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ʂʘʬʝʜʨʘ ʊʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ  

 

ɿɸɼɸʅʀɽ 

ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʤʘʛʠʩʪʝʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ 

 

ʄʘʛʠʩʪʨʘʥʪʫ ɹʫʢʝʝʚʫ ɸʥʫʘʨʫ ɽʩʙʦʣʦʚʠʯʫ  

 

ʊʝʤʘ ʜʠʩʩʝʨʪʘʮʠʠ çʀʩʩʣʝʜʦʚʘʥʠʝ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ɸʪʳʨʘʫʩʢʦʡ ʆɼʊ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ 

ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷè   

 

ʫʪʚʝʨʞʜʝʥʘ ʋʯʝʥʳʤ ʩʦʚʝʪʦʤ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʇʨʠʢʘʟ ˉ _____ ʦʪ ç__è 201_ ʛ. 

ʉʨʦʢ ʩʜʘʯʠ ʟʘʢʦʥʯʝʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ç     è ʬʝʚʨʘʣʷ 2013 ʛ. 

 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʋʣʫʯʰʝʥʠʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ. 

 

ʇʝʨʝʯʝʥʴ ʧʦʜʣʝʞʘʱʠʭ ʨʘʟʨʘʙʦʪʢʝ ʚ ʤʘʛʠʩʪʝʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʚʦʧʨʦʩʦʚ ʠʣʠ ʢʨʘʪʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʠʩʪʝʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ: 

1 ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʝʪʠ; 

2 ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ; 

3 ʉʝʨʚʠʩʥʳʝ ʤʦʜʝʣʠ QoS; 

4 ʉʘʤʦʧʦʜʦʙʥʳʡ ʪʨʘʬʠʢ; 

5 ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʦʩʪʫʧʘʶʱʝʛʦ ʧʫʘʩʩʦʥʦʚʩʢʦʛʦ ʧʨʦʩʪʝʡʰʝʛʦ ʧʦʪʦʢʘ ʥʘ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ; 

6 ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʦʩʪʫʧʘʶʱʝʛʦ ʧʦʪʦʢʘ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʟʘʢʦʥʘ ʇʘʨʝʪʦ. 

 

ʇʝʨʝʯʝʥʴ ʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʩ ʪʦʯʥʳʤ ʫʢʘʟʘʥʠʝʤ ʦʙʷʟʘʪʝʣʴʥʳʭ ʯʝʨʪʝʞʝʡ): 1 ʉʭʝʤʘ 

ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʪʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ɸʪʳʨʘʫʩʢʦʡ ʆɼʊ;  

2 ʉʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʪʠ Metro Ethernet ɸʪʳʨʘʫʩʢʦʡ ʆɼʊ; 

3 ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʚ ʦʯʝʨʝʜʠ (Ave.time) ʦʪ ʟʘʛʨʫʟʢʠ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ; 

4 ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʦʪ ʩʘʤʦʧʦʜʦʙʥʦʡ ʟʘʛʨʫʟʢʠ;  
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ɸשʜʘʪʧʘ 

 

 

 ʳʩʳʥʘ ʟʝʨʪʪʝʣʛʝʥסʨʳʣײץ ץʩʝʪiʥ ʪʦʨʣʳװʛʝʡ ʞʦʣ ʢᴇʨʩʝʪʫʰi ʪשʰiʥʰi ʜʝת

ʥʘץʪʳ ʪʨʘʬʠʛiʥ ײʩʳʥʳʣʘʪʳʥ ʜʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʳʥʜʘ ʞᴅʥʝ ʢᴇʤʝʛiʤʝʥ 

ʇʫʘʩʩʦʥ ʙʦʡʳʤʝʥ ʪʘʨʘʪʫ ʟʘשʜʘʨʳʥʳש ʩᴅʡʢʝʩʪiʛiʥʜʝ ʞᴅʥʝ ʧʘʨʝʪʦ ʪʘʨʘʣסʘʥ 

ʪʨʘʥʟʘʢʪiʣʝʨʜi ʦסʘʥ ʞʦʣ ʢᴇʨʩʝʪʫʰiʥiש ʧʦʨʪʳʥʳש ʙʫʬʝʨiʥ ץʳʟʤʝʪ ʝʪʫʜiש 

ʪʠiʤʜiʣiʛiʥ ʟʝʨʪʪʝʫ ᴅʩʝʨʜʝ ᴇʪʢiʟiʣʛʝʥ GPSS World ʙʘסʜʘʨʣʘʤʘ ʠʤʠʪʘʮʠʷʣʳץ 

 .ʘʥסʘʥ ʞʘʩʘʣסʜʘʨʣʘʣסʣʛiʣʝʨ ʦʙʲʝʢʪʢʝ ʙʘװ

 

ɸʥʥʦʪʘʮʠʷ 

 

 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥ ʨʝʘʣʴʥʳʡ ʪʨʘʬʠʢ 

ʧʦʩʪʫʧʘʶʱʠʡ ʥʘ ʩʝʪʝʚʦʝ ʫʩʪʨʦʡʩʪʚʦ ʪʨʝʪʴʝʛʦ ʫʨʦʚʥʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʠʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʚ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ 

GPSS World, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʫʬʝʨʘ ʧʦʨʪʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʛʦ 

ʪʨʘʥʟʘʢʪʦʚ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦ 

ʇʫʘʩʩʦʥʘ ʠ ʇʘʨʝʪʦ. 

 

 

Abstract 

 

 

In the present thesis investigated real traffic coming to a network device in the 

third level and router simulation models developed in the object-oriented program 

GPSS World, by which the efficiency of the research conducted buffer router port 

when exposed to transact distributed according to the Poisson distribution laws and 

Pareto. 
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ɺʚʝʜʝʥʠʝ  

 

 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʟʨʳʚʥʳʤ ʫʩʢʦʨʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʥʦʡ ʢʦʥʚʝʨʛʝʥʮʠʠ, 

ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʷʪ ʚ ʢʘʞʜʦʡ ʠʟ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨ. 

ɺ ʂʘʟʘʭʩʪʘʥʝ ʚʩʝʤʠ ʦʧʝʨʘʪʦʨʘʤʠ ʩʚʷʟʠ ʧʨʦʚʦʜʷʪʩʷ ʨʘʙʦʪʳ ʧʦ ʨʝʰʝʥʠʶ 

ʢʦʥʮʝʧʮʠʠ NGN (Next Generation Network) ʪʦ ʝʩʪʴ ʩʦʟʜʘʥʠʠ ʫʥʠʚʝʨʩʘʣʴʥʦʡ 

ʩʝʪʠ ʩʚʷʟʠ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦʛʦ ʥʘʙʦʨʘ ʫʩʣʫʛ ʩ ʛʠʙʢʠʤʠ ʥʘʩʪʨʦʡʢʘʤʠ ʧʦ ʠʭ ʫʧʨʘʚʣʝʥʠʶ, 

ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ, ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʫʩʣʫʛ ʟʘ ʩʯʝʪ ʫʥʠʬʠʢʘʮʠʠ ʩʝʪʝʚʳʭ ʨʝʰʝʥʠʡ. 

ʂʦʥʮʝʧʮʠʷ ʠ ʘʨʭʠʪʝʢʪʫʨʘ NGN ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʭʦʜ ʥʘ IP-ʩʪʘʥʜʘʨʪ ʠ ʨʦʩʪ 

ʜʦʭʦʜʦʚ ʟʘ ʩʯʝʪ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʥʦʚʳʭ ʫʩʣʫʛ. 

ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʩʝʪʝʡ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʝʪʝʡ ʚ 

ʪʦʤ, ʯʪʦ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ, ʮʠʨʢʫʣʠʨʫʶʱʘʷ ʚ ʩʝʪʠ, ʨʘʟʙʠʪʘ ʥʘ ʜʚʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ. ʕʪʦ ʩʠʛʥʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʢʦʤʤʫʪʘʮʠʶ 

ʘʙʦʥʝʥʪʦʚ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʫʩʣʫʛ, ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ 

ʜʘʥʥʳʝ, ʩʦʜʝʨʞʘʱʠʝ ʧʦʣʝʟʥʫʶ ʥʘʛʨʫʟʢʫ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʘʙʦʥʝʥʪʫ (ʛʦʣʦʩ, 

ʚʠʜʝʦ, ʜʘʥʥʳʝ). ʇʫʪʠ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʴʥʳʭ ʩʦʦʙʱʝʥʠʡ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ 

ʥʘʛʨʫʟʢʠ ʤʦʛʫʪ ʥʝ ʩʦʚʧʘʜʘʪʴ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʦʩʥʦʚʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ 

ʛʦʣʦʩʦʚʳʭ ʫʩʣʫʛ ʚ ʩʝʪʷʭ NGN ʷʚʣʷʝʪʩʷ Softswitch (ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʤʫʪʘʪʦʨ), 

ʢʦʪʦʨʳʡ ʫʧʨʘʚʣʷʝʪ VoIP ʩʝʩʩʠʷʤʠ. ʊʘʢʞʝ ʥʝʤʘʣʦʚʘʞʥʦʡ ʬʫʥʢʮʠʝʡ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʩʚʷʟʴ ʩʝʪʝʡ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ NGN ʩ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʝʪʷʤʠ ʉʊʆʇ, ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʛʥʘʣʴʥʦʛʦ- ʠ 

ʤʝʜʠʘ-ʰʣʶʟʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʚ ʦʜʥʦʤ ʫʩʪʨʦʡʩʪʚʝ. 

ʇʨʦʙʣʝʤʘ ʧʝʨʝʭʦʜʘ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʝʪʝʡ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʢʘʥʘʣʦʚ ʢ 

ʩʝʪʷʤ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʧʘʢʝʪʦʚ (NGN) ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ 

ʜʣʷ ʦʧʝʨʘʪʦʨʦʚ ʩʚʷʟʠ. ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ IP-ʢʦʤʤʫʥʠʢʘʮʠʡ 

ʩʚ̫ʟʘʥʳ ʩ ʩʦʟʜʘʥʠʝʤ ʢʦʤʧʣʝʢʩʥʳʭ ʨʝʰʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʠ ʨʘʟʚʠʪʠʠ ʩʝʪʝʡ 

ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʩʦʭʨʘʥʷʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʢʣʶʯʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʨʘʙʦʪʫ ʚ ʣʶʙʦʡ ʩʝʪʠ: ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʤʝʜʥʳʭ ʧʘʨ, ʧʦ 

ʦʧʪʠʯʝʩʢʠʤ ʢʘʥʘʣʘʤ, ʥʘ ʙʝʩʧʨʦʚʦʜʥʦʡ (WiMAX, WiFi) ʠ ʧʨʦʚʦʜʥʦʡ (ETTH, 

PLC ʠ ʪ. ʜ.) ʩʝʪʠ.  

ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ NGN-ʩʝʪʝʡ ʦʪ ʩʝʪʝʡ ʩʪʘʨʦʛʦ ʧʦʢʦʣʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʜʝʣʝʥʠʝ ʤʝʞʜʫ ʪʨʘʥʩʧʦʨʪʥʳʤ ʫʨʦʚʥʝʤ ʠ ʫʨʦʚʥʝʤ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 

ʫʩʣʫʛ ʩʪʘʥʦʚʠʪʩʷ ʩʢʦʨʝʝ ʣʦʛʠʯʝʩʢʠʤ, ʥʝʞʝʣʠ ʬʠʟʠʯʝʩʢʠʤ. ʇʦʪʦʤʫ ʯʪʦ NGN-

ʩʝʪʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʣʝʛʢʠʡ ʠ ʙʳʩʪʨʳʡ ʟʘʧʫʩʢ ʥʦʚʳʭ ʫʩʣʫʛ. ʀʤʝʥʥʦ ʚ ʵʪʦʤ ʠ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʦʧʝʨʘʪʦʨʳ ʩʚʷʟʠ - ʥʝ ʚ ʧʦʩʪʨʦʝʥʠʠ ʪʨʘʥʩʧʦʨʪʘ ʜʣʷ ʢʘʞʜʦʡ 

ʥʦʚʦʡ ʫʩʣʫʛʠ, ʘ ʚ ʙʳʩʪʨʦʤ ʨʘʟʚʝʨʪʳʚʘʥʠʠ ʫʩʣʫʛ ʥʘ ʙʘʟʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʣʘʪʬʦʨʤ. 

ʂʦʤʧʦʥʝʥʪʘʤʠ ʩʝʪʠ NGN ʷʚʣʷʶʪʩʷ: 

- ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʝʪʴ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ IP-ʷʜʨʦ ʩʝʪʠ ʠ ʩʝʪʠ 

ʜʦʩʪʫʧʘ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʨʘʟʥʳʝ ʪʝʭʥʦʣʦʛʠʠ; 

- ʩʠʩʪʝʤʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʩʝʨʚʠʩʦʚ; 
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- ʩʠʩʪʝʤʘ ʫʯʝʪʘ ʘʙʦʥʝʥʪʦʚ, ʙʠʣʣʠʥʛʦʚʘʷ ʩʠʩʪʝʤʘ; 

- ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʴʶ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʵʪʦʤ ʚʩʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʚ 

ʝʜʠʥʫʶ ʩʝʪʴ. 

ʂʦʥʮʝʧʮʠʷ ʤʫʣʴʪʠʩʝʨʚʠʩʥʦʩʪʠ ʩʦʜʝʨʞʠʪ ʥʝʩʢʦʣʴʢʦ ʘʩʧʝʢʪʦʚ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʩʪʦʨʦʥʘʤ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʠ: 

- ʢʦʥʚʝʨʛʝʥʮʠʷ ʟʘʛʨʫʟʢʠ ʩʝʪʠ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʧʝʨʝʜʘʯʫ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʪʨʘʬʠʢʘ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʛʦ ʬʦʨʤʘʪʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ 

ʪʝʥʜʝʥʮʠʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʪʝʡ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʧʘʢʝʪʦʚ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠ ʘʫʜʠʦ- 

ʠ ʚʠʜʝʦʧʦʪʦʢʦʚ, ʠ ʩʦʙʩʪʚʝʥʥʦ ʜʘʥʥʳʭ ʩʝʪʝʡ; 

- ʢʦʥʚʝʨʛʝʥʮʠʷ ʧʨʦʪʦʢʦʣʦʚ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʧʝʨʝʭʦʜ ʦʪ ʤʥʦʞʝʩʪʚʘ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʝʪʝʚʳʭ ʧʨʦʪʦʢʦʣʦʚ ʢ ʦʙʱʝʤʫ (ʢʘʢ ʧʨʘʚʠʣʦ, IP) ʠ ʧʨʠ ʵʪʦʤ 

ʤʫʣʴʪʠʩʝʨʚʠʩʥʳʝ ʩʝʪʠ ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʥʘ ʝʜʠʥʳʡ ʧʨʦʪʦʢʦʣ ʠ ʨʘʟʣʠʯʥʳʝ 

ʩʝʨʚʠʩʳ, ʪʨʝʙʫʶʱʠʝʩʷ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʪʨʘʬʠʢʘ; 

- ʬʠʟʠʯʝʩʢʘʷ ʢʦʥʚʝʨʛʝʥʮʠʷ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʧʝʨʝʜʘʯʫ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʪʨʘʬʠʢʘ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʪʦ ʝʩʪʴ ʠ ʤʫʣʴʪʠʤʝʜʠʡʥʳʡ, 

ʠ ʛʦʣʦʩʦʚʦʡ ʪʨʘʬʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʜʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ, 

ʟʘʜʝʨʞʢʘʤ ʠ çʜʨʦʞʘʥʠʶè ʯʘʩʪʦʪʳ; 

- ʢʦʥʚʝʨʛʝʥʮʠʷ ʫʩʪʨʦʡʩʪʚ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʪʝʥʜʝʥʮʠʶ ʧʦʩʪʨʦʝʥʠʷ 

ʘʨʭʠʪʝʢʪʫʨʳ ʩʝʪʝʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʩʧʦʩʦʙʥʦʡ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʨʘʟʥʦʪʠʧʥʳʡ ʪʨʘʬʠʢ. ʊʘʢ, ʢʦʤʤʫʪʘʪʦʨ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʢʦʤʤʫʪʘʮʠʶ Ethernet-ʧʘʢʝʪʦʚ, IP-ʤʘʨʰʨʫʪʠʟʘʮʠʶ ʠ ʩʦʝʜʠʥʝʥʠʷ ɸʊʄ. 

ʋʩʪʨʦʡʩʪʚʘ ʩʝʪʠ ʤʦʛʫʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʦʙʱʠʤ ʧʨʦʪʦʢʦʣʦʤ ʩʝʪʠ (ʥʘʧʨʠʤʝʨ, IP) ʠ ʠʤʝʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʩʝʨʚʠʩʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, ʛʘʨʘʥʪʠʠ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ, ʟʘʜʝʨʞʢʫ ʠ ʜʨ.); 

- ʢʦʥʚʝʨʛʝʥʮʠʷ ʧʨʠʣʦʞʝʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʠʥʪʝʛʨʘʮʠʶ ʨʘʟʣʠʯʥʳʭ 

ʬʫʥʢʮʠʡ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ (ʥʘʧʨʠʤʝʨ, Web-ʙʨʘʫʟʝʨ 

ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʠʪʴ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʩʪʨʘʥʠʮʳ ʤʫʣʴʪʠʤʝʜʠʘ-ʜʘʥʥʳʝ ʪʠʧʘ 

ʟʚʫʢʦʚʦʛʦ, ʚʠʜʝʦʩʠʛʥʘʣʘ, ʛʨʘʬʠʢʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ ʜʨ.); 

- ʢʦʥʚʝʨʛʝʥʮʠʷ ʪʝʭʥʦʣʦʛʠʡ ʚʳʨʘʞʘʝʪ ʩʪʨʝʤʣʝʥʠʝ ʢ ʩʦʟʜʘʥʠʶ ʝʜʠʥʦʡ 

ʦʙʱʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʝʡ ʩʚʷʟʠ, ʩʧʦʩʦʙʥʦʡ 

ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʝʪʝʡ ʩʚʷʟʠ, ʠ ʣʦʢʘʣʴʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ; 

- ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʢʦʥʚʝʨʛʝʥʮʠʷ, ʧʨʝʜʧʦʣʘʛʘʶʱʘʷ ʮʝʥʪʨʘʣʠʟʘʮʠʶ ʩʣʫʞʙ 

ʩʝʪʝʚʳʭ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ 

ʤʝʥʝʜʞʝʨʦʚ ʚʳʩʰʝʛʦ ʟʚʝʥʘ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʦʨʛʘʥʠʟʘʪʦʨʩʢʠʝ 

ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʛʦʣʦʩʘ, ʚʠʜʝʦʩʠʛʥʘʣʘ ʠ ʜʘʥʥʳʭ ʚ ʝʜʠʥʦʡ 

ʩʝʪʠ. 

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʘʩʧʝʢʪʳ ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʣʠʯʥʳʝ ʩʪʦʨʦʥʳ ʧʨʦʙʣʝʤʳ 

ʧʦʩʪʨʦʝʥʠʷ ʤʫʣʴʪʠʩʝʨʚʠʩʥʳʭ ʩʝʪʝʡ, ʩʧʦʩʦʙʥʳʭ ʧʝʨʝʜʘʚʘʪʴ ʪʨʘʬʠʢ ʨʘʟʣʠʯʥʦʛʦ 

ʪʠʧʘ, ʢʘʢ ʚ ʧʝʨʠʬʝʨʠʡʥʦʡ ʯʘʩʪʠ ʩʝʪʠ, ʪʘʢ ʠ ʚ ʝʝ ʷʜʨʝ. 

ʄʫʣʴʪʠʩʝʨʚʠʩʥʘʷ ʩʝʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʚʨʝʤʝʥʥʳʡ 

ʧʦʜʭʦʜ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʷʟʠ. ɽʜʠʥʘʷ ʩʝʪʴ ʦʙʝʩʧʝʯʠʪ ʨʘʙʦʪʫ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, 
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ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʚʥʫʪʨʠʚʝʜʦʤʩʪʚʝʥʥʦʡ ʪʝʣʝʬʦʥʥʦʡ ʩʚʷʟʠ ʠ 

ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʩʚʷʟʠ, ʩʨʝʜʫ ʜʣʷ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʡ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʩʣʫʞʘʱʠʭ, ʨʝʰʠʪ ʟʘʜʘʯʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʱʝʥʠʡ 

ʛʨʘʞʜʘʥ ʠʣʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʫʩʣʫʛ. ʉʝʪʴ ʧʨʝʜʦʩʪʘʚʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʠ 

ʠʟʦʣʷʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʨʘʟʣʠʯʥʳʭ ʚʝʜʦʤʩʪʚ, ʧʦʜʨʘʟʜʝʣʝʥʠʡ 

ʫʯʨʝʞʜʝʥʠʡ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʩʝʪʝʚʳʝ ʧʨʠʣʦʞʝʥʠʷ ʪʨʝʙʫʶʪ ʜʣʷ ʩʚʦʝʡ 

ʨʘʙʦʪʳ ʚʩʝ ʙʦʣʴʰʝʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʤʝʥʴʰʠʭ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ ʠ 

ʧʦʜʜʝʨʞʢʘ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ (QoS) ʦʧʦʨʥʦʡ IP-ʩʝʪʴʶ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 

ʟʘʜʘʯʝʡ. 

ʇʝʨʝʭʦʜ ʢ ʩʠʩʪʝʤʘʤ ʧʘʢʝʪʥʦʡ ʧʝʨʝʜʘʯʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʧʨʠʤʝʥʷʝʤʳʝ 

ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʣʝʬʦʥʠʠ ʥʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʩʣʫʯʘʷ 

ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʦʚ. ʆʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʝʯʝʚʳʭ ʠ ʚʠʜʝʦ 

ʩʝʨʚʠʩʦʚ ʠʤʝʶʪ ʘʜʝʢʚʘʪʥʳʝ ʤʦʜʝʣʠ ʪʨʘʬʠʢʘ ʢʘʢ ʦʪʜʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʪʘʢ ʠ 

ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʥʳʭ ʧʦʪʦʢʦʚ.  

ʇʦʩʣʝʜʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʡ 

ʪʨʘʬʠʢ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʚʠʜʦʚ ʩʝʨʚʠʩʦʚ ʷʚʣʷʝʪʩʷ ʩʘʤʦʧʦʜʦʙʥʳʤ 

(ʬʨʘʢʪʘʣʴʥʳʤ). ʇʘʢʝʪʠʟʠʨʦʚʘʥʥʘʷ ʧʝʨʝʜʘʯʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦʪʨʝʙʦʚʘʣʘ ʧʝʨʝʩʤʦʪʨʘ ʤʥʦʛʠʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʪʝʣʝʪʨʘʬʠʢʘ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʦʧʠʩʘʥʠʝʤ ʧʦʪʦʢʦʚ ʠ ʨʘʩʯʝʪʦʤ ʥʘʛʨʫʟʦʢ ʥʘ ʩʝʪʴ ʚ ʩʚʷʟʠ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʩʚʦʡʩʪʚ 

ʩʘʤʦʧʦʜʦʙʠʷ ʚ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ. ʇʘʯʝʯʥʳʡ ʭʘʨʘʢʪʝʨ ʪʨʘʬʠʢʘ ʩʦʟʜʘʝʪ ʩʣʦʞʥʳʝ 

ʫʩʣʦʚʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʪʝʚʳʭ ʩʪʨʫʢʪʫʨ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʝʤ. ʕʪʦ ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ ʢʘʢ ʜʣʠʥʘ ʧʘʯʝʢ, ʪʘʢ ʠ ʧʘʫʟʳ ʤʝʞʜʫ ʥʠʤʠ 

ʠʟʤʝʥʷʶʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ.  

ɼʣʷ ʦʮʝʥʢʠ ʠ ʦʧʠʩʘʥʠʷ ʧʫʣʴʩʠʨʫʶʱʝʡ ʩʪʨʫʢʪʫʨʳ ʠʣʠ ʠʟʤʝʥʯʠʚʦʩʪʠ 

(ʩʘʤʦʧʦʜʦʙʥʦʩʪʠ) ʧʨʦʮʝʩʩʦʚ ʚ ʛʦʨʦʜʝ ɸʪʳʨʘʫ ʘʥʘʣʠʟʘʪʦʨʦʤ ʪʨʘʬʠʢʘ 

Wireshark ʠʟʤʝʨʝʥ ʤʘʛʠʩʪʨʘʣʴʥʳʡ ʪʨʘʬʠʢ.  

ɼʘʣʝʝ ʚ ʮʝʣʷʭ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʧʦʩʪʫʧʘʶʱʝʛʦ ʧʨʦʩʪʝʡʰʝʛʦ ʠ 

ʩʘʤʦʧʦʜʦʙʥʦʛʦ ʪʨʘʬʠʢʘ ʜʘʥʥʳʭ ʨʘʟʨʘʙʦʪʘʥʳ ʠʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʥʘ 

ʤʦʜʝʣʠʨʫʝʤʦʤ ʷʟʳʢʝ GPSS World. 
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1. ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʝʪʠ 

 

 

1.1 ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʩʝʪʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ɸʪʳʨʘʫʩʢʦʡ ʆɼʊ 

 

 

ɸʪʳʨʘʫ ʨʘʩʧʦʣʦʞʝʥ ʚ ɿʘʧʘʜʥʦʤ ʂʘʟʘʭʩʪʘʥʝ ʠ ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʥʳʤ 

ʮʝʥʪʨʦʤ ɸʪʳʨʘʫʩʢʦʡ ʦʙʣʘʩʪʠ, ʢʨʫʧʥʝʡʰʠʡ ʮʝʥʪʨ ʧʦ ʜʦʙʳʯʝ ʥʝʬʪʠ ʠ ʛʘʟʘ, 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʨʳʥʦʢ ʠʥʚʝʩʪʠʮʠʡ.  

ʉʝʪʴ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ɸʪʳʨʘʫʩʢʦʛʦ ʆɼʊ ʠʤʝʝʪ ʩʦʚʨʝʤʝʥʥʫʶ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʩʚʷʟʠ. ʕʪʦ ʦʧʪʠʯʝʩʢʘʷ ʤʘʛʠʩʪʨʘʣʴ ʜʦ 189 ʄʙʠʪ/ʩ, ʰʠʨʦʢʘʷ 

ʘʙʦʥʝʥʪʩʢʘʷ ʙʘʟʘ, ʥʘʮʝʣʝʥʥʦʩʪʴ ʥʘ ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʫʪʝʤ 

ʨʘʩʰʠʨʝʥʠʷ ʩʧʝʢʪʨʘ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ ʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʣʫʯʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ. ʉ ʟʘʚʝʨʰʝʥʠʝʤ ʚ 2008 ʛʦʜʫ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ɿʘʧʘʜʥʦʡ ɺʆʃʉ ʚ ɸʪʳʨʘʫʩʢʦʤ ʆɼʊ ʧʦʣʴʟʦʚʘʪʝʣʠ ʯʝʪʳʨʝʭ 4 ʦʙʣʘʩʪʥʳʭ 

ʮʝʥʪʨʦʚ ʠ 29 ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʧʦʣʫʯʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʴʩʷ ʚʩʝʤʠ 

ʚʠʜʘʤʠ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʫʩʣʫʛ (ʨʠʩʫʥʦʢ 1.1).  

 

 
 

ʈʠʩʫʥʦʢ 1.1 ï ʉʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʪʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ɸʪʳʨʘʫʩʢʦʡ ʆɼʊ 

 

ɺʚʝʜʝʥ ʚ ʦʧʳʪʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ Call-center ʚ ɸʪʳʨʘʫ. ʕʪʦ ʧʝʨʝʜʦʚʦʝ ʠ 

ʵʬʬʝʢʪʠʚʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʩʧʨʘʚʦʯʥʳʭ ʩʣʫʞʙ, ʢʦʪʦʨʦʝ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʩʧʝʢʪʨ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ ʠ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ. ɼʦʣʷ ʥʘ ʨʳʥʢʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ Internet ʩʦʩʪʘʚʣʷʝʪ 

ʙʦʣʝʝ 55%. ʅʘʮʠʦʥʘʣʴʥʘʷ ʩʝʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ISP) ʨʘʙʦʪʘʝʪ ʚ ʢʦʥʢʫʨʝʥʪʥʦʡ 

ʩʨʝʜʝ ʧʦʜ ʪʦʨʛʦʚʦʡ ʤʘʨʢʦʡ Kazakhstan Online. ʇʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ɸʊʄ 
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ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʫʩʣʫʛʠ ʜʦʩʪʫʧʘ ʢ ʩʝʨʚʠʩʘʤ ʀʥʪʝʨʥʝʪ ʥʘ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʠ.  

ʅʘʮʠʦʥʘʣʴʥʘʷ ʩʝʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʪʘʢʠʝ ʫʩʣʫʛʠ, ʢʘʢ 

ʜʦʩʪʫʧ ʧʦ ʢʦʤʤʫʪʠʨʫʝʤʦʡ ʩʝʪʠ ʉʊʆʇ çɿʦʥʘ ʀʥʪʝʨʥʝʪè, ʚʳʜʝʣʝʥʥʦʝ 

ʧʦʜʢʣʶʯʝʥʠʝ ʯʝʨʝʟ ADSL, HDSL, IP over FR, ʜʦʩʪʫʧ ʢ ʯʘʩʪʥʳʤ ʢʦʨʧʦʨʘʪʠʚʥʳʤ 

ʩʝʪʷʤ ʧʦ VPDN, ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʫʩʣʫʛ ʧʨʠʣʦʞʝʥʠʡ Web-Hosting ʠ ʪ.ʜ. ʇʦ 

ʫʩʣʫʛʝ ʢʦʤʤʫʪʠʨʫʝʤʦʛʦ ʜʦʩʪʫʧʘ (ɿʦʥʘ ʀʥʪʝʨʥʝʪ, ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʀʥʪʝʨʥʝʪ ʠ 

VPDN) ʝʤʢʦʩʪʴ ʤʦʜʝʤʥʦʛʦ ʧʫʣʘ ʫʚʝʣʠʯʝʥʘ ʜʦ 3240 ʧʦʨʪʦʚ. ʇʦ ʫʩʣʫʛʝ ADSL 

ʝʤʢʦʩʪʴ ʫʚʝʣʠʯʝʥʘ ʜʦ 2500 ʧʦʨʪʦʚ. 

ɺ 2012 ʛʦʜʫ ʙʳʣʦ ʩʤʦʥʪʠʨʦʚʘʥʦ ʠ ʧʨʠʥʷʪʦ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 8 ʥʦʚʳʭ ʫʟʣʦʚ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ɿʘʚʝʨʰʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʘ ʧʝʨʝʚʦʜʘ ʚʩʝʭ ʩʝʨʚʝʨʦʚ 

ʜʦʩʪʫʧʘ ʢ ʫʩʣʫʛʘʤ çɿʦʥʘ ʀʥʪʝʨʥʝʪè, çʂʘʟʘʭʩʪʘʥʩʢʠʡ ʀʥʪʝʨʥʝʪè, ʧʝʨʝʚʦʜ 

ʨʘʙʦʪʳ VPDN c ʩʠʛʥʘʣʠʟʘʮʠʠ R2 ʥʘ ʩʠʛʥʘʣʠʟʘʮʠʶ ʆʂʉ ˉ7.  

ɺʩʝ ʘʙʦʥʝʥʪʳ 137 ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʧʦʣʴʟʫʶʪʩʷ ʫʩʣʫʛʦʡ ʀʥʪʝʨʥʝʪ 

ʐʇɼ, ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 60360 ʘʙʦʥʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ CDMA EV 

DO-450 ʧʦʜʢʣʶʯʝʥʳ 227 ʘʙʦʥʝʥʪʦʚ, ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʀʥʪʝʨʥʝʪʘ ʥʘ 100 

ʜʦʤʦʭʦʟʷʡʩʪʚ ʩʦʩʪʘʚʣʷʝʪ ï 43 ʪʦʯʢʠ. ɼʦ ʚʩʝʭ ʨʘʡʦʥʥʳʭ ʮʝʥʪʨʦʚ ʦʨʛʘʥʠʟʦʚʘʥʳ 

GE ʧʦʪʦʢʠ. ɺ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ, ʛʜʝ ʢʦʣʠʯʝʩʪʚʘ ʥʘʩʝʣʝʥʠʡ ʙʦʣʝʝ 50 ʯʝʣʦʚʝʢ, 

ʪʝʣʝʬʦʥʠʟʘʮʠʷ ʦʨʛʘʥʠʟʦʚʘʥʘ ʧʦ ʩʝʪʠ WLL ʉDMA. ʅʘ ʨʠʩʫʥʢʝ 1.2 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʪʠ Metro Ethernet ɸʪʳʨʘʫʩʢʦʡ ʆɼʊ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʥʦʩʪʴʶ ʦʧʪʠʯʝʩʢʫʶ ʩʝʪʴ. 

 

 
 

ʈʠʩʫʥʦʢ 1.2 ï ʉʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʪʠ Metro Ethernet ɸʪʳʨʘʫʩʢʦʡ ʆɼʊ 
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ɺ ʛʦʨʦʜʘʭ ɸʪʳʨʘʫ ʠ ʂʫʣʴʩʘʨʳ ʦʨʛʘʥʠʟʦʚʘʥʘ ʩʝʪʴ ʦʧʪʠʯʝʩʢʦʛʦ 

ʘʙʦʥʝʥʪʩʢʦʛʦ ʜʦʩʪʫʧʘ ʧʦ ʪʝʭʥʦʣʦʛʠʠ FTTH (GPON). ʇʦ ɸʪʳʨʘʫʩʢʦʡ ʦʙʣʘʩʪʠ 

ʢʦʣʠʯʝʩʪʚʦ ʘʙʦʥʝʥʪʦʚ FTTH ʩʦʩʪʘʚʣʷʝʪ - 11648.  

ʊʝʭʥʦʣʦʛʠʷ Metro Ethernet ɸʪʳʨʘʫʩʢʦʡ ʆɼʊ ʦʙʲʝʜʠʥʷʝʪ ʚ ʦʧʪʠʯʝʩʢʦʝ 

ʢʦʣʴʮʦ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ: ɾʘʣʛʘʥʩʘʡ, ɸʢʪʦʛʘʡ, ʉʘʨʪʦʛʘʡ, ʊʘʥʜʘʡ, ʏʢʘʣʦʚ, 

ɸʣʛʘ, ʉʘʨʘʡʯʠʢ, ʉʘʨʘʡʰʳʢ 2 ʠ ʄʘʭʘʤʙʝʪ. 

ɺ ʛʦʨʦʜʝ ɸʪʳʨʘʫ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʛʣʘʚʥʦʝ ʢʦʣʴʮʦ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

10 Gigabit Ethernet ʠ ʯʝʪʳʨʝ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʢʦʣʴʮʘ Gigabit Ethernet ʯʝʨʝʟ 

ʆʇʊʉ (ʦʧʦʨʥʦ-ʪʨʘʥʟʠʪʥʳʝ ʩʪʘʥʮʠʠ) ʧʦʜʢʣʶʯʝʥʥʳʝ ʢ ʛʣʘʚʥʦʤʫ ʢʦʣʴʮʫ. ʅʘ 

ʨʠʩʫʥʢʝ 1.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʦʧʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʛʦʨʦʜʘ 

ʛ. ɸʪʳʨʘʫ. 

 

 
 

ʈʠʩʫʥʦʢ 1.3 ï ʉʭʝʤʘ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʛ. ɸʪʳʨʘʫ 

 

ʋʩʣʫʛʘʤʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʀʥʪʝʨʥʝʪ ʥʘʩʝʣʝʥʠʶ ʚ ɸʪʳʨʘʫ ʟʘʥʠʤʘʶʪʩʷ 

ʧʨʦʚʘʡʜʝʨʳ çʂʘʟʘʭʪʝʣʝʢʦʤè, Beeline ʠ ʊʝʣʝ2. ʇʦʧʫʣʷʨʥʦʡ ʫʩʣʫʛʦʡ ʷʚʣʷʝʪʩʷ 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʜʦʩʪʫʧ ʀʥʪʝʨʥʝʪ ʧʦʜ ʙʨʝʥʜʦʤ ID Net (ʙʦʣʝʝ 12000 

ʘʙʦʥʝʥʪʦʚ). ɼʦ ʢʦʥʮʘ 2015 ʛʦʜʘ ʵʪʘ ʫʩʣʫʛʘ ʙʫʜʝʪ ʜʦʩʪʫʧʥʘ ʚʩʝʤ ʘʙʦʥʝʥʪʘʤ 

ʦʙʣʘʩʪʥʦʛʦ ʮʝʥʪʨʘ [1]. 

 

 

1.2 ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʟʚʠʪʠʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ 

 

 

ʄʫʣʴʪʠʩʝʨʚʠʩʥʘʷ ʩʝʪʴ ï ʵʪʦ ʝʜʠʥʘʷ ʩʝʪʴ, ʩʧʦʩʦʙʥʘʷ ʧʝʨʝʜʘʚʘʪʴ ʛʦʣʦʩ, 

ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʷ ʠ ʜʘʥʥʳʝ. ʇʦʷʚʣʝʥʠʝ ʤʫʣʴʪʠʩʝʨʚʠʩʥʳʭ ʩʝʪʝʡ ʤʦʞʝʪ ʦʢʘʟʘʪʴ 



24 

 

ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʠʥʜʫʩʪʨʠʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ.  

ɺ ɸʪʳʨʘʫʩʢʦʤ ʆɼʊ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʦʩʪʘʚʢʘ ʧʦ ʝʜʠʥʦʡ ʩʝʪʝʚʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, ʙʘʟʠʨʫʶʱʝʡʩʷ ʥʘ ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʦʚ ʨʘʟʥʦʨʦʜʥʦʛʦ ʪʨʘʬʠʢʘ 

ʪʘʢʠʝ ʢʘʢ ʜʘʥʥʳʝ, ʛʦʣʦʩ ʠ ʚʠʜʝʦ. 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʤʫʣʴʪʠʩʝʨʚʠʩʥʳʭ ʩʝʪʝʡ ʩʚʷʟʘʥʦ ʩ ʪʝʤʧʘʤʠ ʨʦʩʪʘ ʪʨʘʬʠʢʘ 

ʜʘʥʥʳʭ ʥʝʩʦʠʟʤʝʨʠʤʦ ʧʨʝʚʳʰʘʶʱʝʛʦ ʛʦʣʦʩʦʚʦʡ ʪʨʘʬʠʢ (ʨʠʩʫʥʦʢ 1.4). ɿʜʝʩʴ 

ʠʟʙʨʘʥ ʧʫʪʴ ï ʧʦʩʪʝʧʝʥʥʦʡ ʟʘʤʝʥ r TDM-ʩʝʪʝʡ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʢʘʥʘʣʦʚ ʥʘ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʧʘʢʝʪʥʳʭ ʩʝʪʝʡ [2]. 

 

 
 

ʈʠʩʫʥʦʢ 1.4 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʛʨʘʬʠʢ ʨʦʩʪʘ ʪʨʘʬʠʢʘ ʜʘʥʥʳʭ ʠ ʛʦʣʦʩʘ 

 

ʊʨʘʬʠʢʠ ʜʘʥʥʳʭ ʠ ʛʦʣʦʩʘ ʠʤʝʶʪ ʩʪʦʣʴ ʨʘʟʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʯʪʦ ʠʭ 

ʪʨʫʜʥʦ ʧʨʠʤʠʨʠʪʴ ʚ ʝʜʠʥʦʡ ʩʝʪʠ. ʋ ʧʝʨʚʦʛʦ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʡ ʚʟʨʳʚʥʦʡ 

ʭʘʨʘʢʪʝʨ, ʦʥ ʧʦʛʣʦʱʘʝʪ ʧʦʯʪʠ ʚʩʝ ʥʘʣʠʯʥʳʝ ʨʝʩʫʨʩʳ ʩʝʪʠ ʚ ʩʣʫʯʘʡʥʳʝ 

ʢʦʨʦʪʢʠʝ ʦʪʨʝʟʢʠ ʚʨʝʤʝʥʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʪʦʨʦʡ ʧʨʝʜʩʢʘʟʫʝʤ ʠ ʪʨʝʙʫʝʪ 

ʫʩʪʦʡʯʠʚʦʡ ʧʝʨʝʜʘʯʠ ʠʟ ʢʦʥʮʘ ʚ ʢʦʥʝʮ ʩ ʤʘʣʳʤ ʚʨʝʤʝʥʝʤ ʦʞʠʜʘʥʠʷ. 

ʂʦʥʮʝʧʮʠʷ ʤʫʣʴʪʠʩʝʨʚʠʩʥʦʩʪʠ ʩʦʜʝʨʞʠʪ ʥʝʩʢʦʣʴʢʦ ʘʩʧʝʢʪʦʚ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʩʪʦʨʦʥʘʤ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʠ [3]: 

- ʢʦʥʚʝʨʛʝʥʮʠʷ ʟʘʛʨʫʟʢʠ ʩʝʪʠ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʧʝʨʝʜʘʯʫ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʪʨʘʬʠʢʘ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʛʦ ʬʦʨʤʘʪʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʨʝʜʘʯʘ ʘʫʜʠʦ- ʠ ʚʠʜʝʦʪʨʘʬʠʢʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ 

ʯʝʨʝʟ ʩʝʪʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʢʦʤʤʫʪʘʮʠʶ ʢʘʥʘʣʦʚ, ʘ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ð ʧʦ 

ʩʝʪʷʤ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʧʘʢʝʪʦʚ. ʂʦʥʚʝʨʛʝʥʮʠʷ ʟʘʛʨʫʟʢʠ ʩʝʪʠ ʦʧʨʝʜʝʣʷʝʪ 

ʪʝʥʜʝʥʮʠʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʪʝʡ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʧʘʢʝʪʦʚ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠ ʘʫʜʠʦ- 

ʠ ʚʠʜʝʦʧʦʪʦʢʦʚ, ʠ ʩʦʙʩʪʚʝʥʥʦ ʜʘʥʥʳʭ ʩʝʪʝʡ. ʆʜʥʘʢʦ ʵʪʦ ʥʝ ʦʪʨʠʮʘʝʪ 
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ʪʨʝʙʦʚʘʥʠʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʪʨʘʬʠʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʤ 

ʢʘʯʝʩʪʚʦʤ ʫʩʣʫʛ; 

- ʢʦʥʚʝʨʛʝʥʮʠʷ ʧʨʦʪʦʢʦʣʦʚ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʧʝʨʝʭʦʜ ʦʪ ʤʥʦʞʝʩʪʚʘ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʝʪʝʚʳʭ ʧʨʦʪʦʢʦʣʦʚ ʢ ʦʙʱʝʤʫ (ʢʘʢ ʧʨʘʚʠʣʦ, IP). ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʝʪʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʤʥʦʞʝʩʪʚʦʤ ʧʨʦʪʦʢʦʣʦʚ, 

ʪʘʢʠʭ ʢʘʢ IP, IPX, AppleTalk, ʠ ʦʜʥʦʛʦ ʪʠʧʘ ʜʘʥʥʳʭ, ʤʫʣʴʪʠʩʝʨʚʠʩʥʳʝ ʩʝʪʠ 

ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʥʘ ʝʜʠʥʳʡ ʧʨʦʪʦʢʦʣ ʠ ʨʘʟʣʠʯʥʳʝ ʩʝʨʚʠʩʳ, ʪʨʝʙʫʶʱʠʝʩʷ ʜʣʷ 

ʧʦʜʜʝʨʞʢʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʪʨʘʬʠʢʘ; 

- ʬʠʟʠʯʝʩʢʘʷ ʢʦʥʚʝʨʛʝʥʮʠʷ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʧʝʨʝʜʘʯʫ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʪʨʘʬʠʢʘ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʀ ʤʫʣʴʪʠʤʝʜʠʡʥʳʡ, ʠ 

ʛʦʣʦʩʦʚʦʡ ʪʨʘʬʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʜʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ, 

ʟʘʜʝʨʞʢʘʤ ʠ çʜʨʦʞʘʥʠʶè ʯʘʩʪʦʪʳ. ʇʨʦʪʦʢʦʣʳ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʘ, 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠʦʨʠʪʝʪʥʳʭ ʦʯʝʨʝʜʝʡ ʠ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ (QʦS) 

ʧʦʟʚʦʣʷʶʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʫʩʣʫʛʠ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʪʨʘʬʠʢʘ; 

- ʢʦʥʚʝʨʛʝʥʮʠʷ ʫʩʪʨʦʡʩʪʚ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʪʝʥʜʝʥʮʠʶ ʧʦʩʪʨʦʝʥʠʷ 

ʘʨʭʠʪʝʢʪʫʨʳ ʩʝʪʝʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʩʧʦʩʦʙʥʦʡ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʨʘʟʥʦʪʠʧʥʳʡ ʪʨʘʬʠʢ. ʊʘʢ, ʢʦʤʤʫʪʘʪʦʨ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʢʦʤʤʫʪʘʮʠʶ Ethernet-ʧʘʢʝʪʦʚ, IP-ʤʘʨʰʨʫʪʠʟʘʮʠʶ ʠ ʩʦʝʜʠʥʝʥʠʷ ɸʊʄ. 

ʋʩʪʨʦʡʩʪʚʘ ʩʝʪʠ ʤʦʛʫʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʦʙʱʠʤ ʧʨʦʪʦʢʦʣʦʤ ʩʝʪʠ (ʥʘʧʨʠʤʝʨ, IP) ʠ ʠʤʝʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʩʝʨʚʠʩʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, ʛʘʨʘʥʪʠʠ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ, ʟʘʜʝʨʞʢʫ ʠ ʜʨ.). 

ʂʨʦʤʝ ʪʦʛʦ, ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʢʘʢ Web-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ 

ʧʨʠʣʦʞʝʥʠʷ, ʪʘʢ ʠ ʧʘʢʝʪʥʫʶ ʪʝʣʝʬʦʥʠʶ; 

- ʢʦʥʚʝʨʛʝʥʮʠʷ ʧʨʠʣʦʞʝʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʠʥʪʝʛʨʘʮʠʶ ʨʘʟʣʠʯʥʳʭ 

ʬʫʥʢʮʠʡ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ. ʅʘʧʨʠʤʝʨ, Web-ʙʨʘʫʟʝʨ 

ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʠʪʴ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʩʪʨʘʥʠʮʳ ʤʫʣʴʪʠʤʝʜʠʘ-ʜʘʥʥʳʝ ʪʠʧʘ 

ʟʚʫʢʦʚʦʛʦ, ʚʠʜʝʦʩʠʛʥʘʣʘ, ʛʨʘʬʠʢʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ ʜʨ.; 

- ʢʦʥʚʝʨʛʝʥʮʠʷ ʪʝʭʥʦʣʦʛʠʡ ʚʳʨʘʞʘʝʪ ʩʪʨʝʤʣʝʥʠʝ ʢ ʩʦʟʜʘʥʠʶ ʝʜʠʥʦʡ 

ʦʙʱʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʝʡ ʩʚʷʟʠ, ʩʧʦʩʦʙʥʦʡ 

ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʝʪʝʡ ʩʚʷʟʠ, ʠ ʣʦʢʘʣʴʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ. ʊʘʢʘʷ ʙʘʟʘ ʫʞʝ ʩʫʱʝʩʪʚʫʝʪ: ʥʘʧʨʠʤʝʨ, ʘʩʠʥʭʨʦʥʥʘʷ 

ʩʠʩʪʝʤʘ ʧʝʨʝʜʘʯʠ (ɸʊʄ) ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʢ 

ʨʝʛʠʦʥʘʣʴʥʳʭ, ʪʘʢ ʠ ʣʦʢʘʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ; 

- ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʢʦʥʚʝʨʛʝʥʮʠʷ, ʧʨʝʜʧʦʣʘʛʘʶʱʘʷ ʮʝʥʪʨʘʣʠʟʘʮʠʶ ʩʣʫʞʙ 

ʩʝʪʝʚʳʭ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ 

ʤʝʥʝʜʞʝʨʦʚ ʚʳʩʰʝʛʦ ʟʚʝʥʘ, ʥʘʧʨʠʤʝʨ, ʚ ʣʠʮʝ ʚʠʮʝ-ʧʨʝʟʠʜʝʥʪʘ. ʕʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʦʨʛʘʥʠʟʘʪʦʨʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʛʦʣʦʩʘ, ʚʠʜʝʦʩʠʛʥʘʣʘ ʠ ʜʘʥʥʳʭ ʚ ʝʜʠʥʦʡ ʩʝʪʠ. 

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʘʩʧʝʢʪʳ ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʣʠʯʥʳʝ ʩʪʦʨʦʥʳ ʧʨʦʙʣʝʤʳ 

ʧʦʩʪʨʦʝʥʠʷ ʤʫʣʴʪʠʩʝʨʚʠʩʥʳʭ ʩʝʪʝʡ, ʩʧʦʩʦʙʥʳʭ ʧʝʨʝʜʘʚʘʪʴ ʪʨʘʬʠʢ ʨʘʟʣʠʯʥʦʛʦ 

ʪʠʧʘ ʢʘʢ ʚ ʧʝʨʠʬʝʨʠʡʥʦʡ ʯʘʩʪʠ ʩʝʪʠ, ʪʘʢ ʠ ʚ ʝʝ ʷʜʨʝ. 
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1.3 ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 

 

 

ʊʝʦʨʠʷ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʧʠʩʳʚʘʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʇʦʷʚʠʣʘʩʴ ʚ ʥʘʯʘʣʝ ʍʍ ʚʝʢʘ ʩ ʧʦʷʚʣʝʥʠʝʤ 

ʪʝʣʝʬʦʥʥʳʭ ʩʠʩʪʝʤ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ. ʐʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʣʫʯʠʣʘ ʚ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ (ʪʝʦʨʠʷ ʪʝʣʝʪʨʘʬʠʢʘ). 

ʊʝʣʝʪʨʘʬʠʢ ï ʵʪʦ ʧʦʥʷʪʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʜʚʠʞʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. ʊʝʦʨʠʷ ʪʝʣʝʪʨʘʬʠʢʘ 

ʠʟʫʯʘʝʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ 

[4]. 

ʊʝʦʨʠʷ ʪʝʣʝʪʨʘʬʠʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʠ ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʠ ʪʝʣʝʬʦʥʥʳʭ ʩʦʦʙʱʝʥʠʡ. ʆʥʘ ʟʘʥʠʤʘʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ, ʦʪʦʙʨʘʞʘʶʱʠʭ ʨʝʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʠʩʪʝʤʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʨʘʟʨʘʙʦʪʢʦʡ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʊʝʦʨʠʷ ʪʝʣʝʪʨʘʬʠʢʘ ʦʧʝʨʠʨʫʝʪ ʥʝ ʩ ʩʘʤʠʤʠ ʩʠʩʪʝʤʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ, ʘ ʩ ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ [5].  

ʆʩʥʦʚʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʧʨʦʮʝʩʩʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʪʨʘʬʠʢ 

ʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʷʭ, ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʳʡ ʧʦʪʦʢ ʜʘʥʥʳʭ. 

ʇʦʪʦʢ ʢʘʢ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʦʠʤʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʏʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ: ʧʣʦʪʥʦʩʪʴ 

ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʜʘʥʥʳʭ ʟʘ ʧʝʨʠʦʜ, ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ 

ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʧʦʩʪʫʧʣʝʥʠʷʤʠ ʜʘʥʥʳʭ ʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ 

[6].  

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚʢʣʶʯʘʝʪ 

ʩʣʝʜʫʶʱʠʝ ʪʨʠ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʘ:  

- ʧʦʪʦʢ ʧʦʩʪʫʧʘʶʱʠʭ ʩʦʦʙʱʝʥʠʡ (ʪʨʝʙʦʚʘʥʠʡ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ); 

- ʩʠʩʪʝʤʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʩʪʫʧʘʶʱʠʭ ʩʦʦʙʱʝʥʠʡ (ʩʠʩʪʝʤʘ ʢʦʤʤʫʪʘʮʠʠ);  

- ʜʠʩʮʠʧʣʠʥʫ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʩʪʫʧʘʶʱʠʭ ʩʦʦʙʱʝʥʠʡ. 

ʇʦʪʦʢ ʩʦʦʙʱʝʥʠʡ ʚʢʣʶʯʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʘʨʘʤʝʪʨʘʭ ʠ ʩʚʦʡʩʪʚʘʭ 

ʧʦʪʦʢʘ ʚʳʟʦʚʦʚ (ʪʨʝʙʦʚʘʥʠʡ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ), ʘ ʪʘʢʞʝ ʦ ʚʠʜʝ ʧʝʨʝʜʘʚʘʝʤʳʭ 

ʩʦʦʙʱʝʥʠʡ ʠ ʬʦʨʤʝ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ.  

ʉʠʩʪʝʤʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʧʦʩʪʨʦʝʥʠʷ ʠ 

ʥʘʙʦʨʦʤ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʢʦʣʠʯʝʩʪʚʦ ʚʭʦʜʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʚʳʭʦʜʦʚ ʠ 

ʜʨ.). 

ɼʠʩʮʠʧʣʠʥʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʩʪʫʧʘʶʱʠʭ ʩʦʦʙʱʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ: 

- ʩʧʦʩʦʙʦʤ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʩ ʦʞʠʜʘʥʠʝʤ, ʙʝʟ ʧʦʪʝʨʴ, ʩ ʷʚʥʳʤʠ ʧʦʪʝʨʷʤʠ, 

ʩ ʧʦʚʪʦʨʝʥʠʝʤ ʠʣʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ); 

- ʧʦʨʷʜʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʚ ʧʦʨʷʜʢʝ ʦʯʝʨʝʜʥʦʩʪʠ, ʚ ʩʣʫʯʘʡʥʦʤ ʧʦʨʷʜʢʝ 

ʠʣʠ ʩ ʧʨʠʦʨʠʪʝʪʦʤ); 

- ʩʧʦʩʦʙʦʤ ʠʩʢʘʥʠʷ ʩʚʦʙʦʜʥʳʭ ʚʳʭʦʜʦʚ (ʫʧʦʨʷʜʦʯʝʥʥʳʡ ʠʣʠ 

ʩʣʫʯʘʡʥʳʡ). 
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ʊʨʘʜʠʮʠʦʥʥʦ ʧʨʦʙʣʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘʤʠ ʚ ʩʝʪʷʭ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʜʦ ʩʠʭ ʧʦʨ ʨʝʰʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʪʝʦʨʠʠ ʤʘʩʩʦʚʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ, ʪʝʦʨʠʠ ʛʨʘʬʦʚ, ʪʝʦʨʠʠ ʩʝʪʝʡ, ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʦʚ ʠ ʜʨ. 

ɺʝʜʫʱʫʶ ʨʦʣʴ ʚ ʧʦʩʪʘʥʦʚʢʝ ʠ ʨʝʰʝʥʠʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʪʝʦʨʠʠ 

ʦʯʝʨʝʜʝʡ ʥʘʨʷʜʫ ʩ ʧʝʨʚʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ɸ.ʂ. ʕʨʣʘʥʛʘ ʩʳʛʨʘʣʠ ʨʘʙʦʪʳ ʊ.ʆ. 

ʕʥʛʩʝʪʘ, ɸ.ʗ. ʍʠʥʯʠʥʘ, ʂ. ʇʘʣʴʤʘ ʠ ʜʨ. 

ɺ ʪʝʦʨʠʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʚʦʜʠʪʩʷ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʤʦʜʝʣʴ 

ʧʦʪʦʢʘ ʩʦʙʳʪʠʡ. ʇʦʪʦʢʦʤ ʩʦʙʳʪʠʡ ʥʘʟʳʚʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʦʙʳʪʠʡ, 

ʩʣʝʜʫʶʱʠʭ ʦʜʥʦ ʟʘ ʜʨʫʛʠʤ ʚ ʩʣʫʯʘʡʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ,...,...,, 21 kttt . ʇʦʪʦʢʠ 

ʩʦʙʳʪʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʣʫʯʘʡʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ,...,...,, 1121 ->> nn ttttt

ʷʚʣʷʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ.  

ɺ ʨʝʘʣʴʥʳʭ ʉʄʆ ʧʦʪʦʢ ʟʘʷʚʦʢ ʦʙʳʯʥʦ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʳʤ. ʊʘʢʠʝ 

ʧʦʪʦʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʪʨʝʤʷ ʩʚʦʡʩʪʚʘʤʠ: 

- ʧʦʪʦʢ ʩʦʙʳʪʠʡ ʥʘʟʳʚʘʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʤ, ʝʩʣʠ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʦʩʪʫʧʣʝʥʠʷ K ʪʨʝʙʦʚʘʥʠʡ ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ [ )ttt D+00;  ʥʝ ʟʘʚʠʩʠʪ ʦʪ 0t , ʘ 

ʟʘʚʠʩʠʪ ʣʠʰʴ ʦʪ ʜʣʠʥʳ ʠʥʪʝʨʚʘʣʘ tD: () consttP =D  ʧʨʠ constt=D . ʀʣʠ: 

( ) consttttPk =D+00,  ʧʨʠ constt=D  (ʨʠʩʫʥʦʢ 1.5). ʀʣʠ, ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ʦʟʥʘʯʘʝʪ 

ʥʝʠʟʤʝʥʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʧʦʚʝʜʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʧʦ 

ʚʨʝʤʝʥʠ. ʉʪʘʮʠʦʥʘʨʥʦʩʪʴ ʦʟʥʘʯʘʝʪ ʧʦʩʪʦʷʥʩʪʚʦ ʚʦ ʚʨʝʤʝʥʠ ʧʣʦʪʥʦʩʪʠ 

ʧʦʩʪʫʧʣʝʥʠʷ ʚʳʟʦʚʦʚ, ʪʦ ʝʩʪʴ ʧʦʩʪʦʷʥʩʪʚʦ ʩʨʝʜʥʝʛʦ ʯʠʩʣʘ ʚʳʟʦʚʦʚ ʚ ʝʜʠʥʠʮʫ 

ʚʨʝʤʝʥʠ. 

 

 
 

ʈʠʩʫʥʦʢ 1.5 ï ʇʦʷʩʥʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ 

 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ (ʧʣʦʪʥʦʩʪʴ) ʧʦʪʦʢʘ ʩʦʙʳʪʠʡ ï ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʩʦʙʳʪʠʡ ʚ 

ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ï ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʦʪʦʢʘ ʜʦʣʞʥʘ ʦʩʪʘʚʘʪʴʩʷ ʧʦʩʪʦʷʥʥʦʡ. 

ʇʫʣʴʩʘʮʠʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʦʪʦʢʘ ʥʝ ʥʦʩʷʪ ʟʘʢʦʥʦʤʝʨʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʘ 

ʫʩʨʝʜʥʝʥʥʦʝ ʯʠʩʣʦ ʩʦʙʳʪʠʡ, ʧʦʧʘʜʘʶʱʠʭ ʥʘ ʝʜʠʥʠʯʥʳʡ ʫʯʘʩʪʦʢ ʚʨʝʤʝʥʠ, 

ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʜʣʷ ʚʩʝʛʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʝʨʠʦʜʘ; 

- ʧʦʪʦʢ ʩʦʙʳʪʠʡ ʥʘʟʳʚʘʝʪʩʷ ʦʨʜʠʥʘʨʥʳʤ, ʝʩʣʠ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʥʘ 

ʤʘʣʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ tD  ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʩʦʙʳʪʠʡ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʦʧʘʜʘʥʠʷ ʦʜʥʦʛʦ ʩʦʙʳʪʠʷ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ 

ʦʨʜʠʥʘʨʥʦʤ ʧʦʪʦʢʝ ʟʘʷʚʢʠ ʧʨʠʭʦʜʷʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʦʜʠʥʦʯʢʝ, ʘ ʥʝ ʧʘʨʘʤʠ, 

ʪʨʦʡʢʘʤʠ ʠ ʪ.ʜ. ʆʨʜʠʥʘʨʥʦʩʪʴ ï ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ 

ʙʦʣʝʝ ʦʜʥʦʛʦ ʩʦʙʳʪʠʷ ʟʘ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ; 

- ʦʪʩʫʪʩʪʚʠʝ ʧʦʩʣʝʜʝʡʩʪʚʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ K 

ʪʨʝʙʦʚʘʥʠʡ ʚ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ [ )ttt D+00;  ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʩʢʦʣʴʢʦ 

ʪʨʝʙʦʚʘʥʠʡ ʠ ʢʘʢ ʵʪʠ ʪʨʝʙʦʚʘʥʠʷ ʧʦʩʪʫʧʘʣʠ ʜʦ ʤʦʤʝʥʪʘ ( )tttPt k D+000 ,: . ʉʪʝʧʝʥʴ 
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ʧʦʩʣʝʜʝʡʩʪʚʠʷ ï ʫʨʦʚʝʥʴ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʩʦʙʳʪʠʡ ʦʪ 

ʧʨʝʜʳʜʫʱʠʭ. 

ɽʩʣʠ ʧʦʪʦʢ ʩʦʙʳʪʠʡ ʦʙʣʘʜʘʝʪ ʪʨʝʤʷ ʥʘʟʚʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʦ ʦʥ 

ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʩʪʝʡʰʠʤ (ʠʣʠ ʩʪʘʮʠʦʥʘʨʥʳʤ ʧʫʘʩʩʦʥʦʚʩʢʠʤ) ʧʦʪʦʢʦʤ. ʇʨʠ 

ʩʫʤʤʠʨʦʚʘʥʠʠ (ʚʟʘʠʤʥʦʤ ʥʘʣʦʞʝʥʠʠ) ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʦʨʜʠʥʘʨʥʳʭ, 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʦʪʦʢʦʚ ʩ ʧʦʩʣʝʜʝʡʩʪʚʠʝʤ ʧʦʣʫʯʘʝʪʩʷ ʧʦʪʦʢ ʙʣʠʟʢʠʡ ʢ 

ʧʨʦʩʪʝʡʰʝʤʫ [6]. 

ʂʣʘʩʩʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʪʨʘʬʠʢʘ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʝʪʷʭ ʷʚʣʷʝʪʩʷ 

ʇʫʘʩʩʦʥʦʚʩʢʠʡ (ʧʨʦʩʪʝʡʰʠʡ) ʧʦʪʦʢ. ʆʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʙʦʨʦʤ 

ʚʝʨʦʷʪʥʦʩʪʝʡ P(k) ʧʦʩʪʫʧʣʝʥʠʷ k ʩʦʦʙʱʝʥʠʡ ʟʘ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ t [4, 7]:  
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ʛʜʝ k=0,1,é ï ʯʠʩʣʦ ʩʦʦʙʱʝʥʠʡ;  

      ɚ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ.  

ʇʨʠ ʵʪʦʤ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʠʟʤʝʨʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʦʦʙʱʝʥʠʡ t ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ɚ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ (ʩʨʝʜʥʝʝ) ʠ ʜʠʩʧʝʨʩʠʷ ʇʫʘʩʩʦʥʦʚʩʢʦʛʦ ʧʦʪʦʢʘ 

ʨʘʚʥʳ ɚt. 

ɿʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʜʘʥʥʳʭ ʟʘ ʧʝʨʠʦʜ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʨʚʘʣʘ Ű ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʦʙʳʪʠʷʤʠ:  

 

() teP Ö-Ö= llt .     (1.2) 

 

ʆʪʩʶʜʘ ʚʳʚʦʜ: ʧʫʘʩʩʦʥʦʚʩʢʠʡ ʧʦʪʦʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ.  

ɼʣʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ Ű, ʠʤʝʶʱʝʡ ʧʦʢʘʟʘʪʝʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ rm  ʝʩʪʴ ʚʝʣʠʯʠʥʘ, ʦʙʨʘʪʥʘʷ ʧʘʨʘʤʝʪʨʫ, ʘ ʩʨʝʜʥʝʝ 

ʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ rs  ʨʘʚʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʦʞʠʜʘʥʠʶ: 

 

.
1

l
s == rrm       (1.3) 

 

ʆʩʥʦʚʥʳʤ ʩʚʦʡʩʪʚʦʤ ʧʫʘʩʩʦʥʦʚʩʢʦʛʦ ʧʦʪʦʢʘ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʤ ʝʛʦ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʷʚʣʷʝʪʩʷ ʘʜʜʠʪʠʚʥʦʩʪʴ: 

ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʧʦʪʦʢ ʩʫʤʤʳ ʧʫʘʩʩʦʥʦʚʩʢʠʭ ʧʦʪʦʢʦʚ ʪʦʞʝ ʷʚʣʷʝʪʩʷ 

ʧʫʘʩʩʦʥʦʚʩʢʠʤ ʩ ʩʫʤʤʘʨʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʇʫʘʩʩʦʥʦʚʩʢʠʡ ʧʦʪʦʢ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝʤ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ON/OFF ʠʩʪʦʯʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ ʄʘʨʢʦʚʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ɼʦʣʛʦʝ ʚʨʝʤʷ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʧʨʠʨʦʜʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʇʫʘʩʩʦʥʦʚʩʢʦʤʫ ʧʨʦʮʝʩʩʫ. ɸ ʵʪʦ ʦʟʥʘʯʘʣʦ, ʯʪʦ ʥʘ ʚʭʦʜ 
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ʫʩʪʨʦʡʩʪʚʘ ʧʦʩʪʫʧʘʝʪ ʧʫʘʩʩʦʥʦʚʩʢʠʡ ʧʦʪʦʢ ʟʘʷʚʦʢ, ʪʦ ʝʩʪʴ ʷʚʣʷʝʪʩʷ 

ʧʨʦʩʪʝʡʰʠʤ ï ʦʜʥʦʨʦʜʥʳʡ ʩʪʘʮʠʦʥʘʨʥʳʡ ʧʦʪʦʢ ʙʝʟ ʧʦʩʣʝʜʝʡʩʪʚʠʡ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʙʘʟʫ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩʦʩʪʘʚʣʷʣʘ ʪʝʦʨʠʷ 

ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʆʥʘ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ 

ʩʝʪʷʭ ʢʦʤʤʫʪʘʮʠʠ ʢʘʥʘʣʦʚ. ʄʦʜʝʣʴʶ ʧʦʪʦʢʘ ʚʳʟʦʚʦʚ (ʜʘʥʥʳʭ) ʚ ʵʪʦʡ ʪʝʦʨʠʠ 

ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʝʡʰʠʡ ʧʦʪʦʢ (ʩʪʘʮʠʦʥʘʨʥʳʡ ʦʨʜʠʥʘʨʥʳʡ ʧʦʪʦʢ ʙʝʟ 

ʧʦʩʣʝʜʝʡʩʪʚʠʷ). 

ʈʘʟʚʠʪʠʝ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʚʝʣʦ ʢ ʰʠʨʦʢʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ 

ʩʝʪʝʡ ʩ ʧʘʢʝʪʥʦʡ ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʧʦʩʪʝʧʝʥʥʦ ʩʪʘʣʠ ʚʳʪʝʩʥʷʪʴ 

ʩʠʩʪʝʤʳ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʢʘʥʘʣʦʚ, ʥʦ, ʧʦ-ʧʨʝʞʥʝʤʫ, ʦʥʠ ʧʨʦʝʢʪʠʨʦʚʘʣʠʩʴ ʥʘ 

ʦʩʥʦʚʝ ʦʙʱʠʭ ʧʦʣʦʞʝʥʠʡ ʪʝʦʨʠʠ ʪʝʣʝʪʨʘʬʠʢʘ. 

ʇʦʪʦʢ ʢʘʢ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʦʠʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʏʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ: ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ 

ʜʘʥʥʳʭ ʟʘ ʧʝʨʠʦʜ, ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʧʦʩʪʫʧʣʝʥʠʷʤʠ 

ʜʘʥʥʳʭ ʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ. 

 

 

1.4 ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʪʝʦʨʠʠ ʩʘʤʦʧʦʜʦʙʥʦʛʦ ʪʝʣʝʪʨʘʬʠʢʘ 

 

 

ʉʝʛʦʜʥʷ ʧʨʦʠʩʭʦʜʠʪ ʩʝʨʴʝʟʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʭʘʨʘʢʪʝʨʘ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʝʨʝʜʘʚʘʝʤʦʡ ʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʷʭ ʢʘʢ 

ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʫʨʦʚʥʷ, ʪʘʢ ʠ ʫʨʦʚʥʷ ʦʧʝʨʘʪʦʨʦʚ ʩʚʷʟʠ. ɻʣʘʚʥʳʤ ʧʦʩʪʘʚʱʠʢʦʤ 

ʜʘʥʥʳʭ ʩʪʘʥʦʚʠʪʩʷ ʀʥʪʝʨʥʝʪ, ʩʝʨʚʠʩʳ ʢʦʪʦʨʦʛʦ ʧʦʣʴʟʫʶʪʩʷ ʚʩʝ ʚʦʟʨʘʩʪʘʶʱʠʤ 

ʩʧʨʦʩʦʤ. ʄʝʥʷʶʪʩʷ ʧʦʜʭʦʜʳ ʢ ʧʦʩʪʨʦʝʥʠʶ ʩʝʪʝʡ, ʠ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʭʦʜʷʪ 

ʩʝʪʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʤʫʣʴʪʠʩʝʨʚʠʩʥʳʝ ʩʝʪʠ. ɻʣʘʚʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘʢʠʭ ʩʝʪʝʡ ʷʚʣʷʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩ ʦʜʠʥʘʢʦʚʳʤ ʢʘʯʝʩʪʚʦʤ 

ʧʝʨʝʜʘʚʘʪʴ ʣʶʙʳʝ ʚʠʜʳ ʪʨʘʬʠʢʘ, ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ, ʧʘʢʝʪʥʘʷ 

ʢʦʤʤʫʪʘʮʠʷ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʴ. 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʤʫʣʴʪʠʩʝʨʚʠʩʥʳʭ ʩʝʪʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʦʜʩʠʩʪʝʤ, ʯʪʦʙʳ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʛʦʣʦʩʘ, ʜʘʥʥʳʭ ʠ ʚʠʜʝʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʝʜʠʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ. 

ɺʧʝʨʚʳʝ ʦ ʩʘʤʦʧʦʜʦʙʥʦʤ ʪʝʣʝʪʨʘʬʠʢʝ ʟʘʛʦʚʦʨʠʣʠ ʩ ʤʦʤʝʥʪʘ ʝʛʦ 

ʦʪʢʨʳʪʠʷ ʚ 1993 ʛʦʜʫ ʛʨʫʧʧʦʡ ʘʤʝʨʠʢʘʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ W.Leland, 

M.Taqqu, W.Willinger ʠ D.Wilson [8], ʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʣʠ Ethernet-ʪʨʘʬʠʢ ʚ 

ʩʝʪʠ ʢʦʨʧʦʨʘʮʠʠ Bellcore ʠ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʥʘ ʙʦʣʴʰʠʭ ʤʘʩʰʪʘʙʘʭ ʦʥ 

ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ ʩʘʤʦʧʦʜʦʙʠʷ, ʪʦ ʝʩʪʴ ʚʳʛʣʷʜʠʪ ʢʘʯʝʩʪʚʝʥʥʦ ʦʜʠʥʘʢʦʚʦ ʧʨʠ 

ʣʶʙʳʭ (ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ) ʤʘʩʰʪʘʙʘʭ ʚʨʝʤʝʥʥʦʡ ʦʩʠ. ʀ, ʯʪʦ ʧʦʪʦʢʠ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʪʷʭ ʥʝʣʴʟʷ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʧʨʦʩʪʝʡʰʠʤʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 

ʠʤʝʶʪ ʠʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʝʤ ʧʨʠʥʷʪʦ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʪʝʣʝʪʨʘʬʠʢʘ [9, 

10]. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʨʘʬʠʢ ʩʝʪʠ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ ʩʘʤʦʧʦʜʦʙʠʷ 

(ʤʘʩʰʪʘʙʥʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ), ʠʤʝʝʪ ʧʘʤʷʪʴ (ʧʦʩʣʝʜʝʡʩʪʚʠʝ), ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʦʡ ʧʫʣʴʩʘʮʠʝʡ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ 
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ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ, 

ʧʦ ʢʣʘʩʩʠʯʝʩʢʠʤ ʬʦʨʤʫʣʘʤ ʜʘʝʪ ʥʝʢʦʨʨʝʢʪʥʳʝ, ʥʝʦʧʨʘʚʜʘʥʥʦ 

ʦʧʪʠʤʠʩʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ. ɸʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʪʨʘʬʠʢʘ, ʩʦʟʜʘʥʥʳʝ ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʧʨʦʩʪʝʡʰʠʤ ʧʦʪʦʢʦʤ ʥʝʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʬʨʘʢʪʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʩ 

ʩʘʤʦʧʦʜʦʙʠʝʤ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ, 

ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʠ ʜʨ.) ʩʘʤʦʧʦʜʦʙʥʦʛʦ 

ʪʨʘʬʠʢʘ ʠʤʝʶʪ ʭʘʨʘʢʪʝʨ ʩʧʘʜʘ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʱʠʡʩʷ ʦʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ. 

ʇʦʵʪʦʤʫ ʪʨʝʙʫʶʪ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʠʩʭʦʜʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ, ʢʦʪʦʨʳʝ ʜʝʣʘʣʠʩʴ 

ʨʘʥʝʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʥʦʛʠʭ ʩʝʪʝʚʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʊʦ ʝʩʪʴ, ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʩʘʤʦʧʦʜʦʙʥʦʛʦ ʪʨʘʬʠʢʘ, ʤʝʪʦʜʳ 

ʨʘʩʯʝʪʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʠ (ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʦʚ, ʝʤʢʦʩʪʠ 

ʙʫʬʝʨʦʚ ʠ ʧʨ.) ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʘʨʢʦʚʩʢʠʭ ʤʦʜʝʣʷʭ ʠ ʬʦʨʤʫʣʘʭ ʕʨʣʘʥʛʘ, 

ʢʦʪʦʨʳʝ ʩ ʫʩʧʝʭʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʝʣʝʬʦʥʥʳʭ ʩʝʪʝʡ, ʜʘʶʪ 

ʥʝʦʧʨʘʚʜʘʥʥʦ ʦʧʪʠʤʠʩʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʠ ʧʨʠʚʦʜʷʪ ʢ ʥʝʜʦʦʮʝʥʢʝ ʥʘʛʨʫʟʢʠ.  

ʇʨʦʙʣʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʥʘ 

ʩʘʤʦʧʦʜʦʙʠʝ ʧʦʩʚʷʱʝʥʦ ʤʥʦʛʦ ʨʘʙʦʪ (ɼ.ɺ. ʃʘʥʜʵ, ʆ.ʀ. ʐʝʣʫʭʠʥʘ, ɻ.ɸ. ʋʨʴʝʚʘ, 

ɸ.ɺ. ʆʩʠʥʘ, ɺ.ɺ. ʇʝʪʨʦʚʘ ʠ ʜʨ.  

ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʜʦʢʘʟʳʚʘʶʪ ʪʦ, ʯʪʦ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ ʷʚʣʷʝʪʩʷ 

ʩʘʤʦʧʦʜʦʙʥʳʤ (self-similar) ʠʣʠ ʬʨʘʢʪʘʣʴʥʳʤ (fractal) ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ, ʪʦ 

ʝʩʪʴ ʚ ʥʝʤ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʚʩʧʳʰʢʠ ʠʣʠ ʧʘʯʢʠ (burst) 

ʜʘʥʥʳʭ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ (ʦʪ ʤʠʣʠʩʝʢʫʥʜ 

ʜʦ ʤʠʥʫʪ ʠʣʠ ʜʘʞʝ ʯʘʩʦʚ) ʠ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʧʘʢʝʪʘʤʠ.  

ʅʝʬʦʨʤʘʣʴʥʦ ʩʘʤʦʧʦʜʦʙʥʳʡ ʧʨʦʮʝʩʩ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʣʫʯʘʡʥʳʡ 

ʧʨʦʮʝʩʩ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ ʧʨʦʷʚʣʷʶʪ ʩʚʦʡʩʪʚʘ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʫʘʩʩʦʥʦʚʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʧʦʜʦʙʥʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʧʦʩʣʝʜʝʡʩʪʚʠʷ: ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ 

ʩʣʝʜʫʶʱʝʛʦ (ʦʯʝʨʝʜʥʦʛʦ) ʩʦʙʳʪʠʷ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʚʨʝʤʝʥʠ, ʥʦ ʠ ʦʪ 

ʧʨʝʜʳʜʫʱʠʭ ʩʦʙʳʪʠʡ (ʧʨʝʜʳʩʪʦʨʠʠ). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʯʠʩʣʦ ʪʝʢʫʱʠʭ 

ʩʦʙʳʪʠʡ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʯʠʩʣʘ ʧʨʝʜʳʜʫʱʠʭ ʩʦʙʳʪʠʡ ʚ ʦʪʜʘʣʝʥʥʳʝ 

ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ.  

ʅʝʧʨʝʨʳʚʥʳʡ ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ()tX , ʩʯʠʪʘʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʩʘʤʦʧʦʜʦʙʥʳʤ ʩ ʧʘʨʘʤʝʪʨʦʤ ʅ ( )15,0 ¢¢H , ʝʩʣʠ ʜʣʷ ʣʶʙʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʯʠʩʣʘ ʘ, ʧʨʦʮʝʩʩʳ ()tX  ʠ ()atXa H-  ʙʫʜʫʪ ʠʤʝʪʴ ʠʜʝʥʪʠʯʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʪʦ 

ʝʩʪʴ ʠʤʝʪʴ ʦʜʠʥʘʢʦʚʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʣʷ ʚʩʝʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʮʝʣʳʭ n 

 

() () (){ } ( ) ( ) ( ){ }n

HHHD

n atXaatXaatXatXtXtX --- ,...,,~,...,, 2121 .   (1.4) 

 

ʇʨʘʢʪʠʯʝʩʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʩʘʤʦʧʦʜʦʙʥʦʩʪʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ 

ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ [11, 12, 13]: 
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- ʩʨʝʜʥʝʝ ()
()
Ha

atXE
tXE

][
][ = ;    (1.5) 

 

- ʜʠʩʧʝʨʩʠʷ ()
()
H

ar

ar
a

atXV
tXV

2

][
][ = ;   (1.6) 

 

- ʬʫʥʢʮʠʷ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ( )
( )

Ha

aatR
tR

t
t

,
, = .   (1.7) 

 

ʛʜʝ H ï ʧʘʨʘʤʝʪʨ ʍʝʨʩʪʘ (Hurst); 

      a  ï ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ. 

ʇʘʨʘʤʝʪʨ ʍʝʨʩʪʘ ʧʦʢʘʟʳʚʘʝʪ çʩʪʝʧʝʥʴè ʩʘʤʦʧʦʜʦʙʥʦʩʪʠ. ɿʥʘʯʝʥʠʝ H 

= 0.5 ʧʦʢʘʟʳʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʩʘʤʦʧʦʜʦʙʥʦʩʪʠ, ʘ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ H 

(ʙʣʠʟʢʠʝ ʢ 1) ʧʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʫʶ ʩʪʝʧʝʥʴ ʩʘʤʦʧʦʜʦʙʥʦʩʪʠ ʠʣʠ 

ʜʣʠʪʝʣʴʥʦ-ʟʘʚʠʩʠʤʦʩʪʠ (long-range dependent, LRD) ʚ ʧʨʦʮʝʩʩʝ. ʕʪʦ 

ʦʙʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʩʣʠ LRD ʧʨʦʮʝʩʩ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝʥʠʶ (ʠʣʠ 

ʫʤʝʥʴʰʝʥʠʶ) ʚ ʧʨʦʰʣʦʤ, ʪʦ ʩ ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʥ ʙʫʜʝʪ ʠʤʝʪʴ 

ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝʥʠʶ (ʠʣʠ ʫʤʝʥʴʰʝʥʠʶ) ʚ ʙʫʜʫʱʝʤ. 

 

 

1.5 ʇʫʣʴʩʠʨʫʶʱʘʷ ʩʪʨʫʢʪʫʨʘ ʪʨʘʬʠʢʘ ʠ ʝʝ ʦʧʠʩʘʥʠʝ 

 

 

ʊʨʘʬʠʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʘʩʠʥʭʨʦʥʥʳʡ 

ʠ ʧʫʣʴʩʠʨʫʶʱʠʡ ʭʘʨʘʢʪʝʨ. ʂʦʤʧʴʶʪʝʨ ʧʦʩʳʣʘʝʪ ʧʘʢʝʪʳ ʚ ʩʝʪʴ ʚ ʩʣʫʯʘʡʥʳʝ 

ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʧʦ ʤʝʨʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ʇʨʠ ʵʪʦʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʩʳʣʢʠ ʧʘʢʝʪʦʚ ʚ ʩʝʪʴ ʠ ʠʭ ʨʘʟʤʝʨ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʚ 

ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ï ʥʘʧʨʠʤʝʨ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʫʣʴʩʘʮʠʡ ʪʨʘʬʠʢʘ 

(ʦʪʥʦʰʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʛʥʦʚʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʘʬʠʢʘ ʢ ʝʛʦ 

ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ) ʧʨʦʪʦʢʦʣʦʚ ʙʝʟ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʝʪ 

ʜʦʭʦʜʠʪʴ ʜʦ 200, ʘ ʧʨʦʪʦʢʦʣʦʚ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ ï ʜʦ 20. 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʨʘʬʠʢʘ ʢ ʧʦʪʝʨʷʤ ʜʘʥʥʳʭ ʚʳʩʦʢʘʷ, ʪʘʢ 

ʢʘʢ ʙʝʟ ʫʪʨʘʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦʙʦʡʪʠʩʴ ʥʝʣʴʟʷ ʠ ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʩʪʘʥʦʚʠʪʴ 

ʟʘ ʩʯʝʪ ʧʦʚʪʦʨʥʦʡ ʧʝʨʝʜʘʯʠ [14, 15, 16, 17]. 

ʇʘʢʝʪʳ ʧʦʩʪʫʧʘʶʪ ʚ ʩʝʪʴ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʣʠʥʠʡ 

ʩʚʷʟʠ ʠ ʥʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʥʘʧʝʨʝʜ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʢʘʢ ʵʪʦ ʜʝʣʘʝʪʩʷ ʚ 

ʩʝʪʷʭ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʢʘʥʘʣʦʚ, ʘ ʚ ʪʦʤ ʪʝʤʧʝ, ʚ ʢʦʪʦʨʦʤ ʠʭ ʛʝʥʝʨʠʨʫʝʪ 

ʠʩʪʦʯʥʠʢ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʝʪʴ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʧʘʢʝʪʦʚ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʝʪʠ ʩ 

ʢʦʤʤʫʪʘʮʠʝʡ ʢʘʥʘʣʦʚ ʚʩʝʛʜʘ ʛʦʪʦʚʘ ʧʨʠʥʷʪʴ ʧʘʢʝʪ ʦʪ ʢʦʥʝʯʥʦʛʦ ʫʟʣʘ. 

ʇʨʦʮʝʜʫʨʘ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ 

ʠ ʚ ʧʘʢʝʪʥʳʭ ʩʝʪʷʭ. ʆʜʥʘʢʦ ʦʩʥʦʚʥʘʷ ʠʜʝʷ ʪʘʢʦʛʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʜʝʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ 

ʩʝʪʷʭ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʢʘʥʘʣʦʚ. ʈʘʟʥʠʮʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʦʧʫʩʢʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ ʩʝʪʠ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʧʘʢʝʪʦʚ ʤʦʞʝʪ ʜʠʥʘʤʠʯʝʩʢʠ 
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ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʪʴʩʷ ʤʝʞʜʫ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʦʪʦʢʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʢʫʱʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʢʘʞʜʦʛʦ ʧʦʪʦʢʘ, ʯʝʛʦ ʥʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʪʝʭʥʠʢʘ 

ʢʦʤʤʫʪʘʮʠʠ ʢʘʥʘʣʦʚ. 

ʂʦʤʤʫʪʘʮʠʷ ʧʘʢʝʪʦʚ ï ʵʪʦ ʪʝʭʥʠʢʘ ʢʦʤʤʫʪʘʮʠʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ 

ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʨʝʜʘʯʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʨʘʬʠʢʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʧʝʨʚʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʠʢʠ 

ʢʦʤʤʫʪʘʮʠʠ ʢʘʥʘʣʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʦʪ ʚʠʜ ʢʦʤʤʫʪʘʮʠʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ 

ʚʳʩʦʢʦʡ ʦʙʱʝʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʪʠ. ʉʫʪʴ ʧʨʦʙʣʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʫʣʴʩʠʨʫʶʱʝʤ ʭʘʨʘʢʪʝʨʝ ʪʨʘʬʠʢʘ, ʢʦʪʦʨʳʡ ʛʝʥʝʨʠʨʫʶʪ ʪʠʧʠʯʥʳʝ ʩʝʪʝʚʳʝ 

ʧʨʠʣʦʞʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʢ ʫʜʘʣʝʥʥʦʤʫ ʬʘʡʣʦʚʦʤʫ ʩʝʨʚʝʨʫ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʥʘʯʘʣʘ ʧʨʦʩʤʘʪʨʠʚʘʝʪ ʩʦʜʝʨʞʠʤʦʝ ʢʘʪʘʣʦʛʘ ʵʪʦʛʦ ʩʝʨʚʝʨʘ, ʯʪʦ 

ʧʦʨʦʞʜʘʝʪ ʧʝʨʝʜʘʯʫ ʥʝʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ. ɿʘʪʝʤ ʦʥ ʦʪʢʨʳʚʘʝʪ 

ʪʨʝʙʫʝʤʳʡ ʬʘʡʣ ʚ ʪʝʢʩʪʦʚʦʤ ʨʝʜʘʢʪʦʨʝ, ʠ ʵʪʘ ʦʧʝʨʘʮʠʷ ʤʦʞʝʪ ʩʦʟʜʘʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʥʩʠʚʥʳʡ ʦʙʤʝʥ ʜʘʥʥʳʤʠ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʬʘʡʣ ʩʦʜʝʨʞʠʪ 

ʦʙʲʝʤʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ. ʇʦʩʣʝ ʦʪʦʙʨʘʞʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʩʪʨʘʥʠʮ 

ʬʘʡʣʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʨʘʙʦʪʘʝʪ ʩ ʥʠʤʠ ʣʦʢʘʣʴʥʦ, ʯʪʦ ʚʦʦʙʱʝ ʥʝ 

ʪʨʝʙʫʝʪ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʩʝʪʠ, ʘ ʟʘʪʝʤ ʚʦʟʚʨʘʱʘʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʢʦʧʠʠ ʩʪʨʘʥʠʮ ʥʘ ʩʝʨʚʝʨ ï ʠ ʵʪʦ ʩʥʦʚʘ ʧʦʨʦʞʜʘʝʪ ʠʥʪʝʥʩʠʚʥʫʶ ʧʝʨʝʜʘʯʫ 

ʜʘʥʥʳʭ ʧʦ ʩʝʪʠ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʫʣʴʩʘʮʠʠ ʪʨʘʬʠʢʘ ʦʪʜʝʣʴʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʝʪʠ, ʨʘʚʥʳʡ 

ʦʪʥʦʰʝʥʠʶ ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʢ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʡ, ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 1:50 ʠʣʠ 1:100 [18].  

ʇʨʠ ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʦʚ ʚʩʝ ʧʝʨʝʜʘʚʘʝʤʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩʝʪʠ 

ʩʦʦʙʱʝʥʠʷ ʨʘʟʙʠʚʘʶʪʩʷ ʚ ʠʩʭʦʜʥʦʤ ʫʟʣʝ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʯʘʩʪʠ, 

ʥʘʟʳʚʘʝʤʳʝ ʧʘʢʝʪʘʤʠ. ʉʦʦʙʱʝʥʠʝ ï ʣʦʛʠʯʝʩʢʠ ʟʘʚʝʨʰʝʥʥʘʷ ʧʦʨʮʠʷ ʜʘʥʥʳʭ ï 

ʟʘʧʨʦʩ ʥʘ ʧʝʨʝʜʘʯʫ ʬʘʡʣʘ, ʦʪʚʝʪ ʥʘ ʵʪʦʪ ʟʘʧʨʦʩ, ʩʦʜʝʨʞʘʱʠʡ ʚʝʩʴ ʬʘʡʣ, ʠ ʪ. ʧ. 

ʉʦʦʙʱʝʥʠʷ ʤʦʛʫʪ ʠʤʝʪʴ ʧʨʦʠʟʚʦʣʴʥʫʶ ʜʣʠʥʫ, ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʙʘʡʪ ʜʦ ʤʥʦʛʠʭ 

ʤʝʛʘʙʘʡʪ. ʅʘʧʨʦʪʠʚ, ʧʘʢʝʪʳ ʦʙʳʯʥʦ ʪʦʞʝ ʤʦʛʫʪ ʠʤʝʪʴ ʧʝʨʝʤʝʥʥʫʶ ʜʣʠʥʫ, ʥʦ ʚ 

ʫʟʢʠʭ ʧʨʝʜʝʣʘʭ, ʥʘʧʨʠʤʝʨ ʦʪ 46 ʜʦ 1500 ʙʘʡʪ. ʂʘʞʜʳʡ ʧʘʢʝʪ ʩʥʘʙʞʘʝʪʩʷ 

ʟʘʛʦʣʦʚʢʦʤ, ʚ ʢʦʪʦʨʦʤ ʫʢʘʟʳʚʘʝʪʩʷ ʘʜʨʝʩʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ 

ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʘ ʫʟʣʫ ʥʘʟʥʘʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʦʤʝʨ ʧʘʢʝʪʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʫʟʣʦʤ ʥʘʟʥʘʯʝʥʠʷ ʜʣʷ ʩʙʦʨʢʠ ʩʦʦʙʱʝʥʠʷ. ʇʘʢʝʪʳ 

ʪʨʘʥʩʧʦʨʪʠʨʫʶʪʩʷ ʚ ʩʝʪʠ ʢʘʢ ʥʝʟʘʚʠʩʠʤʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʙʣʦʢʠ.  

ʉʝʪʴ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʧʘʢʝʪʦʚ ʟʘʤʝʜʣʷʝʪ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʢʦʥʢʨʝʪʥʦʡ ʧʘʨʳ ʘʙʦʥʝʥʪʦʚ, ʪʘʢ ʢʘʢ ʠʭ ʧʘʢʝʪʳ ʤʦʛʫʪ ʦʞʠʜʘʪʴ ʚ ʩʝʪʝʚʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ, ʧʦʢʘ ʧʦ ʤʘʛʠʩʪʨʘʣʴʥʳʤ ʩʚʷʟʷʤ ʧʝʨʝʜʘʶʪʩʷ ʜʨʫʛʠʝ ʧʘʢʝʪʳ, 

ʧʨʠʰʝʜʰʠʝ ʚ ʩʝʪʝʚʦʝ ʫʩʪʨʦʡʩʪʚʦ ʨʘʥʝʝ. 

ʆʙʱʠʡ ʦʙʲʝʤ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʝʪʴʶ ʢʦʤʧʴʶʪʝʨʥʳʭ ʜʘʥʥʳʭ ʚ ʝʜʠʥʠʮʫ 

ʚʨʝʤʝʥʠ ʧʨʠ ʪʝʭʥʠʢʝ ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʦʚ ʙʫʜʝʪ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʪʝʭʥʠʢʝ 

ʢʦʤʤʫʪʘʮʠʠ ʢʘʥʘʣʦʚ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʦʤʫ, ʯʪʦ ʧʫʣʴʩʘʮʠʠ ʦʪʜʝʣʴʥʳʭ 

ʘʙʦʥʝʥʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʙʦʣʴʰʠʭ ʯʠʩʝʣ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚʦ 

ʚʨʝʤʝʥʠ.  
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ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʪʨʘʬʠʢʦʚʳʭ ʪʨʘʩʩ ʦʪʤʝʯʘʶʪ ʪʦʪ ʬʘʢʪ, 

ʯʪʦ ʪʘʢʘʷ ʧʫʣʴʩʠʨʫʶʱʘʷ ʩʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʥʝ ʦʪʜʝʣʴʥʳʤ, ʧʦʙʦʯʥʳʤ 

ʷʚʣʝʥʠʝʤ, ʘ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʘʢʝʪʥʳʭ ʩʝʪʝʡ.  

ʇʨʠ ʧʘʢʝʪʥʦʡ ʢʦʤʤʫʪʘʮʠʠ ʥʝʧʨʝʨʳʚʥʳʡ ʙʠʪʦʚʳʡ ʧʦʪʦʢ ʩ ʧʝʨʝʤʝʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʧʦʪʦʢ ʧʘʢʝʪʦʚ, ʧʨʠ ʵʪʦʤ ʧʣʦʪʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʦʩʪʫʧʘʶʱʠʤʠ 

ʧʘʢʝʪʘʤʠ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʶʪ ʝʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʷʚʣʷʶʪʩʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʩ çʪʷʞʝʣʳʤʠè ʭʚʦʩʪʘʤʠè. 

 

 

1.6 ʄʘʨʰʨʫʪʠʟʘʪʦʨ 

 

 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ (router) ï ʩʝʪʝʚʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ 

ʦ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ ʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʧʨʘʚʠʣ ʧʨʠʥʠʤʘʶʱʝʝ ʨʝʰʝʥʠʷ ʦ ʧʝʨʝʩʳʣʢʝ 

ʧʘʢʝʪʦʚ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ ʤʦʜʝʣʠ OSI ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʩʝʛʤʝʥʪʘʤʠ ʩʝʪʠ.  

ʈʘʙʦʪʘʝʪ ʥʘ ʪʨʝʪʴʝʤ ʫʨʦʚʥʝ ʠ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʤ ʧʦ ʩʚʦʝʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ, ʯʝʤ ʩʝʪʝʚʦʡ ʤʦʩʪ. ʆʙʳʯʥʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʠʩʧʦʣʴʟʫʝʪ 

ʘʜʨʝʩ ʧʦʣʫʯʘʪʝʣʷ, ʫʢʘʟʘʥʥʳʡ ʚ ʧʘʢʝʪʘʭ ʜʘʥʥʳʭ ʠ ʦʧʨʝʜʝʣʷʝʪ ʧʦ ʪʘʙʣʠʮʝ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʧʫʪʴ, ʧʦ ʢʦʪʦʨʦʤʫ ʩʣʝʜʫʝʪ ʧʝʨʝʜʘʪʴ ʜʘʥʥʳʝ. ɽʩʣʠ ʚ ʪʘʙʣʠʮʝ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʜʣʷ ʘʜʨʝʩʘ ʥʝʪ ʦʧʠʩʘʥʥʦʛʦ ʤʘʨʰʨʫʪʘ, ʧʘʢʝʪ ʦʪʙʨʘʩʳʚʘʝʪʩʷ.  

ʉʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʨʰʨʫʪʘ ʧʝʨʝʩʳʣʢʠ 

ʧʘʢʝʪʦʚ, ʢʦʛʜʘ, ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʜʨʝʩ ʦʪʧʨʘʚʠʪʝʣʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʧʨʦʪʦʢʦʣʳ ʚʝʨʭʥʠʭ ʫʨʦʚʥʝʡ ʠ ʜʨʫʛʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʟʘʛʦʣʦʚʢʘʭ 

ʧʘʢʝʪʦʚ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ. ʅʝʨʝʜʢʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʤʦʛʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʪʨʘʥʩʣʷʮʠʶ ʘʜʨʝʩʦʚ ʦʪʧʨʘʚʠʪʝʣʷ ʠ ʧʦʣʫʯʘʪʝʣʷ, ʬʠʣʴʪʨʘʮʠʶ ʪʨʘʥʟʠʪʥʦʛʦ 

ʧʦʪʦʢʘ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʘʚʠʣ ʩ ʮʝʣʴʶ ʦʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ, 

ʰʠʬʨʦʚʘʥʠʝ/ʜʝʰʠʬʨʦʚʘʥʠʝ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ.  

ʊʘʙʣʠʮʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ ʦ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʩʳʣʢʝ ʧʘʢʝʪʦʚ. ʊʘʙʣʠʮʘ 

ʩʦʩʪʦʠʪ ʠʟ ʥʝʢʦʪʦʨʦʛʦ ʯʠʩʣʘ ʟʘʧʠʩʝʡ ð ʤʘʨʰʨʫʪʦʚ, ʚ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ 

ʩʦʜʝʨʞʠʪʩʷ ʘʜʨʝʩ ʩʝʪʠ ʧʦʣʫʯʘʪʝʣʷ, ʘʜʨʝʩ ʩʣʝʜʫʶʱʝʛʦ ʫʟʣʘ, ʢʦʪʦʨʦʤʫ ʩʣʝʜʫʝʪ 

ʧʝʨʝʜʘʚʘʪʴ ʧʘʢʝʪʳ ʠ ʥʝʢʦʪʦʨʳʡ ʚʝʩ ʟʘʧʠʩʠ ð ʤʝʪʨʠʢʘ. ʄʝʪʨʠʢʠ ʟʘʧʠʩʝʡ ʚ 

ʪʘʙʣʠʮʝ ʠʛʨʘʶʪ ʨʦʣʴ ʚ ʚʳʯʠʩʣʝʥʠʠ ʢʨʘʪʯʘʡʰʠʭ ʤʘʨʰʨʫʪʦʚ ʢ ʨʘʟʣʠʯʥʳʤ 

ʧʦʣʫʯʘʪʝʣʷʤ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʜʝʣʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʧʨʦʪʦʢʦʣʦʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʚ ʪʘʙʣʠʮʝ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴʩʷ ʥʝʢʦʪʦʨʘʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʣʫʞʝʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ [19, 20]. ʊʘʙʣʠʮʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ 

ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴʩʷ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 

- ʩʪʘʪʠʯʝʩʢʘʷ ʤʘʨʰʨʫʪʠʟʘʮʠʷ ï ʢʦʛʜʘ ʟʘʧʠʩʠ ʚ ʪʘʙʣʠʮʝ ʚʚʦʜʷʪʩʷ ʠ 

ʠʟʤʝʥʷʶʪʩʷ ʚʨʫʯʥʫʶ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʪʨʝʙʫʝʪ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ 

ʢʘʞʜʳʡ ʨʘʟ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʷ ʚ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʦʥ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤ ʠ ʪʨʝʙʫʶʱʠʤ ʤʠʥʠʤʫʤʘ ʘʧʧʘʨʘʪʥʳʭ 

ʨʝʩʫʨʩʦʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʪʘʙʣʠʮʳ; 
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- ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʘʨʰʨʫʪʠʟʘʮʠʷ ï ʢʦʛʜʘ ʟʘʧʠʩʠ ʚ ʪʘʙʣʠʮʝ ʦʙʥʦʚʣʷʶʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʠ ʧʦʤʦʱʠ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʪʦʢʦʣʦʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ 

ï RIP, OSPF, EIGRP, IS-IS, BGP, ʠ ʜʨ.  

ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʩʪʨʦʠʪ ʪʘʙʣʠʮʫ ʦʧʪʠʤʘʣʴʥʳʭ ʧʫʪʝʡ ʢ ʩʝʪʷʤ ʥʘʟʥʘʯʝʥʠʷ 

ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʢʨʠʪʝʨʠʝʚ ï ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʫʟʣʦʚ, 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʦʚ, ʟʘʜʝʨʞʢʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʪ. ʧ. ʂʨʠʪʝʨʠʠ 

ʚʳʯʠʩʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʤʘʨʰʨʫʪʦʚ ʯʘʱʝ ʚʩʝʛʦ ʟʘʚʠʩʷʪ ʦʪ ʧʨʦʪʦʢʦʣʘ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʟʘʜʘʶʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. ʊʘʢʦʡ 

ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʪʘʙʣʠʮʳ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʜʝʨʞʘʪʴ ʪʘʙʣʠʮʫ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʚ ʘʢʪʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʚʳʯʠʩʣʷʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʤʘʨʰʨʫʪʳ 

ʥʘ ʦʩʥʦʚʝ ʪʝʢʫʱʝʡ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ. ʆʜʥʘʢʦ ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʘʰʨʫʪʠʟʘʮʠʷ 

ʦʢʘʟʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʚʳʩʦʢʘʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ 

ʩʝʪʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʠʪʫʘʮʠʷʤ, ʢʦʛʜʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʥʝ ʫʩʧʝʚʘʶʪ 

ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ ʩʚʦʠ ʪʘʙʣʠʮʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʪʠʚʦʨʝʯʠʚʳʤ ʩʚʝʜʝʥʠʷʤ ʦ 

ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʝʝ ʯʘʩʪʷʭ ʠ ʧʦʪʝʨʝ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ.  

ʄʘʨʰʨʫʪʠʟʘʪʦʨʳ ʧʦʤʦʛʘʶʪ ʫʤʝʥʴʰʠʪʴ ʟʘʛʨʫʟʢʫ ʩʝʪʠ, ʙʣʘʛʦʜʘʨʷ ʝʝ 

ʨʘʟʜʝʣʝʥʠʶ ʥʘ ʜʦʤʝʥʳ ʢʦʣʣʠʟʠʡ ʠ hʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʝ ʜʦʤʝʥʳ, ʘ ʪʘʢʞʝ 

ʙʣʘʛʦʜʘʨʷ ʬʠʣʴʪʨʘʮʠʠ ʧʘʢʝʪʦʚ. ɺ ʦʩʥʦʚʥʦʤ ʠʭ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ 

ʩʝʪʝʡ ʨʘʟʥʳʭ ʪʠʧʦʚ, ʟʘʯʘʩʪʫʶ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʧʦ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʧʨʦʪʦʢʦʣʘʤ, 

ʥʘʧʨʠʤʝʨ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ Ethernet ʠ WAN-ʩʦʝʜʠʥʝʥʠʡ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʧʨʦʪʦʢʦʣʳ DSL, PPP, ATM, Frame relay ʠ ʪ. ʜ. ʅʝʨʝʜʢʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʫʧʘ ʠʟ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʚ 

ʛʣʦʙʘʣʴʥʫʶ ʩʝʪʴ ʀʥʪʝʨʥʝʪ, ʦʩʫʱʝʩʪʚʣʷʷ ʬʫʥʢʮʠʠ ʪʨʘʥʩʣʷʮʠʠ ʘʜʨʝʩʦʚ ʠ 

ʤʝʞʩʝʪʝʚʦʛʦ ʵʢʨʘʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ (ʘʧʧʘʨʘʪʥʦʝ) ʫʩʪʨʦʡʩʪʚʦ, ʪʘʢ ʠ ʦʙʳʯʥʳʡ ʢʦʤʧʴʶʪʝʨ, 

ʚʳʧʦʣʥʷʶʱʠʡ ʬʫʥʢʮʠʠ ʨʦʫʪʝʨʘ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʘʢʝʪʦʚ ʇʆ (ʚ 

ʦʩʥʦʚʥʦʤ ʥʘ ʦʩʥʦʚʝ ʷʜʨʘ Linux) ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʧʨʝʚʨʘʪʠʪʴ ʇʂ ʚ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ ʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʥʘʧʨʠʤʝʨ 

GNU Zebra. ʄʘʨʰʨʫʪʠʟʘʪʦʨʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʧʨʦʩʪʳ ʠ ʩʣʦʞʥʳ.  

ʆʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʦʪʣʠʯʠʡ ʤʝʞʜʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ ʠ ʣʶʙʳʤ ʜʨʫʛʠʤ 

ʢʦʤʤʫʪʘʪʦʨʦʤ ʩʦʦʙʱʝʥʠʡ ʩʦʩʪʦʠʪ ʚ ʩʧʦʩʦʙʝ ʧʦʩʪʨʦʝʥʠʷ ʪʘʙʣʠʮ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨʳ ʧʦʩʳʣʘʶʪ ʩʦʦʙʱʝʥʠʷ ʩʝʪʷʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʘʙʣʠʮʳ ʤʦʩʪʦʚ ʠ 

ʢʦʤʤʫʪʘʪʦʨʦʚ ʩʦʜʝʨʞʘʪ ʩʧʠʩʦʢ ʘʜʨʝʩʦʚ ʧʦʜʫʨʦʚʥʷ MAC. ʄʘʨʰʨʫʪʠʟʘʪʦʨ 

ʚʳʧʦʣʥʷʝʪ ʜʚʝ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ: ʧʝʨʝʢʣʶʯʝʥʠʝ ʪʨʘʬʠʢʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʦʥ ʨʘʙʦʪʘʝʪ. ʆʙʝ ʬʫʥʢʮʠʠ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ 

ʞʝ ʧʨʦʮʝʩʩʦʨʝ, ʥʦ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ. ɿʘʯʘʩʪʫʶ ʧʝʨʝʢʣʶʯʝʥʠʝ ʪʨʘʬʠʢʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʪʜʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩʥʳʡ ʧʨʦʮʝʩʩʦʨ ʠʣʠ ʧʨʦʮʝʜʫʨʘ ʦʙʨʘʙʦʪʢʠ 

ʧʨʝʨʳʚʘʥʠʡ ʷʜʨʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʦʮʝʩʩ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʨʝʜʳ ʚʳʧʦʣʥʷʝʪʩʷ ʚ 

ʬʦʥʦʚʦʤ ʨʝʞʠʤʝ. ʂʘʯʝʩʪʚʦ ʨʘʙʦʪʳ IP-ʩʝʪʝʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʩʭʝʤ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. ʈʘʟʨʘʙʦʪʢʘ ʪʘʢʠʭ ʩʭʝʤ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʠʤʠ ï ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ, ʧʦʩʢʦʣʴʢʫ ʧʨʠʭʦʜʠʪʩʷ ʫʯʠʪʳʚʘʪʴ ʠ 

ʪʦʧʦʣʦʛʠʶ ʩʝʪʠ, ʠ ʧʘʨʘʤʝʪʨʳ ʢʘʥʘʣʦʚ ʩʚʷʟʠ, ʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ 

ʦʙʨʘʙʦʪʢʝ ʨʘʟʥʳʭ ʪʠʧʦʚ ʪʨʘʬʠʢʘ. ʉʣʦʞʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʝʱʝ ʠ ʧʦʪʦʤʫ, ʯʪʦ ʚʩʝ 

ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʜʠʥʘʤʠʯʝʩʢʠ ʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ 
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ʩʝʪʴ, ʚʦʟʤʦʞʥʦʛʦ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʥʦʞʝʩʪʚʘ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. 

ʆʰʠʙʢʠ ʚ ʩʭʝʤʝ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʤʦʛʫʪ ʩʥʠʟʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʞʠʚʫʯʝʩʪʴ ʩʝʪʠ, ʜʘʞʝ ʝʩʣʠ ʝʝ ʪʝʭʥʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʙʫʜʫʪ 

ʠʩʧʨʘʚʥʳ. ʅʘ ʨʠʩʫʥʢʝ 1.6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. 

 
ȷɔɍɊɆɓɎɋ Ɏ ɈɋɊɋɓɎɋ ɘɆɇɑɎɜ ɒɆɖɞɖəɘɎɍɆɜɎɎ ȹɖɔɈɋɓɢ 

ɕɖɔɘɔɐɔɑɆ 

ɒɆɖɞɖəɘɎɍɆɜɎɎ

ȹɊɆɑɋɓɎɋ ɕɑɔɛɎɛ ɕɆɐɋɘɔɈ (ɕɔ 

ɐɔɓɘɖɔɑɢɓɡɏ ɗəɒɒɋ)

ȦɓɆɑɎɍ Ɏ ɒɔɊɎɚɎɐɆɜɎɥ 

ɗɋɘɋɈɔɉɔ ɍɆɉɔɑɔɈɐɆ(Ɉɖɋɒɥ 

ɌɎɍɓɎ Ɏ Ɋɖ.)

ȨɋɊɋɓɎɋ ɔɝɋɖɋɊɋɏ 

ɕɆɐɋɘɔɈ

ȺɎɑɢɘɖɆɜɎɥ 

ɕɆɐɋɘɔɈ

ȴɕɖɋɊɋɑɋɓɎɋ 

ɒɆɖɞɖəɘɆ ɕɔ ɘɆɇɑɎɜɋ 

ɒɆɖɞɖəɘɎɍɆɜɎɎ

ȹɖɔɈɋɓɢ 

ɗɋɘɋɈɔɉɔ 

ɕɖɔɘɔɐɔɑ

Ɇ

ȵɖɋɔɇɖɆɍɔɈɆɓɎɋ 

ɗɋɘɋɈɔɉɔ ɆɊɖɋɗɆ 

ɗɑɋɊəɤɟɋɉɔ 

ɒɆɖɞɖəɘɎɍɆɘɔɖɆ Ɉ 

ɑɔɐɆɑɢɓɡɏ ɆɊɖɋɗ 

ȵɋɖɋɊɆɝɆ əɖɔɈɓɤ 

ɎɓɘɋɖɚɋɏɗɔɈ

1)ɕɆɐɋɘɆ:

2)ɆɊɖɋɗɆ ɗɑɋɊəɤɟɋɉɔ 

ɒɆɖɞɖəɘɎɍɆɘɔɖɆ:

3)ɓɔɒɋɖɆ ɈɡɛɔɊɓɔɉɔ 

ɕɔɖɘɆ 

ȴɘɇɖɆɗɡɈɆɓɎɋ ə ɐɆɊɖɆ 

ɍɆɉɔɑɔɈɐɆ ɐɆɓɆɑɢɓɔɉɔ 

əɖɔɈɓɥ Ɏ ɕɋɖɋɊɆɝɆ 

ɕɆɐɋɘɆ ɗɋɘɋɈɔɒə əɖɔɈɓɤ

ȵɖɎɋɒ Ɏ ɖɆɗɕɖɋɊɋɑɋɓɎɋ ɊɆɓɓɡɛ ɕɔ ɕɔɖɘɆɒ

ȹɖɔɈɋɓɢ 

Ɏɓɘɋɖɚɋɏɗ

ɔɈ

802.3

MAC ï 

ɕɔɊəɖɔɈɋɓ

ɢ 

802.3

MAC ï 

ɕɔɊəɖɔɈɋɓ

ɢ 

802.3

MAC ï 

ɕɔɊəɖɔɈɋɓ

ɢ 

LLC ï ɕɔɊəɖɔɈɋɓɢ

10Base-T 10Base-2 UTP

LAP-B LAP-B LAP-B

LAP-B

ȵɔɖɘ 1

Ethernet

ȵɔɖɘ 2

Ethernet

ȵɔɖɘ 3

Token 

Ring

ȵɔɖɘ 4

V.35(X.25, frame relay, ISDN)  
 

ʈʠʩʫʥʦʢ 1.6 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ 

 

ʋʨʦʚʝʥʴ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʶ ʯʘʩʪʴ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʨʝʜʳ. ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʚʳʧʦʣʥʷʝʪ ʮʝʣʳʡ 

ʨʷʜ ʧʨʠʣʦʞʝʥʠʡ, ʧʨʠʯʝʤ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʯʘʩʪʴʶ ʩʝʪʝʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠʣʠ 

ʢʦʥʬʠʛʫʨʠʨʦʚʘʪʴʩʷ ʜʣʷ ʫʜʦʙʩʪʚʘ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʩʝʪʠ. ʕʪʠ ʧʨʠʣʦʞʝʥʠʷ, ʠʣʠ 

ʧʨʦʮʝʩʩʳ, ʚʳʧʦʣʥʷʶʪʩʷ ʥʘ ʫʨʦʚʥʝ ʧʨʠʣʦʞʝʥʠʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ (Routing 

Application). ʆʜʠʥ ʠʟ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ï ʜʦʤʝʥʥʘʷ ʩʣʫʞʙʘ ʠʤʝʥ (Domain Name 

Service, DNS): ʦʥ ʢʵʰʠʨʫʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ DNS ʜʣʷ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʩʠʩʪʝʤ. 

ʉʪʘʥʜʘʨʪʥʳʤʠ ʩʝʨʚʠʩʘʤʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ ʷʚʣʷʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʪʦʧʦʣʦʛʠʠ (topology mapping) ʠ ʫʧʨʘʚʣʝʥʠʝ ʪʨʘʬʠʢʦʤ (traffic engineering). 

ʊʘʙʣʠʮʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʠʥʦʛʜʘ ʥʘʟʳʚʘʝʤʘʷ ʙʘʟʦʡ ʜʘʥʥʳʭ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ï ʵʪʦ ʥʘʙʦʨ ʤʘʨʰʨʫʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ ʚ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʂʨʫʧʥʳʝ ʩʝʪʠ ʥʝ ʤʦʛʫʪ ʦʙʦʡʪʠʩʴ ʙʝʟ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ 

ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʝʪʠ, ʦʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ 

ʠʟʙʳʪʦʯʥʳ. 
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ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʩʣʦʞʥʳʝ ʩʝʪʠ ʠʩʧʳʪʳʚʘʶʪ ʧʨʦʙʣʝʤʳ ʧʨʠ ʚʳʭʦʜʝ ʣʠʥʠʡ 

ʩʚʷʟʠ ʠʟ ʩʪʨʦʷ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʥʝʩʫʱʝʩʪʚʫʶʱʠʝ ʤʘʨʰʨʫʪʳ ʤʦʛʫʪ ʦʩʪʘʚʘʪʴʩʷ ʚ 

ʪʘʙʣʠʮʝ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ.  

 

 

1.7 ʉʪʨʫʢʪʫʨʘ ʠ ʦʮʝʥʢʘ ʦʙʲʝʤʦʚ ʪʨʘʬʠʢʘ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ 

 

 

ʋʩʣʫʛʠ ʤʫʣʴʪʠʩʝʨʚʠʩʥʦʡ ʩʝʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʩʚʦʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʩʦʩʪʘʚʫ ʠ ʦʙʲʝʤʫ ʩʝʪʝʚʳʭ ʨʝʩʫʨʩʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ï ʢ ʰʠʨʠʥʝ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʟʚʝʥʘ ʩʝʪʠ. ʅʘʠʙʦʣʝʝ ʨʝʩʫʨʩʦʝʤʢʠʤ ʚ 

ʦʪʥʦʰʝʥʠʠ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʫʩʣʫʛ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʝʜʘʯʝʡ ʚʠʜʝʦʧʦʪʦʢʦʚ, ʥʘʧʨʠʤʝʨ ʪʝʣʝʚʝʱʘʥʠʝ ʠ ʚʠʜʝʦ ʧʦ 

ʟʘʧʨʦʩʫ. ʋʞʝ ʩʝʛʦʜʥʷ ʩʨʝʜʥʝʤʫ ʢʣʠʝʥʪʫ ʠʟ ʞʠʣʦʛʦ ʩʝʢʪʦʨʘ ʧʦʥʘʜʦʙʷʪʩʷ ʫʩʣʫʛʠ 

ʫʢʘʟʘʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1.1. 

 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 1.1 ï ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʫʛ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʋʩʣʫʛʠ  ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ, ʄʙʠʪ/ʩ 

HDTV ʥʘ ʧʣʘʟʤʝʥʥʫʶ ʧʘʥʝʣʴ ʚ 

ʛʦʩʪʠʥʫʶ(MPEG-4 HD) 

7-10 

SDTV ʥʘ ʢʫʭʥʶ 1,7-4 

ʃʠʥʠʷ VoIP ɼʦ 0,1 

ʊʝʨʤʠʥʘʣ ʚʠʜʝʦʪʝʣʝʬʦʥʥʦʡ ʩʚʷʟʠ ɼʦ 0,5 

ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʀʥʪʝʨʥʝʪ 1-4 

P2P ʥʘ ʩʢʘʯʠʚʘʥʠʝ ʤʫʟʳʢʘʣʴʥʦʛʦ ʬʘʡʣʘ ɼʦ 5 

ʀʪʦʛʦ 15-25 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʚʠʜʥʦ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʧʨʠʣʦʞʝʥʠʷ 

ʪʨʝʙʫʶʪ ʦʪ ʩʝʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʝʪʴ ʤʦʞʝʪ 

ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʨʚʠʩʥʳʝ ʤʦʜʝʣʠ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ (QoS). 

ʅʘʙʦʨ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ, ʦʩʦʙʝʥʥʦ ʩʝʨʚʠʩʦʚ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, 

ʧʨʝʜʲʷʚʣʷʝʪ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʨʘʥʩʧʦʨʪʥʦʡ ʧʦʜʩʠʩʪʝʤʝ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʨʭʠʪʝʢʪʫʨʳ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʩʝʪʠ. ɼʣʷ ʧʨʠʤʝʨʘ 

ʦʪʤʝʪʠʤ, ʯʪʦ ʚʠʜʝʦʪʨʘʬʠʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʠʪʦʚʳʤ ʧʦʪʦʢʦʤ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʧʨʠ ʵʪʦʤ ʙʦʣʴʰʠʥʩʪʚʦ ʘʙʦʥʝʥʪʦʚ ʫʩʣʫʛʠ "ʚʠʜʝʦ ʧʦ 

ʟʘʧʨʦʩʫ" ʧʦʣʴʟʫʶʪʩʷ ʝʶ ʧʨʠʤʝʨʥʦ ʚ ʦʜʥʦ ʠ ʪʦ ʞʝ ʚʨʝʤʷ ï ʚʝʯʝʨʦʤ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʩʝʪʴ. ʇʨʠʥʮʠʧʠʘʣʴʥʳʤ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʠʷ ʚ ʪʨʝʙʦʚʘʥʠʷʭ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ 

ʥʝʦʙʭʦʜʠʤʦʡ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ʫʩʣʫʛ "ʚʠʜʝʦ ʧʦ ʟʘʧʨʦʩʫ" ʠ ʚʝʱʘʥʠʷ. "ɺʠʜʝʦ 

ʧʦ ʟʘʧʨʦʩʫ" ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʝʨʝʜʘʯʫ ʚ ʨʝʞʠʤʝ Unicast (ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ 

ʨʘʩʩʳʣʢʘ), ʘ IP-ʚʝʱʘʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʨʝʞʠʤʝ Multicast (ʛʨʫʧʧʦʚʘʷ ʨʘʩʩʳʣʢʘ). 

ɺ ʪʘʙʣʠʮʝ 1.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʮʝʥʢʘ ʦʙʲʝʤʦʚ ʪʨʘʬʠʢʘ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ 

(ʢʦʥʢʨʝʪʥʳʝ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘʛʨʫʟʦʢ ʥʘ ʩʝʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
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ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʛʦ ʩʝʨʚʠʩʘ). ɺ ʵʪʦʡ ʪʘʙʣʠʮʝ N ï ʦʙʲʝʤ ʘʙʦʥʝʥʪʩʢʦʡ ʙʘʟʳ 

ʦʧʝʨʘʪʦʨʘ, ʮʠʬʨʳ ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʦʧʳʪʘ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʦʧʝʨʘʪʦʨʦʚ (ʩʪʘʪʠʩʪʠʢʘ), ʤʘʪʝʨʠʘʣʦʚ ʤʘʨʢʝʪʠʥʛʦʚʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʫʯʝʪʦʤ ʧʨʦʛʥʦʟʘ [21]. 

 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 1.2 ï ʆʮʝʥʢʘ ʦʙʲʝʤʦʚ ʪʨʘʬʠʢʘ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ 

ʋʩʣʫʛʠ  ʇʦʣʦʩʘ 

ʧʨʦʧʫʩʢʘʥʠʷ 

ʥʘ 1ʛʦ ʘʙ., 

ʄʙʠʪ/ʩ 

ʄʘʢʩ.ʢʦʣ-ʚʦ 

ʘʙʦʥʝʥʪʦʚ, 

ʧʦʣʴʟʫʶʱʠʭʩ

ʷ ʫʩʣʫʛʦʡ 

ɼʦʣʷ ʘʙ., 

ʧʦʣʴʟʫʶʱ. 

ʫʩʣʫʛʦʡ 

ʦʜʥʦʚʨʝʤ. 

ʀʪʦʛʦʚʘʷ ʧʦʣʦʩʘ 

ʧʨʦʧʫʩʢʘʥʠʷ ʜʣʷ 

ʫʩʣʫʛʠ, ʄʙʠʪ/ʩ 

ɼʦʩʪʫʧ ʚ 

ʀʥʪʝʨʥʝʪ 

0,256 Nx80%=0,8N 20% 0,256x0,8Nx0,20= 

0,041N 

IPTV  

ʊɺ-ʚʝʱ. 

ɺʠʜʝʦ ʧʦ 

ʟʘʧʨʦʩʫ 

4(MPEG-2) 

2(MPEG-4) 

19(HDTV) 

ʂʦʣʠʯʝʩʪʚʦ 

ʢʘʥʘʣʦʚ=100 

Nx5%=0,05N 

100% 

 

10% 

400110042 =ÖÖ=-MPEG

200110024 =ÖÖ=-MPEG

NN 095,01,005,019 =ÖÖ  

ɻʦʣʦʩ 

ɸʫʜʠʦʪʝʣ  

ɺʠʜʝʦʪʝʣ 

 

0,084(G.711) 

0,55(H.264) 

 

Nx50%=0,5N 

Nx2%=0,02N 

 

15% 

15% 

 
NN 0063,015,05,0084,0 =ÖÖ

NN 0017,015,002,055,0 =ÖÖ

 

ɼʨ.ʫʩʣ. 

L2VPN 

L3VPN 

E1 

 

2 

2 

2 

 

Nx1%=0,01N 

Nx1%=0,01N 

Nx1%=0,01N 

 

80% 

80% 

80% 

 
NN 016,08,001,02 =ÖÖ  

NN 016,08,001,02 =ÖÖ  

NN 016,08,001,02 =ÖÖ  

ɼʦʩʪʫʧ ʢ 

ʃɺʉ 

FTP, 

Gaming 

 

2 

 

Nx20%=0,2N 

 

20% 

 
NN 08,020,02,02 =ÖÖ  

ʀʪʦʛʦ (ʤʠʥʠʤʘʣʴʥʘʷ ʧʦʣʦʩʘ, ʢʦʪʦʨʫʶ ʟʘʥʠʤʘʝʪ 

ʘʙʦʥʝʥʪʩʢʠʡ ʪʨʘʬʠʢ ʚ ʤʘʛʠʩʪʨʘʣʴʥʦʤ ʢʦʣʴʮʝ ʩʝʪʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ) 

)2(400272,0 -+ MPEGN  

)4(200272,0 -+ MPEGN  

 

ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʳʡ ʩʝʨʚʠʩ ʧʦʜʨʦʙʥʝʝ: 

 - ʧʦʪʦʢʦʚʦʝ ʚʠʜʝʦ. ʆʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʧʨʦʩʤʦʪʨ ʢʘʥʘʣʦʚ 

ʵʬʠʨʥʦʛʦ ʠ ʩʧʫʪʥʠʢʦʚʦʛʦ ʪʝʣʝʚʠʜʝʥʠʷ, ʫʧʘʢʦʚʘʥʥʳʭ ʚ IP-ʧʦʪʦʢ. ʉ ʮʝʣʴʶ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʩʪʫʧʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʝʱʘʥʠʝ 

ʜʦʣʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ ʨʝʞʠʤʝ Multicast. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʰʠʬʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʢʘʥʘʣ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʚʝʜʝʥʥʦʡ ʪʘʙʣʠʮʝʡ. ʊʝʣʝʚʠʟʠʦʥʥʳʡ 

ʪʨʘʬʠʢ ʥʝ ʧʨʝʜʲʷʚʣʷʝʪ ʞʝʩʪʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʟʘʜʝʨʞʢʘʤ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ, 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʜʞʠʪʪʝʨ ʧʘʢʝʪʦʚ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 50 ʤʩ.; 

- ʚʠʜʝʦ ʧʦ ʟʘʧʨʦʩʫ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʟʘʧʨʦʩ ʠ 

ʧʦʣʫʯʝʥʠʝ ʫʩʣʫʛ "ʚʠʜʝʦ ʧʦ ʟʘʧʨʦʩʫ" ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʩʠʤʤʝʪʨʠʯʥʦʝ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦ ʧʨʷʤʦʤʫ ʢʘʥʘʣʫ ʚ Unicast-ʨʝʞʠʤʝ ʧʝʨʝʜʘʶʪʩʷ 

ʮʠʬʨʦʚʳʝ ʚʠʜʝʦʧʦʪʦʢʠ ʠ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʘ ʚ ʦʙʨʘʪʥʦʤ ʢʘʥʘʣʝ - 

ʟʘʧʨʦʩʳ ʥʘ ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʦʙʨʘʪʥʦʤʫ ʢʘʥʘʣʫ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ: ʤʘʢʩʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʘʷ ʩʢʦʨʦʩʪʴ ʥʝ ʧʨʝʚʳʰʘʝʪ 33,6 

ʢʙʠʪ/ʩ. ʉʢʦʨʦʩʪʴ ʚ ʧʨʷʤʦʤ ʢʘʥʘʣʝ, ʫʢʘʟʘʥʥʘʷ ʚ ʪʘʙʣʠʮʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦʣʦʩʳ, ʟʘʥʠʤʘʝʤʦʡ ʩʠʛʥʘʣʦʤ ʊɺ ʚʳʩʦʢʦʡ ʯʝʪʢʦʩʪʠ, 

ʧʦʩʢʦʣʴʢʫ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʝʨʚʠʩ "ʚʠʜʝʦ ʧʦ ʟʘʧʨʦʩʫ" ʙʫʜʝʪ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʚ ʬʦʨʤʘʪʝ HDTV; 

- ʜʦʩʪʫʧ ʢ ʨʝʩʫʨʩʘʤ ʀʥʪʝʨʥʝʪʘ. ʕʪʘ ʩʣʫʞʙʘ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʢʘʢʠʭ-ʣʠʙʦ 

ʩʧʝʮʠʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʘʨʘʤʝʪʨʘʤ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ. ʇʦʩʢʦʣʴʢʫ 

ʥʘʩʪʨʦʡʢʘ ʧʦʣʠʪʠʢʠ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʀʥʪʝʨʥʝʪ-ʪʨʘʬʠʢ 

ʢʘʢ ʥʠʟʢʦʧʨʠʦʨʠʪʝʪʥʳʡ, ʦʥ ʥʝ ʩʪʘʥʦʚʠʪʩʷ "ʢʦʥʢʫʨʝʥʪʦʤ" ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɺ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʢʣʠʝʥʪʘʤ ʜʦʣʞʝʥ ʧʨʝʜʦʩʪʘʚʣʷʪʴʩʷ 

ʀʥʪʝʨʥʝʪ-ʜʦʩʪʫʧ ʩ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʝʥʠʝ 

ʧʨʦʮʝʜʫʨ traffic-shaping ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʝ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪ ʟʘʜʘʯʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʝʪʠ. ʇʦʵʪʦʤʫ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʤʦʜʝʣʴ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʩʢʦʨʦʩʪʴʶ ʜʦʩʪʫʧʘ ʠ ʨʘʩʰʠʨʝʥʠʝʤ ʜʦʩʪʫʧʥʦʡ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʧʦ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʜʦʩʪʫʧʥʘʷ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʘʢʪʠʚʥʳʤʠ ʢʣʠʝʥʪʘʤʠ. ɼʘʥʥʘʷ ʩʭʝʤʘ 

ʧʦʟʚʦʣʠʪ ʤʘʢʩʠʤʘʣʴʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʦʞʠʜʘʥʠʷ ʢʣʠʝʥʪʘ, ʫʚʝʣʠʯʠʪʴ 

ʧʦʪʨʝʙʣʝʥʠʝ ʪʨʘʬʠʢʘ ʠ ʧʨʠʙʳʣʴ ʦʪ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛʠ; 

- ʩʝʨʚʠʩ ʘʫʜʠʦ/ʚʠʜʝʦʪʝʣʝʬʦʥʥʦʡ ʩʚʷʟʠ. ɺ ʨʘʤʢʘʭ ʩʣʫʞʙʳ IP-ʪʝʣʝʬʦʥʠʠ 

ʚʦʟʤʦʞʥʦ ʢʘʢ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʪʝʣʝʬʦʥʥʦʛʦ ʩʝʨʚʠʩʘ, ʪʘʢ ʠ ʝʛʦ 

ʨʘʩʰʠʨʝʥʠʝ - ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʠʜʝʦʪʝʣʝʬʦʥʦʚ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ (ʚ ʪʦʤ 

ʯʠʩʣʝ ʧʨʦʛʨʘʤʤʥʳʭ). ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʳ ʬʘʢʪʠʯʝʩʢʠ ʷʚʣʷʶʪʩʷ 

ʘʥʘʣʦʛʘʤʠ ʩʠʩʪʝʤ ʚʠʜʝʦ-ʢʦʥʬʝʨʝʥʮ-ʩʚʷʟʠ ʠ ʤʦʛʫʪ ʦʙʩʣʫʞʠʚʘʪʴʩʷ ʪʝʤʠ ʞʝ 

ʫʧʨʘʚʣʷʶʱʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʯʪʦ ʠ ʩʣʫʞʙʳ IP-ʪʝʣʝʬʦʥʠʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʢʘʥʘʣʘ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

(ʘʫʜʠʦʪʝʣʝʬʦʥ-ʥʘʷ ʩʚʷʟʴ 83,44-91,56 ʢʙʠʪ/ʩ (G.711, Ethernet) ʠ 

ʚʠʜʝʦʪʝʣʝʬʦʥʥʘʷ ʩʚʷʟʴ 549,4 ʢʙʠʪ/ʩ (H.264, Ethernet). ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʩʝʨʚʠʩʘ ʩʦ ʩʪʦʨʦʥʳ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ ʥʝʦʙʭʦʜʠʤʘ 

ʧʦʜʜʝʨʞʢʘ ʤʝʭʘʥʠʟʤʦʚ QoS, ʦʙʝʩʧʝʯʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʡ ʟʘʜʝʨʞʢʠ ʧʨʦʭʦʞʜʝʥʠʷ 

ʛʦʣʦʩʦʚʦʛʦ ʪʨʘʬʠʢʘ ʦʪ ʛʨʘʥʠʮʳ ʜʦ ʛʨʘʥʠʮʳ ʩʝʪʠ (ʥʝ ʙʦʣʝʝ 60 ʤʩ), ʜʞʠʪʪʝʨ ʥʝ 

ʙʦʣʝʝ 20 ʤʩ.; 

- ʢ ʧʨʦʯʠʤ ʫʩʣʫʛʘʤ ʦʪʥʝʩʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ ʚ 

ʚʠʜʝ ʘʨʝʥʜʳ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ (ʮʠʬʨʦʚʦʛʦ ʧʦʪʦʢʘ) ʠʣʠ 

ʨʝʘʣʠʟʘʮʠʠ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ: L2, L3 VPN. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʝʪʠ IPTV ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʝʜʠʥʦʡ ʤʫʣʴʪʠʩʝʨʚʠʩʥʦʡ ʩʝʪʠ, ʥʝʡʪʨʘʣʴʥʦʡ ʢ ʪʠʧʫ ʧʨʦʭʦʜʷʱʝʛʦ ʪʨʘʬʠʢʘ 

(ʛʦʣʦʩ, ʚʠʜʝʦ, ʜʘʥʥʳʝ), ʥʦ ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʘʞʜʦʤʫ ʠʟ ʧʨʠʣʦʞʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ʅʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʦʙʲʝʤʦʚ ʘʙʦʥʝʥʪʩʢʦʛʦ ʪʨʘʬʠʢʘ ʨʘʟʣʠʯʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʠʥʠʤʘʣʴʥʫʶ ʥʝʦʙʭʦʜʠʤʫʶ ʦʙʱʫʶ 
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ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʣʴʮʘ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʉʇɼ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʘʙʦʥʝʥʪʦʚ/ʞʠʣʠʱ (ʨʠʩʫʥʦʢ 1.7). 

ʋʯʠʪʳʚʘʷ ʧʦʚʩʝʤʝʩʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ IP ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʬʦʨʤʘʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʫʨʦʚʥʝ ʩʝʪʠ, ʧʦʜ ʧʝʨʝʜʘʯʝʡ ʪʨʘʬʠʢʘ ʚ 

ʤʫʣʴʪʠʩʝʨʚʠʩʥʦʡ ʩʝʪʠ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʧʝʨʝʜʘʯʫ ʠʤʝʥʥʦ IP-ʪʨʘʬʠʢʘ. 

 

 
 

ʈʠʩʫʥʦʢ 1.7 ï ʆʮʝʥʢʘ ʤʠʥʠʤʘʣʴʥʦʡ ʥʝʦʙʭʦʜʠʤʦʡ ʦʙʱʝʡ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʣʴʮʘ ʉʇɼ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʘʙʦʥʝʥʪʦʚ 

 

ʊʝʭʥʠʯʝʩʢʠ IP-ʪʝʭʥʦʣʦʛʠʠ ʜʦʩʪʠʛʣʠ ʪʘʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʜʦʨʦʛʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʧʝʨʝʜʘʯʠ ʚʠʜʝʦ ʧʦ 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ ʩʝʪʷʤ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʧʘʜʘʝʪ. ʉ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʷ IP ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ ʩʝʪʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʟʘʱʠʪʫ ʢʘʢ ʨʘʥʝʝ ʩʜʝʣʘʥʥʳʭ ʠʥʚʝʩʪʠʮʠʡ (ʙʣʘʛʦʜʘʨʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʫʞʝ ʠʤʝʶʱʝʡʩʷ ʦʧʪʦʚʦʣʦʢʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ), ʪʘʢ ʠ 

ʥʦʚʳʭ ʚʣʦʞʝʥʠʡ (ʚʚʠʜʫ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ IP). 

ʇʦ ʫʢʘʟʘʥʥʳʤ ʧʨʠʯʠʥʘʤ ʧʨʦʪʦʢʦʣ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ IP ʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ 

ʙʘʟʦʚʳʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʢʚʦʟʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʘʢʝʪʦʚ ʚʦ ʚʩʝʡ ʩʝʪʠ. 

ʅʘ ʢʘʥʘʣʴʥʦʤ ʫʨʦʚʥʝ 100-ʤʝʛʘʙʠʪʥʳʡ Ethernet ʜʦʤʠʥʠʨʫʝʪ ʚ ʢʘʯʝʩʪʚʝ 

ʩʪʘʥʜʘʨʪʘ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʜʦʩʪʫʧʘ, ʘ ʥʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʢʘʥʘʣʘʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 1- ʠ 10-ʛʠʛʘʙʠʪʥʳʭ ʩʢʦʨʦʩʪʝʡ. 

ɼʦʤʠʥʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ Ethernet ʦʙʫʩʣʦʚʣʝʥʦ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʝʝ 

ʧʨʦʩʪʦʪʦʡ ʠ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʝʪʠ ʪʝʭʥʦʣʦʛʠʠ 

ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ Ethernet ʥʘ ʙʘʟʝ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜ ʧʝʨʝʜʘʯʠ ʠ ʩʢʦʨʦʩʪʝʡ 

ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʢ ʥʘ ʫʟʣʘʭ ʩʝʪʠ, ʪʘʢ ʠ ʚ ʩʝʛʤʝʥʪʘʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʜʦʩʪʫʧʘ. 

ʇʨʠ ʚʳʙʦʨʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʨʝʘʣʠʟʫʝʤʦʡ ʚ 

ʤʘʛʠʩʪʨʘʣʴʥʦʤ ʢʦʤʧʦʥʝʥʪʝ ʩʝʪʠ, ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʢʘʥʘʣʦʚ ʩʚʷʟʠ, 

ʤʝʭʘʥʠʟʤʘʤ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʜʠʘʧʘʟʦʥʫ ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ 

ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʜʘʯʠ. 
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1.8 ʂʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʤʫʣʴʪʠʩʝʨʚʠʩʥʦʡ ʩʝʪʠ 

 

 

ɼʦ ʢʦʥʮʘ 1980-ʭ ʛʦʜʦʚ Internet ʧʨʝʙʳʚʘʣʘ ʚ ʪʘʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ ʥʠʟʢʠʤ ʦʙʲʝʤʦʤ ʪʨʘʬʠʢʘ ʠ ʤʘʣʳʤ ʯʠʩʣʦʤ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʩʝʪʝʚʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʇʦʜʜʝʨʞʢʦʡ ʙʘʡʪʘ ʪʠʧ ʦʙʩʣʫʞʠʚʘʥʠʷ ToS (Type of 

Service) ʤʦʞʥʦ ʙʳʣʦ ʧʨʝʥʝʙʨʝʯʴ, ʯʪʦ ʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ 

ʨʝʘʣʠʟʘʮʠʷʭ ʧʨʦʪʦʢʦʣʘ IP. IP-ʧʨʠʣʦʞʝʥʠʷ ʥʝ ʧʨʦʠʟʚʦʜʠʣʠ ʫʩʪʘʥʦʚʢʫ ʟʥʘʯʝʥʠʷ 

ʙʘʡʪʘ ʪʠʧ ʦʙʩʣʫʞʠʚʘʥʠʷ ToS, ʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʠʛʥʦʨʠʨʦʚʘʣʠ ʝʛʦ ʧʨʠ 

ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʦ ʧʨʦʜʚʠʞʝʥʠʠ IP-ʧʘʢʝʪʘ. 

ɺʘʞʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʤʝʭʘʥʠʟʤʘ QoS (Quality of Service) ʚ ʤʘʩʰʪʘʙʘʭ 

Internet ʚʦʟʨʦʩʣʘ ʙʣʘʛʦʜʘʨʷ ʫʚʝʣʠʯʝʥʠʶ ʧʦʧʫʣʷʨʥʦʩʪʠ ʉʝʪʠ ʠ ʧʨʠʦʙʨʝʪʝʥʠʶ 

ʝʶ ʢʦʤʤʝʨʯʝʩʢʠʭ ʯʝʨʪ. ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ Internet ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʢʚʦʟʥʦʤ 

ʨʝʞʠʤʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʘʢʝʪʦʚ ʜʘʥʥʳʭ ʙʝʟ ʦʨʠʝʥʪʘʮʠʠ ʥʘ ʫʩʪʘʥʦʚʢʫ 

ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʝʛʘʨʘʥʪʠʨʦʚʘʥʥʫʶ ʜʦʩʪʘʚʢʫ ʠʥʬʦʨʤʘʮʠʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʣʷ ʵʪʦʛʦ ʜʚʫʭ ʧʨʦʪʦʢʦʣʦʚ ï ʧʨʦʪʦʢʦʣʘ ʫʧʨʘʚʣʝʥʠʷ 

ʧʝʨʝʜʘʯʝʡ TCP (Transmission Control Protocol) ʠ ʧʨʦʪʦʢʦʣʘ Internet IP (Internet 

Protocol), ʠʟʚʝʩʪʥʫʶ ʢʘʢ ʩʪʝʢ TCP/IP. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ 

ʦʨʠʝʥʪʘʮʠʠ ʥʘ ʫʩʪʘʥʦʚʢʫ ʩʦʝʜʠʥʝʥʠʷ ʜʝʣʘʝʪ Internet ʙʦʣʝʝ ʛʠʙʢʦʡ ʠ 

ʫʩʪʦʡʯʠʚʦʡ ʢ ʩʙʦʷʤ, ʜʠʥʘʤʠʢʘ ʧʝʨʝʜʘʚʘʝʤʳʭ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ ʜʝʣʘʝʪ ʝʝ 

ʩʢʣʦʥʥʦʡ ʢ ʧʝʨʝʛʨʫʟʢʘʤ, ʢʦʪʦʨʳʝ ʯʘʱʝ ʚʩʝʛʦ ʚʦʟʥʠʢʘʶʪ ʚ ʤʝʩʪʘʭ ʩʪʳʢʘ ʜʚʫʭ 

ʩʝʪʝʡ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʧʨʦʧʫʩʢʥʳʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʝʪʠ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʧʘʢʝʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʦʪʦʢʦʣʘ IP ʥʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʥʝ 

ʛʘʨʘʥʪʠʨʫʶʪ ʜʦʩʪʘʚʢʫ. 

ɼʣʷ ʧʨʠʣʦʞʝʥʠʡ, ʛʜʝ ʥʝ ʚʘʞʝʥ ʧʦʨʷʜʦʢ ʠ ʠʥʪʝʨʚʘʣ ʧʨʠʭʦʜʘ ʧʘʢʝʪʦʚ, 

ʚʨʝʤʷ ʟʘʜʝʨʞʝʢ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʧʘʢʝʪʘʤʠ ʥʝ ʠʤʝʝʪ ʨʝʰʘʶʱʝʛʦ ʟʥʘʯʝʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ IP-ʪʝʣʝʬʦʥʠʷ ʚʘʞʝʥ ʧʦʨʷʜʦʢ ʧʨʠʭʦʜʘ ʧʘʢʝʪʦʚ ʠ ʚʘʞʥʘ ʜʠʥʘʤʠʢʘ 

ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʊʨʘʥʩʧʦʨʪʥʳʝ ʧʨʦʪʦʢʦʣʳ ʩʪʝʢʘ TCP/IP, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʝ ʧʦʚʝʨʭ ʧʨʦʪʦʢʦʣʘ IP, ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʪʨʘʬʠʢʘ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʢ ʟʘʜʝʨʞʢʘʤ. ʇʨʦʪʦʢʦʣ TCP, ʭʦʪʴ ʠ 

ʛʘʨʘʥʪʠʨʫʝʪ ʜʦʩʪʦʚʝʨʥʫʶ ʜʦʩʪʘʚʢʫ ʠʥʬʦʨʤʘʮʠʠ, ʥʦ ʧʝʨʝʥʦʩʠʪ ʝʝ ʩ 

ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʤʠ ʟʘʜʝʨʞʢʘʤʠ. ʇʨʦʪʦʢʦʣ UDP, ʢʦʪʦʨʳʡ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʥʦʩʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʤʝʥʴʰʝʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʪʦʢʦʣʦʤ TCP, ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ, ʥʦ, ʢʘʢ ʠ ʧʨʦʪʦʢʦʣ 

IP, ʥʝ ʩʦʜʝʨʞʠʪ ʥʠʢʘʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ [22]. 

ʂʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʘʙʦʨʘ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʝʨʚʠʩʘ. ɺ IP-ʩʝʪʠ QoS ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴʩʷ, 

ʥʘʧʨʠʤʝʨ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʧʝʨʝʜʘʯʠ IP-ʧʘʢʝʪʦʚ ʯʝʨʝʟ ʦʜʥʫ ʠʣʠ ʙʦʣʴʰʝʝ 

ʯʠʩʣʦ ʩʝʪʝʡ. 

ʂʨʦʤʝ ʟʘʜʘʯ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʩʝʪʝʡ, 

ʧʦʩʪʘʚʱʠʢʠ ʩʝʪʝʚʳʭ ʩʝʨʚʠʩʦʚ ʩʪʨʝʤʷʪʩʷ ʢ ʧʨʝʜʦʩʪʘʚʣʝʥʠʶ ʧʦʣʴʟʦʚʘʪʝʣʶ 
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çʩʢʚʦʟʥʦʛʦè (end-to-end), ʛʘʨʘʥʪʠʨʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʩʝʨʚʠʩʘ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʚʠʜʝʦ, ʤʫʣʴʪʠʤʝʜʠʘ ʠ ʛʦʣʦʩ. 

ʅʝʦʙʭʦʜʠʤʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʦʧʠʩʳʚʘʝʪʩʷ ʤʥʦʛʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ [23]: 

- ʛʦʪʦʚʥʦʩʪʴ ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʛʦ ʩʝʨʚʠʩʘ (service availability) ï ʦʧʨʝʜʝʣʷʝʪ 

ʥʘʜʝʞʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʩʝʨʚʠʩ-ʧʨʦʚʘʡʜʝʨʦʤ; 

- ʟʘʜʝʨʞʢʘ (delay) ï ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʧʨʠʝʤʦʤ ʠ ʧʝʨʝʜʘʯʝʡ 

ʧʘʢʝʪʦʚ; 

- ʚʘʨʠʘʮʠʷ, ʠʣʠ ʬʣʫʢʪʫʘʮʠʷ, ʟʘʜʝʨʞʢʠ (jitter) ï ʧʘʨʘʤʝʪʨ, ʦʧʠʩʳʚʘʶʱʠʡ 

ʚʦʟʤʦʞʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʧʘʢʝʪʦʚ; 

- ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʠʣʠ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ (throughput ï 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ ʚ ʩʝʪʠ; ʚʳʜʝʣʷʶʪ ʩʨʝʜʥʶʶ (average rate) ʠ ʧʠʢʦʚʫʶ 

(peak rate) ʩʢʦʨʦʩʪʠ; 

- ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ (bandwidth) ï ʦʧʠʩʳʚʘʝʪ ʥʦʤʠʥʘʣʴʥʫʶ ʧʨʦʧʫʩʢʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʦʧʨʝʜʝʣʷʝʪ ʰʠʨʠʥʫ ʢʘʥʘʣʘ, 

ʠʟʤʝʨʷʝʪʩʷ ʚ ʙʠʪ/ʩ, ʢʙʠʪ/ʩ, ʄʙʠʪ/ʩ;  

- ʩʢʦʨʦʩʪʴ ʧʦʪʝʨʠ ʧʘʢʝʪʦʚ (packet loss rate) ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ, ʥʘ 

ʢʦʪʦʨʦʡ ʧʘʢʝʪʳ ʤʦʛʫʪ ʙʳʪʴ ʦʪʚʝʨʛʥʫʪʳ ʚʦ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʧʦ ʩʝʪʠ; ʧʦʪʝʨʷ 

ʧʘʢʝʪʦʚ ʦʙʳʯʥʦ ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʛʨʫʟʦʢ ʩʝʪʠ (congestion). 

ʉʦʚʨʝʤʝʥʥʳʡ ʧʝʨʠʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʩʝ ʚʦʟʨʘʩʪʘʶʱʝʝ ʫʚʝʣʠʯʝʥʠʝ ʩʧʨʦʩʘ 

ʥʘ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʫʩʣʫʛʠ. ɺʩʝ ʙʦʣʴʰʝʤʫ ʯʠʩʣʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘʨʷʜʫ 

ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʫʩʣʫʛʘʤʠ ʩʚʷʟʠ ʪʨʝʙʫʶʪʩʷ ʫʩʣʫʛʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ 

ʜʦʩʪʫʧʘ ʚ ʀʥʪʝʨʥʝʪ. ʈʘʩʪʝʪ ʩʧʨʦʩ ʥʘ ʫʩʣʫʛʠ IP-ʪʝʣʝʬʦʥʠʠ. ɼʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʵʪʦʛʦ ʩʧʨʦʩʘ ʦʧʝʨʘʪʦʨʳ ʩʚʷʟʠ ʧʨʦʚʦʜʷʪ ʤʦʜʝʨʥʠʟʘʮʠʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʳʭ ʩʝʪʝʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʩʪʝʧʝʥʥʳʡ ʧʝʨʝʭʦʜ ʢ 

ʤʫʣʴʪʠʩʝʨʚʠʩʥʳʤ ʩʝʪʷʤ. ʄʫʣʴʪʠʩʝʨʚʠʩʥʘʷ ʩʝʪʴ (ʄʉ) ï ʵʪʦ ʩʝʪʴ ʩʚʷʟʠ, 

ʧʦʩʪʨʦʝʥʥʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʥʮʝʧʮʠʝʡ NGN (Next Generation Network) ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʥʝʦʛʨʘʥʠʯʝʥʥʦʛʦ ʥʘʙʦʨʘ ʫʩʣʫʛ. 

ʄʫʣʴʪʠʩʝʨʚʠʩʥʳʤ ʩʝʪʷʤ ʧʨʠʩʫʱʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʘʢʝʪʥʦʡ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ 

ʥʘ ʦʩʥʦʚʝ IP-ʧʨʦʪʦʢʦʣʦʚ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʘʢʠʭ ʫʩʣʫʛ, ʢʘʢ IP-ʪʝʣʝʬʦʥʠʷ, ʚʠʜʝʦʢʦʥʬʝʨʝʥʮ-ʩʚʷʟʴ, ʚʠʜʝʦ 

ʠ ʘʫʜʠʦ ʧʦ ʪʨʝʙʦʚʘʥʠʶ (VAoD ï Video and Audio on Demand) ʠ ʪ.ʧ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʙʫʜʫʱʠʭ ʤʫʣʴʪʠʩʝʨʚʠʩʥʳʭ ʩʝʪʝʡ ʜʦʣʞʥʳ 

ʩʪʘʪʴ ʤʝʭʘʥʠʟʤʳ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʝʪʠ. ɿʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʪʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʩʝʪʠ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʝʝ ʤʘʩʰʪʘʙʦʚ 

ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʦʪʦʢʦʣʦʚ, ʛʘʨʘʥʪʠʨʦʚʘʥʥʫʶ ʜʦʩʪʘʚʢʫ ʜʘʥʥʳʭ ʚ ʨʘʤʢʘʭ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʘʯʠ. ʊʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʷʚʣʷʶʪʩʷ ʛʦʪʦʚʥʦʩʪʴ ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʛʦ ʩʝʨʚʠʩʘ, ʟʘʜʝʨʞʢʘ, ʚʘʨʠʘʮʠʷ ʟʘʜʝʨʞʢʠ, 

ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʧʦʪʝʨʠ ʧʘʢʝʪʦʚ (ʠʣʠ ʷʯʝʝʢ). 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʩʝʪʠ Internet, ʦʙʨʘʙʦʪʢʘ ʚʩʝʛʦ ʪʨʘʬʠʢʘ 

ʥʘ ʨʘʚʥʳʭ ʧʨʘʚʘʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʷʤ ʧʨʦʙʣʝʤʘʤ, ʦʩʙʝʥʥʦ ʧʨʠ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʊʘʢ, ʧʝʨʝʩʳʣʢʘ ʚʘʞʥʝʡʰʠʭ ʜʘʥʥʳʭ 

ʤʦʞʝʪ ʙʳʪʴ ʚʨʝʤʝʥʥʦ ʟʘʙʣʦʢʠʨʦʚʘʥʘ ʧʝʨʝʜʘʯʝʡ ʙʦʣʴʰʦʛʦ ʬʘʡʣʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ, 
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ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʝʪʠ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʥʫʞʥʦ ʛʘʨʘʥʪʠʨʦʚʘʪʴ 

ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʩʝʨʚʠʩʘ ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʧʦʣʴʟʦʚʘʪʝʣʠ ʙʫʜʫʪ ʚʳʥʫʞʜʝʥʳ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʤʫʣʴʪʠʩʝʨʚʠʩʥʦʡ ʩʝʪʠ. 

ʌʫʥʢʮʠʠ ʩʝʪʠ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ, ʧʦʷʚʣʷʪʴʩʷ ʥʦʚʳʝ. ʄʝʥʷʶʪʩʷ ʠ 

ʧʨʠʣʦʞʝʥʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʨʘʙʦʪʫ ʚ ʩʝʪʠ, ʩ ʩʦʙʦʡ ʦʥʠ ʧʨʠʥʦʩʷʪ ʥʦʚʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʝʪʠ. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʯʠʝ ʩʪʘʥʮʠʠ ʩʝʡʯʘʩ ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʫʩʣʫʛʠ ʧʦ ʦʙʨʘʙʦʪʢʝ ʩʦʦʙʱʝʥʠʡ, ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ, ʪʝʣʝʬʦʥʠʠ ʠ ʪ.ʜ. 

ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʚʨʝʤʷ ʨʝʘʢʮʠʠ, 

ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʪʠ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʩʝʪʠ.  

ʇʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ. ʊʝʨʤʠʥ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ (bandwidth) 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʥʦʤʠʥʘʣʴʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʨʝʜʳ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʦʪʦʢʦʣʘ ʠʣʠ ʩʦʝʜʠʥʝʥʠʷ. ʕʪʦʪ ʪʝʨʤʠʥ ʜʦʩʪʘʪʦʯʥʦ 

ʵʬʬʝʢʪʠʚʥʦ ʦʧʨʝʜʝʣʷʝʪ çʰʠʨʠʥʫ ʢʘʥʘʣʘè, ʪʨʝʙʫʶʱʫʶʩʷ ʧʨʠʣʦʞʝʥʠʶ ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦ ʩʝʪʠ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʢʘʞʜʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʥʫʞʜʘʶʱʝʝʩʷ ʚ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʤ 

ʢʘʯʝʩʪʚʝ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʪʨʝʙʫʝʪ ʦʪ ʩʝʪʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ. 

ʂ ʧʨʠʤʝʨʫ, ʧʨʠʣʦʞʝʥʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʧʝʨʝʜʘʯʫ ʦʮʠʬʨʦʚʘʥʥʦʡ 

ʨʝʯʠ, ʩʦʟʜʘʶʪ ʧʦʪʦʢ ʠʥʬʦʨʤʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 64 ʢʙʠʪ/ʩ. ʕʬʬʝʢʪʠʚʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʩʪʘʥʦʚʠʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʳʤ 

ʚʩʣʝʜʩʪʚʠʝ ʩʥʠʞʝʥʠʷ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʥʠʞʝ 64 ʢʙʠʪ/ʩ ʥʘ ʢʘʢʦʤ-ʣʠʙʦ ʠʟ 

ʫʯʘʩʪʢʦʚ ʩʦʝʜʠʥʝʥʠʷ. 

ɿʘʜʝʨʞʢʘ ʠ ʜʨʦʞʘʥʠʝ ʧʨʠ ʧʝʨʝʜʘʯʝ ʧʘʢʝʪʦʚ. ɿʘʜʝʨʞʢʘ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʧʘʢʝʪʘ (packet delay), ʠʣʠ ʣʘʪʝʥʪʥʦʩʪʴ (latency), ʥʘ ʢʘʞʜʦʤ ʧʝʨʝʭʦʜʝ ʩʦʩʪʦʠʪ ʠʟ 

ʟʘʜʝʨʞʢʠ ʩʝʨʠʘʣʠʟʘʮʠʠ, ʟʘʜʝʨʞʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʟʘʜʝʨʞʢʠ ʢʦʤʤʫʪʘʮʠʠ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʪʠʧʦʚ ʟʘʜʝʨʞʢʠ: 

- ʟʘʜʝʨʞʢʘ ʩʝʨʠʘʣʠʟʘʮʠʠ (serialization delay). ɺʨʝʤʷ, ʢʦʪʦʨʦʝ ʪʨʝʙʫʝʪʩʷ 

ʫʩʪʨʦʡʩʪʚʫ ʥʘ ʧʝʨʝʜʘʯʫ ʧʘʢʝʪʘ ʧʨʠ ʟʘʜʘʥʥʦʡ ʰʠʨʠʥʝ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ. 

ɿʘʜʝʨʞʢʘ ʩʝʨʠʘʣʠʟʘʮʠʠ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʢʘʥʘʣʘ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʪʘʢ ʠ ʦʪ ʨʘʟʤʝʨʘ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʧʘʢʝʪʘ. ʅʘʧʨʠʤʝʨ, 

ʧʝʨʝʜʘʯʘ ʧʘʢʝʪʘ ʨʘʟʤʝʨʦʤ 64 ʙʘʡʪ ʧʨʠ ʟʘʜʘʥʥʦʡ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ 3 ʄʙʠʪ/ʩ 

ʟʘʥʠʤʘʝʪ ʚʩʝʛʦ ʣʠʰʴ 171 ʥʩ. ɿʘʜʝʨʞʢʘ ʩʝʨʠʘʣʠʟʘʮʠʠ ʦʯʝʥʴ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ: ʧʝʨʝʜʘʯʘ ʪʦʛʦ ʞʝ ʩʘʤʦʛʦ ʧʘʢʝʪʘ ʨʘʟʤʝʨʦʤ 64 ʙʘʡʪ ʧʨʠ 

ʟʘʜʘʥʥʦʡ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ 19.2 ʢʙʠʪ/ʩ ʟʘʥʠʤʘʝʪ ʫʞʝ 26 ʤʩ. ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ 

ʟʘʜʝʨʞʢʫ ʩʝʨʠʘʣʠʟʘʮʠʠ ʥʘʟʳʚʘʶʪ ʝʱʝ ʟʘʜʝʨʞʢʦʡ ʧʝʨʝʜʘʯʠ (transmission delay); 

- ʟʘʜʝʨʞʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (propagation delay). ɺʨʝʤʷ, ʢʦʪʦʨʦʝ ʪʨʝʙʫʝʪʩʷ 

ʧʝʨʝʜʘʥʥʦʤʫ ʙʠʪʫ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʨʠʥʠʤʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ 

ʜʨʫʛʦʤ ʢʦʥʮʝ ʢʘʥʘʣʘ. ʕʪʘ ʚʝʣʠʯʠʥʘ ʩʫʱʝʩʪʚʝʥʥʘ, ʪʘʢ ʢʘʢ ʚ ʥʘʠʣʫʯʰʝʤ ʩʣʫʯʘʝ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʩʦʠʟʤʝʨʠʤʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ. ɿʘʜʝʨʞʢʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʘ ʥʝ ʦʪ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ. ɼʣʷ ʣʠʥʠʡ ʩʚʷʟʠ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʝʡ 

ʟʘʜʝʨʞʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʟʤʝʨʷʝʪʩʷ ʚ ʤʠʣʣʠʩʝʢʫʥʜʘʭ; 
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- ʟʘʜʝʨʞʢʘ ʢʦʤʤʫʪʘʮʠʠ (switching delay). ɺʨʝʤʷ, ʢʦʪʦʨʦʝ ʪʨʝʙʫʝʪʩʷ 

ʫʩʪʨʦʡʩʪʚʫ, ʧʦʣʫʯʠʚʰʝʤʫ ʧʘʢʝʪ, ʜʣʷ ʥʘʯʘʣʘ ʝʛʦ ʧʝʨʝʜʘʯʠ ʩʣʝʜʫʶʱʝʤʫ 

ʫʩʪʨʦʡʩʪʚʫ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʟʥʘʯʝʥʠʝ ʤʝʥʴʰʝ 10 ʥʩ. 

ʆʙʳʯʥʦ ʢʘʞʜʳʡ ʠʟ ʧʘʢʝʪʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʧʦʪʦʢʫ 

ʪʨʘʬʠʢʘ, ʧʝʨʝʜʘʝʪʩʷ ʩ ʨʘʟʣʠʯʥʳʤ ʟʥʘʯʝʥʠʝʤ ʟʘʜʝʨʞʢʠ. ɿʘʜʝʨʞʢʘ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʧʘʢʝʪʦʚ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʝʪʝʡ.  

ɺ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʝʪʴ ʥʝ ʠʩʧʳʪʳʚʘʝʪ ʧʝʨʝʛʨʫʟʢʠ, ʧʘʢʝʪʳ ʥʝ ʩʪʘʚʷʪʩʷ ʚ 

ʦʯʝʨʝʜʴ ʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ, ʘ ʦʙʱʝʝ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʧʘʢʝʪʘ 

ʩʦʩʪʦʠʪ ʠʟ ʩʫʤʤʳ ʟʘʜʝʨʞʢʠ ʩʝʨʠʘʣʠʟʘʮʠʠ ʠ ʟʘʜʝʨʞʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʘ 

ʢʘʞʜʦʤ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʧʝʨʝʭʦʜʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ 

ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʟʘʜʝʨʞʢʝ ʧʨʠ ʧʝʨʝʜʘʯʝ ʧʘʢʝʪʦʚ ʯʝʨʝʟ ʟʘʜʘʥʥʫʶ ʩʝʪʴ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʜʝʨʞʢʘ ʩʝʨʠʘʣʠʟʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʜʝʨʞʢʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠ ʧʝʨʝʜʘʯʝ ʧʘʢʝʪʘ ʧʦ ʢʘʥʘʣʫ ʩ 

ʙʦʣʴʰʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. 

ɽʩʣʠ ʞʝ ʩʝʪʴ ʧʝʨʝʛʨʫʞʝʥʘ, ʟʘʜʝʨʞʢʠ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʦʯʝʨʝʜʝʡ ʚ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ ʥʘʯʠʥʘʶʪ ʚʣʠʷʪʴ ʥʘ ʦʙʱʫʶ ʟʘʜʝʨʞʢʫ ʧʨʠ ʧʝʨʝʜʘʯʝ ʧʘʢʝʪʦʚ ʠ 

ʧʨʠʚʦʜʷʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʨʘʟʥʠʮʳ ʚ ʟʘʜʝʨʞʢʝ ʧʨʠ ʧʝʨʝʜʘʯʝ ʨʘʟʣʠʯʥʳʭ 

ʧʘʢʝʪʦʚ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʦʪʦʢʘ. ʂʦʣʝʙʘʥʠʝ ʟʘʜʝʨʞʢʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʧʘʢʝʪʦʚ 

ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ ʜʨʦʞʘʥʠʷ ʧʨʠ ʧʝʨʝʜʘʯʝ ʧʘʢʝʪʦʚ. 

ɼʨʦʞʘʥʠʝ ʧʘʢʝʪʦʚ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʚʘʞʥʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʦʥʦ 

ʦʧʨʝʜʝʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʟʘʜʝʨʞʢʫ ʧʨʠ ʧʨʠʝʤʝ ʧʘʢʝʪʦʚ ʚ  ʢʦʥʝʯʥʦʤ ʧʫʥʢʪʝ  

ʥʘʟʥʘʯʝʥʠʷ. ʇʨʠʥʠʤʘʶʱʘʷ ʩʪʦʨʦʥʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ, ʤʦʞʝʪ ʧʦʧʳʪʘʪʴʩʷ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʜʨʦʞʘʥʠʝ ʧʘʢʝʪʦʚ ʟʘ ʩʯʝʪ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʠʝʤʥʦʛʦ ʙʫʬʝʨʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʧʨʠʥʷʪʳʭ ʧʘʢʝʪʦʚ ʥʘ ʚʨʝʤʷ, 

ʤʝʥʴʰʝʝ ʠʣʠ ʨʘʚʥʦʝ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʜʨʦʞʘʥʠʷ. 

ʂ ʵʪʦʡ ʢʘʪʝʛʦʨʠʠ ʦʪʥʦʩʷʪʩʷ ʧʨʠʣʦʞʝʥʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ 

ʧʝʨʝʜʘʯʫ/ʧʨʠʝʤ ʥʝʧʨʝʨʳʚʥʳʭ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ Internet-ʪʝʣʝʬʦʥʠʷ 

ʠʣʠ ʧʨʠʣʦʞʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʨʦʚʝʜʝʥʠʝ ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʡ. 

ʇʦʪʝʨʷ ʧʘʢʝʪʦʚ. ʋʨʦʚʝʥʴ ʧʦʪʝʨʠ ʧʘʢʝʪʦʚ ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʘʢʝʪʦʚ, 

ʦʪʙʨʘʩʳʚʘʝʤʳʭ ʩʝʪʴʶ ʚʦ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ. ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʧʦʪʝʨʠ 

ʧʘʢʝʪʦʚ ʷʚʣʷʶʪʩʷ ʧʝʨʝʛʨʫʟʢʘ ʩʝʪʠ ʠ ʧʦʚʨʝʞʜʝʥʠʝ ʧʘʢʝʪʦʚ ʚʦ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʧʦ 

ʣʠʥʠʠ ʩʚʷʟʠ. ʏʘʱʝ ʚʩʝʛʦ ʦʪʙʨʘʩʳʚʘʥʠʝ ʧʘʢʝʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʝʩʪʘʭ 

ʧʝʨʝʛʨʫʟʢʠ, ʛʜʝ ʯʠʩʣʦ ʧʦʩʪʫʧʘʶʱʠʭ ʧʘʢʝʪʦʚ ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʝʪ ʚʝʨʭʥʶʶ 

ʛʨʘʥʠʮʫ ʨʘʟʤʝʨʘ ʚʳʭʦʜʥʦʡ ʦʯʝʨʝʜʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʙʨʘʩʳʚʘʥʠʝ ʧʘʢʝʪʦʚ ʤʦʞʝʪ 

ʙʳʪʴ ʚʳʟʚʘʥʦ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʨʘʟʤʝʨʦʤ ʚʭʦʜʥʦʛʦ ʙʫʬʝʨʘ. 

ʋʨʦʚʝʥʴ ʧʦʪʝʨʠ ʧʘʢʝʪʦʚ ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ ʜʦʣʷ ʦʪʙʨʦʰʝʥʥʳʭ ʧʘʢʝʪʦʚ ʟʘ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ. ʅʝʢʦʪʦʨʳʝ ʧʨʠʣʦʞʝʥʠʷ ʥʝ ʩʧʦʩʦʙʥʳ 

ʥʦʨʤʘʣʴʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʠʣʠ ʞʝ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʥʝʵʬʬʝʢʪʠʚʥʦ ʚ ʩʣʫʯʘʝ 

ʧʦʪʝʨʠ ʧʘʢʝʪʦʚ. ʕʪʠ ʧʨʠʣʦʞʝʥʠʷ ʪʨʝʙʫʶʪ ʦʪ ʩʝʪʠ ʛʘʨʘʥʪʠʠ ʥʘʜʝʞʥʦʡ ʜʦʩʪʘʚʢʠ 

ʚʩʝʭ ʧʘʢʝʪʦʚ. ʍʦʨʦʰʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʝ ʩʝʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʯʝʥʴ ʥʠʟʢʠʤ 

ʟʥʘʯʝʥʠʝʤ ʧʦʪʝʨʠ ʧʘʢʝʪʦʚ. ʇʦʪʝʨʷ ʧʘʢʝʪʦʚ ʪʘʢʞʝ ʥʝʩʚʦʡʩʪʚʝʥʥʘ ʧʨʠʣʦʞʝʥʠʷʤ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʠ ʟʘʨʘʥʝʝ ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʳ ʪʨʝʙʫʝʤʳʝ ʵʪʠʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ 

ʨʝʩʫʨʩʳ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʣʠʥʠʡ ʩʚʷʟʠ ʩʦ ʟʥʘʯʝʥʠʝʤ 

ʯʘʩʪʦʪʳ ʧʦʷʚʣʝʥʠʷ ʦʰʠʙʦʯʥʳʭ ʙʠʪʦʚ (Bit Eror Rate ï BER) 10E
-9
, ʪʦ ʟʜʝʩʴ 
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ʧʦʪʝʨʷ ʧʘʢʝʪʦʚ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʠʭ ʦʪʙʨʘʩʳʚʥʠʷ ʚ ʤʝʩʪʘʭ ʧʝʨʝʛʨʫʟʢʠ 

ʩʝʪʠ. ʆʪʙʨʘʩʳʚʘʥʠʝ ʧʘʢʝʪʦʚ, ʷʚʣʷʝʪʩʷ ʥʝʠʟʙʝʞʥʳʤ ʷʚʣʝʥʠʝʤ ʧʨʠ 

ʥʝʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʜʦʩʪʘʚʢʝ ʪʨʘʬʠʢʘ, ʭʦʪʷ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʥ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ 

ʢʨʘʡʥʝʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ.  

 

 

1.9 ʉʝʨʚʠʩʥʳʝ ʤʦʜʝʣʠ QoS 

 

 

ʉʝʨʚʠʩʥʳʝ ʤʦʜʝʣʠ QoS: 

- Best Effort Service ï ʥʝʛʘʨʘʥʪʠʨʦʚʘʥʥʘʷ ʜʦʩʪʘʚʢʘ. ɸʙʩʦʣʶʪʥʦʝ 

ʦʪʩʫʪʩʪʚʠʝ ʤʝʭʘʥʠʟʤʦʚ QoS. ʀʩʧʦʣʴʟʫʶʪʩʷ ʚʩʝ ʜʦʩʪʫʧʥʳʝ ʨʝʩʫʨʩʳ ʩʝʪʠ ʙʝʟ 

ʢʘʢʦʛʦ-ʣʠʙʦ ʚʳʜʝʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʢʣʘʩʩʦʚ ʪʨʘʬʠʢʘ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʣʫʯʰʠʤ ʤʝʭʘʥʠʟʤʦʤ ʦʙʝʩʧʝʯʝʥʠʷ QoS ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʦʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʪʨʘʬʠʢʘ (ʥʘʧʨʠʤʝʨ, 

ʛʦʣʦʩʦʚʦʡ) ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʟʘʜʝʨʞʢʘʤ ʧʘʢʝʪʦʚ ʠ ʚʘʨʠʘʮʠʠ ʩʢʦʨʦʩʪʠ ʠʭ 

ʧʨʦʭʦʞʜʝʥʠʷ. ʄʦʜʝʣʴ Best Effort Service ʜʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʙʦʣʴʰʠʭ ʨʝʟʝʨʚʦʚ 

ʜʦʧʫʩʢʘʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʝʨʝʛʨʫʟʦʢ ʚ ʩʣʫʯʘʝ ʨʝʟʢʠʭ ʚʩʧʣʝʩʢʦʚ ʪʨʘʬʠʢʘ [24]; 

- Integrated Service (IntServ) ï ʤʦʜʝʣʴ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʢʚʦʟʥʦʝ (End-to-End) ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʛʘʨʘʥʪʠʨʫʷ 

ʥʝʦʙʭʦʜʠʤʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʄʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʩʢʚʦʟʥʦʝ (End-to-

End) ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʛʘʨʘʥʪʠʨʫʷ ʥʝʦʙʭʦʜʠʤʫʶ ʧʨʦʧʫʩʢʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ. IntServ ʠʩʧʦʣʴʟʫʝʪ ʜʣʷ ʩʚʦʠʭ ʮʝʣʝʡ ʧʨʦʪʦʢʦʣ ʩʠʛʥʘʣʠʟʘʮʠʠ RSVP, 

ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢʦ ʚʩʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʫʟʣʘʤ. 

ʇʦʟʚʦʣʷʝʪ ʧʨʠʣʦʞʝʥʠʷʤ ʚʳʨʘʞʘʪʴ ʩʢʚʦʟʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʝʩʫʨʩʘʤ ʠ ʩʦʜʝʨʞʠʪ 

ʤʝʭʘʥʠʟʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʜʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ. IntServ ʤʦʞʥʦ ʢʨʘʪʢʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ (Resource reservation). ʇʨʠ ʵʪʦʤ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʜʦʣʞʥʳ ʭʨʘʥʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʪʦʢʘʭ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʢʘʞʜʳʡ ʧʘʢʝʪ, ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʥʘʜʣʝʞʠʪ ʣʠ ʦʥ ʢ ʢʦʥʢʨʝʪʥʳʤ ʧʦʪʦʢʦʤ, ʩ ʪʝʤ 

ʯʪʦʙʳ ʥʘʧʨʘʚʠʪʴ ʧʘʢʝʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʨʠʪʝʨʠʷʤʠ ʧʦʪʦʢʘ; 

- Differentiated Service ï ʤʦʜʝʣʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ QoS ʥʘ ʦʩʥʦʚʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʚ ʷʜʨʝ ʩʝʪʠ ʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʛʨʘʥʠʮʝ ʩʝʪʠ, 

ʢʦʤʙʠʥʠʨʫʝʤʳʭ ʩ ʮʝʣʴʶ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʫʩʣʫʛ. ɺ ʵʪʦʡ ʤʦʜʝʣʠ 

ʚʚʦʜʠʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʪʨʘʬʠʢʘ ʧʦ ʢʣʘʩʩʘʤ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʚʦʡ ʫʨʦʚʝʥʴ QoS. DiffServ ʩʦʩʪʦʠʪ ʠʟ ʫʧʨʘʚʣʝʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʪʨʘʬʠʢʘ 

(ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʘʢʝʪʦʚ, ʤʘʨʢʠʨʦʚʢʘ, ʫʧʨʘʚʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ) ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʠʪʠʢʦʡ (ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ, ʧʦʣʠʪʠʢʘ ʦʪʙʨʘʩʳʚʘʥʠʷ 

ʧʘʢʝʪʦʚ). DiffServ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʧʨʠʤʝʨʦʤ çʫʤʥʦʛʦè 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʦʨʠʪʝʪʦʤ ʪʨʘʬʠʢʘ. 

ʇʨʠʣʦʞʝʥʠʷ, ʪʨʝʙʫʶʱʠʝ QoS: 

- ʧʦʪʦʢʦʚʳʝ ʤʫʣʴʪʠʤʝʜʠʘ-ʧʨʠʣʦʞʝʥʠʷ ʪʨʝʙʫʶʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʫʶ 

ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ; 
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- VoIP ʠ ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʷ ʪʨʝʙʫʶʪ ʥʝʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʜʞʠʪʪʝʨʘ ʠ 

ʟʘʜʝʨʞʢʠ; 

- ʨʷʜ ʧʨʠʣʦʞʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʫʜʘʣʸʥʥʘʷ ʭʠʨʫʨʛʠʷ, ʪʨʝʙʫʶʪ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ. 

ɹʘʟʦʚʳʝ ʬʫʥʢʮʠʠ QoS ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʥʝʦʙʭʦʜʠʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʝʨʚʠʩʘ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʨʘʬʠʢʫ ʢʘʢ: 

- ʢʣʘʩʩʠʬʠʢʘʮʠʷ; 

- ʨʘʟʤʝʪʢʘ; 

- ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʝʛʨʫʟʢʘʤʠ; 

- ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʧʝʨʝʛʨʫʟʦʢ; 

- ʨʝʛʫʣʠʨʦʚʘʥʠʝ.  

ʌʫʥʢʮʠʦʥʘʣʴʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʨʘʟʤʝʪʢʘ (Classification and Marking) 

ʯʘʱʝ ʚʩʝʛʦ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʥʘ ʚʭʦʜʥʳʭ ʧʦʨʪʘʭ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʫʧʨʘʚʣʝʥʠʝ ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʧʝʨʝʛʨʫʟʦʢ ï ʥʘ ʚʳʭʦʜʥʳʭ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʘʢʝʪʦʚ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʭʘʥʠʟʤ ʩʦʦʪʥʝʩʝʥʠʷ ʧʘʢʝʪʘ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʢʣʘʩʩʫ 

ʪʨʘʬʠʢʘ.  

ʊʘʢʞʝ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʘʢʝʪʦʚ ʷʚʣʷʝʪʩʷ ʤʘʨʢʠʨʦʚʢʘ 

ʧʘʢʝʪʦʚ (Packet Marking) ï ʥʘʟʥʘʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʠʦʨʠʪʝʪʘ.  

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʨʘʟʤʝʪʢʘ ʥʘ ʪʨʝʪʴʝʤ ʫʨʦʚʥʝ ï ʤʘʨʰʨʫʪʠʟʠʨʫʶʱʝʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʧʝʨʠʨʫʝʪ IP ʧʘʢʝʪʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʧʦʜ ʮʝʣʠ ʤʘʨʢʠʨʦʚʢʠ 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʦʣʝ ʚ ʟʘʛʦʣʦʚʢʝ ï IP Type of Service (ToS) 

ʨʘʟʤʝʨʦʤ ʦʜʠʥ ʙʘʡʪ. ToS ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʦʣʥʝʥ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʤ IP Precedence 

ʠʣʠ DSCP ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʯʠ. IP precedence (IPP) ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ 3 

ʙʠʪʘ (ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ 0-7). DSCP ʦʪʥʦʩʠʪʩʷ ʢ ʤʦʜʝʣʠ DiffServ ʠ ʩʦʩʪʦʠʪ ʠʟ 

6 ʙʠʪ (ʟʥʘʯʝʥʠʷ 0-63).  

ʂʨʦʤʝ ʮʠʬʨʦʚʦʡ ʬʦʨʤʳ, ʟʥʘʯʝʥʠʷ DSCP ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʞʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʢʣʶʯʝʚʳʭ ʩʣʦʚ:  

- ʜʦʩʪʘʚʢʘ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ BE (Best Effort); 

- ʛʘʨʘʥʪʠʨʦʚʘʥʥʘʷ ʜʦʩʪʘʚʢʘ AF (Assured Forwarding); 

- ʩʨʦʯʥʘʷ ʜʦʩʪʘʚʢʘ EF (Expedited Forwarding).  

ʇʨʦʤʘʨʢʠʨʦʚʘʪʴ IP ʧʘʢʝʪʳ ʟʥʘʯʝʥʠʝʤ QoS ʤʦʞʥʦ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: 

PBR, CAR, BGP.  

ʋʧʨʘʚʣʝʥʠʝ ʧʝʨʝʛʨʫʟʢʘʤʠ. ʇʝʨʝʛʨʫʟʢʠ (congestions) ʚʦʟʥʠʢʘʝʪ ʚ ʩʣʫʯʘʝ 

ʧʝʨʝʧʦʣʥʝʥʠʷ ʚʳʭʦʜʥʳʭ ʙʫʬʝʨʦʚ ʧʝʨʝʜʘʶʱʝʛʦ ʪʨʘʬʠʢ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʝʨʝʛʨʫʟʦʢ ʷʚʣʷʝʪʩʷ ʘʛʨʝʛʘʮʠʷ 

ʪʨʘʬʠʢʘ (ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʚʭʦʜʷʱʝʛʦ ʪʨʘʬʠʢʘ ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʠʩʭʦʜʷʱʝʛʦ) 

ʠ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʩʢʦʨʦʩʪʝʡ ʥʘ ʠʥʪʝʨʬʝʡʩʘʭ.  

ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚ ʩʣʫʯʘʝ ʧʝʨʝʛʨʫʟʦʢ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʟʤʘ ʦʯʝʨʝʜʝʡ. ʇʘʢʝʪʳ ʧʦʤʝʱʘʶʪʩʷ ʚ 

ʦʯʝʨʝʜʠ, ʢʦʪʦʨʳʝ ʫʧʦʨʷʜʦʯʝʥʥʦ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ. 

ʌʘʢʪʠʯʝʩʢʠ, ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʝʛʨʫʟʢʘʤʠ ï ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʨʷʜʢʘ, ʚ ʢʦʪʦʨʦʤ 

ʧʘʢʝʪʳ ʚʳʭʦʜʷʪ ʠʟ ʠʥʪʝʨʬʝʡʩʘ (ʦʯʝʨʝʜʝʡ) ʥʘ ʦʩʥʦʚʝ ʧʨʠʦʨʠʪʝʪʦʚ. ɽʩʣʠ 

ʧʝʨʝʛʨʫʟʦʢ ʥʝʪ ï ʦʯʝʨʝʜʠ ʥʝ ʨʘʙʦʪʘʶʪ.  
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ʄʘʨʰʨʫʪʠʟʘʪʦʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʜʜʝʨʞʢʫ ʦʯʝʨʝʜʝʡ ʧʨʦʛʨʘʤʤʥʦ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʛʠʙʢʦʝ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʙʦʪʢʠ. ʇʨʠ ʵʪʦʤ 

ʤʘʨʢʠʨʦʚʢʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʘʢʝʪʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʚʭʦʜʝ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ 

ʦʯʝʨʝʜʷʤ ʠ ʠʭ ʦʙʨʘʙʦʪʢʫ (Scheduling) ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʘʣʛʦʨʠʪʤʘʤ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.8.  

ʇʨʠʦʨʠʪʝʟʘʮʠʷ ʦʯʝʨʝʜʠ ʪʨʝʙʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʪʦʣʴʢʦ ʚ ʫʟʢʠʭ, 

ʟʘʛʨʫʞʝʥʥʳʭ ʤʝʩʪʘʭ, ʢʦʛʜʘ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʘ ʥʝ ʭʚʘʪʘʝʪ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʚʩʝʭ ʧʦʩʪʫʧʘʶʱʠʭ ʧʘʢʝʪʦʚ ʠ ʥʫʞʥʦ ʢʘʢʠʤ-ʪʦ ʦʙʨʘʟʦʤ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʠʭ ʦʙʨʘʙʦʪʢʫ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʦʨʠʪʝʟʘʮʠʷ ʥʝʦʙʭʦʜʠʤʘ ʠ ʚ 

ʩʣʫʯʘʝ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʣʠʷʥʠʷ ʚʩʧʣʝʩʢʦʚ ʩʝʪʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʢ ʟʘʜʝʨʞʢʘʤ ʪʨʘʬʠʢ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʦʯʝʨʝʜʝʡ [25]: 

- ʦʯʝʨʝʜʴ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʧʨʦʭʦʞʜʝʥʠʝʤ ʧʘʢʝʪʦʚ, ʨʘʙʦʪʘʶʱʘʷ ʧʦ 

ʧʨʠʥʮʠʧʫ FIFO (First In First Out) çʧʝʨʚʳʡ ʧʨʠʰʝʣ ï ʧʝʨʚʳʡ ʫʰʝʣè. ɿʜʝʩʴ ʥʝʪ 

ʥʠʢʘʢʦʡ ʧʨʠʦʨʠʪʝʟʘʮʠʠ. ɺʢʣʶʯʘʝʪʩʷ ʧʦ ʫʤʦʣʯʘʥʠʶ ʥʘ ʠʥʪʝʨʬʝʡʩʘʭ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʙʦʣʴʰʝ 2 ʄʙʠʪ/ʩ; 
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- ʦʯʝʨʝʜʠ ʧʨʠʦʨʠʪʝʪʦʚ PQ (Priority Queuing), ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʙʝʟʫʩʣʦʚʥʳʡ ʧʨʠʦʨʠʪʝʪ ʦʜʥʠʭ ʧʘʢʝʪʦʚ ʥʘʜ ʜʨʫʛʠʤʠ. ɺʩʝʛʦ 4 ʦʯʝʨʝʜʠ: high, 

medium, normal ʠ low. ʆʙʨʘʙʦʪʢʘ ʚʝʜʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ (ʦʪ high ʜʦ low), 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʚʳʩʦʢʦʧʨʠʦʨʠʪʝʪʥʦʡ ʦʯʝʨʝʜʠ ʠ ʜʦ ʝʝ ʧʦʣʥʦʡ ʦʯʠʩʪʢʠ ʥʝ 

ʧʝʨʝʭʦʜʠʪ ʢ ʤʝʥʝʝ ʧʨʠʦʨʠʪʝʪʥʳʤ ʦʯʝʨʝʜʷʤ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʘ 

ʤʦʥʦʧʦʣʠʟʘʮʠʷ ʢʘʥʘʣʘ ʚʳʩʦʢʦʧʨʠʦʨʠʪʝʪʥʳʤʠ ʦʯʝʨʝʜʷʤʠ. ʊʨʘʬʠʢ, ʧʨʠʦʨʠʪʝʪ 

ʢʦʪʦʨʦʛʦ ʥʝ ʫʢʘʟʘʥ, ʧʦʧʘʜʝʪ ʚ ʦʯʝʨʝʜʴ ʧʦ ʫʤʦʣʯʘʥʠʶ (default); 

- ʚʟʚʝʰʝʥʥʳʝ ʩʧʨʘʚʝʜʣʠʚʳʝ ʦʯʝʨʝʜʠ WFQ (Weighted Fair Queuing), 

ʢʦʪʦʨʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʟʙʠʚʘʝʪ ʪʨʘʬʠʢ ʥʘ ʧʦʪʦʢʠ (flows). ʇʦ ʫʤʦʣʯʘʥʠʶ ʠʭ 

ʯʠʩʣʦ ʨʘʚʥʦ 256, ʥʦ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥʦ. ɽʩʣʠ ʧʦʪʦʢʦʚ ʙʦʣʴʰʝ, ʯʝʤ ʦʯʝʨʝʜʝʡ, 

ʪʦ ʚ ʦʜʥʫ ʦʯʝʨʝʜʴ ʧʦʤʝʱʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʦʪʦʢʦʚ. ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʧʘʢʝʪʘ ʢ 

ʧʦʪʦʢʫ (ʢʣʘʩʩʠʬʠʢʘʮʠʷ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ TOS, ʧʨʦʪʦʢʦʣʘ, IP ʘʜʨʝʩʘ 

ʠʩʪʦʯʥʠʢʘ, IP ʘʜʨʝʩʘ ʥʘʟʥʘʯʝʥʠʷ, ʧʦʨʪʘ ʠʩʪʦʯʥʠʢʘ ʠ ʧʦʨʪʘ ʥʘʟʥʘʯʝʥʠʷ. ʂʘʞʜʳʡ 

ʧʦʪʦʢ ʠʩʧʦʣʴʟʫʝʪ ʦʪʜʝʣʴʥʫʶ ʦʯʝʨʝʜʴ. ʆʙʨʘʙʦʪʯʠʢ WFQ (scheduler) 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʧʦʣʦʩʳ ʤʝʞʜʫ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 
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ʧʦʪʦʢʘʤʠ. ɼʦʩʪʫʧʥʘʷ ʧʦʣʦʩʘ ʜʝʣʠʪʩʷ ʥʘ ʯʠʩʣʦ ʧʦʪʦʢʦʚ ʠ ʢʘʞʜʳʡ ʧʦʣʫʯʘʝʪ 

ʨʘʚʥʫʶ ʯʘʩʪʴ. ʂʘʞʜʳʡ ʧʦʪʦʢ ʧʦʣʫʯʘʝʪ ʩʚʦʡ ʚʝʩ (weight), ʩ ʥʝʢʦʪʦʨʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ IP ʧʨʠʦʨʠʪʝʪʫ (TOS). ɺʝʩ ʧʦʪʦʢʘ 

ʪʘʢʞʝ ʫʯʠʪʳʚʘʝʪʩʷ ʦʙʨʘʙʦʪʯʠʢʦʤ. WFQ ʘ ʚʪʦʤʘʪʠʯʝʩʢʠ ʩʧʨʘʚʝʜʣʠʚʦ 

ʨʘʩʧʨʝʜʝʣʷʝʪ ʜʦʩʪʫʧʥʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʯʠʪʳʚʘʷ 

TOS. ʇʦʪʦʢʠ ʩ ʦʜʠʥʘʢʦʚʳʤʠ IP ʧʨʠʦʨʠʪʝʪʘʤʠ TOS ʧʦʣʫʯʘʪ ʨʘʚʥʳʝ ʜʦʣʠ 

ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ; ʧʦʪʦʢʠ ʩ ʙʦʣʴʰʠʤ IP ʧʨʠʦʨʠʪʝʪʦʤ ï ʙʦʣʴʰʫʶ ʜʦʣʶ 

ʧʦʣʦʩʳ. ɺ ʩʣʫʯʘʝ ʧʝʨʝʛʨʫʟʦʢ ʥʝʥʘʛʨʫʞʝʥʥʳʝ ʚʳʩʦʢʦʧʨʠʦʨʠʪʝʪʥʳʝ ʧʦʪʦʢʠ 

ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʙʝʟ ʠʟʤʝʥʝʥʠʡ, ʘ ʥʠʟʢʦʧʨʠʦʨʠʪʝʪʥʳʝ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʝ ï 

ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ. ɺʤʝʩʪʝ ʩ WFQ ʨʘʙʦʪʘʝʪ RSVP. ʇʦ ʫʤʦʣʯʘʥʠʶ WFQ 

ʚʢʣʶʯʘʝʪʩʷ ʥʘ ʥʠʟʢʦʩʢʦʨʦʩʪʥʳʭ ʠʥʪʝʨʬʝʡʩʘʭ; 

- ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʯʝʨʝʜʝʡ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʦʚ CBWFQ (Class Based 

Weighted Fair Queuing). ɺʝʩʴ ʪʨʘʬʠʢ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ 64 ʢʣʘʩʩʘ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʚʭʦʜʥʦʡ ʠʥʪʝʨʬʝʡʩ, ʘʢʩʝʩʩ ʣʠʩʪ (access list), ʧʨʦʪʦʢʦʣ, 

ʟʥʘʯʝʥʠʝ DSCP, ʤʝʪʢʘ MPLS QoS. ʆʙʱʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʭʦʜʥʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʢʣʘʩʩʘʤ. ɺʳʜʝʣʷʝʤʫʶ ʢʘʞʜʦʤʫ ʢʣʘʩʩʫ ʧʦʣʦʩʫ 

ʧʨʦʧʫʩʢʘʥʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʢʘʢ ʚ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ (bandwidth ʚ kbit/s) 

ʠʣʠ ʚ ʧʨʦʮʝʥʪʘʭ (bandwidth percent) ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘ 

ʠʥʪʝʨʬʝʡʩʝ. ʇʘʢʝʪʳ, ʥʝ ʧʦʧʘʜʘʶʱʠʝ ʚ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʥʳʝ ʢʣʘʩʩʳ, ʧʦʧʘʜʘʶʪ 

ʚ ʢʣʘʩʩ ʧʦ ʫʤʦʣʯʘʥʠʶ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʘʩʪʨʦʠʪʴ ʠ ʢʦʪʦʨʳʡ 

ʧʦʣʫʯʘʝʪ ʦʩʪʘʚʰʫʶʩʷ ʩʚʦʙʦʜʥʦʡ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ ʢʘʥʘʣʘ. ʇʨʠ 

ʧʝʨʝʧʦʣʥʝʥʠʠ ʦʯʝʨʝʜʠ ʣʶʙʦʛʦ ʢʣʘʩʩʘ ʧʘʢʝʪʳ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʠʛʥʦʨʠʨʫʶʪʩʷ. 

ɸʣʛʦʨʠʪʤ ʦʪʢʣʦʥʝʥʠʷ ʧʘʢʝʪʦʚ ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ ʤʦʞʥʦ ʚʳʙʠʨʘʪʴ: 

ʚʢʣʶʯʝʥʥʦʝ ʧʦ ʫʤʦʣʯʘʥʠʶ ʦʙʳʯʥʦʝ ʦʪʙʨʘʩʳʚʘʥʠʝ (tail-drop, ʧʘʨʘʤʝʪʨ queue-

limit) ʠʣʠ WRED (ʧʘʨʘʤʝʪʨ random-detect). CBWFQ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ RSVP; 

- ʦʯʝʨʝʜʥʦʩʪʴ ʩ ʥʠʟʢʦʡ ʟʘʜʝʨʞʢʦʡ LLQ (Low Latency Queuing). LLQ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʝʭʘʥʠʟʤ CBWFQ ʩ ʧʨʠʦʨʠʪʝʪʥʦʡ ʦʯʝʨʝʜʴʶ PQ 

(LLQ = PQ + CBWFQ). PQ ʚ LLQ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʢ ʟʘʜʝʨʞʢʝ ʪʨʘʬʠʢʘ. LLQ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ 

ʛʦʣʦʩʦʚʦʛʦ (VoIP) ʪʨʘʬʠʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʭʦʨʦʰʦ ʨʘʙʦʪʘʝʪ ʩ 

ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʷʤʠ.  

ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ʧʝʨʝʛʨʫʟʦʢ (Congestion avoidance): 

- RED (Random Early Detection) ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʢʦʨʦʩʪʥʳʭ ʩʝʪʷʭ ʜʣʷ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʧʝʨʝʛʨʫʟʦʢ. ɿʘʪʨʘʛʠʚʘʝʪ ʪʦʣʴʢʦ TCP. ʇʫʪʝʤ ʦʪʙʨʘʩʳʚʘʥʠʷ 

ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʧʘʢʝʪʦʚ ʠʟ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʭ ʧʦʪʦʢʦʚ ʚʳʥʫʞʜʘʝʪ 

ʧʦʩʳʣʘʶʱʫʶ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʠʪʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ (ʠʩʧʦʣʴʟʫʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʚʦʡʩʪʚʘ TCP ʧʨʦʪʦʢʦʣʘ ï ʦʢʥʦ ʧʝʨʝʛʨʫʟʢʠ. ɼʦʣʷ 

ʦʪʙʨʘʩʳʚʘʝʤʳʭ ʧʘʢʝʪʦʚ ʨʝʛʫʣʠʨʫʝʪʩʷ ʧʨʠ ʢʦʥʬʠʛʫʨʘʮʠʠ; 

- ECN (Explicit Congestion Notification) ʠʩʧʦʣʴʟʫʝʪ ʪʫ ʞʝ ʣʦʛʠʢʫ, ʯʪʦ ʠ 

RED, ʥʦ ʥʝ ʦʪʙʨʘʩʳʚʘʝʪ ʧʘʢʝʪʳ, ʘ ʫʚʝʜʦʤʣʷʝʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʛʨʘʥʠʯʝʥʠʷ, 

ʤʘʨʢʠʨʫʷ ʠʭ (ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʚ IP ʟʘʛʦʣʦʚʢʝ ECN ʙʠʪʳ).  

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ: 

- ʦʛʨʘʥʠʯʠʪʝʣʴ (Policer); 
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- ʬʦʨʤʠʨʦʚʘʪʝʣʴ (ʰʝʡʧʝʨ, Shaper). 

ʆʛʨʘʥʠʯʠʪʝʣʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʦʪʦʢ ʪʨʘʬʠʢʘ ʜʦ ʥʫʞʥʦʡ 

ʚʝʣʠʯʠʥʳ ʤʝʪʦʜʦʤ ʧʨʦʩʪʦʛʦ ʦʪʙʨʘʩʳʚʘʥʠʷ ʧʘʢʝʪʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʩ ʚʳʭʦʜʷʱʝʡ 

ʟʘ ʨʘʤʢʠ ʩʢʦʨʦʩʪʴʶ. ʄʦʞʝʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʥʘ ʚʭʦʜʷʱʝʤ, ʪʘʢ ʠ ʥʘ ʚʳʭʦʜʷʱʝʤ 

ʠʥʪʝʨʬʝʡʩʘʭ. ʊʦ ʝʩʪʴ ʵʪʦ ʦʛʨʘʥʠʯʠʪʝʣʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʝʪʦʜʦʤ ʦʪʙʨʘʩʳʚʘʥʠʷ 

ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ. ʅʘ ʨʠʩʫʥʢʝ 1.9 ʧʦʢʘʟʘʥ ʤʝʭʘʥʠʟʤ 

ʦʛʨʘʥʠʯʝʥʠʷ ʪʨʘʬʠʢʘ. 

 

TRAFFIC t TRAFFIC t

POLICING

 
 

ʈʠʩʫʥʦʢ 1.9 ï ʄʝʭʘʥʠʟʤ ʦʛʨʘʥʠʯʝʥʠʷ 

 

ʋʧʨʘʚʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝʤ ʪʨʘʬʠʢʘ ʜʦ 

ʩʢʦʨʦʩʪʠ ʢʦʥʪʨʘʢʪʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʪʨʘʬʠʢʘ ʤʦʞʝʪ ʧʦʤʦʯʴ 

ʠ ʚ ʩʣʫʯʘʝ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ DOS ʘʪʘʢ. ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʥʘ ʚʭʦʜʥʳʭ, ʪʘʢ ʠ ʥʘ 

ʚʳʭʦʜʥʳʭ ʧʦʨʪʘʭ. ʏʘʱʝ ʚʩʝʛʦ ʥʘ ʚʭʦʜʥʳʭ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʦʪʙʨʘʩʳʚʘʝʤʳʝ ʧʘʢʝʪʳ ʥʝ ʜʦʭʦʜʷʪ ʜʦ ʧʨʦʮʝʩʩʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʵʢʦʥʦʤʷʪʩʷ ʨʝʩʫʨʩʳ. ʌʦʨʤʠʨʦʚʘʪʝʣʴ ʦʙʳʯʥʦ ʟʘʜʝʨʞʠʚʘʝʪ ʠʩʭʦʜʷʱʠʡ 

ʪʨʘʬʠʢ, ʠʩʧʦʣʴʟʫʷ ʙʫʬʝʨ ʠʣʠ ʤʝʭʘʥʠʟʤ ʦʯʝʨʝʜʝʡ, ʬʦʨʤʠʨʫʷ ʧʦʪʦʢ ʩ ʥʫʞʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ɺʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʩʛʣʘʞʠʚʘʥʠʷ. 

ʇʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʠʥʪʝʨʬʝʡʩʘ. ʆʭʘʨʘʢʪʝʨʠʟʦʚʳʚʘʝʪʩʷ ʢʘʢ ʦʛʨʘʥʠʯʠʪʝʣʴ-ʚʳʨʘʚʥʠʚʘʪʝʣʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʝʪʦʜʦʤ ʟʘʜʝʨʞʢʠ (ʙʫʬʝʨʠʟʘʮʠʠ ʧʘʢʝʪʦʚ) ʠ ʜʘʣʴʥʝʡʰʝʡ 

ʧʝʨʝʩʳʣʢʠ ʩ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʟʘʜʘʥʥʦʡ 

ʩʢʦʨʦʩʪʠ. ɼʝʢʣʘʨʠʨʫʝʪʩʷ, ʯʪʦ ʰʝʡʧʠʥʛ ʙʦʣʝʝ ʜʨʫʞʝʩʪʚʝʥʝʥ ʢ TCP, ʯʝʤ 

ʧʦʣʠʩʠʥʛ.  

ʇʨʠʤʝʥʷʝʪʩʷ ʚʩʝʛʜʘ ʥʘ ʚʳʭʦʜʥʦʤ ʠʥʪʝʨʬʝʡʩʝ ʚ ʩʣʫʯʘʷʭ: 

- ʝʩʣʠ ʛʜʝ-ʪʦ ʜʘʣʝʝ ʚ ʩʝʪʠ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʣʠʩʠʥʛ, ʢʦʪʦʨʳʡ, ʢʘʢ ʠʟʚʝʩʪʥʦ, 

ʧʨʠʚʦʜʠʪ ʢ ʦʪʙʨʘʩʳʚʘʥʠʶ ʧʘʢʝʪʦʚ. ʃʫʯʰʝ ʟʘʨʘʥʝʝ ʥʘ ʧʦʜʭʦʜʘʭ çʤʷʛʢʦè 

ʦʛʨʘʥʠʯʠʪʴ ʪʨʘʬʠʢ ʧʝʨʝʜ ʧʦʣʠʩʠʥʛʦʤ;  

- ʝʩʣʠ ʛʜʝ-ʪʦ ʜʘʣʝʝ ʚ ʩʝʪʠ ʚʦʟʤʦʞʥʦ ʧʝʨʝʧʦʣʥʝʥʠʝ ʚʭʦʜʥʳʭ ʦʯʝʨʝʜʝʡ, ʘ 

QoS ʪʘʤ ʥʝ ʥʘʩʪʨʦʝʥ ʠʣʠ ʥʝʚʦʟʤʦʞʝʥ; 

- ʦʛʨʘʥʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʦʩʪʫʧʘ ʜʦ ʢʦʥʪʨʘʢʪʥʳʭ ʟʥʘʯʝʥʠʡ.  

ʅʘ ʨʠʩʫʥʢʝ 1.10 ʧʦʢʘʟʘʥ ʬʦʨʤʠʨʦʚʘʪʝʣʴ. 
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TRAFFIC t TRAFFIC t

SHAPING

 
 

ʈʠʩʫʥʦʢ 1.10 ï ʌʦʨʤʠʨʦʚʘʪʝʣʴ ʪʨʘʬʠʢʘ 

 

ɺʩʣʝʜʩʪʚʠʝ ʙʫʬʝʨʠʟʘʮʠʠ ʧʘʢʝʪʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʯʝʨʝʜʝʡ ʧʘʢʝʪʦʚ ʚ 

ʩʝʪʝʚʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʩʝʪʝʡ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʧʘʢʝʪʦʚ ʚʦʟʥʠʢʘʶʪ ʩʣʝʜʫʶʱʠʝ 

ʧʨʦʙʣʝʤʳ: ʧʦʪʝʨʷ ʧʘʢʝʪʦʚ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚʝʣʠʯʠʥʳ ʟʘʜʝʨʞʢʠ ʧʘʢʝʪʦʚ. 

ɼʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʟʘʜʝʨʞʢʘ ʧʘʢʝʪʦʚ, ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʟʘʜʝʨʞʢʠ ʧʘʢʝʪʦʚ 

(ʚʘʨʠʘʮʠʠ ʟʘʜʝʨʞʢʠ) ʠ ʧʦʪʝʨʷ ʧʘʢʝʪʦʚ (ʠʩʧʦʣʴʟʫʶʪ ʥʝ ʥʘʜʝʞʥʫʶ IP-ʩʝʪʴ). 

 

 

1.10 ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ GPSS 

 

 

ɼʞʝʬʬʠ ɻʦʨʜʦʥ ʚ 1961 ʛ ʨʘʟʨʘʙʦʪʘʣ ʷʟʳʢ ʤʦʜʝʣʠʨʦʚʘʥʠʷ GPSS (General 

Purpose Simulating System ï ʤʦʜʝʣʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ). ʇʘʢʝʪ 

GPSS ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʀʄ ʜʠʩʢʨʝʪʥʳʭ ʩʠʩʪʝʤ ʠ ʚʭʦʜʠʪ ʚ ʯʠʩʣʦ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʧʨʘʢʪʠʢʝ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʜʥʘ ʠʟ ʧʦʩʣʝʜʥʠʭ ʚʝʨʩʠʡ ʧʘʢʝʪʘ GPSS ʜʣʷ 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʦ ʫʧʨʘʚʣʝʥʠʝʤ ʆʉ Windows, 

ʥʘʟʳʚʘʝʪʩʷ GPSS World.  

ʇʘʢʝʪ GPSS ʨʝʘʣʠʟʫʝʪ ʩʦʙʩʪʚʝʥʥʳʡ ʷʟʳʢ ʀʄ, ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ 

ʧʦʣʦʞʝʥ ʪʨʘʥʟʘʢʪʥʳʡ ʩʧʦʩʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʢʚʘʟʠʧʘʨʘʣʣʝʣʠʟʤʘ ʠ ʩʧʦʩʦʙ 

ʠʟʤʝʥʝʥʠʷ ʤʦʜʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ çʰʘʛʦʤ ʜʦ ʩʣʝʜʫʶʱʝʛʦ ʩʦʙʳʪʠʷè. 

ʕʪʦ ʙʣʦʯʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʢʦʥʮʝʧʮʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʥʘ 

ʦʧʠʩʘʥʠʝ ʉʄʆ. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʚ GPSS ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʪʝʢʩʪʦʚʳʭ ʩʪʨʦʢ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪ 

ʧʨʘʚʠʣʘ ʩʦʟʜʘʥʠʷ, ʧʝʨʝʤʝʱʝʥʠʷ, ʟʘʜʝʨʞʢʠ ʠ ʫʜʘʣʝʥʠʷ ʪʨʘʥʟʘʢʪʦʚ. 

 

 

1.11 ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʩʪʘʥʦʚʢʘ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ  

 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ, ʮʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʧʨʠʣʦʞʝʥʠʷ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʚʳʷʚʣʝʥʠʷ ʝʛʦ 

ʦʩʦʙʝʥʥʦʩʪʝʡ, ʘʥʘʣʠʟ ʤʦʜʝʣʝʡ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʧʦʨʥʦʡ IP ʩʝʪʴʶ, 
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ʘʥʘʣʠʟ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʩʪʫʧʘʶʱʝʛʦ ʪʨʘʬʠʢʘ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʨʝʥʥʦʛʦ ʨʝʘʣʴʥʦʛʦ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʥʘ ʬʨʘʢʪʘʣʴʥʫʶ 

ʨʘʟʤʝʨʥʦʩʪʴ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʘʤʦʧʦʜʦʙʥʦʩʪʠ ʧʦʩʪʫʧʘʶʱʝʛʦ ʪʨʘʬʠʢʘ 

ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʚ ʦʙʦʣʦʯʢʝ GPSS 

World ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʧʨʦʩʪʝʡʰʝʛʦ ʠ ʩʘʤʦʧʦʜʦʙʥʦʛʦ ʪʨʘʬʠʢʦʚ ʜʘʥʥʳʭ ʥʘ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ:  

- ʠʟʤʝʨʠʪʴ ʨʝʘʣʴʥʳʡ ʪʨʘʬʠʢ ʜʘʥʥʳʭ; 

- ʦʩʫʱʝʩʪʚʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʨʝʥʥʦʛʦ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ, ʚʳʷʚʠʪʴ ʥʘʣʠʯʠʝ ʩʚʦʡʩʪʚ ʩʘʤʦʧʦʜʦʙʠʷ; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʠʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʚ ʦʯʝʨʝʜʠ ʦʪ ʟʘʛʨʫʟʢʠ ʧʨʦʩʪʝʡʰʝʛʦ ʠ 

ʩʘʤʦʧʦʜʦʙʥʦʛʦ ʧʦʪʦʢʦʚ; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʠʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʧʨʠ ʧʨʠʦʨʠʪʝʪʥʦʡ ʦʯʝʨʝʜʥʦʩʪʠ 

ʜʣʷ ʧʨʦʩʪʝʡʰʝʛʦ ʠ ʩʘʤʦʧʦʜʦʙʥʦʛʦ ʧʦʪʦʢʦʚ. 

 

 

1.12 ɺʳʚʦʜʳ ʧʦ ʧʝʨʚʦʡ ʛʣʘʚʝ 

 

 

ɺʳʚʦʜʘʤʠ ʧʦ ʧʝʨʚʦʡ ʛʣʘʚʝ ʷʚʣʷʶʪʩʷ: 

- ʤʫʣʴʪʠʩʝʨʚʠʩʥʘʷ ʩʝʪʴ ʠʤʝʝʪ ʦʧʦʨʥʫʶ ʩʝʪʴ ʩ ʧʘʢʝʪʥʦʡ ʢʦʤʤʫʪʘʮʠʝʡ; 

- ʩʝʪʝʚʳʝ ʫʩʪʨʦʡʩʪʚʘ ʨʘʟʨʘʙʦʪʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʪʝʣʝʪʨʘʬʠʢʘ; 

- ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʯʠʩʣʘ ʧʨʠʣʦʞʝʥʠʡ, ʧʨʦʧʫʩʢʘʝʤʳʭ ʧʘʢʝʪʥʦʡ ʩʝʪʴʶ; 

- ʩʚʦʡʩʪʚʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʫʣʴʪʠʩʝʨʚʠʩʥʦʛʦ ʪʨʘʬʠʢʘ ʠʤʝʶʪ ʧʘʯʝʯʥʫʶ 

ʧʨʠʨʦʜʫ. 
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2 ʉʘʤʦʧʦʜʦʙʥʳʡ ʪʨʘʬʠʢ 

 

 

2.1 ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʪʝʦʨʠʠ ʬʨʘʢʪʘʣʦʚ 

 

 

ʉ ʨʘʟʚʠʪʠʝʤ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʩʝʪʝʡ ʩʚʷʟʠ, ʚʩʝ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʠ ʦʢʘʟʳʚʘʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʩʚʦʡʩʪʚʦ ʩʘʤʦʧʦʜʦʙʠʷ 

ʧʦʪʦʢʦʚ. ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚʳʩʦʢʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʘʬʠʢʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʳʩʦʢʦʡ ʧʘʯʝʯʥʦʩʪʴʶ 

ʧʦʩʪʫʧʣʝʥʠʷ ʧʘʢʝʪʦʚ ʚ ʫʟʝʣ ʩʝʪʠ ʧʨʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ, ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʙʫʬʝʨʘ, ʢ ʧʦʪʝʨʷʤ ʧʘʢʝʪʦʚ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʪʨʘʬʠʢ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ 

ʦʧʠʩʳʚʘʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ ʇʫʘʩʩʦʥʦʚʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. ʊʝʣʝʬʦʥʥʳʝ ʩʝʪʠ 

ʠʟʥʘʯʘʣʴʥʦ ʩʪʨʦʠʣʠʩʴ ʧʦ ʧʨʠʥʮʠʧʫ ʢʦʤʤʫʪʘʮʠʠ ʢʘʥʘʣʦʚ, ʘ ʚ ʦʩʥʦʚʝ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʣʝʞʠʪ ʧʨʠʥʮʠʧ ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʦʚ, ʥʦ 

ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʦʚ ʦʩʪʘʣʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʪʝʤʠ ʞʝ. ʇʘʢʝʪʳ ʧʨʠ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʠ ʠʭ ʜʚʠʞʝʥʠʷ ʧʦ ʩʝʪʠ ʧʦʩʪʫʧʘʶʪ ʥʘ ʫʟʝʣ ʥʝ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, ʘ ʮʝʣʦʡ 

ʧʘʯʢʦʡ. ʊʨʘʬʠʢ ʚ ʪʘʢʠʭ ʩʝʪʷʭ ʠʤʝʝʪ ʧʫʣʴʩʘʮʠʠ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʝʨʝʛʨʫʟʦʢ ʚ ʫʟʣʘʭ ʩʝʪʠ, ʢʦʪʦʨʳʝ ʚʝʜʫʪ ʢ ʧʝʨʝʧʦʣʥʝʥʠʶ ʙʫʬʝʨʦʚ ʠ ʚʳʟʳʚʘʶʪ 

ʧʦʪʝʨʠ ʠ/ʠʣʠ ʟʘʜʝʨʞʢʠ [26].  

ʇʫʣʴʩʘʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʧʝʨʝʧʘʜʘʤ ʩʢʦʨʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʦʪʥʦʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢ ʤʠʥʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʩʦʩʪʘʚʣʷʝʪ ʜʝʩʷʪʢʠ ʨʘʟ. ʇʨʠ ʵʪʦʤ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʤʫʣʴʪʠʩʝʨʚʠʩʥʳʭ ʩʝʪʷʭ 

ʯʠʩʣʦ ʩʦʙʳʪʠʡ ʥʘ ʟʘʜʘʥʥʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʝʞʥʠʭ, ʚʝʩʴʤʘ 

ʦʪʜʘʣʝʥʥʳʭ ʩʦʙʳʪʠʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʠʭ ʤʘʩʰʪʘʙʘʭ 

ʤʫʣʴʪʠʩʝʨʚʠʩʥʦʡ ʩʝʪʠ ʪʨʘʬʠʢ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ ʩʘʤʦʧʦʜʦʙʠʷ, ʪ.ʝ. ʚʳʛʣʷʜʠʪ 

ʢʘʯʝʩʪʚʝʥʥʦ ʦʜʠʥʘʢʦʚʦ ʧʨʠ ʣʶʙʳʭ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʤʘʩʰʪʘʙʘʭ ʚʨʝʤʝʥʥʦʡ 

ʦʩʠ. 

ʊʝʨʤʠʥ "ʬʨʘʢʪʘʣ" ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʣʘʪʠʥʩʢʦʛʦ ʩʣʦʚʘ fractus (ʩʣʦʤʘʥʥʳʡ, 

ʨʘʟʙʠʪʳʡ), ʦʪ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʷʪ ʠ ʪʝʨʤʠʥʳ fraction, fractional - ʜʨʦʙʴ, 

ʜʨʦʙʥʳʡ. ʉ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʨʘʢʪʘʣ - ʵʪʦ ʤʥʦʞʝʩʪʚʦ ʩ ʜʨʦʙʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʴʶ. ʌʨʘʢʪʘʣ ʧʦ ʧʝʨʚʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʄʘʥʜʝʣʴʙʨʦʪʘ - ʵʪʦ 

ʤʥʦʞʝʩʪʚʦ, ʭʘʫʩʜʦʨʬʦʚʘ ʨʘʟʤʝʨʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʧʨʝʚʦʩʭʦʜʠʪ ʝʛʦ 

ʪʦʧʦʣʦʛʠʯʝʩʢʫʶ ʨʘʟʤʝʨʥʦʩʪʴ. ʇʦ ʚʪʦʨʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʬʨʘʢʪʘʣ ʵʪʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʯʘʩʪʠ ʬʨʘʛʤʝʥʪʳ ʢʦʪʦʨʦʡ ʚ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ ʧʦʜʦʙʥʳ 

cʘʤʦʡ ʩʪʨʫʢʪʫʨʝ. ʄʦʞʥʦ ʪʘʢʞʝ ʩʢʘʟʘʪʴ, ʯʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʧʦʥʷʪʠʝ ʬʨʘʢʪʘʣʘ 

ʚʳʜʝʣʷʝʪ ʦʙʲʝʢʪʳ, ʦʙʣʘʜʘʶʱʠʝ ʩʪʨʫʢʪʫʨʘʤʠ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʦʚ, ʢʘʢ 

ʙʦʣʴʰʠʭ, ʪʘʢ ʠ ʤʘʣʳʭ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʨʘʞʘʝʪ ʠʝʨʘʨʭʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ 

ʦʨʛʘʥʠʟʘʮʠʠ ʤʘʪʝʨʠʠ ʚ ʧʨʠʨʦʜʝ. ɺ ʦʩʥʦʚʝ ʵʪʦʛʦ ʧʦʥʷʪʠʷ ʩʦʜʝʨʞʠʪʩʷ ʦʜʥʘ 

ʚʘʞʥʘʷ ʠʜʝʘʣʠʟʘʮʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ: ʬʨʘʢʪʘʣʴʥʳʝ ʦʙʲʝʢʪʳ ʩʘʤʦʧʦʜʦʙʥʳ, ʪʦ 

ʝʩʪʴ ʠʭ ʚʠʜ ʥʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʨʠ ʨʘʟʛʣʷʜʳʚʘʥʠʠ ʠʭ ʚ 

ʤʠʢʨʦʩʢʦʧ ʩ ʣʶʙʳʤ ʫʚʝʣʠʯʝʥʠʝʤ. ʇʨʠ ʵʪʦʤ ʣʠʥʠʷ ʠʤʝʝʪ ʦʜʥʦ ʠʟʤʝʨʝʥʠʝ, 

ʧʦʚʝʨʭʥʦʩʪʴ ʜʚʫʤʝʨʥʘ, ʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʬʠʛʫʨʘ ʪʨʝʭʤʝʨʥʘ. ʌʨʘʢʪʘʣ ʞʝ - ʵʪʦ 
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ʥʝ ʣʠʥʠʷ ʠ ʥʝ ʧʦʚʝʨʭʥʦʩʪʴ, ʘ ʯʪʦ-ʪʦ ʩʨʝʜʥʝʝ. ʈʘʟʤʝʨʥʦʩʪʴ ʦʙʲʝʢʪʘ (ʧʦʢʘʟʘʪʝʣʴ 

ʩʪʝʧʝʥʠ) ʧʦʢʘʟʳʚʘʝʪ, ʧʦ ʢʘʢʦʤʫ ʟʘʢʦʥʫ ʨʘʩʪʝʪ ʝʛʦ ʚʥʫʪʨʝʥʥʷʷ ʦʙʣʘʩʪʴ. 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʩ ʨʦʩʪʦʤ ʨʘʟʤʝʨʦʚ ʚʦʟʨʘʩʪʘʝʪ ''ʦʙʲʝʤ'' ʬʨʘʢʪʘʣʘ, ʥʦ ʝʛʦ 

ʨʘʟʤʝʨʥʦʩʪʴ - ʚʝʣʠʯʠʥʘ ʥʝ ʮʝʣʘʷ, ʘ ʜʨʦʙʥʘʷ. ʇʦʵʪʦʤʫ ʛʨʘʥʠʮʘ ʬʨʘʢʪʘʣʴʥʦʡ 

ʬʠʛʫʨʳ ʥʝ ʣʠʥʠʷ: ʧʨʠ ʙʦʣʴʰʦʤ ʫʚʝʣʠʯʝʥʠʠ ʩʪʘʥʦʚʠʪʩʷ ʚʠʜʥʦ, ʯʪʦ ʦʥʘ ʨʘʟʤʳʪʘ 

ʠ ʚʩʷ ʩʦʩʪʦʠʪ ʠʟ ʩʧʠʨʘʣʝʡ ʠ ʟʘʚʠʪʢʦʚ, ʧʦʚʪʦʨʷʶʱʠʭ ʚ ʤʘʣʦʤ ʤʘʩʰʪʘʙʝ ʩʘʤʫ 

ʬʠʛʫʨʫ. ʊʘʢʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʨʝʛʫʣʷʨʥʦʩʪʴ ʥʘʟʳʚʘʝʪʩʷ ʤʘʩʰʪʘʙʥʦʡ 

ʠʥʚʘʨʠʘʥʪʥʦʩʪʴʶ ʠʣʠ ʤʘʩʰʪʘʙʥʳʤ ʩʘʤʦʧʦʜʦʙʠʝʤ, ʩʢʝʡʣʠʥʛʦʤ (scaling). ʆʥʘ-

ʪʦ ʠ ʦʧʨʝʜʝʣʷʝʪ ʜʨʦʙʥʫʶ ʨʘʟʤʝʨʥʦʩʪʴ ʬʨʘʢʪʘʣʴʥʳʭ ʬʠʛʫʨ. ɹʦʣʝʝ ʪʦʛʦ, ʤʦʞʥʦ 

ʩʢʘʟʘʪʴ, ʯʪʦ ʬʨʘʢʪʘʣʳ - ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʦʙʨʘʟʳ ʭʘʦʩʘ, ʘ ʬʨʘʢʪʘʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ 

- ʛʝʦʤʝʪʨʠʷ ʭʘʦʩʘ, ʙʝʩʧʦʨʷʜʢʘ. ʂʣʶʯʝʚʳʤʠ ʧʦʥʷʪʠʷʤʠ ʪʝʦʨʠʠ ʬʨʘʢʪʘʣʦʚ 

ʷʚʣʷʶʪʩʷ ʜʨʦʙʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʠ ʤʘʩʰʪʘʙʥʦʝ ʩʘʤʦʧʦʜʦʙʠʝ.  

ɺ ʫʩʣʦʚʠʷʭ ʩʘʤʦʧʦʜʦʙʥʦʛʦ ʪʨʘʬʠʢʘ, ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʠ 

(ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʦʚ, ʝʤʢʦʩʪʠ ʙʫʬʝʨʦʚ ʠ ʧʨ.) ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʤʘʨʢʦʚʩʢʠʭ ʤʦʜʝʣʷʭ ʠ ʬʦʨʤʫʣʘʭ ʕʨʣʘʥʛʘ, ʢʦʪʦʨʳʝ ʩ ʫʩʧʝʭʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʝʣʝʬʦʥʥʳʭ ʩʝʪʝʡ, ʜʘʶʪ ʥʝʦʧʨʘʚʜʘʥʥʦ ʦʧʪʠʤʠʩʪʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ ʠ ʧʨʠʚʦʜʷʪ ʢ ʥʝʜʦʦʮʝʥʢʝ ʥʘʛʨʫʟʢʠ [27, 28].  

ʉ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʧʨʦʷʚʣʝʥʠʶ ʬʨʘʢʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʧʨʦʮʝʩʩʦʚ ʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷʭ. ɿʘ ʨʫʙʝʞʦʤ ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʩʚʷʱʝʥʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʦʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʪʨʘʬʠʢ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʚʠʜʦʚ ʩʝʨʚʠʩʦʚ ʷʚʣʷʝʪʩʷ ʩʘʤʦʧʦʜʦʙʥʳʤ. ʇʨʦʙʣʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʥʘ ʩʘʤʦʧʦʜʦʙʠʝ ʧʦʩʚʷʱʝʥʦ ʤʥʦʛʦ ʨʘʙʦʪ. 

ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʜʦʢʘʟʳʚʘʶʪ ʪʦ, ʯʪʦ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ ʷʚʣʷʝʪʩʷ ʩʘʤʦʧʦʜʦʙʥʳʤ 

(self-similar) ʠʣʠ ʬʨʘʢʪʘʣʴʥʳʤ (fractal) ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ, ʪʦ ʝʩʪʴ ʚ ʥʝʤ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʚʩʧʳʰʢʠ ʠʣʠ ʧʘʯʢʠ (burst) ʜʘʥʥʳʭ, 

ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ (ʦʪ ʤʠʣʠʩʝʢʫʥʜ ʜʦ ʤʠʥʫʪ 

ʠʣʠ ʜʘʞʝ ʯʘʩʦʚ) ʠ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʧʘʢʝʪʘʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʨʘʬʠʢ 

ʜʘʥʥʳʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʩʝʪʝʡ ʦʙʣʘʜʘʝʪ ʩʘʤʦʧʦʜʦʙʥʳʤʠ ʠʣʠ ʬʨʘʢʪʘʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʇʦʵʪʦʤʫ ʨʘʩʩʯʠʪʳʚʘʪʴ ʩʝʪʠ ʩ ʧʘʢʝʪʥʦʡ ʢʦʤʤʫʪʘʮʠʝʡ ʤʝʪʦʜʘʤʠ, 

ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ ʤʘʨʢʦʚʩʢʠʭ ʤʦʜʝʣʷʭ ʠ ʬʦʨʤʫʣʘʭ ʕʨʣʘʥʛʘ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʝʣʝʬʦʥʥʳʭ ʩʝʪʝʡ, ʥʝʨʘʮʠʦʥʘʣʴʥʦ, 

ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʜʦʦʮʝʥʢʝ ʥʘʛʨʫʟʢʠ. 

 

 

2.2 ʉʘʤʦʧʦʜʦʙʠʝ ʚ ʩʠʩʪʝʤʘʭ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

 

 

ʉʘʤʦʧʦʜʦʙʥʳʡ ʪʨʘʬʠʢ ʠʤʝʝʪ ʦʩʦʙʫʶ ʩʪʨʫʢʪʫʨʫ, ʩʦʭʨʘʥʷʶʱʫʶʩʷ ʧʨʠ 

ʤʥʦʛʦʢʨʘʪʥʦʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ, ʪ.ʝ. ʚ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʢʦʪʦʨʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʨʦʩʦʚ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʤ ʩʨʝʜʥʝʤ ʫʨʦʚʥʝ ʪʨʘʬʠʢʘ. 

ʕʪʦ ʷʚʣʝʥʠʝ ʫʭʫʜʰʘʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʩʘʤʦʧʦʜʦʙʥʦʛʦ 

ʪʨʘʬʠʢʘ ʯʝʨʝʟ ʫʟʣʳ ʩʝʪʠ. ʉʘʤʦʧʦʜʦʙʥʳʝ ʤʦʜʝʣʠ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʩʚʦʡʩʪʚʦ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʧʨʦʷʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 

ʩʦʙʳʪʠʷʤʠ ʯʝʨʝʟ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ. ʅʝʬʦʨʤʘʣʴʥʦ 
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ʩʘʤʦʧʦʜʦʙʥʳʡ ʧʨʦʮʝʩʩ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ, 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ ʧʨʦʷʚʣʷʶʪ ʩʚʦʡʩʪʚʘ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʫʘʩʩʦʥʦʚʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʧʦʜʦʙʥʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʧʦʩʣʝʜʝʡʩʪʚʠʷ: ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ 

ʩʣʝʜʫʶʱʝʛʦ (ʦʯʝʨʝʜʥʦʛʦ) ʩʦʙʳʪʠʷ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʚʨʝʤʝʥʠ, ʥʦ ʠ ʦʪ 

ʧʨʝʜʳʜʫʱʠʭ ʩʦʙʳʪʠʡ (ʧʨʝʜʳʩʪʦʨʠʠ). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʯʠʩʣʦ ʪʝʢʫʱʠʭ 

ʩʦʙʳʪʠʡ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʯʠʩʣʘ ʧʨʝʜʳʜʫʱʠʭ ʩʦʙʳʪʠʡ ʚ ʦʪʜʘʣʝʥʥʳʝ 

ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ.  

ʉʫʱʝʩʪʚʫʶʪ ʧʦʪʦʢʠ, ʚ ʢʦʪʦʨʳʭ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʩʣʝʜʫʶʱʝʛʦ 

ʩʦʙʳʪʠʷ ʟʘʚʠʩʠʪ ʦʪ ʥʘʩʪʫʧʣʝʥʠʷ ʩʦʙʳʪʠʡ ʚ ʧʨʝʜʳʜʫʱʠʭ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ. 

ʊʠʧʠʯʥʳʤ ʧʨʠʤʝʨʦʤ ʪʘʢʠʭ ʧʦʪʦʢʦʚ ʷʚʣʷʶʪʩʷ ʧʦʪʦʢʠ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ 

ʧʦʩʣʝʜʝʡʩʪʚʠʝʤ. ɼʣʷ ʥʠʭ ʟʘʜʘʝʪʩʷ ʢʦʥʝʯʥʳʡ ʥʘʙʦʨ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ 

ʩʦʩʝʜʥʠʭ ʠʥʪʝʨʚʘʣʦʚ Űk ʤʝʞʜʫ ʧʦʩʪʫʧʣʝʥʠʝʤ k ʩʦʙʳʪʠʡ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʤʦʜʝʣʠ 

ʫʯʠʪʳʚʘʶʪ ʣʠʰʴ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʣʠ ʠʭ ʜʦʚʝʨʠʪʝʣʴʥʳʝ 

ʛʨʘʥʠʮʳ. ʊʘʢʠʝ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʙʳʯʥʦ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʛʨʫʙʳʭ ʦʮʝʥʦʢ ʥʝʦʙʭʦʜʠʤʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʪʠ. 

ʊʘʢʠʝ ʞʝ ʤʦʜʝʣʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʦʯʥʳʝ ʠ 

ʥʘʜʝʞʥʳʝ ʟʥʘʯʝʥʠʷ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʪʨʘʬʠʢʘ ʥʝʜʦʩʪʫʧʥʳ ʧʦ 

ʢʘʢʠʤ-ʪʦ ʧʨʠʯʠʥʘʤ. 

ʆʜʥʘʢʦ ʫʩʣʦʞʥʝʥʠʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʠʨʦʜʳ ʘʙʦʥʝʥʪʩʢʦʛʦ ʪʨʘʬʠʢʘ 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʥʝ ʫʯʝʪ ʩʣʫʯʘʡʥʳʭ ʬʣʫʢʪʫʘʮʠʡ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʧʝʨʝʙʦʷʤ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ ʜʘʞʝ ʜʣʷ ʙʦʣʴʰʠʭ ʫʟʣʦʚ, ʧʦʵʪʦʤʫ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʘʙʦʥʝʥʪʩʢʦʛʦ ʪʨʘʬʠʢʘ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʠ 

ʨʘʟʣʠʯʥʳʝ ʩʨʝʜʩʪʚʘ ʝʛʦ ʦʧʠʩʘʥʠʷ. ɾʝʣʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʦʣʫʯʘʪʴ 

ʝʜʠʥʦʚʨʝʤʝʥʥʦ ʫʩʣʫʛʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʣʝʬʦʥʠʠ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʦʧʨʝʜʝʣʷʶʪ ʚʝʢʪʦʨ ʨʘʟʚʠʪʠʷ ʩʝʪʝʡ ʩʚʷʟʠ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʥʘʛʨʫʟʢʠ, ʩʦʟʜʘʚʘʝʤʦʡ ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ, ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʝʝ ʯʘʩʪʷʤʠ, ʢʦʪʦʨʘʷ ʥʝ ʠʩʯʝʟʘʝʪ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ  ʰʢʘʣʳ ʚʨʝʤʝʥʠ ʚ ʩʪʦʨʦʥʫ ʫʢʨʫʧʥʝʥʠʷ, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʣʫʯʘʡʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʥʘʛʨʫʟʢʠ ʚ ʪʝʦʨʠʠ ʪʝʣʝʪʨʘʬʠʢʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ,  ʜʣʷ ʧʫʘʩʩʦʥʦʚʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʦʨʨʝʣʷʮʠʷ ʚʩʝʛʜʘ ʨʘʚʥʘ ʥʫʣʶ, ʘ ʜʣʷ ʤʘʨʢʦʚʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩ 

ʢʦʥʝʯʥʳʤ ʯʠʩʣʦʤ ʩʦʩʪʦʷʥʠʡ - ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʫʙʳʚʘʝʪ ʢ ʥʫʣʶ. ʀʥʪʝʛʨʘʮʠʷ ʚ 

ʩʝʪʷʭ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʧʘʢʝʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʪʨʘʬʠʢʘ, ʘ ʪʘʢ ʞʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʝʡ 

ʩʚʷʟʠ ʠ ʧʦʚʳʰʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʝʪʝʡ, ʷʚʣʷʶʪʩʷ ʥʝʢʦʪʦʨʳʤʠ ʠʟ 

ʧʨʠʯʠʥ ʧʨʦʷʚʣʝʥʠʷ ʩʘʤʦʧʦʜʦʙʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʠʣʠ, ʧʦ-

ʜʨʫʛʦʤʫ, ʝʛʦ ʬʨʘʢʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ. ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʝʪʝʡ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʝʢʪʦʨ 

ʘʙʦʥʝʥʪʩʢʦʡ ʥʘʛʨʫʟʢʠ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʝʥʪ, ʢʘʞʜʘʷ ʠʟ 

ʢʦʪʦʨʳʭ ʜʦʣʞʥʘ ʦʪʨʘʞʘʪʴ ʩʚʦʡʩʪʚʘ ʪʨʘʬʠʢʘ ʥʝʢʦʪʦʨʳʭ ʛʨʫʧʧ ʘʙʦʥʝʥʪʦʚ ʩ 

ʦʜʠʥʘʢʦʚʳʤʠ ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʊʘʢ ʢʘʢ ʢʘʞʜʘʷ ʠʟ ʥʠʭ 

ʦʧʠʩʳʚʘʝʪ ʪʨʘʬʠʢ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ: ʥʘʧʨʠʤʝʨ ʦʜʥʘ 

ï ʛʦʣʦʩʦʚʦʡ ʪʨʘʬʠʢ, ʚʪʦʨʘʷ ï ʪʨʘʬʠʢ ʜʘʥʥʳʭ, ʪʨʝʪʴʷ ï ʚʠʜʝʦ ʚ ʨʝʞʠʤʝ 
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ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʪ.ʧ., ʪʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʵʪʠ ʢʦʤʧʦʥʝʥʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʥʝʟʘʚʠʩʠʤʳʤʠ [29].  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʙʩʣʫʞʠʚʘʝʤʳʡ ʪʨʘʬʠʢ X ʜʦʣʞʝʥ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʩʫʤʤʘ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʝʥʪ:  
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ʛʜʝ ʍi ï ʥʝʢʦʪʦʨʳʡ ʩʪʘʥʜʘʨʪʥʳʡ ʧʨʦʮʝʩʩ, ʦʧʠʩʳʚʘʶʱʠʡ i-ʫ  ʁ

              ʢʦʤʧʦʥʝʥʪʫ ʪʨʘʬʠʢʘ, ʠ ʧʨʦʮʝʩʩʳ ʍi ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳ; 

       ()i
tZ  ï ʬʨʘʢʪʘʣʴʥʦʝ ʙʨʦʫʥʦʚʩʢʦʝ ʜʚʠʞʝʥʠʝ ʩʦ ʟʥʘʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ  

              ʍʝʨʩʪʘ ʅi. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʩʪʫʧʘʶʱʠʡ ʪʨʘʬʠʢ ʩʦʩʪʦʠʪ ʠʟ ʩʤʝʩʠ ʥʝʩʢʦʣʴʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʘ ʍʝʨʩʪʘ ʠ ʠʤʝʝʪ ʩʣʦʞʥʫʶ 

ʧʨʠʨʦʜʫ ʠ ʪʨʫʜʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʝʛʦ ʩʚʦʡʩʪʚʘ. ʇʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ 

ʷʚʣʷʝʪʩʷ ʚʳʷʩʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʝʛʦ ʩʚʦʡʩʪʚʘ ʦʪ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʘ ʍʝʨʩʪʘ ʝʛʦ ʢʦʤʧʦʥʝʥʪ. ʉ ʨʦʩʪʦʤ ʧʘʨʘʤʝʪʨʘ ʍʝʨʩʪʘ ʪʘʢʠʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʮʝʩʩʘ ʢʘʢ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ, ʨʘʟʤʘʭ ʟʥʘʯʝʥʠʡ ʠ ʪ.ʧ. 

ʣʠʰʴ ʫʭʫʜʰʘʶʪʩʷ. ʊʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʍʝʨʩʪʘ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʠʤʝʝʪʩʷ ʣʠʰʴ ʦʜʥʘ ʢʦʤʧʦʥʝʥʪʘ. ʇʦʵʪʦʤʫ 

ʦʧʨʝʜʝʣʠʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʚʩʝ ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʩʤʝʩʴ (1.2) ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʡ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʤʠ. ʇʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʝʪʠ, ʷʚʣʷʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʪʝʨʠ 

ʧʘʢʝʪʦʚ ʠ ʚʘʞʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʵʪʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʦʪ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ʍʝʨʩʪʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʝʪʝʚʳʭ ʫʩʪʨʦʡʩʪʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ 

ʪʨʘʬʠʢʘ; ʧʦʪʦʤʫ ʯʪʦ ʚʦʟʤʦʞʥʳ ʧʝʨʝʛʨʫʟʢʠ ʚ ʩʝʪʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚʦʟʥʠʢʘʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʯʘʱʝ, ʯʝʤ ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ 

ʫʩʪʨʦʡʩʪʚʘ ʥʝ ʩʤʦʛʫʪ ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʟʠʪʴ ʨʝʘʣʴʥʳʡ ʧʦʪʦʢ ʩʦʙʳʪʠʡ, ʪʘʢ ʢʘʢ ʚ 

ʥʝʤ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (ʯʠʩʣʦ ʩʦʙʳʪʠʡ ʥʘ ʟʘʜʘʥʥʦʤ 

ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʩʦʙʳʪʠʡ, ʧʦʩʪʫʧʠʚʰʠʭ ʚ ʦʪʜʘʣʝʥʥʳʝ ʦʪ 

ʥʝʛʦ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ). ʉʧʦʩʦʙʦʤ ʠʟʤʝʨʝʥʠʷ ʪʘʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ 

ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʠ ʢʦʨʨʝʣʷʮʠʠ.  

ʉʘʤʦʧʦʜʦʙʥʳʡ ʪʨʘʬʠʢ ʠʤʝʝʪ ʦʩʦʙʫʶ ʩʪʨʫʢʪʫʨʫ, ʩʦʭʨʘʥʷʶʱʫʶʩʷ ʧʨʠ 

ʤʥʦʛʦʢʨʘʪʥʦʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ, ʪʦ ʝʩʪʴ ʚ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʢʦʪʦʨʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʨʦʩʦʚ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʤ ʩʨʝʜʥʝʤ ʫʨʦʚʥʝ ʪʨʘʬʠʢʘ.  

ʉʘʤʦʧʦʜʦʙʥʳʝ ʧʨʦʮʝʩʩʳ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʧʦ ʥʝʩʢʦʣʴʢʠʤ 

ʨʘʚʥʦʮʝʥʥʳʤ ʧʨʠʟʥʘʢʘʤ [30]: 

- ʦʥʠ ʦʙʣʘʜʘʶʪ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠ ʟʘʪʫʭʘʶʱʝʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʝʡ 

ʚʠʜʘ () ( )() ¤­º - ktLkkR H  ʧʨʠ 22 . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ 

ʷʚʣʷʝʪʩʷ ʥʝ ʩʫʤʤʠʨʫʝʤʦʡ ʠ ʨʷʜ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 
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ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ, ʨʘʩʭʦʜʠʪʩʷ ()¤=ä
k

kR . ʕʪʘ ʙʝʩʢʦʥʝʯʥʘʷ ʩʫʤʤʘ 

ʷʚʣʷʝʪʩʷ ʝʱʝ ʦʜʥʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ (ɼɺɿ), 

ʧʦʵʪʦʤʫ ʚʩʝ ʩʘʤʦʧʦʜʦʙʥʳʝ ʧʨʦʮʝʩʩʳ ʷʚʣʷʶʪʩʷ ʜʦʣʛʦʚʨʝʤʝʥʥʦ ʟʘʚʠʩʠʤʳʤʠ. 

ʇʦʩʣʝʜʩʪʚʠʷ ʵʪʦʛʦ ʩʫʱʝʩʪʚʝʥʥʳ, ʪʘʢ ʢʘʢ ʢʫʤʫʣʷʪʠʚʥʳʡ ʵʬʬʝʢʪ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʟʘʜʝʨʞʝʢ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʪʦʛʦ, ʢʦʪʦʨʳʡ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ (ʂɺɿ) ʧʨʦʮʝʩʩʝ (ʥʘʧʨʠʤʝʨ, 

ʧʫʘʩʩʦʥʦʚʩʢʠʡ). ɸʥʘʣʠʟ ʪʝʣʝʪʨʘʬʠʢʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʂɺɿ, ʜʣʷ ʢʦʪʦʨʳʭ ɼɺɿ 

ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʩʝʨʴʝʟʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ. ʇʦʪʦʤʫ ʯʪʦ ɼɺɿ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ 

ʜʣʠʪʝʣʴʥʳʭ ʧʫʣʴʩʘʮʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʚʳʰʘʶʪ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʪʨʘʬʠʢʘ ʠ ʵʪʦ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʧʝʨʝʧʦʣʥʝʥʠʶ ʙʫʬʝʨʦʚ ʠ ʚʳʟʚʘʪʴ ʧʦʪʝʨʠ, ʟʘʜʝʨʞʢʠ;- 

ʜʠʩʧʝʨʩʠʷ ʚʳʙʦʨʦʯʥʦʛʦ ʩʨʝʜʥʝʛʦ ʟʘʪʫʭʘʝʪ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʚʝʣʠʯʠʥʘ ʦʙʨʘʪʥʘʷ 

ʨʘʟʤʝʨʫ ʚʳʙʦʨʢʠ. ɽʩʣʠ ʚʚʝʩʪʠ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʥʦʚʫʶ ʚʨʝʤʝʥʥʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (){ },...2,1; =iX m

i , ʧʦʣʫʯʝʥʥʫʶ ʧʫʪʝʤ ʫʩʨʝʜʥʝʥʠʷ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ { },...2,1; =iX i  ʧʦ ʥʝʧʝʨʝʩʝʢʘʶʱʠʤʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʙʣʦʢʘʤ ʨʘʟʤʝʨʘ m, ʪʦʛʜʘ ʜʣʷ ʩʘʤʦʧʦʜʦʙʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʭʘʨʘʢʪʝʨʥʦ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʜʠʩʧʝʨʩʠʠ ʧʦ ʟʘʢʦʥʫ 
()( ) ¤­¤ - m ʧʨʠ ,222 Hm mXs , ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʪʝʦʨʠʠ ʪʝʣʝʪʨʘʬʠʢʘ 
(){ }( ) 122 ,...2,1; -== miX m

i ss  ʪʦ ʝʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʦʙʲʝʤʫ 

ʚʳʙʦʨʢʠ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʙʦʨʢʠ 

(ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠ ʜʠʩʧʝʨʩʠʷ) ʙʫʜʫʪ ʩʭʦʜʠʪʴʩʷ ʦʩʦʙʝʥʥʦ ʧʨʠ ʅ ʢ 1.ʕʪʦ 

ʚʳʨʘʞʘʝʪʩʷ ʥʘ ʚʩʝʭ ʤʝʨʘʭ ʩʘʤʦʧʦʜʦʙʥʳʭ ʧʨʦʮʝʩʩʦʚ; 

- ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʘʤʦʧʦʜʦʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ, ʪʦ 

ʧʨʦʷʚʣʝʥʠʝ ɼɺɿ ʧʨʠʚʦʜʠʪ ʢ ʩʪʝʧʝʥʥʦʤʫ ʭʘʨʘʢʪʝʨʫ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʚʙʣʠʟʠ ʥʫʣʷ. ɸ ʧʨʦʮʝʩʩʳ ʂɺɿ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ, 

ʠʤʝʶʱʝʡ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʠ ʢʦʥʝʯʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ w=0. 

Cʘʤʦʧʦʜʦʙʥʳʝ ʧʨʦʮʝʩʩʳ ʚʳʨʘʞʝʥʳ ʚ ʤʝʜʣʝʥʥʦʤ ʫʙʳʚʘʥʠʠ ʜʠʩʧʝʨʩʠʠ, 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ (ʧʨʦʷʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ 

ʯʝʨʝʟ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ) ʠ ʬʣʫʢʪʫʘʮʠʦʥʥʦʤ ʭʘʨʘʢʪʝʨʝ 

ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʉʘʤʦʧʦʜʦʙʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʪʘʢʞʝ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʘʚʪʦʤʦʜʝʣʴʥʳʤʠ [12, 32, 33]. 

ʇʨʦʱʝ ʚʩʝʛʦ ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʦʜʥʠʤ 

ʧʘʨʘʤʝʪʨʦʤ ï ʧʦʢʘʟʘʪʝʣʝʤ ʍʝʨʩʪʘ ʅ. ɼʣʷ ʦʮʝʥʢʠ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʫʱʝʩʪʚʫʝʪ 

ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ.  

ɿʥʘʯʝʥʠʝ ʅ=0,5 ʧʦʢʘʟʳʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʩʘʤʦʧʦʜʦʙʥʦʩʪʠ, ʘ ʙʦʣʴʰʠʝ 

ʟʥʘʯʝʥʠʷ H (ʙʣʠʟʢʠʝ ʢ 1) ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ.  

ʉʨʝʜʠ ʤʦʜʝʣʝʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʤʠʪʘʮʠʠ ʬʨʘʢʪʘʣʴʥʦʛʦ ʪʨʘʬʠʢʘ, 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ [27]: 

- ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ çʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʄʘʨʢʦʚʘè. ʕʪʠ 

ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʚʪʦʤʘʪʳ ʩ ʢʦʥʝʯʥʳʤ ʯʠʩʣʦʤ ʩʦʩʪʦʷʥʠʡ, 

ʠʟʦʙʨʘʞʘʝʤʳʝ ʜʠʘʛʨʘʤʤʘʤʠ ʩʦʩʪʦʷʥʠʡ. ɺʳʭʦʜʦʤ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʥʘʙʦʨ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʦʷʚʣʝʥʠʷ ʩʠʤʚʦʣʦʚ; 
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- ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʨʝʰʠʪʴ ʟʘʜʘʯʫ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʧʦ ʚʳʙʦʨʢʝ ʧʫʪʝʤ ʧʦʛʨʫʞʝʥʠʷ 

ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʚ ʤʥʦʛʦʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ; 

- ON/OFF-ʤʦʜʝʣʠ. ɺ ʵʪʠʭ ʤʦʜʝʣʷʭ ʪʨʘʬʠʢ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʢʦʤʙʠʥʘʮʠʷ ʠʩʪʦʯʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʝʛʦ ʛʝʥʝʨʠʨʫʶʪ. ɺ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ON-

ʧʝʨʠʦʜʳ ʦʥʠ ʤʦʛʫʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʧʘʢʝʪʳ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʩʣʝ ON-ʧʝʨʠʦʜʘ 

ʩʣʝʜʫʝʪ OFF-ʧʝʨʠʦʜ, ʢʦʛʜʘ ʠʩʪʦʯʥʠʢ ʥʝ ʛʝʥʝʨʠʨʫʝʪ ʧʘʢʝʪʳ. ʈʘʟʤʝʨ ON- ʠ OFF-

ʧʝʨʠʦʜʦʚ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʠʤʝʪʴ ʢʦʥʝʯʥʦʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʠ ʙʝʩʢʦʥʝʯʥʫʶ ʜʠʩʧʝʨʩʠʶ; 

- ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʳʝ ʤʦʜʝʣʠ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʪʨʘʬʠʢ, ʘʛʨʝʛʠʨʦʚʘʥʥʳʡ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʠʩʪʦʯʥʠʢʦʚ. ʄʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʩʪʴ ʪʨʘʬʠʢʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʠʟʤʝʥʝʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʝʘʣʠʟʘʮʠʠ ʪʨʘʬʠʢʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʤʘʩʰʪʘʙʘ ʘʛʨʝʛʠʨʦʚʘʥʠʷ;  

- ʬʨʘʢʪʘʣʴʥʦʝ ʙʨʦʫʥʦʚʩʢʦʝ ʜʚʠʞʝʥʠʝ. ɺ ʦʩʥʦʚʝ ʵʪʦʡ ʤʦʜʝʣʠ ʣʝʞʠʪ 

ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ, ʥʘʯʠʥʘʶʱʠʡʩʷ ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ ʩ ʥʝʟʘʚʠʩʠʤʳʤʠ 

ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʤʠ ʛʘʫʩʩʦʚʩʢʠʤʠ ʧʨʠʨʘʱʝʥʠʷʤʠ. ɼʣʷ ʛʝʥʝʨʘʮʠʠ 

ʬʨʘʢʪʘʣʴʥʦʛʦ ʙʨʦʫʥʦʚʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʩʣʫʯʘʡʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʩʨʝʜʥʝʡ ʪʦʯʢʠ ʠʣʠ ʘʣʛʦʨʠʪʤʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʣʫʯʘʡʥʦʛʦ 

ʩʣʦʞʝʥʠʷ; 

- ʬʨʘʢʪʘʣʴʥʳʡ ʛʘʫʩʩʦʚʩʢʠʡ ʰʫʤ ï ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʝʡ ʟʘʜʘʥʥʦʛʦ ʚʠʜʘ. 

ʕʪʘ ʤʦʜʝʣʴ ʠʤʝʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ ʍʝʨʩʪʘ, ʢʦʪʦʨʳʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ ʬʨʘʢʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʠʪʴ ʜʦʩʪʦʚʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʦʚʝʜʝʥʠʠ ʪʨʘʬʠʢʘ ʚ ʩʝʪʠ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤʠ 

ʩʝʪʷʤʠ. 

ʅʝʬʦʨʤʘʣʴʥʦ ʩʘʤʦʧʦʜʦʙʥʳʡ (ʬʨʘʢʪʘʣʴʥʳʡ) ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʢʘʢ ʩʣʫʯʘʡʥʳʡ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ ʧʨʦʷʚʣʷʶʪ ʩʚʦʡʩʪʚʘ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. ʉʘʤʦʧʦʜʦʙʥʳʡ ʧʨʦʮʝʩʩ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʤʝʥʷʝʪ ʚʠʜʘ ʧʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʘʭ ʧʦ ʰʢʘʣʝ ʚʨʝʤʝʥʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʮʝʩʩʦʚ, ʥʝ ʦʙʣʘʜʘʶʱʠʭ ʬʨʘʢʪʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʙʳ ʩʪʨʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ ʧʨʠ ʫʩʨʝʜʥʝʥʠʠ ʧʦ ʰʢʘʣʝ ʚʨʝʤʝʥʠ ï 

ʧʨʦʮʝʩʩ ʩʦʭʨʘʥʷʝʪ ʩʢʣʦʥʥʦʩʪʴ ʢ ʚʩʧʣʝʩʢʘʤ [33, 34]. 

ʇʫʩʪʴ { },...2 ,1 ,0k ; =kX  ï ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ. 

ʋʯʠʪʳʚʘʷ ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ʠ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʠ 

ʢʦʥʝʯʥʦʩʪʠ ʜʚʫʭ ʧʝʨʚʳʭ ʤʦʤʝʥʪʦʚ, ʚʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ: 

- [ ]tXEm=  ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ, ʠʣʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ; 

- [ ]22 mXE t -=s  ï ʜʠʩʧʝʨʩʠʷ; 

- () ( )( )[ ]mXmXEkR tkt -Ö-= +  ï ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ; 

- ()
()
()

()
20 s

kR

R

kR
kr ==  ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ. 
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ʇʦʜ ʫʩʨʝʜʥʝʥʠʝʤ ʧʦ ʰʢʘʣʝ ʚʨʝʤʝʥʠ ʧʦʥʠʤʘʝʪʩʷ ʧʝʨʝʭʦʜ ʧʨʦʮʝʩʩʫ (){ }mX , 

ʧʦʪʦʤʫ, ʯʪʦ  

 

() .
1

1

ä
+-=

=
km

mkmi

i

m

k X
m

X     (2.2) 

 

ʛʜʝ iX  - ʥʘʠʙʦʣʴʰʝʝ, ʚʦʟʤʦʞʥʦʝ, ʜʣʷ ʧʨʦʮʝʩʩʘ ʨʘʟʨʝʰʝʥʠʝ. 

ʇʦʩʣʝʜʫʶʱʠʝ ʵʚʦʣʶʮʠʠ ʧʨʦʮʝʩʩʘ ()mX  ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ m-

ʫʩʨʝʜʥʝʥʠʷ ʧʨʦʮʝʩʩʘ nX , ʥʘʧʨʠʤʝʨ 

 

()

4

41424344 nnnn

n

XXXX
X

+++
= --- .  (2.3) 

 

ʇʨʦʮʝʩʩ ()mX  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʥʝʝ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʫʶ ʢʦʧʠʶ 

ʧʨʦʮʝʩʩʘ iX . ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʩʨʝʜʥʝʝ, ʜʠʩʧʝʨʩʠʷ) 

ʩʦʭʨʘʥʷʶʪʩʷ ʧʨʠ ʫʩʨʝʜʥʝʥʠʠ, ʪʦʛʜʘ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʩʘʤʦʧʦʜʦʙʥʳʤ.  

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʟʥʘʯʝʥʠʝ kX  ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ 

ʯʠʩʣʦ ʧʘʢʝʪʦʚ, ʧʦʩʪʫʧʠʚʰʠʭ ʚ ʢʘʥʘʣ ʠʣʠ ʩʝʪʴ ʚ ʪʝʯʝʥʠʝ k-ʛʦ ʠʥʪʝʨʚʘʣʘ 

ʚʨʝʤʝʥʠ. ʀʩʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʧʨʠ ʵʪʦʤ ʫʞʝ ʷʚʣʷʝʪʩʷ ʫʩʨʝʜʥʝʥʥʳʤ. 

ʅʝʧʨʝʨʳʚʥʳʡ ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ()tX  ʩʯʠʪʘʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʩʘʤʦʧʦʜʦʙʥʳʤ ʩ ʧʘʨʘʤʝʪʨʦʤ ʍʝʨʩʪʘ ( )()tXHH 15,0 ¢¢ , ʝʩʣʠ ʜʣʷ ʣʶʙʦʛʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ a, ʧʨʦʮʝʩʩʳ ()tX  ʠ ()atZa H-  ʙʫʜʫʪ ʠʤʝʪʴ ʠʜʝʥʪʠʯʥʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʪʦ ʝʩʪʴ ʠʤʝʪʴ ʦʜʠʥʘʢʦʚʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʦʙʳʯʥʦ ʚʩʪʨʝʯʘʶʪʩʷ ʥʝ ʩʪʨʦʛʦ ʩʘʤʦʧʦʜʦʙʥʳʝ, ʘ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʩʘʤʦʧʦʜʦʙʥʳʝ ʧʨʦʮʝʩʩʳ [12].  

ʇʨʦʮʝʩʩ ʍ ʷʚʣʷʝʪʩʷ ʩʪʨʦʛʦ ʩʘʤʦʧʦʜʦʙʥʳʤ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ (ʉʉʐʉ) ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʍʝʨʩʪʘ   ,
2

1
b
-=H 0<ɓ<1, ʝʩʣʠ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 

() () { }2,3,....m , Í= krkrm . 

ʇʘʨʘʤʝʪʨ H ʷʚʣʷʝʪʩʷ ʠʥʜʠʢʘʪʦʨʦʤ ʩʪʝʧʝʥʠ ʩʘʤʦʧʦʜʦʙʠʷ ʧʨʦʮʝʩʩʘ, ʘ 

ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʫ ʥʝʛʦ ʪʘʢʠʭ ʩʚʦʡʩʪʚ ʢʘʢ 

ʧʝʨʩʠʩʪʝʥʪʥʦʩʪʴ/ʘʥʪʠʧʝʨʩʠʩʪʝʥʪʥʦʩʪʴ ʠ ʜʣʠʪʝʣʴʥʘʷ ʧʘʤʷʪʴ. ɼʣʷ ʤʘʨʢʦʚʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ (ʙʝʟ ʧʦʩʣʝʜʝʡʩʪʚʠʷ) ʢʦʵʬʬʠʮʠʝʥʪ ʍʝʨʩʪʘ ʨʘʚʥʷʝʪʩʷ 0,5. ʇʨʦʮʝʩʩ 

ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʩʣʫʯʘʡʥʳʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʦʩʪʝʡʰʠʡ (ʇʫʘʩʩʦʥʦʚʩʢʠʡ) 

ʧʦʪʦʢ ʝʱʝ ʥʘʟʳʚʘʶʪ çʧʦʪʦʢʦʤ ʯʠʩʪʦʡ ʩʣʫʯʘʡʥʦʩʪʠ ʧʝʨʚʦʛʦ ʨʦʜʘ. 

ʇʨʠ Hɭ[0; 0,5] ʧʨʦʮʝʩʩʫ ʩʚʦʡʩʪʚʝʥʥʘ ʘʥʪʠʧʝʨʩʠʩʪʝʥʪʥʦʩʪʴ: ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠʜʫʪ ʟʘ ʥʠʟʢʠʤʠ ʠ ʥʘʦʙʦʨʦʪ. ʊʦ ʝʩʪʴ, ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ 

ʥʘ k+1 ʰʘʛʝ ʧʨʦʮʝʩʩ ʦʪʢʣʦʥʠʪʩʷ ʦʪ ʩʨʝʜʥʝʛʦ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

(ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʪʢʣʦʥʝʥʠʷ ʥʘ k ʰʘʛʝ), ʥʘʩʪʦʣʴʢʦ ʚʝʣʠʢʘ, ʥʘʩʢʦʣʴʢʦ ʧʘʨʘʤʝʪʨ H 

ʙʣʠʟʦʢ ʢ 0. 

ɺ ʩʣʫʯʘʝ Hɭ[0,5; 1] ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʧʝʨʩʠʩʪʝʥʪʥʳʤ ʠʣʠ ʩ ʜʣʠʪʝʣʴʥʦʡ 

ʧʘʤʷʪʴʶ: ʝʩʣʠ ʚ ʪʝʯʝʥʠʝ ʢʘʢʦʛʦ-ʪʦ ʚʨʝʤʝʥʠ ʚ ʧʨʦʰʣʦʤ ʥʘʙʣʶʜʘʣʦʩʴ 
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ʫʚʝʣʠʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ, ʪʦ ʠ ʚ ʙʫʜʫʱʝʤ ʚ ʩʨʝʜʥʝʤ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʠʭ ʨʦʩʪ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʥʘ ʰʘʛʝ k+1 ʧʨʦʮʝʩʩ 

ʦʪʢʣʦʥʠʪʩʷ ʦʪ ʩʨʝʜʥʝʛʦ ʚ ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ, ʯʪʦ ʠ ʥʘ k ʰʘʛʝ, ʥʘʩʪʦʣʴʢʦ 

ʚʝʣʠʢʘ, ʥʘʩʢʦʣʴʢʦ ʧʘʨʘʤʝʪʨ H ʙʣʠʟʦʢ ʢ 1.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʜʪʚʝʨʜʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʚʦʡʩʪʚʘ ʩʘʤʦʧʦʜʦʙʠʷ ʜʣʷ 

ʨʘʟʥʳʭ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ ʤʫʣʴʪʠʩʝʨʚʠʩʥʦʡ ʩʝʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ 

ʠʟʤʝʨʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʥʳʭ ʚʠʜʦʚ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʪʘʢʠʭ ʧʦʪʦʢʘʭ, ʢʘʢ ʘʫʜʠʦ, ʚʠʜʝʦ ʠ 

ʪʨʘʬʠʢ ʜʘʥʥʳʭ.  

ʊʦ ʝʩʪʴ ʉʉʐʉ ʧʨʦʮʝʩʩ ʥʝ ʤʝʥʷʝʪ ʩʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʧʦʩʣʝ 

ʫʩʨʝʜʥʝʥʠʷ ʧʦ ʙʣʦʢʘʤ ʜʣʠʥʳ m. ʀʣʠ Xʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʉʉʐʉ, ʝʩʣʠ 

ʘʛʨʝʛʠʨʦʚʘʥʥʳʡ ʧʨʦʮʝʩʩ()mX  ʥʝ ʦʪʣʠʯʠʤ ʦʪ ʠʩʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʍ, ʢʘʢ 

ʤʠʥʠʤʫʤ ʚ ʦʪʥʦʰʝʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 

ʉʚʦʡʩʪʚʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʩʘʤʦʧʦʜʦʙʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ 

(ɸʉʐʉ) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ m ʩʪʨʝʤʷʱʝʤʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʧʨʦʮʝʩʩ 

ʩʭʦʜʠʪʩʷ ʢ ʉʉʐʉ ʧʨʦʮʝʩʩʫ () () ¤­­ m ,krkrm . 

ʀʤʝʶʪʩʷ ʥʘʙʣʶʜʝʥʠʷ, ʯʪʦ ʜʣʷ ʦʙʦʠʭ ʢʣʘʩʩʦʚ ʩʘʤʦʧʦʜʦʙʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʜʠʩʧʝʨʩʠʷ ()][ m

ar XV  ʫʤʝʥʴʰʘʝʪʩʷ ʥʘʤʥʦʛʦ ʤʝʜʣʝʥʥʝʝ ʯʝʤ 
m

1
 ʧʨʠ ¤­m  ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʛʜʝ ʜʠʩʧʝʨʩʠʷ ʫʤʝʥʴʰʘʝʪʩʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 
m

1
 ʠ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 0 ʧʨʠ ¤­m . 

ʅʘʠʙʦʣʝʝ ʪʦʯʥʳʤ ʩʚʦʡʩʪʚʦʤ ʩʘʤʦʧʦʜʦʙʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʬʫʥʢʮʠʷ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʥʝ ʚʳʨʦʞʜʘʝʪʩʷ ʧʨʠ ¤­m , ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʛʜʝ ʧʨʠ ( ) 0, ­XkR  ʧʨʠ ¤­m .  

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʤʝʪʠʣʠ ʦʜʠʥʘʢʦʚʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʩʭʦʜʥʦʛʦ ʠ 

ʘʛʨʝʛʠʨʦʚʘʥʥʦʛʦ ʧʨʦʮʝʩʩʦʚ, ʠʟʤʝʨʠʣʠ ʧʘʨʘʤʝʪʨ ʅ ʠ ʦʙʥʘʨʫʞʠʜʠ, ʯʪʦ ʜʣʷ 

ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʧʦʢʘʟʘʪʝʣʴ ʅ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ (0,5; 1). ʅʘ ʢʘʯʝʩʪʚʝʥʥʦʤ 

ʫʨʦʚʥʝ ʪʘʢʦʡ ʪʨʘʬʠʢ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʧʘʯʝʯʥʦʩʪʴʶ (burstness) ʥʘ ʤʥʦʛʠʭ 

ʤʘʩʰʪʘʙʘʭ ʚʨʝʤʝʥʥʦʡ ʦʩʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʘʯʝʯʥʦʩʪʠ ï ʦʪʥʦʰʝʥʠʝ ʧʠʢʦʚʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʷʚʦʢ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʢ ʝʛʦ ʩʨʝʜʥʝʤʫ 

ʟʥʘʯʝʥʠʶ. ʇʘʨʘʤʝʪʨ ʍʝʨʩʪʘ ( )1 ;5,0ÍH  ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ ʩʘʤʦʧʦʜʦʙʠʷ 

ʧʨʦʮʝʩʩʘ. ʇʨʠ ʅ=0,5 ʩʘʤʦʧʦʜʦʙʠʝ ʦʪʩʫʪʩʪʚʫʝʪ. ʏʝʤ ʙʣʠʞʝ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʢ 

ʝʜʠʥʠʮʝ, ʪʝʤ ʙʦʣʝʝ ʷʨʢʦ ʧʨʦʷʚʣʷʶʪʩʷ ʬʨʘʢʪʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʠʣʠ 

ʜʦʛʦʚʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (long-range dependent, LRD) ʚ ʧʨʦʮʝʩʩʝ. ʕʪʦ 

ʦʙʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʩʣʠ LRD ʧʨʦʮʝʩʩ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝʥʠʶ (ʠʣʠ 

ʫʤʝʥʴʰʝʥʠʶ) ʚ ʧʨʦʰʣʦʤ, ʪʦ ʩ ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʥ ʙʫʜʝʪ ʠʤʝʪʴ 

ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝʥʠʶ (ʠʣʠ ʫʤʝʥʴʰʝʥʠʶ) ʚ ʙʫʜʫʱʝʤ. 

 

 

2.3 ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʩʘʤʦʧʦʜʦʙʥʳʭ ʧʨʦʮʝʩʩʦʚ  
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ʇʨʠʤʝʨ ʬʨʘʢʪʘʣʘ ï ʢʨʠʚʘʷ ʂʦʭʘ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ 

ʬʨʘʢʪʘʣʦʚ, ʪ.ʝ. ʦʙʲʝʢʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦʩʪʘʚʣʷʝʪʩʷ ʠʟ ʩʚʦʠʭ ʤʘʣʳʭ ʢʦʧʠʡ. ɺ 

ʪʝʦʨʠʠ ʪʝʣʝʪʨʘʬʠʢʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʚʝʣʠʯʠʥʳ ʥʘʛʨʫʟʢʠ ʚ ʩʝʪʷʭ ʩʚʷʟʠ ʩ 

ʧʘʢʝʪʥʦʡ ʢʦʤʤʫʪʘʮʠʝʡ ʧʨʠʤʝʥʷʝʪʩʷ ʢʣʘʩʩ ʩʣʫʯʘʡʥʳʭ (ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ) 

ʬʨʘʢʪʘʣʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʚʦʡʩʪʚʦ ʩʘʤʦʧʦʜʦʙʥʦʩʪʠ (ʤʘʩʰʪʘʙʥʦʡ 

ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ) ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʰʴ çʚ ʩʨʝʜʥʝʤè, ʪ.ʝ. ʧʦʜʦʙʥʳʤʠ ʷʚʣʷʶʪʩʷ ʥʝ 

ʩʘʤʠ ʦʪʩʯʝʪʳ ʩʠʛʥʘʣʘ, ʘ, ʝʛʦ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ, ʠʣʠ ʇʈɺ ʥʘ ʨʘʟʥʳʭ 

ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ [35]. 

ʉʘʤʦʧʦʜʦʙʥʳʝ ʧʨʦʮʝʩʩʳ ʦʙʣʘʜʘʶʪ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠ ʟʘʪʫʭʘʶʱʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʨʨʝʣʷʮʠʠ ʚʠʜʘ 

 

() ( ) ( )( ),121
2

1 222 HHH
kkkkr -+-+=

   
(2.4) 

 

ʠʣʠ ʜʣʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʩʘʤʦʧʦʜʦʙʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ 

ʬʫʥʢʮʠʝʡ 

 

() () .k ʧʨʠ  22 ¤­º - tLkkR H

   (2.5) 

 

ʛʜʝ ()tL  ï ʤʝʜʣʝʥʥʦ ʤʝʥʷʶʱʘʷʩʷ ʬʫʥʢʮʠʷ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ (ʪʦ ʝʩʪʴ 

               
()
()

0ʚʩʝʭ ʭ ʜʣʷ  1lim >=
tL

txL
). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʷʚʣʷʝʪʩʷ ʥʝʩʫʤʤʠʨʫʝʤʦʡ ï ʨʷʜ, 

ʦʙʨʘʟʦʚʘʥʥʳʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ, 

ʨʘʩʭʦʜʠʪʩʷ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʘʤʦʧʦʜʦʙʥʳʝ 

ʧʨʦʮʝʩʩʳ ʠ ʦʪʣʠʯʘʝʪ ʠʭ ʦʪ ʧʨʦʮʝʩʩʦʚ ʙʝʟ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʫ 

ʢʦʪʦʨʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʫʙʳʚʘʝʪ ʧʦ ʧʦʢʘʟʘʪʝʣʴʥʦʤʫ ʟʘʢʦʥʫ ʠ 

ʩʫʤʤʠʨʫʝʤʘ. 

ɼʦʣʛʦʚʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʭ 

ʧʫʣʴʩʘʮʠʡ ʧʨʦʮʝʩʩʘ, ʦʜʥʘʢʦ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʥʝʢʦʪʦʨʦʡ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ 

ʚ ʥʝʙʦʣʴʰʠʭ ʧʨʝʜʝʣʘʭ ʚʨʝʤʝʥʠ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʠʠ ʦʯʝʨʝʜʝʡ, ʚʘʞʥʳʤ 

ʩʣʝʜʩʪʚʠʝʤ ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʠ ʧʦʪʦʢʘ ʷʚʣʷʝʪʩʷ ʥʝʧʨʠʝʤʣʝʤʦʩʪʴ ʦʮʝʥʦʢ 

ʧʘʨʘʤʝʪʨʦʚ ʦʯʝʨʝʜʠ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦʙ ʦʜʠʥʘʢʦʚʦʤ ʠ 

ʥʝʟʘʚʠʩʠʤʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʠʥʪʝʨʚʘʣʦʚ ʚʦ ʚʭʦʜʷʱʝʤ ʧʦʪʦʢʝ. 

ʉʘʤʦʧʦʜʦʙʥʳʝ ʧʨʦʮʝʩʩʳ ʦʙʣʘʜʘʶʪ ʤʝʜʣʝʥʥʦ ʫʙʳʚʘʶʱʝʡ ʜʠʩʧʝʨʩʠʝʡ. 

ʇʨʠ ʫʩʨʝʜʥʝʥʠʠ ʧʨʦʮʝʩʩʘ ʜʠʩʧʝʨʩʠʷ ʚʳʙʦʨʦʯʥʦʛʦ ʩʨʝʜʥʝʛʦ ʟʘʪʫʭʘʝʪ 

ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʚʝʣʠʯʠʥʘ, ʦʙʨʘʪʥʘʷ ʨʘʟʤʝʨʫ ʚʳʙʦʨʢʠ, ʧʦ ʟʘʢʦʥʫ: 

 
()( ) ¤­¤ - m  ʧʨʠ  ,    222 Hm mXs    (2.6) 

 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ 
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()( ) ()  ,X
m

1
 22 ss =mX

    
(2.7) 

 

ʪ.ʝ. ʫʤʝʥʴʰʘʝʪʩʷ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʦʙʲʝʤʫ ʚʳʙʦʨʢʠ.  

ʉʚʦʡʩʪʚʦ ʤʝʜʣʝʥʥʦ ʫʙʳʚʘʶʱʝʡ ʜʠʩʧʝʨʩʠʠ ʛʦʚʦʨʠʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʫʱʝʩʪʚʝʥʥʳʭ, ʥʝ ʩʛʣʘʞʠʚʘʝʤʳʭ ʫʩʨʝʜʥʝʥʠʝʤ, çʚʳʙʨʦʩʦʚè ʚ ʩʣʫʯʘʡʥʦʤ 

ʧʨʦʮʝʩʩʝ, ʠ ʩʚʷʟʳʚʘʝʪ ʩʘʤʦʧʦʜʦʙʠʝ ʩ ʪʘʢʠʤ ʧʦʥʷʪʠʝʤ, ʢʘʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ 

ʚʝʩʦʤʳʤʠ ʭʚʦʩʪʘʤʠ. ɺʘʞʥʦʝ ʩʣʝʜʩʪʚʠʝʩʚʦʡʩʪʚʘ ʤʝʜʣʝʥʥʦ ʟʘʪʫʭʘʶʱʝʡ 

ʜʠʩʧʝʨʩʠʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ 

(ʥʘʧʨʠʤʝʨ, ʚʳʯʠʩʣʝʥʠʝ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ) ʦʙʱʝʧʨʠʥʷʪʘʷ ʤʝʨʘ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ů ʷʚʣʷʝʪʩʷ ʦʰʠʙʦʯʥʦʡ.  

ʉ ʜʘʥʥʳʤ ʩʚʦʡʩʪʚʦʤ ʩʚʷʟʘʥʦ ʠ çʥʝʭʘʨʘʢʪʝʨʥʦʝè ʧʦʚʝʜʝʥʠʝ ʠʥʜʝʢʩʘ 

ʜʠʩʧʝʨʩʠʠ, ʠʣʠ ʠʥʜʝʢʩʘ ʨʘʟʙʨʦʩʘ, ʜʣʷ ʦʪʩʯʝʪʦʚ ʧʨʦʮʝʩʩʘ (IDC), ʪʘʢ ʞʝ 

ʥʘʟʳʚʘʝʤʦʛʦ ʬʘʢʪʦʨʦʤ ʌʘʥʦ. IDC ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʜʠʩʧʝʨʩʠʠ 

ʯʠʩʣʘ ʩʦʙʳʪʠʡ ʥʘ ʟʘʜʘʥʥʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʊ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ 

ʦʞʠʜʘʥʠʶ ʵʪʦʡ ʚʝʣʠʯʠʥʳ: 
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()[ ]
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  .
TNE

TNVar
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(2.8) 

 

ʛʜʝ ()TN  ï ʯʠʩʣʦ ʩʦʙʳʪʠʡ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʦʪʦʢʘ, ʥʘʩʪʫʧʠʚʰʠʭ ʚ 

ʠʥʪʝʨʚʘʣʝ (ʦʢʥʝ) ʊ. 

ɼʣʷ ʩʘʤʦʧʦʜʦʙʥʳʭ ʧʨʦʮʝʩʩʦʚ ʣʦʛʘʨʠʬʤ ʠʥʜʝʢʩʘ ʨʘʟʙʨʦʩʘ F(T) ʣʠʥʝʡʥʦ 

ʚʦʟʨʘʩʪʘʝʪ: 

 

()[ ]( ) .ln121ln yTHTF +-=-     (2.9) 

 

ʉʘʤʦʧʦʜʦʙʥʳʝ ʧʨʦʮʝʩʩʳ ʦʙʣʘʜʘʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʩ ʪʷʞʝʣʳʤʠ 

ʭʚʦʩʪʘʤʠ. ʉʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ Z ʠʤʝʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʪʷʞʝʣʳʤ ʭʚʦʩʪʦʤ 

(ʈɺʍ), ʝʩʣʠ ʚʝʨʦʷʪʥʦʩʪʴ P[Z>x] ~ ʩʭ
Ŭ
 ʧʨʠ xŸÐ, ʪ.ʝ. ʭʚʦʩʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʟʘʪʫʭʘʝʪ ʧʦ ʩʪʝʧʝʥʥʦʤʫ ʟʘʢʦʥʫ. ʇʨʠʤʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʚʝʩʦʤʳʤ ʭʚʦʩʪʦʤ 

ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʇʘʨʝʪʦ. ʇʨʠ 0<Ŭ<2 ʚʝʣʠʯʠʥʘ Z ʦʙʣʘʜʘʝʪ ʙʝʩʢʦʥʝʯʥʦʡ 

ʜʠʩʧʝʨʩʠʝʡ, ʘ ʧʨʠ 0<Ŭ<1 ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʪʘʢʞʝ ʙʝʩʢʦʥʝʯʥʦ.  

ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ, 

ʦʙʣʘʜʘʶʱʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩ ʪʷʞʝʣʳʤ ʭʚʦʩʪʦʤ, ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʘʷ 

ʠʟʤʝʥʯʠʚʦʩʪʴ. ʉ ʚʝʨʦʷʪʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦʡ, ʚ 

ʚʳʙʦʨʢʝ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʥʝʢʦʪʦʨʦʝ ʯʠʩʣʦ çʦʯʝʥʴ ʙʦʣʴʰʠʭè ʟʥʘʯʝʥʠʡ.  

ʊʘʢʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪ ʪʦʯʥʦʩʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʦʮʝʥʦʢ; ʢʦʥʝʯʥʳʡ ʦʙʲʝʤ ʚʳʙʦʨʢʠ ʧʨʠʚʦʜʠʪ ʢ ʟʘʥʠʞʝʥʥʦʡ ʦʮʝʥʢʝ ʩʨʝʜʥʝʛʦ ʠ 

ʜʠʩʧʝʨʩʠʠ. ʅʘʣʠʯʠʝ ʈɺʍ ʚʦ ʚʥʝʰʥʠʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ 

ʧʨʦʮʝʩʩʘʤ ʷʚʣʝʥʠʷʭ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʘʤʦʧʦʜʦʙʠʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ. ʏʘʩʪʦ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʩʘʤʦʧʦʜʦʙʥʳʭ ʧʨʦʮʝʩʩʦʚ ʛʦʚʦʨʷʪ ʦ ʢʦʤʧʣʝʢʩʝ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʦʥʷʪʠʡ: 

ʩʘʤʦʧʦʜʦʙʠʷ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ, ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʈɺʍ ʠ 



61 

 

ʩʪʝʧʝʥʥʳʭ ʟʘʢʦʥʘʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʕʪʦʪ ʢʦʤʧʣʝʢʩ ʩʚʦʡʩʪʚ 

ʦʪʣʠʯʘʝʪ ʧʨʦʮʝʩʩʳ, ʥʘʟʳʚʘʝʤʳʝ ʩʘʤʦʧʦʜʦʙʥʳʤʠ, ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʣʫʯʘʡʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʥʘʧʨʠʤʝʨ, ʧʫʘʩʩʦʥʦʚʩʢʦʛʦ.  

 

2.4 ʆʧʠʩʘʥʠʝ ʤʦʜʝʣʠ ʩʘʤʦʧʦʜʦʙʥʦʛʦ ʧʦʪʦʢʘ  

 

 

ʇʨʦʩʪʝʡʰʠʤ ʩʘʤʦʧʦʜʦʙʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʬʨʘʢʪʘʣʳ. ʇʦ 

ʦʧʨʝʜʝʣʝʥʠʶ, ʜʘʥʥʦʤʫ ʙʝʣʴʛʠʡʩʢʠʤ ʫʯʝʥʳʤ ɹʝʥʫʘ ʄʘʥʜʝʣʴʙʨʦʪʦʤ: 

çʬʨʘʢʪʘʣʦʤ ʥʘʟʳʚʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʯʘʩʪʝʡ, ʢʦʪʦʨʳʝ ʚ ʢʘʢʦʤ-ʪʦ 

ʩʤʳʩʣʝ ʧʦʜʦʙʥʳ ʮʝʣʦʤʫè. ʅʦ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʨʘʢʪʘʣ ï ʵʪʦ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʤʥʦʞʝʩʪʚʦ ʜʨʦʙʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʩʘʤʦʧʦʜʦʙʥʳʝ 

ʧʨʦʮʝʩʩʳ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʬʨʘʢʪʘʣʴʥʳʤʠ.  

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʘʤʦʧʦʜʦʙʥʦʛʦ 

ʧʦʪʦʢʘ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʝʜʣʦʞʝʥʥʳʡ 

ʄʘʥʜʝʣʴʙʨʦʪʦʤ [13].  

ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʩʫʧʝʨʧʦʟʠʮʠʠ ʥʝʩʢʦʣʴʢʠʭ (ʩʪʨʦʛʦ 

ʯʝʨʝʜʫʶʱʠʭʩʷ) ʥʝʟʘʚʠʩʠʤʳʭ ʠ ʠʤʝʶʱʠʭ ʦʜʠʥʘʢʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ON/OFF ʠʩʪʦʯʥʠʢʦʚ, ʠʥʪʝʨʚʘʣʳ ʤʝʞʜʫ ON ʠ OFF ʧʝʨʠʦʜʘʤʠ ʢʦʪʦʨʦʛʦ 

ʦʙʣʘʜʘʶʪ ʵʬʬʝʢʪʦʤ ʅʦʘ (Noah effect). ʇʦʜ ʩʪʨʦʛʦ ʯʝʨʝʜʫʶʱʠʤʠʩʷ ON/OFF 

ʠʩʪʦʯʥʠʢʘʤʠ ʤʳ ʧʦʜʨʘʟʫʤʝʚʘʝʤ ʤʦʜʝʣʴ, ʛʜʝ ON ʠ OFF ʧʝʨʠʦʜʳ ʩʪʨʦʛʦ 

ʯʝʨʝʜʫʶʪʩʷ, ʜʣʠʪʝʣʴʥʦʩʪʠ ON ʧʝʨʠʦʜʦʚ ʥʝʟʘʚʠʩʠʤʳ ʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʜʣʠʪʝʣʴʥʦʩʪʠ OFF ʧʝʨʠʦʜʦʚ ʪʦʞʝ ʥʝʟʘʚʠʩʠʤʳ ʠ ʠʤʝʶʪ 

ʦʜʠʥʘʢʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʠʪʝʣʴʥʦʩʪʝʡ ON ʠ OFF 

ʧʝʨʠʦʜʦʚ ʥʝ ʟʘʚʠʩʷʪ ʜʨʫʛ ʦʪ ʜʨʫʛʘ.  

ʇʨʠ ʵʪʦʤ ʜʣʠʪʝʣʴʥʦʩʪʠ ON ʠ OFF ʧʝʨʠʦʜʦʚ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʥʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ.  

ʕʬʬʝʢʪ ʅʦʘ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʜʣʠʪʝʣʴʥʦʩʪʝʡ ON/OFF ʧʝʨʠʦʜʦʚ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʪʦʯʢʦʡ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʘʤʦʧʦʜʦʙʥʦʛʦ ʪʨʘʬʠʢʘ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʤʦʜʝʣʝʡ, ʢʦʛʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ 

ʠʣʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʕʬʬʝʢʪ ʅʦʘ ʷʚʣʷʝʪʩʷ ʩʠʥʦʥʠʤʦʤ 

ʩʠʥʜʨʦʤʘ ʙʝʩʢʦʥʝʯʥʦʡ ʜʠʩʧʝʨʩʠʠ, ʧʦʷʚʠʚʰʝʤʫʩʷ ʙʣʘʛʦʜʘʨʷ ʵʤʧʠʨʠʯʝʩʢʠʤ 

ʥʘʙʣʶʜʝʥʠʷʤ ʪʦʛʦ, ʯʪʦ ʤʥʦʛʠʝ ʧʨʠʨʦʜʥʳʝ ʷʚʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩ ʙʝʩʢʦʥʝʯʥʦʡ ʜʠʩʧʝʨʩʠʝʡ.  

ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʬʬʝʢʪʘ ʅʦʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʇʘʨʝʪʦ ʠʣʠ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠ-ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, 

ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ heavy-tailed distributions.  

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ʠʤʝʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʪʷʞʝʣʳʤ 

(ʚʝʩʦʤʳʤ) ʭʚʦʩʪʦʤ (ʈʊʍ ʠʣʠ Heavy Tailed), ʝʩʣʠ: 

 

 

() .,1 ¤­º- - xxxF a      (2.13) 
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ʊʦ ʝʩʪʴ ʭʚʦʩʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʪʫʭʘʝʪ ʧʦ ʩʪʝʧʝʥʥʦʤʫ ʟʘʢʦʥʫ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ, ʥʘʧʨʠʤʝʨ, ɻʘʫʩʩʦʚʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ 

ʫʙʳʚʘʥʠʝʤ ʭʚʦʩʪʘ. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʇʘʨʝʪʦ 

(ʨʠʩʫʥʦʢ 2.1).  

f(x)

x
 

 

ʈʠʩʫʥʦʢ 2.1 ï ʇʨʠʤʝʨ ʪʷʞʝʣʦʭʚʦʩʪʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʣʫʯʰʝ ʚʩʝʛʦ 

ʦʧʠʩʳʚʘʝʪʩʷ ʠʤʝʥʥʦ ʪʷʞʝʣʦʭʚʦʩʪʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʇʘʨʝʪʦ ʠʤʝʝʪ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ:  

 

()
a

b
ö
÷

õ
æ
ç

å
-=

x
xF 1 .    (2.14) 

 

ʛʜʝ Ŭ ï ʧʘʨʘʤʝʪʨ ʬʦʨʤʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ, ʙʫʜʝʪ ʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

             ʠʤʝʪʴ ʢʦʥʝʯʥʦʝ ʠʣʠ ʙʝʩʢʦʥʝʯʥʦʝ ʩʨʝʜʥʝʝ ʠ ʜʠʩʧʝʨʩʠʶ; 

      b ï ʧʘʨʘʤʝʪʨ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ (ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

              ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x).  

ʇʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʇʘʨʝʪʦ ʟʘʜʘʝʪʩʷ ʬʫʥʢʮʠʝʡ: 
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x
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xf     (2.15) 

 

() () .,0 b¢== xxFxf     (2.16) 

 

ʇʘʨʘʤʝʪʨ Ŭ ʦʧʨʝʜʝʣʷʝʪ ʩʨʝʜʥʝʝ ʠ ʜʠʩʧʝʨʩʠʶ x ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

- ʜʣʷ Ŭ Ò 1 ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʤʝʝʪ ʙʝʩʢʦʥʝʯʥʦʝ ʩʨʝʜʥʝʝ;  

- ʜʣʷ 1 Ò Ŭ Ò 2 ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʤʝʝʪ ʢʦʥʝʯʥʦʝ ʩʨʝʜʥʝʝ ʠ ʙʝʩʢʦʥʝʯʥʫʶ 

ʜʠʩʧʝʨʩʠʶ;  

- ʜʣʷ Ŭ Ò 2 ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʤʝʝʪ ʙʝʩʢʦʥʝʯʥʫʶ ʜʠʩʧʝʨʩʠʶ. 
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ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʦʤ Ŭ ʠ ʧʘʨʘʤʝʪʨʦʤ 

ʍʝʨʩʪʘ H:  

.
2

3 a-
=H      (2.17) 

ʂʣʘʩʩʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʇʘʨʝʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʤʥʦʛʠʭ ʦʙʲʝʢʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ, ʪʘʢʠʭ ʢʘʢ ʨʘʟʤʝʨ ʜʠʩʢʦʚʳʭ 

ʬʘʡʣʦʚ, WEB-ʩʪʨʘʥʠʮ, ʧʫʣʴʩʘʮʠʡ ʜʘʥʥʳʭ ʠ ʪ.ʜ., ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʪʷʞʝʣʳʭ ʭʚʦʩʪʦʚè ʢʨʠʚʦʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ (HT, heavy tail of distribution). 

 

 

2.5 ɺʳʚʦʜʳ ʧʦ ʚʪʦʨʦʡ ʛʣʘʚʝ 

 

 

ɺʳʚʦʜʘʤʠ ʧʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʝ: 

- ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ ʚʠʜʥʦ, ʯʪʦ ʦʧʠʩʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʪʨʘʬʠʢʘ ʤʦʜʝʣʷʤʠ ʄ/ʄ/1 ʠ ʄ/G/1 ʥʝ ʧʦʣʥʦ; 

- ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ ʠʤʝʝʪ ʧʫʣʴʩʘʮʠʠ, ʦʥ ʤʘʩʰʘʙʥʦʠʥʚʘʨʠʘʥʪʝʥ; 

- ʠʤʝʝʪʩʷ ʧʨʦʙʣʝʤʘ ʩʘʤʦʧʦʜʦʙʠʷ (ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʠ 

G/G/1) ʠ ʜʨʫʛʠʝ ʩ ʪʷʞʝʣʦʭʚʦʩʪʳʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ. 
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3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʨʘʬʠʢʘ 

 

 

3.1 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʪʨʘʬʠʢʘ ʚ ʩʝʪʷʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ 

 

 

ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʢʦʥʚʝʨʛʝʥʮʠʠ ʩʝʪʝʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʨʠʚʝʣʘ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʥʦʩʘ ʩʝʪʴʶ ʚʩʝʭ ʚʠʜʦʚ ʪʨʘʬʠʢʘ, ʘ ʥʝ ʪʦʣʴʢʦ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ ʪʨʘʬʠʢʘ ʧʨʠʣʦʞʝʥʠʡ ʜʦʩʪʫʧʘ ʢ ʬʘʡʣʘʤ ʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ QoS ʦʩʦʙʝʥʥʦ ʚʘʞʥʳ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʝʪʴ ʧʝʨʝʜʘʝʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʨʘʬʠʢ ʨʘʟʥʦʛʦ ʪʠʧʘ, ʥʘʧʨʠʤʝʨ, ʪʨʘʬʠʢ web-ʧʨʠʣʦʞʝʥʠʡ ʠ 

ʛʦʣʦʩʦʚʦʡ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʪʨʘʬʠʢʘ ʧʨʝʜʲʷʚʣʷʶʪ 

ʨʘʟʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ QoS. ɼʦʙʠʪʴʩʷ ʩʠʥʭʨʦʥʥʦʛʦ ʩʦʙʣʶʜʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ ʪʨʘʬʠʢʘ ʦʯʝʥʴ ʩʣʦʞʥʦ, ʧʦʵʪʦʤʫ ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʶʪ ʩʣʝʜʫʶʱʠʡ ʧʦʜʭʦʜ: ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʩʝʪʠ 

ʪʨʘʬʠʢʠ, ʦʪʥʦʩʷ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʢ ʦʜʥʦʤʫ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʪʠʧʦʚʳʭ ʚʠʜʦʚ, 

ʘ ʟʘʪʝʤ ʜʦʙʠʚʘʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦʜʤʥʦʞʝʩʪʚʘ 

ʠʟ ʥʘʙʦʨʘ ʪʨʝʙʦʚʘʥʠʡ QoS. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʨʦʜʝʣʘʥʘ ʦʧʨʝʜʝʣʝʥʥʘʷ ʨʘʙʦʪʘ ʧʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʨʘʬʠʢʘ ʧʨʠʣʦʞʝʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʧʨʠʥʷʪʳ 

ʪʨʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʬʠʢʘ: 

- ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; 

- ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʪʨʘʬʠʢʘ ʢ ʟʘʜʝʨʞʢʘʤ ʧʘʢʝʪʦʚ ʠ ʠʭ ʚʘʨʠʘʮʠʷʤ; 

- ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʪʨʘʬʠʢʘ ʢ ʧʦʪʝʨʷʤ ʠ ʠʩʢʘʞʝʥʠʷʤ ʧʘʢʝʪʦʚ. 

ʇʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ɺ ʜʘʥʥʦʤ ʦʪʥʦʰʝʥʠʠ 

ʪʨʘʬʠʢ ʧʨʠʣʦʞʝʥʠʡ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʢʣʘʩʩʘ: 

- ʧʦʪʦʢʦʚʳʡ (stream) ï ʧʨʠʣʦʞʝʥʠʷ ʩ ʧʦʪʦʢʦʚʳʤ ʪʨʘʬʠʢʦʤ ʧʦʨʦʞʜʘʶʪ 

ʨʘʚʥʦʤʝʨʥʳʡ ʧʦʪʦʢ ʜʘʥʥʳʭ, ʧʦʩʪʫʧʘʶʱʠʡ ʚ ʩʝʪʴ ʩ ʧʦʩʪʦʷʥʥʦʡ ʙʠʪʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ; 

- ʧʫʣʴʩʠʨʫʶʱʠʡ (burst) ï ʧʨʠʣʦʞʝʥʠʷ ʩ ʧʫʣʴʩʠʨʫʶʱʠʤ ʪʨʘʬʠʢʦʤ 

ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ, ʢʦʛʜʘ ʧʝʨʠʦʜʳ ʤʦʣʯʘʥʠʷ 

ʩʤʝʥʷʶʪʩʷ ʧʫʣʴʩʘʮʠʝʡ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʡ ʧʘʢʝʪʳ çʧʣʦʪʥʦè ʩʣʝʜʫʶʪ ʜʨʫʛ ʟʘ 

ʜʨʫʛʦʤ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʪʨʘʬʠʢʘ ʢ ʟʘʜʝʨʞʢʘʤ ʧʘʢʝʪʦʚ. ʅʠʞʝ ʧʝʨʝʯʠʩʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʧʨʠʣʦʞʝʥʠʡ ʚ ʧʦʨʷʜʢʝ ʫʤʝʥʴʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ 

ʟʘʜʝʨʞʢʘʤ ʧʘʢʝʪʦʚ: 

- ʪʨʘʬʠʢ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʘʫʜʠʦ- ʠ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʶ, 

ʢʨʠʪʠʯʥʫʶ ʢ ʟʘʜʝʨʞʢʘʤ ʧʨʠ ʧʝʨʝʜʘʯʝ. ɼʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʟʘʜʝʨʞʝʢ ʦʙʳʯʥʦ 

ʥʝ ʧʨʝʚʳʰʘʶʪ 0,1 ʩ. ʂʨʦʤʝ ʪʦʛʦ, ʟʘʜʝʨʞʢʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʤʘʣʳʝ ʬʣʫʢʪʫʘʮʠʠ 

(jitter); 

- ʪʨʘʬʠʢ ʪʨʘʥʟʘʢʮʠʡ. ʇʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʦʛʦ ʚʠʜʘ ʪʨʘʬʠʢʘ ʟʘʜʝʨʞʢʠ ʥʝ 

ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ 1 ʩ, ʠʥʘʯʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʙʫʜʫʪ ʚʳʥʫʞʜʝʥʳ ʧʨʝʨʳʚʘʪʴ 

ʨʘʙʦʪʫ ʠ ʞʜʘʪʴ ʦʪʚʝʪʘ ʥʘ ʩʚʦʠ ʩʦʦʙʱʝʥʠʷ, ʧʦʪʦʤʫ ʯʪʦ ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ 
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ʦʪʚʝʪʘ ʦʥʠ ʤʦʛʫʪ ʧʨʦʜʦʣʞʠʪʴ ʦʪʧʨʘʚʣʷʪʴ ʩʚʦʠ ʜʘʥʥʳʝ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʧʨʝʚʳʰʝʥʠʝ ʜʦʧʫʩʪʠʤʦʛʦ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʝʢ ʧʨʠʚʦʜʠʪ ʢ ʩʙʦʶ ʨʘʙʦʯʝʡ ʩʝʩʩʠʠ; 

- ʪʨʘʬʠʢ ʜʘʥʥʳʭ. ɿʘʜʝʨʞʢʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʪʨʘʬʠʢʘ ʵʪʦʡ ʢʘʪʝʛʦʨʠʠ ʤʦʛʫʪ 

ʠʤʝʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʝ ʟʥʘʯʝʥʠʷ ʠ ʜʦʩʪʠʛʘʪʴ ʜʘʞʝ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ. ɼʣʷ 

ʪʨʘʬʠʢʘ ʜʘʥʥʳʭ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʙʦʣʝʝ ʚʘʞʥʘ, ʯʝʤ ʚʨʝʤʷ ʟʘʜʝʨʞʝʢ: 

ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʪʠ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ 

ʧʝʨʝʜʘʯʠ. ʇʨʠʣʦʞʝʥʠʷ, ʧʝʨʝʜʘʶʱʠʝ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ, ʨʘʟʨʘʙʦʪʘʥʳ, ʚ 

ʦʩʥʦʚʥʦʤ, ʪʘʢ, ʯʪʦ ʟʘʭʚʘʪʳʚʘʶʪ ʚʩʶ ʜʦʩʪʫʧʥʫʶ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ ʩʝʪʠ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʪʨʘʬʠʢʘ ʢ ʧʦʪʝʨʷʤ ʠ ʠʩʢʘʞʝʥʠʷʤ ʧʘʢʝʪʦʚ. ʉʣʝʜʫʝʪ 

ʨʘʩʩʤʦʪʨʝʪʴ ʦʪʜʝʣʴʥʦ ʧʦʪʝʨʠ ʠ ʠʩʢʘʞʝʥʠʷ ʧʘʢʝʪʦʚ. 

ʇʨʠʣʦʞʝʥʠʷ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢ ʧʦʪʝʨʝ ʜʘʥʥʳʭ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʧʨʠʣʦʞʝʥʠʷ, ʧʝʨʝʜʘʶʱʠʝ ʘʣʬʘʚʠʪʥʦ-ʮʠʬʨʦʚʳʝ ʜʘʥʥʳʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʧʦʪʝʨʝ ʦʪʜʝʣʴʥʳʭ. ʇʦʜʦʙʥʳʝ ʧʦʪʝʨʠ ʯʘʩʪʦ ʚʝʜʫʪ ʢ 

ʧʦʣʥʦʤʫ ʦʙʝʩʮʝʥʠʚʘʥʠʶ ʦʩʪʘʣʴʥʦʡ, ʫʩʧʝʰʥʦ ʧʨʠʥʷʪʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺʩʝ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʝʪʝʚʳʝ ʧʨʠʣʦʞʝʥʠʷ (ʬʘʡʣʦʚʳʡ ʩʝʨʚʠʩ, ʩʝʨʚʠʩ ʙʘʟ ʜʘʥʥʳʭ, 

ʵʣʝʢʪʨʦʥʥʘʷ ʧʦʯʪʘ ʠ ʪ. ʜ.) ʦʪʥʦʩʷʪʩʷ ʢ ʥʘʟʚʘʥʦʤʫ ʪʠʧʫ ʧʨʠʣʦʞʝʥʠʡ. 

ʂ ʧʨʠʣʦʞʝʥʠʷʤ, ʫʩʪʦʡʯʠʚʳʤ ʢ ʧʦʪʝʨʝ ʜʘʥʥʳʭ, ʦʪʥʦʩʷʪʩʷ ʧʨʠʣʦʞʝʥʠʷ, 

ʧʝʨʝʜʘʶʱʠʝ ʪʨʘʬʠʢ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦʙ ʠʥʝʨʮʠʦʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, 

ʢʦʛʜʘ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘ 

ʦʩʥʦʚʝ ʧʨʠʥʷʪʳʭ. ʂ ʪʘʢʦʤʫ ʪʠʧʫ ʦʪʥʦʩʠʪʩʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʠʣʦʞʝʥʠʡ, 

ʨʘʙʦʪʘʶʱʠʭ ʩ ʤʫʣʴʪʠʤʝʜʠʡʥʳʤ ʪʨʘʬʠʢʦʤ. ʆʜʥʘʢʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʦʪʝʨʷʤ 

ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʜʝʣʳ, ʧʦʵʪʦʤʫ ʧʨʦʮʝʥʪ ʧʦʪʝʨʷʥʥʳʭ ʧʘʢʝʪʦʚ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʙʦʣʴʰʠʤ (ʥʝ ʙʦʣʝʝ 1 %). 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠʣʦʞʝʥʠʷ 

ʦʪ ʟʘʜʝʨʞʢʠ ʧʘʢʝʪʦʚ. ɺʠʜʳ ʧʨʠʣʦʞʝʥʠʡ: 

- ʘʩʠʥʭʨʦʥʥʳʝ ï ʧʨʠʣʦʞʝʥʠʷ, ʥʝ ʠʤʝʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʚʨʝʤʷ 

ʟʘʜʝʨʞʢʠ (ʧʨʠʣʦʞʝʥʠʷ ʚ ʢʦʪʦʨʳʭ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʬʦʥʦʚʦʤ 

ʨʝʞʠʤʝ - ʟʘʛʨʫʟʢʘ ʬʘʡʣʦʚ, ʵʣʝʢʪʨʦʥʥʘʷ ʧʦʯʪʘ); 

- ʠʥʪʝʨʘʢʪʠʚʥʳʝ ï ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʨʠʣʦʞʝʥʠʷ ʤʦʞʝʪ ʯʫʚʩʪʚʦʚʘʪʴ 

ʜʠʩʢʦʤʬʦʨʪ, ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʟʘʜʝʨʞʝʢ, ʥʦ ʧʨʠ ʵʪʦʤ ʧʨʠʣʦʞʝʥʠʝ ʦʩʪʘʝʪʩʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤ; 

- ʠʟʦʭʨʦʥʥʳʝ ï ʧʨʠʣʦʞʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʟʘʜʝʨʞʢʠ 

ʥʝʢʦʪʦʨʦʡ ʚʝʣʠʯʠʥʳ ʥʘʨʫʰʘʝʪʩʷ ʨʘʙʦʪʘ ʧʨʠʣʦʞʝʥʠʷ; 

- ʩʚʝʨʭʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ï ʧʨʠʣʦʞʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ 

ʟʘʜʝʨʞʢʠ ʥʝʢʦʪʦʨʦʡ ʚʝʣʠʯʠʥʳ ʧʨʠʣʦʞʝʥʠʝ ʧʝʨʝʩʪʘʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ; 

 

 

3.2 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʩʪʝʡʰʝʛʦ ʧʦʪʦʢʘ ʩʦʙʳʪʠʡ 

 

 

ɿʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʪʝʦʨʠʠ ʦʯʝʨʝʜʝʡ ʩʦʩʪʘʚʣʷʶʪ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʄʆ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʦʩʪʝʡʰʠʭ ʧʦʪʦʢʦʚ 

ʩʣʫʯʘʡʥʳʭ ʩʦʙʳʪʠʡ.  
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ʇʦʪʦʢʦʤ ʩʦʙʳʪʠʡ ʥʘʟʳʚʘʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʦʙʳʪʠʡ, ʢʦʪʦʨʳʝ 

ʥʘʩʪʫʧʘʶʪ ʚ ʩʣʫʯʘʡʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ʇʦʪʦʢ ʦʜʥʦʨʦʜʥʳʭ ʩʦʙʳʪʠʡ 

ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʩʪʝʡʰʠʤ, ʝʩʣʠ ʦʥ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʪʨʝʤʷ ʩʚʦʡʩʪʚʘʤʠ: 

- ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ; 

- ʦʪʩʫʪʩʪʚʠʝ ʧʦʩʣʝʜʝʡʩʪʚʠʷ; 

- ʦʨʜʠʥʘʨʥʦʩʪʴ. 

ʉʪʘʮʠʦʥʘʨʥʦʩʪʴ ï ʜʣʷ ʣʶʙʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ t (t>0) ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʝʪ 

ʪʘʢʦʝ k>=0, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ k ʩʦʙʳʪʠʡ ʟʘ ʧʝʨʠʦʜ  ʚʨʝʤʝʥʠ (a, a+t), 

ʦʙʦʟʥʘʯʠʤ ʝʝ ʯʝʨʝʟ pk(t), ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʜʣʷ ʚʩʝʭ a>=0. ɼʣʷ ʧʦʪʦʢʦʚ, ʚ 

ʢʦʪʦʨʳʭ ʟʘ ʢʦʥʝʯʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 1 ʧʨʦʠʩʭʦʜʠʪ 

ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʩʦʙʳʪʠʡ, ʚʩʝʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ [36]: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʥʦʩʪʴ ʜʘʥʥʦʛʦ ʩʚʦʡʩʪʚʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʦʷʥʩʪʚʝ 

ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʚʦ ʚʨʝʤʝʥʠ, ʠʣʠ ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚʝʨʦʷʪʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʘ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʠ. 

ʆʪʩʫʪʩʪʚʠʝ ʧʦʩʣʝʜʝʡʩʪʚʠʷ. ʆʥʦ ʚʳʨʘʞʘʝʪ ʩʦʙʦʡ ʦʪʩʫʪʩʪʚʠʝ ʚʟʘʠʤʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʩʦʙʳʪʠʡ ʚ ʧʦʪʦʢʝ ʚ ʥʝʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʤʝʞʜʫ ʩʦʙʦʡ 

ʧʨʦʤʝʞʫʪʢʘʭ ʚʨʝʤʝʥʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʫʩʣʦʚʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ k 

ʩʦʙʳʪʠʡ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʯʝʨʝʜʦʚʘʥʠʷ ʜʦ ʥʘʯʘʣʴʥʦʛʦ 

ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ a) ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ (a, a+t) ʨʘʚʥʷʝʪʩʷ ʙʝʟʫʩʣʦʚʥʦʡ 

ʚʝʨʦʷʪʥʦʩʪʠ pk(t). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʷʚʣʝʥʠʝ ʚ ʧʦʪʦʢʝ ʦʯʝʨʝʜʥʦʛʦ ʩʦʙʳʪʠʷ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʯʝʨʝʜʦʚʘʥʠʷ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʤʦʤʝʥʪʫ a ʩʦʙʳʪʠʡ ʠ ʢʘʢ ʜʘʚʥʦ 

ʧʨʦʠʟʦʰʣʦ ʧʦʩʣʝʜʥʝʝ ʠʟ ʥʠʭ. 

ʆʨʜʠʥʘʨʥʦʩʪʴ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ 

ʧʦʪʦʢʝ ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ  ʙʦʣʝʝ ʯʝʤ ʦʜʥʦʛʦ ʩʦʙʳʪʠʷ ʷʚʣʷʝʪʩʷ 

ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʡ ʚʝʣʠʯʠʥʦʡ o(t) ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ ʯʝʤ . 

ʇʨʦʩʪʝʡʰʠʤ ʧʦʪʦʢʦʤ ʦʜʥʦʨʦʜʥʳʭ ʩʦʙʳʪʠʡ ʥʘʟʳʚʘʝʪʩʷ ʚʩʷʢʠʡ 

ʩʪʘʮʠʦʥʘʨʥʳʡ ʦʨʜʠʥʘʨʥʳʡ ʧʦʪʦʢ ʙʝʟ ʧʦʩʣʝʜʝʡʩʪʚʠʷ. ʆʜʥʦʡ ʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʪʦʢʘ ʩʣʫʯʘʡʥʳʭ ʩʦʙʳʪʠʡ ʷʚʣʷʝʪʩʷ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ï ʩʨʝʜʥʝʝ ʯʠʩʣʦ 

ʩʦʙʳʪʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʪʝʦʨʠʠ 

ʧʨʦʩʪʝʡʰʝʛʦ ʧʦʪʦʢʘ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ 

ʩʦʙʳʪʠʡ ʟʘ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ t, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʚ ʢʘʯʝʩʪʚʝ ʩʣʫʯʘʡʥʦʡ 

ʚʝʣʠʯʠʥʳ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʜʘʯʠ ʦʪʳʩʢʘʥʠʷ ʬʫʥʢʮʠʠ pk(t). 

 

 

3.3 ʇʦʪʦʢʠ ʧʘʢʝʪʦʚ ʚ ʤʫʣʴʪʠʩʝʨʚʠʩʥʳʭ ʩʝʪʷʭ 

 

 

ʇʦʪʦʢʠ ʧʘʢʝʪʦʚ (ʪʨʘʬʠʢ) ʚ ʤʫʣʴʪʠʩʝʨʚʠʩʥʳʭ ʧʘʢʝʪʥʳʭ ʩʝʪʷʭ ʩʚʷʟʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʤʦʜʝʣʠ ʧʫʘʩʩʦʥʦʚʩʢʦʛʦ ʧʦʪʦʢʘ, ʦʧʠʩʳʚʘʝʤʦʛʦ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ʤʝʞʜʫ 
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ʤʦʤʝʥʪʘʤʠ ʧʦʩʪʫʧʣʝʥʠʷ ʧʘʢʝʪʦʚ. ɿʜʝʩʴ ʧʦʪʦʢʠ ʧʘʢʝʪʦʚ ʬʦʨʤʠʨʫʶʪʩʷ 

ʤʥʦʞʝʩʪʚʦʤ ʠʩʪʦʯʥʠʢʦʚ ʟʘʧʨʦʩʦʚ ʥʘ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʩʝʪʴʶ ʫʩʣʫʛʠ ʠ 

ʩʝʪʝʚʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʫʩʣʫʛʠ ʧʝʨʝʜʘʯʠ ʚʠʜʝʦ, ʜʘʥʥʳʭ, 

ʨʝʯʠ ʠ ʜʨ.  

ʀʩʪʦʯʥʠʢʠ ʟʘʧʨʦʩʦʚ, ʫʯʘʩʪʚʫʷ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʧʦʪʦʢʘ ʧʘʢʝʪʦʚ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʟʥʘʯʝʥʠʷʤʠ ʫʜʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʥʘʛʨʫʟʢʠ.  

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʛʨʫʟʢʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʪʦʢʘ ʧʘʢʝʪʦʚ ʚ ʢʘʞʜʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʢʘʢʠʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ ʦʙʩʣʫʞʠʚʘʶʪʩʷ 

ʠʩʪʦʯʥʠʢʠ ʟʘʧʨʦʩʦʚ ʠ ʢʘʢʦʚʦ ʩʦʦʪʥʦʰʝʥʠʝ ʠʭ ʯʠʩʣʝʥʥʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ. ʅʘ ʩʪʨʫʢʪʫʨʫ ʪʨʘʬʠʢʘ ʪʘʢʞʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʫʩʣʫʛʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ, ʪʦ 

ʤʦʤʝʥʪʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʘʧʨʦʩʦʚ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʝʘʥʩʦʚ ʩʚʷʟʠ ʩʠʣʴʥʦ 

ʢʦʨʨʝʣʠʨʦʚʘʥʥʳ ʠʣʠ ʝʩʣʠ ʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʦʪʦʢʦʣʘʭ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʚʪʦʨʥʘʷ 

ʧʝʨʝʜʘʯʘ ʥʝʚʝʨʥʦ ʧʨʠʥʷʪʳʭ ʧʘʢʝʪʦʚ. ʀʟ-ʟʘ ʵʪʦʛʦ ʚ ʧʨʦʮʝʩʩʝ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʠʩʭʦʜʥʳʝ ʧʦʪʦʢʠ ʧʨʝʪʝʨʧʝʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʚ ʠʪʦʛʦʚʦʤ ʪʨʘʬʠʢʝ 

ʧʦʷʚʣʷʶʪʩʷ ʜʦʣʛʦʩʨʦʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʧʘʢʝʪʦʚ. 

ɿʥʘʯʠʪ, ʪʨʘʬʠʢ ʫʞʝ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʡ ʩʫʤʤʦʡ ʤʥʦʞʝʩʪʚʘ ʥʝʟʘʚʠʩʠʤʳʭ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʦʨʜʠʥʘʨʥʳʭ ʧʦʪʦʢʦʚ, ʯʪʦ ʩʚʦʡʩʪʚʝʥʥʦ ʧʫʘʩʩʦʥʦʚʩʢʠʤ ʧʦʪʦʢʘʤ 

ʪʝʣʝʬʦʥʥʳʭ ʩʝʪʝʡ ʩʚʷʟʠ. ʇʘʢʝʪʥʳʡ ʪʨʘʬʠʢ ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʨʦʜʥʳʤ, ʘ ʧʦʪʦʢʠ 

ʨʘʟʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʪʨʝʙʫʶʪ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʝʨʝʜʘʯʫ ʧʦʪʦʢʦʚ ʚʩʝʭ ʧʨʠʣʦʞʝʥʠʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʜʠʥʘʷ ʤʫʣʴʪʠʩʝʨʚʠʩʥʘʷ ʩʝʪʴ ʩ ʦʙʱʠʤʠ ʧʨʦʪʦʢʦʣʘʤʠ ʠ ʟʘʢʦʥʘʤʠ 

ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠ ʪʦʤ, ʯʪʦ ʠʩʪʦʯʥʠʢʠ ʢʘʞʜʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʠʤʝʶʪ ʨʘʟʥʳʝ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠʣʠ ʠʟʤʝʥʷʶʪ ʝʝ ʚ ʧʨʦʮʝʩʩʝ ʩʝʘʥʩʘ ʩʚʷʟʠ 

(ʤʘʢʩʠʤʘʣʴʥʘʷ ʠ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʠ). ʀʟ-ʟʘ ʵʪʦʛʦ ʦʙʲʝʜʠʥʝʥʥʦʤʫ ʧʦʪʦʢʫ ʧʘʢʝʪʦʚ 

ʩʚʦʡʩʪʚʝʥʥʘ ʧʘʯʝʯʥʦʩʪʴ (burstness) ʪʨʘʬʠʢʘ ʩʦ ʩʣʫʯʘʡʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʧʠʢʦʚ ʥʘʛʨʫʟʢʠ. 

ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ-ʩʥʠʬʬʝʨ Wireshark ʚ ʪʝʯʝʥʠʝ 4,5 ʯʘʩʦʚ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ (ʠʟʤʝʨʝʥ) ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ.  

ʇʨʦʛʨʘʤʤʘ Wireshark (Ethereal) ï ʧʨʦʛʨʘʤʤʘ-ʘʥʘʣʠʟʘʪʦʨ ʪʨʘʬʠʢʘ ʜʣʷ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ ʠ ʩʣʫʞʠʪ ʜʣʷ ʘʥʘʣʠʟʘ ʩʝʪʝʚʳʭ ʧʘʢʝʪʦʚ ʨʘʟʣʠʯʥʳʭ ʩʝʪʝʡ. 

ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʚʝʩʴ ʧʨʦʭʦʜʷʱʠʡ ʧʦ ʩʝʪʠ ʪʨʘʬʠʢ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʝʨʝʚʦʜʷ ʩʝʪʝʚʫʶ ʢʘʨʪʫ ʚ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʡ 

ʨʝʞʠʤ. ʌʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʫ ʧʨʦʛʨʘʤʤʳ ʩʭʦʞʘ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩ tcpdump, 

ʦʜʥʘʢʦ Wireshark ʠʤʝʝʪ ʛʨʘʬʠʯʝʩʢʠʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʘ ʪʘʢ ʞʝ 

ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ ʬʠʣʴʪʨʘʮʠʠ ʠ ʩʦʨʪʠʨʦʚʢʝ ʠʥʬʦʨʤʘʮʠʠ.  

Wireshark ï ʵʪʦ ʧʨʠʣʦʞʝʥʠʝ ʧʦʥʠʤʘʝʪ ʩʪʨʫʢʪʫʨʫ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ 

ʩʝʪʝʚʳʭ ʧʨʦʪʦʢʦʣʦʚ, ʠ ʧʦʵʪʦʤʫ ʧʦʟʚʦʣʷʝʪ ʨʘʟʦʙʨʘʪʴ ʩʝʪʝʚʦʡ ʧʘʢʝʪ, ʦʪʦʙʨʘʞʘʷ 

ʟʥʘʯʝʥʠʝ ʢʘʞʜʦʛʦ ʧʦʣʷ ʧʨʦʪʦʢʦʣʘ ʣʶʙʦʛʦ ʫʨʦʚʥʷ. Wireshark ʫʤʝʝʪ ʨʘʙʦʪʘʪʴ ʩ 

ʤʥʦʞʝʩʪʚʦʤ ʬʦʨʤʘʪʦʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʦʞʥʦ ʦʪʢʨʳʚʘʪʴ 

ʬʘʡʣʳ ʜʘʥʥʳʭ, ʟʘʭʚʘʯʝʥʥʳʭ ʜʨʫʛʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʭʚʘʪʘ. 



68 

 

ɽʛʦ ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʝʨʝʭʚʘʪʳʚʘʪʴ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ ʠ 

ʦʪʦʙʨʘʞʘʪʴ ʝʛʦ ʚ ʜʝʪʘʣʴʥʦʤ ʚʠʜʝ. Wireshark ʨʘʙʦʪʘʝʪ ʥʘ ʦʩʥʦʚʝ ʙʠʙʣʠʦʪʝʢʠ 

Pcap (Packet Capture) ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʧʨʦʛʨʘʤʤʳ ʘʥʘʣʠʟʘ ʩʝʪʝʚʳʭ ʜʘʥʥʳʭ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʩʝʪʝʚʫʶ ʢʘʨʪʫ ʢʦʤʧʴʶʪʝʨʘ. ʇʨʦʛʨʘʤʤʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʚʝʩʴ ʧʨʦʭʦʜʷʱʠʡ ʧʦ ʩʝʪʠ ʪʨʘʬʠʢ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʩʦʨʪʠʨʦʚʘʪʴ ʝʛʦ ʠ ʬʠʣʴʪʨʦʚʘʪʴ ʜʘʥʥʳʝ. 

ɺ ʪʘʙʣʠʮʝ 3.1 ʧʨʝʜʩʪʘʚʣʝʥ ʬʨʘʛʤʝʥʪ ʠʟʤʝʨʝʥʥʦʛʦ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ. 

 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 3.1 ï ʌʨʘʛʤʝʥʪ ʠʟʤʝʨʝʥʥʦʛʦ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ 

 ̄ ʅʦʤʝʨ ʚ  

ʀʟʤʝʨ.ʪʨʘʬʠʢʝ 

ɺʨʝʤʷ ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʢʝʪʘ 

1 16 0.020687 MPEG PES_video-stream 

2 37 0.047876 MPEG 1 

Audio_Layer_2[Malformed_Packet] 

3 45 0.060576 MPEG PES_video-stream 

4 48 0.069358 MPEG PES_video-stream 

5 52 0.069802 MPEG PES_ 

é é é é 

29162 278506 589.370343 MPEG PES_ 

29163 278553 589.417032 MPEG PES_audio-stream 

 

ʅʘ ʨʠʩʫʥʢʝ 3.1 ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʪʨʘʬʠʢʘ 

ʧʘʢʝʪʥʦʡ ʤʫʣʴʪʠʩʝʨʚʠʩʥʦʡ ʩʝʪʠ ʚ ɸʪʳʨʘʫʩʢʦʤ ʆɼʊ, ʥʘ ʢʦʪʦʨʦʤ ʧʦʢʘʟʘʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʧʘʢʝʪʦʚ ʧʨʦʪʦʢʦʣʘ MPEG ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ (ʦʜʥʘ 

ʤʠʥʫʪʘ) ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʯʝʪʳʨʝ ʯʘʩʘ ʪʨʠʜʮʘʪ ɹʤʠʥʫʪ.  

 

 
 

ʈʠʩʫʥʦʢ 3.1 ï ʏʠʩʣʦ ʧʘʢʝʪʦʚ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ (ʤ) 
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ʕʪʠ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʤʫʣʴʪʠʩʝʨʚʠʩʥʦʛʦ ʪʨʘʬʠʢʘ 

ʭʘʨʘʢʪʝʨʥʘ ʩʠʣʴʥʘʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʧʘʢʝʪʦʚ 

(ʥʘʠʙʦʣʴʰʠʡ ʚʳʙʨʦʩ ʨʘʚʝʥ 205 ʧʘʢʝʪʦʚ, ʥʘʠʤʝʥʴʰʠʡ ï 36). ɺʩʝʛʦ ʠʟʤʝʨʝʥʦ 

25750 ʧʘʢʝʪʦʚ ʧʨʦʪʦʢʦʣʘ MPEG. ʇʘʢʝʪʳ ʥʝ ʧʣʘʚʥʦ ʨʘʩʩʨʝʜʦʪʦʯʝʥʳ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʠʥʪʝʨʚʘʣʘʤ ʚʨʝʤʝʥʠ, ʘ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ çʧʘʯʢʠè ʚ ʦʜʥʠʭ 

ʠʥʪʝʨʚʘʣʘʭ, ʠʣʠ ʠʭ ʦʯʝʥʴ ʤʘʣʦ ʚ ʠʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ. ʀʟ-ʟʘ ʵʪʦʛʦ ʚ 

ʧʘʯʝʯʥʦʤ ʪʨʘʬʠʢʝ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʤ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʧʘʢʝʪʦʚ (ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʬʠʢʘ) ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʚʳʙʨʦʩʦʚ. ɻʝʥʝʨʠʨʦʚʘʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩ ʧʦʤʦʱʴʶ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ɺ(t). 

ʇʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ ʩʝʘʥʩʘ 

ʩʚʷʟʠ ʊʩ. ʉʪʦʭʘʩʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ITU-ʊ 1.311 ʤʘʢʩʠʤʘʣʴʥʦʡ 

(ʧʠʢʦʚʦʡ) ʙʠʪʦʚʦʡ ʩʢʦʨʦʩʪʴʶ: 

  

().max tBBp =      (3.1) 

 

ʉʨʝʜʥʷʷ ʙʠʪʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ: 

 

().
1

0

ñ=
cT

c

m dttB
T

B      (3.2) 

 

ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ ʠ ʧʠʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 

ʦʧʨʝʜʝʣʷʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʧʘʯʝʯʥʦʩʪʠ: 

 

.
m

p

B

B
K =      (3.3) 

 

ʉʨʝʜʥʷʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʠʢʘ Űʧ ʦʧʨʝʜʝʣʷʝʪ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʥʝʧʨʝʨʳʚʥʦʡ 

ʧʝʨʝʜʘʯʠ ʧʦ ʧʠʢʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʩʝʘʥʩʘ ʩʚʷʟʠ. 

 

 

3.4 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ 

 

 

ʇʦʢʘʟʘʪʝʣʠ QoS ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʤʫʣʴʪʠʩʝʨʚʠʩʥʦʡ ʩʝʪʠ.  

ʉʝʛʦʜʥʷ IP-ʪʝʣʝʬʦʥʠʷ ʠʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʫʩʣʫʛʠ ʩʪʘʣʘ ʦʩʥʦʚʥʦʡ ʠ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʠʜʝʦʚʳʟʦʚʳ, ʤʥʦʛʦʪʦʯʝʯʥʳʝ ʢʦʥʬʝʨʝʥʮʠʠ ʨʘʟʥʦʛʦ ʪʠʧʘ 

(ʚʠʜʝʦ, ʘʫʜʠʦ, Web), ʧʝʨʝʜʘʯʫ ʩʦʦʙʱʝʥʠʡ, ʜʦʢʫʤʝʥʪʦʚ, ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʥʦʩʪʠ 

ʘʙʦʥʝʥʪʦʚ, ʨʦʫʤʠʥʛ ʠ ʜʨ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʝʭʥʦʣʦʛʠʷ IPTV, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ 

ʩʦʙʦʡ ʪʝʭʥʦʣʦʛʠʶ ʜʦʩʪʘʚʢʠ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʫʩʣʫʛ (ʊɺ, ʘʫʜʠʦ/ʚʠʜʝʦ, ʪʝʢʩʪ, 
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ʜʘʥʥʳʝ, ʛʨʘʬʠʢʘ) ʨʘʟʚʠʚʘʝʪʩʷ ʥʘ ʙʘʟʝ ʩʝʪʝʡ IP ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ ʠ ʚ 

ʨʝʞʠʤʝ ʚʝʱʘʥʠʷ. 

ʂʘʞʜʳʡ ʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʝʨʚʠʩʦʚ ʚʳʜʚʠʛʘʝʪ ʩʚʦʠ ʪʨʝʙʦʚʘʥʠʷ ʢ QoS 

ʠ ʢ ʢʘʥʘʣʫ ʩʚʷʟʠ ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ 

ʧʨʦʜʦʣʞʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ 

ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʩʝʨʚʠʩʘ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʤ ʫʩʣʫʛʘʤ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʥʘ ʧʘʢʝʪʥʦʤ ʫʨʦʚʥʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʧʝʮʠʬʠʯʝʩʢʫʶ 

ʧʨʠʨʦʜʫ ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʷʭ, ʥʝ ʫʢʣʘʜʳʚʘʶʱʫʶʩʷ ʚ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʨʘʤʢʠ ʠʟʚʝʩʪʥʳʭ ʩʣʫʯʘʡʥʳʭ ʤʦʜʝʣʝʡ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩ ʮʝʣʴʶ 

ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʩʣʦʞʥʳʭ ʩʝʪʝʚʳʭ ʧʨʦʮʝʩʩʦʚ. ʍʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʧʘʢʝʪʥʳʤ ʪʨʘʬʠʢʦʤ ʷʚʣʷʶʪʩʷ ʦʙʥʘʨʫʞʝʥʥʳʝ ʥʘ ʧʨʘʢʪʠʢʝ ʩʚʦʡʩʪʚʘ 

ʩʘʤʦʧʦʜʦʙʠʷ ʠʣʠ ʤʘʩʰʪʘʙʥʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʕʪʠ ʩʚʦʡʩʪʚʘ ʩʚʷʟʳʚʘʶʪ ʩ ʦʩʦʙʳʤ ʢʣʘʩʩʦʤ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ï 

ʬʨʘʢʪʘʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ [37]. 

ɺ ʩʘʤʦʧʦʜʦʙʥʦʤ ʪʨʘʬʠʢʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʦʩʪʘʪʦʯʥʦ 

ʩʠʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʥʘ ʬʦʥʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʥʠʟʢʦʛʦ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʜʝʨʞʢʠ ʠ ʜʞʠʪʪʝʨ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 

ʩʘʤʦʧʦʜʦʙʥʦʛʦ ʪʨʘʬʠʢʘ ʯʝʨʝʟ ʩʝʪʴ, ʜʘʞʝ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʩʨʝʜʥʷʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʬʠʢʘ ʥʘʤʥʦʛʦ ʥʠʞʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʜʦʩʪʠʞʠʤʦʡ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʜʘʯʠ ʚ ʜʘʥʥʦʤ ʢʘʥʘʣʝ. ʇʘʢʝʪʠʟʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʠʟ-ʟʘ ʠʭ ʧʘʯʝʯʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʠ ʥʝʣʠʥʝʡʥʦʡ ʧʨʠʨʦʜʳ ʪʨʫʜʥʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʝʜʩʢʘʟʘʥʠʷ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʪʨʘʬʠʢʘ ʚʦ ʚʩʝʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʩʪʨʘʪʝʛʠʡ ʧʦ ʢʘʯʝʩʪʚʫ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʴʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʷʚʠʣʘʩʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʘʚʥʝʥʠʷ ʨʘʥʝʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʟʤʝʨʝʥʠʷʭ ʨʝʘʣʴʥʦʛʦ ʪʨʘʬʠʢʘ.  

ɸʥʘʣʠʟ ʬʨʘʢʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ [38]. ʆʙʲʝʤʳ ʩʦʦʙʱʝʥʠʡ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʘʭ ʦʙʨʘʟʫʶʪ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ. ɺʨʝʤʝʥʥʦʡ ʨʷʜ (ʣʘʛ) 

ï ʨʘʟʨʳʚ ʚʦ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʜʚʫʤʷ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʩʦʙʳʪʠʷʤʠ, 

ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʦʡ ʩʚʷʟʠ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʩʝʛʦʜʥʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʦʨʠʷ 

ʬʨʘʢʪʘʣʦʚ. 

ʀʤʝʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ: 

- ʤʝʪʦʜ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ; 

- ʤʝʪʦʜ DFA (Detrended Fluctuation Analysis) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʚʳʷʚʣʝʥʠʶ ʩʘʤʦʧʦʜʦʙʠʷ; 

- ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ; 

- ʬʘʢʪʦʨ ʌʘʥʦ ʠ ʜʨʫʛʠʝ. 
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3.5 ʆʮʝʥʢʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ 

 

 

ʆʩʫʱʝʩʪʚʠʤ ʦʮʝʥʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʘʢʝʪʦʚ ʧʨʦʪʦʢʦʣʘ MPEG.  

ʈʘʩʩʯʠʪʘʝʤ ʠʥʪʝʨʚʘʣʳ ʤʝʞʜʫ ʧʦʩʪʫʧʣʝʥʠʷʤʠ ʧʘʢʝʪʦʚ. ɺ ʪʘʙʣʠʮʝ 3.2 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʨʘʩʯʝʪʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʧʘʢʝʪʘʤʠ. 

 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 3.2 ï ʀʥʪʝʨʚʘʣʳ ʤʝʞʜʫ ʧʘʢʝʪʘʤʠ ʧʨʦʪʦʢʦʣʘ MPEG 

 ̄ ʀʥʪʝʨʚʘʣ  ̄ ʀʥʪʝʨʚʘʣ  ̄ ʀʥʪʝʨʚʘʣ  ̄ ʀʥʪʝʨʚʘʣ 

1 0,027189 6 0,008155 11 0,016522 16 0,002534 

2 0,0127 7 0,000518 12 0,018248 17 0,00172 

3 0,008782 8 0,00167 13 0,013483 18 0,031059 

4 0,000444 9 0,022147 14 0,01122 19 0,002476 

5 0,017953 10 0,013131 15 0,010419 20 0,014141 

 

ʅʘ ʨʠʩʫʥʢʝ 3.2 ʧʨʝʜʩʪʘʚʣʝʥ ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʨʚʘʣʦʚ 

ʤʝʞʜʫ ʧʘʢʝʪʘʤʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʦʤʝʨ ʧʘʢʝʪʘ.  

 

 
 

ʈʠʩʫʥʦʢ 3.2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʧʘʢʝʪʘʤʠ ʦʪ ʠʭ ʢʦʣʠʯʝʩʪʚʘ 

 

ʀʟ ʨʠʩʫʥʢʘ 3.2 ʚʠʜʥʦ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʠʥʪʝʨʚʘʣʘʤʠ ʠʤʝʶʪʩʷ ʠ ʙʦʣʴʰʠʝ ʠʥʪʝʨʚʘʣʳ ʤʝʞʜʫ ʧʘʢʝʪʘʤʠ. ʇʦʪʦʢ ʧʘʢʝʪʦʚ 

ʠʤʝʝʪ ʩʛʫʩʪʢʠ (ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʨʦʚʥʝʤ ʧʘʯʝʯʥʦʩʪʠ). 

ɺʳʯʠʩʣʠʤ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ, ʜʠʩʧʝʨʩʠʠ, 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʧʦ ʬʦʨʤʫʣʘʤ [39] 

 

.
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ɼʣʷ ʧʨʦʩʪʝʡʰʝʛʦ ʧʦʪʦʢʘ ʭʘʨʘʢʪʝʨʥʦ ʩʣʝʜʫʶʱʝʝ: 1. v,
1

 ,
1

ʠʥʪ ===
l

t
l

s  

ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʦʪʨʘʞʘʶʱʘʷ ʩʪʝʧʝʥʴ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʷʚʦʢ. 

ɺʝʨʦʷʪʥʦʩʪʥʦ-ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ 

ʤʝʞʜʫ ʧʘʢʝʪʘʤʠ MPEG ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ: 

- ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʨʘʚʥʦ ʟʥʘʯʝʥʠʶ 0,0229; 

- ʜʠʩʧʝʨʩʠʷ ʨʘʚʥʦ ʟʥʘʯʝʥʠʶ 0,189; 

- ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʘʚʥʦ ʟʥʘʯʝʥʠʶï 0,4347. 

ɸʥʘʣʠʟ ʚʳʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʝ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ, ʪʘʢ ʢʘʢ ʟʥʘʯʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʠ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʥʝ ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. 

 

 

3.6 ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʨʘʬʠʢʘ ʥʘ ʩʘʤʦʧʦʜʦʙʠʝ ʤʝʪʦʜʦʤ ʘʛʨʝʛʠʨʦʚʘʥʠʷ 

 

 

ɺ [40] ʦʧʠʩʘʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʢʣʘʩʩʘ ʬʨʘʢʪʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ: 

- ʪʦʯʥʦ ʩʘʤʦʧʦʜʦʙʥʳʝ; 

- ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʩʘʤʦʧʦʜʦʙʥʳʝ ʧʨʦʮʝʩʩ.r  

ʇʨʦʮʝʩʩ ʍ ʥʘʟʳʚʘʝʪʩʷ ʪʦʯʥʦ ʩʘʤʦʧʦʜʦʙʥʳʤ ʩ ʧʘʨʘʤʝʪʨʦʤ ( )10 <<bb , 

ʝʩʣʠ ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ: 

 

,
bm

D
Dm =      (3.8) 

 

ʛʜʝ D - ʜʠʩʧʝʨʩʠʷ ʧʨʦʮʝʩʩʘ ʍ. 

      Dm - ʜʠʩʧʝʨʩʠʷ ʧʨʦʮʝʩʩʘ ʍ
(m)
, ʧʦʣʫʯʝʥʥʦʛʦ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ 

              ʰʢʘʣʳ ʥʘʙʣʶʜʝʥʠʡ ʍ ʚ m ʨʘʟ. 

ɸʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ ʚʩʝʭ ʤʘʩʰʪʘʙʘʭ: 

 
()( ) ( )XkRXkR m ,, = .     (3.9) 

 

ʇʨʦʮʝʩʩ ʍ ʥʘʟʳʚʘʝʪʩʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʩʘʤʦʧʦʜʦʙʥʳʤ ʝʩʣʠ ʜʣʷ ʙʦʣʴʰʠʭ 

k ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ 
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- ,
bm

D
Dm =  ʧʦʣʫʯʝʥʥʦʛʦ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ ʰʢʘʣʳ ʥʘʙʣʶʜʝʥʠʡ ʍ ʚ m 

ʨʘʟ. ʇʘʨʘʤʝʪʨ b ʩʚʷʟʘʥ ʩ ʧʘʨʘʤʝʪʨʦʤ ʍʸʨʩʪʘ ʅ ʩʦʦʪʥʦʰʝʥʠʝʤ 

 

( )H-= 12b .      (3.10) 

 

ɸʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ ¤­m : 

 
()( ) ( )XkRXkR m ,, ­ .     (3.11) 

 

ʅʘʠʙʦʣʝʝ ʪʦʯʥʳʤ ʩʚʦʡʩʪʚʦʤ ʩʘʤʦʧʦʜʦʙʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ɸʂʌ ʥʝ ʚʳʨʦʞʜʘʝʪʩʷ ʧʨʠ ¤­m , ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʛʜʝ 

( ) 0, ­XkR  ʧʨʠ ¤­m . 

ʆʩʫʱʝʩʪʚʠʤ ʧʨʦʮʝʜʫʨʫ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʨʦʤʝʞʫʪʢʦʚ ʤʝʞʜʫ 

ʧʦʩʪʫʧʣʝʥʠʷʤʠ ʧʘʢʝʪʦʚ MPEG ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʚʠʟʫʘʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʩʘʤʦʧʦʜʦʙʠʷ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ.  

ʅʘ ʨʠʩʫʥʢʝ 3.3 ʧʦʢʘʟʘʥ ʘʛʨʝʛʠʨʦʚʘʥʥʳʡ ʨʷʜ, ʚʳʧʦʣʥʝʥʥʳʡ ʧʫʪʝʤ 

ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʘ ʰʢʘʣʳ ʥʘʙʣʶʜʝʥʠʡ ʚ ʜʚʘ ʨʘʟʘ. 

 

 
 

ʈʠʩʫʥʦʢ 3.3 ï ɻʨʘʬʠʢ ʘʛʨʝʛʠʨʦʚʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ m=2 

 

ʅʘ ʨʠʩʫʥʢʝ 3.4 ʧʦʢʘʟʘʥ ʘʛʨʝʛʠʨʦʚʘʥʥʳʡ ʨʷʜ, ʚʳʧʦʣʥʝʥʥʳʡ ʧʫʪʝʤ 

ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʘ ʰʢʘʣʳ ʥʘʙʣʶʜʝʥʠʡ ʚ ʯʝʪʳʨʝ ʨʘʟʘ. 
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