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ɺʩʪʫʧ  

ʈʦʟʫʤʥʝ (ʨʘʮʽʦʥʘʣʴʥʝ ʘʙʦ ʦʧʪʠʤʘʣʴʥʝ) ʨʦʟʚôʷʟʘʥʥʷ ʩʢʣʘʜʥʠʭ ʥʘʫʢʦʚʠʭ 

ʪʘ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʠʭ(ʪʝʭʥʽʯʥʠʭ) ʟʘʚʜʘʥʴ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻʪʴʩʷ ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʤʘʪʝʤʘʪʠʯʥʦʤʫ 

ʤʦʜʝʣʶʚʘʥʥʽ, ʪʦʙʪʦ ʟʘʤʽʱʝʥʥʽ ʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʽʥʰʠʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʟʙʝʨʝʞʝʥʥʷ ʥʘʡʙʽʣʴʰ ʩʫʪʪʻʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʦʩʦʙʣʠʚʦʩʪʝʡ   ʪʠʭ ʦʙôʻʢʪʽʚ, ʷʢʽ 

ʟʘʤʽʱʫʶʪʴ. ʄʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʜʣʷ ʘʥʘʣʽʟʫ, ʪʘʢ ʽ ʜʣʷ 

ʩʠʥʪʝʟʫ ʩʢʣʘʜʥʠʭ ʦʙôʻʢʪʽʚ ʪʘ ʧʨʦʮʝʩʽʚ. ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʤʘʪʝʤʘʪʠʯʥʽ 

ʤʝʪʦʜʠ ʟʥʘʭʦʜʠʪʴ ʥʘʡʰʠʨʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʙʘʛʘʪʴʦʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʽ 

ʪʝʭʥʽʢʠ ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʧʨʠ  ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷ ʪʘ 

ʨʘʜʽʦʪʝʭʥʽʮʽ, ʪʦʙʪʦ ʜʦʩʣʽʜʞʝʥʽ ʷʚʠʱ, ʷʢʽ ʤʘʶʪʴ ʤʽʩʮʝ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʢ ʟʘʩʦʙʽʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʨʘʜʽʦʪʝʭʥʽʢʠ, ʪʘʢ ʽ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʝʨʝʞ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ 

ʚʜʘʻʪʴʩʷ ʟʥʘʭʦʜʠʪʠ ʷʢ ʥʘʡʢʨʘʱʽ (ʝʢʩʪʨʝʤʘʣʴʥʽ), ʪʘʢ ʽ ʧʨʠʡʥʷʪʥʽ ʨʽʰʝʥʥʷ. 

ʄʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ ʪʘ ʨʘʜʽʦʪʝʭʥʽʮʽ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʤʝʪʦʜʘʭ ʜʦʩʣʽʜʞʝʥʥʷ  ʦʧʝʨʘʮʽʡ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ   ʤʝʪʦʜʠ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʧʦʰʫʢʫ ʥʘʡʢʨʘʱʽʭ ʬʦʨʤ ʩʪʨʫʢʪʫʨʠ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ  ʽ ʤʝʨʝʞ ʪʘ ʟʥʘʯʝʥʴ ʾʭ  ʧʘʨʘʤʝʪʨʽʚ. ʄʘʪʝʤʘʪʠʯʥʽ 

ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʩʢʣʘʜʘʶʪʴ ʬʫʥʜʘʤʝʥʪ ʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʧʽʜʛʦʪʦʚʢʠ ʥʘʫʢʦʚʠʭ ʤʘʛʽʩʪʨʽʚ ʪʘ ʜʦʢʪʦʨʽʚ ʬʽʣʦʩʦʬʽʾ ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ G5 

ɽʣʝʢʪʨʦʥʽʢʘ, ʝʣʝʢʪʨʦʥʥʽ ʢʦʤʫʥʽʢʘʮʽʾ, ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ ʪʘ ʨʘʜʽʦʪʝʭʥʽʢʘ. 

ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ ʜʦʟʚʦʣʷʻ ʟʜʦʙʫʚʘʯʘʤ ʽʟ ʙʽʣʴʰʦʶ ʷʢʽʩʪʶ 

ʟʘʩʚʦʶʚʘʪʠ ʤʘʪʝʨʽʘʣ ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠʧʣʽʥʠ çʄʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʦʧʪʠ 

ʤʽʟʘʮʽʾè.  

ɼʣʷ ʫʩʧʽʰʥʦʛʦ ʟʘʩʚʦʻʥʥʷ ʜʠʩʮʠʧʣʽʥʠ ʟʜʦʙʫʚʘʯ ʧʦʚʠʥʝʥ ʚʦʣʦʜʽʪʠ 

ʟʥʘʥʥʷʤʠ ʟ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʘʥʘʣʽʪʠʯʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʪʝʦʨʽʾ ʤʘʪʨʠʮʴ, 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ.  

ʅʘ ʨʝʟʫʣʴʪʘʪʘʭ ʚʠʚʯʝʥʥʷ ʜʘʥʦʾ ʜʠʩʮʠʧʣʽʥʠ ʙʘʟʫʶʪʴʩʷ ʚʠʢʦʥʘʥʥʷ 

ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ ʪʘ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʘ ʧʨʘʢʪʠʢʘ, ʘ ʪʘʢʦʞ ʥʘʚʯʘʣʴʥʽ 

ʜʠʩʮʠʧʣʽʥʠ ʜʣʷ ʟʜʦʙʫʪʪʷ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ ʜʦʩʣʽʜʥʠʢʘ 

(ʚʠʙʽʨʢʦʚʽ). 

ʅʘ ʨʝʟʫʣʴʪʘʪʘʭ ʚʠʚʯʝʥʥʷ ʜʘʥʦʾ ʜʠʩʮʠʧʣʽʥʠ ʙʘʟʫʶʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʽ 

ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʪʘ ʤʝʪʦʜʠ ʾʭ ʨʦʟʚôʷʟʘʥʥʷ, ʱʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʫ ʜʠʩʝʨʪʘʮʽʷʭ 

ʟʜʦʙʫʚʘʯʽʚ. 
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ʋ ʧʦʩʽʙʥʠʢʫ ʤʘʪʝʨʽʘʣ  ʚʠʢʣʘʜʘʻʪʴʩʷ ʟʛʽʜʥʦ ʩʠʣʘʙʫʩʫ ʽ ʩʪʦʩʫʻʪʴʩʷ 

ʚʠʚʯʝʥʥʷ: ʝʣʝʤʝʥʪʽʚ ʪʝʦʨʽʾ ʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʪʘ ʥʝʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ; ʤʝʪʦʜʽʚ ʯʠʩʝʣʴʥʦʛʦ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʽʚ ʦʧʫʢʣʠʭ ʬʫʥʢʮʽʡ ʥʘ 

ʦʧʫʢʣʠʭ ʤʥʦʞʠʥʘʭ; ʤʝʪʦʜʽʚ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʪʘ ʮʽʣʦʯʠʩʝʣʴʥʦʛʦ  

ʧʨʦʛʨʘʤʫʚʘʥʥʷ; ʪʝʨʤʽʥʦʣʦʛʽʾ  ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʦʥʷʪʴ, ʩʠʤʚʦʣʽʯʥʦʛʦ 

ʧʦʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʦʧʝʨʘʮʽʡ ʪʘ ʾʭ ʟʤʽʩʪʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʝʦʨʽʾ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ , ʪʝʦʨʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʪʝʦʨʽʾ ʽʛʦʨ, ʪʝʦʨʽʾ 

ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ ʽ ʧʨʠ ʽʤʽʪʘʮʽʡʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ, ʚ ʦʙʩʷʟʽ ʜʦʩʪʘʪʥʽʤ ʜʣʷ  

ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʟʦʚʠʭ ʟʥʘʥʴ, ʚʤʽʥʴ ʪʘ ʥʘʚʠʯʦʢ ʧʦ ʦʩʥʦʚʘʤ ʧʦʙʫʜʦʚʠ, 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʽ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʷʚʠʱ, ʷʢʽ ʤʘʶʪʴ ʤʽʩʮʝ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ ʪʘ ʨʘʜʽʦʪʝʭʥʽʮʽ. 

ɺʠʚʯʝʥʥʷ ʥʘʚʝʜʝʥʦʛʦ ʫ ʧʦʩʽʙʥʠʢʫ ʤʘʪʝʨʽʘʣʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʬʦʨʤʫʚʘʥʥʷ: ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʟʥʘʥʴ ʟ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʥʫʚʘʪʠ ʘʥʘʣʽʟ ʪʘ ʩʠʥʪʝʟ 

ʩʢʣʘʜʥʠʭ  ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʝʨʝʞ, ʘ ʪʘʢʦʞ ʾʭ ʦʢʨʝʤʠʭ 

ʝʣʝʤʝʥʪʽʚ; ʧʨʠʢʣʘʜʥʠʭ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʠʧʫ MATLAB  ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ  ʪʘ ʢʽʣʴʢʽʩʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ ʷʢ 

ʥʘ ʧʦʧʝʨʝʜʥʽʭ ʝʪʘʧʘʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ , ʧʨʠʩʪʨʦʾʚ ʪʘ 

ʟʘʩʦʙʽʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, ʪʘʢ ʽ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ʅʘʚʯʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ʫ ʧʦʩʽʙʥʠʢʫ ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʟʘ ʛʣʘʚʘʤʠ ʽ 

ʧʽʜʨʦʟʜʽʣʘʤʠ, ʫ ʷʢʠʭ   ʨʝʣʴʻʬʥʦ ʚʠʜʽʣʝʥʦ ʚʠʟʥʘʯʝʥʥʷ, ʟʘʫʚʘʞʝʥʥʷ, 

ʬʦʨʤʫʣʶʚʘʥʥʷ ʪʝʦʨʝʤ ʪʘ ʾʭ ʜʦʚʝʜʝʥʥʷ, ʧʨʠʢʣʘʜʠ ʪʘ ʚʠʩʥʦʚʢʠ. ʈʦʟʜʽʣʠ ʻ 

ʣʦʛʽʯʥʦ ʟʘʚʝʨʰʝʥʠʤʠ, ʚʽʜʥʦʩʥʦ ʩʘʤʦʩʪʽʡʥʠʤʠ, ʮʽʣʽʩʥʠʤʠ ʯʘʩʪʠʥʘʤʠ 

ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠʧʣʽʥʠ, ʟʘʩʚʦʻʥʥʷ ʷʢʠʭ ʧʝʨʝʜʙʘʯʘʻ ʚʠʚʯʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʚʽʜʧʦʚʽʜʽ ʥʘ ʢʦʥʪʨʦʣʴʥʽ ʧʠʪʘʥʥʷ. ʧʨʦʚʝʜʝʥʥʷ ʤʦʜʫʣʴʥʦʾ 

ʢʦʥʪʨʦʣʴʥʦʾ ʨʦʙʦʪʠ ʪʘ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʾʾ ʚʠʢʦʥʘʥʥʷ.  

ʇʦʩʽʙʥʠʢ ʜʦʟʚʦʣʷʻ ʩʪʫʜʝʥʪʘʤ ʚʠʚʯʠʪʠ:   

- ʪʝʨʤʽʥʦʣʦʛʽʶ, ʚʠʟʥʘʯʝʥʥʷ, ʦʩʥʦʚʥʽ ʧʦʥʷʪʪʷ, ʩʠʤʚʦʣʽʯʥʝ ʧʦʟʥʘʯʝʥʥʷ 

ʦʩʥʦʚʥʠʭ ʦʧʝʨʘʮʽʡ ʪʘ ʾʭ ʟʤʽʩʪ; 

- ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʢʨʠʪʝʨʽʾ ʪʘ ʤʝʪʦʜʠ 

ʪʝʭʥʽʯʥʦʾ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʥʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʽ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ; 
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- ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʚ ʟʘʜʘʯʘʭ ʣʽʥʽʡʥʦʛʦ ʪʘ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʪʘ ʩʬʦʨʤʫʚʘʪʠ ʧʨʠʢʣʘʜʥʽ ʧʨʘʢʪʠʯʥʽ ʥʘʚʠʯʢʠ ʩʪʦʩʦʚʥʦ ʬʽʟʠʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʘ ʾʭ ʚʽʟʫʘʣʽʟʘʮʽʾ; 

- ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʚôʷʟʘʥʥʷ ʢʣʘʩʠʯʥʠʭ ʟʘʜʘʯ ʣʽʥʽʡʥʦʛʦ, 

ʥʝʣʽʥʽʡʥʦʛʦ, ʜʠʩʢʨʝʪʥʦʛʦ (ʮʽʣʦʯʠʩʝʣʴʥʦʛʦ) ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʧʝʨʘʮʽʡ; 

- ʧʨʠʡʦʤʠ ʬʦʨʤʘʣʽʟʘʮʽʾ ʟʘʜʘʯ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, 

ʟʘʛʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ ʾʭ ʨʦʟʚôʷʟʘʥʥʷ ʪʘ ʩʠʩʪʝʤʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʩʢʣʘʜʥʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʚʯʝʥʥʷ  ʚʠʢʣʘʜʝʥʦʛʦ ʫ ʧʦʩʽʙʥʠʢʫ ʤʘʪʝʨʽʘʣʫ ʩʪʫʜʝʥʪʠ 

ʙʫʜʫʪʴ ʚʤʽʪʠ: 

- ʚʠʢʦʥʫʚʘʪʠ ʘʥʘʣʽʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʢʦʤʧôʶʪʝʨʥʝ ʤʘʪʝʤʘʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʪʘ ʢʦʤʧʣʝʢʩʽʚ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ, ʘ ʪʘʢʦʞ ʾʭ 

ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ; 

- ʧʨʦʛʨʘʤʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʪʘ ʢʦʤʧʣʝʢʩʽʚ ʚ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʫʽʷʭ, ʘ ʪʘʢʦʞ ʾʭ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʘʪʝʤʘʪʠʢʠ MATLAB . 

ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ ʥʘʜʘʻ ʛʣʠʙʠʥʥʽ ʧʨʠʢʣʘʜʥʽ  ʤʘʪʝʤʘʪʠʯʥʽ ʟʥʘʥʥʷ ʽ 

ʪʠʤ ʩʘʤʠʤ  ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʤʘʪʝʤʘʪʠʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʜʣʷ 

ʥʘʧʠʩʘʥʥʷ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ. 

ʆʩʦʙʠʩʪʠʡ ʚʢʣʘʜ ʫʢʣʘʜʘʯʽʚ ʫ ʨʦʟʜʽʣʠ ʧʦʩʽʙʥʠʢʘ. 

ɻʣʘʚʠ 1- 17: ʧʨʝʜʤʝʪʥʘ ʬʽʟʠʯʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ, ʧʨʠʢʣʘʜʠ 

ʧʦʩʪʘʥʦʚʢʠ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʫ ʩʝʨʝʜʦʚʠʱʽ MATLAB ï ʃʠʩʝʥʢʦ ʆ.ɯ.; 

ʧʦʙʫʜʦʚʘ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ï ɸʣʻʢʩʻʻʚʘ ɯ.ɺ.; ʧʨʠʢʣʘʜʠ ʧʦʩʪʘʥʦʚʢʠ ʪʘ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʫ ʩʝʨʝʜʦʚʠʱʽ MATLAB ï ʊʘʯʠʥʽʥʘ ʆ.ʄ. 

ɻʣʘʚʠ 18, 21 - 24: ʧʨʝʜʤʝʪʥʘ ʬʽʟʠʯʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ, ʧʦʙʫʜʦʚʘ 

ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ï ʃʠʩʝʥʢʦ ʆ.ɯ.; ʧʨʠʢʣʘʜʠ ʧʦʩʪʘʥʦʚʢʠ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʜʘʯ ʫ ʩʝʨʝʜʦʚʠʱʽ MATLAB ï ʗʚʽʩʷ ɺ.ʉ.; ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ  ʫ ʩʝʨʝʜʦʚʠʱʽ MATLAB + Simulink ï ʅʦʚʽʢʦʚ 

ɺ.ɯ.; ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʥʘʚʯʘʣʴʥʦʤʫ ʣʘʙʦʨʘʪʦʨʥʦʤʫ 

ʦʙʣʘʜʥʘʥʥʽ ʪʘ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʘʣʴʥʦ ʬʫʥʢʮʽʦʥʨʫʶʯʠʭ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ï ɺʘʣʫʡʩʴʢʠʡ  ʉ.ɺ. 

ɻʣʘʚʠ 19 ʪʘ 20: ʧʨʝʜʤʝʪʥʘ ʬʽʟʠʯʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ, ʧʦʙʫʜʦʚʘ 

ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ; ʧʨʠʢʣʘʜʠ ʧʦʩʪʘʥʦʚʢʠ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʫ 

ʩʝʨʝʜʦʚʠʱʽ MATLAB ï ʇʦʪʴʦʤʢʽʥ ʄ.ʄ. 

  



11 

ʈʦʟʜʽʣ 1. ʂʣʘʩʠʯʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ 

ɻʣʘʚʘ 1. ɿʘʛʘʣʴʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ 

1.1. ʆʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʪʘ ʦʟʥʘʯʝʥʥʷ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʦʧʝʨʘʮʽʡ 

ʆʟʥʘʯʝʥʥʷ 1.1. ʆʧʝʨʘʮʽʷ ï ʙʫʜʴ-ʷʢʘ ʜʽʷ ʘʙʦ ʩʠʩʪʝʤʘ ʜʽʡ, ʦʙôʻʜʥʘʥʠʭ 

ʻʜʠʥʠʤ ʟʘʜʫʤʦʤ ʽ ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʧʝʚʥʦʾ ʤʝʪʠ. 

ʆʟʥʘʯʝʥʥʷ 1.2. ʂʦʥʢʨʝʪʥʫ ʨʝʘʣʽʟʘʮʽʶ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʽʡ ʫ ʧʨʦʩʪʦʨʽ ʽ ʯʘʩʽ 

ʥʘʟʠʚʘʶʪʴ ʩʮʝʥʘʨʽʻʤ ʦʧʝʨʘʮʽʾ. 

ʆʟʥʘʯʝʥʥʷ 1.3. ʇʽʜ ʜʦʩʣʽʜʞʝʥʥʷʤ ʦʧʝʨʘʮʽʡ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʩʠʩʪʝʤʘʭ ʥʘ ʪʨʘʥʩʧʦʨʪʽ ʨʦʟʫʤʽʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ 

ʢʽʣʴʢʽʩʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʽʰʝʥʴ ʩʪʦʩʦʚʥʦ ʨʦʟʚʠʪʢʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʇʨʠʢʣʘʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʥʘ 

ʪʨʘʥʩʧʦʨʪʽ: 

¶ ʩʠʩʪʝʤʘ ʟʘʭʦʜʽʚ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʩʠʩʪʝʤ ʥʘ ʪʨʘʥʩʧʦʨʪʽ ʪʘ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ; 

¶ ʩʠʩʪʝʤʘ ʟʘʭʦʜʽʚ ʟʥʠʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʠʟʠʢʽʚ (ʧʦʰʢʦʜʞʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ, ʟʥʠʱʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ ʜʦʩʪʫʧ ʜʦ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ); 

¶ ʨʦʟʤʽʱʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʨʦʙʦʯʠʭ ʤʽʩʮʴ; 

¶ ʨʦʟʤʽʱʝʥʥʷ ʟʘʤʦʚʣʝʥʴ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ; 

¶ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʛʘʨʘʥʪʽʡʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʩʠʩʪʝʤ ʥʘ ʪʨʘʥʩʧʦʨʪʽ; 

¶ ʦʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʩʪʨʫʢʪʫʨʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʥʘ 

ʪʨʘʥʩʧʦʨʪʽ. 

ʆʟʥʘʯʝʥʥʷ 1.4. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʽʡ (ʬʘʢʪʦʨʠ ʦʧʝʨʘʮʽʡ), ʷʢʽ ʥʝʤʦʞʣʠʚʦ 

ʟʤʽʥʶʚʘʪʠ ʚ ʫʤʦʚʘʭ ʦʧʝʨʘʮʽʡ, ʚʚʘʞʘʶʪʴ ʧʘʨʘʤʝʪʨʘʤʠ ʦʧʝʨʘʮʽʡ. 

ʆʟʥʘʯʝʥʥʷ 1.5. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʽʡ, ʫʥʘʩʣʽʜʦʢ ʟʤʽʥʶʚʘʥʥʷ ʷʢʠʭ 

ʚʠʷʚʣʷʻʪʴʩʷ ʧʦʟʠʪʠʚʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʥʘʟʠʚʘʶʪʴ ʟʤʽʥʥʠʤʠ ʘʙʦ ʢʝʨʫʚʘʣʴʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. 
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ʆʪʞʝ, ʦʧʝʨʘʮʽʷʤʠ ʟʘʚʞʜʠ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ. ɹʫʜʴ-ʷʢʠʡ ʚʠʙʽʨ ʟʘʣʝʞʥʦ ʚʽʜ 

ʜʦʩʣʽʜʥʠʢʘ ʢʝʨʫʚʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʻ ʥʘʟʚʫ ʨʦʟʚôʷʟʦʢ (ʨʽʰʝʥʥʷ, ʧʣʘʥ 

ʦʧʝʨʘʮʽʾ ʯʠ ʩʪʨʘʪʝʛʽʷ). 

ʈʦʟʚôʷʟʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʪʘʢʠʤʠ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʯʠ ʥʝ ʟʘʜʦʚʦʣʴʥʷʶʪʴ 

ʪʝʭʥʽʯʥʽ ʪʘ (ʘʙʦ) ʝʢʦʥʦʤʽʯʥʽ, ʪʘ (ʘʙʦ) ʝʢʦʣʦʛʽʯʥʽ, ʪʘ (ʘʙʦ) ʩʦʮʽʘʣʴʥʽ 

ʦʙʤʝʞʝʥʥʷ, ʽ ʾʭ ʚʽʜʧʦʚʽʜʥʦ ʥʘʟʠʚʘʶʪʴ ʜʦʧʫʩʪʠʤʠʤʠ ʘʙʦ ʥʝʜʦʧʫʩʪʠʤʠʤʠ. 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʦʩʪʘʥʥʽʤʠ ʥʝʭʪʫʶʪʴ, ʘ ʩʝʨʝʜ ʧʝʨʰʠʭ ʦʙʠʨʘʶʪʴ ʦʧʪʠʤʘʣʴʥʽ, 

ʪʦʙʪʦ ʪʽ, ʷʢʽ ʫ ʧʝʚʥʦʤʫ ʨʦʟʫʤʽʥʥʽ ʤʘʶʪʴ ʧʝʨʝʚʘʛʫ ʥʘʜ ʽʥʰʠʤʠ. 

ʆʩʥʦʚʥʘ ʟʘʜʘʯʘ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ ï ʧʦʧʝʨʝʜʥʻ ʢʽʣʴʢʽʩʥʝ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ. ʇʽʜ ʧʨʠʡʥʷʪʪʷʤ ʨʽʰʝʥʥʷ ʚ  

ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʨʦʟʫʤʽʶʪʴ ʦʩʪʘʪʦʯʥʝ ʟʘʪʚʝʨʜʞʝʥʥʷ ʚʩʽʭ ʜʽʡ, ʷʢʽ ʚʭʦʜʷʪʴ 

ʜʦ ʩʢʣʘʜʫ ʦʧʝʨʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʪʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɯʩʥʫʻ ʧʦʥʷʪʪʷ çʦʩʦʙʘ, ʱʦ ʧʨʠʡʤʘʻ 

ʨʽʰʝʥʥʷè (ʆʇʈ). 

ʆʩʦʙʘ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ï ʮʝ ʬʽʟʠʯʥʘ ʦʩʦʙʘ ʘʙʦ ʢʦʣʝʢʪʠʚ ʬʘʭʽʚʮʽʚ. 

ɼʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʆʇʈ  ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʧʝʮʽʘʣʴʥʽ ʤʝʪʦʜʠ ʡ ʤʝʪʦʜʠʢʠ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ ʻ ʪʝʦʨʝʪʠʯʥʦʶ ʦʩʥʦʚʦʶ ʧʨʦʮʝʩʫ ʧʽʜʛʦʪʦʚʢʠ ʪʘ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ. ʇʦʨʷʜ ʟ ʦʩʥʦʚʥʦʶ ʟʘʜʘʯʝʶ (ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʨʦʟʚôʷʟʢʽʚ) ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ ʚʠʢʦʥʫʶʪʴ ʜʦʜʘʪʢʦʚʽ ʟʘʜʘʯʽ: 

¶ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʦʨʛʘʥʽʟʘʮʽʾ ʦʧʝʨʘʮʽʡ; 

¶ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʥʘ ʨʝʟʫʣʴʪʘʪ ʦʧʝʨʘʮʽʡ ʨʽʟʥʠʭ ʟʤʽʥ ʧʘʨʘʤʝʪʨʽʚ 

ʦʧʝʨʘʮʽʡ; 

¶ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ 

(ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʧʝʨʘʮʽʡ), ʪʦʙʪʦ ʪʘʢʠʭ ʩʢʣʘʜʦʚʠʭ ʦʧʝʨʘʮʽʡ, 

ʧʦʨʫʰʝʥʥʷ ʟʘʧʣʘʥʦʚʘʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʷʢʠʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʽʩʪʦʪʥʦʛʦ ʧʦʛʽʨʰʝʥʥʷ ʦʩʪʘʪʦʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʦʧʝʨʘʮʽʡ. 

ɼʦʧʦʤʽʞʥʽ ʟʘʜʘʯʽ ʥʘʙʫʚʘʶʪʴ ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ, ʢʦʣʠ ʜʘʥʫ ʦʧʝʨʘʮʽʶ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʥʝ ʽʟʦʣʴʦʚʘʥʦ, ʘ ʷʢ ʝʣʝʤʝʥʪ ʮʽʣʽʩʥʦʾ ʩʠʩʪʝʤʠ ʦʧʝʨʘʮʽʡ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʮʽʣʽʩʥʦʾ ʩʠʩʪʝʤʠ ʦʧʝʨʘʮʽʡ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʘʢ ʟʚʘʥʦʤʫ 

ʩʠʩʪʝʤʥʦʤʫ ʧʽʜʭʦʜʽ, ʷʢʠʡ ʧʦʪʨʝʙʫʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʚʟʘʻʤʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ʪʘ ʦʙʫʤʦʚʣʝʥʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʦʧʝʨʘʮʽʡ. ɼʣʷ 

ʦʪʨʠʤʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʽʰʝʥʴ ʧʦʪʨʽʙʥʦ ʚʤʽʣʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʧʨʠʡʦʤʠ 

ʘʛʨʝʛʫʚʘʥʥʷ, ʪʦʙʪʦ ʦʙôʻʜʥʘʥʥʷ ʢʽʣʴʢʦʭ ʦʧʝʨʘʮʽʡ, ʪʘʢ ʽ ʾʭ ʜʝʢʦʤʧʦʟʠʮʽʾ, ʪʦʙʪʦ 

ʨʦʟʙʠʪʪʷ ʥʘ ʦʢʨʝʤʽ ʩʢʣʘʜʦʚʽ.  



13 

ʇʨʠʧʫʩʪʽʤʦ, ʱʦ ʥʘʤ ʚʜʘʣʦʩʷ ʚʠʜʽʣʠʪʠ ʦʢʨʝʤʫ ʦʧʝʨʘʮʽʶ. ʄʝʪʦʶ 

ʦʧʝʨʘʮʽʾ ʻ ʦʪʨʠʤʘʥʥʷ ʾʾ ʥʘʡʙʽʣʴʰʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʇʽʜ ʝʬʝʢʪʠʚʥʽʩʪʶ ʦʧʝʨʘʮʽʾ 

ʨʦʟʫʤʽʶʪʴ ʩʪʫʧʽʥʴ ʾʾ ʥʘʣʘʰʪʦʚʘʥʦʩʪʽ ʥʘ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ. ʑʦ 

ʢʨʘʱʝ ʦʨʛʘʥʽʟʦʚʘʥʘ ʦʧʝʨʘʮʽʷ, ʪʦ ʚʦʥʘ ʝʬʝʢʪʠʚʥʽʰʘ. 

ʆʟʥʘʯʝʥʥʷ 1.6. ʂʨʠʪʝʨʽʻʤ ʦʮʽʥʶʚʘʥʥʷ ʘʙʦ ʧʦʢʘʟʥʠʢʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʘʙʦ ʮʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ  ʥʘʟʠʚʘʻʪʴʩʷ ʬʫʥʢʮʽʷ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʯʠ 

ʩʫʢʫʧʥʦʩʪʽ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ, ʦʙʯʠʩʣʝʥʥʷ ʘʙʦ ʚʠʤʽʨʶʚʘʥʥʷ ʷʢʠʭ ʜʦʟʚʦʣʷʻ 

ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ ʨʝʟʫʣʴʪʘʪ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ. 

ʇʦʨʽʚʥʶʶʯʠ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʣʷ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ ʜʽʡ, ʧʦʪʨʽʙʥʦ 

ʦʙʨʘʪʠ ʥʘʡʢʨʘʱʠʡ ʩʧʦʩʽʙ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʦʧʝʨʘʮʽʾ. ʇʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʤʦʞʝ ʙʫʪʠ ʟʘʜʘʥʠʡ ʘʥʘʣʽʪʠʯʥʦ, ʘʣʛʦʨʠʪʤʽʯʥʦ ʘʙʦ ʡʦʛʦ ʤʦʞʥʘ ʚʠʤʽʨʶʚʘʪʠ. 

ʂʦʥʢʨʝʪʥʠʡ ʚʠʛʣʷʜ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʷʢʠʤ ʩʣʽʜ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʧʨʠ 

ʯʠʩʣʦʚʽʡ ʦʮʽʥʮʽ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʝʮʽʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʢʦʥʢʨʝʪʥʦʾ ʦʧʝʨʘʮʽʾ, ʾʾ ʮʽʣʴʦʚʦʾ ʩʧʨʷʤʦʚʘʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʚʽʜ ʟʘʜʘʯʽ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʎʷ ʟʘʜʘʯʘ ʤʦʞʝ ʙʫʪʠ ʧʦʩʪʘʚʣʝʥʘ ʚ ʨʽʟʥʠʭ ʬʦʨʤʘʭ: 

ʜʝʪʝʨʤʽʥʦʚʘʥʽʡ ʘʙʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʣʝʤʝʥʪʽʚ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. 

1.2. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʦʧʝʨʘʮʽʡ 

1.2.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʦʧʝʨʘʮʽʡ 

ɿʘʛʘʣʴʥʠʭ ʩʧʦʩʦʙʽʚ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʦʧʝʨʘʮʽʡ ʥʝ ʽʩʥʫʻ. 

ʋ ʢʦʞʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʜʝʣʴ ʙʫʜʫʶʪʴ ʚʠʭʦʜʷʯʠ ʽʟ ʮʽʣʴʦʚʦʾ ʩʧʨʷʤʦʚʘʥʦʩʪʽ 

ʦʧʝʨʘʮʽʡ ʽ ʟʘʜʘʯʽ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ 

ʨʽʰʝʥʥʷ, ʘ ʪʘʢʦʞ ʟ ʪʦʯʥʽʩʪʶ, ʟ ʷʢʦʶ ʚʽʜʦʤʽ ʚʠʭʽʜʥʽ ʜʘʥʽ. ʇʽʜ ʯʘʩ ʧʦʙʫʜʦʚʠ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʧʨʦʱʫʚʘʥʝ ʷʚʠʱʝ (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʦʧʝʨʘʮʽʷ) 

ʩʭʝʤʘʪʠʟʫʻʪʴʩʷ. ɯʟ ʙʝʟʣʽʯʽ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʚʠʱʝ, ʚʠʦʢʨʝʤʣʶʶʪʴ 

ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʥʘʡʚʘʞʣʠʚʽʰʠʭ, ʘ ʧʦʪʽʤ ʦʪʨʠʤʘʥʫ ʩʭʝʤʫ ʦʧʠʩʫ 

ʷʚʠʱʘ ʧʦʜʘʶʪʴ ʫ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʥʠʭ ʜʣʷ ʥʝʾ ʤʘʪʝʤʘʪʠʯʥʠʭ ʪʝʨʤʽʥʘʭ (ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ). ʋ ʨʝʟʫʣʴʪʘʪʽ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʢʽʣʴʢʽʩʥʽ ʟʚôʷʟʢʠ ʤʽʞ ʫʤʦʚʘʤʠ ʦʧʝʨʘʮʽʾ, ʾʾ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ 

ʨʝʟʫʣʴʪʘʪʦʤ ʦʧʝʨʘʮʽʾ, ʷʢʠʡ ʦʮʽʥʶʻʪʴʩʷ ʧʦʢʘʟʥʠʢʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʙʦ 

ʩʫʢʫʧʥʽʩʪʶ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʱʦ ʾʭ ʚ ʜʘʥʽʡ ʟʘʜʘʯʽ ʢʽʣʴʢʘ. 

ʇʦʙʫʜʦʚʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ï ʮʝ ʤʠʩʪʝʮʪʚʦ, ʷʢʝ ʚʜʦʩʢʦʥʘʣʶʻʪʴʩʷ ʟ 

ʜʦʩʚʽʜʦʤ. ʋ ʩʢʣʘʜʥʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʥʝʤʘʻ ʻʜʠʥʦʛʦ ʨʽʰʝʥʥʷ ʱʦʜʦ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʦʧʝʨʘʮʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢ ʟʚʘʥʠʡ ʧʨʠʡʦʤ 

W
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ʢʦʥʢʫʨʝʥʮʽʾʾ ʤʦʜʝʣʝʡ. ʊʦʙʪʦ, ʦʜʥʝ ʽ ʪʝ ʩʘʤʝ ʷʚʠʱʝ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʽʣʴʢʦʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ. ʇʽʩʣʷ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʦʙʠʨʘʻʪʴʩʷ ʥʘʡʢʨʘʱʘ 

ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʘʣʴʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʤʦʜʝʣʴ. 

ɼʣʷ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ ʭʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʻ 

ʢʦʨʝʢʮʽʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʽʩʣʷ ʢʦʞʥʦʛʦ ʮʠʢʣʫ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʦʙʫʜʦʚʘ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ï ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʘ ʽ ʚʽʜʧʦʚʽʜʘʣʴʥʘ ʯʘʩʪʠʥʘ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʘ ʧʦʪʨʝʙʫʻ ʷʢ ʛʣʠʙʦʢʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʥʘʥʴ, ʪʘʢ ʽ ʟʥʘʥʴ 

ʧʨʝʜʤʝʪʥʦʾ ʛʘʣʫʟʽ, ʪʦʙʪʦ ʩʫʪʽ ʤʦʜʝʣʴʦʚʘʥʦʛʦ ʷʚʠʱʘ.  

ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʟʘʜʘʯʘʭ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʧʝʨʘʮʽʡ, ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʘ ʢʣʘʩʠ:  

1) ʘʥʘʣʽʪʠʯʥʽ; 

2) ʘʣʛʦʨʠʪʤʽʯʥʽ.  

ʇʝʨʰʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʬʦʨʤʫʣʴʥʽ (ʘʥʘʣʽʪʠʯʥʽ) ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ 

ʧʦʢʘʟʥʠʢʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʟʤʽʥʥʠʤʠ ʽ ʧʘʨʘʤʝʪʨʘʤʠ ʟʘʜʘʯʽ. ɿʘʟʚʠʯʘʡ ʮʽ 

ʟʘʣʝʞʥʦʩʪʽ ʟʘʧʠʩʫʶʪʴ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʴ ʘʙʦ ʥʝʨʽʚʥʦʩʪʝʡ: ʘʣʛʝʙʨʠʯʥʠʭ, 

ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʘʙʦ ʽʟ ʯʘʩʪʢʦʚʠʤʠ ʧʦʭʽʜʥʠʤʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʚʜʘʻʪʴʩʷ ʽʟ ʟʘʜʦʚʽʣʴʥʦʶ ʪʦʯʥʽʩʪʶ ʦʧʠʩʘʪʠ ʣʠʰʝ ʧʨʦʩʪʽ 

ʦʧʝʨʘʮʽʾ, ʜʝ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ, ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʘ.  

ɺ ʦʧʝʨʘʮʽʷʭ ʟʥʘʯʥʦʛʦ ʤʘʩʰʪʘʙʫ, ʜʝ ʚʟʘʻʤʦʜʽʶʪʴ ʙʘʛʘʪʦ ʝʣʝʤʝʥʪʽʚ, ʱʦ 

ʧʝʨʝʙʫʚʘʶʪʴ ʧʽʜ ʜʽʻʶ ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ, ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʘʣʛʦʨʠʪʤʽʯʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʥʫʚʘʪʠ ʽʤʽʪʘʮʽʡʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʦʧʝʨʘʮʽʡ. ʉʫʪʴ ʮʴʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʦʮʝʩ 

ʨʦʟʚʠʪʢʫ ʦʧʝʨʘʮʽʾ ʽʤʽʪʫʻʪʴʩʷ ʥʘ ʢʦʤʧôʶʪʝʨʽ ʟ ʫʩʽʤʘ ʚʠʧʘʜʢʦʚʦʩʪʷʤʠ, ʷʢʽ ʮʶ 

ʦʧʝʨʘʮʽʶ ʩʫʧʨʦʚʦʜʞʫʶʪʴ.  

ʅʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʫ ʨʘʟʽ 

ʩʫʤʽʩʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʪʘ ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ: ʧʨʦʩʪʘ 

ʘʥʘʣʽʪʠʯʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʷʚʠʱʘ, 

ʟôʷʩʫʚʘʪʠ ʥʘʧʨʷʤ ʡʦʛʦ ʨʦʟʚʠʪʢʫ. ʇʦʜʘʣʴʰʝ ʫʪʦʯʥʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʟʥʘʯʝʥʴ 

ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʧʝʨʘʮʽʾ ʤʦʞʣʠʚʦ ʜʦʩʷʛʪʠ ʽʤʽʪʘʮʽʡʥʠʤ 

ʤʦʜʝʣʶʚʘʥʥʷʤ. 
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1.2.2. ɼʝʪʝʨʤʽʥʦʚʘʥʽ ʘʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ ʦʧʝʨʘʮʽʡ 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʾ ʚ ʟʘʛʘʣʴʥʽʡ ʧʦʩʪʘʥʦʚʮʽ, ʪʦʙʪʦ 

ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʩʧʝʮʠʬʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʥʢʨʝʪʥʦʾ ʦʧʝʨʘʮʽʾ ʪʘ ʾʾ ʮʽʣʝʡ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʜʝʷʢʫ ʦʧʝʨʘʮʽʶ, ʪʦʙʪʦ ʢʝʨʦʚʘʥʠʡ ʟʘʭʽʜ, 

ʥʘ ʦʩʪʘʪʦʯʥʠʡ ʨʝʟʫʣʴʪʘʪ ʷʢʦʛʦ ʤʦʞʣʠʚʦ ʚʧʣʠʥʫʪʠ ʦʙʠʨʘʶʯʠ ʟʤʽʥʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʽʻʾ ʦʧʝʨʘʮʽʾ 
1 2)ă )ă )ănx x x . 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʦʧʝʨʘʮʽʾ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʝʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ 

W . ʆʧʪʠʤʘʣʴʥʠʤ ʨʦʟʚóʷʟʢʦʤ ʟʘʜʘʯʽ ʚʚʘʞʘʶʪʴʩʷ ʪʽ ʟʥʘʯʝʥʥʷ 
1 2)ă )ă )ănx x x , ʧʨʠ 

ʷʢʠʭ W  ʜʦʩʷʛʘʻ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ. ɺ ʣʽʪʝʨʘʪʫʨʽ ʧʦʟʥʘʯʘʶʪʴ: 

sup
X G

WM
, 

[ ]1,..., ,
T

nX x x G= - ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚôʷʟʢʽʚ (ʆɼʈ). 

ɺ ʪʦʤʫ ʚʠʧʘʜʢʫ ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʜʦʩʷʛʪʠ ʛʣʦʙʘʣʴʥʦʛʦ ʤʽʥʽʤʫʤʫ: 

inf
X G

Wm
. 

ʎʶ ʟʘʜʘʯʫ ʤʦʞʣʠʚʦ ʧʝʨʝʬʦʨʤʫʣʶʚʘʪʠ ʚ ʟʘʜʘʯʫ ʧʦʰʫʢʫ ʛʣʦʙʘʣʴʥʦʛʦ 

ʤʘʢʩʠʤʫʤʫ, ʨʦʟʛʣʷʜʘʶʯʠ ʟʘʤʽʩʪʴ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ W   ʧʦʢʘʟʥʠʢ 

ʝʬʝʢʪʠʚʥʦʩʪʽ W . 

ʗʢʱʦ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʦʙʫʜʦʚʘʥʘ, ʪʦ ʮʝ ʦʟʥʘʯʘʻ: 

1) ʚʽʜʦʤʽ ʬʘʢʪʦʨʠ ʦʧʝʨʘʮʽʾ 1 2)ă )ă )ăm, ʥʘ ʷʢʽ ʜʦʩʣʽʜʥʠʢʠ ʚʧʣʠʚʘʪʠ ʥʝ 

ʤʦʞʫʪʴ; 

2) ʚʠʟʥʘʯʝʥʦ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ ʽ ʤʘʪʝʤʘʪʠʯʥʘ ʬʦʨʤʘʣʽʟʘʮʽʷ ʬʘʢʪʦʨʽʚ 

ʦʧʝʨʘʮʽʾ 1 2)ă )ă )ănx x x , ʥʘ ʷʢʽ ʜʦʩʣʽʜʥʠʢʠ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ; 

3) ʚʠʟʥʘʯʝʥʦ ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ ʯʠʩʝʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʧʝʨʘʮʽʾ W , ʷʢʝ ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ 1 2)ă )ă )ăm  ʪʘ 1 2)ă )ă )ănx x x ; 

4) ʟôʷʩʦʚʘʥʦ ʆɼʈ G, ʪʦʙʪʦ ʫʤʦʚʠ ʦʙʤʝʞʝʥʴ, ʱʦ ʜʽʶʪʴ ʚ ʜʘʥʽʡ ʦʧʝʨʘʮʽʾ 

1 2)ă )ă )ă 1-) -) - ă, .j nF x x x qj
 

ɿʘʛʘʣʴʥʘ ʜʝʪʝʨʤʽʥʦʚʘʥʘ ʧʦʩʪʘʚʢʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʾ 

ʬʦʨʤʫʣʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʧʨʠ ʟʘʜʘʥʠʭ ʫʤʦʚʘʭ (4) ʟʥʘʡʪʠ ʪʘʢʽ 
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ʨʦʟʚóʷʟʢʠ (2), ʧʨʠ ʷʢʠʭ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ (3) ʜʦʩʷʛʘʻ ʛʣʦʙʘʣʴʥʦʛʦ 

ʤʘʢʩʠʤʫʤʫ. 

ʉʧʝʮʠʬʽʯʥʠʤ ʜʣʷ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʾ, 

ʧʦʨʽʚʥʷʥʦ ʽʟ ʟʘʜʘʯʘʤʠ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʽʚ ʛʣʘʜʢʦʾ ʬʫʥʢʮʽʾ (ʜʦʧʫʩʢʘʻʪʴʩʷ 

ʽʩʥʫʚʘʥʥʷ ʧʦʭʽʜʥʠʭ ʪʘ ʯʘʩʪʠʥʥʠʭ ʤʽʰʘʥʠʭ ʧʦʭʽʜʥʠʭ ʚʠʩʦʢʠʭ ʧʦʨʷʜʢʽʚ), ʻ 

ʥʘʷʚʥʽʩʪʴ ʦʙʤʝʞʝʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʪʘ ʥʝʜʠʬʝʨʝʥʮʽʡʦʚʘʥʽʩʪʴ, ʚ ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ, ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʝʣʝʤʝʥʪʘʤʠ ʨʦʟʚóʷʟʢʫ 
1 2)ă )ă )ănx x x . 

ɿʘʛʘʣʴʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʟʥʘʭʦʜʞʝʥʥʷ ʝʢʩʪʨʝʤʫʤʽʚ ʬʫʥʢʮʽʡ 

ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʜʦʚʽʣʴʥʠʭ ʦʙʤʝʞʝʥʴ ʥʝ ʽʩʥʫʻ, ʘʣʝ ʢʦʣʠ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʘ ʦʙʤʝʞʝʥʥʷ ʤʘʶʪʴ ʩʧʝʮʠʬʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʽʩʥʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʤʝʪʦʜʠ 

ʨʦʟʚôʷʟʘʥʥʷ ʪʘʢʠʭ ʟʘʜʘʯ. ʗʢʱʦ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ W  ʟʘʣʝʞʠʪʴ ʚʽʜ 

1 2)ă )ă )ănx x x  ʣʽʥʽʡʥʦ ʽ ʦʙʤʝʞʝʥʥʷ (4) ʤʘʶʪʴ ʚʠʜ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ 

ʘʙʦ ʥʝʨʽʚʥʦʩʪʝʡ, ʪʦ ʛʣʦʙʘʣʴʥʠʡ ʤʘʢʩʠʤʫʤ W  ʟʥʘʭʦʜʠʤʦ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʱʦ ʥʦʩʠʪʴ ʥʘʟʚʫ ʣʽʥʽʡʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʗʢʱʦ ʦʙʤʝʞʝʥʥʷ (4) ʪʘ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ W  ʤʘʶʪʴ ʽʥʰʽ ʚʣʘʩʪʠʚʦʩʪʽ 

(ʥʘʧʨʠʢʣʘʜ, ʦʧʫʢʣʽ, ʩʝʧʘʨʘʙʝʣʴʥʽ, ʢʚʘʜʨʘʪʠʯʥʽ), ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʠʡ 

ʘʧʘʨʘʪ ʦʧʫʢʣʦʛʦ ʘʙʦ ʩʝʧʘʨʘʙʝʣʴʥʦʛ, ʘʙʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʗʢʱʦ 

ʦʧʝʨʘʮʽʷ, ʟʘ ʬʽʟʠʯʥʠʤ ʟʤʽʩʪʦʤ ʦʧʝʨʘʮʽʾ, ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʜʝʢʽʣʴʢʘ ʢʨʦʢʽʚ ʯʠ 

ʩʪʘʥʽʚ, ʘ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ W  ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʧʦʢʘʟʥʠʢʽʚ kW , ʜʦʩʷʛʥʫʪʠʭ 

ʥʘ ʦʢʨʝʤʠʭ ʝʪʘʧʘʭ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ, ʪʦ ʜʣʷ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ 

ʤʦʞʣʠʚʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜ ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ɿʘʫʚʘʞʝʥʥʷ 1.1. 

1. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

W  ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʯʠʩʣʦʚʽ ʤʝʪʦʜʠ, ʷʢʽ ʧʦʧʝʨʝʜʥʴʦ ʧʝʨʝʚʽʨʷʶʪʴ 

(ʪʝʩʪʫʶʪʴ) ʧʽʜ ʯʘʩ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʽʚ ʬʫʥʢʮʽʡ ʟʽ 

ʩʧʝʮʽʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ (ʥʘʧʨʠʢʣʘʜ ʬʫʥʢʮʽʾ ʈʦʟʝʥʙʨʦʢʘ, ʨʠʩ.1.1). ʎʽ 

ʬʫʥʢʮʽʾ ʜʘʶʪʴ ʟʤʦʛʫ ʟôʷʩʫʚʘʪʠ ʜʦʩʢʦʥʘʣʽʩʪʴ ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ ʟ ʧʦʛʣʷʜʫ 

ʫʥʠʢʥʝʥʥʷ ʟʘʮʠʢʣʶʚʘʥʴ ʪʘ ʩʧʨʦʤʦʞʥʦʩʪʽ ʦʙʭʦʜʠʪʠ ʪʘʢ ʟʚʘʥʽ çʩʢʣʘʜʢʠè ʪʘ 

ʪʦʯʢʠ ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ. 

2. ʇʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʞʝ ʤʘʪʠ ʥʘ ʆɼʈ G ʜʝʢʽʣʴʢʘ ʣʦʢʘʣʴʥʠʭ 

ʝʢʩʪʨʝʤʫʤʽʚ (ʨʠʩ.1.2). 
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ʈʠʩ. 1.1. ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʬʫʥʢʮʽʾ ʈʦʟʝʥʙʨʦʢʘ 

 

ʈʠʩ. 1.2. ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʙʘʛʘʪʦ ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

1.2.3. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʦʧʝʨʘʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ʊʠʧʦʚʠʤ ʜʣʷ ʧʨʘʢʪʠʢʠ ʻ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʥʝ ʚʩʽ ʧʘʨʘʤʝʪʨʠ ʦʧʝʨʘʮʽʾ, ʱʦ ʥʝ 

ʤʦʞʝ ʟʤʽʥʶʚʘʪʠ ʜʦʩʣʽʜʥʠʢ, ʚʽʜʦʤʽ, ʪʦʙʪʦ ʻ ʪʘʢʽ ʟ ʥʠʭ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ 

ʝʣʝʤʝʥʪ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʢʘʥʘʣʽʚ 

ʟʚôʷʟʢʫ ʤʦʞʝ ʙʫʪʠ ʚʠʢʣʠʢʘʥʘ ʟʤʽʥʘʤʠ ʩʪʘʥʫ ʘʪʤʦʩʬʝʨʠ(ʟʤʽʥʠ ʧʦʛʦʜʠ ʘʙʦ 

ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ) ʘʙʦ ʜʽʻʶ ʰʪʫʯʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ ʚ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ɺ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʜʦ ʩʢʣʘʜʫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʦʧʝʨʘʮʽʾ  

ʚʭʦʜʷʪʴ 3-ʠ ʢʘʪʝʛʦʨʽʾ ʬʘʢʪʦʨʽʚ(ʧʘʨʘʤʝʪʨʽʚ) ʦʧʝʨʘʮʽʾ: 

1) 1 2)ă )ă )ăm, ʷʢʽ ʚʽʜʦʤʽ ʟʘʟʜʘʣʝʛʽʜʴ ʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʟʤʽʥʝʥʽ; 

2) 1 2)ă )ă )ăkYY Y , ʷʢʽ ʻ ʥʝʚʽʜʦʤʠʤʠ, ʽ ʚʧʣʠʚʘʪʠ ʥʘ ʥʠʭ ʜʦʩʣʽʜʥʠʢ ʥʝ ʤʦʞʝ; 
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3) 
1 2)ă )ă )ănx x x , ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʦʙʨʘʪʠ ʜʣʷ ʥʘʜʘʥʥʷ ʦʧʝʨʘʮʽʾ ʙʘʞʘʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ɺʽʜ ʮʠʭ ʬʘʢʪʦʨʽʚ ʟʘʣʝʞʠʪʴ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ W  ʪʘ (ʘʙʦ) ʬʫʥʢʮʽʾ, 

ʱʦ ʦʧʠʩʫʶʪʴ ʆɼʈ G. 

ʗʢʙʠ ʬʘʢʪʦʨʠ 
1 2)ă )ă )ăkYY Y  ʙʫʣʠ ʚʽʜʦʤʽ, ʪʦ ʤʦʞʣʠʚʦ ʙʫʣʦ ʙ ʦʙʨʘʪʠ ʪʘʢʽ 

ʬʘʢʪʦʨʠ 
1 2)ă )ă )ănx x x , ʧʨʠ ʷʢʠʭ W  ʜʦʩʷʛʘʚ ʙʠ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ. ɸʣʝ 

ʷʢʠʭ ʩʘʤʝ ʟʥʘʯʝʥʴ 
1 2)ă )ă )ăkyy y  ʥʘʙʫʜʫʪʴ 

1 2)ă )ă )ăkYY Y  ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʦʧʝʨʘʮʽʾ 

ʥʝʚʽʜʦʤʦ ʽ ʟʘʟʜʘʣʝʛʽʜʴ ʧʝʨʝʜʙʘʯʠʪʠ ʟʥʘʯʝʥʥʷ W  ʪʝʞ ʙʫʜʝ ʥʝʤʦʞʣʠʚʦ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʾ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ:  

ʧʨʠ ʟʘʜʘʥʠʭ ʦʙʤʝʞʝʥʥʷʭ, ʬʽʢʩʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʘʭ 1 2)ă )ă )ăm, ʽʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʚʽʜʦʤʠʭ ʬʘʢʪʦʨʽʚ 1 2)ă )ă )ăkYY Y  ʟʥʘʡʪʠ ʪʘʢʽ ʝʣʝʤʝʥʪʠ ʨʦʟʚóʷʟʢʫ 

1 2)ă )ă )ănx x x , ʷʢʽ çʧʦ ʤʦʞʣʠʚʦʩʪʽè ʜʦʟʚʦʣʷʶʪʴ ʧʦʢʘʟʥʠʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ W  

ʜʦʩʷʛʪʠ, ʷʢ ʢʘʞʫʪʴ, çʨʦʟʫʤʥʦʛʦè (ʨʘʮʽʦʥʘʣʴʥʦʛʦ) ʘʙʦ ʚʠʛʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʄʝʪʦʜʠ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ ʚ ʪʘʢʽʡ ʧʦʩʪʘʥʦʚʮʽ 

ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪ ɹʚʽʜ: 

- ʧʨʠʨʦʜʠ ʬʘʢʪʦʨʽʚ 1 2)ă )ă )ăkYY Y ; 

- ʦʙôʻʤʫ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʬʘʢʪʦʨʽʚ 1 2)ă )ă )ăkYY Y . 

ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ 1 2)ă )ă )ăkYY Y  ʤʦʞʣʠʚʦ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

1) 1 2)ă )ă )ăkYY Y  ï ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ ʘʙʦ ʚʠʧʘʜʢʦʚʽ ʬʫʥʢʮʽʾ ʽʟ ʚʽʜʦʤʠʤʠ 

ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʾʭ ʩʫʤʽʩʥʫ ʬʫʥʢʮʽʶ 

ʨʦʟʧʦʜʽʣʫ ʘʙʦ ʩʫʤʽʩʥʫ ʱʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ; 

2) 1 2)ă )ă )ăkYY Y  ï ʥʝʚʽʜʦʤʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʥʝʤʦʞʣʠʚʦ ʚʠʚʯʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʪʦʤʫ ʱʦ ʚʽʜʩʫʪʥʽ ʚʽʜʧʦʚʽʜʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ, ʘʙʦ 

ʷʚʠʱʘ, ʽʟ ʷʢʠʤʠ ʧʦʚôʷʟʘʥʽ 1)ăă )ăkY Y  ʚʟʘʛʘʣʽ ʥʝ ʤʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ 

ʩʪʘʪʠʩʪʠʯʥʦʾ ʩʪʽʡʢʦʩʪʽ; 

3) 1 2)ă )ă )ăkYY Y  ï ʥʝʚʽʜʦʤʽ ʬʘʢʪʦʨʠ, ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʷʢʠʭ ʧʦʚôʷʟʘʥʘ ʽʟ 

ʜʽʷʤʠ çʩʫʧʨʦʪʠʚʥʠʢʘè. ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʻ ʭʘʨʘʢʪʝʨʥʦʶ ʜʣʷ ʢʦʥʢʫʨʝʥʪʥʦʾ 

ʙʦʨʦʪʴʙʠ ʥʘ ʨʠʥʢʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʦʩʣʫʛ ʪʘ ʚ ʟʘʜʘʯʘʭ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʾ. 
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ɺ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʟʘʜʘʯʽ ʤʦʜʠʬʽʢʫʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʚʠʛʣʷʜʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʛʦ ʟ ʜʚʦʭ 

ʧʨʠʡʦʤʽʚ. ʇʝʨʰʠʡ ʧʨʠʡʦʤ: ʰʪʫʯʥʝ ʟʚʝʜʝʥʥʷ ʟʘʜʘʯʽ ʟ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ ʜʦ 

ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʾ ʰʣʷʭʦʤ ʟʘʤʽʥʠ 
1 2)ă )ă )ăkYY Y , ʱʦ 

ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʥʘ ʾʭ ʚʽʜʧʦʚʽʜʥʽ ʤʘʪʝʤʘʪʠʯʥʽ 

ʩʧʦʜʽʚʘʥʥʷ 1 )ă ) +kM MY Y  ɼʨʫʛʠʡ ʧʨʠʡʦʤ: çʦʧʪʠʤʽʟʘʮʽʷ ʚ ʩʝʨʝʜʥʴʦʤʫè, 

ʢʦʣʠ ʚ ʷʢʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙʠʨʘʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ: 

 

ă

1 1 1 1) ) )ă ) ) ) )k k k kW M W W y y x x f y y dy dy

. (1.1) 

ɺ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ, ʙʘʟʫʶʯʠʩʴ ʥʘ ʟʥʘʥʥʽ ʜʽʘʧʘʟʦʥʫ ʟʥʘʯʝʥʴ, 

ʦʙʯʠʩʣʶʶʪʴʩʷ ʪʘʢ ʟʚʘʥʽ ʣʦʢʘʣʴʥʦ-ʦʧʪʠʤʘʣʴʥʽ ʨʽʰʝʥʥʷ: ʦʧʪʠʤʘʣʴʥʝ ʨʽʰʝʥʥʷ 

ʜʣʷ ʬʽʢʩʦʚʘʥʠʭ ʟʥʘʯʝʥʴ 1)ă )ăky y  ʽʟ ʚʽʜʦʤʦʛʦ ʜʽʘʧʘʟʦʥʫ 

1 8 ) )ă 8ămin max k min maxy y y y y y ʚʽʜʧʦʚʽʜʥʦ, ʷʢʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʘʥʘʣʽʟʫʶʪʴ ʽ 

ʟʥʘʭʦʜʷʪʴ ʜʝʷʢʽ ʟʥʘʯʝʥʥʷ 1 2)ă )ă )ănx x x , ʷʢʽ ʻ ʢʦʤʧʨʦʤʽʩʥʠʤ ʨʦʟʚóʷʟʢʦʤ, ʱʦ ʥʝ ʻ 

ʩʪʨʦʛʦ ʦʧʪʠʤʘʣʴʥʠʤ ʥʽ ʜʣʷ ʦʜʥʽʻʾ ʟ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʠʱʝ ʫʤʦʚ ʣʦʢʘʣʴʥʦʾ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ, ʘʣʝ ʻ ʧʨʠʡʥʷʪʥʠʤʠ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʚ ʮʽʣʦʤʫ. ʊʘʢʠʭ 

ʧʨʠʡʥʷʪʥʠʭ ʨʦʟʫʤʥʠʭ ʨʦʟʚóʷʟʢʽʚ ʤʦʞʝ ʙʫʪʠ ʜʝʢʽʣʴʢʘ. 

ɺ ʪʨʝʪʴʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʧʦʰʫʢʫ ʨʦʟʚóʷʟʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢ ʟʚʘʥʘ 

ʪʝʦʨʽʷ ʽʛʦʨ ï ʤʘʪʝʤʘʪʠʯʥʘ ʪʝʦʨʽʷ ʢʦʥʬʣʽʢʪʥʠʭ ʩʠʪʫʘʮʽʡ. ɺʚʘʞʘʶʯʠ, ʱʦ 

ʧʨʦʪʠʜʽʶʯʘ ʥʘʤ ʫ ʢʦʥʬʣʽʢʪʽ ʩʪʦʨʦʥʘ ʟʘʚʞʜʠ ʧʨʘʛʥʝ ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʥʘʰʽ 

ʟʙʠʪʢʠ, ʪʦ ʟʨʦʟʫʤʽʣʦʶ ʟ ʥʘʰʦʛʦ ʙʦʢʫ ʻ ʩʪʨʘʪʝʛʽʷ (ʪʦʙʪʦ ʪʘʢʝ ʨʽʰʝʥʥʷ), ʷʢʘ 

ʤʽʥʽʤʽʟʫʻ ʤʘʢʩʠʤʫʤ ʥʘʥʝʩʝʥʠʭ ʟʙʠʪʢʽʚ. ʂʘʞʫʪʴ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʪʘʢ ʟʚʘʥʘ 

ʤʽʥʽʤʘʢʩʥʘ ʩʪʨʘʪʝʛʽʷ. 

1.2.4. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʦʧʝʨʘʮʽʡ ʟ ʢʽʣʴʢʦʤʘ ʧʦʢʘʟʥʠʢʘʤʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ 

ɺ ʧʨʘʢʪʠʮʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʦʩʪʘʪʥʴʦ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ 

ʚʠʧʘʜʢʠ, ʢʦʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʧʝʨʘʮʽʾ ʦʮʽʥʶʶʪʴ ʥʝ ʧʦ ʦʜʥʦʤʫ, ʘ ʧʦ ʜʝʢʽʣʴʢʦʭ 

ʧʦʢʘʟʥʠʢʘʭ ʝʬʝʢʪʠʚʥʦʩʪʽ 1 2)ă ) )lW W W , ʧʨʠʤʽʨʦʤ, ʥʘʜʽʡʥʽʩʥʠʭ, ʚʘʨʪʽʩʥʠʭ 

(ʝʢʦʥʦʤʽʯʥʠʭ), ʪʝʭʥʽʯʥʠʭ. ʊʦʙʪʦ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʧʝʨʘʮʽʾ ʚ ʟʘʜʘʯʽ ʽʟ 

ʜʝʢʽʣʴʢʦʤʘ ʧʦʢʘʟʥʠʢʘʤʠ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʷʢ ʚ ʜʝʪʝʨʤʽʥʦʚʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʪʘʢ ʽ ʫ 
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ʚʠʧʘʜʢʫ ʟ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʨʦʟʛʣʷʥʫʪʠʭ ʪʠʤ, ʱʦ ʟʘʤʽʩʪʴ 

ʩʢʘʣʷʨʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 1, , nW x x , ʘʙʦ 1 1, , , , ,k nYW Y x x

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʝʢʪʦʨʥʠʡ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ: 

1 1 1)ă ) ) ) )ă )
T

n l nW x x W x x
 

ʘʙʦ 

1 1 1 1 1, , , , , , , , , , ., ,
T

k n l k nW Y x x W Y xY Y x  

ɹʘʞʘʥʦʶ ʻ ʧʦʩʪʘʥʦʚʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ, ʱʦ ʚʠʤʘʛʘʻ ʧʦʰʫʢʫ 

ʪʘʢʦʛʦ ʨʦʟʚóʷʟʢʫ 1)ă )nx x , ʧʨʠ ʷʢʦʤʫ ʫʩʽ ʩʢʣʘʜʦʚʽ ʚʝʢʪʦʨʥʦʛʦ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦʩʷʛʘʶʪʴ ʩʚʦʛʦ ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. ɺ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʪʘʢʦʛʦ ʨʦʟʚóʷʟʢʫ ʥʝ ʽʩʥʫʻ, ʘʣʝ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜʠ ʨʦʟʚôʷʟʘʥʥʷ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʟʘʜʘʯ, ʘʙʦ, ʷʢ ʱʝ ʢʘʞʫʪʴ, ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘ 

ʚʝʢʪʦʨʥʠʤ ʢʨʠʪʝʨʽʻʤ, ʤʦʞʣʠʚʦ ʧʦʙʫʜʫʚʘʪʠ ʧʨʦʮʝʜʫʨʠ ʚʠʣʫʯʝʥʥʷ ʥʝ 

ʢʦʥʢʫʨʝʥʪʦ ʟʜʘʪʥʠʭ ʚʘʨʽʘʥʪʽʚ ʨʽʰʝʥʥʷ ʽ ʪʠʤ ʩʘʤʠʤ ʟʚʫʟʠʪʠ ʤʥʦʞʠʥʫ 

ʨʦʟʚóʷʟʢʽʚ ʜʦ ʤʝʞ, ʚ ʷʢʠʭ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʜʘʣʴʰʠʡ ʚʠʙʽʨ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʨʽʰʝʥʥʷ. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʦʩʥʦʚʥʘ ʟʘʜʘʯʘ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ. 

2. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʥʷʪʪʷ çʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷè. 

3. ʗʢʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʟʘʜʘʯʘʭ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʧʝʨʘʮʽʡ? 

4. ʉʬʦʨʤʫʣʶʡʪʝ ʟʘʛʘʣʴʥʫ ʜʝʪʝʨʤʽʥʦʚʘʥʫ ʧʦʩʪʘʚʢʫ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʧʝʨʘʮʽʾ. 

5. ʇʦʷʩʥʽʪʴ, ʫ ʷʢʠʭ ʚʠʧʘʜʢʘʭ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʤʝʪʦʜ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʘ ʫ ʷʢʠʭ ï ʤʝʪʦʜ ʜʠʥʘʤʽʯʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 
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ɻʣʘʚʘ 2. ʉʪʨʫʢʪʫʨʘ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ 

2.1. ʉʢʣʘʜʦʚʽ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ  

ʉʢʣʘʜʦʚʠʤʠ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ ʻ ʪʘʢʽ ʜʽʾ: 

1) ʚʠʟʥʘʯʝʥʥʷ ʮʽʣʝʡ; 

2) ʩʢʣʘʜʘʥʥʷ ʧʣʘʥʫ ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʦʝʢʪʫ, ʦʧʝʨʘʮʽʾ; 

3) ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤ; 

4) ʧʦʙʫʜʦʚʘ ʤʦʜʝʣʽ; 

5) ʨʦʟʨʦʙʣʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʤʝʪʦʜʫ; 

6) ʨʦʟʨʦʙʣʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʥʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʥʘʣʘʛʦʜʞʝʥʥʷ 

ʧʨʦʛʨʘʤʠ; 

7) ʟʽʙʨʘʥʥʷ ʜʘʥʠʭ; 

8) ʧʝʨʝʚʽʨʢʘ ʤʦʜʝʣʽ; 

9) ʨʝʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ ʾʭ ʜʝʪʘʣʴʥʽʰʝ. 

ʇʝʨʰʦʯʝʨʛʦʚʘ ʤʝʪʘ ʙʫʜʴ-ʷʢʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, 

ʱʦʙ ʟôʷʩʫʚʘʪʠ, ʱʦ ʧʨʘʛʥʝ ʦʪʨʠʤʘʪʠ ʢʝʨʽʚʥʠʢ ʦʧʝʨʘʮʽʾ ʚ ʨʝʟʫʣʴʪʘʪʽ ʾʾ 

ʧʨʦʚʝʜʝʥʥʷ, ʪʦʙʪʦ, ʷʢʽ ʧʝʨʝʜʙʘʯʫʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʥʷ ʦʧʝʨʘʮʽʾ ʤʦʞʥʘ 

ʦʯʽʢʫʚʘʪʠ. 

ʎʽʣʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʝʙʘ ʬʦʨʤʫʣʶʚʘʪʠ, ʚʠʭʦʜʷʯʠ ʽʟ ʩʫʪʽ ʨʽʰʝʥʥʷ ʘʙʦ 

ʨʽʰʝʥʥʷ, ʥʘ ʷʢʝ ʦʨʽʻʥʪʦʚʘʥʘ ʜʘʥʘ ʨʦʙʦʪʘ. ʎʽʣʽ ʥʝ ʪʨʝʙʘ ʬʦʨʤʫʣʶʚʘʪʠ ʘʥʽ 

ʟʘʥʘʜʪʦ ʚʫʟʴʢʦ, ʘʥʽ ʟʘʥʘʜʪʦ ʰʠʨʦʢʦ. ʅʝʧʨʘʚʠʣʴʥʝ ʽ ʥʝʪʦʯʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ 

ʮʽʣʝʡ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦʩʣʽʜʥʠʢʽʚ ʜʦ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ 

ʟʘʜʘʯʽ. 

ɼʨʫʛʠʡ ʝʪʘʧ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʩʢʣʘʜʘʥʥʽ ʧʣʘʥʫ ʚʠʢʦʥʘʥʥʷ ʧʨʦʝʢʪʫ 

ʦʧʝʨʘʮʽʾ, ʪʦʙʪʦ ʚʩʪʘʥʦʚʣʝʥʥʶ ʥʝʦʙʭʽʜʥʠʭ ʪʝʨʤʽʥʽʚ ʟʘʚʝʨʰʝʥʥʷ ʧʝʚʥʠʭ ʚʠʜʽʚ 

ʨʦʙʽʪ. ʎʝ ï ʦʜʥʘ ʟ ʬʦʨʤ ʢʦʥʪʨʦʣʶ ʟʘ ʧʨʦʮʝʩʦʤ ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʦʝʢʪʫ. ʗʢ 

ʜʦʢʫʤʝʥʪ, ʧʣʘʥ ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʦʝʢʪʫ ʦʧʝʨʘʮʽʾ ʷʚʣʷʻ ʩʦʙʦʶ ʢʘʣʝʥʜʘʨʥʠʡ 

ʛʨʘʬʽʢ ʚʠʢʦʥʘʥʥʷ ʡʦʛʦ ʝʪʘʧʽʚ. ɽʪʘʧʠ ʤʦʞʫʪʴ ʜʝʪʘʣʽʟʫʚʘʪʠʩʷ ʜʦ ʨʽʚʥʷ ʦʢʨʝʤʠʭ 

ʟʘʚʜʘʥʴ. ʅʘʧʨʠʢʣʘʜ, ʝʪʘʧ ʨʦʟʨʦʙʣʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʤʦʞʝ ʤʘʪʠ 

ʪʘʢʽ ʟʘʚʜʘʥʥʷ: ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʫ ʨʦʟʚôʷʟʘʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʧʽʜʤʦʜʝʣʽ ʟʘʜʘʯʽ; 

ʦʧʠʩ ʽ ʜʦʢʫʤʝʥʪʘʣʴʥʝ ʦʬʦʨʤʣʝʥʥʷ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʘʥʥʷ; ʧʝʨʝʚʽʨʢʫ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʥʘ ʦʙʨʘʥʠʭ ʟʘʜʘʯʘʭ ʥʝʚʝʣʠʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ; ʚʥʝʩʝʥʥʷ 

ʫʪʦʯʥʝʥʴ ʪʘ ʟʤʽʥ ʜʦ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʥʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʙʥʠʭ 
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ʨʦʟʨʘʭʫʥʢʽʚ ʪʦʱʦ. ʉʢʣʘʜʘʶʯʠ ʧʣʘʥ, ʪʨʝʙʘ ʪʘʢʦʞ ʧʨʠʜʽʣʷʪʠ ʫʚʘʛʫ ʨʦʟʧʦʜʽʣʫ 

ʨʦʙʽʪ ʤʽʞ ʦʢʨʝʤʠʤʠ ʚʠʢʦʥʘʚʮʷʤʠ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʧʨʦʙʣʝʤʠ ï ʪʨʝʪʽʡ ʝʪʘʧ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʽʥ ʧʝʨʝʜʙʘʯʘʻ ʥʝ 

ʪʽʣʴʢʠ ʦʙʛʦʚʦʨʝʥʥʷ ʟ ʢʝʨʽʚʥʠʢʦʤ ʦʧʝʨʘʮʽʾ ʮʽʣʝʡ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʡ ʟʽʙʨʘʥʥʷ 

ʜʘʥʠʭ, ʷʢʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʫʷʚʠʪʠ ʩʫʪʴ ʧʨʦʙʣʝʤʠ, ʱʦ ʤʘʣʦ ʤʽʩʮʝ ʚ 

ʤʠʥʫʣʦʤʫ, ʯʦʛʦ ʪʨʝʙʘ ʦʯʽʢʫʚʘʪʠ ʚ ʤʘʡʙʫʪʥʴʦʤʫ, ʷʢʠʡ ʭʘʨʘʢʪʝʨ ʩʧʽʚʚʽʜʥʦʰʝʥʴ 

ʤʽʞ ʟʤʽʥʥʠʤʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʟʘʜʘʯʽ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʬʦʨʤʫʣʶʻʪʴʩʷ 

ʟʘʛʘʣʴʥʘ ʩʭʝʤʘ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʧʨʷʤ ʫʩʽʻʾ ʧʦʜʘʣʴʰʦʾ 

ʨʦʙʦʪʠ. 

ʆʜʥʠʤ ʽʟ ʧʠʪʘʥʴ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʬʦʨʤʫʣʶʚʘʥʥʷʤ ʧʨʦʙʣʝʤʠ, ʻ ʚʠʟʥʘʯʝʥʥʷ 

ʪʦʛʦ, ʯʠ ʤʦʞʥʘ ʚʩʶ ʧʨʦʙʣʝʤʫ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʠʭ ʧʽʜʧʨʦʙʣʝʤ, ʱʦʙ 

ʧʘʨʘʣʝʣʴʥʦ ʘʙʦ ʧʦʩʣʽʜʦʚʥʦ ʜʦʩʣʽʜʠʪʠ ʾʭ ʥʝʟʘʣʝʞʥʦ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ 

(ʜʝʢʦʤʧʦʟʠʮʽʷ). ɼʨʫʛʝ ʧʠʪʘʥʥʷ ʧʦʚôʷʟʘʥʝ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʤʽʨʠ ʜʝʪʘʣʽʟʘʮʽʾ 

ʨʦʟʨʦʙʣʶʚʘʥʦʾ ʤʦʜʝʣʽ. ʆʩʪʘʥʥʻ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙʩʷʛʽʚ ʚʠʜʽʣʝʥʠʭ ʢʦʰʪʽʚ, 

ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʫ ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʦʝʢʪʫ, ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʅʘʩʪʫʧʥʝ ʧʠʪʘʥʥʷ ʩʪʦʩʫʻʪʴʩʷ ʛʘʣʫʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʨʦʟʤʽʨʥʦʩʪʽ 

ʨʦʟʨʦʙʣʶʚʘʥʦʾ ʤʦʜʝʣʽ, ʚʠʟʥʘʯʝʥʥʷ ʢʝʨʦʚʘʥʠʭ ʽ ʥʝʢʝʨʦʚʘʥʠʭ ʟʤʽʥʥʠʭ, 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʧʝʨʘʮʽʾ, ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʷʢʽ ʜʘʜʫʪʴ 

ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʢʦʥʢʨʝʪʥʽ ʨʦʟʚôʷʟʢʠ ʨʦʟʛʣʷʥʫʪʦʾ ʧʨʦʙʣʝʤʠ. 

ʏʝʪʚʝʨʪʠʡ ʝʪʘʧ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚôʷʟʘʥʠʡ ʽʟ ʧʦʙʫʜʦʚʦʶ ʤʦʜʝʣʽ. ɺʦʥʘ 

ʚʽʜʦʙʨʘʞʘʻ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʢʝʨʦʚʘʥʠʤʠ ʟʤʽʥʥʠʤʠ, ʥʝʢʝʨʦʚʘʥʠʤʠ 

ʟʤʽʥʥʠʤʠ, ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʽ ʧʦʢʘʟʥʠʢʘʤʠ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʇʨʘʚʠʣʴʥʦ ʧʦʙʫʜʦʚʘʥʘ ʤʦʜʝʣʴ ï ʦʩʥʦʚʥʘ ʫʤʦʚʘ ʫʩʧʽʰʥʦʛʦ ʨʦʟʨʦʙʣʝʥʥʷ 

ʧʨʦʝʢʪʫ ʦʧʝʨʘʮʽʾ. 

ʇʝʨʝʜ ʪʠʤ ʷʢ ʨʦʟʨʦʙʣʷʪʠ ʤʦʜʝʣʴ, ʥʘʩʘʤʧʝʨʝʜ, ʪʨʝʙʘ ʟôʷʩʫʚʘʪʠ ʧʠʪʘʥʥʷ 

ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʠʭ ʯʠ ʽʥʰʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʫ 

ʨʘʤʢʘʭ ʤʦʜʝʣʽ. ɺʠʦʢʨʝʤʣʶʶʪʴ ʢʽʣʴʢʘ ʨʽʟʥʠʭ ʪʠʧʽʚ ʩʧʽʚʚʽʜʥʦʰʝʥʴ, ʷʢʽ 

ʬʦʨʤʫʶʪʴ ʤʦʜʝʣʴ: ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʷʢʽ ʚʠʭʦʜʷʪʴ ʽʟ ʚʠʟʥʘʯʝʥʴ; ʝʤʧʽʨʠʯʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ; ʥʦʨʤʘʪʠʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʪʨʝʙʘ ʟʽʙʨʘʪʠ ʪʘ 

ʨʝʪʝʣʴʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʜʘʥʠʭ. 

ʅʘ ʦʩʪʘʥʥʴʦʤʫ ʝʪʘʧʽ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʜʦʩʣʽʜʥʠʢʫ ʪʨʝʙʘ ʜʘʪʠ ʪʦʯʥʝ 

ʘʥʘʣʽʪʠʯʥʝ ʘʙʦ ʘʣʛʦʨʠʪʤʽʯʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʨʦʙʣʝʤʠ. 

ʈʘʟʦʤ ʽʟ ʨʦʙʦʪʦʶ ʟ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʧʦʪʨʽʙʥʦ ʦʙʨʘʪʠ ʘʙʦ ʨʦʟʨʦʙʠʪʠ 

ʯʠʩʣʦʚʠʡ ʤʝʪʦʜ ʨʦʟʚôʷʟʘʥʥʷ, ʱʦ ʽ ʻ ʧôʷʪʠʤ ʝʪʘʧʦʤ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɼʣʷ ʮʴʦʛʦ ʪʨʝʙʘ ʟôʷʩʫʚʘʪʠ ʪʘʢʽ ʧʠʪʘʥʥʷ: 



23 

- ʯʠ ʪʨʝʙʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʘʙʦ ʙʫʜʴ-ʷʢʠʡ ʟ 

ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ: 

- ʯʠ ʧʦʚʠʥʥʘ ʤʦʜʝʣʴ ʚʨʘʭʦʚʫʚʘʪʠ ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ ʜʝʷʢʠʭ ʟʤʽʥʥʠʭ 

ʘʙʦ ʞ ʜʦʩʪʘʪʥʴʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʝʪʝʨʤʽʥʦʚʘʥʠʡ ʧʽʜʭʽʜ; 

- ʯʠ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʣʽʥʽʡʥʽʩʪʴ ʧʝʚʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ, ʯʠ 

ʜʦʩʪʘʪʥʴʦ ʦʙʤʝʞʠʪʠʩʷ ʾʭ ʣʽʥʽʡʥʦʶ ʘʧʨʦʢʩʠʤʘʮʽʻʶ; 

- ʯʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʷʚʥʽ ʤʝʪʦʜʠ ʨʦʟʚôʷʟʘʥʥʷ, ʘʙʦ ʪʨʝʙʘ 

ʨʦʟʨʦʙʠʪʠ ʥʦʚʠʡ ʤʝʪʦʜ. 

ʆʪʞʝ, ʥʝʦʙʭʽʜʥʦ ʟôʷʩʫʚʘʪʠ, ʷʢʽ ʪʨʝʙʘ ʟʨʦʙʠʪʠ ʧʨʠʧʫʱʝʥʥʷ ʪʘ ʷʢʠʡ 

ʤʝʪʦʜ ʨʦʟʨʦʙʠʪʠ, ʱʦʙ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ʙʫʣʦ ʧʨʘʢʪʠʯʥʦ ʚʠʧʨʘʚʜʘʥʠʤ 

ʱʦʜʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʦʮʝʜʫʨ. ʎʝʡ ʝʪʘʧ ʪʘʢʦʞ ʤʽʩʪʠʪʴ 

ʧʝʨʝʚʽʨʢʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʯʠʩʣʦʚʦʛʦ ʤʝʪʦʜʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʴʥʠʭ 

(ʪʦʙʪʦ ʪʘʢʠʭ, ʪʦʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʷʢʠʭ ʚʽʜʦʤʠʡ) ʪʝʩʪʦʚʠʭ ʟʘʜʘʯ, ʧʝʨʝʚʽʨʷʻʪʴʩʷ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʢʦʨʝʢʪʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʘʥʥʷ. 

ʉʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤ ʜʣʷ ɽʆʄ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʥʘ ʰʦʩʪʦʤʫ ʝʪʘʧʽ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʈʦʟʨʦʙʣʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʥʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʘʻ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʨʝʪʝʣʴʥʦ, ʱʦ ʜʘʩʪʴ ʟʤʦʛʫ ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʽʩʥʽʰʝ ʜʦʢʫʤʝʥʪʘʣʴʥʝ 

ʦʬʦʨʤʣʝʥʥʷ ʧʨʦʛʨʘʤ, ʨʝʟʫʣʴʪʘʪʦʤ ʯʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʻ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʦʨʽʻʥʪʦʚʘʥʠʤ ʥʘ ʢʦʨʠʩʪʫʚʘʯʘ, ʥʘ ʟʘʜʦʚʦʣʝʥʥʷ ʡʦʛʦ ʧʦʪʨʝʙ. ʊʨʝʙʘ ʟʚʝʨʥʫʪʠ 

ʫʚʘʛʫ ʥʘ ʦʜʥʫ ʟ ʨʦʙʽʪ, ʷʢʽ ʧʨʦʚʦʜʷʪʴʩʷ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ, ʩʢʣʘʜʘʥʥʷ ʚʭʽʜʥʠʭ 

ʬʦʨʤ ʪʘ ʚʠʭʽʜʥʠʭ (ʜʦʢʫʤʝʥʪʽʚ), ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ ʪʘ ʫʟʛʦʜʞʝʥʥʷ ʟ ʢʝʨʽʚʥʠʮʪʚʦʤ 

ʪʘ ʚʠʢʦʥʘʚʮʷʤʠ. 

ɺʭʽʜʥʽ ʬʦʨʤʠ ï ʙʘʟʠ ʜʘʥʠʭ, ʷʢʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ 

ʢʦʨʠʩʪʫʚʘʯʘ ʽʥʬʦʨʤʘʮʽʻʶ, ʱʦ ʰʚʠʜʢʦ ʧʽʜʛʦʪʦʚʣʶʻʪʴʩʷ ʽ ʣʝʛʢʦ ʦʥʦʚʣʶʻʪʴʩʷ. 

ʅʘʛʣʷʜʥʽ ʚʠʭʽʜʥʽ ʬʦʨʤʠ ʤʘʶʪʴ ʜʘʪʠ ʢʦʨʠʩʪʫʚʘʯʫ ʟʨʦʟʫʤʽʣʫ, ʜʦʙʨʝ ʧʽʜʽʙʨʘʥʫ 

ʡ ʟʨʫʯʥʦ ʨʦʟʪʘʰʦʚʘʥʫ ʽʥʬʦʨʤʘʮʽʶ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʩʘʤʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽ ʥʘʣʘʛʦʜʞʝʥʥʷ, ʪʦ ʚ ʙʘʛʘʪʴʦʭ 

ʚʠʧʘʜʢʘʭ ʧʨʦʝʢʪ ʽʟ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ ʥʝ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʣʝʥʥʷ ʤʘʰʠʥʥʠʭ 

ʧʨʦʛʨʘʤ, ʘ ʫ ʨʘʟʽ ʧʦʪʨʝʙʠ ʟʘʚʞʜʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʥʘʷʚʥʽ ʧʨʦʛʨʘʤʠ. 

ʅʘ ʩʴʦʤʦʤʫ ʝʪʘʧʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʙʠʨʘʥʥʷ ʪʘ ʘʥʘʣʽʟ ʜʘʥʠʭ, ʷʢʽ ʻ 

ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʽ ʤʦʜʝʣʽ ʪʘ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ, ʪʦʜʽ ʷʢ ʥʘ ʧʦʧʝʨʝʜʥʽʭ ʝʪʘʧʘʭ ʟʙʠʨʘʥʥʷ 

ʜʘʥʠʭ ʧʦʚôʷʟʘʥʝ ʧʝʨʝʜʫʩʽʤ ʟ ʬʦʨʤʫʣʶʚʘʥʥʷʤ ʧʨʦʙʣʝʤʠ ʪʘ ʧʦʙʫʜʦʚʦʶ ʤʦʜʝʣʽ. 

ʊʦʤʫ ʧʨʦʙʣʝʤʘ ʙʨʘʢʫ ʜʘʥʠʭ ʥʝ ʻ ʧʝʨʝʰʢʦʜʦʶ ʜʦ ʚʠʢʦʥʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʠʭ 

ʦʧʝʨʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʦʩʢʽʣʴʢʠ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʻ ʟʘʩʦʙʦʤ, ʷʢʠʡ ʜʘʻ 
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ʟʤʦʛʫ ʧʦʜʦʣʘʪʠ ʪʨʫʜʥʦʱʽ ʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʦʮʽʥʦʢ ʟʚʝʜʝʥʥʷʤ ʾʭ ʜʦ 

ʧʨʦʩʪʽʰʠʭ ʚʠʤʽʨʶʚʘʥʴ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʝʡ, ʷʢʽ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʦʧʝʨʘʮʽʡ, 

ʜʦʧʦʤʘʛʘʻ ʚ ʧʨʦʮʝʩʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʈʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʥʘʡʧʨʦʩʪʽʰʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʠʭʽʜ-ʥʠʭ ʟʤʽʥʥʠʭ ʽ ʧʦʢʘʟʥʠʢʽʚ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʷʢʽ ʻ ʬʫʥʢʮʽʷʤʠ ʮʠʭ ʟʤʽʥʥʠʭ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʝ ʙʫʪʠ 

ʧʦʪʨʽʙʥʦ ʙʽʣʴʰʝ ʜʘʥʠʭ, ʘʣʝ ʦʪʨʠʤʘʪʠ ʾʭ ʟʥʘʯʥʦ ʧʨʦʩʪʽʰʝ, ʘ ʚʠʤʦʛʠ ʜʦ ʾʭ 

ʪʦʯʥʦʩʪʽ ʙʫʜʫʪʴ ʤʝʥʰ ʞʦʨʩʪʢʠʤʠ. 

ɺʦʩʴʤʠʡ ʝʪʘʧ ʧʝʨʝʚʽʨʢʠ ʤʦʜʝʣʽ ʦʭʦʧʣʶʻ ʜʚʽ ʬʘʟʠ: ʚʠʟʥʘʯʝʥʥʷ ʩʧʦʩʦʙʽʚ 

ʧʝʨʝʚʽʨʢʠ ʽ ʟʜʽʡʩʥʝʥʥʷ ʩʘʤʦʾ ʧʝʨʝʚʽʨʢʠ. ʅʘ ʧʝʨʰʽʡ ï ʦʙʠʨʘʶʪʴ ʘʥʘʣʽʪʠʯʥʽ ʡ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʧʝʨʝʚʽʨʢʠ ʥʝʩʫʧʝʨʝʯʥʦʩʪʽ, ʯʫʪʣʠʚʦʩʪʽ, 

ʨʝʘʣʽʩʪʠʯʥʦʩʪʽ ʪʘ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʤʦʜʝʣʽ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʤʦʜʝʣʽ ʙʫʜʫʪʴ 

ʧʦʪʨʽʙʥʽ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʝʪʘʧʽ. ʈʝʟʫʣʴʪʘʪʠ ʮʽʻʾ ʨʦʙʦʪʠ 

ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʝʙʫʜʦʚʠ ʤʦʜʝʣʽ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʧʨʦʛʨʘʤ. 

ʅʘʡʚʘʞʣʠʚʽʰʠʤ ʝʪʘʧʦʤ, ʷʢʠʤ ʟʘʚʝʨʰʫʻʪʴʩʷ ʦʧʝʨʘʮʽʡʥʝ ʜʦʩʣʽʜʞʝʥʥʷ, ʻ 

ʜʝʚôʷʪʠʡ. ʁʦʛʦ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʘʤʦʩʪʽʡʥʫ ʟʘʜʘʯʫ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ ʪʨʝʙʘ ʧʦʜʘʪʠ ʨʷʜʦʤ ʨʦʙʦʯʠʭ ʧʨʦʮʝʜʫʨ, ʷʢʽ ʤʦʞʥʘ 

ʣʝʛʢʦ ʟʨʦʟʫʤʽʪʠ ʽ ʟʘʩʪʦʩʫʚʘʪʠ ʜʽʶʯʽʡ ʩʪʦʨʦʥʽ.  

2.2. ʊʠʧʦʚʽ ʢʣʘʩʠ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ 

ɿʘ ʩʚʦʻʶ ʟʤʽʩʪʦʚʥʦʶ ʧʦʩʪʘʥʦʚʢʦʶ ʤʥʦʞʠʥʫ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʧʝʨʘʮʽʡ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʨʷʜ ʢʣʘʩʽʚ, ʜʦ ʷʢʠʭ ʟʚʦʜʠʪʴʩʷ ʙʽʣʴʰʽʩʪʴ ʽʟ ʥʠʭ. 

ʆʩʥʦʚʥʽ ʢʣʘʩʠ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ: 

¶ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ; 

¶ ʨʦʟʧʦʜʽʣ ʨʝʩʫʨʩʽʚ; 

¶ ʨʝʤʦʥʪ ʪʘ ʟʘʤʽʥʘ ʦʙʣʘʜʥʘʥʥʷ; 

¶ ʤʘʩʦʚʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; 

¶ ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʪʘ ʢʦʦʨʜʠʥʘʮʽʷ; 

¶ ʚʠʙʽʨ ʤʘʨʰʨʫʪʫ; 

¶ ʧʦʰʫʢ ʟʥʘʯʝʥʥʷ; 

¶ ʟʤʘʛʘʣʴʥʽ; 

¶ ʢʦʤʙʽʥʦʚʘʥʽ. 
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ʅʘʩʧʨʘʚʜʽ ʟʘʜʘʯʽ ʚʽʜʧʦʚʽʜʥʠʭ ʢʣʘʩʽʚ çʚʠʥʠʢʘʶʪʴè ʦʜʥʘ ʟ ʦʜʥʦʾ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʦʛʦ, ʷʢ ʧʦʰʠʨʶʻʪʴʩʷ ʫʷʚʣʝʥʥʷ ʧʨʦ ʜʦʩʣʽʜʞʫʚʘʥʫ ʦʧʝʨʘʮʽʶ. 

ʉʪʠʩʣʦ ʦʭʘʨʘʢʪʝʨʠʟʫʻʤʦ ʧʝʨʝʣʽʯʝʥʽ ʢʣʘʩʠ ʟʘʜʘʯ. 

ɿʘʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ. ʄʦʞʥʘ ʚʠʦʢʨʝʤʠʪʠ, ʧʨʠʥʘʡʤʥʽ, ʯʦʪʠʨʠ 

ʦʩʥʦʚʥʽ ʧʨʠʯʠʥʠ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʦʪʨʝʙʠ ʩʪʚʦʨʝʥʥʷ ʟʘʧʘʩʽʚ: 

¶ ʥʝʦʙʭʽʜʥʽʩʪʴ ʛʘʨʘʥʪʫʚʘʪʠ ʙʝʟʧʝʨʝʙʽʡʥʽʩʪʴ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ; 

¶ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʦʢʨʝʤʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʫ 

ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ; 

¶ ʦʩʦʙʣʠʚʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʽʜ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʜʦ ʩʧʦʞʠʚʘʯʽʚ 

(ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʽ 

ʨʦʟʤʽʨʽʚ ʩʧʦʞʠʚʘʥʥʷ); 

¶ ʥʝʟʙʽʞʥʽʩʪʴ ʨʠʪʤʫ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʧʦʩʪʘʯʘʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʨʝʩʫʨʩʽʚ 

ʽʟ ʨʠʪʤʦʤ ʾʭ ʩʧʦʞʠʚʘʥʥʷ. 

ɿʘʜʘʯʘ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʬʦʨʤʫʣʶʻʪʴʩʷ ʪʘʢ. 

ɯʩʥʫʶʪʴ ʧʝʚʥʽ ʟʘʧʘʩʠ, ʚʠʪʨʘʪʠ ʥʘ ʟʙʝʨʽʛʘʥʥʷ ʷʢʠʭ ʻ ʬʫʥʢʮʽʻʶ ʾʭ ʚʝʣʠʯʠʥʠ. 

ɺʽʜʦʤʽ ʪʘʢʦʞ ʚʠʪʨʘʪʠ ʥʘ ʜʦʩʪʘʚʣʷʥʥʷ ʨʝʩʫʨʩʽʚ. ʊʨʝʙʘ ʚʠʟʥʘʯʠʪʠ 

ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʧʦʩʪʘʯʘʥʥʷ, ʯʘʩʪʦʪʫ ʪʘ ʪʝʨʤʽʥʠ ʥʘʜʭʦʜʞʝʥʥʷ ʨʝʩʫʨʩʽʚ, 

ʱʦʙ ʩʫʤʘʨʥʽ ʚʠʪʨʘʪʠ ʙʫʣʠ ʤʽʥʽʤʘʣʴʥʠʤʠ. ʂʨʠʪʝʨʽʻʤ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʻ ʩʫʤʘ 

ʚʠʪʨʘʪ ʥʘ ʟʙʝʨʽʛʘʥʥʷ ʽ ʧʦʩʪʘʯʘʥʥʷ ʨʝʩʫʨʩʽʚ. 

ɿʘʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʪʘʢ: 

¶ ʟʘ ʢʽʣʴʢʽʩʪʶ ʧʝʨʽʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ (ʧʦʧʦʚʥʝʥʥʷ ʟʘʧʘʩʽʚ) ï ʥʘ 

ʦʜʥʦʧʝʨʽʦʜʥʽ ʪʘ ʙʘʛʘʪʦʧʝʨʽʦʜʥʽ; 

¶ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʧʦʧʦʚʥʝʥʥʷ ʟʘʧʘʩʽʚ ï ʽʟ ʥʝʧʝʨʝʨʚʥʦʶ ʩʠʩʪʝʤʦʶ 

ʧʦʧʦʚʥʝʥʥʷ ʟʘʧʘʩʽʚ (ʤʠʪʪʻʚʝ) ʽ ʧʝʨʽʦʜʠʯʥʽ (ʽʟ ʟʘʪʨʠʤʢʦʶ); 

¶ ʟʘ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʧʠʪʫ ï ʥʘ ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʡ ʽʤʦʚʽʨʥʽʩʥʽ 

(ʩʪʘʪʠʩʪʠʯʥʽ); 

¶ ʟʘ ʢʽʣʴʢʽʩʪʶ ʪʠʧʽʚ ʨʝʩʫʨʩʽʚ ï ʥʘ ʦʜʥʦʧʨʦʜʫʢʪʦʚʽ ʡ ʙʘʛʘʪʦʧʨʦʜʫʢʪʦʚʽ; 

¶ ʟʘ ʚʠʜʦʤ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ï ʥʘ ʟʘʜʘʯʽ ʟ ʧʨʦʧʦʨʮʽʡʥʠʤʠ ʪʘ 

ʥʝʧʨʦʧʦʨʮʽʡʥʠʤʠ ʚʪʨʘʪʘʤʠ. 

ɿʘʜʘʯʽ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʧʦʚôʷʟʘʥʽ ʟ ʨʦʟʧʦʜʽʣʦʤ ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʽʚ ʟʘ 

ʪʠʧʘʤʠ ʨʦʙʽʪ, ʷʢʽ ʪʨʝʙʘ ʚʠʢʦʥʘʪʠ. ʇʨʠ ʮʴʦʤʫ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʜʘʥʽ ʷʢ ʨʦʙʦʪʠ, 

ʪʘʢ ʽ ʨʝʩʫʨʩʠ, ʘʙʦ ʪʽʣʴʢʠ ʨʦʙʦʪʠ. ʇʝʨʝʢʠʜʘʥʥʷ, ʧʝʨʝʜʘʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʟ ʦʜʥʦʛʦ 

ʪʠʧʫ ʨʦʙʽʪ ʥʘ ʽʥʰʠʡ, ʷʢʱʦ ʥʝ ʚʩʽ ʨʦʙʦʪʠ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ʝʬʝʢʪʠʚʥʦ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʨʝʩʫʨʩʽʚ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʟʘʛʘʣʴʥʦʾ 
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ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʩʽʭ ʪʠʧʽʚ ʨʦʙʽʪ, ʚʟʷʪʠʭ ʨʘʟʦʤ. ʊʦʤʫ ʟʘʜʘʯʽ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ 

ʧʦʣʷʛʘʶʪʴ ʫ ʚʽʜʰʫʢʘʥʥʽ ʪʘʢʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ, ʟʘ ʷʢʦʛʦ ʤʘʢʩʠʤʽʟʫʻʪʴʩʷ 

ʩʧʽʣʴʥʠʡ ʧʨʠʙʫʪʦʢ ʘʙʦ ʨʝʟʫʣʴʪʘʪ ʯʠ ʤʽʥʽʤʽʟʫʶʪʴʩʷ ʚʠʪʨʘʪʠ. ɿʘʜʘʯʽ ʨʦʟʧʦʜʽʣʫ 

ʨʝʩʫʨʩʽʚ ʜʫʞʝ ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʘ ʟʤʽʩʪʦʤ ʽ ʙʘʛʘʪʦ ʟ ʥʠʭ ʤʘʻ ʩʧʝʮʽʘʣʴʥʫ ʥʘʟʚʫ: 

ʪʨʘʥʩʧʦʨʪʥʘ ʟʘʜʘʯʘ; ʟʘʜʘʯʘ ʧʨʦ ʧʨʠʟʥʘʯʝʥʥʷ; ʟʘʜʘʯʘ ʧʨʦ ʩʫʤʽʰʽ; ʟʘʜʘʯʘ 

ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʦʱʦ. 

ɿʘʜʘʯʽ ʨʝʤʦʥʪʫ ʪʘ ʟʘʤʽʥʠ ʦʙʣʘʜʥʘʥʥʷ ʚʠʥʠʢʘʶʪʴ ʫ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ 

ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʘʮʶʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʦʛʽʨʰʫʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʩʪʘʨʽʥʥʷ, ʩʧʨʘʮʶʚʘʥʥʷ ʪʘ ʟ ʽʥʰʠʭ ʧʨʠʯʠʥ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʟʘʤʽʥʠ ʦʙʣʘʜʥʘʥʥʷ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʩʫʤʘʨʥʠʭ ʚʠʪʨʘʪ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʘʙʦ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʚʠʭʦʜʫ ʟ ʣʘʜʫ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ 

ʨʘʮʽʦʥʘʣʴʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʬʽʣʘʢʪʠʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʪʦʙʪʦ 

ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʦ-ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ. 

ɿʘʜʘʯʽ ʮʴʦʛʦ ʢʣʘʩʫ ʢʣʘʩʠʬʽʢʫʶʪʴ: 

1) ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʟʘʤʽʥʠ ʦʙʣʘʜʥʘʥʥʷ: 

¶ ʟʘʤʽʥʠ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ; 

¶ ʟʘʤʽʥʠ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʫʩʪʘʪʢʫʚʘʥʥʷ ʟ ʤʝʪʦʶ ʧʦʧʝʨʝʜʞʝʥʥʷ ʚʽʜʤʦʚ; 

¶ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʫ ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ ʪʘ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; 

2) ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʫʨʘʭʫʚʘʥʥʷ ʚʠʪʨʘʪ ʥʘ ʦʙʣʘʜʥʘʥʥʷ ï ʥʘ ʜʠʩʢʨʝʪʥʽ ʪʘ 

ʥʝʧʝʨʝʨʚʥʽ; 

3) ʟʘ ʚʠʭʦʜʦʤ ʟ ʣʘʜʫ ʦʙʣʘʜʥʘʥʥʷ ï ʥʘ ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʪʘ ʚʠʧʘʜʢʦʚʽ. 

4) ʟʘ ʩʪʨʘʪʝʛʽʻʶ ʟʘʤʽʥʠ ʦʙʣʘʜʥʘʥʥʷ ï ʥʘ ʧʣʘʥʦʚʽ ʪʘ ʟʤʽʰʘʥʽ. 

5) ʟʘ ʯʘʩʦʤ ʫʨʘʭʫʚʘʥʥʷ ʚʠʪʨʘʪ ʥʘ ʦʙʣʘʜʥʘʥʥʷ ï ʟ ʧʨʠʚʝʜʝʥʥʷʤ ʪʘ ʙʝʟ 

ʧʨʠʚʝʜʝʥʥʷ ʚʠʪʨʘʪ ʙʽʣʴʰ ʧʽʟʥʽʭ ʨʦʢʽʚ ʚʠʧʫʩʢʫ ʜʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ. 

ɿʘʜʘʯʽ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʫʤʦʚʥʦ ʧʦʜʽʣʷʶʪʴ ʥʘ ʟʘʜʘʯʽ ʘʥʘʣʽʟʫ ʪʘ 

ʟʘʜʘʯʽ ʩʠʥʪʝʟʫ ï ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɿʘʜʘʯʽ ʘʥʘʣʽʟʫ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʟʘ 

ʥʝʟʤʽʥʥʠʭ, ʥʘʧʝʨʝʜ ʚʽʜʦʤʠʭ ʚʠʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ: ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ; ʜʠʩʮʠʧʣʽʥʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; ʧʦʪʦʢʽʚ 

ʚʠʤʦʛ ʽ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ ʯʘʩʫ ʾʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɿʘʜʘʯʽ ʩʠʥʪʝʟʫ ʩʧʨʷʤʦʚʘʥʽ 

ʥʘ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʚʠʙʽʨ 

ʢʽʣʴʢʦʩʪʽ ʢʘʥʘʣʽʚ, ʾʭ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʚʢʣʶʯʝʥʥʷ ʜʦ ʨʦʙʦʪʠ, ʧʨʦʧʫʩʢʥʦʾ 
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ʟʜʘʪʥʦʩʪʽ) ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ (ʬʦʨʤʫʚʘʥʥʷ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ 

ʚʠʤʦʛ, ʚʠʙʽʨ ʜʠʩʮʠʧʣʽʥʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʦʱʦ). 

ɿʘʜʘʯʽ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʪʘ ʢʦʦʨʜʠʥʘʮʽʾ. ɿʘʜʘʯʽ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʧʦʚôʷʟʘʥʽ ʟ 

ʚʠʟʥʘʯʝʥʥʷʤ ʦʧʪʠʤʘʣʴʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ ʚʠʨʦʙʽʚ, ʤʘʩʠʚʽʚ 

ʽʥʬʦʨʤʘʮʽʾ ʪʦʱʦ. ɿʘʜʘʯʽ ʢʦʦʨʜʠʥʘʮʽʾ ʥʘʣʝʞʘʪʴ ʜʦ ʢʦʤʧʣʝʢʩʽʚ ʦʧʝʨʘʮʽʡ ʪʘ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʝʚʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʦʢʨʝʤʠʭ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠʩʷ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʘʩʫ ʫ ʟʘʜʘʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ʎʝ ï ʟʘʜʘʯʽ ʤʝʨʝʞʝʚʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ ʡ ʫʧʨʘʚʣʽʥʥʷ. ʋ ʮʴʦʤʫ ʢʣʘʩʽ ʟʘʜʘʯ ʨʦʟʛʣʷʜʘʶʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʤʽʞ ʩʪʨʦʢʘʤʠ ʟʘʢʽʥʯʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʦʧʝʨʘʮʽʡ ʪʘ ʤʦʤʝʥʪʘʤʠ ʧʦʯʘʪʢʫ ʚʩʽʭ 

ʦʧʝʨʘʮʽʡ ʢʦʤʧʣʝʢʩʫ. 

ɿʘʜʘʯʽ ʚʠʙʦʨʫ ʤʘʨʰʨʫʪʫ ʪʨʘʧʣʷʶʪʴʩʷ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʪʨʘʥʩʧʦʨʪʽ, ʫ ʩʠʩʪʝʤʘʭ ʟʚôʷʟʢʫ. ʊʠʧʦʚʘ ʟʘʜʘʯʘ 

ʧʦʣʷʛʘʻ ʫ ʚʽʜʰʫʢʘʥʥʽ ʥʘʡʢʨʘʱʦʛʦ ʤʘʨʰʨʫʪʫ, ʷʢʠʡ ʧʦʚôʷʟʫʻ ʢʽʣʴʢʘ ʧʫʥʢʪʽʚ. 

ʅʘ ʜʦʧʫʩʪʠʤʽ ʤʘʨʰʨʫʪʠ ʤʦʞʝ ʥʘʢʣʘʜʘʪʠʩʷ ʨʷʜ ʦʙʤʝʞʝʥʴ, ʢʦʣʠ ʟʘʙʦʨʦʥʷʻʪʴʩʷ 

ʧʦʚʝʨʥʝʥʥʷ ʜʦ ʧʨʦʡʜʝʥʦʛʦ ʧʫʥʢʪʫ. 

ʉʝʨʝʜ ʮʠʭ ʟʘʜʘʯ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʤʠ ʻ: ʟʘʜʘʯʘ ʚʠʙʦʨʫ ʥʘʡʢʦʨʦʪʰʦʛʦ 

ʰʣʷʭʫ ʤʽʞ ʜʦʚʽʣʴʥʠʤʠ ʧʫʥʢʪʘʤʠ; ʟʘʜʘʯʘ ʢʦʤʽʚʦʷʞʝʨʘ; ʟʘʜʘʯʘ ʧʨʦ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʦʪʽʢ. 

ɿʘʜʘʯʽ ʧʦʰʫʢʫ ʧʦʣʷʛʘʶʪʴ ʫ ʚʽʜʰʫʢʘʥʥʽ ʥʘʡʢʨʘʱʦʛʦ ʟʘʩʦʙʫ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʘʣʘ ʙ ʨʦʟʚôʷʟʦʢ. ʂʨʠʪʝʨʽʻʤ ʫ ʪʘʢʽʡ ʟʘʜʘʯʽ ʻ 

ʤʽʥʽʤʫʤ ʚʠʪʨʘʪ ʜʚʦʭ ʚʠʜʽʚ: ʚʘʨʪʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʡ ʮʽʥʠ ʧʦʤʠʣʢʠ. ʋ 

ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʡʜʝʪʴʩʷ ʧʨʦ ʚʘʨʪʽʩʪʴ ʚʠʙʽʨʢʠ, ʪʦʙʪʦ ʚʘʨʪʽʩʪʴ ʚʠʙʦʨʫ 

ʩʧʦʩʪʝʨʝʞʝʥʴ, ʫ ʜʨʫʛʦʤʫ ï ʧʨʦ ʧʦʤʠʣʢʠ ʜʚʦʭ ʚʠʜʽʚ: ʧʦʤʠʣʢʠ ʚʠʙʽʨʢʠ 

(ʚʠʷʚʣʝʥʥʷ ʪʦʛʦ, ʱʦ ʥʘʩʧʨʘʚʜʽ ʻ ʚʽʜʩʫʪʥʽʤ) ʽ ʧʦʤʠʣʢʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

(ʧʨʦʧʫʩʢʘʥʥʷ ʪʦʛʦ, ʱʦ ʥʘʩʧʨʘʚʜʽ ʤʘʻ ʤʽʩʮʝ). ʗʢʱʦ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʧʦʰʫʢʫ 

ʚʠʜʽʣʝʥʽ ʬʽʢʩʦʚʘʥʽ ʨʝʩʫʨʩʠ, ʪʦ ʱʦ ʙʽʣʴʰʝ ʙʫʜʝ ʨʦʟʤʽʨ ʚʠʙʽʨʢʠ, ʪʦ ʤʝʥʰʝ 

ʦʙʩʷʛ ʨʝʩʫʨʩʽʚ ʥʘ ʢʦʞʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʆʪʞʝ, ʟʘ ʧʦʪʨʝʙʠ ʟʤʝʥʰʠʪʠ ʧʦʤʠʣʢʠ 

ʚʠʙʽʨʢʠ, ʷʢ ʧʨʘʚʠʣʦ, ʟʨʦʩʪʘʻ ʧʦʤʠʣʢʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʽ ʥʘʚʧʘʢʠ. 

ɺ ʦʙʤʝʞʝʥʽʡ ʟʘʜʘʯʽ ʧʦʰʫʢʫ ʦʙʩʷʛ ʨʝʩʫʨʩʽʚ, ʷʢʽ ʚʠʜʽʣʝʥʽ ʥʘ ʧʦʰʫʢ, ʻ 

ʟʘʜʘʥʠʤ, ʽ ʟʘʜʘʯʘ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ ʧʣʘʥʫ ʧʦʰʫʢʫ, ʷʢʠʡ ʤʽʥʽʤʽʟʫʻ ʮʽʥʫ 

ʧʦʤʠʣʢʠ. ʋ ʟʘʛʘʣʴʥʽʡ ʟʘʜʘʯʽ ʢʽʣʴʢʽʩʪʴ ʨʝʩʫʨʩʽʚ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʪʘʢ, ʱʦ ʾʾ 

ʤʝʪʦʶ ʻ ʤʽʥʽʤʽʟʘʮʽʷ ʩʫʤʘʨʥʠʭ ʚʠʪʨʘʪ ʨʝʩʫʨʩʽʚ ʽ ʮʽʥʠ ʧʦʤʠʣʢʠ. 

ɿʤʘʛʘʣʴʥʽ ʟʘʜʘʯʽ ï ʢʣʘʩ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ 

ʯʘʩ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʫʤʦʚʘʭ ʢʦʥʬʣʽʢʪʽʚ, ʥʝʟʙʽʛʫ ʽʥʪʝʨʝʩʽʚ ʦʩʽʙ. ʆʩʦʙʣʠʚʝ 

ʤʽʩʮʝ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʙʣʝʤ ʢʦʥʬʣʽʢʪʫ ʟʘʡ-ʤʘʻ ʚʠʙʽʨ ʽ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ 
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ʤʦʞʣʠʚʠʭ (ʜʦʧʫʩʪʠʤʠʭ) ʩʧʦʩʦʙʽʚ ʧʦʚʝʜʽʥʢʠ ʩʪʦʨʽʥ, ʱʦ ʜʘʻ ʧʽʜʩʪʘʚʫ ʜʣʷ 

ʫʭʚʘʣʝʥʥʷ ʢʦʞʥʦʶ ʩʪʦʨʦʥʦʶ çʨʦʟʫʤʥʠʭè ʨʽʰʝʥʴ ʚʽʜʥʦʩʥʦ ʩʚʦʾʭ ʜʽʡ. ʆʩʦʙʠ, 

ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʨʽʰʝʥʥʷ, ʧʦʚʠʥʥʽ ʚʨʘʭʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʩʚʦʾ ʮʽʣʽ, ʘʣʝ ʡ ʮʽʣʽ, ʷʢʽ 

ʧʝʨʝ-ʩʣʽʜʫʶʪʴ ʽʥʰʽ ʫʯʘʩʥʠʢʠ ʢʦʥʬʣʽʢʪʫ. ɺʽʜʧʦʚʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʚʜʘʻʪʴʩʷ 

ʦʪʨʠʤʘʪʠ ʥʝ ʟʘʚʞʜʠ, ʱʦ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʽ ʪʨʫʜʥʦʱʽ ʷʢ ʜʣʷ ʜʦʩʣʽʜʥʠʢʽʚ, ʪʘʢ ʽ 

ʦʩʽʙ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʦʩʪʘʪʦʯʥʝ ʨʽʰʝʥʥʷ. 

ʂʦʤʙʽʥʦʚʘʥʽ ʟʘʜʘʯʽ ʤʽʩʪʷʪʴ ʢʽʣʴʢʘ ʪʠʧʦʚʠʭ ʟʘʜʘʯ ʦʜʥʦʯʘʩʥʦ. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ʅʘʟʚʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʦʩʥʦʚʥʽ ʩʢʣʘʜʦʚʽ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ.  

2. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʪʠʧʦʚʽ ʢʣʘʩʠ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ. 

3. ʉʪʠʩʣʦ ʦʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʦʩʥʦʚʥʽ ʢʣʘʩʠ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ. 

4. ʅʘʜʘʡʪʝ ʩʪʠʩʣʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʟʘʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ. 

5. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʟʘʜʘʯ ʨʝʤʦʥʪʫ ʪʘ ʟʘʤʽʥʠ ʦʙʣʘʜʥʘʥʥʷ? 

6. ʉʬʦʨʤʫʣʶʡʪʝ ʟʘʛʘʣʴʥʫ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 
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ɻʣʘʚʘ 3. ʇʨʝʜʤʝʪ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

3.1. ɿʘʛʘʣʴʥʘ ʟʘʜʘʯʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʦʰʫʢʫ ʥʘʡʢʨʘʱʠʭ ʜʽʡ ʟʘ ʟʘʜʘʥʠʤ 

ʧʦʢʘʟʥʠʢʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ W (ʟʘʜʘʯʘ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ) ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ: 

1) ʷʢʽʩʥʘ (ʥʝʬʦʨʤʘʣʴʥʘ, ʟʤʽʩʪʦʚʘ, ʚʝʨʙʘʣʴʥʘ) ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ; 

2) ʧʦʙʫʜʦʚʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ; 

3) ʤʘʪʝʤʘʪʠʯʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ; 

4) ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ (ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ); 

5) ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʪʘ ʘʣʛʦʨʠʪʤʫ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ; 

6) ʨʦʟʨʦʙʢʘ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ; 

7) ʨʦʟʨʘʭʫʥʦʢ (ʯʠʩʝʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ), ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ; 

8) ̔ ʥʪʝʨʧʨʝʪʘʮʽʷ ʦʪʨʠʤʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. 

ɿʘʛʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʻ ʟʥʘʭʦʜʞʝʥʥʷ 

ʛʣʦʙʘʣʴʥʦʛʦ ʝʢʩʪʨʝʤʫʤʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ W  ʥʘ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ 

ʟʥʘʯʝʥʴ G . ʊʦʙʪʦ ʤʘʪʝʤʘʪʠʯʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʘʪʠ 4) ʪʘ 5) 

ʝʪʘʧʠ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ. 

ʆʢʨʽʤ ʪʝʨʤʽʥʫ ʤʘʪʝʤʘʪʠʯʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʱʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʨʤʽʥ 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣ ɹʦʧʪʠʤʽʟʘʮʽʾ, ʘʙʦ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ 

ʥʘ ʝʢʩʪʨʝʤʫʤ. ʅʘʙʽʨ ʟʤʽʥʥʠʭ 
1 2[ , ,..., ]TnX x x x , ʷʢʠʡ ʟʘʜʦʚʦʣʴʥʷʻ 

ʦʙʤʝʞʝʥʥʷʤ G, ʥʘʟʠʚʘʪʁʴ ʧʣʘʥʦʤ ʟʘʜʘʯʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʉʠʩʪʝʤʘ ʦʙʤʝʞʝʥʴ ʧʦʚʠʥʥʘ ʙʫʪʠ ʩʫʤʽʩʥʦʶ, ʽʥʘʢʰʝ ʤʥʦʞʠʥʘ ʧʣʘʥʽʚ 

ʙʫʜʝ ʧʦʨʦʞʥʴʦʶ ʤʥʦʞʠʥʦʶ. ʄʥʦʞʠʥʘ ʧʣʘʥʽʚ ʤʦʞʝ ʙʫʪʠ ʷʢ ʦʙʤʝʞʝʥʦʶ, ʪʘʢ ʽ 

ʥʝ ʦʙʤʝʞʝʥʦʶ. ʇʣʘʥ, ʱʦ ʥʘʜʘʻ ʧʦʢʘʟʥʠʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʥʘʟʠʚʘʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʠʤ, ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʥʝ ʟʘʚʞʜʠ ʻʜʠʥʠʡ (ʨʠʩ. 

3.1). 

3.2. ʂʣʘʩʠʬʽʢʘʮʽʷ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ɿʘʜʘʯʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʢʣʘʩʠʯʥʽ ʪʘ 

ʥʝʢʣʘʩʠʯʥʽ. 

ʆʟʥʘʢʘʤʠ ʚʽʜʥʝʩʝʥʥʷ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʦ 

ʢʣʘʩʠʯʥʠʭ ʻ ʚʠʤʦʛʠ: 
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¶ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʦʙʤʝʞʝʥʴ ʧʦ ʚʽʜʥʦʰʝʥʥʶ 

ʜʦ ʢʝʨʫʶʯʠʭ ʟʤʽʥʥʠʭ; 

¶ ʽʩʥʫʚʘʥʥʷ ʟʘ ʢʝʨʫʶʯʠʤʠ  ʟʤʽʥʥʠʤʠ ʧʝʨʰʠʭ ʪʘ ʜʨʫʛʠʭ ʯʘʩʪʠʥʥʠʭ ʪʘ 

ʤʽhʘʥʠʭ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ ʚʽʜ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

W

Wopt

xx min x opt x max

WŸmin

x  ̒[x min; x max]

0

ʘ 

W

Wopt

xx min

a
x max

WŸmin

x  ̒[x min; x max]

b
0

ʙ 

ʈʠʩ. 3.1. ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʽʩʥʫʚʘʥʥʷ ʻʜʠʥʦʛʦ ʪʘ ʙʝʟʣʽʯʽ ʦʧʪʠʤʘʣʴʥʠʭ 

ʧʣʘʥʽʚ:  

ʘ ï ʪʦʯʢʘ ʦʧʪʠʤʫʤʫ ʻʜʠʥʘ, ʙ ï 
opt

;x a b  ïʢʦʥʪʠʥʫʫʤ 

ʇʨʦʩʪʦʶ ʦʟʥʘʢʦʶ ʥʝʢʣʘʩʠʯʥʦʩʪʽ ʜʘʥʠʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʻ ʚʠʤʦʛʘ ʩʪʦʩʦʚʥʦ ʜʠʩʢʨʝʪʥʦʩʪʽ ʢʝʨʫʶʯʠʭ ʟʤʽʥʥʠʭ. 

ʂʣʘʩʠʯʥʽ ʟʘʜʘʯʽ ʤʦʞʣʠʚʦ ʧʦʜʽʣʠʪʠ ʥʘ 2 ʧʽʜʢʣʘʩʠ: 

1) ʟʘʜʘʯ ̔ʧʦʰʫʢʫ ʙʝʟʫʤʦʚʥʦʛʦ ʝʢʩʪʨʝʤʫʤʫ; 

2) ʟʘʜʘʯʽ ʧʦʰʫʢʫ ʫʤʦʚʥʦʛʦ ʝʢʩʪʨʝʤʫʤʫ (ʨʠʩ.3.2). 

W

xʘ

WŸmin x  ̒R

W min= W (a)

0

 

ʘ 

ʈʠʩ. 3.2. ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʢʣʘʩʠʯʥʠʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ: ʘ ï ʙʝʟʫʤʦʚʥʠʡ ʝʢʩʪʨʝʤʫʤ min min0, aW x ;  

ʙ ï ʫʤʦʚʥʠʡ ʝʢʩʪʨʝʤʫʤ min 1 min 1,W W x x x  
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ʇʨʦʜʦʚʞʝʥʥʷ ʨʠʩ. 3.2 

 

W

xʘ

WŸmin x  ̒[x1; x2]

W min= W (x1)

0

W min

x2x1

 

ʙ 

ʅʝʢʣʘʩʠʯʥʽ  ʟʘʜʘʯʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʦʜʽʣʷʶʪʴ ʥʘ 

ʩʧʝʮʽʘʣʴʥʽ ʪʘ ʥʝʩʧʝʮʽʘʣʴʥʽ. ɼʦ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʜʘʯ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʽʜʥʦʩʷʪʴʩʷ: 

1) ɿʘʜʘʯʘ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ(ɿʃʇ).  

ɿʘʛʘʣʴʥʘ ʧʦʩʪʘʥʦʚʢʘ ɿʃʇ ʤʘʻ ʚʠʛʣʷʜ: 

 

1

j^uă
n

j j X G
j

W c x , (3.1) 

ʜʝ 
1 2[ , ,..., ]TnX x x x , G  ï ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚóʷʟʢʽʚ, ʷʢʘ ʟʘʜʘʻʪʴʩʷ 

ʦʙʤʝʞʝʥʥʷʤʠ 

 

1

)ă .),
n

ij j i j
j

a x b i m x , (3.2)  

 

 -)ă .)jx j n . (3.3) 

ɺ ʟʘʧʠʩʘʥʠʭ ʚʠʨʘʟʘʭ )ă )ă ă .) )ă .)j ij ic a b i m j n  ï ʧʘʨʘʤʝʪʨʠ, 

ă .)jx j n  ï ʢʝʨʫʶʯʽ ʟʤʽʥʥʽ. 

2) ɿʘʜʘʯʘ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ(ɿʂʇ). 

ɿʘʛʘʣʴʥʘ ʧʦʩʪʘʥʦʚʢʘ ɿʂʇ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʘʜʘʯ ̔ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʬʦʨʤʦʶ ʟʘʧʠʩʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ: 
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1 1 1

1
ăă j^uă

2 j

n n n

j j k k j X G
j k j

W c x d x x , (3.4) 

ʜʝ 
ă .)ă)ă .)ă

jkd k n j n
 ʧʘʨʘʤʝʪʨʠ. 

3) ɿʘʜʘʯʘ ʩʝʧʘʨʘʙʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ(ɿʉʇ). 

ɿʘʛʘʣʴʥʘ ʧʦʩʪʘʥʦʚʢʘ ɿʉʇ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʘʜʘʯ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʬʦʨʤʦʶ ʟʘʧʠʩʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ: 

1

ă j^u
n

j j X G
j

W f x -  ʘʜʠʪʠʚʥʠʡ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʘʙʦ 

1

ă j^uă
n

j j X G
j

W f x - ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʠʡ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʜʝ  ă .)ăj jf x j n ï ʚʽʜʦʤʽ ʬʫʥʢʮʽʾ. 

4) ɿʘʜʘʯʘ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ(ɿɻʇ). 

ɿʘʛʘʣʴʥʘ ʧʦʩʪʘʥʦʚʢʘ ɿɻʇ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

 

11

ăăăă j^uă
kj

L n

k j X G
jk

W c x , (3.5) 

ʜʝ G  ï ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚóʷʟʢʽʚ, ʱʦ ʟʘʜʘʻʪʴʩʷ ʥʝʨʽʚʥʦʩʪʷʤʠ: 

 

11

ăă )ă .)ă )ă -)ă .)ă
ik j

L n

ik j i j
jk

c x b i m x j n , (3.6) 

ʜʝ )ă )ă )ă )ă ă .) ) .)ă )ă .)ă
j jk ik k ik ic c b k L i m j n  ï ʧʘʨʘʤʝʪʨʠ. 

5) ɿʘʜʘʯʘ ʦʧʫʢʣʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ(ɿʆʇ). 

ɿʘʛʘʣʴʥʘ ʧʦʩʪʘʥʦʚʢʘ ɿʆʇ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ 

ʦʙʤʝʞʝʥʥʷ ʻ ʦʧʫʢʣʠʤʠ ʬʫʥʢʮʽʷʤʠ. 

ʗʢʱʦ ʚʩʽ ʪʦʯʢʠ ʚʽʜʨʽʟʢʘ ɸɺ ʥʘʣʝʞʘʪʴ ʆɼʈ ʟʘ ʙʫʜʴ-ʷʢʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ɸ, ɺ ʥʘ ʤʝʞʽ ʆɼʈ, ʪʦ ʆɼʈ ï ʦʧʫʢʣʘ (ʨʠʩ. 3.3, ʘ). ʇʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʚʘʞʘʻʪʴʩʷ ʦʧʫʢʣʠʤ, ʷʢʱʦ ʟʘ ʙʫʜʴ-ʷʢʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʦʯʦʢ ɸ ʪʘ ɺ 

ʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʉ ʙʫʜʝ ʙʽʣʴʰʘ ʟʘ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʮʽʡ 

ʪʦʯʮʽ:c cY W x  (ʨʠʩ. 3.3, ʙ). 

6) ɿʘʜʘʯʘ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ(ɿɼʇ), ʷʢʘ ʚʠʥʠʢʘʻ ʫ 

ʚʠʧʘʜʢʫ, ʷʢʱʦ ʙʫʜʴ-ʷʢʫ ʽʟ ʧʦʧʝʨʝʜʥʽʭ ʟʘʜʘʯ ʜʦʧʦʚʥʠʪʠ ʫʤʦʚʦʶ, ʱʦ ʭʦʯʘ ʙ 
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ʦʜʥʘ ʽʟ ʢʦʤʧʦʥʝʥʪ 1 2[ , ,..., ]TnX x x x
 ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʦʢʨʝʤʽ ʟʥʘʯʝʥʥʷ, 

ʥʘʧʨʠʢʣʘʜ, ʮʽʣʦʯʠʩʝʣʴʥʽ. 

7) ɿʘʜʘʯʘ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ(ɿʉʪʇ), ʷʢʘ ʚʠʥʠʢʘʻ ʚ 

ʙʫʜʴ ʷʢʦʤʫ ʽʟ ʧʦʧʝʨʝʜʥʽʭ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʚʩʽ ʘʙʦ ʜʝʷʢʽ, ʧʝʨʝʣʽʯʝʥʽ ʚ ʧʫʥʢʪʘʭ 1, 

2, 3, 4, ʧʘʨʘʤʝʪʨʠ ʻ ʚʠʧʘʜʢʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ. 

A

x20

B

x1

ʆɼʈ:G

ʘ
 

W

x0 xc

A

B

C

W (xc)

Yc

ʙ
 

ʈʠʩ. 3.3. ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʱʦʜʦ ʧʦʷʩʥʝʥʥʷ ʟʤʽʩʪʫ ʪʝʨʤʽʥʫ çʦʧʫʢʣʘ ʦʙʣʘʩʪʴ 

ʜʦʧʫʩʪʠʤʠʭ ʨʽʰʝʥʴè ʪʘ çʦʧʫʢʣʠʡ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽè:  

ʘ ï ʪʦʯʢʠ ɸ, ɺ ʥʘʣʝʞʘʪʴ ʤʝʞʽ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚôʷʟʢʽʚ (ʆɼʈ); 

ʙ ï W - ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʦʧʫʢʣʠʡ ʜʦʥʠʟʫ 

ʋʩʽ ʽʥʰʽ ʪʠʧʠ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘʣʝʞʘʪʴ ʜʦ 

ʥʝʩʧʝʮʽʘʣʴʥʠʭ, ʥʝʢʣʘʩʠʯʥʠʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

3.3. ʊʝʦʨʝʤʘ ʧʨʦ ʜʦʩʪʘʪʥʽ ʫʤʦʚʠ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ 

ʆʟʥʘʯʝʥʥʷ 3.1. ɺ ʟʘʛʘʣʴʥʽʡ ʟʘʜʘʯʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʚʝʢʪʦʨ ʟʤʽʥʥʠʭ £X  ʻ ʪʦʯʢʦʶ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ, ʷʢʱʦ ʚʽʥ ʥʘʣʝʞʠʪʴ 

ʦʙʣʘʩʪʽ ʽʩʥʫʚʘʥʥʷ ʧʣʘʥʽʚ ʟʘʜʘʯʽ G  ʽ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦcʪʽ ʥʘʙʫʚʘʻ ʥʘ ʥʴʦʤʫ 

ʟʥʘʯʝʥʥʷ ʥʝ ʤʝʥʰʝ, ʥʽʞ ʚ ʙʫʜʴ ʷʢʽʡ ʜʦʧʫʩʪʠʤʽʡ ʪʦʯʮʽ: 

£ ăX G  ʪʘ ă£W W X XX G . 

ʆʟʥʘʯʝʥʥʷ 3.2. ɺʝʢʪʦʨ ʟʤʽʥʥʠʭ ʻ ʪʦʯʢʦʶ ʣʦʢʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ, ʷʢʱʦ 

ʚʽʥ ʥʘʣʝʞʠʪʴ ʜʦʧʫʩʪʠʤʽʡ ʤʥʦʞʠʥʽ ʪʘ ʥʘ ʥʴʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʽʣʴʰʝ ʘʙʦ ʨʽʚʥʝ ʟʥʘʯʝʥʥʶ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ 

ʜʝʷʢʦʤʫ ʤʘʣʦʤʫ ʦʢʦʣʽ ʮʴʦʛʦ ʚʝʢʪʦʨʘ 

£ £ £ă) ă ăX G W X W X X G M X , 
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ʜʝ £M X ï Ů-ʦʢʽʣ ʚʝʢʪʦʨʘ £X , ʷʢʠʡ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʤʥʦʞʠʥʦʶ ʪʦʯʦʢ, 

ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʽ (ʨʠʩ.3.4, ʘ) 

2

1

£ £
n

j j
j

X X x x . 

ʆʟʥʘʯʝʥʥʷ 3.3. ʗʢʱʦ £ ăW X W X X G , ʪʦ ʛʣʦʙʘʣʴʥʠʡ 

ʤʘʢʩʠʤʫʤ ʥʘʟʠʚʘʻʪʴʩʷ ʩʪʨʦʛʠʤ ʘʙʦ ʩʠʣʴʥʠʤ. 

ʆʟʥʘʯʝʥʥʷ 3.4. ʗʢʱʦ £ £ăW X W X X G M X , ʪʦ ʣʦʢʘʣʴʥʠʡ 

ʤʘʢʩʠʤʫʤ ʥʘʟʠʚʘʻʪʴʩʷ ʩʪʨʦʛʠʤ ʘʙʦ ʩʠʣʴʥʠʤ. 

ʊʝʦʨʝʤʘ 3.1. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʜʦʧʫʩʪʠʤʘ ʤʥʦʞʠʥʘ G ʦʙʤʝʞʝʥʘ ʽ 

ʟʘʤʢʥʝʥʘ(ʛʨʘʥʠʮʷ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʆɼʈ G), ʱʝ ʡ ʦʧʫʢʣʘ, ʘ ʥʝʧʝʨʝʨʚʥʠʡ 

ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʻ ʦʧʫʢʣʠʤ ʜʦʛʦʨʠ ʥʘ G. ʊʦʜʽ ʣʦʢʘʣʴʥʠʡ ʤʘʢʩʠʤʫʤ ʻ 

ʛʣʦʙʘʣʴʥʠʤ. ʗʢʱʦ W X  ʩʪʨʦʛʦ ʚʠʛʥʫʪʘ ʜʦʛʦʨʠ ʬʫʥʢʮʽʷ, ʪʦ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ 

ʧʦʰʫʢʫ ʤʘʢʩʠʤʫʤʫ ʻʜʠʥʠʡ (ʽʩʥʫʻ ʻʜʠʥʠʡ ʛʣʦʙʘʣʴʥʠʡ ʤʘʢʩʠʤʫʤ)(ʨʠʩ.3.4, ʙ). 

ʊʝʦʨʝʤʘ 3.2. ʇʨʠʧʫʩʪʽʤʦ, ʱʦ ʜʦʧʦʤʽʞʥʘ ʤʥʦʞʠʥʘ G  ï ʢʦʤʧʘʢʪʥʘ ʽ 

ʦʧʫʢʣʘ, ʪʦʜʽ ʥʝʧʝʨʝʨʚʥʠʡ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ W X  ʜʦʩʷʛʘʻ ʛʣʦʙʘʣʴʥʦʛʦ 

ʤʘʢʩʠʤʫʤʫ ʫ ʚʥʫʪʨʽʰʥʽʡ ʘʙʦ ʛʨʘʥʠʯʥʽʡ ʪʦʯʮʽ ʤʥʦʞʠʥʠ G(ʨʠʩ.3.4, ʚ,ʛ). 

 

ʘ 

ʈʠʩ. 3.4. ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʪʝʦʨʝʤ: ʘ, ʙ ï ʧʨʦ ʛʣʦʙʘʣʴʥʠʡ ʤʘʢʩʠʤʫʤ ʦʧʫʢʣʦʾ ʜʦʛʦʨʠ 

ʬʫʥʢʮʽʾ; ʚ, ʛ ï  ʪʝʦʨʝʤʠ ɺʝʻʨʰʪʨʘʩʘ 
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ʇʨʦʜʦʚʞʝʥʥʷ ʨʠʩ. 3.4 

 

ʙ 

 

ʚ 

 

ʛ 

ɻʦʣʦʚʥʦʶ ʩʧʝʮʠʬʽʯʥʦʶ ʦʟʥʘʢʦʶ ʥʝʢʣʘʩʠʯʥʠʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʻ ʪʝ, ʱʦ ʚʦʥʠ ʤʘʶʪʴ ʷʩʢʨʘʚʦ ʦʟʥʘʯʝʥʫ ʧʨʠʢʣʘʜʥʫ 

ʩʧʨʷʤʦʚʘʥʽʩʪʴ. ʇʨʠ ʤʘʪʝʤʘʪʠʯʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʨʦʟʚôʷʟʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ, ʟʘʟʚʠʯʘʡ ʚʠʥʠʢʘʻ ʟʥʘʯʥʘ 

ʢʽʣʴʢʽʩʪʴ ʩʧʝʮʠʬʽʯʥʠʭ ʦʙʤʝʞʝʥʴ, ʷʢʽ ʢʣʘʩʠʯʥʘ ʪʝʦʨʽʷ ʥʝ ʚʨʘʭʦʚʫʻ. 
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ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʢʣʘʩʠʬʽʢʘʮʽʶ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

2. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʟʘʜʘʯʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ? 

3. ʇʦʷʩʥʽʪʴ ʩʫʪʴ ʟʘʜʘʯʽ ʦʧʫʢʣʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

4. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʟʘʜʘʯʽ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ? 

5. ʇʦʷʩʥʽʪʴ ʩʫʪʴ ʟʘʜʘʯʽ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

6. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʥʷʪʪʷ çʛʣʦʙʘʣʴʥʠʡ ʤʘʢʩʠʤʫʤè. 

7. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʜʦʩʪʘʪʥʽ ʫʤʦʚʠ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ. 

8. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʪʝʦʨʝʤʠ ɺʝʻʨʰʪʨʘʩʘ? 
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ɻʣʘʚʘ 4. ʊʠʧʦʚʽ ʟʘʜʘʯʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

4.1. ʇʨʠʢʣʘʜʠ ʪʠʧʦʚʠʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʂʦʞʥʘ ʟ ʥʘʚʝʜʝʥʠʭ ʥʠʞʯʝ ʟʘʜʘʯ ʤʘʻ ʩʚʦʶ ʥʘʟʚʫ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʾʾ 

ʧʝʨʚʠʥʥʝ ʧʦʭʦʜʞʝʥʥʷ, ʷʢʝ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʥʝ ʤʘʻ ʞʦʜʥʦʛʦ ʩʪʦʩʫʥʢʫ ʫ 

ʧʨʷʤʽʡ ʧʦʩʪʘʥʦʚʮʽ ʜʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʥʘ ʪʨʘʥʩʧʦʨʪʽ ʪʘ 

ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʘʣʝ ʧʨʠʢʣʘʜʥʘ ʧʨʠʚʘʙʣʠʚʽʩʪʴ ʮʠʭ ʟʘʜʘʯ ʜʣʷ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʤʘʪʝʤʘʪʠʮʽ ʾʭ ʙʽʣʴʰʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʟʚʝʜʝʥʘ ʜʦ 

ʮʠʭ ʢʣʘʩʠʯʥʠʭ ʧʨʠʢʣʘʜʽʚ. ʊʠʧʦʚʽ ʧʨʠʢʣʘʜʠ ʚʠʢʦʥʫʶʪʴ ʷʢ ʬʫʥʢʮʽʶ 

ʧʨʦʪʦʪʠʧʘ-ʘʥʘʣʦʛʘ, ʪʘʢ ʽ ʥʘʛʨʦʤʘʜʞʫʚʘʯʘ ʟʥʘʥʴ ʟ ʦʙôʻʢʪʠʚʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ 

ʩʧʦʩʦʙʫ ʨʦʟʚôʷʟʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʜʘʯ ʚ ʛʘʣʫʟʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. ɿʚʦʜʷʯʠ ʪʝʭʥʽʯʥʽ 

ʟʘʜʘʯʽ ʜʦ ʧʨʠʢʣʘʜʽʚ, ʥʘʚʝʜʝʥʠʭ ʥʠʞʯʝ, ʦʪʨʠʤʘʻʤʦ ʧʨʠʡʦʤʠ ʬʦʨʤʘʣʽʟʘʮʽʾ 

ʩʧʝʮʠʬʽʯʥʠʭ ʘʢʪʫʘʣʴʥʠʭ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʚʞʝ ʚʽʜʧʨʘʮʴʦʚʘʥʠʡ 

ʝʬʝʢʪʠʚʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʪʘ ʘʣʛʦʨʠʪʤʽʯʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʨʦʟʚôʷʟʘʥʥʷ ʮʠʭ 

ʟʘʜʘʯ. 

 

ɿʘʜʘʯʘ ʧʨʦ ʨʦʟʢʨʽʡ 

ʅʘ ʬʽʨʤʽ, ʱʦ ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʢʦʨʧʫʩʽʚ ʜʣʷ ʩʠʩʪʝʤʥʠʭ 

ʙʣʦʢʽʚ, ʣʠʩʪʠ ʤʝʪʘʣʫ ʤʦʞʫʪʴ ʨʦʟʢʨʦʶʚʘʪʠʩʷ ʜʝʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ. ʗʢʱʦ 

ʣʠʩʪ ʨʦʟʢʨʦʾʪʠ ʟʘ j -ʤ ʩʧʦʩʦʙʦʤ .)ăj n , ʪʦ ʦʪʨʠʤʘʻʤʦ ija  ʢʦʨʧʫʩʽʚ i -ʛʦ 

ʚʠʜʫ.)ăi m , ʧʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ ʚʽʜʭʦʜʽʚ ʟ ʦʜʥʦʛʦ ʣʠʩʪʘ ʜʦʨʽʚʥʶʻ 
2

jc ʤ . 

ʅʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ, ʷʢʫ ʢʽʣʴʢʽʩʪʴ ʣʠʩʪʽʚ ʤʝʪʘʣʫ ʥʝʦʙʭʽʜʥʦ ʨʦʟʢʨʦʶʚʘʪʠ 

ʟʘ ʢʦʞʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʢʦʨʧʫʩʽʚ i -ʛʦ ʚʠʜʫ ʥʝ ʤʝʥʰʝ 

ʥʽʞ ib  ʽʟ ʤʽʥʽʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʚʽʜʭʦʜʽʚ. 

ʗʢʱʦ ʯʝʨʝʟ jx  ʧʦʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʣʠʩʪʽʚ ʤʝʪʘʣʫ, ʨʦʟʢʨʦʻʥʠʭ j -ʤ 

ʩʧʦʩʦʙʦʤ, ʪʦ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

 

1

jfkă
n

j j X G
j

W c x , (4.1) 

ʜʝ ʆɼʈ G  ʷʚʣʷʻ ʩʦʙʦʶ ʫʤʦʚʠ ʩʪʦʩʦʚʥʦ ʚʠʢʦʥʘʥʥʷ ʦʙʤʝʞʝʥʴ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ 

ʢʦʨʧʫʩʽʚ j -ʛʦ ʪʠʧʫ: 
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1

ă .)
n

ij j i
j

a x b i m  (4.2) 

ʪʘ ʥʘ ă .)jx j n , ʷʢʽ ʚʠʧʣʠʚʘʶʪʴ ʽʟ ʬʽʟʠʯʥʦʛʦ ʟʤʽʩʪʫ ʮʠʭ ʟʤʽʥʥʠʭ: 

 0 1-)ă )ăă )ă )ă .)
T

j j nx x X x x j n . (4.3)  

 

ɿʘʜʘʯʘ ʚʠʨʦʙʥʠʯʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʘʙʦ ʟʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ 

ɼʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ j -ʛʦ ʚʠʜʫ 1,j n  ʬʽʨʤʘ ʤʘʻ ʦʙʤʝʞʝʥʽ 

ʨʝʩʫʨʩʠ (ʚʠʨʦʙʥʠʯʽ ʧʨʠʤʽʱʝʥʥʷ, ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʧʨʠʣʘʜʠ, ʦʨʛʪʝʭʥʽʢʘ, ʚʠʪʨʘʪʥʽ 

ʤʘʪʝʨʽʘʣʠ, ʢʽʣʴʢʽʩʪʴ ʬʘʭʽʚʮʽʚ, ʬʽʥʘʥʩʦʚʽ ʨʝʩʫʨʩʠ ʪʦʱʦ) ă .)ib i m . ɺʠʪʨʘʪʠ 

ʨʝʩʫʨʩʽʚ i -ʛʦ ʚʠʜʫ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʜʠʥʠʮʽ ʧʨʦʜʫʢʮʽʾ j -ʛʦ ʚʠʜʫ ʜʦʨʽʚʥʶʶʪʴ 

ija . 

ʅʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʩʢʽʣʴʢʠ ʪʘ ʷʢʦʾ ʧʨʦʜʫʢʮʽʾ ʚʠʨʦʙʣʷʪʠ, ʱʦʙ ʦʪʨʠʤʘʪʠ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʨʠʙʫʪʦʢ. ɺʚʘʞʘʻʤʦ, ʱʦ ʟʙʫʪ ʧʨʦʜʫʢʮʽʾ ʢʦʞʥʦʛʦ ʚʠʜʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʥʽʩʪʶ. 

ʗʢʱʦ ʧʦʟʥʘʯʠʪʠ ʯʝʨʝʟ ,j jx P  ʚʽʜʧʦʚʽʜʥʦ ʦʙôʻʤ ʧʨʦʜʫʢʮʽʾ j -ʛʦ ʚʠʜʫ ʪʘ 

ʧʨʠʙʫʪʦʢ ʚʽʜ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ, ʪʦ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ 

ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ 

 

1

j^uă
n

j j X G
j

W P x  (4.4)  

ʟʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʦʙʤʝʞʝʥʴ G  ʧʦ ʨʝʩʫʨʩʘʭ: 

 

1

ă .)
n

ij j i
j

a x b i m  (4.5)  

ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʽʟʠʯʥʦʛʦ ʟʤʽʩʪʫ ʦʙôʻʤʽʚ ʚʠʨʦʙʥʠʮʪʚʘ 

 0 1-)ă )ăă )ă )ă .)
T

j j nx x X x x j n . (4.6)  
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ɿʘʜʘʯʘ ʧʨʦ ʩʫʤʽʰʽ ʘʙʦ ʟʘʜʘʯʘ ʧʨʦ ʜʽʻʪʫ 

ʉʫʯʘʩʥʠʡ ʬʽʪʦʪʝʨʘʧʝʚʪʠʯʥʠʡ ʮʝʥʪʨ ʚʠʢʦʥʫʻ ʣʽʢʫʚʘʣʴʥʽ ʨʦʙʦʪʠ ʥʘ 

ʦʩʥʦʚʽ ʧʨʝʧʘʨʘʪʽʚ ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ʂʦʞʝʥ ʚʠʜ ʨʦʩʣʠʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤ ʚʤʽʩʪʦʤ ʣʽʢʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɺʽʜʦʤʦ ʚʤʽʩʪ i

-ʛʦ ʝʣʝʤʝʥʪʘ ʚ ʦʜʠʥʠʮʽ j -ʛʦ ʨʦʩʣʠʥʥʦʛʦ ʧʨʝʧʘʨʘʪʫ ă .) ) ă .)ija i m j n , ʘ 

ʪʘʢʦʞ ʚʘʨʪʽʩʪʴ jc  ʦʜʠʥʠʮʽ ʧʨʝʧʘʨʘʪʫ j -ʛʦ ʚʠʜʫ ʽ ʜʦʙʦʚʘ ʤʽʥʽʤʘʣʴʥʘ 

ʣʽʢʫʚʘʣʴʥʘ ʜʦʟʘ i -ʛʦ ʧʨʝʧʘʨʘʪʫ  
ib .  

ʅʝʦʙʭʽʜʥʦ ʩʢʣʘʩʪʠ ʣʽʢʫʚʘʣʴʥʦ-ʧʨʦʬʽʣʘʢʪʠʯʥʠʡ ʨʘʮʽʦʥ ʤʽʥʽʤʘʣʴʥʦʾ 

ʚʘʨʪʦʩʪʽ. ʗʢʱʦ ʧʦʟʥʘʯʠʪʠ ʯʝʨʝʟ jx  ʢʽʣʴʢʽʩʪʴ ʧʨʝʧʘʨʘʪʫ j -ʛʦ ʚʠʜʫ, ʱʦ 

ʚʢʣʶʯʝʥʦ ʜʦ ʩʢʣʘʜʫ ʨʘʮʽʦʥʫ, ʪʦ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

ʥʘʙʫʚʘʶʪʴ ʚʠʛʣʷʜʫ: 

 

1

jfkă
n

j j X G
j

W c x  (4.7) 

ʟʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʦʙʤʝʞʝʥʴ G  ʥʘ ʜʦʙʦʚʫ ʜʦʟʫ  

 

1

ă .)
n

ij j i
j

a x b i m  (4.8)  

ʪʘ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ ʢʽʣʴʢʦʩʪʽ ʧʨʝʧʘʨʘʪʫ 

 -)ă ă .)j jx x j n . (4.9) 

 

ɿʘʜʘʯʘ ʧʨʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʌʽʨʤʘ, ʱʦ ʟʘʡʤʘʻʪʴʩʷ ʛʘʨʘʥʪʽʡʥʠʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʪʘ ʨʝʤʦʥʪʦʤ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ ʤʘʻ ʫ ʩʚʦʻʤʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ n  ʨʝʤʦʥʪʥʠʭ ʙʨʠʛʘʜ. 

ɺʽʜʦʤʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ijc  ʢʦʞʥʦʾ i -ʦʾ ʙʨʠʛʘʜʠ 1,i m  ʧʨʠ ʚʠʢʦʥʘʥʥʽ j -ʦʾ 

ʨʦʙʦʪʠ. 

ʇʦʪʨʽʙʥʦ ʪʘʢ ʨʦʟʧʦʜʽʣʠʪʠ ʙʨʠʛʘʜʠ ʟʘ ʨʦʙʦʪʘʤʠ, ʱʦʙ ʜʦʩʷʛʪʠ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʩʫʤʘʨʥʦʾ ʚʠʨʦʙʥʠʯʦʾ ʧʦʪʫʞʥʦʩʪʽ. ɿʨʦʟʫʤʽʣʦ, ʱʦ i -ʪʘ ʙʨʠʛʘʜʘ 

ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʚ ʜʝʷʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ ʣʠʰʝ ʦʜʥʫ ʟʘʜʘʥʫ ʨʦʙʦʪʫ. 

ʗʢʱʦ ʥʘʩ ʮʽʢʘʚʠʪʴ ʪʽʣʴʢʠ ʟʘʜʘʥʠʡ ʽʥʪʝʨʚʘʣ ʯʘʩʫ, ʪʦ ʥʝʤʘʻ ʩʝʥʩʫ 

ʨʦʟʛʣʷʜʘʪʠ ʪʽ ʨʦʙʦʪʠ, ʷʢʽ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʥʝ ʚʠʢʦʥʫʶʪʴʩʷ. 

ɸʙʦ ʨʦʟʛʣʷʜʘʪʠ ʪʽ ʙʨʠʛʘʜʠ, ʷʢʠʤ ʫ ʜʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ ʨʦʙʦʪʠ ʥʝ 
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ʚʠʩʪʘʯʠʣʦ (ʪʘʙʣ. 4.1), ʪʦʙʪʦ ʫ ʧʨʦʮʝʩʽ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʘʜʘʯʽ 

ʚʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ, ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ 

ʙʨʠʛʘʜ [ʫʩʽ ʨʦʙʦʪʠ ʦʙʦʚôʷʟʢʦʚʦ ʚʠʢʦʥʫʶʪʴʩʷ, ʫʩʽ ʙʨʠʛʘʜʠ ʧʨʘʮʶʶʪʴ]. 

ʊʘʙʣʠʮʷ 4.1 

ʇʦʷʩʥʝʥʥʷ ʱʦʜʦ ʤʦʞʣʠʚʦʛʦ ʨʦʙʦʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʙʨʠʛʘʜ 

ʅʦʤʝʨ 

ʙʨʠʛʘʜʠ 

ʅʦʤʝʨ ʨʦʙʦʪʠ 

1 2 3 4 5 6 7 8 

1 0 1 0 0 0 0 0 0 

2 0 0 0 0 0 1 0 0 

3 1 0 0 0 0 0 0 0 

4 0 0 0 1 0 0 0 0 

 

ʄʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʦʧʠʩʘʥʦʛʦ ʷʚʠʱʘ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ  ʤʘʪʨʠʮʽ 

(ʪʘʙʣ. 4.2). 

ʊʘʙʣʠʮʷ 4.2 

ʇʦʙʫʜʦʚʘ ʤʘʪʨʠʮʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʅʦʤʝʨ  

ʙʨʠʛʘʜʠ 

ʅʦʤʝʨ ʨʦʙʦʪʠ j  

1  2  é 2n  1n  n  

1  1 0 é 0 0 0 

2  0 1 é 0 0 0 

é é é é é é é 

2n  0 0 0 0 0 1 

1n  0 0 0 0 1 0 

n  0 0 0 1 0 0 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʩʪʫ ʟʘʜʘʯʽ ʧʨʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʚ ʦʢʨʝʤʦʤʫ ʩʪʦʚʧʮʽ, 

ʥʘʧʨʠʢʣʘʜ ʪʨʝʪʴʦʤʫ, ʯʠ ʚ ʦʢʨʝʤʦʤʫ ʨʷʜʢʫ, ʥʘʧʨʠʢʣʘʜ ʜʨʫʛʦʤʫ, ʤʦʞʝ ʙʫʪʠ 

ʣʠʰʝ ʦʜʥʘ ʦʜʠʥʠʮʷ, ʷʢʫ ʽʥʪʝʨʧʨʝʪʫʻʤʦ ʷʢ ʧʨʠʟʥʘʯʝʥʥʷ ʜʨʫʛʦʾ ʙʨʠʛʘʜʠ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʪʨʝʪʴʦʛʦ ʪʠʧʫ.  

ʆʩʪʘʪʦʯʥʦ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʥʘʙʫʚʘʶʪʴ 

ʚʠʛʣʷʜʫ: 

 

1 1

j^uă
n n

ij ij X G
i j

W c x  (4.10) 

ʟʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʦʙʤʝʞʝʥʴ G :  
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1 1

-)ă. )ăă .)ăă .)
n n

ij ij ij
i j

x x x  (4.11) 

ʜʝ  11 12)ă ) ) )ă )ă
T

ij nnX x x x x ï ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʜʦʨʽʚʥʶʻ 
2.n  

 

ɿʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ 

ɺʝʣʠʢʦʶ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʶ ʢʦʤʧʘʥʽʻʶ ʫʢʣʘʜʝʥʽ ʜʦʛʦʚʦʨʠ ʥʘ 

ʧʦʩʪʘʯʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʟʘʤʦʚʥʠʢʘʤ ʫ ʟʘʜʘʥʽ ʪʝʨʤʽʥʠ, ʫ ʧʝʚʥʦʤʫ ʘʩʦʨʪʠʤʝʥʪʽ 

ʪʘ ʦʙʩʷʟʽ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʜʦʛʦʚʽʨʥʠʭ ʟʦʙʦʚôʷʟʘʥʴ ʢʝʨʽʚʥʠʮʪʚʦ ʢʦʤʧʘʥʽʾ 

ʦʧʨʘʮʴʦʚʫʻ ʟʘʭʦʜʠ ʱʦʜʦ ʨʦʟʰʠʨʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʥʘʷʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

ʟʘ ʨʘʭʫʥʦʢ ʾʭ ʨʝʢʦʥʩʪʨʫʢʮʽʡ, ʘ ʪʘʢʦʞ ʟʘʚʜʷʢʠ ʙʫʜʽʚʥʠʮʪʚʫ ʥʦʚʠʭ ʚʠʨʦʙʥʠʯʠʭ 

ʧʨʠʤʽʱʝʥʴ. 

ɺʠʟʥʘʯʠʪʠ ʦʙʩʷʛʠ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ ʥʘ ʥʘʷʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʽ 

ʪʠʭ, ʱʦ ʨʝʢʦʥʩʪʨʫʶʶʪʴʩʷ ʪʘ ʙʫʜʫʶʪʴʩʷ, ʘ ʪʘʢʦʞ ʦʙʩʷʛʠ ʧʦʩʪʘʯʘʥʥʷ ʧʨʦʜʫʢʮʽʾ 

ʚʽʜ ʧʽʜʧʨʠʻʤʩʪʚ-ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʜʦ ʩʧʦʞʠʚʘʯʽʚ; ʽ ʧʨʠ ʮʴʦʤʫ ʩʫʤʘʨʥʽ ʚʠʪʨʘʪʠ 

ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʽ ʜʦʩʪʘʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʤʘʶʪʴ ʙʫʪʠ ʤʽʥʽʤʘʣʴʥʠʤʠ. ʇʦʙʫʜʦʚʫ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʦʯʥʝʤʦ ʽʟ ʚʚʝʜʝʥʥʷ ʪʘ ʧʦʷʩʥʝʥʥʷ ʬʽʟʠʯʥʦʛʦ ʟʤʽʩʪʫ 

ʪʘʢʠʭ ʧʦʟʥʘʯʝʥʴ: 

iï ʚʠʜ ʧʨʦʜʫʢʮʽʾ, ʷʢʘ ʚʠʨʦʙʣʷʻʪʴʩʷ 1,i m ; 

j ï ʥʦʤʝʨ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢʝ ʚʠʨʦʙʣʷʻ ʧʨʦʜʫʢʮʽʶ 1,j n ; 

kï ʥʦʤʝʨ ʩʧʦʞʠʚʘʯʘ ʧʨʦʜʫʢʮʽʾ 1,k l ; 

ijb ï ʦʙôʻʤ ʧʨʦʜʫʢʮʽʾ i -ʛʦ ʚʠʜʫ, ʷʢʠʡ ʚʠʨʦʙʣʷʻ j -ʪʝ ʧʽʜʧʨʠʻʤʩʪʚʦ 

ʧʨʦʪʷʛʦʤ ʟʘʜʘʥʦʛʦ ʯʘʩʫ (ʚʠʨʦʙʥʠʯʘ ʧʦʪʫʞʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ); 

ijc ï ʚʘʨʪʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ i -ʛʦ ʚʠʜʫ, ʚʠʨʦʙʣʝʥʦʾ j -ʠʤ 

ʧʽʜʧʨʠʻʤʩʪʚʦʤ; 

ikp ï ʦʙôʻʤ ʧʦʩʪʘʚʢʠ ʧʨʦʜʫʢʮʽʾ i -ʛʦ ʚʠʜʫ k -ʤʫ ʩʧʦʞʠʚʘʯʫ ʟʛʽʜʥʦ 

ʜʦʛʦʚʦʨʽʚ; 

ijx ï ʦʙôʻʤ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ i -ʛʦ ʚʠʜʫ ʥʘ j -ʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ; 

ijkx ï ʦʙôʻʤ ʧʦʩʪʘʚʢʠ ʧʨʦʜʫʢʮʽʾ i -ʛʦ ʚʠʜʫ, ʚʠʨʦʙʣʝʥʦʛʦ j -ʠʤ 

ʧʽʜʧʨʠʻʤʩʪʚʦʤ k -ʤʫ ʩʧʦʞʠʚʘʯʫ; 
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W ï ʩʫʤʘʨʥʽ ʚʠʨʦʙʥʠʯʽ ʪʘ ʪʨʘʥʩʧʦʨʪʥʽ ʚʠʪʨʘʪʠ, ʪʦʙʪʦ ʧʦʢʘʟʥʠʢ 

ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʽ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʥʘʙʫʚʘʶʪʴ ʚʠʛʣʷʜʫ: 

 

1 1 1 1 1

jfkă
m n m n l

ij ij ijk ijk X G
i j i j k

W c x c x  (4.12) 

ʟʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʦʙʤʝʞʝʥʴ G, ʷʢʽ ʥʘʢʣʘʜʘʶʪʴʩʷ ʥʘ ʚʠʨʦʙʥʠʯʽ ʧʦʪʫʞʥʦʩʪʽ 

ʢʦʞʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ: 

 

1

ă .) )ă .)
l

ijk ij
k

x b i m j n , (4.13) 

ʥʘ ʙʘʣʘʥʩ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʩʧʦʞʠʚʘʥʥʷ ʧʨʦʜʫʢʮʽʾ: 

 

1

ă .) )ă .)
l

ij ijk
k

x x i m j n  (4.14)  

ʥʘ ʟʘʜʦʚʦʣʝʥʥʷ ʟʘʧʠʪʫ ʩʧʦʞʠʚʘʯʽʚ: 

 

1

ă .) )ă .)
n

ijk ik
j

x p i m k l  (4.15)  

ʪʘ ʥʝʚʽʜôʻʤʥʽʩʪʴ ʦʙôʻʤʫ ʧʦʩʪʘʚʦʢ ʽ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ: 

 -)ă - ă .) )ă .) )ă .)ij ijkx x i m j n k l ,  (4.16) 

11 111)ă ) )ă ) )ă )ă )

T
m n m n l

ij mn mnlX x x x x x . 

 

ɿʘʜʘʯʘ ʧʨʦ ʨʦʟʧʦʜʽʣ ʨʝʩʫʨʩʽʚ 

ɺ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽʡ ʢʦʤʧʘʥʽʾ ʻ ʪʝʭʥʽʯʥʽ ʽ ʣʶʜʩʴʢʽ ʨʝʩʫʨʩʠ 

1 2)ă )ă )ămR R R  (ʥʘʧʨʠʢʣʘʜ, ʢʽʣʴʢʽʩʪʴ ʢʘʥʘʣʽʚ ʪʘ ʩʝʨʚʝʨʽʚ ʥʘ ʾʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ʢʽʣʴʢʽʩʪʴ ʙʨʠʛʘʜ ʤʦʥʪʘʞʫ ʪʘ ʨʝʤʦʥʪʫ ʦʙʣʘʜʥʘʥʥʷ, ʢʽʣʴʢʽʩʪʴ ʙʨʠʛʘʜ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʽʜʪʨʠʤʢʠ ʘʙʦʥʝʥʪʽʚ ʽ ʪ.ʜ.) ʜʣʷ ʥʘʜʘʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʧʦʩʣʫʛ ʫ ʢʽʣʴʢʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ 1)ă )ămb b  ʦʜʠʥʠʮʴ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʠʭ ʨʝʩʫʨʩʽʚ 

ʤʦʞʣʠʚʦ ʥʘʜʘʪʠ ʧʦʩʣʫʛʠ 1)ă )ănT T  (ʛʦʣʦʩʦʚʠʡ ʟʚôʷʟʦʢ, ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ 

ʤʦʙʽʣʴʥʦʾ ʩʪʘʥʮʽʾ, ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʡʦʤʫ ʟʦʙʨʘʞʝʥʴ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʨʦʚʦʜʦʚʠʡ ʽʥʪʝʨʥʝʪ ʽ ʪ.ʜ.). ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 
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ʧʦʩʣʫʛʠ jT  ʥʝʦʙʭʽʜʥʦ ija  ʦʜʠʥʠʮʴ ʨʝʩʫʨʩʫ 
iR .) 8ă .)i m j n . ʂʦʞʥʘ 

ʦʜʠʥʠʮʷ ʨʝʩʫʨʩʫ iR  ʢʦʰʪʫʻ 
id  1,i m . ʂʦʞʥʫ ʧʦʩʣʫʛʫ jT  ʤʦʞʣʠʚʦ 

ʨʝʘʣʽʟʫʚʘʪʠ ʟʘ ʮʽʥʦʶ jc 1,j n . ʅʘ ʢʦʞʥʠʡ ʚʠʜ ʧʦʩʣʫʛʠ ʻ ʩʚʽʡ ʟʘʧʠʪ: 

ʚʽʜʦʤʦ, ʱʦ ʨʠʥʦʢ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʦʩʣʫʛ ʤʦʞʝ ʩʢʦʨʠʩʪʘʪʠʩʴ ʥʝ ʙʽʣʴʰʝ, 

ʥʽʞ jK  ʦʜʠʥʠʮʷʤʠ ʧʦʩʣʫʛʠ jT  1,j n . ɿʘʜʘʯʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʟʥʘʡʪʠ 

ʷʢʽ ʧʦʩʣʫʛʠ ʽ ʚ ʷʢʽʡ ʢʽʣʴʢʦʩʪʽ ʨʝʘʣʽʟʫʚʘʪʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʨʠʙʫʪʢʫ. 

ʇʦʙʫʜʫʻʤʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʟʘʜʘʯʽ. ʇʦʟʥʘʯʠʤʦ: 

1 2)ă )ă )ănx x x ï ʢʽʣʴʢʽʩʥʠʡ ʚʠʨʘʟ ʧʦʩʣʫʛʠ ʚʽʜʧʦʚʽʜʥʦ 1 2)ă )ă )ănT T T , ʷʢʽ 

ʟʘʧʣʘʥʦʚʘʥʦ çʚʠʨʦʙʠʪʠè. 

ʋʤʦʚʠ ʟʘʧʠʪʫ ʪʘ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ ʥʘʢʣʘʜʘʶʪʴ ʥʘ jx  1,j n  ʦʙʤʝʞʝʥʥʷ  

- ă .)j jx K j n . 

ʆʙʤʝʞʝʥʥʷ ʚʠʜʫ 

1

ă .)
n

ij j i
j

a x b i m

 

ʬʦʨʤʘʣʽʟʫʶʪʴ ʚʠʤʦʛʫ ʥʝ ʧʝʨʝʚʠʱʝʥʥʷ ʥʘʷʚʥʦʛʦ ʟʘʧʘʩʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʝʩʫʨʩʫ. 

ʆʙʯʠʩʣʠʤʦ ʧʨʠʙʫʪʦʢ L  ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʝʣʝʤʝʥʪʽʚ ʨʽʰʝʥʥʷ 1)ă )ănx x . 

ʉʦʙʽʚʘʨʪʽʩʪʴ ʦʜʠʥʠʮʽ ʧʦʩʣʫʛʠ jT  ʜʦʨʽʚʥʶʻ 

1 1 2 2
1

ă 1,
m

j j j nj n ij i
i

S a d a d a d j na d

 

ʏʠʩʪʠʡ ʧʨʠʙʫʪʦʢ jq , ʷʢʠʡ ʙʫʜʝ ʦʪʨʠʤʘʥʦ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ʦʜʠʥʠʮʽ ʧʦʩʣʫʛʠ 

jT  ʜʦʨʽʚʥʶʻ ʨʽʟʥʠʮʽ ʤʽʞ ʾʾ ʮʽʥʦʶ ʜʣʷ ʧʨʦʜʘʞʫ jc  ʪʘ ʩʦʙʽʚʘʨʪʽʩʪʶ jS : 

ă .)j j jq c S j n . 

ɿʘʛʘʣʴʥʠʡ ʯʠʩʪʠʡ ʧʨʠʙʫʪʦʢ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ʫʩʽʭ ʧʦʩʣʫʛ ʜʦʨʽʚʥʶʻ 

ʟʥʘʯʝʥʥʶ ʚʠʨʘʟʫ: 



44 

1

.
n

j j
j

W q x  

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʽ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʥʘʙʫʚʘʶʪʴ ʚʠʛʣʷʜʫ: 

 

1

j^uă
n

j j X G
j

W q x  (4.17) 

ʟʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʦʙʤʝʞʝʥʴ G: 

 

1

1 .

- ă )

ă .) )

)ă )

1,

ă

j j

n

ij j i
j

T

n

x K j

a x b i m

X x x

n

 (4.18) 

ʎʝʡ ʟʘʧʠʩ ʦʟʥʘʯʘʻ: ʟʥʘʡʪʠ ʪʘʢʽ ʥʝʚʽʜôʻʤʥʽ ʪʘ ʦʙʤʝʞʝʥʽ ʟʚʝʨʭʫ ʟʥʘʯʝʥʥʷ

ă .)jx j n , ʧʨʠ ʷʢʠʭ ʟʘʜʦʚʦʣʴʥʷʶʪʴʩʷ ʨʝʩʫʨʩʥʽ ʦʙʤʝʞʝʥʥʷ ʪʘ 

ʤʘʢʩʠʤʽʟʫʻʪʴʩʷ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

 

ɿʘʜʘʯʘ ʧʨʦ ʧʝʨʝʚʝʟʝʥʥʷ 

ʆʧʠʩʦʚʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʬʽʨʤʘ, ʷʢʘ ʧʨʘʮʶʻ ʟʘ 

ʪʝʭʥʦʣʦʛʽʻʶ ʽʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʫ ʤʘʻ ʥʘ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ m  ʩʢʣʘʜʩʴʢʠʭ 

ʧʨʠʤʽʱʝʥʴ 1)ă )ămc c  ʪʘ n  ʧʫʥʢʪʽʚ ʩʧʦʞʠʚʘʥʥʷ ʧʨʦʜʫʢʮʽʾ 1)ă )ănʇ ʇ. 

 

ʈʠʩ. 4.1. ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʢʣʘʜʽʚ ă .)ic i m , ʩʧʦʞʠʚʘʯʽʚ ʇă .)j j n  ʪʘ ʤʝʨʝʞʽ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʧʦʣʫʯʝʥʴ 
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ʉʫʪʴ ʟʘʜʘʯʽ ʧʦʣʷʛʘʻ ʫ ʩʢʣʘʜʘʥʥʽ ʧʣʘʥʫ ʧʝʨʝʚʝʟʝʥʴ ʽʟ ʩʢʣʘʜʽʚ ă .)ic i m  

ʚ ʧʫʥʢʪʠ ʩʧʦʞʠʚʘʥʥʷ ă .)j j nʇ  ʜʝʷʢʦʛʦ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʅʘ ʩʢʣʘʜʘʭ 1,ăic i m  ʻ ʟʘʧʘʩʠ ʮʴʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʫ ʢʽʣʴʢʦʩʪʽ 
ia  ʦʜʠʥʠʮʴ. 

ʂʦʨʠʩʪʫʚʘʯʽ ʧʦʩʣʫʛ jʇ ʥ̔ʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʫ ʥʘʜʘʣʠ ʟʘʷʚʦʢ ʚʽʜʧʦʚʽʜʥʦ jb  

ʦʜʠʥʠʮʴ ʦʙʣʘʜʥʘʥʥʷ. ɿʘʷʚʢʠ ʤʦʞʣʠʚʦ ʚʠʢʦʥʘʪʠ, ʷʢʱʦ ʩʫʤʘ ʫʩʽʭ ʟʘʷʚʦʢ ʥʝ 

ʧʝʨʝʚʠʱʫʻ ʩʫʤʫ ʫʩʽʭ ʟʘʧʘʩʽʚ 
1 1

n m

j i
j i

b a . 

ʉʢʣʘʜʠ ʧʦʚôʷʟʘʥʽ ʽʟ ʧʫʥʢʪʘʤʠ ʩʧʦʞʠʚʘʥʥʷ ă .)j j nʇ  ʤʝʨʝʞʝʶ ʜʦʨʽʛ 

ʽʟ ʚʠʟʥʘʯʝʥʠʤʠ ʪʘʨʠʬʘʤʠ ʧʝʨʝʚʝʟʝʥʥʷ. ɺʘʨʪʽʩʪʴ ʧʝʨʝʚʝʟʝʥʥʷ ʦʜʠʥʠʮʽ ʪʦʚʘʨʫ 

ʟʽ ʩʢʣʘʜʫ ic  ʫ ʧʫʥʢʪ ʩʧʦʞʠʚʘʥʥʷ jʇ ʜʦʨʽʚʥʶʻ ă .) 8 .)iv i m j n . ʇʦʪʨʽʙʥʦ 

ʩʢʣʘʩʪʠ ʧʣʘʥ ʧʝʨʝʚʝʟʝʥʴ, ʪʦʙʪʦ ʚʢʘʟʘʪʠ ʟ ʷʢʦʛʦ ʩʢʣʘʜʫ ʚ ʷʢʽ ʧʫʥʢʪʠ ʽ ʷʢʫ 

ʢʽʣʴʢʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʩʧʨʷʤʫʚʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʘʷʚʢʠ ʙʫʣʠ 

ʚʠʢʦʥʘʥʽ, ʘ ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʚʩʽ ʧʝʨʝʚʝʟʝʥʥʷ ʙʫʣʠ ʤʽʥʽʤʘʣʴʥʽ. 

ʇʦʙʫʜʫʻʤʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʟʘʜʘʯʽ. ʇʦʟʥʘʯʠʤʦ ijx  ï ʢʽʣʴʢʽʩʪʴ 

ʦʜʠʥʠʮʴ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʘ ʩʧʨʷʤʦʚʫʻʪʴʩʷ ʟʽ ʩʢʣʘʜʫ ic  ʫ ʧʫʥʢʪ jʇ. 

ʈʦʟʚôʷʟʦʢ (ʧʣʘʥ ʧʝʨʝʚʝʟʝʥʴ) ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ n m  ʯʠʩʝʣ, ʷʢʽ 

ʧʨʝʜʩʪʘʚʠʤʦ ʫ ʚʠʛʣʷʜʽ ʧʨʷʤʦʢʫʪʥʦʾ ʤʘʪʨʠʮʽ: 

11 12 1

21 22 2

1 2

1,

1,ă

n

n
iij

j

m m

n

mn

m

x x x

x x x
P x

x x x

. 

ʇʦʪʨʽʙʥʦ ʦʙʨʘʪʠ ʪʘʢʽ ʥʝʚʽʜôʻʤʥʽ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ ijx , ʱʦ ʻ ʝʣʝʤʝʥʪʘʤʠ 

ʤʘʪʨʠʮʽ ʧʝʨʝʚʝʟʝʥʴ P, ʱʦʙ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʥʘʩʪʫʧʥʽ ʫʤʦʚʠ: 

1. ɭʤʥʽʩʪʴ ʩʢʣʘʜʫ ʧʝʨʝʚʠʱʫʚʘʪʠ ʥʝ ʤʦʞʥʘ (ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʟʘʛʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʙʫʣʦ ʚʟʷʪʝ ʽʟ ʢʦʞʥʦʛʦ ʩʢʣʘʜʫ ʥʝ ʧʦʚʠʥʥʘ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʡʦʛʦ ʟʘʧʘʩʽʚ ʥʘ ʮʴʦʤʫ ʩʢʣʘʜʽ): 
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1

ă .)
n

ij i
j

x a i m . 

2. ɿʘʷʚʢʠ, ʩʬʦʨʤʦʚʘʥʽ ʩʧʦʞʠʚʘʯʘʤʠ, ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʠʢʦʥʘʥʠʤʠ: 

1

ă .)
m

ij j
i

x b j n . 

3. ɿʘʛʘʣʴʥʘ ʚʘʨʪʽʩʪʴ ʧʝʨʝʚʝʟʝʥʴ ʧʦʚʠʥʥʘ ʦʙʯʠʩʣʶʚʘʪʠʩʴ ʟʘ ʬʦʨʤʫʣʦʶ: 

1 1

m n

ij ij
i j

W v x . 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʬʦʨʤʫʣʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʟʥʘʡʪʠ ʪʘʢʠʡ ʧʣʘʥ 

ʧʝʨʝʚʝʟʝʥʴ P, ʱʦʙ ʚʘʨʪʽʩʪʴ W  ʙʫʣʘ ʤʽʥʽʤʘʣʴʥʦʶ ʽ ʚʩʽ ʦʙʤʝʞʝʥʥʷ ʙʫʣʠ 

ʚʠʢʦʥʘʥʠʤʠ, ʟʘ ʫʤʦʚʠ, ʢʦʣʠ ʩʫʤʘ ʫʩʽʭ ʟʘʷʚʦʢ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʫʩʽʭ ʟʘʧʘʩʽʚ 

1 1

n m

j i
j i

b a , 

ʪʦʙʪʦ ʟ ʢʦʞʥʦʛʦ ʩʢʣʘʜʫ ʙʫʜʝ ʚʠʚʝʟʝʥʦ ʫʩʝ, ʱʦ ʥʘ ʥʴʦʤʫ ʻ, ʽ ʥʝʨʽʚʥʽʩʪʴ ʧʫʥʢʪʫ 

1 ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʨʽʚʥʽʩʪʴ: 

1

ă .)
n

ij i
j

x a i m . 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

 

1 1

jfkă
m n

ij ij X G
i j

W v x  (4.19) 

ʟʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʦʙʤʝʞʝʥʴ G: 

 
1

1

1 1

- ă .) 8 .)ă )

ă .) )

ă . )

.

,

ij

n

ij i
j
m

ij j
i

n m

j i
j i

x i m j n

x a i m

x b j n

b a

 (4.20) 

ʎʷ ʟʘʜʘʯʘ ʱʝ ʤʘʻ ʥʘʟʚʫ çʪʨʘʥʩʧʦʨʪʥʘ ʟʘʜʘʯʘ ʽʟ ʧʨʘʚʠʣʴʥʠʤ ʙʘʣʘʥʩʦʤè. 
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ɿʘʜʘʯʘ ʧʨʦ ʚʠʨʦʙʥʠʮʪʚʦ ʩʢʣʘʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʇʨʦʪʷʛʦʤ ʯʘʩʫ T ʧʣʘʥʫʻʪʴʩʷ ʚʠʨʦʙʥʠʮʪʚʦ ʩʢʣʘʜʥʦʛʦ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʢʦʞʝʥ ʢʦʤʧʦʥʝʥʪ ʷʢʦʛʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ n 

ʝʣʝʤʝʥʪʽʚ 1 2)ă )ă )ănE E E . ɿʘʤʦʚʣʝʥʥʷ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʞʣʠʚʦ 

ʨʦʟʤʽʩʪʠʪʠ ʥʘ m  ʨʽʟʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 
1 2)ă )ă )ămʇ ʇ ʇ. ɿʘ ʽʥʪʝʨʚʘʣ ʯʘʩʫ T  ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʽ 
iʇ ʤʦʞʣʠʚʦ ʚʠʨʦʙʠʪʠ ija  ʝʣʝʤʝʥʪʽʚ ʪʠʧʫ ă .) 8 .)jE i m j n .  

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʥʘʩ ʮʽʢʘʚʠʪʴ ʣʠʰʝ ʧʝʚʥʠʡ ʢʦʤʧʣʝʢʪ ʝʣʝʤʝʥʪʽʚ, 

ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʘʪʠ ʧʦʚʥʫ ʟʙʦʨʢʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʩʬʦʨʤʫʣʶʻʤʦ 

ʥʘʩʪʫʧʥʫ ʤʝʪʫ ʦʧʝʨʘʮʽʾ: ʥʝʦʙʭʽʜʥʦ ʨʦʟʧʦʜʽʣʠʪʠ ʟʘʤʦʚʣʝʥʥʷ ʧʦ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʢʽʣʴʢʽʩʪʴ ʧʦʚʥʠʭ ʢʦʤʧʣʝʢʪʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟʘ ʯʘʩ T ʙʫʣʘ 

ʤʘʢʩʠʤʘʣʴʥʦʶ. ʈʦʟʧʦʜʽʣʠʪʠ ʟʘʤʦʚʣʝʥʥʷ ʦʟʥʘʯʘʻ ʚʠʟʥʘʯʠʪʠ ʜʣʷ ʢʦʞʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ă .)i i mʇ  ʯʘʩʪʢʫ ʯʘʩʫ ijx  ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʯʘʩʫ T , ʷʢʫ ʮʝ 

ʧʽʜʧʨʠʻʤʩʪʚʦ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ ʚʠʨʦʙʣʷʶʯʠʡ ʝʣʝʤʝʥʪ ă% .) &jE j n . 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ 

ij
ijx

T
, 

ʜʝ ij ï ʯʘʩ, ʷʢʠʡ ʧʦʚʠʥʥʦ ʚʠʪʨʘʪʠʪʠ ʧʽʜʧʨʠʻʤʩʪʚʦ iʇ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ 

ʝʣʝʤʝʥʪʘ jE , ʘ ʪʘʢʦʞ ʪʦʡ ʬʘʢʪ, ʱʦ 

n

ij
j 1

T  

ʦʪʨʠʤʘʻʤʦ ʦʙʤʝʞʝʥʥʷ ʥʘ ʟʤʽʥʥʫ ijx : 

1

.ă .)
n

ij
j

x i m . 

ʇʽʜʢʨʝʩʣʠʤʦ, ʱʦ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʟʘʛʘʣʴʥʦʾ ʟʘʜʘʯʽ ʚʨʘʭʦʚʫʶʪʴʩʷ ʣʠʰʝ 

ʧʦʚʥʽ ʢʦʤʧʣʝʢʪʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʫʩʽʭ ʝʣʝʤʝʥʪʽʚ 1)ă )ănE E . ʊʦʤʫ 

ʚʠʟʥʘʯʠʤʦ ʢʽʣʴʢʽʩʪʴ ʧʦʚʥʠʭ ʢʦʤʧʣʝʢʪʽʚ, ʷʢʽ ʟʤʦʞʫʪʴ ʚʠʨʦʙʣʷʪʠ ʫʩʽ 
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ʧʽʜʧʨʠʻʤʩʪʚʘ ʨʘʟʦʤ ʟʘ ʯʘʩT . ɿʨʦʟʫʤʽʣʦ, ʱʦ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʪʠʧʫ 

jE  ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

1

ăă .)
m

j ij ij
i

N a x j n . 

ʇʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ï ʮʝ ʢʽʣʴʢʽʩʪʴ ʧʦʚʥʠʭ ʢʦʤʧʣʝʢʪʽʚ, ʱʦ ʜʦʨʽʚʥʶʻ 

ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ, ʷʢʠʭ ʚʠʨʦʙʣʝʥʦ ʥʘʡʤʝʥʰʝ: 

.)ă )ă
1

min
m

ij ijj n
i

W a x . 

ʄʘʪʝʤʘʪʠʯʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

 
.)ă )ă

1

jfk j^uă
m

ij ij X Gj n
i

W a x . (4.21) 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʙʤʝʞʝʥʴ: 

 1

.ă .) )

-ă .) 8 .) )

n

ij
j

ij

x i m

x i m j n
 

 (4.22) 

ʜʝ 

  
11)ă )ă )ă )ă

T

ij mnX x x x . 

ɯʟ ʥʘʚʝʜʝʥʠʭ ʧʨʠʢʣʘʜʽʚ ʚʠʜʥʦ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʟʘʜʘʯ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʠʰʝ ʣʽʥʽʡʥʠʭ ʬʫʥʢʮʽʡ ʚʽʜ ʝʣʝʤʝʥʪʽʚ ʨʽʰʝʥʥʷ ʷʢ ʫ ʧʦʢʘʟʥʠʢʫ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʪʘʢ ʽ ʚ ʦʙʤʝʞʝʥʥʷʭ. ʅʘʛʘʜʘʻʤʦ, ʱʦ ʟʘ ʮʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʟʥʘʡʪʠ ʤʘʢʩʠʤʫʤ ʘʙʦ ʤʽʥʽʤʫʤ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʊʘʢʽ 

ʟʘʜʘʯʽ ʚ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʧʨʦʛʨʘʤʫʚʘʥʥʽ ʫʪʚʦʨʶʶʪʴ ʦʢʨʝʤʠʡ ʢʣʘʩ ʟʘʜʘʯ, ʱʦ 

ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ.  
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ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʘ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʧʨʦ 

ʨʦʟʢʨʽʡ. 

2. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʘ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʧʨʦ 

ʩʫʤʽʰʽ. 

3. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʘ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʧʨʦ 

ʧʨʠʟʥʘʯʝʥʥʷ 

4. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʘ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ 

5. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʘ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʧʨʦ 

ʨʦʟʧʦʜʽʣ ʨʝʩʫʨʩʽʚ 

6. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʘ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʧʨʦ 

ʧʝʨʝʚʝʟʝʥʥʷ 

7. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʘ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʧʨʦ 

ʚʠʨʦʙʥʠʮʪʚʦ ʩʢʣʘʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 
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ɻʣʘʚʘ 5. ɿʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ  

5.1. ʇʦʥʷʪʪʷ ʧʨʦ ʣʽʥʽʡʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʅʘʡʙʽʣʴʰ ʜʦʩʣʽʜʞʝʥʠʤ ʨʦʟʜʽʣʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʻ 

ʣʽʥʽʡʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʃʽʥʽʡʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʠʚʯʘʻ ʚʘʞʣʠʚʫ ʜʣʷ ʧʨʘʢʪʠʢʠ ʟʘʜʘʯʫ ʚʽʜʰʫʢʘʥʥʷ 

ʤʘʢʩʠʤʫʤʫ (ʤʽʥʽʤʫʤʫ) ʣʽʥʽʡʥʦʾ ʬʫʥʢʮʽʾ ʟʘ ʥʘʷʚʥʦʩʪʽ ʦʙʤʝʞʝʥʴ ʫ ʚʠʛʣʷʜʽ 

ʣʽʥʽʡʥʠʭ ʥʝʨʽʚʥʦʩʪʝʡ ʘʙʦ ʨʽʚʥʷʥʴ. 

ʆʩʢʽʣʴʢʠ ʧʨʠʢʣʘʜʥʘ ʩʪʦʨʦʥʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ï ʮʝ 

ʦʧʪʠʤʽʟʘʮʽʷ ʨʽʰʝʥʴ ʚʟʘʛʘʣʽ ʽ ʚ ʪʝʭʥʽʮʽ ʟʦʢʨʝʤʘ, ʪʦ ʣʽʥʽʡʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʱʝ 

ʥʘʟʠʚʘʶʪʴ ʣʽʥʽʡʥʦʶ ʦʧʪʠʤʽʟʘʮʽʻʶ. ɸʣʛʦʨʠʪʤʠ ʪʘ ʧʨʦʛʨʘʤʠ, ʩʪʚʦʨʝʥʽ ʥʘ ʙʘʟʽ 

ʤʝʪʦʜʽʚ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʢʦʤʧôʁ ʪʝʨʥʽʡ 

ʪʝʭʥʽʮʽ, ʫʪʚʦʨʶʶʪʴ ʪʘʢ ʟʚʘʥʽ ʩʠʩʪʝʤʠ ʢʦʤʧôʁ ʪʝʨʥʦʾ ʤʘʪʝʤʘʪʠʢʠ. ʎʽ ʩʠʩʪʝʤʠ ʻ 

ʥʝʚʽʜô̒ ʤʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʰʫʢʫ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚô̫ ʟʢʫ. ʈʦʟʛʣʷʥʝʤʦ ʢʣʶʯʦʚʠʡ ʝʣʝʤʝʥʪ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ, ʘ 

ʩʘʤʝ ï ʤʝʪʦʜʠ ʨʦʟʚô̫ ʟʘʥʥʷ ʟʘʜʘʯ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

5.2. ʌʦʨʤʠ ʟʘʧʠʩʫ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ɿʘʛʘʣʴʥʘ ʟʘʜʘʯʘ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʧʦʰʫʢʫ ʤʘʢʩʠʤʫʤʫ 

(ʤʽʥʽʤʫʤʫ) ʣʽʥʽʡʥʦʾ ʬʫʥʢʮʽʾ. 

 1 1 2 2
1

max (min)
n

n n j j
X Gj

W c x c x c x c x  (5.1) 

ʟʘ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʤʝʞʝʥʴ: 

 1 1
1

ă .)
n

i in n j j i
j

a x a x a x b i k , (5.2) 

 1 1
1

ă .)
n

i in n j j i
j

a x a x a x b i k m , (5.3) 

 - ă .) ăjx i n , (5.4) 

ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚóʷʟʢʽʚ G, ʷʢʽʡ ʧʦʚʠʥʝʥ ʟʘʜʦʚʦʣʴʥʷʪʠ 

ʚʝʢʪʦʨ ʢʝʨʫʶʯʠʭ ʟʤʽʥʥʠʭ 1)ă )ă
T

nX x x . 
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ʅʘʛʘʜʘʻʤʦ, ʱʦ ʬʫʥʢʮʽʷ W  ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʢʘʟʥʠʢʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʙʦ 

ʮʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ, ʘʙʦ ʢʨʠʪʝʨʽʻʤ ʦʧʪʠʤʘʣʴʥʦʩʪʽ, ʘʙʦ ʣʽʥʽʡʥʦʶ ʬʦʨʤʦʶ. 

ʉʫʢʫʧʥʽʩʪʴ ʟʥʘʯʝʥʴ ʥʝʚʽʜʦʤʠʭ ʢʝʨʫʶʯʠʭ ʟʤʽʥʥʠʭ 1)ă )ă
T

nX x x , ʱʦ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʘʤ (5.2), (5.3), (5.4) ʟʘʜʘʯ ̔ (5.1) ï (5.4) ʤʘʻ ʥʘʟʚʫ 

ʨʦʟʚóʷʟʢʫ. ʈʦʟʚóʷʟʦʢ 1)ă )ă
T

nX x x ʥʘʟʠʚʘʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʠʤ, ʷʢʱʦ ʚʽʥ 

ʤʘʢʩʠʤʽʟʫʻ(ʤʽʥʽʤʽʟʫʻ) ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʗʢʱʦ ʚ ʟʘʜʘʯʽ (5.1) ï (5.4) ʚʠʣʫʯʠʪʠ ʦʙʤʝʞʝʥʥʷ (5.3), ʪʦ ʟʘʜʘʯʘ 

ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʙʫʜʝ ʥʘʟʠʚʘʪʠʩʷ ʩʠʤʝʪʨʠʯʥʦʶ ʟʘʜʘʯʝʶ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʗʢʱʦ ʚ ʟʘʜʘʯʽ (5.1) ï (5.4) ʚʠʣʫʯʠʪʠ ʦʙʤʝʞʝʥʥʷ (5.2), ʪʦ ʦʪʨʠʤʘʥʘ 

ʟʘʜʘʯʘ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʙʫʜʝ ʥʘʟʠʚʘʪʠʩʷ ʢʘʥʦʥʽʯʥʦʶ ʘʙʦ ʦʩʥʦʚʥʦʶ 

ʟʘʜʘʯʝʶ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ɺʠʢʦʥʫʶʯʠ ʬʦʨʤʘʣʴʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ,ʤʦʞʣʠʚʦ ʧʝʨʝʡʪʠ ʚʽʜ ʩʠʤʝʪʨʠʯʥʦʾ 

ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʜʦ ʦʩʥʦʚʥʦʾ ʽ ʥʘʚʧʘʢʠ. ʇʝʨʝʭʽʜ ʚʽʜ 

ʥʝʨʽʚʥʦʩʪʽ ʜʦ ʨʽʚʥʦʩʪʽ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʧʦʤʽʞʥʠʭ 

ʜʦʜʘʪʥʠʭ ʟʤʽʥʥʠʭ: 

1 1
1 1

ă .
ă ă

, ,

0,
i in n i i

i in n i
i

a x a x y b i k
a x a x b

y
 

ʘʙʦ 

1 1
1 1

, ă .)
ă ă

-+ă
i in n i i

i in n i
i

a x a x y b i k
a x a x b

y
 

ʇʝʨʝʭʽʜ ʚʽʜ ʨʽʚʥʷʥʥʷ ʜʦ ʥʝʨʽʚʥʦʩʪʽ ʚʠʢʦʥʫʻʪʴʩʷ ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʦʜʥʦʛʦ 

ʨʽʚʥʷʥʥʷ ʜʚʦʤʘ ʥʝʨʽʚʥʦʩʪʷʤʠ. 

1 1

1 1
1 1

ăăăăăăăăăăăăăăăăăăă
ă ă

ă .) +

,i in n i

i in n i
i in n i

a x a x b
a x a x b

a x a x b i k m
 

ʇʽʜʢʨʝʩʣʠʤʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʟʘ ʬʽʟʠʯʥʠʤ ʟʤʽʩʪʦʤ ʟʘʜʘʯʽ (5.1) ï 

(5.4) ʜʝʷʢʘ ʟʤʽʥʥʘ sx  ʤʦʞʝ ʤʘʪʠ ʙʫʜʴ ʷʢʠʡ ʟʥʘʢ, ʪʦ ʥʝʦʙʭʽʜʥʦ ʚʚʝʩʪʠ ʚ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʚʽ ʜʦʧʦʤʽʞʥʽ ʥʝʚʽʜôʻʤʥʽ ʟʤʽʥʥʽ ʽ ʮʶ ʟʤʽʥʥʫ ʟʘʤʽʥʠʪʠ ʾʭ 

ʨʽʟʥʠʮʝʶ: 
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-ă -,ă )s s s s s sx x u v u v
. 

5.3. ɻʝʦʤʝʪʨʠʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʟʘʜʘʯ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʇʦʩʪʘʚʠʤʦ ʟʘʜʘʯʫ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ 

 1 1 2 2 max(min)
X G

n nW c x c x c x   (5.5) 

ʟʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʦʙʤʝʞʝʥʴ G : 

 

11 1 1 1

1 1 )ăă -ă .)

,n n

m mn n m j

a x a x b

a x a x b x j n
 (5.6) 

ʂʦʞʥʘ ʽʟ ʥʝʨʽʚʥʦʩʪʝʡ ʩʠʩʪʝʤʠ (5.6) ʚ ɽʚʢʣʽʜʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʻ 

ʧʽʚʧʨʦʩʪʦʨʦʤ ʽʟ ʛʨʘʥʠʯʥʠʤʠ ʛʽʧʝʨʧʣʦʱʠʥʘʤʠ 

1 1

1,

ă .) )

- ă +

i in n i

j

a x a x b i m

x j n
 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʩʠʩʪʝʤʘ ʥʝʨʽʚʥʦʩʪʝʡ (5.6) ʩʫʤʽʩʥʘ. ʈʝʟʫʣʴʪʘʪ ʾʾ 

ʨʦʟʚôʷʟʘʥʥʷ ʫʪʚʦʨʶʻ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚóʷʟʢʽʚ, ʷʢʘ, ʷʢ ʚʽʜʦʤʦ ʽʟ ʢʫʨʩʫ 

ʣʽʥʽʡʥʦʾ ʘʣʛʝʙʨʠ, ʙʫʜʝ ʦʙʤʝʞʝʥʘ ʦʧʫʢʣʠʤ ʙʘʛʘʪʦʛʨʘʥʥʠʢʦʤ, ʛʨʘʥʽ ʷʢʦʛʦ 

ʤʦʞʫʪʴ ʩʧʽʚʧʘʜʘʪʠ ʽʟ ʯʘʩʪʠʥʘʤʠ ʛʽʧʝʨʧʣʦʱʠʥ, ʘ ʚʝʨʰʠʥʠ ʫʪʚʦʨʶʶʪʴʩʷ ʷʢ 

ʪʦʯʢʠ ʧʝʨʝʪʠʥʫ ʮʠʭ ʛʽʧʝʨʧʣʦʱʠʥ. ɹʫʜʴ-ʷʢʘ ʚʥʫʪʨʽʰʥʷ ʽ ʛʨʘʥʠʯʥʘ ʪʦʯʢʘ 

ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚóʷʟʢʽʚ ʻ ʜʦʧʫʩʪʠʤʠʤ ʨʦʟʚóʷʟʢʦʤ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʗʢʱʦ ʧʨʠʨʽʚʥʷʪʠ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦ ʥʫʣʷ, ʪʦ 

ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʛʽʧʝʨʧʣʦʱʠʥʠ ʚ n -ʚʠʤʽʨʥʦʤʫ ɽʚʢʣʽʜʦʚʦʤʫ ʧʨʦʩʪʦʨʽ 

1 1 2 2 0n nW c x c x c x , 

ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ ʽ ʻ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʶ ʜʦ ʚʝʢʪʦʨʘ-

ʛʨʘʜʽʻʥʪʘ 1)ă )ă
T

nC c c , ʩʢʣʘʜʝʥʦʛʦ ʽʟ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʅʘʧʨʷʤ ʚʝʢʪʦʨʘ C  ʚʢʘʟʫʻ ʥʘʧʨʷʤ ʟʨʦʩʪʘʥʥʷ ʬʫʥʢʮʽʾ W . ʊʦʤʫ, ʜʣʷ ʧʦʰʫʢʫ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ W  ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʩʫʚʘʪʠ ʛʽʧʝʨʧʣʦʱʠʥʫ ʚ 

ʥʘʧʨʷʤʢʫ ʚʝʢʪʦʨʘ C  ʪʘʢ, ʱʦʙ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚóʷʟʢʽʚ ʽ ʮʷ ʧʝʨʝʩʫʥʫʪʘ 

ʛʽʧʝʨʧʣʦʱʠʥʘ ʤʘʣʠ ʭʦʯʘ ʙ ʦʜʥʫ ʩʧʽʣʴʥʫ ʪʦʯʢʫ.  



53 

ʅʘ ʧʨʠʢʣʘʜʽ ʜʚʦʚʠʤʽʨʥʦʛʦ ɽʚʢʣʽʜʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʧʨʦʽʣʶʩʪʨʫʻʤʦ 

ʨʠʩʫʥʢʘʤʠ ʪʠʧʦʚʽ ʚʠʧʘʜʢʠ, ʱʦ ʪʨʘʧʣʷʶʪʴʩʷ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ (ʨʠʩ.5.1). 

ɺʝʨʰʠʥʠ ʆɼʈ ʥʘʟʠʚʘʶʪʴ ʦʧʦʨʥʠʤʠ ʪʦʯʢʘʤʠ, ʘ ʨʦʟʚô̫ ʟʢʠ, ʱʦ ʽʩʥʫʶʪʴ ʚ 

ʮʠʭ ʚʝʨʰʠʥʘʭ ï ʦʧʦʨʥʠʤʠ ʨʦʟʚô̫ ʟʢʘʤʠ. 

 

 

ʈʠʩ. 5.1. ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʩʥʦʚʥʦʾ ʧʣʦʱʠʥʠ 

1 1 2 2 n nW c x c x c x ʪʘ ʆɼʈ:  

ʘï ʟʘʜʘʯʘ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʷʢʘ ʤʘʻ ʻʜʠʥʠʡ ʨʦʟʚô̫ ʟʦʢ;  

ʙ ï ʟʘʜʘʯʘ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʷʢʘ ʤʘʻ ʙʝʟʣʽʯ ʦʧʪʠʤʘʣʴʥʠʭ ʨʦʟʚô̫ ʟʢʽʚ;  

ʚ ï ʟʘʜʘʯʘ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʷʢʘ ʤʘʻ ʘʙʩʪʨʘʢʪʥʠʡ ʨʦʟʚô̫ ʟʦʢ (ʮʝʡ ʨʦʟʚô̫ ʟʦʢ ʥʝ ʤʘʻ 

ʬʽʟʠʯʥʦʛʦ ʟʤʽʩʪʫ, ʪʦʤʫ ʱʦ ʥʝ ʚʨʘʭʦʚʘʥʦ ʚʩʽ ʨʝʩʫʨʩʥʽ ʦʙʤʝʞʝʥʥʷ, ʷʢʽ ʥʝ ʜʦʟʚʦʣʷʶʪʴ 

ʜʦʩʷʛʪʠ ʥʝʩʢʽʥʯʝʥʥʦ ʚʝʣʠʢʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ);  

ʛ ï ʩʠʩʪʝʤʘ ʦʙʤʝʞʝʥʴ ʥʝʩʫʤʽʩʥʘ G : ʟʘʜʘʯʘ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʷʢʘ ʥʝ ʤʘʻ 

ʨʦʟʚô̫ ʟʢʽʚ. 

5.4. ɻʨʘʬʽʯʥʠʡ ʤʝʪʦʜ ʨʦʟʚô̫ ʟʘʥʥʷ ʟʘʜʘʯ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʇʨʠʢʣʘʜ 5.1. ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ ʚʠʨʦʙʥʠʯʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, ʧʨʠ 2n . 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʘ ʬʽʨʤʘ ʚʠʛʦʪʦʚʣʷʻ ʚʠʨʦʙʠ ʜʚʦʭ ʚʠʜʽʚ: 

¶ ɸ ï ʩʫʧʫʪʥʠʢ ʟʚôʷʟʢʫ, 
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¶ ɺ ï ʥʘʚʽʛʘʮʽʡʥʠʡ ʩʫʧʫʪʥʠʢ. 

¶ ɼʣʷ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʝʩʫʨʩʠ: 

¶ G ï ʙʘʟʦʚʽ ʤʦʜʫʣʽ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ; 

¶ D ï ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʥʝʦʙʭʽʜʥʽ ʝʣʝʤʝʥʪʠ ʞʠʪʪʻʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʫʧʫʪʥʠʢʘ; 

¶ ɽ ï ʤʦʜʫʣʽ ʩʠʩʪʝʤʠ ʦʨʽʻʥʪʘʮʽʾ, ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʘ ʥʘʚʽʛʘʮʽʾ; ʚ ʦʙôʻʤʘʭ 

ʚʽʜʥʦʩʥʦ: 600G , 800D , 240E . 

ʅʦʨʤʠ ʚʠʪʨʘʪ ʨʝʩʫʨʩʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 5.1. 

ʊʘʙʣʠʮʷ 5.1 

ʅʦʨʤʠ ʚʠʪʨʘʪ ʨʝʩʫʨʩʽʚ 

ʅʦʨʤʠ ʚʠʪʨʘʪ ʨʝʩʫʨʩʽʚ ɸ ɺ 

ʉ 24 8 

D 8 8 

E 3 8 

 

ʇʨʠʙʫʪʦʢ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ʚʠʨʦʙʫ Aʩʢʣʘʜʘʻ 40 ʫ.ʦ., B  ï  50 ʫ.ʦ. 

ɿʥʘʡʪʠ ʦʙô̒ ʤ ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʨʠʙʫʪʦʢ. 

ʈ̔ʰʝʥʥʷ 

Ǐ ʇʦʙʫʜʦʚʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ: 

ʇʦʟʥʘʯʠʤʦ 1,2x  ï ʦʙôʻʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʨʦʙʫ A  ʪʘ B. ʊʦʜʽ ʧʨʠʙʫʪʦʢ 

ʬʽʨʤʠ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ 1x  ʚʠʨʦʙʫ A  ʪʘ 2x  ʚʠʨʦʙʫ B  ʩʢʣʘʜʘʪʠʤʝ  

1 21- ă 2-W x x . 

ʆʙʤʝʞʝʥʥʷ G  (ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚóʷʟʢʽʚ), ʧʦʚôʷʟʘʥʽ ʽʟ ʨʝʩʫʨʩʘʤʠ 

ʪʘ ʬʽʟʠʯʥʠʤ ʟʤʽʩʪʦʤ ʟʤʽʥʥʠʭ, ʤʘʶʪʴ ʚʠʛʣʷʜ: 

1 2

1 2

1 2

1 0 2 0

24 8 600;

5 5 15-8ăă

0 5 /1-8ăă

)ă ăă, ă

x x

x x

x x

x N x N

 

ʜʝ 0 -).ă)ă/)N . ɿʥʝʭʪʫʻʤʦ ʫʤʦʚʦʶ ʮʽʣʦʯʠʩʝʣʴʥʦʩʪʽ ʨʦʟʚóʷʟʢʽʚ, ʘ 

ʟʘʣʠʰʠʤʦ ʫʤʦʚʫ ʾʭ ʥʝʚʽʜóʻʤʥʦʩʪʽ, ʪʦʙʪʦ ʨʦʟʚóʷʞʝʤʦ ʪʘʢ ʟʚʘʥʫ ʧʦʩʣʘʙʣʝʥʫ 

ʟʘʜʘʯʫ. 



55 

ʄʘʪʝʤʘʪʠʯʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ: ʥʝʦʙʭʽʜʥʦ ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʧʦʢʘʟʥʠʢ 

ʝʬʝʢʪʠʚʥʦʩʪʽ 

.)ă/
1 21- 2- j^u ă

x G
W x x  

ʟʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʩʘʥʠʭ ʦʙʤʝʞʝʥʴ G . ʗʢ ʙʘʯʠʤʦ, ʟʘʜʘʯʘ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʷʢ ʩʠʤʝʪʨʠʯʥʘ ʟʘʜʘʯʘ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ɿʥʘʡʜʝʤʦ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚóʷʟʢʽʚ ʮʽʻʾ ʟʘʜʘʯʽ. ɼʣʷ ʮʴʦʛʦ 

ʨʦʟʚóʷʞʝʤʦ ʥʝʨʽʚʥʦʩʪʽ ʚʽʜʥʦʩʥʦ ʟʤʽʥʥʦʾ 
2x : 

2 1

2 1

2 1

1,2

ă 0 428ă

ă 3-8

3ă 0-8
8

0.

x x

x x

x x

x

 

ɻʨʘʥʠʮʽ: 

2 1

2 1

2 1

1 2

ă 0 42)

ă 3-)

3
ă 0-)

8
-)ă -+

x x

x x

x x

x x

 

ɺʠʢʦʥʘʻʤʦ ʧʦʙʫʜʦʚʫ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ (ʨʠʩ.5.2) ʪʘ ʟʥʘʡʜʝʤʦ 

ʧʦʣʦʞʝʥʥʷ ʦʩʥʦʚʥʦʾ ʧʨʷʤʦʾ 

1 2 0 2 1

4
40 50 .0 :

5
W x x l x x  

ɿʥʘʡʜʝʤʦ maxW : 

*
2 1 1

4 4

5 50 5

W
x x x W , 

ʜʝ *W ï ʚʽʜʨʽʟʦʢ, ʷʢʠʡ ʧʨʷʤʘ ʚʽʜʪʠʥʘʻ ʥʘ ʦʩʽ ʦʨʜʠʥʘʪ. ʏʠʤ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ 

*W , ʪʠʤ ʙʽʣʴʰʝ  W  ʪʦʤʫ, ʱʦ *

50
W

W
. 

ɿʥʘʡʜʝʤʦ 1 2)ămax max
x x  ʷʢ ʪʦʯʢʫ ʧʝʨʝʪʠʥʫ ʛʨʘʥʠʮʴ: 
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1
2 1

2 1 2

13 17 17,14,30, 7ăă ăă8 40 42)ă 23 23,57.
7

xx x

x x x
 

max 1-Å.4).1 2-Å/0)24 .531).W . 

 

ʈʠʩ. 5.2. ɻʨʘʬʽʢ ʟʥʘʭʦʜʞʝʥʥʷ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ 

ʆʙʯʠʩʣʠʤʦ ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚóʷʟʦʢ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚʠ 

ʮʽʣʦʯʠʩʝʣʴʥʦʩʪʽ ʪʘ ʥʝʚʽʜó̒ ʤʥʦʩʪʽ ʟʤʽʥʥʠʭ 
1x  ʪʘ  2x  (ʨʠʩ.5.3). 

 

ʈʠʩ. 5.3. ʈʦʟʪʘʰʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʙʽʣʷ ʮʽʣʦʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ 

ɿ ʨʠʩʫʥʢʫ 5.3 (ʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʦʧʘʜʘʥʥʷ 

)ă)ă)ă ʚ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ) ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʠʡ ʨʝʟʫʣʴʪʘʪ: 

ʣʠʰʝ ă%.4)ă/0&ʥʘʣʝʞʠʪʴ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ, ʪʦʙʪʦ 

maxT 1-Å.4 2-Å/0 .50- 
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ʽ ʜʦʩʷʛʘʻʪʴʩʷ ʮʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʧʨʠ ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʮʽʾ: 17 ʦʜʠʥʠʮʴ ʪʠʧʫ 

A  ʽ 23 ʦʜʠʥʠʮʴ ʪʠʧʫ B . ƴ 

ʇʨʠʢʣʘʜ 5.2. ɿʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚóʷʟʦʢ ʦʩʥʦʚʥʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ: 

1 22 / jfkă18
X G

W x x , 

ʜʝ ʆɼʈ G  ʟʘʜʘʥʘ ʥʘʩʪʫʧʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ: 

1 2 3

1 2 3 4

1 2 5

2 6

1 2 6 7

4,

/ 2ă)

1ă)

5,

/ / / 4)ăă

x x x

x x x x

x x x

x x

x x x x

 

ʧʨʠ ʫʤʦʚʽ, ʱʦ 0 1,7ix i , 7
1 7,...,

T
X x x . 

ʈ̔ʰʝʥʥʷ 

Ǐ ʂʽʣʴʢʽʩʪʴ ʢʝʨʫʶʯʠʭ ʟʤʽʥʥʠʭ 7n , ʘ ʢʽʣʴʢʽʩʪʴ ʦʙʤʝʞʝʥʴ-ʨʽʚʥʦʩʪʝʡ 

5m , ʪʦʤʫ 7 5 2n m . ʆʪʞʝ, ʚʠʢʦʨʠʩʪʘʻʤʦ ʛʨʘʬʽʯʥʦ-ʘʥʘʣʽʪʠʯʥʠʡ 

ʤʝʪʦʜ ʨʦʟʚóʷʟʘʥʥʷ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ: 

ï ʧʦʙʫʜʫʻʤʦ ʆɼʈ G ; 

ï ʛʨʘʬʽʯʥʠʤ ʩʧʦʩʦʙʦʤ ʟʥʘʡʜʝʤʦ ʪʦʯʢʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʽʥʽʤʘʣʴʥʦʤʫ 

ʟʥʘʯʝʥʥʶ ʢʨʠʪʝʨʽʶ W (ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚóʷʟʦʢ); 

ï ʦʙʯʠʩʣʠʤʦ ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚóʷʟʦʢ ʪʘ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ.  

1) ɼʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʥʘ ʩʫʤʽʩʥʽʩʪʴ. 

ɯʟ ʢʫʨʩʫ ʣʽʥʽʡʥʦʾ ʘʣʛʝʙʨʠ ʚʽʜʦʤʦ: ʜʣʷ ʩʫʤʽʩʥʦʩʪʽ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ 

ʨʽʚʥʷʥʴ ʥʝʦʙʭʽʜʥʦ ʽ ʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʨʘʥʛ ʤʘʪʨʠʮʽ ʩʠʩʪʝʤʠ 
Ar  ʜʦʨʽʚʥʶʚʘʚ 

ʨʘʥʛʫ ʨʦʟʰʠʨʝʥʦʾ ʤʘʪʨʠʮʽ 
ABr . ɿʘʧʠʰʝʤʦ ʩʠʩʪʝʤʫ ʦʙʤʝʞʝʥʴ ʫ ʤʘʪʨʠʯʥʦʤʫ 

ʚʠʛʣʷʜʽ: 

ÅAX B . 

ʜʝ 



58 

1 1 1 0 0 0 0 4

2 1 1 1 0 0 0 5

1 1 0 0 1 0 0 4)ă

0 1 0 0 0 1 0 5

2 2 0 0 0 1 2 7

A B . 

Aï ʤʘʪʨʠʮʷ ʩʠʩʪʝʤʠ,Bï ʤʘʪʨʠʮʷ ʚʽʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, 

4

5

4

5

7

AB A ï ʨʦʟʰʠʨʝʥʘ ʤʘʪʨʠʮʷ ʩʠʩʪʝʤʠ.  

ʈʘʥʛ ʤʘʪʨʠʮʽ ʮʝ ʥʘʡʙʽʣʴʰʠʡ ʧʦʨʷʜʦʢ ʚʽʜʤʽʥʥʦʛʦ ʚʽʜ ʥʫʣʷ ʤʽʥʦʨʘ: 

1 1 0, 

2

1 1
0

2 1
, 

3

1 1 1

/ . . .Å .Å- . .Å. /Å.Å.

1 1 0

.Å .Å. .Å.Å . /Å .Å- 2 -)

 

4

1 1 1 0
1 1 0

2 1 1 1 1 1
.Å/ . . . . . -)

1 1 0 0 1 0
1 0 0

0 1 0 0

 



59 

5

2 4

1 1 1 0 0
1 1 1 0

2 1 1 1 0
2 1 1 1

1 1 0 0 1 .Å
0 1 0 0

0 1 0 0 0
2 2 0 0

2 2 0 0 0

1 1 1

. Å .Å- . -

2 2 0

0 1
2 0.

2 2

 

ʊʘʢʠʤ ʯʠʥʦʤ ʤʘʻʤʦ, ʱʦ 

5.Ar m  

ɺʠʟʥʘʯʥʠʢʽʚ ʙʽʣʴʰʦʛʦ ʧʦʨʷʜʢʫ ʥʝʤʘʻ, ʪʦʤʫ ʱʦ ʤʘʪʨʠʮʷ A  ʻ 

ʧʨʷʤʦʢʫʪʥʦʶ ʤʘʪʨʠʮʝʶ ʨʦʟʤʽʨʫ 5 7. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʨʦʟʰʠʨʝʥʘ ʤʘʪʨʠʮʷ 

ʩʠʩʪʝʤʠ ʤʘʪʠʤʝ ʨʦʟʤʽʨ 5 8, ʘ ʮʝ ʦʟʥʘʯʘʻ ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʧʦʨʷʜʦʢ 

ʚʠʟʥʘʯʥʠʢʘ ʨʦʟʰʠʨʝʥʦʾ ʤʘʪʨʠʮʽ ʩʧʽʚʧʘʜʘʻ ʽʟ ʥʘʡʙʽʣʴʰʠʤ ʧʦʨʷʜʢʦʤ 

ʚʠʟʥʘʯʥʠʢʘ ʩʠʩʪʝʤʠ ʽ ʜʦʨʽʚʥʶʻ 5. 

ɺʠʩʥʦʚʦʢ: 5A ABr r , ʩʠʩʪʝʤʘ ʦʙʤʝʞʝʥʴ ʫ ʬʦʨʤʽ ʨʽʚʥʦʩʪʝʡ ʩʫʤʽʩʥʘ. 

2) ɺʠʙʽʨ ʚʽʣʴʥʠʭ ʪʘ ʙʘʟʠʩʥʠʭ ʟʤʽʥʥʠʭ. 

ɺʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, ʱʦ 4)ă 2n m , ʪʦʙʪʦ 2n m , ʤʦʞʣʠʚʦ 

ʦʙʨʘʪʠ ʜʚʽ ʟʤʽʥʥʽ, ʥʘʧʨʠʢʣʘʜ, 1x  ʪʘ 2x  ʚ ʷʢʦʩʪʽ ʚʽʣʴʥʠʭ ʽ 5 ʟʤʽʥʥʠʭ 

3 4 5 6 7)ă )ă )ă )ăx x x x x  ʚ ʷʢʦʩʪʽ ʙʘʟʠʩʥʠʭ. ʊʦʜʽ ʽʟ ʩʠʩʪʝʤʠ ʦʙʤʝʞʝʥʴ ʟʥʘʭʦʜʠʤʦ: 

3 1 2

4 1 2

5 1 2

6 2

7 1 2 6 1 2

4 0,

0 / . -)ăă

4 0,

5 0,

1 1
2 2 7 6 0.

2 2

x x x

x x x

x x x

x x

x x x x x x

 

ɺʨʘʭʦʚʫʶʯʠ ʥʝʚʽʜôʻʤʥʽʩʪʴ ʟʤʽʥʥʠʭ ʙʫʜʫʻʤʦ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʠʭ 

ʨʦʟʚóʷʟʢʽʚ, ʘʥʘʣʽʪʠʯʥʠʡ ʚʠʨʘʟ ʜʣʷ ʷʢʦʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʥʠʭ 1x  ʪʘ 2x  ʤʘʻ 

ʚʠʛʣʷʜ: 
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2 1

2 1

2 1

2

2 1 1,2

4,

3 1
,

2 2
4,

2ă)

/ ./)ăă -+

x x

x x

x x

x

x x x

 

ɿʥʘʡʜʝʤʦ ʧʦʣʦʞʝʥʥʷ ʦʩʥʦʚʥʦʾ ʛʽʧʝʨʧʣʦʱʠʥʠ: 

1 2 2 1

5 18
2 / .5ăă ăă

2 2
b

W
W x x x x ; 

2 1

-ă)ăăăăăăăăăă

5

2
,

b

x x
 

2)ă /c  ï ʚʝʢʪʦʨ ʛʨʘʜʽʻʥʪʫ. 

ʆʧʪʠʤʘʣʴʥʝ (ʤʽʥʽʤʘʣʴʥʝ) ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦʨʽʚʥʶʻ: 

min 70,5W  

ʽ ʜʦʩʷʛʘʻʪʴʩʷ ʮʝ ʟʥʘʯʝʥʥʷ ʫ ʪʦʯʮʽ 
1 28 5)28ă2min minx x (ʨʠʩ.5.4). ƴ 

 

 

ʈʠʩ. 5.4. ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʦʙʫʜʦʚʠ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚôʷʟʢʽʚ 
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ɺʠʩʥʦʚʦʢ. ʅʘʚʝʜʝʥʘ ʫ ʧʽʜʨʦʟʜ. 5.3 ʛʝʦʤʝʪʨʠʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʟʘʜʘʯʽ 

ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʧʨʠʢʣʘʜʠ ʜʘʶʪʴ ʧʽʜʩʪʘʚʠ ʩʪʚʝʨʜʞʫʚʘʪʠ ʪʘʢʝ: 

ʇʨʠʥʮʠʧ 1. ʆʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚóʷʟʦʢ, ʷʢʱʦ ʚʽʥ ʽʩʥʫʻ, ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ 

ʦʜʥʽʡ ʽʟ çʦʧʦʨʥʠʭ ʪʦʯʦʢè. ɿʘ ʘʥʘʣʽʪʠʯʥʦʶ ʦʟʥʘʢʦʶ ʦʧʦʨʥʘ ʪʦʯʢʘ ï ʮʝ ʪʘʢʘ 

ʪʦʯʢʘ, ʚ ʷʢʽʡ ʭʦʯʘ ʙ k n m  (n  - ʢʽʣʴʢʽʩʪʴ ʥʝʚʽʜʦʤʠʭ, m  - ʢʽʣʴʢʽʩʪʴ 

ʩʫʤʽʩʥʠʭ ʦʙʤʝʞʝʥʴ ʨʽʚʥʦʩʪʝʡ) ʟʤʽʥʥʠʭ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ 0. ɻʝʦʤʝʪʨʠʯʥʦ 

ʦʧʦʨʥʘ ʪʦʯʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʢʫʪʦʚʘ ʪʦʯʢʘ ʆɼʈ G. ʇʨʦʽʣʶʩʪʨʫʻʤʦ ʧʨʠʥʮʠʧ 

1 ʛʨʘʬʽʯʥʠʤʠ ʦʙʨʘʟʘʤʠ (ʨʠʩ. 5.5) ʜʣʷ ʚʠʧʘʜʢʫ 2k n m .  

 

 

ʈʠʩ. 5.5. ʇʦʣʦʞʝʥʥʷ ʦʩʥʦʚʥʦʾ ʧʨʷʤʦʾ ʪʘ ʥʘʧʨʷʤʫ ʾʾ ʧʝʨʝʩʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʧʦʰʫʢʫ ʥʘʡʤʝʥʰʦʛʦ 

ʟʥʘʯʝʥʥʷ ʚ ʪʦʯʮʽ, ʷʢʘ ʟʘʜʦʚʦʣʴʥʷʻ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚô̫ ʟʢʽʚ: 

ʘ ï ɔ1, ɔ2>0; ʙ ï ɔ1>0, ɔ2<0; ʚ ï ɔ1<0, ɔ2>0; ʛ ï ɔ1, ɔ2<0 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 2k  ʚʩʽ ʟʤʽʥʥʽ 
3 4, ,..., nx x x  

ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ 
1x  ʪʘ 

2x , ʱʦ ʜʦʟʚʦʣʷʻ ʢʨʠʪʝʨʽʡ 

1 1 2 2 3 3 ... n nW c x c x c x c x  
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ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 

1 1 2 2 0W x x . 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ W . 

ʗʢʱʦ 
0 0, ʪʦ ʦʩʥʦʚʥʘ ʧʨʷʤʘ 0L : 

1 1 2 2 0x x  

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ. 

ʈʦʟʛʣʷʥʝʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʠʩ. 5.5 ʘ ï ʛ ʥʘʧʨʷʤʢʠ ʧʝʨʝʤʽʱʝʥʥʷ ʮʽʻʾ 

ʧʨʷʤʦʾ ʚ ʧʣʦʱʠʥʽ ʜʚʦʭ ʟʤʽʥʥʠʭ 1, 2x x , ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʡʪʠ ʥʘʡʤʝʥʰʝ 

ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʇʨʠʥʮʠʧ 2. ɼʣʷ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʭʦʜʠʪʠ 

ʚʽʜ ʦʜʥʽʻʾ ʦʧʦʨʥʦʾ ʪʦʯʢʠ ʜʦ ʽʥʰʦʾ, ʧʝʨʝʩʫʚʘʶʯʠʩʴ ʫ ʥʘʧʨʷʤʽ ʟʤʝʥʰʝʥʥʷ ʘʙʦ 

ʟʙʽʣʴʰʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʤʦʛ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʇʨʠʥʮʠʧ 3. ɿʘʩʪʦʩʫʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ 

ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʫʩʢʣʘʜʥʶʻʪʴʩʷ, ʢʦʣʠ 3n m . ɻʝʦʤʝʪʨʠʯʥʠʡ 

ʤʝʪʦʜ ʟʦʚʩʽʤ ʚʪʨʘʯʘʻ ʧʨʠʜʘʪʥʽʩʪʴ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ ʧʨʠ 

3n m . ʊʦʤʫ, ʫ ʜʦʚʽʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ 

ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʷʢʽ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʟʘʧʠʩʘʥʠʭ 

ʚʠʱʝ ʧʨʠʥʮʠʧʘʭ (1) ʪʘ (2). 

ʋʥʽʚʝʨʩʘʣʴʥʠʤ ʤʝʪʦʜʦʤ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʻ 

ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜ. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ? 

2. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʬʦʨʤʠ ʟʘʧʠʩʫ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

3. ʅʘʚʝʜʽʪʴ ʛʝʦʤʝʪʨʠʯʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

4. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʛʨʘʬʽʯʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ? 

5. ʇʦʷʩʥʽʪʴ ʩʫʪʴ çʦʧʦʨʥʠʭ ʪʦʯʦʢè. 
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ɻʣʘʚʘ 6. ʉʠʤʧʣʝʢʩ-ʤʝʪʦʜ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

6.1. ʇʦʥʷʪʪʷ ʧʨʦ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜ 

ʋ ʥʘʟʚʽ ʦʩʥʦʚʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʚô̫ ʟʘʥʥʷ ʦʩʥʦʚʥʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʨʤʽʥ "ʩʠʤʧʣʝʢʩ", ʱʦ ʦʟʥʘʯʘʻ n -ʚʠʤʽʨʥʠʡ 

ʪʝʪʨʘʝʜʨ ʘʙʦ n -ʚʠʤʽʨʥʠʡ ʪʨʠʢʫʪʥʠʢ. 

ʉʠʤʧʣʝʢʩ-ʤʝʪʦʜ ʟʥʘʭʦʜʞʝʥʥʷ ʣʦʢʘʣʴʥʦʛʦ ʤʽʥʽʤʫʤʫ ʙʫʜʴ-ʷʢʦʾ ʬʫʥʢʮʽʾ 

ʜʝʢʽʣʴʢʦʭ ʟʤʽʥʥʠʭ ʣʽʥʽʡʥʦʾ ʘʙʦ ʥʝʣʽʥʽʡʥʦʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʅʝʣʜʝʨʦʤ ʽ ʄʽʜʦʤ.  

ʎʝʡ ʤʝʪʦʜ ʭʦʯʘ ʽ ʤʽʩʪʠʪʴ ʫ ʩʚʦʾʡ ʥʘʟʚʽ ʩʣʦʚʦ çʩʠʤʧʣʝʢʩè ʥʝ ʤʘʻ ʥʽʯʦʛʦ 

ʩʧʽʣʴʥʦʛʦ ʽʟ ʩʠʤʧʣʝʢʩ ʤʝʪʦʜʦʤ ʨʦʟʚóʷʟʘʥʥʷ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʉʫʪʴ ʤʝʪʦʜʫ ʅʝʣʜʝʨʘ ï ʄʽʜʘ ʧʦʣʷʛʘʻ ʫ ʩʧʝʮʽʘʣʴʥʽʡ ʧʨʦʮʝʜʫʨʽ ʦʙʯʠʩʣʝʥʥʷ 

ʢʦʦʨʜʠʥʘʪ ʚʝʨʰʠʥ ʮʴʦʛʦn -ʚʠʤʽʨʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ ʜʣʷ ʥʘʩʪʫʧʥʦʾ ʽʪʝʨʘʮʽʾ 

(ʥʘʙʣʠʞʝʥʥʷ) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʟʫʣʴʪʘʪʫ ʧʦʨʽʚʥʷʥʥʷ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʫ ʚʝʨʰʠʥʘʭ n -ʚʠʤʽʨʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ, ʢʦʦʨʜʠʥʘʪʠ ʷʢʠʭ ʤʦʞʫʪʴ 

ʙʫʪʠ ʦʙʯʠʩʣʝʥʽ ʫ ʧʦʧʝʨʝʜʥʽʡ ʽʪʝʨʘʮʽʾ. "ʅʘʡʛʽʨʰʘ" ʚʝʨʰʠʥʘ, ʚ ʷʢʽʡ ʧʦʢʘʟʥʠʢ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠʡʤʘʻ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ, ʷʢʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʰʫʢ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʚʽʜʢʠʜʘʻʪʴʩʷ ʽ ʟʘʤʽʥʶʻʪʴʩʷ 

ʥʦʚʦʶ. 

ʂʦʦʨʜʠʥʘʪʠ ʥʦʚʦʾ ʚʝʨʰʠʥʠ ʦʪʨʠʤʫʶʪʴ, ʥʘʧʨʠʢʣʘʜ, ʥʘʩʪʫʧʥʠʤ 

ʧʨʠʡʦʤʦʤ: çʚʽʜʦʙʨʘʞʝʥʥʷʤè ʩʪʘʨʦʾ ʚʝʨʰʠʥʠ ʚʽʜʥʦʩʥʦ ʧʨʷʤʦʾ, ʱʦ ʧʨʦʭʦʜʠʪʴ 

ʯʝʨʝʟ ʜʚʽ ʽʥʰʽ ʚʝʨʰʠʥʠ. ʆʢʨʽʤ çʚʽʜʦʙʨʘʞʝʥʥʷè ʜʣʷ ʧʦʰʫʢʫ ʢʦʦʨʜʠʥʘʪ ʥʦʚʦʾ 

ʚʝʨʰʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢ ʟʚʘʥʽ ʧʨʦʮʝʜʫʨʠ "ʧʨʦʜʦʚʞʝʥʥʷ", "ʩʪʠʩʢʘʥʥʷ" 

ʘʙʦ "ʩʢʦʨʦʯʝʥʥʷ". ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʟʥʘʯʝʥʠʭ ʧʨʠʡʦʤʽʚ ʪʘ ʧʨʦʮʝʜʫʨ 

ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫ ʚʝʨʰʠʥʘʭ ʪʨʠʢʫʪʥʠʢʽʚ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ 

ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʧʨʠ ʮʴʦʤʫ ʟʤʝʥʰʫʻʪʴʩʷ çʨʦʟʤʽʨè ʩʘʤʦʛʦ n -ʚʠʤʽʨʥʦʛʦ 

ʪʨʠʢʫʪʥʠʢʘ, ʩʪʠʩʢʘʶʯʠʩʴ ʧʦʩʪʫʧʦʚʦ ʜʦ ʪʦʯʢʠ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ (ʨʠʩ. 6.1). 

ʈʦʟʛʣʷʥʝʤʦ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 
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ʈʠʩ. 6.1. ʇʨʠʡʦʤʠ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʫ ʅʝʣʜʝʨʘïʄʽʜʘ: 

ʘ ï ʚʽʜʦʙʨʘʞʝʥʥʷ; ʙ ï ʩʪʠʩʥʝʥʥʷ; ʚ ï ʨʦʟʪʷʛʥʝʥʥʷ; ʛ ï ʩʪʠʩʥʝʥʥʷ 

6.2. ɿʚʝʜʝʥʥʷ ʩʪʘʥʜʘʨʪʥʦʾ ʬʦʨʤʠ ʦʙʤʝʞʝʥʴ ʥʝʨʽʚʥʦʩʪʝʡ ʜʦ 

ʦʙʤʝʞʝʥʴ ʨʽʚʥʦʩʪʝʡ (ʨʽʚʥʷʥʴ ʦʙʤʝʞʝʥʴ) ʦʩʥʦʚʥʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ  

ʉʪʘʥʜʘʨʪʥʦʶ ʬʦʨʤʦʶ ʦʙʤʝʞʝʥʴ ʥʝʨʽʚʥʦʩʪʝʡ ʚʚʘʞʘʻʪʴʩʷ ʩʠʩʪʝʤʘ 

ʦʙʤʝʞʝʥʴ ʚʠʛʣʷʜʫ: 

 

11 1 12 2 1 1

21 1 22 2 2 2

1 1 2 2

,

,

ăăăăă

ăăăăă

ăăăăăă

,

n n

n n

m m mn n m

a x a x a x b

a x a x a x b

a x a x a x b

 (6.1) 

ʜʝ -ă .)jx j n . ʋʩʽ ʥʝʨʽʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʦ ʥʝʟʘʣʝʞʥʽ. 

ʎʶ ʩʠʩʪʝʤʫ ʤʦʞʣʠʚʦ ʧʝʨʝʪʚʦʨʠʪʠ ʚ ʦʙʤʝʞʝʥʥʷ ʨʽʚʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʦʜʘʪʢʦʚʠʭ ʥʝʚʽʜô̒ ʤʥʠʭ ʟʤʽʥʥʠʭ, ʘ ʩʘʤʝ: 

11 1 12 2 1 1

1 1 2 2

1 1 11 1 12 2 1

1 1 2 2

ăăăăă

ăăăăăă

ăăăăă

ă

,

,

ăăăă

,

ă

,

n n

m m mn n m

n n

m m m m mn n

a x a x a x b

a x a x a x b

y b a x a x a x

y b a x a x a x

  

ʜʝ - ă .) 8 -ă .) +j ix j n y i m  

ʗʢʱʦ ʜʦ ʟʘʧʠʩʘʥʠʭ ʦʙʤʝʞʝʥʴ ʨʽʚʥʦʩʪʝʡ ʜʦʜʘʪʠ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ 
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 1 1 2 2
ă .)

ă

0

1,0

ă ă jfk ă)
j

i

n n
x j n

y i m

W c x c x c x  (6.2) 

ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʟʘ ʥʝʚʽʜôʻʤʥʠʤʠ ʟʤʽʥʥʠʤʠ -ă .)jx j n  ʪʘ 

-ă .)iy i m , ʪʦ ʦʪʨʠʤʘʻʤʦ ʦʩʥʦʚʥʫ ʟʘʜʘʯʫ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʆʪʞʝ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʭʦʜʫ ʜʦ ʦʩʥʦʚʥʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʘʻʤʦ: 

1) ʈʽʚʥʷʥʥʷ ʦʙʤʝʞʝʥ ɹ ʟʘʜʘʥʽ ʫ ʬʦʨʤʽ, ʜʝ ʙʘʟʠʩʥʽ (ʟʘʣʝʞʥʽ) ʟʤʽʥʥʽ 

-ă .)iy i m  ʚʠʨʘʞʝʥʽ ʯʝʨʝʟ ʥʝʟʘʣʝʞʥʽ (ʚʽʣʴʥʽ) - ă .)jx j n  ʟʤʽʥʥʽ.  

2) ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʤʽʥʥʠʭ ʜʦʨʽʚʥʶʻ çn mè, ʜʝ nï ʢʽʣʴʢʽʩʪʴ 

ʧʦʯʘʪʢʦʚʠʭ, m  ï ʜʦʜʘʪʢʦʚʠʭ ʟʤʽʥʥʠʭ. 

3) ʇʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʷʚʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ ʟʤʽʥʥʠʭ. 

ɺʚʘʞʘʻʤʦ, ʱʦ ʫʩʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʜʦʜʘʪʢʦʚʠʭ ʟʤʽʥʥʠʭ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦʨʽʚʥʶʶʪʴ 0. 

 

ʇʨʠʢʣʘʜ 6.1. ɼʘʥʘ ʟʘʜʘʯʘ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ: 

1 2 3
1 2 3 )ă )ă -
/ 0 ă jfk ă

x x x
W x x x  

ʟʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʦʙʤʝʞʫʶʯʠʭ ʥʝʨʽʚʥʦʩʪʝʡ 

1 2 3

3 2

5 4 1

5 1

3 1 5

/ 2)ăăă

/ .)ăăăăăăăăă

2 1,

-)ăăăăăăăăăăăăăăă

/ -+ăăă

x x x

x x

x x x

x x

x x x

 

ʇʦʪʨʽʙʥʦ ʧʨʠʚʝʩʪʠ ʮʶ ʟʘʜʘʯʫ ʜʦ ʚʠʛʣʷʜʫ ʦʩʥʦʚʥʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʈ̔ʰʝʥʥʷ 

Ǐ 1. ʇʨʠʚʝʜʝʤʦ ʦʙʤʝʞʝʥʥʷ ʥʝʨʽʚʥʦʩʪʽ ʜʦ ʩʪʘʥʜʘʨʪʥʦʾ ʬʦʨʤʠ 



66 

1 2 3

3 2

5 4 1

5 1

3 1 5

/ 2)ă

/ .)ă

2 1,

-)ă

/ -+ăă

x x x

x x

x x x

x x

x x x

 

2. ɺʠʢʦʨʠʩʪʦʚʫʻʤʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʙʤʝʞʝʥʴ ʨʽʚʥʦʩʪʝʡ ʜʦʜʘʪʢʦʚʽ ʟʤʽʥʥʽ 

1 1 2 3 1 1 2 3

2 3 2 2 3 2

3 5 4 1 3 5 4 1

4 5 1 4 5 1

5 3 1 5 5 3 1 5

5 2 , 5 2 ,

1 2 , 1 2 ,

1 2 , 1 2 ,

0 ( ), ,

0 ( 2 ); 2 .

y x x x y x x x

y x x y x x

y x x x y x x x

y x x y x x

y x x x y x x x

 

3. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ 

.)ă/)ă0

.)ă/)ă0

1 2 3 0

0

/ ă jfk ă
x

y

W x x x  

ʟʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʦʙʤʝʞʝʥʴ, ʥʘʚʝʜʝʥʠʭ ʚ ʧ. 2. ƴ 

6.3. ʆʩʥʦʚʥʽ ʧʨʠʡʦʤʠ ʪʘ ʩʧʦʩʦʙʠ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʫ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʜʘʯ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ  

ɼʣʷ ʨʦʟʚô̫ ʟʘʥʥʷ ʦʩʥʦʚʥʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʥʘʚʝʜʝʥʽ ʚ ʧʽʜʨʦʟʜʽʣʽ 5.4 ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʦʟʚóʷʟʢʫ. 

ʇʨʠʡʦʤʠ ʪʘ ʩʧʦʩʦʙʠ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʫ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʠʢʣʘʜʝʥʽ ʫ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʚ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ n  ʟʤʽʥʥʠʭ ʪʘ m  ʥʝʟʘʣʝʞʥʠʭ ʣʽʥʽʡʥʠʭ 

ʨʽʚʥʷʥʴ-ʦʙʤʝʞʝʥʴ. 

ʇʨʠʡʦʤ 1. ɺʠʙʽʨ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ. 

ʆʙʝʨʝʤʦ ʙʫʜʴ-ʷʢʽ k  ʟʤʽʥʥʠʭ k n m  (r m  - ʨʘʥʛ ʩʠʩʪʝʤʠ 

ʦʙʤʝʞʝʥʴ ʨʽʚʥʦʩʪʝʡ) ʚ ʷʢʦʩʪʽ ʚʽʣʴʥʠʭ ʽ ʧʨʝʜʩʪʘʚʠʤʦ ʯʝʨʝʟ ʥʠʭ m  ʙʘʟʠʩʥʠʭ 

ʟʤʽʥʥʠʭ, ʱʦ ʟʘʣʠʰʠʣʠʩʷ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʫ ʷʢʦʩʪʽ ʚʽʣʴʥʠʭ ʦʙʨʘʥʽ ʧʝʨʰʽ k  

ʟʤʽʥʥʠʭ, ʪʦʙʪʦ 
1 2) )ă )ăkx x x , ʘ ʽʥʰʽ m  ʧʨʝʜʩʪʘʚʠʤʦ ʯʝʨʝʟ ʥʠʭ: 
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. .)ă. . .)ă

)ă. ă

1

1 ,

ăăă

ăă

,

,

k k k k k

n n n k k

k

n

x x x

x x x

 

ʊʦʙʪʦ ʤʘʻʤʦ  

ă ă

1,2,..., , 1,...,
k m

k k n
ʚʽʣʴʥʠʭ ʙʘʟʠʩʥʠʭ

ʟʤʽʥʥʠʭ ʟʤʽʥʥʠʭ

. 

ʗʢʱʦ ʧʦʢʣʘʩʪʠ, ʱʦ ʚʩʽ ʚʽʣʴʥʽ ʟʤʽʥʥʽ ʜʦʨʽʚʥʶʶʪʴ 
1 2 0kx x x

, ʪʦ ʦʪʨʠʤʘʻʤʦ ʢʦʦʨʜʠʥʘʪʠ ʚʝʨʰʠʥʠ ʩʠʤʧʣʝʢʩʫ: 

1 1)ă )k k n nx x . 

ʎʝʡ ʨʦʟʚôʷʟʦʢ ʤʦʞʝ ʙʫʪʠ ʜʦʧʫʪʠʤʠʤ, ʷʢʱʦ ʚʩʽ ʚʽʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ï 

ʥʝʚʽʜôʻʤʥʽ, ʘʙʦ ʥʝʜʦʧʫʩʪʠʤʠʤ, ʷʢʱʦ ʩʝʨʝʜ ʢʦʝʬʽʮʽʻʥʪʽʚ ʻ ʭʦʯʘ ʙ ʦʜʥʝ 

ʚʽʜôʻʤʥʝ ʯʠʩʣʦ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʨʦʟʚô̫ ʟʦʢ ʻ ʜʦʧʫʩʪʠʤʠʡ, ʪʦʙʪʦ ʟʥʘʡʜʝʥʦ ʦʧʦʨʥʠʡ 

ʨʦʟʚô̫ ʟʦʢ. ʇʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ, ʯʠ ʻ ʨʦʟʚô̫ ʟʦʢ ʦʧʪʠʤʘʣʴʥʠʤ? ɼʣʷ 

ʧʝʨʝʚʽʨʢʠ ʦʧʦʨʥʦʛʦ ʨʦʟʚô̫ ʟʢʫ ʥʘ ʦʧʪʠʤʘʣʴʥʽʩʪʴ, ʧʨʝʜʩʪʘʚʠʤʦ ʧʦʢʘʟʥʠʢ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʷʢ ʬʫʥʢʮʽʶ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ: 

1 1 1 1

0 1 1
ă .)0,

ă

ă jfk ă+
j

k k k k n n

k k
x j k

W c x c x c x c x

W x x  

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʚ ʦʧʦʨʥʦʤʫ ʨʦʟʚôʷʟʢʫ - ă .)jx j k , ʪʦʜʽ 
0W . 

ʇʨʦʘʥʘʣʽʟʫʻʤʦ, ʯʠ ʤʦʞʣʠʚʦ ʟʤʝʥʰʠʪʠ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʟʙʽʣʴʰʠʚʰʠ ʷʢʽ-ʥʝʙʫʜʴ ʟʤʽʥʥʽ 
1)ă )ăkx x  (ʟʤʝʥʰʫʚʘʪʠ ʾʭ ʥʝʤʦʞʣʠʚʦ, ʪʦʤʫ ʱʦ 

ʚʩʽ ʮʽ ʟʤʽʥʥʽ, ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʜʦʨʽʚʥʶʶʪʴ 0, ʘ ʚʽʜôʻʤʥʽ 

ʟʥʘʯʝʥʥʷ ʥʝʜʦʧʫʩʪʠʤʽ). 

ʗʢʱʦ ʚʩʽ ʢʦʝʬʽʮʽʻʥʪʠ 
1)ă )ăk

 ʜʦʜʘʪʥʽ, ʪʦ ʟʙʽʣʴʰʫʶʯʠ ʙʫʜʴ-ʷʢʽ ʟʤʽʥʥʽ 

1)ă )ăkx x  ʧʦʨʽʚʥʷʥʦ ʽʟ 0 ʥʝʤʦʞʣʠʚʦ ʟʤʝʥʰʠʪʠ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʊʦʤʫ 

ʟʥʘʡʜʝʥʠʡ ʦʧʦʨʥʠʡ ʨʦʟʚôʷʟʦʢ ʻ ʦʧʪʠʤʘʣʴʥʠʤ. 

 

 

 



68 

ʇʨʠʡʦʤ 2. ʇʦʢʨʘʱʝʥʥʷ ʦʧʦʨʥʦʛʦ ʨʦʟʚóʷʟʢʫ. 

ʗʢʱʦ ʩʝʨʝʜ ʢʦʝʬʽʮʽʻʥʪʽʚ 
1)ă )ăk

 ʻ ʚʽʜôʻʤʥʽ, ʪʦ ʟʙʽʣʴʰʫʶʯʠ ʪ̔  ʟʤʽʥʥʽ, 

ʧʨʠ ʷʢʠʭ ʢʦʝʬʽʮʽʻʥʪʠ ʚʽʜôʻʤʥʽ, ʜʦʩʷʛʘʻʤʦ ʧʦʢʨʘʱʝʥʥʷ ʨʦʟʚóʷʟʢʫ, ʪʦʙʪʦ 

ʟʤʝʥʰʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʻ ʻʜʠʥʠʡ ʚʽʜôʻʤʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 
1
. ʅʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ 

ʜʚʽ ʜʽʾ: 

1) ɿʙʽʣʴʰʠʪʠ 
1x , ʘʣʝ ʪʘʢ, ʱʦʙ ʞʦʜʥʘ ʽʟ ʙʘʟʠʩʥʠʭ ʟʤʽʥʥʠʭ 

1)ă )ăk nxx  ʥʝ 

ʩʪʘʣʘ ʚʽʜôʻʤʥʦʶ, ʷʢʱʦ ʜʝʷʢʠʡ ʽʟ ʢʦʝʬʽʮʽʻʥʪʽʚ 
11 1,...,k n

 ʧʨʠ 
1x  ʚʽʜóʻʤʥʠʡ. 

ɿʙʽʣʴʰʫʚʘʪʠ 
1x  ʤʦʞʣʠʚʦ ʙʝʟ ʦʙʤʝʞʝʥʴ, ʷʢʱʦ ʚʩʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʠ 

1x  ʫ 

ʚʠʨʘʟʘʭ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʙʘʟʠʩʥʠʭ ʟʤʽʥʥʠʭ ʜʦʜʘʪʥʽ. ɸʣʝ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ W  ʧʨʷʤʫʻ ʜʦ  ʧʨʠ 1x , ʪʦʙʪʦ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ, ʷʢʠʡ ʤʘʻ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ, ʥʝ ʽʩʥʫʻ. ɯʩʥʫʻ ʘʙʩʪʨʘʢʪʥʠʡ 

ʨʦʟʚóʷʟʦʢ. ʈʦʟʚóʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʨʠʧʠʥʷʻʪʴʩʷ, ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʬʦʨʤʫʣʶʚʘʪʠ 

ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ. 

2) ɺʠʢʣʶʯʠʪʠ 
1x  ʽʟ ʩʧʠʩʢʫ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ ʽ ʚʩʪʘʚʠʪʠ ʫ ʩʧʠʩʦʢ 

ʙʘʟʠʩʥʠʭ, ʘ ʽʟ ʩʧʠʩʢʫ ʙʘʟʠʩʥʠʭ ʚʠʢʣʶʯʠʪʠ ʪʫ ʟʤʽʥʥʫ, ʧʨʠʧʫʩʪʠʤʦ 
Lx , ʷʢʘ 

ʧʝʨʰʦʶ ʜʦʩʷʛʥʝ ʟʥʘʯʝʥʥʷ 0 ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 
1x . ɺʠʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ ʜʣʷ Lx : 

1 1Å ÅL L Lk k Lx x x  

ʚ ʷʢʦʤʫ ʧʦʢʣʘʜʝʤʦ, ʱʦ 
2 -)ă ) -)ă -k Lx x x . 

ʊʦʜʽ 

1
1

0L

L

x  

ʪʦʤʫ, ʱʦ 
1 -)ă -L L

. 

ʆʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ 
1x  ï ʮʝ ʪʝ ʟʥʘʯʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ 0Lx . ɺʟʘʛʘʣʽ 

ʧʝʨʰʦʶ ʜʦʩʷʛʥʝ ʥʫʣʷ ʪʘ ʟʤʽʥʥʘ ʽʟ ʩʢʣʘʜʫ 
1)ă )ăk nx x  ʜʣʷ ʷʢʦʾ 

1

L

L

 ʘʙʦ 
1

L

L

 

ʙʫʜʝ ʥʘʡʤʝʥʰʠʤ ( .)ă )ăL k n L ). ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʮʝ 
rx , .)ăr k n , 

r . 
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ʇʨʠʡʦʤ 3. ɿʤʽʥʘ ʩʢʣʘʜʫ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ. 

ʆʙʠʨʘʻʤʦ ʥʦʚʠʡ ʩʢʣʘʜ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ 
2 3)ă )ă )ă )ăk rx x x x  ʪʘ ʙʘʟʠʩʥʠʭ 

1 1 1 1)ă )ă )ă )ă )ă )ăk r r nx x x x x . ʆʙʯʠʩʣʠʤʦ ʥʦʚʽ ʙʘʟʠʩʥʽ ʟʤʽʥʥʽ ʯʝʨʝʟ ʥʦʚʽ ʚʽʣʴʥʽ ʪʘ 

ʧʝʨʝʚʽʨʷʻʤʦ ʫʤʦʚʫ ʥʝʚʽʜôʻʤʥʦʩʪʽ ʙʘʟʠʩʥʠʭ ʟʤʽʥʥʠʭ ʧʨʠ ʥʫʣʴʦʚʠʭ ʚʽʣʴʥʠʭ 

ʟʤʽʥʥʠʭ, ʪʦʙʪʦ ʟôʷʩʫʻʤʦ ʯʠ ʻ ʨʦʟʚôʷʟʦʢ ʦʧʦʨʥʠʤ. ʇʝʨʝʚʽʨʷʻʤʦ ʦʪʨʠʤʘʥʽ 

ʦʧʦʨʥʽ ʨʦʟʚôʷʟʢʠ ʥʘ ʦʧʪʠʤʘʣʴʥʽʩʪʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠʡʦʤʠ 1 ʪʘ 2. 

ɺʠʩʥʦʚʦʢ: ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʩʠʤʧʣʝʢʩ ʤʝʪʦʜʫ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ 

ʜʚʦʭ ʘʣʛʦʨʠʪʤʽʚ: 

1. ɺʠʟʥʘʯʝʥʥʷ ʦʧʦʨʥʦʛʦ ʨʦʟʚóʷʟʢʫ ʦʩʥʦʚʥʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

2. ɺʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚóʷʟʢʫ ʦʩʥʦʚʥʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

 

ʇʨʠʢʣʘʜ 6.2. ʇʦʰʫʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚóʷʟʢʫ ʰʣʷʭʦʤ ʧʦʩʪʫʧʦʚʦʛʦ 

ʧʦʢʨʘʱʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʴʦʭ, ʦʧʠʩʘʥʠʭ ʚʠʱʝ ʧʨʠʡʦʤʽʚ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ:  

 
1 32 / ă jfkă

X G
W x x  (6.3) 

ʧʨʠ ʫʤʦʚʽ ʚʠʢʦʥʘʥʥʷ ʦʙʤʝʞʝʥʴ G : 

 

4

1 2 3

1 3

1 2 3

4

1 4

5 2 2,

5,

3 5 7,

0, 1,2,3,4 , , , ,
T

i

x x x

x x x

x x

xx i X x x x

   (6.4)  

ʄʝʪʦʜʠʢʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ: 

1) ʚʠʢʦʥʘʪʠ ʧʝʨʝʭʽʜ ʜʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʠʜʫ ʦʩʥʦʚʥʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ; 

2) ʧʝʨʝʚʽʨʠʪʠ ʩʠʩʪʝʤʫ ʦʙʤʝʞʝʥʴ-ʨʽʚʥʦʩʪʝʡ ʥʘ ʩʫʤʽʩʥʽʩʪʴ; 

3) ʚʠʢʦʥʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚóʷʟʢʫ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʠʡʦʤʽʚ ʩʠʤʧʣʝʢʩ ʤʝʪʦʜʫ. 

ʈ̔ʰʝʥʥʷ 

Ǐ 1. ʇʝʨʝʭʽʜ ʜʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʠʛʣʷʜʫ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ: 
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 (6.4)

1 2 3 1

1 3 4 2

1 4 3

1,2,3,4 1,2,3

5 2 2;

5;

3 5 7;

0, 0,

x x x y

x x x y

x x y

x y

 (6.5) 

ʜʝ (6.5) ʟʘʜʘʻ ʆɼʈ G . 

2. ʇʝʨʝʚʽʨʢʘ ʦʙʤʝʞʝʥʴ-ʨʽʚʥʦʩʪʝʡ ʥʘ ʩʫʤʽʩʥʽʩʪʴ: 

 (6.5) 

1 2 3 4

1 2 3

1

4

1 2 3 4

2

3

2Å .Å /Å -Å /)

.Å -Å .Å .Å 2)

0Å -Å -Å 2Å 4)

x x x x

x x x x

x x x x

y

y

y

 (6.6) 

ʜʝ 

5 1 2 0 1

1 0 1 1 1

3 0 0 5

2

, 5 .

1 7

A B  

ʈʘʥʛ ʤʘʪʨʠʮʽ : 3AA r , ʱʦ ʜʦʨʽʚʥʶʻ m  ï ʢʽʣʴʢʦʩʪʽ ʦʙʤʝʞʝʥʴ-

ʨʽʚʥʦʩʪʝʡ. ʆʪʞʝ, ʩʠʩʪʝʤʘ ʦʙʤʝʞʝʥʴ ʩʫʤʽʩʥʘ ʪʘ ʣʽʥʽʡʥʦ ʟʘʣʝʞʥʠʭ ʦʙʤʝʞʝʥʴ 

ʥʝʤʘʻ. 

ʇʽʜʢʨʝʩʣʠʤʦ, ʱʦ ʟʘʟʚʠʯʘʡ ʩʫʤʽʩʥʦʩʪʽ ʪʘ ʥʝʟʘʣʝʞʥʦʩʪʽ ʦʙʤʝʞʝʥ ɹ

ʤʦʞʣʠʚʦ ʜʦʩʷʛʪʠ ʱʝ ʧʨʠ ʧʦʙʫʜʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʘʜʘʯʽ, ʷʢʱʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ ʮʠʭ ʦʙʤʝʞʝʥʴ. 

3. ʆʙʯʠʩʣʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚóʷʟʢʫ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʩʠʤʧʣʝʢʩ ʤʝʪʦʜʦʤ ʧʦʯʥʝʤʦ ʟ ʚʠʙʦʨʫ ʙʘʟʠʩʥʠʭ ʪʘ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ: 

 

1 1 2 3

2 1 3 4

3 1 4

.)ă/)ă0)ă1

.)ă/)ă0

5 2 2,

5,

3 5 7,

-ă)

0,

y x x x

y x x x

y x x

x

y

 (6.7) 

ʜʝ ʩʠʩʪʝʤʘ (6.7) ʟʘʜʘʻ ʆɼʈ G, ʥʘ ʷʢʽʡ ʦʧʪʠʤʽʟʫʻʪʴʩʷ ʢʨʠʪʝʨʽʡ  

1 35 2 mi ,n
T

T TX Y G

W x x  

1 2 3 4 1 2 3, , , , , ,
T T

X x x x x Y y y y . 
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ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʤʽʥʥʠʭ ʚ ʧʝʨʝʬʦʨʤʫʣʴʦʚʘʥʽʡ ʟʘʜʘʯʽ 7n , 3m ï 

ʢʣ̔ʴʢʽʩʪʴ ʩʫʤʽʩʥʠʭ, ʣʽʥʽʡʥʦ ʥʝʟʘʣʝʞʥʠʭ ʦʙʤʝʞʝʥʴ-ʨʽʚʥʦʩʪʝʡ. ʂʽʣʴʢʽʩʪʴ 

ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ 7 3 4k . 

ʇʨʠʡʦʤ 1. 

ʆʙʠʨʘʻʤʦ ʚ ʷʢʦʩʪʽ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ .)ă/)ă0)ă1x  ʽ ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʚʦʥʠ 

ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʻʤʦ ʨʦʟʚôʷʟʦʢ: 

1 1 2 3 4 1 2 30; 0; 0; 0; 2; 5; 7X x x x x y y y , 

ʷʢʠʡ ʤʦʞʣʠʚʦ ʚʚʘʞʘʪʠ ʦʧʦʨʥʠʤ. 

ʇʨʠ ʮʴʦʤʫ 
1 0W X . 

ʇʨʠʡʦʤ 2. 

2.1) ʂʦʝʬʽʮʽʻʥʪ ʧʨʠ 
3x  ʚʠʨʘʟʫ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʽʜôʻʤʥʠʡ, ʪʦʤʫ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ 
3x  ʤʦʞʣʠʚʦ ʟʤʝʥʰʠʪʠ W . ʆʙʠʨʘʻʤʦ 

ʚ ʷʢʦʩʪʽ ʥʦʚʦʾ ʚʽʣʴʥʦʾ ʟʤʽʥʥʦʾ ʪʫ ʟʤʽʥʥʫ (ʩʝʨʝʜ .)ă/)ă0y ), ʜʣʷ ʷʢʦʾ ʤʦʜʫʣʴ 

ʚʽʜʥʦʰʝʥʥʷ ʚʽʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʦ ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʠ 
3x  ʥʘʡʤʝʥʰʠʡ: 

2 5
1

2 1
. 

ʆʙʠʨʘʻʤʦ 
1y . ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʣʴʥʠʤʠ ʟʤʽʥʥʠʤʠ ʻ 

1 2 4 1)ă )ă )ăx x x y . 

ʆʙʯʠʩʣʠʤʦ ʥʦʚʽ ʙʘʟʠʩʥʽ ʟʤʽʥʥʽ 
3 2 3)ă )ăx y y : 

3 1 1 2

2 1 2 4
1

3 1 4

1 5 1
1,

2 2 2
1 3 1

4,
2 2 2
3 5 7.

x y x x

y y x x
x

y x x

 

ʇʝʨʝʚʽʨʷʻʤʦ ʟʥʘʡʜʝʥʠʡ ʨʦʟʚóʟʦʢ, ʯʠ ʻ ʚʥ̔ ʦʧʦʨʥʠʤ. 

/ . .)ă/ 0 / 00; 0; 1; 4; 7X y x x y y  

2X ï ʦʧʦʨʥʠʡ ʨʦʟʚóʷʟʦʢ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʝʨʽʶ: 

2 1 2 2 2W X y x . 
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2.2) ʂʦʝʬʽʮʽʻʥʪ ʧʨʠ 
2x  ʚʽʜôʻʤʥʠʡ. ʄʦʞʣʠʚʦ ʟʤʝʥʰʠʪʠ ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʚʜʷʢʠ ʟʙʽʣʴʰʝʥʥʶ 
2x . ɸʥʘʣʦʛʽʯʥʦ ʚʠʢʣʘʜʝʥʦʤʫ ʫ 

2.1) ʚʠʟʥʘʯʘʻʤʦ ʥʦʚʽ ʚʽʣʴʥʽ ʪʘ ʙʘʟʠʩʥʽ ʟʤʽʥʥʽ: 

3 2 1 4

2 1 2 1 1 4

3 1 4

5,

2 3 2 2 8,

3 5 7,

x y x x

x y y x x x

y x x

 

3 1 1 4 2 2 3 3

ă ă

0; 0; 0; 0; 8; 5; 7X y x x y x x y

ʚʽʣʴʥʽʟʤʽʥʥʽ ʙʘʟʠʩʥʽʟʤʽʥʥʽ

, 

3 2 1 42 3 2 10 10W X y x x . 

ɺʩʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ ʫ ʚʠʨʘʟʽ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʝʚʽʜôʻʤʥʽ, ʪʦʤʫ ʜʦʩʷʛʘʪʠ ʟʤʝʥʰʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʪʢʦʚʠʭ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ ʥʝʤʦʞʣʠʚʦ. ɼʦʩʷʛʥʫʪʦ ʛʣʦʙʘʣʴʥʦʛʦ 

ʤʽʥʽʤʫʤʫ  

10W  

ʚ ʪʦʯʮʽ 
1 0x , 

4 0x , 
1 0y , 

2 0y , 
2 8x , 

3 5x , 
3y 7 . ƴ 

ɿʘʫʚʘʞʝʥʥʷ 6.1 ʋ ʧʨʠʢʣʘʜʘʭ 6.1, 6.2 ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʨʠʡʦʤʽʚ 

ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʫ ʦʪʨʠʤʘʣʠ ʥʝʚʽʜôʻʤʥʽ ʦʧʦʨʥʽ ʨʦʟʚôʷʟʢʠ. ʋ ʙʽʣʴʰʦʩʪʽ 

ʧʨʘʢʪʠʯʥʠʭ ʚʠʧʘʜʢʽʚ ʪʨʘʧʣʷʶʪʴʩʷ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʟʘ ʦʙʨʘʥʠʭ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ 

ʟ ʥʫʣʴʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʦʪʨʠʤʫʶʪʴ ʚʽʜôʻʤʥʽ ʟʥʘʯʝʥʥʷ ʙʘʟʠʩʥʠʭ ʟʤʽʥʥʠʭ, 

ʪʦʙʪʦ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ ʥʝʚʽʜôʻʤʥʦʩʪʽ ʟʤʽʥʥʠʭ. ʊʦʤʫ ʜʦʮʽʣʴʥʦ 

ʨʦʟʛʣʷʥʫʪʠ ʩʧʝʮʽʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʦʙʯʠʩʣʝʥʥʷ ʦʧʦʨʥʦʛʦ ʨʦʟʚôʷʟʢʫ. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʫ? 

2. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʧʨʦʮʝʜʫʨʫ ʟʚʝʜʝʥʥʷ ʩʪʘʥʜʘʨʪʥʦʾ ʬʦʨʤʠ ʦʙʤʝʞʝʥʴ 

ʥʝʨʽʚʥʦʩʪʝʡ ʜʦ ʦʙʤʝʞʝʥʴ ʨʽʚʥʦʩʪʝʡ ʦʩʥʦʚʥʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

3. ʇʦʷʩʥʽʪʴ ʦʩʥʦʚʥʽ ʧʨʠʡʦʤʠ ʪʘ ʩʧʦʩʦʙʠ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʫ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʜʘʯ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

4. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʤʝʪʦʜʠʢʫ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʫ. 
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5. ʗʢʘ ʩʠʩʪʝʤʘ ʦʙʤʝʞʝʥʴ ʚʚʘʞʘʻʪʴʩʷ ʩʪʘʥʜʘʨʪʥʦʶ ʬʦʨʤʦʶ ʦʙʤʝʞʝʥʴ 

ʥʝʨʽʚʥʦʩʪʝʡ? 

6. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʤʝʪʦʜʫ ʅʝʣʜʝʨʘ ï ʄʽʜʘ? 

7. ʅʘʚʝʜʽʪʴ ʧʨʠʢʣʘʜʠ ʛʨʘʬʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʧʨʠʡʦʤʽʚ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʫ 

ʅʝʣʜʝʨʘ ï ʄʽʜʘ. 
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ɻʣʘʚʘ 7. ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʦʧʦʨʥʠʭ ʨʦʟʚô̫ ʟʢʽʚ ʦʩʥʦʚʥʦʾ ʟʘʜʘʯʽ 

ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

7.1. ʊʘʙʣʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʟʘʤʽʥʠ ʙʘʟʠʩʥʠʭ ʟʤʽʥʥʠʭ (ʩʪʘʥʜʘʨʪʥʽ 

ʪʘʙʣʠʮʽ) 

ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʚ ʛʣ. 6, ʧʨʠʡʦʤʠ ʨʝʘʣʽʟʘʮʽʾ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʫ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʙʘʛʘʪʦʨʘʟʦʚʠʭ 

ʧʝʨʝʨʘʭʦʚʫʚʘʥʥʷʭ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʦʙʤʝʞʝʥʴ ʦʩʥʦʚʥʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʽʜʥʦʩʥʦ ʥʦʚʠʭ ʚʽʣʴʥʠʭ ʪʘ ʙʘʟʠʩʥʠʭ ʟʤʽʥʥʠʭ. ɼʣʷ 

ʧʨʠʩʢʦʨʝʥʥʷ ʮʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʨʦʟʛʣʷʥʝʤʦ ʩʧʝʮʽʘʣʴʥʠʡ ʪʘʙʣʠʯʥʠʡ ʘʣʛʦʨʠʪʤ. 

ʇʨʠʧʫʩʪʽʤʦ, ʱʦ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ ʤʽʥʽʤʽʟʘʮʽʶ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ 

.)ă/)ă0
0 1 1 2 2 3 3 0

jfk ă
x

W c c x c x c x
 

ʟʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʦʙʤʝʞʝʥʴ 

11 1 12 2 13 3 1

21 1 22 2 23 3 2

31 1 32 2 33 3 3

,

,

.

a x a x a x b

a x a x a x b

a x a x a x b
 

ʇʨʝʜʩʪʘʚʠʤʦ ʮʶ ʟʘʜʘʯʫ ʫ ʚʠʛʣʷʜʽ ʦʩʥʦʚʥʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥ ̫ ʫ ʬʦʨʤʽ ʟʨʫʯʥʽʡ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʛʦ 

ʪʘʙʣʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ: 

.)ă/)ă0
0 1 1 2 2 3 3 0 1 1 2 2 3 3 0

jfk ă
x

W c c x c x c x c x x x
 

1 1 11 1 12 2 13 3

21 1 22 2 23 3

31 1 32 2 33

2 2

3 3 3

,

,

,

y b a x a x a x

y b a x a x a x

y b a x a x a x

 

ʜʝ 1 1c , 2 2c , 3 3c . 

ʉʢʣʘʜʝʤʦ ʪʘʙʣʠʮʽ(ʜʠʚ. ʪʘʙʣ. 7.1 ʪʘ ʪʘʙʣ. 7.2), ʚ ʷʢʠʭ ʧʦʟʥʘʯʝʥʦ: ʇɽ - 

ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ; ɹɿ ï ʙʘʟʠʩʥʽ ʟʤʽʥʥʽ; ɺɽ ï ʚʽʣʴʥʠʡ ʝʣʝʤʝʥʪ. 
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ʊʘʙʣʠʮʷ 7.1 

ɺʠʭʽʜʥʝ ʧʦʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʇʦʢʘʟʥʠʢ 

ʝʬʝʢʪʠʚʥʦʩʪʽ 

(ʇɽ), 

ɹʘʟʠʩʥʽ ʟʤʽʥʥʽ 

(ɹɿ) 

ɺʽʣʴʥʠʡ 

ʝʣʝʤʝʥʪ 

(ɺɽ) 

ʂʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʚʽʣʴʥʠʭ 

ʟʤʽʥʥʠʭ 

   

     

     

     

     

 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʟʘʤʽʥʫ ʙʘʟʠʩʥʦʾ ʟʤʽʥʥʦʾ 3y  ʥʘ 2x  ,̔ 

ʥʘʚʧʘʢʠ, ʚʽʣʴʥʦʾ ʟʤʽʥʥʦʾ 2x  ʥʘ 3y  . ɺ ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ ʪʘʢʘ ʟʘʤʽʥʘ 

ʟʤʽʥʥʠʭ ʚʠʢʦʥʫʻʪʴʩʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʷʥʥʷ: 

3 31 33
2 1 3 3

32 32 32 32

1
,

b a a
x x y x

a a a a
 

ʚ ʷʢʦʤʫ ʝʣʝʤʝʥʪ 32a  ʥʘʟʠʚʘʶʪʴ ʨʦʟʚôʷʟʫʚʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʫ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽʡ ʪʘʙʣʠʮʽ ʨʷʜʦʢ ʪʘ ʩʪʦʚʧʝʮʴ ʥʘʟʠʚʘʶʪʴ ʨʦʟʚôʷʟʫʚʘʣʴʥʠʤʠ 

ʨʷʜʢʦʤ ʪʘ ʩʪʦʚʧʮʝʤ (ʊʘʙʣ. 7.2). ʗʢʱʦ ʚʠʨʘʟ ʜʣʷ 2x  ʧʽʜʩʪʘʚʠʪʠ ʫ ʬʦʨʤʫʣʠ 

ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ W , 1y , 2y , ʪʦ ʦʪʨʠʤʘʻʤʦ ʪʘʙʣʠʮʶ ʧʝʨʝʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʨʽʚʥʷʥʴ ʦʙʤʝʞʝʥʴ ʜʣʷ ʥʦʚʠʭ ʙʘʟʠʩʥʠʭ ʟʤʽʥʥʠʭ 1 2 2)ă )ăy y x  ʪʘ ʥʦʚʠʭ ʚʽʣʴʥʠʭ 

ʟʤʽʥʥʠʭ 1 3 3)ă )ăx y x (ʊʘʙʣ. 7.2). 

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʘʣʛʦʨʠʪʤ ʧʝʨʝʪʚʦʨʝʥʥʷ 
jx  ʚ iy  ʽ ʥʘʚʧʘʢʠ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʥʜʘʨʪʥʦʾ ʪʘʙʣʠʮʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʜʽʡ: 

 

  

1x 2x 3x

W 0c 1 2 3

1y 1b 11a 12a 13a

2y 2b 21a 22a 23a

3y 3b 31a 32a 33a
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ʊʘʙʣʠʮʷ 7.2 

ʌʦʨʤʫʣʠ ʧʝʨʝʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʽʩʣʷ ʟʘʤʽʥʠ ʟʤʽʥʥʠʭ 

ʇɽ 

ɹɿ 
ɺɽ 

ʂʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ 

1x  3y  3x  

W  
2

0 3
32

c b
a

 2
1 31

32
a

a
 

2

32a
 2

3 33
32

a
a

 

1y  
12

1 3
32

a
b b

a
 

12
11 31

32

a
a a

a
 12

32

a
a

 12
13 33

32

a
a a

a
 

2y  
22

2 3
32

a
b b

a
 

22
21 31

32

a
a a

a
 22

32

a
a

 22
23 33

32

a
a a

a
 

2x  3
32

1b
a

 31
32

1a
a

 
32

1
a

 33
32

1a
a

 

 

1. ɺʠʜʽʣʝʥʥʷ ʚ ʩʪʘʥʜʘʨʪʥʽʡ ʪʘʙʣʠʮʽ ʨʦʟʚôʷʟʫʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ 
ija . 

ʆʙʯʠʩʣʝʥʥʷ ʟʚʦʨʦʪʥʦʾ ʚʝʣʠʯʠʥʠ 
1

ija
. ɼʣʷ ʥʘʦʯʥʦʩʪʽ ʦʙʯʠʩʣʝʥʴ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʧʠʩʘʪʠ  ʫ ʧʨʘʚʦʤʫ ʥʠʞʥʴʦʤʫ ʢʫʪʽ ʬʨʘʛʤʝʥʪʫ ʪʘʙʣʠʮʽ, ʜʝ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʨʦʟʚôʷʟʫʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ. 

2. ʄʥʦʞʝʥʥʷ ʫʩʽʭ ʝʣʝʤʝʥʪʽʚ ʨʦʟʚôʷʟʫʚʘʣʴʥʦʛʦ ʨʷʜʢʘ (ʢʨʽʤ 
ija ) ʥʘ . 

ʈʝʟʫʣʴʪʘʪ ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʬʨʘʛʤʝʥʪʽ ʪʘʙʣʠʮʽ ʩʧʨʘʚʘ ʟʥʠʟʫ. 

3. ʄʥʦʞʝʥʥʷ ʫʩʽʭ ʝʣʝʤʝʥʪʽʚ ʨʦʟʚôʷʟʫʚʘʣʴʥʦʛʦ ʩʪʦʚʧʮʷ (ʦʢʨʽʤ 
ija ) ʥʘ 

.ʈʝʟʫʣʴʪʘʪ ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʬʨʘʛʤʝʥʪʽ ʪʘʙʣʠʮʽ ʩʧʨʘʚʘ ʟʥʠʟʫ. 

4. ɺʠʜʽʣʝʥʥʷ ʫ ʨʦʟʚôʷʟʫʚʘʣʴʥʦʤʫ ʨʷʜʢʫ ʫʩʽʭ ʧʦʧʝʨʝʜʥʽʭ, ʘ ʫ 

ʨʦʟʚôʷʟʫʚʘʣʴʥʦʤʫ ʩʪʦʚʧʮʽ ï ʫʩʽʭ ʥʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʩʘʤʦʛʦ 

ʨʦʟʚôʷʟʫʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ 
ija . 

5. ʆʙʯʠʩʣʝʥʥʷ ʜʦʙʫʪʢʫ ʥʦʚʦʛʦ ʝʣʝʤʝʥʪʘ ʨʦʟʚôʷʟʫʚʘʣʴʥʦʛʦ ʩʪʦʚʧʮʷ ʥʘ 

ʧʦʧʝʨʝʜʥʽʡ ʝʣʝʤʝʥʪ ʨʦʟʚôʷʟʫʚʘʣʴʥʦʛʦ ʨʷʜʢʘ. ɼʣʷ ʚʩʽʭ ʧʦʧʝʨʝʜʥʽʭ ʝʣʝʤʝʥʪʽʚ 

ʪʘʙʣʠʮʽ ʦʢʨʽʤ ʪʠʭ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʨʦʟʚôʷʟʫʚʘʣʴʥʠʭ ʨʷʜʢʫ ʪʘ ʩʪʦʚʧʮʽ. ɿʘʧʠʩ 

ʜʦʙʫʪʢʫ ʫ ʚʽʜʧʦʚʽʜʥʠʡ ʬʨʘʛʤʝʥʪ ʪʘʙʣʠʮʽ. 

6. ʌʦʨʤʫʣʶʚʘʥʥʷ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ: 
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1) ʟʘʤʽʥʘ 
jx  ʥʘ 

iy  ʽ ʥʘʚʧʘʢʠ; 

2) ʟʘʣʠʰʠʪʠ ʫ ʨʦʟʚôʷʟʫʚʘʣʴʥʠʭ ʩʪʦʚʧʮʽ ʪʘ ʨʷʜʢʫ ʣʠʰʝ ʥʠʞʥʽ ʝʣʝʤʝʥʪʠ 

ʬʨʘʛʤʝʥʪʽʚ ʪʘʙʣʠʮʽ; 

3) ʟʘʤʽʥʘ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘʙʣʠʮʽ ʩʫʤʦʶ ʧʦʧʝʨʝʜʥʽʭ ʯʠʩʝʣ ʪʘ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʟʛʽʜʥʦ ʧʫʥʢʪʫ 5. 

ʇʨʠʢʣʘʜ 7.1. ʅʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʟʘʤʽʥʫ ʟʤʽʥʥʠʭ ʫ ʥʘʩʪʫʧʥʽʡ ʟʘʜʘʯʽ 

ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ: 

.)ă/)ă0
1 3 0

/ jfk ă
x

W x x
 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚ: 

1 2 3

1 2

2 3

2 5 0,

/ . -)ăăăăăăăăă

/ . -+ăăăăăăăăă

x x x

x x

x x
 

ʈ̔ʰʝʥʥʷ 

Ǐ ʇʝʨʝʬʦʨʤʫʣʶʻʤʦ ʢʨʠʪʝʨʽʡ ʪʘ ʦʙʤʝʞʝʥʥʷ ʥʝʨʽʚʥʦʩʪʽ ʫ ʚʠʛʣʷʜʽ:  

.)ă/)ă0

.)ă/)ă0

1 3 0

y 0

/ % & jfk ă
x

W x x

 

1 1 2 3

2 1 2

3 2 3

5 2 ,

. / )ăăăăăăăăăăăăă

. / +ăăăăăăăăăă

y x x x

y x x

y x x
 

ʇʨʝʜʩʪʘʚʠʤʦ ʚʠʭʽʜʥʽ ʜʘʥʽ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ 7.3 ʪʘ ʚʠʢʦʥʘʻʤʦ ʟʘʤʽʥʫ 

ʟʤʽʥʥʠʭ, ʥʘʧʨʠʢʣʘʜ 2y  ʥʘ 
1x  ʫ ʨʷʜʢʫ ʽ 

1x ʥʘ 2y  ʫ ʩʪʦʚʧʯʠʢʫ, ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ ʘʣʛʦʨʠʪʤʫ ʧʝʨʝʪʚʦʨʝʥʥʷ 
jx  ʚ iy  ʽ ʥʘʚʧʘʢʠ. 

ʊʘʙʣʠʮʷ 7.3 

ɺʠʭʽʜʥʽ ʜʘʥʽ 

ʇɽ 

ɹɿ 
ɺɽ 

ʂʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ 

21x y  2x  3x  

W  2 
1/2 

1 
1/2 

0 
1/2 

ï1 
0 

1y  ï5 
ï1/2 

ï1 
ï1/2 

1 
ï1/2 

ï2 
0 

12y x  1 
ï1/2 ï2 ï1/2 

1 
ï1/2 

0 
0 

3y  ï1 
0 

0 
0 
ï2 

0 
1 

0 
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ʈʝʟʫʣʴʪʘʪ ʟʘʤʽʥʠ ʟʤʽʥʥʠʭ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ.7.4. 

ʊʘʙʣʠʮʷ 7.4 

ʈʝʟʫʣʴʪʘʪ ʟʘʤʽʥʠ ʟʤʽʥʥʠʭ 

ʇɽ 

ɹɿ 
ɺɽ 

ʂʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ 

2y  2x  3x  

W  5/2 1/2 1/2 1 

1y  ï11/2 ï1/2 1/2 ï2 

1x  ï1/2 ï1/2 ï1/2 0 

3y  ï1 0 ï2 1 

 

ƴ 

7.2. ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʦʧʦʨʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʪʘʥʜʘʨʪʥʠʭ ʪʘʙʣʠʮʴ 

ʆʩʥʦʚʥʘ ʟʘʜʘʯʘ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʫ ʩʪʘʥʜʘʨʪʥʽʡ ʬʦʨʤʽ ʤʘʻ 

ʚʠʛʣʷʜ: 

0 1 1 2 2
1,

1

0

0 ,

ă jfk
i

j

n n
x i n

y j m

W c x x x

 

ʟʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʦʙʤʝʞʝʥʴ ʨʽʚʥʦʩʪʝʡ: 

1 2 )ă .)j j j j jn ny b a a a x j m
. 

ɺ ʢʦʞʥʽʡ ʚʝʨʰʠʥʽ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚóʷʟʢʽʚ ʨʦʟʪʘʰʦʚʘʥʽ ʦʧʦʨʥʽ 

ʨʦʟʚóʷʟʢʠ, ʜʣʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʪʝ, ʱʦ ʭʦʯʘ ʙ n  ʟʤʽʥʥʠʭ ʜʦʨʽʚʥʶʶʪʴ 0, ʘ 

ʽʥʰʽ ʟʤʽʥʥʽ ʥʝʚʽʜôʻʤʥʽ. 

ʇʦʢʣʘʜʝʤʦ - ă .)ix i n , ă .)j jy b j m . ʊʦʜʽ ʦʟʥʘʢʦʶ ʪʦʛʦ, ʱʦ 

ʟʘʧʠʩʘʥʠʡ ʚʠʱʝ ʨʦʟʚóʷʟʦʢ 

-ă .) )ă

1,

i

j j

x i n

y b j m
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ʻ ʦʧʦʨʥʠʤ, ʩʣʽʜ ʚʚʘʞʘʪʠ ʥʝʚʽʜôʻʤʥʽʩʪʴ ʚʽʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ 0 1,jb j m . 

ʗʢʱʦ ʮʷ ʫʤʦʚʘ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʡʪʠ ʚʽʜ ʨʦʟʚóʷʟʢʫ, ʱʦ 

ʥʝ ʟʘʜʦʚʦʣʴʥʷʻ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚóʷʟʢʽʚ ʜʦ ʦʧʦʨʥʦʛʦ. ɸʣʛʦʨʠʪʤ 

ʧʦʰʫʢʫ ʦʧʦʨʥʦʛʦ ʨʦʟʚóʷʟʢʫ ʧʦʚʠʥʝʥ ʧʨʠʟʚʦʜʠʪʠ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʘʙʦ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʽʜôʻʤʥʠʭ ʚʽʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʦʙʤʝʞʝʥʴ ʨʽʚʥʦʩʪʝʡ, ʷʢʽ 

ʟʘʜʘʶʪʴ ʨʽʚʥʷʥʥʷ ʜʣʷ ʧʦʰʫʢʫ ʙʘʟʠʩʥʠʭ ʟʤʽʥʥʠʭ, ʘʙʦ ʟʤʝʥʰʫʚʘʪʠ ʤʦʜʫʣʴ ʮʠʭ 

ʚʽʜôʻʤʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʽ ʪʠʤ ʩʘʤʠʤ, ʧʦʩʪʫʧʦʚʦ, ʥʘʙʣʠʞʘʪʠ ʙʘʟʠʩʥʽ ʟʤʽʥʥʽ ʜʦ 

ʛʨʘʥʠʮʽ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚóʷʟʢʽʚ.  

ʈʦʟʛʣʷʥʝʤʦ ʦʜʠʥ ʟ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʪʘʥʜʘʨʪʥʽ 

ʪʘʙʣʠʮʽ. 

ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʦʧʦʨʥʦʛʦ ʨʽʰʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʠʭ 

ʪʘʙʣʠʮʴ: 

ʇʨʠʡʦʤ 1. ɼʦʩʣʽʜʠʪʠ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚóʷʟʢʽʚ ʥʘ ʽʩʥʫʚʘʥʥʷ. 

ɿʥʘʡʪʠ ʚ ʩʪʘʥʜʘʨʪʥʽʡ ʪʘʙʣʠʮʽ ʚʽʜôʻʤʥʠʡ ʚʽʣʴʥʠʡ ʝʣʝʤʝʥʪ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ 

ʙʘʟʠʩʥʦʾ ʟʤʽʥʥʦʾ. ʗʢʱʦ ʚ ʟʥʘʡʜʝʥʦʤʫ ʨʷʜʢʫ ʥʝʤʘʻ ʚʽʜôʻʤʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽ ʧʨʠ 

ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ, ʪʦ ʮʝ ʦʟʥʘʢʘ ʚʽʜʩʫʪʥʦʩʪʽ ʨʦʟʚóʷʟʢʫ ʪʦʤʫ, ʱʦ 

1 1 2 2 0j j jj jn ny b a x a x a x  

ʧʨʠ 0jb  ʪʘ 0ix  , ʘ ʟʤʽʥʥʘ 
jy  ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝʚʽʜôʻʤʥʦʶ. ɺʠʢʦʥʘʪʠ 

ʫʤʦʚʫ ʥʝʚʽʜʻʤʥʦʩʪʽ ʥʝʤʦʞʣʠʚʦ. 

ʇʨʠʡʦʤ 2. ʇʦʰʫʢ ʨʦʟʚôʷʟʫʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʫ ʨʷʜʢʫ ʽʟ ʚʽʜôʻʤʥʠʤ ʚʽʣʴʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʻ ʚʽʜôʻʤʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʧʨʠ ʜʝʷʢʽʡ ʚʽʣʴʥʽʡ ʟʤʽʥʥʽʡ. ʈʦʟʛʣʷʜʘʶʯʠ ʩʪʦʚʧʝʮʴ ʟ ʚʽʜôʻʤʥʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʨʠ ʜʝʷʢʽʡ ʚʽʣʴʥʽʡ ʟʤʽʥʥʽʡ, ʟʥʘʭʦʜʠʤʦ ʚ ʥʴʦʤʫ ʝʣʝʤʝʥʪ 

ʦʜʥʘʢʦʚʦʛʦ ʟ ʚʽʣʴʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʥʘʢʫ, ʘʣʝ ʪʘʢʠʡ, ʱʦʙ ʚʽʜʥʦʰʝʥʥʷ 

ʚʽʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʜʦ ʥʴʦʛʦ ʙʫʣʦ ʤʽʥʽʤʘʣʴʥʠʤ. ʎʝʡ ʝʣʝʤʝʥʪ ʽ ʻ 

ʨʦʟʚôʷʟʫʚʘʣʴʥʠʤ. 

ʇʨʠʡʦʤ 3. ɺʠʢʦʥʫʻʤʦ ʟʘʤʽʥʫ ʟʤʽʥʥʠʭ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʪʘʥʜʘʨʪʥʠʭ 

ʪʘʙʣʠʮʴ. 

ʈʦʟʛʣʷʥʝʤʦ ʥʘ ʧʨʠʢʣʘʜʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʧʦʰʫʢʫ ʦʧʦʨʥʦʛʦ 

ʨʽʰʝʥʥʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʥʜʘʨʪʥʠʭ ʪʘʙʣʠʮʴ: 

ʇʨʠʢʣʘʜ 7.2. ɿʥʘʡʪʠ, ʷʢʱʦ ʚʥ̔ ʽʩʥʫʻ, ʦʧʦʨʥʠʡ ʨʦʟʚóʷʟʦʢ ʦʩʥʦʚʥʦʾ ʟʘʜʘʯʽ 

ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽʟ ʥʘʩʪʫʧʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʦʙʤʝʞʝʥʥʷʤʠ: 
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1 1 2 3

2 1 2 3

3 1 2

4 2 3

1 2 ,

5 ( 2 ),

2 ,

1 .

y x x x

y x x x

y x x

y x x
 

ʈ̔ʰʝʥʥʷ 

Ǐ ɿʘʧʠʰʝʤʦ ʚʠʭʽʜʥʽ ʜʘʥʽ ʫ ʚʠʛʣʷʜʽ ʩʠʤʧʣʝʢʩ-ʪʘʙʣʠʮʽ (ʪʘʙʣ.7.5). 

ʊʘʙʣʠʮʷ 7.5 
ɺʠʭʽʜʥʽ ʜʘʥʽ 

ʇɽ 

ɹɿ 
ɺɽ 

ʂʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ 

31x y  2x  3x  

W  
1 

2 
ς1 

1 
ï2 

1 
1 

0 

1y  
ï5 

4 
ς2 

2 
1 

2 
ï1 

0 

3 1y x  
2 

2 
1 

1 
1 

1 
0 

0 

4y  
1 

0 
0 

0 
ï1 

0 
1 

0 

 

ʆʙʠʨʘʻʤʦ ʜʨʫʛʠʡ ʨʷʜʦʢ ʪʘ ʧʝʨʰʠʡ ʩʪʦʚʙʝʮʴ, ʪʦʤʫ ʱʦ ʫ ʜʨʫʛʦʤʫ ʨʷʜʢʫ 

ʻ ʚʽʜôʻʤʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 2  ʪʘ ʚʽʜôʻʤʥʠʡ ʚʽʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 5. ɿʫʧʠʥʠʤʦʩʴ 

ʥʘ ʩʪʦʚʧʯʠʢʫ ʽʟ ʢʦʝʬʽʮʽʻʥʪʦʤ 2  ʪʘ ʦʙʯʠʩʣʠʤʦ ʚʽʜʥʦʰʝʥʥʷ 

5 2
2,5 2

2 1
, ʪʦʙʪʦ ʚ ʷʢʦʩʪʽ ʨʦʟʚôʷʟʫʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ ʚʠʙʠʨʘʻʤʦ 

31 1.a  ɿʘʧʦʚʥʠʤʦ ʪʘʙʣ.7.6, ʷʢʘ ʙʫʜʝ ʪʘʙʣʠʮʝʶ ʧʝʨʰʦʾ ʽʪʝʨʘʮʽʾ ʜʦ ʦʧʦʨʥʦʛʦ 

ʨʦʟʚôʷʟʢʫ. 

ʊʘʙʣʠʮʷ 7.6 
ʇʝʨʰʘ ʽʪʝʨʘʮʽʷ 

ɹɿ ɺɽ 
ʂʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ 

3y  2x  23x y  

1y  
3 

ï1 
1 

2 
ï1 

3 
1 

1 

2 3y x  
ï1 

1 
2 

ï2 
3 

ï3 
ï1 

ï1 

1x  
2 

0 
1 

0 
1 

0 
0 

0 

4y  
1 

ï1 
0 

2 
ï1 

3 
1 

1 
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ʇʦʚʪʦʨʥʦ ʟʘʩʪʦʩʦʚʫʻʤʦ ʘʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʦʧʦʨʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʥʜʘʨʪʥʠʭ ʪʘʙʣʠʮʴ (ʪʘʙʣ. 7.6). 

ɿʘʧʦʚʥʶʤ̒ʦ ʪʘʙʣ. 7.7, ʷʢʘ ʙʫʜʝ ʪʘʙʣʠʮʝʶ ʜʨʫʛʦʾ ʽʪʝʨʘʮʽʾ ʜʦ ʦʧʦʨʥʦʛʦ 

ʨʦʟʚôʷʟʢʫ.  

ʊʘʙʣʠʮʷ 7.7 

ɼʨʫʛʘ ʽʪʝʨʘʮʽʷ 

ɹʘʟʠʩʥʽ 

ʟʤʽʥʥʽ 

ɺʽʣʴʥʠʡ  

ʝʣʝʤʝʥʪ 

ʂʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ 

3y  2x  2y  

1y  2 3 2 1 

3x  1 ï2 ï3 ï1 

1x  2 1 1 0 

4y  0 2 2 1 

 

ʋ ʪʘʙʣ. 7.7 ʫʩʽ ʚʽʣʴʥʽ ʝʣʝʤʝʥʪʠ ʥʝʚʽʜôʻʤʥʽ. ʆʧʦʨʥʠʡ ʨʦʟʚôʷʟʦʢ ʟʥʘʡʜʝʥʦ. 

ƴ 

ʇʨʠʢʣʘʜ 7.3. ɿʥʘʡʪʠ, ʷʢʱʦ ʚʥ̔ ʽʩʥʫʻ, ʦʧʦʨʥʠʡ ʨʦʟʚóʷʟʦʢ ʟʘʜʘʯʽ 

ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽʟ ʥʘʩʪʫʧʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʦʙʤʝʞʝʥʥʷʤʠ: 

1 1 2

2 1 2 3

3 1 2 3

4 1 2

4 2 ,

3 ,

10 (2 ),

2 .

y x x

y x x x

y x x x

y x x
 

ʈ̔ʰʝʥʥʷ 

Ǐ ʆʙʠʨʘʻʤʦ, ʥʘʧʨʠʢʣʘʜ, ʧʝʨʰʠʡ ʨʷʜʦʢ ʪʘ ʧʝʨʰʠʡ ʩʪʦʚʧʝʮʴ ʽʟ ʚʽʜôʻʤʥʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ (ʪʘʙʣ. 7.8). 

ʗʢ ʥʘ ʧʦʯʘʪʢʫ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʪʘʢ ʽ ʚ 

ʧʨʦʮʝʩʽ ʦʪʨʠʤʘʥʥʷ ʢʦʞʥʦʾ ʥʘʩʪʫʧʥʦʾ ʽʪʝʨʘʮʽʾ ʢʦʥʪʨʦʣʶʻʤʦ ʚʠʥʠʢʥʝʥʥʷ 

ʫʤʦʚʠ, ʢʦʣʠ ʚʽʣʴʥʠʡ ʝʣʝʤʝʥʪ ʙʫʜʴ-ʷʢʦʾ ʙʘʟʠʩʥʦʾ ʟʤʽʥʥʦʾ ʚʽʜôʻʤʥʠʡ, ʘ ʩʝʨʝʜ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʠ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ ʥʝʤʘʻ ʚʽʜôʻʤʥʦʛʦ.  

 

 



82 

ʊʘʙʣʠʮʷ 7.8 

ɺʠʭʽʜʥʽ ʜʘʥʽ 

ɹɿ ɺɽ 
ʂʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ 

41x y  2x  3x  

1y  
ï4 

2 
ï1 

ï1 
2 

ï1 
0 

0 

2y  
ï3 

ï2 
1 

1 
ï1 

1 
1 

0 

3y  
ï10 

ï4 
2 

2 
ï1 

2 
1 

0 

4y  2 
2 

ï1 
ï1 

1 
ï1 

0 
0 

 

ʊʘʢ ʚ ʨʷʜʢʘʭ 2 ʪʘ 3 ʤʘʻʤʦ: 

2 4 32 -ă)y y x
 

3 3 44 32 214 2 0 ,ăă -)ă -+y y x x x x y  

ʊʘʙʣʠʮʷ 7.9 

ʇʝʨʰʘ ʽʪʝʨʘʮʽʷ 

ɹɿ ɺɽ 

ʂʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʚʽʣʴʥʠʭ 

ʟʤʽʥʥʠʭ 

4y  2x  3x  

1y  ï2 ï1 1 0 

2y  ï5 1 0 1 

3y  ï14 2 1 1 

1x  2 ï1 ï1 0 

 

ʊʦʙʪʦ ʨʦʟʚóʷʟʢʫ, ʷʢʠʡ ʥʘʣʝʞʠʪʴ ʆɼʈ ʟʘ ʦʟʥʘʢʦʶ ʥʝʚʽʜôʻʤʥʦʩʪʽ 

ʫʧʨʘʚʣʷʶʯʠʭ ʟʤʽʥʥʠʭ, ʥʝ ʽʩʥʫʻ. ʆʪʞʝ, ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚóʷʟʢʽʚ ï 

ʧʦʨʦʞʥʷ ʤʥʦʞʠʥʘ. ʗʢ ʙʘʯʠʤʦ, ʟôʷʩʫʚʘʥʥʷ ʧʠʪʘʥʥʷ ʧʨʦ ʽʩʝʥʫʚʘʥʥʷ 

ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚóʷʟʢʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʧʦʰʫʢʫ ʦʧʦʨʥʦʛʦ ʨʦʟʚóʷʟʢʫ. ƴ 
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ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʦʧʦʨʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ? 

2. ʇʦʷʩʥʽʪʴ, ʫ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʪʘʙʣʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟʘʤʽʥʠ ʙʘʟʠʩʥʠʭ 

ʟʤʽʥʥʠʭ. 

3. ʈʦʟʢʨʠʡʪʝ ʩʫʪʴ ʧʦʥʷʪʪʷ ʨʦʟʚôʷʟʫʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ. 

4. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʘʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʦʧʦʨʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʠʭ ʪʘʙʣʠʮʴ. 

5. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʦʩʥʦʚʥʽ ʧʨʠʡʦʤʠ ʘʣʛʦʨʠʪʤʫ ʧʦʰʫʢʫ ʦʧʦʨʥʦʛʦ 

ʨʦʟʚôʷʟʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʠʭ ʪʘʙʣʠʮʴ. 
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ɻʣʘʚʘ 8. ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʦʩʥʦʚʥʦʾ 

ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

8.1. ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚô̫ ʟʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʪʘʥʜʘʨʪʥʠʭ ʪʘʙʣʠʮʴ  

ʋ ʛʣ. 6, 7 ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʩʢʣʘʜʦʚʽ (ʧʨʠʡʦʤʠ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʫ) 

ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʦʧʦʨʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, 

ʪʦʙʪʦ ʟʘʜʘʯʽ ʟʥʘʭʦʜʞʝʥʥʷ ʤʽʥʽʤʫʤʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ: 

0 1 1
0ă .

ă0

,

1,

jfk ă
i

j

n n
x i n

y j m

W c x x

 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʽʚʥʷʥʴ-ʦʙʤʝʞʝʥʴ 

1 1 )ăă .)i j j jn ny b a x a x j m
. 

ʇʦʢʘʞʝʤʦ ʥʘ ʧʨʠʢʣʘʜʽ, ʷʢ ʫ ʟʨʫʯʥʽʡ ʬʦʨʤʽ ʪʘʙʣʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʟʘʤʽʥʠ ʟʤʽʥʥʠʭ ʚʠʢʦʥʫʚʘʪʠ ʦʧʪʠʤʽʟʘʮʽʶ, ʪʦʙʪʦ ʨʦʟʚôʷʟʫʚʘʪʠ ʦʩʥʦʚʫ ʟʘʜʘʯʫ 

ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ ʮʽʣʦʤʫ. 

 

ʇʨʠʢʣʘʜ 8.1. ʈʦʟʚôʷʟʘʪʠ ʦʩʥʦʚʥʫ ʟʘʜʘʯʫ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

.)ă/)ă0

.)ă/)ă0)ă1

1 2 3 0

0

- / jfk ă
x

y

W x x x

 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʽʚʥʷʥʴ-ʦʙʤʝʞʝʥʴ 

1 1 2 3

2 1 2 3

3 2 3

4 1 2

2 ( 2 ),

1 ,

5 ,

2 (2 ).

y x x x

y x x x

y x x

y x x
 

ʈ̔ʰʝʥʥʷ 

Ǐ ʇʨʠ 1 2 3 0x x x , 1 2 3 4/)ă .)ă 2)ă /y y y y , ʪʦʙʪʦ ʦʧʦʨʥʠʡ 

ʨʦʟʚóʷʟʦʢ ʽʩʥʫʻ, ʘʣʝ ʚʽʥ ʥʝ ʻ ʦʧʪʠʤʘʣʴʥʠʤ, ʪʦʤʫ ʱʦ ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʠ 2x  ʪʘ 3x , 

ʫ ʚʠʨʘʟʽ ʜʣʷ W ï ʜʦʜʘʪʥʽ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ 2x  ʘʙʦ 3x  

ʤʦʞʣʠʚʦ ʟʤʝʥʰʠʪʠ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʇʝʨʝʡʜʝʤʦ ʜʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʩʪʘʥʜʘʨʪʥʠʭ ʪʘʙʣʠʮʴ (ʜʠʚ. ʪʘʙʣ.8.1). 
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ʊʘʙʣʠʮʷ 8.1 

ɺʠʭʽʜʥʽ ʜʘʥʽ 

ʇʦʢʘʟʥʠʢ  

ʝʬʝʢʪʠʚʥʦʩʪʽ, 

 ʙʘʟʠʩʥʽ 

ʟʤʽʥʥʽ 

ɺʽʣʴʥʠʡ  

ʝʣʝʤʝʥʪ 

ʂʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ 

1x  2x  23x y  

W  0 
ï1 

ï1 
ï1 

2 
1 

1 
ï1 

1y  2 
2 

1 
2 

1 
ï2 

ï2 
2 

2 3y x  1 
1 

1 
1 

ï1 
ï1 

1 
1 

3y  5 
ï1 

0 
ï1 

1 
1 

1 
ï1 

4y  2 
0 

2 
0 

ï1 
0 

0 
0 

 

ɺ ʧʝʨʰʦʤʫ ʨʷʜʢʫ ʪʘʙʣ.8.1, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʚʠʭʽʜʥʽ ʜʘʥʥʽ, ʧʦʢʘʟʥʠʢ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʻ ʜʦʜʘʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ 2x  ʪʘ 3x . ʊʦʤʫ 

ʤʦʞʣʠʚʦ ʦʙʨʘʪʠ ʙʫʜʴ ʷʢʠʡ ʽʟ ʩʪʦʚʙʮʽʚ ʚ ʷʢʦʩʪʽ ʨʦʟʚôʷʟʫʚʘʣʴʥʦʛʦ. ʅʝʭʘʡ ʮʝ 

ʙʫʜʫ ʩʪʦʚʙʝʮʴ ʟ 3x , ʪʦʙʪʦ 3x  ʚʠʢʣʶʯʠʤʦ ʽʟ ʩʢʣʘʜʫ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ. 

ʈʦʟʚôʷʟʫʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ ʚ ʦʙʨʘʥʦʤʫ ʩʪʦʚʙʮʽ ʧʦʚʠʥʝʥ ʙʫʜʠ ʜʦʜʘʪʥʠʡ. ʊʘʢʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʚʘ: ʦʜʠʥ ʫ ʨʷʜʢʫ ʟ 2y  ʪʘ ʽʥʰʠʡ ʫ ʨʷʜʢʫ ʟ 3y .  

ʆʙʝʨʝʤʦ ʷʢ ʨʦʟʚôʷʟʫʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ ʪʦʡ, ʜʣʷ ʷʢʦʛʦ ʚʽʜʥʦʰʝʥʥʷ 

ʚʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ ʜʦ ʝʣʝʤʝʥʪʫ ʦʙʨʘʥʦʛʦ ʚ ʷʢʦʩʪʽ ʨʦʟʚôʷʟʫʚʘʣʴʥʦʛʦ 

ʥʘʡʤʝʥʰʝ( ʪʘʙʣ. 8.1). 

ɺ ʪʘʙʣʠʮʽ ʦʪʨʠʤʘʥʽʡ ʧʽʩʣʷ ʧʝʨʰʦʾ ʽʪʝʨʘʮʽʾ(ʜʠʚ. ʪʘʙʣ. 8.2), ʫ ʨʷʜʢʫ 

çʇʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽè, ʪʽʣʴʢʠ ʧʨʠ 2x  ʢʦʝʬʽʮʽʻʥʪ ʜʦʜʘʪʥʠʡ, ʪʦʤʫ 2x  

ʥʝʦʙʭʽʜʥʦ ʚʠʚʝʩʪʠ ʟʽ ʩʢʣʘʜʫ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ. ɺ ʷʢʦʩʪʽ ʨʦʟʚôʷʟʫʚʘʣʴʥʦʛʦ 

ʝʣʝʤʝʥʪʫ ʚʠʙʠʨʘʻʤʦ 32 2a (ʪʘʙʣ. 8.2).  
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ʊʘʙʣʠʮʷ 8.2 

ʇʝʨʰʘ ʽʪʝʨʘʮʽʷ 

ʇʦʢʘʟʥʠʢ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʙʘʟʠʩʥʽ ʟʤʽʥʥʽ 

ɺʽʣʴʥʠʡ 

ʝʣʝʤʝʥʪ 

ʂʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ 

1x  2 3x y  2y  

W  ï1 
ï6 

ï2 
3/2 

3 
ï3/2 

ï1 
3/2 

1y  4 
2 

3 
ï1/2 

ï1 
1/2 

2 
ï1/2 

3x  1 
2 

1 
ï1/2 

ï1 
1/2 

1 
ï1/2 

3 2y x  4 
2 

ï1 
ï1/2 

2 
1/2 

ï1 
ï1/2 

4y  2 
2 

2 
ï1/2 

ï1 
1/2 

0 
ï1/2 

 

ʋ ʧʦʜʘʣʴʰʦʤʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʨʫʛʦʾ ʪʘ ʪʨʝʪʴʦʾ ʽʪʝʨʘʮʽʡ ʟʘʩʪʦʩʦʚʫʻʤʦ 

ʪʘʙʣʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʟʘʤʽʥʠ ʙʘʟʠʩʥʠʭ ʟʤʽʥʥʠʭ (ʪʘʙʣ. 8.3, 8.4). 

ʊʘʙʣʠʮʷ 8.3 

ɼʨʫʛʘ ʽʪʝʨʘʮʽʷ 

ʇʦʢʘʟʥʠʢ  

ʝʬʝʢʪʠʚʥʦʩʪʽ,  

ʙʘʟʠʩʥʽ ʟʤʽʥʥʽ 

ɺʽʣʴʥʠʡ  

ʝʣʝʤʝʥʪ 

ʂʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ 

1x  3y  12y y  

W  ï7 
ï2 

ï1/2 
ï5/6 

ï3/2 
ï1/6 

1/2 
ï1/3 

21y y  6 
4 

5/2 
5/3 

1/2 
1/3 

3/2 
2/3 

3x  3 
ï2 

1/2 
ï5/6 

1/2 
ï1/6 

1/2 
ï1/3 

2x  2 
2 

ï1/2 
5/6 

1/2 
1/6 

ï1/2 
ï1/3 

4y  4 
2 

3/2 
5/6 

1/2 
1/6 

ï1/2 
ï1/3 
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ʊʘʙʣʠʮʷ 8.4 

ʊʨʝʪʷ ʽʪʝʨʘʮʽʷ 

ʇʦʢʘʟʥʠʢ  

ʝʬʝʢʪʠʚʥʦʩʪʽ,  

ʙʘʟʠʩʥʽ ʟʤʽʥʥʽ 

ɺʽʣʴʥʠʡ  

ʝʣʝʤʝʥʪ 

ʂʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʚʽʣʴʥʠʭ 

ʟʤʽʥʥʠʭ 

1x  3y  1y  

W  ï9 ï4/3 ï5/3 ï1/3 

2y  4 5/3 1/3 2/3 

3x  1 ï1/3 1/3 ï1/3 

2x  4 1/3 2/3 1/3 

4y  6 7/3 2/3 1/3 

 

ʗʢ ʙʘʯʠʤʦ ʦʧʦʨʥʠʡ ʨʦʟʚôʷʟʦʢ  

1 2 1 2 3 43-)ăă 1)ăă .)ăă -)ăă 1)ăă -)ăă 3x x x y y y y
 

ʻ ʦʧʪʠʤʘʣʴʥʠʤ, ʪʦʤʫ ʱʦ ʚʩʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ ʫ ʚʠʨʘʟʽ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜôʻʤʥʽ. ʆʩʪʘʪʦʯʥʦ ʦʪʨʠʤʘʻʤʦ 

ʦʧʪʠʤʘʣʴʥʝ(ʤʽʥʽʤʘʣʴʥʝ) ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ  

minW 9.
 ƴ 

ɿʘʫʚʘʞʝʥʥʷ 8.1. ʗʢʱʦ ʫ ʢʦʞʥʦʤʫ ʩʪʦʚʧʮʽ ʽʟ ʜʦʜʘʪʥʽʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʫ 

ʨʷʜʢʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʝ ʽʩʥʫʻ ʜʦʜʘʪʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʪʦ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʽʩʥʫʚʘʥʥʷ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚóʷʟʢʽʚ ʦʙʤʝʞʝʥʦʛʦ 

ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʘ ʥʝ ʤʘʻ: ʧʨʠ ʥʝʦʙʤʝʞʝʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʚʽʣʴʥʦʾ ʟʤʽʥʥʦʾ 

ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ W . 

ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʦʩʥʦʚʥʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʫ: 

1. ʗʢʱʦ ʚʩʽ ʚʽʣʴʥʽ ʝʣʝʤʝʥʪʠ (ʚʠʢʣʶʯʘʶʯʠ ʨʷʜʦʢ W ) ʫ ʩʠʤʧʣʝʢʩ 

ʪʘʙʣʠʮʽ(ʩʪʘʥʜʘʨʪʥʽʡ ʪʘʙʣʠʮʽ) ʥʝʚʽʜôʻʤʥʽ ʽ ʧʨʠ ʮʴʦʤʫ ʫ ʨʷʜʢʫ W  (ʙʝʟ 

ʫʨʘʭʫʚʘʥʥʷ ʚʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ) ʥʝʤʘʻ ʞʦʜʥʦʛʦ ʜʦʜʘʪʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ, ʪʦ 

ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚóʷʟʦʢ ʜʦʩʷʛʥʫʪʦ. 

2. ʗʢʱʦ ʚ ʨʷʜʢʫ W  ʩʝʨʝʜ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ ʻ ʜʦʜʘʪʥʽʡ, ʘ ʫ 

ʩʪʦʚʧʮʽ, ʱʦ ʡʦʤʫ ʚʽʜʧʦʚʽʜʘʻ, ʥʝʤʘʻ ʞʦʜʥʦʛʦ ʜʦʜʘʪʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ 
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(ʝʣʝʤʝʥʪʫ) , ʪʦ ʣʽʥʽʡʥʘ ʬʫʥʢʮʽʷ W  ʥʝ ʦʙʤʝʞʝʥʘ ʟʥʠʟʫ ʽ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʦʟʚóʷʟʢʫ ʥʝ ʽʩʥʫʻ. 

3. ʗʢʱʦ ʫ ʩʪʦʚʧʮʽ ʻ ʜʦʜʘʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʪʦ ʚʽʣʴʥʫ ʟʤʽʥʥʫ, ʷʢʘ 

ʚʽʜʧʦʚʽʜʘʻ ʮʴʦʤʫ ʩʪʦʚʧʮʶ ʥʝʦʙʭʽʜʥʦ ʧʦʤʽʥʷʪʠ ʤʽʩʮʷʤʠ ʽʟ ʪʽʻʶ ʙʘʟʠʩʥʦʶ 

ʟʤʽʥʥʦʶ, ʜʣʷ ʷʢʦʾ ʚʽʜʥʦʰʝʥʥʷ ʚʽʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ ʜʦ ʦʙʨʘʥʦʛʦ ʜʦʜʘʪʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʫ ʻ ʥʘʡʤʝʥʰʠʤ. 

ɿʘʫʚʘʞʝʥʥʷ 8.2. ʇʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʦʞʝ 

ʚʠʥʠʢʥʫʪʠ ʩʠʪʫʘʮʽʷ ʢʦʣʠ ʧʨʠ ʟʘʤʽʥʽ ʟʤʽʥʥʠʭ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʠ ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ (ʚʠʨʦʜʞʝʥʘ ʟʘʜʘʯʘ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ). ɼʣʷ 

ʧʨʠʧʠʥʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʧʦʰʫʢʫ minW  ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʘʪʠ ʦʟʥʘʢʫ ʪʦʛʦ, ʱʦ 

ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ ʧʽʩʣʷ ʩʧʝʮʽʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ, ʘʙʦ ʦʟʥʘʢʫ ʪʦʛʦ, ʱʦ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʞʝ ʥʝʤʦʞʣʠʚʦ 

ʟʤʝʥʰʠʪʠ, ʪʦʤʫ ʱʦ ʥʝʤʘʻ ʜʦʜʘʪʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʫ ʨʷʜʢʫ W  ʩʠʤʧʣʝʢʩ 

ʪʘʙʣʠʮʽ. 

ɿʘʫʚʘʞʝʥʥʷ 8.3. ʋ ʧʨʦʮʝʩʽ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʟʘʮʠʢʣʶʚʘʥʥʷ, ʩʫʪʴ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʽʩʣʷ ʢʽʣʴʢʦʭ 

ʟʘʤʽʥ ʟʤʽʥʥʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʝʨʥʝʥʥʷ ʜʦ ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ ʦʧʦʨʥʦʛʦ 

ʨʦʟʚôʷʟʢʫ ʪʘ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ. ɼʣʷ ʧʦʜʦʣʘʥʥʷ ʟʘʮʠʢʣʶʚʘʥʥʷ ʧʦʪʨʽʙʥʦ 

ʧʽʩʣʷ ʧʝʨʰʦʛʦ ʧʦʚʝʨʥʝʥʥʷ ʜʦ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘʤʽʥʠʪʠ 

ʨʦʟʚôʷʟʫʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ. 

 

ʇʨʠʢʣʘʜ 8.2. ʈʦʟʚôʷʟʘʪʠ ʦʩʥʦʚʥʫ ʟʘʜʘʯʫ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

.)ă/)ă0)ă1

.)ă/)ă0

1 2 0

0

/ jfk ăă
x

y

W x x

 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʽʚʥʷʥʴ-ʦʙʤʝʞʝʥʴ 

1 1 2

2 2 3

3 3 4

ăăăăăăăăăăă

2,

+ ă

,

.ă

y x x

y x x

y x x
 

ʈ̔ʰʝʥʥʷ 

Ǐ 1. ʇʝʨʝʡʜʝʤʦ ʜʦ ʩʪʘʥʜʘʨʪʥʦʾ ʬʦʨʤʠ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ: 

.)ă/)ă0)ă1

.)ă/)ă0

1 2 0

0

- / jfk ă
x

y

W x x
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1 1 2

2 2 3

3 3 4

- )ă

/ )ăăăă

1 .

y x x

y x x

y x x
 

2. ɯʟ ʩʪʘʥʜʘʨʪʥʦʾ ʬʦʨʤʠ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ (ʜʠʚ. ʧ.1) 

ʚʠʧʣʠʚʘʻ, ʱʦ ʚʽʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʥʝʚʽʜôʻʤʥʽ. ʊʦʙʪʦ ʧʨʠ x1=x2=x3=0 ʤʘʻ ʤʽʩʮʝ 

ʦʧʦʨʥʠʡ ʨʦʟʚôʷʟʦʢ.  ʊʘʢʠʤ ʯʠʥʦʤ, ʦʧʦʨʥʠʡ ʨʦʟʚôʷʟʦʢ ʰʫʢʘʪʠ ʥʝ ʧʦʪʨʽʙʥʦ. 

ʇʝʨʝʭʦʜʠʤʦ ʜʦ  ʘʣʛʦʨʠʪʤʫ ʧʦʢʨʘʱʝʥʥʷ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ 

ʦʧʦʨʥʠʭ ʨʦʟʚôʷʟʢʘʭ, ʪʦʙʪʦ ʜʦ ʘʣʛʦʨʠʪʤʫ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚóʷʟʢʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʠʭ ʪʘʙʣʠʮʴ(ʜʠʚ. ʪʘʙʣ.. 8.5 ʪʘ ʪʘʙʣ.. 8.6). 

ʊʘʙʣʠʮʷ 8.5 

ɺʠʭʽʜʥʽ ʜʘʥʽ 

ʇʦʢʘʟʥʠʢ 

ʝʬʝʢʪʠʚʥʦ

ʩʪʽ, 

ʙʘʟʠʩʥʽ 

ʟʤʽʥʥʽ 

ɺʽʣʴʥʠʡ  

ʝʣʝʤʝʥʪ 

ʂʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ 

1x  12x y  3x  4x  

W  0 
0 

ï2 
1 

1 
ï1 

0 
0 

0 
0 

21y x  0 
0 

ï1 
ï1 

1 
1 

0 
0 

0 
0 

2y  2 
0 

0 
1 

1 
ï1 

ï1 
0 

0 
0 

3y  1 
0 

0 
0 

0 
0 

ï1 
0 

ï1 
0 

ʊʘʙʣʠʮʷ 8.6 

ʇʝʨʰʘ ʽʪʝʨʘʮʽʷ  

ʇʦʢʘʟʥʠʢ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʙʘʟʠʩʥʽ ʟʤʽʥʥʽ 

ɺʽʣʴʥʠʡ  

ʝʣʝʤʝʥʪ 

ʂʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ 

1x  1y  3x  4x  

W  0 ï1 ï1 0 0 

2x  0 ï1 1 0 0 

2y  2 1 ï1 ï1 0 

3y  1 0 0 ï1 ï1 
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ʆʪʞʝ: 

1. ʇʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʝ ʟʤʽʥʠʚʩʷ ʽ ʜʦʨʽʚʥʶʻ 0W ; 

2. ʋ ʨʷʜʢʫ ʽʟ W ʫ ʪʘʙʣʠʮʽ ʚʞʝ ʥʝ ʽʩʥʫʻ ʜʦʜʘʪʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ. 

ʊʦʤʫ ʨʦʙʠʤʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚóʷʟʦʢ ʜʦʩʷʛʥʫʪʦ ʚ ʪʦʯʮʽ 

1 2 3 4 1 2 3-)ă /)ă .x x x x y x y . ƴ 

8.2. ʈʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʠʩʪʝʤʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʘʪʝʤʘʪʠʢʠ Mathlab 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ: 

Å jfkă)T

X G
W f X

 

ʜʝ ʆɼʈ G ʟʘʜʘʥʘ ʩʠʩʪʝʤʦʶ ʥʝʨʽʚʥʦʩʪʝʡ 

Å )ăăăăă

Å ,

ăă

.
eq eq

AX b

A X b

lb X Ub
 

ʫ ʷʢʽʡ ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ:  

 X ï ʚʝʢʪʦʨ ʟʤʽʥʥʠʭ, ʟʘ ʷʢʠʤʠ ʚʠʢʦʥʫʻʪʴʩʷ ʦʧʪʠʤʽʟʘʮʽʷ; 

 f ï ʤʘʪʨʠʮʷ-ʩʪʦʚʧʝʮʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ; 

 Aï ʧʨʷʤʦʢʫʪʥʘ ʤʘʪʨʠʮʷ; 

 bï ʤʘʪʨʠʮʷ-ʩʪʦʚʧʝʮʴ ʚʽʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ(ʢʦʝʬʽʮʽʻʥʪʽʚ) ʫ ʦʙʤʝʞʝʥʥʷʭ 

ʥʝʨʽʚʥʦʩʪʷʭ; 

 eqA ï ʧʨʷʤʦʢʫʪʥʘ ʤʘʪʨʠʮʷ; 

 eqb ï ʤʘʪʨʠʮʷ-ʩʪʦʚʧʝʮʴ ʚʽʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ(ʢʦʝʬʽʮʽʻʥʪʽʚ) ʫ ʦʙʤʝʞʝʥʥʷʭ 

ʨʽʚʥʦʩʪʷʭ; 

 )ălb Ubï ʤʘʪʨʠʮʽ-ʩʪʦʚʧʮʽ ʧʦʢʦʤʧʦʥʝʥʪʥʠʭ ʦʙʤʝʞʝʥʴ ʚʝʢʪʦʨʘ X . 

ʄʝʪʦʜʠʢʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʫʥʢʮʽʾ ()linprog  : 

1. ɺʠʢʦʥʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʧʦʩʪʘʥʦʚʢʫ ʧʨʠʢʣʘʜʥʦʾ ʟʘʜʘʯʽ; 

2. ɿʘʜʘʪʠ ʤʘʪʨʠʮʽ )ă )ă)ă )ă )ă )ă 8eq eqf Ab A b lb Ub  

3. ɿʚʝʨʥʝʥʥʷ ʜʦ ʬʫʥʢʮʽʾ ʨʦʟʚôʷʟʦʢ ()linprog  ʪʘ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ 

)ă )ă )ă)ă )ă )ă )ăeq eqX W linprog f Ab A b lbUb
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4. ʗʢʱʦ ʷʢʝʩʴ ʽʟ ʦʙʤʝʞʝʥʴ ʥʝ ʟʘʜʘʻʪʴʩʷ, ʪʦ ʟʘʤʽʩʪʴ ʮʠʭ ʘʨʛʫʤʝʥʪʽʚ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʫʥʢʮʽʾ ()linprog  ʟʘʜʘʶʪʴ ʧʦʨʦʞʥʽ ʤʘʩʠʚʠ ʫ ʚʠʛʣʷʜʽ [é]. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ? 

2. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʘʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ 

ʦʩʥʦʚʥʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʤʧʣʝʢʩ-

ʤʝʪʦʜʫ. 

3. ʋ ʷʢʦʤʫ ʚʠʧʘʜʢʫ ʦʧʦʨʥʠʡ ʨʦʟʚôʷʟʦʢ ʻ ʦʧʪʠʤʘʣʴʥʠʤ? 

4. ʋ ʷʢʠʭ ʚʠʧʘʜʢʘʭ ʦʧʪʠʤʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʥʝ ʽʩʥʫʻ?  

5. ʅʘʚʝʜʽʪʴ ʦʟʥʘʢʫ ʪʦʛʦ, ʱʦ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʞʝ ʥʝ ʤʦʞʥʘ 

ʟʤʝʥʰʠʪʠ. 

6. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʘʣʛʦʨʠʪʤʫ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʠʭ ʪʘʙʣʠʮʴ? 

7. ʇʦʷʩʥʽʪʴ ʩʫʪʴ ʦʩʥʦʚʥʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

8. ʅʘʚʝʜʽʪʴ ʜʽʾ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʟʘʮʠʢʣʶʚʘʥʥʷ ʫ ʧʨʦʮʝʩʽ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

9. ʇʦʷʩʥʽʪʴ ʧʨʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʘʪʝʤʘʪʠʢʠ 

Mathlab ()linprog . 

10. ʅʘʚʝʜʽʪʴ ʤʝʪʦʜʠʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʫʥʢʮʽʾ ()linprog . 
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ɻʣʘʚʘ 9. ʊʨʘʥʩʧʦʨʪʥʘ ʟʘʜʘʯʘ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

9.1. ʇʦʩʪʘʥʦʚʢʘ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ 

ʉʠʤʧʣʝʢʩ-ʤʝʪʦʜ ï ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʤʝʪʦʜ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʘʣʝ ʽʩʥʫʻ ʢʣʘʩ ʟʘʜʘʯ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʨʦʟʚôʷʟʦʢ ʧʨʦʩʪʽʰʠʤʠ ʤʝʪʦʜʘʤʠ. ʅʘʡʙʽʣʴʰ ʚʽʜʦʤʦʶ ʻ 

ʪʨʘʥʩʧʦʨʪʥʘ ʟʘʜʘʯʘ. ʂʣʘʩʠʯʥʘ ʪʨʘʥʩʧʦʨʪʥʘ ʟʘʜʘʯʘ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʬʦʨʤʫʣʶʻʪʴʩʷʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʽʩʥʫʻ m  ʧʫʥʢʪʽʚ ʚʽʜʧʨʘʚʣʝʥʥʷ 

1 2)ă )ă )ămA A A , ʚ ʷʢʠʭ ʟʦʩʝʨʝʜʞʝʥʦ ʟʘʧʘʩʠ ʜʝʷʢʦʛʦ ʪʦʚʘʨʫ ʫ ʢʽʣʴʢʦʩʪʽ 

ʚʽʜʧʦʚʽʜʥʦ 1 2)ă )ă )ăma a a  ʦʜʠʥʠʮʴ. ʂʨʽʤ ʪʦʛʦ ʻ n  ʧʫʥʢʪʽʚ ʧʨʠʟʥʘʯʝʥʥʷ 

1 2)ă )ă )ănB B B , ʱʦ ʥʘʜʘʣʠ ʟʘʷʚʢʠ ʥʘ ʦʪʨʠʤʘʥʥʷ ʪʦʚʘʨʫ ʚʽʜʧʦʚʽʜʥʦ ʫ ʢʽʣʴʢʦʩʪʽ 

1 2)ă )ă )ănb b b  ʦʜʠʥʠʮʴ. ɺʚʘʞʘʻʤʦ, ʱʦ ʩʫʤʘ ʫʩʽʭ ʟʘʷʚʦʢ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʫʩʽʭ 

ʪʦʚʘʨʽʚ: 

 

1 1

m n

i j
i j

a b . (9.1) 

ɺʽʜʦʤʦʶ ʻ ʚʘʨʪʽʩʪʴ ijc  ï ʧʝʨʝʚʝʟʝʥʥʷ ʦʜʠʥʠʮʽ ʪʦʚʘʨʫ ʚʽʜ ʢʦʞʥʦʛʦ 

ʧʫʥʢʪʫ ʚʽʜʧʨʘʚʣʝʥʥʷ iA  ʜʦ ʢʦʞʥʦʛʦ ʧʫʥʢʪʫ ʧʨʠʟʥʘʯʝʥʥʷ jB . ʊʘʙʣʠʮʷ 

ʚʘʨʪʦʩʪʽ ʧʝʨʝʚʝʟʝʥʥʷ ʚʽʜʦʤʘ: 

 

11 1

1

n

m mn

c c

C

c c

. (9.2) 

ʅʝʦʙʭʽʜʥʦ ʩʢʣʘʩʪʠ ʪʘʢʠʡ ʧʣʘʥ ʧʝʨʝʚʝʟʝʥʴ, ʧʨʠ ʷʢʦʤʫ ʚʩʽ ʟʘʷʚʢʠ ʙʫʣʠ ʙ 

ʚʠʢʦʥʘʥʽ ʽ ʧʨʠ ʮʴʦʤʫ ʟʘʛʘʣʴʥʘ ʚʘʨʪʽʩʪʴ ʚʩʽʭ ʧʝʨʝʚʝʟʝʥʴ ʙʫʣʘ ʙ ʤʽʥʽʤʘʣʴʥʦʶ. 

ʇʨʠ ʪʘʢʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʽ ʧʦʢʘʟʥʠʢʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʣʘʥʫ ʧʝʨʝʚʝʟʝʥʴ ʻ 

ʚʘʨʪʽʩʪʴ. ʊʦʤʫ ʧʦʩʪʘʚʣʝʥʫ ʟʘʜʘʯʫ ʥʘʟʠʚʘʶʪʴ ʪʨʘʥʩʧʦʨʪʥʦʶ ʟʘʜʘʯʝʶ ʟʘ 

ʢʨʠʪʝʨʽʻʤ ʚʘʨʪʦʩʪʽ. 

ɼʘʤʦ ʤʘʪʝʤʘʪʠʯʥʫ ʧʦʩʪʘʥʦʚʢʫ ʮʽʻʾ ʟʘʜʘʯʽ. ʇʦʟʥʘʯʠʤʦ ă -ij ijx x  ï 

ʢʽʣʴʢʽʩʪʴ ʪʦʚʘʨʫ, ʷʢʠʡ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʽʟ i -ʛʦ ʧʫʥʢʪʫ ʚʽʜʧʨʘʚʣʝʥʥʷ iA  ʜʦ j -ʛʦ 
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ʧʫʥʢʪʫ ʧʨʠʟʥʘʯʝʥʥʷ jB  .) )ă .)i m j n . ʅʘ ʟʤʽʥʥʽ 1, 1,ă )ăij mx j ni  

ʥʘʢʣʘʜʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʫʤʦʚʠ (ʦʙʤʝʞʝʥʥʷ) (ʨʠʩ. 9.1): 

1. ʉʫʤʘʨʥʘ ʢʽʣʴʢʽʩʪʴ ʪʦʚʘʨʫ, ʱʦ ʚʽʜʚʘʥʪʘʞʫʻʪʴʩʷ ʟ ʢʦʞʥʦʛʦ ʧʫʥʢʪʫ 

ʚʽʜʧʨʘʚʣʝʥʥʷ ʚ ʫʩʽ ʧʫʥʢʪʠ ʧʨʠʟʥʘʯʝʥʥʷ, ʤʘʻ ʜʦʨʽʚʥʶʚʘʪʠ ʟʘʧʘʩʫ ʚ ʜʘʥʦʤʫ 

ʧʫʥʢʪʽ (ʨʠʩ. 9.1). 

 

ʈʠʩ. 9.1. ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʚʠʥʠʢʥʝʥʥʷ ʦʙʤʝʞʝʥʴ 

ʎʷ ʫʤʦʚʘ ʜʘʻ m  ʨʽʚʥʷʥʴ-ʦʙʤʝʞʝʥʴ: 

 

1 1
1

1

ăăă

,

.

n

j
j

n

mj m
j

x a

x a

 (9.3) 

2. ʉʫʤʘʨʥʘ ʢʽʣʴʢʽʩʪʴ ʪʦʚʘʨʫ, ʱʦ ʧʦʩʪʫʧʘʻ ʚ ʢʦʞʝʥ ʧʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ʽʟ 

ʫʩʽʭ ʧʫʥʢʪʽʚ ʚʽʜʧʨʘʚʣʝʥʥʷ ʧʦʚʠʥʥʘ ʜʦʨʽʚʥʶʚʘʪʠ ʟʘʤʦʚʣʝʥʥʶ, ʱʦ ʥʘʜʽʡʰʣʦ 

ʚʽʜ ʜʘʥʦʛʦ ʧʫʥʢʪʫ. ʎʷ ʫʤʦʚʘ ʜʘʻ nʨʽʚʥʷʥʴ-ʦʙʤʝʞʝʥʴ. 

 

1 1
1

1

ăăă

,

.

m

i

m

i

i

n n
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x b

x b

 (9.4) 

3. ʉʫʤʘʨʥʘ ʚʘʨʪʽʩʪʴ ʚʩʽʭ ʧʝʨʝʚʝʟʝʥʴ ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʽʥʽʤʘʣʴʥʦʶ 

 11 11
ă .) )ă .0 ,1 1

jfk ă
ij

m n

mn mn ij ij
x i m j ni j

W c x c x c x  (9.5) 
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ʇʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ (9.5), ʨʽʚʥʷʥʥʷ-ʦʙʤʝʞʝʥʥʷ (9.3). (9.4) ʻ 

ʣʽʥʽʡʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʚʽʜʥʦʩʥʦ ʟʤʽʥʥʠʭ ă .) )ă .)ijx i m j n , ʪʦʙʪʦ ʟʘʜʘʯʘ 

ʧʨʦ ʪʨʘʥʩʧʦʨʪʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʟʘ ʚʘʨʪʽʩʥʠʤ ʢʨʠʪʝʨʽʻʤ ʧʦʩʪʘʚʣʝʥʘ ʷʢ ʦʩʥʦʚʥʘ 

ʟʘʜʘʯʘ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʗʢ ʽ ʙʫʜʴ ʷʢʫ ʟʘʜʘʯʫ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʪʨʘʥʩʧʦʨʪʥʫ ʟʘʜʘʯʫ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʦʞʣʠʚʦ 

ʨʦʟʚôʷʟʘʪʠ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʤʧʣʝʢʩ- ʤʝʪʦʜʫ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʘʣʝ ʨʦʟʤʽʨʥʽʩʪʴ ʮʽʻʾ ʟʘʜʘʯʽ, ʷʢʘ ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʟʤʽʥʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ, ʱʦʙ ʟʘʜʦʚʦʣʴʥʠʪʠ (9.5), ʜʦʨʽʚʥʶʻ m n. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʧʨʠ 10m  ʪʘ 10n  (ʚʩʴʦʛʦ 10 ʩʢʣʘʜʽʚ ʪʘ 10 ʧʫʥʢʪʽʚ ʧʨʠʡʦʤʫ 

ʪʦʚʘʨʫ) ʦʪʨʠʤʘʻʤʦ 100 ʟʤʽʥʥʠʭ. ɼʣʷ ʜʦʩʠʪʴ ʧʨʦʩʪʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ 

ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ ʥʝʚʽʜʦʤʠʭ ʽ ʪʨʘʜʠʮʽʡʥʠʡ, 

ʨʦʟʛʣʷʥʫʪʠʡ ʚʠʱʝ, ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʧʦʪʫʞʥʦʩʪʝʡ. 

ɺʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʚʩʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʟʤʽʥʥʠʭ ʚ ʦʙʤʝʞʝʥʥʷʭ 

(9.3) ʪʘ (9.4) ʜʦʨʽʚʥʶʶʪʴ 1 ʘʙʦ 0 ʤʦʞʣʠʚʦ ʩʧʨʦʩʪʠʪʠ ʧʨʦʮʝʜʫʨʫ ʦʙʯʠʩʣʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚóʷʟʢʫ. ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʚʠʢʣʘʜʝʥʥʷ ʤʝʪʦʜʫ ʨʦʟʚôʷʟʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʟôʷʩʫʻʤʦ ʦʩʦʙʣʠʚʦʩʪʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʦʙʤʝʞʝʥʴ (9.3) ʪʘ 

(9.4).  

ʗʢʱʦ ʩʢʣʘʩʪʠ ʣʽʚʽ ʽ ʧʨʘʚʽ ʯʘʩʪʠʥʠ ʮʠʭ ʦʙʤʝʞʝʥʴ, ʪʦ ʦʪʨʠʤʘʻʤʦ 

ʨʽʚʥʷʥʥʷ: ʩʫʤʘ ʟʘʧʘʩʽʚ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʟʘʤʦʚʣʝʥʴ. ʊʦʙʪʦ ʚʩʴʦʛʦ ʣʽʥʽʡʥʦ 

ʥʝʟʘʣʝʞʥʠʭ ʦʙʤʝʞʝʥʴ ʚ (9.3) ʪʘ (9.4) ʙʫʜʝ ( 1)m n . ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʨʘʥʛ 

ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ-ʦʙʤʝʞʝʥʴ ʜʦʨʽʚʥʶʻ 1r m n . ʊʦʤʫ ʤʦʞʣʠʚʦ 

ʨʦʟʚôʷʟʘʪʠ ʮʽ ʨʽʚʥʷʥʥʷ ʚʽʜʥʦʩʥʦ ( 1)m n  ʙʘʟʠʩʥʦʾ ʟʤʽʥʥʦʾ, ʚʚʘʞʘʶʯʠ ʽʥʰʽ 

ʚʽʣʴʥʠʤʠ ʟʤʽʥʥʠʤʠ. 

( 1) ( 1) ( 1) ( 1)( 1)k mn m n m n n m n  

ʈʘʥʽʰʝ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʚ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚóʷʟʦʢ ʜʦʩʷʛʘʻʪʴʩʷ ʚ ʦʜʥʽʡ ʽʟ ʚʝʨʰʠʥ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ 

ʨʦʟʚôʷʟʢʽʚ ʽ ʧʨʠ ʮʴʦʤʫ ʭʦʯʘ ʙ k  ʟʤʽʥʥʠʭ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ 0. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʫ ʚʠʧʘʜʢʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ( 1)( 1)m n  ʟʤʽʥʥʠʭ ʪʝʞ ʧʦʚʠʥʥʽ 

ʜʦʨʽʚʥʶʚʘʪʠ 0 ʫ ʚʝʨʰʠʥʽ ʆɼʈ (ʦʧʦʨʥʽʡ ʪʦʯʮʽ). ʇʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʟʘʜʘʯʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʩʪʫʧʥʫ ʪʝʨʤʽʥʦʣʦʛʽʶ: 
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¶ ʧʝʨʝʚʝʟʝʥʥʷ ijx  ï ʢʽʣʴʢʽʩʪʴ ʦʜʠʥʠʮʴ ʚʘʥʪʘʞʫ, ʱʦ ʧʝʨʝʚʦʟʷʪʴ ʽʟ 

ʧʫʥʢʪʫ ʚʽʜʧʨʘʚʣʝʥʥʷ iA   ʜʦ ʧʫʥʢʪʫ ʧʨʠʡʦʤʫ jB ; 

¶ ʧʣʘʥ ʧʝʨʝʚʝʟʝʥʴ ijx  ï ʙʫʜʴ-ʷʢʘ ʩʫʢʫʧʥʽʩʪʴ ʟʥʘʯʝʥʴ ijx ; 

¶ ʜʦʧʫʩʪʠʤʠʡ ʧʣʘʥ ijx
ʜ

 ï ʧʣʘʥ, ʷʢʠʡ ʟʘʜʦʚʦʣʴʥʷʻ ʙʘʣʘʥʩʦʚʠʤ 

ʫʤʦʚʘʤ: ʫʩʽ ʟʘʷʚʢʠ ʟʘʜʦʚʦʣʝʥʽ, ʫʩʽ ʟʘʧʘʩʠ ʚʠʯʝʨʧʘʥʽ, ʧʨʠ ʮʴʦʤʫ

0ijx ; 

¶ ʦʧʦʨʥʠʡ ʧʣʘʥ ijx
ʦʧ

 ï ʜʦʧʫʩʪʠʤʠʡ ʧʣʘʥ, ʚ ʷʢʦʤʫ ʚʽʜʤʽʥʥʽ ʚʽʜ 0 ʥʝ 

ʙʽʣʴʰʝ, ʥʽʞ 1r m n  ʙʘʟʠʩʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ijx , ʘ ʚʩʽ ʽʥʰʽ 

ʜʦʨʽʚʥʶʶʪʴ 0; 

¶ ʦʧʪʠʤʘʣʴʥʠʡ ʧʣʘʥ ijx
ʦʧʪ

 ï ʦʧʦʨʥʠʡ ʧʣʘʥ, ʧʨʠ ʷʢʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ 

ʥʘʡʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ (ʚʘʨʪʦʩʪʽ ʧʝʨʝʚʝʟʝʥʴ). 

ʈʦʟʛʣʷʥʝʤʦ ʤʝʪʦʜʠ ʨʦʟʚôʷʟʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ. ɺʦʥʠ ʥʝ 

ʧʦʪʨʝʙʫʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʤʧʣʝʢʩ-ʪʘʙʣʠʮʴ, ʘʣʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢ ʟʚʘʥʫ 

ʪʨʘʥʩʧʦʨʪʥʫ ʪʘʙʣʠʮʶ (ʪʘʙʣ. 9.1).  

ʊʘʙʣʠʮʷ 9.1 

ɿʨʘʟʦʢ ʪʨʘʥʩʧʦʨʪʥʦʾ ʪʘʙʣʠʮʽ 

ʇʫʥʢʪ 

ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʇʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ɿʘʧʘʩʠ 

B1 B2 B3 é Bn ai 

A1 c11 c12 c13 é c1n a1 

A2 c21 c22 c23 é c2n a2 

é é é éé é é é 

Am cm1 cm2 cm3 é cmn am 

bj b1 b2 b3 é bn b a  

 

ɼʦ ʥʝʾ ʟʘʧʠʩʫʶʪʴ: 

¶ ʧʫʥʢʪʠ ʚʽʜʧʨʘʚʣʝʥʥʷ ʽ ʧʫʥʢʪʠ ʧʨʠʟʥʘʯʝʥʥʷ; 

¶ ʟʘʧʘʩʠ, ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʧʫʥʢʪʘʭ ʚʽʜʧʨʘʚʣʝʥʥʷ; 

¶ ʟʘʷʚʢʠ, ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʧʫʥʢʪʘʭ ʧʨʠʟʥʘʯʝʥʥʷ; 
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¶ ʚʘʨʪʽʩʪʴ ʧʝʨʝʚʝʟʝʥʴ ʟ ʢʦʞʥʦʛʦ ʧʫʥʢʪʫ ʚʽʜʧʨʘʚʣʝʥʥʷ ʚ ʢʦʞʥʠʡ ʧʫʥʢʪ 

ʧʨʠʟʥʘʯʝʥʥʷ ʦʜʠʥʠʮʽ ʚʘʥʪʘʞʫ. 

ɺʘʨʪʽʩʪʴ ʧʝʨʝʚʝʟʝʥʴ ijc  ʨʦʟʪʘʰʫʻʤʦ ʫ ʧʨʘʚʦʤʫ ʚʝʨʭʥʴʦʤʫ ʢʫʪʽ ʢʦʞʥʦʛʦ 

ʚʽʢʦʥʮʷ, ʘ ʚʩʝʨʝʜʠʥʽ ʮʴʦʛʦ ʚʽʢʦʥʮʷ ʙʫʜʝʤʦ ʟʘʧʠʩʫʚʘʪʠ ʧʝʨʝʚʝʟʝʥʥʷ ijx . 

ʇʘʤôʷʪʘʶʯʠ ʚʠʟʥʘʯʝʥʥʷ ʦʧʦʨʥʦʛʦ ʧʣʘʥʫ, ʤʦʞʣʠʚʦ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʫ 

1r m n  ʚʽʢʦʥʮʽ ʙʫʜʫʪʴ ʟʘʧʠʩʘʥʽ ʯʠʩʣʘ, ʚʽʜʤʽʥʥʽ ʚʽʜ 0. ʎʽ ʚʽʢʦʥʮʷ 

ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʙʘʟʠʩʥʠʤʠ, ʘ ʽʥʰʽ (ʧʫʩʪʽ ʘʙʦ ʥʫʣʴʦʚʽ) ï ʚʽʣʴʥʠʤʠ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʨʦʟʚôʷʟʦʢ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʤʦʞʣʠʚʦ ʟʥʘʡʪʠ, ʷʢʱʦ ʟʘʧʦʚʥʠʪʠ 

ʪʨʘʥʩʧʦʨʪʥʫ ʪʘʙʣʠʮʶ ʽ ʧʨʠ ʮʴʦʤʫ ʚʠʢʦʥʘʪʠ ʥʘʩʪʫʧʥʽ ʫʤʦʚʠ: 

¶ ʩʫʤʘ ʧʝʨʝʚʝʟʝʥʴ ʫ ʢʦʞʥʦʤʫ ʨʷʜʢʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʪʘʙʣʠʮʽ ʜʦʨʽʚʥʶʻ 

ʟʘʧʘʩʫ ʜʘʥʦʛʦ ʧʫʥʢʪʫ ʚʽʜʧʨʘʚʣʝʥʥʷ; 

¶ ʩʫʤʘ ʧʝʨʝʚʝʟʝʥʴ ʫ ʢʦʞʥʦʤʫ ʩʪʦʚʧʮʽ ʪʨʘʥʩʧʦʨʪʥʦʾ ʪʘʙʣʠʮʽ ʜʦʨʽʚʥʶʻ 

ʟʘʷʚʮʽ ʧʫʥʢʪʽʚ ʧʨʠʡʦʤʫ; 

¶ ʟʘʛʘʣʴʥʘ ʚʘʨʪʽʩʪʴ ʧʝʨʝʚʝʟʝʥʴ ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʽʥʽʤʘʣʴʥʦʶ. 

ɺʩʽ ʥʘʩʪʫʧʥʽ ʜʽʾ, ʧʦʚôʷʟʘʥʽ ʽʟ ʧʦʰʫʢʦʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʫ ʙʫʜʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʨʫʯʥʫ (ʥʘʦʯʥʫ) ʬʦʨʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʪʨʘʥʩʧʦʨʪʥʫ ʟʘʜʘʯʫ ʫ ʚʠʛʣʷʜʽ ʪʨʘʥʩʧʦʨʪʥʦʾ ʪʘʙʣʠʮʽ. 

9.2. ʊʘʙʣʠʯʥʠʡ ʤʝʪʦʜ ʧʦʰʫʢʫ ʦʧʦʨʥʦʛʦ ʧʣʘʥʫ (ʤʝʪʦʜ çʧʽʚʥʽʯʥʦ-

ʟʘʭʽʜʥʦʛʦ ʢʫʪʘè) 

ʇʦʰʫʢ ʨʦʟʚôʷʟʢʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ, ʷʢ ʽ ʙʫʜʴ-ʷʢʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʧʦʯʠʥʘʻʪʴʩʷ ʟʽ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʦʨʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʘʙʦ ʦʧʦʨʥʦʛʦ 

ʧʣʘʥʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʚʠʧʘʜʢʫ ʦʩʥʦʚʥʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟ ʜʦʚʽʣʴʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ ʽ ʧʦʢʘʟʥʠʢʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʨʦʟʚôʷʟʦʢ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʟʘʚʞʜʠ ʽʩʥʫʻ. ɼʽʡʩʥʦ, ʽʟ ʬʽʟʠʯʥʠʭ ʤʽʨʢʫʚʘʥʴ 

ʟʨʦʟʫʤʽʣʦ, ʱʦ ʧʝʚʥʝ ʜʦʧʫʩʪʠʤʠʡ ʨʦʟʚôʷʟʦʢ (ʜʦʧʫʩʪʠʤʠʡ ʧʣʘʥ) ʤʘʻ ʽʩʥʫʚʘʪʠ. 

ʇʦʷʩʥʠʤʦ ʥʘ ʢʦʥʢʨʝʪʥʦʤʫ ʧʨʠʢʣʘʜʽ ʦʩʥʦʚʥʽ ʧʨʠʡʦʤʠ ʤʝʪʦʜʫ ʧʦʰʫʢʫ 

ʦʧʦʨʥʦʛʦ ʨʦʟʚôʷʟʢʫ, ʷʢʠʡ ʦʪʨʠʤʘʚ ʥʘʟʚʫ ʤʝʪʦʜ çʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ ʢʫʪʘè 

(ʪʘʙʣ.9.2). 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʫʤʦʚʘ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʟʘʜʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʪʘʙʣʠʮʽ. ʅʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʦʧʦʨʥʠʡ ʨʦʟʚóʷʟʦʢ (ʧʦʙʫʜʫʚʘʪʠ 

ʦʧʦʨʥʠʡ ʧʣʘʥ). ʈʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʦʯʠʥʘʻʤʦ ʽʟ ʣʽʚʦʾ ʚʝʨʭʥʴʦʾ ʧʦʟʠʮʽʾ 

ʚʝʨʭʥʴʦʛʦ ʚʽʢʦʥʮʷ ʽʟ ʢʦʦʨʜʠʥʘʪʘʤʠ .8.ă, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʙʨʘʟʥʦʤʫ 
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ʩʧʨʠʡʥʷʪʪʶ ʮʽʻʾ ʧʦʟʠʮʽʾ ʷʢ çʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦè ʥʘʧʨʷʤʢʫ ʥʘ ʛʝʦʛʨʘʬʽʯʥʽʡ 

ʢʘʨʪʽ ʧʽʚʥʽʯʥʦʾ ʧʽʚʢʫʣʽ. 

ʊʘʙʣʠʮʷ 9.2 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʪʘ ʧʨʠʢʣʘʜ ʧʦʙʫʜʦʚʠ ʦʧʦʨʥʦʛʦ ʨʦʟʚóʷʟʢʫ  

ʇʫʥʢʪ 

ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʇʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ɿʘʧʘʩʠ 

B1 B2 B3 B4 B5 ai 

A1 10 8 5 6 9 48 

18 27 3   

A2 6 7 8 6 5 30 
  30   

A3 8 7 10 8 7 27 

  9 12 6 

A4 7 5 4 6 8 20 
    20 

bj 18 27 42 12 26 125 

 

ɿʘ ʨʘʭʫʥʦʢ ʧʫʥʢʪʫ ʚʽʜʧʨʘʚʣʝʥʥʷ 1A  ʟʘʜʦʚʦʣʴʥʷʻʤʦ ʚʠʤʦʛʫ ʧʫʥʢʪʫ 

ʧʨʠʟʥʘʯʝʥʥʷ 1B  ʽ ʟʘʧʠʩʫʻʤʦ ʧʝʨʝʚʝʟʝʥʥʷ ʫ ʚʽʢʦʥʮʝ ʽʟ ʢʦʦʨʜʠʥʘʪʘʤʠ.8.ă. 

ʇʦʪʽʤ ʟʘʜʦʚʦʣʴʥʷʻʤʦ ʟʘʧʠʪ ʧʫʥʢʪʫ ʧʨʠʟʥʘʯʝʥʥʷ 2B  ʽ ʜʘʣʽ ʟʘʧʠʩʫʻʤʦ ʟʘʣʠʰʦʢ 

ʫ ʚʽʢʦʥʮʝ ʽʟ ʢʦʦʨʜʠʥʘʪʘʤʠ .8ă0. ʅʝʜʦʚʠʢʦʥʘʥʥʷ ʟʘʷʚʢʠ ʧʫʥʢʪʫ ʧʨʠʟʥʘʯʝʥʥʷ 

3B  ʟʘ ʨʘʭʫʥʦʢ ʧʫʥʢʪʫ ʚʽʜʧʨʘʚʣʝʥʥʷ 1A  ʜʦʧʦʚʥʶʻʤʦ ʧʦʩʪʘʚʢʘʤʠ ʽʟ 2A  ʪʘ 3A  ʽ 

ʪ.ʜ. ɺʽʢʦʥʮʷ ʪʘʙʣʠʮʽ, ʚ ʷʢʠʭ ʩʪʦʷʪʴ ʥʝʥʫʣʴʦʚʽ ʧʝʨʝʚʝʟʝʥʥʷ ʻ ʙʘʟʦʚʠʤʠ. ɰʭ 

ʢʽʣʴʢʽʩʪʴ ʧʦʚʠʥʥʘ ʜʦʨʽʚʥʶʚʘʪʠ 

1 3 5 1 8r m n . 

ɺʽʣʴʥʽ (ʧʦʨʦʞʥʽ) ʦʟʥʘʯʘʶʪʴ 0 ʧʝʨʝʚʝʟʝʥʴ, ʪʦʙʪʦ ʮʝ ʚʽʣʴʥʽ ʟʤʽʥʥʽ, ʷʢʠʭ 

ʧʦʚʠʥʥʦ ʙʫʪʠ ʱʦʥʘʡʤʝʥʰʝ 

( 1)( 1) (4 1)(5 1) 12k m n . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʦʧʦʨʥʠʡ ʨʦʟʚóʷʟʦʢ ʟʥʘʡʜʝʥʦ. 

ʆʙʯʠʩʣʠʤʦ ʡʦʛʦ ʚʘʨʪʽʩʪʴ: 

18 10 27 8 3 5 30 8 9 10 12 8 6 7 20 8 1039W . 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʟʥʘʡʜʝʥʝ ʟʥʘʯʝʥʥʷ W  ʥʝ ʻ ʦʧʪʠʤʘʣʴʥʠʤ, ʭʦʯʘ ʙ ʪʦʤʫ, ʱʦ 

ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʘʣʛʦʨʠʪʤ ʧʦʢʨʘʱʝʥʥʷ ʦʧʦʨʥʦʛʦ ʨʦʟʚóʷʟʢʫ. ʇʝʨʝʡʜʝʤʦ 

ʜʦ ʘʣʛʦʨʠʪʤʫ ʧʦʢʨʘʱʝʥʥʷ ʦʧʦʨʥʦʛʦ ʧʣʘʥʫ. ɺʠʢʦʥʘʻʤʦ ʪʘʢ ʟʚʘʥʫ ʮʠʢʣʽʯʥʫ 

ʧʝʨʝʩʪʘʥʦʚʢʫ, ʥʘʧʨʠʢʣʘʜ, 18 ʦʜʠʥʠʮʴ ʚʘʥʪʘʞʫ ʽʟ ʚʽʢʦʥʮʷ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ 
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.8.ă ʧʝʨʝʤʽʩʪʠʤʦ ʫ ʚʽʢʦʥʮʝ ʽʟ ʢʦʦʨʜʠʥʘʪʘʤʠ .8ă0 ʽ ʜʘʣʽ ʯʝʨʝʟ ʚʽʢʦʥʮʝ /8ă0 

ʜʦ /8.ă ) ʟʙʝʨʽʛʘʶʯʠ ʙʘʣʘʥʩʦʚʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (ʜʠʚ. ʪʘʙʣ.9.3). 

ʇʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʪʘʙʣʠʮʽ ʥʘʙʫʚʘʻ ʟʥʘʯʝʥʥʷ: 

18 6 27 8 21 5 12 8 9 10 12 8 6 7 20 8 913,W  

ʱʦ ʥʘ 126 ʦʜʠʥʠʮʴ ʤʝʥʰʝ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʜʣʷ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʧʦʨʥʦʛʦ ʧʣʘʥʫ. ʅʘʚʝʜʝʥʠʡ ʚ ʪʘʙʣ. 9.3, ʷʢ ʧʨʠʢʣʘʜ, ʩʧʦʩʽʙ 

ʮʠʢʣʽʯʥʦʾ ʧʝʨʝʩʪʘʥʦʚʢʠ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʫ ʦʧʪʠʤʽʟʘʮʽʾ ʧʣʘʥʫ 

ʧʝʨʝʚʝʟʝʥʴ.  

ʊʘʙʣʠʮʷ 9.3 

ʇʦʢʨʘʱʝʥʥʷ ʦʧʦʨʥʦʛʦ ʧʣʘʥʫ 

ʇʫʥʢʪ 

ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʇʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ɿʘʧʘʩʠ 

B1 B2 B3 B4 B5 ai 

A1 10 8 5 6 9 48 

 27 21   

A2 6 7 8 6 5 30 
18  12   

A3 8 7 10 8 7 27 

  9 12 6 

A4 7 5 4 6 8 20 
    20 

bj 18 27 42 12 26 125 

 

ʇʝʨʝʜ ʪʠʤ, ʷʢ ʧʝʨʝʡʪʠ ʜʦ ʘʣʛʦʨʠʪʤʫ ʦʧʪʠʤʽʟʘʮʽʾ, ʨʦʟʛʣʷʥʝʤʦ ʪʘʢ ʟʚʘʥʠʡ 

çʚʠʨʦʜʞʝʥʠʡè ʧʣʘʥ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ, ʢʦʣʠ ʥʫʣʶ ʜʦʨʽʚʥʶʶʪʴ ʥʝ ʣʠʰʝ 

ʚʽʣʴʥʽ ʟʤʽʥʥʽ, ʘʣʝ ʡ ʯʘʩʪʠʥʘ ʙʘʟʠʩʥʠʭ (ʪʘʙʣ. 9.4). 

ʂʽʣʴʢʽʩʪʴ ʙʘʟʠʩʥʠʭ ʟʤʽʥʥʠʭ ʟʛʽʜʥʦ ʟʘʜʘʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʪʘʙʣʠʮʽ 

ʧʦʚʠʥʥʘ ʜʦʨʽʚʥʶʚʘʪʠ 4 5 1 8r , ʘʣʝ ʚ ʦʪʨʠʤʘʥʦʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʝʪʦʜʘ "ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ" ʢʫʪʘ ʧʣʘʥʽ ʧʝʨʝʚʝʟʝʥʴ ʥʝʥʫʣʴʦʚʠʤʠ ʻ 6 ʟʤʽʥʥʠʭ, 

ʪʦʙʪʦ ʚʠʨʦʜʞʝʥʦʶ ʻ ʟʘʜʘʯʘ, ʚ ʷʢʽʡ ʜʝʷʢʽ ʟ ʙʘʟʠʩʥʠʭ ʟʤʽʥʥʠʭ ʜʦʨʽʚʥʶʶʪʴ 0. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʩʪʽʡʢʦʛʦ ʘʣʛʦʨʠʪʤʫ ʦʙʯʠʩʣʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚóʷʟʢʫ 

ʙʘʞʘʥʦ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʤʘʪʠ ʚʩʽ ʙʘʟʠʩʥʽ ʟʤʽʥʥʽ ʥʝʥʫʣʴʦʚʠʤʠ.  
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ʊʘʙʣʠʮʷ 9.4 

ʇʨʠʢʣʘʜ çʚʠʨʦʜʞʝʥʦʛʦè ʧʣʘʥʫ   

ʇʫʥʢʪ 

ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʇʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ɿʘʧʘʩʠ 

B1 B2 B3 B4 B5 ai 

A1 10 10    20 

A2   20 10  30 

A3    25  25 

A4     20 20 

bj 10 10 20 35 20 95 

 

ɿ ʤʝʪʦʶ ʫʥʠʢʥʝʥʥʷ ʩʠʪʫʘʮʽʾ ʚʠʥʠʢʥʝʥʥʷ "ʚʠʨʦʜʞʝʥʦʛʦ" ʧʣʘʥʫ 

ʜʦʩʪʘʪʥʴʦ ʰʪʫʯʥʦ ʥʘ ʥʝʟʥʘʯʥʫ ʚʝʣʠʯʠʥʫ  ʟʤʽʥʠʪʠ ʟʘʧʘʩʠ ʽ ʟʘʷʚʢʠ(ʜʠʚ. 

ʪʘʙʣ.9.5), ʘ ʧʦʪʽʤ, ʧʽʩʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʫ, ʧʦʢʣʘʩʪʠ 0 . 

ʊʘʙʣʠʮʷ 9.5 

ʇʨʠʢʣʘʜ ʫʥʠʢʥʝʥʥʷ çʚʠʨʦʜʞʝʥʦʛʦè ʧʣʘʥʫ 

ʇʫʥʢʪ 

ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʇʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ɿʘʧʘʩʠ 

B1 B2 B3 B4 B5 ai 

A1 10 10    20 +  

A2   20 ï  10+   30 

A3    25 ï   25 

A4     20 ï  20 ï  

bj 10 10 20 35 20 95 

 

ʋ ʪʘʙʣ. 9.5 ʤʘʻʤʦ ʨʦʟʨʘʭʫʥʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʥʝʥʫʣʴʦʚʠʭ ʙʘʟʠʩʥʠʭ ʟʤʽʥʥʠʭ. 

ɺʦʥʘ ʜʦʨʽʚʥʶʻ 8. ʋ ʪʘʙʣ. 9.3, 9.4 ʥʝ ʚʢʘʟʘʥʘ ʚʘʨʪʽʩʪʴ ʧʝʨʝʚʝʟʝʥʴ ʦʜʠʥʠʮʽ 

ʪʦʚʘʨʫijc , ʪʦʤʫ ʱʦ ʘʚʪʦʨʠ ʩʪʘʚʠʣʠ ʟʘ ʤʝʪʫ ʨʦʟʛʣʷʥʫʪʠ ʣʠʰʝ ʧʨʠʢʣʘʜ 

ʧʦʙʫʜʦʚʠ ʦʧʦʨʥʦʛʦ ʧʣʘʥʫ ʪʘ ʧʨʠʡʦʤʠ ʫʥʠʢʥʝʥʥʷ ʧʦʷʚʠ çʚʠʨʦʜʞʝʥʦʛʦè 

ʧʣʘʥʫ. 
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9.3. ʄʝʪʦʜ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʢʣʽʯʥʦʛʦ 

ʧʝʨʝʨʘʭʫʥʢʫ (ʤʝʪʦʜ ʮʠʢʣʽʯʥʦʛʦ ʧʝʨʝʨʘʭʫʥʢʫ ʘʙʦ ʨʦʟʧʦʜʽʣʴʥʠʡ ʤʝʪʦʜ) 

ʎʠʢʣʦʤ ʫ ʪʨʘʥʩʧʦʨʪʥʽʡ ʪʘʙʣʠʮʽ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʢʽʣʴʢʘ ʢʣʽʪʠʥ, 

ʟôʻʜʥʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʫʷʚʥʦʶ ʥʝʧʝʨʝʨʚʥʦʶ ʣʘʤʘʥʦʶ ʣʽʥʽʻʶ, ʷʢʘ ʚ ʢʦʞʥʽʡ 

ʩʧʝʮʽʘʣʴʥʦ ʦʙʨʘʥʽʡ ʢʣʽʪʠʥʽ ʨʦʟʚʝʨʪʘʻʪʴʩʷ ʥʘ 90  ʪʘʢ, ʱʦʙ ʫʪʚʦʨʠʪʠ ʟ 

ʧʦʯʘʪʢʦʚʦ  ʁʢʣʽʪʠʥʦʶ ʟʘʤʢʥʝʥʫ ʣʽʥʽʶ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʫ ʪʘʙʣ. 9.6 ʥʘʚʝʜʝʥʦ 

ʜʚʘ ʮʠʢʣʠ: 

ï ʎ1 ï ʟ ʯʦʪʠʨʤʘ ʚʝʨʰʠʥʘʤʠ; 

ï ʎ2 ï ʟ h̔ ʩʪʴʤʘ ʚʝʨʰʠʥʘʤʠ. 

ʂʦʞʝʥ ʮʠʢʣ ʤʘʻ ʧʘʨʥʫ ʢʽʣʴʢʽʩʪʴ ʚʝʨʰʠʥ ʽ ʩʪʦʨʽʥ, ʪʦʙʪʦ ʣʘʥʮʶʛʽʚ, ʱʦ 

ʟʚôʷʟʫʶʪʴ ʮʽ ʚʝʨʰʠʥʠ. ɺʝʨʰʠʥʠ ʧʦʟʥʘʯʠʤʦ çè ʘʙʦ çè ʟʘʣʝʞʥʦ ʚʽʜ 

ʟʙʽʣʴʰʝʥʥʷ, ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʧʝʨʝʚʝʟʝʥʴ. ʎʠʢʣ ʟ ʧʦʟʥʘʯʝʥʠʤʠ ʚʝʨʰʠʥʘʤʠ 

ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʧʝʨʝʥʝʩʝʥʥʷʤʠ. ʇʝʨʝʥʝʩʪʠ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʦʜʠʥʠʮʴ ʚʘʥʪʘʞʫ 

ʟʘʟʥʘʯʝʥʠʤ ʮʠʢʣʦʤ ʦʟʥʘʯʘʻ ʟʙʽʣʴʰʠʪʠ ʧʝʨʝʚʝʟʝʥʥʷ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʜʦʜʘʪʥʠʭ 

ʚʝʨʰʠʥʘʭ ʮʠʢʣʫ, ʥʘ ʜʝʷʢʫ ʢʽʣʴʢʽʩʪʴ ʦʜʠʥʠʮʴ ʚʘʥʪʘʞʫ, ʘ ʧʝʨʝʚʝʟʝʥʥʷ, ʱʦ 

ʤʽʩʪʷʪʴʩʷ ʫ ʚʽʜôʻʤʥʠʭ ʚʝʨʰʠʥʘʭ ï ʟʤʝʥʰʠʪʠ ʥʘ ʪʫ ʩʘʤʫ ʢʽʣʴʢʽʩʪʴ. ɿʨʦʟʫʤʽʣʦ, 

ʱʦ ʟʘ ʙʫʜɹ-ʷʢʦʛʦ ʮʠʢʣʽʯʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥ,̫ ʱʦ ʟʙʝʨʽʛʘʻ ʥʝʚʽʜôʻʤʥʽʩʪʴ 

ʧʝʨʝʚʝʟʝʥʴ, ʚʠʢʦʥʫʻʪʴʩʷ ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʤʘʪʝʨʽʾ, ʪʦʙʪʦ ʟʙʝʨʽʛʘʶʪʴʩʷ 

ʙʘʣʘʥʩʦʚʽ ʫʤʦʚʠ, ʘʣʝ ʚʘʨʪʽʩʪʴ ʧʣʘʥʫ ʟʤʽʥʶʻʪʴʩʷ. ɺʘʨʪʽʩʪʶ ʮʠʢʣʫ ʥʘʟʠʚʘʻʪʴʩʷ 

ʟʤʽʥʘ ʚʘʨʪʦʩʪʽ ʧʝʨʝʚʝʟʝʥʴ ʧʽʜ ʯʘʩ ʧʝʨʝʤʽʱʝʥʥʷ ʦʜʠʥʠʮʽ ʚʘʥʪʘʞʫ ʟʘʟʥʘʯʝʥʠʤ 

ʮʠʢʣʦʤ.  

ʊʘʙʣʠʮʷ 9.6 

ʇʦʷʩʥʝʥʥʷ ʱʦʜʦ ʤʝʪʦʜʫ ʮʠʢʣʽʯʥʦʛʦ ʧʝʨʝʨʘʭʫʥʢʫ 

ʇʫʥʢʪ 

ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʇʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ɿʘʧʘʩʠ 

B1 B2 B3 B4 B5 ai 

A1 c11 

ï 

c12 c13 

+ 

+ c14 c15 

ï 

a1 

A2 c21 

+  

c22 c23 

ï 

c24 c25 a2 

A3 c31 c32 

+ 

c33 ï  c34 c35 a3 

A4 c41 c42 

ï 

c43 c44 c45 

+ 

a4 

bj b1 b2 b3 bn bn b a  
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ʂʽʣʴʢʽʩʥʘ ʚʘʨʪʽʩʪʴ ʮʠʢʣʫ ʜʦʨʽʚʥʶʻ ʘʣʛʝʙʨʘʾʯʥʽʡ ʩʫʤʽ ʚʘʨʪʦʩʪʝʡ, ʱʦ 

ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʚʝʨʰʠʥʘʭ ʮʠʢʣʫ, ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʥʘʢʫ ʚʝʨʰʠʥ. ʅʘʧʨʠʢʣʘʜ, 

ʚʘʨʪʽʩʪʴ ʎ1 ʪʘ ʎ2 ʤʦʞʣʠʚʦ ʦʙʯʠʩʣʠʪʠ: 

1 21 23 13 11V c c c c
ʮ , 

2 32 42 45 15 14 34V c c c c c c
ʮ . 

ʗʢʱʦ ʚʘʨʪʽʩʪʴ ʮʠʢʣʫ ʚʽʜôʻʤʥʘ, ʪʦ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ ʮʴʦʤʫ ʮʠʢʣʫ X  

ʦʜʠʥʠʮʽ ʚʘʥʪʘʞʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ ʧʝʨʝʚʝʟʝʥʴ ʥʘ 

x V
ʮ

 ʦʜʠʥʠʮʴ. 

ʇʨʦʮʝʜʫʨʘ ʟʤʝʥʰʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ ʧʨʠʧʠʥʷʻʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ 

ʮʠʢʣʽʚ ʟ ʚʽʜôʻʤʥʦʶ ʚʘʨʪʽʩʪʶ ʚʞʝ ʥʝ ʙʫʜʝ. ʊʦʙʪʦ ʧʦʢʨʘʱʝʥʥʷ ʧʣʘʥʫ 

ʧʝʨʝʚʝʟʝʥʴ ʙʫʪʠ ʥʝ ʤʦʞʝ. ʆʧʪʠʤʘʣʴʥʠʡ ʧʣʘʥ ʜʦʩʷʛʥʫʪʠʡ. 

ʇʨʠ ʧʦʢʨʘʱʝʥʥʽ ʧʣʘʥʫ ʧʝʨʝʚʝʟʝʥʴ ʟʘ ʨʘʭʫʥʦʢ ʮʠʢʣʽʯʥʠʭ ʧʝʨʝʥʝʩʝʥʴ, ʷʢ 

ʧʨʘʚʠʣʦ, ʢʦʨʠʩʪʫʶʪʴʩʷ ʧʨʠʡʦʤʘʤʠ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʫ: ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ, 

ʧʨʠʩʚʷʯʝʥʽʡ ʟʤʽʥʽ ʮʠʢʣʫ, ʟʘʤʽʥʶʶʪʴ ʦʜʥʫ ʙʘʟʠʩʥʫ ʟʤʽʥʥʫ ʚʽʣʴʥʦʶ ʽ ʥʘʚʧʘʢʠ. 

ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʙʘʟʠʩʥʠʭ ʟʤʽʥʥʠʭ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ. ɼʦʚʝʜʝʥʦ, ʱʦ 

ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʚʽʣʴʥʦ ʾʢʣʽʪʠʥʠ ʪʨʘʥʩʧʦʨʪʥʦʾ ʪʘʙʣʠʮʽ ʟʘʚʞʜʠ ʽʩʥʫʻ ʮʠʢʣ ʽ ʧʨʠ 

ʪʦʤʫ ʻʜʠʥʠʡ, ʦʜʥʘ ʟ ʚʝʨʰʠʥ ʷʢʦʛʦ ʣʝʞʠʪʴ ʫ ʮʽʡ ʚʽʣʴʥʽʡ ʢʣʽʪʠʥʽ, ʘ ʚʩʽ ʽʥʰʽ ʫ 

ʙʘʟʠʩʥʠʭ ʢʣʽʪʠʥʘʭ. 

ʇʨʠʢʣʘʜ 9.1. ʈʦʟʛʣʷʥʝʤʦ ʢʦʤʧʣʝʢʩʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʧʽʚʥʽʯʥʦ-

ʟʘʭʽʜʥʦʛʦ ʢʫʪʘ ʪʘ ʮʠʢʣʽʯʥʦʛʦ ʧʝʨʝʨʘʭʫʥʢʫ ʜʣʷ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʫ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ, ʟʘʜʘʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʘʥʩʧʦʨʪʥʦʾ ʪʘʙʣ. 9.7. 

ʊʘʙʣʠʮʷ 9.7 
ɺʠʭʽʜʥʽ ʜʘʥʽ ʧʨʠʢʣʘʜʫ 9.1  

ʇʫʥʢʪ 

ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʇʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ɿʘʧʘʩʠ 

B1 B2 B3 B4 ai 

1 2 3 4 5 6 

A1 ï    10 

22  ʎ1 

+       7 

9       

6 8 31 

A2 +      5 ï         6 

25       

           5 

23       

4 48 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 9.7 

1 2 3 4 5 6 

A3 8 7 6 

18 

7 

20 

38 

bj 22 34 41 20 117 

 

ʈ̔ʰʝʥʥʷ 

Ǐ 1. ʉʢʣʘʜʝʤʦ ʦʧʦʨʥʠʡ ʧʣʘʥ ʤʝʪʦʜʦʤ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ ʢʫʪʘ. 

ʂ̔ ʣʴʢʽʩʪʴ ʙʘʟʠʩʥʠʭ ʟʤʽʥʥʠʭ ʧʦʚʠʥʥʘ ʜʦʨʽʚʥʶʚʘʪʠ 

ă ă ă ă ă .ă ă3r m n , 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʣʘʥʫ, ʥʘʚʝʜʝʥʦʤʫ ʫ ʪʘʙʣʠʮʽ 9.1. ɿʘʜʘʯʘ çʥʝ ʚʠʨʦʜʞʝʥʘè. 

ʆʙʯʠʩʣʠʤʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ă ă// .-ă ă6 4ă /2 ă3ă /0 ă2ă ă.5ăă3ă ă/- ă4ă ă463W . 

2. ʇʦʢʨʘʱʠʤʦ ʧʣʘʥ(ʜʠʚ. ʪʘʙʣ. 9.8), ʟʘʤʽʥʠʚʰʠ ʚʽʣʴʥʫ ʢʣʽʪʠʥʢʫ ʟ 

ʢʦʦʨʜʠʥʘʪʘʤʠ /8.ă. 

ʊʘʙʣʠʮʷ 9.8 

ʇʦʢʨʘʱʝʥʠʡ ʧʣʘʥ ʟʘ ʮʠʢʣʦʤ ʎ1 

ʇʫʥʢʪ 

ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʇʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ɿʘʧʘʩʠ 

B1 B2 B3 B4 ai 

A1 10 

 

7 

31 

6 8 31 

A2 5 

22 

6 

3 

ï         5 

23    ʎ2 

+        4 48 

A3 8 7 +         6 

18 

ï        7 

20 

38 

bj 22 34 41 20 117 

 

ɺʘʨʪʽʩʪʴ ʮʠʢʣʫ 
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1 5 7 10 6 4V
ʮ . 

ʇʦʢʨʘʱʠʤʦ ʧʣʘʥ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʤʽʱʝʥʥʷ 22 ʦʜʠʥʠʮʴ ʚʘʥʪʘʞʫ, ʽʥʘʢʰʝ 

ʫ .8.ă ʙʫʜʝ ʚʽʜôʤ̒ʥʝ ʯʠʩʣʦ, ʯʦʛʦ ʥʝʤʦʞʣʠʚʦ ʜʦʧʫʩʪʠʪʠ, ʙʦ ʚʽʜôʻʤʥʠʭ 

ʧʝʨʝʚʝʟʝʥʴ ʥʝ ʤʦʞʝ ʙʫʪʠ. 

ʇʦʢʨʘʱʝʥʠʡ ʧʣʘʥ(ʪʘʙʣ. 9.8) ʤʘʻ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ 

1ă ă463 // 1 4-5W
. 

ʉʬʦʨʤʫʣʶʻʤʦ ʧʨʘʚʠʣʦ ʧʽʜʙʦʨʫ ʮʠʢʣʫ, ʱʦ  ̒ʯʦʪʠʨʠʢʫʪʥʠʢʦʤ:  

1). ʃʠʰʝ ʚ ʦʜʥʽʡ ʚʝʨʰʠʥʽ ʨʦʟʪʘʰʦʚʘʥʝ ʚʽʣʴʥʝ ʚʽʢʦʥʮʝ; 

2). ʋ ʚʽʣʴʥʦʤʫ ʚʽʢʦʥʮʽ ʟʘʚʞʜʠ ç+è; 

3). ʉʫʤʠ ʚʘʨʪʦʩʪʽ ʧʦ ʜʽʘʛʦʥʘʣʽ, ʱʦ ʚʢʣʶʯʘʻ ʚʽʣʴʥʝ ʚʽʢʦʥʮʝ ʤʝʥʰʝ ʟʘ 

ʩʫʤʫ ʚʘʨʪʦʩʪʽ ʽʥʰʦʾ ʜʽʘʛʦʥʘʣʽ. 

3. ɼʨʫʛʘ ʽʪʝʨʘʮʽʷ. ʆʙʠʨʘʻʤʦ ʮʠʢʣ ʎ2(ʪʘʙʣ. 9.8) ʟ ʚʽʣʴʥʠʤ ʚʽʢʦʥʮʝʤ ʽʟ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ςȠ τ:  

2 4 6 5 7 2V
ʮ , 

2Å /-Å / 1-xV
ʮ , 

2 708 40 668W . 

ʈʝʟʫʣʴʪʘʪ ʧʝʨʝʥʝʩʝʥʴ ʟʘ ʎ2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣ. 9.9. 

ʊʘʙʣʠʮʷ 9.9 

ʇʦʢʨʘʱʝʥʠʡ ʧʣʘʥ ʟʘ ʮʠʢʣʦʤ ʎ2 

ʇʫʥʢʪ 

ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʇʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ɿʘʧʘʩʠ 

B1 B2 B3 B4 ai 

A1 10 

 

7 

31       

6 8 31 

A2 5 

22 

6 

3 

5 

3 

4 

20 

48 

A3 8 7 6 

38 

7 

 

38 

bj 22 34 41 20 117 
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ʇʣʘʥ, ʥʘʚʝʜʝʥʠʡ ʚ ʪʘʙʣ. 9.9 ʻ ʦʧʪʠʤʘʣʴʥʠʤ, ʪʦʤʫ ʱʦ ʚʩʽ ʮʠʢʣʠ 

ʧʦʙʫʜʦʚʘʥʽ ʜʣʷ ʚʽʣʴʥʠʭ ʢʣʽʪʠʥʦʢ, ʤʘʶʪʴ ʜʦʜʘʪʥʫ ʚʘʨʪʽʩʪʴ. ƴ 

ʆʪʞʝ, ʨʦʟʧʦʜʽʣʴʥʠʡ (ʮʠʢʣʽʯʥʠʡ) ʤʝʪʦʜ ʧʦʣʷʛʘʻ ʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ 

ʧʦʰʫʢʫ ʚʽʣʴʥʠʭ ʢʣʽʪʠʥ ʪʨʘʥʩʧʦʨʪʥʦʾ ʪʘʙʣʠʮʽ ʟ ʚʽʜôʻʤʥʦʶ ʚʘʨʪʽʩʪʶ ʮʠʢʣʫ ʽ ʚ 

ʧʝʨʝʥʝʩʝʥʥʽ ʧʝʨʝʚʝʟʝʥʴ ʟʘ ʮʠʢʣʦʤ. 

 

ʇʨʠʢʣʘʜ 9.2. ɿʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʧʣʘʥ ʧʝʨʝʚʝʟʝʥʴ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʟʘʜʘʯʽ, ʟʘʜʘʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʶ ʪʘʙʣʠʮʝʶ (ʪʘʙʣ. 9.10). 

ʊʘʙʣʠʮʷ 9.10 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʧʨʠʢʣʘʜʫ 9.2  

ʇʫʥʢʪ 

ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʇʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ɿʘʧʘʩʠ 

B1 B2 B3 ai 

A1 ï            10 

20         ʎ1 

7 

20 

+           6 

 

40+  

A2 +             5 

 

6 

 

ï            5 

23 

23 

A3 8 7 6 

20ï  

20ï  

bj 20 20 43 83 

 

ʈ̔ʰʝʥʥʷ 

Ǐ 1. ɹʫʜʫʻʤʦ ʦʧʦʨʥʠʡ ʧʣʘʥ ʤʝʪʦʜʦʤ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ ʢʫʪʘ ʪʘ 

ʧʝʨʝʚʽʨʷʻʤʦ ʡʦʛʦ ʥʘ ʥʝʚʠʨʦʜʞʝʥʽʩʪʴ: 

ăă ă ă ă ă .ăă ă0ă ă0ă¬ă.ă ă2ă ă1r n m . 

ʆʧʦʨʥʠʡ ʧʣʘʥ ʚʠʨʦʜʞʝʥʠʡ. 

2. ɼʣʷ ʫʥʠʢʥʝʥʥʷ ʚʠʨʦʜʞʝʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʤʝʪʦʜ ʟʙʫʨʝʥʴ ʟʘʧʘʩʽʚ 

ʪʘ ʟʘʷʚʦʢ ʥʘ ʚʝʣʠʯʠʥʫ , ʚʽʜʧʦʚʽʜʥʦ ʫ ʧʝʨʰʦʤʫ ʪʘ ʪʨʝʪʴʦʤʫ ʨʷʜʢʘʭ. 

3. ʈʦʟʧʦʜʽʣʴʯʠʤ ʤʝʪʦʜʦʤ ʧʦʢʨʘʱʫʻʤʦ ʨʦʟʚóʷʟʦʢ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʠʢʣ 

ʎ1(ʜʠʚ. ʪʘʙʣ. 9.11): 

1 5 6 10 5 4V
ʮ , 
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1 20 4 80x V
ʮ . 

ʆʪʨʠʤʘʥʘ ʪʨʘʥʩʧʦʨʪʥʘ ʪʘʙʣʠʮʷ(ʪʘʙʣ. 9.11) ʚʽʜʦʙʨʘʞʘʻ ʦʧʪʠʤʘʣʴʥʠʡ 

ʧʣʘʥ ʧʝʨʝʚʝʟʝʥʴ. ʎʠʢʣʽʚ ʟ ʚʽʜô̒ ʤʥʦʶ ʚʘʨʪʽʩʪʶ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʽʣʴʥʠʭ 

ʢʣʽʪʠʥʦʢ ʥʝʤʘʻ. ʇʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦʨʽʚʥʶʻ 

0
/- 2 /- 4 /- 3 /- 3 ă0 2 162W .  

ʊʘʙʣʠʮʷ 9.11 

ʇʦʢʨʘʱʝʥʥʷ ʧʣʘʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʎ1 

ʇʫʥʢʪ 

ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʇʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ɿʘʧʘʩʠ 

B1 B2 B3 ai 

A1 10 

 

7 

20       

6 

20+  

40+  

A2 5 

20 

6 

 

           5 

3 

23 

A3 8 7 6 

20 ï  

20 ï  

bj 20 20 43 83 

ƴ 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ? 

2. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʧʦʩʪʘʥʦʚʢʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ. 

3. ʈʦʟʢʨʠʡʪʝ ʩʫʪʴ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʫ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

4. ʅʘʚʝʜʽʪʴ ʤʘʪʝʤʘʪʠʯʥʫ ʧʦʩʪʘʥʦʚʢʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ. 

5. ʇʦʷʩʥʽʪʴ ʧʨʦʮʝʜʫʨʫ ʧʦʰʫʢʫ ʨʦʟʚôʷʟʢʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʤʝʪʦʜʦʤ 

çʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ ʢʫʪʘè. 
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ɻʣʘʚʘ 10. ʄʝʪʦʜ ʧʦʪʝʥʮʽʘʣʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ  

10.1. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʤʝʪʦʜʫ ʧʦʪʝʥʮʽʘʣʽʚ 

ʈʦʟʛʣʷʥʫʪʠʡ ʫ ʛʣʘʚʽ 9 ʨʦʟʧʦʜʽʣʴʯʠʡ ʤʝʪʦʜ ʨʦʟʚôʷʟʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʟʘʜʘʯʽ ʤʘʻ ʩʫʪʪʻʚʠʡ ʥʝʜʦʣʽʢ: ʥʝʦʙʭʽʜʥʦ ʟʥʘʭʦʜʠʪʠ ʮʠʢʣʠ ʜʣʷ ʚʩʽʭ ʚʽʣʴʥʠʭ 

ʚʽʢʦʥʝʮʴ ʽ ʦʙʯʠʩʣʶʚʘʪʠ ʾʭ ʚʘʨʪʽʩʪʴ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʙʯʠʩʣʝʥʴ ʟʘ 

ʨʘʭʫʥʦʢ ʦʙʯʠʩʣʝʥʥʷ ʚʘʨʪʦʩʪʽ ʣʠʰʝ ʪʠʭ ʮʠʢʣʽʚ, ʜʝ ʮʷ ʚʘʨʪʽʩʪʴ ʚʽʜôʻʤʥʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʧʦʪʝʥʮʽʘʣʽʚ. 

ɯʜʝʷ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʟʘʜʘʥʘ ʪʨʘʥʩʧʦʨʪʥʘ 

ʟʘʜʘʯʘ ʫ ʚʠʛʣʷʜ ̔

 

1 1

min

( 1 , )0 , ; 1

m n

ij ij
iji j

W c x
x i m j n

 (10.1) 

ʟʘ ʫʤʦʚʠ 

 1

1

,

,

n

ij i
j
m

ij j
i

x a

x b

 (10.2) 

ʧʨʠ ʮʴʦʤʫ  

 

1 1

.
n m

j i
j i

b a  (10.3) 

ʋʷʚʠʤʦ, ʱʦ ʢʦʞʝʥ ʟ ʧʫʥʢʪʽʚ ʚʽʜʧʨʘʚʣʝʥʥʷ iA  ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ (ʧʨʠʡʦʤʫ) 

jB  ʩʧʣʘʯʫʶʪʴ ʧʝʚʥʽ ʢʦʰʪʠ ʫ ʨʦʟʤʽʨʽ ʚʽʜʧʦʚʽʜʥʦ i  ʪʘ .j
 ʇʦʟʥʘʯʠʤʦ ʩʫʤʫ 

ʢʦʰʪʽʚ .i j ijc  

ʇʽʜʢʨʝʩʣʠʤʦ, ʱʦ i , j
, ijc  ï ʫʷʚʥʽ ʘʙʩʪʨʘʢʪʥʽ ʚʘʨʪʦʩʪʽ ʽ ʧʣʘʪʝʞʽ, ʪʦʙʪʦ 

ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ  ʷʢ ʜʦʜʘʪʥʠʤʠ, ʪʘʢ ʽ ʚʽʜôʻʤʥʠʤʠ ʘʙʦ ʥʫʣʴʦʚʠʤʠ. ɼʣʷ 

ʩʢʦʨʦʯʝʥʥʷ ʟʘʧʠʩʫ ʧʦʟʥʘʯʠʤʦ ʚʩʶ ʩʫʢʫʧʥʽʩʪʴ ʧʣʘʪʝʞʽʚ ( , )i j
 . ʊʦʜʽ 

ʤʘʪʨʠʮʷ ʧʩʝʚʜʦʚʘʨʪʦʩʪʝʡ ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 
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11 1 1 12 1 2 1 1

21 2 1 22 2 2 2 2

1 2 2

...

...
.

n n

n n

m m m m mn m n

c c c

c c c

c c c

 

ɼʦʚʝʜʝʤʦ ʪʝʦʨʝʤʫ ʧʨʦ ʧʣʘʪʝʞʽ. 

ʊʝʦʨʝʤʘ 10.1. ɼʣʷ ʟʘʜʘʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʧʣʘʪʝʞʽʚ ( , )i j
, ʟʘʛʘʣʴʥʘ 

ʧʩʝʚʜʦ- ʚʘʨʪʽʩʪʴ ʧʝʨʝʚʝʟʝʥʴ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʣʘʥʫ ʧʝʨʝʚʝʟʝʥʴ, ʘ ʟʘʣʝʞʠʪʴ 

ʣʠʰʝ ʚʽʜ ʩʫʢʫʧʥʦʩʪʽ ʧʣʘʪʝʞʽʚ 

1 1

m n

ij
i j

ijW c x

. 

ʈʦʟʛʣʷʥʝʤʦ ʚʠʨʘʟ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʩʝʚʜʦ ʚʘʨʪʦʩʪʽ: 

1 1 1 1 1 1 1 1

1 1 1 1 1 1

( ) ( )

.

( )
m n m n m n m n

ij i j ij i ij j ij
i j i j i j i j

m n n m m n

i ij j ij i i j j
i j j i i j

ij x x x x

x x a

W c

b

 

ʗʢ ʙʘʯʠʤʦ ʟʘʛʘʣʴʥʘ ʧʩʝʚʜʦʚʘʨʪʽʩʪʴ ʧʝʨʝʚʝʟʝʥʴ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʜʦʧʫʩʪʠʤʦʛʦ ʧʣʘʥʫ ʧʝʨʝʚʝʟʝʥʴ, ʪʦʙʪʦ ʪʘʢʦʛʦ ʧʣʘʥʫ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʩʠʩʪʝʤʽ 

ʙʘʣʘʥʩʦʚʠʭ ʦʙʤʝʞʝʥʴ ʽ ʫʤʦʚ 0ijx , ʘ ʟʘʣʝʞʠʪʴ ʣʠʰʝ ʚʽʜ ʟʘʧʘʩʽʚ ia , ʟʘʷʚʦʢ jb  

ʪʘ ʧʣʘʪʝʞʽʚ ( , )i j
, ʱʦ ʽ ʪʨʝʙʘ ʙʫʣʦ ʜʦʚʝʩʪʠ.  

ɿôʷʩʫʻʤʦ ʟʚôʷʟʦʢ ʤʽʞ ʧʩʝʚʜʦʚʘʨʪʽʩʪʶ ijc  ʧʝʨʝʚʝʟʝʥʥʷ ʪʘ ʾʾ ʽʩʪʠʥʥʠʤ 

ʟʥʘʯʝʥʥʷʤ . ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʧʣʘʥ ʧʝʨʝʚʝʟʝʥʴ ( )ijx  ʥʝʚʠʨʦʜʞʝʥʠʡ: ʢʽʣʴʢʽʩʪʴ 

ʙʘʟʠʩʥʠʭ ʚʽʢʦʥʝʮʴ ʟ ʜʦʜʘʪʥʠʤʠ ʧʝʨʝʚʝʟʝʥʥʷʤʠ ʫ ʪʘʙʣʠʮʽ ʧʝʨʝʚʝʟʝʥʴ ʜʦʨʽʚʥʶʻ 

1m n . ʇʦʢʣʘʜʝʤʦ, ʱʦ ʚ ʫʩʽʭ ʙʘʟʠʩʥʠʭ ʚʽʢʦʥʮʷʭ ʧʩʝʚʜʦʚʘʨʪʦʩʪʽ 

ʜʦʨʽʚʥʶʶʪʴ ʽʩʪʠʥʥʠʤ ʚʘʨʪʦʩʪʷʤ  

ăă -ij i j ij ijc c x
. 

ʋ ʚʽʣʴʥʠʭ ʚʽʢʦʥʮʷʭ 0ijx  ʽ ʧʨʠ ʮʴʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ijc  ʪʘ 
ijc  

ʙʫʜʴ-ʷʢʝ. ʎʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʻ ʽʥʜʠʢʘʪʦʨʦʤ (ʧʦʢʘʟʥʠʢʦʤ) ʪʦʛʦ, ʯʠ ʻ ʧʣʘʥ 
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ʧʝʨʝʚʝʟʝʥʴ, ʷʢʦʤʫ ʚʽʜʧʦʚʽʜʘʻ ʜʘʥʘ ʪʘʙʣʠʮʷ ʦʧʪʠʤʘʣʴʥʠʤ, ʯʠ ʡʦʛʦ ʤʦʞʣʠʚʦ 

ʧʦʢʨʘʱʠʪʠ.  

ɼʦʚʝʜʝʤʦ ʪʝʦʨʝʤʫ. 

ʊʝʦʨʝʤʘ 10.2. ʗʢʱʦ ʜʣʷ ʚʩʽʭ ʙʘʟʠʩʥʠʭ ʚʽʢʦʥʝʮʴ ʜʦʧʫʩʪʠʤʦʛʦ ʧʣʘʥʫ 

iij jc c , ʘ ʜʣʷ ʚʩʽʭ ʚʽʣʴʥʠʭ ʚʽʢʦʥʝʮʴ ʜʦʧʫʩʪʠʤʦʛʦ ʧʣʘʥʫ iij jc c , ʪʦ ʧʣʘʥ ʻ 

ʦʧʪʠʤʘʣʴʥʠʤ. 

ʅʘʛʘʜʘʻʤʦ, ʱʦ ʜʣʷ ʙʘʟʠʩʥʠʭ ʚʽʢʦʥʝʮʴ ʧʝʨʝʚʝʟʝʥʥʷ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʜʦʜʘʪʥʠʤʠ, ʘ ʜʣʷ ʚʽʣʴʥʠʭ ʚʽʢʦʥʝʮʴ 0ijx . 

 ɺʠʟʥʘʯʠʤʦ ʚʘʨʪʽʩʪʴ ʧʣʘʥʫ ijx  ʟʘʜʘʥʦʛʦ ʫʤʦʚʘʤʠ ʜʘʥʦʾ ʪʝʦʨʝʤʠ ʪʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ "ʪʝʦʨʝʤʠ ʧʨʦ ʧʣʘʪʝʞʽ": 

1 1 1 1 1 1

.
m n m n m n

ij ij ij ij i i j j
i j i j i j

W c x c x a b const

 

ɺʠʢʦʥʘʻʤʦ ʟʘʤʽʥʫ ʧʣʘʥʫ *( )ij ijx x , ʚ ʷʢʦʤʫ ʟʤʽʥʠʤʦ ʯʘʩʪʢʦʚʦ ʘʙʦ 

ʧʦʚʥʽʩʪʶ ʩʢʣʘʜ ʚʽʣʴʥʠʭ ʘʙʦ ʙʘʟʠʩʥʠʭ ʟʤʽʥʥʠʭ, ʘʣʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʝʣʝʤʝʥʪʘʤʠ ʤʘʪʨʠʮʽ ʽʩʪʠʥʥʠʭ ʚʘʨʪʦʩʪʝʡ ʪʘ ʧʩʝʚʜʦʚʘʨʪʦʩʪʝʡ ʟʘʣʠʰʠʣʦʩʴ 

ʥʝʟʤʽʥʥʠʤ, ʪʦʙʪʦ ʪʘʢʠʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʘʤ ʪʝʦʨʝʤʠ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʣʷ 

ʙʘʟʠʩʥʠʭ ʟʤʽʥʥʠʭ *( )ijx , ʷʢʽ ʪʝʞ ʙʫʣʠ ʙʘʟʠʩʥʠʤʠ ʫ ʧʣʘʥʽ ( )ijx  ʚʠʢʦʥʫʻʪʴʩʷ 

ʫʤʦʚʘ iij jc c , ʘ ʜʣʷ ʽʥʰʠʭ ʙʘʟʠʩʥʠʭ ʟʤʽʥʥʠʭ ʟ ʧʣʘʥʫ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ 

iij jc c .  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ 

ʧʝʨʝʚʝʟʝʥʴ ʧʨʠ ʥʦʚʦʤʫ ʧʣʘʥʽ *( )ijx : 

* *

1 1 1 1 1 1

m n m n m n

ij ij ij ij i i j j
i j i j i j

W c x c x a b const

, 

ʱʦ ʽ ʪʨʝʙʘ ʙʫʣʦ ʜʦʚʝʩʪʠ.  

ɿʘʫʚʘʞʝʥʥʷ 10.1. ɾʦʜʥʠʤʠ ʟʤʽʥʘʤʠ ʧʣʘʥʫ ʧʝʨʝʚʝʟʝʥʴ ʾʭ ʧʽʜʩʫʤʢʦʚʘ 

ʚʘʨʪʽʩʪʴ ʥʝ ʤʦʞʝ ʙʫʪʠ ʟʤʝʥʰʝʥʘ. 

ʇʨʦʢʦʤʝʥʪʫʻʤʦ ʥʘ ʧʨʠʢʣʘʜʽ ʟʤʽʩʪ ʜʦʚʝʜʝʥʦʾ ʪʝʦʨʝʤʠ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ 

3m n . ʊʦʜʽ ʢʽʣʴʢʽʩʪʴ ʙʘʟʠʩʥʠʭ ʚʽʢʦʥʝʮʴ ʧʦʚʠʥʥʽ ʜʦʨʽʚʥʶʚʘʪʠ 



109 

1 5m n . ɿʘʛʘʣʴʥʘ ʚʘʨʪʽʩʪʴ W  ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚ ʪʝʦʨʝʤʠ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

11 12 13

21 22 23

31 32 33

13

21

32 3

11 12

22 23

31

11 12 11 31

22 23 12 22

3

11

2331

0 1

0 1

0 0 1

0 1

0 1

0 0 1

T
x x

x x

x

c c x x

c c x x c x

xc

c c c

W c c c

c c c

c

c

c c
11 12 12 22 22 23 23 31 31.c x c x c x c x

 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʧʣʘʥ ʟʤʽʥʝʥʦ, ʦʙʯʠʩʣʠʤʦ ʚʘʨʪʽʩʪʴ ʟʤʽʥʝʥʦʛʦ ʧʣʘʥʫ: 

*
11 12 21

* *
22 23 12

* * *
13 23 3331

* * * * *
12 12 31 31 21 21 23 23 33 33

* * * * *
12 12 31 31 21 21 2

13

2

3 23 33 33

1

32 33

0 0 1

0 0 1

1

.

c c x

W c c x

x x xc

c x c x c x c x c x

c x c x c x

c

c

c c

c x c x
 

ɼʦʚʝʜʝʥʘ ʪʝʦʨʝʤʘ ʚʠʢʦʥʫʻʪʴʩʷ ʽ ʜʣʷ ʚʠʨʦʜʞʝʥʦʛʦ ʧʣʘʥʫ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʜʦʚʝʜʝʥʦ, ʱʦ ʦʟʥʘʢʦʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʧʣʘʥʫ ʧʝʨʝʚʝʟʝʥʴ ʻ ʚʠʢʦʥʘʥʥʷ ʜʚʦʭ 

ʫʤʦʚ: 

1. iij jc c  ʜʣʷ ʚʩʽʭ ʙʘʟʠʩʥʠʭ ʚʽʢʦʥʝʮʴ; 

2. iij jc c  ʜʣʷ ʚʩʽʭ ʚʽʣʴʥʠʭ ʚʽʢʦʥʝʮʴ. 

ʇʣʘʥ ʜʣʷ ʷʢʦʛʦ ʚʠʢʦʥʫʶʪʴʩʷ ʚʣʘʩʪʠʚʦʩʪʽ 1 ʪʘ 2 ʥʦʩʠʪʴ ʥʘʟʚʫ 

ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ, ʘ ʧʣʘʪʝʞʽ, ʱʦ ʡʦʤʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ( , )i j
 ʥʦʩʷʪʴ ʥʘʟʚʫ 

ʧʦʪʝʥʮʽʘʣʽʚ ʧʫʥʢʪʽʚ iA  ʪʘ 
jB . 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʱʝʦʟʥʘʯʝʥʽ ʪʝʨʤʽʥʠ, ʤʦʞʣʠʚʦ ʧʝʨʝʬʦʨʤʫʣʶʚʘʪʠ 

ʪʝʦʨʝʤʫ ʢʦʨʦʪʰʝ: ʙʫʜʴ-ʷʢʠʡ ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʧʣʘʥ ʻ ʦʧʪʠʤʘʣʴʥʠʤ. 

10.2. ʇʦʙʫʜʦʚʘ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʧʣʘʥʫ 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʥʝʦʙʭʽʜʥʦ ʧʦʙʫʜʫʚʘʪʠ 

ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʧʣʘʥ. ʎʝʡ ʧʣʘʥ ʤʦʞʣʠʚʦ ʧʦʙʫʜʫʚʘʪʠ ʟʘ ʨʘʭʫʥʦʢ ʧʦʩʣʽʜʦʚʥʠʭ 

ʥʘʙʣʠʞʝʥʴ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʧʣʘʥʫ, ʟʥʘʡʜʝʥʦʛʦ, ʥʘʧʨʠʢʣʘʜ, ʤʝʪʦʜʦʤ ʧʽʚʥʽʯʥʦ-

ʟʘʭʽʜʥʦʛʦ ʢʫʪʘ. ɯʩʥʫʻ ʚʣʘʩʪʠʚʽʩʪʴ ʧʣʘʪʝʞʽʚ ʪʘ ʧʩʝʚʜʦʚʘʨʪʦʩʪʝʡ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ 
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ʥʘʩʪʫʧʥʦʤʫ: ʷʢʦʶ ʥʝ ʙʫʣʘ ʙ ʩʠʩʪʝʤʘ ʧʣʘʪʝʞʽʚ ( , )i j
, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʽ 

iij jc c  ʜʣʷ ʚʩʽʭ ʙʘʟʠʩʥʠʭ ʚʽʢʦʥʝʮʴ, ʜʣʷ ʢʦʞʥʦʛʦ ʚʽʣʴʥʦʛʦ ʚʽʢʦʥʮʷ ʮʽʥʘ ʮʠʢʣʫ 

ʧʝʨʝʨʘʭʫʥʢʫ ʜʦʨʽʚʥʶʻ ʨʽʟʥʠʮʽ ʤʽʞ ʚʘʨʪʽʩʪʶ 
ijc  ʪʘ ʧʩʝʚʜʦʚʘʨʪʽʩʪʶ ijc , ʱʦ 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʜʘʥʦʛʦ ʚʽʢʦʥʮʷ.  

ʇʨʠʢʣʘʜ 10.1. ʈʦʟʛʣʷʥʝʤʦ ʪʨʘʥʩʧʦʨʪʥʫ ʟʘʜʘʯʫ, ʥʝ ʧʨʦʩʪʘʚʣʷʶʯʠ 

ʟʘʧʘʩʽʚ ʽ ʟʘʷʚʦʢ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʠʧʘʜʢʫ 5m , 6n  (ʪʘʙʣ.10.1)  

ʊʘʙʣʠʮʷ 10.1 

ʇʨʠʢʣʘʜ ʮʠʢʣʫ ʧʝʨʝʨʘʭʫʥʢʫ 

ʇʫʥʢʪ 

ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʇʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ɿʘʧʘʩʠ 

B1 B2 B3 B4 B5 B6 

A1 c11 c12 

ï 

 

c13 

 

c14 c15 

+ 

c16 

 

A2 c21 

 

c22 

+ 

c23 

- 

c24 c25 

 

c26 

 

A3 c31 c32 

 

c33 

+ 

c34 c35 

ï 

c36 

 

A4 c41 c42 c43 c44 c45 c46 

 

A5 c51 c52 c53 c54 c55 c56 

 

 

ʈ̔ʰʝʥʥʷ 

Ǐ ɿʥʘʡʜʝʤʦ 

1 5 6 1 10r n m . 

ɺ ʪʘʙʣʠʮʽ ʜʣʷ ʧʨʠʢʣʘʜʫ ʟʘʰʪʨʠʭʦʚʘʥʦ 10 ʙʘʟʠʩʥʠʭ ʚʽʢʦʥʝʮʴ . ʆʙʠʨʘʻʤʦ 

ʙʫʜʴ-ʷʢʝ ʚʽʣʴʥʝ ʚʽʢʦʥʮʝ, ʥʘʧʨʠʢʣʘʜ, .)ă2 ʽ ʙʫʜʫʻʤʦ ʮʠʢʣ ʧʝʨʝʨʘʭʫʥʢʫ ʪʘʢ, 

ʱʦʙ ʜʦʜʘʪʥʘ ʚʝʨʰʠʥʘ ʧʝʨʝʙʫʚʘʣʘ ʫ ʮʴʦʤʫ ʚʽʢʦʥʮʽ, ʘ ʚʩʽ ʽʥʰʽ ʚ ʙʘʟʠʩʥʠʭ. ʎʽʥʘ 

ʚʠʟʥʘʯʝʥʦʛʦ ʮʠʢʣʫ ʜʦʨʽʚʥʶʻ: 
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15 15 35 33 23 22 12V c c c c c c
. 

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʜʣʷ ʚʩʽʭ ʙʘʟʠʩʥʠʭ ʢʣʽʪʠʥʦʢ ʧʩʝʚʜʦʚʘʨʪʦʩʪʽ 

ʜʦʨʽʚʥʶʶʪʴ ʚʘʨʪʦʩʪʷʤ, ʦʪʨʠʤʫʻʤʦ: 

15 15 3 5 3 3 2 3 2 2 1 2

15 1 5 1 155 +ă

V

c

c

c c
 
ƴ 

ɺʠʩʥʦʚʦʢ. ʋ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʧʦʪʝʥʮʽʘʣʽʚ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʥʝʤʘʻ ʧʦʪʨʝʙʠ ʚʠʟʥʘʯʘʪʠ ʮʠʢʣʠ ʟ ʚʽʜôʻʤʥʦʶ ʮʽʥʦʶ, ʱʦ ʻ 

ʥʘʡʙʽʣʴʰ ʪʨʫʜʦʤʽʩʪʢʦʶ ʧʨʦʮʝʜʫʨʦʶ ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʤʝʪʦʜʫ. 

10.3. ʄʝʪʦʜʠʢʘ ʨʦʟʚôʷʟʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʤʝʪʦʜʦʤ 

ʧʦʪʝʥʮʽʘʣʽʚ 

1. ɺʠʢʦʥʘʪʠ ʧʝʨʰʝ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʫ, ʥʘʧʨʠʢʣʘʜ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʘ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ ʢʫʪʘ. ʇʝʨʝʚʽʨʠʪʠ ʟʘʜʘʯʫ ʥʘ 

ʥʝʚʠʨʦʜʞʝʥʽʩʪʴ, ʪʦʙʪʦ ʦʙʯʠʩʣʠʪʠ ʢʽʣʴʢʽʩʪʴ ʙʘʟʠʩʥʠʭ ʢʣʽʪʠʥʦʢ, ʧʝʨʝʚʝʟʝʥʥʷ ʚ 

ʷʢʠʭ ʧʦʚʠʥʥʽ ʙʫʪʠ ʜʦʜʘʪʥʠʤʠ. ʗʢʱʦ ʧʝʨʰʝ ʥʘʙʣʠʞʝʥʥʷ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʦ 

ʚʠʨʦʜʞʝʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ (ʢʽʣʴʢʽʩʪʴ ʚʽʣʴʥʠʭ ʚʽʢʦʥʝʮʴ ʟ ʥʫʣʴʦʚʠʤʠ 

ʧʝʨʝʚʝʟʝʥʥʷʤʠ ʧʝʨʝʚʠʱʫʻ 1m n m n ), ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʤʝʪʦʜ 

ʟʙʫʨʝʥʥʷ ʟʘʷʚʦʢ ʪʘ ʟʘʧʘʩʽʚ ʽ ʧʝʨʝʡʪʠ ʜʦ ʥʝ ʚʠʨʦʜʞʝʥʦʾ ʟʘʜʘʯʽ. 

2. ɺʠʟʥʘʯʠʪʠ ʜʣʷ ʧʣʘʥʫ ʧʝʨʰʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʧʣʘʪʝʞʽ, ʚʠʭʦʜʷʯʠ ʽʟ 

ʫʤʦʚʠ, ʱʦ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʙʘʟʠʩʥʦʤʫ ʚʽʢʦʥʮʽ ʧʩʝʚʜʦʚʘʨʪʦʩʪʽ ʜʦʨʽʚʥʶʶʪʴ 

ʚʘʨʪʦʩʪʷʤ iij j ijc c . ɺʩʴʦʛʦ ʟʘʧʠʩʘʥʠʭ ʚʠʱʝ ʨʽʚʥʷʥʴ ʙʫʜʝ 

1r m n , ʘ ʥʝʚʽʜʦʤʠʭ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʾʭ ʩʢʣʘʜʫ ă .)i i m  ʪʘ 

1,ăj j n   - m n. ʊʦʙʪʦ ʦʜʥʫ ʟ ʥʝʚʽʜʦʤʠʭ ʤʦʞʣʠʚʦ ʜʣʷ ʧʨʦʩʪʦʪʠ 

ʧʦʢʣʘʩʪʠ ʥʫʣʴʦʚʦʶ, ʘ ʚʩʽ ʽʥʰʽ ʦʙʯʠʩʣʠʪʠ ʪʘʢ, ʱʦʙ ʚʠʢʦʥʫʚʘʣʦʩʴ ʟʘʧʠʩʘʥʝ 

ʚʠʱʝ ʨʽʚʥʷʥʥʷ. 

3. ʆʙʯʠʩʣʠʪʠ ʧʩʝʚʜʦʚʘʨʪʦʩʪʽ ʜʣʷ ʚʩʽʭ ʚʽʣʴʥʠʭ ʚʽʢʦʥʝʮʴ. ʗʢʱʦ 

ʚʠʷʚʣʷʻʪʴʩʷ, ʱʦ ʧʩʝʚʜʦʚʘʨʪʦʩʪʽ ʚʽʣʴʥʠʭ ʚʽʢʦʥʝʮʴ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʚʘʨʪʦʩʪʽ 

ʮʠʭ ʚʽʢʦʥʝʮʴ, ʪʦ ʦʧʪʠʤʘʣʴʥʠʡ ʧʣʘʥ ʟʥʘʡʜʝʥʦ. 

4. ʗʢʱʦ ʭʦʯʘ ʙ ʫ ʦʜʥʦʤʫ ʟ ʚʽʣʴʥʠʭ ʚʽʢʦʥʝʮʴ ʧʩʝʚʜʦʚʘʨʪʽʩʪʴ ʧʝʨʝʚʠʱʫʻ 

ʚʘʨʪʽʩʪʴ iij jc c , ʪʦ ʧʦʪʨʽʙʥʦ ʧʦʢʨʘʱʠʪʠ ʧʣʘʥ ʧʝʨʝʚʝʟʝʥʴ ʟʘ ʨʘʭʫʥʦʢ 
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ʧʝʨʝʤʽʱʝʥʥʷ ʧʝʨʝʚʝʟʝʥʴ ʟʘ ʮʠʢʣʦʤ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʦʙʨʘʥʦʤʫ ʚʽʣʴʥʦʤʫ 

ʚʽʢʦʥʮʶ ʽʟ ʚʽʜôʻʤʥʦʶ ʨʽʟʥʠʮʝʶ 0 ij ijc c . 

5. ɿʥʦʚʫ ʦʙʯʠʩʣʠʪʠ ʧʣʘʪʝʞʽ ʪʘ ʧʩʝʚʜʦʚʘʨʪʦʩʪʽ. ʇʝʨʝʨʘʭʫʥʢʠ 

ʟʘʚʝʨʰʫʶʪʴʩʷ ʣʠʰʝ ʪʦʜʽ, ʢʦʣʠ ʙʫʜʝ ʟʥʘʡʜʝʥʦ ʦʧʪʠʤʘʣʴʥʠʡ ʧʣʘʥ. 

ɿʘʫʚʘʞʝʥʥʷ 10.2. ʇʦʥʷʪʪʷ ʧʣʘʪʝʞʽʚ, ʚʘʨʪʦʩʪʝʡ, ʧʩʝʚʜʦʧʣʘʪʝʞʽʚ, 

ʧʩʝʚʜʦʚʘʨʪʦʩʪʝʡ, ʤʘʶʪʴ ʥʘʛʣʷʜʥʫ ʝʢʦʥʦʤʽʯʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ: ʢʦʤʧʘʥʽʾ ʛʨʫʧʠ 

A, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴ ʪʦʚʘʨʠ, ʪʘ ʢʦʤʧʘʥʽʾ ʛʨʫʧʠ B, ʱʦ ʥʘʢʦʧʠʯʫʶʪʴ ʪʘ 

ʨʝʘʣʽʟʫʶʪʴ ʪʦʚʘʨʠ, ʨʘʟʦʤ ʬʽʥʘʥʩʫʶʪʴ ʧʝʨʝʚʝʟʝʥʥʷ. ʆʧʪʠʤʘʣʴʥʠʤ ʻ ʪʦʡ ʧʣʘʥ, 

ʢʦʣʠ ʢʦʤʧʘʥʽʾ A  ʪʘ B  ʟʘ ʮʽ ʧʝʨʝʚʝʟʝʥʥʷ ʥʝ ʧʝʨʝʧʣʘʯʫʶʪʴ. 

ʇʨʠʢʣʘʜ 10.2. ʈʦʟʚôʷʟʘʪʠ ʪʨʘʥʩʧʦʨʪʥʫ ʟʘʜʘʯʫ, ʟʘʜʘʥʫ ʪʘʙʣ. 10.2. 

ʊʘʙʣʠʮʷ 10.2 

ɺʠʭʽʜʥʽ ʜʘʥʽ  

ʇʫʥʢʪ 

ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʇʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ɿʘʧʘʩʠ ʇʣʘʪʝʞʽ 

B1 B2 B3 B4 B5 ai i
 

A1 10       10 

17        ï 

 

8           8 

8ʎ1     + 

 

6           9 

 

3           6 

 

4           5 

 

25 0 

A2 8           5 

+ 

6           6 

13        ï 

4           4 

19         

3           3 

 

2           8 

 

32 -2 

A3 9           9 

 

7           7 

 

5           5 

22         

4           4 

14         

3           3 

4         

40 -1 

A4 14       14 

 

12       10 10        8 9          8 8          8 

20 

20 4 

bj 17 21 41 14 24 117  

ʇʣʘʪʝʞʽ 

j  

10 8 6 5 4   
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ʈ̔ʰʝʥʥʷ 

Ǐ ɿʥʘʡʜʝʤʦ ʤʝʪʦʜʦʤ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ ʢʫʪʘ ʧʝʨʰʝ ʥʘʙʣʠʞʝʥʥʷ ʜʦ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʫ(ʜʠʚ. ʪʘʙʣ. 10.2). ʂʽʣʴʢʽʩʪʴ ʥʝʥʫʣʴʦʚʠʭ ʚʽʢʦʥʝʮʴ 

ʜʦʨʽʚʥʶʻ 8, ʱʦ ʩʧʽʚʧʘʜʘʻ ʽʟ ʢʦʥʪʨʦʣʴʥʠʤ ʯʠʩʣʦʤ  

1 4 5 1 8r m n . 

ɺʠʩʥʦʚʦʢ. ʊʨʘʥʩʧʦʨʪʥʘ ʟʘʜʘʯʘ ʻ ʥʝʚʠʨʦʜʞʝʥʦ .ʁ 

ɼʦʜʘʤʦ ʜʦ ʪʨʘʥʩʧʦʨʪʥʦʾ ʪʘʙʣʠʮʽ ʨʷʜʦʢ ʪʘ ʩʪʦʚʧʝʮʴ ʧʣʘʪʝʞʽʚ ʚʽʜʧʦʚʽʜʥʦ 

j
 ʪʘ i  (ʪʘʙʣ.10.2.). ʇʩʝʚʜʦʚʘʨʪʦʩʪʽ ʟʘʧʠʰʝʤʦ ʣʽʚʦʨʫʯ ʟʚʝʨʭʫ ʚ ʢʦʞʥʽʡ 

ʢʣʽʪʠʥʽ (ʪʘʙʣ.10.3.). 

ʊʘʙʣʠʮʷ 10.3 

ʇʝʨʰʘ ʽʪʝʨʘʮʽʷ 

ʇʫʥʢʪ 

ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʇʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ɿʘʧʘʩʠ ʇʣʘʪʝʞʽ 

B1 B2 B3 B4 B5 ai i
 

A1 10       10 

4           ï 

 

8           8 

21     

 

9           9 

 

8           6 

 

7           5 

 

25 0 

A2 5           5 

13        + 

6           6 

 

4ʎ2      4 

19         

3           3 

 

2           8 

 

32 -5 

A3 6           9 

 

4           7 

 

5           5 

22        + 

4           4 

14        ï 

3           3 

4         

40 -4 

A4 11       14 

 

9         10 10        8 9          8 8          8 

20 

20 1 

bj 17 21 41 14 24 117  

ʇʣʘʪʝʞʽ 

j  

10 8 9 8 7   

 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʜʣʷ ʙʘʟʠʩʥʠʭ ʚʽʢʦʥʝʮʴ iij jc , ʟʥʘʭʦʜʠʤʦ  

1111 110 0c c (ʟʘ ʧʨʠʧʫʱʝʥʥʷʤ 1 0), ʪʦʙʪʦ 1 10. ɸʥʘʣʦʛʽʯʥʦ 

ʟʥʘʭʦʜʠʤʦ 2 8. ɼʘʣʽ 22 26 2 ʽ ʪ.ʜ.(ʪʘʙʣ. 10.2). ɺʠʢʦʥʘʻʤʦ 
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ʧʝʨʝʨʘʭʫʥʦʢ ʙʘʟʠʩʥʦʛʦ ʚʽʢʦʥʮʷ ʟʘ ʮʠʢʣʦʤ ʎ1(ʪʘʙʣ. 10.2). ʇʝʨʝʥʝʩʝʤʦ ʟʘ ʮʠʤ 

ʮʠʢʣʦʤ 13 ʦʜʠʥʠʮʴ ʚʘʥʪʘʞʫ (ʙʽʣʴʰʝ ʥʝʤʦʞʣʠʚʦ, ʽʥʘʢʰʝ ʫ ʚʽʢʦʥʮʽ /)ă/ 

ʚʠʥʠʢʥʝ ʚʽʜôʻʤʥʝ ʯʠʩʣʦ ʽ ʧʣʘʥ ʥʝ ʙʫʜʝ ʜʦʧʫʩʪʠʤʠʤ) ʽ ʟʤʝʥʰʠʤʦ ʚʘʨʪʽʩʪʴ 

ʧʣʘʥʫ ʥʘ 13 3 39. 

ʅʝ ʚʩʽ ʧʩʝʚʜʦʚʘʨʪʦʩʪʽ ʫ ʚʽʣʴʥʠʭ ʚʽʢʦʥʮʷʭ ( ʜʠʚ.ʪʘʙʣ. 10.3) 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʽ ij ijc c . ʊʦʤʫ, ʧʣʘʥ, ʥʘʚʝʜʝʥʠʡ ʫ ʪʘʙʣʠʮʽ ʧʝʨʰʦʾ 

ʽʪʝʨʘʮʽʾ ʥʝ ʻ ʦʧʪʠʤʘʣʴʥʠʤ. ʉʧʨʦʙʫʻʤʦ ʧʦʢʨʘʱʠʪʠ ʮʝʡ ʧʣʘʥ ʰʣʷʭʦʤ 

ʧʝʨʝʚʝʜʝʥʥʷ ʫ ʙʘʟʠʩʥʽ ʟʤʽʥʥʽ ʦʜʥʫ ʟ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ, ʜʣʷ ʷʢʦʾ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ 

ʚʽʢʦʥʮʽ ij ijc c , ʥʘʧʨʠʢʣʘʜ, ʫ ʚʽʢʦʥʮʽ .)ă1. ʎʽʥʘ ʮʠʢʣʫ ʜʣʷ ʚʽʢʦʥʮʷ .)ă1 

ʜʦʨʽʚʥʶʻ 14 6 8 2. 

ʇʝʨʝʥʝʩʝʤʦ ʧʦ ʮʠʢʣʫ ʎ2 (ʪʘʙʣ. 10.3) 4 ʦʜʠʥʠʮʽ ʽ ʟʘʥʝʩʝʤʦ ʨʝʟʫʣʴʪʘʪ ʫ 

ʪʘʙʣʠʮʶ ʜʨʫʛʦʾ ʽʪʝʨʘʮʽʾ(ʜʠʚ ʪʘʙʣ. 10.4). 

ʊʘʙʣʠʮʷ 10.4 

ɼʨʫʛʘ ʽʪʝʨʘʮʽʷ  

ʇʫʥʢʪ 

ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʇʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ɿʘʧʘʩʠ ʇʣʘʪʝʞʽ 

B1 B2 B3 B4 B5 ai i
 

A1 8       10 

 

8           8 

21     

 

7          9 

 

6           6 

4 

5           5 

 

25 0 

A2 5           5 

17        + 

5           6 

 

4           4 

15         

3           3 

 

2           8 

 

32 -3 

A3 6           9 

 

6           7 

 

5           5 

26        - 

4           4 

10         

3           3 

4          + 

40 -2 

A4 11       14 

 

11       10 10        8 

+ 

9 ʎ3     8 8          8 

20 

20 3 

bj 17 21 41 14 24 117  

ʇʣʘʪʝʞʽ 

j  

8 8 7 6 5   
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ʇʣʘʥ ʜʨʫʛʦʾ ʽʪʝʨʘʮʽʾ ʪʝʞ ʥʝ ʦʧʪʠʤʘʣʴʥʠʡ. ʆʙʠʨʘʻʤʦ ʚʽʢʦʥʮʝ 1)ă0 ʽ 

ʧʝʨʝʥʦʩʠʤʦ 20 ʦʜʠʥʠʮʴ ʧʝʨʝʚʝʟʝʥʴ ʧʦ ʮʠʢʣʫ ʎ3. ʆʩʪʘʪʦʯʥʦ ʦʪʨʠʤʘʻʤʦ 

ʪʘʙʣʠʮʶ ʪʨʝʪʴʦʾ ʽʪʝʨʘʮʽʾ(ʜʠʚ ʪʘʙʣ. 10.5), ʷʢʘ ʟʘ ʚʩʽʤʘ ʦʟʥʘʢʘʤʠ ʥʘʜʘʻ 

ʦʧʪʠʤʘʣʴʥʠʡ ʧʣʘʥ ʧʝʨʝʚʝʟʝʥʴ (ʫʩʽ ʧʩʝʚʜʦʚʘʨʪʦʩʪʽ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 

ʚʽʜʧʦʚʽʜʥʠʭ ʚʘʨʪʦʩʪʝʡ). 

ɿʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦʨʽʚʥʶʻ: 

21 8 4 6 17 5 15 4 6 5 10 4 24 3 20 8 639W . 

ʊʘʙʣʠʮʷ 10.5 

ʊʨʝʪʷ ʽʪʝʨʘʮʽʷ 

ʇʫʥʢʪ 

ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʇʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ɿʘʧʘʩʠ ʇʣʘʪʝʞʽ 

B1 B2 B3 B4 B5 ai i
 

A1 8       10 

 

8           8 

21     

 

7          9 

 

6           6 

4 

5           5 

 

25 0 

A2 5           5 

17        + 

5           6 

 

4           4 

15         

3           3 

 

2           8 

 

32 -3 

A3 6           9 

 

6           7 

 

5           5 

6        - 

4           4 

10         

3           3 

24        + 

40 -2 

A4 9       14 

 

11       10 8        8 

20 

7           8 6          8 

 

20 1 

bj 17 21 41 14 24 117  

ʇʣʘʪʝʞʽ 

j  

8 8 7 6 5   

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʬʽʨʤʘ, ʷʢʘ ʚʦʣʦʜʽʻ ʫʩʽʤʘ ʩʢʣʘʜʘʤʠ A  ʪʘ ʚʩʽʤʘ ʧʫʥʢʪʘʤʠ 

ʨʝʘʣʽʟʘʮʽʾ B, ʘʣʝ ʥʝ ʚʢʣʶʯʘʻ ʜʦ ʩʚʦʛʦ ʩʢʣʘʜʫ ʧʝʨʝʚʽʟʥʠʢʽʚ, ʤʘʻ ʟʘʧʣʘʪʠʪʠ 

ʤʽʥʽʤʘʣʴʥʫ ʩʫʤʫ 639minW . ʇʣʘʪʝʞʽ i  ʪʘ j  ʤʘʶʪʴ ʫʤʦʚʥʠʡ ʟʤʽʩʪ ʽ 

ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʤʘʪʝʤʘʪʠʯʥʘ ʘʙʩʪʨʘʢʮʽʷ. ƴ 
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ʇʨʠʢʣʘʜ 10.3. ʈʦʟʚôʷʟʘʪʠ ʤʝʪʦʜʦʤ ʧʦʪʝʥʮʽʘʣʽʚ ʚʠʨʦʜʞʝʥʫ ʪʨʘʥʩʧʦʨʪʥʫ 

ʟʘʜʘʯʫ. ʋʤʦʚʠ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʟʘʜʘʥʽ ʚʠʭʽʜʥʦʶ ʪʨʘʥʩʧʦʨʪʥʦʶ ʪʘʙʣʠʮʝʶ 

10.6, 3m , 3n . 

ʊʘʙʣʠʮʷ 10.6 

ɺʠʭʽʜʥʽ ʜʘʥʽ 

ʇʫʥʢʪ 

ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʇʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ɿʘʧʘʩʠ ʇʣʘʪʝʞʽ 

B1 B2 B3 ai i
 

A1 6           6 

20         - 

4           4  

Ů           + 

 

3              2 

 

20+Ů        0 

A2 7           3 

            +  

5ʎ1      5 

5-Ů       - 

4              4 

2Ů             

25+Ů        1 

A3 6           3 

 

4           6 

 

3              3 

30-2Ů       - 

30-2Ů 0 

bj 20 25 30 75  

ʇʣʘʪʝʞʽ  

j  

6 4 3   

 

ʈ̔ʰʝʥʥʷ 

Ǐ ʇʝʨʝʚʽʨʠʤʦ: 1 3 3 1 5 3r m n ï ʪʨʘʥʩʧʦʨʪʥʘ ʟʘʜʘʯʘ 

ʚʠʨʦʜʞʝʥʘ. ʉʢʦʨʠʩʪʘʻʤʦʩʴ ʤʝʪʦʜʦʤ ʟʙʫʨʝʥʥʷ ʟʘʧʘʩʽʚ ʪʘ ʟʘʷʚʦʢ(ʜʠʚ ʪʘʙʣ. 

10.6). 

ʇʝʨʝʨʘʭʫʥʦʢ ʟʘ ʮʠʢʣʦʤ ʎ1 ʜʦʟʚʦʣʷʻ ʟʘʧʦʚʥʠʪʠ ʪʘʙʣʠʮʶ ʧʝʨʰʦʾ 

ʽʪʝʨʘʮʽʾ(ʜʠʚ. ʪʘʙʣ. 10.7), ʘ ʟʘ ʮʠʢʣʦʤ ʎ2 ï ʪʘʙʣʠʮʶ ʜʨʫʛʦʾ 

ʽʪʝʨʘʮʽʾ(ʜʠʚ.ʪʘʙʣ10.8). 

min 0
20 4 20 3 5 5 30 3 255W

 

ʇʽʜʢʨʝʩʣʠʤʦ, ʱʦ ʫ ʚʠʨʦʜʞʝʥʽʡ ʪʨʘʥʩʧʦʨʪʥʽʡ ʟʘʜʘʯʽ ʧʨʠ ʚʠʙʦʨʽ ʎ1ʘʙʦ 

ʎ2 ʽʟ ʽʥʰʠʤʠ ʚʽʣʴʥʠʤʠ  ʚʽʢʦʥʮʷʤʠ ʦʩʪʘʪʦʯʥʠʡ, ʪʦʙʪʦ ʦʧʪʠʤʘʣʴʥʠʡ, ʧʣʘʥ 

ʟʤʽʥʠʪʴʩʷ, ʘʣʝ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʣʠʰʠʪʴʩʷ 

ʥʝʟʤʽʥʥʠʤ: 255W . ƴ 
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ʊʘʙʣʠʮʷ 10.7 

ʇʝʨʰʘ ʽʪʝʨʘʮʽʷ 

ʇʫʥʢʪ 

ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʇʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ɿʘʧʘʩʠ ʇʣʘʪʝʞʽ 

B1 B2 B3 ai i
 

A1 6           6 

20         - 

4           4 

20+Ů     + 

 

3              2 

ʎ2          + 

20+Ů        0 

A2 3           3 

20         

5           5 

5-Ů       + 

4              4 

2Ů            - 

25+Ů        1 

A3 2           3 

 

4           6 

 

3              3 

30-2Ů       - 

30-2Ů 0 

bj 20 25 30 75  

ʇʣʘʪʝʞʽ 

j  

2 4 3   

ʊʘʙʣʠʮʷ 10.8 

ɼʨʫʛʘ ʽʪʝʨʘʮʽʷ 

ʇʫʥʢʪ 

ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʇʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ɿʘʧʘʩʠ ʇʣʘʪʝʞʽ 

B1 B2 B3 ai i
 

A1 2           6 

 

4              4 

20+Ů       + 

 

2              2 

2 Ů          

20+Ů        0 

A2 3           3 

20         

5              5 

5+Ů       

3              4 

 

25+Ů        1 

A3 3           3 

 

5              6 

 

3              3 

30-2Ů       - 

30-2Ů 1 

bj 20 25 30 75  

ʇʣʘʪʝʞʽ 

j  

2 4 3   
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ɺʠʩʥʦʚʦʢ. ʆʩʦʙʣʠʚʽʩʪʶ ʚʠʨʦʜʞʝʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʜʘʯ ʻ ʪʝ, ʱʦ 

ʦʜʥʘʢʦʚʠʭ ʤʽʥʽʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʞʥʘ ʜʦʩʷʛʥʫʪʠ ʥʘ 

ʢʽʣʴʢʦʭ ʨʽʟʥʠʭ ʧʣʘʥʘʭ. ʊʦʙʪʦ, ʜʣʷ çʚʠʨʦʜʞʝʥʠʭè ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʜʘʯ 

ʭʘʨʘʢʪʝʨʥʦʶ ʦʟʥʘʢʦʶ ʻ ʥʝʦʜʥʦʟʥʘʯʥʽʩʪʴ ʨʦʟʚôʷʟʢʫ. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ʈʦʟʢʨʠʡʪʝ ʩʫʪʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ. 

2. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʤʝʪʦʜʫ ʧʦʪʝʥʮʽʘʣʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʟʘʜʘʯʽ? 

3. ʉʬʦʨʤʫʣʶʡʪʝ ʦʟʥʘʢʠ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʧʣʘʥʫ ʧʝʨʝʚʝʟʝʥʴ. 

4. ʈʦʟʢʨʠʡʪʝ ʩʫʪʴ ʧʦʥʷʪʪʷ çʧʦʪʝʥʮʽʘʣʴʥʠʡ ʧʣʘʥè. 

5. ʇʦʷʩʥʽʪʴ ʧʨʦʮʝʜʫʨʫ ʧʦʙʫʜʦʚʠ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʧʣʘʥʫ. 

6. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʤʝʪʦʜʠʢʫ ʨʦʟʚôʷʟʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ 

ʤʝʪʦʜʦʤ ʧʦʪʝʥʮʽʘʣʽʚ. 
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ɻʣʘʚʘ 11. ɼʝʷʢʽ ʦʢʨʝʤʽ ʚʠʧʘʜʢʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʜʘʯ 

11.1. ʊʨʘʥʩʧʦʨʪʥʽ ʟʘʜʘʯʽ ʟ ʥʝʧʨʘʚʠʣʴʥʠʤ ʙʘʣʘʥʩʦʤ 

ɼʦʩʽ ʨʦʟʛʣʷʜʘʣʠʩʴ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʜʘʯʽ ʽʟ ʚʠʢʦʥʘʥʥʷʤ ʫʤʦʚʠ: ʩʫʤʘ 

ʟʘʧʘʩʽʚ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʟʘʷʚʦʢ 

 

1 1

m n

i j
i j

a b . (11.1) 

ʎʷ ʢʣʘʩʠʯʥʘ ʪʨʘʥʩʧʦʨʪʥʘ ʟʘʜʘʯʘ ʤʘʻ ʥʘʟʚʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʟ 

ʧʨʘʚʠʣʴʥʠʤ ʙʘʣʘʥʩʦʤ. ʇʦʨʫʰʝʥʥʷ ʫʤʦʚʠ ʧʨʘʚʠʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʧʝʨʝʪʚʦʨʶʻ 

ʢʣʘʩʠʯʥʫ ʪʨʘʥʩʧʦʨʪʥʫ ʟʘʜʘʯʫ ʚ ʪʨʘʥʩʧʦʨʪʥʫ ʟʘʜʘʯʫ ʽʟ ʥʝʧʨʘʚʠʣʴʥʠʤ 

ʙʘʣʘʥʩʦʤ. ʇʦʨʫʰʝʥʥʷ ʙʘʣʘʥʩʫ ʧʦʜʽʣʷʶʪʴ ʥʘ 2 ʪʠʧʠ: 

1. ʉʫʤʘ ʟʘʧʘʩʽʚ ʫ ʧʫʥʢʪʘʭ ʚʽʜʧʨʘʚʣʝʥʥʷ ʧʝʨʝʚʠʱʫʻ ʩʫʤʫ ʟʘʷʚʦʢ 

 

1 1

m n

i j
i j

a b , (11.2) 

ʪʦʙʪʦ ʤʘʻ ʤʽʩʮʝ ʪʨʘʥʩʧʦʨʪʥʘ ʟʘʜʘʯʘ ʽʟ ʥʘʜʤʽʨʥʽʩʪʶ ʟʘʧʘʩʽʚ. 

2. ʉʫʤʘ ʟʘʷʚʦʢ ʧʝʨʝʚʠʱʫʻ ʥʘʷʚʥʽ ʟʘʧʘʩʠ 

 

1 1

m n

i j
i j

a b  (11.3) 

ʪʦʙʪʦ ʤʘʻʤʦ ʪʨʘʥʩʧʦʨʪʥʫ ʟʘʜʘʯʫ ʽʟ ʥʘʜʤʽʨʥʽʩʪʶ ʟʘʷʚʦʢ. 

ʋ ʚʠʧʘʜʢʫ ʥʘʜʤʽʨʥʦʩʪʽ ʟʘʧʘʩʫ, ʧʦʩʪʘʥʦʚʢʘ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʥʘʙʫʚʘʻ 

ʚʠʛʣʷʜʫ: ʟʥʘʡʪʠ ʪʘʢʠʡ ʧʣʘʥ ʧʝʨʝʚʝʟʝʥʴ 
ijx , ʧʨʠ ʷʢʦʤʫ ʫʩʽ ʟʘʷʚʢʠ ʙʫʜʫʪʴ 

ʚʠʢʦʥʘʥʽ, ʘ ʟʘʛʘʣʴʥʘ ʚʘʨʪʽʩʪʴ ʧʝʨʝʚʝʟʝʥʴ ʥʘʙʫʚʘʻ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ: 

 
ă .) ă1 0 ă .)1

jfk ă
ij

m n

ij ij
x i m j ni j

W c x  (11.4) 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʩʠʩʪʝʤʠ ʦʙʤʝʞʝʥʴ 

 

1
1

1
1

1

ă .) )

ă .) )

ă .) )ă

n

ij i
j
n

ij i
j
m

ij j
j

x a i m

x a i m m

x b j n

 (11.5) 

ʪʘ ʫʤʦʚ (11.2). 
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ʗʢ ʙʘʯʠʤʦ, ʯʘʩʪʠʥʘ ʘʙʦ ʚʩʽ ʨʽʚʥʷʥʥʷ-ʦʙʤʝʞʝʥʥʷ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ 

ʥʝʨʽʚʥʦʩʪʽ-ʦʙʤʝʞʝʥʥʷ. ʈʦʟʚôʷʟʦʢ ʮʽʻʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ 

ʘʙʦ ʢʣʘʩʠʯʥʠʤ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʦʤ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʜʘʯ, ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ (ʨʦʟʧʦʜʽʣʴʯʠʡ ʤʝʪʦʜ, ʤʝʪʦʜ 

ʧʦʪʝʥʮʽʘʣʽʚ). 

ʇʝʨʝʜ ʪʠʤ, ʷʢ ʩʢʦʨʠʩʪʘʪʠʩʴ ʚʽʜʦʤʠʤʠ ʤʝʪʦʜʘʤʠ ʨʦʟʚôʷʟʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ,ʟʚʝʜʝʤʦ ʪʨʘʥʩʧʦʨʪʥʫ ʟʘʜʘʯʫ ʽʟ ʥʘʜʤʽʨʥʽʩʪʶ ʟʘʧʘʩʽʚ, ʜʦ 

ʢʣʘʩʠʯʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʽʟ ʧʨʘʚʠʣʴʥʠʤ ʙʘʣʘʥʩʦʤ. 

ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʘʻʤʦ ʫʷʚʥʠʡ ʧʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ (ʬʽʢʪʠʚʥʠʡ, 

ʭʠʙʥʠʡ)B
ʬ
, ʷʢʦʤʫ ʥʘʣʝʞʠʪʴ ʟʘʷʚʢʘ, ʱʦ ʷʢʨʘʟ ʜʦʨʽʚʥʶʻ ʧʝʨʝʚʠʱʝʥʥʶ ʟʘʧʘʩʽʚ 

ʥʘʜ ʟʘʷʚʢʘʤʠ: 

1 1

m n

i j
i j

b a b
ʬ

. 

ʇʦʢʣʘʜʝʤʦ ʚʘʨʪʦʩʪʽ ʧʝʨʝʚʝʟʝʥʴ ʚʽʜ ʚʩʽʭ ʧʫʥʢʪʽʚ ʚʽʜʧʨʘʚʣʝʥʥʷ ʜʦ 

ʬʽʢʪʠʚʥʦʛʦ ʧʫʥʢʪʫ ʧʨʠʟʥʘʯʝʥʥʷ B
ʬ

 ʨʽʚʥʠʤʠ 0, ʪʦʙʪʦ - ă .)ic i m
ʬ

. 

ɿʘ ʬʽʟʠʯʥʠʤ ʟʤʽʩʪʦʤ ix
ʬ

 ï ʦʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʚʘʥʪʘʞʫ, ʷʢʠʡ ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʝʚʽʜʧʨʘʚʣʝʥʠʤ ʟ i -ʛʦ ʧʫʥʢʪʫ ʚʽʜʧʨʘʚʣʝʥʥʷ. 

ɺʠʩʥʦʚʦʢ. ɿʘ ʨʘʭʫʥʦʢ ʬʽʢʪʠʚʥʦʛʦ ʧʫʥʢʪʫ ʧʨʠʟʥʘʯʝʥʥʷ B
ʬ

 ʽʟ ʟʘʷʚʢʦʶ b
ʬ

, ʚʩʽ ʥʝʨʽʚʥʦʩʪʽ-ʦʙʤʝʞʝʥʥʷ ʫ ʪʨʘʥʩʧʦʨʪʥʽʡ ʟʘʜʘʯʽ ʽʟ ʥʘʜʤʽʨʥʽʩʪʶ ʟʘʧʘʩʽʚ 

ʧʝʨʝʪʚʦʨʝʥʦ ʫ ʨʽʚʥʷʥʥʷ-ʦʙʤʝʞʝʥʥʷ, ʪʦʙʪʦ ʟʘʜʘʯʘ ʟʚʝʜʝʥʘ ʜʦ ʢʣʘʩʠʯʥʦʾ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʽʟ ʧʨʘʚʠʣʴʥʠʤ ʙʘʣʘʥʩʦʤ. 

ʊʨʘʥʩʧʦʨʪʥʘ ʟʘʜʘʯʘ ʟ ʥʘʜʤʽʨʥʽʩʪʶ ʟʘʧʘʩʽʚ  

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʥʫʻʪʴʩʷ ʥʝʨʽʚʥʽʩʪʴ (11.3): 

1 1

m n

i j
i j

a b

, 

ʪʦʙʪʦ ʟʘʧʘʩʽʚ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʫʩʽʭ ʟʘʷʚʦʢ. ʅʝʦʙʭʽʜʥʦ ʩʢʣʘʩʪʠ 

ʧʣʘʥ ʪʘʢʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʧʨʠ ʷʢʦʤʫ ʫʩʽ ʟʘʧʘʩʠ ʙʫʜʫʪʴ ʚʠʚʝʟʝʥʽ ʽ ʧʨʠ ʮʴʦʤʫ 

ʚʘʨʪʽʩʪʴ ʧʝʨʝʚʝʟʝʥʴ ʙʫʜʝ ʤʽʥʽʤʘʣʴʥʦʶ. ɼʣʷ ʨʦʟʚóʷʟʘʥʥʷ ʚʚʝʜʝʤʦ ʬʽʢʪʠʚʥʠʡ 

ʧʫʥʢʪ ʚʽʜʧʨʘʚʣʝʥʥʷ 
ʬ

A , ʽʟ ʬʽʢʪʠʚʥʠʤ ʫʷʚʥʠʤ ʟʘʧʘʩʦʤ a
ʬ

 ,ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʩʘʤʝ 

ʪʽʡ ʢʽʣʴʢʦʩʪʽ ʚʘʥʪʘʞʫ, ʷʢʦʾ ʥʝ ʚʠʩʪʘʯʘʻ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʫʩʽʭ ʟʘʷʚʦʢ 
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1 1

n m

j i
j i

a b a
ʬ

. 

ʇʨʠ ʮʴʦʤʫ ʧʦʢʣʘʜʝʤʦ, ʱʦ ʫʩʽ ʚʘʨʪʦʩʪʽ ʧʝʨʝʚʝʟʝʥʴ ʽʟ ʬʽʢʪʠʚʥʦʛʦ ʧʫʥʢʪʫ 

ʚʽʜʧʨʘʚʣʝʥʥʷ, ʜʦ ʙʫʜʴ ʷʢʦʛʦ ʧʫʥʢʪʫ ʧʨʠʟʥʘʯʝʥʥʷ, ʜʦʨʽʚʥʶʶʪʴ 0: 

- ă .)jc j n
. 

ʉʢʣʘʜʦʚʽ ʧʣʘʥʫ ʧʝʨʝʚʝʟʝʥʴ 
j

x
ʬ

 ( 1, )j n  ʧʦʢʘʟʫʶʪʴ ʚʝʣʠʯʠʥʫ 

ʥʝʜʦʧʦʩʪʘʯʘʥʥʷ ʚʘʥʪʘʞʫ ʫ ʚʽʜʧʦʚʽʜʥʠʡ ʧʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ. 

ɺʠʩʥʦʚʦʢ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʽʢʪʠʚʥʦʛʦ ʧʫʥʢʪʫ ʚʽʜʧʨʘʚʣʝʥʥʷ ʪʨʘʥʧʦʨʪʥʫ 

ʟʘʜʘʯʫ ʟ ʥʘʜʤʽʨʥʽʩʪʶ ʟʘʤʦʚʣʝʥʴ ʟʚʝʜʝʥʦ ʜʦ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʟ ʧʨʘʚʠʣʴʥʠʤ 

ʙʘʣʘʥʩʦʤ. 

ɿʘʫʚʘʞʝʥʥʷ 11.1. ʆʢʨʽʤ ʧʨʠʡʦʤʫ ʟʚʝʜʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʽʟ 

ʥʝʧʨʘʚʠʣʴʥʠʤ ʙʘʣʘʥʩʦʤ ʜʦ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʽʟ ʧʨʘʚʠʣʴʥʠʤ ʙʘʣʘʥʩʦʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʽʢʪʠʚʥʠʭ ʧʫʥʢʪʽʚ ʚʽʜʧʨʘʚʣʝʥʴ ʪʘ ʧʫʥʢʪʽʚ ʧʨʠʡʦʤʫ, ʤʦʞʣʠʚʦ 

ʚʠʢʦʨʠʩʪʘʪʠ ʫʤʦʚʠ çʥʦʨʤʫʚʘʥʥʷè, ʥʘʧʨʠʢʣʘʜ ʜʦʤʥʦʞʠʪʠ ʫʩʽ ʟʘʷʚʢʠ ʥʘ 

ʢʦʝʬʽʮʽʻʥʪ  

1

1

ă

m

i
i
n

j
j

a

k

b
 

ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʽʟ ʥʘʜʤʽʨʥʽʩʪʶ ʟʘʷʚʦʢ ʘʙʦ ʥʘ ʢʦʝʬʽʮʽʻʥʪ 

1

1

ă

n

j
j

m

i
i

b

k

a
 

ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʜʘʯ ʽʟ ʥʘʜʤʽʨʥʽʩʪʶ ʟʘʧʘʩʽʚ. 

 

ʇʨʠʢʣʘʜ 11.1. ʈʦʟʚôʷʟʘʪʠ ʪʨʘʥʩʧʦʨʪʥʫ ʟʘʜʘʯʫ ʟ ʥʘʜʤʽʨʥʽʩʪʶ ʟʘʧʘʩʽʚ 

(ʪʘʙʣ. 11.1).  
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ʊʘʙʣʠʮʷ 11.1 

ɺʠʭʽʜʥʽ ʜʘʥʽ 

ʇʫʥʢʪ 

ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʇʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ɿʘʧʘʩʠ ʇʣʘʪʝʞʽ 

B1 B2 B3 Bʌ ai i
 

A1 5           5 

18 

7           7 

21         - 

 

6           6 

11        + 

1           0 

 

50        0 

A2 4           6 

 

6           6 

 

5           5 

22ʎ1    - 

0           0 

18         + 

40        -1 

A3 4           8 

 

6           4 

            + 

5           5 

- 

0           0 

20          - 

20 -1 

bj 18 21 33 38 110  

ʇʣʘʪʝʞʽ, j  5 7 6 1   

 

ʈ̔ʰʝʥʥʷ 

Ǐ ʇʝʨʝʚʽʨʷʻʤʦ ʙʘʣʘʥʩʦʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

3 3
1 2 3

1 2 3 1 1

50 40 20 110,
.

18 21 23 72, i j
i j

a a a
a b

b b b
 

ʄʘʻ ʤʽʩʮʝ ʥʘʜʤʽʨʥʽʩʪʴ ʟʘʧʘʩʽʚ. 

ɺʠʢʦʨʠʩʪʦʚʫʻʤʦ ʬʽʢʪʠʚʥʠʡ ʧʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ B
ʬ

 ʽʟ ʟʘʷʚʢʦʶ 

110 72 38b
ʬ

. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ B
ʬ

 ʚʜʘʣʦʩʷ ʧʝʨʝʡʪʠ ʜʦ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʽʟ ʧʨʘʚʠʣʴʥʠʤ ʙʘʣʘʥʩʦʤ. 

ʈʦʟʚôʷʟʫʻʤʦ ʢʣʘʩʠʯʥʫ ʪʨʘʥʩʧʦʨʪʥʫ ʟʘʜʘʯʫ ʤʝʪʦʜʦʤ ʧʦʪʝʥʮʽʘʣʽʚ. 

ʇʝʨʝʚʽʨʷʻʤʦ ʟʘʜʘʯʫ ʥʘ ʥʝʚʠʨʦʜʞʝʥʽʩʪʴ: 

1 4 3 1 6r n m . 

ʂʽʣʴʢʽʩʪʴ ʥʝʥʫʣʴʦʚʠʭ ʙʘʟʠʩʥʠʭ ʟʤʽʥʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ ʧʽʚʥʽʯʥʦ-

ʟʘʭʽʜʥʦʛʦ ʢʫʪʘ ʜʦʨʽʚʥʶʻ 6 ʽ ʩʧʽʚʧʘʜʘʻ ʽʟ r . ʊʦʙʪʦ ʪʨʘʥʩʧʦʨʪʥʘ ʟʘʜʘʯʘ (ʪʘʙʣ. 

11.1) ʻ ʥʝʚʠʨʦʜʞʝʥʦʶ. ɺʠʢʦʥʘʻʤʦ ʟʘʤʽʥʫ ʙʘʟʠʩʥʠʭ ʽ ʚʽʣʴʥʠʭ ʚʽʢʦʥʝʮʴ ʟʘ 

ʮʠʢʣʘʤʠ ʎ1 (ʪʘʙʣ. 11.1), ʎ2 (ʪʘʙʣ. 11.2) ʪʘ ʎ3 (ʪʘʙʣ. 11.3).  
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ʊʘʙʣʠʮʷ 11.2 

ʇʝʨʰʝ ʥʘʙʣʠʞʝʥʥʷ 

ʇʫʥʢʪ 

ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʇʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ɿʘʧʘʩʠ ʇʣʘʪʝʞʽ 

B1 B2 B3 Bʌ ai i
 

A1 5           5 

18 

7           7 

1         - 

6           6 

31        - 

1           0 

             + 

50        0 

A2 4           6 

 

6           6 

 

5 ʎ2     5 

2          + 

0           0 

38         - 

40        -1 

A3 2          8 

 

4           4 

20             

3           5 

- 

-2          0 

 

20 -3 

bj 18 21 33 38 110  

ʇʣʘʪʝʞʽ j  5 7 6 1   

ʊʘʙʣʠʮʷ 11.3 

ɼʨʫʛʝ  ʥʘʙʣʠʞʝʥʥʷ 

ʇʫʥʢʪ 

ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʇʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ɿʘʧʘʩ

ʠ 

ʇʣʘʪʝʞʽ 

B1 B2 B3 Bʌ ai i
 

A1 5           5 

18 

7           7 

1           - 

 

5           6 

 

0           0 

31         +  

50        0 

A2 5           6 

 

7        +6 

 

5 ʎ3     5 

33         

0           0 

31          

40        0 

A3 2          8 

 

4           4 

20             

2           5 

 

-3          0 

 

20 -3 

bj 18 21 33 38 110  

ʇʣʘʪʝʞʽ j  5 7 5 0   

 

ɿʘʧʦʚʥʠʤʦ ʪʘʙʣʠʮʽ ʧʝʨʰʦʛʦ (ʪʘʙʣ. 11.2), ʜʨʫʛʦʛʦ (ʪʘʙʣ. 11.3) ʪʘ 

ʪʨʝʪʴʦʛʦ (ʪʘʙʣ. 11.4) ʥʘʙʣʠʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ. 
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ʊʘʙʣʠʮʷ 11.4 

ʊʨʝʪʻ  ʥʘʙʣʠʞʝʥʥʷ 

ʇʫʥʢʪ 

ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʇʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ɿʘʧʘʩʠ ʇʣʘʪʝʞʽ 

B1 B2 B3 Bʌ ai i
 

A1 5           5 

18 

6           7  

 

5           6 

 

0           0 

32 

50        0 

A2 5           6 

 

6           6 

1 

5           5 

33         

0           0 

6          

40        0 

A3 3          8 

 

4           4 

20             

3           5 

 

-2          0 

 

20 -2 

bj 18 21 33 38 110  

ʇʣʘʪʝʞʽ j  5 6 5 0   

 

ɺʠʩʥʦʚʦʢ: 

1. ʊʨʝʪʻ ʥʘʙʣʠʞʝʥʥʷ ʜʘʻ ʦʧʪʠʤʘʣʴʥʠʡ ʧʣʘʥ, ʽʟ ʷʢʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ 

341minW . 

2. ʋ ʧʫʥʢʪʽ ʚʽʜʧʨʘʚʣʝʥʥʷ 1A  ʟʘʣʠʰʠʣʦʩʴ ʥʝʚʽʜʧʨʘʚʣʝʥʠʭ 32, ʫ 2A  ï 6, ʘ 

ʚ 3A  ï 0. ƴ  

11.2. ʈʦʟʚôʷʟʦʢ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʟʘ ʢʨʠʪʝʨʽʻʤ ʯʘʩʫ 

ɼʦʩʽ ʪʨʘʥʩʧʦʨʪʥʘ ʟʘʜʘʯʘ ʩʪʘʚʠʣʘʩʴ ʷʢ ʟʘʜʘʯʘ, ʫ ʷʢʽʡ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʘʨʪʽʩʪʴ ʧʝʨʝʚʝʟʝʥʴ. ɸʣʝ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʧʨʘʢʪʠʢʠ ʚʘʞʣʠʚʫ 

ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʪʨʠʚʘʣʽʩʪʴ ʯʘʩʫ T , ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʫʩʽ ʧʝʨʝʚʝʟʝʥʥʷ ʙʫʜʝ 

ʟʘʚʝʨʰʝʥʦ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ: ʧʨʠ ʣʽʢʚʽʜʘʮʽʾ ʥʘʩʣʽʜʢʽʚ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ 

ʥʝʦʙʭʽʜʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʷʢ ʯʘʩ ʥʘʜʭʦʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʠʭʽʡʥʝ ʣʠʭʦ, 

ʪʘʢ ʽ ʯʘʩ ʜʦ ʥʘʜʘʥʥʷ ʜʦʧʦʤʦʛʠ; ʧʨʠ ʙʘʛʘʪʦʧʨʦʮʝʩʦʨʥʽʡ ʦʙʨʦʙʮʽ ʽʥʬʦʨʤʘʮʽʾ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʧʦʜʽʣʠʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ, ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʪʨʠʚʘʣʽʩʪʴ 

ʦʙʯʠʩʣʝʥʴ. 

ʅʘʡʢʨʘʱʠʤ ʩʣʽʜ ʚʚʘʞʘʪʠ ʪʘʢʠʡ ʧʣʘʥ ʧʝʨʝʚʝʟʝʥʴ 
ijx , ʧʨʠ ʷʢʦʤʫ ʯʘʩ 

ʟʘʢʽʥʯʝʥʥʷ ʫʩʽʭ ʧʝʨʝʚʝʟʝʥʴ ʤʽʥʽʤʽʟʫʻʪʴʩʷ 
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0

.) ă)ă .) ă

jfk ă+
ijx

i m j n

T  (11.6) 

ʊʨʘʥʩʧʦʨʪʥʘ ʟʘʜʘʯʘ, ʫ ʷʢʽʡ ʦʧʪʠʤʘʣʴʥʠʤ ʚʚʘʞʘʻʪʴʩʷ ʧʣʘʥ ʽʟ 

ʤʽʥʽʤʘʣʴʥʠʤ ʯʘʩʦʤ ʫʩʽʭ ʧʝʨʝʚʝʟʝʥʴ, ʥʦʩʠʪʴ ʥʘʟʚʫ ʪʨʘʥʩʧʦʨʪʥʘ ʟʘʜʘʯʘ ʟʘ 

ʢʨʠʪʝʨʽʻʤ ʯʘʩʫ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʧʦʩʪʘʥʦʚʢʘ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʟʘ ʢʨʠʪʝʨʽʻʤ ʯʘʩʫ 

ʩʪʦʩʦʚʥʦ ʙʘʣʘʥʩʦʚʠʭ ʦʙʤʝʞʝʥʴ ʚʠʢʦʥʫʻʪʴʩʷ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʢʣʘʩʠʯʥʘ 

ʪʨʘʥʩʧʦʨʪʥʘ ʟʘʜʘʯʘ, ʽʟ ʪʽʻʶ ʨʽʟʥʠʮʝʶ, ʱʦ ʢʨʠʪʝʨʽʡ, ʪʦʙʪʦ ʧʦʢʘʟʥʠʢ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʤʘʻ ʚʠʛʣʷʜ: 

 
0

j^u jfkă
ij

i x
T t  (11.7) 

ʽ ʚʠʢʦʥʫʶʪʴʩʷ ʙʘʣʘʥʩʦʚʽ ʦʙʤʝʞʝʥʥʷ: 

 

1

( 1, )
m

ij j
i

x b j n , (11.8) 

 

1

( 1, )
n

ij i
j

x a i m . (11.9) 

ɿʘʫʚʘʞʝʥʥʷ 11.2. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʨʦʛʦʛʦ ʦʙʤʝʞʝʥʥʷ 0ijx  ʧʦʢʘʟʫʻ, 

ʱʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʦʙʠʨʘʻʪʴʩʷ ʥʝ ʚʟʘʛʘʣʽ, ʘ ʣʠʰʝ ʟ ʪʠʭ ʚʽʢʦʥʝʮʴ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʪʘʙʣʠʮʽ, ʚ ʷʢʠʭ ʧʝʨʝʚʝʟʝʥʥʷ ʩʪʨʦʛʦ ʙʽʣʴʰʝ ʥʫʣʷ (ʩʪʨʦʛʦ ʜʦʜʘʪʥʽ, 

ʪʦʙʪʦ ʨʝʘʣʴʥʦ ʚʠʢʦʥʫʶʪʴʩʷ). ɼʣʷ ʨʦʟʚôʷʟʢʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʟʘ ʢʨʠʪʝʨʽʻʤ 

ʯʘʩʫ ʪʝʞ ʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʨʘʥʩʧʦʨʪʥʫ ʪʘʙʣʠʮʶ, ʫ ʷʢʽʡ ʚ ʧʨʘʚʦʤʫ 

ʚʝʨʭʥʴʦʤʫ ʢʫʪʽ ʙʫʜʝ ʟʘʧʠʩʘʥʦ ijt  ï ʯʘʩ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʫ ʽʟ ʧʫʥʢʪʫ 

ʚʽʜʧʨʘʚʣʝʥʥʷ i  ʚ ʧʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ j (ʟʘʤʽʩʪʴ ijc ). 

ɿʘʛʘʣʦʤ ʪʨʘʥʩʧʦʨʪʥʘ ʟʘʜʘʯʘ ʟʘ ʢʨʠʪʝʨʽʻʤ ʯʘʩʫ ʥʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʟʘʜʘʯ 

ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʦʤʫ, ʱʦ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ T  ʻ ʥʝʣʽʥʽʡʥʦʶ 

ʬʫʥʢʮʽʻʶ ʟʤʽʥʥʠʭ ijx . ɸʣʝ ʟʨʫʯʥʘ ʬʦʨʤʘ ʪʨʘʥʩʧʦʨʪʥʦʾ ʪʘʙʣʠʮʽ, ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʚôʷʟʢʫ ʢʣʘʩʠʯʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ, ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʥʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʙʝʟ ʧʦʨʫʰʝʥʴ ʙʘʣʘʥʩʦʚʠʭ ʦʙʤʝʞʝʥ,ɹ ʪʦʙʪʦ ʧʦʙʫʜʫʚʘʪʠ 

ʘʣʛʦʨʠʪʤ, ʷʢʠʡ ˇʨʫʥʪʫʪ̒ʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʦʧʫʩʪʠʤʦʛʦ ʧʣʘʥʫ. 

ʄʝʪʦʜ ʦʙʯʠʩʣʝʥʴ, ʱʦ ʤʽʥʽʤʽʟʫʻ ʯʘʩ ʧʝʨʝʚʝʟʝʥʴ T , ʧʦʙʫʜʦʚʘʥʠʡ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʘʥʩʧʦʨʪʥʦʾ ʪʘʙʣʠʮʽ ʽ ʪʝʭʥʦʣʦʛʽʾ ʮʠʢʣʽʯʥʠʭ ʧʝʨʝʥʝʩʝʥʴ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʥʝ ʧʦʨʫʰʠʪʠ ʙʘʣʘʥʩʦʚʽ ʦʙʤʝʞʝʥʥʷ, ʦʪʨʠʤʘʚ ʥʘʟʚʫ ʤʝʪʦʜʫ 
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ʟʘʙʦʨʦʥʝʥʠʭ ʚʽʢʦʥʝʮʴ. "ɿʘʙʦʨʦʥʝʥʠʤʠ" ʚʚʘʞʘʶʪʴʩʷ ʚʽʢʦʥʮʷ ʙʝʟ ʧʝʨʝʚʝʟʝʥʴ ʽ 

ʧʨʠ ʮʴʦʤʫ ʽʟ ʥʘʡʙʽʣʴʰʠʤ ʯʘʩʦʤ ʧʝʨʝʚʝʟʝʥʴ ijt . "ɿʘʙʦʨʦʥʘ" ʚʢʘʟʫʻ, ʽʟ ʷʢʦʛʦ 

ʜʦʧʫʩʪʠʤʦʛʦ ʚʽʢʦʥʮʷ ʧʦʪʨʽʙʥʦ "ʚʠʰʪʦʚʭʥʫʪʠ" ʧʝʨʝʚʝʟʝʥʥʷ ʚ ʽʥʰʝ ʚʽʢʦʥʮʝ ʽʟ 

ʤʝʥʰʠʤ ʯʘʩʦʤ ʧʝʨʝʚʝʟʝʥʴ. ʇʦʢʨʘʱʝʥʥʷ ʧʣʘʥʫ ʧʝʨʝʚʝʟʝʥʴ ʧʨʠʧʠʥʷʻʪʴʩʷ ʪʦʜʽ, 

ʢʦʣʠ ʥʘʡʙʽʣʴʰʠʡ ʯʘʩ ʧʝʨʝʚʝʟʝʥʴ ʚʞʝ ʟʤʝʥʰʠʪʠ ʥʝʤʦʞʣʠʚʦ. ʆʟʥʘʢʘ: ʚʩʽ 

ʚʽʢʦʥʮʷ ʟʘʙʣʦʢʦʚʘʥʽ ʧʝʨʝʚʝʟʝʥʥʷʤʠ ʘʙʦ ʟʘʙʦʨʦʥʝʥʽ ʜʦ ʧʝʨʝʚʝʟʝʥʴ. 

ʇʨʠʢʣʘʜ 11.2. ɺʠʭʽʜʥʽ ʜʘʥʽ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 11.5. 

ʅʝʦʙʭʽʜʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʯʘʩ ʧʝʨʝʚʝʟʝʥʴ.  

ʊʘʙʣʠʮʷ 11.5 

ɺʠʭʽʜʥʽ ʜʘʥʽ 

ʇʫʥʢʪ 

ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʇʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ɿʘʧʘʩʠ 

B1 B2 B3 B4 B5 ai 

A1 10 8 5 6 7 25 

  25   

A2 5 6 6 6 9 34 

21              - ʎ1         + 2 11  

A3 4 8 7 8 5 42 

+ 14          - 13  15 

A4 11 4 5 8 9 23 

 23    

bj 21 37 40 11 15 124 

 

ʈ̔ʰʝʥʥʷ 

Ǐ 1.ɺʠʢʨʝʩʣʶʻʤʦ ʚʽʢʦʥʮʷ ʽʟ ʢʦʦʨʜʠʥʘʪʘʤʠ .).ă, /)ă2, 1).ă ʪʘ 1)ă2, ʷʢ 

ʚʽʢʦʥʮʷ ʽʟ ʟʥʘʯʥʠʤ ʯʘʩʦʤ ʧʝʨʝʚʝʟʝʥʴ. 

2. ɹʫʜʴ-ʷʢʠʤ ʩʧʦʩʦʙʦʤ ʟʘʧʦʚʥʶʻʤʦ ʪʨʘʥʩʧʦʨʪʥʫ ʪʘʙʣʠʮʶ ʜʦʧʫʩʪʠʤʠʤ 

ʧʣʘʥʦʤ: 

1) ʗʢʱʦ ʪʨʘʥʩʧʦʨʪʥʫ ʪʘʙʣʠʮʶ ʟʘʧʦʚʥʠʪʠ ʙʫʜʴ-ʷʢʠʤ ʧʣʘʥʦʤ ʥʝ 

ʟʚʝʨʪʘʶʯʠ ʫʚʘʛʠ ʥʘ ʙʘʣʘʥʩ ʟʘʧʠʩʽʚ ʪʘ ʟʘʷʚʦʢ, ʘʣʝ ʣʠʰʝ ʚʠʢʦʥʫʚʘʪʠ ʫʤʦʚʫ 

ʥʝʚʽʜôʻʤʥʦʩʪʽ ʧʝʨʝʚʝʟʝʥʴ, ʪʦ ʦʪʨʠʤʘʻʤʦ ʧʣʘʥ ʧʝʨʝʚʝʟʝʥʴ; 

2)ʗʢʱʦ ʪʨʘʥʩʧʦʨʪʥʫ ʪʘʙʣʠʮʶ, ʜʦʜʘʪʢʦʚʦ ʜʦ ʥʝʚʽʜôʻʤʥʦʩʪʽ, ʟʘʧʦʚʥʠʪʠ 

ʪʘʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ijx , ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʙʘʣʘʥʩʫ ʟʘʧʠʩʽʚ ʪʘ 

ʟʘʷʚʦʢ, ʪʦ ʦʪʨʠʤʘʻʤʦ ʜʦʧʫʩʪʠʤʠʡ ʧʣʘʥ ʧʝʨʝʚʝʟʝʥʴ; 
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3) ʗʢʱʦ ʚʠʤʦʛʠ ʧ.2. ʜʦʧʦʚʥʠʪʠ ʚʠʤʦʛʦʶ ʜʦʜʘʪʥʦʩʪʽ 1r m n  

ʙʘʟʦʚʠʭ ʧʝʨʝʚʝʟʝʥʴ ʪʘ ʥʫʣʴʦʚʠʤʠ ʧʝʨʝʚʝʟʝʥʥʷʤʠ ʚ ʽʥʰʠʭ ʚʽʢʦʥʮʷʭ ʪʘʙʣʠʮʽ, 

ʪʦ ʦʪʨʠʤʘʻʤʦ ʦʧʦʨʥʠʡ ʧʣʘʥ ʧʝʨʝʚʝʟʝʥʥʷ; 

ʇʽʜʢʨʝʩʣʠʤʦ ʱʝ ʨʘʟ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʡ ʧʣʘʥ ʧʝʨʝʚʝʟʝʥʴ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʟʘ ʢʨʠʪʝʨʽʻʤ  ʚʘʨʪʦʩʪʽ ʜʦʩʷʛʘʻʪʴʩʷ ʣʠʰʝ ʥʘ ʦʧʦʨʥʦʤʫ 

ʧʣʘʥʽ. ɼʣʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʟʘ ʢʨʠʪʝʨʽʻʤ ʯʘʩʫ ʦʧʪʠʤʘʣʴʥʠʡ ʧʣʘʥ 

ʧʝʨʝʚʝʟʝʥʴ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʜʦʩʷʛʘʻʪʴʩʷ ʥʘ ʦʧʦʨʥʦʤʫ, ʚʽʥ ʤʦʞʝ ʜʦʩʷʛʘʪʠʩʷ ʥʘ 

ʙʫʜʴ-ʷʢʦʤʫ ʜʦʧʫʩʪʠʤʦʤʫ ʧʣʘʥʽ ʧʝʨʝʚʝʟʝʥʴ. ɺʠʢʦʥʘʻʤʦ ʧʝʨʝʥʝʩʝʥʥʷ 

ʧʝʨʝʚʝʟʝʥʴ ʟʘ ʮʠʢʣʘʤʠ ʎ1 (ʜʠʚ. ʪʘʙʣ. 11.6) ʪʘ ʎ2 (ʜʠʚ. ʪʘʙʣ. 11.7). 

ʊʘʙʣʠʮʷ 11.6 

ʇʝʨʰʘ ʽʪʝʨʘʮʽʷ 

ʇʫʥʢʪ 

ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʇʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ɿʘʧʘʩʠ 

B1 B2 B3 B4 B5 ai 

A1 10 8 5 6 5 25 

  25  + 

A2 7 6 6 ʎ2        6 9 34 

7             -1 14          2+ 11  

A3 1 8 2 8 -5 42 

14              

+ 

 13  15 

A4 11 4 5 8 9 23 

 23 +   

bj 21 37 40 11 15 124 

ʊʘʙʣʠʮʷ 11.7 

ɼʨʫʛʘ ʽʪʝʨʘʮʽʷ 

ʇʫʥʢʪ 

ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʇʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ɿʘʧʘʩʠ 

B1 B2 B3 B4 B5 ai 

A1 10 8 5 6 5 25 

  18  7 

A2 5 6 6         6 9 34 

 14          9 11  

A3 4 8 5 8 -5 42 

21  13  8 

A4 11 4 5 8 9 23 

 23    

bj 21 37 40 11 15 124 
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ʆʪʞʝ, 6.minT  ƴ 

ʇʨʠʢʣʘʜ 11.3. ʉʢʣʘʩʪʠ ʧʣʘʥ ʧʝʨʝʚʝʟʝʥʴ, ʷʢʱʦ ʚʠʭʽʜʥʽ ʜʘʥʽ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʟʘʜʘʯʽ ʟʘʜʘʥʽ ʪʘʙʣ. 11.8. 

ʈ̔ʰʝʥʥʷ 

Ǐ 

ʊʘʙʣʠʮʷ 11.8 

ɺʠʭʽʜʥʽ ʜʘʥʽ 

ʇʫʥʢʪ 

ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʇʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ɿʘʧʘʩʠ 

B1 B2 B3 B4 B5 ai 

A1 1 3 4 2 5 20 

15 5    

A2 5 2 3 1 2 30 

 15 15   

A3 8 7 6 10 4 35 

  10  25 

A4 3 4 3 6 5 40 

   25 15 

bj 15 20 25 25 40 125 

ʊʘʙʣʠʮʷ 11.9 

ʆʩʪʘʪʦʯʥʠʡ ʨʝʟʫʣʴʪʘʪ 

ʇʫʥʢʪ 

ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʇʫʥʢʪ ʧʨʠʟʥʘʯʝʥʥʷ ɿʘʧʘʩʠ 

B1 B2 B3 B4 B5 ai 

A1 1 3 4 2 5 20 

15 5  10  

A2 5 2 3 1 2 30 

 10  15 5 

A3 8 7 6 10 4 35 

    35 

A4 3 4 3 6 5 40 

5 10 25   

bj 15 20 25 25 40 125 

 

ʆʪʞʝ, 4.minT  ƴ 

  



129 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ? 

2. ʇʦʨʫʰʝʥʥʷ ʷʢʠʭ ʫʤʦʚ ʧʝʨʝʪʚʦʨʶʻ ʢʣʘʩʠʯʥʫ ʪʨʘʥʩʧʦʨʪʥʫ ʟʘʜʘʯʫ ʚ 

ʪʨʘʥʩʧʦʨʪʥʫ ʟʘʜʘʯʫ ʽʟ ʥʝʧʨʘʚʠʣʴʥʠʤ ʙʘʣʘʥʩʦʤ? 

3. ʗʢʽ ʤʝʪʦʜʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦ ʾ ʟʘʜʘʯ ̔ ʟ 

ʥʝʧʨʘʚʠʣʴʥʠʤ ʙʘʣʘʥʩʦʤ? 

4. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯ ̔ʟʘ ʢʨʠʪʝʨʽʻʤ ʯʘʩʫ. ʅʘʚʝʜʽʪʴ 

ʧʨʠʢʣʘʜʠ. 

5. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʤʘʪʝʤʘʪʠʯʥʫ ʧʦʩʪʘʥʦʚʢʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʟʘ 

ʢʨʠʪʝʨʽʻʤ ʯʘʩʫ. 
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ɻʣʘʚʘ 12. ʇʽʩʣʷʦʧʪʠʤʽʟʘʮʽʡʥʠʡ ʘʥʘʣʽʟ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

12.1. ɯʜʝʷ ʘʥʘʣʽʟʫ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʯʫʪʣʠʚʦʩʪʽ 

ʇʽʩʣʷʦʧʪʠʤʽʟʘʮʽʡʥʠʡ ʘʥʘʣʽʟ ʘʙʦ, ʷʢ ʱʝ ʢʘʞʫʪʴ, ʘʥʘʣʽʟ ʯʫʪʪʻʚʦʩʪʽ 

ʧʦʣʷʛʘʻ ʫ ʟʚôʷʟʫʚʘʥʥʽ ʚʧʣʠʚʫ ʩʪʨʫʢʪʫʨʥʠʭ, ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʪʘ ʩʪʨʫʢʪʫʨʥʦ-

ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʟʤʽʥ ʫ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ (ʤʘʪʝʤʘʪʠʯʥʽʡ ʧʦʩʪʘʥʦʚʮʽ) ʟʘʜʘʯʽ 

ʥʘ ʦʪʨʠʤʘʥʠʡ ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚóʷʟʦʢ ʜʣʷ ʪʽʻʾ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʷʢʘ ʚʚʘʞʘʻʪʴʩʷ ʚʠʭʽʜʥʦʶ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ 5.1, ʚ ʷʢʦʤʫ ʙʫʣʦ ʟôʷʩʦʚʘʥʦ, ʱʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʠʙʫʪʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʧʫʩʪʠʪʠ ʧʨʦʜʫʢʮʽʶ ʪʠʧʫ A(ʩʫʧʫʪʥʠʢʠ 

ʟʚôʷʟʢʫ) 
1

1
£ 17 17

7
x  ʪʘ ʪʠʧʫ B  (ʥʘʚʽʛʘʮʽʡʥʽ ʩʫʧʫʪʥʠʢʠ) 

2

4
23 2£ 3

7
x . 

ʆʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʟʘ ʫʤʦʚʠ, ʱʦ ʚʘʨʪʽʩʪʴ ʚʠʨʦʙʽʚ A  ʪʘ B  

ʩʢʣʘʜʘʻ ʚʽʜʧʦʚʽʜʥʦ 40 ʪʘ 50 ʫʤʦʚʥʠʭ ʦʜʠʥʠʮʴ. ʋ ʟʚôʷʟʢʫ ʟʽ ʟʤʽʥʘʤʠ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʩʚʽʪʦʚʽʡ ʝʢʦʥʦʤʽʮʽ, ʢʝʨʽʚʥʠʢʫ ʬʽʨʤʠ (ʦʩʦʙʽ, ʱʦ ʧʨʠʡʤʘʻ 

ʨʽʰʝʥʥʷ) ʚʘʞʣʠʚʦ ʟʥʘʪʠ, ʷʢ ʚʧʣʠʥʝ ʟʤʽʥʘ ʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ A  ʪʘ B  

(ʧʠʪʦʤʠʡ ʧʨʠʙʫʪʦʢ) ʥʘ ʟʘʧʣʘʥʦʚʘʥʠʡ ʚʠʧʫʩʢ ʧʨʦʜʫʢʮʽʾ .)ă/£x (ʜʠʚ. ʨʠʩ.12.1). 

 

ʈʠʩ. 12.1. ɻʨʘʬʽʢ ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʟʤʽʥʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 1c  ʪʘ 2c  ʫ ʚʠʨʘʟʽ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʟʘ ʷʢʠʭ ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ 1 2( , )x x  ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ 

ʗʢ ʙʘʯʠʤʦ, ʧʨʠ ʫʤʦʚʽ 

1 1 1

2 2 2

3 3
0 ă ă0 ă ă 0 -)042

8 8

c c c

c c c
 

ʦʧʪʠʤʘʣʴʥʠʡ ʧʣʘʥ ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʮʽʾ ʥʝ ʟʤʽʥʠʪʴʩʷ, ʪʦʤʫ ʱʦ çʦʩʥʦʚʥʘ ʧʨʷʤʘè 



131 

1 1 2 2W c x c x
 

ʧʨʦʭʦʜʠʪʠʤʝ ʯʝʨʝʟ ʢʫʪʦʚʫ ʪʦʯʢʫ ʽʟ ʢʦʦʨʜʠʥʘʪʘʤʠ 
1 2

1 4
£ £.4 )ă /0

7 7
x x , ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʇʨʠ 1

2

3

8

c

c
 ʘʙʦ 

1

2

3
c

c
 ʤʘʻ ʤʽʩʮʝ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ. 

ʗʢʱʦ 1

2

3

8

c

c
, ʪʦ ʦʧʪʠʤʘʣʴʥʦʶ ʪʦʯʢʦʶ ʙʫʜʝ -)ă0-, ʘ ʷʢʱʦ 1

2

3
c

c
, ʪʦ 

ʦʧʪʠʤʘʣʴʥʦʶ ʪʦʯʢʦʶ ʙʫʜʝ /2)ă-, ʱʦ ʟ ʬʽʟʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʦʟʥʘʯʘʻ 

ʚʽʜʧʦʚʽʜʥʦ ʥʝʜʦʮʽʣʴʥʽʩʪʴ ʚʠʧʫʩʢʫ ʩʫʧʫʪʥʠʢʽʚ ʟʚôʷʟʢʫ ʘʙʦ ʥʘʚʽʛʘʮʽʡʥʠʭ 

ʩʫʧʫʪʥʠʢʽʚ. ʇʨʠ ʟʤʽʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 1c  ʪʘ 2c  ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʚʟʘʛʘʣʽ ʟʤʽʥʘ ʙʫʜʴ-ʷʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ (ʦʙôʻʤ ʨʝʩʫʨʩʽʚ ʪʘ ʾʭ ʚʘʨʪʽʩʪʴ), ʥʦʨʤʠ ʚʠʪʨʘʪ 

ʨʝʩʫʨʩʽʚ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʜʠʥʠʮʽ ʧʨʦʜʫʢʮʽʾ ʚʧʣʠʚʘʪʠʤʝ ʥʘ ʦʧʪʠʤʘʣʴʥʝ 

ʨʽʰʝʥʥʷ ʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʂʽʣʴʢʽʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʮʠʭ ʟʤʽʥ ʽ 

ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʘʥʘʣʽʟʫ ʯʫʪʣʠʚʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʘʜʘʯʽ 

ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʅʘʚʝʜʝʥʠʡ ʧʨʦʩʪʠʡ ʧʨʠʢʣʘʜ ʘʥʘʣʽʟʫ ʯʫʪʣʠʚʦʩʪʽ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʤʘʻ 

ʽʣʶʩʪʨʘʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʚʠʧʘʜʢʫ (

3n , ʜʝ nï ʢʽʣʴʢʽʩʪʴ ʟʤʽʥʥʠʭ) ʩʪʘʻ ʛʨʦʤʽʟʜʢʠʤ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʥʘ ʾʾ ʦʧʪʠʤʘʣʴʥʝ ʟʘ ʚʠʭʽʜʥʦʶ ʧʦʩʪʘʥʦʚʢʦʶ ʨʽʰʝʥʥʷ ʚ ʟʘʛʘʣʴʥʦʤʫ 

ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʠʤ ʯʠʥʦʤ 

ʧʝʨʝʬʦʨʤʫʣʴʦʚʘʥʫ ʚʠʭʽʜʥʫ ʟʘʜʘʯʫ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʷʢʘ ʦʪʨʠʤʘʣʘ 

ʥʘʟʚʫ ʜʚʦʾʩʪʘ (ʩʧʨʷʞʝʥʘ) ʟʘʜʘʯʘ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʘʙʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢ ʟʚʘʥʝ ʧʘʨʘʤʝʪʨʠʯʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 
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12.2. ɯʜʝʷ ʬʽʟʠʯʥʦʛʦ ʟʤʽʩʪʫ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʚʦʾʩʪʦʾ 

ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʋ ʧʨʠʢʣʘʜʽ 5.1 ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʦ ʟʘ ʤʝʪʫ ʦʪʨʠʤʘʪʠ ʤʘʢʩʠʤʘʣʴʥʠʡ 

ʧʨʠʙʫʪʦʢ ʚʽʜ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʨʦʙʽʚ Aʪʘ B, ʘʣʝ ʥʽʯʦʛʦ ʥʝ ʙʫʣʦ ʩʢʘʟʘʥʦ ʧʨʦ 

ʚʘʨʪʽʩʪʴ ʨʝʩʫʨʩʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʮʠʭ ʚʠʨʦʙʽʚ, ʪʦʙʪʦ 

ʥʽʯʦʛʦ ʥʝ ʙʫʣʦ ʩʢʘʟʘʥʦ ʧʨʦ ʚʠʪʨʘʪʠ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ, ʘʣʝ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʥʝ ʟʤʝʥʰʠʪʠ ʧʠʪʦʤʠʡ ʧʨʠʙʫʪʦʢ (ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʠʨʦʙʣʝʥʦʾ 

ʧʨʦʜʫʢʮʽʾ). 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʦʜʠʥʠʮʷ ʨʝʩʫʨʩʫ C , D , E  ʢʦʰʪʫʻ ʚʽʜʧʦʚʽʜʥʦ 1u , 2u , 

3u . ʊʦʜʽ ʚʘʨʪʽʩʪʴ ʚʠʨʦʙʽʚ ʤʦʞʣʠʚʦ ʦʙʯʠʩʣʠʪʠ ʟʘ ʚʠʨʘʟʘʤʠ ʚʽʜʧʦʚʽʜʥʦ 

1 2 324 8 3u u u    ̔ 1 2 38 8 8u u u . 

ɿʘʜʘʯʘ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽʟ ʟʤʽʥʥʠʤʠ .)ă/)ă0u  ʬʦʨʤʫʣʶʻʪʴʩʷ ʪʘʢ: 

ʷʢʦʶ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʘʨʪʽʩʪʴ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʨʝʩʫʨʩʫ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʥʝ 

ʟʤʝʥʰʫʶʯʠ ʚʘʨʪʦʩʪʽ ʦʜʠʥʠʮʽ ʚʠʨʦʙʫ, ʜʦʩʷʛʪʠ ʤʽʥʽʤʫʤʫ ʩʫʤʘʨʥʦʾ ʚʘʨʪʦʩʪʽ 

ʨʝʩʫʨʩʽʚ. ʄʘʪʝʤʘʪʠʯʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

.)ă/)ă001 2 33-- 15- /1- jfk ă
u

W u u u
 

ʟʘ ʫʤʦʚ 

1 2 3

1 2 3

24 8 3 40,

ăăă5 5 5 2-+

u u u

u u u
 

ɿʘʧʠʩʘʥʘ ʟʘʜʘʯʘ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʘʻ ʥʘʟʚʫ ʜʚʦʾʩʪʦʾ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʟʘʜʘʯʽ ʧʨʠʢʣʘʜʫ 5.1.  

12.3. ɿʘʛʘʣʴʥʘ ʧʦʩʪʘʥʦʚʢʘ ʽ ʧʨʘʚʠʣʘ ʧʦʙʫʜʦʚʠ ʜʚʦʾʩʪʦʾ ʟʘʜʘʯʽ 

ʂʦʞʥʽʡ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʦʞʣʠʚʦ ʧʦʩʪʘʚʠʪʠ ʫ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟʘʜʘʯʫ, ʷʢʫ ʥʘʟʠʚʘʶʪʴ ʜʚʦʾʩʪʦʶ ʜʦ ʥʝʾ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ 

ʟʘʛʘʣʴʥʘ ʟʘʜʘʯʘ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ (ʚʠʭʽʜʥʘ, ʘʙʦ, ʷʢ ʱʝ ʢʘʞʫʪʴ, ʧʨʷʤʘ 

ʟʘʜʘʯʘ) ʟʘʜʘʥʘ ʫ ʚʠʛʣʷʜʽ: 

 
0ă .)1

j^u ă
j

n

j j
x j nj

W c x  (12.1) 

ʟʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʦʙʤʝʞʝʥʴ 



133 

 

1

ă 1,
n

ij j i
j

a b mx i . (12.2) 

ɼʚʦʾʩʪʘ (ʩʧʨʷʞʝʥʘ ʜʦ ʥʝʾ) ʟʘʜʘʯʘ ʤʘʻ ʚʠʛʣʷʜ: 

 
ă .)1 0

mi ,n
i

m

i i
u j mi

uW b  (12.3) 

 

1

1,ă +
m

ij i j
i

a u c j n  (12.4) 

ɿʘʜʘʯʘ (12.3), (12.4) ï ʜʚʦʾʩʪʘ ʜʦ ʟʘʜʘʯʽ (12.1), (12.2) ï ʙʫʜʫʻʪʴʩʷ ʟʘ 

ʥʘʩʪʫʧʥʠʤʠ ʧʨʘʚʠʣʘʤʠ: 

1. ɺʠʢʦʥʫʻʪʴʩʷ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʟʘʜʘʯʽ ʜʦ ʚʠʜʫ (12.3), (12.4), 

ʪʦʙʪʦ ʷʢʱʦ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʤʘʢʩʠʤʽʟʫʻʪʴʩʷ, ʪʦ ʥʝʨʽʚʥʦʩʪʽ-ʦʙʤʝʞʝʥʥʷ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʨʠʚʝʜʝʥʽ ʜʦ ʚʠʛʣʷʜʫ ç è, ʘ ʷʢʱʦ ʤʽʥʽʤʽʟʫʻʪʴʩʷ, ʪʦ ʜʦ ʚʠʛʣʷʜʫ 

ç è. ɼʦʩʷʛʪʠ ʚʠʢʦʥʘʥʥʷ ʧʦʪʨʽʙʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʟʥʘʢʫ ʦʙʤʝʞʝʥʴ ʤʦʞʣʠʚʦ 

ʤʥʦʞʝʥʥʷʤ ʦʙʦʭ ʡʦʛʦ ʯʘʩʪʠʥ ʥʘ 1 . 

2. ʗʢʱʦ ʚʠʭʽʜʥʘ ʟʘʜʘʯʘ ʻ ʟʘʜʘʯʝʶ ʤʘʢʩʠʤʽʟʘʮʽʾ, ʪʦ ʜʚʦʾʩʪʘ ʙʫʜʝ ʟʘʜʘʯʝʶ 

ʤʽʥʽʤʽʟʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʚʝʢʪʦʨ, ʷʢʠʡ ʫʪʚʦʨʝʥʦ ʽʟ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʠ ʥʝʚʽʜʦʤʠʭ ʚ 

ʧʦʢʘʟʥʠʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʭʽʜʥʦʾ ʟʘʜʘʯʽ ʩʧʽʚʧʘʜʘʻ ʽʟ ʚʝʢʪʦʨʦʤ ʢʦʥʩʪʘʥʪ ʚ 

ʧʨʘʚʠʭ ʯʘʩʪʠʥʘʭ ʩʠʩʪʝʤʠ ʦʙʤʝʞʝʥʴ ʜʚʦʾʩʪʦʾ ʟʘʜʘʯʽ, ʽ, ʥʘʚʧʘʢʠ, ʢʦʝʬʽʮʽʻʥʪʠ 

ʧʨʠ ʥʝʚʽʜʦʤʠʭ ʚ ʧʦʢʘʟʥʠʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʚʦʾʩʪʦʾ ʟʘʜʘʯʽ ʻ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʧʨʘʚʠʤʠ ʯʘʩʪʠʥʘʤʠ ʩʠʩʪʝʤʠ ʦʙʤʝʞʝʥʴ ʚʠʭʽʜʥʦʾ ʟʘʜʘʯʽ. 

3. ʂʦʞʥʽʡ ʟʤʽʥʥʽʡ iu  ʜʚʦʾʩʪʦʾ ʟʘʜʘʯʽ ʚʽʜʧʦʚʽʜʘʻ i -ʪʝ ʦʙʤʝʞʝʥʥʷ ʚʠʭʽʜʥʦʾ 

ʟʘʜʘʯʽ ʽ ʥʘʚʧʘʢʠ, ʢʦʞʥʽʡ ʟʤʽʥʥʽʡ jx  ʚʠʭʽʜʥʦʾ ʟʘʜʘʯʽ ʚʽʜʧʦʚʽʜʘʻ j -ʪʝ 

ʦʙʤʝʞʝʥʥʷ ʜʚʦʾʩʪʦʾ ʟʘʜʘʯʽ. 

4. ʄʘʪʨʠʮʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʚʦʾʩʪʦʾ ʟʘʜʘʯʽ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ 

ʪʨʘʥʩʧʦʥʫʚʘʥʥʷʤ ʤʘʪʨʠʮʽ ij m n
A a , ʩʢʣʘʜʝʥʦʾ ʽʟ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʠ 

ʥʝʚʽʜʦʤʠʭ ʚ ʩʠʩʪʝʤʽ ʦʙʤʝʞʝʥʴ ʚʠʭʽʜʥʦʾ ʟʘʜʘʯʽ. 

ɿʘʜʘʯʽ (12.1), (12.2)  ʪʘ (12.3), (12.4) ʫʪʚʦʨʶʶʪʴ ʩʠʤʝʪʨʠʯʥʫ ʧʘʨʫ 

ʚʟʘʻʤʥʦ ʜʚʦʾʩʪʠʭ ʟʘʜʘʯ. ʗʢʱʦ ʚʠʢʦʨʠʩʪʘʪʠ ʧʦʟʥʘʯʝʥʥʷ: 

1 2)ă )ă )ănC c c c
, 
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1 2)ă )ă )ă
T

mB b b b
, 

1,

1,

iij
j n

mA a ï ʧʨʷʤʦʢʫʪʥʘ ʤʘʪʨʠʮʷ ʨʦʟʤʽʨʦʤ m n , 

1 2)ă )ă )ă
T

nX x x x
, 

1 2)ă )ă )ă
T

mU u u u
, 

-)ă )ă-
T

k k
Q ï ʚʝʢʪʦʨ-ʩʪʦʚʧʝʮʴ ʥʫʣʽʚ ʨʦʟʤʽʨʥʦʩʪʽ k ; 

ʪʦ ʧʨʷʤʫ ʽ ʜʚʦʾʩʪʫ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʦʞʣʠʚʦ ʟʘʧʠʩʘʪʠ ʫ 

ʚʠʛʣʷʜʽ: 

max
nX o

W C X

A X B
 ï ʧʨʷʤʘ, 

min
m

T

U o

T T

W B U

A U C
 ï ʜʚʦʾʩʪʘ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʚʦʾʩʪʫ ʟʘʜʘʯʫ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ (12.3), (12.4) ʷʢ 

ʚʠʭʽʜʥʫ ʟʘʜʘʯʫ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽ, ʩʢʦʨʠʩʪʘʚʰʠʩʴ ʧʨʘʚʠʣʘʤʠ 

ʧʝʨʝʭʦʜʫ ʜʦ ʜʚʦʾʩʪʦʾ ʟʘʜʘʯʽ, ʦʪʨʠʤʘʻʤʦ ʧʨʷʤʫ ʟʘʜʘʯʫ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ (10.1), (10.2): 

j^u)ă

ă+ăăăăăăăăăăăăăăăă
m

T

U o

T T

W B U

A U C
 

ɯ ʜʘʣʽ, ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʤʦʞʝʤʦ ʟʘʧʠʩʘʪʠ: 

nX o
Å jfk ă j^uă

ă
8ăăăăăăăăăăăăăăăăăăă +ăăăă

, ,

ăăăăăăăăăăăăăăă
nX o

W C X W C X

A X B A X B
 

ɺʠʩʥʦʚʦʢ: 

1. ɿʚʝʜʝʥʥʷ ʟʘʜʘʯ ̔ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʦ ʜʚʦʾʩʪʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʻ ʧʨʷʤʦʶ ʟʘʜʘʯʝʶ. 
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2. ʋ ʩʠʩʪʝʤʽ çʧʨʷʤʘïʜʚʦʾʩʪʘè ʦʙʠʜʚʽ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʨʽʚʥʦʧʨʘʚʥʽ. ʂʦʞʥʫ ʟ ʥʠʭ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʨʷʤʫ, ʪʦʜʽ ʽʥʰʘ ʚʚʘʞʘʻʪʴʩʷ 

ʜʚʦʾʩʪʦʶ ʜʦ ʥʝʾ. 

ʇʨʠʢʣʘʜ 12.1. ɿʘʜʘʥʘ ʟʘʜʘʯʘ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ: 

.)ă/)ă0
1 2 3 0

1 2 3

1 2 3

3

;4 3 min

3 4 7,

2 6,

4.

x
W x x x

x x x

x x x

x
 

ʅʝʦʙʭʽʜʥʦ ʧʦʙʫʜʫʚʘʪʠ ʜʚʦʾʩʪʫ ʟʘʜʘʯʫ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʈ̔ʰʝʥʥʷ 

Ǐ ʇʨʠʚʝʜʝʤʦ ʟʘʜʘʥʫ ʟʘʜʘʯʫ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʦ ʚʠʛʣʷʜʫ (12.1), 

(12.2). 

.)ă/)ă0

.)ă/)ă0

1 2 3

1 2 3

1 2 3

1 2 3

3

1 2 3

1

2

0

0

3

4 3 m

3 4 7,

2 6,

/ 3)ăăă

1)ă

. 1 0 j ă

3 4 1 7

1 2 1 6

1 2 1 6

0 0 1 4

,

,

x

T

x

W x x x ax

x x x

x x x

x x x

x

W x x x ax

x

x

x

ăăăăăăăăăăăăăăăăăăăăăăăăăăăăăăăăăăă

 ɼʚʦʾʩʪʘ ɿʃʇ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

.)ă/)ă0)ă1

1

2

3

4

0
4 3 3 1 jfk ă

u

u

u
W

u

u
. 
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.)ă/)ă0)ă1
1 2 3 41

2 1 2 3

3 1 2 3

4 1 2 3 4

0
7 6 6 4 min

3 1 1 0 1
3 1,1 / / - 1 ă
1 / / 1)ă1 1 1 1 3

4 3

;

+ăă

u
u u u uu

u u u u
u u u u
u u u u

W

u

 

ƴ 

ʇʨʠʢʣʘʜ 12.2. ʇʨʷʤʘ ʟʘʜʘʯʘ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟʘʜʘʥʘ ʫ ʚʠʛʣʷʜʽ: 

1
1 0

1

1

3 .- j^uă

2 0 .-)ăăăăăăăăăăăăăăăăăăă

1+ăăăăăăăăăăăăăăăăăăăăăăăă

,

ăăă

x
W x x

x x

x x
 

ʇʦʙʫʜʫʚʘʪʠ ʜʚʦʾʩʪʫ ʟʘʜʘʯʫ. 

ʈ̔ʰʝʥʥʷ 

Ǐ ʇʨʠʚʝʜʝʤʦ ʧʨʷʤʫ ʟʘʜʘʯʫ ʜʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʠʛʣʷʜʫ. ɼʣʷ ʮʴʦʛʦ 

ʧʦʟʥʘʯʠʤʦ 

/ 0 /)ă0) ă -x x x x
 

ʊʦʜʽ: 

.)ă/)ă0.)ă/)ă0

1

21 2 3 00
3

1 2 3
1

1 2 3
2

3

3 .- .- j^u ă6 10 10 max

5 3 3 10,

4, 5 3 3 10
+ăăăăăăăăăăăăăăă

1 1 4

;

1

;
xx

x

W xW x x x
x

x x x
x

x x x
x

x
 

ɼʚʦʾʩʪʘ ʟʘʜʘʯʘ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

.)ă/.)ă/

1
1 2 002

1 2

1 1 2

2

.- 1 jfk ă.- 1 jfk ă

2 3)ăăăăăăăăăăăăăăăăăăăăăăăăăă
5 1 6

3
0 . .- ă)ăăăăăăăăăă

3 1 10

,,
uu

u
W u uW

u
u u

u u u
u

.)ă/

1 2

1 2 0

1 2

1 2

.-)ăăăăăăăăăăăăăăăăăăăăăăăă

0 .-)ăăăăăăăăăăăăăăăăăăăăăăăă

.- 1 jfk ă

2 3)ăăăăăăăăăăăăăăăăăăăăăăăăă

0 .-+ăăăăăăăăăăăăăăăăăăăăăăă

,
u

u u

W u u

u u

u u

 

ƴ 



137 

 

ʇʨʠʢʣʘʜ 12.3. ʇʦʙʫʜʫʚʘʪʠ ʟʘʜʘʯʫ ʜʚʦʾʩʪʫ ʜʦ ʟʘʜʘʥʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

123
1 2 3 0

1 2 3

1 3

min

/ 6)ă

4

,

2 .

x
W x x x

x x x

x x
 

ʈ̔ʰʝʥʥʷ 

Ǐ 

123
1 2 3 0

1

2

3

..ă.ă ă ă jfk

1 2 1 9
.

2 0 1 4

,
T

x
W x x x

x

x

x
 

123
1 21 2 0

1 2
1

1
2

1 2

9 4 max6 1 ă

2 1,1 2 1

2 1,/ - .ă)ă

.+ă1 1 1

;,
T

x
W u uW u u

u u
u

u
u

u u
 

ƴ 

12.4. ʆʩʥʦʚʥʽ ʪʝʦʨʝʤʠ ʜʚʦʾʩʪʦʩʪʽ 

ʊʝʦʨʝʤʘ 12.1. ʗʢʱʦ ʦʜʥʘ ʽʟ ʜʚʦʾʩʪʠʭ ʟʘʜʘʯ ʤʘʻ ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ 

1 2)ă )£ ,£ £ă ă£
T

nX x x x , ʪʦ ʽ ʽʥʰʘ ʤʘʻ ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ 1 2
£ )ă )£ ă )ă£ £

T

mu uU u , 

ʧʨʠ ʮʴʦʤʫ ʝʢʩʪʨʝʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙʦʭ ʟʘʜʘʯ 

ʩʧʽʚʧʘʜʘʶʪʴ 

1 1

£ £
n m

j j i i
j i

c x b u . 

ɿʘʫʚʘʞʝʥʥʷ 12.1. ʗʢʱʦ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʜʥʽʻʾ ʽʟ ʟʘʜʘʯ ʥʝ-

ʦʙʤʝʞʝʥʠʡ, ʪʦ ʽʥʰʘ ʟʘʜʘʯʘ ʥʝ ʤʘʻ ʨʦʟʚôʷʟʢʽʚ. 

ʅʘʩʣʽʜʦʢ 12.1.  

1. ɼʣʷ ʽʩʥʫʚʘʥʥʷ ʨʦʟʚôʷʟʢʫ ʦʜʥʽʻʾ ʟ ʜʚʦʾʩʪʠʭ ʟʘʜʘʯ, ʥʝʦʙʭʽʜʥʦ ʽ 

ʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʽʥʰʘ ʤʘʣʘ ʭʦʯʘ ʙ ʦʜʠʥ ʨʦʟʚôʷʟʦʢ; 
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2. ɼʣʷ ʪʦʛʦ ʱʦʙ 1 2)ă )ă )ă
T

nX x x x ʪʘ 1 2)ă )ă )ă
T

mU u u u  ʙʫʣʠ 

ʦʧʪʠʤʘʣʴʥʠʤʠ ʨʦʟʚ'ʷʟʢʘʤʠ ʧʘʨʠ ʜʚʦʾʩʪʠʭ ʟʘʜʘʯ, ʥʝʦʙʭʽʜʥʦ ʽ ʜʦʩʪʘʪʥʴʦ, ʱʦʙ 

ʚʠʢʦʥʫʚʘʣʘʩʴ ʨʽʚʥʽʩʪʴ: 

1 1

n m

j j i i
j i

c x b u

. 

ʊʝʦʨʝʤʘ 12.2. ʗʢʱʦ ʙʫʜʴ ʷʢʘ ʟʤʽʥʥʘ £ă .)jx j n  ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʦʟʚôʷʟʢʫ ʧʨʷʤʦʾ ʟʘʜʘʯʽ ʜʦʜʘʪʥʘ, ʪʦ j -ʪʝ ʦʙʤʝʞʝʥʥʷ ʜʚʦʾʩʪʦʾ ʟʘʜʘʯʽ ʥʘ 

ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʦʟʚôʷʟʢʫ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʨʽʚʥʽʩʪʴ. ʗʢʱʦ ʦʧʪʠʤʘʣʴʥʝ 

ʨʽʚʥʷʥʥʷ ʧʨʷʤʦʾ ʟʘʜʘʯʽ ʧʝʨʝʪʚʦʨʶʻ ʙʫʜʴ ʷʢʝ i -ʪʝ ʦʙʤʝʞʝʥʥʷ ʫ ʩʪʨʦʛʫ 

ʥʝʨʽʚʥʽʩʪʴ, ʪʦ ʚ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʦʟʚôʷʟʢʫ ʜʚʦʾʩʪʦʾ ʟʘʜʘʯʽ ʟʤʽʥʥʘ £iu  ʜʦʨʽʚʥʶʻ 0. 

ɿʘʫʚʘʞʝʥʥʷ 12.2. ʎʷ ʪʝʦʨʝʤʘ ʱʝ ʥʦʩʠʪʴ ʥʘʟʚʫ çʫʤʦʚʘ ʜʦʧʦʚʥʷʣʴʥʦʾ 

ʥʝʞʦʨʩʪʢʦʩʪʽè ʽ ʬʦʨʤʘʣʴʥʦ ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

1

1

£ £ -)ă .) )ă

£ £ -)ă .) +

m

ij j j
i

n

ij i i i
j

ia u c x j n

a x b u i m

 

ʊʝʦʨʝʤʘ 12.3. ɺ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʦʟʚôʷʟʢʫ ʜʚʦʾʩʪʦʾ ʟʘʜʘʯʽ ʟʥʘʯʝʥʥʷ 

ʟʤʽʥʥʠʭ ʯʠʩʝʣʴʥʦ ʜʦʨʽʚʥʶʶʪʴ ʯʘʩʪʠʥʥʠʤ ʧʦʭʽʜʥʠʤ max

i

W

b
, ʜʣʷ ʧʨʷʤʦʾ 

ʟʘʜʘʯʽ: 

max£ )ă .)i
i

W
u i m

b
, 

ʜʝ maxW ï ʟʤʽʥʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ W , 

ʧʨʠ ʦʜʥʦʤʫ  ̔ʪʦʤʫ ʩʘʤʦʤʫ ʜʚʦʾʩʪʦʤʫ ʧʣʘʥʽ, ʚʠʢʣʠʢʘʥʦ ʤʘʣʦʶ ʟʤʽʥʦʶ ib  

ʧʨʷʤʦʾ ʟʘʜʘʯʽ. 

ʇʦʢʘʞʝʤʦ, ʱʦ ʧʨʠ ʟʤʽʥʝʥʥ̔ ʧʨʘʚʠʭ ʯʘʩʪʠʥ 1,ăib i m  ʦʙʤʝʞʝʥʴ 

ʧʨʷʤʦʾ ʟʘʜʘʯʽ ʥʝʚʽʜʦʤʽ ʜʚʦʾʩʪʦʾ ʟʘʜʘʯʽ ʤʦʞʣʠʚʦ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʷʢ ʦʮʽʥʢʠ 
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ʚʧʣʠʚʫ ʮʠʭ ʟʤʽʥʥʠʭ ʥʘ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʷʤʦʾ 

ʟʘʜʘʯʽ. ʇʦʟʥʘʯʠʤʦ  

1)ă )ă
T

mB b b
, 

ʜʝ ibï ʧʨʠʨʽʩʪ i -ʦʾ ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ ʧʨʷʤʦʾ ʟʘʜʘʯʽ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʚʽ ʜʚʦʾʩʪʽ ʟʘʜʘʯʽ: 

1) ʇʨʷʤʘ: 

1
1 0

1

j^u ă

ăăăăăăăăăăăăăă

,

ăăăăă
nX

W C X

A X B
 

ʪʘ ʜʚʦʾʩʪʘ: 

1
1 0

1

,

.

jfk ă

ăăăăăăăăăăăăăăăăăă
m

T

U

T T

W B U

A U C
 

2) ʇʨʷʤʘ: 

1 n
2 X 0

2

U j^u ă

U ? ? ăăăă

,

ăă

W C

A
 

ʜʝ 

1 1 0

-ă ă

0m m

b b

B

b b
 

ʪʘ ʜʚʦʾʩʪʘ: 

2
2 0

2

,m

.

in
m

T

U

T T

W B B U

A U C
 

ɺʠʤʦʛʘ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 0B , ʦʟʥʘʯʘʻ, ʱʦ ʟʘʤʽʥʘ B  ʥʘ 

B B  ʫ ʜʚʦʾʩʪʽʡ ʟʘʜʘʯʽ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʾʾ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ

2 1
£ £.U U . ʊʦʜʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʝʨʰʦʾ ʪʝʦʨʝʤʠ ʜʚʦʾʩʪʦʩʪʽ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʜʣʷ 

ʧʝʨʰʦʾ ʧʘʨʠ ʟʘʜʘʯ: 

1 1j^u ă jfk . .ă£ £ £TW W X UC B
 

ʪʘ ʜʣʷ ʜʨʫʛʦʾ ʧʘʨʠ ʟʘʜʘʯ: 
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2 2

T

j^u ă jfk / 1
£T ă ? £X£ C BW U

. 

ʆʙʯʠʩʣʠʤʦ ʧʨʠʨʽʩʪ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʧʨʷʤʦʾ ʟʘʜʘʯʽ 

2 1max max ma 1x 1

1

1 1 1
1

£ £Å

£
£ £ £)ă )ă

£

.

T T

m
T T T T

m i i
i

m

W W W B B U B U

u

B B B U B U b b b u

u
 

ɯʟ ʜʦʚʝʜʝʥʦʾ ʪʝʦʨʝʤʠ 12.3 ʚʠʧʣʠʚʘʻ, ʱʦ ʨʦʟʚô̫ ʟʦʢ ʜʚʦʾʩʪʦʾ ʟʘʜʘʯʽ iu  

(ʜʚʦʾʩʪʘ ʦʮʽʥʢʘ) ʢʽʣʴʢʽʩʥʦ ʜʦʨʽʚʥʶʻ ʧʨʠʨʦʩʪʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʷʤʦʾ ʟʘʜʘʯʽ ʧʨʠ ʟʤʽʥʽ ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ i -ʛʦ 

ʦʙʤʝʞʝʥʥʷ ʧʨʷʤʦʾ ʟʘʜʘʯʽ ʥʘ ʦʜʠʥʠʮʶ. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʧʽʩʣʷʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ?  

2. ʇʦʷʩʥʽʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʧʽʩʣʷʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘʜʘʯʽ 

ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ.  

3. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʜʚʦʾʩʪʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ? 

4. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʤʘʪʝʤʘʪʠʯʥʫ ʧʦʩʪʘʥʦʚʢʫ ʽ ʧʨʘʚʠʣʘ ʧʦʙʫʜʦʚʠ 

ʜʚʦʾʩʪʦʾ ʟʘʜʘʯʽ. 
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ɻʣʘʚʘ 13. ɸʥʘʣʽʟ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

13.1. ɸʥʘʣʽʟ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯ ̔ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʜʚʦʾʩʪʠʭ ʦʮʽʥʦʢ 

ɸʥʘʣʽʟ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

 
0ă .)1

j^u ă
j

n

j j
x j nj

W c x  (11.1) 

ʟʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʦʙʤʝʞʝʥʴ 

 

1

ă 1,
n

ij j i
j

a b mx i  (11.2) 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʦʩʣʽʜʞʝʥʥʽ ʚʧʣʠʚʫ ʚʘʨʽʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 
jc , 

ija , ib  ( 1,i m , 

1,j n ) ʥʘ ʮʝʡ ʨʦʟʚôʷʟʦʢ. ʊʘʢʠʡ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦ ʚʠʢʦʥʘʪʠ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʥʘʩʪʫʧʥʠʭ ʧʨʠʡʦʤʽʚ ʪʘ ʩʧʦʩʦʙʽʚ: 

1) ʘʥʘʣʽʟʫ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʨʫʢʪʫʨʠ ʢʦʞʥʦʛʦ ʽʟ ʦʪʨʠʤʘʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʚʦʾʩʪʠʭ ʦʮʽʥʦʢ; 

2) ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʚʘʨʽʘʥʪʽʚ ʨʦʟʚôʷʟʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʰʣʷʭʦʤ ʨʦʟʚôʷʟʘʥʥʷ 

ʧʨʷʤʦʾ ʟʘʜʘʯʽ, ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʾʾ ʧʘʨʘʤʝʪʨʽʚ. 

ʇʝʨʰʠʡ ʥʘʧʨʷʤʦʢ ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʝʦʨʝʤʠ ʜʚʦʾʩʪʦʩʪʽ, ʜʨʫʛʠʡ ʥʘʧʨʷʤʦʢ 

ʧʦʚôʷʟʘʥʠʡ ʽʟ ʪʘʢ ʟʚʘʥʦʶ ʧʘʨʘʤʝʪʨʠʯʥʦʶ ʦʧʪʠʤʽʟʘʮʽʻʶ (ʧʘʨʘʤʝʪʨʠʯʥʝ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ), ʷʢʘ ʙʘʟʫʻʪʴʩʷ, ʟʜʝʙʽʣʴʰʦʛʦ, ʥʘ ʢʦʤʧôʶʪʝʨʥʦʤʫ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ. 

ɸʥʘʣʽʟ ʨʦʟʚôʷʟʢʽʚ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʜʚʦʾʩʪʠʭ 

ʦʮʽʥʦʢ 

ɼʚʦʾʩʪʽ ʦʮʽʥʢʠ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʷʢ: 

1. ʇʦʢʘʟʥʠʢʠ ʜʝʬʽʮʠʪʥʦʩʪʽ(ʢʦʰʪʦʚʥʦʩʪʽ) ʨʝʩʫʨʩʽʚ ʽ ʧʨʦʜʫʢʮʽʾ. 

ʗʢ ʚʠʧʣʠʚʘʻ ʽʟ ʪʝʦʨʝʤʠ 12.2. £iu  ʻ ʦʮʽʥʢʦʶ i -ʛʦ ʨʝʩʫʨʩʫ. ʏʠʤ ʙʽʣʴʰʝ 

ʟʥʘʯʝʥʥʷ ʦʮʽʥʢʠ, ʪʠʤ ʚʠʱʝ ʜʝʬʽʮʠʪʥʽʩʪʴ ʨʝʩʫʨʩʫ. ɼʣʷ ʥʝʜʝʬʽʮʠʪʥʦʛʦ ʨʝʩʫʨʩʫ 

£ 0iu .  

2. ʇʦʢʘʟʥʠʢ ʚʧʣʠʚʫ ʦʙʤʝʞʝʥʴ ʥʘ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ. 



142 

ɺ ʪʝʦʨʝʤʽ 12.3 ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ max£ )ă .)i
i

W
u i m

b
. ʇʨʠ 

ʥʝʟʥʘʯʥʦʤʫ ʧʨʠʨʦʩʪʽ ib, ʦʮʽʥʢʘ £iu  ʻ ʪʦʯʥʦʶ ʤʽʨʦʶ ʚʧʣʠʚʫ ʦʙʤʝʞʝʥʥʷ ʥʘ 

ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ. ɼʣʷ ʧʨʘʢʪʠʢʠ ʚʘʞʣʠʚʦ ʟʥʘʡʪʠ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ 

ʧʨʘʚʠʭ ʯʘʩʪʠʥ ʩʠʩʪʝʤʠ ʦʙʤʝʞʝʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʧʨʷʤʦʾ ʟʘʜʘʯʽ (ʥʠʞʥʴʦʾ ʪʘ 

ʚʝʨʭʥʴʦʾ ʛʨʘʥʠʮʴ), ʧʨʠ ʷʢʠʭ ʚʝʣʠʯʠʥʠ ʦʮʽʥʦʢ £ă .)iu i m  ʟʘʣʠʰʘʶʪʴʩʷ 

ʥʝʟʤʽʥʥʠʤʠ. 

3. ʇʦʢʘʟʥʠʢʠ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʦʢʨʝʤʠʭ ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ. 

ʎʷ ʚʣʘʩʪʠʚʽʩʪʴ ʚʠʧʣʠʚʘʻ ʽʟ ʪʝʦʨʝʤʠ 12.2. ɻʦʣʦʚʥʠʡ ʟʤʽʩʪ ʮʽʻʾ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʦʧʪʠʤʘʣʴʥʠʡ ʧʣʘʥ ʚʠʨʦʙʥʠʮʪʚʘ ʜʦʮʽʣʴʥʦ 

ʚʢʣʶʯʘʪʠ ʣʠʰʝ ʚʠʨʦʙʥʠʮʪʚʦ ʪʽʻʾ j -ʦ ʾ ʧʨʦʜʫʢʮʽʾ, ʜʣʷ ʷʢʦʾ ʚʠʪʨʘʪʠ ʥʘ 

ʧʨʠʜʙʘʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʨʦʚʠʥʠ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʧʨʠʙʫʪʦʢ: 

1

£ ă .)
m

ij i j
i

a u c j n

. 

4. ɯʥʩʪʨʫʤʝʥʪ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʩʫʤʘʨʥʠʭ ʫʤʦʚʥʠʭ ʚʠʪʨʘʪ ʪʘ 

ʨʝʟʫʣʴʪʘʪʽʚ. 

ʎʷ ʚʣʘʩʪʠʚʽʩʪʴ ʚʠʧʣʠʚʘʻ ʽʟ ʪʝʦʨʝʤʠ 12.1, ʚ ʷʢʽʡ ʚʩʪʘʥʦʚʣʝʥʦ ʟʚôʷʟʦʢ ʤʽʞ 

ʝʢʩʪʨʝʤʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʷʤʦʾ  ʪʘ ʜʚʦʾʩʪʦʾ 

ʟʘʜʘʯ. 

ʇʝʨʝʡʜʝʤʦ ʜʦ ʜʝʪʘʣʴʥʦʛʦ ʨʦʟʛʣʷʜʫ ʯʦʪʠʨʴʦʭ ʟʘʧʠʩʘʥʠʭ ʚʠʱʝ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ɿ ʝʢʦʥʦʤʽʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʜʚʦʾʩʪʠʭ ʟʘʜʘʯ ʚʠʧʣʠʚʘʻ, ʱʦ 

ʨʽʚʥʽʩʪʴ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʦʧʪʠʤʘʣʴʥʠʭ ʧʣʘʥʘʭ ʦʟʥʘʯʘʻ, ʱʦ ʦʮʽʥʢʘ 

ʚʩʽʭ ʟʘʪʨʘʪ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʚʠʥʥʘ ʜʦʨʽʚʥʶʚʘʪʠ ʦʮʽʥʮʽ ʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʪʫ, ʷʢʠʡ 

ʚʠʛʦʪʦʚʣʝʥʦ. 

ʆʟʥʘʯʝʥʥʷ 13.1. ɼʦʧʫʩʪʠʤʠʤ ʽʥʪʝʨʚʘʣʦʤ ʩʪʽʡʢʦʩʪʽ ʜʚʦʾʩʪʠʭ ʦʮʽʥʦʢ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ i -ʛʦ ʦʙʤʝʞʝʥʥʷ ʥʘʟʠʚʘʶʪʴ ʽʥʪʝʨʚʘʣ ʚʠʛʣʷʜʫ 

) ăi i i ib b b bʥ ʚ

, 1,i m , 

ʜʝ ibʥï ʥʠʞʥʷ ʛʨʘʥʠʮʷ ʟʤʝʥʰʝʥʥʷ;  ibʚï ʚʝʨʭʥʷ ʛʨʘʥʠʮʷ ʟʙʽʣʴʰʝʥʥʷ. 

ʗʢʱʦ  

)ăi i i i i ib b b b b bʥ ʚ

, 
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ʜʝ ibï ʟʤʽʥʘ i -ʛʦ ʨʝʩʫʨʩʫ, ʪʦ ʚʧʣʠʚ ib  ʥʘ ʟʤʽʥʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʨʠʙʫʪʢʫ, 

ʦʙʯʠʩʣʝʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʷʤʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, 

ʤʦʞʣʠʚʦ ʦʮʽʥʠʪʠ ʟʘ ʚʠʨʘʟʦʤ: 

 £ £ ă .)i i iW u b i m . (11.3) 

ʇʨʠ ʮʴʦʤʫ ʩʫʤʘʨʥʠʡ ʚʧʣʠʚ ʟʤʽʥʝʥʥʷ ʫʩʽʭ ib  ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ ʩʫʤʘ 

ʦʢʨʝʤʠʭ ʚʧʣʠʚʽʚ. 

ʆʙʯʠʩʣʠʪʠ ibʥ ʪʘ ibʚ ʤʦʞʣʠʚʦ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 
1, 1

£
min
j m

j
i

ij

x
b

d
ʥ

, 0ijd  (11.4) 

ʪʘ 

 
1, 1

£
max
j m

j
i

ij

x
b

d
ʚ , 0ijd , (11.5) 

ʜʝ 
1

1 1)ăă1 1,)ă, ăij ijd a i m j m ,  1m ï ʢʽʣʴʢʽʩʪʴ ʙʘʟʠʩʥʠʭ ʟʤʽʥʥʠʭ, 

 
ija  ï ʝʣʝʤʝʥʪ ʤʘʪʨʠʮʽ A . 

1 1 1

1 1 1 1 1 1 1 1 1

.. . .ă . . .ă . .

1

. ă . ă .

ć ć

ć ć

ć ć

m m n m n

m m m m m m n m m m n

a a a a a a

A A

a a a a a a
, 

ʜʝ 
1

1 1 1

11 1

1

1

m

m m m

a a

A

a a

ï ʢʚʘʜʨʘʪʥʘ ʤʘʪʨʠʮʷ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 

ʢʦʝʬʽʮʽʻʥʪʽʚ  ʧʨʠ ʙʘʟʠʩʥʠʭ ʟʤʽʥʥʠʭ (1m m , ʜʝ 1m  ï ʢʽʣʴʢʽʩʪʴ ʣʽʥʽʡʥʦ 

ʥʝʟʘʣʝʞʥʠʭ ʦʙʤʝʞʝʥʴ ʚ ʧʨʷʤʽʡ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ) 

ɼʦʮʽʣʴʥʽʩʪʴ ʚʢʣʶʯʝʥʥʷ ʜʦ ʧʣʘʥʫ ʚʠʧʫʩʢʫ ʥʦʚʠʭ ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ 

ʦʮʽʥʶʻʪʴʩʷ ʧʘʨʘʤʝʪʨʦʤ: 

 

1

£ ă .)
m

j ij i j
i

a u c j n . (11.6) 
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ʗʢʱʦ 0j
, ʪʦ ʜʘʥʠʡ ʚʠʜ ʧʨʦʜʫʢʮʽʾ ʧʽʩʣʷ ʡʦʛʦ ʚʚʝʜʝʥʥʷ ʜʦ ʧʣʘʥʫ 

ʧʦʢʨʘʱʫʻ ʧʣʘʥ. 

ʗʢʱʦ 0j
, ʪʦ ʚʢʣʶʯʝʥʥʷ ʧʨʦʜʫʢʪʫ ʜʦ ʧʣʘʥʫ ʚʠʧʫʩʢʫ ʥʝʜʦʮʽʣʴʥʦ. 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʧʨʠʨʽʩʪ ʧʨʠʙʫʪʢʫ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʜʝʷʢʦʛʦ ʨʝʩʫʨʩʫ 

ʥʘ ʚʝʣʠʯʠʥʫ ib  ʜʦʨʽʚʥʶʻ 

 £ £i i iW b u  (11.7) 

ʽ ʧʨʠ ʮʴʦʤʫ ʚʠʪʨʘʪʠ ʥʘ ʧʨʠʜʙʘʥʥʷ ʨʝʩʫʨʩʫ ʩʢʣʘʜʘʶʪʴ 

 i i iV b v ,  (11.8) 

ʜʝ iv ï ʚʘʨʪʽʩʪʴ ʦʜʠʥʠʮʽ i -ʛʦ ʨʝʩʫʨʩʫ. 

ɺʠʩʥʦʚʦʢ. : ɿʘʭʽʜ ʽʟ ʧʨʠʜʙʘʥʥʷʤ ʨʝʩʫʨʩʫ ʩʣʽʜ ʚʚʘʞʘʪʠ ʜʦʮʽʣʴʥʠʤ, ʷʢʱʦ 

£ 0i iW V . 

ʇʨʠʢʣʘʜ 13.1. ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʯʦʪʠʨʴʦʭ ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ ɸ, ɹ, ɺ, ɻ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʨʠ ʚʠʜʠ ʨʝʩʫʨʩʽʚ 1R , 2R , 3R . ʅʘʷʚʥʽʩʪʴ ʨʝʩʫʨʩʫ, ʥʦʨʤʠ ʾʾ 

ʚʠʪʨʘʪ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʜʥʠʮʽ ʧʨʦʜʫʢʮʽʾ, ʧʠʪʦʤʠʡ ʧʨʠʙʫʪʦʢ ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣʠʮʽ 13.1. 

ʊʘʙʣʠʮʷ 13.1 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʧʨʷʤʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ɺʠʜ 

ʨʝʩʫʨʩʫ 

ʅʘʷʚʥʽʩʪʴ 

ʨʝʩʫʨʩʫ 

ʅʦʨʤʠ ʚʠʪʨʘʪ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʜʥʠʮʽ ʧʨʦʜʫʢʮʽʾ 

ɸ ɹ ɺ ɻ 

1R  240 2 1 1 3 

2R  60 1 0 2 1 

3R  300 1 2 1 0 

ʇʠʪʦʤʠʡ 

ʧʨʠʙʫʪʦʢ, 

jC  

- 4 2 3 5 

 

ɿʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʨʦʟʚôʷʟʘʪʠ ʧʨʷʤʫ ʟʘʜʘʯʫ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽ ʚʠʢʦʥʘʪʠ ʧʽʩʣʷʦʧʪʠʤʽʟʘʮʽʡʥʠʡ ʘʥʘʣʽʟ. 

ʆʩʥʦʚʥʽ ʝʪʘʧʠ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ ʧʦʣʷʛʘʶʪʴ ʫ ʥʘʩʪʫʧʥʦʤʫ: 
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1. ɿʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʧʨʷʤʦʾ ʪʘ ʜʚʦʾʩʪʦʾ ʟʘʜʘʯ £ £)ăX U . 

2. ɺʠʟʥʘʯʠʪʠ ʟʤʽʥʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʠʙʫʪʢʫ ʧʨʠ ʟʤʽʥʽ ʨʝʩʫʨʩʫ: 

1R ʥʘ 1 10b , 

2R  ʥʘ 2 60b , 

3R  ʥʘ 3 30b . 

3. ʆʮʽʥʠʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʚʚʝʜʝʥʥʷ ʫ ʧʣʘʥ ʚʠʧʫʩʢʫ ʧôʷʪʦʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ 

ɼ, ʷʢʱʦ ʥʦʨʤʠ ʚʠʪʨʘʪ ʨʝʩʫʨʩʽʚ 21 3, ,R R R  ʥʘ ʦʜʠʥʠʮʶ ʚʠʧʫʩʢʫ ʩʢʣʘʜʘʪʠʤʫʪʴ 

ʚʽʜʧʦʚʽʜʥʦ 2, 4, 2, ʘ ʧʠʪʦʤʠʡ ʧʨʠʙʫʪʦʢ ï 5 15C . 

4. ʆʮʽʥʠʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʧʨʠʜʙʘʥʥʷ 100 ʦʜʠʥʠʮʴ ʨʝʩʫʨʩʫ 3R  ʟʘ ʮʽʥʦʶ 

3 0,5V . 

ʈʽʰʝʥʥʷ 

Ǐ ʈʦʟʚôʷʟʘʪʠ ʧʨʷʤʫ ʪʘ ʜʚʦʾʩʪʫ ʟʘʜʘʯʫ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽ 

ʚʠʢʦʥʘʪʠ ʧʽʩʣʷʦʧʪʠʤʽʟʘʮʽʡʥʠʡ ʘʥʘʣʽʟ. 

1. ʇʦʩʪʘʥʦʚʢʘ ʪʘ ʨʦʟʚôʷʟʦʢ ʧʨʷʤʦʾ ʪʘ ʜʚʦʾʩʪʦʾ ʟʘʜʘʯ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ: 

.)ă/)ă0)ă1
1 2 3 4 0

4 2 3 5 4 2 3 5 max

2 1 1 3 240

1 0 2 1 60 ,

1 2 1 0 300

,
x

W x x x x X

X

 

ʜʝ 1 2 3 4)ă )ă )ă
T

X x x x x . 

2.  ɼʚʦʾʩʪʘ ʟʘʜʘʯʘ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

.)ă/)ă00
240 60 300 min

2 1 1 4

1 0 2 2
,

1 2 1 3

3

,

1 0 5

u
W U

U

 

ʜʝ 1 2 3)ă )ă
T

U u u u . 
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3. ʈʝʟʫʣʴʪʘʪ ʦʙʯʠʩʣʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʡ 

Mathlab ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

¶ ʇʨʷʤʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

1 2 3 4)ă )ă )ă£ £ £ £ £ 60 120 0 0
TT

X x x x x
, 

£ 480W . 

¶ ɼʚʦʾʩʪʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

TT

1 2 3)ă )ă .)3 -)3 -£ £ ,£ 2£U u u u
, 

£ 480W . 

4. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʚôʷʟʢʫ ʧʨʷʤʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ: 

ʘ) ʥʘʡʙʽʣʴʰ ʜʝʬʽʮʠʪʥʠʤ ʻ ʨʝʩʫʨʩ1R , 1£ 1,6u , ʥʘʡʤʝʥʰ ʜʝʬʽʮʠʪʥʠʤ ʻ 

ʨʝʩʫʨʩ 3,R   3£ 0,2u ; 

ʙ) ʦʙʯʠʩʣʠʤʦ ʟʤʽʥʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʠʙʫʪʢʫ ʧʨʠ ʟʤʽʥʽ ʨʝʩʫʨʩʫ. 

5. ɿʥʘʡʜʝʤʦ ʽʥʪʝʨʚʘʣʠ ʩʪʽʡʢʦʩʪʽ ʜʚʦʾʩʪʠʭ ʦʮʽʥʦʢ, ʪʦʙʪʦ ʤʝʞʽ, ʚ ʷʢʠʭ 

ʚʦʥʠ ʪʦʯʥʦ ʚʠʤʽʨʶʶʪʴ ʚʧʣʠʚ ʟʤʽʥʠ ʦʙʤʝʞʝʥʴ ʥʘ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʷʤʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

5.1. ɺʠʟʥʘʯʝʥʥʷ ʽʥʪʝʨʚʘʣʫ ʩʪʽʡʢʦʩʪʽ ʦʮʽʥʢʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʦʙʤʝʞʝʥʥʷ 1b , ʧʦʚôʷʟʘʥʦʛʦ ʟ ʧʝʨʰʠʤ ʨʝʩʫʨʩʦʤ. 

ɹʘʟʠʩʥʠʤʠ ʥʝʚʽʜʦʤʠʤʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʫ ʻ 1 2 3)ă )ăx x x , 

ʪʦʤʫ ʤʘʪʨʠʮʷ 1A  ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

1 3 3

2 1 1

1 0 2

1 2 1
ijA a

. 

ʊʦʜʽ 
11

1 3 3 3 3ij ijA a d : 

1
1

0,8 0,2 0,4

0,2 0,2 0,6

0,4 0,6 0,2

A

. 

ɿʥʘʭʦʜʠʤʦ 
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1 .)ă/)ă0

60
min 75

0,8j
bʥ

, 
1 0jd ; 

1 .)ă/)ă0

120 0
max ; 0

0,2 0,4j
bʚ , 

1 0jd . 

ʆʩʪʘʪʦʯʥʦ ʽʥʪʝʨʚʘʣ ʩʪʽʡʢʦʩʪʽ ʦʮʽʥʦʢ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʝʨʰʦʛʦ 

ʦʙʤʝʞʝʥʥʷ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

1 1 1 1)ă /1- 42)ă/1- - .32)ă/1-b b b bʥ ʚ

. 

5.2. ɺʠʟʥʘʯʘʻʤʦ ʽʥʪʝʨʚʘʣ ʩʪʽʡʢʦʩʪʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʨʝʩʫʨʩʫ 2: 

2 .)ă/)ă0

0
min 0

0,6j
bʥ

, 
2 0jd ; 

2 .)ă/)ă0

60 120
max ; 300

0,2 0,2j
bʚ , 

2 0jd . 

ʆʩʪʘʪʦʯʥʦ: 

2 2 2 2)ă 3- -)ă3- 0-- 3-)ă03-b b b bʥ ʚ

. 

5.3. ɺʠʟʥʘʯʘʻʤʦ ʽʥʪʝʨʚʘʣ ʩʪʽʡʢʦʩʪʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʨʝʩʫʨʩʫ 3: 

3 .)ă/)ă0

120 0
min ; 0

0,6 0,2j
bʥ

, 
3 0jd ; 

3 .)ă/)ă0

60
max 150

0,4j
bʚ , 

3 0jd . 

ʆʩʪʘʪʦʯʥʦ: 

3 3 3 3)ă 0-- -)ă0-- .2- 0--8ă12-b b b bʥ ʚ

. 

ʇʝʨʝʚʽʨʠʤʦ, ʯʠ ʧʝʨʝʙʫʚʘʻ ʨʝʩʫʨʩ ʚ ʤʝʞʘʭ ʩʪʽʡʢʦʩʪʽ ʧʽʩʣʷ ʡʦʛʦ ʟʤʽʥʠ 

ʟʛʽʜʥʦ ʧ.2. ʟʘʚʜʘʥʥʷ. 

1R : 1 /1- .- /0- .32)ă/1-b , 

2R : 2 3- 3- ./- 3-)ă03-b , 

3R : 3 0-- 0- 00- 0--)ă12-b . 
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ɺʠʩʥʦʚʦʢ 1. ʇʽʩʣʷ ʟʤʽʥʠ ʚʝʩʴ ʨʝʩʫʨʩ ʧʝʨʝʙʫʚʘʻ ʚ ʤʝʞʘʭ ʩʪʽʡʢʦʩʪʽ.  

6. ɺʧʣʠʚ ʟʤʽʥʠ ʦʢʨʝʤʦʛʦ ʨʝʩʫʨʩʫ ʥʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʨʠʙʫʪʦʢ, ʪʦʙʪʦ 
£ă .)ă/)ă0iW i  ʤʦʞʣʠʚʦ ʦʙʯʠʩʣʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ 

£ £ ă .)ă/)ă0i i iW u b i
, 

1 1 1

2 2 2

3 3 3

£ £ 1,6 10 16,
£ £ 0,6 60 36,
£ £ 0,2 30 6.

W u b

W u b

W u b

, 

ʉʫʤʘʨʥʠʡ ʚʧʣʠʚ ʟʥʘʭʦʜʠʤʦ ʷʢ ʩʫʤʫ ʦʢʨʝʤʠʭ ʚʧʣʠʚʽʚ: 

16 6 6 6£ 3 2W . 

7. ʆʮʽʥʠʤʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʚʝʜʝʥʥʷ ʫ ʧʣʘʥ ʚʠʧʫʩʢʫ ʧôʷʪʦʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ 

ɼ. ɼʣʷ ʮʴʦʛʦ ʦʙʯʠʩʣʠʤʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 5 : 

3

5 5 5
1

£ 2 1,6 4 0,6 2 0,2 15 9 0i i
i

a u C

 

ɺʠʩʥʦʚʦʢ 2. ʇʨʠʙʫʪʦʢ ʧʝʨʝʚʠʱʫʻ ʚʠʪʨʘʪʠ, ʪʦʤʫ ʚʚʝʜʝʥʥʷ ʫ ʧʣʘʥ 

ʚʠʧʫʩʢʫ ʧôʷʪʦʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ ʻ ʚʠʛʽʜʥʠʤ. 

8. ʇʨʠʨʽʩʪ ʨʝʩʫʨʩʫ 3R  ʥʘ ʚʝʣʠʯʠʥʫ 3 100b  

3 0-- .-- 1-- 0--)ă12-b
 

ʥʝ ʚʠʚʦʜʠʪʴ ʮʝʡ ʨʝʩʫʨʩ ʟʘ ʤʝʞʽ ʩʪʽʡʢʦʩʪʽ, ʪʦʤʫ 

3 3 3
£ £ 0,2 100 20W u b

, 

ʘʣʝ ʚʠʪʨʘʪʠ ʥʘ ʧʨʠʜʙʘʥʥʷ 100 ʦʜʠʥʠʮʴ ʨʝʩʫʨʩʫ 3R  ʩʢʣʘʜʘʪʠʤʫʪʴ: 

3 3 3 100 0,5 50 20V b V
, 

ʪʦʙʪʦ ʚʝʣʠʯʠʥʘ ʜʦʜʘʪʢʦʚʦʛʦ ʧʨʠʙʫʪʢʫ ʤʝʥʰʝ ʟʘ ʚʠʪʨʘʪʠ. 

ɺʠʩʥʦʚʦʢ 3. ɿʘʢʫʧʢʘ ʨʝʩʫʨʩʫ 3R  ʥʘ ʫʤʦʚʘʭ ʧ.4 ʥʝʜʦʮʽʣʴʥʘ. ƴ  

13.2. ɸʥʘʣʽʟ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʝʥʥʷ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʟʘʣʝʞʥʦ ʚʽʜ ʟʤʽʥʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʻ ʧʨʝʜʤʝʪʦʤ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ ʟʘʜʘʯʽ 
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ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʛʘʣʴʥʦʾ ʟʘʜʘʯʽ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʬʦʨʤʫʣʶʻʪʴʩʷ ʪʘʢʠʤ 

ʯʠʥʦʤ: ʟʥʘʡʪʠ ʥʘ ʚʽʜʨʽʟʢʫ 8ă ʩʢʽʥʯʝʥʫ ʢʽʣʴʢʽʩʪʴ ʽʥʪʝʨʚʘʣʽʚ ;qI , 

1,q Q , Q , ʱʦ ʤʽʩʪʷʪʴ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ă .)qt I q Q , ʜʣʷ ʷʢʠʭ 

ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʠʜʫ 

  
' ''

-ă .)1

max
j

n

j j j
x j nj

W c c t x  (13.9) 

ʟʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʦʙʤʝʞʝʥʴ 

 
' '' ' ''

1

)ă ,ă 1
n

ij ij j i i
j

a a t i mx b b t  (13.10) 

ʜʦʩʷʛʘʻʪʴʩʷ ʚ ʦʜʥʽʡ ʽ ʪʽʡ ʩʘʤʽʡ ʢʫʪʦʚʽʡ ʪʦʯʮʽ (ʚʝʨʰʠʥʽ) ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ 

ʨʦʟʚôʷʟʢʽʚ. 

ɽʢʦʥʦʤʽʯʥʠʡ ʟʤʽʩʪ ʟʘʜʘʯʽ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ ʟʘʜʘʯʽ 

ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟ ʧʣʠʥʦʤ ʯʘʩʫ, ʷʢʠʡ ʤʦʞʣʠʚʦ 

ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʷʢ ʧʘʨʘʤʝʪʨ t, ʟʤʽʥʶʶʪʴʩʷ ʷʢ ʚʘʨʪʽʩʪʴ jc t  ʦʜʠʥʠʮʽ j  - ʪʦʛʦ 

ʚʠʨʦʙʣʝʥʦʛʦ ʪʦʚʘʨʫ (ʚʘʨʪʽʩʪʴ ʥʘ ʤʦʤʝʥʪ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʣʶʩ ʚʘʨʪʽʩʪʴ, 

ʧʦʚôʷʟʘʥʘ ʽʟ ʩʪʨʦʢʦʤ ʟʙʝʨʝʞʝʥʥʷ), ʪʘʢ ʽ ʟʘʧʘʩʠ ib t i  - ʪʦʛʦ ʨʝʩʫʨʩʫ 

(ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʭʽʜ ʽʟ ʣʘʜʫ ʟʘ ʨʘʭʫʥʦʢ ʩʪʘʨʽʥʥʷ ʪʘ ʧʝʨʝʙʫʚʘʥʥʷ ʜʦʚʛʠʡ ʯʘʩ ʫ 

ʥʝʨʦʙʦʯʦʤʫ ʩʪʘʥʽ) ʪʘ ʚʠʪʨʘʪ ʨʝʩʫʨʩʫ ija t  ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʜʠʥʠʮʽ ʪʦʚʘʨʫ 

(ʥʘʧʨʠʢʣʘʜ, ʧʦʚôʷʟʘʥʽ ʟ ʤʦʜʝʨʥʽʟʘʮʽʻʶ ʚʠʨʦʙʥʠʮʪʚʘ). 

ɼʘʤʦ ʛʝʦʤʝʪʨʠʯʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʟʘʜʘʯʽ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʈʦʟʛʣʷʥʝʤʦ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʯʘʩʫ t  ʣʠʰʝ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ. ɿʘʜʘʯʘ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: ʜʣʷ 

ʢʦʞʥʦʛʦ 8ăt  ʟʥʘʡʪʠ ʩʚʽʡ ʚʝʢʪʦʨ ʟʤʽʥʥʠʭ, ʷʢʠʡ ʤʘʢʩʠʤʽʟʫʻ ʧʦʢʘʟʥʠʢ 

ʝʬʝʢʪʠʚʥʦʩʪʽ: 

 
' ''

-ă .)1

Å j^u
j

n

t j j j
x j nj

W c c t x C t X  (13.11) 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚ: 
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'

1

)ă 1,
n

ij j i
j

a x b mi , (13.12) 

ʜʝ 
' '' ' ''
1 1)ă )ăn nC t c c t c c t ,  1)ă )ă

T

nX x x . 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚôʷʟʢʽʚ ʻ ʦʧʫʢʣʠʤ 

ʙʘʛʘʪʦʛʨʘʥʥʠʢʦʤ. ʈʽʚʥʷʥʥʶ 0C t X  ʚʽʜʧʦʚʽʜʘʻ ʩʽʤôʷ ʛʽʧʝʨʧʣʦʱʠʥ, ʱʦ 

ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ. 

ʗʢʱʦ ʧʘʨʘʤʝʪʨʫ ὸ ʥʘʜʘʪʠ ʜʝʷʢʝ ʟʥʘʯʝʥʥʷ 1 8ăt t , ʪʦ 

ʛʽʧʝʨʧʣʦʱʠʥʘ ʟʘʡʤʝ ʬʽʢʩʦʚʘʥʝ ʧʦʣʦʞʝʥʥʷ. ʇʝʨʝʤʽʱʝʥʥʷ ʛʽʧʝʨʧʣʦʱʠʥʠ 

11 tC t X W  ʧʘʨʘʣʝʣʴʥʦ ʬʽʢʩʦʚʘʥʦʤʫ ʧʦʣʦʞʝʥʥʶ ʫ ʙʽʢ ʟʙʽʣʴʰʝʥʥʷ 
1t

W  

ʧʨʠʟʚʝʜʝ ʜʦ ʧʦʧʘʜʘʥʥʷ ʮʽʻʾ ʧʣʦʱʠʥʠ, ʥʘʧʨʠʢʣʘʜ, ʫ ʚʝʨʰʠʥʫ A  ʦʙʣʘʩʪʽ 

ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚôʷʟʢʽʚ (ʨʠʩ. 13.1). 

 

 

ʈʠʩ. 13.1. ɻʝʦʤʝʪʨʠʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʟʘʜʘʯʽ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ɿʤʽʥʝʥʥʷ t  ʚ ʤʝʞʘʭ ,AB ADt t t  ʟʘʣʠʰʘʻ ʥʝʟʤʽʥʥʠʤ ʦʧʪʠʤʘʣʴʥʠʡ 

ʨʦʟʚôʷʟʦʢ £
AX X .  

ʗʢʱʦ 

)ă 8ă

ăăăăăăăăăăăăăăăăăăăăăăăăăăă
AB

AB

t t

t
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ʪʦʙʪʦ )ăABt t , ʪʦ £
BX X  ʽ ʪ.ʜ. 

ʇʨʠ ABt t  ʟʘʜʘʯʘ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʩʪʘʻ ʚʠʨʦʜʞʝʥʦʶ. 

ʆʩʪʘʪʦʯʥʠʡ ʨʝʟʫʣʴʪʘʪ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ 

ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʨʠʟʚʝʜʝ ʜʦ ʨʦʟʙʠʪʪʷ ʚʽʜʨʽʟʢʘ 8ă ʥʘ 

ʢʽʥʮʝʚʝ ʯʠʩʣʦ ʽʥʪʝʨʚʘʣʽʚ, ʚ ʷʢʠʭ ʟʤʽʥʘ t  ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚóʷʟʢʫ, ʘʣʝ ʚ ʧʦʩʣʽʜʦʚʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʽʥʪʝʨʚʘʣʘʭ ʮʽ 

ʨʦʟʚóʷʟʢʠ ʙʫʜʫʪʴ ʨʽʟʥʠʤʠ. ʄʝʪʦʜʠʢʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʪʘʥʜʘʨʪʥʠʭ ʧʨʦʮʝʜʫʨ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 2 ʝʪʘʧʽʚ: 

I  ʝʪʘʧ ï ʦʙʯʠʩʣʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚóʷʟʢʫ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʇʘʨʘʤʝʪʨʫ ;t  ʥʘʜʘʻʪʴʩʷ ʬʽʢʩʦʚʘʥʝ ʟʥʘʯʝʥʥʷ. ɿʘʜʘʯʘ 

ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʟʘʜʘʯʫ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽʟ ʬʽʢʩʦʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʫ ʨʦʟʚôʷʟʫʶʪʴ, ʥʘʧʨʠʢʣʘʜ, 

ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʦʤ. 

II  ʝʪʘʧ ï ʦʙʯʠʩʣʝʥʥʷ ʽʥʪʝʨʚʘʣʫ ʩʪʘʣʦʩʪʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚóʷʟʢʫ. 

ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʟʥʘʭʦʜʷʪʴ ʽʥʪʝʨʚʘʣ )ă 8ăt t
ʥ ʚ

, ʜʣʷ ʷʢʦʛʦ 

ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚóʷʟʦʢ, ʦʪʨʠʤʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʮʝʜʫʨ ʝʪʘʧʫ 1 ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ. ɿʥʘʡʜʝʥʠʡ ʽʥʪʝʨʚʘʣ ʚʠʢʣʶʯʘʶʪʴ ʽʟ ; , ʟʘʜʘʶʪʴ ʥʦʚʝ 

ʬʽʢʩʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʽʥʪʝʨʚʘʣʫ ʽ ʧʦʚʪʦʨʶʶʪʴ ʦʙʯʠʩʣʝʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ 

ʧʝʨʰʠʤ ʝʪʘʧʦʤ. ʈʦʟʚôʷʟʦʢ ʧʨʠʧʠʥʷʻʪʴʩʷ ʣʠʰʝ ʪʦʜʽ, ʢʦʣʠ ʙʫʜʝ ʚʠʢʦʥʘʥʦ 

ʨʦʟʙʠʪʪʷ ʚʩʴʦʛʦ ʚʽʜʨʽʟʢʫ ;  ʥʘ ʽʥʪʝʨʚʘʣʠ ʩʪʘʣʦʩʪʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ. 

ʇʨʠʢʣʘʜ 13.2. ɺʠʟʥʘʯʠʪʠ ʽʥʪʝʨʚʘʣʠ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʘ -)ă5t  ʽ ʟʥʘʡʪʠ 

ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ 1x , 2x , ʧʨʠ ʷʢʠʭ ʣʽʥʽʡʥʘ ʬʫʥʢʮʽʷ 

1 24 2tW x t x
 

ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ ʚ ʦʜʥʽʡ ʽ ʪʽʡ ʩʘʤʽʡ ʚʝʨʰʠʥʽ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚôʷʟʢʽʚ 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʩʠʩʪʝʤʠ ʦʙʤʝʞʝʥʴ: 
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1 2

1 2

1 2

. / .)ă/

/ 2 .-)ăăăăăăăăăăăăăăăăăăă

2)ăăăăăăăăăăăăăăăăăăăăăăăăăă

1)ăăăăăăăăăăăăăăăăăăăăăăă

1 2 1-)ăăă -+

x x

x x

x x

x x x
 

ʈʠʰʝʥʥʷ 

Ǐ 1. ʇʦʙʫʜʦʚʘ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚôʷʟʢʽʚ (ʆɼʈ) (ʨʠʩ.13.2): 

 

 

ʈʠʩ. 13.2. ʆʙʣʘʩʪ ɹʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚôʷʟʢʽʚ ʟʘʜʘʯʽ 13.2 

2. ʇʦʙʫʜʦʚʘ ʛʦʣʦʚʥʦʾ ʧʨʷʤʦʾ (ʨʠʩ.13.3): 

1 2 2 1 1

4
1 / Å Å

2 2ă ă
-)ă5

-)ă5

t

W
W x t x x x k t x b t

t t
t

t
, 

4
, .

2 2
tW

k t b t
t t

 

ʗʢʱʦ -)ă0t , ʪʦ 
4

/)ă
5

k t , 
1

2

£ C

C

C

x
X X

x
. 

ɿʥʘʡʜʝʤʦ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ C : 

2 1 2

2 1 2

4 25 258
5 3 3£ă ă ă

2 4 4
/ăăăă ăă 35 3

C

x x x
X

x x x
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ʗʢʱʦ 0)ă5t , ʪʦ 
4 2
)ă

5 5
k t , 

1

2

£ B

B

B

x
X X

x
. 

ɿʥʘʡʜʝʤʦ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ B : 

B

2

6
£

0
9

5
9

X

. 

 

ʈʠʩ. 13.3. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʢʫʪʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʛʦʣʦʚʥʦʾ ʧʨʷʤʦʾ ʚʽʜ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʘ t  

3. ɺʽʜʧʦʚʽʜʴ: 

1) 

T
25 4

-)ă0 ă ă 8ă
3 3

£
CXt ; 

2) 

T
20 56

0)ă5 ă ă 8ă
9 9

£
Bt X ; 

3) 3t , ʙʝʟʣʽʯ ʨʦʟʚôʷʟʢʽʚ: 1 2 1

20 25 4
; ,£ ă 5

39 5

T

x xX x . ƴ 

ʇʨʠʢʣʘʜ 13.3. ʈʦʟʚôʷʟʘʪʠ ʛʨʘʬʽʯʥʠʤ ʤʝʪʦʜʦʤ ʟʘʜʘʯʫ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

1,2
1 2 0

1;7

1 2

1 2

1 max

3 4 11,

4

;

8.

t x

t

W tx t x

x x

x x
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ʈʽʰʝʥʥʷ 

Ǐ 

 

 ʘ ʙ 

ʈʠʩ. 13.4. ʈʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ: 

ʘïʦʙʣʘʩʪ ɹʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚôʷʟʢʽʚ ʟʘʜʘʯʽ; ʙï ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʢʫʪʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

ʛʦʣʦʚʥʦʾ ʧʨʷʤʦʾ ʚʽʜ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʘ t  

ɺʽʜʧʦʚʽʜʴ: 

T
21 68£
1

.84 ă ă 8ă
9 19At X . ƴ 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʟʘʜʘʯ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ? 

2. ʗʢʽ ʧʨʠʡʦʤʠ ʪʘ ʩʧʦʩʦʙʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʘʥʘʣʽʟʫ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯ 

ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ? 

3. ʇʦʷʩʥʽʪʴ ʧʨʦʮʝʜʫʨʫ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʜʚʦʾʩʪʠʭ ʦʮʽʥʦʢ. 

4. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ? 

5. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʜʚʦʾʩʪʽ ʦʮʽʥʢʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʘʥʘʣʽʟʫ 

ʨʦʟʚôʷʟʢʽʚ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

6. ʅʘʜʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʜʦʧʫʩʪʠʤʦʛʦ ʽʥʪʝʨʚʘʣʫ ʩʪʽʡʢʦʩʪʽ ʜʚʦʾʩʪʠʭ ʦʮʽʥʦʢ. 

7. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʦʩʥʦʚʥʽ ʝʪʘʧʠ ʨʦʟʚôʷʟʢʫ ʧʨʷʤʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽ ʚʠʢʦʥʘʥʥʷ ʧʽʩʣʷʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ. 
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ɻʣʘʚʘ 14. ʎʽʣʦʯʠʩʣʦʚʽ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ 

14.1. ʇʦʩʪʘʥʦʚʢʘ ʮʽʣʦʯʠʩʣʦʚʠʭ ʟʘʜʘʯ ʣʽʥʽʡʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ 

ʇʽʜ ʯʘʩ ʨʦʟʚôʷʟʘʥʥ ̫ ʙʽʣʴʰʦʩʪʽ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ 

ʚʝʣʠʯʠʥʠ (ʢʽʣʴʢʽʩʪʴ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ, ʦʢʨʝʤʠʭ ʘʛʨʝʛʘʪʽʚ ʦʙʣʘʜʥʘʥʥʷ, 

ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ, ʢʦʨʝʛʫʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʦʱʦ) ʦʙʯʠʩʣʶʚʘʣʠʩʴ ʫ 

ʮʽʣʠʭ ʥʝʚʽʜôʻʤʥʠʭ ʯʠʩʣʘʭ.  

ʆʟʥʘʯʝʥʥʷ 14.1. ɿʘʜʘʯʽ ʮʽʣʦʯʠʩʣʦʚʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ð ʨʽʟʥʦʚʠʜ ʟʘʜʘʯ, 

ʷʢʽ ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʰʫʢʘʥʽ ʟʥʘʯʝʥʥʷ ʧʦʚʠʥʥʽ ʙʫʪʠ ʮʽʣʠʤʠ ʯʠʩʣʘʤʠ. 

ɿʘʜʘʯʽ ʮʽʣʦʯʠʩʣʦʚʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʣʽʥʽʡʥʠʤʠ, ʪʘʢ ʽ 

ʥʝʣʽʥʽʡʥʠʤʠ. ʈʦʟʛʣʷʥʝʤʦ ʮʽʣʦʯʠʩʣʦʚʽ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ (ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ). 

ʋ ʮʠʭ ʟʘʜʘʯʘʭ ʽ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʽ ʦʙʤʝʞʝʥʥʷ ʻ ʣʽʥʽʡʥʠʤʠ 

ʬʫʥʢʮʽʷʤʠ ʩʚʦʾʭ ʘʨʛʫʤʝʥʪʽʚ, ʘʣʝ ʯʘʩʪʠʥʘ ʘʙʦ ʚʩʽ ʮ̔ ʘʨʛʫʤʝʥʪʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʣʠʰʝ ʮʽʣʠʤʠ ʪʘ ʥʝʚʽʜôʻʤʥʠʤʠ. ʗʢʱʦ ʚʠʤʦʛʘ ʥʝʚʽʜôʻʤʥʦʾ ʮʽʣʦʯʠʩʣʦʚʦʩʪʽ 

ʩʪʦʩʫʻʪʴʩʷ ʣʠʰʝ ʯʘʩʪʠʥʥʠʭ ʟʤʽʥʥʠʭ, ʪʦ ʪʘʢʘ ʟʘʜʘʯʘ ʥʘʟʠʚʘʻʪʴʩʷ ʯʘʩʪʢʦʚʦʶ 

ʮʽʣʦʯʠʩʣʦʚʦʶ.  

ʄʘʪʝʤʘʪʠʯʥʘ ʧʦʩʪʘʥʦʚʢʘ ʮʽʣʦʯʠʩʝʣʴʥʠʭ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʘʻ ʚʠʛʣʷʜ: 
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W c x max min

a x b i m

ʨʦʟʰʠʨʝʥʠʡʨʷʜ

ʥʘʪʫʨʘʣʴʥʠʭʯʠʩʝʣ

 (12.1) 

14.2. ʄʝʪʦʜ ɻʦʤʦʨʽ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʣʦʯʠʩʣʦʚʠʭ ʟʘʜʘʯ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ  

ʄʝʪʦʜ ɻʦʤʦʨʽ ʙʫʜʫʻʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʫ ʽ ʤʝʪʦʜʫ 

ʚʽʜʪʠʥʘʥʥʷ. ɻʦʣʦʚʥʘ ʽʜʝʷ ʤʝʪʦʜʫ ɻʦʤʦʨʽ ʧʦʣʷʛʘʻ ʚ ʪʘʢʦʤʫ.  

ʅʘ ʝʪʘʧʽ 1 ʟʥʘʭʦʜʷʪʴ ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ, ʷʢʘ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʟ 

ʚʠʭʽʜʥʦʾ ʮʽʣʦʯʠʩʣʦʚʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʟʘ ʫʤʦʚʠ, ʱʦ ʚʠʤʦʛʘ 

ʮʽʣʦʯʠʩʣʦʚʦʩʪʽ ʥʝ ʚʨʘʭʦʚʫʚʘʣʘʩʴ. ʗʢʱʦ ʦʪʨʠʤʘʥʠʡ ʨʦʟʚôʷʟʦʢ ʻ ʮʽʣʦʯʠʩʣʦʚʠʤ, 
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ʪʦ ʤʝʪʘ ʮʽʣʦʯʠʩʣʦʚʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʦʩʷʛʥʫʪʘ ʽ ʦʙʯʠʩʣʝʥʥʷ 

ʧʨʠʧʠʥʷʻʪʴʩʷ. ʗʢʱʦ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʝ ʻ 

ʮʽʣʦʯʠʩʣʦʚʠʤ, ʪʦ ʡʦʛʦ ʥʝ ʚʚʘʞʘʶʪʴ ʨʦʟʚôʷʟʢʦʤ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ ʝʪʘʧʫ 2. 

ʅʘ ʝʪʘʧʽ 2 ʜʦ ʫʤʦʚ ʟʘʜʘʯʽ ʜʦʜʘʶʪʴʩʷ ʦʙʤʝʞʝʥʥʷ, ʷʢʽ ʚʽʜʪʠʥʘʶʪʴ ʚʽʜ 

ʆɼʈ ʦʪʨʠʤʘʥʠʡ ʥʝʮʽʣʦʯʠʩʣʦʚʠʡ ʨʦʟʚ'ʷʟʦʢ, ʘʣʝ ʥʝ ʚʽʜʪʠʥʘʶʪʴ ʞʦʜʥʦʛʦ 

ʮʽʣʦʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʢʫ, ʱʦ ʥʘʣʝʞʠʪʴ ʆɼʈ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʚʝʨʥʝʥʥʷ ʜʦ ʝʪʘʧʫ 1 ʽ ʟʥʦʚʫ ʚʠʢʦʥʫʻʪʴʩʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʦʤ, ʘʣʝ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʦʚʦʛʦ ʦʙʤʝʞʝʥʥʷ. 

ʗʢʱʦ ʥʦʚʠʡ ʨʦʟʚôʷʟʦʢ ʪʝʞ ʥʝ ʻ ʮʽʣʦʯʠʩʣʦʚʠʤ, ʪʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ 

ʝʪʘʧʫ 2 ʽ ʜʦ ʩʢʣʘʜʫ ʦʙʤʝʞʝʥʥʷ ʚʢʣʶʯʘʻʪʴʩʷ ʱʝ ʦʜʥʝ ʜʦʜʘʪʢʦʚʝ ʦʙʤʝʞʝʥʥʷ ʪʘ 

ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʚʝʨʥʝʥʥʷ ʜʦ ʝʪʘʧʫ 1. 

ɺʠʭʽʜ ʟ ʜʚʦʭʝʪʘʧʥʦʾ ʧʨʦʮʝʜʫʨʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ ʙʫʜʝ ʟʥʘʡʜʝʥʦ 

ʮʽʣʦʯʠʩʣʦʚʠʡ ʨʦʟʚôʷʟʦʢ, ʱʦ ʥʘʣʝʞʠʪʴ ʆɼʈ.  

ɼʣʷ ʟôʷʩʫʚʘʥʥʷ ʩʧʝʮʠʬʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʝʪʦʜʫ ɻʦʤʦʨʽ ʨʦʟʛʣʷʥʝʤʦ 

ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʝ ʚʠʨʽʰʝʥʥʷ (ʨʠʩ.14.1). 

 

 

ʈʠʩ. 14.1. ɻʝʦʤʝʪʨʠʯʥʝ ʚʠʨʽʰʝʥʥʷ ʽʜʝʾ ʤʝʪʦʜʫ ɻʦʤʦʨʽ 

ʆʟʥʘʯʝʥʥʷ 14.2. ʇʦʩʣʘʙʣʝʥʦʶ ʮʽʣʦʯʠʩʣʦʚʦʶ ʟʘʜʘʯʝʶ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘʟʠʚʘʶʪʴ ʟʘʜʘʯʫ, ʫ ʷʢʽʡ ʟʥʷʪʦ ʦʙʤʝʞʝʥʥʷ ʥʘ ʮʽʣʦʯʠʩʣʦʚʽʩʪʴ. 

ɼʣʷ ʧʦʩʣʘʙʣʝʥʦʾ ʮʽʣʦʯʠʩʝʣʴʥʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ (ʘʙʦ 

ʧʨʦʩʪʦ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ) ʤʘʢʩʠʤʫʤ ʜʦʩʷʛʘʻʪʴʩʷ ʚ ʪʦʯʮʽ C , ʘʣʝ 
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2x , ʥʝ ʻ ʮʽʣʠʤ. ʊʦʯʢʘ ʉ (ʜʨʦʙʦʚʠʡ ʨʦʟʚôʷʟʦʢ) ʚʽʜʩʽʢʘʻʪʴʩʷ ʜʦʜʘʪʢʦʚʠʤ 

ʦʙʤʝʞʝʥʥʷʤ EF(ʧʝʨʰʝ ʜʦʜʘʪʢʦʚʝ ʦʙʤʝʞʝʥʥʷ), ʟʙʝʨʽʛʘʶʯʠ ʦʙʣʘʩʪʴ 

ʜʦʧʫʩʪʠʤʠʭ ʨʽʰʝʥʴ ʮʽʣʦʯʠʩʝʣʴʥʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ (ʪʦʯʢʠ 

, , , , , ,P N Q R T G S ). 

ɹʫʜʫʻʤʦ ʜʦʜʘʪʢʦʚʝ ʦʙʤʝʞʝʥʥʷ 1 ʪʘ ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʧʦʩʣʘʙʣʝʥʦʾ ʟʘʜʘʯʽ 

ʱʦ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ ʚ ʪʦʯʮʽ F , ʽ ʧʨʠ ʮʴʦʤʫ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 
1x  ʙʫʜʝ 

ʜʨʦʙʦʚʠʤ. ɹʫʜʫʻʤʦ ʜʦʜʘʪʢʦʚʝ ʦʙʤʝʞʝʥʥʷ 2 (ENL ) ʪʘ ʧʝʨʝʭʦʜʠʤʦ ʜʦ 

ʤʘʢʩʠʤʫʤʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ ʪʦʯʢʫ 

L, ʚ ʷʢʽʡ ʟʥʦʚʫ ʦʧʪʠʤʘʣʴʥʽ 
21,x x  ï ʜʨʦʙʦʚʽ. ɹʫʜʫʻʤʦ ʜʦʜʘʪʢʦʚʝ ʦʙʤʝʞʝʥʥʷ 3, 

ʷʢʝ ʚ ʧʦʩʣʘʙʣʝʥʽʡ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʘʻ ʢʫʪʦʚʫ ʪʦʯʢʫ N , ʚ ʷʢʽʡ 

ʦʧʪʠʤʘʣʴʥʽ 
21,x x  ʻ ʮʽʣʦʯʠʩʝʣʴʥʠʤʠ ʽ ʜʦʜʘʪʥʠʤʠ. ɺʚʘʞʘʻʤʦ, ʱʦ ʮʽʣʦʯʠʩʝʣʴʥʘ 

ʟʘʜʘʯʘ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʨʦʟʚôʷʟʘʥʘ. 

ʗʢ ʙʘʯʠʤʦ, ʜʦʜʘʪʢʦʚʽ ʦʙʤʝʞʝʥʥʷ ʢʦʞʥʦʛʦ ʨʘʟʫ ʚʽʜʪʠʥʘʣʠ ʚʽʜ ʦʙʣʘʩʪʽ 

ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚóʷʟʢʽʚ ʧʦʩʣʘʙʣʝʥʦʾ ʮʽʣʦʯʠʩʝʣʴʥʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ (ʪʦʙʪʦ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚóʷʟʢʽʚ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ) ʜʨʦʙʦʚʽ ʨʦʟʚôʷʟʢʠ ʽ ʟʙʝʨʽʛʘʣʠ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚóʷʟʢʽʚ 

ʮʽʣʦʯʠʩʝʣʴʥʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʂʨʠʪʻʨʽʻʤ ʧʦʙʫʜʦʚʠ "ʧʨʘʚʠʣʴʥʦʛʦ" ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʤʝʞʝʥʥʷ ʻ ʪʝ, ʱʦ 

ʚʦʥʦ ʧʦʚʠʥʥʦ ʚʽʜʪʠʥʘʪʠ ʦʧʪʠʤʘʣʴʥʫ ʥʝʮʽʣʦʯʠʩʝʣʴʥʫ ʪʦʯʢʫ ʽ ʟʘʣʠʰʘʪʠ 

ʥʝʟʘʡʤʘʥʠʤʠ ʫʩʽ ʮʽʣʦʯʠʩʝʣʴʥʽ ʪʦʯʢʠ ʚʠʭʽʜʥʦ ʾʮʽʣʦʯʠʩʝʣʴʥʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʇʨʠʢʣʘʜ 14.1. ʈʦʟʚóʷʟʘʪʠ ʮʽʣʦʯʠʩʝʣʴʥʫ ʟʘʜʘʯʫ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʤʝʪʦʜʦʤ ɻʦʤʦʨʽ: 

.)ă/)ă0 -
1 2 3

1 2 3

1 2 3

2 4 3 max

2 3 20,

9 7 1 40

;

- +ă

x
W x x x

x x x

x x x
 

ʈʠʰʝʥʥʷ 

Ǐ ɽʪʘʧ 1. ʉʬʦʨʤʫʣʶʻʤʦ ʧʦʩʣʘʙʣʝʥʫ ʮʽʣʦʯʠʩʣʦʚʫ ʟʘʜʘʯʫ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʦʩʥʦʚʥʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ: 
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.)ă/)ă0)1)2
41 2 3 05

41 2 53

51 42 3

2 4 3 min

/ 0 )ăăăăăăăăăăăăăăăă

6 4 .- ăăăăăăăăăăă

0 0

0 20

0 40.

x
W x x x

x x x

x x

x x

x x

x xx
 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ linprog  ʩʠʩʪʝʤʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʘʪʝʤʘʪʠʢʠ 

MATLAB  ʟʥʘʡʜʝʤʦ ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ: 

>> f=[ï2;ï4;ï3;0;0] 

f = ï2 

     ï4 

     ï3 

      0 

      0 

>> A=[2  3  1    1  0 

           9  7  10   0  1] 

A = 2     3     1     1     0 

       9     7    10     0     1 

>> b=[20;40] 

b =20 

     40 

>> lb=[0;0;0;0;0] 

lb = 0 

       0 

       0 

       0 

       0 

>> [X,W]=linprog(f,[],[],A,b,lb,[])  

Optimization terminated successfully. 

X = 0.0000 

       5.7143 

       0.0000 

       2.8571 

       0.0000 

W = ï22.8571 
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ɺʠʩʥʦʚʦʢ. ʉʝʨʝʜ ʙʘʟʠʩʥʠʭ  ʟʤʽʥʥʠʭ 
21 3, ,x x x ʻ ʜʨʦʙʦʚʠʡ ʨʦʟʚôʷʟʦʢ 2x . 

ʊʦʤʫ ʮʝ ʨʽʰʝʥʥʷ ʥʝ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʦʧʪʠʤʘʣʴʥʠʤ ʨʦʟʚôʷʟʢʦʤ ʚʠʭʽʜʥʦʾ 

ʮʽʣʦʯʠʩʝʣʴʥʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ɽʪʘʧ 2. ɺʠʢʦʥʘʻʤʦ ʧʦʙʫʜʦʚʫ ʧʝʨʰʦʛʦ ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʤʝʞʝʥʥʷ: 

2 1 3 5

2 1 3 5

40 9 10 1
ă

7 7 7 7

40 40 9 9 10 10 1 1

7 7 7 7 7 7 7 7

x x x x

x x x x

1 3 25 3 51

ă

40 9 10 1 40 9 10 1

7 7 7 7 7 7 7 7
x x x x x x x

 

ʗʢʱʦ 
1,2,3x  ʪʘ 4,5x  ʮʽʣʽ, ʪʦ ʽ ʧʨʘʚʘ ʯʘʩʪʠʥʘ ʟʘʧʠʩʘʥʦʛʦ ʚʠʱʝ ʨʽʚʥʷʥʥʷ ï 

ʮʽʣʝ ʯʠʩʣʦ. ʊʦʜʽ ʽ ʣʽʚʘ ʯʘʩʪʠʥʘ ʦʩʪʘʥʥʴʦʛʦ ʨʽʚʥʷʥʥʷ ʪʝʞ ʙʫʜʝ ʮʽʣʠʤ ʯʠʩʣʦʤ: 

3 51 6

5 2 3 1

7 7 7 7
x x x x , ̫ ʢʝ ʟʘʜʦʚʦʣʴʥʷʻ ʥʝʨʽʚʥʦʩʪʽ 

6

5

7
x , 6x  ï ʮʽʣʝ 

ʥʝʚʽʜô̒ ʤʥʝ ʯʠʩʣʦ, 
6 -).ă)ă/)ăx . ʅʘʛʘʜʘʻʤʦ, ʱʦ 

1,2,3,4,5x  ʥʝʚʽʜô̒ ʤʥʽ. 

ɿʘʧʠʩʘʥʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʦʜʘʪʢʦʝ ʦʙʤʝʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʥʦʚʦʾ ʟʤʽʥʥʦʾ 6x , 

ʥʝ ʦʙʝʞʝʥʦ ʥʽʯʠʤ, ʦʢʨʽʤ ʟʘʛʘʣʴʥʦʾ ʚʠʤʦʛʠ ʜʦ ʥʝʚʽʜôʻʤʥʦʩʪʽ ʪʘ 

ʮʽʣʦʯʠʩʝʣʴʥʦʩʪʽ. ɿ ʮʴʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʥʦʚʝ ʦʙʤʝʞʝʥʥʷ ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ 

ʜʨʦʙʦʚʠʡ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯ ̔ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʟʘʣʠʰʠʚʰʠ 

ʮʽʣʦʯʠʩʝʣʴʥʽ ʥʝʟʤʽʥʥʠʤʠ. 

ʉʬʦʨʤʫʣʶʻʤʦ ʥʘ ʧʨʠʢʣʘʜʽ 6x  ʧʨʘʚʠʣʦ ʧʦʙʫʜʦʚʠ ʜʦʜʘʪʢʦʚʦʛʦ 

ʦʙʤʝʞʝʥʥʷ: 

4 51 3 6

9 9 10 10 1 1 40 40
.

7 7 7 7 7 7 7
0

7
xx x xx

 

ʇʦʩʣʘʙʣʝʥʫ ʮʽʣʦʯʠʩʣʦʚʫ ʟʘʜʘʯʫ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽʟ ʜʦʜʘʪʢʦʚʠʤ 

ʦʙʤʝʞʝʥʥʷʤ ʨʦʟʚôʷʟʫʻʤʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʫʥʢʮʽʾ linprog: 

>> f=[ï2;ï4;ï3;0;0;0] 

f = ï2 

     ï4 

     ï3 

      0 

      0 
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      0 

>>  A=[2  3  1    1   0  0 

            9  7  10   0   1  0 

          2/7 0 3/7  0  1/7 ï1] 

A =  2.0000    3.0000    1.0000    1.0000         0            0 

        9.0000    7.0000   10.0000         0       1.0000        0 

        0.2857         0       0.4286           0       0.1429     ï1.0000 

>> b=[20;40;5/7] 

b = 20.0000 

      40.0000 

        0.7143 

>> lb=[0;0;0;0;0;0] 

lb =  0 

        0 

        0 

        0 

        0 

        0 

>> [X,W]=linprog(f,[],[],A,b,lb,[])  

Optimization terminated successfully. 

X = 

    0.0000 

    5.0000 

    0.0000 

    5.0000 

    5.0000 

    0.0000 

W = ï20.0000. 

ɺʠʩʥʦʚʦʢ: x1 =0, x2 =5, x3=0, W = 20 ï ʦʧʪʠʤʘʣʴʥʠʡ ʮʽʣʦʯʠʩʣʦʚʠʡ 

ʨʦʟʚôʷʟʦʢ ʮʽʣʦʯʠʩʣʦʚʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ƴ 
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14.3. ʄʝʪʦʜ ʛʽʣʦʢ  ̔ ʛʨʘʥʠʮʴ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʣʦʯʠʩʣʦʚʦʾ ʟʘʜʘʯʽ 

ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ɯʜʝʷ ʤʝʪʦʜʫ ʪʘ ʧʨʠʡʦʤʠ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʣʷʛʘʶʪʴ ʚ ʪʦʤʫ, ʱʦ 

ʩʧʦʯʘʪʢʫ ʚ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʨʽʰʝʥʴ ʩʠʩʪʝʤʠ ʦʙʤʝʞʝʥʴ ʟʥʘʭʦʜʷʪʴ 

ʦʧʪʠʤʘʣʴʥʝ ʨʽʰʝʥʥʷ ʧʦʩʣʘʙʣʝʥʦʾ ʮʽʣʦʯʠʩʝʣʴʥʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ, ʥʘʧʨʠʢʣʘʜ, ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʫ. ɼʣʷ 

ʚʠʟʥʘʯʝʥʦʩʪʽ ʧʦʢʣʘʜʝʤʦ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʰʫʢ ʤʘʢʩʠʤʫʤʫ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ. ʗʢʱʦ ʚ ʦʪʨʠʤʘʥʦʤʫ ʨʦʟʚôʷʟʢʫ ʜʝʷʢʽ ʙʘʟʠʩʥʽ ʟʤʽʥʥʽ ʻ ʜʨʦʙʘʤʠ, 

ʪʦ ʦʙʠʨʘʻʤʦ ʙʫʜʴ-ʷʢʫ ʽʟ ʮʠʭ ʟʤʽʥʥʠʭ ʽ ʙʫʜʫʻʤʦ ʜʚʘ ʦʙʤʝʞʝʥʥʷ: ʚ ʦʜʥʦʤʫ 

ʦʙʤʝʞʝʥʘ ʚʝʣʠʯʠʥʘ ʟʤʽʥʥʦʾ ʤʝʥʰʝ ʘʙʦ ʜʦʨʽʚʥʶʻ ʨʦʟʚô̫ ʟʢʫ  ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʦʢʨʫʛʣʝʥʦʤʫ ʜʦ ʥʘʡʙʣʠʞʯʦʛʦ ʮʣ̔ʦʛʦ ʯʠʩʣʘ ʟʥʠʟʫ; ʘ, ʚ ̔ʥʦhʤʫ, 

ʦʙʤʝʞʝʥʘ ʚʝʣʠʯʠʥʘ ʟʤʽʥʥʦʾ ʙʽʣʴʰʝ ʘʙʦ ʜʦʨʽʚʥʶʻ ʨʦʟʚô̫ ʟʢʫ  ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʦʢʨʫʛʣʝʥʦʤʫ ʜʦ ʥʘʡʙʣʠʞʯʦʛʦ ʮʣ̔ʦʛʦ ʯʠʩʣʘ ʟʚʝʨʭʫ. 

ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʧʦʙʫʜʦʚʽ ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʤʝʞʝʥʥʷ ʟʘ ʜʝʷʢʦʶ i -ʦʶ ʟʤʽʥʥʦʶ 

9
4;5

2ix , ʧʝʨʰʝ ʦʙʤʝʞʝʥʥʷ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ 4ix , ʘ ʜʨʫʛʝ ʦʙʤʝʞʝʥʥʷ 

ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ 5 ix .  

ʇʝʨʰʠʤ ʪʘ ʜʨʫʛʠʤ ʜʦʜʘʪʢʦʚʠʤ ʦʙʤʝʞʝʥʥʷʤ ʚʠʢʣʶʯʘʻʤʦ ʟ ʦʙʣʘʩʪʽ 

ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚóʷʟʢʽʚ ʚʠʭʽʜʥʦʾ ʮʽʣʦʯʠʩʝʣʴʥʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʨʦʤʽʞʦʢ 18ă2 ʽʟ ʜʨʦʙʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʥʝʚʽʜʦʤʦʾ ix . ʎʝʡ 

ʧʨʦʤʽʞʦʢ ʧʦʜʽʣʷʻ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚóʷʟʢʽʚ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ ʆɼʈ1 ʪʘ 

ʆɼʈ2, ʜʝ ʥʦʚʘ ʆɼʈ1 ʦʪʨʠʤʘʥʘ ʟʘʚʜʷʢʠ ʚʨʘʭʫʚʘʥʥʶ ʚ ʦʙʤʝʞʝʥʥʽ ʚʠʭʽʜʥʦʾ 

ʟʘʜʘʯʽ ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʤʝʞʝʥʥʷ 4ix , ʘ ʆɼʈ2 ï ʚʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʥʷ 

5 ix . 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʛʦ ʨʦʟʧʦʜʽʣʫ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʦʪʨʠʤʘʻʤʦ 

ʜʚʽ ʥʦʚʽ ʟʘʜʘʯʽ (ʧʽʜʟʘʜʘʯʽ) ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʗʢʱʦ ʧʽʩʣʷ ʾʭ 

ʨʦʟʚôʷʟʘʥʥʷ ʦʪʨʠʤʘʻʤʦ ʟʥʘʯʝʥʷ ʥʝʚʽʜʦʤʠʭ, ʷʢʽ ʟʥʦʚʫ ʥʝ ʻ ʮʽʣʦʯʠʩʝʣʴʥʠʤʠ, ʪʦ 

ʦʙʠʨʘʻʤʦ ʜʣʷ ʧʨʦʜʦʚʞʝʥʥʷ ʦʙʯʠʩʣʝʥʴ, ʱʦ ʥʘʙʣʠʞʘʻ ʜʦ ʮʽʣʦʯʠʩʝʣʴʥʦʛʦ 

ʨʦʟʚôʷʟʢʫ ʪʫ ʧʽʜʟʘʜʘʯʫ, ʫ ʷʢʦʾ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʽʣʴʰʝ ʽ 

ʟʥʦʚʫ ʧʦʚʪʦʨʶʻʤʦ ʧʨʦʮʝʜʫʨʫ ʬʦʨʤʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʦʙʤʝʞʝʥʴ ʽ ʧʦʚôʷʟʘʥʠʭ 

ʟ ʥʠʤʠ ʧʽʜʟʘʜʘʯ. 

ɻʨʘʬʽʯʥʦ - ʦʙʨʘʟʥʝ ʩʧʨʠʡʥʷʪʪʷ ʧʨʦʮʝʩʫ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʮʽʣʦʯʠʩʝʣʴʥʦʛʦ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚóʷʟʢʫ ʽ ʜʘʣʦ ʥʘʟʚʫ ʤʝʪʦʜ ʛʽʣʦʢ ʽ ʛʨʘʥʠʮʴ. 
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ʇʨʠʢʣʘʜ 14.2. ɼʣʷ ʆɼʈ1 ʮʽʣʦʯʠʩʝʣʴʥʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ(ʎɿʃʇ) ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʤʘʢʩʠʤʫʤ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

maxW . 

ʈʠʰʝʥʥʷ 

Ǐ ʇʦʙʫʜʫʻʤʦ ʩʭʝʤʫ (ʨʠʩ.14.2).  

 

ʈʠʩ. 14.2. ʇʨʠʢʣʘʜ ʩʪʨʫʢʪʫʨʠ ʤʝʪʦʜʫ ʛʽʣʦʢ ʪʘ ʛʨʘʥʠʮʴ ʟʘ ʫʤʦʚʠ, ʱʦ ʚʩʽ ʟʤʽʥʥʽ, ʢʨʽʤ ix , ʥʘ 

ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʟʘʣʠʰʘʶʪʴʩʷ ʮʽʣʦʯʠʩʣʦʚʠʤʠ ʪʘ ʥʝʚʽʜôʻʤʥʠʤʠ: ʎɿʃʇ ï ʮʽʣʦʯʠʩʣʦʚʘ ʟʘʜʘʯʘ 

ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʇʨʦʮʝʜʫʨʘ ʨʦʟʛʘʣʫʞʝʥʥʷ ʧʨʠʧʠʥʷʻʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ ʙʫʜʝ ʟʥʘʡʜʝʥʦ 

ʮʽʣʦʯʠʩʣʦʚʠʡ ʨʦʟʚôʷʟʦʢ. ʄʝʞʘʤʠ ʚʚʘʞʘʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʜʘʯʽ ʽ ʧʽʜʟʘʜʘʯ ʢʦʞʥʦʾ ʛʽʣʢʠ. ʅʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʧʦʜʘʣʴʰʦʤʫ 

ʨʦʟʛʘʣʫʞʝʥʥʶ (ʨʦʟʧʦʜʽʣʝʥʥʶ ʥʘ ʥʦʚʽ ʧʽʜʟʘʜʘʯʽ) ʧʽʜʣʷʛʘʻ ʪʘ ʛʽʣʢʘ, ʥʘ ʷʢʽʡ 

ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʷʚʠʣʦʩʷ ʙʽʣʴʰʠʤ. ʊʦʤʫ ʦʢʨʝʤʽ ʧʽʜʟʘʜʘʯʽ 

(ʛʽʣʢʠ, ʟʘ ʷʢʠʤʠ ʦʪʨʠʤʘʥʦ ʤʝʥʰʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ) ʤʦʞʥʘ 

ʚʽʜʢʠʥʫʪʠ, ʘʣʝ ʤʦʞʣʠʚʽ ʚʠʧʘʜʢʠ ʟ ʧʦʚʝʨʥʝʥʥʷʤ, ʢʦʣʠ ʚ ʧʦʜʘʣʴʰʠʭ ʽʪʝʨʘʮʽʷʭ 

ʚʽʜʙʫʣʦʩʷ ʟʤʝʥʰʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʠʞʯʝ ʨʘʥʽʰʝ ʚʠʷʚʣʝʥʦʛʦ 

ʨʽʚʥʷ ʥʘ ʛʽʣʢʘʭ, ʱʦ ʚʚʘʞʘʣʠʩʷ ʥʝʧʝʨʩʧʝʢʪʠʚʥʠʤʠ. ʆʩʢʽʣʴʢʠ ʤʥʦʞʠʥʘ ʚʩʽʭ 

ʨʦʟʚôʷʟʢʽʚ ʮʽʣʦʯʠʩʣʦʚʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʩʢʽʥʯʝʥʥʘ, ʪʦ ʧʽʩʣʷ 

ʩʢʽʥʯʝʥʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʡ, ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʙʫʜʝ ʟʥʘʡʜʝʥʦ. ƴ 
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ʇʨʠʢʣʘʜ 14.3. ɿʥʘʡʪʠ ʤʘʢʩʠʤʫʤ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʦʤ ʛʽʣʦʢ 

ʪʘ ʛʨʘʥʠʮʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʫʥʢʮʽʾ linprog  ʩʠʩʪʝʤʠ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʤʘʪʝʤʘʪʠʢʠ MATLAB : 

.)ă/)ă0 -
1 2 3

1 2 3

1 2 3

2 4 3 max

2 3 20,

9 7 1 40

;

- +ă

x
W x x x

x x x

x x x
 

ʈʠʰʝʥʥʷ 

Ǐ ʄʝʪʦʜ ʛʽʣʦʢ ʽ ʛʨʘʥʠʮʴ 

ɺʠʭʽʜʥʘ ʧʦʩʣʘʙʣʝʥʘ ʮʽʣʦʯʠʩʣʦʚʘ ʟʦʙʨʘʞʝʥʘ ʷʢ ʩʠʤʝʪʨʠʯʥʘ ʟʘʜʘʯʘ 

ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʫ ʬʦʨʤʘʪʽ  

>> f=[ï2;ï4;ï3] 

>> A=[2   3   1 

          9   7   10] 

>> b=[20;40] 

>> lb=[0;0;0] 

>> [X,W]=linprog(f,A,b,[],[],lb,[])  

Optimization terminated successfully. 

X =   0.0000 

         5.7143 

         0.0000 

W = ï22.8571 

ɻʽʣʢʘ 1. 

>> A=[2   3   1 

           9   7   10 

            0   1   0] 

>> b=[20;40;5] 

>> [X,W]=linprog(f,A,b,[],[],lb,[])  

Optimization terminated successfully. 

X = 0.0000 

       5.0000 

       0.5000 

W = ï21.5000 

ɻʽʣʢʘ 1.1. 
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>> Aeq=[0   0   1] 

>> beq=[0] 

>> [X,W]=linprog(f,A,b,Aeq,beq,lb,[]) 

Optimization terminated successfully. 

X = 0.5556 

       5.0000 

         0 

W = ï21.1111 

ɻʽʣʢʘ 1.1.1. 

>> Aeq=[1   0   0 

                0   0   1] 

>> beq=[0;0] 

>> [X,W]=linprog(f,A,b,Aeq,beq,lb,[]) 

Optimization terminated successfully. 

X =   0 

         5.0000 

         0 

W = ï20.0000 

ɻʽʣʢʘ 2. 

>> A=[2   3   1 

            9   7   10 

            0   ï1   0] 

>> b=[20;40;ï6] 

>> [X,W]=linprog(f,A,b,[],[],lb,[])  

Exiting: One or more of the residuals, duality gap, or total relative error  

         has stalled: 

         the primal appears to be infeasible (and the dual unbounded). 

         (The dual residual < TolFun=1.00eï008.) 

X =  0.0001 

        5.8937 

        0.0006 

W = ï 23.5768 

ɺʠʩʥʦʚʦʢ. ʆʪʨʠʤʘʥʦ ʦʧʪʠʤʘʣʴʥʠʡ ʮʽʣʦʯʠʩʣʦʚʠʡ ʨʦʟʚôʷʟʦʢ:  

x1 =0,  x2 =5,  x3=0,  W = 20. ƴ 
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ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʧʦʩʪʘʥʦʚʢʫ ʮʽʣʦʯʠʩʣʦʚʠʭ ʟʘʜʘʯ ʣʽʥʽʡʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ. 

2. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʟʘʜʘʯʽ ʮʽʣʦʯʠʩʣʦʚʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

3. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʤʝʪʦʜʫ ɻʦʤʦʨʽ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʣʦʯʠʩʣʦʚʠʭ ʟʘʜʘʯ 

ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ? 

4. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʛʝʦʤʝʪʨʠʯʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʤʝʪʦʜʫ ɻʦʤʦʨʽ 

ʨʦʟʚôʷʟʘʥʥʷ ʮʽʣʦʯʠʩʣʦʚʠʭ ʟʘʜʘʯ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

5. ʇʦʷʩʥʽʪʴ ʧʨʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ linprog ʩʠʩʪʝʤʠ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʤʘʪʝʤʘʪʠʢʠ MATLAB. 
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ɻʣʘʚʘ 15. ʅʝʣʽʥʽʡʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

15.1. ʂʣʘʩʠʯʥʽ ʫʤʦʚʠ ʝʢʩʪʨʝʤʫʤʫ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ɿʘʛʘʣʴʥʘ ʟʘʜʘʯʘ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʟʥʘʭʦʜʞʝʥʥʽ 

ʝʢʩʪʨʝʤʫʤʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ: 

 1
)ăăă .)

, ,
j

n
x j n

W x x extrem  (15.1) 

ʥʘ ʤʥʦʞʠʥʽ ʧʣʘʥʽʚ ʟʘʜʘʯʽ, ʷʢʘ ʟʘʜʘʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʫʤʦʚ 

 

 1, , 1,i n ig x x b i m , (15.2) 

ʜʝ ʫʤʦʚʘ ʜʠʩʢʨʝʪʥʦʩʪʽ ʟʤʽʥʥʠʭ ʪʘ ʾʭ ʟʥʘʢʫ ʪʝʞ ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʫʥʢʮʽʡ 1, ,i ng x x . ʇʽʜʢʨʝʩʣʠʤʦ, ʱʦ ʬʫʥʢʮʽʾ 1, ,i ng x x  1,i m  ʪʘ 

ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ 1, , nW x x  ʫʩʽ ʘʙʦ ʯʘʩʪʢʦʚʦ ʻ ʥʝʣʽʥʽʡʥʠʤʠ.  

ɼʦ ʩʧʝʮʠʬʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʩʣʽʜ 

ʚʽʜʥʝʩʪʠ: 

1) ʙʘʛʘʪʦʝʢʩʪʨʝʤʘʣʴʥʽʩʪʴ; 

2) ʦʧʪʠʤʘʣʴʥʠʡ ʧʣʘʥ (ʧʣʘʥ, ʥʘ ʷʢʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, 

ʛʣʦʙʘʣʴʥʠʡ ʤʘʢʩʠʤʫʤ) ʤʦʞʝ ʙʫʪʠ ʷʢ ʚʥʫʪʨʽʰʥʴʦʶ, ʪʘʢ ʽ ʛʨʘʥʠʯʥʦʶ ʪʦʯʢʦʶ 

ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚôʷʟʢʽʚ; 

3) ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚôʷʟʢʽʚ(ʆɼʈ) ʤʦʞʝ ʥʝ ʙʫʪʠ ʦʧʫʢʣʦʶ ʪʘ 

ʟʚôʷʟʘʥʦʶ, ʪʦʙʪʦ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʯʘʩʪʠʥ, ʱʦ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ 

(ʨʠʩ.15.1); 

 

 ʘ ʙ ʚ 

ʈʠʩ. 15.1. ɻʨʘʬʽʯʥʝ ʧʦʷʩʥʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʆɼʈ 
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4) ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʦʙʤʝʞʝʥʥʷ ʤʦʞʫʪʴ ʤʘʪʠ ʢʫʪʦʚʽ ʪʦʯʢʠ ʪʘ 

ʨʦʟʨʠʚʠ. 

ʂʣʘʩʠʯʥʘ ʜʝʪʝʨʤʽʥʦʚʘʥʘ ʟʘʜʘʯʘ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʫ, ʪʦʙʪʦ ʤʘʢʩʠʤʫʤʫ 

ʘʙʦ ʤʽʥʽʤʫʤʫ ʜʝʷʢʦʾ ʥʝʧʝʨʝʨʚʥʦʾ ʪʘ ʢʫʩʢʦʚʦ-ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʾ ʬʫʥʢʮʽʾ ὲ 

ʟʤʽʥʥʠʭ ʩʪʘʚʠʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʟʥʘʡʪʠ ʚʩʽ ʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʘ 

1, ,T
nX x x , ʧʨʠ ʷʢʠʭ ʬʫʥʢʮʽʷ W X  ʜʦʩʷʛʘʻ ʝʢʩʪʨʝʤʫʤʫ, ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʆɼʈ G  , ʷʢʘ ʟʘʜʘʝʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʤʝʞʝʥʴ ʫ ʬʦʨʤʽ 

ʨʽʚʥʷʥʴ,ʪʦʙʪʦ ʫ ʦʙʤʝʞʝʥʥʷʭ (15.2) ʽʩʥʫʻ ʣʠʰʝ m  ʦʙʤʝʞʝʥʴ-ʨʽʚʥʦʩʪʝʡ, ʽ 

ʤʘʪʝʤʘʪʠʯʥʦ ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

.
nX G

W X extrem
 

ʈʽʟʥʠʮʶ n m  ʥʘʟʠʚʘʶʪʴ ʢʽʣʴʢʽʩʪʶ ʩʪʝʧʝʥʽʚ ʩʚʦʙʦʜʠ ʟʘʜʘʯʽ 

ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʘ ʩʘʤʫ ʟʘʜʘʯʫ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽʟ 

ʫʤʦʚʘʤʠ (ʦʙʤʝʞʝʥʥʷʤʠ) ʥʘʟʠʚʘʶʪʴ ʟʘʜʘʯʝʶ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ 

ʫʤʦʚʥʠʡ ʝʢʩʪʨʝʤʫʤ. ʈʦʟʛʣʷʥʝʤʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʧʨʷʤʦʾ ʧʽʜʩʪʘʥʦʚʢʠ ʪʘ 

ʤʝʪʦʜʫ ʤʥʦʞʥʠʢʽʚ ʃʘʛʨʘʥʞʘ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʢʣʘʩʠʯʥʦʾ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ ʫʤʦʚʥʠʡ ʝʢʩʪʨʝʤʫʤ. 

ʄʝʪʦʜ ʧʨʷʤʦʾ ʧʽʜʩʪʘʥʦʚʢʠ 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ  

,T T T
k mX X X

, 

ʜʝ 1, ,T
k kX x x ï k -ʚʠʤʽʨʥʠʡ ʚʝʢʪʦʨ ʚʽʣʴʥʠʭ ʟʤʽʥʥʠʭ,  1, ,T

m k nX x x

ï m -ʚʠʤʽʨʥʠʡ ʚʝʢʪʦʨ ʙʘʟʠʩʥʠʭ ʟʤʽʥʥʠʭ(k m n ). 

ʊʦʜʽ ʨʦʟʚôʷʟʫʶʯʠ ʫ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʥʷ-ʦʙʤʝʞʝʥʥʷ ʚʽʜʥʦʩʥʦ 

ʙʘʟʠʩʥʠʭ ʟʤʽʥʥʠʭ , ,k i i mx i i  ʽ ʧʽʜʩʪʘʚʣʷʶʯʠ ʾʭ ʫ ʚʠʨʘʟ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʦʪʨʠʤʘʻʤʦ ʢʣʘʩʠʯʥʫ ʙʝʟʫʤʦʚʥʫ ʟʘʜʘʯʫ ʥʝʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ: 

 

1

1 1 1 1
)ă )ă

)ă )ă )ă )ă )ă )ă )ă )ă )ă
k

k

k k k n k
x x

W x x x x x x extrem . (15.3)  

ʗʢʱʦ 1k , ʪʦ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʣʠʰʝ ʚʽʜ ʦʜʥʽʻʾ 

ʟʤʽʥʥʦʾ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʤʘʢʩʠʤʫʤ ʧʦʢʘʟʥʠʢʘ 



168 

ʝʬʝʢʪʠʚʥʦʩʪʽ maxW . ɿʘ ʚʠʟʥʘʯʝʥʥʷʤ, ʚ ʪʦʯʮʽ 
1£x  ʜʦʩʷʛʘʻʪʴʩʷ ʩʪʨʦʛʠʡ 

ʣʦʢʘʣʴʥʠʡ ʤʘʢʩʠʤʫʤ, ʷʢʱʦ 1 1 1 1£ £ ăă -W x W x x x . 

ɿʥʘʡʜʝʤʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ 1£x  ï ʪʦʯʢʠ ʣʦʢʘʣʴʥʦʛʦ 

ʤʘʢʩʠʤʫʤʫ. ʈʦʟʢʣʘʜʝʤʦ 1 1 1£xW x W x  ʟʘ ʫʤʦʚʠ 1 0x  ʚ ʨʷʜ 

ʊʝʡʣʦʨʘ ʚ ʦʢʦʣʽ ʪʦʯʢʠ 
1£x : 

1 1 1 1

1 1 1
2

1 1 2
1 1 1 12

1 1£ £

1

1
Å - -)ăăă

2

£ £ £

0
!

.

x x x x

W W x W

dW x d W x
x x x x

d x

x x

x d

x

 

ɯʟ ʟʘʧʠʩʘʥʦʛʦ ʚʠʨʘʟʫ ʦʪʨʠʤʫʻʤʦ ʜʦʩʪʘʪʥʽ ʫʤʦʚʠ ʣʦʢʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ 

ʬʫʥʢʮʽʾ ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ: 

 1 1

1 1

1 ă

1 £

2
1

2
1 £

0,

-+ăăăăăăăăăăăăăăăăăăăăăăă

x x

x x

dW x

dx

d W x

dx

 (15.4) 

ʇʨʠʢʣʘʜ 15.1. ʅʘ ʢʦʩʤʽʯʥʽʡ ʧʣʘʪʬʦʨʤʽ ʟ ʘʧʘʨʘʪʫʨʦʶ ʩʠʩʪʝʤʠ 

ʢʦʩʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ ʨʦʟʪʘʰʦʚʘʥʦ ʢʦʥʪʝʡʥʝʨ ʟ ʷʜʝʨʥʦʶ ʝʥʝʨʛʝʪʠʯʥʦʶ 

ʫʩʪʘʥʦʚʢʦʶ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ. ɼʣʷ ʤʘʢʩʠʤʽʟʘʮʽʾ ʤʘʩʠ ʷʜʝʨʥʦʛʦ ʧʘʣʴʥʦʛʦ 

ʟʘ ʟʘʜʘʥʦʶ ʤʘʩʦʶ ʢʦʥʪʝʡʥʝʨʘ ʥʝʦʙʭʽʜʥʦ ʚʠʛʦʪʦʚʠʪʠ ʢʦʥʪʝʡʥʝʨ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʙôʻʤʫ ʟʘ ʟʘʜʘʥʦʾ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ (ʨʠʩ.15.2). 

 

ʈʠʩ. 15.2. ʌʦʨʤʘ ʢʦʥʪʝʡʥʝʨʘ 
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ʈʠhʝʥʥʷ 

Ǐ ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʟʘʜʘʯʽ: 

2

2
0

)ă 8ăăăă

2 2 .

W r L r L

S r rL
 

ʄʘʪʝʤʘʪʠʯʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ: 

2

)ă
2

0

;)ă j^u

/ / ă+ăăăăăăăăăă
r L

W r L r L

S r rL
 

ʈʦʟʚôʷʟʘʥʥʷ ʤʝʪʦʜʦʤ ʧʨʷʤʦʾ ʧʽʜʩʪʘʥʦʚʢʠ: 

2
0

1
2

2
L S r

r , 

30
02

S
W r r r

. 

ʅʝʦʙʭʽʜʥʘ ʫʤʦʚʘ ʝʢʩʪʨʝʤʫʤʫ: 

0.
dW r

dr  

ʆʙʯʠʩʣʶʻʤʦ ʧʦʭʽʜʥʫ: 

20 0
max0 -ă +

2 6

S S
r r

 

ɿʘ ʬʽʟʠʯʥʠʤ ʟʤʽʩʪʦʤ ʤʽʥʽʤʘʣʴʥʠʡ ʦʙôʻʤ 0minV  ʧʨʠ 0r  ʘʙʦ 0L , 

ʪʦʙʪʦ ʟʥʘʡʜʝʥʝ ʟʥʘʯʝʥʥʷ 
maxr  ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʦʙôʻʤʫ. 

ɺʠʢʦʨʠʩʪʘʻʤʦ ʜʦʩʪʘʪʥʽ ʫʤʦʚʠ ʜʣʷ ʬʦʨʤʘʣʴʥʦʛʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʮʴʦʛʦ ʬʘʢʪʫ: 

2

2
6 0, 0

d W r
r r

dr . 

ʆʪʞʝ 

ƴ 

 

0

0

;
6

2
ă+ăăăă

3

max

max

S
r

S

r

L
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ʇʨʠʢʣʘʜ 15.2. ɿʥʘʡʪʠ ʝʢʩʪʨʝʤʫʤ ʬʫʥʢʮʽʾ 1 2% )ă &W x x : 

1 2 2 2

1 2

1
)ă

1 1 1
W x x

x x
. 

ʈʠʰʝʥʥʷ 

Ǐ ʅʝʦʙʭʽʜʥʘ ʫʤʦʚʘ ʝʢʩʪʨʝʤʫʤʫ: 

1 2 1

2 2
1

1 2

)ă / .
0,

1 1 1

W x x x

x x x
 

1

2

1 2

2

2

2

2

)ă / .
0.

1 1 1

W x x x

x x x
 

ɿʘ ʛʝʦʤʝʪʨʠʯʥʠʤ ʟʤʽʩʪʦʤ ʟʘʜʘʯʽ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʚ ʪʦʯʮʽ ʝʢʩʪʨʝʤʫʤʫ 

1 2£ £ 1x x  ʬʫʥʢʮʽʷ 1 2% )ă &W x x  ʧʨʠʡʤʘʻ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ 1 2£ £, 1.W x x  

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʫ(ʜʠʚ. ʨʠʩ.15.3), ʬʫʥʢʮʽʷ 1 2% )ă &W x x  ʤʘʻ ʻʜʠʥʠʡ 

ʝʢʩʪʨʝʤʫʤ, ʱʦ ʻ ʛʣʦʙʘʣʴʥʠʤ ʤʘʢʩʠʤʫʤʦʤ: 

1 2£ £ 1x x , 

1 2£ £, 1W x x
. ƴ 

 

 

ʈʠʩ. 15.3. ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʪʠʧʫ ʝʢʩʪʨʝʤʫʤʫ ʬʫʥʢʮʽʾ 1 2% )ă &W x x  
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ʇʦʢʣʘʜʝʤʦ 1, ,k m n k m n , (k n mï ʢʽʣʴʢʽʩʪʴ ʩʪʝʧʝʥʽʚ 

ʩʚʦʙʦʜʠ) )ă)ăk n m . ɿʘ ʦʟʥʘʯʝʥʥʷʤ, kW X  ʤʘʻ ʚ ʪʦʯʮʽ kX  ʩʪʨʦʛʠʡ 

ʣʦʢʘʣʴʥʠʡ ʤʘʢʩʠʤʫʤ, ʷʢʱʦ  

£ ă - ă .)k k k iW X W X X x i k , 

1)ă )ăT
k kX x x

, 1)ă )ăT
k kX x x

. 

ʈʦʟʢʣʘʜʘʥʥʷ ʚ ʨʷʜ ʊʝʡʣʦʨʘ ʩʢʘʣʷʨʥʦʾ ʬʫʥʢʮʽʾ ʚʝʢʪʦʨʥʦʛʦ ʘʨʛʫʤʝʥʪʫ 

ʚʽʜʥʦʩʥʦ kX  ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʙʯʠʩʣʠʪʠ ʧʨʠʨʽʩʪ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ 

ʤʘʣʦʤʫ ʦʢʦʣʽ ʪʦʯʢʠ ʤʘʢʩʠʤʫʤʫ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʪʦʙʪʦ £
kX : 

£
£

£ £ £ £

1
Å Å - ă

2!

0,

k k
k k

k k k k
T

k kT
k k k k

k k kX X
X X

k

W X W X X W X

W X W X
X X X X

X X X

X
 

ʜʝ 0 kX - ʜʦʜʘʥʢʠ ʚʠʱʦʛʦ ʧʦʨʷʜʢʫ ʤʘʣʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʽʟ 

 

2 2 2
1 2 ... .k kx x xX

 

ɺʠʭʦʜʷʯʠ ʽʟ ʦʟʥʘʯʝʥʥʷ ʣʦʢʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ, ʤʘʻʤʦ: 

-)ă -£
k kW XX

, 

1
£

)ă )ă -

k k

T

k

k k
X X

W X W W

X X X
. 

ʪʦʙʪʦ 

£
k k

k

k X X

W X

X
 ï ʛʨʘʜʽʻʥʪ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʪʦʯʮʽ ʣʦʢʘʣʴʥʦʛʦ 

ʤʘʢʩʠʤʫʤʫ. 

ʂʚʘʜʨʘʪʠʯʥʘ ʬʦʨʤʘ: 
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£

1
Å - ă -

2!

k k

T

kT
k k k

k k
X X

W X
X X X

X X
 (15.5)  

ʧʦʙʫʜʦʚʘʥʘ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʚʘʜʨʘʪʠʯʥʦʾ ʩʠʤʝʪʨʠʯʥʦʾ ʤʘʪʨʠʮʽ 

 

2 2 2

2
1 2 11

2 2 2

2
2 1 22

2 2 2

2
1 2

,

T

k

k

k

k k

k k

k

W W W

X X X XX

W W W
W X

X X X XX
X X

W W W

X X X X X

 (15.6) 

ʷʢʘ ʥʦʩʠʪʴ ʥʘʟʚʫ: ʤʘʪʨʠʮʷ ɻʝʩʩʝ. ʎʷ ʢʚʘʜʨʘʪʠʯʥʘ ʬʦʨʤʘ ʫ ʚʠʧʘʜʢʫ 

ʣʦʢʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ ʧʦʚʠʥʥʘ ʙʫʜʠ ʚʽʜôʻʤʥʦ-ʚʠʟʥʘʯʝʥʦʶ, ʪʦʙʪʦ: 

£

Å -

k k

kT
k k

k k
X X

W X
X X

X X
. 

ʂʚʘʜʨʘʪʠʯʥʘ ʬʦʨʤʘ ʙʫʜʝ ʚʽʜôʻʤʥʦ-ʚʠʟʥʘʯʝʥʦʶ, ʢʦʣʠ ʤʘʪʨʠʮʷ ɻʝʩʩʝ 

ʟʘʜʦʚʦʣʴʥʷʻ ʩʧʝʮʽʘʣʴʥʽʡ ʫʤʦʚʽ. ʎʶ ʤʘʪʨʠʮʶ ɻʝʩʩʝ, ʷʢʘ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʽ 

ʚʽʜôʻʤʥʦʾ ʚʠʟʥʘʯʝʥʦʩʪʽ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ, ʪʝʞ ʥʘʟʠʚʘʶʪʴ ʚʽʜôʻʤʥʦ-

ʚʠʟʥʘʯʝʥʦʶ. 

ʆʟʥʘʢʦʶ ʚʽʜôʻʤʥʦʾ ʚʠʟʥʘʯʝʥʦʩʪʽ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ, ʧʦʙʫʜʦʚʘʥʦʾ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʚʘʜʨʘʪʥʦʾ ʩʠʤʝʪʨʠʯʥʦʾ ʤʘʪʨʠʮʽ  

11 1

1

n

n nn

q q

Q

q q
 

ʻ : ʫʩʽ ʢʫʪʦʚʽ ʜʽʘʛʦʥʘʣʴʥʽ ʚʠʟʥʘʯʥʠʢʠ ʤʘʪʨʠʮʽ Q  ʥʝʧʘʨʥʦʛʦ ʧʦʨʷʜʢʫ ʧʦʚʠʥʥʽ 

ʙʫʪʠ ʚʽʜ'ʻʤʥʠʤʠ, ʘ ʧʘʨʥʦʛʦ ï ʜʦʜʘʪʥʠʤʠ, ʪʦʙʪʦ, 

11 0q
, 

11 12

21 22

0,
q q

q q
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11 12 13

21 22 23

31 32 33

0

q q q

q q q

q q q
ʽ ʪ.ʜ.

 

 ʗʢʱʦ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʪʦʯʮʽ £
kX  ʤʘʻ ʤʽʥʽʤʫʤ, ʪʦ ʜʦʩʪʘʪʥʷ 

ʫʤʦʚʘ ʤʽʥʽʤʫʤʫ ʤʘʻ ʚʠʛʣʷʜ: 

 

£

£

0,

-+ă

k k

k k

k

k X X

T

kT
k k

k k
X X

W X

X

W X
X

X X

 (15.7) 

ʆʟʥʘʢʦʶ ʜʦʜʘʪʥʦʾ ʚʠʟʥʘʯʝʥʦʩʪʽ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ ʻ ʜʦʜʘʪʥʽʩʪʴ ʫʩʽʭ 

ʢʫʪʦʚʠʭ ʚʠʟʥʘʯʥʠʢʽʚ ʢʚʘʜʨʘʪʠʯʥʦʾ ʩʠʤʝʪʨʠʯʥʦʾ ʤʘʪʨʠʮʽ Q, ʥʘ ʷʢʽʡ ʮʷ ʬʦʨʤʘ 

ʧʦʙʫʜʦʚʘʥʘ. 

ʇʨʠʢʣʘʜ 15.3. ʇʝʨʝʚʽʨʠʪʠ ʟʥʘʢʦʚʠʟʥʘʯʝʥʽʩʪʴ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ, 

ʟʘʜʘʥʦʾ ʩʠʤʝʪʨʠʯʥʦʶ ʤʘʪʨʠʮʝʶ 

1 1 1

1 2 1

1 1 3

Q

, 3
kX . 

Ǐ  

1 1 0q , 2

1 1
2 1 1 0

1 2
q , 

3

1 1 1

1 2 1 6 1 1 2 1 3 2 0

1 1 3

q . 

1
3

1 2 3 2 1 2 3

3

1 1 1

)ă )ă Å. / .Å -ăă )ă )ă Y -)ă-)ă-

1 1

.

3

T T
x

x x x x x x x

x

 

ɺʽʩʥʦʚʦʢ: ʤʘʪʨʠʮʷ Q  ʜʦʜʘʪʥʦ-ʚʠʟʥʘʯʝʥʘ. 
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ʗʢʱʦ ʟʘʜʘʥʫ ʤʘʪʨʠʮʶ Q  ʧʦʤʥʦʞʠʪʠ ʥʘ 1, ʪʦ ʦʪʨʠʤʘʻʤʦ: 

3 3

1 1 1

Å . / .ăă -

1 1 3

TX X

,  

ʜʝ  

3 1 2 3)ă )ă )
TTX x x x

 

ʪʦʙʪʦ ʦʪʨʠʤʘʥʘ ʬʦʨʤʘ ʻ ʚʽʜôʻʤʥʦ-ʚʠʟʥʘʯʝʥʦʶ. 

ʇʨʦʽʣʶʩʪʨʫʻʤʦ ʦʟʥʘʢʫ ʚʽʜ'ʻʤʥʦʾ ʚʠʟʥʘʯʝʥʦʩʪʽ ʢʚʘʜʨʘʪʥʦʾ ʩʠʤʝʪʨʠʯʥʦʾ 

ʤʘʪʨʠʮʽ Q : 

1 1 1

1 2 1

1 1 3

Q

, 

1 1 0q , 2

1 1
1 0

1 2
q ,  

3

1 1 1

1 2 1 2 0

1 1 3

q

. ƴ 

 

ɿʘʫʚʘʞʝʥʥʷ 15.1. ʆʢʨʝʤʘ ʫʤʦʚʘ 0k

k

W X

X
 ʤʘʻ ʥʘʟʚʫ ʥʝʦʙʭʽʜʥʦʾ 

ʫʤʦʚʠ ʝʢʩʪʨʝʤʫʤʫ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. 

ʋʤʦʚʘ 

-)ăăăăăăăăăăăăă

0

k

k
T

k

k k

W X

X

W X

X X
 

ʤʘʻ ʥʘʟʚʫ ʥʝʦʙʭʽʜʥʦʾ ʫʤʦʚʠ ʤʘʢʩʠʤʫʤʫ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ʄʘʪʨʠʮʶ ɻʝʩʩʝ ʚ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘʟʠʚʘʶʪʴ ʚʽʜ'ʻʤʥʦ- ʥʘʧʽʚʚʠʟʥʘʯʝʥʦʶ. 
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ʅʝʦʙʭʽʜʥʘ ʫʤʦʚʘ ʤʽʥʽʤʫʤʫ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

-)ăăăăăăăăăăăăă

0.

k

k
T

k

k k

W X

X

W X

X X

 

ʄʘʪʨʠʮʶ ɻʝʩʩʝ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘʟʠʚʘʶʪʴ ʜʦʜʘʪʥʦ- ʥʘʧʽʚʚʠʟʥʘʯʝʥʦʶ. 

ʗʢ ʙʘʯʠʤʦ, ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʫ ʩʢʘʣʷʨʥʦʛʦ 

ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʟ ʚʝʢʪʦʨʥʠʤ ʘʨʛʫʤʝʥʪʦʤ ʥʘ ʦʩʥʦʚʽ ʟʘʧʠʩʘʥʠʭ ʚʠʱʝ 

ʜʦʩʪʘʪʥʽʭ ʫʤʦʚ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ 1( )kW x x  ʤʘʣʘ ʯʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ ʜʦ ʜʨʫʛʦʛʦ 

ʧʦʨʷʜʢʫ ʚʢʣʶʯʥʦ ʟʘ ʩʚʦʾʤ ʘʨʛʫʤʝʥʪʦʤ, ʽ ʧʨʠ ʮʴʦʤʫ ʽʩʥʫʚʘʣʘ ʤʦʞʣʠʚʽʩʪʴ 

ʦʪʨʠʤʘʥʥʷ ʷʚʥʦʛʦ ʨʦʟʚ'ʷʟʢʫ ʩʠʩʪʝʤʠ ʦʙʤʝʞʝʥʴ, ʚʽʜʥʦʩʥʦ ʙʘʟʠʩʥʠʭ ʟʤʽʥʥʠʭ. 

ɸʣʝ ʦʩʪʘʥʥʷ ʫʤʦʚʘ ʜʦʩʠʪʴ ʯʘʩʪʦ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ. ʊʦʤʫ, ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢ ʟʚʘʥʦʛʦ ʧʨʠʥʮʠʧʫ ʨʦʟʰʠʨʝʥʥʷ ʚʝʢʪʦʨʫ ʟʤʽʥʥʠʭ ʪʘ 

ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ  ʩʧʝʮʽʘʣʴʥʠʡ ʤʝʪʦʜ ʨʦʟʚ'ʷʟʘʥʥʷ 

ʢʣʘʩʠʯʥʦʾ ʟʘʜʘʯ ̔ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ ʫʤʦʚʥʠʡ ʝʢʩʪʨʝʤʫʤ, ʷʢʠʡ 

ʦʪʨʠʤʘʚ ʥʘʟʚʫ ʤʝʪʦʜ ʤʥʦʞʥʠʢʽʚ ʃʘʛʨʘʥʞʘ. 

 

ʄʝʪʦʜ ʤʥʦʞʥʠʢʽʚ ʃʘʛʨʘʥʞʘ 

ʄʝʪʦʜ ʤʥʦʞʥʠʢʽʚ ʃʘʛʨʘʥʞʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʢʣʘʩʠʯʥʫ ʟʘʜʘʯʫ 

ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ ʫʤʦʚʥʠʡ ʝʢʩʪʨʝʤʫʤ ʟ ʦʙʤʝʞʝʥʥʷʤʠ-

ʨʽʚʥʦʩʪʷʤʠ ʟʘʤʽʥʶʶʪʴ ʩʧʨʦʱʝʥʦʶ ʫʤʦʚʥʦʶ ʟʘʜʘʯʝʶ ʽʟ ʨʦʟʰʠʨʝʥʠʤ 

ʚʝʢʪʦʨʦʤ ʟʤʽʥʥʠʭ 

 
)ă

T
T TX

 

ʜʝ 1,...[ ],T
nX x x ï ʚʠʭʽʜʥʽʡ ʚʝʢʪʦʨ ʟʤʽʥʥʠʭ,  1,...,[ ]T

m ï ʚʝʢʪʦʨ 

ʜʦʜʘʪʢʦʚʠʭ ʟʤʽʥʥʠʭ, ʷʢʠʡ ʥʘʟʠʚʘʶʪʴ ʚʝʢʪʦʨʦʤ ʤʥʦʞʥʠʢʽʚ ʃʘʛʨʘʥʞʘ, ʘ 

ʪʘʢʦʞ ʽʟ ʨʦʟʰʠʨʝʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ 

 )ă % % &&TL X W X B G X . (15.8) 

ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʨʦʟʰʠʨʝʥʠʡ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ 

 1 1
1

)ă %, ) , ),, ( ( )
m

k i i i n
i

L X W x x b g x x  (15.9) 
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ʷʢʠʡ ʥʘʟʠʚʘʶʪʴ ʬʫʥʢʮʽʻʶ ʃʘʛʨʘʥʞʘ ʘʙʦ ʣʘʛʨʘʥʞʽʘʥʦʤ. 

ʅʝʦʙʭʽʜʥʘ ʫʤʦʚʘ ʝʢʩʪʨʝʤʫʤʫ ʚ ʨʦʟʰʠʨʝʥʽʡ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʘ ̒ʚʠʛʣʷʜ: 

 

1

)ă
- ăăăăăăă

-ăăă .)ă ă8ăăăăăăăăăăăăăă

)ă
-ă - .)ă +

T

m
i

j ji

i i

L X W X G X

X X X

W X g X
j n

ix x

L X
B G X b g X i m

 (15.10) 

ʇʽʩʣʷ ʦʙʯʠʩʣʝʥʥʷ ʨʦʟʚôʷʟʢʽʚ ʟʘʧʠʩʘʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʟʥʘʭʦʜʠʤʦ 

ʪʦʯʢʠ ʝʢʩʪʨʝʤʫʤʽʚ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚʠ ʟʘʜʘʯʽ ʚʠʜʽʣʷʻʤʦ ʪʦʯʢʠ, ʚ ʷʢʠʭ  

ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ £( )W X  ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ ʘʙʦ ʤʽʥʽʤʫʤʫ ʽ, ʚ 

ʧʦʜʘʣʴʰʦʤʫ, ʚʠʢʦʥʫʻʤʦ ʧʦʰʫʢ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ ʘʙʦ ʤʽʥʽʤʫʤʫ. ɺ 

ʙʘʛʘʪʴʦʭ ʧʨʘʢʪʠʯʥʠʭ ʚʠʧʘʜʢʘʭ ʽʟ ʬʽʟʠʯʥʦʛʦ ʟʤʽʩʪʫ ʟʘʜʘʯʽ ʟʨʦʟʫʤʽʣʦ, ʚ ʷʢʽʡ 

ʪʦʯʮʽ ʜʦʩʷʛʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰʝ ʘʙʦ ʥʘʡʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ. 

ʇʨʠʢʣʘʜ 15.4. ʈʦʟʚôʷʞʝʤʦ ʧʨʠʢʣʘʜ 15.1, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ 

ʤʥʦʞʥʠʢʽʚ ʃʘʛʨʘʥʞʘ. 

ʈʽʰʝʥʥʷ 

Ǐ ɿʘʧʠʰʝʤʦ ʬʫʥʢʮʽʶ ʃʘʛʨʘʥʞʘ 

2 2
0)ă)ă % / / &L r l r l S r rl

. 

ʅʝʦʙʭʽʜʥʘ ʫʤʦʚʘ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

2

2
0

2 4 2 0,

2 0,

2 2 0;

L
rl r l

r
L

r r
l
L

S r rl

 

(1) 

(2) 

(3) 

ʈʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ (1)-(3): 

/ 7 ă
2

r
, 
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2 ;
. 7 / -ă 2

- ă ă ă +ă

l
r

rl r
r ʥʝ ʟʘʜʦʚʦʣʴʥʷʻ ʬʽʟʠʯʥʦʤʫ ʟʤʽʩʪʫ

 

2 0
00 7 3 -ă 8

6max

S
S r r  02

;
3max

S
l  01

2 6max

S

. ƴ 

ʈʦʟʛʣʷʥʝʤʦ ʥʘ ʧʨʠʢʣʘʜʽ ʜʚʦʚʠʤʽʨʥʦʾ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʬʽʟʠʯʥʠʡ (ʝʢʦʥʦʤʽʯʥʠʡ) ʟʤʽʩʪ ʤʥʦʞʥʠʢʽʚ ʃʘʛʨʘʥʞʘ: 

1 2

1 2

ă 8

ă +ăăăăăăăăăăăă

W x x max

g x x b
 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʫʤʦʚʥʠʡ ʤʘʢʩʠʤʫʤ ʜʦʩʷʛʘʻʪʴʩʷ ʚ ʪʦʯʮʽ 1 2,£ £ £X ăă ZTX x x . 

ʈʦʟʛʣʷʜʘʶʯʠ ʟʘʣʝʞʥʽʩʪʴ£X  ʚʽʜ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʘ b, ʦʪʨʠʤʘʻʤʦ ʟʘʣʝʞʥʦʩʪʽ: 

1 1£ £( )x x b , 2 2£ £( )x x b , 

max 1 2£ £)ăăW W x b x b . 

ɿʥʘʡʜʝʤʦ ʧʦʭʽʜʥʫ ʚʽʜ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʦ ʧʘʨʘʤʝʪʨʫ b : 

1 2

1 2

£ £ £
Å Å
£ £

x xW W W

b x b x b
, 

ɸ ʪʘʢʦʞ ʧʦʭʽʜʥʫ ʧʦ ʧʘʨʘʤʝʪʨʫ b  ʚʽʜ ʦʙʦʭ ʯʘʩʪʠʥ ʦʙʤʝʞʝʥʥʷ-ʨʽʚʥʦʩʪʽ: 

1 2

1 2

£ £
Å Å .
£ £

x xg g

x b x b
. 

ɺʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʚ ʟʘʜʘʥʽʡ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ ʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʬʫʥʢʮʽʷ ʃʘʛʨʘʥʞʘ (15.9) ʤʘʻ ʚʠʛʣʷʜ: 

1 2 1 2 1 2, , , ,ă ă ă ăL x x W x x b g x x , 

ʟʥʘʭʦʜʠʤʦ ʯʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ ʚ ʦʧʪʠʤʘʣʴʥʽʡ ʪʦʯʮʽ: 

1 1 1

2 2 2

£ 0,
£ £ £

£ 0.
£ £ £

L W g

x x x
L W g

x x x
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ʇʽʜʩʪʘʚʣʷʶʯʠ ʯʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ ʫ ʚʠʨʘʟ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʦʭʽʜʥʦʾ ʜʣʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ,  ʦʪʨʠʤʘʻʤʦ: 

1 2 1 2

1 2 1 2

£ £ ££ £ £ ££ £Å Å Å Å
£ £ £ £

x x x xW g g g g

b x b x b x b x b
Ȣ 

ʋʟʘʛʘʣʴʥʶʶʯʠ ʦʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʥʘ ʚʠʧʘʜʦʢ n -ʤʽʨʥʦʛʦ ʚʝʢʪʦʨʘ X  

ʪʘ ʥʘ ʚʠʧʘʜʦʢ ʜʽʾ m  ʦʙʤʝʞʝʥʴ m n , ʦʪʨʠʤʘʻʤʦ: 

 
£

£

£ăăă .)
£

iX X
i

i
W

m
b

. (15.11) 

ʌʽʟʠʯʥʠʡ(ʝʢʦʥʦʤʽʯʥʠʡ) ʟʤʽʩʪ 

ɺʚʘʞʘʶʯʠ, ʱʦ ( )W X ï ʧʨʠʙʫʪʦʢ ʽ ʧʨʠ ʮʴʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʤʘʢʩʠʤʽʟʘʮʽʷ 

ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʘʙʦ ( )W X ï ʚʘʨʪʽʩʪʴ (ʚʠʪʨʘʪʠ) ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʧʨʠ 

ʮʴʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʤʽʥʽʤʽʟʘʮʽʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʟʘ ʫʤʦʚʠ, ʱʦ ib  ï 

ʦʙôʻʤ i -ʛʦ ʨʝʩʫʨʩʫ, ʨʦʙʠʤʦ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ i -ʡ ʤʥʦʞʥʠʢ ʃʘʛʨʘʥʞʘ 

ʧʦʢʘʟʫʻ ʥʘ ʩʢʽʣʴʢʠ ʟʤʽʥʠʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʨʠʙʫʪʦʢ ʘʙʦ ʤʽʥʽʤʘʣʴʥʘ 

ʚʘʨʪʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʠ ʟʤʽʥʽ i -ʛʦ ʨʝʩʫʨʩʫ ʥʘ 1. 

ɿʘʫʚʘʞʝʥʥʷ 15.3. ʋ ʙʽʣʴʰʦʩʪʽ ʟʘʜʘʯ, ʧʨʠʩʚʷʯʝʥʠʭ ʩʠʩʪʝʤʥʠʤ 

ʜʦʩʣʽʜʞʝʥʥʷʤ ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʩʧʝʮʽʘʣʴʥʦ ʚʠʜʽʣʷʶʪʴ ʚʝʢʪʦʨ 

ʩʪʘʥʫ, ʷʢʠʡ ʤʦʞʥʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʷʢ ʚʝʢʪʦʨ ʙʘʟʠʩʥʠʭ ʟʤʽʥʥʠʭ. 

ʆʜʥʦʝʪʘʧʥʦʶ ʧʨʦʮʝʜʫʨʦʶ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʟ ʦʙʤʝʞʝʥʥʷʤʠ ʫ ʬʦʨʤʽ 

ʨʽʚʥʷʥʴ ʥʘʟʠʚʘʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, 

ʧʦʩʪʘʚʣʝʥʦʾ ʫ ʚʠʛʣʷʜʽ: 

 ,
% )ă & j^u %jfk&)

)ă -+ăăăăăăăăăăăăăăăăăăă

n mX U
W X U

F X U
 (15.12) 

ʜʝ 

¶ X ï n -ʚʠʤʽʨʥʠʡ ʚʝʢʪʦʨ, 

¶ U ï m -ʚʠʤʽʨʥʠʡ ʚʝʢʪʦʨ, 

¶ )ă 7n mW X U R R R ï ʩʢʘʣʷʨʥʠʡ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ, 

¶ )ă 7n m nF X U R R R  ïn - ʚʠʤʽʨʥʘ ʚʝʢʪʦʨʥʘ ʬʫʥʢʮʽʷ, 

¶ 1)ă X ) ) ) % )ă &ZT
nF X U f X U f X U . 
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ʅʝʦʙʭʽʜʥʽ ʫʤʦʚʠ ʜʣʷ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

 

£ £
£ £

£

£

£

£

£

£

£

£

)ă
, 0;

)ă
, 0;

)ă -£ ,£

T
X X X X
U U U U

T
X X X X
U U U U

W X UL
F X U

X X X

W X UL
F

X U

X U
U U U

F

 (15.13)  

ʜʝ 

)ă )ă )ă Å )ăTL L X U W X U F X U , 

1,...,[ ]T
m ï ʤʥʦʞʥʠʢ ʃʘʛʨʘʥʞʘ. 

ʇʨʠʢʣʘʜ 15.5. ɼʘʥʦ: 

1 2 2 2

1 2

1
)ă

1 1 1
W x x

x x
. 

1) ɿʥʘʡʪʠ ʪʦʯʢʫ ʝʢʩʪʨʝʤʫʤʫ ʪʘ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʨʠʮʽ ɻʝʩʩʝ 

ʟôʷʩʫʚʘʪʠ ʪʠʧ ʝʢʩʪʨʝʤʫʤʫ. 

2) ʈʦʟʚôʷʟʘʪʠ ʟʘʜʘʯʫ 

1 2
2 2
1 2

)ă j^u%jfk&8

1

W x x

x x
 

ʟʘʩʪʦʩʦʚʫʶʯʠ ʤʝʪʦʜ ʤʥʦʞʥʠʢʽʚ ʃʘʛʨʘʥʞʘ. 

ʈʠʰʝʥʥʷ 

Ǐ 1.ɺʨʘʭʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʠʢʣʘʜʫ  15.2  ʤʘʻʤʦ 

1 2£ £ 1x x , 1 2£ £)ă .W x x .  

ʊʦʜʽ ʚ ʪʦʯʮʽ ʝʢʩʪʨʝʤʫʤʫ ʤʘʪʨʠʮʷ ɻʝʩʩʝ ʪʘ ʾʾ ʜʽʘʛʦʥʘʣʴʥʽ ʚʠʟʥʘʯʥʠʢʠ 

ʥʘʙʫʚʘʶʪʴ ʚʠʛʣʷʜʫ: 

1 2

2 0 2 0
)ăă -ă) ă -+

0
2

0 2
4

2
Q q q  
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ʆʪʞʝ, ʢʚʘʜʨʘʪʠʯʥʘ ʬʦʨʤʘ ʚʽʜôʻʤʥʦ ʚʠʟʥʘʯʝʥʘ, ʪʦʙʪʦ (1;1)ï ʪʦʯʢʘ 

ʤʘʢʩʠʤʫʤʫ. 

2. ʇʦʙʫʜʫʻʤʦ ʣʘʛʨʘʥʞʽʘʥ: 

2 2
1 2 1 2 1 2ă, , ,ă %. &L x x W x x x x

 
ʪʘ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʝʢʩʪʨʝʤʫʤʫ 

1

2

0,

0,

0.

L

x
L

x
L

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʻʤʦ 

11 12

21 22

2
;

2
2
+ăăă

2

x x

x x

 

ɿʘ ʛʝʦʤʝʪʨʠʯʥʠʤ ʟʤʽʩʪʦʤ ʟʘʜʘʯʽ ʟʨʦʟʫʤʽʣʦ, ʱʦ 

1min 2 min

1max 2 max

2 2

max 2 2

2
;

2
2
)ăăă

2
2 2 1

; ,
2 2

2 2
1 1 1

2 2

2 2 1
; .

2 2
2 2

1 1 1
2 2

min

x x

x x

W

W

 

ƴ 
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ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ? 

2. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʢʣʘʩʠʯʥʽ ʫʤʦʚʠ ʝʢʩʪʨʝʤʫʤʫ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

3. ʅʘʟʚʽʪʴ ʨʽʟʥʦʚʠʜʠ ʆɼʈ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

4. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʤʝʪʦʜʫ ʧʨʷʤʦʾ ʧʽʜʩʪʘʥʦʚʢʠ ʨʦʟʚôʷʟʢʫ ʢʣʘʩʠʯʥʦʾ 

ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ ʫʤʦʚʥʠʡ ʝʢʩʪʨʝʤʫʤ? 

5. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʥʝʦʙʭʽʜʥʽ ʫʤʦʚʠ ʝʢʩʪʨʝʤʫʤʫ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ 

ʧʦʨʷʜʢʫ. 

6. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʤʝʪʦʜʫ ʤʥʦʞʥʠʢʽʚ ʃʘʛʨʘʥʞʘ ʨʦʟʚôʷʟʢʫ ʢʣʘʩʠʯʥʦʾ 

ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ ʫʤʦʚʥʠʡ ʝʢʩʪʨʝʤʫʤ? 

7. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʥʝʦʙʭʽʜʥʫ ʫʤʦʚʫ ʝʢʩʪʨʝʤʫʤʫ ʚ ʨʦʟʰʠʨʝʥʽʡ ʟʘʜʘʯʽ 

ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 
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ɻʣʘʚʘ 16. ʅʘʡʧʨʦʩʪʽʰʘ ʟʘʜʘʯʘ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ 

ʫʤʦʚʘʭ ʥʝʚʽʜôʻʤʥʦʩʪʽ ʟʤʽʥʥʠʭ 

ʋ ʚʠʧʘʜʢʫ ʥʘʡʧʨʦʩʪʽʰʦʾ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟ ʫʩʽʭ 

ʦʙʤʝʞʝʥʴ ʟʘʛʘʣʴʥʦʾ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟʘʣʠ-ʰʘʻʪʴʩʷ ʣʠʰʝ 

ʚʠʤʦʛʘ ʥʝʚʽʜôʻʤʥʦʩʪʽ ʟʤʽʥʥʠʭ: 

 
0

( ) max
X

W X . (16.1) 

ʅʘ ʧʨʠʢʣʘʜʽ ʩʢʘʣʷʨʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʚʦʭ 

ʟʤʽʥʥʠʭ, ʨʦʟʛʣʷʥʝʤʦ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʡʦʛʦ ʤʘʢʩʠʤʫʤʫ ʧʨʠ ʥʝʚʽʜôʻʤʥʦʩʪʽ 

ʟʤʽʥʥʠʭ. ʇʨʠʧʫʩʪʠʤʦ: 

1 2 2 2

1 2

1
)ă

1
W W x x

x a x b
. 

ɹʫʜʝʤʦ ʧʦʟʥʘʯʘʪʠ 1maxx , 2 maxx  ʪʦʯʢʠ ʤʘʢʩʠʤʫʤʫ 1 2,W x x , ʢʦʣʠ 

ʦʙʤʝʞʝʥʴ ʥʝʤʘʻ, 1,2x R , 1maxx a , 2 maxx b(ʜʠʚ. ʨʠʩ.16.1). 

ɹʫʜʝʤʦ ʧʦʟʥʘʯʘʪʠ 1 2£ £,x x  ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ ʤʘʢʩʠʤʫʤʫ 1 2,W x x ʚ 

ʫʤʦʚʘʭ, ʢʦʣʠ 1 20, 0x x (ʨʠʩ.16.1). 

 

 

 ʘ  ʙ 

ʈʠʩ. 16.1. ɻʨʘʬʽʯʥʘ ʽʣʶʩʪʨʘʮʽʷ ʩʪʦʩʦʚʥʦ ʧʦʰʫʢʫ ʥʝʦʙʭʽʜʥʠʭ ʫʤʦʚ ʽʩʥʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰʦʛʦ 

ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫ ʪʦʯʮʽ 
1,2£x , ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʫ ʚʠʛʣʷʜʽ ʫʥʽʤʦʜʘʣʴʥʦʾ 

ʜʚʦʚʠʤʽʨʥʦʾ ʬʫʥʢʮʽʾ ʚ ʫʤʦʚʘʭ ʜʽʾ ʥʘʡʧʨʦʩʪʽʰʠʭ ʦʙʤʝʞʝʥʴ 
1,2 0x  
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ʇʨʦʜʦʚʞʝʥʥʷ ʨʠʩ. 16.1 

 

 

 ʚ  ʛ 
 

 

ʜ 

ɿʘʧʠʰʝʤʦ ʥʝʦʙʭʽʜʥʽ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʪʦʯʮʽ 
1,2£x , ʟʦʙʨʘʞʝʥʦʛʦ ʫ ʚʠʛʣʷʜʽ ʫʥʽʤʦʜʘʣʴʥʦʾ ʜʚʦʚʠʤʽʨʥʦʾ 

ʬʫʥʢʮʽʾ ʚ ʫʤʦʚʘʭ ʜʽʾ ʥʘʡʧʨʦʩʪʽʰʠʭ ʦʙʤʝʞʝʥʴ 
1,2 0x : 

ï ʜʣʷ ʨʠʩ. 16.1, ʘïʚ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ 0, 1,2;
i

W
i

x
  

ï ʜʣʷ ʨʠʩ. 16.1, ʛ, ʜ ʚʽʜʧʦʚʽʜʥʦ 
1 2

0, 0;
W W

x x
 

1 2

0, 0.
W W

x x
 

ɺʠʩʥʦʚʦʢ ʱʦʜʦ ʥʝʦʙʭʽʜʥʦʾ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʤʘʢʩʠʤʫʤʫ: 
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1 1

2 2

1 1

2 2

1 £

2 £

£

£

1

2

1
1 £

2
2 £

-ă8

( )0; 0;

££ -8 -ă8

£ 0;
£ 0,

£ 0;

£ 0,

x x

x x X

T

X

x

X

x

x

X

x

W

x

W W X
x X

x X

x
W

W Xx
x

W

X

x
x

 

ʜʝ 
1 2,TX x x . 

ʗʢʱʦ ʟʘʤʽʩʪʴ 1 2,W x x  ʽʟ ʦʜʥʠʤ ʤʘʢʩʠʤʫʤʦʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʟ ʜʝʢʽʣʴʢʦʤʘ ʤʘʢʩʠʤʫʤʘʤʠ (ʷʢ ʢʘʞʫʪʴ, ʙʘʛʘʪʦʤʦʜʦʚʘ 

ʬʫʥʢʮʽʷ), ʪʦ ʟʘʧʠʩʘʥʘ ʫʤʦʚʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʥʝʦʙʭʽʜʥʘ 

ʫʤʦʚʘ ʧʝʨʝʚʽʨʢʠ ʽʩʥʫʚʘʥʥʷ ʣʦʢʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ ʚ ʫʤʦʚʘʭ ʥʘʡʧʨʦʩʪʽʰʠʭ 

ʦʙʤʝʞʝʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ (ʚʩʽ ʢʦʦʨʜʠʥʘʪʠ ʥʝʚʽʜôʻʤʥʽ).  

ɼʣʷ n -ʚʠʤʽʨʥʦʛʦ ʚʠʧʘʜʢʫ, ʪʦʙʪʦ ʢʦʣʠ 1, ,T
nX x x , ʤʦʞʣʠʚʦ 

ʦʪʨʠʤʘʪʠ ʩʪʨʦʛʦ ʘʥʘʣʽʪʠʯʥʦ ʪʽ ʞ ʩʘʤʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʽ ʜʣʷ ʨʦʟʛʣʷʥʫʪʦʛʦ 

ʜʚʦʚʠʤʽʨʥʦʛʦ ʧʨʠʢʣʘʜʫ, ʷʢ ʥʝʦʙʭʽʜʥʫ ʫʤʦʚʫ ʽʩʥʫʚʘʥʥʷ ʣʦʢʘʣʴʥʦʛʦ 

ʤʘʢʩʠʤʫʤʫ, ʷʢʱʦ ʩʢʦʨʠʩʪʘʪʠʩʴ ʨʦʟʢʣʘʜʘʥʥʷʤ ʫ ʨʷʜ ʊʝʡʣʦʨʘ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʙʣʠʟʫ ʪʦʯʢʠ £X  ʽ ʚʠʢʦʥʘʪʠ ʚʠʤʦʛʫ 

£ -ăăă - 8

0 .

£ £
n

n

W W X W X XX

X

X
 

ʎʽ ʥʝʦʙʭʽʜʥʽ ʚʠʤʦʛʠ ʽʩʥʫʚʘʥʥʷ ʣʦʢʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ ʚ n -ʚʠʤʽʨʥʦʤʫ 

ʚʠʧʘʜʢʫ ʟʘʧʠʰʝʤʦ ʫ ʚʠʛʣʷʜʽ: 

1) ̫ ʢʱʦ £ 0jx , ʪʦ 

£

0

j
j x x

W

x
; 
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2) ̫ ʢʱʦ £ 0jx , ʪʦ  

£

0

j
j x x

W

x
. 

ɿʘʫʚʘʞʝʥʥʷ 16.1. ɺ ʫʤʦʚʘʭ 1), 2) j  ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʙʫʜʴ-ʷʢʝ ʟʥʘʯʝʥʥʷ 

ʚʽʜ 1 ʜʦ n  ʷʢ ʦʢʨʝʤʦ, ʪʘʢ ʽ ʧʦ ʛʨʫʧʽ ʢʦʦʨʜʠʥʘʪ. 

ɿʘʫʚʘʞʝʥʥʷ 16.2. ʋ ʚʠʧʘʜʢʫ ʦʧʫʢʣʦʾ ʜʦʛʦʨʠ ʬʫʥʢʮʽʾ W X  ʜʣʷ ʙʫʜʴ-

ʷʢʦʛʦ 
nX  ʦʪʨʠʤʘʻʤʦ ʜʦʩʪʘʪʥʶ ʫʤʦʚʫ ʽʩʥʫʚʘʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ 

ʧʨʠ 0X  ʫ ʪʦʤʫ ʞ ʩʘʤʦʤʫ ʚʠʛʣʷʜʽ, ʷʢʠʡ ʙʫʣʦ ʟʘʧʠʩʘʥʦ ʚʠʱʝ ʫ ʧʫʥʢʪʘʭ 1) 

ʪʘ 2). 

ɿʘʫʚʘʞʝʥʥʷ16.3. ɺʠʟʥʘʯʝʥʥʷ ʦʧʫʢʣʦʩʪʽ ʬʫʥʢʮʽʾ ʛʨʘʬʽʯʥʦ ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩ. 16.2. ɼʣʷ ʚʝʢʪʦʨʥʦʛʦ ʘʨʛʫʤʝʥʪʘ ʚʚʘʞʘʻʤʦ ʬʫʥʢʮʽʶ ʦʧʫʢʣʦʶ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦʛʦʨʠ  

1 1 2 1 21 1f XX X f Xf , 

2 1 2 1 21 1f XX X f Xf , 

ʜʝ ‗ ï ʩʢʘʣʷʨ. 

 

0 1 2 1 21 1f x x f x f x ï ʧʨʷʤʘ; 

1 1 2 1 21 1f x x f x f x ï ʦʧʫʢʣʘ ʜʦʛʦʨʠ; 

2 1 2 1 21 1f x x f x f x ï ʦʧʫʢʣʘ ʜʦʥʠʟʫ 

ʈʠʩ. 16.2. ɺʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʦʧʫʢʣʦʩʪʽ ʜʚʦʚʠʤʽʨʥʦʾ ʬʫʥʢʮʽʾ 

 

 

 

 

 



186 

ʇʨʠʢʣʘʜ 16.1. ʈʦʟʚôʷʟʘʪʠ ʛʨʘʬʽʯʥʦ ʟʘʜʘʯʠ: 

1) 
1,2

2 2

1 2 1 2
0

1 2

1 2

ă 2 5 j^u jfk

/ 18ăăăăăăăăăă

5
2 20,

2

;
x

W x x x x

x x

x x

 

2) 

1,2

2 2
1 2 1 1 2

0

1

2

1 2

1 2

ă / j^u jfk

10;

9;

3 15
;

2 2
3)ăăăăăă

;
x

W x x x x x

x

x

x x

x x

      

3) 

1,2

2
1 2 2 1 1 0

1 2
2 2
1 2

2

ă 1 j^u

3ă8

49;

;

6.

x
W x x x x x

x x

x x

x

 

ʈʠʰʝʥʥʷ 

Ǐ ɻʨʘʬʽʯʥʽ ʨʦʟʚôʷʟʢʠ ʟʘʜʘʯ 1-3 ʧʦʜʘʥʽ ʥʘ ʨʠʩ. 16.3ï16.5: 

ɿʘʜʘʯʘ 1. 

 

ʈʠʩ. 16.3. ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ 1  
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ɿʘʜʘʯʘ 2. 

 

ʈʠʩ. 16.4. ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʚôʷʟʘʥʥʷ  ʟʘʜʘʯʽ 2 

ɿʘʜʘʯʘ 3. 

 

ʈʠʩ. 16.5. ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʚôʷʟʘʥʥʷ  ʟʘʜʘʯʽ 3 

ƴ 

ʇʨʠʢʣʘʜ 16.2. ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʘ ʢʦʤʧʘʥʽʷ ʥʘʜʘʻ ʢʦʨʠʩʪʫʚʘʯʘʤ 

ʧʦʩʣʫʛʠ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ ( 1)i  ʪʘ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʜʦʩʪʫʧʫ ʜʦ 

ʽʥʪʝʨʥʝʪʫ ( 2).i  

ὼ 
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ɿʥʠʞʢʘ ʚʠʪʨʘʪ ʥʘ ʦʜʠʥʠʮʶ ʧʦʩʣʫʛʠ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

i i ilV x
, 

ʜʝ  

- ix ï ʦʙôʻʤ ʧʦʩʣʫʛʠ i -ʛʦ ʚʠʜʫ (ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʘʥʦʾ ʧʦʩʣʫʛʠ); 

- iV ï ʚʠʪʨʘʪʠ ʬʽʨʤʠ ʥʘ ʨʝʘʣʽʟʘʮʽʶ i -ʛʦ ʚʠʜʫ ʧʦʩʣʫʛʠ ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ 

ʩʫʤʘʨʥʽʡ ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʦʙʦʭ ʧʦʩʣʫʛ; 

- il ï ʢʦʝʬʽʮʽʻʥʪʠ ʟʥʠʞʦʢ ʧʠʪʦʤʠʭ ʚʠʪʨʘʪ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʢʽʣʴʢʦʩʪʽ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʅʝʦʙʭʽʜʥʦ ʟôʷʩʫʚʘʪʠ ʦʙó̒ ʤ ʧʦʩʣʫʛ ʢʦʞʥʦʛʦ ʚʠʜʫ, ʧʨʠ ʷʢʦʤʫ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʽʥʽʤʽʟʘʮʽʷ ʩʫʤʘʨʥʠʭ ʚʠʪʨʘʪ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʥʘʩʪʫʧʥʠʭ 

ʦʙʤʝʞʝʥʴ: 

- ʤʽʥʽʤʘʣʴʥʘ ʩʫʤʘʨʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ: 40; 

- ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʨʝʩʫʨʩ ʜʚʦʭ ʚʠʜʽʚ ʧʦʩʣʫʛ ʩʢʣʘʜʘʻ ʚʽʜʧʦʚʽʜʥʦ: 

160 ʦʜʠʥʠʮʴ; 210 ʦʜʠʥʠʮʴ; 

- ʥʦʨʤʠ ʚʠʪʨʘʪ ʧʝʨʰʦʛʦ ʨʝʩʫʨʩʫ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʦʜʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ 

ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʚ`ʷʟʢʫ ʜʦʨʽʚʥʶʶʪʴ 2, ʘ ʢʦʨʠʩʪʫʚʘʯʘ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʜʦʩʪʫʧʫ 

ʜʦ ʽʥʪʝʨʥʝʪʫ -  2,67; 

- ʥʦʨʤʠ ʚʠʪʨʘʪ ʜʨʫʛʦʛʦ ʨʝʩʫʨʩʫ ʩʢʣʘʜʘʶʪʴ ʚʽʜʧʦʚʽʜʥʦ 3  ̔2 . 

ʅʝʦʙʭʽʜʥʦ ʧʦʙʫʜʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʟʘʜʘʯʽ, ʚʠʢʦʥʘʪʠ 

ʤʘʪʝʤʘʪʠʯʥʫ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʽ ʨʦʟʚó̫ ʟʘʪʠ  ʾ ʾ ʛʨʘʬʽʯʥʠʤ ʤʝʪʦʜʦʤ, ʷʢʱʦ: 

1 100V ʫ.ʦ., 2 140V ʫ.ʦ., 1 2 1l l ʫ.ʦ. ʥʘ ʦʜʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʈʠʰʝʥʥʷ 

Ǐ 1. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ: 

1 2 1 1 2 2

1 2

1 2

1 2

1,2

)ă .-- .1-

40;

2 2.67 160;

3 2 210;

0

;

.

W x x x x x x

x x

x x

x x

x
 

2. ʄʘʪʝʤʘʪʠʯʥʘ ʧʦʩʪʘʥʦʚʢʘ: 

1,2
1 2% )ă & jfk

Gx
W x x , 
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2 2 2 2
1 250 70 50 70x x W  

ʜʝ ʆɼʈ G ʟʘʜʘʻʪʴʩʷ  ʦʙʤʝʞʝʥʥʷʤʠ-ʥʝʨʽʚʥʦʩʪʷʤʠ: 

2 1

1
2

2 1

1,2

1-8ăăăăăă

160 2
8ăăăăăă

2,67
3

105;
2

0.

x x

x
x

x x

x
 

3. ɻʨʘʬʽʯʥʠʡ ʨʦʟʚôʷʟʦʢ(ʜʠʚ. ʨʠʩ. 16.6). 

 

ʈʠʩ. 16.6. ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʦʙʫʜʦʚʠ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ 

ʗʢ ʙʘʯʠʤʦ  

2 2 2 2 2
1 250 70 50 70 ,x x W R

 

ʪʦʙʪʦ ʛʨʘʬʽʯʥʠʤ ʦʙʨʘʟʦʤ ʚʠʨʘʟʫ, ʷʢʠʡ ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ʧʦʢʘʟʥʠʢʦʤ 

ʝʬʝʢʪʠʚʥʦʩʪʽ W, ʻ  ʢʦʣʦ ʨʘʜʽʫʩʫ 2 2 250 70 .R W  

ʏʠʤ ʤʝʥʴʰʝ W, ʪʠʤ ʙʽʣʴʰʝ R. ʅʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ R ʜʦʩʷʛʘʻʪʴʩʷ  ʫ 

ʪʦʯʮʽ  

ὼ χπ
ὼ π  

Ȣ 
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ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ? 

2. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʤʘʪʝʤʘʪʠʯʥʫ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʥʝʚʽʜôʻʤʥʦʩʪʽ ʟʤʽʥʥʠʭ. 

3. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʥʝʦʙʭʽʜʥ ̔ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʤʘʢʩʠʤʫʤʫ ʟʘʜʘʯʽ 

ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

4. ʇʦʷʩʥʽʪʴ ʩʫʪʴ ʧʦʥʷʪʪʷ ç ʣʦʢʘʣʴʥʠʡ ʤʘʢʩʠʤʫʤè. 

5. ʅʘʟʚʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʥʝʦʙʭʽʜʥʽ ʚʠʤʦʛʠ ʽʩʥʫʚʘʥʥʷ ʣʦʢʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ 

ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

6. ʇʦʷʩʥʽʪʴ ʩʫʪʴ ʧʦʥʷʪʪʷ çʛʣʦʙʘʣʴʥʠʡ ʤʘʢʩʠʤʫʤè. 

7. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʜʦʩʪʘʪʥʽ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ 

ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 
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ɻʣʘʚʘ 17. ɿʘʜʘʯʽ ʦʧʫʢʣʦʛʦ ʪʘ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

17.1. ʋʤʦʚʠ ʪʘ ʪʝʦʨʝʤʘ ʂʫʥʘ-ʊʘʢʢʝʨʘ  

ɿʘʜʘʯʘ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʫ ʥʝʢʣʘʩʠʯʥʽʡ ʧʦʩʪʘʥʦʚʮʽ, ʪʦʙʪʦ ʫ 

ʧʦʩʪʘʥʦʚʮʽ, ʢʦʣʠ ʚ ʷʢʦʩʪʽ ʫʤʦʚ-ʦʙʤʝʞʝʥʴ ʫ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʙʤʝʞʝʥʥʷ-ʥʝʨʽʚʥʦʩʪʽ, ʬʦʨʤʫʣʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 ( 1,0 ),
( ) max

( 1, )

;

)ăăăăăăă
i i nx

j j

W X

g X b j m
 (17.1) 

ʜʝ 1,[ , ]T
nX x x . 

ɺ ʷʢʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʛʣʷʜʘʶʪʴ ʦʧʫʢʣʫ ʜʦʛʦʨʠ ʬʫʥʢʮʽʶ 

ʜʣʷ ʚʩʽʭ 0 1,ix i n . ʇʦʙʫʜʫʻʤʦ ʬʫʥʢʮʽʶ ʃʘʛʨʘʥʞʘ: 

 
0, 1,

0, 1,

)ă j^u
i

j

T

x i n

j m

L X W X B G X , (17.2) 

ʜʝ 1 , ,T
mG X g X g X , 1 ,,T

mB b b , 1X )ă ă) ZT
m . 

ʅʘʤ ʚʜʘʣʦʩʷ ʧʨʠʚʝʩʪʠ ʥʝʢʣʘʩʠʯʥʫ ʟʘʜʘʯʫ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʜʦ ʥʘʡʧʨʦʩʪʽʰʦʾ ʥʝʢʣʘʩʠʯʥʦʾ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʪʦʙʪʦ ʟʘʜʘʯʽ 

ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʚ ʷʢʽʡ ʥʘ ʟʤʽʥʥʽ ʥʘʢʣʘʜʝʥʘ ʣʠʰʝ ʦʜʥʘ ʫʤʦʚʘ - 

ʫʤʦʚʘ ʾʭ ʥʝʚʽʜ`ʻʤʥʦʩʪʽ. 

ʉʢʦʨʠʩʪʘʻʤʦʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʘʨʘʛʨʘʬʫ 16.1: 

£ £

£

£

)ă
0;

£ 0;

£ 0;

)ă
£ 0;

£ 0;

££ -)ă

T

X X X X

T

X X

T

T

L X W X G X

X X X

X

W X G X
X

X X

L X
B G X

B G X
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ʜʝ 

1

1 1

1

.

n

T

n

n n

g g

x xG X

X
g g

x x

 

ɿʘʧʠʩʘʥʽ ʫʤʦʚʠ ʥʦʩʷʪʴ ʥʘʟʚʫ ʫʤʦʚ ʂʫʥʘ-ʊʘʢʢʝʨʘ ʽ ʻ ʥʝʦʙʭʽʜʥʠʤʠ ʽ 

ʜʦʩʪʘʪʥʽʤʠ ʫʤʦʚʘʤʠ ʽʩʥʫʚʘʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽʟ ʦʧʫʢʣʠʤ ʜʦʛʦʨʠ ʧʦʢʘʟʥʠʢʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʫʤʦʚʽ 

ʚʠʢʦʥʘʥʥʷ ʦʙʤʝʞʝʥ,ɹ ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʦʧʫʢʣʫ ʤʥʦʞʠʥʫ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚôʷʟʢʽʚ. 

ɿʘʜʘʯʽ ʪʘʢʦʛʦ ʪʠʧʫ ʩʢʣʘʜʘʶʪʴ ʩʧʝʮʽʘʣʴʥʠʡ ʨʦʟʜʽʣ ʟʘʜʘʯ ʥʝʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ ʦʧʫʢʣʠʤ ʧʨʦʛʨʘʤʫʚʘʥʥʷʤ. 

ɺʘʞʣʠʚʘ ʚʣʘʩʪʠʚʽʩʪʴ ʬʫʥʢʮʽʾ ʃʘʛʨʘʥʞʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ: 

 £ ££ £% )ă & % )ă & % )ă &L X L X L X . (17.3) 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʪʦʯʢʘ ££% )ă &X  ʻ ʩʽʜʣʦʚʦʶ ʪʦʯʢʦʶ ʬʫʥʢʮʽʾ ʃʘʛʨʘʥʞʘ(ʜʠʚ. 

ʨʠʩ.17.1). 

 

ʈʠʩ. 17.1. ɼʚʦʚʠʤʽʨʥʘ ʬʫʥʢʮʽ ̫ʃʘʛʨʘʥʞʘ ʽʟ ʩʽʜʣʦʚʦ ʁʪʦʯʢʦ  ʁ

ʊʦʤʫ ʫʤʦʚʫ ʂʫʥʘ-ʊʘʢʢʝʨʘ ʤʦʞʣʠʚʦ ʧʝʨʝʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ ʜʚʦʾʩʪʠʭ 

ʟʘʜʘʯ: 

 
0 0

£)ă j^u % )ă & jfk;

0,

X
L X L X

L  (17.4) 

ʪʘ 
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0 0

)ă jfk % )ă & j^u

0.

£ ;
X

L X L X

L

X

 (17.5)  

ɺʧʝʨʰʝ ʚʣʘʩʪʠʚʽʩʪʴ ʦʧʪʠʤʘʣʴʥʦʾ ʪʦʯʢʠ ££% )ă &X  ʷʢ ʩʽʜʣʦʚʦʾ ʪʦʯʢʠ ʬʫʥʢʮʽʾ 

ʃʘʛʨʘʥʞʘ ʚ ʟʘʜʘʯʘʭ ʦʧʫʢʣʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʙʫʣʦ ʜʦʚʝʜʝʥʦ ʂʫʥʦʤ ʽ 

ʊʘʢʢʝʨʦʤ ʽ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʫ ʬʦʨʤʽ ʪʝʦʨʝʤʠ, ʷʢʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʦʪʨʠʤʘʣʘ 

ʥʘʟʚʫ ʪʝʦʨʝʤʠ ʂʫʥʘ-ʊʘʢʢʝʨʘ. 

ʊʝʦʨʝʤʘ 17.1. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚ ʟʘʜʘʯʽ ʦʧʫʢʣʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʝʷʢʠʡ 

ʧʣʘʥ £X  ʙʫʚ ʪʦʯʢʦʶ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ ʥʝʦʙʭʽʜʥʦ ʽ ʜʦʩʪʘʪʥʴʦ ʽʩʥʫʚʘʥʥʷ 

ʚʝʢʪʦʨʘ ʤʥʦʞʥʠʢʽʚ ʃʘʛʨʘʥʞʘ ʪʘʢʠʭ, ʱʦ ʪʦʯʢʘ ££% )ă &X  ʙʫʜʝ ʩʽʜʣʦʚʦʶ ʪʦʯʢʦʶ 

ʬʫʥʢʮʽʾ ʃʘʛʨʘʥʞʘ: 

)ă % % &&TL X W X B G X
. 

ɿʘʫʚʘʞʝʥʥʷ 17.1. ʋʤʦʚʠ ʂʫʥʘ-ʊʘʢʢʝʨʘ ʱʝ ʟʘʧʠʩʫʶʪʴ ʫ ʙʽʣʴʰ 

ʜʝʪʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ: 

£ £

£ -ăăă ăăă -)T
j

j jX X X X

W G
x

x x
 

££

-ăă ăă£ 0,T
j

j j XX X X

x
W G

x x
 

ʘʙʦ

£ £

£ £-ăă ăăă -ă -)

X

T
j j

j jX X X

W G
x x

x x
 

ʘʙʦ

£

£

£

£

£ - Å -

ăăă

Å -

X X

T
j

j jX X

T

j jX X X X

W G
x

x x

W G

x x

 

ʽ ʜʘʣʽ, ʚʽʜʥʦʩʥʦ ʟʤʽʥʥʦʾ i : 

-ăăă ăăă£ ,i i ig bX  ăăă£ăă )£ ă -i i ig X b  
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£ £0i i ig bX  ʘʙʦ £ ,i ig X b  

£ă - -i ig X  ʘʙʦ .ă ,ă 10i i m  

ʋʤʦʚʠ ʂʫʥʘ-ʊʘʢʢʝʨʘ, ʟʘʧʠʩʘʥʽ ʫ ʜʝʪʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ, ʥʘʟʠʚʘʶʪʴ 

ʫʤʦʚʘʤʠ ʜʦʧʦʚʥʶʚʘʣʴʥʦʾ ʥʝʞʦʨʩʪʢʦʩʪʽ. 

17.2. ʂʚʘʜʨʘʪʠʯʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʉʧʝʮʽʘʣʴʥʠʤ ʢʣʘʩʦʤ ʟʘʜʘʯ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʻ ʪʘʢ ʟʚʘʥʽ ʟʘʜʘʯʽ 

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʫ ʷʢʠʭ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʣʽʥʽʡʥʦʾ ʪʘ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʫʥʢʮʽʡ, ʽ ʧʨʠ ʮʴʦʤʫ ʚʩʽ ʦʙʤʝʞʝʥʥʷ-ʥʝʨʽʚʥʦʩʪʽ ï 

ʣʽʥʽʡʥʽ. 

 0

1
max

2
,

;T

X
W X G X X D X

AX B
 (17.6) 

ʜʝ Dï ʜʽʡʩʥʘ ʩʠʤʝʪʨʠʯʥʘ ʚʽʜôʻʤʥʦ-ʚʠʟʥʘʯʝʥʘ ʤʘʪʨʠʮʷ (ʪʦʙʪʦ D  ʩʢʣʘʜʘʻʪʴʩʷ 

ʽʟ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ, ʧʨʠ ʷʢʠʭ -ăă -\T n
nX D X X ). 

ʃʽʥʽʡʥʽ ʦʙʤʝʞʝʥʥʷ-ʥʝʨʽʚʥʦʩʪʽ ʫʪʚʦʨʶʶʪʴ ʦʧʫʢʣʫ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʠʭ 

ʨʦʟʚóʷʟʢʽʚ. ʇʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʩʫʤʠ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ 

1 1

-ăă ă \ {0 }
j

n n
T n

k n j n
k j

X D X x x X R

 

ʪʘ ʣʽʥʽʡʥʦʾ ʬʦʨʤʠ: 

1

Å
n

j j
j

C X c x

 

ʽ ʻ ʦʧʫʢʣʦʶ ʜʦ ʛʦʨʠ ʬʫʥʢʮʽʻʶ. 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ  

ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʤʝʪʦʜʠ ʪʘ ʪʝʦʨʝʤʠ ʦʧʫʢʣʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ 

ʪʝʦʨʝʤʫ ʪʘ ʫʤʦʚʠ ʂʫʥʘ-ʊʘʢʢʝʨʘ. ʌʫʥʢʮʽʷ ʃʘʛʨʘʥʞʘ ʜʣʷ ʟʘʜʘʯʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʘʻ ʚʠʛʣʷʜ: 

 
1

)ă )
2

T TL X GX X DX B AX  (17.7) 

ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʫʤʦʚʠ ʂʫʥʘ-ʊʘʢʝʨʘ: 
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££,

££,

££,

££,

)ă
££ £ 0;

£ 0;

)ă
£ 0;

)ă
££ 0;

)ă
£ £ 0;

£ 0.

T

T T

X X

X X

T

X X

T T

X X

L X
X C DX A X

X

X

L X
B AX

L X
C DX A

X

L X
B AX

 

ʈʦʟʛʣʷʥʝʤʦ ʤʦʜʠʬʽʢʘʮʽʶ ʱʦʜʦ ʬʦʨʤʫʣʶʚʘʥʥʷ ʫʤʦʚ ʂʫʥʘ-ʊʘʢʢʝʨʘ. 

ɺʚʝʜʝʤʦ ʚʝʢʪʦʨʠ 

1)ă ) -T
nV v v , 

1% )ă ă) & -T
m , 

ʢʦʤʧʦʥʝʥʪʠ ʷʢʠʭ ʦʙʠʨʘʶʪʴʩʷ, ʚʠʭʦʜʷʯʠ ʽʟ ʫʤʦʚ: 

 

1) ̫ ʢʱʦ 0
j

L

x
, ʪʦ 0jv , 

2) ̫ ʢʱʦ 0
j

L

x
, ʪʦ 0jv ; 

3) ̫ ʢʱʦ 0
i

L
, ʪʦ 0i , 

4) ̫ ʢʱʦ 0
i

L
, ʪʦ 0i  1, ; 1, .j n i m  

ʊʦʜʽ ʫʤʦʚʠ ʂʫʥʘ-ʊʘʢʢʝʨʘ ʤʦʞʣʠʚʦ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 
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£Å -)
£ 0,

££ 0,

0,
£ 0 ,
£ă - )

0 ,

0 .

T

T T

T

n

m

n

m

V X

B AX

C DX A V

X

V

 

(17.8) 

 

ʊʝʦʨʝʤʘ 17.2. ʅʝʦʙʭʽʜʥʘ ʪʘ ʜʦʩʪʘʪʥʷ ʫʤʦʚʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ 

ʟʘʜʘʯʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ɺʝʢʪʦʨ £X  ʻ ʨʦʟʚôʷʟʢʦʤ ʟʘʜʘʯʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʦʜʽ ʽ 

ʣʠʰʝ ʪʦʜʽ, ʢʦʣʠ ʽʩʥʫʶʪʴ ʪʘʢʽ ʚʝʢʪʦʨʠ: 

¶ m -ʚʠʤʽʨʥʠʡ ʚʝʢʪʦʨ 
£ 0 ʪʘ 0 , 

¶ n -ʚʠʤʽʨʥʠʡ ʚʝʢʪʦʨ 0V , 

ʧʨʠ ʷʢʠʭ ʚʠʢʦʥʫʶʪʴʩʷ ʚʠʱʝʟʘʟʥʘʯʝʥʽ ʣʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ: 

£ -8ăăăăăăăăăăăăăăă

££ 0T T

B AX

C DX A V
 

ʪʘ ʥʝʣʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ: 

£ 0;

0,

T

T

V X

 

ʱʦ ʥʦʩʷʪʴ ʥʘʟʚʫ ʫʤʦʚʠ ʜʦʧʦʚʥʶʶʯʦʾ ʥʝʞʦʨʩʪʢʦʩʪʽ. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ (17.8) ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ 

ʤʝʪʦʜʠ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʩʠʤʧʣʝʢʩ-

ʤʝʪʦʜ. 

ʉʝʨʝʜ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʤ ʻ ʤʝʪʦʜ ʌʨʘʥʢʘ-ɺʫʣʴʬʘ.  

ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʦʰʫʢʫ ʨʦʟʚôʷʟʢʽʚ ʟʘʜʘʯʽ 

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʨʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʷʢ ʦʜʥʦʝʪʘʧʥʫ ʧʨʦʮʝʜʫʨʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʚ ʥʘʩʪʫʧʥʽʡ 

ʧʦʩʪʘʥʦʚʮʽ: 
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2 21 1 1 1
, min

2 2 2 2
-)ăă

;
m

T T

R Q U R
W X U U RU X QX U X

AX BU C
 (17.9) 

ʜʝ 

 Aï ʥʝʚʠʨʦʜʞʝʥʘ ʤʘʪʨʠʮʷ n n , 

 Bï ʤʘʪʨʠʮʷ ʨʦʟʤʽʨʫ n m ; 

 
nX E ï n-ʚʠʤʽʨʥʠʡ ʝʚʢʣʽʜʽʚ ʧʨʦʩʪʽʨ, 

 
nC E , 

 1- X-)ă )- ZT
n n , 

 )ăR Qï ʩʠʤʝʪʨʠʯʥʽ ʜʦʜʘʪʥʴʦ-ʚʠʟʥʘʯʝʥʽ ʤʘʪʨʠʮʽ ʨʦʟʤʽʨʫ ʚʽʜʧʦʚʽʜʥʦ 

ăm m , n n . 

ʌʫʥʢʮʽʷ ʃʘʛʨʘʥʞʘ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 

 
1 1

, , ( )
2 2

T T TL X U U RU X QX AX BU C . (17.10) 

ɼʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ: 

££ £, ,

££ £, ,

£

£

£ 0;

£ 0;

£ £ 0.

T

X X U U

T

X X U U

L
QX A

X

L
RU B

U

AX BU C

 

ɯʟ ʧʝʨʰʠʭ ʜʚʦʭ ʨʽʚʥʷʥʴ ʟʥʘʭʦʜʠʤʦ: 

1£ TX Q A , 

1£ TU R B  

ʪʘ ʧʽʜʩʪʘʚʣʷʻʤʦ ʫ ʪʨʝʪʻ ʨʽʚʥʷʥʥʷ (ʟʘʣʝʞʘʪʠʤʝ ʣʠʰʝ ʚʽʜ : 

1
1 1 1 1£ £ £-ă ăT T T TAQ A BR B C AQ A BR B C

 

ʇ̔ ʜʩʪʘʚʠʤʦ 
£

 ʫ ʚʠʨʘʟʠ ʜʣʷ £X  ʽ £U : 

1
1 1 1£ T T TX Q A AQ A BR B C , 
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1
1 1 1£ T T TR B AQ AU BR B C . 

ɼʦʩʪʘʪʥʷ ʫʤʦʚʘ ʪʦʛʦ, ʱʦ ʚ ʪʦʯʮʽ £ £)ăX U  ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦʩʷʛʘʻ 

ʤʽʥʽʤʫʤʫ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʨʫʛʘ ʚʘʨʽʘʮʽʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʙʣʠʟʫ 

ʮʽʻʾ ʪʦʯʢʠ ʙʽʣʴʰʘ 0: 

2
£

£

)ă -X X

U U

W X U

, 

ʜʝ 

2
£

£

0 01
)ă ) ăăăă ăăăăă

0 02!
T T

X X

U U

Q X X
W X U X U

R U U
ʧʨʠ

. 

ɺʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, ʱʦ: 

1

0.

-ăăăăăăăăăăăăăăăăăăăăăăăăăă ăăăăă U > ? R)

-ăăăăăăăăăăăăăăăăăăăăăăăă

A X B U

X

U
 

ʦʪʨʠʤʘʻʤʦ: 

2 1 1
£

1

£

1 1
)ă

2! 2

1
0.

2

T
T

X

U

X

U

T T T

W X U U R U A B U Q A B U

U R B A Q A B U
 

ʊʦʙʪʦ, ʤʘʪʨʠʮʷ ʚ ʜʫʞʢʘʭ ʧʦʚʠʥʥʘ ʟʘʜʦʚʦʣʴʥʷʪʠ ʦʟʥʘʮʽ ʜʦʜʘʪʥʴʦʾ 

ʚʠʟʥʘʯʝʥʦʩʪʽ. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ ʥʝʢʣʘʩʠʯʥʽʡ 

ʧʦʩʪʘʥʦʚʮʽ? 

2. ʇʦʷʩʥʽʪʴ ʧʨʦʮʝʜʫʨʫ ʟʚʝʜʝʥʥʷ ʥʝʢʣʘʩʠʯʥʦʾ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʦ ʥʘʡʧʨʦʩʪʽʰʦʾ ʥʝʢʣʘʩʠʯʥʦʾ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

3. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʥʝʦʙʭʽʜʥʽ ʽ ʜʦʩʪʘʪʥʽ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ 

ʤʘʢʩʠʤʫʤʫ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

4. ʈʦʟʢʨʠʡʪʝ ʩʫʪʴ ʧʦʥʷʪʪʷ çʩʽʜʣʦʚʘ ʪʦʯʢʘ ʬʫʥʢʮʽʾ ʃʘʛʨʘʥʞʘè. 
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5. ʉʬʦʨʤʫʣʶʡʪʝ ʪʝʦʨʝʤʫ ʂʫʥʘïʊʘʢʢʝʨʘ ʪʘ ʥʘʚʝʜʽʪʴ ʧʨʠʢʣʘʜʠ ʾʾ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. 

6. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʫʤʦʚʠ ʜʦʧʦʚʥʶʚʘʣʴʥʦʾ ʥʝʞʦʨʩʪʢʦʩʪʽ ʂʫʥʘï

ʊʘʢʢʝʨʘ. 

7. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʟʘʜʘʯʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ? 

8. ʗʢʽ ʤʝʪʦʜʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ? 

9.  ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʥʝʦʙʭʽʜʥʽ ʪʘ ʜʦʩʪʘʪʥʽ ʫʤʦʚʠ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 
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ɻʣʘʚʘ 18. ʆʛʣʷʜ ʦʩʥʦʚʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʧʦʙʫʜʦʚʠ ʯʠʩʣʦʚʠʭ 

ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

18.1. ʄʦʜʝʣʴʥʦ-ʪʝʩʪʦʚʠʡ ʧʨʠʢʣʘʜ 

ɺ ʷʢʦʩʪʽ ʤʦʜʝʣʴʥʦ-ʪʝʩʪʦʚʦʛʦ ʧʨʠʢʣʘʜʫ, ʷʢʠʡ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʟʤʽʩʪʫ ʧʨʠʡʦʤʽʚ ʪʘ ʩʧʦʩʦʙʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʟʤʽʩʪ ʙʽʣʴʰʦʩʪʽ 

ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʨʦʟʛʣʷʥʝʤʦ 

ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʛʣʷʜʫ: 

 
1

2

2 2
1 2 [ 3;3]

[ 3;3]

ă) jfkx a
a

x b
b

W x x a ab b  (18.1) 

ɺʠʢʦʨʠʩʪʘʻʤʦ ʥʝʦʙʭʽʜʥʽ ʽ ʜʦʩʪʘʪʥʽ ʫʤʦʚʠ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʫ ʬʫʥʢʮʽʾ 

ʜʚʦʭ ʟʤʽʥʥʠʭ ʽ ʟʥʘʡʜʝʤʦ ʧʨʠ ʷʢʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʽʚ aʪʘ b  ʧʦʢʘʟʥʠʢ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦʩʷʛʘʻ ʤʽʥʽʤʫʤʫ: 

1) ʥʝʦʙʭʽʜʥʘ ʫʤʦʚʘ: 

 

,
0, £ 0,2 0,
ăăă ăăă ă

2 0, 0.,
0,

£

W a b
aa ba

b aW a b

b

b
 (18.2) 

2) ʜʦʩʪʘʪʥʷ ʫʤʦʚʘ ʽʩʥʫʚʘʥʥʷ ʤʽʥʽʤʫʤʫ ʚ ʪʦʯʮʽ 0;0 : ʤʘʪʨʠʮʷ ɻʝʩʩʝ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦʜʘʪʥʦ-ʚʠʟʥʘʯʝʥʦʶ: 

 

2 2

2 11 12
2 2

21 22
2

2 1
0

1 2

W W
q qa ba
q qW W

a b b

, (18.3) 

1 11 2 0q , 

2 2 2 1 1 3 0, ʜʝ 
1,2

 ʚʠʟʥʘʯʥʠʢʠ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ 

ʛʦʣʦʚʥʽʡ ʜʽʘʛʦʥʘʣʽ ʤʘʪʨʠʮʽ ɻʝʩʩʝ. 

ɺʠʩʥʦʚʦʢ: 

1) ʇʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʤʘʪʨʠʮʷ ɻʝʩʩʝ ʜʦʜʘʪʥʦ-ʚʠʟʥʘʯʝʥʘ. 

2) ʇʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦʩʷʛʘʻ ʤʽʥʽʤʫʤʫ ʽ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦʨʽʚʥʶʻ π: 
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£ 0,

0,£
a

b
   £ ££, 0.W a b  

18.2. ʄʝʪʦʜ ʩʢʘʥʫʚʘʥʥʷ (ʤʝʪʦʜ ʧʦʚʥʦʛʦ ʧʝʨʝʙʠʨʘʥʥʷ) 

ɿʘʟʚʠʯʘʡ ʮʝʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʙʦʨʫ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʜʣʷ 

ʨʦʙʦʪʠ ʯʠʩʣʦʚʦʛʦ ʘʣʛʦʨʠʪʤʫ ʘʙʦ ʚ ʟʘʜʘʯʘʭ ʮʽʣʦʯʠʩʣʦʚʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʣʷ 

ʫʪʦʯʥʝʥʥʷ ʮʽʣʦʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ ʟʤʽʥʥʠʭ, ʟʘ ʷʢʠʤʠ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʟʘʜʘʯʘ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʙʽʣʷ ʝʢʩʪʨʝʤʫʤʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʷʢʠʡ ʙʫʣʦ ʟʥʘʡʜʝʥʦ 

ʚ ʫʤʦʚʘʭ ʧʦʩʣʘʙʣʝʥʦʾ ʮʽʣʦʯʠʩʣʦʚʦʾ ʟʘʜʘʯʽ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʩʢʘʥʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʪʘʢʽ ʜʽʾ: 

1) ʟʘʜʘʪʠ ʢʨʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʤʽʥʥʠʭ, ʟʘ ʷʢʠʤʠ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʰʫʢ 

ʝʢʩʪʨʝʤʫʤʫ; 

2) ʧʦʙʫʜʫʚʘʪʠ ʦʙʣʘʩʪʴ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʤʽʥʥʠʭ, ʟʘ ʷʢʠʤʠ ʚʠʢʦʥʫʻʪʴʩʷ 

ʧʦʰʫʢ ʝʢʩʪʨʝʤʫʤʫ. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʥʝ ʧʨʦʧʫʩʪʠʪʠ ʞʦʜʥʦʾ ʪʦʯʢʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ 

ʩʧʦʩʦʙʠ ʾʭ ʦʙʭʦʜʫ (ʩʧʦʩʦʙʠ ʩʢʘʥʫʚʘʥʥʷ ʚʫʟʣʽʚ). ʅʘʧʨʠʢʣʘʜ, ʥʘ ʨʠʩ.18.1 

ʧʦʢʘʟʘʥʦ ʨʷʜʢʦʚʠʡ ʪʘ ʩʧʽʨʘʣʴʥʠʡ (ʩʽʨʠʡ ʢʦʣʽʨ) ʩʧʦʩʦʙʠ ʩʢʘʥʫʚʘʥʥʷ. 

 

ʈʠʩ. 18.1. ʇʨʠʢʣʘʜ ʧʦʙʫʜʦʚʠ ʦʙʣʘʩʪʽ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʥʘʯʝʥʴ ʟʤʽʥʥʠʭ, ʟʘ ʷʢʠʤʠ ʚʠʢʦʥʫʻʪʴʩʷ 

ʦʧʪʠʤʽʟʘʮʽʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 2 2 jfk ) ă 080W a ab b a b  

 ʟ ʚʠʙʦʨʦʤ ʢʨʦʢʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ .)ă .a b  

18.3. ʄʝʪʦʜ ɻʘʫʩʩʘ ï ɿʝʡʜʝʣʷ (ʤʝʪʦʜ ʧʦʢʦʦʨʜʠʥʘʪʥʦʛʦ ʩʧʫʩʢʫ) 

ʗʢʱʦ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ W  ʟʘʣʝʞʠʪʴ ʚʽʜ m  ʟʤʽʥʥʠʭ, ʪʦ ʚ ʮʴʦʤʫ 

ʤʝʪʦʜʽ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ(ʮʠʢʣʽ) ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʣʠʰʝ ʦʜʥʘ ʟʤʽʥʥʘ ʚʧʣʠʚʘʻ ʥʘ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʘ ʽʥʰʽ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ (ʩʪʘʣʠʤʠ). ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʙʫʜʝ 

 

b 

1 2  ͊-1 -2 -3 
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2 

3 
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-2 

-1 

˽ͦ;͊ͭͦ͟ 
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˴͔ͤ͜ͼΈ 

˴͔ͤ͜ͼΈ 
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ʟʥʘʡʜʝʥʦ ʝʢʩʪʨʝʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʚʠʜʽʣʝʥʦʶ 

ʟʤʽʥʥʦʶ, ʮʶ ʟʤʽʥʥʫ ʚʚʘʞʘʶʪʴ ʩʪʘʣʦʶ ʽʟ ʟʥʘʯʝʥʥʷʤ, ʷʢʝ ʙʫʣʦ ʟʥʘʡʜʝʥʦ ʧʨʠ 

ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʮʽʻʶ ʟʤʽʥʥʦʶ. 

ʇʦʢʦʦʨʜʠʥʘʪʥʠʡ ʧʦʰʫʢ ʝʢʩʪʨʝʤʫʤʫ ʧʨʠʧʠʥʷʻʪʴʩʷ ʟʘ ʚʽʜʧʦʚʽʜʥʦʶ ʫʤʦʚʦʶ, 

ʷʢʘ ʤʦʞʝ ʧʦʣʷʛʘʪʠ ʚ ʪʦʤʫ, ʱʦ ʧʨʠ ʧʦʚʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ʝʪʘʧʽʚ(ʮʠʢʣʽʚ) 

ʧʦʢʦʦʨʜʠʥʘʪʥʦʾ ʟʤʽʥʠ ʟʘ ʚʩʽʤʘ ʟʤʽʥʥʠʤʠ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʤʘʡʞʝ ʥʝ 

ʟʤʥ̔ʶʪ̒ʴʩʷ. 

ʋʤʦʚʠ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʤʽʥʽʤʫʤʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʯʠʩʣʦʚʦʾ 

ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ɻʘʫʩʩʘïɿʝʡʜʝʣʷ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ.18.2, ʜʝ r ï ʫʟʘʛʘʣʴʥʝʥʝ 

ʧʦʟʥʘʯʝʥʥʷ ʪʦʛʦ ʧʘʨʘʤʝʪʨʫ, ʚʽʜ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʷʢʠʡ 

ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ (ʮʠʢʣʽ) ʤʝʪʦʜʫ ʧʦʢʦʦʨʜʠʥʘʪʥʦʛʦ ʩʧʫʩʢʫ ʚʚʘʞʘʻʪʴʩʷ 

ʟʤʽʥʶʚʘʥʠʤ. 

 

 ʘ ʙ 

ʈʠʩ. 18.2. ʋʤʦʚʠ ʤʝʪʦʜʽʚ ʩʢʘʣʷʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ (ʪʦʙʪʦ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʫ ʬʫʥʢʮʽʾ ʦʜʥʽʻʾ 

ʟʤʽʥʥʦʾ):  ʘ) ʷʢʱʦ i+1 ir r  ʽ ʧʨʠ ʮʴʦʤʫ i+1 iW(r W(r ) , ʪʦ ʪʦʯʢʘ ʤʽʥʽʤʫʤʫ ʨʦʟʪʘʰʦʚʘʥʘ 

ʧʨʘʚʦʨʫʯ ʚʽʜ i+1r ; ʙ) ʷʢʱʦi+1 ir r   ʽ ʧʨʠ ʮʴʦʤʫ i+1 iW(r W(r ) , ʪʦ ʪʦʯʢʘ ʤʽʥʽʤʫʤʫ 

ʨʦʟʪʘʰʦʚʘʥʘ ʣʽʚʦʨʫʯ ʚʽʜ ir  

ɯʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʫ ʬʫʥʢʮʽʾ ʦʜʥʽʻʾ 

ʟʤʽʥʥʦʾ, ʥʘʧʨʠʢʣʘʜ: 

1) ʘʥʘʣʽʪʠʯʥʠʡ (ʢʣʘʩʠʯʥʠʡ) ʤʝʪʦʜ; 

2) ʛʨʫʧʠ ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ: 

ï ʤʝʪʦʜ ʜʽʣʝʥʥʷ ʚʽʜʨʽʟʢʽʚ ʥʘʚʧʽʣ; 

ï ʤʝʪʦʜ ʟʦʣʦʪʦʛʦ ʧʝʨʝʨʽʟʫ; 

ï ʩʠʤʝʪʨʠʯʥʽ ʤʝʪʦʜʠ; 

ï ʦʧʪʠʤʘʣʴʥʽ ʤʝʪʦʜʠ; 

ï ʤʝʪʦʜ ʣʘʤʘʥʠʭ; 
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ï ʤʝʪʦʜ ʧʦʢʨʠʪʪʽʚ; 

ï ʤʝʪʦʜ ʜʦʪʠʯʥʠʭ; 

ï ʤʝʪʦʜ ʧʘʨʘʙʦʣ ʪʦʱʦ. 

18.3.1. ʂʣʘʩʠʯʥʠʡ ʤʝʪʦʜ ʤʽʥʽʤʽʟʘʮʽʾ ʬʫʥʢʮʽʾ ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ ʫ ʨʘʟʽ 

ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʤʝʪʦʜʽ ɻʘʫʩʩʘïɿʝʡʜʝʣʷ 

ʇʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʻ ʚʠʛʣʷʜ: 

2 2 minW a ab b , 

ʪʦʙʪʦ ʚʚʘʞʘʻʪʴʩʷ ʚʽʜʦʤʦʶ ʟʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜ ʟʤʽʥʥʠʭ, ʟʘ 

ʷʢʠʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʧʪʠʤʽʟʘʮʽʷ. 

 

ɽʪʘʧ ɯ (ʨʠʩ. 18.3) 
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ʈʠʩ. 18.3. ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʢʣʘʩʠʯʥʦʛʦ ʤʝʪʦʜʫ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʫ ʬʫʥʢʮʽʾ ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ ʚ 

ʤʝʪʦʜʽ ɻʘʫʩʩʘïɿʝʡʜʝʣʷ 

ɽʪʘʧ ɯɯɯ  

2

2

0,75,
s^o)ă

b
a

 

23 3 9, ,
4 4 16

W a a a
 

3
3 32 0
4 8

dW a a
da

 
ʽ ʪ.ʜ. 

18.3.2. ʄʝʪʦʜ ʝʢʩʪʨʘʧʦʣʷʮʽʡʥʦʛʦ ʧʦʰʫʢʫ 

ʄʝʪʦʜ ʝʢʩʪʨʘʧʦʣʷʮʽʡʥʦʛʦ ʧʦʰʫʢʫ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʨʴʦʭ ʧʨʠʧʫʱʝʥʥʷʭ: 

1) ʟʘʟʜʘʣʝʛʽʜʴ ʚʽʜʦʤʝ ʙʘʞʘʥʝ ʟʥʘʯʝʥʥʷ (ʦʙʣʘʩʪʴ ʨʦʟʪʘʰʫʚʘʥʥʷ ʙʘʞʘʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ): 

ʙ 0 0[ ; ]i iW W W , 

ʜʝ 0W ï ʧʝʚʥʘ ʚʝʣʠʯʠʥʘ, ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʟʘʜʘʶʪʴ, ʙʘʟʫʶʯʠʩʴ ʥʘ ʜʦʩʚʽʜʽ 

ʨʦʟʚôʷʟʘʥʥʷ ʧʦʜʽʙʥʠʭ ʟʘʜʘʯ; iï ʜʦʧʫʩʪʠʤʘ ʧʦʭʠʙʢʘ ʦʙʯʠʩʣʝʥʥʷ(0i ); i  ï 

ʥʦʤʝʨ ʝʪʘʧʫ (ʮʠʢʣʫ). ɸʣʝ ʧʨʠ ʮʴʦʤʫ ʥʝʚʽʜʦʤʘ ʪʦʯʢʘ ʝʢʩʪʨʝʤʫʤʫ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʪʦʙʪʦ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ, ʟʘ ʷʢʠʭ ʜʦʩʷʛʘʻʪʴʩʷ 
ʙ

W ; 

2) ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʥʘʙʣʠʞʝʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʝ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʟʤʽʥʥʠʭ, ʟʘ ʷʢʠʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʰʫʢ ʝʢʩʪʨʝʤʫʤʫ; 
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3) ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʟʘʜʘʥʦʤʫ ʚʝʢʪʦʨʽ ʟʤʽʥʥʠʭ, ʟʘ 

ʷʢʠʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʧʪʠʤʽʟʘʮʽʷ, ʤʦʞʝ ʙʫʪʠ ʚʠʤʽʨʷʥʝ ʘʙʦ ʦʙʯʠʩʣʝʥʝ. 

ʇʨʠʢʣʘʜ 18.1. ʅʝʭʘʡ ʟʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜ ʟʤʽʥʥʦʛʦ 

ʥʘ ʜʘʥʦʤʫ ʮʠʢʣʽ ʧʘʨʘʤʝʪʨʘ ʻ ʣʽʥʽʡʥʦʶ: 

1 1

2 1 2 1
,

y y x x
y y x x

 

1 1ă )
i

ir r W r  

2 2ă
i

ir r W r . 

ʈʠʰʝʥʥʷ 

Ǐ ʊʦʜʽ ʤʦʞʝʤʦ ʟʘʧʠʩʘʪʠ: 

1
11

11

2 12 1

1
1

2 1

ă

/ Å )

i
i

i

i

i i i

W r W r
r r

r
r rW r W r

W r W r
r

W r W r

 

ʜʝ ʙʝʨʝʤʦ 
ʙ

1i
W r W , ă0 .i  

ʇʽʩʣʷ ʦʙʯʠʩʣʝʥʥʷ 
1i

r  ʚʠʤʽʨʶʻʤʦ ʘʙʦ ʦʙʯʠʩʣʶʻʤʦ ʽʩʪʠʥʥʝ ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 
ʽʩʪ

W r  ʫ ʪʦʯʮʽ 
1i

r r . 

ʗʢʱʦ ̔
ʩʪ

1
0 0[ ; ]

i
i iW r W W , ʪʦ ʚʚʘʞʘʻʤʦ, ʱʦ 

1i
extr r . 

ɿʘʧʘʤôʷʪʦʚʫʻʤʦ ʮʝ ʟʥʘʯʝʥʥʷ ʽ ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʫ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʥʘʩʪʫʧʥʦʶ ʢʦʦʨʜʠʥʘʪʦʶ. 

ʗʢʱʦ ̔
ʩʪ

1
0 0[ ; ]

i
i iW r W W , ʪʦ ʧʦʚʪʦʨʶʻʤʦ ʚʩʽ ʥʘʚʝʜʝʥʽ ʚʠʱʝ 

ʨʦʟʨʘʭʫʥʢʠ ʟʘ ʽʥʰʠʭ ʟʥʘʯʝʥ ɹ i  ʪʘ 
i
. ƴ 
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ʇʨʠʢʣʘʜ 18.2. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʝʢʩʪʨʘʧʦʣʷʮʽʡʥʦʛʦ ʧʦʰʫʢʫ ʟʘ 

ʫʤʦʚʠ ʢʚʘʜʨʘʪʠʯʥʦʾ ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜ 

ʟʥʘʯʝʥʴ ʪʽʻʾ ʟʤʽʥʥʦʾ, ʟʘ ʷʢʦʶ ʥʘ ʜʘʥʦʤʫ ʮʠʢʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʧʪʠʤʽʟʘʮʽʷ. 

ʅʝʭʘʡ 2 )ăăă -+W r Ar Br C A  

ʈʠʰʝʥʥʷ 

Ǐ ʗʢʱʦ ʥʘ iïʤʫ ʝʪʘʧʽ ʚʠʢʦʥʘʪʠ ʦʙʯʠʩʣʝʥʥʷ (ʚʠʤʽʨʶʚʘʥʥʷ) ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʘ ʩʘʤʝ: 

1,
i

iW r W  

2,
i

W r W  

3,
i

iW r W  

ʪʦ ʦʪʨʠʤʘʻʤʦ ʩʠʩʪʝʤʫ ʪʨʴʦʭ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʪʨʴʦʭ 

ʥʝʚʽʜʦʤʠʭ ʧʘʨʘʤʝʪʨʽʚ , ,A B C : 

2

1

2

2

2

3

ăăăăăăăăăăăăă

.

ăăă

ăăăăă ă

,

ă

,
i i

i i

i i

i i
i i

A r B r C W

A r B r C W

A r B r W

 

ʆʪʞʝ, 

,

,

,

AA

BB

CC

 

ʜʝ 

2

1
2

2

2

3

1 1

1, 1 ,

11

i i i
i i i

i i i

ii i
ii i

r r W r

r r A W r

W rr r
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2 2

1 1

2 2

2 2

2 2

3 3

1

1, .

1

i i i
i i i

i i i

i i i
i i i

r W r r W

B r W C r r W

r W r r W

 

ʄʽʥʽʤʫʤ ʢʚʘʜʨʘʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ext / 2r B A . ƴ 

ɿʥʘʡʜʝʥʝ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ 
extr , ʟʘ ʷʢʦʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʰʫʢ 

ʝʢʩʪʨʝʤʫʤʫ ʜʘʻ ʟʤʦʛʫ ʦʙʯʠʩʣʶʚʘʪʠ (ʚʠʤʽʨʶʚʘʪʠ) ʽʩʪʠʥʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ 
ʽʩʪextW r . 

ʗʢʱʦ ̔
ʩʪext 0 0)ăi iW r W W , ʪʦ ʚʚʘʞʘʻʤʦ, ʱʦ ʦʧʪʠʤʽʟʘʮʽʷ ʟʘ 

ʮʽʻʶ ʢʦʦʨʜʠʥʘʪʦʶ ʟʘʚʝʨʰʝʥʘ. ɿʥʘʯʝʥʥʷ extr  ʟʘʧʘʤôʷʪʦʚʫʻʤʦ ʽ ʧʝʨʝʭʦʜʠʤʦ ʜʦ 

ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʪʘʢʦʶ ʢʦʦʨʜʠʥʘʪʦʶ. ʗʢʱʦ 

ʽʩʪextW r  ʥʝ ʥʘʣʝʞʠʪʴ ʟʘʜʘʥʽʡ ʦʙʣʘʩʪʽ, ʪʦ ʧʦʚʪʦʨʶʻʤʦ ʥʘʚʝʜʝʥʽ ʚʠʱʝ 

ʦʙʯʠʩʣʝʥʥʷ, ʟʤʽʥʠʚʰʠ i  ʘʙʦ i, ʘʙʦ 0W . 

18.4. ʄʝʪʦʜ ʛʨʘʜʽʻʥʪʘ 

ɿʘ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʛʨʘʜʽʻʥʪʘ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʟʤʽʥʶʶʪʴʩʷ 

ʚʩʽ ʟʤʽʥʥʽ, ʟʘ ʷʢʠʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʰʫʢ ʝʢʩʪʨʝʤʫʤʫ. ʇʨʠʧʫʩʪʤ̔ʦ, ʱʦ ʪʘʢʠʭ 

ʟʤʽʥʥʠʭ m. ʇʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʻ ʚʠʛʣʷʜ 1 ),( , mW W x x . ɻʨʘʜʽʻʥʪʦʤ 

ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʾ ʬʫʥʢʮʽʾ ʥʘʟʠʚʘʻʪʴʩʷ ʚʝʢʪʦʨ, ʧʨʦʝʢʮʽʷ ʷʢʦʛʦ ʥʘ ʦʩʽ 

ʢʦʦʨʜʠʥʘʪ ʜʦʨʽʚʥʶʻ 
1

, ,
m

W W
x x

 ʚʽʜʧʦʚʽʜʥʦ. 

ʋ ʤʝʪʦʜʽ ʛʨʘʜʽʻʥʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʡʦʛʦ ʚʣʘʩʪʠʚʽʩʪʴ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʤʦʜʫʣʴ ʛʨʘʜʽʻʥʪʘ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ ʜʦ ʪʦʯʢʠ 

ʝʢʩʪʨʝʤʫʤʫ (ʨʠʩ. 18.4): 

2 2

1
( ) ( )
1

do^a -ă)

ăă X ) Z +,
i

i
mX i i

i iT
i m ext

W W WW
X x x

X x x X
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ʈʠʩ. 18.4. ʅʘʙʣʠʞʝʥʥʷ ʤʦʜʫʣʷ ʛʨʘʜʽʻʥʪʘ ʜʦ 0 ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ ʘʨʛʫʤʝʥʪʘ ʜʦ ʪʦʯʢʠ ʝʢʩʪʨʝʤʫʤʫ 

ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʥʝʚʽʜʦʤʘ ʘʥʘʣʽʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜ ʟʤʽʥʥʠʭ, ʟʘ ʷʢʠʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʧʪʠʤʽʟʘʮʽʷ, ʟʥʘʯʝʥʥʷ 

ʛʨʘʜʽʻʥʪʘ ʚ ʟʘʜʘʥʽʡ ʪʦʯʮʽ iX  ʦʙʯʠʩʣʶʶʪʴ ʥʘʙʣʠʞʝʥʦ, ʪʦʙʪʦ ʚʠʟʥʘʯʘʶʪʴ 

ʩʫʙʛʨʘʜʽʻʥʪ: 

1 11 1 2 1 2( ) 11

( )

1do^a )ă )ă ă)ăăăăăă
2

grad

i i i i ii i
m mi

i
mi

m

W W W x x x W x x x
x

W
x 1 2 1 2

1 )ă )ă )
2

i i i ii i
m m m m

m
W W x x x W x x x

 

ʜʝ 1, )0ă%j j m  ï ʧʨʦʙʥʠʡ ʢʨʦʢ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʜʣʷ ʟʤʽʥʠ j -ʾ 

ʟʤʽʥʥʦʾ ʥʘ i -ʡ ʽʪʝʨʘʮʽʾ. 

ʊʦʙʪʦ: 

1grad grad , ,grad
T

i i i
mWW W . 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʥʦʚʦʛʦ (ʥʘʩʪʫʧʥʦʛʦ) ʥʘʙʣʠʞʝʥʥʷ ʟʤʽʥʥʠʭ, ʟʘ ʷʢʠʤʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʰʫʢ ʝʢʩʪʨʝʤʫʤʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʠʨʘʟʠ: 

1
11 1 1

1

grad ,

grad ,

i i i

i i i
m m m m

x x W

x x W

 

ʷʢʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʰʫʢ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ  
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1
11 1 1

1

grad ,

grad ,

i i i

i i i
m m m m

x x W

x x W
 

ʷʢʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʰʫʢ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʜʝ ă% .) &j j m ï ʚʝʣʠʯʠʥʘ ʨʦʙʦʯʦʛʦ ʢʨʦʢʫ ʚʟʜʦʚʞ ʚʽʜʧʦʚʽʜʥʦʾ ʢʦʦʨʜʠʥʘʪʠ. 

ʆʪʞʝ, ʫ ʤʝʪʦʜʽ ʛʨʘʜʽʻʥʪʘ ʧʨʦʮʝʩ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʫ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ, 

ʪʦʙʪʦ ʝʪʘʧʽ (ʮʠʢʣʽ) ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʪʦʯʢʠ ʝʢʩʪʨʝʤʫʤʫ, ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʜʚʽ 

ʦʙʦʚôʷʟʢʦʚʽ ʦʧʝʨʘʮʽʾ (ʜʽʾ): 

¶ Å ʧʦʰʫʢ ʛʨʘʜʽʻʥʪʘ ʚ ʧʦʪʦʯʥʽʡ ʪʦʯʮʽ, ʢʦʨʦʪʢʘ ʥʘʟʚʘ ï ʧʨʦʙʥʠʡ ʢʨʦʢ; 

¶ Å ʧʦʰʫʢ ʥʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʘ ʟʤʽʥʥʠʭ, ʢʦʨʦʪʢʘ ʥʘʟʚʘ ï ʨʦʙʦʯʠʡ 

ʢʨʦʢ. 

ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥ ̫ʤʝʪʦʜʫ ʛʨʘʜʽʻʥʪʘ ʧʦʢʘʟʘʥʝ ʥʘ 

ʨʠʩ.18.5. 

 

ʈʠʩ. 18.5. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʛʨʘʜʽʻʥʪʘ ʜʣʷ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʫ ʙʘʛʘʪʦʤʦʜʦʚʦʾ ʬʫʥʢʮʽʾ: ʇʋï 

ʧʦʯʘʪʢʦʚʘ ʫʤʦʚʘ 

ʄʝʪʦʜ ʛʨʘʜʽʻʥʪʘ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʘʪʠ ʣʦʢʘʣʴʥʠʡ ʝʢʩʪʨʝʤʫʤ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ. ʗʢ ʙʘʯʠʤʦ ʟ ʨʠʩ.18.5, ʨʝʟʫʣʴʪʘʪ ʧʦʰʫʢʫ ʣʦʢʘʣʴʥʦʛʦ 

ʝʢʩʪʨʝʤʫʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ. 
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ʇʨʠʢʣʘʜ 18.3. ʇʨʠʧʫʩʪʽʤʦ, ʱʦ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʻ ʚʠʛʣʷʜ: 

2 2 minW a ab b . 

ʈʦʟʚôʷʟʘʪʠ ʟʘʜʘʯʫ ʤʝʪʦʜʦʤ ʛʨʘʜʽʻʥʪʘ (ʨʠʩ.18.6). 

 

ʈʠʩ. 18.6. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʛʨʘʜʽʻʥʪʘ  ʜʣʷ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʈʠʰʝʥʥʷ 

Ǐ 1. ʇʝʨʰʘ ʽʪʝʨʘʮʽʷ. ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ: 0 0 3a b . 

1.1. ʇʨʦʙʥʠʡ ʢʨʦʢ: 

0 0;
2 9;

a b

W a b
a

 

0 0;
2 9.

a b

W b a
b

 

1.2. ʈʦʙʦʯʠʡ ʢʨʦʢ: 

1 0

1 0

1,5;

1.5,

W
a a

a
W

b b
b

 

ʜʝ  1/ 2.  

2. ɼʨʫʛʘ ʽʪʝʨʘʮʽʷ. ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ: 1 1 1.5a b . 

2.1. ʇʨʦʙʥʠʡ ʢʨʦʢ: 

1 1;
2 4,5;

a b

W a b
a

 

1 1;
2 4,5 .

a b

W b a
b
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2.2. ʈʦʙʦʯʠʡ ʢʨʦʢ: 

2 1

2 1

0,75;

0,75.

Wa a
a

Wb b
b

 

ɿʙʽʞʥʽʩʪʴ ʤʝʪʦʜʫ ʛʨʘʜʽʻʥʪʘ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ, ʪʘʢ ʽ ʚʽʜ 

ʚʝʣʠʯʠʥʠ ʨʦʙʦʯʦʛʦ ʢʨʦʢʫ, ʪʦʙʪʦ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʫ 

ʛʨʘʜʽʻʥʪʘ (ʧʦʰʫʢ ʣʦʢʘʣʴʥʦʛʦ ʝʢʩʪʨʝʤʫʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ 

ʢʨʦʢʽʚ) ʥʝʦʙʭʽʜʥʦ ʮʝʡ ʤʝʪʦʜ ʤʦʜʠʬʽʢʫʚʘʪʠ, ʥʘʜʘʚʰʠ ʡʦʤʫ ʜʝʷʢʠʭ 

ʦʧʪʠʤʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ƴ 

18.5. ʄʝʪʦʜ ʥʘʡʰʚʠʜʰʦʛʦ ʩʧʫʩʢʫ 

ʄʝʪʦʜ ʥʘʡʰʚʠʜʰʦʛʦ ʩʧʫʩʢʫ ï ʤʦʜʠʬʽʢʘʮʽʷ ʤʝʪʦʜʫ ʛʨʘʜʽʻʥʪʘ, ʩʫʪʴ ʷʢʦʛʦ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʽʩʣʷ ʦʙʯʠʩʣʝʥʥʷ ʛʨʘʜʽʻʥʪʘ ʥʘ i -ʡ ʽʪʝʨʘʮʽʾ, ʧʝʨʝʤʽʱʝʥʥʷ 

ʚʟʜʦʚʞ ʮʴʦʛʦ ʛʨʘʜʽʻʥʪʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜ 
1i i

X X  ʜʦʪʠ, ʧʦʢʠ 

ʟʤʝʥʰʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʘ ʥʝ ʟ ʬʽʢʩʦʚʘʥʠʤ ʢʨʦʢʦʤ, ʷʢ 

ʮʝ ʙʫʣʦ ʚ ʤʝʪʦʜʽ ʛʨʘʜʽʻʥʪʘ (ʨʠʩ. 18.7). 

 

 

ʈʠʩ. 18.7. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʥʘʡʰʚʠʜʰʦʛʦ ʩʧʫʩʢʫ ʜʣʷ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʫ ʙʘʛʘʪʦʤʦʜʦʚʦʾ 

ʬʫʥʢʮʽʾ 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ ʥʘʡʩʢʦʨʽʰʦʛʦ ʩʧʫʩʢʫ ʟʤʝʥʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ 

ʽʪʝʨʘʮʽʡ ʽ ʥʘʚʽʪʴ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʣʦʢʘʣʴʥʦʛʦ ʝʢʩʪʨʝʤʫʤʫ ʟʘ ʦʜʥʫ ʽʪʝʨʘʮʽʶ ʟʘ 

ʚʜʘʣʦ ʦʙʨʘʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ (ʜʠʚ. ʧʨʠʢʣʘʜ 18.4 ʪʘ ʨʠʩ. 18.8). 
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ʇʨʠʢʣʘʜ 18.4. ʇʨʠʧʫʩʪʽʤʦ, ʱʦ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʻ ʚʠʛʣʷʜ: 

2 2 minW a ab b . 

ʈʦʟʚôʷʟʘʪʠ ʟʘʜʘʯʫ ʤʝʪʦʜʦʤ ʥʘʡʰʚʠʜʰʦʛʦ ʩʧʫʩʢʫ. 

1. ʇʝʨʰʘ ʽʪʝʨʘʮʽʷ. ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ: 0 0 3a b . 

1.1 ʇʨʦʙʥʠʡ ʢʨʦʢ:  

0 0;
2 9,

a b

W a b
a

 

0 0;
2 9.

a b

W b a
b

 

1.2. ʈʦʙʦʯʠʡ ʢʨʦʢ: 

01 9 3 9 ;a a
 

01 9 3 9b b
, 

2
3 3 9W , 

121 0 6 -ă
3

W
. 

 

 

ʈʠʩ. 18.8. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʥʘʡʰʚʠʜʰʦʛʦ ʩʧʫʩʢʫ ʜʣʷ ʧʦʰʫʢʫ ʤʽʥʽʤʫʤʫ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ 

ʆʩʪʘʪʦʯʥʦ ʤʘʻʤʦ: 

01
19 3 9 3 9 0;
3

a a
 

01
19 3 9 3 9 0
3

b b
. 
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18.6. ʄʝʪʦʜ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʰʫʢʫ 

ɺ ʦʩʥʦʚʫ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʰʫʢʫ ʧʦʢʣʘʜʝʥʦ ʤʝʪʦʜ ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʧʦʤʠʣʦʢ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʚʜʘʣʦ ʟʥʘʡʜʝʥʝ ʟʥʘʯʝʥʥʷ ʢʝʨʫʚʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʟʙʝʨʽʛʘʻʪʴʩʷ, ʘ ʥʝʚʜʘʣʝ ï ʚʽʜʢʠʜʘʻʪʴʩʷ. 

ʄʝʪʦʜ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʰʫʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʧʦʰʫʢʫ ʛʣʦ-ʙʘʣʴʥʠʭ ʽ 

ʣʦʢʘʣʴʥʠʭ ʝʢʩʪʨʝʤʫʤʽʚ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʧʨʠʯʦʤʫ ʷʢ ʩʘʤʦʩʪʽʡʥʦ, ʪʘʢ ʽ 

ʢʦʤʙʽʥʦʚʘʥʦ ʟ ʤʝʪʦʜʘʤʠ ʨʝʛʫʣʷʨʥʦʛʦ (ʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ) ʧʦʰʫʢʫ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʰʫʢʫ: 

1) ʣʦʢʘʣʴʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʧʦʰʫʢ ʟ ʧʦʚʝʨʥʝʥʥʷʤ; 

2) ʣʦʢʘʣʴʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʧʦʰʫʢ ʟʘ ʥʘʡʢʨʘʱʦʶ ʧʨʦʙʦʶ; 

3) ʣʦʢʘʣʴʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʧʦʰʫʢ ʟʘ ʩʪʘʪʠʩʪʠʯʥʠʤ ʛʨʘʜʽʻʥʪʦʤ; 

4) ʛʣʦʙʘʣʴʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʧʦʰʫʢ ʟ ʥʝʟʘʣʝʞʥʠʤ ʚʠʙʦʨʦʤ ʱʽʣʴʥʦʩʪʽ 

ʨʦʟʧʦʜʽʣʫ ʧʨʦʙʥʠʭ ʢʨʦʢʽʚ; 

5) ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʪʘ ʝʚʦʣʶʮʽʡʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʷʢ ʧʨʠʢʣʘʜ ʦʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ ʘʣʛʦʨʠʪʤʫ ʣʦʢʘʣʴʥʦʛʦ 

ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʰʫʢʫ (ʣʦʢʘʣʴʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʰʫʢʫ ʟ ʧʦʚʝʨʥʝʥʥʷʤ, ʷʢʠʡ 

ʥʘ ʩʴʦʛʦʜʥʽ ʻ ʥʘʡʧʦʰʠʨʝʥʽʠhʤ). ɸʣʛʦʨʠʪʤ ʧʦʣʷʛʘʻ ʚ ʪʘʢʦʤʫ: 

ʂʨʦʢ 1. ʋ ʚʠʧʘʜʢʦʚʦʤʫ ʥʘʧʨʷʤ ̔ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʤʽʥʘ ʟʥʘʯʝʥʴ 

ʧʘʨʘʤʝʪʨʽʚ, ʟʘ ʷʢʠʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʰʫʢ ʝʢʩʪʨʝʤʫʤʫ: 

1 1i i i
X X X , 

ʜʝ 
1

1
i

iX E ; 1 1 1[ , , ]T
i n iE e e ï ʚʠʧʘʜʢʦʚʠʡ ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ 

2 2 2
1 2 1ne e e  ʽʟ ʟʘʜʘʥʦʶ ʱʽʣʴʥʽʩʪʶ ʡʤʦʚʽʨʥʦʩʪʽ, ʨʝʘʣʽʟʘʮʽʷ ʟʥʘʯʝʥʴ 

ʢʦʤʧʦʥʝʥʪ ʷʢʦʛʦ ʦʪʨʠʤʘʥʘ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 
1i

X ;  ï ʚʝʣʠʯʠʥʘ ʢʨʦʢʫ ʟʘ 

ʢʝʨʫʚʘʣʴʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʗʢʱʦ ʚʠʤʽʨʶʚʘʥʥʷ (ʦʙʯʠʩʣʝʥʥʷ) ʧʦʢʘʟʘʣʦ, ʱʦ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ 

ʥʦʚʽʡ ʪʦʯʮʽ ʤʝʥʰʠʡ ʥʽʞ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫ ʧʦʧʝʨʝʜʥʽʡ ʪʦʯʮʽ 

(ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʰʫʢ ʤʽʥʽʤʫʤʫ), ʪʦʙʪʦ 
1i i

W X W X , ʪʦ ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 
1i

W X  ʪʘ 
1i

X  ʟʘʧʘʤôʷʪʦʚʫʶʪʴʩʷ. 
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ʗʢʱʦ 
1i i

W X W X , ʪʦ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʚʝʨʥʝʥʥʷ ʜʦ ʧʦʧʝʨʝʜʥʽʭ 

ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʢʝʨʫʚʘʣʴʥʦʾ ʟʤʽʥʥʦʾ ʽ ʟʥʦʚʫ ʦʙʯʠʩʣʶʻʪʴʩʷ  

2 2i i i
X X X , 

ʜʝ 
2

2
i

iX E , 2 1 2
, ,T

i n i
E e e ï ʚʠʧʘʜʢʦʚʠʡ ʦʜʠʥʠʯʥʠʡ 

ʚʝʢʪʦʨ, ʨʝʘʣʽʟʘʮʽʷ ʟʥʘʯʝʥʴ ʢʦʤʧʦʥʝʥʪ ʷʢʦʛʦ ʦʪʨʠʤʘʥʘ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

2
.

i
X  

ʆʙʯʠʩʣʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʜʦʪʠ, ʧʦʢʠ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʪʘʥʝ 

ʤʝʥʰʠʤ, ʥʽʞ ʡʦʛʦ ʧʦʧʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ. ʆʩʪʘʥʥʻ ʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʘ 

ʢʝʨʫʚʘʣʴʥʠʭ ʟʤʽʥʥʠʭ ʪʘ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʘʤôʷʪʦʚʫʻʪʴʩʷ. 

ʂʨʦʢ 2. ɺʠʢʦʥʫʻʪʴʩʷ ʫ ʚʠʧʘʜʢʦʚʦʤʫ ʥʘʧʨʷʤ ̔ʚʽʜ ʦʩʪʘʥʥʴʦʛʦ ʟʥʘʯʝʥʥʷ 

ʚʝʢʪʦʨʘ ʢʝʨʫʚʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʝ ʙʫʣʦ ʟʘʧʘʤôʷʪʦʚʘʥʝ ʥʘʧʨʠʢʽʥʮʽ ʢʨʦʢʫ 1.  

ʋ ʧʦʜʘʣʴʰʦʤʫ ʢʨʦʢʠ 1 ʽ 2 ʧʦʚʪʦʨʶʶʪʴʩʷ ʜʦʪʠ, ʧʦʢʠ ʥʝ ʙʫʜʝ ʚʠʢʦʥʘʥʘ 

ʫʤʦʚʘ ʟʫʧʠʥʢʠ ʘʣʛʦʨʠʪʤʫ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ.  

18.7. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʘʪʝʤʘʪʠʢʠ MATLAB  

ʜʣʷ ʨʦʟʚôʷʟʢʘ ʟʘʜʘʯ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʪʘ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʂʚʘʜʨʘʪʠʯʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ: ʬʫʥʢʮʽʷ quadprog 

ʌʦʨʤʘʪ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ MATLAB : 

1 Å ă jfk)

,
.

2
,

n

T

X

eq eq

b b

W X H X f X

A X b
A X b

X UL

 

ʌʦʨʤʘʪ ʟʚʝʨʥʝʥʥʷ ʜʦ ʬʫʥʢʮʽʾ quadprog: 

[X,W,flag]= quadprog(H , f , A , b , Aeq , beq , Lb , Ub). 

 

ʇʨʠʢʣʘʜ 18.5. ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʨʽʚʥʷ ʙʽʟʥʝʩ-ʫʧʨʘʚʣʽʥʥʷ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʶ ʢʦʤʧʘʥʽʻʶ. ʇʝʨʝʜ TOP-ʤʝʥʝʜʞʝʨʘʤʠ ʢʦʤʧʘʥʽʾ 

ʧʦʩʪʘʚʣʝʥʦ ʟʘʚʜʘʥʥʷ ʱʦʜʦ ʨʦʟʧʦʜʽʣʫ ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʢʦʤʧʘʥʽʾ ʥʘ 

ʨʦʟʚʠʪʦʢ ʥʘʡʧʨʠʙʫʪʢʦʚʽʰʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʦʙʪʦ ʚʠʟʥʘʯʝʥʥʷ ʪʘʢ ʟʚʘʥʦʛʦ 
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ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʶ. ʏʝʨʝʟ ʥʝʚʠʟʥʘʯʝʥʩ̔ʪɹ ʤʘʡʙʫʪʥʴʦʛʦ ʟʘʧʠʪʫ ʨʠʥʢʫ 

ʮʝʡ ʧʦʨʪʬʝʣʴ ʻ ʨʠʟʠʢʦʚʘʥʠʤ.  

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʫ ʚʪʨʘʪʠ ʥʘʷʚʥʠʭ ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʥʘʪʠ ʾʭ ʨʦʟʙʠʪʪʷ, ʥʘʧʨʠʢʣʘʜ,  ʥʘ ʯʦʪʠʨʠ ʯʘʩʪʠʥʠ 1 2 3 4ăă )ă )ă )ăx x x x  ʜʣʷ ʪʦʛʦ, 

ʱʦʙ ʨʦʟʚʠʚʘʪʠ, ʚʽʜʧʦʚʽʜʥʦ, ʯʦʪʠʨʠ ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ 1 2 3 4)ă )ă )ăA A A A  .  

ʇʦʟʥʘʯʠʤʦ 

2 41 3X )ă )ă Z,TX x x x x , 

ʜʝ ( 1,4)ix i  ʚʽʜʥʦʩʥʽ ʚʠʪʨʘʪʠ (ʯʘʩʪʠʥʘ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʽʥʥʦʚʘʮʽʡʥʦʾ ʩʫʤʠ): 

1 2 3 4ă ă .x x x x ,    1,2,3,4 0x  . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʥʦʚʘʮʽʡʥʠʡ ʧʦʨʪʬʝʣʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʢʪʦʨʦʤ X  

ʯʘʩʪʠʥʦʢ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʩʫʤʠ ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ. ʈʠʟʠʢ ʦʮʽʥʶʻʪʴʩʷ ʷʢ 

ʚʝʣʠʯʠʥʘ ʜʠʩʧʝʨʩʽʾ ʜʦʭʦʜʫ, ʱʦ ʦʯʽʢʫʻʪʴʩʷ. ʋʚʘʞʘʻʤʦ, ʱʦ ʟʘ ʨʝʟʫʣʴʪʘʪʦʤ 

ʘʥʘʣʽʟʫ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʨʠʥʢʫ IT-ʪʝʭʥʦʣʦʛʽʡ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʚʝʢʪʦʨ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʘʪʝʤʘʪʠʯʥʠʭ ʩʧʦʜʽʚʘʥʴ ʧʨʠʙʫʪʢʦʚʦʩʪʽ ʯʦʪʠʨʴʦʭ ʦʙʨʘʥʠʭ ʜʣʷ 

ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ 

1 2 3 4X )ă )ă )ă ZTd d d d d  

ʪʘ ʤʘʪʨʠʮʽ ʚʟʘʻʤʥʠʭ ʜʠʩʧʝʨʩʽʡ .V  

ʊʦʜʽ ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʧʨʠʙʫʪʢʦʚʦʩʪʽ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʶ 

ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʪʘʢ: 

T
pM d X . 

ʇʨʠʧʫʩʪʤ̔ʦ, ʱʦ: 

[11.3;13.2;16.4;17.4]d , 

102,0 27,1 52,3 66,5
27,1 148,8 42,1 66,4

52,3 42,1 246,5 56,9
66,5 66,4 56,9 272,3

V

. 

ɼʠʩʧʝʨʩʽʷ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʧʨʠʙʫʪʢʦʚʦʩʪʽ, ʱʦ ʦʯʽʢʫʻʪʴʩʷ (0 15pM ), 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

TD X VX . 
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ɺʠʨʘʟ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʜʠʩʧʝʨʩʽʾ D  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʮʽʥʢʠ ʨʠʟʠʢʫ 

ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ. ʎʝʡ ʨʠʟʠʢ ʧʦʪʨʽʙʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʟʘ ʨʘʭʫʥʦʢ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ X (ʟʘʜʘʯʘ ʄʘʨʢʦʚʠʮʘ). 

ɼʣʷ ʥʘʚʝʜʝʥʦʛʦ ʧʨʠʢʣʘʜʫ ʤʘʪʨʠʮʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʛʘʣʴʥʽʡ 

ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʽ, ʥʘʙʫʚʘʶʪʴ ʚʠʛʣʷʜʫ: 

H V ; 

f ï ʚʽʜʩʫʪʥʷ, [ ]; 

Aï ʚʽʜʩʫʪʥʷ, [ ]; 

Bï ʚʽʜʩʫʪʥʷ, [ ]; 

1 2 3 4 ;
1 1 1 1eqA

d d d d
 

15
;

1eqb  

[0, ,0];lb  

Ubï ʚʽʜʩʫʪʥʷ, [ ]. 

ɿʚʝʨʥʝʥʥʷ ʜʦ ʬʫʥʢʮʽʾ ʤʽʥʽʤʽʟʘʮʽʾ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʦʢʘʟʥʠʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ  ʜʣʷ ʥʘʰʦʛʦ ʚʠʧʘʜʢʫ: 

)ăjfk ) )XZ)XZ)XZ) ) ) )XZă)eq eqX W flag quadprog V A b lb  

ʜʝ flag ï ʩʠʤʚʦʣ ʷʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ: ʷʢʱʦ flag ʜʦʨʽʚʥʶʻ 

ʮʽʣʦʤʫ ʜʦʜʘʪʥʦʤʫ ʯʠʩʣʫ, ʪʦ ʦʧʝʨʘʮʽʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʥʘʥʘ ʫʩʧʽʰʥʦ; ʷʢʱʦ 

flag = 0, ʪʦ ʚʠʢʦʥʘʥʘ ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ ʙʝʟ ʧʦʢʨʘʱʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʫ (ʦʟʥʘʢʘ ʟʘʮʠʢʣʶʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ); ʷʢʱʦ flag ʜʦʨʽʚʥʶʻ ʮʽʣʦʤʫ 

ʚʽʜôʻʤʥʦʤʫ ʯʠʩʣʫ, ʪʦ ʜʦʩʷʛʪʠ ʝʢʩʪʨʝʤʫʤʫ ʥʝ ʚʜʘʣʦʩʷ ï ʦʧʝʨʘʮʽʷ ʧʦʰʫʢʫ 

ʝʢʩʪʨʝʤʫʤʫ ʥʝ ʚʠʢʦʥʘʥʘ. 

ʂʦʤʘʥʜʥʝ ʚʽʢʦʥʮʝ MATLAB : 

>> V=[102.0   27.1   ï52.3   66.5 

             27.1  148.8    42.1  ï66.4 

           ï52.3   42.1   246.5   56.9 

            66.5  ï66.4    56.9  272.3] 

>> Aeq=[11.3   13.2   16.1   17.4 

                   1      1        1        1] 

>> beq=[15;1] 

>> lb=[0;0;0;0] 

>> [X,W,flag]=quadprog(V,[],[],[], Aeq,beq,lb,[]) 
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X =  0.0626 

        0.4359 

        0.1439 

        0.3575 

minW =  31.2725 

flag = 1. 

ʅʝʣʽʥʽʡʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ: ʬʫʥʢʮʽʷ fmincon 

ʌʦʨʤʘʪ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ MATLAB : 

( ) min
nX

f x , 

,

,
0

,

ă)

0.

eq eq

eq

AX b
A X b
lb X Ub
C X

C X

 

ʌʦʨʤʘʪ ʟʚʝʨʥʝʥʥʷ ʜʦ ʬʫʥʢʮʽʾ fmincon: 

0 1 2

)ăjfk )
( , , , , , , , , , , , ),eq eq

X W flag
fmincon fun X A b A b lb Ub nonlcon options p p

, 

ʜʝ X ï ʚʝʢʪʦʨ ʟʤʽʥʥʠʭ, ʟʘ ʷʢʠʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʧʪʠʤʽʟʘʮʽʷ (ʢʝʨʫ-

ʚʘʣʴʥʽ ʟʤʽʥʥʽ); jfkăW ï ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ; flag ï 

ʩʠʤʚʦʣ ʷʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ (ʤʘʻ ʪʦʡ ʩʘʤʠʡ ʟʤʽʩʪ, ʱʦ ʡ ʫ ʚʠʧʘʜʢʫ 

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ);fun  ï ʽʤôʷ ʬʘʡʣʫ-ʬʫʥʢʮʽʾ, ʷʢʘ ʦʙʯʠʩʣʶʻ 

ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ (ʤʦʞʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʢʽʣʴʢʦʭ ʧʘʨʘʤʝʪʨʽʚ 1p , 

2p , ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʧʝʨʝʜʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʨʛʫʤʝʥʪʽʚ fmincon , ʱʦ 

ʧʦʯʠʥʘʶʪʴʩʷ ʟ ʦʜʠʥʘʜʮʷʪʦʾ ʧʦʟʠʮʽʾ ʫ ʾʾ ʚʭʽʜʥʦʤʫ ʩʧʠʩʢʫ; ʘʨʛʫʤʝʥʪʦʤ 

fmincon  ʻ ʚʝʢʪʦʨ X ); ʚʝʢʪʦʨʠ ʽ ʤʘʪʨʠʮʽ, ʷʢʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, 

ʧʦʟʥʘʯʘʶʪʴʩʷ ʷʢ []; 0X ï ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʘ X ; nonlconï ʽʤôʷ 

ʬʘʡʣʫ-ʬʫʥʢʮʽʾ ʥʝʣʽʥʽʡʥʠʭ ʦʙʤʝʞʝʥʴ (ʚʭʽʜʥʠʤ ʘʨʛʫʤʝʥʪʦʤ ʻ ʚʝʢʪʦʨ X , ʘ 

ʚʠʭʽʜʥʽ ʘʨʛʫʤʝʥʪʠ ï ʣʽʚʽ ʯʘʩʪʠʥʠ ʦʙʤʝʞʝʥʴ); options  ï ʢʝʨʫʚʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ, 

ʷʢʘ ʟʘʜʘʻ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. 
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ʇʨʠʢʣʘʜ 18.6 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

W=3x1
2 + 2x2

2 min­ , 

x1
2 + x2

2 1¢ . 

 

ʈʦʟʚôʷʟʘʥʥʷ 

ʇʦʙʫʜʦʚʘ ʬʘʡʣʫ-ʬʫʥʢʮʽʾ: File_New_M-file 

function fp1= myfunp1(x) 

fp1=3Ŀx(1)^2+2Ŀx(2)^2; 

Save asémyfunp1 

ʇʦʙʫʜʦʚʘ ʬʘʡʣʫ-ʬʫʥʢʮʽʾ: File_New_M-file 

function [c, ceq]=myconp1(x) 

c(1)=x(1)^2+x(2)^2ï1; 

ceq=[]; 

Save asémyconp1 

>> [x, fp1, flag]= 

=fmincon(@myfunp1,[0.7 0.7],[],[],[],[],[],[],@myconp1) 

x = 1.0e-004Ŀ(0.1895   ï0.0235) 

fp1 = 1.0882eï009 

flag = 1 

 

ʇʨʠʢʣʘʜ 18.7 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

W=(x1 ï 5)2 + (x2 ï 8)2 min(max)­ , 

x1 + 2x2 4² , 

5/2x1+ 2x2 20,¢  

x1,2 0.²  

 

ʈʦʟʚôʷʟʘʥʥʷ 

ʇʦʙʫʜʦʚʘ ʬʘʡʣʫ-ʬʫʥʢʮʽʾ: File_New_M-file 

function fp2min= myfunp2min(x) 

fp2min=(x(1)-5)^2+(x(2)-8)^2; 

Save asémyfunp2min 
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>> A=[ï1  -2   2.5   2] 

>> b=[ï4;20] 

>> [x, fp2min, flag]=fmincon(@myfunp2min,[0 5],[A],[b],[],[],[0 0],[]) 

x =  2.9268    6.3415 

fp2min =  7.0488 

flag = 1 

ʇʦʙʫʜʦʚʘ ʬʘʡʣʫ-ʬʫʥʢʮʽʾ: File_New_M-file 

function fp2max= myfunp2max(x) 

fp2max=ï((x(1)ï5)^2+(x(2)ï8)^2); 

Save asémyfunp2max 

>>[x, fp2max, flag]=fmincon(@myfunp2max,[0 5],[A],[b],[],[],[0 0],[]) 

x = 0     2 

fp2max = ï61 

flag = 1 

 

ʇʨʠʢʣʘʜ 18.8 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

W=x1 
2 - 2x1 + x2

2
 min(max)­ , 

x1+ 3/2x2 15 / 2¢ , 

0 ¢ x1 10¢ ,  

0¢x2  9¢ , 

x1x2 ¢ 6. 

 

ʈʦʟʚôʷʟʘʥʥʷ 

ʇʦʙʫʜʦʚʘ ʬʘʡʣʫ-ʬʫʥʢʮʽʾ: File_New_M-file 

function fp3min= myfunp3min(x) 

fp3min=x(1)^2+x(2)^2ï2Ŀx(1); 

Save asémyfunp3min 

>> A=[1 1.5] 

A = 1.0000    1.5000 

>> b=[7.5] 

b = 7.5000 

ʇʦʙʫʜʦʚʘ ʬʘʡʣʫ-ʬʫʥʢʮʽʾ: File_New_M-file 

function [c, ceq]=myconp3(x) 
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c(1)=x(1)Ŀx(2)ï6; 

ceq=[]; 

Save asémyconp3 

>> [x, fp3min, flag]=fmincon(@myfunp3min,[0 0],[A],[b],[],[],[0 0],[10 9], 

@myconp3) 

x = 1.0000         0 

fp3min = ï1 

flag = 1 

ʇʦʙʫʜʦʚʘ ʬʘʡʣʫ-ʬʫʥʢʮʽʾ:File_New_M-file 

function fp3max= myfunp3max(x) 

fp3max=ï(x(1)^2+x(2)^2-2Ŀx(1)); 

Save asémyfunp3max 

>>[x, fp3max, flag]=fmincon(@myfunp3max,[0 0],[A],[b],[],[],[0 0],[10 9],  

@myconp3) 

x = 1.0e-007Ŀ( 0    0.1000) 

fp3max = ï1.0000e-016 

flag = 1 

>> [x, fp3max, flag]=fmincon(@myfunp3max,[6 0],[A],[b],[],[],[0 0],[10 9],  

@myconp3) 

x = 7.5000         0 

fp3max = ï41.2500 

flag = 1 

 

ʇʨʠʢʣʘʜ 18.9 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

W= ï x1 
2 +4x1+ x2 min (max)­  , 

x1x2  ²6, 

x1
2+ x2

2
49¢ , 

0¢x1 ,  

0¢x2  ¢6. 

 

ʈʦʟʚô̫ ʟʘʥʥʷ 

ʇʦʙʫʜʦʚʘ ʬʘʡʣ-ʬʫʥʢʮʽʾ:File_New_M-file 

function fp4min= myfunp4min(x) 
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fp4min=ïx(1)^2+4Ŀx(1)+x(2); 

Save asémyfunp4min 

ʇʦʙʫʜʦʚʘ ʬʘʡʣ-ʬʫʥʢʮʽʾ:File_New_M-file 

function [c, ceq]=myconp4(x) 

c(1)=ïx(1)*x(2)+6; 

c(2)=x(1)^2+x(2)^2ï49; 

ceq=[]; 

Save asémyconp4 

>> [x, fp4min, flag]=fmincon(@myfunp4min,[3 4],[],[],[],[],[0 0],[10 6],  

@myconp4) 

x = 6.9465    0.8637 

fp4min = ï19.6042 

flag = 1 

ʇʦʙʫʜʦʚʘ ʬʘʡʣ-ʬʫʥʢʮʽʾ:File_New_M-file 

function fp4max= myfunp4max(x) 

fp4max=ï(ïx(1)^2+4Ŀx(1)+x(2)); 

Save asémyfunp4max 

>>[x, fp4max, flag]=fmincon(@myfunp4max,[3 4],[],[],[],[],[0 0],[10 6],  

@myconp4) 

x = 2.0000    6.0000 

fp4max = ï10.0000 

flag = 1 

 

ʇʦʰʫʢ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ (ʤʽʥʽʤʫʤʫ) ʧʦʣʽʤʦʜʘʣʴʥʦʾ ʬʫʥʢʮʽʾ (ʨʠʩ. 

18.9, 18.10) 

ʇʦʙʫʜʦʚʘ ʬʘʡʣʫ-ʬʫʥʢʮʽʾ: File_New_M-file 

function fP=myfunP(x) 

fP=4Ŀsin(2ĿpiĿx(1))Ŀcos(1.5ĿpiĿx(2))Ŀ(1ïx(1)^2)Ŀx(2)Ŀ(1ïx(2)); 

Save asémyfunP 

>> [x1,x2]=meshgrid(ï1:0.05:1,0:0.05:1); 

>> fP=4.Ŀsin(2.Ŀpi.Ŀx1).Ŀcos(1.5Ŀpi.Ŀx2).Ŀ(1ïx1.^2).Ŀx2.Ŀ(1ïx2); 

>> mesh(x1,x2,fP) 
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ʈʠʩ. 18.9. ɻʨʘʬʽʯʥʠʡ ʦʙʨʘʟ ʧʦʣʽʤʦʜʘʣʴʥʦʾ ʬʫʥʢʮʽʾ 

>> [CMatr,h]=contour(x1,x2,fP); 

>> clabel(CMatr,h) 

>> grid on 

 

ʈʠʩ. 18.10. ɻʨʘʬʽʯʥʠʡ ʦʙʨʘʟ ʣʽʥʽʡ ʦʜʥʘʢʦʚʦʛʦ ʨʽʚʥʷ ʧʦʣʽʤʦʜʘʣʴʥʦʾ ʬʫʥʢʮʽʾ 

ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ [ï1; 0] 

>> [X,fP,flag]=fmincon(@myfunP,[ï1;0],[],[],[],[],[ï1;0],[1;1]) 

X =   ï1 

           0 

fP = 0 

flag =  1 

ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ [0.2;0.6] 

>>[X,fP,flag]=fmincon(@myfunP,[0.2;0.6],[],[],[],[],[ï1;0],[1;1]) 

X =    0.2373 

          0.6211 
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fP =  ï0.8652 

flag =   1 

ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ [-0.6;0.5] 

>> [X,fP,flag]=fmincon(@myfunP,[ï0.6;0.5],[],[],[],[],[ï1;0],[1;1]) 

X =  ï0.6874 

                   0.6211 

fP =   ï0.4481 

flag = 1 

 

ʇʦʰʫʢ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ (ʤʽʥʽʤʫʤʫ) ʬʫʥʢʮʽʾ ʈʦʟʝʥʙʨʦʢʘ 

(ʨʠʩ.18.11, 18.12) 

ʇʦʙʫʜʦʚʘ ʬʘʡʣʫ-ʬʫʥʢʮʽʾ: File_New_M-file 

function fR=myfunR(x) 

fR=100Ŀ(x(2)ïx(1)^2)^2+(1ïx(1))^2; 

Save asémyfunR 

>> [x1,x2]=meshgrid(ï2:0.05:2,ï2:0.05:2); 

>> fR=100.Ŀ(x2ïx1.^2).^2.+(1ïx1).^2; 

>> mesh(x1,x2,fR) 

 

ʈʠʩ. 18.11. ɻʨʘʬʽʯʥʠʡ ʦʙʨʘʟ ʬʫʥʢʮʽʾ ʈʦʟʝʥʙʨʦʢʘ 

>> [CMatr,h]=contour(x1,x2,fR); 

>> clabel(CMatr,h) 

>> grid on 

 

>> p=[0.5 2 10 50 100 150 200 250 300 350 400]; 

>> [CMatr,h]=contour(x1,x2,fR,p); 

>> clabel(CMatr,h) 
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>> grid on 

>>[X,fR,flag]=fmincon(@myfunR,[ï1;ï1],[],[],[],[],[ ï2;ï2], [2;2]) 

X =    1.0000 

          1.0001 

fR =  9.7522eï009 

flag = 1 

 

ʈʠʩ. 18.12. ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʣʽʥʽʡ ʨʽʚʥʦʛʦ  ʨʽʚʥʷ ʬʫʥʢʮʽʾ ʈʦʟʝʥʙʨʦʢʘ 

ʇʦʰʫʢ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ (ʤʽʥʽʤʫʤʫ) ʬʫʥʢʮʽʾ ɺʫʜʘ 

ʇʦʙʫʜʦʚʘ ʬʘʡʣʫ-ʬʫʥʢʮʽʾ: File_New_M-file 

function fB=myfunB(x) 

f1=100Ŀ(x(2)ïx(1)^2) 2̂+(1ïx(1))^2+90Ŀ(x(4)ïx(3)^2)^2+(1ï  

ïx(3))^2; 

f2=10.1Ŀ((x(2)ï1)^2+(x(4)ï1)^2)+19.8Ŀ(x(2)ï1)Ŀ(x(4)-1); 

fB=f1+f2; 

Save asémyfunB 

ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ [3;3;3;3] 

>> [X,fB,flag]=fmincon(@myfunB,[3;3;3;3],[],[],[],[],[ï3;ï3;ï3; 

 ï3],[3;3;3;3]) 

X =   1.0000 

         1.0000 

         1.0000 

         1.0000 

fB = 4.2696eï009 

flag = 1 
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ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ [ï3;3;3;3] 

>>  [X,fB,flag]=fmincon(@myfunB,[-3;3;3;3],[],[],[],[],[ï3;ï3; 

ï3;ï3],[3;3;3;3]) 

X =   1.0000 

         1.0000 

         1.0000 

         1.0000 

fB =  3.4980eï010 

flag = 1 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

1. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʥʝʣʽʥʽʡʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

2. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʤʝʪʦʜʫ ʝʢʩʪʨʘʧʦʣʷʮʽʡʥʦʛʦ ʧʦʰʫʢʫ? 

3. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʜʽʻʥʪʘ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʾ ʬʫʥʢʮʽʾ. 

4. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʛʝʦʤʝʪʨʠʯʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ 

ʛʨʘʜʽʻʥʪʘ ʜʣʷ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʫ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

5. ʅʘʚʝʜʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʛʝʦʤʝʪʨʠʯʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ 

ʥʘʡʰʚʠʜʰʦʛʦ ʩʧʫʩʢʫ ʜʣʷ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʫ ʙʘʛʘʪʦʤʦʜʦʚʦʾ ʬʫʥʢʮʽʾ. 

6. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʤʝʪʦʜʫ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʰʫʢʫ ʛʣʦʙʘʣʴʥʠʭ ʽ 

ʣʦʢʘʣʴʥʠʭ ʝʢʩʪʨʝʤʫʤʽʚ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ? 

7. ʇʦʷʩʥʽʪʴ ʧʨʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ quadprog ʩʠʩʪʝʤʠ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʤʘʪʝʤʘʪʠʢʠ MATLAB. 
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ʈʦʟʜʽʣ 2. ɽʚʦʣʶʮʽʡʥʽ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʧʽʜʭʦʜʠ ʜʦ ʾʭ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ɻʣʘʚʘ 19. ɽʚʦʣʶʮʽʡʥʽ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ 

ɽʚʦʣʶʮʽʡʥʽ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʩʬʦʨʤʫʚʘʣʠ ʦʢʨʝʤʠʡ ʥʘʧʨʷʤʦʢ 

ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ. ɼʦ ʥʴʦʛʦ, ʟʦʢʨʝʤʘ, 

ʥʘʣʝʞʘʪʴ ʤʝʪʦʜʠ, ʚ ʷʢʠʭ ʟʘʢʣʘʜʝʥʽ ʧʨʠʥʮʠʧʠ ʧʨʠʨʦʜʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʫ ʘʜʘʧʪʘʮʽʶ ʧʨʠʨʦʜʥʠʭ ʩʠʩʪʝʤ ʜʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ʆʩʥʦʚʫ ʮʴʦʛʦ ʥʘʧʨʷʤʢʫ ʩʬʦʨʤʫʚʘʣʠ ʨʦʙʦʪʠ ɼʞ. ʍʦʣʘʥʜʘ, 

ʃ. ʌʦʛʝʣʷ, ɯ. ɹʫʢʘʪʦʚʦʾ, ʃ. ʈʘʩʪʨʠʛʽʥʘ ʪʘ ʽʥʰʠʭ ʜʦʩʣʽʜʥʠʢʽʚ, ʷʢʽ ʟʚʝʨʥʫʣʠ 

ʫʚʘʛʫ ʥʘ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʧʨʠʨʦʜʽ, ʥʘʜʘʣʠ ʾʭ ʬʦʨʤʘʣʽʟʦʚʘʥʠʡ ʦʧʠʩ 

ʪʘ ʧʦʙʫʜʫʚʘʣʠ ʜʝʷʢʽ ʤʦʜʝʣʽ ʝʚʦʣʶʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ. 

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʝʚʦʣʶʮʽʡʥʠʡ ʥʘʧʨʷʤʦʢ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ 

ʦʧʪʠʤʽʟʘʮʽʾ ʩʬʦʨʤʫʚʘʚʩʷ ʚʽʜʥʦʩʥʦ ʥʝʜʘʚʥʦ. ʁʦʛʦ ʧʦʷʚʫ ʧʦʚôʷʟʫʶʪʴ ʟ 

ʧʫʙʣʽʢʘʮʽʻʶ ɼʞ. ʍʦʣʘʥʜʦʤ ʚ 1975 ʨʦʮʽ ʨʦʙʦʪʠ, ʧʨʠʩʚʷʯʝʥʦʾ ʛʝʥʝʪʠʯʥʠʤ 

ʘʣʛʦʨʠʪʤʘʤ. ɿ ʪʠʭ ʧʽʨ ʫ ʩʚʽʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʪʨʽʤʢʝ ʟʙʽʣʴʰʝʥʥʷ ʧʫʙʣʽʢʘʮʽʡ, 

ʧʨʠʩʚʷʯʝʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʶ ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʩʢʣʘʜʥʠʭ 

ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʧʨʦʜʦʚʞʫʶʪʴʩʷ ʨʦʙʦʪʠ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʪʘ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʮʴʦʛʦ ʢʣʘʩʫ. 

ɿʘʛʘʣʴʥʠʡ ʽʥʪʝʨʝʩ ʜʦ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʘʢʠʤʠ ʦʩʥʦʚʥʠʤʠ 

ʦʙʩʪʘʚʠʥʘʤʠ.  

ʇʦ-ʧʝʨʰʝ, ʩʪʨʽʤʢʝ ʟʨʦʩʪʘʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ, ʷʢʽ ʧʽʜʣʷʛʘʶʪʴ 

ʨʦʟʚôʷʟʘʥʥʶ, ʪʘ ʞʦʨʩʪʢʽ ʦʙʤʝʞʝʥʥʷ ʟʘ ʯʘʩʦʤ, ʚʽʜʚʝʜʝʥʠʤ ʥʘ ʦʪʨʠʤʘʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʠ ʮʴʦʤʫ, ʚʥʘʩʣʽʜʦʢ ʟʘʛʘʣʴʥʦʛʦ ʫʩʚʽʜʦʤʣʝʥʥʷ ʚʘʞʣʠʚʦʩʪʽ ʮʠʭ 

ʬʘʢʪʦʨʽʚ ʜʦʩʠʪʴ ʯʘʩʪʦ ʚʚʘʞʘʻʪʴʩʷ ʟʘ ʜʦʮʽʣʴʥʝ ʦʪʨʠʤʫʚʘʪʠ ʥʝ ʦʧʪʠʤʘʣʴʥʽ, ʘ 

ʨʘʮʽʦʥʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʧʨʘʢʪʠʯʥʠʤ ʧʦʪʨʝʙʘʤ. 

ʇʦ-ʜʨʫʛʝ, ʚʣʘʩʪʠʚʦʩʪʽ, ʧʨʠʪʘʤʘʥʥʽ ʩʘʤʠʤ ʤʝʪʦʜʘʤ: ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ, 

ʝʬʝʢʪʠʚʥʽʩʪʴ, ʚʽʜʩʫʪʥʽʩʪʴ ʩʧʝʮʽʘʣʴʥʠʭ ʚʠʤʦʛ ʜʦ ʚʠʜʫ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʽ 

ʦʙʤʝʞʝʥʴ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʦʧʪʠʤʽʟʘʮʽʾ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʟ ʙʝʟʧʦʩʝʨʝʜʥʽʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʝʡ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ.  

ʇʦ-ʪʨʝʪʻ, ʜʦʩʠʪʴ ʚʠʩʦʢʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʦʾ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʾʾ ʧʦʩʪʽʡʥʝ ʟʨʦʩʪʘʥʥʷ, ʙʝʟ ʷʢʦʾ ʝʬʝʢʪʠʚʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʝ. 
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ɺʦʜʥʦʯʘʩ ʥʘ ʩʴʦʛʦʜʥʽ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʝʚʦʣʶʮʽʡʥʽ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ 

ʤʦʞʫʪʴ ʙʫʪʠ ʩʪʚʦʨʝʥʽ ʣʠʰʝ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ 

ʧʨʠʨʦʜʽ, ʪʦʙʪʦ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʤʝʪʦʜʫ ʪʘʢʦʛʦ ʢʣʘʩʫ ʙʝʟ ʜʝʷʢʦʛʦ ʧʨʦʦʙʨʘʟʫ 

ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʥʝʤʦʞʣʠʚʝ. 

ʆʢʨʽʤ ʪʦʛʦ, ʥʠʥʽ ʚʽʜʩʫʪʥʽʡ ʫʟʛʦʜʞʝʥʠʡ ʧʦʛʣʷʜ ʥʘ ʩʫʪʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ 

Ăʝʚʦʣʶʮʽʡʥʠʡ ʤʝʪʦʜò ʷʢ ʟʘʛʘʣʴʥʦʛʦ ʧʦʥʷʪʪʷ, ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘ ʩʫʪʥʽʩʪʴ 

ʪʝʨʤʽʥʘ Ăʝʚʦʣʶʮʽʡʥʠʡ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾò. ɼʣʷ ʥʽʚʝʣʶʚʘʥʥʷ ʪʘʢʦʾ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʜʦʩʠʪʴ ʰʠʨʦʢʦ ʧʦʯʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʨʤʽʥ 

Ăʙʽʦʽʥʩʧʽʨʦʚʘʥʽ ʤʝʪʦʜʠò, ʦʜʥʘʢ ʽ ʚʽʥ ʥʝ ʦʭʦʧʣʶʻ ʫʩʽʭ ʤʝʪʦʜʽʚ, ʷʢʽ ʤʘʶʪʴ 

ʧʨʠʨʦʜʥʽ ʧʨʦʪʦʪʠʧʠ, ʪʘ ʥʝ ʜʘʻ ʦʜʥʦʟʥʘʯʥʦʾ ʚʽʜʧʦʚʽʜʽ ʥʘ ʧʠʪʘʥʥʷ ʱʦʜʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʧʦʢʣʘʜʝʥʠʭ ʫ ʾʭ ʦʩʥʦʚʫ.  

ʊʘʢʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʫ ʧʦʥʷʪʽʡʥʦʤʫ ʘʧʘʨʘʪʽ ʪʘ ʦʙʦʚôʷʟʢʦʚʘ ʧʨʠʚôʷʟʢʘ ʜʦ 

ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ ʥʝ ʜʘʶʪʴ ʟʤʦʛʠ ʥʘʜʘʪʠ ʚʽʜʧʦʚʽʜʴ ʥʘ ʟʘʧʠʪʘʥʥʷ, ʯʠʤ ʞʝ 

ʝʚʦʣʶʮʽʡʥʽ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʠʥʮʠʧʦʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʤʝʪʦʜʽʚ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʭʦʯʘ ʚʽʜʧʦʚʽʜʴ ʥʘ ʥʴʦʛʦ ʤʦʞʝ ʚʽʜʢʨʠʪʠ ʥʦʚʽ 

ʰʣʷʭʠ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʪʘ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʝʬʝʢʪʠʚʥʠʭ 

ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ. 

ʊʦʙʪʦ ʥʠʥʽ ʽʩʥʫʻ ʤʝʪʦʜʦʣʦʛʽʯʥʘ ʧʨʦʙʣʝʤʘ, ʧʦʚôʷʟʘʥʘ ʽʟ ʨʦʟʨʦʙʣʝʥʥʷʤ 

ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ, ʚʠʟʥʘʯʝʥʥʷʤ ʾʭ ʟʚôʷʟʢʫ 

ʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ ʥʘʫʢʦʚʠʤʠ ʜʠʩʮʠʧʣʽʥʘʤʠ ʷʢ ʧʽʜˇʨʫʥʪʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʮʴʦʛʦ ʢʣʘʩʫ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ. 

 ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʽ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ 

ʦʧʪʠʤʽʟʘʮʽʾ, ʷʢʽ ʤʘʶʪʴ ʧʨʠʨʦʜʥʽ ʧʨʦʪʦʪʠʧʠ. ʇʨʠ ʮʴʦʤʫ ʥʘʷʚʥʽʩʪʴ ʜʦʩʠʪʴ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʘʨʽʘʥʪʽʚ ʨʝʘʣʽʟʘʮʽʾ ʦʢʨʝʤʠʭ ʤʝʪʦʜʽʚ ʥʘʜʘʻ ʧʽʜʩʪʘʚʠ 

ʨʦʟʛʣʷʜʘʪʠ ʥʘʚʝʜʝʥʽ ʙʘʟʦʚʽ ʘʣʛʦʨʠʪʤʠ ʷʢ ʯʘʩʪʠʥʫ ʟʘʛʘʣʴʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ. 

ʉʧʽʣʴʥʦʶ ʨʠʩʦʶ ʚʩʽʭ ʨʦʟʛʣʷʜʫʚʘʥʠʭ ʤʝʪʦʜʽʚ ʻ ʪʝ, ʱʦ ʚʦʥʠ ʧʨʠʟʥʘʯʝʥʽ 

ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ ʙʝʟ ʦʙʤʝʞʝʥʴ. ʊʦʤʫ ʧʝʨʝʜ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʛʣʷʜʫʚʘʥʝ ʟʘʚʜʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʚʝʩʪʠ ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ 

ʧʦʩʪʘʥʦʚʢʠ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ, ʥʘʧʨʠʢʣʘʜ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ 

ʰʪʨʘʬʥʠʭ ʬʫʥʢʮʽʡ. 
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19.1. ɻʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ 

ɻʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ (ɻɸ) ʙʘʟʫʶʪʴʩʷ ʥʘ ʽʜʝʾ ʏ. ɼʘʨʚʽʥʘ ʩʪʦʩʦʚʥʦ 

ʝʚʦʣʶʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʙʽʦʣʦʛʽʯʥʠʭ ʚʠʜʽʚ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʾ ʫ ʧʨʠʨʦʜʽ 

ʧʦʢʨʘʱʝʥʥʷ ʦʟʥʘʢ ʜʝʷʢʦʾ ʧʦʧʫʣʷʮʽʾ ʪʚʘʨʠʥ ʚʽʜ ʧʦʢʦʣʽʥʥʷ ʜʦ ʧʦʢʦʣʽʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʪʨʴʦʤ ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʘʤ: 

¶ ʩʧʘʜʢʦʚʦʩʪʽ, ʢʦʣʠ ʥʘʱʘʜʢʠ ʫʩʧʘʜʢʦʚʫʶʪʴ ʩʚʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜ 

ʙʘʪʴʢʽʚ; 

¶ ʚʽʜʙʦʨʫ, ʢʦʣʠ ʙʽʣʴʰʝ ʰʘʥʩʽʚ ʚʠʞʠʪʠ ʪʘ ʟʘʣʠʰʠʪʠ ʥʘʱʘʜʢʽʚ ʤʘʶʪʴ 

ʦʩʦʙʠʥʠ ʟ ʢʨʘʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ; 

¶ ʟʤʽʥʶʚʘʥʦʩʪʽ, ʢʦʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʱʘʜʢʽʚ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʴ 

ʫʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ. 

ɼʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʚʧʣʠʚʫ ʮʠʭ ʬʘʢʪʦʨʽʚ ʢʦʨʠʩʪʫʶʪʴʩʷ ʪʘʢʠʤʠ 

ʤʦʜʝʣʴʥʠʤʠ ʫʷʚʣʝʥʥʷʤʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʛʝʥʝʪʠʢʠ ʙʫʜʴ-ʷʢʘ ʦʩʦʙʠʥʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʛʝʥʦʪʠʧʦʤ 

ʪʘ ʬʝʥʦʪʠʧʦʤ. ɻʝʥʝʪʠʯʥʘ ʽʥʬʦʨʤʘʮʽʷ ʟʘʢʦʜʦʚʘʥʘ ʚ ʭʨʦʤʦʩʦʤʽ, ʷʢʘ ʻ 

ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʛʝʥʽʚ. ʂʦʞʝʥ ʛʝʥ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʜʝʷʢʝ ʟʥʘʯʝʥʥʷ ʟ ʤʥʦʞʠʥʠ 

ʧʨʠʧʫʩʪʠʤʠʭ. ʊʦʜʽ ʷʢ ʛʝʥʦʪʠʧ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʭʨʦʤʦʩʦʤʘ ʟ ʚʠʟʥʘʯʝʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʛʝʥʽʚ. 

ʇʽʜ ʬʝʥʦʪʠʧʦʤ ʨʦʟʫʤʽʶʪʴ ʤʥʦʞʠʥʫ ʦʟʥʘʢ ʦʩʦʙʠʥʠ, ʷʢʫ ʤʦʞʝ ʦʮʽʥʠʪʠ 

ʟʦʚʥʽʰʥʽʡ ʩʧʦʩʪʝʨʽʛʘʯ. ɿʘʛʘʣʦʤ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʢʨʘʱʠʡ ʬʝʥʦʪʠʧ ʟʫʤʦʚʣʝʥʠʡ 

ʢʨʘʱʠʤ ʛʝʥʦʪʠʧʦʤ, ʪʦʙʪʦ ʢʨʘʱʠʤ ʛʝʥʝʪʠʯʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. ʆʩʦʙʠʥʠ, ʷʢʽ 

ʤʘʶʪʴ ʢʨʘʱʠʡ ʬʝʥʦʪʠʧ, ʻ ʢʨʘʱʠʤʠ ʱʦʜʦ ʾʭ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ ʜʦ ʚʠʞʠʚʘʥʥʷ ʫ 

ʚʠʟʥʘʯʝʥʠʭ ʫʤʦʚʘʭ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʟʘʣʠʰʠʪʠ ʥʘʱʘʜʢʽʚ. 

ʆʢʨʽʤ ʪʦʛʦ, ʚʨʘʭʦʚʫʻʪʴʩʷ, ʱʦ ʧʽʜ ʜʽʻʶ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʛʝʥʦʪʠʧ 

ʦʩʦʙʠʥʠ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ, ʪʦʙʪʦ ʜʝʷʢʽ ʛʝʥʠ ʤʦʞʫʪʴ ʧʦʤʽʥʷʪʠ ʩʚʦʻ ʧʦʪʦʯʥʝ 

ʟʥʘʯʝʥʥʷ ʥʘ ʽʥʰʝ (ʟ ʤʥʦʞʠʥʠ ʧʨʠʧʫʩʪʠʤʠʭ). 

ʆʪʞʝ, ʩʧʘʜʢʦʚʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʭʨʦʤʦʩʦʤʘ ʥʘʱʘʜʢʘ 

ʬʦʨʤʫʻʪʴʩʷ ʟ ʯʘʩʪʠʥ ʭʨʦʤʦʩʦʤ ʙʘʪʴʢʽʚ, ʚʽʜʙʽʨ ï ʪʠʤ, ʱʦ ʚ ʨʦʟʤʥʦʞʝʥʥʽ 

ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʦʩʦʙʠʥʠ ʟ ʢʨʘʱʠʤ ʬʝʥʦʪʠʧʦʤ, ʘ ʟʤʽʥʶʚʘʥʽʩʪʴ ï ʪʠʤ, ʱʦ ʦʢʨʝʤʽ 

ʛʝʥʠ ʚ ʭʨʦʤʦʩʦʤʽ ʟʤʽʥʶʶʪʴ ʩʚʦʻ ʟʥʘʯʝʥʥʷ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ɻɸ ʦʧʝʨʫʶʪʴ ʧʦʧʫʣʷʮʽʻʶ (ʤʥʦʞʠʥʦʶ) ʦʩʦʙʠʥ, ʬʝʥʦʪʠʧ 

ʢʦʞʥʦʾ ʟ ʷʢʠʭ ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʟʤʽʥʠ ʾʾ ʛʝʥʦʪʠʧʫ, ʘ ʧʦʢʨʘʱʝʥʥʷ 

ʬʝʥʦʪʠʧʽʚ ʚʽʜ ʧʦʢʦʣʽʥʥʷ ʜʦ ʧʦʢʦʣʽʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʬʦʨʤʫʚʘʥʥʷ 

ʢʨʘʱʠʭ ʛʝʥʦʪʠʧʽʚ.  
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ɼʦ ʧʦʯʘʪʢʫ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʟʥʘʯʘʶʪʴ ʩʠʩʪʝʤʫ ʢʦʜʫʚʘʥʥʷ ʟʤʽʥʥʠʭ, ʷʢʘ 

ʜʦʟʚʦʣʠʪʴ ʧʦʜʘʪʠ ʩʫʢʫʧʥʽʩʪʴ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ ʫ ʚʠʛʣʷʜʽ ʭʨʦʤʦʩʦʤʠ, 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʷʢʦʾ ʟʘ ʚʠʟʥʘʯʝʥʠʤʠ ʧʨʘʚʠʣʘʤʠ ʜʦʟʚʦʣʠʪʴ ʛʝʥʝʨʫʚʘʪʠ ʤʥʦʞʠʥʫ 

ʨʦʟʚôʷʟʢʽʚ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ. ʍʨʦʤʦʩʦʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʛʝʥʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ 

ʤʽʩʪʠʪʴ ʟʘʢʦʜʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʦʜʥʽʻʾ ʥʝʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ. ʗʢʱʦ ʢʦʞʝʥ ʛʝʥ 

ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʪʽʣʴʢʠ ʦʜʥʝ ʟ ʜʚʦʭ ʟʥʘʯʝʥʴ (0 ʘʙʦ 1), ʪʦʜʽ ʤʘʻʤʦ ʜʽʘʣʝʣʴʥʠʡ 

ʚʘʨʽʘʥʪ ɻɸ, ʚ ʽʥʰʦʤʫ ʨʘʟʽ ï ʧʦʣʽʘʣʝʣʴʥʠʡ ʚʘʨʽʘʥʪ. 

ʗʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʬʝʥʦʪʠʧʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʫʥʢʮʽʶ 

ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ (ʬʽʪʥʝʩ-ʬʫʥʢʮʽʶ) ï ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʦʪʨʠʤʘʥʦʾ 

ʟʚʝʜʝʥʥʷʤ ʚʠʭʽʜʥʦʾ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʜʦ ʚʠʛʣʷʜʫ, ʧʨʠʜʘʪʥʦʛʦ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ɻɸ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʘʜʢʦʚʦʩʪʽ ʪʘ ʟʤʽʥʶʚʘʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʚʽʜʧʦʚʽʜʥʽ ʛʝʥʝʪʠʯʥʽ ʦʧʝʨʘʪʦʨʠ, ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʟ ʷʢʠʭ ʻ ʢʨʦʩʦʚʝʨ 

(ʩʭʨʝʱʫʚʘʥʥʷ), ʤʫʪʘʮʽʷ ʪʘ ʽʥʚʝʨʩʽʷ.  

ʇʨʠ ʮʴʦʤʫ ʢʨʦʩʦʚʝʨ ʬʦʨʤʫʻ ʭʨʦʤʦʩʦʤʫ ʥʘʱʘʜʢʘ ʰʣʷʭʦʤ ʢʦʤʙʽʥʘʮʽʾ 

ʜʽʣʷʥʦʢ ʭʨʦʤʦʩʦʤ ʙʘʪʴʢʽʚ, ʤʫʪʘʮʽʷ ʟʤʽʥʶʻ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦ ʦʙʨʘʥʦʛʦ ʛʝʥʘ 

ʰʣʷʭʦʤ ʚʠʧʘʜʢʦʚʦʛʦ ʚʠʙʦʨʫ ʙʫʜʴ-ʷʢʦʛʦ ʽʥʰʦʛʦ ʧʨʠʧʫʩʪʠʤʦʛʦ ʜʣʷ ʮʴʦʛʦ ʛʝʥʘ 

ʟʥʘʯʝʥʥʷ, ʘ ʽʥʚʝʨʩʽʷ ʤʽʥʷʻ ʤʽʩʮʷʤʠ ʟʥʘʯʝʥʥʷ ʜʚʦʭ ʚʠʧʘʜʢʦʚʦ ʦʙʨʘʥʠʭ ʛʝʥʽʚ . 

ɼʣʷ ʜʽʘʣʝʣʴʥʦʛʦ ɻɸ ʩʭʝʤʘ ʦʜʥʦʪʦʯʢʦʚʦʛʦ ʢʨʦʩʦʚʝʨʘ ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 19.1 (ʪʦʯʢʘ ʢʨʦʩʦʚʝʨʘ ʤʽʞ ʜʨʫʛʠʤ ʪʘ ʪʨʝʪʽʤ ʛʝʥʘʤʠ), ʤʫʪʘʮʽʾ ï ʥʘ ʨʠʩ. 

19.2 (ʤʫʪʫʻ ʧôʷʪʠʡ ʛʝʥ), ʘ ʽʥʚʝʨʩʽʾ ï ʥʘ ʨʠʩ. 19.3 (ʧôʷʪʠʡ ʪʘ ʯʝʪʚʝʨʪʠʡ ʛʝʥ 

ʦʙʤʽʥʶʶʪʴʩʷ ʟʥʘʯʝʥʥʷʤʠ). 

 

ɹʘʪʴʢʽʚʩʴʢʘ ʭʨʦʤʦʩʦʤʘ 1 0 0 1 1 0 

ɹʘʪʴʢʽʚʩʴʢʘ ʭʨʦʤʦʩʦʤʘ 2 1 1 0 0 0 

ʍʨʦʤʦʩʦʤʘ ʥʘʱʘʜʢʘ 1 0 0 0 0 0 

ʍʨʦʤʦʩʦʤʘ ʥʘʱʘʜʢʘ 2 1 1 1 1 0 

ʈʠʩ. 19.1. ʉʭʝʤʘ ʦʜʥʦʪʦʯʢʦʚʦʛʦ ʢʨʦʩʦʚʝʨʘ ʜʣʷ ʜʽʘʣʝʣʴʥʦʛʦ ɻɸ 

 

ʍʨʦʤʦʩʦʤʘ ʜʦ ʤʫʪʘʮʽʾ  1 1 1 1 0 

ʍʨʦʤʦʩʦʤʘ ʧʽʩʣʷ ʤʫʪʘʮʽʾ 1 1 1 1 1 

ʈʠʩ. 19.2. ʉʭʝʤʘ ʤʫʪʘʮʽʾ ʜʣʷ ʜʽʘʣʝʣʴʥʦʛʦ ɻɸ 
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ʍʨʦʤʦʩʦʤʘ ʜʦ ʽʥʚʝʨʩʽʾ 1 1 1 1 0 

ʍʨʦʤʦʩʦʤʘ ʧʽʩʣʷ ʽʥʚʝʨʩʽʾ 1 1 1 0 1 

ʈʠʩ. 19.3. ʉʭʝʤʘ ʽʥʚʝʨʩʽʾ ʜʣʷ ʜʽʘʣʝʣʴʥʦʛʦ ɻɸ 

 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʙʦʨʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʘʚʠʣʘ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ 

ʦʢʨʝʤʽ ʦʩʦʙʠʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʨʘʥʽ ʙʘʪʴʢʘʤʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʘʱʘʜʢʘ 

ʰʣʷʭʦʤ ʨʝʘʣʽʟʘʮʽʾ ʦʧʝʨʘʪʦʨʘ ʢʨʦʩʦʚʝʨʘ (ʩʭʨʝʱʫʚʘʥʥʷ). ɺʽʜʧʦʚʽʜʥʦ 

ʨʦʟʨʽʟʥʷʶʪʴ ʚʠʜʠ ʚʽʜʙʦʨʫ: ʚʠʧʘʜʢʦʚʠʡ, ʪʫʨʥʽʨʥʠʡ, ʧʨʦʧʦʨʮʽʡʥʠʡ ʪʦʱʦ. 

ɺʠʧʘʜʢʦʚʠʡ ʚʽʜʙʽʨ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʥʦʤʝʨʠ ʦʩʦʙʠʥ ʚʠʟʥʘʯʘʶʪʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʦʤʽʨʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ. 

ʊʫʨʥʽʨʥʠʡ ʚʽʜʙʽʨ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʞʥʦʛʦ ʟ ʙʘʪʴʢʽʚ 

ʦʨʛʘʥʽʟʫʻʪʴʩʷ ʪʫʨʥʽʨ (ʟʤʘʛʘʥʥʷ) ʤʽʞ ʜʝʢʽʣʴʢʦʤʘ ʚʠʧʘʜʢʦʚʦ ʦʙʨʘʥʠʤʠ 

ʦʩʦʙʠʥʘʤʠ. ʇʝʨʝʤʦʞʮʝʤ ʪʫʨʥʽʨʫ ʚʚʘʞʘʻʪʴʩʷ ʦʩʦʙʠʥʘ ʟ ʥʘʡʢʨʘʱʠʤ ʟʥʘʯʝʥʥʷʤ 

ʬʫʥʢʮʽʾ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ.  

ʇʨʦʧʦʨʮʽʡʥʠʡ ʚʽʜʙʽʨ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʽʤʦʚʽʨʥʽʩʪʴ ʧʨʠʡʥʷʪʠ ʫʯʘʩʪʴ ʫ 

ʬʦʨʤʫʚʘʥʥʽ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʧʨʦʧʦʨʮʽʡʥʘ ʧʝʨʝʚʠʱʝʥʥʶ ʬʫʥʢʮʽʻʶ 

ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ ʦʩʦʙʠʥʠ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ ʧʦ ʧʦʧʫʣʷʮʽʾ. 

ʉʭʝʤʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʜʥʦʛʦ ʟ 

ʚʘʨʽʘʥʪʽʚ ɻɸ  ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 19.4. ʆʩʦʙʣʠʚʽʩʪʶ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʚʘʨʽʘʥʪʘ ɻɸ 

ʻ ʪʝ, ʱʦ ʢʦʞʥʘ ʦʩʦʙʠʥʘ ʤʦʞʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʪʨʘʧʠʪʠ ʚ ʥʦʚʝ ʧʦʢʦʣʽʥʥʷ (ʥʝ 

ʙʝʨʫʯʠ ʫʯʘʩʪʽ ʚ ʬʦʨʤʫʚʘʥʥʽ ʥʘʱʘʜʢʘ), ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʠʰʝ ʦʜʥʦʛʦ ʟ 

ʛʝʥʝʪʠʯʥʠʭ ʦʧʝʨʘʪʦʨʽʚ. 

ʅʘ ʧʦʯʘʪʢʫ ʨʦʟʨʘʭʫʥʢʽʚ ʩʪʚʦʨʶʶʪʴ ʚʠʭʽʜʥʫ ʤʥʦʞʠʥʫ ʭʨʦʤʦʩʦʤ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʟʥʘʯʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʦʩʦʙʠʥ ʫ ʧʦʧʫʣʷʮʽʾ (ʄ) ʪʘ ʦʙʯʠʩʣʶʶʪʴ 

ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʾ ʟ ʥʠʭ. 

ɼʘʣʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʜʚʘ ʮʠʢʣʠ: ʧʝʨʰʠʡ ï ʟʘ ʢʽʣʴʢʽʩʪʶ ʦʩʦʙʠʥ ʫ ʧʦʧʫʣʷʮʽʾ, 

ʘ ʜʨʫʛʠʡ ï ʟʘ ʢʽʣʴʢʽʩʪʶ ʧʦʢʦʣʽʥʴ. ʇʨʠ ʮʴʦʤʫ ʧʝʨʰʠʡ ʮʠʢʣ ʻ ʚʢʣʘʜʝʥʠʤ ʫ 

ʜʨʫʛʠʡ.  

ʇʝʨʰʠʡ ʮʠʢʣ ʨʝʘʣʽʟʫʻ ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ. ʅʘ ʢʦʞʥʦʤʫ 

ʢʨʦʮʽ ʮʠʢʣʫ ʧʨʦʧʦʨʮʽʡʥʠʤ ʚʽʜʙʦʨʦʤ ʟ ʧʦʪʦʯʥʦʛʦ ʧʦʢʦʣʽʥʥʷ ʦʙʠʨʘʻʪʴʩʷ ʜʝʷʢʘ 

ʦʩʦʙʠʥʘ, ʷʢʘ (ʟ ʜʝʷʢʦʶ ʽʤʦʚʽʨʥʽʩʪʶ) ʤʦʞʝ ʙʫʪʠ ʘʙʦ ʩʢʦʧʽʡʦʚʘʥʘ ʚ ʥʦʚʝ 

ʧʦʢʦʣʽʥʥʷ, ʘʙʦ ʜʦ ʥʝʾ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʦʜʠʥ ʟ ʛʝʥʝʪʠʯʥʠʭ ʦʧʝʨʘʪʦʨʽʚ 

(ʢʨʦʩʦʚʝʨ, ʤʫʪʘʮʽʷ ʘʙʦ ʽʥʚʝʨʩʽʷ).  
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ʈʠʩ. 19.4. ʉʭʝʤʘ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ (ʚʘʨʽʘʥʪ ʟʘ [6]) 

 

ʇʦʯʘʪʦʢ ɯʥʽʮʽʘʣʽʟʫʚʘʪʠ ʧʦʢʦʣʽʥʥʷ 

ɺ(0) ʨʦʟʤʽʨʦʤ ʄ 

ʆʮʽʥʠʪʠ ʧʨʠʩʪʦʩʦʚʘʥʽʩʪʴ 

ʢʦʞʥʦʾ ʦʩʦʙʠʥʠ ʚ ɺ(0) 

ʆʙʯʠʩʣʠʪʠ ʩʝʨʝʜʥʶ ʧʦ ɺ(t) ʧʨʠʩʪʦʩʦʚʘʥʽʩʪʴ  

ɺʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʝʥʝʪʠʯʥʽ ʦʧʝʨʘʪʦʨʠ  

 

ʆʙʨʘʪʠ ʛʝʥʝʪʠʯʥʠʡ ʦʧʝʨʘʪʦʨ 

˸ͯͭ͊ͼ͜Ύ ˴͍͔ͪͦͫͦͪ ˱͍͔ͤͪͫ͜Ύ 

 

ʂʦʧʽʶʚʘʥʥʷ 

t = t + 1 

ʂʨʦʩʦʚʝʨ ɯʥʚʝʨʩʽʷ ʄʫʪʘʮʽʷ 

ʆʙʨʘʪʠ ʜʨʫʛʫ ʦʩʦʙʠʥʫ ʟ ɺ(t) 

ʆʙʨʘʪʠ ʪʦʯʢʫ ʢʨʦʩʦʚʝʨʘ 

ɺʠʢʦʥʘʪʠ ʢʨʦʩʦʚʝʨ 

ʆʮʽʥʠʪʠ ʧʨʠʩʪʦʩʦʚʘʥʽʩʪʴ ʦʩʦʙʠʥʠ 

ʇʦʤʽʩʪʠʪʠ ʦʩʦʙʠʥʫ ʚ ɺ(t + 1) 

ʅʦʚʝ ʧʦʢʦʣʽʥʥʷ ʟʘʧʦʚʥʝʥʝ 

ɿʘʢʽʥʯʫʚʘʪʠ? ʂʽʥʝʮʴ 

ʅ̔ 

ʅ̔ 

ʊʘʢ 

ʊʘʢ 
ʅ̔ 

ʊʘʢ 

ʆʙʨʘʪʠ ʦʩʦʙʠʥʫ ʟ ɺ(t) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʾ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ 
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ʏʝʨʝʟ ʄ ʢʨʦʢʽʚ ʥʦʚʝ ʧʦʢʦʣʽʥʥʷ ʙʫʜʝ ʩʬʦʨʤʦʚʘʥʝ. ʍʨʦʤʦʩʦʤʠ, ʷʢʽ ʥʝ 

ʫʟʷʣʠ ʫʯʘʩʪʽ ʫ ʬʦʨʤʫʚʘʥʥʽ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʚʠʢʣʶʯʘʶʪʴʩʷ ʟ ʧʦʜʘʣʴʰʦʛʦ 

ʨʦʟʛʣʷʜʫ . 

ʈʦʙʦʪʘ ʘʣʛʦʨʠʪʤʫ ʟʘʚʝʨʰʫʻʪʴʩʷ ʘʙʦ ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʽʣʴʢʽʩʪʶ 

ʧʦʢʦʣʽʥʴ ʥʘʧʝʨʝʜ ʚʠʟʥʘʯʝʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʘʙʦ ʧʽʩʣʷ ʩʪʷʛʫʚʘʥʥʷ ʧʦʧʫʣʷʮʽʾ ʫ 

ʪʦʯʢʫ.  

ɿʘʟʚʠʯʘʡ ʜʣʷ ɻɸ ʟʘ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʦʙʠʨʘʻʪʴʩʷ ʥʘʡʢʨʘʱʝ 

ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ ʚ ʦʩʪʘʥʥʴʦʤʫ ʧʦʢʦʣʽʥʥʽ. 

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʠʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʜʦʩʠʪʴ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʚʘʨʽʘʥʪʽʚ ʨʝʘʣʽʟʘʮʽʾ ʨʦʟʛʣʷʥʫʪʠʭ ʛʝʥʝʪʠʯʥʠʭ ʦʧʝʨʘʪʦʨʽʚ, ʥʘʧʨʠʢʣʘʜ, ʢʨʦʩʦʚʝʨ 

ʤʦʞʝ ʙʫʪʠ ʦʜʥʦʪʦʯʢʦʚʠʤ (ʷʢ ʥʘ ʨʠʩ. 19.1), n-ʪʦʯʢʦʚʠʤ ʘʙʦ ʨʽʚʥʦʤʽʨʥʠʤ, ʘ ʧʽʜ 

ʯʘʩ ʽʥʚʝʨʩʽʾ ʤʦʞʫʪʴ ʤʽʥʷʪʠʩʴ ʥʝ ʟʥʘʯʝʥʥʷ ʛʝʥʽʚ, ʘ ʾʭ ʤʽʩʮʝ ʚ ʭʨʦʤʦʩʦʤʽ. ʋ 

ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʚʚʘʞʘʻʪʴʩʷ ʟʘ ʜʦʮʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʥʝʪʠʯʥʠʭ 

ʦʧʝʨʘʪʦʨʽʚ, ʜʣʷ ʷʢʠʭ ʥʝʤʘʻ ʘʥʘʣʦʛʽʚ ʫ ʧʨʠʨʦʜʽ . 

ʆʢʨʽʤ ʪʦʛʦ, ʥʠʥʽ ʽʩʥʫʻ ʜʦʩʠʪʴ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʚʘʨʽʘʥʪʽʚ ʬʦʨʤʫʚʘʥʥʷ 

ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʟʦʢʨʝʤʘ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠʥʮʠʧ ʝʣʽʪʠʟʤʫ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʥʘʡʢʨʘʱʘ ʦʩʦʙʠʥʘ ʧʨʠʤʫʩʦʚʦ ʧʝʨʝʥʦʩʠʪʴʩʷ ʜʦ ʥʦʚʦʛʦ 

ʧʦʢʦʣʽʥʥʷ. ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʟʘ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʠʡʤʘʶʪʴ ʛʝʥʦʪʠʧ 

ʝʣʽʪʥʦʾ ʦʩʦʙʠʥʠ ʚ ʦʩʪʘʥʥʴʦʤʫ ʧʦʢʦʣʽʥʥʽ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʦʢʨʽʤ ʥʘʚʝʜʝʥʠʭ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʡ 

ʽʥʰʽ ʦʟʥʘʢʠ ʟʘʚʝʨʰʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʥʘʧʨʠʢʣʘʜ, ʢʽʣʴʢʽʩʪʴ ʦʙʯʠʩʣʝʥʴ ʟʥʘʯʝʥʴ 

ʬʫʥʢʮʽʾ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ, ʚʠʪʨʘʯʝʥʠʡ ʯʘʩ ʥʘ ʨʦʟʨʘʭʫʥʢʠ ʪʦʱʦ. 

ʅʠʥʽ ɻɸ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʫ 

ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ: ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʙʘʛʘʪʦʝʢʩʪʨʝʤʘʣʴʥʠʭ ʬʫʥʢʮʽʡ, 

ʥʘʣʘʛʦʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʩʠʥʪʝʟʫ ʘʨʭʽʪʝʢʪʫʨʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ , ʨʦʟʚôʷʟʘʥʥʷ ʙʘʛʘʪʦʮʽʣʴʦʚʠʭ ʟʘʜʘʯ ʪʝʦʨʽʾ ʨʦʟʢʣʘʜʽʚ, 

ʦʧʪʠʤʽʟʘʮʽʾ ʤʘʨʰʨʫʪʽʚ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ, ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ 

ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ , ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʘʛʨʝʛʘʪʽʚ ʣʽʪʘʢʽʚ ʪʘ 

ʤʝʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʢʨʦʶ ʤʘʪʝʨʽʘʣʽʚ, ʨʦʟʧʦʜʽʣʫ 

ʪʘʢʪʠʯʥʠʭ ʨʘʢʝʪ ʧʨʦʪʠ ʛʨʫʧʦʚʠʭ ʮʽʣʝʡ ʪʘ ʥʝʦʜʥʦʨʽʜʥʠʭ ʟʘʩʦʙʽʚ ʫʨʘʞʝʥʥʷ ʧʦ 

ʦʙôʻʢʪʘʭ ʧʨʦʪʠʚʥʠʢʘ ʪʦʱʦ. 
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19.2. ʄʝʪʦʜ LARES 

ɺ ʦʩʥʦʚʫ ʤʝʪʦʜʫ ʦʧʪʠʤʽʟʘʮʽʾ LARES, ʱʦ ʚʧʝʨʰʝ ʙʫʚ ʦʧʠʩʘʥʠʡ ʫ 2004 

ʨʦʮʽ ʷʢ ʤʝʪʦʜ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʜʠʩʢʨʝʪʥʠʭ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ 

ʟʘʜʘʯ, ʧʦʢʣʘʜʝʥʦ ʚʽʜʦʤʝ ʧʦʣʦʞʝʥʥʷ ʧʨʦ ʪʝ, ʱʦ ʩʪʘʙʽʣʴʥʠʡ ʩʪʘʥ ʜʝʷʢʦʾ 

ʨʝʯʦʚʠʥʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʽʥʽʤʫʤʦʤ ʾʾ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʚʽʜʧʦʚʽʜʥʦ 

ʧʦʪʨʝʙʫʻ ʤʽʥʽʤʽʟʘʮʽʾ ʝʥʝʨʛʽʾ ʤʦʣʝʢʫʣ, ʟ ʷʢʠʭ ʚʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʧʦʣʦʞʝʥʥʷ ʟ ʤʝʪʦʶ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʥʮʝʧʮʽʷ ʰʪʫʯʥʦʾ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ, ʷʢʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʧʦʣʷʛʘʻ ʚ ʪʘʢʦʤʫ. 

V ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ ʟʘʜʘʯʽ ʢʦʜʫʶʪʴ ʥʘʙʦʨʦʤ ʜʠʩʢʨʝʪʥʠʭ ʟʤʽʥʥʠʭ (xj, j 

= 1,é, V), ʷʢʽ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ Ăʤʦʣʝʢʫʣʠò. ʅʝʭʘʡ Wj ʻ ʥʘʙʦʨʦʤ ʤʦʞʣʠʚʠʭ 

ʟʥʘʯʝʥʴ ʟʤʽʥʥʦʾ xj, Wj = { i1,é, iMj}, ʜʝ Mj ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʤʦʞʣʠʚʠʭ 

ʟʥʘʯʝʥʴ ʤʦʣʝʢʫʣʠ j. ʉʫʢʫʧʥʽʩʪʴ ʜʠʩʢʨʝʪʥʠʭ ʟʥʘʯʝʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʤʦʣʝʢʫʣʽ, ʥʘʟʠʚʘʶʪʴ Ăʩʪʘʥʘʤʠò. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʚʠʭʽʜʥʘ ʟʘʜʘʯʘ ʟʘʢʦʜʦʚʘʥʘ 

ʤʦʣʝʢʫʣʷʨʥʠʤʠ ʟʤʽʥʥʠʤʠ, ʻʜʠʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʘʣʛʦʨʠʪʤʽ, ʻ ʬʫʥʢʮʽʷ ʝʥʝʨʛʽʾ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʮʽʣʴʦʚʽʡ ʬʫʥʢʮʽʾ. ʈʦʟʚôʷʟʢʦʤ 

ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʻ ʥʦʚʘ Ăʭʽʤʽʯʥʘ ʨʝʯʦʚʠʥʘò, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʦʣʝʢʫʣ, 

ʩʪʘʥʠ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʽʥʽʤʫʤʫ ʬʫʥʢʮʽʾ ʝʥʝʨʛʽʾ F. 

ʅʝʭʘʡ Z ʻ ʤʥʦʞʠʥʦʶ ʚʩʽʭ V ʤʦʣʝʢʫʣ ʫ ʩʠʩʪʝʤʽ, ʘ xg
j ï ʧʦʪʦʯʥʠʡ ʩʪʘʥ 

ʤʦʣʝʢʫʣʠ j, ʷʢʦʤʫ ʚʽʜʧʦʚʽʜʘʻ ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʝʥʝʨʛʽʾ, xg
j = (xg

1,é, 

xg
V). ɿʨʦʟʫʤʽʣʦ, ʱʦ ʚ ʨʘʟʽ, ʢʦʣʠ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʝʥʝʨʛʽʾ ʤʦʞʝ ʙʫʪʠ 

ʧʦʣʽʧʰʝʥʦ, ʪʦʜʽ ʤʦʣʝʢʫʣʘ j ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʚʝʜʝʥʘ ʚ ʥʦʚʠʡ ʩʪʘʥ xt
j  ̧ xg

j. 

ʇʝʨʝʚʝʜʝʥʥʷʤ ʤʦʣʝʢʫʣ ʟ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ xg
j ʫ ʩʪʘʥ xt

j ʬʦʨʤʫʶʪʴ ʥʦʚʫ 

ʤʥʦʞʠʥʫ ʩʪʘʥʽʚ ʤʦʣʝʢʫʣ, ʷʢʠʤ (ʫ ʨʘʟʽ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʤʽʥʽʤʽʟʘʮʽʾ) 

ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʘ F(xt) < F(xg).  

ɼʣʷ ʧʦʰʫʢʫ ʪʘʢʦʛʦ ʢʨʘʱʦʛʦ ʥʘʙʦʨʫ ʩʪʘʥʽʚ ʤʦʣʝʢʫʣ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʩʪʨʘʪʝʛʽʷ ʰʪʫʯʥʦʾ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ. ʅʝʭʘʡ L, AR, E ʪʘ S ʻ ʯʦʪʠʨʤʘ 

ʜʠʟôʶʥʢʪʠʚʥʠʤʠ ʤʥʦʞʠʥʘʤʠ, ʝʣʝʤʝʥʪʠ ʷʢʠʭ ï ʤʦʣʝʢʫʣʠ-ʟʤʽʥʥʽ. ʅʝʭʘʡ F ï 

ʬʫʥʢʮʽʷ, ʱʦ ʧʽʜʣʷʛʘʻ ʤʽʥʽʤʽʟʘʮʽʾ, ʟʘʢʦʜʦʚʘʥʘ ʚ ʪʝʨʤʽʥʘʭ ʤʦʣʝʢʫʣ-ʟʤʽʥʥʠʭ, F = 

F(x). ʅʝʭʘʡ ʟʥʘʯʝʥʥʶ ʥʘʡʢʨʘʱʦʛʦ ʧʦʪʦʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ (ʪʦʙʪʦ ʤʽʥʽʤʫʤʫ 

ʝʥʝʨʛʽʾ) ʚʽʜʧʦʚʽʜʘʻ xg
j = (xg

1,é, x
g
V).  

ɸʣʛʦʨʠʪʤ ʤʝʪʦʜʫ LARES, ʩʭʝʤʫ ʷʢʦʾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 19.5, ʧʦʣʷʛʘʻ ʚ 

ʧʝʨʝʨʦʟʧʦʜʽʣʽ ʤʦʣʝʢʫʣ-ʟʤʽʥʥʠʭ ʤʽʞ ʤʥʦʞʠʥʘʤʠ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʝʥʝʨʛʽʾ.  
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ʂʦʞʥʘ ʤʥʦʞʠʥʘ ʘʩʦʮʽʶʻʪʴʩʷ ʟ ʜʝʷʢʠʤ ʧʨʠʩʪʨʦʻʤ ʭʽʤʽʯʥʦʛʦ ʨʝʘʢʪʦʨʘ: L 

ï ʟ ʧʨʠʩʪʨʦʻʤ ʟʘʚʘʥʪʘʞʝʥʥʷ; AR ï ʟ ʨʝʘʢʪʦʨʦʤ ʘʢʪʠʚʘʮʽʾ; S ï ʟ ʧʨʠʩʪʨʦʻʤ 

ʩʝʧʘʨʘʮʽʾ; E ï ʟ ʧʨʠʩʪʨʦʻʤ ʚʽʜʙʦʨʫ. ɺʣʘʩʥʝ, ʩʫʢʫʧʥʽʩʪʴ ʧʦʟʥʘʯʝʥʴ ʮʠʭ 

ʧʨʠʩʪʨʦʾʚ ʽ ʜʘʣʘ ʥʘʟʚʫ ʤʝʪʦʜʫ ï LARES. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʤʦʣʝʢʫʣʠ-ʟʤʽʥʥʽ ʽʥʽʮʽʘʣʽʟʫʶʪʴ ʫ ʧʨʠʩʪʨʦʾ 

ʟʘʚʘʥʪʘʞʝʥʥʷ (L) ʟʥʘʯʝʥʥʷʤʠ xg
j. ʏʘʩʪʠʥʘ ʤʦʣʝʢʫʣ, ʚʽʜʽʙʨʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ, ʥʘʜʭʦʜʠʪʴ ʜʦ ʨʝʘʢʪʦʨʘ ʘʢʪʠʚʘʮʽʾ 

(AR), ʫ ʷʢʦʤʫ ʤʦʣʝʢʫʣʠ ʧʝʨʝʚʦʜʷʪʴ ʜʦ ʥʦʚʦʛʦ ʩʪʘʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʘʚʠʣʘ: 

ʢʦʞʥʦʛʦ ʨʘʟʫ, ʢʦʣʠ ʤʦʣʝʢʫʣʘ-ʟʤʽʥʥʘ xj ʥʘʜʭʦʜʠʪʴ ʜʦ AR, ʾʡ (ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʛʝʥʝʨʘʪʦʨʘ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ) ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʥʦʚʝ ʟʥʘʯʝʥʥʷ xa
j (ʟ 

ʤʥʦʞʠʥʠ ʧʨʠʧʫʩʪʠʤʠʭ), ʚʽʜʤʽʥʥʝ ʚʽʜ ʧʦʪʦʯʥʦʛʦ. ʇʨʠ ʮʴʦʤʫ xa
j  ̧xg

j ʻ ʥʦʚʠʤ 

ʟʥʘʯʝʥʥʷʤ, ʷʢʝ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʜʦʪʠ, ʜʦʢʠ ʤʦʣʝʢʫʣʘ ʥʘʣʝʞʠʪʴ ʤʥʦʞʠʥʽ AR.  

 

ʈʠʩ. 19.5. ʉʭʝʤʘ ʰʪʫʯʥʦʾ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ 

ʇʨʦʙʥʠʡ ʚʝʢʪʦʨ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ xt
j = (xt

1,é, xt
V) ʙʫʜʫʻʪʴʩʷ 

ʟʘ ʬʦʨʤʫʣʦʶ: 

, ,

, .

g t
j jt

j a t
j j

x ʷʢʱʦ x AR
x

x ʷʢʱʦ x AR

ë
î
ì
îí

Î
=

Í
 

ʋ ʨʘʟʽ, ʢʦʣʠ ʜʣʷ ʚʝʢʪʦʨʘ xt
j ʧʦʣʽʧʰʝʥʥʷ F ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʤʦʣʝʢʫʣʠ 

ʧʦʚʝʨʪʘʶʪʴ ʜʦ ʧʨʠʩʪʨʦʶ ʟʘʚʘʥʪʘʞʝʥʥʷ (L) ʪʘ ʟʜʽʡʩʥʶʶʪʴ ʚʽʜʙʽʨ ʽʥʰʦʾ ʛʨʫʧʠ 

ʤʦʣʝʢʫʣ ʟ L ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ ʜʦ ʨʝʘʢʪʦʨʘ ʘʢʪʠʚʘʮʽʾ AR.  

ʋ ʨʘʟʽ ʧʦʣʽʧʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʝʥʝʨʛʽʾ ʪʽ ʤʦʣʝʢʫʣʠ, ʟʘʚʜʷʢʠ ʷʢʠʤ 

ʪʘʢʝ ʧʦʣʽʧʰʝʥʥʷ ʜʦʩʷʛʥʫʪʝ, ʧʝʨʝʜʘʶʪʴ ʜʦ ʧʨʠʩʪʨʦʶ ʩʝʧʘʨʘʮʽʾ (S).  

ʉʝʨʝʜ ʪʠʭ ʤʦʣʝʢʫʣ, ʱʦ ʟʘʣʠʰʠʣʠʩʴ ʫ ʨʝʘʢʪʦʨʽ ʘʢʪʠʚʘʮʽʾ, ʚʠʧʘʜʢʦʚʠʤ 

ʯʠʥʦʤ ʦʙʠʨʘʶʪʴ ʜʝʷʢʫ ʯʘʩʪʠʥʫ ʤʦʣʝʢʫʣ, ʷʢʽ ʧʝʨʝʜʘʶʪʴ ʜʦ ʧʨʠʩʪʨʦʶ ʚʽʜʙʦʨʫ 

(E), ʜʝ ʜʦ ʥʠʭ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʶʪʴ ʦʧʝʨʘʮʽʶ ʤʦʜʠʬʽʢʘʮʽʾ ʟʘ ʧʨʘʚʠʣʦʤ, 

L AR S E 
ɸʢʪʠʚʘʮʽʷ ɼʝʘʢʪʠʚʘʮʽʷ 

ɸʢʪʠʚʘʮʽʷ 

ɺʽʜʙʽʨ 

ʇʝʨʝʨʠʚʘʥʥʷ ʈʝʘʢʮʽʷ 

͍͔͊ͪ͘΄͔ͤ͊ ʇʦʚʪʦʨʥʘ ʧʝʨʝʨʦʙʢʘ 
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ʘʥʘʣʦʛʽʯʥʠʤ ʧʨʘʚʠʣʫ, ʚʠʢʦʨʠʩʪʘʥʦʤʫ ʜʣʷ ʧʨʠʩʪʨʦʶ ʘʢʪʠʚʘʮʽʾ. ʋ ʨʘʟʽ 

ʧʦʣʽʧʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʝʥʝʨʛʽʾ ʪʽ ʤʦʣʝʢʫʣʠ, ʟʘʚʜʷʢʠ ʷʢʠʤ ʪʘʢʝ 

ʧʦʣʽʧʰʝʥʥʷ ʜʦʩʷʛʥʫʪʝ, ʪʘʢʦʞ ʧʝʨʝʜʘʶʪʴ ʜʦ ʧʨʠʩʪʨʦʶ ʩʝʧʘʨʘʮʽʾ (S).  

ʊʽ ʤʦʣʝʢʫʣʠ, ʱʦ ʟʘʣʠʰʠʣʠʩʴ ʫ E, ʧʦʚʝʨʪʘʶʪʴ ʜʦ ʨʝʘʢʪʦʨʘ ʘʢʪʠʚʘʮʽʾ ʪʘ 

ʟʜʽʡʩʥʶʶʪʴ ʚʽʜʙʽʨ ʽʥʰʦʾ ʛʨʫʧʠ ʤʦʣʝʢʫʣ ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ ʜʦ ʧʨʠʩʪʨʦʶ 

ʚʽʜʙʦʨʫ. ʇʨʦʮʝʜʫʨʫ ʧʝʨʝʜʘʚʘʥʥʷ ʤʦʣʝʢʫʣ ʟ AR ʜʦ E ʪʘ ʚ ʟʚʦʨʦʪʥʦʤʫ 

ʥʘʧʨʷʤʢʫ ʟʜʽʡʩʥʶʶʪʴ ʟʘʜʘʥʫ ʢʽʣʴʢʽʩʪʴ ʨʘʟʽʚ.  

ʋ ʨʘʟʽ, ʢʦʣʠ ʚʩʽ ʤʦʣʝʢʫʣʠ ʧʝʨʝʭʦʜʷʪʴ ʜʦ ʧʨʠʩʪʨʦʶ ʩʝʧʘʨʘʮʽʾ, ʾʭ ʟʥʦʚʫ 

ʧʦʚʝʨʪʘʶʪʴ ʜʦ ʧʨʠʩʪʨʦʶ ʟʘʚʘʥʪʘʞʝʥʥʷ ʽ ʧʦʚʪʦʨʶʶʪʴ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʽʚ. 

ɿʘ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʠʡʤʘʶʪʴ ʚʝʢʪʦʨ xt
j = (xt

1,é, xt
V), ʟʥʘʯʝʥʥʷ 

ʷʢʦʛʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʪʘʥʘʤ ʤʦʣʝʢʫʣ ʫ ʚʩʽʭ ʧʨʠʩʪʨʦʷʭ, ʷʢʽ ʚʦʥʠ ʦʪʨʠʤʘʣʠ ʥʘ 

ʤʦʤʝʥʪ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ ʟʘʢʽʥʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ. 

ʅʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʫʤʦʚʠ ʟʘʚʝʨʰʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ 

ʜʦʮʽʣʴʥʦ ʧʝʨʝʚʽʨʷʪʠ ʧʝʨʝʜ ʚʠʢʦʥʘʥʥʷʤ ʢʦʞʥʦʛʦ ʧʝʨʝʩʠʣʘʥʥʷ ʤʦʣʝʢʫʣ ʤʽʞ 

ʧʨʠʩʪʨʦʷʤʠ ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ ʥʝʚʠʧʨʘʚʜʘʥʠʭ ʚʠʪʨʘʪ ʯʘʩʫ ʥʘ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ. 

ʂʦʥʢʨʝʪʥʽ ʫʤʦʚʠ ʟʘʚʝʨʰʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʨʦʟʨʦʙʣʷʶʪʴ ʟ ʦʛʣʷʜʫ ʥʘ 

ʩʧʝʮʠʬʽʢʫ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ ʨʦʟʚôʷʟʫʻʪʴʩʷ. ɼʦʜʘʪʢʦʚʦ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʫʤʦʚʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʛʨʘʥʠʯʥʽʡ ʢʽʣʴʢʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ 

ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʪʘ ʜʦʚʞʠʥʽ ñʧʦʣʠʮʽò, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʘʣʽʩʪʴ 

ʟʥʘʯʝʥʥʷ ʥʘʡʢʨʘʱʦʛʦ ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʚôʷʟʢʫ.  

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ɻɸ, ʷʢʠʡ ʦʜʥʦʯʘʩʥʦ ʦʧʝʨʫʻ ʟ 

ʤʥʦʞʠʥʦʶ ʨʦʟʚôʷʟʢʽʚ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ, ʤʝʪʦʜ LARES ʥʘʤʘʛʘʻʪʴʩʷ 

ʧʦʢʨʘʱʠʪʠ ʦʜʠʥ ʨʦʟʚôʷʟʦʢ, ʝʣʝʤʝʥʪʠ ʷʢʦʛʦ ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ ʧʨʠʩʪʨʦʷʭ 

ʰʪʫʯʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʨʝʘʢʪʦʨʘ. 

ʅʠʥʽ ʤʝʪʦʜ LARES ʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʜʣʷ ʨʦʟʧʦʜʽʣʫ ʥʝʦʜʥʦʨʽʜʥʠʭ 

ʨʝʩʫʨʩʽʚ. 

19.3. ʄʝʪʦʜ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʧʘʣʫ  

ʇʨʦʦʙʨʘʟʦʤ ʤʝʪʦʜʫ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʧʘʣʫ ʻ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʘ ʚ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʪʝʭʥʦʣʦʛʽʷ ʪʝʨʤʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ï ʚʽʜʧʘʣ, ʷʢʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʚʠʧʨʘʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ ʾʭ ʩʪʨʫʢʪʫʨʠ, ʧʽʜʚʠʱʝʥʥʷ 

ʦʜʥʦʨʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʪʘ ʟʥʷʪʪʷ ʚ ʥʴʦʤʫ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ. ʉʫʪʥʽʩʪʴ 
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ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʧʦʣʷʛʘʻ ʚ ʥʘʛʨʽʚʘʥʥʽ ʤʘʪʝʨʽʘʣʫ ʜʦ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʡʦʛʦ 

ʚʠʪʨʠʤʮʽ ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʪʷʛʦʤ ʚʠʟʥʘʯʝʥʦʛʦ ʯʘʩʫ ʪʘ ʧʦʜʘʣʴʰʦʤʫ 

ʦʭʦʣʦʜʞʝʥʥʽ ʟʘ ʩʧʝʮʽʘʣʴʥʠʤ ʨʝʞʠʤʦʤ. ʇʨʠ ʮʴʦʤʫ ʘʪʦʤʠ ʟ ʚʠʩʦʢʦ 

ʥʘʧʨʫʞʝʥʠʭ ʜʽʣʷʥʦʢ ʤʽʛʨʫʶʪʴ ʧʦ ʦʙôʻʤʫ ʤʘʪʝʨʽʘʣʫ, ʟʘʡʤʘʶʯʠ ʚʽʣʴʥʽ ʤʽʩʮʷ ʚ 

ʢʨʠʩʪʘʣʽʯʥʽʡ ʨʝʰʽʪʮʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʟ ʤʘʣʠʤʠ 

ʜʝʬʝʢʪʘʤʠ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʤʘʪʝʨʽʘʣʫ. 

ɯʜʝʷ ʧʝʨʝʥʝʩʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʚʽʜʧʘʣʫ ʥʘ ʨʦʟʚôʷʟʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ 

ʟʘʜʘʯʽ ʤʽʥʽʤʽʟʘʮʽʾ ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚ 1983 ʨʦʮʽ ʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʧʦʢʨʦʢʦʚʠʡ ʧʨʦʮʝʩ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʚôʷʟʫʶʪʴ ʟ ʜʝʷʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ T. ʅʘ 

ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʟʜʽʡʩʥʶʶʪʴ ʤʘʣʫ ʟʤʽʥʫ ʩʪʘʥʫ ʦʙôʻʢʪʘ (ʟʥʘʯʝʥʴ ʥʝʟʘʣʝʞʥʠʭ 

ʟʤʽʥʥʠʭ) ʪʘ ʦʙʯʠʩʣʶʶʪʴ ʚʽʜʧʦʚʽʜʥʫ ʟʤʽʥʫ ʡʦʛʦ ʝʥʝʨʛʽʾ (DE), ʷʢʘ 

ʦʪʦʪʦʞʥʶʻʪʴʩʷ ʟʽ ʟʤʽʥʦʶ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ. ʅʦʚʠʡ ʩʪʘʥ ʦʙôʻʢʪʘ 

ʧʨʠʡʤʘʻʪʴʩʷ ʟ ʽʤʦʚʽʨʥʽʩʪʶ 1, ʷʢʱʦ DE < 0 (ʪʦʙʪʦ ʚʝʣʠʯʠʥʘ ʝʥʝʨʛʽʾ 

ʟʤʝʥʰʠʣʘʩʴ), ʪʘ ʟ ʽʤʦʚʽʨʥʽʩʪʶ exp(-DE/T), ʷʢʱʦ DE ² 0 (ʪʦʙʪʦ ʚʝʣʠʯʠʥʘ 

ʝʥʝʨʛʽʾ ʥʝ ʟʤʽʥʠʣʘʩʴ ʘʙʦ ʟʙʽʣʴʰʠʣʘʩʴ). ʇʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʽʚ T ʧʦʩʪʫʧʦʚʦ 

ʟʤʝʥʰʫʶʪʴ (ʫ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ ʣʽʥʽʡʥʦ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ a < 1), ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʩʪʫʧʦʚʦʛʦ ʟʤʝʥʰʝʥʥʷ ʧʦʰʫʢʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ 

ʦʧʪʠʤʽʟʘʮʽʾ.  

ɹʣʦʢ-ʩʭʝʤʫ ʨʦʟʛʣʷʜʫʚʘʥʦʛʦ ʤʝʪʦʜʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 19.6, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʷʢʦʛʦ ʨʝʘʣʽʟʘʮʽʷ ʡʤʦʚʽʨʥʽʩʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʚ ʦʧʪʠʤʽʟʘʮʽʡʥʦʤʫ ʘʣʛʦʨʠʪʤʽ ʥʘ 

ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʧʘʣʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ.  

ʅʘ ʧʦʯʘʪʢʫ ʨʦʟʨʘʭʫʥʢʽʚ ʦʙʠʨʘʻʪʴʩʷ ʚʠʭʽʜʥʘ ʪʦʯʢʘ, ʟ ʷʢʦʾ ʙʫʜʝ 

ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʧʦʰʫʢ ʦʧʪʠʤʫʤʫ ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʊ. 

ʅʦʚʝ ʟʥʘʯʝʥʥʷ i-ʾ ʥʝʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ ʛʝʥʝʨʫʻʪʴʩʷ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʜʦ 

ʧʦʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥʷ xi ʚʝʣʠʯʠʥʠ Dxi. ɼʣʷ xi + Dxi ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ E(xi + Dxi) ʪʘ ʚʝʣʠʯʠʥʘ ʾʾ ʟʤʽʥʶʚʘʥʥʷ DE. 

ʗʢʱʦ ʚʽʜʙʫʣʦʩʷ ʧʦʢʨʘʱʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ E, ʪʦʜʽ xi + Dxi 

ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʥʝʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ ʽ ʥʦʚʠʡ ʢʨʦʢ ʧʦʰʫʢʫ 

ʦʧʪʠʤʫʤʫ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʟ ʪʦʯʢʠ xi + Dxi. 

ʗʢʱʦ ʞ ʧʦʢʨʘʱʘʥʥʷ E ʥʝ ʚʽʜʙʫʣʦʩʷ, ʪʦʜʽ ʦʙʠʨʘʻʪʴʩʷ ʚʠʧʘʜʢʦʚʝ ʯʠʩʣʦ 

R, ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʝ ʚ ʜʽʘʧʘʟʦʥʽ [0, 1], ʪʘ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʫʤʦʚʘ:  

R ¢ exp (-DE/T).  
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ʈʠʩ. 19.6. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʧʘʣʫ 

ʗʢʱʦ ʮʷ ʫʤʦʚʘ ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦʜʽ xi + Dxi ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ ʥʦʚʠʡ 

ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʦʰʫʢʫ ʦʧʪʠʤʫʤʫ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ 

ʚʠʭʽʜʥʠʤ ʚʚʘʞʘʻʪʴʩʷ xi. 

ʈʦʟʚôʷʟʢʦʤ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʚʚʘʞʘʻʪʴʩʷ ʩʫʢʫʧʥʽʩʪʴ ʟʥʘʯʝʥʴ 

ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʥʠʤʠ ʥʘ ʯʘʩ, ʢʦʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʊ 

ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 0. 

ʇʦʯʘʪʦʢ 

T = T0; E = E0 

ɻʝʥʝʨʘʮʽʷ ʥʦʚʦʛʦ ʨʦʟʚôʷʟʢʫ 

DE ²0 
ʅ ̔

ʊʘʢ 

ɻʝʥʝʨʘʮʽʷ ʚʠʧʘʜʢʦʚʦʛʦ ʯʠʩʣʘ R 

R ¢ exp (-DE/T)  

ʊʘʢ 

ʇʨʠʡʥʷʪʪʷ ʥʦʚʦʛʦ ʨʦʟʚôʷʟʢʫ 

T = a T 

ʋʤʦʚʘ ʟʘʚʝʨʰʝʥʥʷ 

ʚʠʢʦʥʫʻʪʴʩʷ 

ʊʘʢ ʅ ̔

ʂʽʥʝʮʴ 

ʅ ̔
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ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʘʢʠʡ ʘʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʦʧʪʠʤʫʤʫ ʜʦʟʚʦʣʷʻ 

ʜʦʣʘʪʠ ʚʽʜʥʦʩʥʦ ʥʝʛʣʠʙʦʢʽ ʣʦʢʘʣʴʥʽ ʤʽʥʽʤʫʤʠ ʪʘ ʧʽʜʚʠʱʫʻ ʟʙʽʞʥʽʩʪʴ ʜʦ 

ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʫ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ɻɸ, ʤʝʪʦʜ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʧʘʣʫ, ʷʢ ʽ ʤʝʪʦʜ LARES, 

ʦʧʝʨʫʻ ʦʜʥʠʤ ʨʦʟʚôʷʟʢʦʤ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ. 

ʗʢ ʽ ʚ ʽʥʰʠʭ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʘʭ, ʦʟʥʘʢʠ ʟʘʢʽʥʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʚʠʥʥʽ 

ʦʙʠʨʘʪʠʩʴ ʟ ʦʛʣʷʜʫ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʣʶʯʝʥʥʷ ʥʝʚʠʧʨʘʚʜʘʥʦ ʚʝʣʠʢʠʭ 

ʚʠʪʨʘʪ ʯʘʩʫ ʥʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ.  

ɼʦʮʽʣʴʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʽʩʥʫʻ ʜʦʩʠʪʴ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʚʘʨʽʘʥʪʽʚ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʧʘʣʫ, ʷʢʽ ʨʽʟʥʷʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʚʝʣʠʯʠʥʠ R, ʟʘʢʦʥʘʤʠ ʟʤʽʥʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʊ ʪʦʱʦ. 

19.4. ʄʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʣʦʥʽʻʶ ʙʜʞʽʣ 

ʇʝʨʰʽ ʚʘʨʽʘʥʪʠ ʤʝʪʦʜʫ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʣʦʥʽʻʶ ʙʜʞʽʣ ʙʫʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ 

ʚ 2005 ʨʦʮʽ. ʎʝʡ ʤʝʪʦʜ ʤʦʜʝʣʶʻ ʧʦʚʝʜʽʥʢʫ ʙʜʞʽʣ ʧʽʜ ʯʘʩ ʧʦʰʫʢʫ ʥʠʤʠ 

ʜʽʣʷʥʦʢ ʢʚʽʪʽʚ ʟ ʜʦʩʪʘʪʥʴʦʶ ʢʽʣʴʢʽʩʪʶ ʥʝʢʪʘʨʫ. ʎʝʡ ʤʝʪʦʜ ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʘʩʫ 

ʤʝʪʦʜʽʚ ʨʦʡʦʚʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʘʣʛʦʨʠʪʤʽʯʥʽʡ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʠʭ 

ʧʨʠʨʦʜʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʧʦʚʝʜʽʥʢʠ ʩʦʮʽʘʣʴʥʠʭ ʽʩʪʦʪ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʟʘʛʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʦʮʽʫʤʫ ʟʘ 

ʜʦʩʠʪʴ ʧʨʦʩʪʠʭ ʧʨʘʚʠʣ ʧʦʚʝʜʽʥʢʠ ʦʢʨʝʤʦʾ ʽʩʪʦʪʠ.  

ɼʣʷ ʧʦʰʫʢʫ ʜʞʝʨʝʣ ʾʞʽ ʪʘ ʾʾ ʜʦʩʪʘʚʢʠ ʜʦ ʚʫʣʠʢʘ ʚ ʢʦʣʦʥʽʾ ʙʜʞʽʣ ʽʩʥʫʻ 

ʨʦʟʧʦʜʽʣ ʬʫʥʢʮʽʡ: ʧʝʨʚʠʥʥʠʡ ʧʦʰʫʢ ʜʞʝʨʝʣ ʟʜʽʡʩʥʶʶʪʴ ʨʦʟʚʽʜʥʠʢʠ, ʘ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʾʞʽ (ʥʝʢʪʘʨʫ) ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʙʦʯʽ ʙʜʞʦʣʠ. ʆʢʨʽʤ ʪʦʛʦ, 

ʨʦʙʦʯʽ ʙʜʞʦʣʠ ʦʥʦʚʣʶʶʪʴ ʽʥʬʦʨʤʘʮʽʶ, ʥʘʜʘʥʫ ʨʦʟʚʽʜʥʠʢʘʤʠ. ʗʢ ʧʝʨʚʠʥʥʘ, 

ʪʘʢ ʽ ʦʥʦʚʣʝʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʣʴʥʠʤ (ʱʝ ʥʝ ʟʘʡʥʷʪʠʤ) ʙʜʞʦʣʘʤ ʽ 

ʚʦʥʠ ʩʘʤʦʩʪʽʡʥʦ ʦʙʠʨʘʶʪʴ ʪʝ ʜʞʝʨʝʣʦ ʾʞʽ, ʟ ʷʢʦʛʦ ʾʤ ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʶʚʘʪʠ 

ʬʫʨʘʞʠʨʫʚʘʥʥʷ.  

ʇʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʽʜ ʯʘʩ ʩʧʝʮʠʬʽʯʥʦʛʦ 

ʙʜʞʦʣʠʥʦʛʦ ʪʘʥʮʶ, ʷʢʠʡ ʤʦʞʝ ʚʠʢʦʥʘʪʠ ʥʘ ʩʧʝʮʽʘʣʴʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ ʢʦʞʥʘ 

ʙʜʞʦʣʘ, ʷʢʘ ʧʦʚʝʨʥʫʣʘʩʴ ʜʦ ʚʫʣʠʢʘ. ʆʢʨʝʤʽ ʝʣʝʤʝʥʪʠ ʮʴʦʛʦ ʪʘʥʮʶ ʤʽʩʪʷʪʴ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʥʘʧʨʷʤʦʢ ʨʫʭʫ ʜʦ ʜʞʝʨʝʣʘ ʾʞʽ, ʚʽʜʩʪʘʥʴ ʜʦ ʥʴʦʛʦ ʪʘ ʡʦʛʦ 

ʢʦʨʤʦʚʫ ʮʽʥʥʽʩʪʴ. ɺʽʣʴʥʽ ʙʜʞʦʣʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʮʝʡ ʪʘʥʦʢ, ʽ ʢʦʞʥʘ ʟ ʥʠʭ 
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ʩʘʤʦʩʪʽʡʥʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʟʜʽʡʩʥʝʥʥʷ ʬʫʨʘʞʠʨʫʚʘʥʥʷ ʟ 

ʜʝʷʢʦʛʦ ʜʞʝʨʝʣʘ. 

ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʽʜ ʯʘʩ ʚʠʙʦʨʫ ʜʞʝʨʝʣʘ ʾʞʽ ʢʦʞʥʘ 

ʙʜʞʦʣʘ ʚʨʘʭʦʚʫʻ ʥʝ ʪʽʣʴʢʠ ʽʥʬʦʨʤʘʮʽʶ, ʦʪʨʠʤʘʥʫ ʧʽʜ ʯʘʩ ʩʧʦʩʪʝʨʽʛʘʥʥʷ 

ʪʘʥʮʶ, ʘʣʝ ʡ ʩʪʘʥ ʩʚʦʾʭ ʢʨʠʣ. ʉʧʨʘʚʘ ʚ ʪʦʤʫ, ʱʦ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ 

ʚʠʤʠʨʘʥʥʷ ʨʦʙʦʯʠʭ ʙʜʞʽʣ, ʪʨʠʚʘʣʽʩʪʴ ʞʠʪʪʷ ʷʢʠʭ ʚʣʽʪʢʫ ʩʪʘʥʦʚʠʪʴ 1ï2 

ʤʽʩʷʮʽ, ʻ ʟʥʦʰʫʚʘʥʥʷ ʾʭʥʽʭ ʢʨʠʣ. ʄʦʣʦʜʘ ʙʜʞʦʣʘ ʟ Ăʥʦʚʠʤʠ ʢʨʠʣʘʤʠò ʤʦʞʝ 

ʟʜʽʡʩʥʶʚʘʪʠ ʬʫʨʘʞʠʨʫʚʘʥʥʷ ʟ ʚʽʜʜʘʣʝʥʠʭ ʜʞʝʨʝʣ ʟ ʧʦʚʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

ɿʥʦʰʫʚʘʥʥʷ ʢʨʠʣ ʩʧʦʥʫʢʘʻ ʾʾ ʜʦ ʦʙʤʝʞʫʚʘʥʥʷ ʚʽʜʩʪʘʥʽ ʧʦʣʴʦʪʽʚ ʪʘ ʚʘʛʠ 

ʪʨʘʥʩʧʦʨʪʦʚʘʥʦʛʦ ʥʝʢʪʘʨʫ.  

ɸʥʘʣʽʟ ʢʦʞʥʦʶ ʙʜʞʦʣʦʶ ʽʥʬʦʨʤʘʮʽʾ, ʟʜʦʙʫʪʦʾ ʥʝʶ, ʪʘ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ 

ʽʥʰʠʭ ʙʜʞʽʣ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʙʜʞʦʣʠ ʥʝ ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʥʘ 

ʥʘʡʢʨʘʱʦʤʫ ʨʦʟʚʽʜʘʥʦʤʫ ʜʞʝʨʝʣʽ ʾʞʽ, ʘ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʛʨʫʧʘʤʠ ʧʦ ʜʝʷʢʽʡ 

ʧʣʦʱʽ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʮʝ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʽʟʘʮʽʶ ʢʽʣʴʢʦʩʪʽ ʜʦʩʪʘʚʣʝʥʦʾ ʜʦ 

ʚʫʣʠʢʘ ʾʞʽ ʚʩʽʤʘ ʨʦʙʦʯʠʤʠ ʙʜʞʦʣʘʤʠ ʟʘ ʚʝʩʴ ʩʝʟʦʥ, ʘ ʟ ʜʨʫʛʦʾ ï ʟʘʙʝʟʧʝʯʫʻ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʚʽʜʢʠ ʥʦʚʠʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʞʝʨʝʣ ʾʞʽ ʟʘ 

ʨʘʭʫʥʦʢ ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʨʦʙʦʯʠʭ ʙʜʞʽʣ ʧʨʦ ʦʢʦʣʠʮʽ ʪʠʭ ʜʞʝʨʝʣ, ʟ 

ʷʢʠʭ ʚʞʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʬʫʨʘʞʠʨʫʚʘʥʥʷ.  

ʗʢʱʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʦʛʽʶ ʤʽʞ ʮʠʤ ʤʝʭʘʥʽʟʤʦʤ ʪʘ ʨʦʟʚôʷʟʘʥʥʷʤ ʟʘʜʘʯʽ 

ʦʧʪʠʤʽʟʘʮʽʾ, ʪʦ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʧʦʦʜʠʥʦʢʽ ʨʦʟʚʽʜʥʠʢʠ ʟʜʽʡʩʥʶʶʪʴ 

ʚʠʧʘʜʢʦʚʠʡ ʛʣʦʙʘʣʴʥʠʡ ʧʦʰʫʢ ʦʧʪʠʤʫʤʫ, ʘ ʨʦʙʦʯʽ ʙʜʞʦʣʠ ʛʨʫʧʘʤʠ 

ʜʦʩʣʽʜʞʫʶʪʴ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʽ ʜʽʣʷʥʢʠ ʪʘ ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʥʘ 

ʣʦʢʘʣʴʥʠʭ ʦʧʪʠʤʫʤʘʭ.  

ɹʘʟʦʚʠʡ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʽʟʘʮʽʾ ʙʜʞʦʣʠʥʦʶ ʢʦʣʦʥʽʻʶ ʨʦʟʛʣʷʜʘʻ ʪʨʠ ʪʠʧʠ 

ʙʜʞʽʣ: 

¶ ʨʦʟʚʽʜʥʠʢʽʚ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʚʠʧʘʜʢʦʚʠʡ ʧʦʰʫʢ ʦʧʪʠʤʫʤʫ ʚ ʫʩʴʦʤʫ 

ʧʨʦʩʪʦʨʽ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ,  

 x*
ij = random (xi max; xi min),  (19.1) 

ʜʝ x*
ij ï ʥʦʚʝ ʟʥʘʯʝʥʥʷ i-ʦ ʾʥʝʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ ʜʣʷ j-ʦʾ ʙʜʞʦʣʠ-ʨʦʟʚʽʜʥʠʢʘ; 

xi max, xi min ï ʜʽʘʧʘʟʦʥ ʟʤʽʥʶʚʘʥʥʷ i-ʦʾ ʥʝʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ; 

random (xi max; xi min) ï ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ, ʱʦ ʤʘʻ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʫ 

ʜʽʘʧʘʟʦʥʽ xi max.... xi min; 

¶ ʨʦʙʦʯʠʭ ʙʜʞʽʣ, ʷʢʽ ʟʘʢʨʽʧʣʝʥʽ ʟʘ ʜʝʷʢʠʤ ʜʞʝʨʝʣʦʤ ʾʞʽ ʪʘ ʟʜʽʡʩʥʶʶʪʴ 

ʧʦʰʫʢ ʦʧʪʠʤʫʤʫ ʚ ʦʢʦʣʽ ʮʴʦʛʦ ʜʞʝʨʝʣʘ, 
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 x*
ij = xij +random (-1; 1) (xij - xik), (19.2) 

ʜʝ x*
ij ï ʥʦʚʝ ʟʥʘʯʝʥʥʷ i-ʾ ʥʝʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ ʜʣʷ j-ʾ ʨʦʙʦʯʦʾ ʙʜʞʦʣʠ; 

xij ï ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ i-ʾ ʥʝʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ ʜʣʷ j-ʾ ʨʦʙʦʯʦʾ ʙʜʞʦʣʠ;  

xik ï ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ i-ʾ ʥʝʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ ʜʣʷ k-ʾ ʨʦʙʦʯʦʾ ʙʜʞʦʣʠ;  

¶ ʚʽʣʴʥʠʭ ʨʦʙʦʯʠʭ ʙʜʞʽʣ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʚʝʨʙʦʚʘʥʽ ʨʦʙʦʯʠʤʠ 

ʙʜʞʦʣʘʤʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʥʷ ʥʠʤʠ ʪʘʥʮʶ. 

ʇʨʠ ʮʴʦʤʫ ʧʦʰʫʢ ʦʧʪʠʤʫʤʫ ʨʦʙʦʯʦʶ ʙʜʞʦʣʦʶ ʚ ʦʢʦʣʽ ʩʚʦʛʦ ʜʞʝʨʝʣʘ 

ʾʞʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʩʚʦʻ ʧʦʪʦʯʥʝ ʧʦʣʦʞʝʥʥʷ ʚʦʥʘ ʧʦʨʽʚʥʶʻ ʽʟ 

ʧʦʣʦʞʝʥʥʷʤ ʚʠʧʘʜʢʦʚʦ ʦʙʨʘʥʦʾ ʽʥʰʦʾ ʨʦʙʦʯʦʾ ʙʜʞʦʣʠ, ʪʦʙʪʦ ʜʣʷ ʬʦʨʤʫʣʠ 

(19.2) 

 k = random (1; Nʨʦʙ), k  ̧j,  (19.3) 

ʜʝ Nʨʦʙ ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʨʦʙʦʯʠʭ ʙʜʞʽʣ. 

ʇʽʜ ʯʘʩ ʚʝʨʙʫʚʘʥʥʷ ʚʽʣʴʥʠʭ ʙʜʞʽʣ ʦʮʽʥʶʻʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʢʦʞʥʦʛʦ 

ʜʞʝʨʝʣʘ ʾʞʽ, ʟʥʘʡʜʝʥʦʛʦ ʨʦʙʦʯʦʶ ʙʜʞʦʣʦʶ, ʘ ʢʽʣʴʢʽʩʪʴ ʚʽʣʴʥʠʭ ʙʜʞʽʣ Nj ʚʽʣ, 

ʷʢʽ ʚʝʨʙʫʶʪʴʩʷ j-ʶ ʨʦʙʦʯʦʶ ʙʜʞʦʣʦʶ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ j-ʛʦ ʜʞʝʨʝʣʘ, 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʡʦʛʦ ʧʨʠʚʘʙʣʠʚʦʩʪʽ fitnessj : 

 Nj ʚʽʣ = Nʚʽʣ ä
=

ʨʦʙN

i

ij fitnessfitness
1

, (19.4) 

ʜʝ Nʚʽʣ ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʽʣʴʥʠʭ ʙʜʞʽʣ. 

ɿʘʚʝʨʙʦʚʘʥʘ ʚʽʣʴʥʘ ʙʜʞʦʣʘ ʤʦʜʠʬʽʢʫʻ ʩʚʦʻ ʧʦʣʦʞʝʥʥʷ ʟʘ (19.2). ʗʢ 

ʨʦʙʦʯʽ, ʪʘʢ ʽ ʟʘʚʝʨʙʦʚʘʥʽ ʚʽʣʴʥʽ ʙʜʞʦʣʠ ʧʝʨʝʭʦʜʷʪʴ ʫ ʥʦʚʝ ʧʦʣʦʞʝʥʥʷ ʣʠʰʝ 

ʪʦʜʽ, ʢʦʣʠ (ʜʣʷ ʟʘʜʘʯʽ ʤʘʢʩʠʤʽʟʘʮʽʾ) 

 fitnessj (x
*
ij) > fitnessj (xij). (19.5) 

ɹʣʦʢ-ʩʭʝʤʘ ʙʘʟʦʚʦʛʦ ʚʘʨʽʘʥʪʘ ʘʣʛʦʨʠʪʤʫ ʧʦʰʫʢʫ ʦʧʪʠʤʫʤʫ ʢʦʣʦʥʽʻʶ 

ʙʜʞʽʣ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 19.7. 

ɿʘ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʠʡʤʘʻʪʴʩʷ ʪʦʯʢʘ, ʷʢʽʡ ʚʽʜʧʦʚʽʜʘʻ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ fitness, ʟʥʘʡʜʝʥʝ ʚʩʽʤʘ ʙʜʞʦʣʘʤʠ ʟʘ ʚʩʽ ʮʠʢʣʠ ʧʦʰʫʢʫ.  

ʅʘʜʘʶʯʠ ʟʘʛʘʣʴʥʫ ʦʮʽʥʢʫ ʤʝʪʦʜʫ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʣʦʥʽʻʶ ʙʜʞʽʣ, 

ʥʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʡʦʛʦ ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʩʧʨʦʙʘ ʨʦʟʜʽʣʠʪʠ ʧʨʦʮʝʩ ʧʦʰʫʢʫ 

ʦʧʪʠʤʫʤʫ ʥʘ ʜʚʘ ʤʘʩʰʪʘʙʥʽ ʨʽʚʥʽ: ʛʣʦʙʘʣʴʥʠʡ (ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʨʦʟʚʽʜʥʠʢʘʤʠ) ʪʘ ʣʦʢʘʣʴʥʠʡ (ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʽʥʰʠʤʠ ʙʜʞʦʣʘʤʠ). ʆʢʨʽʤ ʪʦʛʦ, 

ʟʘʩʣʫʛʦʚʫʻ ʥʘ ʫʚʘʛʫ ʤʝʭʘʥʽʟʤ ʜʠʥʘʤʽʯʥʦʛʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʧʦʰʫʢʦʚʠʭ ʨʝʩʫʨʩʽʚ, 

ʨʝʘʣʽʟʦʚʘʥʠʡ ʩʧʨʷʤʫʚʘʥʥʷʤ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʙʜʞʽʣ ʥʘ ʪʽ ʜʽʣʷʥʢʠ, ʷʢʽ ʟʜʘʶʪʴʩʷ 
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ʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ 

ʦʧʪʠʤʫʤʫ. 

 

ʈʠʩ. 19.7. ɹʣʦʢ-ʩʭʝʤʘ ʤʝʪʦʜʫ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʣʦʥʽʻʶ ʙʜʞʽʣ (ʚʘʨʽʘʥʪ) 

 

ʅʠʥʽ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʙʜʞʦʣʠʥʦʶ ʢʦʣʦʥʽʻʶ ʜʦʩʠʪʴ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ ʥʝʯʽʪʢʠʭ ʩʠʩʪʝʤ ʪʘ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʟʥʠʭ 

ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ. ʇʨʠ ʮʴʦʤʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʡʦʛʦ ʤʦʜʠʬʽʢʘʮʽʾ, ʧʦʚôʷʟʘʥʽ 

ʇʦʯʘʪʦʢ ɯʥʽʮʽʘʣʽʟʘʮʽʷ ʟʤʽʥʥʠʭ 

ɺʠʟʥʘʯʝʥʥʷ ʜʽʣʷʥʦʢ ʧʦʰʫʢʫ ʜʣʷ 

ʨʦʙʦʯʠʭ ʙʜʞʽʣ 

ɺʠʟʥʘʯʝʥʥʷ ʢʦʨʠʩʥʦʩʪʽ ʜʽʣʷʥʦʢ, 

ʚʽʜʚʽʜʘʥʠʭ ʨʦʙʦʯʠʤʠ ʙʜʞʦʣʘʤʠ 

ʋʤʦʚʘ ʟʘʚʝʨʰʝʥʥʷ 

ʚʠʢʦʥʫʻʪʴʩʷ 

ʊʘʢ ʅ ̔
ʂʽʥʝʮʴ 

ɺʝʨʙʫʚʘʥʥʷ ʥʝʟʘʡʥʷʪʠʭ ʙʜʞʽʣ 

ɺʠʟʥʘʯʝʥʥʷ ʜʽʣʷʥʦʢ ʜʣʷ ʥʝʟʘʡʥʷʪʠʭ 

ʙʜʞʽʣ 

ɺʠʟʥʘʯʝʥʥʷ ʜʽʣʷʥʦʢ ʜʣʷ ʨʦʟʚʽʜʥʠʢʽʚ 

ɺʠʟʥʘʯʝʥʥʷ ʢʦʨʠʩʥʦʩʪʽ ʜʽʣʷʥʦʢ, 

ʚʽʜʚʽʜʘʥʠʭ ʫʩʽʤʘ ʙʜʞʦʣʘʤʠ 

ɺʠʟʥʘʯʝʥʥʷ ʪʘ ʟʘʧʘʤôʷʪʦʚʫʚʘʥʥʷ 

ʜʽʣʷʥʢʠ ʟ ʥʘʡʙʽʣʴʰʦʶ ʢʦʨʠʩʥʽʩʪʶ, 

ʟʥʘʡʜʝʥʦʾ ʟʘ ʚʝʩʴ ʯʘʩ ʧʦʰʫʢʫ 
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ʽʟ ʧʝʨʝʨʦʟʧʦʜʽʣʦʤ ʢʽʣʴʢʦʩʪʽ ʙʜʞʽʣ ʟʘ ʩʧʝʮʽʘʣʽʟʘʮʽʻʶ, ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʜʝʡ 

ʤʝʪʦʜʫ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʧʘʣʫ ʪʦʱʦ. 

19.5. ʄʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʻʤ ʯʘʩʪʠʥʦʢ 

ʆʜʥʠʤ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʜʠʩʢʨʝʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʻ ʤʝʪʦʜ PSO 

(particle swarm optimization ï ʦʧʪʠʤʽʟʘʮʽʷ ʨʦʻʤ ʯʘʩʪʠʥʦʢ), ʷʢʠʡ ʤʦʜʝʣʶʻ 

ʧʦʚʝʜʽʥʢʫ ʧʪʘʭʽʚ ʫ ʟʛʨʘʾ (ʨʠʙ ʫ ʢʦʩʷʢʫ). ʇʝʨʚʽʩʥʦʶ ʦʩʥʦʚʦʶ ʤʝʪʦʜʫ PSO 

ʙʫʣʘ ʽʤʽʪʘʮʽʷ ʨʫʭʫ ʧʪʘʭʽʚ ʫ ʟʛʨʘʾ (ʨʠʙ ʫ ʢʦʩʷʢʫ) ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʙʘʟʦʚʠʭ 

ʧʨʠʥʮʠʧʽʚ, ʟʘʚʜʷʢʠ ʷʢʠʤ ʧʪʘʭʠ ʣʽʪʘʶʪʴ (ʨʠʙʠ ʧʣʘʚʘʶʪʴ) ʩʠʥʭʨʦʥʥʦ ʪʘ 

ʚʤʽʶʪʴ ʟʤʽʥʶʚʘʪʠ ʥʘʧʨʷʤʦʢ ʨʫʭʫ ʟ ʧʝʨʝʛʨʫʧʫʚʘʥʥʷʤ ʚ ʦʧʪʠʤʘʣʴʥʽ 

ʬʦʨʤʘʮʽʾ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ , ʫ ʤʝʪʦʜʽ PSO ʦʩʦʙʠʥʠ, ʱʦ ʥʘʟʠʚʘʶʪʴʩʷ ʯʘʩʪʠʥʢʘʤʠ, 

ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʚ ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʨʽʰʝʥʴ. ɿʤʽʥʠ ʢʦʦʨʜʠʥʘʪ 

ʯʘʩʪʠʥʦʢ ʟʫʤʦʚʣʝʥʽ ʧʨʠʨʦʜʥʦʶ ʩʦʮʽʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʽʯʥʦʶ ʪʝʥʜʝʥʮʽʻʶ 

ʯʘʩʪʠʥʦʢ ʢʦʥʢʫʨʫʚʘʪʠ ʤʽʞ ʩʦʙʦʶ. ʊʦʤʫ, ʟʤʽʥʠ ʚ ʩʪʘʥʽ ʯʘʩʪʠʥʢʠ ʟʘʣʝʞʘʪʴ 

ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʾʾ ʚʣʘʩʥʦʛʦ ʜʦʩʚʽʜʫ, ʘʣʝ ʡ ʚʽʜ ʜʦʩʚʽʜʫ ʪʘ ʟʥʘʥʴ ʾʾ ʩʫʩʽʜʽʚ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʧʦʥʫʢʘʻ ʯʘʩʪʠʥʢʠ ʥʝʜʝʪʝʨʤʽʥʦʚʘʥʠʤ ʯʠʥʦʤ 

ʧʦʚʝʨʪʘʪʠʩʷ ʚ ʦʧʪʠʤʘʣʴʥʽ ʜʽʣʷʥʢʠ ʧʨʦʩʪʦʨʫ ʨʽʰʝʥʴ.  

ʆʩʦʙʠʥʠ ʨʦʶ ʤʘʶʪʴ ʜʫʞʝ ʧʨʦʩʪʫ ʧʦʚʝʜʽʥʢʫ: ʚʦʥʠ ʧʨʘʛʥʫʪʴ 

ʧʝʨʝʚʝʨʰʠʪʠ ʜʦʩʷʛʥʝʥʥʷ ʩʫʩʽʜʥʽʭ ʯʘʩʪʠʥʦʢ ʪʘ ʧʦʣʽʧʰʠʪʠ ʚʣʘʩʥʽ. PSO-

ʤʝʪʦʜ ʢʝʨʫʻ ʨʦʻʤ ʯʘʩʪʠʥʦʢ ʽ ʢʦʞʥʘ ʯʘʩʪʠʥʢʘ ʫʦʩʦʙʣʶʻ ʧʦʪʝʥʮʽʡʥʝ 

ʨʽʰʝʥʥʷ. ɿʘ ʘʥʘʣʦʛʽʻʶ ʟ ʛʝʥʝʪʠʯʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʨʽʡ ʤʦʞʥʘ ʪʨʘʢʪʫʚʘʪʠ 

ʷʢ ʧʦʧʫʣʷʮʽʶ, ʘ ʯʘʩʪʠʥʢʫ ï ʷʢ ʦʩʦʙʠʥʫ.  

ʅʝʭʘʡ xij(t) ï ʧʦʟʠʮʽʷ i-  ʾʯʘʩʪʠʥʢʠ ʚ ʧʨʦʩʪʦʨʽ ʧʦʰʫʢʫ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t 

(t ï ʜʠʩʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ ʯʘʩʫ) ʧʦ j-ʡ ʢʦʦʨʜʠʥʘʪʽ. ʇʦʟʠʮʽʷ ʯʘʩʪʠʥʢʠ (ʟʘ 

ʦʜʠʥʠʮʶ ʯʘʩʫ) ʟʤʽʥʶʻʪʴʩʷ ʜʦʜʘʚʘʥʥʷʤ ʰʚʠʜʢʦʩʪʽ vij(t) ʜʦ ʢʦʦʨʜʠʥʘʪʠ 

ʧʦʪʦʯʥʦʾ ʧʦʟʠʮʽʾ ʟʘ ʬʦʨʤʫʣʦʶ:  

 xij(t + 1) = xij(t) + vij(t), (19.6) 

ʜʝ vij(t) ï ʰʚʠʜʢʽʩʪʴ ʯʘʩʪʠʥʢʠ i ʫ ʚʠʤʽʨʽ j (j =1,..., n) ʫ ʤʦʤʝʥʪ ʯʘʩʫ t; xij(t) ï 

ʧʦʟʠʮʽʷ ʯʘʩʪʠʥʢʠ i ʫ ʚʠʤʽʨʽ j ʫ ʤʦʤʝʥʪ ʯʘʩʫ t; n ï ʢʽʣʴʢʽʩʪʴ ʥʝʟʘʣʝʞʥʠʭ 

ʟʤʽʥʥʠʭ. 

ʇʦʯʘʪʢʦʚʽ ʢʦʦʨʜʠʥʘʪʠ ʯʘʩʪʠʥʦʢ xij(0) ʚʠʟʥʘʯʘʶʪʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʛʝʥʝʨʘʪʦʨʘ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ ʟ ʧʨʠʧʫʩʪʠʤʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʘʨʽʶʚʘʥʥʷ 

ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ. ʐʚʠʜʢʽʩʪʴ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʬʦʨʤʫʣʠ (1.6), ʬʘʢʪʠʯʥʦ 
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ʚʠʟʥʘʯʘʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʤʽʩʪʠʪʴ ʩʢʣʘʜʦʚʽ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʨʦʶ. 

ɺʣʘʩʥʽ ʟʥʘʥʥʷ ʯʘʩʪʠʥʢʠ (ʢʦʛʥʽʪʠʚʥʽ ʟʥʘʥʥʷ) ʚʚʘʞʘʶʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʠʤʠ 

ʚʽʜʩʪʘʥʽ ʚʽʜ ʧʦʪʦʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʯʘʩʪʠʥʢʠ ʜʦ ʪʦʯʢʠ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ 

ʥʘʡʢʨʘʱʦʤʫ ʟʥʘʯʝʥʥʶ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʟʥʘʡʜʝʥʦʤʫ ʥʝʶ ʟʘ ʚʝʩʴ ʯʘʩ ʾʾ ʞʠʪʪʷ. 

ɿʥʘʥʥʷ ʨʦʶ (ʩʦʮʽʘʣʴʥʽ ʟʥʘʥʥʷ), ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʯʘʩʪʠʥʢʦʶ, 

ʚʚʘʞʘʶʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʠʤʠ ʚʽʜʩʪʘʥʽ ʚʽʜ ʧʦʪʦʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʯʘʩʪʠʥʢʠ ʜʦ 

ʪʦʯʢʠ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʥʘʡʢʨʘʱʦʤʫ ʟʥʘʯʝʥʥʶ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʟʥʘʡʜʝʥʦʤʫ 

ʩʫʩʽʜʘʤʠ ʯʘʩʪʠʥʢʠ ʟʘ ʚʝʩʴ ʯʘʩ ʞʠʪʪʷ ʨʦʶ. 

ɯʩʥʫʻ ʜʚʘ ʦʩʥʦʚʥʠʭ ʨʽʟʥʦʚʠʜʠ ʤʝʪʦʜʫ PSO: gbest ʪʘ lbest, ʷʢʽ ʨʽʟʥʷʪʴʩʷ 

ʧʨʘʚʠʣʘʤʠ ʬʦʨʤʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʩʫʩʽʜʽʚ ʯʘʩʪʠʥʢʠ, ʱʦ ʬʦʨʤʫʶʪʴ ʾʾ 

ʩʦʮʽʘʣʴʥʽ ʟʥʘʥʥʷ. ɺ ʨʽʟʥʦʚʠʜʽ gbest ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʚʩʽ ʯʘʩʪʠʥʢʠ ʻ ʩʫʩʽʜʘʤʠ, 

ʪʦʙʪʦ ʩʦʮʽʘʣʴʥʽ ʟʥʘʥʥʷ ʧʦʚôʷʟʫʶʪʴʩʷ ʟ ʥʘʡʢʨʘʱʠʤ ʟʥʘʯʝʥʥʷʤ ʮʽʣʴʦʚʦʾ 

ʬʫʥʢʮʽʾ, ʟʥʘʡʜʝʥʠʤ ʫʩʽʤ ʨʦʻʤ ʟʘ ʚʝʩʴ ʯʘʩ ʡʦʛʦ ʞʠʪʪʷ. ʊʦʜʽ ʰʚʠʜʢʽʩʪʴ 

ʯʘʩʪʠʥʢʠ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

vij(t+1) = vij(t) + c1 [yij(t) - xij(t)] random + c2 [qj(t) - xij(t)] random,   

ʜʝ c1, c2 ï ʧʦʟʠʪʠʚʥʽ ʢʦʥʩʪʘʥʪʠ ʧʨʠʩʢʦʨʝʥʥʷ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʚʘʨʽʶʚʘʥʥʷ ʚʘʛ ʢʦʛʥʽʪʠʚʥʦʾ ʪʘ ʩʦʮʽʘʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪ ʰʚʠʜʢʦʩʪʽ ʯʘʩʪʠʥʢʠ 

ʚʽʜʧʦʚʽʜʥʦ; 

yij(t) ï ʥʘʡʢʨʘʱʘ ʟʘ ʟʥʘʯʝʥʥʷʤ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʪʦʯʢʘ, ʟʥʘʡʜʝʥʘ ʯʘʩʪʠʥʢʦʶ ʟʘ 

ʚʩʽ ʽʪʝʨʘʮʽʾ;  

qj(t) ï ʥʘʡʢʨʘʱʘ ʟʘ ʟʥʘʯʝʥʥʷʤ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʪʦʯʢʘ, ʟʥʘʡʜʝʥʘ ʨʦʻʤ ʟʘ ʚʩʽ 

ʽʪʝʨʘʮʽʾ; 

random ï ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ, ʱʦ ʤʘʻ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʫ ʜʽʘʧʘʟʦʥʽ [0,1].  

ʋ ʚʘʨʽʘʥʪʽ lbest ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʷʢ ʩʫʩʽʜʠ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʴ 

ʯʘʩʪʠʥʢʠ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʜʝʷʢʽ ʛʝʦʤʝʪʨʠʯʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ (ʪʨʠʢʫʪʥʠʢʠ, ʢʦʣʘ 

ʪʦʱʦ). ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ 

ʰʚʠʜʢʦʩʪʽ ʯʘʩʪʠʥʦʢ ʻ ʬʦʨʤʫʣʘ  

vij(t+1) = w vij(t) + c1 [yij(t) - xij(t)] random + c2 [qj(t) - xij(t)] random, 

ʷʢʘ ʜʦʜʘʪʢʦʚʦ ʚʨʘʭʦʚʫʻ ʽʥʝʨʮʽʡʥʽʩʪʴ ʯʘʩʪʠʥʦʢ w. 

ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʘ (1.6) ʟʥʘʯʝʥʴ ʢʦʦʨʜʠʥʘʪ ʯʘʩʪʠʥʦʢ (xij(t)) ʜʣʷ 

ʚʩʽʭ ʯʘʩʪʠʥʦʢ ʨʦʶ ʧʨʦʚʦʜʷʪʴ ʨʦʟʨʘʭʫʥʢʠ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʾ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ 
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(fitnessi). ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ fitnessi ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʢʦʨʠʛʫʚʘʥʥʷ ʢʦʛʥʽʪʠʚʥʠʭ 

ʪʘ ʩʦʮʽʘʣʴʥʠʭ ʟʥʘʥʴ.  

ʅʘ ʨʠʩ. 19.8 ʥʘʚʝʜʝʥʦ ʙʣʦʢ-ʩʭʝʤʫ ʘʣʛʦʨʠʪʤʫ ʤʝʪʦʜʫ PSO. 

 
 

ʈʠʩ. 19.8. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʤʝʪʦʜʫ PSO (ʚʘʨʽʘʥʪ) 

 

ʅʘ ʨʠʩ. 19.8 ʥʘʚʝʜʝʥʦ ʙʣʦʢ-ʩʭʝʤʫ ʘʣʛʦʨʠʪʤʫ ʤʝʪʦʜʫ PSO. 








































































































































































































































