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ x ʚʳʙʦʨʦʯʥʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʷʚʣʷʝʪʩʷ ʥʝʩʤʝʱʸʥʥʦʡ 

ʦʮʝʥʢʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ xM .  

2)  ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʩʪʘʪʠʩʪʠʢʠ 
ʚʟʚ.

n

i

ii
b

n
xxJ =Ö= ä

=

*

1
2

1
 ʙʳʣʦ 

ʥʘʤʠ ʚʳʯʠʩʣʝʥʦ ʧʨʠ ʧʨʦʚʝʨʢʝ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʵʪʦʡ ʩʪʘʪʠʩʪʠʢʠ.  ʇʦʣʫʯʠʣʠ 

mMM
ʚʟʚ.
==* xJ

2
. ɿʥʘʯʠʪ, ʩʨʝʜʥʝʝ ʚʟʚʝʰʝʥʥʦʝ ʚʳʙʦʨʦʯʥʳʭ ʩʣʫʯʘʡʥʳʭ 

ʚʝʣʠʯʠʥ 
.ʚʟʚ

x  ʷʚʣʷʝʪʩʷ ʥʝʩʤʝʱʸʥʥʦʡ ʦʮʝʥʢʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ xM . 

3) ʉʪʘʪʠʩʪʠʢʘ 
ʛʝʦʤ.

n

n

i

i
xxJ ==

=

* /
1

3
- ʩʨʝʜʥʝʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʚʳʙʦʨʦʯʥʳʭ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, 
ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʡ ʥʘ ʯʠʩʣʦʚʦʡ ʦʩʠ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʦʜʦʙʥʦ ʟʥʘʯʝʥʠʷʤ 

ʯʣʝʥʦʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ ʩʦ ʟʥʘʤʝʥʘʪʝʣʝʤ q+1 , ʛʜʝ q>0. ʊʘʢʠʝ 

ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ ʦʧʠʩʳʚʘʶʪ, ʥʘʧʨʠʤʝʨ, ʨʦʩʪ ʯʠʩʣʝʥʥʦʩʪʠ ʥʝʢʦʪʦʨʦʡ 

ʧʦʧʫʣʷʮʠʠ, ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ ʢʦʣʦʥʠʠ ʙʘʢʪʝʨʠʡ, ʧʨʠʙʘʚʢʫ ʚʝʩʘ ʧʨʠ ʨʦʩʪʝ 
ʥʝʢʦʪʦʨʦʛʦ ʚʠʜʘ ʞʠʚʦʪʥʳʭ, ʫʚʝʣʠʯʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʚʘʣʦʚʦʛʦ ʧʨʦʜʫʢʪʘ 

ʛʦʩʫʜʘʨʩʪʚʘ ʠʣʠ ʦʪʨʘʩʣʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  
 

ʇʨʘʢʪʠʢʘ 
ɼʦʧʫʩʪʠʤ, ʯʪʦ ʤʳ ʧʦʣʫʯʠʣʠ ʚʳʙʦʨʢʫ n ʟʥʘʯʝʥʠʡ ʪʘʢʦʡ ʩʣʫʯʘʡʥʦʡ 

ʚʝʣʠʯʠʥʳ: ( ) ( ){ }nq,...,q,q, +++ 1111
2

. ʊʘʢ ʢʘʢ ʚʩʝ ʵʣʝʤʝʥʪʳ ʚʳʙʦʨʢʠ 

ʨʘʚʥʦʚʦʟʤʦʞʥʳʝ, ʪʦ ʜʣʷ ʣʶʙʦʛʦ k ʧʦʣʘʛʘʝʤ ( )( )
n

qP
k

k

1
1 =+=x . ɿʥʘʯʝʥʠʷ 
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ʩʪʘʪʠʩʪʠʢ xJ =*
1

 
ʠ 

ʛʝʦʤ.
xJ=*

3
, ʢʘʢ ʪʦʯʝʯʥʳʭ ʦʮʝʥʦʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʦʞʠʜʘʥʠʷ xM , ʧʦʣʫʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ: 
( )

nq

q
n

11 -+
=x  ʠ ( )2

1

1
-

+=
n

ʛʝʦʤ.
qx . 

ʇʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ q ʜʣʷ ʚʩʝʭ ʟʥʘʯʝʥʠʡ n, 2²n , ʧʦʣʫʯʘʝʤ, ʯʪʦ 

ʛʝʦʤ.
xx> .  

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʝ ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʠ 
ʛʝʦʤ.
xJ=*

3
 

ʜʣʷ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʚʳʙʦʨʦʢ ʙʫʜʝʪ ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʷ ʪʦʯʝʯʥʦʡ 

ʦʮʝʥʢʠ xJ =*
1

. ʕʪʦʪ ʚʳʚʦʜ ʧʨʦʪʠʚʦʨʝʯʠʪ ʥʘʰʝʡ ʦʙʳʯʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʟʥʘʯʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʢʘʢ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ 
ʝʜʠʥʠʯʥʦʡ ʤʘʩʩʳ, ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʥʘ ʯʠʩʣʦʚʦʡ ʦʩʠ. ʇʦʵʪʦʤʫ ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʩʪʘʪʠʩʪʠʢʘ 
ʛʝʦʤ.

n

n

i

i
xxJ ==

=

* /
1

3
 ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʶ 

ʥʝʩʤʝʱʸʥʥʦʩʪʠ ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʠ. 
ʊʝʦʨʠʷ 

ʇʨʦʚʝʨʠʤ ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʷ ʥʝʩʤʝʱʸʥʥʦʩʪʠ ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʠ 

ʜʠʩʧʝʨʩʠʠ ( )ä
=

* -==
n

i

i
n

S
1

22 1
xxJ . ɼʣʷ ʵʪʦʛʦ ʜʠʩʧʝʨʩʠʶ xD  ʠ ʝʸ ʦʮʝʥʢʫ 

2
S - ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʜʠʩʧʝʨʩʠʶ, ʧʨʝʜʩʪʘʚʠʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʚʠʜʝ: 

2

2

2
mD -== asx  ʠ 2

2

2 x-=aS . ɺʳʯʠʩʣʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʜʠʩʧʝʨʩʠʠ:2

2

2 xMMaMS -= . 

 ʊʘʢ ʢʘʢ ʤʳ ʧʨʦʚʝʨʠʣʠ, ʯʪʦ ʪʦʯʝʯʥʳʝ ʦʮʝʥʢʠ ʥʘʯʘʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ï 

ʥʝʩʤʝʱʸʥʥʳʝ, ʪʦ 
22
a=Ma . ɺʳʯʠʩʣʠʤ ʟʥʘʯʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʦʞʠʜʘʥʠʷ ʢʚʘʜʨʘʪʘ ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ 

n
,...,, xxx
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2
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. ɺʩʧʦʤʥʠʚ, ʯʪʦ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ 
n

,...,, xxx
21

- ʥʝʟʘʚʠʩʠʤʳʝ ʠ ʦʜʠʥʘʢʦʚʦ 

ʨʘʩʧʨʝʜʝʣʝʥʳ, ʧʦʣʫʯʘʝʤ: 

( ) 2

222

2 1111
m

n

n

n
MM

n

nn

n
M

ji

-
+=Ö

-
+= axxax .  

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʜʠʩʧʝʨʩʠʠ 
2

S  ʙʫʜʝʪ ʨʘʚʥʦ:            

( ) 22

2

2222 1111
saaa

n

n
m

n

n
m

n

n

n
MS

-
=-

-
=

-
--= . 

ʊʘʢ ʢʘʢ ʤʳ ʧʦʣʫʯʠʣʠ, ʯʪʦ: xss D
n

n
MS =¸

-
= 222 1

, ʪʦ ʤʦʞʝʤ 

ʩʢʘʟʘʪʴ, ʯʪʦ ʪʦʯʝʯʥʘʷ ʦʮʝʥʢʘ 
2

S=*J - ʷʚʣʷʝʪʩʷ ʩʤʝʱʸʥʥʦʡ ʦʮʝʥʢʦʡ 
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ʜʠʩʧʝʨʩʠʠ. ɿʥʘʯʠʪ, ʦʥʘ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʪʦʨʦʤʫ ʪʨʝʙʦʚʘʥʠʶ ʢ ʪʦʯʝʯʥʳʤ 
ʦʮʝʥʢʘʤ ʠ ʜʦʣʞʥʘ ʙʳʪʴ ʦʪʢʣʦʥʝʥʘ.  

 
ʂʦʤʤʝʥʪʘʨʠʡ 

ɾʝʣʘʷ ʚʩʸ ʞʝ ʠʤʝʪʴ ʭʦʨʦʰʫʶ ʪʦʯʝʯʥʫʶ ʦʮʝʥʢʫ ʜʠʩʧʝʨʩʠʠ xD , 

ʧʦʧʨʦʙʫʝʤ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʩʤʝʱʝʥʠʝ  ʦʮʝʥʢʠ 2
S , ʚʟʷʚ ʩʪʘʪʠʩʪʠʢʫ 

22 1
S

n

n
s

-
==*J . ʊʘʢ ʢʘʢ 222 1

s=
-

= MS
n

n
Ms , ʪʦ ʧʨʝʜʣʘʛʘʝʤʘʷ 

ʩʪʘʪʠʩʪʠʢʘ ( )ä
=

* -
-

==
n

i

i
n

s
1

22

1

1
xxJ  ʙʫʜʝʪ ʥʝʩʤʝʱʸʥʥʦʡ ʦʮʝʥʢʦʡ 

ʜʠʩʧʝʨʩʠʠ.  
ʅʦ ʪʝʧʝʨʴ ʥʘʤ ʥʘʜʦ ʧʨʦʚʝʨʠʪʴ: ʥʝ ʧʦʪʝʨʷʣʠ ʣʠ ʤʳ, ʣʠʢʚʠʜʠʨʫʷ 

ʩʤʝʝɦʥʠʝ, ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʠʠ?  

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʣʝʤʤʦʡ. ʇʨʠ ¤n  ʩʪʘʪʠʩʪʠʢʘ 2
S  ʩʭʦʜʠʪʩʷ ʧʦ 

ʚʝʨʦʷʪʥʦʩʪʠ ʢ ʜʠʩʧʝʨʩʠʠ xD . ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 
ý
ü
û

í
ì
ë -

n

n 1
 ʩʭʦʜʠʪʩʷ ʚ 

ʦʙʳʯʥʦʤ ʩʤʳʩʣʝ ʢ ʝʜʠʥʠʮʝ. ʊʝʤ ʙʦʣʝʝ ʦʥʘ ʩʭʦʜʠʪʩʷ ʢ ʝʜʠʥʠʮʝ ʧʦ 

ʚʝʨʦʷʪʥʦʩʪʠ. ʌʫʥʢʮʠʷ ( ) yxy,xf Ö=  - ʥʝʧʨʝʨʳʚʥʘʷ ʥʘ ʚʩʝʡ ʦʙʣʘʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ 2
R . ɺʩʝ ʫʩʣʦʚʠʷ ʣʝʤʤʳ ʚʳʧʦʣʥʝʥʳ. ɿʥʘʯʠʪ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 
ý
ü
û

í
ì
ë

Ö
- 21

S
n

n
 ʩʭʦʜʠʪʩʷ ʧʦ ʚʝʨʦʷʪʥʦʩʪʠ ʢ ʟʥʘʯʝʥʠʶ 

ʬʫʥʢʮʠʠ ( ) 222 11 sss =Ö=,f . ʆʪʩʶʜʘ ʟʘʢʣʶʯʘʝʤ,  ʯʪʦ ʪʦʯʝʯʥʘʷ ʦʮʝʥʢʘ 

( )ä
=

-
-

=
n

i

i
n

s
1
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1

1
xx ʷʚʣʷʝʪʩʷ ʩʦʩʪʦʷʪʝʣʴʥʦʡ ʠ ʥʝʩʤʝʱʸʥʥʦʡ ʦʮʝʥʢʦʡ 

ʜʠʩʧʝʨʩʠʠ xD .  

ɿʘʤʝʯʘʥʠʝ. ʊʨʝʙʦʚʘʥʠʝ ʥʝʩʤʝʱʸʥʥʦʩʪʠ ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʠ ʯʠʩʣʦʚʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʷʩʥʷʝʪ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʮʝʥʢʠ 
2

s  

ʚʤʝʩʪʦ ʦʮʝʥʢʠ 
2

S . ʍʦʪʷ ʷʩʥʦ, ʯʪʦ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʦʙʲʸʤʘʭ 

ʚʳʙʦʨʢʠ ʜʝʣʝʥʠʝ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ ( )ä
=

-
n

i

i

1

2

xx
 
ʥʘ ʯʠʩʣʦ n, ʠʣʠ ʥʘ ʯʠʩʣʦ 

1-n  ʥʝ ʧʨʠʚʝʜʸʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʘʟʥʠʮʝ ʚ ʟʥʘʯʝʥʠʷʭ 
2

S  ʠ 
2

s . ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʤʳ ʙʫʜʝʤ ʚʩʝʛʜʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʮʝʥʢʫ 
2

s  ʠ ʙʫʜʝʤ ʥʝ ʦʙʨʘʱʘʪʴ 
ʚʥʠʤʘʥʠʷ ʥʘ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʚ ʢʘʢʠʭ ʩʣʫʯʘʷʭ ʢʘʢʫʶ ʦʮʝʥʢʫ 

ʥʫʞʥʦ ʧʨʠʤʝʥʷʪʴ.  
 

ʂʦʤʤʝʥʪʘʨʠʡ 

ʊʨʝʪʴʝ ʪʨʝʙʦʚʘʥʠʝ ʢ ʪʦʯʝʯʥʳʤ ʦʮʝʥʢʘʤ 
*J  ʯʠʩʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ J, 

ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʦʛʦ ʤʳ ʜʦʣʞʥʳ ʧʨʦʚʝʨʠʪʴ, ʚʳʙʠʨʘʷ ʥʘʠʣʫʯʰʫʶ 

ʩʪʘʪʠʩʪʠʢʫ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʠ. ʂʘʞʜʘʷ 



28 

 

 

ʩʪʘʪʠʩʪʠʢʘ ( )
n

,...,,g xxxJ
21

=*  - ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ. ɽʸ ʟʥʘʯʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ 

ʵʣʝʤʝʥʪʦʚ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʧʦʧʘʚʰʠʭ ʚ ʚʳʙʦʨʢʫ. ʄʳ ʥʠʢʘʢ ʥʝ 
ʤʦʞʝʤ ʟʘʨʘʥʝʝ ʧʨʝʜʩʢʘʟʘʪʴ ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʦʮʝʥʢʠ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ 

ʩʣʫʯʘʝ. ʇʦʵʪʦʤʫ ʦ ʢʘʯʝʩʪʚʝ ʦʮʝʥʢʠ ( )
n

,...,,g xxxJ
21

=*  ʤʳ ʜʦʣʞʥʳ ʩʫʜʠʪʴ 

ʥʝ ʧʦ ʝʸ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʜʣʷ ʢʘʞʜʦʡ ʚʳʙʦʨʢʠ, ʘ ʧʦ 
ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʦʣʫʯʘʶʱʠʭʩʷ ʟʥʘʯʝʥʠʡ ʦʮʝʥʢʠ ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʳʙʦʨʦʢ. ɿʥʘʯʝʥʠʷ ʥʝʩʤʝʱʸʥʥʦʡ ʦʮʝʥʢʠ ʩʦʩʨʝʜʦʪʘʯʠʚʘʶʪʩʷ 
ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʠʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʮʝʥʠʚʘʝʤʦʡ ʯʠʩʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

J.  ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʤʳ ʙʫʜʝʤ ʣʫʯʰʝʡ ʥʘʟʳʚʘʪʴ ʪʫ ʦʮʝʥʢʫ, ʫ ʢʦʪʦʨʦʡ 
ʙʫʜʝʪ ʤʝʥʴʰʝ ʨʘʩʩʝʷʥʠʝ ʟʥʘʯʝʥʠʡ ʦʢʦʣʦ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ J.  

ɿʘʤʝʯʘʥʠʝ. ʇʦʜʯʝʨʢʥʸʤ ʝʱʸ ʨʘʟ, ʯʪʦ ʠʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʯʠʩʣʦʚʦʡ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ J  ʤʳ ʥʝ ʟʥʘʝʤ ʠ, ʜʘʞʝ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʳʙʦʨʦʢ, ʥʝ ʙʫʜʝʤ ʝʛʦ ʟʥʘʪʴ. ʄʳ ʤʦʞʝʤ ʣʠʰʴ ʩʢʘʟʘʪʴ, ʯʪʦ 
ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ J çʙʣʠʟʢʦè ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʝʛʦ 

ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʠ *J . ʆʮʝʥʠʪʴ ʵʪʫ çʙʣʠʟʦʩʪʴè ʤʳ ʥʝ ʤʦʞʝʤ, ʥʦ ʤʳ 
ʧʦʥʠʤʘʝʤ, ʯʪʦ ʦʥʘ ʟʘʚʠʩʠʪ ʦʪ ʵʣʝʤʝʥʪʦʚ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ, 
ʧʦʧʘʚʰʠʭ ʚ ʚʳʙʦʨʢʫ, ʪʦ ʝʩʪʴ - ʦʪ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʠ ʚʳʙʦʨʢʠ.  
ʉʨʘʚʥʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʚʫʭ ʦʮʝʥʦʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ: 

ʩʪʘʪʠʩʪʠʢʠ xxJ == ä
=

*
n

i

i
n 1

1

1
 ʠ ʩʪʘʪʠʩʪʠʢʠ 

ʚʟʚ.

n

i

ii
b

n
xxJ =Ö= ä

=

*

1
2

1
. ʆʙʝ 

ʩʪʘʪʠʩʪʠʢʠ, ʢʘʢ ʤʳ ʧʨʦʚʝʨʠʣʠ, ʷʚʣʷʶʪʩʷ ʩʦʩʪʦʷʪʝʣʴʥʳʤʠ ʠ ʥʝʩʤʝʱʸʥʥʳʤʠ 

ʦʮʝʥʢʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ xM  ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x. 

ʏʪʦʙʳ ʚʳʙʨʘʪʴ ʣʫʯʰʫʶ ʠʟ ʥʠʭ, ʚʳʯʠʩʣʠʤ ʜʠʩʧʝʨʩʠʠ ʵʪʠʭ ʩʪʘʪʠʩʪʠʢ. 

ʋʯʠʪʳʚʘʷ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 
n

,...,, xxx
21  ʠ 

ʩʚʦʡʩʪʚʘ ʜʠʩʧʝʨʩʠʠ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ, ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. 
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ʢʘʞʜʦʝ 
i

b  ʚ ʚʠʜʝ ʩʫʤʤʳ: 
ii

b d+=1 , ʛʜʝ 
i
d  ʠʣʠ 0² , ʠʣʠ 0¢ . ʊʘʢ ʢʘʢ 
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 ʉʣʝʜʦʚʘʪʝʣʴʥʦ: 
2

1

2

2

2
nn

D i

iä
=* +=

d
s

J , ʪʦ ʝʩʪʴ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʪʦʯʝʯʥʳʭ ʦʮʝʥʦʢ ʧʦʣʫʯʘʝʤ 
**¢
21
JJ DD , ʧʨʠʯʸʤ ʨʘʚʝʥʩʪʚʦ ʵʪʠʭ ʜʠʩʧʝʨʩʠʡ 

ʦʮʝʥʦʢ ʙʫʜʝʪ ʣʠʰʴ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʩʝ 1=
i

b .  
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ʇʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ: ʪʦʣʴʢʦ ʩʪʘʪʠʩʪʠʢʘ xJ =*
1

 ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ 

ʚ ʩʤʳʩʣʝ ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʥʘʤʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʦʯʝʯʥʳʤ ʦʮʝʥʢʘʤ. ɿʥʘʯʠʪ, 
ʜʣʷ ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ 

ʣʫʯʰʝ ʧʨʠʤʝʥʷʪʴ ʦʮʝʥʢʫ ä
=

=
n

i

i
x

n
x

1

1
- ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʡ 

ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ.  
ʇʨʘʢʪʠʢʘ 

ɺ ʧʝʨʚʦʤ ʤʦʜʫʣʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʨ.2.1, ʚ ʢʦʪʦʨʦʤ ʧʨʠʚʝʜʝʥʳ ʜʚʘ 

ʥʘʙʦʨʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ï ʟʥʘʯʝʥʠʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x - ʨʦʩʪ 

ʤʫʞʯʠʥ ʚ ʩʤ. ʆʧʨʝʜʝʣʠʤ ʟʥʘʯʝʥʠʷ ʪʦʯʝʯʥʳʭ ʦʮʝʥʦʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʦʞʠʜʘʥʠʷ ʠ ʜʠʩʧʝʨʩʠʠ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x. 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʧʦ ʵʣʝʤʝʥʪʘʤ ʧʝʨʚʦʡ ʚʳʙʦʨʢʠ, ʦʙʲʸʤ ʢʦʪʦʨʦʡ 
ʨʘʚʝʥ n=115, ʧʦʣʫʯʠʣʠʩʴ ʪʘʢʠʤʠ:  

ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 61166
115

1 115

1

,xx
i

i
== ä

=

; 

ʦʮʝʥʢʘ ʜʠʩʧʝʨʩʠʠ ( ) 2836
1115

1 115

1

22
,xxs

i

i
=-

-
= ä

=

; 

ʦʮʝʥʢʘ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ .,ss 0262 ==  

ɺʳʯʠʩʣʝʥʠʷ ʧʦ ʵʣʝʤʝʥʪʘʤ ʚʪʦʨʦʡ ʚʳʙʦʨʢʠ, ʦʙʲʸʤ ʢʦʪʦʨʦʡ ʨʘʚʝʥ 

906=n , ʧʨʦʚʝʜʝʥʳ ʩ ʫʯʸʪʦʤ ʯʘʩʪʦʪʳ 
j

m  ʢʘʞʜʦʛʦ ʠʟ 37 ʥʘʙʣʶʜʘʝʤʳʭ 

ʦʜʠʥʘʢʦʚʳʭ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ 
j

x~  (ʥʘʧʨʠʤʝʨ: ʟʥʘʯʝʥʠʝ 147
1
=x~  

ʠʤʝʝʪ ʚ ʚʳʙʦʨʢʝ ʯʘʩʪʦʪʫ 1
1
=m ; ʟʥʘʯʝʥʠʝ 155

9
=x~  ʠʤʝʝʪ ʚ ʚʳʙʦʨʢʝ ʯʘʩʪʦʪʫ 

6
9
=m ; ʟʥʘʯʝʥʠʝ 163

17
=x~  ʠʤʝʝʪ ʚ ʚʳʙʦʨʢʝ ʯʘʩʪʦʪʫ 48

17
=m ; ʘ ʟʥʘʯʝʥʠʝ 

170
24
=x~ ʠʤʝʝʪ ʚ ʚʳʙʦʨʢʝ ʯʘʩʪʦʪʫ 47

24
=m ʠ ʪ.ʜ.). ʗʩʥʦ, ʯʪʦ 906

37

1

=ä
=j

j
m . 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʠʣʠʩʴ ʪʘʢʠʤʠ: 

ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 77166
906

1 37

1

,xmx
j

jj
== ä

=
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ʦʮʝʥʢʘ ʜʠʩʧʝʨʩʠʠ ( ) 7034
1906

1 37

1

22
,xxms

j

jj
=-

-
= ä

=

; 

ʦʮʝʥʢʘ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ .,ss 8952 ==  

  ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʤʳ ʤʦʞʝʤ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʩʨʝʜʥʠʡ ʨʦʩʪ ʤʫʞʯʠʥ ʨʘʚʝʥ 166,75ʩʤ, ʪʦ ʝʩʪʴ 75166,M =x . ʅʦ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʨʝʜʥʠʡ ʨʦʩʪ ʨʘʚʝʥ 166,69ʩʤ, ʪʦ ʝʩʪʴ 69166,M =x . 

ʇʦʟʞʝ ʤʳ ʧʦʟʥʘʢʦʤʠʤʩʷ ʩ ʧʨʘʚʠʣʘʤʠ ʦʮʝʥʢʠ ʥʘʜʸʞʥʦʩʪʠ  ʥʘʰʠʭ ʚʳʚʦʜʦʚ.  

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʯʝʯʥʳʭ ʦʮʝʥʦʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʠ 
ʜʠʩʧʝʨʩʠʠ, ʝʩʪʝʩʪʚʝʥʥʦ, ʨʘʟʣʠʯʥʳ, ʥʦ ʨʘʟʥʠʮʘ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ï ʤʘʣʘ 

ʠ ʥʝ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ.. ʄr  ʜʦʣʞʥʳ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩ 
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ʤʝʪʦʜʘʤʠ ʦʮʝʥʢʠ ʟʥʘʯʠʤʦʩʪʠ ʨʘʟʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʦʮʝʥʦʢ 
ʩʨʝʜʥʠʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʠʩʧʝʨʩʠʡ.  

ɽʩʣʠ ʘʥʘʣʠʟʠʨʫʝʤʳʝ ʚʳʙʦʨʢʠ ʚʟʷʪʳ ʠʟ ʨʘʟʥʳʭ ʛʝʥʝʨʘʣʴʥʳʭ 
ʩʦʚʦʢʫʧʥʦʩʪʝʡ, ʤʳ ʩʤʦʞʝʤ ʧʨʦʚʝʨʠʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʦ ʪʦʤ, ʯʪʦ 

ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ, ʦʧʨʝʜʝʣʸʥʥʳʝ ʥʘ ʵʪʠʭ ʩʦʚʦʢʫʧʥʦʩʪʷʭ, ʧʦʜʯʠʥʷʶʪʩʷ  
ʦʜʠʥʘʢʦʚʦʤʫ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ. 

ʀ, ʥʘʢʦʥʝʮ, ʚʠʜ ʛʠʩʪʦʛʨʘʤʤ, ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʚʘʨʠʘʮʠʦʥʥʳʤ ʨʷʜʘʤ 
ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪ, ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ 

ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ x - ʨʦʩʪ ʤʫʞʯʠʥ ʧʦʜʯʠʥʷʝʪʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ. ʄʳ ʜʦʣʞʥʳ ʙʫʜʝʤ ʦʮʝʥʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 
ʧʨʘʚʠʣʴʥʦʩʪʠ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ. 

 
Ä2.2. ʅʝʨʘʚʝʥʩʪʚʦ ʂʨʘʤʝʨʘ-ʈʘʦ 

ʂʦʤʤʝʥʪʘʨʠʡ 

ɺʳʙʠʨʘʷ ʠʟ ʜʚʫʭ ʥʝʩʤʝʱʸʥʥʳʭ ʠ ʩʦʩʪʦʷʪʝʣʴʥʳʭ ʪʦʯʝʯʥʳʭ ʦʮʝʥʦʢ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ ʦʮʝʥʢʫ, ʤʳ ʚʳʯʠʩʣʠʣʠ 

ʜʠʩʧʝʨʩʠʠ ʦʮʝʥʦʢ xJ =*
1

ʠ 
.ʚʟʚ

xJ =*
2

. ɼʠʩʧʝʨʩʠʷ ʧʝʨʚʦʡ ʦʮʝʥʢʠ ʦʢʘʟʘʣʘʩʴ 

ʤʝʥʴʰʝ ʜʠʩʧʝʨʩʠʠ ʚʪʦʨʦʡ ʦʮʝʥʢʠ, ʧʦʵʪʦʤʫ ʤʳ ʚʳʙʨʘʣʠ ʧʝʨʚʫʶ ʦʮʝʥʢʫ ï 
ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ, ʢʘʢ ʙʦʣʝʝ ʣʫʯʰʫʶ ʦʮʝʥʢʫ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʫʶ ʪʨʸʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʪʦʯʝʯʥʳʤ ʦʮʝʥʢʘʤ. 
ʅʦ ʧʨʠ ʵʪʦʤ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʚʦʧʨʦʩ: çɸ ʷʚʣʷʝʪʩʷ ʣʠ ʩʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʥʘʠʣʫʯʰʝʡ ʦʮʝʥʢʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ? ʅʝʪ ʣʠ 

ʜʨʫʛʦʡ ʥʝʩʤʝʱʸʥʥʦʡ ʠ ʩʦʩʪʦʷʪʝʣʴʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ( )
n

,...,,g xxxJ
21

=* , 

ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʜʠʩʧʝʨʩʠʶ, ʯʝʤ ʜʠʩʧʝʨʩʠʷ ʦʮʝʥʢʠ x, ʘ ʧʦʪʦʤʫ 

ʙʫʜʝʪ ʣʫʯʰʝʡ ʦʮʝʥʢʦʡ xJ M= ?  ʕʪʦʪ ʚʦʧʨʦʩ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʘʢ: 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ 

ʪʦʯʝʯʥʳʝ ʦʮʝʥʢʠ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʜʠʩʧʝʨʩʠʝʡ?  ʆʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʜʘʸʪ 
ʧʨʠʤʝʥʝʥʠʝ ʥʝʨʘʚʝʥʩʪʚʘ ʂʨʘʤʝʨʘ-ʈʘʦ. 

ʊʝʦʨʠʷ 
ʇʫʩʪʴ ʠʩʩʣʝʜʫʝʤʘʷ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ʠʤʝʝʪ ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ 

( )J,xp , ʟʘʚʠʩʷʱʫʶ ʦʪ ʧʘʨʘʤʝʪʨʘ J, ʯʠʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʥʝʠʟʚʝʩʪʥʦ. ʇʦʚʪʦʨʷʷ n ʨʘʟ ʵʢʩʧʝʨʠʤʝʥʪ G , ʤʳ ʬʦʨʤʠʨʫʝʤ ʚʳʙʦʨʢʫ, ʪʦ 

ʝʩʪʴ, ʧʦʣʫʯʘʝʤ ʚʳʙʦʨʦʯʥʳʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ 
n

,...,, xxx
21

, ʢʦʪʦʨʳʝ 

ʙʫʜʫʪ ʥʝʟʘʚʠʩʠʤʳʤʠ ʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ( )J,xp .  

ʄʳ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʳʙʦʨʦʯʥʳʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ 
n

,...,, xxx
21

 

ʢʘʢ ʥʝʟʘʚʠʩʠʤʳʝ ʢʦʤʧʦʥʝʥʪʳ n-ʤʝʨʥʦʛʦ ʚʝʢʪʦʨʘ, ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ 

ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ: ( ) ( )Ô
=

=
n

i

in
,xp,x,...,x,xp

1

21
JJ . ʅʘʩ ʙʫʜʝʪ ʠʥʪʝʨʝʩʦʚʘʪʴ 

ʵʢʩʪʨʝʤʫʤ ʵʪʦʡ ʬʫʥʢʮʠʠ. ʅʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘ ʵʢʩʪʨʝʤʫʤ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʬʫʥʢʮʠʡ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʩ ʪʝʭʥʠʯʝʩʢʦʡ ʩʪʦʨʦʥʳ. ʌʫʥʢʮʠʷ 
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xlny= - ʤʦʥʦʪʦʥʥʘʷ ʬʫʥʢʮʠʷ, ʠ ʪʦʯʢʠ ʵʢʩʪʨʝʤʫʤʘ ʬʫʥʢʮʠʠ 

( )J,x,...,x,xp
n21

 ʩʦʚʧʘʜʘʶʪ ʩ ʪʦʯʢʘʤʠ ʵʢʩʪʨʝʤʫʤʘ ʬʫʥʢʮʠʠ 

( )J,x,...,x,xpln
n21
. ʇʦʵʪʦʤʫ ʥʘʤ ʙʫʜʝʪ ʫʜʦʙʥʝʡ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʬʫʥʢʮʠʶ: 

() ( ) ()ä
=

==
n

i

inn
xp,x,...,x,xplnL

1
21

JJ .  

ɺʦʟʴʤʸʤ ʧʨʦʠʟʚʦʜʥʫʶ ʦʪ ʵʪʦʡ ʬʫʥʢʮʠʠ ʧʦ ʧʘʨʘʤʝʪʨʫ J:  

() ( )
( )

( )
ä
= µ

µ
Ö=

µ

µ
=

µ

µ n

i

i

i

nn
,xp

,xp

,x,...,x,ʭplnL

1

21
1

J

J

JJ

J

J

J
. 

 ʊʘʢ ʢʘʢ ʚʩʝ ʬʫʥʢʮʠʠ ( )J,xp
i

 - ʦʜʠʥʘʢʦʚʳʝ, ʪʦ, ʦʙʦʟʥʘʯʠʚ ʜʣʷ ʣʶʙʦʛʦ 

ʥʦʤʝʨʘ i : 
( )

( ) ()
J

J

J

J

J µ

µ
=

µ

µ
Ö 0

1 L,xp

,xp

i

i

,  ʟʘʧʠʰʝʤ: 
() ()

J

J

J

J

µ

µ
Ö=

µ

µ
0

L
n

L
n .   

ɸʨʛʫʤʝʥʪʳ ʬʫʥʢʮʠʠ, ʢʘʢ ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ, ï ʩʣʫʯʘʡʥʳʝ 

ʚʝʣʠʯʠʥʳ. ʇʦʵʪʦʤʫ ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʧʨʦʠʟʚʦʜʥʘʷ 
()
J

J

µ

µ
n

L
 ʬʫʥʢʮʠʠ 

( )J,x,...,x,xp
n21

 ʙʫʜʝʪ ʩʪʘʪʠʩʪʠʢʦʡ, ʪʦ ʝʩʪʴ ï ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ. 

ʆʙʦʟʥʘʯʠʤ: 
()

()J
J

J
n

n J
L

M =ù
ú

ø
é
ê

è

µ

µ
2

 ʠ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ()J
n

J  - ʠʥʬʦʨʤʘʮʠʝʡ 

ʌʠʰʝʨʘ. 
ɽʩʣʠ Q ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʯʠʩʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ J, 

ʪʦ ʚʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ ʩʪʘʪʠʩʪʠʢ ( )
n

,...,,g xxxJ
21

=*  ʙʫʜʫʪ ʟʥʘʯʝʥʠʷʤʠ 

ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʠ ()Jg , ʦʧʨʝʜʝʣʸʥʥʦʡ ʥʘ ʵʪʦʤ ʤʥʦʞʝʩʪʚʝ  Q. ɿʥʘʯʠʪ, ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ, ()JgJ=*M . ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʩʪʘʪʠʩʪʠʢʘ 

( )
n

,...,,g xxxJ
21

=*  - ʥʝʩʤʝʱʸʥʥʘʷ ʦʮʝʥʢʘ ʯʠʩʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ J, ʪʦ 

JJ =*M . 

ʗʩʥʦ, ʯʪʦ ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ( )J,x,...,x,xp
n21  n-ʤʝʨʥʦʛʦ 

ʚʝʢʪʦʨʘ ( )
n

,...,, xxx
21  ʚʩʝʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ:  

( ) 1
21

=ñ
n

R

n
dx,x,...,x,xp J   ()*. 

ʉʦʛʣʘʩʥʦ ʦʙʱʝʤʫ ʦʧʨʝʜʝʣʝʥʠʶ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ()[ ]xfM  

ʥʝʧʨʝʨʳʚʥʦʡ ʬʫʥʢʮʠʠ ()xf  ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x  ʝʩʪʴ ʟʥʘʯʝʥʠʝ 

ʠʥʪʝʛʨʘʣʘ ʈʠʤʘʥʘ-ʉʪʠʣʪʴʝʩʘ:  ()[ ] ()()ñ=
R

dxxpxffM x , ʛʜʝ ()xp  - 

ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ x. 

ɿʥʘʯʠʪ: [ ] ( ) ( ) ()JgJJ =Ö=ñ
*

n
R

nn
dx,x,...,x,xpx,...,x,xgM

2121    ( )** . 

ʉʧʨʘʚʝʜʣʠʚʘ ʪʝʦʨʝʤʘ: 
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ɽʩʣʠ ( )
n

,...,,g xxxJ
21

=*  ʩʦʩʪʦʷʪʝʣʴʥʘʷ ʪʦʯʝʯʥʘʷ ʦʮʝʥʢʘ ʯʠʩʣʦʚʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ J  ʠ ʢʨʘʪʥʳʝ ʠʥʪʝʛʨʘʣʳ ()*  ʠ ( )**  

ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳ ʧʦ ʯʠʩʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ J, ʪʦ ʙʫʜʝʪ 
ʩʧʨʘʚʝʜʣʠʚʦ ʥʝʨʘʚʝʥʩʪʚʦ: 

()[ ]
()J
Jg

J
n

J

'
D

2

²*  .        öö
÷

õ
ææ
ç

å

*

**
 

ɺ ʯʘʩʪʥʦʩʪʠ, ʝʩʣʠ ʪʦʯʝʯʥʘʷ ʦʮʝʥʢʘ ( )
n

,...,,g xxxJ
21

=*  ʯʠʩʣʦʚʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ J - ʥʝʩʤʝʱʸʥʥʘʷ, ʪʦ ʝʩʪʴ ()JJg = , ʪʦ ʧʦʩʣʝʜʥʝʝ 

ʥʝʨʘʚʝʥʩʪʚʦ ʙʫʜʝʪ ʠʤʝʪʴ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʚʠʜ: 
()J

J
n

J
D

1
²* . 

ʅʝʨʘʚʝʥʩʪʚʦ öö
÷

õ
ææ
ç

å

*

**
 ʥʘʟʳʚʘʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦʤ ʂʨʘʤʝʨʘ-ʈʘʦ. ʆʥʦ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʪʦʯʥʘʷ ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʜʣʷ ʜʠʩʧʝʨʩʠʡ 

ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʪʝʣʴʥʳʭ ʪʦʯʝʯʥʳʭ ʦʮʝʥʦʢ ( )
n

,...,,g xxxJ
21

=*  ʯʠʩʣʦʚʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ J. ʀ, ʝʩʣʠ ʥʘʤ ʫʜʘʩʪʩʷ ʥʘʡʪʠ ʪʘʢʫʶ ʥʝʩʤʝʱʸʥʥʫʶ 

ʪʦʯʝʯʥʫʶ ʦʮʝʥʢʫ ( )
n

,...,,g xxxJ
210

=* , ʯʪʦ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ 
()J

J
n

J
D

1
0
=* , 

ʪʦ ʣʫʯʰʝ ʵʪʦʡ ʦʮʝʥʢʠ, ʚ ʩʤʳʩʣʝ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ - ʥʝʪ. 
 

ʂʦʤʤʝʥʪʘʨʠʡ 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ. 

ʋʩʣʦʚʠʤʩʷ ʟʘʧʠʩʳʚʘʪʴ n-ʤʝʨʥʫʶ ʧʝʨʝʤʝʥʥʫʶ ( )
n

x,...,x,x
21

 ʚ n-

ʢʨʘʪʥʦʤ ʠʥʪʝʛʨʘʣʝ ʦʜʥʦʡ ʙʫʢʚʦʡ x. ɺʦʟʴʤʸʤ ʦʪ ʠʥʪʝʛʨʘʣʦʚ ()*  ʠ ( )**  

ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʧʝʨʝʤʝʥʥʦʡ J: 

( )
ñ =
µ

µ

nR

dx
,xp

0
q

J
  ()'*    ʠ    ()

( )
()Jg

J

J
'dx

,xp
xg

ʪʂ

=
µ

µ
Öñ . ( )'**  

ʇʝʨʚʦʝ ʨʘʚʝʥʩʪʚʦ ʫʤʥʦʞʠʤ ʥʘ ()Jg  ʠ ʚʳʯʪʝʤ ʧʦʣʫʯʝʥʥʦʝ ʠʟ ʚʪʦʨʦʛʦ 

ʠʥʪʝʛʨʘʣʘ:                     () ()( )
( )

()ñ =
µ

µ
Ö-

ʪʂ

'dx
,xp

xg Jg
J

J
Jg . 

ʕʪʦ ʨʘʚʝʥʩʪʚʦ ʥʝ ʠʟʤʝʥʠʪʩʷ, ʝʩʣʠ ʧʦʜʠʥʪʝʛʨʘʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ 
ʫʤʥʦʞʠʤ ʠ ʨʘʟʜʝʣʠʤ ʥʘ ʦʜʥʫ ʠ ʪʫ ʞʝ ʬʫʥʢʮʠʶ: 

() ()( )
( )

( )
( ) ()ñ =Ö

µ

µ
ÖÖ-

ʪ
ʂ

x'dx,xp
,xp

,xp
xg gJ

J

J

J
Jg

1
. 

ʊʘʢ ʢʘʢ () *=Jxg , () *= JJg M , ʘ 
( )

( ) ()
()x

L,xp

,xp

n

µ

µ
=

µ

µ
Ö

J

J

J

J

1
, ʪʦ 

ʟʘʧʠʰʝʤ: 
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( ) ()
( ) ()ñ =Öù

ú

ø
é
ê

è

µ

µ
Ö- **

n
R

n 'dx,xp
L

M JgJ
J

J
JJ . 

ɺʳʨʘʞʝʥʠʝ ʚ ʢʚʘʜʨʘʪʥʦʡ ʩʢʦʙʢʝ ʝʩʪʴ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʚʫʭ ʬʫʥʢʮʠʡ 
ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, ʪʦ ʝʩʪʴ ï ʵʪʦ ʬʫʥʢʮʠʷ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. ʊʦʛʜʘ, ʧʦ 

ʦʙʱʝʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʬʫʥʢʮʠʠ ʩʣʫʯʘʡʥʳʭ 
ʚʝʣʠʯʠʥ, ʧʦʣʫʯʘʝʤ: 

( ) ()
()Jg

J

J
JJ '

L
MM n =ù

ú

ø
é
ê

è

µ

µ
Ö- ** . ɺʦʟʚʝʜʸʤ ʦʙʝ ʯʘʩʪʠ ʵʪʦʛʦ ʨʘʚʝʥʩʪʚʘ ʚ 

ʢʚʘʜʨʘʪ: ( ) ()
()[ ]22 Jg

J

J
JJ '

L
MM n =ù

ú

ø
é
ê

è

µ

µ
Ö- **  ʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʥʝʨʘʚʝʥʩʪʚʦʤ 

ʂʦʰʠ-ɹʫʥʷʢʦʚʩʢʦʛʦ ([ ] 222 hxhx MMM Ö¢Ö ):  

[ ] ()
()[ ]2

2

2

Jg
J

J
JJ '

L
MMM n ²ù

ú

ø
é
ê

è

µ

µ
Ö- ** . ʊʦ ʝʩʪʴ: () ()[ ]2JgJJ 'JD

n
²Ö* .  

ʆʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʘʝʤ: 
()[ ]
()J
Jg

J
n

J

'
D

2

²* , ʯʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ ʜʦʢʘʟʘʪʴ.  

ɿʘʤʝʯʘʥʠʝ. ʅʝʨʘʚʝʥʩʪʚʦ ʂʦʰʠ-ɹʫʥʷʢʦʚʩʢʦʛʦ ʜʦʢʘʟʳʚʘʝʪʩʷ ʠ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʫʨʩʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʦʚʝʜʸʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ 

ʵʪʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ ʚ ʪʝʨʤʠʥʘʭ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ. 

ʆʧʨʝʜʝʣʠʤ ʩʣʫʯʘʡʥʫʶ ʚʝʣʠʯʠʥʫ: ( )2hxz ba += . ʗʩʥʦ, ʯʪʦ ʵʪʘ 

ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ʧʨʠʥʠʤʘʝʪ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʪʦ ʝʩʪʴ, ʚʩʝʛʜʘ 

0²z . ʅʦ ʪʦʛʜʘ ʠ ʝʸ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʙʫʜʝʪ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʤ 

ʯʠʩʣʦʤ: 0²zM . ɿʥʘʯʠʪ ʚʩʝʛʜʘ [ ] 0
2
²+hx baM , ʠʣʠ 

[ ] 02 2222 ²+Ö+ hhxx MbabMMa . ʇʦʣʫʯʠʣʘʩʴ ʢʚʘʜʨʘʪʠʯʥʘʷ ʬʦʨʤʘ, 

ʢʦʪʦʨʘʷ ʧʨʠʥʠʤʘʝʪ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ʂʚʘʜʨʘʪʠʯʥʘʷ ʬʦʨʤʘ ʙʫʜʝʪ 
ʧʨʠʥʠʤʘʪʴ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʝʩʣʠ ʝʸ ʜʠʩʢʨʠʤʠʥʘʥʪ ʧʨʠʥʠʤʘʝʪ 

ʥʝʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʪʦ ʝʩʪʴ, ʝʩʣʠ [ ] 0222 ¢Ö-Ö hxhx MMM . 

ʆʪʩʶʜʘ ʧʦʣʫʯʘʝʤ ʥʝʨʘʚʝʥʩʪʚʦ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʝ 

ʪʝʦʨʝʤʳ: [ ] 222 hxhx MMM Ö¢Ö . 

 
ʂʦʤʤʝʥʪʘʨʠʡ 

ʇʨʝʞʜʝ, ʯʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʠʤʝʨʘʭ ʥʝʨʘʚʝʥʩʪʚʦ ʂʨʘʤʝʨʘ-ʈʘʦ ʜʣʷ 
ʚʳʷʩʥʝʥʠʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʠ, ʚʳʷʩʥʠʤ 

ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʩʤʳʩʣ ʠʥʬʦʨʤʘʮʠʠ ʌʠʰʝʨʘ ()J
n

J .  

ɽʩʣʠ 
n

,...,, xxx
21  - ʚʳʙʦʨʦʯʥʳʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ, ʪʦ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʧʨʦʠʟʚʦʜʥʘʷ 
()
J

J

µ

µ
n

L
 ʬʫʥʢʮʠʠ 
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( ) ( )Ô
=

=
n

i

in
,p,,...,,p

1

21
JxJxxx  ʙʫʜʝʪ ʩʪʘʪʠʩʪʠʢʦʡ ʵʪʠʭ ʚʳʙʦʨʦʯʥʳʭ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, ʪʦ ʝʩʪʴ 
()

( )
n

n ,...,,g
L

xxx
J

J
21

=
µ

µ
. ɺʳʯʠʩʣʠʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʠ ʜʠʩʧʝʨʩʠʶ ʵʪʦʡ ʩʪʘʪʠʩʪʠʢʠ.   

() ( )
( )dxx,...,x,xp

,x,...,x,xplnL
M

n

R

nn

n

21

21 Ö
µ

µ
=ù
ú

ø
é
ê

è

µ

µ
ñ J

J

J

J
. 

 ʂʘʢ ʠ ʧʨʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʝ ʪʝʦʨʝʤʳ, ʙʫʜʝʤ ʟʘʧʠʩʳʚʘʪʴ n-ʤʝʨʥʫʶ 

ʧʝʨʝʤʝʥʥʫʶ ( )
n

x,...,x,x
21

 ʚ n-ʢʨʘʪʥʦʤ ʠʥʪʝʛʨʘʣʝ ʙʫʢʚʦʡ x. ʉʣʝʜʫʶʱʠʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜʠʥʪʝʛʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʥʝ ʪʨʝʙʫʶʪ ʧʦʷʩʥʝʥʠʡ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʠʥʪʝʛʨʘʣ ()'*, ʢʦʪʦʨʳʡ ʨʘʚʝʥ ʥʫʣʶ:   

()
( )

( )
( )

( )
0

1
=

µ

µ
=Ööö

÷

õ
ææ
ç

å

µ

µ
Ö=ù

ú

ø
é
ê

è

µ

µ
ññ dx

,xp
dx,xp

,xp

,xp

L
M

nn
RR

n

J

J
J

J

J

JJ

J
. 

ɺʳʯʠʩʣʷʷ ʜʠʩʧʝʨʩʠʶ, ʟʘʧʠʰʝʤ: 

() () ()
ù
ú

ø
é
ê

è

µ

µ
-ù

ú

ø
é
ê

è

µ

µ
=ù
ú

ø
é
ê

è

µ

µ

J

J

J

J

J

J
nnn

L
M

L
M

L
D

2

2

. ɿʜʝʩʴ ʫʤʝʥʴʰʘʝʤʦʝ ʷʚʣʷʝʪʩʷ 

ʠʥʬʦʨʤʘʮʠʝʡ ʌʠʰʝʨʘ, ʘ ʚʳʯʠʪʘʝʤʦʝ ʨʘʚʥʦ ʥʫʣʶ. ʇʦʣʫʯʘʝʤ: 

()
()J

J

J
n

n J
L

D =ù
ú

ø
é
ê

è

µ

µ
. ɿʥʘʯʠʪ, ʠʥʬʦʨʤʘʮʠʷ ʌʠʰʝʨʘ ʵʪʦ ʜʠʩʧʝʨʩʠʷ 

ʩʪʘʪʠʩʪʠʢʠ ï ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ 

ʚʝʢʪʦʨʘ (
n

,...,, xxx
21

). ɸ ʪʘʢ ʢʘʢ ʢʦʤʧʦʥʝʥʪʳ ʵʪʦʛʦ ʚʝʢʪʦʨʘ ʥʝʟʘʚʠʩʠʤʳʝ ʠ 

ʦʜʠʥʘʢʦʚʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ, ʪʦ () ()JJ
0

nJJ
n
= , ʛʜʝ 

()J
0

J  - ʜʠʩʧʝʨʩʠʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ J ʬʫʥʢʮʠʠ ( )Jx,p . 

ʆʪʩʶʜʘ ʚʳʪʝʢʘʝʪ, ʯʪʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʳʯʠʩʣʠʪʴ ʟʥʘʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ 

ʌʠʰʝʨʘ ʥʘʜʦ ʟʥʘʪʴ ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ( )J,xp , ʝʩʣʠ ʠʩʩʣʝʜʫʝʤʘʷ 

ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʪʠʧʘ, ʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ 

{ }
k

p , k=1,2,é, ʝʩʣʠ ʠʩʩʣʝʜʫʝʤʘʷ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ʜʠʩʢʨʝʪʥʦʛʦ ʪʠʧʘ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʜʣʷ ʯʠʩʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ J ʠʤʝʝʪʩʷ ʥʝʢʦʪʦʨʦʝ 

ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʯʥʳʭ ʦʮʝʥʦʢ: 
***

l
,...,, JJJ

21
. ʋ ʢʘʞʜʦʡ ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʠ 

ʚʳʯʠʩʣʠʣʠ ʝʸ ʜʠʩʧʝʨʩʠʶ ʠ ʧʦʣʫʯʠʣʠ ʯʠʩʣʦʚʦʝ ʤʥʦʞʝʩʪʚʦ: 

{ }***

l
D,...,D,D JJJ

21
. ʕʪʦ ʯʠʩʣʦʚʦʝ ʤʥʦʞʝʩʪʚʦ ʠʤʝʝʪ ʪʦʯʥʫʶ ʥʠʞʥʶʶ 

ʛʨʘʥʠʮʫ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʥʝ ʧʨʠʥʘʜʣʝʞʘʪʴ ʵʪʦʤʫ ʯʠʩʣʦʚʦʤʫ ʤʥʦʞʝʩʪʚʫ. 

ɽʩʣʠ ʩʨʝʜʠ ʵʪʠʭ ʦʮʝʥʦʢ 
***

l
,...,, JJJ

21  ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʘʷ ʦʮʝʥʢʘ 
*

0
J , ʯʪʦ 

{ }****=
l

D,...,D,DinfD JJJJ
210 , ʪʦ ʪʘʢʫʶ ʦʮʝʥʢʫ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʡ, ʠʣʠ ʧʨʦʩʪʦ ï ʵʬʬʝʢʪʠʚʥʦʡ. 
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ʇʨʘʢʪʠʢʘ 
ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʥʝʨʘʚʝʥʩʪʚʘ ʂʨʘʤʝʨʘ-ʈʘʦ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʠ ʯʠʩʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
ʊʨʝʙʫʝʪʩʷ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ 

ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ xJ =*
1

, ʧʨʠʥʠʤʘʝʤʦʛʦ ʥʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʦʮʝʥʢʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ mM == xJ . ʏʪʦʙʳ ʧʨʠʤʝʥʠʪʴ ʥʝʨʘʚʝʥʩʪʚʦ 

ʂʨʘʤʝʨʘ-ʈʘʦ ʜʣʷ ʥʝʩʤʝʱʸʥʥʳʭ ʦʮʝʥʦʢ: 
()J

J
n

J
D

1
²* , ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʌʠʰʝʨʘ ()mJ
n

 ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʦʞʠʜʘʥʠʷ. ʄʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʷ ʌʠʰʝʨʘ ʷʚʣʷʝʪʩʷ ʜʠʩʧʝʨʩʠʝʡ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ 

( ) ( )Ô
=

=
n

i

in
,xp,x,...,x,xp

1

21
JJ  ʚʝʢʪʦʨʘ ʩ ʥʝʟʘʚʠʩʠʤʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

n
,...,, xxx

21
. ʊʘʢ ʢʘʢ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʪʦ 

() ()mnJmJ
n 0

= , ʛʜʝ ()mJ
0

 - ʠʥʬʦʨʤʘʮʠʷ ʌʠʰʝʨʘ ʣʶʙʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʚʝʢʪʦʨʘ. ɺʳʯʠʩʣʝʥʠʝ ()mJ
0

 ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ, ʝʩʣʠ ʙʫʜʝʪ ʠʟʚʝʩʪʥʘ 

ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ( )J,xp  ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x.  

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ x ʧʦʜʯʠʥʷʝʪʩʷ ʥʦʨʤʘʣʴʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩ ʧʘʨʘʤʝʪʨʘʤʠ m ʠ 
2s, ʛʜʝ ʦʮʝʥʠʚʘʝʤʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ m 

ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ, ʪʦ ʝʩʪʴ: ( )
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2
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s
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=
-

= .  ɺʳʯʠʩʣʠʤ 

()mJ
0

 ʜʣʷ ʵʪʦʡ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ, ʠʤʝʷ ʚ ʚʠʜʫ, ʯʪʦ 
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0

0 ù
ú

ø
é
ê

è

µ

µ
=

m

mL
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ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʦʜʠʥʪʝʛʨʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ï ʯʸʪʥʘʷ ʠ, ʩʜʝʣʘʚ ʟʘʤʝʥʫ 

ʧʝʨʝʤʝʥʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʬʦʨʤʫʣʝ: 
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  ʆʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʘʝʤ, ʯʪʦ () ()
20
s

n
mJnmJ

n
=Ö= . ʈʘʥʝʝ ʤʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʠʩʧʝʨʩʠʷ ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʚ n ʨʘʟ ʤʝʥʴʰʝ 

ʜʠʩʧʝʨʩʠʠ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʩʣʘʛʘʝʤʦʛʦ, ʪʦ ʝʩʪʴ: [] []
n

DD
2s

xJ ==* . 

ʇʦʜʩʪʘʚʣʷʷ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʌʠʰʝʨʘ ʠ ʜʠʩʧʝʨʩʠʠ 

ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ ʚ ʥʝʨʘʚʝʥʩʪʚʦ ʂʨʘʤʝʨʘ-ʈʘʦ, 

ʤʳ ʚʠʜʠʤ, ʯʪʦ ʵʪʦ ʥʝʨʘʚʝʥʩʪʚʦ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʝʥʩʪʚʦʤ: 

2

2 1

s

s

nn
= . ɼʝʣʘʝʤ 

ʚʳʚʦʜ: ɽʩʣʠ ʠʩʩʣʝʜʫʝʤʘʷ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ x ʧʦʜʯʠʥʷʝʪʩʷ ʥʦʨʤʘʣʴʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ, ʢʨʘʪʢʦ ʤʳ ʟʘʧʠʩʳʚʘʝʤ xÍ N ( )s,m , ʪʦ, ʚ ʩʤʳʩʣʝ ʥʘʰʠʭ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʦʯʝʯʥʳʤ ʦʮʝʥʢʘʤ, ʣʫʯʰʝʡ, ʯʝʤ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 

xJ =*
1

, ʦʮʝʥʢʠ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ m=J  ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 

2) ʂʨʘʪʢʦ, ʥʝ ʫʛʣʫʙʣʷʷʩʴ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʧʦʜʨʦʙʥʦʩʪʠ, ʧʨʦʚʝʨʠʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʢʠ xJ =*
1

 ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷm=J  ʚ ʪʦʤ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ x  ʧʦʜʯʠʥʷʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ.  ʇʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʤʝʝʪ ʚʠʜ:    ( )
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ʟʘʤʝʥʳ ʧʝʨʝʤʝʥʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ t
x
=
m

. ʇʦʣʫʯʘʝʤ: 

() ( ) () () ()[ ] [ ]
222

0

2
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1
1122

1
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ʀʥʬʦʨʤʘʮʠʷ ʌʠʰʝʨʘ ʜʣʷ ʚʝʢʪʦʨʘ (
n

,...,, xxx
21

) ʙʫʜʝʪ ʨʘʚʥʘ: 

() ()
20
m

n
mJnmJ

n
=Ö= .  

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʜʠʩʧʝʨʩʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x  ʨʘʚʥʘ 
2mx=D , 

ʧʦʣʫʯʘʝʤ, ʯʪʦ ʜʠʩʧʝʨʩʠʷ ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʨʘʚʥʘ 

[] []
n

DD
2m

xJ ==* . ɿʘʤʝʯʘʝʤ, ʯʪʦ ʟʥʘʯʝʥʠʷ [ ]
1

2

1

-

-

ö
÷

õ
æ
ç

å
=
m

m
n

J
n

 ʠ [ ]
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ʨʘʚʥʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʨʘʚʝʥʩʪʚʦ ʂʨʘʤʝʨʘ-ʈʘʦ ʧʨʝʚʨʘʪʠʪʩʷ ʚ ʨʘʚʝʥʩʪʚʦ. 

ɿʥʘʯʠʪ, ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ xJ =*
1

 ʙʫʜʝʪ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʦʮʝʥʢʦʡ  ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ mx=M . ɸ ʪʘʢ ʢʘʢ 

ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ x , ʢʘʢ ʙʳʣʦ ʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʷʚʣʷʝʪʩʷ 

ʩʦʩʪʦʷʪʝʣʴʥʦʡ ʠ ʥʝʩʤʝʱʸʥʥʦʡ ʦʮʝʥʢʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ xM , ʪʦ 

ʦʧʷʪʴ ʤʳ ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʠ ʧʨʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʣʫʯʰʝʡ ʦʮʝʥʢʠ ʜʣʷ xM , ʯʝʤ x, - ʥʝ ʩʫʱʝʩʪʚʫʝʪ.   

3) ʇʨʦʚʝʨʠʤ ʪʝʧʝʨʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ x ʜʣʷ 

ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ xM  ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʣʫʯʘʡʥʘʷ 

ʚʝʣʠʯʠʥʘ x ʙʫʜʝʪ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ ʜʠʩʢʨʝʪʥʦʛʦ ʪʠʧʘ.  

ʇʫʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x ʙʫʜʝʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʇʫʘʩʩʦʥʘ, ʪʦ ʝʩʪʴ ( )
!k

e
kP

k ll
x

-Ö
== , ʛʜʝ 

,...,,k 210= . ʄʳ ʟʥʘʝʤ, ʯʪʦ ʯʠʩʣʦʚʦʡ ʧʘʨʘʤʝʪʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ l ʷʚʣʷʝʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ ʠ ʜʠʩʧʝʨʩʠʝʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x. ʄʳ ʫʞʝ 

ʧʨʠʚʳʢʘʝʤ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʦʮʝʥʢʠ xM  ʧʨʝʞʜʝ ʜʨʫʛʠʭ ʦʮʝʥʦʢ 

ʧʨʦʚʝʨʷʝʪʩʷ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ x ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ.  

ʂʘʢ ʠ ʚ ʧʝʨʚʳʭ ʜʚʫʭ ʧʨʠʤʝʨʘʭ, ʤʳ ʜʦʣʞʥʳ ʚʳʯʠʩʣʠʪʴ ʟʥʘʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʌʠʰʝʨʘ () ()JJ
0

JnJ
n

Ö= , ʛʜʝ lJ= . ʀʥʬʦʨʤʘʮʠʷ ʌʠʰʝʨʘ 

()l
0

J  - ʵʪʦ ʟʥʘʯʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʬʫʥʢʮʠʠ 
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l
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ʉʥʘʯʘʣʘ ʚʳʯʠʩʣʷʝʤ: () ()!klnlnkplnL
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 ʊʘʢ ʢʘʢ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ x - ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ʜʠʩʢʨʝʪʥʦʛʦ 

ʪʠʧʘ, ʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʠʤʝʨʝ 
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ʨʷʜʘ, ʘ ʥʝ ʟʥʘʯʝʥʠʝʤ ʥʝʩʦʙʩʪʚʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ, ʢʘʢ ʙʳʣʦ ʚ ʧʝʨʚʳʭ ʜʚʫʭ 
ʧʨʠʤʝʨʘʭ.  
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ɺʳʯʠʩʣʝʥʠʷ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʩʫʤʤʳ ʩʚʦʜʷʪʩʷ ʢ ʩʦʢʨʘʱʝʥʠʷʤ ʧʝʨʚʦʛʦ 
ʤʥʦʞʠʪʝʣʷ ʚ ʬʘʢʪʦʨʠʘʣʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʚ ʧʝʨʚʦʡ ʩʫʤʤʝ ʧʝʨʝʤʝʥʥʦʡ 



38 

 

 

ʩʫʤʤʠʨʦʚʘʥʠʷ ʚ ʚʠʜʝ ( )11 +-=kk  ʠ ʢ ʟʘʤʝʥʘʤ ʠʥʜʝʢʩʘ ʩʫʤʤʠʨʦʚʘʥʠʷ 

1+=jk . ʊʨʝʪʴʷ ʩʫʤʤʘ ʙʫʜʝʪ ʨʘʚʥʘ ʝʜʠʥʠʮʝ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʝʥʠʡ ʧʦʣʫʯʘʝʤ: 
()

lll

l 1
12

1
1

2

0 =+-+=ù
ú

ø
é
ê

è

µ

µL
M . 

 ɿʥʘʯʠʪ () ()
l

JJ
n

JnJ
n

=Ö=
0

. ɸ ʪʘʢ ʢʘʢ ()
n

D
l

x= , ʪʦ ʩʥʦʚʘ ʧʨʠʭʦʜʠʤ ʢ 

ʚʳʚʦʜʫ, ʯʪʦ ʝʩʣʠ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ x ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ ʟʘʢʦʥʫ ʇʫʘʩʩʦʥʘ, 

ʪʦ ʥʘʠʣʫʯʰʝʡ ʦʮʝʥʢʦʡ ʧʘʨʘʤʝʪʨʘ l, ʚ ʩʤʳʩʣʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʦʯʝʯʥʳʤ 
ʦʮʝʥʢʘʤ ʯʠʩʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʙʫʜʝʪ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 

ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ x. 

ʂʦʤʤʝʥʪʘʨʠʡ 

ʄʳ ʪʨʠʞʜʳ ʜʣʷ ʪʨʸʭ ʨʘʟʣʠʯʥʳʭ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ 

x ʫʙʝʜʠʣʠʩʴ ʚ ʪʦʤ, ʯʪʦ ʣʫʯʰʝʡ, ʯʝʤ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʵʣʝʤʝʥʪʦʚ 

ʚʳʙʦʨʢʠ x, ʦʮʝʥʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ xM  - ʥʝʪ.   

ʊʘʢ ʢʘʢ ʚʪʦʨʦʡ ʚʘʞʥʝʡʰʝʡ ʯʠʩʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʣʫʯʘʡʥʦʡ 

ʚʝʣʠʯʠʥʳ ʷʚʣʷʝʪʩʷ ʜʠʩʧʝʨʩʠʷ xD , ʪʦ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ 

ʥʘʠʣʫʯʰʝʡ ʦʮʝʥʢʠ ʜʣʷ ʜʠʩʧʝʨʩʠʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʨʠ ʩʪʘʪʠʩʪʠʢʠ ( )
n

,...,,g xxxJ
21

=* , ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʧʨʝʜʣʦʞʠʪʴ ʚ ʢʘʯʝʩʪʚʝ ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʠʠ: 
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1
J . ʊʨʝʪʴʷ ʩʪʘʪʠʩʪʠʢʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ, ʯʪʦ ʥʘʤ 

ʠʟʚʝʩʪʥʦ ʟʥʘʯʝʥʠʝ xMm=  ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʩʣʫʯʘʡʥʦʡ 

ʚʝʣʠʯʠʥʳ. ʏʪʦ, ʚʦʦʙʱʝ-ʪʦ ʛʦʚʦʨʷ, ʜʦʚʦʣʴʥʦ ʨʝʜʢʦ ʤʦʞʝʪ ʚʩʪʨʝʪʠʪʴʩʷ ʚ 

ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ.  

ʇʝʨʚʘʷ ʦʮʝʥʢʘ 
2

1
S=*J - ʩʦʩʪʦʷʪʝʣʴʥʘʷ, ʥʦ ʩʤʝʱʸʥʥʘʷ. ʆʥʘ ʥʝ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʪʦʨʦʤʫ ʪʨʝʙʦʚʘʥʠʶ ʢ ʪʦʯʝʯʥʳʤ ʦʮʝʥʢʘʤ, ʠ ʤʳ ʝʸ 
ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʙʫʜʝʤ. 

ɺʪʦʨʘʷ ʦʮʝʥʢʘ 
2

2
s=*J - ʩʦʩʪʦʷʪʝʣʴʥʘʷ ʠ ʥʝʩʤʝʱʸʥʥʘʷ. ʇʦʵʪʦʤʫ ʩʪʦʠʪ 

ʧʨʦʚʝʨʠʪʴ ʝʸ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɼʣʷ ʵʪʦʛʦ ʥʘʤ ʥʘʜʦ ʩʥʘʯʘʣʘ, ʟʥʘʷ ʟʘʢʦʥ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x, ʚʳʯʠʩʣʠʪʴ ʟʥʘʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ 

ʌʠʰʝʨʘ () ()JJ
0

JnJ
n

Ö= , ʛʜʝ 2sxJ ==D , ʠ ʚʳʯʠʩʣʠʪʴ ʟʥʘʯʝʥʠʝ 

ʜʠʩʧʝʨʩʠʠ ʦʮʝʥʢʠ 
2

s . 
ʆʧʫʩʢʘʷ ʪʝʭʥʠʯʝʩʢʫʶ ʩʪʦʨʦʥʫ ʚʳʯʠʩʣʝʥʠʡ, ʩʨʘʟʫ ʟʘʧʠʰʝʤ ʨʝʟʫʣʴʪʘʪʳ: 

( ) ( )
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sD

s
. ʇʦʜʩʪʘʚʣʷʷ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʚ 
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ʥʝʨʘʚʝʥʩʪʚʦ ʂʨʘʤʝʨʘ-ʈʘʦ ʜʣʷ ʥʝʩʤʝʱʸʥʥʦʡ ʦʮʝʥʢʠ 
( )*

*²
J

J
n

J
D

1
, 

ʧʦʣʫʯʘʝʤ: 

4

4

2

1

1

2

s

s

nn
²

-
. 

ʅʘʰ ʧʝʨʚʳʡ ʚʳʚʦʜ: ʦʮʝʥʢʘ 2

2
s=*J  ʥʝ ʙʫʜʝʪ ʵʬʬʝʢʪʠʚʥʦʡ. ɽʸ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʯʠʩʣʦʤ 
n

n 1-
, ʢʦʪʦʨʦʝ ʧʨʠ ʣʶʙʦʤ n ʙʫʜʝʪ 

ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ. 
ɺʪʦʨʦʡ, ʙʦʣʝʝ ʚʘʞʥʳʡ ʚʳʚʦʜ: ʪʦʯʥʘʷ ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʯʠʩʣʦʚʦʛʦ 

ʤʥʦʞʝʩʪʚʘ ʦʮʝʥʦʢ ʜʠʩʧʝʨʩʠʡ, ʧʦʜʩʯʠʪʘʥʥʳʭ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ {}
j

n , 

ʛʜʝ .....nnn <<<
321

, ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ ʵʪʦʤʫ ʤʥʦʞʝʩʪʚʫ. ɸ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ *J  ʜʣʷ ʜʠʩʧʝʨʩʠʠ 2sx=D  - ʥʝ ʩʫʱʝʩʪʚʫʝʪ.  

  ʊʨʝʪʴʷ ʦʮʝʥʢʘ 2

03
s=*J  - ʩʦʩʪʦʷʪʝʣʴʥʘʷ ʠ ʥʝʩʤʝʱʸʥʥʘʷ. ɼʣʷ ʧʨʦʚʝʨʢʠ 

ʝʸ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʯʠʩʣʷʝʤ ʟʥʘʯʝʥʠʝ ʜʠʩʧʝʨʩʠʠ ʵʪʦʡ ʦʮʝʥʢʠ: 
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sD
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= . ʊʘʢ ʢʘʢ ʠʥʬʦʨʤʘʮʠʷ ʌʠʰʝʨʘ ʨʘʚʥʘ: ( )
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ʥʝʨʘʚʝʥʩʪʚʦ ʂʨʘʤʝʨʘ-ʈʘʦ 
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, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʘʥʦʚʠʪʩʷ 

ʨʘʚʝʥʩʪʚʦʤ 

4

4

2

12

s

s

nn
= .  

ʆʮʝʥʢʘ 
2

03
s=*J  - ʵʬʬʝʢʪʠʚʥʘʷ ʦʮʝʥʢʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥʘ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʩʝʤ ʪʨʸʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʪʦʯʝʯʥʳʤ 

ʦʮʝʥʢʘʤ. ɿʥʘʯʠʪ, ʦʥʘ ʷʚʣʷʝʪʩʷ ʥʘʠʣʫʯʰʝʡ ʠʟ ʪʨʸʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʦʮʝʥʦʢ 
ʜʣʷ ʜʠʩʧʝʨʩʠʠ. ʅʦ ʚʦʟʤʦʞʥʦʩʪʠ ʝʸ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʷʭ 

ʙʫʜʫʪ ʦʯʝʥʴ ʨʝʜʢʠʤʠ, ʪʘʢ ʢʘʢ ʚʳʯʠʩʣʝʥʠʝ ʝʸ ʟʥʘʯʝʥʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʟʥʘʥʠʝ ʟʥʘʯʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ mM =x  ʠʩʩʣʝʜʫʝʤʦʡ 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x. ɸ ʵʪʦ ʙʳʚʘʝʪ ʨʝʜʢʦ, ʪʘʢ ʢʘʢ ʚ ʩʚʦʸʤ ʨʘʩʧʦʨʷʞʝʥʠʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʝʪ ʪʦʣʴʢʦ ʥʘʙʦʨ ʯʠʩʝʣ ( )
n

x,...,x,x
21

, 

ʥʘʟʳʚʘʝʤʳʭ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʚʳʙʦʨʢʦʡ ʠ ʷʚʣʷʶʱʠʤʠʩʷ ʟʥʘʯʝʥʠʷʤʠ 

ʚʳʙʦʨʦʯʥʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ 
n

,...,, xxx
21

.  

 
Ä3.2. ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʪʦʯʝʯʥʳʭ ʦʮʝʥʦʢ. 

ʂʦʤʤʝʥʪʘʨʠʡ 

ʄʳ ʩʢʘʟʘʣʠ, ʯʪʦ ʬʦʨʤʫʣ, ʚʳʨʘʞʘʶʱʠʭ ʟʥʘʯʝʥʠʷ ʪʦʯʝʯʥʳʭ ʦʮʝʥʦʢ 

ʯʠʩʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ, ʤʦʞʥʦ ʧʨʠʜʫʤʘʪʴ ʤʥʦʛʦ. ɺ 
ʦʩʥʦʚʥʦʤ ʯʠʩʣʦʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚʝʨʦʷʪʥʦʩʪʝʡ ʷʚʣʷʶʪʩʷ 
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ʯʠʩʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ. ʕʪʦ - ʥʘʯʘʣʴʥʳʝ ʠ 
ʮʝʥʪʨʘʣʴʥʳʝ ʤʦʤʝʥʪʳ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʠʣʠ ʬʫʥʢʮʠʠ ʦʪ ʥʠʭ. ʃʶʙʘʷ 

ʧʨʝʜʣʘʛʘʝʤʘʷ ʪʦʯʝʯʥʘʷ ʦʮʝʥʢʘ ( )
n

,...,,g xxxJ
21

=*  ʧʝʨʝʜ ʝʸ ʧʨʠʤʝʥʝʥʠʝʤ ʚ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʦʚʝʨʝʥʘ ʥʘ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ, 
ʥʝʩʤʝʱʸʥʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʪʦʯʝʯʥʳʭ ʦʮʝʥʦʢ, ʠʩʧʦʣʴʟʫʶʱʠʭ 

ʥʘʰʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʳʙʦʨʢʠ ʢʘʢ n-ʤʝʨʥʳʡ ʚʝʢʪʦʨ ( )
n

,...,, xxx
21

 ʩ 

ʥʝʟʘʚʠʩʠʤʳʤʠ ʠ ʦʜʠʥʘʢʦʚʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. 
 

ʊʝʦʨʠʷ 
ʄʝʪʦʜ ʤʦʤʝʥʪʦʚ 

ʉʫʪʴ ʤʝʪʦʜʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʂ.ʇʠʨʩʦʥʦʤ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʚʳʯʠʩʣʷʝʤʳʝ  ʤʦʤʝʥʪʳ ʵʤʧʠʨʠʯʝʩʢʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ *x  

ʧʨʠʥʠʤʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʮʝʥʦʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ 

ʠʩʩʣʝʜʫʝʤʦʡ ʧʦ ʚʳʙʦʨʢʝ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x.  

ʊʦ ʝʩʪʴ, ʝʩʣʠ, ʥʘʧʨʠʤʝʨ, ʥʘʤ ʥʘʜʦ ʦʮʝʥʠʪʴ ʟʥʘʯʝʥʠʝ ʯʠʩʣʦʚʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
kk

,,D,M: maxxq  ʠ ʪ.ʜ., ʪʦ ʤʳ ʙʝʨʸʤ ʟʥʘʯʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʤʧʠʨʠʯʝʩʢʠʭ ʯʠʩʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
kk

m,a,S,x:
2*J  

ʠ ʪ.ʜ., ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʝʤ, ʠʩʧʦʣʴʟʫʷ ʵʣʝʤʝʥʪʳ ʚʳʙʦʨʢʠ ( )
n

x,...,x,x
21

.  
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ʇʨʠʤʝʥʷʷ ʪʝʦʨʝʤʳ ɹʝʨʥʫʣʣʠ, ʍʠʥʯʠʥʘ, ʏʝʙʳʰʸʚʘ ʠʟ ɿʘʢʦʥʘ ʙʦʣʴʰʠʭ 

ʯʠʩʝʣ, ʤʳ ʧʦʢʘʟʳʚʘʝʤ, ʯʪʦ ʵʪʠ ʦʮʝʥʢʠ ï ʩʦʩʪʦʷʪʝʣʴʥʳʝ. ʅʦ ʠʭ ʥʘʜʦ 
ʧʨʦʚʝʨʷʪʴ ʥʘ ʥʝʩʤʝʱʸʥʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ.  

ɸʥʘʣʦʛʠʯʥʦ ʧʦʩʪʫʧʘʝʤ ʠ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʠʩʩʣʝʜʫʝʤʘʷ ʩʣʫʯʘʡʥʘʷ 

ʚʝʣʠʯʠʥʘ x - ʤʥʦʛʦʤʝʨʥʘʷ.  

ʄʝʪʦʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ 

ʕʪʦʪ ʤʝʪʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʌʠʰʝʨʦʤ, ʠʩʭʦʜʠʪ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ 

ʠʤʝʶʱʘʷʩʷ ʫ ʥʘʩ ʚʳʙʦʨʢʘ ( )
n

x,...,x,x
21

 ʩʘʤʘʷ ʧʨʘʚʜʦʧʦʜʦʙʥʘʷ ʠʟ ʚʩʝʭ 

ʚʦʟʤʦʞʥʳʭ ʚʳʙʦʨʦʢ ʚ ʩʤʳʩʣʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʩʩʣʝʜʫʝʤʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x.  

ʀʟ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʰʝʡ 

ʚʳʙʦʨʢʠ ( ) ( )Ô
=

=
n

i

in
,xP,x,...,x,xP

1

21
JJ  ʤʘʢʩʠʤʘʣʴʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʟʥʘʯʝʥʠʷʤʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʜʨʫʛʠʭ ʚʳʙʦʨʦʢ. ʊʘʢ ʢʘʢ ʟʥʘʯʝʥʠʝ ʯʠʩʣʦʚʦʡ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ J ʤʳ ʥʝ ʟʥʘʝʤ, ʪʦ ʝʩʪʝʩʪʚʝʥʥʦ ʧʦʩʪʘʚʠʪʴ ʟʘʜʘʯʫ ʥʘʡʪʠ 

ʦʮʝʥʢʫ ( )
n

,...,,g xxxJ
21

=* , ʧʨʠ ʢʦʪʦʨʦʡ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʥʘʰʝʡ ʚʳʙʦʨʢʠ 

ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ:  
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( ) ( )JJ ,x,...,x,xPmax,x,...,x,xP
nn 2121

=*  ʜʣʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ 

ʟʥʘʯʝʥʠʡ J. 

ʄʳ ʧʨʠʰʣʠ ʢ ʦʙʳʯʥʦʡ ʟʘʜʘʯʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʘʨʛʫʤʝʥʪʘ *J , ʧʨʠ 

ʢʦʪʦʨʦʤ ʬʫʥʢʮʠʷ ( )J,x,...,x,xP
n21

 
ʧʨʠʥʠʤʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ.  

ʏʠʩʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ J ʤʦʞʝʪ ʙʳʪʴ ʤʥʦʛʦʤʝʨʥʦʡ ( )
l

,...,JJJ
1

= . 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ x ʠʤʝʝʪ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʪʦ l 

ʙʫʜʝʪ ʨʘʚʥʦ ʜʚʫʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ: m=
1
J  ʠ 2

2
sJ= . 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʣʫʯʠʚʰʝʡʩʷ ʟʘʜʘʯʠ ʤʳ ʣʦʛʘʨʠʬʤʠʯʝʩʢʫʶ 

ʧʨʦʠʟʚʦʜʥʫʶ ʧʦ ʧʘʨʘʤʝʪʨʫ J ʬʫʥʢʮʠʠ ( )J,x,...,x,xP
n21

 ʧʨʠʨʘʚʥʠʚʘʝʤ ʢ 

ʥʫʣʶ ʠ ʨʝʰʘʝʤ ʧʦʣʫʯʠʚʰʝʝʩʷ ʫʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟʚʝʩʪʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ J. ʈʝʰʝʥʠʝʤ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠ ʙʫʜʝʪ ʦʮʝʥʢʘ *J, ʢʦʪʦʨʫʶ 
ʤʳ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʦʮʝʥʢʦʡ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ. 

ɽʩʣʠ ʯʠʩʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ J ʤʥʦʛʦʤʝʨʥʘʷ: ( )
l

,...,JJJ
1

= , ʪʦ ʤʳ 

ʩʦʩʪʘʚʣʷʝʤ ʩʠʩʪʝʤʫ l  ʫʨʘʚʥʝʥʠʡ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʝʩʪʴ ʯʘʩʪʥʘʷ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʧʘʨʘʤʝʪʨʫ 
j
J, ʛʜʝ l,...,j 1= . ʈʝʰʝʥʠʝʤ 

ʵʪʦʡ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʤʥʦʛʦʤʝʨʥʘʷ ʦʮʝʥʢʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ

( )***=
l

,...,JJJ
1

. ʇʦʣʫʯʘʶʱʠʝʩʷ ʪʘʢʠʤ ʤʝʪʦʜʦʤ ʦʮʝʥʢʠ 
*J  ʙʫʜʫʪ 

ʩʦʩʪʦʷʪʝʣʴʥʳʤʠ, ʝʩʣʠ ʫ ʧʘʨʘʤʝʪʨʘ J ʩʫʱʝʩʪʚʫʝʪ ʵʬʬʝʢʪʠʚʥʘʷ ʦʮʝʥʢʘ 
*J , 

ʪʦ ʦʥʘ ʦʙʷʟʘʪʝʣʴʥʦ ʧʦʣʫʯʠʪʩʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 
ʧʨʘʚʜʦʧʦʜʦʙʠʷ. ʇʦʣʫʯʘʶʱʠʝʩʷ ʦʮʝʥʢʠ ʥʘʜʦ ʧʨʦʚʝʨʷʪʴ ʥʘ ʥʝʩʤʝʱʸʥʥʦʩʪʴ.  

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʦʮʝʥʦʢ ʯʠʩʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʜʦʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴʩʷ 

ʩʣʦʞʥʦʝ ʜʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʝ, ʠʣʠ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ. ɼʣʷ ʨʝʰʝʥʠʷ 
ʫʨʘʚʥʝʥʠʷ, ʠʣʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʤʝʥʷʪʴ ʨʘʟʣʠʯʥʳʝ 

ʤʝʪʦʜʳ ʨʝʰʝʥʠʡ, ʚʧʣʦʪʴ ʜʦ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʢʘʩʘʪʝʣʴʥʳʭ 
ʧʨʠʙʣʠʞʸʥʥʦʛʦ ʥʘʭʦʞʜʝʥʠʷ ʢʦʨʥʝʡ ʫʨʘʚʥʝʥʠʷ (ʤʝʪʦʜ ʅʴʶʪʦʥʘ).  

 
ʇʨʘʢʪʠʢʘ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʨʘʚʜʦʧʦʜʦʙʠʷ, ʝʩʣʠ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ x ʜʠʩʢʨʝʪʥʦʛʦ ʠʣʠ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʪʠʧʘ ʠ ʥʘʤ ʠʟʚʝʩʪʝʥ ʝʸ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ. 

ʇʨʦʩʪʝʡʰʠʡ ʧʨʠʤʝʨ 1.2 ʇʫʩʪʴ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ x  - 

ʙʝʨʥʫʣʣʠʝʚʩʢʘʷ, ʢʨʘʪʢʦ ʟʘʧʠʩʳʚʘʝʤ: ()pB
1

Íx . ʊʘʢʘʷ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ 

ʚʩʪʨʝʯʘʝʪʩʷ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʧʨʦʚʝʜʝʥʠʠ ʦʧʳʪʘ. ɽʩʣʠ ʩʦʙʳʪʠʝ A 

ʥʘʩʪʫʧʠʣʦ, ʪʦ 1=x , ʝʩʣʠ ʥʘʩʪʫʧʠʣʦ ʩʦʙʳʪʠʝ A , ʪʦ 0=x . ʗʩʥʦ, ʯʪʦ 

( ) () pAP1P ===x  ʠ ( ) () qAPP ===0x .  ɺʩʝʛʜʘ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ: 

1qp =+ . ɺʝʨʦʷʪʥʦʩʪʴ p ï ʯʠʩʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ J ʙʝʨʥʫʣʣʠʝʚʩʢʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʊʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʤ ʥʝʠʟʚʝʩʪʥʦ ʠ ʤʳ ʭʦʪʠʤ ʩ 
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ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʥʘʡʪʠ ʝʡ ʪʦʯʝʯʥʫʶ ʦʮʝʥʢʫ 
*J .  
ʄʳ ʧʨʦʚʦʜʠʤ n ʨʘʟ ʦʜʥʦ ʠ ʪʦ ʞʝ ʠʩʧʳʪʘʥʠʝ ʠ ʧʦʣʫʯʘʝʤ ʯʠʩʣʦʚʫʶ 

ʚʳʙʦʨʢʫ ( )
n

x,...,x,x
21

, ʛʜʝ ʣʶʙʦʡ ʝʸ ʵʣʝʤʝʥʪ 
i

x  ʨʘʚʝʥ 1, ʝʩʣʠ ʚ iïʪʦʤ 

ʠʩʧʳʪʘʥʠʠ ʥʘʩʪʫʧʠʣʦ ʩʦʙʳʪʠʝ A, ʠʣʠ ʨʘʚʝʥ 0, ʝʩʣʠ ʥʘʩʪʫʧʠʣʦ ʩʦʙʳʪʠʝ A . 

ʇʫʩʪʴ ʚ ʵʪʦʡ ʚʳʙʦʨʢʝ 1 ʚʩʪʨʝʪʠʣʘʩʴ m ʨʘʟ, ʘ 0 ʚʩʪʨʝʪʠʣʩʷ n-m ʨʘʟ. 

ɿʘʧʠʩʳʚʘʝʤ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʪʘʢʦʡ ʚʳʙʦʨʢʠ: 

 ( ) ( ) ( )mnm
n

i

in
pp,xP,x,...,x,xP

-

=

-Ö==Ô 1
1

21
JJ , 

 ʪʦ ʝʩʪʴ () ( )mnm

n
ppL

-
-Ö= 1J . ʃʦʛʘʨʠʬʤʠʨʫʝʤ ʵʪʫ ʬʫʥʢʮʠʶ: 

() ( )( )plnmnplnmpLln
n

--+= 1  ʠ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤ ʝʸ ʧʦ ʧʘʨʘʤʝʪʨʫ p: 

()
()

( )
p

mn
p

m
p

pL

pL

n

n
-

Ö--Ö=
µ

µ
Ö

1

111
. ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʨʘʚʜʦʧʦʜʦʙʠʷ, ʣʦʛʘʨʠʬʤʠʯʝʩʢʫʶ ʧʨʦʠʟʚʦʜʥʫʶ  ʬʫʥʢʮʠʠ ()pL
n

 

ʧʨʠʨʘʚʥʠʚʘʝʤ ʢ ʥʫʣʶ ʠ ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ: ( ) 0
1

11
=

-
Ö--Ö

p
mn

p
m . 

ʈʝʰʝʥʠʝʤ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʙʫʜʝʪ 
n

m
p =*  - ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʯʘʩʪʦʪʘ 

ʥʘʩʪʫʧʣʝʥʠʡ ʩʦʙʳʪʠʷ A ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ n ʠʩʧʳʪʘʥʠʡ. ɿʥʘʯʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʯʘʩʪʦʪʳ *=J
n

m
 ʤʳ ʧʨʠʥʠʤʘʝʤ ʢʘʢ ʪʦʯʝʯʥʫʶ ʦʮʝʥʢʫ 

ʥʝʠʟʚʝʩʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ J=p  ï ʯʠʩʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʙʝʨʥʫʣʣʠʝʚʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ.  

ʇʨʠʤʝʨ 2.2  ʇʫʩʪʴ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ x  ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʇʫʘʩʩʦʥʘ ʩ ʧʘʨʘʤʝʪʨʦʤ l , ʢʨʘʪʢʦ 

ʟʘʧʠʩʳʚʘʝʤ: ()lx ʇÍ . ʊʦ ʝʩʪʴ ʣʶʙʦʝ ʩʚʦʸ ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ k ʩʣʫʯʘʡʥʘʷ 

ʚʝʣʠʯʠʥʘ x  ʧʨʠʥʠʤʘʝʪ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 
!k

e
p

k

k

ll -Ö
= , ʛʜʝ ,...,,k 210= . 

ʇʘʨʘʤʝʪʨ l- ʯʠʩʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘʢʦʥʘ ʇʫʘʩʩʦʥʘ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ 

ʤʳ ʥʝ ʟʥʘʝʤ. ʄʳ ʭʦʪʠʤ, ʧʨʠʤʝʥʷʷ ʤʝʪʦʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ, 

ʥʘʡʪʠ ʪʦʯʝʯʥʫʶ ʦʮʝʥʢʫ 
*l ʵʪʦʡ ʯʠʩʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ʀʟ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʤʳ ʦʪʙʠʨʘʝʤ ʚʳʙʦʨʢʫ ( )
n

x,...,x,x
21

, 

ʦʙʲʸʤ ʢʦʪʦʨʦʡ ʨʘʚʝʥ n. ʕʣʝʤʝʥʪʳ ʚʳʙʦʨʢʠ ï ʵʪʦ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʝ ʮʝʣʳʝ 

ʯʠʩʣʘ ,...,,k 210= . ʆʙʦʟʥʘʯʠʤ 
k

m  ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ ( )
n

x,...,x,x
21

, 

ʢʦʪʦʨʳʝ ʨʘʚʥʳ ʯʠʩʣʫ k, ʪʦ ʝʩʪʴ 
k

m - ʵʪʦ ʯʘʩʪʦʪʘ ʟʥʘʯʝʥʠʡ k. ʗʩʥʦ, ʯʪʦ 

ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ k, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʚʳʙʦʨʢʝ, ʙʫʜʝʪ 

ʢʦʥʝʯʥʳʤ. ʊʦ ʝʩʪʴ, ʪʦʣʴʢʦ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʯʘʩʪʦʪ 
k

m  ʥʝ ʙʫʜʝʪ ʨʘʚʥʦ ʥʫʣʶ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʚʳʙʦʨʢʠ ( )
n

x,...,x,x
21

 ʙʫʜʝʪ ʨʘʚʥʘ: 
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( )Ô
¤

=

-

ö
÷

õ
æ
ç

å Ö
=

0

21

k

m
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l . ʕʪʘ ʚʝʨʦʷʪʥʦʩʪʴ ʙʫʜʝʪ ʬʫʥʢʮʠʝʡ 

ʥʝʠʟʚʝʩʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ l, ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʪʦʨʦʛʦ ʤʳ 
ʦʙʦʟʥʘʯʠʣʠ Q.   ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʨʠʤʝʨʝ, ʧʨʦʣʦʛʘʨʠʬʤʠʨʫʝʤ ʵʪʫ 
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( )
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ʉʦʛʣʘʩʥʦ ʦʙʷʟʘʪʝʣʴʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ʦʧʨʝʜʝʣʷʝʤʦʡ 
ʤʝʪʦʜʦʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ, ʧʨʠʨʘʚʥʠʚʘʝʤ ʣʦʛʘʨʠʬʤʠʯʝʩʢʫʶ 

ʧʨʦʠʟʚʦʜʥʫʶ ʢ ʥʫʣʶ: 
()

0=
µ

µ

l

l
n

L
 ʠ ʨʝʰʘʝʤ ʧʦʣʫʯʠʚʰʝʝʩʷ ʫʨʘʚʥʝʥʠʝ. 

ʈʝʰʝʥʠʝ ä
=

* ==
n

i

i
x

n
x

1

1
l ʤʳ ʥʘʟʳʚʘʝʤ ʟʥʘʯʝʥʠʝʤ ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʠ 

( )
n

,...,,g xxxJ
21

=*  ʯʠʩʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ lJ=  ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʇʫʘʩʩʦʥʘ, ʦʧʨʝʜʝʣʸʥʥʦʡ ʤʝʪʦʜʦʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ.   
ɿʘʤʝʯʘʥʠʝ. ʏʠʩʣʦʚʦʡ ʧʘʨʘʤʝʪʨ l  ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʇʫʘʩʩʦʥʘ ï ʵʪʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ xM  ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x, ʪʦ ʝʩʪʴ l ʷʚʣʷʝʪʩʷ 

ʯʠʩʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ  x.  

ɺʚʦʜʷ ʦʧʨʝʜʝʣʝʥʠʝ ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʠ ( )
n

,...,,g xxxJ
21

=*  ʯʠʩʣʦʚʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ J, ʠ ʨʘʟʙʠʨʘʷ ʧʨʦʩʪʝʡʰʠʝ ʧʨʠʤʝʨʳ ʪʦʯʝʯʥʳʭ ʦʮʝʥʦʢ 
ʯʠʩʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʤʳ ʠʥʪʫʠʪʠʚʥʦ, ʙʝʟ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ 

ʥʘʟʚʘʣʠ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ ʦʮʝʥʢʦʡ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ. ɿʘʪʝʤ ʤʳ ʧʨʦʚʝʨʠʣʠ, ʯʪʦ ʩʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʩʝʤ ʪʨʸʤ ʪʨʝʙʦʚʘʥʠʷʤ 
ʢ ʪʦʯʝʯʥʳʤ ʦʮʝʥʢʘʤ, ʘ ʧʦʵʪʦʤʫ ʥʘʟʚʘʣʠ ʝʛʦ ʥʘʠʣʫʯʰʝʡ ʦʮʝʥʢʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ. 
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ʊʦ ʝʩʪʴ, ʤʳ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʣʠ ʠ ʧʨʦʚʝʨʠʣʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ 
ʪʘʢʦʛʦ ʚʳʙʦʨʘ ʦʮʝʥʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ. ɺʦʠʩʪʠʥʫ ʧʨʘʚ ʙʳʣ 

ʢʠʪʘʡʩʢʠʡ ʤʳʩʣʠʪʝʣʴ ʂʦʥʬʫʮʠʡ, ʢʦʪʦʨʳʡ ʩʢʘʟʘʣ: çʂʦʛʜʘ ʙʨʦʩʘʝʰʴ 
ʢʘʤʝʰʝʢ ʚ ʚʦʜʫ, ʚʩʝʛʜʘ ʧʦʧʘʜʘʝʰʴ ʪʦʯʥʦ ʚ ʮʝʥʪʨ ʢʨʫʛʘè.  

ʀ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ 3.2 ʩ ʮʝʣʴʶ ʧʨʦʩʣʝʜʠʪʴ ʝʱʸ ʨʘʟ 
ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ ʥʝʧʨʝʨʳʚʥʦʛʦ ʪʠʧʘ, ʘ 

ʯʠʩʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ J - ʤʥʦʛʦʤʝʨʥʘʷ ( )
l

,...,JJJ
1

=    

ʇʨʠʤʝʨ 3.2  ʇʫʩʪʴ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ x ʧʦʜʯʠʥʷʝʪʩʷ ʥʦʨʤʘʣʴʥʦʤʫ 

ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʢʨʘʪʢʦ ʟʘʧʠʩʳʚʘʝʤ: Íx N ( )s,m . 

ʇʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ()
( )
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2

2
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1
s

sp

mx
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-
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=  ʟʘʚʠʩʠʪ ʦʪ 

ʟʥʘʯʝʥʠʡ ʯʠʩʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ m ʠ 2s. ɿʜʝʩʴ ʯʠʩʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ J - 

ʜʚʫʤʝʨʥʘʷ, ʪʦ ʝʩʪʴ ( )
21
JJJ ,= , ʛʜʝ m=

1
J  ʠ 2

2
sJ= . ɺʝʨʦʷʪʥʦʩʪʥʳʡ ʩʤʳʩʣ 

ʵʪʠʭ ʯʠʩʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʤ ʠʟʚʝʩʪʝʥ. ʇʫʩʪʴ ( )
n

x,...,x,x
21

 - 

ʠʤʝʶʱʘʷʩʷ ʫ ʥʘʩ ʯʠʩʣʦʚʘʷ ʚʳʙʦʨʢʘ. ɺʝʨʦʷʪʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʵʪʦʡ ʚʳʙʦʨʢʠ 

( )
n

x,...,x,x
21

 ʙʫʜʝʪ ʨʘʚʥʘ: 
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ʃʦʛʘʨʠʬʤʠʨʫʝʤ ʵʪʫ ʬʫʥʢʮʠʶ: 
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2s , ʧʨʠʨʘʚʥʠʚʘʝʤ ʠʭ ʢ 

ʥʫʣʶ ʠ ʧʦʣʫʯʘʝʤ ʩʠʩʪʝʤʫ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ ʩ ʜʚʫʤʷ ʥʝʠʟʚʝʩʪʥʳʤʠ: 
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ʈʝʰʝʥʠʝʤ ʵʪʦʡ ʩʠʩʪʝʤʳ, ʢʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʙʫʜʫʪ ʠʟʚʝʩʪʥʳʝ ʥʘʤ 

ʪʦʯʝʯʥʳʝ ʦʮʝʥʢʠ ä
=

* ==
n

i

i
x

n
xm

1

1
   ʠ    ( ) ( )ä

=

*

-==
n

i

i
xx

n
S

1

222 1
s . ʂʘʯʝʩʪʚʦ 

ʦʮʝʥʢʠ x  ʥʘʤʠ ʫʞʝ ʦʙʩʫʞʜʘʣʠʩʴ. ʆʮʝʥʢʘ 
2

S  ï ʩʦʩʪʦʷʪʝʣʴʥʘʷ, ʥʦ 

ʩʤʝʱʸʥʥʘʷ ʦʮʝʥʢʘ. ʉʤʝʱʝʥʠʝ ʦʮʝʥʢʠ ʣʠʢʚʠʜʠʨʫʝʪʩʷ ʟʘʤʝʥʦʡ 
2

S  ʥʘ ʦʮʝʥʢʫ 
2

s , ʪʦ ʝʩʪʴ, ʩʯʠʪʘʝʤ, ʯʪʦ ʦʮʝʥʢʦʡ ʜʠʩʧʝʨʩʠʠ 
2s  ʙʫʜʝʪ ʩʪʘʪʠʩʪʠʢʘ 
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ʂʦʤʤʝʥʪʘʨʠʡ 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʩʦʩʪʘʚʣʝʥʠʝ ʩʪʘʪʠʩʪʠʢ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʠʭ ʚ 

ʢʘʯʝʩʪʚʝ ʪʦʯʝʯʥʳʭ ʦʮʝʥʦʢ ( )
n

,...,,g xxxJ
21

=*  ʟʥʘʯʝʥʠʡ ʯʠʩʣʦʚʳʭ 

ʧʘʨʘʤʝʪʨʦʚ J  ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ  ʠ ʧʨʦʚʝʨʢʘ 
ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʦʯʝʯʥʳʤ ʦʮʝʥʢʘʤ ʧʨʝʜʧʦʣʘʛʘʝʪ ʭʦʨʦʰʝʝ ʟʥʘʥʠʝ 

ʦʩʥʦʚ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʜʦʣʞʥʘ ʚʳʧʦʣʥʷʪʴʩʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ. ʊʦʣʴʢʦ 
ʧʦʩʣʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʚʝʨʜʠʢʪʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʪʦʯʝʯʥʳʝ 

ʦʮʝʥʢʠ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʝ.  
 

Ä4.2. ʈʘʩʧʨʝʜʝʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʝ 
ʂʦʤʤʝʥʪʘʨʠʡ 

ʅʘʧʦʤʥʠʤ, ʠʩʩʣʝʜʫʝʪʩʷ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ x. ʆʨʛʘʥʠʟʘʮʠʷ ʚʳʙʦʨʢʠ 

ʧʦʥʠʤʘʝʪʩʷ ʥʘʤʠ ʢʘʢ ʧʨʦʚʝʜʝʥʠʝ n ʨʘʟ ʵʢʩʧʝʨʠʤʝʥʪʘ G. ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʫʜʫʪ ʚʳʙʦʨʦʯʥʳʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ 
n

,...,, xxx
21

. 

ɿʥʘʯʝʥʠʷ ( )
n

x,...,x,x
21

 ʵʪʠʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, ʢʦʪʦʨʳʝ ʤʳ ʥʘʙʣʶʜʘʝʤ, 

ʤʳ ʥʘʟʳʚʘʝʤ ʯʠʩʣʦʚʦʡ ʚʳʙʦʨʢʦʡ. ɾʝʣʘʷ ʦʮʝʥʠʪʴ ʟʥʘʯʝʥʠʷ J ʯʠʩʣʦʚʳʭ 
ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʤʠ ʚ ʦʩʥʦʚʥʦʤ ʷʚʣʷʶʪʩʷ ʯʠʩʣʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ, ʠʣʠ ʬʫʥʢʮʠʷʤʠ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʤʳ ʩʦʩʪʘʚʣʷʝʤ 

ʩʪʘʪʠʩʪʠʢʠ ( )
n

,...,,g xxxJ
21

=* , ʢʦʪʦʨʳʝ ʥʘʟʚʘʣʠ ʪʦʯʝʯʥʳʤʠ ʦʮʝʥʢʘʤʠ 

ʯʠʩʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ.  

ʃʶʙʘʷ ʩʪʘʪʠʩʪʠʢʘ ( )
n

,...,,g xxxJ
21

=*  ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ. ɸ 

ʧʦʵʪʦʤʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʤʝʪʦʜʦʚ ʠ ʧʨʠʸʤʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 
ʩʪʘʪʠʩʪʠʢʠ ʥʘʜʦ ʟʥʘʪʴ ʟʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʩʪʘʪʠʩʪʠʢ ï ʩʣʫʯʘʡʥʳʭ 
ʚʝʣʠʯʠʥ. ʈʘʩʩʤʦʪʨʠʤ ʪʨʠ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʝʡ. ʕʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ 
ʦʩʥʦʚʘʪʝʣʷʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʂ. ʇʠʨʩʦʥʦʤ, ʉʪʴʶʜʝʥʪʦʤ 

(ɺ.ɻʦʩʩʝʪʦʤ) ʠ ʈ.ʌʠʰʝʨʦʤ. ʕʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ 
ʛʝʥʝʨʘʣʴʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ, ʠʟ ʢʦʪʦʨʦʡ ʦʨʛʘʥʠʟʫʝʪʩʷ ʚʳʙʦʨʢʘ, ʧʦʜʯʠʥʷʝʪʩʷ 

ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʝʡ. 
 ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʦʨʤʘʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʝʥʝʨʘʣʴʥʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʝʦʨʝʤʘʭ ʄʫʘʚʨʘ-ʃʘʧʣʘʩʘ, ʃʝʚʠ, ʃʠʥʜʝʙʝʨʛʘ, 
ʃʷʧʫʥʦʚʘ, ʦʙʲʝʜʠʥʷʝʤʳʭ ʦʙʱʠʤ ʪʝʨʤʠʥʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʤ ʃʷʧʫʥʦʚʳʤ, -  

ʎʝʥʪʨʘʣʴʥʘʷ ʧʨʝʜʝʣʴʥʘʷ ʪʝʦʨʝʤʘ. ʉʫʪʴ ʵʪʠʭ ʪʝʦʨʝʤ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʣʶʙʦʝ ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 
ʚʣʠʷʥʠʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. ʂʘʞʜʳʡ ʬʘʢʪʦʨ, ʥʝʟʘʚʠʩʠʤʦ 
ʦʪ ʜʨʫʛʠʭ, ʚʥʦʩʠʪ ʩʚʦʶ çʣʝʧʪʫè ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʱʝʡ ʩʫʤʤʳ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʕʪʘ çʣʝʧʪʘè, ʜʦʣʷ ʚʣʠʷʥʠʷ ʢʘʞʜʦʛʦ ʬʘʢʪʦʨʘ, ʦʯʝʥʴ ʤʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʦʙʱʝʡ ʩʫʤʤʦʡ ʨʝʟʫʣʴʪʘʪʦʚ. ɺʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ ʩʫʤʤ ʨʝʟʫʣʴʪʘʪʦʚ 

ʷʚʣʷʶʪʩʷ ʚʦʟʤʦʞʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x. ɽʩʣʠ ʵʪʠ 
ʦʛʨʘʥʠʯʝʥʠʷ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʠ ʤʘʣʦʩʪʠ ʚʣʠʷʥʠʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʬʘʢʪʦʨʦʚ 
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ʚʳʧʦʣʥʷʶʪʩʷ, ʪʦ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ x ʠʤʝʝʪ ʠʣʠ ʥʦʨʤʘʣʴʥʦʝ, ʠʣʠ 
çʙʣʠʟʢʦʝè ʢ ʥʦʨʤʘʣʴʥʦʤʫ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ. 
ʕʪʠ ʜʦʚʦʣʴʥʦ ʦʙʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʘʝʪ ʥʦʨʤʘʣʴʥʳʡ 

ʟʘʢʦʥ, ʧʨʠʚʦʜʷʪ ʥʘʩ ʢ ʤʳʩʣʠ ʦʙ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ. 
ʆʜʥʘʢʦ ʩʪʦʠʪ ʥʘʧʦʤʥʠʪʴ ʟʘʤʝʯʘʥʠʝ ʃʠʧʤʘʥʘ, ʮʠʪʠʨʫʝʤʦʝ ʇʫʘʥʢʘʨʝ, 

ʢʦʪʦʨʦʝ ʤʳ, ʥʝ ʤʝʥʷʷ ʩʤʳʩʣʘ, ʥʝʤʥʦʛʦ ʠʟʤʝʥʠʤ. çéʢʘʞʜʳʡ ʫʚʝʨʝʥ ʚ 
ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʪʦʨʳ ï ʧʦʪʦʤʫ, ʯʪʦ 

ʦʥʠ ʜʫʤʘʶʪ, ʯʪʦ ʵʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʪʝʦʨʝʤʘ, ʤʘʪʝʤʘʪʠʢʠ ï ʧʦʪʦʤʫ, ʯʪʦ 
ʦʥʠ ʜʫʤʘʶʪ, ʯʪʦ ʵʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʬʘʢʪè. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ ʤʳ ʚʧʨʘʚʝ 

ʯʘʱʝ ʚʩʝʛʦ ʦʞʠʜʘʪʴ ʧʨʠʙʣʠʞʸʥʥʦ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ.   
 

ʊʝʦʨʠʷ 

1) ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʇʠʨʩʦʥʘ (ñ ʥʠʝʨʘʩʧʨʝʜʝʣʝ-2c ò). 
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¤
ec

n
n n

Plim , ʪʦ 

ʝʩʪʴ, ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ 21
n

n
c  ʧʨʠ ¤n  ʩʭʦʜʠʪʩʷ ʧʦ ʚʝʨʦʷʪʥʦʩʪʠ ʢ 

ʝʜʠʥʠʮʝ. ʉʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ 
0

h
h

hh
=

-

D

M
 ʥʘʟʳʚʘʝʪʩʷ ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʠ 

ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʪʘʢ ʢʘʢ 0
0

=hM  ʠ 1
0

=hD . ɽʩʣʠ ʢ 

ʫʩʣʦʚʠʷʤ, ʦʙʝʩʧʝʯʠʚʰʠʤ ʦʙʨʘʱʝʥʠʝ ʢ ʪʝʦʨʝʤʝ ʍʠʥʯʠʥʘ, ʜʦʙʘʚʠʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʫ ʢʘʞʜʦʡ ʠʟ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ {} ,n,...,k,
ʢ

12 =x  ʢʦʥʝʯʥʦʡ 

ʜʠʩʧʝʨʩʠʠ 32 =
k

Dx , ʪʦ, ʩʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ʃʝʚʠ ʠʟ ʎʝʥʪʨʘʣʴʥʦʡ ʧʨʝʜʝʣʴʥʦʡ 
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ʪʝʦʨʝʤʳ, ʟʘʢʣʶʯʘʝʤ ʯʪʦ ʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʠ ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʩʣʫʯʘʡʥʘʷ 

ʚʝʣʠʯʠʥʘ 
0

2

2

2
n

n

n

n
c

c
=

-
 - ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʥʦʨʤʘʣʴʥʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ 

ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ n (n>50) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ 
0

2

n
c ʤʘʣʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

N(0;1). ɿʥʘʯʠʪ, ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʩʪʫʧʣʝʥʠʷ ʩʦʙʳʪʠʷ 

ý
ü
û

í
ì
ë

<¢ ba
n

0
2c ʤʦʞʥʦ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ n ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʶ 

ʃʘʧʣʘʩʘ, ʪʦ ʝʩʪʴ () ()abbaP
n

FF -=ö
÷

õ
æ
ç

å
<¢

0
2c .  

ʀ, ʚ ʢʦʥʮʝ, ʦʪʤʝʪʠʤ ʝʱʸ ʦʜʥʦ ʧʦʣʝʟʥʦʝ ʩʚʦʡʩʪʚʦ ñ 2

n
c - ʨʘʩʧʨʝʜʝʣʝʥʠʷò, 

ʢʦʪʦʨʦʝ ʚ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʘʟʳʚʘʝʪʩʷ ʩʚʦʡʩʪʚʦʤ ñʫʩʪʦʡʯʠʚʦʩʪʠ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷò. ʉʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ, ʷʚʣʷʶʱʘʷʩʷ ʩʫʤʤʦʡ ʜʚʫʭ ʩʣʫʯʘʡʥʳʭ 

ʚʝʣʠʯʠʥ, ʧʦʜʯʠʥʷʶʱʠʭʩʷ ò -2c ʨʘʩʧʨʝʜʝʣʝʥʠʶò ʩ ʧʘʨʘʤʝʪʨʘʤʠ m ʠ n, 

ʧʦʜʯʠʥʷʝʪʩʷ ò -2c ʨʘʩʧʨʝʜʝʣʝʥʠʶò ʩ ʧʘʨʘʤʝʪʨʦʤ mn+ . ʂʨʘʪʢʦ ʵʪʦ ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʪʘʢ: 222

mnnm +
=+ ccc .   

2) ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʉʪʴʶʜʝʥʪʘ (ñ ʥʠʝʨʘʩʧʨʝʜʝʣʝt -2 ò). 

ʇʫʩʪʴ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ 
n

,...,,, xxxx
210

 - ʥʝʟʘʚʠʩʠʤʳʝ, ʦʜʠʥʘʢʦʚʦ 

ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ N ( )10; . ʆʙʨʘʟʫʝʤ ʠʟ ʵʪʠʭ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʬʫʥʢʮʠʶ ( )

ä
=

=
n

k

k

n

n

,...,,,g

1

2

0

210

1
x

x
xxxx . ʕʪʘ ʬʫʥʢʮʠʷ 

ʙʫʜʝʪ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʢʦʪʦʨʫʶ ʦʙʦʟʥʘʯʠʤ 
n

t , ʪʦ ʝʩʪʴ: 
n

t

ä
=

=
n

k

k
n 1

2

0

1
x

x
.  

ɹʫʜʝʤ ʛʦʚʦʨʠʪʴ: ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ 
n

t  ʠʤʝʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʉʪʴʶʜʝʥʪʘ ʠʣʠ ñt-ʨʘʩʧʨʝʜʝʣʝʥʠʝò ʩ ʧʘʨʘʤʝʪʨʦʤ n. (ʉʪʴʶʜʝʥʪ 

ï ʧʩʝʚʜʦʥʠʤ ʘʥʛʣʠʡʩʢʦʛʦ ʤʘʪʝʤʘʪʠʢʘ ʠ ʩʪʘʪʠʩʪʠʢʘ ʋ. ɻʦʩʩʝʪʘ). 

ʇʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʵʪʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʤʝʝʪ ʚʠʜ: 
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2

1
2

1

2

2

1

1
+

-

ö
÷

õ
æ
ç

å
+Ö

ö
÷

õ
æ
ç

å

ö
÷

õ
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ç

å +

Ö
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=

n

n
n

x

n

n

n
xs

G

G

p
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ʉʣʫʯʘʡʥʫʶ ʚʝʣʠʯʠʥʫ 
n

t  ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢ: 
2

0

1
n

n

n

t

c

x
= . ɸ ʪʘʢ ʢʘʢ 

ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ 21
n

n
c  ʧʨʠ ¤n  ʩʭʦʜʠʪʩʷ ʧʦ ʚʝʨʦʷʪʥʦʩʪʠ ʢ ʝʜʠʥʠʮʝ, 

ʪʦ ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ n ʧʣʦʪʥʦʩʪʴ 

ʚʝʨʦʷʪʥʦʩʪʠ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ 
n

t  ʤʘʣʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʣʦʪʥʦʩʪʠ 

ʚʝʨʦʷʪʥʦʩʪʠ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ 
0
x, ʪʦ ʝʩʪʴ ʦʪ ʧʣʦʪʥʦʩʪʠ ʥʦʨʤʘʣʴʥʦʛʦ 

ʟʘʢʦʥʘ N( )10; .   
ʊʘʢ ʢʘʢ ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ()xs

n
- ʯʸʪʥʘʷ ʬʫʥʢʮʠʷ, ʪʦ ʚʩʝ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʘʯʘʣʴʥʳʝ ʤʦʤʝʥʪʳ ʥʝʯʸʪʥʦʛʦ ʧʦʨʷʜʢʘ []12

12

+

+
=

l

nl
tMa , 

ʚʢʣʶʯʘʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ 
n

Mt , ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ 
n

t  ʨʘʚʥʳ 

ʥʫʣʶ. ʀʟ ʮʝʥʪʨʘʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʯʸʪʥʦʛʦ ʧʦʨʷʜʢʘ ʦʪʤʝʪʠʤ ʪʦʣʴʢʦ 

ʜʠʩʧʝʨʩʠʶ 
2-

=
n

n
Dt

n
. 

ʇʨʠ ʨʝʰʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʉʪʴʶʜʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦ ʟʘʜʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶ a ʦʧʨʝʜʝʣʷʪʴ ʟʥʘʯʝʥʠʷ 
a

t  

ʠʟ ʫʩʣʦʚʠʡ  ( )a
a
=>ttP

n
 ʠʣʠ ( )a

a
=>ttP

n
. ʊʘʢ ʢʘʢ ʧʣʦʪʥʦʩʪʴ 

ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉʪʴʶʜʝʥʪʘ ʯʸʪʥʘʷ ʬʫʥʢʮʠʷ, ʪʦ ʚʝʨʦʷʪʥʦʩʪʴ 

ʩʣʫʯʘʡʥʦʛʦ ʩʦʙʳʪʠʷ { }
a

tt
n
>  ʙʫʜʝʪ ʚʜʚʦʝ ʙʦʣʴʰʝ ʚʝʨʦʷʪʥʦʩʪʠ ʩʦʙʳʪʠʷ 

{ }
a

tt
n
> . ʇʦʵʪʦʤʫ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ n ʚ ʪʘʙʣʠʮʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʉʪʴʶʜʝʥʪʘ ʟʥʘʯʝʥʠʝ 
a

t  ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʳʤ  ʜʣʷ ʫʩʣʦʚʠʡ ( )a
a
=>ttP

n  
ʠ 

( ) a
a

2=>ttP
n

. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʦʣʴʟʦʚʘʥʠʠ ʪʘʙʣʠʮʘʤʠ. 

3) ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʌʠʰʝʨʘ-ʉʥʝʜʝʢʦʨʘ (ñ ʥʠʝʨʘʩʧʨʝʜʝʣʝF - ò). 

ʇʫʩʪʴ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ 
m

,...,, xxx
21  ʠ n

,...,, hhh
21

 - ʥʝʟʘʚʠʩʠʤʳʝ, 

ʦʜʠʥʘʢʦʚʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ N( )10; . ʆʙʨʘʟʫʝʤ ʠʟ 

ʵʪʠʭ mn+ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʬʫʥʢʮʠʶ ( )
ä

ä

=

==
n

k

k

m

k

k

nm

n

m,....,,,...,g

1

2

1

2

11 1

1

h

x

hhxx . 

ɺʩʧʦʤʥʠʚ ʦʧʨʝʜʝʣʝʥʠʝ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ 
2

n
c , ʫʧʨʦʩʪʠʤ ʚʠʜ ʵʪʦʡ 

ʬʫʥʢʮʠʠ ʠ ʙʫʜʝʤ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ 
2

2

1

1

n

m

n,m

n

mf

c

c
=  ʠʤʝʝʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʌʠʰʝʨʘ-ʉʥʝʜʝʢʦʨʘ ʠʣʠ ñF-ʨʘʩʧʨʝʜʝʣʝʥʠʝò ʩ 
ʧʘʨʘʤʝʪʨʘʤʠ m ʠ n. 



50 

 

 

ʇʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʵʪʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʤʝʝʪ ʚʠʜ: 

()
21

2
2

1

22

2
nm

m
m

n,m
n

mx
x

n

m

nm

nm

xp

+
-

-

ö
÷

õ
æ
ç

å
+ÖÖö

÷

õ
æ
ç

å
Ö

ö
÷

õ
æ
ç

å
Öö
÷

õ
æ
ç

å

ö
÷

õ
æ
ç

å +

=

GG

G

, ʝʩʣʠ x>0  ʠ, ʢʘʢ ʵʪʦ 

ʚʠʜʥʦ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ, () 0=xp
n,m

, ʝʩʣʠ 0¢x . 

 ʗʩʥʦ, ʯʪʦ ʟʥʘʥʠʝ ʚʠʜʘ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʌʠʰʝʨʘ-

ʉʥʝʜʝʢʦʨʘ, ʥʝ ʤʦʞʝʪ ʧʦʤʦʯʴ ʙʳʩʪʨʦ  ʦʧʨʝʜʝʣʠʪʴ 
a

f  ʪʘʢʦʝ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʙʳʪʠʷ { }
a

ff
n,m
>  ʙʫʜʝʪ ʨʘʚʥʘa.   

ʀʤʝʶʪʩʷ ʪʘʙʣʠʮʳ ʚʝʨʦʷʪʥʦʩʪʝʡ  ( )a
a
=>ffP

n,m
, ʚ ʢʦʪʦʨʳʭ ʜʣʷ 

ʚʳʙʨʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ a  ʠ ʢʦʥʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ m ʠ n 

ʚʳʙʠʨʘʝʤ ʟʥʘʯʝʥʠʝ 
a

f . ʊʘʢ ʢʘʢ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʣʶʙʦʛʦ ʟʥʘʯʝʥʠʷ 
a

f  

ʥʫʞʥʦ ʠʤʝʪʴ ʪʨʠ çʚʭʦʜʥʳʭè ʧʘʨʘʤʝʪʨʘ, ʪʦ  ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ 

ʟʥʘʯʝʥʠʷ a  ʩʦʩʪʘʚʣʷʝʪʩʷ ʦʪʜʝʣʴʥʘʷ ʪʘʙʣʠʮʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʠʚʦʜʷʪʩʷ 
ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ m ʠ n.  ʆʙʳʯʥʦ ʚʩʪʨʝʯʘʶʪʩʷ ʪʘʙʣʠʮʳ ʜʣʷ 

ʟʥʘʯʝʥʠʡ 050,=a  ʠ 010,=a . 

 
Ä5.2. ʀʥʪʝʨʚʘʣʴʥʳʝ ʦʮʝʥʢʠ ʯʠʩʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʂʦʤʤʝʥʪʘʨʠʡ 

ʊʦʯʝʯʥʘʷ ʦʮʝʥʢʘ ( )
n

,...,,g xxxJ
21

=*  ʯʠʩʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ J 
ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x  ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʤʳ ʥʝ ʟʥʘʝʤ 

ʠʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ J . ʇʦ ʵʣʝʤʝʥʪʘʤ ʚʳʙʦʨʢʠ 

( )
n

x,...,x,x
21

 ʤ  r ʚʳʯʠʩʣʷʝʤ ʟʥʘʯʝʥʠʝ ʩʪʘʪʠʩʪʠʢʠ ( )
n

x,...,x,xg
21

=*J  ʠ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʧʦʣʴʟʫʝʤʩʷ ʵʪʠʤ ʟʥʘʯʝʥʠʝʤ ʚʤʝʩʪʦ ʥʝʠʟʚʝʩʪʥʦʛʦ ʟʥʘʯʝʥʠʷ J. 

ʅʦ ʧʨʠ ʵʪʦʤ ʤʳ ʥʝ ʤʦʞʝʤ ʩʢʘʟʘʪʴ ʥʘʩʢʦʣʴʢʦ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʵʪʦ 
ʠʩʧʦʣʴʟʫʝʤʦʝ ʟʥʘʯʝʥʠʝ ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʠ ʦʪ ʟʥʘʯʝʥʠʷ ʯʠʩʣʦʚʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʘʞʝ, ʝʩʣʠ ʚʳʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʠ 
ʩʦʚʧʘʜʸʪ ʩʦ ʟʥʘʯʝʥʠʝʤ ʯʠʩʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʤʳ ʵʪʦʛʦ ʥʝ ʙʫʜʝʤ ʟʥʘʪʴ, 

ʪʘʢ ʢʘʢ ʯʠʩʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ - ʵʪʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʧʦʥʷʪʠʝ ʠ ʝʸ ʪʦʯʥʦʝ 
ʟʥʘʯʝʥʠʝ ʤʳ ʥʝ ʟʥʘʝʤ.  

ɺʦʟʥʠʢʘʝʪ ʧʨʝʜʣʦʞʝʥʠʝ: ʥʘʡʪʠ ʪʘʢʦʡ ʠʥʪʝʨʚʘʣ ( )ba, , ʧʨʦ ʢʦʪʦʨʳʡ ʤʳ 

ʤʦʛʣʠ ʙʳ ʩʢʘʟʘʪʴ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʫʚʝʨʝʥʥʦʩʪʠ g, ʯʪʦ ʦʥ 

ʥʘʢʨʳʚʘʝʪ ʥʝʠʟʚʝʩʪʥʦʝ ʟʥʘʯʝʥʠʝ ʯʠʩʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ J.   
ʅʘʧʨʠʤʝʨ, ʩʪʘʥʦʢ-ʘʚʪʦʤʘʪ ʚʳʧʫʩʢʘʝʪ ʰʘʨʠʢʠ ʜʣʷ 

ʰʘʨʠʢʦʧʦʜʰʠʧʥʠʢʦʚ. ɼʠʘʤʝʪʨ ʰʘʨʠʢʘ ʵʪʦ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ x  ʠ 

ʟʥʘʯʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ xM  - ʯʠʩʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʩʪʘʥʢʘ, ʥʘʤ ʥʝʠʟʚʝʩʪʥʦ. ʆ ʩʦʦʪʚʝʪʩʪʚʠʠ 
ʧʨʦʜʫʢʮʠʠ ʩʪʘʥʢʘ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʭʥʦʣʦʛʠʠ ʤʳ ʤʦʞʝʤ ʩʫʜʠʪʴ ʧʦ ʚʝʣʠʯʠʥʝ 

ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ x  ʥʝʢʦʪʦʨʦʡ ʚʳʙʦʨʢʠ ʰʘʨʠʢʦʚ ʠʟ 
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ʚʩʝʡ ʧʨʦʜʫʢʮʠʠ ʩʪʘʥʢʘ. ʆʜʥʘʢʦ ʤʳ ʧʦʥʠʤʘʝʤ, ʯʪʦ ʜʣʷ ʩʫʞʜʝʥʠʷ ʦ ʢʘʯʝʩʪʚʝ 
ʧʨʦʜʫʢʮʠʠ ʩʪʘʥʢʘ, ʥʘʤ ʛʦʨʘʟʜʦ ʚʘʞʥʝʝ ʠ ʮʝʥʥʝʝ ʙʳʣʦ ʙʳ ʟʥʘʪʴ ʩ ʥʝʢʦʪʦʨʦʡ 

ʩʪʝʧʝʥʴʶ ʫʚʝʨʝʥʥʦʩʪʠ  ʥʝʢʦʪʦʨʳʡ ʠʥʪʝʨʚʘʣ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʟʥʘʯʝʥʠʝ 

m ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ xM , ʪʦ ʝʩʪʴ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ  ʜʠʘʤʝʪʨʦʚ 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʰʘʨʠʢʦʚ.   

ʆʮʝʥʠʚʘʥʠʝ  ʥʝʠʟʚʝʩʪʥʳʭ ʟʥʘʯʝʥʠʡ ʯʠʩʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ 
ʧʦʤʦʱʴʶ ʠʥʪʝʨʚʘʣʦʚ ʥʘʟʳʚʘʝʪʩʷ ʠʥʪʝʨʚʘʣʴʥʳʤ ʦʮʝʥʠʚʘʥʠʝʤ.  

 
ʊʝʦʨʠʷ 

ʆʧʨʝʜʝʣʝʥʠʝ. ʇʫʩʪʴ J  - ʥʝʢʦʪʦʨʘʷ ʯʠʩʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x. ʀʥʪʝʨʚʘʣ ( )ba
g

,I = , ʧʨʦ ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, 

ʯʪʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ g  ʚʳʧʦʣʥʷʝʪʩʷ ( )gbJa =<<P , ʥʘʟʳʚʘʝʪʩʷ 

ʜʦʚʝʨʠʪʝʣʴʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʜʣʷ ʯʠʩʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ J.  

ɺʝʨʦʷʪʥʦʩʪʴ g  ʥʘʟʳʚʘʝʪʩʷ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ. ʆʥʘ 

ʚʳʙʠʨʘʝʪʩʷ ʠʣʠ ʥʘʟʥʘʯʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ  ʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʦʤ. ʀʟ 
ʩʤʳʩʣʘ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ 

ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ g, ʢʘʢ ʩʪʝʧʝʥʠ ʫʚʝʨʝʥʥʦʩʪʠ, ʜʦʣʞʥʳ 

ʚʳʙʠʨʘʪʴʩʷ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʠʤʠ: ( );...,;,;, 99095090=g . ʗʩʥʦ, ʯʪʦ ʛʨʘʥʠʮʳ 

ʠʥʪʝʨʚʘʣʘ a ʠ b ʙʫʜʫʪ ʩʣʫʯʘʡʥʳʤʠ ï ʩʪʘʪʠʩʪʠʢʘʤʠ ( )
n

,...,,g xxxa
211

=  ʠ 

( )
n

,...,,g xxxb
212

= , ʪʦ ʝʩʪʴ - ʬʫʥʢʮʠʷʤʠ ʚʳʙʦʨʦʯʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ 

n
,...,, xxx

21
. 

ʈʘʩʩʤʦʪʨʠʤ ʨʝʰʝʥʠʷ ʪʨʸʭ ʟʘʜʘʯ ʧʦʩʪʨʦʝʥʠʷ ʜʦʚʝʨʠʪʝʣʴʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ. 
ɿʘʜʘʯʘ 1.2.  ʇʦʩʪʨʦʠʪʴ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʜʣʷ ʥʝʠʟʚʝʩʪʥʦʛʦ 

ʟʥʘʯʝʥʠʷ m ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ xM  ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x, ʝʩʣʠ 

ʟʥʘʯʝʥʠʝ ʜʠʩʧʝʨʩʠʠ x ʠʟʚʝʩʪʥʦ, ʪʦ ʝʩʪʴ: 2sx=D . 

ɿʘʤʝʯʘʥʠʝ. ɺʨʷʜ ʣʠ ʥʘ ʧʨʘʢʪʠʢʝ ʤʦʞʝʪ ʚʩʪʨʝʪʠʪʴʩʷ ʟʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ 
ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʧʨʠ ʪʘʢʦʤ ʫʩʣʦʚʠʠ. ʅʦ ʟʜʝʩʴ, ʥʝ ʦʪʚʣʝʢʘʷʩʴ ʥʘ 

ʨʝʰʝʥʠʝ ʜʨʫʛʠʭ ʧʨʦʙʣʝʤ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʠʥʪʝʨʚʘʣʘ, ʤʳ 
ʤʦʞʝʤ ʩʥʘʯʘʣʘ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʩʘʤʦʡ ʩʫʪʴʶ ʧʨʦʮʝʩʩʘ ʧʦʩʪʨʦʝʥʠʷ 

ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. ɸ ʟʘʪʝʤ ʤʳ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʚʦʟʤʦʞʥʳʝ 
ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ ʠʥʪʝʨʚʘʣʘ, ʚʳʟʳʚʘʝʤʳʝ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʸʤʘ ʚʳʙʦʨʢʠ 
ʠʣʠ ʟʥʘʯʝʥʠʷ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ.    

ʇʫʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʳ ʧʦʣʫʯʠʣʠ 

ʚʳʙʦʨʦʯʥʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ 
n

,...,, xxx
21

. ʉʦʩʪʘʚʠʤ ʩʪʘʪʠʩʪʠʢʫ 

( )
n

,...,,g xxxx
21

= ä
=

=
n

i

i
n 1

1
x  - ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʵʣʝʤʝʥʪʦʚ 

ʚʳʙʦʨʦʯʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ. 
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ʉʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ä
=

=
n

i

i
n 1

1
xx  ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʩʫʤʤʳ 

ʥʝʟʘʚʠʩʠʤʳʭ, ʦʜʠʥʘʢʦʚʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ 
n

,...,, xxx
21

, 

ʠʤʝʶʱʠʭ ʢʦʥʝʯʥʫʶ ʜʠʩʧʝʨʩʠʶ.  

ɿʥʘʢʦʤʷʩʴ ʩ ʎʝʥʪʨʘʣʴʥʦʡ ʧʨʝʜʝʣʴʥʦʡ ʪʝʦʨʝʤʦʡ ʚ ʢʫʨʩʝ ñʊʝʦʨʠʷ 
ʚʝʨʦʷʪʥʦʩʪʝʡò, ʤʳ ʠʟ ʪʝʦʨʝʤʳ ʃʝʚʠ ʧʦʣʫʯʠʣʠ ʩʣʝʜʩʪʚʠʝ: çɽʩʣʠ ʩʣʫʯʘʡʥʳʝ 

ʚʝʣʠʯʠʥʳ 
n

,...,, xxx
21  - ʥʝʟʘʚʠʩʠʤʳ, ʦʜʠʥʘʢʦʚʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʠ ʠʤʝʶʪ 

ʢʦʥʝʯʥʫʶ ʜʠʩʧʝʨʩʠʶ, ʪʦ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ä
=

=
n

i

i
n 1

1
xx , ʷʚʣʷʶʱʘʷʩʷ ʠʭ 

ʩʨʝʜʥʠʤ ʘʨʠʬʤʝʪʠʯʝʩʢʠʤ, ʠʤʝʝʪ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ N ö
÷

õ
æ
ç

å

n
;m
s
è. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʥʘʩ ʥʝ ʠʥʪʝʨʝʩʫʝʪ ʚʠʜ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ - ʩʣʘʛʘʝʤʳʭ 
n

,...,, xxx
21

. 

ʇʦʩʪʨʦʠʤ, ʠʩʧʦʣʴʟʫʷ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ x
C
, ʩʪʘʪʠʩʪʠʢʫ: 

n
m

u
s

x-
= . ʊʘʢ ʢʘʢ mMM == xx  ʠ 

nn

D
D

2sx
x == , ʪʦ ʫ ʵʪʦʡ 

ʩʪʘʪʠʩʪʠʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ 0=Mu  ʠ ʜʠʩʧʝʨʩʠʷ 1=Du . ɿʥʘʯʠʪ 

ʩʪʘʪʠʩʪʠʢʘ n
m

u
s

x-
= - ʙʫʜʝʪ ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʠ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʩʫʤʤʦʡ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʚʩʝʤ ʫʩʣʦʚʠʷʤ ʪʝʦʨʝʤʳ ʃʝʚʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  ʩʪʘʪʠʩʪʠʢʘ n
m

u
s

x-
=  ʠʤʝʝʪ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

N( )10; . ʕʪʦʪ ʚʳʚʦʜ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʟʘʢʦʥʯʠʪʴ ʧʦʩʪʨʦʝʥʠʝ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ. 

ʇʦ ʚʳʙʨʘʥʥʦʡ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ g ʦʧʨʝʜʝʣʠʤ ʚʝʣʠʯʠʥʫ g
u  

(ʢʚʘʥʪʠʣʴg
u ) ʪʘʢʫʶ, ʯʪʦ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ( )g

g
=<uuP . ʊʘʢ ʢʘʢ 

ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ u ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ, Íu N( )10; , ʪʦ 

ʟʥʘʯʝʥʠʝ g
u  ʥʘʭʦʜʠʤ ʠʟ ʨʘʚʝʥʩʪʚʘ: ö

÷

õ
æ
ç

å
= -

2

1 g
g
Fu , ʛʜʝ () dzex

x z

ñ
-

=
0

2

2

2

1

p
F  - 

ʬʫʥʢʮʠʷ ʃʘʧʣʘʩʘ.  

ʀʪʘʢ, ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ g ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦ 
g

s

x
un

m
<

-
C

. 

ʈʝʰʠʤ ʵʪʦ ʥʝʨʘʚʝʥʩʪʚʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʥʘʯʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ 
m ʠ ʧʦʣʫʯʠʤ: 
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n

u
m

n

u s
x

s
x

gg
Ö

+<<
Ö

- .  ɽʩʣʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ, 

ʦʙʦʟʥʘʯʠʪʴ a ʠ b ʩʪʘʪʠʩʪʠʢʠ 
n

u s
x

g
Ö

° ʵʪʦʛʦ ʜʚʦʡʥʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ,  ʪʦ 

ʤʳ ʤʦʞʝʤ ʩʢʘʟʘʪʴ, ʯʪʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ g ʚʳʧʦʣʥʷʝʪʩʷ ba <<m , ʪʦ ʝʩʪʴ 

ʠʥʪʝʨʚʘʣ ( )ba
g

,I =
 
ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ g  ʥʘʢʨʳʚʘʝʪ ʦʮʝʥʠʚʘʝʤʦʝ ʥʘʤʠ 

ʥʝʠʟʚʝʩʪʥʦʝ ʟʥʘʯʝʥʠʝ m ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ xM .    

ʇʦ ʵʣʝʤʝʥʪʘʤ ʚʳʙʦʨʢʠ ( )
n

x,...,x,x
21

 ʦʧʨʝʜʝʣʠʤ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ 

ʛʨʘʥʠʮ a ʠ b ʠʥʪʝʨʚʘʣʘ: 
n

u
xm

n

u
x

ss
gg
Ö

+<<
Ö

-  ʠ ʤʦʞʝʤ ʩʢʘʟʘʪʴ, ʯʪʦ 

ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʧʦʩʪʨʦʝʥ. 
 

ʂʦʤʤʝʥʪʘʨʠʡ 

ɿʥʘʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ x  ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ ʚʩʝʛʜʘ 

ʙʫʜʝʪ ʮʝʥʪʨʦʤ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. ʈʘʟʥʦʩʪʴ 
n

u s
ab

g
Ö

=- 2  ʨʘʚʥʘ 

ʜʣʠʥʝ ʵʪʦʛʦ ʠʥʪʝʨʚʘʣʘ. 

 ʊʘʢ ʢʘʢ ʬʫʥʢʮʠʷ ʃʘʧʣʘʩʘ ()xF  - ʚʦʟʨʘʩʪʘʶʱʘʷ ʬʫʥʢʮʠʷ, ʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ g ʧʦʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʫʚʝʣʠʯʝʥʠʝ 

ʜʣʠʥʳ ʠʥʪʝʨʚʘʣʘ. ɾʝʣʘʷ ʧʦʚʳʩʠʪʴ ʥʘʜʸʞʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ, ʤʳ ʙʫʜʝʤ 

ʫʚʝʣʠʯʠʚʘʪʴ ʚʝʣʠʯʠʥʫ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʥʦ ʪʦʛʜʘ ʤʦʞʝʪ 
ʧʦʣʫʯʠʪʴʩʷ ʠʥʪʝʨʚʘʣ ʪʘʢʦʡ ʙʦʣʴʰʦʡ ʜʣʠʥʳ, ʯʪʦ ʦʥ ʥʝ ʙʫʜʝʪ ʠʤʝʪʴ ʢʘʢʫʶ-
ʣʠʙʦ ʧʨʘʢʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ.  
ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʸʤʘ ʚʳʙʦʨʢʠ n ʜʣʠʥʘ ʠʥʪʝʨʚʘʣʘ ï ʫʤʝʥʴʰʘʝʪʩʷ. ʅʦ 

ʞʝʣʘʥʠʝ ʫʚʝʣʠʯʠʪʴ ʦʙʲʸʤ ʚʳʙʦʨʢʠ ʤʦʞʝʪ ʧʦʚʣʝʯʴ ʟʘ ʩʦʙʦʡ ʫʚʝʣʠʯʝʥʠʝ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʠ ʚʨʝʤʝʥʠ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʚʳʙʦʨʢʠ.  
ʇʦʵʪʦʤʫ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʠʩʩʣʝʜʦʚʘʪʝʣʴ, 

ʠʩʭʦʜʷ ʠʟ ʠʤʝʶʱʠʭʩʷ ʫ ʥʝʛʦ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʩʪʨʝʤʠʪʩʷ ʧʦʜʦʙʨʘʪʴ ʪʘʢʠʝ 

ʟʥʘʯʝʥʠʷ g ʠ n, ʧʨʠ ʢʦʪʦʨʳʭ ʧʦʩʪʨʦʝʥʥʳʡ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʠʤʝʣ 

ʙʳ ʧʨʘʢʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ.  

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʥʘʜʦ ʟʥʘʪʴ ʟʘʢʦʥ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʛʨʘʥʠʮ 

ʠʥʪʝʨʚʘʣʘ. ɺ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʧʨʠʤʝʨʝ ʫʩʣʦʚʠʝ ʪʦʛʦ, ʯʪʦ ʥʘʤ ʠʟʚʝʩʪʥʦ 

ʟʥʘʯʝʥʠʝ 2s  ʜʠʩʧʝʨʩʠʠ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x  ʧʦʟʚʦʣʠʣʦ ʧʨʠʤʝʥʠʪʴ 

ʪʝʦʨʝʤʫ ʃʝʚʠ ʠ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʝʸ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ a  ʠ b 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʫʥʢʮʠʝʡ ʃʘʧʣʘʩʘ. 
ɽʩʣʠ ʤʳ ʭʦʪʠʤ ʧʦʩʪʨʦʠʪʴ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʜʣʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ, ʘ ʟʥʘʯʝʥʠʝ ʜʠʩʧʝʨʩʠʠ ʥʘʤ ʥʝʠʟʚʝʩʪʥʦ, ʪʦ 
ʧʦʷʚʣʷʝʪʩʷ ʞʝʣʘʥʠʝ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʪʘʪʠʩʪʠʢʠ ʟʘʤʝʥʠʪʴ ʜʠʩʧʝʨʩʠʶ ʝʸ 
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ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʦʡ 2
s  ʠ ʨʘʩʩʤʦʪʨʝʪʴ ʩʪʘʪʠʩʪʠʢʫ n

s

m-x
. ʅʦ ʥʘʤ ʥʘʜʦ 

ʟʥʘʪʴ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʵʪʦʡ ʩʪʘʪʠʩʪʠʢʠ. ɿʜʝʩʴ ʥʘʤ 
ʧʨʠʜʸʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʩʪʘʪʠʩʪʠʢʝ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚ Ä4.2 ʧʨʠ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ 
ʛʝʥʝʨʘʣʴʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʠʤʝʝʪ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ.  

 
ʊʝʦʨʠʷ 

ʆʧʨʝʜʝʣʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʩʪʘʪʠʩʪʠʢ, ʢʦʪʦʨʳʝ ʙʫʜʝʤ 
ʧʨʠʤʝʥʷʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ, ʥʦ ʠ ʚ 

ʜʘʣʴʥʝʡʰʝʤ, ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 
ʩʪʘʪʠʩʪʠʢʠ. 

ʉʦʛʣʘʩʥʦ ʧʨʝʜʣʦʞʝʥʠʶ ʌʠʰʝʨʘ, ʦʩʥʦʚʘʥʥʦʤʫ ʥʘ ʚʳʚʦʜʘʭ ʠʟ ʪʝʦʨʝʤ, 
ʚʭʦʜʷʱʠʭ ʚ ʎʝʥʪʨʘʣʴʥʫʶ ʧʨʝʜʝʣʴʥʫʶ ʪʝʦʨʝʤʫ, ʩʯʠʪʘʝʤ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʘʷ 

ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ x ʠʤʝʝʪ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʪʦ 

ʝʩʪʴ Íx N( s;m ). ʄʳ ʠʤʝʝʤ ʚʳʙʦʨʦʯʥʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ 
n

,...,, xxx
21

, ʯʣʝʥʳ 

ʢʦʪʦʨʦʡ - ʥʝʟʘʚʠʩʠʤʳʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ ʠ ʠʤʝʶʪ ʪʦ ʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʝʨʦʷʪʥʦʩʪʝʡ, ʯʪʦ ʠ x. ʊʦ ʝʩʪʴ, ʜʣʷ ʣʶʙʦʛʦ ʥʦʤʝʨʘ i  , ni ,...,,21=  , 

ʩʧʨʘʚʝʜʣʠʚʦ Í
i
x N( s;m ). 

ʈʘʩʩʤʦʪʨʠʤ ʩʪʘʪʠʩʪʠʢʫ 
( )
ä
=

-
=

n

i

i

n

s

1
2

2

2

2 1

s

xx

s
, ʢʦʪʦʨʘʷ, ʢʘʢ ʤʳ ʚʠʜʠʤ, 

ʩʦʩʪʦʠʪ ʠʟ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʠ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʩʣʫʯʘʡʥʳʭ 
ʚʝʣʠʯʠʥ.  
ʉʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʥʝʟʘʚʠʩʠʤʳʭ, ʦʜʠʥʘʢʦʚʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʧʦ ʟʘʢʦʥʫ 

N( )10; , ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʣʫʯʘʡʥʦʡ 

ʚʝʣʠʯʠʥʳ 2c. ʅʦ ʚ ʚʳʧʠʩʘʥʥʦʡ ʩʪʘʪʠʩʪʠʢʝ ʣʶʙʳʝ ʜʚʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ 

s

xx-
i  ʠ 

s

xx-
j

 ʥʝ ʙʫʜʫʪ ʥʝʟʘʚʠʩʠʤʳʤʠ, ʪʘʢ ʢʘʢ 
j
x  ʚʭʦʜʠʪ ʚ ʯʠʩʣʦ 

ʩʣʘʛʘʝʤʳʭ ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ x ʧʝʨʚʦʡ ʜʨʦʙʠ 
s

xx-
i , ʘ 

i
x ʚʭʦʜʠʪ 

ʚ ʯʠʩʣʦ ʩʣʘʛʘʝʤʳʭ ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ x ʚʪʦʨʦʡ ʜʨʦʙʠ 
s

xx-
j

. 

ʇʨʝʦʙʨʘʟʫʝʤ ʩʪʘʪʠʩʪʠʢʫ 
2

2

s

s
 ʪʘʢ, ʯʪʦʙʳ ʦʥʘ ʩʪʘʣʘ ʩʫʤʤʦʡ ʢʚʘʜʨʘʪʦʚ 

ʥʝʟʘʚʠʩʠʤʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. ʇʨʦʚʦʜʠʤʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʝ 

ʥʫʞʜʘʶʪʩʷ ʚ ʧʦʷʩʥʝʥʠʷʭ. 
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2

1
2

2

2

2

2
1

1

1

1

s

x
x

s

x

s

x

s
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s
 

( ) ( ) ( )
ù
ú

ø
é
ê

è -
Ö+-Ö

-
Ö-

-

-
= ä

=
2

2

2
1

2

2

2
1

1

s

x
x

s

x

s

x m
nm

m
n

m

n

n

i

i . 

ʆʢʦʥʯʘʪʝʣʴʥʦ ʟʘʧʠʰʝʤ: 
( ) ( )

ù
ù
ù
ù

ú

ø

é
é
é
é

ê

è

-
-

-

-
= ä

=

n

i

i

n

mm

n

s

1
2

2

2

2

2

2

1

1

s

x

s

x

s
. 

ʊʘʢ ʢʘʢ  Í
i
x N( s;m ), ʪʦ ʜʣʷ ʣʶʙʦʛʦ ʥʦʤʝʨʘ i  , ni ,...,,21=  , ʙʫʜʝʪ 

ʩʧʨʘʚʝʜʣʠʚʦ Í
-

s

x m
i N( 10; ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʧʦʩʣʝʜʥʝʤ ʨʘʚʝʥʩʪʚʝ 

ʫʤʝʥʴʰʘʝʤʦʝ, ʢʘʢ ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, ʠʤʝʝʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ 2

n
c. ɺʳʯʠʪʘʝʤʦʝ ʚ ʵʪʦʤ ʨʘʚʝʥʩʪʚʝ ʝʩʪʴ ʢʚʘʜʨʘʪ ʩʣʫʯʘʡʥʦʡ 

ʚʝʣʠʯʠʥʳ, ʠʤʝʶʱʝʡ ʪʘʢ ʞʝ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ N( 10; ), ʟʥʘʯʠʪ, ʦʥʦ 

ʠʤʝʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ  2

1
c. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʠʩʩʣʝʜʫʝʤʘʷ ʩʣʫʯʘʡʥʘʷ 

ʚʝʣʠʯʠʥʘ ʠʤʝʝʪ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʪʦ ʩʪʘʪʠʩʪʠʢʘ 
2

2

s

s
 ʙʫʜʝʪ ʠʤʝʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ( )2
1

2

1

1
cc-

-
n

n
. ʀʩʧʦʣʴʟʫʷ ʩʚʦʡʩʪʚʦ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ 2c, ʦʢʦʥʯʘʪʝʣʴʥʦ ʟʘʧʠʰʝʤ: 2

12

2

1

1
-

-
=

n
n

s
c

s
.  

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʩʪʘʪʠʩʪʠʢʫ n
s

m-x
, ʢʦʪʦʨʫʶ ʤʳ ʧʨʝʜʣʘʛʘʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. 

ʗʩʥʦ, ʯʪʦ 

2

2

s

s

x

s

s

x
x

s

n
m

s

n
m

n
s

m

-

=

-

=
-

. ʏʠʩʣʠʪʝʣʴ ʵʪʦʡ ʜʨʦʙʠ 

ʠʤʝʝʪ ʙʣʠʟʢʦʝ ʢ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ N( 10; ), ʘ ʧʦʜʢʦʨʝʥʥʦʝ 

ʚʳʨʘʞʝʥʠʝ ʟʥʘʤʝʥʘʪʝʣʷ, ʢʘʢ ʤʳ ʪʦʣʴʢʦ ʯʪʦ ʧʦʢʘʟʘʣʠ, ʠʤʝʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

2

1
1

1
-

-
n

n
c . ʅʦ ʪʦʛʜʘ ʤʳ ʧʦʣʫʯʘʝʤ, ʩʪʘʪʠʩʪʠʢʘ  n

s

m-x
 ʠʤʝʝʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʉʪʴʶʜʝʥʪʘ ʩ ʧʘʨʘʤʝʪʨʦʤ 1-n , ʪʦ ʝʩʪʴ: 
1-

=
-

n
tn

s

mx
.   
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ʊʝʦʨʠʷ 
ɿʘʜʘʯʘ 1.2ʘ.  ʇʦʩʪʨʦʠʪʴ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʜʣʷ ʥʝʠʟʚʝʩʪʥʦʛʦ 

ʟʥʘʯʝʥʠʷ m ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ xM  ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x. 

ɺ ʪʘʢʦʡ ʦʙʱʝʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʦ ʦʛʨʘʥʠʯʝʥʠʝ: ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ 
ʛʝʥʝʨʘʣʴʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ, ʠʟ ʢʦʪʦʨʦʡ ʦʪʙʠʨʘʝʪʩʷ ʚʳʙʦʨʢʘ, ʧʦʜʯʠʥʷʝʪʩʷ 

ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʝʡ. 
ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʪʘʪʠʩʪʠʢʫ n
s

m-x
, ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʉʪʴʶʜʝʥʪʘ (òt-ʨʘʩʧʨʝʜʝʣʝʥʠʝò) ʩ ʧʘʨʘʤʝʪʨʦʤ 1-n . 

ɼʣʷ ʚʳʙʨʘʥʥʦʡ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ g ʦʧʨʝʜʝʣʠʤ ʚʝʣʠʯʠʥʫ g
t  

ʪʘʢʫʶ, ʯʪʦ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ( )g
g
=<

-
ttP

n 1
. ʂʚʘʥʪʠʣʴ g

t
 
ʥʘʭʦʜʠʤ ʚ 

ʪʘʙʣʠʮʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉʪʴʶʜʝʥʪʘ (ʪʘʙʣʠʮʘʭ òt-ʨʘʩʧʨʝʜʝʣʝʥʠʷò). ʂʘʢ ʠ 

ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʝʜʳʜʫʱʝʡ ʟʘʜʘʯʠ, ʤʳ ʛʦʚʦʨʠʤ, ʯʪʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ g 

ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦ 
g

s

x
tn

m
<

-
C

. ʈʝʰʘʝʤ ʵʪʦ ʥʝʨʘʚʝʥʩʪʚʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʥʘʯʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ m ʠ ʧʦʣʫʯʘʝʤ 

ʘʥʘʣʦʛʠʯʥʳʡ ʨʝʟʫʣʴʪʘʪ: 

n

t
m

n

t s
x

s
x

gg
Ö

+<<
Ö

- . 

ʃʝʚʘʷ ʠ ʧʨʘʚʘʷ ʯʘʩʪʠ ʵʪʦʛʦ ʜʚʦʡʥʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ - ʵʪʦ ʩʪʘʪʠʩʪʠʢʠ, 
ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʤʳ ʦʧʨʝʜʝʣʷʝʤ ʧʦ ʵʣʝʤʝʥʪʘʤ ʚʳʙʦʨʢʠ 

( )
n

x,...,x,x
21

.  

ʊʦ ʝʩʪʴ ʤʳ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ g  ʤʦʞʝʤ ʩʢʘʟʘʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʝ m 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 

( )ba; , ʛʜʝ 
n

t
x

s
a

g
Ö

-=  ʠ 
n

t
x

s
b

g
Ö

+= . 

ɿʘʤʝʯʘʥʠʝ. ʄʳ ʚʩʝʛʜʘ ʜʦʣʞʥʳ ʧʦʤʥʠʪʴ, ʯʪʦ ʥʝʠʟʚʝʩʪʥʦʝ ʥʘʤ ʟʥʘʯʝʥʠʝ 

m ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ xM  ï ʵʪʦ ʯʠʩʣʦ, ʢʦʪʦʨʦʝ ʤʳ ʦʮʝʥʠʚʘʝʤ ʠʣʠ  

ʟʥʘʯʝʥʠʝʤ x  ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʠ x, ʠʣʠ ʜʦʚʝʨʠʪʝʣʴʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ( )ba; .  

ʇʦʵʪʦʤʫ ʤʳ ʛʦʚʦʨʠʤ, ʯʪʦ çʠʥʪʝʨʚʘʣ ( )ba;  ʥʘʢʨʳʚʘʝʪ ʥʝʠʟʚʝʩʪʥʦʝ 

ʟʥʘʯʝʥʠʝ mè, ʘ ʥʝ - çʟʥʘʯʝʥʠʝ m ʧʦʧʘʜʘʝʪ ʚ ʠʥʪʝʨʚʘʣ ( )ba; è. 

 
ʇʨʘʢʪʠʢʘ 

ʇʨʠʤʝʨ 2ʘ.1 ʠ 2ʙ.1  ʇʦʩʪʨʦʠʤ ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ ʜʣʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ xM - ʩʨʝʜʥʝʛʦ ʨʦʩʪʘ ʤʫʞʯʠʥ ʚ ʩʤ, ʠʩʧʦʣʴʟʫʷ 

ʵʣʝʤʝʥʪʳ ʜʚʫʭ ʚʳʙʦʨʦʢ, ʦʙʲʸʤʳ ʢʦʪʦʨʳʭ ʨʘʚʥʳ n=115 ʠ n=906. 
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ʇʨʠ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ 
ʟʥʘʯʝʥʠʷ ʪʦʯʝʯʥʳʭ ʦʮʝʥʦʢ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʞʠʜʘʥʠʡ, ʜʠʩʧʝʨʩʠʡ ʠ 

ʩʨʝʜʥʠʭ ʢʚʘʜʨʘʪʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ:   

ʘ) ;02,6,28,36,61,166,115 2

1
==== ssxn  

ʙ) ;89,5,70,34,77,166,906 2

2
==== ssxn  

ɺʳʙʝʨʝʤ ʟʥʘʯʝʥʠʝ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ - g=0,95. ʇʦ ʪʘʙʣʠʮʘʤ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉʪʴʶʜʝʥʪʘ (ñt-ʨʘʩʧʨʝʜʝʣʝʥʠʷò) ʤʳ ʜʦʣʞʥʳ, ʫʯʠʪʳʚʘʷ 

ʦʙʲʸʤʳ ʚʳʙʦʨʦʢ  
1

n =115 ʠ 
2

n =906, ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʷ ʢʚʘʥʪʠʣʷ g
t . ʊʘʢ 

ʢʘʢ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ n ( )100²n  ʟʥʘʯʝʥʠʷ 
n

t  ʠʟʤʝʥʷʶʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʪʦ ʟʥʘʯʝʥʠʷ g
t  ʦʧʨʝʜʝʣʠʤ ʠʟ ʫʩʣʦʚʠʡ  ʘ)( ) 95,0

100
=<

g
ttP  ʠ 

ʙ)( ) 95,0=<
¤ g

ttP . ɺʳʧʠʩʳʚʘʝʤ ʠʟ ʪʘʙʣʠʮ: ʘ) 98,1=
g

t  ʠ ʙ) 96,1=
g

t , 

ʚʳʯʠʩʣʷʝʤ ʟʥʘʯʝʥʠʷ ʜʨʦʙʠ 
n

st Ö
g

 ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʪʦʯʝʯʥʳʭ 

ʦʮʝʥʦʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʳʙʦʨʦʢ  

ʘ) 11,1=
Ö

n

st
g

 ʠ ʙ)
n

st Ö
g
=0,38 ʠ ʟʘʧʠʩʳʚʘʝʤ ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ: 

ʘ) ( )11,161,166;11,161,166 +-      ʠʣʠ  72,16750,165 <<m ; 

ʙ) ( )38,077,166;38,077,166 +-   ʠʣʠ  15,16739,166 <<m . 

ʂʨʘʪʢʠʡ ʘʥʘʣʠʟ ʧʦʣʫʯʠʚʰʠʭʩʷ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ 
ʠʣʣʶʩʪʨʠʨʫʝʪ ʥʘʰ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʸʤʘ ʚʳʙʦʨʢʠ ʧʨʠʚʦʜʠʪ 

ʢ ʫʤʝʥʴʰʝʥʠʶ ʜʣʠʥʳ  ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ.  

ʋʚʝʣʠʯʠʤ ʟʥʘʯʝʥʠʝ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ - g=0,99 ʠ ʩʥʦʚʘ 

ʧʨʦʚʝʜʸʤ ʚʳʯʠʩʣʝʥʠʷ ʛʨʘʥʠʮ ʠʥʪʝʨʚʘʣʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʳʙʦʨʦʢ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʣʦʚʠʷʤʠ ʘ)( ) 99,0
100

=<
g

ttP  ʠ ʙ)( ) 99,0=<
¤ g

ttP  

ʚʳʧʠʩʳʚʘʝʤ ʠʟ ʪʘʙʣʠʮ: ʘ) 617,2=
g

t  ʠ ʙ) 576,2=
g

t  ʠ ʚʳʯʠʩʣʷʝʤ ʟʥʘʯʝʥʠʷ 

ʜʨʦʙʠ 
n

st Ö
g

 ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʪʦʯʝʯʥʳʭ ʦʮʝʥʦʢ ʘ) 47,1=
Ö

n

st
g

 

ʠ ʙ)
n

st Ö
g
=0,50. ɿʘʧʠʩʳʚʘʝʤ ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ: 

ʘ) ( )47,161,166;47,161,166 +-      ʠʣʠ  08,16814,165 <<m ; 

ʙ) ( )50,077,166;50,077,166 +-    ʠʣʠ  27,16727,166 <<m . 

ʉʨʘʚʥʠʚʘʷ ʜʣʷ ʢʘʞʜʦʡ ʚʳʙʦʨʢʠ ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ, 

ʧʦʩʪʨʦʝʥʥʳʝ ʜʣʷ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ g=0,95 ʠ g=0,99, ʤʳ ʚʠʜʠʤ, 

ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ  ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʣʠʥʳ 
ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. ɽʩʪʝʩʪʚʝʥʥʦ ʥʘʤ ʭʦʯʝʪʩʷ ʧʦʣʫʯʠʪʴ ʢʘʢ ʤʦʞʥʦ 

ʙʦʣʝʝ ʥʘʜʸʞʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʜʣʷ ʵʪʦʛʦ ʥʘʜʦ ʚʳʙʠʨʘʪʴ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ 
ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʘ ʵʪʦ ʚʣʝʯʸʪ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʠʥʪʝʨʚʘʣʘ. ʅʦ 
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ʤʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴʩʷ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ 
ʪʘʢʦʡ ʙʦʣʴʰʦʡ ʜʣʠʥʳ, ʯʪʦ ʦʥ ʥʝ ʙʫʜʝʪ ʠʤʝʪʴ ʥʠʢʘʢʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʮʝʥʥʦʩʪʠ. 
ʊʝʦʨʠʷ 

ɿʘʜʘʯʘ 2.2.  ʇʦʩʪʨʦʠʪʴ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʜʣʷ ʥʝʠʟʚʝʩʪʥʦʛʦ 

ʟʥʘʯʝʥʠʷ 2s  ʜʠʩʧʝʨʩʠʠ xD  ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x. 

ʇʨʠ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʥʦʨʤʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʛʝʥʝʨʘʣʴʥʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʪʘʪʠʩʪʠʢʘ 
( )

2

21

s

sn Ö-
 ʙʫʜʝʪ ʧʦʜʯʠʥʷʪʴʩʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʇʠʨʩʦʥʘ (ñ 2c -ʨʘʩʧʨʝʜʝʣʝʥʠʶò) ʩ ʧʘʨʘʤʝʪʨʦʤ  (n-1). 

ʆʧʨʝʜʝʣʝʥʠʝ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʧʦ ʚʳʙʨʘʥʥʦʡ 

ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ g ʤʳ ʦʧʨʝʜʝʣʠʣʠ ʚʝʣʠʯʠʥʳ 2

1
c

 
ʠ 2

2
c  ʪʘʢʠʝ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ( )gccc =<<
-

2

2

2

1

2

1 n
P . 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 
ʦʞʠʜʘʥʠʷ ʚ ʚʠʜʫ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉʪʴʶʜʝʥʪʘ ʫʩʣʦʚʠʷ 

( )g
g
=<

-
ttP

n 1
 ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʠʥʪʝʨʚʘʣʘ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʇʠʨʩʦʥʘ (ñ 2c -ʨʘʩʧʨʝʜʝʣʝʥʠʝò) ï ʥʝ ʩʠʤʤʝʪʨʠʯʥʦ, ʘ 

ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʤʥʦʛʦ ʧʘʨ ʯʠʩʝʣ 2

1
c

 
ʠ 2

2
c, ʧʨʠ ʢʦʪʦʨʳʭ ʙʫʜʝʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ ( )gccc =<<
-

2

2

2

1

2

1 n
P . ʊʦ ʝʩʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʚʫʭ 

ʥʝʠʟʚʝʩʪʥʳʭ 2

1
c

 
ʠ 2

2
c  ʤʳ ʠʤʝʝʤ ʦʜʥʦ ʫʨʘʚʥʝʥʠʝ. ʅʫʞʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʫʩʣʦʚʠʷ.  
ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʝʝ ʫʩʣʦʚʠʝ. 

ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʠ ( )2
1

2

1
0 cc <<

-n
P  ʠ ( )¤<<

-

2

1

2

2 n
P cc  ʨʘʚʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʨʘʚʥʳ 
2

1 g-
. ʊʦ ʝʩʪʴ ʚʝʣʠʯʠʥʘ 

2

1
c  ʧʦ ʪʘʙʣʠʮʘʤ ñ 2c -

ʨʘʩʧʨʝʜʝʣʝʥʠʷò, ʚ ʚʠʜʫ ʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ 

( )
2

1

2

12

1

2

1

gg
gcc

+
=

-
+=¢

-n
P , ʘ ʚʝʣʠʯʠʥʘ 

2

2
c  ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ  

( )
2

12

1

2

2

g
cc

-
=¢

-n
P . ʆʧʨʝʜʝʣʠʚ ʟʥʘʯʝʥʠʷ

2

1
c

 
ʠ 

2

2
c, ʟʘʢʦʥʯʠʤ ʧʦʩʪʨʦʝʥʠʝ 

ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. ɼʚʦʡʥʦʝ ʥʝʨʘʚʝʥʩʪʚʦ 
( ) 2

22

2

2

1

1
c

s
c <

Ö-
<

sn
 

ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ g. ʈʝʰʠʚ ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 2s , ʧʦʣʫʯʠʤ 

( ) ( )
2

1

2

2

2

2

2 11

c
s

c

snsn Ö-
<<

Ö-
. ʉʯʠʪʘʷ, ʯʪʦ 

( )
a

c
=

Ö-
2

2

21 sn
  ʠ 
( )

b
c

=
Ö-

2

1

21 sn
  ʤʳ 

ʤʦʞʝʤ ʩʢʘʟʘʪʴ, ʯʪʦ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʜʣʷ ʥʝʠʟʚʝʩʪʥʦʛʦ ʟʥʘʯʝʥʠʷ 
2s  
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ʜʠʩʧʝʨʩʠʠ, ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʫʩʣʦʚʠʠ ʨʘʚʝʥʩʪʚʘ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʙʳʪʠʡ 

{ }2
1

2

1
0 cc <<

-n
 ʠ { }¤<<

-

2

1

2

2 n
cc , ʧʦʩʪʨʦʝʥ. 

 

ʇʨʘʢʪʠʢʘ 
ʇʨʠʤʝʨ 2ʘ.1 ʠ 2ʙ.1  ʇʦʩʪʨʦʠʤ ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ ʜʣʷ 

ʜʠʩʧʝʨʩʠʠ xD  ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x - ʩʨʝʜʥʝʛʦ ʨʦʩʪʘ ʤʫʞʯʠʥ, ʠʩʧʦʣʴʟʫʷ 
ʵʣʝʤʝʥʪʳ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʚʳʙʦʨʦʢ, ʦʙʲʸʤʳ ʢʦʪʦʨʳʭ ʨʘʚʥʳ n=115 ʠ n=906 

. ʇʨʠ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ 

ʟʥʘʯʝʥʠʷ ʪʦʯʝʯʥʳʭ ʦʮʝʥʦʢ ʜʠʩʧʝʨʩʠʡ 28,362

1
=s  ʠ 70,342

2
=s . 

 ʇʫʩʪʴ ʚʳʙʨʘʥʘ ʜʦʚʝʨʠʪʝʣʴʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ g=0,95. ɼʣʷ ʧʝʨʚʦʡ 
ʚʳʙʦʨʢʠ ʤʳ ʤʦʞʝʤ çʦʢʨʫʛʣʠʪʴè ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʜʦ n=101, ʠ 

ʩʯʠʪʘʪʴ ʧʘʨʘʤʝʪʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ n-1 ʨʘʚʥʳʤ 100. ʇʦ ʪʘʙʣʠʮʘʤ  ñ 2c - 

ʨʘʩʧʨʝʜʝʣʝʥʠʷò ʦʧʨʝʜʝʣʷʝʤ 2

1
c

 
ʠ 2

2
c , ʩʯʠʪʘʷ, ʯʪʦ 

( ) 975,0
2

12

1

2

1
=

+
=²

-

g
cc

n
P  ʠ ( ) 025,0

2

12

1

2

2
=

-
=²

-

g
cc

n
P . ɺʳʧʠʩʘʚ ʠʟ 

ʪʘʙʣʠʮ: 22,742

1
=c  ʠ 60,1292

2
=c , ʚʳʯʠʩʣʷʝʤ ʛʨʘʥʠʮʳ ʠʥʪʝʨʚʘʣʘ: 

60,129

28,36114Ö
=a  ʠ 

22,74

28,36114Ö
=b . 

 ʆʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʘʝʤ, ʯʪʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ g=0,95 ʟʥʘʯʝʥʠʝ 2s  

ʜʠʩʧʝʨʩʠʠ xD  ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ: 

( )72,55;91,312Ís . 

ʊʘʢ ʢʘʢ ʦʙʲʸʤ ʚʪʦʨʦʡ ʚʳʙʦʨʢʠ n=906 ï ʙʦʣʴʰʦʡ, ʪʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʤ ʘʩʠʤʧʪʦʪʠʯʝʩʢʫʶ 

ʥʦʨʤʘʣʴʥʦʩʪʴ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ 
2

n
c. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʠʭ 

ʦʙʲʸʤʘʭ ʚʳʙʦʨʢʠ ʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʠ ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ 

n

n
n

n

2

2 -
=
c

t  ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ ʟʘʢʦʥʫ ʙʣʠʟʢʦʤʫ ʢ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ N( 10;

). ʇʨʠ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ g=0,95 ʥʘʡʜʸʤ ʟʥʘʯʝʥʠʝ g
t ʠʟ ʫʩʣʦʚʠʷ: 

( )gtt
g
=<

n
P . ʊʘʢ ʢʘʢ ( )

ʪ
tg F2= , ʪʦ ʦʧʨʝʜʝʣʷʝʤ ʧʦ ʪʘʙʣʠʮʘʤ ʟʥʘʯʝʥʠʡ 

ʬʫʥʢʮʠʠ ʃʘʧʣʘʩʘ: ( ) 96,1475,0
2

11 ==ö
÷

õ
æ
ç

å
= -- FF

g
t

n . ɿʥʘʯʠʪ, ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ 

g=0,95 ʚʳʧʦʣʥʷʝʪʩʷ ʜʚʦʡʥʦʝ ʥʝʨʘʚʝʥʩʪʚʦ: 
( )
( )

96,1
12

1
96,1

2

1 <
-

--
<- -

n

n
n
c

. 

ʈʝʰʘʝʤ ʵʪʦ ʥʝʨʘʚʝʥʩʪʚʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 
2

1-n
c  ʠ, ʠʤʝʷ ʚ ʚʠʜʫ, ʯʪʦ 

( )
2

2

2

1

1

s
c

sn
n

Ö-
=

-
, ʧʦʣʫʯʘʝʤ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʜʣʷ ʜʠʩʧʝʨʩʠʠ: 
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( )
( ) ( )

( )
( ) ( )1296,11

1

1296,11

1 2

2

2

-Ö+-

Ö-
<<

-Ö--

Ö-

nn

sn

nn

sn
s . ʇʦʜʩʪʘʚʠʤ ʚ ʵʪʦ 

ʥʝʨʘʚʝʥʩʪʚʦ ʟʥʘʯʝʥʠʷ 9051=-n , 70,342

2
=s  ʠ, ʧʨʦʚʝʜʷ ʚʳʯʠʩʣʝʥʠʷ, 

ʧʦʣʫʯʠʤ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ( )22,38;77,31  ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʠʤʝʨʘ, 

ʢʦʪʦʨʳʡ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ g=0,95 ʥʘʢʨʳʚʘʝʪ ʟʥʘʯʝʥʠʝ 2s  ʜʠʩʧʝʨʩʠʠ xD . 

 
 

çé ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʚʘʞʥʝʡʰʠʝ ʞʠʟʥʝʥʥʳʝ ʚʦʧʨʦʩʳ  
ʚ̫ʣʷʶʪʩʷ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʣʠʰʴ ʟʘʜʘʯʘʤʠ ʠʟ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡè 

    ʇ. ʃʘʧʣʘʩ 
ʄʦʜʫʣʴ ʪʨʝʪʠʡ 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟ 

Ä1.3 ʆʙʱʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟ 
ʊʝʦʨʠʷ 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʘʙʣʶʜʘʷ ʥʝʢʦʪʦʨʳʡ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʧʨʠʟʥʘʢ, 
ʢʦʪʦʨʳʤ ʦʙʣʘʜʘʶʪ ʦʙʲʝʢʪʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʛʝʥʝʨʘʣʴʥʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ, ʤʳ 

ʬʦʨʤʫʣʠʨʫʝʤ ʥʝʢʦʪʦʨʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʢʦʪʦʨʦʛʦ ʥʘʜʦ 
ʧʨʦʚʝʨʠʪʴ. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʤʳ ʥʘʟʦʚʸʤ  ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʦʡ ʠ ʙʫʜʝʤ 
ʦʙʦʟʥʘʯʘʪʴ  H0. ɽʩʪʝʩʪʚʝʥʥʦ, ʩʬʦʨʤʫʣʠʨʦʚʘʚ ʥʘʰʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʚ ʬʦʨʤʝ  
ʛʠʧʦʪʝʟʳ H0, ʤʳ ʤʦʞʝʤ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʳ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ  ʛʠʧʦʪʝʟʦʡ ʠ 
ʦʙʦʟʥʘʯʘʪʴ H1. ɸʣʴʪʝʨʥʘʪʠʚʥʳʭ ʛʠʧʦʪʝʟ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʝ ʯʝʤ ʦʜʥʘ, ʠ 

ʤʳ ʠʭ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ H1, H2,é ʗʩʥʦ, ʯʪʦ ʚ ʨʝʘʣʴʥʦʩʪʠ ʩʧʨʘʚʝʜʣʠʚʦ 

ʪʦʣʴʢʦ ʦʜʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʪʦʣʴʢʦ ʦʜʥʘ ʛʠʧʦʪʝʟʘ.  
 ʅʘʰʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʪʦ ʝʩʪʴ ʦʩʥʦʚʥʫʶ ʛʠʧʦʪʝʟʫ H0, ʤʳ ʜʦʣʞʥʳ 

ʧʨʦʚʝʨʠʪʴ ʠ, ʝʩʣʠ ʦʥʦ ʧʦʜʪʚʝʨʜʠʪʩʷ, ʪʦ ʤʳ ʩʤʦʞʝʤ ʚ ʜʘʣʴʥʝʡʰʝʤ 
ʧʦʣʴʟʦʚʘʪʴʩʷ ʵʪʠʤ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʢʘʢ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ, ʨʝʘʣʴʥʳʤ 

ʬʘʢʪʦʤ.  
ʅʦ ʤʳ ʜʦʣʞʥʳ ʧʦʤʥʠʪʴ, ʯʪʦ ʫ ʥʘʩ  ʚʩʝʛʜʘ ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʫʯʘʡʥʦʩʪʴ, 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʘʷ, ʥʦ ʚʩʸ ʞʝ ï ʩʣʫʯʘʡʥʦʩʪʴ ʠ  ʧʦʵʪʦʤʫ ʧʨʠ 
ʧʨʦʚʝʨʢʝ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ  ʛʠʧʦʪʝʟʳ  H0 ʤʳ ʜʦʣʞʥʳ ʧʦʣʴʟʦʚʘʪʴʩʷ 

ʧʦʥʷʪʠʷʤʠ ʠ ʤʝʪʦʜʘʤʠ  ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʘ ʠʤʝʥʥʦ ï ʦʩʥʦʚʥʳʤʠ 
ʧʦʣʦʞʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʶʪ ʠʟ ɿʘʢʦʥʘ ʙʦʣʴʰʠʭ ʯʠʩʝʣ ʠ ʎʝʥʪʨʘʣʴʥʦʡ 

ʧʨʝʜʝʣʴʥʦʡ ʪʝʦʨʝʤʳ.  
ɼʣʷ ʧʨʦʚʝʨʢʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ H0 ʤʳ ʧʦʜʙʠʨʘʝʤ 

ʢʨʠʪʝʨʠʡ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ T, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʩʪʠʢʦʡ 

( )
n

,...,,gT xxx
21

= . ʇʫʩʪʴ ʤʥʦʞʝʩʪʚʦ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʠʩʝʣ SQ8  ʷʚʣʷʝʪʩʷ 

ʤʥʦʞʝʩʪʚʦʤ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʩʪʘʪʠʩʪʠʢʠ ( )
n

,...,,gT xxx
21

= . 

ʇʨʦʚʦʜʠʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʥʘʩʪʫʧʠʪʴ ʣʠʙʦ 
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ʩʦʙʳʪʠʝ { }QTÍ , ʣʠʙʦ ʩʦʙʳʪʠʝ { }STÍ . ʅʦ ʤʳ ʟʘʨʘʥʝʝ ʜʦʛʦʚʘʨʠʚʘʝʤʩʷ, ʯʪʦ 

ʝʩʣʠ ʥʘʩʪʫʧʠʪ ʩʦʙʳʪʠʝ { }STÍ , ʪʦ ʛʠʧʦʪʝʟʘ H0 ï ʥʝʚʝʨʥʘ, ʝʸ ʥʘʜʦ 

ʦʪʢʣʦʥʠʪʴ ʠ ʧʨʠʥʷʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʛʠʧʦʪʝʟʫ H1, ʘ ʝʩʣʠ ʥʘʩʪʫʧʠʪ ʩʦʙʳʪʠʝ 

{ }QTÍ , ʪʦ ʥʘʰʘ ʛʠʧʦʪʝʟʘ ʅ0  ʚʝʨʥʘ ʠ ʝʸ ʥʘʜʦ ʧʨʠʥʷʪʴ. 

  ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʧʨʠ ʚʝʨʥʦʡ ʛʠʧʦʪʝʟʝ H0 ʩʦʙʳʪʠʝ S  ʤʦʞʝʪ 

ʥʘʩʪʫʧʠʪʴ, ʥʦ ʚʝʨʦʷʪʥʦʩʪʴ a ʵʪʦʛʦ ʩʦʙʳʪʠʷ ( )
0

H|SP  - ʤʘʣʘ. ʊʦ ʝʩʪʴ, ʪʘʢ 

ʢʘʢ ʫ ʥʘʩ ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʫʯʘʡʥʦʩʪʴ, ʪʦ ʧʨʠ ʚʝʨʥʦʡ ʚ ʨʝʘʣʴʥʦʩʪʠ ʛʠʧʦʪʝʟʝ H0 

ʤʳ ʙʫʜʝʤ ʠʟʨʝʜʢʘ ʦʰʠʙʘʪʴʩʷ. ʕʪʦ ʙʫʜʝʪ ʪʦʛʜʘ, ʢʦʛʜʘ ʙʫʜʝʪ ʥʘʩʪʫʧʘʪʴ 

ʩʦʙʳʪʠʝ { }STÍ , ʠ ʚʝʨʦʷʪʥʦʩʪʴ ( )a=Í
0

H|STP .  

ʉʬʦʨʤʫʣʠʨʫʝʤ ʯʸʪʢʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʧʨʠ 
ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʝ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ H0. 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʛʠʧʦʪʝʟʘ H0 ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʧʦʜʙʠʨʘʝʪʩʷ ʢʨʠʪʝʨʠʡ T  

ʧʨʦʚʝʨʢʠ ʝʸ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ. ʊʘʢ ʢʘʢ ʢʨʠʪʝʨʠʡ ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʩʪʠʢʦʡ 

( )
n

,...,,gT xxx
21

= , ʪʦ ʫ ʥʝʛʦ ʝʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʝʛʦ ʟʥʘʯʝʥʠʡ. 

ʇʫʩʪʴ ʵʪʦ ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ( )
0

H|xp . ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʧʨʠ ʚʝʨʥʦʡ 

ʛʠʧʦʪʝʟʝ  H0  ʩ ʤʘʣʝʥʴʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ a ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ T ʧʦʧʘʜʘʝʪ ʚ 

ʦʙʣʘʩʪʴ S, ʪʦ ʝʩʪʴ ʥʘʩʪʫʧʠʪ ʩʣʫʯʘʡʥʦʝ ʩʦʙʳʪʠʝ { }STÍ . ʆʙʣʘʩʪʴ S  ʙʫʜʝʤ 

ʥʘʟʳʚʘʪʴ ʢʨʠʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʴʶ ʠ ʦʙʦʟʥʘʯʘʪʴ 
ʢʨ.

S . ɺʩʝ ʦʩʪʘʣʴʥʫʶ ʦʙʣʘʩʪʴ 

ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʷ T ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʦʙʣʘʩʪʴʶ ʜʦʧʫʩʪʠʤʳʭ 

ʟʥʘʯʝʥʠʡ ʠ ʦʙʦʟʥʘʯʘʪʴ ʜʦʧ.
Q . ʆʧʨʝʜʝʣʠʚ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʷ 

ʢʨ.
S  ʠ 

ʜʦʧ.
Q , ʧʨʦʚʦʜʠʤ ʵʢʩʧʝʨʠʤʝʥʪ ʠ ʧʦʣʫʯʘʝʤ ʯʠʩʣʦʚʫʶ ʚʳʙʦʨʢʫ ( )

n
x,...,x,x

21
. 

ʇʦ ʵʪʦʡ ʚʳʙʦʨʢʝ ʧʦʜʩʯʠʪʳʚʘʝʤ ʥʘʙʣʶʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ 

( )
n.ʥʘʙʣ

x,...,x,xgT
21

= ʠ ʩʤʦʪʨʠʤ: ʚ ʢʘʢʫʶ ʦʙʣʘʩʪʴ ʧʦʧʘʣʦ ʵʪʦ ʥʘʙʣʶʜʘʝʤʦʝ 

ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ 
ʥʘʙʣ.

T .  

 

ʇʨʘʚʠʣʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ: 

1) ɽʩʣʠ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ 
ʥʘʙʣ.

T  ʧʦʧʘʣʦ ʚ ʦʙʣʘʩʪʴ 
ʢʨ.

S , ʪʦ ʝʩʪʴ, ʝʩʣʠ 

ʥʘʩʪʫʧʠʣʦ ʩʦʙʳʪʠʝ { }
.ʢʨ.ʥʘʙʣ

ST Í , ʪʦ,  ʪʘʢ ʢʘʢ ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʡ ʛʠʧʦʪʝʟʝ H0 

ʵʪʦ ʩʦʙʳʪʠʝ ʤʘʣʦʚʝʨʦʷʪʥʦʝ (a  - ʤʘʣʦ), ʤʳ ʛʦʚʦʨʠʤ: çɻʠʧʦʪʝʟʘ H0 

ʦʪʢʣʦʥʷʝʪʩʷ ʩ ʫʨʦʚʥʝʤ ʟʥʘʯʠʤʦʩʪʠ aè. 

2) ɽʩʣʠ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ 
ʥʘʙʣ.

T  ʧʦʧʘʣʦ ʚ ʦʙʣʘʩʪʴ ʜʦʧ.
Q , ʪʦ ʝʩʪʴ, ʝʩʣʠ 

ʥʘʩʪʫʧʠʣʦ ʩʦʙʳʪʠʝ { }
..ʥʘʙʣ

QT
ʜʦʧ

Í , ʪʦ ʤʳ ʛʦʚʦʨʠʤ: çʋ ʥʘʩ ʥʝʪ ʦʩʥʦʚʘʥʠʡ 

ʦʪʢʣʦʥʷʪʴ ʛʠʧʦʪʝʟʫ H0. ɻʠʧʦʪʝʟʘ  H0 - ʧʨʠʥʠʤʘʝʪʩʷè.  

ʊʘʢ ñʦʩʪʦʨʦʞʥʦò  ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʤʳ ʛʦʚʦʨʠʤ ʧʦʪʦʤʫ, ʯʪʦ 

ʥʘʩʪʫʧʣʝʥʠʝ ʩʦʙʳʪʠʷ { }
..ʥʘʙʣ

QT
ʜʦʧ

Í  - ʨʝʟʫʣʴʪʘʪ ʦʜʥʦʢʨʘʪʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʧʦʣʫʯʠʚʰʝʡʩʷ ʧʨʠ ʵʪʦʤ ʚʳʙʦʨʢʠ ( )
n

x,...,x,x
21

. ʀ ʥʝ 

ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʧʨʠ ʧʦʚʪʦʨʥʳʭ ʧʨʦʚʝʜʝʥʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʠ ʜʣʷ ʥʦʚʳʭ 
ʚʳʙʦʨʦʢ ʤʳ ʵʪʦ ʩʦʙʳʪʠʝ ʙʦʣʴʰʝ ʥʘʙʣʶʜʘʪʴ ʥʝ ʙʫʜʝʤ.  
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ɼʣʷ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʦʩʥʦʚʥʦʡ H0 ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ H1 ʛʠʧʦʪʝʟ 

ʢʨʠʪʝʨʠʡ ( )
n

,...,,gT xxx
21

= , ʢʦʪʦʨʳʡ ʤʳ ʧʨʠʤʝʥʷʝʤ ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʵʪʠʭ ʛʠʧʦʪʝʟ, ʠʤʝʝʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʣʦʪʥʦʩʪʠ 

ʚʝʨʦʷʪʥʦʩʪʠ  ( )
0

H|xp  ʠ ( )
1

H|xp . ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʚʳʯʠʩʣʠʚ ʟʥʘʯʝʥʠʝ ( )
n.ʥʘʙʣ

x,...,x,xgT
21

= , ʤʳ ʤʦʞʝʤ ʥʘʙʣʶʜʘʪʴ 

ʥʘʩʪʫʧʣʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʜʚʫʭ ʩʦʙʳʪʠʡ { }
..ʥʘʙʣ

QT
ʜʦʧ

Í  ʠʣʠ { }
.ʢʨ.ʥʘʙʣ

ST Í . 

 

 
                                                H1 

 

                                                                             ( )
1

H|xp  

 

 
                                                                               b 

H0                                                                                             

                                                                        
ʜʦʧ.

Q                      
ʢʨ.

S  

                     ( )
0

H|xp  

 

 
                                             

                                              a 
 

                 ʜʦʧ.Q                       
ʢʨ.

S  

ʈʠʩ.3.1 
ʀʟ ʨʠʩ. 3.1 ʚʠʜʥʦ, ʯʪʦ, ʧʨʦʚʦʜʷ ʧʨʦʮʝʜʫʨʫ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ 

ʛʠʧʦʪʝʟ, ʤ  r ʤʦʞʝʤ ʚʩʪʨʝʪʠʪ ɹ ʦʜʥʫ ʠʟ ʯʝʪʳʨʸʭ ʩʠʪʫʘʮʠʡ, ʢʦʪʦʨʳʝ 
ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ: 

 
                                                                                                                                

 

 
                                           

 
 

 
 

 
ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʫʶ ʠʟ ʵʪʠʭ ʚʦʟʤʦʞʥʳʭ ʩʠʪʫʘʮʠʡ ʦʪʜʝʣʴʥʦ. 
1) ɺ ʨʝʘʣʴʥʦʩʪʠ ʩʧʨʘʚʝʜʣʠʚʘ ʛʠʧʦʪʝʟʘ H0, ʧʨʦʚʝʜʷ ʵʢʩʧʝʨʠʤʝʥʪ ʠ 

ʚʳʯʠʩʣʠʚ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ, ʤʳ ʥʘʙʣʶʜʘʝʤ ʥʘʩʪʫʧʣʝʥʠʝ ʩʦʙʳʪʠʷ 

 ʵʢʩʧʝʨʠʤʝʥʪ 

ʜʦʧ.
QTÍ  ʢʨ.

STÍ  

ʚʝʨʥʘ 
H0  

1)  

 ʚʩʸ 

ʭʦʨʦʰʦ 

2)  

 ʦʰʠʙʢʘ 

I ʨʦʜʘ 

ʚʝʨʥʘ 
H1 

4)    

ʦʰʠʙʢʘ 

II ʨʦʜʘ 

3)  

 ʚʩʸ 

ʭʦʨʦʰʦ 
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{ }
..ʥʘʙʣ

QT
ʜʦʧ

Í . ʇʦ ʧʨʘʚʠʣʫ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʤʳ ʧʨʠʥʠʤʘʝʤ ʛʠʧʦʪʝʟʫ H0, 

ɿʜʝʩʴ ʚʩʸ ʭʦʨʦʰʦ. ʅʦ ʥʘʜʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʧʨʠʥʷʪʠʝ ʛʠʧʦʪʝʟʳ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʣʠʰʴ ʦ ʪʦʤ, ʯʪʦ ʦʥʘ ʥʝ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʦʪʠʚʦʨʝʯʠʠ ʩ 

ʠʤʝʶʱʠʤʠʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ. ʄʳ ʥʝ ʜʦʢʘʟʳʚʘʝʤ 
ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ, ʠʣʠ ʚʝʨʥʦʩʪʴ ʛʠʧʦʪʝʟʳ H0, ʤʳ ʣʠʰʴ ʢʦʥʩʪʘʪʠʨʫʝʤ, ʯʪʦ 

ʥʘʰʘ ʛʠʧʦʪʝʟʘ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʤʝʶʱʠʤʠʩʷ ʜʘʥʥʳʤʠ ʦʧʳʪʘ, ʵʢʩʧʝʨʠʤʝʥʪʘ. 
ʊʦ ʝʩʪʴ, ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʥʘʰʝʡ ʛʠʧʦʪʝʟʝ, 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʥʘʰʝʡ ʛʠʧʦʪʝʟʦʡ. 
2) ɺ ʨʝʘʣʴʥʦʩʪʠ ʩʧʨʘʚʝʜʣʠʚʘ ʛʠʧʦʪʝʟʘ H0, ʧʨʦʚʝʜʷ ʵʢʩʧʝʨʠʤʝʥʪ ʠ 

ʚʳʯʠʩʣʠʚ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ, ʤʳ ʥʘʙʣʶʜʘʝʤ ʥʘʩʪʫʧʣʝʥʠʝ ʩʦʙʳʪʠʷ 

{ }
.ʢʨ.ʥʘʙʣ

ST Í . ʇʦ ʧʨʘʚʠʣʫ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʤʳ ʜʦʣʞʥʳ ʦʪʢʣʦʥʠʪʴ ʚʝʨʥʫʶ 

ʛʠʧʦʪʝʟʫ H0.  ʇʨʠ ʵʪʦʤ ʤʳ ʩʦʚʝʨʰʘʝʤ ʦʰʠʙʢʫ, ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ 

ʦʰʠʙʢʦʡ ʧʝʨʚʦʛʦ ʨʦʜʘ. ɺʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʧʝʨʚʦʛʦ ʨʦʜʘ ʨʘʚʥʘ 

ʚʝʨʦʷʪʥʦʩʪʠ ʩʦʙʳʪʠʷ { }
.ʢʨ.ʥʘʙʣ

ST Í , ʪʦ ʝʩʪʴ ʦʥʘ ʨʘʚʥʘ a.  

3) ɺ ʨʝʘʣʴʥʦʩʪʠ ʩʧʨʘʚʝʜʣʠʚʘ ʛʠʧʦʪʝʟʘ H1, ʧʨʦʚʝʜʷ ʵʢʩʧʝʨʠʤʝʥʪ ʠ 

ʚʳʯʠʩʣʠʚ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ, ʤʳ ʥʘʙʣʶʜʘʝʤ ʥʘʩʪʫʧʣʝʥʠʝ ʩʦʙʳʪʠʷ 

{ }
.ʢʨ.ʥʘʙʣ

ST Í . ʇʦ ʧʨʘʚʠʣʫ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʤʳ ʦʪʢʣʦʥʷʝʤ ʦʩʥʦʚʥʫʶ 

ʛʠʧʦʪʝʟʫ H0  ʢʘʢ ʦʰʠʙʦʯʥʫʶ ʠ ʧʨʠʥʠʤʘʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʛʠʧʦʪʝʟʫ H1, 

ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʤʝʩʪʦ ʙʳʪʴ ʚ ʨʝʘʣʴʥʦʩʪʠ. ɿʜʝʩʴ ʚʩʸ ʭʦʨʦʰʦ. 
4) ɺ ʨʝʘʣʴʥʦʩʪʠ ʩʧʨʘʚʝʜʣʠʚʘ ʛʠʧʦʪʝʟʘ H1, ʧʨʦʚʝʜʷ ʵʢʩʧʝʨʠʤʝʥʪ ʠ 

ʚʳʯʠʩʣʠʚ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ, ʤʳ ʥʘʙʣʶʜʘʝʤ ʥʘʩʪʫʧʣʝʥʠʝ ʩʦʙʳʪʠʷ 

{ }
..ʥʘʙʣ

QT
ʜʦʧ

Í . ʇʦ ʧʨʘʚʠʣʫ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʤʳ ʜʦʣʞʥʳ ʧʨʠʥʷʪʴ ʛʠʧʦʪʝʟʫ  

H0 , ʢʦʪʦʨʘʷ ʚ ʨʝʘʣʴʥʦʩʪʠ ʥʝʚʝʨʥʘ. ʇʨʠ ʵʪʦʤ ʤʳ ʩʦʚʝʨʰʘʝʤ ʦʰʠʙʢʫ, 

ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ ʦʰʠʙʢʦʡ ʚʪʦʨʦʛʦ ʨʦʜʘ. ɺʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʚʪʦʨʦʛʦ 

ʨʦʜʘ ʨʘʚʥʘ ( )b=Í
1ʜʦʧ.ʥʘʙʣ.

H|QTP .  

ʇʨʠʤʝʨ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʘʢʪʠʯʝʩʢʫʶ ʠʣʣʶʩʪʨʘʮʠʶ ʩʠʪʫʘʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʦʠʟʦʡʪʠ ʚʦ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʭ çʧʨʦʠʟʚʦʜʠʪʝʣʷè ʠ çʧʦʢʫʧʘʪʝʣʷè. 
ʇʨʦʠʟʚʦʜʠʪʝʣʴ ʞʝʣʘʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʧʘʨʪʠʶ ʧʨʦʠʟʚʝʜʸʥʥʦʛʦ ʠʤ ʪʦʚʘʨʘ. 

ʇʦʢʫʧʘʪʝʣʴ ʞʝʣʘʝʪ ʧʨʠʦʙʨʝʩʪʠ ʵʪʫ ʧʘʨʪʠʶ ʪʦʚʘʨʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʣʠ  
ʧʣʦʭʦʛʦ ʪʦʚʘʨʘ ʚ ʧʘʨʪʠʠ, ʧʘʨʪʠʶ ʤʦʞʥʦ ʧʨʠʟʥʘʪʴ çʭʦʨʦʰʝʡè ʠʣʠ ʧʨʠʟʥʘʪʴ 
çʧʣʦʭʦʡè. ɿʥʘʯʠʪ, ʫ ʥʘʩ ʝʩʪʴ ʜʚʝ ʛʠʧʦʪʝʟʳ: H0 ïʧʘʨʪʠʷ ʪʦʚʘʨʘ çʭʦʨʦʰʘʷè, ʠ 
H1 - ʧʘʨʪʠʷ ʪʦʚʘʨʘ çʧʣʦʭʘʷè.  

  ɼʣʷ ʧʨʦʚʝʨʢʠ ʢʘʯʝʩʪʚʘ ʧʘʨʪʠʠ ʪʦʚʘʨʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʠ ʧʦʢʫʧʘʪʝʣʴ 

ʨʝʰʘʶʪ ʩ ʧʦʤʦʱʴʶ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʩʤʦʪʨʘ ʥʝʢʦʪʦʨʦʡ ʚʳʙʦʨʢʠ ʪʦʚʘʨʘ ʠʟ 
ʦʙʱʝʡ ʧʘʨʪʠʠ ʩʜʝʣʘʪʴ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʚʩʝʡ ʧʘʨʪʠʠ. ʆʥʠ ʜʦʛʦʚʘʨʠʚʘʶʪʩʷ ʦ 

ʢʨʠʪʝʨʠʠ ʧʨʦʚʝʨʢʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʛʠʧʦʪʝʟ. ʅʘʫʜʘʯʫ 
ʚʳʙʠʨʘʶʪʩʷ ʜʝʩʷʪʴ ʧʨʝʜʤʝʪʦʚ, ʠ ʦʮʝʥʠʚʘʝʪʩʷ ʠʭ ʢʘʯʝʩʪʚʦ. ɽʩʣʠ ʩʨʝʜʠ ʵʪʠʭ 

ʧʨʝʜʤʝʪʦʚ ʦʢʘʞʝʪʩʷ ʥʝ ʙʦʣʝʝ ʦʜʥʦʛʦ çʧʣʦʭʦʛʦè, ʪʦ ʚʩʷ ʧʘʨʪʠʷ ʧʨʠʟʥʘʸʪʩʷ 
çʭʦʨʦʰʝʡè. ʀ ʧʦʢʫʧʘʪʝʣʴ ʟʘʙʠʨʘʝʪ ʚʩʶ ʧʘʨʪʠʶ. ɽʩʣʠ ʩʨʝʜʠ ʦʪʦʙʨʘʥʥʳʭ 
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ʧʨʝʜʤʝʪʦʚ ʦʢʘʞʝʪʩʷ ʜʚʘ, ʠʣʠ ʙʦʣʝʝ ʜʚʫʭ, çʧʣʦʭʠʭè ʪʦ ʚʩʷ ʧʘʨʪʠʷ 
ʧʨʠʟʥʘʸʪʩʷ çʧʣʦʭʦʡè ʠ ʧʦʢʫʧʘʪʝʣʴ ʦʪʢʘʟʳʚʘʝʪʩʷ ʦʪ ʧʨʠʦʙʨʝʪʝʥʠʷ ʝʸ. 
ʉ ʧʦʟʠʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʛʠʧʦʪʝʟʘ  H0  ʙʫʜʝʪ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʦʡ, ʪʘʢ 

ʢʘʢ  ʦʥ ʩʪʨʝʤʠʪʩʷ ʨʝʘʣʠʟʦʚʘʪʴ ʩʚʦʡ ʪʦʚʘʨ ʠ ʧʨʠʟʥʘʥʠʝ ʧʘʨʪʠʠ çʧʣʦʭʦʡè, 

ʭʦʪʷ ʦʥʘ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ çʭʦʨʦʰʘʷè, ʜʣʷ ʥʝʛʦ ʯʨʝʚʘʪʦ ʙʦʣʴʰʠʤʠ 
ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʠ ʤʦʨʘʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ. ʉ ʧʦʟʠʮʠʠ ʧʦʢʫʧʘʪʝʣʷ ʛʠʧʦʪʝʟʘ 
H1 ʙʫʜʝʪ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʦʡ, ʪʘʢ ʢʘʢ ʝʤʫ ʣʫʯʰʝ ʟʘʙʨʘʢʦʚʘʪʴ çʭʦʨʦʰʫʶè 

ʧʘʨʪʠʶ, ʯʝʤ  ʧʨʠʦʙʨʝʩʪʠ çʧʣʦʭʫʶè, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʥ ʥʝ ʧʦʩʪʨʘʜʘʝʪ ʥʠ 

ʤʘʪʝʨʠʘʣʴʥʦ, ʥʠ ʤʦʨʘʣʴʥʦ. 
ɼʦʧʫʩʪʠʤ, ʯʪʦ ʤʳ ʩʠʤʧʘʪʠʟʠʨʫʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʶ, ʪʦ ʝʩʪʴ  ʛʠʧʦʪʝʟʘ  H0  

ʜʣʷ ʥʘʩ ʦʩʥʦʚʥʘʷ ʠ ʦʥʘ ʚʝʨʥʘ ʚ ʨʝʘʣʴʥʦʩʪʠ. ʇʨʦʚʝʣʠ ʢʦʥʪʨʦʣʴ ʦʪʦʙʨʘʥʥʳʭ 
ʜʝʩʷʪʠ ʧʨʝʜʤʝʪʦʚ ʠ ʚʩʝ ʦʥʠ ʦʢʘʟʘʣʠʩʴ çʭʦʨʦʰʠʤʠè. ʇʦ ʧʨʘʚʠʣʫ ʧʨʠʥʷʪʠʷ 
ʨʝʰʝʥʠʡ ʚʩʷ ʧʘʨʪʠʷ  ʦʙʲʷʚʣʷʝʪʩʷ çʭʦʨʦʰʝʡè ʠ ʧʦʢʫʧʘʪʝʣʴ ʦʙʷʟʘʥ ʝʸ 

ʟʘʙʨʘʪʴ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴ, ʠ ʧʦʢʫʧʘʪʝʣʴ ʙʫʜʫʪ ʜʦʚʦʣʴʥʳ.  
ɽʩʣʠ ʩʨʝʜʠ ʦʪʦʙʨʘʥʥʳʭ ʜʝʩʷʪʠ ʧʨʝʜʤʝʪʦʚ ʪʨʠ ʦʢʘʟʘʣʠʩʴ çʧʣʦʭʠʤʠè, ʪʦ 

ʚʩʷ ʧʘʨʪʠʷ ʦʙʲʷʚʣʷʝʪʩʷ çʧʣʦʭʦʡè. ʕʪʦ ʙʫʜʝʪ ʦʰʠʙʢʘ ʧʝʨʚʦʛʦ ʨʦʜʘ. 
ʇʦʢʫʧʘʪʝʣʴ ʥʝ ʧʦʢʫʧʘʝʪ ʧʘʨʪʠʶ. ʇʨʦʠʟʚʦʜʠʪʝʣʴ ʧʨʦʠʛʨʳʚʘʝʪ, ʦʥ ʠʤʝʝʪ  

ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ ʠ ʩʪʨʘʜʘʝʪ ʤʦʨʘʣʴʥʦ. 
ʇʫʩʪʴ ʚ ʨʝʘʣʴʥʦʩʪʠ ʩʧʨʘʚʝʜʣʠʚʘ  ʛʠʧʦʪʝʟʘ H1. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʥʪʨʦʣʷ 

ʦʪʦʙʨʘʥʥʳʭ ʜʝʩʷʪʠ ʧʨʝʜʤʝʪʦʚ ʪʨʠ ʦʢʘʟʘʣʠʩʴ çʧʣʦʭʠʤʠè.  ʇʦ ʧʨʘʚʠʣʫ 
ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚʩʷ ʧʘʨʪʠʷ  ʦʙʲʷʚʣʷʝʪʩʷ çʧʣʦʭʦʡè. ʇʦʢʫʧʘʪʝʣʴ ʫʭʦʜʠʪ 

ʙʝʟ ʧʦʢʫʧʢʠ, ʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʜʦʣʞʝʥ ʧʨʦʚʝʨʠʪʴ ʚʩʶ ʧʘʨʪʠʶ ʠ ʧʦʜʫʤʘʪʴ ʦ 
ʧʨʠʯʠʥʘʭ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ çʧʣʦʭʠʭè ʧʨʝʜʤʝʪʦʚ ʚ ʧʘʨʪʠʠ.  

ɽʩʣʠ ʞʝ ʚʩʝ ʜʝʩʷʪʴ ʧʨʝʜʤʝʪʦʚ ʦʢʘʟʘʣʠʩʴ çʭʦʨʦʰʠʤʠè, ʪʦ ʚʩʷ ʧʘʨʪʠʷ 
ʦʙʲʷʚʣʷʝʪʩʷ çʭʦʨʦʰʝʡè ʠ ʧʦʢʫʧʘʪʝʣʴ ʦʙʷʟʘʥ ʝʸ ʧʨʠʦʙʨʝʩʪʠ. ʉʦʚʝʨʰʘʝʪʩʷ 
ʦʰʠʙʢʘ ʚʪʦʨʦʛʦ ʨʦʜʘ. ʇʦʢʫʧʘʪʝʣʴ ʧʨʦʠʛʨʳʚʘʝʪ, ʦʥ ʩʪʨʘʜʘʝʪ ʠ ʤʘʪʝʨʠʘʣʴʥʦ, 

ʠ ʤʦʨʘʣʴʥʦ. ʇʨʦʠʟʚʦʜʠʪʝʣʴ ʚʨʦʜʝ ʙʳ ʜʦʣʞʝʥ ʙʳʪʴ ʜʦʚʦʣʴʥʳʤ, ʥʦ ʚʨʷʜ ʣʠ 
ʵʪʦʪ ʧʦʢʫʧʘʪʝʣʴ ʦʙʨʘʪʠʪʩʷ ʟʘ ʪʦʚʘʨʦʤ ʢ ʵʪʦʤʫ ʧʨʦʠʟʚʦʜʠʪʝʣʶ ʚ ʩʣʝʜʫʶʱʠʡ 

ʨʘʟ. 
 

ʂʦʤʤʝʥʪʘʨʠʡ 

ɽʩʪʝʩʪʚʝʥʥʦ, ʧʦʜʙʠʨʘʷ ʢʨʠʪʝʨʠʡ ʧʨʦʚʝʨʢʠ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ H0, ʤʳ 

ʜʦʣʞʥʳ ʩʪʨʝʤʠʪʴʩʷ, ʯʪʦʙʳ ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʢʨʠʪʝʨʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʦʢ 

ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ ʙʳʣʠ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʤʠʥʠʤʘʣʴʥʳʤʠ. ɼʣʷ 

ʚʳʙʨʘʥʥʦʛʦ ʢʨʠʪʝʨʠʷ ( )
n

,...,,gT xxx
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=  ʫʤʝʥʴʰʝʥʠʝ ʦʜʥʦʡ ʠʟ ʚʝʨʦʷʪʥʦʩʪʝʡ 

a ʠʣʠ b, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 3.1, ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʨʫʛʦʡ. ɿʥʘʯʠʪ, 

ʝʩʣʠ ʚʳʙʨʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʥʘʩ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʧʦ ʧʨʠʯʠʥʝ ʙʦʣʴʰʦʛʦ 
ʟʥʘʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʠʣʠ ʦʰʠʙʢʠ ʧʝʨʚʦʛʦ ʨʦʜʘ a, ʠʣʠ ʦʰʠʙʢʠ ʚʪʦʨʦʛʦ 

ʨʦʜʘ b, ʪʦ ʥʘʜʦ ʧʦʜʙʠʨʘʪʴ ʥʦʚʳʡ ʢʨʠʪʝʨʠʡ.  

ɺʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ: ʢʘʢ ʩʨʘʚʥʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʢʨʠʪʝʨʠʠ ʜʣʷ 
ʧʨʦʚʝʨʢʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟʳ  H0  ʠ ʢʘʢ ʚʳʙʠʨʘʪʴ ʠʟ ʥʠʭ ʥʘʠʙʦʣʝʝ 
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çʭʦʨʦʰʠʡè? ʈʝʰʝʥʠʶ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ʅʝʡʤʘʥʘ ʠ 
ɽ.ʇʠʨʩʦʥʘ. ʉʫʪʴ ʪʝʦʨʠʠ ʅʝʡʤʘʥʘ-ʇʠʨʩʦʥʘ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʤʳ ʥʘʟʚʘʣʠ ʢʨʠʪʝʨʠʡ çʭʦʨʦʰʠʤè ʥʘʜʦ ʧʦʪʨʝʙʦʚʘʪʴ, 
ʯʪʦʙʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʛʦ ʢʨʠʪʝʨʠ ̫ ʚʝʨʦʷʪʥʦʩʪʴ a  ʦʪʢʣʦʥʠʪʴ  

ʛʠʧʦʪʝʟʫ H0, ʢʦʛʜʘ ʦʥʘ ʚʝʨʥʘ ʚ ʨʝʘʣʴʥʦʩʪʠ, ʙʳʣʘ ʤʘʣʘ, ʘ ʚʝʨʦʷʪʥʦʩʪʴ b-1  

ʦʪʢʣʦʥʠʪʴ ʛʠʧʦʪʝʟʫ H0, ʢʦʛʜʘ ʦʥʘ ʥʝʚʝʨʥʘ ʚ ʨʝʘʣʴʥʦʩʪʠ, ʙʳʣʘ ʚʝʣʠʢʘ.  

ɺʝʨʦʷʪʥʦʩʪʴ b-1  ʥʘʟʳʚʘʶʪ ʬʫʥʢʮʠʝʡ ʤʦʱʥʦʩʪʠ ʚʳʙʠʨʘʝʤʦʛʦ 

ʢʨʠʪʝʨʠʷ. ʇʨʠ ʚʳʙʦʨʝ  ʠʟ ʜʚʫʭ ʢʨʠʪʝʨʠʝʚ 
1

T  ʠ 
2

T , ʫ ʢʦʪʦʨʳʭ ʦʜʥʘ ʠ ʪʘ ʞʝ 

ʚʝʨʦʷʪʥʦʩʪʴ a  ʦʪʢʣʦʥʠʪʴ ʚʝʨʥʫʶ ʚ ʨʝʘʣʴʥʦʩʪʠ ʛʠʧʦʪʝʟʫ H0 ʩʣʝʜʫʝʪ 

ʧʨʠʟʥʘʪʴ ʙʦʣʝʝ çʭʦʨʦʰʠʤè ʪʦʪ, ʢʦʪʦʨʳʡ ʜʘʸʪ ʙʦʣʴʰʫʶ ʚʝʨʦʷʪʥʦʩʪʴ b-1  

ʦʪʢʣʦʥʠʪʴ H0, ʢʦʛʜʘ ʵʪʘ ʛʠʧʦʪʝʟʘ ʥʝʚʝʨʥʘ. 

ɺʳʙʦʨ ʥʘʠʣʫʯʰʝʛʦ ʢʨʠʪʝʨʠʷ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʩʢʦʣʴʢʠʭ 
ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʛʠʧʦʪʝʟ. ɽʩʣʠ ʧʨʠ ʚʩʝʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʛʠʧʦʪʝʟʘʭ 

ʢʨʠʪʠʯʝʩʢʦʝ ʤʥʦʞʝʩʪʚʦ 
ʢʨ.

S , ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ b-1 , ʦʜʠʥʘʢʦʚʦ ʜʣʷ ʚʩʝʭ ʵʪʠʭ ʛʠʧʦʪʝʟ, ʪʦ ʪʘʢʦʡ ʢʨʠʪʝʨʠʡ 

ʥʘʟʳʚʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʤ  ʩʨʝʜʠ ʚʩʝʭ ʢʨʠʪʝʨʠʝʚ ʚʳʙʨʘʥʥʦʛʦ ʫʨʦʚʥʷ 
ʟʥʘʯʠʤʦʩʪʠ a. ʂ ʩʦʞʘʣʝʥʠʶ, ʪʘʢʦʝ ʧʦʣʦʞʝʥʠʝ, ʪʦ ʝʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ  

ʥʘʠʙʦʣʝʝ ʤʦʱʥʦʛʦ ʢʨʠʪʝʨʠʷ, ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʜʢʦ. 
ʇʦʵʪʦʤʫ ʤʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʯʘʱʝ ʚʩʝʛʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʛʠʧʦʪʝʟʳ ʤʦʞʥʦ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ, ʪʦ ʝʩʪʴ ʨʘʟʙʠʪʴ ʥʘ 
ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ.  ʌʦʨʤʫʣʠʨʦʚʢʠ ʛʠʧʦʪʝʟ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʦʜʥʦʡ ʛʨʫʧʧʝ, 

ʟʚʫʯʘʪ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦ, ʘ ʧʦʪʦʤʫ ʧʝʨʝʯʝʥʴ ʧʨʠʤʝʥʷʶʱʠʭʩʷ 
ʢʨʠʪʝʨʠʝʚ ʙʫʜʝʪ ʥʝ ʦʯʝʥʴ ʙʦʣʴʰʠʤ. ɽʩʣʠ ʜʣʷ ʚʩʝʭ ʦʜʠʥʘʢʦʚʳʭ ʧʦ ʩʤʳʩʣʫ 

ʛʠʧʦʪʝʟ ʩʫʱʝʩʪʚʫʝʪ ʥʘʠʣʫʯʰʠʡ ʢʨʠʪʝʨʠʡ, ʪʦ ʦʥ ʦʧʠʩʘʥ ʚʦ ʚʩʝʭ ʢʥʠʛʘʭ 
ʧʦʩʚʷʱʸʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢ ʪʘʢʦʤʫ 

ʢʨʠʪʝʨʠʶ ʦʙʳʯʥʦ ʥʝʪʨʫʜʥʦ ʧʨʠʡʪʠ, ʠʩʭʦʜʷ ʠʟ ʟʜʨʘʚʦʛʦ ʩʤʳʩʣʘ, 
ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʟʥʘʥʠʠ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʝʸ 

ʧʨʝʜʝʣʴʥʳʭ ʪʝʦʨʝʤ. ʕʪʦ ʤʳ ʧʦʧʳʪʘʝʤʩʷ ʩʜʝʣʘʪʴ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 
ʧʨʠʤʝʨʘʭ. 

 

ʊʝʦʨʠʷ 
ɺʩʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟ, ʩ 

ʢʦʪʦʨʳʤʠ ʤʦʞʝʪ ʚʩʪʨʝʪʠʪʴʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨ, ʤʦʞʝʤ ʨʘʟʙʠʪʴ ʥʘ ʯʝʪʳʨʝ 
ʛʨʫʧʧʳ.  

ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʟʘʜʘʯʠ  ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ 
ʦ ʨʘʚʝʥʩʪʚʝ ʥʝʠʟʚʝʩʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʯʠʩʣʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʠʟʥʘʢʘ, ʪʦ ʝʩʪʴ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x , ʥʝʢʦʪʦʨʦʤʫ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤʫ ʯʠʩʣʫ.  

ʇʫʩʪʴ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ( )J,xP  ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ 

x ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ J, ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʶʱʝʛʦ  ʵʪʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʄʥʦʞʝʩʪʚʦ Q - ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ 
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J. ʕʪʦ ʤʥʦʞʝʩʪʚʦ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ 
10
QQQ 8= , ʛʜʝ =

10
QQ 1 ß. 

ʌʦʨʤʫʣʠʨʫʝʤ ʦʩʥʦʚʥʫʶ ʛʠʧʦʪʝʟʫ:
00
QÍJ:H ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʛʠʧʦʪʝʟʫ: 

11
QÍJ:H . ɻʠʧʦʪʝʟʘ 

00
QÍJ:H ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʩʪʦʡ ʛʠʧʦʪʝʟʦʡ, ʝʩʣʠ 

ʤʥʦʞʝʩʪʚʦ 
0
Qʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ 

0
J, ʪʦ ʝʩʪʴ 

00
JJ=:H . ɻʠʧʦʪʝʟʫ, 

ʥʝ ʷʚʣʷʶʱʫʶʩʷ ʧʨʦʩʪʦʡ, ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʩʣʦʞʥʦʡ. ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ 

ʛʠʧʦʪʝʟʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʩʪʦʡ 
11
JJ=:H  ʠʣʠ ʩʣʦʞʥʦʡ, ʥʘʧʨʠʤʝʨ, 

01
JJ¸:H . 

ɺ ʟʘʜʘʯʘʭ ʵʪʦʡ ʛʨʫʧʧʳ ʦʩʥʦʚʥʳʝ ʛʠʧʦʪʝʟʳ ï ʧʨʦʩʪʳʝ. ʇʨʠʥʷʪʠʝ 

ʧʨʦʩʪʦʡ ʛʠʧʦʪʝʟʳ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ( )J,xP .  

ʂʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʟʘʜʘʯʠ  ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ 
ʛʠʧʦʪʝʟʳ ʦ ʨʘʚʝʥʩʪʚʝ ʥʝʠʟʚʝʩʪʥʳʭ ʟʥʘʯʝʥʠʡ ʦʜʥʦʠʤʸʥʥʳʭ ʯʠʩʣʦʚʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʠʟʥʘʢʘ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ xʠ h.  

ɽʩʣʠ ʟʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ x ʠ h 

ʟʘʚʠʩʷʪ ʦʪ ʯʠʩʣʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʨʘʚʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

1
J ʠ 

2
J, ʤʳ ʬʦʨʤʫʣʠʨʫʝʤ ʦʩʥʦʚʥʫʶ ʛʠʧʦʪʝʟʫ 

210
JJ=:H . ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ 

ʛʠʧʦʪʝʟʘ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʦʡ: 
211
JJ¸:H , ʠʣʠ 

211
JJ>:H . 

ʂ ʪʨʝʪʴʝʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʟʘʜʘʯʠ  ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ 

ʦ ʚʠʜʝ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠʩʩʣʝʜʫʝʤʦʡ ʩʣʫʯʘʡʥʦʡ 
ʚʝʣʠʯʠʥʳ.  

ɸʥʘʣʠʟʠʨʫʷ ʚʠʜ ʛʠʩʪʦʛʨʘʤʤʳ, ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʚʳʙʦʨʢʝ ( )
n

x,...,x,x
21

, 

ʤʳ ʬʦʨʤʫʣʠʨʫʝʤ ʛʠʧʦʪʝʟʫ ʦ ʢʦʥʢʨʝʪʥʦʤ ʚʠʜʝ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ: :H
0

()xP - ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳx. ʀʣʠ, ʯʪʦ ʦʜʥʦ ʠ ʪʦ ʞʝ, :H
0

 ʉʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ x

ʠʤʝʝʪ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ()xF .  

ʂ ʯʝʪʚʸʨʪʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʟʘʜʘʯʠ  ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ 
ʛʠʧʦʪʝʟʳ ʘ) ʦ ʩʦʚʧʘʜʝʥʠʠ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʜʥʦʠʤʸʥʥʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ x  ʠ h , ʠ ʙ) ʦ 

ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʜʥʦʠʤʸʥʥʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ x ʠ h.  

ɺ ʩʣʫʯʘʝ ʘ) ʤʳ, ʘʥʘʣʠʟʠʨʫʷ ʚʠʜ ʛʠʩʪʦʛʨʘʤʤ, ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʚʳʙʦʨʢʘʤ 

( )
121 n

x,...,x,x  ʠ ( )
221 n

y,...,y,y , ʬʦʨʤʫʣʠʨʫʝʤ ʛʠʧʦʪʝʟʫ :H
0

 ɿʘʢʦʥʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ()xP
1

 ʠ ()yP
2
ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥx ʠ h  - 

ʩʦʚʧʘʜʘʶʪ. ʀʣʠ, ʯʪʦ ʦʜʥʦ ʠ ʪʦ ʞʝ, :H
0

 ʌʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ()xF
1

 ʠ 

()yF
2

 ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥx ʠ h - ʦʜʠʥʘʢʦʚʳʝ. 

ɺ ʩʣʫʯʘʝ ʙ) ʤʳ, ʘʥʘʣʠʟʠʨʫʷ ʚʠʜ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʪʘʙʣʠʮʳ, 

ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʜʚʫʤʝʨʥʦʡ ʚʳʙʦʨʢʝ ( )( ) ( ){ }
nn

y,x,...,y,x,y,x
2211

, 

ʬʦʨʤʫʣʠʨʫʝʤ ʛʠʧʦʪʝʟʫ  :H
0
ʉʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ x ʠ h- ʥʝʟʘʚʠʩʠʤʳʝ, ʪʦ 
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ʝʩʪʴ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )y,xP  ʩʣʫʯʘʡʥʦʛʦ ʚʝʢʪʦʨʘ ( )hx,  ʨʘʚʝʥ 

ʧʨʦʠʟʚʝʜʝʥʠʶ ʯʘʩʪʥʳʭ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪ: 

( ) () ()yPxPy,xP
21
Ö= . ʀʣʠ, ʯʪʦ ʦʜʥʦ ʠ ʪʦ ʞʝ, :H

0
 ʌʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʝʢʪʦʨʘ ( )hx,  ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʯʘʩʪʥʳʭ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪ x ʠ h, ʪʦ ʝʩʪʴ: ( ) () ()yFxFy,xF
21

Ö= .  

ʈʘʩʩʤʦʪʨʠʤ ʢʦʥʢʨʝʪʥʳʝ ʧʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 
ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟ ʢʘʞʜʦʛʦ ʠʟ ʯʝʪʳʨʸʭ ʪʠʧʦʚ. ʇʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʩʦʩʪʦʠʪ ʚ ʬʦʨʤʫʣʠʨʦʚʘʥʠʠ ʦʩʥʦʚʥʦʡ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʛʠʧʦʪʝʟ ʠ 
ʧʦʩʪʨʦʝʥʠʠ ʢʨʠʪʝʨʠʷ ʧʨʦʚʝʨʢʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ. 

 
Ä2.3 ɿʘʜʘʯʠ ʧʝʨʚʦʛʦ ʪʠʧʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟ 

ʊʝʦʨʠʷ 

ɿʘʜʘʯʘ 1.3 ʇʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟʳ ʦ ʨʘʚʝʥʩʪʚʝ ʥʝʠʟʚʝʩʪʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʩʪʫʧʣʝʥʠʷ ʩʣʫʯʘʡʥʦʛʦ ʩʦʙʳʪʠʷ ()AP  ʯʠʩʣʫ 
0

p . 

ʕʪʫ ʟʘʜʘʯʫ ʩʬʦʨʤʫʣʠʨʫʝʤ ʪʘʢ: ʧʨʦʚʦʜʠʪʩʷ ʠʩʧʳʪʘʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʪʦʨʦʛʦ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 
0

p  ʤʦʞʝʪ ʥʘʩʪʫʧʠʪʴ ʠʣʠ ʩʣʫʯʘʡʥʦʝ ʩʦʙʳʪʠʝ A, 

ʠʣʠ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 
00

1 pq -=  ʩʣʫʯʘʡʥʦʝ ʩʦʙʳʪʠʝ A . ʆʧʨʝʜʝʣʠʤ 

ʩʣʫʯʘʡʥʫʶ ʚʝʣʠʯʠʥʫ x, ʢʘʢ ʠʟʤʝʨʠʤʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʤʥʦʞʝʩʪʚʘ W ʚ R1, 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
í
ì
ë
=

 ʩʦʙʳʪʠʝ ʥʘʩʪʫʧʠʣʦʝʩʣʠ1

 ʩʦʙʳʪʠʝ ʥʘʩʪʫʧʠʣʦʝʩʣʠ0

,

,
x

A

A
.  

ʉʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ x - ʨʝʟʫʣʴʪʘʪ ʦʜʥʦʢʨʘʪʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʘ, 

ʥʘʟʳʚʘʝʤʘʷ ʥʘʤʠ çʙʝʨʥʫʣʣʠʝʚʩʢʦʡè, Íx B ( )
01

p , ʠʤʝʝʪ  ʨʷʜ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

00

10

pq

x
. ɿʜʝʩʴ ʚʝʨʦʷʪʥʦʩʪʴ 

0
p  - ʯʠʩʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʙʝʨʥʫʣʣʠʝʚʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʥʘʤ ʥʝʠʟʚʝʩʪʥʦ.  

ʌʦʨʤʫʣʠʨʫʝʤ ʦʩʥʦʚʥʫʶ ʛʠʧʦʪʝʟʫ ()
00

pAP:H = . ɸʣʴʪʝʨʥʘʪʠʚʥʫʶ 

ʛʠʧʦʪʝʟʫ ʟʘʧʠʰʝʤ ʪʘʢ: ()
01

pAP:H ¸ . ɻʠʧʦʪʝʟʘ H0 ï ʧʨʦʩʪʘʷ, ʛʠʧʦʪʝʟʘ H1 -  

ʩʣʦʞʥʘʷ. 

 ʇʦʩʪʨʦʠʤ ʢʨʠʪʝʨʠʡ ( )
n

,...,,gT xxx
21

=  ʧʨʦʚʝʨʢʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ H0.  

ɽʩʣʠ ʵʢʩʧʝʨʠʤʝʥʪ, ʚ ʢʦʪʦʨʦʤ ʥʘʩʪʫʧʘʶʪ ʠʣʠ ʩʣʫʯʘʡʥʦʝ ʩʦʙʳʪʠʝ A, ʠʣʠ 

ʩʣʫʯʘʡʥʦʝ ʩʦʙʳʪʠʝ A , ʧʨʦʚʝʜʸʤ n ʨʘʟ, ʪʦ ʧʦʣʫʯʠʤ ʚʳʙʦʨʦʯʥʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 
n

,...,, xxx
21

 ʥʝʟʘʚʠʩʠʤʳʭ ʙʝʨʥʫʣʣʠʝʚʩʢʠʭ ʩʣʫʯʘʡʥʳʭ 

ʚʝʣʠʯʠʥ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʪʘʪʠʩʪʠʢʘ ä
=

n

i

i

1

x ʧʦʜʯʠʥʷʝʪʩʷ ʙʠʥʦʤʠʘʣʴʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ B ( )
0

p
n

 ʠ, ʩʦʛʣʘʩʥʦ ʠʥʪʝʛʨʘʣʴʥʦʡ ʪʝʦʨʝʤʝ ʄʫʘʚʨʘ-ʃʘʧʣʘʩʘ, 
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ʩʪʘʪʠʩʪʠʢʘ 
00

0
1

qnp

np
n

i

i
-ä

=

x

- ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʥʦʨʤʘʣʴʥʘ, ʪʦ ʝʩʪʴ ʧʨʠ ʙʦʣʴʰʠʭ 

ʟʥʘʯʝʥʠʷʭ n ʦʥʘ ʧʦʜʯʠʥʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʤʘʣʦ ʦʪʣʠʯʘʶʱʝʤʫʩʷ ʦʪ 

N(0;1). ʇʦʵʪʦʤʫ ʤʳ ʤʦʞʝʤ ʚ ʨʦʣʠ ʢʨʠʪʝʨʠʷ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ H0 ʚʟʷʪʴ 

ʩʪʘʪʠʩʪʠʢʫ ( )
n

,...,,gT xxx
21

=

n

qp

p

00

0

Ö

-
=
x

, ʛʜʝ ʩʪʘʪʠʩʪʠʢʘ ä
=

=
n

i

i
n 1

1
xx  - 

ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʦʯʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ. ɿʥʘʯʝʥʠʝʤ 

ʵʪʦʡ ʩʪʘʪʠʩʪʠʢʠ ʜʣʷ ʣʶʙʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʫʜʝʪ ʜʨʦʙʴ 
n

m
 - ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʯʘʩʪʦʪʘ ʥʘʩʪʫʧʣʝʥʠʡ ʩʦʙʳʪʠʷ A ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ n ʦʜʠʥʘʢʦʚʳʭ ʦʧʳʪʦʚ. ʇʦ 

ʚʳʙʨʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ a, ʧʨʠ 

ʜʚʫʩʪʦʨʦʥʥʝʡ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʛʠʧʦʪʝʟʝ ()
01

pAP:H ¸ ʦʧʨʝʜʝʣʷʝʤ 

ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 
ʢʨ.

t  ʢʨʠʪʝʨʠʷ ( )
n

,...,,gT xxx
21

=  ʠʟ ʫʩʣʦʚʠʷ 

( )a=>
ʢʨ.

tTP . ʉʦʙʳʪʠʷ 

î
î

ý

î
î

ü

û

î
î

í

î
î

ì

ë

Ö

-

n

qp

p

00

0
x

ʠ 
î
ý

î
ü

û

î
í

î
ì

ë
-ä

=

00

0
1

qnp

np
n

i

i
x

 - ʨʘʚʥʦʚʝʨʦʷʪʥʳ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʤʝʥʷʷ ʠʥʪʝʛʨʘʣʴʥʫʶ ʪʝʦʨʝʤʫ ʄʫʘʚʨʘ-ʃʘʧʣʘʩʘ, ʧʨʠ 
ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ n ʧʦʣʫʯʘʝʤ:  

( ) ( ) ( )
ʢʨ.ʢʨ.ʢʨ.

211 ttTPtTP F-=¢-=>=a , ʪʦ ʝʩʪʴ ö
÷

õ
æ
ç

å-
= -

2

11

ʢʨ.

a
Ft . 

ʂʨʠʪʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ 
ʢʨ.

S , ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʠʜʦʤ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʛʠʧʦʪʝʟʳ 

H1, ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: ( )( )+¤+-¤-= ;tt;S
ʢʨ.ʢʨ.ʢʨ.

8 , ʘ ʦʙʣʘʩʪʴʶ ʜʦʧʫʩʪʠʤʳʭ 

ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʷ ʙʫʜʝʪ ( )
ʢʨ.ʢʨ.ʜʦʧ.

t;tQ +-= . ʇʦʩʪʨʦʠʚ ʦʙʣʘʩʪʠ 
ʢʨ.

S  ʠ ʜʦʧ.Q , 

ʧʨʦʚʦʜʠʤ ʵʢʩʧʝʨʠʤʝʥʪ ʠ ʦʧʨʝʜʝʣʷʝʤ ʥʘʙʣʶʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ: 

00

0

00

0

ʥʘʙʣ.

qnp

npm

n

qp

p
n

m

t
-

=

-

= , ʛʜʝ m ï ʯʠʩʣʦ ʥʘʩʪʫʧʣʝʥʠʡ ʩʦʙʳʪʠʷ A ʚ 

ʧʨʦʚʝʜʸʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʪʦ ʝʩʪʴ ʚ ʧʨʦʚʝʜʸʥʥʳʭ n ʨʘʟ ʦʜʠʥʘʢʦʚʳʭ  

ʥʝʟʘʚʠʩʠʤʳʭ ʦʧʳʪʘʭ. 

ɽʩʣʠ ʤʳ ʥʘʙʣʶʜʘʝʤ ʩʦʙʳʪʠʝ { }
ʢʨ.ʥʘʙʜ.

St Í , ʪʦ, ʪʘʢ ʢʘʢ ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʡ 

ʚ ʨʝʘʣʴʥʦʩʪʠ ʛʠʧʦʪʝʟʝ H0 ʵʪʦ ʩʦʙʳʪʠʝ ʤʘʣʦʚʝʨʦʷʪʥʦʝ, ʧʦ ʧʨʘʚʠʣʫ ʧʨʠʥʷʪʠʷ 
ʨʝʰʝʥʠʡ ʛʠʧʦʪʝʟʫ H0 ʦʪʢʣʦʥʷʝʤ ʠ ʧʨʠʥʠʤʘʝʤ ʛʠʧʦʪʝʟʫ H1. ʇʨʠ ʵʪʦʤ ʩ 

ʚʝʨʦʷʪʥʦʩʪʴʶ a ʤʳ ʤʦʞʝʤ ʩʦʚʝʨʰʠʪʴ ʦʰʠʙʢʫ ʧʝʨʚʦʛʦ ʨʦʜʘ.  
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ɽʩʣʠ ʤʳ ʥʘʙʣʶʜʘʝʤ ʩʦʙʳʪʠʝ { }
ʜʦʧ..ʥʘʙʜ.

Qt Í , ʪʦ ʧʦ ʧʨʘʚʠʣʫ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʫ ʥʘʩ ʥʝʪ  ʦʩʥʦʚʘʥʠʡ ʦʪʢʣʦʥʷʪʴ  ʛʠʧʦʪʝʟʫ H0. ʊʦ ʝʩʪʴ, ʛʠʧʦʪʝʟʘ H0 

ʧʨʠʥʠʤʘʝʪʩʷ.  

ɿʘʜʘʯʘ 2.3 ʇʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟʳ ʦ ʨʘʚʝʥʩʪʚʝ ʥʝʠʟʚʝʩʪʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ xM  ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x  ʥʝʢʦʪʦʨʦʤʫ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤʫ ʯʠʩʣʫ 
0
m ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʟʥʘʯʝʥʠʠ ʜʠʩʧʝʨʩʠʠ 2s .  

ʌʦʨʤʫʣʠʨʫʝʤ ʦʩʥʦʚʥʫʶ ʛʠʧʦʪʝʟʫ 
00
mx=M:H . ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ 

ʛʠʧʦʪʝʟʳ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʥʳʡ ʚʠʜ:
01
mx̧M:H ;

01
mx>M:H  ʠʣʠ 

01
mx<M:H . ʕʪʦ ʙʫʜʫʪ ʩʣʦʞʥʳʝ ʛʠʧʦʪʝʟʳ. ʇʝʨʚʘʷ ʛʠʧʦʪʝʟʘ ʥʘʟʳʚʘʝʪʩʷ 

ʜʚʫʩʪʦʨʦʥʥʝʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ, ʚʪʦʨʘʷ ʠ ʪʨʝʪʴʷ ʛʠʧʦʪʝʟʳ ʥʘʟʳʚʘʶʪʩʷ 
ʦʜʥʦʩʪʦʨʦʥʥʠʤʠ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ. ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʛʠʧʦʪʝʟʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʦʩʪʦʡ: 
11
mx=M:H . 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʛʠʧʦʪʝʟʳ H0 ʠ H1 ï ʧʨʦʩʪʳʝ, ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʝʪ 

ʥʘʠʣʫʯʰʠʡ ʢʨʠʪʝʨʠʡ ( )
n

,...,,gT xxx
21

=  ʧʨʦʚʝʨʢʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟʳ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʙʣʘʩʪʝʡ 
ʢʨ.

S  ʠ 
ʜʦʧ.

Q ʥʘʜʦ ʟʥʘʪʴ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʪʦʛʦ 

ʢʨʠʪʝʨʠʷ T. 

ʊʘʢ ʢʘʢ ʧʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ ʥʘʤ ʠʟʚʝʩʪʥʦ ʟʥʘʯʝʥʠʝ ʜʠʩʧʝʨʩʠʠ 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ 2sx=D , ʪʦ ʤʳ ʙʫʜʝʤ ʧʨʠʤʝʥʷʪʴ ʢʨʠʪʝʨʠʡ 

nuT
s

mx
0

-
== , ʢʦʪʦʨʳʡ, ʩʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ʃʝʚʠ ʠʟ ʎʝʥʪʨʘʣʴʥʦʡ 

ʧʨʝʜʝʣʴʥʦʡ ʪʝʦʨʝʤʳ, ʧʦʜʯʠʥʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʙʣʠʟʢʦʤʫ ʢ ʥʦʨʤʘʣʴʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ N  ʩ ʧʘʨʘʤʝʪʨʘʤʠ 0 ʠ 1, ʪ. ʝ. N (0,1). 

ɺʳʙʨʘʚ ʢʨʠʪʝʨʠʡ ( )
n

,...,,gT xxx
21

= , ʥʘʟʥʘʯʘʝʤ ʤʘʣʦʝ ʟʥʘʯʝʥʠʝ 

ʚʝʨʦʷʪʥʦʩʪʠ a  - ʫʨʦʚʥ ̫ ʟʥʘʯʠʤʦʩʪʠ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ. ʆʙʳʯʥʦ 

ʚʳʙʠʨʘʝʪʩʷ ʦʜʥʦ ʠʟ ʟʥʘʯʝʥʠʡ 0,05; 0,01; 0,001. ʆʙʱʝʧʨʠʥʷʪʳʡ ʚʳʙʦʨ ʠʟ 
ʵʪʠʭ ʪʨʸʭ ʟʥʘʯʝʥʠʡ ʩʦʢʨʘʱʘʝʪ ʦʙʲʸʤ ʥʝʦʙʭʦʜʠʤʳʭ ʪʘʙʣʠʮ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʢʨʠʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ 
ʢʨ.

S .  

ʊʘʢ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ xʚʳʙʦʨʦʯʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʥʘʠʣʫʯʰʝʡ ʦʮʝʥʢʦʡ xM , ʪʦ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʷʭ ʟʥʘʯʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ m ʦʪ ʯʠʩʣʘ 
0
m ʤʳ ʙʫʜʝʤ ʠʤʝʪʴ ʠ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ x  ʦʪ ʯʠʩʣʘ 
0
m. ʇʦʵʪʦʤʫ, ʚ 

ʩʣʫʯʘʝ ʜʚʫʩʪʦʨʦʥʥʝʡ ʘʣʴʪʝʨʥʘʪʠʚʳ 
01
mx̧M:H , ʠʩʧʦʣʴʟʫʷ ʪʘʙʣʠʮʫ 

ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ ʃʘʧʣʘʩʘ, ʦʧʨʝʜʝʣʠʤ ʚʝʣʠʯʠʥʫ 
ʢʨ.

u , ʧʨʠ ʢʦʪʦʨʦʡ ʙʫʜʝʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ( )a=>
.ʢʨ

uuP . ʗʩʥʦ, ʯʪʦ ö
÷

õ
æ
ç

å-
= -

2

11

ʢʨ.

a
Fu . ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  

ʢʨʠʪʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: ( )( )+¤+-¤-= ;uu;S
ʢʨ.ʢʨ.ʢʨ.

8 . 

ʆʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʷ ʙʫʜʝʪ ʪʘʢʦʡ: ( )
ʢʨ.ʢʨ.ʜʦʧ.

u;uQ +-= .  



70 

 

 

ʇʦʩʪʨʦʠʚ ʦʙʣʘʩʪʠ 
ʢʨ.

S  ʠ 
ʜʦʧ.

Q , ʧʨʦʚʦʜʠʤ ʵʢʩʧʝʨʠʤʝʥʪ ʠ ʧʦʣʫʯʘʝʤ 

ʚʳʙʦʨʢʫ ( )
n

x,...,x,x
21

. ʇʦ ʵʣʝʤʝʥʪʘʤ ʵʪʦʡ ʚʳʙʦʨʢʠ ʚʳʯʠʩʣʷʝʤ 

ʥʘʙʣʶʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ n
x

uT
s

m
0

ʥʘʙʣ.ʥʘʙʣ.

-
==  ʠ ʩʤʦʪʨʠʤ: ʚ 

ʢʘʢʫʶ ʦʙʣʘʩʪʴ ʧʦʧʘʜʘʝʪ ʵʪʦ ʟʥʘʯʝʥʠʝ.  

ɽʩʣʠ ʤʳ ʥʘʙʣʶʜʘʝʤ ʩʦʙʳʪʠʝ { }
ʢʨ.ʥʘʙʜ.

Su Í , ʪʦ, ʪʘʢ ʢʘʢ ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʡ 

ʚ ʨʝʘʣʴʥʦʩʪʠ ʛʠʧʦʪʝʟʝ H0 ʵʪʦ ʩʦʙʳʪʠʝ ʤʘʣʦʚʝʨʦʷʪʥʦʝ, ʧʦ ʧʨʘʚʠʣʫ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʛʠʧʦʪʝʟʫ H0 ʦʪʢʣʦʥʷʝʤ ʠ ʧʨʠʥʠʤʘʝʤ ʛʠʧʦʪʝʟʫ H1. ʇʨʠ ʵʪʦʤ ʩ 

ʚʝʨʦʷʪʥʦʩʪʴʶ a ʤʳ ʤʦʞʝʤ ʩʦʚʝʨʰʠʪʴ ʦʰʠʙʢʫ ʧʝʨʚʦʛʦ ʨʦʜʘ.  

ɽʩʣʠ ʤʳ ʥʘʙʣʶʜʘʝʤ ʩʦʙʳʪʠʝ { }
ʜʦʧ..ʥʘʙʜ.

Qu Í , ʪʦ ʧʦ ʧʨʘʚʠʣʫ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʫ ʥʘʩ ʥʝʪ  ʦʩʥʦʚʘʥʠʡ ʦʪʢʣʦʥʷʪʴ  ʛʠʧʦʪʝʟʫ H0. ʊʦ ʝʩʪʴ, ʛʠʧʦʪʝʟʘ H0 

ʧʨʠʥʠʤʘʝʪʩʷ.  

ɽʩʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʦʜʥʦʩʪʦʨʦʥʥʷʷ ʘʣʴʪʝʨʥʘʪʠʚʘ, ʥʘʧʨʠʤʝʨ, 

01
mx>M:H , ʪʦ, ʧʨʠ ʝʸ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ, ʨʘʟʥʦʩʪʴ 

0
mx-  ʙʫʜʝʪ ʧʨʠʥʠʤʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʡ 

ʦʙʣʘʩʪʠ ʧʦ ʚʳʙʨʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶa ʦʧʨʝʜʝʣʷʝʤ ʧʦ ʪʘʙʣʠʮʘʤ ʟʥʘʯʝʥʠʡ 

ʬʫʥʢʮʠʠ ʃʘʧʣʘʩʘ ʚʝʣʠʯʠʥʫ 
ʢʨ.

u , ʧʨʠ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ 

( )a=>
.ʢʨ

uuP . ʗʩʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ö
÷

õ
æ
ç

å
-= - a

2

11

ʢʨ.
Fu , ʘ ʢʨʠʪʠʯʝʩʢʘʷ 

ʦʙʣʘʩʪʴ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ ( )+¤= ;uS
ʢʨ.ʢʨ.

. ʆʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ 

ʙʫʜʝʪ ʪʘʢʦʡ: ( )
ʢʨ.ʜʦʧ.

u;Q ¤-= . ɼʘʣʴʥʝʡʰʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ 

ʙʫʜʝʪ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʠ ʧʨʠ ʧʨʦʚʝʨʢʝ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟʳ H0 ʧʨʠ 

ʜʚʫʩʪʦʨʦʥʥʝʡ ʘʣʴʪʝʨʥʘʪʠʚʝ. 

ʇʨʠ ʧʨʦʩʪʦʡ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʛʠʧʦʪʝʟʝ 
11
mx=M:H , ʧʦʩʪʨʦʠʚ ʦʙʣʘʩʪʠ 

ʢʨ.
S  ʠ ʜʦʧ.Q , ʤʳ ʤʦʞʝʤ ʚʳʯʠʩʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʚʪʦʨʦʛʦ ʨʦʜʘ b.   

ʇʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ H0  ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ x 

ʠʤʝʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʣʠʟʢʦʝ ʢ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ N ö
÷

õ
æ
ç

å

n
,
s

m
0

. 

ʊʘʢ ʢʘʢ ( )
ʢʨ.ʢʨ.ʜʦʧ.

u;uQ +-= , ʪʦ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ a-1  ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ  x

ʧʨʠʤʝʪ ʟʥʘʯʝʥʠʝ ʧʨʠʥʘʜʣʝʞʘʱʝʝ ʠʥʪʝʨʚʘʣʫ öö
÷

õ
ææ
ç

å Ö
+

Ö
-

n

u
;

n

u s
m

s
m

ʢʨ.

0

ʢʨ.

0
.  

ʇʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʛʠʧʦʪʝʟʳ 
11
mx=M:H ʩʣʫʯʘʡʥʘʷ 

ʚʝʣʠʯʠʥʘ x  ʙʫʜʝʪ ʠʤʝʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʣʠʟʢʦʝ ʢ ʥʦʨʤʘʣʴʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ N ö
÷

õ
æ
ç

å

n
,
s

m
1

. ɸ ʪʦʛʜʘ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʚʪʦʨʦʛʦ ʨʦʜʘ b 

ʙʫʜʝʪ ʨʘʚʥʘ ʚʝʨʦʷʪʥʦʩʪʠ ʵʪʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʧʨʠʥʷʪʴ ʟʥʘʯʝʥʠʝ ʚ 
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ʠʥʪʝʨʚʘʣʝ öö
÷

õ
ææ
ç

å Ö
+

Ö
-

n

u
;

n

u s
m

s
m

ʢʨ.

0

ʢʨ.

0
.ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ 

ʚʪʦʨʦʛʦ ʨʦʜʘ ʙʫʜʝʪ ʨʘʚʥʘ: ö
÷

õ
æ
ç

å
-

-
-ö
÷

õ
æ
ç

å
+

-
=

ʢʨ.

10

ʢʨ.

10 unun
s

mm

s

mm
b FF .  

ɿʘʤʝʯʘʥʠʝ. ɽʩʣʠ ʦʙʦʟʥʘʯʠʪʴ ga=-1 , ʪʦ ʟʘʧʠʩʘʥʥʳʡ ʠʥʪʝʨʚʘʣ ʙʫʜʝʪ 

ʜʦʚʝʨʠʪʝʣʴʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ  xM  

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x, ʠʤʝʶʱʝʡ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ N ( )sm,
0

.  

ɺ ʵʪʦʤ ʩʦʩʪʦʠʪ ʜʚʦʡʩʪʚʝʥʥʦʩʪʴ ʟʘʜʘʯ ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ 
ʯʠʩʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ 

ʛʠʧʦʪʝʟ ʦ ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. 
 

ʊʝʦʨʠʷ 

ɿʘʜʘʯʘ 3.3 ʇʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟʳ ʦ ʨʘʚʝʥʩʪʚʝ ʥʝʠʟʚʝʩʪʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ xM  ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x  ʥʝʢʦʪʦʨʦʤʫ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤʫ ʯʠʩʣʫ 
0
m ʧʨʠ ʥʝʠʟʚʝʩʪʥʦʤ ʟʥʘʯʝʥʠʠ ʜʠʩʧʝʨʩʠʠ 2s .  

ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʡ ʟʘʜʘʯʝ ʬʦʨʤʫʣʠʨʫʝʤ ʦʩʥʦʚʥʫʶ ʛʠʧʦʪʝʟʫ 

00
mx=M:H . ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʛʠʧʦʪʝʟʳ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʥʳʡ ʚʠʜ:

01
mx̧M:H ;

01
mx>M:H  ʠʣʠ 

01
mx<M:H . ʕʪʦ ʙʫʜʫʪ ʩʣʦʞʥʳʝ ʛʠʧʦʪʝʟʳ. 

ʇʨʦʩʪʘʷ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʛʠʧʦʪʝʟʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʪʘʢ ʞʝ: 
11
mx=M:H . 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʙʣʘʩʪʝʡ 
ʢʨ.

S  ʠ ʜʦʧ.
Q ʥʘʜʦ ʧʦʜʦʙʨʘʪʴ ʢʨʠʪʝʨʠʡ 

( )
n

,...,,gT xxx
21

= , ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʪʦʨʦʛʦ ʤʳ ʜʦʣʞʥʳ ʦʧʨʝʜʝʣʠʪʴ, 

ʟʥʘʷ ʥʝʢʦʪʦʨʳʝ ʩʧʝʮʠʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʝ.  
ʄʳ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʉʪʴʶʜʝʥʪʘ, ʢʦʪʦʨʦʤʫ ʧʦʜʯʠʥʷʝʪʩʷ 

ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ x ʚʳʙʦʨʦʯʥʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ( )
n

,...,, xxx
21

ʚ 

ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʝʠʟʚʝʩʪʥʦʝ ʟʥʘʯʝʥʠʝ ʜʠʩʧʝʨʩʠʠ ʟʘʤʝʥʷʝʪʩʷ ʝʛʦ ʪʦʯʝʯʥʦʡ 

ʦʮʝʥʢʦʡ 
2

s , ʥʦ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʘʷ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ x 

ʧʦʜʯʠʥʷʝʪʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʝʡ. 

ɽʩʣʠ ʫ ʥʘʩ ʝʩʪʴ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʣʫʯʘʡʥʦʡ 

ʚʝʣʠʯʠʥʳx , ʪʦ ʤʳ ʙʫʜʝʤ ʧʨʠʤʝʥʷʪʴ ʢʨʠʪʝʨʠʡ n
s

tT
n

0

1

mx-
==

-
, 

ʧʦʜʯʠʥʷʶʱʠʡʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʉʪʴʶʜʝʥʪʘ ʩ ʧʘʨʘʤʝʪʨʦʤ n-1. 
ɺʳʙʠʨʘʝʤ ʟʥʘʯʝʥʠʝ a - ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ. ʇʨʠ 

ʜʚʫʩʪʦʨʦʥʥʝʡ ʘʣʴʪʝʨʥʘʪʠʚʝ 
01
mx̧M:H , ʠʩʧʦʣʴʟʫʷ ʪʘʙʣʠʮʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉʪʴʶʜʝʥʪʘ (çt-ʨʘʩʧʨʝʜʝʣʝʥʠʷè), ʦʧʨʝʜʝʣʷʝʤ ʚʝʣʠʯʠʥʫ 
ʢʨ.

t , 

ʠʟ ʫʩʣʦʚʠʷ ( )a=>
- .ʢʨn

ttP
1

. ʂʨʠʪʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ ʠ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ 
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ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʷ 
1-n

t  ʙʫʜʫʪ ʠʤʝʪʴ ʚʠʜ, ʘʥʘʣʦʛʠʯʥʳʡ ʚʠʜʫ ʵʪʠʭ ʦʙʣʘʩʪʝʡ ʚ 

ʧʨʝʜʳʜʫʱʝʡ ʟʘʜʘʯʝ: ( )( )+¤+-¤-= ;tt;S
ʢʨ.ʢʨ.ʢʨ.

8  ʠ ( )
ʢʨ.ʢʨ.ʜʦʧ.

t;tQ +-= .  

ʇʦʩʪʨʦʠʚ ʦʙʣʘʩʪʠ 
ʢʨ.

S  ʠ 
ʜʦʧ.

Q , ʧʨʦʚʦʜʠʤ ʵʢʩʧʝʨʠʤʝʥʪ ʠ ʧʦʣʫʯʘʝʤ 

ʚʳʙʦʨʢʫ ( )
n

x,...,x,x
21

. ʇʦ ʵʣʝʤʝʥʪʘʤ ʵʪʦʡ ʚʳʙʦʨʢʠ ʚʳʯʠʩʣʷʝʤ 

ʥʘʙʣʶʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ n
s

x
tT 0

ʥʘʙʣ.ʥʘʙʣ.

m-
== , ʦʧʨʝʜʝʣʷʝʤ 

ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʫʶ ʧʦʧʘʜʘʝʪ ʵʪʦ ʥʘʙʣʶʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʠ, ʩʦʛʣʘʩʥʦ 

ʧʨʘʚʠʣʫ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʜʝʣʘʝʤ ʚʳʚʦʜ  ʦʙ ʦʪʢʣʦʥʝʥʠʠ ʠʣʠ ʧʨʠʥʷʪʠʠ 
ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ H0. 

ʇʨʠ ʜʨʫʛʠʭ ʘʣʴʪʝʨʥʘʪʠʚʘʭ ʧʨʦʚʦʜʠʤ ʜʝʡʩʪʚʠʷ ʘʥʘʣʦʛʠʯʥʳʝ ʜʝʡʩʪʚʠʷʤ 
ʚ ʧʨʝʜʳʜʫʱʝʡ ʟʘʜʘʯʝ. 

ɿʘʜʘʯʘ 4.3 ʇʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟʳ ʦ ʨʘʚʝʥʩʪʚʝ ʥʝʠʟʚʝʩʪʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʜʠʩʧʝʨʩʠʠ xD  ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x ʬʠʢʩʠʨʦʚʘʥʥʦʤʫ ʯʠʩʣʫ 2

0
s . 

ʆʩʥʦʚʥʘʷ ʛʠʧʦʪʝʟʘ ʚ ʵʪʦʡ ʟʘʜʘʯʝ ʠʤʝʝʪ ʚʠʜ 2

00
sx=D:H . 

ɸʣʴʪʝʨʥʘʪʠʚʥʘ ̫ʛʠʧʦʪʝʟʘ ʯʘʱʝ ʚʩʝʛʦ ʙʝʨʸʪʩʷ ʚ ʚʠʜʝ:2

01
sx>D:H .  ʊʘʢ ʢʘʢ 

ʤʳ ʫʚʠʜʝʣʠ ʜʚʦʡʩʪʚʝʥʥʦʩʪʴ ʟʘʜʘʯ ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʯʠʩʣʦʚʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟ ʦ ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʦ 

ʩ̫ʥʦ, ʯʪʦ ʚ ʵʪʦʡ ʟʘʜʘʯʝ ʙʫʜʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢʨʠʪʝʨʠʡ ʧʦʜʯʠʥʷʶʱʠʡʩʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʇʠʨʩʦʥʘ (çʨʘʩʧʨʝʜʝʣʝʥʠʶ 2cè), ʢʦʪʦʨʦʝ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʜʣʷ ʜʠʩʧʝʨʩʠʠ. ʅʦ ʵʪʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʦʩʪʨʦʝʥʦ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ 
ʠʩʩʣʝʜʫʝʤʘʷ ʩʣʫʯʘʡʥʘʷ  ʚʝʣʠʯʠʥʘ ʧʦʜʯʠʥʷʝʪʩʷ ʥʦʨʤʘʣʴʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ.  
ɽʩʣʠ ʫ ʥʘʩ ʝʩʪʴ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʣʫʯʘʡʥʦʡ 

ʚʝʣʠʯʠʥʳx, ʪʦ ʜʣʷ ʧʨʦʚʝʨʢʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ ʙʫʜʝʤ 

ʧʨʠʤʝʥʷʪʴ ʢʨʠʪʝʨʠʡ 
( )

2

0

2

2

1

1

s
c

sn
T

n

Ö-
==

-
, ʧʦʜʯʠʥʷʶʱʠʡʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʇʠʨʩʦʥʘ (ò 2c - ʨʘʩʧʨʝʜʝʣʝʥʠʶò) ʩ ʧʘʨʘʤʝʪʨʦʤ n-1. ɼʣʷ ʚʳʙʨʘʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ a, ʧʦ ʪʘʙʣʠʮʘʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʇʠʨʩʦʥʘ, ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ 

( )acc =>
-

2

ʢʨ.

2

1n
P , ʦʧʨʝʜʝʣʷʝʤ ʚʝʣʠʯʠʥʫ 2

ʢʨ.
c . ʆʙʣʘʩʪʠ ʢʨʠʪʠʯʝʩʢʠʭ ʠ 

ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʷ ʙʫʜʫʪ ʠʤʝʪʴ ʚʠʜ: ( )+¤= ;S
.ʢʨ

2

ʢʨ.
c  ʠ 

( )2

ʜʦʧ.
0

.ʢʨ
;Q c= . ɼʘʣʝʝ ʧʨʦʮʝʜʫʨʘ ï ʦʙʳʯʥʘʷ.  

ʇʨʦʚʦʜʠʤ ʵʢʩʧʝʨʠʤʝʥʪ, ʧʦʣʫʯʘʝʤ ʚʳʙʦʨʢʫ ( )
n

x,...,x,x
21

, ʧʦ ʵʣʝʤʝʥʪʘʤ 

ʚʳʙʦʨʢʠ ʧʦʜʩʯʠʪʳʚʘʝʤ ʥʘʙʣʶʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ 
( )

2

0

2

2 1

s
c

sn
.ʥʘʙʣ

Ö-
= . 
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 ʆʧʨʝʜʝʣʷʝʤ ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʫʶ ʧʦʧʘʣʦ ʥʘʙʣʶʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ 
ʢʨʠʪʝʨʠʷ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʦʤ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦʪʢʣʦʥʷʝʤ, ʠʣʠ 
ʧʨʠʥʠʤʘʝʤ ʦʩʥʦʚʥʫʶ ʛʠʧʦʪʝʟʫ H0. 

 

ʇʨʘʢʪʠʢʘ 
ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʫʶ ʟʘʜʘʯʫ, ʘʥʘʣʦʛʠ ʢʦʪʦʨʦʡ ʤʦʛʫʪ ʚʩʪʨʝʪʠʪʴʩʷ ʚ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʞʠʟʥʠ. 
ʇʨʠ ʚʳʧʝʯʢʝ ʩʣʘʜʢʠʭ ʙʫʣʦʯʝʢ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʩʪʘʥʜʘʨʪʫ ʥʘ 1000 

ʙʫʣʦʯʝʢ ʧʦʣʘʛʘʝʪʩʷ 10000 ʠʟʶʤʠʥ. ʇʨʦʜʘʚʝʮ ʤʘʛʘʟʠʥʘ, ʧʨʦʜʘʶʱʠʡ ʵʪʠ 
ʙʫʣʦʯʢʠ, ʧʦʜʦʟʨʝʚʘʝʪ, ʯʪʦ ʧʨʠ ʚʳʧʝʯʢʝ ʙʫʣʦʯʝʢ ʠʟʶʤ ʯʘʩʪʠʯʥʦ ʫʭʦʜʠʪ ʧʦ 

ʥʝʧʨʝʜʫʩʤʦʪʨʝʥʥʳʤ ʟʘʢʦʥʦʤ ʢʘʥʘʣʘʤ, ʠ ʧʨʝʜʣʘʛʘʝʪ ʭʦʟʷʠʥʫ ʤʘʛʘʟʠʥʘ 
ʧʨʦʚʝʨʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʨʝʜʥʝʛʦ ʯʠʩʣʘ ʠʟʶʤʠʥ ʚ ʙʫʣʦʯʢʝ ʪʨʝʙʦʚʘʥʠʷʤ 
ʩʪʘʥʜʘʨʪʘ. 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʠʟ ʧʨʠʚʝʟʸʥʥʳʭ 100 ʙʫʣʦʯʝʢ ʜʣʷ ʧʨʦʚʝʨʢʠ ʙʳʣʠ 
ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʚʳʙʨʘʥʳ 25 ʰʪʫʢ. ɺ ʢʘʞʜʦʡ ʠʟ ʚʳʙʨʘʥʥʳʭ ʙʫʣʦʯʝʢ 

ʧʦʜʩʯʠʪʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʠʟʶʤʠʥ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʧʨʠʚʝʜʝʥʳ ʚ 
ʪʘʙʣʠʮʝ. 

ʂʦʣʠʯʝʩʪʚʦ ʠʟʶʤʠʥ ʚ ʙʫʣʦʯʢʝ 4 5 6 7 8 9 10 11 12 

ʏʠʩʣʦ ʙʫʣʦʯʝʢ 1 3 2 2 4 5 3 3 2 

ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʂʘʢ ʜʦʣʞʝʥ ʦʙʨʘʙʦʪʘʪʴ ʵʪʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 
ʭʦʟʷʠʥ ʤʘʛʘʟʠʥʘ, ʯʪʦʙʳ ʧʨʦʚʝʨʠʪʴ, ʩʧʨʘʚʝʜʣʠʚʳ ʠʣʠ ʥʝʪ ʧʦʜʦʟʨʝʥʠʷ 

ʧʨʦʜʘʚʮʘ? ʄʦʞʝʪ ʣʠ ʭʦʟʷʠʥ ʤʘʛʘʟʠʥʘ ʧʨʝʜʲʷʚʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʶ ʙʫʣʦʯʝʢ 
ʧʨʝʪʝʥʟʠʠ, ʩʦʩʪʦʷʱʠʝ ʚ ʥʘʨʫʰʝʥʠʠ ʥʦʨʤ ʩʪʘʥʜʘʨʪʘ ʚ ʝʛʦ ʧʨʦʜʫʢʮʠʠ? 

ʈʝʰʝʥʠʝ. 

ʆʧʨʝʜʝʣʠʤ ʥʘʟʚʘʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x ï ʯʠʩʣʦ 

ʠʟʶʤʠʥ ʚ ʦʜʥʦʡ ʙʫʣʦʯʢʝ. ʊʘʢ ʢʘʢ ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʫ ʚ 1000 ʙʫʣʦʯʝʢ 

ʜʦʣʞʥʦ ʙʳʪʴ 10000 ʠʟʶʤʠʥ, ʘ ʯʠʩʣʦ ʠʟʶʤʠʥ ʚ ʢʘʞʜʦʡ ʙʫʣʦʯʢʝ ï ʩʣʫʯʘʡʥʦ, 
ʪʦ ʤʳ ʤʦʞʝʤ ʩʢʘʟʘʪʴ, ʯʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʯʠʩʣʘ ʠʟʶʤʠʥ ʚ ʦʜʥʦʡ 

ʙʫʣʦʯʢʝ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʳʤ ʜʝʩʷʪʠ. ɿʥʘʯʠʪ ʨʝʰʝʥʠʝʤ ʚʦʧʨʦʩʘ ʦ 
ʩʦʦʪʚʝʪʩʪʚʠʠ, ʠʣʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʨʝʜʥʝʛʦ ʯʠʩʣʘ ʠʟʶʤʠʥ ʚ ʙʫʣʦʯʢʝ 
ʩʪʘʥʜʘʨʪʫ ʙʫʜʝʪ ʧʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟʳ ʦ ʨʘʚʝʥʩʪʚʝ ʟʥʘʯʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʦʞʠʜʘʥʠʷ ʩʣʫʯʘʡʥʦʛʦ ʯʠʩʣʘ ʠʟʶʤʠʥ ï ʜʝʩʷʪʠ, ʪʦ ʝʩʪʴ  H0: 10=xM . ʊʘʢ ʢʘʢ 

ʤʳ ʧʦʜʦʟʨʝʚʘʝʤ, ʯʪʦ ʥʝ ʚʝʩʴ, ʧʦʣʦʞʝʥʥʳʡ ʧʦ ʩʪʘʥʜʘʨʪʫ, ʠʟʶʤ ʧʦʧʘʜʘʝʪ ʚ 

ʙʫʣʦʯʢʠ, ʪʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʛʠʧʦʪʝʟʦʡ ʙʫʜʝʪ  ʛʠʧʦʪʝʟʘ H1: 10<xM . 

ʆʩʥʦʚʥʘʷ ʛʠʧʦʪʝʟʘ ʙʫʜʝʪ ʧʨʦʩʪʦʡ ʛʠʧʦʪʝʟʦʡ, ʘ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ 
ʛʠʧʦʪʝʟʘ - ʩʣʦʞʥʦʡ. 
ɼʣʷ ʧʨʦʚʝʨʢʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʨʠʪʝʨʠʡ n
s

t
n

0

1

mx-
=

-
, ʛʜʝ 10

0
=m , ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʉʪʴʶʜʝʥʪʘ ʩ ʧʘʨʘʤʝʪʨʦʤ n-1. 
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ʇʦ ʚʠʜʫ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʛʠʧʦʪʝʟʳ H1 ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ 
ʢʨ

t
 
ʢʨʠʪʝʨʠʷ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ H0 ʠ ʩʪʨʦʷʪʩʷ ʦʙʣʘʩʪʠ 

ʢʨʠʪʠʯʝʩʢʠʭ ʠ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʵʪʦʛʦ ʢʨʠʪʝʨʠʷ.  ɿʘʪʝʤ ʭʦʟʷʠʥ 

ʤʘʛʘʟʠʥʘ ʜʦʣʞʝʥ, ʠʩʧʦʣʴʟʫʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ,  ʚʳʯʠʩʣʠʪʴ ʩʨʝʜʥʝʝ 
ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʯʠʩʣʘ ʠʟʶʤʠʥ ʚ ʦʜʥʦʡ ʙʫʣʦʯʢʝ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ 

ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʦʮʝʥʢʘʤ 

ʚʳʯʠʩʣʷʝʪʩʷ ʥʘʙʣʶʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ n
s

x
t 0

ʥʘʙʣ.

m-
= . ʕʪʦ 

ʟʥʘʯʝʥʠʝ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʢʨʠʪʠʯʝʩʢʠʤ 
ʢʨ

t . ʇʦ ʧʨʘʚʠʣʫ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ʙʫʜʝʪ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʧʨʠʥʷʪʠʠ ʠʣʠ ʦʙ ʦʪʢʣʦʥʝʥʠʠ ʛʠʧʦʪʝʟʳ H0. ɽʩʣʠ ʵʪʘ 

ʛʠʧʦʪʝʟʘ ʙʫʜʝʪ ʧʨʠʥʷʪʘ, ʪʦ ʧʦʜʦʟʨʝʥʠʷ ʧʨʦʜʘʚʮʘ ʥʘʜʦ ʦʪʚʝʨʛʥʫʪʴ. ɽʩʣʠ ʵʪʘ 
ʛʠʧʦʪʝʟʘ ʙʫʜʝʪ ʦʪʢʣʦʥʝʥʘ, ʪʦ ʤʦʞʥʦ ʧʦʪʨʝʙʦʚʘʪʴ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ 

ʩʦʙʣʶʜʝʥʠʷ ʥʦʨʤ ʩʪʘʥʜʘʨʪʘ ʠ ʫʩʣʦʚʠʡ ʜʦʛʦʚʦʨʘ. 
ʆʩʥʦʚʥʦʡ ʚʦʧʨʦʩ ʟʘʜʘʯʠ: çɼʝʡʩʪʚʠʪʝʣʴʥʦ ʣʠ ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʠʟʶʤʠʥ ʚ 

ʙʫʣʦʯʢʝ ʤʝʥʴʰʝ ʧʦʣʦʞʝʥʥʦʛʦ ʧʦ ʩʪʘʥʜʘʨʪʫ ʯʠʩʣʘ?è ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪ 

ʠʣ ʚʠʜ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʛʠʧʦʪʝʟʳ H1: 0
mx<M . ɿʥʘʯʠʪ, ʚ ʩʣʫʯʘʝ 

ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ H1 ʦ ʪʦʤ, ʯʪʦ ʠʟʶʤ ʯʘʩʪʠʯʥʦ ʫʭʦʜʠʪ ʧʦ 

ʥʝʧʨʝʜʫʩʤʦʪʨʝʥʥʳʤ ʟʘʢʦʥʦʤ ʢʘʥʘʣʘʤ, ʢʨʠʪʝʨʠʡ ʙʫʜʝʪ ʧʨʠʥʠʤʘʪʴ 
ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʚʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʛʦ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ x  ʙʫʜʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʧʦʣʦʞʝʥʥʦʛʦ ʧʦ ʩʪʘʥʜʘʨʪʫ 

ʯʠʩʣʘ 
0
m. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʙʣʘʩʪʝʡ 

ʢʨ
S  ʠ 

ʜʦʧ
Q  ʚʦʟʤʦʞʥʳʭ 

ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʷ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʣʦʚʠʝ ( )a=-<
- ʢʨn

ttP
1

.  

ɺ ʚʠʜʫ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʉʪʴʶʜʝʥʪʘ ʙʫʜʝʪ 

ʩʧʨʘʚʝʜʣʠʚʦ ʨʘʚʝʥʩʪʚʦ ( ) ( )a=>=-<
-- ʢʨnʢʨn

ttPttP
11

. ɽʩʣʠ ʤʳ ʦʧʨʝʜʝʣʠʤ 

ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ a  ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ H0 ʨʘʚʥʳʤ 010,=a , ʪʦ ʧʦ 

ʪʘʙʣʠʮʘʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉʪʴʶʜʝʥʪʘ ʜʣʷ ʦʜʥʦʩʪʦʨʦʥʥʠʭ ʢʨʠʪʝʨʠʝʚ ʥʘʭʦʜʠʤ 

4922,t
ʢʨ
= . ɿʥʘʯʠʪ, ʦʙʣʘʩʪʠ 

ʢʨ
S  ʠ 

ʜʦʧ
Q  ʙʫʜʫʪ ʠʤʝʪʴ ʚʠʜ: ( )4922,;S

ʢʨ
-¤-=  

ʠ ( )+¤-= ;,Q
ʜʦʧ

4922 .  

ɺʳʯʠʩʣʠʤ ʟʥʘʯʝʥʠʷ ʪʦʯʝʯʥʳʭ ʦʮʝʥʦʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ, 

ʜʠʩʧʝʨʩʠʠ ʠ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x 

ʜʘʥʥʳʤ ʧʨʦʚʝʨʢʠ 25 ʙʫʣʦʯʝʢ:  

.,s;,s;,x;n 289224536825 2 ====  

ɺʳʯʠʩʣʷʝʤ ʥʘʙʣʶʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ, ʦʢʨʫʛʣʷʷ ʨʝʟʫʣʴʪʘʪ ʜʦ 

ʪʨʝʪʴʝʛʦ ʟʥʘʢʘ ʟʘ ʟʘʧʷʪʦʡ:  .,
,

,
t
ʥʘʙʣ

582325
2892

10368
-ºÖ

-
=  

ʅʘʙʣʶʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʧʦʧʘʜʘʝʪ ʚ ʦʙʣʘʩʪʴ ( )4922,;S
ʢʨ

-¤-=

, ʪʦ ʝʩʪʴ ʤʳ ʥʘʙʣʶʜʘʝʤ ʩʣʫʯʘʡʥʦʝ ʩʦʙʳʪʠʝ { }
ʢʨʥʘʙʣ

St Í . ɺʝʨʦʷʪʥʦʩʪʴ 

ʥʘʩʪʫʧʣʝʥʠʷ ʪʘʢʦʛʦ ʩʦʙʳʪʠʷ ʚ ʩʣʫʯʘʝ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟʳ H0: 
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10=xM  ʦʯʝʥʴ ʤʘʣʘ: ( ) 010
01

,HStP
ʢʨn

==Í
-

a . ʊʦ ʝʩʪʴ, ʵʪʦ ʩʦʙʳʪʠʝ ʤʳ ʚ 

ʩʨʝʜʥʝʤ ʤʦʞʝʤ ʥʘʙʣʶʜʘʪʴ ʪʦʣʴʢʦ ʚ ʦʜʥʦʡ ʠʟ ʩʪʘ ʚʳʙʦʨʦʢ ʙʫʣʦʯʝʢ ʧʦ 25 
ʰʪʫʢ. 
ʇʨʠʥʠʤʘʝʤ ʨʝʰʝʥʠʝ. ʊʘʢ ʢʘʢ ʚ ʩʣʫʯʘʝ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟʳ H0 , 

ʩʦʩʪʦʷʱʝʡ ʚ ʪʦʤ, ʯʪʦ ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʠʟʶʤʠʥ ʚ ʙʫʣʦʯʢʝ ʨʘʚʥʦ ʜʝʩʷʪʠ, 

ʩʦʙʳʪʠʝ { }
ʢʨʥʘʙʣ

St Í  ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʳʤ, ʪʦ ʛʠʧʦʪʝʟʫ H0: 

10=xM  ʦʪʢʣʦʥʷʝʤ ʠ ʧʨʠʥʠʤʘʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʛʠʧʦʪʝʟʫ H1: 10<xM , ʪʦ 

ʝʩʪʴ, ʧʨʠ ʚʳʧʝʯʢʝ ʩʣʘʜʢʠʭ ʙʫʣʦʯʝʢ ʯʘʩʪʴ ʠʟʶʤʘ ʫʭʦʜʠʪ ʧʦ 
ʥʝʧʨʝʜʫʩʤʦʪʨʝʥʥʳʤ ʟʘʢʦʥʦʤ ʢʘʥʘʣʘʤ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʧʝʨʚʦʛʦ ʨʦʜʘ ʨʘʚʥʘ . ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʝʩʣʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʚʝʩʴ ʧʦʣʦʞʝʥʥʳʡ ʧʦ ʩʪʘʥʜʘʨʪʫ ʠʟʶʤ ʧʦʧʘʜʘʝʪ ʚ ʪʝʩʪʦ, 

ʪʦ ʧʦʣʫʯʝʥʥʳʡ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪ  ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ n=25 ʙʫʣʦʯʢʘʤʠ 

ʚʦʟʤʦʞʝʥ ʣʠʰʴ ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ ʠʟ ʩʪʘ, ʪʦ ʝʩʪʴ ʦʥ ʦʯʝʥʴ ʤʘʣʦʚʝʨʦʷʪʝʥ.  
ɼʦʧʫʩʪʠʤ, ʯʪʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʙʫʣʦʯʝʢ ʧʨʦʜʦʣʞʘʝʪ ʥʘʩʪʘʠʚʘʪʴ ʥʘ ʪʦʤ, 

ʯʪʦ ʛʠʧʦʪʝʟʘ H0 ï ʚʝʨʥʘ, ʪʦ ʝʩʪʴ ʧʨʠ ʚʳʧʝʯʢʝ 1000 ʙʫʣʦʯʝʢ ʚ ʪʝʩʪʦ 

ʟʘʢʣʘʜʳʚʘʶʪʩʷ ʧʦʣʦʞʝʥʥʳʝ ʧʦ ʩʪʘʥʜʘʨʪʫ 10000 ʠʟʶʤʠʥ, ʘ ʤʳ, ʧʨʦʚʝʜʷ 
ʵʢʩʧʝʨʠʤʝʥʪ, ʜʝʣʘʝʤ ʦʰʠʙʢʫ ʧʝʨʚʦʛʦ ʨʦʜʘ ï ʦʪʢʣʦʥʷʝʤ ʚʝʨʥʫʶ ʚ 

ʨʝʘʣʴʥʦʩʪʠ ʛʠʧʦʪʝʟʫ H0: 10=xM . ʌʦʨʤʫʣʠʨʫʷ ʛʠʧʦʪʝʟʫ H0: 010
0

,M ==mx

, ʤʳ ʨʫʢʦʚʦʜʩʪʚʦʚʘʣʠʩʴ ʧʨʠʥʮʠʧʦʤ çʧʨʝʟʫʤʧʮʠʠ ʥʝʚʠʥʦʚʥʦʩʪʠè. ʊʝʧʝʨʴ 

ʞʝ, ʫʯʠʪʳʚʘʷ ʨʝʟʫʣʴʪʘʪ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʤʳ ʩʬʦʨʤʫʣʠʨʫʝʤ ʙʦʣʝʝ 

ʯʸʪʢʦ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʛʠʧʦʪʝʟʫ H1: 08
1

,M ==mx . ʕʪʦ ʙʫʜʝʪ ʧʨʦʩʪʘʷ 

ʛʠʧʦʪʝʟʘ.  
ʆʧʨʝʜʝʣʠʤ ʚʝʨʦʷʪʥʦʩʪʴ  ʦʰʠʙʢʠ ʚʪʦʨʦʛʦ ʨʦʜʘ. ʆʰʠʙʢʘ ʚʪʦʨʦʛʦ ʨʦʜʘ ï 

ʵʪʦ ʧʨʠʥʷʪʠʝ ʥʝʚʝʨʥʦʡ ʚ ʨʝʘʣʴʥʦʩʪʠ ʛʠʧʦʪʝʟʳ. ʕʪʦ ʧʨʦʠʟʦʡʜʸʪ ʚ ʪʦʤ 
ʩʣʫʯʘʝ, ʝʩʣʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʠʟʶʤ ʚʦʨʫʝʪʩʷ, ʪʦ ʝʩʪʴ ʚ ʨʝʘʣʴʥʦʩʪʠ 

ʩʧʨʘʚʝʜʣʠʚʘ ʛʠʧʦʪʝʟʘ H1: 08
1

,M ==mx , ʥʦ ʤʳ, ʧʦʜʜʘʚʘʷʩʴ çʥʘʞʠʤʫè 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʧʨʠʥʠʤʘʝʤ ʥʝʚʝʨʥʫʶ ʛʠʧʦʪʝʟʫ H0 ï çʠʟʶʤ ʥʝ ʚʦʨʫʝʪʩʷè. 

ɺʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʚʪʦʨʦʛʦ ʨʦʜʘ b ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, 

ʯʪʦ ʧʨʠ ʚʝʨʥʦʡ ʛʠʧʦʪʝʟʝ H1 ʥʘʙʣʶʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʧʦʧʘʜʸʪ ʚ 

ʧʦʩʪʨʦʝʥʥʫʶ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ 
ʜʦʧ

Q .  

 ɽʩʣʠ ʛʠʧʦʪʝʟʘ H1 - ʚʝʨʥʘ, ʪʦ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʷ 

ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: ö
÷

õ
æ
ç

å
+¤Ö

-
--= ;n

s
tQ 01

ʢʨʜʦʧ.

mm
, ʟʜʝʩʴ:10

0
=m ; 8

1
=m , ʘ 

ʟʥʘʯʝʥʠʝ 4922
ʢʨ

,t -=-  ʦʧʨʝʜʝʣʠʣʠ ʧʦ ʪʘʙʣʠʮʘʤ ʧʨʠ ʧʨʦʚʝʨʢʝ ʦʩʥʦʚʥʦʡ 

ʛʠʧʦʪʝʟʳ. ʆʙʦʟʥʘʯʠʤ n
s

tt
ʢʨ.

Ö
-

--= 01
mm

b
ʠ ʚʳʯʠʩʣʠʤ 

( ) ( )b
b

=¤<<=Í
-- 111 nʜʦʧ.n

ttPHQtP . ʊʘʢ ʢʘʢ 877101 ,n
s

tt
ʢʨ

ºÖ
-

--=
mm

b
, 

ʪʦ ʧʦ ʪʘʙʣʠʮʘʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉʪʴʶʜʝʥʪʘ ʦʧʨʝʜʝʣʷʝʤ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ  

010,=a

( )368,x=
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ʦʰʠʙʢʠ ʚʪʦʨʦʛʦ ʨʦʜʘ b  (ʧʨʠ n-1=24) ʙʫʜʝʪ ʨʘʚʥʘ:

( ) 04003808771
1

,,,tP
n

º=>=
-

b .  

ʇʨʠʟʥʘʚʘʷ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʛʠʧʦʪʝʟʳ H0: xM =10, ʢʦʛʜʘ ʚ ʨʝʘʣʴʥʦʩʪʠ 

ʩʧʨʘʚʝʜʣʠʚʘ H1 ʤʳ ʩʦʚʝʨʰʠʤ ʦʰʠʙʢʫ ʚʪʦʨʦʛʦ ʨʦʜʘ. ɽʩʣʠ ʚ ʨʝʘʣʴʥʦʩʪʠ 

ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʠʟʶʤʠʥʦʢ ʚ ʙʫʣʦʯʢʝ ʨʘʚʥʦ ʚʦʩʴʤʠ, ʘ ʤʳ ʧʨʠʥʠʤʘʝʤ 
ʛʠʧʦʪʝʟʫ, ʯʪʦ ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʠʟʶʤʠʥʦʢ ʨʘʚʥʦ ʜʝʩʷʪʠ, ʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʪʘʢʦʛʦ 

ʦʰʠʙʦʯʥʦʛʦ ʨʝʰʝʥʠʷ ʨʘʚʥʘ 040,=b . 

ɿʘʜʘʯʠ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ ʧʨʠʭʦʜʠʪʩʷ ʧʦʯʪʠ ʢʘʞʜʳʡ ʨʘʟ ʨʝʰʘʪʴ 
ʦʨʛʘʥʠʟʘʮʠʷʤ ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʦʮʝʥʠʚʘʪʴ ʢʘʯʝʩʪʚʦ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʣʝʢʘʨʩʪʚ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʧʨʝʜʤʝʪʦʚ ʤʘʩʩʦʚʦʛʦ 
ʧʦʪʨʝʙʣʝʥʠʷ. 

 
Ä3.3 ɿʘʜʘʯʠ ʚʪʦʨʦʛʦ ʪʠʧʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟ 

ʊʝʦʨʠʷ 
ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟ ʦ ʨʘʚʝʥʩʪʚʝ ʟʥʘʯʝʥʠʡ ʦʜʥʦʠʤʸʥʥʳʭ 

ʯʠʩʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. 
ʇʨʠ ʨʝʰʝʥʠʠ ʵʪʦʡ ʛʨʫʧʧʳ ʟʘʜʘʯ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠ 
ʥʝʟʘʚʠʩʠʤʳʤʠ, ʠ ʟʘʚʠʩʠʤʳʤʠ, ʠ ʩʨʘʚʥʠʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʠʭ ʦʜʥʦʠʤʸʥʥʳʭ 

ʯʠʩʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʅʦ ʧʨʠ ʵʪʦʤ ʤʳ ʚʩʝʛʜʘ ʜʦʣʞʥʳ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ 
ʢʨʠʪʝʨʠʠ, ʢʦʪʦʨʳʝ ʤʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʧʦʩʪʨʦʝʥʳ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, 
ʯʪʦ ʛʝʥʝʨʘʣʴʥʳʝ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʳ ʩʣʫʯʘʡʥʳʝ 

ʚʝʣʠʯʠʥʳ ʠ ʠʟ ʢʦʪʦʨʳʭ ʤʳ ʬʦʨʤʠʨʫʝʤ ʚʳʙʦʨʢʠ, ʠʤʝʶʪ ʥʦʨʤʘʣʴʥʦʝ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ. 

 ɿʘʜʘʯʘ 5.3 ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟʳ ʦ ʩʦʚʧʘʜʝʥʠʠ ʟʥʘʯʝʥʠʡ 
ʜʠʩʧʝʨʩʠʡ ʜʚʫʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʄʳ ʠʟʫʯʘʝʤ ʜʚʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ x ʠ h, 

ʠʤʝʶʱʠʭ ʜʠʩʧʝʨʩʠʠ xD  ʠ hD . ɺʳʜʚʠʛʘʝʪʩʷ ʛʠʧʦʪʝʟʘ H0 hx DD: = , - 

ʜʠʩʧʝʨʩʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ï ʨʘʚʥʳ. ʕʪʘ ʛʠʧʦʪʝʟʘ 
ʙʫʜʝʪ ʦʩʥʦʚʥʦʡ ʠ ʧʨʦʩʪʦʡ, ʪʘʢ ʢʘʢ ʚ ʥʝʡ ʩʨʘʚʥʠʚʘʶʪʩʷ ʜʚʘ ʯʠʩʣʦʚʳʭ 

ʟʥʘʯʝʥʠʷ 
2

1
s  ʠ 

2

2
s. ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʛʠʧʦʪʝʟʘ H1 hx DD: >  ʙʫʜʝʪ ʩʣʦʞʥʦʡ 

ʛʠʧʦʪʝʟʦʡ. 
ʂʦʤʤʝʥʪʘʨʠʡ 

ɿʘʜʘʯʘ ʪʘʢʦʛʦ ʪʠʧʘ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʠ 
ʦʮʝʥʢʝ ʫʨʦʚʥʝʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʢʦʪʦʨʦʛʦ ʧʨʦʜʫʢʪʘ ʜʚʫʭ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ.   
ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʛʠʧʦʪʝʟʘ ʙʫʜʝʪ ʦʜʥʦʩʪʦʨʦʥʥʝʡ, ʘ ʪʘʢ ʢʘʢ ʥʘʤ ʚʩʸ 

ʨʘʚʥʦ: ʢʘʢʫʶ ʠʟ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʩʯʠʪʘʪʴ ʧʝʨʚʦʡ, ʘ ʢʘʢʫʶ ï ʚʪʦʨʦʡ, ʪʦ 
ʦʙʳʯʥʦ ʚ ʨʦʣʠ ʧʝʨʚʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʚʳʙʠʨʘʶʪ, ʫ ʢʦʪʦʨʦʡ ʙʫʜʝʪ 

ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʝ ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʠʠ.   
ʊʝʦʨʠʷ 
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ʆʩʥʦʚʥʫʶ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʛʠʧʦʪʝʟʳ ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʪʘʢ:  

H0 1=
h

x

D

D
:    ʠ   H1 1>

h

x

D

D
: . ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʛʠʧʦʪʝʟ ʚ ʪʘʢʦʡ ʬʦʨʤʝ 

ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʙʦʨʦʤ ʢʨʠʪʝʨʠʷ ʧʨʦʚʝʨʢʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʦʩʥʦʚʥʦʡ 

ʛʠʧʦʪʝʟʳ.  

ɺ ʨʦʣʠ ʢʨʠʪʝʨʠʷ ( )
n

,...,,gT xxx
21

=  ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʚʳʙʝʨʝʤ 

ʩʣʫʯʘʡʥʫʶ ʚʝʣʠʯʠʥʫ 
2

1

2

2

1

1

11

2

1

21

1

1

1

1

-

-

--

Ö
-

Ö
-

==

n

n

n,n

n

n
fT

c

c

, ʢʦʪʦʨʘʷ ʧʦʜʯʠʥʷʝʪʩʷ  

ʨʘʩʧʨʝʜʝʣʝʥʠʶ  ʌʠʰʝʨʘ - ʉʥʝʜʝʢʦʨʘ (ñF-ʨʘʩʧʨʝʜʝʣʝʥʠʶò). ʇʨʠ 
ʚʳʙʨʘʥʥʦʤ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ a  ʧʦ ʪʘʙʣʠʮʘʤ F-ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʧʨʝʜʝʣʷʝʤ 
ʢʨ.

f , ʢʦʪʦʨʦʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ: ( )a=>
-- ʢʨ.11 21

ffP
n,n

. 

ʂʨʠʪʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ ʠʤʝʝʪ ʚʠʜ: ( )+¤= ;fS
ʢʨ.ʢʨ.

, ʘ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ 

ʟʥʘʯʝʥʠʡ: ( )
ʢʨ.ʜʦʧ.

1 f;Q = .  

ʇʦʩʪʨʦʠʚ ʦʙʣʘʩʪʠ 
ʢʨ

S  ʠ 
ʜʦʧ

Q , ʧʨʦʚʦʜʠʤ ʵʢʩʧʝʨʠʤʝʥʪ ʠ ʧʦʣʫʯʘʝʤ ʜʚʝ 

ʚʳʙʦʨʢʠ: ( )
121 n

x,...,x,x  ʠ ( )
221 n

y,...,y,y . ʇʦ ʵʣʝʤʝʥʪʘʤ ʵʪʠʭ ʚʳʙʦʨʦʢ 

ʚʳʯʠʩʣʷʝʤ ʟʥʘʯʝʥʠʷ ʪʦʯʝʯʥʳʭ ʦʮʝʥʦʢ ʜʠʩʧʝʨʩʠʡ 2

1
s  ʠ 2

2
s . 

 ʈʘʥʝʝ ʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʪʘʪʠʩʪʠʢʘ 
2

2

i

i
s

s
ʧʦʜʯʠʥʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

2

1
1

1
-

Ö
- in

i
n

c , ʛʜʝ 21,i = . ɽʩʣʠ ʛʠʧʦʪʝʟʘ H0 ʚʝʨʥʘ, ʪʦ ʟʥʘʯʝʥʠʷ ʜʠʩʧʝʨʩʠʡ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ  x ʠ h ʨʘʚʥʳ, ʪʦ ʝʩʪʴ: 
22

2

2

1
sss == . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʥʘʙʣʶʜʘʝʤʦʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʙʫʜʝʪ ʨʘʚʥʦ: 
2

2

2

1

ʥʘʙʣ.
s

s
f = . 

ɼʘʣʴʥʝʡʰʠʝ ʜʝʡʩʪʚʠʷ ʧʨʠ ʧʨʦʚʝʨʢʝ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟʳ H0 ʪʘʢʠʝ ʞʝ, 

ʢʘʢ ʠ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʝʜʳʜʫʱʠʭ ʟʘʜʘʯ. ʊʦ ʝʩʪʴ, ʦʧʨʝʜʝʣʷʝʤ ʚ ʢʘʢʫʶ ʦʙʣʘʩʪʴ 
ʧʦʧʘʜʘʝʪ ʥʘʙʣʶʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʠ ʧʨʠʥʠʤʘʝʤ ʨʝʰʝʥʠʝ ʦ 

ʧʨʠʥʷʪʠʠ ʠʣʠ ʦʙ ʦʪʢʣʦʥʝʥʠʠ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ. 

ɿʘʤʝʯʘʥʠʝ. ʋʩʣʦʚʠʝ 
2

2

2

1
ss > , ʢʦʪʦʨʦʝ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʜʣʷ ʚʳʙʦʨʘ 

ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ, ʦʙʲʷʩʥʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴʶ 
ʩʦʩʪʘʚʣʝʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʩʧʨʘʚʦʯʥʠʢʘʭ ʪʘʙʣʠʮ F-ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ 
ʢʨ.

f ʥʘʜʦ ʠʤʝʪʴ ʪʨʠ çʚʭʦʜʘè ʚ ʪʘʙʣʠʮʫ: ʚʝʨʦʷʪʥʦʩʪ ɹa, ʠ 

ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ 1
1
-n  ʠ 1

2
-n . ʕʪʘ ʪʘʙʣʠʮʘ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʟʤʝʱʝʥʘ ʥʘ 

ʜʚʫʤʝʨʥʦʡ ʩʪʨʘʥʠʮʝ ʢʥʠʛʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ a (ʦʙʳʯʥʦ ʵʪʦ 
a =0,05 ʠʣʠ a =0,01) ʪʘʙʣʠʮʳ ʧʝʯʘʪʘʶʪʩʷ ʥʘ ʦʪʜʝʣʴʥʦʡ ʩʪʨʘʥʠʮʝ. 
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ʆʪʩʫʪʩʪʚʠʝ ʫʩʣʦʚʠʷ 2

2

2

1
ss >  ʧʨʠʚʝʣʦ ʙʳ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʸʤʘ ʪʘʙʣʠʮ, ʥʦ, 

ʯʪʦʙʳ ʵʪʦ ʠʟʙʝʞʘʪʴ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʦʪʥʦʰʝʥʠʷ: 

m,n

n,m
f

f
1

= . 

ʇʨʠʤʝʨ 

ʇʨʠʤʝʨ 2ʘ.1 ʠ 2ʙ.1 ʇʨʠ ʘʥʘʣʠʟʝ ʚʳʙʦʨʦʢ, ʧʦʣʫʯʠʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʦʙʩʣʝʜʦʚʘʥʠʷ ʜʚʫʭ ʛʨʫʧʧ ʤʫʞʯʠʥ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʟʥʘʯʝʥʠʷ ʪʦʯʝʯʥʳʭ 

ʦʮʝʥʦʢ ʜʠʩʧʝʨʩʠʡ 28362

1
,s =  ʜʣʷ 115

1
=n  ʠ 70342

2
,s =  ʜʣʷ 906

2
=n . 

ʌʦʨʤʫʣʠʨʫʝʤ ʦʩʥʦʚʥʫʶ ʛʠʧʦʪʝʟʫ H0: ɼʠʩʧʝʨʩʠʠ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ 

x ʠ h - ʜʠʩʧʝʨʩʠʠ ʨʦʩʪʘ ʤʫʞʯʠʥ ʜʚʫʭ ʛʝʥʝʨʘʣʴʥʳʭ ʩʦʚʦʢʫʧʥʦʩʪʝʡ, - 

ʦʜʠʥʘʢʦʚʳʝ. ɺʳʯʠʩʣʷʝʤ ʥʘʙʣʶʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ 0451
2

2

2

1 ,
s

s
f
ʥʘʙʣ.

== . 

ɼʣʷ ʜʚʫʭ ʟʥʘʯʝʥʠʡ  ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ ʧʦ ʪʘʙʣʠʮʘʤ ñF- ʨʘʩʧʨʝʜʝʣʝʥʠʷò 

ʢʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ: 441010291050
ʢʨ.ʢʨ.

,f;,;,f;, ==== aa . 

ʊʘʢ ʢʘʢ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦ 
ʢʨ.ʥʘʙʣ.

ff < , ʪʦ ʫ ʥʘʩ ʥʝʪ 

ʦʩʥʦʚʘʥʠʡ ʦʪʢʣʦʥʷʪʴ ʛʠʧʦʪʝʟʫ H0, ʪʦ ʝʩʪʴ ʵʪʘ ʛʠʧʦʪʝʟʘ ï ʧʨʠʥʠʤʘʝʪʩʷ. 

 
ʊʝʦʨʠʷ 

ɿʘʜʘʯʘ 6.3 ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟʳ ʦ ʩʦʚʧʘʜʝʥʠʠ ʟʥʘʯʝʥʠʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʞʠʜʘʥʠʡ ʜʚʫʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʄʳ ʠʟʫʯʘʝʤ ʜʚʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ x ʠ h, 

ʠʤʝʶʱʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʞʠʜʘʥʠʷ xM  ʠ hM . ɺʳʜʚʠʛʘʝʪʩʷ ʦʩʥʦʚʥʘʷ 

ʛʠʧʦʪʝʟʘ hx MM:H =
0

- ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʞʠʜʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ï ʨʘʚʥʳ. 
ʂʦʤʤʝʥʪʘʨʠʡ 

ɿʘʜʘʯʘ ʪʘʢʦʛʦ ʪʠʧʘ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʚʳʙʦʨʝ ʠʟ ʜʚʫʭ 
ʧʦʩʪʘʚʱʠʢʦʚ ʧʨʦʜʫʢʮʠʠ ʥʘʠʙʦʣʝʝ ʣʫʯʰʝʛʦ; ʧʨʠ ʦʮʝʥʢʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʠ ʘʢʮʠʡ ʠʣʠ ʢʘʢʠʭ-ʣʠʙʦ ʮʝʥʥʳʭ ʙʫʤʘʛ ʦʜʥʦʡ ʠʟ ʜʚʫʭ 
ʢʦʤʧʘʥʠʡ; ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʜʚʫʭ ʤʝʪʦʜʠʢ ʣʝʯʝʥʠʷ ʙʦʣʝʟʥʠ; ʧʨʠ ʩʨʘʚʥʝʥʠʠ 

ʢʘʯʝʩʪʚʘ ʦʙʫʯʝʥʠʷ ʧʦ ʜʚʫʤ ʦʪʣʠʯʘʶʱʠʤʩʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʧʨʦʛʨʘʤʤʘʤ ʠʣʠ 
ʤʝʪʦʜʠʢʘʤ.    

ʂ ɻʪʦʤʫ ʞʝ ʪʠʧʫ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʧʫʪʸʤ ʧʨʦʚʝʨʢʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʛʠʧʦʪʝʟʳ
0

H  ʦʪʥʦʩʷʪʩʷ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʚʦʟʥʠʢʥʫʪʴ ʧʨʠ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʝʜʸʥʥʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ 
ʠʟʤʝʥʝʥʠʶ ʟʥʘʯʝʥʠʷ ʥʝʢʦʪʦʨʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʨʘʙʦʪʫ 

ʬʠʨʤʳ ʠʣʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʧʨʠ ʦʮʝʥʢʝ ʧʨʦʚʝʜʸʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 
ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥ ̫ʢʚʘʣʠʬʠʢʘʮʠʠ ʨʘʙʦʪʥʠʢʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʥʝʢʦʪʦʨʳʝ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʦʧʝʨʘʮʠʠ.  
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ʉʨʘʚʥʠʚʘʷ ʟʥʘʯʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʞʠʜʘʥʠʡ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 
ʧʦʢʘʟʘʪʝʣʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪʥʠʢʦʚ çʜʦè ʠ çʧʦʩʣʝè ʧʨʦʚʝʜʝʥʠʷ ʦʙʫʯʝʥʠʷ 

ʠʣʠ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ, ʤʳ ʩʤʦʞʝʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʟʘʤʝʪʥʦʤ ʧʦʚʳʰʝʥʠʠ 
ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʧʝʨʩʦʥʘʣʘ ʠ ʪʝʤ ʩʘʤʳʤ ʦʮʝʥʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʝʜʸʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. ʉʨʘʚʥʠʚʘ ̫ ʧʦʢʘʟʘʪʝʣʠ 
ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʛʨʫʧʧʳ ʧʘʮʠʝʥʪʦʚ çʜʦè ʠ çʧʦʩʣʝè ʧʨʦʚʝʜʝʥʠʷ ʢʫʨʩʘ 

ʣʝʯʝʥʠʷ, ʤʳ ʦʮʝʥʠʚʘʝʤ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʢʫʨʩʘ ʣʝʯʝʥʠʷ. 
 

ʂʦʤʤʝʥʪʘʨʠʡ 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ ʤʳ ʙʫʜʝʤ ʧʨʦʚʦʜʠʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʠʤ ʜʚʝ ʚʳʙʦʨʢʠ ʚʦʟʤʦʞʥʳʭ 

ʟʥʘʯʝʥʠʡ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ  x  ʠ h : ( )
121 n

x,...,x,x  ʠ ( )
221 n

y,...,y,y  

ʦʙʲʸʤʘʤʠ 
1

n  ʠ 
2

n . ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʦʟʤʦʞʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʚʳʙʦʨʘ ʢʨʠʪʝʨʠʷ 

ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ. ʕʪʠ ʚʘʨʠʘʥʪʳ 
ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʠʜʦʤ ʚʳʙʦʨʦʢ. 

ɺʘʨʠʘʥʪ I. 

ʉʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ x                   ʉʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ h 

 
 

 
 

 
 

xx D,M                                                    hh D,M  

         ɺʳʙʦʨʢʘ I : { }
121 n

x,...,x,x                        ɺʳʙʦʨʢʘ II : { }
221 n

y,...,y,y  

                                                 ʅʝʟʘʚʠʩʠʤʳʝ ʚʳʙʦʨʢʠ  

ʈʠʩ. 3.2. 

ɺr ʙʦʨʢʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʠ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ, ʤʦʛʫʪ ʙʳʪʴ 
ʥʝʟʘʚʠʩʠʤʳʤʠ ʠʣʠ ʟʘʚʠʩʠʤʳʤʠ. ɽʩʣʠ ʤʳ ʩʨʘʚʥʠʚʘʝʤ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ 

ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʪʦ ʚʳʙʦʨʢʠ ʠʟʤʝʨʝʥʠʡ ʟʥʘʯʝʥʠʡ 
ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʠʟʥʘʢʘ ʙʫʜʫʪ ʥʝʟʘʚʠʩʠʤʳʤʠ (ʈʠʩ.3.2). ɽʩʣʠ ʤʳ 
ʩʨʘʚʥʠʚʘʝʤ, ʥʘʧʨʠʤʝʨ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪɹ ʪʨʫʜʘ ʧʝʨʩʦʥʘʣʘ çʜʦè 

(ʠʩʩʣʝʜʫʝʤʳʡ ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʨʠʟʥʘʢ ï ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ x)  ʠ - çʧʦʩʣʝè 

(ʠʩʩʣʝʜʫʝʤʳʡ ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʨʠʟʥʘʢ ï ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ h) ʧʨʦʚʝʜʝʥʠʷ 

ʦʙʫʯʝʥʠʷ ʠʣʠ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ ʧʝʨʩʦʥʘʣʘ, ʪʦ, ʪʘʢ ʢʘʢ 
i

x  ʠ 
i

y  - ʟʥʘʯʝʥʠʷ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʠʟʥʘʢʘ ʫ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ  i-ʪʦʛʦ ʦʙʲʝʢʪʘ 

ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʤʳ ʥʝ ʤʦʞʝʤ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚʳʙʦʨʢʠ ʙʫʜʫʪ 

ʥʝʟʘʚʠʩʠʤʳʤʠ (ʈʠʩ.3.3).  

ɻʝʥʝʨʘʣʴʥʘʷ  

ʩʦʚʦʢʫʧʥʦʩʪʴ II 

ɻʝʥʝʨʘʣʴʥʘʷ 
ʩʦʚʦʢʫʧʥʦʩʪʴ I 
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ʅʘʧʨʠʤʝʨ, ʧʫʩʪʴ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ x- ʜʘʥʥʳʝ ʘʥʘʣʠʟʦʚ  ʫ ʙʦʣʴʥʳʭ 

ʢʘʢʠʤ-ʪʦ ʦʧʨʝʜʝʣʸʥʥʳʤ ʟʘʙʦʣʝʚʘʥʠʝʤ. ʀʤʝʝʪʩʷ n ʧʘʮʠʝʥʪʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʧʨʦʚʦʜʠʪʩʷ ʢʫʨʩ ʣʝʯʝʥʠʷ ʧʦ ʥʝʢʦʪʦʨʦʡ ʤʝʪʦʜʠʢʝ. ʉ ʮʝʣʴʶ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʝʜʸʥʥʦʛʦ ʢʫʨʩʘ ʣʝʯʝʥʠʷ, ʵʪʠʤʠ ʞʝ ʧʘʮʠʝʥʪʘʤʠ ʩʥʦʚʘ 

ʩʜʘʶʪʩʷ ʪʝ ʞʝ ʘʥʘʣʠʟʳ. ʉʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ h- ʜʘʥʥʳʝ ʘʥʘʣʠʟʦʚ ʧʦʩʣʝ 

ʧʨʦʚʝʜʸʥʥʦʛʦ ʢʫʨʩʘ ʣʝʯʝʥʠʷ. ʄʳ ʠʤʝʝʤ ʜʚʝ ʚʳʙʦʨʢʠ  { }
n

x,...,x,x
21

ʠ 

{ }
n

y,...,y,y
21

. ʗʩʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʨʘʟʥʦʩʪʠ 
ii

yx - ʧʦʟʚʦʣʠʪ ʩʫʜʠʪʴ ʦʙ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʝʜʸʥʥʦʛʦ ʢʫʨʩʘ ʣʝʯʝʥʠʷ ʜʣʷ i-ʪʦʛʦ ʧʘʮʠʝʥʪʘ.  ʄʳ ʥʝ 

ʤʦʞʝʤ ʩʢʘʟʘʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʷ
i

x ʠ 
i

y ʥʝ ʟʘʚʠʩʷʪ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɺʳʙʦʨʢʠ 

{ }
n

x,...,x,x
21  ʠ { }

n
y,...,y,y

21
 - ʟʘʚʠʩʠʤʳʝ ʠ ʥʘʟʳʚʘʶʪʩʷ  çʩʦʦʙʨʘʟʥʳʤʠè. 

                                                    ɺʘʨʠʘʥʪ II 
 

 

ʉʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ x                                                     ʉʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ h 

        xx D,M                                                                         hh D,M                    

 

 
                                                      ʉʦʦʙʨʘʟʥʳʝ ʚʳʙʦʨʢʠ     

          { }
n

x,...,x,x
21

                                                                    { }
n

y,...,y,y
21

 

 

                  ʀʟʫʯʘʝʤʘʷ ʚʳʙʦʨʢʘ   { }
nn

yx,...,yx,yx ---
2211  

ʈʠʩ.3.3 

ɽʩʣʠ ʚʳʙʦʨʢʠ ʟʘʚʠʩʠʤʳʝ, ʠʣʠ çʩʦʦʙʨʘʟʥʳʝè, ʪʦ ʟʥʘʯʝʥʠʷ 
i

x ʠ 
i

y - ʵʪʦ 

ʟʥʘʯʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʠʟʥʘʢʘ ʫ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 
ʦʙʲʝʢʪʘ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʧʦʧʘʚʰʝʛʦ ʚ ʚʳʙʦʨʢʫ. ɸ ʧʦʵʪʦʤʫ ʧʦ 

ʵʪʠʤ ʜʚʫʤ ʚʳʙʦʨʢʘʤ ʤʳ ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ ʥʦʚʫʶ ʚʳʙʦʨʢʫ: 

{ }
nn

yx,...,yx,yx ---
2211  ʠ ʠʟʫʯʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʦʜʠʤʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʵʪʦʡ ʚʳʙʦʨʢʝ. 
ʊʝʦʨʠʷ 

ɺʘʨʠʘʥʪ I . ʈʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʟʘʜʘʯʫ ʧʨʦʚʝʨʢʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ 

ʛʠʧʦʪʝʟʳ 
0

H  ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ, ʚʳʙʦʨʢʠ ( )
121 n

x,...,x,x  ʠ ( )
221 n

y,...,y,y   

ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʜʚʫʭ ʛʝʥʝʨʘʣʴʥʳʭ ʩʦʚʦʢʫʧʥʦʩʪʝʡ, - ʥʝʟʘʚʠʩʠʤʳʝ.  

ɿʘʧʠʩʳʚʘʝʤ ʦʩʥʦʚʥʫʶ ʛʠʧʦʪʝʟʫ  H0: hx MM = . ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ 

ʛʠʧʦʪʝʟʘ ʤʦʞʝʪ ʙʳʪʴ ʜʚʫʩʪʦʨʦʥʥʝʡ H1: hx MM ¸  , ʠʣʠ ʦʜʥʦʩʪʦʨʦʥʥʝʡ H1:

hx MM > .  ʇʦʩʪʨʦʠʤ ʩʘʤʠ ʢʨʠʪʝʨʠʡ ʧʨʦʚʝʨʢʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʦʩʥʦʚʥʦʡ 

ʛʠʧʦʪʝʟʳ. ʆʩʥʦʚʥʫʶ ʛʠʧʦʪʝʟʫ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢ 0
0

=- hx MM:H . ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʦʡ ʬʦʨʤʦʡ ʟʘʧʠʩʠ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟ r ʨʘʩʩʤʦʪʨʠʤ 

ʩʪʘʪʠʩʪʠʢʫ: ää
==

-=-
21

1211

11 n

i

i

n

i

i
nn

hxhx . 

ɻʝʥʝʨʘʣʴʥʘʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴ 
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 ʗʩʥʦ, ʯʪʦ: ( )
21

mmMMM -=-=- hxhx . 

ʉʨʝʜʥʠʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʦʯʥʳʭ ʩʦʚʦʢʫʧʥʦʩʪʝʡ ʧʨʠ 
ʙʦʣʴʰʠʭ ʦʙʲʸʤʘʭ ʚʳʙʦʨʦʢ ʠʤʝʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʤʘʣʦ ʦʪʣʠʯʘʶʱʝʝʩʷ ʦʪ 

ʥʦʨʤʘʣʴʥʦʛʦ (ʙʫʜʝʤ ʚʧʨʝʜʴ ʛʦʚʦʨʠʪʴ: ʩʨʝʜʥʠʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ 
ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʥʦʨʤʘʣʴʥʳ). ʅʘʜʦ ʦʮʝʥʠʪʴ ʜʠʩʧʝʨʩʠʶ ʵʪʦʡ ʥʦʚʦʡ 

ʩʪʘʪʠʩʪʠʢʠ. 
ʘ) ɽʩʣʠ ʥʘʤ ʠʟʚʝʩʪʥʳ ʟʥʘʯʝʥʠʷ ʜʠʩʧʝʨʩʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʩʣʫʯʘʡʥʳʭ 

ʚʝʣʠʯʠʥ 
2

1
sx=D  ʠ 

2

2
sh=D , ʪʦ, ʠʩʧʦʣʴʟʫʷ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʚʳʙʦʨʦʢ, 

ʟʘʧʠʰʝʤ: ( )
2

2

2

1

2

1

nn
DDD

ss
hxhx +=+=- .  

ʎʝʥʪʨʠʨʫʷ ʠ ʥʦʨʤʠʨʫʷ ʩʪʘʪʠʩʪʠʢʫ hx- , ʧʨʠʜʸʤ ʢ ʩʪʘʪʠʩʪʠʢʝ 

( )
n

,...,,gT xxx
21

=
( )( )

2

2

2

1

2

1

21

nn

mm

ss

hx

+

---
= , ʢʦʪʦʨʘʷ, ʩʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ʃʝʚʠ, 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʥʦʨʤʘʣʴʥʘ.  ɽʩʣʠ ʦʩʥʦʚʥʘʷ ʛʠʧʦʪʝʟʘ ʚʝʨʥʘ, ʪʦ ʟʜʝʩʴ ʙʫʜʝʪ 

0
21
=-mm . 

ɼʣ ̫ʧʨʦʚʝʨʢʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟ r 0
0

=- hx MM:H  ʚ ʢʘʯʝʩʪʚʝ 

ʢʨʠʪʝʨʠʷ T ʤʳ ʧʦʣʫʯʘʝʤ ʩʪʘʪʠʩʪʠʢʫ 
( )

2

2

2

1

2

1

nn

u
ss

hx

+

-
= , ʢʦʪʦʨʘʷ ʧʦʜʯʠʥʷʝʪʩʷ 

ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠ ʁN(0,1).  

ʇʦ ʚʳʙʨʘʥʥʦʤʫ (ʠʣʠ ʥʘʟʥʘʯʝʥʥʦʤʫ) ʫʨʦʚʥʶ ʟʥʘʯʠʤʦʩʪʠ a, ʧʨʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʛʠʧʦʪʝʟʝ hx MM:H ¸
1

, ʦʧʨʝʜʝʣʠʤ ʚʝʣʠʯʠʥʫ 
ʢʨ

u  ʪʘʢʫʶ, 

ʯʪʦ ʙʫʜʝʪ ʩʧʨʘʚʝʜʣʠʚʦ( )a=>
ʢʨ

uuP . ɺʝʣʠʯʠʥʫ 
ʢʨ

u , ʠʩʧʦʣʴʟʫʷ ʪʘʙʣʠʮʫ 

ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ ʃʘʧʣʘʩʘ, ʥʘʭʦʜʠʤ ʠʟ ʫʩʣʦʚʠʷ ö
÷

õ
æ
ç

å-
= -

2

11 a
F

ʢʨ
u .  

ʆʙʣʘʩʪʴ 
ʢʨ

S  ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʷ u ʜʣʷ ʛʠʧʦʪʝʟʳ 
0

H  ʙʫʜʝʪ 

ʠʤʝʪʴ ʚʠʜ: ( )( )+¤-¤- ;uu;
ʢʨʢʨ

8 . ʆʙʣʘʩʪʴ 
ʜʦʧ

Q  ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ 

ʢʨʠʪʝʨʠʷ u ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: ( )
ʢʨʢʨ

u;u +- . 

ʇʦʩʪʨʦʠʚ ʦʙʣʘʩʪʠ 
ʢʨ

S   ʠ 
ʜʦʧ

Q , ʧʨʦʚʦʜʠʤ ʵʢʩʧʝʨʠʤʝʥʪ ʠ ʧʦʣʫʯʘʝʤ ʜʚʝ 

ʚʳʙʦʨʢʠ ( )
121 n

x,...,x,x  ʠ ( )
221 n

y,...,y,y . ɺʳʯʠʩʣʷʝʤ ʥʘʙʣʶʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ 
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ʢʨʠʪʝʨʠʷ 

2

2

2

1

2

1

nn

yx
u
ʥʘʙʣ

ss
+

-
=  ʠ ʩʤʦʪʨʠʤ: ʚ ʢʘʢʫʶ ʠʟ ʦʙʣʘʩʪʝʡ ʦʥʦ ʧʦʧʘʣʦ. 

ʇʨʠʥʠʤʘʝʤ ʨʝʰʝʥʠʝ ʦʙ ʦʪʢʣʦʥʝʥʠʠ ʠʣʠ ʧʨʠʥʷʪʠʠ ʛʠʧʦʪʝʟʳ 
0

H . 

ʙ) ɽʩʣʠ ʜʠʩʧʝʨʩʠʠ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ xʠ h - ʥʝʠʟʚʝʩʪʥʳ, ʪʦ ʤʳ, 

ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʩʪʨʦʝʥʥʳʝ ʨʘʥʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʢ, ʜʦʣʞʥʳ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʠ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ ʧʦʜʯʠʥʷʶʪʩʷ ʥʦʨʤʘʣʴʥʦʤʫ 
ʨʘʩʧʨʝʜʝʣʝʥʠʶ.  

ʇʦʩʪʨʦʠʤ ʢʨʠʪʝʨʠʡ ʧʨʦʚʝʨʢʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ 
0

H  

ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʠ ʧʨʠʥʷʪʘ ʛʠʧʦʪʝʟʘ 

hx DD:H =
0   (ɿʘʜʘʯʘ 5.3).  

ʈʘʩʩʤʘʪʨʠʚʘʷ ʦʙʲʝʜʠʥʸʥʥʫʶ ʚʳʙʦʨʢʫ, ʩʦʜʝʨʞʘʱʫʶ 
21

nn +  ʵʣʝʤʝʥʪʦʚ, 

ʤ  rʩʪʨʦʠʤ ʩʪʘʪʠʩʪʠʢʫ ( )
n

,...,,gT xxx
21

= =
( )( )

2

2

2

1

2

1

21

nn

mm

ss

hx

+

---
. ʋʯʠʪʳʚʘʷ, 

ʯʪʦ ʜʠʩʧʝʨʩʠʠ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ xʠ h ʨʘʚʥʳ 2shx ==DD ʠ ʯʪʦ ʧʨʠ 

ʚʝʨʥʦʡ ʛʠʧʦʪʝʟʝ 
0

H ʟʥʘʯʝʥʠʷ 
1

m ʠ 
2

m ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʞʠʜʘʥʠʡ ʵʪʠʭ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʪʦʞʝ - ʨʘʚʥʳ, ʩʪʘʪʠʩʪʠʢʘ T ʧʨʠʤʝʪ ʚʠʜ 

.
nn

nnyx
u

21

21

+

Ö
Ö

-
=
s

 

ʅʦ ʤʳ ʥʝ ʟʥʘʝʤ ʚʝʣʠʯʠʥʫ ʟʥʘʯʝʥʠʷ 
2s  ʨʘʚʥʳʭ ʜʠʩʧʝʨʩʠʡ xD  ʠ hD , ʘ 

ʧʦʵʪʦʤʫ ʦʧʨʝʜʝʣʠʤ ʝʸ ʦʮʝʥʢʫ 
2

s  ʧʦ ʵʣʝʤʝʥʪʘʤ ʦʙʲʝʜʠʥʸʥʥʦʡ ʚʳʙʦʨʢʠ: 

( ) ( )ùú
ø

éê

è
---Ö

-+
= ä ä

= =

1 2

1 1

22

21

2

2

1 n

i

n

i

ii
nn

s hhxx . 

ʀʣʠ   ( ) ( )[ ]2
22

2

11

21

2 11
2

1
snsn

nn
s -+-Ö

-+
= . ɾʝʣʘʷ ʦʧʨʝʜʝʣʠʪʴ ʟʘʢʦʥ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʠʠ 
2

s , ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʦʙʲʝʜʠʥʸʥʥʦʡ 

ʚʳʙʦʨʢʝ, ʚʳʯʠʩʣʠʤ ʟʥʘʯʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʵʪʦʡ ʦʮʝʥʢʠ 
ʜʠʩʧʝʨʩʠʠ:  

( ) ( )[ ] ( ) ( )[ ]2
22

2

11

21

2

22

2

11

21

2 11
2

1
11

2

1
MsnMsn

nn
snsn

nn
MMs -+-

-+
=ù
ú

ø
é
ê

è
-+-

-+
=

ʊʦ ʝʩʪʴ:  ( ) ( )[ ] 22

2

2

1

21

2 11
2

1
sss =-+-

-+
= nn

nn
Ms . 
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 ʊʘʢ ʢʘʢ ( ) ( )[ ] 2

2

22

1

22

1

22

22

2

11 2121
11

-+--
Ö=Ö+Ö=-+-

nnnn
snsn cscscs , ʪʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʪʘʪʠʩʪʠʢʠ 
2

2

s

s
 ʙʫʜʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ  2

2

21

212

1
-+

-+
nn

nn
c . 

ɿʥʘʯʠʪ ʦʪʥʦʰʝʥʠʝ ʩʪʘʪʠʩʪʠʢ  
2

2

21

21

21

2

2

21

21

212

1
-+

-+

+

Ö
Ö

-

=
+

Ö
Ö

-

nn
nn

nn

nn

s

nn

nn

c

s

hx

s

s

hx

, 

ʷʚʣʷʷʩʴ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʧʦʜʯʠʥʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠ ʁʉʪʴʶʜʝʥʪʘ  ʩ 

ʧʘʨʘʤʝʪʨʦʤ 2
21
-+nn . ʊʘʢ ʢʘʢ ʚʩʝ çʩʦʩʪʘʚʥʳʝ ʵʣʝʤʝʥʪʳè ʧʦʩʣʝʜʥʝʡ 

ʬʦʨʤʫʣʳ ʥʘʤ ʷʩʥʳ ʠ ʠʭ ʟʥʘʯʝʥʠʷ ʤʳ ʚʩʝʛʜʘ ʤʦʞʝʤ ʚʳʯʠʩʣʠʪʴ ʧʦ 
ʵʣʝʤʝʥʪʘʤ ʜʚʫʭ ʚʳʙʦʨʦʢ, ʪʦ ʵʪʫ ʩʣʫʯʘʡʥʫʶ ʚʝʣʠʯʠʥʫ ʤʳ ʚʦʟʴʤʸʤ ʚ 

ʢʘʯʝʩʪʚʝ  ʢʨʠʪʝʨʠʷ ʧʨʦʚʝʨʢʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟʳ hx MM:H =
0

: 

21

21

221 nn

nn

s
t

nn
+

Ö
Ö

-
=

-+

hx
,   ʛʜʝ ( ) ( )[ ]2

22

2

11

21

2 11
2

1
snsn

nn
s -+-

-+
= .  

ɼʘʣʝʝ ʧʨʦʮʝʜʫʨʘ ʦʙʳʯʥʘʷ ï ʩʪʨʦʠʤ ʢʨʠʪʠʯʝʩʢʫʶ ʠ ʜʦʧʫʩʪʠʤʫʶ 

ʦʙʣʘʩʪʠ, ʧʨʦʚʦʜʠʤ ʵʢʩʧʝʨʠʤʝʥʪ, ʧʦʣʫʯʘʝʤ ʜʚʝ ʚʳʙʦʨʢʠ, ʧʦʜʩʯʠʪʳʚʘʝʤ 

ʥʘʙʣʶʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ 
21

21

ʥʘʙʣ.
nn

nn

s

yx
t

+

Ö
Ö

-
=  ʠ ʩʤʦʪʨʠʤ: ʚ ʢʘʢʫʶ 

ʦʙʣʘʩʪʴ ʧʦʧʘʜʘʝʪ ʵʪʦ ʥʘʙʣʶʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ. ʇʨʠʥʠʤʘʝʤ ʨʝʰʝʥʠʝ 

ʦ ʧʨʠʥʷʪʠʠ ʠʣʠ ʦʙ ʦʪʢʣʦʥʝʥʠʠ ʛʠʧʦʪʝʟʳ hx MM:H =
0

. 

ʉʦʦʙʨʘʟʫʷʩʴ ʩʦ ʟʜʨʘʚʳʤ ʩʤʳʩʣʦʤ ʠ ʧʨʠʤʝʥʷʷ ʩʚʦʠ ʟʥʘʥʠʷ ʪʝʦʨʠʠ 

ʚʝʨʦʷʪʥʦʩʪʝʡ, ʤʳ ʧʦʩʪʨʦʠʣʠ ʢʨʠʪʝʨʠʡ ʧʨʦʚʝʨʢʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟʳ 

0
H  ʚ ʩʣʫʯʘʝ ʥʝʟʘʚʠʩʠʤʳʭ ʚʳʙʦʨʦʢ ( )

121 n
x,...,x,x  ʠ ( )

221 n
y,...,y,y .  

 

ʇʨʘʢʪʠʢʘ 
ʇʨʠʤʝʨ 2ʘ.1 ʠ 2ʙ.1 ʇʨʠ ʘʥʘʣʠʟʝ ʚʳʙʦʨʦʢ, ʧʦʣʫʯʠʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʜʚʫʭ ʛʨʫʧʧ ʤʫʞʯʠʥ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʟʥʘʯʝʥʠʷ ʪʦʯʝʯʥʳʭ 

ʦʮʝʥʦʢ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʞʠʜʘʥʠʡ 61166,x=  ʜʣʷ 115
1
=n  ʠ 77166,y= ʜʣʷ 

906
2
=n . 

ʌʦʨʤʫʣʠʨʫʝʤ ʦʩʥʦʚʥʫʶ ʛʠʧʦʪʝʟʫ H0: ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʞʠʜʘʥʠʷ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ x ʠ h - ʩʨʝʜʥʠʡ ʨʦʩʪ ʤʫʞʯʠʥ ʜʚʫʭ ʛʝʥʝʨʘʣʴʥʳʭ 

ʩʦʚʦʢʫʧʥʦʩʪʝʡ, - ʦʜʠʥʘʢʦʚʳʝ.  

ʈʘʥʝʝ ʤʳ ʧʨʠʥʷʣʠ ʛʠʧʦʪʝʟʫ ʦ ʪʦʤ, ʯʪʦ ʜʠʩʧʝʨʩʠʠ  ʜʚʫʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ 
ʛʝʥʝʨʘʣʴʥʳʭ ʩʦʚʦʢʫʧʥʦʩʪʝʡ ʨʘʚʥʳ. ʇʦʵʪʦʤʫ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʨʠʪʝʨʠʡ 
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21

21

ʥʘʙʣ.
nn

nn

s

yx
t

+

Ö
Ö

-
= . ɺʳʯʠʩʣʷʝʤ ʟʥʘʯʝʥʠʝ ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʠʠ ʧʦ 

ʦʙʲʝʜʠʥʸʥʥʦʡ ʚʳʙʦʨʢʝ ( ) ( )[ ]2
22

2

11

21

2 11
2

1
snsn

nn
s Ö-+Ö-

-+
= =34,88 ʠ 

ʥʘʙʣʶʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ 2740,t
ʥʘʙʣ.

-= . ɺʳʙʝʨʝʤ ʫʨʦʚʝʥʴ 

ʟʥʘʯʠʤʦʩʪʠ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ 050,=a . ʇʦ ʪʘʙʣʠʮʘʤ ñt-ʨʘʩʧʨʝʜʝʣʝʥʠʷò  

ʧʨʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʛʠʧʦʪʝʟʝ H1: hx MM ¸  ʦʧʨʝʜʝʣʷʝʤ ʢʨʠʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ 3124,t
ʢʨ.
= .  ʊʘʢ ʢʘʢ 

ʢʨ.ʥʘʙʣ.
tt <  ʬʦʨʤʫʣʠʨʫʝʤ ʨʝʰʝʥʠʝ: 

çʋ ʥʘʩ ʥʝʪ ʦʩʥʦʚʘʥʠʡ ʦʪʢʣʦʥʷʪʴ ʛʠʧʦʪʝʟʫ  H0. ɻʠʧʦʪʝʟʘ H0: hx MM =  - 

ʧʨʠʥʠʤʘʝʪʩʷè. 
ɺʘʨʠʘʥʪ I I . ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʟʘʜʘʯʫ ʧʨʦʚʝʨʢʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ 

ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ H0: hx MM = ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʳʙʦʨʦʯʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ( )
n

,...,, xxx
21

 ʠ ( )
n

,...,, hhh
21  - ʩʦʦʙʨʘʟʥʳʝ. 

 

ʂʦʤʤʝʥʪʘʨʠʡ 
 ʄʳ ʤʦʞʝʤ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ 

ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ x. ʇʦʩʣʝ 

ʧʨʦʚʝʜʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʮʝʣʴʶ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 
ʧʨʠʟʥʘʢʘ ʥʘ ʵʪʦʡ ʞʝ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʘ ʥʦʚʘʷ 

ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ h. ɿʥʘʯʝʥʠʷ h  ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ x 

ʜʦʣʞʥʳ ʧʦʢʘʟʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʝʜʸʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. ʕʣʝʤʝʥʪʳ 

ʚʳʙʦʨʦʯʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ {} ni
i

,...,,, 21=x , ʠ {} ni
i

,...,,, 21=h , 

ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʷ ʷʚʣʷʶʱʠʝʩʷ ʟʥʘʯʝʥʠʷʤʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʠʟʥʘʢʘ 
ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʦʙʲʝʢʪʘ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʧʘʚʰʝʛʦ ʚ ʚʳʙʦʨʢʫ. 

ʕʪʠ ʟʥʘʯʝʥʠʷ ʧʦʣʫʯʝʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, çʜʦè ʠ çʧʦʩʣʝè ʧʨʦʚʝʜʝʥʠʷ 
ʥʝʢʦʪʦʨʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʮʝʣʴʶ ʠʟʤʝʥʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʠʟʥʘʢʘ 

ʵʣʝʤʝʥʪʦʚ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʦʮʝʥʢʠ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʝʜʸʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʤʳ ʙʫʜʝʤ, ʩʨʘʚʥʠʚʘʪʴ  ʟʥʘʯʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʞʠʜʘʥʠʡ ʵʪʠʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ xʠ h.  

ʘ) ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡʥʫʶ ʚʝʣʠʯʠʥʫ hxz -= . ʆʧʨʝʜʝʣʠʤ ʝʸ ʦʩʥʦʚʥʳʝ 

ʯʠʩʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʠ ʜʠʩʧʝʨʩʠʶ. 

 ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʨʘʟʥʦʩʪʠ z  ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʚʩʝʛʜʘ 

ʨʘʚʥʦ ʨʘʟʥʦʩʪʠ ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʞʠʜʘʥʠʡ 

[ ]
21

mmMMMM -=-=-= hxhxz .  

ʅʦ ʩʣʫʯʘʡʥʳʝ  ʚʝʣʠʯʠʥʳ x ʠ h ʟʘʚʠʩʠʤʳʝ, ʘ ʧʦʵʪʦʤʫ ʜʠʩʧʝʨʩʠʷ ʨʘʟʥʦʩʪʠ

z ʥʝ ʙʫʜʝʪ ʨʘʚʥʘ ʩʫʤʤʝ ʜʠʩʧʝʨʩʠʡ ʚʝʣʠʯʠʥ x ʠ h.  

ʉʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ ʜʠʩʧʝʨʩʠʠ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ, ʜʠʩʧʝʨʩʠʶ 

ʨʘʟʥʦʩʪʠ z ʟʘʧʠʰʝʤ ʪʘʢ:  



85 

 

 

[ ] ( ) ( )[ ] ( )( )[ ]22
hhxxhxhxhxz MMMMMDD ---=---=-= . 

 ʀʩʧʦʣʴʟʫʷ ʩʚʦʡʩʪʚʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ, ʧʦʣʫʯʘʝʤ:   
[ ] ( )( )[ ] [ ] hmxhhhhxxxxz DDMMMMMMMD +-=-+----=

11

22
22 , 

 ʛʜʝ ( ) [ ] hxhxhxm MMM,cov Ö-Ö==
11

 - ʢʦʚʘʨʠʘʮʠʦʥʥʳʡ ʤʦʤʝʥʪ 

ʩʣʫʯʘʡʥʳʭ  ʚʝʣʠʯʠʥ xʠ h.   

ʊʝʦʨʠʷ 
ʆʩʥʦʚʥʘʷ ʛʠʧʦʪʝʟʘ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʪʘʢʞʝ  ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ: 

hx MM:H =
0

, ʠʣʠ  
210

mm:H = .  

ʇʦʩʪʨʦʠʤ ʢʨʠʪʝʨʠʡ ʧʨʦʚʝʨʢʠ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ  x ʠ h.  

ɽʩʣʠ ʦʙʦʟʥʘʯʠʪʴ hxz -= , ʪʦ ʦʩʥʦʚʥʘʷ ʛʠʧʦʪʝʟʘ 
0

H  ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʧʠʩʘʥʘ ʪʘʢ 0
0

=zM:H , ʪʦ ʝʩʪʴ  0
210
=-mm:H .  

ʈʘʩʩʤʦʪʨʠʤ ʩʪʘʪʠʩʪʠʢʫ: hxz -= .  

ʗʩʥʦ, ʯʪʦ ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ ʙʫʜʝʪ ʚʝʨʥʦ 

ʨʘʚʝʥʩʪʚʦ:[ ] 0
21
=-=-=- mmMMM hxhx . ɸ ʪʘʢ ʢʘʢ ʜʠʩʧʝʨʩʠʷ 

ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ä
=

=
n

i

i
n 1

1
zz ʦʜʠʥʘʢʦʚʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ, 

ʥʝʟʘʚʠʩʠʤʳʭ ʩʣʘʛʘʝʤʳʭ n,...,,i,yxz
iii

21=-= , ʚ n ʨʘʟ ʤʝʥʴʰʝ ʜʠʩʧʝʨʩʠʠ 

ʢʘʞʜʦʛʦ ʩʣʘʛʘʝʤʦʛʦ, ʪʦ: [ ]
n

DD

n

D
DD

hmxz
hxz

+-
==-= 11

2
. 

 ʉʣʫʯʘʡʥʳʝ ʵʣʝʤʝʥʪʳ ʚʳʙʦʨʢʠ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ z : 

{ }
nn

,...,, hxhxhx ---
2211

, - ʥʝʟʘʚʠʩʠʤʳ ʠ ʠʤʝʶʪ ʪʦ ʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʝʨʦʷʪʥʦʩʪʝʡ, ʯʪʦ ʠ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ z, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʛʣʘʩʥʦ 

ʪʝʦʨʝʤʝ ʃʝʚʠ, ʩʪʘʪʠʩʪʠʢʘ 
( )( )

un
mm

=
+-

---
2

211

2

1

21

2 sms

hx
 - ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ 

ʥʦʨʤʘʣʴʥʘ. ʕʪʫ ʩʪʘʪʠʩʪʠʢʫ ʤʦʞʥʦ ʚʟʷʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʧʨʦʚʝʨʢʠ 

ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟʳ 
0

H  ʠ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʦʙʣʘʩʪʝʡ 
 ʢʨ

S ʠ 
ʜʦʧ

Q  ʙʫʜʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʙʣʠʮʳ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ ʃʘʧʣʘʩʘ.  
 ʕʪʦʪ ʢʨʠʪʝʨʠʡ ʧʦʩʪʨʦʝʥ ʧʨʠ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʥʘʤ ʠʟʚʝʩʪʥr  

ʟʥʘʯʝʥʠʷ ʜʠʩʧʝʨʩʠʡ ʩʣʫʯʘʡʥʳʭ  ʚʝʣʠʯʠʥ xʠ h ʠ ʢʦʚʘʨʠʘʮʠʦʥʥʦʛʦ ʤʦʤʝʥʪʘ

( ) ( )( )[ ]
2111

mmM,cov --== hxmhx .   

ʙ) ɽʩʣʠ ʟʥʘʯʝʥʠʷ ʜʠʩʧʝʨʩʠʡ ʠ ʢʦʚʘʨʠʘʮʠʦʥʥʦʛʦ ʤʦʤʝʥʪʘ ʥʝʠʟʚʝʩʪʥʳ, 

ʪʦ, ʢʘʢ ʠ ʚ ʚʘʨʠʘʥʪʝ Iʙ), ʟʘʤʝʥʠʚ ʠʭ ʟʥʘʯʝʥʠʷ ʟʥʘʯʝʥʠʷʤʠ ʪʦʯʝʯʥʳʭ ʦʮʝʥʦʢ, 

ʧʦʩʪʨʦʠʤ ʢʨʠʪʝʨʠʡ, ʢʦʪʦʨʳʡ ʧʦʜʯʠʥʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠ ʁʉʪʴʶʜʝʥʪʘ.  

ɼʣʷ ʵʪʦʛʦ ʩʥʘʯʘʣʘ ʦʧʨʝʜʝʣʠʤ ʪʦʯʝʯʥʫ  ʁʦʮʝʥʢʫ 
2

z
s  ʜʠʩʧʝʨʩʠʠ zD :  
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( )( )( ) ( )( )( )

( ) ( )( ) ( ).
nnn

nn
s

n

i

i

n

i

ii

n

i

i

n

i

ii

n

i

ii

äää

ää

===

==

-
-

+--
-

--
-

=

=---
-

=---
-

=

1

2

11

2

1

2

1

22

1

1

1

2

1

1

1

1

1

1

hhhhxxxx

hhxxhxhx
z

 

ɺʳʯʠʩʣʠʤ ʦʪʜʝʣʴʥʦ ʩʨʝʜʥʶ  ʁʩʫʤʤʫ:  

( )( ) ( )=+--=-- ää
==

n

i

iiii
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ʂʦʤʤʝʥʪʘʨʠʡ 

 ʂʘʢ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʟʘʤʝʪʠʤ, ʯʪʦ ʪʦʯʝʯʥʘʷ ʦʮʝʥʢʘ
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 ʷʚʣʷʝʪʩʷ ʩʤʝʱʸʥʥʦʡ ʦʮʝʥʢʦʡ ʢʦʚʘʨʠʘʮʠʦʥʥʦʛʦ ʤʦʤʝʥʪʘ 
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ɿʘʜʘʯʠ ʧʨʦʚʝʨʢʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ 
ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʳʙʦʨʢʠ - ʟʘʚʠʩʠʤʳʝ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʚʩʪʨʝʯʘʶʪʩʷ. ʇʦʵʪʦʤʫ ʤʳ ʟʜʝʩʴ ʫʜʝʣʷʝʤ ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ 
ʧʦʩʪʨʦʝʥʠʶ ʢʨʠʪʝʨʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ, ʯʪʦ ʤʦʞʝʪ ʧʦʥʘʜʦʙʠʪʴʩʷ ʚ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʝ ʩʪʘʪʠʩʪʠʢʫ, ʠʥʪʝʨʝʩʫʶʱʝʤʫʩʷ ʤʘʪʝʤʘʪʠʢʦʡ. 
 

ʊʝʦʨʠʷ 
ɿʘʢʦʥʯʠʤ ʧʦʩʪʨʦʝʥʠʝ ʢʨʠʪʝʨʠʷ ʧʨʦʚʝʨʢʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʦʩʥʦʚʥʦʡ 

ʛʠʧʦʪʝʟʳ.  
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ʙʫʜʝʤ ʙʨʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ 0
210
=-mm:H , ʢʦʛʜʘ 

ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ x ʠ h ʥʝ ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ.  

ʂʨʠʪʝʨʠʡ ʧʦʩʪʨʦʝʥ. ɼʘʣʝʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʦʙʣʘʩʪʝʡ  ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʷ ʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ - 
ʦʙʳʯʥʘʷ. 

 
Ä4.3 ɿʘʜʘʯʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʦ ʚʠʜʝ ʟʘʢʦʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ. 
ʂʨʠʪʝʨʠʡ ʩʦʛʣʘʩʠʷ ʂ. ʇʠʨʩʦʥʘ 

ʊʝʦʨʠʷ 
ɿʘʜʘʯʘ 7.3 ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟʳ ʦ ʚʠʜʝ ʟʘʢʦʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠʩʩʣʝʜʫʝʤʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ. 
ɿʥʘʥʠʝ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ X ʜʘʸʪ ʥʘʤ ʚʩʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʣʘʩʪʠ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʧʨʠʟʥʘʢʘ ʠ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʵʪʠʭ 
ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ, ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʷ ʯʠʩʣʦʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʚʳʯʠʩʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʩʪʫʧʣʝʥʠʷ ʣʶʙʦʛʦ ʩʣʫʯʘʡʥʦʛʦ 
ʩʦʙʳʪʠʷ.  

ʂʦʤʤʝʥʪʘʨʠʡ 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʦ ʠʤʝʶʱʝʡʩʷ ʚ ʥʘʰʝʤ ʨʘʩʧʦʨʷʞʝʥʠʠ ʥʝʢʦʪʦʨʦʡ 

ʚʳʙʦʨʢʝ ʤʳ ʧʦʩʪʨʦʠʣʠ ʚʘʨʠʘʮʠʦʥʥʳʡ ʨʷʜ (ʪʘʙʣʠʮʘ 1.4.3) ʠ ʩʜʝʣʘʣʠ ʝʛʦ 
ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʠʣʣʶʩʪʨʘʮʠʶ, ʪʦ ʝʩʪʴ ʧʦʩʪʨʦʠʣʠ ʛʠʩʪʦʛʨʘʤʤʫ (ʨʠʩ.1.4.3)                                                                                         

 ʊʘʙʣʠʮʘ 1.4.3                 
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ɸʥʘʣʠʟ ʚʠʜʘ ʛʠʩʪʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 
ʘʥʘʣʠʟʠʨʫʝʤʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʚʳʙʦʨʢʦʡ ʟʥʘʯʝʥʠʡ 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x , ʧʦʜʯʠʥʷʶʱʝʡʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʤʳ ʬʦʨʤʫʣʠʨʫʝʤ ʥʘ 
ʦʩʥʦʚʘʥʠʠ ʨʘʥʝʝ ʩʢʘʟʘʥʥʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ, ʙʘʟʠʨʫʶʱʝʛʦʩʷ ʥʘ ʪʝʦʨʝʤʝ 

ɻʣʠʚʝʥʢʦ, ʦ ʪʦʤ, ʯʪʦ ʛʠʩʪʦʛʨʘʤʤʘ ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ 
ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ. 

ʗʩʥʦ, ʯʪʦ ʘʥʘʣʠʟʠʨʫʷ ʚʠʜ ʛʠʩʪʦʛʨʘʤʤʳ ʩ ʮʝʣʴʶ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʛʠʧʦʪʝʟʫ ʦ ʚʠʜʝ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x

, ʤʳ ʜʦʣʞʥʳ ʟʥʘʪʴ ʪʠʧʳ ʠ ʚʠʜʳ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʭʦʪʷ ʙʳ ʪʝ, 

ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʨʘʢʪʠʢʝ. ɽʩʣʠ ʤʳ ʥʝ ʟʥʘʝʤ ʟʘʢʦʥʦʚ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʥʝ ʟʥʘʝʤ, ʢʘʢ ʚʳʛʣʷʜʠʪ ʛʨʘʬʠʢ ʧʣʦʪʥʦʩʪʠ 

ʚʝʨʦʷʪʥʦʩʪʠ ʪʦʛʦ, ʠʣʠ ʠʥʦʛʦ ʟʘʢʦʥʘ, ʪʦ ʥʘʤ ʥʝ ʩ ʯʝʤ ʙʫʜʝʪ ʤʳʩʣʝʥʥʦ 
ʩʨʘʚʥʠʚʘʪʴ ʚʠʜ ʧʦʩʪʨʦʝʥʥʦʡ ʛʠʩʪʦʛʨʘʤʤʳ. ɿʥʘʯʠʪ, ʤʳ ʥʝ ʩʤʦʞʝʤ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʧʦʩʪʨʦʝʥʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʟʘʢʦʥʘ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 
ʛʠʧʦʪʝʟʫ ʦ ʚʠʜʝ ʠ ʥʘʟʚʘʥʠʠ, ʝʩʣʠ ʦʥʦ ʩʫʱʝʩʪʚʫʝʪ, ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x. 

 
ʊʝʦʨʠʷ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ 
ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʦʩʥʦʚʥʘʷ ʧʨʦʩʪʘʷ ʛʠʧʦʪʝʟʘ: 

H0: ʉʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ xʠʤʝʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ, 

ʦʧʠʩʳʚʘʝʤʦʝ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʬʫʥʢʮʠʝʡ ()xP  (ʢʨʘʪʢʦ: PÍx ). 

ʀʣʠ, ʯʪʦ ʦʜʥʦ ʠ ʪʦ ʞʝ:  

H0: ʌʫʥʢʮʠʷ ()xF ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x.  

ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʛʠʧʦʪʝʟʘ ʙʫʜʝʪ ʩʣʦʞʥʦʡ H1: Íx P P̧ . ʊʦ ʝʩʪʴ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ x ʧʨʠʥʘʜʣʝʞʠʪ ʥʝʢʦʪʦʨʦʤʫ ʩʝʤʝʡʩʪʚʫ ʨʘʩʧʨʝʜʝʣʝʥʠʡ P, ʥʝ 
ʩʦʜʝʨʞʘʱʝʤʫ P. 

ɺ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʧʨʦʚʝʨʢʠ ʧʨʦʩʪʦʡ ʛʠʧʦʪʝʟʳ H0 ʣʝʞʠʪ 

ʦʮʝʥʢʘ çʨʘʟʣʠʯʠʷè ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠ ̫ ʚʝʨʦʷʪʥʦʩʪʝʡ ()xP
n

*
 

ʵʤʧʠʨʠʯʝʩʢʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ 
*xʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ()xP . ʕʪʦ çʨʘʟʣʠʯʠʝè ʦʮʝʥʠʚʘʝʪʩʷ ʚʚʝʜʝʥʠʝʤ çʤʝʨʳ 

ʦʪʢʣʦʥʝʥʠʷè D ( )P,P
n

*
 ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ()xP

n

*
 ʠ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ()xP . ʉʪʨʦʠʪʩʷ ʢʨʠʪʝʨʠʡ, 

ʢʦʪʦʨʳʡ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʚʦʡʩʪʚʘʭ ʚʳʙʦʨʦʯʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʪʦʡ 
çʤʝʨʳ ʦʪʢʣʦʥʝʥʠʷè. 

ɺ ʦʩʥʦʚʥʦʤ, ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʶʪʩʷ ʪʨʠ ʚʠʜʘ çʤʝʨʳ ʦʪʢʣʦʥʝʥʠʷè ʠ, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʪʨʦʷʪʩʷ ʪʨʠ ʢʨʠʪʝʨʠʷ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ H0. ʕʪʦ:  

ñʢʨʠʪʝʨʠʡ ʂʦʣʤʦʛʦʨʦʚʘò, ñʢʨʠʪʝʨʠʡ ʄʠʟʝʩʘò ʠ ñʢʨʠʪʝʨʠʡ ʂ.ʇʠʨʩʦʥʘò.  
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ʈʘʩʩʤʦʪʨʠʤ ʧʦʩʪʨʦʝʥʠʝ ñʢʨʠʪʝʨʠʷ ʂ.ʇʠʨʩʦʥʘò, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʶʪ 
òʢʨʠʪʝʨʠʝʤ ʩʦʛʣʘʩʠʷò.  

ʂʦʤʤʝʥʪʘʨʠʡ 

ʇʦʷʩʥʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʵʪʦʛʦ ʢʨʠʪʝʨʠʷ 
ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʠʩʩʣʝʜʫʝʪʩʷ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʪʠʧʘ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʦʩʥʦʚʥʫʶ ʛʠʧʦʪʝʟʫ ʟʘʧʠʰʝʤ ʪʘʢ: 

H0: ʇʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ () ()xFxp ¡= ʷʚʣʷʝʪʩʷ ʧʣʦʪʥʦʩʪʴʶ 

ʚʝʨʦʷʪʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x. 

ʀʤʝʝʪʩʷ ʚʳʙʦʨʦʯʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ( )
n

,...,, xxx
21

, ʧʦ ʢʦʪʦʨʦʡ ʧʨʠ 

ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩʪʨʦʠʪʩʷ ʚʘʨʠʘʮʠʦʥʥʳʡ ʨʷʜ. 

                                                                    ʊʘʙʣʠʮʘ 2.4.3 

ʠʥʪʝʨʚʘʣʳ [ )
21

a,a  [ )
32

a,a  é [ )
1+jj

a,a  é [ )
1+kk

a,a  

ʦʪʥʦʩʠʪʝʣʴʥʳʝ 

ʯʘʩʪʦʪʳ 
n

m
1  

n

m
2  

 

é 
n

m
j
 

 

é 
n

m
k  

 

ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʬʫʥʢʮʠʷ ()xp  - ʵʪʦ ʪʘʢʘʷ ʬʫʥʢʮʠʷ, ʛʨʘʬʠʢ ʢʦʪʦʨʦʡ 

ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʚʳʩʢʘʟʘʥʥʳʡ ʚ ʬʦʨʤʝ ʛʠʧʦʪʝʟʳ H0, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʩʪʨʦʝʥʥʘʷ ʥʘʤʠ ʛʠʩʪʦʛʨʘʤʤʘ. 

ɽʩʣʠ ʬʫʥʢʮʠʷ ()xp  ʷʚʣʷʝʪʩʷ ʧʣʦʪʥʦʩʪʴʶ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʪʦ 

ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ x  ʧʨʠʤʝʪ ʟʥʘʯʝʥʠʝ, 

ʧʨʠʥʘʜʣʝʞʘʱʝʝ ʧʦʣʫʠʥʪʝʨʚʘʣʫ [ )
1+jj

a;a ,ʪʦ ʝʩʪʴ [ )( )
1+

Í=
jjj

a,aPp x , ʙʫʜʝʪ 

ʨʘʚʥʘ: ()ñ
+

=
1j

j

a

a

j
dxxpp . ɿʥʘʯʝʥʠʝ ʵʪʦʛʦ ʠʥʪʝʛʨʘʣʘ ʨʘʚʥʦ ʧʣʦʱʘʜʠ 

ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʪʨʘʧʝʮʠʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʩʚʝʨʭʫ ʯʘʩʪʴʶ ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʠ 

()xp , ʥʘʭʦʜʷʱʝʡʩʷ ʥʘʜ ʧʦʣʫʠʥʪʝʨʚʘʣʦʤ [ )
1+jj

a;a .  

 

                                          ()xp  

                                                                                             

                                                                                                         

                                                                                                                      

                                                                                                                 

                                      
j

a          
1+j

a  
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ʂʘʞʜʳʡ ʩʣʫʯʘʡʥʳʡ ʵʣʝʤʝʥʪ ʚʳʙʦʨʢʠ 
i
xʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 

j
p  ʤʦʞʝʪ 

ʧʨʠʥʷʪʴ ʟʥʘʯʝʥʠʝ, ʧʨʠʥʘʜʣʝʞʘʱʝʝ ʧʦʣʫʠʥʪʝʨʚʘʣʫ [ )
1+jj

a;a , ʠ ʤʦʞʝʪ ʩ 

ʚʝʨʦʷʪʥʦʩʪʴʶ 
jj

pq -=1  ʥʝ ʧʨʠʥʷʪʴ ʟʥʘʯʝʥʠʝ, ʧʨʠʥʘʜʣʝʞʘʱʝʝ ʵʪʦʤʫ 

ʧʦʣʫʠʥʪʝʨʚʘʣʫ. 

ʏʠʩʣʦ 
n

m
j

 - ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʯʘʩʪʦʪʘ ʧʦʧʘʜʘʥʠʡ ʩʣʫʯʘʡʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʚʳʙʦʨʢʠ ( )
n

,...,, xxx
21

ʚ ʧʦʣʫʠʥʪʝʨʚʘʣ [ )
1+jj

a;a . ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʯʘʩʪʦʪʘ 
n

m
j
 

ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʮʝʥʢʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ 
j

p . 

 ʇʣʦʱʘʜʴ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ ʛʠʩʪʦʛʨʘʤʤʳ, ʠʤʝʶʱʝʛʦ ʦʩʥʦʚʘʥʠʝʤ 

ʧʦʣʫʠʥʪʝʨʚʘʣ [ )
1+jj

a;a , ʨʘʚʥʘ ʟʥʘʯʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʯʘʩʪʦʪʳ 
n

m
j
. ɸ ʪʘʢ 

ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʯʘʩʪʦʪʘ ʥʘʩʪʫʧʣʝʥʠʡ ʩʦʙʳʪʠʷ ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʯʝʩʢʦʡ 

ʦʮʝʥʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʩʪʫʧʣʝʥʠʷ ʵʪʦʛʦ ʩʦʙʳʪʠʷ, ʪʦ, ʧʨʠ ʚʝʨʥʦʤ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʚʠʜʝ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x, 

ʚʝʣʠʯʠʥʳ ʧʣʦʱʘʜʝʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ ʛʠʩʪʦʛʨʘʤʤʳ ʙʫʜʫʪ ʤʘʣʦ ʦʪʣʠʯʘʪʴʩʷ 

ʦʪ ʚʝʣʠʯʠʥ ʧʣʦʱʘʜʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʪʨʘʧʝʮʠʡ.  
 

ʊʝʦʨʠʷ 

ɼʣʷ ʚʳʙʨʘʥʥʦʛʦ ʯʠʩʣʘ k ʚʳʯʠʩʣʠʤ ʚʝʨʦʷʪʥʦʩʪʠ 
j

p . ɽʩʣʠ 

132 -= k,...,,j , ʪʦ ()ñ
+

=
1j

j

a

a

j
dxxpp . ɽʩʣʠ  j=1, ʪʦ ()ñ

¤-

=
2

1

a

dxxpp , ʘ ʝʩʣʠ j=k, ʪʦ 

()ñ
+¤

=
ka

k
dxxpp . ʗʩʥʦ, ʯʪʦ 1

1

=ä
=

k

j

j
p . 

ʆʧʨʝʜʝʣʠʤ ʩʣʫʯʘʡʥʫʶ ʚʝʣʠʯʠʥʫ 
ij
n, ʢʦʪʦʨʘʷ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 

ij
n

=1, ʝʩʣʠ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ 
i
xʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ, ʧʨʠʥʘʜʣʝʞʘʱʝʝ 

ʧʦʣʫʠʥʪʝʨʚʘʣʫ [ )
1+jj

a;a , ʠ 
ij
n=0, ʝʩʣʠ ʟʥʘʯʝʥʠʝ i

x ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ ʵʪʦʤʫ 

ʧʦʣʫʠʥʪʝʨʚʘʣʫ. ʉʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ 
ij
n ʠʤʝʝʪ ʨʷʜ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

jj

ij

pp-1

10n
, ʪʦ ʝʩʪʴ - ʵʪʦ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ 

ij
nÍB1( )jp , ʢʦʪʦʨʫʶ 

ʤʳ ʥʘʟʚʘʣʠ ʙʝʨʥʫʣʣʠʝʚʩʢʦʡ. ʉʫʤʤʘ 
j

n

i

ij
m=ä

=1

n ʪʘʢʠʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ 

ʜʣʷ ʢʘʞʜʦʛʦ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ j ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ ʠ 

ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦʝ ʢʦʣʠʯʝʩʪʚʫ ʵʣʝʤʝʥʪʦʚ ʯʠʩʣʦʚʦʡ ʚʳʙʦʨʢʠ 

{ }
n

x,...,x,x
21

, ʧʦʧʘʚʰʠʭ ʚ ʧʦʣʫʠʥʪʝʨʚʘʣ [ )
1+jj

a;a . 
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ʉʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ 
j

m  ʧʦʜʯʠʥʷʝʪʩʷ ʙʠʥʦʤʠʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

j
m ÍBn( )jp  ʠ 

jj
npMm = , ( )

jjj
pnpDm -= 1 . ʉʦʛʣʘʩʥʦ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʪʝʦʨʝʤʝ ʄʫʘʚʨʘ-ʃʘʧʣʘʩʘ ʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʠ ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʩʣʫʯʘʡʥʘʷ 

ʚʝʣʠʯʠʥʘ 
( )

jj

jj

pnp

npm

-

-

1
 ʧʨʠ ʙʦʣʴʰʦʤ ʦʙʲʸʤʝ ʚʳʙʦʨʢʠ n ʧʦʜʯʠʥʷʝʪʩʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʙʣʠʟʢʦʤʫ ʢ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ, ʪʦ ʝʩʪʴ ʤʳ 

ʤʦʞʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ Í
-

j

jj

np

npm
N ( )10, . 

ɿʜʝʩʴ ʤʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʦʤ ʦʙʲʸʤʝ ʚʳʙʦʨʢʠ n ʤʳ ʤʦʞʝʤ 
ʚʳʙʨʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʦʣʫʠʥʪʝʨʚʘʣʦʚ k. ʕʪʦ ʧʨʠʚʝʜʸʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʜʣʠʥ ʧʦʣʫʠʥʪʝʨʚʘʣʦʚ [ )
1+jj

a;a , ʘ ʪʦʛʜʘ ʤʳ ʤʦʞʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ 

11 º-
j

p .  

ʉʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ, ʷʚʣʷʶʱʘʷʩʷ ʩʫʤʤʦʡ ʢʚʘʜʨʘʪʦʚ ʩʣʫʯʘʡʥʳʭ 

ʚʝʣʠʯʠʥ, ʧʦʜʯʠʥʷʶʱʠʭʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ N ( )10, , 

ʧʦʜʯʠʥʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʇʠʨʩʦʥʘ. ʊʦ ʝʩʪʴ: 
( )

2

1
1

2

-
=

=
-

ä k

k

j j

jj

np

npm
c . 

ʇʘʨʘʤʝʪʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʇʠʨʩʦʥʘ  ʟʜʝʩʴ ʨʘʚʝʥ k-1, ʪʘʢ ʢʘʢ ʫ ʥʘʩ ʝʩʪʴ ʦʜʥʦ 

ʫʨʘʚʥʝʥʠʝ çʩʚʷʟʠè: nm
k

j

j
=ä

=1

, ʫʤʝʥʴʰʘʶʱʝʝ ʯʠʩʣʦ ʥʝʟʘʚʠʩʠʤʳʭ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ-ʩʣʘʛʘʝʤʳʭ. ʂ. ʇʠʨʩʦʥ (1900ʛ.) ʧʨʝʜʣʦʞʠʣ ʩʣʫʯʘʡʥʫʶ 

ʚʝʣʠʯʠʥʫ 
( )
ä
=

-

-
=

k

j j

jj

k
np

npm

1

2

2

1
c ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʧʨʦʚʝʨʢʠ 

ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ H0. 

ʂʨʠʪʝʨʠʡ ʧʨʦʚʝʨʢʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ ʧʦʩʪʨʦʝʥ. ʅʦ 
ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʯʘʱʝ ʚʩʝʛʦ ʚʩʪʨʝʯʘʶʪʩʷ ʩʣʫʯʘʠ, ʢʦʛʜʘ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ( )
l

,...,,xP JJ
1

 ʩʦʜʝʨʞʠʪ 

ʯʠʩʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ 
l

,...,JJ
1

,  ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʤʳ ʥʝ ʟʥʘʝʤ.  ʆ ʟʥʘʯʝʥʠʷʭ 

ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʳ ʤʦʞʝʤ ʩʫʜʠʪʴ ʣʠʰʴ ʧʦ ʟʥʘʯʝʥʠʷʤ ʠʭ ʪʦʯʝʯʥʳʭ ʦʮʝʥʦʢ 
**

l
,...,JJ

1
, ʢʦʪʦʨʳʝ ʤʳ ʤʦʞʝʤ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʵʣʝʤʝʥʪʘʤ ʯʠʩʣʦʚʦʡ ʚʳʙʦʨʢʠ 

{ }
n

x,...,x,x
21

. ʇʦʵʪʦʤʫ ʬʘʢʪʠʯʝʩʢʠ ʤʳ ʚʳʯʠʩʣʷʝʤ ʚʝʣʠʯʠʥʫ 

( )( )
( )ä

=
**

**-k

j lj

ljj

,...,np

,...,npm

1 1

2

1

JJ

JJ
, ʟʘʤʝʥʷʷ ʟʥʘʯʝʥʠʷ ʯʠʩʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʟʥʘʯʝʥʠʷʤʠ ʠʭ ʪʦʯʝʯʥʳʭ ʦʮʝʥʦʢ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʠʤʝʥʷʪʴ ʵʪʫ ʩʣʫʯʘʡʥʫʶ 
ʚʝʣʠʯʠʥʫ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ, ʈ.ʌʠʰʝʨ (1922ʛ.) ʧʨʝʜʣʦʞʠʣ ʫʤʝʥʴʰʠʪʴ 
ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ l ʝʜʠʥʠʮ, ʪʦ ʝʩʪʴ ʥʘ 

ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ, ʟʘʤʝʥʷʝʤʳʭ ʠʭ ʪʦʯʝʯʥʳʤʠ ʦʮʝʥʢʘʤʠ. 
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ʀʪʘʢ, ʜʣʷ ʧʨʦʚʝʨʢʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ H0 ʤʳ ʙʫʜʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʨʠʪʝʨʠʡ  
( )( )
( )ä

=
**

**

--

-
=

k

j lj

ljj

lk
,...,np

,...,npm

1 1

2

12

1
JJ

JJ
c .  

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʤʳ ʧʨʦʚʝʨʷʝʤ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʛʠʧʦʪʝʟʳ H0: ʉʣʫʯʘʡʥʘʷ 

ʚʝʣʠʯʠʥʘ x ʧʦʜʯʠʥʷʝʪʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʪʦ 

ʝʩʪʴ Íx N ( )s,m . ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʟʘʧʠʩʴ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʟʘʚʠʩʠʪ ʦʪ 

ʟʥʘʯʝʥʠʡ ʯʠʩʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ  m ʠ 2s, ʪʦ ʝʩʪʴ ʟʜʝʩʴ l=2. ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ 

ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ 2

21--k
c  ʤʳ ʵʪʠ ʯʠʩʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʟʘʤʝʥʠʤ ʠʭ 

ʪʦʯʝʯʥʳʤʠ ʦʮʝʥʢʘʤʠ x  ʠ 2
s . ɼʘʣʴʥʝʡʰʠʝ ʜʝʡʩʪʚʠʷ ʧʨʠ ʧʨʦʚʝʨʢʝ 

ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ ï ʦʙʳʯʥʳʝ. 
 

ʇʨʘʢʪʠʢʘ 
ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ r 2ʘ.1 ʠ 2ʙ.1, ʚ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʪ̫ʩʷ ʚʳʙʦʨʢʠ 

ʦʙʲʸʤʘʤʠ n=115 ʠ n=906 ʟʥʘʯʝʥʠʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x- ʨʦʩʪ ʤʫʞʯʠʥ 

ʥʝʢʦʪʦʨʦʡ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ. ɺʠʜ ʛʠʩʪʦʛʨʘʤʤ ʵʪʠʭ ʧʨʠʤʝʨʦʚ 
ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʩʥʦʚʥʫʶ ʛʠʧʦʪʝʟʫ H0: ʉʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ 

x ʧʦʜʯʠʥʷʝʪʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʝʡ. ʀʣʠ ʢʦʨʦʪʢʦ  

H0: Íx N  ( )s,m .  

ɼʣʷ ʧʨʦʚʝʨʢʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʤʳ, ʩʦʛʣʘʩʥʦ ʂ.ʇʠʨʩʦʥʫ, 

ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʨʠʪʝʨʠʡ  
( )( )
( )ä

=
-

-
=

k

j j

jj

k
,mnp

,mnpm

1

2

2

1
s

s
c , 

 ʛʜʝ ( )
( )

2

2

2

2

1
s

sp
s

mx

e,m,xp

-
-

= - ʧʣʦʪʥʦʩʪʴ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ N( )s,m . 

ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʟʘʧʠʩʴ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʩʦʜʝʨʞʠʪ ʜʚʝ ʯʠʩʣʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ m ʠ ʜʠʩʧʝʨʩʠʶ 
2s , ʪʦ ʝʩʪʴ 

ʟʜʝʩʴ, ʢʘʢ ʙʳʣʦ ʨʘʥʝʝ ʧʦʜʯʸʨʢʥʫʪʦ, 2=l . ʊʦʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠʭ ʤʳ ʥʝ 

ʟʥʘʝʤ, ʧʦʵʪʦʤʫ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ [ )( )
1+

Í=
jjj

a,aPp x ʤʳ 

ʟʘʤʝʥʠʤ ʵʪʠ ʯʠʩʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʥʘʯʝʥʠʷʤʠ ʠʭ ʪʦʯʝʯʥʳʭ ʦʮʝʥʦʢ ï 

ʩʨʝʜʥʠʤ ʘʨʠʬʤʝʪʠʯʝʩʢʠʤ x  ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʜʠʩʧʝʨʩʠʝʡ 
2

s . ɿʥʘʯʠʪ, 
ʩʣʝʜʫʷ ʈ.ʌʠʰʝʨʫ, ʤʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʨʠʪʝʨʠʡ 

( )( )
( )ä

=
--

-
=

k

j j

jj

k
s,xnp

s,xnpm

1

2

2

21
c .  

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʙʣʶʜʘʝʤʦʛʦ  

ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ 
2

.ʥʘʙʣ
c  ʫʜʦʙʥʦ ʟʘʧʠʩʳʚʘʪʴ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ. ɼʣʷ ʚʳʙʦʨʢʠ, 

ʦʙʲʸʤ ʢʦʪʦʨʦʡ ʨʘʚʝʥ n=906, ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʠʚʝʜʸʥʥʳʝ ʚ ʪʘʙʣʠʮʝ.  
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 ̄ ʀʥʪʝʨʚʘʣʳ 

[ )
1+jj

a,a  

ɺʝʨʦʷʪʥʦʩʪʠ 

j
p  

ʊʝʦʨʝʪʠʯ. 

ʯʘʩʪʦʪʳ 
j

np  
ʕʢʩʧʝʨʠʤʝʥʪ. 

ʯʘʩʪʦʪʳ 
j

m  
( )

j

jj

np

npm
2

-
 

1 ( ¤- ;155) 0,0269 24,3714 27 0,2835 
2 [155;160) 0,1105 100,113 103 0,0825 
3 [160;165) 0,2594 235,0164 233 0,0173 
4 [165;170) 0,3165 286,7490 308 1,5749 

5 [170;175) 0,2054 186,0924 169 1,5699 

6 [175; ¤+ ) 0,0813 73,6578 66 0,1040 

 ʩʫʤʤʳ 1,000 906 906 =2

.ʥʘʙʣ
c 3,6321 

 

ʇʦ ʪʘʙʣʠʮʘʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ çʭʠ-ʢʚʘʜʨʘʪè ʜʣʷ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ 050,=a

ʧʨʠ ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ =k 6-1-2=3 ʦʧʨʝʜʝʣʷʝʤ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 

ʢʨʠʪʝʨʠʷ 81572
,

.ʢʨ
=c . ʂʨʠʪʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 

( )+¤= ;,S 8157
ʢʨ.

, ʘ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʷ: ( )81570
ʜʦʧ.

,;Q =

. ʅʘʙʣʶʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʨʘʚʥʦ 63232
,

.ʥʘʙʣ
=c . ʊʘʢ ʢʘʢ ʤʳ 

ʧʦʣʫʯʠʣʠ, ʯʪʦ 81576323 2

ʢʨ.

2
,,

.ʥʘʙʣ
=<= cc  ʠʣʠ { }

ʜʦʧ.

2
Q

.ʥʘʙʣ
Íc ,  ʪʦ, ʩʦʛʣʘʩʥʦ 

ʧʨʘʚʠʣʫ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʫ ʥʘʩ ʥʝʪ ʦʩʥʦʚʘʥʠʡ ʦʪʢʣʦʥʷʪʴ ʛʠʧʦʪʝʟʫ H0. 

ʌʦʨʤʫʣʠʨʫʝʤ ʚʳʚʦʜ: çʉʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ x - ʨʦʩʪ ʤʫʞʯʠʥ 

ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ, - ʧʦʜʯʠʥʷʝʪʩʷ ʥʦʨʤʘʣʴʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 61166,M =x  ʠ 2436,D =x . 

ɸʥʘʣʦʛʠʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʠ ʚʳʚʦʜ ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 
ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʨʫʛʦʡ ʚʳʙʦʨʢʠ, ʦʙʲʸʤ ʢʦʪʦʨʦʡ ʨʘʚʝʥ n=115. ʇʦ 

ʵʣʝʤʝʥʪʘʤ ʵʪʦʡ ʚʳʙʦʨʢʠ ʧʦʣʫʯʘʝʤ 67232
,

.ʥʘʙʣ
=c , ʪʦ ʝʩʪʴ,  ʧʨʠ ʪʘʢʦʤ ʞʝ 

ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ 050,=a  ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ H0 ʤʳ ʥʘʙʣʶʜʘʝʤ 

ʥʘʩʪʫʧʣʝʥʠʝ ʩʦʙʳʪʠʷ { }
ʜʦʧ.

2
Q

.ʥʘʙʣ
Íc . ɿʥʘʯʠʪ, ʫ ʥʘʩ ʥʝʪ ʦʩʥʦʚʘʥʠʡ ʦʪʢʣʦʥʷʪʴ 

ʛʠʧʦʪʝʟʫ H0. ɼʣʷ ʵʪʦʡ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʤʳ ʤʦʞʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ 

77166,M =x  ʠ 6934,D =x . ʍʦʪʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʨʘʟʥʠʮʳ ʚ ʧʨʠʥʷʪʳʭ 

ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʠʭ ʛʝʥʝʨʘʣʴʥʳʭ ʩʦʚʦʢʫʧʥʦʩʪʝʡ ï ʥʝʪ.  
 

ʂʦʤʤʝʥʪʘʨʠʡ 

ʇʦʩʪʨʦʝʥʥʳʡ ʢʨʠʪʝʨʠʡ ʇʠʨʩʦʥʘ ʥʘʟʳʚʘʝʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ 
ʢʨʠʪʝʨʠʝʤ, ʪʘʢ ʢʘʢ ʚ ʥʸʤ çʫʯʘʩʪʚʫʶʪè ʟʥʘʯʝʥʠʷ ʯʠʩʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ. ɿʥʘʯʝʥʠʷ 
ʯʠʩʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʤʝʥʝʥʳ ʟʥʘʯʝʥʠʷʤʠ ʠʭ ʪʦʯʝʯʥʳʭ ʦʮʝʥʦʢ. ʕʪʦ 

ʧʨʠʚʝʣʦ ʢ ʫʤʝʥʴʰʝʥʠʶ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʪʦ ʝʩʪʴ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʧʘʨʘʤʝʪʨʘ  ñ 2c -ʨʘʩʧʨʝʜʝʣʝʥʠʷò.  

ʂʨʠʪʝʨʠʠ ʂʦʣʤʦʛʦʨʦʚʘ ʠ ʄʠʟʝʩʘ ʥʘʟʳʚʘʶʪʩʷ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ 

ʢʨʠʪʝʨʠʷʤʠ, ʪʘʢ ʢʘʢ ʚ ʥʠʭ ʤʝʨʘ ʦʪʣʠʯʠʷ D ( )P,P
n

*
 ʵʤʧʠʨʠʯʝʩʢʦʛʦ 
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ʨʘʩʧʨʝʜʝʣʝʥʠʷ ()xP
n

*  ʦʪ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

()xP  ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʟʥʘʥʠʷ ʟʥʘʯʝʥʠʡ ʯʠʩʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 
ʊʝʦʨʠʷ 

ɽʩʣʠ ʚʝʨʦʷʪʥʦʩʪʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤ ()xP  ʠ ()xP
n

*  ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ()xF  ʠ ()xF
n

* , ʘ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ x  - 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʪʠʧʘ, ʪʦ, ʩʦʛʣʘʩʥʦ ɸ.ʅ.ʂʦʣʤʦʛʦʨʦʚʫ (1933ʛ.), 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʨʘ ʦʪʣʠʯʠʷ D( )P,P
n

*  ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: D ( )P,P
n

*

() ()xFxFsup
n

Rx

-= *

Í

. ʕʪʘ ʤʝʨʘ - ʩʪʘʪʠʩʪʠʢʘ, ʆʥʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ()xF . ʋ ʵʪʦʡ ʩʪʘʪʠʩʪʠʢʠ ʜʦʣʞʥʘ 

ʙʳʪʴ ʬʫʥʢʮʠ ̫ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʉʧʨʘʚʝʜʣʠʚʘ ʪʝʦʨʝʤʘ ɸ.ʅ. ʂʦʣʤʦʛʦʨʦʚʘ: 

ɽʩʣʠ ()xF  - ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ 

x, ʪʦ ʩʫʱʝʩʪʚʫʝʪ ( Ö
¤

nPlim
n

 D( )P,P
n

* ) ()xKx =< .   

ɿʜʝʩʴ () ( )ä
+¤

-¤=

-Ö-=
k

xkk

exK
2221  - ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʂʦʣʤʦʛʦʨʦʚʘ, 

ʢʦʪʦʨʘʷ ʪʘʙʫʣʠʨʦʚʘʥʘ ʚʦ ʤʥʦʛʠʭ ʨʫʢʦʚʦʜʩʪʚʘʭ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʩʪʘʪʠʩʪʠʢʝ. ɼʣʷ ʚʳʙʨʘʥʥʦʛʦ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ a ʧʦ ʪʘʙʣʠʮʘʤ ʥʘʭʦʜʠʤ 

ʚʝʣʠʯʠʥʫ 
ʢʨ.

k , ʜʣʷ ʢʦʪʦʨʦʡ ( ) a-=1
ʢʨ.

kK . ɿʥʘʯʠʪ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ 1-a ʜʣʷ 

ʣʶʙʦʛʦ RxÍ  ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʥʝʨʘʚʝʥʩʪʚʦ () ()
ʢʨ.n

kxFxF <-* . ɽʩʣʠ 

ʭʦʪʷ ʙʳ ʜʣʷ ʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʘʨʛʫʤʝʥʪʘ ʵʪʦ ʥʝʨʘʚʝʥʩʪʚʦ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ 
ʛʠʧʦʪʝʟʫ H0 ʦʪʢʣʦʥʷʝʤ. 

ʂʨʠʪʝʨʠʡ ʄʠʟʝʩʘ-ʉʤʠʨʥʦʚʘ (1931ʛ.,1936ʛ.) (ʥʘʟʳʚʘʝʪʩʷ çʢʨʠʪʝʨʠʡ 
2w

è) ʚ ʢʘʯʝʩʪʚʝ ʤʝʨʳ ʦʪʣʠʯʠʷ  D ( )P,P
n

*
  ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʩʪʘʪʠʩʪʠʢʫ 

() ()( ) ()ñ
*-Ö=

R

n
xdFxFxFn

22w . 

 ʀʤʝʶʪʩʷ ʪʘʙʣʠʮʳ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʪʦʡ ʩʪʘʪʠʩʪʠʢʠ 

( ) ()xxPlim
n

W=<
¤

2w . ʊʦ ʝʩʪʴ, ʧʨʠ ¤n  ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʘʪʠʩʪʠʢʠ 
2w  ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʚʝʨʷʝʤʦʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ()xF . ʂʨʠʪʝʨʠʡ 
2w  

ʧʨʠʤʝʥʷʝʪʩʷ, ʢʘʢ ʠ ʢʨʠʪʝʨʠʡ ʂʦʣʤʦʛʦʨʦʚʘ,  ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʣʫʯʘʡʥʳʭ 

ʚʝʣʠʯʠʥ ʥʝʧʨʝʨʳʚʥʦʛʦ ʪʠʧʘ. 
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʙʣʶʜʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ ʩʥʘʯʘʣʘ ʨʘʥʞʠʨʫʝʤ 

ʯʠʩʣʦʚʫʶ ʚʳʙʦʨʢʫ { }
n

x,...,x,x
21

, ʪʦ ʝʩʪʴ, ʧʝʨʝʧʠʩʳʚʘʝʤ ʝʸ ʚ ʚʠʜʝ 

() () ( ){ }
ʪ

x,...,x,x
21 , ʛʜʝ ʜʣʷ ʣʶʙʦʛʦ ʥʦʤʝʨʘ  i   ʚʳʧʦʣʥʷʝʪʩʷ () ( )1+<

ii
xx . ʊʘʢ ʢʘʢ 

ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ  ʥʝʧʨʝʨʳʚʥʦʛʦ ʪʠʧʘ, ʪʦ ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʩʨʝʜʠ 

ʵʣʝʤʝʥʪʦʚ ʚʳʙʦʨʢʠ { }
n

x,...,x,x
21

ʥʝʪ ʦʜʠʥʘʢʦʚʳʭ. 
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ʅʘʙʣʶʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

.  

ɼʘʣʴʥʝʡʰʘʷ ʧʨʦʮʝʜʫʨʘ ʧʨʦʚʝʨʢʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟʳ H0 ï 

ʦʙʳʯʥʘʷ. 
ʂʦʤʤʝʥʪʘʨʠʡ 

ʉʜʝʣʘʝʤ ʥʝʩʢʦʣʴʢʦ ʟʘʤʝʯʘʥʠʡ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 
ʢʨʠʪʝʨʠʝʚ.  

ɽʩʣʠ ʧʨʠʤʝʥʷʝʪʩʷ ʢʨʠʪʝʨʠʡ ʂ.ʇʠʨʩʦʥʘ, ʪʦ, ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʙʣʶʜʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ, 

ʞʝʣʘʪʝʣʴʥʦ ʦʙʲʝʜʠʥʷʪʴ ʨʷʜʦʤ ʥʘʭʦʜʷʱʠʝʩʷ ʛʨʫʧʧʳ ʜʘʥʥʳʭ, ʯʪʦʙʳ ʢʘʞʜʘʷ 

ʧʦʣʫʯʘʶʱʘʷʩʷ ʛʨʫʧʧʘ ʩʦʜʝʨʞʘʣʘ ʥʝ ʤʝʥʝʝ 10 ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʯʠʩʣʦʚʦʡ 

ʚʳʙʦʨʢʠ { }
n

x,...,x,x
21

.  ɽʩʪʝʩʪʚʝʥʥʦ, ʦʙʲʝʜʠʥʷʷ ʜʘʥʥʳʝ ʵʪʠʭ ʛʨʫʧʧ ʚ ʦʜʥʫ 

ʛʨʫʧʧʫ, ʤʳ ʫʚʝʣʠʯʠʚʘʝʤ ʜʣʠʥʫ ʧʦʣʫʠʥʪʝʨʚʘʣʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʧʦ 

ʢʦʪʦʨʦʤʫ ʚʳʯʠʩʣʷʝʪʩʷ . ʇʨʠ ʵʪʦʤ ʧʨʠʭʦʜʠʪʩʷ ʞʝʨʪʚʦʚʘʪʴ ʥʝʢʦʪʦʨʦʡ 

ʜʦʣʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʚʳʙʦʨʢʝ. ɿʥʘʯʝʥʠʝ  ʧʘʨʘʤʝʪʨʘ  

ñ  - ʨʘʩʧʨʝʜʝʣʝʥʠʷò  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. 

ɸʩʠʤʧʪʦʪʠʯʝʩʢʠʤ ʫʨʦʚʥʷʤ ʟʥʘʯʠʤʦʩʪʠ a  ʤʦʞʥʦ ʜʦʚʝʨʷʪʴ ʧʨʠ 
ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʦʙʲʸʤʘ ʚʳʙʦʨʢʠ n.  

ʂʨʠʪʝʨʠʠ ʂʦʣʤʦʛʦʨʦʚʘ ʠ ʄʠʟʝʩʘ-ʉʤʠʨʥʦʚʘ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ 

ʚʠʜʘ ʧʨʦʚʝʨʷʝʤʦʛʦ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ()xP . ʇʦʵʪʦʤʫ ʪʘʙʣʠʮʳ 

ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʢʨʠʪʝʨʠʝʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʣʶʙʳʭ  ()xP  ʠ ʣʶʙʳʭ ʦʙʲʸʤʘʭ ʚʳʙʦʨʦʢ n.   

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʧʨʠʤʝʥʝʥʠʝ ʢʨʠʪʝʨʠʷ ʂ.ʇʠʨʩʦʥʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 
ʛʨʫʧʧʠʨʦʚʢʫ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʠʥʪʝʨʚʘʣʘʤ ʨʘʟʙʠʝʥʠʷ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪ . ʅʘ ʧʨʘʢʪʠʢʝ, ʢʦʛʜʘ ʦʙʲʸʤ ʚʳʙʦʨʢʠ ʥʝ 

ʦʯʝʥʴ ʙʦʣʴʰʦʡ ( ʥʘʧʨʠʤʝʨ, ) ʦʙʲʝʜʠʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 
ʧʦʣʫʠʥʪʝʨʚʘʣʦʚ ʚ ʦʜʠʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ  ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ 

. 

 ʇʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʚʳʙʦʨʢʝ, ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʧʨʠ ʤʘʣʦʤ 
ʯʠʩʣʝ ʧʦʣʫʠʥʪʝʨʚʘʣʦʚ ʪʨʫʜʥʦ ʚʳʩʢʘʟʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʠʜʝ ʟʘʢʦʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ, ʞʝʣʘʪʝʣʴʥʦ ʧʨʠʤʝʥʝʥʠʝ 
ʢʨʠʪʝʨʠʝʚ, ʫʯʠʪʳʚʘʶʱʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʳʙʦʨʦʯʥʳʭ 
ʜʘʥʥʳʭ. ʊʘʢʠʤʠ ʢʨʠʪʝʨʠʷʤʠ ʷʚʣʷʶʪʩʷ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʢʨʠʪʝʨʠʡ ʄʠʟʝʩʘ ʠʣʠ, ʢʨʠʪʝʨʠʡ ʄʘʥʥʘ-ʋʠʪʥʠ [4]. 
 

 
 

 


