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ʪʝʭʥʦʣʦʛʽʡ ʧʦʙʫʜʦʚʠ ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞ, ʤʝʨʝʞʥʠʭ ʧʨʦʪʦʢʦʣʽʚ, ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʤʝʨʝʞʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʧʦʙʫʜʦʚʠ ʤʝʨʝʞʥʠʭ ʪʦʧʦʣʦʛʽʡ. 

ʂʫʨʩ ʣʝʢʮʽʡ ʨʦʟʜʽʣʝʥʠʡ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ ʟʘ ʩʝʤʝʩʪʨʘʤʠ ʥʘʚʯʘʥʥʷ. ɺ ʮʽʣʦʤʫ 

ʦʙʤʝʞʝʥʠʡ ʚʠʙʽʨ ʪʝʤ ʣʝʢʮʽʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʚʯʘʣʴʥʦʶ ʧʨʦʛʨʘʤʦʶ ʧʽʜʛʦʪʦʚʢʠ. 

ʅʘʧʨʠʢʽʥʮʽ ʚʠʢʣʘʜʝʥʥʷ ʣʝʢʮʽʡ ʥʘʜʘʥʦ ʨʷʜ ʟʘʧʠʪʘʥʴ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʟʥʘʥʴ 

ʩʪʫʜʝʥʪʽʚ. ʇʨʘʢʪʠʯʥʽ ʚʧʨʘʚʠ ʚʠʥʝʩʝʥʽ ʥʘ ʧʨʘʢʪʠʯʥʽ ʪʘ ʣʘʙʦʨʘʪʦʨʥʽ ʟʘʥʷʪʪʷ. 

ɿʤʽʩʪ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʦʥʩʧʝʢʪʫ ʥʘ ʤʘʪʝʨʽʘʣʽ ʜʚʦʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 

ʧʽʜʨʫʯʥʠʢʽʚ: çʂʦʤʧʴʶʪʝʨʥʳʝ ʩʝʪʠ. ʇʨʠʥʮʠʧʳ, ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʪʦʢʦʣʳ: 

ʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚè (ɺ.ɻ. ʆʣʠʬʝʨ, ʅ.ɸ. ʆʣʠʬʝʨ) ʪʘ çʉʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭè 

(ɼ. ɹʝʨʪʩʝʢʘʩ, ʈ. ɻʘʣʘʛʝʨ).  

ʆʩʥʦʚʥ ̔ ʢʦʥʮʝʧʮʽ ʾ ʪʘ ʧʨʠʥʮʠʧʠ ʨʦʟʛʣʷʥʫʪʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʩʪʠʭ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʩʦʙʽʚ, ʤʦʜʝʣʝʡ ʽ ʘʥʘʣʽʟʫ. ɼʣʷ ʽʣʶʩʪʨʘʮʽʾ ʽʜʝʡ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʠʩʫʥʢʠ, ʧʨʠʢʣʘʜʠ, ʱʦ ʧʦʷʩʥʶʶʪʴ ʙʽʣʴʰ ʪʦʥʢʽ ʜʝʪʘʣʽ. 

ɺʢʣʶʯʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘʙʝʟʧʝʯʫʻ ʛʣʠʙh ʝ ʨʦʟʫʤʽʥʥʷ ʤʘʪʝʨʽʘʣʫ ʽ 

ʨʦʟʚʠʪʦʢ ʟʜʽʙʥʦʩʪʝʡ ʜʦ ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʽʡ ʛʘʣʫʟʽ. 

ʏʘʩʪʠʥʘ ʢʫʨʩʫ ʣʝʢʮʽʡ ʧʨʠʩʚʷʯʝʥʘ ʚʠʢʣʘʜʝʥʥʶ ʧʠʪʘʥʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʤʝʨʝʞʘʭ ʟ ʢʦʤʫʪʘʮʽʻʶ ʧʘʢʝʪʽʚ, ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʧʦʙʫʜʦʚʠ 

ʤʝʨʝʞʥʠʭ ʪʦʧʦʣʦʛʽʡ ʽʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʄʘʪʝʤʘʪʠʯʥʠʡ ʘʥʘʣʽʟ 

ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʤʥʦʞʠʥʥʦʛʦ ʜʦʩʪʫʧʫ, ʤʦʜʝʣʝʡ ʛʨʘʬʽʚ ʽ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɺʠʚʯʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʤʝʪʦʜʘʭ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʫʤʽʚ, ʩʠʥʪʝʟ ̔ ʪʦʧʦʣʦʛʽʡ ʥʘ ʙʘʟʽ 

ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ.  

ʇʦʧʨʠ ʦʙʤʝʞʝʥʽʩʪʴ ʣʝʢʮʽʡʥʠʭ ʪʝʤ, ʾʭ ʚʠʙʽʨ ʜʦʩʪʘʪʥʽʡ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʙʘʟʦʚʠʭ ʟʥʘʥʴ ʫ ʮʽʡ ʛʘʣʫʟʽ ʪʘ ʻ ʜʝʤʦʥʩʪʨʘʮʽʻʶ ʢʣʘʩʠʯʥʦʾ ʨʦʙʦʪʠ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʝʪʦʜʽʚ ʧʽʜ ʯʘʩ ʧʦʰʫʢʫ ʤʝʨʝʞʥʠʭ ʨʽʰʝʥʴ. 
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ʃʝʢʮʽʷ 1 

ʄɽʊʆɼʀ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʆɹʉʃʋɻʆɺʋɺɸʅʅʗ  

ɺ ʄɽʈɽɾɸʍ ɿ ʂʆʄʋʊɸʎɯɭʖ ʇɸʂɽʊɯɺ 

 

 

1.1 ɿʘʛʘʣʴʥʠʡ ʘʥʘʣʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʤʝʨʝʞʘʭ  

ʟ ʢʦʤʫʪʘʮʽʻʶ ʧʘʢʝʪʽʚ 

 

ʏʝʨʛʠ ʻ ʥʝʚʽʜô̒ ʤʥʠʤ ʘʪʨʠʙʫʪʦʤ ʤʝʨʝʞ ʟ ʢʦʤʫʪʘʮʽʻʶ ʧʘʢʝʪʽʚ. ʇʨʠʥʮʠʧ 

ʨʦʙʦʪʠ ʪʘʢʠʭ ʤʝʨʝʞ ʚʨʘʭʦʚʫʻ ʥʘʷʚʥʽʩʪʴ ʙʫʬʝʨʘ ʫ ʢʦʞʥʦʛʦ ʚʭʽʜʥʦʛʦ ʡ ʚʠʭʽʜʥʦʛʦ 

ʽʥʪʝʨʬʝʡʩʫ ʢʦʤʫʪʘʪʦʨʘ ʧʘʢʝʪʽʚ. ɹʫʬʝʨʠʟʘʮʽ̫  ʧʘʢʝʪʽʚ ʧʽʜ ʯʘʩ ʧʝʨʝʚʘʥʪʘʞʝʥʴ  ̒

ʦʩʥʦʚʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʧʽʜʪʨʠʤʢʠ ʧʫʣʴʩʫʶʯʦʛʦ ʪʨʘʬʽʢʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʨʝʞ ʮʴʦʛʦ ʪʠʧʫ. ʗʢ ʚʠ ʟʥʘʻʪʝ, ʫ ʤʝʨʝʞʘʭ ʟ ʽʥʰʠʤ ʪʠʧʦʤ 

ʢʦʤʫʪʘʮʽʾ, ʘ ʩʘʤʝ ʚ ʤʝʨʝʞʘʭ ʟ ʢʦʤʫʪʘʮʽʻʶ ʢʘʥʘʣʽʚ, ʧʨʦʤʽʞʥʘ ʙʫʬʝʨʠʟʘʮʽ̫  ʜʘʥʠʭ 

ʥʝ ʧʽʜʪʨʠʤʫʻʪʴʩʷ. ɺʦʜʥʦʯʘʩ ʯʝʨʛʠ ʦʟʥʘʯʘʶʪʴ ʥʝʚʠʟʥʘʯʝʥʫ ʟʘʪʨʠʤʢʫ ʧʽʜ ʯʘʩ 

ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʽʚ ʯʝʨʝʟ ʤʝʨʝʞʫ, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʽ ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ ʯʝʨʝʟ 

ʧʝʨʝʧʦʚʥʝʥʥʷ ʙʫʬʝʨʘ ʢʦʤʫʪʘʪʦʨʘ ʘʙʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʚʽʜʚʝʜʝʥʦʛʦ ʧʽʜ ʯʝʨʛʫ. 

ɿʘʪʨʠʤʢʠ ʪʘ ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ ï ʮʝ ʛʦʣʦʚʥʝ ʜʞʝʨʝʣʦ ʧʨʦʙʣʝʤ ʜʣʷ ʯʫʪʣʠʚʦʛʦ ʜʦ 

ʟʘʪʨʠʤʦʢ ʪʨʘʬʽʢʘ. ʆʩʢʽʣʴʢʠ ʩʴʦʛʦʜʥʽ ʦʧʝʨʘʪʦʨʠ ʧʘʢʝʪʥʠʭ ʤʝʨʝʞ ʜʫʞʝ 

ʟʘʮʽʢʘʚʣʝʥʽ ʚ ʧʝʨʝʜʘʯʽ ʧʫʣʴʩʫʶʯʦʛʦ ʪʨʘʬʽʢʘ, ʾʤ ʥʝʦʙʭʽʜʥʽ ʟʘʩʦʙʠ ʜʦʩʷʛʥʝʥʥʷ 

ʢʦʤʧʨʦʤʽʩʫ ʤʽʞ ʚʠʤʦʛʘʤʠ ʛʨʘʥʠʯʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʚʦʻʾ ʤʝʨʝʞʽ ʽ ʷʢʽʩʪʶ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʦʜʥʦʯʘʩ ʫʩʽʭ ʪʠʧʽʚ ʪʨʘʬʽʢʘ.  

ɯʩʥʫʻ ʜʚʘ ʧʽʜʭʦʜʠ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʪʦʛʦ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʡ ʥʘʜʽʡʥʦʩʪʽ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʱʦʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʪʦʙʪʦ ʜʦ 

ʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʢʨʘʱʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ QoS.  

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ, ʧʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ QoS ʨʦʟʫʤʽʪʁʴ ʪʽʣʴʢʠ  

ʪʨʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ:  

Å ʦʜʥʦʙʽʯʥʘ ʟʘʪʨʠʤʢʘ ʧʘʢʝʪʽʚ;  

Å ʚʘʨʽʘʮʽʷ ʟʘʪʨʠʤʦʢ ʧʘʢʝʪʽʚ;  

Å ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ.  

ɯʥʰʠʡ ʧʽʜʭʽʜ ʧʦʣʷʛʘʻ ʚ ʨʦʟʰʠʨʝʥʦʤʫ ʪʣʫʤʘʯʝʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS, 

ʢʦʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ, ʪʘʢʽ, ʷʢ ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ, ʧʽʢʦʚʘ 

ʰʚʠʜʢʽʩʪʴ ʽ ʧʫʣʴʩʘʮʽʷ, ʪʘʢʦʞ ʚʽʜʥʦʩʷʪʴ ʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS.  

ʋ ʤʝʪʦʜʘʭ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ 

ʤʝʭʘʥʽʟʤʠ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʥʠʞʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʧʝʨʝʙʫʚʘʥʥʷ ʧʘʢʝʪʽʚ  

ʫ ʯʝʨʛʘʭ, ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ, ʚʦʜʥʦʯʘʩ, ʧʦʟʠʪʠʚʥʦʾ ʨʦʣʽ ʯʝʨʛ. ʅʘʙʽʨ ʤʝʭʘʥʽʟʤʽʚ 

ʜʦʚʦʣʽ ʰʠʨʦʢʠʡ, ʽ ʚ ʮʽʡ ʣʝʢʮʽʾ ʚʦʥʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʜʦʩʠʪʴ ʜʦʢʣʘʜʥʦ.  
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ɹʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʚʨʘʭʦʚʫʻ ʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʫ ʩʚʦʾʡ ʨʦʙʦʪʽ ʬʘʢʪ ʽʩʥʫʚʘʥʥʷ ʫ 

ʤʝʨʝʞʽ ʪʨʘʬʽʢʘ ʨʽʟʥʦʛʦ ʪʠʧʫ ʚ ʪʦʤʫ ʩʝʥʩʽ, ʱʦ ʢʦʞʥʠʡ ʪʠʧ ʪʨʘʬʽʢʘ ʚʠʩʫʚʘʻ ʨʽʟʥʽ 

ʚʠʤʦʛʠ ʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʡ ʥʘʜʽʡʥʦʩʪʽ ʤʝʨʝʞʽ. ʅʘʧʨʠʢʣʘʜ, 

ʪʨʘʬʽʢ ʧʝʨʝʛʣʷʜʫ ʚʝʙ-ʩʪʦʨʽʥʦʢ ʤʘʣʦʯʫʪʣʠʚʠʡ ʜʦ ʟʘʪʨʠʤʦʢ ʧʘʢʝʪʽʚ ʽ ʥʝ ʚʠʤʘʛʘʻ 

ʛʘʨʘʥʪʦʚʘʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞʽ, ʘʣʝ ʯʫʪʣʠʚʠʡ ʜʦ ʚʪʨʘʪ ʧʘʢʝʪʽʚ; 

ʚʦʜʥʦʯʘʩ ʛʦʣʦʩʦʚʠʡ ʪʨʘʬʽʢ ʜʫʞʝ ʯʫʪʣʠʚʠʡ ʜʦ ʟʘʪʨʠʤʦʢ ʧʘʢʝʪʽʚ, ʚʠʤʘʛʘʻ 

ʛʘʨʘʥʪʦʚʘʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞʽ, ʘʣʝ ʤʦʞʝ çʪʝʨʧʽʪʠè ʚʪʨʘʪʫ 

ʥʝʚʝʣʠʢʦʛʦ ʚʽʜʩʦʪʢʘ ʧʘʢʝʪʽʚ ʙʝʟ ʟʥʘʯʥʦʛʦ ʟʙʠʪʢʫ ʜʣʷ ʷʢʦʩʪʽ (ʚʪʽʤ, ʦʩʪʘʥʥʷ 

ʚʣʘʩʪʠʚʽʩʪʴ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʤʝʪʦʜʫ ʢʦʜʫʚʘʥʥʷ 

ʛʦʣʦʩʦʚʦʛʦ ʩʠʛʥʘʣʫ).  

ɼʦʤʦʛʪʠʩʷ ʦʜʥʦʯʘʩʥʦʛʦ ʜʦʪʨʠʤʘʥʥʷ ʫʩʽʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS ʜʣʷ ʫʩʽʭ 

ʚʠʜʽʚ ʪʨʘʬʽʢʘ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ. ʆʜʥʠʤ ʟ ʥʘʡʟʥʘʯʫ ʠɦʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʻ ʨʽʚʝʥʴ ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ 

ʪʨʘʬʽʢʦʤ, ʪʦʙʪʦ ʨʽʚʝʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʣʽʥʽʡ ʟʚô̫ ʟʢʫ ʤʝʨʝʞʽ.  

ʗʢʱʦ ʮʝʡ ʨʽʚʝʥʴ ʧʦʩʪʽʡʥʦ ʜʦʩʠʪʴ ʥʠʟʴʢʠʡ, ʪʦ ʪʨʘʬʽʢ ʫʩʽʭ ʜʦʜʘʪʢʽʚ 

ʦʙʩʣʫʛʦʚʫʻʪʩɹʷ ʟ ʚʠʩʦʢʦʶ ʷʢʽʩʪʶ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʯʘʩʫ (ʭʦʯʘ ʢʦʨʦʪʢʦʯʘʩʥʽ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʘʪʨʠʤʦʢ ʽ ʚʪʨʘʪ ʧʘʢʝʪʽʚ, ʫʩʽ 

ʨʽʚʥʦʤʦʞʣʠʚʽ, ʘʣʝ ʚʦʥʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʜʫʞʝ ʨʽʜʢʦ). ʊʘʢʠʡ ʩʪʘʥ ʤʝʨʝʞʽ 

ʥʘʟʠʚʘʻʪʴʩʷ çʥʝʜʦʚʘʥʪʘʞʝʥʠʤè ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʨʤʽʥ çʤʝʨʝʞʘ ʟ 

ʥʘʜʣʠʰʢʦʚʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶè (ʘʥʛʣ. ï overprovisioning). ʇʦʩʪʽʡʥʦ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʚʩʽ ʯʘʩʪʠʥʠ ʤʝʨʝʞʽ ʚ ʥʝʜʦʚʘʥʪʘʞʝʥʦʤʫ ʩʪʘʥʽ ʜʦʩʠʪʴ ʜʦʨʦʛʦ ʡ 

ʩʢʣʘʜʥʦ, ʘʣʝ ʜʣʷ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʤʝʨʝʞʽ, ʪʘʢʦ ʾʷʢ ʤʘʛʽʩʪʨʘʣʴ, 

ʮʝʡ ʧʽʜʭʽʜ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ, ʽ ʧʦʚô̫ ʟʘʥʠʡ ʚʽʥ ʟ ʧʦʩʪʽʡʥʠʤ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤ ʟʘ 

ʨʽʚʥʝʤ ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʘʥʘʣʽʚ ʤʘʛʽʩʪʨʘʣʽ ʡ ʧʝʨʽʦʜʠʯʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʾʭʥʴʦʾ 

ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʟ ʥʘʙʣʠʞʝʥʥʷʤ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʢʨʠʪʠʯʥʦʛʦ ʨʽʚʥʷ.  

ʄʝʪʦʜʠ QoS ʟʘʩʥʦʚʘʥʽ ʥʘ ʽʥʰʦʤʫ ʧʽʜʭʦʜʽ, ʘ ʩʘʤʝ: ʥʘ ʪʦʥʢʦʤʫ 

ʧʝʨʝʨʦʟʧʦʜʽʣʽ ʥʘʷʚʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʽʞ ʪʨʘʬʽʢʦʤ ʨʽʟʥʦʛʦ ʪʠʧʫ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʜʦʜʘʪʢʽʚ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʮʽ ʤʝʪʦʜʠ ʫʩʢʣʘʜʥʶʶʪʴ  

ʤʝʨʝʞʥʝ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʦʟʥʘʯʘʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʥʘʥʥʷ ʚʠʤʦʛ ʫʩʽʭ 

ʢʣʘʩʽʚ ʪʨʘʬʽʢʘ, ʫʤʽʥʥʷ ʾʭ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʡ ʨʦʟʧʦʜʽʣʷʪʠ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ 

ʤʝʨʝʞʽ ʤʽʞ ʥʠʤʠ. ʆʩʪʘʥʥʷ ʚʣʘʩʪʠʚʽʩʪʴ ʟʘʟʚʠʯʘʡ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʯʝʨʛ ʧʘʢʝʪʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʭʽʜʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ 

ʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʟʘʤʽʩʪʴ ʦʜʥʽʻʾ ʯʝʨʛʠ; ʧʨʠ ʮʴʦʤʫ ʚ ʯʝʨʛʘʭ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽʟʥʽ ʘʣʛʦʨʠʪʤʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʽʚ, ʯʠʤ ʽ ʜʦʩʷʛʘʻʪʴʩʷ 

ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʨʘʬʽʢʘ ʨʽʟʥʠʭ ʢʣʘʩʽʚ. ʊʦʤʫ, ʤʝʪʦʜʠ QoS 

ʯʘʩʪʦ ʘʩʦʮʽʶʶʪʴʩʷ ʟ ʪʝʭʥʽʢʦʶ ʢʝʨʫʚʘʥʥʷ ʯʝʨʛʘʤʠ.  
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ʂʨʽʤ ʚʣʘʩʥʝ ʪʝʭʥʽʢʠ ʦʨʛʘʥʽʟʘʮʽʾ ʯʝʨʛ, ʜʦ ʤʝʪʦʜʽʚ QoS ʥʘʣʝʞʘʪʴ ʤʝʪʦʜʠ 

ʢʦʥʪʨʦʣ ʁ ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʢʫ ʪʨʘʬʽʢʘ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʛʘʨʘʥʪʦʚʘʥʦ ʷʢʽʩʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʣʽʜ ʙʫʪʠ ʚʧʝʚʥʝʥʠʤʠ, ʱʦ ʧʦʪʦʢʠ, ʷʢʽ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ, 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʚʥʦʤʫ ʧʨʦʬʽʣʶ. ʎʷ ʛʨʫʧʘ ʤʝʪʦʜʽʚ QoS ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ ʤʝʪʦʜʽʚ 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʪʨʘʬʽʢʘ.  

ʆʩʦʙʣʠʚʝ ʤʽʩʮʝ ʟʘʡʤʘʶʪʴ ʤʝʪʦʜʠ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʜʞʝʨʝʣʘ ʪʨʘʬʽʢʘ ʧʨʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ. ʎʽ ʤʝʪʦʜʠ 

ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʪʝ, ʱʦ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʜʞʝʨʝʣʦ ʟʥʠʟʠʪʴ ʰʚʠʜʢʽʩʪʴ 

ʚʠʜʘʯʽ ʧʘʢʝʪʽʚ ʫ ʤʝʨʝʞʫ ʡ ʪʠʤ ʩʘʤʠʤ ʣʽʢʚʽʜʫʻ ʧʨʠʯʠʥʫ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ.  

ʄʝʭʘʥʽʟʤʠ QoS ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʦ-ʨʽʟʥʦʤʫ. ʋ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʚʦʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʦ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʨʝʘʣʴʥʠʭ ʤʘʨʰʨʫʪʽʚ 

ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʪʦʢʽʚ ʪʨʘʬʽʢʘ ʯʝʨʝʟ ʤʝʨʝʞʫ 1, ʫʤʦʚʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʨʘʬʽʢʘ 

ʮʠʤʠ ʚʫʟʣʘʤʠ ʧʦʢʨʘʱʫʶʪʴʩʷ, ʘʣʝ ʛʘʨʘʥʪʽʡ ʪʦʛʦ, ʱʦ ʧʦʪʽʢ ʙʫʜʝ ʦʙʩʣʫʞʝʥʠʡ ʽʟ 

ʟʘʜʘʥʠʤ ʨʽʚʥʝʤ ʷʢʦʩʪʽ, ʪʘʢʠʡ ʧʽʜʭʽʜ ʥʝ ʜʘʻ. ɻʘʨʘʥʪʽʾ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ, ʷʢʱʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜʠ QoS ʩʠʩʪʝʤʥʦ, ʨʝʟʝʨʚʫʶʯʠ ʨʝʩʫʨʩʠ ʤʝʨʝʞʽ ʜʣʷ ʧʦʪʦʢʫ 

ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʡʦʛʦ ʤʘʨʰʨʫʪʫ, ʽʥʘʢʰʝ ʢʘʞʫʯʠ, çʚʽʜ ʢʨʘʶ ʜʦ ʢʨʘʶè.  

ɼʦ ʤʝʪʦʜʽʚ QoS ʪʽʩʥʦ ʧʨʠʤʠʢʘʶʪʴ ʤʝʪʦʜʠ ʽʥʞʠʥʽʨʠʥʛʫ ʪʨʘʬʽʢʘ. ɿʛʽʜʥʦ ʟ 

ʤʝʪʦʜʘʤʠ ʽʥʞʠʥʽʨʠʥʛʫ ʪʨʘʬʽʢʘ ʤʘʨʰʨʫʪʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʢʝʨʫʶʪʴʩʷ ʪʘʢ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʟʙʘʣʘʥʩʦʚʘʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʫʩʽʭ ʨʝʩʫʨʩʽʚ ʤʝʨʝʞʽ ʡ ʚʠʢʣʶʯʠʪʠ ʟʘ 

ʨʘʭʫʥʦʢ ʮʴʦʛʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʽ ʫʪʚʦʨʝʥʥʷ 

ʜʦʚʛʠʭ ʯʝʨʛ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʝʪʦʜʽʚ QoS ʫ ʤʝʪʦʜʘʭ ʽʥʞʠʥʽʨʠʥʛʫ ʪʨʘʬʽʢʘ ʥʝ 

ʚʜʘʶʪʴʩʷ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʯʝʨʛ ʟ ʨʽʟʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ 

ʤʝʨʝʞʥʦʤʫ ʫʩʪʘʪʢʫʚʘʥʥʽ. ɺʦʜʥʦʯʘʩ, ʫ ʤʝʪʦʜʘʭ QoS ʫ ʾʭʥʴʦʤʫ ʪʨʘʜʠʮʽʡʥʦʤʫ 

ʨʦʟʫʤʽʥʥʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʠʡ ʧʦʪʫʞʥʠʡ ʚʘʞʽʣʴ ʚʧʣʠʚʫ ʥʘ ʨʘʮʽʦʥʘʣʴʥʠʡ 

ʨʦʟʧʦʜʽʣ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʷʢ ʟʤʽʥʘ ʤʘʨʰʨʫʪʽʚ ʪʨʘʬʽʢʘ ʟʘʣʝʞʥʦ ʚʽʜ 

ʬʘʢʪʠʯʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʣʽʥʽʡ ʟʚô̫ ʟʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʚʽʜʦʢʨʝʤʠʪʠ ʤʝʪʦʜʠ 

QoS ʚʽʜ ʤʝʪʦʜʽʚ ʽʥʞʠʥʽʨʠʥʛʫ ʪʨʘʬʽʢʘ.  

ʋ ʥʘʩʪʫʧʥʽʡ ʛʨʫʧʽ ʤʝʪʦʜʽʚ ʙʦʨʦʪʴʙʘ ʟ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤʠ ʚʝʜʝʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʝʨʝʞʫ. ʊʦʙʪʦ ʚ ʮʠʭ ʤʝʪʦʜʘʭ 

ʧʨʦʙʣʝʤʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟ ʽʥʰʦʛʦ ʙʦʢʫ: ʷʢʱʦ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞʽ 

ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʷʢʽʩʥʦʾ ʧʝʨʝʜʘʯʽ ʪʨʘʬʽʢʘ ʜʦʜʘʪʢʽʚ, ʪʦ ʯʠ ʥʝ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ 

ʦʙʩʷʛ ʩʘʤʦʛʦ ʪʨʘʬʽʢʘ? ʅʘʡʦʯʝʚʠʜʥʽʠhʤ ʩʧʦʩʦʙʦʤ ʟʥʠʞʝʥʥʷ ʦʙʩʷʛʫ ʪʨʘʬʽʢʘ ʻ 

ʡʦʛʦ ʢʦʤʧʨʝʩʽʷ. ɯʩʥʫʶʪʴ ʡ ʽʥʰʽ ʩʧʦʩʦʙʠ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʪʦʛʦ ʩʘʤʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ. ʅʘʧʨʠʢʣʘʜ, ʨʦʟʤʽʱʝʥʥʷ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʙʣʠʞʯʝ ʜʦ ʡʦʛʦ ʩʧʦʞʠʚʘʯʘ 

(ʢʝhʫʚʘʥʥ ̫ʜʘʥʠʭ).  
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1.2 ʂʣʘʩʠʬʽʢʘʮʽʾ ʪʨʘʬʽʢʘ ʜʦʜʘʪʢʽʚ ʽ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ  

 

ʅʘ ʩʴʦʛʦʜʥʽ ʧʨʦʚʝʜʝʥʦ ʚʝʣʠʢʫ ʨʦʙʦʪʫ ʟ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʨʘʬʽʢʘ ʜʦʜʘʪʢʽʚ.  

ʗʢ ʦʩʥʦʚʥ ̔ʢʨʠʪʝʨʽʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʙʫʣʠ ʧʨʠʡʥʷʪ ̔ʪʨʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʬʽʢʘ:  

Å ʚʽʜʥʦʩʥʘ ʧʝʨʝʜʙʘʯʫʚʘʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ;  

Å ʯʫʪʣʠʚʽʩʪʴ ʪʨʘʬʽʢʘ ʜʦ ʟʘʪʨʠʤʦʢ ʧʘʢʝʪʽʚ;  

Å ʯʫʪʣʠʚʽʩʪʴ ʪʨʘʬʽʢʘ ʜʦ ʚʪʨʘʪ ʽ ʚʠʢʨʠʚʣʝʥʥʷ ʧʘʢʝʪʽʚ.  

 

ʇʝʨʝʜʙʘʯʫʚʘʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ  

ɺʽʜʥʦʩʥʦ ʧʝʨʝʜʙʘʯʫʚʘʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʜʦʜʘʪʢʠ 

ʧʦʜʽʣʷʪʁʴʩʷ ʥʘ ʜʚʘ ʚʝʣʠʢʽ ʢʣʘʩʠ: ʟ ʧʦʪʦʢʦʚʠʤ ʽ ʟ ʧʫʣʴʩʫʶʯʠʤ ʪʨʘʬʽʢʦʤ.  

ɼʦʜʘʪʢʠ ʟ ʧʦʪʦʢʦʚʠʤ ʪʨʘʬʽʢʦʤ (stream) ʧʦʨʦʜʞʫʶʪʴ ʨʽʚʥʦʤʽʨʥʠʡ ʧʦʪʽʢ 

ʜʘʥʠʭ, ʷʢʠʡ ʥʘʜʭʦʜʠʪʴ ʫ ʤʝʨʝʞʫ ʟ ʧʦʩʪʽʡʥʦʶ ʙʽʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ (Constant Bit 

Rate, CBR). ʋ ʚʠʧʘʜʢʫ ʢʦʤʫʪʘʮʽʾ ʧʘʢʝʪʽʚ ʪʨʘʬʽʢ ʪʘʢʠʭ ʜʦʜʘʪʢʽʚ  ̒ʧʦʩʣʽʜʦʚʥʽʩʪ ʁ

ʧʘʢʝʪʽʚ ʦʜʥʘʢʦʚʦʛʦ ʨʦʟʤʽʨʫ (ʨʽʚʥʦʛʦ B  ʙ̔ ʪ), ʱʦ ʧʨʷʤʫʶʪʴ ʦʜʠʥ ʟʘ ʦʜʥʠʤ ʯʝʨʝʟ 

ʦʜʥʘʢʦʚʠʡ ʽʥʪʝʨʚʘʣ ʯʘʩʫ T  (ʨʠʩ. 1.1).  
 

 

ʈʠʩʫʥʦʢ 1.1 ï ʇʦʪʦʢʦʚʠʡ ʪʨʘʬʽʢ 

 

ʇʦʩʪʽʡʥʘ ʙʽʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʦʚʦʛʦ ʪʨʘʬʽʢʘ ( )CBR  ʤʦʞʝ ʙʫʪʠ 

ʦʙʯʠʩʣʝʥʘ ʰʣʷʭʦʤ ʫʩʝʨʝʜʥʝʥʥʷ ʥʘ ʦʜʥʦʤʫ ʧʝʨʽʦʜʽ:  

CBR .
B
ʙʽʪ ʩ

T
=  

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʧʦʩʪʽʡʥʘ ʙʽʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʦʚʦʛʦ ʪʨʘʬʽʢʘ 

ʤʝʥʰʝ ʥʦʤʽʥʘʣʴʥʦʾ ʤʘʢʩʠʤʘʣʴʥʦʾ ʙʽʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʧʨʦʪʦʢʦʣʘ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʷʢʦʛʦ ʧʝʨʝʜʘʶʪʴʩʷ ʜʘʥʽ, ʦʩʢʽʣʴʢʠ ʤʽʞ ʧʘʢʝʪʘʤʠ ʽʩʥʫʶʪʴ ʧʘʫʟʠ. ʗʢ ʙʫʜʝ 

ʧʦʢʘʟʘʥʦ ʜʘʣʽ, ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʦʢʦʣʫ 

Ethernet ʩʪʘʥʦʚʠʪʴ 9,76 ʄʙ̔ʪ/ʩ (ʜʣʷ ʢʘʜʨʽʚ ʤʘʢʩʠʤʘʣʴʥʦʾ ʜʦʚʞʠʥʠ), ʱʦ ʤʝʥʰʝ 

ʥʦʤʽʥʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʮʴʦʛʦ ʧʨʦʪʦʢʦʣʫ, ̫ ʢʘ ʜʦʨʽʚʥʶ  ̒10 ʄʙ̔ʪ/ʩ.  

ɼʦʜʘʪʢʠ ʟ ʧʫʣʴʩʫʶʯʠʤ ʪʨʘʬʽʢʦʤ (burst) ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ 

ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʦʩʪʽ. ʋ ʮʠʭ ʜʦʜʘʪʢʘʭ ʧʝʨʽʦʜʠ ʤʦʚʯʘʥʥʷ ʟʤʽʥʁʁʪʴʩʷ ʧʫʣʴʩʘʮʽʻʶ, 
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ʧʨʦʪʷʛʦʤ ʷʢʦʾ ʧʘʢʝʪʠ çʱʽʣʴʥʦè ʧʨʷʤʫʶʪʴ ʦʜʠʥ ʟʘ ʦʜʥʠʤ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʪʨʘʬʽʢ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʤʽʥʥʦʶ ʙʽʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ (Variable Bit Rate, VBR), ʱʦ 

ʽʣʶʩʪʨʫʻ ʨʠʩ. 1.2.  

 
 

ʈʠʩʫʥʦʢ 1.2 ï ʇʫʣʴʩʫʶʯʠʡ ʪʨʘʬʽʢ 
 

ʊʘʢ, ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʜʦʜʘʪʢʽʚ ʬʘʡʣʦʚʦʛʦ ʩʝʨʚʽʩʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʨʘʬʽʢʘ, ʱʦ 

ʛʝʥʝʨʫʻʪʴʩʷ ʜʦʜʘʪʢʦʤ, ʤʦʞʝ ʧʘʜʘʪʠ ʜʦ ʥʫʣʷ, ʢʦʣʠ ʬʘʡʣʠ ʥʝ ʧʝʨʝʜʘʶʪʴʩʷ, ʽ 

ʧʽʜʚʠʱʫʚʘʪʠʩʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʫʧʥʦʾ, ʦʙʤʝʞʝʥʦʾ ʪʽʣʴʢʠ ʤʦʞʣʠʚʦʩʪʷʤʠ 

ʤʝʨʝʞʽ, ʢʦʣʠ ʬʘʡʣʦʚʠʡ ʩʝʨʚʝʨ ʧʝʨʝʜʘʻ ʬʘʡʣ.  

ʅʘ ʨʠʩ. 1.2 ʧʦʢʘʟʘʥʦ ʪʨʠ ʧʝʨʽʦʜʠ ʚʠʤʽʨʶʚʘʥʴ 
1T , 

2T  ʽ 
3T . ɼʣʷ ʩʧʨʦʱʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠʡʥʷʪʦ, ʱʦ ʧʽʢʦʚʽ ʰʚʠʜʢʦʩʪʽ ʥʘ ʧʝʨʰʦʤʫ ʡ ʪʨʝʪʴʦʤʫ ʧʝʨʽʦʜʘʭ 

ʨʽʚʥʽ ʤʽʞ ʩʦʙʦʶ ʡ ʜʦʨʽʚʥʶʶʪʴ PIR, ʘ ʚʩʽ ʪʨʠ ʧʝʨʽʦʜʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ 

ʪʨʠʚʘʣʽʩʪʴ T. ɺʨʘʭʦʚʫʶʯʠ ʮʝ, ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʚʝʣʠʯʠʥʫ ʧʫʣʴʩʘʮʽʾ B, ʷʢʘ 

ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʙʪ̔̔ʚ, ʧʝʨʝʜʘʥʠʭ ʥʘ ʧʝʨʽʦʜʽ ʧʫʣʴʩʘʮʽʾ: 

.B PIR T= ³  

ʆʪʞʝ, ʚʝʣʠʯʠʥʘ ʧʫʣʴʩʘʮʽʾ ʜʣʷ ʧʝʨʽʦʜʽʚ 
1T  ʽ 

3T  ʜʦʨʽʚʥʶʻ B, ʘ ʥʘ  

ʧʝʨʽʦʜʽ 
2T  ï ʥʫʣʶ.  

ɼʣʷ ʥʘʚʝʜʝʥʦʛʦ ʧʨʠʢʣʘʜʫ ʤʦʞʥʘ ʧʽʜʨʘʭʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʧʫʣʴʩʘʮʽʾ. 

(ʅʘʛʘʜʘʻʤʦ, ʱʦ ʚʽʥ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʧʽʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ 

ʥʝʚʝʣʠʢʦʤʫ ʧʝʨʽʦʜʽ ʯʘʩʫ ʜʦ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʪʨʘʬʽʢʘ, ʦʙʤʽʨʶʚʘʥʦʾ ʥʘ 

ʪʨʠʚʘʣʦʤʫ ʧʝʨʽʦʜʽ ʯʘʩʫ.) ʆʩʢʽʣʴʢʠ ʧʽʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʥʘ ʧʝʨʽʦʜʽ 
1T  (ʘʙʦ 

3T ) 

ʜʦʨʽʚʥʶʻ B T, ʘ ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʥʘ ʩʫʤʘʨʥʦʤʫ ʧʝʨʽʦʜʽ 
1 2 3T T T+ + ʩʪʘʥʦʚʠʪʴ

2 3B T, ʢʦʝʬʽʮʽʻʥʪ ʧʫʣʴʩʘʮʽʾ ʜʦʨʽʚʥʶ  ̒3 2.  

ʇʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʠʡ ʪʨʘʬʽʢ, ʥʘʚʽʪʴ ʪʨʘʬʽʢ ʧʦʪʦʢʦʚʠʭ ʜʦʜʘʪʢʽʚ, ʤʘʻ 

ʥʝʥʫʣʴʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʫʣʴʩʘʮʽʾ. ʇʨʦʩʪʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʫʣʴʩʘʮʽʾ 

ʧʦʪʦʢʦʚʦʛʦ ʪʘ ʧʫʣʴʩʫʶʯʦʛʦ ʪʨʘʬʽʢʽʚ ʟʥʘʯʥʦ ʨʽʟʥʷʪʴʩʷ. ʋ ʜʦʜʘʪʢʽʚ ʟ ʧʫʣʴʩʫʶʯʠʤ 

ʪʨʘʬʽʢʦʤ ʚʽʥ ʟʘʟʚʠʯʘʡ ʧʝʨʝʙʫʚʘʻ ʫ ʤʝʞʘʭ ʚʽʜ 2 ʜʦ 100, ʘ ʚ ʧʦʪʦʢʦʚʠʭ ʜʦʜʘʪʢʽʚ 

ʚʽʥ ʙʣʠʟʴʢʠʡ ʜʦ 1.  

ʋ ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞʘʭ ʢʦʝʬʽʮʽʻʥʪ ʧʫʣʴʩʘʮʽʾ ʟʘʟʚʠʯʘʡ ʚʠʱʠʡ, ʥʽʞ ʫ 

ʛʣʦʙʘʣʴʥʠʭ, ʦʩʢʽʣʴʢʠ ʥʘ ʤʘʛʽʩʪʨʘʣʷʭ ʛʣʦʙʘʣʴʥʠʭ ʤʝʨʝʞ ʪʨʘʬʽʢ  ̒ʩʫʤʦ  ʁʪʨʘʬʽʢʽʚ 
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ʙʘʛʘʪʴʦʭ ʜʞʝʨʝʣ, ʱʦ ʟʘ ʟʘʢʦʥʦʤ ʚʝʣʠʢʠʭ ʯʠʩʝʣ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʛʣʘʜʞʫʚʘʥʥʷ 

ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʪʨʘʬʽʢʘ.  

 

ʏʫʪʣʠʚʽʩʪʴ ʪʨʘʬʽʢʘ ʜʦ ʟʘʪʨʠʤʦʢ ʧʘʢʝʪʽʚ  

ʑʝ ʦʜʠʥ ʢʨʠʪʝʨʽʡ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʦʜʘʪʢʽʚ ʟʘ ʪʠʧʦʤ ʪʨʘʬʽʢʘ ï ʾʭʥ ̫

ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʟʘʪʨʠʤʦʢ ʧʘʢʝʪʽʚ ʽ ʾʭʥʭ̔ ʚʘʨʽʘʮʽʡ. ɼʘʣʽ ʧʝʨʝʣʽʯʝʥʽ ʦʩʥʦʚʥʽ ʪʠʧʠ 

ʜʦʜʘʪʢʽʚ ʫ ʧʦʨʷʜʢʫ ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʟʘʪʨʠʤʦʢ ʧʘʢʝʪʽʚ.  

Å ɸʩʠʥʭʨʦʥʥʽ ʜʦʜʘʪʢʠ. ʇʨʘʢʪʠʯʥʦ ʥʝ ʤʘʶʪʴ ʦʙʤʝʞʝʥʴ ʥʘ ʯʘʩ ʟʘʪʨʠʤʢʠ 

(ʝʣʘʩʪʠʯʥʠʡ ʪʨʘʬʽʢ). ʇʨʠʢʣʘʜ ʪʘʢʦʛʦ ʜʦʜʘʪʢʘ ï ʝʣʝʢʪʨʦʥʥʘ ʧʦʰʪʘ.  

Å ɯʥʪʝʨʘʢʪʠʚʥʽ ʜʦʜʘʪʢʠ. ɿʘʪʨʠʤʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʟʥʘʯʝʥʽ 

ʢʦʨʠʩʪʫʚʘʯʘʤʠ, ʘʣʝ ʚʦʥʠ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʝʛʘʪʠʚʥʦ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʩ̔ʪɹ 

ʜʦʜʘʪʢʽʚ. ʇʨʠʢʣʘʜ ï ʪʝʢʩʪʦʚʠʡ ʨʝʜʘʢʪʦʨ, ʱʦ ʧʨʘʮʶʻ ʟ ʚʽʜʜʘʣʝʥʠʤ ʬʘʡʣʦʤ.  

Å ɯʟʦʭʨʦʥʥʽ ʜʦʜʘʪʢʠ. ʄʘʁ ʪʴ ʧʦʨʽʛ ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʚʘʨʽʘʮʽʡ ʟʘʪʨʠʤʦʢ, ʧʨʠ 

ʧʝʨʝʚʠʱʝʥʥʽ ʷʢʦʛʦ ʨʽʟʢʦ ʟʥʠʞʫʻʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʜʦʜʘʪʢʘ. ʇʨʠʢʣʘʜ ï 

ʧʝʨʝʜʘʯʘ ʛʦʣʦʩʫ, ʢʦʣʠ ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʧʦʨʦʛʘ ʚʘʨʽʘʮʽʾ ʟʘʪʨʠʤʦʢ ʚ 100ï150 ʤʩ 

ʨʽʟʢʦ ʟʥʠʞʫʻʪʴʩʷ ʷʢʽʩʪʴ ʚʽʜʪʚʦʨʝʥʦʛʦ ʛʦʣʦʩʫ.  

Å ʅʘʜʯʫʪʣʠʚʽ ʜʦ ʟʘʪʨʠʤʦʢ ʜʦʜʘʪʢʠ. ɿʘʪʨʠʤʢʘ ʜʦʩʪʘʚʢʠ ʜʘʥʠʭ ʟʚʦʜʠʪʴ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʜʦʜʘʪʢʘ ʜʦ ʥʫʣʷ. ʇʨʠʢʣʘʜ ï ʜʦʜʘʪʢʠ, ʷʢʽ ʢʝʨʫʶʪʴ ʪʝʭʥʽʯʥʠʤ 

ʦʙô̒ ʢʪʦʤ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʇʨʠ ʟʘʧʽʟʥʶʚʘʥʥʽ ʢʝʨʫʶʯʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʦʙô̒ ʢʪʽ 

ʤʦʞʝ ʚʽʜʙʫʪʠʩʷ ʘʚʘʨʽʷ.  

ɺʨʝʰʪʽ-ʨʝʰʪ, ʥ̔ʪʝʨʘʢʪʠʚʥʩ̔ʪʴ ʜʦʜʘʪʢʘ ʟʘʚʞʜʠ ʧʽʜʚʠʱʫʻ ʡʦʛʦ ʯʫʪʣʠʚʽʩʪʴ 

ʜʦ ʟʘʪʨʠʤʦʢ. ʅʘʧʨʠʢʣʘʜ, ʰʠʨʦʢʦʤʦʚʥʝ ʨʦʟʩʠʣʘʥʥʷ ʘʫʜʦ̔̔ʥʬʦʨʤʘʮʽʾ ʤʦʞʝ 

ʚʠʪʨʠʤʫʚʘʪʠ ʟʥʘʯʥʽ ʟʘʪʨʠʤʢʠ ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʽʚ (ʟʘʣʠʰʘʶʯʠʩʴ ʯʫʪʣʠʚʠʤ ʜʦ 

ʚʘʨʽʘʮʽʡ ʟʘʪʨʠʤʦʢ), ʘ ʽʥʪʝʨʘʢʪʠʚʥʘ ʪʝʣʝʬʦʥʥʘ ʘʙʦ ʪʝʣʝʚʽʟʽʡʥʘ ʨʦʟʤʦʚʘ ʾʭ ʥʝ 

ʪʝʨʧʠʪʴ, ʱʦ ʜʦʙʨʝ ʧʦʤʽʪʥʦ ʧʽʜ ʯʘʩ ʪʨʘʥʩʣʷʮʽʾ ʨʦʟʤʦʚʠ ʯʝʨʝʟ ʩʫʧʫʪʥʠʢ. ʊʨʠʚʘʣʽ 

ʧʘʫʟʠ ʚ ʨʦʟʤʦʚʽ ʚʚʦʜʷʪʴ ʩʧʽʚʨʦʟʤʦʚʥʠʢʽʚ ʚ ʦʤʘʥʫ, ʯʘʩʪʦ ʚʦʥʠ ʚʪʨʘʯʘʶʪʴ 

ʪʝʨʧʽʥʥʷ ʡ ʧʦʯʠʥʘʶʪʴ ʯʝʨʛʦʚʫ ʬʨʘʟʫ ʦʜʥʦʯʘʩʥʦ.  

ʇʦʨʷʜ ʟ ʥʘʚʝʜʝʥʦʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ, ʷʢʘ ʪʦʥʢʦ ʜʠʬʝʨʝʥʮʽʶʻ ʯʫʪʣʠʚʽʩʪʴ 

ʜʦʜʘʪʢʽʚ ʜʦ ʟʘʪʨʠʤʦʢ ʽ ʾʭʥʭ̔ ʚʘʨʽʘʮʽʡ, ʽʩʥʫʻ ʡ ʙʽʣʴʰ ʛʨʫʙʠʡ ʨʦʟʧʦʜʽʣ ʜʦʜʘʪʢʽʚ ʟʘ 

ʮʽʻʶ ʩʘʤʦʶ ʦʟʥʘʢʦʶ ʥʘ ʜʚʘ ʢʣʘʩʠ: ʘʩʠʥʭʨʦʥʥʽ ʡ ʩʠʥʭʨʦʥʥʽ.  

ɼʦ ʘʩʠʥʭʨʦʥʥʠʭ ʥʘʣʝʞʘʪʴ ʪʽ ʜʦʜʘʪʢʠ, ʷʢʽ ʥʝʯʫʪʣʠʚʽ ʜʦ ʟʘʪʨʠʤʦʢ  

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʫ ʜʫʞʝ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʘʞ ʜʦ ʜʝʢʽʣʴʢʦʭ ʩʝʢʫʥʜ, ʘ ʚʩʽ ʽʥʰʽ 

ʜʦʜʘʪʢʠ, ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʷʢʠʭ ʟʘʪʨʠʤʢʠ ʚʧʣʠʚʘʶʪʴ ʩʫʪʪʻʚʦ, ʥʘʣʝʞʘʪʴ  

ʜʦ ʩʠʥʭʨʦʥʥʠʭ.  

ɯʥʪʝʨʘʢʪʠʚʥʽ ʜʦʜʘʪʢʠ ʤʦʞʫʪʴ ʥʘʣʝʞʘʪʠ ʷʢ ʜʦ ʘʩʠʥʭʨʦʥʥʠʭ (ʪʝʢʩʪʦʚʠʡ 

ʨʝʜʘʢʪʦʨ), ʪʘʢ ʽ ʜʦ ʩʠʥʭʨʦʥʥʠʭ (ʚʽʜʝʦʢʦʥʬʝʨʝʥʮʽʷ).  
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ʏʫʪʣʠʚʽʩʪʴ ʪʨʘʬʽʢʘ ʜʦ ʚʪʨʘʪ ʽ ʚʠʢʨʠʚʣʝʥʥʷ ʧʘʢʝʪʽʚ  

ɿʨʝʰʪʦ ,ʁ ʦʩʪʘʥʥʽʤ ʢʨʠʪʝʨʽʻʤ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʦʜʘʪʢʽʚ ʻ ʾʭʥʷ ʯʫʪʣʠʚʽʩʪʴ ʜʦ 

ʚʪʨʘʪ ʧʘʢʝʪʽʚ. ʊʫʪ ʟʘʟʚʠʯʘʡ ʧʦʜʽʣʷʪʁʴ ʜʦʜʘʪʢʠ ʥʘ ʜʚʽ ʛʨʫʧʠ:  

Å ɼʦʜʘʪʢʠ, ʯʫʪʣʠʚʽ ʜʦ ʚʪʨʘʪʠ ʜʘʥʠʭ. ʇʨʘʢʪʠʯʥʦ ʚʩʽ ʜʦʜʘʪʢʠ, ʱʦ 

ʧʝʨʝʜʘʶʪʴ ʘʣʬʘʚʽʪʥʦ-ʮʠʬʨʦʚʽ ʜʘʥʽ (ʜʦ ʷʢʠʭ ʥʘʣʝʞʘʪʴ ʪʝʢʩʪʦʚʽ ʜʦʢʫʤʝʥʪʠ, ʢʦʜʠ 

ʧʨʦʛʨʘʤ, ʯʠʩʣʦʚʽ ʤʘʩʠʚʠ ʪʦʱʦ), ʤʘʶʪʴ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʚʪʨʘʪʠ ʦʢʨʝʤʠʭ, 

ʥʘʚʽʪʴ ʥʝʚʝʣʠʢʠʭ, ʬʨʘʛʤʝʥʪʽʚ ʜʘʥʠʭ. ʊʘʢʽ ʚʪʨʘʪʠ ʯʘʩʪʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʦʚʥʦʛʦ 

ʟʥʝʮʽʥʶʚʘʥʥʷ ʽʥʰʦʾ ʫʩʧʽʰʥʦ ʧʨʠʡʥʷʪʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʚʽʜʩʫʪʥʽʩʪʴ 

ʭʦʯʘ ʙ ʦʜʥʦʛʦ ʙʘʡʪʘ ʚ ʢʦʜʽ ʧʨʦʛʨʘʤʠ ʨʦʙʠʪʴ ʾʾ ʟʦʚʩʽʤ ʥʝʧʨʘʮʝʟʜʘʪʥʦʶ.  

ʋʩʽ ʪʨʘʜʠʮʽʡʥʽ ʤʝʨʝʞʥʽ ʜʦʜʘʪʢʠ (ʬʘʡʣʦʚʠʡ ʩʝʨʚʽʩ, ʩʝʨʚʽʩ ʙʘʟ ʜʘʥʠʭ, ʝʣʝʢʪʨʦʥʥʘ 

ʧʦʰʪʘ ʪʦʱʦ) ʥʘʣʝʞʘʪʴ ʜʦ ʮʴʦʛʦ ʪʠʧʫ ʜʦʜʘʪʢʽʚ.  

Å ɼʦʜʘʪʢʠ, ʩʪʽʡʢʽ ʜʦ ʚʪʨʘʪʠ ʜʘʥʠʭ. ɼʦ ʮʴʦʛʦ ʪʠʧʫ ʥʘʣʝʞʠʪʴ ʙʘʛʘʪʦ 

ʜʦʜʘʪʢʽʚ, ʷʢʽ ʧʝʨʝʜʘʶʪʴ ʪʨʘʬʽʢ ʟ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʥ̔ʝʨʮʽʡʥʽ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ. 

ʉʪʽʡʢʽʩʪʴ ʜʦ ʚʪʨʘʪ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʚʽʜʩʫʪʥʽʭ ʜʘʥʠʭ 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘ ʦʩʥʦʚʽ ʧʨʠʡʥʷʪʠʭ. ʊʘʢ, ʧʨʠ ʚʪʨʘʪʽ ʦʜʥʦʛʦ ʧʘʢʝʪʘ, ʱʦ ʥʝʩʝ 

ʢʽʣʴʢʘ ʧʦʩʣʽʜʦʚʥʠʭ ʚʠʤʽʨʽʚ ʛʦʣʦʩʫ, ʚʽʜʩʫʪʥʽ ʚʠʤʽʨʠ ʚ ʭʦʜʽ ʚʽʜʪʚʦʨʝʥʥ ̫ʛʦʣʦʩʫ 

ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʤʽʥʝʥʽ ʘʧʨʦʢʩʠʤʘʮʽʻʶ ʥʘ ʦʩʥʦʚʽ ʩʫʩʽʜʥʽʭ ʟʥʘʯʝʥʴ.  

ɼʦ ʪʘʢʦʛʦ ʪʠʧʫ ʥʘʣʝʞʠʪʴ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʜʦʜʘʪʢʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟ 

ʤʫʣʴʪʠʤʝʜʽʡʥʠʤ ʪʨʘʬʽʢʦʤ (ʘʫʜʦ̔- ʽ ʚʽʜʝʦʜʦʜʘʪʢʠ). ʆʜʥʘʢ ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʪʨʘʪ ʤʘʻ 

ʩʚʦʾ ʤʝʞʽ, ʪʦʤʫ ʚʽʜʩʦʪʦʢ ʟʘʛʫʙʣʝʥʠʭ ʧʘʢʝʪʽʚ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʝʣʠʢʠʤ (ʥʘʧʨʠʢʣʘʜ, 

ʥʝ ʙʽʣʴʰʝ 1%). ʄʦʞʥʘ ʟʘʟʥʘʯʠʪʠ ʪʘʢʦʞ, ʱʦ ʥʝ ʙʫʜʴ-ʷʢʠʡ ʤʫʣʴʪʠʤʝʜʽʡʥʠʡ ʪʨʘʬʽʢ 

ʥʘʩʪʽʣʴʢʠ ʩʪʽʡʢʠʡ ʜʦ ʚʪʨʘʪ ʜʘʥʠʭ. ʊʘʢ, ʢʦʤʧʨʝʩʦʚʘʥʠʡ ʛʦʣʦʩ ʽ ʚʽʜʝʦʟʦʙʨʘʞʝʥʥʷ 

ʜʫʞʝ ʯʫʪʣʠʚʽ ʜʦ ʚʪʨʘʪ, ʪʦʤʫ ʥʘʣʝʞʘʪʴ ʜʦ ʧʝʨʰʦʛʦ ʪʠʧʫ ʜʦʜʘʪʢʽʚ.  

 

ʂʣʘʩʠ ʜʦʜʘʪʢʽʚ  

ɿʘʛʘʣʦʤ, ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʪʨʴʦʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

(ʚʽʜʥʦʩʥʘ ʧʝʨʝʜʙʘʯʫʚʘʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ; ʯʫʪʣʠʚʽʩʪʴ ʪʨʘʬʽʢʘ ʜʦ 

ʟʘʪʨʠʤʦʢ ʧʘʢʝʪʽʚ; ʯʫʪʣʠʚʽʩʪʴ ʪʨʘʬʽʢʘ ʜʦ ʚʪʨʘʪ ʽ ʚʠʢʨʠʚʣʝʥʥʷ ʧʘʢʝʪʽʚ) ʥʝʤʘʻ 

ʩʫʚʦʨʦʛʦ ʚʟʘʻʤʦʟʚô̫ ʟʢʫ. ʊʦʙʪʦ ʜʦʜʘʪʦʢ ʟ ʨʽʚʥʦʤʽʨʥʠʤ ʧʦʪʦʢʦʤ ʤʦʞʝ ʙʫʪʠ ʷʢ 

ʘʩʠʥʭʨʦʥʥʠʤ, ʪʘʢ ʽ ʩʠʥʭʨʦʥʥʠʤ, ʘ, ʥʘʧʨʠʢʣʘʜ, ʩʠʥʭʨʦʥʥʠʡ ʜʦʜʘʪʦʢ ʤʦʞʝ  

ʙʫʪʠ ʷʢ ʯʫʪʣʠʚʠʤ, ʪʘʢ ʽ ʥʝʯʫʪʣʠʚʠʤ ʜʦ ʚʪʨʘʪ ʧʘʢʝʪʽʚ. ʆʜʥʘʢ ʧʨʘʢʪʠʢʘ  

ʧʦʢʘʟʫʻ, ʱʦ ʟ ʫʩʴʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʤʦʞʣʠʚʠʭ ʢʦʤʙʽʥʘʮʽʡ ʟʥʘʯʝʥʴ ʮʠʭ ʪʨʴʦʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʻ ʥʝʙʘʛʘʪʦ ʪʘʢʠʭ, ʱʦ ʦʭʦʧʣʶʶʪʴ ʚʝʣʠʢʫ ʯʘʩʪʠʥʫ ʜʦʜʘʪʢʽʚ,  

ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʴʦʛʦʜʥʽ.  

ʅʘʧʨʠʢʣʘʜ, ʥʘʩʪʫʧʥʘ ʢʦʤʙʽʥʘʮʽʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʜʘʪʢʘ çʧʦʨʦʜʞʫʚʘʥʠʡ 

ʪʨʘʬʽʢ ï ʨʽʚʥʦʤʽʨʥʠʡ ʧʦʪʽʢ, ʜʦʜʘʪʦʢ ʽʟʦʭʨʦʥʥʠʡ, ʩʪʽʡʢʠʡ ʜʦ ʚʪʨʘʪè, ʚʽʜʧʦʚʽʜʘʻ 

ʪʘʢʠʤ ʧʦʧʫʣʷʨʥʠʤ ʜʦʜʘʪʢʘʤ, ʷʢ ɯʈ-ʪʝʣʝʬʦʥʽʷ, ʧʽʜʪʨʠʤʢʘ ʚʽʜʝʦʢʦʥʬʝʨʝʥʮʽʡ, 
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ʘʫʜʽʦʤʦʚʣʝʥʥʷ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ. ʉʪʽʡʢʠʭ ʢʦʤʙʽʥʘʮʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ ʦʧʠʩʫʶʪʴ 

ʧʝʚʥʠʡ ʢʣʘʩ ʜʦʜʘʪʢʽʚ, ʽʩʥʫʻ ʥʝ ʪʘʢ ʫʞʝ ʡ ʙʘʛʘʪʦ. ʊʘʢ, ʧʽʜ ʯʘʩ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʾ ATM, ʷʢʘ ʚʽʜ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ ʨʦʟʨʦʙʣʷʣʘʩʷ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ʪʨʘʬʽʢʘ, ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ 4 ʢʣʘʩʠ ʪʨʘʬʽʢʘ (ʽ ʚʽʜʧʦʚʽʜʥʠʭ ʜʦʜʘʪʢʽʚ): A, B , 

C  ʽ D. ɼʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʣʘʩʥʠʡ ʥʘʙʽʨ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʚʩʽʭ ʜʦʜʘʪʢʽʚ, ʱʦ ʥʝ ʚʭʦʜʷʪʴ ʥʽ ʚ ʦʜʠʥ ʽʟ ʮʠʭ 

ʢʣʘʩʽʚ, ʙʫʚ ʚʠʟʥʘʯʝʥʠʡ ʢʣʘʩ X, ʫ ʷʢʦʤʫ ʢʦʤʙʽʥʘʮʽʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʜʘʪʢʘ 

ʤʦʞʝ ʙʫʪʠ ʜʦʚʽʣʴʥʦ .ʁ  

ʂʣʘʩʠʬʽʢʘʮʽʷ ATM, ʱʦ ʻ ʥʘ ʩʴʦʛʦʜʥʽ ʥʘʡʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʁ ʪʘ 

ʫʟʘʛʘʣʴʥʝʥʦ,ʁ ʥʝ ʚʠʤʘʛʘʻ ʜʣʷ ʩʚʦʛʦ ʨʦʟʫʤʽʥʥʷ ʟʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ATM, ʪʦʤʫ  

ʚʞʝ ʤʦʞʝ ʙʫʪʠ ʨʦʟʛʣʷʥʫʪʘ (ʪʘʙʣ. 1.1).  
 

ʊʘʙʣʠʮʷ 1.1 ï ʂʣʘʩʠ ʪʨʘʬʽʢʘ  
 

ʂʣʘʩ 

ʪʨʘʬʽʢʘ 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

A 

ʇʦʩʪʽʡʥʘ ʙʽʪʦʚʘ ʰʚʠʜʢʽʩʪʴ, ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʟʘʪʨʠʤʦʢ, ʧʝʨʝʜʘʯʘ ʟ̔ 

ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʟô̒ ʜʥʘʥʥʷ (ʛʦʣʦʩʦʚʠʡ ʪʨʘʬʽʢ, ʪʨʘʬʽʢ ʪʝʣʝʚʽʟʽʡʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ).  

ʇʘʨʘʤʝʪʨʘ QoS: ʧʽʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʟʘʪʨʠʤʢʘ, ʜʞʠʪʪʝʨ 

B 

ɿʤʽʥʥʘ ʙʽʪʦʚʘ ʰʚʠʜʢʽʩʪʴ, ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʟʘʪʨʠʤʦʢ, ʧʝʨʝʜʘʯʘ ʟ̔ 

ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʟô̒ ʜʥʘʥʥʷ (ʢʦʤʧʨʝʩʦʚʘʥʠʡ ʛʦʣʦʩ, ʢʦʤʧʨʝʩʦʚʘʥʝ 

ʚʽʜʝʦʟʦʙʨʘʞʝʥʥʷ).  

ʇʘʨʘʤʝʪʨʘ QoS: ʧʽʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʧʫʣʴʩʘʮʽʷ, 

ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʟʘʪʨʠʤʢʘ, ʜʞʠʪʪʝʨ 

C 

ɿʤʽʥʥʘ ʙʽʪʦʚʘ ʰʚʠʜʢʽʩʪʴ, ʝʣʘʩʪʠʯʥʽʩʪʴ, ʧʝʨʝʜʘʯʘ ʟ̔ ʚʩʪʘʥʦʚʣʝʥʥʷʤ 

ʟô̒ ʜʥʘʥʥʷ (ʪʨʘʬʽʢ ʢʦʤʧôʁ ʪʝʨʥʠʭ ʤʝʨʝʞ, ʫ ʷʢʠʭ ʢʽʥʮʝʚʽ ʚʫʟʣʠ 

ʧʨʘʮʶʶʪʴ ʟʘ ʧʨʦʪʦʢʦʣʘʤʠ ʟ̔ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʟô̒ ʜʥʘʥʴ ï frame relay, 

X.25, TCP).  

ʇʘʨʘʤʝʪʨʘ QoS: ʧʽʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʧʫʣʴʩʘʮʽʷ, 

ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

D 

ɿʤʽʥʥʘ ʙʽʪʦʚʘ ʰʚʠʜʢʽʩʪʴ, ʝʣʘʩʪʠʯʥʽʩʪʴ, ʧʝʨʝʜʘʯʘ ʙʝʟ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʟô̒ ʜʥʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʪʨʘʬʽʢ ʢʦʤʧôʁ ʪʝʨʥʠʭ ʤʝʨʝʞ, ʫ ʷʢʠʭ ʢʽʥʮʝʚʽ 

ʚʫʟʣʠ ʧʨʘʮʶʶʪʴ ʟʘ ʧʨʦʪʦʢʦʣʘʤʠ ʙʝʟ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟô̒ ʜʥʘʥʴ ï 

IP/UDP, Ethernet). ʇʘʨʘʤʝʪʨʘ QoS: ʥʝ ʚʠʟʥʘʯʝʥʽ 

X ʊʠʧ ʪʨʘʬʽʢʘ ʽ ʡʦʛʦ ʧʘʨʘʤʝʪʨʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ 

 

1.3 ɸʥʘʣʽʟ ʯʝʨʛ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

 

ɺʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ QoS ʽ ʩʬʦʨʤʫʣʶʚʘʪʠ ʚʠʤʦʛʠ ʜʦ  

ʥʠʭ ï ʦʟʥʘʯʘʻ ʥʘʧʦʣʦʚʠʥʫ ʨʦʟʚô̫ ʟʘʪʠ ʟʘʜʘʯʫ. ʂʦʨʠʩʪʫʚʘʯ ʬʦʨʤʫʣʶʻ ʩʚʦʾ  

ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʜʝʷʢʠʭ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS, ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʚʠʱʝʥʽ. ʅʘʧʨʠʢʣʘʜ, ʚʽʥ ʤʦʞʝ  

ʚʢʘʟʘʪʠ, ʱʦ ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʚʘʨʽʘʮʽʾ ʟʘʪʨʠʤʢʠ ʧʘʢʝʪʽʚ ʥʝ ʤʘʻ ʧʝʨʝʚʠʱʫʚʘʪʠ  

50 ʤʩ ʟ ʽʤʦʚʽʨʥʽʩʪʶ 0,99.  

ɸʣʝ ʷʢ ʟʤʫʩʠʪʠ ʤʝʨʝʞʫ ʚʧʦʨʘʪʠʩʷ ʟ ʧʦʩʪʘʚʣʝʥʠʤ ʟʘʚʜʘʥʥʷʤ? ʗʢʽ ʟʘʭʦʜʠ 

ʩʣʽʜ ʚʞʠʪʠ, ʱʦʙ ʚʘʨʽʘʮʽʾ ʟʘʪʨʠʤʦʢ ʜʽʡʩʥʦ ʥʝ ʧʝʨʝʚʠʱʠʣʠ ʮʶ ʚʝʣʠʯʠʥʫ?  

ɯ ʷʢ ʛʘʨʘʥʪʫʚʘʪʠ ʢʦʨʠʩʪʫʚʘʯʫ, ʱʦ ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʡʦʛʦ ʧʦʪʦʢʫ  

ʯʝʨʝʟ ʤʝʨʝʞʫ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʩʝʨʝʜʥʽʡ ʰʚʠʜʢʦʩʪʽ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʤʝʨʝʞʽ? 

ɼʣʷ ʨʦʟʫʤʽʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʧʽʜʪʨʠʤʢʠ QoS ʢʦʨʠʩʥʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʧʨʦʮʝʩ 

ʫʪʚʦʨʶʚʘʥʥʷ ʯʝʨʛ ʫ ʤʝʨʝʞʥʠʭ ʧʨʠʩʪʨʦʷʭ ʽ ʟʨʦʟʫʤʽʪʠ ʥʘʡʽʩʪʦʪʥʽʰ ̔ʬʘʢʪʦʨʠ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʦʚʞʠʥʫ ʯʝʨʛʠ.  

 

ʄʦʜʝʣʴ ʄ/ʄ/1  

ɯʩʥʫʻ ʛʘʣʫʟ ɹʧʨʠʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʢʠ, ʧʨʝʜʤʝʪʦʤ ʷʢʦʾ ʻ ʧʨʦʮʝʩʠ ʫʪʚʦʨʝʥʥʷ 

ʯʝʨʛ. ʎʷ ʜʠʩʮʠʧʣʽʥʘ ʪʘʢ ʽ ʥʘʟʠʚʘʻʪʴʩʷ ï ʪʝʦʨʽʷ ʯʝʨʛ. ʄʠ ʥʝ ʟʘʥʫʨʶʚʘʪʠʤʝʤʦʩ ̫ 

ʚ ʤʘʪʝʤʘʪʠʯʥʽ ʦʩʥʦʚʠ ʮʽʻʾ ʪʝʦʨʽʾ, ʥʘʚʝʜʝʤʦ ʣʠʰʝ ʜʝʷʢʽ ʾʾ ʚʠʩʥʦʚʢʠ, ʽʩʪʦʪʥʽ ʜʣʷ 

ʨʦʟʛʣʷʥʫʪʦʾ ʥʘʤʠ ʧʨʦʙʣʝʤʠ QoS.  

ʅʘ ʨʠʩ. 1.3 ʧʦʢʘʟʘʥʘ ʥʘʡʧʨʦʩʪʽʘh ʤʦʜʝʣʴ ʯʝʨʛʠ, ʚʽʜʦʤʘ ʟʘ ʥʘʟʚʦʶ ʄ/ʄ/1.  
 

 
 

ʈʠʩʫʥʦʢ 1.3 ï ʄʦʜʝʣʴ ʄ/ʄ/1 
 

ʆʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʤʦʜʝʣʽ ʻ:  

Å ʚʭʽʜʥʠʡ ʧʦʪʽʢ ʘʙʩʪʨʘʢʪʥʠʭ ʟʘʷʚʦʢ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ;  

Å ʙʫʬʝʨ; 

Å ʦʙʩʣʫʛʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ;  

Å ʚʠʭʽʜʥʠʡ ʧʦʪʽʢ ʦʙʩʣʫʞʝʥʠʭ ʟʘʷʚʦʢ.  

ɿʘʷʚʢʠ ʥʘʜʭʦʜʷʪʴ ʥʘ ʚʭʽʜ ʙʫʬʝʨʘ ʫ ʚʠʧʘʜʢʦʚʽ ʤʦʤʝʥʪʠ ʯʘʩʫ. ʗʢʱʦ  

ʫ ʤʦʤʝʥʪ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʷʚʢʠ ʙʫʬʝʨ ʧʦʨʦʞʥʽʡ ʽ ʦʙʩʣʫʛʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ  

ʚʽʣʴʥʠʡ, ʪʦ ʟʘʷʚʢʘ ʚʽʜʨʘʟʫ ʞ ʧʝʨʝʜʘʻʪʴʩʷ ʫ ʮʝʡ ʧʨʠʩʪʨʽʡ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʆʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘʢʦʞ ʪʨʠʚʘ ̒ʥʝʚʠʟʥʘʯʝʥʠʡ ʯʘʩ.  

ʗʢʱʦ ʫ ʤʦʤʝʥʪ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʷʚʢʠ ʙʫʬʝʨ ʧʦʨʦʞʥʽʡ, ʘʣʝ ʦʙʩʣʫʛʦʚʫʶʯʠʡ 

ʧʨʠʩʪʨʽʡ ʟʘʡʥʷʪʠʡ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʟʘʷʚʢʠ, ʱʦ ʧʨʠʡʰʣʘ ʨʘʥʽʰʝ, ʪʦ ʟʘʷʚʢʘ 

ʦʯʽʢʫʻ ʡʦʛʦ ʟʘʚʝʨʰʝʥʥʷ ʚ ʙʫʬʝʨʽ.  

ʗʢ ʪʽʣʴʢʠ ʦʙʩʣʫʛʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ ʟʘʚʝʨʰʫʻ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʯʝʨʛʦʚʦʾ 

ʟʘʷʚʢʠ, ʚʦʥʘ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʚʠʭʽʜ, ʘ ʧʨʠʩʪʨʽʡ ʚʠʙʠʨʘʻ ʟ ʙʫʬʝʨʘ ʥʘʩʪʫʧʥʫ ʟʘʷʚʢʫ 
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(ʷʢʱʦ ʙʫʬʝʨ ʥʝ ʧʦʨʦʞʥʽʡ). ɿʘʷʚʢʠ, ʱʦ ʚʠʭʦʜ̫ ʪʴ ʟ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ, 

ʫʪʚʦʨʶʶʪʴ ʚʠʭʽʜʥʠʡ ʧʦʪʽʢ. ɹʫʬʝʨ ʚʚʘʞʘʻʪʴʩʷ ʥʝʩʢʽʥʯʝʥʥʠʤ, ʪʦʙʪʦ ʟʘʷʚʢʠ 

ʥʽʢʦʣʠ ʥʝ ʛʫʙʣʷʪʴʩʷ ʯʝʨʝʟ ʪʝ, ʱʦ ʚʠʯʝʨʧʘʥʠʡ ʦʙʩʷʛ ʙʫʬʝʨʘ.  

ʗʢʱʦ ʟʘʷʚʢʘ, ʷʢʘ ʧʨʠʙʫʣʘ, ʟʘʩʪʘʻ ʙʫʬʝʨ ʥʝʧʦʨʦʞʥʽʤ, ʪʦ ʚʦʥʘ ʩʪʘʻ ʚ ʯʝʨʛʫ 

ʡ ʦʯʽʢʫʻ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɿʘʷʚʢʠ ʚʠʙʠʨʘʶʪʴʩʷ ʟ ʯʝʨʛʠ ʚ ʧʦʨʷʜʢʫ ʥʘʜʭʦʜʞʝʥʥʷ, 

ʪʦʙʪʦ ʜʦʪʨʠʤʫʻʪʴʩʷ ʜʠʩʮʠʧʣʽʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ çʧʝʨʰʠʤ ʧʨʠʡʰʦʚ ï ʧʝʨʰʠʤ 

ʦʙʩʣʫʞʝʥʠʡè (First-In, First-Out, FIFO).  

ʊʝʦʨʽʷ ʯʝʨʛ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʜʣʷ ʮʽʻʾ ʤʦʜʝʣʽ ʩʝʨʝʜʥʶ ʜʦʚʞʠʥʫ ʯʝʨʛʠ ʪʘ 

ʩʝʨʝʜʥʽʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʟʘʷʚʢʠ ʚ ʯʝʨʟʽ ʟʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʭʽʜʥʦʛʦ 

ʧʦʪʦʢʫ ʡ ʯʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

ɺʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʩʝʨʝʜʥʽʡ ʯʘʩ ʤʽʞ ʥʘʜʭʦʜʞʝʥʥʷʤʠ ʟʘʷʚʦʢ ʚʽʜʦʤʠʡ  ̔

ʜʦʨʽʚʥʶ  ̒T. ʎʝ ʦʟʥʘʯʘ,̒ ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʷʚʦʢ, ʷʢʘ ʪʨʘʜʠʮʽʡʥʦ 

ʧʦʟʥʘʯʘʻʪʴʩʷ ʚ ʪʝʦʨʽʾ ʯʝʨʛ ʩʠʤʚʦʣʦʤ X , ʜʦʨʽʚʥʶʻ  

1
.X ʟʘʷʚʦʢʟʘʩʝʢʫʥʜʫ

T
=  

ɺʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʷʚʦʢ ʦʧʠʩʫʻʪʴʩʷ ʫ ʮʽʡ ʤʦʜʝʣʽ 

ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʨʚʘʣʽʚ ʤʽʞ ʥʘʜʭʦʜʞʝʥʥʷʤʠ ʟʘʷʚʦʢ. ʑʦʙ ʩʧʨʦʩʪʠʪʠ 

ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʘʢʪʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʟʘʟʚʠʯʘʡ ʚʚʘʞʘʶʪʴ, ʱʦ ʮʽ 

ʽʥʪʝʨʚʘʣʠ ʦʧʠʩʫʶʪʴʩʷ ʪʘʢ ʟʚʘʥʠʤ ʤʘʨʢʚ̔ʩɹʢʠʤ ʨʦʟʧʦʜʽʣʦʤ (ʽʥʰʘ ʥʘʟʚʘ ï 

ʧʫʘʩʩʦʥʚ̔ʩɹʢʠʡ ʨʦʟʧʦʜʽʣ), ʱʽʣʴʥʽʩʪʴ ʷʢʦʛʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.4. ɿ ʨʠʩʫʥʢʘ 

ʚʠʜʥʦ, ʱʦ ʚʭʽʜʥʠʡ ʧʦʪʽʢ ʻ ʩʫʪʪʻʚʦ ʧʫʣʴʩʫʶʯʠʤ, ʦʩʢʽʣʴʢʠ ʻ ʥʝʥʫʣʴʦʚʘ 

ʤ̔ʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʽʥʪʝʨʚʘʣ ʤʽʞ ʟʘʷʚʢʘʤʠ ʙʫʜʝ ʜʫʞʝ ʥʝʚʝʣʠʢʠʤ, ʙʣʠʟʴʢʠʤ  

ʜʦ ʥʫʣʷ, ʘ ʪʘʢʦʞ ʪʦʛʦ, ʱʦ ʚʽʥ ʙʫʜʝ ʜʫʞʝ ʚʝʣʠʢʠʤ. ʉʝʨʝʜʥʻ ʚʽʜʭʠʣʝʥʥʷ 

ʽʥʪʝʨʚʘʣʽʚ ʪʘʢʦʞ ʜʦʨʽʚʥʶ  ̒T .  
 

 
 

ʈʠʩʫʥʦʢ 1.4 ï ʑʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ 
 

ʊʘʢʦʞ ʚʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʩʝʨʝʜʥʽʡ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʷʚʢʠ ʜʦʨʽʚʥʶ  ̒b .  

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʦʙʩʣʫʛʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ ʟʜʘʪʥʠʡ ʧʨʦʩʫʚʘʪʠ ʟʘʷʚʢʠ ʥʘ ʚʠʭʽʜ  
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ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 1 b p= . ɿʥʦʚʫ ʞ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ 

ʚʚʘʞʘʶʪʴ, ʱʦ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ï ʮʝ ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ ʟ ʧʫʘʩʩʦʥʚ̔ʩɹʢʦʁ 

ʱʽʣʴʥʽʩʪʶ ʨʦʟʧʦʜʽʣʫ.  

ʇʨʠʡʥʷʪʪʷ ʪʘʢʠʭ ʧʨʠʧʫʱʝʥʴ ʜʘʻ ʧʨʦʩʪʠʡ ʨʝʟʫʣʴʪʘʪ ʜʣʷ ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ 

ʦʯʽʢʫʚʘʥʥʷ ʟʘʷʚʢʠ ʚ ʯʝʨʟʽ, ʷʢʠʡ ʤʠ ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ w:  

1

b
w p

p
=

-
 . 

ʊʫʪ ʯʝʨʝʟ p  ʧʦʟʥʘʯʝʥʦ ʚʽʜʥʦʰʝʥʥʷ l m. 

ʇʘʨʘʤʝʪʨ p  ʥʘʟʠʚʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ (utilization) 

ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ. ɼʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʮʝʡ ʧʦʢʘʟʥʠʢ  

ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʯʘʩʫ ʟʘʡʥʷʪʦʩʪʽ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ ʜʦ ʚʝʣʠʯʠʥʠ 

ʮʴʦʛʦ ʧʝʨʽʦʜʫ.  

ɿʘʣʝʞʥʽʩʪʴ ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ ʦʯʽʢʫʚʘʥʥʷ ʟʘʷʚʢʠ w ʚʽʜ p  ʽʣʶʩʪʨʫʻ ʨʠʩ. 1.5.  

 

 
 

ʈʠʩʫʥʦʢ 1.5 ï ɿʘʣʝʞʥʽʩʪʴ ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ ʦʯʽʢʫʚʘʥʥʷ ʟʘʷʚʢʠ  

ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʫ 

 

ʗʢ ʚʠʜʥʦ ʟ ʧʦʚʝʜʽʥʢʠ ʢʨʠʚʦ,ʾ ʧʘʨʘʤʝʪʨ p  ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ 

ʩʪʚʦʨʝʥʥʽ ʯʝʨʛʠ. ʗʢʱʦ ʟʥʘʯʝʥʥʷ p  ʙʣʠʟʴʢʝ ʜʦ ʥʫʣʷ, ʪʦ ʩʝʨʝʜʥʽʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ 

ʪʘʢʦʞ ʜʫʞʝ ʙʣʠʟʴʢʠʡ ʜʦ ʥʫʣʷ. ɸ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʟʘʷʚʢʠ ʤʘʡʞʝ ʥʽʢʦʣʠ ʥʝ 

ʦʯʽʢʫʶʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʙʫʬʝʨʽ (ʫ ʤʦʤʝʥʪ ʾʭ ʥʘʜʭʦʜʞʝʥʥʷ ʚʽʥ ʚʠʷʚʣʷʻʪʴʩʷ 

ʧʦʨʦʞʥʽʤ), ʘ ʚʽʜʨʘʟʫ ʧʦʧʘʜʘʶʪʴ ʚ ʦʙʩʣʫʛʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ. ɯ ʥʘʚʧʘʢʠ, ʷʢʱʦ p  

ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 1, ʪʦ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʟʨʦʩʪʘ ̒ ʜʫʞʝ ʰʚʠʜʢʦ ʡ ʥʝʣʽʥʽʡʥʦ  

(ʽ ʚ ʤʝʞʽ ʜʦʨʽʚʥʶʻ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ). ʊʘʢʘ ʧʦʚʝʜʽʥʢʘ ʯʝʨʛʠ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʘ, 

ʘʜʞʝ p  ï ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʜʦ ʩʝʨʝʜʥʴʦʾ 
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ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʡʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʏʠʤ ʙʣʠʞʯʝ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʽʥʪʝʨʚʘʣʽʚ 

ʤʽʞ ʧʘʢʝʪʘʤʠ ʜʦ ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʪʠʤ ʩʢʣʘʜʥʽʰʝ 

ʦʙʩʣʫʛʦʚʫʶʯʦʤʫ ʧʨʠʣʘʜʫ ʩʧʨʘʚʣʷʪʠʩʷ ʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ.  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ 1M M  ʤʦʞʥʘ ʧʨʠʙʣʠʟʥʦ ʤʦʜʝʣʶʚʘʪʠ ʤʝʨʝʞʫ  

ʟ ʢʦʤʫʪʘʮʽʻʶ ʧʘʢʝʪʽʚ (ʨʠʩ. 1.6).  

ʊʘʢ, ʚʭʽʜʥʠʡ ʧʦʪʽʢ ʧʘʢʝʪʽʚ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʥʘ ʚʭʽʜ ʽʥʪʝʨʬʝʡʩʘ ʢʦʤʫʪʘʪʦʨʘ 

(ʪʫʪ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʤʦ ʮʝʡ ʪʝʨʤʽʥ ʷʢ ʫʟʘʛʘʣʴʥʝʥʫ ʥʘʟʚʫ ʧʨʠʩʪʨʦʶ ʢʦʤʫʪʘʮʽʾ 

ʧʘʢʝʪʽʚ), ʟʦʙʨʘʞʝʥʠʡ ʫ ʤʦʜʝʣʽ ʧʦʪʦʢʦʤ ʟʘʷʚʦʢ, ʘ ʙʫʬʝʨ ʤʦʜʝʣʽ ʚʽʜʧʦʚʽʜʘʻ 

ʙʫʬʝʨʫ ʽʥʪʝʨʬʝʡʩʘ ʢʦʤʫʪʘʪʦʨʘ. ʉʝʨʝʜʥʽʡ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʷʚʢʠ ʚʽʜʧʦʚʽʜʘʻ 

ʩʝʨʝʜʥʴʦʤʫ ʯʘʩʫ ʧʨʦʩʫʚʘʥʥʷ ʧʘʢʝʪʘ ʧʨʦʮʝʩʦʨʦʤ ʢʦʤʫʪʘʪʦʨʘ ʽʟ ʚʭʽʜʥʦʛʦ ʙʫʬʝʨʘ 

ʫ ʚʠʭʽʜʥʠʡ ʢʘʥʘʣ. 
 

 
 

ʈʠʩʫʥʦʢ 1.6 ï ɺʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ ʷʢ ʧʦʜʽʣʶʚʘʥʠʡ ʨʝʩʫʨʩ ʢʦʤʫʪʘʪʦʨʘ 

 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʥʘʚʝʜʝʥʘ ʤʦʜʝʣʴ ʜʫʞʝ ʩʧʨʦʱʝʥʦ ʦʧʠʩʫʻ ʧʨʦʮʝʩʠ, ʷʢʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʢʦʤʫʪʘʪʦʨʽ. ʇʨʦʪʝ, ʚʦʥʘ ʜʫʞʝ ʢʦʨʠʩʥʘ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʦʩʥʦʚʥʠʭ 

ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʝʣʠʯʠʥʫ ʯʝʨʛʠ.  

ʄʝʨʝʞʥʽ ʽʥʞʝʥʝʨʠ ʜʦʙʨʝ ʟʥʘʡʦʤʽ ʟ ʛʨʘʬʽʢʦʤ, ʟʦʙʨʘʞʝʥʠʤ ʥʘ ʨʠʩ. 1.5. 

ɺʦʥʠ ʽʥʪʝʨʧʨʝʪʫʶʪʴ ʮʝʡ ʛʨʘʬʽʢ ʷʢ ʟʘʣʝʞʥʽʩʪʴ ʟʘʪʨʠʤʦʢ ʫ ʤʝʨʝʞʽ ʚʽʜ ʾʾ 

ʟʘʚʘʥʪʘʞʝʥʥʷ. ʇʘʨʘʤʝʪʨ p  ʤʦʜʝʣʽ ʚʽʜʧʦʚʽʜʘʻ ʢʦʝʬʽʮʽʻʥʪʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʨʝʞʥʦʛʦ ʨʝʩʫʨʩʫ, ʷʢʠʡ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʧʝʨʝʜʘʯʽ ʪʨʘʬʽʢʘ, ʪʦʙʪʦ ʚʠʭʽʜʥʦʛʦ 

ʽʥʪʝʨʬʝʡʩʘ ʢʦʤʫʪʘʪʦʨʘ.  

ʋ ʥʘʚʝʜʝʥʦʤʫ ʛʨʘʬʽʢʫ ʻ ʡ ʜʝɦʦ ʥʝʩʧʦʜʽʚʘʥʝ. ɺʘʞʢʦ ʫʷʚʠʪʠ, ʱʦ 

ʦʙʩʣʫʛʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ (ʤʝʨʝʞʥʠʡ ʨʝʩʫʨʩ) ʧʨʘʢʪʠʯʥʦ ʧʝʨʝʩʪʘʻ ʩʧʨʘʚʣʷʪʠʩʷ ʟʽ 

ʩʚʦʾʤʠ ʦʙʦʚô̫ ʟʢʘʤʠ, ʢʦʣʠ ʡʦʛʦ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 1. 

ɸʜʞʝ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʻ ʡʦʛʦ ʤʦʞʣʠʚʦʩʪʝʡ, ʘ ʣʠʰʝ 

ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʮʽʻʾ ʤʝʞʽ. ɯʥʪʫʾʪʠʚʥʦ ʥʝ ʜʫʞʝ ʟʨʦʟʫʤʽʣʘ ʪʘʢʦʞ ʧʨʠʯʠʥʘ 
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ʽʩʥʫʚʘʥʥʷ ʯʝʨʛ ʧʨʠ ʟʥʘʯʝʥʥʷʭ p  ʥʘʚʢʦʣʦ 0,5. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʪʨʘʬʽʢʘ 

ʚʜʚʽʯʽ ʧʝʨʝʚʠʱʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʯʝʨʛʠ ʽʩʥʫʶʪʴ!  

ʊʘʢʽ ʧʘʨʘʜʦʢʩʘʣʴʥʽ, ʥʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ, ʨʝʟʫʣʴʪʘʪʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʩʠʩʪʝʤ, 

ʫ ʷʢʠʭ ʧʨʦʪʽʢʘʶʪʴ ʚʠʧʘʜʢʦʚʽ ʧʨʦʮʝʩʠ. ʆʩʢʽʣʴʢʠ l  ̔m ï ʮʝ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ 

ʥ̔ʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦʪʦʢʽʚ ʥʘ ʚʝʣʠʢʠʭ ʧʨʦʤʽʞʢʘʭ ʯʘʩʫ, ʪʦ ʥʘ ʥʝʚʝʣʠʢʠʭ ʧʨʦʤʽʞʢʘʭ 

ʯʘʩʫ ʚʦʥʠ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʚʽʜʭʠʣʷʪʠʩʷ ʚʽʜ ʮʠʭ ʟʥʘʯʝʥʴ. ʏʝʨʛʘ ʩʪʚʦʨʶʻʪʴʩʷ ʥʘ 

ʪʠʭ ʧʨʦʤʽʞʢʘʭ, ʜʝ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ ʟʥʘʯʥʦ ʧʝʨʝʚʝʨʰʫʻ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

ʇʝʨʝʚʘʥʪʘʞʝʥʥʷ ʨʝʩʫʨʩʽʚ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʚʥʦʾ ʜʝʛʨʘʜʘʮʽʾ ʤʝʨʝʞʽ, 

ʢʦʣʠ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʤʝʨʝʞʘ ʧʝʨʝʜʘʻ ʧʘʢʝʪʠ, ʢʦʨʠʩʥʘ ʰʚʠʜʢʽʩʪʴ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚʠʷʚʣʷʻʪʴʩʷ ʨʽʚʥʦ ʁʥʫʣʶ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʪʦʤʫ ʚʠʧʘʜʢʫ,  

ʢʦʣʠ ʟʘʪʨʠʤʢʠ ʜʦʩʪʘʚʢʠ ʚʩʽʭ ʧʘʢʝʪʽʚ ʧʝʨʝʚʝʨʰʫʶʪʴ ʜʝʷʢʠʡ ʧʦʨʽʛ, ʽ ʧʘʢʝʪʠ  

ʧʦ ʪʘʡʤ-ʘʫʪʫ ʚʽʜʢʠʜʘʶʪʴʩʷ ʚʫʟʣʦʤ ʧʨʠʟʥʘʯʝʥʥʷ ʷʢ ʟʘʩʪʘʨʽʣ.̔ ʗʢʱʦ ʞ 

ʧʨʦʪʦʢʦʣʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʤʝʨʝʞʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʜʽʡʥʽ ʧʨʦʮʝʜʫʨʠ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʢʚʠʪʫʚʘʥʥʷ ʡ ʧʦʚʪʦʨʥʦʾ ʧʝʨʝʜʘʯʽ ʟʘʛʫʙʣʝʥʠʭ  

ʧʘʢʝʪʽʚ, ʪʦ ʧʨʦʮʝʩ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʟʨʦʩʪʘʪʠʤʝ ʣʘʚʠʥʦʧʦʜʽʙʥʦ.  

ɯʩʥʫʻ ʱʝ ʦʜʠʥ ʚʘʞʣʠʚʠʡ ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʤʘʻ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʚʧʣʠʚ ʥʘ 

ʩʪʚʦʨʝʥʥʷ ʯʝʨʛ ʫ ʤʝʨʝʞʘʭ ʟ ʢʦʤʫʪʘʮʽʻʶ ʧʘʢʝʪʽʚ. ʎʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʚʘʨʽʘʮʽʷ 

ʽʥʪʝʨʚʘʣʽʚ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʧʘʢʝʪʽʚ, ʪʦʙʪʦ ʧʫʣʴʩʘʮʽʷ ʚʭʽʜʥʦʛʦ ʪʨʘʬʽʢʘ.  

ʄʠ ʘʥʘʣʽʟʫʚʘʣʠ ʧʦʚʝʜʽʥʢʫ ʤʦʜʝʣʽ ʪʝʦʨʽʾ ʯʝʨʛ ʫ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʚʭʽʜʥʠʡ ʧʦʪʽʢ 

ʦʧʠʩʫʻʪʴʩʷ ʧʫʘʩʩʦʥʚ̔ʩɹʢʠʤ ʨʦʟʧʦʜʽʣʦʤ, ʷʢʠʡ ʤʘʻ ʜʦʩʠʪʴ ʚʝʣʠʢʝ ʩʪʘʥʜʘʨʪʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʚʘʨʽʘʮʽʾ (ʥʘʛʘʜʘʻʤʦ, ʱʦ ʩʝʨʝʜʥʷ ʚʘʨʽʘʮʽʷ ʡʦʛʦ ʜʦʨʽʚʥʶʻ T  ʧʨʠ 

ʩʝʨʝʜʥʴʦʤʫ ʟʥʘʯʝʥʥ ʁʽʥʪʝʨʚʘʣʫ T , ʘ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʜʦʨʽʚʥʶʻ 1). ɸ ʱʦ 

ʙʫʜʝ, ʷʢʱʦ ʚʘʨʽʘʮʽʷ ʽʥʪʝʨʚʘʣʽʚ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʙʫʜʝ ʤʝʥʰʝ? ʏʠ ʚʭʽʜʥʠʡ ʧʦʪʽʢ 

ʚʠʷʚʠʪʴʩʷ ʥʘʜʧʫʣʴʩʫʶʯʠʤ?  

ʅʘ ʞʘʣʴ, ʤʦʜʝʣʽ ʪʝʦʨʽʾ ʯʝʨʛ ʥʝ ʜʘʶʪʴ ʜʣʷ ʮʠʭ ʚʠʧʘʜʢʽʚ ʧʨʦʩʪʠʭ 

ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ. ʊʦʤʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʚʦʜʠʪʴʩʷ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʨʝʞ ʘʙʦ ʧʨʦʚʦʜʠʪʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʨʝʘʣʴʥʽʡ ʤʝʨʝʞʽ.  

ʅʘ ʨʠʩ. 1.7 ʧʦʢʘʟʘʥʦ ʩʽʤʝʡʩʪʚʦ ʟʘʣʝʞʥʦʩʪʝʡ w ʚʽʜ p, ʦʪʨʠʤʘʥʠʭ ʜʣʷ 

ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ CV  ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ.  

ɯʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʬʽʢʩʦʚʘʥʫ ʟʘʪʨʠʤʢʫ ʚ ʤʝʨʝʞʽ. ʆʜʥʘ ʟ ʢʨʠʚʠʭ, 

ʫ ʷʢʦʾ 1CV=, ʚʽʜʧʦʚʽʜʘʻ ʧʫʘʩʩʦʥʽʚʩʴʢʦʤʫ ʚʭʽʜʥʦʤʫ ʧʦʪʦʢʫ. ɿ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, 

ʱʦ ʯʠʤ ʤʝʥʰʝ ʧʫʣʴʩʫʻ ʚʭʽʜʥʠʡ ʧʦʪʽʢ (CV  ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʥʫʣʷ), ʪʠʤ ʤʝʥʰʝ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʝʬʝʢʪ ʣʘʚʠʥʦʧʦʜʽʙʥʦʛʦ ʫʪʚʦʨʶʚʘʥʥʷ ʯʝʨʛʠ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ 

ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʨʝʩʫʨʩʫ ʜʦ 1. ɯ ʥʘʚʧʘʢʠ, ʯʠʤ ʙʽʣʴʰʝ CV, ʪʠʤ ʨʘʥʽʰʝ 

(ʟʘ ʤʝʥʰʠʭ ʟʥʘʯʝʥʴ p) ʧʦʯʠʥʘʻ ʮʝʡ ʝʬʝʢʪ ʧʨʦʷʚʣʷʪʠʩʷ. 
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ʈʠʩʫʥʦʢ 1.7 ï ɺʧʣʠʚ ʩʪʫʧʝʥʷ ʧʫʣʴʩʘʮʽʾ ʧʦʪʦʢʫ ʥʘ ʟʘʪʨʠʤʢʠ 

 

ɿ ʧʦʚʝʜʽʥʢʠ ʛʨʘʬʽʢʽʚ ʥʘ ʨʠʩʫʥʢʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʜʚʘ ʚʠʩʥʦʚʢʠ:  

ï ʧʦ-ʧʝʨʰʝ, ʜʣʷ ʦʮʽʥʢʠ ʟʥʘʯʝʥʴ ʟʘʪʨʠʤʦʢ ʫ ʯʝʨʛʘʭ ʥʘ ʢʦʤʫʪʘʪʦʨʘʭ ʤʝʨʝʞʽ 

ʥʝʜʦʩʪʘʪʥʴʦ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʦʝʬʽʮʽʻʥʪ ʟʘʚʘʥʪʘʞʝʥʥʷ p, ʥʝʦʙʭʽʜʥʦ ʪʘʢʦʞ  

ʟʥʘʪʠ ʧʘʨʘʤʝʪʨʠ ʧʫʣʴʩʘʮʽʾ ʪʨʘʬʽʢʘ;  

ï ʧʦ-ʜʨʫʛʝ, ʜʣʷ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʟʘʪʨʠʤʦʢ ʧʦʪʨʽʙʥʦ ʟʥʠʞʫʚʘʪʠ ʟʥʘʯʝʥʥʷ p  

ʡ ʟʤʝʥʰʫʚʘʪʠ ʧʫʣʴʩʘʮʽʶ ʪʨʘʬʽʢʘ.  

 

ʏʝʨʛʠ ʪʘ ʨʽʟʥʽ ʢʣʘʩʠ ʪʨʘʬʽʢʘ  

ʇʦʜʠʚʠʤʦʩʷ, ʷʢ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʥʘʰʽ ʟʥʘʥʥʷ ʧʨʦ ʟʘʣʝʞʥʽʩʪʴ ʧʦʚʝʜʽʥʢʠ 

ʯʝʨʛ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʦʩʥʦʚʥʦʾ ʽʜʝʾ ʤʝʪʦʜʽʚ QoS,  

ʘ ʩʘʤʝ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʣʘʩʽʚ ʪʨʘʬʽʢʘ ʟ ʨʽʟʥʠʤʠ ʚʠʤʦʛʘʤʠ 

ʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʤʝʨʝʞʽ. ʑʦʙ ʧʨʦʩʪʽʰʝ ʙʫʣʦ ʚ 

ʮʴʦʤʫ ʨʦʟʽʙʨʘʪʠʩʷ, ʨʦʟʜʽʣʠʤʦ ʚʩʽ ʧʦʪʦʢʠ ʥʘ ʜʚʘ ʢʣʘʩʠ ï ʯʫʪʣʠʚʠʡ ʜʦ ʟʘʪʨʠʤʦʢ 

(ʪʨʘʬʽʢ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʥʘʧʨʠʢʣʘʜ, ʛʦʣʦʩʦʚʠʡ) ʽ ʝʣʘʩʪʠʯʥʠʡ, ʷʢʠʡ ʜʦʧʫʩʢʘʻ 

ʙʽʣʴʰʽ ʟʘʪʨʠʤʢʠ, ʘʣʝ ʯʫʪʣʠʚʠʡ ʜʦ ʚʪʨʘʪ ʜʘʥʠʭ.  

ʄʠ ʟʥʘʻʤʦ, ï ʷʢʱʦ ʟʘʙʝʟʧʝʯʠʪʠ ʜʣʷ ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʘʪʨʠʤʦʢ ʪʨʘʬʽʢʘ 

ʢʦʝʬʽʮʽʻʥʪ ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʦʞʥʦʛʦ ʨʝʩʫʨʩʫ ʥʝ ʙʽʣʴʰʝ 0,2, ʪʦ, ʤʘʙʫʪʴ, ʟʘʪʨʠʤʢʠ ʫ 

ʢʦʞʥʽʡ ʯʝʨʟʽ ʙʫʜʫʪʴ ʥʝʚʝʣʠʢʠʤʠ ʡ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʧʨʠʡʥʷʪʥʠʤʠ ʜʣʷ ʙʘʛʘʪʴʦʭ 

ʪʠʧʽʚ ʜʦʜʘʪʢʽʚ ʮʴʦʛʦ ʢʣʘʩʫ.  

ɼʣʷ ʝʣʘʩʪʠʯʥʦʛʦ ʪʨʘʬʽʢʘ, ʱʦ ʩʣʘʙʢʦ ʯʫʪʣʠʚʠʡ ʜʦ ʟʘʪʨʠʤʦʢ, ʤʦʞʥʘ 

ʜʦʧʫʩʪʠʪʠ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʘʣʝ ʥʝ ʙʽʣʴʰʠʡ 0,9.  

ɼʣʷ ʪʦʛʦ ʱʦʙ ʧʘʢʝʪʠ ʮʴʦʛʦ ʢʣʘʩʫ ʥʝ ʛʫʙʠʣʠʩʷ, ʩʣʽʜ ʧʝʨʝʜʙʘʯʠʪʠ ʜʣʷ ʥʠʭ 

ʙʫʬʝʨʥʫ ʧʘʤô̫ ʪʴ, ʜʦʩʪʘʪʥʶ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʚʩʽʭ ʧʘʢʝʪʽʚ ʧʝʨʽʦʜʫ ʧʫʣʴʩʘʮʽʾ. ɽʬʝʢʪ 

ʚʽʜ ʪʘʢʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʨʝʩʫʨʩʫ ʽʣʶʩʪʨʫʻ ʨʠʩ. 1.8. 
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ɿʘʪʨʠʤʢʠ ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʘʪʨʠʤʦʢ ʪʨʘʬʽʢʘ ʜʦʨʽʚʥʶʶʪʴ 
sw, ʘ ʟʘʪʨʠʤʢʠ 

ʝʣʘʩʪʠʯʥʦʛʦ ʪʨʘʬʽʢʘ ï 
ew .  

ʑʦʙ ʜʦʩʷʛʪʠ ʨʽʟʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʜʣʷ ʨʽʟʥʠʭ ʢʣʘʩʽʚ 

ʪʨʘʬʽʢʘ, ʧʦʪʨʽʙʥʦ ʚ ʢʦʞʥʦʤʫ ʢʦʤʫʪʘʪʦʨʽ ʜʣʷ ʢʦʞʥʦʛʦ ʨʝʩʫʨʩʫ ʧʽʜʪʨʠʤʫʚʘʪʠ  

ʜʚʽ ʨʽʟʥʽ ʯʝʨʛʠ. ɸʣʛʦʨʠʪʤ ʚʠʙʽʨʢʠ ʧʘʢʝʪʽʚ ʟ ʯʝʨʛ ʤʘʻ ʚʽʜʜʘʚʘʪʠ ʧʝʨʝʚʘʛʫ ʯʝʨʟʽ 

ʯʫʪʣʠʚʠʭ ʜʦ ʟʘʪʨʠʤʦʢ ʧʘʢʝʪʽʚ. ʗʢʙʠ ʚʩʽ ʧʘʢʝʪʠ ʧʝʨʰʦʾ ʯʝʨʛʠ ʦʙʩʣʫʛʦʚʫʚʘʣʠʩʷ 

ʧʨ̔ʦʨʠʪʝʪʥʦ, ʘ ʧʘʢʝʪʠ ʜʨʫʛʦʾ ʯʝʨʛʠ ï ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʧʝʨʰʘ ʯʝʨʛʘ ʧʦʨʦʞʥʷ, ʪʦ 

ʜʣʷ ʪʨʘʬʽʢʘ ʧʝʨʰʦʾ ʯʝʨʛʠ ʪʨʘʬʽʢ ʜʨʫʛʦʾ ʯʝʨʛʠ ʬʘʢʪʠʯʥʦ ʧʝʨʝʩʪʘʚ ʙʠ ʽʩʥʫʚʘʪʠ. 

ʊʦʤʫ, ʷʢʱʦ ʚʽʜʥʦʰʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʪʨʘʬʽʢʘ 
1l ʜʦ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʝʩʫʨʩʫ m ʜʦʨʽʚʥʶ  ̒0,2, ʪʦ ʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ 

ʥʴʦʛʦ ʜʦʨʽʚʥʶ  ̒ 0,2. ɸ ʦʪ ʜʣʷ ʝʣʘʩʪʠʯʥʦʛʦ ʪʨʘʬʽʢʘ, ʧʘʢʝʪʠ ʷʢʦʛʦ ʟʘʚʞʜʠ 

ʦʯ̔ʢʫʁ ʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʨʽʦʨʠʪʝʪʥʠʭ ʧʘʢʝʪʽʚ, ʢʦʝʬʽʮʽʻʥʪ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʧʽʜʨʘʭʦʚʫʻʪʴʩʷ ʽʥʘʢʰʝ. ʗʢʱʦ ʩʝʨʝʜʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʝʣʘʩʪʠʯʥʦʛʦ ʪʨʘʬʽʢʘ 

ʜʦʨʽʚʥʶʻ 
2l, ʪʦ ʜʣʷ ʥʴʦʛʦ ʨʝʩʫʨʩ ʙʫʜʝ ʟʘʚʘʥʪʘʞʝʥʠʡ ʥʘ ( )1 2l l m+ . ʊʦʤʫ, ʷʢʱʦ 

ʤʠ ʙʘʞʘʻʤʦ, ʱʦʙ ʜʣʷ ʝʣʘʩʪʠʯʥʦʛʦ ʪʨʘʬʽʢʘ ʢʦʝʬʽʮʽʻʥʪ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʪʘʥʦʚʠʚ 

0,9, ʪʦ ʡʦʛʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʤʘʻ ʚʠʧʣʠʚʘʪʠ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
2 0,7l m .  

 

 
 

ʈʠʩʫʥʦʢ 1.8 ï ʆʙʩʣʫʛʦʚʫʚʘʥʥʷ ʝʣʘʩʪʠʯʥʦʛʦ ʡ  

ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʘʪʨʠʤʦʢ ʪʨʘʬʽʢʘ 
 

ʆʩʥʦʚʥʘ ʽʜʝʷ, ʷʢʘ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʚʩʽʭ ʤʝʪʦʜʽʚ ʧʽʜʪʨʠʤʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

QoS, ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ: ʟʘʛʘʣʴʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʦʞʥʦʛʦ ʨʝʩʫʨʩʫ ʤʘʻ ʙʫʪʠ 

ʨʦʟʜʽʣʝʥʘ ʤʽʞ ʨʽʟʥʠʤʠ ʢʣʘʩʘʤʠ ʪʨʘʬʽʢʘ ʥʝʨʽʚʥʦʤʽʨʥʦ.  

ʄʦʞʥʘ ʚʚʝʩʪʠ ʙʽʣʴʰ ʥʽʞ ʜʚʘ ʢʣʘʩʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʡ ʥʘʤʘʛʘʪʠʩʷ, ʱʦʙ 

ʢʦʞʥʠʡ ʢʣʘʩ ʧʨʘʮʶʚʘʚ ʥʘ ʩʚʦʾʡ ʯʘʩʪʠʥʽ ʢʨʠʚʦʾ ʟʘʪʨʠʤʦʢ. ʗʢʱʦ ʪʘʢʝ ʟʘʚʜʘʥʥʷ 
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ʚʠʨʽʰʝʥʦ, ʪʦ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʢʨʘʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS ʟʘ ʨʘʭʫʥʦʢ 

ʽʥʰʠʭ ʤʝʪʦʜʽʚ, ʥʘʧʨʠʢʣʘʜ, ʟʥʠʞʫʶʯʠ ʧʫʣʴʩʘʮʽʶ ʪʨʘʬʽʢʘ.  

ɿʘʣʠʰʠʣʦʩʷ ʟô̫ ʩʫʚʘʪʠ, ʷʢ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʪʘʢʽ ʫʤʦʚʠ ʜʣʷ ʨʽʟʥʠʭ ʢʣʘʩʽʚ 

ʪʨʘʬʽʢʘ ʫ ʢʦʞʥʦʤʫ ʚʫʟʣʽ ʤʝʨʝʞʽ. 

 

1.4 ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

 

1. ʅʘʟʚʽʪʴ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʤʝʨʝʞʘʭ  

ʟ ʧʝʨʝʜʘʯʝʶ ʧʘʢʝʪʽʚ. 

2. ʅʘʟʚʽʪʴ ʦʩʥʦʚʥʽ ʤʝʭʘʥʽʟʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ  

ʚ ʤʝʨʝʞʘʭ ʟ ʧʝʨʝʜʘʯʝʶ ʧʘʢʝʪʽʚ. 

3. ɼʘʡʪʝ ʢʣʘʩʠʬʽʢʘʮʽʶ ʪʨʘʬʢ̔ʽʚ ʜʦʜʘʪʢʽʚ. 

4. ʑʦ ʪʘʢʝ ʢʦʝʬʽʮʽʻʥʪ ʧʫʣʴʩʘʮʽʡ? 

5. ɼʘʡʪʝ ʢʣʘʩʠʬʽʢʘʮʽ ʁʜʦʜʘʪʢʽʚ ʟʘ ʯʫʪʣʠʚʩ̔ʪʁ ʜʦ ʟʘʪʨʠʤʦʢ ʧʘʢʝʪʽʚ. 

6. ʅʘʟʚʽʪʴ ʢʣʘʩʠ ʜʦʜʘʪʢʽʚ. 

7. ɼʘʡʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʤʦʜʝʣʽ 1M M . 

8. ʗʢʽ ʧʘʨʘʤʝʪʨʠ ʧʝʨʝʜʘʯʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʯʝʨʛ ʫ ʤʝʨʝʞʘʭ ʟ 

ʢʦʤʫʪʘʮʽʻʶ ʧʘʢʝʪʽʚ. 

 



22 

ʃʝʢʮʽʷ 2 

ɸʅɸʃɯɿ ʄɽʈɽɾ ʅɸ ʆʉʅʆɺɯ  

ʄʆɼɽʃɽʁ ʄɸʉʆɺʆɻʆ ʆɹʉʃʋɻʆɺʋɺɸʅʅʗ 

 

 

2.1 ʊʝʦʨʝʤʘ ʃʽʪʪʣʘ 

 

ʆʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʠhʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʨʝʞʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʻ ʩʝʨʝʜʥʷ 

ʟʘʪʨʠʤʢʘ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʘ ʚʽʜ ʜʞʝʨʝʣʘ ʜʦ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ. 

ɹʽʣʴʰ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʪʨʠʤʢʠ ʜʫʞʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʠʙʽʨ ʽ 

ʨʦʙʦʪʫ ʤʝʨʝʞʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʪʘʢʠʭ, ʷʢ ʘʣʛʦʨʠʪʤʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽ ʘʣʛʦʨʠʪʤ 

ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʢʦʤ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʚʘʞʣʠʚʦ ʟʨʦʟʫʤʽʪʠ ʧʨʠʨʦʜʫ ʽ ʤʝʭʘʥʽʟʤ 

ʟʘʪʨʠʤʢʠ, ʘ ʪʘʢʦʞ ʪʝ, ʷʢ ʟʘʪʨʠʤʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞʽ. 

ɻʦʣʦʚʥʦʶ ʤʝʪʦʜʦʣʦʛʽʯʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ ʘʥʘʣʽʟʫ ʟʘʪʨʠʤʢʠ ʤʝʨʝʞʽ ʻ ʪʝʦʨʽʷ 

ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʆʜʥʘʢ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʦ ʚʠʤʘʛʘʻ ʩʧʨʦʱʝʥʥʷ 

ʧʨʠʧʫʱʝʥʴ, ʦʩʢʽʣʴʢʠ, ʥʘ ʞʘʣʴ, ʙʽʣʴʰ ʨʝʘʣʽʩʪʠʯʥʽ ʧʨʠʧʫʱʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʦ 

ʫʩʢʣʘʜʥʶʶʪʴ ʟʤʽʩʪʦʚʥʠʡ ʘʥʘʣʽʟ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʥʝʤʦʞʣʠʚʦ 

ʧʨʦʚʝʩʪʠ ʪʦʯʥʽ ʢʽʣʴʢʽʩʥʽ ʨʦʟʨʘʭʫʥʢʠ ʟʘʪʨʠʤʢʠ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʝʡ ʪʝʦʨʽʾ 

ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʇʨʦʪʝ, ʮʽ ʤʦʜʝʣʽ ʯʘʩʪʦ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʫʤʥʠʭ 

ʘʧʨʦʢʩʠʤʘʮʡ̔ ʟʘʪʨʠʤʢʠ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʷʢʽʩʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

ʅʘʜʘʣʽ ʤʠ ʟʦʩʝʨʝʜʠʤʦ ʫʚʘʛʫ ʥʘ ʟʘʪʨʠʤʮ ̔ ʧʘʢʝʪʘ ʚʩʝʨʝʜʠʥʽ ʧʽʜʤʝʨʝʞʽ 

ʟʚô̫ ʟʢʫ (ʪʦʙʪʦ ʥʘ ʤʝʨʝʞʥʦʤʫ ʨʽʚʥʽ). ʎʷ ʟʘʪʨʠʤʢʘ ʻ ʩʫʤʦʶ ʟʘʪʨʠʤʦʢ ʥʘ ʢʦʞʥʽʡ 

ʣʽʥʽʾ ʧʽʜʤʝʨʝʞʽ, ʯʝʨʝʟ ʷʢʫ ʧʨʦʭʦʜʠʪ ɹʧʘʢʝʪ. ʂʦʞʥʘ ʟʘʪʨʠʤʢʘ ʥʘ ʣʽʥʽʾ ʫ ʩʚʦʶ 

ʯʝʨʛʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʢʦʤʧʦʥʝʥʪ. 

ɿʘʪʨʠʤʢʘ ʥʘ ʦʙʨʦʙʢʫ ï ʟʘʪʨʠʤʢʘ ʤʽʞ ʤʦʤʝʥʪʦʤ, ʢʦʣʠ ʧʘʢʝʪ ʙʫʚ 

ʧʨʘʚʠʣʴʥʦ ʧʨʠʡʥʷʪʠʡ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʚʫʟʣʽ ʣʽʥʽʾ, ʽ ʤʦʤʝʥʪʦʤ, ʢʦʣʠ ʧʘʢʝʪ  

ʙʫʚ ʧʦʩʪʘʚʣʝʥʠʡ ʫ ʯʝʨʛʫ ʥʘ ʧʝʨʝʜʘʯʫ ʧʦ ʣʽʥʽʾ. (ʋ ʜʝʷʢʠʭ ʩʠʩʪʝʤʘʭ ʩʣʽʜ ʜʦʜʘʪʠ 

ʜʦ ʮʽʻʾ ʟʘʪʨʠʤʢʠ ʜʝʷʢʠʡ ʜʦʜʘʪʢʦʚʠʡ ʯʘʩ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʦʙʨʦʙʢʫ ʥʘ ʨʽʚʥʷʭ 

ʋʃʇɼ ʽ ʬʽʟʠʯʥʦʤʫ). 

ɿʘʪʨʠʤʢʘ ʚ ʯʝʨʟʽ ï ʟʘʪʨʠʤʢʘ ʤʽʞ ʤʦʤʝʥʪʦʤ, ʢʦʣʠ ʧʘʢʝʪ ʙʫʚ ʧʦʩʪʘʚʣʝʥʠʡ 

ʫ ʯʝʨʛʫ ʥʘ ʧʝʨʝʜʘʯʫ, ʽ ʤʦʤʝʥʪʦʤ, ʢʦʣʠ ʚʽʥ ʧʦʯʠʥʘʻ ʧʝʨʝʜʘʚʘʪʠʩʷ. ʇʨʦʪʷʛʦʤ 

ʮʴʦʛʦ ʯʘʩʫ ʧʘʢʝʪ ʦʯʽʢʫʻ, ʧʦʢʠ ʙʫʜʫʪʴ ʧʝʨʝʜʘʥʽ ʽʥʰʽ ʧʘʢʝʪʠ ʟ ʯʝʨʛʠ. 

ɿʘʪʨʠʤʢʘ ʧʝʨʝʜʘʯʽ ï ʟʘʪʨʠʤʢʘ ʤʽʞ ʤʦʤʝʥʪʘʤʠ, ʢʦʣʠ ʧʝʨʝʜʘʜʫʪʴʩʷ 

ʧʝʨʰʠʡ ʽ ʦʩʪʘʥʥʽʡ ʙʽʪʠ ʧʘʢʝʪʘ. 

ʏʘʩ ʧʦʰʠʨʝʥʥʷ ï ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʚʽʜ ʤʦʤʝʥʪʫ, ʢʦʣʠ ʦʩʪʘʥʥʽʡ ʙʽʪ ʙʫʚ 

ʧʝʨʝʜʘʥʠʡ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʚʫʟʣʽ ʣʽʥʽʾ, ʜʦ ʤʦʤʝʥʪʫ, ʢʦʣʠ ʚʽʥ ʙʫʜʝ ʧʨʠʡʥʷʪʠʡ  

ʫ ʦʩʪʘʪʦʯʥʦʤʫ ʚʫʟʣʽ ʮʽʻʾ ʣʽʥʽʾ. ʎʷ ʟʘʪʨʠʤʢʘ ʧʨʦʧʦʨʮʽʡʥʘ ʬʽʟʠʯʥʽʡ ʚʽʜʩʪʘʥʽ  
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ʤʽʞ ʧʝʨʝʜʘʚʘʯʝʤ ʪʘ ʧʨʠʡʤʘʯʝʤ, ʽ ʟʘʟʚʠʯʘʡ ʤʘʣʘ, ʟʘ ʚʠʥʷʪʢʦʤ ʚʠʧʘʜʢʫ 

ʩʫʧʫʪʥʠʢʦʚʦʾ ʣʽʥʽʾ ʟʚô̫ ʟʢʫ. 

ʇʽʜ ʯʘʩ ʪʘʢʦʛʦ ʨʦʟʛʣʷʜʫ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʪʦʛʦ, ʱʦ ʤʦʞʝ 

ʟʥʘʜʦʙʠʪʠʩʷ ʧʦʚʪʦʨʥʘ ʧʝʨʝʜʘʯʘ ʧʦ ʣʽʥʽʾ ʯʝʨʝʟ ʧʦʭʠʙʢʠ ʧʝʨʝʜʘʯʽ ʘʙʦ ʟ ʙʫʜʴ-ʷʢʠʭ 

ʽʥʰʠʭ ʧʨʠʯʠʥ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʨʝʘʣʴʥʠʭ ʣʽʥʽʡ ʟʚô̫ ʟʢʫ, ʟʘ ʚʠʥʷʪʢʦʤ ʣʽʥʽʡ 

ʤʥʦʞʠʥʥʦʛʦ ʜʦʩʪʫʧʫ, ʧʦʚʪʦʨʥʽ ʧʝʨʝʜʘʯʽ ʙʫʚʘʶʪʴ ʨʽʜʢʦ, ʽ ʚʦʥʠ ʥʝ 

ʨʦʟʛʣʷʜʘʪʠʤʫʪʴʩʷ. ʏʘʩ ʧʦʰʠʨʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʽʥʽʾ 

ʟʚô̫ ʟʢʫ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʪʦʢʫ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʧʦ ʣʽʥʽʾ. ɿʘʪʨʠʤʢʘ ʦʙʨʦʙʢʠ 

ʪʘʢʦʞ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʦʪʦʢʫ, ʷʢʠʡ ʦʙʨʦʙʣʶʻʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ 

ʚʫʟʣʽ, ʷʢʱʦ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʚʫʟʣʘ ʥʝ ʦʙʤʝʞʝʥʘ. ʄʠ ʧʨʠʡʤʝʤʦ ʮʝ 

ʧʨʠʧʫʱʝʥʥʷ ʜʣʷ ʟʨʫʯʥʦʩʪʽ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʦʢʨʝʤʘ ʯʝʨʛʘ ʥʘ ʦʙʨʦʙʢʫ ʤʘʻ 

ʙʫʪʠ ʚʚʝʜʝʥʘ ʧʝʨʝʜ ʯʝʨʛʘʤʠ ʥʘ ʧʝʨʝʜʘʯʫ. ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ 

ʟʦʩʝʨʝʜʞʝʥʘ ʥʘʤʠ ʥʘ ʟʘʪʨʠʤʢʘʭ ʫ ʯʝʨʟʽ ʽ ʟʘʪʨʠʤʢʘʭ ʧʝʨʝʜʘʯʽ. ʉʧʦʯʘʪʢʫ ʤʠ 

ʨʦʟʛʣʷʥʝʤʦ ʻʜʠʥʫ ʣʽʥʽʶ ʟʚô̫ ʟʢʫ ʽ ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʜʝʷʢʽ ʢʣʘʩʠʯʥʽ ʤʦʜʝʣʽ ʪʝʦʨʽʾ 

ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʇʦʪʽʤ ʨʦʟʛʣʷʥʝʤʦ ʤʝʨʝʞʫ ʽ ʦʙʛʦʚʦʨʠʤʦ ʪʽ 

ʥʘʙʣʠʞʝʥʥʷ, ʷʢʽ ʜʦʧʫʩʢʘʶʪʴʩʷ, ʢʦʣʠ ʦʙʠʨʘʶʪʴʩʷ ʘʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʟʘʪʨʠʤʢʠ. 

ʍʦʯʘ ʛʦʣʦʚʥʠʡ ʘʢʮʝʥʪ ʨʦʙʠʪʴʩʷ ʥʘ ʤʦʜʝʣʽ ʤʝʨʝʞʽ ʟ ʢʦʤʫʪʘʮʽʻʶ ʧʘʢʝʪʽʚ, 

ʜʝʷʢʽ ʨʦʟʨʦʙʣʝʥʽ ʤʦʜʝʣʽ ʧʨʠʜʘʪʥʽ ʪʘʢʦʞ ʜʣʷ ʤʝʨʝʞʽ ʟ ʢʦʤʫʪʘʮʽʻʶ ʢʘʥʘʣʽʚ. 

ʊʝʦʨʽʷ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʰʠʨʦʢʦ ʨʦʟʚʠʚʘʣʘʩʷ ʚʠʭʦʜʷʯʠ ʟ ʧʦʪʨʝʙ 

ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʪʝʣʝʬʦʥʽʾ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʚ ʷʢʠʭ ʚʠʤʦʛʠ ʥʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟô̫ ʚʣʷʶʪʴʩʷ ʫ ʚʠʧʘʜʢʦʚʽ ʤʦʤʝʥʪʠ ʯʘʩʫ. ʈʦʟʧʦʜʽʣ ʤ̔ʦʚʽʨʥʦʩʪʝʡ 

ʯʘʩʫ ʤʽʞ ʜʚʦʤʘ ʤʦʤʝʥʪʘʤʠ ʧʦʷʚʠ ʚʠʤʦʛ, ʱʦ ʧʨʷʤʫʶʪʴ ʦʜʠʥ ʟʘ ʦʜʥʠʤ, ʽ 

ʨʦʟʧʦʜʽʣ ʡʤʦʚʽʨʥʦʩʪʝʡ ʯʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʤʦʛʠ ʟʘʜʘʥʽ. 

ʉʪʦʩʦʚʥʦ ʤʝʨʝʞ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚʠʤʦʛʠ  ̒ʧʘʢʝʪʘʤʠ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʧʝʨʝʜʘʯʽ ʧʦ ʣʽʥʽʾ ʟʚô̫ ʟʢʫ. ʏʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʫ ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʘ ʡ 

ʜʦʨʽʚʥʶʻ L C, ʜʝ L  ï ʜʦʚʞʠʥʘ ʧʘʢʝʪʘ ʚ ʙʽʪʘʭ, ʘ C  ï ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʣʽʥʽʾ  

ʚ ʙʽʪ/ʩ. ʋ ʮʽʡ ʣʝʢʮʽʾ ʟʨʫʯʥʦ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʨʦʟʭʦʜʞʝʥʥʷ ʤʽʞ ʧʘʢʝʪʘʤʠ ʡ 

ʢʘʜʨʘʤʠ, ʱʦ ʻ ʥʘ ʨʽʚʥʽ 2; ʪʦʤʫ ʚʢʣʶʯʠʤʦ ʚ ʜʦʚʞʠʥʠ ʧʘʢʝʪʽʚ ʟʘʛʦʣʦʚʢʠ ʡ 

ʪʨʝʡʣʝʨʠ ʢʘʜʨʽʚ. ʋ ʜʝʷʢʠʭ ʽʥʰʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ (ʥʘ ʷʢʠʭ ʤʠ ʥʝ ʟʫʧʠʥʷʪʠʤʝʤʦʩʷ 

ʜʦʢʣʘʜʥʦ) ʚʠʤʦʛʠ  ̒ʘʢʪʠʚʥʠʤ ʦʙʤ̔ʥʦʤ ʽʥʬʦʨʤʘʮʽʻʶ (ʘʙʦ ʚʽʨʪʫʘʣʴʥʽ ʣʘʥʮʶʛʠ) 

ʤʽʞ ʪʦʯʢʘʤʠ ʚ ʤʝʨʝʞʽ, ʘ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʪʨʠʚʘʣʦʩʪʽ ʦʙʤʽʥʫ. 

ɿʘʟʚʠʯʘʡ ʤʠ ʮʽʢʘʚʠʪʠʤʝʤʦʩʷ ʦʮʽʥʢʦʶ ʪʘʢʠʭ ʚʝʣʠʯʠʥ:  

1. ʉʝʨʝʜʥ ̫ʢʽʣʴʢʽʩʪʴ ʚʠʤʦʛ ʫ ʩʠʩʪʝʤʽ (ʪʦʙʪʦ ʪʠʧʦʚʘ ʢʽʣʴʢʽʩʪʴ ʚʠʤʦʛ, ʷʢʽ 

ʘʙʦ ʦʯ̔ʢʫʁ ʪʴ ʫ ʯʝʨʟʽ, ʘʙʦ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ). 
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2. ʉʝʨʝʜʥʷ ʟʘʪʨʠʤʢʘ ʚʠʤʦʛʠ (ʪʦʙʪʦ çʪʠʧʦʚʠʡè ʯʘʩ, ʱʦ ʚʠʤʦʛʘ ʧʨʦʚʦʜʠʪʴ, 

ʦʯʽʢʫʶʯʠ ʚ ʯʝʨʟ,̔ ʧʣʶʩ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ). 

ʉʧʦʯʘʪʢʫ ʥʝʦʙʭʽʜʥʦ ʧʦʷʩʥʠʪʠ ʥʘʚʝʜʝʥʽ ʪʝʨʤʽʥʠ. ɺʚʝʜʝʤʦ ʧʦʟʥʘʯʝʥʥʷ 

()np t  ï ʽʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ n  ʚʠʤʦʛ ʧʝʨʝʙʫʚʘʻ ʚ ʯʝʨʟʽ ʘʙʦ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʚ 

ʤʦʤʝʥʪ t. ʊʠʧʦʚʦʶ ̒  ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʜʘʥʽ ʧʦʯʘʪʢʦʚʽ ʡʤʦʚʽʨʥʦʩʪʽ ()0np  ʚ  

ʤʦʤʝʥʪ 0 ʽ ʻ ʜʦʩʠʪʴ ʩʪʘʪʠʩʪʠʯʥʦ ʁʽʥʬʦʨʤʘʮʽʻ  ʁʜʣʷ ʚʠʟʥʘʯʝʥʥʷ, ʧʨʠʥʘʡʤʥʽ ʚ 

ʧʨʠʥʮʠʧʽ, ʽʤʦʚʽʨʥʦʩʪʝʡ ()np t  ʜʣʷ ʚʩʽʭ ʤʦʤʝʥʪʽʚ t . ʋʚʽʚʰʠ ʧʦʟʥʘʯʝʥʥʷ ()N t  ï 

ʩʝʨʝʜʥ ʁʢʽʣʴʢʽʩʪʴ ʚʠʤʦʛ ʫ ʩʠʩʪʝʤʽ ʚ ʤʦʤʝʥʪ t, ʤʘʻʤʦ 

() ()
0

.n

n

N t np t
¤

=

=ä  

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʷʢ ()N t , ʪʘʢ ʽ ()np t  ʟʘʣʝʞʘʪʴ ʚʽʜ t  ʽ ʧʦʯʘʪʢʦʚʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ () (){ }0 10 , 0 ,p p . ʆʜʥʘʢ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʷʢʽ ʨʦʟʛʣʷʜʘʪʠʤʫʪʴʩʷ, ʟʘʟʚʠʯʘʡ ʜʦʩʷʛʘʶʪʴ ʨʽʚʥʦʚʘʛʠ ʚ ʪʦʤʫ 

ʨʦʟʫʤʽʥʥʽ, ʱʦ ʜʣʷ ʜʝʷʢʠʭ 
np  ʽ N  (ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ) 

()lim , 0,1,n n
t

p t p n
­¤

= =                                   (2.1) 
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= =ä . 

ʅʘʩʘʤʧʝʨʝʜ ʥʘʩ ʮʽʢʘʚʠʪʠʤʫʪʴ ʨʽʚʥʦʚʘʞʥʽ ʡʤʦʚʽʨʥʦʩʪʽ ʡ ʩʝʨʝʜʥ ̫ʢʽʣʴʢʽʩʪʴ 

ʚʠʤʦʛ ʫ ʩʠʩʪʝʤʽ. ɿʘʟʥʘʯʠʤʦ, ʱʦ, ʤʦʞʣʠʚʦ, N=¤. ʎʝ ʩʧʨʘʚʝʜʣʠʚʦ, ʢʦʣʠ 

ʰʚʠʜʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʚʠʤʦʛ ʧʝʨʝʚʠʱʫʻ ʤʦʞʣʠʚʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ. 

ʌʫʥʢʮʽʾ ʨʝʘʣʽʟʘʮʽʾ ʢʽʣʴʢʦʩʪʽ ʚʠʤʦʛ ʫ ʩʠʩʪʝʤʽ ʧʦʟʥʘʯʘʪʠʤʫʪʴʩʷ ʯʝʨʝʟ ()N t . 

ʌʫʥʢʮʽʷ ʨʝʘʣʽʟʘʮʽʾ, ʫʩʝʨʝʜʥʝʥʘ ʟʘ ʯʘʩʦʤ ʥʘ ʚʽʜʨʽʟʢʫ [ ]0, t , ʧʦʟʥʘʯʘʻʪʴʩʷ ʷʢ 

()
0

1
.

t

tN N d
t

t t=ñ  

ʄʘʡʞʝ ʙʫʜʴ-ʷʢʘ ʩʠʩʪʝʤʘ, ʱʦ ʮʽʢʘʚʠʪʴ ʥʘʩ, ʻ ʝʨʛʦʜʠʯʥʦ ʁ ʫ ʪʦʤʫ 

ʨʦʟʫʤʽʥʥʽ, ʱʦ 

()lim limt
t t

N N t N
­¤ ­¤

= =  

ʟ ʽʤʦʚʽʨʥʽʩʪʶ 1. ʈʽʚʥʽʩʪʴ ʩʝʨʝʜʥʴʦʛʦ ʟʘ ʚʝʣʠʢʠʤ ʽʥʪʝʨʚʘʣʦʤ ʯʘʩʫ ʡ ʩʝʨʝʜʥʽʤ  

ʟʘ ʨʝʘʣʽʟʘʮʽʷʤʠ ʨʽʟʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠʡʤʘʪʠʤʝʪʴʩʷ ʚ ʮʽʡ ʣʝʢʮʽʾ  

ʥʘ ʽʥʪʫʾʪʠʚʥʦʤʫ ʨʽʚʥʽ, ʦʩʢʽʣʴʢʠ ʧʽʜ ʯʘʩ ʯʽʪʢʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʜʦʚʝʜʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʁʪʴʩʷ ʚʠʢʣʘʜʝʥʥʷ, ʷʢʽ ʣʝʞʘʪʴ ʟʘ ʤʝʞʘʤʠ ʜʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʩʝʨʝʜʥʴʦʾ ʟʘʪʨʠʤʢʠ ʚʠʤʦʛʠ, ʪʦ ʜʦʩʪʘʪʥʴʦ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʚ ʧʨʠʥʮʠʧʽ ʨʦʟʧʦʜʽʣ ʽʤʦʚʽʨʥʦʩʪʝʡ ʟʘʪʨʠʤʢʠ ʢʦʞʥʦʾ 
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ʢʦʥʢʨʝʪʥʦʾ ʚʠʤʦʛʠ (ʪʦʙʪʦ ʧʝʨʰʦ,ʾ ʜʨʫʛʦ ʾ ʡ ʪ.ʜ.). ʆʪʞʝ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʩʝʨʝʜʥʶ ʟʘʪʨʠʤʢʫ ʢʦʞʥʦʾ ʚʠʤʦʛʠ. ʉʝʨʝʜʥʷ ʟʘʪʨʠʤʢʘ k -  ʾʚʠʤʦʛʠ, ʷʢʘ ʧʦʟʥʘʯʘʻʪʴʩʷ 

ʯʝʨʝʟ kT , ʟʘʟʚʠʯʘʡ ʩʭʦʜʠʪʴʩʷ ʧʨʠ k­¤ ʜʦ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʟʥʘʯʝʥʥʷ 

lim .k
k

T T
­¤

=  

ɿʘʟʥʘʯʝʥʫ ʤʝʞʫ ʥʘʟʠʚʘʪʠʤʝʤʦ ʩʝʨʝʜʥʴʦʶ ʟʘʪʨʠʤʢʦʶ ʚʠʤʦʛʠ. (ɿʥʦʚʫ 

ʤʦʞʣʠʚʦ, ʱʦ T=¤.) ɼʣʷ ʩʠʩʪʝʤ, ʷʢʽ ʮʽʢʘʚʣʷʪʴ ʥʘʩ, ʩʪʘʮʽʦʥʘʨʥʘ ʩʝʨʝʜʥʷ 

ʟʘʪʨʠʤʢʘ T  ʪʘʢʦʞ ʜʦʨʽʚʥʶʻ (ʟ ʽʤʦʚʽʨʥʽʩʪʶ ʦʜʠʥʠʮʷ) ʟʘʪʨʠʤʮʽ ʚʠʤʦʛʠ, 

ʫʩʝʨʝʜʥʝʥʦʾ ʟʘ ʚʝʣʠʢʠʤ ʽʥʪʝʨʚʘʣʦʤ ʯʘʩʫ, ʪʦʙʪʦ 

1

1
lim lim ,

k

k i
k k

i

T T T
k­¤ ­¤
=

= = ä  

ʜʝ 
iT  ï ʟʘʪʨʠʤʢʘ i -  ʾʚʠʤʦʛʠ. 

ʉʝʨʝʜʥ ̫ʢʽʣʴʢʽʩʪʴ ʚʠʤʦʛ ʫ ʩʠʩʪʝʤʽ N   ̔ ʩʝʨʝʜʥ ̫ʟʘʪʨʠʤʢʘ T  ʧʦʚô̫ ʟʘʥʽ 

ʧʨʦʩʪʦʶ ʬʦʨʤʫʣʦʶ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʘʞʘʪʠ ʦʜʥʝ ʩʝʨʝʜʥʻ ʯʝʨʝʟ ʽʥʰʝ.  

ʎʝʡ ʨʝʟʫʣʴʪʘʪ, ʚʽʜʦʤʠʡ ʷʢ ʪʝʦʨʝʤʘ ʃʪ̔ʪʣʘ, ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ 

N Tl= , 

ʜʝ l ï ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʚʠʤʦʛ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʠʤʦʛ, ʱʦ ʥʘʜʽʡʰʣʠ ʚ ʽʥʪʝʨʚʘʣʽ 

[ ]
   ,

  0,
lim .
t

ʤʘʪʝʤʘʪʠʯʥʝʦʯʽʢʫʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʠʤʦʛ

ʱʦʥʘʜʽʡʰʣʠ ʚ ʽʥʪʝʨʚʘʣʽ t

t
l

­¤
=  

(ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʟʘʟʥʘʯʝʥʘ ʤʝʞʘ ʽʩʥʫʻ.) ʇʨʠʢʣʘʜʠ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʪʝʦʨʝʤʫ ʃʪ̔ʪʣʘ, ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʫ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ. ʅʘʧʨʠʢʣʘʜ, ʫ ʜʦʱʦʚʠʡ 

ʜʝʥʴ ʧʦʪʽʢ ʤʘʰʠʥ ʫ ʛʦʜʠʥʫ ʧʽʢ ʨʫʭʘʻʪʴʩʷ ʧʦʚʽʣʴʥʽʰʝ, ʥʽʞ ʫ ʩʝʨʝʜʥʴʦʤʫ  

(ʚʝʣʠʢʝ T), ʪʦʤʫ ʥʘ ʚʫʣʠʮʷʭ ʙʽʣʴʰʝ ʤʘʰʠʥ (ʚʝʣʠʢʝ N). ɸʥʘʣʦʛʽʯʥʦ ʨʝʩʪʦʨʘʥ 

ʰʚʠʜʢʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʥʝʚʝʣʠʢʝ T) ʤʘʻ ʧʦʪʨʝʙʫ ʚ ʤʝʥʰʦʤʫ ʧʨʠʤʽʱʝʥʥʽ 

(ʤʘʣʝ N ), ʥʽʞ ʟʚʠʯʘʡʥʠʡ ʨʝʩʪʦʨʘʥ, ʟʘ ʦʜʥʘʢʦʚʦʶ h ʚʠʜʢʩ̔ʪʁ ʥʘʜʭʦʜʞʝʥʥʷ ʚʠʤʦʛ. 

ɿʥʘʯʫʱʽʩʪʴ ʪʝʦʨʝʤʠ ʃʪ̔ʪʣʘ ʧʦʣʷʛʘʻ ʚ ʾʾ ʚʝʣʠʢʽʡ ʩʧʽʣʴʥʦʩʪʽ. ɺʦʥʘ 

ʩʧʨʘʚʝʜʣʠʚʘ ʤʘʡʞʝ ʜʣʷ ʚʩʽʭ ʩʠʩʪʝʤ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʷʢʽ ʚ ʤʝʞʽ ( )lim
t­¤

 

ʜʦʩʷʛʘʶʪʴ ʩʪʘʪʠʩʪʠʯʥʦʾ ʨʽʚʥʦʚʘʛʠ. ʉʠʩʪʝʤʘ ʥʝʦʙʦʚô̫ ʟʢʦʚʦ ʧʦʚʠʥʥʘ ʤʘʪʠ ʪʽʣʴʢʠ 

ʦʜʥʫ ʯʝʨʛʫ. ʊʝʦʨʝʤʘ ʩʧʨʘʚʝʜʣʠʚʘ ʜʣʷ ʙʘʛʘʪʴʦʭ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ, ʜʦ ʷʢʠʭ ʱʦʩʴ 

ʥʘʜʭʦʜʠʪʴ ʽ ʱʦʩʴ ʚʠʭʦʜʠʪʴ, ʟʘ ʚʽʜʧʦʚʽʜʥʦ ʾʽʥʪʝʨʧʨʝʪʘʮʽʾ ʚʝʣʠʯʠʥ N , l ʽ T . 

ʅʘʚʝʜʝʥʽ ʜʘʣʽ ʧʨʠʢʣʘʜʠ ʽʣʶʩʪʨʫʶʪʴ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʾʾ ʟʘʩʪʦʩʫʚʘʥʴ. 
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ʇʨʠʢʣʘʜ 

ʗʢʱʦ l ï ʰʚʠʜʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʚʠʤʦʛ ʜʦ ʣʽʥʽ ʾʧʝʨʝʜʘʯʽ,
 

QN  ï ʩʝʨʝʜʥ ̫ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ, ʱʦ ʦʯʽʢʫʶʪʴ ʫ ʯʝʨʟʽ (ʘʣʝ ʥʝ 

ʧʝʨʝʜʘʶʪʴʩʷ), W  ï ʩʝʨʝʜʥʽʡ ʯʘʩ, ʫʧʨʦʜʦʚʞ ʷʢʦʛʦ ʧʘʢʝʪ ʦʯʽʢʫʻ  

ʚ ʯʝʨʟʽ (ʥʝ ʚʨʘʭʦʚʫʶʯʠ ʯʘʩ ʧʝʨʝʜʘʯʽ), ʪʦ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʦʨʝʤʠ 

ʃʽʪʪʣʘ, ʤʘʻʤʦ 

.QN Wl=  

ɹʽʣʴʰ ʪʦʛʦ, ʷʢʱʦ X  ï ʩʝʨʝʜʥʽʡ ʯʘʩ ʧʝʨʝʜʘʯʽ, ʪʦ, ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʪʝʦʨʝʤʠ ʃʽʪʪʣʘ, ʦʪʨʠʤʫʻʤʦ, ʱʦ ʩʝʨʝʜʥ ̫ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ, ʷʢʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʜʘʯʽ, ʜʦʨʽʚʥʶʶʪʴ 

.p Xl=  

ʆʩʢʽʣʴʢʠ ʧʝʨʝʜʘʚʘʪʠʩʷ ʤʦʞʝ ʣʠʰʝ ʦʜʠʥ ʧʘʢʝʪ, ʦʪʨʠʤʫʻʤʦ, 

ʱʦ p  ʪʘʢʦʞ ʜʦʨʽʚʥʶʻ ʢʦʝʬʽʮʽʻʥʪʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʽʥʽʾ, ʪʦʙʪʦ 

ʯʘʩʪʮʽ ʯʘʩʫ, ʧʨʦʪʷʛʦʤ ʷʢʦ ʾʣʽʥʽʷ ʧʝʨʝʜʘʻ ʧʘʢʝʪʠ. 

 

2.2 ɸʥʘʣʽʟ ʯʝʨʛ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʣʘʥʮʶʛʘ ʄʘʨʢʦʚʘ 

 

ʉʠʩʪʝʤʘ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 1M M  ï ʮʝ ʩʠʩʪʝʤʘ ʟ ʦʜʥʽʻʶ ʯʝʨʛʦʶ 

ʡ ʦʜʥʠʤ ʦʙʩʣʫʛʦʚʫʶʯʠʤ ʧʨʠʩʪʨʦʻʤ (ʫ ʢʦʥʪʝʢʩʪʽ ʩʠʩʪʝʤ ʟʚô̫ ʟʢʫ ï ʟ ʦʜʥʽʻʶ 

ʣʽʥʽʻʶ ʟʚô̫ ʟʢʫ). ʄʦʤʝʥʪʠ ʥʘʜʭʦʜʞʝʥʥʷ ʚʠʤʦʛ ʫʪʚʦʨʶʶʪʴ ʧʫʘʩʩʦʥʚ̔ʩɹʢʠʡ ʧʦʪʽʢ 

ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ l, ʘ ʨʦʟʧʦʜʽʣ ʤ̔ʦʚʽʨʥʦʩʪʝʡ ʯʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʻ 

ʝʢʩʧʦʥʝʥʮʽʡʥʠʤ ʟ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ, ʱʦ ʜʦʨʽʚʥʶ  ̒ 1l ʩʝʢʫʥʜ. ʉʪʠʩʣʦ 

ʧʦʷʩʥʠʤʦ ʟʤʽʩʪ ʧʨʠʡʥʷʪʠʭ ʧʦʟʥʘʯʝʥʴ. ʇʦʟʥʘʯʝʥʥʷ 1M M  ʻ ʩʪʘʥʜʘʨʪʥʠʤ ʜʣʷ 

ʪʝʦʨʽʾ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

1. ʇʝʨʰʠʡ ʩʠʤʚʦʣ ʚʢʘʟʫʻ ʥʘ ʧʨʠʨʦʜʫ ʧʨʦʮʝʩʫ ʥʘʜʭʦʜʞʝʥʥʷ ʚʠʤʦʛ 

(ʥʘʧʨʠʢʣʘʜ, M  ʧʦʟʥʘʯʘʻ ʧʨʦʮʝʩ ʙʝʟ ʟʘʧʘʤô̫ ʪʦʚʫʚʘʥʥʷ, ʷʢʠʡ ʪʫʪ ʥʘʟʠʚʘʻʪʴʩʷ 

ʧʫʘʩʩʦʥʚ̔ʩɹʢʠʤ ʧʨʦʮʝʩʦʤ (ʫ ʥʴʦʤʫ ʽʥʪʝʨʚʘʣʠ ʤʽʞ ʥʘʜʭʦʜʞʝʥʥʷʤʠ ʚʠʤʦʛ 

ʨʦʟʧʦʜʽʣʝʥʽ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦ), G  ʧʦʟʥʘʯʘʻ ʜʦʚʽʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʽʥʪʝʨʚʘʣʽʚ ʤʽʞ 

ʚʠʤʦʛʘʤʠ, D  ï ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʽʥʪʝʨʚʘʣʠ). 

2. ɼʨʫʛʠʡ ʩʠʤʚʦʣ ʚʢʘʟʫʻ ʥʘ ʧʨʠʨʦʜʫ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ ʪʨʠʚʘʣʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, M , G , D  ï ʧʦʟʥʘʯʝʥʥʷ ʜʣʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ, 

ʜʦʚʽʣʴʥʦʛʦ ʽ ʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ ʨʦʟʧʦʜʽʣʽʚ ʚʽʜʧʦʚʽʜʥʦ). ɺ ʫʩʽʭ ʚʠʧʘʜʢʘʭ 

ʧʦʩʣʽʜʦʚʥʽ ʽʥʪʝʨʚʘʣʠ ʤʽʞ ʥʘʜʭʦʜʞʝʥʥʷʤʠ ʚʠʤʦʛ ʽ ʪʨʠʚʘʣʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥ ̫

ʚʚʘʞʘʶʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʟʘʣʝʞʥʠʤʠ. 
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3. ʆʩʪʘʥʥʻ ʯʠʩʣʦ ʚʢʘʟʫʻ ʥʘ ʢʽʣʴʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʶʯʠʭ ʧʨʠʣʘʜʽʚ. 

ʄʠ ʚʞʝ ʚʩʪʘʥʦʚʠʣʠ ʟ ʪʝʦʨʝʤʠ ʃʽʪʪʣʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʦʩʥʦʚʥʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ: 

, ,QN T N Wl l= =  

N  ï ʩʝʨʝʜʥ ̫ʢʽʣʴʢʽʩʪʴ ʚʠʤʦʛ ʫ ʩʠʩʪʝʤʽ, 

T  ï ʩʝʨʝʜʥʽʡ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʚʠʤʦʛʠ ʚ ʩʠʩʪʝʤʽ, 

QN  ï ʩʝʨʝʜʥ ̫ʢʽʣʴʢʽʩʪʴ ʚʠʤʦʛ, ʱʦ ʦʯʽʢʫʶʪʴ ʫ ʯʝʨʟʽ, 

W  ï ʩʝʨʝʜʥʽʡ ʯʘʩ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʚʠʤʦʛʘ ʦʯʽʢʫʻ ʚ ʯʝʨʟʽ. 

ʆʜʥʘʢ ʚʝʣʠʯʠʥʠ N , T , 
QN  ʽ W  ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʡʜʝʥʽ, ʜʦʢʠ  

ʤʠ ʥʝ ʜʽʟʥʘʻʤʦʩʷ ʜʝɦʦ ʙʽʣʴʰʝ ʧʨʦ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʩʪʘʮʽʦʥʘʨʥʫ ʚʽʨʦʛʽʜʥʽʩʪʴ 

np  ï ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʙʫʚʘʥʥʷ ʚʠʤʦʛ ʫ ʩʠʩʪʝʤʽ, 0,1,n=  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʠʭ ʤ̔ʦʚʽʨʥʦʩʪʝʡ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 

0

,n

n

N np
¤

=

=ä  

ʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʝʤʠ ʃʽʪʪʣʘ ʜʘʻ 

T N l= . 

ɭ ʘʥʘʣʦʛʽʯʥʽ ʬʦʨʤʫʣʠ ʜʣʷ 
QN   ̔W, ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʜʘʣʽ. 

ɺʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ (){ }0A t t² , ʷʢʠʡ ʙʝʨʝ ʥʝʚʽʜô̒ ʤʥʽ ʮʽʣʽ ʟʥʘʯʝʥʥʷ, 

ʥʘʟʠʚʘʻʪʴʩʷ ʧʫʘʩʩʦʥʚ̔ʩɹʢʠʤ ʧʨʦʮʝʩʦʤ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ l, ʷʢʱʦ: 

1) ()A t  ï ʧʨʦʮʝʩ, ʷʢʠʡ ʜʘʻ ʩʫʤʘʨʥʫ ʢʽʣʴʢʽʩʪʴ ʤʦʤʝʥʪʽʚ ʥʘʜʭʦʜʞʝʥʴ ʟʘ 

ʛʦʜʠʥʫ ʚʽʜ 0 ʜʦ t, ʪʦʙʪʦ ()0 0A =  ʽ ʧʨʠ s t<  ʚʝʣʠʯʠʥʘ () ()A t A s-  ʜʦʨʽʚʥʶʻ 

ʢʽʣʴʢʦʩʪʽ ʤʦʤʝʥʪʽʚ ʥʘʜʭʦʜʞʝʥʴ ʥʘ ʽʥʪʝʨʚʘʣʽ ( ],s t ; 

2) ʢʽʣʴʢʽʩʪʴ ʤʦʤʝʥʪʽʚ ʥʘʜʭʦʜʞʝʥʴ ʥʘ ʥʝʧʝʨʝʩʽʯʥʠʭ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʘʭ ʻ 

ʥʝʟʘʣʝʞʥʦ ;ʁ 

3) ʢʽʣʴʢʽʩʪʴ ʤʦʤʝʥʪʽʚ ʥʘʜʭʦʜʞʝʥʴ ʫ ʙʫʜʴ-ʷʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʨʠʚʘʣʦʩʪʽ t 

ʤʘʻ ʧʫʘʩʩʦʥʚ̔ʩɹʢʠʡ ʨʦʟʧʦʜʽʣ ʟ ʧʘʨʘʤʝʪʨʦʤ lt, ʪʦʙʪʦ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ , 0t t>  

( ) (){ }
( )

, 0,1,
!

n

P A t A t n e n
n

ltltt -+ - = = =                  (2.2) 

ʇʝʨʝʣʽʯʠʤʦ ʜʝʷʢʽ ʮʽʢʘʚʽ ʜʣʷ ʥʘʩ ʚʣʘʩʪʠʚʦʩʪʽ ʧʫʘʩʩʦʥʚ̔ʩɹʢʦʛʦ ʧʨʦʮʝʩʫ: 

ɯ. ɯʥʪʝʨʚʘʣʠ ʤʽʞ ʤʦʤʝʥʪʘʤʠ ʥʘʜʭʦʜʞʝʥʴ ʥʝʟʘʣʝʞʥʽ ʽ ʨʦʟʧʦʜʽʣʝʥʽ 

ʝʢʩʧʦʥʝʥʮʽʡʥʦ ʟ ʧʘʨʘʤʝʪʨʦʤ l, ʪʦʙʪʦ, ʢ̫ʱʦ ʧʦʟʥʘʯʠʪʠ ʯʝʨʝʟ ʤʦʤʝʥʪ  

ʥʘʜʭʦʜʞʝʥʥʷ i -ʾ ʚʠʤʦʛʠ, ʪʦ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ 
1n n nt tt += - ʤʘʶʪʴ ʬʫʥʢʮʽʶ  

ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ. 
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ʇʝʨʝʣʽʯʠʤʦ ʜʝʷʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʫʘʩʩʦʥʚ̔ʩɹʢʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʽ ʥʘʩ ʮʽʢʘʚʣʷʪʴ, 

ʽ ʚʟʘʻʤʥʦ ʥʝʟʘʣʝʞʥʽ 

{ } 1 , 0s

nP s e slt -¢ = - ² .                                  (2.3) 

(ɺʽʜʧʦʚʽʜʥʘ ʱʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ () n

np e
ltt l-= . ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʽ 

ʜʠʩʧʝʨʩʽʷ 
nt ʚʝʣʠʯʠʥʠ ʜʦʨʽʚʥʶʶʪʴ 1l ʽ 21l  ʚʽʜʧʦʚʽʜʥʦ.) 

ɯɯ. ɼʣʷ ʙʫʜʴ-ʷʢʠʭ 0t²  ʪʘ 0d²  

( ) (){ } ()0 1P A t A t od ld d+ - = = - +,                            (2.4) 

( ) (){ } ()0P A t A t od ld d+ - = = +,                              (2.5) 

( ) (){ } ()2P A t A t od d+ - ² = ,                                 (2.6) 

ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʛʘʣʴʥʝ ʧʦʟʥʘʯʝʥʥʷ ()o d  ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʬʫʥʢʮʽʾ ʚʽʜ d, 

ʪʘʢʦ,ʾ ʱʦ 

()
0

lim 0
o

d

d

d­
= . 

ʅʘʰʝ ʧʨʠʧʫʱʝʥʥʷ ʱʦʜʦ ʧʨʦʮʝʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ,  

ʱʦ ʪʨʠʚʘʣʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʤʦʛ ʤʘʶʪʴ ʝʢʩʧʦʥʝʥʮʽʡʥʠʡ ʨʦʟʧʦʜʽʣ ʟ 

ʧʘʨʘʤʝʪʨʦʤ m, ʪʦʙʪʦ, ʷʢʱʦ 
ns  ï ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ n -  ʾʚʠʤʦʛʠ, ʪʦ 

{ } 1 , 0 .s

nP s s e sm-¢ = - ² 

(ʑʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ 
ns  ʜʦʨʽʚʥʶʻ () ,ns

np s e
mm-

=  ʘ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʽ 

ʜʠʩʧʝʨʩʽʷ ʜʦʨʽʚʥʶʶʪʴ 1m ʽ 21m  ʚʽʜʧʦʚʽʜʥʦ.) ʂʨʽʤ ʪʦʛʦ, ʪʨʠʚʘʣʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 
ns  ʚʟʘʻʤʥʦ ʥʝʟʘʣʝʞʥʽ, ʘ ʪʘʢʦʞ ʥʝ ʟʘʣʝʞʘʪ ɹʚʽʜ ʫʩʽʭ ʽʥʪʝʨʚʘʣʽʚ 

ʤʽʞ ʤʦʤʝʥʪʘʤʠ ʥʘʜʭʦʜʞʝʥʥʷ ʚʠʤʦʛ. ʇʘʨʘʤʝʪʨ m ʥʘʟʠʚʘʻʪʴʩʷ ʰʚʠʜʢʽʩʪʶ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʡ ʧʦʢʘʟʫʻ, ʟ ʷʢʦʶ ʰʚʠʜʢʽʩʪʶ ʧʨʘʮʶʻ ʦʙʩʣʫʛʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ 

(ʪʦʙʪʦ ʢʽʣʴʢʽʩʪʴ ʚʠʤʦʛ, ʱʦ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ ʚ ʦʜʠʥʠʮʶ ʯʘʩʫ), ʷʢʱʦ ʚʽʥ ʟʘʡʥʷʪʠʡ.  

ʄʠ ʤʦʛʣʠ ʙ ʨʦʟʛʣʷʜʘʪʠ ʧʨʦʮʝʩ ()N t  ʫ ʪʝʨʤʽʥʘʭ ʪʝʦʨʽʾ ʣʘʥʮʶʛʽʚ ʄʘʨʢʦʚʘ 

ʟ ʥʝʧʝʨʝʨʚʥʠʤ ʯʘʩʦʤ (ʷʢ ʫ ʙʽʣʴʰʽʡ ʯʘʩʪʠʥʽ ʣʽʪʝʨʘʪʫʨʠ ʟ ʩʠʩʪʝʤ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ). ɸʣʝ ʜʣʷ ʥʘʰʠʭ ʮʽʣʝʡ ʪʫʪ ʜʦʩʪʘʪʥʴʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʨʦʩʪʽʫh ʪʝʦʨʽʶ ʣʘʥʮʶʛʽʚ ʄʘʨʢʦʚʘ ʟ ʜʠʩʢʨʝʪʥʠʤ ʯʘʩʦʤ. ɿʚʝʨʥʝʤʦ ʫʚʘʛʫ ʥʘ  

ʪʘʢʽ ʤʦʤʝʥʪʠ 

0, , 2 , , ,kd d d, 

ʜʝ d ï ʤʘʣʝ ʧʦʟʠʪʠʚʥʝ ʯʠʩʣʦ.  

ɺʚʝʜʝʤʦ ʧʦʟʥʘʯʝʥʥʷ: 

kN  ï ʢʽʣʴʢʽʩʪʴ ʚʠʤʦʛ ʫ ʩʠʩʪʝʤʽ ʚ ʤʦʤʝʥʪ kd. 
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ʆʩʢʽʣʴʢʠ ( )kN N kd= , ʘ ʷʢ ʫʞʝ ʙʫʣʦ ʩʢʘʟʘʥʦ, ()N t  ï ʣʘʥʮʶʛ ʄʘʨʢʦʚʘ ʟ 

ʥʝʧʝʨʝʨʚʥʠʤ ʯʘʩʦʤ, ʦʪʨʠʤʫʻʤʦ, ʱʦ { }0,1,kN k=  ï ʣʘʥʮʶʛ ʄʘʨʢʦʚʘ ʟ 

ʜʠʩʢʨʝʪʥʠʤ ʯʘʩʦʤ.  

ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ 
ijP  ʚʽʜʧʦʚʽʜʥʽ ʧʝʨʝʭʽʜʥʽ ʡʤʦʚʽʨʥʦʩʪʽ 

{ }1ij k kP P N j N i+= = =. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ, 
ijP  ʟʘʣʝʞʠʪʴ ʚʽʜ d, ʘʣʝ, ʜʣʷ ʪʦʛʦ ʱʦʙ ʟʙʝʨʝʛʪʠ ʧʨʦʩʪʽ 

ʧʦʟʥʘʯʝʥʥʷ, ʤʠ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠʤʝʤʦ ʮʶ ʟʘʣʝʞʥʽʩʪʴ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ  

ʬʦʨʤʫʣʠ (2.4) ï (2.6), ʦʪʨʠʤʫʻʤʦ 

()00 1P old d= - + ,                                             (2.7) 

()1 , 1iiP o ild md d= - - + ²,                                  (2.8) 

(), 1 , 0i iP o ild md d+= - + ²,                                  (2.9) 

(), 1 , 1i iP o imd d-= + ²,                                      (2.10) 

(), ʪʘ , 1, 1ijP o i j i i id= ¸ + -. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʟʨʦʟʫʤʽʪʠ, ʷʢ ʟʥʘʭʦʜʷʪʴʩʷ ʮʽ ʨʽʚʥʷʥʥʷ, ʟʘʫʚʘʞʠʤʦ, ʱʦ ʚ 

ʩʪʘʥʽ 1i²  ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʚ ʽʥʪʝʨʚʘʣʽ ( )( ), 1kI I k kd d= = +  ʥʝ ʥʘʜʽʡʜʝ 

ʞʦʜʥʘ ʚʠʤʦʛʘ ʽ ʞʦʜʥʘ ʚʠʤʦʛʘ ʥʝ ʧʽʜʝ ʟ ʩʠʩʪʝʤʠ, ʜʦʨʽʚʥʶʻ ( )( )e eld md- - .  

ʎʝ ʚʠʧʣʠʚʘʻ ʟ ʪʦʛʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʴ ʽ ʢʽʣʴʢʽʩʪʴ ʚʠʭʦʜʽʚ ʤʘʶʪʴ 

ʧʫʘʩʩʦʥʚ̔ʩʢʠʡ ʨʦʟʧʦʜʽʣ ʽ ʥʝ ʟʘʣʝʞʘʪ ɹ ʦʜʥʝ ʚʽʜ ʦʜʥʦʛʦ. ʈʦʟʢʣʘʜʘʶʯʠ ʮʶ 

ʡʤʦʚʽʨʥʽʩʪʴ ʫ ʨʷʜ ʟʘ d, ʦʪʨʠʤʫʻʤʦ 

{ } ()ʚʽʥʪʝʨʚʘʣʽ 0ʚʠʤʦʛʥʘʜʽʡʰʣʦʪʘ0ʚʽʜʽʡʰʣʦ 1 .kP I old md d= - - +      (2.11) 

ɸʥʘʣʦʛʽʯʥʦ ʤʘʻʤʦ, ʱʦ 

{ } ()ʚʽʥʪʝʨʚʘʣʽ 0ʚʠʤʦʛʥʘʜʽʡʰʣʦʪʘ1ʚʽʜʽʡʰʣʘ ,kP I omd d= +  

{ } ()ʚʽʥʪʝʨʚʘʣʽ 1ʚʠʤʦʛʘʥʘʜʽʡʰʣʘʪʘ0ʚʽʜʽʡʰʣʦ .kP I old d= +  

ʉʫʤʘ ʮʠʭ ʤ̔ʦʚʽʨʥʦʩʪʝʡ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ ʧʣʶʩ ()o d . ʆʪʞʝ ʡʤʦʚʽʨʥʽʩʪʴ 

ʙʽʣʴʰ ʥʽʞ ʦʜʥʦʛʦ ʥʘʜʭʦʜʞʝʥʥʷ ʘʙʦ ʚʠʭʦʜʫ ʥʘʜʟʚʠʯʘʡʥʦ ʤʘʣʘ ʧʨʠ ʤʘʣʠʭ d.  

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 
iip  ï ʡʤʦʚʽʨʥʽʩʪʴ ʦʜʥʘʢʦʚʦ ʾʢʽʣʴʢʦʩʪʽ 1i²  ʥʘʜʭʦʜʞʝʥʴ ʽ ʚʠʭʦʜʽʚ 

ʚ ʽʥʪʝʨʚʘʣʽ 
kI  ʟ ʪʦʯʥʽʩʪʶ ʜʦ ()o d  ʟʙʽʛʘʻʪʴʩʷ ʟ ʤ̔ʦʚʽʨʥʽʩʪʶ (2.11); ʮʝ ʧʦʢʘʟʫʻ 

ʩʧʨʘʚʝʜʣʠʚʽʩʪʴ ʨʽʚʥʦʩʪʽ (2.8). ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.7), (2.9) ʽ (2.10) 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ. 

ɼʽʘʛʨʘʤʘ ʧʝʨʝʭʦʜʽʚ ʟʽ ʩʪʘʥʫ ʚ ʩʪʘʥ ʣʘʥʮʶʛʘ ʄʘʨʢʦʚʘ { }kN  ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ. 2.1, ʪʫʪ ʫʩʽ ()o d  ʦʧʫʱʝʥʽ. 
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ʈʠʩʫʥʦʢ 2.1 ï ʃʘʥʮʶʛ ʄʘʨʢʦʚʘ ʟ ʜʠʩʢʨʝʪʥʠʤ ʯʘʩʦʤ ʜʣʷ ʩʠʩʪʝʤʠ 1M M .  

ʉʪʘʥ ʚʽʜʧʦʚʽʜʘʻ ʥʘʷʚʥʦʩʪʽ ʚʠʤʦʛ ʫ ʩʠʩʪʝʤʽ. ʇʝʨʝʭʽʜʥʽ ʡʤʦʚʽʨʥʦʩʪʽ  

ʧʦʢʘʟʘʥʽ ʟ ʪʦʯʥʽʩʪʶ ʜʦ ()o d  

 

ʈʦʟʛʣʷʥʝʤʦ ʪʝʧʝʨ ʩʪʘʮʽʦʥʘʨʥʽ ʡʤʦʚʽʨʥʦʩʪʽ 

{ } (){ }lim lim .n k
k t

p P N n P N t n
­¤ ­¤

= = = = 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʟʘ ʙʫʜʴ-ʷʢʠʭ 1k² , 0n²  ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʚʽʜ d ʜʦ kd 

ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʭʦʜʽʚ ʟʽ ʩʪʘʥʫ n  ʫ 1n+  ʤʘʻ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʟʘʛʘʣʴʥʦ ʾ

ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʭʦʜʽʚ ʟ 1n+  ʫ n  ʥʝ ʙʽʣʴʰ, ʥʽʞ ʥʘ 1. ʆʪʞʝ, ʫ ʩʪʘʮʽʦʥʘʨʥʦʤʫ  

ʨʝʞʠʤʽ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʩʠʩʪʝʤʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʪʘʥʽ n  ʽ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ 

ʧʝʨʝʭʦʜʽ ʧʦʪʨʘʧʣʷʻ ʚ ʩʪʘʥ 1n+, ʜʦʨʽʚʥʶʻ ʡʤʦʚʽʨʥʦʩʪʽ ʪʦʛʦ, ʱʦ ʩʠʩʪʝʤʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʪʘʥʽ 1n+  ʽ ʟʜʽʡʩʥʶʻ ʧʝʨʝʭʽʜ ʫ ʩʪʘʥ n, ʪʦʙʪʦ 

() ()1 .n np o p old d md d++ = +                           (2.12) 

ʎʽ ʨʽʚʥʷʥʥʷ ʥʘʟʠʚʘʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ ʛʣʦʙʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʥʦʞʠʥʽ ʩʪʘʥʽʚ { }0,1, .,n  ʽ { }1, 2,n n+ + . ʆʩʢʽʣʴʢʠ 
np  ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ d, ʩʧʨʷʤʦʚʫʶʯʠ 0d­  ʚ (3.20), ʦʪʨʠʤʫʻʤʦ  

1 , 0,1, , ʜʝ .n np pp n p l m+= = =  

ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ 
1

1 0, 0,1, .n

np p p n+

+= =                                (2.13) 

ʗʢʱʦ 1p<  (ʰʚʠʜʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʝʨʝʚʠʱʫʻ ʰʚʠʜʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʴ), 

ʫʩʽ ʡʤʦʚʽʨʥʦʩʪʽ 
np  ʻ ʧʦʟʠʪʠʚʥʠʤʠ, ʘ ʾʭʥ ̫ʩʫʤʘ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ. ʆʪʞʝ, 

0
0

0 0

1 .
1

n

n

n n

p
p p p

p

¤ ¤

= =

= = =
-

ä ä                                  (2.14) 

ʎʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʘʟʦʤ ʟ ʬʦʨʤʫʣʦʶ (2.13) ʦʩʪʘʪʦʯʥʦ ʜʘʻ 

( )1 , 0,1, .n

np p p n= - =                               (2.15) 

ʊʝʧʝʨ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʩʝʨʝʜʥ ʁ ʢʽʣʴʢʽʩʪʴ ʚʠʤʦʛ ʫ ʩʠʩʪʝʤʽ ʚ 

ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ 

(){ } ( ) ( )

( ) ( ) ( )
( )

1

0 0 0

2
0

lim 1 1

1 1 1
1 1 1

1 1

n n

n
t

n n n

n

n

N E N t np np p p p np

p p p p p p p
p p p p p

¤ ¤ ¤
-

­¤
= = =

¤

=

= = = - = - =

å õµ µå õ
= - = - = -æ öæ ö

µ µ - -ç ÷ ç ÷

ä ä ä

ä
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ʽ, ʥʘʨʝʰʪʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʚʥʽʩʪʴ p l m= , ʦʪʨʠʤʫʻʤʦ  

.
1

p
N

p

l

m l
= =
- -

                                           (2.16) 

ʎʁ  ʨʽʚʥʽʩʪʴ ʧʦʢʘʟʘʥʦ ʛʨʘʬʽʯʥʦ ʥʘ ʨʠʩ. 2.2. ʇʨʠ ʟʨʦʩʪʘʥʥʽ p  ʟʥʘʯʝʥʥʷ N

ʪʘʢʦʞ ʟʨʦʩʪʘʻ, ʽ ʧʨʠ 1p­  ʤʘʻʤʦ N­¤. ɻʨʘʬʽʢ ʩʧʨʘʚʝʜʣʠʚʠʡ ʜʣʷ 1p< . 

ʗʢʱʦ 1p>, ʦʙʩʣʫʛʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ ʥʝ ʤʦʞʝ ʚʧʦʨʘʪʠʩʷ ʟ ʧʦʪʦʢʦʤ ʥʘʜʭʦʜʞʝʥʴ 

ʚʠʤʦʛ ʽ ʯʝʨʛʘ ʥʝʦʙʤʝʞʝʥʦ ʟʨʦʩʪʝ. ʋ ʪʝʨʤʽʥʘʭ ʩʠʩʪʝʤʠ ʧʘʢʝʪʥʦʾ ʧʝʨʝʜʘʯʽ 1p>  

ʦʟʥʘʯʘʻ, ʱʦ L Cl > , ʜʝ l ï ʰʚʠʜʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ (ʫ ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ ʟʘ 

ʩʝʢʫʥʜʫ), L  ï ʩʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʧʘʢʝʪʘ ʚ ʙʽʪʘʭ, C  ï ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʢʘʥʘʣʫ 

ʫ ʙʽʪʘʭ ʟʘ ʩʝʢʫʥʜʫ. 
 

 
 

ʈʠʩʫʥʦʢ 2.2 ï ʉʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʚʠʤʦʛ ʫ ʩʠʩʪʝʤʽ / /1M M   

ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʇʨʠ 1p­  ʤʘʻʤʦ N­¤ 
 

ʉʝʨʝʜʥʷ ʟʘʪʨʠʤʢʘ ʚʠʤʦʛʠ (ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʚ ʯʝʨʟʽ ʧʣʶʩ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ), 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʦʨʝʤʠ ʃʽʪʪʣʘ, ʜʦʨʽʚʥʶʻ 

( )
.

1

N p
T

pl l
= =

-
                                         (2.17) 

ʇʽʜʩʪʘʚʣʷʶʯʠ p l m= , ʦʪʨʠʤʫʻʤʦ  

( )1 .T m l= -                                               (2.18) 

ʉʝʨʝʜʥʽʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʚ ʯʝʨʟʽ W  ʜʦʨʽʚʥʶʻ ʩʝʨʝʜʥʽʡ ʟʘʪʨʠʤʮʽ ʧʘʢʝʪʘ T  

ʤʽʥʫʩ ʩʝʨʝʜʥʽʡ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 1m, ʪʦʤʫ 

1 1
.

p
W

m l m m l
= - =
- -
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ɿ ʪʝʦʨʝʤʠ ʃʽʪʪʣʘ ʤʘʻʤʦ, ʱʦ ʩʝʨʝʜʥ ̫ʢʽʣʴʢʽʩʪʴ ʚʠʤʦʛ ʫ ʯʝʨʟʽ  
2

.
1

Q

p
N W

p
l= =

-
 

ɼʫʞʝ ʢʦʨʠʩʥʦ ʨʦʟʛʣʷʜʘʪʠ ʚʝʣʠʯʠʥʫ p  ʷʢ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʪʦʙʪʦ ʷʢ ʩʪʘʮʽʦʥʘʨʥʫ ʯʘʩʪʢʫ ʯʘʩʫ, ʧʨʦʪʷʛʦʤ 

ʷʢʦʛʦ ʟʘʡʥʷʪʠʡ ʦʙʩʣʫʛʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ. ʄʠ ʮʝʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʨʘʥʽʰʝ ʚ ʙʽʣʴʰ ʟʘʛʘʣʴʥʠʭ ʫʤʦʚʘʭ ʧʽʜ ʯʘʩ ʟʘʩʪʦʩʫʚʘʥʥ ̫ʪʝʦʨʝʤʠ ʃʽʪʪʣʘ. ʄʘʻʤʦ 

01p p= - , ʜʝ 
0p  ï ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʚ ʩʠʩʪʝʤʽ ʥʝʤʘʻ ʚʠʤʦʛ; ʚʠʭʦʜʠʪʴ ʽʥʰʝ 

ʜʦʚʝʜʝʥʥʷ ʬʦʨʤʫʣʠ ʜʣʷ (2.14). 

 

2.3 ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

 

1. ʉʬʦʨʤʫʣʶʡʪʝ ʪʝʦʨʝʤʫ ʃʽʪʪʣʘ. 

2. ʇʦʷʥʪ̔ʴ ʟʥʘʯʫʱʽʩʪʴ ʪʝʦʨʝʤʠ ʃʽʪʪʣʘ. 

3. ɼʘʡʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʤʦʜʝʣʽ / /1M M . 

4. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʧʫʘʩʩʦʥʽʚʩʴʢʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦʪʦʢʽʚ. 

5. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʣʘʥʮʶʛʽʚ ʄʘʨʢʦʚʘ ʜʣʷ ʩʠʩʪʝʤʠ / /1M M .  

6. ʅʘʚʝʜʪ̔ʴ ʬʦʨʤʫʣʫ ʦʙʯʠʩʣʝʥʥʷ ʩʝʨʝʜʥʴʦ ʾ ʢʽʣʴʢʦʩʪʽ ʚʠʤʦʛ ʫ ʩʠʩʪʝʤʽ  

ʚ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ. 

7. ʇʦʷʩʥʽʪ,ɹ ʷʢ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʚʠʤʦʛ ʫ ʩʠʩʪʝʤʽ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. 
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ʃʝʢʮʽʷ 3 

ʄɽʊʆɼʀ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʆɹʉʃʋɻʆɺʋɺɸʅʅʗ 

ʅɸ ʆʉʅʆɺɯ ʂɽʈʋɺɸʅʅʗ ʏɽʈɻɸʄʀ ʊɸ ʂʆʅɼʀʎɯʖɺɸʅʅʗ ʊʈɸʌɯʂɸ 

 

 

3.1 ʄʝʪʦʜʠ ʢʝʨʫʚʘʥʥʷ ʯʝʨʛʘʤʠ 

 

ʏʝʨʛʠ ʡ ʨʽʟʥʽ ʢʣʘʩʠ ʪʨʘʬʽʢʘ 

ʇʦʛʣʷʥʝʤʦ, ʷʢ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʥʘʰʽ ʟʥʘʥʥʷ ʧʨʦ ʟʘʣʝʞʥʽʩʪʴ ʧʦʚʝʜʽʥʢʠ 

ʯʝʨʛ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʦʩʥʦʚʥʦʾ ʽʜʝʾ ʤʝʪʦʜʽʚ QoS,  

ʘ ʩʘʤʝ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʣʘʩʽʚ ʪʨʘʬʽʢʘ ʟ ʨʽʟʥʠʤʠ ʚʠʤʦʛʘʤʠ 

ʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʡ ʥʘʜʽʡʥʦʩʪʽ ʤʝʨʝʞʽ. ʑʦʙ ʧʨʦʩʪʽʰʝ ʙʫʣʦ ʚ 

ʮʴʦʤʫ ʨʦʟʽʙʨʘʪʠʩʷ, ʜʽʣʠʪʠʤʝʤʦ ʚʩʽ ʧʦʪʦʢʠ ʥʘ ʜʚʘ ʢʣʘʩʠ ï ʯʫʪʣʠʚʠʡ ʜʦ ʟʘʪʨʠʤʦʢ 

(ʪʨʘʬʽʢ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʥʘʧʨʠʢʣʘʜ, ʛʦʣʦʩʦʚʠʡ) ʽ ʝʣʘʩʪʠʯʥʠʡ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʝʣʠʢʽ ʟʘʪʨʠʤʢʠ, ʘʣʝ ʯʫʪʣʠʚʠʡ ʜʦ ʚʪʨʘʪ ʜʘʥʠʭ. 

ʄʠ ʟʥʘʻʤʦ, ʱʦ ʷʢʱʦ ʟʘʙʝʟʧʝʯʠʪʠ ʜʣʷ ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʘʪʨʠʤʦʢ ʪʨʘʬʽʢʘ 

ʢʦʝʬʽʮʽʻʥʪ ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʦʞʥʦʛʦ ʨʝʩʫʨʩʘ ʥʝ ʙʽʣʴʰʝ 0,2, ʪʦ, ʤʘʙʫʪʴ, ʟʘʪʨʠʤʢʠ ʚ 

ʢʦʞʥʽʡ ʯʝʨʟʽ ʙʫʜʫʪʴ ʥʝʚʝʣʠʢʠʤʠ ʡ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʧʨʠʡʥʷʪʥʠʤʠ ʜʣʷ ʙʘʛʘʪʴʦʭ 

ʪʠʧʽʚ ʜʦʜʘʪʢʽʚ ʮʴʦʛʦ ʢʣʘʩʫ. 

ɼʣʷ ʝʣʘʩʪʠʯʥʦʛʦ ʪʨʘʬʽʢʘ, ʩʣʘʙʢʦ ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʘʪʨʠʤʦʢ, ʤʦʞʥʘ 

ʜʦʧʫʩʪʠʪʠ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʘʣʝ ʥʝ ʙʽʣʴʰʝ 0,9. ɼʣʷ ʪʦʛʦ 

ʱʦʙ ʧʘʢʝʪʠ ʮʴʦʛʦ ʢʣʘʩʫ ʥʝ ʛʫʙʠʣʠʩʷ, ʩʣʽʜ ʧʝʨʝʜʙʘʯʠʪʠ ʜʣʷ ʥʠʭ ʙʫʬʝʨʥʫ 

ʧʘʤô̫ ʪʴ, ʜʦʩʪʘʪʥʶ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʚʩʽʭ ʧʘʢʝʪʽʚ ʧʝʨʽʦʜʘ ʧʫʣʴʩʘʮʽʾ. ɽʬʝʢʪ ʚʽʜ 

ʪʘʢʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʨʝʩʫʨʩʘ ʽʣʶʩʪʨʫʻ ʨʠʩ. 3.1. 
 

 
 

ʈʠʩʫʥʦʢ 3.1 ï ʆʙʩʣʫʛʦʚʫʚʘʥʥʷ ʝʣʘʩʪʠʯʥʦʛʦ ʡ ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʘʪʨʠʤʦʢ ʪʨʘʬʽʢʘ 
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ɿʘʪʨʠʤʢʠ ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʘʪʨʠʤʦʢ ʪʨʘʬʽʢʘ ʜʦʨʽʚʥʶʶʪʴ 
sw, ʘ ʟʘʪʨʠʤʢʠ 

ʝʣʘʩʪʠʯʥʦʛʦ ʪʨʘʬʽʢʘ ï 
ew . 

ʑʦʙ ʜʦʩʷʛʪʠ ʨʽʟʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʜʣʷ ʨʽʟʥʠʭ ʢʣʘʩʽʚ 

ʪʨʘʬʽʢʘ, ʧʦʪʨʽʙʥʦ ʚ ʢʦʞʥʦʤʫ ʢʦʤʫʪʘʪʦʨʽ ʜʣʷ ʢʦʞʥʦʛʦ ʨʝʩʫʨʩʘ ʧʽʜʪʨʠʤʫʚʘʪʠ ʜʚʽ 

ʨʽʟʥʽ ʯʝʨʛʠ. ɸʣʛʦʨʠʪʤ ʚʠʙʽʨʢʠ ʧʘʢʝʪʽʚ ʟ ʯʝʨʛ ʤʘʻ ʚʽʜʜʘʚʘʪʠ ʧʝʨʝʚʘʛʫ ʯʝʨʟʽ 

ʯʫʪʣʠʚʠʭ ʜʦ ʟʘʪʨʠʤʦʢ ʧʘʢʝʪʽʚ. ʗʢʙʠ ʚʩʽ ʧʘʢʝʪʠ ʧʝʨʰʦʾ ʯʝʨʛʠ ʦʙʩʣʫʛʦʚʫʚʘʣʠʩʷ 

ʧʨʽʦʨʠʪʝʪʥʦ, ʘ ʧʘʢʝʪʠ ʜʨʫʛʦʾ ï ʣʠʰʝ ʪʦʜʽ, ʢʦʣʠ ʧʝʨʰʘ ʯʝʨʛʘ ʧʦʨʦʞʥʷ, ʪʦ ʜʣʷ 

ʪʨʘʬʽʢʘ ʧʝʨʰʦʾ ʯʝʨʛʠ ʪʨʘʬʽʢ ʜʨʫʛʦʾ ʯʝʨʛʠ ʬʘʢʪʠʯʥʦ ʧʝʨʝʩʪʘʚ ʙʠ ʽʩʥʫʚʘʪʠ.  

ʊʦʤʫ, ʷʢʱʦ ʚʽʜʥʦʰʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʪʨʘʬʽʢʘ 
1l ʜʦ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʝʩʫʨʩʫ m ʜʦʨʽʚʥʶʻ 0,2, ʪʦ ʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ 

ʥʴʦʛʦ ʜʦʨʽʚʥʶʻ 0,2. ɸ ʦʪ ʜʣʷ ʝʣʘʩʪʠʯʥʦʛʦ ʪʨʘʬʽʢʘ, ʧʘʢʝʪʠ ʷʢʦʛʦ ʟʘʚʞʜʠ 

ʦʯʽʢʫʶʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʨʽʦʨʠʪʝʪʥʠʭ ʧʘʢʝʪʽʚ, ʢʦʝʬʽʮʽʻʥʪ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʧʽʜʨʘʭʦʚʫʻʪʴʩʷ ʽʥʘʢʰʝ. ʗʢʱʦ ʩʝʨʝʜʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʝʣʘʩʪʠʯʥʦʛʦ ʪʨʘʬʽʢʘ 

ʜʦʨʽʚʥʶʻ 
2l, ʪʦ ʜʣʷ ʥʴʦʛʦ ʨʝʩʫʨʩ ʙʫʜʝ ʟʘʚʘʥʪʘʞʝʥʠʡ ʥʘ ( )1 2l l m+ .  

ʊʘʢ ʱʦ, ʷʢʱʦ ʤʠ ʭʦʯʝʤʦ, ʱʦʙ ʜʣʷ ʝʣʘʩʪʠʯʥʦʛʦ ʪʨʘʬʽʢʘ ʢʦʝʬʽʮʽʻʥʪ  

ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʪʘʥʦʚʠʚ 0,9, ʪʦ ʡʦʛʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʤʘʻ ʟʥʘʭʦʜʠʪʠʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 
2 0,7l m= . 

ɻʦʣʦʚʥʘ ʽʜʝʷ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʦʩʥʦʚʽ ʚʩʽʭ ʤʝʪʦʜʽʚ ʧʽʜʪʨʠʤʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

QoS, ʪʘʢʘ: ʟʘʛʘʣʴʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʦʞʥʦʛʦ ʨʝʩʫʨʩʫ ʤʘʻ ʙʫʪʠ ʧʦʜʽʣʝʥʘ ʤʽʞ 

ʨʽʟʥʠʤʠ ʢʣʘʩʘʤʠ ʪʨʘʬʽʢʘ ʥʝʨʽʚʥʦʤʽʨʥʦ. 

ʄʦʞʥʘ ʚʚʝʩʪʠ ʙʽʣʴʰʝ ʜʚʦʭ ʢʣʘʩʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʡ ʥʘʤʘʛʘʪʠʩʷ, ʱʦʙ 

ʢʦʞʝʥ ʢʣʘʩ ʧʨʘʮʶʚʘʚ ʥʘ ʩʚʦʾʡ ʯʘʩʪʠʥʽ ʢʨʠʚʦʾ ʟʘʪʨʠʤʦʢ. ʗʢʱʦ ʪʘʢʝ ʟʘʚʜʘʥʥʷ 

ʚʠʨʽʰʝʥʦ, ʪʦ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʢʨʘʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS ʟʘ ʨʘʭʫʥʦʢ 

ʽʥʰʠʭ ʤʝʪʦʜʽʚ, ʥʘʧʨʠʢʣʘʜ, ʟʥʠʞʫʶʯʠ ʧʫʣʴʩʘʮʽʶ ʪʨʘʬʽʢʘ. 

ɿʘʣʠʰʠʣʦʩʷ ʟô̫ ʩʫʚʘʪʠ, ʷʢ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʪʘʢʽ ʫʤʦʚʠ ʜʣʷ ʨʽʟʥʠʭ ʢʣʘʩʽʚ 

ʪʨʘʬʽʢʘ ʚ ʢʦʞʥʦʤʫ ʚʫʟʣʽ ʤʝʨʝʞʽ. 

 

ʊʝʭʥʽʢʘ ʢʝʨʫʚʘʥʥʷ ʯʝʨʛʘʤʠ 

ʊʝʭʥʽʢʘ ʢʝʨʫʚʘʥʥʷ ʯʝʨʛʘʤʠ ʧʦʪʨʽʙʥʘ ʜʣʷ ʨʦʙʦʪʠ ʚ ʧʝʨʽʦʜʠ ʯʘʩʦʚʠʭ 

ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʢʦʣʠ ʤʝʨʝʞʥʠʡ ʧʨʠʩʪʨʽʡ ʥʝ ʩʧʨʘʚʣʷʻʪʴʩʷ ʟ ʧʝʨʝʜʘʯʝʶ ʧʘʢʝʪʽʚ 

ʥʘ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ ʫ ʪʦʤʫ ʪʝʤʧʽ, ʫ ʷʢʦʤʫ ʚʦʥʠ ʥʘʜʭʦʜʷʪʴ. ʗʢʱʦ ʧʨʠʯʠʥʦʶ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʻ ʥʝʜʦʩʪʘʪʥʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʦʨʥʦʛʦ ʙʣʦʢʘ ʤʝʨʝʞʥʦʛʦ 

ʧʨʠʩʪʨʦʶ, ʪʦ ʥʝʦʙʨʦʙʣʝʥʽ ʧʘʢʝʪʠ ʪʠʤʯʘʩʦʚʦ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʫ ʚʭʽʜʥʽʡ ʯʝʨʟʽ 

ʚ̔ ʜʧʦʚʽʜʥʦʛʦ ʚʭʽʜʥʦʛʦ ʽʥʪʝʨʬʝʡʩʘ. 

ʏʝʨʛ ʜʦ ʚʭʽʜʥʦʛʦ ʽʥʪʝʨʬʝʡʩʘ ʤʦʞʝ ʙʫʪʠ ʜʝʢʽʣʴʢʘ, ʷʢʱʦ ʤʠ 

ʜʠʬʝʨʝʥʮʽʶʻʤʦ ʟʘʧʠʪʠ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦ ʜʝʢʽʣʴʢʦʭ ʢʣʘʩʘʭ. ʋ ʪʦʤʫ ʞ 
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ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʨʠʯʠʥʦ  ʁ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ  ̒ ʦʙʤʝʞʝʥʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ 

ʚʠʭʽʜʥʦʛʦ ʽʥʪʝʨʬʝʡʩʘ, ʧʘʢʝʪʠ ʪʠʤʯʘʩʦʚʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʚʠʭʽʜʥʠʡ ʯʝʨʟʽ  

(ʘʙʦ ʯʝʨʛʘʭ) ʮʴʦʛʦ ʽʥʪʝʨʬʝʡʩʫ. 

 

ʏʝʨʛʘ FIFO 

ʋ ʯʝʨʟʽ FIFO ʫ ʨʘʟʽ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʚʩʽ ʧʘʢʝʪʠ ʧʦʤʽʱʫʁ ʪʴʩʷ ʚ ʦʜʥʫ 

ʟʘʛʘʣʴʥʫ ʯʝʨʛʫ ʡ ʚʠʙʠʨʘʶʪʴʩʷ ʟ ʥʝʾ ʫ ʪʦʤʫ ʧʦʨʷʜʢʫ, ʫ ʷʢʦʤʫ ʥʘʜʽʡʰʣʠ.  

ɺ ʫʩʽʭ ʧʨʠʩʪʨʦʷʭ ʟ ʢʦʤʫʪʘʮʽʻʶ ʧʘʢʝʪʽʚ ʘʣʛʦʨʠʪʤ FIFO ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ  

ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ, ʪʦʤʫ ʪʘʢʘ ʯʝʨʛʘ ʪʘʢʦʞ ʟʘʟʚʠʯʘʡ ʥʘʟʠʚʘʻʪʴʩʷ ʯʝʨʛʦʶ  

çʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤè. ʇʝʨʝʚʘʛʘʤʠ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʻ ʧʨʦʩʪʦʪʘ ʨʝʘʣʽʟʘʮʽʾ ʡ 

ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʪʨʝʙʠ ʚ ʢʦʥʬʽʛʫʨʘʮʽʾ. ʆʜʥʘʢ ʡʦʤʫ ʧʨʠʪʘʤʘʥʥʠʡ ʽ ʢʦʨʽʥʥʠʡ 

ʥʝʜʦʣʽʢ ï ʥʝʤʦʞʣʠʚʽʩʪʴ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʧʘʢʝʪʽʚ ʨʽʟʥʠʭ ʧʦʪʦʢʽʚ.  

ʋʩʽ ʧʘʢʝʪʠ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʟʘʛʘʣʴʥʽʡ ʯʝʨʟʽ ʥʘ ʨʽʚʥʠʭ ʧʽʜʩʪʘʚʘʭ. ʈʘʟʦʤ ʟʥʘʭʦʜʷʪʴʩʷ 

 ̔ʧʘʢʝʪʠ ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʘʪʨʠʤʦʢ ʛʦʣʦʩʦʚʦʛʦ ʪʨʘʬʽʢʘ, ʽ ʧʘʢʝʪʠ ʥʝʯʫʪʣʠʚʦʛʦ ʜʦ 

ʟʘʪʨʠʤʦʢ, ʘʣʝ ʜʫʞʝ ʽʥʪʝʥʩʠʚʥʦʛʦ ʪʨʘʬʽʢʘ ʨʝʟʝʨʚʥʦʛʦ ʢʦʧʽʶʚʘʥʥʷ, ʪʨʠʚʘʣʽ 

ʧʫʣʴʩʘʮʽʾ ʷʢʦʛʦ ʤʦʞʫʪʴ ʥʘʜʦʚʛʦ ʟʘʪʨʠʤʘʪʠ ʛʦʣʦʩʦʚʠʡ ʧʘʢʝʪ. 

 

ʇʨʽʦʨʠʪʝʪʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʏʝʨʛʠ ʟ ʧʨʽʦʨʠʪʝʪʥʠʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʜʫʞʝ ʧʦʧʫʣʷʨʥʽ ʚ ʙʘʛʘʪʴʦʭ 

ʛʘʣʫʟʷʭ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʟʦʢʨʝʤʘ, ʚ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ, ʢʦʣʠ ʦʜʥʠʤ 

ʜʦʜʘʪʢʘʤ ʩʣʽʜ ʚʽʜʜʘʪʠ ʧʝʨʝʚʘʛʫ ʧʝʨʝʜ ʽʥʰʠʤʠ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʾʭ ʫ 

ʤʫʣʴʪʠʧʨʦʛʨʘʤʥʽʡ ʩʫʤʽʰʽ. 

ɿʘʩʪʦʩʦʚʫʶʪʴʩʷ ʮʽ ʯʝʨʛʠ ʡ ʜʣʷ ʧʝʨʝʚʘʞʥʦʾ, ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ, ʦʙʨʦʙʢʠ 

ʦʜʥʦʛʦ ʢʣʘʩʫ ʪʨʘʬʽʢʘ. 

ʄʝʭʘʥʽʟʤ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʦʜʽʣʽ ʚʩʴʦʛʦ 

ʤʝʨʝʞʥʦʛʦ ʪʨʘʬʽʢʘ ʥʘ ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ ʽ ʧʦʜʘʣʴʰʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʢʦʞʥʦʤʫ ʢʣʘʩʫ ʜʝʷʢʦ ʾʯʠʩʣʦʚʦ ʾʦʟʥʘʢʠ ï ʧʨʽʦʨʠʪʝʪʫ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʨʘʬʽʢʘ ʻ ʦʢʨʝʤʠʤ ʟʘʚʜʘʥʥʷʤ. ʇʘʢʝʪʠ ʤʦʞʫʪʴ ʨʦʟʙʠʚʘʪʠʩʷ 

ʥʘ ʧʨʽʦʨʠʪʝʪʥʽ ʢʣʘʩʠ ʥʘ ʧʽʜʩʪʘʚʽ ʨʽʟʥʠʭ ʦʟʥʘʢ: ʘʜʨʝʩʠ ʧʨʠʟʥʘʯʝʥʥʷ, ʘʜʨʝʩʠ 

ʜʞʝʨʝʣʘ, ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ ʜʦʜʘʪʢʘ, ʱʦ ʛʝʥʝʨʫʻ ʮʝʡ ʪʨʘʬʽʢ, ʙʫʜʴ-ʷʢʠʭ ʽʥʰʠʭ 

ʢʦʤʙʽʥʘʮʽʡ ʦʟʥʘʢ, ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʚ ʟʘʛʦʣʦʚʢʘʭ ʧʘʢʝʪʽʚ. ʇʨʘʚʠʣʘ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʧʘʢʝʪʽʚ ʻ ʯʘʩʪʠʥʦʶ ʧʦʣʽʪʠʢʠ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʤʝʨʝʞʽ. 

ʊʦʯʢʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʨʘʬʽʢʘ ʤʦʞʝ ʨʦʟʤʽʱʫʚʘʪʠʩʷ ʚ ʢʦʞʥʦʤʫ 

ʢʦʤʫʥʽʢʘʮʽʡʥʦʤʫ ʧʨʠʩʪʨʦʾ. ɹʽʣʴʰ ʤʘʩʰʪʘʙʥʦ ï ʨʦʟʤʽʱʝʥʥʷ ʬʫʥʢʮʽʡ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʨʘʬʽʢʘ ʚ ʦʜʥʦʤʫ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʧʨʠʩʪʨʦʷʭ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʤʝʞʽ 

ʤʝʨʝʞʽ (ʥʘʧʨʠʢʣʘʜ, ʫ ʢʦʤʫʪʘʪʦʨʘʭ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ, ʜʦ ʷʢʠʭ 

ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʢʦʤʧôʁ ʪʝʨʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘʙʦ ʫ ʚʭʽʜʥʠʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ 
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ʤʝʨʝʞʽ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʧʦʩʣʫʛ). ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʝ ʩʧʝʮʽʘʣʴʥʝ ʧʦʣʝ ʚ 

ʧʘʢʝʪʽ, ʫ ʷʢʦʤʫ ʤʦʞʥʘ ʟʘʧʘʤô̫ ʪʘʪʠ ʧʨʠʟʥʘʯʝʥʝ ʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʫ, ʱʦʙ ʥʠʤ 

ʤʦʛʣʠ ʩʢʦʨʠʩʪʘʪʠʩʷ ʽʥʰʽ ʤʝʨʝʞʥ̔  ʧʨʠʩʪʨʦʾ, ʷʢʽ ʦʙʨʦʙʣʷʶʪʴ ʪʨʘʬʽʢ ʧʽʩʣʷ 

ʧʨʠʩʪʨʦʶ, ɦ ʦ ʢʣʘʩʠʬʽʢʫʻ. ʊʘʢʝ ʧʦʣʝ ʻ ʚ ʟʘʛʦʣʦʚʢʫ ʙʘʛʘʪʴʦʭ ʧʨʦʪʦʢʦʣʽʚ. 

ʋ ʪʠʭ ʞʝ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʦʣʷ ʧʨʽʦʨʠʪʝʪʫ ʚ ʟʘʛʦʣʦʚʢʫ ʥʝʤʘʻ, 

ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʜʦʜʘʪʢʦʚʠʡ ʧʨʦʪʦʢʦʣ, ʷʢʠʡ ʚʚʦʜʠʪ ɹʥʦʚʠʡ ʟʘʛʦʣʦʚʦʢ ʟ ʪʘʢʠʤ 

ʧʦʣʝʤ (ʥʘʧʨʠʢʣʘʜ, ʟ ʧʨʦʪʦʢʦʣʦʤ Ethernet). 

ʇʨʽʦʨʠʪʝʪʠ ʤʦʞʫʪʴ ʧʨʠʟʥʘʯʘʪʠʩʷ ʥʝ ʪʽʣʴʢʠ ʢʦʤʫʪʘʪʦʨʦʤ ʘʙʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ, ʘ ʡ ʜʦʜʘʪʢʦʤ ʥʘ ʚʫʟʣʽ-ʚʽʜʧʨʘʚʥʠʢʫ. ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ 

ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʷʢʱʦ ʚ ʤʝʨʝʞʽ ʚʽʜʩʫʪʥʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʘ ʧʦʣʽʪʠʢʘ ʧʨʠʟʥʘʯʝʥʥʷ 

ʧʨʽʦʨʠʪʝʪʽʚ, ʢʦʞʝʥ ʤʝʨʝʞʥʠʡ ʧʨʠʩʪʨʽʡ ʤʦʞʝ ʥʝ ʧʦʛʦʜʠʪʠʩʷ ʟ ʧʨʽʦʨʠʪʝʪʦʤ, 

ʧʨʠʟʥʘʯʝʥʠʤ ʜʘʥʦʤʫ ʧʘʢʝʪʫ ʚ ʽʥʰʽʡ ʪʦʯʮʽ ʤʝʨʝʞʽ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʽʥ 

ʧʝʨʝʧʠʰʝ ʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʫ ʟʛʽʜʥʦ ʟ ʣʦʢʘʣʴʥʦ ʁ ʧʦʣʽʪʠʢʦʶ, ʧʨʠʡʥʷʪʦ ʁ

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʮʴʦʤʫ ʧʨʠʩʪʨʦʾ. 

ʋ ʤʝʨʝʞʥʦʤʫ ʧʨʠʩʪʨʦʾ, ʱʦ ʧʽʜʪʨʠʤʫʻ ʧʨʽʦʨʠʪʝʪʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʻ 

ʢʽʣʴʢʘ ʯʝʨʛ (ʙʫʬʝʨʽʚ) ï ʧʦ ʦʜʥʽʡ ʜʣʷ ʢʦʞʥʦʛʦ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʢʣʘʩʫ. ʇʘʢʝʪ, ʱʦ 

ʥʘʜʽʡʰʦʚ ʫ ʧʝʨʽʦʜ ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʧʦʤʽʱʫ̒ ʪʴʩʷ ʚ ʯʝʨʛʫ, ʚʽʜʧʦʚʽʜʥʫ ʡʦʛʦ 

ʧʨʽʦʨʠʪʝʪʥʦʤʫ ʢʣʘʩʫ. 

(ɯʥʦʜʽ ʢʽʣʴʢʘ ʯʝʨʛ ʟʦʙʨʘʞʫʶʪʴ ʫ ʚʠʛʣʷʜʽ ʦʜʥʽʻʾ ʯʝʨʛʠ, ʫ ʷʢʽʡ ʟʥʘʭʦʜʷʪʴʩʷ 

ʟʘʷʚʢʠ ʨʽʟʥʠʭ ʢʣʘʩʽʚ. ʗʢʱʦ ʟʘʷʚʢʠ ʚʠʙʠʨʘʶʪʴʩʷ ʟ ʯʝʨʛʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʭ 

ʧʨʽʦʨʠʪʝʪʽʚ, ʪʦ ʮʝ ʧʨʦʩʪʦ ʽʥʰʝ ʧʦʜʘʥʥʷ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʩʘʤʦʛʦ ʤʝʭʘʥʽʟʤʫ.) 

ʅʘ ʨʠʩ. 3.2 ʥʘʚʝʜʝʥʠʡ ʧʨʠʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʦʪʠʨʴʦʭ ʧʨʽʦʨʠʪʝʪʥʠʭ ʯʝʨʛ 

ʟ ʚʠʩʦʢʠʤ, ʩʝʨʝʜʥʽʤ, ʥʦʨʤʘʣʴʥʠʤ ʽ ʥʠʟʴʢʠʤ ʧʨʽʦʨʠʪʝʪʘʤʠ.  
 

 

 

ʈʠʩʫʥʦʢ 3.2 ï ʇʨʽʦʨʠʪʝʪʥʽ ʯʝʨʛʠ 

 

ɼʦʪʠ, ʜʦʢʠ ʟ ʙʽʣʴʰ ʧʨʽʦʨʠʪʝʪʥʦʾ ʯʝʨʛʠ ʥʝ ʙʫʜʫʪʴ ʦʙʨʘʥʽ ʚʩʽ ʥʘʷʚʥʽ ʚ ʥʽʡ 

ʧʘʢʝʪʠ, ʧʨʠʩʪʨʽʡ ʥʝ ʧʝʨʝʡʜʝ ʜʦ ʦʙʨʦʙʢʠ ʥʘʩʪʫʧʥʦʾ, ʤʝʥʰ ʧʨʽʦʨʠʪʝʪʥʦʾ, ʯʝʨʛʠ. 
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ʊʦʤʫ ʧʘʢʝʪʠ ʟ ʥʠʟʴʢʠʤ ʧʨʽʦʨʠʪʝʪʦʤ ʦʙʨʦʙʣʶʶʪʴʩʷ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʩʪʘʶʪʴ 

ʧʦʨʦʞʥʽʤʠ ʫʩʽ ʚʠʱʽ ʯʝʨʛʠ: ʟ ʚʠʩʦʢʠʤ, ʩʝʨʝʜʥʽʤ ʽ ʥʦʨʤʘʣʴʥʠʤ ʧʨʽʦʨʠʪʝʪʘʤʠ. 

ʈʦʟʤʽʨ ʙʫʬʝʨʘ ʤʝʨʝʞʥʦʛʦ ʧʨʠʩʪʨʦʶ ʚʠʟʥʘʯʘʻ ʤʘʢʩʠʤʘʣʴʥʫ ʜʦʚʞʠʥʫ 

ʯʝʨʛʠ ʧʘʢʝʪʽʚ, ʷʢʽ ʦʯʽʢʫʶʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; ʷʢʱʦ ʧʘʢʝʪ ʥʘʜʭʦʜʠʪ ɹ ʧʨʠ 

ʟʘʧʦʚʥʝʥʦʤʫ ʙʫʬʝʨʽ, ʪʦ ʚʽʥ ʧʨʦʩʪʦ ʚʽʜʢʠʜʘʻʪʴʩʷ. ɿʘʟʚʠʯʘʡ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ 

ʫʩʽʤ ʧʨʽʦʨʠʪʝʪʥʠʤ ʯʝʨʛʘʤ ʚʽʜʚʦʜʷʪʴʩʷ ʦʜʥʘʢʦʚʽ ʙʫʬʝʨʠ, ʘʣʝ ʙʘʛʘʪʦ ʧʨʠʩʪʨʦʾʚ 

ʜʦʟʚʦʣʷʶʪʴ ʘʜʤʽʥʽʩʪʨʘʪʦʨʫ ʧʨʠʟʥʘʯʘʪʠ ʢʦʞʥʽʡ ʯʝʨʟʽ ʙʫʬʝʨ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʨʦʟʤʽʨʫ. ʈʦʟʤʽʨ ʙʫʬʝʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʚ ʽʜʝʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʪʘʢ, ʱʦʙ ʡʦʛʦ ʙʫʣʦ 

ʜʦʩʪʘʪʥʴʦ ʟ ʥʝʚʝʣʠʢʠʤ ʟʘʧʘʩʦʤ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʯʝʨʛʠ ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʦʾ 

ʜʦʚʞʠʥʠ. ʆʜʥʘʢ ʚʩʪʘʥʦʚʠʪʠ ʮʝ ʟʥʘʯʝʥʥʷ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ 

ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ, ʪʦʤʫ ʧʦʪʨʽʙʥʝ ʧʦʩʪʽʡʥʝ ʡ 

ʪʨʠʚʘʣʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʨʦʙʦʪʦʶ ʤʝʨʝʞʽ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʯʠʤ ʚʠʱʝ 

ʟʥʘʯʫʱ̔ ʩʪʴ ʪʨʘʬʽʢʘ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʯʠʤ ʙʽʣʴʰʝ ʡʦʛʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʽ 

ʧʫʣʴʩʘʮʽʾ, ʪʠʤ ʙʽʣʴʰʠʡ ʨʦʟʤʽʨ ʙʫʬʝʨʘ ʧʦʪʨʽʙʥʦ ʮʴʦʤʫ ʪʨʘʬʽʢʫ. ʋ ʧʨʠʢʣʘʜʽ, 

ʥʘʚʝʜʝʥʦʤʫ ʥʘ ʨʠʩ. 3.2, ʜʣʷ ʪʨʘʬʽʢʘ ʚʠʱʦʛʦ ʡ ʥʦʨʤʘʣʴʥʦʛʦ ʧʨʽʦʨʠʪʝʪʽʚ ʦʙʨʘʥʽ 

ʚʝʣʠʢʽ ʨʦʟʤʽʨʠ ʙʫʬʝʨʽʚ, ʘ ʜʣʷ ʽʥʰʠʭ ʜʚʦʭ ʢʣʘʩʽʚ ï ʤʝʥʰʽ. 

ʄʦʪʠʚʠ ʧʨʠʡʥʷʪʦʛʦ ʨʽʰʝʥʥʷ ʜʣʷ ʚʠʱʦʛʦ ʧʨʽʦʨʠʪʝʪʫ ʦʯʝʚʠʜʥʽ, ʘ ʪʨʘʬʽʢ 

ʥʦʨʤʘʣʴʥʦʛʦ ʧʨʽʦʨʠʪʝʪʫ ʤʘʻ, ʦʯʝʚʠʜʥʦ, ʚʠʩʦʢʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʽ ʟʥʘʯʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʧʫʣʴʩʘʮʽʡ. 

ʇʨʽʦʨʠʪʝʪʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʯʝʨʛ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʜʣʷ ʧʘʢʝʪʽʚ ʟ ʥʘʡʙʽʣʴʰ ʧʨʽʦʨʠʪʝʪʥʦʶ ʯʝʨʛʦʶ. ʗʢʱʦ ʩʝʨʝʜʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʾʭ 

ʥʘʜʭʦʜʞʝʥʥʷ ʚ ʧʨʠʩʪʨʽʡ ʥʝ ʧʝʨʝʚʠʱʫʻ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ 

(ʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʥʫʪʨʽʰʥʽʭ ʧʨʦʩʫʚʥʠʭ ʙʣʦʢʽʚ ʩʘʤʦʛʦ ʧʨʠʩʪʨʦʶ), ʪʦ ʧʘʢʝʪʠ 

ʚʠʱʦʛʦ ʧʨʽʦʨʠʪʝʪʫ ʟʘʚʞʜʠ ʦʪʨʠʤʫʶʪʴ ʪʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ, ʷʢʘ ʾʤ ʧʦʪʨʽʙʥʘ. 

ʈʽʚʝʥʴ ʟʘʪʨʠʤʦʢ ʚʠʩʦʢʦʧʨʽʦʨʠʪʝʪʥʠʭ ʧʘʢʝʪʽʚ ʪʘʢʦʞ ʤʽʥʽʤʘʣʴʥʠʡ. ʆʜʥʘʢ ʚʽʥ ʥʝ 

ʥʫʣʴʦʚʠʡ ʽ ʟʘʣʝʞʠʪʴ, ʚ ʦʩʥʦʚʥʦʤʫ, ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʦʢʫ ʮʠʭ ʧʘʢʝʪʽʚ ï  

ʯʠʤ ʚʠʱʝ ʧʫʣʴʩʘʮʽʾ ʧʦʪʦʢʫ ʽ ʡʦʛʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʪʠʤ ʽʤʦʚʽʨʥʽʰʝ ʚʠʥʠʢʥʝʥʥʷ 

ʯʝʨʛʠ, ʫʪʚʦʨʝʥʦʾ ʧʘʢʝʪʘʤʠ ʜʘʥʦʛʦ ʚʠʩʦʢʦʧʨʽʦʨʠʪʝʪʥʦʛʦ ʧʦʪʦʢʘ. ʊʨʘʬʽʢ ʚʩʽʭ ʽʥʰʠʭ 

ʧʨʽʦʨʠʪʝʪʥʠʭ ʢʣʘʩʽʚ ʤʘʡʞʝ ʧʨʦʟʦʨʠʡ ʜʣʷ ʧʘʢʝʪʽʚ ʚʠʱʦʛʦ ʧʨʽʦʨʠʪʝʪʫ. ʉʣʦʚʦ 

çʤʘʡʞʝè ʩʪʦʩʫʻʪʴʩʷ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʚʠʩʦʢʦʧʨʽʦʨʠʪʝʪʥʠʡ ʧʘʢʝʪ ʟʤʫʰʝʥʠʡ ʯʝʢʘʪʠ 

ʟʘʚʝʨʰʝʥʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʠʟʴʢʦʧʨʽʦʨʠʪʝʪʥʦʛʦ ʧʘʢʝʪʘ, ʷʢʱʦ ʡʦʛʦ ʧʨʠʭʽʜ 

ʟʙʽʛʘʻʪʴʩʷ ʟʘ ʯʘʩʦʤ ʟ ʧʦʯʘʪʢʦʤ ʧʨʦʩʫʚʘʥʥʷ ʥʠʟʴʢʦʧʨʽʦʨʠʪʝʪʥʦʛʦ ʧʘʢʝʪʘ ʥʘ 

ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ. ʎʝʡ ʝʬʝʢʪ ʽʣʶʩʪʨʫʻ ʨʠʩ. 3.3, ʜʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʽʩʣʷ ʧʦʜʽʣʫ 

ʚʩʴʦʛʦ ʪʨʘʬʽʢʘ ʥʘ ʧʨʽʦʨʠʪʝʪʥʠʡ ʽ ʟʚʠʯʘʡʥʠʡ (ʪʦʙʪʦ ʪʫʪ ʻ ʜʚʽ ʯʝʨʛʠ), ʢʦʝʬʽʮʽʻʥʪ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʪʨʘʬʽʢʘ ʟʥʠʟʠʚʩʷ ʟ 50 ʜʦ 15%. 

ʑʦ ʞ ʩʪʦʩʫʻʪʴʩʷ ʽʥʰʠʭ ʧʨʽʦʨʠʪʝʪʥʠʭ ʢʣʘʩʽʚ, ʪʦ ʷʢʽʩʪʴ ʾʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʙʫʜʝ ʥʠʞʯʝ, ʥʽʞ ʫ ʧʘʢʝʪʽʚ ʥʘʡʚʠʱʦʛʦ ʧʨʽʦʨʠʪʝʪʫ, ʧʨʠʯʦʤʫ ʨʽʚʝʥʴ ʟʥʠʞʝʥʥʷ 
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ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ ʩʫʪʪʻʚʠʤ. ʗʢʱʦ ʢʦʝʬʽʮʽʻʥʪ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʭʽʜʥʦʛʦ 

ʽʥʪʝʨʬʝʡʩʘ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʪʨʘʬʽʢʦʤ ʚʠʱʦʛʦ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʢʣʘʩʫ, 

ʥʘʙʣʠʞʘʻʪʴʩʷ ʚ ʷʢʠʡʩʴ ʧʝʨʽʦʜ ʯʘʩʫ ʜʦ ʦʜʠʥʠʮʽ, ʪʦ ʪʨʘʬʽʢ ʽʥʰʠʭ ʢʣʘʩʽʚ ʥʘ ʮʝʡ 

ʯʘʩ ʧʨʦʩʪʦ ʟʘʤʦʨʦʞʫʻʪʴʩʷ. ʊʦʤʫ ʧʨʽʦʨʠʪʝʪʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʟʚʠʯʘʡ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʘʪʨʠʤʦʢ ʢʣʘʩʫ ʪʨʘʬʽʢʘ, ʱʦ ʤʘʻ ʥʝʚʝʣʠʢʫ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʮʴʦʛʦ ʢʣʘʩʫ ʥʝ ʟʘʥʘʜʪʦ ʦʙʤʝʞʫʻ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʨʝʰʪʠ ʪʨʘʬʽʢʘ. ʅʘʧʨʠʢʣʘʜ, ʛʦʣʦʩʦʚʠʡ ʪʨʘʬʽʢ ʯʫʪʣʠʚʠʡ ʜʦ 

ʟʘʪʨʠʤʦʢ, ʘʣʝ ʡʦʛʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʘʟʚʠʯʘʡ ʥʝ ʧʝʨʝʚʠʱʫʻ 8ï16 ʂʙʽʪ/ʩ, ʪʦʤʫ  

ʧʨʠ ʧʨʠʟʥʘʯʝʥʥʽ ʡʦʤʫ ʚʠʱʦʛʦ ʧʨʽʦʨʠʪʝʪʫ ʟʙʠʪʦʢ ʽʥʰʠʤ ʢʣʘʩʘʤ ʪʨʘʬʽʢʘ 

ʚʠʷʚʠʪʴʩʷ ʥʝ ʟʥʘʯʥʠʤ. 
 

 
 

ʘ)                                                                   ʙ) 

ʈʠʩʫʥʦʢ 3.3 ï ɿʥʠʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʽʥʽʾ  

ʜʣʷ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʪʨʘʬʽʢʘ: ʘ) ʚʝʩʴ ʪʨʘʬʽʢ ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ ʦʜʥʽʻʶ ʯʝʨʛʦʶ;  

ʙ) ʪʨʘʬʽʢ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ ʧʨʽʦʨʠʪʝʪʥʦʶ ʯʝʨʛʦʶ,  

ʘ ʽʥʰʠʡ ï ʯʝʨʛʦʶ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ 

 

ɿʚʘʞʝʥʽ ʯʝʨʛʠ 

ʄʝʭʘʥʽʟʤ ʟʚʘʞʝʥʠʭ ʯʝʨʛ ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʤʦʞʥʘ ʙʫʣʦ ʥʘʜʘʪʠ 

ʚʩʽʤ ʢʣʘʩʘʤ ʪʨʘʬʽʢʘ ʧʝʚʥʠʡ ʤʽʥʽʤʫʤ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ. ʇʽʜ ʚʘʛʦʶ ʜʘʥʦʛʦ 

ʢʣʘʩʫ ʨʦʟʫʤʽʪʁ ɹ ʚʽʜʩʦʪʦʢ ʚʽʜ ʧʦʚʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʠʭʽʜʥʦʛʦ 

ʽʥʪʝʨʬʝʡʩʘ, ʷʢʠʡ ʥʘʜʘʻʪʴʩʷ ʢʣʘʩʫ ʪʨʘʬʽʢʘ. 

ʇʨʠ ʟʚʘʞʝʥʦʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ, ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʧʨʠ ʧʨʽʦʨʠʪʝʪʥʦʤʫ, ʪʨʘʬʽʢ 

ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʢʽʣʴʢʘ ʢʣʘʩʽʚ, ʽ ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʚʝʜʝʪʴʩʷ ʦʢʨʝʤʘ ʯʝʨʛʘ ʧʘʢʝʪʽʚ. 

ɸʣʝ ʟ ʢʦʞʥʦʶ ʯʝʨʛʦʶ ʧʦʚô̫ ʟʫʻʪʴʩʷ ʥʝ ʧʨʽʦʨʠʪʝʪ, ʘ ʚʽʜʩʦʪʦʢ ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʨʝʩʫʨʩʫ, ʷʢʠʡ ʛʘʨʘʥʪʫʻʪʴʩʷ ʜʘʥʦʤʫ ʢʣʘʩʫ ʪʨʘʬʽʢʘ ʧʽʜ ʯʘʩ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʮʴʦʛʦ ʨʝʩʫʨʩʫ. ɼʣʷ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʪʘʢʠʤ ʨʝʩʫʨʩʦʤ ʻ 

ʧʨʦʮʝʩʦʨ, ʘ ʜʣʷ ʚʠʭʽʜʥʦʛʦ (ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʤʫʪʘʮʽʾ) ï ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ. 
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ʇʨʠʢʣʘʜ 

ʇʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 3.4 ʧʨʠʩʪʨʽʡ ʜʣʷ ʧô̫ ʪʠ ʢʣʘʩʽʚ ʪʨʘʬʽʢʘ 

ʧʽʜʪʨʠʤʫʻ ʧô̫ ʪʴ ʯʝʨʛ ʜʦ ʚʠʭʽʜʥʦʛʦ ʽʥʪʝʨʬʝʡʩʘ ʢʦʤʫʪʘʪʦʨʘ.  

ʎʠʤ ʯʝʨʛʘʤ ʧʨʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʭ ʚʠʜʽʣʷʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ 10,  

10, 30, 20 ʽ 30% ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʽʥʪʝʨʬʝʡʩʘ. 
 

 
 

ʈʠʩʫʥʦʢ 3.4 ï ɿʚʘʞʝʥʽ ʯʝʨʛʠ 
 

ɼʦʩʷʛʘʻʪʴʩʷ ʧʦʩʪʘʚʣʝʥʘ ʤʝʪʘ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʯʝʨʛʠ 

ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ ʽ ʮʠʢʣʽʯʥʦ, ʽ ʚ ʢʦʞʥʦʤʫ ʮʠʢʣʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟ ʢʦʞʥʦʾ ʯʝʨʛʠ ʚʠʙʠʨʘʻʪʴʩʷ ʪʘʢʘ ʢʽʣʴʢʽʩʪʴ ʙʘʡʪʽʚ, 

ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʙʘʟʽ ʜʘʥʦʾ ʯʝʨʛʠ. ʊʘʢ, ʷʢʱʦ ʮʠʢʣ ʧʝʨʝʛʣʷʜʫ ʯʝʨʛ  

ʚ ʨʦʟʛʣʷʥʫʪʦʤʫ ʧʨʠʢʣʘʜʽ ʜʦʨʽʚʥʶʻ ʦʜʥʽʡ ʩʝʢʫʥʜʽ, ʘ ʰʚʠʜʢʽʩʪʴ 

ʚʠʭʽʜʥʦʛʦ ʽʥʪʝʨʬʝʡʩʘ ʩʪʘʥʦʚʠʪʴ 100 ʄʙʽʪ/ʩ, ʪʦ ʧʨʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʭ 

ʚ ʢʦʞʥʦʤʫ ʮʠʢʣʽ ʧʝʨʰʦʾ ʯʝʨʛʠ ʧʨʠʜʽʣʷʻʪʴʩʷ 10% ʯʘʩʫ, ʪʦʙʪʦ  

100 ʤʩ ʽ ʚʠʙʠʨʘʻʪʴʩʷ 10 ʄʙʽʪ ʜʘʥʠʭ, ʟ ʜʨʫʛʦʾ ï ʪʘʢʦʞ 10 ʄʙʽʪ,  

ʟ ʪʨʝʪʴʦʾ ï 30 ʄʙʽʪ, ʟ ʯʝʪʚʝʨʪʦʾ ï 20 ʄʙʽʪ, ʟ ʧô̫ ʪʦʾ ï 30 ʄʙʽʪ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʢʦʞʥʦʤʫ ʢʣʘʩʫ ʪʨʘʬʽʢʘ ʜʽʩʪʘʻʪʴʩʷ 

ʛʘʨʘʥʪʦʚʘʥʠʡ ʤʽʥʽʤʫʤ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʱʦ ʚ ʙʘʛʘʪʴʦʭ 

ʚʠʧʘʜʢʘʭ ʻ ʙʽʣʴʰ ʙʘʞʘʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ, ʥʽʞ ʧʨʠʛʥʽʯʝʥʥʷ 

ʬʦʥʦʚʠʭ ʢʣʘʩʽʚ ʚʠʩʦʢʦʧʨʽʦʨʠʪʝʪʥʠʤ. 

 

ʆʩʢʽʣʴʢʠ ʜʘʥʽ ʚʠʙʠʨʘʶʪʴʩʷ ʟ ʯʝʨʛʠ ʧʘʢʝʪʘʤʠ, ʘ ʥʝ ʙʽʪʘʤʠ, ʪʦ ʨʝʘʣʴʥʠʡ 

ʨʦʟʧʦʜʽʣ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʽʞ ʢʣʘʩʘʤʠ ʪʨʘʬʽʢʘ ʟʘʚʞʜʠ ʜʝʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʚʽʜ ʟʘʧʣʘʥʦʚʘʥʦʛʦ. ʊʘʢ, ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʨʠʢʣʘʜʽ ʟʘʤʽʩʪʴ 10% ʧʝʨʰʠʡ ʢʣʘʩ 

ʪʨʘʬʽʢʘ ʤʽʛ ʙʠ ʦʪʨʠʤʫʚʘʪʠ ʧʨʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʭ 9 ʘʙʦ 12%. ʏʠʤ ʙʽʣʴʰʝ ʯʘʩ 

ʮʠʢʣʫ, ʪʠʤ ʪʦʯʥʽʰʝ ʜʦʪʨʠʤʫʶʪʴʩʷ ʥʝʦʙʭʽʜʥʽ ʧʨʦʧʦʨʮʽʾ ʤʽʞ ʢʣʘʩʘʤʠ ʪʨʘʬʽʢʘ, 

ʦʩʢʽʣʴʢʠ ʟ ʢʦʞʥʦʾ ʯʝʨʛʠ ʚʠʙʠʨʘʻʪʴʩʷ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ, ʽ ʚʧʣʠʚ ʨʦʟʤʽʨʫ 

ʢʦʞʥʦʛʦ ʧʘʢʝʪʘ ʫʩʝʨʝʜʥʶʪ̒ɹʩ.̫ 
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ɸʣʝ ʪʨʠʚʘʣʠʡ ʮʠʢʣ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʝʣʠʢʠʭ ʟʘʪʨʠʤʦʢ ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʽʚ. 

ʊʘʢ, ʧʨʠ ʦʙʨʘʥʦʤʫ ʥʘʤʠ ʜʣʷ ʧʨʠʢʣʘʜʫ ʮʠʢʣʽ ʚ ʦʜʥʫ ʩʝʢʫʥʜʫ ʟʘʪʨʠʤʢʘ ʤʦʞʝ 

ʩʢʣʘʩʪʠ ʦʜʥʫ ʩʝʢʫʥʜʫ ʽ ʙʽʣʴʰʝ ï ʘʜʞʝ ʘʨʙʽʪʨ ʧʦʚʝʨʪʘʻʪʴʩʷ ʜʦ ʢʦʞʥʦʾ ʯʝʨʛʠ ʥʝ 

ʯʘʩʪʽʰʝ, ʥʽʞ ʦʜʠʥ ʨʘʟ ʥʘ ʩʝʢʫʥʜʫ, ʢʨʽʤ ʪʦʛʦ, ʚ ʯʝʨʟʽ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʷ ʙʽʣʴʰʝ 

ʦʜʥʦʛʦ ʧʘʢʝʪʘ. ʊʦʤʫ ʧʨʠ ʚʠʙʦʨʽ ʯʘʩʫ ʮʠʢʣʘ ʩʣʽʜ ʟʘʙʝʟʧʝʯʠʪʠ ʙʘʣʘʥʩ  

ʤʽʞ ʪʦʯʥʽʩʪʶ ʜʦʪʨʠʤʘʥʥʷ ʧʨʦʧʦʨʮʽʡ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʽ ʧʨʘʛʥʝʥʥʷʤ ʜʦ 

ʟʥʠʞʝʥʥʷ ʟʘʪʨʠʤʢʠ. 

ɼʣʷ ʥʘʰʦʛʦ ʧʨʠʢʣʘʜʫ ʯʘʩ ʮʠʢʣʫ ʚ 1000 ʤʢʩ ʻ ʧʨʠʢʣʘʜʦʤ ʪʘʢʦʛʦ ʙʘʣʘʥʩʫ.  

ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʚʽʥ ʟʘʙʝʟʧʝʯʫʻ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʯʝʨʛʠ ʢʦʞʥʦʛʦ ʢʣʘʩʘ ʢʦʞʥʽ 

1000 ʤʢʩ, ʘ, ʟʥʘʯʠʪʴ, ʙʽʣʴʰ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʟʘʪʨʠʤʦʢ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʮʴʦʛʦ  

ʯʘʩʫ ʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʚʠʙʨʘʪʠ ʟ ʢʦʞʥʦʾ ʯʝʨʛʠ ʚ ʩʝʨʝʜʥʴʦʤʫ ʧʦ ʢʽʣʴʢʘ ʧʘʢʝʪʽʚ 

(ʧʝʨʰʽʡ ʯʝʨʟʽ ʚ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ ʚʽʜʚʦʜʠʪʠʤʝʪʴʩʷ 100 ʤʢʩ, ʱʦ ʜʦʩʪʘʪʥʴʦ  

ʜʣʷ ʧʝʨʝʜʘʯʽ ʫ ʚʠʭʽʜʥʠʡ ʢʘʥʘʣ ʦʜʥʦʛʦ ʧʘʢʝʪʘ Fast Ethernet ʘʙʦ ʜʝʩʷʪʠ  

ʧʘʢʝʪʽʚ Gigabit Ethernet). 

ʅʘ ʨʽʚʝʥʴ ʟʘʪʨʠʤʦʢ ʽ ʚʘʨʽʘʮʽʾ ʟʘʪʨʠʤʦʢ ʧʘʢʝʪʽʚ ʜʣʷ ʜʝʷʢʦʛʦ ʢʣʘʩʫ ʪʨʘʬʽʢʘ 

ʧʨʠ ʟʚʘʞʝʥʦʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʟʥʘʯʥʦ  ʁʤʽʨʦ  ʁʚʧʣʠʚʘʻ ʚʽʜʥʦʩʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʪʨʘʬʽʢʘ ʢʣʘʩʫ ʜʦ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʚʠʜʽʣʝʥʦʾ  

ʮʴʦʤʫ ʢʣʘʩʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʡʦʛʦ ʚʘʛʠ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʤʠ ʚʠʜʽʣʠʣʠ ʧʝʨʰʽʡ 

ʯʝʨʟʽ 10% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʽʥʪʝʨʬʝʡʩʘ,  

ʪʦʙʪʦ 10 ʄʙʽʪ/ʩ, ʘ ʩʝʨʝʜʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʪʦʢʫ, ʷʢʠʡ ʧʦʪʨʘʧʣʷʻ ʚ ʮʶ ʯʝʨʛʫ, 

ʜʦʨʽʚʥʶʻ 3 ʄʙʽʪ/ʩ, ʪʦ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʮʴʦʛʦ ʧʦʪʦʢʫ ʩʢʣʘʜʝ 

3 10 0,3= . ɿʘʣʝʞʥʽʩʪʴ ʥʘ ʨʠʩ. 1.5 (ʣʝʢʮʽʷ 1) ʧʦʢʘʟʫʻ, ʱʦ ʟʘʪʨʠʤʢʠ ʧʨʠ ʪʘʢʦʤʫ 

ʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʜʫʪʴ ʥʝʟʥʘʯʥʠʤʠ. ʗʢʙʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʮʽʻʾ ʯʝʨʛʠ ʙʫʣʘ 9 ʄʙʽʪ/ʩ, ʪʦ ʯʝʨʛʠ ʙʫʣʠ ʙ ʟʥʘʯʥʠʤʠ,  

ʘ ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʤʝʞ ̔10 ʄʙʽʪ/ʩ ʯʘʩʪʠʥʘ ʧʘʢʝʪʽʚ ʧʦʪʦʢʫ ʧʦʩʪʽʡʥʦ ʚʽʜʢʠʜʘʣʘʩʷ 

ʙ ʯʝʨʝʟ ʧʝʨʝʧʦʚʥʝʥʥʷ ʯʝʨʛʠ. 

ʗʢʽʩʥʘ ʧʦʚʝʜʽʥʢʘ ʯʝʨʛʠ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟʘʪʨʠʤʦʢ, ʪʫʪ ʚʠʛʣʷʜʘʻ ʧʨʠʙʣʠʟʥʦ 

ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʚ ʨʘʟʽ ʯʝʨʛʠ FIFO ï ʯʠʤ ʤʝʥʰʝ ʢʦʝʬʽʮʽʻʥʪ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʪʠʤ 

ʤʝʥʰʝ ʩʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʯʝʨʛʠ ʽ ʪʠʤ ʤʝʥʰ ̔ʟʘʪʨʠʤʢʠ. 

ʗʢ ʽ ʜʣʷ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʧʨʠ ʟʚʘʞʝʥʦʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨ ʤʦʞʝ ʧʨʠʟʥʘʯʘʪʠ ʨʽʟʥʠʤ ʢʣʘʩʘʤ ʯʝʨʛ ʙʫʬʝʨʠ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ. 

ɿʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʙʫʬʝʨʽʚ ʜʣʷ ʯʝʨʛ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʪʨʘʪ 

ʧʘʢʝʪʽʚ ʧʨʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʭ, ʘʣʝ ʟʥʠʞʫʻ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʜʣʷ ʪʠʭ ʧʘʢʝʪʽʚ, ʷʢʽ  

ʥʝ ʙʫʣʠ ʚʽʜʢʠʥʫʪʽ ʽ ʧʦʪʨʘʧʠʣʠ ʚ ʯʝʨʛʫ. 

ʑʝ ʦʜʥʠʤ ʚʘʨʽʘʥʪʦʤ ʟʚʘʞʝʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʻ ʟʚʘʞʝʥʝ ʩʧʨʘʚʝʜʣʠʚʝ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (Weighted Fair Queuing, WFQ). ʋ ʨʘʟʽ ʧʦʜʽʙʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 
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ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʨʝʩʫʨʩʫ ʨʦʟʜʽʣʷʻʪʴʩʷ ʤʽʞ ʚʩʽʤʘ ʧʦʪʦʢʘʤʠ ʧʦʨʽʚʥʫ,  

ʪʦʙʪʦ çʩʧʨʘʚʝʜʣʠʚʦè. 

ɿʚʘʞʝʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʽʥʪʝʥʩʠʚʥʦʩʪʷʤʠ ʪʨʘʬʽʢʘ ʨʽʟʥʠʭ ʯʝʨʛ ʪʽʣʴʢʠ ʚ ʧʝʨʽʦʜʠ ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʢʦʣʠ 

ʢʦʞʥʘ ʯʝʨʛʘ ʧʦʩʪʽʡʥʦ ʟʘʧʦʚʥʝʥʘ. ʗʢʱʦ ʞ ʢʦʪʨʘʩʴ ʽʟ ʯʝʨʛ ʧʦʨʦʞʥʷ (ʪʦʙʪʦ ʜʣʷ 

ʪʨʘʬʽʢʘ ʜʘʥʦʛʦ ʢʣʘʩʫ ʧʦʪʦʯʥʠʡ ʧʝʨʽʦʜ ʥʝ ʻ ʧʝʨʽʦʜʦʤ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ), ʪʦ ʧʨʠ 

ʧʝʨʝʛʣʷʜʽ ʯʝʨʛ ʚʦʥʘ ʽʛʥʦʨʫʻʪʴʩʷ, ʽ ʾʾ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʤʽʞ 

ʽʥʰʠʤʠ ʯʝʨʛʘʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʭ ʚʘʛʠ. ʊʦʤʫ ʚ ʦʢʨʝʤʽ ʧʝʨʽʦʜʠ ʪʨʘʬʽʢ ʧʝʚʥʦʛʦ 

ʢʣʘʩʫ ʤʦʞʝ ʤʘʪʠ ʙʽʣʴʰʫ ʽʥʪʝʥʩʠʚʥʽʩʪ,ɹ ʥʽʞ ʚʽʜʧʦʚʽʜʥʠʡ ʚʽʜʩʦʪʦʢ ʚʽʜ ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʽʥʪʝʨʬʝʡʩʘ. 

 

ʂʦʤʙʽʥʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʯʝʨʛ  

ʂʦʞʥʠʡ ʟ ʦʧʠʩʘʥʠʭ ʧʽʜʭʦʜʽʚ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. ʇʨʽʦʨʠʪʝʪʥʝ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʤʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʟʘʪʨʠʤʦʢ ʜʣʷ ʯʝʨʛʠ ʥʘʡʚʠʱʦʛʦ 

ʧʨʽʦʨʠʪʝʪʫ, ʥʝ ʜʘʻ ʥʽʷʢʠʭ ʛʘʨʘʥʪʽʡ ʚʽʜʥʦʩʥʦ ʩʝʨʝʜʥʴʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʣʷ 

ʪʨʘʬʽʢʘ ʯʝʨʛ ʥʠʞʯʠʭ ʧʨʽʦʨʠʪʝʪʽʚ. ɿʚʘʞʝʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʟʘʜʘʥʠʡ 

ʨʦʟʧʦʜʽʣ ʩʝʨʝʜʥʴʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʘʣʝ ʥʝ ʚʨʘʭʦʚʫʻ ʚʠʤʦʛ ʜʦ ʟʘʪʨʠʤʦʢ.  

ɯʩʥʫʶʪʴ ʢʦʤʙʽʥʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʯʝʨʛ. ʋ ʥʘʡʙʽʣʴʰ 

ʧʦʧʫʣʷʨʥʦʤʫ ʘʣʛʦʨʠʪʤʽ ʧʦʜʽʙʥʦʛʦ ʨʦʜʫ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʦʜʥʘ ʧʨʽʦʨʠʪʝʪʥʘ ʯʝʨʛʘ, 

ʘ ʽʥʰʽ ʯʝʨʛʠ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʟʽ ʟʚʘʞʝʥʠʤ ʘʣʛʦʨʠʪʤʦʤ. ɿʘʟʚʠʯʘʡ 

ʧʨʽʦʨʠʪʝʪʥʘ ʯʝʨʛʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʘʪʨʠʤʦʢ ʪʨʘʬʽʢʘ,  

ʘ ʽʥʰʽ ï ʜʣʷ ʝʣʘʩʪʠʯʥʦʛʦ ʪʨʘʬʽʢʘ ʜʝʢʽʣʴʢʦʭ ʢʣʘʩʽʚ. ʂʦʞʥʠʡ ʢʣʘʩ ʝʣʘʩʪʠʯʥʦʛʦ 

ʪʨʘʬʽʢʘ ʦʪʨʠʤʫʻ ʜʝʷʢʠʡ ʤʽʥʽʤʫʤ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʨʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʭ. 

ʎʝʡ ʤʽʥʽʤʫʤ ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ ʚʽʜʩʦʪʦʢ ʚʽʜ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʱʦ ʟʘʣʠʰʠʚʩʷ 

ʚʽʜ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʪʨʘʬʽʢʘ.  

ɺʦʯʝʚʠʜʴ, ʱʦ ʩʣʽʜ ʷʢʦʩʴ ʦʙʤʝʞʠʪʠ ʧʨʽʦʨʠʪʝʪʥʠʡ ʪʨʘʬʽʢ, ʱʦʙ ʚʽʥ ʥʝ 

ʧʦʛʣʠʥʘʚ ʫʩʶ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʨʝʩʫʨʩʫ. ɿʘʟʚʠʯʘʡ ʜʣʷ ʮʴʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʤʝʭʘʥʽʟʤʠ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʪʨʘʬʽʢʘ, ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʜʘʣʽ.  

 

3.2 ʄʝʭʘʥʽʟʤʠ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʪʨʘʬʢ̔ʘ  

 

ʄʝʭʘʥʽʟʤʠ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʪʨʘʬʽʢʘ ʢʦʥʪʨʦʣʶʶʪʴ ʧʦʪʦʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʧʦʪʦʢʽʚ ʪʨʘʬʽʢʘ, ʪʘʢʽ ʷʢ ʡʦʛʦ ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʽ ʧʫʣʴʩʘʮʽʷ. ʗʢ ʤʠ ʧʘʤô̫ ʪʘʻʤʦ, 

ʦʩʥʦʚʥʦʶ ʽʜʝʻʶ ʤʝʪʦʜʽʚ QoS ʻ ʚʠʜʽʣʝʥʥʷ ʧʝʚʥʦʾ ʯʘʩʪʢʠ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʧʝʚʥʠʤ ʧʦʪʦʢʘʤ ʪʨʘʬʽʢʘ, ʧʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ ʮʽʻʾ ʯʘʩʪʢʠ ʤʘʻ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦʶ 

ʜʣʷ ʪʦʛʦ, ʱʦʙ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʫ ʜʣʷ ʧʦʪʦʢʫ ʙʫʚ ʜʦʩʠʪʴ ʥʠʟʴʢʠʤ, 

ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʪʦʢʫ ʙʫʣʘ ʟʘʜʦʚʽʣʴʥʦʶ. ʏʝʨʛʠ ʟ ʨʽʟʥʠʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʪʽʣʴʢʠ ʦʜʥʫ ʯʘʩʪʠʥʫ ʮʽʻʾ 
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ʽʜʝʾ ï ʚʦʥʠ ʚʠʜʽʣʷʶʪʴ ʧʝʚʥʫ ʯʘʩʪʢʫ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʝʷʢʦʤʫ ʧʦʪʦʢʫ 

ʧʘʢʝʪʽʚ. ʆʜʥʘʢ ʟʘʣʠʰʘʻʪʴʩʷ ʜʨʫʛʘ ʯʘʩʪʠʥʘ ʟʘʚʜʘʥʥʷ ï ʫʪʨʠʤʘʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʧʦʪʦʢʫ ʚ ʧʝʚʥʠʭ ʤʝʞʘʭ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʘʞʘʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʷʢʘ ʚʠʜʽʣʝʥʘ ʧʦʪʦʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʚʥʦʾ 

ʯʝʨʛʠ. ʗʢʱʦ ʞ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʘ ʥʝ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʦʯʽʢʫʚʘʥʽʡ, ʪʦ ʚʩʷ ʨʦʙʦʪʘ ʟ 

ʚʠʜʽʣʝʥʥʷ ʧʦʪʦʢʫ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʥʝ ʧʨʠʟʚʝʜʝ ʜʦ ʙʘʞʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ, 

ʦʩʢʽʣʴʢʠ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʽʜʨʽʟʥʷʪʠʤʝʪʴʩʷ 

ʚʽʜ ʦʯʽʢʫʚʘʥʦʛʦ, ʽ ʧʦʪʨʽʙʥʘ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʝ ʙʫʜʝ ʜʦʩʷʛʥʫʪʘ. 

ʄʝʭʘʥʽʟʤʠ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʪʨʘʬʽʢʘ ʻ ʩʚʦʛʦ ʨʦʜʫ ʢʦʥʪʨʦʣʴʥʦ-ʧʨʦʧʫʩʢʥʠʤʠ 

ʧʫʥʢʪʘʤʠ, ʷʢʽ ʧʝʨʝʚʽʨʷʶʪʴ ʪʨʘʬʽʢ ʥʘ ʚʭʦʜʽ ʚ ʢʦʤʫʪʘʪʦʨ (ʘʙʦ ʬʦʨʤʫʶʪʴ ʪʨʘʬʽʢ 

ʥʘ ʚʠʭʦʜʽ ʟ ʥʴʦʛʦ ï ʜʣʷ ʯʦʛʦ ʮʝ ʧʦʪʨʽʙʥʦ, ʤʠ ʨʦʟʛʣʷʥʝʤʦ ʜʘʣʽ). ɯʩʥʫʻ ʢʽʣʴʢʘ 

ʤʝʭʘʥʽʟʤʽʚ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʪʨʘʬʽʢʘ.  

 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʨʘʬʽʢʘ  

ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʨʘʬʽʢʘ ʻ ʝʣʝʤʝʥʪʦʤ QoS, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ, ʷʢʽ 

ʧʘʢʝʪʠ ʧʦʪʨʽʙʥʦ ʚʽʜʧʨʘʚʠʪʠ ʚ ʪʫ ʯʠ ʽʥʰʫ ʯʝʨʛʫ. ʂʣʘʩʠʬʽʢʘʮʽʷ ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʘʩʦʙʘʤʠ ʬʽʣʴʪʨʘʮʽʾ ʪʨʘʬʽʢʘ, ʥʘʷʚʥʠʤʠ ʚ ʢʦʤʫʪʘʪʦʨʘʭ ʽ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ ʧʘʢʝʪʥʠʭ ʤʝʨʝʞ; ʜʣʷ ʮʠʭ ʟʘʩʦʙʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʦʞ 

ʪʘʢʘ ʥʘʟʚʘ, ʷʢ ʩʧʠʩʢʠ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ (Access Control List, ACL; ʾʭ ʥʝ ʤʦʞʥʘ 

ʧʣʫʪʘʪʠ ʽʟ ʟʘʩʦʙʘʤʠ ʢʦʥʪʨʦʣʶ ʜʦʧʫʩʢʫ (admission control) ʪʨʘʬʽʢʘ, ʷʢʽ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘʣʝ ʤʘʶʪʴ 

ʽʥʰʝ ʧʨʠʟʥʘʯʝʥʥʷ). 

ɼʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʦʟʥʘʢʠ ʧʘʢʝʪʽʚ, ʥʘʧʨʠʢʣʘʜ, 

ʘʜʨʝʩʠ ʧʨʠʟʥʘʯʝʥʥʷ ʡ ʜʞʝʨʝʣʘ, ʪʠʧ ʧʨʦʪʦʢʦʣʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʘʙʦ ʧʨʠʢʣʘʜʥʦʛʦ 

ʨʽʚʥʷ. ʄʠ ʚʞʝ ʟʛʘʜʫʚʘʣʠ ʢʣʘʩʠʬʽʢʘʮʽʶ ʪʨʘʬʽʢʘ ʧʽʜ ʯʘʩ ʦʧʠʩʫ ʧʨʽʦʨʠʪʝʪʥʠʭ ʽ 

ʟʚʘʞʝʥʠʭ ʯʝʨʛ, ʦʩʢʽʣʴʢʠ ʙʝʟ ʮʴʦʛʦ ʤʝʭʘʥʽʟʤʫ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʪʨʘʬʽʢʘ 

ʥʝʤʦʞʣʠʚʦ ʟʘʜʽʷʪʠ ʨʽʟʥʽ ʯʝʨʛʠ ʜʦ ʪʦʛʦ ʩʘʤʦʛʦ ʚʠʭʽʜʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ.  

 

ʇʨʦʬʽʣʶʚʘʥʥʷ  

ʇʨʦʬʽʣʶʚʘʥʥʷ ʻ ʟʘʭʦʜʦʤ ʧʨʠʤʫʩʦʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʪʨʘʬʽʢ, ʷʢʠʡ ʩʣʫʞʠʪʴ 

ʜʣʷ ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʧʘʢʝʪʽʚ. ʇʨʦʬʽʣʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʦʪʦʢʫ ʧʘʢʝʪʽʚ ʟʘʜʘʥʦʤʫ ʰʚʠʜʢʽʩʥʦʤʫ ʧʨʦʬʽʣʶ; ʷʢ ʧʘʨʘʤʝʪʨʠ 

ʧʨʦʬʽʣʦ ʟʘʟʚʠʯʘʡ ʚʠʙʠʨʘʻʪʴʩʷ ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʧʘʢʝʪʘ, ʱʦ 

ʚʠʤʽʨʶʻʪʴʩʷ ʥʘ ʧʝʚʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ (ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʡ ʩʢʣʘʜʥʽʰʽ ʚʘʨʽʘʥʪʠ 

ʧʨʦʬʽʣʶʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʪʽ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʩʝʨʝʜʥʶ ʡ ʧʽʢʦʚʽ ʰʚʠʜʢʦʩʪʽ). 

ʇʘʢʝʪʠ, ʷʢʽ ʥʝ ʚʢʣʘʜʘʶʪʴʩʷ ʫ ʟʘʜʘʥʠʡ ʧʨʦʬʽʣʴ, ʘʙʦ ʚʽʜʢʠʜʘʶʪʴʩʷ, ʘʙʦ 

ʜʝʢʚʘʣʽʬʽʢʫʶʪʴʩʷ, ʪʦʙʪʦ ʤʽʩʪʷʪʴʩʷ ʚ ʢʣʘʩ ̔ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟ ʥʠʞʯʠʤʠ 
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ʧʨʽʦʨʠʪʝʪʘʤʠ, ʥʘʧʨʠʢʣʘʜ, ʧʝʨʝʚʦʜʷʪʴʩʷ ʽʟ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʢʣʘʩʫ ʚ ʩʪʘʥʜʘʨʪʥʠʡ 

ʢʣʘʩ, ʱʦ ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ çʟʘ ʤʦʞʣʠʚʽʩʪʶè. ɸʥʛʣʦʤʦʚʥʘ ʥʘʟʚʘ ʦʧʝʨʘʮʽʾ 

ʧʨʦʬʽʣʶʚʘʥʥʷ ï policing (ʜʦʩʣʽʚʥʦ ï çʧʽʜʪʨʠʤʫʚʘʪʠ ʧʦʨʷʜʦʢ ʧʦʣʽʮʝʡʩʴʢʠʤʠ 

ʟʘʩʦʙʘʤʠè) ï ʟʜʘʻʪʴʩʷ ʞʦʨʩʪʢʽʦhʶ ʽ, ʤʦʞʣʠʚʦ, ʜʘʻ ʙʽʣʴʰ ʘʜʝʢʚʘʪʥʝ ʫʷʚʣʝʥʥʷ 

ʧʨʦ ʭʘʨʘʢʪʝʨ ʜʽʡ.  

ʇʨʦʬʽʣʶʚʘʥʥʷ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʦʙʤʝʞʝʥʥʷ ʪʨʘʬʽʢʘ,  

ʱʦ ʥʘʜʭʦʜʠʪʴ ʫ ʧʨʽʦʨʠʪʝʪʥʫ ʯʝʨʛʫ, ʦʩʢʽʣʴʢʠ ʮʝʡ ʤʝʭʘʥʽʟʤ ʻ ʻʜʠʥʦ  

ʤʦʞʣʠʚʠʤ ʟʘʩʦʙʦʤ ʟʘʧʦʙʽʛʘʥʥʷ ʩʠʪʫʘʮʽʾ ʚʠʪʠʩʥʝʥʥʷ ʚʩʴʦʛʦ ʽʥʰʦʛʦ ʪʨʘʬʽʢʘ 

ʧʨʽʦʨʠʪʝʪʥʠʤ ʪʨʘʬʢ̔ʦʤ.  

ʈʠʩʫʥʦʢ 3.5 ʽʣʶʩʪʨʫʻ ʜʽʶ ʤʝʭʘʥʽʟʤʫ ʧʨʦʬʽʣʶʚʘʥʥʷ, ʧʦʢʘʟʫʶʯʠ ʟʥʘʯʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʪʨʘʬʽʢʘ, ʱʦ ʚʠʤʽʨʶʁ ʪʴʩʷ ʥʘ ʜʦʩʠʪʴ ʤʘʣʠʭ ʽʥʪʝʨʚʘʣʘʭ ʯʘʩʫ ʜʦ ʪʘ  

ʧʽʩʣʷ ʧʨʦʬʽʣʶʚʘʥʥʷ.  
 

 
 

ʈʠʩʫʥʦʢ 3.5 ï ɽʬʝʢʪ ʧʨʦʬʽʣʶʚʘʥʥʷ ï ʚʽʜʢʠʜʘʥʥʷ ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʨʘʬʽʢʘ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ, ʚʽʜʢʠʜʘʥʥʷ ʧʘʢʝʪʽʚ ʧʽʜ ʯʘʩ ʧʨʦʬʽʣʶʚʘʥʥʷ  

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʪʨʠʤʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʥʘ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ ʚ ʪʽ ʽʥʪʝʨʚʘʣʠ 

ʯʘʩʫ, ʢʦʣʠ ʰʚʠʜʢʽʩʪʴ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʧʝʨʝʚʝʨʰʫʻ ʮʶ ʤʝʞʫ, ʽ ʜʦ ʟʙʝʨʝʞʝʥʥʷ 

ʚʠʭʽʜʥʦʾ ʰʚʠʜʢʦʩʪʽ ʚ ʽʥʰʽ ʧʝʨʽʦʜʠ. 
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ʌʦʨʤʫʚʘʥʥʷ ʪʨʘʬʢ̔ʘ  

ʌʦʨʤʫʚʘʥʥʷ ʪʨʘʬʢ̔ʘ ï ʮʝ ʧʨʦʮʝʩ ʥʘʚʤʠʩʥʦʾ ʟʘʪʨʠʤʢʠ ʜʝʷʢʠʭ ʧʘʢʝʪʽʚ ʽʟ 

ʟʘʛʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʟ ʤʝʪʦʶ ʫʪʨʠʤʘʥʥʷ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʪʨʘʬʽʢʘ ʚ ʜʝʷʢʠʭ 

ʟʘʜʘʥʠʭ ʤʝʞʘʭ.  

ʌʦʨʤʫʚʘʥʥʷ ʪʨʘʬʽʢʘ ʥʘʛʘʜʫʻ ʧʨʦʬʽʣʶʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʤʘʻ ʩʭʦʞʫ ʤʝʪʫ ï 

ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʨʘʬʽʢʘ, ʘʣʝ ʜʦʩʷʛʘʻʪʴʩʷ ʮʷ ʤʝʪʘ ʽʥʰʠʤ ʩʧʦʩʦʙʦʤ. 

ɿʘʤʽʩʪʴ ʪʦʛʦ, ʱʦʙ ʚʽʜʢʠʜʘʪʠ ʥʘʜʣʠʰʢʦʚʽ ʧʘʢʝʪʠ (ʪʦʙʪʦ ʪʽ, ʧʝʨʝʜʘʯʘ ʷʢʠʭ ʤʦʛʣʘ ʙ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʝʨʝʚʠʱʝʥʥʷ ʣʽʤʽʪʫ ʰʚʠʜʢʦʩʪʽ), ʤʝʭʘʥʽʟʤ ʬʦʨʤʫʚʘʥʥʷ ʪʨʘʬʽʢʘ 

ʟʘʪʨʠʤʫʶʪʴ ʧʘʢʝʪʠ-ʧʦʨʫʰʥʠʢʠ ʪʘʢ, ʱʦ ʨʝʟʫʣʴʪʫʶʯʘ ʰʚʠʜʢʽʩʪʴ ʚʠʷʚʣʷʻʪʴʩʷ ʚ 

ʟʘʜʘʥʠʭ ʤʝʞʘʭ. ɽʬʝʢʪ ʬʦʨʤʫʚʘʥʥʷ ʪʨʘʬʽʢʘ ʽʣʶʩʪʨʫʻ ʨʠʩ. 3.6 (ʥʘ ʟʘʜʥʴʦʤʫ ʧʣʘʥʽ 

ʨʠʩʫʥʢʘ ʧʦʢʘʟʘʥʘ ʰʚʠʜʢʽʩʪʴ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʧʘʢʝʪʘ, ʘ ʥʘ ʧʝʨʝʜʥʴʦʤʫ ï 

ʰʚʠʜʢʽʩʪʴ ʚʠʭʽʜʥʦʛʦ ʧʦʪʦʢʫ (ʥʘʧʽʚʧʨʦʟʦʨʠʤ ʟʘʧʦʚʥʝʥʥʷʤ)).  
 

 
 

ʈʠʩʫʥʦʢ 3.6 ï ɽʬʝʢʪ ʬʦʨʤʫʚʘʥʥʷ ʪʨʘʬʽʢʘ ï ʟʛʣʘʜʞʫʚʘʥʥʷ 
 

ɿ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʪʨʘʬʽʢʘ ʟʛʣʘʜʞʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʥʘʜʣʠʰʢʦʚʽ 

ʧʘʢʝʪʠ ʥʝ ʚʽʜʢʠʜʘʶʪʴʩʷ, ʘ ʧʝʨʝʜʘʶʪʴʩʷ ʽʟ ʟʘʪʨʠʤʢʦʶ ʚ ʽʥʰʽ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ.  

ʊʠʤ ʩʘʤʠʤ ʰʚʠʜʢʽʩʪʴ ʚʠʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʟʥʠʞʫʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʧʝʨʽʦʜʽʚ ʯʘʩʫ  

ʟ ʥʘʜʣʠʰʢʦʚʠʤ ʪʨʘʬʽʢʦʤ ʽ ʟʨʦʩʪʘʻ ʚ ʪʠʭ ʥʘʩʪʫʧʥʠʭ ʽʥʪʝʨʚʘʣʘʭ, ʜʝ ʚʦʥʘ 

ʚʠʷʚʣʷʻʪʴʩʷ ʤʝʥʰʝ ʚʩʪʘʥʦʚʣʝʥʦʾ ʤʝʞʽ.  
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ɿʘʟʚʠʯʘʡ ʰʣʷʭʦʤ ʬʦʨʤʫʚʘʥʥʷ ʦʙʨʦʙʣʷʶʪʴ ʪʨʘʬʽʢ, ʱʦ ʚʠʭʦʜʠʪʴ ʽʟ 

ʢʦʤʫʪʘʪʦʨʘ ʘʙʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. ʎʝ ʨʦʙʠʪʴʩʷ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʚʽʜʦʤʦ,  

ʱʦ ʜʝʷʢʠʡ ʢʦʤʫʥʽʢʘʮʽʡʥʠʡ ʧʨʠʩʪʨʽʡ ʜʘʣʽ ʤʘʨʰʨʫʪʦʤ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʪʦʢʫ 

ʧʘʢʝʪʽʚ ʟʘʩʪʦʩʦʚʫʻ ʧʨʦʬʽʣʶʚʘʥʥʷ. ʇʨʦʬʽʣʴ ʬʦʨʤʫʚʘʥʥʷ ʪʨʘʬʽʢʘ ʦʙʠʨʘʻʪʴʩʷ 

ʪʘʢʠʤ, ʱʦ ʜʦʨʽʚʥʶʻ ʧʨʦʬʽʣʶ ʪʨʘʬʽʢʘ, ʷʢʠʡ ʧʨʦʬʽʣʶʻʪʴʩʷ. ʎʝ ʛʘʨʘʥʪʫʻ 

ʚʽʜʩʫʪʥʽʩʪʴ ʚʪʨʘʪ ʪʨʘʬʽʢʘ ʯʝʨʝʟ ʚʽʜʢʠʜʘʥʥʷ ʥʘʜʣʠʰʢʦʚʠʭ ʧʘʢʝʪʽʚ. 

ʄʝʭʘʥʽʟʤʠ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʪʨʘʬʽʢʘ ʤʦʞʫʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠʩʷ ʢʦʞʥʠʤ 

ʚʫʟʣʦʤ ʤʝʨʝʞʽ ʘʙʦ ʨʝʘʣʽʟʦʚʫʚʘʪʠʩʷ ʪʽʣʴʢʠ ʚ ʧʨʠʛʨʘʥʠʯʥʠʭ ʧʨʠʩʪʨʦʷʭ. ʆʩʪʘʥʥʽʡ 

ʚʘʨʽʘʥʪ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʩʪʘʯʘʣʴʥʠʢʠ ʧʦʩʣʫʛ, ʢʦʥʜʠʮʽʦʥʫʶʯʠ ʪʨʘʬʽʢ 

ʩʚʦʾʭ ʢʣʽʻʥʪʽʚ.  

 

3.3 ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

 

1. ʇʦʷʩʥʪ̔ʴ ʦʩʦʙʣʠʚʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʝʣʘʩʪʠʯʥʦʛʦ ʽ ʯʫʪʣʠʚʦʛʦ ʜʦ 

ʟʘʪʨʠʤʦʢ ʪʨʘʬʽʢʘ. 

2. ʇʦʷʩʥʪ̔ʴ ʦʩʥʦʚʥʫ ʽʜʝʶ, ʱʦ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʚʩʽʭ ʤʝʪʦʜʽʚ ʧʽʜʪʨʠʤʢʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS. 

3. ʇʦʷʩʥʪ̔ʴ ʧʨʠʟʥʘʯʝʥʥʷ ʢʝʨʫʚʘʥʥʷ ʯʝʨʛʘʤʠ. 

4. ʇʦʷʩʥʪ̔ʴ ʩʫʪʥʽʩʪʴ ʤʝʪʦʜʫ FIFO. 

5. ʇʦʷʩʥʪ̔ʴ ʩʫʪʥʽʩʪʴ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʯʝʨʛ. 
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ʃʝʢʮʽʷ 4 

ʄɽʊʆɼʀ ʂɽʈʋɺɸʅʅʗ ʊʈɸʌɯʂʆʄ  

ʅɸ ʆʉʅʆɺɯ ɿɺʆʈʆʊʅʆɻʆ ɿɺôʗɿʂʋ ʊɸ ʈɽɿɽʈɺʋɺɸʅʅʗ ʈɽʉʋʈʉɯɺ 

 

 

4.1 ʄʝʭʘʥʽʟʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʜʣʷ ʢʝʨʫʚʘʥʥʷ 

ʪʨʘʬʽʢʦʤ  

 

ɿʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢ. ʇʨʠʟʥʘʯʝʥʥʷ 

ɸʣʛʦʨʠʪʤʠ ʢʝʨʫʚʘʥʥʷ ʯʝʨʛʘʤʠ ʡ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʪʨʘʬʢ̔ʘ ʥʝ ʟʘʧʦʙʽʛʘʶʪʴ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤ, ʘ ʣʠʰʝ ʜʝʷʢʠʤ çʩʧʨʘʚʝʜʣʠʚʠʤè ʩʧʦʩʦʙʦʤ ʚ ʫʤʦʚʘʭ ʜʝʬʽʮʠʪʫ 

ʧʝʨʝʨʦʟʧʦʜʽʣʷʶʪʴ ʨʝʩʫʨʩʠ ʤʽʞ ʨʽʟʥʠʤʠ ʧʦʪʦʢʘʤʠ ʘʙʦ ʢʣʘʩʘʤʠ ʪʨʘʬʢ̔ʘ. 

ɸʣʛʦʨʠʪʤʠ ʢʝʨʫʚʘʥʥʷ ʯʝʨʛʘʤʠ ʥʘʣʝʞʘʪʴ ʜʦ ʤʝʭʘʥʽʟʤʽʚ ʢʝʨʫʚʘʥʥʷ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤʠ (congestion management), ʷʢʽ ʧʦʯʠʥʘʶʪʴ ʧʨʘʮʶʚʘʪʠ ʪʦʜʽ, 

ʢʦʣʠ ʤʝʨʝʞʘ ʚʞʝ ʧʝʨʝʚʘʥʪʘʞʝʥʘ.  

ɯʩʥʫʻ ʽʥʰʠʡ ʢʣʘʩ ʟʘʩʦʙʽʚ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʤʝʭʘʥʽʟʤʦʤ ʟʘʧʦʙʽʛʘʥʥʷ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤ (congestion avoidance). ʎʝʡ ʤʝʭʘʥʽʟʤ ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʧʝʨʝʚʘʥʪʘʞʝʥʠʡ ʚʫʟʦʣ 

ʤʝʨʝʞʽ, ʨʝʘʛʫʶʯʠ ʥʘ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʧʨʦʩʠʪʴ ʧʦʧʝʨʝʜʥʽ ʚʫʟʣʠ, ʨʦʟʪʘʰʦʚʘʥʽ 

ʚʟʜʦʚʞ ʤʘʨʰʨʫʪʫ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʪʦʢʫ (ʘʙʦ ʧʦʪʦʢʽʚ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʦʜʥʦʛʦ 

ʢʣʘʩʫ), ʪʠʤʯʘʩʦʚʦ ʟʥʠʟʠʪʠ ʰʚʠʜʢʽʩʪʴ ʪʨʘʬʢ̔ʘ. ʇʽʩʣʷ ʪʦʛʦ ʷʢ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʫ 

ʜʘʥʦʤʫ ʚʫʟʣʽ ʟʥʠʢʥʝ, ʚʽʥ ʧʦʩʠʣʘʻ ʽʥʰʝ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ.  

ʆʪʞʝ, ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʤʝʭʘʥʽʟʤ ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʴ 

ʟʘ ʨʘʭʫʥʦʢ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʪʠʤʯʘʩʦʚʦ ʟʥʠʞʫʻ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɯʩʥʫʻ ʡ ʽʥʰʘ 

ʥʘʟʚʘ ʮʴʦʛʦ ʤʝʭʘʥʽʟʤʫ ï ʘʢʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ ʯʝʨʛʘʤʠ. 

 

ʋʯʘʩʥʠʢʠ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ  

ɯʩʥʫʻ ʢʽʣʴʢʘ ʤʝʭʘʥʽʟʤʽʚ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ. ɺʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʽʥʬʦʨʤʘʮʽʻʶ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʟʚʦʨʦʪʥʠʤ ʟʚô̫ ʟʢʦʤ, ʘ ʪʘʢʦʞ ʪʠʧʦʤ ʚʫʟʣʘ, ʱʦ 

ʛʝʥʝʨʫʻ ʮʶ ʽʥʬʦʨʤʘʮʽʶ ʡ ʪʠʤ, ʭʪʦ ʨʝʘʛʫʻ ʥʝʾ, ï ʢʽʥʮʝʚʠʡ ʚʫʟʦʣ (ʢʦʤʧôʁ ʪʝʨ) ʘʙʦ 

ʧʨʦʤʽʞʥʠʡ (ʢʦʤʫʪʘʪʦʨ ʯʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨ).  

ʅʘ ʨʠʩ. 4.1 ʧʦʢʘʟʘʥʽ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʦʨʛʘʥʽʟʘʮʽʾ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ.  

ɿʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ 1 ʦʨʛʘʥʽʟʦʚʘʥʠʡ ʤʽʞ ʜʚʦʤʘ ʢʽʥʮʝʚʠʤʠ ʚʫʟʣʘʤʠ ʤʝʨʝʞʽ. 

ʎʝʡ ʚʘʨʽʘʥʪ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʙʽʣʴʰ ʨʘʜʠʢʘʣʴʥʝ ʟʥʠʞʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʤʝʨʝʞʫ, ʦʩʢʽʣʴʢʠ ʣʠʰʝ ʢʽʥʮʝʚʠʡ ʚʫʟʦʣ ʤʦʞʝ ʟʥʠʟʠʪʠ ʰʚʠʜʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ʤʝʨʝʞʫ. ʆʜʥʘʢ ʮʝʡ ʚʠʜ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʥʝ ʥʘʣʝʞʠʪʴ ʜʦ ʤʝʪʦʜʽʚ 
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ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʡʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ï ʙʦʨʦʪʴʙʘ ʟ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤʠ ʚʫʟʣʘ ʧʨʠʟʥʘʯʝʥʥʷ, ʘ ʥʝ ʟ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤʠ ʤʝʨʝʞʥʠʭ 

ʧʨʠʩʪʨʦʾʚ. ʇʨʠʥʮʠʧʦʚʦ ʮʝ ʦʜʥʘ ʡ ʪʘ ʩʘʤʘ ʧʨʦʙʣʝʤʘ, ʙʦ ʚʦʥʘ ʻ ʥʘʩʣʽʜʢʦʤ 

ʪʠʤʯʘʩʦʚʦʛʦ ʧʝʨʝʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ ʫ ʨʝʩʫʨʩ ʥʘʜ 

ʰʚʠʜʢʽʩʪʶ ʦʙʨʦʙʢʠ ʮʠʭ ʧʘʢʝʪʽʚ. ɸʣʝ ʨʝʩʫʨʩʦʤ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʩʪʫʧʘʻ ʥʝ 

ʢʦʤʫʪʘʪʦʨ ʤʝʨʝʞʽ, ʘ ʢʽʥʮʝʚʠʡ ʚʫʟʦʣ. ʊʨʘʜʠʮʽʡʥʦ ʟʘ ʮʠʤ ʚʠʜʦʤ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚôʷʟʢʫ ʟʘʢʨʽʧʠʣʘʩʷ ʚʣʘʩʥʘ ʥʘʟʚʘ ï ʢʦʥʪʨʦʣʴ ʧʦʪʦʢʫ. ʇʨʠʩʪʨʦʾ ʤʝʨʝʞʽ ʥʝ 

ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʫ ʨʦʙʦʪʽ ʮʴʦʛʦ ʚʠʜʫ ʤʝʭʘʥʽʟʤʫ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ, ʚʦʥʠ 

ʣʠʰʝ ʧʝʨʝʜʘʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʤʽʞ ʢʽʥʮʝʚʠʤʠ ʚʫʟʣʘʤʠ. ʅʝʟʚʘʞʘʶʯʠ 

ʥʘ ʨʽʟʥʽ ʥʘʟʚʠ, ʫ ʤʝʪʦʜʘʭ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤ ʽ ʢʦʥʪʨʦʣ ʁ ʧʦʪʦʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʽʣʴʥ̔  ʤʝʭʘʥʽʟʤʠ.  
 

 
 

ʈʠʩʫʥʦʢ 4.1 ï ʋʯʘʩʥʠʢʠ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ 
 

ɺ ʭʦʜʽ ʦʨʛʘʥʽʟʘʮʽʾ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʯʘʩ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ ʟ ʤʝʨʝʞʽ. ʋ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʛʣʦʙʘʣʴʥʠʭ ʤʝʨʝʞʘʭ ʟʘ ʯʘʩ ʧʝʨʝʜʘʯʽ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʚʫʟʣʘ ʧʨʠʟʥʘʯʝʥʥʷ ʚʫʟʦʣ-ʜʞʝʨʝʣʦ ʤʦʞʝ 

ʚʩʪʠʛʥʫʪʠ ʧʝʨʝʜʘʪʠ ʯʝʨʝʟ ʤʝʨʝʞʫ ʪʠʩʷʯʽ ʧʘʢʝʪʽʚ, ʪʘʢ ʱʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʥʝ 

ʙʫʜʝ ʣʽʢʚʽʜʦʚʘʥʝ ʚʯʘʩʥʦ. ɿ ʪʝʦʨʽʾ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚʽʜʦʤʦ, ʱʦ ʟʘʪʨʠʤʢʠ 

ʚ ʢʦʥʪʫʨʽ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʘ ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʙʘʛʘʪʴʦʭ ʥʝʙʘʞʘʥʠʭ 

ʝʬʝʢʪʽʚ, ʧʨʦʪʠʣʝʞʥʠʭ ʧʝʨʚʠʥʥʠʤ ʮʽʣʷʤ. ʅʘʧʨʠʢʣʘʜ, ʫ ʩʠʩʪʝʤʽ ʤʦʞʫʪʴ ʧʦʯʘʪʠʩʷ 

ʢʦʣʠʚʘʣʴʥʽ ʧʨʦʮʝʩʠ, ʽ ʚʦʥʘ ʥʽʢʦʣʠ ʥʝ ʟʤʦʞʝ ʧʨʠʡʪʠ ʚ ʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ. ʇʦʜʽʙʥʽ 

ʷʚʠʱʘ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʥʘ ʨʘʥʥʽʡ ʩʪʘʜʽʾ ʨʦʟʚʠʪʢʫ ɯʥʪʝʨʥʝʪʫ, ʢʦʣʠ ʯʝʨʝʟ 

ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʡ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʥʴʦʤʫ 

ʚʠʥʠʢʘʣʠ ʜʽʣʷʥʢʠ ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʷʢʽ ʧʝʨʽʦʜʠʯʥʦ ʧʝʨʝʤʽʱʘʣʠʩʷ ʧʦ ʤʝʨʝʞʽ. 

ʇʨʠʯʠʥʘ ʪʘʢʦʾ ʧʨʦʙʣʝʤʠ ʟʨʦʟʫʤʽʣʘ ï ʟʘʪʨʠʤʢʘ ʫ ʢʦʥʪʫʨʽ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ 
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ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʨʝʛʫʣʶʶʯʠʡ ʝʣʝʤʝʥʪ ʦʪʨʠʤʫʻ ʟʘʩʪʘʨʽʣʫ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʩʪʘʥ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʝʣʝʤʝʥʪʘ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʫʟʦʣ-ʜʞʝʨʝʣʦ ʦʪʨʠʤʫʻ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʯʝʨʛʠ ʚʫʟʣʘ-ʦʪʨʠʤʫʚʘʯʘ ʽʟ ʟʘʪʨʠʤʢʦʶ. ʊʦʤʫ ʤʦʞʣʠʚʽ 

ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʚʫʟʦʣ-ʜʞʝʨʝʣʦ ʧʦʯʠʥʘʻ ʟʥʠʞʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ, ʭʦʯʘ ʥʘʩʧʨʘʚʜʽ ʯʝʨʛʠ ʫ ʚʫʟʣʽ-ʦʪʨʠʤʫʚʘʯʽ ʚʞʝ ʥʝʤʘʻ, ʽ, ʥʘʚʧʘʢʠ, 

ʧʽʜʚʠʱʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʫ ʪʦʡ ʤʦʤʝʥʪ, ʢʦʣʠ ʚʫʟʦʣ-

ʦʪʨʠʤʫʚʘʯ ʧʦʯʘʚ ʟʘʟʥʘʚʘʪʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ. ɼʣʷ ʙʦʨʦʪʴʙʠ ʟ ʪʘʢʠʤʠ ʷʚʠʱʘʤʠ ʚ 

ʢʦʥʪʫʨ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʟʘʟʚʠʯʘʡ ʚʚʦʜʠʪʴʩʷ ʽʥʪʝʛʨʫʶʯʠʡ ʝʣʝʤʝʥʪ, ʷʢʠʡ ʥʘ 

ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʦʙʨʦʙʣʷʻ ʥʝ ʪʽʣʴʢʠ ʧʦʪʦʯʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ, 

ʘʣʝ ʡ ʢʽʣʴʢʘ ʧʦʧʝʨʝʜʥʽʭ ʧʦʚʽʜʦʤʣʝʥʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ 

ʩʠʪʫʘʮʽʾ ʡ ʨʝʘʛʫʚʘʪʠ ʘʜʝʢʚʘʪʥʦ.  

ɿʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢ 2 ʦʨʛʘʥʽʟʦʚʘʥʠʡ ʤʽʞ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ ʢʦʤʫʪʘʪʦʨʘʤʠ. 

ʂʦʤʫʪʘʪʦʨ ʧʦʚʽʜʦʤʣʷʻ ʩʫʩʽʜʦʚʽ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʨʽʚʥʝʤ ʚʠʱʝ, ʱʦ ʚʽʥ ʟʘʟʥʘʻ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʽ ʡʦʛʦ ʙʫʬʝʨ ʟʘʧʦʚʥʠʚʩʷ ʜʦ ʢʨʠʪʠʯʥʦʾ ʚʝʣʠʯʠʥʠ. ʆʪʨʠʤʘʚʰʠ 

ʪʘʢʝ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʩʫʩʽʜ, ʨʦʟʪʘʰʦʚʘʥʠʡ ʚʠʱʝ, ʤʘʻ ʟʥʠʟʠʪʠ ʥʘ ʜʝʷʢʠʡ ʯʘʩ 

ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʫ ʥʘʧʨʷʤʢʫ ʧʝʨʝʚʘʥʪʘʞʝʥʦʛʦ ʢʦʤʫʪʘʪʦʨʘ ʡ ʪʠʤ 

ʩʘʤʠʤ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ. ɼʣʷ ʤʝʨʝʞʽ ʚ ʮʽʣʦʤʫ ʮʝ ʤʝʥʰ 

ʝʬʝʢʪʠʚʥʝ ʨʽʰʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʧʦʪʽʢ ʧʨʦʜʦʚʞʫʚʘʪʠʤʝ ʨʫʭ ʚʽʜ ʚʫʟʣʘ-ʜʞʝʨʝʣʘ  

ʟ ʪʽʻʶ ʩʘʤʦʶ ʰʚʠʜʢʽʩʪʶ, ʱʦ ʡ ʨʘʥʽʰʝ. ɸʣʝ ʜʣʷ ʢʦʤʫʪʘʪʦʨʘ, ʱʦ ʟʘʟʥʘʻ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʮʝ ʻ ʛʘʨʥʠʤ ʚʠʭʦʜʦʤ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʦʪʨʠʤʫʻ ʯʘʩ ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʨʦʟʚʘʥʪʘʞʠʪʠ ʯʝʨʛʫ, ʱʦ ʧʝʨʝʧʦʚʥʠʣʘʩʷ. ʇʨʘʚʜʘ, ʧʨʦʙʣʝʤʘ ʧʝʨʝʥʦʩʠʪʴʩʷ ʚ 

ʢʦʤʫʪʘʪʦʨ, ʨʦʟʪʘʰʦʚʘʥʠʡ ʚʠʱʝ, ʫ ʷʢʦʤʫ ʪʝʧʝʨ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, 

ʦʩʢʽʣʴʢʠ ʚʽʥ ʧʦʯʠʥʘʻ ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ ʟʽ ʩʚʦʛʦ ʙʫʬʝʨʘ ʟ ʤʝʥʰʦʶ ʰʚʠʜʢʽʩʪʶ. 

ʇʝʨʝʚʘʛʦʶ ʦʧʠʩʘʥʦʛʦ ʤʝʪʦʜʫ ʻ ʥʠʟʴʢʘ ʟʘʪʨʠʤʢʘ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ, ʦʩʢʽʣʴʢʠ 

ʚʫʟʣʠ ʻ ʩʫʩʽʜʘʤʠ (ʷʢʱʦ ʚʦʥʠ, ʟʚʠʯʘʡʥʦ, ʥʝ ʟô̒ ʜʥʘʥʽ ʩʫʧʫʪʥʠʢʦʚʠʤ ʢʘʥʘʣʦʤ).  

ɿʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢ 3 ʦʨʛʘʥʽʟʦʚʘʥʠʡ ʤʽʞ ʧʨʦʤʽʞʥʠʤ ʢʦʤʫʪʘʪʦʨʦʤ ʽ ʚʫʟʣʦʤ-

ʜʞʝʨʝʣʦʤ. ʇʦʚʽʜʦʤʣʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʭʦʯʘ ʡ ʧʝʨʝʜʘʶʪʴʩʷ ʜʝʢʽʣʴʢʦʤʘ 

ʢʦʤʫʪʘʪʦʨʘʤʠ ʤʝʨʝʞʽ ʚ ʥʘʧʨʷʤ ̔ʚʫʟʣʘ-ʜʞʝʨʝʣʘ, ʘʣʝ ʚʦʥʠ ʥʘ ʥʴʦʛʦ ʥʝ ʨʝʘʛʫʶʪʴ.  

ʋ ʟʚʦʨʦʪʥʦʤʫ ʟʚô̫ ʟʢʫ 4, ʷʢ ʽ ʚ ʟʚʦʨʦʪʥʦʤʫ ʟʚô̫ ʟʢʫ 1, ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʧʦʨʦʜʞʫʻʪʴʩʷ ʚʫʟʣʦʤ-ʦʪʨʠʤʫʚʘʯʝʤ ʽ ʧʝʨʝʜʘʻʪʴʩʷ ʚʫʟʣʫ-

ʜʞʝʨʝʣʫ. ʆʜʥʘʢ ʻ ʡ ʚʘʞʣʠʚʘ ʚʽʜʤʽʥʥʽʩʪʴ: ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʦʞʥʠʡ ʧʨʦʤʽʞʥʠʡ 

ʢʦʤʫʪʘʪʦʨ ʨʝʘʛʫʻ ʥʘ ʮʝ ʧʦʚʽʜʦʤʣʝʥʥʷ. ʇʦ-ʧʝʨʰʝ, ʚʽʥ ʟʥʠʞʫʻ ʰʚʠʜʢʽʩʪʴ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʫ ʥʘʧʨʷʤ ̔ʚʫʟʣʘ ʧʨʠʟʥʘʯʝʥʥʷ, ʧʦ-ʜʨʫʛʝ, ʚʽʥ ʤʦʞʝ ʟʤʽʥʠʪʠ ʟʤʽʩʪ 

ʧʦʚʽʜʦʤʣʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʚʫʟʦʣ ʧʨʠʟʥʘʯʝʥʥʷ ʧʨʦʩʠʪʴ ʟʥʠʟʠʪʠ ʰʚʠʜʢʽʩʪʴ 

ʜʦ 30 ʄʙʪ̔/ʩ, ʪʦ ʧʨʦʤʽʞʥʠʡ ʢʦʤʫʪʘʪʦʨ ʤʦʞʝ ʟʥʠʟʠʪʠ ʮʶ ʚʝʣʠʯʠʥʫ ʜʦ 20 ʄʙ̔ʪ/ʩ, 

ʦʮʽʥʠʚʰʠ ʩʪʘʥ ʩʚʦʛʦ ʙʫʬʝʨʘ. ʂʨʽʤ ʪʦʛʦ, ʦʨʛʘʥʽʟʫʚʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚô̫ ʟʢʫ ʤʦʞʝ ʙʫʜʴ-ʷʢʠʡ ʢʦʤʫʪʘʪʦʨ ʤʝʨʝʞʽ, ʘ ʥʝ ʪʽʣʴʢʠ ʚʫʟʦʣ ʧʨʠʟʥʘʯʝʥʥʷ.  
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ɺ ʭʦʜʽ ʦʧʠʩʘʥʥʷ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʦʨʛʘʥʽʟʘʮʽʾ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʤʘʣʦʩʷ ʥʘ 

ʫʚʘʟʽ, ʱʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʡʜʝ ʚ ʥʘʧʨʷʤ,̔ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʫ 

ʧʝʨʝʜʘʯʽ ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʚʣʘʩʥʝ, ʪʦʤʫ ʮʝʡ ʤʝʭʘʥʽʟʤ ʪʘʢ ʽ 

ʥʘʟʠʚʘʻʪʴʩʷ). ɸʣʝ ʜʝʷʢʽ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʧʨʦʪʦʢʦʣʠ ʥʝ ʧʝʨʝʜʙʘʯʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ 

ʛʝʥʝʨʘʮʽʾ ʧʦʜʽʙʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʧʨʦʤʽʞʥʠʤʠ ʚʫʟʣʘʤʠ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʯʘʩʪʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʰʪʫʯʥʠʡ ʧʨʠʡʦʤ ï ʧʝʨʝʜʘʯʘ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 

ʚʫʟʣʫ ʧʨʠʟʥʘʯʝʥʥʷ, ʱʦ ʧʝʨʝʪʚʦʨʠʪʴ ʡʦʛʦ ʚ ʧʦʚʽʜʦʤʣʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ ʡ 

ʚʽʜʧʨʘʚʣʷʻ ʚ ʧʦʪʨʽʙʥʦʤʫ ʥʘʧʨʷʤ,̔ ʪʦʙʪʦ ʚ ʥʘʧʨʷʤ ̔ ʜʞʝʨʝʣʘ. ʎʝʡ ʚʘʨʽʘʥʪ 

ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩʫʥʢʫ ʷʢ ʟʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢ 5. 

 

ɯʥʬʦʨʤʘʮʽʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ  

ʋ ʤʝʪʦʜʘʭ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ, ̫ʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʴʦʛʦʜʥʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʁʪʴʩʷ ʪʘʢʽ ʦʩʥʦʚʥʽ ʪʠʧʠ ʧʦʚʽʜʦʤʣʝʥʴ:  

Å ʦʟʥʘʢʘ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ;  

Å ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ;  

Å ʤʘʢʩʠʤʘʣʴʥʠʡ ʦʙʩʷʛ ʜʘʥʠʭ (ʢʨʝʜʠʪ);  

Å ʥʝʧʨʷʤʽ ʦʟʥʘʢʠ.  

ʆʟʥʘʢʘ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʥʝ ʛʦʚʦʨʠʪʴ ʧʨʦ ʩʪʫʧʽʥʴ ʧʝʨʝʚʘʥʪʘʞʝʥʦʩʪʽ ʤʝʨʝʞʽ 

ʘʙʦ ʚʫʟʣʘ, ʚʦʥʘ ʣʠʰʝ ʬʽʢʩʫʻ ʬʘʢʪ ʥʘʷʚʥʦʩʪʽ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ. ʈʝʘʢʮʽʷ ʚʫʟʣʘ, 

ʷʢʠʡ ʦʪʨʠʤʘʚ ʪʘʢʝ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʦ.ʁ ʋ ʜʝʷʢʠʭ ʧʨʦʪʦʢʦʣʘʭ ʚʫʟʦʣ 

ʟʦʙʦʚô̫ ʟʘʥʠʡ ʧʨʠʧʠʥʠʪʠ ʧʝʨʝʜʘʯʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʧʝʚʥʦʤʫ ʥʘʧʨʷʤʢʫ ʜʦʪʠ, ʜʦʢʠ 

ʥʝ ʦʪʨʠʤʘ ̒ʽʥʰʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʧʨʦʜʦʚʞʝʥʥʷ 

ʧʝʨʝʜʘʯʽ. ɺ ʽʥʰʠʭ ʧʨʦʪʦʢʦʣʘʭ ʚʫʟʦʣ ʧʦʚʦʜʠʪʴʩʷ ʘʜʘʧʪʠʚʥʦ, ʚʽʥ ʟʥʠʞʫʻ 

ʰʚʠʜʢʽʩʪʴ ʥʘ ʜʝʷʢʫ ʚʝʣʠʯʠʥʫ ʡ ʦʯʽʢʫʻ ʨʝʘʢʮʽʾ ʤʝʨʝʞʽ. ʗʢʱʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʟ 

ʦʟʥʘʢʦʶ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʥʘʜʭʦʜʷʪʴ ʽ ʜʘʣʽ, ʪʦ ʚʽʥ ʧʨʦʜʦʚʞʫʻ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ.  

ʋ ʜʨʫʛʦʤʫ ʪʠʧʽ ʧʦʚʽʜʦʤʣʝʥʴ ʚʢʘʟʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ, 

ʪʦʙʪʦ ʧʦʨʽʛ ʰʚʠʜʢʦʩʪʽ, ʷʢʦʛʦ ʤʘʻ ʜʦʪʨʠʤʫʚʘʪʠʩ ̫ʜʞʝʨʝʣʦ ʘʙʦ ʧʨʦʤʽʞʥʠʡ ʚʫʟʦʣ, 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʟʘ ʧʦʪʦʢʦʤ ʚʠʱʝ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʣʽʜ ʦʙʦʚô̫ ʟʢʦʚʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʯʘʩ ʧʝʨʝʜʘʯʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʦ ʤʝʨʝʞʽ, ʘʙʠ ʚʠʢʣʶʯʠʪʠ ʢʦʣʠʚʘʣʴʥʽ ʧʨʦʮʝʩʠ ʚ 

ʤʝʨʝʞʽ ʡ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʨʽʙʥʫ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʥʘ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ. ʊʦʤʫ, ʚ 

ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ ʪʘʢʠʡ ʩʧʦʩʽʙ ʟʘʟʚʠʯʘʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʩʠʣʘʤʠ ʚʩʽʭ 

ʢʦʤʫʪʘʪʦʨʽʚ ʤʝʨʝʞʽ (ʟʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢ 4 ʫ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ).  

ʇʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʦʙʩʷʛ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫ̒ʪʴʩʷ ʚ 

ʘʣʛʦʨʠʪʤʽ ʢʦʚʟʥʦʛʦ ʚʽʢʥʘ, ʱʦ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʧʘʢʝʪʥʠʭ ʤʝʨʝʞʘʭ.  

ʎʝʡ ʘʣʛʦʨʠʪʤ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʘʜʽʡʥʫ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ, 

ʘʣʝ ʡ ʨʝʘʣʽʟʫʚʘʪʠ ʟʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢ ʜʣʷ ʢʦʥʪʨʦʣʶ ʧʦʪʦʢʫ ʤʽʞ ʢʽʥʮʝʚʠʤʠ 

ʚʫʟʣʘʤʠ. ʇʘʨʘʤʝʪʨʦʤ, ʱʦ ʥʝʩʝ ʽʥʬʦʨʤʘʮʽʶ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ, ʻ çʚʽʢʥʦè ï 
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ʯʠʩʣʦ, ʪʽʩʥʦ ʧʦʚô̫ ʟʘʥʝ ʟ ʧʦʪʦʯʥʠʤ ʨʦʟʤʽʨʦʤ ʚʽʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚ ʙʫʬʝʨʽ 

ʧʨʠʡʤʘʶʯʦʛʦ ʚʫʟʣʘ. ɺʽʢʥʦ ʪʘʢʦʞ ʥʘʟʠʚʘʶʪʴ ʢʨʝʜʠʪʦʤ, ʱʦ ʧʨʠʡʤʘʶʯʠʡ ʜʘʻ 

ʧʝʨʝʜʘʚʘʣʴʥʦʤʫ ʚʫʟʣʫ. ʇʝʨʝʜʘʚʘʣʴʥʠʡ ʚʫʟʦʣ ʤʦʞʝ ʟ ʙʫʜʴ- ʢ̫ʦʶ ʰʚʠʜʢʽʩʪʶ 

ʧʝʨʝʜʘʪʠ ʦʙʩʷʛ ʽʥʬʦʨʤʘʮʽʾ (ʘʙʦ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ, ʷʢʱʦ ʚʽʢʥʦ ʚʠʤʽʨʶ̒ ʪʴʩʷ 

ʫ ʧʘʢʝʪʘʭ), ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʨʝʜʠʪʫ. ɸʣʝ, ʷʢʱʦ ʢʨʝʜʠʪ ʚʠʯʝʨʧʘʥʠʡ, ʪʦ 

ʧʝʨʝʜʘʚʘʣʴʥʠʡ ʚʫʟʦʣ ʥʝ ʤʘʻ ʧʨʘʚʘ ʧʝʨʝʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, ʧʦʢʠ ʥʝ ʦʪʨʠʤʘʻ 

ʥʘʩʪʫʧʥʠʡ ʢʨʝʜʠʪ. ʇʽʜ ʯʘʩ ʧʝʨʝʚʘʥʪʘʞʝʥ ɹʧʨʠʡʤʘʶʯʠʡ ʚʫʟʦʣ ʟʤʝʥʰʫʻ ʨʦʟʤʽʨ 

ʚʽʢʥʘ, ʪʠʤ ʩʘʤʠʤ ʟʥʠʞʫʶʯʠ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʗʢʱʦ ʝʬʝʢʪ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʟʥʠʢʘʻ, 

ʪʦ ʧʨʠʡʤʘʶʯʠʡ ʚʫʟʦʣ ʟʙʽʣʴʰʫʻ ʨʦʟʤʽʨ ʚʽʢʥʘ. ʅʝʜʦʣʽʢʦʤ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ ʻ ʪʝ, 

ʱʦ ʚʽʥ ʧʨʘʮʶʻ ʪʽʣʴʢʠ ʚ ʧʨʦʪʦʢʦʣʘʭ ʽʟ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʟô̒ ʜʥʘʥʥʷ.  

ɯ, ʥʘʨʝʰʪʽ, ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʧʝʨʝʜʘʚʘʣʴʥʠʡ ʚʫʟʦʣ ʚʠʟʥʘʯʘʻ, ʱʦ 

ʧʨʠʡʤʘʶʯʠʡ ʚʫʟʦʣ (ʘʙʦ ʚʫʟʣʠ) ʟʘʟʥʘʻ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʟʘ ʜʝʷʢʠʤʠ ʥʝʧʨʷʤʠʤʠ 

ʦʟʥʘʢʘʤʠ, ʙʝʟ ʦʪʨʠʤʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ. ʊʘʢʠʤʠ ʥʝʧʨʷʤʠʤʠ 

ʦʟʥʘʢʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʬʘʢʪʠ ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʧʨʦʪʦʢʦʣ ʤʽʛ 

ʚʠʷʚʣʷʪʠ ʬʘʢʪʠ ʚʪʨʘʪ ʧʘʢʝʪʽʚ, ʮʝ ʤʘʻ ʙʫʪʠ ʧʨʦʪʦʢʦʣ ʽʟ ʫʩʪʘʥʦʚʣʝʥʥʷʤ 

ʟô̒ ʜʥʘʥʥʷ. ʊʦʜʽ ʟʘʢʽʥʯʝʥʥ̫ ʪʘʡʤ-ʘʫʪʫ ʘʙʦ ʧʨʠʭʽʜ ʜʫʙʣʽʢʘʪʘ ʧʦʟʠʪʠʚʥʦʾ ʢʚʠʪʘʥʮʽʾ 

ʧʦʙʽʯʥʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʘʢʝʪ ʟʘʛʫʙʣʝʥʠʡ. ʆʜʥʘʢ ʚʪʨʘʪʘ ʧʘʢʝʪʘ ʥʝ ʟʘʚʞʜʠ 

ʩʚʜ̔ʯʠʪʴ ʧʨʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ. ʇʝʨʝʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ ï ʮʝ ʪʽʣʴʢʠ ʦʜʥʘ 

ʟ ʤʦʞʣʠʚʠʭ ʧʨʠʯʠʥ ʚʪʨʘʪʠ ʧʘʢʝʪʘ, ʽʥʰʦʶ ʧʨʠʯʠʥʦʶ ʤʦʞʝ ʙʫʪʠ ʥʝʥʘʜʽʡʥʘ 

ʨʦʙʦʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʚʽʜʤʦʚʠ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʧʝʨʝʢʨʫʯʫʚʘʥʥʷ 

ʜʘʥʠʭ ʯʝʨʝʟ ʟʘʚʘʜʠ). ɸʣʝ, ʦʩʢʽʣʴʢʠ ʨʝʘʢʮʽʷ ʥʘ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʪʘ ʥʝʥʘʜʽʡʥʫ 

ʨʦʙʦʪʫ ʤʝʨʝʞʽ ʤʘʻ ʙʫʪʠ ʦʜʥʘʢʦʚʦ ʁʡ ʧʦʣʷʛʘʪʠ ʚ ʟʥʠʞʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ, 

ʪʦ ʥʝʦʜʥʦʟʥʘʯʥʽʩʪʴ ʧʨʠʯʠʥʠ ʚʪʨʘʪʠ ʧʘʢʝʪʘ ʥʝ ʻ ʧʨʦʙʣʝʤʦʶ.  

ʇʨʠʢʣʘʜʦʤ ʧʨʦʪʦʢʦʣʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫ̒ ʥʝʷʚʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʻ ʧʨʦʪʦʢʦʣ TCP. ʎʝʡ ʧʨʦʪʦʢʦʣ ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ (ʧʨʦ ʨʦʟʤʽʨ ʚʽʢʥʘ) ʟʜʽʡʩʥʶʻ ʢʦʥʪʨʦʣʴ ʧʦʪʦʢʫ, ʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʝʷʚʥʦʾ (ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ, ʜʫʙʣʽʢʘʪʠ ʢʚʠʪʘʥʮʽʡ) ï ʢʝʨʫʻ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤ.  

 

4.2 ʈʝʟʝʨʚʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʪʘ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʫ 

 

ʈʦʟʛʣʷʥʫʪʽ ʤʝʪʦʜʠ ʧʽʜʪʨʠʤʢʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʦʨʽʻʥʪʦʚʘʥʽ ʚ 

ʦʩʥʦʚʥʦʤʫ ʥʘ ʙʦʨʦʪʴʙʫ ʟ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤʠ ʘʙʦ ʟʘʧʦʙʽʛʘʥʥʷ ʾʭ ʫ ʤʝʞʘʭ 

ʦʢʨʝʤʦʛʦ ʚʫʟʣʘ ʤʝʨʝʞʽ. ʈʘʟʦʤ ʟ ʪʠʤ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʨʽʚʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʝʷʢʦʛʦ ʧʦʪʦʢʫ ʧʘʢʝʪʽʚ ʥʝʦʙʭʽʜʥʦ 

ʩʢʦʦʨʜʠʥʦʚʘʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ ʥʘ ʚʩʴʦʤʫ ʰʣʷʭʫ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʪʦʢʫ 

ʯʝʨʝʟ ʤʝʨʝʞʫ. ʊʘʢʦʶ ʢʦʦʨʜʠʥʫʶʯʦʶ ʧʨʦʮʝʜʫʨʦʶ ʻ ʧʨʦʮʝʜʫʨʘ ʨʝʟʝʨʚʫʚʘʥʥʷ 

ʨʝʩʫʨʩʽʚ ʤʝʨʝʞʽ ʜʣʷ ʧʝʚʥʦʛʦ ʧʦʪʦʢʫ. ʎʷ ʧʨʦʮʝʜʫʨʘ ʜʦʟʚʦʣʷʻ ʥʘʣʘʰʪʫʚʘʪʠ ʚʩʽ 
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ʤʝʭʘʥʽʟʤʠ ʧʽʜʪʨʠʤʢʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʫʟʜʦʚʞ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʪʦʢʫ ʪʘʢ, 

ʱʦʙ ʧʦʪʽʢ ʟ ʜʝʷʢʠʤʠ ʟʘʜʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʰʚʠʜʢʦʩʪʽ ʙʫʚ ʦʙʩʣʫʞʝʥʠʡ ʽʟ 

ʟʘʜʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ QoS.  

ʆʩʥʦʚʥʘ ʽʜʝʷ ʧʨʦʮʝʜʫʨʠ ʚ ʪʦʤʫ, ʱʦ ʢʦʞʥʦʤʫ ʚʫʟʣʫ ʤʝʨʝʞʽ ʫʟʜʦʚʞ 

ʤʘʨʰʨʫʪʫ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʪʦʢʫ ʟʘʜʘʻʪʴʩʷ ʧʠʪʘʥʥʷ, ʯʠ ʤʦʞʝ ʮʝʡ ʚʫʟʦʣ  

ʦʙʩʣʫʞʠʪʠ ʜʝʷʢʠʡ ʥʦʚʠʡ ʧʦʪʽʢ ʽʟ ʟʘʜʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ QoS, ʷʢʱʦ  

ʚʽʜʦʤʽ ʛʨʘʥʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʘ, ʪʘʢʽ ʷʢ ʩʝʨʝʜʥʷ ʡ ʧʽʢʦʚʘ 

ʰʚʠʜʢʦʩʪʽ? ʂʦʞʥʠʡ ʚʫʟʦʣ ʧʨʠ ʚʽʜʧʦʚʽʜʽ ʥʘ ʮʝ ʟʘʧʠʪʘʥʥʷ ʤʘʻ ʦʮʽʥʠʪʠ ʩʚʦʾ 

ʤʦʞʣʠʚʦʩʪʽ, ʪʦʙʪʦ ʧʝʨʝʚʽʨʠʪʠ, ʯʠ ʜʦʩʪʘʪʥʴʦ ʫ ʥʴʦʛʦ ʚʽʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʱʦʙ 

ʧʨʠʡʥʷʪʠ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʦʚʠʡ ʧʦʪʽʢ ʽ ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʡʦʛʦ ʷʢʽʩʥʦ.  

ʇʨʠ ʧʦʟʠʪʠʚʥʽʡ ʚʽʜʧʦʚʽʜʽ ʚʫʟʦʣ ʤʘʻ ʧʝʚʥʠʤ ʯʠʥʦʤ ʟʘʨʝʟʝʨʚʫʚʘʪʠ ʯʘʩʪʠʥʫ  

ʩʚʦʾʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʜʘʥʦʛʦ ʧʦʪʦʢʫ, ʱʦʙ ʧʨʠ ʥʘʜʭʦʜʞʝʥʥʽ ʧʘʢʝʪʽʚ ʧʦʪʦʢʘ ʥʘ  

ʚʭʽʜʥʽ ʽʥʪʝʨʬʝʡʩʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʽ ʨʝʩʫʨʩʠ ʜʣʷ ʾʭʥʴʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ  

ʟ ʛʘʨʘʥʪʦʚʘʥʠʤ ʨʽʚʥʝʤ ʷʢʦʩʪʽ.  

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʢʦʞʥʠʡ ʚʫʟʦʣ ʩʘʤʦʩʪʽʡʥʦ ʚʠʨʽʰʫʻ, ʷʢʽ ʨʝʩʫʨʩʠ ʚʽʥ 

ʤʘʻ ʨʝʟʝʨʚʫʚʘʪʠ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʝʷʢʦʛʦ ʧʦʪʦʢʫ ʽʟ ʟʘʜʘʥʦʶ ʷʢʽʩʪʶ. ʗʢ ʧʦʢʘʟʫʻ 

ʧʨʘʢʪʠʢʘ, ʦʩʥʦʚʥʠʤ ʨʝʩʫʨʩʦʤ, ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʷʢʽʩʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʽʚ,  

ʻ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʽʥʪʝʨʬʝʡʩʫ, ʯʝʨʝʟ ʷʢʠʡ ʧʘʢʝʪʠ ʧʦʪʦʢʫ ʟʘʣʠʰʘʶʪʴ ʚʫʟʦʣ. 

ʊʦʤʫ ʥʘʜʘʣʽ ʤʠ, ʪʨʦʭʠ ʩʧʨʦʱʫʶʯʠ ʩʠʪʫʘʮʽʶ, ʟʘʩʪʦʩʦʚʫʚʘʪʠʤʝʤʦ ʬʦʨʤʫʣʶʚʘʥʥʷ 

çʨʝʟʝʨʚʫʚʘʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽè ʟʘʤʽʩʪʴ çʨʝʟʝʨʚʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚè.  

ʉʫʪʥʽʩʪʴ ʨʝʟʝʨʚʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʦʙʤʝʞʠʪʠ ʨʽʚʝʥʴ 

ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʧʝʚʥʦʛʦ ʧʦʪʦʢʫ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʧʦʪʦʢʽʚ ʜʝʷʢʦʶ ʧʨʠʡʥʷʪʥʦʶ 

ʚʝʣʠʯʠʥʦʶ. ʎʷ ʚʝʣʠʯʠʥʘ ʤʘʻ ʙʫʪʠ ʪʘʢʦ ,ʁ ʱʦʙ ʤʝʭʘʥʽʟʤʠ QoS (ʢʝʨʫʚʘʥʥʷ 

ʯʝʨʛʘʤʠ, ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʪʨʘʬʢ̔ʘ ʪʘ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ), ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ 

ʚʫʟʣʘʭ ʤʝʨʝʞʽ, ʩʧʨʘʚʣʷʣʠʩʷ ʟ ʢʦʨʦʪʢʦʯʘʩʥʠʤʠ ʥʝʚʝʣʠʢʠʤʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤʠ ʡ 

ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʥʝʦʙʭʽʜʥʽ ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS.  

ʆʜʥʘʢ, ʱʦ ʞ ʦʟʥʘʯʘʻ ʨʝʟʝʨʚʫʚʘʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚ ʤʝʨʝʞʘʭ ʟ 

ʢʦʤʫʪʘʮʽʻʶ ʧʘʢʝʪʽʚ? ʈʘʥʽʰʝ ʤʠ ʥʝ ʟʫʩʪʨʽʯʘʣʠʩʷ ʟ ʪʘʢʠʤ ʤʝʭʘʥʽʟʤʦʤ, ʫʩʽ 

ʧʦʧʝʨʝʜʥʽ ʧʦʷʩʥʝʥʥʷ ʨʦʙʦʪʠ ʤʝʨʝʞʥʠʭ ʧʨʠʩʪʨʦʾʚ ʦʙʭʦʜʠʣʠʩʷ ʙʝʟ ʥʴʦʛʦ.  

ʈʽʯ ʫ ʪʽʤ, ʱʦ ʮʝʡ ʤʝʭʘʥʽʟʤ ʥʝ ʻ ʦʙʦʚô̫ ʟʢʦʚʠʤ, ʘ ʚʠʢʦʨʠʩʪʦʚʫ̒ʪʴʩʷ ʣʠʰʝ ʪʦʜʽ, 

ʢʦʣʠ ʧʦʪʨʽʙʥʝ ʛʘʨʘʥʪʦʚʘʥʝ ʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʽʚ.  

ʈʝʟʝʨʚʫʚʘʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚ ʤʝʨʝʞʘʭ ʟ ʢʦʤʫʪʘʮʽʻʶ ʧʘʢʝʪʽʚ ʩʭʦʞʝ 

ʥʘ ʘʥʘʣʦʛʽʯʥʫ ʧʨʦʮʝʜʫʨʫ ʚ ʤʝʨʝʞʘʭ ʟ ʢʦʤʫʪʘʮʽʻʶ ʢʘʥʘʣʽʚ ʪʠʤ, ʱʦ ʧʝʚʥʦʤʫ 

ʧʦʪʦʢʫ ʜʘʥʠʭ ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʧʝʚʥʘ ʯʘʩʪʠʥʘ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʣʽʥʽʾ ʟʚô̫ ʟʢʫ. 

ɸʣʝ ʪʫʪ ʮʝ ʧʨʠʟʥʘʯʝʥʥʷ ʥʘʙʘʛʘʪʦ ʛʥʫʯʢʽʝh, ï ʷʢʱʦ ʚʽʜʚʝʜʝʥʘ ʧʨʦʧʫʩʢʥʘ 

ʟʜʘʪʥʽʩʪʴ ʫ ʜʝʷʢʠʡ ʧʝʨʽʦʜ ʯʘʩʫ ʥʝʜʦʚʠʢʦʨʠʩʪʦʚʫ̒ʪʴʩʷ ʧʦʪʦʢʦʤ, ʪʦ ʚʦʥʘ ʤʦʞʝ 

ʙʫʪʠ ʧʝʨʝʜʘʥʘ ʽʥʰʠʤ ʧʦʪʦʢʘʤ.  
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ʎʷ ʦʙʩʪʘʚʠʥʘ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʽʰʝ ʚʠʪʨʘʯʘʪʠ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʣʽʥʽʡ 

ʟʚô̫ ʟʢʫ, ʘʣʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʝʬʝʢʪʫ ʧʦʩʪʫʧʦʚʦʾ ʜʝʛʨʘʜʘʮʽʾ ʷʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʝʨʚʽʩʫ ʯʝʨʝʟ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʡ ʯʝʨʛʠ ʟʘʤʽʩʪʴ ʧʨʦʩʪʦʾ ʚʽʜʤʦʚʠ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ, 

ʱʦ ʤʘʻ ʤʽʩʮʝ ʚ ʤʝʨʝʞʽ ʟ ʢʦʤʫʪʘʮʽʻʶ ʢʘʥʘʣʽʚ, ʢʦʣʠ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʚʠʷʚʣʷʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʝʷʢʦʛʦ ʧʦʪʦʢʫ. ʄʝʪʘ ʛʥʫʯʢʦʛʦ 

ʨʝʟʝʨʚʫʚʘʥʥʷ ï ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʽʢ ʟʘʨʝʟʝʨʚʦʚʘʥʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʚ ʪʽ 

ʧʝʨʽʦʜʠ, ʢʦʣʠ ʚʦʥʘ ʡʦʤʫ ʧʦʪʨʽʙʥʘ ʚʩʷ, ʪʦʙʪʦ ʚ ʧʝʨʽʦʜʠ ʧʝʨʝʚʘʥʪʘʞʝʥʴ. ɯʥʰʦʶ 

ʚʽʜʤʽʥʥʽʩʪʶ ʨʝʟʝʨʚʫʚʘʥʥʷ ʚ ʧʘʢʝʪʥʠʭ ʤʝʨʝʞʘʭ ʻ ʪʘ ʦʙʩʪʘʚʠʥʘ, ʱʦ ʚʦʥʦ ʤʦʞʝ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʥʝ ʣʠʰʝ çʚʽʜ ʢʨʘʶ ʜʦ ʢʨʘʶè, ʘʣʝ ʡ ʜʣʷ ʷʢʠʭʦʩʴ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ ʥʘ 

ʤʘʨʰʨʫʪʽ ʧʦʪʦʢʫ, ʘʣʝ ʮʝʡ ʚʠʧʘʜʦʢ ʥʝ ʤʦʞʝ ʛʘʨʘʥʪʫʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS, ʦʩʢʽʣʴʢʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʥʘʚʽʪʴ ʚ ʦʜʥʦʤʫ ʚʫʟʣʽ ʤʦʞʫʪʴ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʘʪʨʠʤʦʢ ʽ ʚʪʨʘʪ ʧʘʢʝʪʽʚ.  

ʈʝʟʝʨʚʫʚʘʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚ ʧʘʢʝʪʥʽʡ ʤʝʨʝʞʽ çʚʽʜ ʢʨʘʶ ʜʦ ʢʨʘʶè 

ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʦʧʝʨʘʮʽʾ, ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʥʪʨʦʣʝʤ ʜʦʧʫʩʢʫ ʚ ʤʝʨʝʞʫ ʧʦʪʦʢʫ, 

ʱʦ ʧʨʦʩʠʪʴ ʟʘʨʝʟʝʨʚʫʚʘʪʠ ʜʣʷ ʩʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʝʷʢʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ 

ʤʝʨʝʞʽ ʤʽʞ ʾʾ ʜʚʦʤʘ ʢʽʥʮʝʚʠʤʠ ʚʫʟʣʘʤʠ. ʎʷ ʦʧʝʨʘʮʽʷ ʧʦʣʷʛʘʻ ʚ ʧʝʨʝʚʽʨʮʽ 

ʥʘʷʚʥʦʩʪʽ ʜʦʩʪʫʧʥʦʾ (ʪʦʙʪʦ ʥʝʟʘʨʝʟʝʨʚʦʚʘʥʦʾ ʜʣʷ ʽʥʰʠʭ ʧʦʪʦʢʽʚ) ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʫ ʢʦʞʥʦʤʫ ʟ ʚʫʟʣʽʚ ʤʝʨʝʞʽ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʤʘʨʰʨʫʪʫ ʧʨʦʭʦʜʞʝʥʥʷ 

ʧʦʪʦʢʫ (ʪʫʪ ʤʠ ʥʝ ʟʫʧʠʥʷʻʤʦʩʷ ʥʘ ʧʨʦʙʣʝʤʽ ʧʦʰʫʢʫ ʤʘʨʰʨʫʪʫ ʧʦʪʦʢʫ, ʚʦʥʘ 

ʜʦʢʣʘʜʥʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʫ ʨʦʟʜʽʣʽ çɯʥʞʠʥʽʨʠʥʛ ʪʨʘʬʢ̔ʘè). ɿʨʦʟʫʤʽʣʦ, ʱʦ 

ʤʘʢʩʠʤʘʣʴʥʘ ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʤʘʻ ʙʫʪʠ ʤʝʥʰʦ ,ʁ ʥʽʞ ʟʘʧʠʪʫʚʘʥʘ 

ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ, ʽʥʘʢʰʝ ʧʦʪʽʢ ʙʫʜʝ ʦʙʩʣʫʞʝʥʠʡ ʟ ʥʘʜʪʦ ʧʦʛʘʥʦʶ ʷʢʽʩʪʶ 

ʥʘʚʽʪʴ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʡʦʤʫ ʙʫʣʘ ʟʘʨʝʟʝʨʚʦʚʘʥʘ ʧʝʚʥʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ.  

ʗʢʱʦ ʨʝʟʫʣʴʪʘʪ ʢʦʥʪʨʦʣ ʁʜʦʧʫʩʢʫ ʧʦʟʠʪʠʚʥʠʡ ʫ ʢʦʞʥʦʤʫ ʚʫʟʣʽ (ʚʠʧʘʜʦʢ, 

ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 4.2), ʪʦ ʤʝʨʝʞʥʽ ʧʨʠʩʪʨʦʾ ʟʘʧʘʤô̫ ʪʦʚʫʶʪʴ ʬʘʢʪ ʨʝʟʝʨʚʫʚʘʥʥʷ, 

ʱʦʙ ʟ ʧʦʷʚʦʶ ʧʘʢʝʪʽʚ ʜʘʥʦʛʦ ʧʦʪʦʢʫ ʨʦʟʧʽʟʥʘʪʠ ʾʭ ʽ ʚʠʜʽʣʠʪʠ ʾʤ ʟʘʨʝʟʝʨʚʦʚʘʥʫ 

ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ. ʂʨʽʤ ʪʦʛʦ (ʫ ʧʝʨʩʧʝʢʪʠʚʽ), ʧʨʠ ʫʩʧʽʰʥʦʤʫ ʨʝʟʝʨʚʫʚʘʥʥʽ 

ʜʦʩʪʫʧʥʘ ʜʣʷ ʨʝʟʝʨʚʫʚʘʥʥʷ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ ʚʝʣʠʯʠʥʫ, 

ʟʘʨʝʟʝʨʚʦʚʘʥʫ ʟʘ ʜʘʥʠʤ ʧʦʪʦʢʦʤ. ʗʢ ʚʠʜʥʦ ʟ ʦʧʠʩʫ ʧʨʦʮʝʜʫʨʠ, ʜʣʷ ʾʾ ʨʝʘʣʽʟʘʮʽʾ 

ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʤʘʨʰʨʫʪ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʪʦʢʫ, ʜʣʷ ʷʢʦʛʦ ʚʠʢʦʥʫʻʪʴʩʷ 

ʨʝʟʝʨʚʫʚʘʥʥʷ. ʋ ʤʝʨʝʞʘʭ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤ ʧʨʠʥʮʠʧʦʤ ʧʦʙʫʜʦʚʠ ʪʘʙʣʠʮʴ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʢʦʣʠ ʢʦʞʥʠʡ ʤʝʨʝʞʥʠʡ ʧʨʠʩʪʨʽʡ ʩʘʤʦʩʪʽʡʥʦ ʚʠʟʥʘʯʘʻ ʥʘʩʪʫʧʥʠʡ 

ʚʫʟʦʣ ʥʘ ʤʘʨʰʨʫʪʽ, ʟô̫ ʩʫʚʘʥʥʷ ʤʘʨʰʨʫʪʫ ʤʦʞʝ ʙʫʪʠ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ɸʣʝ ʤʠ ʟʘʣʠʰʠʤʦ ʜʦʩʣʽʜʞʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʜʦ ʨʦʟʛʣʷʜʫ ʢʦʥʢʨʝʪʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʫ ʧʦʜʘʣʴʰʠʭ ʣʝʢʮʽʷʭ, ʘ ʧʦʢʠ ʚʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʤʘʨʰʨʫʪ ʥʘʤ ʚʽʜʦʤʠʡ.  

ʉʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʨʝʟʝʨʚʫʚʘʥʥʷ ï ʮʝ ʧʨʦʮʝʜʫʨʘ, ʷʢʘ ʚʠʢʦʥʫʻʪʴʩʷ 

ʧʝʨʝʜ ʪʠʤ, ʷʢ ʨʝʘʣʴʥʠʡ ʪʨʘʬʢ̔ ʙʫʜʝ ʩʧʨʷʤʦʚʘʥʠʡ ʫ ʤʝʨʝʞʫ.  
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ʈʠʩʫʥʦʢ 4.2 ï ʂʦʥʪʨʦʣʴ ʜʦʧʫʩʢʫ ʧʦʪʦʢʫ 

 

ɼʘʚʘʡʪʝ ʪʝʧʝʨ ʧʦʜʠʚʠʤʦʩʷ, ʷʢ ʩʘʤʝ ʚʠʢʦʥʫʻʪʴʩʷ ʚʣʘʩʥʝ ʚʠʜʽʣʝʥʥʷ 

ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʦʪʦʢʫ ʚ ʤʦʤʝʥʪʠ ʯʘʩʫ, ʢʦʣʠ ʡʦʛʦ ʧʘʢʝʪʠ ʥʘʜʭʦʜʷʪʴ  

ʥʘ ʚʭʽʜ ʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʧʨʠʩʪʨʦʶ S2, ʷʢʠʡ ʟʘʧʘʤôʷʪʘʚ ʬʘʢʪ ʨʝʟʝʨʚʫʚʘʥʥʷ 

ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʣʷ ʧʦʪʦʢʫ F1 ʥʘ ʚʠʭʽʜʥʦʤʫ ʽʥʪʝʨʬʝʡʩʽ ʈ2 (ʨʠʩ. 4.3).  
 

 
 

ʈʠʩʫʥʦʢ 4.3 ï ɺʠʜʽʣʝʥʥʷ ʟʘʨʝʟʝʨʚʦʚʘʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 

 

ʊʘʢʝ ʚʠʜʽʣʝʥʥʷ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. ʋ ʥʘʦhʤʫ 

ʧʨʠʢʣʘʜʽ ʮʝ ʙʫʜʝ ʟʨʦʙʣʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʚʘʞʝʥʠʭ ʯʝʨʛ. ʅʝʭʘʡ ʧʦʪʦʢʫ F1  

ʧʽʜ ʯʘʩ ʨʝʟʝʨʚʫʚʘʥʥ ̫ʙʫʣʦ ʚʠʜʽʣʝʥʦ 25% ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʽʥʪʝʨʬʝʡʩʘ ʈ2 
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(ʟʚʠʯʘʡʥʝ ʨʝʟʝʨʚʫʚʘʥʥʷ ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʷʢ ʚ ʘʙʩʦʣʶʪʥʠʭ ʚʝʣʠʯʠʥʘʭ, 

ʥʘʧʨʠʢʣʘʜ, ʫ ʤʝʛʘʙʪ̔ʘʭ ʟʘ ʩʝʢʫʥʜʫ, ʪʘʢ ʽ ʫ ʚʽʜʩʦʪʢʘʭ; ʮʝ, ʚʣʘʩʥʝ, ʜʝʪʘʣʽ ʨʝʘʣʽʟʘʮʽʾ 

ʤʝʭʘʥʽʟʤʽʚ QoS ʫ ʢʦʥʢʨʝʪʥʠʭ ʧʨʠʩʪʨʦʷʭ). ʊʘʢʦʞ ʜʣʷ ʧʨʦʩʪʦʪʠ ʧʨʠʧʫʩʪʠʤʦ, ʱʦ 

ʨʝʟʝʨʚʫʚʘʥʥʷ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʣʠʰʝ ʜʣʷ ʧʦʪʦʢʫ F1, ʘʣʝ ʜʣʷ ʚʩʽʭ ʽʥʰʠʭ ʧʦʪʦʢʽʚ, ʷʢʽ 

ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ ʈ2, ʨʝʟʝʨʚʫʚʘʥʥʷ ʥʝ ʧʨʦʚʦʜʠʣʦʩʷ. 

ʑʦʙ ʜʦʩʷʛʪʠ ʙʘʞʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ, ʜʦʩʪʘʪʥʴʦ ʦʨʛʘʥʽʟʫʚʘʪʠ ʜʣʷ ʚʠʭʽʜʥʦʛʦ 

ʽʥʪʝʨʬʝʡʩʘ ʜʚʽ ʟʚʘʞʝʥʽ ʯʝʨʛʠ ï ʯʝʨʛʫ ʜʣʷ ʧʦʪʦʢʫ F1 ʟ ʚʘʛʦʶ 25% ʽ ʯʝʨʛʫ  

çʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤè ʜʣʷ ʚʩʽʭ ʽʥʰʠʭ ʧʦʪʦʢʽʚ. ʂʨʽʤ ʪʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʘʢʪʠʚʽʟʫʚʘʪʠ 

ʢʣʘʩʠʬʽʢʘʪʦʨ, ʷʢʠʡ ʧʝʨʝʚʽʨʷʪʠʤʝ ʧʘʢʝʪʠ ʥʘ ʚʩʽʭ ʚʭʽʜʥʠʭ ʽʥʪʝʨʬʝʡʩʘʭ  

ʧʨʠʩʪʨʦʶ S2 (ʥʘ ʨʠʩ. 4.3 ʧʦʢʘʟʘʥʠʡ ʣʠʰʝ ʦʜʠʥ ʚʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ ʈ1), ʚʽʜʙʠʨʘʪʠ 

ʧʘʢʝʪʠ ʧʦʪʦʢʫ F1 ʟʘ ʟʘʜʘʥʠʤʠ ʧʽʜ ʯʘʩ ʨʝʟʝʨʚʫʚʘʥʥ ̫ʦʟʥʘʢʘʤʠ ʽ ʥʘʧʨʘʚʣʷʪʠ  

ʾʭ ʫ ʯʝʨʛʫ ʜʣʷ ʧʦʪʦʢʫ F1. ʋ ʪʽ ʧʝʨʽʦʜʠ, ʢʦʣʠ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ F1 ʚʠʷʚʠʪʴʩʷ 

ʤʝʥʦh  ʁʟʘʨʝʟʝʨʚʦʚʘʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚ 25%, ʥʝʚʠʢʦʨʠʩʪʘʥʘ ʾʾ ʯʘʩʪʠʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʪʴʩʷ ʧʦʪʦʢʘʤʠ ʟ ʯʝʨʛʠ çʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤè ï ʫ ʩʠʣʫ 

ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʟʚʘʞʝʥʠʭ ʯʝʨʛ. ɿʘʪʝ ʚ ʧʝʨʽʦʜʠ, ʢʦʣʠ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ F1 

ʜʦʩʷʛʥʝ ʟʘʷʚʣʝʥʦʛʦ ʤʘʢʩʠʤʫʤʫ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʚ 25%, ʚʩʷ  

ʟʘʨʝʟʝʨʚʦʚʘʥʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʚʠʭʽʜʥʦʛʦ ʽʥʪʝʨʬʝʡʩʘ ʚʠʜʽʣʷʪʠʤʝʪʴʩʷ  

ʧʦʪʦʢʫ F1, ʘ ʚʩʽ ʽʥʰʽ ʧʦʪʦʢʠ ʟʘʜʦʚʦʣʴʥʷʪʠʤʫʪʴʩʷ 75%, ʷʢʽ ʟʘʣʠʰʠʣʠʩʷ. 

ɿʥʘʯʝʥʥʷ ʚ 75% ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʷʢʽʩʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ  

ʮʠʭ ʧʦʪʦʢʽʚ, ʽ ʪʦʜʽ ʾʭʥʽ ʧʘʢʝʪʠ ʟʘʪʨʠʤʫʚʘʪʠʤʫʪʴʩʷ ʘʙʦ, ʥʘʚʽʪʴ, ʛʫʙʠʪʠʤʫʪʴʩʷ  

ʧʽʜ ʯʘʩ ʧʝʨʝʧʦʚʥʝʥʥ ̫ ʯʝʨʛʠ çʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤè. ʄʦʞʝ ʩʪʘʪʠʩʷ ʡ ʪʘʢ, ʱʦ 

ʟʥʘʯʝʥʥʷ ʚ 75% ʚʠʷʚʠʪʴʩʷ ʟʘʥʘʜʪʦ ʚʝʣʠʢʠʤ ʜʣʷ ʽʥʰʠʭ ʧʦʪʦʢʽʚ, ʽ ʚʦʥʠ 

ʦʙʩʣʫʛʦʚʫʚʘʪʠʤʫʪʴʩʷ ʟ ʚʠʩʦʢʦʶ ʷʢʽʩʪʶ. ʗʢʘ ʟ ʜʚʦʭ ʩʠʪʫʘʮʽʡ ʩʧʦʩʪʝʨʽʛʘʪʠʤʝʪʴʩʷ 

ʯʘʩʪʽʰʝ, ʤʠ ʥʝ ʟʥʘʻʤʦ, ʦʩʢʽʣʴʢʠ ʫ ʥʘʩ ʥʝʤʘʻ ʥʽʷʢʦʾ ʧʦʧʝʨʝʜʥʴʦʾ ʽʥʬʦʨʤʘʮʽʾ  

ʧʨʦ çʽʥʰè̔ ʧʦʪʦʢʠ. ʎʝʡ ʧʨʠʢʣʘʜ ʜʦʙʨʝ ʽʣʶʩʪʨʫʻ ʦʩʦʙʣʠʚʽʩʪʴ ʤʝʪʦʜʽʚ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ QoS, ï ʚʦʥʠ ʚʠʤʘʛʘʶʪʴ ʢʦʥʪʨʦʣʶ ʥʘʜ ʧʦʪʦʢʘʤʠ,  

ʪʦʙʪʦ ʟʥʘʥʥʷ ʾʭʥʽʭ ʤʘʨʰʨʫʪʽʚ ʽ ʩʝʨʝʜʥʽʭ ʰʚʠʜʢʦʩʪʝʡ. ʋ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ 

ʛʘʨʘʥʪʽʡ ʧʘʨʘʤʝʪʨʽʚ QoS ʜʦʩʷʛʪʠ ʚʘʞʢʦ, ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʣʠʰʝ ʧʨʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ çʟʘ ʤʦʞʣʠʚʩ̔ʪʁè.  

ɺ ʦʧʠʩʘʥʦʤʫ ʧʨʠʢʣʘʜʽ ʥʝ ʚʠʢʦʨʠʩʪʘʥʠʡ ʤʝʭʘʥʽʟʤ ʧʨʦʬʽʣʶʚʘʥʥʷ ʪʨʘʬʢ̔ʘ. 

ɿʘ ʥʘʷʚʥʦʩʪʽ ʦʢʨʝʤʦʾ ʟʚʘʞʝʥʦʾ ʯʝʨʛʠ ʜʣʷ ʧʦʪʦʢʫ, ʷʢʠʡ ʟʘʨʝʟʝʨʚʫʚʘʚ ʧʨʦʧʫʩʢʥʫ 

ʟʜʘʪʥʽʩʪʴ, ʮʝʡ ʤʝʭʘʥʽʟʤ ʥʝ ʻ ʦʙʦʚô̫ ʟʢʦʚʠʤ, ʦʩʢʽʣʴʢʠ ʩʘʤ ʤʝʭʘʥʽʟʤ ʟʚʘʞʝʥʠʭ 

ʯʝʨʛ ʦʙʤʝʞʠʪʴ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʧʦʪʦʢʫ ʚ ʧʦʪʨʽʙʥʠʭ ʤʝʞʘʭ ʫ ʧʝʨʽʦʜʠ 

ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʢʦʣʠ ʚʩʽ ʟʚʘʞʝʥʽ ʯʝʨʛʠ ʟʘʧʦʚʥʶʶʪʴʩʷ ʧʦʚʥʽʩʪʶ. ɸʣʝ ʢʽʣʴʢʽʩʪʴ 

ʟʚʘʞʝʥʠʭ ʯʝʨʛ ʫ ʤʝʨʝʞʥʠʭ ʧʨʠʩʪʨʦʷʭ ʟʘʟʚʠʯʘʡ ʦʙʤʝʞʝʥʘ ʥʝ ʟʘʥʘʜʪʦ ʚʝʣʠʢʦʶ 

ʚʝʣʠʯʠʥʦʶ, ʥʘʧʨʠʢʣʘʜ, ʾʭ ʤʦʞʝ ʙʫʪʠ ʥʝ ʙʽʣʴʰʝ 16 ʘʙʦ 32. ʆʜʥʘʢ, ʢʽʣʴʢʽʩʪʴ 

ʧʦʪʦʢʽʚ, ʜʣʷ ʷʢʠʭ ʙʘʞʘʥʦ ʟʘʨʝʟʝʨʚʫʚʘʪʠ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ, ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʦ 
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ʙʽʣʴʰʦ .ʁ ʋ ʪʘʢʽʡ ʩʠʪʫʘʮʽʾ ʤʦʞʥʘ ʦʨʛʘʥʽʟʫʚʘʪʠ ʦʜʥʫ ʟʚʘʞʝʥʫ ʯʝʨʛʫ ʜʣʷ ʫʩʽʭ 

ʨʝʟʝʨʚʦʚʘʥʠʭ ʧʦʪʦʢʽʚ ʟ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʱʦ ʜʦʨʽʚʥʶ  ̒ʘʙʦ ʙʽʣʴʰʘ ʩʫʤʠ 

ʨʝʟʝʨʚʦʚʘʥʠʭ ʧʨʦʧʫʩʢʥʠʭ ʟʜʘʪʥʦʩʪʝʡ ʧʦʪʦʢʽʚ. ɸ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʥʝʦʙʭʽʜʥʽ ʯʘʩʪʢʠ 

ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʠʜʽʣʷʣʠʩʷ ʢʦʞʥʦʤʫ ʧʦʪʦʢʫ, ʥʝʦʙʭʽʜʥʦ ʧʽʩʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʚʠʢʦʥʘʪʠ ʧʨʦʬʽʣʶʚʘʥʥʷ ʢʦʞʥʦʛʦ ʧʦʪʦʢʫ ʥʘ ʨʽʚʥʽ ʟʘʧʠʪʘʥʦʾ ʥʠʤ ʰʚʠʜʢʦʩʪʽ. 

ʇʨʘʚʜʘ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚ ʧʝʨʽʦʜʠ ʥʝʘʢʪʠʚʥʦʩʪʽ ʽʥʰʠʭ ʧʦʪʦʢʽʚ ʤʠ ʚʪʨʘʯʘʻʤʦ 

ʤʦʞʣʠʚʦʩʪʽ ʥʘʜʘʚʘʪʠ ʦʢʨʝʤʠʤ ʧʦʪʦʢʘʤ ʙʽʣʴʰʝ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʥʽʞ ʚʦʥʠ 

ʟʘʧʨʦʩʠʣʠ, ʘʣʝ ʮʝ ʧʣʘʪʘ ʟʘ ʤʘʩʰʪʘʙʦʚʘʥʝ ʨʽʰʝʥʥʷ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʜʥʽʡ 

ʟʚʘʞʝʥʽʡ ʨʝʟʝʨʚʦʚʘʥʽʡ ʯʝʨʟʽ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʚʘʞʝʥʠʭ ʯʝʨʛ ï ʥʝ ̒ʜʠʥʠʡ ʚʘʨʽʘʥʪ ʨʝʟʝʨʚʫʚʘʥʥʷ 

ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚ ʧʘʢʝʪʥʠʭ ʤʝʨʝʞʘʭ. ɿ ʮʽʻʶ ʤʝʪʦ  ʁ ʤʦʞʥʘ ʟʘʜʽʷʪʠ 

ʧʨʽʦʨʠʪʝʪʥʽ ʯʝʨʛʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʽʦʨʠʪʝʪʥʦʾ ʯʝʨʛʠ ʤʦʞʝ ʙʫʪʠ ʥʝ ʪʽʣʴʢʠ 

ʤʦʞʣʠʚʠʤ, ʘʣʝ ʡ ʥʝʦʙʭʽʜʥʠʤ, ʷʢʱʦ ʧʦʪʦʢʫ ʢʨʽʤ ʧʝʚʥʦʛʦ ʨʽʚʥʷ ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ ʨʽʚʝʥʴ ʟʘʪʨʠʤʦʢ ʧʘʢʝʪʽʚ.  

ʇ̔ ʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥ ̫ ʧʨʽʦʨʠʪʝʪʥʦʾ ʯʝʨʛʠ ʧʨʦʬʽʣʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʝ 

ʟʘʚʞʜʠ, ʦʩʢʽʣʴʢʠ ʧʨʽʦʨʠʪʝʪʥʠʡ ʤʝʭʘʥʽʟʤ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʧʦʪʦʢʫ, ʷʢ ʮʝ ʨʦʙʠʪʴ ʤʝʭʘʥʽʟʤ ʟʚʘʞʝʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

ʉʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʨʝʟʝʨʚʫʚʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʯʽʢʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʣʠʰʝ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʨʝʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʽʚ, ʜʣʷ ʷʢʠʭ ʙʫʣʦ ʚʠʢʦʥʘʥʝ 

ʨʝʟʝʨʚʫʚʘʥʥʷ, ʚʠʷʚʣʷʻʪʴʩʷ ʥʝ ʚʠʱʦ ,ʁ ʥʽʞ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ, ʟʘʧʠʪʘʥʘ ʧʽʜ ʯʘʩ 

ʨʝʟʝʨʚʫʚʘʥʥ ̫ ʡ ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʭʦʜʽ ʢʦʥʬʽʛʫʨʫʚʘʥʥ ̫ ʤʝʨʝʞʥʠʭ ʧʨʠʩʪʨʦʾʚ.  

ʋ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʚʠʷʚʠʪʠʩʷ ʥʘʚʽʪʴ ʛʽʨʰ,̔ ʥʽʞ ʟʘ 

ʥʘʷʚʥʦʩʪʽ ʻʜʠʥʦʾ ʯʝʨʛʠ çʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤè ʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ çʟʘ ʤʦʞʣʠʚʩ̔ʪʁè. 

ʊʘʢ, ʷʢʱʦ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʚʠʷʚʠʪʴʩʷ ʚʠʱʦ ,ʁ ʥʽʞ ʤʝʞʘ, ʱʦ ʚʨʘʭʦʚʫʻʪʴʩʷ 

ʤʝʭʘʥʽʟʤʦʤ ʧʨʦʬʽʣʶʚʘʥʥʷ, ʪʦ ʯʘʩʪʠʥʘ ʧʘʢʝʪʽʚ ʙʫʜʝ ʚʽʜʢʠʥʫʪʘ ʥʘʚʽʪʴ ʫ ʪʦʤʫ 

ʚʠʧʘʜʢʫ, ʷʢʱʦ ʧʨʠʩʪʨʽʡ ʥʝ ʧʝʨʝʚʘʥʪʘʞʝʥʠʡ ʽ ʤʦʞʝ ʚʽʜʤʽʥʥʦ ʚʧʦʨʘʪʠʩʷ ʽʟ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʪʨʘʬʢ̔ʦʤ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ QoS.  

ʑʦ ʞ ʟʤʽʥʁ̒ʪʴʩʷ ʚ ʤʝʨʝʞʽ ʧʽʩʣʷ ʨʝʟʝʨʚʫʚʘʥʥʷ? ʇʽʜ ʯʘʩ ʥʘʜʭʦʜʞʝʥʥ ̫ʥʘ 

ʚʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ ʢʦʤʫʪʘʪʦʨʘ ʧʘʢʝʪʽʚ ʧʦʪʦʢʫ, ʜʣʷ ʷʢʠʭ ʙʫʣʦ ʚʠʢʦʥʘʥʝ 

ʨʝʟʝʨʚʫʚʘʥʥʷ, ʤʝʭʘʥʽʟʤ ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʦʟʧʽʟʥʘʻ ʧʘʢʝʪʠ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ ʮʴʦʛʦ 

ʧʦʪʦʢʫ, ʽ ʥʘʧʨʘʚʣʷʻ ʾʭ ʫ ʧʦʪʨʽʙʥʫ ʯʝʨʛʫ. ʇʨʠ ʮʴʦʤʫ ʧʘʢʝʪʠ ʤʦʞʫʪʴ ʧʨʦʭʦʜʠʪʠ 

ʯʝʨʝʟ ʤʝʭʘʥʽʟʤ ʧʨʦʬʽʣʶʚʘʥʥʷ, ʧʦʢʣʠʢʘʥʠʡ ʟʘʧʦʙʽʛʪʠ ʩʠʪʫʘʮʽʾ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʧʦʪʦʢʫ, ʰʚʠʜʢʽʩʪʴ ʷʢʦʛʦ ʧʝʨʝʚʠʱʫʻ ʟʘʟʥʘʯʝʥʫ ʧʨʠ ʨʝʟʝʨʚʫʚʘʥʥʽ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʝʟʝʨʚʫʚʘʥʥʷ ʤʝʨʝʞʘ ʚʠʷʚʣʷʻʪʴʩʷ ʟʘʚʘʥʪʘʞʝʥʦ ʁʨʘʮʽʦʥʘʣʴʥʦ. 

ɺ ʥʽʡ ʥʝʤʘʻ ʨʝʩʫʨʩʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟʽ ʟʥʘʯʥʠʤ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤ. ʄʝʭʘʥʽʟʤʠ 

ʦʨʛʘʥʽʟʘʮʽʾ ʯʝʨʛ, ʷʢ ʽ ʨʘʥʽʰʝ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʠʤʯʘʩʦʚʫ ʙʫʬʝʨʠʟʘʮʽʁ  ʧʘʢʝʪʽʚ ʫ 

ʧʝʨʽʦʜʠ ʧʫʣʴʩʘʮʽʡ. ʆʩʢʽʣʴʢʠ ʤʠ ʧʣʘʥʫʚʘʣʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʨʝʩʫʨʩʽʚ ʟ ʨʦʟʨʘʭʫʥʢʫ 
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ʩʝʨʝʜʥʽʭ ʰʚʠʜʢʦʩʪʝʡ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʪʦ ʥʘ ʧʝʨʽʦʜʘʭ ʧʫʣʴʩʘʮʽʡ ʧʨʦʪʷʛʦʤ 

ʜʝʷʢʦʛʦ ʦʙʤʝʞʝʥʦʛʦ ʯʘʩʫ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʽʚ ʤʦʞʫʪʴ ʧʝʨʝʚʠʱʫʚʘʪʠ ʩʝʨʝʜʥʽ 

ʰʚʠʜʢʦʩʪʽ, ʪʦʤʫ ʤʝʭʘʥʽʟʤʠ ʙʦʨʦʪʴʙʠ ʟ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤʠ, ʷʢ ʽ ʨʘʥʽʰʝ, ʧʦʪʨʽʙʥʽ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʩʝʨʝʜʥʽʭ ʰʚʠʜʢʦʩʪʝʡ ʧʦʪʦʢʽʚ ʥʘ ʧʝʨʽʦʜʘʭ 

ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʚʽʜʧʦʚʽʜʥʽ ʧʦʪʦʢʠ ʤʦʞʫʪʴ ʦʙʩʣʫʛʦʚʫʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʚʘʞʝʥʠʭ ʯʝʨʛ. ɿʙʝʨʽʛʘʻʪʴʩʷ ʪʘʢʦʞ ʛʦʣʦʚʥʘ ʧʝʨʝʚʘʛʘ ʤʝʪʦʜʫ ʢʦʤʫʪʘʮʽʾ ʧʘʢʝʪʽʚ: 

ʷʢʱʦ ʜʝʷʢʠʡ ʧʦʪʽʢ ʥʝ ʚʠʪʨʘʯʘʻ ʚʽʜʚʝʜʝʥʦʾ ʡʦʤʫ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʪʦ ʚʦʥʘ 

ʤʦʞʝ ʚʠʜʽʣʷʪʠʩʷ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽʥʰʦʛʦ ʧʦʪʦʢʫ. ʅʦʨʤʘʣʴʥʦʶ ʧʨʘʢʪʠʢʦʶ ʻ 

ʨʝʟʝʨʚʫʚʘʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʽʣʴʢʠ ʜʣʷ ʯʘʩʪʠʥʠ ʧʦʪʦʢʽʚ, ʫ ʪʦʡ ʯʘʩ ʷʢ 

ʽʥʰʽ ʧʦʪʦʢʠ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ ʙʝʟ ʨʝʟʝʨʚʫʚʘʥʥʷ, ʦʪʨʠʤʫʶʯʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘ 

ʤʦʞʣʠʚʩ̔ʪʁ (ʟ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʟʫʩʠʣʣʷʤʠ). ʊʠʤʯʘʩʦʚʦ ʚʽʣʴʥʘ ʧʨʦʧʫʩʢʥʘ 

ʟʜʘʪʥʽʩʪʴ ʤʦʞʝ ʜʣʷ ʪʘʢʠʭ ʧʦʪʦʢʽʚ ʚʠʜʽʣʷʪʠʩʷ ʜʠʥʘʤʽʯʥʦ, ʙʝʟ ʧʦʨʫʰʝʥʥʷ ʚʟʷʪʠʭ 

ʟʦʙʦʚô̫ ʟʘʥʴ ʟ ʦʙʩʣʫʛʦʚʫʚʘʥʥ ̫ʧʦʪʦʢʽʚ, ʜʣʷ ʷʢʠʭ ʨʝʩʫʨʩʠ ʟʘʨʝʟʝʨʚʦʚʘʥʽ.  

 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ ʟʘʪʨʠʤʦʢ  

ʇ̔ ʜ ʯʘʩ ʦʧʠʩʫ ʧʨʦʮʝʜʫʨʠ ʨʝʟʝʨʚʫʚʘʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʠ 

ʩʬʦʢʫʩʫʚʘʣʠʩʷ ʥʘ ʤʝʭʘʥʽʟʤʘʭ ʚʠʜʽʣʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʝʷʢʦʤʫ ʧʦʪʦʢʫ ʡ 

ʟʘʣʠʰʠʣʠ ʙʝʟ ʫʚʘʛʠ ʦʜʥʫ ʚʘʞʣʠʚʫ ʜʝʪʘʣʴ: ʷʢʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʤʘʻ 

ʟʘʧʠʪʫʚʘʪʠ ʧʦʪʽʢ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʪʨʠʤʢʠ ʡʦʛʦ ʧʘʢʝʪʽʚ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʠ ʧʝʚʥʦʾ 

ʚʝʣʠʯʠʥʠ? ɭʜʠʥʘ ʜʫʤʢʘ, ʱʦ ʙʫʣʘ ʚʠʩʣʦʚʣʝʥʘ ʟ ʮʴʦʛʦ ʧʨʠʚʦʜʫ: ʟʘʧʠʪʫʚʘʥʘ 

ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʤʘʻ ʙʫʪʠ ʚʠʱʦ ,ʁ ʥʽʞ ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ, 

ʽʥʘʢʰʝ ʜʝʷʢʘ ʯʘʩʪʠʥʘ ʧʘʢʝʪʽʚ ʧʨʦʩʪʦ ʤʦʞʝ ʧʦʩʪʽʡʥʦ ʚʽʜʢʠʜʘʪʠʩʷ ʤʝʨʝʞʝʶ, ʪʘʢ 

ʱʦ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʷʚʠʪʴʩʷ ʛʘʨʘʥʪʦʚʘʥʦ ʥʠʟʴʢʦ .ʁ  

ʆʜʥʘʢ ʮʷ çʜʝʪʘʣʴè ʥʘʩʧʨʘʚʜʽ ʦʙʝʨʪʘʻʪʴʩʷ ʩʢʣʘʜʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʦʩʢʽʣʴʢʠ 

ʤʠ ʥʝ ʤʦʞʝʤʦ, ʥʘʧʨʠʢʣʘʜ, ʩʢʦʥʬʛ̔ʫʨʫʚʘʪʠ ʯʝʨʛʫ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʘʙʦ ʟʚʘʞʝʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘʢ, ʱʦʙ ʚʦʥʘ ʯʽʪʢʦ ʟʘʙʝʟʧʝʯʠʣʘ ʙʫʜʴ-ʷʢʠʡ ʟʘʟʜʘʣʝʛʽʜʴ ʟʘʜʘʥʠʡ 

ʧʦʨʽʛ ʟʘʪʨʠʤʦʢ ʽ ʡʦʛʦ ʚʘʨʽʘʮʽʾ. ʊʝ, ʱʦ ʧʘʢʝʪʠ ʥʘʧʨʘʚʣʝʥʽ ʫ ʧʨʽʦʨʠʪʝʪʥʫ ʯʝʨʛʫ 

ʣʠʰʝ ʜʦʟʚʦʣʷʻ ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ ʟʘʪʨʠʤʢʠ ʙʫʜʫʪʴ ʜʦʩʠʪʴ ʥʠʟʴʢʠʤʠ ï ʟʥʘʯʥʦ 

ʥʠʞʯʝ, ʥʽʞ ʫ ʧʘʢʝʪʽʚ, ʷʢʽ ʦʙʨʦʙʣʷʶʪʴʩʷ ʚ ʯʝʨʟʽ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. ʄʠ ʪʘʢʦʞ 

ʟʥʘʻʤʦ, ʱʦ ʟʘ ʥʘʷʚʥʦʩʪʽ ʟʚʘʞʝʥʠʭ ʯʝʨʛ ʟʘʪʨʠʤʢʠ ʟʥʠʞʫʚʘʪʠʤʫʪʴʩʷ ʟʽ  

ʟʥʠʞʝʥʥʷʤ ʚʽʜʥʦʩʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ, 

ʚʽʜʚʝʜʝʥʦʾ ʯʝʨʛʠ. ɸʣʝ ʮʝ ʚʩʝ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ, ʘ ʦʪ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ ʟʥʘʯʝʥʥʷ 

ʟʘʪʨʠʤʦʢ ʜʫʞʝ ʩʢʣʘʜʥʦ.  

ʗʢ ʩʘʤʝ ʧʦʩʪʘʯʘʣʴʥʠʢ ʧʦʩʣʫʛ ʤʦʞʝ ʚʠʢʦʥʘʪʠ ʩʚʦʾ ʟʦʙʦʚô̫ ʟʘʥʥʷ ʧʝʨʝʜ 

ʢʣʽʻʥʪʘʤʠ? ɼʫʞʝ çʧʨʦʩʪʦè ï ʚʽʥ ʤʘʻ ʧʦʩʪʽʡʥʦ ʚʠʤʽʨʶʚʘʪʠ ʬʘʢʪʠʯʥʽ ʟʥʘʯʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʬʢ̔ʘ ʚ ʤʝʨʝʞʽ ʡ ʛʘʨʘʥʪʫʚʘʪʠ ʢʦʨʠʩʪʫʚʘʯʘʤ ʤʝʨʝʞʽ ʚʝʣʠʯʠʥʠ 

ʟʘʪʨʠʤʦʢ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  
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ʇʨʠʢʣʘʜ 

ʅʝʭʘʡ ʤʝʨʝʞʘ ʧʨʦʧʦʥʫʻ ʪʨʠ ʨʽʚʥʽ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʪʨʘʬʢ̔ʘ: ʟʦʣʦʪʠʡ ï ʜʣʷ ʜʫʞʝ ʯʫʪʣʠʚʦʛʦ ʜʦ ʟʘʪʨʠʤʦʢ ʪʨʘʬʢ̔ʘ, 

ʩʨʽʙʥʠʡ ï ʜʣʷ ʪʨʘʬʢ̔ʘ, ʱʦ ʯʫʪʣʠʚʠʡ ʜʦ ʟʘʪʨʠʤʦʢ ʽ ʧʦʪʨʝʙʫ ̒

ʛʘʨʘʥʪʦʚʘʥʦ ʾʧʨʦʧʫʩʢʥʦ ʾʟʜʘʪʥʦʩʪʽ, ʪʘ ʙʨʦʥʟʦʚʠʡ ï ʜʣʷ ʪʨʘʬʢ̔ʘ, 

ʱʦ ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ ʟʘ ʤʦʞʣʠʚʩ̔ʪʁ. ʆʧʝʨʘʪʦʨ ʤʝʨʝʞʽ ʤʦʞʝ 

ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʜʦʩʷʛʪʠ ʪʦʛʦ, ʱʦʙ ʥʘ ʟʦʣʦʪʦʤʫ ʨʽʚʥʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʽʡʩʥʦ ʛʘʨʘʥʪʫʚʘʣʠʩʷ ʜʫʞʝ ʥʠʟʴʢʽ ʚʝʣʠʯʠʥʠ 

ʟʘʪʨʠʤʦʢ, ʚʘʨʽʘʮʽʡ ʟʘʪʨʠʤʦʢ ʽ ʚʪʨʘʪ ʧʘʢʝʪʽʚ ʜʣʷ ʪʨʘʬʢ̔ʘ, ʥʘ 

ʩʨʽʙʥʦʤʫ ï ʜʦʩʠʪʴ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʮʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘʣʝ ʚʠʱʝ, 

ʥʽʞ ʫ ʟʦʣʦʪʦʛʦ, ʘ ʥʘ ʙʨʦʥʟʦʚʦʤʫ ʛʘʨʘʥʪʫʚʘʣʠʩʷ ʣʠʝh ʧʝʚʥʽ 

ʚʝʣʠʯʠʥʠ ʚʪʨʘʪ ʧʘʢʝʪʽʚ ʽ ʟʦʚʩʽʤ ʥʝ ʛʘʨʘʥʪʫʚʘʣʠʩʷ ʟʥʘʯʝʥʥʷ 

ʟʘʪʨʠʤʦʢ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʾ ʩʪʨʘʪʝʛʽʾ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʦʧʝʨʘʪʦʨ 

ʤʦʞʝ, ʥʘʧʨʠʢʣʘʜ, ʦʨʛʘʥʽʟʫʚʘʪʠ ʥʘ ʚʩʽʭ ʢʦʤʫʪʘʪʦʨʘʭ ʤʝʨʝʞʽ 

ʧʨʽʦʨʠʪʝʪʥʫ ʯʝʨʛʫ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʦʣʦʪʦʛʦ ʪʨʘʬʢ̔ʘ ʡ 

ʚʽʜʚʝʩʪʠ ʾʡ 25% ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʥʘ ʢʦʞʥʦʤʫ ʚʠʭʽʜʥʦʤʫ 

ʽʥʪʝʨʬʝʡʩʽ; ʟʚʘʞʝʥʫ ʯʝʨʛʫ ʟ 50% ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʣʷ 

ʩʨʽʙʥʦʛʦ ʪʨʘʬʢ̔ʘ ʪʘ ʟʚʘʞʝʥʫ ʯʝʨʛʫ ʟ ʪʠʤʠ 25%, ɦ ʦ ʟʘʣʠʰʠʣʠʩʷ, ï 

ʜʣʷ ʙʨʦʥʟʦʚʦʛʦ ʪʨʘʬʢ̔ʘ. ɸ ʜʘʣʽ ʚʽʥ ʧʦʚʠʥʝʥ ʧʨʠʡʤʘʪʠ ʥʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʪʦʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ ʢʦʞʥʠʡ ʢʣʘʩ ʽ ʚʠʢʦʥʫʚʘʪʠ 

ʧʦʩʪʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʬʢ̔ʘ ʢʦʞʥʦʛʦ ʢʣʘʩʫ.  

ɯ, ʷʢʱʦ, ʥʘʧʨʠʢʣʘʜ, ʤʦʥʽʪʦʨʠʥʛ ʧʦʢʘʟʫʻ, ʱʦ ʟʘʪʨʠʤʢʠ  

ʚ 95% ʧʘʢʝʪʽʚ ʟʦʣʦʪʦʛʦ ʪʨʘʬʢ̔ʘ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 15 ʤʩ, ʪʦ 

ʦʧʝʨʘʪʦʨ ʤʦʞʝ ʛʘʨʘʥʪʫʚʘʪʠ ʮʶ ʚʝʣʠʯʠʥʫ ʢʦʨʠʩʪʫʚʘʯʘʤ ʟʦʣʦʪʦʛʦ 

ʨ̔ ʚʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʊʘ ʦʩʢʽʣʴʢʠ ʦʧʝʨʘʪʦʨʫ ʪʨʝʙʘ ʙʫʪʠ ʛʦʪʦʚʠʤ 

ʜʦ ʧʨʠʡʦʤʫ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʦʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʪʦ ʧʨʠʨʦʜʥʦ 

ʙʫʣʦ ʙ ʟʘʣʠʰʘʪʠ ʜʝʷʢʠʡ ʟʘʧʘʩ ʽ ʛʘʨʘʥʪʫʚʘʪʠ, ʩʢʘʞʤ̔ʦ, ʟʘʪʨʠʤʢʫ  

ʚ 20 ʤʩ ʟʘʤʽʩʪʴ ʬʘʢʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚ 15 ʤʩ. ɸʥʘʣʦʛʽʯʥʦ ʩʣʽʜ 

ʚʯʠʥʠʪʠ ʟ̔  ʩʨʽʙʥʠʤ ʪʨʘʬʢ̔ʦʤ, ʘ ʜʣʷ ʙʨʦʥʟʦʚʦʛʦ ʜʦʩʪʘʪʥʴʦ 

ʚʠʤʽʨʶʚʘʪʠ ʣʠʰʝ ʯʘʩʪʢʫ ʚʪʨʘʪ ʧʘʢʝʪʽʚ. ʋ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʤʦʥʽʪʦʨʠʥʛ ʧʦʢʘʟʫʻ ʥʘʙʣʠʞʝʥʥʷ ʬʘʢʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʬʢ̔ʘ 

ʧʝʚʥʦʛʦ ʨʽʚʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʦ ʛʘʨʘʥʪʦʚʘʥʠʭ, ʤʦʞʥʘ ʘʙʦ 

ʜʦʜʘʪʠ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʜʣʷ ʯʝʨʛ ʮʴʦʛʦ ʢʣʘʩʫ, ʘʙʦ ʧʨʠʧʠʥʠʪʠ 

ʧʨʠʡʦʤ ʥʦʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦ ʮʴʦʛʦ ʢʣʘʩʫ.  

ʗʢ ʚʠʜʥʦ ʥʘʚʽʪʴ ʽʟ ʮʴʦʛʦ ʩʪʠʩʣʦʛʦ ʦʧʠʩʫ, ʛʘʨʘʥʪʫʚʘʥʥʷ 

ʨʽʚʥʷ ʟʘʪʨʠʤʦʢ ʫ ʤʝʨʝʞʽ ʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦʶ ʩʧʨʘʚʦʶ.  

ʎʠʤ ʧʦʷʩʥʶʻʪʴʩʷ ʪʦʡ ʬʘʢʪ, ʱʦ ʯʘʩʪʦ ʦʧʝʨʘʪʦʨʠ ʚʽʜʜʘʶʪʴ 

ʧʝʨʝʚʘʛʫ ʷʢʽʩʥʦʤʫ ʦʧʠʩʫ ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʧʦʩʣʫʛ, ʛʦʚʦʨʷʯʠ, 

ʥʘʧʨʠʢʣʘʜ, ʧʨʦ ʤʽʥʽʤʘʣʴʥʽ ʟʘʪʨʠʤʢʠ ʥʘʡʚʠʱʦʛʦ ʢʣʘʩʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘʣʝ ʥʝ ʜʘʶʯʠ ʢʽʣʴʢʽʩʥʠʭ ʛʘʨʘʥʪʽʡ. 
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ɯʥʞʠʥʽʨʠʥʛ ʪʨʘʬʢ̔ʘ  

ʇ̔ ʜ ʯʘʩ ʨʦʟʛʣʷʜʫ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ 

ʟʘʩʥʦʚʘʥʘ ʥʘ ʨʝʟʝʨʚʫʚʘʥʥʽ, ʤʠ ʥʝ ʩʪʘʣʠ ʪʦʨʢʘʪʠʩ ̫ ʧʠʪʘʥʥʷ ʤʘʨʰʨʫʪʽʚ 

ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʪʦʢʽʚ ʯʝʨʝʟ ʤʝʨʝʞʫ. ʄʠ ʧʨʠʡʥʷʣʠ, ʱʦ ʤʘʨʰʨʫʪʠ ʚʞʝ ʦʙʨʘʥʽ, 

ʧʨʠʯʦʤʫ ʮʝʡ ʚʠʙʽʨ ʟʨʦʙʣʝʥʦ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʠʤʦʛ QoS. ɯ ʚ ʫʤʦʚʘʭ ʟʘʜʘʥʦʩʪʽ 

ʤʘʨʰʨʫʪʽʚ ʤʠ ʥʘʤʘʛʘʣʠʩʷ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦ ʮʠʭ ʤʘʨʰʨʫʪʘʭ ʪʘʢʦʛʦ 

ʥʘʙʦʨʫ ʧʦʪʦʢʽʚ, ʜʣʷ ʷʢʦʛʦ ʤʦʞʥʘ ʛʘʨʘʥʪʫʚʘʪʠ ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ QoS.  

ʆʯʝʚʠʜʥʦ, ʱʦ ʟʘʚʜʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʦʛ QoS ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦ, ʷʢʱʦ ʧʨʠʡʥʷʪʠ, ʱʦ ʤʘʨʰʨʫʪʠ ʧʨʦʭʦʜʞʝʥʥʷ ʪʨʘʬʢ̔ʘ ʥʝ ʬʽʢʩʦʚʘʥʽ, ʘ 

ʪʘʢʦʞ ʧʽʜʣʷʛʘʶʪʴ ʚʠʙʦʨʫ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʙ ʤʝʨʝʞʽ ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʙʽʣʴʰʝ ʧʦʪʦʢʽʚ 

ʟ ʛʘʨʘʥʪʽʷʤʠ QoS ʟʘ ʪʠ ʩʘʤʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʘʤʦʾ ʤʝʨʝʞʽ, ʪʦʙʪʦ ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʢʘʥʘʣʽʚ ʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʢʦʤʫʪʘʪʦʨʽʚ ʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ.  

ɿʘʚʜʘʥʥʷ ʚʠʙʦʨʫ ʤʘʨʰʨʫʪʽʚ ʜʣʷ ʧʦʪʦʢʽʚ (ʘʙʦ ʢʣʘʩʽʚ) ʪʨʘʬʢ̔ʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ QoS ʚʠʨʽʰʫʶʪʴ ʤʝʪʦʜʠ ʽʥʞʠʥʽʨʠʥʛʫ ʪʨʘʬʢ̔ʘ 

(Traffic Engineering, ʊɽ). ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʠʭ ʤʝʪʦʜʽʚ ʧʨʘʛʥʫʪʴ ʜʦʤʦʛʪʠʩʷ ʱʝ 

ʦʜʥʽʻʾ ʤʝʪʠ ï ʟʘ ʤʦʞʣʠʚʩ̔ʪʁ ʤʘʢʩʠʤʘʣʴʥʦ ʪʘ ʟʙʘʣʘʥʩʦʚʘʥʦ ʟʘʚʘʥʪʘʞʠʪʠ ʚʩʽ 

ʨʝʩʫʨʩʠ ʤʝʨʝʞʽ, ʱʦʙ ʤʝʨʝʞʘ ʧʨʠ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʘʣʘ ʷʢ 

ʤʦʞʥʘ ʚʠʱʫ ʩʫʤʘʨʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪ.ɹ  

ʄʝʪʦʜʠ ʊɽ, ʷʢ ʽ ʽʥʰʽ ʨʦʟʛʣʷʥʫʪʽ ʨʘʥʽʰʝ ʤʝʪʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʨʝʟʝʨʚʫʚʘʥʥʽ 

ʨʝʩʫʨʩʽʚ. ʊʦʙʪʦ ʚʦʥʠ ʥʝ ʪʽʣʴʢʠ ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʡʪʠ ʨʘʮʽʦʥʘʣʴʥʠʡ ʤʘʨʰʨʫʪ ʜʣʷ 

ʧʦʪʦʢʫ, ʘʣʝ ʡ ʨʝʟʝʨʚʫʶʪʴ ʜʣʷ ʥʴʦʛʦ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʨʝʩʫʨʩʽʚ ʤʝʨʝʞʽ, ʷʢʽ 

ʨʦʟʪʘʰʦʚʘʥʽ ʫʟʜʦʚʞ ʮʴʦʛʦ ʤʘʨʰʨʫʪʫ.  

ʄʝʪʦʜʠ ʽʥʞʠʥʽʨʠʥʛʫ ʪʨʘʬʢ̔ʘ ʧʦʨʽʚʥʷʥʦ ʥʦʚ ̔ ʜʣʷ ʤʝʨʝʞ ʟ ʢʦʤʫʪʘʮʽʻʶ 

ʧʘʢʝʪʽʚ. ɹʘʛʘʪʦ ʚ ʯʦʤʫ ʮʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʝʨʝʜʘʯʘ ʝʣʘʩʪʠʯʥʦʛʦ  

ʪʨʘʬʢ̔ʘ ʥʝ ʚʠʩʫʚʘʣʘ ʞʦʨʩʪʢʠʭ ʚʠʤʦʛ ʜʦ ʧʘʨʘʤʝʪʨʽʚ QoS. ʂʨʽʤ ʪʦʛʦ, ɯʥʪʝʨʥʝʪ 

ʪʨʠʚʘʣʠʡ ʯʘʩ ʥʝ ʙʫʚ ʢʦʤʝʨʮʽʡʥʦʶ ʤʝʨʝʞʝʶ, ʪʦʤʫ ʟʘʚʜʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʥʝ ʚʚʘʞʘʣʦʩʷ ʧʝʨʰʦʯʝʨʛʦʚʠʤ ʜʣʷ IP-ʪʝʭʥʦʣʦʛʽʡ, ʱʦ 

ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ɯʥʪʝʨʥʝʪʫ.  

ʉʴʦʛʦʜʥʽ ʩʠʪʫʘʮʽʷ ʟʤʽʥʠʣʘʩʷ. ʄʝʨʝʞʽ ʟ ʢʦʤʫʪʘʮʽʻʶ ʧʘʢʝʪʽʚ ʤʘʶʪʴ 

ʧʝʨʝʜʘʚʘʪʠ ʨʽʟʥʽ ʚʠʜʠ ʪʨʘʬʢ̔ʘ ʽʟ ʟʘʜʘʥʦʶ ʷʢʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʦʞʣʠʚʦʩʪʽ ʩʚʦʾʭ ʨʝʩʫʨʩʽʚ. ɸʣʝ ʜʣʷ ʮʴʦʛʦ ʾʤ ʩʣʽʜ ʟʤʽʥʠʪʠ 

ʜʝʷʢʽ, ʱʦ ʚʞʝ ʩʪʘʣʠ ʪʨʘʜʠʮʽʡʥʠʤʠ, ʧʽʜʭʦʜʠ ʜʦ ʚʠʙʦʨʫ ʤʘʨʰʨʫʪʽʚ.  

 

ʅʝʜʦʣʽʢʠ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ  

ʆʩʥʦʚʥʠʤ ʧʨʠʥʮʠʧʦʤ ʨʦʙʦʪʠ ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʤʝʨʝʞʘʭ ʟ 

ʢʦʤʫʪʘʮʽʻʶ ʧʘʢʝʪʽʚ ʫʞʝ ʪʨʠʚʘʣʠʡ ʯʘʩ ʻ ʚʠʙʽʨ ʤʘʨʰʨʫʪʫ ʥʘ ʦʩʥʦʚʽ ʪʦʧʦʣʦʛʽʾ 

ʤʝʨʝʞʽ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʾʾ ʧʦʪʦʯʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ.  
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ɼʣʷ ʢʦʞʥʦʾ ʧʘʨʠ çʘʜʨʝʩʘ ʜʞʝʨʝʣʘ ï ʘʜʨʝʩʘ ʧʨʠʟʥʘʯʝʥʥʷè ʪʘʢʽ ʧʨʦʪʦʢʦʣʠ 

ʦʙʠʨʘʶʪʴ ʻʜʠʥʠʡ ʤʘʨʰʨʫʪ, ʥʝ ʟʚʘʞʘʶʯʠ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʦʪʦʢʠ, ʷʢʽ ʧʨʦʭʦʜʷʪʴ 

ʯʝʨʝʟ ʤʝʨʝʞʫ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚʩʽ ʧʦʪʦʢʠ ʤʽʞ ʧʘʨʘʤʠ ʢʽʥʮʝʚʠʭ ʚʫʟʣʽʚ ʤʝʨʝʞʽ 

ʡʜʫʪʴ ʥʘʡʢʦʨʦʪʰʠʤ (ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʝʷʢʦʾ ʤʝʪʨʠʢʠ) ʤʘʨʰʨʫʪʦʤ. ʆʙʨʘʥʠʡ 

ʤʘʨʰʨʫʪ ʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʤ, ʥʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʚʟʷʪʠ ʜʦ ʫʚʘʛʠ 

ʥʦʤʽʥʘʣʴʥʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʢʘʥʘʣʽʚ ʟʚô̫ ʟʢʫ ʘʙʦ ʚʥʝʩʝʥʽ ʥʠʤʠ ʟʘʪʨʠʤʢʠ,  

ʯʠ ʤʝʥʰ ʨʘʮʽʦʥʘʣʴʥʠʤ, ʷʢʱʦ ʚʨʘʭʦʚʫʻʪʴʩʷ ʣʠʰʝ ʢʽʣʴʢʽʩʪʴ ʧʨʦʤʽʞʥʠʭ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʤʽʞ ʚʠʭʽʜʥʠʤ ʽ ʢʽʥʮʝʚʠʤ ʚʫʟʣʘʤʠ.  

ʋɺɸɻɸ. ʋ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʘʭ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘʡʢʨʘʱʠʡ 

ʦʙʨʘʥʠʡ ʤʘʨʰʨʫʪ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʻʜʠʥʦ ʤʦʞʣʠʚʠʡ, ʥʘʚʽʪʴ 

ʷʢʱʦ ʽʩʥʫʶʪʴ ʽʥʰʽ, ʭʦʯʘ ʡ ʜʝʱʦ ʛʽʨʰʽ ʤʘʨʰʨʫʪʠ.  

ʂʣʘʩʠʯʥʠʤ ʧʨʠʢʣʘʜʦʤ ʥʝʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʻ ʪʘʢ ʟʚʘʥʘ çʨʠʙʘè ï 

ʤʝʨʝʞʘ ʟ ʪʦʧʦʣʦʛʽʻʶ, ʥʘʚʝʜʝʥʦ ʁ ʥʘ ʨʠʩ. 4.4. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʤʽʞ 

ʢʦʤʫʪʘʪʦʨʘʤʠ ɸ  ̔ɽ ʽʩʥʫʻ ʜʚʘ ʰʣʷʭʠ (ʚʝʨʭʥʽʡ ï ʯʝʨʝʟ ʢʦʤʫʪʘʪʦʨ ɺ ʽ ʥʠʞʥʽʡ ï 

ʯʝʨʝʟ ʢʦʤʫʪʘʪʦʨʠ ʉ  ̔ D), ʚʝʩʴ ʪʨʘʬʢ̔ ʚʽʜ ʢʦʤʫʪʘʪʦʨʘ ɸ ʜʦ ʢʦʤʫʪʘʪʦʨʘ ɽ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʨʘʜʠʮʽʡʥʠʭ ʧʨʠʥʮʠʧʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʦʜʘʻʪʴʩʷ ʚʝʨʭʥʤ̔ ʰʣʷʭʦʤ. 

ʃʠʰʝ ʪʦʤʫ, ʱʦ ʥʠʞʥʽʡ ʰʣʷʭ ʪʨʦʭʠ ʜʦʚʰʠʡ (ʥʘ ʦʜʥʫ ʨʝʪʨʘʥʩʣʷʮʽʡʥʫ ʜʽʣʷʥʢʫ) 

ʚʽʜ ʚʝʨʭʥʴʦʛʦ, ʚʽʥ ʽʛʥʦʨʫʻʪʴʩʷ, ʭʦʯʘ ʤʽʛ ʙʠ ʧʨʘʮʶʚʘʪʠ çʧʘʨʘʣʝʣʴʥʦè ʟ ʥʠʤ.  
 

 
 

ʈʠʩʫʥʦʢ 4.4 ï ʅʝʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʽʚ 
 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʥʘʚʽʪʴ ʷʢʱʦ ʥʘʡʢʦʨʦʪʰʠʡ ʰʣʷʭ 

ʧʝʨʝʚʘʥʪʘʞʝʥʠʡ, ʧʘʢʝʪʠ ʦʜʥʘʢʦʚʦ ʧʦʩʠʣʘʶʪʴ ʮʠʤ ʰʣʷʭʦʤ. ʊʘʢ, ʫ ʤʝʨʝʞʽ, ʱʦ 

ʧʦʜʘʥʘ ʥʘ ʨʠʩ. 4.4, ʚʝʨʭʥʽʡ ʰʣʷʭ ʧʨʦʜʦʚʞʫʚʘʪʠʤʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʥʘʚʽʪʴ 

ʪʦʜʽ, ʢʦʣʠ ʡʦʛʦ ʨʝʩʫʨʩʽʚ ʥʝ ʚʠʩʪʘʯʘʪʠʤʝ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʨʘʬʢ̔ʘ ʚʽʜ 

ʢʦʤʫʪʘʪʦʨʘ ɸ ʜʦ ʢʦʤʫʪʘʪʦʨʘ ɽ, ʘ ʥʠʞʥʽʡ ʰʣʷʭ ʧʨʦʩʪʦʶʚʘʪʠʤʝ, ʭʦʯʘ, ʤʦʞʣʠʚʦ, 

ʨʝʩʫʨʩʽʚ ʢʦʤʫʪʘʪʦʨʽʚ ʚʠʩʪʘʯʠʣʦ ʙ ʜʣʷ ʷʢʽʩʥʦʾ ʧʝʨʝʜʘʯʽ ʮʴʦʛʦ ʪʨʘʬʢ̔ʘ.  

ʊʫʪ ʥʘʷʚʥʘ ʥʝʧʦʚʥʦʮʽʥʥʽʩʪʴ ʤʝʪʦʜʽʚ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʤʝʨʝʞʽ ï ʦʜʥʽ 

ʨʝʩʫʨʩʠ ʧʨʘʮʶʶʪʴ ʟ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤ, ʘ ʽʥʰʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʁʪʴʩʷ ʟʦʚʩʽʤ. 

ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʙʦʨʦʪʴʙʠ ʟ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤʠ ʮʶ ʧʨʦʙʣʝʤʫ ʚʠʨʽʰʠʪʠ  

ʥʝ ʚ ʟʤʦʟʽ, ʪʦʤʫ ʧʦʪʨʽʙʥʽ ʧʨʠʥʮʠʧʦʚʦ ʽʥʰʽ ʤʝʭʘʥʽʟʤʠ.  
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ʄʝʪʦʜʠ ʽʥʞʠʥʽʨʠʥʛʫ ʪʨʘʬʢ̔ʘ  

ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʤʝʪʦʜʽʚ ʽʥʞʠʥʽʨʠʥʛʫ ʪʨʘʬʢ̔ʘ ʻ:  

Å ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʤʝʨʝʞʽ ï ʾʾ ʪʦʧʦʣʦʛʽʷ  ̔ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʩʢʣʘʜʦʚʠʭ ʾʾ ʢʦʤʫʪʘʪʦʨʽʚ ʪʘ ʣʽʥʽʡ ʟʚô̫ ʟʢʫ (ʨʠʩ. 4.5);  

 
 

ʈʠʩʫʥʦʢ 4.5 ï ʊʦʧʦʣʦʛʽʷ ʤʝʨʝʞʽ ʡ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʾʾ ʨʝʩʫʨʩʽʚ 
 

Å ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ, ʪʦʙʪʦ ʧʨʦ  

ʧʦʪʦʢʠ ʪʨʘʬʽʢʘ, ʷʢʽ ʤʝʨʝʞʘ ʤʘʻ ʧʝʨʝʜʘʚʘʪʠ ʤʽʞ ʩʚʦʾʤʠ ʧʨʠʤʝʞʦʚʠʤʠ 

ʢʦʤʫʪʘʪʦʨʘʤʠ (ʨʠʩ. 4.6).  

 
 

ʈʠʩʫʥʦʢ 4.6 ï ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 
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ʅʝʭʘʡ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʦʨʘ ʢʦʞʥʦʛʦ ʢʦʤʫʪʘʪʦʨʘ ʜʦʩʪʘʪʥʷ ʜʣʷ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʨʘʬʽʢʘ ʚʩʽʭ ʡʦʛʦ ʚʭʽʜʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ, ʥʘʚʽʪʴ ʷʢʱʦ ʪʨʘʬʽʢ 

ʥʘʜʭʦʜʠʪʴ ʥʘ ʽʥʪʝʨʬʝʡʩ ʽʟ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʶ ʰʚʠʜʢʽʩʪʶ, ʷʢʘ ʜʦʨʽʚʥʶʻ 

ʧʨʦʧʫʩʢʥʽʡ ʟʜʘʪʥʦʩʪʽ ʽʥʪʝʨʬʝʡʩʘ. ʊʦʤʫ, ʧʽʜ ʯʘʩ ʨʝʟʝʨʚʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ, 

ʚʚʘʞʘʪʠʤʝʤʦ ʨʝʩʫʨʩʘʤʠ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʣʽʥʽʡ ʟʚôʷʟʢʫ ʤʽʞ ʢʦʤʫʪʘʪʦʨʘʤʠ, 

ʱʦ ʚʠʟʥʘʯʘʻ ʪʘʢʦʞ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʜʚʦʭ ʽʥʪʝʨʬʝʡʩʽʚ, ʟʚôʷʟʘʥʠʭ ʮʽʻʶ ʣʽʥʽʻʶ.  

ɺʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʨʦʟʚôʷʟʢʦʤ ʟʘʚʜʘʥʥʷ ʊɽ ʻ ʪʘʢʠʡ ʥʘʙʽʨ ʤʘʨʰʨʫʪʽʚ ʜʣʷ 

ʟʘʜʘʥʦʾ ʤʥʦʞʠʥʠ ʧʦʪʦʢʽʚ ʪʨʘʬʽʢʘ, ʜʣʷ ʷʢʦʛʦ ʚʩʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʫʟʜʦʚʞ ʤʘʨʰʨʫʪʫ ʧʨʦʭʦʜʞʝʥʥʷ ʢʦʞʥʦʛʦ ʧʦʪʦʢʫ ʥʝ 

ʧʝʨʝʚʠʱʫʶʪʴ ʜʝʷʢʦʛʦ ʟʘʜʘʥʦʛʦ ʧʦʨʦʛʘ 
maxK . 

ʅʘ ʨʠʩ. 4.7 ʧʦʢʘʟʘʥʠʡ ʦʜʠʥ ʟ ʤʦʞʣʠʚʠʭ ʨʦʟʚôʷʟʢʽʚ ʟʘʚʜʘʥʥʷ, ʷʢʝ 

ʽʣʶʩʪʨʫʶʪʴ ʨʠʩ. 4.5 ʽ 4.6. ɿʥʘʡʜʝʥʽ ʤʘʨʰʨʫʪʠ ʛʘʨʘʥʪʫʶʪʴ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʨʝʩʫʨʩʫ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʧʦʪʦʢʫ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 0,6.  

 
 

ʈʠʩʫʥʦʢ 4.7 ï ʈʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʤʝʨʝʞʽ ï  

ʚʠʙʽʨ ʰʣʷʭʽʚ ʧʝʨʝʜʘʯʽ ʪʨʘʬʽʢʘ 

 

ʈʦʟʚôʷʟʦʢ ʟʘʚʜʘʥʥʷ ʊɽ ʤʦʞʥʘ ʰʫʢʘʪʠ ʧʦ-ʨʽʟʥʦʤʫ.  

ʇʦ-ʧʝʨʰʝ, ʤʦʞʥʘ ʰʫʢʘʪʠ ʡʦʛʦ ʟʘʚʯʘʩʥʦ, ʫ ʬʦʥʦʚʦʤʫ ʨʝʞʠʤʽ. ɼʣʷ ʮʴʦʛʦ 

ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʚʠʭʽʜʥʽ ʜʘʥʽ: ʪʦʧʦʣʦʛʽʶ ʡ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʨʝʞʽ, ʚʭʽʜʥʽ  

ʡ ʚʠʭʽʜʥʽ ʪʦʯʢʠ ʧʦʪʦʢʽʚ ʪʨʘʬʢ̔ʘ, ʩʝʨʝʜʥʶ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʫ ʥʠʭ. 

ʇʽʩʣʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʰʣʷʭʽʚ ʧʨʦʭʦʜʞʝʥʥʷ ʪʨʘʬʢ̔ʘ 
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ʧʨʠ ʬʽʢʩʦʚʘʥʠʭ ʪʦʯʢʘʭ ʚʭʦʜʫ ʡ ʚʠʭʦʜʫ, ʘ ʪʘʢʦʞ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʫ ʤʦʞʥʘ ʧʝʨʝʜʘʪʠ ʜʝʷʢʽʡ ʧʨʦʛʨʘʤʽ, 

ʷʢʘ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʨʷʤʦʚʘʥʦʛʦ ʧʝʨʝʙʦʨʫ ʚʘʨʽʘʥʪʽʚ ʟʥʘʡʜʝ 

ʨʦʟʚôʷʟʦʢ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ ʙʫʜʫʪʴ ʪʦʯʥʽ ʤʘʨʰʨʫʪʠ ʜʣʷ ʢʦʞʥʦʛʦ 

ʧʦʪʦʢʫ ʟ̔ ʟʘʟʥʘʯʝʥʥʷʤ ʫʩʽʭ ʧʨʦʤʽʞʥʠʭ ʢʦʤʫʪʘʪʦʨʽʚ.  

ʇʦ-ʜʨʫʛʝ, ʟʘʚʜʘʥʥʷ ʊɽ ʤʦʞʥʘ ʚʠʨʽʰʫʚʘʪʠ ʚ ʦʧʝʨʘʪʠʚʥʦʤʫ ʨʝʞʠʤʽ, 

ʜʦʨʫʯʠʚʰʠ ʾʾ ʢʦʤʫʪʘʪʦʨʘʤ ʤʝʨʝʞʽ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʁʪʴʩʷ ʤʦʜʠʬʽʢʘʮʽʾ 

ʩʪʘʥʜʘʨʪʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ.  

ʄʦʜʠʬʽʢʘʮʽʷ ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʠ 

ʧʦʚʽʜʦʤʣʷʶʪʴ ʦʜʠʥ ʦʜʥʦʤʫ ʥʝ ʪʽʣʴʢʠ ʪʦʧʦʣʦʛʽʯʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʘʣʝ ʡ ʧʦʪʦʯʥʝ 

ʟʥʘʯʝʥʥʷ ʚʽʣʴʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʨʝʩʫʨʩʫ.  

ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʨʦʟʚôʷʟʦʢ ʟʥʘʡʜʝʥʦ, ʡʦʛʦ ʧʦʪʨʽʙʥʦ ʨʝʘʣʽʟʫʚʘʪʠ, ʪʦʙʪʦ 

ʚʪʽʣʠʪʠ ʚ ʪʘʙʣʠʮʷʭ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʧʨʦʙʣʝʤʘ ï 

ʫ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʤʠ ʭʦʯʝʤʦ ʧʨʦʢʣʘʩʪʠ ʮʽ ʤʘʨʰʨʫʪʠ ʚ ʜʝʡʪʘʛʨʘʤʥʡ̔ 

ʤʝʨʝʞʽ. ʈʽʯ ʫ ʪʽʤ, ʱʦ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʥʠʭ ʚʨʘʭʦʚʫʶʪʴ ʣʠʰʝ ʘʜʨʝʩʠ 

ʧʨʠʟʥʘʯʝʥʥʷ ʧʘʢʝʪʽʚ. ʂʦʤʫʪʘʪʦʨʠ ʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʪʘʢʠʭ ʤʝʨʝʞ (ʥʘʧʨʠʢʣʘʜ, 

IP-ʤʝʨʝʞ) ʥʝ ʧʨʘʮʶʶʪʴ ʟ ʧʦʪʦʢʘʤʠ, ʜʣʷ ʥʠʭ ʧʦʪʦʢʽʚ ʫ ʷʚʥʦʤʫ ʚʠʛʣʜ̫ʽ ʥʝ ʽʩʥʫʻ, 

ʢʦʞʝʥ ʧʘʢʝʪ ʫ ʭʦʜʽ ʡʦʛʦ ʧʨʦʩʫʚʘʥʥ ̫ʻ ʥʝʟʘʣʝʞʥʦʶ ʦʜʠʥʠʮʝʶ ʢʦʤʫʪʘʮʽʾ. ʄʦʞʥʘ 

ʩʢʘʟʘʪʠ, ʱʦ ʪʘʙʣʠʮʽ ʧʨʦʩʫʚʘʥʥʷ ʮʠʭ ʤʝʨʝʞ ʚʽʜʙʠʚʘʶʪʴ ʣʠʰʝ ʪʦʧʦʣʦʛʽʶ ʤʝʨʝʞʽ 

(ʥʘʧʨʷʤʦʢ ʧʨʦʩʫʚʘʥʥʷ ʜʦ ʧʝʚʥʠʭ ʘʜʨʝʩ ʧʨʠʟʥʘʯʝʥʥʷ).  

ʊʦʤʫ ʧʨʠʚʥʝʩʝʥʥʷ ʤʝʪʦʜʽʚ ʨʝʟʝʨʚʫʚʘʥʥʷ ʚ ʜʝʡʪʘʛʨʘʤʥ ̔ʤʝʨʝʞʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟ ʚʝʣʠʢʠʤʠ ʪʨʫʜʥʦʱʘʤʠ. ʋ ʧʨʦʪʦʢʦʣʘʭ ʨʝʟʝʨʚʫʚʘʥʥʷ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʧʦʪʽʢ ʜʣʷ 

ʜʝʡʪʘʛʨʘʤʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʢʨʽʤ ʘʜʨʝʩʠ ʧʨʠʟʥʘʯʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫ̒ʪʴʩʷ 

ʜʝʷʢʠʡ ʜʦʜʘʪʢʦʚʠʡ ʥʘʙʽʨ ʦʟʥʘʢ. ʇʨʠ ʮʴʦʤʫ ʧʦʥʷʪʪʷ ʧʦʪʦʢʫ ʧʦʪʨʽʙʥʦ ʣʠʰʝ ʥʘ 

ʝʪʘʧʽ ʨʝʟʝʨʚʫʚʘʥʥʷ, ʘ ʧʽʜ ʯʘʩ ʧʨʦʩʫʚʘʥʥ ̫ ʧʘʢʝʪʽʚ, ʷʢ ʽ ʨʘʥʽʰʝ, ʧʨʘʮʶʻ 

ʪʨʘʜʠʮʽʡʥʘ ʜʣʷ ʮʴʦʛʦ ʪʠʧʫ ʤʝʨʝʞ ʩʭʝʤʘ, ʱʦ ʚʨʘʭʦʚʫʻ ʣʠʰʝ ʘʜʨʝʩʫ ʧʨʠʟʥʘʯʝʥʥʷ.  

ʊʝʧʝʨ ʩʧʨʦʙʫʻʤʦ ʫʷʚʠʪʠ ʩʠʪʫʘʮʽʶ, ʢʦʣʠ ʚ ʥʘʩ ʻ ʢʽʣʴʢʘ ʧʦʪʦʢʽʚ ʤʽʞ  

ʜʚʦʤʘ ʢʽʥʮʝʚʠʤʠ ʚʫʟʣʘʤʠ, ʽ ʤʠ ʭʦʯʝʤʦ ʥʘʧʨʘʚʠʪʠ ʾʭ ʨʽʟʥʠʤʠ ʤʘʨʰʨʫʪʘʤʠ.  

ʄʠ ʧʨʠʡʥʷʣʠ ʪʘʢʝ ʨʽʰʝʥʥʷ, ʚʠʭʦʜʷʯʠ ʟ ʙʘʣʘʥʩʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ, ʢʦʣʠ 

ʚʠʨʽʰʫʚʘʣʠ ʟʘʚʜʘʥʥʷ ʽʥʞʠʥʽʨʠʥʛʫ ʪʨʘʬʢ̔ʘ. ɼʝʡʪʘʛʨʘʤʥʠʡ ʢʦʤʫʪʘʪʦʨ ʘʙʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʥʝ ʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʨʝʘʣʽʟʫʚʘʪʠ ʥʘʰʝ ʨʽʰʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʚʩʽʭ 

ʮʠʭ ʧʦʪʦʢʽʚ ʫ ʥʴʦʛʦ ʚ ʪʘʙʣʠʮʽ ʧʨʦʩʫʚʘʥʥʷ ʻ ʣʠʰʝ ʦʜʠʥ ʟʘʧʠʩ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ 

ʟʘʛʘʣʴʥʽʡ ʘʜʨʝʩʽ ʧʨʠʟʥʘʯʝʥʥʷ ʧʘʢʝʪʽʚ ʮʠʭ ʧʦʪʦʢʽʚ. ɿʤʽʥʶʚʘʪʠ ʣʦʛʽʢʫ ʨʦʙʦʪʠ 

ʢʦʤʫʪʘʪʦʨʽʚ ʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʜʝʡʪʘʛʨʘʤʥʠʭ ʤʝʨʝʞ ʥʝʜʦʮʽʣʴʥʦ, ʦʩʢʽʣʴʢʠ ʮʝ 

ʟʘʥʘʜʪʦ ʧʨʠʥʮʠʧʦʚʘ ʤʦʜʝʨʥʽʟʘʮʽʷ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʤʝʪʦʜʠ ʽʥʞʠʥʽʨʠʥʛʫ ʪʨʘʬʢ̔ʘ ʩʴʦʛʦʜʥʽ ʚʠʢʦʨʠʩʪʦʚʫʁʪʴʩʷ 

ʣʠʰʝ ʚ ʤʝʨʝʞʘʭ ʟ ʚʽʨʪʫʘʣʴʥʠʤʠ ʢʘʥʘʣʘʤʠ, ʜʣʷ ʷʢʠʭ ʥʝ ʩʪʘʥʦʚʠʪʴ ʪʨʫʜʥʦʱʽʚ 
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ʨʝʘʣʽʟʫʚʘʪʠ ʟʥʘʡʜʝʥʝ ʨʽʰʝʥʥʷ ʜʣʷ ʛʨʫʧʠ ʧʦʪʦʢʽʚ. ʂʦʞʥʦʤʫ ʧʦʪʦʢʫ (ʘʙʦ ʛʨʫʧʽ 

ʧʦʪʦʢʽʚ ʟ ʦʜʥʘʢʦʚʠʤʠ ʤʘʨʰʨʫʪʘʤʠ) ʚʠʜʽʣʷʻʪʴʩʷ ʚʽʨʪʫʘʣʴʥʠʡ ʢʘʥʘʣ, ʷʢʠʡ 

ʧʨʦʢʣʘʜʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙʨʘʥʦʛʦ ʤʘʨʰʨʫʪʫ. ʄʝʪʦʜʠ ʽʥʞʠʥʽʨʠʥʛʫ ʪʨʘʬʢ̔ʘ 

ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʤʝʨʝʞʘʭ ATM ʽ Frame Relay, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʦʩʥʦʚʽ 

ʪʝʭʥʽʢʠ ʚʽʨʪʫʘʣʴʥʠʭ ʢʘʥʘʣʽʚ. IP-ʤʝʨʝʞʽ ʪʘʢʦʞ ʦʧʠʨʘʶʪʴʩʷ ʥʘ ʤʝʪʦʜʠ ʊɽ, ʢʦʣʠ ʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʁʪʴʩʷ ʚ ʤʝʨʝʞʘʭ ATM ʘʙʦ Frame Relay, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʩʢʣʘʜʝʥʽʡ 

ʤʝʨʝʞʽ, ʧʦʙʫʜʦʚʘʥʽʡ ʥʘ ʦʩʥʦʚʽ ʧʨʦʪʦʢʦʣʫ IP. ɯʩʥʫʻ ʪʘʢʦʞ ʧʦʨʽʚʥʷʥʦ ʥʦʚʘ 

ʪʝʭʥʦʣʦʛʽʷ MPLS, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʩʧʝʮʽʘʣʴʥʦ ʷʢ ʟʘʩʽʙ ʧʨʠʚʥʝʩʝʥʥʷ ʪʝʭʥʽʢʠ 

ʚʽʨʪʫʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʫ IP-ʤʝʨʝʞʽ. ʅʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ MPLS ʫ IP-ʤʝʨʝʞʘʭ 

ʤʦʞʥʘ ʪʘʢʦʞ ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʊɽ.  

 

ɯʥʞʠʥʽʨʠʥʛ ʪʨʘʬʢ̔ʘ ʨʽʟʥʠʭ ʢʣʘʩʽʚ  

ʇ̔ ʜ ʯʘʩ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʚʜʘʥʥʷ ʽʥʞʠʥʽʨʠʥʛʫ ʪʨʘʬʢ̔ʘ ʤʠ ʚʚʘʞʘʣʠ, ʱʦ  

ʚʩʽ ʧʦʪʦʢʠ ʪʨʘʬʢ̔ʘ ʚʠʩʫʚʘʣʠ ʦʜʥʘʢʦʚʽ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

ʊʦʙʪʦ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʝʨʝʞʽ ʟʘʜʦʚʦʣʴʥʷʣʦ, ʱʦ ʚʩʽ ʧʦʪʦʢʠ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ  

ʽʟ ʟʘʜʘʥʦʶ ʩʝʨʝʜʥʴʦʶ ʰʚʠʜʢʽʩʪʶ (ʚʦʥʘ, ʧʨʠʨʦʜʥʦ, ʫ ʢʦʞʥʦʛʦ ʧʦʪʦʢʫ ʩʚʦʷ  ̔

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʥʰʠʭ).  

ɹʽʣʴʰ ʨʝʘʣʴʥʦ ʁʻ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʫ ʢʦʞʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʤʝʨʝʞʽ ʻ ʢʽʣʴʢʘ 

ʢʣʘʩʽʚ ʪʨʘʬʢ̔ʘ, ʽ ʮʽ ʢʣʘʩʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʨʽʟʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʎʷ ʧʨʦʙʣʝʤʘ ʚʞʝ ʦʙʛʦʚʦʨʶʚʘʣʘʩʷ ʧʽʜ ʯʘʩ ʨʦʟʛʣʷʜʫ ʧʠʪʘʥʴ 

ʨʝʟʝʨʚʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ.  

ʋ ʤʝʪʦʜʘʭ ʊɽ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʥʘʷʚʥʽʩʪʴ ʫ ʤʝʨʝʞʽ ʪʨʘʬʢ̔ʘ ʟ ʨʽʟʥʠʤʠ 

ʚʠʤʦʛʘʤʠ QoS, ʧʨʦʙʣʝʤʘ ʚʠʨʽʰʫʻʪʴʩʷ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʚ ʤʝʪʦʜʘʭ ʨʝʟʝʨʚʫʚʘʥʥʷ 

ʨʝʩʫʨʩʽʚ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ. ʗʢʱʦ ʚ ʥʘʩ ʻ, ʥʘʧʨʠʢʣʘʜ, ʜʚʘ ʢʣʘʩʠ ʪʨʘʬʢ̔ʘ, ʪʦ ʤʠ 

ʟʘʜʘʻʤʦʩʷ ʜʚʦʤʘ ʨʽʚʥʷʤʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʪʘʢʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʟ ʢʦʞʥʠʤ ʨʝʩʫʨʩʦʤ ʤʘʁʪʴ ʙʫʪʠ 

ʧʦʚô̫ ʟʘʥ ̔ ʜʚʘ ʣʽʯʠʣʴʥʠʢʠ ʚʽʣʴʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ï ʦʜʠʥ ʜʣʷ 

ʧʨʽʦʨʠʪʝʪʥʦʛʦ, ʜʨʫʛʠʡ ï ʜʣʷ ʝʣʘʩʪʠʯʥʦʛʦ ʪʨʘʬʢ̔ʘ. ʇʽʜ ʯʘʩ ʚʠʟʥʘʯʝʥʥ ̫

ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʭʦʜʞʝʥʥʷ ʤʘʨʰʨʫʪʫ ʯʝʨʝʟ ʢʦʥʢʨʝʪʥʠʡ ʨʝʩʫʨʩ ʜʣʷ ʧʨʽʦʨʠʪʝʪʥʦʛʦ 

ʪʨʘʬʢ̔ʘ ʩʝʨʝʜʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʦʚʦʛʦ ʧʦʪʦʢʫ ʤʘʻ ʜʦʨʽʚʥʶʚʘʪʠ ʚʽʣʴʥʽʡ 

ʧʨʦʧʫʩʢʥʽʡ ʟʜʘʪʥʦʩʪ̔ ʜʣʷ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʪʨʘʬʢ̔ʘ.  

ʗʢʱʦ ʚʽʣʴʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʦʩʪʘʪʥʴʦ ʽ ʥʦʚʠʡ ʧʦʪʽʢ ʧʽʜʝ ʯʝʨʝʟ 

ʜʘʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʪʦ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʜʣʷ ʥʦʚʦʛʦ 

ʧʦʪʦʢʫ ʥʝʦʙʭʽʜʥʦ ʚʽʜʥʷʪʠ ʷʢ ʟ ʣʽʯʠʣʴʥʠʢʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʪʨʘʬʢ̔ʘ, 

ʪʘʢ ʽ ʟ ʣʽʯʠʣʴʥʠʢʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʝʣʘʩʪʠʯʥʦʛʦ ʪʨʘʬʢ̔ʘ, ʦʩʢʽʣʴʢʠ ʧʨʽʦʨʠʪʝʪʥʠʡ 

ʪʨʘʬʢ̔ ʟʘʚʞʜʠ ʦʙʩʣʫʛʦʚʫʚʘʪʠʤʝʪʴʩʷ ʧʝʨʝʜ ʝʣʘʩʪʠʯʥʠʤ ʽ ʩʪʚʦʨʠʪʴ ʜʣʷ 

ʝʣʘʩʪʠʯʥʦʛʦ ʪʨʘʬʢ̔ʘ ʜʦʜʘʪʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʗʢʱʦ ʞ ʟʘʚʜʘʥʥʷ ʊɽ 
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ʚʠʨʽʰʫʻʪʴʩʷ ʜʣʷ ʝʣʘʩʪʠʯʥʦʛʦ ʪʨʘʬʢ̔ʘ, ʪʦ ʡʦʛʦ ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʜʦʨʽʚʥʶʻ ʚʽʣʴʥʽʡ ʧʨʦʧʫʩʢʥʽʡ ʟʜʘʪʥʦʩʪ̔ ʣʽʯʠʣʴʥʠʢʘ ʝʣʘʩʪʠʯʥʦʛʦ ʪʨʘʬʢ̔ʘ  

ʡ ʫ ʚʠʧʘʜʢʫ ʧʦʟʠʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʮʽʻʾ ʰʚʠʜʢʦʩʪʽ ʚʽʜʥʽʤʘʻʪʴʩʷ  

ʣʠʰʝ ʟ ʣʽʯʠʣʴʥʠʢʘ ʝʣʘʩʪʠʯʥʦʛʦ ʪʨʘʬʢ̔ʘ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʪʨʘʬʢ̔ʘ 

ʝʣʘʩʪʠʯʥʠʡ ʪʨʘʬʢ̔ ʧʨʦʟʦʨʠʡ.  

ʄʦʜʠʬʽʢʦʚʘʥʽ ʧʨʦʪʦʢʦʣʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʘʶʪʴ ʧʦʰʠʨʶʚʘʪʠ ʧʦ ʤʝʨʝʞʽ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʜʚʘ ʧʘʨʘʤʝʪʨʠ ʚʽʣʴʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ï ʜʣʷ ʢʦʞʥʦʛʦ 

ʢʣʘʩʫ ʪʨʘʬʢ̔ʘ ʦʢʨʝʤʦ. ʗʢʱʦ ʞ ʟʘʚʜʘʥʥʷ ʫʟʘʛʘʣʴʥʶʻʪʴʩʷ ʜʣʷ ʚʠʧʘʜʢʫ ʧʝʨʝʜʘʯʽ 

ʯʝʨʝʟ ʤʝʨʝʞʫ ʪʨʘʬʢ̔ʘ ʜʝʢʽʣʴʢʦʭ ʢʣʘʩʽʚ, ʪʦ, ʚʽʜʧʦʚʽʜʥʦ, ʟ ʢʦʞʥʠʤ ʨʝʩʫʨʩʦʤ ʤʘʻ 

ʙʫʪʠ ʟʚô̫ ʟʘʥʦ ʩʪʽʣʴʢʠ ʣʽʯʠʣʴʥʠʢʽʚ, ʩʢʽʣʴʢʠ ʢʣʘʩʽʚ ʪʨʘʬ̔ʢʘ ʽʩʥʫʻ ʚ ʤʝʨʝʞʽ,  

ʘ ʧʨʦʪʦʢʦʣʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʘʶʪʴ ʧʦʰʠʨʶʚʘʪʠ ʚʝʢʪʦʨ ʚʽʣʴʥʠʭ ʧʨʦʧʫʩʢʥʠʭ 

ʟʜʘʪʥʦʩʪʝʡ ʚʽʜʧʦʚʽʜʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ.  

 

ʈʦʙʦʪʘ ʚ ʥʝʜʦʚʘʥʪʘʞʝʥʦʤʫ ʨʝʞʠʤʽ  

ʗʢ ʤʠ ʚʞʝ ʟʘʟʥʘʯʘʣʠ, ʥʘʡʧʨʦʩʪʽʰʠʤ ʩʧʦʩʦʙʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʦʛ QoS  

ʜʣʷ ʚʩʽʭ ʧʦʪʦʢʽʚ ʻ ʨʦʙʦʪʘ ʤʝʨʝʞʽ ʚ ʥʝʜʦʚʘʥʪʘʞʝʥʦʤʫ ʨʝʞʠʤʽ, ʘʙʦ ʞ  

ʟ ʥʘʜʣʠʰʢʦʚʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ.  

ɻʦʚʦʨʷʪʴ, ʱʦ ʤʝʨʝʞʘ ʤʘʻ ʥʘʜʣʠʰʢʦʚʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ, ʢʦʣʠ ʚʩʽ 

ʯʘʩʪʠʥʠ ʤʝʨʝʞʽ ʚ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʤʘʶʪʴ ʪʘʢʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ, ʷʢʦ ʾ

ʜʦʩʪʘʪʥʴʦ, ʦɦʙ ʦʙʩʣʫʞʠʪʠ ʚʩʽ ʧʦʪʦʢʠ ʪʨʘʬʢ̔ʘ, ʱʦ ʧʨʦʪʽʢʘʻ ʚ ʮʝʡ ʯʘʩ ʯʝʨʝʟ 

ʤʝʨʝʞʫ, ʽʟ ʟʘʜʦʚʽʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʡ ʥʘʜʽʡʥʦʩʪʽ. 

ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʞʦʜʥʝ ʟ ʤʝʨʝʞʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘʢʦʾ ʤʝʨʝʞʽ ʥʽʢʦʣʠ ʥʝ ʧʽʜʜʘʻʪʴʩʷ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤ, ʷʢʽ ʤʦʛʣʠ ʙ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʠʭ ʟʘʪʨʠʤʦʢ ʘʙʦ ʚʪʨʘʪ ʧʘʢʝʪʽʚ 

ʯʝʨʝʟ ʧʝʨʝʧʦʚʥʝʥʥʷ ʯʝʨʛ ʧʘʢʝʪʽʚ (ʟʘʟʚʠʯʘʡ, ʮʝ ʥʝ ʚʠʢʣʶʯʘʻ ʚʠʧʘʜʢʽʚ ʚʪʨʘʪ 

ʤʝʨʝʞʝʶ ʧʘʢʝʪʽʚ ʟ ʽʥʰʠʭ ʧʨʠʯʠʥ, ʥʝ ʧʦʚô̫ ʟʘʥʠʭ ʟ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤ ʤʝʨʝʞʽ, 

ʥʘʧʨʠʢʣʘʜ, ʯʝʨʝʟ ʧʝʨʝʢʨʫʯʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʫ ʣʽʥʽʷʭ ʟʚô̫ ʟʢʫ ʘʙʦ ʚʽʜʤʦʚ 

ʤʝʨʝʞʥʠʭ ʚʫʟʣʽʚ ʘʙʦ ʣʽʥʽʡ ʟʚô̫ ʟʢʫ).  

ʇʨʦʩʪʦʪʘ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʻ ʡʦʛʦ ʛʦʣʦʚʥʦ  ʁʧʝʨʝʚʘʛʦʶ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʚʠʤʘʛʘʻ 

ʣʠʰʝ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʣʽʥʽʡ ʟʚô̫ ʟʢʫ ʡ, ʚʽʜʧʦʚʽʜʥʦ, 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʤʝʨʝʞʽ. ʅʽʷʢʠʭ ʜʦʜʘʪʢʦʚʠʭ ʟʫʩʠʣʴ  

ʟ ʜʦʩʣʽʜʞʝʥʥ ̫ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʦʢʽʚ ʤʝʨʝʞʽ ʡ ʢʦʥʬʽʛʫʨʫʚʘʥʥ ̫ʜʦʜʘʪʢʦʚʠʭ ʯʝʨʛ 

ʽ ʤʝʭʘʥʽʟʤʽʚ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʪʨʘʬʢ̔ʘ, ʷʢ ʫ ʚʠʧʘʜʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ QoS,  

ʪʫʪ ʥʝ ʧʦʪʨʽʙʥʦ.  

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʚʠʟʥʘʯʝʥʥʷ ʤʝʨʝʞʽ ʟ ʥʘʜʣʠʰʢʦʚʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ 

ʙʫʣʦ ʥʘʚʤʠʩʥʦ ʩʧʨʦʱʝʥʝ, ʱʦʙ ʧʝʨʝʜʘʪʠ ʩʫʪʴ ʽʜʝʾ. ɹʽʣʴʰ ʪʦʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʤʘʻ 

ʚʨʘʭʦʚʫʚʘʪʠ ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʫ ʤʝʨʝʞʽ, ʽ ʦʧʝʨʫʚʘʪʠ 

ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʚʠʟʥʘʯʝʥʥʷʤʠ ʧʦʜʽʡ, ʪʦʙʪʦ ʛʦʚʦʨʠʪʠ, ʱʦ ʪʘʢʽ ʧʦʜʽʾ, ʷʢ ʪʨʠʚʘʣʽ 
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ʟʘʪʨʠʤʢʠ ʘʙʦ ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ ʯʝʨʝʟ ʧʝʨʝʧʦʚʥʝʥʥʷ ʯʝʨʛ ʫ ʤʝʨʝʞʽ ʟ ʥʘʜʣʠʰʢʦʚʦʶ 

ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʚʽʜʙʫʚʘʶʪʴʩʷ ʪʘʢ ʨʽʜʢʦ, ʱʦ ʥʠʤʠ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʪʨʘʬʢ̔ ʫʩʽʭ ʜʦʜʘʪʢʽʚ ʫ ʧʦʜʽʙʥʽʡ ʤʝʨʝʞʽ ʧʝʨʝʥʦʩʠʪʴʩʷ ʟ ʚʠʩʦʢʦʶ ʷʢʽʩʪʶ.  

ʆʜʥʘʢ ʜʦʚʝʩʪʠ, ʱʦ ʤʝʨʝʞʘ ʜʽʡʩʥʦ ʻ ʤʝʨʝʞʝʶ ʟ ʥʘʜʣʠʰʢʦʚʦʶ ʧʨʦʧʫʩʢʥʦʶ 

ʟʜʘʪʥʽʩʪʶ, ʥʘ ʧʨʘʢʪʠʮʽ ʜʦʩʠʪʴ ʚʘʞʢʦ. ʊʽʣʴʢʠ ʧʦʩʪʽʡʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʫ 

ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʽʚ ʫʩʽʤ ʢʽʥʮʝʚʠʤ ʚʫʟʣʘʤ ʤʝʨʝʞʽ ʤʦʞʝ ʧʦʢʘʟʘʪʠ, ʱʦ ʤʝʨʝʞʘ 

ʟʘʜʦʚʦʣʴʥʷʻ ʜʘʥʠʡ ʦʧʠʩ, ï ʤʠ ʚʞʝ ʩʪʠʢʘʣʠʩʷ ʟ ʮʽʻʶ ʩʠʪʫʘʮʽʻʶ, ʢʦʣʠ ʨʦʟʛʣʷʜʘʣʠ 

ʤʝʭʘʥʽʟʤ ʛʘʨʘʥʪʫʚʘʥʥʷ ʧʝʚʥʦʛʦ ʨʽʚʥʷ ʟʘʪʨʠʤʦʢ ʧʘʢʝʪʽʚ ʧʽʜ ʯʘʩ ʟʘʩʪʦʩʫʚʘʥʥ ̫

ʤʝʪʦʜʽʚ QoS. ɸʣʝ ʤʦʥʽʪʦʨʠʥʛ ʟʘʪʨʠʤʦʢ ʽ ʾʭʥʽʭ ʚʘʨʽʘʮʽʡ ʻ ʪʦʥʢʦʶ ʡ 

ʪʨʫʜʦʤʽʩʪʢʦʶ ʨʦʙʦʪʦʶ.  

ɿʘʟʚʠʯʘʡ ʦʧʝʨʘʪʦʨʠ, ʷʢʽ ʭʦʯʫʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠ ʩʚʦʶ ʤʝʨʝʞʫ ʚ 

ʥʝʜʦʚʘʥʪʘʞʝʥʦʤʫ ʩʪʘʥʽ ʡ ʟʘ ʨʘʭʫʥʦʢ ʮʴʦʛʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʫ ʷʢʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʨʦʙʣʷʪʴ ʧʨʦʩʪʽʰʝ, ï ʚʦʥʠ ʟʜʽʡʩʥʶʶʪʴ ʤʦʥʽʪʦʨʠʥʛ ʨʽʚʥʷ 

ʪʨʘʬʢ̔ʘ ʚ ʣʽʥʽʷʭ ʟʚô̫ ʟʢʫ ʤʝʨʝʞʽ, ʪʦʙʪʦ ʚʠʤʽʨʶʶʪʴ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʣʽʥʽʡ ʟʚô̫ ʟʢʫ. ʇʨʠ ʮʴʦʤʫ ʣʽʥʽʷ ʟʚô̫ ʟʢʫ ʚʚʘʞʘʻʪʴʩʷ 

ʥʝʜʦʚʘʥʪʘʞʝʥʦ,ʁ ʷʢʱʦ ʾʾ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʩʪʽʡʥʦ ʥʝ ʧʝʨʝʚʝʨʰʫʻ 

ʜʝʷʢʠʡ ʜʦʩʠʪʴ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ, ʥʘʧʨʠʢʣʘʜ 10%. ʄʘʶʯʠ ʪʘʢʽ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʽʚ, 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʣʽʥʽʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʝ ʚʽʜʯʫʚʘʻ ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʘ ʟʥʘʯʠʪʴ, 

ʟʘʪʨʠʤʢʠ ʧʘʢʝʪʽʚ ʙʫʜʫʪʴ ʥʠʟʴʢʠʤʠ, ï ʤʠ ʟʥʘʻʤʦ ʧʨʦ ʪʘʢʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʘʚʘʥʪʘʞʝʥʥʷ ʨʝʩʫʨʩʫ ʡ ʟʘʪʨʠʤʢʘʤʠ ʟ ʪʝʦʨʽʾ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʨʦʟʛʣʷʥʫʪʦʾ ʥʘ ʧʨʠʢʣʘʜʽ ʥʘʡʧʨʦʩʪʽʰʦʾ ʤʦʜʝʣʽ / /1M M .  

ʆʜʥʘʢ ʥʘʚʽʪʴ ʥʘʩʪʽʣʴʢʠ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʥʝ ʚʠʢʣʶʯʘʶʪʴ 

ʧʦʷʚʠ ʥʘ ʣʽʥʽʾ ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʧʫʣʴʩʘʮʽʡ ʪʨʘʬʢ̔ʘ, ʟʜʘʪʥʠʭ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʧʽʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʪʨʘʬʢ̔ʘ ʜʦ ʚʝʣʠʯʠʥʠ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʣʽʥʽʾ 

ʪʘ, ʦʪʞʝ, ʜʦ ʟʥʘʯʥʠʭ ʟʘʪʨʠʤʦʢ ʘʙʦ ʚʪʨʘʪ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ. ɼʣʷ ʜʝʷʢʠʭ 

ʪʠʧ̔ʚ ʜʦʜʘʪʢʽʚ ʪʘʢʽ ʚʪʨʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʠʪʴ ʯʫʪʣʠʚʠʤʠ.  

ɹʘʛʘʪʦ ʟʘʩʦʙʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʰʚʠʜʢʦʩʪʽ ʪʨʘʬʢ̔ʘ, ʦʩʦʙʣʠʚʦ ʚʙʫʜʦʚʘʥʽ  

ʚ ʢʦʤʫʪʘʪʦʨʠ ʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ, ʚʠʤʽʨʶʶʪʴ ʰʚʠʜʢʽʩʪʴ ʪʨʘʬʢ̔ʘ, ʫʩʝʨʝʜʥʶʶʯʠ 

ʾʾ ʥʘ ʟʘʥʘʜʪʦ ʜʦʚʛʠʭ ʽʥʪʝʨʚʘʣʘʭ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʽ ʟʘʩʦʙʠ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʦʩʪʦ  

ʥʝ ʟʜʘʪʥʽ ʟʘʨʝʻʩʪʨʫʚʘʪʠ ʢʦʨʦʪʢʦʯʘʩʥʽ ʧʫʣʴʩʘʮʽʾ ʪʨʘʬʢ̔ʘ ʡ ʯʘʩʪʦ ʜʘʶʪʴ ʟʘʥʘʜʪʦ 

ʦʧʪʠʤʽʩʪʠʯʥʫ ʦʮʽʥʢʫ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʤʝʨʝʞʽ.  

ʎʶ ʧʨʦʙʣʝʤʫ ʽʣʶʩʪʨʫʻ ʨʠʩ. 4.8. ʅʘ ʥʴʦʤʫ ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʨʘʬʢ̔ʘ ʥʘ ʽʥʪʝʨʬʝʡʩʽ ʟ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ  

ʚ 2 ʄʙ̔ʪ/ʩ.  

ʅʘ ʨʠʩʫʥʢʫ ʧʦʜʘʥʽ ʪʨʠ ʢʨʠʚʽ, ʦʪʨʠʤʘʥʽ ʜʣʷ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʩʘʤʦʛʦ ʪʨʘʬʽʢʘ 

ʧʨʠ ʨʽʟʥʠʭ ʽʥʪʝʨʚʘʣʘʭ ʫʩʝʨʝʜʥʝʥʥʷ ʜʘʥʠʭ. ʉʽʨʦʶ ʩʫʮʽʣʴʥʦʶ ʣʽʥʽʻʶ ʧʦʢʘʟʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʜʣʷ ʽʥʪʝʨʚʘʣʫ ʫʩʝʨʝʜʥʝʥʥʷ ʜʘʥʠʭ ʚ 1 ʤʩ; ʧʫʥʢʪʠʨʥʘ ʯʦʨʥʘ 
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ʣʽʥʽʷ ʜʝʤʦʥʩʪʨʫʻ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʽʥʪʝʨʚʘʣʫ ʫʩʝʨʝʜʥʝʥʥʷ ʚ 2 ʤʩ, ʘ ʰʪʨʠʭ-

ʧʫʥʢʪʠʨʥʘ ʯʦʨʥʘ ʣʽʥʽʷ ʚʽʜʧʦʚʽʜʘʻ ʽʥʪʝʨʚʘʣʫ ʚ 25 ʤʩ.  
 

 
 

ʈʠʩʫʥʦʢ 4.8 ï ɿʘʣʝʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʰʚʠʜʢʦʩʪʽ ʪʨʘʬʽʢʘ  

ʚʽʜ ʯʘʩʫ ʫʩʝʨʝʜʥʝʥʥʷ 

 

ɿʚʠʯʘʡʥʘ ʧʨʘʢʪʠʢʘ ʜʣʷ ʦʮʽʥʢʠ ʩʪʘʥʫ ʥʝʜʦʚʘʥʪʘʞʝʥʥʷ ʽʥʪʝʨʬʝʡʩʫ  

ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʞʽ ʚ 25% ʚʽʜ ʡʦʛʦ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʷʢ  

ʽʥʜʠʢʘʪʦʨʘ ʥʝʜʦʚʘʥʪʘʞʝʥʥʷ. ɼʣʷ ʥʘʰʦʛʦ ʧʨʠʢʣʘʜʫ ʮʝ ʚʽʜʧʦʚʽʜʘʻ ʰʚʠʜʢʦʩʪʽ 

ʪʨʘʬʢ̔ʘ 500 ʂʙʪ̔/ʩ.  

ʊʦʜʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʤʦʥʽʪʦʨʠʥʛʫ ʽʥʪʝʨʬʝʡʩʫ ʟ ʽʥʪʝʨʚʘʣʦʤ 

ʫʩʝʨʝʜʥʝʥʥʷ ʚ 25 ʤʩ, ʤʠ ʚʚʘʞʘʻʤʦ, ʱʦ ʽʥʪʝʨʬʝʡʩ ʥʝʜʦʚʘʥʪʘʞʝʥʠʡ ʽ ʥʘʤ ʥʝ ʩʣʽʜ 

ʪʫʨʙʫʚʘʪʠʩʷ ʧʨʦ ʤʦʞʣʠʚʽ ʟʘʪʨʠʤʢʠ ʪʘ ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ ʯʝʨʝʟ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 

ʽʥʪʝʨʬʝʡʩʫ. ʆʜʥʘʢ ʜʠʚʣʷʯʠʩʴ ʥʘ ʩʽʨʫ ʢʨʠʚʫ (ʫʩʝʨʝʜʥʝʥʥʷ 1 ʤʩ), ʤʠ ʙʘʯʠʤʦ,  

ʱʦ ʚ ʰʝʩʪʠ ʽʥʪʝʨʚʘʣʘʭ ʰʚʠʜʢʽʩʪʴ ʥʘʙʘʛʘʪʦ ʧʝʨʝʚʠʱʫʚʘʣʘ 500 ʂʙʪ̔/ʩ, ʘ ʟʥʘʯʠʪʴ, 

ʥʘ ʮʠʭ ʽʥʪʝʨʚʘʣʘʭ ʪʨʠʚʘʣʽ ʟʘʪʨʠʤʢʠ ʡ ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ ʮʽʣʢʦʤ ʤʦʛʣʠ ʩʪʘʪʠʩʷ. 

ʅʘʨʝʰʪʽ, ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʧʨʠ ʫʩʝʨʝʜʥʝʥʥʽ ʚ 2 ʤʩ, ʧʦʢʘʟʫʶʪʴ, ʱʦ ʽʥʪʝʨʬʝʡʩ 

ʧʝʨʝʙʫʚʘʻ ʧʦʙʣʠʟʫ ʤʝʞʽ ʥʝʜʦʚʘʥʪʘʞʝʥʥʷ.  

ɼʘʥʽ, ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʨʠʚʠʭ ʥʘ ʨʠʩ. 4.8, ʙʫʣʠ ʰʪʫʯʥʦ  

ʧʽʜʽʙʨʘʥʽ ʪʘʢ, ʱʦʙ ʧʦʢʘʟʘʪʠ ʢʨʘʡʥʽ ʩʠʪʫʘʮʽʾ. ɸʣʝ ʮʽ ʢʨʠʚʽ ʜʽʡʩʥʦ ʚʽʜʙʠʚʘʶʪʴ 

ʪʦʥʢʠʡ ʽ ʚʘʞʣʠʚʠʡ ʝʬʝʢʪ ʚʠʤʽʨʶʚʘʥʴ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʣʽʥʽʡ ʟʚô̫ ʟʢʫ ʤʝʨʝʞʽ: ʟʘʥʘʜʪʦ ʪʨʠʚʘʣʽ ʽʥʪʝʨʚʘʣʠ 

ʫʩʝʨʝʜʥʝʥʥʷ ʚ ʭʦʜʽ ʚʠʤʽʨʶʚʘʥʷ ʰʚʠʜʢʦʩʪʽ ʤʦʞʫʪʴ ʽʩʪʦʪʥʦ ʚʠʢʨʠʚʠʪʠ ʢʘʨʪʠʥʫ  

ʡ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʪʨʘʪʠ ʚʘʞʣʠʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʚ ʦʩʪʘʪʦʯʥʦʤʫ ʧʽʜʩʫʤʢʫ ï  



67 

ʜʦ ʧʝʨʝʦʮʽʥʢʠ ʤʦʞʣʠʚʦʩʪʝʡ ʤʝʨʝʞʽ ʷʢʽʩʥʦ ʧʝʨʝʜʘʚʘʪʠ ʪʨʘʬʢ̔. ʏʘʩʪʦ ʥʘ 

ʧʨʘʢʪʠʮʽ ʚʠʢʦʥʫʶʪʴ ʤʦʥʽʪʦʨʠʥʛ ʟʘʚʘʥʪʘʞʝʥʥʷ ʣʽʥʽʡ ʟʚô̫ ʟʢʫ ʟ ʧôʷʪʠʩʝʢʫʥʜʥʠʤ 

ʽʥʪʝʨʚʘʣʦʤ ʫʩʝʨʝʜʥʝʥʥʷ, ʱʦ ʷʚʥʦ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʦʮʽʥʢʠ ʩʪʘʥʫ ʤʝʨʝʞʽ.  

ɼʣʷ ʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʦʾ ʦʮʽʥʢʠ ʩʪʘʥʫ ʤʝʨʝʞʽ ʩʣʽʜ ʜʦʧʦʚʥʶʚʘʪʠ ʤʦʥʽʪʦʨʠʥʛ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʣʽʥʽʡ ʟʚô̫ ʟʢʫ ʤʝʨʝʞʽ ʭʦʯʘ ʙ ʚʠʙʽʨʢʦʚʠʤ ʤʦʥʽʪʦʨʠʥʛʦʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS, ʪʘʢʠʭ ʷʢ ʟʘʪʨʠʤʢʠ, ʚʘʨʽʘʮʽʾ ʟʘʪʨʠʤʦʢ ʽ ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ.  

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʟ ʚʝʣʠʢʦʶ ʚʧʝʚʥʝʥʽʩʪʶ ʛʦʚʦʨʠʪʠ ʧʨʦ ʪʝ, ʱʦ ʤʝʨʝʞʘ 

ʜʽʡʩʥʦ ʻ ʤʝʨʝʞʝʶ ʟ ʥʘʜʣʠʰʢʦʚʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʱʦ ʛʘʨʘʥʪʫʻ ʚʩʽʤ 

ʪʠʧʘʤ ʪʨʘʬʢ̔ʘ ʷʢʽʩʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

ʂʨʽʤ ʪʦʛʦ, ʚʠʙʽʨʢʦʚʠʡ ʤʦʥʽʪʦʨʠʥʛ ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ  

ʫ ʚʠʟʥʘʯʝʥʥʽ ʤʝʞʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʣʽʥʽʡ, ʱʦ ʩʣʫʛʫʻ ʜʣʷ ʦʮʽʥʢʠ ʾʭʥʴʦʛʦ 

ʥʝʜʦʚʘʥʪʘʞʝʥʥʷ. ʋ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ ʷʢ ʤʝʞʫ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ  

ʟʥʘʯʝʥʥʷ 25%, ʘʣʝ ʮʽʣʢʦʤ ʤʦʞʣʠʚʦ, ʱʦ ʮʝ ʝʤʧʽʨʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʜʝʷʢʦʾ 

ʢʦʥʢʨʝʪʥʦʾ ʤʝʨʝʞʽ ʧʦʪʨʽʙʥʦ ʫʪʦʯʥʶʚʘʪʠ.  

 

ɺʠʩʥʦʚʢʠ 

 

ʗʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʡʦʛʦ ʚʫʟʴʢʦʤʫ ʩʝʥʩʽ ʬʦʢʫʩʫ ̒ ʫʚʘʛʫ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʽ ʤʝʪʦʜʘʭ ʧʝʨʝʜʘʯʽ ʪʨʘʬʢ̔ʘ ʯʝʨʝʟ ʯʝʨʛʠ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʧʨʠʩʪʨʦʾʚ. ʄʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʡʤʘʶʪʴ ʩʴʦʛʦʜʥʽ 

ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʚ ʩʽʤʝʡʩʪʚʽ ʪʝʭʥʦʣʦʛʽʡ ʤʝʨʝʞ ʟ ʢʦʤʫʪʘʮʽʻʶ ʧʘʢʝʪʽʚ, ʦʩʢʽʣʴʢʠ  

ʙʝʟ ʾʭʥʴʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʢʣʘʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʽʩʥʫ ʨʦʙʦʪʫ ʩʫʯʘʩʥʠʭ 

ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʜʦʜʘʪʢʽʚ, ʪʘʢʠʭ ʷʢ IP-ʪʝʣʝʬʦʥʽʷ, ʚʽʜʝʦ- ʽ ʨʘʜʽʦʤʦʚʣʝʥʥʷ, 

ʽʥʪʝʨʘʢʪʠʚʥʝ ʜʠʩʪʘʥʮʽʡʥʝ ʥʘʚʯʘʥʥʷ ʪʦʱʦ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ QoS ʚʽʜʙʠʚʘʶʪʴ ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ ʧʝʨʝʙʫʚʘʥʥʷ ʧʘʢʝʪʽʚ 

ʫ ʯʝʨʛʘʭ, ʷʢʽ ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ ʟʥʠʞʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ, ʟʘʪʨʠʤʢʘʭ ʧʘʢʝʪʽʚ  

ʽ ʾʭʥʽʭ ʚʪʨʘʪ.  

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʪʠʧʠ ʪʨʘʬʢ̔ʘ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʯʫʪʣʠʚʽʩʪʶ ʜʦ ʟʘʪʨʠʤʦʢ  

ʽ ʚʪʨʘʪ ʧʘʢʝʪʽʚ. ʅʘʡʙʽʣʴʰ ʛʨʫʙʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʨʘʬʢ̔ʘ ʧʦʜʽʣʷʻ ʡʦʛʦ ʥʘ ʜʚʘ ʢʣʘʩʠ: 

ʪʨʘʬʢ̔ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ (ʯʫʪʣʠʚʠʡ ʜʦ ʟʘʪʨʠʤʦʢ) ʽ ʝʣʘʩʪʠʯʥʠʡ ʪʨʘʬʢ̔ (ʥʝʯʫʪʣʠʚʠʡ 

ʜʦ ʟʘʪʨʠʤʦʢ ʫ ʰʠʨʦʢʠʭ ʤʝʞʘʭ).  

ʄʝʪʦʜʠ QoS ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʝʨʝʨʦʟʧʦʜʽʣʽ ʥʘʷʚʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʣʽʥʽʡ ʟʚô̫ ʟʢʫ ʤʽʞ ʪʨʘʬʢ̔ʦʤ ʨʽʟʥʦʛʦ ʪʠʧʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʜʦʜʘʪʢʽʚ.  

ʇʨʽʦʨʠʪʝʪʥʽ ʡ ʟʚʘʞʝʥʽ ʯʝʨʛʠ ʻ ʦʩʥʦʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʚʠʜʽʣʝʥʥʷ 

ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʚʥʠʤ ʧʦʪʦʢʘʤ ʧʘʢʝʪʽʚ.  

ʄʝʭʘʥʽʟʤ ʧʨʦʬʽʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ 

ʧʘʢʝʪʽʚ ʽ ʦʙʤʝʞʫʚʘʪʠ ʾʾ ʚʽʜʧʦʚʽʜʥʦ ʽʟ ʟʘʟʜʘʣʝʛʽʜʴ ʟʘʜʘʥʠʤ ʨʽʚʥʝʤ.  
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ɿʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢ ʻ ʦʜʥʠʤ ʟ ʤʝʭʘʥʽʟʤʽʚ QoS; ʚʽʥ ʜʦʟʚʦʣʷʻ ʪʠʤʯʘʩʦʚʦ 

ʟʥʠʟʠʪʠ ʰʚʠʜʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ ʫ ʤʝʨʝʞʫ ʜʣʷ ʣʽʢʚʽʜʘʮʽʾ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʫ ʚʫʟʣʽ ʤʝʨʝʞʽ.  

ʈʝʟʝʨʚʫʚʘʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ çʚʽʜ ʢʨʘʶ ʜʦ ʢʨʘʶè ʜʦʟʚʦʣʷʻ ʜʦʤʦʛʪʠʩʷ 

ʛʘʨʘʥʪʦʚʘʥʦʾ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʣʷ ʧʦʪʦʢʫ ʧʘʢʝʪʽʚ. ʈʝʟʝʨʚʫʚʘʥʥʷ ʟʘʩʥʦʚʘʥʝ 

ʥʘ ʧʨʦʮʝʜʫʨʽ ʢʦʥʪʨʦʣʶ ʜʦʧʫʩʢʫ ʧʦʪʦʢʫ ʚ ʤʝʨʝʞʫ, ʫ ʭʦʜʽ ʷʢʦʾ ʧʝʨʝʚʽʨʷʻʪʴʩʷ 

ʥʘʷʚʥʽʩʪʴ ʜʦʩʪʫʧʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʪʦʢʫ ʫʟʜʦʚʞ 

ʤʘʨʰʨʫʪʫ ʡʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ. 

ʄʝʪʦʜʠ ʽʥʞʠʥʽʨʠʥʛʫ ʪʨʘʬʢ̔ʘ ʧʦʣʷʛʘʶʪʴ ʫ ʚʠʙʦʨʽ ʨʘʮʽʦʥʘʣʴʥʠʭ ʤʘʨʰʨʫʪʽʚ 

ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʪʦʢʽʚ ʯʝʨʝʟ ʤʝʨʝʞʫ. ɺʠʙʽʨ ʤʘʨʰʨʫʪʽʚ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʽʟʘʮʽʶ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʨʝʩʫʨʩʽʚ ʤʝʨʝʞʽ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʜʦʪʨʠʤʘʥʥʽ ʥʝʦʙʭʽʜʥʠʭ 

ʛʘʨʘʥʪʽʡ ʚʽʜʥʦʩʥʦ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʨʘʬʢ̔ʘ.  

ʅʝʜʦʚʘʥʪʘʞʝʥʘ ʤʝʨʝʞʘ (ʚʦʥʘ ʞ ʤʝʨʝʞʘ ʟ ʥʘʜʣʠʰʢʦʚʦʶ ʧʨʦʧʫʩʢʥʦʶ 

ʟʜʘʪʥʽʩʪʶ) ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʽʩʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʨʘʬʢ̔ʘ ʚʩʽʭ ʪʠʧʽʚ ʙʝʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ QoS; ʘʣʝ ʜʣʷ ʪʦʛʦ ʱʦʙ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʤʝʨʝʞʘ ʜʽʡʩʥʦ 

ʥʝʜʦʚʘʥʪʘʞʝʥʘ, ʧʦʪʨʽʙʥʦ ʧʦʩʪʽʡʥʦ ʧʨʦʚʦʜʠʪʠ ʤʦʥʽʪʦʨʠʥʛ ʨʽʚʥʽʚ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʣʽʥʽʡ ʟʚô̫ ʟʢʫ ʤʝʨʝʞʽ, ʚʠʢʦʥʫʶʯʠ ʚʠʤʽʨʶʚʘʥʥʷ ʟ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ ʯʘʩʪʦʪʦʶ.  

 

4.3 ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

 

1. ʇʦʷʩʥʪ̔ɹ ʦʩʦʙʣʠʚʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʯʝʨʛʘʤʠ ʥʘ ʦʩʥʦʚʽ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ.  

2. ʇʝʨʝʣʽʯʪ̔ʴ ʚʘʨʽʘʥʪʠ ʦʨʛʘʥʽʟʘʮʽʾ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ. 

3. ʑʦ ʥʘʣʝʞʠʪʴ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ? 

4. ʇʦʷʩʥʪ̔ɹ ʩʫʪʥʽʩʪʴ ʽʥʞʠʥʽʨʠʥʛʫ ʪʨʘʬʽʢʘ ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʪʨʘʬʽʢʘ. 

5. ʇʦʷʩʥʪ̔ɹ ʩʫʪʥʽʩʪʴ ʨʝʟʝʨʚʫʚʘʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞʽ.  
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ʃʝʢʮʽʷ 5 

ɸʃɻʆʈʀʊʄʀ ʄɸʈʐʈʋʊʀɿɸʎɯɰ 

 

 

5.1 ɸʣʛʦʨʠʪʤʠ ʧʦʙʫʜʦʚʠ ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ ʤʽʥʽʤʘʣʴʥʦʾ ʚʘʛʠ 

 

ɼʚʦʤʘ ʛʦʣʦʚʥʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʷʢʽ ʚʠʢʦʥʫʻ ʘʣʛʦʨʠʪʤ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʻ 

ʚʠʙʽʨ ʤʘʨʰʨʫʪʽʚ ʜʣʷ ʨʽʟʥʠʭ ʧʘʨ ʚʽʜʧʨʘʚʥʠʢïʘʜʨʝʩʘʪ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʚʠʣʴʥʦʾ 

ʜʦʩʪʘʚʢʠ ʧʦʚʽʜʦʤʣʝʥʴ ʾʭʥʽʤ ʘʜʨʝʩʘʪʘʤ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʤʘʨʰʨʫʪʠ ʦʙʨʘʥʽ. ɼʨʫʛʘ 

ʬʫʥʢʮʽʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʽ ʩʪʨʫʢʪʫʨ 

ʜʘʥʠʭ (ʤʘʨʰʨʫʪʥʠʤʠ ʪʘʙʣʠʮʷʤʠ). ʆʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʪʠʤʝʪʴʩʷ ʧʝʨʰ̔ʡ 

ʬʫʥʢʮʽʾ (ʚʠʙʦʨʫ ʤʘʨʰʨʫʪʽʚ) ʽ ʪʦʤʫ, ʷʢ ʮʝ ʚʧʣʠʚʘʻ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʨʝʞʽ. 

ɯʩʥʫʶʪʴ ʜʚʽ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʘ ʷʢʽ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘ ̒ ʘʣʛʦʨʠʪʤ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ï ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ (ʢʽʣʴʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥ)ɹ ʽ ʩʝʨʝʜʥʷ ʟʘʪʨʠʤʢʘ 

ʧʘʢʝʪʘ (ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ). ʄʘʨʰʨʫʪʠʟʘʮʽʷ ʚʟʘʻʤʦʜʽʻ ʟ ʢʝʨʫʚʘʥʥʷʤ 

ʧʦʪʦʢʘʤʠ ʫ ʚʠʟʥʘʯʝʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʟʤʫ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚô̫ ʟʢʫ, ʧʦʢʘʟʘʥʦʛʦ ʥʘ ʨʠʩ. 5.1. ʂʦʣʠ ʪʨʘʬʢ̔, ʱʦ ʥʘʜʭʦʜʠʪʴ ʫ ʧʽʜʤʝʨʝʞʫ ʚʽʜ 

ʟʦʚʥʽʰʥʽʭ ʜʞʝʨʝʣ, ʚʽʜʥʦʩʥʦ ʤʘʣʠʡ, ʚʽʥ ʧʦʚʥʽʩʪʶ ʧʨʠʡʤʘʻʪʴʩʷ ʤʝʨʝʞʝʶ ʡ ʪʦʜʽ 
 

ʇʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ = ʅʘʚʘʥʪʘʞʝʥʥʷ, ɦ ʦ ʥʘʜʭʦʜʠʪʴ. 
 

 
 

ʈʠʩʫʥʦʢ 5.1 ï ɺʟʘʻʤʦʟʚô̫ ʟʦʢ ʤʽʞ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ ʡ ʢʝʨʫʚʘʥʥʷʤ ʧʦʪʦʢʦʤ.  

ʂʦʣʠ ʛʘʨʥʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʟʙʝʨʽʛʘʻ ʟʘʪʨʠʤʢʫ ʤʘʣʦ,ʁ ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʢʦʤ 

ʜʦʟʚʦʣʷʻ ʧʨʠʡʤʘʪʠ ʚ ʤʝʨʝʞʫ ʙʽʣʴʰʝ ʪʨʘʬʢ̔ʘ 
 

ʂʦʣʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʥʘʜʭʦʜʠʪʴ, ʥʘʜʤʽʨʥʦ ʚʝʣʠʢʝ, ʯʘʩʪʠʥʘ ʮʴʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʫʜʝ ʚʽʜʢʠʜʘʪʠʩʷ ʘʣʛʦʨʠʪʤʦʤ ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʢʘʤʠ ʡ ʪʦʜʽ 

ʇʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ =  

= ʅʘʚʘʥʪʘʞʝʥʥʷ, ʦɦ ʥʘʜʭʦʜʠʪʴ ï ɺʽʜʢʠʥʫʪʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 
 

ʊʨʘʬ̔ʢ, ʧʨʠʡʥʷʪʠʡ ʫ ʤʝʨʝʞʫ, ʤʘʪʠʤʝ ʩʝʨʝʜʥʶ ʟʘʪʨʠʤʢʫ ʧʘʢʝʪʽʚ, ʱʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʷʢʽ ʤʘʨʰʨʫʪʠ ʙʫʣʠ ʦʙʨʘʥʽ ʘʣʛʦʨʠʪʤʦʤ ʤʘʨʰʨʫʪʠʟʘʮʽʾ.  
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ɸʣʝ ʥʘ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘ ̒ʪʘʢʦʞ ʘʣʛʦʨʠʪʤ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

(ʭʦʯʘ, ʤʦʞʣʠʚʦ, ʽ ʥʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ), ʦʩʢʽʣʴʢʠ ʘʣʛʦʨʠʪʤ ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʢʘʤʠ 

ʟʘʟʚʠʯʘʡ ʜʽʻ ʥʘ ʦʩʥʦʚʽ ʧʽʜʪʨʠʤʢʠ ʙʘʣʘʥʩʫ ʤʽʞ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ  

ʪʘ ʩʝʨʝʜʥʴʦʶ ʟʘʪʨʠʤʢʦʶ, ʥʘʧʨʠʢʣʘʜ, ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʥʘʜʭʦʜʠʪʴ, ʥʝ 

ʧʨʠʡʤʘʻʪʴʩʷ, ʷʢ ʪʽʣʴʢʠ ʟʘʪʨʠʤʢʘ ʩʪʘʻ ʟʘʥʘʜʪʦ ʚʝʣʠʢʦʶ. ʊʦʤʫ, ʷʢʱʦ ʘʣʛʦʨʠʪʤʫ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʜʘʻʪʴʩʷ ʫʩʧʽʰʥʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʥʝʚʝʣʠʢʫ ʟʘʪʨʠʤʢʫ, ʪʦ ʘʣʛʦʨʠʪʤ 

ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʢʘʤʠ ʜʦʟʚʦʣʷʻ ʧʨʠʡʤʘʪʠ ʚ ʤʝʨʝʞʫ ʙʽʣʴʰʝ ʪʨʘʬʢ̔ʘ. ʍʦʯʘ ʪʦʯʥʠʡ 

ʙʘʣʘʥʩ ʤʽʞ ʟʘʪʨʠʤʢʦʶ ʪʘ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʘʣʛʦʨʠʪʤʦʤ 

ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʢʘʤʠ, ʛʘʨʥʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʚ ʫʤʦʚʘʭ ʚʝʣʠʢʦʛʦ ʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʪʨʘʬʢ̔ʘ ʜʘʻ ʙʽʣʴʰ ʙʘʞʘʥʫ ʢʨʠʚʫ çʟʘʪʨʠʤʢʘ ï ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴè, ʟʛʽʜʥʦ  

ʟ ʷʢʦ  ʁʜʽʻ ʘʣʛʦʨʠʪʤ ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʢʘʤʠ (ʨʠʩ. 5.2). 
 

 
 

ʈʠʩʫʥʦʢ 5.2 ï ʂʨʠʚʽ ʟʘʣʝʞʥʦʩʪʽ ʟʘʪʨʠʤʢʠ ʚʽʜ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ  

ʜʣʷ ʛʘʨʥʦʾ ʡ ʧʦʛʘʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

 

ɯʩʥʫʻ ʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ.  

ʆʜʠʥ ʟ ʥʠʭ ʧʦʣʷʛʘʻ ʚ ʧʦʜʽʣʽ ʚʩʽʭ ʘʣʛʦʨʠʪʤʽʚ ʥʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʽ ʡ 

ʨʦʟʧʦʜʽʣʝʥʽ. ʋ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʘʭ ʚʠʙʽʨ ʫʩʽʭ ʤʘʨʰʨʫʪʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʫ ʮʝʥʪʨʘʣʴʥʦʤʫ ʚʫʟʣʽ, ʘ ʚ ʨʦʟʧʦʜʽʣʝʥʠʭ ï ʫ ʚʫʟʣʘʭ ʤʝʨʝʞʽ. ʇʨʠ ʮʴʦʤʫ ʚʫʟʣʠ 

ʦʙʤʽʥʶʶʪʴʩʷ ʽʥʬʦʨʤʘʮʽʻʶ, ʷʢʱʦ ʮʝ ʥʝʦʙʭʽʜʥʦ. ɸʣʝ ʟʘʟʥʘʯʠʤʦ, ʱʦ ʯʘʩʪʦ ʪʘʢʘ 

ʢʣʘʩʠʬʽʢʘʮʽʷ ʥʘʣʝʞʠʪʴ ʜʦ ʨʝʘʣʽʟʘʮʽʾ, ʘ ʥʝ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʘʣʛʦʨʠʪʤʫ. 

ʎʽʣʢʦʤ ʤʦʞʣʠʚʦ, ʱʦ ʥʘ ʜʝʷʢʦʤʫ ʨʽʚʥʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʘʙʩʪʨʘʢʮʽʾ ʨʦʟʧʦʜʽʣʝʥʠʡ ʽ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤʠ ʩʪʘʶʪʴ ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ. 

ɯʥʰʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʘʣʛʦʨʠʪʤʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʘʩʥʦʚʘʥʘ ʥʘ ʟʘʣʝʞʥʦʩʪʽ 

(ʯʠ ʥʝʟʘʣʝʞʥʦʩʪʽ) ʟʤʽʥʠ ʤʘʨʰʨʫʪʽʚ ʚʽʜ ʥ̔ʪʝʥʩʠʚʥʦʩʪʝʡ ʚʭʽʜʥʠʭ ʧʦʪʦʢʽʚ.  

ʋ ʩʪʘʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʘʭ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʰʣʷʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʞʥʦʶ 

ʧʘʨʦʶ ʚʽʜʧʨʘʚʥʠʢ ï ʘʜʨʝʩʘʪ, ʬʽʢʩʦʚʘʥʠʡ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʣʠʚʘʥʴ ʪʨʘʬʢ̔ʘ.  

ɺʽʥ ʤʦʞʝ ʤʽʥʷʪʠʩʷ ʪʽʣʴʢʠ ʫ ʚʠʧʘʜʢʫ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʙʫʜʴ-ʷʢʦʛʦ ʚʫʟʣʘ ʘʙʦ ʣʽʥʽʾ. 
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ʇ̔ ʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥ ̫ ʘʣʛʦʨʠʪʤʽʚ ʮʴʦʛʦ ʪʠʧʫ ʥʝ ʤʦʞʝ ʜʦʩʷʛʘʪʠʩʷ ʚʝʣʠʢʘ 

ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʟʘ ʟʥʘʯʥʦ ʾ ʚʘʨʽʘʮʽʾ ʚʭʽʜʥʦʛʦ ʪʨʘʬʢ̔ʘ. ʊʘʢʠʡ ʩʧʦʩʽʙ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʘʙʦ ʜʣʷ ʜʫʞʝ ʧʨʦʩʪʠʭ ʤʝʨʝʞ, ʘʙʦ 

ʪʦʜʽ, ʢʦʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʤʝʨʝʞʽ ʥʝʩʫʪʪʻʚʘ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʦʩʥʦʚʥʠʭ 

ʤʝʨʝʞ ʟ ʢʦʤʫʪʘʮʽʻʶ ʧʘʢʝʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʁʪʴʩʷ ʨʽʟʥʦʚʠʜʠ ʘʜʘʧʪʠʚʥʦʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʧʽʜ ʯʘʩ ʷʢʦ ʾʰʣʷʭʠ ʚʽʜ ʚʽʜʧʨʘʚʥʠʢʽʚ ʜʦ ʘʜʨʝʩʘʪʽʚ ʜʣʷ ʥʦʚʦʛʦ 

ʪʨʘʬʢ̔ʘ ʟʤʽʥʶʶʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ. ʈʽʯ ʫ ʪ̔ʤ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʟʤʽʥʠ ʩʪʘʪʠʩʪʠʢʠ ʚʭʽʜʥʦʛʦ ʪʨʘʬ̔ʢʘ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʤʝʨʝʞʽ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʘʣʛʦʨʠʪʤ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʦʚʠʥʝʥ ʥʘʤʘʛʘʪʠʩʷ 

ʟʤʽʥʠʪʠ ʤʘʨʰʨʫʪʠ ʡ ʥʘʧʨʘʚʠʪʠ ʧʦʪʦʢʠ ʚ ʦʙʭʽʜ ʤʽʩʮʴ ʩʢʫʧʯʝʥʥʷ ʧʘʢʝʪʽʚ. 

ʄʝʪʦʜʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʁʪʴ ʨʷʜ ʧʨʦʩʪʠʭ ʛʨʘʬʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ, ʥʘʧʨʠʢʣʘʜ, ʟʥʘʭʦʜʞʝʥʥʷ ʥʘʡʢʦʨʦʪʰʦʛʦ ʰʣʷʭʫ, ʢʦʣʠ ʚʽʜʦʤʽ 

ʜʦʚʞʠʥʠ ʚʩʽʭ ʣʽʥʽʡ ʤʝʨʝʞʽ, ʡ ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ ʰʣʷʭ, ʱʦ ʟô̒ ʜʥʫʻ ʜʚʘ ʜʘʥʠʭ ʚʫʟʣʠ 

 ̔ʤʘʻ ʤʽʥʽʤʘʣʴʥʫ ʩʫʤʘʨʥʫ ʜʦʚʞʠʥʫ. ʗʢʱʦ ʜʦʚʞʠʥʘ ʣʽʥʽʾ ʜʝʷʢʠʤ ʯʠʥʦʤ ʚʽʜʙʠʚʘʻ 

ʩʪʫʧʽʥʴ ʾʾ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʦ ʧʦʰʫʢ ʥʘʡʢʦʨʦʪʰʦʛʦ ʰʣʷʭʫ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʧʦʰʫʢʫ 

ʥʘʡʤʝʥʰ ʥʘʚʘʥʪʘʞʝʥʦʛʦ ʰʣʷʭʫ ʤʽʞ ʜʚʦʤʘ ʚʫʟʣʘʤʠ, ʘ ʮʝ ʤʘʻ ʚʽʜʥʦʰʝʥʥʷ ʜʦ 

ʟʘʚʜʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʊʫʪ ʤʠ ʜʦʢʣʘʜʥʦ ʨʦʟʛʣʷʥʝʤʦ, ʷʢ ʟʘʚʜʘʥʥʷ ʚʠʙʦʨʫ 

ʥʘʡʢʦʨʦʪʰʦʛʦ ʰʣʷʭʫ ʽ ʡʦʛʦ ʨʦʣʴ ʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʪʘʢ ʽ ʽʥʰʽ ʟʘʚʜʘʥʥʷ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʘʤʦʩʪʽʡʥʠʡ ʽʥʪʝʨʝʩ. ʇʦʯʥʝʤʦ ʤʠ ʟ ʪʦʛʦ, ʱʦ ʚʚʝʜʝʤʦ ʜʝʷʢʽ 

ʦʩʥʦʚʥʽ ʛʨʘʬʦʚ ̔ʧʦʟʥʘʯʝʥʥʷ. 

 

ʅʝʦʨʽʻʥʪʦʚʘʥʽ ʛʨʘʬʠ 

ʄʠ ʚʠʟʥʘʯʘʻʤʦ ʛʨʘʬ ( ),G N A=  ʷʢ ʢʽʥʮʝʚʫ ʥʝʧʫʩʪʫ ʤʥʦʞʠʥʫ ʚʫʟʣʽʚ N  ʽ 

ʜʝʷʢʠʡ ʥʘʙʽʨ A ʧʘʨ ʨʽʟʥʠʭ ʚʫʟʣʽʚ ʟ N. ʂʦʞʥʘ ʧʘʨʘ ʚʫʟʣʽʚ ʫ A ʥʘʟʠʚʘʻʪʴʩʷ 

ʜʫʛʦʶ. ʂʽʣʴʢʘ ʧʨʠʢʣʘʜʽʚ ʛʨʘʬʽʚ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 5.3. ɺʫʟʣʠ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴʩʷ 

ʚʝʨʰʠʥʘʤʠ, ʘ ʜʫʛʠ ï ʨʝʙʨʘʤʠ, ʛʘʣʫʟʷʤʠ, ʣʘʥʢʘʤʠ ʘʙʦ ʣʽʥʽʷʤʠ. ɻʦʣʦʚʥʘ ʤʝʪʘ 

ʬʦʨʤʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ( ),G N A=  ʧʦʣʷʛʘʻ ʚ ʦʟʥʘʯʝʥʥʽ ʪʦʛʦ, ʱʦ ʤʽʩʮʝ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʫʟʣʽʚ ʽ ʢʦʥʢʨʝʪʥʘ ʬʦʨʤʘ ʜʫʛ ʧʨʠ ʟʦʙʨʘʞʝʥʥʽ ʛʨʘʬʘ ʥʘ ʧʘʧʝʨʽ 

ʟʦʚʩʽʤ ʥʝʩʫʪʪʻʚʽ. ʗʢʱʦ 
1n  ʽ 

2n  ʻ ʚʫʟʣʘʤʠ ʛʨʘʬʘ, ʘ ( )1 2,n n  ï ʜʫʛʦʶ, ʪʦ ʛʦʚʦʨʷʪʴ, 

ʱʦ ʮʷ ʜʫʛʘ ʥ̔ʮʠʜʝʥʪʥʘ 
1n   ̔

2n . ɼʝʷʢʽ ʘʚʪʦʨʠ ʚʠʟʥʘʯʘʶʪʴ ʛʨʘʬʠ ʪʘʢ, ʱʦ ʜʫʛʘʤ 

ʜʦʟʚʦʣʷʻʪʴʩʷ ʤʘʪʠ ʦʙʠʜʚʘ ʢʽʥʮʽ ʥ̔ʮʠʜʝʥʪʥʠʤʠ ʦʜʥʦʤʫ ʡ ʪʦʤʫ ʩʘʤʦʤʫ ʚʫʟʣʫ, ʘʣʝ 

ʤʠ ʥʘʚʤʠʩʥʝ ʥʝ ʜʦʧʫʩʢʘʻʤʦ ʪʘʢʽ ʧʝʪʣʽ. ʄʠ ʪʘʢʦʞ ʥʝ ʜʦʧʫʩʢʘʻʤʦ ʢʨʘʪʥʽ ʜʫʛʠ 

ʤʽʞ ʦʜʥʽʻʶ ʡ ʪʽʻʶ ʩʘʤʦʶ ʧʘʨʦʶ ʚʫʟʣʽʚ. 

ʇʝʨʝʭʦʜʦʤ ʧʦ ʛʨʘʬʫ G  ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʫʟʣʽʚ ( )1 2, , , ln n n , 

ʪʘʢʠʭ, ʱʦ ʫʩʽ ʧʘʨʠ ( )1 2,n n , ( )2 3,n n , , ( )1,l ln n-
 ʻ ʜʫʛʘʤʠ ʛʨʘʬʘ G. ʇʝʨʝʭʽʜ, ʫ 

ʷʢʦʤʫ ʥʝʤʘʻ ʧʦʚʪʦʨʶʚʘʥʠʭ ʚʫʟʣʽʚ, ʥʘʟʠʚʘʻʪʴʩʷ ʰʣʷʭʦʤ. ʇʝʨʝʭʽʜ ( )1, , ln n ,  
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ʫ ʷʢʦʤʫ 
1 ln n= , 3l >  ʽ ʥʝʤʘʻ ʧʦʚʪʦʨʶʚʘʥʠʭ ʚʫʟʣʽʚ, ʢʨʽʤ 

1 ln n= , ʥʘʟʠʚʘʻʪʴʩʷ 

ʮʠʢʣʦʤ. ʎʽ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʽʣʶʩʪʨʦʚʘʥʽ ʥʘ ʨʠʩ. 5.4. 
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ʈʠʩʫʥʦʢ 5.3 ï ʊʨʠ ʧʨʠʢʣʘʜʠ ʛʨʘʬʽʚ ʟ̔ ʤʥʦʞʠʥʦʶ ʚʫʟʣʽʚ N  ʽ ʤʥʦʞʠʥʦʶ ʜʫʛ A 

 

 
 

ʈʠʩʫʥʦʢ 5.4 ï ɯʣʶʩʪʨʘʮʽʷ ʧʝʨʝʭʦʜʽʚ, ʰʣʷʭʽʚ ʽ ʮʠʢʣʽʚ.  

ʇʦʩʣʽʜʦʚʥʦʩʪʽ (1, 4, 2, 3), (1, 4, 2, 1), (1, 4, 2, 1, 4, 1), (2, 3, 2) ʽ (2) ʻ ʧʝʨʝʭʦʜʘʤʠ. 

ʂʦʞʥʘ ʟ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ (1, 4, 2, 3) ʽ (2) ʻ ʰʣʷʭʦʤ, ʘ (1, 4, 2, 1) ï ʮʠʢʣʦʤ. 

ɿʘʟʥʘʯʠʤʦ, ʱʦ (2) ʽ (2, 3, 2) ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʮʠʢʣʠ 

 

ɺʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʛʨʘʬ ʟʚô̫ ʟʥʠʡ, ʷʢʱʦ ʜʣʷ ʢʦʞʥʦʛʦ ʚʫʟʣʘ i  ʽʩʥʫʻ ʰʣʷʭ 

( )1 2, , , li n n n j= =  ʜʦ ʙʫʜʴ-ʷʢʦʛʦ ʽʥʰʦʛʦ ʚʫʟʣʘ j . ɿʘʟʥʘʯʠʤʦ, ʱʦ ʥʘ ʨʠʩ. 5.3 

ʛʨʘʬʠ (ʘ) ʽ (ʚ) ʟʚô̫ ʟʘʥ̔, ʘ ʛʨʘʬ (ʙ) ʥʝʟʚô̫ ʟʘʥʠʡ. ʄʠ ʚʠʷʚʣʷʻʤʦ ʚʽʜʩʫʪʥʽʩʪʴ 

ʟʚôʷʟʥʦʩʪʽ ʛʨʘʬʘ, ʷʢʱʦ ʙʘʯʠʤʦ, ʱʦ ʜʚʽ ʧʽʜʤʥʦʞʠʥʠ ʚʫʟʣʽʚ ʥʝ ʟô̒ ʜʥʘʥʽ ʤʽʞ 

ʩʦʙʦʶ ʜʫʛʘʤʠ. ʎʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʤʦʞʥʘ ʜʦʚʝʩʪʠ. 

ɼʝʨʝʚʦʤ ʥʘʟʠʚʘʻʪʴʩʷ ʟʚô̫ ʟʥʠʡ ʛʨʘʬ, ʱʦ ʥʝ ʤʘʻ ʮʠʢʣʽʚ. ʆʩʪʦʚʥʠʤ 

ʜʝʨʝʚʦʤ ʛʨʘʬʘ G  ʥʘʟʠʚʘʻʪʴʩʷ ʧʜ̔ʛʨʘʬ ʛʨʘʬʘ G, ʱʦ ʻ ʜʝʨʝʚʦʤ ʽ ʤʽʩʪʠʪʴ ʫʩʽ 

ʚʫʟʣʠ ʛʨʘʬʘ G. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʨʠʩ. 5.5 ʧ̔ʜʛʨʘʬʠ (ʙ) ʽ (ʚ) ʻ ʦʩʪʦʚʥʠʤʠ ʜʝʨʝʚʘʤʠ 
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ʛʨʘʬʘ (ʘ). ɼʘʣʽ ʧʦʢʘʟʘʥʠʡ ʧʨʦʩʪʠʡ ʘʣʛʦʨʠʪʤ, ʱʦ ʙʫʜʫʻ ʦʩʪʦʚʥʝ ʜʝʨʝʚʦ 

ʜʦʚ̔ʣʴʥʦʛʦ ʛʨʘʬʘ ( ),G N A= : 

1. ʅʝʭʘʡ n  ï ʜʦʚʽʣʴʥʠʡ ʚʫʟʦʣ ʟ N. ʇʦʢʣʘʜʝʤʦ {}N n¡= , {}A¡= . 

2. ʗʢʱʦ N N¡= , ʪʦ ʩʪʦʧ (( ),G N A¡ ¡ ¡=  ï ʦʩʪʦʚʥʝ ʜʝʨʝʚʦ); ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ 

ʚʠʧʘʜʢʫ ʧʝʨʝʭʽʜ ʜʦ ʢʨʦʢʫ 3. 

3. ʅʝʭʘʡ ʜʫʛʘ ( ),i j AÍ , ʪʘʢʘ, ʱʦ ,i N j N N¡ ¡Í Í -. ʆʥʦʚʣʶ̒ ʤʦ A¡ ʡ N¡: 

{}

( ){ }

:

: , .

N N j

A A i j

¡ ¡=

¡ ¡=
  

ʇʝʨʝʭʽʜ ʜʦ ʢʨʦʢʫ 2. 
 

 
 

(ʘ)                                  (ʙ)                           (ʚ)                       (ʛ) 
 

ʈʠʩʫʥʦʢ 5.5 ï ɻʨʘʬ (ʘ) ʽ ʪʨʠ ʧʜ̔ʛʨʘʬʠ (ʙ), (ʚ) ʽ (ʛ).  

ʇ̔ʜʛʨʘʬʠ (ʙ) ʽ (ʚ) ʻ ʦʩʪʦʚʥʠʤʠ ʜʝʨʝʚʘʤʠ 

 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʚʜʘʥʥʷ, ʱʦ ʚ̫ʣʷʻ ʽʥʪʝʨʝʩ ʜʣʷ ʤʝʨʝʞ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ; ʮʝ 

ʟʘʚʜʘʥʥʷ ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ. ʅʝʭʘʡ 

ʟʘʜʘʥʠʡ ʟʚô̫ ʟʥʠʡ ʛʨʘʬ ( ),G N A=  ʟ N  ʚʫʟʣʘʤʠ ʪʘ A ʜʫʛʘʤʠ ʡ ʚʘʛʘʤʠ 
ijw  ʜʣʷ 

ʢʦʞʥʦʾ ʜʫʛʠ ( ),i j AÍ . ɿʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʧʦʙʫʜʦʚʽ ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ ʟ 

ʤʽʥʽʤʘʣʴʥʦʶ ʩʫʤʦʶ ʚʘʛ ʜʫʛ. ʊʘʢʝ ʜʝʨʝʚʦ ʥʘʟʠʚʘʻʪʴʩʷ ʦʩʪʦʚʥʠʤ ʜʝʨʝʚʦʤ 

ʤʽʥʽʤʘʣʴʥʦʾ ʚʘʛʠ (ʄʆɼ ʜʣʷ ʩʪʠʩʣʦʩʪʽ). ʄʆɼ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʢʦʨʠʩʥʠʤ ʧʽʜ ʯʘʩ 

ʧʦʰʠʨʝʥʥ ̫ ʧʦʚʽʜʦʤʣʝʥʴ, ʘʜʨʝʩʦʚʘʥʠʭ ʫʩʽʤ ʚʫʟʣʘʤ ʤʝʨʝʞʽ, ʥʘʧʨʠʢʣʘʜ, 

ʢʝʨʫʶʯʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʚʽʜ ʚʫʟʣʘ-ʩʫʧʝʨʚʽʟʦʨʘ. ʋ ʪʘʢʦʤʫ ʢʦʥʪʝʢʩʪʽ ʚʘʛʘ ʜʫʛʠ 

ʦʟʥʘʯʘʻ ʚʘʨʪʽʩʪʴ ʧʝʨʝʜʘʯʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʦ ʮʽʡ ʜʫʟʽ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʥʘʧʨʷʤʢʫ, ʘ 

ʚʘʛʘ ʚʩʴʦʛʦ ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ ï ʚʘʨʪʽʩʪʴ ʧʝʨʝʜʘʯʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚʩʽʤ ʚʫʟʣʘʤ 

ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ. 

ɸʣʛʦʨʠʪʤ ʇʨʠʤïɼʽʡʢʩʪʨʘ ʧʦʯʠʥʘʻ ʟ ʦʜʥʦʛʦ ʜʦʚʽʣʴʥʦʛʦ ʚʫʟʣʘ, ʦʙʨʘʥʦʛʦ 

ʷʢ ʬʨʘʛʤʝʥʪ, ʽ ʧʦʪʽʤ ʟʙʽʣʴʰʫʻ ʮʝʡ ʬʨʘʛʤʝʥʪ ʰʣʷʭʦʤ ʧʦʩʣʽʜʦʚʥʦʛʦ ʜʦʜʘʚʘʥʥʷ 

ʜʫʛ ʤʽʥʽʤʘʣʴʥʦʾ ʚʘʛʠ, ʷʢʽ ʧʦʣʠʰʘʶʪʴ ʛʨʘʬ. ɸʣʛʦʨʠʪʤ ʂʨʫʩʢʘʣʷ ʧʦʯʠʥʘʻ ʟ ʫʩʽʭ 

ʚʫʟʣʽʚ, ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʦʜʥʦʚʫʟʣʦʚʽ ʬʨʘʛʤʝʥʪʠ, ʚʦʜʥʦʯʘʩ, ʽ ʧʦʪʽʤ 

ʧʦʩʣʽʜʦʚʥʦ ʟôʻʜʥʫʻ ʙʫʜʴ-ʷʢʽ ʜʚʘ ʬʨʘʛʤʝʥʪʠ ʜʫʛʦʶ, ʱʦ ʤʘʻ ʤʽʥʽʤʘʣʴʥʫ ʚʘʛʫ 
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ʩʝʨʝʜ ʜʫʛ, ʜʦʜʘʚʘʥʥʷ ʷʢʠʭ ʥʝ ʩʪʚʦʨʶʻ ʮʠʢʣʫ (ʨʠʩ. 5.6). ʆʙʠʜʚʘ ʘʣʛʦʨʠʪʤʠ 

ʟʘʢʽʥʯʫʶʪʴ ʨʦʙʦʪʫ ʧʽʩʣʷ 1N-  ʽʪʝʨʘʮʽʾ. 
 

 
 

ʈʠʩʫʥʦʢ 5.6 ï ʇʦʙʫʜʦʚʘ ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ ʤʽʥʽʤʘʣʴʥʦʾ ʚʘʛʠ:  

ʘ ï ʛʨʘʬ ʟ̔ ʟʘʟʥʘʯʝʥʠʤʠ ʚʘʛʘʤʠ ʜʫʛ; ʙ ï ʧʦʩʣʽʜʦʚʥʽ ʽʪʝʨʘʮʽʾ ʘʣʛʦʨʠʪʤʫ  

ʇʨʠʤïɼʽʡʢʩʪʨʘ; ʚ ï ʧʦʩʣʽʜʦʚʥʽ ʽʪʝʨʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʂʨʫʩʢʘʣʷ 

 

ɸʣʛʦʨʠʪʤ ʂʨʫʩʢʘʣʷ ʚʦʜʥʦʯʘʩ ʩʪʚʦʨʶʻ ʢʽʣʴʢʘ ʬʨʘʛʤʝʥʪʽʚ, ʷʢʽ ʚ ʧʽʜʩʫʤʢʫ 

ʧʦʻʜʥʫʶʪʴʩʷ ʚ ʄʆɼ, ʦʜʥʘʢ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʜʦ ʥʘʷʚʥʦʛʦ ʥʘʙʦʨʫ ʬʨʘʛʤʝʥʪʽʚ 

ʜʦʜʘʻʪʴʩʷ ʪʽʣʴʢʠ ʦʜʥʘ ʜʫʛʘ. ɭ ʤʦʞʣʠʚʽʩʪʴ ʦʜʥʦʯʘʩʥʦʛʦ ʜʦʜʘʚʘʥʥʷ ʜʦ ʢʦʞʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʜʫʛ ʤʽʥʽʤʘʣʴʥʦʾ ʚʘʛʠ, ʱʦ ʧʦʣʠʰʘʶʪʴ ʛʨʘʬ, ʤʝʪʦʜʦʤ ʨʦʟʧʦʜʽʣʝʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ. ʎʝ ʤʦʞʥʘ ʨʦʙʠʪʠ, ʷʢʱʦ ʄʆɼ ʻʜʠʥʝ. 

ʈʦʟʧʦʜʽʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʧʦʙʫʜʦʚʠ ʄʆɼ ʫ ʛʨʘʬʽ ʟ ʻʜʠʥʠʤ ʄʆɼ ʧʨʘʮʶʻ 

ʪʘʢ. ɺʽʥ ʧʦʯʠʥʘʻ ʟ ʜʝʷʢʦʛʦ ʥʘʙʦʨʫ ʬʨʘʛʤʝʥʪʽʚ (ʥʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ, ʥʘʧʨʠʢʣʘʜ, 

ʚʫʟʣʠ). ʂʦʞʥʠʡ ʬʨʘʛʤʝʥʪ ʚʽʜʰʫʢʫʻ ʜʫʛʫ ʤʽʥʽʤʘʣʴʥʦʾ ʚʘʛʠ, ʱʦ ʡʜʝ ʚʽʜ ʥʴʦʛʦ, 

ʜʦʜʘʻ ʾʾ ʜʦ ʩʝʙʝ ʪʘ ʽʥʬʦʨʤʫʻ ʧʨʦ ʮʝ ʬʨʘʛʤʝʥʪ, ʱʦ ʣʝʞʠʪʴ ʥʘ ʽʥʰʦʤʫ ʢʽʥʮʽ ʮʽʻʾ 

ʜʫʛʠ. ʄʦʞʥʘ ʜʦʚʝʩʪʠ, ʱʦ ʷʢʱʦ ʜʫʛʘ, ʷʢʘ ʟô̒ ʜʥʫʻ ʥʘ ʯʝʨʛʦʚʦʤʫ ʢʨʦʮʽ ʜʚʘ 

ʬʨʘʛʤʝʥʪʠ, ʜʽʡʩʥʦ ʻ ʜʫʛʦʶ, ʱʦ ʧʦʣʠʰʘʻ ʛʨʘʬ, ʽ ʤʘʻ ʤʽʥʽʤʘʣʴʥʫ ʚʘʛʫ ʜʣʷ ʦʜʥʦʛʦ 

ʽʟ ʬʨʘʛʤʝʥʪʽʚ, ʪʦ ʧʽʩʣʷ ʢʦʞʥʦʛʦ ʢʨʦʢʫ ʘʣʛʦʨʠʪʤʫ ʨʝʟʫʣʴʪʘʪʦʤ ʙʫʜʝ ʥʘʙʽʨ ʜʽʡʩʥʦ 
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ʬʨʘʛʤʝʥʪʽʚ ʄʆɼ ʽ ʮʠʢʣʠ ʥʽʢʦʣʠ ʥʝ ʚʠʥʠʢʥʫʪʴ. ɹʽʣʴʰ ʪʦʛʦ, ʧʨʦʮʝʩ ʧʨʠʻʜʥʘʥʥʷ 

ʥʦʚʠʭ ʜʫʛ ʪʨʠʚʘʪʠʤʝ ʜʦʪʠ, ʜʦʢʠ ʥʝ ʟʘʣʠʰʠʪʴʩʷ ʞʦʜʥʦʾ ʜʫʛʠ, ʱʦ ʧʦʣʠʰʘʻ ʛʨʘʬ, ʽ 

ʙʫʜʝ ʣʠʰʝ ʦʜʠʥ ʬʨʘʛʤʝʥʪ, ʟʘ ʥʝʦʙʭʽʜʥʩ̔ʪʁ ʄʆɼ. ʊʦʤʫ ʘʣʛʦʨʠʪʤ ʥʝ ʤʦʞʝ 

ʟʫʧʠʥʠʪʠʩʷ, ʥʝ ʟʥʘʡʰʦʚʰʠ ʄʆɼ. ɿʘʛʘʣʦʤ, ʜʣʷ ʪʦʛʦ, ʱʦʙ ʘʣʛʦʨʠʪʤ ʧʨʘʮʶʚʘʚ 

ʧʨʘʚʠʣʴʥʦ, ʥʝ ʦʙʦʚô̫ ʟʢʦʚʦ, ʱʦʙ ʧʨʦʮʝʜʫʨʘ ʧʨʠʻʜʥʘʥʥʷ ʜʫʛ ʙʫʣʘ ʩʠʥʭʨʦʥʥʦ ʁ

ʜʣʷ ʚʩʽʭ ʬʨʘʛʤʝʥʪʽʚ. ʇʦ ʩʫʪʽ, ʧʦʪʨʽʙʥʘ ʣʠʰʝ ʩʭʝʤʘ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʾ ʚʫʟʣʠ ʡ 

ʜʫʛʠ ʬʨʘʛʤʝʥʪʘ ʚʠʟʥʘʯʘʶʪʴ ʜʫʛʫ ʤʽʥʽʤʘʣʴʥʦʾ ʚʘʛʠ, ʱʦ ʧʦʣʠʰʘʻ ʛʨʘʬ. ʎʝ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʘʣʝ ʙʘʞʘʥʦ ʩʪʚʦʨʠʪʠ ʪʘʢʫ ʩʭʝʤʫ, ʷʢʘ ʙ ʚʠʢʦʥʫʚʘʣʘ 

ʮʝ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʟʚô̫ ʟʢʫ. 

 

5.2 ʄʝʨʝʞʥ̔  ʘʣʛʦʨʠʪʤʠ ʟʥʘʭʦʜʞʝʥʥʷ ʥʘʡʢʦʨʦʪʰʦʛʦ ʰʣʷʭʫ. ɸʣʛʦʨʠʪʤ 

ɹʝʣʣʤʘʥʘïʌʦʨʜʘ 

 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʚʫʟʦʣ 1 ʻ ʚʫʟʣʦʤ-ʜʞʝʨʝʣʦʤ ʽ ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ ʜʦʚʞʠʥʠ 

ʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʽʚ ʚʽʜ ʚʫʟʣʘ 1 ʜʦ ʢʦʞʥʦʛʦ ʚʫʟʣʘ ʛʨʘʬʘ. ɼʣʷ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʜʫʛʦʚʽ ʚʽʜʩʪʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʧʦʟʠʪʠʚʥʠʤʠ ʪʘʢ ʽ ʥʝʛʘʪʠʚʥʠʤʠ, ʘʣʝ ʤʠ 

ʧʨʠʧʫʩʪʠʤʦ, ʱʦ ʥʝʤʘʻ ʮʠʢʣʽʚ ʥʝʛʘʪʠʚʥʦʾ ʜʦʚʞʠʥʠ (ʮʝ ʧʨʠʧʫʱʝʥʥʷ 

ʦʙʛʦʚʦʨʶʚʘʪʠʤʝʪʴʩʷ ʧʽʟʥʽʰʝ ʜʦʢʣʘʜʥʽʰʝ). ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʧʦʟʥʘʯʝʥʴ 

ʧʦʢʣʘʜʝʤʦ 
ija=¤, ʷʢʱʦ ʚ ʛʨʘʬʽ ʚʽʜʩʫʪʥʷ ʜʫʛʘ ( ),i j . ʆʩʥʦʚʥʘ ʽʜʝʷ ʘʣʛʦʨʠʪʤʫ 

ɹʝʣʣʤʘʥʘïʌʦʨʜʘ ʚ ʪʦʤʫ, ʱʦʙ ʩʧʦʯʘʪʢʫ ʟʥʘʡʪʠ ʜʦʚʞʠʥʠ ʥʘʡʢʦʨʦʪʰʠʭ  

ʰʣʷʭʽʚ, ʟʘ ʫʤʦʚʠ, ʱʦ ʰʣʷʭʠ ʤʽʩʪʷʪʴ ʥʝ ʙʽʣʴʰʝ ʦʜʥʽʻʾ ʜʫʛʠ, ʧʦʪʽʤ ʜʦʚʞʠʥʠ 

ʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʽʚ ʟʘ ʫʤʦʚʠ, ʱʦ ʰʣʷʭʠ ʤʽʩʪʷʪʴ ʥʝ ʙʽʣʴʰʝ ʜʚʦʭ ʜʫʛ ʽ ʪ.ʜ. 

ʅʘʡʢʦʨʦʪʰʠʡ ʰʣʷʭ ʟʘ ʫʤʦʚʠ, ʱʦ ʰʣʷʭ ʤʽʩʪʠʪʴ ʥʝ ʙʽʣʴʰʝ h  ʜʫʛ, ʥʘʜʘʣʽ 

ʥʘʟʠʚʘʪʠʤʝʪʴʩʷ ʥʘʡʢʦʨʦʪʰʠʤ ( )h¢  ʰʣʷʭʦʤ. 

ʅʝʭʘʡ ()h
iD  ï ʜʦʚʞʠʥʘ ʥʘʡʢʦʨʦʪʰʦʛʦ ( )h¢  ʰʣʷʭʫ ʚʽʜ ʚʫʟʣʘ 1 ʜʦ ʚʫʟʣʘ i . 

ɺʚʘʞʘʪʠʤʝʤʦ, ʱʦ 
()

0
h

iD =  ʜʣʷ ʚʩʽʭ h . ʉʫʪʴ ʘʣʛʦʨʠʪʤ ɹʝʣʣʤʘʥʘïʌʦʨʜʘ ʪʘʢʘ. 

ʉʧʦʯʘʪʢʫ 

()0
iD =¤   ʜʣʷ ʚʩʽʭ   1i¸ .                                  (5.1) 

ʇʨʠ ʢʦʞʥʦʤʫ ʥʘʩʪʫʧʥʦʤʫ 0h²   

( ) ()1
min

h h

i j ji
j

D D d
+ è ø= +

ê ú
   ʜʣʷ ʚʩʽʭ   1i¸                           (5.2) 

ʈʠʩʫʥʦʢ 5.7 ʽʣʶʩʪʨʫʻ ʨʦʙʦʪʫ ʘʣʛʦʨʠʪʤʫ. ɼʣʷ ʜʦʚʝʜʝʥʥʷ ʪʦʛʦ, ʱʦ ʮʝʡ 

ʘʣʛʦʨʠʪʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʘʚʠʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ, ʩʧʦʯʘʪʢʫ ʟʘʟʥʘʯʠʤʦ, ʱʦ (5.1) ʽ 

(5.2) ʜʘʶʪʴ 
()1

1i iD d=  ʜʣʷ ʚʩʽʭ 1i¸  ʽ ʚʦʥʠ ʜʽʡʩʥʦ ʻ ʜʦʚʞʠʥʘʤʠ ʥʘʡʢʦʨʦʪʰʠʭ ( )1¢  

ʰʣʷʭʽʚ. ɼʘʣʽ ʜʦʚʝʜʝʤʦ ʽʥʜʫʢʮʽʻʶ ʧʦ h, ʧʨʠʧʫʩʢʘʶʯʠ ʜʣʷ ʜʘʥʦʛʦ h ,  

ʱʦ 
()h
iD  ʻ ʜʦʚʞʠʥʘʤʠ ʥʘʡʢʦʨʦʪʰʠʭ ( )h¢  ʰʣʷʭʽʚ ʜʣʷ ʚʩʽʭ 1i¸, ʽ ʜʦʚʦʜʷʯʠ,  
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ʱʦ ʨʽʚʥʽʩʪʴ (5.2) ʜʘʻ ʜʦʚʞʠʥʫ ʥʘʡʢʦʨʦʪʰʦʛʦ ( )1h¢ +  ʰʣʷʭʫ ʚʽʜ ʚʫʟʣʘ 1 ʜʦ 

ʢʦʞʥʦʛʦ ʚʫʟʣʘ 1i¸. ʉʧʦʯʘʪʢʫ ʧʦʢʘʞʝʤʦ, ʱʦ ʣʽʚʘ ʯʘʩʪʠʥʘ (5.2) ʙʽʣʴʰʝ ʘʙʦ 

ʜʦʨʽʚʥʶʻ ʧʨʘʚʽʡ ʯʘʩʪʠʥ,̔ ʘ ʧʦʪʽʤ ʜʦʚʝʜʝʤʦ ʧʨʦʪʠʣʝʞʥʫ ʥʝʨʽʚʥʽʩʪʴ. ʇʨʠʧʫʩʪʠʤʦ, 

ʱʦ ( )1, , , ,m k i  ï ʥʘʡʢʦʨʦʪʰʠʡ ( )1h¢ +  ʰʣʷʭ ʚʽʜ 1 ʜʦ i. ʊʦʜʽ ʡʦʛʦ ʜʦʚʞʠʥʘ 

ʜʦʨʽʚʥʶʻ ʜʦʚʞʠʥʽ ʰʣʷʭʫ ( )1, , ,m k  ʧʣʶʩ 
kid . ʆʩʢʽʣʴʢʠ ( )1, , ,m k  ʤʽʩʪʷʪʴ  

ʥʝ ʙʽʣʴʰʝ h  ʜʫʛ, ʪʦ 

( ) () ()1
min .

h h h

i k ki j ji
j

D D d D d
+ è ø² + ² +

ê ú
 

ɼʣʷ ʜʦʚʝʜʝʥʥʷ ʟʚʦʨʦʪʥʦʾ ʥʝʨʽʚʥʦʩʪʽ ʧʨʠʧʫʩʪʠʤʦ, ʱʦ ʤʽʥʽʤʫʤ ʫ ʧʨʘʚʽʡ 

ʯʘʩʪʠʥʽ (5.2) ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ j k=   ̔ ʱʦ ( )1, , ,m k  ʻ ʥʘʡʢʦʨʦʪʰʠʤ ( )h¢  

ʰʣʷʭʦʤ, ʜʦʚʞʠʥʘ ʷʢʦʛʦ, ʟʘ ʧʨʠʧʫʱʝʥʥʷʤ, ʜʦʨʽʚʥʶʻ ()h
kD . ʊʦʜʽ ʜʦʚʞʠʥʘ ʰʣʷʭʫ 

( )1, , , ,m k i  ʜʦʨʽʚʥʶʻ ʧʨʘʚʽʡ ʯʘʩʪʠʥ ̔ (5.2). ʆʩʢʽʣʴʢʠ ( )1, , , ,m k i  ï ʜʝʷʢʠʡ 

ʰʣʷʭ, ʪʦ 

( ) () ()1
min .

h h h

i k ki j ji
j

D D d D d
+ è ø¢ + = +

ê ú
 

ɯ, ʥʘʨʝʰʪʽ, ʷʢʱʦ ( )1, , , ,m k i  ʥʝ ʻ ʰʣʷʭʦʤ (ʪʦʙʪʦ ʷʢʱʦ ʚʽʥ ʤʽʩʪʠʪʴ ʮʠʢʣ), 

ʪʦ i  ʤʘʻ ʣʝʞʘʪʠ ʥʘ ʰʣʷʭʫ ( )1, , ,m k , ʘ ʦʩʢʽʣʴʢʠ ʚʩʽ ʮʠʢʣʠ ʤʘʶʪʴ ʥʝ ʥʝʛʘʪʠʚʥʫ 

ʜʦʚʞʠʥʫ ʟʘ ʧʨʠʧʫʱʝʥʥʷʤ, ʪʦ, ʦʪʞʝ, ʧʦʧʝʨʝʜʥʷ ʥʝʨʽʚʥʽʩʪʴ ʟʙʝʨʽʛʘʻʪʴʩʷ,  

ʱʦ ʡ ʜʦʚʦʜʠʪʴ ʦʩʪʘʪʦʯʥʦ ʨʽʚʥʽʩʪʴ (5.2). 

ʐʣʷʭ ʤʦʞʝ ʤʽʩʪʠʪʠ ʥʝ ʙʽʣʴʰʝ 1N-  ʜʫʛ (ʜʝ N  ï ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ) ʽ  

ʪʦʤʫ, ʷʢʱʦ ʥʝʤʘʻ ʮʠʢʣʽʚ ʥʝʛʘʪʠʚʥʦʾ ʜʦʚʞʠʥʠ, ʪʦ ( )1N

iD
-

 ʙʫʜʝ ʜʦʚʞʠʥʦʶ 

ʥʘʡʢʦʨʦʪʰʦʛʦ ʰʣʷʭʫ ʚʽʜ 1 ʜʦ i. ʊʘʢʦʞ ʣʝʛʢʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʷʢʱʦ ( ) ()1h h

i iD D
+
=  

ʜʣʷ ʚʩʽʭ i  ʽ ʧʝʚʥʦʛʦ h, ʪʦ ʥʘʩʪʫʧʥʽ ʽʪʝʨʘʮʽʾ ʟ ʚʝʣʠʢʠʤʠ h  ʥʝ ʟʤʽʥʷʪʴ  

ʜʦʚʞʠʥ ʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʽʚ ʽ ()h
iD  ʙʫʜʝ ʜʦʚʞʠʥʦʶ ʥʘʡʢʦʨʦʪʰʦʛʦ ʰʣʷʭʫ  

ʜʣʷ ʢʦʞʥʦʛʦ i . 

ʂʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ ʘʣʛʦʨʠʪʤʘ ʚ ʥʘʡʛʽʨʰʦʤʫ ʚʠʧʘʜʢʫ ʜʦʨʽʚʥʶʻ 1N- , 

ʢʦʞʥʘ ʽʪʝʨʘʮʽʷ ʤʘʻ ʙʫʪʠ ʧʨʦʚʝʜʝʥʘ ʜʣʷ 1N-  ʚʫʟʣʘ, ʘ ʜʣʷ ʢʦʞʥʦʛʦ ʚʫʟʣʘ 

ʤʥ̔ʽʤʽʟʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʷʢʥʘʡʙʽʣʴʰʝ ʧʦ 1N-  ʟʤʽʥʥʽʡ. ʆʪʞʝ, ʫ ʥʘʡʛʽʨʰʦʤʫ 

ʚʠʧʘʜʢʫ ʦʙʩʷʛ ʦʙʯʠʩʣʝʥʴ ʟʨʦʩʪʘʻ ʷʢ 
3N , ʱʦ ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ( )3O N . 

ʇʦʟʥʘʯʝʥʥʷ ()( )O p N , ʜʝ ()p N  ï ʤʥʦʛʦʯʣʝʥ ʚʽʜ N, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʟʘʣʝʞʥʦʛʦ ʚʽʜ N  ʯʠʩʣʘ, ʱʦ ʤʝʥʰʝ ()cp N  ʜʣʷ ʚʩʽʭ N, ʜʝ c  ï ʜʝʷʢʘ ʢʦʥʩʪʘʥʪʘ, 

ʷʢʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ N. ɼʽʡʩʥʦ, ʨʝʪʝʣʴʥʽʰʠʡ ʧʽʜʨʘʭʫʥʦʢ ʧʦʢʘʟʫʻ, ʱʦ ʦʙʩʷʛ 

ʦʙʯʠʩʣʝʥʴ ʜʦʨʽʚʥʶʻ ( )O mA, ʜʝ A ï ʢʽʣʴʢʽʩʪʴ ʜʫʛ, ʘ m ï ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ  
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(m ʪʘʢʦʞ ʜʦʨʽʚʥʶʻ ʤʘʢʩʠʤʘʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ ʜʫʛ, ʱʦ ʫʪʨʠʤʫʶʪʴʩʷ ʚ 

ʥʘʡʢʦʨʦʪʰʦʤʫ ʰʣʷʭʫ). 

 

 
 

ʈʠʩʫʥʦʢ 5.7 ï ʇʦʩʣʽʜʦʚʥʽ ʽʪʝʨʘʮʽʾ ʚ ʤʝʪʦʜʽ ɹʝʣʣʤʘʥʘ ï ʌʦʨʜʘ 
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5.3 ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʷ 

 

1. ɼʘʡʪʝ ʢʣʘʩʠʬʽʢʘʮʽʶ ʘʣʛʦʨʠʪʤʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ.  

2. ʅʘ ʷʢʽ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʧʣʠʚʘʻ ʘʣʛʦʨʠʪʤ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ? 

3. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ ʤʽʥʽʤʘʣʴʥʦʾ ʚʘʛʠ.  

4. ʋ ʯʦʤʫ ʩʫʪʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʇʨʠʤïɼʽʡʢʩʪʨʘ? 

5. ʇʦʷʩʥʽʪʴ ʩʫʪʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʂʨʫʩʢʘʣʷ. 

6. ʇʦʷʩʥʽʪʴ ʩʫʪʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ɹʝʣʣʤʘʥʘïʌʦʨʜʘ. 
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ʃʝʢʮʽʷ 6 

ʄɸʈʐʈʋʊʀɿɸʎɯʗ  

ʇʈʀ ɼɽɻʈɸɼɸʎɯɰ ʊɸ ɺɯɼʅʆɺʃɽʅʅɯ ʄɽʈɽɾɯ 

 

 

6.1 ʇʨʦʙʣʝʤʘ ʢʦʣʠʚʘʥʥʷ ʪʨʘʬʽʢʘ ʧʽʜ ʯʘʩ ʘʜʘʧʪʠʚʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

 

ɸʣʛʦʨʠʪʤ ɼʡ̔ʢʩʪʨʘ 

ʎʝʡ ʘʣʛʦʨʠʪʤ ʚʠʤʘʛʘʻ, ʱʦʙ ʜʦʚʞʠʥʠ ʚʩʽʭ ʜʫʛ ʙʫʣʠ ʧʦʟʠʪʠʚʥʽ (ʥʘ ʱʘʩʪʷ, 

ʮʝ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʤʝʨʝʞʘʭ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ). ʆʙʩʷʛ ʦʙʯʠʩʣʝʥʴ ʫ ʥʘʡʛʽʨʰʦʤʫ  

ʨʘʟʽ ʜʣʷ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟʥʘʯʥʦ ʤʝʥʰʠʡ, ʥʽʞ ʚ ʘʣʛʦʨʠʪʤ ̔ɹʝʣʣʤʘʥʘïʌʦʨʜʘ. 

ʆʩʥʦʚʥʘ ʽʜʝʷ ʘʣʛʦʨʠʪʤʘ ʧʦʣʷʛʘʻ ʫ ʧʦʰʫʢʫ ʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭ̔ʚ ʫ ʧʦʨʷʜʢʫ 

ʟʨʦʩʪʘʥʥʷ ʜʦʚʞʠʥʠ ʰʣʷʭʫ. ʅʘʡʢʦʨʦʪʰʠʤ ʰʣʷʭʦʤ ʩʝʨʝʜ ʫʩʽʭ ʥʘʡʢʦʨʦʪʰʠʭ ʚʽʜ 

ʚʫʟʣʘ 1 ʻ ʰʣʷʭ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʽʻʾ ʜʫʛʠ, ʷʢʘ ʟô̒ ʜʥʫʻ ʚʫʟʦʣ 1 ʟ ʥʘʡʙʣʠʞʯʠʤ 

ʩʫʩʽʜʥʽʤ ʚʫʟʣʦʤ, ʦʩʢʽʣʴʢʠ ʙʫʜʴ-ʷʢʠʡ ʰʣʷʭ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʜʫʛ, ʙʫʜʝ 

ʟʘʚʞʜʠ ʜʦʚʠhʤ ʟʘ ʜʦʚʞʠʥʫ ʧʝʨʰʦʾ ʜʫʛʠ ʚʥʘʩʣʽʜʦʢ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ 

ʧʦʟʠʪʠʚʥʽʩʪʴ ʫʩʽʭ ʜʫʛʦʚʠʭ ʜʦʚʞʠʥ. ʅʘʩʪʫʧʥʠʤ ʥʘʡʢʦʨʦʪʰʠʤ ʤʘʻ ʙʫʪʠ ʘʙʦ ʰʣʷʭ 

ʟ ʦʜʥʽʻʾ ʜʫʛʠ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ ʚʫʟʣʘ 1, ʘʙʦ ʥʘʡʢʦʨʦʪʰʠʡ ʰʣʷʭ 

ʽʟ ʜʚʦʭ ʜʫʛ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʚʫʟʦʣ, ʦʙʨʘʥʠʡ ʥʘ ʧʝʨʰʦʤʫ ʢʨʦʮʽ, ʽ ʪ.ʜ.  

ʑʦʙ ʬʦʨʤʘʣʴʥʦ ʦʧʠʩʘʪʠ ʮʶ ʧʨʦʮʝʜʫʨʫ ʫ ʚʠʛʣʷʜʽ ʘʣʛʦʨʠʪʤʫ, ʚʚʘʞʘʪʠʤʝʤʦ,  

ʱʦ ʢʦʞʝʥ ʚʫʟʦʣ i  ʤʘʻ ʧʦʟʥʘʯʢʫ 
iD , ʷʢʘ ʦʟʥʘʯʘʻ ʦʮʽʥʢʫ ʜʦʚʞʠʥʠ ʥʘʡʢʦʨʦʪʰʦʛʦ 

ʰʣʷʭʫ ʚʽʜ ʚʫʟʣʘ 1. ʂʦʣʠ ʦʮʽʥʢʘ ʩʪʘʻ ʥʝʟʤʽʥʥʦ,ʁ ʚʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʚʫʟʦʣ 

ʦʩʪʘʪʦʯʥʦ ʧʦʟʥʘʯʝʥʠʡ, ʽ ʤʥʦʞʠʥʫ ʦʩʪʘʪʦʯʥʦ ʧʦʟʥʘʯʝʥʠʭ ʚʫʟʣʽʚ ʟʘʟʥʘʯʠʤʦ ʷʢ P . 

ɺʫʟʦʣ, ʷʢʠʡ ʙʫʜʝ ʜʦʜʘʥʦ ʥʘ ʯʝʨʛʦʚʦʤʫ ʢʨʦʮʽ ʜʦ P, ʻ ʥʘʡʙʣʠʞʯʠʤ ʜʦ ʚʫʟʣʘ 1 

ʩʝʨʝʜ ʫʩʽʭ ʚʫʟʣʽʚ, ʷʢʽ ʱʝ ʥʝ ʫʚʽʡʰʣʠ ʚ P . 

ʈʠʩʫʥʦʢ 6.1 ʽʣʶʩʪʨʫʻ ʛʦʣʦʚʥʫ ʽʜʝʶ. ʅʘ k -ʤʫ ʢʨʦʮʽ ʻ ʤʥʦʞʠʥʘ P  ʽʟ k  

ʥʘʡʙʣʠʞʯʠʭ ʚʫʟʣʽʚ ʜʦ ʚʫʟʣʘ 1, 
iD  ï ʥʘʡʢʦʨʦʪʰʘ ʚʽʜʩʪʘʥʴ ʚʽʜ ʚʫʟʣʘ 1 ʜʦ ʢʦʞʥʦʛʦ 

ʚʫʟʣʘ i  ʟ P . ʉʝʨʝʜ ʫʩʽʭ ʰʣʷʭʽʚ, ʱʦ ʟôʻʜʥʫʶʪʴ ʚʫʟʦʣ 1 ʟ ʙʫʜʴ-ʷʢʠʤ ʚʫʟʣʦʤ  

ʥʝ ʟ P, ʥʘʡʢʦʨʦʪʰʠʡ ʰʣʷʭ ʤʘʻ ʧʨʦʡʪʠ ʧʦ ʚʫʟʣʘʭ ʟ P  (ʦʩʢʽʣʴʢʠ 0ijd > ).  

ʊʦʤʫ ( )1k+ -ʡ ʥʘʡʙʣʠʞʯʠʡ ʚʫʟʦʣ ʽ ʚʽʜʧʦʚʽʜʥʘ ʥʘʡʢʦʨʦʪʰʘ ʚʽʜʩʪʘʥʴ ʻ 

ʤʽʥʽʤʽʟʘʮʽʻʶ ʧʦ j PÎ  ʚʝʣʠʯʠʥʠ { }mini P i ijD dÎ + . ʎʽ ʦʙʯʠʩʣʝʥʥʷ ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ 

ʝʬʝʢʪʠʚʥʦ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʾʭʥʷ ʩʢʣʘʜʥʽʩʪʴ ʙʫʜʝ ʧʦʨʷʜʢʫ ( )2O N . 

ʌʦʨʤʘʣʴʥʦ ʘʣʛʦʨʠʪʤ ʧʨʘʮʶʻ ʪʘʢ.  

ʉʧʦʯʘʪʢʫ {} 11 , 0P D= = ʡ 
1j jD d=  ʜʣʷ 1j ¸ . 

ʂʨʦʢ 1 (ʧʦʰʫʢ ʥʘʩʪʫʧʥʦʛʦ ʥʘʡʙʣʠʞʯʦʛʦ ʚʫʟʣʘ). ɿʥʘʡʪʠ i PÎ , ʪʘʢʠʡ, ʱʦ 

mini j
j P

D D
Î

=  . 
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ʇʦʢʣʘʩʪʠ {}:P P i= . ʗʢʱʦ P  ʤʽʩʪʠʪʴ ʫʩʽ ʚʫʟʣʠ, ʪʦ ʥʘ ʮʴʦʤʫ ʨʦʙʦʪʘ 

ʘʣʛʦʨʠʪʤʫ ʟʘʢʽʥʯʫʻʪʴʩʷ. 
 

 
 

ʈʠʩʫʥʦʢ 6.1 ï ʆʩʥʦʚʥʘ ʽʜʝʷ ʘʣʛʦʨʠʪʤʫ ɼʽʡʢʩʪʨʘ 
 

ʂʨʦʢ 2 (ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʟʥʘʯʦʢ.) ɼʣʷ ʚʩʽʭ j PÎ  ʧʦʢʣʘʩʪʠ 

: min , .j j i ijD D D dè ø= +ê ú 

ʇʝʨʝʡʪʠ ʜʦ ʢʨʦʢʫ 1. 

ʅʘ ʨʠʩ. 6.2 ʧʦʜʘʥʦ ʧʨʠʢʣʘʜʠ ʚʠʢʦʥʘʥʥʷ ʦʩʥʦʚʥʠʭ ʢʨʦʢʽʚ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʤʘʨʰʨʫʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʽʚ ɹʝʣʣʤʘʥʘïʌʦʨʜʘ  ̔ɼʽʡʢʩʪʨʘ. 
 

 
 

ʈʠʩʫʥʦʢ 6.2 ï ʇʨʠʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ɹʝʣʣʤʘʥʘïʌʦʨʜʘ ʽ ɼʽʡʢʩʪʨʘ 
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ʇʠʪʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʚ ʜʝʡʪʘʛʨʘʤʥʠʭ ʤʝʨʝʞʘʭ 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʥʘʚʝʩʪʠ ʧʨʦʩʪʠʡ ʧʨʠʢʣʘʜ ʢʦʣʠʚʘʥʴ, ʨʦʟʛʣʷʥʝʤʦ 

ʜʝʡʪʘʛʨʘʤʥʫ ʤʝʨʝʞʫ ʪʘ ʧʨʠʧʫʩʪʠʤʦ, ʱʦ ʻ ʜʚʘ ʰʣʷʭʠ, ʧʦ ʷʢʠʭ ʚʫʟʦʣ-ʚʽʜʧʨʘʚʥʠʢ 

ʤʦʞʝ ʥʘʧʨʘʚʠʪʠ ʪʨʘʬʽʢ ʚʫʟʣʫ-ʦʪʨʠʤʫʚʘʯʫ. ɺʠʙʽʨ ʜʘʥʦʛʦ ʰʣʷʭʫ ʧʽʜ ʯʘʩ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʨʠʟʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʜʦʚʞʠʥʠ ʮʴʦʛʦ ʰʣʷʭʫ ʡ ʫ ʥʘʩʪʫʧʥʠʡ 

ʧʝʨʽʦʜ ʯʘʩʫ ʽʥʰʠʡ ʰʣʷʭ ʩʪʘʥʝ ʢʨʘʱʠʤ ʚ ʭʦʜʽ ʚʠʙʦʨʫ ʤʘʨʰʨʫʪʫ, ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʯʦʛʦ ʚʠʥʠʢʥʫʪʴ ʢʦʣʠʚʘʥʥʷ.  

ɺʠʷʚʣʷʻʪʴʩʷ, ʱʦ ʪʠʧ ʢʦʣʠʚʘʥʴ ʤʦʞʝ ʙʫʪʠ ʥʘʙʘʛʘʪʦ ʛʽʨʰʠʤ, ʷʢ ʧʦʢʘʟʫʻ 

ʥʘʚʝʜʝʥʠʡ ʧʨʠʢʣʘʜ. 

 

ʇʨʠʢʣʘʜ  

ʈʦʟʛʣʷʥʝʤʦ ʤʝʨʝʞʫ ʟ 16 ʚʫʟʣʘʤʠ, ʧʦʢʘʟʘʥʫ ʥʘ ʨʠʩ. 6.3, ʫ 

ʷʢʽʡ ʚʫʟʦʣ 16 ʻ ʻʜʠʥʠʤ ʚʫʟʣʦʤ-ʘʜʨʝʩʘʪʦʤ.  
 

 
 

ʈʠʩʫʥʦʢ 6.3 ï ʂʽʣʴʮʝʚʘ ʤʝʨʝʞʘ ʽʟ ʰʽʩʪʥʘʜʮʷʪʴʦʤʘ ʚʫʟʣʘʤʠ ʟ 

ʧʨʠʢʣʘʜʫ 1. ɺʫʟʦʣ 16 ʻ ʻʜʠʥʠʤ ʘʜʨʝʩʘʪʦʤ 
 

ʅʝʭʘʡ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʭʽʜʥʦʛʦ ʪʨʘʬʢ̔ʘ (ʦʜʠʥʠʮʽ ʜʘʥʠʭ/ʩʝʢ)  

ʫ ʢʦʞʥʦʤʫ ʟ ʚʫʟʣʽʚ 1, , 7, 9, ,15i=  ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ,  

ʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʭʽʜʥʦʛʦ ʪʨʘʬʢ̔ʘ ʫ ʚʫʟʣʽ 8 ʜʦʨʽʚʥʶʻ 0e> ,  

ʜʝ e ʜʫʞʝ ʤʘʣʝ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʜʦʚʞʠʥʘ ʣʽʥʽʾ ( ),i j  ʜʦʨʽʚʥʶʻ 

,ij ijd F=  

ʜʝ 
ijF  ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʨʘʬʽʢʘ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ ʣʽʥʽʶ, ʚʢʣʶʯʥʦ ʟ 

ʚʭʽʜʥʠʤ ʽ ʪʨʘʥʟʠʪʥʠʤ ʪʨʘʬʢ̔ʘʤʠ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʚʩʽ ʚʫʟʣʠ 

ʦʙʯʠʩʣʶʶʪʴ ʩʚʦʾ ʥʘʡʢʦʨʦʪʰʽ ʰʣʷʭʠ ʜʦ ʚʫʟʣʘ-ʘʜʨʝʩʘʪʘ ʢʦʞʥʽ  

T  ʩʝʢʫʥʜ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʷʢ ʜʦʚʞʠʥʠ ʣʽʥʽʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 
ijF , 

ʦʙʤʽʨʶʚʘʥʽ ʧʨʦʪʷʛʦʤ ʧʦʧʝʨʝʜʥʽʭ T  ʩʝʢʫʥʜ, ʘ ʧʦʪʽʤ ʥʘʧʨʘʚʣʷʶʪʴ 
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ʩʚʽʡ ʪʨʘʬʢ̔ ʥʘʡʢʦʨʦʪʰʠʤ ʰʣʷʭʦʤ ʧʨʦʪʷʛʦʤ ʥʘʩʪʫʧʥʠʭ T  ʩʝʢʫʥʜ. 

ʅʝʭʘʡ ʩʧʦʯʘʪʢʫ ʚʫʟʣʠ 1ï7 ʦʙʨʘʣʠ ʤʘʨʰʨʫʪʠ ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ 

ʩʪʨʽʣʢʦ,ʁ ʘ ʚʫʟʣʠ 8ï15 ï ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ. ʎʝ ʜʦʩʠʪʴ 

ʛʘʨʥʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ, ʱʦ ʟʙʘʣʘʥʩʦʚʘʥʦ ʨʦʟʧʦʜʽʣʷʻ ʚʭʽʜʥʠʡ ʪʨʘʬʢ̔ 

ʟʘ ʜʚʦʤʘ ʥʘʧʨʷʤʢʘʤʠ. ʅʘ ʨʠʩ. 6.4 ʧʦʢʘʟʘʥʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʪʨʘʬʽʢʽʚ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʫ ʣʽʥʽʶ ʜʣʷ ʧʦʯʘʪʢʦʚʦʾ ʪʘ ʧʦʜʘʣʴʰʠʭ 

ʤʘʨʰʨʫʪʠʟʘʮʽʡ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʧʦʰʫʢʫ ʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʽʚ. 

ʇʽʩʣʷ ʪʨʴʦʭ ʚʽʜʥʦʚʣʝʥʴ ʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʽʚ ʘʣʛʦʨʠʪʤ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʪʽʡʢʦʛʦ ʢʦʣʠʚʘʣʴʥʦʛʦ ʨʝʞʠʤʫ, ʫ ʷʢʦʤʫ ʚʝʩʴ 

ʪʨʘʬʢ̔ ʧʦ ʯʝʨʟʽ ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʪʦ ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʮʽ,  

ʪʦ ʧʨʦʪʠ ʥʝ;ʾ ʟʤʽʥʘ ʥʘʧʨʷʤʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʢʦʞʥʦʛʦ 

ʯʝʨʛʦʚʦʛʦ ʚʽʜʥʦʚʣʝʥʥ.̫ ɿʨʦʟʫʤʽʣʦ, ʱʦ ʪʘʢʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ ï 

ʥʘʡʛʽʨʰʘ ʩʝʨʝʜ ʫʩʽʭ ʤʦʞʣʠʚʠʭ. 
 

 
 

ʈʠʩʫʥʦʢ 6.4 ï ʂʦʣʠʚʘʥʥʷ ʫ ʢʽʣʴʮʝʚʽʡ ʤʝʨʝʞʽ ʫ ʨʘʟʽ, ʢʦʣʠ ʜʦʚʞʠʥʠ 

ʣʽʥʽʡ 
ijd  ʜʦʨʽʚʥʶʶʪʴ ʥ̔ʪʝʥʩʠʚʥʦʩʪʷʤ ʪʨʘʬʽʢʘ 

ijF , ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ 

ʣʽʥʽʾ. ʂʦʞʝʥ ʚʫʟʦʣ ʧʦʩʠʣʘʻ ʦʜʥʫ ʦʜʠʥʠʮʶ ʚʭʽʜʥʦʛʦ ʪʨʘʬʽʢʘ ʚʫʟʣʫ-

ʘʜʨʝʩʘʪʫ, ʟʘ ʚʠʥʷʪʢʦʤ ʩʝʨʝʜʥʴʦʛʦ ʚʫʟʣʘ 8, ʷʢʠʡ ʧʦʩʠʣʘʻ 0e> , ʜʝ 

e ʜʫʞʝ ʤʘʣʝ. ʏʠʩʣʘ ʧʦʨʫʯ ʟ ʣʽʥʽʷʤʠ ʦʟʥʘʯʘʶʪʴ ʽʥʪʝʥʩʠʚʥʩ̔ʪɹ 

ʧʦʪʦʢʫ, ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʧʦ ʣʽʥʽʾ ʚ ʢʦʞʥʦʤʫ ʟ ʜʚʦʭ ʥʘʧʨʷʤʢʽʚ.  

ʗʢ ʧʨʠʢʣʘʜ ʦʙʯʠʩʣʝʥʴ ʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʽʚ ʨʦʟʛʣʷʥʝʤʦ ʧʝʨʰʫ 

ʽʪʝʨʘʮʽʶ. ʉʝʨʝʜʥʽʡ ʚʫʟʦʣ 8 ʦʙʯʠʩʣʶʻ ʜʦʚʞʠʥʫ ʰʣʷʭʫ ʟʘ 

ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ ( )28 0 1 2 7= + + + + ʽ ʜʦʚʞʠʥʫ ʰʣʷʭʫ 
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ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ ( )28 8 1 2 7e e e e e+ = + + + + + + + 

ʽ ʥʘʧʨʘʚʣʷʻ ʩʚʽʡ ʪʨʘʬʽʢ ʥʘ ʥʘʡʢʦʨʦʪʰʠʡ (ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ 

ʩʪʨʽʣʢʦʶ) ʰʣʷʭ ʧʽʜ ʯʘʩ ʜʨʫʛʦ ʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ɺʽʜʧʦʚʽʜʥʠʤʠ 

ʯʠʩʣʘʤʠ ʜʣʷ ʚʫʟʣʘ 9 ʙʫʜʫʪʴ 28 ʽ ( )28 7e+ , ʽ ʪʦʤʫ ʚʫʟʦʣ 9 ʪʘʢʦʞ 

ʥʘʧʨʘʚʣʷʻ ʩʚʽʡ ʪʨʘʬʽʢ ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ. ɺʩʽ ʽʥʰʽ ʚʫʟʣʠ 

ʚʠʷʚʣʷʶʪʴ, ʱʦ ʰʣʷʭ, ʚʠʢʦʨʠʩʪʘʥʠʡ ʥʠʤʠ ʧʨʠ ʧʝʨʰʽʡ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʻ ʥʘʡʢʦʨʦʪʰʠʤ ʽ ʪʦʤʫ ʚʦʥʠ ʥʝ ʙʫʜʫʪʴ ʥʘʧʨʘʚʣʷʪʠ 

ʩʚʽʡ ʪʨʘʬʽʢ ʥʘ ʽʥʰʠʡ ʰʣʷʭ 

 

ʇʨʠʯʠʥʦʶ ʧʦʛʘʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʨʠʢʣʘʜʽ ʻ  

ʪʦʡ ʬʘʢʪ, ʱʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʴ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʫ ʣʽʥʽʾ, ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʦʙʨʘʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʱʦ ʫ ʩʚʦʶ ʯʝʨʛʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥ̔ʪʝʥʩʠʚʥʦʩʪʝʡ, ʷʢʽ 

ʧʨʦʭʦʜʷʪʴ ʧʦ ʣʽʥʽʷʭ ʪʨʘʬʢ̔̔ʚ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʠʥʠʢʘʻ ʝʬʝʢʪ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚô̫ ʟʢʫ. ʎʝ ʩʭʦʞʝ ʥʘ ʩʠʩʪʝʤʫ ʟʽ ʟʚʦʨʦʪʥʠʤ ʟʚô̫ ʟʢʦʤ ʟ ʪʝʦʨʽʾ ʢʝʨʫʚʘʥʥʷ, ʡ ʪʦʤʫ 

ʪʫʪ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʤʝʪʦʜʠ.  

ʄʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʨʦʟʛʣʷʥʫʪʠʡ ʚʠʱʝ ʪʠʧ ʥʝʩʪʽʡʢʦʩʪʽ ʟô̫ ʚʣʷʻʪʴʩʷ ʚ 

ʦʩʥʦʚʥʦʤʫ ʪʦʜʽ, ʢʦʣʠ ʜʦʚʞʠʥʘ 
ijd  ʣʽʥʽʾ ( ),i j  ʟʨʦʩʪʘʻ ʙʝʟʫʧʠʥʥʦ ʡ ʤʦʥʦʪʦʥʥʦ ʟ ̔

ʟʨʦʩʪʘʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʥʷ 
ijF  ʡ 0ijd = , ʷʢʝ ʧʨʦʭʦʜʠʪʴ ʧʦ ʣʽʥʽʾ, ʷʢʱʦ 0ijF = .  

ʎʽ ʢʦʣʠʚʘʥʥʷ ʤʦʞʥʘ ʧʦʛʘʩʠʪʠ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʧʦʟʠʪʠʚʥʦʾ ʢʦʥʩʪʘʥʪʠ ʜʦ 

ʜʦʚʞʠʥʠ ʣʽʥʽʾ ʪʘʢ, ʱʦʙ 0ijd a= >, ʢʦʣʠ 0ijF = . ʉʢʘʣʷʨʥʘ ʚʝʣʠʯʠʥʘ a (ʜʦʚʞʠʥʘ 

ʣʽʥʽʾ ʧʨʠ ʥʫʣʴʦʚʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ) ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʩʫʚʫ.  

ʂʦʣʠʚʘʥʥʷ ʚ ʧʝʨʚʠʥʥʦʤʫ ʘʣʛʦʨʠʪʤʽ ARPANET ʛʘʩʠʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʩʠʪʴ 

ʚʝʣʠʢʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʟʩʫʚʫ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʷʢʱʦ a ï ʜʦʩʠʪʴ ʚʝʣʠʢʝ ʯʠʩʣʦ, ʪʦ 

ʚʽʜʧʦʚʽʜʥʽ ʥʘʡʢʦʨʦʪʰʽ ʰʣʷʭʠ ʙʫʜʫʪʴ ʰʣʷʭʘʤʠ ʟ ʥʘʡʤʝʥʰʦ  ʁʢʽʣʴʢʽʩʪʶ ʣʽʥʽʡ  

ʜʦ ʚʫʟʣʘ-ʘʜʨʝʩʘʪʘ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʩʪʘʥʝ ʩʪʘʪʠʯʥʦ,ʁ ʪʘʢʦʶ.  

ʷʢʘ ʥʝ ʤʦʞʝ ʤʘʪʠ ʞʦʜʥʠʭ ʢʦʣʠʚʘʥʴ ʟʘʟʥʘʯʝʥʦʛʦ ʚʠʱʝ ʪʠʧʫ, ʘʣʝ ʚʦʥʘ ʪʘʢʦʞ ʙʫʜʝ 

ʧʦʚʥʽʩʪʶ ʥʝʯʫʪʣʠʚʘ ʜʦ ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪ.ɹ 

 

6.2 ʄʘʨʰʨʫʪʠʟʘʮʽʷ ʧʨʠ ʜʝʛʨʘʜʘʮʽʾ ʪʘ ʚʽʜʥʦʚʣʝʥʥʽ ʤʝʨʝʞʽ. ʃʘʚʠʥʥʠʡ 

ʘʣʛʦʨʠʪʤ ʦʥʦʚʣʝʥʥʷ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ 

 

ɿʘʚʜʘʥʥʷ, ʟ ʷʢʠʤ ʯʘʩʪʦ ʜʦʚʦʜʠʪʴʩʷ ʟʽʰʪʦʚʭʫʚʘʪʠʩʷ ʧʽʜ ʯʘʩ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʝʨʝʜʘʯʽ ʢʝʨʫʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʤʽʩʮʴ ʫ ʤʝʨʝʞʽ, ʜʝ ʚʦʥʘ 

ʟʙʠʨʘʻʪʴʩʷ, ʪʫʜʠ, ʜʝ ʚʦʥʘ ʥʝʦʙʭʽʜʥʘ. ʎʝ ʟʘʚʜʘʥʥʷ ʫʩʢʣʘʜʥʶʻʪʴʩʷ, ʷʢʱʦ ʣʽʥʽʾ 

ʤʦʞʫʪʴ ʚʠʭʦʜʠʪʠ ʟ ʣʘʜʫ. 

ʅʘʜʽʡʥʝ ʦʪʨʠʤʘʥʥ̫ ʤʘʨʰʨʫʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʤʽʩʮʷʭ, ʜʝ ʚʦʥʘ ʥʝʦʙʭʽʜʥʘ,  

ʚ ʫʤʦʚʘʭ, ʢʦʣʠ ʣʽʥʽʾ ʤʦʞʫʪʴ ʚʠʭʦʜʠʪʠ ʟ ʣʘʜʫ, ʧʦʚô̫ ʟʘʥʝ ʟ ʨʷʜʦʤ ʪʦʥʢʦʱʽʚ,  

ʷʢʽ ʱʝ ʜʦ ʢʽʥʮʷ ʥʝ ʦʮʽʥʝʥʽ.  
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ʆʩ ɹʜʝʷʢʽ ʟ ʥʠʭ. 

1. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʪʦʧʦʣʦʛʽʯʥʽ ʟʤʽʥʠ ʤʘʻ ʧʝʨʝʜʘʚʘʪʠʩʷ ʧʦ ʣʽʥʽʷʭ, ʷʢʽ 

ʤʦʞʫʪʴ ʚʠʭʦʜʠʪʠ ʟ ʣʘʜʫ. ʋ ʜʝʷʢʠʭ ʤʝʨʝʞʘʭ ʥʝʦʙʭʽʜʥʦ ʚʤʽʪʠ ʧʽʜʪʨʠʤʫʚʘʪʠ  

ʾʭʥʻ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʥʘʚʽʪʴ ʢʦʣʠ ʜʝʷʢʽ ʯʘʩʪʠʥʠ ʤʝʨʝʞʽ ʩʪʘʶʪʴ ʥʝʟʚô̫ ʟʘʥʠʤʠ 

ʦʜʥʘ ʟ ʦʜʥʦ .ʁ  

2. ɼʦʚʦʜʠʪʴʩʷ ʤʘʪʠ ʩʧʨʘʚʫ ʟ ʙʘʛʘʪʦʨʘʟʦʚʠʤʠ ʪʦʧʦʣʦʛʽʯʥʠʤʠ ʟʤʽʥʘʤʠ 

(ʪʘʢʠʤʠ ʷʢ ʟʤʽʥʘ ʩʪʘʪʫʩʫ ʣʽʥʽʾ ʟ ʜʽʶʯʦʾ ʥʘ ʪʘʢʫ, ʱʦ ʚʠʡʰʣʘ ʟ ʣʘʜʫ, ʡ ʥʘʟʘʜ 

ʧʨʦʪʷʛʦʤ ʢʦʨʦʪʢʦʛʦ ʯʘʩʫ), ʽ ʪʦʤʫ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʨʦʟʨʽʟʥʝʥʥʷ ʩʪʘʨʦʾ ʡ ʥʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʤʽʥʠ. ʗʢ ʧʨʠʢʣʘʜ ʨʦʟʛʣʷʥʝʤʦ ʤʝʪʦʜ ʧʦʰʠʨʝʥʥʷ ʩʝʨʝʜ ʫʩʽʭ 

ʚʫʟʣʽʚ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʦʧʦʣʦʛʽʯʥʽ ʟʤʽʥʠ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʣʘʚʠʥʥʠʤ 

ʘʣʛʦʨʠʪʤʦʤ. ʉʫʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʢʦʞʝʥ ʚʫʟʦʣ ʩʪʝʞʠʪʴ  

ʟʘ ʩʪʘʪʫʩʦʤ ʫʩʽʭ ʣʽʥʽʡ, ʱʦ ʡʜʫʪʴ ʚʽʜ ʥʴʦʛʦ, ʽ ʧʽʩʣʷ ʚʠʷʚʣʝʥʥʷ ʟʤʽʥʠ ʩʪʘʪʫʩʫ 

ʙʫʜʴ-ʷʢʦʾ ʣʽʥʽʾ ʧʦʩʠʣʘʻ ʧʘʢʝʪ ʫʩʽʤ ʩʚʦʾʤ ʩʫʩʽʜʘʤ, ʧʦʚʽʜʦʤʣʷʶʯʠ ʾʤ  

ʧʨʦ ʮʶ ʟʤʽʥʫ. ʉʫʩʽʜʠ ʧʝʨʝʩʠʣʘʶʪʴ ʮʝʡ ʧʘʢʝʪ ʩʚʦʾʤ ʩʫʩʽʜʘʤ ʽ ʪ.ʜ.  

ʅʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʠʪʠ ʜʝʷʢʽ ʟʘʭʦʜʠ, ʜʣʷ ʪʦʛʦ ʱʦʙ ʮʝʡ ʦʥʦʚʣʶʶʯʠʡ ʧʘʢʝʪ  

ʥʝ ʮʠʨʢʫʣʶʚʘʚ ʤʝʨʝʞʝʶ ʥʝʩʢʽʥʯʝʥʥʦ ʜʦʚʛʦ; ʮʝ ʧʠʪʘʥʥʷ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ 

ʧʽʟʥʽʰʝ. ʃʘʚʠʥʥʠʡ ʘʣʛʦʨʠʪʤ ʧʨʘʮʶʻ, ʢʦʣʠ ʻ ʪʽʣʴʢʠ ʦʜʥʘ ʪʦʧʦʣʦʛʽʯʥʘ  

ʟʤʽʥʘ, ʽ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʥʝʧʨʠʜʘʪʥʠʤ, ʢʦʣʠ ʤʦʞʣʠʚʽ ʙʘʛʘʪʦʨʘʟʦʚʽ ʟʤʽʥʠ,  

ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 6.5.  
 

 
 

ʈʠʩʫʥʦʢ 6.5 ï ʇʨʠʢʣʘʜ, ʢʦʣʠ ʣʘʚʠʥʥʠʡ ʘʣʛʦʨʠʪʤ ʥʝ ʧʨʘʮʶʻ 

 

ʅʘ ʨʠʩʫʥʢʫ ï ʩʧʦʯʘʪʢʫ ʣʽʥʽʷ n  ʜʽʶʯʘ, ʧʦʪʽʤ ʚʠʭʦʜʠʪʴ ʟ ʣʘʜʫ. ʇʨʠʧʫʩʪʠʤʦ,  

ʱʦ ʜʚʘ ʦʥʦʚʣʶʚʘʣʴʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦʭʦʜʷʪʴ ʰʣʷʭʦʤ CBA ʰʚʠʜʰʝ, ʥʽʞ 

ʧʝʨʰʝ ʦʥʦʚʣʶʶʯʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦʭʦʜʠʪʴ ʧʦ ʣʽʥʽʾ CA. ʇʨʠʧʫʩʪʠʤʦ ʪʘʢʦʞ,  

ʱʦ ʣʽʥʽʷ CA ʚʠʭʦʜʠʪʴ ʟ ʣʘʜʫ ʧʽʩʣʷ ʧʝʨʰʦʛʦ ʦʥʦʚʣʶʶʯʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ,  

ʘʣʝ ʜʦ ʪʦʛʦ, ʷʢ ʧʦ ʥʴʦʤʫ ʧʨʦʡʜʝ ʜʨʫʛʝ ʦʥʦʚʣʶʶʯʝ ʧʦʚʽʜʦʤʣʝʥʥʷ. ʊʦʜʽ ʦʩʪʘʥʥʻ 

ʦʪʨʠʤʘʥʝ A ʧʦʚʽʜʦʤʣʝʥʥʷ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʣʽʥʽʷ n  ʚʠʡʰʣʘ ʟ ʣʘʜʫ,  
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ʫ ʪʦʡ ʯʘʩ ʷʢ ʥʘʩʧʨʘʚʜʽ ʣʽʥʽʷ ʜʽʻ. ʇʨʦʙʣʝʤʦʶ ʻ ʪʝ, ʱʦ ʟʘʩʪʘʨʽʣʘ ʽʥʬʦʨʤʘʮʽʷ 

ʧʦʤʠʣʢʦʚʦ ʚʚʘʞʘʻʪʴʩʷ ʥʦʚʦʶ. 

ʉʧʦʩʦʙʠ ʧʦʜʦʣʘʥʥʷ ʮʠʭ ʪʨʫʜʥʦʱʽʚ ʨʦʟʛʣʷʜʘʪʠʤʫʪʴʩʷ ʚ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ; 

ʪʫʪ ʙʫʜʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʽʥʦʜʽ ʧʨʦʩʪʽ ʦʯʝʚʠʜʥʽ ʨʽʰʝʥʥʷ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ 

ʟʘʤʘʩʢʦʚʘʥʽ ʧʦʤʠʣʢʠ. 

3. ʆʥʦʚʣʶʶʯʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʪʦʧʦʣʦʛʽʯʥʽ ʟʤʽʥʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʝʷʢʠʤ ʘʣʛʦʨʠʪʤʦʤ, ʷʢʠʡ ʦʙʯʠʩʣʶʻ ʥʦʚʽ ʤʘʨʰʨʫʪʥʽ ʰʣʷʭʠ (ʥʘʧʨʠʢʣʘʜ, 

ʘʣʛʦʨʠʪʤʦʤ ʧʦʰʫʢʫ ʥʘʡʢʦʨʦʪʰʦʛʦ ʰʣʷʭʫ). ʎʽʣʢʦʤ ʤʦʞʣʠʚʦ, ʱʦ ʦʥʦʚʣʶʶʯʘ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʪʦʧʦʣʦʛʽʯʥʽ ʟʤʽʥʠ ʥʘʜʽʡʜʝ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ.  

ʊʦʜʽ ʘʣʛʦʨʠʪʤ ʤʘʻ ʚ ʭʦʜʽ ʩʚʦʻʾ ʨʦʙʦʪʠ ʚʨʘʭʦʚʫʚʘʪʠ ʮʽ ʟʤʽʥʠ, ʘʙʦ ʟʫʧʠʥʠʪʠʩʷ  

ʡ ʟʘʥʦʚʦ ʧʦʯʘʪʠ ʜʽʷʪʠ ʧʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ ʜʘʥʠʭ. ɺʠʢʦʥʘʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ 

ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʥʝʪʨʠʚʽʘʣʴʥʠʤ, ʦʩʦʙʣʠʚʦ, ʷʢʱʦ ʘʣʛʦʨʠʪʤ ʻ ʨʦʟʧʦʜʽʣʝʥʠʤ. 

4. ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʣʽʥʽʾ ʜʚʽ ʥʝʟʚô̫ ʟʥʽ ʯʘʩʪʠʥʠ ʤʝʨʝʞʽ 

ʤʦʞʫʪʴ ʟʥʦʚʫ ʚʠʷʚʠʪʠʩʷ ʟʚô̫ ʟʥʠʤʠ. ʂʦʞʥʘ ʽʟ ʯʘʩʪʠʥ, ʤʦʞʣʠʚʦ, ʤʘʻ ʟʘʩʪʘʨʽʣʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʦʧʦʣʦʛʽʶ ʽʥʰʦʾ ʯʘʩʪʠʥʠ. ɸʣʛʦʨʠʪʤ ʤʘʻ ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ  

ʚ ʦʩʪʘʪʦʯʥʦʤʫ ʧʽʜʩʫʤʢʫ ʦʙʠʜʚʽ ʯʘʩʪʠʥʠ ʫʟʛʦʜʞʫʶʪʴʩʷ, ʽ ʾʤ ʩʪʘʥʝ ʚʽʜʦʤʘ 

ʧʨʘʚʠʣʴʥʘ ʪʦʧʦʣʦʛʽʷ ʤʝʨʝʞʽ. 

 

6.3 ɿʘʜʘʯʘ ʧʦʙʫʜʦʚʠ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ 

 

ʋ ʮʴʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʤʠ ʦʙʛʦʚʦʨʠʤʦ ʘʣʛʦʨʠʪʤʠ ʧʦʙʫʜʦʚʠ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʉʫʪʴ ʟʘʜʘʯʽ ʫ ʪʦʤʫ, ʱʦ ʧʨʠ ʟʘʜʘʥʠʭ ʧʦʪʦʢʘʭ ʧʦʪʨʽʙʥʦ ʩʪʚʦʨʠʪʠ 

ʪʘʢʫ ʤʝʨʝʞʫ, ʱʦ ʟʤʦʛʣʘ ʙ ʾʭ ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʟʘ ʤʽʥʽʤʘʣʴʥʫ ʚʘʨʪʽʩʪʴ ʽ ʧʨʠ 

ʜʦʪʨʠʤʘʥʥʽ ʜʝʷʢʠʭ ʚʠʤʦʛ ʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɿʘʟʚʠʯʘʡ ʟʘʛʘʣʴʥʘ ʧʦʩʪʘʥʦʚʢʘ 

ʟʘʜʘʯʽ ʧʦʣʷʛʘʻ ʚ ʪʘʢʦʤʫ. 

ʅʝʭʘʡ ʟʘʜʘʥʦ: 

1) ɻʝʦʛʨʘʬʽʯʥʝ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʤʥʦʞʠʥʠ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʧʦʪʨʽʙʥʦ 

ʟô̒ ʜʥʘʪʠ ʦʜʠʥ ʟ ʦʜʥʠʤ. ɼʣʷ ʧʨʦʩʪʦʪʠ ʮʽ ʧʨʠʩʪʨʦʾ ʥʘʟʠʚʘʪʠʤʝʤʦ ʪʝʨʤʽʥʘʣʘʤʠ. 

2) ʄʘʪʨʠʮʷ ʪʨʘʬʢ̔ʘ, ʱʦ ʚʢʘʟʫʻ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʭʽʜʥʠʭ ʪʨʘʬʢ̔̔ʚ ʚʽʜ 

ʢʦʞʥʦʛʦ ʪʝʨʤʽʥʘʣʘ ʜʦ ʢʦʞʥʦʛʦ ʽʥʰʦʛʦ ʪʝʨʤʽʥʘʣʘ. 

ʇʦʪʨʽʙʥʦ ʧʦʙʫʜʫʚʘʪʠ (ʨʠʩ. 6.6): 

1. ʊʦʧʦʣʦʛʽʶ ʧʽʜʤʝʨʝʞʽ ʟʚô̫ ʟʢʫ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʨʘʬʢ̔ʘ, ʱʦ ʚʠʥʠʢʘʻ  

ʫ ʪʝʨʤʽʥʘʣʽʚ. ʎʝ ʚʢʣʶʯʘʻ ʚʠʙʽʨ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʫʟʣʽʚ, ʣʽʥʽʡ ʽ ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʢʦʞʥʦʾ ʣʽʥʽʾ. 

2. ʃʦʢʘʣʴʥʫ ʤʝʨʝʞʫ ʜʦʩʪʫʧʫ, ʪʦʙʪʦ ʥʘʙʽʨ ʣʽʥʽʡ ʟʚô̫ ʟʢʫ, ʱʦ ʟô̒ ʜʥʫʶʪʴ 

ʪʝʨʤʽʥʘʣʠ ʽʟ ʚʭʽʜʥʠʤʠ ʚʫʟʣʘʤʠ ʧʽʜʤʝʨʝʞʽ. 
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ʇʽʜ ʯʘʩ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞʽ ʩʣʽʜ ʧʨʘʛʥʫʪʠ ʜʦ ʪʦʛʦ, ʱʦʙ: 

1) ʩʝʨʝʜʥʷ ʟʘʪʨʠʤʢʘ ʧʘʢʝʪʘ ʘʙʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʙʫʣʘ ʤʝʥʰʦ  ʁ ʜʝʷʢʦʛʦ 

ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ (ʧʨʠ ʟʘʜʘʥʦʤʫ ʥʦʤʽʥʘʣʴʥʦʤʫ ʪʨʘʬʢ̔ʫ ʡ ʦʙʨʘʥʦʤʫ ʪʠʧʽ  

ʘʣʛʦʨʠʪʤʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ);  

2) ʤʝʨʝʞʘ ʚʽʜʧʦʚʽʜʘʣʘ ʜʝʷʢʠʤ ʚʠʤʦʛʘʤ ʟ ʥʘʜʽʡʥʦʩʪʽ, ʛʘʨʘʥʪʫʶʯʠ ʮʽʣʽʩʥʽʩʪʴ 

ʤʝʨʝʞʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʨʷʜ ʚʠʭʦʜʽʚ ʟ ʣʘʜʫ ʣʽʥʽʡ ʽ ʚʫʟʣʽʚ; 

3) ʤʽʥʽʤʽʟʫʚʘʪʠ ʜʝʷʢʫ ʬʫʥʢʮʽʶ ʚʽʜ ʢʘʧʽʪʘʣʴʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ 

ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥ ̫ʧʫʥʢʪʽʚ 1 ʽ 2. 
 

 
 

ʈʠʩʫʥʦʢ 6.6 ï ʆʩʥʦʚʥʠʤʠ ʧʠʪʘʥʥʷʤʠ ʟʘʜʘʯʽ ʧʦʙʫʜʦʚʠ ʪʦʧʦʣʦʛʽʾ  

ʻ ʧʦʙʫʜʦʚʘ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ ʜʦʩʪʫʧʫ ʡ ʧʽʜʤʝʨʝʞʽ ʟʚô̫ ʟʢʫ 

 

ɿʘʛʘʣʦʤ ʪʘʢʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʻ ʟʘʥʘʜʪʦ ʰʠʨʦʢʦ,ʁ ʾʾ ʚʘʞʢʦ 

ʩʬʦʨʤʫʣʶʚʘʪʠ ʪʦʯʥʦ, ʥʝ ʛʦʚʦʨʷʯʠ ʚʞʝ ʧʨʦ ʾʾ ʨʦʟʚôʷʟʘʥʥʷ. ɸʣʝ ʫ ʙʘʛʘʪʴʦʭ 

ʚʠʧʘʜʢʘʭ ʩʠʪʫʘʮʽʷ ʜʝʱʦ ʩʧʨʦʱʫʻʪʴʩʷ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʣʠʚʦ, ʱʦ ʯʘʩʪʠʥʘ ʮʴʦʛʦ 

ʟʘʚʜʘʥʥʷ ʚʞʝ ʨʦʟʚôʷʟʘʥʘ, ʦʩʢʽʣʴʢʠ ʜʝʷʢʽ ʜʽʣʷʥʢʠ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ ʜʦʩʪʫʧʫ  

ʡ (ʘʙʦ) ʧʽʜʤʝʨʝʞʽ ʟʚô̫ ʟʢʫ ʚʞʝ ʩʪʚʦʨʝʥʽ.  
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ʂʨʽʤ ʪʦʛʦ, ʤʦʞʝ ʮʽʣʢʦʤ ʧʨʠʨʦʜʥʠʤ ʚʠʛʣʷʜʘʪʠ ʨʦʟʙʠʪʪʷ ʮʽʻʾ ʟʘʜʘʯʽ  

ʥʘ ʦʢʨʝʤʽ ʯʘʩʪʠʥʠ, ʥʘʧʨʠʢʣʘʜ, ʤʦʞʣʠʚʦ, ʱʦ ʟʘʜʘʯʘ ʩʪʚʦʨʝʥʥʷ ʧʽʜʤʝʨʝʞʽ  

ʟʚô̫ ʟʢʫ ʚʠʨʽʰʫʚʘʪʠʤʝʪʴʩʷ ʦʢʨʝʤʦ ʚʽʜ ʟʘʚʜʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ 

ʜʦʩʪʫʧʫ. ʅʘʩʧʨʘʚʜʽ ʮʝ ʧʨʠʧʫʩʢʘʪʠʤʝʪʴʩʷ ʜʘʣʽ. ɿʨʝʰʪʦ ,ʁ ʥʝ ʯʘʩʪʦ ʜʦʚʦʜʠʪʴʩʷ 

ʤʘʪʠ ʩʧʨʘʚʫ ʟ ʯʽʪʢʦ ʧʦʩʪʘʚʣʝʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ, ʷʢʽ ʤʦʞʥʘ ʨʦʟʚôʷʟʘʪʠ ʪʦʯʥʦ  

ʡ ʫ ʨʦʟʫʤʥʠʡ ʪʝʨʤʽʥ. ɿʘʟʚʠʯʘʡ ʜʦʚʦʜʠʪʴʩʷ ʟʘʜʦʚʦʣʴʥʷʪʠʩʷ ʥʘʙʣʠʞʝʥʠʤ 

ʨʦʟʚôʷʟʢʦʤ, ʦʪʨʠʤʘʥʠʤ ʝʚʨʠʩʪʠʯʥʠʤ ʤʝʪʦʜʦʤ, ʱʦ ʧʦʻʜʥʫʻ ʪʝʦʨʽʶ, ʤʝʪʦʜ  

ʩʧʨʦʙ ʽ ʧʦʤʠʣʦʢ ʪʘ ʟʜʦʨʦʚʠʡ ʛʣʫʟʜ. 

 

6.4 ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

 

1. ʇʦʷʩʥʪ̔ɹ ʧʨʦʙʣʝʤʫ ʢʦʣʠʚʘʥʥʷ ʪʨʘʬʽʢʘ ʚ ʭʦʜʽ ʘʜʘʧʪʠʚʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ.  

2. ʗʢ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ ʢʦʣʠʚʘʥʥʷ ʪʨʘʬʽʢʘ ʚ ʜʝʡʪʘʛʨʘʤʥʽʡ ʤʘʨʰʨʫʪʠʟʘʮʽʾ? 

3. ʇʦʷʩʥʪ̔ɹ ʧʨʦʙʣʝʤʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʭʦʜʽ ʜʝʛʨʘʜʘʮʽʾ ʪʘ ʚʽʜʥʦʚʣʝʥʥ ̫

ʤʝʨʝʞʽ.  

4. ʉʬʦʨʤʫʣʶʡʪʝ ʟʘʚʜʘʥʥʷ ʧʦʙʫʜʦʚʠ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ.  
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ʃʝʢʮʽʷ 7 

ɿɸɺɼɸʅʅʗ ʇʆɹʋɼʆɺʀ ʊʆʇʆʃʆɻɯɰ ʄɽʈɽɾɯ 

 

 

7.1 ʈʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʚʠʙʦʨʫ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʣʽʥʽʡ ʤʝʨʝʞʽ ʟʚô̫ ʟʢʫ 

 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʦʮʽʥʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʣʛʦʨʠʪʤʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, 

ʥʝʦʙʭʽʜʥʦ ʢʽʣʴʢʽʩʥʦ ʚʠʟʥʘʯʠʪʠ ʧʦʥʷʪʪʷ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʚ ʤʝʨʝʞʽ. ʋ ʮʴʦʤʫ 

ʧʽʜʨʦʟʜʽʣʽ ʬʦʨʤʫʣʶʶʪʴʩʷ ʜʝʷʢʽ ʤʦʜʝʣʽ (ʷʢʽ ʜʘʣʽ ʥʘʟʠʚʘʪʠʤʫʪʴʩʷ ʧʦʪʦʢʦʚʠʤʠ 

ʤʦʜʝʣʷʤʠ), ʟʘʩʥʦʚʘʥʽ ʥʘ ʥ̔ʪʝʥʩʠʚʥʦʩʪʷʭ ʪʨʘʬʢ̔ʘ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʫ ʣʽʥʽʾ ʤʝʨʝʞʽ. 

ʎʽ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʫʪʴʩʷ ʚ ʭʦʜʽ ʧʦʩʪʘʥʦʚʢʠ ʟʘʚʜʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʄʠ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʤʦ ʧʦʪʦʢʦʚʽ ʤʦʜʝʣʽ ʧʽʜ ʯʘʩ 

ʨʦʟʛʣʷʜʫ ʧʦʙʫʜʦʚʠ ʨʽʟʥʠʭ ʯʘʩʪʠʥ ʤʝʨʝʞʥʦʾ ʪʦʧʦʣʦʛʽʾ. 

ʇʝʨʝʚʘʥʪʘʞʝʥʥʷ ʚ ʤʝʨʝʞʘʭ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʢʽʣʴʢʽʩʥʦ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʪʠʩʪʠʢ ʚʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʦʧʠʩʫʶʪʴ ʯʝʨʛʠ ʚ ʤʝʨʝʞʽ.  

ʎʽ ʩʪʘʪʠʩʪʠʢʠ ʚʠʟʥʘʯʘʶʪʴ ʨʦʟʧʦʜʽʣ ʜʦʚʞʠʥʠ ʯʝʨʛʠ ʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʧʘʢʝʪʘ ʚ 

ʢʦʞʥʽʡ ʣʽʥʽʾ. ʆʯʝʚʠʜʥʦ, ʱʦ ʧʨʠ ʛʘʨʥʽʡ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʘʶʪʴ ʙʫʪʠ ʤʘʣʽ ʩʝʨʝʜʥʽ 

ʟʥʘʯʝʥʥʷ ʡ ʜʠʩʧʝʨʩʽʾ ʟʘʪʨʠʤʢʠ ʧʘʢʝʪʘ ʚ ʢʦʞʥʽʡ ʯʝʨʟʽ. ʅʘ ʞʘʣʴ, ʟʘʟʚʠʯʘʡ ʙʫʚʘʻ 

ʚʘʞʢʦ ʫʷʚʠʪʠ ʢʽʣʴʢʽʩʥʠʡ ʧʘʨʘʤʝʪʨ ʫ ʚʠʛʣʷʜʽ ʻʜʠʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʘ, ʱʦ 

ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ. ɻʦʣʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ ʪʝ, ʱʦ, ʷʢ ʧʨʘʚʠʣʦ, 

ʥʝʤʘʻ ʷʚʥʦʛʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʠʨʘʟʫ ʜʣʷ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʘʙʦ ʜʠʩʧʝʨʩʽʡ ʜʦʚʞʠʥ 

ʯʝʨʛ ʫ ʤʝʨʝʞʘʭ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ɿʨʫʯʥʦ,ʁ ʭʦʯʘ ʡ ʥʝ ʟʦʚʩʽʤ ʜʦʩʢʦʥʘʣʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʻ ʚʠʤʽʨʶʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʴ ʫ ʣʽʥʽʷʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʝʨʝʜʥʴʦʛʦ ʪʨʘʬʢ̔ʘ, ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ  

ʧʦ ʣʽʥʽʾ. ʊʦʯʥʽʰʝ, ʤʠ ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʩʪʘʪʠʩʪʠʢʘ ʧʦʪʦʢʘ, ʱʦ ʥʘʜʭʦʜʠʪʴ  

ʫ ʙʫʜʴ-ʷʢʫ ʣʽʥʽʶ ( ),i j , ʟʤʽʥʁ̒ʪʴʩʷ ʣʠʰʝ ʯʝʨʝʟ ʚʽʜʥʦʚʣʝʥʥʷ ʤʘʨʰʨʫʪʽʚ, ʽ  

ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʫ ʣʽʥʽʾ ( ),i j  ʤʠ ʨʦʟʫʤʽʪʠʤʝʤʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʨʘʬʢ̔ʘ 
ijF ,  

ʱʦ ʥʘʜʭʦʜʠʪʴ. ʅʘʟʠʚʘʪʠʤʝʤʦ 
ijF  ʧʦʪʦʢʦʤ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʧʦ ʣʽʥʽʾ ( ),i j , ʽ 

ʚʠʤʽʨʶʚʘʪʠʤʝʤʦ ʡʦʛʦ ʚ ʦʜʠʥʠʮʷʭ ʜʘʥʠʭ ʫ ʩʝʢʫʥʜʫ, ʜʝ ʦʜʠʥʠʮʷʤʠ  

ʜʘʥʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʙʽʪʠ, ʧʘʢʝʪʠ, ʧʦʚʽʜʦʤʣʝʥʥʷ ʪʦʱʦ. ɯʥʦʜʽ ʤʘʻ ʩʝʥʩ  

ʚʠʤʽʨʶʚʘʪʠ ʧʦʪʽʢ ʚ ʦʜʠʥʠʮʷʭ, ʷʢʽ, ʷʢ ʧʨʠʧʫʩʢʘʻʪʴʩʷ, ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʽ 

ʦʜʠʥʠʮʷʤ ʜʘʥʠʭ ʫ ʩʝʢʫʥʜʫ, ʥʘʧʨʠʢʣʘʜ, ʫ ʢʽʣʴʢʦʩʪʽ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʥʮʶʛʽʚ,  

ʱʦ ʧʨʦʭʦʜʷʪʴ ʧʦ ʜʘʥʽʡ ʣʽʥʽʾ. 

ʋ ʧʦʪʦʢʦʚʠʭ ʤʦʜʝʣʷʭ ʨʦʙʠʪʴʩʷ ʥʝʷʚʥʝ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʩʪʘʪʠʩʪʠʢʘ 

ʪʨʘʬʢ̔ʘ, ʷʢʠʡ ʥʘʜʭʦʜʠʪʴ ʫ ʤʝʨʝʞʫ, ʥʝ ʟʤʽʥʁ̒ʪʴʩʷ ʚ ʯʘʩʽ. ʊʘʢʝ ʧʨʠʧʫʱʝʥʥʷ ʻ 

ʨʦʟʫʤʥʠʤ, ʢʦʣʠ ʮʷ ʩʪʘʪʠʩʪʠʢʘ ʟʤʽʥʁ̒ʪʴʩʷ ʜʫʞʝ ʧʦʚʽʣʴʥʦ ʧʦʨʽʚʥʷʥʦ ʟ ʩʝʨʝʜʥʽʤ 

ʯʘʩʦʤ, ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʯʝʨʛ ʫ ʤʝʨʝʞʽ, ʽ ʢʦʣʠ ʧʦʪʦʢʠ ʚ ʣʽʥʽʷʭ 
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ʚʠʤʽʨʶʁ ʪʴʩʷ ʰʣʷʭʦʤ ʯʘʩʦʚʦʛʦ ʫʩʝʨʝʜʥʝʥʥʷ. ʊʠʧʦʚʠʤ ʧʨʠʢʣʘʜʦʤ ʤʝʨʝʞʽ, ʱʦ 

ʟʘʜʦʚʦʣʴʥʷʻ ʪʘʢ ̔ ʫʤʦʚʠ, ʻ ʤʝʨʝʞʘ, ʫ ʷʢʽʡ ʢʦʞʥʘ ʧʘʨʘ ʚʽʜʧʨʘʚʥʠʢ ï ʘʜʨʝʩʘʪ 

ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʨʘʬʢ̔ʘ ʫ ʢʦʞʥʦʛʦ 

ʟ ʮʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʘʣʘ ʧʦʨʽʚʥʷʥʦ ʟ ʩʫʤʘʨʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ. ɺʠʨʘʟ ʚʠʜʫ 

( )
( ),

ij ij

i j

D Fä  ,                                                (7.1) 

ʜʝ ʢʦʞʥʘ ʬʫʥʢʮʽʷ 
ijD  ʻ ʪʘʢʦʶ, ʱʦ ʤʦʥʦʪʦʥʥʦ ʟʨʦʩʪʘ,̒ ʯʘʩʪʦ ʦʙʠʨʘʶʪʴ  

ʷʢ ʚʘʨʪʽʩʥʫ ʬʫʥʢʮʽ ʁʧʨʠ ʦʧʪʠʤʽʟʘʮʽʾ. ʏʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫ̒ʪʴʩʷ ʪʘʢʘ ʬʦʨʤʫʣʘ: 

( ) ij

ij ij ij ij

ij ij

F
D F d F

C F
= +

-
 ,                                     (7.2) 

ʜʝ 
ijC  ï ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʣʽʥʽʾ ( ),i j , ʱʦ ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʪʠʭ ʩʘʤʠʭ ʦʜʠʥʠʮʷʭ, 

ʱʦ ʡ 
ijF , ʘ ijd  ï ʟʘʪʨʠʤʢʘ ʯʝʨʝʟ ʦʙʨʦʙʢʫ ʡ ʧʦʰʠʨʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʚʠʨʘʟ (7.1) 

ʦʟʥʘʯʘʻ ʩʝʨʝʜʥ ʁʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʫ ʩʠʩʪʝʤʽ ʚ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʢʦʞʥʘ ʯʝʨʛʘ 

ʦʧʠʩʫʻʪʴʩʷ ʤʦʜʝʣʣʶ 1M M ; ʮʝ ʚʽʜʧʦʚʽʜʘʻ ʢʣʝʡʥʨʦʢʚ̔ʩɹʢ̔ʡ ʘʧʨʦʢʩʠʤʘʮʽʾ 

ʥʝʟʘʣʝʞʥʽʩʪʶ ʪʘ ʪʝʦʨʝʤʽ ɼʞʝʢʩʦʥʘ. ʍʦʯʘ ʮʝ ʧʨʠʧʫʱʝʥʥʷ ʟʘʟʚʠʯʘʡ  

ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʧʨʘʢʪʠʮʽ, ʚʠʨʘʟʠ (7.1) ʽ (7.2) ʜʫʞʝ ʢʦʨʠʩʥʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 

ʷʢʽʩʥʦ ʚʽʜʙʠʚʘʶʪʴ ʬʘʢʪ ʚʠʥʠʢʥʝʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʢʦʣʠ ʧʦʪʽʢ 
ijF  

ʥʘʙʣʠʞʘʻʪʴʩʷ ʟʘ ʩʚʦʾʤ ʟʥʘʯʝʥʥʷʤ ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʣʽʥʽʾ 
ijC . 

ɯʥʰʦʶ ʚʘʨʪʽʩʥʦʶ ʬʫʥʢʮʽʻʶ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ ʷʢʽʩʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʻ 

( )
{ }

,
max ,ij ij

i j
F C                                                (7.3) 

ʪʦʙʪʦ ʤʘʢʩʠʤʫʤ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʽʥʽʾ. ʏʠʩʣʦʚʽ ʨʝʟʫʣʴʪʘʪʠ 

 ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʘʟʚʠʯʘʡ ʥʝʤʘʻ ʚʝʣʠʢʦʛʦ ʨʦʟʭʦʜʞʝʥʥʷ ʤʽʞ ʚʠʧʘʜʢʘʤʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʨʪʽʩʥʠʭ ʬʫʥʢʮʽʡ (7.1)ï(7.2) ʘʙʦ (7.3) ʧʽʜ ʯʘʩ ʦʧʪʠʤʽʟʘʮʽʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʎʝ ʧʦʢʘʟʫʻ, ʱʦ ʩʣʽʜ ʦʙʠʨʘʪʠ ʪʫ ʚʘʨʪʽʩʥʫ ʬʫʥʢʮʽʶ, ʷʢʫ ʣʝʛʰʝ 

ʦʧʪʠʤʽʟʫʚʘʪʠ. ʅʘʜʘʣʽ ʤʠ ʟʦʩʝʨʝʜʠʤʦ ʫʚʘʛʫ ʥʘ ʚʘʨʪʽʩʥʽʡ ʬʫʥʢʮʽʾ ʚʠʛʣʜ̫ʫ (7.1).  

 

7.2 ɽʚʨʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʚʠʙʦʨʫ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʣʽʥʽʡ ʤʝʨʝʞʽ ʟʚô̫ ʟʢʫ 

 

ɿʘʟʚʠʯʘʡ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ ʧʦʯʠʥʘʶʪʴ ʟ ʷʢʦʾʩʴ 

ʢʦʥʢʨʝʪʥʦʾ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ, ʘ ʧʦʪʽʤ ʧʦʩʣʽʜʦʚʥʦ ʧʽʜʧʨʘʚʣʷʶʪʴ ʮʶ ʪʦʧʦʣʦʛʽʶ 

ʰʣʷʭʦʤ ʟʤʽʥʠ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʷʢʦ-ʾʥʝʙʫʜʴ ʦʜʥʽʻʾ ʘʙʦ ʦʜʥʦʯʘʩʥʦ ʜʝʢʽʣʴʢʦʭ 

ʣʽʥʽʡ. ʆʪʞʝ, ʧʦʙʣʠʟʫ ʽʩʥʫʶʯʦʾ ʪʦʧʦʣʦʛʽʾ ʚʽʜʰʫʢʫʻʪʴʩʷ ʽʥʰʘ ʪʦʧʦʣʦʛʽʷ, ʱʦ 

ʟʘʜʦʚʦʣʴʥʷʻ ʟʘʜʘʥʠʤ ʦʙʤʝʞʝʥʥʷʤ ʽ ʤʘʻ ʤʝʥʰʫ ʚʘʨʪʽʩʪʴ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʪʝʨʤʽʥ 

çʪʦʧʦʣʦʛʽʷè ʦʟʥʘʯʘʻ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʣʽʢ ʧʨʦʧʫʩʢʥʠʭ ʟʜʘʪʥʦʩʪʝʡ ʫʩʽʭ 
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ʤʦʞʣʠʚʠʭ ʣʽʥʽʡ ʤʝʨʝʞʽ. ɿʦʢʨʝʤʘ, ʷʢʱʦ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʣʽʥʽʾ ʜʦʨʽʚʥʶʻ 

ʥʫʣʶ, ʮʝ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʬʘʢʪʠʯʥʦ ʣʽʥʽʾ ʥʝʤʘʻ. ɿʘʟʚʠʯʘʡ ʧʨʠʧʫʩʢʘʻʪʴʩʷ ʪʘʢʝ: 

1. ɺʽʜʦʤʽ ʚʫʟʣʠ ʤʝʨʝʞʽ ʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʭʽʜʥʠʭ ʧʦʪʦʢʽʚ ʜʣʷ ʢʦʞʥʦʾ  

ʧʘʨʠ ʚʫʟʣʽʚ. 

2. ʆʙʨʘʥʦ ʤʦʜʝʣʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʟʥʘʭʦʜʠʪʠ ʧʦʪʦʢʠ 
ijF  ʜʣʷ 

ʫʩʽʭ ʣʽʥʽʡ ( ),i j  ʧʨʠ ʟʘʜʘʥʠʭ ʧʨʦʧʫʩʢʥʠʭ ʟʜʘʪʥʦʩʪʷʭ 
ijC . ʅʘʡʯʘʩʪʽʰʝ ʧʦʪʦʢʠ ʧʦ 

ʣʽʥʽʷʭ ʚʠʟʥʘʯʘʶʪʴʩʷ, ʚʠʭʦʜʷʯʠ ʟ ʤʦʜʝʣʽ ʦʧʪʠʤʘʣʴʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

ʅʘʧʨʠʢʣʘʜ, 
ijF  ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʤʽʥʽʤʽʟʫʶʯʠ ʩʝʨʝʜʥʶ ʟʘʪʨʠʤʢʫ ʧʘʢʝʪʘ 

( ),

1
,

ij

ij ij

i j ij ij

F
D d F

C Fg

å õ
= +æ öæ ö-ç ÷
ä                                     (7.4) 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʘʧʨʦʢʩʠʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ 1M M  (7.2), ʜʝ g ï 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʫʤʘʨʥʦʛʦ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ, ʘ 
ijC  ʡ 

ijd  ï ʚʽʜʧʦʚʽʜʥʦ ʧʨʦʧʫʩʢʥʘ 

ʟʜʘʪʥʽʩʪʴ ʽ ʟʘʪʨʠʤʢʘ ʯʝʨʝʟ ʦʙʨʦʙʢʫ ʡ ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʫ ʥʘ ʣʽʥʽʾ ( ),i j . 

3. ɭ ʦʙʤʝʞʝʥʥʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫ ʟʘʪʨʠʤʢʫ. ɿʘʟʚʠʯʘʡ ʧʦʪʨʽʙʥʦ, ʱʦʙ ʦʙʨʘʥʽ 

ʧʨʦʧʫʩʢʥʽ ʟʜʘʪʥʦʩʪʽ 
ijC   ̔ʧʦʪʦʢʠ 

ijF  (ʦʙʫʤʦʚʣʝʥʽ ʘʣʛʦʨʠʪʤʦʤ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, 

ʟʛʽʜʥʦ ʟ ʧ. 2) ʙʫʣʠ ʪʘʢʠʤʠ, ʱʦʙ ʟʘʪʨʠʤʢʘ, ʷʢʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦ  ʁ(7.4) 

(ʘʙʦ ʟʘ ʙʫʜʴ-ʷʢʦʶ ʽʥʦh  ʁ ʘʥʘʣʦʛʽʯʥʦ  ʁ ʬʦʨʤʫʣʦ )ʁ, ʙʫʣʘ ʤʝʥʰʝ ʜʝʷʢʦʛʦ, 

ʟʘʟʜʘʣʝʛʽʜʴ ʦʙʨʘʥʦʛʦ, ʧʦʨʦʛʘ. 

4. ɯʩʥʫʻ ʚʠʤʦʛʘ ʟʘ ʥʘʜʽʡʥʩ̔ʪʁ. ʅʘʧʨʠʢʣʘʜ, ʯʘʩʪʦ ʧʦʪʨʽʙʥʦ, ʱʦʙ ʤʝʨʝʞʘ 

ʙʫʣʘ ʜʚʦʟʚô̫ ʟʘʥʦʁ, ʪʦʙʪʦ ʱʦʙ ʧʽʩʣʷ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʦʜʥʦʛʦ ʙʫʜʴ-ʷʢʦʛʦ ʚʫʟʣʘ  

ʚʩʽ ʽʥʰʽ ʚʫʟʣʠ ʟʘʣʠʰʘʣʠʩʷ ʟʚô̫ ʟʢʦʚʠʤʠ. ɯ ʚʟʘʛʘʣʽ ʤʦʞʝ ʟʥʘʜʦʙʠʪʠʩʷ, ʱʦʙ  

ʧʽʩʣʷ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ( )1k-  ʚʫʟʣʘ ʚʩʽ ʽʥʰʽ ʚʫʟʣʠ ʟʘʣʠʰʘʣʠʩʷ ʟʚô̫ ʟʢʦʚʠʤʠ, ï  

ʪʘʢʫ ʤʝʨʝʞʫ ʥʘʟʠʚʘʶʪʴ k -ʟʚô̫ ʟʢʦʚʦ .ʁ ɼʘʣʽ ʙʽʣʴʰ ʜʦʢʣʘʜʥʦ ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ 

ʧʠʪʘʥʥʷ, ʧʦʚô̫ ʟʘʥʽ ʟ ʦʮʽʥʢʦʶ ʥʘʜʽʡʥʦʩʪʽ ʤʝʨʝʞʽ. 

5. ɯʩʥʫʻ ʢʨʠʪʝʨʽʡ ʚʘʨʪʦʩʪʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʧʦʨʽʚʥʶʁ ʪʴʩʷ ʨʽʟʥʽ 

ʪʦʧʦʣʦʛʽʾ. ʄʝʪʘ ʧʦʣʷʛʘʻ ʚ ʧʦʰʫʢʫ ʪʦʧʦʣʦʛʽʾ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʣʘ ʙ ʚʠʤʦʛʘʤ  

ʟ ʟʘʪʨʠʤʢʠ ʡ ʥʘʜʽʡʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʧ. 3 ʽ 4, ʽ ʤʘʣʘ ʙ ʷʢʥʘʡʤʝʥʰʫ ʚʘʨʪʽʩʪʴ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧ. 5. ʆʧʠʰʝʤʦ ʽʪʝʨʘʪʠʚʥʠʡ ʝʚʨʠʩʪʠʯʥʠʡ ʤʝʪʦʜ ʨʦʟʚôʷʟʘʥʥʷ ʮʴʦʛʦ 

ʟʘʚʜʘʥʥʷ. ɼʦ ʧʦʯʘʪʢʫ ʯʝʨʛʦʚʦʾ ʽʪʝʨʘʮʽʾ ʚ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʻ ʥʘʡʢʨʘʱʘ ʧʦʪʦʯʥʘ 

ʪʦʧʦʣʦʛʽʷ ʽ ʪʦʧʦʣʦʛʽʷ, ʱʦ ʧʝʨʝʚʽʨʷʻʪʴʩʷ. ʇʝʨʰʘ ʪʦʧʦʣʦʛʽʷ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʘʤ 

ʧʦ ʟʘʪʨʠʤʮʽ ʽ ʥʘʜʽʡʥʦʩʪʽ ʽ ʻ ʥʘʡʢʨʘʱʦʶ ʩʝʨʝʜ ʫʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʜʦʩʽ ʪʦʧʦʣʦʛʽʡ,  

ʘ ʜʨʫʛʘ ʪʦʧʦʣʦʛʽʷ ï ʮʝ ʪʘ, ʷʢʘ ʨʦʟʛʣʷʜʘʪʠʤʝʪʴʩʷ ʚ ʜʘʥʽʡ ʽʪʝʨʘʮʽʾ. ʇʨʠʧʫʩʢʘʻʪʴʩʷ, 

ʱʦ ʩʧʦʯʘʪʢʫ ʮʽ ʪʦʧʦʣʦʛʽʾ ʦʙʠʨʘʣʠʩʷ ʩʧʝʮʽʘʣʴʥʦ, ʥʘʧʨʠʢʣʘʜ, ʢʽʣʴʢʽʩʪʴ ʣʽʥʽʡ  

ʚ ʤʝʨʝʞʽ ʙʨʘʣʘʩʷ ʜʦʩʠʪʴ ʚʝʣʠʢʠʤ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʤʦʛʠ ʧʦ ʟʘʪʨʠʤʮʽ ʽ ʥʘʜʽʡʥʦʩʪʽ 

ʩʚʽʜʦʤʦ ʟʘʜʦʚʦʣʴʥʷʣʠʩʷ.  
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ʂʨʦʢʠ ʽʪʝʨʘʮʽʾ ʽʜʫʪʴ ʫ ʪʘʢʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: 

ʂʨʦʢ 1 (ʦʙʯʠʩʣʝʥʥʷ ʧʦʪʦʢʽʚ). ʆʙʯʠʩʣʠʪʠ ʧʦʪʦʢʠ 
ijF  ʜʣʷ ʪʦʧʦʣʦʛʽʾ, ʱʦ 

ʧʝʨʝʚʽʨʷʪʁʴʩʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʣʷ ʮʴʦʛʦ ʜʝʷʢʠʡ ʘʣʛʦʨʠʪʤ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧ. 2. 

ʂʨʦʢ 2 (ʧʝʨʝʚʽʨʢʘ ʦʙʤʝʞʝʥʥʷ ʟʘ ʟʘʪʨʠʤʢʦ)ʁ. ʆʙʯʠʩʣʠʪʠ ʩʝʨʝʜʥʶ 

ʟʘʪʨʠʤʢʫ ʧʘʢʝʪʘ D  ʟʘ ʥʘʷʚʥʦ  ʁʬʦʨʤʫʣʦ  ʁ(ʥʘʧʨʠʢʣʘʜ, ʧʦ (7.4)) ʜʣʷ ʪʦʧʦʣʦʛʽʾ, 

ʱʦ ʧʝʨʝʚʽʨʷʻʪʴʩʷ. ʗʢʱʦ 

,D T¢  

ʜʝ T  ï ʟʘʜʘʥʠʡ ʧʦʨʽʛ, ʪʦ ʧʝʨʝʡʪʠ ʜʦ ʢʨʦʢʫ 3, ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ 

ʧʝʨʝʡʪʠ ʜʦ ʢʨʦʢʫ 5. 

ʂʨʦʢ 3 (ʧʝʨʝʚʽʨʢʘ ʚʠʤʦʛʠ ʟʘ ʥʘʜʽʡʥʩ̔ʪʁ). ʇʝʨʝʚʽʨʠʪʠ, ʯʠ ʟʘʜʦʚʦʣʴʥʷʻ 

ʪʦʧʦʣʦʛʽʷ, ʱʦ ʧʝʨʝʚʽʨʷʻʪʴʩʷ, ʚʠʤʦʛʠ ʟ ʥʘʜʽʡʥʦʩʪʽ. (ʄʝʪʦʜʠ ʚʠʢʦʥʘʥʥʷ ʮʴʦʛʦ 

ʢʨʦʢʫ ʙʫʜʫʪʴ ʥʝʟʘʙʘʨʦʤ ʦʙʛʦʚʦʨʶʚʘʪʠʩʷ.) ʗʢʱʦ ʮʷ ʚʠʤʦʛʘ ʥʝ ʟʘʜʦʚʦʣʴʥʷʻʪʴʩʷ, 

ʪʦ ʧʝʨʝʡʪʠ ʜʦ ʢʨʦʢʫ 5, ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʡʪʠ ʜʦ ʢʨʦʢʫ 4. 

ʂʨʦʢ 4 (ʧʝʨʝʚʽʨʢʘ ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ). ʗʢʱʦ ʚʘʨʪʽʩʪʴ ʪʦʧʦʣʦʛʽ,ʾ ʱʦ 

ʧʝʨʝʚʽʨʷʻʪʴʩʷ, ʤʝʥʰʝ ʚʘʨʪʦʩʪʽ ʢʨʘʱʦʾ ʧʦʪʦʯʥʦʾ ʪʦʧʦʣʦʛʽʾ, ʪʦ ʟʘʤʽʥʠʪʠ ʢʨʘʱʫ 

ʧʦʪʦʯʥʫ ʪʦʧʦʣʦʛʽʶ ʥʘ ʪʫ, ʱʦ ʧʝʨʝʚʽʨʷʻʪʴʩʷ. 

ʂʨʦʢ 5 (ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʪʦʧʦʣʦʛʽʾ, ʱʦ ʧʝʨʝʚʽʨʷʻʪʩɹʷ). ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʙʫʜʴ-ʷʢʠʡ ʝʚʨʠʩʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ, ʟʤʽʥʠʪʠ ʦʜʥʫ ʘʙʦ ʢʽʣʴʢʘ ʧʨʦʧʫʩʢʥʠʭ 

ʟʜʘʪʥʦʩʪʝʡ ʢʨʘʱʦʾ ʧʦʪʦʯʥʦʾ ʪʦʧʦʣʦʛʽʾ ʪʘʢ, ʱʦʙ ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʠʡʰʣʘ ʪʦʧʦʣʦʛʽ̫ , 

ʱʦ ʧʝʨʝʚʽʨʷʻʪʴʩʷ, ʱʦ ʨʘʥʽʰʝ ʥʝ ʨʦʟʛʣʷʜʘʣʘʩʷ. ʇʝʨʝʡʪʠ ʜʦ ʢʨʦʢʫ 1. 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʪʦʧʦʣʦʛʽʷ, ʷʢʘ ʧʝʨʝʚʽʨʷʻʪʴʩʷ, ʦʙʠʨʘʻʪʴʩʷ ʷʢ ʢʨʘʘɦ ʧʦʪʦʯʥʘ 

ʥʘ ʢʨʦʮʽ 4 ʣʠʰʝ ʪʦʜʽ, ʢʦʣʠ ʚʦʥʘ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʠ ʽʟ ʟʘʪʨʠʤʢʠ ʡ ʥʘʜʽʡʥʦʩʪ̔ ʥʘ 

ʢʨʦʢʘʭ 2 ʽ 3, ʽ ʢʦʣʠ ʚʦʥʘ ʟʤʝʥʰʫʻ ʚʘʨʪʽʩʪʴ (ʢʨʦʢ 4). ɸʣʛʦʨʠʪʤ ʟʫʧʠʥʷʻʪʴʩʷ, ʢʦʣʠ 

ʥʝ ʚʜʘʻʪʴʩʷ ʩʪʚʦʨʠʪʠ ʥʦʚʫ ʪʦʧʦʣʦʛʽʁ , ̫ʢʘ, ʧʝʨʝʚʽʨʷʻʪʴʩʷ, ʘʙʦ ʢʦʣʠ ʧʦʜʘʣʴʰʦʛʦ 

ʽʩʪʦʪʥʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʦʯʽʢʫʚʘʪʠ ʥʝ ʜʦʚʦʜʠʪʴʩʷ. ʇʨʠʨʦʜʥʦ, ʱʦ ʥʝʤʘʻ ʥʽʷʢʦʾ 

ʛʘʨʘʥʪʽʾ ʪʦʛʦ, ʱʦ ʦʩʪʘʪʦʯʥʝ ʨʦʟʚôʷʟʘʥʥʷ ʚʠʷʚʠʪʴʩʷ ʦʧʪʠʤʘʣʴʥʠʤ. ʄʦʞʥʘ 

ʩʧʨʦʙʫʚʘʪʠ ʜʦʤʦʛʪʠʩʷ ʢʨʘʱʦʛʦ ʨʝʟʫʣʴʪʘʪʫ, ʧʦʙʫʜʫʚʘʚʰʠ ʘʣʛʦʨʠʪʤ  

ʟ ʽʥʰʦʶ ʧʦʯʘʪʢʦʚʦʶ ʪʦʧʦʣʦʛʽʻʶ. ɯʥʰʘ ʤʦʞʣʠʚʽʩʪʴ ʧʦʣ̫ʛʘʻ ʫ ʤʦʜʠʬʽʢʘʮʽʾ 

ʢʨʦʢʘ 4 ʪʘʢ, ʱʦʙ ʪʦʧʦʣʦʛʽʷ, ʷʢʘ ʧʝʨʝʚʽʨʷʻʪʴʩʷ, ʽʥʦʜ ̔ʚʠʧʘʜʢʦʚʦ ʦʙʠʨʘʣʘʩʷ ʷʢ 

ʢʨʘʘɦ ʧʦʪʦʯʥʘ ʥʘʚʽʪʴ ʪʦʜʽ, ʢʦʣʠ ʾʾ ʚʘʨʪʽʩʪʴ ʚʠʷʚʣʷʣʘʩʷ ʙʽʣʴʰʦ ,ʁ ʥʽʞ ʟʥʘʡʜʝʥʘ 

ʜʦʪʝʧʝʨ. ʉʭʝʤʠ ʪʘʢʦʛʦ ʪʠʧʫ, ʚʽʜʦʤʽ ʷʢ ʘʣʛʦʨʠʪʤʠ ʚʽʜʧʫʩʢʘʥʥʷ, ʩʪʘʣʠ 

ʧʦʧʫʣʷʨʥʠʤʠ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ. ʄʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʟʘ ʜʦʩʠʪʴ ʰʠʨʦʢʠʭ 

ʧʨʠʧʫʱʝʥ ɹ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʤʦʞʥʘ ʜʦʩʷʛʪʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʣʷ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤ ʚʽʜʧʫʩʢʘʥʥʷ. ʆʜʥʘʢ ʯʘʩ ʦʙʯʠʩʣʝʥʴ ʫ  

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʜʫʞʝ ʚʝʣʠʢʠʤ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʱʝ ʥʝ 

ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʚ ʢʦʥʪʝʢʩʪʽ ʩʪʚʦʨʝʥʥʷ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ. 
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ɯʩʥʫʻ ʨʷʜ ʝʚʨʠʩʪʠʯʥʠʭ ʧʨʘʚʠʣ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʫ ʣʽʪʝʨʘʪʫʨʽ, ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʪʦʧʦʣʦʛʽʡ, ʷʢʽ ʧʝʨʝʚʽʨʷʶʪʴʩʷ (ʢʨʦʢ 5). ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʧʨʘʚʠʣ ʻ 

ʧʨʦʩʪʦ ʟʤʝʥʰʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʽʻʾ ʣʽʥʽʾ, ʱʦ ʟʜʘʻʪʴʩʷ ʥʝʜʦʚʘʥʪʘʞʝʥʦʶ 

(ʤʘʣʽ ʟʥʘʯʝʥʥʷ 
ij ijF C  ʡ 

ji jiF C ), ʘʙʦ ʚʟʘʛʘʣʽ ʫʩʫʥʝʥʥʷ ʮʽʻʾ ʣʽʥʽʾ. ɯʥʰʠʤ 

ʧʨʘʚʠʣʦʤ ʻ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʷʢʦʾʩʴ ʧʝʨʝʚʘʥʪʘʞʝʥʦʾ ʣʽʥʽʾ ʫ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ ʦʙʤʝʞʝʥʥʷ ʥʘ ʟʘʪʨʠʤʢʫ. ʂʦʤʙʽʥʘʮʽʻʶ ʮʠʭ ʧʨʘʚʠʣ 

ʻ ʝʚʨʠʩʪʠʯʥʠʡ ʤʝʪʦʜ ʟʘʤʽʥʠ ʛʘʣʫʟʝʡ, ʚ ʭʦʜʽ ʷʢʦʛʦ ʦʜʥʘ ʣʽʥʽʷ ʚʽʜʜʘʣʷʻʪʴʩʷ ʡ 

ʟʘʤʽʩʪʴ ʥʝʾ ʜʦʜʘʻʪʴʩʷ ʽʥʰʘ ʣʽʥʽʷ. ʂʦʨʠʩʥʠʤ ʧʽʜ ʯʘʩ ʚʠʙʦʨʫ ʣʽʥʽʡ, ʷʢʽ ʩʣʽʜ 

ʚʠʜʘʣʷʪʠ ʡ ʜʦʜʘʚʘʪʠ, ʻ ʪʘʢ ʟʚʘʥʠʡ ʤʝʪʦʜ ʥʘʩʠʯʝʥʦʛʦ ʨʦʟʨʽʟʫ. ɯʜʝʷ ʤʝʪʦʜʫ 

ʧʦʣʷʛʘʻ ʫ ʧʦʰʫʢʫ ʪʘʢʦʾ ʨʦʟʙʠʚʢʠ (ʘʙʦ ʨʦʟʨʽʟʫ) ʚʫʟʣʽʚ ʥʘ ʜʚʽ ʧʽʜʤʥʦʞʠʥʠ 
1N   

ʡ 
2N , ʜʣʷ ʷʢʠʭ ʣʽʥʽʾ, ʱʦ ʟô̒ ʜʥʫʶʪʴ 

1N  ʽ 
2N , ʥʘʡʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʽ. ɿʜʘʻʪʴʩʷ 

ʧʨʠʨʦʜʥʠʤ, ʱʦ ʜʦʜʘʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʣʽʥʽʾ, ʱʦ ʟô̒ ʜʥʫʻ ʚʫʟʦʣ 
1N  ʟ ʚʫʟʣʦʤ 

2N , 

ʜʦʧʦʤʦʞʝ ʧʦʥʠʟʠʪʠ ʨʽʚʝʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʮʴʦʛʦ ʨʦʟʨʽʟʫ.  

ʄʝʪʦʜ ʧʨʘʮʶʻ ʪʘʢ (ʨʠʩ. 7.1): 

ʏʠʩʣʦ ʧʦʨʫʯ ʽʟ ʢʦʞʥʦʶ ʣʽʥʽʻʶ ʦʟʥʘʯʘʻ ʩʪʫʧʽʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʦʾ ʣʽʥʽʾ. 

ʆʜʥʘ ʟʘ ʦʜʥʦʶ ʥʘʡʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʽ ʣʽʥʽʾ ʪʠʤʯʘʩʦʚʦ ʚʽʜʜʘʣʷʶʪʴʩʷ ʜʦʪʠ,  

ʜʦʢʠ ʤʝʨʝʞʘ ʥʝ ʨʦʟʧʘʜʝʪʴʩʷ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ 
1N  ʽ 

2N . ʇʦʪʽʤ ʜʦʜʘʻʪʴʩʷ ʣʽʥʽʷ,  

ʱʦ ʟôʻʜʥʫʻ ʙʫʜʴ-ʷʢʠʡ ʚʫʟʦʣ ʟ 
1N  ʽʟ ʙʫʜʴ-ʷʢʠʤ ʚʫʟʣʦʤ ʟ 

2N , ʙʫʜʴ-ʷʢʘ ʩʣʘʙʢʦ 

ʥʘʚʘʥʪʘʞʝʥʘ ʣʽʥʽʷ ʚʽʜʜʘʣʷʻʪʴʩʷ. 
 

 
 

ʈʠʩʫʥʦʢ 7.1 ï ɯʣʶʩʪʨʘʮʽʷ ʤʝʪʦʜʫ ʥʘʩʠʯʝʥʦʛʦ ʨʦʟʨ̔ʟʫ,  

ʷʢʠʡ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʭʦʜʽ ʝʚʨʠʩʪʠʯʥʦ ʾʟʘʤʽʥʠ ʛʘʣʫʟʝʡ 
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1. ʇʽʜʛʦʪʫʚʘʪʠ ʩʧʠʩʦʢ ʫʩʽʭ ʥʝʥʘʧʨʘʚʣʝʥʠʭ ʣʽʥʽʡ ( ),i j , ʨʦʟʩʦʨʪʦʚʘʥʠʭ ʫ 

ʧʦʨʷʜʢʫ ʟʤʝʥʰʝʥʥʷ ʩʪʫʧʝʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʢʽʣʴʢʽʩʥʦ ʚʠʨʘʞʘʪ̒ʴʩʷ ʷʢ 

{ }max ,ij ij ji jiF C F C . 

2. ɿʥʘʡʪʠ ʣʽʥʽʶ k, ʪʘʢʫ, ʱʦ: ʘ) ʢʦʣʠ ʚʠʜʘʣʠʪʠ ʚʩʽ ʣʽʥʽʾ, ʨʦʟʪʘʰʦʚʘʥʽ ʫ 

ʩʧʠʩʢʫ ʚʠʱʝ ʟʘ k, ʪʦ ʤʝʨʝʞʘ ʟʘʣʠʰʠʪʴʩʷ ʟʚôʷʟʥʦʚʦʶ ʽ ʙ) ʟ ʚʠʜʘʣʝʥʥʷʤ k  ʨʘʟʦʤ 

ʟ ʫʩʽʤʘ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʚʠʱʝ ʟʘ ʥʝʾ ʣʽʥʽʷʤʠ ʫ ʩʧʠʩʢʫ, ʤʝʨʝʞʘ ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ 

ʜʚʽ ʥʝʟʚôʷʟʥʽ ʯʘʩʪʠʥʠ 
1N  ʽ 

2N . 

3. ɺʠʜʘʣʠʪʠ ʟ ʤʝʨʝʞʽ ʥʘʡʤʝʥʰ ʥʘʚʘʥʪʘʞʝʥʫ ʣʽʥʽʶ ʡ ʟʘʤʽʩʪʴ ʥʝʾ ʜʦʜʘʪʠ 

ʥʦʚʫ ʣʽʥʽʶ, ʱʦ ʟôʻʜʥʫʻ ʚʫʟʦʣ ʽʟ 
1N  ʽʟ ʚʫʟʣʦʤ ʟ 

2N . 

 

7.3 ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

 

1. ʅʘʚʝʜʽʪʴ ʬʫʥʢʮʽʦʥʘʣʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʫ ʣʽʥʽʷʭ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʝʨʝʜʥʴʦʛʦ ʪʨʘʬʽʢʘ, ʱʦ ʧʨʦʭʦʜʠʪʠ ʧʦ ʣʽʥʽʾ.  

2. ʋ ʯʦʤʫ ʩʫʪʥʽʩʪʴ ʝʚʨʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʚʠʙʦʨʫ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʣʽʥʽʡ ʤʝʨʝʞʽ ʟʚô̫ ʟʢʫ? 

3. ʇʦʷʩʥʪ̔ɹ ʩʫʪʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʥʘʩʠʯʝʥʦʛʦ ʨʦʟʨʽʟʫ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ. 
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ʃʝʢʮʽʷ 8 

ʄɽʊʆɼʀ ʆʇʊʀʄɸʃʔʅʆɰ ʄɸʈʐʈʋʊʀɿɸʎɯɰ 

 

 

8.1 ɿʘʜʘʯʘ ʥʘʜʽʡʥʦʩʪʽ ʤʝʨʝʞʽ ʟʚô̫ ʟʢʫ, k -ʟʚô̫ ʟʘʥʽ ʤʝʨʝʞʽ. ɸʣʛʦʨʠʪʤ 

ʂʣʝʡʪʤʘʥʘ 

 

ʅʘʡʧʦʰʠʨʝʥʽʰʦʶ ʚʠʤʦʛʦʶ ʟ ʥʘʜʽʡʥʦʩʪʽ ʤʝʨʝʞʽ ʻ ʪʘʢʘ, ʱʦʙ ʚʦʥʘ  

ʙʫʣʘ k -ʟʚô̫ ʟʘʥʦʁ. ɺʠʟʥʘʯʠʤʦ ʪʝʧʝʨ k -ʟʚôʷʟʘʥʽʩʪʴ ʬʦʨʤʘʣʴʥʦ. 

ʅʘʟʠʚʘʪʠʤʝʤʦ ʜʚʘ ʚʫʟʣʠ i  ʪʘ j  ʫ ʥʝʦʨʽʻʥʪʦʚʘʥʦʤʫ ʛʨʘʬʽ k -ʟʚô̫ ʟʥʠʤʠ, 

ʷʢʱʦ ʻ ʰʣʷʭ, ʷʢʠʡ ʟô̒ ʜʥʫʻ i  ʪʘ j  ʫ ʢʦʞʥʦʤʫ ʧʜ̔ʛʨʘʬ,̔ ʦʪʨʠʤʘʥʦʤʫ ʚʠʜʘʣʝʥʥʷʤ 

ʽʟ ʛʨʘʬʘ ( )1k-  ʚʫʟʣʽʚ, ʚʽʜʤʽʥʥʠʭ ʚʽʜ i  ʪʘ j, ʨʘʟʦʤ ʟ ʾʭʥʽʤʠ ʩʫʤʽʞʥʠʤʠ ʜʫʛʘʤʠ. 

ʃʝʛʢʦ ʧʦʤʽʪʠʪʠ, ʱʦ ʮʝ ʝʢʚʽʚʘʣʝʥʪʥʦ ʚʠʤʦʟʽ, ʱʦʙ i  ʪʘ j  ʙʫʣʠ ʟô̒ ʜʥʘʥʽ ʜʫʛʦʶ, 

ʘʙʦ ʽʩʥʫʚʘʣʦ ʥʝ ʤʝʥʰʝ k  ʟô̒ ʜʥʫʶʯʠʭ i  ʪʘ j  ʥʝʧʝʨʝʩʽʯʥʠʭ ʫ ʚʫʟʣʘʭ ʰʣʷʭʽʚ, 

ʪʦʙʪʦ ʪʘʢʠʭ, ʱʦ ʙʫʜʴ-ʷʢʽ ʜʚʘ ʽʟ ʮʠʭ ʰʣʷʭʽʚ ʥʝ ʤʘʣʠ ʟʘʛʘʣʴʥʠʭ ʚʫʟʣʽʚ, ʢʨʽʤ i  ʪʘ j . 

ʅʘʟʠʚʘʪʠʤʝʤʦ ʛʨʘʬ k -ʟʚô̫ ʟʥʠʤ, ʷʢʱʦ ʢʦʞʥʘ ʧʘʨʘ ʚʫʟʣʽʚ ʫ ʛʨʘʬʽ ʻ k -ʟʚô̫ ʟʥʦ.ʁ 

ʎʽ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʽʣʶʩʪʨʦʚʘʥʽ ʥʘ ʨʠʩ. 8.1.  
 

 
(ʘ)                                                                (ʙ) 

 

ʈʠʩʫʥʦʢ 8.1 ï ɯʣʶʩʪʨʘʮʽʷ ʚʠʟʥʘʯʝʥʥʷ k -ʟʚôʷʟʥʦʩʪʽ.  

ʋ ʛʨʘʬʽ (ʘ) ʚʫʟʣʠ 1 ʽ 2 ʻ 6-ʟʚôʷʟʥʠʤʠ, ʚʫʟʣʠ 2 ʽ 3 ï ʜʚʦʟʚôʷʟʥʽ,  

ʘ ʚʫʟʣʠ 1 ʽ 3 ï ʦʜʥʦʟʚôʷʟʥʽ. ɻʨʘʬ (ʘ) ʻ ʦʜʥʦʟʚôʷʟʥʠʤ, ʘ ʛʨʘʬ (ʙ) ï ʜʚʦʟʚôʷʟʥʠʤ 

 

ʉʪʘʥʦʚʠʪʴ ʽʥʪʝʨʝʩ ʪʘʢʦʞ ʧʦʥʷʪʪʷ ʜʫʛʦʚʦʾ ʟʚô̫ ʟʥʦʩʪ,̔ ʦʙʫʤʦʚʣʝʥʝ ʷʢ 

ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʜʫʛ, ʷʢʽ ʪʨʝʙʘ ʚʠʜʘʣʠʪʠ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʛʨʘʬ ʚʠʷʚʠʚʩʷ 

ʥʝʟʚô̫ ʟʥʠʤ. ʅʠʞʥʷ ʛʨʘʥʠʮʷ k  ʜʣʷ ʜʫʛʦʚʦʾ ʟʚôʷʟʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʘ 

ʰʣʷʭʦʤ ʧʝʨʝʚʽʨʢʠ k -(ʚʫʟʣʦʚʦ)ʾ ʟʚôʷʟʥʦʩʪʽ ʜʣʷ ʨʦʟʰʠʨʝʥʦʛʦ ʛʨʘʬʘ, ʫ ʷʢʦʤʫ 

ʢʦʞʥʘ ʜʫʛʘ ( ),i j  ʟʘʤʽʥʝʥʘ ʥʘ ʜʚʽ ʜʫʛʠ ( ),i n  ʡ ( ),n j , ʜʝ n  ï ʥʦʚʠʡ ʚʫʟʦʣ.  

ʎʝ ʩʪʘʻ ʦʯʝʚʠʜʥʠʤ, ʷʢʱʦ ʧʦʤʽʪʠʪʠ, ʱʦ ʚʠʭʽʜ ʟ ʣʘʜʫ ʚʫʟʣʘ n  ʫ ʨʦʟʰʠʨʝʥʦʤʫ 

ʛʨʘʬʽ ʚʽʜʧʦʚʽʜʘʻ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʜʫʛʠ ( ),i j  ʫ ʧʦʯʘʪʢʦʚʦʤʫ ʛʨʘʬʽ. 
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ʄʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʫ ʚʫʟʣʘʭ ʢʽʣʴʢʽʩʪʴ ʰʣʷʭʽʚ, ʱʦ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ, ʷʢʽ 

ʟô̒ ʜʥʫʶʪʴ ʜʚʘ ʚʫʟʣʠ, ʰʣʷʭʦʤ ʨʦʟʚôʷʟʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʾʟʘʜʘʯʽ ʧʨʦ ʤʘʢʩʠʤʘʣʴʥʠʡ 

ʧʦʪʽʢ. ʎʝ ʢʣʘʩʠʯʥʘ ʢʦʤʙʽʥʘʪʦʨʥʘ ʟʘʜʘʯʘ ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʘ ʚ ʙʘʛʘʪʴʦʭ 

ʨʦʙʦʪʘʭ. ʊʫʪ ʚʦʥʘ ʥʝ ʦʙʛʦʚʦʨʶʚʘʪʠʤʝʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʮʷ ʪʝʤʘ ʜʝʱʦ ʚʠʭʦʜʠʪʴ ʟʘ 

ʤʝʞʽ ʜʘʥʦ ʾʣʝʢʮʾ. ʍʪʦ ʚʞʝ ʟʥʘʡʦʤʠʡ ʟ ʮʽʻʶ ʟʘʜʘʯʝʶ, ʤʦʞʝ ʧʦʙʘʯʠʪʠ ʥʘ ʨʠʩ. 8.2 

ʾʾ ʟʚô̫ ʟʦʢ ʽʟ ʟʘʚʜʘʥʥʷʤ k -ʟʚôʷʟʥʦʩʪʽ ʜʚʦʭ ʚʫʟʣʽʚ.  

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʥʘʡʪʠ ʢʽʣʴʢʽʩʪʴ ʰʣʷʭʽʚ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʟʘʛʘʣʴʥʠʭ ʚʫʟʣʽʚ,  

ʚʽʜ ʚʫʟʣʘ A ʜʦ ʚʫʟʣʘ F  ʫ ʛʨʘʬʽ (ʘ) ʧʦʪʨʽʙʥʦ:  

1) ɿʘʤʽʥʠʪʠ ʢʦʞʝʥ ʚʫʟʦʣ i  ʜʚʦʤʘ ʚʫʟʣʘʤʠ i  ʪʘ i¡ ʡ ʦʨʽʻʥʪʦʚʘʥʦʶ  

ʜʫʛʦʶ ( ),i i¡. 

2) ɿʘʤʽʥʠʪʠ ʢʦʞʥʫ ʜʫʛʫ ( ),i j  ʛʨʘʬʘ (ʘ) ʜʚʦʤʘ ʦʨʽʻʥʪʦʚʘʥʠʤʠ ʜʫʛʘʤʠ ( ),i j¡  

ʪʘ ( ),j i¡ . 3) ɺʠʣʫʯʠʪʠ ʚʩʽ ʜʫʛʠ, ʱʦ ʧʨʠʭʦʜʷʪʴ ʜʦ A ʽ ʚʽʜʭʦʜʷʪʴ ʚʽʜ F¡, ʚʥʘʩʣʽʜʦʢ 

ʯʦʛʦ ʦʪʨʠʤʘʻʤʦ ʛʨʘʬ (ʙ). 4) ʇʨʠʧʠʩʘʪʠ ʥʝʩʢʽʥʯʝʥʥʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ  

ʜʫʛʘʤ ( ),A A¡ ʽ ( ),F F¡ ʡ ʦʜʠʥʠʯʥʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʚʩʽʤ ʽʥʰʠʤ ʜʫʛʘʤ.  

ʊʦʜʽ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʦʪʽʢ, ʷʢʠʡ ʤʦʞʥʘ ʥʘʧʨʘʚʠʪʠ ʚʽʜ ʚʫʟʣʘ A ʜʦ ʚʫʟʣʘ F   

ʚ ʛʨʘʬʽ (ʙ), ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʰʣʷʭʽʚ, ʱʦ ʥʝ ʤʘʶʪʴ ʟʘʛʘʣʴʥʠʭ ʚʫʟʣʽʚ,  

ʷʢʽ ʟôʻʜʥʫʶʪʴ ʚʫʟʣʠ A ʪʘ F  ʫ ʛʨʘʬʽ (ʘ) 

 
(ʘ)                                                                           (ʙ) 

 

ʈʠʩʫʥʦʢ 8.2 ï ɯʣʶʩʪʨʘʮʽʷ ʪʝʩʪʫ k -ʟʚôʷʟʥʦʩʪʽ ʜʣʷ ʪʠʭ,  

ʭʪʦ ʟʥʘʡʦʤʠʡ ʽʟ ʟʘʚʜʘʥʥʷʤ ʧʨʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʦʪʽʢ 

 

ʆʜʥʠʤ ʟʽ ʩʧʦʩʦʙʽʚ ʧʝʨʝʚʽʨʢʠ k -ʟʚôʷʟʥʦʩʪʽ ʛʨʘʬʘ ʻ ʧʝʨʝʚʽʨʢʘ k -ʟʚôʷʟʥʦʩʪʽ 

ʢʦʞʥʦʾ ʧʘʨʠ ʚʫʟʣʽʚ. ɸʣʝ ̔ʩʥʫʶʪʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʤʝʪʦʜʠ. ɿʦʢʨʝʤʘ, ʤʝʪʦʜ 

ʂʣʝʡʪʤʘʥʘ, ʱʦ ʧʦʣʷʛʘʻ ʚ ʪʘʢʦʤʫ. 

ʆʙʠʨʘʻʪʴʩʷ ʜʦʚʽʣʴʥʠʡ ʚʫʟʦʣ 
0n  ʽ ʧʝʨʝʚʽʨʷʻʪʴʩʷ k -ʟʚô̫ ʟʥ̔ʩʪʴ ʮʴʦʛʦ ʚʫʟʣʘ ʟ 

ʢʦʞʥʠʤ ʽʥʰʠʤ ʚʫʟʣʦʤ. ʇʦʪʽʤ ʽʟ ʛʨʘʬʘ ʚʠʜʘʣʷʻʪʴʩʷ ʚʫʟʦʣ 
0n  ʨʘʟʦʤ ʟ ʫʩʽʤʘ 

ʩʫʤʽʞʥʠʤʠ ʜʫʛʘʤʠ, ʦʙʠʨʘʻʪʴʩʷ ʙʫʜʴ-ʷʢʠʡ ʽʥʰʠʡ ʚʫʟʦʣ 
1n  ʽ ʧʝʨʝʚʽʨʷʻʪʴʩʷ  

( )1k- -ʟʚôʷʟʥʽʩʪʴ ʮʴʦʛʦ ʚʫʟʣʘ ʟ ʢʦʞʥʠʤ ʽʥʰʠʤ ʚʫʟʣʦʤ. ʊʘʢ ʪʨʠʚʘʻ ʘʙʦ ʜʦ ʪʦʛʦ 
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ʤʦʤʝʥʪʫ, ʷʢ ʙʫʜʝ ʧʝʨʝʚʽʨʝʥʦ, ʱʦ ʚʫʟʦʣ 
1kn -
 ʦʜʥʦʟʚô̫ ʟʘʥʠʡ ʟ ʢʦʞʥʠʤ ʟ ʚʫʟʣʽʚ, ʱʦ 

ʟʘʣʠʰʠʣʠʩʷ, ʘʙʦ ʚʠʷʚʠʪʴʩʷ, ʱʦ ʜʝʷʢʠʡ 
in  ʚʫʟʦʣ 0,1, , 1i k= -, ʥʝ  ̒ 

( )k i- -ʟʚô̫ ʟʥʠʤ ʟ ʦʜʥʠʤ ʟ ʚʫʟʣʽʚ, ʱʦ ʟʘʣʠʰʠʣʠʩʷ. ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ 

ʦʯʝʚʠʜʥʦ, ʱʦ ʛʨʘʬ ʥʝ ʻ k -ʟʚô̫ ʟʥʠʤ, ʦʩʢʽʣʴʢʠ, ʷʢʱʦ ʚʫʟʦʣ 
in  ʥʝ ʻ ( )k i- -

ʟʚô̫ ʟʥʠʤ ʟ ʜʝʷʢʠʤ ʽʥʰʠʤ ʟ ʚʫʟʣʽʚ, ʱʦ ʟʘʣʠʰʠʣʠʩʷ, ʪʦ, ʤʦʞʥʘ ʟʥʘʡʪʠ ( )1k i- -  

ʚʫʟʣʽʚ, ʪʘʢʠʭ, ʱʦ ʾʭʥʻ ʚʠʣʫʯʝʥʥʷ ʨʘʟʦʤ ʟ ʚʠʜʘʣʝʥʥʷʤ 
0 1, , in n-  ʚʫʟʣʽʚ ʨʦʙʠʪʴ 

ʛʨʘʬ ʥʝʟʚô̫ ʟʥʠʤ. ʎʝʡ ʧʨʦʮʝʩ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 8.3: 

ʆʙʠʨʘʻʪʴʩʷ ʜʦʚʽʣʴʥʠʡ ʚʫʟʦʣ 
0n  ʽ ʧʝʨʝʚʽʨʷʻʪʴʩʷ 3-ʟʚôʷʟʥʽʩʪʴ ʤʽʞ 

0n  ʽ 

ʢʦʞʥʠʤ ʽʥʰʠʤ ʚʫʟʣʦʤ. ʇʦʪʽʤ ʚʠʜʘʣʷʻʪʴʩʷ ʚʫʟʦʣ 
0n  ʽ ʩʫʤʽʞʥʽ ʟ ʥʠʤ ʜʫʛʠ, ʫ 

ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʠʭʦʜʠʪʴ ʛʨʘʬ (ʙ). ɺ (ʙ) ʦʙʠʨʘʻʪʴʩʷ ʜʦʚʽʣʴʥʠʡ ʚʫʟʦʣ 
1n  ʽ 

ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʜʚʦʟʚôʷʟʥʽʩʪʴ ʤʽʞ 
1n  ʽ ʢʦʞʥʠʤ ʽʥʰʠʤ ʚʫʟʣʦʤ ʫ (ʙ). ʇʦʪʽʤ 

ʚʠʜʘʣʷʻʪʴʩʷ ʚʫʟʦʣ 
1n  ʽ ʩʫʤʽʞʥʽ ʟ ʥʠʤ ʜʫʛʠ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʠʭʦʜʠʪʴ  

ʛʨʘʬ (ʚ). ʆʩʢʽʣʴʢʠ ʛʨʘʬ (ʚ) ʟʚôʷʟʥʠʡ, ʪʦ ʟʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʧʦʯʘʪʢʦʚʠʡ  

ʛʨʘʬ (ʘ) ʻ ʪʨʠʟʚôʷʟʥʠʤ. 
 

 
(ʘ)                                             (ʙ)                                         (ʚ) 

 

ʈʠʩʫʥʦʢ 8.3 ï ʇʝʨʝʚʽʨʢʘ 3-ʟʚô̫ ʟʥʦʩʪ ̔ʛʨʘʬʘ (ʘ) ʘʣʛʦʨʠʪʤʦʤ ʂʣʝʡʪʤʘʥʘ 

 

ʉʫʤʘʨʥʘ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʚʽʨʦʢ ʧʘʨ ʚʫʟʣʽʚ ʥʘ ʟʚôʷʟʥʽʩʪʴ ʚ ʘʣʛʦʨʠʪʤʽ 

ʂʣʝʡʪʤʘʥʘ ʜʦʨʽʚʥʶʻ ( ) ( )
1

1 1 2
k

i
N kN k k

-
- = - +ä , ʜʝ N  ï ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ. 

ɯʩʥʫʻ ʽʥʰʠʡ ʘʣʛʦʨʠʪʤ, ʨʦʟʨʦʙʣʝʥʠʡ ɯʚʝʥʦʤ, ʱʦ ʧʦʪʨʝʙʫʻ ʙʣʠʟʴʢʦ N  ʧʝʨʝʚʽʨʦʢ 

ʥʘ ʟʚôʷʟʥʽʩʪʴ. 

 

8.2 ʇʦʙʫʜʦʚʘ ʪʦʧʦʣʦʛʽʾ ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ. ɸʣʛʦʨʠʪʤ ɽʩʩʘʫïɺʽʣʴʷʤʩʘ 

 

ɼʣʷ ʜʝʷʢʠʭ ʤʝʨʝʞ, ʜʣʷ ʷʢʠʭ ʧʠʪʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʤʝʥʰ ʽʩʪʦʪʥʽ, ʤʦʞʝ 

ʮʽʣʢʦʤ ʧʽʜʽʡʪʠ ʪʦʧʦʣʦʛʽʷ ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʾ ʪʦʧʦʣʦʛʽʾ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʽʜʝʻʶ ʟʦʩʝʨʝʜʞʝʥʥʷ ʚʩʽʻʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʣʠʰʝ ʥʘ 

ʥʝʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʣʽʥʽʡ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʩʝʨʝʜʥʶ ʟʘʪʨʠʤʢʫ. 
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ʄʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʪʦʧʦʣʦʛʽʶ ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ, ʧʨʠʧʠʩʘʚʰʠ ʚʘʛʠ 
ijw  

ʢʦʞʥ̔ʡ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʣʠʚʽʡ ʣʽʥʽʾ ( ),i j  ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʣʛʦʨʠʪʤ ʧʦʙʫʜʦʚʠ 

ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ ʤʽʥʽʤʘʣʴʥʦʾ ʚʘʛʠ (ʄʆɼ). ɼʝʷʢʽ ʩʢʣʘʜʥʦʱ̔ ʤʦʞʫʪʴ ʟôʷʚʠʪʠʩʷ, 

ʷʢʱʦ ʽʩʥʫʻ ʦʙʤʝʞʝʥʥʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʨʘʬʢ̔, ʧʨʠʧʫʩʪʠʤʠʡ ʜʣʷ ʧʝʨʝʜʘʯʽ ʧʦ 

ʦʜʥʽʡ ʣʽʥʽʾ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʥʠʢʘʻ ʟʘʜʘʯʘ ʧʦʙʫʜʦʚʠ ʄʆɼ ʟ ʦʙʤʝʞʝʥʥʷʤ, ʫ 

ʷʢʽʡ ʻ ʤʘʪʨʠʮʷ ʚʭʽʜʥʦʛʦ ʪʨʘʬʢ̔ʘ ʚʽʜ ʢʦʞʥʦʛʦ ʚʫʟʣʘ ʜʦ ʢʦʞʥʦʛʦ ʽʥʰʦʛʦ ʚʫʟʣʘ ʡ 

ʧʦʪʨʽʙʥʦ ʧʦʙʫʜʫʚʘʪʠ ʄʆɼ, ʫ ʷʢʦʤʫ ʧʦʪʽʢ ʧʦ ʢʦʞʥʽʡ ʣʽʥʽʾ ʥʝ ʧʝʨʝʚʠʱʫʻ  

ʜʝ̫ʢʫ, ʟʘʟʜʘʣʝʛʽʜʴ ʫʩʪʘʥʦʚʣʝʥʫ ʤʝʞʘ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʦʙʤʝʞʝʥʥʷ ʟʘʜʘʯʘ 

ʥʘʙʫʚʘʻ ʢʦʤʙʽʥʘʪʦʨʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʽ ʜʣʷ ʾʾ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʝʚʨʠʩʪʠʯʥʽ ʤʝʪʦʜʠ. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʦʢʨʝʤʦʛʦ ʚʠʧʘʜʢʫ ʟʘʜʘʯʽ ʧʦʙʫʜʦʚʠ ʄʆɼ ʟ ʦʙʤʝʞʝʥʥʷʤ 

ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʘʣʛʦʨʠʪʤ ɽʩʩʘʫïɺ̔ʣʴʷʤʩʘ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʻ 

ʮʝʥʪʨʘʣʴʥʠʡ ʚʫʟʦʣ 0 ʽ N  ʽʥʰʠʭ ʚʫʟʣʽʚ. ɺʝʩʴ ʪʨʘʬʢ̔ ʤʘʻ ʧʨʦʭʦʜʠʪʠ ʯʝʨʝʟ 

ʮʝʥʪʨʘʣʴʥʠʡ ʚʫʟʦʣ, ʽ ʪʦʤʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʚʝʩʴ ʚʭʽʜʥʠʡ ʪʨʘʬʢ̔ ʥʘʜʭʦʜʠʪʴ 

ʚʽʜ ʥʝʮʝʥʪʨʘʣʴʥʠʭ ʚʫʟʣʽʚ ʜʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʡ ʥʘʚʧʘʢʠ. ʎʝ ʟʘʚʜʘʥʥʷ ʚʠʥʠʢʘʻ 

ʪʘʢʦʞ ʫ ʢʦʥʪʝʢʩʪʽ ʟʘʜʘʯʽ ʧʦʙʫʜʦʚʠ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ ʜʦʩʪʫʧʫ; ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʨʦʣʴ ʮʝʥʪʨʘʣʴʥʦʛʦ ʚʫʟʣʘ ʚʽʜʽʛʨʘ̒ ʢʦʥʮʝʥʪʨʘʪʦʨ ʪʨʘʬʢ̔ʘ. 

ɸʣʛʦʨʠʪʤ ɽʩʩʘʫïɺʽʣʴʷʤʩʘ ʻ, ʧʦ ʩʫʪʽ, ʤʝʪʦʜʦʤ ʝʚʨʠʩʪʠʯʥʦʛʦ ʦʙʤʽʥʫ 

ʛʘʣʫʟʝʡ. ɺʽʥ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ, ʫ ʷʢʦʤʫ ʮʝʥʪʨʘʣʴʥʠʡ ʚʫʟʦʣ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚô̫ ʟʘʥʠʡ ʟ ʢʦʞʥʠʤ ʟ N  ʽʥʰʠʭ ʚʫʟʣʽʚ (ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ 

ʪʘʢʠʡ ʨʦʟʚôʷʟʦʢ ʻ ʧʨʠʧʫʩʪʠʤʠʤ). ʋ ʭʦʜʽ ʢʦʞʥʦ ʾʯʝʨʛʦʚʦ ʾʽʪʝʨʘʮʽ̔ ʾ ʟ ʥʘʷʚʥʦʛʦ 

ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ ʚʠʜʘʣʷʻʪʴʩʷ ʣʽʥʽʷ ( ),0i , ʱʦ ʟô̒ ʜʥʫʻ ʜʝʷʢʠʡ ʚʫʟʦʣ i  ʟ 

ʮʝʥʪʨʘʣʴʥʠʤ ʚʫʟʣʦʤ 0, ʘ ʟʘʤʽʩʪʴ ʥʝʾ ʜʦʜʘʻʪʴʩʷ ʜʝʷʢʘ ʣʽʥʽʷ ( ),i j . ʎʽ ʣʽʥʽʾ 

ʦʙʠʨʘʶʪʴʩʷ ʪʘʢ, ʱʦʙ: 

1) ʥʝ ʫʪʚʦʨʠʚʩʷ ʮʠʢʣ; 

2) ʙʫʣʦ ʟʘʜʦʚʦʣʝʥʝ ʦʙʤʝʞʝʥʥʷ ʥʘ ʧʨʦʧʫʩʢʥʽ ʟʜʘʪʥʦʩʪʽ ʜʣʷ ʚʩʽʭ ʣʽʥʽʡ 

ʥʦʚʦʛʦ ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ; 

3) ʝʢʦʥʦʤʽʷ 
0i ijw w-  ʫ ʚʘʟʽ ʣʽʥʽʾ, ʱʦ ʚʠʭʦʜʠʪʴ ʧʨʠ ʟʘʤʽʥʽ ( ),0i  ʥʘ ( ),i j , 

ʙʫʣʘ ʙ ʧʦʟʠʪʠʚʥʦ ʁ ʡ ʤʘʢʩʠʤʘʣʴʥʦ ʁ ʩʝʨʝʜ ʫʩʽʭ ʚʫʟʣʽʚ i  ʪʘ j, ʱʦ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʠ 1 ʽ 2. 

ɸʣʛʦʨʠʪʤ ʟʫʧʠʥʷʻʪʴʩʷ, ʢʦʣʠ ʥʝ ʚʜʘʻʪʴʩʷ ʟʥʘʡʪʠ ʪʘʢʽ ʚʫʟʣʠ i  ʪʘ j, ʷʢʽ ʙ 

ʟʘʜʦʚʦʣʴʥʷʣʠ ʚʠʤʦʛʘʠ 1ï3 ʧʨʠ ʟʘʤʽʥʽ ( ),0i  ʥʘ ( ),i j . ʈʦʙʦʪʘ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʧʨʦʽʣʶʩʪʨʦʚʘʥʘ ʥʘ ʨʠʩ. 8.4. 

ʋʤʦʚʘ ʟʘʜʘʯʽ ʧʦʜʘʥʘ ʚ (ʘ). ɺʫʟʦʣ 0 ʻ ʮʝʥʪʨʘʣʴʥʠʤ ʚʫʟʣʦʤ. ɺʘʛʠ ʣʽʥʽʡ 

ʟʘʟʥʘʯʝʥʽ ʧʦʨʫʯ ʟ ʣʽʥʽʷʤʠ. ɺʭʽʜʥʽ ʧʦʪʦʢʠ ʚʽʜ ʚʫʟʣʽʚ 1, 2, 3 ʽ 4 ʜʦ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʚʫʟʣʘ ʟʘʟʥʘʯʝʥʽ ʧʦʨʫʯ ʟʽ ʩʪʨʽʣʢʘʤʠ. ʆʙʤʝʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦʙ ʧʦʪʽʢ  
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ʧʦ ʢʦʞʥʽʡ ʣʽʥʽʾ ʙʫʚ ʥʝ ʙʽʣʴʰʝ 8. ɸʣʛʦʨʠʪʤ ʟʘʢʽʥʯʫʻʪʴʩʷ ʧʽʩʣʷ ʜʚʦʭ ʽʪʝʨʘʮʽʡ,  

ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʻʤʦ ʜʝʨʝʚʦ (ʜ), ʱʦ ʤʘʻ ʩʫʤʘʨʥʫ ʚʘʛʫ 13. ɿʘʢʽʥʯʝʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ, ʢʦʣʠ ʣʽʥʽʷ ( )1,0  ʘʙʦ ( )4,0  ʚʠʜʘʣʷʻʪʴʩʷ ʡ 

ʜʦʜʘʻʪʴʩʷ ʙʫʜʴ-ʷʢʘ ʣʽʥʽʷ, ʥʝ ʩʫʤʽʞʥʘ ʟ ʚʫʟʣʦʤ 0, ʧʦʨʫʰʫʻʪʴʩʷ ʦʙʤʝʞʝʥʥʷ ʥʘ 

ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʙʫʜʴ-ʷʢʦʾ ʣʽʥʽʾ (ʧʦʪʽʢ ʧʦ ʣʽʥʽʾ 8¢ ). ʆʧʪʠʤʘʣʴʥʝ ʜʝʨʝʚʦ, 

ʧʦʢʘʟʘʥʝ ʚ (ʙ), ʤʘʻ ʩʫʤʘʨʥʫ ʚʘʛʫ 12. 
 

 
 

ʈʠʩʫʥʦʢ 8.4 ï ɯʣʶʩʪʨʘʮʽʷ ʝʚʨʠʩʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ɽʩʩʘʫïɺʽʣʴʷʤʩʘ 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʄʆɼ ʟ ʦʙʤʝʞʝʥʥʷʤ 

 

8.3 ɿʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

 

ɿʛʘʜʘʻʤʦ ʚʠʜ ʚʘʨʪʽʩʥʦʾ ʬʫʥʢʮʽʾ 

( )
( ),

ij ij

i j

D Fä  .                                              (8.1) 

ʊʫʪ 
ijF  ï ʩʫʤʘʨʥʠʡ ʧʦʪʽʢ (ʚ ʦʜʠʥʠʮʷʭ ʜʘʥʠʭ ʫ ʩʝʢʫʥʜʫ), ʱʦ ʧʨʦʭʦʜʠʪʴ  

ʧʦ ʣʽʥʽʾ ( ),i j : 

( )
,

,

ij p

ʟʘʚʩʽʤʘʰʣʷʭʘʤʠ p
ʱʦʤʽʩʪʷʪʴ i j

F x= ä  ,                                    (8.2) 

ʜʝ 
px  ï ʧʦʪʽʢ (ʚ ʦʜʠʥʠʮʷʭ ʜʘʥʠʭ ʫ ʩʝʢʫʥʜʫ), ʱʦ ʧʨʦʭʦʜʠʪʴ ʧʦ ʰʣʷʭʫ p .  
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ɼʣʷ ʢʦʞʥʦʾ OA-ʧʘʨʠ w ʽʩʥʫʶʪʴ ʦʙʤʝʞʝʥʥʷ 

w

p w

p P

x r
Í

=ä  ,                                         (8.3) 

0px ²     ʜʣʷ ʚʩʽʭ   
wp PÍ ,                                  (8.4) 

ʜʝ 
wr  ï ʚʽʜʦʤʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʭʽʜʥʦʛʦ ʪʨʘʬʢ̔ʘ OA-ʧʘʨʠ w (ʚ ʦʜʠʥʠʮʷʭ 

ʜʘʥʠʭ ʫ ʩʝʢʫʥʜʫ), ʘ 
wP  ï ʤʥʦʞʠʥʘ ʦʨʽʻʥʪʦʚʘʥʠʭ ʰʣʷʭʽʚ ʜʣʷ w. ɿʘʚʜʘʥʥʷ,  

ʱʦ ʬʦʨʤʫʣʶʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʚʽʜʦʤʦʛʦ ʚʝʢʪʦʨʘ ʰʣʷʭʦʚʠʭ ʧʦʪʦʢʽʚ 

{ },p wx x p P w W= Í Í , ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʤʽʥʽʤʽʟʫʚʘʪʠ    
( )

( )
, ,

,

,ij p

i j ʟʘʚʩʽʤʘʰʣʷʭʘʤʠ p
ʱʦʤʽʩʪʷʪʴ i j

D x

è ø
é ù
é ù
é ùê ú

ä ä  

ʟʘ ʦʙʤʝʞʝʥ ɹ   
ʜʣʷʫʩʽʭ ,

0 ʜʣʷʫʩʽʭ , .

w

p w

p P

p w

x r w W

x p P w W

Í

= Í

² Í Í

ä
                              (8.5) 

 

ɼʘʣʽ ʦʧʠʩʫʚʘʪʠʤʝʤʦ ʦʧʪʠʤʘʣʴʥʫ ʤʘʨʰʨʫʪʠʟʘʮʽʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʦʭʽʜʥʠʭ ʬʫʥʢʮʽʡ 
ijD . ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʢʦʞʥʘ ijD  ʻ ʜʚʽʯʽ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʘ 

ʬʫʥʢʮʽ ̫ʚʽʜ 
ijF  ʽ ʚʠʟʥʘʯʝʥʘ ʚ ʥʘʧʽʚʽʥʪʝʨʚʘʣʽ )0, ijCèê , ʜʝ ʟʥʘʯʝʥʥʷ 

ijC  ʜʦʨʽʚʥʶʻ 

ʘʙʦ ʜʝʷʢʽʡ ʧʦʟʠʪʠʚʥʽʡ ʢʦʥʩʪʘʥʪʽ (ʫ ʪʠʧʦʚʠʭ ʚʠʧʘʜʢʘʭ ï ʮʝ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ 

ʣʽʥʽʾ), ʘʙʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʧʝʨʰʘ ʡ ʜʨʫʛʘ ʧʦʭʽʜʥʽ 
ijD , ʷʢʽ 

ʧʦʟʥʘʯʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʯʝʨʝʟ 
ijD¡ ʽ ijD¡¡, ʩʫʚʦʨʦ ʧʦʟʠʪʠʚʥʽ ʜʣʷ ʚʩʽʭ 

ijF  ʟ )0, ijCèê . 

ɿʚʽʜʩʠ, ʟʦʢʨʝʤʘ, ʚʠʧʣʠʚʘʻ, ʱʦ 
ijD  ʻ ʦʧʫʢʣʦ ʁʬʫʥʢʮʽʻʶ ʚʽʜ 

ijF , ʷʢʘ ʤʦʥʦʪʦʥʥʦ 

ʟʨʦʩʪʘʻ ʥʘ ʚʩʴʦʤʫ ʥʘʧʽʚʽʥʪʝʨʚʘʣʽ )0, ijCèê  (ʨʠʩ. 8.5). ʂʨʽʤ ʪʦʛʦ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, 

ʱʦ ( )ij ijD F ­¤ ʧʨʠ 
ij ijF C­ . ʆʩʢʽʣʴʢʠ ʧʦʪʦʢʠ ʚ ʣʽʥʽʷʭ ʻ ʣʽʥʽʡʥʠʤʠ ʬʫʥʢʮʽʷʤʠ 

ʰʣʷʭʦʚʠʭ ʧʦʪʦʢʽʚ, ʪʦ ʤʦʞʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʚʽʨʠʪʠ, ʱʦ ʟʘʜʘʯʘ (8.5),  

ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʟʘʜʘʯʘ ʟʽ ʟʤʽʥʥʠʤʠ { }px , ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ ʰʣʷʭʦʚʠʭ 

ʧʦʪʦʢʽʚ, ʤʘʻ ʦʧʫʢʣʫ ʜʚʽʯʽ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʫ ʚʘʨʪʽʩʥʫ ʬʫʥʢʮʽʶ ʡ ʦʧʫʢʣʫ 

ʦʙʤʝʞʫʚʘʣʴʥʫ ʤʥʦʞʠʥʫ. 

ʆʧʠʩ ʨʦʟʚôʷʟʢʽʚ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʙʫʜʝ ʦʪʨʠʤʘʥʦ  

ʟʘ ʪʘʢʦʾ ʫʤʦʚʠ ʦʧʪʠʤʘʣʴʥʦʩʪʽ, ʱʦ ʻ ʥʝʦʙʭʽʜʥʦʶ ʡ ʜʦʩʪʘʪʥʴʦʶ. 
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ʈʠʩʫʥʦʢ 8.5 ï ʆʧʫʢʣʽ ʪʘ ʥʝʦʧʫʢʣʽ ʤʥʦʞʠʥʠ ʡ ʬʫʥʢʮʽʾ 

 

ʃʝʤʘ. ʅʝʭʘʡ f  ï ʜʝʷʢʘ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʘ ʦʧʫʢʣʘ ʬʫʥʢʮʽʷ n -ʤʽʨʥʦʛʦ 

ʚʝʢʪʦʨʘ ( )1, , nx x x=  ʡ X  ï ʜʝʷʢʘ ʦʧʫʢʣʘ ʤʥʦʞʠʥʘ ʚʝʢʪʦʨʽʚ.  

ʊʦʜʽ x X*Í  ʙʫʜʝ ʦʧʪʠʤʘʣʴʥʠʤ ʨʦʟʚôʷʟʢʦʤ ʟʘʜʘʯʽ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ()f x   

ʟʘ ʦʙʤʝʞʝʥ ̫x XÍ                                           (8.6) 

ʪʦʜʽ ʡ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ 

( )
( )

1

0 ʜʣʷʫʩʽʭ ,
n

i i

i i

f x
x x x X

x

*

*

=

µ
- ² Í

µ
ä                             (8.7) 

ʜʝ ( ) if x x*µ µ ï ʟʥʘʯʝʥʥʷ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ f  ʧʦ i -ʡ ʢʦʦʨʜʠʥʘʪʽ 
ix  ʚ  

ʪʦʯʮʽ x
*
. 

ʆʩʢʽʣʴʢʠ  ̔ ʚʘʨʪʽʩʥʘ ʬʫʥʢʮʽ ̫ ʡ ʫʩʽ ʦʙʤʝʞʫʚʘʣʴʥʽ ʤʥʦʞʠʥʠ ʟʘʜʘʯʽ 

ʤʽʥʽʤʽʟʘʮʽʾ (8.5) ʻ ʦʧʫʢʣʠʤʠ, ʪʦ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʣʝʤʫ. ʅʝʭʘʡ x  ʙʫʜʝ 

ʚʝʢʪʦʨʦʤ ʰʣʷʭʦʚʠʭ ʧʦʪʦʢʽʚ 
px . ɼʣʷ ʢʦʥʢʨʝʪʥʦʩʪʽ ʧʨʠʧʫʩʪʠʤʦ, ʱʦ ʰʣʷʭʠ p  

ʧʦʩʣʽʜʦʚʥʦ ʧʝʨʝʥʫʤʝʨʦʚʘʥʽ. ʊʦʜʽ, ʷʢʱʦ { }1 2, , , mW w w w=  ï ʤʥʦʞʠʥʘ OA-ʧʘʨ, 

ʪʦ ʚʽʜʧʦʚʽʜʥʠʤʠ ʤʥʦʞʠʥʘʤʠ ʰʣʷʭʽʚ ʻ 

{ }

( ){ }

( ){ }

1

2

1

1 2

1

1, 2, , ,

1 , , ,

1 , , ,
m

w

w

w m m

P n

P n n

P n n-

=

= +

= +

 

ʜʝ 1, , , mn n n  ï ʜʝʷʢʽ ʮʽʣʽ ʯʠʩʣʘ, ʪʘʢʽ, ʱʦ 1 2 mn n n< < <.  
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ʂʦʦʨʜʠʥʘʪʘʤʠ ʚʝʢʪʦʨʘ ʰʣʷʭʦʚʠʭ ʧʦʪʦʢʽʚ x  ʙʫʜʫʪʴ ʰʣʷʭʦʚʽ ʧʦʪʦʢʠ 

1 2, , ,
mnx x x , ʪʦʙʪʦ 

1

2
.

mn

x

x
x

x

è ø
é ù
é ù=
é ù
é ù
é ùê ú

 

ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ ()D x  ʚʘʨʪʽʩʥʫ ʬʫʥʢʮʽʶ ʟʘʜʘʯʽ (8.5) 

()
( )

( )
, ,

,

,ij p

i j ʟʘʚʩʽʤʘʰʣʷʭʘʤʠ p
ʱʦʤʽʩʪʷʪʴ i j

D x D x

è ø
é ù

=
é ù
é ùê ú

ä ä  

ʘ ʯʝʨʝʟ () pD x xµ µ ï ʯʘʩʪʠʥʥʫ ʧʦʭʽʜʥʫ D  ʧʦ 
px . ʊʦʜʽ 

()

( )
,

,

,ij

ʟʘʚʩʽʤʘʰʣʷʭʘʤʠ pp
ʱʦʤʽʩʪʷʪʴ i j

D x
D

x

µ
¡=

µ
ä                                   (8.8) 

ʜʝ ʧʝʨʰʽ ʧʦʭʽʜʥʽ 
ijD¡ ʙʝʨʫʪʴʩʷ ʧʨʠ ʩʫʤʘʨʥʠʭ ʧʦʪʦʢʘʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ x .  

ɿ ʨʽʚʥʦʩʪʽ (8.8) ʚʠʜʥʦ, ʱʦ 
()

p

D x

x

µ

µ
 ʻ ʜʦʚʞʠʥʦʶ ʰʣʷʭʫ p, ʷʢʱʦ ʜʦʚʞʠʥʫ 

ʢʦʞʥʦʾ ʣʽʥʽʾ ( ),i j  ʧʦʢʣʘʩʪʠ ʪʘʢʦʶ, ʱʦ ʜʦʨʽʚʥʶ ̒ʧʝʨʰʽʡ ʧʦʭʽʜʥʽʡ 
ijD¡, ʫʟʷʪʦʾ ʚ x . 

ʊʦʤʫ ʜʘʣʽ 
()

p

D x

x

µ

µ
 ʥʘʟʠʚʘʻʪʴʩʷ ʧʝʨʰʦʧʦʭʽʜʥʦʶ ʜʦʚʞʠʥʦʶ ʰʣʷʭʫ p . 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʣʝʤʠ { }px x* *=  ʻ ʚʝʢʪʦʨʦʤ ʦʧʪʠʤʘʣʴʥʠʭ ʰʣʷʭʦʚʠʭ ʧʦʪʦʢʽʚ, 

ʷʢʱʦ ʚʽʥ ʟʘʜʦʚʦʣʴʥʷʻ ʦʙʤʝʞʝʥʥʷ ʟʘʜʘʯʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʡ ʫʤʦʚʫ (8.7).  

ɼʘʥʫ ʫʤʦʚʫ ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

( )
( )

*

0
w

p p

w W p P p

D x
x x

x

*

Í Í

µ
- ²

µ
ää                               (8.9) 

ʜʣʷ ʚʩʽʭ 
px , ʟʘʜʦʚʦʣʴʥʷʶʯʠʤ ʦʙʤʝʞʝʥʥʷʤ 

, 0
w

p w p

p P

x r x
Í

= ²ä     ʜʣʷ ʫʩʽʭ    , .wp P w WÍ Í              (8.10) 

ʋʤʦʚʠ (8.9) ʽ (8.10) ʤʦʞʥʘ ʦʙô̒ ʜʥʘʪʠ ʩʪʦʩʦʚʥʦ OA-ʧʘʨʠ  ̔ʜʣʷ ʫʩʽʭ w WÍ  

ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ  

( )
( )

*

0
w

p p

p P p

D x
x x

x

*

Í

µ
- ²

µ
ä    ʜʣʷ ʚʩʽʭ   0 ,px ²                   (8.11) 

ʽ ,wp PÍ  ʪʘʢʠʭ, ʱʦ .
w

p w

p P

x r
Í

=ä  
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(ʑʦʙ ʧʝʨʝʚʽʨʠʪʠ ʮʝ, ʧʦʪʨʽʙʥʦ ʬʽʢʩʫʚʘʪʠ ʙʫʜʴ-ʷʢʫ OA-ʧʘʨʫ w ʡ ʧʦʢʣʘʩʪʠ 

p px x*=  ʚ (8.9) ʜʣʷ ʫʩʽʭ w w¡̧  ʽ .wp P¡Í ) ʋʤʦʚʘ (8.11) ʝʢʚʽʚʘʣʝʥʪʥʘ ʚʠʤʦʟʽ,  

ʱʦʙ ʜʣʷ ʚʩʽʭ  w WÍ    0px*>   ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ 

( ) ( )* *

p p

D x D x

x x¡

µ µ
²

µ µ
      ʜʣʷ ʚʩʽʭ        .wp P¡Í                   (8.12) 

ʑʦʙ ʮʝ ʧʦʙʘʯʠʪʠ, ʨʦʟʛʣʷʥʝʤʦ ʜʦʚʽʣʴʥʠʡ ʰʣʷʭ p, ʜʣʷ ʷʢʦʛʦ 0px*> , ʽ 

ʜʝʷʢʠʡ ʽʥʰʠʡ ʰʣʷʭ p¡, ʽ, ʚʟʷʚʰʠ ʜʦʩʠʪʴ ʤʘʣʝ 0e> , ʫ ʥʝʨʽʚʥʦʩʪʽ (8.11) 

ʧʦʢʣʘʜʝʤʦ p px x e*= -, p px x e*

¡ ¡= + ʽ p px x*¡¡ ¡¡=  ʜʣʷ ʚʩʽʭ ʽʥʰʠʭ ,p p p¡¡ ¡¸ .  

ʉʝʥʩ ʫʤʦʚʠ (8.12) ʚ ʪʦʤʫ, ʱʦ ʥʘʙʽʨ ʰʣʷʭʦʚʠʭ ʧʦʪʦʢʽʚ ʦʧʪʠʤʘʣʴʥʠʡ ʪʦʜʽ ʡ 

ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʰʣʷʭʦʚʠʡ ʧʦʪʽʢ ʧʦʟʠʪʠʚʥʠʡ ʣʠʰʝ ʜʣʷ ʪʠʭ ʰʣʷʭʽʚ, ʷʢʽ ʤʘʶʪʴ 

ʤʽʥʽʤʘʣʴʥʫ ʧʝʨʰʦʧʦʭʽʜʥʫ ʜʦʚʞʠʥʫ. ɿ ʫʤʦʚʠ (8.12) ʪʘʢʦʞ ʚʠʧʣʠʚʘʻ, ʱʦ ʚ ʪʦʯʮʽ 

ʦʧʪʠʤʫʤʫ ʰʣʷʭʠ, ʧʦ ʷʢʠʭ ʧʨʦʭʦʜʠʪʴ ʥʝʥʫʣʴʦʚʘ ʯʘʩʪʠʥʘ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʘ 
wr   

OA-ʧʘʨʠ w, ʧʦʚʠʥʥʽ ʤʘʪʠ ʦʜʥʘʢʦʚʫ ʜʦʚʞʠʥʫ (ʤʝʥʰʫ ʘʙʦ ʨʽʚʥʫ ʜʦʚʞʠʥʫ,  

ʥʽʞ ʚʩʽ ʽʥʰʽ ʰʣʷʭʠ ʜʣʷ w). 

 

8.4 ʈʦʟʚô̫ ʟʘʥʥʷ ʟʘʜʘʯ ʦʧʪʠʤʘʣʴʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ  

 

ʈʦʟʛʣʷʥʝʤʦ ʤʝʨʝʞʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʣʽʥʽʡ (ʨʠʩ. 8.6), ʫ ʷʢʽʡ  

ʚʫʟʦʣ 1 ï ʮʝ ʻʜʠʥʠʡ ʚʽʜʧʨʘʚʥʠʢ, ʘ ʚʫʟʦʣ 2 ï ʻʜʠʥʠʡ ʦʪʨʠʤʫʚʘʯ. ɺʽʜʦʤʠʡ ʚʭʽʜʥʠʡ 

ʧʦʪʽʢ r  ʧʦʪʨʽʙʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʘ ʰʣʷʭʦʚʠʭ ʧʦʪʦʢʠ 
1r  ʡ 

2r  ʪʘʢ, ʱʦʙ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʘʨʪʽʩʥʫ ʬʫʥʢʮʽʶ, ʟʘʩʥʦʚʘʥʫ ʥʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʤʦʜʝʣʣʶ 1M M   

() () ()1 1 2 2 ,D x D x D x= +  

ʜʝ () ( )i i i i iD x x C x= -  ʜʣʷ 1, 2i=  ʡ 
iC  ï ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʣʽʥʽʾ i. ɼʣʷ ʪʦʛʦ, 

ʱʦʙ ʮʝ ʟʘʚʜʘʥʥʷ ʤʘʣʦ ʩʝʥʩ, ʤʠ ʧʦʚʠʥʥʽ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ r  ʤʝʥʰʝ, ʥʽʞ 

ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ 
1 2C C+ , ̫ ʢʫ ʤʦʞʝ ʤʘʪʠ ʤʝʨʝʞʘ. 

 

 
 

ʈʠʩʫʥʦʢ 8.6 ï ʇʨʠʢʣʘʜ ʟʘʜʘʯʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ,  

ʱʦ ʚʢʣʶʯʘʻ ʦʜʥʫ OA-ʧʘʨʫ ʪʘ ʜʚʘ ʰʣʷʭʠ 
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ʋ ʪʦʯʮʽ ʦʧʪʠʤʫʤʫ ʤʘʻ ʚʠʢʦʥʫʚʘʪʠʩʷ ʫʤʦʚʘ ʥʘʡʢʦʨʦʪʰʦʛʦ ʰʣʷʭʫ (8.12) 

ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʪʘʢʽ ʦʙʤʝʞʝʥʥʷ: 

1 2 1 2, 0, 0.x x r x x* * * *+ = ² ² 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ 
1 2C C² . ʊʦʜʽ ʟ ʤʽʨʢʫʚʘʥʴ ʟʜʦʨʦʚʦʛʦ ʛʣʫʟʜʫ ʦʧʪʠʤʘʣʴʥʠʡ 

ʧʦʪʽʢ 
1x  ʥʝ ʤʦʞʝ ʙʫʪʠ ʤʝʥʰʝ ʥʽʞ 

2x  (ʥʝ ʤʘʻ ʩʝʥʩʫ ʧʦʩʠʣʘʪʠ ʙʽʣʴʰʝ ʪʨʘʬʢ̔ʘ ʧʦ 

ʣʽʥʽʾ ʟ ʤʝʥʰʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ). ɭʜʠʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʻ ʪʘʢʽ. 

1. 
1 2i 0.x r x* *= = ɺʽʜʧʦʚʽʜʥʦ ʜʦ (8.12) ʮʝ ʤʦʞʝ ʚʽʜʙʫʪʠʩʷ ʪʽʣʴʢʠ  

ʪʦʜʽ, ʢʦʣʠ 

() ()1 2

1 2

0
.

dD r dD

dx dx
¢  

ɿʚʽʜʩʠ (ʦʩʢʽʣʴʢʠ ʧʦʭʽʜʥʘ ʚʽʜ 
x

C x-
 ʜʦʨʽʚʥʶʻ 

( )
2

C

C x

õ
ö
ö- ÷

 

( )
1

2

21

1C

CC r
¢

-
 

ʘʙʦ 

1 1 2 .r C C C¢ -                                           (8.13) 

 

2. 
1 20 i 0x x* *> >. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟ (8.12) ʚʠʧʣʠʚʘʻ, ʱʦ ʜʦʚʞʠʥʠ  

ʰʣʷʭʽʚ 1 ʽ 2 ʦʜʥʘʢʦʚʽ, ʪʦʙʪʦ 

( ) ( )1 1 2 2

1 2

dD x dD x

dx dx

* *

¢  

ʘʙʦ, ʱʦ ʝʢʚʽʚʘʣʝʥʪʥʦ, 

( ) ( )
1 2

2 2

1 1 2 2

.
C C

C x C x* *
=

- -
                                     (8.14) 

ɿ ʮʽʻʾ ʨʽʚʥʦʩʪʽ ʡ ʦʙʤʝʞʝʥʥʷ 
1 2x x r* *+ = ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʥʘʯʝʥʥʷ 

1x
*  ̔

2x*. 

ɹʝʟʧʦʩʝʨʝʜʥʽ ʦʙʯʠʩʣʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʨʘʟʢʦʚʠʤ  ̒

( )1 2 1 2

1

1 2

,
C r C C C

x
C C

*

è ø- -
ê ú=

+
 

( )2 1 1 2

2

1 2

.
C r C C C

x
C C

*

è ø- -
ê ú=

+
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ʆʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 8.7 ʜʣʷ r, ʱʦ ʧʨʠʡʤʘʻ 

ʟʥʘʯʝʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ [ )1 20,C C+  ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ. ʄʦʞʥʘ ʧʦʤʽʪʠʪʠ, ʱʦ ʜʣʷ 

ʜʦʩʠʪʴ ʤʘʣʠʭ r, ʢʦʣʠ ʤʘʻ ʤʽʩʮʝ ʨʽʚʥʽʩʪʴ (8.13), ʚʠʢʦʨʠʩʪʦʚʫ̒ʪʴʩʷ ʣʠʰʝ 

ʥʘʡʚʠʩʦʢʦʰʚʠʜʢʽʩʥʘ ʣʽʥʽʷ 1. ʂʦʣʠ r  ʧʝʨʝʚʠʱʫʻ ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ 

1 1 2 ,C C C-  

ʧʨʠ ʷʢʦʤʫ ʧʝʨʰʦʧʦʭʽʜʥʽ ʜʦʚʞʠʥʠ ʜʚʦʭ ʣʽʥʽʡ ʩʪʘʶʪʴ ʨʽʚʥʠʤʠ ʡ ʥʝʨʽʚʥʽʩʪʴ (8.13) 

ʧʝʨʝʭʦʜʠʪʴ ʫ ʨʽʚʥʽʩʪʴ, ʣʽʥʽʷ 2 ʟ ʤʝʥʰʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫ̒ʪʴʩʷ. ʋ ʤʽʨʫ ʟʨʦʩʪʘʥʥʷ r  ʧʦʪʦʢʠ ʥʘ ʦʙʦʭ ʣʽʥʽʷʭ ʟʙʽʣʴʰʫʶʪʴʩʷ ʪʘʢ, 

ʱʦʙ ʧʝʨʰʦʧʦʭʽʜʥʽ ʜʦʚʞʠʥʠ ʟʘʣʠʰʘʣʠʩʷ ʨʽʚʥʠʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ (8.14). ʊʘʢʘ 

ʧʦʚʝʜʽʥʢʘ ʻ ʪʠʧʦʚʦ  ʁʜʣʷ ʦʧʪʠʤʘʣʴʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʷʢʱʦ ʚʘʨʪʽʩʥʘ ʬʫʥʢʮʽʷ 

ʟʘʩʥʦʚʘʥʘ ʥʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʤʦʜʝʣʣʶ 1M M . 

 

 
 

ʈʠʩʫʥʦʢ 8.7 ï ʆʧʪʠʤʘʣʴʥʽ ʰʣʷʭʦʚʽ ʧʦʪʦʢʠ ʜʣʷ ʨʦʟʛʣʷʥʫʪʦʛʦ ʧʨʠʢʣʘʜʫ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʇʨʠ ʥʝʚʝʣʠʢʦʤʫ ʚʭʽʜʥʦʤʫ ʪʨʘʬʢ̔ʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʠʰʝ  

ʦʜʥʘ ʣʽʥʽʷ ʟ ʙʽʣʴʰʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ. ʂʦʣʠ ʚʭʽʜʥʠʡ ʪʨʘʬʢ̔ ʧʝʨʝʚʠʱʫʻ 

ʧʦʨʽʛ 
1 1 2 ,C C C-  ʯʘʩʪʠʥʘ ʪʨʘʬʢ̔ʘ ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʧʦ ʣʽʥʽʾ ʟ ʤʝʥʰʦʶ 

ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ 

 

8.5 ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

 

1. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ k -ʟʚô̫ ʟʘʥʦʾ ʤʝʨʝʞʽ.  

2. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʤʝʪʦʜʫ ʂʣʝʡʪʤʘʥʘ ʦʮʽʥʢʠ ʟʚô̫ ʟʥʦʩʪʽ ʤʝʨʝʞʽ. ɼʘʡʪʝ 

ʦʮʽʥʢʫ ʩʢʣʘʜʥʦʩʪʽ. 

3. ʇʦʷʩʥʪ̔ɹ ʩʫʪʥʽʩʪʴ ʘʣʛʦʨʠʪʤʘ ɽʩʩʘʫïɺʽʣʴʷʤʩʘ ʜʣʷ ʧʦʙʫʜʦʚʠ ʪʦʧʦʣʦʛʽʾ 

ʤʝʨʝʞʽ. 

4. ʅʘʚʝʜʽʪʴ ʦʧʠʩ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ.  

5. ʅʘʚʝʜʽʪʴ ʦʧʠʩ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ.   
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ʃʝʢʮʽʷ 9 

ʄɽʊʆɼʀ ʆʇʊʀʄɸʃʔʅʆɰ ʄɸʈʐʈʋʊʀɿɸʎɯɰ  

ʌʈɸʅʂɸ ï ɺʆʃʌɸ 

 

 

9.1 ʉʫʪʥʽʩʪʴ ʤʝʪʦʜʫ ʌʨʘʥʢʘïɺʦʣʬʘ 

 

ʋ ʮʴʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʧʦʜʘʥʦ ʦʜʠʥ ʟʽ ʩʧʦʩʦʙʽʚ ʨʝʘʣʽʟʘʮʽʾ ʽʜʝʾ ʤʘʣʠʭ ʟʤʽʥ 

ʫʟʜʦʚʞ ʧʨʠʧʫʩʪʠʤʠʭ ʥʘʧʨʷʤʢʽʚ ʩʧʫʩʢʫ. 

ɼʣʷ ʜʘʥʦʛʦ ʚʝʢʪʦʨʘ ʧʨʠʧʫʩʪʠʤʠʭ ʰʣʷʭʦʚʠʭ ʧʦʪʦʢʽʚ { }px x=  ʟʥʘʡʪʠ ʰʣʷʭ 

ʟ ʤʽʥʽʤʘʣʴʥʦ ʁʧʝʨhʦʧʦʭʽʜʥʦʶ ʜʦʚʞʠʥʦʶ (ʄʇʇɼ-ʰʣʷʭ) ʜʣʷ ʢʦʞʥʦʾ OA-ʧʘʨʠ. 

(ɿʥʘʯʝʥʥʷ ʧʝʨʰʠʭ ʧʦʭʽʜʥʠʭ 
ijD¡ ʙʝʨʫʪʴʩʷ ʫ ʪʦʯʮʽ x.) ʅʝʭʘʡ { }px x=  ï ʚʝʢʪʦʨ 

ʰʣʷʭʦʚʠʭ ʧʦʪʦʢʽʚ, ʷʢʠʡ ʫʪʚʦʨʶʪ̒ʴʩʷ, ʷʢʱʦ ʚʭʽʜʥʠʡ ʧʦʪʽʢ 
wr  ʢʦʞʥʦʾ OA-ʧʘʨʠ 

w WÍ  ʩʧʨʷʤʦʚʘʥʠʡ ʧʦ ʚʽʜʧʦʚʽʜʥʦʤʫ ʄʇʇɼ-ʰʣʷʭʫ. 

 

ʅʝʭʘʡ *a  ï ʪʘʢʠʡ ʨʦʟʤʽʨ ʢʨʦʢʫ, ʱʦ ʤʽʥʽʤʽʟʫʻ ( )D x x xa+ -è øê ú ʧʦ ʚʩʽʭ 

[ ]0,1aÍ , ʪʦʙʪʦ 

( )
[ ]

( )
0,1

* minD x x x D x x x
a

a a
Í

+ - = + -è ø è øê ú ê ú                 (9.1) 

ʊʦʜʽ ʟʥʘʯʝʥʥʷ ʰʣʷʭʦʚʠʭ ʧʦʪʦʢʽʚ ʥʘ ʪʘʢʦʤʫ ʢʨʦʮʽ ʜʦʨʽʚʥʶʶʪʴ 

( ): *p px x x xa= + -   ʜʣʷ ʫʩʽʭ   
wp PÍ ,  w WÍ  ,                 (9.2)  

ʽ ʧʨʦʮʝʩ ʧʦʚʪʦʨʶʻʪʴʩʷ ʟʥʦʚʫ. 

ʆʧʠʩʘʥʠʡ ʘʣʛʦʨʠʪʤ ʻ ʦʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ ʪʘʢ ʟʚʘʥʦʛʦ ʤʝʪʦʜʫ ʌʨʘʥʢʘï

ɺʦʣʬʘ ʨʦʟʚô̫ ʟʘʥʥʷ ʙʽʣʴʰ ʟʘʛʘʣʴʥʠʭ ʟʘʜʘʯ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟ 

ʦʧʫʢʣʠʤʠ ʦʙʤʝʞʫʚʘʣʴʥʠʤʠ ʤʥʦʞʠʥʘʤʠ ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʪʘʢʦʞ ʤʝʪʦʜʦʤ ʜʝʚʘ̔ʮ̔ʾ 

ʧʦʪʦʢʫ. ʄʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʚ ʤʝʞʽ ʚʽʥ ʟʤʝʥʰʫʻ ʟʥʘʯʝʥʥʷ ʚʘʨʪʽʩʥʦʾ ʬʫʥʢʮʽʾ ʜʦ 

ʤʽʥʽʤʫʤʫ, ʭʦʯʘ ʚ ʤʽʨʫ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʦʧʪʠʤʫʤʫ ʰʚʠʜʢʽʩʪʴ ʟʙʽʞʥʦʩʪʽ ʩʪʘʻ ʜʫʞʝ 

ʤʘʣʦʶ. ʇʨʠʙʣʠʟʥʠʡ ʭʽʜ ʽʪʝʨʘʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʩʧʫʩʢʫ, ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ 

ʜʦʧʫʩʪʠʤʠʭ ʥʘʧʨʷʤʢʘʭ ʩʧʫʩʢʫ, ʧʦʜʘʥʠʡ ʥʘ ʨʠʩ. 9.1. ʅʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ 

ʦʪʨʠʤʫʻʤʦ ʜʦʧʫʩʪʠʤʫ ʪʦʯʢʫ ʟ ʤʝʥʰʦʶ ʚʘʨʪʽʩʪʶ. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʧʨʠʧʫʩʪʠʤʠʡ ʥʘʧʨʷʤ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ  

ʽʪʝʨʘʮʽʾ (9.2), ʤʘʻ ʪʘʢʝ ʧʦʷʩʥʝʥʥʷ: ʯʘʩʪʢʘ a* ʢʦʞʥʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ 

ʥʝʥʘʡʢʦʨʦʪʰʠʤ ʰʣʷʭʦʤ (ʰʣʷʭ, ʜʣʷ ʷʢʦʛʦ 0px = ), ʧʝʨʝʢʠʜʘʻʪʴʩʷ ʥʘ 

ʥʘʡʢʦʨʦʪʰʠʡ ʰʣʷʭ (ʜʣʷ ʷʢʦʛʦ 
p wx r= ) ʜʣʷ ʢʦʞʥʦʾ OA-ʧʘʨʠ w. ʍʘʨʘʢʪʝʨʥʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʪʫʪ ʻ ʪʝ, ʱʦ ʧʦʪʽʢ ʧʝʨʝʢʠʜʘʻʪʴʩʷ ʟ ʥʝʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʽʚ ʫ ʨʽʚʥʠʭ 
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ʧʨʦʧʦʨʮʽʷʭ. ʎʝ ʚʽʜʨʽʟʥʷʻ ʤʝʪʦʜ ʌʨʘʥʢʘïɺʦʣʬʘ ʚʽʜ ʛʨʘʜʽʻʥʪʥʠʭ ʧʨʦʝʢʮʽʡʥʠʭ 

ʤʝʪʦʜʽʚ. ʎʽ ʤʝʪʦʜʠ ʪʘʢʦʞ ʧʝʨʝʢʠʜʘʶʪʴ ʧʦʪʦʢʠ ʟ ʥʝʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʽʚ ʥʘ 

ʥʘʡʢʦʨʦʪʰʽ ʰʣʷʭʠ, ʘʣʝ ʚʦʥʠ ʨʦʙʣʷʪʴ ʮʝ, ʷʢ ʧʨʘʚʠʣʦ, ʫ ʥʝʦʜʥʘʢʦʚʠʭ ʧʨʦʧʦʨʮʽʷʭ. 
 

 
 

ʈʠʩʫʥʦʢ 9.1 ï ɯʪʝʨʘʪʠʚʥʠʡ ʤʝʪʦʜ ʩʧʫʩʢʫ,  

ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʜʦʧʫʩʪʠʤʠʭ ʥʘʧʨʷʤʢʘʭ ʩʧʫʩʢʫ 

 

9.2 ʇʨʠʢʣʘʜ ʨʦʟʚô̫ ʟʘʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʝʪʦʜʦʤ 

ʌʨʘʥʢʘ ï ɺʦʣʬʘ 

 

ʈʦʟʛʣʷʥʝʤʦ ʤʝʨʝʞʫ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʣʽʥʽʡ, ʦʜʥʦʛʦ ʚʫʟʣʘ-

ʚʽʜʧʨʘʚʥʠʢʘ ʡ ʦʜʥʦʛʦ ʚʫʟʣʘ-ʘʜʨʝʩʘʪʘ, ʧʦʢʘʟʘʥʫ ʥʘ ʨʠʩ. 9.2. ɭ ʪʨʠ ʰʣʷʭʠ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʦʪʦʢʘʤʠ 
1x , 

2x  
3̔x , ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʦʙʤʝʞʝʥʥʷ 

1 2 3 1 2 31, 0, 0, 0.x x x x x x+ + = ² ² ² 

ɺʘʨʪʽʩʥʦʶ ʬʫʥʢʮʽʻʶ ʻ 

() ( )2 2 2

1 2 3 3

1
0,55

2
D x x x x x= + + + . 

ʃʽʥʽʡʥʠʡ ʯʣʝʥ 
30,55x  ʤʦʞʥʘ ʧʨʠʧʠʩʘʪʠ ʚʝʣʠʢʦʤʫ ʯʘʩʫ ʦʙʨʦʙʢʠ ʡ 

ʚʝʣʠʢʦʤʫ ʯʘʩʫ ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʫ ʧʦ ʣʽʥʽʾ 3. 
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ɯʪʝʨʘʮʽʷ (ʥʦʤʝʨ) k  0 10 20 40 80 160 320 

1x  0,4 0,4593 0,4702 0,4795 0,4866 0,4917 0,4959 

2x  0,3 0,4345 0,4562 0,4717 0,4823 0,4893 0,4938 

3x  0,3 0,1061 00735, 0,0490 0,0310 0,0189 0,0110 

ɺʘʨʪʽʩʪʴ 0,2945 0,2588 0,2553 0,2532 0,2518 0,2510 0,2506 

( ) ( )

( ) ( )

1 *

*

k

k

D x D x

D x D x

+ -

-
 0,7164 0,9231 0,9576 0,9774 0,9882 0,9939 0,9969 

 

ʈʠʩʫʥʦʢ 9.2 ï ɿʘʜʘʯʘ ʟ ʧʨʠʢʣʘʜʫ ʽ ʧʦʩʣʽʜʦʚʥʽ ʽʪʝʨʘʮʽʾ ʤʝʪʦʜʫ ʌʨʘʥʢʘïɺʦʣʬʘ. 

ɺʘʨʪʽʩʥʘ ʬʫʥʢʮʽʷ ʤʘʻ ʚʠʛʣʷʜ () ( )2 2 2

1 2 3 3

1
0,55

2
D x x x x x= + + +  

 

ʎʝ ʧʨʦʩʪʘ ʟʘʜʘʯʘ, ʷʢʫ ʤʦʞʥʘ ʨʦʟʚô̫ ʟʘʪʠ ʘʥʘʣʽʪʠʯʥʦ. ʄʦʞʥʘ ʜʦʚʝʩʪʠ, ʱʦ 

ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚô̫ ʟʢʫ ( )* * *

1 2 3, ,x x x x=  ʚʠʢʦʥʫʻʪʴʩʷ ʩʠʤʝʪʨʽʷ * *

1 2x x=  ʡ ʪʦʤʫ 

ʻ ʜʚʽ ʤʦʞʣʠʚʦʩʪʽ: (ʘ) *

3 0x =  ʽ * *

1 2 1 2x x= = , (ʙ) *

3 0x b= > ʽ ( )* *

1 2 1 2x x b= = - . 

ɺʠʧʘʜʦʢ (ʙ) ʥʝʤʦʞʣʠʚʠʡ, ʦʩʢʽʣʴʢʠ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʫʤʦʚʠ ʦʧʪʠʤʘʣʴʥʦʩʪʽ,  

ʷʢʱʦ *

3 0x > , ʪʦ ʜʦʚʞʠʥʘ ʰʣʷʭʫ 3
( )

3

*
0,1 0,55

D x

x
b

å õµ
= = +æ ö
µç ÷

 ʤʘʻ ʙʫʪʠ ʤʝʥʰʦ  ʁ

ʘʙʦ ʜʦʨʽʚʥʶʚʘʪʠ ʜʦʚʞʠʥʘʤ ʰʣʷʭʽʚ 1 ʽ 2 
( )

1

* 1

2

D x

x

bµå õ-
= =æ ö
µç ÷

, ʱʦ, ʦʯʝʚʠʜʥʦ, 

ʥʝʤʦʞʣʠʚʝ. ʊʦʤʫ ʦʧʪʠʤʘʣʴʥʠʤ ʨʦʟʚô̫ ʟʢʦʤ ʻ ( )* 1 2,1 2, 0x = . 

ʈʦʟʛʣʷʥʝʤʦ ʪʝʧʝʨ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʪʝʨʘʮʽʾ ʌʨʘʥʢʘïɺʦʣʬʘ (9.2) ʜʦ ʚʝʢʪʦʨʘ 

ʧʨʠʧʫʩʪʠʤʠʭ ʰʣʷʭʦʚʠʭ ʧʦʪʦʢʽʚ ( )1 2 3, ,x x x x= . ʇʝʨʰʦʧʦʭʽʜʥʽ ʜʦʚʞʠʥʠ ʫʩʽʭ 

ʪʨʴʦʭ ʰʣʷʭʽʚ ʜʦʨʽʚʥʶʶʪʴ 

() () ()
1 2 3

1 2 3

, , 0,1 0,55.
D x D x D x

x x x
x x x

µ µ µ
= = = +

µ µ µ
 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ, ʧʦ ʩʫʪʽ, ʪʽ ʩʘʤʽ ʜʦʚʦʜʠ, ʱʦ ʡ ʨʘʥʽʰʝ, ʟʘʫʚʘʞʫʻʤʦ, ʱʦ 

ʥʘʡʢʦʨʦʪʰʠʤ ʰʣʷʭʦʤ ʙʫʜʝ ʘʙʦ 1, ʘʙʦ 2, ʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, 
1 2x x¢  ʯʠ 

2 1x x< ,  

ʽ ʚʽʜʧʦʚʽʜʥʠʤ ʧʦʪʦʢʦʤ ʧʦ ʥʘʡʢʦʨʦʪʰʦʤʫ ʰʣʷʭʫ ʙʫʜʝ ʘʙʦ ( )1, 0, 0x= , ʘʙʦ 
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( )0,1, 0x=  ʚʽʜʧʦʚʽʜʥʦ. (ʋ ʚʠʧʘʜʢʫ 
1 2x x=  ʧʝʨʝʚʘʛʘ ʥʘʜʘʻʪʴʩʷ ʰʣʷʭʫ 1.)  

ʊʦʤʫ ʽʪʝʨʘʮʽʾ ʌʨʘʥʢʘïɺʦʣʬʘ ʤʘʶʪʴ ʚʠʛʣʷʜ 

( )

( )

( )

1 2 31 1 1

2 2 2 2

3 3 3 3

*1

: * 1 * ,

1 *

x x xx x x

x x x x

x x x x

a

a a

a

è ø+ +-è ø è ø è ø
é ùé ù é ù é ù

= + - = -é ùé ù é ù é ù
é ùé ù é ù é ù- -ê ú ê ú ê úê ú

    ̫ ʢʱʦ  
1 2x x¢ ; 

( )

( )

( )

11 1 1

2 2 2 2 1 3

3 3 3 3

1 *

: * 1 * ,

1 *

xx x x

x x x x x x

x x x x

a

a a

a

-è ø-è ø è ø è ø
é ùé ù é ù é ù

= + - = + +é ùé ù é ù é ù
é ùé ù é ù é ù- -ê ú ê ú ê úê ú

    ̫ ʢʱʦ  
2 1x x< . 

 

ʆʪʞʝ, ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʯʘʩʪʢʘ *a  ʧʦʪʦʢʫ ʧʦ ʥʝʥʘʡʢʦʨʦʪʰʦʤʫ ʰʣʷʭʫ 

ʧʝʨʝʢʠʜʘʻʪʴʩʷ ʥʘ ʥʘʡʢʦʨʦʪʰʠʡ ʰʣʷʭ. 

ʈʦʟʤʽʨ ʢʨʦʢʫ *a  ʦʙʯʠʩʣʶʻʪʴʩʷ ʰʣʷʭʦʤ ʣʽʥʽʡʥʦʾ ʤʽʥʽʤʽʟʘʮʽʾ ʥʘ [ ]0,1 . 

ʆʩʢʽʣʴʢʠ ()D x  ʻ ʢʚʘʜʨʘʪʠʯʥʦʶ ʬʫʥʢʮʽʻʶ, ʪʦ ʤʽʥʽʤʽʟʘʮʽʶ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ 

ʘʥʘʣʽʪʠʯʥʦ. ʄʘʻʤʦ 

( )

( ) ( ) ( )( )
( )

22 2

1 1 1 2 2 2 3 3 3

3 3 3

1
0,1

2

0,55 .

D x x x

x x x x x x x x x

x x x

a

a a a

a

+ - =è øê ú

è ø= + - + + - + + - +è ø è øê ú ê úê ú

è ø+ + -ê ú

 

ɼʠʬʝʨʝʥʮʽʶʶʯʠ ʮʝʡ ʚʠʨʘʟ ʧʦ a ʡ ʧʨʠʨʽʚʥʶʶʯʠ ʧʦʭʽʜʥʫ ʜʦ ʥʫʣ̫, 

ʦʪʨʠʤʫʻʤʦ ʟʥʘʯʝʥʥʷ a, ʟʘ ʷʢʦʛʦ ʜʦʩʷʛʘʻʪʴʩʷ ʤʽʥʽʤʫʤ ʬʫʥʢʮʽʾ ( )D x x xa+ -è øê ú 

ʧʦ a ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʦʙʤʝʞʝʥʴ. ɺʦʥʦ ʜʦʨʽʚʥʶʻ 

( ) ( )( )( )

( ) ( ) ( )
1 1 1 2 2 2 3 3 3

22 2

1 1 2 2 3 3

0,1 0,55
,

0,1

x x x x x x x x x

x x x x x x
a

- + - + + -
=

- + - - -
 

ʜʝ ( )1 2 3, ,x x x x=  ï ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʘ ʧʦʪʦʢʫ ʧʦ ʥʘʡʢʦʨʦʪʰʦʤʫ ʰʣʷʭʫ 

( )1, 0, 0  ʘʙʦ ( )0,1, 0  ʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, 
1 2x x¢  ʯʠ 

2 1x x< . ʆʩʢʽʣʴʢʠ ( )x x-  ʻ 

ʥʘʧʨʷʤʦʤ ʩʧʫʩʢʫ, ʪʦ 0a² . ʆʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʫ ʢʨʦʢʫ ʜʘʻ ʤʽʥʽʤʫʤ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʥʷ, ʱʦ a ʥʘʣʝʞʠʪʴ [ ]0,1, ʪʦʤʫ 

[ ]* min 1,a a=  . 

ʄʦʞʥʘ ʧʝʨʝʚʽʨʠʪʠ, ʱʦ ʫ ʮʴʦʤʫ ʧʨʠʢʣʘʜʽ 1a<  ʘ, ʦʪʞʝ, *a a= . 

ʅʘ ʨʠʩ. 9.2 ʽ 9.3 ʧʦʢʘʟʘʥʽ ʧʦʩʣʽʜʦʚʥʽ ʽʪʝʨʘʮʽʾ ʮʴʦʛʦ ʤʝʪʦʜʫ. ʄʦʞʥʘ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʟʙʽʞʥʦʩʪʽ ʚʧʦʚʽʣʴʥʶʻʪʴʩʷ ʧʦʙʣʠʟʫ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʦʟʚô̫ ʟʘʥʥʷ. ʇʨʠʯʠʥʘ ʚ ʪʦʤʫ, ʱʦ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ ʜʦ *x  ʥʘʧʨʷʤʢʠ ʧʦʰʫʢʫ 
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ʩʪʘʶʪʴ ʦʨʪʦʛʦʥʘʣʴʥʠʤʠ ʥʘʧʨʷʤʫ, ʱʦ ʚʝʜʝ ʚʽʜ ʧʦʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥʷ 
kx  ʜʦ *x .  

ʗʢ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʽ ʥʘ ʨʠʩ. 8.2, ʚʽʜʥʦʰʝʥʥʷ ʧʦʩʣʽʜʦʚʥʠʭ ʧʦʤʠʣʦʢ ʫ ʚʘʨʪʦʩʪʽ 

( ) ( )

( ) ( )

1 *
,

*

k

k

D x D x

D x D x

+ -

-
 

ʭʦʯʘ ʟʘʚʞʜʠ ʡ ʤʝʥʰʝ ʦʜʠʥʠʮʽ, ʘʣʝ ʬʘʢʪʠʯʥʦ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʦʜʠʥʠʮʽ  

ʧʨʠ k­¤. ʎʷ ʚʝʣʠʯʠʥʘ ʚʽʜʦʤʘ ʷʢ ʩʫʙʣʥ̔̔ʡʥʘ ʰʚʠʜʢʽʩʪʴ ʟʙʽʞʥʦʩʪʽ; ʚʦʥʘ ʪʠʧʦʚʘ 

ʜʣʷ ʤʝʪʦʜʫ ʌʨʘʥʢʘïɺʦʣʬʘ. 
 

 
 

ʈʠʩʫʥʦʢ 9.3 ï ʇʦʩʣʽʜʦʚʥʽ ʽʪʝʨʘʮʽʾ ʤʝʪʦʜʫ ʌʨʘʥʢʘïɺʦʣʬʘ 

 

9.3 ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ ʪʘ ʟʘʚʜʘʥʥʷ 

 

1. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʰʦʧʦʭʽʜʥʦʾ ʧʦʪʦʢʘ.  

2. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʥʽʩʪʴ ʤʝʪʦʜʫ ʌʨʘʥʢʘïɺʦʣʬʘ? 
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ʃʝʢʮʽʷ 10 

ʇʈʆɽʂʎɯʁʅɯ ʄɽʊʆɼʀ ʆʇʊʀʄɸʃʔʅʆɰ ʄɸʈʐʈʋʊʀɿɸʎɯɰ 

 

 

ʈʦʟʛʣʷʥʝʤʦ ʪʝʧʝʨ ʜʝʷʢʠʡ ʢʣʘʩ ʘʣʛʦʨʠʪʤʽʚ ʧʨʠʧʫʩʪʠʤʦʛʦ ʥʘʧʨʷʤʫ ʜʣʷ 

ʨʦʟʚô̫ ʟʘʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʎʽ ʘʣʛʦʨʠʪʤʠ ʧʨʘʮʶʶʪʴ 

ʰʚʠʜʰʝ ʤʝʪʦʜʘ ʌʨʘʥʢʘïɺʦʣʬʘ ʡ ʙʽʣʴʰʝ ʧʨʠʩʪʦʩʦʚʘʥʽ ʜʣʷ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʨʝʘʣʽʟʘʮʽʡ. ɺʦʥʠ ʪʘʢʦʞ ʟʘʩʥʦʚʘʥʽ ʥʘ ʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʘʭ ʽ ʟʥʘʭʦʜʷʪʴ ʰʣʷʭ  

ʟ ʤʽʥʽʤʘʣʴʥʦ ʁ ʧʝʨʰʦʧʦʭʽʜʥʦʶ ʜʦʚʞʠʥʦʶ ʜʣʷ ʢʦʞʥʦʾ OA-ʧʘʨʠ ʥʘ ʢʦʞʥʽʡ 

ʽʪʝʨʘʮʽʾ. ɿʙʽʣʴʰʝʥʥʷ ʧʦʪʦʢʫ ʦʙʯʠʩʣʶʻʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʰʣʷʭʫ ʥʘ ʦʩʥʦʚʽ 

ʚʽʜʥʦʩʥʠʭ ʚʝʣʠʯʠʥ ʜʦʚʞʠʥ ʰʣʷʭʽʚ ʡ ʽʥʦʜʽ ʥʘ ʦʩʥʦʚʽ ʜʨʫʛʠʭ ʧʦʭʽʜʥʠʭ ʚʘʨʪʽʩʥʦʾ 

ʬʫʥʢʮʽʾ. ʗʢʱʦ ʮʝ ʟʙʽʣʴʰʝʥʥʷ ʚʠʷʚʣʷʻʪʴʩʷ ʥʘʩʪʽʣʴʢʠ ʚʝʣʠʢʠʤ, ʱʦ ʰʣʷʭʦʚʠʡ 

ʧʦʪʽʢ ʩʪʘʻ ʥʝʛʘʪʠʚʥʠʤ, ʪʦ ʚʽʥ ʧʦʢʣʘʜʘʻʪʴʩʷ ʨʽʚʥʠʤ ʥʫʣʶ, ʪʦʙʪʦ çʧʨʦʝʢʪʫʻʪʴʩʷè 

ʥʘʟʘʜ ʫ ʧʦʟʠʪʠʚʥʠʡ ʦʢʪʘʥʪ. ɯʩʥʫʻ ʢʽʣʴʢʘ ʤʝʪʦʜʽʚ ʪʘʢʦʛʦ ʪʠʧʫ, ʷʢʽ ʩʪʘʥʦʚʣʷʪʴ 

ʽʥʪʝʨʝʩ ʫ ʟʚô̫ ʟʢʫ ʟ ʟʘʜʘʯʝʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ɺʩʽ ʚʦʥʠ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ 

ʚʝʨʩʽʾ ʟ ʦʙʤʝʞʝʥʥʷʤ ʙʽʣʴʰ ʟʘʛʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʙʝʟ ʦʙʤʝʞʝʥʴ, ʪʘʢʠʭ, 

ʷʢ ʤʝʪʦʜ ʥʘʡʰʚʠʜʰʦʛʦ ʩʧʫʩʢʫ ʡ ʤʝʪʦʜ ʅʴʶʪʦʥʘ, ʷʢʽ ʜʦʢʣʘʜʥʽʰʝ ʦʧʠʩʘʥʽ  

ʚ ʣʽʪʝʨʘʪʫʨʽ ʟ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥ.̫ ʉʧʦʯʘʪʢʫ ʤʠ ʩʪʠʩʣʦ ʦʧʠʰʝʤʦ  

ʮʽ ʤʝʪʦʜʠ ʚ ʟʘʛʘʣʴʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʥʝʣʽʥʽʡʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʘ ʧʦʪʽʤ ʨʦʟʛʣʷʥʝʤʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ ʜʦ ʟʘʜʘʯ ̔ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

 

10.1 ʅʝʣʽʥʽʡʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʙʝʟ ʦʙʤʝʞʝʥʥʷ 

 

ʅʝʭʘʡ f  ï ʜʚʽʯʽ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʘ ʬʫʥʢʮʽʷ n -ʤʽʨʥʦʛʦ ʚʝʢʪʦʨʘ 

( )1, , nx x x= ; ʛʨʘʜʽ̒ʥʪʥʘ ʤʘʪʨʠʮʷ ʡ ʤʘʪʨʠʮʷ ɻʝʩʩʘ ʚ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ x , 

ʧʦʟʥʘʯʝʥʽ ʯʝʨʝʟ ()f xÐ  ʽ ()2 f xÐ  ʚʽʜʧʦʚʽʜʥʦ, ʽ ʤʘʶʪʴ ʚʠʛʣʷʜ 
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ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʜʣʷ ʚʩʽʭ x  ʤʘʪʨʠʮʷ ()2 f xÐ  ʻ ʥʝʥʝʛʘʪʠʚʥʦ ʚʠʟʥʘʯʝʥʦʶ, 

ʙʝʟʧʝʨʝʨʚʥʦ ʁʧʦ x  (ʩʠʤʝʪʨʠʯʥʘ n n³  ʤʘʪʨʠʮʷ A ʟ ʝʣʝʤʝʥʪʘʤʠ 
ijA  ʥʘʟʠʚʘʻʪʴʩʷ 

ʧʦʟʠʪʠʚʥʦ ʥʘʧʽʚʚʠʟʥʘʯʝʥʦʶ, ʷʢʱʦ ʢʚʘʜʨʘʪʠʯʥʘ ʬʦʨʤʘ 
1 1

n n

ij i j

i j

A z z
= =

ää  ʥʝʥʝʛʘʪʠʚʥʘ 
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ʜʣʷ ʫʩʽʭ ʚʝʢʪʦʨʽʚ ( )1, , nz z z= . ʄʘʪʨʠʮʷ A ʧʦʟʠʪʠʚʥʦ ʚʠʟʥʘʯʝʥʘ, ʷʢʱʦ ʮʷ 

ʢʚʘʜʨʘʪʠʯʥʘ ʬʦʨʤʘ ʧʦʟʠʪʠʚʥʘ ʜʣʷ ʫʩʽʭ ʚʝʢʪʦʨʽʚ 0z¸ ). ʄʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ 

ʟʚʽʜʩʠ ʚʠʪʽʢʘʻ ʦʧʫʢʣʽʩʪʴ ʬʫʥʢʮʽʾ f . 

ʄʝʪʦʜ ʥʘʡʰʚʠʜʰʦʛʦ ʩʧʫʩʢʫ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʤʽʥʽʤʫʤʫ ʬʫʥʢʮʽʾ f   

ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʦʙʤʝʞʝʥʴ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʜʝʷʢʦʾ ʜʦʚʽʣʴʥʦʾ ʧʦʯʘʪʢʦʚʦʾ ʪʦʯʢʠ 
0x   

 ̔ʜʽʻ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʽʪʝʨʘʮʽʾ 

( )1 , 0,1, ,k k k kx x f x ka+= - Ð =                               (10.1) 

ʜʝ ʨʦʟʤʽʨ ʢʨʦʢʫ 
ka  ʻ ʧʦʟʠʪʠʚʥʠʤ ʯʠʩʣʦʤ, ʦʙʫʤʦʚʣʝʥʠʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʝʷʢʦʛʦ 

ʧʨʘʚʠʣʘ. ɯʜʝʷ ʪʫʪ ʩʭʦʞʘ ʥʘ ʪʫ, ʱʦ ʦʙʛʦʚʦʨʶʚʘʣʘʩʷ ʫ ʧʦʧʝʨʝʜʥʽʡ ʣʝʢʮʽʾ, ʘ ʩʘʤʝ 

ʟʤʽʥʶʚʘʪʠ 
kx  ʚ ʥʘʧʨʷʤ ̔ ʩʧʫʩʢʫ. ɺ (10.1) ʟʤʽʥʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʥʘʧʨʷʤ ̔

ʥʝʛʘʪʠʚʥʦʛʦ ʛʨʘʜʽʻʥʪʘ, ʱʦ ʻ ʥʘʧʨʷʤʦʤ ʩʧʫʩʢʫ, ʪʦʤʫ ʱʦ ʮʝ ʨʦʙʠʪʴ ʥʝʛʘʪʠʚʥʠʤ 

ʩʢʘʣʷʨʥʠʡ ʜʦʙʫʪʦʢ ʟ ʚʝʢʪʦʨʦʤ ʛʨʘʜʽʻʥʪʘ (ʢʨʽʤ ʚʠʧʘʜʢʫ, ʢʦʣʠ ( ) 0kf xÐ =, ʧʨʠ 

ʮʴʦʤʫ ʚʝʢʪʦʨ 
kx  ʻ ʦʧʪʠʤʘʣʴʥʠʤ). ɺʝʣʠʯʠʥʘ 

ka  ʘʙʦ ʦʙʠʨʘʻʪʴʩʷ ʰʣʷʭʦʤ 

ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʨʘʟʫ 

( ) ( )
0

min ,k k k k kf x x f x x
a

a a
>

è ø è ø- Ð = - Ð
ê ú ê ú

                     (10.2) 

ʘʙʦ ʧʦʢʣʘʜʘʻʪʴʩʷ ʪʘʢʦʶ, ʱʦ ʜʦʨʽʚʥʶ  ̒ʧʦʩʪʽʡʥʽʡ ʧʦʟʠʪʠʚʥʽʡ ʚʝʣʠʯʠʥʽ a  
ka a=      ʜʣʷ ʫʩʽʭ    .k                                   (10.3) 

ɯʩʥʫʻ ʙʘʛʘʪʦ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʟʙʽʞʥʦʩʪʽ ʽʪʝʨʘʮʽʾ (10.1)  

ʟ ʨʦʟʤʽʨʦʤ ʢʨʦʢʫ (10.2) ʘʙʦ (10.3). ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʚ f  ʪʽʣʴʢʠ ʦʜʥʘ ʪʦʯʢʘ 

ʤʽʥʽʤʫʤʫ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʦʙʤʝʞʝʥʴ, ʪʦ ʤʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ { }kx , 

ʧʦʨʦʜʞʝʥʘ (10.1) ʽ (10.2), ʩʭʦʜʠʪʴʩʷ ʜʦ ʪʦʯʢʠ ʤʽʥʽʤʫʤʫ ʟʘ ʙʫʜʴ-ʷʢʦʛʦ 

ʧʦʯʘʪʢʦʚʦʛʦ 
0x . ʊʘʢ ʩʘʤʦ ʟʘ ʙʫʜʴ-ʷʢʦʛʦ ʧʦʯʘʪʢʦʚʦʛʦ ʚʝʢʪʦʨʘ 

0x  ʧʦʩʣʽʜʦʚʥʽʩʪʴ, 

ʧʦʨʦʜʞʝʥʘ (10.1) ʽ (10.3), ʩʭʦʜʠʪʴʩʷ ʜʦ ʪʦʯʢʠ ʤʽʥʽʤʫʤʫ, ʷʢʱʦ a ʜʦʩʠʪʴ ʤʘʣʝ. 

ɸʣʝ, ʥʘ ʞʘʣʴ, ʰʚʠʜʢʽʩʪʴ ʟʙʽʞʥʦʩʪʽ { }kx  ʤʦʞʝ ʙʫʪʠ ʜʦʩʠʪʴ ʤʘʣʦʶ. ʄʦʞʥʘ 

ʧʦʢʘʟʘʪʠ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʧʨʘʚʠʣʘ ʣʽʥʽʡʥʦʾ ʤʽʥʽʤʽʟʘʮʽʾ (10.2), ʷʢʱʦ f  ʻ ʧʦʟʠʪʠʚʥʦ 

ʚʠʟʥʘʯʝʥʦʶ ʢʚʘʜʨʘʪʠʯʥʦʶ ʬʫʥʢʮʽʻʶ, ʪʦ ʤʘʻ ʤʽʩʮʝ ʥʝʨʽʚʥʽʩʪʴ 

( )
( )

1 2*
,

*

k

k

f x f M m

M mf x f

+ - -å õ
¢æ ö

+- ç ÷
                                    (10.4) 

ʜʝ ()* min xf f x= , ʘ M   ̔ m ʚʽʜʧʦʚʽʜʥʦ ʤʘʢʩʠʤʘʣʴʥʝ ʡ ʤʽʥʽʤʘʣʴʥʝ ʚʣʘʩʥʽ 

ʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʽ ()2 f xÐ . ʂʨʽʤ ʪʦʛʦ, ʽʩʥʫʻ ʪʘʢʘ ʧʦʯʘʪʢʦʚʘ ʪʦʯʢʘ 
0x , ʜʣʷ ʷʢʦʾ 

ʥʝʨʽʚʥʽʩʪʴ (10.4) ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʨʽʚʥʽʩʪʴ ʜʣʷ ʢʦʞʥʦʛʦ k . ʆʪʞʝ, ʷʢʱʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ M m ʚʝʣʠʢʝ (ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʚʝʨʭʥʽ ʦʜʥʘʢʦʚʠʭ ʟʥʘʯʝʥʴ 

ʬʫʥʢʮʽʾ f  ʻ ʜʫʞʝ ʚʠʪʷʛʥʫʪʠʤʠ ʝʣʽʧʩʦʾʜʘʤʠ), ʪʦ ʰʚʠʜʢʽʩʪʴ ʟʙʽʞʥʦʩʪʽ ʤʘʣʘ. 
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ɸʥʘʣʦʛʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ ʜʦʚʝʩʪʠ ʜʣʷ ʤʝʪʦʜʫ, ʦʙʫʤʦʚʣʝʥʦʤʫ (10.1) ʽ (10.3), 

ʧʨʠʯʦʤʫ ʮʽ ʨʝʟʫʣʴʪʘʪʠ ʷʢʽʩʥʦ ʟʘʣʠʰʘʶʪʴʩʷ ʪʠʤʠ ʩʘʤʠʤʠ ʜʣʷ ʬʫʥʢʮʽʾ f  ʩʢʨʽʟʴ 

ʙʝʟʧʝʨʝʨʚʥʦ ʁʪʘ ʧʦʟʠʪʠʚʥʦ ʚʠʟʥʘʯʝʥʦʶ ʤʘʪʨʠʮʝʶ ɻʝʩʩʘ. 

ʐʚʠʜʢʽʩʪʴ ʟʙʽʞʥʦʩʪʽ ʤʝʪʦʜʫ ʥʘʡʰʚʠʜʰʦʛʦ ʩʧʫʩʢʫ ʤʦʞʥʘ ʧʦʢʨʘʱʠʪʠ, 

ʷʢʱʦ ʧʦʧʝʨʝʜʥʴʦ ʧʦʤʥʦʞʠʪʠ ʚʝʢʪʦʨ ʛʨʘʜʽʻʥʪʘ ʥʘ ʚʽʜʧʦʚʽʜʥʦ ʧʽʜʽʙʨʘʥʫ ʧʦʟʠʪʠʚʥʦ 

ʚʠʟʥʘʯʝʥʫ ʤʘʩʰʪʘʙʥʫ ʤʘʪʨʠʮʶ 
kB , ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʦʪʨʠʤʘʻʤʦ ʽʪʝʨʘʮʽ ʁ

( )1 , 0,1, .k k k k kx x B f x ka+= - Ð =                     (10.5) 

ʎʝʡ ʤʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʽʜʝʾ ʟʤʽʥʠ 
kx  ʫʟʜʦʚʞ ʥʘʧʨʷʤʫ ʩʧʫʩʢʫ. 

(ʉʢʘʣʷʨʥʠʡ ʜʦʙʫʪʦʢ ʥʘʧʨʷʤʫ ʟʤʽʥʠ ( )k kB f x- Ð   ̔ʛʨʘʜʽʻʥʪʘ ( )kf xÐ  ʥʝʛʘʪʠʚʥʠʡ, 

ʦʩʢʽʣʴʢʠ 
kB  ʻ ʧʦʟʠʪʠʚʥʦ ʚʠʟʥʘʯʝʥʦʶ ʤʘʪʨʠʮʝʶ.) ɿ ʧʦʛʣʷʜʫ ʰʚʠʜʢʦʩʪʽ 

ʟʙʽʞʥʦʩʪʽ ʥʘʡʢʨʘʱʠʡ ʤʝʪʦʜ ʤʘʻʤʦ, ʷʢʱʦ 

( )
1

2k kB f x
-

è ø= Ð
ê ú

                                  (10.6) 

(ʧʨʠʧʫʩʪʠʚʰʠ, ʱʦ ʤʘʪʨʠʮʷ ( )2 kf xÐ  ʥʝ ʚʠʨʦʜʞʝʥʘ). ʎʝ ʤʝʪʦʜ ʅʴʶʪʦʥʘ, ʷʢʠʡ, 

ʷʢ ʤʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʤʘʻ ʜʫʞʝ ʚʝʣʠʢʫ (ʢʚʘʜʨʘʪʠʯʥʫ) ʰʚʠʜʢʽʩʪʴ ʟʙʽʞʥʦʩʪʽ 

ʧʦʙʣʠʟʫ ʪʦʯʢʠ ʤʽʥʽʤʫʤʫ, ʷʢʱʦ ʨʦʟʤʽʨ ʢʨʦʢʫ 
ka  ʦʙʨʘʥʠʡ ʪʘʢʠʤ, ʱʦ ʜʦʨʽʚʥʶ ̒

ʦʜʠʥʠʮʽ. ʅʘ ʞʘʣʴ, ʮʷ ʰʚʠʜʢʽʩʪʴ ʟʙʽʞʥʦʩʪʽ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ,  

ʱʦ ʚ ʭʦʜʽ ʦʙʯʠʩʣʝʥʥ ̫ ʟʚʦʨʦʪʥʦʾ ʤʘʪʨʠʮʽ ʚ (10.6) ʤʦʞʝ ʟʥʘʜʦʙʠʪʠʩʷ ʜʫʞʝ 

ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʦʙʯʠʩʣʝʥʴ. ʏʘʩʪʦ ʚʠʷʚʣʷʶʪʴʩʷ ʢʦʨʠʩʥʠʤʠ ʽʥʰʽ ʩʧʦʩʦʙʠ  

ʚʠʙʦʨʫ 
kb , ʟʘ ʷʢʠʭ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʠʡ ʚʠʙʽʨ ( )

1
2 kf x

-

è øÐ
ê ú

, ʘʣʝ  

ʥʝ ʧʦʪʨʽʙʥʦ ʪʘʢʦʛʦ ʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ ʦʙʯʠʩʣʝʥʴ. ʆʜʠʥ ʽʟ ʧʨʦʩʪʠʭ ʩʧʦʩʦʙʽʚ,  

ʷʢʠʡ ʯʘʩʪʦ ʜʘʻ ʥʝʧʦʛʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʘ 
kB  ʧʨʠʡʤʘʻʪʴʩʷ 

ʜʽʘʛʦʥʘʣʴʥʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʟʚʦʨʦʪʥʦʾ ʤʘʪʨʠʮʽ ɻʝʩʩʘ, ʪʦʙʪʦ 
 

( )
( )

( )
( )

( )
( )

1
2

2

1

1
2

2

2

1
2

2

0
.

0

k

k

k

k

n

f x

x

f x

B x

f x

x

-

-

-

è øè øµ
é ùé ù
é ùµé ùê úé ù
é ùè øµ
é ùé ù
é ù= µé ùê úé ù
é ù
é ù
é ùè øµ
é ùé ù

µé ùé ùê úê ú

          (10.7) 
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ɿʘ ʪʘʢʦʛʦ ʚʠʙʦʨʫ ʽʪʝʨʘʮʽʶ (10.5) ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʫ ʙʽʣʴʰ ʧʨʦʩʪʦʤʫ 

ʚʠʛʣʜ̫ ̔

( )
( )

( )
1

2

1

2
, 1, , .

k k

k k k

i i

ii

f x f x
x x i n

xx
a

-

+
è øµ µ

= - =é ù
µµé ùê ú

                  (10.8) 

 

ʅʝʣʽʥʽʡʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʚ ʧʦʟʠʪʠʚʥʦʤʫ ʦʢʪʘʥʪʽ 

ɼʘʣʽ ʨʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʤʽʥʽʤʽʟʘʮʽʾ ʬʫʥʢʮʽʾ f  ʟʘ ʦʙʤʝʞʝʥʥʷ 0ix ²   

ʜʣʷ 1, ,i n= , ʪʦʙʪʦ ʟʘʜʘʯʫ  

ʤʽʥʽʤʽʟʫʚʘʪʠ ()f x   

ʟʘ ʦʙʤʝʞʝʥ ɹ 0 .x²                                             (10.9) 

ʇʨʷʤʠʤ ʘʥʘʣʦʛʦʤ ʤʝʪʦʜʫ ʥʘʡʰʚʠʜʰʦʛʦ ʩʧʫʩʢʫ ʙʫʜʝ 

( )1 , 0,1, ,k k k kx x f x ka
+

+ è ø= - Ð =
ê ú

                            (10.10) 

ʜʝ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʚʝʢʪʦʨʘ z ʤʠ ʧʦʟʥʘʯʘʻʤʦ ʯʝʨʝʟ []z
+
 ʧʨʦʝʢʮʽʶ z  

ʥʘ ʧʦʟʠʪʠʚʥʠʡ ʦʢʪʘʥʪ  

[]

{ }

{ }

{ }

1

2

max 0,

max 0,
.

max 0, n

z

z
z

z

+

è ø
é ù
é ù
=é ù
é ù
é ùê ú

                                         (10.11) 

ɼʘʥʠʡ ʤʝʪʦʜ ʧʨʦʽʣʶʩʪʨʦʚʘʥʠʡ ʥʘ ʨʠʩ. 10.1. 

 
 

ʈʠʩʫʥʦʢ 10.1 ï ʈʦʙʦʪʘ ʧʨʦʝʢʮʽʡʥʦʛʦ ʛʨʘʜʽʻʥʪʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 
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ʄʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦ ʟʙʽʞʥʽʩʪʴ, ʟʛʘʜʘʥʽ ʨʘʥʽʰʝ ʫ ʟʚô̫ ʟʢʫ  

ʟ (10.1) ï ʤʝʪʦʜʦʤ ʥʘʡʰʚʠʜʰʦʛʦ ʩʧʫʩʢʫ ʙʝʟ ʦʙʤʝʞʝʥʴ, ʪʘʢʦʞ ʧʨʘʚʠʣʴʥʽ ʜʣʷ  

ʘʥʘʣʦʛʘ ʟ ʦʙʤʝʞʝʥʥʷʤ (10.10). ʊʝ ʩʘʤʝ ʧʨʘʚʠʣʴʥʦ ʡ ʜʣʷ ʤʝʪʦʜʫ 

( )1 ,k k k k kx x B f xa
+

+ è ø= - Ð
ê ú

 

ʜʝ 
kB  ï ʜʽʘʛʦʥʘʣʴʥʘ, ʧʦʟʠʪʠʚʥʦ ʚʠʟʥʘʯʝʥʘ ʤʘʩʰʪʘʙʥʘ ʤʘʪʨʠʮʷ. ʗʢʱʦ 

kB  

ʦʙʨʘʥʦ ʫ ʚʠʛʣʷʜʽ (10.7), ʪʦ ʟʚʽʜʩʠ ʚʠʧʣʠʚʘʻ ʪʘʢʘ ʽʪʝʨʘʮʽʷ (ʚʽʜʧʦʚʽʜʥʦ  

ʜʦ (10.8) ʽ (10.11)): 

( )
( )

( )
1

2

1

2
max 0, , 1, , .

k k

k k k

i i

ii

f x f x
x x i n

xx
a

-

+

ë ûè øµ µî î
= - =é ùì ü

µµé ùî îê úí ý

           (10.12) 

ʊʝʧʝʨ ʦʪʨʠʤʘʥʦ ʚʠʨʘʟʠ ʷʢ ʜʣʷ ʧʝʨʰʠʭ, ʪʘʢ ʽ ʜʣʷ ʜʨʫʛʠʭ ʧʦʭʽʜʥʠʭ 

ʩʢʦʨʦʯʝʥʦʾ ʚʘʨʪʽʩʥʦʾ ʬʫʥʢʮʽʾ ()D x , ʡ ʪʦʤʫ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜ 

ʧʨʦʝʢʮʽʡ (10.12). ɯʪʝʨʘʮʽʷ ʤʘʻ ʚʠʛʣʷʜ 

( ){ }1 1max 0,
w

k k k

p p p p px x H d da+ -= - -  ʜʣʷ ʫʩʽʭ  , , ,w ww W p P p pÍ Í ¸    (10.13) 

ʜʝ 
pd  ʽ 

wpd  ʻ ʧʝʨʰʦʧʦʭʽʜʥʠʤʠ ʜʦʚʞʠʥʘʤʠ ʰʣʷʭʽʚ p  ʽ 
wp ; ʚʦʥʠ ʜʦʨʽʚʥʶʶʪʴ 

( )
( )

( )
( ), ,

, ,
w

k k

p ij ij p ij ij

ʧʦʚʩʝʤʣʠʥʠʷʤ i j ʧʦʚʩʝʤʣʠʥʠʷʤ i j
ʥʘʧʫʪʠ p ʥʘʧʫʪʠ p

d D F d D F¡ ¡= =ä ä          (10.14) 

ʘ 
pH  ï ʜʨʫʛʦʧʦʭʽʜʥʘ ʜʦʚʞʠʥʘ 

( )
( ),

.
p

k

p ij ij

i j L

H D F
Í

¡¡=ä                                  (10.15) 

ʈʦʟʤʽʨ ʢʨʦʢʫ 
ka  ʻ ʜʝʷʢʠʤ ʧʦʟʠʪʠʚʥʠʤ ʯʠʩʣʦʤ, ʷʢʝ ʤʦʞʥʘ ʦʙʠʨʘʪʠ 

ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. ʅʘʧʨʠʢʣʘʜ, 
ka  ʤʦʞʝ ʙʫʪʠ ʢʦʥʩʪʘʥʪʦʶ ʘʙʦ ʡʦʛʦ ʤʦʞʥʘ 

ʦʙʠʨʘʪʠ ʰʣʷʭʦʤ ʜʝʷʢʦʾ ʣʽʥʽʡʥʦʾ ʤʽʥʽʤʽʟʘʮʽʾ. ɺʠʙʽʨ ʨʦʟʤʽʨʫ ʢʨʦʢʫ 

ʦʙʛʦʚʦʨʶʚʘʪʠʤʝʪʴʩʷ ʧʽʟʥʽʰʝ. 

ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʪʘʢ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʽʪʝʨʘʮʽʾ (10.13): 

1. ʆʩʢʽʣʴʢʠ ʜʣʷ ʢʦʞʥʦʾ OA-ʧʘʨʠ w WÍ  ʤʠ ʤʘʻʤʦ 
wp pd d²  ʜʣʷ ʚʩʽʭ 

wp p¸ , 

ʪʦ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʩʽ ʧʦʪʦʢʠ ʧʦ ʥʝʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʘʭ ( )p wx p p¸ , ʷʢʽ ʙʽʣʴʰʝ 

ʥʫʣʷ, ʩʪʘʥʫʪʴ ʤʝʥʰʠʤʠ ʥʘ ʚʝʣʠʯʠʥʫ, ʱʦ ʙʫʜʝ ʧʝʨʝʢʠʥʫʪʘ ʥʘ ʄʇʇɼ-ʰʣʷʭ 
wp . 

ʗʢʱʦ ʨʦʟʤʽʨ ʢʨʦʢʫ 
ka  ʜʦʩʠʪʴ ʚʝʣʠʢʠʡ, ʪʦ ʚʝʩʴ ʧʦʪʽʢ ʟ ʥʝʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʽʚ 

ʙʫʜʝ ʧʝʨʝʢʠʥʫʪʠʡ ʥʘ ʥʘʡʢʦʨʦʪʰʠʡ ʰʣʷʭ. ʊʦʤʫ ʽʪʝʨʘʮʽʶ (10.13) ʤʦʞʥʘ ʪʘʢʦʞ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʫʟʘʛʘʣʴʥʝʥʥʷ ʤʝʪʦʜʘ ʘʜʘʧʪʠʚʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʟʘʩʥʦʚʘʥʦʛʦ  

ʥʘ ʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʘʭ ʽ ʪʘʢʦʛʦ, ʱʦ ʤʘʻ ʧʘʨʘʤʝʪʨʠ 
ka , 

pH  ʽ ( )
wp pd d- ,  

ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʚʝʣʠʯʠʥʫ ʧʦʪʦʢʫ, ʱʦ ʧʝʨʝʢʠʜʘʻʪʴʩʷ ʥʘ ʥʘʡʢʦʨʦʪʰʠʡ ʰʣʷʭ. 
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2. ʇʦʪʦʢʠ ʧʦ ʥʝʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʘʭ 
px ,

wp p¸ , ʷʢʽ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ, 

ʟʘʣʠʰʘʪʴʩʷ ʨʽʚʥʠʤʠ ʥʫʣʶ. ʊʦʤʫ ʦʙʯʠʩʣʝʥʥʷ, ʟʘʟʥʘʯʝʥʽ ʚ (10.13), ʩʣʽʜ 

ʧʨʦʚʦʜʠʪʠ ʣʠʰʝ ʜʣʷ ʪʠʭ ʰʣʷʭʽʚ, ʧʦ ʷʢʠʭ ʧʨʦʭʦʜʠʪʴ ʧʦʟʠʪʠʚʥʠʡ ʧʦʪʽʢ. 

3. ʃʠʰʝ ʥʘ ʪʠʭ ʰʣʷʭʘʭ, ʧʦ ʷʢʠʭ ʧʨʦʭʦʜʠʚ ʧʦʟʠʪʠʚʥʠʡ ʧʦʪʽʢ ʧʨʠ 

ʧʦʯʘʪʢʦʚʽʡ ʢʘʨʪʠʥʽ ʧʦʪʦʢʽʚ ʘʙʦ ʪʠʤʠ, ʷʢʽ ʙʫʣʠ ʄʇʇɼ-ʰʣʷʭʘʤʠ ʥʘ ʜʝ̫ʢʽʡ 

ʧʦʧʝʨʝʜʥʽʡ ʽʪʝʨʘʮʽʾ, ʤʦʞʣʠʚʠʡ ʧʦʟʠʪʠʚʥʠʡ ʧʦʪʽʢ ʥʘ ʧʦʯʘʪʢʫ ʽʪʝʨʘʮʽʾ. ʎʝ ʤʘʻ 

ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʟʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʘʣʛʦʨʠʪʤ ʧʨʘʛʥʝ ʟʙʝʨʝʛʪʠ 

ʢʽʣʴʢʽʩʪʴ ʰʣʷʭʽʚ, ʷʢʽ ʥʝʩʫʪʴ ʧʦʪʽʢ, ʥʝʚʝʣʠʢʠʤ, ʱʦ ʧʦʟʠʪʠʚʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ 

ʢʽʣʴʢʦʩʪʽ ʦʙʯʠʩʣʝʥʴ ʽ ʦʙʩʷʟʽ ʧʘʤô̫ ʪʽ, ʥʝʦʙʭʽʜʥʦ ʾʜʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʾ ʽʪʝʨʘʮʽʾ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʚʠʙʦʨʫ ʨʦʟʤʽʨʫ ʢʨʦʢʫ 
ka, ʪʦ ʽʩʥʫʻ ʢʽʣʴʢʘ ʤʦʞʣʠʚʦʩʪʝʡ. 

ʄʦʞʥʘ ʧʦʢʣʘʩʪʠ 
ka  ʪʘʢʠʤ, ʱʦ ʜʦʨʽʚʥʶ  ̒ ʢʦʥʩʪʘʥʪʽ (

ka a¹  ʜʣʷ ʫʩʽʭ k ).  

ɼʣʷ ʪʘʢʦʛʦ ʚʠʙʦʨʫ ʤʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʧʦʯʘʪʢʦʚʦʾ ʤʥʦʞʠʥʠ 

ʰʣʷʭʦʚʠʭ ʧʦʪʦʢʽʚ ʽʩʥʫʻ 0a> , ʪʘʢʝ, ʱʦ, ʢʦʣʠ ( ]0,a aÍ , ʪʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ, 

ʧʦʨʦʜʞʝʥʘ ʽʪʝʨʘʮʽʻʶ (10.13)ï(10.15), ʟʙʽʛʘʻʪʴʩʷ ʜʦ ʦʧʪʠʤʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ ʟʘʜʘʯʽ. 

ɺʠʙʽʨ ʚʝʣʠʯʠʥʠ ʧʦʩʪʽʡʥʦʛʦ ʨʦʟʤʽʨʫ ʢʨʦʢʫ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ. ɿ ʜʦʩʚʽʜʫ 

ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʡ ʘʥʘʣʽʟʫ ʚʽʜʦʤʦ, ʱʦ ʨʦʟʤʽʨ ʢʨʦʢʫ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ 

ʦʜʠʥʠʮʽ, ʟʚʠʯʘʡʥʦ ʜʦʙʨʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʤʝʪʦʜʫ ʅʴʶʪʦʥʘ, ʘ ʪʘʢʦʞ ʜʽʘʛʦʥʘʣʴʥʦʾ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʤʝʪʦʜʫ ʅʴʶʪʦʥʘ (10.7), ʜʝ ʚʠʢʦʨʠʩʪʦʚʫ̒ʪʴʩʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, 

ʟʘʩʥʦʚʘʥʝ ʥʘ ʜʨʫʛʠʭ ʧʦʭʽʜʥʠʭ. ɼʦʩʚʽʜ ʧʦʢʘʟʘʚ, ʱʦ ʚʠʙʽʨ 
ka  ʚ (10.13) ʙʣʠʟʴʢʠʤ 

ʜʦ ʦʜʠʥʠʮʽ ʟʘʟʚʠʯʘʡ ʚʠʷʚʣʷʻʪʴʩʷ ʜʦʩʠʪʴ ʛʘʨʥʠʤ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʟʥʘʯʝʥʴ ʚʭʽʜʥʠʭ 

ʧʦʪʦʢʽʚ 
wr . ɺʠʭʦʜʠʪʴ ʥʘʚʽʪʴ ʢʨʘʱʝ, ʷʢʱʦ ʽʪʝʨʘʮʽʶ (10.13) ʚʠʢʦʥʫʚʘʪʠ ʟʘ ʦʜʠʥ 

ʨʘʟ ʪʽʣʴʢʠ ʜʣʷ ʦʜʥʽʻʾ OA-ʧʘʨʠ (ʘʙʦ ʜʣʷ ʦʜʥʦʛʦ ʚʽʜʧʨʘʚʥʠʢʘ), ʪʦʙʪʦ ʩʧʦʯʘʪʢʫ 

ʚʠʢʦʥʘʪʠ (10.13) ʟ 1ka =  ʜʣʷ ʻʜʠʥʦʾ OA-ʧʘʨʠ (ʘʙʦ ʚʽʜʧʨʘʚʥʠʢʘ), ʧʦʪʽʤ 

ʧʝʨʝʨʘʭʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʩʫʤʘʨʥʠʭ ʧʦʪʦʢʽʚ ʫ ʣʽʥʽʷʭ, ʟ ʦʛʣʷʜʫ ʥʘ ʟʤʽʥʫ 

ʰʣʷʭʦʚʠʭ ʧʦʪʦʢʽʚ ʮʽʻʾ OA-ʧʘʨʠ, ʽ ʧʨʦʜʦʚʞʠʪʠ ʦʙʯʠʩʣʝʥʥʷ ʜʣʷ ʥʘʩʪʫʧʥʦʾ  

OA-ʧʘʨʠ, ʮʠʢʣʽʯʥʦ ʦʙʭʦʜʷʯʠ ʫʩʽ OA-ʧʘʨʠ. ʈʦʟʫʤʥʝ ʧʦʷʩʥʝʥʥʷ ʮʴʦʛʦ ʟʘʩʥʦʚʘʥʦ 

ʥʘ ʪʦʤʫ, ʱʦ, ʚʽʜʢʠʜʘʶʯʠ ʥʝʜʽʘʛʦʥʘʣʴʥʽ ʯʣʝʥʠ ʚ ʤʘʪʨʠʮʽ ɻʝʩʩʘ ((10.5) ʽ (10.7)), 

ʤʠ ʪʠʤ ʩʘʤʠʤ, ʧʦ ʩʫʪʽ, ʥʝʭʪʫʻʤʦ ʚʟʘʻʤʦʜʽʻʶ ʤʽʞ ʧʦʪʦʢʘʤʠ ʨʽʟʥʠʭ  

OA-ʧʘʨ. ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʽʪʝʨʘʮʽʷ (10.13) ʧʝʚʥʦʶ ʤʽʨʦ  ʁ ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʧʝʨʝʜʫʤʦʚʽ, ʱʦ ʢʦʞʥʘ OA-ʧʘʨʘ ʧʝʨʝʙʫʜʦʚʫʚʘʪʠʤʝ ʚʣʘʩʥʽ ʰʣʷʭʦʚʽ ʧʦʪʦʢʠ,  

ʫ ʪʦʡ ʯʘʩ ʷʢ ʽʥʰʽ OA-ʧʘʨʠ ʟʙʝʨʽʛʘʶʪʴ ʩʚʦʾ ʧʦʪʦʢʠ ʥʝʟʤʽʥʥʠʤʠ. ɺʠʢʦʥʘʥʥʷ 

ʽʪʝʨʘʮʽʾ (10.13) ʟʘ ʦʜʠʥ ʨʘʟ ʪʽʣʴʢʠ ʜʣʷ ʦʜʥʽʻʾ OA-ʧʘʨʠ ʟʤʝʥʰʫʻ ʧʦʪʝʥʮʽʡʥʠʡ 

ʥʝʙʘʞʘʥʠʡ ʝʬʝʢʪ, ʧʦʚô̫ ʟʘʥʠʡ ʟ ʚʽʜʢʠʜʘʥʥʷʤ ʥʝʜʽʘʛʦʥʘʣʴʥʠʭ ʯʣʝʥʽʚ ʫ ʤʘʪʨʠʮʽ 

ɻʝʩʩʘ, ʽ ʟʙʽʣʴʰʫʻ ʚʧʝʚʥʝʥʽʩʪʴ ʫ ʪʦʤʫ, ʱʦ ʦʜʠʥʠʯʥʠʡ ʨʦʟʤʽʨ ʢʨʦʢʫ ʻ ʧʽʜʭʦʜʷʱʠʤ 

ʽ ʝʬʝʢʪʠʚʥʠʤ. ɿʘ ʮʠʭ ʦʙʩʪʘʚʠʥ ʜʦʩʚʽʜ ʧʦʢʘʟʫʻ, ʱʦ ʽʪʝʨʘʮʽʷ (10.13) ʟʘʟʚʠʯʘʡ 

ʧʨʘʮʶʻ ʜʦʙʨʝ ʟ ʦʜʠʥʠʯʥʠʤ ʨʦʟʤʽʨʦʤ ʢʨʦʢʫ. 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʨʦʟʤʽʨʫ ʢʨʦʢʫ ʜʦʙʨʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʜʦʜʘʪʢʽʚ. ɼʣʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʦʙʯʠʩʣʝʥʴ ʤʦʞʥʘ ʚʠʙʠʨʘʪʠ 
ka  

ʰʣʷʭʦʤ ʷʢʦʛʦ-ʥʝʙʫʜʴ ʧʨʦʩʪʦʛʦ ʣʽʥʽʡʥʦʛʦ ʧʦʰʫʢʫ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʧʦʯʘʪʠ ʟ 

ʦʜʠʥʠʯʥʦʛʦ ʨʦʟʤʽʨʫ ʢʨʦʢʫ, ʦʙʯʠʩʣʠʪʠ ʚʽʜʧʦʚʽʜʥʫ ʚʘʨʪʽʩʪʴ, ʽ ʷʢʱʦ ʥʽʷʢʦʛʦ 

ʟʤʝʥʰʝʥʥʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ( )kD x  ʥʝ ʚʠʡʜʝ, ʪʦ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʚʘʪʠ ʨʦʟʤʽʨ 

ʢʨʦʢʫ ʜʦʪʠ, ʧʦʢʠ ʟʤʝʥʰʝʥʥʷ ( ) ( )1k kD x D x+ <  ʥʝ ʙʫʜʝ ʦʪʨʠʤʘʥʦ. ʅʝ ʤʦʞʥʘ 

ʧʦʢʘʟʘʪʠ, ʱʦ ʪʘʢʘ ʩʭʝʤʘ ʟʙʽʛʘʻʪʴʩʷ ʟ ʦʧʪʠʤʘʣʴʥʠʤ ʨʽʰʝʥʥʷʤ. ʆʜʥʘʢ ʥʘ ʧʨʘʢʪʠʮʽ 

ʚʦʥʘ ʟʘʟʚʠʯʘʡ ʧʨʘʮʶʻ ʜʦʙʨʝ.  

ʇʨʦʝʢʮʽʡʥʠʡ ʘʣʛʦʨʠʪʤ ʟʘʟʚʠʯʘʡ ʰʚʠʜʢʦ ʧʨʠʚʦʜʠʪʴ ʚ ʦʢʦʣʠʮʶ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ. ʇʽʜʽʡʰʦʚʰʠ ʙʣʠʟʴʢʦ ʜʦ ʨʦʟʚô̫ ʟʢʫ (ʥʘʩʢʽʣʴʢʠ 

çʙʣʠʟʴʢʦè, ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʚʜʘʥʥʷ), ʘʣʛʦʨʠʪʤ ʩʧʦʚʽʣʴʥʶʻ ʨʦʙʦʪʫ. 

ʁʦʛʦ ʰʚʠʜʢʽʩʪʴ ʙʽʣʷ ʨʦʟʚô̫ ʟʢʫ ʯʘʩʪʦ ʻ ʟʘʜʦʚʽʣʴʥʦʶ ʡ ʟʘʟʚʠʯʘʡ ʥʘʙʘʛʘʪʦ 

ʙʽʣʴʰʦ,ʁ ʥʽʞ ʫ ʤʝʪʦʜʽ ʌʨʘʥʢʘïɺʦʣʬʘ. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʧʨʦʝʢʮʽʡʥʠʡ ʘʣʛʦʨʠʪʤ ʩʭʦʜʠʚʩʷ ʰʚʠʜʰʝ ʧʦʙʣʠʟʫ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʚô̫ ʟʢʫ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʜʽʘʛʦʥʘʣʴʥʽ ʯʣʝʥʠ ʚ  

ʤʘʪʨʠʮʽ ɻʝʩʩʘ.  

 

10.2 ʇʨʠʢʣʘʜ ʨʦʟʚô̫ ʟʘʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ  

ʙʝʟ ʦʙʤʝʞʝʥʥʷ 

 

ʈʦʟʛʣʷʥʝʤʦ ʤʝʨʝʞʫ, ʧʦʢʘʟʘʥʫ ʥʘ ʨʠʩ. 10.2.  

ɭ ʣʠʰʝ ʜʚʽ OA-ʧʘʨʠ (1.5) ʽ (2.5) ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʚʭʽʜʥʠʤʠ ʧʦʪʦʢʘʤʠ 
1 4r =  

ʪʘ 
2 8r = . ʈʦʟʛʣʷʥʝʤʦ ʪʘʢʽ ʜʚʘ ʰʣʷʭʠ ʜʣʷ ʢʦʞʥʦʾ OA-ʧʘʨʠ.  

ʐʣʷʭʠ ʜʣʷ OA-ʧʘʨʠ (1, 5) 

() ( )( ){ }

() ( )( )( ){ }
1

2

1 1, 4 , 4, 5 ,

1 1, 3 , 3, 4 , 4, 5 .

p

p

=

=
  

ʐʣʷʭʠ ʜʣʷ OA-ʧʘʨʠ (2, 5) 

() ( )( ){ }

() ( )( )( ){ }
1

2

2 2, 4 , 4, 5 ,

2 2, 3 , 3, 4 , 4, 5 .

p

p

=

=
 

 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ ʟʘʜʘʯʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʫ ʷʢʽʡ ʚʘʨʪʽʩʥʽ ʬʫʥʢʮʽʾ ʜʣʷ ʚʩʽʭ 

ʣʽʥʽʡ ʦʜʥʘʢʦʚʽ ʡ ʤʘʶʪʴ ʚʠʛʣʷʜ  

( ) ( )
21

2
ij ij ijD F F=     ʜʣʷ ʚʩʽʭ    ( ),i j . 
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ʈʠʩʫʥʦʢ 10.2 ï ʇʨʠʢʣʘʜ ʤʝʨʝʞʽ, ʫ ʷʢʽʡ ʚʫʟʦʣ 5 ʻ ʻʜʠʥʠʤ ʘʜʨʝʩʘʪʦʤ  

ʪʘ  ̒ʜʚʘ ʚʽʜʧʨʘʚʥʠʢʘ: ʚʫʟʣʠ 1 ʽ 2 
 

ʈʦʟʛʣʷʥʝʤʦ ʢʘʨʪʠʥʫ ʧʦʯʘʪʢʦʚʠʭ ʰʣʷʭʦʚʠʭ ʧʦʪʦʢʽʚ, ʫ ʷʢʽʡ ʚʝʩʴ ʧʦʪʽʢ 

ʢʦʞʥʦʾ OA-ʧʘʨʠ ʧʨʦʭʦʜʠʪʴ ʧʦ ʩʝʨʝʜʥʽʡ ʣʽʥʽʾ (3, 4). ʆʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʦʪʦʢʠ, ʧʦʜʘʥʽ ʚ ʪʘʙʣ. 10.1 ʽ 10.2. 
 

ʊʘʙʣʠʮʷ 10.1 ï ʇʦʯʘʪʢʦʚʽ ʰʣʷʭʦʚʽ ʧʦʪʦʢʠ ʜʣʷ ʧʨʠʢʣʘʜʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 
 

OA-ʧʘʨʘ ʐʣʷʭ ʐʣʷʭʦʚʠʡ ʧʦʪʽʢ 

(1, 5) 
()1 1p  0 

()2 1p  4 

   

(2, 5) 
()1 2p  0 

()2 2p  8 
 

ʊʘʙʣʠʮʷ 10.2 ï ʇʦʯʘʪʢʦʚʽ ʩʫʤʘʨʥʽ ʧʦʪʦʢʠ ʧʦ ʣʽʥʽʷʭ ʜʣʷ ʧʨʠʢʣʘʜʫ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ 
 

ʃʽʥʽʷ ʉʫʤʘʨʥʠʡ ʧʦʪʽʢ ʫ ʣʠʥʽʾ 

(1, 3) 4 

(1, 4) 0 

(2, 3) 8 

(2, 4) 0 

(3, 4) 12 

(4, 5) 12 

ɯʥʰʽ 0 
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ʇʝʨʰʦʧʦʭʽʜʥʘ ʜʦʚʞʠʥʘ ʢʦʞʥʦʾ ʣʽʥʽʾ ʜʦʨʽʚʥʶʻ 

( ) ,ij ij ijD F F¡ =  

ʪʦʤʫ ʩʫʤʘʨʥʽ ʧʦʪʦʢʠ ʚ ʣʽʥʽʷʭ, ʧʦʜʘʥʽ ʚ ʪʘʙʣ. 10.2, ʻ ʪʘʢʦʞ ʜʦʚʞʠʥʘʤʠ ʣʽʥʽʡ ʜʣʷ 

ʧʝʨʰʦʾ ʽʪʝʨʘʮʽʾ. ɺʽʜʧʦʚʽʜʥʽ ʧʝʨʰʦʧʦʭʽʜʥʽ ʜʦʚʞʠʥʠ ʰʣʷʭʽʚ ʧʦʜʘʥʽ ʚ ʪʘʙʣ. 10.3. 

 

ʊʘʙʣʠʮʷ 10.3 ï ʇʦʯʘʪʢʦʚʽ ʧʝʨʰʦʧʦʭʽʜʥʽ ʜʦʚʞʠʥʠ ʜʣʷ ʧʨʠʢʣʘʜʫ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ 
 

OA-ʧʘʨʘ ʐʣʷʭ ʇʝʨʰʦʧʦʭʽʜʥʘ ʰʣʷʭʫ 

(1, 5) 
()1 1p  12 

()2 1p  28 

   

(2, 5) 
()1 2p  12 

()2 2p  32 

 

ʅʘʡʢʦʨʦʪʰʠʤʠ ʰʣʷʭʘʤʠ ʜʣʷ ʧʝʨʰʦʾ ʽʪʝʨʘʮʽʾ ʙʫʜʫʪʴ ()1 1p  ʽ ()1 2p  ʜʣʷ  

OA-ʧʘʨ (1,5) ʽ (2, 5) ʚʽʜʧʦʚʽʜʥʦ. 

ʂʦʥʢʨʝʪʥʠʡ ʚʠʜ ʽʪʝʨʘʮʽʾ (10.13)ï(10.15) ʧʦʢʘʞʝʤʦ ʜʣʷ ʧʝʨʰʦʾ OA-ʧʘʨʠ.  

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʥʝʥʘʡʢʦʨʦʪʰʦʛʦ ʰʣʷʭʫ ()2 1p p=   ̔ʥʘʡʢʦʨʦʪʰʦʛʦ ʰʣʷʭʫ 

()1 1p p=  ʤʘʻʤʦ 28pd =  ʡ 12pd = . ʊʘʢʦʞ 3pH =  (ʢʦʞʥʘ ʣʽʥʽʷ ʤʘʻ 

ʜʨʫʛʦʧʦʭʽʜʥʫ ʜʦʚʞʠʥʫ 1ijD¡¡=  ʡ ʽʩʥʫʶʪʴ ʪʨʠ ʣʽʥʽʾ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʘʙʦ ()1 1p , ʘʙʦ 

()2 1p , ʘʣʝ ʥʝ ʦʙʦʤ ʚʦʜʥʦʯʘʩ. ʊʦʤʫ ʽʪʝʨʘʮʽʷ (10.13) ʤʘʻ ʚʠʛʣʷʜ 

( )
1 16 4,16

: max 0,4 28 12 max 0,4 4 min
3 3 3

k k
p kx

a a
a

ë û ë ûë û
= - - = - = -ì ü ì ü ì ü

í ý í ý í ý
 

ʽ                                                         1:p px r x= - . 

ʋ ʙʽʣʴʰ ʟʘʛʘʣʴʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʥʝʭʘʡ ()1 1x , ()2 1x , ()1 2x  ʽ ()2 2x  ʦʟʥʘʯʘʶʪʴ 

ʧʦʪʦʢʠ ʧʦ ʰʣʷʭʘʭ ()1 1p , ()2 2p , ʽ ()1 2p , ()2 2p  ʚʽʜʧʦʚʽʜʥʦ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ 

ʥʘʩʪʫʧʥʦʾ ʽʪʝʨʘʮʽʾ. ɺʽʜʧʦʚʽʜʥʽ ʜʦʚʞʠʥʠ ʰʣʷʭʽʚ ʜʦʨʽʚʥʶʶʪʴ 

() ()

() () ()
1

2

1 1 21

2 2 1 21

1 ,

2 1 2 ,

p

p

d x r r

d x x r r

= + +

= + + +
 

() ()

() () ()
1

2

1 1 22

2 2 1 22

2 ,

2 2 1 .

p

p

d x r r

d x x r r

= + +

= + + +
 

ɼʨʫʛʦʧʦʭʽʜʥʘ ʜʦʚʞʠʥʘ 
pH  ʟ (10.15) ʜʦʨʽʚʥʶʻ 3. ɸʣʛʦʨʠʪʤ (10.13)ï(10.15) 

ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ.  



119 

ɼʣʷ 1, 2i=   

()

() () () () () ()

() () () ()

1 2 1 2

2 1

1 1

1

1 2

min , , ʷʢʱʦ ,
3

:

min ,
3

k

p i p i p i p i

k

p i p i

x i x i d d d d

x i

x i x i d d

a

a

ë è ø
è ø- - >î é ùê ú

î ê ú
=ì

è øî è ø+ -é ùî ê ú
ê úí

 

ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ, () ()2 1: ix i r x i= - . 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʣʽʥʽʾ (4, 5) ʥʽʷʢ ʥʝ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʚʠʛʣʜ̫ʽ 

ʽʪʝʨʘʮʽʾ, ʽ ʪʘʢ ʮʝ ʡ ʤʘʻ ʙʫʪʠ, ʦʩʢʽʣʴʢʠ ʩʫʤʘʨʥʠʡ ʧʦʪʽʢ ʧʦ ʣʽʥʽʾ (4, 5) ʟʘʚʞʜʠ 

ʜʦʨʽʚʥʶʻ 
1 2r r+  ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

ɿ ʪʘʙʣʠʮʽ 10.4 ʚʠʜʥʦ, ʱʦ ʧʨʠ ʦʜʠʥʠʯʥʦʤʫ ʨʦʟʤʽʨʽ ʢʨʦʢʫ ʟʙʽʞʥʽʩʪʴ ʜʦ 

ʦʢʦʣʠʮʽ ʨʦʟʚôʷʟʢʫ ʜʫʞʝ ʰʚʠʜʢʘ ʜʣʷ ʦʙʦʭ ʚʘʨʽʘʥʪʽʚ çʚʩʝ ʚʦʜʥʦʯʘʩè ʽ çʦʜʥʘ ʟʘ 

ʦʜʠʥ ʨʘʟè. ɿ ̔ ʟʨʦʩʪʘʥʥʷʤ ʨʦʟʤʽʨʫ ʢʨʦʢʫ ʟôʷʚʣʷʻʪʴʩʷ ʥʝʙʝʟʧʝʢʘ ʚʪʨʘʪʠ 

ʚʣʘʩʪʠʚʦʩʪʽ ʟʙʽʞʥʦʩʪʽ ʡ, ʟʘʟʚʠʯʘʡ, ʥʘʩʘʤʧʝʨʝʜ ʧʝʨʝʩʪʘʻ ʩʭʦʜʠʪʠʩʷ ʘʣʛʦʨʠʪʤ ʫ 

ʚʘʨʽʘʥʪʽ çʚʩʝ ʚʦʜʥʦʯʘʩè. 
 

ʊʘʙʣʠʮʷ 10.4 ï ʇʦʩʣʽʜʦʚʥʦʩʪʽ ʚʘʨʪʦʩʪʝʡ, ʷʢʽ ʛʝʥʝʨʫʶʪʴʩʷ ʧʨʦʝʢʮʽʡʥʠʤ 

ʛʨʘʜʽʥ̒ʪʥʠʤ ʤʝʪʦʜʦʤ, ʜʣʷ ʧʨʠʢʣʘʜʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʧʨʠ 

ʨʽʟʥʠʭ ʨʦʟʤʽʨʘʭ ʢʨʦʢʫ  
 

ɯʪʝʨʘʮʽʷ ɺʘʨʽʘʥʪ çʫʩʽ ʚʦʜʥʦʯʘʩè ɺʘʨʽʘʥʪ çʦʜʥʘ ʟʘ ʦʜʠʥ ʨʘʟè 

k  0,5ka ¹  1,0ka ¹  1,8ka ¹  0,5ka ¹  1,0ka ¹  1,8ka ¹  

0 184,00 184,00 184,00 184,00 184,00 184,00 

1 110,88 104,00 112,00 114,44 101,33 112,00 

2 102,39 101,33 118,72 103,54 101,00 109,15 

3 101,28 101,03 112,00 101,63  101,79 

4 101,09 101,00 118,72 101,29  101,56 

5 101,03  112,00 101,08  101,33 

6 101,01  118,72 101,03  101,18 

7 101,00  112,00 101,01  101,12 

8   118,72 101,00  101,09 

9   112,00   101,06 

10   118,72   101,03 
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ʃʝʢʮʽʷ 11 

ʇʈʆʊʆʂʆʃ ʄɯɾʄɽʈɽɾʅʆɰ ɺɿɸɭʄʆɼɯɰ 

 

 

11.1 ʌʦʨʤʘʪ Iʈ-ʧʘʢʝʪʘ 

 

ʇʨʦʪʦʢʦʣ ʤʽʞʤʝʨʝʞʥʦʾ ʚʟʘʻʤʦʜʽʾ  

ʇʨʦʪʦʢʦʣ IP (Intranet Protocol ï ʤʽʞʤʝʨʝʞʥʠʡ ʧʨʦʪʦʢʦʣ) ʦʧʠʩʘʥʠʡ ʫ 

ʜʦʢʫʤʝʥʪʽ RFC 751. ʋ ʢʦʞʥʽʡ ʥʘʩʪʫʧʥʽʡ ʤʝʨʝʞʽ, ʱʦ ʣʝʞʠʪʴ ʥʘ ʰʣʷʭʫ 

ʧʝʨʝʤʽʱʝʥʥʷ ʧʘʢʝʪʘ, ʧʨʦʪʦʢʦʣ IP ʟʚʝʨʪʘʻʪʴʩʷ ʜʦ ʟʘʩʦʙʽʚ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʮʽʻʾ 

ʤʝʨʝʞʽ, ʱʦʙ ʟ ʾʭʥʴʦʶ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʜʘʪʠ ʧʘʢʝʪ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʷʢʠʡ ʚʝʜʝ 

ʜʦ ʥʘʩʪʫʧʥʦʾ ʤʝʨʝʞʽ, ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʚʫʟʦʣ-ʦʪʨʠʤʫʚʘʯ. ʆʪʞʝ, ʦʜʥʽʻ ʁʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʬʫʥʢʮʽʡ IP ʻ ʧʽʜʪʨʠʤʢʘ ʽʥʪʝʨʬʝʡʩʫ ʟ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʱʦ 

ʨʦʟʪʘʰʦʚʘʥʽ ʥʠʞʯʝ ʟʘ ʤʝʨʝʞ,̔ ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʩʢʣʘʜʝʥʫ ʤʝʨʝʞʫ. ʂʨʽʤ ʪʦʛʦ,  

ʜʦ ʬʫʥʢʮʽʾ ʧʨʦʪʦʢʦʣʫ IP ʚʭʦʜʠʪʴ ʧʽʜʪʨʠʤʢʘ ʽʥʪʝʨʬʝʡʩʫ ʟ ʧʨʦʪʦʢʦʣʘʤʠ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ, ʱʦ ʣʝʞʠʪʴ ʚʠʱʝ, ʟʦʢʨʝʤʘ, ʟ ʧʨʦʪʦʢʦʣʦʤ TCP, ʷʢʠʡ 

ʚʠʨʽʰʫʻ ʫʩʽ ʧʠʪʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʾ ʜʦʩʪʘʚʢʠ ʜʘʥʠʭ ʧʦ ʩʢʣʘʜʝʥʽʡ ʤʝʨʝʞʽ 

ʫ ʩʪʝʢʫ TCP/IP.  

ʇʨʦʪʦʢʦʣ IP ʥʘʣʝʞʠʪʴ ʜʦ ʧʨʦʪʦʢʦʣʽʚ ʙʝʟ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟô̒ ʜʥʘʥʴ,  

ʚʽʥ ʧʽʜʪʨʠʤʫʻ ʦʙʨʦʙʢʫ ʢʦʞʥʦʛʦ Iʈ-ʧʘʢʝʪʘ ʷʢ ʥʝʟʘʣʝʞʥʦʾ ʦʜʠʥʠʮʽ ʦʙʤʽʥʫ,  

ʥʝ ʧʦʚô̫ ʟʘʥʦʾ ʟ ʽʥʰʠʤʠ ʧʘʢʝʪʘʤʠ.  

ʋ ʧʨʦʪʦʢʦʣʽ IP ʥʝʤʘʻ ʤʝʭʘʥʽʟʤʽʚ, ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʨʦʛʽʜʥʦʩʪʽ ʢʽʥʮʝʚʠʭ ʜʘʥʠʭ.  

ʗʢʱʦ ʧʽʜ ʯʘʩ ʧʨʦʩʫʚʘʥʥʷ ʧʘʢʝʪʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʫʜʴ-ʷʢʘ ʧʦʤʠʣʢʘ,  

ʪʦ ʧʨʦʪʦʢʦʣ IP ʟʘ ʩʚʦʻ ʁ ʽʥʽʮʽʘʪʠʚʠ ʥʽʯʦʛʦ ʥʝ ʟʜʽʡʩʥʶʻ ʜʣʷ ʚʠʧʨʘʚʣʝʥʥʷ  

ʮʽʻʾ ʧʦʤʠʣʢʠ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʥʘ ʧʨʦʤʽʞʥʦʤʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ ʧʘʢʝʪ ʙʫʚ 

ʚʽʜʢʠʥʫʪʠʡ ʯʝʨʝʟ ʧʦʤʠʣʢʫ ʟʘ ʢʦʥʪʨʦʣʴʥʦ  ʁʩʫʤʦ ,ʁ ʪʦ ʤʦʜʫʣʴ IP ʥʝ ʥʘʤʘʛʘʻʪʴʩʷ 

ʟʘʥʦʚʦ ʧʦʩʣʘʪʠ ʟʘʛʫʙʣʝʥʠʡ ʧʘʢʝʪ. ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʧʨʦʪʦʢʦʣ IP ʨʝʘʣʽʟʫʻ ʧʦʣʽʪʠʢʫ 

ʜʦʩʪʘʚʢʠ çʟʘ ʤʦʞʣʠʚʩ̔ʪʁè (ʟ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʟʫʩʠʣʣʷʤʠ).  

ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʫ ʬʫʥʢʮʽʶ ʧʨʦʪʦʢʦʣʫ IP ï ʤʘʨʰʨʫʪʠʟʘʮʽʶ ï ʜʦʢʣʘʜʥʦ. 

ˆʨʫʥʪʦʚʥʦ ʚʠʚʯʠʤʦ ʩʪʨʫʢʪʫʨʫ ʪʘʙʣʠʮʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʷʢ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ,  

ʪʘʢ ʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʩʦʢ. ʅʘʚʝʜʝʤʦ ʧʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʩʦʢ ʦʜʥʘʢʦʚʦʾ 

ʪʘ ʟʤʽʥʥʦʾ ʜʦʚʞʠʥʠ, ʘʜʨʝʩʥʠʭ ʧʨʦʩʪʦʨʽʚ, ʱʦ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ, ʧʦʜʽʣʫ ʥʘ 

ʧʽʜʤʝʨʝʞʽ ʡ ʦʙô̒ ʜʥʘʥʥʷ ʧʽʜʤʝʨʝʞ. ʊʘʢʦʞ ʜʦʩʣʽʜʠʤʦ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʪʦʢʦʣʫ IP, 

ʧʦʚô̫ ʟʘʥʽ ʟ ʬʨʘʛʤʝʥʪʘʮʽʻʶ ʧʘʢʝʪʽʚ. 
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ʌʦʨʤʘʪ Iʈ-ʧʘʢʝʪʘ  

ɭ ʧʨʷʤʠʡ ʟʚô̫ ʟʦʢ ʤʽʞ ʢʽʣʴʢʽʩʪʶ ʧʦʣʽʚ ʟʘʛʦʣʦʚʢʘ ʧʘʢʝʪʘ ʡ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ 

ʩʢʣʘʜʥʽʩʪʶ ʧʨʦʪʦʢʦʣʫ, ʷʢʠʡ ʧʨʘʮʶʻ ʟ ʮʠʤ ʟʘʛʦʣʦʚʢʦʤ. ʏʠʤ ʧʨʦʩʪʽʰʝ ʟʘʛʦʣʦʚʦʢ ï 

ʪʠʤ ʧʨʦʩʪʽʰʝ ʚʽʜʧʦʚʽʜʥʠʡ ʧʨʦʪʦʢʦʣ. ɹʽʣʴʰʘ ʯʘʩʪʠʥʘ ʜʽʡ ʧʨʦʪʦʢʦʣʫ ʧʦʚô̫ ʟʘʥʘ ʟ 

ʦʙʨʦʙʢʦʶ ʪʽʻʾ ʩʣʫʞʙʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʧʝʨʝʥʦʩʠʪʴʩʷ ʚ ʧʦʣʷʭ ʟʘʛʦʣʦʚʢʘ ʧʘʢʝʪʘ. 

ɺʠʚʯʘʶʯʠ ʧʨʠʟʥʘʯʝʥʥʷ ʢʦʞʥʦʛʦ ʧʦʣʷ ʟʘʛʦʣʦʚʢʘ Iʈ-ʧʘʢʝʪʘ, ʤʠ ʦʪʨʠʤʫʻʤʦ  

ʥʝ ʣʠʰʝ ʬʦʨʤʘʣʴʥʽ ʟʥʘʥʥʷ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʧʘʢʝʪʘ, ʘʣʝ ʡ ʦʟʥʘʡʦʤʣʶʤ̒ʦʩʷ  

ʟ ʦʩʥʦʚʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʧʨʦʪʦʢʦʣʫ IP. Iʈ-ʧʘʢʝʪ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʣʽʚ ʟʘʛʦʣʦʚʢʘ  

ʡ ʜʘʥʠʭ. ɼʘʣʽ ʧʝʨʝʨʘʭʦʚʘʥʽ ʧʦʣʷ ʟʘʛʦʣʦʚʢʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 11.1.  
 

4 ʙʽʪʘ 

ʅʦʤʝʨ 

ʚʝʨʩʽʾ 

4 ʙʽʪʘ 

ɼʦʚʞʠʥʘ 

ʟʘʛʦʣʦʚʢʘ 

8 ʙʽʪ 

ʊʠʧ ʩʝʨʚʽʩʫ 
16 ʙʽʪ 

ɿʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ 
PR D T R  

16 ʙʽʪ 

ɯʜʝʥʪʠʬʽʢʘʪʦʨ ʧʘʢʝʪʘ 

3 ʙʽʪʘ 

ʇʨʘʧʦʨʮ ̔
13 ʙʽʪ 

ɿʩʫʚ ʬʨʘʛʤʝʥʪʘ 
 D M 

8 ʙʽʪ 

ʏʘʩ ʞʠʪʪʷ 

8 ʙʽʪ 

ʇʨʦʪʦʢʦʣ  

ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ 

16 ʙʽʪ 

ʂʦʥʪʨʦʣʴʥʘ ʩʫʤʘ 

32 ʙʽʪʘ 

ɯʈ-ʘʜʨʝʩʘ ʜʞʝʨʝʣʘ 

32 ʙʽʪʘ 

ɯʈ-ʘʜʨʝʩʘ ʧʨʠʟʥʘʯʝʥʥʷ 

ʇʘʨʘʤʝʪʨʠ ʪʘ ʚʠʨʽʚʥʶʚʘʥʥʷ 

 

ʈʠʩʫʥʦʢ 11.1 ï ʉʪʨʫʢʪʫʨʘ ʟʘʛʦʣʦʚʢʘ Iʈ-ʧʘʢʝʪʘ 
 

ʇʦʣʝ ʥʦʤʝʨʘ ʚʝʨʩʽʾ ʟʘʡʤʘʻ 4 ʙʽʪʠ ʪʘ ʽʜʝʥʪʠʬʽʢʫʻ ʚʝʨʩʽʶ ʧʨʦʪʦʢʦʣʫ IP. 

ʉʴʦʛʦʜʥʽ ʩʢʨʽʟʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʝʨʩʽʷ 4 (IPv4), ʭʦʯʘ ʚʩʝ ʯʘʩʪʽʰʝ 

ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʡ ʥʦʚʘ ʚʝʨʩʽʷ (IPv6).  

ɿʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ ʟʘʛʦʣʦʚʢʘ Iʈ-ʧʘʢʝʪʘ ʪʘʢʦʞ ʟʘʡʤʘʻ 4 ʙʽʪʠ ʡ 

ʚʠʤʽʨʶ̒ ʪʴʩʷ ʚ 32-ʙʽʪʥʠʭ ʩʣʦʚʘʭ. ɿʘʚʠʯʘʡ ʟʘʛʦʣʦʚʦʢ ʤʘʻ ʜʦʚʞʠʥʫ ʚ 20 ʙʘʡʪ 

(ʧô̫ ʪʴ 32-ʙʽʪʥʠʭ ʩʣʽʚ), ʘʣʝ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʜʝʷʢʦʾ ʩʣʫʞʙʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʮʝ 

ʟʥʘʯʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʟʙʽʣʴʰʝʥʝ ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʪʢʦʚʠʭ ʙʘʡʪʽʚ ʫ ʧʦʣ ̔ʧʘʨʘʤʝʪʨʽʚ. 

ʅʘʡʙʽʣʴʰʘ ʜʦʚʞʠʥʘ ʟʘʛʦʣʦʚʢʘ ʩʪʘʥʦʚʠʪʴ 60 ʙʘʡʪ.  

ʇʦʣʝ ʪʠʧʫ ʩʝʨʚʽʩʫ (Type of Service, ToS) ʤʘʻ ʡ ʽʥʰʫ, ʩʫʯʘʩʥʽʰʫ ʥʘʟʚʫ ï 

ʙʘʡʪ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘʙʦ DS-ʙʘʡʪ. ʎʠʤ ʜʚʦʤ ʥʘʟʚʘʤ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʚʘ ʚʘʨʽʘʥʪʠ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʮʴʦʛʦ ʧʦʣʷ. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʜʘʥʝ  

ʧʦʣʝ ʩʣʫʛʫʻ ʦʜʥʽʡ ʤʝʪ̔ ï ʟʙʝʨʽʛʘʥʥʶ ʦʟʥʘʢ, ʷʢʽ ʚʽʜʙʠʚʘʶʪʴ ʚʠʤʦʛʠ ʜʦ  

ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʘ. ʋ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʘʨʽʘʥʪʽ ʧʝʨʰʽ ʪʨʠ ʙʽʪʠ  
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ʤʽʩʪʷʪʴ ʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʫ ʧʘʢʝʪʘ: ʚʽʜ ʥʘʡʥʠʞʯʦʛʦ ï 0 ʜʦ ʥʘʡʚʠʱʦʛʦ ï 7. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨʠ ʡ ʢʦʤʧôʁ ʪʝʨʠ ʤʦʞʫʪʴ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʧʨʽʦʨʠʪʝʪ ʧʘʢʝʪʘ  

ʡ ʦʙʨʦʙʣʷʪʠ ʙʽʣʴʰ ʚʘʞʣʠʚʽ ʧʘʢʝʪʠ ʚ ʧʝʨʰʫ ʯʝʨʛʫ. ʅʘʩʪʫʧʥʽ ʪʨʠ ʙʽʪʠ ʧʦʣʷ ToS 

ʚʠʟʥʘʯʘʶʪʴ ʢʨʠʪʝʨʽʡ ʚʠʙʦʨʫ ʤʘʨʰʨʫʪʫ. ʗʢʱʦ ʙʽʪ D (Delay ï ʟʘʪʨʠʤʢʘ) 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʚ 1, ʪʦ ʤʘʨʰʨʫʪ ʤʘʻ ʦʙʠʨʘʪʠʩʷ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʟʘʪʨʠʤʢʠ ʜʦʩʪʘʚʢʠ 

ʜʘʥʦʛʦ ʧʘʢʝʪʘ; ʚʩʪʘʥʦʚʣʝʥʠʡ ʙʽʪ ʊ (Throughput ï ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ) ï  

ʜʣʷ ʤʘʢʩʠʤʽʟʘʮʽʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ; ʘ ʙʽʪ R (Reliability ï ʥʘʜʽʡʥʽʩʪʴ) ï  

ʜʣʷ ʤʘʢʩʠʤʽʟʘʮʽʾ ʥʘʜʽʡʥʦʩʪʽ ʜʦʩʪʘʚʢʠ. ɼʚʘ ʙʽʪʠ, ʱʦ ʟʘʣʠʰʠʣʠʩʷ ʤʘʶʪʴ  

ʥʫʣʴʦʚʝ ʟʥʘʯʝʥʥʷ.  

ʉʪʘʥʜʘʨʪʠ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʧʨʠʡʥʷʪʽ ʥʘʧʨʠʢʽʥʮʽ 

1990-ʭ ʨʦʢʽʚ, ʜʘʣʠ ʥʦʚʫ ʥʘʟʚʫ ʮʴʦʤʫ ʧʦʣʶ ʡ ʧʝʨʝʚʠʟʥʘʯʠʣʠ ʧʨʠʟʥʘʯʝʥʥʷ ʡʦʛʦ 

ʙ̔ʪ̔ʚ. ɺ DS-ʙʘʡʪʽ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʽʣʴʢʠ ʩʪʘʨʰʽ 6 ʙʽʪʽʚ, ʘ ʜʚʘ ʤʦʣʦʜʰʽ 

ʙʽʪʠ ʟʘʣʠʰʘʶʪʴʩʷ ʷʢ ʨʝʟʝʨʚ.  

ʇʦʣʝ ʟʘʛʘʣʴʥʦʾ ʜʦʚʞʠʥʠ ʟʘʡʤʘʻ 2 ʙʘʡʪʠ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʘʛʘʣʴʥʫ 

ʜʦʚʞʠʥʫ ʧʘʢʝʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʛʦʣʦʚʢʘ ʡ ʧʦʣʷ ʜʘʥʠʭ. ʄʘʢʩʠʤʘʣʴʥʘ ʜʦʚʞʠʥʘ 

ʧʘʢʝʪʘ ʦʙʤʝʞʝʥʘ ʨʦʟʨʷʜʥʽʩʪʶ ʧʦʣʷ, ʷʢʝ ʚʠʟʥʘʯʘʻ ʮʶ ʚʝʣʠʯʠʥʫ, ʽ ʩʪʘʥʦʚʠʪʴ 

65535 ʙʘʡʪ, ʘʣʝ ʫ ʙʽʣʴʰʦʩʪʽ ʢʦʤʧôʁ ʪʝʨʽʚ ʽ ʤʝʨʝʞ ʪʘʢʽ ʚʝʣʠʢʽ ʧʘʢʝʪʠ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. ʇʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ ʧʦ ʤʝʨʝʞʘʭ ʨʽʟʥʦʛʦ ʪʠʧʫ ʜʦʚʞʠʥʘ ʧʘʢʝʪʘ 

ʦʙʠʨʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʜʦʚʞʠʥʠ ʧʘʢʝʪʘ ʧʨʦʪʦʢʦʣʫ ʥʠʞʥʴʦʛʦ 

ʨʽʚʥʷ, ʷʢʠʡ ʥʝʩʝ Iʈ-ʧʘʢʝʪʠ. ʗʢʱʦ ʮʝ ʢʘʜʨʠ Ethernet, ʪʦ ʦʙʠʨʘʶʪʴʩʷ ʧʘʢʝʪʠ  

ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʜʦʚʞʠʥʦʶ 1500 ʙʘʡʪ, ʷʢʽ ʚʤʽʱʘʶʪʴʩʷ ʚ ʧʦʣʝ ʜʘʥʠʭ ʢʘʜʨʘ 

Ethernet. ʋ ʩʪʘʥʜʘʨʪʘʭ TCP/IP ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʫʩʽ ʭʦʩʪʠ ʤʘʶʪʴ ʙʫʪʠ ʛʦʪʦʚʽ 

ʧʨʠʡʤʘʪʠ ʧʘʢʝʪʠ ʜʦʚʞʠʥʦʶ ʜʦ 576 ʙʘʡʪ (ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʧʨʠʭʦʜʷʪʴ ʚʦʥʠ 

ʮʽʣʢʦʤ ʯʠ ʬʨʘʛʤʝʥʪʘʤʠ).  

ɯʜʝʥʪʠʬʽʢʘʪʦʨ ʧʘʢʝʪʘ ʟʘʡʤʘʻ 2 ʙʘʡʪʠ ʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʘʢʝʪʽʚ, ʱʦ ʫʪʚʦʨʶʚʘʣʠʩʷ ʰʣʷʭʦʤ ʧʦʜʽʣʫ ʥʘ ʯʘʩʪʠʥʠ 

(ʬʨʘʛʤʝʥʪʘʮʽʾ) ʚʠʭʽʜʥʦʛʦ ʧʘʢʝʪʘ. ʋʩʽ ʯʘʩʪʠʥʠ (ʬʨʘʛʤʝʥʪʠ) ʦʜʥʦʛʦ ʧʘʢʝʪʘ 

ʧʦʚʠʥʥʽ ʤʘʪʠ ʦʜʥʘʢʦʚʝ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʧʦʣʷ.  

ʇʨʘʧʦʨʮ ̔ʟʘʡʤʘʶʪʴ 3 ʙʽʪʠ ʡ ʤʽʩʪʷʪʴ ʦʟʥʘʢʠ, ʧʦʚô̫ ʟʘʥʽ ʽʟ ʬʨʘʛʤʝʥʪʘʮʽʻʶ. 

ɺʩʪʘʥʦʚʣʝʥʠʡ ʚ 1 ʙʽʪ DF (Do not Fragment ï ʥʝ ʬʨʘʛʤʝʥʪʫʚʘʪʠ) ʟʘʙʦʨʦʥʷʻ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʫ ʬʨʘʛʤʝʥʪʫʚʘʪʠ ʜʘʥʠʡ ʧʘʢʝʪ, ʘ ʚʩʪʘʥʦʚʣʝʥʠʡ ʚ 1 ʙʽʪ MF (More 

Fragments ï ʙʽʣʴʰʝ ʬʨʘʛʤʝʥʪʽʚ) ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʜʘʥʠʡ ʧʘʢʝʪ ʻ ʧʨʦʤʽʞʥʠʤ 

(ʥʝ ʦʩʪʘʥʥʽʤ) ʬʨʘʛʤʝʥʪʦʤ. ɹ̔ ʪ, ʱʦ ʟʘʣʠʰʠʚʩʷ, ʟʘʨʝʟʝʨʚʦʚʘʥʠʡ.  

ʇʦʣʝ ʟʩʫʚʫ ʬʨʘʛʤʝʥʪʘ ʟʘʡʤʘʻ 13 ʙʽʪ ʽ ʟʘʜʘʻ ʟʩʫʚ ʫ ʙʘʡʪʘʭ ʧʦʣʷ ʜʘʥʠʭ 

ʮʴʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚʽʜʥʦʩʥʦ ʧʦʯʘʪʢʫ ʧʦʣʷ ʜʘʥʠʭ ʚʠʭʽʜʥʦʛʦ (ʥʝ ʬʨʘʛʤʝʥʪʦʚʘʥʦʛʦ) 

ʧʘʢʝʪʘ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʩʢʣʘʜʘʥʥ/̫ʨʦʟʙʠʨʘʥʥ ̫ ʬʨʘʛʤʝʥʪʽʚ ʧʘʢʝʪʽʚ.  

ɿʩʫʚ ʤʘʻ ʙʫʪʠ ʢʨʘʪʥʠʤ 8 ʙʘʡʪʘʤ.  
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ʇʦʣʝ ʯʘʩʫ ʞʠʪʪʷ (Time ʊʦ Live, TTL) ʟʘʡʤʘʻ ʦʜʠʥ ʙʘʡʪ  

ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʚʜʘʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʪʝʨʤʽʥʫ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʧʘʢʝʪ 

ʤʦʞʝ ʧʝʨʝʤʽʱʫʚʘʪʠʩʷ ʧʦ ʤʝʨʝʞʽ. ʏʘʩ ʞʠʪʪʷ ʧʘʢʝʪʘ ʚʠʤʽʨʶ̒ ʪʴʩʷ ʚ ʩʝʢʫʥʜʘʭ ʽ 

ʟʘʜʘʻʪʴʩʷ ʜʞʝʨʝʣʦʤ. ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʢʦʞʥʦʾ ʩʝʢʫʥʜʠ ʧʝʨʝʙʫʚʘʥʥʷ ʥʘ ʢʦʞʥʦʤʫ 

ʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ, ʯʝʨʝʟ ʷʢʽ ʧʨʦʭʦʜʠʪʴ ʧʘʢʝʪ ʧʽʜ ʯʘʩ ʩʚʦʻʾ çʧʦʜʦʨʦʞʽè  

ʧʦ ʤʝʨʝʞʽ, ʟ ʡʦʛʦ ʧʦʪʦʯʥʦʛʦ ʯʘʩʫ ʞʠʪʪʷ ʚʽʜʥʽʤʘʻʪʴʩʷ ʦʜʠʥʠʮʷ; ʦʜʠʥʠʮʷ 

ʚʽʜʥʽʤʘʻʪʴʩʷ ʡ ʫ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʙʫʚ ʤʝʥʰʝ ʩʝʢʫʥʜʠ. 

ʆʩʢʽʣʴʢʠ ʩʫʯʘʩʥʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʨʽʜʢʦ ʦʙʨʦʙʣʷʁ ʪʴ ʧʘʢʝʪ ʜʦʚʰʝ, ʥʽʞ ʦʜʥʫ 

ʩʝʢʫʥʜʫ, ʪʦ ʯʘʩ ʞʠʪʪʷ ʤʦʞʥʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʷʢ ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ 

ʪʨʘʥʟʠʪʥʠʭ ʚʫʟʣʽʚ, ʷʢʽ ʜʦʟʚʦʣʝʥʦ ʧʨʦʡʪʠ ʧʘʢʝʪʫ.  

ʗʢʱʦ ʟʥʘʯʝʥʥʷ ʧʦʣʷ ʯʘʩʫ ʞʠʪʪʷ ʩʪʘʻ ʥʫʣʴʦʚʠʤ ʜʦ ʪʦʛʦ, ʷʢ ʧʘʢʝʪ ʜʦʩʷʛʘʻ 

ʦʪʨʠʤʫʚʘʯʘ, ʧʘʢʝʪ ʟʥʠʱʫʻʪʴʩʷ. ʆʪʞʝ, ʯʘʩ ʞʠʪʪʷ ʻ ʩʚʦʛʦ ʨʦʜʫ ʛʦʜʠʥʥʠʢʦʚʠʤ 

ʤʝʭʘʥʽʟʤʦʤ ʩʘʤʦʟʥʠʱʝʥʥʷ ʧʘʢʝʪʘ.  

ʇʦʣʝ ʧʨʦʪʦʢʦʣʫ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ ʟʘʡʤʘʻ ʦʜʠʥ ʙʘʡʪ ʽ ʤʽʩʪʠʪʴ 

ʽʜʝʥʪʠʬʽʢʘʪʦʨ, ʱʦ ʚʢʘʟʫʻ, ʷʢʦʤʫ ʧʨʦʪʦʢʦʣʫ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ ʥʘʣʝʞʠʪʴ 

ʽʥʬʦʨʤʘʮʽʷ, ʨʦʟʤʽʱʝʥʘ ʚ ʧʦʣ ̔ ʜʘʥʠʭ ʧʘʢʝʪʘ. ɿʥʘʯʝʥʥʷ ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ ʜʣʷ 

ʨʽʟʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʧʨʠʚʦʜʷʪʴʩʷ ʚ ʜʦʢʫʤʝʥʪʽ RFC 1700, ʜʦʩʪʫʧʥʦʤʫ ʟʘ ʘʜʨʝʩʦʶ 
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ʅʘʧʨʠʢʣʘʜ, 6 ʦʟʥʘʯʘʻ, ʱʦ ʚ ʧʘʢʝʪʽ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦʪʦʢʦʣʫ 

TCP, 17 ï ʧʨʦʪʦʢʦʣʫ UDP, 1 ï ʧʨʦʪʦʢʦʣʫ ICMP.  

ʂʦʥʪʨʦʣʴʥʘ ʩʫʤʘ ʟʘʛʦʣʦʚʢʘ ʟʘʡʤʘʻ 2 ʙʘʡʪʠ (16 ʙʽʪ) ʽ ʦʙʯʠʩʣʶʻʪʴʩʷ ʣʠʰʝ 

ʟʘ ʟʘʛʦʣʦʚʢʦʤ. ʆʩʢʽʣʴʢʠ ʜʝʷʢʽ ʧʦʣʷ ʟʘʛʦʣʦʚʢʘ ʟʤʽʥʁʁʪʴ ʩʚʦʻ ʟʥʘʯʝʥʥʷ ʫ ʧʨʦʮʝʩʽ 

ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʘ ʧʦ ʤʝʨʝʞʽ (ʥʘʧʨʠʢʣʘʜ, ʧʦʣʝ ʯʘʩʫ ʞʠʪʪʷ), ʢʦʥʪʨʦʣʴʥʘ ʩʫʤʘ 

ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʡ ʧʦʚʪʦʨʥʦ ʦʙʯʠʩʣʶʻʪʴʩʷ ʥʘ ʢʦʞʥʦʤʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ ʡ 

ʢʽʥʮʝʚʦʤʫ ʚʫʟʣʽ ʷʢ ʜʦʧʦʚʥʝʥʥʷ ʜʦ ʩʫʤʠ ʚʩʽʭ 16-ʙʽʪʥʠʭ ʩʣʽʚ ʟʘʛʦʣʦʚʢʘ.  

ʇʦʣʷ Iʈ-ʘʜʨʝʩ ʜʞʝʨʝʣʘ ʡ ʧʨʠʡʤʘʯʘ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʜʦʚʞʠʥʫ ï 32 ʙʽʪʠ.  

ʇʦʣʝ ʧʘʨʘʤʝʪʨʽʚ ʻ ʥʝʦʙʦʚô̫ ʟʢʦʚʠʤ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʟʚʠʯʘʡ ʣʠʰʝ ʚ 

ʭʦʜʽ ʥʘʣʘʛʦʜʞʝʥʥ ̫ʤʝʨʝʞʽ. ʎʝ ʧʦʣʝ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʧʜ̔ʧʦʣʽʚ ʦʜʥʦʛʦ  

ʟ ʚʦʩʴʤʠ ʚʠʟʥʘʯʝʥʠʭ ʪʠʧʽʚ. ʋ ʮʠʭ ʧʜ̔ʧʦʣʷʭ ʤʦʞʥʘ ʚʢʘʟʫʚʘʪʠ ʪʦʯʥʠʡ ʤʘʨʰʨʫʪ, 

ʨʝʻʩʪʨʫʚʘʪʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ, ʷʢʽ ʧʨʦʭʦʜʠʪʴ ʧʘʢʝʪ, ʚʤʽʫɦʚʘʪʠ ʜʘʥʽ ʩʠʩʪʝʤʠ 

ʙʝʟʧʝʢʠ ʘʙʦ ʪʠʤʯʘʩʦʚʽ ʦʮʽʥʢʠ. ʆʩʢʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ ʧ̔ʜʧʦʣʽʚ ʫ ʧʦʣ ̔ʧʘʨʘʤʝʪʨʽʚ 

ʤʦʞʝ ʙʫʪʠ ʜʦʚʽʣʴʥʦ ,ʁ ʪʦ ʥʘʧʨʠʢʽʥʮʽ ʟʘʛʦʣʦʚʢʘ ʤʘ̒  ʙʫʪʠ ʜʦʜʘʥʦ ʜʝʢʽʣʴʢʘ 

ʥʫʣʴʦʚʠʭ ʙʘʡʪʽʚ ʜʣʷ ʚʠʨʽʚʥʶʚʘʥʥʷ ʟʘʛʦʣʦʚʢʘ ʧʘʢʝʪʘ ʧʦ 32-ʙʽʪʥʽʡ ʤʝʞʽ. 

ɼʘʣʽ ʥʘʚʝʜʝʥʘ ʨʦʟʜʨʫʢʽʚʢʘ ʟʥʘʯʝʥʴ ʧʦʣʽʚ ʟʘʛʦʣʦʚʢʘ ʦʜʥʦʛʦ ʟ ʨʝʘʣʴʥʠʭ  

Iʈ-ʧʘʢʝʪʽʚ, ʟʘʭʦʧʣʝʥʠʭ ʫ ʤʝʨʝʞʽ Ethernet ʟʘʩʦʙʘʤʠ ʘʥʘʣʽʟʘʪʦʨʘ ʧʨʦʪʦʢʦʣʽʚ 

ʤʝʨʝʞʥʦʛʦ ʤʦʥʽʪʦʨʘ (Network Monitor, NM) ʢʦʤʧʘʥʽʾ Microsoft. ʋ NM ʚ ʜʫʞʢʘʭ 

ʜʘʻ ʰʩ̔ʪʥʘʜʮʪ̫ʢʦʚʽ ʟʥʘʯʝʥʥʷ ʧʦʣʽʚ, ʢʨʽʤ ʪʦʛʦ, ʧʨʦʛʨʘʤʘ ʽʥʦʜʽ ʧʦʜʘʻ ʯʠʩʣʦʚʽ 
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ʢʦʜʠ ʧʦʣʽʚ ʫ ʚʠʛʣʷʜʽ, ʙʽʣʴʰ ʟʨʫʯʥʦʤʫ ʜʣʷ ʯʠʪʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, NM ʽʥʪʝʨʧʨʝʪʫʻ 

ʢʦʜ 6 ʫ ʧʦʣʝ ʧʨʦʪʦʢʦʣʫ, ʧʦʤʽʱʘʶʯʠ ʪʫʜʠ ʥʘʟʚʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʪʦʢʦʣʫ ï TCP  

IP: Version = 4 (0x4)  

IP: Header Length = 20 (0x14)  

IP: Service Type = 0 (0x0)  

IP: Precedence = Routine  

IP: ...0é. = Normal Delay  

IP: é.0é = Normal Throughput  

IP: é..0.. = Normal Reliability  

IP: Total Length = 54 (0x36)  

IP: Identification = 31746 (0x7C02)  

IP: Flags Summary = 2 (0x2)  

IP: éé.0 = Last fragment in datagram  

IP: éé1. = Cannot fragment datagram  

IP: Fragment Offset = 0 (0x0) bytes  

IP: Time to Live = 128 (0x80)  

IP: Protocol = TCP ï Transmission Control  

IP: Checksum = 0xeb86  

IP: Source Address = 194.85.135.75  

IP: Destination Address = 194.85.135.66  

IP: Data: Number of data bytes remaining = 34 (0x0022)  

 

11.2 ʉʭʝʤʘ Iʈ-ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

 

ʈʦʟʛʣʷʥʝʤʦ ʤʝʭʘʥʽʟʤ Iʈ-ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ ʧʨʠʢʣʘʜʽ ʩʢʣʘʜʝʥʦʾ ʤʝʨʝʞʽ, ʱʦ 

ʧʦʜʘʥʘ ʥʘ ʨʠʩ. 11.2. ʋ ʮʽʡ ʤʝʨʝʞʽ 20 ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ (ʟʦʙʨʘʞʝʥʠʭ ʫ ʚʠʛʣʷʜʽ 

ʧʨʦʥʫʤʝʨʦʚʘʥʠʭ ʢʚʘʜʨʘʥʪʥʠʭ ʙʣʦʢʽʚ) ʧʦʻʜʥʫʶʪʴ 18 ʤʝʨʝʞ ʫ ʟʘʛʘʣʴʥʫ ʤʝʨʝʞʫ; 

N1, N2, ..., N18 ï ʥʦʤʝʨʘ ʤʝʨʝʞ.  

ʅʘ ʢʦʞʥʦʤʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ ʡ ʢʽʥʮʝʚʠʭ ʚʫʟʣʘʭ ɸ  ̔ ɺ ʬʫʥʢʮʽʦʥʫʶʪʴ 

ʧʨʦʪʦʢʦʣʠ IP.  

ɼʦ ʜʝʢʽʣʴʢʦʭ ʽʥʪʝʨʬʝʡʩʽʚ (ʧʦʨʪʽʚ) ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʧʨʠʻʜʥʫʶʪʴʩʷ 

ʤʝʨʝʞʽ. ʂʦʞʥʠʡ ʽʥʪʝʨʬʝʡʩ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʦʢʨʝʤʠʡ 

ʚʫʟʦʣ ʤʝʨʝʞʽ: ʚʽʥ ʤʘʻ ʤʝʨʝʞʥʫ ʘʜʨʝʩʫ ʡ ʣʦʢʘʣʴʥʫ ʘʜʨʝʩʫ ʚ ʪʽʡ ʧʽʜʤʝʨʝʞʽ,  

ʷʢʘ ʜʦ ʥʴʦʛʦ ʧʽʜʢʣʶʯʝʥʘ. ʅʘʧʨʠʢʣʘʜ, ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʧʽʜ ʥʦʤʝʨʦʤ 1 ʤʘʻ  

ʪʨʠ ʽʥʪʝʨʬʝʡʩʠ, ʜʦ ʷʢʠʭ ʧʽʜʢʣʶʯʝʥʽ ʤʝʨʝʞʽ N1, N2, N3. ʅʘ ʨʠʩʫʥʢʫ ʤʝʨʝʞʥʽ 

ʘʜʨʝʩʠ ʮʠʭ ʧʦʨʪʽʚ ʧʦʟʥʘʯʝʥʽ Iʈ11, IP12 ʽ IP13.  
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ɯʥʪʝʨʬʝʡʩ IP11 ʻ ʚʫʟʣʦʤ ʤʝʨʝʞʽ N1 ʽ, ʦʪʞʝ, ʫ ʧʦʣʝ ʥʦʤʝʨʘ ʤʝʨʝʞʽ  

ʧʦʨʪʫ Iʈ11 ʤʽʩʪʠʪʴʩʷ ʥʦʤʝʨ N1. ɸʥʘʣʦʛʽʯʥʦ ʽʥʪʝʨʬʝʡʩ IP12 ï ʮʝ ʚʫʟʦʣ ʫ  

ʤʝʨʝʞʽ N2, ʘ ʧʦʨʪ IP13 ï ʚʫʟʦʣ ʫ ʤʝʨʝʞʽ N3.  
 

 
 

ʈʠʩʫʥʦʢ 11.2 ï ʇʨʠʥʮʠʧʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʫ ʩʢʣʘʜʝʥʽʡ ʤʝʨʝʞʽ 

 

ʆʪʞʝ, ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʜʝʢʽʣʴʢʦʭ ʚʫʟʣʽʚ, 

ʢʦʞʥʠʡ ʟ ʷʢʠʭ ʚʭʦʜʠʪʴ ʫ ʩʚʦʶ ʤʝʨʝʞʫ. ʗʢ ʻʜʠʥʠʡ ʧʨʠʩʪʨʽʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʥʝ 

ʤʘʻ ʚʠʜʽʣʝʥʦ ʾʘʜʨʝʩʠ, ʥʽ ʤʝʨʝʞʥʦ,ʾ ʥʽ ʣʦʢʘʣʴʥʦ.ʾ 

ʋ ʩʢʣʘʜʥʠʭ ʩʢʣʘʜʝʥʠʭ ʤʝʨʝʞʘʭ ʤʘʡʞʝ ʟʘʚʞʜʠ ʽʩʥʫʶʪʴ ʜʝʢʽʣʴʢʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʤʘʨʰʨʫʪʽʚ ʜʣʷ ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʽʚ ʤʽʞ ʜʚʦʤʘ ʢʽʥʮʝʚʠʤʠ ʚʫʟʣʘʤʠ. 



126 

ʊʘʢ, ʧʘʢʝʪ, ʚʽʜʧʨʘʚʣʝʥʠʡ ʟ ʚʫʟʣʘ A ʫ ʚʫʟʦʣ ɺ, ʤʦʞʝ ʧʨʦʡʪʠ ʯʝʨʝʟ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ 17, 12, 5, 4 ʪʘ 1 ʘʙʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ 17, 13, 7, 6 ʽ 3. ʅʝʚʘʞʢʦ 

ʟʥʘʡʪʠ ʱʝ ʢʽʣʴʢʘ ʤʘʨʰʨʫʪʽʚ ʤʽʞ ɸ ʠ ɺ. 

ʇʈʀʄɯʊʂɸ. ɿʘ ʥʘʷʚʥʦʩʪʽ ʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʙʣʦʢʫ 

ʢʝʨʫʚʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʟʛʽʜʥʦ ʟ ʧʨʦʪʦʢʦʣʦʤ SNMP) ʮʝʡ ʙʣʦʢ ʤʘʻ 

ʚʣʘʩʥʽ ʣʦʢʘʣʴʥʫ ʪʘ ʤʝʨʝʞʥʫ ʘʜʨʝʩʠ, ʟʘ ʷʢʠʤʠ ʜʦ ʥʴʦʛʦ 

ʟʚʝʨʪʘʻʪʴʩʷ ʮʝʥʪʨʘʣʴʥʘ ʩʪʘʥʮʽʷ ʢʝʨʫʚʘʥʥʷ. ʎʽ ʘʜʨʝʩʠ 

ʦʙʠʨʘʶʪʴʩʷ ʟ ʪʦʛʦ ʞ ʧʫʣʫ, ʱʦ ʡ ʘʜʨʝʩʠ ʬʽʟʠʯʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. ʋ ʪʝʭʥʽʯʥʽʡ ʜʦʢʫʤʝʥʪʘʮʽʾ ʪʘʢʦʛʦ ʨʦʜʫ ʘʜʨʝʩʠ 

ʥʘʟʠʚʘʶʪʴʩʷ ʘʜʨʝʩʘʤʠ ʟʚʦʨʦʪʥʦʾ ʧʝʪʣʽ (looopback address), ʘʙʦ 

ʘʜʨʝʩʘʤʠ ʚʽʨʪʫʘʣʴʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ (virtual interface address).  

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʘʜʨʝʩ 127.ʭ.ʭ.ʭ, ʟʘʨʝʟʝʨʚʦʚʘʥʠʭ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʤʽʞ ʧʨʦʛʨʘʤʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʤʝʞʘʭ 

ʦʜʥʦʛʦ ʢʦʤʧôʁ ʪʝʨʘ, ʘʜʨʝʩʠ ʚʽʨʪʫʘʣʴʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ 

ʧʨʠʧʫʩʢʘʶʪʴ ʟʚʝʨʪʘʥʥʷ ʜʦ ʥʠʭ ʟʟʦʚʥʽ.  

ɿʘʚʜʘʥʥʷ ʚʠʙʦʨʫ ʤʘʨʰʨʫʪʫ ʟ ʜʝʢʽʣʴʢʦʭ ʤʦʞʣʠʚʠʭ ʚʠʨʽʰʫʶʪʴ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ, ʘ ʪʘʢʦʞ ʢʽʥʮʝʚʽ ʚʫʟʣʠ. ʄʘʨʰʨʫʪ ʦʙʠʨʘʻʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ 

ʥʘʷʚʥʦʾ ʫ ʮɹ ʦʤʫ ʫʩʪʘʪʢʫʚʘʥʥʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʪʦʯʥʫ ʢʦʥʬʽʛʫʨʘʮʽʶ ʤʝʨʝʞʽ,  

ʘ ʪʘʢʦʞ ʥʘ ʧʽʜʩʪʘʚʽ ʢʨʠʪʝʨʽʶ ʚʠʙʦʨʫ ʤʘʨʰʨʫʪʫ. ʂʨʠʪʝʨʽʻʤ ʯʘʩʪʦ ʚʠʩʪʫʧʘʻ 

ʟʘʪʨʠʤʢʘ ʧʨʦʭʦʜʞʝʥʥʷ ʤʘʨʰʨʫʪʫ ʦʢʨʝʤʠʤ ʧʘʢʝʪʦʤ, ʩʝʨʝʜʥʷ ʧʨʦʧʫʩʢʥʘ 

ʟʜʘʪʥʽʩʪʴ ʤʘʨʰʨʫʪʫ ʜʣʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʘʢʝʪʽʚ ʘʙʦ ʥʘʡʧʨʦʩʪʽʠhʡ ʢʨʠʪʝʨʽʡ, ʷʢʠʡ 

ʚʨʘʭʦʚʫʻ ʣʠʰʝ ʢʽʣʴʢʽʩʪʴ ʧʨʦʡʜʝʥʠʭ ʥʘ ʤʘʨʰʨʫʪʽ ʧʨʦʤʽʞʥʠʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ 

(ʨʝʪʨʘʥʩʣʷʮʽʡʥʠʭ ʜʽʣʷʥʦʢ).  

ʆʪʨʠʤʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʤʘʨʰʨʫʪʠ ʧʦʜʘʣʴʰʦʛʦ 

ʧʨʦʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ ʚʤʽʫɦʁ ʪʴʩʷ ʚ ʪʘʙʣʠʮʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ.  

 

11.3 ʉʧʨʦʱʝʥʘ ʪʘʙʣʠʮʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʫʤʦʚʥʽ ʧʦʟʥʘʯʢʠ ʜʣʷ ʤʝʨʝʞʥʠʭ ʘʜʨʝʩ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʽ 

ʥʦʤʝʨʽʚ ʤʝʨʝʞ, ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 11.2, ʧʦʜʠʚʠʤʦʩʷ, ʷʢ ʤʦʛʣʘ ʙ ʚʠʛʣʷʜʘʪʠ 

ʪʘʙʣʠʮʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ, ʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ 4 (ʪʘʙʣ. 11.1).  

ʇʝʨʰʠʡ ʩʪʦʚʧʯʠʢ ʪʘʙʣʠʮʽ ʤʽʩʪʠʪʴ ʘʜʨʝʩʠ ʧʨʠʟʥʘʯʝʥʥʷ ʧʘʢʝʪʽʚ.  

ʋ ʢʦʞʥʦʤʫ ʨʷʜʢʫ ʪʘʙʣʠʮʽ ʟʘ ʘʜʨʝʩʦʶ ʧʨʠʟʥʘʯʝʥʥʷ ʚʢʘʟʫʻʪʴʩʷ ʤʝʨʝʞʥʘ 

ʘʜʨʝʩʘ ʥʘʩʪʫʧʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ (ʪʦʯʥʽʰʝ, ʤʝʨʝʞʥʘ ʘʜʨʝʩʘ ʽʥʪʝʨʬʝʡʩʫ 

ʥʘʩʪʫʧʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ), ʥʘ ʷʢʫ ʧʦʪʨʽʙʥʦ ʥʘʧʨʘʚʠʪʠ ʧʘʢʝʪ, ʱʦʙ ʪʦʡ 

ʧʝʨʝʩʫʚʘʚʩʷ ʚ ʥʘʧʨʷʤʢʫ ʜʦ ʟʘʜʘʥʦʾ ʘʜʨʝʩʠ ʨʘʮʽʦʥʘʣʴʥʠʤ ʤʘʨʰʨʫʪʦʤ.  
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ʇʝʨʝʜ ʪʠʤ ʷʢ ʧʝʨʝʜʘʪʠ ʧʘʢʝʪ ʥʘʩʪʫʧʥʦʤʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʫ, ʧʦʪʦʯʥʠʡ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʤʘʻ ʚʠʟʥʘʯʠʪʠ, ʥʘ ʷʢʠʡ ʟ ʜʝʢʽʣʴʢʦʭ ʚʣʘʩʥʠʭ ʧʦʨʪʽʚ (IP41 ʘʙʦ IP42) 

ʚʽʥ ʤʘʻ ʧʦʤʽʩʪʠʪʠ ʜʘʥʠʡ ʧʘʢʝʪ. ɼʣʷ ʮʴʦʛʦ ʩʣʫʛʫʻ ʪʨʝʪʽʡ ʩʪʦʚʧʯʠʢ ʪʘʙʣʠʮʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʤʝʨʝʞʥʽ ʘʜʨʝʩʠ ʚʠʭʽʜʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ.  
 

ʊʘʙʣʠʮʷ 11.1 ï ʊʘʙʣʠʮʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ 4 
 

ɸʜʨʝʩʘ 

ʧʨʠʟʥʘʯʝʥʥʷ 

ʄʝʨʝʞʥʘ ʘʜʨʝʩʘ 

ʥʘʩʪʫʧʥʦʛʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ 

ʄʝʨʝʞʥʘ ʘʜʨʝʩʘ 

ʚʠʭʽʜʥʦʛʦ ʧʦʨʪʫ 

ɺʽʜʩʪʘʥʴ ʜʦ ʤʝʨʝʞʽ 

ʧʨʠʟʥʘʯʝʥʥʷ 

N1 IP12(R1) IP41 1 

N2 ï IP41 0 (ʧʨʠʻʜʥʘʥʘ) 

N3 IP12(R1) IP41 1 

N4 IP21(R2) IP41 1 

N5 ï IP42 0 (ʧʨʠʻʜʥʘʥʘ) 

N6 IP21(R2) IP21 2 

IPB IP21(R2) IP41 2 

ʄʘʨʰʨʫʪ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ 
IP51(R5) IP42 ï 

 

ʇʈʀʄɯʊʂɸ. ʊʘʙʣʠʮʷ 11.1 ʟʥʘʯʥʦ ʩʧʨʦʱʝʥʘ ʧʦʨʽʚʥʷʥʦ ʟ 

ʨʝʘʣʴʥʠʤʠ ʪʘʙʣʠʮʷʤʠ, ʥʘʧʨʠʢʣʘʜ, ʪʫʪ ʚʽʜʩʫʪʥʽ ʩʪʦʚʧʮʽ ʟ 

ʤʘʩʢʘʤʠ, ʦʟʥʘʢʘʤʠ ʩʪʘʥʫ ʤʘʨʰʨʫʪʫ, ʯʘʩʦʤ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ 

ʜʽʡʩʥʽ ʟʘʧʠʩʠ ʜʘʥʦʾ ʪʘʙʣʠʮʽ (ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʛʣʷʜʘʪʠʤʝʪʴʩʷ 

ʧʽʟʥʽʰʝ). ɿʘʤʽʩʪʴ ʥʦʤʝʨʘ ʤʝʨʝʞʽ ʧʨʠʟʥʘʯʝʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʟʘʟʥʘʯʝʥʘ ʧʦʚʥʘ ʤʝʨʝʞʥʘ ʘʜʨʝʩʘ ʦʢʨʝʤʦʛʦ ʚʫʟʣʘ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʂʨʽʤ ʪʦʛʦ, ʷʢ ʚʞʝ ʟʘʟʥʘʯʘʣʦʩʷ, ʪʫʪ ʚʢʘʟʘʥʽ ʘʜʨʝʩʠ ʤʝʨʝʞ 

ʫʤʦʚʥʦʛʦ ʬʦʨʤʘʪʫ, ʷʢʽ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʷʢʦʤʫʩʴ ʧʝʚʥʦʤʫ 

ʤʝʨʝʞʥʦʤʫ ʧʨʦʪʦʢʦʣʫ. ʇʨʦʪʝ ʮʷ ʪʘʙʣʠʮʷ ʤʽʩʪʠʪʴ ʦʩʥʦʚʥʽ ʧʦʣʷ, 

ʥʘʷʚʥʽ ʚ ʨʝʘʣʴʥʠʭ ʪʘʙʣʠʮʷʭ. 

ɼʝʷʢʽ ʨʝʘʣʽʟʘʮʽʾ ʤʝʨʝʞʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʜʦʧʫʩʢʘʶʪʴ ʥʘʷʚʥʽʩʪʴ ʫ ʪʘʙʣʠʮʽ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʽʜʨʘʟʫ ʜʝʢʽʣʴʢʦʭ ʨʷʜʢʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʜʥʽʡ ʡ ʪ̔ ʡ ʩʘʤ̔ʡ 

ʘʜʨʝʩʽ ʧʨʠʟʥʘʯʝʥʥʷ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʽʜ ʯʘʩ ʚʠʙʦʨʫ ʤʘʨʰʨʫʪʫ ʙʝʨʝʪʴʩʷ ʜʦ 

ʫʚʘʛʠ ʩʪʦʚʧʯʠʢ, ʱʦ ʩʪʘʥʦʚʠʪʴ ʚʽʜʩʪʘʥʴ ʜʦ ʤʝʨʝʞʽ ʧʨʠʟʥʘʯʝʥʥʷ. ʋ ʮʴʦʤʫ ʨʘʟʽ 

ʚʽʜʩʪʘʥʴ ʚʠʤʽʨʶ̒ ʪʴʩʷ ʚ ʙʫʜʴ-ʷʢʽʡ ʤʝʪʨʠʮʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʘʜʘʥʦʛʦ ʚ ʤʝʨʝʞʥʦʤʫ ʧʘʢʝʪʽ ʢʨʠʪʝʨʽʶ. ɺʽʜʩʪʘʥʴ ʤʦʞʝ ʚʠʤʽʨʶʚʘʪʠʩʷ ʯʘʩʦʤ 

ʧʨʦʭʦʜʞʝʥʥʷ ʧʘʢʝʪʘ ʧʦ ʣʽʥʽʷʭ ʟʚô̫ ʟʢʫ, ʨʽʟʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʜʽʡʥʦʩʪʽ 

ʣʽʥʽʡ ʟʚô̫ ʟʢʫ ʥʘ ʜʘʥʦʤʫ ʤʘʨʰʨʫʪʽ, ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʘʙʦ ʽʥʰʦʶ 

ʚʝʣʠʯʠʥʦʶ, ʱʦ ʚʽʜʙʠʚʘʻ ʷʢʽʩʪʴ ʜʘʥʦʛʦ ʤʘʨʰʨʫʪʫ ʩʪʦʩʦʚʥʦ ʟʘʜʘʥʦʛʦ ʢʨʠʪʝʨʽʶ.  
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ʋ ʪʘʙʣ. 11.1 ʚʽʜʩʪʘʥʴ ʤʽʞ ʤʝʨʝʞʘʤʠ ʚʠʤʽʨʶʪ̒ʴʩʷ ʭʦʧʘʤʠ. ɺʽʜʩʪʘʥʴ ʜʣʷ ʤʝʨʝʞ, 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʠʭ ʜʦ ʧʦʨʪʽʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʪʫʪ ʧʨʠʡʤʘʻʪʴʩʷ ʪʘʢʦʶ, 

ʱʦ ʜʦʨʽʚʥʶʻ 0, ʘʣʝ ʫ ʜʝʷʢʠʭ ʨʝʘʣʽʟʘʮʽʷʭ ʚʽʜʣʽʢ ʚʽʜʩʪʘʥʝʡ ʧʦʯʠʥʘʻʪʴʩʷ ʟ 1.  

ʂʦʣʠ ʧʘʢʝʪ ʥʘʜʭʦʜʠʪʴ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʤʦʜʫʣʴ IP ʚʠʣʫʯʘʻ ʟ ʡʦʛʦ 

ʟʘʛʦʣʦʚʢʘ ʥʦʤʝʨ ʤʝʨʝʞʽ ʧʨʠʟʥʘʯʝʥʥʷ ʡ ʧʦʩʣʽʜʦʚʥʦ ʧʦʨʽʚʥʶʻ ʡʦʛʦ ʟ ʥʦʤʝʨʘʤʠ 

ʤʝʨʝʞ ʟ ʢʦʞʥʦʛʦ ʨʷʜʢʘ ʪʘʙʣʠʮʽ. ʈʷʜʦʢ ʟ ʥʦʤʝʨʦʤ ʤʝʨʝʞʽ, ʱʦ ʟʙʽʛʘʻʪʴʩʷ,  

ʧʦʢʘʟʫʻ ʥʘʡʙʣʠʞʯʠʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʥʘ ʷʢʠʡ ʩʣʽʜ ʥʘʧʨʘʚʠʪʠ ʧʘʢʝʪ. ʅʘʧʨʠʢʣʘʜ, 

ʷʢʱʦ ʥʘ ʙʫʜʴ-ʷʢʠʡ ʧʦʨʪ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ 4 ʥʘʜʭʦʜʠʪʴ ʧʘʢʝʪ, ʘʜʨʝʩʦʚʘʥʠʡ  

ʫ ʤʝʨʝʞʫ N6, ʪʦ ʟ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʠʧʣʠʚʘʻ, ʱʦ ʘʜʨʝʩʘ ʥʘʩʪʫʧʥʦʛʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ï IP21, ʪʦʙʪʦ ʯʝʨʛʦʚʠʤ ʝʪʘʧʦʤ ʨʫʭʫ ʜʘʥʦʛʦ ʧʘʢʝʪʘ ʙʫʜʝ ʨʫʭ  

ʜʦ ʧʦʨʪʫ 1 ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ 2.  

ʅʘʡʯʘʩʪʽʰʝ ʷʢ ʘʜʨʝʩʘ ʧʨʠʟʥʘʯʝʥʥʷ ʫ ʪʘʙʣʠʮʽ ʚʢʘʟʫʻʪʴʩʷ ʥʝ ʚʩʷ IP-ʘʜʨʝʩʘ, 

ʘ ʣʠʰʝ ʥʦʤʝʨ ʤʝʨʝʞʽ ʧʨʠʟʥʘʯʝʥʥʷ. ʆʪʞʝ, ʜʣʷ ʚʩʽʭ ʧʘʢʝʪʽʚ, ʱʦ ʥʘʧʨʘʚʣʷʶʪʴʩʷ  

ʚ ʦʜʥʫ ʡ ʪʫ ʩʘʤʫ ʤʝʨʝʞʫ, ʧʨʦʪʦʢʦʣ IP ʧʨʦʧʦʥʫʚʘʪʠʤʝ ʪʦʡ ʩʘʤʠʡ ʤʘʨʰʨʫʪ  

(ʤʠ ʧʦʢʠ ʥʝ ʙʝʨʝʤʦ ʜʦ ʫʚʘʛʠ ʤʦʞʣʠʚʽ ʟʤʽʥʠ ʩʪʘʥʫ ʤʝʨʝʞʽ, ʪʘʢʽ ʷʢ ʚʽʜʤʦʚʠ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʘʙʦ ʦʙʨʠʚʠ ʢʘʙʝʣʽʚ). ɸʣʝ ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʚʠʥʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʣʷ ʦʜʥʦʛʦ ʟ ʚʫʟʣʽʚ ʤʝʨʝʞʽ ʚʠʟʥʘʯʠʪʠ ʩʧʝʮʠʬʽʯʥʠʡ ʤʘʨʰʨʫʪ, ʷʢʠʡ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʤʘʨʰʨʫʪʫ, ʟʘʜʘʥʦʛʦ ʜʣʷ ʫʩʽʭ ʽʥʰʠʭ ʚʫʟʣʽʚ ʤʝʨʝʞʽ. ɼʣʷ ʮʴʦʛʦ  

ʚ ʪʘʙʣʠʮʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʦʤʽʱʘʶʪʴ ʜʣʷ ʜʘʥʦʛʦ ʚʫʟʣʘ ʦʢʨʝʤʠʡ ʨʷʜʦʢ, ʱʦ 

ʤʽʩʪʠʪʴ ʡʦʛʦ ʧʦʚʥʫ IP-ʘʜʨʝʩʫ ʡ ʚʽʜʧʦʚʽʜʥʫ ʤʘʨʰʨʫʪʥʫ ʽʥʬʦʨʤʘʮʽʶ. ʊʘʢʦʛʦ ʨʦʜʫ 

ʟʘʧʠʩ ʻ ʚ ʪʘʙʣ. 11.1 ʜʣʷ ʚʫʟʣʘ ɺ. ʅʝʭʘʡ, ʥʘʧʨʠʢʣʘʜ, ʘʜʤʽʥʽʩʪʨʘʪʦʨ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ 4, ʢʝʨʫʶʯʠʩʴ ʤʽʨʢʫʚʘʥʥʷʤʠ ʙʝʟʧʝʢʠ, ʚʠʨʽʰʠʚ, ʱʦ ʧʘʢʝʪʠ, ʷʢʽ 

ʧʨʷʤʫʶʪʴ ʫ ʚʫʟʦʣ ɺ (ʧʦʚʥʘ ʘʜʨʝʩʘ Iʈɺ), ʤʘʶʪʴ ʪ̔ʠ ʯʝʨʝʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨ 2 

(ʽʥʪʝʨʬʝʡʩ IP21), ʘ ʥʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨ 1 (ʽʥʪʝʨʬʝʡʩ IP12), ʯʝʨʝʟ ʷʢʠʡ ʧʝʨʝʜʘʶʪʴʩʷ 

ʧʘʢʝʪʠ ʚʩʽʤ ʽʥʰʠʤ ʚʫʟʣʘʤ ʤʝʨʝʞʽ N3. ʗʢʱʦ ʚ ʪʘʙʣʠʮʽ ʻ ʟʘʧʠʩʠ ʧʨʦ ʤʘʨʰʨʫʪʠ ʷʢ 

ʜʦ ʤʝʨʝʞʽ ʚ ʮʽʣʦʤʫ, ʪʘʢ ʽ ʜʦ ʾʾ ʦʢʨʝʤʦʛʦ ʚʫʟʣʘ, ʪʦ ʟ ʥʘʜʭʦʜʞʝʥʥʷʤ ʧʘʢʝʪʘ, 

ʘʜʨʝʩʦʚʘʥʦʛʦ ʜʘʥʦʤʫ ʚʫʟʣʫ, ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʥʘʜʘʩʪʴ ʧʝʨʝʚʘʛʫ ʩʧʝʮʠʬʽʯʥʦʤʫ 

ʤʘʨʰʨʫʪʫ. ʆʩʢʽʣʴʢʠ ʧʘʢʝʪ ʤʦʞʝ ʙʫʪʠ ʘʜʨʝʩʦʚʘʥʠʡ ʫ ʙʫʜʴ-ʷʢʫ ʤʝʨʝʞʫ ʩʢʣʘʜʝʥʦʾ 

ʤʝʨʝʞʽ, ʤʦʞʝ ʟʜʘʪʠʩʷ, ʱʦ ʢʦʞʥʘ ʪʘʙʣʠʮʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʦʚʠʥʥʘ ʤʘʪʠ ʟʘʧʠʩʠ 

ʧʨʦ ʚʩʽ ʤʝʨʝʞʽ, ʱʦ ʚʭʦʜʷʪʴ ʫ ʩʢʣʘʜʝʥʫ ʤʝʨʝʞʫ. ʆʜʥʘʢ ʧʨʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ ʫ 

ʚʠʧʘʜʢʫ ʚʝʣʠʢʦʾ ʤʝʨʝʞʽ ʦʙʩʷʛ ʪʘʙʣʠʮʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ  

ʜʫʞʝ ʚʝʣʠʢʠʤ, ʱʦ ʚʧʣʠʥʝ ʥʘ ʯʘʩ ʾʾ ʧʝʨʝʛʣʷʜʫ, ʧʦʪʨʝʙʫʚʘʪʠʤʝ ʙʘʛʘʪʦ ʤʽʩʮʷ ʜʣʷ 

ʟʙʝʨʽʛʘʥʥʷ ʪʦʱʦ. ʊʦʤʫ ʥʘ ʧʨʘʢʪʠʮʽ ʰʠʨʦʢʦ ʚʽʜʦʤʠʡ ʧʨʠʡʦʤ ʟʤʝʥʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʟʘʧʠʩʽʚ ʫ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʚʝʜʝʥʥʽ ʤʘʨʰʨʫʪʫ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ (default route), ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʦʩʦʙʣʠʚʦʩʪʽ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ. 

ʈʦʟʛʣʷʥʝʤʦ, ʥʘʧʨʠʢʣʘʜ, ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʧʝʨʠʬʝʨʽʾ 

ʩʢʣʘʜʝʥʦʾ ʤʝʨʝʞʽ. ʋ ʾʭʥʽʭ ʪʘʙʣʠʮʷʭ ʜʦʩʪʘʪʥʴʦ ʟʘʧʠʩʘʪʠ ʥʦʤʝʨʠ ʪʽʣʴʢʠ ʪʠʭ 



129 

ʤʝʨʝʞ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠʻʜʥʘʥʽ ʜʦ ʜʘʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʘʙʦ ʨʦʟʪʘʰʦʚʘʥʽ 

ʧʦʙʣʠʟʫ ʥʘ ʪʫʧʠʢʦʚʠʭ ʤʘʨʰʨʫʪʘʭ. ʇʨʦ ʚʩʽ ʽʥʰʽ ʤʝʨʝʞʽ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʫ ʪʘʙʣʠʮʽ 

ʻʜʠʥʠʡ ʟʘʧʠʩ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʯʝʨʝʟ ʷʢʠʡ ʧʨʦʣʷʛʘʻ ʰʣʷʭ ʜʦ  

ʚʩʽʭ ʮʠʭ ʤʝʨʝʞ. ʊʘʢʠʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʥʘʟʠʚʘʻʪʴʩʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ (default router). ʋ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ 4 ʻ 

ʩʧʝʮʠʬʽʯʥʽ ʤʘʨʰʨʫʪʠ ʣʠʰʝ ʜʣʷ ʧʘʢʝʪʽʚ, ʱʦ ʧʨʷʤʫʶʪʴ ʫ ʤʝʨʝʞʽ N1ïN6.  

ɼʣʷ ʫʩʽʭ ʽʥʰʠʭ ʧʘʢʝʪʽʚ, ʘʜʨʝʩʦʚʘʥʠʭ ʫ ʤʝʨʝʞʽ N7ïN18, ʤʘʨʰʨʫʪʠʟʘʪʦʨ 

ʧʨʦʧʦʥʫʻ ʧʨʦʜʦʚʞʠʪʠ ʰʣʷʭ ʯʝʨʝʟ ʪʦʡ ʩʘʤʠʡ ʧʦʨʪ IP51 ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ 5,  

ʷʢʠʡ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʽ ʻ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ.  

 

11.4 ʊʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʢʽʥʮʝʚʠʭ ʚʫʟʣʽʚ  

 

ɿʘʚʜʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚʠʨʽʰʫʶʪʴ ʥʝ ʣʠʰʝ ʧʨʦʤʽʞʥʽ ʚʫʟʣʠ 

(ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ), ʘʣʝ ʡ ʢʽʥʮʝʚʽ ʚʫʟʣʠ ï ʢʦʤʧôʁ ʪʝʨʠ. ʈʦʟʚô̫ ʟʦʢ ʮʽʻʾ ʟʘʜʘʯʽ 

ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʪʦʛʦ, ʱʦ ʟʘʩʦʙʘʤʠ ʧʨʦʪʦʢʦʣʫ IP ʥʘ ʢʽʥʮʝʚʦʤʫ ʚʫʟʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ, 

ʥʘʧʨʘʚʣʝʥʠʡ ʧʘʢʝʪ ʚ ʽʥʰʫ ʤʝʨʝʞʫ ʯʠ ʘʜʨʝʩʦʚʘʥʠʡ ʷʢʦʤʫʩɹ  ʚʫʟʣʫ ʜʘʥʦʾ ʤʝʨʝʞʽ. 

ʗʢʱʦ ʥʦʤʝʨ ʤʝʨʝʞʽ ʧʨʠʟʥʘʯʝʥʥʷ ʟʙʽʛʘʻʪʴʩʷ ʟ ʥʦʤʝʨʦʤ ʜʘʥʦʾ ʤʝʨʝʞʽ, ʮʝ ʦʟʥʘʯʘʻ, 

ʱʦ ʧʘʢʝʪ ʤʘʨʰʨʫʪʠʟʫʚʘʪʠ ʥʝ ʧʦʪʨʽʙʥʦ. ɸ ʷʢʱʦ ʥʽ, ʪʦ ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʧʦʪʨʽʙʥʘ.  

ʉʪʨʫʢʪʫʨʠ ʪʘʙʣʠʮʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʢʽʥʮʝʚʠʭ ʚʫʟʣʽʚ ʽ ʪʨʘʥʟʠʪʥʠʭ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʘʥʘʣʦʛʽʯʥʽ. ɿʚʝʨʥʝʤʦʩʷ ʟʥʦʚʫ ʜʦ ʤʝʨʝʞʽ, ʟʦʙʨʘʞʝʥʦʾ  

ʥʘ ʨʠʩ. 11.2. ʊʘʙʣʠʮʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʢʽʥʮʝʚʦʛʦ ʚʫʟʣʘ ɺ, ʱʦ ʥʘʣʝʞʠʪʴ  

ʤʝʨʝʞʽ N3, ʤʦʛʣʘ ʙ ʚʠʛʣʷʜʘʪʠ ʷʢ ʪʘʙʣ. 11.2. ʊʫʪ IPB ï ʤʝʨʝʞʥʘ ʘʜʨʝʩʘ 

ʽʥʪʝʨʬʝʡʩʫ ʢʦʤʧôʁ ʪʝʨʘ ɺ. ʅʘ ʧʽʜʩʪʘʚʽ ʮʽʻʾ ʪʘʙʣʠʮʽ ʢʽʥʮʝʚʠʡ ʚʫʟʦʣ ɺ ʦʙʠʨʘʻ,  

ʥʘ ʷʢʠʡ ʟ ʜʚʦʭ ʥʘʷʚʥʠʭ ʫ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ N3 ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ (R1 ʘʙʦ R3) 

ʩʣʽʜ ʧʦʩʠʣʘʪʠ ʪʦʡ ʯʠ ʽʥʰʠʡ ʧʘʢʝʪ. 
 

ʊʘʙʣʠʮʷ 11.2 ï ʊʘʙʣʠʮʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʢʽʥʮʝʚʦʛʦ ʚʫʟʣʘ ɺ 
 

ʅʦʤʝʨ ʤʝʨʝʞʽ 

ʧʨʠʟʥʘʯʝʥʥʷ 

ʄʝʨʝʞʥʘ ʘʜʨʝʩʘ 

ʥʘʩʪʫʧʥʦʛʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ 

ʄʝʨʝʞʥʘ ʘʜʨʝʩʘ 

ʚʠʭʽʜʥʦʛʦ ʧʦʨʪʫ 

ɺʽʜʩʪʘʥʴ ʜʦ ʤʝʨʝʞʽ 

ʧʨʠʟʥʘʯʝʥʥʷ 

N1 IP13(R1) IPɺ 1 

N2 IP13(R1) IPɺ 1 

N3 ï IPɺ 0 

N4 IP31(R3) IPɺ 1 

N5 IP13(R1) IPɺ 2 

N6 IP31(R3) IPɺ 2 

ʄʘʨʰʨʫʪ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ 
IP31(R3) IPɺ ï 
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ʂʽʥʮʝʚʽ ʚʫʟʣʠ ʫ ʱʝ ʙʽʣʴʰʝ, ʥʽʞ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ, ʢʦʨʠʩʪʫʶʪʴʩʷ ʧʨʠʡʦʤʦʤ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. ʍʦʯʘ ʚʦʥʠ ʪʘʢʦʞ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʘʶʪʴ 

ʫ ʩʚʦʻʤʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʪʘʙʣʠʮʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʾʾ ʦʙʩʷʛ ʟʘʟʚʠʯʘʡ ʥʝʟʥʘʯʥʠʡ, 

ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʧʝʨʠʬʝʨʽʡʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʫʩʽʭ ʢʽʥʮʝʚʠʭ ʚʫʟʣʽʚ. ʂʽʥʮʝʚʠʡ 

ʚʫʟʦʣ ʯʘʩʪʦ ʚʟʘʛʘʣʽ ʧʨʘʮʶʻ ʙʝʟ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʤʘʶʯʠ ʣʠʰʝ ʚʽʜʦʤʦʩʪʽ 

ʧʨʦ ʘʜʨʝʩʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. ɿʘ ʥʘʷʚʥʦʩʪʽ ʦʜʥʦʛʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʫ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ ʮʝʡ ʚʘʨʽʘʥʪ ï ʻʜʠʥʠʡ ʤʦʞʣʠʚʠʡ ʜʣʷ ʫʩʽʭ 

ʢʽʥʮʝʚʠʭ ʚʫʟʣʽʚ. ɸʣʝ ʥʘʚʽʪʴ ʟʘ ʥʘʷʚʥʦʩʪʽ ʜʝʢʽʣʴʢʦʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʫ ʣʦʢʘʣʴʥʽʡ 

ʤʝʨʝʞʽ, ʢʦʣʠ ʧʝʨʝʜ ʢʽʥʮʝʚʠʤ ʚʫʟʣʦʤ ʩʪʦʾʪʴ ʧʨʦʙʣʝʤʘ ʾʭ ʚʠʙʦʨʫ, ʯʘʩʪʦ ʫ 

ʢʦʤʧôʶʪʝʨʘʭ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʚʝʨʪʘʶʪʴʩʷ ʜʦ ʟʘʚʜʘʥʥʷ 

ʤʘʨʰʨʫʪʘ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ.  

ʈʦʟʛʣʷʥʝʤʦ ʪʘʙʣʠʮʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽʥʰʦʛʦ ʢʽʥʮʝʚʦʛʦ ʚʫʟʣʘ ʩʢʣʘʜʝʥʦʾ 

ʤʝʨʝʞʽ ï ʚʫʟʣʘ ɸ (ʪʘʙʣ. 11.3). ʂʦʤʧʘʢʪʥʠʡ ʚʠʛʣʜ̫ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ  

ʚʫʟʣʘ A ʚʽʜʙʠʚʘʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʫʩʽ ʧʘʢʝʪʠ, ʷʢʽ ʥʘʧʨʘʚʣʷʶʪʴʩʷ ʟ ʚʫʟʣʘ ɸ, ʘʙʦ  

ʥʝ ʚʠʭʦʜʷʪʴ ʟʘ ʤʝʞʽ ʤʝʨʝʞʽ N12, ʘʙʦ ʥʝʦʜʤʽʥʥʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʧʦʨʪ 1 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ 17. ʎʝʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʽ ʚʠʟʥʘʯʝʥʠʡ ʫ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʷʢ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ.  
 

ʊʘʙʣʠʮʷ 11.3 ï ʊʘʙʣʠʮʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʢʽʥʮʝʚʦʛʦ ʚʫʟʣʘ ɸ  
 

ʅʦʤʝʨ ʤʝʨʝʞʽ 

ʧʨʠʟʥʘʯʝʥʥʷ 

ʄʝʨʝʞʥʘ ʘʜʨʝʩʘ 

ʥʘʩʪʫʧʥʦʛʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ 

ʄʝʨʝʞʥʘ ʘʜʨʝʩʘ 

ʚʠʭʽʜʥʦʛʦ ʧʦʨʪʫ 

ɺʽʜʩʪʘʥʴ ʜʦ ʤʝʨʝʞʽ 

ʧʨʠʟʥʘʯʝʥʥʷ 

N12 ï IPɸ 0 

ʄʘʨʰʨʫʪ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ 
IP17,1(R17) IPɸ ï 

 

ʑʝ ʦʜʥʽʻʶ ʚʽʜʤʽʥʥʽʩʪʶ ʨʦʙʦʪʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʡ ʢʽʥʮʝʚʦʛʦ ʚʫʟʣʘ ʻ 

ʩʧʦʩʽʙ ʧʦʙʫʜʦʚʠ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʗʢʱʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ, ʷʢ ʧʨʘʚʠʣʦ, 

ʘʚʪʦʤʘʪʠʯʥʦ ʩʪʚʦʨʶʶʪʴ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʦʙʤʽʥʶʶʯʠʩʴ ʩʣʫʞʙʦʚʦʶ 

ʽʥʬʦʨʤʘʮʽʻʶ, ʪʦ ʜʣʷ ʢʽʥʮʝʚʠʭ ʚʫʟʣʽʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʯʘʩʪʦ ʩʪʚʦʨʶʶʪʴʩʷ 

ʚʨʫʯʥʫ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘʤʠ ʡ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʦʩʪʽʡʥʠʭ ʬʘʡʣʽʚ ʥʘ ʜʠʩʢʘʭ.  
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ʃʝʢʮʽʷ 12 

ʄɸʈʐʈʋʊʀɿɸʎɯʗ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʄɸʉʂʀ 

 

 

12.1 ʇʨʠʢʣʘʜ ɯʈ-ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʙʝʟ ʤʘʩʢʠ 

 

ʇʝʨʝʛʣʷʜ ʪʘʙʣʠʮʴ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʙʝʟ ʤʘʩʦʢ  

ʈʦʟʛʣʷʥʝʤʦ ʘʣʛʦʨʠʪʤ ʧʝʨʝʛʣʷʜʫ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʨʝʘʣʽʟʦʚʘʥʠʡ ʥʘ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ ʧʨʦʪʦʢʦʣʦʤ IP. ɺ ʧʨʦʮʝʩʽ ʡʦʛʦ ʦʧʠʩʫ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʤʦ 

ʪʘʙʣ. 11.1 ʽ ʨʠʩ. 11.2.  

ʊʘʙʣʠʮʷ 11.1 ï ʊʘʙʣʠʮʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ 4 

ɸʜʨʝʩʘ 

ʧʨʠʟʥʘʯʝʥʥʷ 

ʄʝʨʝʞʥʘ ʘʜʨʝʩʘ 

ʥʘʩʪʫʧʥʦʛʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ 

ʄʝʨʝʞʥʘ ʘʜʨʝʩʘ 

ʚʠʭʽʜʥʦʛʦ ʧʦʨʪʫ 

ɺʽʜʩʪʘʥʴ 

ʜʦ ʤʝʨʝʞʽ 

ʧʨʠʟʥʘʯʝʥʥʷ 

N1 IP12(R1) IP41 1 

N2 ï IP41 0 (ʧʨʠʻʜʥʘʥʘ) 

N3 IP12(R1) IP41 1 

N4 IP21(R2) IP41 1 

N5 ï IP42 0 (ʧʨʠʻʜʥʘʥʘ) 

N6 IP21(R2) IP21 2 

IPB IP21(R2) IP41 2 

ʄʘʨʰʨʫʪ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ 
IP51(R5) IP42 ï 

 

 

ʈʠʩʫʥʦʢ 11.2 ï ʇʨʠʥʮʠʧʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʫ ʩʢʣʘʜʝʥʽʡ ʤʝʨʝʞʽ 
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1. ʅʝʭʘʡ ʥʘ ʦʜʠʥ ʟ ʽʥʪʝʨʬʝʡʩʽʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʥʘʜʭʦʜʠʪʴ ʧʘʢʝʪ. 

ʇʨʦʪʦʢʦʣ IP ʚʠʣʠʢʘʻ ʟ ʧʘʢʝʪʘ IP-ʘʜʨʝʩʫ ʧʨʠʟʥʘʯʝʥʥʷ (ʧʨʠʧʫʩʪʠʤʦ, ʘʜʨʝʩʫ 

ʧʨʠʟʥʘʯʝʥʥʷ Iʈɺ).  

2. ɺʠʢʦʥʫʻʪʴʩʷ ʧʝʨʰʘ ʬʘʟʘ ʧʝʨʝʛʣʷʜʫ ʪʘʙʣʠʮʽ ï ʧʦʰʫʢ ʢʦʥʢʨʝʪʥʦʛʦ 

ʤʘʨʰʨʫʪʫ ʜʦ ʚʫʟʣʘ. IP-ʘʜʨʝʩʘ (ʧʦʚʥʽʩʪʶ) ʧʦʩʣʽʜʦʚʥʦ ʨʷʜʦʢ ʟʘ ʨʷʜʢʦʤ 

ʧʦʨʽʚʥʶ̒ ʪʴʩʷ ʟ̔ ʚʤʽʩʪʦʤ ʧʦʣʷ ʘʜʨʝʩʠ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ.  

ʗʢʱʦ ʚʽʜʙʫʚʩʷ ʟʙʽʛ (ʷʢ ʫ ʪʘʙʣ. 11.1), ʪʦ ʟ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʷʜʢʘ ʚʠʣʫʯʘʪʁʴʩʷ  

ʘʜʨʝʩʘ ʥʘʩʪʫʧʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ (IP21) ʪʘ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʚʠʭʽʜʥʦʛʦ 

ʽʥʪʝʨʬʝʡʩʘ (IP41). ʅʘ ʮʴʦʤʫ ʧʝʨʝʛʣʷʜ ʪʘʙʣʠʮʽ ʟʘʢʽʥʯʫʻʪʴʩʷ.  

3. ʇʨʠʧʫʩʪʠʤʦ ʪʝʧʝʨ, ʱʦ ʚ ʪʘʙʣʠʮʽ ʥʝʤʘʻ ʨʷʜʢʘ ʟ ʘʜʨʝʩʦʶ ʧʨʠʟʥʘʯʝʥʥʷ 

IʈB, ï ʪʦʙʪʦ ʟʙʽʛʫ ʥʝ ʚʽʜʙʫʣʦʩʷ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʪʦʢʦʣ IP ʧʝʨʝʭʦʜʠʪʴ ʜʦ 

ʜʨʫʛʦʾ ʬʘʟʠ ʧʝʨʝʛʣʷʜʫ ï ʧʦʰʫʢʫ ʤʘʨʰʨʫʪʫ ʜʦ ʤʝʨʝʞʽ ʧʨʠʟʥʘʯʝʥʥʷ. ɿ IP-ʘʜʨʝʩʠ 

ʚʠʜʽʣʷʻʪʴʩʷ ʥʦʤʝʨ ʤʝʨʝʞʽ (ʫ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ ʟ ʘʜʨʝʩʠ IPB ʚʠʜʽʣʷʻʪʴʩʷ ʥʦʤʝʨ 

ʤʝʨʝʞʽ N3), ʡ ʪʘʙʣʠʮʷ ʟʥʦʚʫ ʧʨʦʛʣʷʜʘʻʪʴʩʷ ʥʘ ʧʨʝʜʤʝʪ ʟʙʽʛʫ ʥʦʤʝʨʘ ʤʝʨʝʞʽ  

ʚ ʷʢʦʤʫʩ ɹʨʷʜʢʫ ʟ ʥʦʤʝʨʦʤ ʤʝʨʝʞʽ ʟ ʧʘʢʝʪʘ. ʋ ʨʘʟʽ ʟʙʽʛʫ (ʫ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ ʚʥ̔ 

ʚʽʜʙʫʚʩʷ) ʟ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʷʜʢʘ ʪʘʙʣʠʮʽ ʚʠʣʫʯʘʶʪʴʩʷ ʘʜʨʝʩʘ ʥʘʩʪʫʧʥʦʛʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ (IP12) ʪʘ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʚʠʭʽʜʥʦʛʦ ʽʥʪʝʨʬʝʡʩʘ (IP41). ʇʝʨʝʛʣʷʜ 

ʪʘʙʣʠʮʽ ʥʘ ʮʴʦʤʫ ʟʘʚʝʨʰʫʻʪʴʩʷ.  

4. ʅʘʨʝʰʪʽ, ʧʨʠʧʫʩʪʠʤʦ, ʱʦ ʘʜʨʝʩʘ ʧʨʠʟʥʘʯʝʥʥʷ ʚ ʧʘʢʝʪʽ ʙʫʣʘ ʪʘʢʘ, ʱʦ 

ʟʙʽʛʫ ʥʝ ʚʽʜʙʫʣʦʩʷ ʥʽ ʚ ʧʝʨʰʽʡ, ʥʽ ʫ ʜʨʫʛʡ̔ ʬʘʟʘʭ ʧʝʨʝʛʣʷʜʫ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ 

ʟʘʩʦʙʘʤʠ ʧʨʦʪʦʢʦʣʫ IP ʘʙʦ ʦʙʠʨʘʻʪʴʩʷ ʤʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ (ʽ ʧʘʢʝʪ 

ʧʨʷʤʫʻ ʟʘ ʘʜʨʝʩʦʶ IP51), ʘʙʦ, ʷʢʱʦ ʤʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʚʽʜʩʫʪʥʽʡ, ʧʘʢʝʪ 

ʚʽʜʢʠʜʘʻʪʴʩʷ. ʇʝʨʝʛʣʷʜ ʪʘʙʣʠʮʽ ʥʘ ʮʴʦʤʫ ʟʘʢʽʥʯʫʻʪʴʩʷ.  

ʋɺɸɻɸ. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʬʘʟ ʫ ʜʘʥʦʤʫ ʘʣʛʦʨʠʪʤʽ ʯʽʪʢʦ 

ʚʠʟʥʘʯʝʥʘ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʝʨʝʛʣʷʜʫ ʘʙʦ, ʱʦ ʪʝ ʩʘʤʝ, 

ʧʦʨʷʜʦʢ ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʷʜʢʽʚ ʫ ʪʘʙʣʠʮʽ, ʚʢʣʶʯʘʶʯʠ ʟʘʧʠʩ ʧʨʦ 

ʤʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ, ʥʽʷʢ ʥʝ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʽ. 

 

ɼʞʝʨʝʣʘ ʡ ʪʠʧʠ ʟʘʧʠʩʽʚ ʫ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ  

ʇʨʘʢʪʠʯʥʦ ʜʣʷ ʫʩʽʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʽʩʥʫʶʪʴ ʪʨʠ ʦʩʥʦʚʥʽ ʜʞʝʨʝʣʘ 

ʟʘʧʠʩʽʚ ʫ ʪʘʙʣʠʮʽ.  

ʆʜʥʠʤ ʽʟ ʜʞʝʨʝʣ ʟʘʧʠʩʽʚ ʫ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʻ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʝʢʘ TCP/IP, ʷʢʝ ʧʽʜ ʯʘʩ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ 

ʘʚʪʦʤʘʪʠʯʥʦ ʟʘʥʦʩʠʪʴ ʜʦ ʪʘʙʣʠʮ ̔ʢʽʣʴʢʘ ʟʘʧʠʩʽʚ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʩʪʚʦʨʶʻʪʴʩʷ 

ʪʘʢ ʟʚʘʥʘ ʤʽʥʽʤʘʣʴʥʘ ʪʘʙʣʠʮʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʦʨʤʫʻ 

ʟʘʧʠʩʠ ʧʨʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʽ ʤʝʨʝʞʽ ʡ ʤʘʨʰʨʫʪʠ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ, 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʷʢ ̔ ʟô̫ ʚʣʷʻʪʴʩʷ ʚ ʩʪʝʢʫ ʧʽʜ ʯʘʩ ʨʫʯʥʦʛʦ ʢʦʥʬʽʛʫʨʫʚʘʥʥ ̫



133 

ʽʥʪʝʨʬʝʡʩʽʚ ʢʦʤʧôʁ ʪʝʨʘ ʘʙʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. ɼʦ ʪʘʢʠʭ ʟʘʧʠʩʽʚ ʫ ʥʘʚʝʜʝʥʠʭ 

ʧʨʠʢʣʘʜʘʭ ʥʘʣʝʞʘʪʴ ʟʘʧʠʩʠ ʧʨʦ ʤʝʨʝʞʽ 213.34.12.0 ʪʘ 198.21.17.0, ʘ ʪʘʢʦʞ  

ʟʘʧʠʩ ʧʨʦ ʤʘʨʰʨʫʪ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ Unix ʽ ʟʘʧʠʩ 0.0.0.0  

ʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ ʆʉ Windows ʍʈ. ʂʨʽʤ ʪʦʛʦ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʘʚʪʦʤʘʪʠʯʥʦ ʟʘʥʦʩʠʪʴ ʜʦ ʪʘʙʣʠʮ ̔ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʘʧʠʩʠ ʧʨʦ ʘʜʨʝʩʠ  

ʦʩʦʙʣʠʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʋ ʥʘʚʝʜʝʥʠʭ ʧʨʠʢʣʘʜʘʭ ʪʘʙʣʠʮʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ 

ʆʉ Windows 2000 ʤʽʩʪʠʪʴ ʥʘʡʧʦʚʥʽʠhʡ ʥʘʙʽʨ ʟʘʧʠʩʽʚ ʪʘʢʦʛʦ ʨʦʜʫ. ɼʝʢ̔ʣʴʢʘ 

ʟʘʧʠʩʽʚ ʫ ʮʽʡ ʪʘʙʣʠʮʽ ʧʦʚô̫ ʟʘʥ ̔ ʟ ʦʩʦʙʣʠʚʦʶ ʘʜʨʝʩʦʶ 127.0.0.0. ɿʘʧʠʩʠ ʟ 

ʘʜʨʝʩʦʶ 224.0.0.0 ʧʦʪʨʽʙʥʽ ʜʣʷ ʦʧʨʘʮʶʚʘʥʥʷ ʛʨʫʧʦʚʠʭ ʘʜʨʝʩ. ʂʨʽʤ ʪʦʛʦ,  

ʜʦ ʪʘʙʣʠʮ ̔ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʥʝʩʝʥʽ ʘʜʨʝʩʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʦʧʨʘʮʶʚʘʥʥʷ 

ʰʠʨʦʢʦʤʦʚʥʠʭ ʨʦʟʩʠʣʘʥʴ (ʥʘʧʨʠʢʣʘʜ, ʟʘʧʠʩʠ 8 ʽ 11 ʤʽʩʪʷʪʴ ʘʜʨʝʩʠ 

ʚʽʜʧʨʘʚʣʝʥʥʷ ʰʠʨʦʢʦʤʦʚʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʧʽʜʤʝʨʝʞʘʭ, ʘ 

ʦʩʪʘʥʥʽʡ ʟʘʧʠʩ ʫ ʪʘʙʣʠʮʽ ï ʘʜʨʝʩʘ ʦʙʤʝʞʝʥʦʛʦ ʰʠʨʦʢʦʤʦʚʥʦʛʦ ʨʦʟʩʠʣʘʥʥʷ). 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʫ ʜʝʷʢʠʭ ʪʘʙʣʠʮʷʭ ʟʘʧʠʩʠ ʧʨʦ ʦʩʦʙʣʠʚʽ ʘʜʨʝʩʠ ʚʟʘʛʘʣʽ ʚʽʜʩʫʪʥʽ.  

ʑʝ ʦʜʥʠʤ ʜʞʝʨʝʣʦʤ ʟʘʧʠʩʽʚ ʫ ʪʘʙʣʠʮʽ ʻ ʘʜʤʽʥʽʩʪʨʘʪʦʨ, ʷʢʠʡ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʬʦʨʤʫʻ ʟʘʧʠʩʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʷʢʦʾ ʩʠʩʪʝʤʥʦʾ ʫʪʠʣʽʪʠ, 

ʥʘʧʨʠʢʣʘʜ, ʧʨʦʛʨʘʤʠ route, ʱʦ ʥʘʷʚʥʘ ʚ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ Unix ʽ 

Windows ʍʈ. ɺ ʘʧʘʨʘʪʥʠʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ ʪʘʢʦʞ ʟʘʚʞʜʠ ʻ ʢʦʤʘʥʜʘ ʜʣʷ 

ʨʫʯʥʦʛʦ ʟʘʜʘʥʥʷ ʟʘʧʠʩʽʚ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ɿʘʜʘʥʽ ʚʨʫʯʥʫ ʟʘʧʠʩʠ ʟʘʚʞʜʠ  

ʻ ʩʪʘʪʠʯʥʠʤʠ, ʪʦʙʪʦ ʚʦʥʠ ʥʝ ʤʘʶʪʴ ʪʝʨʤʽʥʫ ʞʠʪʪʷ. ʎʽ ʟʘʧʠʩʠ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ 

ʧʦʩʪʽʡʥʠʤʠ, ʪʦʙʪʦ ʪʘʢʠʤʠ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʧʨʦʮʝʩʽ ʧʝʨʝʟʘʚʘʥʪʘʞʝʥʥ ̫

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʪʘʢ ʽ ʯʘʩʦʚʠʤʠ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʪʘʙʣʠʮʽ ʣʠʰʝ ʜʦ ʚʠʤʠʢʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ. ʏʘʩʪʦ ʘʜʤʽʥʽʩʪʨʘʪʦʨ ʚʨʫʯʥʫ ʟʘʪʷʛʘʻ ʟʘʧʠʩ ʧʨʦ ʤʘʨʰʨʫʪ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ. ʋ ʪʘʢʠʡ ʞʝ ʩʧʦʩʽʙ ʫ ʪʘʙʣʠʮʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʦʞʝ ʙʫʪʠ 

ʚʥʝʩʝʥʠʡ ʟʘʧʠʩ ʧʨʦ ʩʧʝʮʠʬʽʯʥʠʡ ʜʣʷ ʚʫʟʣʘ ʤʘʨʰʨʫʪ.  

ɯ, ʥʘʨʝʰʪʽ, ʪʨʝʪʽʤ ʜʞʝʨʝʣʦʤ ʟʘʧʠʩʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʦʪʦʢʦʣʠ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʪʘʢʽ ʷʢ RIP ʘʙʦ OSPF. ʎʽ ʟʘʧʠʩʠ ʟʘʚʞʜʠ ʻ ʜʠʥʘʤʽʯʥʠʤʠ, ʪʦʙʪʦ 

ʤʘʶʪʴ ʦʙʤʝʞʝʥʠʡ ʪʝʨʤʽʥ ʞʠʪʪʷ.  

ʇʨʦʛʨʘʤʥʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ Windows ʍʈ ʪʘ Unix ʥʝ ʧʦʢʘʟʫʶʪʴ ʜʞʝʨʝʣʦ 

ʧʦʷʚʠ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʟʘʧʠʩʫ ʚ ʪʘʙʣʠʮʽ, ʘ ʘʧʘʨʘʪʥʠʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʣʷ ʮʽʻʾ ʤʝʪʠ ʧʦʣʝ ʜʞʝʨʝʣʘ.  

 

ʇʨʠʢʣʘʜ IP-ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʙʝʟ ʤʘʩʦʢ  

ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʮʝʩ ʧʨʦʩʫʚʘʥʥʷ ʧʘʢʝʪʘ ʫ ʩʢʣʘʜʝʥʡ̔ ʤʝʨʝʞʽ ʥʘ ʧʨʠʢʣʘʜʽ  

IP-ʤʝʨʝʞʽ, ʧʦʢʘʟʘʥʦʾ ʥʘ ʨʠʩ. 12.1. ʇʨʠ ʮʴʦʤʫ ʚʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʚʩʽ ʚʫʟʣʠ ʤʝʨʝʞʽ, 

ʨʦʟʛʣʷʥʫʪʦʾ ʫ ʧʨʠʢʣʘʜʽ, ʤʘʶʪʴ ʘʜʨʝʩʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʢʣʘʩʘʭ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʙʫʜʝ 

ʧʨʠʜʽʣʝʥʘ ʚʟʘʻʤʦʜʽʾ ʧʨʦʪʦʢʦʣʫ IP ʽʟ ʧʨʦʪʦʢʦʣʘʤʠ ʜʦʟʚʦʣʫ ʘʜʨʝʩ ARP ʽ DNS.  
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ʈʠʩʫʥʦʢ 12.1 ï ʇʨʠʢʣʘʜ IP-ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

 

ʆʪʞʝ, ʥʝʭʘʡ ʢʦʨʠʩʪʫʚʘʯʫ ʢʦʤʧôʶʪʝʨʘ cit.mgu.com, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʤʝʨʝʞʽ 129.13.0.0, ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʟʚôʷʟʦʢ ʟ FTP-ʩʝʨʚʝʨʦʤ. ʂʦʨʠʩʪʫʚʘʯʫ 

ʚʽʜʦʤʝ ʩʠʤʚʦʣʴʥʝ ʽʤôʷ ʩʝʨʚʝʨʘ unix.mgu.com, ʪʦʤʫ ʚʽʥ ʥʘʙʠʨʘʻ ʥʘ ʢʣʘʚʽʘʪʫʨʽ 

ʢʦʤʘʥʜʫ ʟʚʝʨʥʝʥʥʷ ʜʦ FTP-ʩʝʨʚʝʨʘ ʧʦ ʽʤʝʥʽ:  

> ftp unix.mgu.com 

ɺʠʢʦʥʘʥʥʷ ʮʽʻʾ ʢʦʤʘʥʜʠ ʽʥʽʮʽʶʻ ʪʨʠ ʧʦʩʣʽʜʦʚʥʽ ʦʧʝʨʘʮʽʾ:  

1. DNS-ʢʣʽʻʥʪ (ʱʦ ʧʨʘʮʶʶ ̒ ʥʘ ʢʦʤʧôʶʪʝʨʽ cit.mgu.com) ʧʝʨʝʜʘʻ  

DNS-ʩʝʨʚʝʨʫ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʫ ʷʢʦʤʫ ʤʽʩʪʠʪʴʩʷ ʟʘʧʠʪ ʧʨʦ IP-ʘʜʨʝʩʫ ʩʝʨʚʝʨʘ 

unix.mgu.com, ʟ ʷʢʠʤ ʚʽʥ ʭʦʯʝ ʟʚôʷʟʘʪʠʩʷ ʟʘ ʧʨʦʪʦʢʦʣʦʤ FTP.  

2. DNS-ʩʝʨʚʝʨ, ʚʠʢʦʥʘʚʰʠ ʧʦʰʫʢ, ʧʝʨʝʜʘʻ ʚʽʜʧʦʚʽʜʴ DNS-ʢʣʽʻʥʪʫ ʧʨʦ 

ʥʘʡʜʝʥʫ IP-ʘʜʨʝʩʫ ʩʝʨʚʝʨʘ unix.mgu.com.  

3. FTP-ʢʣʽʻʥʪ (ʱʦ ʧʨʘʮʶʶʻ ʥʘ ʪʦʤʫ ʩʘʤʦʤʫ ʢʦʤʧôʶʪʝʨʽ cit.mgu.com), 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʥʘʡʜʝʥʫ IP-ʘʜʨʝʩʫ ʩʝʨʚʝʨʘ unix.mgu.com, ʧʝʨʝʜʘʻ 

ʧʦʚʽʜʦʤʣʝʥʥʷ FTP-ʩʝʨʚʝʨʘ, ʱʦ ʧʨʘʮʶ ̒ʥʘ ʥʴʦʤʫ. 
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ɼʘʚʘʡʪʝ ʧʦʩʣʽʜʦʚʥʦ, ʢʨʦʢ ʟʘ ʢʨʦʢʦʤ, ʨʦʟʛʣʷʥʝʤʦ, ʷʢ ʫ ʧʨʦʮʝʩʽ ʨʦʟʚô̫ ʟʘʥʥʷ 

ʮʠʭ ʟʘʜʘʯ ʚʟʘʻʤʦʜʽʶʪʴ ʤʽʞ ʩʦʙʦʶ ʧʨʦʪʦʢʦʣʠ DNS, IP, ARP ʽ Ethernet, ʽ ʱʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʮʴʦʤʫ ʟ ʢʘʜʨʘʤʠ ʡ ʧʘʢʝʪʘʤʠ.  

1. ʌʦʨʤʫʚʘʥʥʷ IP-ʧʘʢʝʪʘ ʟ ʽʥʢʘʧʩʫʣʴʦʚʘʥʠʤ ʫ ʥʴʦʛʦ DNS-ʟʘʧʠʪʦʤ. 

ʇʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ FTP-ʢʣʽʻʥʪʘ, ʦʪʨʠʤʘʚʰʠ ʢʦʤʘʥʜʫ > ftp uniʭ.mgu.com, 

ʧʝʨʝʜʘʻ ʟʘʧʠʪ ʜʦ ʧʨʘʮʶʶʯʦʾ ʥʘ ʮʴʦʤʫ ʩʘʤʦʤʫ ʢʦʤʧôʁ ʪʝʨʽ ʢʣʽʻʥʪʩʴʢʦʾ ʯʘʩʪʠʥʠ 

ʧʨʦʪʦʢʦʣʫ DNS, ʷʢʘ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʬʦʨʤʫʻ ʜʦ DNS-ʩʝʨʚʝʨʘ ʟʘʧʠʪ, ʷʢʠʡ 

ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ, ʧʨʠʙʣʠʟʥʦ ʪʘʢ: çʗʢʘ IP-ʘʜʨʝʩʘ ʚʽʜʧʦʚʽʜʘʻ ʩʠʤʚʦʣʴʥʦʤʫ  

ʽʤʝʥʽ unix.mgu.com?è ɿʘʧʠʪ ʫʧʘʢʦʚʫʻʪʴʩʷ ʚ UDP-ʜʝʡʪʘʛʨʘʤʫ, ʧʦʪʽʤ ʚ IP-ʧʘʢʝʪ. 

ʋ ʟʘʛʦʣʦʚʢʫ ʧʘʢʝʪʘ ʷʢ ʘʜʨʝʩʘ ʧʨʠʟʥʘʯʝʥʥʷ ʚʢʘʟʫʻʪʴʩʷ IP-ʘʜʨʝʩʘ 200.5.16.6  

DNS-ʩʝʨʚʝʨʘ. ʎʷ ʘʜʨʝʩʘ ʚʽʜʦʤʘ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʶ ʢʣʽʻʥʪʩʴʢʦʛʦ 

ʢʦʤʧôʁ ʪʝʨʘ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʚʭʦʜʠʪʴ ʜʦ ʤʥʦʞʠʥʠ ʡʦʛʦ ʢʦʥʬʽʛʫʨʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʉʬʦʨʤʦʚʘʥʠʡ IP-ʧʘʢʝʪ ʧʝʨʝʤʽʱʫʚʘʪʠʤʝʪʴʩʷ ʧʦ ʤʝʨʝʞʽ ʚ ʥʝʟʤʽʥʥʦʤʫ ʚʠʛʣʜ̫ ̔ 

(ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 12.2), ʜʦʢʠ ʥʝ ʜʽʡʜʝ ʜʦ ʘʜʨʝʩʘʪʘ ï DNS-ʩʝʨʚʝʨʘ.  
 

 
 

ʈʠʩʫʥʦʢ 12.2 ï IP-ʧʘʢʝʪ ʟ ʽʥʢʘʧʩʫʣʴʦʚʘʥʠʤ ʫ ʥʴʦʛʦ DNS-ʟʘʧʠʪʦʤ 
 

2. ʇʝʨʝʜʘʯʘ ʢʘʜʨʘ Ethernet ʟ IP-ʧʘʢʝʪʦʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʫ R3. ɼʣʷ ʧʝʨʝʜʘʯʽ 

ʜʘʥʦʛʦ IP-ʧʘʢʝʪʘ ʥʝʦʙʭʽʜʥʦ ʡʦʛʦ ʫʧʘʢʫʚʘʪʠ ʫ ʢʘʜʨ Ethernet, ʚʢʘʟʘʚʰʠ ʫ 

ʟʘʛʦʣʦʚʢʫ ʄɸʉ-ʘʜʨʝʩʫ ʦʪʨʠʤʫʚʘʯʘ. ʊʝʭʥʦʣʦʛʽʷ Ethernet ʟʜʘʪʥʘ ʜʦʩʪʘʚʣʷʪʠ 

ʢʘʜʨʠ ʣʠʰʝ ʪʠʤ ʘʜʨʝʩʘʪʘʤ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʟ ʚʽʜʧʨʘʚʥʠʢʦʤ ʫ ʤʝʞʘʭ ʦʜʥʽʻʾ 

ʧʽʜʤʝʨʝʞʽ. ʗʢʱʦ ʘʜʨʝʩʘʪ ʨʦʟʪʘʰʦʚʘʥʠʡ ʧʦʟʘ ʮʽʻʶ ʧʽʜʤʝʨʝʞʝʶ, ʪʦ ʢʘʜʨ 

ʧʦʪʨʽʙʥʦ ʧʝʨʝʜʘʪʠ ʥʘʡʙʣʠʞʯʦʤʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʫ, ʱʦʙ ʪʦʡ ʚʟʷʚ ʥʘ ʩʝʙʝ ʪʫʨʙʦʪʫ 

ʧʨʦ ʧʦʜʘʣʴʰʝ ʧʝʨʝʤʽʱʝʥʥʷ ʧʘʢʝʪʘ. ɼʣʷ ʮʴʦʛʦ ʤʦʜʫʣʴ IP, ʧʦʨʽʚʥʷʚʰʠ ʥʦʤʝʨʠ 

ʤʝʨʝʞ ʚ ʘʜʨʝʩʘʭ ʚʽʜʧʨʘʚʥʠʢʘ ʪʘ ʦʪʨʠʤʫʚʘʯʘ, ʪʦʙʪʦ 129.13.23.17 ʡ 200.5.16.6, 

ʟô̫ ʩʦʚʫʻ, ʱʦ ʧʘʢʝʪ ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʚ ʽʥʰʫ ʤʝʨʝʞʫ, ʦʪʞʝ, ʡʦʛʦ ʥʝʦʙʭʽʜʥʦ 

ʧʝʨʝʜʘʪʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʫ, ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʫ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ. IP-ʘʜʨʝʩʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʪʘʢʦʞ ʚʽʜʦʤʘ 

ʢʣʽʻʥʪʩʴʢʦʤʫ ʚʫʟʣʫ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʥʘʣʝʞʠʪʴ ʜʦ ʤʥʦʞʠʥʠ ʢʦʥʬʽʛʫʨʘʮʽʡʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. ɸʣʝ ʜʣʷ ʢʘʜʨʫ Ethernet ʥʝʦʙʭʽʜʥʦ ʚʢʘʟʘʪʠ ʥʝ IP-ʘʜʨʝʩʫ, ʘ  

ʄɸʉ-ʘʜʨʝʩʫ ʦʪʨʠʤʫʚʘʯʘ. ɼʘʥʘ ʧʨʦʙʣʝʤʘ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʪʦʢʦʣʫ ARP, ʷʢʠʡ ʜʣʷ ʚʽʜʧʦʚʽʜʽ ʥʘ ʟʘʧʠʪʘʥʥʷ: çʗʢʘ ʄɸʉ-ʘʜʨʝʩʘ ʚʽʜʧʦʚʽʜʘʻ 

IP-ʘʜʨʝʩʽ 194.87.23.1?è ï ʨʦʙʠʪʴ ʧʦʰʫʢ ʫ ʩʚʦʾʡ ARP-ʪʘʙʣʠʮʽ. ʆʩʢʽʣʴʢʠ 

ʟʚʝʨʥʝʥʥʷ ʜʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʚʽʜʙʫʚʘʶʪʴʩʷ ʯʘʩʪʦ, ʚʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʧʦʪʨʽʙʥʘ 
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ʄɸʉ-ʘʜʨʝʩʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʪʘʙʣʠʮʽ ʡ ʤʘʻ ʟʥʘʯʝʥʥʷ 008048ɽɺ7ɽ60. ʇʽʩʣʷ 

ʦʪʨʠʤʘʥʥʷ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʾ ʢʣʽʻʥʪʩʴʢʠʡ ʢʦʤʧôʁ ʪʝʨ cit.mgu.com ʚʽʜʧʨʘʚʣʷʻ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʫ R3 ʧʘʢʝʪ, ʫʧʘʢʦʚʘʥʠʡ ʫ ʢʘʜʨ Ethernet (ʨʠʩ. 12.3). 
 

 
 

ʈʠʩʫʥʦʢ 12.3 ï ʂʘʜʨ Ethernet ʟ ʽʥʢʘʧʩʫʣʴʦʚʘʥʠʤ IP-ʧʘʢʝʪʦʤ,  

ʚʽʜʧʨʘʚʣʝʥʠʡ ʟ ʢʣʽʻʥʪʩʴʢʦʛʦ ʢʦʤʧôʁ ʪʝʨʘ 

 

3. ɺʠʟʥʘʯʝʥʥʷ IP-ʘʜʨʝʩʠ  ̔ʄɸʉ-ʘʜʨʝʩʠ ʥʘʩʪʫʧʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R2. 

ʂʘʜʨ ʧʨʠʡʤʘʻʪʴʩʷ ʽʥʪʝʨʬʝʡʩʦʤ 129.13.5.1 ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R3. ʇʨʦʪʦʢʦʣ 

Ethernet, ̫ ʢʠʡ ʧʨʘʮʶʻ ʥʘ ʜʘʥʦʤʫ ʽʥʪʝʨʬʝʡʩʽ, ʚʠʣʫʯʘʻ ʽʟ ʮʴʦʛʦ ʢʘʜʨʘ IP-ʧʘʢʝʪ ʽ 

ʧʝʨʝʜʘʻ ʡʦʛʦ ʧʨʦʪʦʢʦʣʫ IP. ʇʨʦʪʦʢʦʣ IP ʚʠʷʚʣʷʻ ʫ ʟʘʛʦʣʦʚʢʫ ʧʘʢʝʪʘ ʘʜʨʝʩʫ 

ʧʨʠʟʥʘʯʝʥʥʷ 200.5.16.6 ʽ ʧʝʨʝʛʣʷʜʘʻ ʟʘʧʠʩʠ ʩʚʦʻʾ ʪʘʙʣʠʮʽ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 

ʇʨʠʧʫʩʪʠʤʦ, ʤʘʨʰʨʫʪʠʟʘʪʦʨ R3 ʥʝ ʚʠʷʚʣʷʻ ʩʧʝʮʠʬʽʯʥʦʛʦ ʤʘʨʰʨʫʪʫ ʜʣʷ ʘʜʨʝʩʠ 

ʧʨʠʟʥʘʯʝʥʥʷ 200.5.16.6, ʘʣʝ ʟʥʘʭʦʜʠʪʴ ʫ ʩʚʦʾʡ ʪʘʙʣʠʮʽ ʪʘʢʠʡ ʟʘʧʠʩ:  

200.5.16.0      198.21.17.7      198.21.17.6 

ʎʝʡ ʟʘʧʠʩ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʘʢʝʪʠ ʜʣʷ ʤʝʨʝʞʽ 200.5.16.0 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ R3 ʤʘʻ ʧʝʨʝʜʘʚʘʪʠ ʥʘ ʩʚʽʡ ʚʠʭʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ 198.21.17.6,  

ʟ ʷʢʦʛʦ ʚʦʥʠ ʥʘʜʽʡʜʫʪʴ ʥʘ ʽʥʪʝʨʬʝʡʩ ʥʘʩʪʫʧʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R2, ʱʦ ʤʘʻ  

IP-ʘʜʨʝʩʫ 198.21.17.7. ɸʣʝ ʟʥʘʥʥʷ IP-ʘʜʨʝʩʠ ʥʝʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʧʝʨʝʜʘʪʠ ʧʘʢʝʪ 

ʧʦ ʤʝʨʝʞʽ Ethernet. ʅʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʄɸʉ-ʘʜʨʝʩʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R3.  

ʗʢ ʚʽʜʦʤʦ, ʪʘʢʫ ʨʦʙʦʪʫ ʚʠʢʦʥʫʻ ʧʨʦʪʦʢʦʣ ARP. ʇʨʠʧʫʩʪʠʤʦ, ʮʴʦʛʦ ʨʘʟʫ ʚ  

ARP-ʪʘʙʣʠʮʽ ʥʝʤʘʻ ʟʘʧʠʩʫ ʧʨʦ ʘʜʨʝʩʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R3. ʊʦʜʽ ʚ ʤʝʨʝʞʫ 

ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʰʠʨʦʢʦʤʦʚʥʠʡ ARP-ʟʘʧʠʪ, ʷʢʠʡ ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʩʽ ʽʥʪʝʨʬʝʡʩʠ 

ʤʝʨʝʞʽ 198.21.17.0. ɺʽʜʧʦʚʽʜʴ ʧʨʠʭʦʜʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʽʥʪʝʨʬʝʡʩʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R3: 

çʗ ʤʘʶ IP-ʘʜʨʝʩʫ 198.21.17.7 ʽ ʤʦ ̫ʄɸʉ-ʘʜʨʝʩʘ 00E0F77F5A02è (ʨʠʩ. 12.4). 

ʊʝʧʝʨ, ʟʥʘʶʯʠ ʄɸʉ-ʘʜʨʝʩʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R2 (00E0F77F5A02), 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ R3 ʚʽʜʩʠʣʘʻ ʡʦʤʫ IP-ʧʘʢʝʪ ʟ DNS-ʟʘʧʠʪʦʤ (ʨʠʩ. 12.5).  
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ʈʠʩʫʥʦʢ 12.4 ï ʂʘʜʨʠ Ethernet ʟ ʽʥʢʘʧʩʫʣʴʦʚʘʥʠʤʠ  

ARP-ʟʘʧʠʪʦʤ ʽ ARP-ʚ̔ ʜʧʦʚʽʜʜʶ 

 

 
 

ʈʠʩʫʥʦʢ 12.5 ï ʂʘʜʨ Ethernet ʟ DNS-ʟʘʧʠʪʦʤ,  

ʚʽʜʧʨʘʚʣʝʥʠʡ ʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R3 ʤʘʨʰʨʫʪʠʟʘʪʦʨʫ R2 
 

4. ʄʘʨʰʨʫʪʠʟʘʪʦʨ R2 ʜʦʩʪʘʚʣʷʻ ʧʘʢʝʪ DNS-ʩʝʨʚʝʨʘ. ʄʦʜʫʣʴ IP ʥʘ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ R2 ʜʽʻ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʞʝ ʥʝ ʨʘʟ ʦʧʠʩʘʥʦʾ ʥʘʤʠ ʧʨʦʮʝʜʫʨʠ: 

ʚʽʜʢʠʥʫʚʰʠ ʟʘʛʦʣʦʚʦʢ ʢʘʜʨʘ Ethernet, ʚʽʥ ʚʠʣʫʯʘʻ ʟ ʧʘʢʝʪʘ IP-ʘʜʨʝʩʫ 

ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʧʝʨʝʛʣʷʜʘʻ ʩʚʦʶ ʪʘʙʣʠʮʶ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʊʘʤ ʚʽʥ ʚʠʷʚʣʷʻ, ʱʦ 

ʤʝʨʝʞʘ ʧʨʠʟʥʘʯʝʥʥʷ 200.5.16.0 ʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠʻʜʥʘʥʦʶ ʜʦ ʡʦʛʦ ʜʨʫʛʦʛʦ 

ʽʥʪʝʨʬʝʡʩʫ. ʆʪʞʝ, ʧʘʢʝʪ ʥʝ ʪʨʝʙʘ ʤʘʨʰʨʫʪʠʟʫʚʘʪʠ, ʘʣʝ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ 

ʄɸʉ-ʘʜʨʝʩʫ ʚʫʟʣʘ ʧʨʠʟʥʘʯʝʥʥʷ. ʇʨʦʪʦʢʦʣ ARP çʥʘ ʧʨʦʭʘʥʥʷè ʧʨʦʪʦʢʦʣʫ IP 

ʟʥʘʭʦʜʠʪʴ (ʘʙʦ ʟ ARP-ʪʘʙʣʠʮʽ, ʘʙʦ ʟʘ ʟʘʧʠʪʦʤ) ʥʝʦʙʭʽʜʥʫ ʄɸʉ-ʘʜʨʝʩʫ 

00E0F7751231 DNS-ʩʝʨʚʝʨʘ. ʆʪʨʠʤʘʚʰʠ ʚʽʜʧʦʚʽʜʴ ʧʨʦ ʄɸʉ-ʘʜʨʝʩʫ, 
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ʤʘʨʰʨʫʪʠʟʘʪʦʨ R2 ʚʽʜʧʨʘʚʣʷʻ ʚ ʤʝʨʝʞʫ ʧʨʠʟʥʘʯʝʥʥʷ ʢʘʜʨ Ethernet ʟ  

DNS-ʟʘʧʠʪʦʤ (ʨʠʩ. 12.6). 
 

 
 

ʈʠʩʫʥʦʢ 12.6 ï ʂʘʜʨ Ethernet ʟ DNS-ʟʘʧʠʪʦʤ,  

ʚʽʜʧʨʘʚʣʝʥʠʡ ʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R2 

 

5. ʄʝʨʝʞʥʠʡ ʘʜʘʧʪʝʨ DNS-ʩʝʨʚʝʨʘ ʟʘʭʦʧʣʶʻ ʢʘʜʨ Ethernet, ʚʠʷʚʣʷʻ ʟʙʽʛ 

ʄɸʉ-ʘʜʨʝʩʠ ʧʨʠʟʥʘʯʝʥʥʷ, ʷʢʠʡ ʤʽʩʪʠʪʴʩʷ ʫ ʟʘʛʦʣʦʚʢʫ, ʟʽ ʩʚʦʻʶ ʚʣʘʩʥʦʶ 

ʘʜʨʝʩʦʶ ʡ ʥʘʜʩʠʣʘʻ ʡʦʛʦ ʤʦʜʫʣʶ IP. ʇʽʩʣʷ ʘʥʘʣʽʟʫ ʧʦʣʽʚ ʟʘʛʦʣʦʚʢʘ IP ʟ ʧʘʢʝʪʘ 

ʚʠʣʫʯʘʶʪʴʩʷ ʜʘʥʽ ʧʨʦʪʦʢʦʣʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚʠʱʝ. DNS-ʟʘʧʠʪ ʧʝʨʝʜʘʻʪʴʩʷ 

ʧʨʦʛʨʘʤʥʦʤʫ ʤʦʜʫʣʶ DNS-ʩʝʨʚʝʨʘ. DNS-ʩʝʨʚʝʨ ʧʝʨʝʛʣʷʜʘʻ ʩʚʦʾ ʪʘʙʣʠʮʽ, ʤʦʞʣʠʚʦ, 

ʟʚʝʨʪʘʻʪʴʩʷ ʜʦ ʽʥʰʠʭ DNS-ʩʝʨʚʝʨʽʚ ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʬʦʨʤʫʻ ʚʽʜʧʦʚʽʜʴ, ʟ ʪʘʢʠʤ 

ʟʤʽʩʪʦʤ: çʉʠʤʚʦʣʴʥʦʤʫ ʽʤʝʥʽ unix.mgu.com ʚʽʜʧʦʚʽʜʘʻ IP-ʘʜʨʝʩʘ 56.01.13.14è 

ʇʨʦʮʝʩ ʜʦʩʪʘʚʢʠ DNS-ʚ̔ ʜʧʦʚʽʜʽ ʢʣʽʻʥʪʫ cit.mgu.com ʮʽʣʢʦʚʠʪʦ 

ʘʥʘʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩʫ ʧʝʨʝʜʘʯʽ DNS-ʟʘʧʠʪʫ, ʷʢʠʡ ʤʠ ʱʦʡʥʦ ʪʘʢ ʜʦʢʣʘʜʥʦ 

ʦʧʠʩʘʣʠ. ʇʨʘʮʶʶʯʠ ʚ ʪʽʩʥʦʤʫ ʚʟʘʻʤʦʟʚôʷʟʢʫ, ʧʨʦʪʦʢʦʣʠ IP, ARP ʽ Ethernet 

ʧʝʨʝʜʘʶʪʴ ʢʣʽʻʥʪʫ DNS-ʚ̔ ʜʧʦʚʽʜʴ ʯʝʨʝʟ ʫʩʶ ʩʢʣʘʜʝʥʫ ʤʝʨʝʞʫ (ʨʠʩ. 12.7). 
 

 
 

ʈʠʩʫʥʦʢ 12.7 ï ʂʘʜʨ Ethernet ʟ DNS-ʚ̔ ʜʧʦʚʽʜʜʶ,  

ʚʽʜʧʨʘʚʣʝʥʠʡ ʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R3 ʢʦʤʧôʁ ʪʝʨʫ-ʢʣʽʻʥʪʫ 
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FTP-ʢʣʽʻʥʪ, ʦʪʨʠʤʘʚʰʠ IP-ʘʜʨʝʩʫ FTP-ʩʝʨʚʝʨʘ, ʧʦʩʠʣʘʻ ʡʦʤʫ ʩʚʦʻ 

ʧʦʚʽʜʦʤʣʝʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʽ ʩʘʤʽ, ʦʧʠʩʘʥʽ ʨʘʥʽʰʝ, ʤʝʭʘʥʽʟʤʠ ʜʦʩʪʘʚʢʠ 

ʜʘʥʠʭ ʯʝʨʝʟ ʩʢʣʘʜʝʥʫ ʤʝʨʝʞʫ. ɸʣʝ ʙʫʜʝ ʜʦʩʠʪʴ ʢʦʨʠʩʥʦ ʧʦʜʫʤʢʠ ʚʽʜʪʚʦʨʠʪʠ 

ʮʝʡ ʧʨʦʮʝʩ, ʟʚʝʨʪʘʶʯʠ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʥʘ ʟʥʘʯʝʥʥʷ ʘʜʨʝʩʥʠʭ ʧʦʣʽʚ ʟʘʛʦʣʦʚʢʽʚ 

ʢʘʜʨʽʚ ʽ ʟʘʛʦʣʦʚʢʘ ʚʢʣʘʜʝʥʦʛʦ IP-ʧʘʢʝʪʘ.  

ʇʈʀʄɯʊʂɸ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʧʽʜ ʯʘʩ ʫʩʽʻʾ ʧʦʜʦʨʦʞʽ ʧʘʢʝʪʘ 

ʩʢʣʘʜʝʥʦ ʁ ʤʝʨʝʞʝ ʁ ʚʽʜ ʢʣʽʻʥʪʩʴʢʦʛʦ ʢʦʤʧôʁ ʪʝʨʘ ʜʦ DNS-

ʩʝʨʚʝʨʘ IP-ʘʜʨʝʩʠ ʦʪʨʠʤʫʚʘʯʘ ʪʘ ʚʽʜʧʨʘʚʥʠʢʘ ʫ ʧʦʣʷʭ ʟʘʛʦʣʦʚʢʘ 

IP-ʧʘʢʝʪʘ ʥʝ ʟʤʽʥʶʶʪʴʩʷ. ʇʨʦʪʝ ʫ ʟʘʛʦʣʦʚʢʫ ʢʦʞʥʦʛʦ ʥʦʚʦʛʦ 

ʢʘʜʨʘ, ʱʦ ʧʝʨʝʥʦʩʠʚ ʧʘʢʝʪ ʚʽʜ ʦʜʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʜʦ 

ʽʥʰʦʛʦ, ʄɸʉ-ʘʜʨʝʩʠ ʚʽʜʧʨʘʚʥʠʢʘ ʪʘ ʦʪʨʠʤʫʚʘʯʘ ʟʤʽʥʶʶʪʴʩʷ  

ʥʘ ʢʦʞʥʦʤʫ ʚʽʜʨʽʟʢʫ ʰʣʷʭʫ. 

 

12.2 ɺʠʟʥʘʯʝʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʩʢʠ 

 

ɸʣʛʦʨʠʪʤ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʫʩʢʣʘʜʥʶʻʪʴʩʷ, ʢʦʣʠ ʚ ʩʠʩʪʝʤʫ ʘʜʨʝʩʘʮʽʾ ʚʫʟʣʽʚ 

ʚʥʦʩʷʪʴʩʷ ʜʦʜʘʪʢʦʚʽ ʝʣʝʤʝʥʪʠ ï ʤʘʩʢʠ. ʋ ʯʦʤʫ ʧʨʠʯʠʥʠ ʚʽʜʤʦʚʠ ʚʽʜ ʤʝʪʦʜʫ 

ʘʜʨʝʩʘʮʽʾ, ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʢʣʘʩʘʭ, ʷʢʠʡ ʜʦʙʨʝ ʩʝʙʝ ʟʘʨʝʢʦʤʝʥʜʫʚʘʚ ʧʨʦʪʷʛʦʤ 

ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ? ʆʩʥʦʚʥʘ ʟ ʥʠʭ ï ʧʦʪʨʝʙʘ ʚ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʤʝʨʝʞ ʚ ʫʤʦʚʘʭ 

ʜʝʬʽʮʠʪʫ ʥʝʨʦʟʧʦʜʽʣʝʥʠʭ ʥʦʤʝʨʽʚ ʤʝʨʝʞ.  

ʏʘʩʪʦ ʘʜʤʽʥʽʩʪʨʘʪʦʨʠ ʤʝʨʝʞ ʟʘʟʥʘʶʪʴ ʥʝʟʨʫʯʥʦʩʪʝʡ, ʦʩʢʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ ʚʠʜʽʣʝʥʠʭ ʾʤ ʥʦʤʝʨʽʚ ʤʝʨʝʞ ʥʝʜʦʩʪʘʪʥ ̫ ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʩʪʨʫʢʪʫʨʫʚʘʪʠ ʤʝʨʝʞʫ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ, ʥʘʧʨʠʢʣʘʜ, ʨʦʟʚʝʩʪʠ ʚʩʽ ʩʣʘʙʢʦ 

ʚʟʘʻʤʦʜʽʶʯʽ ʢʦʤʧôʁ ʪʝʨʠ ʧʦ ʨʽʟʥʠʭ ʤʝʨʝʞʘʭ.  

ʋ ʪʘʢʽʡ ʩʠʪʫʘʮʽʾ ʤʦʞʣʠʚʽ ʜʚʘ ʰʣʷʭʠ. ʇʝʨʰʠʡ ʟ ʥʠʭ ʧʦʚô̫ ʟʘʥʠʡ ʟ 

ʦʪʨʠʤʘʥʥʷʤ ʚʽʜ ʙʫʜʴ-ʷʢʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʨʛʘʥʘ ʜʦʜʘʪʢʦʚʠʭ ʥʦʤʝʨʽʚ ʤʝʨʝʞ. 

ɼʨʫʛʠʡ ʩʧʦʩʽʙ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʯʘʩʪʽʰʝ, ʧʦʚô̫ ʟʘʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʭʥʦʣʦʛʽʾ ʤʘʩʦʢ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʨʦʟʜʽʣʠʪʠ ʦʜʥʫ ʤʝʨʝʞʫ ʥʘ ʜʝʢʽʣʴʢʘ.  

 

12.3 ʉʪʨʫʢʪʫʨʠʟʘʮʽʷ ʤʝʨʝʞʽ ʤʘʩʢʘʤʠ ʦʜʥʘʢʦʚʦʾ ʜʦʚʞʠʥʠ 

 

ʇʨʠʧʫʩʪʠʤʦ, ʘʜʤʽʥʽʩʪʨʘʪʦʨ ʦʪʨʠʤʘʚ ʫ ʩʚʦʻ ʨʦʟʧʦʨʷʜʞʝʥʥʷ ʤʝʨʝʞʫ  

ʢʣʘʩʫ ɺ: 129.44.0.0.  

ɺʽʥ ʤʦʞʝ ʦʨʛʘʥʽʟʫʚʘʪʠ ʤʝʨʝʞʫ ʟ ʙʽʣʴʰʦ  ʁʢʽʣʴʢʽʩʪʶ ʚʫʟʣʽʚ, ʥʦʤʝʨʠ ʷʢʠʭ 

ʜʦʩʪʫʧʥʽ ʡʦʤʫ ʟ ʜʽʘʧʘʟʦʥʫ 0.0.0.1ï0.0.255.254. ʋʩʴʦʛʦ ʚ ʡʦʛʦ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʻ 

( )162 2-  ʘʜʨʝʩʠ. ɺʽʜʥʽʤʘʥʥʷ ʜʚʽʡʢʠ ʧʦʚô̫ ʟʘʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʘʜʨʝʩʠ ʟ 

ʦʜʥʠʭ ʥʫʣʽʚ ʽ ʦʜʥʠʭ ʦʜʠʥʠʮʴ ʤʘʶʪʴ ʩʧʝʮʽʘʣʴʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʡ ʥʝ ʧʽʜʭʦʜʷʪʴ ʜʣʷ 
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ʘʜʨʝʩʘʮʽʾ ʚʫʟʣʽʚ. ɸʣʝ ʡʦʤʫ ʥʝ ʧʦʪʨʽʙʥʘ ʦʜʥʘ ʚʝʣʠʢʘ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʘ ʤʝʨʝʞʘ. 

ɺʠʨʦʙʥʠʯʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʤʘʛʘʻ ʫ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ ʽʥʦhʛʦ ʨʽʰʝʥʷ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʷʢʦʛʦ ʤʝʨʝʞʘ ʤʘʻ ʙʫʪʠ ʨʦʟʜʽʣʝʥʘ ʥʘ ʪʨʠ ʦʢʨʝʤʽ ʧʽʜʤʝʨʝʞʽ, ʧʨʠ ʮʴʦʤʫ ʪʨʘʬʽʢ ʫ 

ʢʦʞʥ̔ʡ ʧʽʜʤʝʨʝʞʽ ʤʘʻ ʙʫʪʠ ʥʘʜʽʡʥʦ ʣʦʢʘʣʽʟʦʚʘʥʠʡ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʣʝʛʰʝ 

ʜʽʘʛʥʦʩʪʫʚʘʪʠ ʤʝʨʝʞʫ ʡ ʧʨʦʚʦʜʠʪʠ ʫ ʢʦʞʥʽʡ ʟ ʧʽʜʤʝʨʝʞ ʦʩʦʙʣʠʚʫ ʧʦʣʽʪʠʢʫ 

ʙʝʟʧʝʢʠ. (ɿʘʟʥʘʯʠʤʦ, ʱʦ ʧʦʜʽʣ ʚʝʣʠʢʦʾ ʤʝʨʝʞʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʩʦʢ ʤʘʻ ʱʝ ʦʜʥʫ 

ʧʝʨʝʚʘʛʫ, ï ʚ̔ ʥ ʜʦʟʚʦʣʷʻ ʧʨʠʭʦʚʘʪʠ ʚʥʫʪʨʽʰʥʶ ʩʪʨʫʢʪʫʨʫ ʤʝʨʝʞʽ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʡ ʪʠʤ ʩʘʤʠʤ ʧʽʜʚʠʱʠʪʠ ʾʾ ʙʝʟʧʝʢʫ.)  

ʅʘ ʨʠʩ. 12.8 ʧʦʢʘʟʘʥʦ ʧʦʜʽʣ ʫʩʴʦʛʦ ʦʪʨʠʤʘʥʦʛʦ ʘʜʤʽʥʽʩʪʨʘʪʦʨʦʤ 

ʘʜʨʝʩʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʥʘ ʯʦʪʠʨʠ ʨʽʚʥʽ ʯʘʩʪʠʥʠ ï ʢʦʞʥʘ ʧʦ 
142  ʘʜʨʝʩʠ. ʇʨʠ ʮʴʦʤʫ 

ʢʽʣʴʢʽʩʪʴ ʨʦʟʨʷʜʽʚ, ʜʦʩʪʫʧʥʘ ʜʣʷ ʥʫʤʝʨʘʮʽʾ ʚʫʟʣʽʚ, ʟʤʝʥʠhʣʘʩʷ ʥʘ ʜʚʘ ʙʽʪʠ, ʘ 

ʧʨʝʬʽʢʩ (ʥʦʤʝʨ) ʢʦʞʥʦʾ ʟ ʯʦʪʠʨʴʦʭ ʤʝʨʝʞ ʩʪʘʚ ʜʦʚʰʠʤ ʥʘ ʜʚʘ ʙʽʪʠ.  

ʆʪʞʝ, ʢʦʞʥʠʡ ʽʟ ʯʦʪʠʨʴʦʭ ʜʽʘʧʘʟʦʥʽʚ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ IP-ʘʜʨʝʩʠ 

ʟ ʤʘʩʢʦʶ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 18 ʦʜʠʥʠʮʴ, ʘʙʦ ʚ ʜʝʩʷʪʢʦʚʽʡ ʥʦʪʘʮʽʾ ï 

255.255.192.0.  

129.44.0.0/18     (10000001 00101100 00000000 00000000)  

129.44.64.0/18   (10000001 00101100 01000000 00000000)  

129.44.128.0/18 (10000001 00101100 10000000 00000000)  

129.44.192.0/18 (10000001 00101100 11000000 00000000)  

ɿ ʥʘʚʝʜʝʥʠʭ ʟʘʧʠʩʽʚ ʚʠʜʥʦ, ʱʦ ʘʜʤʽʥʽʩʪʨʘʪʦʨ ʦʪʨʠʤʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʥʫʤʝʨʘʮʽʾ ʧʽʜʤʝʨʝʞ ʜʚʘ ʜʦʜʘʪʢʦʚʠʭ ʙʽʪʠ (ʚʠʜʽʣʝʥʠʭ 

ʞʠʨʥʠʤ ʰʨʠʬʪʦʤ). ʉʘʤʝ ʮʝ ʜʦʟʚʦʣʷʻ ʡʦʤʫ ʟʨʦʙʠʪʠ ʟ ʦʜʥʽʻʾ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ 

ʚʠʜʽʣʝʥʦʾ ʤʝʨʝʞʽ ʯʦʪʠʨʠ, ʫ ʜʘʥʦʤʫ ʧʨʠʢʣʘʜʽ ʮʝ  

129.44.0.0/18, 129.44.64.0/18, 129.44.128.0/18, 129.44.192.0/18. 

ʇʈʀʄɯʊʂɸ. ɼʝʷʢʽ ʧʨʦʛʨʘʤʥʽ ʡ ʘʧʘʨʘʪʥʽ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ, ʜʦʪʨʠʤʫʶʯʠʩʴ ʟʘʩʪʘʨʽʣʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ 

RFC 950, ʥʝ ʧʽʜʪʨʠʤʫʶʪʴ ʥʦʤʝʨʠ ʧʽʜʤʝʨʝʞ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ 

ʘʙʦ ʣʠʰʝ ʟ ʦʜʥʠʭ ʥʫʣʽʚ, ʘʙʦ ʣʠʰʝ ʟ ʦʜʥʠʭ ʦʜʠʥʠʮʴ. ʅʘʧʨʠʢʣʘʜ, 

ʜʣʷ ʪʘʢʦʛʦ ʪʠʧʫ ʫʩʪʘʪʢʫʚʘʥʥʷ ʥʦʤʝʨ ʤʝʨʝʞʽ 129.44.0.0 ʟ 

ʤʘʩʢʦʶ 255.255.192.0, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ, 

ʚʠʷʚʠʪʴʩʷ ʥʝʧʨʠʧʫʩʪʠʤʠʤ, ʦʩʢʽʣʴʢʠ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʨʷʜʠ 

 ʚ ʧʦʣʽ ʥʦʤʝʨʘ ʧʽʜʤʝʨʝʞʽ ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ 00. ɿ ʘʥʘʣʦʛʽʯʥʠʭ 

ʤʽʨʢʫʚʘʥʴ ʥʝʧʨʠʧʫʩʪʠʤʠʤ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʥʦʤʝʨ ʤʝʨʝʞʽ 

129.44.192.0 ʟ ʪʠʤ ʞʝ ʟʥʘʯʝʥʥʷʤ ʤʘʩʢʠ. ʊʫʪ ʥʦʤʝʨ ʧʽʜʤʝʨʝʞʽ 

ʩʢʣʘʜʘʻʪʴʩʷ ʣʠʰʝ ʟ ʦʜʠʥʠʮʴ. ɸʣʝ ʩʫʯʘʩʥʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ, ʱʦ 

ʧʽʜʪʨʠʤʫʶʪʴ ʨʝʢʦʤʝʥʜʘʮʽʾ RFC 1878, ʚʽʣʴʥʽ ʚʽʜ ʮʠʭ ʦʙʤʝʞʝʥʴ.  
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ʈʠʩʫʥʦʢ 12.8 ï ʇʦʜʽʣ ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʦʨʫ 129.44.0.0 ʤʝʨʝʞʽ ʢʣʘʩʫ ɺ  

ʥʘ ʯʦʪʠʨʠ ʨʽʚʥʽ ʯʘʩʪʠʥʠ 
 

ʇʨʠʢʣʘʜ ʤʝʨʝʞʽ, ʧʦʙʫʜʦʚʘʥʦʾ ʰʣʷʭʦʤ ʧʦʜʽʣʫ ʥʘ ʯʦʪʠʨʠ ʤʝʨʝʞʽ 

ʦʜʥʘʢʦʚʦʛʦ ʨʦʟʤʽʨʫ, ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 12.9. ʋʚʝʩʴ ʪʨʘʬʽʢ ʫ ʚʥʫʪʨʽʰʥʶ  

ʤʝʨʝʞʫ 129.44.0.0, ʱʦ ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʽʟ ʟʦʚʥʽʰʥʴʦʾ ʤʝʨʝʞʽ, ʥʘʜʭʦʜʠʪʴ ʯʝʨʝʟ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ R1. ɿ ʤʝʪʦʶ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʫ 

ʚʥʫʪʨʽʰʥʽʡ ʤʝʨʝʞʽ ʚʩʪʘʥʦʚʣʝʥʠʡ ʜʦʜʘʪʢʦʚʠʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ R2. ʂʦʞʥʘ ʽʟ 

ʥʦʚʦʩʪʚʦʨʝʥʠʭ ʤʝʨʝʞ 129.44.0.0/18, 129.44.64.0/18, 129.44.128.0/18 ʪʘ 

129.44.192.0/18 ʧʽʜʢʣʶʯʝʥʘ ʜʦ ʚʽʜʧʦʚʽʜʥʦ ʩʢʦʥʬ̔ʛʫʨʦʚʘʥʠʭ ʧʦʨʪʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R2. 

ʇʈʀʄɯʊʂɸ. ɺ ʦʜʥʽʡ ʽʟ ʮʠʭ ʤʝʨʝʞ (129.44.192.0/18), ʱʦ 

ʚʠʜʽʣʝʥʘ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʟôʻʜʥʘʥʥʷ ʤʽʞ ʟʦʚʥʽʰʥʽʤ ʽ ʚʥʫʪʨʽʰʥʽʤ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ, ʜʣʷ ʘʜʨʝʩʘʮʽʾ ʚʫʟʣʽʚ ʟʘʜʽʷʥʽ ʚʩʴʦʛʦ ʜʚʽ  

ʘʜʨʝʩʠ ï 129.44.192.1 (ʧʦʨʪ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R2) ʽ 129.44.192.2 

(ʧʦʨʪ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ R1). ɺʝʣʠʯʝʟʥʘ ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʫ ʜʘʥʽʡ 

ʧʽʜʤʝʨʝʞʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. ʊʘʢʠʡ ʧʨʠʢʣʘʜ ʦʙʨʘʥʦ 

ʚʠʥʷʪʢʦʚʦ ʟ ʥʘʚʯʘʣʴʥʦʶ ʤʝʪʦʶ, ʱʦʙ ʧʦʢʘʟʘʪʠ ʥʝʝʬʝʢʪʠʚʥʽʩʪʴ 

ʤʝʨʝʞ ʦʜʥʘʢʦʚʦʛʦ ʨʦʟʤʽʨʫ.  
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