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ɺɺɽɼɽʅʀɽ 

 

ʊʝʥʜʝʥʮʠʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ 

ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʪʨʘʬʠʢʘ. ʊʨʘʬʠʢ ʩʝʪʝʡ 

ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩʪʘʣ ʤʫʣʴʪʠʤʝʜʠʡʥʳʤ ʠ ʠʭ ʦʜʥʦʟʥʘʯʥʦ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʝʪʠ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʪʨʘʬʠʢʦʤ, ʪʘʢ ʢʘʢ ʜʝʣʘʝʪʩʷ 

ʘʢʮʝʥʪ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʝʪʝʚʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʇʦʜ 

ʧʨʠʣʦʞʝʥʠʷʤʠ ʤʳ ʟʜʝʩʴ ʧʦʥʠʤʘʝʤ ʢʘʢ ʩʠʩʪʝʤʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ (ʙʘʟʳ ʜʘʥʥʳʭ, ʧʦʯʪʦʚʳʝ ʩʠʩʪʝʤʳ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ, 

ʬʘʡʣʦʚʳʡ ʩʝʨʚʠʩ), ʪʘʢ ʠ ʩʨʝʜʩʪʚʘ, ʩ ʢʦʪʦʨʳʤʠ ʨʘʙʦʪʘʝʪ ʢʦʥʝʯʥʳʡ 

ʧʦʣʴʟʦʚʘʪʝʣʴ.  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʧʝʨʝʞʠʚʘʶʪ ʤʘʩʰʪʘʙʥʳʝ ʧʝʨʝʤʝʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʥʪʝʛʨʘʮʠʝʡ ʩʝʪʝʡ 

ʠ ʫʩʣʫʛ ʩʚʷʟʠ. ʇʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʩʝʨʚʠʩʳ, ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʝʨʚʠʩʳ ʠ 

ʫʩʣʫʛʠ ʧʝʨʝʭʦʜʷʪ ʥʘ ʧʣʘʪʬʦʨʤʫ IP, ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʨʝʙʠʪʝʣʝʡ ʪʘʢʠʭ 

ʩʝʨʚʠʩʦʚ ʨʘʩʪʝʪ ʦʯʝʥʴ ʚʳʩʦʢʠʤʠ ʪʝʤʧʘʤʠ. ʀʤʝʥʥʦ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ 

ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʫʩʣʫʛ ʠ ʩʝʨʚʠʩʦʚ ʚʳʟʚʘʣʦ ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ 

ʪʝʭʥʦʣʦʛʠʡ, ʚ ʢʦʪʦʨʳʭ ʥʘ ʧʝʨʚʦʝ ʤʝʩʪʦ ʚʳʚʦʜʷʪʩʷ ʚʦʧʨʦʩʳ ʢʘʯʝʩʪʚʘ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ. ʕʪʦ ʠ ʧʦʙʫʜʠʣʦ ʤʠʨʦʚʦʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʝ 

ʩʦʦʙʱʝʩʪʚʦ ʢ ʧʦʩʪʨʦʝʥʠʶ ʩʝʪʝʡ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ NGN (Next 

Generation Networks) ʟʘ ʩʯʝʪ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʩʝʪʝʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʩʣʠʷʥʠʷ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʪʢʨʳʪʳʭ ʧʨʦʪʦʢʦʣʦʚ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝʪʷʭ 

(ʂʉʇɼ) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚʠʨʪʫʘʣʴʥʳʭ ʯʘʩʪʥʳʭ ʩʝʪʝʡ 

VPN (Virtual Private Network). ɺ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʳ  R. Yuan, C.Scott, ɹʨʘʫʥ ʉ., ɿʘʧʝʯʥʠʢʦʚʘ ʉ.ɺ., ʈʦʩʣʷʢʦʚʘ 

ɸ.ɺ. ʠ ʜʨ. 

ʇʨʦʝʢʪʠʨʦʚʱʠʢʘʤ ʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʩʝʪʝʡ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʦ 

ʧʨʦʮʝʩʩʘʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʪʝʡ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʦʚ, ʘʨʭʠʪʝʢʪʫʨ ʠ 

ʪʦʧʦʣʦʛʠʡ ʠ ʠʤʝʪʴ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʠʭ ʩʝʪʝʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳ 

ʩʨʝʜʩʪʚʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʙʳ ʫʯʠʪʳʚʘʣʠ ʚʩʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʪʝʡ, ʧʦʟʚʦʣʷʣʠ ʟʘʜʘʚʘʪʴ ʠʩʭʦʜʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ 

ʪʝʨʤʠʥʘʭ ʚʝʣʠʯʠʥʳ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʪʨʘʬʠʢʘ ʠ ʧʦʣʫʯʘʪʴ ʦʩʥʦʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʪʝʡ. ɼʣʷ ʨʘʟʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ ʩʝʪʝʡ 

ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ,  

ʥʘʜʝʞʥʦʩʪʴ, ʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʫʧʨʘʚʣʷʝʤʦʩʪʴ, ʟʘʱʠʱʝʥʥʦʩʪʴ, 

ʨʘʩʰʠʨʷʝʤʦʩʪʴ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠʣʠ ʞʝ ʚʩʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ. 

ɺ ʪʦʞʝ ʚʨʝʤʷ ʚʦʟʨʦʩʰʠʝ ʩʪʦʠʤʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʘʤʦʡ 

ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʲʷʚʣʷʶʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ 

ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ. ɺ ʦʩʦʙʝʥʥʦʩʪʠ - ʢ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʛʨʫʟʢʠ 

ʢʘʥʘʣʦʚ, ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʧʘʢʝʪʦʚ, ʦʙʲʸʤʦʚ ʧʘʤʷʪʠ ʙʫʬʝʨʦʚ ʠ ʜʨ. ʆʜʥʠʤ 
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ʠʟ ʧʣʦʜʦʪʚʦʨʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʮʝʥʢʝ ʵʪʠʭ ʚʘʞʥʝʡʰʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʤʫ ʧʦʩʚʷʱʝʥʳ 

ʤʦʥʦʛʨʘʬʠʠ ʪʘʢʠʭ ʘʚʪʦʨʦʚ, ʢʘʢ ɺʠʰʥʝʚʩʢʠʡ ɺ.ʄ., ʀʚʥʠʮʢʠʡ ɺ.ɸ., Ward 

A.R., Glinn P.W., L. Kleinrock, ɻʥʝʜʝʥʢʦ ɹ.ɸ., ʎʳʙʘʢʦʚ ɹ.ʉ., ʄʘʡʦʨʦʚ 

ʉ.ɸ. ʠ ʜʨʫʛʠʝ.  

ʕʪʠ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʜʦ ʩʠʭ ʧʦʨ ʘʢʪʫʘʣʴʥʳʤʠ. ɺ ʧʨʝʜʠʩʣʦʚʠʠ ʢ 

ʤʦʥʦʛʨʘʬʠʠ ɺ.ʄ. ɺʠʰʥʝʚʩʢʦʛʦ çʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡè ʘʢʘʜʝʤʠʢʘʤʠ ɺʝʣʠʭʦʚʳʤ ɽ.ʇ. ʠ ʂʫʟʥʝʮʦʚʳʤ ʅ.ɸ. 

ʦʪʤʝʯʝʥʦ, ʯʪʦ çʇʦʚʩʝʤʝʩʪʥʦʝ ʚʥʝʜʨʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ ʜʦʣʞʥʦ 

ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʦʧʝʨʝʞʘʶʱʠʤ ʨʘʟʚʠʪʠʝʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʪʝʦʨʠʠ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ, ʩʦʟʜʘʥʠʝʤ ʠʥʞʝʥʝʨʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ, ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ ʠ 

ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡè. 

ʇʨʠ ʪʘʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ 

ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʝʩʫʨʩʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʧʦʨʷʜʢʝ ʦʯʝʨʝʜʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʦʡ. ʕʪʦʪ ʧʦʜʭʦʜ 

ʷʚʥʦ ʠʣʠ ʢʦʩʚʝʥʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʪʝʡ: ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ. ɺ ʩʚʷʟʠ ʩ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ʤʝʪʦʜʦʚ ʠ 

ʤʦʜʝʣʝʡ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠ ʘʥʘʣʠʟʝ 

ʩʘʤʦʧʦʜʦʙʥʦʛʦ ʪʨʘʬʠʢʘ, ʚ ʜʚʘ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʷ ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ 

ʧʦʣʫʯʠʣʦ ʧʦʩʣʝʜʥʝʝ ʥʘʧʨʘʚʣʝʥʠʝ. ʇʦʷʚʠʣʠʩʴ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ 

ʚʝʜʫʱʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ Opnet, MathSoft, Comdisco, D-Link, 

CACIProducts, HP, IBM  ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʠʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʪʝʦʨʠʠ ʦʯʝʨʝʜʝʡ ʠ 

ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʟʘʚʠʩʠʪ ʚʦ ʤʥʦʛʦʤ ʦʪ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʳʭ ʤʦʜʝʣʝʡ 

ʨʝʘʣʴʥʳʤ ʩʠʩʪʝʤʘʤ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʪʝʦʨʠʷ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

(ʊʄʆ) ʦʛʨʘʥʠʯʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ ʩʠʩʪʝʤ ʤʘʩʩʦʚʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ (ʉʄʆ) M/M/1, M/G/1 ʠ ʜʨ., ʧʨʝʜʧʦʣʘʛʘʶʱʠʤʠ 

ʧʫʘʩʩʦʥʦʚʩʢʠʝ ʚʭʦʜʥʳʝ ʧʦʪʦʢʠ, ʪʦ ʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ 

ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʵʪʠʭ ʤʦʜʝʣʷʭ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ 

ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦʷʚʠʣʦʩʴ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʧʫʙʣʠʢʘʮʠʡ (ʎʳʙʘʢʦʚ 

ɹ.ʉ., ʇʝʪʨʦʚ ɺ.ɺ., ʐʝʣʫʭʠʥ ʆ.ʀ., ʆʩʠʥ ɸ.ɺ., ʇʦʥʦʤʘʨʝʚ ɼ.ʖ., ʂʨʳʣʦʚ 

ɺ.ɺ., ɿʘʙʦʨʦʚʩʢʠʡ ɺ.ʉ.,  D.Wilson, W.Leland, W.Willinger, Taggu M.S. ʠ 

ʜʨ.) ʦ ʪʦʤ, ʯʪʦ ʪʝʣʝʪʨʘʬʠʢ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʷʭ ʷʚʣʷʝʪʩʷ 

ʩʘʤʦʧʦʜʦʙʥʳʤ ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʘʥ ʵʪʠʤʠ ʢʣʘʩʩʠʯʝʩʢʠʤʠ 

ʤʦʜʝʣʷʤʠ ʊʄʆ.  

ʉʘʤʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʩʝʨʚʠʩʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʭ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʦʧʠʨʘʝʪʩʷ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʠ. ʆʜʥʘʢʦ, ʤʝʪʦʜʘʤ 

ʦʮʝʥʢʠ ʠʤʝʥʥʦ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʝʪʝʡ 

ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʫʜʝʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʚʥʠʤʘʥʠʝ. ʉʘʤʠ 

ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʚ ʜʘʥʥʦʝ ʚʨʝʤʷ, ʥʠʢʘʢ ʥʝ ʫʯʠʪʳʚʘʶʪ 
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ʩʦʚʨʝʤʝʥʥʫʶ ʩʪʝʧʝʥʴ ʠʥʪʝʛʨʘʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʫʛ, ʠ, ʚ ʦʩʥʦʚʥʦʤ, 

ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʳʯʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʨʝʘʣʴʥʳʭ 

ʩʝʪʝʡ.  

ɺ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʪʝʡ, ʫʯʝʪ ʠʥʪʝʛʨʘʮʠʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʞʝ ʜʘʚʥʦ, ʥʦ ʦʥʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʨʝʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʠ 

ʧʘʨʘʤʝʪʨʳ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʝʪʝʡ, ʥʝ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʚʷʟʢʠ ʢ 

ʢʦʥʢʨʝʪʥʦʡ ʨʝʘʣʴʥʦʡ ʩʝʪʠ ʠ ʩʲʝʤʘ ʠʥʪʝʨʝʩʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʦʩʥʦʚʥʦʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʞʝ ʛʦʪʦʚʳʝ 

ʰʘʙʣʦʥʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʫʩʨʝʜʥʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʥʝʙʦʣʴʰʠʤ 

ʜʠʘʧʘʟʦʥʦʤ ʥʘʩʪʨʦʡʢʠ (ʧʘʢʝʪʳ COMNET, NetCracker, OPNET Modeler ʠ 

ʜʨ.). 

ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʟʘʜʘʯʘ ʩʦʚʤʝʱʝʥʠʷ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʤʦʜʝʣʠ ʩʙʦʨʘ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʘʨʘʤʝʪʨʦʚ ʨʝʘʣʴʥʦʡ ʩʝʪʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʥʦ-

ʚʨʝʤʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ.  

ʅʘʩʪʦʷʱʘʷ ʢʥʠʛʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʦʮʝʥʢʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʥʘ 

ʦʩʥʦʚʝ ʨʝʘʣʠʟʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʨʘʬʠʢʘ ʧʫʪʝʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʦʤʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ ʤʝʞʜʫ 

ʧʘʢʝʪʘʤʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʳ ʠ ʨʝʰʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠʟʚʝʩʪʥʳʝ ʤʦʜʝʣʠ, ʤʝʪʦʜʳ ʠ ʧʨʦʛʨʘʤʤʥʳʝ 

ʩʨʝʜʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʦʮʝʥʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ; 

- ʦʙʦʩʥʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʨʘʬʠʢʘ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʡ 

ʨʘʚʥʦʚʝʩʠʷ ʧʦʪʦʢʦʚ ʚ ʩʝʪʝʚʳʭ ʤʦʜʝʣʷʭ ʥʘ ʫʨʦʚʥʝ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʠ 

ʜʠʩʧʝʨʩʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ ʚ 

ʧʦʪʦʢʘʭ, ʢʘʢ ʜʣʷ ʦʜʥʦʨʦʜʥʳʭ, ʪʘʢ ʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʦʪʦʢʦʚ;  

- ʥʘ ʦʩʥʦʚʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦʩʪʨʦʝʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʘ ʩʝʪʠ ʚ ʚʠʜʝ ʉʄʆ ʪʠʧʘ 

G/G/1 ʠʣʠ G/G/m, ʢʦʪʦʨʘʷ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʝʪ ʝʛʦ ʪʘʢʞʝ ʥʘ ʫʨʦʚʥʝ 

ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʠ ʜʠʩʧʝʨʩʠʡ ʚʨʝʤʝʥ ʧʦʩʪʫʧʣʝʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʠ 

ʧʨʦʠʟʚʦʣʴʥʳʭ ʟʘʢʦʥʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ; 

- ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʦʜʝʣʝʡ ʚ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ; 

- ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʥʘʷ ʩʠʩʪʝʤʘ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʠ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʘʥʘʣʠʟʘ ʩʝʪʝʡ ʧʘʢʝʪʥʦʡ 

ʢʦʤʤʫʪʘʮʠʠ Fast Ethernet (Gigabit Ethernet) ʧʦ ʦʮʝʥʢʝ ʚʘʨʠʘʮʠʠ ʝʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʟʘʜʝʨʞʢʠ, ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʧʨʠʣʦʞʝʥʠʡ ʠ ʜʨ.) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʛʨʫʟʢʠ, ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʨʘʟʤʝʨʦʚ ʧʘʢʝʪʦʚ ʠ 

ʜʨ.; 
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- ʧʦʜʪʚʝʨʞʜʝʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʦʜʝʣʝʡ ʩ ʧʦʤʦʱʴʶ 

ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʩʠʩʪʝʤ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

- ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʠ ʤʦʜʝʣʠ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʘʥʘʣʠʟʘ 

ʩʘʤʦʧʦʜʦʙʥʦʛʦ ʪʨʘʬʠʢʘ ʨʝʘʣʴʥʳʭ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝʪʝʡ ʚʳʩʦʢʦʡ ʥʘʛʨʫʟʢʠ 

ɺʋɿʘ ʠ ʵʥʝʨʛʦʩʙʳʚʘʶʱʝʡ ʢʦʤʧʘʥʠʠ. 
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ɻʃɸɺɸ 1.  

ʄɽʊʆɼʆʃʆɻʀʏɽʉʂʀɽ ɸʉʇɽʂʊʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʀ ʂʆʄʇʔʖʊɽʈʅʓʍ ʉɽʊɽʁ 

 

1.1. ʇʨʦʙʣʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝʪʝʡ ʠ ʧʦʜʭʦʜʳ 

ʢ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʶ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʝʪʴ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ 

ʯʘʩʪʴʶ ʣʶʙʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʘ ʝʸ ʦʪʩʫʪʩʪʚʠʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʧʝʨʩʦʥʘʣʘ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ ʥʘʣʠʯʠʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʚ ʫʯʝʙʥʦʤ ʟʘʚʝʜʝʥʠʠ, ʪʘʢ ʢʘʢ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʘʚʥʦ ʩʪʘʣʦ 

ʥʝʚʦʟʤʦʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʠ ʧʨʦʚʦʜʠʪʴ ʥʘʫʯʥʫʶ 

ʨʘʙʦʪʫ. 

ʇʨʠ ʚʩʝʤ ʨʘʟʚʠʪʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʙʦʣɹhʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʪʝʡ ʫʨʦʚʥʷ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʘʤʧʫʩʘ ʠ ʜʘʞʝ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʢʘʯʝʩʪʚʘ [62, 23, 24, 

25, 26]. ʕʪʦ ʦʪʥʦʩʠʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʢ ʜʦʤʦʚʳʤ ʠ ʨʘʡʦʥʥʳʤ ʩʝʪʷʤ, 

ʛʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʠʟh ʝʡ ʮʝʥʦʚʦʡ ʢʘʪʝʛʦʨʠʠ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʝʪʠ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʩʦʟʜʘʚʘʣʠʩʴ ʚ 1995-2000 ʛʦʜʘʭ. 

ʇʨʠ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʝʜʢʦ ʧʨʦʚʦʜʠʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ 

ʫʯʠʪʳʚʘʣʠʩʴ ʩʪʘʥʜʘʨʪʳ TIA /EIA. ʇʨʦʮʝʥʪ ʦʩʥʘʱʝʥʥʦʩʪʠ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʦʡ ʩ 1997 ʛʦʜʘ ʧʦʚʳʩʠʣʩʷ ʚ 10-20 ʨʘʟ. ʆʭʚʘʪ 

ʩʝʪʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʥʝ 

ʭʚʘʪʘʝʪ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʟʘʣʦʞʝʥʥʳʭ ʧʨʦʝʢʪʦʤ. 

ʊʘʢʠʭ ʩʝʪʝʡ ʤʥʦʛʦ, ʦʩʦʙʝʥʥʦ ʚ ʩʪʨʘʥʘʭ ʉʅɻ, ʛʜʝ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʫʯʠʪr ʚʘʣʘʩʴ ʩʪʦʠʤʦʩʪ,ɹ ʘ ʟʘʪʝʤ ʫʞʝ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ.  

ʗʜʨʦʤ ʩʝʪʠ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʦʙʳʯʥʦ ʩʣʫʞʠʪ ʥʝʧʣʦʭʦʡ ʜʘʞʝ ʧʦ 

ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʨʢʘʤ ʫʧʨʘʚʣʷʝʤʳʡ ʢʦʤʤʫʪʘʪʦʨ ʚʪʦʨʦʛʦ ʠʣʠ ʜʘʞʝ 

ʪʨʝʪʴʝʛʦ ʫʨʦʚʥʷ OSI. ʉʝʪʴ ʧʦʩʪʨʦʝʥʘ ʧʦ ʪʦʧʦʣʦʛʠʠ çʨʘʩʰʠʨʝʥʥʘʷ 

ʟʚʝʟʜʘè, ʥʝʢʦʪʦʨʳʝ ʩʝʛʤʝʥʪʳ ʠʤʝʶʪ ʦʪʜʝʣʴʥʳʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ, 

ʩʝʨʚʝʨʳ ʠ ʫʧʨʘʚʣʷʝʤʳʝ ʢʦʤʤʫʪʘʪʦʨʳ. ʅʦ ʫʜʝʣ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ - ʷʜʨʦ ʩʝʪʠ ʠ ʤʘʛʠʩʪʨʘʣʴ. ʆʩʪʘʣʴʥʘʷ ʩʝʪʴ ʦʙʳʯʥʦ 

ʧʦʩʪʨʦʝʥʘ ʥʘ ʥʝʫʧʨʘʚʣʷʝʤʳʭ ʢʦʤʤʫʪʘʪʦʨʘʭ, ʠʥʦʛʜʘ ʜʘʞʝ ʙʝʟ ʫʯʝʪʘ 

ʩʦʦʙʨʘʞʝʥʠʡ ʣʘʪʝʥʪʥʦʩʪʠ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʙʦʣʝʝ 3-ʭ 

ʢʦʤʤʫʪʘʪʦʨʦʚ), ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʧʦʪʦʢʦʚ [13] (ʢʦʨʧʫʩʘ ʚ ʧʦʣʥʦʤ 

ʦʙʲʝʤʝ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʦʙʳʯʥʦʤʫ ʧʦʨʪʫ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʨʦʩʪʦʛʦ 

ʢʦʤʤʫʪʘʪʦʨʘ) (ʨʠʩ. 1.1). ʇʨʠ ʩʦʚʨʝʤʝʥʥʦʤ ʨʘʩʰʠʨʝʥʠʠ ʪʘʢʠʝ ʩʝʪʠ 

ʠʩʧʳʪʳʚʘʶʪ ʦʛʨʦʤʥʫʶ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ, ʢʘʢ ʧʦ ʜʘʥʥʳʤ, 

ʪʘʢ ʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ [14] .  
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ʈʠʩ. 1.1 ï ʊʠʧʠʯʥʘʷ ʩʝʪʴ ʤʘʩʰʪʘʙʘ ʦʜʥʦʛʦ ʢʘʤʧʫʩʘ 

 

ʅʝʢʦʪʦʨʳʝ ʩʝʪʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʳ ʥʘ ʮʝʥʪʨʘʣʴʥʦʤ ʢʦʤʤʫʪʘʪʦʨʝ 

ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʭʥʦʣʦʛʠʡ 802.1q VLAN  (Virtual LAN ) [46], ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.2. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʘʞʜʘʷ ʧʦʜʩʝʪʴ ʘʚʪʦʥʦʤʥʘ ʠ 

ʧʦʪʦʢʠ ʜʘʥʥʳʭ ʩ ʜʨʫʛʦʡ ʧʦʜʩʝʪʠ ʤʦʛʫʪ ʧʦʩʪʫʧʘʪʴ ʪʦʣʴʢʦ ʯʝʨʝʟ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʜʘʥʥʳʭ 

ʥʘ ʫʨʦʚʥʝ ʥʝʫʧʨʘʚʣʷʝʤʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ, ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʜʦ 6500 ʧʘʢʝʪʦʚ/ʩ ʚ ʨʘʩʯʝʪʝ ʥʘ 

ʢʘʞʜʫʶ ʚʠʨʪʫʘʣʴʥʫʶ ʧʦʜʩʝʪʴ ʢʦʤʤʫʪʘʪʦʨʘ. 

ɽʩʣʠ ʩʨʝʜʥʠʡ ʢʦʤʤʫʪʘʪʦʨ ʫʨʦʚʥʷ ʷʜʨʘ ʃɺʉ ʠʤʝʝʪ 24-48 ʧʦʨʪʦʚ 

ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 25-40 ʚʠʨʪʫʘʣʴʥʳʭ ʧʦʜʩʝʪʝʡ, ʪʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨ 

ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʜʦ 160-200 ʪʳʩʷʯ 

ʧʘʢʝʪʦʚ/ʩ ʠʣʠ ʜʦ 2-3 ɻʙʠʪ/ʩ. ʄʘʨʰʨʫʪʠʟʘʪʦʨʦʚ ʪʘʢʦʛʦ ʫʨʦʚʥʷ ʚ 

ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʠ ʜʦʤʘʰʥʠʭ ʩʝʪʷʭ ʦʙʳʯʥʦ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʝʜʠʥʠʮʳ ʠ 

ʦʥʠ ̫ʚʣʷʶʪʩʷ ʷʜʨʦʤ ʚʩʝʡ ʩʝʪʠ ʚʩʝʭ ʢʘʤʧʫʩʦʚ. ɼʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʥʘʙʦʨʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 20000 ʧʘʢʝʪʦʚ/ʩ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʟʘʛʨʫʟʢʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ 

ʚʠʨʪʫʘʣʴʥʳʤ ʧʦʜʩʝʪʷʤ ʥʝ ʙʫʜʝʪ ʧʨʝʚʳʰʘʪʴ 8-10 ʪʳʩʷʯ ʧʘʢʝʪʦʚ/ʩ ʠʟ-

ʟʘ ʦʛʨʘʥʠʯʝʥʠʡ ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʢʦʤʤʫʪʘʪʦʨʘ. 
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ʈʠʩ. 1.2 ï ʈʘʟʜʝʣʝʥʠʝ ʩʝʪʠ ʥʘ ʩʝʛʤʝʥʪʳ ʧʦʩʨʝʜʩʪʚʦʤ VLAN  

 

ɺ ʥʝʫʧʨʘʚʣʷʝʤʳʭ ʩʝʪʷʭ ʥʘ 200-300 ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ ʧʦʷʚʣʷʝʪʩʷ 

ʤʥʦʞʝʩʪʚʦ ʧʨʦʙʣʝʤ. ɺ ʦʩʥʦʚʥʦʤ ʦʥʠ ʚʳʟʚʘʥʳ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʢʘʯʝʩʪʚʦʤ ʩʝʪʠ, ʦʩʦʙʝʥʥʦ ʚ ʯʘʩʳ ʧʠʢ. 

ʄʝʪʦʜʘʤ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚ ʩʝʪʷʭ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʤʘʩʰʪʘʙʘ 

ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʠ ʩʪʘʪʝʡ. ɺʦʧʨʦʩʘʤʠ ʦʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ ʪʝʣʝʪʨʘʬʠʢʘ ʠ ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʪʨʘʬʠʢʘ ʟʘʥʠʤʘʝʪʩʷ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʯʝʥʳʭ ʧʦ ʚʩʝʤʫ ʤʠʨʫ [33, 36, 38].  

ɻʣʘʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʩʝʪʷʤ, 

ʷʚʣʷʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʠʭ ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʠ: ʦʙʝʩʧʝʯʝʥʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʩʪʫʧʘ ʢ ʨʘʟʜʝʣʷʝʤʳʤ 

ʨʝʩʫʨʩʘʤ ʩʝʪʠ [44]. ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʩʚʷʟʘʥʳ ʩ ʢʘʯʝʩʪʚʦʤ 

ʚʳʧʦʣʥʝʥʠʷ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʠ. ɼʣʷ ʨʘʟʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ ʩʝʪʝʡ 

ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 

ʥʘʜʝʞʥʦʩʪʴ, ʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʫʧʨʘʚʣʷʝʤʦʩʪʴ, ʟʘʱʠʱʝʥʥʦʩʪʴ, 

ʨʘʩʰʠʨʷʝʤʦʩʪʴ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʴ. 

ʇʦʥʷʪʠʝ çʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷè (QoS, Quality of Service) ʯʘʱʝ 

ʚʩʝʛʦ ʥʝ ʠʜʝʥʪʠʯʥʦ ʧʦʥʷʪʠʶ çʢʘʯʝʩʪʚʦ ʩʝʪʠè. ʇʦʜ QoS ʦʙʳʯʥʦ 

ʧʦʥʠʤʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ. ʂʦʣʠʯʝʩʪʚʦ ʥʘʫʯʥʳʭ 

ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʨʘʩʯʝʪʫ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 

ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʨʝʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʩʝʪʝʡ, ʚʩʝ ʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ.  

ʂ ʥʠʤ ʥʫʞʥʦ ʦʪʥʝʩʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ɺʠʰʥʝʚʩʢʦʛʦ 

ɺ.ʄ. [3, 6] ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʩʝʭ ʘʩʧʝʢʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʘ 

ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʝʡ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʎʳʙʘʢʦʚʘ ɺ.ʀ. [40], 

ʇʝʪʨʦʚʘ ɺ.ɺ. [28], ʑʝʢʘ ɸ.ʖ. [42] ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʢʘʯʝʩʪʚʘ 
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ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʤʫʣʴʪʠʩʝʨʚʠʥʳʭ (ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ) ʩʝʪʷʭ. ʀʟ ʙʦʣʝʝ 

ʩʪʘʨʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʝʪʝʡ ʢʘʢ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʜʚʫʭʪʦʤʥʠʢ 

ʂʣʝʡʥʨʦʢʘ ʃ. [17, 18 ] . 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ, 

ʧʦʟʚʦʣʠʣʦ ʚʳʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 

ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠʟ ʨʷʜʘ ʟʘʢʨʳʪʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʴ ʦʪʢʨʳʪʳʭ ʥʘʫʯʥʳʭ 

ʠʟʳʩʢʘʥʠʡ ʠ ʪʨʫʜʦʚ.  

 

1.2. ʂʦʥʮʝʧʮʠʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝʪʝʡ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʢʘʢ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ 
 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ, ʢʘʢ ʠ ʣʶʙʦʡ ʜʨʫʛʦʡ 

ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ, ʥʘʯʠʥʘʝʪʩʷ ʩ ʵʪʘʧʘ ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʩʦʟʜʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʝʪʠ ʠ ʦʥʘ 

ʠʩʩʣʝʜʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʕɺʄ. ʇʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʢʦʤʧʴʪʁʝʨʥʦʡ ʩʝʪʠ ʚ ʮʝʣʦʤ, ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʝʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʪʨʫʜʥʦʚʳʧʦʣʥʠʤʦʡ 

ʟʘʜʘʯʝʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʝʪʴ ʜʝʢʦʤʧʦʟʠʨʫʶʪ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʧʦʜʩʠʩʪʝʤʳ, ʩʦʭʨʘʥʷʷ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ. ʊʦʛʜʘ ʢ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʩʝʪʠ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ ʢʘʢ 

ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʦʙʲʝʜʠʥʷʝʤʳʭ ʚ ʧʦʜʩʠʩʪʝʤʳ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ [5] . 

ʂʘʢ ʧʨʘʚʠʣʦ, ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʩʣʫʯʘʡʥʳʝ 

ʬʘʢʪʦʨʳ, ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʚʝʨʦʷʪʥʦʩʪʥʳʤʠ ʘʚʪʦʤʘʪʘʤʠ, 

ʩʠʩʪʝʤʘʤʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʤʘʨʢʦʚʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

ʂʦʤʧʴʶʪʝʨʥʫʶ ʩʝʪʴ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ 

ʩʠʩʪʝʤʫ, ʪ.ʝ. ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʠ ʧʦʜʩʠʩʪʝʤ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʥʘʙʦʨʘ ʫʩʣʫʛ, 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʩʝʪʠ. ʆʮʝʥʢʦʡ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʩʝʪʠ 

ʙʫʜʫʪ ʩʣʫʞʠʪʴ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ: 

ʟʘʛʨʫʟʢʘ ʢʘʥʘʣʦʚ, ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʩʦʦʙʱʝʥʠʡ (ʧʘʢʝʪʦʚ), 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʦʙʲʝʤ ʧʘʤʷʪʠ ʙʫʬʝʨʦʚ ʠ ʜʨ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʣʦʞʥʦʩʪʴ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʠ ʢʘʢ ʦʙʲʝʢʪʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ.  

ʄʦʞʥʦ ʧʝʨʝʯʠʩʣʠʪʴ ʧʨʠʯʠʥʳ ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʩʣʦʞʥʦʩʪʠ: 

 ʧʨʝʪʝʨʧʝʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨ ʧʦʩʪʫʧʘʶʱʝʡ ʥʘʛʨʫʟʢʠ; 

 ʞʝʩʪʯʝ ʩʪʘʥʦʚʷʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 
ʠ ʥʘʜʝʞʥʦʩʪʠ ʩʝʪʠ; 
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 ʠʟʤʝʥʠʣʠʩʴ ʢʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʪʠ, 

ʦʮʝʥʠʚʘʶʱʠʝʩʷ ʧʦ ʢʦʥʝʯʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʫʩʣʫʛ, ʘ ʥʝ ʢʘʯʝʩʪʚʦʤ ʨʘʙʦʪʳ 

ʦʪʜʝʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤ; 

 ʠʟʤʝʥʠʣʩʷ ʭʘʨʘʢʪʝʨ ʫʩʣʫʛ: ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʠ, ʧʝʨʝʜʘʯʘ 

ʛʦʣʦʩʦʚʳʭ ʩʦʦʙʱʝʥʠʡ; 

 ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʥʷʝʪʩʷ ʩʦʩʪʘʚ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ 

ʫʩʣʫʛ. 

ʂ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʦʟʜʘʥʠʷ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝʪʝʡ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

[32] : 

 ʩʦʭʨʘʥʝʥʠʝ ʠʤʝʶʱʝʛʦʩʷ ʨʝʩʫʨʩʘ; 

 ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʩʝʪʠ; 

 ʥʘ ʦʩʥʦʚʝ ʦʧʦʨʥʦʡ ʩʝʪʠ ʦʙʲʝʜʠʥʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ, ʨʘʙʦʯʠʭ 
ʛʨʫʧʧ ʚ ʝʜʠʥʫʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʩʝʪʴ.  

ʇʨʠ ʩʠʩʪʝʤʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʝʪʠ ʨʝʰʘʶʪʩʷ ʪʨʠ ʛʨʫʧʧʳ 

ʟʘʜʘʯ: 

 ʩʠʥʪʝʟ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ; 

 ʨʝʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʠ ʜʦʩʪʘʚʢʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʩʝʪʠ; 

 ʫʧʨʘʚʣʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʨʝʜʥʠʝ ʠ ʢʨʫʧʥʳʝ 

ʧʦʪʨʝʙʠʪʝʣʠ ʫʩʣʫʛ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʉʇɼ) ʥʝ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ 

ʪʦʣʴʢʦ ʣʦʢʘʣʴʥʳʤʠ ʩʝʪʷʤʠ ʠ ʫʩʣʫʛʘʤʠ. ɺʩʝ ʙʦʣʴʰʝ ʨʘʩʪʝʪ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ. 

ʂʦʨʧʦʨʘʪʠʚʥʳʝ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʂʉʇɼ) ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ, ʩʦʝʜʠʥʝʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ 

ʩʝʛʤʝʥʪʳ ʝʜʠʥʦʡ ʩʝʪʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʚʳʜʝʣʝʥʥʳʝ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ 

ʨʝʩʫʨʩʳ ʠ ʩʝʨʚʠʩʳ.  

ʎʝʣʴ ʧʦʩʪʨʦʝʥʠʷ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ  ï 

ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʘʥʩʧʦʨʪʘ ʜʣʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʙʠʟʥʝʩ-ʧʨʠʣʦʞʝʥʠʡ. ʂ ʪʘʢʠʤ ʧʨʠʣʦʞʝʥʠʷʤ ʦʙʳʯʥʦ ʦʪʥʦʩʷʪ ʩʝʪʝʚʳʝ 

ʙʘʟʳ ʜʘʥʥʳʭ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʨʪʘʣʳ, ʵʣʝʢʪʨʦʥʥʫʶ ʧʦʯʪʫ, 

ʪʨʘʜʠʮʠʦʥʥʳʡ ʬʘʡʣʦʚʳʡ ʦʙʤʝʥ, IP ʪʝʣʝʬʦʥʠʶ, ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʩʚʷʟʴ 

ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ. ʕʪʦ ʞʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʢʘʩʘʝʪʩʷ ʠ 

ʧʦʩʪʨʦʝʥʠʷ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝʪʝʡ ɺʋɿʦʚ, ʛʜʝ ʥʘ ʧʝʨʚʦʤ ʤʝʩʪʝ ʩʪʦʠʪ 

ʢʘʯʝʩʪʚʝʥʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʂʉʇɼ - ʦʜʠʥ ʠʟ ʚʘʞʥʝʡh ʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʘʟʚʠʪʠʷ ʙʠʟʥʝʩʘ. 

ʂʘʯʝʩʪʚʝʥʥʫʶ ʠ ʥʘʜʝʞʥʫʶ ʢʦʨʧʦʨʘʪʠʚʥʫʶ ʩʝʪʴ ʠʤʝʶʪ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʢʦʤʧʘʥʠʠ, ʙʠʟʥʝʩ ʢʦʪʦʨʳʭ 

ʟʘʚʠʩʠʪ ʦʪ ʥʘʜʝʞʥʦʩʪʠ ʠ ʛʠʙʢʦʩʪʠ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʝʝ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ [30].  
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ʇʨʠ ʩʦʟʜʘʥʠʠ ʂʉʇɼ ʥʝʦʙʭʦʜʠʤʦ ʩʦʭʨʘʥʷʷ ʫʞʝ ʠʤʝʶʱʠʡʩʷ 

ʨʝʩʫʨʩ, ʧʨʦʚʝʩʪʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ, ʦʙʲʝʜʠʥʠʪʴ ʣʦʢʘʣʴʥʳʝ ʩʝʪʠ 

ʩʣʫʞʙ, ʨʘʙʦʯʠʭ ʛʨʫʧʧ, ʧʨʦʠʟʚʦʜʩʪʚ, ʦʬʠʩʦʚ  ʚ ʝʜʠʥʫʶ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʩʝʪʴ. ʕʪʦʪ ʤʦʤʝʥʪ ʦʧʨʝʜʝʣʷʝʪ ʩʦʩʪʘʚ ʠ ʪʦʧʦʣʦʛʠʶ 

ʩʝʪʠ. ɺ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʭ 

ʟʚʝʥʘ 

 ʣʦʢʘʣʴʥʳʝ ʩʝʪʠ; 

 ʙʘʟʦʚʘʷ ʤʘʛʠʩʪʨʘʣʴʥʘʷ ʩʝʪʴ; 

 ʤʝʞʩʝʪʝʚʳʝ ʫʩʪʨʦʡʩʪʚʘ - ʢʦʤʤʫʪʘʪʦʨʳ ʜʣʷ ʩʦʧʨʷʞʝʥʠʷ 

ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʩ ʙʘʟʦʚʦʡ ʩʝʪʴʶ. 

ʇʦʩʪʨʦʝʥʠʝ ʂʉʇɼ ʚ ʦʙʱʝʤ - ʵʪʦ ʦʨʛʘʥʠʟʘʮʠʷ ʩʚʷʟʥʦʩʪʠ ʧʦ 

ʧʨʦʪʦʢʦʣʫ IP ʤʝʞʜʫ ʨʘʙʦʯʠʤʠ ʩʪʘʥʮʠʷʤʠ ʠ ʩʝʨʚʝʨʘʤʠ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʉʝʪʴ ʦʙʨʘʟʫʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʫʟʣʦʚ ʩʚʷʟʠ, ʨʘʩʧʦʣʘʛʘʝʤʳʭ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʦʬʠʩʦʚ ʠʣʠ ʜʨʫʛʠʭ ʪʦʯʝʢ ʧʨʠʩʫʪʩʪʚʠʷ ʧʨʝʜʧʨʠʷʪʠʷ.  

ɺ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʠʷ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʧʦʣʦʞʝʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʤʧʘʥʠʠ Cisco Systems ʥʘ 

ʦʩʥʦʚʝ ʢʦʤʧʦʟʠʪʥʦʡ ʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʧʨʝʜʧʨʠʷʪʠʷ. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ï 

ʵʪʦ ʤʦʜʫʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʩʝʪʠ. ʄʝʪʦʜʦʣʦʛʠʷ 

ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʢʘʢ ʥʝʙʦʣʴʰʠʝ ʩʝʪʠ, ʦʙʲʝʜʠʥʷʶʱʠʝ 

ʥʝʩʢʦʣʴʢʦ ʦʬʠʩʦʚ, ʪʘʢ ʠ ʢʨʫʧʥʳʝ, ʚʢʣʶʯʘʶʱʠʝ ʩʦʪʥʠ ʫʟʣʦʚ. 

ʈʘʟʚʠʚʘʷ ʩʝʪʴ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ ʤʦʜʫʣʝʡ ʠʣʠ ʫʟʣʦʚ, 

ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʝʪʠ ʠ ʪʨʝʙʫʝʪ ʤʠʥʠʤʘʣʴʥʳʭ ʫʩʠʣʠʡ ʠ ʩʨʝʜʩʪʚ ʜʣʷ ʧʦʠʩʢʘ ʠ 

ʫʩʪʨʘʥʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. 

ɺ ʦʩʥʦʚʝ ʢʦʤʧʦʟʠʪʥʦʡ ʤʦʜʝʣʠ (ʨʠʩʫʥʦʢ 1.3) ʣʝʞʠʪ ʧʨʠʥʮʠʧ 

ʨʘʟʜʝʣʝʥʠʷ ʩʝʪʠ ʥʘ ʤʦʜʫʣʠ (ʜʝʢʦʤʧʦʟʠʮʠʠ). ʂʘʞʜʳʡ ʤʦʜʫʣʴ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʦʡʩʪʚʝʥʥʳʤʠ ʪʦʣʴʢʦ ʝʤʫ ʬʫʥʢʮʠʷʤʠ ʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʝʘʣʠʟʘʮʠʠ. ʂʣʶʯʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʩʚʷʟʫʶʱʠʤ 

ʫʟʣʳ ʂʉʇɼ, ʷʚʣʷʝʪʩʷ ʫʩʣʫʛʘ ʩʚʟ̫ʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʜʘʯʫ 

ʪʨʘʬʠʢʘ ʤʝʞʜʫ ʫʟʣʘʤʠ. ɺʠʜʳ ʫʩʣʫʛ ʩʚʷʟʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʥʘʣʦʚ ʤʝʞʜʫ ʫʟʣʘʤʠ, ʜʝʣʷʪʩʷ ʥʘ ʩʣʝʜʫʶɦ ʠʝ ʛʨʫʧʧʳ: 

1) ʚʳʜʝʣʝʥʥʳʝ ʣʠʥʠʠ ʩʚʷʟʠ ï ʦʧʪʠʯʝʩʢʠʝ ʠʣʠ ʤʝʜʥʳʝ ʢʘʙʝʣʠ, 

ʩʦʝʜʠʥʷʶʱʠʝ ʫʟʣʳ ʩʝʪʠ ʟʘʢʘʟʯʠʢʘ (ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʩʚʦʠ, ʪʘʢ ʠ 

ʘʨʝʥʜʫʝʤʳʝ ʣʠʥʠʠ ʩʚʷʟʠ);  

2) ʚʳʜʝʣʝʥʥʳʝ ʢʘʥʘʣʳ ʜʘʥʥʳʭ ï ʢʘʥʘʣʳ ʜʘʥʥʳʭ, 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʦʧʝʨʘʪʦʨʦʤ ʩʚʷʟʠ ʧʦʚʝʨʭ ʩʚʦʝʡ ʩʝʪʠ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ:  

 Frame Relay (PVC);  

 ATM (PVC);  

 E1/E3/STM-1;  

 Ethernet VLAN ;  

3) ʫʩʣʫʛʠ ʧʦ ʩʦʝʜʠʥʝʥʠʶ ʥʘ ʙʘʟʝ çʛʨʫʧʧʦʚʦʛʦè ʜʦʩʪʫʧʘ:  
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 IP VPN;  

 VPLS ï Virtual Private LAN  Service. ʊʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ 

ʵʤʫʣʠʨʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʃɺʉ ʧʦʚʝʨʭ ʩʝʪʠ ʆʧʝʨʘʪʦʨʘ;  

 ʩʝʪʴ çʀʥʪʝʨʥʝʪè. 

 

 
 

ʈʠʩ. 1.3 - ʆʩʥʦʚʥʳʝ ʤʦʜʫʣʠ ʫʟʣʘ ʂʉʇɼ 

 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʵʪʠʤʠ ʪʠʧʘʤʠ ʫʩʣʫʛ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʣʠʯʥʦʤ ʤʝʭʘʥʠʟʤʝ ʧʝʨʝʜʘʯʠ ʪʨʘʬʠʢʘ ʤʝʞʜʫ 

ʩʝʪʝʚʳʤʠ ʫʟʣʘʤʠ ʢʣʠʝʥʪʘ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚʳʜʝʣʝʥʥʳʝ ʢʘʥʘʣʳ ʩʚʷʟʠ, ʪʦ ʝʩʪʴ ʪʨʘʬʠʢ ʧʨʦʭʦʜʠʪ ʩʪʨʦʛʦ ʧʦ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ɺ ʩʣʫʯʘʝ ʛʨʫʧʧʦʚʦʛʦ ʜʦʩʪʫʧʘ ʪʨʘʬʠʢ 

ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʧʨʦʠʟʚʦʣʴʥʦ ʤʝʞʜʫ ʣʶʙʳʤʠ ʦʬʠʩʘʤʠ. ɺʪʦʨʦʡ 

ʩʧʦʩʦʙ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʠʝ ʩʢʦʨʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʜʘʯʠ 

ʪʨʘʬʠʢʘ ʠ ʦʧʪʠʤʘʣʴʥʦʝ çʜʝʰʝʚʦʝè ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ. 

ʋʟʣʳ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʚ ʪʨʠ 

ʛʨʫʧʧʳ: ʮʝʥʪʨʘʣʴʥʳʡ ʫʟʝʣ, ʦʪʜʝʣʝʥʠʝ/ʢʨʫʧʥʳʡ ʫʟʝʣ, ʢʦʥʝʯʥʳʡ ʫʟʝʣ.  

ʎʝʥʪʨʘʣʴʥʳʝ ʫʟʣʳ ï ʵʪʦ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʫʟʣʳ ʩʝʪʠ. ʅʘ ʜʘʥʥʳʭ 

ʫʟʣʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʥʩʦʣʠʜʘʮʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ, 

ʨʘʟʤʝʱʘʝʪʩʷ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʩʝʨʚʝʨʦʚ ʧʨʠʣʦʞʝʥʠʡ, ʨʘʟʚʝʨʪʳʚʘʶʪʩʷ 

ʚʳʜʝʣʝʥʥʳʝ ʧʦʜʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʪʳʢʦʚʢʘ ʩ 

ʚʥʝʰʥʠʤʠ ʩʝʪʷʤʠ. 
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ʆʪʜʝʣʝʥʠʷ/ʢʨʫʧʥʳʝ ʫʟʣʳ ï "ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ" ʩʝʪʠ. ɿʜʝʩʴ 

ʨʘʟʤʝʱʘʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ, ʠʤʝʶʱʠʝ ʪʦʣʴʢʦ ʣʦʢʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠ ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʝ ʩʝʨʚʠʩʳ ʪʦʣʴʢʦ ʣʦʢʘʣʴʥʦ - ʘʙʦʥʝʥʪʘʤ 

ʜʘʥʥʦʛʦ ʫʟʣʘ. 

ʂʦʥʝʯʥʳʡ ʫʟʝʣ ï ʜʘʥʥʳʡ ʪʠʧ ʫʟʣʘ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʤʘʣʦʤʦʱʥʳʤ. 

ɺ ʝʛʦ ʩʦʩʪʘʚʝ ʥʝʪ ʥʠʢʘʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʩʝʨʚʝʨʦʚ 

ʧʨʠʣʦʞʝʥʠʡ. ɼʘʥʥʳʝ ʫʟʣʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜʩʠʩʪʝʤʳ ʂʉʇɼ ʚʩʝʭ ʪʠʧʦʚ ʫʟʣʦʚ ʦʙʳʯʥʦ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ï 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʩ ʠʥʪʝʛʨʘʮʠʝʡ ʩʝʨʚʠʩʦʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

1) ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʣʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ï ʧʝʨʝʜʘʯʘ IP ʪʨʘʬʠʢʘ ʠ 

ʦʙʝʩʧʝʯʝʥʠʝ ʩʚʷʟʥʦʩʪʠ ʧʦ ʧʨʦʪʦʢʦʣʫ IP; 

2) ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ:  

 ʤʝʞʩʝʪʝʚʦʝ ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʠ ʦʙʥʘʨʫʞʝʥʠʝ ʘʪʘʢ ï ʟʘʱʠʪʘ ʦʪ 

ʚʦʟʤʦʞʥʳʭ ʩʝʪʝʚʳʭ ʘʪʘʢ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʩʙʦʡ 

ʰʪʘʪʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʪʠ;  

 ʰʠʬʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ï ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ 

ʧʝʨʝʜʘʚʘʝʤʦʡ ʧʦ ʩʝʪʠ ʠʥʬʦʨʤʘʮʠʠ;  

 ʢʦʥʪʨʦʣʴ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ ï ʦʙʝʩʧʝʯʝʥʠʝ ʥʝʚʦʟʤʦʞʥʦʩʪʠ 

ʤʘʥʠʧʫʣʷʮʠʠ ʜʘʥʥʳʤʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʯʝʨʝʟ ʩʝʪʴ; 

3) ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ IP 

ʪʝʣʝʬʦʥʠʠ:  

 ʤʘʨʰʨʫʪʠʟʘʮʠʷ ʚʳʟʦʚʦʚ;  

 ʛʦʣʦʩʦʚʘʷ ʧʦʯʪʘ;  

 ʩʪʳʢʦʚʢʘ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʣʝʬʦʥʠʝʡ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʪʠʧʦʚ ʫʟʣʦʚ, ʢʦʥʝʯʥʦ, ʚʝʩʴʤʘ ʫʩʣʦʚʥʘʷ, ʥʦ ʦʥʘ 

ʧʦʤʦʛʘʝʪ ʜʦʙʠʪʴʩʷ ʙʦʣʴʰʝʡ ʣʝʛʢʦʩʪʠ ʧʨʠ ʧʝʨʚʠʯʥʦʡ ʜʝʢʦʤʧʦʟʠʮʠʠ 

ʧʨʦʝʢʪʘ. ʅʘʧʨʠʤʝʨ, ʚ ʢʨʫʧʥʳʭ ʢʦʤʧʘʥʠʷʭ ï ʩʠʩʪʝʤʥʳʭ ʠʥʪʝʛʨʘʪʦʨʘʭ 

ï ʧʨʠʥʷʪʦ ʩʣʝʜʫʶʱʝʝ ʜʝʣʝʥʠʝ ï ʢʦʥʝʯʥʳʡ ʫʟʝʣ (SOHO, Small office 

or Home office) ʜʦ 48 ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʧʦʨʪʦʚ ʉʇɼ ʠʣʠ ʘʙʦʥʝʥʪʦʚ, 

ʦʪʜʝʣʝʥʠʝ ï ʜʦ 300, ʮʝʥʪʨʘʣʴʥʳʡ ʫʟʝʣ ï ʚʩʝ, ʯʪʦ ʙʦʣʝʝ 300. 

ʉʝʪʴ ʢʦʥʝʯʥʦʛʦ ʫʟʣʘ ʩʪʨʦʠʪʩʷ ʥʘ ʙʘʟʝ ʦʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʚʦʟʤʦʞʥʦ ʩʦʚʤʝʱʝʥʠʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʠ ʢʦʤʤʫʪʘʪʦʨʘ ʚ ʦʜʥʦʤ 

ʫʩʪʨʦʡʩʪʚʝ, ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʧʦʩʪʨʦʝʥʠʝ ʪʦʣʴʢʦ ʥʘ ʙʘʟʝ 

ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ. ʉʝʪʴ ʦʪʜʝʣʝʥʠʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʩʪʨʦʝʥʘ ʥʘ ʙʘʟʝ çʧʣʦʩʢʦʡè ʘʨʭʠʪʝʢʪʫʨʳ, ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʥʘʠʙʦʣʝʝ çʩʣʘʙʳʝè ʠʣʠ çʩʨʝʜʥʠʝè ʢʦʤʤʫʪʘʪʦʨʳ 

ʩ ʬʫʥʢʮʠʷʤʠ ʤʦʥʠʪʦʨʠʥʛʘ.  

ʉʝʪʴ ʮʝʥʪʨʘʣʴʥʳʭ ʫʣʦʚ ʩʪʨʦʠʪʩʷ ʧʦ ʚʩʝʤ ʧʨʘʚʠʣʘʤ ʧʦʩʪʨʦʝʥʠʷ 

ʢʨʫʧʥʳʭ ʩʝʪʝʡ, ʩ ʜʝʢʦʤʧʦʟʠʮʠʝʡ ʩʝʪʠ ʧʦ ʬʫʥʢʮʠʷʤ. 
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ʂ ʮʝʥʪʨʘʣʴʥʳʤ ʫʟʣʘʤ ʧʨʠʤʝʥʷʶʪ ʧʨʘʚʠʣʘ ʧʦʩʪʨʦʝʥʠʷ ʢʘʤʧʫʩʥʳʭ 

ʩʝʪʝʡ, ʪ.ʝ. ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʘʨʭʠʪʝʢʪʫʨʫ, ʙʘʟʠʨʫʶʱʫʶʩʷ ʥʘ 

ʩʣʝʜʫʶʱʠʭ ʧʨʠʥʮʠʧʘʭ: 

- ʠʝʨʘʨʭʠʯʥʦʩʪʴ ï ʩʝʪʴ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʫʨʦʚʥʝʡ, 

ʢʘʞʜʳʡ ʫʨʦʚʝʥʴ ʚʳʧʦʣʥʷʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʫʥʢʮʠʠ;  

- ʤʦʜʫʣʴʥʦʩʪʴ ï ʫʨʦʚʥʠ ʩʪʨʦʷʪʩʷ ʥʘ ʦʩʥʦʚʝ  ʤʦʜʫʣʝʡ, ʢʘʞʜʳʡ 

ʤʦʜʫʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʢʦʥʯʝʥʥʫʶ ʝʜʠʥʠʮʫ, 

ʚʳʧʦʣʥʷʶʱʫʶ ʬʫʥʢʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʨʦʚʥʷ. 

ʉʝʪʴ ʜʦʣʞʥʘ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʫʥʠʚʝʨʩʘʣʴʥʦʡ, ʪʦ ʝʩʪʴ 

ʜʦʧʫʩʢʘʪʴ ʠʥʪʝʛʨʘʮʠʶ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʙʫʜʫʱʠʭ ʧʨʠʣʦʞʝʥʠʡ ʩ 

ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ʏʘʩʪʦ ʫʟʣʳ 

ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ ʦʢʘʟʳʚʘʁ ʪʩʷ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʛʦʨʦʜʘʭ, ʘ ʠʥʦʛʜʘ ʠ ʩʪʨʘʥʘʭ. 

ɽʩʣʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʦʩʥʦʚʥʳʝ ʟʘʪʨʘʪʳ ʧʨʠʭʦʜʷʪʩʷ 

ʥʘ ʟʘʢʫʧʢʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʢʣʘʜʢʫ ʢʘʙʝʣʷ, ʪʦ ʚ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ-

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʝʪʷʭ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʪʦʠʤʦʩʪʠ 

ʦʢʘʟʚrʘʝʪʩʷ ʘʨʝʥʜʥʘʷ ʧʣʘʪʘ ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʥʘʣʦʚ. ʕʪʦ 

ʦʛʨʘʥʠʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ, ʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ ʩʣʝʜʫʝʪ ʧʨʝʜʧʨʠʥʠʤʘʪʴ ʚʩʝ ʤʝʨʳ ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʦʙʲʝʤʦʚ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ. ɺ ʦʩʪʘʣʴʥʦʤ ʞʝ 

ʢʦʨʧʦʨʘʪʠʚʥʘʷ ʩʝʪʴ ʥʝ ʜʦʣʞʥʘ ʚʥʦʩʠʪʴ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʪʦ, ʢʘʢʠʝ 

ʠʤʝʥʥʦ ʧʨʠʣʦʞʝʥʠʷ ʠ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʨʘʙʘʪʳʚʘʶʪ ʧʝʨʝʥʦʩʠʤʫʶ ʧʦ 

ʥʝʡ ʠʥʬʦʨʤʘʮʠʶ. ʇʦʜ ʧʨʠʣʦʞʝʥʠʷʤʠ ʤʳ ʟʜʝʩʴ ʧʦʥʠʤʘʝʤ ʢʘʢ 

ʩʠʩʪʝʤʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʙʘʟʳ ʜʘʥʥʳʭ, ʧʦʯʪʦʚʳʝ 

ʩʠʩʪʝʤʳ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ, ʬʘʡʣʦʚʳʡ ʩʝʨʚʠʩ), ʪʘʢ ʠ 

ʩʨʝʜʩʪʚʘ, ʩ ʢʦʪʦʨʳʤʠ ʨʘʙʦʪʘʝʪ ʢʦʥʝʯʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ.  

ɺ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ 

ʩʝʪʝʡ ʙʫʜʫʪ ʠʩʩʣʝʜʦʚʘʥʳ ʩʝʪʠ ɻʆʋ ɺʇʆ çʆʨʝʥʙʫʨʛʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè ʠ ʆɸʆ çʆʨʝʥʙʫʨʛʵʥʝʨʛʦʩʙʳʪè.  

 

1.3. ɸʥʘʣʠʟ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʦʮʝʥʢʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʩʝʪʝʡ 

 

ʆʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ QoS 

(Quality of Service) ʩʝʪʠ ʦʩʪʘʶʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ. 

ɺʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ï ʵʪʦ ʦʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ (ʈʉʆɼ). 

ʆʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ: 

- ʟʘʛʨʫʟʢʠ ʢʘʥʘʣʦʚ ʠ ʫʟʣʦʚ; 

- ʚʨʝʤʷ ʨʝʘʢʮʠʠ; 

- ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʪʨʘʬʠʢʘ; 

- ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ; 
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- ʟʘʜʝʨʞʢʘ ʧʝʨʝʜʘʯʠ ʠ ʝʝ ʚʘʨʠʘʮʠʷ [17,22] . 

ɿʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʦʝ ʦʞʠʜʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʧʦʩʣʝ ʩʚʦʝʛʦ ʟʘʧʨʦʩʘ, ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʟʘʧʨʦʩʘ, ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ 

ʣɻʝʤʝʥʪʦʚ ʩʝʪʠ ʠ ʠʭ ʟʘʛʨʫʟʢʠ ʠ ʪ.ʜ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʨʘʙʦʪʳ ʩʝʪʠ, ʩʝʪʝʚʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʨʝʤʝʥʠ 

ʨʝʘʢʮʠʠ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩʝʪʠ ʠ ʚʳʷʚʠʪʴ ʫʟʢʠʝ ʤʝʩʪʘ, ʯʪʦʙʳ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʚʳʧʦʣʥʠʪʴ ʤʦʜʝʨʥʠʟʘʮʠʶ ʠ ʧʦʚʳʩʠʪʴ ʦʙʱʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʝʝ 

ʨʘʙʦʪʳ. 

ɺ ʂʉʇɼ ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ ʫʩʣʫʛʘʤʠ ʢʘʢ ʥʠʛʜʝ ʦʩʪʨʦ ʩʪʦʠʪ 

ʧʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʝʪʠ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʟʘʜʝʨʞʢʘ ʧʨʠ ʧʝʨʝʜʘʯʝ ʛʦʣʦʩʦʚʳʭ ʜʘʥʥʳʭ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 100 ʤʩ ï 

ʧʨʠ ʵʪʦʤ ʝʱʝ ʩʦʭʨʘʥʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʛʦʣʦʩʦʚʦʛʦ ʦʙʱʝʥʠʷ. 

ɹʦʣʴʰʘʷ ʟʘʜʝʨʞʢʘ ʧʨʠʚʦʜʠʪ ʢ ʵʭʫ, ʟʘʚʠʩʘʥʠʶ ʦʪʜʝʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʨʝʯʠ ʠ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤʫ ʢʘʯʝʩʪʚʫ ʟʚʫʢʘ. 

ɼʣʷ ʟʘʜʘʯ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʪʝʢʫʱʝʝ 

ʩʦʩʪʦʥ̫ʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɼʣʷ ʵʪʦʛʦ ʦʯʝʥʴ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʫʧʨʝʞʜʘʶʱʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʩʝʪʠ [15]. ʇʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʩʝʪʠ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʘʢʘʷ ʟʘʜʘʯʘ 

ʚʭʦʜʠʪ ʚ ʦʙʷʟʘʪʝʣʴʥʫʶ ʧʨʦʛʨʘʤʤʫ, ʦʜʥʘʢʦ, ʝʩʣʠ ʩʝʪʴ ʫʞʝ 

ʩʫʱʝʩʪʚʫʝʪ, ʟʘʜʘʯʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʪʨʫʜʥʦʨʝʘʣʠʟʫʝʤʦʡ. 

ʃʶʙʘʷ ʤʝʪʦʜʠʢʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʝʪʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʠʤʝʶʱʠʭʩʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʩʠʩʪʝʤʥʦʛʦ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ 

ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ.  

ɸʥʘʣʠʟʘʪʦʨʳ ʥʝ ʪʦʣʴʢʦ ʪʨʘʬʠʢʘ, ʥʦ ʠ ʩʦʜʝʨʞʘʥʠʷ ʪʨʘʬʠʢʘ 

ʚʳʧʫʩʢʘʶʪʩʷ ʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʠʩʧʦʣʥʝʥʠʠ. ʅʝʜʦʩʪʘʪʦʯʥʘʷ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʰʠʨʦʯʘʡʰʠʤ ʩʧʝʢʪʨʦʤ 

ʚʦʟʤʦʞʥʦʩʪʝʡ. ʉʲʝʤʦʤ ʜʘʥʥʳʭ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴʩʷ ʦʙʳʯʥʳʡ 

ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ, ʧʦʜʢʣʶʯʝʥʥʳʡ ʚ ʨʦʣʠ ʘʧʧʘʨʘʪʥʦʛʦ ʟʦʥʜʘ 

ʠʣʠ ʩʝʪʝʚʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʦ ʧʨʦʪʦʢʦʣʫ NetFlow/SFlow/RMON, ʘ 

ʠʥʬʦʨʤʘʮʠʶ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʙʫʜʝʪ ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ. 

ʊʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʪʨʦʝʥʥʳʝ ʩʨʝʜʩʪʚʘ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ ʠ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʢʣʠʝʥʪʦʚ, ʪʘʢʠʝ ʢʘʢ 

IpFilter, NetFlow, IPfw ʠ ʪ.ʜ. [60]. ɺʩʝ ʘʥʘʣʠʟʘʪʦʨʳ ʜʝʣʷʪʩʷ ʥʘ 

ʘʥʘʣʠʟʘʪʦʨʳ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʩʪʝʢʦʚʳʝ, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʥʳʝ ʠ 

ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʝ.  

ʉʪʝʢʦʚʳʝ ʘʥʘʣʠʟʘʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʩʦʭʨʘʥʝʥʥʦʛʦ ʪʨʘʬʠʢʘ, ʪʦ ʝʩʪʴ ʚ ʬʘʡʣ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ, 

ʥʘʯʠʥʘʷ ʦʪ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ OSI, ʢʦʪʦʨʘʷ ʩʦʙʠʨʘʣʘʩʴ ʩ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʪʦʯʝʢ ʩʝʪʠ. ɺʝʜʫʱʠʡ ʤʠʨʦʚʦʡ ʧʦʩʪʘʚʱʠʢ ʥʦʚʘʪʦʨʩʢʠʭ ʨʝʰʝʥʠʡ ʚ 

ʦʙʣʘʩʪʠ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
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ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝʪʝʡ, ʢʦʤʧʘʥʠʷ Fluke Networks, ʧʨʝʜʣʘʛʘʝʪ 

ʩʦʙʩʪʚʝʥʥʦʝ ʚʠʜʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʨʝʰʝʥʠʷ ʜʣʷ 

ʘʥʘʣʠʟʘ ʠ ʤʦʥʠʪʦʨʠʥʛʘ. ʉʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʧʨʦʜʫʢʪ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ - ʵʪʦ OptiView Network Analyzer.  

ʕʪʦ ʝʜʠʥʩʪʚʝʥʥʳʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʩʝʪʝʚʦʡ ʘʥʘʣʠʟʘʪʦʨ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʦʙʟʦʨ ʚʩʝʡ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ ʠ ʧʦʤʦʛʘʶʱʠʡ 

ʚʥʝʜʨʷʪʴ ʥʦʚʳʝ ʧʨʠʣʦʞʝʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʫʧʨʘʚʣʷʪʴ ʠʟʤʝʥʝʥʠʷʤʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʭ, ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʳ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠʣʦʞʝʥʠʡ ʠ ʩʝʪʠ ʠ ʟʘʱʠʱʘʪʴ ʩʝʪʴ ʦʪ 

ʚʥʫʪʨʝʥʥʠʭ ʫʛʨʦʟ. ʕʪʦʪ ʘʥʘʣʠʟʘʪʦʨ ʦʙʲʝʜʠʥʷʝʪ ʬʫʥʢʮʠʠ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʩʝʪʠ, ʘʥʘʣʠʟʘ ʪʨʘʬʠʢʘ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, 

ʟʘʭʚʘʪʘ/ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʧʘʢʝʪʦʚ ʠ ʧʦʜʜʝʨʞʢʫ WAN, WLAN ʠ VoIP ʚ 

ʦʜʥʦʤ ʧʦʨʪʘʪʠʚʥʦʤ ʫʩʪʨʦʡʩʪʚʝ. ʅʦ ʠ ʩʪʦʠʤʦʩʪʴ ʵʪʦʛʦ ʧʨʠʙʦʨʘ ʦʯʝʥʴ 

ʚʳʩʦʢʘ. 

ɸʧʧʘʨʘʪʥʳʝ ʘʥʘʣʠʟʘʪʦʨʳ ʥʘʤʥʦʛʦ ʣʫʯʰʝ ʩʧʨʘʚʣʷʶʪʩʷ ʩ 

ʘʥʘʣʠʟʦʤ ʧʦʪʦʢʦʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʤʝʶʪ ʬʫʥʢʮʠʠ 

ʜʠʘʛʥʦʩʪʠʢʠ 1-2 ʫʨʦʚʥʝʡ OSI, ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʘʚʪʦʥʦʤʥʦ ʚ 

ʣʶʙʦʤ ʤʝʩʪʝ ʩʝʪʠ, ʠʤʝʶʪ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ ʠʥʪʝʨʬʝʡʩ 

ʫʧʨʘʚʣʝʥʠʷ ʠ, ʛʣʘʚʥʦʝ, ʷʚʣʷʶʪʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʝʪ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, 

ʧʨʦʛʨʘʤʤ ʠ ʪ.ʜ. ʅʦ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ [21]. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʘʢʠʭ 

ʩʨʝʜʩʪʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1.1. 

 

ʊʘʙʣʠʮʘ 1.1 ï ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʘʥʘʣʠʟʘ ʩʝʪʝʡ 

ʌʠʨʤʘ 

ʧʨʦʠʟʚʦʜʠʪ

ʝʣʴ 

ʂʦʤʧʣʝʢʩ ʊʠʧ ʎʝʥʘ 

1 2 3 4 

FLUKE 

Networks 

EtherScope-PRO/OVC/PE 

(ɸʥʘʣʠʟʘʪʦʨ ʣʦʢʘʣʴʥʳʭ 

ʩʝʪʝʡ EtherScope LAN , 

ʇʆ OptiView Console, 

Protocol Expert) 

ʘʧʧʘʨʘʪʥʳʡ $19790 

FLUKE 

Networks 

EtherScope-PRO 

(ɸʥʘʣʠʟʘʪʦʨ 

ʙʝʩʧʨʦʚʦʜʥʳʭ ʠ 

ʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ 

EtherScope v2) 

ʘʧʧʘʨʘʪʥʳʡ $10810 

FLUKE 

Networks 

ʇʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ OptiView 

Console 

ʧʨʦʛʨʘʤʤʥʳʡ $13720 
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FLUKE 

Networks 

OptiViewÊ Network 

Analyzer  

ʘʧʧʘʨʘʪʥʳʡ $30203 

FLUKE 

Networks 

OptiView Protocol Expert 

- ɸʥʘʣʠʟʘʪʦʨ ʧʨʦʪʦʢʦʣʦʚ 

LAN, WAN, WL AN 

ʘʧʧʘʨʘʪʥʳʡ $8000 

Network 

Instruments 

Expert Observer 11 ʧʨʦʛʨʘʤʤʥʳʡ $5260 

ProLAN ProLAN-ʄʘʩʪʝʨ 

(NetAudit Kit) 

ʘʧʧʘʨʘʪʥʳʡ $21999 

ProLAN ʃʠʮʝʥʟʠʷ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʢʝʪʘ 

ProLAN-ʕʢʩʧʝʨʪ (NPM 

Analyst)  

ʧʨʦʛʨʘʤʤʥʳʡ $13999 

Network 

Instruments 

1U Probe Appliance for 

10/100 networks 

ʘʧʧʘʨʘʪʥʳʡ $5010 

 

ʅʝʢʦʪʦʨʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʘʙʦʪʘʶʪ ʟʘ ʩʯʝʪ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ SNMP ʧʨʦʪʦʢʦʣʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪ 

ʘʛʝʥʪʦʚ ʩʝʪʠ (ʢʦʤʤʫʪʘʪʦʨʳ, ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ). ʇʨʦʛʨʘʤʤʳ ʩʝʪʝʚʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʦʩʥʦʚʝ ʧʨʦʪʦʢʦʣʘ SNMP ʥʝ ʚʩʝʛʜʘ ʘʜʝʢʚʘʪʥʦ 

ʦʪʨʘʞʘʶʪ ʩʪʘʪʠʩʪʠʢʫ ʦʰʠʙʦʢ ʚ ʩʝʪʠ. ʇʨʠʯʠʥʘ  ʚ ʪʦʤ, ʯʪʦ 

ʚʩʪʨʦʝʥʥʳʡ ʚ ʘʢʪʠʚʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʘʛʝʥʪ SNMP ʚʩʝʛʜʘ ʩʣʝʜʠʪ ʟʘ 

ʩʦʩʪʦʷʥʠʝʤ ʩʝʪʠ ʪʦʣʴʢʦ ʠʟ ʦʜʥʦʡ ʪʦʯʢʠ. ʂ ʪʦʤʫ ʞʝ ʥʝ ʚʩʝ SNMP 

ʫʩʪʨʦʡʩʪʚʘ ʧʦʥʠʤʘʶʪ ʪʨʝʪʠʡ ʠ ʯʝʪʚʝʨʪʳʡ ʫʨʦʚʝʥʴ OSI, ʥʝ ʛʦʚʦʨʷ ʦ 

ʩʝʜʴʤʦʤ [7, 11].  

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʦʰʠʙʦʢ ʦʪ ʢʘʥʘʣʴʥʦʛʦ ʜʦ ʫʨʦʚʥʷ ʧʨʠʣʦʞʝʥʠʷ, 

ʠʟʤʝʨʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʥʘ ʬʦʥʝ ʛʝʥʝʨʘʮʠʠ ʘʥʘʣʠʟʘʪʦʨʦʤ 

ʧʨʦʪʦʢʦʣʦʚ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʨʘʬʠʢʘ. ɻʝʥʝʨʘʮʠʷ ʪʨʘʬʠʢʘ ʧʦʟʚʦʣʷʝʪ 

ʦʙʦʩʪʨʠʪʴ ʠʤʝʶʱʠʝʩʷ ʧʨʦʙʣʝʤʳ ʠ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʠʭ 

ʧʨʦʷʚʣʝʥʠʷ. ɻʝʥʝʨʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʫʧʨʘʚʣʷʝʤʦʡ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ [59].  

ɼʨʫʛʦʡ ʩʧʦʩʦʙ ʩʦʙʨʘʪʴ ʩʪʘʪʠʩʪʠʢʫ ʜʣʷ ʘʥʘʣʠʟʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ 

ʩʚʷʟʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ NetFlow ʢʦʤʧʘʥʠʠ Cisco 

Systems [52]. ʊʝʭʥʦʣʦʛʠʷ NetFlow - ʵʪʦ ʧʨʦʛʨʘʤʤʥʘʷ ʦʧʮʠʷ, 

ʜʦʩʪʫʧʥʘʷ ʚ ʘʢʪʠʚʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ Cisco, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ 

ʤʦʞʥʦ ʩʦʙʠʨʘʪʴ ʠ ʧʦʣʫʯʘʪʴ ʩʪʘʪʠʩʪʠʢʫ ʧʦ ʧʦʪʦʢʘʤ ʜʘʥʥʳʭ, 

ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʦʙʦʨʫʜʦʚʘʥʠʝ Cisco.  

ʊʝʭʥʦʣʦʛʠʷ NetFlow ʙʣrʘ ʩʦʟʜʘʥʘ ʠʟʥʘʯʘʣʴʥʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʦʚ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ. ʇʦʟʞʝ ʚ NetFlow ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʙʦʨʘ ʩʪʘʪʠʩʪʠʢʠ, ʢʦʪʦʨʘʷ ʧʦʣʝʟʥʘ ʜʣʷ ʘʥʘʣʠʟʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʵʢʩʧʦʨʪʠʨʫʝʪ NetFlow ʜʘʥʥʳʝ, ʦʪʧʨʘʚʣʷʷ UDP 

ʧʘʢʝʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʩʪʘʪʠʩʪʠʢʫ ʧʦ ʧʦʪʦʢʘʤ ʥʘ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ 
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ʢʦʣʣʝʢʪʦʨʦʚ ʩʙʦʨɦ ʠʢʦʚ ʜʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʥʘʧʨʠʤʝʨ 

ReporterAnalayzer ʦʪ Fluke Networks ʠʣʠ Observer ʦʪ Network 

Instruments [61, 41]. ʂʘʞʜʳʡ ʧʘʢʝʪ, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʫʩʪʨʦʡʩʪʚʦ, 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʘ ʪʦʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʦʪʦʢʝ.  

ʉʦʙʠʨʘʷ ʠʥʬʦʨʤʘʮʠʶ, ʙʣʘʛʦʜʘʨʷ ʪʝʭʥʦʣʦʛʠʠ ʠ ʜʘʥʥʳʤ Cisco 

NetFlow, ʵʪʠ ʢʦʤʧʣʝʢʩʳ ʧʦʟʚʦʣʷʶʪ ʫʚʠʜʝʪʴ, ʢʘʢʠʝ ʧʨʠʣʦʞʝʥʠʷ 

ʟʘʛʨʫʞʘʶʪ ʩʝʪʴ, ʥʘʛʣʷʜʥʦ ʦʮʝʥʠʚ ʦʙʲʝʤ "ʢʘʥʘʣʘ", ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʣʶʙʳʤ ʧʨʠʣʦʞʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʢʪʦ ʠ ʢʦʛʜʘ ʠʤ ʧʦʣʴʟʫʝʪʩʷ. ʕʪʠ 

ʧʨʦʜʫʢʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʜʝʣʴʥʦ ʚ ʪʘʙʣʠʮʝ 1.2. 

 

ʊʘʙʣʠʮʘ 1.2 ï ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʘʧʧʘʨʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʝʪʝʡ 

ʌʠʨʤʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴ 

ʂʦʤʧʣʝʢʩ ʊʠʧ ʎʝʥʘ 

Fluke 

Networks 

ʉʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ 

ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

SuperAgent 

ɸʧʧʘʨʘʪʥʳʡ $64000 

Fluke 

Networks 

ReporterAnalyzer - 

ʤʦʥʠʪʦʨʠʥʛ, ʘʥʘʣʠʟ ʠ 

ʦʧʪʠʤʠʟʘʮʠʷ 

ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʩ 

ʧʦʤʦʱʴʶ NetFlow 

ɸʧʧʘʨʘʪʥʳʡ $41200 

Network 

Instruments  

Gigabit Observer Suite 

System 

ɸʧʧʘʨʘʪʥʳʡ $31000 

 

ɽʩʣʠ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʥʝ ʩʪʦʠʪ ʟʘʜʘʯʘ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʩʝʪʠ, ʪʦ, ʦʙʳʯʥʦ, ʜʦʨʦʛʦʩʪʦʷʱʝʝ 

ʩʝʪʝʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʚ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ (core 

layer) ʠ, ʠʟʨʝʜʢʘ, ʥʘ ʩʨʝʜʥʝʤ ʫʨʦʚʥʝ ʩʝʪʝʚʦʡ ʠʝʨʘʨʭʠʠ (distribution 

layer). ɽʜʠʥʩʪʚʝʥʥʳʤʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʩʝʪʝʚʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ 

ʚ̫ʣʷʶʪʩʷ ʮʝʥʪʨʘʣʴʥʳʡ ʢʦʤʤʫʪʘʪʦʨ (ʦʙʳʯʥʦ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ) ʠ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ. ʀʤʝʥʥʦ ʦʥʠ ʠ ʤʦʛʫʪ ʧʦʩʪʘʚʣʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʪʨʘʬʠʢʝ. 

ʉʙʦʨ ʩʪʘʪʠʩʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʨʘʬʠʢʝ ʚ ʵʪʠʭ ʪʦʯʢʘʭ, 

ʙʝʟʫʩʣʦʚʥʦ, ʧʦʣʝʟʝʥ ʠ ʠʥʬʦʨʤʘʪʠʚʝʥ, ʦʜʥʘʢʦ, ʧʦʣʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʧʦʢʘʟʘʪʝʣʷʭ ʢʘʯʝʩʪʚʘ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʩʝʪʠ ʦʩʪʘʝʪʩʷ ʥʝʜʦʩʪʫʧʥʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʘʤʠ ʧʦ ʩʝʙʝ ʧʨʦʪʦʢʦʣʳ ʩʙʦʨʘ ʩʪʘʪʠʩʪʠʢʠ (SNMP, 

NetFlow, sFlow) ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʣʢɹʦ ʩʙʦʨʘ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʨʘʟʣʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʢʦʣʣʝʢʪʦʨ. ɸʥʘʣʠʟ 

ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴ ʜʨʫʛʠʝ ʧʨʠʣʦʞʝʥʠʷ. ʇʝʨʝʜʘʯʘ ʙʦʣʴʰʦʛʦ ʧʦʪʦʢʘ 

ʩʣʫʞʝʙʥʳʭ ʜʘʥʥʳʭ ʧʦ ʩʝʪʠ (ʩʣʫʯʘʡ NetFlow) ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʧʦʚʩʝʤʝʩʪʥʦ [10].  
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ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʠʤʝʪʴ ʚʳʜʝʣʝʥʥʳʡ ʩʝʨʚʝʨ ʦʙʨʘʙʦʪʢʠ ʩʪʘʪʠʩʪʠʢʠ 

ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʵʪʦ ʨʝʰʝʥʠʝ ʢ ʢʣʘʩʩʫ çʜʣʷ ʨʘʙʦʯʠʭ ʛʨʫʧʧè. ʂ 

ʪʦʤʫ ʞʝ ʥʝʢʦʪʦʨʳʝ ʩʝʪʝʚʳʝ ʧʨʦʛʨʘʤʤʳ ʥʝ ʩʦʚʩʝʤ ʢʦʨʨʝʢʪʥʦ 

ʦʙʨʘʙʘʪʳʚʘʶʪ ʪʘʢʠʝ ʧʦʪʦʢʠ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʫʪʠʣʠʪʘ ʦʙʥʘʨʫʞʝʥʠʷ ʚʪʦʨʞʝʥʠʡ IDS Snort, 

ʢʦʪʦʨʘʷ ʫʤʝʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ NetFlow ʠ sFlow ʢʘʢ ʩʚʦʠ ʫʜʘʣʝʥʥʳʝ 

ʩʝʥʩʦʨʳ, ʥʦ ʩʘʤ ʧʦʪʦʢ ʜʘʥʥʳʭ ʤʦʞʝʪ ʫʣʦʚʠʪʴ ʣʦʢʘʣʴʥʳʤʠ ʩʝʥʩʦʨʘʤʠ 

ʠ ʦʙʨʘʙʦʪʘʪʴ ʢʘʢ ʥʝʩʪʘʥʜʘʨʪʥʳʡ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʪʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, NT-ʧʦʜʦʙʥʳʝ ʠ 

UNIX -ʧʦʜʦʙʥʳʝ ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ. ʆʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʠʤʝʶʪ 

ʫʞʝ ʚʩʪʨʦʝʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʧʨʦʪʦʢʦʣʘ SNMP, ʪʘʢʞʝ ʝʩʪʴ ʦʛʨʦʤʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʛʨʘʤʤ ʩʪʦʨʦʥʥʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

SNMP ʬʫʥʢʮʠʦʥʘʣʥɹʦʩʪʠ.  

ɽʩʣʠ ʘʢʪʠʚʠʨʦʚʘʪʴ SNMP ʢʣʠʝʥʪʳ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʤʘʰʠʥʘʭ ʚ 

ʢʘʞʜʦʤ ʩʝʛʤʝʥʪʝ, ʪʦ ʩʪʘʥʝʪ ʚʦʟʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʤʦʥʠʪʦʨʠʥʛ ʢʘʢ 

ʚʥʫʪʨʠ ʩʝʛʤʝʥʪʘ, ʪʘʢ ʠ ʤʝʞʩʝʛʤʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʟʘʜʝʨʞʝʢ, 

ʩʥʠʤʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʪʨʘʬʠʢʝ. 

ʇʨʦʪʦʢʦʣ SNMP ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʴ ʟʘ ʨʘʟʣʠʯʥʳʤʠ 

ʢʦʤʧʴʶʪʝʨʘʤʠ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʘʛʝʥʪʦʚ. ʆʩʥʦʚʥʘʷ 

ʬʫʥʢʮʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ð ʟʘʧʨʦʩ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʘʛʝʥʪʦʚ. 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ (management system) ð ʵʪʦ ʣʶʙʦʡ ʢʦʤʧʴʶʪʝʨ, 

ʥʘ ʢʦʪʦʨʦʤ ʨʘʙʦʪʘʝʪ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʫʧʨʘʚʣʝʥʠʷ SNMP. 

ʆʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ ʘʛʝʥʪʘ SNMP ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʧʦʣʥʝʥʠʠ 

ʦʧʝʨʘʮʠʡ, ʠʥʠʮʠʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ. ʅʘ ʩʝʪʝʚʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ ʪʨʠʛʛʝʨʳ, ʩʨʘʙʘʪʳʚʘʶʱʠʝ ʧʨʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʢʦʥʢʨʝʪʥʳʭ ʩʦʙʳʪʠʡ. ʇʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ ʪʨʠʛʛʝʨʘ 

ʫʩʪʨʦʡʩʪʚʦ ʧʝʨʝʩʳʣʘʝʪ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʩʦʦʙʱʝʥʠʝ ʦ ʩʦʙʳʪʠʠ. 

ʏʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʧʦʚʝʱʝʥʠʝ ʧʨʠ ʟʘʚʝʨʰʝʥʠʠ ʠ ʧʝʨʝʟʘʧʫʩʢʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʦʙʥʘʨʫʞʝʥʠʠ ʥʝʫʜʘʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʤʘʨh ʨʫʪʠʟʘʪʦʨʝ 

ʠ ʥʝʧʨʘʚʠʣʴʥʦʤ ʜʦʩʪʫʧʝ (ʧʝʨʝʙʦʨ ʧʘʨʦʣʝʡ). 

ɺ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ ʣʝʛʯʝ ʚʥʝʜʨʠʪʴ SNMP ʜʣʷ ʧʦʚʩʝʤʝʩʪʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʘʢʪʠʚʘʮʠʶ ʘʛʝʥʪʘ ʤʦʞʥʦ ʚʢʣʶʯʠʪʴ ʚ ʠʥʩʪʘʣʣʷʮʠʶ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʆʜʥʘʢʦ SNMP ʚʝʨʩʠʡ 1 ʠ 2, ʢʦʪʦʨʳʝ 

ʚʩʪʨʦʝʥʳ ʚ Windows, ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʠʩʪʝʤʳ. ʇʦʵʪʦʤʫ ʜʣʷ ʚʥʝʜʨʝʥʠʷ SNMP ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʩʙʦʨʘ ʩʪʘʪʠʩʪʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʪʦʨʦʥʥʠʤʠ ʘʛʝʥʪʘʤʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʳʡ ʚʳʙʦʨ ʟʘʢʦʥʯʝʥʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʴʶ ʧʦ ʧʨʦʪʦʢʦʣʫ SNMP. ʇʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝ ʘʩʧʝʢʪʳ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶʪ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ. ʅʝʢʦʪʦʨʳʝ ʢʦʣʣʝʢʪʦʨʳ, ʥʘʧʨʠʤʝʨ, PRTG ʬʠʨʤʳ 

Paessler, ʦʙʲʝʜʠʥʷʶʪ ʚ ʩʝʙʝ ʢʦʣʣʝʢʪʦʨʳ ʜʣʷ Netflow, SNMP, 

ʥʘʙʣʶʜʘʶʪ ʟʘ ʣʘʪʝʥʪʥʦʩʪʴʶ (ʟʘʜʝʨʞʢʘʤʠ) ʨʘʟʥʳʭ ʫʟʣʦʚ ʩʝʪʠ ʯʝʨʝʟ 

ICMP, ʥʘʙʣʶʜʘʶʪ ʣʦʢʘʣʴʥʳʡ ʪʨʘʬʠʢ [58].  
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ʆʜʥʘʢʦ, ʟʘʜʘʯʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʴʶ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ, ʢʘʥʘʣʦʚ, ʠʥʪʝʛʨʘʮʠʷ ʩ Grid 

ʩʠʩʪʝʤʘʤʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʙʨʘʥʜʤʘʫʵʨʦʤ, ʘʥʘʣʠʟ 

ʜʘʥʥʳʭ IDS (Intrusion Detection System), ʪʨʝʙʫʶʪ ʥʘʣʠʯʠʝ ʘʧʧʘʨʘʪʘ 

ʘʥʘʣʠʟʘ ʠ ʧʨʦʛʥʦʟʘ ʜʣʷ ʩʠʩʪʝʤʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ.  

ɺ ʧʨʠʥʮʠʧʝ, ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʪʠ ʥʘ ʦʩʥʦʚʝ ʩʦʙʨʘʥʥʦʡ 

ʩʪʘʪʠʩʪʠʢʠ, ʦʯʝʚʠʜʥʦ, ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʦʩʣʝ ʚʩʝʩʪʦʨʦʥʥʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʘʨʠʘʥʪʦʚ ʤʝʪʦʜʠʢ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʪʨʘʬʠʢʝ ʩʝʪʠ, ʘ ʪʘʢ ʞʝ ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ ʘʥʘʣʠʟʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʝʪʝʡ. 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʠ ʘʧʧʘʨʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʠ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʮʝʣʦʛʦ 

ʨʷʜʘ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʘʥʘʣʠʟʘ ʧʦʪʦʢʦʚ ʚ ʩʝʪʠ. ʆʩʥʦʚʥʳʝ ʠʟ ʥʠʭ ʩʣʝʜʫʶʱʠʝ: 

 ʚʩʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʘʥʘʣʠʟʘ ʠʤʝʶʪ ʟʘʢʨʳʪʳʡ ʬʦʨʤʘʪ 
ʧʝʨʝʜʘʯʠ ʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʢ 

ʩʦʙʨʘʥʥʳʤ ʜʘʥʥʳʤ ʧʨʦʠʟʚʦʣʴʥʳʝ ʚʥʝʰʥʠʝ ʧʨʦʛʨʘʤʤʳ ʘʥʘʣʠʟʘ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʙʝʟ ʚʥʝʰʥʠʭ ʢʦʥʚʝʨʪʝʨʦʚ; 

 ʚʩʝ ʩʠʩʪʝʤʳ ʥʝ ʧʦʟʚʦʣʷʶʪ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʚ ʢʘʢʦʤ-ʣʠʙʦ 

ʝʜʠʥʦʤ ʦʪʢʨʳʪʦʤ ʬʦʨʤʘʪʝ ʩʚʝʜʝʥʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʩʝʪʠ; 

 ʚʩʝ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʢʦʤʤʝʨʯʝʩʢʠʤʠ, ʟʘʢʨʳʪʳʤʠ ʠ ʥʝ 

ʜʦʧʫʩʢʘʶʪ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʢ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʟʘʜʘʯʝ; 

 ʚʩʝ ʩʠʩʪʝʤʳ ʦʯʝʥʴ ʩʣʦʞʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʚʦ ʚʥʝʰʥʠʝ 

ʢʦʤʧʣʝʢʩʳ ʘʥʘʣʠʟʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʇʦʵʪʦʤʫ, ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʠʥʪʝʛʨʘʮʠʠ ʚʥʝʰʥʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʪʝʡ ʥʘ ʦʩʥʦʚʝ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʪ 

ʘʥʘʣʠʟʘʪʦʨʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʭ ʧʫʪʝʡ 

ʠʥʪʝʛʨʘʮʠʠ ʵʪʠʭ ʩʠʩʪʝʤ.  
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1.4. ʆʙʟʦʨ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ 

 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʠ ʤʦʜʝʣʠ ʘʥʘʣʠʟʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʚ ʫʢʨʫʧʥʝʥʥʦʤ ʚʠʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 

1.4 [37]. ɿʜʝʩʴ ʧʦʣʫʞʠʨʥʳʤ ʚʳʜʝʣʝʥʳ ʪʝ ʙʣʦʢʠ, ʚ ʢʦʪʦʨʳʝ 

ʚʧʠʩʳʚʘʶʪʩʷ ʧʨʝʜʣʘʛʘʝʤʳʝ ʘʚʪʦʨʘʤʠ ʤʝʪʦʜʳ ʠ ʤʦʜʝʣʠ.  

ɸʣʛʝʙʨʘʠʯʝʩʢʠʝ ʠ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʟʫʶʪ ʢʣʘʩʩ 

ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɸʣʛʝʙʨʘʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚ ʪʝʦʨʠʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʦʛʨʘʥʠʯʝʥʳ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ, ʯʪʦ ʚʭʦʜʥʦʡ ʪʨʘʬʠʢ ʧʫʘʩʩʦʥʦʚʩʢʠʡ. 

ʂʘʢ ʦʪʤʝʯʝʥʦ ʚ ʨʘʙʦʪʘʭ [5,17,18,27,39]  ʨʝʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠ̫ 

ʥʝ ʜʦʧʫʩʢʘʶʪ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠʭ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ.  

ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʨʝʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʩʣʫʯʘʡʥʳʭ 

ʩʦʙʳʪʠʡ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʩʝʪʝʚʳʭ ʤʦʜʝʣʷʭ ʪʘʢʞʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʫʯʪʝʥʘ. ʇʦʩʢʦʣʴʢʫ ʵʪʠ ʜʚʘ ʚʘʞʥʳʭ ʬʘʢʪʦʨʘ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʥɹʦʩʪʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ, ʚ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʚʥʦʩʠʪʴʩʷ ʩʫʱʝʩʪʚʝʥʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ. 

ʕʪʦ ʠ ʧʦʩʣʫʞʠʣʦ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʦʷʚʣʝʥʠʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ. ʅʘ ʨʠʩ. 1.4 ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʤʝʪʦʜʘʤʠ ʜʠʬʬʫʟʠʦʥʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ ʙʘʣʘʥʩʘ ʧʦʪʦʢʦʚ 

(ʧʦʪʦʢʦʚʳʝ ʤʦʜʝʣʠ). 

ʄʝʪʦʜ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ï ʵʪʦ ʩʧʦʩʦʙ ʚʳʯʠʩʣʝʥʠʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʧʦʩʨʝʜʩʪʚʦʤ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʨʝʘʣʠʟʘʮʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʩ ʧʦʤʦʱʴʶ ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʤʠʪʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʜʠʩʢʨʝʪʥʦ-ʩʦʙʳʪʠʡʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠ ʠʭ ʯʠʩʣʦ ʨʘʩʪʝʪ. 

ʅʘʧʨʠʤʝʨ, GPSS, COMNET III, NetMaker XA, OPNET, Network II, 

SES/Strategizer ʠ ʜʨ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʟʘʢʨʳʪʳʤʠ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʠʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʦʜʝʣʝʡ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʨʘʩʯʝʪʦʚ ʩʢʨʳʪʳ ʠ ʦʮʝʥʠʪʴ ʠʭ 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʘʜʝʢʚʘʪʥʦʩʪʴ ʙʝʟ ʧʨʦʚʝʨʢʠ ʥʘ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʘʭ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

ʇʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʩʠʩʪʝʤ ʦʪʣʠʯʘʝʪ ʙʦʣʴʰʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ (ʚʨʝʤʷ 

ʩʦʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʠ ʧʣʶʩ ʚʨʝʤʷ ʨʘʩʯʝʪʘ ʥʘ ʕɺʄ). ʅʦ ʩ ʨʦʩʪʦʤ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʕɺʄ ʠ ʨʘʟʚʠʪʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʪʨʫʜʦʝʤʢʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ. 
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1.4.1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʦʨʠʠ ʩʝʪʝʡ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ 

 

ʊʝʦʨʠʷ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʘʥʘʣʠʟʝ ʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ, ʪʘʢ ʢʘʢ ʧʦʩʪʫʧʣʝʥʠʝ ʜʘʥʥʳʭ 

ʠʤʝʝʪ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ ʧʨʠ ʩʣʫʯʘʡʥʦʡ/ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʠʭ 

ʦʙʨʘʙʦʪʢʝ ʚ ʢʘʥʘʣʘʭ ʩʚʷʟʠ ʠ ʫʟʣʘʭ ʢʦʤʤʫʪʘʮʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʠ ʠ ʧʨʦʪʦʢʦʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʩʪʝʡʰʠʭ ʦʜʥʦʬʘʟʥʳʭ ʠʣʠ ʜʚʫʭʬʘʟʥʳʭ ʤʦʜʝʣʝʡ ʤʘʩʩʦʚʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʝʥʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʭʘʨʘʢʪʝʨʝ ʧʨʦʪʝʢʘʶʱʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʥʝ ʫʯʠʪʳʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʠ, ʢʦʪʦʨʦʝ ʥʝ ʷʚʣʷʝʪʩʷ 

ʧʨʦʩʪʳʤ. ʆʜʥʘʢʦ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʝʩʪʝʩʪʚʝʥʥʦ 

ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʤʦʜʝʣʷʭ ʩʝʪʝʡ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʘʥʘʣʠʟʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ [6].  

ɼʣʷ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʪʦʢʦʣʦʚ ʚʪʦʨʦʛʦ, ʪʨʝʪʴʝʛʦ ʠ 

ʯʝʪʚʝʨʪʦʛʦ ʫʨʦʚʥʝʡ ʧʨʠʤʝʥʷʶʪʩʷ ʤʦʜʝʣʠ ʪʝʦʨʠʠ ʩʝʪʝʡ ʤʘʩʩʦʚʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. ʅʘ ʢʘʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʵʪʠ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʇʨʠ ʘʥʘʣʠʟʝ 

ʩʢʚʦʟʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʤʦʜʝʣʠ ʩʝʪʝʡ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʥʘʭʦʜʠʪʴ ʟʘʜʝʨʞʢʫ ʩʦʦʙʱʝʥʠʡ ʠʩʪʦʯʥʠʢ-ʘʜʨʝʩʘʪ, 

ʦʧʨʝʜʝʣʷʪʴ ʧʘʨʘʤʝʪʨʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘʤʠ ʠ ʪ.ʜ. ʉʝʪʝʚʳʝ ʤʦʜʝʣʠ 

ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʠ ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʶʪ ʧʨʦʮʝʩʩ 

ʦʙʨʘʙʦʪʢʠ ʩʦʦʙʱʝʥʠʡ ʚ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʳʚʘʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʳʙʦʨ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʦʙʲʝʤ ʙʫʬʝʨʥʦʡ ʧʘʤʷʪʠ ʫʟʣʦʚ ʢʦʤʤʫʪʘʮʠʠ.  

ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ ʦʪʜʝʣʴʥʳʭ 

ʫʟʣʦʚ ʧʨʠ ʨʘʩʯʝʪʝ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʮʝʣʦʤ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚʳʙʦʨʘ ʪʦʧʦʣʦʛʠʠ ʠ ʧʨʦʧʫʩʢʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ 

ʢʘʥʘʣʦʚ ʩʚʷʟʠ, ʦʪʳʩʢʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʤʘʨʰʨʫʪʦʚ ʠ ʪ. ʜ., ʪʨʝʙʫʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʫʧʨʦʱʝʥʥʳʭ ʤʦʜʝʣʝʡ ʩʝʪʝʡ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʥʘʭʦʜʠʪʴ ʷʚʥʳʡ ʚʠʜ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ, ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʩʦʦʙʱʝʥʠʡ [6]. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʫʪʦʯʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʪʠ ʩ ʧʦʤʦʱʴʶ 

ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʳʭ ʤʦʜʝʣʝʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʦʩʦʙʝʥʥʦʩʪʠ ʩʝʪʝʚʳʭ 

ʧʨʦʪʦʢʦʣʦʚ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ. 

ʉʦʛʣʘʩʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʶ ʦ ʥʝʟʘʚʠʩʠʤʦʩʪʠ, ʪ.ʝ. ʚʨʝʤʝʥʘ 

ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʧʦ ʢʘʥʘʣʘʤ ʩʚʷʟʠ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ 

ʥʝʟʘʚʠʩʠʤʳʤʠ ʩʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ [17], ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʩʝʪʝʡ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʘʥʘʣʠʟʘ 

ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʊʘʢ ʢʘʢ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ 
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ʩʦʦʙʱʝʥʠʡ ʚ ʢʘʥʘʣʘʭ ʧʝʨʝʜʘʯʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʜʣʠʥʘʤ ʩʦʦʙʱʝʥʠʡ, 

ʧʦʵʪʦʤʫ ʦʥʠ ʟʘʚʠʩʠʤʳ. ʊʘʢ ʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʥʦʩʷʪʩʷ ʧʨʦʮʝʩʩʘʤʠ ʩʙʦʨʢʠ ʠ ʨʘʟʙʦʨʢʠ ʩʦʦʙʱʝʥʠʡ ʥʘ ʧʘʢʝʪʳ ʧʨʠ 

ʧʝʨʝʜʘʯʝ ʧʦ ʩʝʪʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʝʡ ʥʘ 

ʦʩʥʦʚʝ ʩʝʪʝʡ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʥʝ 

ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ. ʕʪʦʪ ʬʘʢʪ ʦʙʲʷʩʥʷʝʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʳʝ ʤʝʥʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʟʘʚʠʩʠʤʦʩʪʠ [6]. 

ʋʩʪʨʦʡʩʪʚʘ ʠ ʧʨʦʮʝʩʩʳ ʦʙʳʯʥʦ ʤʦʜʝʣʠʨʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ 

ʮʝʥʪʨʘʤʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʪʝʦʨʠʠ ʩʝʪʝʡ ʄʆ ʜʣʷ 

ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ. ʇʨʦʮʝʩʩʦʨʳ ʫʟʣʦʚ 

ʢʦʤʤʫʪʘʮʠʠ ʤʦʜʝʣʠʨʫʶʪʩʷ ʮʝʥʪʨʘʤʠ ʪʠʧʘ FCFS, ʘ ʢʘʥʘʣʳ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ - ʦʜʥʦʣʠʥʝʡʥʳʤʠ ʠʣʠ ʤʥʦʛʦʣʠʥʝʡʥʳʤʠ ʮʝʥʪʨʘʤʠ FCFS. ɼʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʨʤʠʥʘʣʦʚ ʠ ʫʯʝʪʘ ʟʘʜʝʨʞʝʢ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʚʨʝʤʝʥʝʤ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʦʙ ʫʩʧʝʰʥʦʡ ʜʦʩʪʘʚʢʝ ʧʘʢʝʪʘ (ɸʉʂ) ʠʣʠ 

ʚʨʝʤʝʥʝʤ ʦʞʠʜʘʥʠʷ time-out, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʮʝʥʪʨʳ ʪʠʧʘ IS.  

ʅʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʪʠ ʧʘʢʝʪʥʦʡ ʢʦʤʤʫʪʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʩʧʦʩʦʙʳ ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʦʚ ʠ ʤʝʪʦʜʳ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ [3]. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ 

ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʚʳʙʦʨʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʠʧʘ ʩʝʪʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʤʘʪʨʠʮʳ 

ʤʘʨʰʨʫʪʦʚ P={ pi j }, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʡ ʫʯʠʪʳʚʘʝʪ ʪʦʧʦʣʦʛʠʶ ʩʝʪʠ. 

ʆʪʢʨʳʪʘʷ ʠʣʠ ʟʘʤʢʥʫʪʘʷ ʦʜʥʦʨʦʜʥʘʷ ʩʝʪʴ ʤʘʩʩʦʚʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʜʝʡʪʘʛʨʘʤʤʥʦʡ ʩʝʪʠ 

ʩʦ ʩʣʫʯʘʡʥʦʡ ʧʨʦʮʝʜʫʨʦʡ ʚʳʙʦʨʘ ʤʘʨʰʨʫʪʦʚ, ʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʩʪʦʷʥʥʳʭ ʚʠʨʪʫʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ - 

ʤʦʜʝʣʴ ʩʝʪʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʢʣʘʩʩʘʤʠ 

ʩʦʦʙʱʝʥʠʡ [17]. ʋʯʝʪ ʩʣʫʞʝʙʥʳʭ ʩʦʦʙʱʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʫʱʝʩʪʚʣʝʥ ʣʠʙʦ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʩʦʦʙʱʝʥʠʡ ʚ ʤʦʜʝʣʠ ʩʝʪʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʣʠʙʦ ʚʚʝʜʝʥʠʝʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʢʣʘʩʩʘ ʩʣʫʞʝʙʥʳʭ ʩʦʦʙʱʝʥʠʡ. 

ʄʦʜʝʣʠ ʩʝʪʝʡ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ 

ʧʦʣʥʦʩʪʴʶ ʦʪʨʘʟʠʪʴ ʩʣʦʞʥʳʝ ʠ ʤʥʦʛʦʦʙʨʘʟʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʷʭ ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʙʫʩʣʦʚʣʝʥʦ ʨʷʜʦʤ ʧʨʝʜʧʦʣʦʞʝʥʠʡ (ʪʘʢʠʭ, ʢʘʢ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ 

ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʧʦʪʦʢʦʚ). ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʟʤʝʨʝʥʠʡ ʨʝʘʣʴʥʳʭ ʩʝʪʝʡ, ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʭʦʨʦʰʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʳʙʦʨ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʨʘʩʯʝʪ ʠ 
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ʦʧʪʠʤʠʟʘʮʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʩʝʪʠ [6]. 

ʈʘʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʪʝʡ ʧʘʢʝʪʥʦʡ ʢʦʤʤʫʪʘʮʠʠ 

ʉʝʪʴ ʩ ʧʘʢʝʪʥʦʡ ʢʦʤʤʫʪʘʮʠʝʡ ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʞʝʩʪʚʘ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʫʟʣʦʚ ʢʦʤʤʫʪʘʮʠʠ, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ 

ʢʘʥʘʣʘʤʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ɸʙʦʥʝʥʪʳ ʙʘʟʦʚʦʡ ʩʝʪʠ ʝʩʪʴ ʠʩʪʦʯʥʠʢʠ ʠ 

ʧʦʪʨʝʙʠʪʝʣʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʝʨʝʜʘʚʘʝʤʦʡ ʧʦ ʩʝʪʠ. ʆʩʥʦʚʥʘʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʝʜʠʥʠʮʘ ʙʘʟʦʚʦʡ ʩʝʪʠ - ʧʘʢʝʪʳ ʜʘʥʥʳʭ ʧʝʨʝʜʘʶʪʩʷ 

ʦʪ ʠʩʪʦʯʥʠʢʘ ʢ ʘʜʨʝʩʘʪʫ ʯʝʨʝʟ ʪʨʘʥʟʠʪʥʳʝ ʫʟʣʳ ʢʦʤʤʫʪʘʮʠʠ ʠ 

ʢʘʥʘʣʳ, ʦʙʨʘʟʫʷ ʦʯʝʨʝʜʠ ʚ ʙʫʬʝʨʥʦʡ ʧʘʤʷʪʠ ʫʟʣʦʚ ʢʦʤʤʫʪʘʮʠʠ. 

ʉʝʪʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʘʜʝʢʚʘʪʥʳʤʠ ʤʦʜʝʣʷʤʠ 

ʩʝʪʝʡ ʧʘʢʝʪʥʦʡ ʢʦʤʤʫʪʘʮʠʠ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʦʩʪʦʠʪ ʚ ʘʥʘʣʠʟʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʘʟʦʚʦʡ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, 

ʪʘʢʠʭ ʢʘʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʠ ʠ ʩʨʝʜʥʷʷ ʟʘʜʝʨʞʢʘ ʧʘʢʝʪʦʚ. 

ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠ ʨʘʩʯʝʪ ʩʨʝʜʥʝʡ ʟʘʜʝʨʞʢʠ ʤʝʞʜʫ 

ʚʳʜʝʣʝʥʥʦʡ ʧʘʨʦʡ ʠʩʪʦʯʥʠʢ-ʘʜʨʝʩʘʪ. 

ʇʨʦʪʦʢʦʣʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʪʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʨʝʘʣʠʟʫʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʧʦʣʫʯʝʥʠʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

(Acknowledgement) ʠ time-out. ʂʦʧʠʷ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʝʪʴʶ ʧʘʢʝʪʘ 

ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʧʘʤʷʪʠ ʠʩʪʦʯʥʠʢʘ ʜʦ ʧʦʣʫʯʝʥʠʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ɸʉʂ 

ʦʙ ʫʩʧʝʰʥʦʡ ʜʦʩʪʘʚʢʝ. ʆʪʩʫʪʩʪʚʠʝ ɸʉʂ ʚ ʪʝʯʝʥʠʝ ʠʥʪʝʨʚʘʣʘ 

ʚʨʝʤʝʥʠ time-out ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʜʘʯʝ ʢʦʧʠʠ ʠʟ ʠʩʪʦʯʥʠʢʘ [35]. 

ʇʦʣʫʯʝʥʠʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ 

ʢʚʠʪʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʠ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʫʟʣʘʤʠ ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʦʚ. ʇʨʠ ʵʪʦʤ ʢʦʧʠʷ ʧʘʢʝʪʘ ʩʦʭʨʘʥʷʝʪʩʷ ʚ 

ʙʫʬʝʨʥʦʡ ʧʘʤʷʪʠ ʧʝʨʝʜʘʶʱʝʛʦ ʋʂ ʜʦ ʧʦʣʫʯʝʥʠʷ ɸʉʂ ʦʪ ʩʦʩʝʜʥʝʛʦ 

ʫʟʣʘ. ʇʦ ʠʩʪʝʯʝʥʠʠ ʠʥʪʝʨʚʘʣʘ time-out ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʚʪʦʨʥʘʷ 

ʧʝʨʝʜʘʯʘ ʧʘʢʝʪʘ ʧʦ ʪʦʤʫ ʞʝ ʚʳʭʦʜʥʦʤʫ ʢʘʥʘʣʫ ʠʣʠ ʠʟʤʝʥʝʥʠʝ 

ʤʘʨʰʨʫʪʘ. 

ʄʝʪʦʜʳ ʢʚʠʪʠʨʦʚʘʥʠʷ ʠ ʦʛʨʘʥʠʯʝʥʥʳʡ ʦʙʲʝʤ ʙʫʬʝʨʥʦʡ ʧʘʤʷʪʠ 

ʋʂ, ʦʢʘʟʳʚʘʶʱʠʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʟʦʚʦʡ 

ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʜʦʣʞʥʳ ʥʘʭʦʜʠʪʴ ʦʪʨʘʞʝʥʠʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʜʝʣʷʭ ʩʝʪʝʡ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ [6]. 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʟʘʜʝʨʞʢʠ ʠʩʪʦʯʥʠʢ-ʘʜʨʝʩʘʪ 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʩʝʪʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʦʧʠʩʳʚʘʶʱʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʙʘʟʦʚʦʡ ʩʝʪʠ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʄ 

ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ W ʫʟʣʦʚ ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʦʚ, 

ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʨʷʜ ʫʧʨʦʱʘʶʱʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ [6]. ʇʝʨʚʦʝ ʠʟ 

ʥʠʭ - ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʝʟʘʚʠʩʠʤʦʩʪʠ - ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʨʝʤʝʥʘʤʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʢʘʥʘʣʘʭ ʠ ʩʦʩʪʦʠʪ ʚ 

ʪʦʤ, ʯʪʦ ʜʣʠʥʘ ʧʘʢʝʪʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ m-ʡ ʢʘʥʘʣ, ʚʳʙʠʨʘʝʪʩʷ 
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ʥʝʟʘʚʠʩʠʤʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʦʪʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

)exp()( bxbxf , ʛʜʝ 1/b - ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʧʘʢʝʪʘ, ʠʟʤʝʨʷʝʤʘʷ ʚ 

ʙʠʪʘʭ (ʙʘʡʪʘʭ). 

ʇʨʦʮʝʩʩ ʧʦʩʪʫʧʣʝʥʠʷ ʧʘʢʝʪʦʚ ʚ ʩʝʪʴ ʷʚʣʷʝʪʩʷ ʧʫʘʩʩʦʥʦʚʩʢʠʤ ʩ 

ʧʘʨʘʤʝʪʨʦʤ ɚ (ʧʘʢʝʪʦʚ/ʩ). ʄʘʨʰʨʫʪ ʧʘʢʝʪʦʚ m-ʛʦ ʢʣʘʩʩʘ 

(ʧʝʨʝʜʘʚʘʝʤʳʭ ʚ m-ʦʡ ʧʘʨʝ ʠʩʪʦʯʥʠʢ-ʘʜʨʝʩʘʪ) ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʤʘʪʨʠʮʝʡ P={ pi j }, ʛʜʝ pi j  - ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʘʢʝʪ m-ʛʦ ʢʣʘʩʩʘ, 

ʟʘʢʦʥʯʠʚʰʠʡ ʦʙʩʣʫʞʠʚʘʥʠʝ ʚ i -ʦʡ ʉʄʆ, ʧʦʩʪʫʧʠʪ ʧʦʪʦʤ ʚ j -ʶ ʉʄʆ 

( i ,j=1,é,n). 

ʊʠʧ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʧʘʢʝʪʘ ʚ ʙʘʟʦʚʦʡ ʩʝʪʠ ʦʧʨʝʜʝʣʷʶʪ 

ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʟʘʜʘʥʠʷ ʤʘʪʨʠʮʳ P={ pi j }. ʅʘʧʨʠʤʝʨ, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʩʪʦʷʥʥʳʭ ʚʠʨʪʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʣʝʤʝʥʪʳ pi j  

ʧʨʠʥʠʤʘʶʪ ʣʠʰʴ ʜʚʘ ʟʥʘʯʝʥʠʷ: 0 ʠ 1. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʙʲʝʤʳ ʙʫʬʝʨʥʳʭ ʥʘʢʦʧʠʪʝʣʝʡ ʥʝ ʦʛʨʘʥʠʯʝʥʳ ʠ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʦʙ ʫʩʧʝʰʥʦʡ ʜʦʩʪʘʚʢʝ ʧʘʢʝʪʘ ʧʝʨʝʜʘʝʪʩʷ ʤʛʥʦʚʝʥʥʦ. 

ʉʜʝʣʘʥʥʳʝ ʚʳʰʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦʣʥʦʩʪʴʶ 

ʦʧʨʝʜʝʣʠʪʴ ʦʪʢʨʳʪʫʶ ʥʝʦʜʥʦʨʦʜʥʫʶ ʩʝʪʴ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʤʦʜʝʣʠʨʫʶʱʫʶ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʙʘʟʦʚʦʡ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ɺ 

ʫʢʘʟʘʥʥʫʶ ʩʝʪʴ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʩʪʫʧʘʶʪ m ʢʣʘʩʩʦʚ 

ʧʫʘʩʩʦʥʦʚʩʢʠʭ ʧʦʪʦʢʦʚ ʧʘʢʝʪʦʚ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ 
)(ɚm
(m=1,...,M), 

ʤʘʨʰʨʫʪ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʘʪʨʠʮʝʡ P={ pi j } . 

ʌʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʘʢʝʪʦʚ m-ʛʦ 

ʢʣʘʩʩʘ ʚ i -ʡ ʉʄʆ ʩʝʪʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʤʦʜʝʣʠʨʫʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʘʥʘʣ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʷʚʣʷʝʪʩʷ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʩ ʧʘʨʘʤʝʪʨʦʤ 
)()( m

i
m

i bC (ʧʘʢʝʪʦʚ/ʩ), ʛʜʝ Ci  - 

ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ i -ʛʦ ʢʘʥʘʣʘ, ʠʟʤʝʨʷʝʤʘʷ ʚ ʙʠʪ/ʩ, ʘ 1/b
(m)

 - 

ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʧʘʢʝʪʘ m-ʛʦ ʢʣʘʩʩʘ [6]. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʧʘʢʝʪʦʚ ʢʣʘʩʩʘ m, ʧʦʩʪʫʧʘʶʱʠʭ ʚ i -ʶ 

ʉʄʆ 
)(m

i  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ ʙʘʣʘʥʩʘ ʧʦʪʦʢʦʚ 

n

j

m
jji

m
i

m
i p

1

)()(
0

)( ɚɚɚ . 

ɿʜʝʩʴ 
m
i0ɚ - ʵʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʦʪ ʚʥʝʰʥʝʛʦ 

ʠʩʪʦʯʥʠʢʘ S0 ʚ ʩʝʪʴ (ʥʘ ʚʭʦʜ i -ʦʡ ʉʄʆ) ʤʥʦʛʦʤʝʨʥʦʛʦ ʧʦʪʦʢʘ ʟʘʷʚʦʢ. 

ʆʙʦʟʥʘʯʠʤ ʪʘʢʞʝ ʯʝʨʝʟ 
)(m

i ʟʘʛʨʫʟʢʫ i -ʦʡ ʉʄʆ ʧʘʢʝʪʘʤʠ m-ʛʦ 

ʢʣʘʩʩʘ ʠ i  ʦʙʱʫʶ ʟʘʛʨʫʟʢʫ i -ʡ ʉʄʆ:  

)()(

)(
)(

mm

m
im

i
Cb

    ʠ       
M

m

m
ii

1

)(
. 

ʆʧʠʩʘʥʥʘʷ ʚʳʰʝ ʥʝʦʜʥʦʨʦʜʥʘʷ ʦʪʢʨʳʪʘʷ ʩʝʪʴ ʤʘʩʩʦʚʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʩʝʤ ʫʩʣʦʚʠʷʤ ʪʝʦʨʝʤʳ ʦ ʧʨʦʠʟʚʝʜʝʥʠʠ 
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ɺʉʄʈ [17], ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʝʝ ʨʘʩʯʝʪʘ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʚʝʨʦʷʪʥʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʝʪʠ ʈ(n), ʛʜʝ n = (n1,...,nm) ʠ 

ʢʦʦʨʜʠʥʘʪʳ ni  (i  = 1, ʄ) ʦʟʥʘʯʘʶʪ ʯʠʩʣʦ ʧʘʢʝʪʦʚ, ʦʞʠʜʘʶʱʠʭ 

ʧʝʨʝʜʘʯʠ ʠ ʧʝʨʝʜʘʚʘʝʤʳʭ ʧʦ i -ʦʡ ʉʄʆ, ʠʤʝʝʪ ʚʠʜ [1]: 
M

i
ii nPnP

1

)()( . 

ɿʜʝʩʴ 

                           
ɟ

 IS.

PS,  LCFS FCFS, 

 ,

 ʮʝʥʪʨʝ  ʤ- ʚ ʦʙʩʣʫʞ. ʜʠʩʮʠʧʣʠʥʝ ʧʨʠ

ʠʣʠ

ʮʝʥʪʨʝ  ʤ- ʚ ʦʙʩʣʫʞ. ʜʠʩʮʠʧʣʠʥʝ ʧʨʠ

 ,/ɟ

ɟ)ɟ1(

)(

i

i

i
n

i

n
ii

ii

ne

nP

ii

i

 

ʀʟ ʧʦʩʣʝʜʥʝʛʦ ʚʳʨʘʞʝʥʠʷ ʦʧʨʝʜʝʣʠʤ ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʘʢʝʪʦʚ ʚ i -ʡ ʉʄʆ - )1/( iiiN  ʠ ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʧʘʢʝʪʦʚ ʚ ʩʝʪʠ ʚ 

ʮʝʣʦʤ (ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʧʝʨʝʜʘʯʘ ʧʘʢʝʪʦʚ ʧʦ ʢʘʥʘʣʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʠʩʮʠʧʣʠʥʦʡ FCFS): 

M

i
i

iN
11

. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ ʃʠʪʪʣʘ TN , ʛʜʝ ʊ - 

ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʧʘʢʝʪʘ ʚ ʩʝʪʠ (ʟʘʜʝʨʞʢʘ ʧʘʢʝʪʘ) [6]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

 

M

i i

iT
11

   ʠ    
M

i ii

i

bC
T

1

1
                         (1.1) 

 

ɺʳʨʘʞʝʥʠʝ (1.1), ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʥʦʝ ʂʣʝʡʥʨʦʢʦʤ [17], ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʘʥʘʣʠʟʝ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ ʠ 

ʠʤʝʝʪ ʚʘʞʥʦʝ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ.  

ɼʣʷ ʨʘʩʯʝʪʘ ʟʘʜʝʨʞʢʠ ʠʩʪʦʯʥʠʢ-ʘʜʨʝʩʘʪ ʊ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʚʨʝʤʷ 

ʟʘʜʝʨʞʢʠ ʧʘʢʝʪʦʚ m-ʛʦ ʢʣʘʩʩʘ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʦ ʩʦʩʪʦʷʥʠʝ ʩʝʪʠ S = n1,n2,..,nm ʛʜʝ n = (ni
(1)

,...,ni
(m)

) ʠ ni
(m)

 

ʦʟʥʘʯʘʝʪ ʯʠʩʣʦ ʧʘʢʝʪʦʚ m-ʛʦ ʢʣʘʩʩʘ ʚ i -ʦʡ ʉʄʆ m = 1,é, M; i  = 1, 

é,n.  

ʉʨʝʜʥʝʝ ʯʠʩʣʦ ʧʘʢʝʪʦʚ m-ʛʦ ʢʣʘʩʩʘ ʚ i -ʦʡ ʉʄʆ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ [6]: 

)1/()()( m
i

m
iN . 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʨʤʫʣʳ ʃʠʪʪʣʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʨʝʜʥʶʶ 

ʟʘʜʝʨʞʢʫ ʧʘʢʝʪʦʚ m-ʛʦ ʢʣʘʩʩʘ ʚ i -ʦʡ ʉʄʆ 
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)1(/1/ )()()(
ii

m
i

m
i

m
i bCNT . 

ʉʨʝʜʥʷʷ ʟʘʜʝʨʞʢʘ m-ʛʦ ʢʣʘʩʩʘ ʚ i -ʦʡ ʉʄʆ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ 

ʦʙʱʝʡ ʟʘʛʨʫʟʢʠ ʢʘʥʘʣʘ i  ʠ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʜʣʷ ʧʘʢʝʪʦʚ ʨʘʟʥʳʭ 

ʢʣʘʩʩʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʵʪʦʪ ʢʘʥʘʣ. 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʟʘʛʨʫʟʢʠ ʢʘʥʘʣʦʚ ʠ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ  

ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʄ/ʄ/1 - ʦʜʥʦʣʠʥʝʡʥʫʶ ʉʄʆ ʩ ʦʞʠʜʘʥʠʝʤ 

(ʙʫʬʝʨʦʤ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʝʤʢʦʩʪʠ), ʚ ʢʦʪʦʨʫʶ ʧʦʩʪʫʧʘʝʪ 

ʧʨʦʩʪʝʡʰʠʡ ʧʦʪʦʢ ʟʘʧʨʦʩʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ , ʘ ʚʨʝʤʷ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʟʘʧʨʦʩʦʚ ʠʤʝʝʪ ʧʦʢʘʟʘʪʝʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʧʘʨʘʤʝʪʨʦʤ . 

ɿʘʜʘʜʠʤ ʧʘʨʘʤʝʪʨʳ i  ʠ i  ʢʘʢ i , iÓ0, i , iÓ1. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʝʣʠʯʠʥʘ iɟ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ /i . 

ʇʘʨʘʤʝʪʨ iɟ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʦʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʚʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʥʘʟʳʚʘʝʤʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʛʨʫʟʢʠ ʩʠʩʪʝʤʳ, ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʪʝʦʨʠʠ 

ʦʯʝʨʝʜʝʡ [6]. 

 

ʄʦʜʝʣʠ ʩʝʪʝʡ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʙʫʬʝʨʥʦʡ ʧʘʤʷʪʴʶ ʚ ʫʟʣʘʭ 

ʢʦʤʤʫʪʘʮʠʠ  

ʄʦʜʝʣʴ ʩʝʪʠ ʧʘʢʝʪʥʦʡ ʢʦʤʤʫʪʘʮʠʠ, ʦʧʠʩʘʥʥʘʷ ʚ ʨʘʟʜʝʣʝ 1.4.2 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʨʦʩʪʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʪʠ ʠ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʪʘʢʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʠ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʢʘʢ ʥʝʦʛʨʘʥʠʯʝʥʥʘʷ ʙʫʬʝʨʥʘʷ ʧʘʤʷʪʴ ʚ ʫʟʣʘʭ 

ʢʦʤʤʫʪʘʮʠʠ, ʦʪʩʫʪʩʪʚʠʝ ʢʚʠʪʠʨʦʚʘʥʠʷ ʠ ʧʦʚʪʦʨʥʦʡ ʧʝʨʝʜʘʯʠ ʥʝ 

ʧʨʠʥʷʪʳʭ ʚ ʫʟʣʝ ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʦʚ ʠ ʪ.ʜ. ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʭʦʜ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʙʦʣʝʝ ʧʦʣʥʦ ʫʯʠʪʳʚʘʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʝʘʣʴʥʳʭ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ [6].  

ʈʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʴ ʩʝʪʠ ʢʦʤʤʫʪʘʮʠʠ, ʚʢʣʶʯʘʶʱʫʶ n ʫʟʣʦʚ ʠ 

ʟʘʜʘʥʥʫʶ ʪʦʧʦʣʦʛʠʶ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ. ʋʟʝʣ ʩʦʩʪʦʠʪ ʠʟ 

ʧʨʦʮʝʩʩʦʨʘ, ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʚʳʭʦʜʷʱʠʝ ʠʟ ʫʟʣʘ ʢʦʤʤʫʪʘʮʠʠ ʢʘʥʘʣʘ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʠ Ni  ʨʘʚʥʦʜʦʩʪʫʧʥʳʭ ʙʫʬʝʨʦʚ ʢʘʞʜʳʡ ʦʙʲʝʤʦʤ ʚ 

ʦʜʠʥ ʧʘʢʝʪ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦʮʝʩʩ ʙʫʬʝʨʠʟʘʮʠʠ ʚ 

ʫʟʣʝ ʢʦʤʤʫʪʘʮʠʠ ʥʘ ʤʦʜʝʣʠ ʧʨʦʩʪʝʡʰʝʡ ʩʭʝʤʳ ʧʘʤʷʪʠ - ʦʜʥʦʨʦʜʥʦʛʦ 

ʨʘʚʥʦʜʦʩʪʫʧʥʦʛʦ ʧʫʣʘ ʙʫʬʝʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚʣʠʷʥʠʷ 

ʩʢʚʦʟʥʦʛʦ ʢʚʠʪʠʨʦʚʘʥʠʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʪʠ ʨʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʴ 

ʩʝʪʠ ʧʨʠ ʜʝʡʪʘʛʨʘʤʥʦʤ ʩʧʦʩʦʙʝ ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʦʚ. ʇʨʠ ʵʪʦʤ ʙʫʜʝʪ 

ʠʩʩʣʝʜʦʚʘʪʴʩʷ ʩʣʫʯʘʡ ʩʢʚʦʟʥʦʛʦ ʢʚʠʪʠʨʦʚʘʥʠʷ. ʂʦʧʠʠ ʧʘʢʝʪʦʚ, 

ʦʞʠʜʘʶʱʠʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʦʙ ʫʩʧʝʰʥʦʡ ʧʝʨʝʜʘʯʝ ʧʦ ʩʝʪʠ, 

ʥʘʭʦʜʷʪʩʷ ʚ ʫʟʣʝ ʢʦʤʤʫʪʘʮʠʠ-ʠʩʪʦʯʥʠʢʝ. ɿʘʥʷʪʦʩʪʴ ʙʫʬʝʨʥʦʡ ʧʘʤʷʪʠ 

ʚ ʤʦʤʝʥʪ ʧʨʠʭʦʜʘ ʚ ʫʟʝʣ ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʘ ʧʨʠʚʦʜʠʪ ʢ ʩʙʨʦʩʫ 

ʧʦʩʣʝʜʥʝʛʦ ʥʘ ʩʝʪʝʚʦʤ ʫʨʦʚʥʝ ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ ʧʦʚʪʦʨʝʥʠʶ ʝʛʦ 
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ʧʝʨʝʜʘʯʠ ʠʟ ʫʟʣʘ ʢʦʤʤʫʪʘʮʠʠ-ʠʩʪʦʯʥʠʢʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʚʪʦʨʝʥʠʷ 

ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʫʟʣʘʤʠ ʢʦʤʤʫʪʘʮʠʠ. ʇʘʤʷʪʴ, ʟʘʥʠʤʘʝʤʘʷ 

ʧʨʠʥʷʪʳʤ ʚ ʫʟʝʣ ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʦʤ, ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʧʦʩʣʝ 

ʧʦʣʫʯʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʫʚʝʜʦʤʣʝʥʠʷ ɸʉʂ ʦ ʙʝʟʦʰʠʙʦʯʥʦʡ 

ʧʝʨʝʜʘʯʝ ʦʪ ʩʦʩʝʜʥʝʛʦ ʫʟʣʘ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʫʯʘʡʥʘʷ 

ʤʘʨʰʨʫʪʠʟʘʮʠʷ ʦʜʥʦʨʦʜʥʳʭ ʧʘʢʝʪʦʚ. ʇʘʢʝʪʳ ʧʦʩʪʫʧʘʶʪ ʚ ʩʝʪʴ ʠʟ 

ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ, ʨʘʩʧʨʝʜʝʣʷʷʩʴ ʧʦ ʫʟʣʘʤ ʩ ʚʝʨʦʷʪʥʦʩʪʷʤʠ 

P={ pi j }.  

ʇʘʢʝʪ, ʧʨʠʥʷʪʳʡ ʚ ʫʟʝʣ i , ʧʝʨʝʜʘʝʪʩʷ ʚ ʫʟʝʣ j  ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 

P={ pi j }  ʠ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 
n

i
ijpp

1
ʦʪʢ1  ʵʪʦʪ ʧʘʢʝʪ ʟʘʚʝʨʰʘʝʪ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʚ ʩʝʪʠ. ʇʘʢʝʪʳ, ʧʦʣʫʯʠʚʰʠʝ ʦʪʢʘʟ ʚ ʧʨʠʝʤʝ ʚ 

ʙʫʬʝʨʥʫʶ ʧʘʤʷʪʴ ʫʟʣʘ ʢʦʤʤʫʪʘʮʠʠ, ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʚʭʦʜ ʩʝʪʠ ʜʣʷ 

ʧʦʚʪʦʨʥʦʡ ʧʝʨʝʜʘʯʠ. ɺʥʝʰʥʠʡ ʧʦʪʦʢ ʚ ʩʝʪʴ ʠʟ ʠʩʪʦʯʥʠʢʘ ʠ ʧʦʪʦʢʠ ʚ 

i -ʡ ʫʟʝʣ ʢʦʤʤʫʪʘʮʠʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʚʥʝʰʥʝʛʦ ʧʦʪʦʢʘ, 

ʧʦʚʪʦʨʝʥʠʷʤʠ ʧʦ ʩʝʪʠ ʥʝ ʜʦʩʪʘʚʣʝʥʥʳʭ ʧʘʢʝʪʦʚ ʠ ʧʦʪʦʢʘʤʠ ʦʪ 

ʜʨʫʛʠʭ ʫʟʣʦʚ ʢʦʤʤʫʪʘʮʠʠ, ʩʯʠʪʘʶʪʩʷ ʧʫʘʩʩʦʥʦʚʩʢʠʤʠ [6]. ʕʪʦ 

ʜʦʧʫʱʝʥʠʝ ʘʥʘʣʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʶ ʦ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʂʣʝʡʥʨʦʢʘ 

ʜʣʷ ʩʝʪʠ ʩ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʧʘʤʷʪʴʶ ʚ ʫʟʣʘʭ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʨʫʛʫʶ ʤʦʜʝʣʴ ʩʝʪʠ ʧʘʢʝʪʥʦʡ ʢʦʤʤʫʪʘʮʠʠ, ʚ 

ʢʦʪʦʨʦʡ ʢʚʠʪʠʨʦʚʘʥʠʝ ʧʘʢʝʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʫʟʣʘʤʠ ʢʦʤʤʫʪʘʮʠʠ. ʅʝʫʜʘʯʥʦ ʧʝʨʝʜʘʥʥʳʡ ʧʘʢʝʪ 

ʧʦʚʪʦʨʷʝʪʩʷ ʠʟ ʫʟʣʘ ʢʦʤʤʫʪʘʮʠʠ ʦʪʧʨʘʚʠʪʝʣʷ. ʕʪʦ ʪʨʝʙʫʝʪ 

ʩʦʭʨʘʥʝʥʠʷ ʢʦʧʠʠ ʧʘʢʝʪʘ ʚ ʙʫʬʝʨʥʦʡ ʧʘʤʷʪʠ ʧʝʨʝʜʘʶʱʝʛʦ ʫʟʣʘ 

ʢʦʤʤʫʪʘʮʠʠ ʜʦ ʤʦʤʝʥʪʘ ʧʦʣʫʯʝʥʠʷ ʦʪ ʩʦʩʝʜʥʝʛʦ ʫʟʣʘ ʢʦʤʤʫʪʘʮʠʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʢʚʠʪʘʥʮʠʠ ɸʉʂ ʦ ʧʨʠʝʤʝ ʧʘʢʝʪʘ. ʆʪʩʫʪʩʪʚʠʝ ɸʉʂ ʚ 

ʪʝʯʝʥʠʝ time-out ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ ʧʦʪʝʨʷ ʧʘʢʝʪʘ, ʠ ʧʝʨʝʜʘʶʱʠʡ 

ʫʟʝʣ ʢʦʤʤʫʪʘʮʠʠ ʧʦʚʪʦʨʷʝʪ ʧʘʢʝʪ ʧʦ ʪʦʤʫ ʞʝ ʩʘʤʦʤʫ ʠʣʠ ʥʦʚʦʤʫ 

ʤʘʨʰʨʫʪʫ [6]. 

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʝʪʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ W ʫʟʣʦʚ ʢʦʤʤʫʪʘʮʠʠ 

ʧʘʢʝʪʦʚ, ʧʘʤʷʪʴ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʫʣ ʦʜʥʦʨʦʜʥʳʭ 

ʙʫʬʝʨʦʚ. ʂʘʥʘʣʳ ʩʚʷʟʠ ʜʣʷ ʧʨʦʩʪʦʪʳ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʘʙʩʦʣʶʪʥʦ 

ʥʘʜʝʞʥʳʤʠ, ʪʘʢ ʯʪʦ ʧʦʚʪʦʨʝʥʠʝ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʫʟʣʘʤʠ ʢʦʤʤʫʪʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʠʰʴ ʟʘʥʷʪʦʩʪʴʶ ʙʫʬʝʨʥʦʡ ʧʘʤʷʪʠ 

ʫʟʣʘ ʢʦʤʤʫʪʘʮʠʠ. 

ɹʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ʩʝʪʠ ʧʝʨʝʜʘʶʪʩʷ ʧʘʢʝʪʳ m ʢʣʘʩʩʦʚ, 

ʤʘʨʰʨʫʪʳ ʢʦʪʦʨʳʭ ʟʘʜʘʶʪʩʷ ʤʘʪʨʠʮʝʡ P={ pi j}, ʛʜʝ pi j  - ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ ʢʣʘʩʩʘ m ʠʟ ʫʟʣʘ i  ʚ ʫʟʝʣ j .  

ʇʘʢʝʪ ʢʣʘʩʩʘ m ʟʘʚʝʨʰʘʝʪ ʦʙʩʣʫʞʠʚʘʥʠʝ ʚ ʩʝʪʠ, ʧʦʢʠʜʘʷ ʝʝ ʠʟ j -

ʛo ʫʟʣʘ ʧʦ ʢʘʥʘʣʫ. ʇʘʢʝʪʳ ʧʦʩʪʫʧʘʶʪ ʚ ʩʝʪʴ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ 
)(

0

m

i , ʪʦʛʜʘ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʦʙʱʠʡ ʧʦʪʦʢ, ʧʦʩʪʫʧʘʶʱʠʡ ʚ ʩʝʪʴ [6], 
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M

m

m
ii

1

)(
00  

ʂʘʢ ʠ ʨʘʥʴʰʝ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʦʪʦʢʠ 
)(m

i , ʧʦʩʪʫʧʘʶʱʠʝ ʚ 

ʫʟʝʣ ʢʦʤʤʫʪʘʮʠʠ, ʷʚʣʷʶʪʩʷ ʧʫʘʩʩʦʥʦʚʩʢʠʤʠ. ʋʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ 

ʧʦʪʦʢʦʚ ʜʣʷ ʫʟʣʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʝʪʠ ʠʤʝʝʪ ʚʠʜ 

ʦʪʢ
1

ʚʳʭ
1

1
0ʚʭ ɚɚŰɚ j

n

j
jij

n

j
ijii qp , 

ʛʜʝ ii 00 /1 . 

ʈʘʩʩʤʦʪʨʠʤ ʦʜʥʦʣʠʥʝʡʥʫʶ ʉʄʆ ʩ ʙʫʬʝʨʦʤ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʝʤʢʦʩʪʠ, ʪ.ʝ. ʩʠʩʪʝʤʫ ʄ/ʄ/1/n. ɿʘʷʚʢʘ ʠʟ ʚʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ, 

ʟʘʩʪʘʚʰʘʷ ʧʨʠʙʦʨ ʟʘʥʷʪʳʤ, ʦʞʠʜʘʝʪ ʥʘʯʘʣʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʙʫʬʝʨʝ, 

ʝʩʣʠ ʚ ʥʝʤ ʠʤʝʝʪʩʷ ʩʚʦʙʦʜʥʦʝ ʤʝʩʪʦ. ɽʩʣʠ ʞʝ ʚʩʝ n ʤʝʩʪ ʜʣʷ 

ʦʞʠʜʘʥʠʷ ʟʘʥʷʪʳ, ʟʘʷʚʢʘ ʧʦʢʠʜʘʝʪ ʩʠʩʪʝʤʫ ʥʝʦʙʩʣʫʞʝʥʥʦʡ 

(ʪʝʨʷʝʪʩʷ) [6]. 

ʆʙʦʟʥʘʯʠʤ i t, t Ó 0 ʯʠʩʣʦ ʟʘʧʨʦʩʦʚ ʚ ʩʠʩʪʝʤʝ ʚ ʤʦʤʝʥʪ t. ʕʪʦʪ 

ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ ʚʦ ʤʥʦʞʝʩʪʚʝ {0,1,...,n}. ʇʨʦʮʝʩʩ 

i t,t Ó 0 ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩʦʤ ʛʠʙʝʣʠ ʠ ʨʘʟʤʥʦʞʝʥʠʷ ʠ ʥʝʥʫʣʝʚʳʝ 

ʧʘʨʘʤʝʪʨʳ ɚi,Õi  ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ɚi=ɚ, 0ÒiÒ(n-1), 

Õi=Õ, 1ÒiÒn. ʊʦʛʜʘ ʠʟ ʬʦʨʤʫʣʳ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʧʨʦʮʝʩʩʘ ʛʠʙʝʣʠ ʠ ʨʘʟʤʥʦʞʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʪʘʮʠʦʥʘʨʥʳʝ 

ʚʝʨʦʷʪʥʦʩʪʠ ʯʠʩʣʘ ʟʘʧʨʦʩʦʚ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʠʤʝʶʪ ʚʠʜ: 

,
1

1
1n

i
i 0ÒiÒn. 

ɺ ʩʠʩʪʝʤʘʭ, ʚ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʘ ʧʦʪʝʨʷ ʟʘʧʨʦʩʦʚ, ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʚʣʷʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ pʦʪʢ ʪʦʛʦ, ʯʪʦ 

ʧʨʦʠʟʚʦʣʴʥʳʡ ʟʘʧʨʦʩ ʙʫʜʝʪ ʧʦʪʝʨʷʥ. ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʉʄʆ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʪʝʨʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʟʘʧʨʦʩʘ ʩʦʚʧʘʜʘʝʪ ʩ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʪʦʛʦ, ʯʪʦ ʚ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚʩʝ ʤʝʩʪʘ 

ʜʣʷ ʦʞʠʜʘʥʠʷ ʟʘʥʷʪʳ, ʪʦ ʝʩʪʴ, ʩʧʨʘʚʝʜʣʠʚʘ ʬʦʨʤʫʣʘ [6]: 

11

1
n

n
lossʦʪʢ pp                                                  (1.2) 

ʌʦʨʤʫʣʘ (1.2) ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʨʘʟʤʝʨʘ ʙʫʬʝʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʛʨʫʟʢʠ ʩʠʩʪʝʤʳ ʠ 

ʟʥʘʯʝʥʠʷ ʜʦʧʫʩʪʠʤʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʪʝʨʠ ʟʘʧʨʦʩʘ ʚ ʩʠʩʪʝʤʝ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʠʩʪʝʤʳ ʄ/ʄ/1, ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ 

ʟʘʧʨʦʩʦʚ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʩʫʱʝʩʪʚʫʝʪ ʧʨʠ ʣʶʙʳʭ ʢʦʥʝʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʛʨʫʟʢʠ . 
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1.4.2. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʤʦʜʝʣʠ ʘʥʘʣʠʟʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ 

 

ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʤʦʜʝʣʠ ʩʠʩʪʝʤ ʜʦʧʫʩʢʘʶʪ ʩʚʝʜʝʥʠʝ ʢ 

ʧʨʦʠʟʚʝʜʝʥʠʶ, ʪ.ʝ. ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʩʦʩʪʦʷʥʠʡ ʩʝʪʠ ʧʦʣʫʯʘʝʪʩʷ ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ, ʪʦ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ 

ʢʣʘʩʩʫ ʨʘʟʨʝʰʠʤʳʭ ʤʦʜʝʣʝʡ [51] . ʈʝʰʝʥʠʝ çʨʘʟʨʝʰʠʤʳʭè ʤʦʜʝʣʝʡ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʪʦʯʥʦ ʠ ʟʘ ʧʨʠʝʤʣʝʤʦʝ ʚʨʝʤʷ [47, 48, 54, 55, 

57] . ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʤʦʜʝʣʠ ʦʪʥʦʩʷʪʩʷ ʢ ʥʝʨʘʟʨʝʰʠʤʳʤ, 

ʥʘʧʨʠʤʝʨ, ʤʦʜʝʣʠ ʩ ʧʘʩʩʠʚʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʥʘ 

ʨʝʩʫʨʩʳ ʧʘʤʷʪʠ, ʙʣʦʢʠʨʦʚʢʘʤʠ ʠ ʜʨ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʨʝʰʠʤʳʭ 

ʤʦʜʝʣʝʡ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʛʨʫʙʳʤ ʠʩʢʘʞʝʥʠʷʤ. 

ʅʝʨʘʟʨʝʰʠʤʳʝ ʤʦʜʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʩʣʝʜʦʚʘʥʳ ʪʦʣʴʢʦ ʧʨʠ ʧʦʤʦʱʠ 

ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ. ʆʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʜʝʢʦʤʧʦʟʠʮʠʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʢ ʦʪʢʨʳʪʳʤ ʠ 

ʟʘʤʢʥʫʪʳʤ ʤʦʜʝʣʷʤ. ʉʫʪʴ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʪʜʝʣʴʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝʢʦʪʦʨʫʶ ʧʦʜʩʝʪʴ, ʘ ʟʘʪʝʤ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʘʥʘʣʠʟʘ ʚʩʝʡ ʩʝʪʠ ʚ ʮʝʣʦʤ. ɺ ʨʘʙʦʪʘʭ [49, 50]  

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʦʜ ʜʝʢʦʤʧʦʟʠʮʠʠ ʜʘʝʪ ʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ 

ʤʦʜʝʣʝʡ, ʩʚʦʜʠʤʳʭ ʢ ʧʨʦʠʟʚʝʜʝʥʠʶ. ɺ ʩʣʫʯʘʝ ʥʝʨʘʟʨʝʰʠʤʳʭ 

ʤʦʜʝʣʝʡ, ʤʝʪʦʜʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʜʝʢʦʤʧʦʟʠʮʠʠ ʙʫʜʝʪ ʤʘʣʘ, ʝʩʣʠ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʣʘʙʦ ʩʚʷʟʘʥʥʳʝ ʧʦʜʩʝʪʠ [53] . 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ ʚʨʝʤʝʥʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʟʘʷʚʢʘʤʠ ʚʦ ʚʭʦʜʥʦʤ ʧʦʪʦʢʝ (ʉʄʆ 

GI/G/1) ʧʦʣʫʯʠʪʴ ʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʝʚʦʟʤʦʞʥʦ. ɼʣʷ ʦʪʜʝʣʴʥʦʛʦ ʫʟʣʘ GI/G/1 ʚ 

ʨʘʙʦʪʝ [56]  ʨʘʟʨʘʙʦʪʘʥʳ ʛʨʘʥʠʮʳ ʜʣʷ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ 

ʠʣʠ ʞʝ ʝʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʦʡ ʟʘʛʨʫʟʢʠ. 

ɺ ʨʘʙʦʪʝ [12]  ʧʨʝʜʣʦʞʝʥ ʧʨʠʙʣʠʞʝʥʥʳʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʫʟʣʘ ʪʠʧʘ 

GI/G/1, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʪʫʧʝʥʯʘʪʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠʩʭʦʜʥʳʭ 

ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʚ ʙrʠʨʘʝʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʧʨʠʙʣʠʞʝʥʥʘʷ ʩʠʩʪʝʤʘ ʙʳʣʘ "ʭʫʞʝ" ʠʣʠ 

"ʣʫʯʰʝ" ʠʩʭʦʜʥʦʡ ʚ ʦʮʝʥʢʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʥʝʡ ʜʣʠʥʳ ʦʯʝʨʝʜʠ. ɺ 

ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʤʝʪʦʜʠʢʘ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʥʘ ʧʨʦʠʟʚʦʣʴʥʫʶ ʟʘʤʢʥʫʪʫʶ ʩʝʪʴ. 

ɺ ʨʘʙʦʪʝ [43] ʧʨʠʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʩʝʪʝʡ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʜʝʢʦʤʧʦʟʠʮʠʠ ʩʝʪʠ ʥʘ ʫʨʦʚʥʝ ʜʚʫʭ 

ʧʝʨʚʳʭ ʤʦʤʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʧʦʩʪʫʧʣʝʥʠʷ 

ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʷʚʦʢ, ʧʦʣʫʯʝʥʥʘʷ ʵʚʨʠʩʪʠʯʝʩʢʠ. ɿʜʝʩʴ ʞʝ 

ʧʨʠʚʝʜʝʥʳ ʬʦʨʤʫʣʳ ʨʘʩʯʝʪʘ ʜʚʫʭ ʧʝʨʚʳʭ ʤʦʤʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʟʘʷʚʢʘʤʠ ʚ ʧʦʪʦʢʝ ʚ ʫʟʣʝ ʢʦʤʧʦʟʠʮʠʠ ʠ 

ʜʝʢʦʤʧʦʟʠʮʠʠ, ʘ ʪʘʢʞʝ ʧʨʠʙʣʠʞʝʥʥʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 
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ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʟʘʷʚʢʘʤʠ ʚ ʚʳʭʦʜʥʦʤ ʧʦʪʦʢʝ 

ʦʪʜʝʣʥɹʦʛʦ ʫʟʣʘ ʩʝʪʠ. 

ɺ ʨʘʙʦʪʝ [1]  ʚʳʚʝʜʝʥʳ ʫʨʘʚʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ 

ʚʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʭʦʜʦʚ ʠ ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʦʦʙʱʝʥʠʡ ʧʨʠ ʠʭ 

ʦʙʨʘʙʦʪʢʝ ʚ ʫʟʣʝ ʠ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʃʘʧʣʘʩʘ 

ʜʣʷ ʨʘʩʯʝʪʘ ʦʙʦʙʱʝʥʥʳʭ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʫʟʣʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʫʟʣʘ ʧʨʠʥʷʪʘ ʩʠʩʪʝʤʘ ʪʠʧʘ M/G/1. ʋʯʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʦʦʙʱʝʥʠʡ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ 

ʤʦʜʝʣʠ, ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʳʝ ʠʩʩʣʝʜʫʝʤʳʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʩʝʪʷʤ. 

ɺ ʨʘʙʦʪʝ [8]  ʨʘʟʨʘʙʦʪʘʥ ʦʙʱʠʡ ʤʝʪʦʜ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʤʢʥʫʪʳʭ, ʦʪʢʨʳʪʳʭ ʠ 

ʩʤʝʰʘʥʥʳʭ ʩʝʪʝʡ ʉʄʆ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʫʟʣʘʭ, ʧʨʠ ʦʙʩʣʫʞʠʚʘʥʠʠ ʩʦʦʙʱʝʥʠʡ ʚ 

ʧʦʨʷʜʢʝ ʧʦʩʪʫʧʣʝʥʠʷ, ʧʨʠʦʨʠʪʝʪʘʤʠ ʠ ʙʣʦʢʠʨʦʚʢʘʤʠ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʟʘʤʢʥʫʪʦʡ ʩʠʤʤʝʪʨʠʯʥʦʡ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʩʝʪʠ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʯʠʩʣʦʤ ʦʜʠʥʘʢʦʚʳʭ ʫʟʣʦʚ, 

ʤʝʪʦʜ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʘʝʪ ʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ 

ʧʨʦʠʟʚʦʣʴʥʳʭ ʥʘʛʨʫʟʢʘʭ ʩʝʪʠ. ʇʦʣʫʯʝʥ ʘʣʛʦʨʠʪʤ ʦʪʳʩʢʘʥʠʷ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʩʦʦʙʱʝʥʠʷʤʠ, ʚʳʭʦʜʷʱʠʤʠ ʠʟ 

ʫʟʣʦʚ ʟʘʤʢʥʫʪʦʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʩʝʪʠ ʧʨʦʠʟʚʦʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ 

ʦʜʥʠʤ ʢʣʘʩʩʦʤ ʩʦʦʙʱʝʥʠʡ.  

ɺ ʷʚʥʦʤ ʚʠʜʝ ʧʦʣʫʯʝʥʳ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʠ ʧʝʨʚʳʝ ʜʚʘ 

ʤʦʤʝʥʪʘ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʚʳʭʦʜʷʱʠʤʠ ʠʟ ʫʟʣʦʚ 

ʩʦʦʙʱʝʥʠʷʤʠ ʜʣʷ ʮʠʢʣʠʯʝʩʢʠʭ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʩʝʪʝʡ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʃʘʧʣʘʩʘ-ʉʪʠʣʴʪʴʝʩʘ 

(ʇʃʉ) ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ 

ʤʦʤʝʥʪʘʤʠ ʚʳʭʦʜʘ ʩʦʦʙʱʝʥʠʡ ʠʟ ʫʟʣʘ. ʇʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ 

ʥʘʭʦʞʜʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʡ ʟʘʤʢʥʫʪʳʭ ʥʝʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ 

ʉʝʄʆ ʩ ʦʜʥʠʤ ʢʣʘʩʩʦʤ ʩʦʦʙʱʝʥʠʡ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʚ ʫʟʣʘʭ ʚ 

ʧʦʨʷʜʢʝ ʧʦʩʪʫʧʣʝʥʠʷ ʩʦʦʙʱʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʝʰʝʥʠʠ 

ʧʦʣʫʯʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ʩʠʩʪʝʤʳ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʩʝʪʴ, 

ʩ ʧʦʤʦʱʴʶ ʚʚʝʜʝʥʥʳʭ ʇʃʉ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʩʠʩʪʝʤʳ ʩʚʝʜʝʥʦ ʢ 

ʨʝʰʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠʤʝʶʪ 

ʨʘʮʠʦʥʘʣʴʥʳʝ ʇʃʉ. ɺʝʨʦʷʪʥʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʟʘʜʘʶʪʩʷ 

ʯʝʨʝʟ ʥʦʨʤʘʣʠʟʫʶʱʠʝ ʢʦʥʩʪʘʥʪʳ ʠ ʬʫʥʢʮʠʠ ʩʦʩʪʦʷʥʠʷ ʫʟʣʘ. 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʝʄʆ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʞʝʥʳ ʯʝʨʝʟ 

ʥʦʨʤʘʣʠʟʫʶʱʠʝ ʢʦʥʩʪʘʥʪʳ. ʌʦʨʤʫʣʳ ʚʳʚʦʜʷʪʩʷ ʜʣʷ ʪʨʝʭ ʨʘʟʥʳʭ 

ʪʠʧʦʚ ʫʟʣʦʚ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʦʙʩʣʫʞʠʚʘʶʱʠʭ 

ʧʨʠʙʦʨʦʚ, ʜʠʩʮʠʧʣʠʥʘʤʠ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʚʨʝʤʝʥʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ, ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʧʨʠʙʦʨʦʚ 

ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʦʦʙʱʝʥʠʡ. 
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ɺ ʨʘʙʦʪʝ [20] ʨʘʟʨʘʙʦʪʘʥʳ ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʜʜʝʨʞʘʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʝʪʝʡ ʩʚʷʟʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʤʦʜʝʣʠ M/G/1 c 

ʧʫʘʩʩʦʥʦʚʩʢʠʤ ʧʦʪʦʢʦʤ ʟʘʷʚʦʢ ʥʘ ʚʭʦʜʝ ʠ ʧʨʦʠʟʚʦʣʴʥʳʤ ʟʘʢʦʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʬʦʨʤʫʣʘ ʇʦʣʘʯʝʢʘ-ʍʠʥʯʠʥʘ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ 

ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʜʭʦʜ ɼʞ. ʄʘʨʪʠʥʘ, ʢʦʛʜʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʟʘʤʝʥʷʝʪʩʷ ʛʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʝʨʚʳʝ ʜʚʘ ʤʦʤʝʥʪʘ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʨʝʤʝʥʠ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʥʦʛʦʬʘʟʦʚʳʭ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʪʝʭʥʠʯʝʩʢʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʝʪʝʡ ʩʚʷʟʠ ʧʦʪʦʢʠ ʟʘʷʚʦʢ ʥʘ ʚʭʦʜʝ ʉʄʆ ʩʯʠʪʘʣʠʩʴ 

ʧʨʦʩʪʝʡʰʠʤʠ, ʫʯʠʪʳʚʘʣʠʩʴ ʧʨʠʦʨʠʪʝʪʳ ʟʘʷʚʦʢ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʉʄʆ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ ʄ/ʄ/1. ʇʦʣʫʯʝʥʳ ʬʦʨʤʫʣʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʚ ʦʯʝʨʝʜʷʭ, ʜʣʠʥʳ ʦʯʝʨʝʜʝʡ, ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ 

ʚ ʢʘʞʜʦʡ ʉʄʆ ʠ ʚʦ ʚʩʝʡ ʩʠʩʪʝʤʝ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʜʣʷ ʢʣʘʩʩʘ ʜʚʫʭʫʨʦʚʥʝʚʳʭ ʩʠʩʪʝʤ 

ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʉʊʕ). ʕʪʦ ʜʚʫʭʬʘʟʦʚʘʷ ʉʄʆ ʪʠʧʘ 

M/G/1Ÿ GI/M/1, ʩ ʧʨʠʦʨʠʪʝʪʥʳʤ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ 

ʦʯʝʨʝʜʴʶ ʧʝʨʝʜ ʢʘʞʜʦʡ ʬʘʟʦʡ. ʂʘʞʜʘʷ ʬʘʟʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʦʚʥʶ 

ʠʝʨʘʨʭʠʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʠ 

ʧʨʦʮʝʩʩʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʭʦʜʷʱʠʭ ʧʦʪʦʢʦʚ ʟʘʷʚʦʢ. 

ɼʣʷ ʦʮʝʥʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʤʫʪʘʪʦʨʘ ʩ ʦʙʱʝʡ ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʴʶ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʠ [32] ʠʩʧʦʣʴʟʦʚʘʥ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʉʝʄʆ, ʘ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʦʤʤʫʪʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʜʚʦʠʯʥʦʡ ʤʘʪʨʠʮʳ ʠ ʩʠʩʪʝʤʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʦʨʥʦʡ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʩʝʪʠ ï ʠʤʠʪʘʮʠʦʥʥʳʡ ʤʝʪʦʜ. 

ʈʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʤʫʪʘʪʦʨʦʚ ʢʘʢ 

ʤʝʞʩʝʪʝʚʳʭ ʫʩʪʨʦʡʩʪʚ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʫʯʠʪʳʚʘʝʪʩʷ, ʜʣʷ ʢʘʢʦʛʦ ʚʘʨʠʘʥʪʘ ʪʨʘʬʠʢʘ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ, ʪ.ʢ. ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ ʦʙʱʝʧʨʠʥʷʪʳʭ ʪʝʩʪʦʚʳʭ ʦʙʨʘʟʮʦʚ ʪʨʘʬʠʢʘ. ʄʦʜʝʣʴ 

ʢʦʤʤʫʪʘʪʦʨʘ ʦʧʠʩʘʥʘ ʟʘʤʢʥʫʪʦʡ ʩʝʪʴʶ ʄʆ, ʚ ʢʦʪʦʨʦʡ ʮʠʨʢʫʣʠʨʫʝʪ 

ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʟʘʷʚʦʢ. 

ɺ ʨʘʙʦʪʝ [9] ʠʩʩʣʝʜʦʚʘʥʳ ʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʪʠʧʳ ʚʦʟʤʦʞʥʳʭ 

ʚʭʦʜʥʳʭ ʧʦʪʦʢʦʚ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʪʦʢʘ ʚʭʦʜʥʳʭ ʟʘʷʚʦʢ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʤʦʜʝʣʴ ʚʭʦʜʥʦʛʦ ʧʫʘʩʩʦʥʦʚʩʢʦʛʦ ʧʦʪʦʢʘ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ɚ, ʧʦʣʫʯʝʥʥʘʷ ʩʦʛʣʘʩʥʦ ʚʨʝʤʝʥʥʦʤʫ ʦʧʠʩʘʥʠʶ 

ʧʦʪʦʢʘ, ʷʚʣʷʝʪʩʷ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʫʧʨʦʱʝʥʥʦʡ. ʇʦʢʘʟʘʥ ʜʠʬʬʫʟʠʦʥʥʳʡ 

ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʭʦʜʥʦʛʦ ʧʫʘʩʩʦʥʦʚʩʢʦʛʦ ʧʦʪʦʢʘ 
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c ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʩʥʦʩʘ ʠ ʜʠʬʬʫʟʠʠ ʜʣʷ ʩʝʨʚʝʨʦʚ ʩ 

ʙʦʣʴʰʠʤ ʨʝʞʠʤʦʤ ʟʘʛʨʫʟʢʠ (proxy-ʩʝʨʚʝʨ ʠ web-ʩʝʨʚʝʨ) ʠ 

ʩʢʘʯʢʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ ʜʣʷ ʩʝʨʚʝʨʦʚ ʩ ʥʝʚʳʩʦʢʠʤ ʨʝʞʠʤʦʤ 

ʟʘʛʨʫʟʢʠ (ʩʝʨʚʝʨʳ ʙʘʟ ʜʘʥʥʳʭ ʠ ʙʠʙʣʠʦʪʝʯʥʳʝ). 

ɿʜʝʩʴ ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʧʨʦʠʟʚʦʜʷʱʠʭ ʬʫʥʢʮʠʡ ʩ ʚʘʨʠʘʮʠʝʡ 

ʧʨʘʚʦʡ ʯʘʩʪʠ ʜʣʷ ʘʥʘʣʠʟʘ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ 

ʟʘʷʚʦʢ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʉʄʆ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ 

ʧʫʘʩʩʦʥʦʚʩʢʠʡ ʚʭʦʜʥʦʡ ʧʦʪʦʢ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʩ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ ʚʭʦʜʥʦʛʦ ʧʦʪʦʢʘ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. ʇʨʝʜʣʦʞʝʥ ʪʘʢʞʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ 

ʤʝʪʦʜ ʜʣʷ ʘʥʘʣʠʟʘ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ ʟʘʷʚʦʢ ʚ 

ʤʘʨʢʦʚʩʢʠʭ ʉʄʆ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ ʚʭʦʜʥʦʛʦ ʧʦʪʦʢʘ 

ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ. ɺ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʉʄʆ 

M/M/1.ʆʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʯʠʩʣʘ ʟʘʷʚʦʢ ʚ ʉʄʆ ʧʨʠʚʦʜʠʪʩʷ ʚʳʚʦʜ ʫʨʘʚʥʝʥʠʡ.  

ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʝʥʘ 

ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ, ʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ï ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ. ʊʘʢ ʞʝ 

ʚʳʧʦʣʥʝʥ  ʚʳʚʦʜ ʠ ʨʝʰʝʥʠʝ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʠ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʡ ʂʦʣʤʦʛʦʨʦʚʘ-ʌʝʣʣʝʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʣʦʪʥʦʩʪʝʡ ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ ʧʨʦʮʝʩʩʘ ɚ(t).  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʟʘʚʝʨʰʝʥʥʦʡ 

ʨʘʙʦʪʳ ʚ ʉʄʆ ʩ ʚʭʦʜʥʳʤ ʧʫʘʩʩʦʥʦʚʩʢʠʤ ʧʦʪʦʢʦʤ ʠ ʩʢʘʯʢʦʦʙʨʘʟʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʉʄʆ ʪʠʧʘ M/M/1 ʠ M/G/1 ʠ 

ʧʨʠʚʝʜʝʥ ʚʳʚʦʜ ʠʥʪʝʛʨʦ - ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʪʠʧʘ ʊʘʢʘʯʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʟʘʚʝʨʰʝʥʥʦʡ ʨʘʙʦʪʳ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʠ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʘʭ. 

ɸʚʪʦʨ ʨʘʙʦʪʳ [45] ʧʨʝʜʣʦʞʠʣ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʠ ʧʨʦʛʨʘʤʤʥʫʶ 

ʤʦʜʝʣʠ ʤʫʣʪɹʠʩʝʨʚʠʩʥʳʭ ʩʝʪʝʡ (ʄʉʉ). ɹʘʟʦʚʳʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʳʭ, 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʛʠʙʨʠʜʥʳʭ ʤʦʜʝʣʝʡ. ɻʠʙʨʠʜʥʳʝ ʤʦʜʝʣʠ ʄʄʉ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʜʠʩʢʨʝʪʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, 

ʩʪʨʫʢʪʫʨʥʳʤ ʵʣʝʤʝʥʪʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪ. ʂʦʤʧʦʥʝʥʪ- 

ʵʪʦ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʨʝʤʝʥʝʤ, 

ʤʥʦʞʝʩʪʚʦʤ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠ ʧʦʚʝʜʝʥʠʝʤ. ɼʠʩʢʨʝʪʥʳʝ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʤʦʜʝʣʠ 

ʤʝʪʦʜʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɻʠʙʨʠʜʥʘʷ ʄʄʉ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʢʦʤʧʦʥʝʥʪ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʘʥʘʣʠʟʘ ʟʘʜʝʨʞʝʢ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ.  

ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʄʄʉ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʝʡ ʄʆ. ɼʣʷ ʥʝʦʜʥʦʨʦʜʥʦʡ ʟʘʤʢʥʫʪʦʡ ʩʝʪʠ 

ʄʆ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʝʝ ʩʦʩʪʦʷʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʥʦʨʤʘʣʠʟʫʶʱʫʶ 

ʢʦʥʩʪʘʥʪʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɺʝʨʦʷʪʥʦʩʪʠ ʧʨʝʙʳʚʘʥʠʷ ʫʟʣʦʚ ʚ ʠʭ 

ʩʦʩʪʦʷʥʠʷʭ ʘʥʘʣʦʛʠʯʥʳ ʚʳʨʘʞʝʥʠʷʤ ʜʣʷ ʉʄʆ ʪʠʧʘ M/M/1. 
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ɺʝʨʦʷʪʥʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʟʘʜʘʶʪʩʷ ʯʝʨʝʟ 

ʥʦʨʤʘʣʠʟʫʶʱʠʝ ʢʦʥʩʪʘʥʪʳ ʠ ʬʫʥʢʮʠʠ ʩʦʩʪʦʷʥʠʷ ʫʟʣʘ. ʆʩʥʦʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʝʄʆ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʞʝʥʳ ʯʝʨʝʟ ʥʦʨʤʘʣʠʟʫʶʱʠʝ 

ʢʦʥʩʪʘʥʪʳ. ɸʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ ʥʦʨʤʘʣʠʟʫʶʱʝʡ ʢʦʥʩʪʘʥʪʳ 

ʠʩʧʦʣʴʟʫʝʪ ʨʝʢʫʨʨʝʥʪʥʫʶ ʩʠʩʪʝʤʫ ʙʘʟʦʚʳʭ ʬʫʥʢʮʠʡ. ɺʦʟʤʦʞʥʦʩʪʠ 

ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʟʘʤʢʥʫʪʳʭ ʉʝʄʆ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʝʥʳ.  

ɼʣʷ ʘʥʘʣʠʟʘ ʉʝʄʆ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʨʘʟʚʠʪ 

ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʡ ʠʪʝʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ çʘʥʘʣʠʟ ʩʨʝʜʥʠʭè, ʚ 

ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʘʪ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʉʝʄʆ, ʚ ʢʦʪʦʨʳʭ 

ʯʠʩʣʦ ʪʨʝʙʦʚʘʥʠʡ ʦʪʣʠʯʘʝʪʩʷ ʥʘ ʝʜʠʥʠʮʫ. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʦʤ 

ʨʘʟʨʘʙʦʪʘʥʳ ʪʨʠ ʤʝʪʦʜʘ ʜʝʢʦʤʧʦʟʠʮʠʠ ʟʘʤʢʥʫʪʳʭ ʉʝʄʆ ʧʦ ʠʭ 

ʩʦʩʪʦʷʥʠʷʤ, ʫʟʣʘʤ ʠ ʢʣʘʩʩʘʤ. ɸʚʪʦʨʦʤ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʥʝʜʦʩʪʘʪʢʦʤ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʘʜʝʢʚʘʪʥʦʩʪʴ 

ʧʨʠ ʦʪʦʙʨʘʞʝʥʠʠ ʨʝʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʄʉʉ ʉʄʆ 

ʪʠʧʘ M/M/1, ʘ ʪʘʢʞʝ ʦʪʦʙʨʘʞʝʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʝʩʢʦʣʴʢʠʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʦʜʥʠʤ ʵʣʝʤʝʥʪʦʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʄʉʉ.  

ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ [4]  ʘʚʪʦʨ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʤʝʪʦʜʳ ʠ ʤʦʜʝʣʠ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘʤʠ ʜʘʥʥʳʭ ʠ ʨʝʩʫʨʩʘʤʠ (ʋʇɼʈ) ʚ ʩʝʪʷʭ ʠ 

ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤʘʭ. ʇʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ 

ʘʨʭʠʪʝʢʪʫʨʳ çʢʣʠʝʥʪ-ʩʝʨʚʝʨè ʠ ʨʘʟʨʘʙʦʪʘʥʳ ʪʦʯʥʳʝ ʤʝʪʦʜʳ ʝʝ 

ʘʥʘʣʠʟʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʚʘʪʴ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʫʯʠʪʳʚʘʷ ʧʨʠʦʨʠʪʝʪʳ. ʄʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʚʠʜʝ ʟʘʤʢʥʫʪʦʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʩʝʪʠ ʦʯʝʨʝʜʝʡ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʢʣʘʩʩʘʤʠ ʟʘʷʚʦʢ. ʄʦʜʝʣʴ ʧʨʠʦʨʠʪʝʪʥʳʭ ʤʝʪʦʜʦʚ ʜʦʩʪʫʧʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʜʥʦʣʠʥʝʡʥʦʡ ʉʄʆ, ʚ ʢʦʪʦʨʦʡ ʦʯʝʨʝʜʴ ʨʘʟʜʝʣʝʥʘ ʥʘ 

ʟʦʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʨʦʚʥʷʤ ʧʨʠʦʨʠʪʝʪʦʚ. ɺʦ ʚʭʦʜʥʦʤ ʧʦʪʦʢʝ 

ʟʘʷʚʢʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʟʘʢʦʥʫ ʇʫʘʩʩʦʥʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ 

ʦʞʠʜʘʥʠʷ ʜʣʷ ʪʨʝʙʦʚʘʥʠʡ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʩʨʦʯʥʦʩʪʠ, 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʬʦʨʤʫʣʘ ʇʦʣʘʯʝʢʘ-ʍʠʥʯʠʥʘ. ʀʩʧʦʣʴʟʫʷ 

ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʫʶ ʬʦʨʤʫ ʩʪʘʮʠʦʥʘʨʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʷ 

ʵʪʦʡ ʩʝʪʠ ʦʯʝʨʝʜʝʡ, ʧʦʣʫʯʝʥʳ ʷʚʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʫʟʣʘʭ- ʢʣʠʝʥʪʘʭ ʠ ʩʝʨʚʝʨʝ, 

ʧʨʦʧʫʩʢʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʨʚʝʨʘ ʠ ʩʝʪʝʡ ʩʚʷʟʠ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʋʇɼʈ ʚ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʷʭ. 

ʈʝʰʘʶʪʩʷ ʟʘʜʘʯʠ ʦʮʝʥʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʰʣʶʟʦʚ. ʇʨʠ ʜʝʢʦʤʧʦʟʠʮʠʠ ʩʝʪʠ ʫʟʣʳ ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ 

ʉʄʆ M/G/1 ʠ GI/M/1. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚ ʫʟʝʣ ʧʦʩʪʫʧʘʶʪ ʧʦʪʦʢʠ 

ʬʘʡʣʦʚʳʭ ʠ ʜʠʘʣʦʛʦʚʳʭ ʟʘʷʚʦʢ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ ɚ1 ʠ ɚ2, ʚʨʝʤʷ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʫʟʣʝ ʷʚʣʷʝʪʩʷ ʩʤʝʩʴʶ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʠ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʩ ʚʝʩʘʤʠ ɚ1/(ɚ1+ɚ2) ʠ ɚ2/(ɚ1+ɚ2) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɽʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʃʘʧʣʘʩʘ-ʉʪʠʣʴʪʴʝʩʘ ʨʘʚʥʦ 
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ʛʜʝ ʢʜt - ʩʨʝʜʥʷʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʟʘʧʨʦʩʦʚ. 

ʆʧʨʝʜʝʣʷʝʪʩʷ ʇʃʉ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ 

ʚʳʭʦʜʘʤʠ ʠʟ ʫʟʣʘ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʜʚʫʤʷ ʧʨʠʭʦʜʘʤʠ ʚ ʜʨʫʛʦʡ 

ʫʟʝʣ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʘ ʩʠʩʪʝʤʘ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʧʦʟʚʦʣʷʝʪ 

ʧʨʠʙʣʠʞʝʥʥʦ ʥʘʡʪʠ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʜʣʷ ʜʠʘʣʦʛʦʚʦʛʦ 

ʠʩʪʦʯʥʠʢʘ, ʘ ʪʘʢʞʝ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʚ ʦʯʝʨʝʜʠ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʝʡ ʮʝʥʪʨʘ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ [19] ʫʩʪʘʥʦʚʣʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʯʝʩʪʚʘ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʇʨʠ 

ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ 

ʘ) ʧʨʦʮʝʩʩ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʮʝʥʪʨʝ ʷʚʣʷʝʪʩʷ ʤʘʨʢʦʚʩʢʠʤ 

ʧʨʦʮʝʩʩʦʤ; 

ʙ) ʧʦʪʦʢʠ ʟʘʷʚʦʢ ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʝʡʰʠʤʠ; 

ʚ) ʚʨʝʤʝʥʘ ʧʨʝʙʳʚʘʥʠʷ ʟʘʷʚʦʢ ʥʘ ʨʘʟʣʠʯʥʳʭ ʬʘʟʘʭ ʦʙʨʘʙʦʪʢʠ ʠ 

ʜʦʩʪʘʚʢʠ ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʝʡʰʠʤʠ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ ʥʘʭʦʜʠʣʦʩʴ ʇʃʉ 

ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʨʝʘʣʠʟʘʮʠʠ ʪʨʘʥʟʘʢʮʠʠ ʧʫʪʝʤ 

ʩʚʝʨʪʢʠ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥ ʧʨʝʙʳʚʘʥʠʷ ʥʘ ʬʘʟʘʭ 

ʦʙʨʘʙʦʪʢʠ ʠ ʜʦʩʪʘʚʢʠ. ɼʣʷ ʨʘʩʯʝʪʘ ʚʩʝʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʯʝʩʪʚʘ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘʭʦʜʷʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ 

ʜʣʷ ʚʝʨʦʷʪʥʦʩʪʠ ʫʩʣʦʚʥʳʭ ʧʦʪʝʨʴ, ʚʝʨʦʷʪʥʦʩʪʠ ʩʨʘʙʘʪʳʚʘʥʠʷ 

ʪʘʡʤʝʨʘ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʝʚʳʰʝʥʠʷ ʚʨʝʤʝʥʠ ʪʝʨʧʝʣʠʚʦʩʪʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʬʦʨʤʫʣʘ )()(
0

ɼʆʇ
xdTxP , ʛʜʝ P ï 

ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʨʝʘʣʠʟʘʮʠʠ 

ʥʝʢʦʪʦʨʦʛʦ ʧʨʦʮʝʩʩʘ T(x) ʧʨʝʚʳʩʠʪ ʦʛʨʘʥʠʯʝʥʠʝ, ʟʘʜʘʥʥʦʝ ʧʨʠ 

ʧʦʤʦʱʠ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʦʧʫʩʪʠʤʦʛʦ ʚʨʝʤʝʥʠ ʨʝʘʣʠʟʘʮʠʠ 

ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ űɼʆʇ(x). ʉʧʦʩʦʙ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ P ʟʘʚʠʩʠʪ ʦʪ 

ʚʠʜʘ ʬʫʥʢʮʠʡ T(x) ʠ űɼʆʇ(x). ɼʣʷ ʜʠʩʮʠʧʣʠʥ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʎʆʋ, ʦʙʳʯʥʦ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʣʠʰʴ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʃʘʧʣʘʩʘ-ʉʪʠʣʴʪʴʝʩʘ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ T(x).  

ʌʫʥʢʮʠʷ űɼʆʇ(x) ʠʤʝʝʪ ʩʘʤʳʡ ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʚʠʜ. ɺ ʨʘʙʦʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʱʠʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ  ʬʫʥʢʮʠʷ ʟʘʜʘʝʪʩʷ 

ʦʙʦʙʱʝʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʕʨʣʘʥʛʘ. ʕʪʦʡ ʬʫʥʢʮʠʝʡ 

ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʣʶʙʘʷ ʨʝʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʜʦʧʫʩʪʠʤʦʛʦ ʚʨʝʤʝʥʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩ ʬʫʥʢʮʠʝʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ T(x). ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ 
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ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʰʘʪʴ ʩʠʩʪʝʤʫ ʥʝʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʙʦʣʴʰʦʛʦ 

ʧʦʨʷʜʢʘ ʧʨʝʜʣʦʞʝʥʥʳʤ ʠʪʝʨʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʪʦʯʥʦʩʪʠ Ů<10
-6

 ʪʨʝʙʫʝʪʩʷ ʜʦ 20 ʠʪʝʨʘʮʠʦʥʥʳʭ ʮʠʢʣʦʚ. 

ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʤʘʣʝʥʴʢʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʤʝʞʜʫ 

ʟʘʷʚʢʘʤʠ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʧʫʘʩʩʦʥʦʚʩʢʦʤ ʭʘʨʘʢʪʝʨʝ 

ʩʫʤʤʘʨʥʦʛʦ ʧʦʪʦʢʘ ʠ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ɺɺʍ 

ʧʨʠ ʧʦʤʦʱʠ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ. 

 

1.4.3. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʝʪʠ ʧʫʪʝʤ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʠ ʩʦʙʳʪʠʡ  

 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩʫʱʝʩʪʚʫʝʪ 

ʤʥʦʞʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʨʝʰʝʥʠʡ ʦʪ ʚʝʜʫʱʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, 

ʪʘʢʠʭ ʢʘʢ Opnet, MathSoft, Comdisco, D-Link , CACIProducts, HP, IBM  

ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ. ʆʩʥʦʚʥʳʝ ʠʟ ʵʪʠʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 

1.3. ɺʩʝ ʵʪʠ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜʳ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʪʠ. 

 

ʊʘʙʣʠʮʘ 1.3 ï ʆʩʥʦʚʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʪʝʡ 

ʂʦʤʧʘʥʠʷ  

ʠ ʧʨʦʜʫʢʪ 
ʉʪʦʠʤʦʩʪʴ ʇʨʠʤʝʯʘʥʠʷ 

1 2 3 

CACI Product, 

COMNET III  

$34500-

$39500 

ʄʦʜʝʣʠʨʫʝʪ ʩʝʪʠ X.25, ATM, Frame 

Relay, ʩʚʷʟʠ LAN-WAN, SNA, DECnet, 

ʧʨʦʪʦʢʦʣʳ OSPF, RIP. ɼʦʩʪʫʧ CSMA/CD ʠ 

ʪʦʢʝʥʥʳʡ ʜʦʩʪʫʧ, FDDI ʠ ʜʨ. ɺʩʪʨʦʝʥʥʘʷ 

ʙʠʙʣʠʦʪʝʢʘ ʤʘʨʨhʫʪʠʟʘʪʦʨʦʚ 3COM, 

Cisco, DEC, HP, Wellfleat 

Make System, 

NetMaker XA 

$6995-

$14995 

ʇʨʦʚʝʨʢʘ ʜʘʥʥʳʭ ʦ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ; 

ʠʤʧʦʨʪ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʨʘʬʠʢʝ, 

ʧʦʣʫʯʘʝʤʦʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

NetMagic 

System, 

StressMagik 

$2995 

ʇʦʜʜʝʨʞʢʘ ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʩʪʦʚ 

ʠʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ; ʠʤʠʪʘʮʠʷ 

ʧʠʢʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʬʘʡʣ-ʩʝʨʚʝʨ 
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ʂʦʤʧʘʥʠʷ  

ʠ ʧʨʦʜʫʢʪ 
ʉʪʦʠʤʦʩʪʴ ʇʨʠʤʝʯʘʥʠʷ 

1 2 3 

Network Design 

and Analysis 

Group, 

AutoNet/ 

Designer 

$25000 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʚ ɻʉ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʵʢʦʥʦʤʠʠ ʩʨʝʜʩʪʚ ʟʘ 

ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʪʘʨʠʬʥʦʡ ʧʣʘʪʳ, ʩʤʝʥʳ 

ʧʦʩʪʘʚʱʠʢʘ ʫʩʣʫʛ ʠ ʦʙʥʦʚʣʝʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ; ʩʨʘʚʥʝʥʠʝ ʚʘʨʠʘʥʪʦʚ ʩʚʷʟʠ 

ʯʝʨʝʟ ʙʣʠʞʘʡʰʫʶ ʠ ʦʧʪʠʤʘʣʴʥʫʶ ʪʦʯʢʫ 

ʜʦʩʪʫʧʘ, ʘ ʪʘʢʞʝ ʯʝʨʝʟ ʤʦʩʪ ʠ ʤʝʩʪʥʫʶ 

ʪʝʣʝʬʦʥʥʫʶ ʩʝʪʴ 

Network Design 

and 

AnalysisGroup, 

AutoNet/ 

Performance-1 

$4000 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʩʝʪʝʡ ʧʫʪʝʤ ʘʥʘʣʠʟʘ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʟʘʜʝʨʞʢʠ, ʚʨʝʤʝʥʠ ʦʪʚʝʪʘ, ʘ ʪʘʢʞʝ ʫʟʢʠʭ 

ʤʝʩʪ ʚ ʩʪʨʫʢʪʫʨʝ ʩʝʪʠ 

Network Design 

and Analysis 

Group, AutoNet/ 

Performance-3 

$6000 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʤʥʦʛʦʧʨʦʪʦʢʦʣʴʥʳʭ ʦʙʲʝʜʠʥʝʥʠʡ 

ʣʦʢʘʣʴʥʳʭ ʠ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʝʡ; 

ʦʮʝʥʠʚʘʥʠʝ ʟʘʜʝʨʞʝʢ ʚ ʦʯʝʨʝʜʷʭ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʠ ʦʪʚʝʪʘ, ʘ ʪʘʢʞʝ 

ʫʟʢʠʭ ʤʝʩʪ ʚ ʩʪʨʫʢʪʫʨʝ ʩʝʪʠ; ʫʯʝʪ 

ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʪʨʘʬʠʢʝ, ʧʦʩʪʫʧʘʶʱʠʭ 

ʦʪ ʩʝʪʝʚʳʭ ʘʥʘʣʠʟʘʪʦʨʦʚ 

System&Network

s, BONES 

$20000- 

$40000 

ɸʥʘʣʠʟ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʣʦʞʝʥʠʡ 

ʢʣʠʝʥʪ-ʩʝʨʚʝʨ ʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ 

ʨʘʙʦʪʫ ʩʝʪʠ 

MIL3, 

Opnet 

$16000- 

$40000 

ʀʤʝʝʪ ʙʠʙʣʠʦʪʝʢʫ ʨʘʟʣʠʯʥʳʭ ʩʝʪʝʚʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʘʥʠʤʘʮʠʶ, 

ʛʝʥʝʨʠʨʫʝʪ ʢʘʨʪʫ ʩʝʪʠ, ʤʦʜʝʣʠʨʫʝʪ ʧʦʣʦʩʫ 

ʧʨʦʧʫʩʢʘʥʠʷ. 

Cisco Systems, 

Cisco WAN 

modeling tool 

$3000 

ʄʦʜʝʣʠʨʫʝʪ ʛʣʦʙʘʣʴʥʳʝ ʩʝʪʠ ʠ 

ʢʘʥʘʣʳ ʩʚʷʟʠ, ʠʤʝʝʪ ʞʝʩʪʢʫʶ ʧʨʠʚʷʟʢʫ ʢ 

ʦʙʦʨʫʜʦʚʘʥʠʶ Cisco, ʜʣʷ ʢʦʪʦʨʦʛʦ ʜʘʝʪ 

ʦʯʝʥʴ ʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʋʤʝʝʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʭʝʤʫ ʩʝʪʠ 
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ʂʦʤʧʘʥʠʷ  

ʠ ʧʨʦʜʫʢʪ 
ʉʪʦʠʤʦʩʪʴ ʇʨʠʤʝʯʘʥʠʷ 

1 2 3 

Cisco Systems, 

Cisco Network 

Application 

Performance 

Analysis (NAPA) 

$10000- 

$60000 

ʏʨʝʟʚʳʯʘʡʥʦ ʤʦʱʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʩʝʭ ʵʪʘʧʦʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʩʝʪʠ, ʚʢʣʶʯʘʷ 

ʧʠʣʦʪʥʳʝ ʩʝʪʠ ʠ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʝ 

GPSS/World 
$3000- 

$6000 

ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʷʟʳʢ ʩʠʩʪʝʤʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ  

ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʠʩʪʝʤ ʩ 

ʦʙʲʝʢʪʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʨʠʨʦʜʳ (ɺʉ 

ʠ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ). 

MathWorks, 

Mathlab/Simulink 

$3500- 

$7000 

ʂʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʤʘʩʩʦʚʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. ʄʦʱʥʘʷ, ʥʦ ʦʯʝʥʴ ʩʣʦʞʥʘʷ 

ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤʘ 

VisSim 
$100-  

$3000 

ʇʆ ʜʣʷ ʩʠʤʫʣʷʮʠʠ ʜʚʠʞʝʥʠʷ 

ʣʠʥʝʡʥʳʭ, ʥʝʣʠʥʝʡʥʳʭ, ʥʝʧʨʝʨʳʚʥʳʭ, 

ʜʠʩʢʨʝʪʥʳʭ, ʛʠʙʨʠʜʥʳʭ ʤʦʜʝʣʝʡ ʩʠʩʪʝʤ.  

SES/Workbench ʆʪ $500 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʣʦʢʘʣʴʥʳʭ ʠ 

ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʝʡ ʥʘ ʫʨʦʚʥʝ ʧʨʠʣʦʞʝʥʠʡ, 

ʢʘʥʘʣʴʥʦʤ ʠ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʷʭ. 

OMNeT++/OMN

ET 

ɹʝʩʧʣʘʪʥʘʷ 

ʚʝʨʩʠʷ 

ʄʦʜʫʣʴʥʘʷ ʩʨʝʜʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʧʦʜʜʝʨʞʢʦʡ ʦʛʨʦʤʥʦʡ 

ʙʘʟʳ ʛʦʪʦʚʳʭ ʤʦʜʝʣʝʡ. 

 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʧʨʦʛʨʘʤʤ (Opnet, Comnet, Netmaker) ʠʤʝʶʪ ʚ 

ʩʚʦʠʭ ʙʘʟʘʭ ʧʦʣʥʦʝ ʦʧʠʩʘʥʠʝ ʨʝʘʣʴʥʳʭ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ, ʪʘʢʠʭ, 

ʢʘʢ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ, ʢʦʤʤʫʪʘʪʦʨʳ, ʩʝʨʚʝʨʳ ʠ ʨʘʙʦʯʠʝ ʩʪʘʥʮʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʧʨʦʜʫʢʪʳ ʧʦʟʚʦʣʷʶʪ ʫʯʠʪʳʚʘʪʴ ʦʛʨʦʤʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʥʶʘʥʩʦʚ, ʢʘʢ ʟʘʜʝʨʞʢʠ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʪʠʧʳ 

ʧʨʠʣʦʞʝʥʠʡ ʩʝʪʠ, ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʘʨʰʨʫʪʠʟʘʮʠʷ, ʙʨʘʥʜʤʘʫʵʨ ʠ ʪ.ʜ.  

ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʪʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʧʨʠʟʥʘʥʠʝʤ ʵʪʠʭ ʧʨʦʜʫʢʪʦʚ ʚʝʜʫʱʠʤʠ ʤʠʨʦʚʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ 

ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ ʩʝʪʝʚʳʭ ʩʨʝʜʩʪʚ, ʥʘʧʨʠʤʝʨ Cisco systems, 

HP, 3Com, D-link . ʇʨʦʠʟʚʦʜʠʪʝʣʴ Cisco systems ʨʝʢʦʤʝʥʜʫʝʪ ʚʩʝʤ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʜʫʢʪʳ Opnet ʜʣʷ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʩʙʦʨʘ ʠ ʧʨʦʚʝʨʢʠ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʤʫʣʴʪʠʩʝʨʚʠʩʥʦʡ ʩʝʪʠ. D-link  ʠʩʧʦʣʴʟʫʝʪ ʧʨʠ 
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ʩʦʟʜʘʥʠʠ ʪʠʧʦʚʳʭ ʧʨʦʝʢʪʦʚ ʩʠʩʪʝʤʫ Comnet, HP ʠʩʧʦʣʴʟʫʝʪ Comnet 

ʠ Netmaker.  

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʵʪʠ ʪʨʠ ʩʠʩʪʝʤʳ. ʉʝʤʝʡʩʪʚʦ COMNET 

ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʩʠʩʪʝʤʳ:  

1) COMNET III ï ʩʠʩʪʝʤʘ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ 

ʩʦʙʳʪʠʡʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʇʦʟʚʦʣʷʝʪ ʜʝʪʘʣʴʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʩʝʪʠ ʢʘʢ ʉʄʆ, ʧʦʩʪʨʦʝʥʥʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʪʦʢʦʣʦʚ: ɸʊʄ, 

Frame Relay, FDDI, TCP/IP, ʢʣʠʝʥʪ-ʩʝʨʚʝʨ ʠ ʪ.ʜ. ʈʝʟʫʣʴʪʘʪʘʤʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʦʮʝʥʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʧʦʩʪʨʦʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʣʦʢʘʣʴʥʦʡ ʠʣʠ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ, 

ʫʯʠʪʳʚʘʷ ʧʨʠ ʵʪʦʤ ʩʪʦʠʤʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

2) ADVANCED FEATURES PACK - ʜʘʥʥʳʡ ʧʘʢʝʪ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʘʢʝʪʫ COMNET III ʜʣʷ ʪʦʯʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʣʠʝʥʪ - 

ʩʝʨʚʝʨʥʳʭ ʘʨʭʠʪʝʢʪʫʨ; 

3) COMNET Predictor ï ʩʠʩʪʝʤʘ ʙʳʩʪʨʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦ ʦʮʝʥʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʣʦʢʘʣʴʥʳʭ ʠ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʝʡ. ʅʘ ʦʩʥʦʚʝ ʠʤʧʦʨʪʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ 

ʧʦ ʪʦʧʦʣʦʛʠʠ, ʧʨʦʪʦʢʦʣʘʤ ʠ ʪʨʘʬʠʢʫ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʠʪʴ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʪʦʧʦʣʦʛʠʷ, ʪʨʘʬʠʢ, 

ʩʦʩʪʘʚ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ, ʧʨʦʪʦʢʦʣʳ ʠ ʙʳʩʪʨʦ 

ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪ ʚ ʚʠʜʝ ʦʪʯʝʪʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʬʦʨʤ; 

4) COMNET Baseliner - ʩʠʩʪʝʤʘ ʠʤʧʦʨʪʘ ʜʘʥʥʳʭ. ʇʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʠʤʧʦʨʪʘ ʜʘʥʥʳʭ ʦ ʪʦʧʦʣʦʛʠʠ ʠ ʧʨʦʪʦʢʦʣʘʭ ʠʟ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʫ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʩʝʪʝʡ ʩ ʮʝʣʴʶ 

ʩʦʟʜʘʥʠʷ ʙʘʟʦʚʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʘʢʝʪʦʚ COMNET III ʠ COMNET 

Predictor; 

5) COMNET Enterprise Profiler ï ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʩʝʪʠ. 

ʇʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʤʦʥʠʪʦʨʠʥʛ ʠ ʩʙʦʨ ʩʪʘʪʠʩʪʠʢʠ ʚ ʩʝʪʠ ʙʝʟ 

ʚʦʟʤʦʞʥʦʩʪʠ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ. ʄʦʞʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴʩʷ ʩ ʜʨʫʛʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ; 

6) NETWORK II.5 - ʘʚʪʦʥʦʤʥʳʡ ʧʘʢʝʪ ʜʣʷ ʘʥʘʣʠʟʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ. ʇʦʟʚʦʣʷʝʪ 

ʧʨʦʚʦʜʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʣʶʙʦʛʦ ʪʠʧʘ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚ COMNET ʟʘʪʨʘʛʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʫʨʦʚʥʠ ʵʪʘʣʦʥʥʦʡ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤ (OSI ISO 

+ IEEE 802): ʧʨʠʣʦʞʝʥʠʡ, ʪʨʘʥʩʧʦʨʪʥʳʡ, ʩʝʪʝʚʦʡ, ʢʘʥʘʣʴʥʳʡ. ʅʘ 

ʫʨʦʚʥʝ ʧʨʠʣʦʞʝʥʠʡ ʦʧʠʩʳʚʘʶʪʩʷ ʠʩʪʦʯʥʠʢʠ ʪʨʘʬʠʢʘ - ʩʦʦʙʱʝʥʠʷ, 

ʩʝʘʥʩʳ, ʦʪʢʣʠʢʠ, ʚʳʟʦʚʳ, ʧʦʚʝʜʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʅʘ 

ʪʨʘʥʩʧʦʨʪʥʦʤ ʫʨʦʚʥʝ - ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʨʦʪʦʢʦʣʳ ʠ ʠʭ ʧʘʨʘʤʝʪʨʳ. ʅʘ 

ʩʝʪʝʚʦʤ ʫʨʦʚʥʝ: ʘʣʛʦʨʠʪʤʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʧʦʪʦʢʠ ʧʘʢʝʪʦʚ, 
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ʪʘʙʣʠʮʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. ʂʘʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ - ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʝʨʝʜʘʯʘ ʧʘʢʝʪʦʚ, ʨʝʪʨʘʥʩʣʷʮʠʷ, ʦʧʠʩʘʥʠʝ ʢʘʥʘʣʦʚ.  

ʄʦʜʝʣʴ ʩʪʨʦʠʪʩʷ ʠʟ ʙʘʟʦʚʳʭ ʦʙʲʝʢʪʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʥʮʠʧʘ 

"drag-and-drop". COMNET ʧʦʜʜʝʨʞʠʚʘʝʪ 18 ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ 

ʜʠʩʢʨʝʪʥʳʭ ʠ ʥʝʧʨʝʨʳʚʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʟʘʜʘʪʴ ʪʘʙʣʠʯʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʉʠʩʪʝʤʘ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʤʦʪʨʝʪʴ ʦʢʦʣʦ 200 ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʤʧʦʥʝʥʪʦʚ: ʟʘʛʨʫʟʢʘ ʢʘʥʘʣʦʚ, ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ ʩʝʨʚʝʨʦʚ, ʟʘʜʝʨʞʢʠ 

ʩʦʦʙʱʝʥʠʡ ʠ ʪ.ʜ. 

ɽʩʣʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʫʩʪʘʥʦʚʣʝʥʘ ʢʘʢʘʷ-ʣʠʙʦ ʩʠʩʪʝʤʘ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʴʶ, ʚʦʟʤʦʞʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʧʦ ʪʦʧʦʣʦʛʠʠ ʠ ʪʨʘʬʠʢʫ ʠʟ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʢʘʢ 

COMNET Profiler, IBM  Tivoli  NetView, CABLETRON Spectrum, HP 

OpenView, D-link  Dview ʠ ʜʨ. 

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ COMMNET - ʵʪʦ ʩʢʦʨʦʩʪʴ, ʘ ʪʘʢʞʝ ʫʯʝʪ 

ʧʘʢʝʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʪʨʘʬʠʢʘ ʜʘʥʥʳʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ Comnet III 

ʥʝ ʠʤʝʝʪ ʢʦʥʢʫʨʝʥʪʦʚ ʧʦ ʯʘʩʪʠ ʧʦʜʨʦʙʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚ ʩʣʫʯʘʝ 

ʙʦʣʴʰʦʡ ʠ ʩʣʦʞʥʦʡ ʩʝʪʠ ʵʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʟʘʪʷʥʫʪʴʩʷ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ. 

ʉʠʩʪʝʤʘ Opnet Modeler ʠʥʪʝʛʨʠʨʫʝʪ ʚ ʩʝʙʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʟʣʠʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʦʟʜʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʤʦʜʝʣʝʡ. Opnet Modeler 

ʧʨʝʜʣʘʛʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʛʨʘʬʠʯʝʩʢʫʶ ʩʨʝʜʫ ʜʣʷ ʩʦʟʜʘʥʠʷ, 

ʚʳʧʦʣʥʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʩʦʙʳʪʠʡʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʪʝʡ ʩʚʷʟʠ. 

ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʧʨʦʚʝʨʢʫ 

ʧʨʘʚʠʣʴʥʦʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʦʧʠʩʘʥʠʝ ʧʨʦʪʦʢʦʣʦʚ.  

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʚ ʩʚʦʝ 

ʨʘʩʧʦʨʷʞʝʥʠʝ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʩʝʪʠ:  

 ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʟʘʜʝʨʞʢʠ ʤʝʞʜʫ ʢʦʥʝʯʥʳʤʠ ʠ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʫʟʣʘʤʠ ʩʝʪʠ, ʧʨʦʧʫʩʢʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʦʚ, 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʛʤʝʥʪʦʚ, ʙʫʬʝʨʦʚ ʠ ʧʨʦʮʝʩʩʦʨʦʚ; 

 ʧʠʢʠ ʠ ʩʧʘʜʳ ʪʨʘʬʠʢʘ ʢʘʢ ʬʫʥʢʮʠʶ ʚʨʝʤʝʥʠ, ʘ ʥʝ ʢʘʢ 

ʫʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ; 

 ʠʩʪʦʯʥʠʢʠ ʟʘʜʝʨʞʝʢ ʠ ʫʟʢʠʭ ʤʝʩʪ ʩʝʪʠ. 

ʋʟʣʳ ʠ ʢʘʥʘʣʳ ʤʦʛʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʩʨʝʜʥʠʤ ʚʨʝʤʝʥʝʤ 

ʥʘʨʘʙʦʪʢʠ ʥʘ ʦʪʢʘʟ ʠ ʩʨʝʜʥʠʤ ʚʨʝʤʝʥʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʩʝʪʠ. 

ʄʦʜʝʣʠʨʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʴʶʪʝʨʦʚ ʚ ʩʝʪʠ, ʥʦ 

ʠ ʧʨʦʮʝʩʩ ʨʘʟʜʝʣʝʥʠʷ ʧʨʦʮʝʩʩʦʨʘ ʢʘʞʜʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʤʝʞʜʫ ʝʛʦ 

ʧʨʠʣʦʞʝʥʠʷʤʠ. ʈʘʙʦʪʘ ʧʨʠʣʦʞʝʥʠʷ ʤʦʜʝʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜ 

ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʤʘʥʜ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʦʪʧʨʘʚʢʠ ʠ 

ʯʪʝʥʠʷ ʩʦʦʙʱʝʥʠʡ, ʯʪʝʥʠʷ ʠ ʟʘʧʠʩʠ ʜʘʥʥʳʭ ʚ ʬʘʡʣ, ʫʩʪʘʥʦʚʣʝʥʠʷ 
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ʩʝʩʩʠʡ ʠ ʧʨʠʦʩʪʘʥʦʚʢʠ ʧʨʦʛʨʘʤʤʳ ʜʦ ʧʦʣʫʯʝʥʠʷ ʩʦʦʙʱʝʥʠʡ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʟʘʜʘʝʪʩʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ, ʨʝʧʝʨʪʫʘʨ ʢʦʤʘʥʜ.  

ʈʘʙʦʯʘʷ ʥʘʛʨʫʟʢʘ ʩʦʟʜʘʝʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʪʨʘʬʠʢʘ. ʂʘʞʜʳʡ ʫʟʝʣ 

ʤʦʞʝʪ ʙʳʪʴ ʩʦʝʜʠʥʝʥ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʪʨʘʬʠʢʘ ʨʘʟʥʦʛʦ 

ʪʠʧʘ.  

ʀʩʪʦʯʥʠʢʠ-ʧʨʠʣʦʞʝʥʠʷ ʛʝʥʝʨʠʨʫʶʪ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʚʳʧʦʣʥʷʶʪʩʷ ʫʟʣʘʤʠ ʪʠʧʘ ʧʨʦʮʝʩʩʦʨʦʚ ʠʣʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ. ʋʟʝʣ 

ʚʳʧʦʣʥʷʝʪ ʢʦʤʘʥʜʫ ʟʘ ʢʦʤʘʥʜʦʡ, ʠʤʠʪʠʨʫʷ ʨʘʙʦʪʫ ʧʨʠʣʦʞʝʥʠʡ ʚ 

ʩʝʪʠ. ʀʩʪʦʯʥʠʢʠ ʤʦʛʫʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʣʦʞʥʳʝ ʥʝʩʪʘʥʜʘʨʪʥʳʝ 

ʧʨʠʣʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʩʪʳʝ, ʟʘʥʠʤʘʶʱʠʝʩʷ ʚ ʦʩʥʦʚʥʦʤ ʦʪʧʨʘʚʢʦʡ 

ʠ ʧʦʣʫʯʝʥʠʝʤ ʩʦʦʙʱʝʥʠʡ ʧʦ ʩʝʪʠ.  

ʀʩʪʦʯʥʠʢʠ ʚʳʟʦʚʦʚ ʛʝʥʝʨʠʨʫʶʪ ʟʘʧʨʦʩʳ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʝʪʷʭ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʢʘʥʘʣʦʚ (ʩʝʪʠ ʩ ʢʦʤʤʫʪʠʨʫʝʤʳʤʠ 

ʚʠʨʪʫʘʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ISDN, POTS).  

ʀʩʪʦʯʥʠʢʠ ʧʣʘʥʠʨʫʝʤʦʡ ʥʘʛʨʫʟʢʠ ʛʝʥʝʨʠʨʫʶʪ ʜʘʥʥʳʝ, ʠʩʧʦʣʴʟʫʷ 

ʟʘʚʠʩʷʱʝʝ ʦʪ ʚʨʝʤʝʥʠ ʨʘʩʧʠʩʘʥʠʝ. ʇʨʠ ʵʪʦʤ ʠʩʪʦʯʥʠʢ ʛʝʥʝʨʠʨʫʝʪ 

ʜʘʥʥʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠ, ʠʩʧʦʣʴʟʫʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʦʨʮʠʷʤʠ ʜʘʥʥʳʭ. ʄʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʜʘʥʥʳʭ ʦʪ ʚʨʝʤʝʥʠ ʜʥʷ.  

ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ Opnet ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʢʘ ʦʛʨʦʤʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʧʦʜʨʦʙʥʳʤ ʟʘʜʘʥʠʝʤ 

ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʢʦʥʢʨʝʪʥʳʭ ʥʘʩʪʨʦʝʢ. ɺ ʤʦʜʝʣʠ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʘʜʝʢʚʘʪʥʳʡ ʘʣʛʦʨʠʪʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʧʦ 

ʦʩʥʦʚʥʳʤ ʧʨʦʪʦʢʦʣʘʤ: OSPF, RIP, EIGRP, BGP, ISIS. ʆʙʦʨʫʜʦʚʘʥʠʝ 

ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ Cisco systems, 3Com, 

HP, Dlink , Cabletron, H3C, IBM  ʦʧʠʩʘʥʦ ʩʘʤʠʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʠ 

ʷʚʣʷʝʪʩʷ ʘʜʝʢʚʘʪʥʦʡ ʤʦʜʝʣʴʶ ʨʝʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʀʤʧʦʨʪʠʨʦʚʘʥʠʝ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʩʠʩʪʝʤʫ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʛʨʦʤʥʦʝ ʯʠʩʣʦ ʚʘʨʠʘʥʪʦʚ. 

ʇʦʜʩʠʩʪʝʤʘ Application Characterization Environment (ACE) 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʚʠʟʫʘʣʠʟʘʮʠʶ ʠ ʦʮʝʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʣʫʯʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ. ʉʪʘʥʜʘʨʪ ACE ʩʪʘʣ ʚʩʝʤʠʨʥʦ 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʧʨʠ ʘʥʘʣʠʟʝ ʧʨʠʣʦʞʝʥʠʡ 

ɽʩʣʠ ʜʣʷ ʟʘʜʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ ʥʝ ʥʫʞʥʦ ʠʤʝʪʴ 

ʨʝʘʣʴʥʫʶ ʩʝʪʴ, ʪʦ ʜʣʷ ʩʙʦʨʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦʙ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʩʪʦʯʥʠʢʦʚ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʤʦʛʫʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʠʟʤʝʨʝʥʠʷ ʥʘ 

ʧʠʣʦʪʥʳʭ ʩʝʪʷʭ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʥʘʪʫʨʥʫʶ ʤʦʜʝʣʴ 

ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʝʪʠ. ʕʪʠ ʠʟʤʝʨʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ 

ʨʘʟʣʠʯʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘʪʦʨʦʚ 

ʧʨʦʪʦʢʦʣʦʚ.  

ʇʦʤʠʤʦ ʧʦʣʫʯʝʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʠʣʦʪʥʘʷ ʩʝʪʴ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʝʰʝʥʠʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʚʘʞʥʳʭ ʟʘʜʘʯ. ʆʥʘ ʤʦʞʝʪ ʜʘʪʴ ʦʪʚʝʪʳ ʥʘ ʚʦʧʨʦʩʳ, 
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ʢʘʩʘʶʱʠʝʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʠʣʠ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʘʪʫʨʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʤʦʛʫʪ ʧʦʪʨʝʙʦʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʟʘʪʨʘʪ, ʥʦ ʦʥʠ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ʚʳʩʦʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʇʠʣʦʪʥʘʷ ʩʝʪʴ ʜʦʣʞʥʘ ʙʳʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʧʦʭʦʞʘ ʥʘ ʪʫ ʩʝʪʴ, 

ʜʣʷ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʢʦʪʦʨʦʡ ʦʥʘ ʠ ʩʦʟʜʘʝʪʩʷ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʳʜʝʣʠʪʴ ʪʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʟʜʘʚʘʝʤʦʡ 

ʩʝʪʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʘʪʴ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʝʝ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ.  

ɽʩʣʠ ʠʤʝʶʪʩʷ ʩʦʤʥʝʥʠʷ ʚ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʨʘʟʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ, ʢʦʤʤʫʪʘʪʦʨʦʚ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ 

ʚʠʨʪʫʘʣʴʥʳʝ ʩʝʪʠ ʠʣʠ ʜʨʫʛʠʝ ʧʦʢʘ ʥʝ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʪʦ ʚ ʧʠʣʦʪʥʦʡ ʩʝʪʠ ʜʦʣʞʥʳ ʧʨʦʚʝʨʷʪʴʩʷ ʥʘ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠʤʝʥʥʦ ʵʪʠ ʫʩʪʨʦʡʩʪʚʘ ʠ ʠʤʝʥʥʦ ʚ ʪʝʭ ʨʝʞʠʤʘʭ, 

ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʥʘʠʙʦʣʴʰʠʝ ʩʦʤʥʝʥʠʷ.  

ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʠʣʦʪʥʦʡ ʩʝʪʠ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʘʣʴʥʦʡ ʩʝʪʠ, ʪʦ ʟʜʝʩʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʵʪʦʛʦ ʚʠʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʳ. ʉʘʤʘ ʧʦ 

ʩʝʙʝ ʧʠʣʦʪʥʘʷ ʩʝʪʴ ʚʨʷʜ ʣʠ ʩʤʦʞʝʪ ʜʘʪʴ ʭʦʨʦʰʫʶ ʦʮʝʥʢʫ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʝʪʠ, ʚʢʣʶʯʘʶʱʝʡ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʫʟʣʦʚ 

ʧʦʜʩʝʪʝʡ ʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʪʘʢ ʢʘʢ ʥʝ ʷʩʝʥ ʩʧʦʩʦʙ ʵʢʩʪʨʘʧʦʣʷʮʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʥʝʙʦʣʴʰʦʡ ʩʝʪʠ, ʥʘ ʩʝʪʴ  ʙʦʣʴʰʠʭ 

ʨʘʟʤʝʨʦʚ.  

ʇʦʵʪʦʤʫ ʧʠʣʦʪʥʫʶ ʩʝʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʩʦʚʤʝʩʪʥʦ ʩ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʴʶ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʨʘʟʮʳ ʪʨʘʬʠʢʘ, ʟʘʜʝʨʞʝʢ ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʫʩʪʨʦʡʩʪʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʠʣʦʪʥʦʡ ʩʝʪʠ, ʜʣʷ ʟʘʜʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʦʜʝʣʝʡ ʯʘʩʪʝʡ ʨʝʘʣʴʥʦʡ ʩʝʪʠ. ɿʘʪʝʤ, ʵʪʠ ʯʘʩʪʥʳʝ ʤʦʜʝʣʠ ʤʦʛʫʪ 

ʙʳʪʴ ʦʙʲʝʜʠʥʝʥʳ ʚ ʧʦʣʥʫʶ ʤʦʜʝʣʴ ʩʦʟʜʘʚʘʝʤʦʡ ʩʝʪʠ, ʨʘʙʦʪʘ ʢʦʪʦʨʦʡ 

ʙʫʜʝʪ ʠʤʠʪʠʨʦʚʘʪʴʩʷ. 

 

1.5 ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ 

ʘʢʪʠʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

 

ʉʘʤʳʝ ʠʟʚʝʩʪʥʳʝ ʧʘʢʝʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ COMMNET ʠ Opnet 

ʧʦʟʚʦʣʷʶʪ ʚʳʙʨʘʪʴ ʜʣʷ ʤʦʜʝʣʠ ʨʝʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠʟ 

ʜʦʩʪʘʪʦʯʥʦ ʦʙʰʠʨʥʦʡ ʙʘʟʳ ʨʝʩʫʨʩʦʚ, ʢʦʪʦʨʫʶ ʩʧʝʮʠʘʣʠʩʪʳ 

ʢʦʤʧʘʥʠʠ ʩʦʙʠʨʘʣʠ ʤʥʦʛʦ ʣʝʪ. ʊʦʯʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʘʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʤʦʞʥʦ 

ʟʘʜʘʚʘʪʴ ʚ ʧʘʨʘʤʝʪʨʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʚʦʡʩʪʚʘ ʘʧʧʘʨʘʪʥʦʛʦ ʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʚʧʣʦʪʴ ʜʦ ʦʙʲʝʤʘ ʧʘʤʷʪʠ ʠ ʧʨʦʪʦʢʦʣʦʚ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ.  
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ɺʩʝ ʵʪʠ ʫʩʪʨʦʡʩʪʚʘ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʧʦ ʩʧʝʮʠʘʣʴʥʳʤ 

ʤʝʪʦʜʠʢʘʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ ʤʘʪʨʠʮʳ ʧʘʨʘʤʝʪʨʦʚ ʩ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ. ʆʜʥʘʢʦ ʥʠ ʚ ʦʜʥʦʡ ʩʠʩʪʝʤʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʥʘʧʨʠʤʝʨ, ʥʝ ʧʦʜʚʝʨʛʘʣʠ ʪʝʩʪʠʨʦʚʘʥʠʶ ʢʦʤʤʫʪʘʪʦʨ ʪʨʝʪʴʝʛʦ ʫʨʦʚʥʷ 

ʩ ʚʢʣʶʯʝʥʥʳʤ ʬʠʣʴʪʨʦʤ ʧʘʢʝʪʦʚ ʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʫʪʝʡ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ. ɸ ʚ ʨʝʘʣʴʥʳʭ ʩʝʪʷʭ ʪʘʢʦʝ ʩʣʫʯʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʯʘʩʪʦ. 

ɺ ʩʠʩʪʝʤʘʭ ʜʠʩʢʨʝʪʥʦ-ʩʦʙʳʪʠʡʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʥʠʤʘʥʠʝ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʫʜʝʣʷʝʪʩʷ ʨʘʩʯʝʪʫ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʫʟʣʳ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʘʢʝʪʘ (ʟʘʧʨʦʩʘ). ɺ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʢʨʘʡʥʝ 

ʚʘʞʥʳ ʠʤʝʥʥʦ ʘʣʛʦʨʠʪʤʳ ʨʘʙʦʪʳ ʩʣʦʞʥʳʭ ʫʩʪʨʦʡʩʪʚ. ɽʩʣʠ ʚ 

ʦʙʳʯʥʳʭ ʩʝʪʷʭ ʤʦʞʥʦ ʙʳʣʦ ʩ ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ ʧʦʣʴʟʦʚʘʪʴʩʷ 

ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʪʝʡ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʠ 

ʤʦʜʝʣʝʡ ʄʆ, ʪʦ ʚ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʝʪʷʭ ʪʘʢʦʡ ʧʦʜʭʦʜ ʜʘʩʪ 

ʥʝʘʜʝʢʚʘʪʥʳʡ ʨʝʟʫʣʴʪʘʪ.  

ɽʩʣʠ ʚ ʩʝʪʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʭʦʪʷ ʙʳ ʦʜʠʥ ʙʨʘʥʜʤʘʫʵʨ, ʪʦ ʛʣʘʚʥʳʡ 

ʧʨʠʥʮʠʧ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʪʝʡ ʄʆ ʥʘʨʫʰʘʝʪʩʷ: ʧʘʢʝʪʳ ʦʪʢʣʦʥʷʶʪʩʷ 

ʙʝʟ ʧʝʨʝʧʦʣʥʝʥʠʷ ʦʯʝʨʝʜʝʡ ʠʣʠ ʦʰʠʙʦʢ ʩ ʧʝʨʝʤʝʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

ʦʪʢʣʦʥʝʥʠʷ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʣʦʥʝʥʠʷ ʧʘʢʝʪʘ 

ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ ʚ ʩʝʪʠ, ʚʨʝʤʝʥʠ, ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʪʦʢʘ (ʚ ʩʣʫʯʘʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʪʨʘʬʠʢʘ), ʧʨʦʛʨʘʤʤ ʫʧʨʘʚʣʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ. 

ɼʣʷ ʵʪʦʛʦ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʦʡ ʧʨʠʤʝʨ ʠʟ ʪʨʝʭ ʫʟʣʦʚ (ʨʠʩ. 1.5). 
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ʈʠʩ. 1.5 ï ʉʝʪʴ ʄʆ G/G/1/Ð ʩ ʪʨʝʤʷ ʫʟʣʘʤʠ 

 

ʂʦʣʠʯʝʩʪʚʦ ʚʭʦʜʷʱʠʭ ʟʘʷʚʦʢ ʜʦʣʞʥʦ ʩʦʚʧʘʜʘʪʴ ʩ ʩʫʤʤʦʡ 

ʦʙʩʣʫʞʝʥʥʳʭ ʠ ʦʪʢʣʦʥʝʥʥʳʭ ʟʘʷʚʦʢ. ʆʜʥʘʢʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ 

ɔ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. ɺ ʪʘʢʠʭ 

ʩʠʪʫʘʮʠʷʭ ʩʪʨʦʠʪʴ ʤʦʜʝʣʴ ʤʦʞʥʦ ʪʦʣʴʢʦ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʚʨʝʤʝʥʥʦʤ ʩʨʝʟʝ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʥʘʰʣʘ ʦʪʨʘʞʝʥʠʝ ʚ [28, 31]. 

ʊʘʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʝʩʴ ʧʝʨʠʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʙʠʪʴ ʥʘ ʯʘʩʪʠ, ʚ 

ʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʦʚ ʦʩʪʘʶʪʩʷ ʩʪʘʙʠʣʴʥʳʤʠ, ʟʘʪʝʤ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʢʘʞʜʫʶ ʯʘʩʪʴ ʦʪʜʝʣʴʥʦ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ, 

ʢʘʞʜʘʷ ʯʘʩʪʴ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʚʦʝʡ ʤʘʪʨʠʮʝʡ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʧʝʨʝʜʘʯ ʠ ʩʚʦʠʤʠ ʚʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʤʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʜʘʞʝ ʘʜʘʧʪʠʚʥʳʝ 

ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʚʪʦʨʞʝʥʠʡ ʩʦ ʚʩʪʨʦʝʥʥʳʤ ʙʨʘʥʜʤʘʫʵʨʦʤ ʠ 
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ʘʥʪʠʚʠʨʫʩʦʤ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʚ [34] ʠ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1.6.  

ɺ ʩʠʩʪʝʤʝ, ʢʘʢ ʤʠʥʠʤʫʤ, ʜʚʘ ʤʦʜʫʣʷ ʟʘʥʠʤʘʶʪʩʷ ʘʜʘʧʪʠʚʥʦʡ 

ʬʠʣʪɹʨʘʮʠʝʡ ʧʘʢʝʪʦʚ (ʪʦ ʝʩʪʴ ʬʠʣʴʪʨʘʮʠʝʡ ʥʘ ʦʩʥʦʚʝ 

ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʘʣʛʦʨʠʪʤʘ), ʤʦʜʫʣʴ ʤʘʨʰʨʫʪʠʟʘʮʠʠ (ʢʦʪʦʨʳʡ ʪʦʞʝ 

ʤʦʞʝʪ ʚʳʧʦʣʥʠʪʴ ʬʠʣʴʪʨʘʮʠʶ) ʠ ʥʝʩʢʦʣʴʢʦ ʤʦʜʫʣʝʡ ʧʨʦʚʝʨʢʠ 

ʧʨʘʚʠʣʴʥʦʩʪʠ ʠ ʢʦʨʨʝʢʪʥʦʩʪʠ ʧʘʢʝʪʦʚ. 

 
 

ʈʠʩ. 1.6 ï ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʙʨʘʥʜʤʘʫʵʨʘ 

 

ɺʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʘʢʝʪ ʜʦʡʜʝʪ ʦʪ ʚʭʦʜʘ ʜʦ ʚʳʭʦʜʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʨʘʟʚʠʣʢʘʤʠ. ɽʩʣʠ ʚ ʧʨʦʩʪʦʤ ʙʨʘʥʜʤʘʫʵʨʝ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʧʘʢʝʪʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʪʦ ʚ 

ʜʠʥʘʤʠʯʝʩʢʦʤ - ʵʪʘ ʚʝʨʦʷʪʥʦʩʪʴ ʙʫʜʝʪ ʤʝʥʷʪʩɹʷ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, 
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ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʧʦʪʦʢʘ ʦʪʢʘʟʦʚ ʤʦʞʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ 

ʵʤʧʠʨʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʩʥʷʪʳʭ ʩ ʙʨʘʥʜʤʘʫʵʨʘ. ʉʘʤʳʡ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʤʛʥʦʚʝʥʥʦʛʦ (ʥʘ ʚʨʝʤʝʥʥʦʤ ʩʨʝʟʝ) ʟʥʘʯʝʥʠʷ ʧʨʦʮʝʥʪʘ ʦʪʢʘʟʘ, ʵʪʦ 

ʩʨʘʚʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʘʢʝʪʦʚ, ʚʦʰʝʜʰʠʭ ʚ ʦʜʠʥ ʠʥʪʝʨʬʝʡʩ, ʠ 

ʚʳʰʝʜʰʠʭ ʠʟ ʜʨʫʛʦʛʦ. ʆʜʥʘʢʦ, ʤʥʦʛʠʝ ʧʘʢʝʪʳ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʦʣʠʪʠʢʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʦʙʨʘʪʥʦ ʯʝʨʝʟ 

ʚʭʦʜʷʱʠʡ ʠʥʪʝʨʬʝʡʩ [29].  

ʅʘ ʨʠʩ. 1.7 ʧʦʢʘʟʘʥʘ ʵʤʧʠʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʦʪʙʨʦʰʝʥʥʳʭ 

ʧʘʢʝʪʦʚ ʠ ʝʝ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʩʪʫʧʝʥʯʘʪʦʡ ʬʫʥʢʮʠʝʡ. 
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ʈʠʩ. 1.7 ï ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʬʫʥʢʮʠʠ ʢʦʣʠʯʝʩʪʚʘ ʦʪʙʨʦʰʝʥʥʳʭ 

ʧʘʢʝʪʦʚ ʩʪʫʧʝʥʯʘʪʦʡ ʬʫʥʢʮʠʝʡ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʦʛʦ ʬʠʣʴʪʨʘ ʯʠʩʣʦ ʧʦʣʦʞʝʥʠʡ 

(ʚʨʝʤʝʥʥʳʭ ʩʨʝʟʦʚ) ʩʪʘʥʦʚʠʪʩʷ ʢʦʥʝʯʥʳʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʣʷ 

ʢʘʞʜʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚʳʯʠʩʣʠʪʴ ʩʚʦʡ ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ. ʅʘ ʜʘʥʥʦʤ 

ʨʠʩʫʥʢʝ ʚʩʝʛʦ 5 ʧʦʣʦʞʝʥʠʡ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ (ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ, ʜʠʩʧʝʨʩʠʶ ʠ ʪ.ʜ.) 

ʜʣʷ ʢʘʞʜʦʛʦ ʩʨʝʟʘ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʤʦʜʝʣʠ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ, ʬʫʥʢʮʠʷ ʢʦʣʠʯʝʩʪʚʘ ʟʘʧʨʝʱʝʥʥʳʭ 

ʙʨʘʥʜʤʘʫɻ ʨʦʤ ʧʘʢʝʪʦʚ ʠʤʝʝʪ ʮʠʢʣʠʯʝʩʢʠʡ ʛʨʘʬʠʢ, ʧʦʚʪʦʨʷʶʱʠʡʩʷ 

ʢʘʞʜʳʡ ʜʝʥʴ. ʇʦɻ ʪʦʤʫ ʤʦʞʥʦ ʚʟʷʪʴ ʛʨʘʬʠʢ ʟʘ ʦʜʠʥ ʜʝʥʴ ʠ ʥʘ ʝʛʦ 

ʦʩʥʦʚʝ ʩʪʨʦʠʪʴ ʤʦʜʝʣʴ. 

ʊʘʢʞʝ ʧʦʩʪʫʧʠʤ ʠ ʩ ʦʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʠ ɛ ʠ ɚ. ʅʘ 

ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʪʨʦʷʪʩʷ ʚʨʝʤʝʥʥʳʝ ʩʨʝʟʳ ʩ 

ʥʘʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ (ɛi  , ɚi , ɔi), ʢʦʪʦʨʳʝ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʶʪ 

ʤʦʜʝʣʴ ʧʦʚʝʜʝʥʠʷ ʜʘʥʥʦʛʦ ʫʟʣʘ ʥʘ ʜʘʥʥʦʤ ʚʨʝʤʝʥʥʦʤ ʩʨʝʟʝ. 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʘʢʫʶ ʩʠʩʪʝʤʫ ʢʘʢ ʉʄʆ, ʪʦ ʧʦʣʫʯʠʪʩʷ 

ʤʥʦʛʦʢʘʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʩ ʦʯʝʨʝʜʷʤʠ ʠ ʧʦʪʝʨʷʤʠ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩ. 

1.8. ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʚʭʦʜʥʳʭ ʠ 

ʚʳʭʦʜʥʳʭ ʢʘʥʘʣʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚ ʨʝʞʠʤʝ full -duplex (ʩʘʤʦʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʤ). 
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ʈʠʩ. 1.8 ï ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʤʤʫʪʘʪʦʨʘ ʚ ʚʠʜʝ ʉʄʆ 

 

ɺʭʦʜ ʚ ʩʝʪʴ ʠʟʚʥʝ ʠ ʚʳʭʦʜ ʠʟ ʩʝʪʠ ʦʧʨʝʜʝʣʷʝʪ ʧʦʨʪ (UpLink), 

ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʩʝʛʤʝʥʪʘ ʩ ʜʨʫʛʠʤʠ ʩʝʛʤʝʥʪʘʤʠ ʠ 

ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʚʥʝʰʥʠʤ ʘʢʪʠʚʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʷʚʢʠ, ʫʞʝ ʧʦʩʪʫʧʠʚʰʠʝ ʚ ʩʝʪʴ, ʙʫʜʫʪ ʟʘʪʝʤ 

ʬʦʨʤʠʨʦʚʘʪʴ ʧʦʪʦʢ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʦʪʢʘʟʦʚ. ɺʩʷ ʩʝʪʴ ʧʨʠ 

ʜʝʢʦʤʧʦʟʠʮʠʠ ʙʫʜʝʪ ʩʦʩʪʦ̫ ʪʴ ʠʟ ʪʘʢʠʭ ʩʝʪʝʡ ʉʄʆ. ʅʘ ʚʭʦʜʝ ʠ 

ʚʳʭʦʜʝ i -ʦʡ ʉʄʆ ʙʘʣʘʥʩ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦʪʦʢʦʚ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ 

ʫʨʘʚʥʝʥʠʝʤ (1.3) [17]. 
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ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʪʝʨʠ ʠʣʠ 

ʬʠʣʴʪʨʘʮʠʠ ʟʘʷʚʢʠ (ʧʦʪʦʢ ʦʪʢʘʟʘ). ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʢʦʥʝʯʥʳʡ ʫʟʝʣ ʪʘʢ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.9. 

 

 

 

 

 

 

 

 

ʈʠʩ. 1.9 - ʉʪʨʫʢʪʫʨʘ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʨʠʙʦʨʘ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʤyʢʦʩʪʴʶ ʥʘʢʦʧʠʪʝʣʷ ʠ ʧʦʪʝʨʷʤʠ 

ʊʦʛʜʘ ʚ ʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʙʫʜʫʪ ʮʠʨʢʫʣʠʨʦʚʘʪʴ ʪʘʢʞʝ ʧʦʪʦʢʠ 

ʦʪʢʘʟʦʚ (ʠʟʙʳʪʦʯʥʳʝ ʧʦʪʦʢʠ), ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚ ʫʨʘʚʥʝʥʠʷʭ ʙʘʣʘʥʩʘ 

ʧʦʪʦʢʦʚ (1.3) ʧʦʚ̫ʷʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʣʘʛʘʝʤʳʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʟʘʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʷ ʙʘʣʘʥʩʘ ʧʦʪʦʢʦʚ, ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʩʝʪʠ ʥʘ ʫʨʦʚʥʝ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ (1.4) ʠ ʜʠʩʧʝʨʩʠʡ 

ʇ 

),( ʚxʚxŰ D

 

),( ʚʳʭʚʳʭŰ D  
),(Ű D  

),( ʦʪʢʦʪʢŰ D  

ʆ 

n pni 

1p1i 
i pi1 

i pin 

 i 

0i

 

 i 
ʆ 

 1 

 m  

1 

n 

ɺʳʭʦʜ ʠʟ 

ʩʝʪʠ  

ɸ B 

n

 

1 

ɺʭʦʜ ʚ 

ʩʝʪ ɹ 



 

53 

 

(1.5) ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʟʘʷʚʢʘʤʠ ʚ ʧʦʪʦʢʘʭ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ [2, 

36]:  
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ʛʜʝ 
i0
Ű  ʠ D0i  ï ʩʨʝʜʥʝʝ ʠ ʜʠʩʧʝʨʩʠʷ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʟʘʷʚʢʘʤʠ ʚ 

ʧʦʪʦʢʝ, ʠʜʫʱʝʤ ʦʪ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘ ʚʭʦʜ i - ʛʦ ʫʟʣʘ, ɚ- 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦʪʦʢʘ (ʚʭʦʜʥʦʛʦ, ʚʳʭʦʜʥʦʛʦ ʠ 

ʧʦʪʦʢʘ ʦʪʢʘʟʦʚ), D ï ʜʠʩʧʝʨʩʠʷ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʟʘʷʚʢʘʤʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦʪʦʢʘ, ʨj i  ï ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʟʘʷʚʢʠ ʦʪ  jïʛʦ 

ʫʟʣʘ ʢ i  ï ʤʫ, qj i  ï ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʟʘʷʚʦʢ ʠʟ ʧʦʪʦʢʘ ʦʪʢʘʟʦʚ ʦʪ 

j  ïʛʦ ʫʟʣʘ ʢ i  ï ʤʫ, ʘ n - ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʚ ʩʝʪʝʚʦʡ ʤʦʜʝʣʠ. 

 

1.6 ʄʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘʤʠ ʚ ʩʝʪʷʭ ʧʘʢʝʪʥʦʡ 

ʢʦʤʤʫʪʘʮʠʠ 

 

ʋʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʦʤ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʟʘʛʨʫʟʢʠ 

ʦʩʥʦʚʥʳʭ ʨʝʩʫʨʩʦʚ ʩʝʪʠ, ʪʘʢʠʭ ʢʘʢ ʙʫʬʝʨʳ ʫʟʣʦʚ ʢʦʤʤʫʪʘʮʠʠ ʠ 

ʢʘʥʘʣʳ ʩʚʷʟʠ ʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ 

ʠʩʪʦʯʥʠʢʦʤ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʨʠʝʤʘ ʘʜʨʝʩʘʪʦʤ. ʋʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʦʤ, 

ʷʚʣʷʷʩʴ ʚʘʞʥʝʡʰʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʝʪʠ ʧʘʢʝʪʥʦʡ ʢʦʤʤʫʪʘʮʠʠ, 

ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʧʨʦʪʦʢʦʣʦʚ. ʆʥʦ ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʫʟʣʘʤʠ ʢʦʤʤʫʪʘʮʠʠ ʙʘʟʦʚʦʡ ʩʝʪʠ; 

ʤʝʞʜʫ ʫʟʣʦʤ ʢʦʤʤʫʪʘʮʠʠ - ʠʩʪʦʯʥʠʢʦʤ ʠ ʫʟʣʦʤ ʢʦʤʤʫʪʘʮʠʠ - 

ʘʜʨʝʩʘʪʦʤ ʙʘʟʦʚʦʡ ʩʝʪʠ; ʤʝʞʜʫ ʧʘʨʘʤʠ ʧʨʦʮʝʩʩʦʚ, 

ʦʙʤʝʥʠʚʘʶʱʠʤʠʩʷ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʪ.ʜ. ɺʳʧʦʣʥʝʥʠʝ ʬʫʥʢʮʠʡ 

ʩʦʛʣʘʩʦʚʘʥʠʷ ʩʢʦʨʦʩʪʝʡ ʠ ʥʘʜʝʞʥʦʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʚʩʝʭ 

ʫʨʦʚʥʷʭ ʧʨʦʪʦʢʦʣʦʚ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʤʝʭʘʥʠʟʤʘʭ ʢʚʠʪʠʨʦʚʘʥʠʷ ʠ 

ʢʦʥʮʝʧʮʠʠ ʦʢʥʘ. ʋʢʘʟʘʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʩʣʫʞʘʪ ʪʘʢ ʞʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʩʨʝʜʩʪʚʦʤ ʙʦʨʴʙʳ ʩ ʧʝʨʝʛʨʫʟʢʦʡ ʨʝʩʫʨʩʦʚ ʩʝʪʠ [6,35].  

ʀʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʛʨʘʥʠʯʝʥʥʳʭ 

ʨʝʩʫʨʩʦʚ ʩʝʪʠ ʧʨʠ ʯʨʝʟʤʝʨʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʧʦʪʦʢʘ ʪʨʝʙʦʚʘʥʠʡ ʦʪ 

ʦʜʥʦʛʦ ʠʣʠ ʛʨʫʧʧʳ ʘʙʦʥʝʥʪʦʚ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʠʣʠ ʧʘʜʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʝʪʠ ʚʧʣʦʪʴ ʜʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʥʦʩʪʴʶ ʙʣʦʢʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ (ʚ ʢʦʪʦʨʳʭ 

ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʥʝʚʦʟʤʦʞʥʘ). ʇʨʠʯʠʥʘ ʧʦʷʚʣʝʥʠʷ ʙʣʦʢʠʨʦʚʘʥʥʳʭ 
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ʫʯʘʩʪʢʦʚ ʠ ʧʘʜʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʝʪʠ ʧʨʠ ʧʝʨʝʛʨʫʟʢʘʭ ʤʦʛʫʪ 

ʙr ʪʴ ʨʘʟʣʠʯʥʳʤʠ [35]. ʆʛʨʘʥʠʯʠʤʩʷ ʠʣʣʶʩʪʨʘʮʠʝʡ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʥʘ 

ʜʚʫʭ ʧʨʠʤʝʨʘʭ. ʅʘ ʨʠʩʫʥʢʝ 1.10ʘ ʧʦʢʘʟʘʥʳ ʜʚʘ ʫʟʣʘ ʢʦʤʤʫʪʘʮʠʠ 

ʧʘʢʝʪʦʚ, ʩʚʷʟʘʥʥʳʝ ʢʘʥʘʣʦʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ɽʩʣʠ ʙʫʬʝʨʥʘʷ ʧʘʤʷʪʴ 

ʫʟʣʘ ɸ ʟʘʥʷʪʘ ʧʘʢʝʪʘʤʠ ʜʣʷ ʫʟʣʘ ɺ, ʘ ʧʘʤʷʪʴ ʫʟʣʘ ɺ ʟʘʧʦʣʥʝʥʘ 

ʧʘʢʝʪʘʤʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤʠ ʫʟʣʫ ɸ, ʪʦ ʧʝʨʝʜʘʯʘ ʤʝʞʜʫ ʥʠʤʠ 

ʥʝʚʦʟʤʦʞʥʘ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʩʚʦʙʦʜʥʳʭ ʙʫʬʝʨʦʚ ʠ ʫʢʘʟʘʥʥʳʡ 

ʫʯʘʩʪʦʢ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʟʘʙʣʦʢʠʨʦʚʘʥʥʳʤ. 

 

 

 

 

 

 

 

 

 

ʘ)                                              ʙ) 

ʈʠʩ. 1.10 ï ʋʟʣʳ ʢʦʤʤʫʪʘʮʠʠ 

 

ʅʘ ʨʠʩʫʥʢʝ 1.10ʙ ʠʟʦʙʨʘʞʝʥ ʫʟʝʣ ʢʦʤʤʫʪʘʮʠʠ, ʚ ʢʦʪʦʨʳʡ 

ʧʦʩʪʫʧʘʶʪ ʜʚʘ ʧʦʪʦʢʘ ʧʘʢʝʪʦʚ. ʇʘʢʝʪʳ ʢʘʞʜʦʛʦ ʧʦʪʦʢʘ ʧʝʨʝʜʘʶʪʩʷ 

ʧʦ ʩʚʦʝʤʫ, ʠʩʭʦʜʷʱʝʤʫ ʠʟ ʫʟʣʘ ʢʘʥʘʣʫ. ɽʩʣʠ ʚʩʝ ʙʫʬʝʨʳ ʫʟʣʘ 

ʢʦʤʤʫʪʘʮʠʠ ʟʘʥʷʪʳ ʧʘʢʝʪʘʤʠ ʦʜʥʦʛʦ ʠʟ ʧʦʪʦʢʦʚ, ʥʘʧʨʠʤʝʨ ʧʝʨʚʦʛʦ, 

ʪʦ ʧʝʨʝʜʘʯʘ ʧʘʢʝʪʦʚ ʧʦ ʚʪʦʨʦʤʫ ʢʘʥʘʣʫ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʡ. 

ʕʪʦ ʩʥʠʞʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʟʣʘ ʢʦʤʤʫʪʘʮʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʠ ʚ ʮʝʣʦʤ. 

ʇʨʠ ʧʝʨʝʛʨʫʟʢʝ ʩʝʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, 

ʯʪʦ ʧʘʢʝʪʳ, ʧʦʩʪʫʧʘʶʱʠʝ ʚ ʦʯʝʨʝʜʥʦʡ ʫʟʝʣ ʢʦʤʤʫʪʘʮʠʠ, ʥʝ ʟʘʩʪʘʶʪ 

ʚ ʥʝʤ ʩʚʦʙʦʜʥʳʭ ʙʫʬʝʨʦʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʩʝʪʠ 

ʧʨʦʪʦʢʦʣʘ ʵʪʠ ʧʘʢʝʪʳ ʧʝʨʝʜʘʶʪʩʷ ʧʦʚʪʦʨʥʦ ʣʠʙʦ ʩʦʩʝʜʥʠʤ ʫʟʣʦʤ 

ʢʦʤʤʫʪʘʮʠʠ, ʣʠʙʦ ʫʟʣʦʤ ʢʦʤʤʫʪʘʮʠʠ ʠʩʪʦʯʥʠʢʦʤ. ʏʝʤ ʩʠʣʴʥʝʝ 

ʧʝʨʝʛʨʫʟʢʘ, ʪʝʤ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʨʝʩʫʨʩʦʚ ʩʝʪʠ ʟʘʥʷʪʘ ʚʳʧʦʣʥʝʥʠʝʤ 

ʧʦʚʪʦʨʥʳʭ ʧʝʨʝʜʘʯ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʤ ʥʠʞʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʩʝʪʠ, ʥʝ ʟʘʱʠʱʝʥʥʦʡ ʦʪ ʧʝʨʝʛʨʫʟʢʠ [6].  

ʋʧʨʘʚʣʝʥʠʝʤ ʚʭʦʜʥʳʤ ʧʦʪʦʢʦʤ ʚ ʫʟʣʘʭ ʙʘʟʦʚʦʡ ʩʝʪʠ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘʱʠʪʘ ʦʪ ʧʝʨʝʛʨʫʟʢʠ. ʇʨʠ ʵʪʦʤ ʨʘʟʣʠʯʘʶʪ 

ʤʝʪʦʜʳ ʛʣʦʙʘʣʴʥʦʛʦ ʠ ʣʦʢʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘʛʨʫʟʢʦʡ. ɻʣʦʙʘʣʴʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʢʝʪʦʚ, 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʚ ʙʘʟʦʚʦʡ ʩʝʪʠ (ʠʟʘʨʠʪʤʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ), ʠʣʠ 

ʦʛʨʘʥʠʯʝʥʠʝ ʯʠʩʣʘ ʧʘʢʝʪʦʚ ʚ ʢʘʞʜʦʤ ʚʠʨʪʫʘʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ 

ʠʩʪʦʯʥʠʢ-ʘʜʨʝʩʘʪ ʠʣʠ ʛʨʫʧʧʘʭ ʚʠʨʪʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 
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(ʤʝʞʢʦʥʮʝʚʦʝ ʫʧʨʘʚʣʝʥʠʝ), ʣʠʙʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʘʮʠʠ ʵʪʠʭ 

ʤʝʪʦʜʦʚ (ʜʚʫʭʫʨʦʚʥʝʚʦʝ ʫʧʨʘʚʣʝʥʠʝ). ɺ ʦʪʣʠʯʠʝ ʦʪ ʛʣʦʙʘʣʴʥʦʛʦ, 

ʣʦʢʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʥʝ ʪʨʝʙʫʝʪ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʣʠʯʝʩʪʚʝ 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʧʦ ʩʝʪʠ ʧʘʢʝʪʦʚ ʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʦʪʦʢ ʚ ʋʂ ʥʘ ʦʩʥʦʚʝ 

ʣʦʢʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʘʩʘʶʱʝʡʩʷ ʪʦʣʴʢʦ ʜʘʥʥʦʛʦ ʫʟʣʘ. 

ʀʟʘʨʠʪʤʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʝʪʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʯʠʩʣʘ ʩʣʫʞʝʙʥʳʭ ʧʘʢʝʪʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʨʝʰʝʥʠʷ ʥʘ ʧʝʨʝʜʘʯʫ ʧʘʢʝʪʦʚ ʜʘʥʥʳʭ. ʉʫʱʝʩʪʚʫʝʪ 

ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʨʘʟʨʝʰʝʥʠʡ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʘʢʝʪ, 

ʧʦʩʪʫʧʠʚʰʠʡ ʚ ʫʟʝʣ-ʘʜʨʝʩʘʪ, ʦʩʚʦʙʦʞʜʘʝʪ ʧʨʠʥʘʜʣʝʞʘʱʝʝ ʝʤʫ 

ʨʘʟʨʝʰʝʥʠʝ ʠ ʦʥʦ ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʧʘʢʝʪʦʤ, ʦʞʠʜʘʶʱʠʤ ʧʝʨʝʜʘʯʠ. 

ɽʩʣʠ ʚ ʫʟʣʝ ʦʪʩʫʪʩʪʚʫʶʪ ʧʘʢʝʪʳ, ʦʞʠʜʘʶʱʠʝ ʧʝʨʝʜʘʯʠ, ʪʦ 

ʨʘʟʨʝʰʝʥʠʝ ʥʘʯʠʥʘʝʪ ʮʠʨʢʫʣʠʨʦʚʘʪʴ ʧʦ ʩʝʪʠ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʠ 

ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʚ ʧʝʨʚʦʤ ʞʝ ʫʟʣʝ, ʛʜʝ ʠʤʝʶʪʩʷ ʧʘʢʝʪʳ, ʦʞʠʜʘʶʱʠʝ 

ʧʝʨʝʜʘʯʠ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʢʘʞʜʳʡ ʫʟʝʣ ʩʦʜʝʨʞʠʪ ʦʛʨʘʥʠʯʝʥʥʳʡ 

ʧʫʣ ʨʘʟʨʝʰʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʟʘʜʝʨʞʢʫ ʧʘʢʝʪʦʚ ʠʟ-ʟʘ 

ʦʞʠʜʘʥʠʷ ʨʘʟʨʝʰʝʥʠʡ, ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʧʦ ʩʝʪʠ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. 

ɺʦʟʤʦʞʥʘ ʠ ʢʦʤʙʠʥʘʮʠʷ ʵʪʠʭ ʧʦʜʭʦʜʦʚ. ʅʝʜʦʩʪʘʪʦʢ ʦʧʠʩʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʛʣʦʙʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʦʪʩʫʪʩʪʚʠʠ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʨʘʟʨʝʰʝʥʠʡ ʠ ʪʨʫʜʥʦʩʪʷʭ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ [6].  

ʈʝʘʣʠʟʘʮʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʧʦʩʦʙʦʚ ʤʝʞʢʦʥʮʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʤʝʭʘʥʠʟʤʝ ʦʢʥʘ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʤ ʯʠʩʣʦ ʧʘʢʝʪʦʚ ʚ 

ʢʘʞʜʦʤ ʚʠʨʪʫʘʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ. ʈʘʟʤʝʨ ʦʢʥʘ iN  ʜʣʷ i -ʛʦ 

ʚʠʨʪʫʘʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚʳʙʠʨʘʝʪʩʷ ʟʘʨʘʥʝʝ ʠ ʦʧʨʝʜʝʣʷʝʪ ʯʠʩʣʦ 

ʧʘʢʝʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʜʘʥʳ ʠʟ ʫʟʣʘ-ʠʩʪʦʯʥʠʢʘ ʙʝʟ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʦ ʧʨʘʚʠʣʴʥʦʤ ʧʨʠʝʤʝ ʫʟʣʦʤ-ʘʜʨʝʩʘʪʦʤ. ʉʯʝʪʯʠʢ 

ʯʠʩʣʘ ʧʘʢʝʪʦʚ ʚ i -ʤ ʚʠʨʪʫʘʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ iN . ʂʘʞʜʳʡ ʧʝʨʝʜʘʥʥʳʡ ʠ 

ʥʝʧʦʜʪʚʝʨʞʜʝʥʥʳʡ ʧʘʢʝʪ ʫʤʝʥʴʰʘʝʪ ʩʦʩʪʦʷʥʠʝ ʩʯʝʪʯʠʢʘ ʥʘ ʝʜʠʥʠʮʫ. 

ɽʩʣʠ ʩʦʩʪʦʷʥʠʝ ʩʯʝʪʯʠʢʘ ʨʘʚʥʦ ʥʫʣʶ, ʪʦ ʥʦʚʳʝ ʧʘʢʝʪʳ ʚ ʜʘʥʥʦʝ 

ʚʠʨʪʫʘʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʥʝ ʜʦʧʫʩʢʘʶʪʩʷ (ʠʩʪʦʯʥʠʢʠ ʧʦʪʦʢʘ ʧʘʢʝʪʦʚ 

ʦʪʢʣʶʯʘʶʪʩʷ). ʂʘʞʜʳʡ ʧʨʘʚʠʣʴʥʦ ʧʨʠʥʷʪʳʡ ʚ ʘʜʨʝʩʘʪʝ ʧʘʢʝʪ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ, ʧʨʠʯʝʤ ʧʨʠʝʤ ʢʚʠʪʘʥʮʠʠ ɸʉʂ ʚ 

ʫʟʣʝ-ʠʩʪʦʯʥʠʢʝ ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʩʪʦʷʥʠʝ ʩʯʝʪʯʠʢʘ ʥʘ ʝʜʠʥʠʮʫ. ʇʨʠ 

ʠʟʤʝʥʝʥʠʠ ʩʦʩʪʦʷʥʠʷ ʩʯʝʪʯʠʢʘ ʩ 0 ʥʘ 1 ʠʩʪʦʯʥʠʢʠ ʧʦʪʦʢʘ ʧʘʢʝʪʦʚ 

ʚʥʦʚʴ ʧʝʨʝʚʦʜʷʪʩʷ ʚ ʘʢʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ [6].  

ɺʤʝʩʪʝ ʩ ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ ʤʝʭʘʥʠʟʤʦʤ ʛʣʦʙʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʚ ʫʟʣʘʭ ʩʝʪʠ ʧʨʠʤʝʥʷʶʪ ʣʦʢʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʦʪʦʨʳʤ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʣʠʙʦ ʦʙʱʝʝ ʯʠʩʣʦ ʧʘʢʝʪʦʚ ʚ ʫʟʣʝ 

ʢʦʤʤʫʪʘʮʠʠ, ʣʠʙʦ ʢʦʣʠʯʝʩʪʚʦ ʙʫʬʝʨʦʚ, ʚʳʜʝʣʷʝʤʦʝ ʨʘʟʥʳʤ ʢʣʘʩʩʘʤ 

ʧʘʢʝʪʦʚ. ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʚʭʦʜʷʱʠʭ ʚ ʫʟʝʣ ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʦʚ ʢ 
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ʨʘʟʥʳʤ ʢʣʘʩʩʘʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʯʠʩʣʫ ʧʨʦʡʜʝʥʥʳʭ ʧʘʢʝʪʦʤ 

ʪʨʘʥʟʠʪʥʳʭ ʫʯʘʩʪʢʦʚ, ʧʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʚʠʨʪʫʘʣʴʥʳʤ 

ʩʦʝʜʠʥʝʥʠʷʤ, ʧʦ ʚʳʭʦʜʷʱʠʤ ʠʟ ʫʟʣʘ ʥʘʧʨʘʚʣʝʥʠʷʤ ʠ ʪ. ʜ.  

ʆʛʨʘʥʠʯʝʥʥʘʷ ʨʘʚʥʦʜʦʩʪʫʧʥʘʷ ʧʘʤʷʪʴ ʫʟʣʘ ʢʦʤʤʫʪʘʮʠʠ ʧʨʠ 

ʧʝʨʝʛʨʫʟʢʘʭ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʘʜʝʥʠʶ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʫʟʣʘ ʟʘ ʩʯʝʪ ʟʘʭʚʘʪʘ ʧʘʤʷʪʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʤʠ 

ʧʦʪʦʢʘʤʠ ʦʪʜʝʣʴʥʳʭ ʢʣʘʩʩʦʚ ʠ ʧʦʣʥʦʡ ʙʣʦʢʠʨʦʚʢʠ ʜʨʫʛʠʭ. 

ʃʦʢʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʝ ʯʠʩʣʦ ʙʫʬʝʨʦʚ, ʜʦʩʪʫʧʥʳʭ 

çʵʥʝʨʛʠʯʥʳʤè ʧʦʪʦʢʘʤ, ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʫʧʨʘʚʣʝʥʠʝʤ ʙʫʬʝʨʘʤʠ. 

ʊʘʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʦ ʜʣʷ ʧʝʨʝʛʨʫʟʢʠ, ʚʳʟʚʘʥʥʦʡ 

ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʧʘʢʝʪʦʚ ʚ ʦʜʥʦ ʠʣʠ 

ʥʝʩʢʦʣʴʢʦ ʚʳʭʦʜʷʱʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʫʟʣʘ [6].  

ʉʫʱʝʩʪʚʫʝʪ ʜʠʥʘʤʠʯʝʩʢʦʝ ʠ ʩʪʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʙʫʬʝʨʦʚ. ɼʠʥʘʤʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʦʙʱʝʡ ʩʪʨʘʪʝʛʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʙʫʬʝʨʘʤʠ ʠ ʩʦʩʪʦʠʪ ʚ 

ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʦ ʚʚʦʜʝ ʧʘʢʝʪʘ ʚ ʙʫʬʝʨʥʫʶ ʧʘʤʷʪʴ ʚ ʤʦʤʝʥʪ ʝʛʦ 

ʧʦʩʪʫʧʣʝʥʠʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʫʟʣʘ ʢʦʤʤʫʪʘʮʠʠ. ʆʜʥʘʢʦ 

ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʛʨʘʥʠʯʝʥʦ ʪʨʫʜʥʦʩʪʷʤʠ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ.  

ʏʘʩʪʳʤʠ ʩʣʫʯʘʷʤʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʣʝʛʢʦ 

ʨʝʘʣʠʟʫʝʤʳʝ ʥʘ ʧʨʘʢʪʠʢʝ ʨʘʟʣʠʯʥʳʝ ʩʪʘʪʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʫʬʝʨʦʚ: ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ (CS) - 

ʣʶʙʦʤʫ ʚʭʦʜʷʱʝʤʫ ʩʦʦʙʱʝʥʠʶ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʣʶʙʦʡ ʩʚʦʙʦʜʥʳʡ 

ʙʫʬʝʨ; ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ (ʉʈ) - ʟʘ ʢʘʞʜʳʤ ʢʣʘʩʩʦʤ 

ʧʘʢʝʪʦʚ ʟʘʢʨʝʧʣʷʝʪʩʷ ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʯʠʩʣʦ ʙʫʬʝʨʦʚ; ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʙʫʬʝʨʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʢʣʘʩʩʦʚ (SMXQ); ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʤ ʤʠʥʠʤʫʤʦʤ 

ʙʫʬʝʨʦʚ, ʟʘʢʨʝʧʣʝʥʥʳʤ ʟʘ ʢʘʞʜʳʤ ʢʣʘʩʩʦʤ ʧʘʢʝʪʦʚ (SMA); 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʷʚʣʷʶʱʝʝʩʷ ʦʙʲʝʜʠʥʝʥʠʝʤ ʜʚʫʭ ʧʨʝʜʳʜʫʱʠʭ 

ʤʝʪʦʜʦʚ ʣʦʢʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (SMQMA) [6].  

 

1.7. ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʟʘʜʘʯʠ 

ʘʥʘʣʠʟʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʥʢʨʝʪʥʳʭ ʩʝʪʝʡ ʠ, ʚʠʜʠʤʦ, ʵʪʦ 

ʩʚʷʟʘʥʦ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʝʜʠʥʦʡ ʤʝʪʦʜʠʢʠ ʠʭ ʘʥʘʣʠʟʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʠʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʛʨʘʥʠʯʝʥʳ ʤʦʜʝʣʷʤʠ 

c ʧʫʘʩʩʦʥʦʚʩʢʠʤ ʚʭʦʜʥʳʤ ʧʦʪʦʢʦʤ  M/D/1, M/M/1, M/M/m, M/G/1 ʠ 

ʜʨ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʘʥʘʣʠʟʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ ʪʘʢʞʝ ʦʩʥʦʚʘʥʳ ʥʘ ʵʪʠʭ 

ʤʦʜʝʣʷʭ.  

ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʚ ʛʣʘʚʝ 4 ʥʘʩʪʦʷʱʝʡ ʢʥʠʛʠ, ʨʝʘʣʴʥʳʝ 

ʪʨʘʬʠʢʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 
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ʩʝʪʷʭ ʘʜʝʢʚʘʪʥʦ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʚ ʨʘʤʢʘʭ ʫʢʘʟʘʥʥʳʭ 

ʤʦʜʝʣʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʠʟ-ʟʘ ʥʝ ʧʫʘʩʩʦʥʦʚʩʢʠʭ ʚʭʦʜʥʳʭ ʧʦʪʦʢʦʚ. ɼʣʷ 

ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʉʄʆ ʪʠʧʘ G/G/1 ʠʣʠ G/G/m, ʜʣʷ 

ʨʘʩʯʝʪʘ ʢʦʪʦʨʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʢʦʥʝʯʥʦʡ ʬʦʨʤʝ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʝ ʠʟʚʝʩʪʥʳ. ʕʪʦʪ ʬʘʢʪʦʨ ʠ ʧʦʩʣʫʞʠʣ 

ʤʦʱʥʳʤ ʪʦʣʯʢʦʤ ʢ ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʘʥʘʣʠʟʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʝʪʝʡ.  

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʄʆ 

G/G/1 ʠʣʠ G/G/m ʩ ʧʨʠʝʤʣʝʤʦʡ ʪʦʯʥʦʩʪʴʶ ʫʞʝ ʩʘʤʘ ʧʦ ʩʝʙʝ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʦʡ ʧʨʠʢʣʘʜʥʦʡ ʟʘʜʘʯʝʡ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʂʘʢ ʙʫʜʝʪ 

ʧʦʢʘʟʘʥʦ ʚ ʛʣʘʚʝ 3, ʵʪʘ ʟʘʜʘʯʘ ʨʝʰʝʥʘ ʥʘ ʦʩʥʦʚʝ ʜʚʫʤʝʨʥʦʡ 

ʜʠʬʬʫʟʠʦʥʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʉʄʆ ʦʙʱʝʛʦ ʚʠʜʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ ʜʣʷ ʦʮʝʥʢʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʩʝʪʠ ʩ ʟʘʜʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʘ ʦʩʥʦʚʝ 

ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝʥʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʪʨʘʬʠʢʘ, 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʚ ʛʣʘʚʝ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʠ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ 

ʩʨʝʜʩʪʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʦʚʳh ʝʥʠʷ ʠʭ ʪʦʯʥʦʩʪʠ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʠ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʜʦʙʠʪʴʩʷ ʧʫʪʝʤ ʠʥʪʝʛʨʘʮʠʠ ʤʥʦʛʠʭ 

ʩʝʨʠʡʥʦ-ʚʳʧʫʩʢʘʝʤʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʠ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʘʥʘʣʠʟʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʝʪʠ ʩʦ ʩʨʝʜʦʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʪʝʡ ʚ ʢʦʤʧʣʝʢʩ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʂʉʇɼ. ɺ ʪʦʞʝ ʚʨʝʤʷ, 

ʢʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ, ʥʠ ʦʜʠʥ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʠʩʪʝʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʠʥʪʝʛʨʘʮʠʠ ʚ ʩʠʩʪʝʤʫ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʘʥʘʣʠʟʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʠʤʝʶʱʠʤʠʩʷ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ: ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʧʦ ʧʨʠʯʠʥʝ ʠʭ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ, ʘ ʩ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ ʵʪʠ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʷʚʣʷʶʪʩʷ çʟʘʢʨʳʪʳʤʠè, ʪʦ ʝʩʪʴ 

ʫʟʥʘʪʴ, ʧʦ ʢʘʢʠʤ ʘʣʛʦʨʠʪʤʘʤ ʦʥʠ ʨʘʙʦʪʘʶʪ, ʥʝʚʦʟʤʦʞʥʦ, ʯʪʦ ʥʝ 

ʫʜʦʙʥʦ ʚ ʩʣʫʯʘʝ ʤʦʜʠʬʠʢʘʮʠʠ ʵʪʠʭ ʩʠʩʪʝʤ ʧʦʜ ʥʫʞʜʳ ʢʦʥʢʨʝʪʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷ. 

ʇʦʵʪʦʤʫ ʘʚʪʦʨʘʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʚʠʣʘʩʴ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʜʝʢʚʘʪʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʨʘʬʠʢʘ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʷʭ. 

ʋʯʠʪʳʚʘʷ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ 

ʤʝʪʦʜʦʚ, ʟʘ ʦʩʥʦʚʫ ʧʨʠʤʝʤ ʤʝʪʦʜ ʜʝʢʦʤʧʦʟʠʮʠʠ ʥʘ ʩʝʛʤʝʥʪʳ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʩ ʫʯʝʪʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʧʝʮʠʬʠʢʘʮʠʡ 
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ʠʩʧʦʣʟɹʫʶʱʠʭʩʷ ʧʨʠʣʦʞʝʥʠʡ. ʉʘʤ ʞʝ ʤʝʪʦʜ ʜʝʢʦʤʧʦʟʠʮʠʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝh ʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʧʦʪʦʢʦʚ ʚ ʩʝʪʝʚʦʡ 

ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʙʘʣʘʥʩ ʧʦʪʦʢʦʚ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʚʩʝʭ 

ʫʟʣʦʚ ʢʦʤʧʴʪʁʝʨʥʦʡ ʩʝʪʠ. ʕʪʠʤ ʚʦʧʨʦʩʘʤ ʧʦʩʚʷʱʝʥʘ ʛʣʘʚʘ 2. 

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʝʢʦʤʧʦʟʠʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʪʴ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʝʪʦʜ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚʭʦʜʥʦʛʦ 

ʪʨʘʬʠʢʘ ʚ ʩʝʛʤʝʥʪ ʥʘ ʦʩʥʦʚʝ ʩʙʦʨʘ ʩʪʘʪʠʩʪʠʢʠ ʥʘ ʫʨʦʚʥʝ ʩʨʝʜʥʠʭ 

ʟʥʘʯʝʥʠʡ ʠ ʜʠʩʧʝʨʩʠʡ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʘʢʝʪʘʤʠ ʜʘʥʥʳʭ. ʕʪʦ ʩʚʟ̫ʘʥʦ 

ʩ ʪʝʤ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʪʠ 

ʪʨʝʙʫʝʪ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʠʭ 

ʨʝʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʢ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʥʘ 

ʩʪʘʜʠʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝʪʝʡ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤʠ ʧʫʪʷʤʠ ʝʝ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʷʚʣʷʶʪʩʷ: 

 - ʩʥʠʞʝʥʠʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʩʣʫʯʘʡʥʳʭ ʦʰʠʙʦʢ ʠʟʤʝʨʝʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʠʢʘʭ ʢʦʥʪʨʦʣʷ; 

 - ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ ʪʦʯʥʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʘʨʘʤʝʪʨʦʚ; 

 - ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʠʢʠ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪʜʝʣʴʥʦʛʦ  ʫʟʣʘ 

ʩʝʪʠ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʙʦʙʱʝʥʥʦʡ ʜʚʫʤʝʨʥʦʡ 

ʜʠʬʬʫʟʠʦʥʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʉʄʆ ʪʠʧʘ G/G/1 (ʛʣʘʚʘ 3). ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʛʣʘʚʘʭ 2 ʠ 3 ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʥʘʷ 

ʩʠʩʪʝʤʘ ʘʥʘʣʠʟʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ ʥʘ ʦʩʥʦʚʝ 

ʘʧʧʨʦʢʩʠʤʘʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ. ʂʨʠʪʠʯʝʩʢʠʤʠ ʧʦʣʦʞʝʥʠʷʤʠ ʜʘʥʥʦʡ 

ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ: 

- ʟʘʜʘʥʠʝ ʚʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ ʥʘ ʫʨʦʚʥʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʠ 

ʜʠʩʧʝʨʩʠʠ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʘʢʝʪʘʤʠ; 

- ʟʥʘʥʠʝ ʤʘʪʨʠʮʳ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʝʨʝʜʘʯ ʦʪ ʫʟʣʘ ʢ ʫʟʣʫ ʚ ʩʝʪʠ, 

ʦʧʨʝʜʝʣʷʝʤʦʡ ʪʦʧʦʣʦʛʠʝʡ (ʢʦʥʬʠʛʫʨʘʮʠʝʡ) ʩʝʪʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʩʦʚʤʝʩʪʥʦ ʩ 

ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʦʡ ʧʦʟʚʦʣʷʶʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʘʢʞʝ 

ʩʘʤʦʧʦʜʦʙʥʳʡ ʪʨʘʬʠʢ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʢʦʪʦʨʦʛʦ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ 

ʪ.ʥ. ʪʷʞʝʣʦʭʚʦʩʪʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɺ ʨʘʙʦʪʝ ʪʘʢʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʟʘʜʘʶʪʩʷ ʢʣʘʩʩʦʤ ʩʫʙʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʫ ʢʦʪʦʨʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʙʦʣʴʰʝ 1. ʕʪʦʤʫ ʧʦʩʚʷʱʝʥʘ ʛʣʘʚʘ 4. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʦʚʝʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʨʝʘʣʴʥʳʭ ʩʝʪʷʭ: ʆʨʝʥʙʫʨʛʩʢʦʛʦ 

ʬʠʣʠʘʣʘ ʎʝʥʪʨʦʙʘʥʢʘ ʈʌ, ʦʪʜʝʣʴʥʳʭ ʃɺʉ ʆɻʋ (ʛʣʘʚʘ 5), 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝʪʝʡ ɻʆʋ ɺʇʆ ʆɻʋ ʠ ʆɸʆ çʆʨʝʥʙʫʨʛɻ ʥʝʨʛʦʩʙʳʪè 

(ʛʣʘʚʘ 6). ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʚʳʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 
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ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʝʪʝʡ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʯʘʩʪʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʭ 

ʚʝʨʦʷʪʥʦʩʪʥʦ-ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

 

1.8. ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 1 

 

1. ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʥʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʳʭ  ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʠʟʣʦʞʝʥʦ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ 

ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʩʝʪʝʡ. ɿʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ: 

ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʝʦʨʠʝʡ ʤʘʩʩʦʚʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʢʨʝʪʥʦ-ʩʦʙʳʪʠʡʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

2. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ  ʨʘʟʚʠʪʠʷ ʩʨʝʜʩʪʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʠ ʢʘʯʝʩʪʚʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʜʦʙʠʪʴʩʷ ʧʫʪʝʤ ʠʥʪʝʛʨʘʮʠʠ ʤʥʦʛʠʭ 

ʩʝʨʠʡʥʦ-ʚʳʧʫʩʢʘʝʤʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʠ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʘʥʘʣʠʟʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʝʪʠ ʩʦ ʩʨʝʜʦʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʪʝʡ ʚ ʢʦʤʧʣʝʢʩ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʂʉʇɼ. 

3. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʢʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ, ʥʠ ʦʜʥʘ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʠʤʠʪʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ 

ʠʥʪʝʛʨʘʮʠʠ ʚ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʘʥʘʣʠʟʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʠʤʝʶʱʠʤʠʩʷ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʪʝʡ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ: ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʧʦ ʧʨʠʯʠʥʝ ʠʭ ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʠ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʵʪʠ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʷʚʣʷʶʪʩʷ 

çʟʘʢʨʳʪʳʤʠè, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʭ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʧʦʜ ʥʫʞʜʳ 

ʢʦʥʢʨʝʪʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷ. 

4. ʇʦʢʘʟʘʥʘ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʤʘʩʩʦʚʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʦʧʠʩʘʥʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʝʣʝʪʨʘʬʠʢʘ ʤʦʜʝʣʷʤʠ 

M/M/1 ʠ M/G/1 ʠ ʠʭ ʥʝʘʜʝʢʚʘʪʥʦʩʪʴ ʚ ʩʣʫʯʘʝ ʥʝ ʧʫʘʩʩʦʥʦʚʩʢʦʛʦ 

ʚʭʦʜʥʦʛʦ ʪʨʘʬʠʢʘ.  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʠ ʤʘʩʩʦʚʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʪʠʧʘ G/G/1 ʠʣʠ G/G/m ʩ ʪʷʞʝʣʦʭʚʦʩʪʥʳʤʠ ʚʭʦʜʥʳʤʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝ ʠʟʚʝʩʪʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʚ ʢʦʥʝʯʥʦʡ ʬʦʨʤʝ. ʕʪʦʪ ʬʘʢʪʦʨ ʚ ʩʚʦʝ ʚʨʝʤʷ ʠ ʧʦʩʣʫʞʠʣ 

ʤʦʱʥʳʤ ʪʦʣʯʢʦʤ ʢ ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʘʥʘʣʠʟʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʝʪʝʡ.  

5. ʉʦʟʜʘʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ  ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʝʪʝʚʳʭ ʩʪʨʫʢʪʫʨ 

ʧʦʪʨʝʙʦʚʘʣʦ ʨʘʟʨʘʙʦʪʢʠ ʘʜʝʢʚʘʪʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʠ ʨʘʩʯʝʪʘ ʪʨʘʬʠʢʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʣʷ 
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ʵʪʦʛʦ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʩʦʟʜʘʪʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠʤʠʪʘʮʠʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʠ 

ʜʝʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʧʦʪʦʢʦʚ. 
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ɻʃɸɺɸ 2. 

ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʊʈɸʌʀʂɸ ɺ ɺʀɼɽ ʋʈɸɺʅɽʅʀʁ 

ʈɸɺʅʆɺɽʉʀʗ ʇʆʊʆʂʆɺ ʅɸ ʋʈʆɺʅɽ ɼɺʋʍ ʇɽʈɺʓʍ ʄʆʄɽʅʊʆɺ 

ʀʅʊɽʈɺɸʃʆɺ ɺʈɽʄɽʅʀ  

 

ɺʚʝʜʝʥʠʝ 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʩʝʪʠ, ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚʳʭ ʠ 

ʩʝʪʝʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʝʝ ʤʦʜʝʣʴ ʧʨʝʞʜʝ ʜʦʣʞʥʘ ʙʳʪʴ 

ʜʝʢʦʤʧʦʟʠʨʦʚʘʥʘ ʥʘ ʦʪʜʝʣʴʥʳʝ ʫʟʣʳ ʩ ʚʳʯʠʩʣʝʥʠʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʦʪʦʢʦʚ ʚ ʢʘʞʜʦʤ ʫʟʣʝ. ʇʦʩʣʝ ʵʪʦʛʦ ʫʞʝ ʤʦʛʫʪ 

ʙʳʪʴ ʚʳʯʠʩʣʝʥʳ ʫʟʣʦʚʳʝ ʠ ʩʝʪʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɿʥʘʥʠʝ (ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ) ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʦʢʦʚ ʚʘʞʥʦ ʪʘʢʞʝ 

ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʣʠ ʙʣʠʟʢʦʛʦ ʢ ʥʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ ʜʣʷ 

ʦʛʨʘʥʠʯʝʥʠʷ ʟʘʛʨʫʟʢʠ ʙʫʬʝʨʦʚ ʫʟʣʦʚ ʢʦʤʤʫʪʘʮʠʡ (ʋʂ), ʢʘʥʘʣʦʚ 

ʩʚʷʟʠ ʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʜʘʯʠ ʠ ʧʨʠʝʤʘ ʠʥʬʦʨʤʘʮʠʠ 

ʤʝʞʜʫ ʫʟʣʘʤʠ ʠʩʪʦʯʥʠʢ ï ʘʜʨʝʩʘʪ ʠ ʪ.ʜ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ 

ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦʪʦʢʦʚ ʚ 

ʩʝʪʝʚʳʭ ʤʦʜʝʣʷʭ, ʢʨʦʤʝ ʠʭ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʧʦʜʭʦʜ ʢ ʝʝ ʨʝʰʝʥʠʶ 

ʇʫʩʪʴ ʤʳ ʠʤʝʝʤ ʦʪʢʨʳʪʫʶ ʩʝʪʝʚʫʶ ʤʦʜʝʣʴ ʩ ʤʘʪʨʠʮʝʡ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʝʨʝʜʘʯ P={ pi j }, ( i , j  = 1,é,n), ʛʜʝ pi j  ï ʚʝʨʦʷʪʥʦʩʪʴ 

ʪʦʛʦ, ʯʪʦ ʟʘʷʚʢʘ, ʧʦʢʠʜʘʶʱʘʷ ʫʟʝʣ Si  , ʧʦʩʪʫʧʠʪ ʚ ʫʟʝʣ Sj  . ɼʣʷ 

ʥʘʯʘʣʘ, ʧʫʩʪʴ ʫʟʝʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦʢʘʥʘʣʴʥʫʶ ʩʠʩʪʝʤʫ 

G/G/1 c ʙʝʩʢʦʥʝʯʥʦʡ ʦʯʝʨʝʜʴʶ, ʜʣʷ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʝʥʳ ʯʠʩʣʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʫʯʘʡʥʦʛʦ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ: 
iɛ
Ű - ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʠ 
i

Dɛ-ʜʠʩʧʝʨʩʠʷ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ. ɼʣʷ ʚʥʝʰʥʝʛʦ 

ʧʦʪʦʢʘ ʟʘʜʘʥʘ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ 
i0Ű  ʠ ʜʠʩʧʝʨʩʠʡ 

i
D0  

ʚʨʝʤʝʥʠ  ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʟʘʷʚʢʘʤʠ ʨʝʢʫʨʨʝʥʪʥʦʛʦ  ʧʦʪʦʢʘ, 

ʚʭʦʜʷʱʝʛʦ ʚ ʫʟʝʣ   Si. ɺ ʧʦʩʣʝʜʫʶʱʝʤ, ʫʟʝʣ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ 

ʢʘʢ ʉʄʆ ʩ ʢʦʥʝʯʥʦʡ ʦʯʝʨʝʜʴʶ ʩ ʧʦʪʝʨʷʤʠ, ʘ ʪʘʢʞʝ ʩ ʢʦʥʝʯʥʦʡ 

ʦʯʝʨʝʜʴʶ ʠ ʙʝʟ ʧʦʪʝʨʴ. 

ɼʣʷ ʜʝʢʦʤʧʦʟʠʮʠʠ ʪʘʢʦʡ ʤʦʜʝʣʠ ʥʘ ʦʪʜʝʣʴʥʳʝ ʫʟʣʳ ʥʘ ʫʨʦʚʥʝ 

ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʠ ʜʠʩʧʝʨʩʠʡ ʚʨʝʤʝʥ ʧʦʩʪʫʧʣʝʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʟʘʷʚʦʢ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʟʘʢʦʥʘʭ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʥʝ ʩʫʱʝʩʪʚʫʝʪ 

ʪʦʯʥʳʭ ʤʝʪʦʜʦʚ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ, ʥʘʧʨʠʤʝʨ ʚ [12, 16], 

ʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ ʫʨʘʚʥʝʥʠʷʤʠ ʨʘʚʥʦʚʝʩʠʷ ʧʦʪʦʢʦʚ ʥʘ ʫʨʦʚʥʝ ʠʭ 
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ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ iɚ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʪʦʢʘʭ ʚ ʩʝʪʠ 

ʄʆ ʦʟʥʘʯʘʝʪ ʦʧʠʩʘʥʠʝ ʩʣʫʯʘʡʥʦʛʦ ʧʦʪʦʢʘ ʩʦʙʳʪʠʡ ʪʦʣʴʢʦ ʝʛʦ 

ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ, ʪ.ʝ. ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ ʙʝʟ ʫʯʝʪʘ 

ʤʦʤʝʥʪʦʚ ʚʳʩʰʠʭ ʧʦʨʷʜʢʦʚ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʣʫʯʘʡʥʳʡ ʧʦʪʦʢ ʩʦʙʳʪʠʡ ʥʘ ʧʨʘʢʪʠʢʝ ʯʘʱʝ ʚʩʝʛʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʢʘʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ, 

ʜʠʩʧʝʨʩʠʷ ʠ ʠʥʪʝʨʚʘʣʴʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ. ʇʦʵʪʦʤʫ ʫʯʝʪ 

ʜʠʩʧʝʨʩʠʡ (ʚʪʦʨʳʭ ʮʝʥʪʨʘʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʡ) 

ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥ ʩʫʱʝʩʪʚʝʥʥʦ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʦʚ. 

ʇʦʷʩʥʠʤ ʵʪʦ ʥʘ ʧʨʦʩʪʦʤ ʧʨʠʤʝʨʝ ʵʚʦʣʶʮʠʠ ʩʠʩʪʝʤ ʤʘʩʩʦʚʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ (ʉʄʆ). ʂʘʢ ʠʟʚʝʩʪʥʦ ʠʟ [16], ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ 

ʚ ʉʄʆ M/M/1 ʚʳʨʘʞʘʝʪʩʷ ʨʘʚʝʥʩʪʚʦʤ 
ɟ-1

ɟ/ɛ
W , ʜʣʷ ʩʠʩʪʝʤʳ M/G/1 - 

ɟ1

2/)(ɚ 2XM
W . ɿʜʝʩʴ ʄ(ʍ

2
) ʦʟʥʘʯʘʝʪ 2-ʡ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. ʅʘʢʦʥʝʮ, ʜʣʷ ʩʠʩʪʝʤʳ G/G/1 ʵʪʦ ʚʨʝʤʷ ʨʘʚʥʦ 

 

 
I

IDD
W

2)ɟ1(Ű2

)ɟ1( 2

ɚ

22

ɚɛɚ
.  

ʇʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ ʚʢʣʶʯʘʝʪ ʜʠʩʧʝʨʩʠʠ ʚʨʝʤʝʥ ʧʦʩʪʫʧʣʝʥʠʷ 

ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ (ɛɚ, DD ), ʘ ʪʘʢʞʝ 2-ʡ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʧʨʦʩʪʦʷ ʉʄʆ (2I ), ʢʦʪʦʨʳʡ ʥʝʠʟʚʝʩʪʝʥ. ʉʧʦʩʦʙ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʙʫʜʝʪ ʧʦʢʘʟʘʥ ʚ ʛʣʘʚʝ 3. ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʧʨʠ ʘʥʘʣʠʟʝ ʩʝʪʝʡ ʉʄʆ G/G/1 ʦʙʷʟʘʪʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʚʪʦʨʳʝ ʤʦʤʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚʨʝʤʝʥ ʧʦʩʪʫʧʣʝʥʠʷ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʆʧʠʩʘʥʠʝ ʧʦʪʦʢʦʚ ʥʘ ʫʨʦʚʥʝ ʜʚʫʭ ʧʝʨʚʳʭ ʤʦʤʝʥʪʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥ ʦʟʥʘʯʘʝʪ ʠʭ ʘʧʧʨʦʢʩʠʤʘʮʠʶ 

ʥʝʧʨʝʨʳʚʥʳʤ ʛʘʫʩʩʦʚʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪ.ʝ. ʜʠʬʬʫʟʠʦʥʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ. ɽʩʣʠ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʦʪʜʝʣʴʥʦʛʦ ʫʟʣʘ ʩ ʥʦʤʝʨʦʤ i  ʩʝʪʝʚʦʡ 

ʤʦʜʝʣʠ, ʪʦ ʥʘ ʚʭʦʜʝ i -ʛʦ ʫʟʣʘ ʩʭʦʜʷʪʩʷ (ʘʛʨʝʛʠʨʫʶʪʩʷ) ʨʘʟʨʝʞʝʥʥʳʝ 

(ʜʝʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʥʳʝ) ʧʦʪʦʢʠ ʦʪ ʜʨʫʛʠʭ ʫʟʣʦʚ ʩ ʥʦʤʝʨʘʤʠ 

j=1,é,n ʩʝʪʠ.  

ʇʨʠʤʝʯʘʥʠʝ. ɺʦʦʙʱʝ ʟʘʜʘʯʘ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ (multiplexing) 

ʦʟʥʘʯʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʦʪʜʝʣʴʥʳʭ ʧʦʪʦʢʦʚ ʦʙʱʝʛʦ 

ʘʛʨʝʛʠʨʦʚʘʥʥʦʛʦ ʧʦʪʦʢʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʧʝʨʝʜʘʚʘʪʴ ʧʦ ʦʜʥʦʤʫ 

ʬʠʟʠʯʝʩʢʦʤʫ ʢʘʥʘʣʫ ʩʚʷʟʠ. ɿʘʜʘʯʘ ʜʝʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ 

(demultiplexing) ʦʟʥʘʯʘʝʪ ʨʘʟʜʝʣʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʘʛʨʝʛʠʨʦʚʘʥʥʦʛʦ 
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ʧʦʪʦʢʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ ʦʜʠʥ ʠʥʪʝʨʬʝʡʩ, ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʪʦʢʦʚ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʘ ʢʘʞʜʦʤ ʠʥʪʝʨʬʝʡʩʝ 

ʢʦʤʤʫʪʘʪʦʨʘ ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʦʙʝ ʟʘʜʘʯʠ ð 

ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ ʠ ʜʝʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ.  

ʏʘʩʪʥʳʡ ʩʣʫʯʘʡ ʢʦʤʤʫʪʘʪʦʨʘ (ʨʠʩ. 2.1ʘ), ʫ ʢʦʪʦʨʦʛʦ ʚʩʝ 

ʚʭʦʜʷʱʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ ʢʦʤʤʫʪʠʨʫʶʪʩʷ ʥʘ ʦʜʠʥ 

ʚʳʭʦʜʥʦʡ ʠʥʪʝʨʬʝʡʩ, ʛʜʝ ʤʫʣʴʪʠʧʣʝʢʩʠʨʫʶʪʩʷ ʚ ʦʜʠʥ 

ʘʛʨʝʛʠʨʦʚʘʥʥʳʡ ʧʦʪʦʢ ʠ ʥʘʧʨʘʚʣʷʶʪʩʷ ʚ ʦʜʠʥ ʬʠʟʠʯʝʩʢʠʡ ʢʘʥʘʣ, 

ʥʘʟʳʚʘʝʪʩʷ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʤ (multiplexer, mux). ʂʦʤʤʫʪʘʪʦʨ 

(ʨʠʩ.2.1ʙ), ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʦʜʠʥ ʚʭʦʜʥʦʡ ʠʥʪʝʨʬʝʡʩ ʠ ʥʝʩʢʦʣʴʢʦ 

ʚʳʭʦʜʥʳʭ, ʥʘʟʳʚʘʝʪʩʷ ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʦʤ.  

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2.1 - ʄʫʣʴʪʠʧʣʝʢʩʦʨ (ʘ) ʠ ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨ (ʙ) 

 

 

ʅʘ ʨʠʩʫʥʢʝ 2.2 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʧʦʪʦʢʦʚ )(ɝ,...,)(ɝ1 tt n , ʟʘʜʘʥʥʳʭ ʥʘ ʫʨʦʚʥʝ 

ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ 
i

Mɝ ʠ ʜʠʩʧʝʨʩʠʡ 
2
ɝůi
. ʇʨʠ ʵʪʦʤ ʜʣʷ 

ʘʛʨʝʛʠʨʦʚʘʥʥʦʛʦ ʧʦʪʦʢʘ ʤʦʞʝʪ ʵʢʦʥʦʤʠʪʴʩʷ ʰʠʨʠʥʘ ʧʦʣʦʩʳ 

ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʥʘ ʚʝʣʠʯʠʥʫ dC. ʇʦʣʫʯʝʥʥʳʝ ʥʠʞʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʧʝʨʘʮʠʷʤ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ 

ʧʦʪʦʢʦʚ ʥʘ ʫʨʦʚʥʝ ʜʚʫʭ ʧʝʨʚʳʭ ʤʦʤʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʥʪʝʨʚʘʣʦʚ 

ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ ʚ ʧʦʪʦʢʘʭ, ʙʫʜʫʪ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʘʜʝʢʚʘʪʥʳ 

ʠʤʝʥʥʦ ʪʘʢʦʤʫ ʩʧʦʩʦʙʫ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʧʦʪʦʢʦʚ.  
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ʈʠʩ. 2.2 - ʉʭʝʤʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʥʘ ʫʨʦʚʥʝ ʜʚʫʭ ʧʝʨʚʳʭ ʤʦʤʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

 

2.1. ʈʝʘʣʠʟʘʮʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ 

ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʧʦʪʦʢʦʚ ʥʘ ʦʩʥʦʚʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʟʘʢʦʥʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʧʦʪʦʢʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ iɚ ʧʦʪʦʢʦʚ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʢʘʞʜʦʡ ʉʄʆ ʩʝʪʠ 

ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ (2.1.1). ʈʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

(2.1.1) ʦʧʨʝʜʝʣʷʝʤ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʝ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʟʘʷʚʢʘʤʠ 
1ɚŰ i

 
ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʪʦʢʘ ʚ ʩʝʪʠ: 

      ,ɚɚɚ
1

0

n

j
jjiii p ),,...,1( ni                                   (2.1.1) 

 

ʛʜʝ i0ɚ  - ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʠʟʚʥʝ ʚ i -ʡ ʫʟʝʣ (ʩʤ. ʨʠʩ. 2.3). 

ʋʯʠʪʳʚʘʷ ʩʪʨʫʢʪʫʨʫ i -ʛʦ ʫʟʣʘ ʩʝʪʝʚʦʡ ʤʦʜʝʣʠ [16] (ʩʤ. ʨʠʩ.2.3), 

ʥʘ ʚʭʦʜ ʢʦʪʦʨʦʛʦ ʧʦʩʪʫʧʘʶʪ (ʤʫʣʴʪʠʧʣʝʢʩʠʨʫʶʪʩʷ) ʨʘʟʨʝʞʝʥʥʳʝ 

ʧʦʪʦʢʠ (ʜʝʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʥʳʝ) ʩ ʚʳʭʦʜʦʚ ʜʨʫʛʠʭ ʫʟʣʦʚ, ʚʳʚʝʜʝʤ 

ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʧʦʪʦʢʦʚ ʥʘ ʫʨʦʚʥʝ ʜʠʩʧʝʨʩʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ ʚ ʧʦʪʦʢʘʭ. 
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ʈʠʩ. 2.3 - ʉʪʨʫʢʪʫʨʘ i  ï ʡ ʉʄʆ ʩʝʪʠ 

(ɸ - ʪʦʯʢʘ ʢʦʤʧʦʟʠʮʠʠ ʧʦʪʦʢʦʚ, ɺ ï ʪʦʯʢʘ ʜʝʢʦʤʧʦʟʠʮʠʠ 

ʧʦʪʦʢʦʚ) 

 

ɼʣʷ ʚʳʚʦʜʘ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʧʦʪʦʢʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʠʩʧʝʨʩʠʡ ʚʨʝʤʝʥ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʟʘʷʚʢʘʤʠ ʚ ʧʦʪʦʢʘʭ ʥʫʞʥʦ ʟʥʘʪʴ 

ʜʠʩʧʝʨʩʠʠ ʚʳʭʦʜʥʳʭ ʧʦʪʦʢʦʚ jʚʳʭD ʠʟ ʚʩʝʭ ʫʟʣʦʚ, ʘ ʪʘʢʞʝ ʬʦʨʤʫʣʳ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʩʧʝʨʩʠʡ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʥʳʭ ʠ 

ʜʝʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʥʳʭ ʧʦʪʦʢʦʚ. ɿʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʩʧʝʨʩʠʠ 

ʚʳʭʦʜʥʳʭ ʧʦʪʦʢʦʚ jʚʳʭD ʙʫʜʝʪ ʨʝʰʝʥʘ ʚ ʛʣʘʚʝ 3. ɼʣʷ ʵʪʦʛʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʦʢʘʞʝʤ ʩʣʝʜʫʶʱʝʝ ʫʪʚʝʨʞʜʝʥʠʝ. 

ʋʪʚʝʨʞʜʝʥʠʝ 1. ʌʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ɆŰ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʪʦʢʘ ʧʨʠ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʠ ʜʚʫʭ ʧʦʪʦʢʦʚ ʩ 

ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ 21 ɚʠɚ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ: 

 

t

t

duuFtF

duuFtFtF

})](1[)](1[

)](1[)](1{[
ɚɚ

ɚɚ
-1)(

12

21

ŰŰ

ŰŰ
21

21
Ű

,              (2.1.2)  

ʛʜʝ )(Ű tF
j

 ï ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ ʤʝʞʜʫ 

ʩʦʙʳʪʠʷʤʠ ʚ ʧʦʪʦʢʝ j  ( j=1, 2).  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʅʘ ʨʠʩ.2.4 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʜʚʫʭ ʧʦʪʦʢʦʚ, ʪ.ʝ. ʧʦʣʫʯʝʥʠʝ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʪʦʢʘ. ɺʚʝʜʝʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʩʣʝʜʫʶʱʠʝ 

ʩʦʙʳʪʠʷ: A ï ʟʘ ʚʨʝʤʷ t ʚ ʩʫʤʤʘʨʥʦʤ ʧʦʪʦʢʝ ʥʝ ʧʦʷʚʠʪʩʷ ʦʯʝʨʝʜʥʦʝ 

ʩʦʙʳʪʠʝ (tŰ ); jA  ï ʥʝ ʧʦʷʚʣʝʥʠʝ ʩʦʙʳʪʠʷ ʚ j -ʤ ʧʦʪʦʢʝ ʟʘ ʚʨʝʤʷ t 
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( tjŰ ),  j  =1, 2. ʂʨʦʤʝ ʵʪʦʛʦ, ʨʘʩʩʤʦʪʨʠʤ ʦʩʪʘʪʦʯʥʦʝ ʚʨʝʤʷ jŰ ( j=1, 

2), ʪ.ʝ. ʚʨʝʤʷ, ʧʨʦʪʝʢʰʝʝ ʦʪ ʤʦʤʝʥʪʘ t ʜʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʯʝʨʝʜʥʦʛʦ 

ʩʦʙʳʪʠʷ ʚ ʧʦʪʦʢʝ j  (ʨʠʩ.2.4).  

ɼʣʷ ʥʝ ʧʦʷʚʣʝʥʠʷ ʩʦʙʳʪʠʷ (A/A1), ʜʦʩʪʘʪʦʯʥʦ ʚʳʧʦʣʥʝʥʠʷ 

ʫʩʣʦʚʠʷ t2Ű . ɸʥʘʣʦʛʠʯʥʦ, ʜʣʷ ʥʝ ʧʦʷʚʣʝʥʠʷ ʩʦʙʳʪʠʷ (A/A2), 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ t1Ű . ʊʦʛʜʘ ʠʥʪʝʨʝʩʫʶʱʝʝ ʥʘʩ 

ʩʦʙʳʪʠʝ A, ʪ.ʝ. (tŰ ) ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʜʚʘ ʥʝʩʦʚʤʝʩʪʥʳʭ ʩʦʙʳʪʠʷ: 

1. ʆʩʪʘʪʦʯʥʦʝ ʚʨʝʤʷ 2Ű ʙʦʣʴʰʝ t ( t2Ű ) ʧʨʠ ʫʩʣʦʚʠʠ ʥʝ 

ʧʦʷʚʣʝʥʠʷ ʦʯʝʨʝʜʥʦʛʦ ʩʦʙʳʪʠʷ ʚ ʧʦʪʦʢʝ 1 ʟʘ ʚʨʝʤʷ (0, t), ʪ.ʝ. ʧʨʠ 

t1Ű . ɺʝʨʦʷʪʥʦʩʪʴ ʵʪʦʛʦ ʨʘʚʥʘ ɚ/ɚ)Ű()Ű( 112 tPtP . ʕʪʦʪ 

ʩʣʫʯʘʡ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ.2.4. 

2. ʆʩʪʘʪʦʯʥʦʝ ʚʨʝʤʷ 1Ű ʙʦʣʴʰʝ t ( t1Ű ) ʧʨʠ ʫʩʣʦʚʠʠ ʥʝ 

ʧʦʷʚʣʝʥʠʷ ʦʯʝʨʝʜʥʦʛʦ ʩʦʙʳʪʠʷ ʚ ʧʦʪʦʢʝ 2 ʟʘ ʚʨʝʤʷ (0, t), ʪ.ʝ. ʧʨʠ 

t2Ű . ɺʝʨʦʷʪʥʦʩʪʴ ʵʪʦʛʦ ʨʘʚʥʘ ɚ/ɚ)Ű()Ű( 221 tPtP . 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2.4 - ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʪʦʢʘ 

 

ʀʟ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ ʠʟʚʝʩʪʥʦ [13], ʯʪʦ 

ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʦʩʪʘʪʦʯʥʦʛʦ ʚʨʝʤʝʥʠ ɝʞʠʟʥʠ ʵʣʝʤʝʥʪʘ, 

ʪ.ʝ. ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʵʣʝʤʝʥʪʘ ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ 

(t, Űt ) ʜʦ ʦʯʝʨʝʜʥʦʛʦ ʦʪʢʘʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

dttF
T

P
Ű

Ű
0

)](1[
1

)Űɝ( , ʛʜʝ ɚ/10T  - ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʞʠʟʥʠ 

ʵʣʝʤʝʥʪʘ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʥʘʰʝʤʫ ʩʣʫʯʘʶ ʵʪʦ ʙʫʜʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

duuFtP
t

jjj )](1[ɚ)Ű( Ű . ʊʦʛʜʘ ʠʥʪʝʨʝʩʫʶʱʘʷ ʥʘʩ ʚʝʨʦʷʪʥʦʩʪʴ 
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ʩʦʙʳʪʠʷ )Ű( tP  ʧʦ ʬʦʨʤʫʣʝ ʧʦʣʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʧʠʩʘʥʘ ʚ ʚʠʜʝ:  

 

ɚ/ɚ)Ű()Ű(ɚ/ɚ)Ű()Ű()Ű( 212121 tPtPtPtPtP ,    (2.1.3) 

 

ʛʜʝ 21Ɇ ɚɚɚ , ʘ ʚʝʨʦʷʪʥʦʩʪʴ ɚ/ɚj  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʣʶ j -

ʛʦ ʧʦʪʦʢʘ ʚ ʨʝʟʫʣʴʪʠʨʫʶʱʝʤ. ʀʟ  ʚʳʨʘʞʝʥʠʷ (2.1.3) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʠ ʩʣʝʜʫʝʪ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʫʪʚʝʨʞʜʝʥʠʷ 1 [1]. ʋʪʚʝʨʞʜʝʥʠʝ 1 

ʜʦʢʘʟʘʥʦ. 

ʊʝʧʝʨʴ, ʠʩʧʦʣʴʟʫʷ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (2.1.2), ʤʦʞʝʤ 

ʦʧʨʝʜʝʣʠʪʴ  ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠ ʜʠʩʧʝʨʩʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ 

Ű. ɼʣʷ ʵʪʦʛʦ ʚʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ: 

 

duuFtg
t

)(1)( 11 , duuFtg
t

)(1)( 22 .                 (2.1.4) 

 

ʊʦʛʜʘ, ʢʘʢ ʠʟʚʝʩʪʥʦ ʠʟ [13], ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ 

ʩʦʙʳʪʠʷʤʠ ʚ ʧʦʪʦʢʘʭ ʨʘʚʥʳ:)0(Ű),0(Ű 2211 gg , ʪ.ʝ. ʵʪʠ ʬʫʥʢʮʠʠ ʚ 

ʪ.0 ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʷʤ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥ ʚ 

ʧʦʪʦʢʘʭ. ʅʝ ʩʣʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ  ʬʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ  

 

])()([
ɚ

ɚɚ
)()( 21

21
ŰŰ ɆɆ

tgtgtFtf .                                       

 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ, ʪ.ʝ. ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠʥʪʝʨʚʘʣʘ 

ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ ʚ ʨʝʟʫʣʴʪʠʨʫʶʱʝʤ ʧʦʪʦʢʝ 
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ŰŰ

ɚ

ɚɚ
0|])()([

ɚ

ɚɚ
21

21
021

21 tgtg ,                   (2.1.5) 

ʯʪʦ ʧʦʣʥʦʩʪʴʶ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʚʳʨʘʞʝʥʠʷ [4] (2.1.2). 

ʆʧʨʝʜʝʣʠʤ ʪʝʧʝʨʴ ʚʪʦʨʦʡ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʥʪʝʨʚʘʣʘ Ű ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʜʠʩʧʝʨʩʠʠ ʵʪʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ: 
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2 .                                               (2.1.6)  

ʊʦʛʜʘ ʜʠʩʧʝʨʩʠʷ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ ʚ ʨʝʟʫʣʴʪʠʨʫʶʱʝʤ 

ʧʦʪʦʢʝ  

2
0

21
Ɇ

21
Ɇ

ɚ

1
)()(

ɚ

ɚɚ
2)(Ű dttgtgD .                               (2.1.7) 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʜʠʩʧʝʨʩʠʠ ʚʨʝʤʝʥʠ 

ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ ʚ ʨʝʟʫʣʴʪʠʨʫʶʱʝʤ ʧʦʪʦʢʝ (2.1.4) ʠ (2.1.7), 

ʩʬʦʨʤʫʣʠʨʫʝʤ ʩʣʝʜʫʶʱʝʝ ʫʪʚʝʨʞʜʝʥʠʝ. 

 

ʋʪʚʝʨʞʜʝʥʠʝ 2. ɼʠʩʧʝʨʩʠʶ ʚʝʣʠʯʠʥʳ Ű- ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ 

ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʪʦʢʘ, ʘ ʪʘʢʞʝ ʤʦʤʝʥʪʳ 

ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ, ʥʝʣʴʟʷ ʚʳʨʘʟʠʪʴ ʚ ʚʠʜʝ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʬʫʥʢʮʠʡ ʦʪ ʜʠʩʧʝʨʩʠʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʞʠʜʘʥʠʡ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʧʦʪʦʢʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʠʩʧʝʨʩʠʷ ʚʝʣʠʯʠʥʳ Ű ʠ ʤʦʤʝʥʪʳ ʚʳʩʰʠʭ 

ʧʦʨʷʜʢʦʚ ʥʝ ʨʘʟʣʦʞʠʤʳ.  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʵʪʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʟʘʢʣʶʯʝʥʦ ʚ ʩʘʤʦʤ 

ʚʳʨʘʞʝʥʠʠ (2.1.7) ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʜʠʩʧʝʨʩʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥ ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ ʚ ʨʝʟʫʣʴʪʠʨʫʶʱʝʤ ʧʦʪʦʢʝ. 

ʋʯʠʪʳʚʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʩʝʪʝʚʳʭ ʤʦʜʝʣʷʭ ʠ ʚ ʩʘʤʠʭ ʨʝʘʣʴʥʳʭ 

ʩʝʪʷʭ ʤʳ ʥʝ ʟʥʘʝʤ ʪʦʯʥʳʭ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦʪʦʢʦʚ, ʦʩʪʘʝʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʡ ʧʫʪʴ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʵʪʦʛʦ ʠʥʪʝʛʨʘʣʘ ʯʝʨʝʟ 

ʵʣʝʤʝʥʪʘʨʥʳʝ ʬʫʥʢʮʠʠ ï ʵʪʦ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʬʫʥʢʮʠʡ )(tgi  ( i=1,2) 

ʥʘ ʫʨʦʚʥʝ ʜʚʫʭ ʧʝʨʚʳʭ ʤʦʤʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʥʪʝʨʚʘʣʦʚ 

ʚʨʝʤʝʥʠ. ʕʪʠ ʤʦʤʝʥʪʳ ʤʦʞʥʦ ʥʘ ʧʨʘʢʪʠʢʝ ʦʧʨʝʜʝʣʠʪʴ ʧʫʪʝʤ ʩʲʸʤʘ 

ʪʨʘʬʠʢʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ 

ʪʨʘʬʠʢʘ ʚ ʫʟʣʘʭ ʩʝʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʦʪʦʢʠ ʚ ʩʝʪʝʚʳʭ ʤʦʜʝʣʷʭ 

ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʫʨʦʚʥʝ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ jŰ ʠ ʜʠʩʧʝʨʩʠʡ 
j

DŰ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʥʪʝʨʚʘʣʦʚ, ʠ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ F j (t) ʙʫʜʝʤ 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʦʪʜʝʣʴʥʦ ʧʨʠ 1 ɚjc  ʠ 1 ɚjc  ( j=1, 2 ).  
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ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚʦʟʴʤʝʤ ʜʚʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦʪʦʢʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 21 ɚʠɚ : 

 
tt

etFetF 21 ɚ
2

ɚ
1 1)(,1)( .  

ʊʦʛʜʘ ʧʦ ʬʦʨʤʫʣʝ (2.1.7) ʜʠʩʧʝʨʩʠʷ ʚʝʣʠʯʠʥʳ Ű - 
2ɚ/1D . 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʠ ʧʦʪʦʢʦʚ, 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ, ʩʥʦʚʘ ʧʦʣʫʯʘʝʪʩʷ 

ʧʫʘʩʩʦʥʦʚʩʢʠʡ ʧʦʪʦʢ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʣʝʜʫʶʱʝʛʦ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ 

ʧʦʪʦʢʘ ʩʦʙʳʪʠʡ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʨʘʚʥʦʤʝʨʥʦʤʫ ʟʘʢʦʥʫ ʥʘ 

ʠʥʪʝʨʚʘʣʝ (0;1). ʊʦʛʜʘ ʜʠʩʧʝʨʩʠʷ ʚʝʣʠʯʠʥʳ Ű ʧʦ ʬʦʨʤʫʣʝ (2.1.7) 

     .
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2.2. ʆʧʨʝʜʝʣʝʥʠʝ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʬʫʥʢʮʠʡ 

 

ɺ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʩʣʫʯʘʝ 1 ɚjc  ʨʘʩʩʤʦʪʨʠʤ 

ʩʤʝʱʝʥʥʦʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ  ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʘ ʚ ʩʣʫʯʘʝ 1 ɚjc ï 

ʛʠʧʝʨʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ.  

ʌʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ  
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tF ,                  (2.2.1) 

 

ʘ ʚʦ ʚʪʦʨʦʤ -  

 

]Ű/)1(2exp[)1()Ű/2exp(1)()2(
jjjjjj tpptpptF j .  (2.2.2) 

 

ʊʝʧʝʨʴ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

(2.2.1) ʠ (2.2.2). ɼʣʷ ʵʪʦʛʦ ʦʧʨʝʜʝʣʠʤ ʬʫʥʢʮʠʠ )(tg j  ʧʦ ʬʦʨʤʫʣʝ 

(2.1.4), ʧʦʜʩʪʘʚʠʚ ʚ ʠʭ ʚʳʨʘʞʝʥʠʷ ʬʫʥʢʮʠʶ (2.2.1) ʚ ʩʣʫʯʘʝ 1 ɚjc , 

( j=1, 2): 

 

121

112

Ű,ŰŰ

Ű,}Ű/)Ű(exp{Ű
)(

2

jjj

jjj
j

tt

tt
tg

j

.                      (2.2.3) 



 

75 

 

 

ɺ ʩʣʫʯʘʝ  ʧʦʜʩʪʘʚʠʤ (2.2.2) ʚ ʚʳʨʘʞʝʥʠʝ (2.1.4) ʜʣʷ 

ʬʫʥʢʮʠʠ gj (t): 

.                  (2.2.4) 

 

ɽʩʣʠ ʞʝ ʧʨʠ ʵʪʦʤ ʦʜʠʥ ʧʦʪʦʢ ʙʫʜʝʪ ʠʤʝʪʴ ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʘʨʠʘʮʠʠ ʤʝʥʴʰʝ 1, ʘ ʜʨʫʛʦʡ - ʙʦʣʴʰʝ 1, ʪʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʬʫʥʢʮʠʠ 

, ʦʯʝʚʠʜʥʦ, ʙʫʜʫʪ ʩʢʦʤʙʠʥʠʨʦʚʘʥʳ ʠʟ ʚʳʨʘʞʝʥʠʡ (2.2.1) ʠ 

(2.2.2). ʇʘʨʘʤʝʪʨʳ ʠʩʢʦʤʳʭ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʬʫʥʢʮʠʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ (2.2.1) ʠ (2.2.2) ʧʦʜʙʝʨʝʤ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʤʦʤʝʥʪʦʚ, 

ʧʨʠʨʘʚʥʷʚ ʠʭ ʧʝʨʚʳʝ ʜʚʘ ʤʦʤʝʥʪʘ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʤʦʤʝʥʪʘʤ 

ʠ  ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʩʭʦʜʥʳʭ ʧʦʪʦʢʦʚ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʞʠʜʘʥʠʝ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ, ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʟʘʢʦʥʫ (2.2.1), 

ʨʘʚʥʦ  

 

. 

ʊʘʢʞʝ, ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʚ ʜʚʘʞʜʳ ʧʦ ʯʘʩʪʷʤ, ʥʘʡʜʝʤ ʜʠʩʧʝʨʩʠʶ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ (2.2.1): 

  

ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʤʦʤʝʥʪʦʚ, ʟʘʧʠʰʝʤ: 

 

                            

                           . 

 

ʆʪʩʶʜʘ ʧʘʨʘʤʝʪʨʳ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (2.2.1) ʨʘʚʥʳ: 

 

,  .                                      (2.2.5) 

 

ɸʥʘʣʦʛʠʯʥʦ, ʪʝ ʞʝ ʦʧʝʨʘʮʠʠ ʧʨʦʜʝʣʘʝʤ ʩ ʬʫʥʢʮʠʝʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ (2.2.2). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ 

 

 


