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ɸʅʆʊɸʎɯʗ 

 

ʃ̒ʚ̒ʥʙʝʨʛ ɭ.ɺ. ʆʮʽʥʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ 

ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

(ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ) ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 05.12.02 ï ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ 

ʤʝʨʝʞʽ (172 ï ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʨʘʜʽʦʪʝʭʥʽʢʘ). ï ʆʜʝʩʴʢʘ ʥʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ 

ʟʚôʷʟʢʫ ʽʤ. ʆ.ʉ. ʇʦʧʦʚʘ ʄʽʥʽʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʦʩʚʽʪʠ ʋʢʨʘʾʥʠ, ʆʜʝʩʘ, 2019. 

ɼʠʩʝʨʪʘʮʽʷ ʧʨʠʩʚʷʯʝʥʘ ʚʠʨʽʰʝʥʥʶ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʟʘʜʘʯʽ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ 

ʪʨʘʬʽʢʘ ʤʫʣʴʪʠʩʝʨʚʽʩʥʦʾ ʤʝʨʝʞʽ ʟʚôʷʟʢʫ. ʈʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ ʻ ʫʜʦʩʢʦʥʘʣʝʥʽ 

ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʧʘʢʝʪʥʦʛʦ ʪʨʘʬʽʢʘ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʷʢʦʩʪʽ ʡʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʦʚʽʨʥʠʡ ʘʥʘʣʽʟ ʽ ʩʠʥʪʝʟ 

ʩʫʯʘʩʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟ ʧʘʢʝʪʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʧʝʨʝʜʘʚʘʥʥʷ ʡ 

ʢʦʤʫʪʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʩʪʫʧʝʥʷ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʧʘʢʝʪʥʦʛʦ 

ʪʨʘʬʽʢʘ ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʟ ʡʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʡʤʦʚʽʨʥʽʩʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʤʽʞ ʧʘʢʝʪʘʤʠ ʧʦʪʦʢʫ ʟʘ 

ʟʘʢʦʥʘʤʠ ʇʘʨʝʪʦ ʘʙʦ ɺʝʡʙʫʣʣʘ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʣʷ 

ʮʴʦʛʦ ʥʝ ʣʽʥʽʡʥʦʛʦ ʟʘʢʦʥʫ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʚʽʜ ʧʘʨʘʤʝʪʨʘ a ʬʦʨʤʠ 

ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʙʽʣʴʰ ʪʦʯʥʠʭ ʘʧʨʦʢʩʠʤʘʮʽʡ ʮʽʻʾ 

ʟʘʣʝʞʥʦʩʪʽ ʧʨʠ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʘ ʨʦʟʧʦʜʽʣʫ ʚ ʤʝʞʘʭ: a = 1é2 ʜʣʷ ʚʠʧʘʜʢʫ 

ʨʦʟʧʦʜʽʣʫ ʇʘʨʝʪʦ ʪʘ a = 0é1 ʜʣʷ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʣʘ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʥʠʞʫʻ 

ʧʦʭʠʙʢʫ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ H ʟ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 45 % ʜʦ 3 %. 

ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʚ ʦʜʥʦʢʘʥʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʟ ʥʝʩʢʽʥʯʝʥʥʦʶ ʯʝʨʛʦʶ ʰʣʷʭʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʮʴʦʛʦ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ 

ʚʽʜʧʦʚʽʜʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʚʽʜ ʧʘʨʘʤʝʪʨʘ ʬʦʨʤʠ 

ʨʦʟʧʦʜʽʣʫ ʇʘʨʝʪʦ ʘʙʦ ɺʝʡʙʫʣʣʘ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻ ʧʦʭʠʙʢʫ 
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ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʚʝʣʠʢʠʭ 

ʟʥʘʯʝʥʥʷʭ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ  ʩʠʩʪʝʤʠ ɟ > 0,8 ʘʙʦ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʥʷʭ ʧʦʢʘʟʥʠʢʘ 

ʍʝʨʩʪʘ H > 0,75 (ʪʠʤ ʧʘʯʝ ʦʜʥʦʯʘʩʥʦ) ʮʷ ʪʦʯʥʽʩʪʴ ʧʦʢʨʘʱʫʻʪʴʩʷ ʥʘ ʧʦʨʷʜʦʢ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ. 

ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʧʨʦʢʩʠʤʘʮʽ ʁ ʽʤʦʚʽʨʥʽʩʥʦ ʾ ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ 

ʩʪʘʥʽʚ ʦʜʥʦʢʘʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʥʝʩʢʽʥʯʝʥʥʦʶ ʯʝʨʛʦʶ ʟʘ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ, 

ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʮʷ ʬʫʥʢʮʽʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʦʤʝʥʪʽʚ ʥʘʜʭʦʜʞʝʥʥʷ ʜʦ 

ʩʠʩʪʝʤʠ ʧʘʢʝʪʽʚ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ. ʇʨʠ ʮʴʦʤʫ ʘʧʨʦʢʩʠʤʘʮʽʷ ʧʦʜʽʙʥʘ ʜʦ 

ʝʢʩʧʦʥʝʥʪʥʦʾ ʬʫʥʢʮʽʾ ʟ ʧʘʨʘʤʝʪʨʦʤ ʨʦʟʧʦʜʽʣʫ ɟ / N. 

ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʽʤʦʚʽʨʥʦʩʪʽ ʟʘʪʨʠʤʢʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ 

ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ ʟʘʪʨʠʤʢʠ ʧʘʢʝʪʽʚ ʫ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʤʫ ʙʫʬʝʨʽ ʦʜʥʦʢʘʥʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʟ ʥʝʩʢʽʥʯʝʥʥʦʶ ʯʝʨʛʦʶ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʮʴʦʛʦ ʥʦʚʦʾ 

ʘʧʨʦʢʩʠʤʫʶʯʦʾ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ, ʷʢʘ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʦʤʝʥʪʽʚ 

ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʘ ʤʝʨʝʞʘ, ʤʦʜʝʣʴ ʩʘʤʦʧʦʜʽʙʥʦʛʦ 

ʪʨʘʬʽʢ, ʧʦʢʘʟʥʠʢ ʍʝʨʩʪʘ, ʦʮʽʥʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, QoS.  
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The thesis is devoted to solving scientific and practical problem ï increasing 

the calculation accuracy of the service quality characteristics of self-similar traffic in 
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the multiservice communication network. The work results are improved methods of 

evaluation the degree of packet traffic self-similarity and service quality 

characteristics, which provide reliable analysis and synthesis of modern 

telecommunication systems with packet technology transmission and switching 

information. 

The calculating method of the packet traffic self-similarity degree is improved 

by calculating the Hurst exponent from traffic mathematical model, which is 

represented by the probabilistic distribution of the time interval between the flow 

packets according to the laws of Pareto or Weibull. The improvement is to use for 

this not the linear law of the Hurst exponent dependence on the parameter a of the 

probabilistic distribution, but the proposed more accurate approximations of this 

dependence when changing the distribution parameter within the limits: a = 1...2 for 

the Pareto distribution and a = 0...1 for the distribution Weibull. This approach 

reduces the error of calculating the Hurst exponent H from the maximum values 45 % 

to 3%. 

The calculating method of the service quality characteristics a self-similar 

traffic in a one-channel system with infinite queue is improve by using the Hurst 

exponent values, which is determined from the corresponding approximation of the 

Hurst exponent depended on the shape parameter of distribution Pareto or Weibull. 

Such an approach significantly reduces the error in the calculation of service quality 

characteristics and, for example, with high values of the load of the system ɟ > 0,8 or 

the large values of the Hurst exponent H > 0,75 (more so simultaneously), this 

accuracy improves by an order of magnitude compared with the use of known 

methods. 

For the first time, of probabilistic state distribution function approximation of a 

one-channel system with an infinite queue for self-similar traffic are proposed for the 

case where this function does not depend on the moments of arrival packet in the 

system. In this case, the approximation is like the exponential function with the 

distribution parameter of ɟ / N. 
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The calculating method of the service delay probability and the average delay 

time of packets in the buffer of a one-channel system with an infinite queue is 

improved by using a new approximating distribution function of the system states 

that does not depend on the packets arrival. 

Keywords: telecommunication network, self-similar traffic model, Hurst 

exponent, evaluation of service quality characteristics, QoS. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

 

a ï ʧʘʨʘʤʝʪʨ ʬʦʨʤʠ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʨʦʟʧʦʜʽʣʫ (shape parameter) 

H ï ʧʦʢʘʟʥʠʢ ʍʝʨʩʪʘ (ʢʦʝʬʽʮʽʻʥʪ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ) 

pk ï ʨʦʟʧʦʜʽʣ ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ ʫ ʩʠʩʪʝʤʽ, ʥʝ ʟʘʣʝʞʥʠʡ ʚʽʜ ʾʭ ʧʨʠʭʦʜʫ 

rk ï ʨʦʟʧʦʜʽʣ ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ ʫ ʩʠʩʪʝʤʽ, ʟʘʣʝʞʥʠʡ ʚʽʜ ʾʭ ʧʨʠʭʦʜʫ 

Pw ï ʽʤʦʚʽʨʥʽʩʪʴ ʦʯʽʢʫʚʘʥʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʽʚ 

Pɺ ï ʽʤʦʚʽʨʥʽʩʪʴ ʚʪʨʘʪʠ (ʙʣʦʢʫʚʘʥʥʷ) ʧʘʢʝʪʽʚ 

Pʟʥ ï ʽʤʦʚʽʨʥʽʩʪʴ ʟʘʡʥʷʪʦʩʪʽ ʩʠʩʪʝʤʠ (ʢʘʥʘʣʠ ʡ ʤʽʩʮʷ ʚ ʯʝʨʟʽ) 

N ï ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʫ ʩʠʩʪʝʤʽ  

T ï ʩʝʨʝʜʥʷ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʙʫʚʘʥʥʷ ʧʘʢʝʪʽʚ ʫ ʩʠʩʪʝʤʽ 

Q ï ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʫ ʯʝʨʟʽ 

tq ï ʩʝʨʝʜʥʷ ʪʨʠʚʘʣʽʩʪʴ ʦʯʽʢʫʚʘʥʥʷ ʧʘʢʝʪʽʚ ʫ ʯʝʨʟʽ 

W ï ʩʝʨʝʜʥʷ ʪʨʠʚʘʣʽʩʪʴ ʦʯʽʢʫʚʘʥʥʷ ʧʘʢʝʪʽʚ ʫ ʩʠʩʪʝʤʽ 

S ï ʧʽʢʬʘʢʪʦʨ ʪʨʘʬʽʢʘ (ʢʦʝʬʽʮʽʻʥʪ ʩʢʫʧʯʝʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ) 

z ï ʪʨʠʚʘʣʽʩʪʴ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʤʽʞ ʧʘʢʝʪʘʤʠ 

vz ï ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʤʽʞ ʧʘʢʝʪʘʤʠ 

ɚ ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʪʦʢʫ ʧʘʢʝʪʽʚ 

ɛ ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʤʦʛ 

ɟ ï ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʩʠʩʪʝʤʠ (ʽʥʪʝʥʩʠʚʥʽʩʪʴ, utilization factor) 

k ï ʩʪʘʥ ʩʠʩʪʝʤʠ (ʢʽʣʴʢʽʩʪʴ ʟʘʡʥʷʪʠʭ ʩʝʨʚʝʨʽʚ) 

m ï ʢʽʣʴʢʽʩʪʴ ʩʝʨʚʝʨʽʚ ʩʠʩʪʝʤʠ 

r ï ʢʽʣʴʢʽʩʪʴ ʤʽʩʮʴ ʦʯʽʢʫʚʘʥʥʷ ʚ ʯʝʨʟʽ 

x ï ʪʨʠʚʘʣʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʤʦʛʠ 

Pk ï ʽʤʦʚʽʨʥʽʩʪʴ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʚ ʨʘʟʽ ʟʘʡʥʷʪʦʩʪʽ k ʩʝʨʚʝʨʽʚ 

Y ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʩʣʫʞʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ȿ ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʭʽʜʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

D ï ʜʠʩʧʝʨʩʽʷ ʽʥʪʝʥʩʠʚʥʦʩʪ̔ ʚʭʽʜʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

  



11 

ATM ï Asynchronous Transfer Mode (ʘʩʠʥʭʨʦʥʥʠʡ ʨʝʞʠʤ ʧʝʨʝʥʦʩʫ) 

GoS ï Grade of Service (ʜʦʩʷʛʥʫʪʠʡ ʨʽʚʝʥʴ ʷʢʦʩʪʽ) 

MOS ï Mean Opinion Score 

ʄʈLS ï Multi -Protocol Label Switching  

PSQM ï ʘʣʛʦʨʠʪʤ ʤʦʥʽʪʦʨʠʥʛʫ ʜʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʤʦʚʥʦʛʦ ʟʚ'ʷʟʢʫ 

PEVQ ï ʦʮʽʥʢʘ ʩʧʨʠʡʥʷʪʪʷ ʷʢʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ ʚʽʜʝʦ 

PEAQ ï ʦʮʽʥʢʘ ʩʧʨʠʡʥʷʪʪʷ ʷʢʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ ʘʫʜʽʦ 

PESQ ï ʦʮʽʥʢʘ ʩʧʨʠʡʥʷʪʪʷ ʷʢʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ ʤʦʚʣʝʥʥʷ 

IntServ ï Integrated Service (ʽʥʪʝʛʨʦʚʘʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ) 

DiffServ ï Differentiated Service (ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ) 

QoE ï Quality of Experience (ʷʢ̔ʩʪɹ ʩʧʨʠʡʥʷʪʪʷ ʧʦʩʣʫʛ) 

QoS ï Quality of Service (ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ) 

fBM ï fractional Brownian motion, ʤʦʜʝʣʴ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ 

FIFO  ï First in  first out (ʧʝʨʰʠʡ ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ ʧʝʨʰʠʤ) 

IP ï Internet Protocol (ɯʥʪʝʨʥʝʪ ʧʨʦʪʦʢʦʣ) 

NGN ï Next Generation Network (ʤʝʨʝʞ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ) 

OSI ï Open System Interconnection (ʚʟʘʻʤʦʜʽʷ ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤ) 

RED ï Random Early Detection, ʚʠʧʘʜʢʦʚʝ ʨʘʥʥʻ ʚʠʷʚʣʝʥʥʷ 

REM ï Random Exponentially Marking, ʚʠʧʘʜʢʦʚʝ ʝʢʩʧʦʥʝʥʪʥʝ ʤʘʨʢʫʚʘʥʥʷ 

DBR ï Deterministic Bit Rate (ʜʝʪʝʨʤʽʥʦʚʘʥʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ) 

SBR ï Statistic Bit Rate (ʩʪʘʪʠʩʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ) 

TCP ï Transmission Control Protocol, ʧʨʦʪʦʢʦʣ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʜʘʯʝʶ 

TE ï Traffic Engineering (ʽʥʞʽʥʽʨʽʥʛ ʪʨʘʬʽʢʘ) 

ɺɺʉ ï ʚʟʘʻʤʦʜʽʾ ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤ ʝʪʘʣʦʥʥʘ ʤʦʜʝʣʴ 

ʉʈɯ ï ʩʠʩʪʝʤʘ ʨʦʟʧʦʜʽʣʫ ʽʥʬʦʨʤʘʮʽʾ 

ʉʄʆ ï ʩʠʩʪʝʤʘ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 
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ɺʉʊʋʇ 

 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ɼʣʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ ʦʮʽʥʢʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS) ʪʨʘʬʽʢʘ ʻ ʦʜʥʽʻʶ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ 

ʥʘʫʢʦʚʠʭ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʘ ʟʘʚʞʜʠ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʦʧʠʩʫ ʨʝʘʢʮʽʾ ʩʠʩʪʝʤʠ ʥʘ ʚʭʽʜʥʽ ʧʦʪʦʢʠ ʟʘʷʚʦʢ ʪʨʘʬʽʢʘ. ʋ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ 

ʤʝʨʝʞʘʭ ʟ ʧʘʢʝʪʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʧʝʨʝʜʘʚʘʥʥʷ ʡ ʢʦʤʫʪʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ 

ʧʘʢʝʪʥʦʤʫ ʪʨʘʬʽʢʫ ʧʨʠʪʘʤʘʥʥʽ çʧʘʯʢʫʚʘʥʥʷè (burstiness) ʧʘʢʝʪʽʚ ʪʘ ʟʥʘʯʥʦ 

ʙʽʣʴʰʠʡ ʨʽʚʝʥʴ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ, ʥʽʞ ʮʝ 

ʧʝʨʝʜʙʘʯʝʥʦ ʢʣʘʩʠʯʥʦʶ ʤʦʜʝʣʣʶ ʧʫʘʩʩʦʥʽʚʩʴʢʦʛʦ ʧʦʪʦʢʫ. ɺʠʟʥʘʯʝʥʦ, ʱʦ 

ʧʘʢʝʪʥʠʡ ʪʨʘʬʽʢ ï ʮʝ ʬʨʘʢʪʘʣʴʥʠʡ ʧʨʦʮʝʩ ʟ ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ 

ʧʝʚʥʠʤ ʟʥʘʯʝʥʥʷʤ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ. ɸʣʝ ʜʣʷ ʪʘʢʦʾ ʤʦʜʝʣʽ ʪʨʘʬʽʢʘ ʱʝ ʥʝ ʽʩʥʫʻ 

ʥʘʣʝʞʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʽ ʯʘʩʪʦ ʥʘ ʧʨʘʢʪʠʮʽ ʦʮʽʥʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞ ʟʚôʷʟʢʫ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʙʣʠʞʝʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʪʘ ʟʘʩʦʙʘʤʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʄʦʜʝʣʴ ʩʘʤʦʧʦʜʽʙʥʦʛʦ (self-similar) ʪʨʘʬʽʢʘ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 

ʧʘʢʝʪʥʠʭ ʤʝʨʝʞ ʟʚôʷʟʢʫ, ʦʜʥʘʢ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʮʽʥʦʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʽʩʥʫʶʯʠʤʠ ʤʝʪʦʜʘʤʠ ʻ ʩʫʤʥʽʚʥʦʶ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ, 

ʥʘʧʨʠʢʣʘʜ, ʥʘʙʣʠʞʝʥʽ ʦʮʽʥʢʠ ʅʦʨʨʦʩʘ ʩʠʣʴʥʦ ʟʘʚʠʱʝʥʽ. ʆʜʥʽʻʶ ʟ ʧʨʠʯʠʥ ʮʴʦʛʦ 

ʻ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ, ʥʘ ʷʢʦʤʫ ʡ ʦʩʥʦʚʘʥʘ ʬʦʨʤʫʣʘ 

ʅʦʨʨʦʩʘ, ʨʝʘʣʴʥʦʤʫ ʢʦʝʬʽʮʽʻʥʪʫ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʪʨʘʬʽʢʘ. ʆʪʞʝ ʧʽʜʚʠʱʠʪʠ 

ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS ʧʘʢʝʪʥʦʛʦ ʪʨʘʬʽʢʘ ʤʦʞʥʘ ʰʣʷʭʦʤ 

ʦʪʨʠʤʘʥʥʷ ʫʪʦʯʥʝʥʦʾ ʬʦʨʤʫʣʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ 

(ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ  ʤʦʜʝʣʽ 

ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ, ʪʦʙʪʦ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʬʽʢʘ.  

ɼʦʩʣʽʜʞʝʥʥʶ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʪʘ ʦʮʽʥʮʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʧʨʠʜʽʣʝʥʦ ʙʘʛʘʪʦ ʫʚʘʛʠ ʽ ʮʠʤʠ 

ʧʠʪʘʥʥʷʤʠ ʟʘʡʤʘʣʠʩʴ ʪʘʢʽ ʚʯʝʥʽ, ʷʢ ɼ.ɺ. ɸʛʝʻʚ, ɻ.ɸ. ʂʫʯʫʢ, ɸ.ɻ. ʃʦʞʢʦʚʩʴʢʠʡ 

ʪʘ ʽʥ. ʉʝʨʝʜ ʟʘʢʦʨʜʦʥʥʠʭ ʚʯʝʥʠʭ, ʱʦ ʚʠʚʯʘʣʠ ʮʶ ʧʨʦʙʣʝʤʫ, ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ: 
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I. Norros, W.E. Leland, M.S. Taqqu, W. Willinger, D.V. Wilson, ɺ.ɺ. ʇʝʪʨʦʚ, 

ʆ.ɯ. ʐʝʣʫʭʽʥ, ʉ.ɺ. ɯʣʴʥʠʮʴʢʠʡ, ɸ.ɯ. ʂʦʩʪʨʦʤʽʪʩʴʢʠʡ ʪʘ ʽʥ. 

ʗʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʨʘʬʽʢʘ ʧʘʢʝʪʥʦʾ ʤʝʨʝʞʽ ʟʚôʷʟʢʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ ʟʘ ʨʘʭʫʥʦʢ ʦʨʛʘʥʽʟʘʮʽʾ ʚʭʽʜʥʠʭ ʯʝʨʛ ʧʘʢʝʪʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʯʝʨʛ ʫʩʫʚʘʻ ʧʨʦʙʣʝʤʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʫ ʤʦʤʝʥʪʠ ʙʫʨʭʣʠʚʦʛʦ ʟʨʦʩʪʘʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʬʽʢʘ. ʆʜʥʘʢ ʧʨʠ ʧʝʨʝʧʦʚʥʝʥʥʽ ʯʝʨʛʠ ʧʘʢʝʪʠ ʚʪʨʘʯʘʶʪʴʩʷ ʽ 

ʚʪʨʘʪʘ ʚʞʝ 10 % ʧʘʢʝʪʽʚ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʨʝʞʽ. ʗʢʱʦ ʞ ʜʣʷ 

ʥʝʜʦʧʫʱʝʥʥʷ ʧʝʨʝʧʦʚʥʝʥʥʷ ʟʙʽʣʴʰʠʪʠ ʨʦʟʤʽʨ ʯʝʨʛʠ, ʪʦ ʮʝ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ 

ʩʝʨʝʜʥʽʡ ʯʘʩ ʟʘʪʨʠʤʢʠ ʧʘʢʝʪʽʚ ʪʘ ʾʾ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ (ʜʞʠʪʝʨ). ʆʢʨʽʤ ʮʴʦʛʦ ʟʽ 

ʟʨʦʩʪʘʥʥʷʤ ʩʪʫʧʝʥʷ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʧʘʢʝʪʥʦʛʦ ʪʨʘʬʽʢʘ ʽʤʦʚʽʨʥʽʩʪʴ ʚʪʨʘʪʠ ʪʘ 

ʩʝʨʝʜʥʽʡ ʯʘʩ ʟʘʪʨʠʤʢʠ ʧʘʢʝʪʽʚ ʫ ʩʠʩʪʝʤʽ ʱʝ ʙʽʣʴʰʝ ʧʦʛʽʨʰʫʶʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʟ 

ʚʠʧʘʜʢʦʤ ʪʨʘʬʽʢʘ ʘʥʘʣʦʛʽʯʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʘʣʝ ʙʝʟ ʝʬʝʢʪʫ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ.  

ʆʪʞʝ, ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʬʽʢʘ ʧʘʢʝʪʥʠʭ ʤʝʨʝʞ ʟʚôʷʟʢʫ, 

ʚʠʟʥʘʯʝʥʥʷ ʡʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘ ʥʘ ʾʾ ʦʩʥʦʚʽ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʝʪʦʜʽʚ 

ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS ʚ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞʘʭ ʟʚôʷʟʢʫ ʰʣʷʭʦʤ 

ʫʪʦʯʥʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʪʨʘʬʽʢʘ ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦʶ ʟʘʜʘʯʝʶ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʅʘʧʨʷʤ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʢʦʥʮʝʧʮʽʻʶ ʨʦʟʚʠʪʢʫ ʟʚôʷʟʢʫ  ʋʢʨʘʾʥʠ  

ʽ ʟ ʧʨʽʦʨʠʪʝʪʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2020 ʨʦʢʫ 

ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ "ʇʨʦ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʜʦ ʟʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʧʨʽʦʨʠʪʝʪʥʽ  

ʥʘʧʨʷʤʠ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ" ˉ 2519-VI ʚʽʜ 09.09.2010. 

ɺ ʜʠʩʝʨʪʘʮʽʾ ʥʘʜʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʥʘʥʠʭ ʘʚʪʦʨʦʤ 

ʚ ʅɼʈ ʆʅɸɿ ʽʤ. ʆ.ʉ. ʇʦʧʦʚʘ ʟʘ ʪʝʤʘʤʠ: çʄʦʜʝʣʽ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʫ 

ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞ ʟʚôʷʟʢʫè, ˉ 0115U007077, 2015; çʋʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʡ ʧʦʙʫʜʦʚʠ ʪʘ ʤʝʪʦʜʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʜʝʢʚʘʪʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʨʘʬʽʢʘè, ˉ 0116U003632, 

2016-2017; çɼʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʪʘ ʾʭ ʚʧʣʠʚʫ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷè, ˉ 0118U100372, 2018. 
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ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ 

ʪʨʘʬʽʢʘ ʤʫʣʴʪʠʩʝʨʚʽʩʥʦʾ ʤʝʨʝʞʽ ʟʚôʷʟʢʫ. ɿʘʩʦʙʦʤ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʻ ʚʠʨʽʰʝʥʥʷ 

ʥʘʩʪʫʧʥʠʭ ʟʘʜʘʯ: 

- ʘʥʘʣʽʟ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʢʽʚ ʪʨʘʬʽʢʘ ʩʫʯʘʩʥʠʭ ʤʝʨʝʞ 

ʟʚôʷʟʢʫ, ʧʦʙʫʜʦʚʘʥʠʭ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʢʦʤʫʪʘʮʽʾ ʧʘʢʝʪʽʚ; 

- ʘʥʘʣʽʟ ʤʦʜʝʣʽ ʪʨʘʬʽʢʘ ʤʫʣʴʪʠʩʝʨʚʽʩʥʦʾ ʤʝʨʝʞʽ ʟʚôʷʟʢʫ ʟ ʧʘʢʝʪʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʷʤʠ ʧʝʨʝʜʘʚʘʥʥʷ ʡ ʢʦʤʫʪʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ; 

- ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʬʝʨ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ; 

- ʨʦʟʨʦʙʢʘ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʫ ʽʥʬʦʨʤʘʮʽʾ (ʉʈɯ) ʜʣʷ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʡʤʦʚʽʨʥʽʩʥʠʤʠ 

ʟʘʢʦʥʘʤʠ ʨʦʟʧʦʜʽʣʫ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ; 

- ʩʪʘʪʠʩʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʚʠʟʥʘʯʝʥʥʷ ʦʮʽʥʢʠ 

ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʪʦʯʥʦʩʪʽ ʟʘʩʪʦʩʦʚʘʥʠʭ ʤʝʪʦʜʽʚ; 

- ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʚ ʤʫʣʴʪʠʩʝʨʚʽʩʥʽʡ ʤʝʨʝʞʽ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩʠ ʧʝʨʝʜʘʚʘʥʥʷ ʡ ʢʦʤʫʪʘʮʽʾ ʧʘʢʝʪʥʦʛʦ 

ʪʨʘʬʽʢʘ  ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞ ʟʚôʷʟʢʫ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞ ʟʚôʷʟʢʫ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʦʥʘʥʦ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʦʨʽʾ ʩʠʩʪʝʤ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʪʝʦʨʽʾ ʪʝʣʝʪʨʘʬʽʢʘ ʪʘ 

ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʘʧʨʦʢʩʠʤʘʮʽʾ, ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʩʪʘʪʠʩʪʠʢʠ  ʪʘ ʢʨʠʪʝʨʽʶ ʫʟʛʦʜʞʝʥʦʩʪʽ ʫʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʩʪʫʧʝʥʷ 

ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʪʨʘʬʽʢʘ ʧʘʢʝʪʥʠʭ ʤʝʨʝʞ ʟʚôʷʟʢʫ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʫ 

ʽʤʦʚʽʨʥʽʩʥʫ ʬʫʥʢʮʽ ʁʨʦʟʧʦʜʽʣʫ ʩʪʘʥʽʚ ʦʜʥʦʢʘʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʥʝʩʢʽʥʯʝʥʥʦʶ 

ʯʝʨʛʦʶ; ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʽʾ ʪʝʣʝʪʨʘʬʽʢʘ ʦʮʽʥʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɼʣʷ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʨʽʰʝʥʴ ʟʘʩʪʦʩʦʚʘʥʦ 
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ʤʝʪʦʜʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʩʪʘʪʠʩʪʠʢʠ.  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

 1. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʧʘʢʝʪʥʦʛʦ ʪʨʘʬʽʢʘ 

ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ H ʽʟ ʘʧʨʦʢʩʠʤʘʮʽ ʾʚʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦʾ 

ʡʦʛʦ ʥʝʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʫ a = 1é2 ʬʦʨʤʠ ʨʦʟʧʦʜʽʣʫ ʇʘʨʝʪʦ, 

ʷʢʠʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʨʘʬʽʢʘ, ʱʦ ʟʥʠʞʫʻ ʧʦʭʠʙʢʫ 

ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʟ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 15 % ʜʦ 3 %.  

 2. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʧʘʢʝʪʥʦʛʦ ʪʨʘʬʽʢʘ 

ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ H ʽʟ ʘʧʨʦʢʩʠʤʘʮʽ ʾʚʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦʾ 

ʡʦʛʦ ʥʝʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʫ a = 0é1 ʬʦʨʤʠ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʣʘ, 

ʷʢʠʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʨʘʬʽʢʘ, ʱʦ ʟʥʠʞʫʻ ʧʦʭʠʙʢʫ 

ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʟ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 45 % ʜʦ 3 %. 

 3. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS ʩʘʤʦʧʦʜʽʙʥʦʛʦ 

ʪʨʘʬʽʢʘ ʚ ʦʜʥʦʢʘʥʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʟ ʥʝʩʢʽʥʯʝʥʥʦʶ ʯʝʨʛʦʶ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʣʷ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʽʜʧʦʚʽʜʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ 

ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʚʽʜ ʧʘʨʘʤʝʪʨʘ ʬʦʨʤʠ ʨʦʟʧʦʜʽʣʫ ʇʘʨʝʪʦ ʘʙʦ 

ɺʝʡʙʫʣʣʘ, ʱʦ ʟʤʝʥʰʠʣʦ ʧʦʭʠʙʢʫ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS ʥʘ ʧʦʨʷʜʦʢ.    

4. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʧʨʦʢʩʠʤʘʮʽʶ ʽʤʦʚʽʨʥʽʩʥʦʾ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ 

ʩʪʘʥʽʚ ʦʜʥʦʢʘʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʥʝʩʢʽʥʯʝʥʥʦʶ ʯʝʨʛʦʶ, ʢʦʣʠ ʮʷ ʬʫʥʢʮʽʷ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʦʤʝʥʪʽʚ ʥʘʜʭʦʜʞʝʥʥʷ ʜʦ ʩʠʩʪʝʤʠ ʧʘʢʝʪʽʚ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ, 

ʘ ʘʧʨʦʢʩʠʤʘʮʽʻʶ ʻ ʝʢʩʧʦʥʝʥʪʥʘ ʬʫʥʢʮʽ ̫ʟ ʧʘʨʘʤʝʪʨʦʤ ʨʦʟʧʦʜʽʣʫ ɟ / N. 

5. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʽʤʦʚʽʨʥʦʩʪʽ ʦʯʽʢʫʚʘʥʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʪʘ ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ ʟʘʪʨʠʤʢʠ ʧʘʢʝʪʽʚ ʫ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʤʫ ʙʫʬʝʨʽ ʦʜʥʦʢʘʥʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʟ ʥʝʩʢʽʥʯʝʥʥʦʶ ʯʝʨʛʦʶ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʮʴʦʛʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʾ ʘʧʨʦʢʩʠʤʫʶʯʦ ʾ ʬʫʥʢʮʽ ʾ ʨʦʟʧʦʜʽʣʫ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ, ʷʢʘ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʦʤʝʥʪʽʚ ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʚ ʨʦʙʦʪʽ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʥʦʛʦ ʪʨʘʬʽʢʘ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʤʠ ʜʣʷ: 
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- ʜʦʩʪʦʚʽʨʥʦʛʦ ʘʥʘʣʽʟʫ, ʩʠʥʪʝʟʫ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʩʫʯʘʩʥʠʭ ʉʈɯ ʚ ʫʤʦʚʘʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʫʣʴʪʠʩʝʨʚʽʩʥʦʛʦ ʪʨʘʬʽʢʘ; 

- ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʰʣʷʭʽʚ ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ ʤʝʨʝʞ ʟʚ'ʷʟʢʫ ʽ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʥʘʜʘʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʦʩʣʫʛ; 

- ʧʨʠʡʥʷʪʪʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʽ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʨʽʰʝʥʴ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʾ ʽ ʥʘʜʽʡʥʦʾ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʚʠʱʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʢʝʪʥʠʭ 

ʤʝʨʝʞ ʟʚ'ʷʟʢʫ ʜʣʷ ʧʝʨʝʜʘʯʽ ʧʦʚʽʜʦʤʣʝʥʴ ʚʩʽʭ ʧʦʩʣʫʛ ï ʚʽʜʝʦ, ʜʘʥʠʭ, ʤʦʚʠ. 

ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʦʤʠʩʣʦʚʠʤʠ ʽ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʽ ʤʦʜʝʨʥʽʟʘʮʽʾ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞ 

ʟʚ'ʷʟʢʫ ʟ ʧʘʢʝʪʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʧʝʨʝʜʘʚʘʥʥʷ ʡ ʢʦʤʫʪʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʂʣʶʯʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʦ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʪʘ 

ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʆʅɸɿ ʽʤ. ʆ.ʉ. ʇʦʧʦʚʘ (ʘʢʪʠ ʫ ɼʦʜʘʪʢʫ ʜʦ ʜʠʩʝʨʪʘʮʽʾ). 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɺʩʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʠʭ, ʪʝʦʨʝʪʠʯʥʠʭ ʽ 

ʧʨʘʢʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʣʘʜʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʾ, ʦʜʝʨʞʘʥʽ ʘʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ. ʋ 

ʧʨʘʮʷʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʜʠʩʝʨʪʘʥʪʦʚʽ ʥʘʣʝʞʘʪʴ: [2] ï ʨʦʟʨʦʙʢʘ 

ʢʨʠʪʝʨʽʾʚ ʚʠʙʦʨʫ ʧʘʢʝʪʽʚ ʤʦʚʠ ʪʘ ʜʘʥʠʭ ʟ ʯʝʨʛʠ; [3-5, 16, 17] ï ʽʤʽʪʘʮʽʡʥʽ ʤʦʜʝʣʽ 

ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʚʽʜ 

ʧʘʨʘʤʝʪʨʘ ʬʦʨʤʠ ʨʦʟʧʦʜʽʣʫ; [6-8, 11-14, 18] ï ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʘ ʾʭ ʪʦʯʥʦʩʪʽ; [9] ï ʘʥʘʣʽʟ 

ʢʦʤʧʣʝʢʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʾ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ, ʱʦ 

ʚʢʣʶʯʘʶʪʴ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʽ 

ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʽ ʩʝʤʽʥʘʨʘʭ: 

ï 72 ʪʘ 73 ʅʊʂ ʧʨʦʬʝʩʦʨʩʴʢʦ-ʚʠʢʣʘʜʘʮʴʢʦʛʦ ʩʢʣʘʜʫ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ 

ʤʘʛʽʩʪʨʘʥʪʽʚ ï ʆʜʝʩʘ. ï 2017, 2018 ʨ.; 

ï VIɯ ʽ VɯIɯ ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ 

çɯʥʬʦʢʦʤʫʥʽʢʘʮʽʾ ï ʩʫʯʘʩʥʽʩʪʴ ʪʘ ʤʘʡʙʫʪʥʻè. ï ʆʜʝʩʘ. ï 2017, 2018 ʨ.; 
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ï ɯV ʤʽʞʥʘʨʦʜʥʘ ʅʊʂ çProblems of Infocommunications. Science and 

Technologyè, PIC S&Tô2017. ï ʍʘʨʢʽʚ. ï 2017 ʨ.;  

ï ʍVɯɯɯ ʤʽʞʥʘʨʦʜʥʘ ʅʊʂ çɺʠʤʽʨʶʚʘʣʴʥʘ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ ʚ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭè, ɺʆʊʊʇ. ï ʆʜʝʩʘ. ï 2018 ʨ.; 

ï ɯ ʤʽʞʥʘʨʦʜʥʘ ʅʇʂ çʅʘʫʢʦʻʤʢʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʷʭè, 

HICTô2018. ï ʍʘʨʢʽʚ. ï 2018 

ï ɯɯ ʤʽʞʥʘʨʦʜʥʘ ʅʊʂ çInternational Conference on Information and 

Telecommunication Technologies and Radio Electronicsè, UkrMiCoô2018. 

ï ʆʜʝʩʘ. ï 2018 ʨ.; 

ʂʨʽʤ ʮʴʦʛʦ ʨʦʙʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʦʤʫ ʩʝʤʽʥʘʨʽ 

ʢʘʬʝʜʨʠ ʢʦʤʫʪʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʆʅɸɿ ʽʤ. ʆ.ʉ. ʇʦʧʦʚʘ. 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ 19 ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʴ, ʟ ʷʢʠʭ: 10 ï ʩʪʘʪʪʽ (1 ʦʩʦʙʠʩʪʦ) ʫ ʬʘʭʦʚʠʭ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʷʢʽ 

ʨʝʢʦʤʝʥʜʦʚʘʥʽ ɼɸʂ ʄʆʅ ʋʢʨʘʾʥʠ, ʩʪʘʪʪʽ [1-8] ʚʢʣʶʯʝʥʽ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ Index Copernicus ʪʘ [1-9] ʫ  Google Scholar; 1 ï ʩʪʘʪʪʷ 

(ʦʩʦʙʠʩʪʦ), ʦʧʫʙʣʽʢʦʚʘʥʘ ʚ ʽʥʦʟʝʤʥʦʤʫ ʬʘʭʦʚʦʤʫ ʚʠʜʘʥʥʽ [10]; 9 ʪʝʟ ʜʦʧʦʚʽʜʽ (2 

ʦʩʦʙʠʩʪʦ) ï ʫ ʤʘʪʝʨʽʘʣʘʭ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ ʪʘ ʩʝʤʽʥʘʨʽʚ [11-19], ʟ ʥʠʭ 2 

ʽʥʜʝʢʩʦʚʘʥʦ ʫ ʥʘʫʢʦʤʝʪʨʠʯʥʽʡ ʙʘʟʽ Scopus [11, 12]. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʦʙʩʷʛʦʤ 130 

ʩʪʦʨʽʥʦʢ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, 

ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʟ 116 ʥʘʡʤʝʥʫʚʘʥʴ ʥʘ 12 ʩʪʦʨʽʥʢʘʭ, 3 ʜʦʜʘʪʢʽʚ ʥʘ 

3 ʩʪʦʨʽʥʢʘʭ. ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ 22 ʽʣʶʩʪʨʘʮʽ ʾʪʘ 10 ʪʘʙʣʠʮʴ.  
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ʈʆɿɼɯʃ 1 

ɸʅɸʃɯɿ ʄʆɼɽʃɯ ʊʈɸʌɯʂɸ ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁʅʀʍ ʄɽʈɽɾ ɿ 

ʇɸʂɽʊʅʀʄʀ ʊɽʍʅʆʃʆɻɯʗʄʀ ʇɽʈɽɼɸɺɸʅʅʗ ʁ ʂʆʄʋʊɸʎɯɰ 

ɯʅʌʆʈʄɸʎɯɰ 

 

 

1.1. ʆʛʣʷʜ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ 

 

ʆʩʥʦʚʥʠʤʠ ʪʝʥʜʝʥʮʽʷʤʠ ʩʫʯʘʩʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʻ ʟʨʦʩʪʘʥʥ ̫ʦʙʩʷʛʽʚ 

ʧʝʨʝʜʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ ʥʘʜʘʚʘʥʠʭ ʧʦʩʣʫʛ ʪʘ 

ʟʨʦʩʪʘʶʯʘ ʩʢʣʘʜʥʽʩʪʴ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ ʟʘ ʾʭ ʙʝʟʧʝʨʝʨʚʥʦʛʦ 

ʫʜʦʩʢʦʥʘʣʝʥʥ.̫ ʇʨʠ ʮʴʦʤʫ ʤʦʜʝʨʥʽʟʘʮʽʷ ʩʫʯʘʩʥʠʭ ʤʝʨʝʞ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʩʪʨʽʤʢʦʶ ʟʘʤʽʥʦʶ ʪʝʭʥʦʣʦʛʽʾ ʢʦʤʫʪʘʮʽʾ ʢʘʥʘʣʽʚ ʥʘ ʢʦʤʫʪʘʮʽʶ ʧʘʢʝʪʽʚ. ʈʘʟʦʤ ʟ 

ʪʠʤ, ʨʦʟʚʠʪʦʢ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʦʩʥʦʚʥʠʭ ʧʦʣʦʞʝʥʴ ʢʦʥʮʝʧʮʽʾ 

ʤʝʨʝʞ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ NGN (Next Generation Networks) ʤʘʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʥʘʜʘʥʥʷ ʥʝʦʙʤʝʞʝʥʦʛʦ ʥʘʙʦʨʫ ʧʦʩʣʫʛ ʽʟ ʟʘʜʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ QoS (Quality of Service). ʊʦʤʫ ʦʮʽʥʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʥʘʫʢʦʚʠʭ ʥʘʧʨʷʤʽʚ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ ʽ ʩʠʩʪʝʤ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʜʫ (ʩʭʝʤʠ) ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʫ ʽʥʬʦʨʤʘʮʽʾ (ʉʈɯ), ʷʢʦʶ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʫ ʩʠʩʪʝʤʫ, ʚʽʜ ʜʠʩʮʠʧʣʽʥʠ (ʧʨʘʚʠʣ) 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʧʠʪʽʚ ʚ ʥʽʡ ʪʘ ʥʘʩʘʤʧʝʨʝʜ ʽ ʚ ʥʘʡʙʽʣʴʰʽʡ ʤʽʨʽ ʚʽʜ ʭʘʨʘʢʪʝʨʫ 

ʪʨʘʬʽʢʘ, ʱʦ ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ ʚ ʥʽʡ.  

 ʋ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞʘʭ ʟ ʧʘʢʝʪʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʧʝʨʝʜʘʚʘʥʥʷ ʪʘ 

ʢʦʤʫʪʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʧʘʢʝʪʥʦʤʫ ʪʨʘʬʽʢʫ ʧʨʠʪʘʤʘʥʥʽ çʧʘʯʢʫʚʘʥʥʷè (burstiness) 

ʧʘʢʝʪʽʚ ʪʘ ʟʥʘʯʥʦ ʙʽʣʴʰʠʡ ʨʽʚʝʥʴ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ 

ʧʘʢʝʪʽʚ, ʥʽʞ ʮʝ ʧʝʨʝʜʙʘʯʝʥʦ ʢʣʘʩʠʯʥʦʶ ʤʦʜʝʣʣʶ ʧʫʘʩʩʦʥʽʚʩʴʢʦʛʦ ʧʦʪʦʢʫ. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʧʘʢʝʪʥʠʡ ʪʨʘʬʽʢ ï ʮʝ ʬʨʘʢʪʘʣʴʥʠʡ ʧʨʦʮʝʩ ʟ ʩʘʤʦʧʦʜʽʙʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʧʝʚʥʠʤ ʟʥʘʯʝʥʥʷʤ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʩʘʤʦʧʦʜʽʙʥʦʛʦ (self-similar) ʪʨʘʬʽʢʘ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʧʘʢʝʪʥʠʭ ʤʝʨʝʞ 
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ʟʚôʷʟʢʫ, ʦʜʥʘʢ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʉʈɯ ʚ ʮʠʭ 

ʫʤʦʚʘʭ ʻ ʜʫʞʝ ʩʢʣʘʜʥʦʶ ʤʘʪʝʤʘʪʠʯʥʦʶ ʟʘʜʘʯʝʶ. ʊʦʤʫ ʜʣʷ ʤʦʜʝʣʽ 

ʩʘʤʦʧʦʜʽʙʥʠʭ ʧʦʪʦʢʽʚ ʡ ʥʝʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʘʥʘʣʽʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ QoS ʫ ʉʈɯ [1]. 

ɺʧʝʨʰʝ ʥʘ ʩʘʤʦʧʦʜʽʙʥʽʩʪʴ ʧʨʦʮʝʩʽʚ, ʱʦ ʦʧʠʩʫʶʪʴ ʪʨʘʬʽʢ ʫ ʧʘʢʝʪʥʠʭ 

ʤʝʨʝʞʘʭ ʟʚôʷʟʢʫ, ʟʚʝʨʥʫʣʠ ʫʚʘʛʫ ʜʦʩʣʽʜʥʠʢʠ ʥʘ ʧʦʯʘʪʢʫ 1990-ʭ ʨʦʢʽʚ [2]. ʃʽʣʘʥʜ 

(W. E. Leland) ʪʘ ʡʦʛʦ ʢʦʣʝʛʠ (ʄ. S. Taqqu, W. Willinger, D. V. Wilson) 

ʦʧʫʙʣʽʢʫʚʘʣʠ ʩʪʘʪʪʶ [3], ʷʢʘ ʙʘʛʘʪʦʨʘʟʦʚʦ ʮʠʪʫʻʪʴʩʷ ʡ ʜʦ ʥʠʥʽ. ʋ ʥʽʡ ʙʫʣʠ 

ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʨʘʬʽʢʫ ʚ ʧʘʢʝʪʥʽʡ 

ʢʦʤʧôʶʪʝʨʥʽʡ ʤʝʨʝʞʽ ʽ ʧʦʢʘʟʘʥʦ, ʱʦ ʨʦʟʧʦʜʽʣ ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ ʚ ʦʜʠʥʠʮʶ ʯʘʩʫ 

ʜʫʞʝ ʜʦʙʨʝ ʦʧʠʩʫʻʪʴʩʷ ʩʘʤʦʧʦʜʽʙʥʠʤ ʚʠʧʘʜʢʦʚʠʤ ʧʨʦʮʝʩʦʤ ʟ ʧʘʨʘʤʝʪʨʦʤ 

ʍʝʨʩʪʘ ʙʣʠʟʴʢʦ 0,65-0,8. ʅʘ ʧʦʯʘʪʢʫ ʩʪʘʪʪʽ ʥʘʚʦʜʷʪʴʩʷ ʜʫʞʝ ʥʘʦʯʥʽ ʛʨʘʬʽʢʠ 

ʟʘʣʝʞʥʦʩʪʽ ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ ʚ ʦʜʠʥʠʮʶ ʯʘʩʫ. ʋ ʮʠʭ ʛʨʘʬʽʢʘʭ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ 

ʦʩʽ ʚʽʜʢʣʘʜʝʥʦ ʧʦʪʦʯʥʠʡ ʯʘʩ ʪʘʢ, ʱʦ ʚ ʜʠʩʢʨʝʪʥʦʤʫ ʧʦʜʘʥʥʽ ʡʦʛʦ ʤʘʢʩʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʜʦʨʽʚʥʶʻ ʦʜʥʽʡ ʪʠʩʷʯʽ ʦʜʠʥʠʮʴ, ʘ ʦʜʠʥʠʮʷ ʚʠʤʽʨʫ ʯʘʩʫ ʥʘ ʢʦʞʥʦʤʫ 

ʛʨʘʬʽʢʫ ʨʽʟʥʘ: ʚʽʜ 0,01 ʩʝʢʫʥʜʠ ʜʦ 100 ʩʝʢʫʥʜ (ʯʘʩʦʚʘ ʰʢʘʣʘ). ʇʦ ʚʝʨʪʠʢʘʣʴʥʽʡ 

ʦʩʽ ʚʽʜʢʣʘʜʝʥʦ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʚ ʤʝʨʝʞʽ, ʷʢʘ ʥʘʜʽʡʰʣʘ ʟʘ ʦʙʨʘʥʫ ʦʜʠʥʠʮʶ 

ʯʘʩʫ. ɿ ʮʠʭ ʛʨʘʬʽʢʽʚ ʚʠʜʥʦ, ʱʦ ʚʦʥʠ ʥʘʜʟʚʠʯʘʡʥʦ ʩʭʦʞʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʘʩʰʪʘʙʫ 

ʯʘʩʦʚʦʾ ʦʩʽ, ʱʦ ʡ ʻ ʧʨʦʷʚʦʤ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ. ʇʨʦʮʝʩʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʪʨʘʬʽʢ ʚ 

ʨʽʟʥʠʭ ʯʘʩʦʚʠʭ ʤʘʩʰʪʘʙʘʭ ʘʙʦ ʰʢʘʣʘʭ, ʤʘʶʪʴ ʙʣʠʟʴʢʽ ʩʪʘʪʠʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʅʘʡʧʨʦʩʪʽʰʠʤʠ ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʻ ʬʨʘʢʪʘʣʴʥʠʡ ʙʨʦʫʥʽʚʩʴʢʠʡ ʨʫʭ 

fBM (fractional Brownian motion) ʽ ʬʨʘʢʪʘʣʴʥʠʡ ʛʘʫʩʩʦʚʩʴʢʠʡ ʰʫʤ. 

ʇʦʥʷʪʪʷ çʬʨʘʢʪʘʣè (fractus ï ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʬʨʘʛʤʝʥʪʽʚ) ʟ ʩʝʨʝʜʠʥʠ 80-ʭ 

ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʘʪʝʤʘʪʠʢʘʤʠ ʪʘ ʧʨʦʛʨʘʤʽʩʪʘʤʠ. ɺʦʥʦ 

ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ɹʝʥʫʘ ʄʘʥʜʝʣʴʙʨʦʪʦʤ ʚ 1975 ʨʦʮʽ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ 

ʥʝʨʝʛʫʣʷʨʥʠʭ, ʘʣʝ ʩʘʤʦʧʦʜʽʙʥʠʭ ʩʪʨʫʢʪʫʨ. ʅʘʨʦʜʞʝʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ 

ʧʨʠʡʥʷʪʦ ʧʦʚ'ʷʟʫʚʘʪʠ ʟ ʚʠʭʦʜʦʤ ʚ 1977 ʨʦʮʽ ʢʥʠʛʠ ɹ. ʄʘʥʜʝʣʴʙʨʦʪʘ 

"ʌʨʘʢʪʘʣʴʥʘ ʛʝʦʤʝʪʨʽʷ ʧʨʠʨʦʜʠ" (çThe Fractal Geometry of Natureè) [4]. ʆʜʥʽʻʶ 

ʟ ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʨʘʢʪʘʣʽʚ ʻ ʩʘʤʦʧʦʜʽʙʥʽʩʪʴ. ʪʦʙʪʦ ʥʝʚʝʣʠʢʘ ʯʘʩʪʠʥʘ 

ʬʨʘʢʪʘʣʘ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʝʩʴ ʬʨʘʢʪʘʣ. ɺʠʟʥʘʯʝʥʥʷ ʬʨʘʢʪʘʣʘ, ʜʘʥʝ 
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ʄʘʥʜʝʣʴʙʨʦʪʦʤ, ʟʚʫʯʠʪʴ ʪʘʢ: çʌʨʘʢʪʘʣʦʤ ʥʘʟʠʚʘʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʘʩʪʠʥ, ʷʢʽ ʚ ʷʢʦʤʫʩʴ ʩʝʥʩʽ ʧʦʜʽʙʥʽ ʮʽʣʦʤʫè. 

ʄʝʪʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʨʘʢʪʘʣʽʚ ʫ ʷʢʦʩʪʽ ʤʦʜʝʣʽ ʧʘʢʝʪʥʦʛʦ ʪʨʘʬʽʢʘ ʻ ʦʧʠʩ 

ʚʝʣʠʯʠʥʠ ʚʠʢʠʜʽʚ ʧʨʦʮʝʩʫ ʘʙʦ ʩʪʨʽʤʢʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʪʦʢʫ. ɼʣʷ 

ʩʘʤʦʧʦʜʽʙʥʠʭ ʧʨʦʮʝʩʽʚ ʭʘʨʘʢʪʝʨ ʚʠʢʠʜʽʚ ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʨʦʟʛʣʷʜʽ ʧʨʦʮʝʩʫ ʫ 

ʨʽʟʥʠʭ ʤʘʩʰʪʘʙʘʭ ʯʘʩʫ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʷʢʱʦ ʟʘʧʠʩʫʚʘʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʘʢʝʪʽʚ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʝʣʝʤʝʥʪʽ ʤʝʨʝʞʽ ʟ ʜʠʩʢʨʝʪʥʽʩʪʶ, 

ʥʘʧʨʠʢʣʘʜ, 10 ʤʽʣʽʩʝʢʫʥʜ, ʪʦ, ʨʦʟʛʣʷʜʘʶʯʠ ʛʨʘʬʽʢ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʯʘʩʽ ʥʘ 

ʽʥʪʝʨʚʘʣʘʭ 10 ʩʝʢʫʥʜ, 10 ʭʚʠʣʠʥ ʘʙʦ 10 ʛʦʜʠʥ, ʥʝ ʙʫʜʝ ʩʫʪʪʻʚʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʫ 

ʧʦʚʝʜʽʥʮʽ ʢʨʠʚʦʾ. ʅʘʡʚʘʞʣʠʚʽʰʦʶ ʟ ʨʦʟʛʣʷʥʫʪʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʘʤʦʧʦʜʽʙʥʠʭ 

ʧʨʦʮʝʩʽʚ ʻ ʪʝ, ʱʦ ʪʘʢʽ ʧʨʦʮʝʩʠ ʤʘʶʪʴ ʚʠʢʠʜʠ, ʚʝʣʠʯʠʥʘ ʷʢʠʭ ʟʙʝʨʽʛʘʻʪʴʩʷ ʷʢ ʜʣʷ 

ʘʛʨʝʛʦʚʘʥʠʭ ʟ ʥʠʭ ʧʨʦʮʝʩʽʚ (ʪʦʙʪʦ ʧʨʠ ʫʩʝʨʝʜʥʝʥʥʽ ʟʘ ʨʽʟʥʠʤʠ ʯʘʩʦʚʠʤʠ 

ʽʥʪʝʨʚʘʣʘʤʠ), ʪʘʢ ʽ ʧʨʠ ʧʽʜʩʫʤʦʚʫʚʘʥʥʽ ʥʝʟʘʣʝʞʥʠʭ ʩʘʤʦʧʦʜʽʙʥʠʭ ʧʨʦʮʝʩʽʚ. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʨʦʟʧʦʜʽʣ ʢʽʣʴʢʦʩʪʽ ʧʦʜʽʡ (ʧʘʢʝʪʽʚ) ʚ ʯʘʩʽ ʜʣʷ ʧʘʢʝʪʥʦʛʦ ʪʨʘʬʽʢʫ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʘʤʦʧʦʜʽʙʥʠʤ ʧʨʦʮʝʩʦʤ, ʤʘʻ ʭʘʨʘʢʪʝʨ ʩʢʣʘʜʥʦʾ ʚʟʘʻʤʦʟʘʣʝʞʥʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ ʧʘʯʦʢ ʥʘʜʭʦʜʞʝʥʴ ʧʘʢʝʪʽʚ. ʎʝ ʨʦʙʠʪʴ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʘʢʦʛʦ ʧʦʪʦʢʫ ʧʦʜʽʡ ʚʝʣʴʤʠ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ [2]. 

ʋ ʨʦʙʦʪʽ [5] ʧʦʢʘʟʘʥʦ, ʱʦ ʫʚʘʛʠ ʟʘʩʣʫʭʦʚʫʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʧʨʠ ʘʛʨʝʛʫʚʘʥʥʽ 

ʧʦʪʦʢʽʚ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʜʞʝʨʝʣ, ʷʢʱʦ ʭʦʯʘ ʙ ʦʜʠʥ ʟ ʥʠʭ ʚʦʣʦʜʽʻ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʩʘʤʦʧʦʜʙ̔ʥʦʩʪʽ, ʪʦ ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʙʫʜʝ ʽ ʨʝʟʫʣʴʪʫʶʯʠʡ 

ʩʫʤʘʨʥʠʡ ʧʦʪʢ̔ [5]. ʆʙ'ʻʜʥʘʥʥʷ ʧʦʪʦʢʽʚ ʚʽʜ ʜʞʝʨʝʣ, ʱʦ ʛʝʥʝʨʫʶʪ ɹʪʨʘʬʽʢ ʽ ʷʢʠʡ 

ʦʧʠʩʫʻʪʴʩʷ ʧʨʦʮʝʩʦʤ ʟ ʥʝʩʢʽʥʯʝʥʦʶ ʜʠʩʧʝʨʩʽʻʶ, ʧʨʠʚʦʜʠʪʴ ʜʦ ʩʘʤʦʧʦʜʙ̔ʥʦʛʦ 

ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ, ʷʢʠʡ ʩʭʦʞʠʡ ʜʦ ʪʨʘʬʽʢʫ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʤʦʜʝʣʣ  ʁ

ʬʨʘʢʪʘʣʴʥʦʛʦ ʙʨʦʫʥʽʚʩʴʢʦʛʦ ʨʫʭʫ. ʉʘʤʦʧʦʜʽʙʥʽʩʪʴ ʪʘʢʦʞ ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʨʠ 

ʦʙ'ʻʜʥʘʥʥʽ ʧʦʪʦʢʽʚ ʽ ʚʽʜ ʦʜʥʦʨʜ̔ʥʠʭ ʽ ʚʽʜ ʨʽʟʥʦʨʜ̔ʥʠʭ ʜʞʝʨʝʣ ʪʨʘʬʽʢʘ [5] 

ʋ ʨʦʙʦʪʽ [6] ʩʪʚʝʨʜʞʫʻʪʴʩʷ, ʱʦ ʩʘʤʦʧʦʜʽʙʥʽʩʪʴ ʛʨʫʧʦʚʦʛʦ ʧʦʪʦʢʫ ʫ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʘʥʘʣʘʭ ʟʚôʷʟʢʫ ʚʠʢʣʠʢʘʥʘ, ʦʩʥʦʚʥʠʤ ʯʠʥʦʤ, ʧʦʚʽʣʴʥʦ 

ʩʧʘʜʘʶʯʦʶ ʟʘʣʝʞʥʽʩʪʶ ʤʽʞ ʤʦʤʝʥʪʘʤʠ ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ ʫ ʚʫʟʦʣ ʢʦʤʫʪʘʮʽʾ 

ʽ ʷʢ ʥʘʩʣʽʜʦʢ ï ʚʣʘʩʪʠʚʽʩʪʶ ʚʠʥʠʢʥʝʥʥʷ ʩʧʣʝʩʢʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʋ ʪʦʡ ʞʝ ʯʘʩ 

ʩʘʤʦʧʦʜʽʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʪʦʢʫ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚʽʜ ʦʢʨʝʤʦʛʦ ʜʞʝʨʝʣʘ ʪʨʘʬʽʢʫ, ʫ 
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ʙʽʣʴʰʽʡ ʤʽʨʽ ʚʠʷʚʣʷʶʪʴʩʷ ʚ ʨʦʟʧʦʜʽʣʽ ʟ çʚʘʞʢʠʤ ʭʚʦʩʪʦʤè ʜʣʷ ʯʘʩʫ ʤʽʞ 

ʥʘʜʭʦʜʞʝʥʥʷʤ ʧʦʚʽʜʦʤʣʝʥʴ ʪʘ ʜʣʷ ʨʦʟʧʦʜʽʣʫ ʜʦʚʞʠʥ ʧʦʚʽʜʦʤʣʝʥʴ. ʊʘʢʦʞ 

ʥʘʚʝʜʝʥʦ ʚʠʨʘʟʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʪʘʢʠʭ ʷʢ 

ʩʝʨʝʜʥʽʡ ʯʘʩ ʟʘʪʨʠʤʢʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʪʘ ʡʤʦʚʽʨʥʽʩʪʴ ʚʪʨʘʪ ʫ ʚʫʟʣʽ ʤʝʨʝʞʽ ʜʣʷ 

ʚʠʧʘʜʢʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʧʦʨʷʜʢʫ ʥʘʜʭʦʜʞʝʥʥʷ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʽʦʨʠʪʝʪʽʚ. 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ ʥʘʚʝʜʝʥʦ ʜʣʷ ʪʘʢʠʭ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʨʚʘʣʫ ʤʽʞ 

ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʪʘ ʜʦʚʞʠʥ ʧʦʚʽʜʦʤʣʝʥʴ, ʷʢ ʨʦʟʧʦʜʽʣ ʇʘʨʝʪʦ ʪʘ ɺʝʡʙʫʣʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʝʡ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ G/M/1, M/G/1 ʪʘ G/G/1. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʘʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʬʦʨʤʫʣ ʜʦʟʚʦʣʷʻ ʨʦʟʚôʷʟʫʚʘʪʠ ʟʘʜʘʯʽ 

ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ ʚʫʟʣʽʚ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʪʘ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ [6]. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʷʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʦʪʦʢʠ ʤʘʶʪʴ ʟʦʚʩʽʤ ʽʥʰʫ ʩʪʨʫʢʪʫʨʫ, ʷʢʘ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʨʠʡʥʷʪʦʾ ʚ ʢʣʘʩʠʯʥʽʡ ʪʝʦʨʽʾ ʪʝʣʝʪʨʘʬʽʢʘ. ʂʣʘʩʠʯʥʘ ʤʦʜʝʣʴ ʥʝ 

ʚʨʘʭʦʚʫʻ ʪʘʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʷʢ: ʥʘʜʤʽʨʥʝ ʧʘʯʢʫʚʘʥʥʷ, 

ʥʘʷʚʥʽʩʪʴ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʪʘ ʨʦʟʧʦʜʽʣʫ ʟ ʚʘʞʢʠʤʠ ʭʚʦʩʪʘʤʠ, 

ʧʦʚʽʣʴʥʦ ʩʧʘʜʘʶʯʘ ʜʠʩʧʝʨʩʽʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʤʘʩʰʪʘʙʫ ʯʘʩʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ 

ʫʩʝʨʝʜʥʝʥʥʷ. ɺʢʘʟʘʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʨʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘʢʦʛʦ ʪʨʘʬʽʢʘ, ʟʘ 

ʢʣʘʩʠʯʥʠʤʠ ʬʦʨʤʫʣʘʤʠ ʜʘʻ ʥʝʢʦʨʝʢʪʥʽ ʡ ʥʝʚʠʧʨʘʚʜʘʥʦ ʦʧʪʠʤʽʩʪʠʯʥʽ 

ʨʝʟʫʣʴʪʘʪʠ. ɹʽʣʴʰ ʘʜʝʢʚʘʪʥʠʤʠ ʤʦʜʝʣʷʤʠ ʜʣʷ ʦʧʠʩʫ ʮʠʭ ʧʦʪʦʢʽʚ ʻ ʤʦʜʝʣʽ 

ʩʘʤʦʧʦʜʽʙʥʠʭ (ʬʨʘʢʪʘʣʴʥʠʭ) ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʚʢʘʟʘʥʽ ʚʠʱʝ ʚʣʘʩʪʠʚʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ. ʆʩʪʘʥʥʻ ʟʙʽʣʴʰʫʻ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʦʧʠʩʫʶʪʴ ʮʽ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʦʪʦʢʠ, ʷʢʽ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ ʥʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ 

ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʮʠʭ ʧʨʦʮʝʩʽʚ ʢʣʘʩʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ [6]. 

ɺ ʨʦʙʦʪʽ [7] ʧʨʦʚʝʜʝʥʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʦʪʨʠʤʘʥʠʭ ʨʘʥʽʰʝ ʨʝʟʫʣʴʪʘʪʽʚ  ̔ʚ 

ʥ̔ ʡ ʦʧʠʩʘʥʠʡ ʧʝʨʝʣʽʢ ʟʘʜʘʯ, ʱʦ ʧʝʨʝʜʫʁ ʪʴ ʧʨʠʢʣʘʜʥʦʤʫ ʩʠʥʪʝʟʫ 

ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ, ʱʦ ʧʦʣʷʛʘʶʪʴ ʫ ʩʘʤʦʧʦʜʙ̔ʥʠʭ 

ʧʦʪʦʢʘʭ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʦʤ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʨʽʟʥʠʭ ʧʣʦʱʘʭ.  

ʋ ʨʦʙʦʪʽ [8] ʥʘʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʘʛʨʝʛʦʚʘʥʦʛʦ ʪʨʘʬʽʢʫ, ʯʘʩʫ ʟʘʪʨʠʤʢʠ ʽ ʡʤʦʚʽʨʥʦʩʪʽ ʚʪʨʘʪ ʧʘʢʝʪʽʚ, ʘ ʪʘʢʦʞ ʾʭ 
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ʟʥʘʯʝʥʴ ʜʣʷ ʚʩʽʻʾ ʤʝʨʝʞʽ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʬʦʨʤʫʣ ʥʘʚʝʜʝʥʽ 

ʽ ʜʦʩʣʽʜʞʝʥʽ ʤʝʪʦʜʠ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 

ʋ ʨʦʙʦʪʘʭ [9, 10] ʅʦʨʨʦʩʦʤ ʦʪʨʠʤʘʥʽ ʨʷʜ ʚʘʞʣʠʚʠʭ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ 

ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ ʚʠʨʘʟʽʚ, ʱʦ ʦʧʠʩʫʶʪʴ ʷʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʛʨʫʧʦʚʦʛʦ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʧʦʪʦʢʫ ʚ ʚʫʟʣʘʭ ʤʝʨʝʞʽ. 

ʋ ʨʦʙʦʪʽ [11] ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʛʨʫʧʦʚʦʛʦ ʪʨʘʬʽʢʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ  

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʜʝʣʴ ʬʨʘʢʪʘʣʴʥʦʛʦ ʙʨʦʫʥʽʚʩʴʢʦʛʦ ʪʨʘʬʽʢʫ.  

ʋ ʨʦʙʦʪ ̔ [12] ʚʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʨʦʟʧʦʜʽʣʽʚ ʟ ʚʘʞʢʠʤ ʭʚʦʩʪʦʤ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʥʝ ʽʩʥʫʻ, ʪʦʙʪʦ M(X) = Ð. ʂʨʽʤ ʪʦʛʦ, ʧʘʨʘʤʝʪʨ a 

ʬʦʨʤʠ ʨʦʟʧʦʜʽʣʫ ʇʘʨʝʪʦ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʧʦʢʘʟʥʠʢʦʤ ʍʝʨʩʪʘ H ʥʘʩʪʫʧʥʠʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: H = (3 ï 2) / a.  

ʋ [13] ʧʦʢʘʟʘʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʟʧʦʜʽʣʫ ʟ 

ʚʘʞʢʠʤ ʭʚʦʩʪʦʤ ʽ ʧʦʚʽʣʴʥʦ ʩʧʘʜʥʦʾ ʟʘʣʝʞʥʦʩʪʽ L(Ű) = (1 + n / Ű)-a, ʜʝ 0 < a < 2 ï 

ʽʥʜʝʢʩ çʭʚʦʩʪʘè, Ű Ó 1 ï ʯʘʩ ʘʢʪʠʚʥʦʛʦ ʧʝʨʽʦʜʫ, n Í N ï ʥʦʤʝʨ ʢʨʦʢʫ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥʥʦʾ L(Ű). ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʭ Ű ʧʦʤʠʣʢʘ 

ʧʝʨʝʜʙʘʯʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʷʢ ʟʘʚʛʦʜʥʦ ʤʘʣʦʶ. 

ʋ ʨʦʙʦʪʽ [14] ʨʦʟʛʣʷʥʫʪʦ ʘʣʛʦʨʠʪʤ  ʉoLoRade [8], ʷʢʠʡ ʜʘʻ ʥʘʡʙʽʣʴʰ 

ʪʦʯʥʫ ʦʮʽʥʢʫ ʧʘʨʘʤʝʪʨʘ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ. ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʦʮʽʥʢʠ ʧʦʢʘʟʥʠʢʘ 

ʍʝʨʩʪʘ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʨʽʚʥʷʥʥʷ f(H) = 0. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʽʪʝʨʘʮʽʡʥʠʡ ʤʝʪʦʜ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʬʫʥʢʮʽʶ 

HEAF(k), ʷʢʘ ʻ ʦʮʽʥʢʦʶ ʧʦʢʘʟʥʠʢʘ H. ʎʝʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʷʢʱʦ ʧʝʨʰʘ 

ʽ ʜʨʫʛʘ ʧʦʭʽʜʥʽ ʥʝʧʝʨʝʨʚʥʽ ʽ ʥʝ ʟʤʽʥʶʶʪʴ ʟʥʘʢʽʚ ʥʘ ʚʽʜʨʽʟʢʫ ʚʽʜʜʽʣʝʥʥʷ ʢʦʨʝʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ [15] ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʩʘʤʦʧʦʜʽʙʥʠʡ ʧʨʦʮʝʩ ʯʘʩʪʦ 

ʥʦʩʠʪʴ ʚʠʙʫʭʦʚʠʡ (burst) ʭʘʨʘʢʪʝʨ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʥʘʷʚʥʦʩʪʽ ʚʠʢʠʜʽʚ ʧʨʠ 

ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʽʡ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʧʦʜʽʡ. ʎʽ ʣʦʢʘʣʽʟʦʚʘʥʽ ʚ ʯʘʩʽ ʩʢʫʧʯʝʥʥʷ 

(congestions) ʚʠʢʣʠʢʘʶʪʴ ʟʥʘʯʥʽ ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ, ʥʘʚʽʪʴ ʢʦʣʠ ʩʫʤʘʨʥʘ ʧʦʪʨʝʙʘ ʚ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʚʩʽʭ ʧʦʪʦʢʽʚ ʜʘʣʝʢʘ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ, 

ʦʩʢʽʣʴʢʠ ʨʦʟʨʘʭʫʥʢʠ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʫʯʘʩʥʠʭ ʤʝʨʝʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʣʠʰʝ ʫʩʝʨʝʜʥʝʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʨʘʬʽʢʫ. ɿʦʢʨʝʤʘ, ʜʣʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʧʦʪʦʢʫ 
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ʧʘʢʝʪʽʚ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʨʦʟʤʽʨʫ ʙʫʬʝʨʘ ʥʘ ʚʭʦʜʽ ʤʝʨʝʞʝʚʦʛʦ ʧʨʦʮʝʩʦʨʘ 

ʡʤʦʚʽʨʥʽʩʪʴ ʚʪʨʘʪ ʧʘʜʘʻ ʟʥʘʯʥʦ ʧʦʚʽʣʴʥʽʰʝ, ʥʽʞ ʜʣʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʘʢʦʥʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʚ ʢʣʘʩʠʯʥʠʭ ʤʦʜʝʣʷʭ ʪʝʣʝʪʨʘʬʽʢʘ [15]. ɸʣʛʦʨʠʪʤʠ ʦʙʨʦʙʢʠ 

ʪʨʘʬʽʢʫ ʤʝʨʝʞʝʚʠʤ ʧʨʦʮʝʩʦʨʦʤ, ʱʦ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʨʦʙʦʪʠ ʟ ʥʘʡʧʨʦʩʪʽʰʠʤ 

ʧʦʪʦʢʦʤ, ʥʝʝʬʝʢʪʠʚʥʽ ʜʣʷ ʩʘʤʦʧʦʜʽʙʥʠʭ ʧʦʪʦʢʽʚ. ʄʦʞʣʠʚʽ ʧʨʠʯʠʥʠ 

ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʤʝʨʝʞʝʚʦʛʦ ʪʨʘʬʽʢʫ ʧʦʣʷʛʘʶʪʴ ʚ ʦʩʦʙʣʠʚʦʩʪʷʭ ʨʦʟʧʦʜʽʣʫ 

ʬʘʡʣʽʚ ʧʦ ʩʝʨʚʝʨʘʤ, ʾʭ ʨʦʟʤʽʨʘʭ, ʘ ʪʘʢʦʞ ʚ ʪʠʧʦʚʽʡ ʧʦʚʝʜʽʥʮʽ ʢʦʨʠʩʪʫʚʘʯʽʚ [15]. 

ʉʧʦʯʘʪʢʫ ʥʝ ʚʠʷʚʣʷʶʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʧʦʪʦʢʠ ʜʘʥʠʭ, ʱʦ 

ʧʨʦʡʰʣʠ ʦʙʨʦʙʢʫ ʥʘ ʚʫʟʣʦʚʠʭ ʩʝʨʚʝʨʘʭ ʽ ʘʢʪʠʚʥʠʭ ʤʝʨʝʞʝʚʠʭ ʝʣʝʤʝʥʪʘʭ, ʘ 

ʧʦʪʽʤ ʧʦʯʠʥʘʶʪʴ ʧʨʦʷʚʣʷʪʠ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʽ ʦʟʥʘʢʠ ʩʘʤʦʢʦʨʝʣʷʮʽʡ [15]. 

ɺ ʨʦʙʦʪʘʭ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʚʠʱʝ, ʚʢʘʟʘʥʦ, ʱʦ ʫ ʟʚ'ʷʟʢʫ ʟʽ ʩʪʚʦʨʝʥʥʷʤ 

ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙ'ʻʜʥʘʥʥʷ ʨʽʟʥʦʨʽʜʥʠʭ ʧʦʪʦʢʽʚ 

ʽʥʬʦʨʤʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ ʪʘʢʠʭ, ʷʢ ʧʝʨʝʜʘʯʘ ʤʦʚʠ, ʜʘʥʠʭ, ʩʠʛʥʘʣʽʚ ʘʥʘʣʦʛʦʚʦʛʦ ʽ 

ʮʠʬʨʦʚʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ, ʩʠʛʥʘʣʽʚ ʨʘʜʽʦʤʦʚʣʝʥʥʷ. ʆʩʥʦʚʦʶ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʻ ʧʘʢʝʪʥʘ ʢʦʤʫʪʘʮʽʷ. ʆʜʥʘʢ ʪʘʢʝ ʦʙ'ʻʜʥʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʥʝ ʪʽʣʴʢʠ ʜʦ 

ʟʨʫʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʟ ʙʦʢʫ ʩʧʦʞʠʚʘʯʘ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʦʩʣʫʛ, ʘ ʡ ʜʦ ʦʢʨʝʤʠʭ ʪʝʭʥʽʯʥʠʭ ʩʢʣʘʜʥʦʱʽʚ, ʥʘʧʨʠʢʣʘʜ: 

ʥʝʜʦʩʪʘʪʥʴʦ ʦʧʨʘʮʴʦʚʘʥʦ ʧʠʪʘʥʥʷ ʧʨʦ ʧʨʽʦʨʠʪʝʪʥʽ ʧʦʪʦʢʠ [16], ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʘʯʢʫʚʘʥʥʷ ʪʨʘʬʽʢʫ ʪʦʱʦ. ʆʩʦʙʣʠʚʠʡ ʚʧʣʠʚ ʥʘ ʷʢʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʤʘʁʪʴ ʪʘʢ ʟʚʘʥʽ ʬʨʘʢʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʪʨʘʬʽʢʫ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʚʣʘʩʪʠʚʽʩʪʴ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ.  

ʆʩʥʦʚʥʠʤ ʧʦʰʪʦʚʭʦʤ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʩʘʤʦʧʦʜʽʙʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʪʦʢʽʚ ʽʥʪʝʛʨʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʩʠʩʪʝʤʘʭ ʟʚ'ʷʟʢʫ ʩʪʘʣʘ ʟʥʘʯʥʘ 

ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʧʨʦʚʝʜʝʥʠʭ ʥʘ ʨʽʟʥʠʭ ʤʝʨʝʞʘʭ, ʷʢ̔ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʥʘʷʚʥʽʩʪʴ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ ʧʨʦʝʢʪʦʚʘʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʽ ʨʝʘʣʴʥʦ 

ʽʩʥʫʶʯʠʤ [3,4,5,6,7], ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɼʘʥʫ 

ʚʣʘʩʪʠʚʽʩʪʴ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʷʢ ʚ ʣʦʢʘʣʴʥʠʭ [5,6,9], ʪʘʢ ʽ ʛʣʦʙʘʣʴʥʠʭ [7,8] 

ʤʝʨʝʞʘʭ. ʂʨʽʤ ʪʦʛʦ, ʨʽʟʥʦʨʽʜʥʠʡ ʪʨʘʬʽʢ ʧʨʠʚʽʚ ʜʦ ʧʨʦʷʚʫ ʜʘʥʦ ʾʚʣʘʩʪʠʚʦʩʪʽ ʚ 

ʤʝʨʝʞʘʭ ʟ ʧʘʢʝʪʥʦʶ ʢʦʤʫʪʘʮʽʻʶ [3,6,13], ʘ ʪʘʢʦʞ ʚ ʩʪʽʣʴʥʠʢʦʚʠʭ ʤʝʨʝʞʘʭ. 
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1.2. ʉʧʦʩʦʙʠ ʦʧʠʩʫ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʧʦʪʦʢʽʚ ʪʨʘʬʽʢʘ 

ʪʘ ʡʦʛʦ ʦʩʥʦʚʥʽ ʤʘʪʝʤʘʪʠʯʥ ̔ʤʦʜʝʣʽ  

 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ ʚʝʣʠʢʝ 

ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʫ ʧʝʨʝʜʘʯʽ 

ʪʨʘʬʽʢʫ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʚʪʨʘʪʠ ʪʨʘʬʽʢʫ, ʚʠʟʥʘʯʠʪʠ ʩʧʦʩʦʙʠ 

ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʚʽʜʧʦʚʽʜʥʦ ʧʽʜʚʠʱʝʥʥʷ ʜʦʭʦʜʫ ʦʧʝʨʘʪʦʨʽʚ 

ʟʚ'ʷʟʢʫ. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʧʝʨʝʜʘʚʘʥʥʷ ʪʨʘʬʽʢʫ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ 

ʟʦʢʨʝʤʘ ʚʧʣʠʚ ʧʨʦʮʝʩʫ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʘʥʫ ʧʦʪʦʢʫ ʥʘ ʟʤʽʥʫ ʡʦʛʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, 

ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʪʨʘʬʽʢʫ ʫ ʯʘʩʽ, ʦʮʽʥʠʪʠ ʨʽʟʥʽ ʧʘʨʘʤʝʪʨʠ 

ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ, ʥʘʧʨʠʢʣʘʜ, ʟʘʪʨʠʤʢʠ ʧʝʨʝʜʘʯʽ ʧʘʢʝʪʫ ʧʦ ʣʘʥʮʽ 

ʪʦʱʦ [16]. 

ʊʝʭʥʽʯʥʦʶ ʧʣʘʪʬʦʨʤʦʶ ʧʝʨʝʜʘʚʘʥʥ ̫ ʽʥʬʦʨʤʘʮʽʾ ʻ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʘ 

ʤʝʨʝʞʘ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʚʫʟʣʽʚ ʢʦʤʫʪʘʮʽʾ. 

ʉʫʢʫʧʥʽʩʪʴ ʮʠʭ ʟʘʩʦʙʽʚ ʟʚ'ʷʟʫʻ ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ ʟ ʾʭ ʩʧʦʞʠʚʘʯʘʤʠ. ʂʘʥʘʣʘʤʠ 

ʟʚôʷʟʢʫ ʧʝʨʝʜʘʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ, ʷʢʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʻ ʧʨʝʜʤʝʪʦʤ ʧʝʨʝʜʘʯʽ ʡ 

ʨʦʟʧʦʜʽʣʫ, ʽ ʜʦʧʦʤʽʞʥʘ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʚ ʧʨʦʮʝʩʽ ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʪʦʶ ʚʩʽʻʾ 

ʩʠʩʪʝʤʠ. ɺʫʟʣʠ ʢʦʤʫʪʘʮʽʾ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟ'ʻʜʥʘʥʥʷ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʽ ʚ ʥʠʭ ʟʘ ʧʝʚʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʣʫʞʙ ʤʝʨʝʞʽ. ʇʨʠ ʮʴʦʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʦʪʦʪʦʞʥʶʻʪʴʩʷ ʟ ʚʠʤʦʛʦʶ ʥʘ ʡʦʛʦ ʧʝʨʝʜʘʯʫ ʘʙʦ ʦʙʨʦʙʢʫ ʽ ʧʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ 

ʚʠʤʦʛ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʣʠʢʠ ʪʝʣʝʬʦʥʥʦʾ ʩʪʘʥʮʽʾ ʘʙʦ ʧʘʢʝʪʠ ʧʘʢʝʪʥʦʛʦ 

ʢʦʤʫʪʘʪʦʨʘ. ʂʽʣʴʢʽʩʥʘ ʩʪʦʨʦʥʘ ʧʨʦʮʝʩʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʪʦʢʽʚ ʚʠʤʦʛ 

(ʪʨʘʬʽʢʘ) ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʪʝʦʨʽʻʶ ʪʝʣʝʪʨʘʬʽʢʘ [1]. 

ʇʨʝʜʤʝʪʦʤ ʪʝʦʨʽʾ ʪʝʣʝʪʨʘʬʽʢʘ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ 

ʭʘʨʘʢʪʝʨʦʤ ʧʦʪʦʢʫ ʚʠʤʦʛ, ʢʽʣʴʢʽʩʪʶ ʢʘʥʘʣʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 

ʦʢʨʝʤʦʛʦ ʢʘʥʘʣʫ ʪʘ ʝʬʝʢʪʠʚʥʠʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ 

ʥʘʡʢʨʘʱʠʭ ʰʣʷʭʽʚ ʢʝʨʫʚʘʥʥʷ ʮʠʤʠ ʧʨʦʮʝʩʘʤʠ [1]. 

ɿʘʜʘʯʘ ʪʝʦʨʽʾ ʪʝʣʝʪʨʘʬʽʢʘ ʧʦʣʷʛʘʻ ʫ ʚʩʪʘʥʦʚʣʝʥʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʨʝʟʫʣʴʪʫʶʯʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦ ʾ ʤʝʨʝʞ ̔ (ʩʝʨʝʜʥʴʦʾ 
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ʢʽʣʴʢʦʩʪʽ ʚʠʤʦʛ, ʱʦ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ; ʩʝʨʝʜʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʤʦʛ, ʱʦ ʦʯʽʢʫʶʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʯʝʨʟʽ) ʚʽʜ ʚʭʽʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʢʽʣʴʢʦʩʪʽ ʢʘʥʘʣʽʚ ʫ ʩʠʩʪʝʤʽ, 

ʧʘʨʘʤʝʪʨʽʚ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʚʠʤʦʛ ʪʦʱʦ). ʈʝʟʫʣʴʪʫʶʯʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʘʙʦ 

ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦ ʾ ʤʝʨʝʞ ̔ ʻ ʧʦʢʘʟʥʠʢʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʱʦ ʦʧʠʩʫʶʪʴ, ʯʠ ʟʜʘʪʥʘ ʜʘʥʘ ʩʠʩʪʝʤʘ ʚʧʦʨʘʪʠʩʷ ʟ ʧʦʪʦʢʦʤ ʚʠʤʦʛ. 

ʉʫʢʫʧʥʽʩʪʴ (ʧʦʩʣʽʜʦʚʥʽʩʪʴ) ʧʦʜʽʡ ʥʘʜʭʦʜʞʝʥʥʷ ʜʦ ʩʠʩʪʝʤʠ ʚ ʤʦʤʝʥʪʠ 

t1étn ʚʠʤʦʛ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʨʠʩ. 1.1) ʫʪʚʦʨʶʶʪʴ ʧʦʪʽʢ ʚʠʤʦʛ (ʪʨʘʬʽʢ). 

ʇʦʪʦʢʠ ʚʠʤʦʛ ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʦʤʝʥʪʘʤʠ ʥʘʜʭʦʜʞʝʥʴ tx ʽ ʢʽʣʴʢʽʩʪʶ ʚʠʤʦʛ kn, ʱʦ 

ʥʘʜʽʡʰʣʠ ʫ ʤʦʤʝʥʪ tn. ʇʨʠ ʮʴʦʤʫ kn ʽ tn ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʧʘʜʢʦʚʽ [1].  

 

 

ʈʠʩ. 1.1 ʇʨʠʢʣʘʜ ʧʦʪʦʢʫ ʚʠʤʦʛ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

 

ʋ ʨʝʢʫʨʝʥʪʥʦʛʦ ʧʦʪʦʢʫ ʚʠʤʦʛ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ ʤʽʞ ʧʦʜʽʷʤʠ ʥʘʜʭʦʜʞʝʥʥʷ 

ʚʠʤʦʛ zn = tn ï tn-1 ʻ ʩʪʦʭʘʩʪʠʯʥʦ ʥʝʟʘʣʝʞʥʠʤʠ ʪʘ ʚʠʧʘʜʢʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ. ɿʘ 

ʥʝʟʤʽʥʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʤʽʞ ʚʠʤʦʛʘʤʠ zn ʧʦʪʽʢ ʻ ʜʝʪʝʨʤʽʥʦʚʘʥʠʤ, ʦʜʥʘʢ ʚ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ ʚ ʦʩʥʦʚʥʦʤʫ ʧʦʪʦʢʠ ʻ ʚʠʧʘʜʢʦʚʠʤʠ. 

ɺʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ ʥʘʜʭʦʜʞʝʥʥʷ ʫ ʩʠʩʪʝʤʫ ʚʠʤʦʛ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ, ʱʦ ʚʩʪʘʥʦʚʣʶʻ ʟʚ'ʷʟʦʢ ʤʽʞ ʟʥʘʯʝʥʥʷʤ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ 

ʪʘ ʽʤʦʚʽʨʥʽʩʪʶ ʧʦʷʚʠ ʮʴʦʛʦ ʟʥʘʯʝʥʥʷ. ʊʘʢʠʡ ʧʦʪʽʢ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʠʡ 

ʡʤʦʚʽʨʥʽʩʥʦʶ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʚʠʤʦʛʘʤʠ ʘʙʦ 

ʡʤʦʚʽʨʥʽʩʥʦʶ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ ʢʽʣʴʢʦʩʪʽ ʚʠʤʦʛ ʟʘ ʫʤʦʚʥʫ ʦʜʠʥʠʮʶ ʯʘʩʫ [1]. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʪʦʢʫ ʚʠʤʦʛ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʠʭ ʽʤʦʚʽʨʥʽʩʥʠʭ ʬʫʥʢʮʽʡ: 

1. ʌʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ P(z) ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ z ʤʽʞ ʚʠʤʦʛʘʤʠ. 

F(t) = P(zn Ò  t), 

ʜʝ P(zn Ò  t) ï ʽʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʯʘʩ ʤʽʞ ʧʦʩʣʽʜʦʚʥʠʤʠ ʚʠʤʦʛʘʤʠ zn Ò  t. 

t 
0 t1 t2 t3 t4 t5 t6 
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ʆʩʥʦʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʤʦʜʝʣʽ ʻ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʽʥʪʝʨʚʘʣʽʚ z, ʱʦ ʜʣʷ 

ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʻ ʤʘʪʝʤʘʪʠʯʥʠʤ ʩʧʦʜʽʚʘʥʥʷʤ z . ʇʘʨʘʤʝʪʨ, ʟʚʦʨʦʪʥʠʡ ʜʦ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ z, ʻ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʦʪʦʢʫ ʥʘʜʭʦʜʞʝʥʥʷ ʚʠʤʦʛ ɚ ʟʘ 

ʦʜʠʥʠʮʶ ʯʘʩʫ, ʚ ʷʢʠʭ ʚʠʤʽʨʶʻʪʴʩʷ z : 

z

1
=l .      (1.1) 

ʋ ʜʝʷʢʠʭ ʤʦʜʝʣʷʭ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʡ ʜʦʜʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ, ʪʘʢʽ 

ʷʢ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʽʥʪʝʨʚʘʣʫ z, ʧʦʢʘʟʥʠʢ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʪʨʘʬʽʢʘ ʪʦʱʦ. 

ʉʫʢʫʧʥʽʩʪʴ ʤʦʤʝʥʪʽʚ ʟʘʚʝʨʰʝʥʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʤʦʛ ʫʪʚʦʨʶʶʪʴ ʧʦʪʽʢ 

ʟʚʽʣʴʥʝʥʥʷ ʩʝʨʚʝʨʽʚ ʩʠʩʪʝʤʠ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʤʦʛ Õ: 

x

1
=m ,      (1.2) 

ʜʝ x  ï ʩʝʨʝʜʥʽʡ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʦʜʥʽʻʾ ʚʠʤʦʛʠ. 

2. ʌʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ Pi(t) ʢʽʣʴʢʦʩʪʽ ʚʠʤʦʛ i ʟʘ ʫʤʦʚʥʫ 

ʦʜʠʥʠʮʶ ʯʘʩʫ t.  

ʆʩʥʦʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʤʦʜʝʣʽ ʻ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ i, 

ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ ʃʽʪʪʣʘ ʷʢ ti l= . ɺ ʜʝʷʢʠʭ ʨʦʟʧʦʜʽʣʘʭ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʡ ʜʦʜʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ, ʪʘʢʽ ʷʢ ʜʠʩʧʝʨʩʽʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʤʦʤʝʥʪʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʧʦʨʷʜʢʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʦʪʦʢʫ ʚʠʤʦʛ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ ʜʚʘ 

ʩʧʦʩʦʙʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʤʦʚʽʨʥʽʩʥʠʭ ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ [1]: 

- ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʚʠʤʦʛʘʤʠ z; 

- ʢʽʣʴʢʦʩʪʽ ʚʠʤʦʛ i ʟʘ ʫʤʦʚʥʫ ʦʜʠʥʠʮʶ ʯʘʩʫ t. 

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʝʧʝʨʝʨʚʥʽ ʟʘʢʦʥʠ, ʘ 

ʜʨʫʛʦʤʫ ï ʜʠʩʢʨʝʪʥʽ.  

ʅʘʧʨʠʢʣʘʜ, ʤʦʜʝʣʣʶ ʧʦʪʦʢʫ ʫ ʪʝʣʝʬʦʥʥʠʭ ʤʝʨʝʞʘʭ ʟʚôʷʟʢʫ ʻ 

ʝʢʩʧʦʥʝʥʪʥʠʡ ʨʦʟʧʦʜʽʣ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ ʤʽʞ ʚʠʤʦʛʘʤʠ z (ʚʠʢʣʠʢʘʤʠ ɸʊʉ) ʟ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ɚ. ɿ ʛʫʩʪʠʥʠ (ʱʽʣʴʥʦʩʪʽ) ʮʴʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ 

ʽʤʦʚʽʨʥʽʩʪʴ ʙʫʜʴ-ʷʢʦʾ ʪʨʠʚʘʣʦʩʪʽ zx ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ z ʟʘ ʟʘʜʘʥʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʚʠʤʦʛ ɚ: 



27 

zezP l-l=)( .     (1.3) 

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ z, ʨʦʟʧʦʜʽʣʝʥʦʾ ʟʘ ʝʢʩʧʦʥʝʥʪʥʠʤ 

ʟʘʢʦʥʦʤ (1.3), ʜʦʨʽʚʥʶʻ ɚ-1, ʘ ʧʘʨʘʤʝʪʨ ʨʦʟʧʦʜʽʣʫ ɚ ï ʮʝ ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʚʠʤʦʛ 

ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ, ʫ ʷʢʠʭ ʚʠʤʽʨʶʻʪʴʩʷ z. ʂʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ vz = ůz / z  ſ 1. 

ʗʢʱʦ ʽʥʪʝʨʚʘʣ ʯʘʩʫ z ʨʦʟʧʦʜʽʣʝʥʠʡ ʟʘ ʝʢʩʧʦʥʝʥʪʥʠʤ ʟʘʢʦʥʦʤ, ʪʦ ʢʽʣʴʢʽʩʪʴ 

ʧʦʜʽʡ i ʟʘ ʫʤʦʚʥʫ ʦʜʠʥʠʮʶ ʯʘʩʫ t ʦʙʦʚôʷʟʢʦʚʦ ʨʦʟʧʦʜʽʣʝʥʘ ʟʘ ʟʘʢʦʥʦʤ ʇʫʘʩʩʦʥʘ: 
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ɺʝʣʠʯʠʥʘ ɚt ʻ ʧʘʨʘʤʝʪʨʦʤ ʨʦʟʧʦʜʽʣʫ ʇʫʘʩʩʦʥʘ. ɿʘ ʮʠʤ ʨʦʟʧʦʜʽʣʦʤ ʤʦʞʥʘ 

ʨʦʟʨʘʭʫʚʘʪʠ ʽʤʦʚʽʨʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʜʦ ʩʠʩʪʝʤʠ ʪʦʯʥʦ i ʚʠʤʦʛ ʟʘ ʫʤʦʚʥʫ 

ʦʜʠʥʠʮʶ ʯʘʩʫ ʪʨʠʚʘʣʽʩʪʶ t ʟʘ ʟʘʜʘʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʚʠʤʦʛ ɚ. 

ʗʢʱʦ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ t ʚʟʷʪʦ ʩʝʨʝʜʥʽʡ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʤʦʛʠ x, ʪʦ 

ʧʘʨʘʤʝʪʨʦʤ ʨʦʟʧʦʜʽʣʫ (1.4) ʙʫʜʝ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʭʽʜʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ xl=L , 

ʧʨʠʯʦʤʫ ʜʠʩʧʝʨʩʽʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ů2 ſ ȿ. 

ʆʪʞʝ, ʽ ʨʦʟʧʦʜʽʣ ʇʫʘʩʩʦʥʘ ʪʘʢʦʞ ʻ ʤʦʜʝʣʣʶ ʪʨʘʬʽʢʘ ʫ ʪʝʣʝʬʦʥʥʠʭ 

ʤʝʨʝʞʘʭ ʟʚôʷʟʢʫ, ʷʢʠʡ ʱʝ ʥʘʟʠʚʘʻʪʴʩʷ ʧʫʘʩʩʦʥʽʚʩʴʢʠʤ ʧʦʪʦʢʦʤ. 

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ i, ʨʦʟʧʦʜʽʣʝʥʦʾ ʟʘ ʟʘʢʦʥʦʤ (1.4), 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ti l= . ʇʨʠ ʟʨʦʩʪʘʥʥʽ i ʚʽʜ ʥʫʣʷ ʜʦ i  ʽʤʦʚʽʨʥʽʩʪʴ Pi(t) ʧʦʩʪʫʧʦʚʦ 

ʟʨʦʩʪʘʻ, ʜʣʷ ʟʥʘʯʝʥʥʷ i  ʚʦʥʘ ʤʘʢʩʠʤʘʣʴʥʘ, ʘ ʜʘʣʽ ʟʽ ʟʨʦʩʪʘʥʥʷʤ i ʮ ̫ʽʤʦʚʽʨʥʽʩʪʴ 

ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʻʪʴʩʷ (ʧʨʠ ɚt > 50 ʨʦʟʧʦʜʽʣ ʤʘʡʞʝ ʩʠʤʝʪʨʠʯʥʠʡ). 

ʇʫʘʩʩʦʥʽʚʩʴʢʠʡ ʧʦʪʽʢ ʚʠʤʦʛ ʤʘʻ ʪʘʢʽ ʚʣʘʩʪʠʚʦʩʪʽ [2]: 

- ʩʪʘʮʽʦʥʘʨʥʽʩʪʴ  ï  ʽʤʦʚʽʨʥʽʩʪʴ ʢʽʣʴʢʦʩʪʽ ʚʠʤʦʛ ʥʘ ʚʽʜʨʽʟʢʫ ʯʘʩʫ 

ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʮʴʦʛʦ ʚʽʜʨʽʟʢʘ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʜʝ 

ʩʘʤʝ ʥʘ ʦʩʽ ʯʘʩʫ ʚʽʥ ʨʦʟʤʽʱʝʥʠʡ; 

- ʦʨʜʠʥʘʨʥʽʩʪʴ ï ʽʤʦʚʽʨʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ >1 ʚʠʤʦʛʠ ʟʘ ʥʝʩʢʽʥʯʝʥʥʦ 

ʤʘʣʠʡ ʚʽʜʨʽʟʦʢ ʯʘʩʫ ʻ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʦʶ ʧʦʨʽʚʥʷʥʦ ʟ ʽʤʦʚʽʨʥʽʩʪʶ 

ʥʘʜʭʦʜʞʝʥʥʷ ʪʦʯʥʦ ʦʜʥʽʻʾ ʚʠʤʦʛʠ (ʚʠʤʦʛʠ ʥʘʜʭʦʜʷʪʴ ʣʠʰʝ ʧʦ ʦʜʥʽʡ); 
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- ʙʝʟ ʧʽʩʣʷʜʽʾ ï ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʚʽʜʨʽʟʢʽʚ ʯʘʩʫ, ʱʦ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ, 

ʢʽʣʴʢʽʩʪʴ ʚʠʤʦʛ ʦʜʥʦʛʦ ʚʽʜʨʽʟʢʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʩʢʽʣʴʢʠ ʚʠʤʦʛ 

ʥʘʜʽʡʰʣʦ ʥʘ ʽʥʰʠʡ. 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʧʫʘʩʩʦʥʽʚʩʴʢʠʡ ʧʦʪʽʢ ʫʪʚʦʨʶʻʪʴʩʷ ʥʝʩʢʽʥʯʝʥʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʜʞʝʨʝʣ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʜʣʷ ʥʴʦʛʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʪʦʢʫ ɚ, ʪʦʙʪʦ 

ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʚʠʤʦʛ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ, ʻ ʚʝʣʠʯʠʥʘ ʥʝʟʤʽʥʥʘ. 

ɼʣʷ ʧʫʘʩʩʦʥʽʚʩʴʢʦʾ ʤʦʜʝʣʽ ʧʦʪʦʢʫ ʚʽʜʦʤʽ ʚʩʽ ʘʥʘʣʽʪʠʯʥʽ ʬʦʨʤʫʣʠ 

ʨʦʟʨʘʭʫʥʢʫ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS ʙʫʜʴ-ʷʢʠʭ ʩʠʩʪʝʤ ʨʦʟʧʦʜʽʣʫ 

ʽʥʬʦʨʤʘʮʽʾ [1, 2]. 

ɯʥʪʝʛʨʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʤʫʣʴʪʠʩʝʨʚʽʩʥʦʾ ʤʝʨʝʞʽ ʟʚôʷʟʢʫ ʟ ʨʦʟʰʠʨʝʥʠʤ 

ʩʧʝʢʪʨʦʤ ʥʘʜʘʚʘʥʠʭ ʧʦʩʣʫʛ ʟʫʤʦʚʣʶʻ ʨʽʟʥʦʨʽʜʥʽʩʪʴ ʪʨʘʬʽʢʘ, ʷʢʘ ʩʠʣʴʥʦ ʟʤʽʥʶʻ 

ʡʦʛʦ ʧʘʨʘʤʝʪʨʠ ʪʘ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ. ʇʘʨʘʤʝʪʨʘʤʠ ʤʫʣʴʪʠʩʝʨʚʽʩʥʦʛʦ 

ʪʨʘʬʽʢʘ ʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ȿ (ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʚʠʤʦʛ, ʱʦ ʥʘʜʽʡʰʣʘ 

ʜʦ ʩʠʩʪʝʤʠ ʟʘ ʩʝʨʝʜʥʶ ʪʨʠʚʘʣʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ x) ʪʘ ʜʠʩʧʝʨʩʽʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ů2 (ʜʠʚ. ʪʘʙʣ. 1.1). ʄʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʪʨʘʬʽʢʘ ʻ ʽʤʦʚʽʨʥʽʩʥʘ 

ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ z (ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʤʽʞ ʚʠʤʦʛʘʤʠ) ʘʙʦ 

ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ i (ʢʽʣʴʢʽʩʪʴ ʚʠʤʦʛ ʟʘ ʯʘʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʤʦʛʠ x ). 

ʇʦʪʦʢʠ ʚʠʤʦʛ ʫ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞʘʭ ʬʦʨʤʫʶʪʴʩʷ ʤʥʦʞʠʥʦʶ 

ʜʞʝʨʝʣ ʟ ʨʽʟʥʦʶ ʧʠʪʦʤʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʥʘʚʘʥʪʘʞʝʥʥʷ ɚi (ʨʽʟʥʦʨʽʜʥʽ ʧʦʪʦʢʠ). ɺ 

ʧʨʦʮʝʩʽ ʩʪʚʦʨʝʥʥʷ ʧʦʪʦʢʫ ʚʠʤʦʛ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʜʞʝʨʝʣʘ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ i-  ʾ

ʛʨʫʧʠ ʩʧʦʞʠʚʘʯʽʚ k ʩʝʨʚʽʩʽʚ ʟ ʙʣʠʟʴʢʠʤʠ ʽʥʪʝʥʩʠʚʥʦʩʪʷʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɿʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʧʦʪʦʢʫ ʚʠʤʦʛ ʚ ʢʦʞʥʫ ʤʠʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʦʛʦ, ʜʦ ʷʢʦʾ i-ʾ ʛʨʫʧʠ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘʣʝʞʠʪʴ ʜʞʝʨʝʣʦ ʽ ʷʢʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʮʠʭ ʜʞʝʨʝʣ ʟ ʽʥʰʠʤʠ. ʆʪʞʝ, ʘʜʝʢʚʘʪʥʦʶ ʤʦʜʝʣʣʶ 

ʪʘʢʦʛʦ ʧʦʪʦʢʫ, ʪʦʙʪʦ ʨʦʟʧʦʜʽʣʦʤ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ ʤʽʞ ʚʠʤʦʛʘʤʠ ʙʫʜʝ ʥʝ 

ʝʢʩʧʦʥʝʥʪʥʠʡ ʨʦʟʧʦʜʽʣ (M), ʘ ʾʭ ʩʫʤʽʰ ï ʛʽʧʝʨʝʢʩʧʦʥʝʥʪʥʠʡ ʨʦʟʧʦʜʽʣ (H):  
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ʎʝʡ ʨʦʟʧʦʜʽʣ ʦʧʠʩʫʻ ʙʽʣʴʰʠʡ ʨʦʟʢʠʜ ʚʝʣʠʯʠʥʠ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʤʽʞ 

ʚʠʤʦʛʘʤʠ z ʽ ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʘʨʽʘʮʽʾ ɜz Ó 1, ʘ ʮʝ ʜʦʟʚʦʣʷʻ 
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ʦʧʠʩʫʚʘʪʠ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʡ ʪʨʘʬʽʢ ʟ ʜʠʩʧʝʨʩʽʻʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ů2, 

ʱʦ ʧʝʨʝʚʠʱʫʻ ʾʾ ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ȿ ʚʽʜ ʦʜʠʥʠʮʴ ʜʦ ʜʝʩʷʪʢʽʚ ʨʘʟʽʚ.  

ɻʽʧʝʨʝʢʩʧʦʥʝʥʪʥʠʡ ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʤʽʞ ʚʠʤʦʛʘʤʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʘʢʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʚʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʤʦʛ i ʟʘ ʩʝʨʝʜʥʶ ʪʨʠʚʘʣʽʩʪʴ ʾʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ x , 

ʘ ʮʝ ʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ȿ, ʷʢʠʡ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʥʦʨʤʘʣʴʥʠʤ (ɻʘʫʩʘ) 

ʟʘʢʦʥʦʤ. ʆʪʞʝ, ʜʣʷ ʪʨʘʬʽʢʘ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞ ʘʜʝʢʚʘʪʥʦʶ ʻ ʤʘʪʝʤʘʪʠʯʥʘ 

ʤʦʜʝʣʴ ʟ ʛʽʧʝʨʝʢʩʧʦʥʝʥʪʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʤʽʞ ʚʠʤʦʛʘʤʠ (ʽʥʦʜʽ 

ʜʦʩʪʘʪʥʴʦ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ) ʘʙʦ ʟ ʥʦʨʤʘʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ȿ ʪʘ ů2: 

( )
2

2

2

2

1
sÖ

L--

Ö
sÖp

=

i

i eP .     (1.6) 

ɻʽʩʪʦʛʨʘʤʠ ʩʪʘʪʠʩʪʠʢʠ ʚʠʤʽʨʽʚ ʪʨʘʬʽʢʘ ʟ ʘʧʨʦʢʩʠʤʘʮʽʻʶ ʧʫʘʩʩʦʥʽʚʩʴʢʠʤ 

ʪʘ ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʘʤʠ ʨʦʟʧʦʜʽʣʫ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 3.1. ʇʝʨʝʚʽʨʢʘ ʟʘ ʢʨʠʪʝʨʽʻʤ 

ʇʽʨʩʦʥʘ ʧʦʢʘʟʘʣʘ, ʱʦ ʜʣʷ ʧʫʘʩʩʦʥʽʚʩʴʢʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ c2 = 4,51 ʧʨʠ ʨʽʚʥʽ 

ʟʥʘʯʠʤʦʩʪʽ ʨ = 0,34, ʘ ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ c2 = 1,29 ʧʨʠ 

ʨ = 0,87. ʄʝʥʰʝ ʟʥʘʯʝʥʥʷ c2 ʪʘ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʟʥʘʯʠʤʦʩʪʽ ʩʚʽʜʯʘʪʴ ʥʘ 

ʢʦʨʠʩʪʴ ʛʽʧʦʪʝʟʠ ʧʨʦ ʥʦʨʤʘʣʴʥʠʡ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ [17]. 

  

ʈʠʩ. 1.2 ɻʽʩʪʦʛʨʘʤʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʠʤʽʨʽʚ ʪʨʘʬʽʢʘ ʪʘ ʘʧʨʦʢʩʠʤʫʶʯʽ ʢʨʠʚʽ 

 

ɼʣʷ ʮʴʦʛʦ ʧʨʠʢʣʘʜʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʭʽʜʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ȿ = 27 (ʮʝ ʻ 

ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʠʤʦʛ), ʘ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ 
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ů = 9 (ʜʘʻʪʴʩʷ ʚ ʪʠʭ ʩʘʤʠʭ ʦʜʠʥʠʮʷʭ ʚʠʤʽʨʫ, ʱʦ ʽ ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ). ʇʨʠ 

ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʩʢʫʧʯʝʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ S = ů2 / ȿ = 3.  

ɼʣʷ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞ ʟʚôʷʟʢʫ ʚʣʘʩʪʠʚʘ ʧʽʜʚʠʱʝʥʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʪʨʘʬʽʢʘ, ʟʘ ʷʢʦʾ ʜʠʩʧʝʨʩʽʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʬʽʢʘ ů2 ʧʝʨʝʚʠʱʫʻ ʾʾ ʤʘʪʝʤʘʪʠʯʥʝ 

ʩʧʦʜʽʚʘʥʥʷ ȿ ʚʽʜ 2 ʜʦ 15 ʨʘʟʽʚ. ɯʥʦʜʽ ʜʘʥʝ ʧʝʨʝʚʠʱʝʥʥʷ ʻ ʙʽʣʴʰʠʤ, ʘʣʝ ʮʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʙʦ ʟʘ ʤʝʞʘʤʠ ɻʅʅ, ʘʙʦ ʥʘ ʥʝʚʝʣʠʢʠʭ ʧʫʯʢʘʭ ʢʘʥʘʣʽʚ [18]. ʆʪʞʝ, ʫ 

ʤʫʣʴʪʠʩʝʨʚʽʩʥʦʛʦ ʪʨʘʬʽʢʘ ʜʠʩʧʝʨʩʽʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ů2 > ȿ. 

ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʚʠʤʦʛ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʚʘʨʽʘʮʽʾ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʤʽʞ ʚʠʤʦʛʘʤʠ vz = ůz / z  ʽ ʜʣʷ ʤʫʣʴʪʠʩʝʨʚʽʩʥʦʛʦ ʪʨʘʬʽʢʘ 

vz > 1. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ vz ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʝʨʰʠʭ ʜʚʦʭ ʮʝʥʪʨʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʬʽʢʘ ʪʝʞ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʋ [19] ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʛʽʧʝʨʝʢʩʧʦʥʝʥʪʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʤʽʞ ʚʠʤʦʛʘʤʠ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ vz ʽ ʧʽʢʬʘʢʪʦʨ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʬʽʢʘ S ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʪʘʢʽʡ ʟʘʣʝʞʥʦʩʪʽ: 

S
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v z
z ºö

÷

õ
æ
ç
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2
2 ,     (1.7) 

ʜʝ ůz ï ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ; z  ï ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʽʥʪʝʨʚʘʣʫ z. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʦʞʥʘ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʽ 

ʜʠʩʧʝʨʩʽʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʬʽʢʘ, ʘʣʝ ʽ ʤʦʤʝʥʪʠ ʨʦʟʧʦʜʽʣʫ ʙʽʣʴʰ ʚʠʱʦʛʦ 

ʧʦʨʷʜʢʫ, ʪʘʢʠʭ ʷʢ ʘʩʠʤʝʪʨʽʷ ʪʘ ʝʢʩʮʝʩ [20]. 

ɯʥʪʝʛʨʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞ ʟ ʨʦʟʰʠʨʝʥʠʤ ʩʧʝʢʪʨʦʤ 

ʥʘʜʘʚʘʥʠʭ ʧʦʩʣʫʛ ʟʫʤʦʚʣʶʻ ʨʽʟʥʦʨʽʜʥʽʩʪʴ ʪʨʘʬʽʢʘ, ʷʢʘ ʟʤʽʥʶʻ ʡʦʛʦ ʧʘʨʘʤʝʪʨʠ 

ʪʘ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ. ʆʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʨʘʬʽʢʘ ʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ȿ ʪʘ ʜʠʩʧʝʨʩʽʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ů2, ʷʢʘ ʚʢʘʟʫʻ ʥʘ 

ʩʪʫʧʽʥʴ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʪʨʘʬʽʢʘ. ʈʦʟʚʠʪʦʢ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʥʦʚʽ 

ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞ ʟʚôʷʟʢʫ, ʟʤʽʥʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʢʣʘʜʫ ʘʙʦʥʝʥʪʽʚ ʽ 

ʩʧʝʢʪʨʘ ʥʘʜʘʚʘʥʠʭ ʧʦʩʣʫʛ ï ʚʩʝ ʮʝ ʟʙʽʣʴʰʫʻ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʧʦʪʦʢʽʚ ʚʠʤʦʛ, ʷʢʘ ʚʠʤʽʨʶʻʪʴʩʷ ʜʠʩʧʝʨʩʽʻʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ʉʪʘʪʠʩʪʠʯʥʽ ʚʠʤʽʨʠ 

ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʬʽʢʘ ʟ ʪʦʯʢʠ ʟʦʨʫ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʪʨʘʬʽʢʘ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʨʠ ʡʦʛʦ 
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ʪʠʧʠ, ʷʢʽ ʥʘʜʘʥʦ ʚ ʪʘʙʣ. 1.1 [21]. 

 

ʊʘʙʣʠʮʷ 1.1  

ʄʦʜʝʣʽ ʪʨʘʬʽʢʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ 

ʅʘʟʚʘ ʤʦʜʝʣʽ 

ʪʨʘʬʽʢʘ 

ɺʠʜ 

ʨʦʟʧʦʜʽʣʫ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʨʘʬʽʢʘ 

ʂʦʝʬʽʮʽʻʥʪ 

ʩʢʫʧʯʝʥʦʩʪʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʇʫʘʩʩʦʥʽʚʩʴʢʠʡ 

(ʤʦʥʦʩʝʨʚʽʩʥʠʡ) 

ɯʥʪʝʨʚʘʣ ʯʘʩʫ ʤʽʞ 

ʟʘʷʚʢʘʤʠ: Z ï 

ʝʢʩʧʦʥʝʥʪʥʘ ʬ-  ̫

ʂʽʣʴʢʽʩʪʴ ʚʠʤʦʛ ʟʘ 

ʦʜʠʥʠʮʶ ʯʘʩʫ:  

C ï ʟ-ʥ ʇʫʘʩʩʦʥʘ 

ȿ ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 
1=

L
=

D
S

 

ʄʫʣʴʪʠʩʝʨʚʽʩʥʠʡ 

ɯʥʪʝʨʚʘʣ ʯʘʩʫ ʤʽʞ 

ʟʘʷʚʢʘʤʠ: Z ï 

ʛʽʧʝʨʝʢʩʧʦʥʝʥʪʥʘ ʬ-  ̫

ʂʽʣʴʢʽʩʪʴ ʚʠʤʦʛ ʟʘ 

ʦʜʠʥʠʮʶ ʯʘʩʫ:  

C ï ʟ-ʥ ɻʘʫʩʘ 

ȿ ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, 

D ï ʜʠʩʧʝʨʩʽʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

S = 2é15 

ʇʘʢʝʪʥʠʡ 

ɯʥʪʝʨʚʘʣ ʯʘʩʫ ʤʽʞ 

ʟʘʷʚʢʘʤʠ: Z ï ʬ-ʷ ʇʘʨʝʪʦ 

ʘʙʦ ɺʝʡʙʫʣʣʘ 

ʂʽʣʴʢʽʩʪʴ ʚʠʤʦʛ ʟʘ 

ʦʜʠʥʠʮʶ ʯʘʩʫ:  

C ï ʟ-ʥ, ʩʭʦʞʠʡ ʜʦ ʟ-ʥʫ 

ɻʘʫʩʘ 

ȿ ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, 

k ï ʢʦʝʬʽʮʽʻʥʪ 

ʧʘʯʢʦʚʦʩʪʽ 

H ï ʧʦʢʘʟʥʠʢ 

ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ 

ʍʝʨʩʪʘ 

S > 15 

 

H = 0,5é1 

 

ɺʽʜ ʘʜʝʢʚʘʪʥʦʩʪʽ ʦʙʨʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʦʪʦʢʫ ʚʠʤʦʛ ʩʫʪʪʻʚʦ 

ʟʘʣʝʞʠʪʴ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ QoS. 
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1.3. ʇʘʨʘʤʝʪʨʠ ʪʨʘʬʽʢʘ ʧʘʢʝʪʥʠʭ ʤʝʨʝʞ ʟʚôʷʟʢʫ ʪʘ ʡʦʛʦ ʤʘʪʝʤʘʪʠʯʥʘ 

ʤʦʜʝʣʴ 

 

ʋ ʧʘʢʝʪʥʠʭ ʤʝʨʝʞʘʭ ʟʚ'ʷʟʢʫ ʧʦʪʦʢʠ ʧʘʢʝʪʽʚ (ʪʨʘʬʽʢ) ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʚʽʜ ʤʦʜʝʣʽ ʧʫʘʩʩʦʥʽʚʩʴʢʦʛʦ ʧʦʪʦʢʫ. ʇʘʢʝʪʥʠʡ ʪʨʘʬʽʢ ʬʦʨʤʫʻʪʴʩʷ ʤʥʦʞʠʥʦʶ 

ʜʞʝʨʝʣ ʟʘʧʠʪʽʚ ʥʘ ʥʘʜʘʚʘʥʽ ʤʝʨʝʞʝʶ ʧʦʩʣʫʛʠ ʪʘ ʤʝʨʝʞʥʠʤʠ ʜʦʜʘʪʢʘʤʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʩʣʫʛʠ ʧʝʨʝʜʘʚʘʥʥʷ ʚʽʜʝʦ, ʜʘʥʠʭ, ʤʦʚʠ ʪʘ ʽʥ. ɼʞʝʨʝʣʘ ʚʠʤʦʛ, 

ʙʝʨʫʯʠ ʫʯʘʩʪʴ ʫ ʧʨʦʮʝʩʽ ʩʪʚʦʨʝʥʥʷ ʧʦʪʦʢʫ ʧʘʢʝʪʽʚ, ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ 

ʩʦʙʦʶ ʟʥʘʯʝʥʥʷʤʠ ʧʠʪʦʤʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʧʦʪʦʢʫ ʧʘʢʝʪʽʚ ʫ ʢʦʞʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʪʦʛʦ, ʷʢʠʤʠ ʜʦʜʘʪʢʘʤʠ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ ʜʞʝʨʝʣʘ ʚʠʤʦʛ ʽ ʷʢʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʾʭʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʜʣʷ ʨʽʟʥʠʭ ʜʦʜʘʪʢʽʚ.  

ʅʘ ʩʪʨʫʢʪʫʨʫ ʪʨʘʬʽʢʘ ʚʧʣʠʚʘʶʪʴ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʧʦʩʣʫʛʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʝʢʽʣʴʢʦʤʘ 

ʜʦʜʘʪʢʘʤʠ ʘʙʦ ʷʢʱʦ ʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʨʦʪʦʢʦʣʘʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʦʚʪʦʨʥʘ 

ʧʝʨʝʜʘʯʘ ʥʝʚʽʨʥʦ ʧʨʠʡʥʷʪʠʭ ʧʘʢʝʪʽʚ, ʪʦ ʤʦʤʝʥʪʠ ʚʠʥʠʢʥʝʥʥʷ ʚʠʤʦʛ ʥʘ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʝʘʥʩʽʚ ʟʚ'ʷʟʢʫ ʩʠʣʴʥʦ ʢʦʨʝʣʶʶʪʴʩʷ. ʏʝʨʝʟ ʮʝ ʚ ʧʨʦʮʝʩʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʭʽʜʥʽ ʧʦʪʦʢʠ ʟʥʘʯʥʦ ʟʤʽʥʶʶʪʴʩʷ ʡ ʫ ʩʫʤʘʨʥʦʤʫ ʪʨʘʬʽʢʫ 

ʟ'ʷʚʣʷʶʪʴʩʷ ʜʦʚʛʦʩʪʨʦʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ. 

ʆʪʞʝ, ʧʘʢʝʪʥʠʡ ʪʨʘʬʽʢ ʫʞʝ ʥʝ ʻ ʧʨʦʩʪʦʶ ʩʫʤʦʶ ʤʥʦʞʠʥʠ ʥʝʟʘʣʝʞʥʠʭ 

ʩʪʘʮʽʦʥʘʨʥʠʭ ʽ ʦʨʜʠʥʘʨʥʠʭ ʧʦʪʦʢʽʚ, ʱʦ ʚʣʘʩʪʠʚʦ ʧʫʘʩʩʦʥʽʚʩʴʢʠʤ ʧʦʪʦʢʘʤ.  

ʋ ʤʝʨʝʞʘʭ ʟ ʢʦʤʫʪʘʮʽʻʶ ʧʘʢʝʪʽʚ ʪʨʘʬʽʢ ʻ ʨʽʟʥʦʨʽʜʥʠʤ, ʘ ʧʦʪʦʢʠ ʨʽʟʥʠʭ 

ʜʦʜʘʪʢʽʚ ʚʠʤʘʛʘʶʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʚʥʦʛʦ ʨʽʚʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʋ ʮʠʭ 

ʫʤʦʚʘʭ ʧʝʨʝʜʘʯʫ ʧʦʪʦʢʽʚ ʫʩʽʭ ʜʦʜʘʪʢʽʚ ʟʘʙʝʟʧʝʯʫʻ ʻʜʠʥʘ ʧʘʢʝʪʥʘ ʤʝʨʝʞʘ ʟ 

ʟʘʛʘʣʴʥʠʤʠ ʧʨʦʪʦʢʦʣʘʤʠ ʽ ʟʘʢʦʥʘʤʠ ʢʝʨʫʚʘʥʥʷ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʜʞʝʨʝʣʘ 

ʢʦʞʥʦʛʦ ʜʦʜʘʪʢʘ ʤʘʶʪʴ ʨʽʟʥʽ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʟʤʽʥʶʶʪʴ 

ʾʾ ʚ ʧʨʦʮʝʩʽ ʩʝʘʥʩʫ ʟʚ'ʷʟʢʫ (ʤʘʢʩʠʤʘʣʴʥʘ ʽ ʩʝʨʝʜʥʷ ʰʚʠʜʢʦʩʪʽ). ʏʝʨʝʟ ʮʝ 

ʦʙ'ʻʜʥʘʥʦʤʫ ʧʦʪʦʢʫ ʧʘʢʝʪʽʚ ʚʣʘʩʪʠʚʝ ʪʘʢ ʟʚʘʥʝ çʧʘʯʢʫʚʘʥʥʷè ʪʨʘʬʽʢʘ (burstness) 

ʟ ʚʠʧʘʜʢʦʚʦʶ ʧʝʨʽʦʜʠʯʥʽʩʪʶ ʪʘ ʪʨʠʚʘʣʽʩʪʶ ʧʽʢʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʠʤʽʨʶʚʘʥʘ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʘʯʢʫʚʘʥʥʷ [21]. ʅʘʧʨʠʢʣʘʜ, ʧʘʯʢʫʚʘʥʥʷ ʜʣʷ ʤʦʚʣʝʥʥʻʚʠʭ ʩʣʫʞʙ 
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ʤʦʞʣʠʚʝ ʯʝʨʝʟ ʧʘʫʟʠ ʚ ʨʦʟʤʦʚʽ. ʎʝ ʧʘʯʢʫʚʘʥʥʷ ʦʙʫʤʦʚʣʶʻ ʱʝ ʙʽʣʴʰʫ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʪʨʘʬʽʢʘ, ʟʘ ʷʢʦʾ ʜʠʩʧʝʨʩʽʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʬʽʢʘ ʧʝʨʝʚʠʱʫʻ ʾʾ 

ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʚʽʜ 15 ʜʦ 60 ʨʘʟʽʚ ʽ ʙʽʣʴʰʝ [22]. 

ʅʘ ʧʽʜʩʪʘʚʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʢʽʣʴʢʽʩʪʴ ʽ ʨʦʟʤʽʨʠ ʧʝʨʝʜʘʥʠʭ 

ʧʘʢʝʪʽʚ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ ʤʽʞ ʧʘʢʝʪʘʤʠ ʧʨʦʪʷʛʦʤ ʚʩʪʘʥʦʚʣʝʥʦʛʦ 

ʟ'ʻʜʥʘʥʥʷ (ʩʝʘʥʩʫ ʟʚ'ʷʟʢʫ), ʘ ʪʘʢʦʞ ʜʘʥʠʭ ʧʨʦ ʪʨʠʚʘʣʽʩʪʴ ʚʩʪʘʥʦʚʣʶʚʘʥʠʭ 

ʟ'ʻʜʥʘʥʴ ʽ ʪ. ʽʥ. ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʘʢʝʪʥʦʛʦ ʪʨʘʬʽʢʘ.  

ʅʘ ʨʠʩ. 1.3 ʜʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʬʽʢʘ ʧʘʢʝʪʥʦʾ ʤʝʨʝʞʽ 

ʟʚôʷʟʢʫ. ʊʫʪ ʧʦʢʘʟʘʥʘ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʫ ʧʦ ʬʽʢʩʦʚʘʥʠʭ ʽʥʪʝʨʚʘʣʘʭ ʯʘʩʫ 60 ʽ 1,5 

ʩ (ʧʦʥʘʜ 12 000 ʽ 4 000 ʽʥʪʝʨʚʘʣʽʚ ʥʘ ʨʠʩ. 1.3, ʘ) ʪʘ 1.3, ʙ) ʚʽʜʧʦʚʽʜʥʦ) [22]. 

 

 

ʘ) 

 

ʙ) 

ʈʠʩ. 1.3 ʉʪʘʪʠʩʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ ʧʘʢʝʪʥʦʛʦ ʪʨʘʬʽʢʘ 
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ɿ ʨʠʩ. 1.3 ʚʠʜʥʦ, ʱʦ ʧʘʢʝʪʥʦʤʫ ʪʨʘʬʽʢʫ ʚʣʘʩʪʠʚʘ ʩʠʣʴʥʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʘʢʝʪʽʚ. ʇʘʢʝʪʠ ʥʝ ʧʣʘʚʥʦ ʨʦʟʦʩʝʨʝʜʞʝʥʽ ʧʦ ʨʽʟʥʠʭ ʽʥʪʝʨʚʘʣʘʭ 

ʯʘʩʫ, ʘ ʛʨʫʧʫʶʪʴʩʷ ʚ çʧʘʯʢʠè ʚ ʦʜʥʠʭ, ʽ ʮʽʣʢʦʤ ʚʽʜʩʫʪʥʽ ʘʙʦ ʾʭ ʜʫʞʝ ʤʘʣʦ ʚ 

ʽʥʰʠʭ. ʊʦʤʫ ʚ ʧʘʯʢʦʚʦʤʫ ʪʨʘʬʽʢʫ ʟʘ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʘʢʝʪʽʚ ʧʨʠʩʫʪʥʽ ʟʥʘʯʥʽ ʚʠʢʠʜʠ. ɼʣʷ ʪʨʘʬʽʢʘ ʨʠʩ. 1.3, ʙ) ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʩʢʣʘʜʘʻ 4,1 ʧʘʢʝʪʠ ʟʘ 1,5 ʩ (ʧʦʢʘʟʘʥʦ ʰʪʨʠʭʦʚʦʶ ʣʽʥʽʻʶ), ʘ ʦʢʨʝʤʽ 

ʚʠʢʠʜʠ ʜʦʩʷʛʘʶʪʴ ʟʥʘʯʝʥʴ ʜʦ 20 ʽ ʙʽʣʴʰʝ ʧʘʢʝʪʽʚ ʟʘ ʽʥʪʝʨʚʘʣ. ɿʛʽʜʥʦ ʟ 

çʧʨʘʚʠʣʦʤ ʪʨʴʦʭ ʩʠʛʤʘè ʜʣʷ ʧʫʘʩʩʦʥʽʚʩʴʢʦʛʦ ʧʦʪʦʢʫ ʟ ʽʤʦʚʽʨʥʽʩʪʶ P = 0,99 ʜʣʷ 

ʮʴʦʛʦ ʚʠʧʘʜʢʫ ʚʠʢʠʜʠ ʤʦʛʣʠ ʙ ʜʦʩʷʛʘʪʠ ʪʽʣʴʢʠ 10 ʧʘʢʝʪʽʚ. ʅʘ ʨʠʩ. 1.3, ʘ) ʟʘ 

ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ 99 ʧʘʢʝʪʽʚ ʟʘ 60 ʩ ʻ ʚʠʢʠʜʠ ʜʦ 200 ʽ ʙʽʣʴʰʝ, ʘ ʜʣʷ 

ʧʫʘʩʩʦʥʽʚʩʴʢʦʛʦ ʧʦʪʦʢʫ ʚʦʥʠ ʤʦʛʣʠ ʙ ʜʦʩʷʛʘʪʠ ʣʠʰʝ 130.  

ɽʬʝʢʪʠʚʥʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘʢʦʛʦ ʪʨʘʬʽʢʘ ʜʫʞʝ ʥʠʟʴʢʘ, ʦʩʢʽʣʴʢʠ ʚ 

ʧʨʦʮʝʩʽ ʡʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦ ʾ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʫʚʘʪʠ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʢʘʥʘʣʽʚ. ʇʨʠ ʮʴʦʤʫ ʚ ʧʝʨʽʦʜʠ ʩʧʘʜʫ 

ʧʽʢʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʝʩʫʨʩʠ ʩʠʩʪʝʤʠ ʜʫʞʝ ʩʠʣʴʥʦ ʥʝʜʦʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʘ, ʷʢ 

ʧʨʘʚʠʣʦ, ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʘʥʘʣʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʦʟʨʘʭʫʥʢʫ 

ʥʘ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʬʽʢʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ [23] ʧʦʢʘʟʘʣʠ, ʱʦ ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʨʚʘʣʽʚ 

ʯʘʩʫ ʤʽʞ ʤʦʤʝʥʪʘʤʠ ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ ʤʘʻ ʚʠʜ, ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 1.4.  

 

ʈʠʩ. 1.4 ɸʧʨʦʢʩʠʤʘʮʽʷ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʤʽʞ ʧʘʢʝʪʘʤʠ  
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ɻʨʘʬʽʢʠ ʥʘ ʨʠʩ. 1.4 ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ ʚʠʤʽʨʽʚ ʢʨʘʱʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʥʝ ʟ ʬʫʥʢʮʽʻʶ ʝʢʩʧʦʥʝʥʪʥʦʛʦ ʨʦʟʧʦʜʽʣʫ (ʥʘ 

ʛʨʘʬʽʢʫ ʧʨʷʤʘ ʣʽʥʽʷ ʯʝʨʝʟ ʣʦʛʘʨʠʬʤʽʯʥʫ ʰʢʘʣʫ), ʘ ʟ ʬʫʥʢʮʽʷʤʠ, ʱʦ ʤʘʶʪʴ ʪʘʢ 

ʟʚʘʥʠʡ çʜʦʚʛʠʡ (ʪʷʞʢʠʡ) ʭʚʽʩʪè, ʙʽʣʴʰ ʚʘʛʦʤʠʡ, ʥʽʞ ʟʘ ʝʢʩʧʦʥʝʥʪʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ. ʇʨʠ ʮʴʦʤʫ ʛʽʩʪʦʛʨʘʤʠ ʨʝʘʣʴʥʠʭ ʚʠʤʽʨʽʚ ʜʦʙʨʝ ʘʧʨʦʢʩʠʤʫʶʪʴʩʷ 

ʨʦʟʧʦʜʽʣʘʤʠ ʇʘʨʝʪʦ ʪʘ ɺʝʡʙʫʣʣʘ, ʽʥʦʜʽ ʬʫʥʢʮʽʻʶ ʣʦʛʘʨʠʬʤʽʯʥʦ ʥʦʨʤʘʣʴʥʦʛʦ 

ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʜʣʷ ʮʽʻʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʘʤʤʘ-ʨʦʟʧʦʜʽʣ ʘʙʦ ʛʽʧʝʨʝʢʩʧʦʥʝʥʪʥʠʡ (ʽʥʦʜʽ ʜʦʩʪʘʪʥʴʦ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ): 

zz
epepzP 21 ɚ

22
ɚ

11 ɚɚ)(
-

+
-

= ,    (1.8) 

ʜʝ ʟ ʽʤʦʚʽʨʥʽʩʪʶ p1 ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʤʽʞ ʧʘʢʝʪʘʤʠ ʤʘʻ ʝʢʩʧʦʥʝʥʪʥʠʡ ʨʦʟʧʦʜʽʣ ʟ 

ʧʘʨʘʤʝʪʨʦʤ l1, ʘ ʟ ʽʤʦʚʽʨʥʽʩʪʶ p2 ï ʟ ʧʘʨʘʤʝʪʨʦʤ l2 (ʧʨʠʨʦʜʥʦ, ʱʦ p1 + p2 = 1). 

çɼʦʚʛʠʡ (ʪʷʞʢʠʡ) ʭʚʽʩʪè ʦʟʥʘʯʘʻ, ʱʦ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʝʢʩʧʦʥʝʥʪʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʤʽʞ ʚʠʤʦʛʘʤʠ ʪʨʠʚʘʣʽʩʪʶ 2500 

ʤʩ ʜʦʨʽʚʥʶʻ P2500 = 1,4Ā10
-13, ʘ ʟʘ ʣʦʛʘʨʠʬʤʽʯʥʦ ʥʦʨʤʘʣʴʥʦʛʦ ï P2500 = 8,3Ā10

-7, 

ʪʦʙʪʦ ʟʥʘʯʥʦ ʙʽʣʴʰʝ. ʆʪʞʝ, ʜʫʞʝ ʜʦʚʛʽ ʽʥʪʝʨʚʘʣʠ ʧʘʫʟ ʚ ʧʨʦʮʝʩʽ ʥʘʜʭʦʜʞʝʥʥʷ 

ʚʠʤʦʛ ʽʩʥʫʶʪʴ ʡ ʾʭʥʷ ʯʘʩʪʢʘ ʚʝʣʠʢʘ. ʈʦʟʧʦʜʽʣʠ ʟ çʜʦʚʛʠʤ ʭʚʦʩʪʦʤè ʜʦʟʚʦʣʷʶʪʴ 

ʦʙˇʨʫʥʪʫʚʘʪʠ ʧʘʯʢʫʚʘʥʥʷ ʪʨʘʬʽʢʘ ï ʷʢʱʦ ʻ ʪʨʠʚʘʣʽ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ, ʥʘ ʷʢʠʭ 

ʥʝʤʘʻ ʞʦʜʥʦʾ ʚʠʤʦʛʠ, ʪʦ ʱʦʙ çʚʠʪʨʠʤʘʪʠè ʟʘʛʘʣʴʥʫ ʩʝʨʝʜʥʶ ʢʽʣʴʢʽʩʪʴ ʚʠʤʦʛ 

(ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʨʘʬʽʢʘ), ʥʘ ʽʥʰʠʭ ʽʥʪʝʨʚʘʣʘʭ ʯʘʩʫ ʮʽ ʚʠʤʦʛʠ çʢʦʤʧʝʥʩʫʶʪʴʩʷè 

ʥʘʜʪʦ ʟʥʘʯʥʦʶ ʾʭ ʢʽʣʴʢʽʩʪʶ [1]. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʙʦʪʽ [22], 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʜʣʷ ʧʦʪʦʢʽʚ ʪʨʘʬʽʢʘ ʟ ʨʦʟʧʦʜʽʣʦʤ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ ʤʽʞ ʧʘʢʝʪʘʤʠ ʟ 

ʣʦʛʘʨʠʬʤʽʯʥʦ ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʽ ʟʘʢʦʥʘʤ ʇʘʨʝʪʦ ʘʙʦ ɺʝʡʙʫʣʣʘ, ʬʫʥʢʮʽʷ 

ʨʦʟʧʦʜʽʣʫ ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ (ʽʥʪʝʥʩʠʚʥʽʩʪʴ) ʤʘʻ ʷʚʥʦ ʚʠʨʘʞʝʥʫ 

ʧʦʟʠʪʠʚʥʫ ʘʩʠʤʝʪʨʽʶ, ʱʦ ʽ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.5.  
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ʈʠʩ. 1.5 ʈʦʟʧʦʜʽʣ ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ ʟʘ ʽʥʪʝʨʚʘʣ ʯʘʩʫ 

 

ɿ ʨʠʩ. 1.5 ʟʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʬʽʢʘ ȿ = 130 ɽʨʣ ʚʠʧʣʠʚʘʻ, ʱʦ 

ʘʧʨʦʢʩʠʤʘʮʽʷ ʜʘʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ (ʰʪʨʠʭʦʚʘ ʣʽʥʽʷ) 

ʟ ʤʘʪʝʤʘʪʠʯʥʠʤ ʩʧʦʜʽʚʘʥʥʷʤ ȿ = 130 ʽ ů2 = 2025 ʥʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʨʝʘʣʴʥʠʤ 

ʨʦʟʧʦʜʽʣʦʤ ʪʨʘʬʽʢʘ. ʊʫʪ ʧʽʢʬʘʢʪʦʨ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʬʽʢʘ S = ů2 / ȿ = 15,6. ʇʨʠ 

ʮʴʦʤʫ ʨʝʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʤʘʻ ʽʩʪʦʪʥʫ ʘʩʠʤʝʪʨʽʶ ʧʦʨʽʚʥʷʥʦ ʟ ʥʦʨʤʘʣʴʥʠʤ 

ʟʘʢʦʥʦʤ ʽ ʚʝʣʠʢʦʶ ʯʘʩʪʢʦʶ (ʯʘʩʪʦʪʥʽʩʪʶ) ʽʥʪʝʨʚʘʣʽʚ, ʥʘ ʷʢʽ ʚʠʧʘʣʦ çʥʫʣʴ 

ʚʠʤʦʛè ï ʥʘ ʥʠʭ ʥʝʤʘʻ ʞʦʜʥʦʾ ʚʠʤʦʛʠ (ʧʘʢʝʪʘ). ʉʘʤʝ ʮʷ ʡʤʦʚʽʨʥʽʩʪʴ çʥʫʣʴʦʚʦʛʦ 

ʩʪʘʥʫè ʘʙʦ ʥʫʣʴʦʚʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʤʦʛ (ʧʦʟʥʘʯʝʥʦ ʩʪʨʽʣʢʦʶ) ʽ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʥʘʩʪʽʣʴʢʠ ʟʥʘʯʥʦʾ ʘʩʠʤʝʪʨʽʾ ʨʦʟʧʦʜʽʣʫ ʚ ʮʽʣʦʤʫ.  

ʊʨʘʬʽʢ, ʷʢʦʤʫ ʚʣʘʩʪʠʚʝ çʧʘʯʢʫʚʘʥʥʷè, ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ ʪʨʘʬʽʢʦʤ ʟ 

ʝʬʝʢʪʦʤ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ. ɼʣʷ ʧʘʢʝʪʥʠʭ ʤʝʨʝʞ ʟʚôʷʟʢʫ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʻ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʦʶ, ʘʣʝ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʩʪʨʦʛʦʾ 

ʪʝʦʨʝʪʠʯʥʦʾ ʙʘʟʠ, ʟʜʘʪʥʦʾ ʜʦʧʦʚʥʠʪʠ ʢʣʘʩʠʯʥʫ ʪʝʦʨʽʶ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʘʢʝʪʥʦʾ ʤʝʨʝʞʽ ʟ ʩʘʤʦʧʦʜʽʙʥʠʤ ʪʨʘʬʽʢʦʤ, ʥʝ ʽʩʥʫʻ 

ʜʦʩʪʦʚʽʨʥʦʾ ʪʘ ʚʠʟʥʘʥʦʾ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ 

ʩʠʩʪʝʤ ʨʦʟʧʦʜʽʣʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʫʤʦʚʘʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘʢʦʛʦ ʪʨʘʬʽʢʘ. ɿʽ 

ʟʨʦʩʪʘʥʥʷʤ ʩʪʫʧʝʥʷ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʧʘʢʝʪʥʦʛʦ ʪʨʘʬʽʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ QoS ʫ 

ʩʠʩʪʝʤʽ ʟʥʘʯʥʦ ʧʦʛʽʨʰʫʶʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʟ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʪʨʘʬʽʢʘ ʘʥʘʣʦʛʽʯʥʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʘʣʝ ʙʝʟ ʝʬʝʢʪʫ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ.  
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ʄʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʧʦʪʦʢʫ [2, 4] ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʩʫʧʝʨʧʦʟʠʮʽʾ ʜʝʢʽʣʴʢʦʭ ʥʝʟʘʣʝʞʥʠʭ ʟ ʦʜʥʘʢʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ ON/OFF ʜʞʝʨʝʣ, ʜʝ 

ʽʥʪʝʨʚʘʣʠ ʤʽʞ ON ʪʘ OFF ʧʝʨʽʦʜʘʤʠ ʤʘʶʪʴ ʝʬʝʢʪ ʅʦʘ. ɽʬʝʢʪ ʅʦʘ ʚ ʨʦʟʧʦʜʽʣʽ 

ʪʨʠʚʘʣʦʩʪʽ ON/OFF ʧʝʨʽʦʜʽʚ ʻ ʙʘʟʦʚʠʤ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ 

ʪʘ ʻ ʩʠʥʦʥʽʤʦʤ ʩʠʥʜʨʦʤʫ ʥʝʩʢʽʥʯʝʥʥʦʾ ʜʠʩʧʝʨʩʽʾ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʝʬʝʢʪʫ ʅʦʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʦʟʧʦʜʽʣʠ ʇʘʨʝʪʦ ʘʙʦ ɺʝʡʙʫʣʣʘ, ʯʘʩʪʦ ʥʘʟʠʚʘʥʽ çʨʦʟʧʦʜʽʣʘʤʠ ʟ 

ʜʦʚʛʠʤ ʭʚʦʩʪʦʤè. ʅʘʷʚʥʽʩʪʴ ʫ ʨʦʟʧʦʜʽʣʽ çʜʦʚʛʦʛʦ ʭʚʦʩʪʘè ʟʘʙʝʟʧʝʯʫʻ 

ʚʣʘʩʪʠʚʽʩʪʴ ʧʘʯʢʦʚʦʛʦ ʪʨʘʬʽʢʘ, ʪʦʤʫ ʱʦ ʚ ʨʦʟʧʦʜʽʣʽ ʟʨʦʩʪʘʶʪʴ ʡʤʦʚʽʨʥʦʩʪʽ 

ʜʦʚʛʠʭ ʽʥʪʝʨʚʘʣʽʚ ʤʽʞ ʧʦʜʽʷʤʠ, ʘ ʪʘʢʦʞ ʜʣʷ ʾʭ ʢʦʤʧʝʥʩʘʮʽʾ ʟʨʦʩʪʘʶʪʴ ʡ 

ʽʤʦʚʽʨʥʦʩʪʽ ʥʘʜʪʦ ʢʦʨʦʪʢʠʭ ʽʥʪʝʨʚʘʣʽʚ. 

ɻʫʩʪʠʥʘ ʨʦʟʧʦʜʽʣʫ ʇʘʨʝʪʦ ʟʘʜʘʻʪʴʩʷ ʬʫʥʢʮʽʻʶ: 

1

)(
+

ö
÷

õ
æ
ç

å
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a

x

b

b

a
xf ,     (1.9) 

ʜʝ a ï ʧʘʨʘʤʝʪʨ ʬʦʨʤʠ (shape); b ï ʤʦʜʘ ʨʦʟʧʦʜʽʣʫ (ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ x). ʇʨʠʯʦʤʫ, ʧʨʠ a ¢ 2 ʜʠʩʧʝʨʩʽʷ ʥʝʩʢʽʥʯʝʥʥʘ, ʱʦ ʽ 

ʥʝʦʙʭʽʜʥʦ ʷʢ ʦʜʥʽʻʾ ʟ ʫʤʦʚ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ.  

ʇʨʠ ʧʨʘʢʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʨʦʟʧʦʜʽʣ ʇʘʨʝʪʦ 

ʦʪʨʠʤʘʻʤʦ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʝʪʦʜʦʤ ʟʚʦʨʦʪʥʦʾ ʬʫʥʢʮʽʾ: 

a
i

i U

b
Z = ,      (1.10) 

ʜʝ Zi ï i-ʡ ʽʥʪʝʨʚʘʣ ʤʽʞ ʟʘʷʚʢʘʤʠ ʧʦʪʦʢʫ; Ui ï ʚʠʧʘʜʢʦʚʝ ʯʠʩʣʦ, ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʝ ʥʘ ʽʥʪʝʨʚʘʣʽ 0 é 1.  

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʘʤʦʧʦʜʽʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʝʣʴʦʚʘʥʦʛʦ ʪʨʘʬʽʢʘ 

ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʚʘʪʠ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʬʦʨʤʠ ʘ ʚ ʤʝʞʘʭ ʚʽʜ 2 ʜʦ 1, ʱʦ ʤʘʻ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʍʝʨʩʪʘ ʚ ʜʽʘʧʘʟʦʥʽ 

H = 0,5é1 ʚʽʜʧʦʚʽʜʥʦ. ʂʨʽʤ ʪʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʢʦʞʥʝ ʦʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ 

ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʜʦ ʥʘʩʪʫʧʥʦʾ ʚʠʤʦʛʠ Zi ʟʤʝʥʰʠʪʠ ʥʘ ʚʝʣʠʯʠʥʫ b ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʘʣʽʩʪʠʯʥʦʩʪʽ ʪʨʘʬʽʢʘ (ʨʦʟʧʦʜʽʣ ʇʘʨʝʪʦ ʥʝ ʜʘʻ ʚʝʣʠʯʠʥʠ, ʤʝʥʰʽ 

ʟʘ b, ʘʣʝ ʨʝʘʣʴʥʦ ʪʘʢʽ ʟʥʘʯʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ). 
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ɻʫʩʪʠʥʘ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʣʘ ʟʘʜʘʻʪʴʩʷ ʬʫʥʢʮʽʻʶ: 

axa eaxxf 01
0)(

l--l= ,    (1.11) 

ʜʝ a ï ʧʘʨʘʤʝʪʨ ʬʦʨʤʠ; ɚ0 ï ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʰʪʘʙʫ.  

ʇʨʠ ʧʨʘʢʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʨʦʟʧʦʜʽʣ ɺʝʡʙʫʣʣʘ 

ʦʪʨʠʤʘʻʤʦ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʝʪʦʜʦʤ ʟʚʦʨʦʪʥʦʾ ʬʫʥʢʮʽʾ: 
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,    (1.12) 

ʜʝ Zi ï i-ʡ ʽʥʪʝʨʚʘʣ ʤʽʞ ʟʘʷʚʢʘʤʠ ʧʦʪʦʢʫ; Ui ï ʚʠʧʘʜʢʦʚʝ ʯʠʩʣʦ, ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʝ ʥʘ ʽʥʪʝʨʚʘʣʽ 0 é 1.  

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʘʤʦʧʦʜʽʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʝʣʴʦʚʘʥʦʛʦ ʪʨʘʬʽʢʘ 

ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʚʘʪʠ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʬʦʨʤʠ ʘ ʚ ʤʝʞʘʭ ʚʽʜ 1 ʜʦ 0, ʱʦ ʤʘʻ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʩʘʤʦʧʦʜ̔ʙʥʦʩʪʽ ʍʝʨʩʪʘ ʚ ʜʽʘʧʘʟʦʥʽ 

H = 0,5...1 ʚʽʜʧʦʚʽʜʥʦ. 

ɼʣʷ ʨʝʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʪʨʘʬʽʢʘ, ʱʦ ʥʝ ʤʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ, 

H < 0,5, ʘ ʜʣʷ ʩʘʤʦʧʦʜʽʙʥʠʭ ʧʦʪʦʢʽʚ ʟ ʜʦʚʛʦʩʪʨʦʢʦʚʦʶ ʟʘʣʝʞʥʽʩʪʶ ʮʝʡ ʧʘʨʘʤʝʪʨ 

ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ 0,65 é 0,9 (ʧʨʦʮʝʩ ʤʘʻ ʪʨʠʚʘʣʫ ʧʘʤ'ʷʪʴ) [2]. 

ɼʣʷ ʤʦʜʝʣʝʡ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʠʱʝʟʛʘʜʘʥʠʭ 

ʨʦʟʧʦʜʽʣʽʚ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʤʽʞ ʚʠʤʦʛʘʤʠ vz ʽʩʪʦʪʥʦ ʟʨʦʩʪʘʻ. 

ʊʘʢʦʞ ʟʙʽʣʴʰʫʻʪʴʩʷ ʡ ʢʦʝʬʽʮʽʻʥʪ ʩʢʫʧʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʧʽʢʬʘʢʪʦʨ 

ʪʨʘʬʽʢʘ S > 15. ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ ʦʙʦʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʧʦʨʮʽʡʥʽ ʧʦʢʘʟʥʠʢʫ 

ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʍʝʨʩʪʘ. ʍʦʯʘ ʜʣʷ ʚʠʧʘʜʢʫ ʤʫʣʴʪʠʩʝʨʚʽʩʥʦʛʦ ʪʨʘʬʽʢʘ ʟ ʧʽʢ-

ʬʘʢʪʦʨʦʤ S > 1 ʚ [1, 17, 20] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʧʨʦʪʝ, ʷʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʫ ʚʠʧʘʜʢʫ 

ʧʘʢʝʪʥʦʛʦ ʪʨʘʬʽʢʘ ʮʽ ʨʽʰʝʥʥʷ ʥʝ ʧʽʜʭʦʜʷʪʴ. 
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1.4. ʆʮʽʥʢʘ ʢ̫ʦʩʪ̔ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ QoE ʪʘ 

ʾʾ ʟʚôʷʟʦʢ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ QoS 

 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʢʘʟʥʠʢ 

ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʩʧʨʠʡʥʷʪʪʷ ʧʦʩʣʫʛ QoE (Quality of Experience), ʷʢʠʡ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʥʘʜʘʥʥʷ ʩʝʨʚʽʩʫ QoS (Quality of 

Service). QoE ï ʮʝ ʩʫʙô̒ ʢʪʠʚʥʘ ʦʮʽʥʢʘ ʧʦʩʣʫʛʠ ʥʘ ʧʨʠʢʣʘʜʥʦʤʫ ʨʽʚʥʽ 

ʢʦʨʠʩʪʫʚʘʯʝʤ, ʷʢʠʡ ʢʦʨʠʩʪʫʻʪʴʩʷ ʧʦʩʣʫʛʦʶ. QoS ï ʮʝ ʥʘʙʽʨ ʪʝʭʥʦʣʦʛʽʡ 

ʤʝʨʝʞʝʚʦʛʦ ʪʘ ʢʘʥʘʣʴʥʦʛʦ ʨʽʚʥʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʩʫʨʩʠ ʤʝʨʝʞʽ, ʦʩʦʙʣʠʚʦ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʚʘʥʥʷ ʧʦʪʦʢʦʚʠʭ 

ʚʠʜʽʚ ʪʨʘʬʽʢʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʜʦʩʪʘʪʥʴʦʛʦ ʨʽʚʥʷ QoE [24].  

ʆʙóʻʢʪʠʚʥʽ ʤʝʪʦʜʠ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʣʶʯʠʪʠ ʣʶʜʠʥʫ ʽʟ 

ʧʨʦʮʝʜʫʨʠ ʦʮʽʥʶʚʘʥʥʷ, ʘ ʦʪʞʝ ʽ ʣʝʛʢʦ  ʘʚʪʦʤʘʪʠʟʫʶʪʴʩʷ. ʆʙóʻʢʪʠʚʥʽ ʤʝʪʦʜʠ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʘʢʪʠʚʥʽ ʪʘ ʧʘʩʠʚʥʽ. ɺ ʘʢʪʠʚʥʠʭ ʤʝʪʦʜʘʭ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʝʪʘʣʦʥʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ (ʦʨʠʛʽʥʘʣʫ) ʽʟ 

ʧʦʩʣʽʜʦʚʥʽʩʪʶ, ʷʢʘ ʙʫʣʘ ʚʠʢʨʠʚʣʝʥʘ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʚʘʥʥʷ ʤʝʨʝʞʝʶ.  

ɼʦ ʘʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʥʘʣʝʞʘʪʴ [25]:  

ï ʨʝʢʦʤʝʥʜʘʮʽʷ ITU-T P.862 ï PESQ (Perceptual Evaluation of Speech 

Quality) ï ʦʮʽʥʢʘ ʩʧʨʠʡʥʷʪʪʷ ʷʢʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ ʤʦʚʣʝʥʥʷ [26].  

ï ʨʝʢʦʤʝʥʜʘʮʽʷ ITU-T BS.1387 ï PEAQ (Perceptual Evaluation of Audio 

Quality) ï ʦʮʽʥʢʘ ʩʧʨʠʡʥʷʪʪʷ ʷʢʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ ʘʫʜʽʦ [27].  

ï ʨʝʢʦʤʝʥʜʘʮʽʷ ITU-T J.247 ï PEVQ (Perceptual Evaluation of Video 

Quality) ï ʦʮʽʥʢʘ ʩʧʨʠʡʥʷʪʪʷ ʷʢʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ ʚʽʜʝʦ [28].  

ɼʦ ʧʘʩʠʚʥʠʭ ʤʝʪʦʜʽʚ ʥʘʣʝʞʘʪʴ:  

ï ʨʝʢʦʤʝʥʜʘʮʽʷ ITU-T P.563 ï PSQM (Perceptual Speech Quality 

Measurement) ʘʣʛʦʨʠʪʤ ʧʘʩʠʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʜʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʤʦʚʥʦʛʦ 

ʟʚ'ʷʟʢʫ [29]; 

ï ʨʝʢʦʤʝʥʜʘʮʽʷ ITU-T G.107 E-model ï ʦʮʽʥʶʻ ʷʢʽʩʪʴ ʤʦʚʥʦʛʦ ʟʚ'ʷʟʢʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ R-ʬʘʢʪʦʨʘ [30].  
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ï ʨʝʢʦʤʝʥʜʘʮʽʾ ITU-T G.1030 G.1040 ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ 

ʜʘʥʠʭ [31, 32].  

ʅʘʡʧʨʦʩʪʽʰʠʤ ʚʘʨʽʘʥʪʦʤ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʘ QoE ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʦʮʽʥʢʘ 

MOS. ʎʷ ʦʮʽʥʢʘ ʻ ʫʩʝʨʝʜʥʝʥʠʤ ʟʥʘʯʝʥʥʷʤ ʦʮʽʥʦʢ ʢʽʣʴʢʦʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, 

ʦʪʨʠʤʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʠʢʠ ITU-T ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧóʷʪʠʙʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. ɼʣʷ ʦʮʽʥʢʠ QoE ʦʮʽʥʶʶʪʴ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ: ʯʘʩ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʟóʻʜʥʘʥʥʷ; ʯʘʩ ʨʝʘʢʮʽʾ ʥʘ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ; ʟʘʚʤʠʨʘʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ; ʨʦʟʙʠʪʪʷ ʟʦʙʨʘʞʝʥʥʷ; ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʛʦʣʦʩʫ; 

ʯʽʪʢʽʩʪʴ ʪʘ ʨʦʟʙʽʨʣʠʚʽʩʪʴ ʟʚʫʢʫ. ʇʨʦʪʝ ʤʦʜʝʣʴ MOS ʥʝ ʚʨʘʭʦʚʫʻ ʨʷʜ ʷʚʠʱ, 

ʪʠʧʦʚʠʭ ʜʣʷ ʧʘʢʝʪʥʠʭ ʤʝʨʝʞ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʧʦʩʣʫʛʠ. ʋ ʤʦʜʝʣʽ MOS 

ʚʽʜʩʫʪʥʷ ʤʦʞʣʠʚʽʩʪʴ ʢʽʣʴʢʽʩʥʦ ʚʨʘʭʫʚʘʪʠ ʚʧʣʠʚ ʬʘʢʪʦʨʽʚ ʥʘ ʷʢʽʩʪʴ ʤʦʚʣʝʥʥʷ. 

ʂʨʽʤ ʪʦʛʦ, ʤʦʜʝʣʴ MOS ʧʨʝʜʩʪʘʚʣʷʻ ʦʮʽʥʢʫ ʷʢʦʩʪʽ ʚ ʦʜʥʦʥʘʧʨʘʚʣʝʥʦʤʫ 

ʟ'ʻʜʥʘʥʥʽ, ʘ ʥʝ ʚ ʜʚʦʭ ʥʘʧʨʷʤʢʘʭ ʨʝʘʣʴʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ. ɺʩʝ ʮʝ ʚʠʤʘʛʘʣʦ ʨʦʟʨʦʙʢʠ 

ʥʦʚʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ 

ʦʩʦʙʣʠʚʦʩʪʽ ʧʘʢʝʪʥʠʭ ʤʝʨʝʞ. ɺʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʪʘʢʦʞ ʻ ʪʝ, ʱʦ ʨʽʟʥʠʡ ʪʠʧ 

ʪʨʘʬʽʢʫ ʧʦ-ʨʽʟʥʦʤʫ ʚʧʣʠʚʘʻ ʥʘ ʫʷʚʣʝʥʥʷ ʘʙʦʥʝʥʪʘ ʧʨʦ ʷʢʽʩʪʴ ʥʘʜʘʥʦʾ ʧʦʩʣʫʛʠ 

ʜʦʩʪʫʧʫ ʚ ʤʝʨʝʞʫ ɯʥʪʝʨʥʝʪ, ʽ ʪʦʤʫ ʟʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʪʨʘʬʽʢʫ ʟ ʧʦʟʠʮʽʾ ʾʭ ʚʧʣʠʚʫ ʥʘ ʚʨʘʞʝʥʥʷ ʘʙʦʥʝʥʪʘ ʻ ʘʢʪʫʘʣʴʥʦʶ ʽ ʧʨʽʦʨʠʪʝʪʥʠʤ 

ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʦʧʝʨʘʪʦʨʽʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ [33, 34].  

ʋ ʨʝʢʦʤʝʥʜʘʮʽʾ ITU-T E.432 [35] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʮʽʥʢʫ ʨʝʟʫʣʴʪʘʪʽʚ 

ʦʧʠʪʫʚʘʥʥʷ ʨʦʙʠʪʠ ʧʦ ʫʩʝʨʝʜʥʝʥʽʡ ʜʫʤʮʽ (Mean Opinion Score, MOS). ʉʫʪʥʽʩʪʴ 

ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʦʧʠʪʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʘʙʦ ʝʢʩʧʝʨʪʽʚ 

ʨʦʟʜʽʣʷʶʪʴ ʥʘ 4 ʨʽʚʥʽ: ʚʽʜʤʽʥʥʠʡ, ʛʘʨʥʠʡ, ʩʝʨʝʜʥʽʡ ʽ ʥʝʜʦʩʪʘʪʥʽʡ [35]. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʦʧʠʪʫʚʘʥʥʷ ʙʫʜʫʶʪʴ ʢʨʠʚʽ ʢʫʤʫʣʷʪʠʚʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʦʮʽʥʦʢ. 

ɺ ʨʝʢʦʤʝʥʜʘʮʽʾ ITU-T E.432 ʟʘʟʥʘʯʝʥʦ [33], ʱʦ ʟʥʘʯʝʥʥʷ MOS = 3 

ʚʽʜʧʦʚʽʜʘʻ ʨʽʚʥʷʤ ʷʢʦʩʪʽ çʚʽʜʤʽʥʥʦè ʘʙʦ çʜʦʙʨʝè ʜʣʷ 75 % ʢʦʨʠʩʪʫʚʘʯʽʚ, a 

MOS = 2,5 ʚʽʜʧʦʚʽʜʘʻ ʪʠʤ ʞʝ ʨʽʚʥʷʤ ʷʢʦʩʪʽ ʜʣʷ 50 % ʢʦʨʠʩʪʫʚʘʯʽʚ [36]. 

ɺʠʤʽʨʶʚʘʥʥʷ ʪʨʘʬʽʢʫ IPTV, ʷʢ ʽ ʚʩʴʦʛʦ ʪʨʘʬʽʢʫ ʚʽʜʝʦʧʦʪʦʢʽʚ, ʧʦʢʘʟʫʶʪʴ, 

ʱʦ ʚʽʥ ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʜʦ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʽ ʧʦʯʠʥʘʻ ʢʦʥʢʫʨʫʚʘʪʠ ʟ 
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ʪʨʘʬʽʢʦʤ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʜʦʜʘʪʢʽʚ ʚ IP-ʤʝʨʝʞʘʭ ʚ ʙʦʨʦʪʴʙʽ ʟʘ ʤʝʨʝʞʝʚʽ 

ʨʝʩʫʨʩʠ. ɼʦʚʛʠʡ ʯʘʩ ʚ ʨʦʣʽ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʷʢʦʩʪʽ IPTV ʨʦʟʛʣʷʜʘʣʠʩʷ 

ʪʽʣʴʢʠ ʩʫʙ'ʻʢʪʠʚʥʽ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʚʽʜʝʦ, ʧʨʦʪʝ, ʾʭ ʰʠʨʦʢʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʩʣʫʛ IPTV ʥʝ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ 

ʤʦʞʣʠʚʠʤ ʥʘ ʫʚʘʟʽ ʩʢʣʘʜʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʪʝʩʪʽʚ (ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʩʪʽʡʥʦ 

ʫʪʨʠʤʫʚʘʪʠ ʛʨʫʧʫ ʘʙʦ ʛʨʫʧʠ ʝʢʩʧʝʨʪʽʚ). ʊʦʤʫ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʝʣʠʢʦʾ 

ʧʦʧʫʣʷʨʥʦʩʪʽ ʥʘʙʫʣʠ ʤʝʪʦʜʠ ʦʙ'ʻʢʪʠʚʥʦʾ ʦʮʽʥʢʠ, ʷʢʽ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʟʙʦʨʽ ʪʘ 

ʘʥʘʣʽʟʽ ʤʝʨʝʞʝʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɸʣʝ ʽ ʾʭ ʥʝ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʽ 

ʟʜʘʪʥʠʤʠ ʪʦʯʥʦ ʦʮʽʥʠʪʠ ʟ ʷʢʦʶ ʷʢʽʩʪʶ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜʝʦ, ʦʩʢʽʣʴʢʠ ʙʽʣʴʰʽʩʪʴ 

ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʥʝ ʚʨʘʭʦʚʫʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜʝʦʧʦʩʣʫʛ. ʊʦʤʫ ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ 

ʜʦʩʠʪʴ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʷʢʦʩʪʽ IPTV ʷʢ 

ʩʫʙ'ʻʢʪʠʚʥʠʭ, ʪʘʢ ʽ ʦʙ'ʻʢʪʠʚʥʠʭ ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʚʜʦʩʢʦʥʘʣʝʥʥʷ [37-39]. 

IP-ʪʝʣʝʬʦʥʽʷ ï ʮʝ ʧʘʢʝʪʥʘ ʪʝʣʝʬʦʥʽʷ. ʊʝʭʥʦʣʦʛʽʷ ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʨʝʞʽ ʟ ʧʨʦʪʦʢʦʣʦʤ IP (Internet protocol) ʘʙʦ ʙʫʜʴ-ʷʢʠʤ 

ʧʨʦʪʦʢʦʣʦʤ ʧʘʢʝʪʥʦʾ ʧʝʨʝʜʘʯʽ ʽ ʢʦʤʫʪʘʮʽʾ. ʊʝʭʥʦʣʦʛʽʷ IP-ʪʝʣʝʬʦʥʽʾ ʧʨʠʟʥʘʯʝʥʘ 

ʜʣʷ ʧʝʨʝʜʘʯʽ ʤʦʚʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʫ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ. ʉʧʦʣʫʯʝʥʥʷ 

ʪʝʣʝʬʦʥʥʦʾ ʤʝʨʝʞʽ ʟ ʧʘʢʝʪʥʦʶ ʤʝʨʝʞʝʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʰʣʶʟ, ʷʢʠʡ 

ʟʘʙʝʟʧʝʯʫʻ ʢʦʥʚʝʨʪʫʚʘʥʥʷ ʘʜʨʝʩʠ ʪʝʣʝʬʦʥʥʦʛʦ ʚʠʢʣʠʢʫ ʚ IP-ʘʜʨʝʩʫ. ʂʝʨʫʚʘʥʥʷ 

ʰʣʶʟʦʤ ʟʘʙʝʟʧʝʯʫʻ ʩʧʝʮʽʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ï ʢʦʥʪʨʦʣʝʨ ʟʦʥʠ, ʚʽʜʦʤʠʡ ʷʢ 

gatekeeper. 

ʋ ʤʝʨʝʞʘʭ ʟ IP ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʦʞ ʨʝʞʠʤ ʥʘʜʘʥʥʷ 

ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʭ ʧʦʩʣʫʛ (Differentiated Service, DS). ʈʝʞʠʤ DS ʧʨʠʧʫʩʢʘʻ 

ʧʝʨʝʜʘʯʫ ʪʨʘʬʽʢʘ ʟ ʧʝʨʝʜʙʘʯʫʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ, 

ʟʘʪʨʠʤʢʦʶ, ʚʪʨʘʪʘʤʠ ʧʘʢʝʪʽʚ). ʈʦʟʭʦʜʞʝʥʥʷ ʤʽʞ ʨʝʞʠʤʦʤ ʥʘʜʘʥʥʷ 

ʽʥʪʝʛʨʦʚʘʥʠʭ ʧʦʩʣʫʛ ʽ DS ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʠ ʥʘʜʘʥʥʽ DS ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʤʘʩʰʪʘʙʦʚʘʥʠʡ ʧʦʜʽʣ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʜʽʣʝʥʥʷ ʧʦʪʦʢʽʚ ʽ ʦʙʤʽʥʫ ʩʠʛʥʘʣʴʥʦʶ 

ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ ʩʫʩʽʜʥʽʭ ʚʫʟʣʘʭ ʤʝʨʝʞʽ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ 

ʚʽʜʩʫʪʥʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʟʝʨʚʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ QoS ʜʣʷ ʢʦʞʥʦʛʦ ʧʦʪʦʢʫ. ʋ 

ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʞʠʤʫ DS ʪʨʘʬʽʢ ʤʝʨʝʞʽ ʟ IP ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʨʽʟʥʽ ʢʣʘʩʠ 



42 

ʟ ʨʽʟʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ QoS, ʧʦʜʽʙʥʦ ʪʨʘʬʽʢʫ ʚ ʤʝʨʝʞʽ ʟ ʧʨʦʪʦʢʦʣʦʤ Frame 

Relay. 

ɯʩʥʫʻ ʨʷʜ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʷʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʤʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʧʘʢʝʪʥʦʤʫ ʨʝʞʠʤʽ. ʗʢʽʩʪʴ ʤʦʚʥʦʛʦ ʦʙʤʽʥʫ ʚ ʧʘʢʝʪʥʦʤʫ ʨʝʞʠʤʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʷʢʽʩʪʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟ'ʻʜʥʘʥʥʷ ʽ ʷʢʽʩʪʶ ʜʦʩʪʘʚʢʠ ʽʥʬʦʨʤʘʮʽʾ. 

ʋ ʪʝʭʥʦʣʦʛʽ ʾATM ʬʫʥʢʮʽʾ QoS ʻ ʚʙʫʜʦʚʘʥʠʤʠ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ QoS , 

ʚʠʢʦʥʫʶʪʴʩʷ ʪʘʢʽ ʦʩʥʦʚʥʽ ʟʘʜʘʯʽ, ̫ ʢ: 

ï ʫʩʪʘʥʦʚʢʘ ʧʨʽʦʨʠʪʝʪʽʚ ï ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʩʚʦʻʥʥʷ ʪʨʘʬʽʢʫ ʚʠʟʥʘʯʝʥʦʛʦ 

ʧʨʽʦʨʠʪʝʪʫ ʙʝʟ ʛʘʨʘʥʪʽʡ ʥʘ ʩʤʫʛʫ ʧʨʦʧʫʱʝʥʥʷ; 

ï ʧʦʩʪʽʡʥʽ ʘʙʦ ʚʽʨʪʫʘʣʴʥʽ ʢʘʥʘʣʠ, ʱʦ ʢʦʤʫʪʫʶʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʤʫʛʠ ʧʨʦʧʫʱʝʥʥʷ ʬʽʢʩʦʚʘʥʦʾ ʰʠʨʠʥʠ ʧʨʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʽʞ ʜʚʦʤʘ 

ʟʘʜʘʥʠʤʠ ʚʫʟʣʘʤʠ ʤʝʨʝʞʽ; 

ï ʛʘʨʘʥʪʽʷ ʥʘ ʧʦʩʣʫʛʠ ï Internet-ʧʨʦʚʘʡʜʝʨʠ ʛʘʨʘʥʪʫʶʪʴ ʟʘʛʘʣʴʥʫ 

ʰʠʨʠʥʫ ʩʤʫʛʠ ʧʨʦʧʫʱʝʥʥʷ ʘʙʦ ʯʘʩ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʤʝʨʝʞʽ. 

ɯʩʥʫʶʪʴ ʧʨʦʙʣʝʤʠ ʟ̔ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʛʘʨʘʥʪʦʚʘʥʦʾ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʫ ʤʝʨʝʞʘʭ 

ʟ ʢʦʤʫʪʘʮʽʻʶ ʧʘʢʝʪʽʚ: 

ï ʧʣʫʪʘʥʠʥʘ ʟ ʽʥʪʝʨʧʨʝʪʘʮʽʻʶ ʪʝʨʤʽʥʫ QoS; 

ï ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʪʦʢʦʣʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ QoS ʫ ʤʝʨʝʞʘʭ ʟ ʪʝʭʥʦʣʦʛʽʻʶ 

ATM; 

ï ʥʝʜʦʩʪʘʪʥʻ ʧʦʰʠʨʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ATM ʥʘ ʨʽʚʥʽ ʥʘʩʪʽʣʴʥʠʭ ʩʠʩʪʝʤ; 

ï ʤʝʪʦʜʠ ʧʽʜʪʨʠʤʢʠ QoS ʫ ʤʝʨʝʞʘʭ ʟ IP ʪʽʣʴʢʠ ʨʦʟʨʦʙʣʷʶʪʴʩʷ; 

ï Internet-ʧʨʦʚʘʡʜʝʨʠ ʡ ʦʧʝʨʘʪʦʨʠ ʤʝʨʝʞ ʱʝ ʥʝ ʟʘʢʽʥʯʠʣʠ ʨʦʟʨʦʙʢʫ 

ʧʨʦʪʦʢʦʣʽʚ, ʱʦ ʛʘʨʘʥʪʫʶʪʴ QoS; 

ï ʧʦʢʠ ʤʘʣʝ ʧʦʰʠʨʝʥʥʷ ʦʜʝʨʞʘʣʠ ʜʦʜʘʪʢʠ, ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʷʢʠʭ 

ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʩʣʫʞʙʘʤʠ ʤʝʨʝʞʽ; 

ï ʟʘʩʦʙʠ ʢʝʨʫʚʘʥʥʷ ʤʝʨʝʞʝʶ ʯʘʩʪʦ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʷʢʦʛʦ-ʥʝʙʫʜʴ 

ʚʠʟʥʘʯʝʥʦʛʦ ʚʠʨʦʙʥʠʢʘ;  

ï ʻ ʥʝ ʪʘʢ ʙʘʛʘʪʦ ʟʘʩʦʙʽʚ ʚʠʤʽʨʫ ʧʦʢʘʟʥʠʢʽʚ QoS; 

ï ʥʝʜʦʩʪʘʪʥʴʦ ʧʝʨʝʚʽʨʝʥʘ ʩʫʤʽʩʥʽʩʪʴ ʫʩʪʘʪʢʫʚʘʥʥʷ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ. 
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ʉʫʯʘʩʥʽ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ, ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʤʝʨʝʞʘʭ ʜʦʩʪʫʧʫ ʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʝʨʝʞʘʭ ʨʽʟʥʦʪʠʧʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʢʦʞʥʘ ʽʟ ʷʢʠʭ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʨʽʟʥʦʨʽʜʥʠʤ ʚʧʣʠʚʦʤ ʥʘ 

ʷʢʽʩʪʴ ʧʦʩʣʫʛ. ɼʣʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʝʨʝʞ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʧʘʢʝʪʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʷʤʠ ɯʈ, ɸʊʄ, ʄʈLS ʪʘ ʽʥ., ʷʢʽ ʥʘʙʫʚʘʶʪʴ ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʟʘ ʨʘʭʫʥʦʢ ʤʦʞʣʠʚʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʷʢʽʩʪʶ ʧʦʩʣʫʛ, ʦʩʥʦʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʚʧʣʠʚʫ 

ʥʘ QoS ʻ ʯʘʩ ʟʘʪʨʠʤʢʠ ʪʘ ʜʞʠʪʪʝʨ.  

ʇʽʜʢʣʶʯʝʥʥʷ ʘʙʦʥʝʥʪʩʴʢʠʭ ʪʝʨʤʽʥʘʣʽʚ ʚ ʤʝʨʝʞʘʭ ʜʦʩʪʫʧʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʩʠʥʭʨʦʥʥʠʭ ʢʘʥʘʣʽʚ ʽʟ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʨʦʧʫʩʢʥʦ ʾ

ʩʧʨʦʤʦʞʥʦʩʪ̔ ï ʚʽʜ 64 ʂ ʙʽʪ/ʩ ʜʦ 1 ɻʙʽʪ/ʩ ʽ ʢʦʤʫʪʘʪʦʨʽʚ ʟ ʷʜʨʦʤ ʢʦʤʫʪʘʮʽʾ ʧʦʥʘʜ 

10 ɻʙʽʪ/ʩ ʚ ʷʢʠʭ ʽ ʨʝʘʣʽʟʦʚʫʶʪʴʩʷ ʦʩʥʦʚʥʽ ʤʝʭʘʥʽʟʤʠ ʘʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʟʥʘʯʝʥʥʷʤ   ʚʠʨʘʞʝʥʦʛʦ ʚ ʟʘʪʨʠʤʢʘʭ, ʜʞʠʪʪʝʨʽ ʪʘ ʧʦʪʨʝʙʘʭ ʚʠʜʽʣʝʥʥʷ 

ʥʝʦʙʭʽʜʥʠʭ ʨʝʩʫʨʩʽʚ ʤʝʨʝʞʽ. ɺʧʣʠʚ ʤʝʨʝʞʽ ʜʦʩʪʫʧʫ ʥʘ ʧʦʢʘʟʥʠʢ ʷʢʦʩʪʽ ʚ 

ʦʩʥʦʚʥʦʤʫ ʻ ʧʘʩʠʚʥʠʤ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʜʽʡʥʽʩʪʶ ʪʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʶ ʝʣʝʤʝʥʪʽʚ 

ʤʝʨʝʞʽ, ʚʠʨʘʞʝʥʠʭ ʯʝʨʝʟ ʢʦʝʬʽʮʽʻʥʪʠ ʛʦʪʦʚʥʦʩʪʽ ʢʦʞʥʦʛʦ ʽʟ ʾʾ ʝʣʝʤʝʥʪʽʚ, ʘ 

ʪʘʢʦʞ ʚʧʣʠʚʦʤ ʩʪʦʨʦʥʥʽʭ ʬʘʢʪʦʨʽʚ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʧʦʚôʷʟʘʥʠʭ ʟ ʧʨʦʮʝʩʦʤ 

ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʪʘʢʠʭ ʷʢ ʩʠʛʥʘʣʽʟʘʮʽʷ ʪʘ ʩʠʥʭʨʦʥʽʟʘʮʽʷ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʜʽʣʫ ʤʝʨʝʞʽ ʥʘ ʤʝʨʝʞʫ ʜʦʩʪʫʧʫ ʽ ʪʨʘʥʩʧʦʨʪʥʫ ʤʝʨʝʞʫ, ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ, ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʘ ʤʝʨʝʞʘ, ʷʢʘ ʻ 

ʩʢʣʘʜʥʦʶ ʪʝʭʥʽʯʥʦʶ ʩʠʩʪʝʤʦʶ, ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʫʢʫʧʥʽʩʪʶ ʙʽʣʴʰ 

ʧʨʦʩʪʠʭ ʤʦʜʝʣʝʡ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʽ ʫʟʛʦʜʞʝʥʠʭ ʤʽʞ ʩʦʙʦʶ.  

ʊʨʘʥʩʧʦʨʪʥʘ ʤʝʨʝʞʘ ʤʘʻ ʚʠʩʦʢʫ ʧʨʦʧʫʩʢʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ʽ 

ʥʝʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʝʣʝʤʝʥʪʘ ʤʝʨʝʞʽ ʚʝʜʝ ʜʦ ʟʥʘʯʥʠʭ ʚʪʨʘʪ ʙʽʪʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʽʜʤʦʚʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʦʜʥʦʯʘʩʥʦ ʙʘʛʘʪʴʦʭ ʜʦʜʘʪʢʽʚ ʘʙʦʥʝʥʪʽʚ. 

ʊʦʤʫ ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ ʚʧʣʠʚʫ ʥʘ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʫʪ ʻ ʥʘʜʽʡʥʽʩʪʴ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ ʚʫʟʦʣ ʪʘ ʥʘʧʨʷʤʥʽ ʩʠʩʪʝʤʠ 

ʤʝʨʝʞʽ [40]. 
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1.4.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʠʩʪʝʤ ʨʦʟʧʦʜʽʣʫ 

ʽʥʬʦʨʤʘʮʽʾ ʟ ʯʝʨʛʘʤʠ 

 

ɺ ʪʝʦʨʽʾ ʪʝʣʝʪʨʘʬʽʢʘ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS ï Quality of Service) 

ʧʦʪʦʢʫ ʚʠʤʦʛ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʶ ʥʝʛʘʡʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʤʦʛʠ 

ʘʙʦ ʦʯʽʢʫʚʘʥʥʷ ʧʦʯʘʪʢʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [1]. ʎʽ ʤʦʞʣʠʚʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʦʙʨʘʥʦʶ ʜʠʩʮʠʧʣʽʥʦʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʤʦʛ ʽ ʜʣʷ ʢʦʞʥʦʾ ʟ ʥʠʭ ʚʣʘʩʪʠʚʠʡ 

ʧʝʚʥʠʡ ʥʘʙʽʨ ʦʩʥʦʚʥʠʭ ʽ ʜʦʧʦʤʽʞʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS. ʉʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʫ 

ʽʥʬʦʨʤʘʮʽʾ (ʉʈɯ) ʟ ʯʝʨʛʘʤʠ ï ʮʝ ʩʠʩʪʝʤʠ, ʜʝ ʚʠʤʦʛʠ, ʷʢʽ ʥʝ ʦʙʩʣʫʞʝʥʽ ʚʽʜʨʘʟʫ 

ʯʝʨʝʟ ʟʘʡʥʷʪʽʩʪʴ ʫʩʽʭ ʢʘʥʘʣʽʚ ʩʠʩʪʝʤʠ, ʩʪʘʶʪʴ ʫ ʯʝʨʛʫ, ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʷʢʦʾ 

ʜʠʩʮʠʧʣʽʥʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʯʝʨʛʠ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʫ ʷʢʦʤʫ ʧʦʨʷʜʢʫ ʦʯʽʢʫʚʘʥʽ 

ʚʠʤʦʛʠ ʚʠʙʠʨʘʶʪʴʩʷ ʽʟ ʯʝʨʛʠ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘ ʧʝʚʥʠʤ ʧʨʘʚʠʣʦʤ 

(ʥʘʧʨʠʢʣʘʜ, FIFO ï ʚʠʤʦʛʠ ʟ ʯʝʨʛʠ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ ʚ ʧʦʨʷʜʢʫ ʾʭʥʴʦʛʦ 

ʥʘʜʭʦʜʞʝʥʥʷ ʘʙʦ LIFO ï ʧʝʨʝʚʘʛʫ ʤʘʻ ʚʠʤʦʛʘ, ʱʦ ʥʘʜʽʡʰʣʘ ʜʦ ʯʝʨʛʠ 

ʦʩʪʘʥʥʴʦʶ) [1, 2]. 

ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʠʩʪʝʤ ʟ ʯʝʨʛʦʶ 

ʧʝʨʝʜʙʘʯʝʥʦ ʪʘʢʽ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [1]:  

- ʽʤʦʚʽʨʥʽʩʪʴ ʦʯʽʢʫʚʘʥʥʷ Pw (ʘʙʦ ʩʝʨʝʜʥʷ ʯʘʩʪʢʘ ʟʘʪʨʠʤʘʥʠʭ ʧʘʢʝʪʽʚ); 

- ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʫ ʯʝʨʟʽ Q (ʘʙʦ ʩʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʯʝʨʛʠ); 

- ʩʝʨʝʜʥʷ ʪʨʠʚʘʣʽʩʪʴ ʦʯʽʢʫʚʘʥʥʷ ʧʘʢʝʪʽʚ ʚ ʯʝʨʟʽ tq; 

- ʩʝʨʝʜʥʷ ʪʨʠʚʘʣʽʩʪʴ ʦʯʽʢʫʚʘʥʥʷ ʧʘʢʝʪʽʚ ʚ ʩʠʩʪʝʤʽ W. 

ɯʤʦʚʽʨʥʽʩʪʴ ʦʯʽʢʫʚʘʥʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʘ Pw ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ, ʱʦ ʧʦʪʨʘʧʠʣʠ ʟʘ ʚʽʜʨʽʟʦʢ ʯʘʩʫ (t
1
, t

2
) ʫ ʯʝʨʛʫ ʉQ 

ʜʦ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ, ʱʦ ʥʘʜʽʡʰʣʠ ʟʘ ʪʦʡ ʩʘʤʠʡ ʯʘʩ ʜʦ ʩʠʩʪʝʤʠ ʉ: 

C

C
P

Q
w= .    (1.13) 

ʉʝʨʝʜʥʽʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʧʘʢʝʪʘ ʫ ʯʝʨʟʽ tq ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʟʘʪʨʠʤʢʠ ʧʘʢʝʪʽʚ ʩʘʤʝ ʫ ʯʝʨʟʽ. ʉʝʨʝʜʥʽʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʫ ʩʠʩʪʝʤʽ W ʷʚʣʷʻ 

ʩʦʙʦʶ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʦʯʽʢʫʚʘʥʥʷ, ʚʽʜʥʝʩʝʥʝ ʜʦ ʚʩʽʭ ʧʘʢʝʪʽʚ ï 
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ʟʘʪʨʠʤʘʥʠʭ ʽ ʥʝʟʘʪʨʠʤʘʥʠʭ. ʏʘʩ ʦʯʽʢʫʚʘʥʥʷ ʻ ʚʠʧʘʜʢʦʚʦʶ ʚʝʣʠʯʠʥʦʶ ʽ ʪʦʤʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʧʨʘʚʠʣʦʤ ʨʦʟʨʘʭʫʥʢʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ. 

ʉʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʫ ʯʝʨʟʽ Q ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʝʨʝʜʥʴʦʶ ʢʽʣʴʢʽʩʪʶ 

ʧʘʢʝʪʽʚ, ʱʦ ʦʯʽʢʫʶʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɿʘ ʬʦʨʤʫʣʦʶ ʃʽʪʪʣʘ ʧʨʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ȿ ʟʘ W ʦʜʠʥʠʮʴ ʯʘʩʫ ʦʯʽʢʫʚʘʥʥʷ ʜʦ ʯʝʨʛʠ ʥʘʜʽʡʜʝ ʚ ʩʝʨʝʜʥʴʦʤʫ 

ȿW ʧʘʢʝʪʽʚ: 

WQ L= .      (1.14) 

ɼʦʧʦʤʽʞʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ QoS  ̒ ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʫ 

ʩʠʩʪʝʤʽ N ʪʘ ʩʝʨʝʜʥʽʡ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʧʘʢʝʪʽʚ ʫ ʩʠʩʪʝʤʽ T.  

ʉʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʫ ʩʠʩʪʝʤʽ N ʚʠʟʥʘʯʘʻ ʩʪʫʧʽʥʴ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ 

ʩʠʩʪʝʤʠ ʽ ʟʘ ʥʝʦʙʤʝʞʝʥʦʾ ʯʝʨʛʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʝʨʝʜʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ, ʱʦ 

ʥʘʜʭʦʜʷʪʴ ʜʦ ʩʠʩʪʝʤʠ ȿ, ʪʘ ʪʠʭ, ʱʦ ʦʯʽʢʫʶʪʴ ʫ ʯʝʨʟʽ Q: 

QN +L= .     (1.15) 

ʉʝʨʝʜʥʽʡ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʧʘʢʝʪʽʚ ʫ ʩʠʩʪʝʤʽ T ï ʮʝ ʯʘʩ, ʧʨʦʚʝʜʝʥʠʡ ʦʜʥʠʤ 

ʧʘʢʝʪʦʤ ʩʠʩʪʝʤʽ ʡ ʫʩʝʨʝʜʥʝʥʠʡ ʟʘ ʚʩʽʤʘ ʧʘʢʝʪʘʤʠ (ʟʘʪʨʠʤʘʥʠʤ ʽ ʥʝʟʘʪʨʠʤʘʥʠʤ). 

ɺʽʥ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ x  ʽ ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ 

ʦʯʽʢʫʚʘʥʥʷ ʧʘʢʝʪʽʚ ʫ ʩʠʩʪʝʤʽ W: 

WxT += .      (1.16) 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʩʣʫʞʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ Y ʤʝʥʰʘ ʟʘ ȿ ʽ ʜʦʨʽʚʥʶʻ: 

)1( wPY -L= .     (1.17) 

ɼʣʷ ʢʦʞʥʦʾ ʤʦʜʝʣʽ ʧʦʪʦʢʫ ʚʩʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʧʝʚʥʽʡ ʬʫʥʢʮʽʦʥʘʣʴʥʽʡ ʟʘʣʝʞʥʦʩʪʽ. 

ʉʠʩʪʝʤʘ ʟ ʯʝʨʛʦʶ, ʚ ʷʢʽʡ ʚʚʝʜʝʥʦ ʦʙʤʝʞʝʥʥʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ 

ʚʠʤʦʛ, ʱʦ ʤʦʞʫʪʴ ʧʝʨʝʙʫʚʘʪʠ ʫ ʯʝʨʟʽ, ʘʙʦ ʥʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ 

ʧʦʯʘʪʢʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʻ ʩʠʩʪʝʤʦʶ ʟ ʢʦʤʙʽʥʦʚʘʥʦʶ ʜʠʩʮʠʧʣʽʥʦʶ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɿʘ ʦʙʤʝʞʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʤʽʩʮʴ ʦʯʽʢʫʚʘʥʥʷ (ʤʘʢʩʠʤʘʣʴʥʘ 

ʜʦʚʞʠʥʘ ʯʝʨʛʠ) ʫ ʚʠʧʘʜʢʫ ʥʘʜʭʦʜʞʝʥʥʷ ʚʠʤʦʛʠ ʚ ʤʦʤʝʥʪ, ʢʦʣʠ ʚʩʽ ʩʝʨʚʝʨʠ ʽ 
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ʤʽʩʮʷ ʦʯʽʢʫʚʘʥʥʷ ʟʘʡʥʷʪʽ ʧʦʧʝʨʝʜʥʽʤʠ ʚʠʤʦʛʘʤʠ, ʜʘʥʘ ʚʠʤʦʛʘ ʚʪʨʘʯʘʻʪʴʩʷ. ɿʘ 

ʦʙʤʝʞʝʥʦʛʦ ʯʘʩʫ ʦʯʽʢʫʚʘʥʥʷ, ʷʢʱʦ ʚʠʤʦʛʘ ʧʝʨʝʙʫʚʘʻ ʫ ʯʝʨʟʽ ʧʦʥʘʜ ʜʦʧʫʩʪʠʤʠʡ 

ʯʘʩ, ʪʦ ʾʡ ʚʽʜʤʦʚʣʷʻʪʴʩʷ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ, ʽ ʚʦʥʘ ʪʝʞ ʚʪʨʘʯʘʻʪʴʩʷ. ʊʦʤʫ ʦʢʨʽʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS ʩʠʩʪʝʤʠ ʟ ʯʝʨʛʘʤʠ ʙʝʟ ʦʙʤʝʞʝʥʴ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʡ ʪʘʢʽ: 

ï ʽʤʦʚʽʨʥʽʩʪʴ ʚʪʨʘʪʠ ʚʠʤʦʛʠ PB (ʯʝʨʝʟ ʦʙʤʝʞʝʥʫ ʜʦʚʞʠʥʫ ʯʝʨʛʠ); 

ï ʽʤʦʚʽʨʥʽʩʪʴ ʦʯʽʢʫʚʘʥʥʷ ʧʦʥʘʜ ʧʨʠʧʫʩʪʠʤʠʡ ʯʘʩ PW > t. 

ɯʤʦʚʽʨʥʽʩʪʴ PW>t ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʠʩʮʠʧʣʽʥʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʯʝʨʛʠ ʽ ʥʘʡʙʽʣʴʰ 

ʧʨʦʩʪʠʤ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʻ ʚʠʧʘʜʦʢ ʫʧʦʨʷʜʢʦʚʘʥʦʾ ʯʝʨʛʠ FIFO. ʎʶ ʽʤʦʚʽʨʥʽʩʪʴ 

ʱʝ ʥʘʟʠʚʘʶʪʴ ʫʤʦʚʥʠʤʠ ʚʪʨʘʪʘʤʠ, ʦʩʢʽʣʴʢʠ ʚʠʤʦʛʘ, ʱʦ ʦʯʽʢʫʻ ʧʦʥʘʜ 

ʧʨʠʧʫʩʪʠʤʠʡ ʯʘʩ t, ʤʦʞʝ ʚʪʨʘʪʠʪʠ ʩʚʦʶ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʉʫʯʘʩʥʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʽ  ʤʝʨʝʞʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ 

ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʝʨʝʜʘʥʠʭ ʽ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʘʥʠʭ. 

ʂʦʤʙʽʥʦʚʘʥʽ ʩʠʩʪʝʤʠ ʟ ʦʙʤʝʞʝʥʥʷʤʠ ʥʘ ʜʦʚʞʠʥʫ ʯʝʨʛʠ ʪʘ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ 

ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ. ɺ ʫʤʦʚʘʭ ʨʽʟʥʦʨʽʜʥʦʛʦ ʪʨʘʬʽʢʘ 

(ʤʦʚʘ, ʚʽʜʝʦ, ʜʘʥʽ) ʮʶ ʩʠʩʪʝʤʫ ʜʦʧʦʚʥʶʶʪʴ ʤʝʭʘʥʽʟʤʦʤ ʧʨʽʦʨʠʪʝʪʽʚ, ʚ ʷʢʦʤʫ ʚʩʽ 

ʚʠʤʦʛʠ ʧʦʜʽʣʷʶʪʴ ʥʘ ʢʘʪʝʛʦʨʽʾ ʽ ʚʠʤʦʛʠ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʢʘʪʝʛʦʨʽʾ ʧʨʠ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʤʘʶʪʴ ʧʝʚʥʽ ʧʝʨʝʚʘʛʠ (ʧʨʽʦʨʠʪʝʪʠ) ʧʝʨʝʜ ʚʠʤʦʛʘʤʠ ʙʽʣʴʰ 

ʥʠʟʴʢʦʾ ʢʘʪʝʛʦʨʽʾ.  

ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʠʩʪʝʤ ʽʟ ʧʨʽʦʨʠʪʝʪʘʤʠ 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʪʘʢʽ ʩʘʤʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢ ʽ ʜʣʷ ʩʠʩʪʝʤʠ ʟ ʯʝʨʛʘʤʠ, ʘʣʝ ʜʣʷ 

ʢʦʞʥʦʛʦ ʟ ʚʚʝʜʝʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ ʦʢʨʝʤʦ. ʅʘʧʨʠʢʣʘʜ, ʩʝʨʝʜʥʽʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʫ 

ʯʝʨʟʽ ʚʠʤʦʛʠ k-ʛʦ ʧʨʽʦʨʠʪʝʪʫ, ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʚʠʤʦʛ ʫ ʩʠʩʪʝʤʽ k-ʛʦ ʧʨʽʦʨʠʪʝʪʫ 

ʪʦʱʦ. 

ʋ ʉʈɯ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʽ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ. ʂʨʠʪʝʨʽʷʤʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʣʷ ʩʠʩʪʝʤ ʽʟ 

ʚʪʨʘʪʘʤʠ ʻ ʽʤʦʚʽʨʥʽʩʪʴ ʚʪʨʘʪʠ ʚʠʤʦʛʠ, ʘ ʜʣʷ ʩʠʩʪʝʤ ʟ ʯʝʨʛʘʤʠ ï ʽʤʦʚʽʨʥʽʩʪʴ 

ʦʯʽʢʫʚʘʥʥʷ. ʏʠʤ ʙʽʣʴʰʝ ʧʨʠʧʫʩʪʠʤʘ ʥʦʨʤʘ ʚʪʨʘʪ, ʪʠʤ ʤʝʥʰʘ ʷʢʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

ʇʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ï ʮʝ ʤʘʢʩʠʤʘʣʴʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʩʣʫʞʝʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʟʘʜʘʥʦʾ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [1].  
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ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʩʣʫʞʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ï ʮʝ ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʟʘʡʥʷʪʠʭ 

ʩʝʨʚʝʨʽʚ ʽ ʪʦʤʫ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʥʝ ʜʦʨʽʚʥʶʻ ʟʘʛʘʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ 

ʩʝʨʚʝʨʽʚ ʫ ʥʽʡ. ʏʝʨʝʟ ʚʠʧʘʜʢʦʚʽʩʪʴ ʚʭʽʜʥʠʭ ʧʦʪʦʢʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʝʨʝʜʥʷ 

ʢʽʣʴʢʽʩʪʴ ʟʘʡʥʷʪʠʭ ʩʝʨʚʝʨʽʚ ʥʝ ʜʦʩʷʛʘʻ ʟʘʛʘʣʴʥʦʾ ʾʭ ʢʽʣʴʢʦʩʪʽ ʫ ʩʠʩʪʝʤʽ. ɿʘʜʘʯʝʶ 

ʻ ʣʠʰʝ ʥʘʙʣʠʞʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʡʥʷʪʠʭ ʩʝʨʚʝʨʽʚ ʜʦ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʩʝʨʚʝʨʽʚ ʩʠʩʪʝʤʠ. ʉʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʟʘʡʥʷʪʠʭ ʩʝʨʚʝʨʽʚ ʫ ʩʠʩʪʝʤʽ ʟ ʚʪʨʘʪʘʤʠ 

ʟʘʚʞʜʠ ʙʽʣʴʰʘ, ʯʠʤ ʫ ʩʠʩʪʝʤʽ ʟ ʯʝʨʛʦʶ ʟʘ ʦʜʥʘʢʦʚʠʭ ȿ ʪʘ m, ʦʪʞʝ ʡ ʧʨʦʧʫʩʢʥʘ 

ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʟ ʚʪʨʘʪʘʤʠ ʚʠʱʘ [21]. 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ï ʮʝ ʛʨʘʥʠʯʥʘ, ʩʪʘʪʠʩʪʠʯʥʦ ʫʩʝʨʝʜʥʝʥʘ ʢʽʣʴʢʽʩʪʴ ʚʠʤʦʛ, 

ʷʢʽ ʙʫʜʫʪʴ ʦʙʩʣʫʞʝʥʽ ʩʠʩʪʝʤʦʶ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ ʟʘ ʟʘʜʘʥʦʾ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʎʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʦʮʽʥʢʠ 

ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʪʘ ʢʝʨʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ.  

ʇʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʉʈɯ ʟʘʣʝʞʘʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʥʦʨʤʠ 

ʽʤʦʚʽʨʥʦʩʪʽ ʚʪʨʘʪ, ʘʣʝ ʡ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ (ʢʽʣʴʢʦʩʪʽ ʩʝʨʚʝʨʽʚ ʽ ʩʭʝʤʠ ʾʭ 

ʚʢʣʶʯʝʥʥʷ), ʜʠʩʮʠʧʣʽʥʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʪʨʠʚʘʣʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʚʠʜ ʧʦʪʦʢʫ ʚʠʤʦʛ ʘʙʦ ʡʦʛʦ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ [1]. 

ʂʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʨʚʝʨʽʚ ʩʠʩʪʝʤʠ ʘʙʦ ʾʭ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ɟ 

(utilization factor) ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ 

ʚʠʤʦʛ ɚ ʜʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ Õ. ɺ m-ʩʝʨʚʝʨʥʽʡ ʩʠʩʪʝʤʽ ʚʩʽ ʩʝʨʚʝʨʠ 

ʟʘʙʝʟʧʝʯʘʪʴ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 
x

mm
1

=m . ʆʪʞʝ, ʚ m-ʩʝʨʚʝʨʥʽʡ 

ʩʠʩʪʝʤʽ 
m

xl
=r  [2]. 

ɺ ʦʜʥʦʢʘʥʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ɟ ʚ m ʨʘʟʽʚ ʙʽʣʴʰʝ ʽ ʟʙʽʛʘʻʪʴʩʷ ʟ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʥʘʚʘʥʪʘʞʝʥʥʷ xl=L  ʘʙʦ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʚʠʤʦʛ 

ɚ, ʷʢʱʦ x  ʻ ʦʜʥʽʻʶ ʫʤʦʚʥʦʶ ʦʜʠʥʠʮʝʶ ʯʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɿʘ ʫʤʦʚʠ 0 Ò ɟ < 1 

ʧʨʦʮʝʩ ʫ ʩʠʩʪʝʤʽ ʝʨʛʦʜʠʯʥʠʡ ʽ ʩʪʘʮʽʦʥʘʨʥʠʡ ʨʦʟʧʦʜʽʣ ʽʤʦʚʽʨʥʦʩʪʝʡ ʩʪʘʥʽʚ 

ʩʠʩʪʝʤʠ ʽʩʥʫʻ [21]. 
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1.5. ʄʝʪʦʜʠ ʦʮʽʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʪʘ ʾʭ ʪʦʯʥʽʩʪʴ 

 

ʊʨʘʬʽʢ ʤʝʨʝʞ ʟʚôʷʟʢʫ ʟ ʢʦʤʫʪʘʮʽʻʶ ʧʘʢʝʪʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ 

ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʡ ʽʩʪʦʪʥʦʶ 

ʚʽʜʤʽʥʥʽʩʪʶ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʪʦʢʽʚ ʧʘʢʝʪʽʚ ʚʽʜ ʧʫʘʩʩʦʥʽʚʩʴʢʦʛʦ 

ʧʦʪʦʢʫ. ɸʜʝʢʚʘʪʥʦʶ ʤʦʜʝʣʣʶ ʧʦʪʦʢʽʚ ʚ ʪʘʢʠʭ ʤʝʨʝʞʘʭ ʚʚʘʞʘʶʪʴʩʷ ʩʘʤʦʧʦʜʽʙʥʽ 

(self-similarity) ʧʨʦʮʝʩʠ, ʜʝ ʚʭʽʜʥʠʡ ʧʦʪʽʢ ʦʧʠʩʫʻʪʴʩʷ ʬʨʘʢʪʘʣʴʥʠʤ 

ʙʨʦʫʥʽʚʩʴʢʠʤ ʨʫʭʦʤ (fBM ï fractal Brownian Motion). ʇʨʦʪʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʉʈɯ ʚ ʮʠʭ ʫʤʦʚʘʭ ʻ ʜʫʞʝ ʩʢʣʘʜʥʦʶ 

ʤʘʪʝʤʘʪʠʯʥʦʶ ʟʘʜʘʯʝʶ. ʇʨʠʯʠʥʦʶ ʮʴʦʤʫ ʻ ʩʣʘʙʢʘ ʬʦʨʤʘʣʽʟʦʚʘʥʽʩʪʴ ʤʦʜʝʣʽ 

ʩʘʤʦʧʦʜʽʙʥʠʭ ʧʦʪʦʢʽʚ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʡ ʥʝʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʘʥʘʣʽʪʠʯʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ QoS ʫ ʉʈɯ [2]. ʉʠʤʚʦʣʠ fBM 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʾ ʤʦʜʝʣʽ ʪʨʘʬʽʢʘ ʟʘ ʙʫʜʴ-ʷʢʦʛʦ 

ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʨʚʘʣʫ Z, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʘʧʦʜʽʙʥʦʛʦ ʧʨʦʮʝʩʫ. 

ɼʣʷ ʦʜʥʦʢʘʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʥʝʩʢʽʥʯʝʥʥʦʶ ʯʝʨʛʦʶ ʪʘ ʧʦʩʪʽʡʥʠʤ ʯʘʩʦʤ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʤʦʜʝʣʴ fBM/D/1/Ð) ʥʘʙʣʠʞʝʥʝ ʨʽʰʝʥʥʷ ʥʘʚʝʜʝʥʦ ʚ [9] ʫ 

ʚʠʛʣʷʜʽ ʪʘʢ ʟʚʘʥʦʾ ʬʦʨʤʫʣʠ ʅʦʨʨʦʩʘ, ʜʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʫ ʩʪʘʥʽ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʨʽʚʥʦʚʘʛʠ ʧʨʠ ɟ = ɚ / ɛ < 1 ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʫ ʩʠʩʪʝʤʽ  
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.     (1.18) 

ʆʩʢʽʣʴʢʠ ʟ ʬʦʨʤʫʣʠ ʃʽʪʪʣʘ ʚʠʧʣʠʚʘʻ, ʱʦ ʊ = N / ɟ, ʪʦ ʩʝʨʝʜʥʽʡ ʯʘʩ 

ʧʝʨʝʙʫʚʘʥʥʷ ʧʘʢʝʪʽʚ ʫ ʩʠʩʪʝʤʽ ʧʨʠ ɛ = 1, ʪʦʙʪʦ ʚ ʦʜʠʥʠʮʷʭ ʯʘʩʫ ʪʨʠʚʘʣʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʽʚ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 
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     (1.19) 

ɺʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʦʜʥʦʢʘʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʩʝʨʝʜʥʷ 

ʜʦʚʞʠʥʘ ʯʝʨʛʠ Q = N ï ɟ, ʪʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ (1.18) ʦʪʨʠʤʘʻʤʦ: 
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ʌʦʨʤʫʣʠ (1.18), (1.19) ʽ (1.20) ʚʚʘʞʘʶʪʴʩʷ ʘʥʘʣʽʪʠʯʥʠʤ ʨʦʟʚôʷʟʘʥʥʷʤ ʜʣʷ 

ʩʠʩʪʝʤʠ fBM/D/1/Ð. ʇʨʦʪʝ ʾʭ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʟʘ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ H = 0,5  

(ʥʝ ʩʘʤʦʧʦʜʽʙʥʠʡ ʧʨʦʮʝʩ)  ʤʘʻʤʦ ʚʽʜʦʤʠʡ ʨʝʟʫʣʴʪʘʪ ʜʣʷ ʩʝʨʝʜʥʴʦʾ ʢʽʣʴʢʦʩʪʽ 

ʧʘʢʝʪʽʚ, ʩʝʨʝʜʥʴʦʾ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʙʫʚʘʥʥʷ ʽ ʩʝʨʝʜʥʴʦʾ ʜʦʚʞʠʥʠ ʯʝʨʛʠ ʫ ʩʠʩʪʝʤʽ 

ʄ/ʄ/1/Ð. ʎʝ ʥʝʣʦʛʽʯʥʦ, ʦʩʢʽʣʴʢʠ ʩʧʦʯʘʪʢʫ ʨʦʟʛʣʷʜʘʣʘʩʷ ʩʠʩʪʝʤʘ fBM/D/1/Ð. 

ʇʨʠ ʟʤʽʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʍʝʨʩʪʘ ʚʽʜ ʟʥʘʯʝʥʥʷ H = 1 ʜʦ ʤʽʥʽʤʘʣʴʥʦʛʦ H = 0,5  ʧʦʪʽʢ 

ʧʘʢʝʪʽʚ ʽ ʡʦʛʦ ʚʽʜʧʦʚʽʜʥʘ ʽʤʦʚʽʨʥʽʩʥʘ ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʤʽʞ 

ʧʘʢʝʪʘʤʠ ʟʤʽʥʶʻʪʴʩʷ, ʘʣʝ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʪʨʠʚʘʣʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʇʨʠ H = 0,5 ʧʦʪʽʢ ʚʪʨʘʯʘʻ ʚʣʘʩʪʠʚʦʩʪʽ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ, ʘʣʝ 

ʬʦʨʤʫʣʠ (1.18 ï 1.20) ʤʘʶʪʴ ʢʦʨʝʣʶʚʘʪʠʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ ʤʦʜʝʣʽ ʟ 

ʧʦʩʪʽʡʥʦʶ ʪʨʠʚʘʣʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘ ʥʝ ʝʢʩʧʦʥʝʥʪʥʦʶ [41].   

ɿ ʧʦʢʘʟʘʥʦʛʦ ʥʘ ʨʠʩ. 1.6 ʛʨʘʬʽʢʘ ʟʘʣʝʞʥʦʩʪʽ ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ ʧʝʨʝʙʫʚʘʥʥʷ 

ʧʘʢʝʪʽʚ ʫ ʩʠʩʪʝʤʽ T ʚʠʧʣʠʚʘʻ, ʱʦ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ɟ > 0,3 ʩʠʩʪʝʤʘ fBM/D/1/Ð ʽʟ 

ʩʘʤʦʧʦʜʽʙʥʠʤ ʚʭʽʜʥʠʤ ʧʦʪʦʢʦʤ ʧʘʢʝʪʽʚ  ʙʫʜʝ ʚʠʪʨʘʯʘʪʠ ʥʘ ʦʙʨʦʙʣʝʥʥʷ ʙʽʣʴʰʝ 

ʯʘʩʫ, ʥʽʞ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ, ʪʦʙʪʦ ʥʽʞ ʩʠʩʪʝʤʠ M/M/1/Ð ʽ M/D/1/Ð. 

 

ʈʠʩ. 1.6 ɿʘʣʝʞʥʽʩʪʴ ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ ʧʝʨʝʙʫʚʘʥʥʷ ʧʘʢʝʪʽʚ ʫ ʩʠʩʪʝʤʽ ʊ ʜʣʷ 

ʤʦʜʝʣʝʡ M/M/1/Ð, M/D/1/Ð ʪʘ fBM/D/1/Ð ʧʨʠ H = 0,7 
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ɿ ʧʨʠʚʝʜʝʥʦʛʦ ʥʘ ʨʠʩ. 1.7 ʛʨʘʬʽʢʘ ʟʘʣʝʞʥʦʩʪʽ N ʚʽʜ ɟ ʜʣʷ ʩʠʩʪʝʤ M/M/1/Ð, 

M/D/1/Ð ʽ fBM/D/1/Ð ʤʘʻʤʦ ʘʥʘʣʦʛʽʯʥʠʡ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ɟ > 0,3 

ʫ ʩʠʩʪʝʤʽ ʽʟ ʚʭʽʜʥʠʤ ʧʦʪʦʢʦʤ ʧʘʢʝʪʽʚ, ʱʦ ʤʘʻ ʭʘʨʘʢʪʝʨ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʧʨʦʮʝʩʫ, 

ʙʫʜʝ ʙʽʣʴʰʝ ʧʘʢʝʪʽʚ, ʥʽʞ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ [42]. 

 

ʈʠʩ. 1.7  ɿʘʣʝʞʥʽʩʪʴ ʩʝʨʝʜʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ ʫ ʩʠʩʪʝʤʽ N ʜʣʷ ʤʦʜʝʣʝʡ 

M/M/1/Ð, M/D/1/Ð ʪʘ fBM/D/1/Ð ʧʨʠ H = 0,7 

ʊʘʢʽ ʩʘʤʽ ʚʠʩʥʦʚʢʠ ʡ ʧʽʩʣʷ ʘʥʘʣʽʟʫ ʛʨʘʬʽʢʽʚ ʟʘʣʝʞʥʦʩʪʽ ʩʝʨʝʜʥʴʦʾ ʜʦʚʞʠʥʠ 

ʯʝʨʛʠ Q ʚʽʜ ɟ ʫ ʪʠʭ ʩʘʤʠʭ ʩʠʩʪʝʤʘʭ, ʧʦʢʘʟʘʥʠʭ ʥʘ ʨʠʩ. 1.8 [42]. 

 

ʈʠʩ. 1.8  ɿʘʣʝʞʥʽʩʪʴ ʩʝʨʝʜʥʴʦʾ ʜʦʚʞʠʥʠ ʯʝʨʛʠ Q ʜʣʷ ʤʦʜʝʣʝʡ M/M/1/Ð, M/D/1/Ð 

ʪʘ fBM/D/1/Ð ʧʨʠ H = 0,7 
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ɿ ʫʩʽʭ ʛʨʘʬʽʢʽʚ ʥʘ ʨʠʩ. 1.6  ï 1.8 ʚʠʧʣʠʚʘʻ, ʱʦ ʟʘ ʧʫʘʩʩʦʥʽʚʩʴʢʦʛʦ ʧʦʪʦʢʫ ʟʽ 

ʟʨʦʩʪʘʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ɟ ʧʦʛʽʨʰʫʶʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ T, N ʽ Q, ʘʣʝ ʱʝ ʙʽʣʴʰ ʽʩʪʦʪʥʦ ʚʦʥʠ ʧʦʛʽʨʰʫʶʪʴʩʷ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʫ ʚʭʽʜʥʦʤʫ ʧʦʪʦʮʽ ʧʘʢʝʪʽʚ. ʌʦʨʤʫʣʠ (1.18 ï 1.20)  

ʧʦʢʘʟʫʶʪʴ ʩʪʫʧʽʥʴ ʮʴʦʛʦ ʚʧʣʠʚʫ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʢʘʟʥʠʢʘ H.  

ʇʨʦʪʝ, ʬʦʨʤʫʣʠ ʅʦʨʨʦʩʘ (1.18 ï 1.20), ʱʦ ʦʪʨʠʤʘʥʽ ʚ ʧʨʠʧʫʱʝʥʥʽ 

ʧʦʩʪʽʡʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʧʨʠ H = 0,5 ʜʘʶʪʴ ʦʮʽʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

QoS, ʷʢʽ ʚʣʘʩʪʠʚʽ ʉʈɯ ʟʘ ʧʫʘʩʩʦʥʽʚʩʴʢʦʛʦ ʧʦʪʦʢʫ ʟ ʝʢʩʧʦʥʝʥʪʥʠʤ ʟʘʢʦʥʦʤ 

ʨʦʟʧʦʜʽʣʫ ʪʨʠʚʘʣʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘ ʥʝ ʨʝʛʫʣʷʨʥʦʛʦ (ʤʦʜʝʣʴ M/M/1/Ð) [41]. 

ʇʨʠ ʽʤʽʪʘʮʽʡʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʜʦʩʪʘʪʥʴʦ ʦʮʽʥʠʪʠ ʪʽʣʴʢʠ ʦʜʠʥ ʟ 

ʧʘʨʘʤʝʪʨʽʚ,  ʥʘʧʨʠʢʣʘʜ N, ʦʩʢʽʣʴʢʠ Q ʽ T ʧʦʚ'ʷʟʘʥʽ ʟ N ʚʽʜʦʤʠʤʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʉʈɯ ʪʠʧʫ fBM/D/1/Ð 

ʧʨʠ H = 0,7 ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 1.8 ʣʽʥʽʻʶ, ʫ ʚʠʛʣʷʜʽ ʟʥʘʢʽʚ Ă+ò. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʫ ʚʭʽʜʥʦʤʫ ʧʦʪʦʮʽ ʧʘʢʝʪʽʚ ʟʽ ʟʨʦʩʪʘʥʥʷʤ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ɟ ʧʦʛʽʨʰʫʶʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘʣʝ ʥʝ ʥʘʩʪʽʣʴʢʠ, ʷʢ ʮʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ ʅʦʨʨʦʩʘ. 

ʈʦʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʡ ʦʮʽʥʦʢ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʬʦʨʤʫʣʘʤʠ 

(1.18 ï 1.20), ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ ʩʦʪʥʽ ʚʽʜʩʦʪʢʽʚ [41-43]. ʆʯʝʚʠʜʥʦ, ʱʦ ʦʮʽʥʢʘ 

ʅʦʨʨʦʩʘ ʟʥʘʯʥʦ ʟʘʚʠʱʝʥʘ, ʘ ʮʝ ʚʠʤʘʛʘʻ ʟʥʘʭʦʜʞʝʥʥʷ ʙʽʣʴʰʝ ʪʦʯʥʦʛʦ 

ʨʦʟʚôʷʟʘʥʥʷ.  

ʋ ʟʚ'ʷʟʢʫ ʽʟ ʮʠʤ, ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʤʝʪʦʜ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ 

ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ, ʫ ʷʢʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʚʽʜʦʤʠʭ ʢʣʘʩʠʯʥʠʭ ʨʦʟʧʦʜʽʣʽʚ, ʝʥʪʨʦʧʽʷ ʷʢʠʭ 

ʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʘ ʜʦ ʝʥʪʨʦʧʽʾ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ ʟʘ ʫʤʦʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ [44]. ʇʨʠ ʮʴʦʤʫ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʨʦʟʨʘʭʫʥʦʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS ʫ ʤʦʜʝʣʷʭ ʟ ʩʘʤʦʧʦʜʽʙʥʠʤ ʪʨʘʬʽʢʦʤ ʟʘ ʙʫʜʴ-ʷʢʦʛʦ ʟʘʢʦʥʫ 

ʨʦʟʧʦʜʽʣʫ ʪʨʠʚʘʣʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘ ʬʦʨʤʫʣʦʶ ʇʦʣʣʘʯʝʢʘ-ʍʽʥʯʠʥʘ.  

ɺʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ (ɺʇ) ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ ʜʦ ʉʈɯ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʫʪʚʦʨʶʻ ʧʦʪʽʢ ʧʘʢʝʪʽʚ (ʪʨʘʬʽʢ), ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʚʥʠʤ ʟʘʢʦʥʦʤ 
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ʨʦʟʧʦʜʽʣʫ, ʱʦ ʚʩʪʘʥʦʚʣʶʻ ʟʚ'ʷʟʦʢ ʤʽʞ ʟʥʘʯʝʥʥʷʤ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ 

(ʢʽʣʴʢʽʩʪʶ ʧʘʢʝʪʽʚ) ʡ ʽʤʦʚʽʨʥʽʩʪʶ ʧʦʷʚʠ ʮʴʦʛʦ ʟʥʘʯʝʥʥʷ. ʏʘʩʪʦ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʧʘʨʘʤʝʪʨʽʚ QoS ʜʦʩʠʪʴ ʟʥʘʪʠ ʧʨʦ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʪʽʣʴʢʠ ʜʝʷʢʽ ʡʦʛʦ ʯʠʩʣʦʚʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʤʦʤʝʥʪʠ ʨʦʟʧʦʜʽʣʫ ʨʽʟʥʠʭ ʧʦʨʷʜʢʽʚ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚ ʫʤʦʚʘʭ 

ʧʫʘʩʩʦʥʽʚʩʴʢʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʦʩʪʘʪʥʴʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ȿ, ʘ ʜʣʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ï ʥʝʦʙʭʽʜʥʽ ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ȿ ʽ ʜʠʩʧʝʨʩʽʷ D. 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ȿ ʽ D, ʭʦʯʘ ʡ ʜʦʩʠʪʴ 

ʚʘʞʣʠʚʽ, ʫ ʪʦʡ ʩʘʤʠʡ ʯʘʩ ʥʝ ʻ ʚʠʯʝʨʧʥʠʤʠ, ʘ ʽʥʦʜʽ ʡ ʤʘʨʥʠʤʠ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ. ɯʥʦʜʽ ɺʇ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʦʜʥʘʢʦʚʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ȿ ʽ D, ʘʣʝ ʚʥʫʪʨʽʰʥʷ ʩʪʨʫʢʪʫʨʘ ʮʠʭ ʧʨʦʮʝʩʽʚ ʨʽʟʥʘ. ʆʜʥʽ ʤʦʞʫʪʴ 

ʤʘʪʠ ʧʣʘʚʥʦ ʤʽʥʣʠʚʽ ʨʝʘʣʽʟʘʮʽʾ, ʘ ʽʥʰʽ ï ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʫ ʢʦʣʠʚʘʣʴʥʫ 

ʩʪʨʫʢʪʫʨʫ ʟʘ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦʾ ʟʤʽʥʠ ʦʢʨʝʤʠʭ ʟʥʘʯʝʥʴ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ 

(ʥʘʧʨʠʢʣʘʜ, ʨʽʟʢʝ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ ʫ ʤʝʨʝʞʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʘʯʢʫʚʘʥʥʷ ʪʨʘʬʽʢʘ). ɼʣʷ çʧʣʘʚʥʠʭè ʧʨʦʮʝʩʽʚ ʭʘʨʘʢʪʝʨʥʘ ʚʝʣʠʢʘ 

ʧʝʨʝʜʙʘʯʫʚʘʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʡ, ʘ ʜʣʷ çʧʘʯʢʦʚʠʭè ï ʜʫʞʝ ʤʘʣʘ ʽʤʦʚʽʨʥʽʩʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʜʚʦʤʘ ʚʠʧʘʜʢʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ɺʇ [44]. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ 

ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ɺʇ, ʥʝʩʝ ʫ ʩʦʙʽ ʜʝʷʢʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʽ 

ʜʦʟʚʦʣʷʻ ʟ ʙʽʣʴʰʦʶ ʘʙʦ ʤʝʥʰʦʶ ʥʘʜʽʡʥʽʩʪʶ ʧʨʦʛʥʦʟʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ 

ʚʝʣʠʯʠʥʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʡʤʦʚʽʨʥʽʩʥʽ ʟʘʢʦʥʠ ʨʦʟʧʦʜʽʣʫ, ʱʦ 

ʦʧʠʩʫʶʪʴ ʪʨʘʬʽʢ ʫ ʧʘʢʝʪʥʠʭ ʤʝʨʝʞʘʭ, ʥʝ ʜʘʶʪʴ ʪʘʢʦʾ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʫ ʽʥʬʦʨʤʘʮʽʾ, ʷʢ ʝʥʪʨʦʧʽʷ ʨʦʟʧʦʜʽʣʫ:  

j

m

j
j PP log

1

H ä
=

-= .     (1.21) 

ɽʥʪʨʦʧʽʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʝʥʴ, ʷʢʠʭ ʥʘʙʫʚʘʻ ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ, ʘ 

ʪʽʣʴʢʠ ʚʽʜ ʾʭʥʽʭ ʽʤʦʚʽʨʥʦʩʪʝʡ. 

ʆʮʽʥʢʘ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʤʦʞʣʠʚʘ 

ʝʥʪʨʦʧʽʡʥʠʤ ʤʝʪʦʜʦʤ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ 

ʚʽʜʦʤʠʭ ʤʦʜʝʣʝʡ ʉʈɯ, ʝʥʪʨʦʧʽʷ ʩʪʘʥʽʚ ʷʢʠʭ ʩʧʽʚʧʘʜʘʻ ʘʙʦ ʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʘ ʜʦ 

ʝʥʪʨʦʧʽʾ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ ʧʨʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ [45, 46]. 
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ʈʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʪʠʭ ʪʦʯʢʘʭ ʛʨʘʬʽʢʽʚ 

ʟʘʣʝʞʥʦʩʪʽ ʝʥʪʨʦʧʽʾ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ ʚʽʜ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ɟ, ʜʝ ʟʙʽʛʘʻʪʴʩʷ ʝʥʪʨʦʧʽʷ 

ʨʦʟʧʦʜʽʣʫ ʩʪʘʥʽʚ ʨʽʟʥʠʭ ʩʠʩʪʝʤ, ʟʙʽʛʘʶʪʴʩʷ ʡ ʜʦʩʣʽʜʞʫʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʪʘʢʽ ʷʢ ʩʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʯʝʨʛʠ Q ʪʘ ʩʝʨʝʜʥʷ ʪʨʠʚʘʣʽʩʪʴ 

ʦʯʽʢʫʚʘʥʥʷ ʧʘʢʝʪʽʚ W. ʅʘ ʨʠʩ. 1.9 ʧʦʢʘʟʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʝʥʪʨʦʧʽʾ H ʨʦʟʧʦʜʽʣʫ 

ʩʪʘʥʽʚ ʦʜʥʦʢʘʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʩʠʩʪʝʤʠ ɟ. 

 

ʈʠʩ. 1.9  ɿʘʣʝʞʥʽʩʪʴ ʝʥʪʨʦʧʽʾ H ʨʦʟʧʦʜʽʣʫ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ ʚʽʜ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ 

ʩʠʩʪʝʤʠ ɟ 

ɿ ʨʠʩ. 1.9 ʚʠʧʣʠʚʘʻ, ʱʦ ʜʣʷ ʤʦʜʝʣʝʡ M/M/1/Ð ʽ fBM/D/1/Ð ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ 

ʍʝʨʩʪʘ H = 0,8 ʪʘ ɟ = 0,6 ʝʥʪʨʦʧʽʾ ʨʦʟʧʦʜʽʣʽʚ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ ʜʦʩʠʪʴ ʙʣʠʟʴʢʽ ʽ 

ʜʦʨʽʚʥʶʶʪʴ 1,683 ʪʘ 1,719 ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʤʦʜʝʣʽ fBM/D/1/Ð 

ʩʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʯʝʨʛʠ Q = 0,982 ʡ ʩʝʨʝʜʥʷ ʪʨʠʚʘʣʽʩʪʴ ʦʯʽʢʫʚʘʥʥʷ ʚʩʽʭ ʧʘʢʝʪʽʚ 

W = 1,611, ʱʦ ʧʝʨʝʚʠʱʫʻ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʤʦʜʝʣʽ M/M/1/Ð ʫʩʴʦʛʦ ʥʘ 

3 % (ʥʘʩʪʽʣʴʢʠ ʞ ʚʽʜʤʽʥʥʽʩʪʴ ʽ ʟʥʘʯʝʥʴ ʝʥʪʨʦʧʽʾ). ʊʘʢʠʡ ʩʘʤʠʡ ʟʙʽʛ ʦʩʥʦʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʉʈɯ ʟ ʯʝʨʛʦʶ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʫʩʽʭ ʽʥʰʠʭ 

ʪʦʯʢʘʭ, ʜʣʷ ʷʢʠʭ ʦʜʥʘʢʦʚʽ ʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʾ ʨʦʟʧʦʜʽʣʫ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ, 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʪʨʠʚʘʣʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʊʦʤʫ ʜʣʷ ʮʠʭ 
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ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚʽʜʦʤʽ ʬʦʨʤʫʣʠ ʬʦʨʤʫʣʠ ʇʦʣʣʘʯʝʢʘ-ʍʽʥʯʠʥʘ 

ʜʣʷ ʤʦʜʝʣʽ M/G/1/Ð [1]. 

ɸʣʛʦʨʠʪʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʥʪʨʦʧʽʡʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

QoS ʪʘʢʠʡ [1, 21]: 

1. ɼʣʷ ʧʝʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ɟ ʟʘ ʚʩʪʘʥʦʚʣʝʥʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ ʩʪʘʥʽʚ 

ʩʠʩʪʝʤʠ ʟ ʩʘʤʦʧʦʜʽʙʥʠʤ ʪʨʘʬʽʢʦʤ fBM/G/1/Ð ʟʘ ʚʽʜʦʤʠʤʠ ʬʦʨʤʫʣʘʤʠ, ʱʦ 

ʧʦʜʘʶʪʴʩʷ ʚ ʜʦʚʽʜʥʠʢʘʭ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʥʪʨʦʧʽʷ ʮʴʦʛʦ ʨʦʟʧʦʜʽʣʫ H fBM. 

2. ɿʤʽʥʦʶ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ɜx ʜʣʷ ʤʦʜʝʣʽ, ʥʘʧʨʠʢʣʘʜ M/H/1/Ð, 

ʜʦʩʷʛʘʻʪʴʩʷ ʟʙʽʛ ʟʥʘʯʝʥʴ ʝʥʪʨʦʧʽʾ HM/H/1 = H fBM. 

3. ɿʘ ʜʦʧʦʤʦʛʦʶ ʟʥʘʡʜʝʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ɜx ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʝʨʝʜʥʷ 

ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʫ ʩʠʩʪʝʤʽ N ʟʘ ʬʦʨʤʫʣʦʶ ʇʦʣʣʘʯʝʢʘ-ʍʽʥʯʠʥʘ (ʪʘʙʣ. 2.1). 

4. ɿ ʚʽʜʦʤʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʯʝʨʝʟ N ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʡ ʽʥʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ QoS. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ QoS ʚ ʤʦʜʝʣʽ ʟ ʩʘʤʦʧʦʜʽʙʥʠʤ 

ʪʨʘʬʽʢʦʤ ʟʘ ʙʫʜʴ-ʷʢʦʛʦ (G) ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʪʨʠʚʘʣʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

(ʇʘʨʝʪʦ ʘʙʦ ɺʝʡʙʫʣʣʘ) ʟʜʽʡʩʥʠʤʠʡ. ʅʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʪʘʢʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʻ 

ʚʠʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʾ ʨʦʟʧʦʜʽʣʫ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ ʽʟ ʩʘʤʦʧʦʜʽʙʥʠʤ ʪʨʘʬʽʢʦʤ [46]. 
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1.6. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ  

 

ɼʣʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ ʦʮʽʥʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (QoS) ʪʨʘʬʽʢʘ  ̒ ʦʜʥ̔̒ ʶ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʥʘʫʢʦʚʠʭ ʟʘʜʘʯ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʘ ʟʘʚʞʜʠ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʨʝʘʢʮʽʾ 

ʩʠʩʪʝʤʠ ʥʘ ʚʭʽʜʥ ̔ ʧʦʪʦʢʠ ʟʘʷʚʦʢ ʪʨʘʬʽʢʘ. ʋ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞʘʭ ʟ 

ʧʘʢʝʪʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʧʝʨʝʜʘʚʘʥʥʷ ʡ ʢʦʤʫʪʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʧʘʢʝʪʥʦʤʫ 

ʪʨʘʬʽʢʫ ʧʨʠʪʘʤʘʥʥʽ çʧʘʯʢʫʚʘʥʥʷè (burstiness) ʧʘʢʝʪʽʚ ʪʘ ʟʥʘʯʥʦ ʙʽʣʴʰʠʡ ʨʽʚʝʥʴ 

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ, ʥʽʞ ʮʝ ʧʝʨʝʜʙʘʯʝʥʦ 

ʢʣʘʩʠʯʥʦʶ ʤʦʜʝʣʣʶ ʧʫʘʩʩʦʥʽʚʩʴʢʦʛʦ ʧʦʪʦʢʫ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʧʘʢʝʪʥʠʡ ʪʨʘʬʽʢ ï 

ʮʝ ʬʨʘʢʪʘʣʴʥʠʡ ʧʨʦʮʝʩ ʟ ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʧʝʚʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ. ɸʣʝ ʜʣʷ ʪʘʢʦʾ ʤʦʜʝʣʽ ʪʨʘʬʽʢʘ ʱʝ ʥʝ ʽʩʥʫʻ ʥʘʣʝʞʥʠʭ ʤʝʪʦʜʽʚ 

ʨʦʟʨʘʭʫʥʢʫ ʽ ʯʘʩʪʦ ʥʘ ʧʨʘʢʪʠʮʽ ʦʮʽʥʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞ ʟʚôʷʟʢʫ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʙʣʠʞʝʥʠʤʠ ʤʝʪʦʜʘʤʠ ʪʘ 

ʟʘʩʦʙʘʤʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʄʦʜʝʣʴ ʩʘʤʦʧʦʜʽʙʥʦʛʦ (self-similar) ʪʨʘʬʽʢʘ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 

ʧʘʢʝʪʥʠʭ ʤʝʨʝʞ ʟʚôʷʟʢʫ, ʦʜʥʘʢ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʮʽʥʦʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʽʩʥʫʶʯʠʤʠ ʤʝʪʦʜʘʤʠ ʻ ʩʫʤʥʽʚʥʦʶ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ, 

ʥʘʧʨʠʢʣʘʜ, ʥʘʙʣʠʞʝʥʽ ʦʮʽʥʢʠ ʅʦʨʨʦʩʘ ʩʠʣʴʥʦ ʟʘʚʠʱʝʥʽ. ʆʜʥʽʻʶ ʟ ʧʨʠʯʠʥ ʮʴʦʛʦ 

 ̒ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ, ʥʘ ʷʢʦʤʫ ʡ ʦʩʥʦʚʘʥʘ ʬʦʨʤʫʣʘ 

ʅʦʨʨʦʩʘ, ʨʝʘʣʴʥʦʤʫ ʢʦʝʬʽʮʽʻʥʪʫ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʪʨʘʬʽʢʘ. ʆʪʞʝ ʧʽʜʚʠʱʠʪʠ 

ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS ʧʘʢʝʪʥʦʛʦ ʪʨʘʬʽʢʘ ʤʦʞʥʘ ʰʣʷʭʦʤ 

ʦʪʨʠʤʘʥʥʷ ʫʪʦʯʥʝʥʦʾ ʬʦʨʤʫʣʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ 

(ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ  ʤʦʜʝʣʽ 

ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ, ʪʦʙʪʦ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʬʽʢʘ.  

ʗʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʨʘʬʽʢʘ ʧʘʢʝʪʥʦʾ ʤʝʨʝʞʽ ʟʚôʷʟʢʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ ʟʘ ʨʘʭʫʥʦʢ ʦʨʛʘʥʽʟʘʮʽʾ ʚʭʽʜʥʠʭ ʯʝʨʛ ʧʘʢʝʪʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʯʝʨʛ ʫʩʫʚʘʻ ʧʨʦʙʣʝʤʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʫ ʤʦʤʝʥʪʠ ʙʫʨʭʣʠʚʦʛʦ ʟʨʦʩʪʘʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʬʽʢʘ. ʆʜʥʘʢ ʧʨʠ ʧʝʨʝʧʦʚʥʝʥʥʽ ʯʝʨʛʠ ʧʘʢʝʪʠ ʚʪʨʘʯʘʶʪʴʩʷ ʽ 

ʚʪʨʘʪʘ ʚʞʝ 10 % ʧʘʢʝʪʽʚ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʨʝʞʽ. ʗʢʱʦ ʞ ʜʣʷ 
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ʥʝʜʦʧʫʱʝʥʥʷ ʧʝʨʝʧʦʚʥʝʥʥʷ ʟʙʽʣʴʰʠʪʠ ʨʦʟʤʽʨ ʯʝʨʛʠ, ʪʦ ʮʝ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ 

ʩʝʨʝʜʥʽʡ ʯʘʩ ʟʘʪʨʠʤʢʠ ʧʘʢʝʪʽʚ ʪʘ ʾʾ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ (ʜʞʠʪʪʝʨ). ʆʢʨʽʤ ʮʴʦʛʦ ʟʽ 

ʟʨʦʩʪʘʥʥʷʤ ʩʪʫʧʝʥʷ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʧʘʢʝʪʥʦʛʦ ʪʨʘʬʽʢʘ ʽʤʦʚʽʨʥʽʩʪʴ ʚʪʨʘʪʠ ʪʘ 

ʩʝʨʝʜʥʽʡ ʯʘʩ ʟʘʪʨʠʤʢʠ ʧʘʢʝʪʽʚ ʫ ʩʠʩʪʝʤʽ ʱʝ ʙʽʣʴʰʝ ʧʦʛʽʨʰʫʶʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʟ 

ʚʠʧʘʜʢʦʤ ʪʨʘʬʽʢʘ ʘʥʘʣʦʛʽʯʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʘʣʝ ʙʝʟ ʝʬʝʢʪʫ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ.  

ʆʪʞʝ, ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʬʽʢʘ ʧʘʢʝʪʥʠʭ ʤʝʨʝʞ ʟʚôʷʟʢʫ, 

ʚʠʟʥʘʯʝʥʥʷ ʡʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘ ʥʘ ʾʾ ʦʩʥʦʚʽ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʝʪʦʜʽʚ 

ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS ʚ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞʘʭ ʟʚôʷʟʢʫ ʰʣʷʭʦʤ 

ʫʪʦʯʥʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʪʨʘʬʽʢʘ ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦʶ ʟʘʜʘʯʝʶ. 

ɺʠʭʦʜʷʯʠ ʽʟ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ, ʩʧʦʩʦʙʽʚ ʦʧʠʩʫ 

ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʧʦʪʦʢʽʚ ʪʨʘʬʽʢʫ, ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʬʽʢʫ ʤʝʨʝʞ ʟʚôʷʟʢʫ ʟ 

ʧʘʢʝʪʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʢʦʤʫʪʘʮʽʾ ʡ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʤʝʪʦʜʽʚ ʾʭ ʦʮʽʥʢʠ ʧʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ 

ʩʫʯʘʩʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ ʥʝʚʠʨʽʰʝʥʠʤʠ ʻ ʨʷʜ ʟʘʚʜʘʥʴ: 

ï ʥʝʤʦʞʣʠʚʦ ʘʥʘʣʽʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʪʦʯʥʦ ʦʙʯʠʩʣʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

QoS ʚ ʤʝʨʝʞʘʭ ʟʚôʷʟʢʫ ʟ ʧʘʢʝʪʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʢʦʤʫʪʘʮʽʾ ʡ ʧʝʨʝʜʘʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ,  ʟʨʦʩʪʘʶʯʘ ʩʢʣʘʜʥʽʩʪʴ ʷʢʠʭ ʧʦʷʩʥʶʻʪʴʩʷ ʨʦʟʰʠʨʝʥʥʷʤ ʧʝʨʝʣʽʢʫ 

ʥʘʜʘʚʘʥʠʭ ʧʦʩʣʫʛ, ʚʠʩʦʢʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʨʽʟʥʦʨʽʜʥʽʩʪʶ 

ʾʾ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ, ʜʠʥʘʤʽʯʥʠʤʠ ʨʝʞʠʤʘʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʦʱʦ; 

ï ʫʩʢʣʘʜʥʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 

ʩʫʯʘʩʥʠʭ ʤʝʨʝʞ ʟʚôʷʟʢʫ ʥʝ ʜʦʟʚʦʣʷʻ ʜʣʷ ʾʭ ʘʥʘʣʽʟʫ ʽ ʩʠʥʪʝʟʫ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʢʣʘʩʠʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʮʝ ʟʤʫʰʫʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʙʣʠʞʝʥʽ ʤʝʪʦʜʠ 

ʘʙʦ ʤʝʪʦʜʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʘʥʘʣʽʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ; 

ï ʥʘʙʽʨ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʧʘʢʝʪʥʦʾ ʤʝʨʝʞʽ ʟʚôʷʟʢʫ ʧʦʢʠ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʧʦʚʥʠʤ ʟ 

ʧʦʛʣʷʜʫ ʩʪʨʫʢʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʝʘʣʴʥʠʭ ʉʈɯ, ʜʠʩʮʠʧʣʽʥ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ 

ʦʩʦʙʣʠʚʦ  ʭʘʨʘʢʪʝʨʫ ʪʨʘʬʽʢʘ; 

ï ʨʽʟʥ ̔ ʩʧʦʩʦʙʠ ʚʠʜʽʣʝʥʥʷ ʤʝʨʝʞʝʚʦʛʦ ʨʝʩʫʨʩʫ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʧʘʢʝʪʥʠʭ ʤʝʨʝʞ ʟʚôʷʟʢʫ ʚʠʤʘʛʘʶʪʴ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ 
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ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ QoS, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʨʝʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʪʨʘʬʽʢʘ ʧʝʨʝʜʘʚʘʥʥʷ ʤʦʚʠ, ʚʽʜʝʦ, ʜʘʥʠʭ; 

ï ʚʽʜʩʫʪʥʽʩʪʴ ʪʦʯʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ QoS ʚ ʫʤʦʚʘʭ ʩʘʤʦʧʦʜʽʙʥʠʭ ʧʦʪʦʢʽʚ 

ʪʨʘʬʽʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʠʡʥʷʪʪʷ ʥʝʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʫ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ, 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʪʘ ʤʝʨʝʞ ʦʩʢʽʣʴʢʠ 

ʚʠʥʠʢʘʻ ʨʽʟʢʘ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʦʯʽʢʫʚʘʥʠʤʠ (ʧʨʦʝʢʪʥʠʤʠ) ʧʦʢʘʟʥʠʢʘʤʠ ʪʘ 

ʨʝʘʣʴʥʦʶ ʷʢʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; 

ï ʜʣʷ ʤʦʜʝʣʝʡ ʨʝʘʣʴʥʦʛʦ ʪʨʘʬʽʢʫ ʩʫʯʘʩʥʠʭ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞ 

ʟʚôʷʟʢʫ, ʷʢʦʤʫ ʚʣʘʩʪʠʚʠʡ ʟʥʘʯʥʦ ʙʽʣʴʰʠʡ ʨʽʚʝʥʴ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʥʽʞ ʮʝ ʧʝʨʝʜʙʘʯʝʥʦ ʢʣʘʩʠʯʥʦʶ ʤʦʜʝʣʣʶ ʧʫʘʩʩʦʥʽʚʩʴʢʦʛʦ ʧʦʪʦʢʫ. 

ɼʣʷ ʪʘʢʦʛʦ ʪʨʘʬʽʢʘ ʪʝʦʨʽʷ ʪʝʣʝʪʨʘʬʽʢʘ ʥʝ ʤʘʻ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʽ 

ʥʘ ʧʨʘʢʪʠʮʽ ʦʮʽʥʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ 

ʤʝʨʝʞ ʟʚôʷʟʢʫ ʚʝʜʝʪʴʩʷ ʥʘʙʣʠʞʝʥʠʤʠ ʤʝʪʦʜʘʤʠ ʪʘ ʟʘʩʦʙʘʤʠ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. 

ʊʦʤʫ ʤʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʤʫʣʴʪʠʩʝʨʚʽʩʥʦʾ 

ʤʝʨʝʞʽ ʟʚôʷʟʢʫ. ɿʘʩʦʙʦʤ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʻ ʚʠʨʽʰʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʟʘʜʘʯ: ʘʥʘʣʽʟ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʢʽʚ ʪʨʘʬʽʢʘ ʩʫʯʘʩʥʠʭ ʤʝʨʝʞ ʟʚôʷʟʢʫ, ʧʦʙʫʜʦʚʘʥʠʭ 

ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʢʦʤʫʪʘʮʽʾ ʧʘʢʝʪʽʚ; ʘʥʘʣʽʟ ʤʦʜʝʣʽ ʪʨʘʬʽʢʘ ʤʫʣʴʪʠʩʝʨʚʽʩʥʦʾ ʤʝʨʝʞʽ 

ʟʚôʷʟʢʫ ʟ ʧʘʢʝʪʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʧʝʨʝʜʘʚʘʥʥʷ ʡ ʢʦʤʫʪʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ; ʘʥʘʣʽʟ 

ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʩʬʝʨ 

ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ; ʨʦʟʨʦʙʢʘ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʫ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʡʤʦʚʽʨʥʽʩʥʠʤʠ 

ʟʘʢʦʥʘʤʠ ʨʦʟʧʦʜʽʣʫ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ; ʩʪʘʪʠʩʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʘʥʘʣʽʟ 

ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʚʠʟʥʘʯʝʥʥʷ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʪʦʯʥʦʩʪʽ 

ʟʘʩʪʦʩʦʚʘʥʠʭ ʤʝʪʦʜʽʚ; ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʚ ʧʘʢʝʪʥʽʡ ʤʝʨʝʞʽ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

1. ʄʦʜʝʨʥʽʟʘʮʽʷ ʩʫʯʘʩʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʟʘʤʽʥʦʶ ʪʝʭʥʦʣʦʛʽʾ ʢʦʤʫʪʘʮʽʾ ʢʘʥʘʣʽʚ ʥʘ ʢʦʤʫʪʘʮʽʶ ʧʘʢʝʪʽʚ. ʋ ʤʝʨʝʞʘʭ ʟ 

ʧʘʢʝʪʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʧʝʨʝʜʘʚʘʥʥʷ ʡ ʢʦʤʫʪʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʧʘʢʝʪʥʦʤʫ 

ʪʨʘʬʽʢʫ ʧʨʠʪʘʤʘʥʥʽ çʧʘʯʢʫʚʘʥʥʷè ʧʘʢʝʪʽʚ ʪʘ ʟʥʘʯʥʦ ʙʽʣʴʰʠʡ ʨʽʚʝʥʴ 

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʪʦʢʫ ʧʘʢʝʪʽʚ, ʥʽʞ ʮʝ ʧʝʨʝʜʙʘʯʝʥʦ ʢʣʘʩʠʯʥʦʶ 

ʤʦʜʝʣʣʶ ʧʫʘʩʩʦʥʽʚʩʴʢʦʛʦ ʧʦʪʦʢʫ. ʇʘʢʝʪʥʠʡ ʪʨʘʬʽʢ ï ʮʝ ʬʨʘʢʪʘʣʴʥʠʡ ʧʨʦʮʝʩ ʟ 

ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʧʝʚʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ. 

2. ʄʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʧʘʢʝʪʥʦʛʦ ʪʨʘʬʽʢʘ ʻ ʽʤʦʚʽʨʥʽʩʥʘ ʬʫʥʢʮʽʷ 

ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʤʽʞ ʧʘʢʝʪʘʤʠ ʧʦʪʦʢʫ ʟ ʪʘʢ ʟʚʘʥʠʤ çʜʦʚʛʠʤ (ʪʷʞʢʠʤ) 

ʭʚʦʩʪʦʤè, ʙʽʣʴʰ ʚʘʛʦʤʠʤ, ʥʽʞ ʟʘ ʝʢʩʧʦʥʝʥʪʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʇʨʠ ʮʴʦʤʫ 

ʨʝʟʫʣʴʪʘʪʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚʠʤʽʨʽʚ ʽ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʾʭ ʦʩʥʦʚʽ 

ʛʽʩʪʦʛʨʘʤʠ ʘʧʨʦʢʩʠʤʫʶʪʴʩʷ ʨʦʟʧʦʜʽʣʘʤʠ ʇʘʨʝʪʦ ʘʙʦ ɺʝʡʙʫʣʣʘ. 

3. ʅʝʚʜʦʚʦʣʝʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʩʘʤʦʧʦʜʽʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʪʦʢʽʚ 

ʪʨʘʬʽʢʘ ʚ ʩʠʩʪʝʤʘʭ ʟʚ'ʷʟʢʫ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪ ʁ ʚʠʤʽʨʶʚʘʥʴ, 

ʧʨʦʚʝʜʝʥʠʭ ʥʘ ʨʽʟʥʠʭ ʤʝʨʝʞʘʭ, ʷʢʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʥʘʷʚʥʽʩʪʴ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʤʽʞ ʧʨʦʝʢʪʦʚʘʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʽ ʨʝʘʣʴʥʦ ʽʩʥʫʶʯʠʤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʎ  ʁʚʣʘʩʪʠʚʽʩʪʴ ʚʠʷʚʣʝʥʦ ʷʢ ʚ ʣʦʢʘʣʴʥʠʭ, ʪʘʢ ʽ 

ʛʣʦʙʘʣʴʥʠʭ ʤʝʨʝʞʘʭ. ʂʨʽʤ ʪʦʛʦ, ʨʽʟʥʦʨʽʜʥʠʡ ʪʨʘʬʽʢ ʧʨʠʚʽʚ ʜʦ ʧʨʦʷʚʫ ʜʘʥʦʾ 

ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʤʝʨʝʞʘʭ ʟ ʧʘʢʝʪʥʦʶ ʢʦʤʫʪʘʮʽʻʶ ʽ ʪʘʢʦʞ ʚ ʩʪʽʣʴʥʠʢʦʚʠʭ ʤʝʨʝʞʘʭ. 

4. ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʦʮʽʥʦʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽʩʥʫʶʯʠʤʠ ʤʝʪʦʜʘʤʠ ʻ 

ʩʫʤʥʽʚʥʦʶ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʥʘʙʣʠʞʝʥʽ ʦʮʽʥʢʠ ʅʦʨʨʦʩʘ 

ʩʠʣʴʥʦ ʟʘʚʠʱʝʥʽ. ʇʨʠʯʠʥʦʶ ʮʴʦʤʫ ʻ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʬʦʨʤʫʣʠ 

ʅʦʨʨʦʩʘ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʨʝʘʣʴʥʦʤʫ ʢʦʝʬʽʮʽʻʥʪʫ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʪʨʘʬʽʢʘ. 

5. ɼʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʬʽʢʘ ʪʘ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʝʪʦʜʽʚ 

ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS ʚ ʧʘʢʝʪʥʠʭ ʤʝʨʝʞʘʭ ʟʚôʷʟʢʫ ʻ ʘʢʪʫʘʣʴʥʦʶ 

ʥʘʫʢʦʚʦʶ ʟʘʜʘʯʝʶ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʚʝʜʝʥʠʭ ʚ ʨʦʟʜʽʣʽ 1, ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ ʨʦʙʦʪʘʭ 

ʘʚʪʦʨʘ [22, 23, 40, 42, 43, 46]. 
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ʈʆɿɼɯʃ 2 

ʆʎɯʅʂɸ ʇʆʂɸɿʅʀʂɸ ʉɸʄʆʇʆɼɯɹʅʆʉʊɯ ʊɸ ʇɯɼɺʀʑɽʅʅʗ 

ʊʆʏʅʆʉʊɯ ʁʆɻʆ ɺʀɿʅɸʏɽʅʅʗ ɿɸ ʈɯɿʅʀʍ ʄʆɼɽʃɽʁ ʇɸʂɽʊʅʆɻʆ 

ʊʈɸʌɯʂɸ 

 

 

2.1. ʄʝʪʦʜʠ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʪʨʘʬʽʢʘ ʧʘʢʝʪʥʠʭ ʤʝʨʝʞ 

ʟʚôʷʟʢʫ 

 

ɺ ʧʘʢʝʪʥʠʭ ʤʝʨʝʞʘʭ ʟʚôʷʟʢʫ ʪʨʘʬʽʢ ʦʧʠʩʫʻʪʴʩʷ ʩʘʤʦʧʦʜʽʙʥʠʤ (self-

similarity) ʚʠʧʘʜʢʦʚʠʤ ʧʨʦʮʝʩʦʤ ʟ ʧʦʢʘʟʥʠʢʦʤ ʍʝʨʩʪʘ ʙʣʠʟʴʢʦ 0,65 ... 0,9 [2, 47]. 

ʊʨʘʬʽʢ ʧʘʢʝʪʥʠʭ ʤʝʨʝʞ ʟʚôʷʟʢʫ ʤʦʞʥʘ ʫʷʚʠʪʠ ʷʢ ʧʨʦʮʝʩ ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ, 

ʦʧʠʩʫʚʘʥʠʡ ʯʘʩʦʚʠʤ ʨʷʜʦʤ ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ ʧʦ ʬʽʢʩʦʚʘʥʠʤ ʚʽʜʨʽʟʢʘʤ ʯʘʩʫ 

(ʤʠʪʪʻʚʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ) [21]. ʉʪʘʪʠʩʪʠʯʥʠʡ R/S-ʘʥʘʣʽʟ, 

ʩʪʚʦʨʝʥʠʡ ɻ. ʍʝʨʩʪʦʤ ï ʮʝ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʯʘʩʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ. 

R/S-ʘʥʘʣʽʟʦʤ ʪʘʢʦʞ ʚʚʘʞʘʶʪʴ ʩʫʢʫʧʥʽʩʪʴ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʨʠʡʦʤʽʚ ʽ ʤʝʪʦʜʽʚ 

ʘʥʘʣʽʟʫ ʯʘʩʦʚʠʭ ʨʷʜʽʚ (ʧʝʨʝʚʘʞʥʦ ʬʽʥʘʥʩʦʚʠʭ), ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʜʝʷʢʽ 

ʚʘʞʣʠʚʽ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʽ ʷʢ ʥʘʷʚʥʽʩʪʴ ʥʝʧʝʨʽʦʜʠʯʥʠʭ ʮʠʢʣʽʚ, ʧʘʤôʷʪʽ. 

ʇʦʢʘʟʥʠʢ ʍʝʨʩʪʘ H ï ʮʝ ʤʽʨʘ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʘʥʘʣʽʟʽ ʯʘʩʦʚʠʭ 

ʨʷʜʽʚ. ʎʷ ʚʝʣʠʯʠʥʘ ʟʤʝʥʰʫʻʪʴʩʷ, ʢʦʣʠ ʟʘʪʨʠʤʢʘ ʤʽʞ ʜʚʦʤʘ ʦʜʥʘʢʦʚʠʤʠ ʧʘʨʘʤʠ 

ʟʥʘʯʝʥʴ ʚ ʯʘʩʽ ʨʷʜʫ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʇʦʩʣʽʜʦʚʥʦʩʪʽ, ʜʣʷ ʷʢʠʭ H > 0, 5, ʚʚʘʞʘʶʪʴʩʷ 

ʧʝʨʩʠʩʪʝʥʪʥʠʤʠ ï ʚʦʥʠ ʟʙʝʨʽʛʘʶʪʴ ʥʘʷʚʥʫ ʪʝʥʜʝʥʮʽʶ, ʪʦʙʪʦ ʟʨʦʩʪʘʥʥʷ ʚ 

ʤʠʥʫʣʦʤʫ ʙʽʣʴʰ ʽʤʦʚʽʨʥʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʚ ʧʦʜʘʣʴʰʦʤʫ, ʽ ʥʘʚʧʘʢʠ. 

ʇʨʠ ʟʥʘʯʝʥʥʽ 0,5 ʷʚʥʦʶ ʪʝʥʜʝʥʮʽʾ ʥʝ ʚʠʨʘʞʝʥʦ, ʘ ʧʨʠ ʤʝʥʰʠʭ ʟʥʘʯʝʥʥʷʭ ʧʨʦʮʝʩ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʘʥʪʽʧʝʨʩʽʩʪʝʥʪʥʩ̔ʪʶ ï ʙʫʜʴ-ʷʢʘ ʪʝʥʜʝʥʮʽʷ ʧʨʘʛʥʝ ʟʤʽʥʠʪʠ 

ʧʨʦʪʠʣʝʞʥʘ. 

ʆʮʽʥʢʘ ʢʦʝʬʽʮʽʻʥʪʘ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʘʙʦ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʤʦʞʣʠʚʘ ʥʘ 

ʦʩʥʦʚʽ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʧʨʦʮʝʩʫ [48. 49]:  

ï ʘʥʘʣʽʟ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ, (ʚʢʣʶʯʘʻ R/S-ʘʥʘʣʽʟ).  
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ï ʘʥʘʣʽʟ ʜʠʩʧʝʨʩʽʾ ʘʛʨʝʛʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ, (ʚʝʜʝ ʜʦ ʦʮʽʥʢʠ ʥʘ ʦʩʥʦʚʽ 

ʟʘʣʝʞʥʦʩʪʽ ʜʠʩʧʝʨʩʽʾ ʚʽʜ ʧʘʨʘʤʝʪʨʘ ʘʛʨʝʛʘʮʽʾ m).  

ï ʘʥʘʣʽʟ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ: ʘʧʨʦʢʩʠʤʘʮʽʷ ʋʘʡʪʣʽ ʤʝʪʦʜʦʤ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ ʪʘ ʽʥ. [50].  

ɭ ʩʽʤ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ H, ʢʦʞʝʥ ʟ ʷʢʠʭ 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʪʽʡ ʯʠ ʽʥʰʽʡ ʚʣʘʩʪʠʚʦʩʪʽ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʧʨʦʮʝʩʫ: 

ï ʤʝʪʦʜ ʦʮʽʥʢʠ H ʥʘ ʦʩʥʦʚʽ R/S-ʘʥʘʣʽʟʫ ʍʝʨʩʪʘ [51, 52]; 

ï ʤʝʪʦʜ ʦʮʽʥʢʠ H ʥʘ ʦʩʥʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʜʠʩʧʝʨʩʽʾ ʚʽʜ ʨʽʚʥʷ ʘʛʨʝʛʘʮʽʾ ʨʷʜʫ 

ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʧʨʦʮʝʩʫ (ʤʝʪʦʜ ʚʘʨʽʦʛʨʘʤʤʠ) [53, 54]; 

ï ʤʝʪʦʜ ʦʮʽʥʢʠ H ʥʘ ʦʩʥʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʚʝʣʠʯʠʥʠ ʦʯʽʢʫʚʘʥʠʭ ʤʦʜʫʣʽʚ 

ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʨʽʚʥʷ ʘʛʨʝʛʘʮʽʾ ʨʷʜʫ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʧʨʦʮʝʩʫ; 

ï ʤʝʪʦʜ ʦʮʽʥʢʠ H ʥʘ ʦʩʥʦʚʽ ʜʠʩʧʝʨʩʽʾ ʜʝʪʨʝʥʜʦʚʘʥʠʭ ʟʘʣʠʰʢʽʚ [54]; 

ï ʤʝʪʦʜ ʦʮʽʥʢʠ H ʥʘ ʦʩʥʦʚʽ ʧʝʨʽʦʜʦʛʨʘʤʠ [50, 55]; 

ï ʤʝʪʦʜ ʦʮʽʥʢʠ H ʥʘ ʦʩʥʦʚʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʋʠʪʪʣʘ ʧʝʨʽʦʜʦʛʨʘʤʠ [56, 57]; 

ï ʤʝʪʦʜ ʦʮʽʥʢʠ H ʥʘ ʦʩʥʦʚʽ ʚʝʡʚʣʝʪ-ʘʥʘʣʽʟʫ [58, 59]. 

ɼʦ ʧʝʨʝʚʘʛ ʤʝʪʦʜʫ R/S-ʘʥʘʣʽʟʫ ʍʝʨʩʪʘ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʩʪʽʡʢʽʩʪʴ ʦʮʽʥʢʠ 

ʱʦʜʦ ʬʦʨʤʠ ʨʦʟʧʦʜʽʣʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʽ ʨʦʟʧʦʜʽʣʽʚ ʟ 

ʜʦʚʛʠʤʠ ʭʚʦʩʪʘʤʠ [50, 60, 61]. ʊʦʤʫ ʜʣʷ ʚʠʧʘʜʢʫ ʛʝʥʝʨʫʚʘʥʥʷ ʧʘʢʝʪʥʦʛʦ 

ʪʨʘʬʽʢʫ ʟʘ ʨʦʟʧʦʜʽʣʘʤʠ ʟ çʜʦʚʛʠʤ (ʪʷʞʢʠʤ) ʭʚʦʩʪʦʤè ʇʘʨʝʪʦ ʪʘ ɺʝʡʙʫʣʣʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʤʝʪʦʜ R/S-ʘʥʘʣʽʟʫ ʍʝʨʩʪʘ.  

ʄʝʪʦʜ ʍʝʨʩʪʘ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʫ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʧʘʢʝʪʥʦʛʦ ʪʨʘʬʽʢʘ 

ʪʘʢʽ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢ ʢʣʘʩʪʝʨʥʽʩʪʴ, ʪʝʥʜʝʥʮʽʶ ʩʣʽʜʫʚʘʪʠ ʫ ʥʘʧʨʷʤʢʫ ʪʨʝʥʜʘ 

(ʧʝʨʩʠʩʪʝʥʪʥʽʩʪʴ) ʽ ʰʚʠʜʢʫ ʟʤʽʥʶʚʘʥʽʩʪʴ ʧʦʩʣʽʜʦʚʥʠʭ ʟʥʘʯʝʥʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʪʨʘʬʽʢʘ (ʩʧʣʝʩʢʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʘʯʢʫʚʘʥʥʷ), ʧʽʩʣʷʜʽʶ, 

ʩʠʣʴʥʫ ʧʘʤôʷʪʴ, ʬʨʘʢʪʘʣʴʥʽʩʪʴ (ʩʘʤʦʧʦʜʽʙʥʽʩʪʴ), ʥʘʷʚʥʽʩʪʴ ʧʝʨʽʦʜʠʯʥʠʭ ʽ 

ʥʝʧʝʨʽʦʜʠʯʥʠʭ ʮʠʢʣʽʚ (ʯʝʨʝʟ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʦʚʘʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʧʝʨʝʜʘʯʽ). 

ʇʨʦʪʝ, ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʻ ʜʦʩʠʪʴ 

ʪʨʫʜʦʤʽʩʪʢʠʤʠ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʫʤʦʚʘʭ ʨʝʘʣʴʥʦʛʦ 

ʧʨʦʮʝʩʦʨʥʦʛʦ ʯʘʩʫ ʦʙʨʦʙʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʬʽʢʘ ʧʨʠ ʚʠʷʚʣʝʥʥʽ ʡʦʛʦ 

ʩʘʤʦʧʦʜʽʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [21]. 
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ʈʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʘ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʍʝʨʩʪʘ ʨʝʘʣʴʥʦʛʦ ʪʨʘʬʽʢʘ 

ʟʘʟʚʠʯʘʡ ʚʠʢʦʥʫʻʪʴʩʷ ʤʝʪʦʜʦʤ ʘʙʩʦʣʶʪʥʠʭ ʤʦʤʝʥʪʽʚ. ʗʢ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ 

ʧʨʦʮʝʩʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʫ ʉʈɯ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ. 

ɺʠʭʽʜʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ (ʨʷʜ) ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ ʜʦʚʞʠʥʦʶ N ʜʽʣʠʪʴʩʷ ʥʘ ʧʝʨʽʦʜʠ 

ʜʦʚʞʠʥʦʶ m (ʦʢʨʝʤʽ ʘʛʨʝʛʦʚʘʥʽ ʧʨʦʮʝʩʠ ʨʦʟʤʽʨʦʤ m). ʅʘ ʥʝʧʝʨʝʩʽʯʥʠʭ ʯʘʩʦʚʠʭ 

ʽʥʪʝʨʚʘʣʘʭ ʘʙʦ ʥʘ ʢʦʨʜʦʥʘʭ ʢʦʞʥʦʛʦ ʧʝʨʽʦʜʫ k-ʪʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʤʘʻ ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ: 
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,      k = 1, 2, 3 é, [N / m]. 

ʇʽʩʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʩʽʻʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʧʦʪʽʤ ʜʣʷ 

ʢʦʞʥʦʛʦ ʧʝʨʽʦʜʫ k ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʜʠʩʧʝʨʩʽʷ Dk: 
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ɼʣʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʧʨʦʮʝʩʫ ʜʠʩʧʝʨʩʽʷ ʘʛʨʝʛʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ ʧʦʚʠʥʥʘ 

ʩʧʘʜʘʪʠ ʧʦʚʽʣʴʥʽʰʝ, ʥʽʞ ʚʝʣʠʯʠʥʘ, ʟʚʦʨʦʪʥʘ ʨʦʟʤʽʨʫ ʚʠʙʽʨʢʠ m [2]. ɼʣʷ 

ʚʠʷʚʣʝʥʥʷ ʮʽʻʾ ʚʣʘʩʪʠʚʦʩʪʽ ʙʫʜʫʻʪʴʩʷ ʜʠʩʧʝʨʩʽʡʥʦ-ʯʘʩʦʚʠʡ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ 

ʜʠʩʧʝʨʩʽʡ ʘʛʨʝʛʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ ʚʽʜ ʩʪʫʧʝʥʷ ʘʛʨʝʛʫʚʘʥʥʷ m. ʆʩʢʽʣʴʢʠ ʍʝʨʩʪʦʤ 

ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ: 

ö
÷

õ
æ
ç

å
º
ö
ö

÷

õ

æ
æ

ç

å -

2
log

minmax
log

N
H

D

DD
(m)
k

, 

ʪʦ ʛʨʘʬʽʢ ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ ʙʫʜʫʻʪʴʩʷ ʪʝʞ ʚ ʣʦʛʘʨʠʬʤʽʯʥʦʤʫ ʤʘʩʰʪʘʙʽ. ɺʠʨʘʟ ʚ 

ʣʽʚʽʡ ʯʘʩʪʠʥʽ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ R/S-ʩʪʘʪʠʩʪʠʢʦʶ ʘʙʦ ʥʦʨʤʦʚʘʥʠʤ 

ʨʦʟʤʘʭʦʤ. ɿ ʦʪʨʠʤʘʥʦʛʦ ʛʨʘʬʽʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ b ʷʢ ʪʘʥʛʝʥʩ ʢʫʪʘ 

ʥʘʭʠʣʫ ʘʧʨʦʢʩʠʤʫʶʯʦʾ ʢʨʠʚʦʾ ʜʦ ʧʦʙʫʜʦʚʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ. ɼʘʥʘ ʘʧʨʦʢʩʠʤʘʮʽʷ 

ʚʠʢʦʥʫʻʪʴʩʷ ʤʝʪʦʜʦʤ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ʂʦʝʬʽʮʽʻʥʪ b (0 < b <1), ʱʦ ʟʘʜʘʻ ʘʩʠʤʧʪʦʪʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ, ʧʦʚ'ʷʟʘʥʠʡ ʟ 

ʧʦʢʘʟʥʠʢʦʤ ʍʝʨʩʪʘ ʥʘʩʪʫʧʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [2]: 

2

ɓ
1-=H . 
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ɼʣʷ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ, H < 0,5, ʘ ʜʣʷ 

ʩʘʤʦʧʦʜʽʙʥʠʭ ʧʨʦʮʝʩʽʚ ʟ ʜʦʚʛʦʩʪʨʦʢʦʚʦʶ ʟʘʣʝʞʥʽʩʪʶ ʮʝʡ ʧʘʨʘʤʝʪʨ ʟʤʽʥʶʻʪʴʩʷ 

ʚ ʤʝʞʘʭ 0,65 ... 0,9 (ʧʨʦʮʝʩ çʤʘʻ ʪʨʠʚʘʣʫ ʧʘʤôʷʪʴè) [2]. 

ɼʣʷ ʧʽʜʛʦʪʦʚʢʠ ʨʷʜʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʝʦʙʭʽʜʥʦ ʟ ʦʩʥʦʚʥʦʛʦ ʯʘʩʦʚʦʛʦ ʨʷʜʫ 

ʜʦʚʞʠʥʦʶ N ʝʣʝʤʝʥʪʽʚ (ʟʥʘʯʝʥʴ) ʩʪʚʦʨʠʪʠ ʥʦʚʽ ʜʦʧʦʤʽʞʥʽ ʨʷʜʠ, ʜʣʷ ʷʢʠʭ 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʧʝʚʥʽ ʯʠʩʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʂʦʞʝʥ ʜʦʧʦʤʽʞʥʠʡ ʨʷʜ ʜʽʣʠʪʴʩʷ 

ʥʘ ʩʫʤʽʞʥʽ ʧʝʨʽʦʜʠ Ik,n ʜʦʚʞʠʥʦʶ mk ʝʣʝʤʝʥʪʽʚ, ʜʝ k ï ʥʦʤʝʨ ʜʦʧʦʤʽʞʥʦʛʦ ʨʷʜʫ, 

ʘ n ï ʥʦʤʝʨ ʧʝʨʽʦʜʫ. ʄʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʝʨʽʦʜʽʚ ʜʦʧʦʤʽʞʥʦʛʦ ʨʷʜʫ 

nmax = N / mmin, ʜʝ mmin ï ʤʽʥʽʤʘʣʴʥʘ ʜʦʚʞʠʥʘ ʧʝʨʽʦʜʫ. ɼʣʷ ʢʦʞʥʦʛʦ 

ʥʘʪʫʨʘʣʴʥʦʛʦ 2 Ò n Ò nmax ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʜʦʧʦʤʽʞʥʠʡ ʨʷʜ, ʧʨʦʪʝ ʪʦʯʥʽʩʪʴ 

ʨʦʟʨʘʭʫʥʢʫ ʽʩʪʦʪʥʦ ʥʝ ʧʦʛʽʨʰʠʪʴʩʷ ʽ ʧʨʠ ʤʝʥʰʽʡ ʢʽʣʴʢʦʩʪʽ ʨʷʜʽʚ. ʅʘʧʨʠʢʣʘʜ, ʥʘ 

ʨʠʩ. 4.15 ʧʦʢʘʟʘʥʽ ʦʩʥʦʚʥʠʡ 0-ʡ ʨʷʜ ʜʦʚʞʠʥʦʶ N = 320 ʝʣʝʤʝʥʪʽʚ ʽ ʜʦʧʦʤʽʞʥʽ 

ʨʷʜʠ 1, 2 ʽ 3, ʜʣʷ ʷʢʠʭ m1 = 32, m2 = 80 ʽ m3 = 160 ʝʣʝʤʝʥʪʽʚ ʚʽʜʧʦʚʽʜʥʦ [21]. 

 

 

ʈʠʩ. 2.1 ʉʪʚʦʨʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʨʷʜ̔ʚ 1é3 

 

ɿ ʨʠʩ. 2.1 ʚʠʧʣʠʚʘʻ, ʱʦ 1-ʡ ʜʦʧʦʤʽʞʥʠʡ ʨʷʜ ʦʪʨʠʤʘʥʠʡ ʰʣʷʭʦʤ ʜʽʣʝʥʥʷ 

ʦʩʥʦʚʥʦʛʦ ʨʷʜʫ ʥʘ ʜʝʩʷʪʴ, 2-ʡ ʜʦʧʦʤʽʞʥʠʡ ʨʷʜ ï ʥʘ ʯʦʪʠʨʠ ʽ 3-ʡ ʜʦʧʦʤʽʞʥʠʡ 

ʨʷʜ ï ʥʘ ʜʚʘ ʧʝʨʽʦʜʠ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʦʙʦʚôʷʟʢʦʚʦ 

kmax Ó 5 ʧʨʠ mmin Ó 10. ʊʦʤʫ, ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʱʝ ʪʨʴʦʭ 

ʜʦʧʦʤʽʞʥʠʭ ʨʷʜʽʚ ʤʦʞʥʘ, ʥʘʧʨʠʢʣʘʜ, ʨʦʟʜʽʣʠʪʠ ʦʩʥʦʚʥʠʡ ʨʷʜ ʥʘ 5, 8 ʽ 20 

ʧʝʨʽʦʜʽʚ ʜʦʚʞʠʥʦʶ m4 = 64, m5 = 40 ʽ m6 = 16 ʚʽʜʧʦʚʽʜʥʦ. 
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ʇʨʠ ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʚ ʦʩʥʦʚʥʦʤʫ ʨʷʜʫ N = 2i ʟʨʫʯʥʦ ʚʠʟʥʘʯʠʪʠ 

ʤʽʥʽʤʘʣʴʥʫ ʜʦʚʞʠʥʫ ʧʝʨʽʦʜʫ mmin = 2z, ʜʝ, ʥʘʧʨʠʢʣʘʜ, z = 3, 4, 5 ʽ ʙʽʣʴʰʝ. ʇʨʠ 

ʮʴʦʤʫ ʙʫʜʝ ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʝʨʽʦʜʽʚ ʜʦʧʦʤʽʞʥʦʛʦ ʨʷʜʫ 

nmax = N / mmin = 2i/2z = 2(i - z), ʘ ʢʽʣʴʢʽʩʪʴ ʜʦʧʦʤʽʞʥʠʭ ʨʷʜʽʚ kmax = i - z ʘʙʦ 

kmax = log2 (nmax). ʅʘʧʨʠʢʣʘʜ, ʧʨʠ N = 65536 ʽ mmin = 16 ʤʘʻʤʦ kmax = 12 

ʜʦʧʦʤʽʞʥʠʭ ʨʷʜʽʚ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ 12 ʟʥʘʯʝʥʴ n = 212, 211, 210, ..., 21 ʽ 

ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʥʠʭ mk = N / 212, N / 211, N / 210, ..., N / 2 [21]. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʞʥʦʛʦ ʜʦʧʦʤʽʞʥʦʛʦ ʨʷʜʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʍʝʨʩʪʘ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. ʇʽʩʣʷ 

ʧʽʜʛʦʪʦʚʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʚʝʜʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʦʧʦʤʽʞʥʠʭ ʨʷʜʽʚ 

ʟʜʽʡʩʥʶʶʪʴʩʷ ʪʘʢʽ ʨʦʟʨʘʭʫʥʢʠ. 

ɼʣʷ ʢʦʞʥʦʛʦ n-ʛʦ ʧʝʨʽʦʜʫ Ik,n ʢʦʞʥʦʛʦ ʨʷʜʫ k: 

1. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ Ek,n ʝʣʝʤʝʥʪʽʚ Nj 
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ʜʝ j ï ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʝʣʝʤʝʥʪʘ ʚ ʧʝʨʽʦʜʽ n. 

2. ʅʘʢʦʧʠʯʫʻʪʴʩʷ ʩʫʤʘ Xk,n ʨʦʟʨʘʭʦʚʘʥʠʭ ʚʽʜʭʠʣʝʥʴ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ Nj 

ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ 

)( ,

1

1
, nk

m

j
jnk ENX

k

-=ä
-

=

.     (2.2) 

ʂʦʞʥʝ ʥʘʢʦʧʠʯʫʚʘʥʝ ʚ ʮʠʢʣʽ (2.2) ʟʥʘʯʝʥʥʷ Xk,n ʟʘʧʘʤôʷʪʦʚʫʻʪʴʩʷ, 

ʫʪʚʦʨʶʶʯʠ ʜʣʷ n-ʛʦ ʧʝʨʽʦʜʫ Ik,n ʨʷʜʫ k ʢʫʤʫʣʷʪʠʚʥʠʡ ʨʷʜ Xj,  

ʜʝ: )( ,11 nkENX -= ;  )( ,212 nkENXX -+= ;  )( ,323 nkENXX -+=  ʽ ʪ.ʜ. 

ɿ ʮʴʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʟʥʘʯʝʥʥʷ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʨʷʜʫ Xj ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ 

ʥʠʞʯʝ ʥʘʚʝʜʝʥʦʶ ʬʦʨʤʫʣʦʶ, ʜʝ j ʪʘʢʦʞ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 1 ʜʦ (mk ï 1): 

nk
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ij jENX ,

1
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.     (2.3) 

ʋ ʚʠʨʘʟʽ (2.2) ʧʨʠ ʟʘʤʽʥʽ ʤʝʞʽ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʥʘ mk ʚʩʷ ʩʫʤʘ ʩʪʘʻ ʨʽʚʥʦʶ 

ʥʫʣʶ, ʱʦ ʻ ʦʟʥʘʢʦʶ ʧʨʘʚʠʣʴʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ. 
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3. ɿ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʨʷʜʫ ʚʽʜʭʠʣʝʥʴ ʟʥʘʭʦʜʠʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʝ Xmax(Xi) ʽ 

ʤʽʥʽʤʘʣʴʥʝ Xmin(Xi) ʟʥʘʯʝʥʥʷ, ʘ ʧʦʪʽʤ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʨʦʟʤʘʭ (ʜʽʘʧʘʟʦʥ) 

ʚʽʜʭʠʣʝʥʴ Rk,n: 

)()( minmax, jjnk XXXXR -= .    (2.4) 

4. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ ʚʽʜʭʠʣʝʥʥʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ Nj ʚʽʜ 

ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ 
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ɿʘ ʮʠʤ ʟʥʘʯʝʥʥʷʤ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʩʪʘʥʜʘʨʪʥʽ ʚʽʜʭʠʣʝʥʥʷ Sk,n (ʯʘʩʪʽʰʝ 

ʧʦʟʥʘʯʘʻʪʴʩʷ ů ï sigma): 
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5. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʦʨʤʦʚʘʥʠʡ ʨʦʟʤʘʭ ʥʘʢʦʧʠʯʝʥʠʭ ʩʫʤ (the adjusted 

range of cumulative sums) RSk,n 
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ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʝʣʠʯʠʥʘ ʨʦʟʤʘʭʫ Rk,n ʥʦʨʤʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ 

ʝʤʧʽʨʠʯʥʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ Sk,n ʽ ʪʦʤʫ ʽʥʦʜʽ R/S-ʘʥʘʣʽʟ ʥʘʟʠʚʘʻʪʴʩʷ 

ʤʝʪʦʜʦʤ ʥʦʨʤʦʚʘʥʦʛʦ ʨʦʟʤʘʭʫ. (ʇʦʟʥʘʯʝʥʥʷ RS ʥʦʨʤʦʚʘʥʦʛʦ ʨʦʟʤʘʭʫ ʜʘʣʦ 

ʥʘʟʚʫ ʮʴʦʤʫ ʤʝʪʦʜʫ ï R/S-ʘʥʘʣʽʟ ʘʙʦ R/S-ʩʪʘʪʠʩʪʠʢʘ). 

6. ɼʣʷ ʚʩʽʭ n ʟʥʘʯʝʥʴ ʥʦʨʤʦʚʘʥʦʛʦ ʨʦʟʤʘʭʫ ʚʽʜʭʠʣʝʥʴ RSk,n ʨʷʜʫ k 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 
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.     (2.8) 

7. ʌʽʥʘʣʴʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʨʷʜʫ k ʧʦʣʷʛʘʻ ʚ ʦʙʯʠʩʣʝʥʥʽ ʣʦʛʘʨʠʬʤʘ 

ʚʝʣʠʯʠʥ ʽ mk: 

)log( kk mX = ,      (2.9) 

)log( kk RSY = .                                            (2.10) 
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ɿʥʘʯʝʥʥʷ Xk ʽ Yk ʚʠʟʥʘʯʘʶʪʴ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʥʘ ʛʨʘʬʽʢʫ ʟʘʣʝʞʥʦʩʪʽ 

)log( kRS  ʚʽʜ )log( km  ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ H 

ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. 

ʃʦʛʘʨʠʬʤ ʤʦʞʝ ʙʫʪʠ ʦʙʨʘʥʠʡ ʟʘ ʙʫʜʴ-ʷʢʦʶ ʦʩʥʦʚʦʶ, ʘʣʝ ʜʣʷ ʧʨʠʢʣʘʜʫ ʟ 

N = 2i ʩʘʤʝ ʜʚʽʡʢʦʚʠʡ ʣʦʛʘʨʠʬʤ ʜʘʻ ʙʽʣʴʰ ʟʨʫʯʥʠʡ ʚʠʜ ʛʨʘʬʽʢʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ, ʧʦʢʘʟʘʥʦʾ ʥʘ ʨʠʩ. 2.2. 

 

ʈʠʩ. 2.2 ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ )log( kRS ʚʽʜ )log( km  

 

ɿʨʫʯʥʽʩʪʴ ʛʨʘʬʽʢʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʦʩʽ ʘʙʩʮʠʩ ʣʝʛʢʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʚʞʠʥʘ ʧʝʨʽʦʜʫ mk ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʪʦʯʮʽ ʛʨʘʬʽʢʘ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʟʣʽʚʘ ʥʘʧʨʘʚʦ ʧʦʩʣʽʜʦʚʥʦ mk = 24, 25, 26, ..., 215. ʅʘ ʨʠʩ. 2.2 ʩʫʮʽʣʴʥʦʶ ʣʽʥʽʻʶ 

ʧʦʢʘʟʘʥʘ ʧʨʷʤʘ, ʱʦ ʟʛʣʘʜʞʫʻ ʜʘʥʽ ʨʦʟʨʘʭʫʥʢʫ Xk ʽ Yk, ʘ ʰʪʨʠʭʦʚʦʶ ï ʥʘʭʠʣ 

ʧʨʷʤʦʾ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ H = 0,5. 

ɼʣʷ ʦʮʽʥʢʠ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ H ʘʥʘʣʽʟʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ ʥʦʨʤʦʚʘʥʦʛʦ 

ʨʦʟʤʘʭʫ R/S ʚʽʜ ʜʦʚʞʠʥʠ ʧʝʨʽʦʜʫ m. ɼʣʷ ʮʴʦʛʦ ʤʝʪʦʜʦʤ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ 

ʨʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ Yk ʽ Xk (ʜʘʥʽ ʢʦʞʥʦʛʦ ʜʦʧʦʤʽʞʥʦʛʦ ʨʷʜʫ) ʘʧʨʦʢʩʠʤʫʶʪʴʩʷ 

ʬʫʥʢʮʽʻʶ ʚʠʜʫ y = ax + b. ʎʷ ʨʝʛʨʝʩʽʷ ʥʘʟʠʚʘʻʪʴʩʷ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ 

ʢʚʘʜʨʘʪʽʚ, ʦʩʢʽʣʴʢʠ ʢʦʝʬʽʮʽʻʥʪʠ a ʽ b ʦʙʯʠʩʣʶʶʪʴʩʷ ʟ ʫʤʦʚʠ ʤʽʥʽʤʽʟʘʮʽʾ ʩʫʤʠ 

ʢʚʘʜʨʘʪʽʚ ʧʦʤʠʣʦʢ | b + axi - yi |. ʇʨʠ ʮʴʦʤʫ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘʡʢʨʘʱʽ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ a ʽ b, ʷʢʽ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʘʶʪʴ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ y = aXk + b ʜʦ 

ʬʘʢʪʠʯʥʠʭ ʟʥʘʯʝʥʴ Yk [21]. 
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ʈʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ Yk ʽ Xk ʚʠʟʥʘʯʘʶʪʴ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʛʨʘʬʽʢʘ 

ʟʘʣʝʞʥʦʩʪʽ )log( kRS  ʚʽʜ )log( km , ʧʦʢʘʟʘʥʦʛʦ ʥʘ ʨʠʩ. 2.2. ʇʦʢʘʟʥʠʢ ʍʝʨʩʪʘ H 

ʚʽʜʧʦʚʽʜʘʻ ʢʫʪʦʚʦʤʫ ʢʦʝʬʽʮʽʻʥʪʫ a ʜʣʷ ʧʨʷʤʦʾ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ 

ʙʣʠʟʴʢʦ ʜʦ ʮʠʭ ʪʦʯʦʢ ʘʙʦ ʯʝʨʝʟ ʥʠʭ. ʂʫʪʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ a ʣʽʥʽʡʥʦʾ ʬʫʥʢʮʽʾ 

y = ax + b ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʪʘʢ: 
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ʘ k ï ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʥʘ ʛʨʘʬʽʢʫ (ʨʦʟʨʘʭʦʚʘʥʠʭ ʜʦʧʦʤʽʞʥʠʭ ʨʷʜʽʚ). ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʣʽʥʽʷ ʧʦʙʫʜʦʚʘʥʦʾ ʨʝʛʨʝʩʽʾ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ʚʘʛʠ ʚʠʙʽʨʢʦʚʠʭ 

ʜʘʥʠʭ Yk ʽ Xk [21]. 

ɿʩʫʚ b ʣʽʥʽʡʥʦʾ ʬʫʥʢʮʽʾ y = ax + b ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ xayb -= , ʜʝ y   ̔ x  ï 

ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ. ɼʣʷ Yk ʽ Xk ʤʘʻʤʦ: 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ R/S-ʘʥʘʣʽʟʫ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤʠ 

Yk ʽ Xk, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦʢʘʟʥʠʢ ʍʝʨʩʪʘ H, ʱʦ ʜʦʨʽʚʥʶʻ ʟʥʘʯʝʥʥʶ ʢʫʪʦʚʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ a ʜʣʷ ʧʨʷʤʦʾ, ʱʦ ʟʛʣʘʜʞʫʻ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ Yk ʽ Xk. 

ʋ ʨʘʟʽ, ʷʢʱʦ ʨʝʛʨʝʩʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʚʝʣʠʯʠʥʘʤʠ Yk ʽ Xk ʜʦʩʠʪʴ ʣʽʥʽʡʥʘ, 

ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʥʘ ʨʠʩ. 2.2, ʪʦ ʨʦʟʨʘʭʫʥʦʢ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ 

ʩʧʨʦʱʝʥʦ, ʷʢ ʧʦʢʘʟʘʥʦ ʫ ʨʦʙʦʪʽ [62] ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʨʘʟʽʚ (2.10) ʽ (2.1). 

ʂʫʪʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʷʤʦʾ ï ʮʝ ʢʦʝʬʽʮʽʻʥʪ a ʚ ʨʽʚʥʷʥʥʽ y = ax + b ʧʨʷʤʦʾ 

ʥʘ ʢʦʦʨʜʠʥʘʪʥʽʡ ʧʣʦʱʠʥʽ. ɺʽʥ ʜʦʨʽʚʥʶʻ ʪʘʥʛʝʥʩʫ ʢʫʪʘ (ʱʦ ʩʪʘʥʦʚʠʪʴ 

ʥʘʡʤʝʥʰʠʡ ʧʦʚʦʨʦʪ ʚʽʜ ʦʩʽ x ʜʦ ʦʩʽ y) ʤʽʞ ʧʦʟʠʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʦʩʽ ʘʙʩʮʠʩ ʽ 

ʜʘʥʦʶ ʧʨʷʤʦʶ ʣʽʥʽʻʶ. 
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ʊʘʥʛʝʥʩ ʢʫʪʘ ʥʘʭʠʣʫ ʧʨʷʤʦʾ ʤʦʞʝ ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ 

ʧʨʦʪʠʣʝʞʥʦʛʦ ʢʘʪʝʪʘ ʜʦ ʧʨʠʣʝʛʣʦʛʦ ʢʘʪʝʪʘ ʪʨʠʢʫʪʥʠʢʘ, ʫʪʚʦʨʝʥʦʛʦ ʮʽʻʶ 

ʧʨʷʤʦʶ ʚ ʷʢʦʩʪʽ ʛʽʧʦʪʝʥʫʟʠ ʡ ʫʷʚʥʠʤʠ ʚʽʜʨʽʟʢʘʤʠ, ʚʽʜʢʣʘʜʝʥʠʤʠ ʥʘ ʚʝʣʠʯʠʥʫ 

ʚʽʜʥʦʩʥʦʛʦ ʟʤʽʱʝʥʥʷ ʜʚʦʭ ʜʦʚʽʣʴʥʠʭ ʪʦʯʦʢ ʮʽʻʾ ʧʨʷʤʦʾ ʧʦ ʦʩʷʭ x ʽ y, ʷʢ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 2.3. 

 

ʈʠʩ. 2.3   ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʘ ʥʘʭʠʣʫ ʧʨʷʤʦʾ 

 

ʂʦʝʬʽʮʽʻʥʪ a ʟʘʚʞʜʠ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʚʝʣʠʯʠʥ ʚʽʜʥʦʩʥʦʛʦ ʟʤʽʱʝʥʥʷ 

ʜʚʦʭ ʜʦʚʽʣʴʥʠʭ ʪʦʯʦʢ ʮʽʻʾ ʧʨʷʤʦʾ ʧʦ ʦʩʷʭ x ʽ y: 
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ʪʦʙʪʦ ʚʽʥ ʜʦʨʽʚʥʶʻ ʧʦʭʽʜʥʽʡ ʨʽʚʥʷʥʥʷ ʧʨʷʤʦʾ ʧʦ x. 

ɿ ʨʠʩ. 2.3 ʚʠʜʥʦ, ʱʦ ʢʨʘʡʥʽ ʪʦʯʢʠ ʛʨʘʬʽʢʘ ʜʝʱʦ ʚʽʜʜʘʣʝʥʽ ʚʽʜ 

ʘʧʨʦʢʩʠʤʫʶʯʦʾ ʧʨʷʤʦʾ, ʦʪʨʠʤʘʥʦʾ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʛʨʝʩʽʾ ʜʘʥʠʭ Yk ʽ Xk. ʆʪʞʝ, ʟ 

ʮʠʭ ʜʘʥʠʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʫʪʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ a ʘʙʦ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ H 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʦʨʜʠʥʘʪʠ ʽʥʰʠʭ ʪʦʯʦʢ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟ Yk ʽ Xk ʪʽʣʴʢʠ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠ k = 2 ʽ k = k - 2 

(ʪʦʙʪʦ ʚʽʜʩʪʫʧʠʪʠ ʚʽʜ ʢʦʞʥʦʛʦ ʢʨʘʶ ʘʧʨʦʢʩʠʤʫʶʯʦʾ ʧʨʷʤʦʾ ʥʘ ʜʚʽ ʪʦʯʢʠ), ʪʦ 
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ʨʝʟʫʣʴʪʘʪ ʩʧʨʦʱʝʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʙʫʜʝ ʥʘʙʣʠʞʘʪʠʩʷ ʜʦ ʨʝʟʫʣʴʪʘʪʫ ʨʦʟʨʘʭʫʥʢʫ 

ʟʘ ʬʦʨʤʫʣʦʶ (2.11): 
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ʅʘ ʨʠʩ. 2.4 ʧʦʢʘʟʘʥʠʡ ʧʨʠʢʣʘʜ ʩʧʨʦʱʝʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ 

ʍʝʨʩʪʘ ʟʘ ʟʥʘʯʝʥʥʷʤʠ Yk ʽ Xk ʜʣʷ ʪʨʝʪʴʦʛʦ ʽ ʜʝʩʷʪʦʛʦ ʜʦʧʦʤʽʞʥʠʭ ʨʷʜʽʚ ʟ 

ʜʚʘʥʘʜʮʷʪʠ (ʜʣʷ ʪʨʝʪʴʦʾ ʽ ʜʝʩʷʪʦʾ ʪʦʯʦʢ ʛʨʘʬʽʢʘ ʟ ʜʚʘʥʘʜʮʷʪʠ, ʧʦʢʘʟʘʥʠʭ ʥʘ 

ʨʠʩ. 2.2). ʋ ʮʠʭ ʪʦʯʢʘʭ ʜʦʚʞʠʥʘ ʧʝʨʽʦʜʫ ʦʙʨʘʥʠʭ ʜʦʧʦʤʽʞʥʠʭ ʨʷʜʽʚ mk ʜʦʨʽʚʥʶʻ 

26 ʽ 213 ʝʣʝʤʝʥʪʽʚ ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠ ʮʴʦʤʫ ʪʦʯʥʽʩʪʴ ʮʴʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʜʦʩʠʪʴ 

ʚʠʩʦʢʘ, ʦʩʢʽʣʴʢʠ ʧʦʚʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʟʘ ʬʦʨʤʫʣʘʤʠ (2.11) ʽ (2.12) ʜʘʻ ʟʥʘʯʝʥʥʷ H 

= 0,69783, ʘ ʟʘ ʬʦʨʤʫʣʦʶ (2.14) ʢʦʝʬʽʮʽʻʥʪ H = 0,70986, ʱʦ ʪʽʣʴʢʠ ʥʘ 1,72 % 

ʧʝʨʝʚʠʱʫʻ ʨʝʟʫʣʴʪʘʪ ʧʦʚʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ [60]. 

 

 

ʈʠʩ. 2.4 ʉʧʨʦʱʝʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ 

 

ɿʚʽʜʩʠ ʨʦʙʠʤʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʦʭʠʙʢʘ ʨʦʟʨʘʭʫʥʢʫ ʩʧʨʦʱʝʥʦʛʦ ʤʝʪʦʜʫ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 2...5 %, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʚ ʫʤʦʚʘʭ ʨʝʘʣʴʥʦʛʦ 

ʧʨʦʮʝʩʦʨʥʦʛʦ ʯʘʩʫ ʦʙʨʦʙʢʠ, ʪʦʤʫ ʱʦ ʽʩʪʦʪʥʦ ʩʢʦʨʦʯʝʥʦ ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ 

ʨʦʟʨʘʭʫʥʢʫ. 
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2.2. ɺʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʧʘʢʝʪʥʦʛʦ ʪʨʘʬʽʢʘ, 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʷʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʽʤʦʚʽʨʥʽʩʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʇʘʨʝʪʦ  

 

ʊʨʘʬʽʢ ʧʘʢʝʪʥʠʭ ʤʝʨʝʞ ʟʚôʷʟʢʫ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʯʘʩʦʚʠʡ ʨʷʜ 

ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ ʧʦ ʬʽʢʩʦʚʘʥʠʤ ʚʽʜʨʽʟʢʘʤ ʯʘʩʫ. ɼʣʷ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʯʘʩʦʚʠʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʠʡ R/S-ʘʥʘʣʽʟ, ʩʪʚʦʨʝʥʠʡ ɻ. ʍʝʨʩʪʦʤ. 

ʅʠʤ ʫ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʧʘʢʝʪʥʦʛʦ ʪʨʘʬʽʢʘ ʚʠʷʚʣʷʶʪʴ ʰʚʠʜʢʫ ʟʤʽʥʶʚʘʥʽʩʪʴ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʬʽʢʘ (ʩʧʣʝʩʢʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʘʙʦ ʧʘʯʢʫʚʘʥʥʷ ï ʛʨʫʧʫʚʘʥʥʷ 

ʧʘʢʝʪʽʚ ʫ ʧʘʯʢʠ), ʬʨʘʢʪʘʣʴʥʽʩʪʴ (ʩʘʤʦʧʦʜʽʙʥʽʩʪʴ), ʥʘʷʚʥʽʩʪʴ ʧʝʨʽʦʜʠʯʥʠʭ ʽ 

ʥʝʧʝʨʽʦʜʠʯʥʠʭ ʮʠʢʣʽʚ (ʯʝʨʝʟ ʧʝʚʥʽ ʧʨʦʪʦʢʦʣʠ ʧʝʨʝʜʘʯʽ). ʇʨʘʢʪʠʯʥʦ ʩʪʫʧʽʥʴ 

ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʧʘʢʝʪʥʦʛʦ ʪʨʘʬʽʢʘ ʘʙʦ ʨʝʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ ʍʝʨʩʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʤʽʨʽʚ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʬʽʢʘ [21].  

ɼʣʷ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ, ʧʦʢʘʟʥʠʢ H < 0,5, 

ʘ ʜʣʷ ʩʘʤʦʧʦʜʽʙʥʠʭ ʧʨʦʮʝʩʽʚ ʟ ʜʦʚʛʦʩʪʨʦʢʦʚʦʶ ʟʘʣʝʞʥʽʩʪʶ ʮʝʡ ʧʦʢʘʟʥʠʢ 

H > 0,5 (ʧʨʦʮʝʩ çʤʘʻ ʪʨʠʚʘʣʫ ʧʘʤôʷʪʴè) [2]. 

ɼʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʤʽʞ ʧʘʢʝʪʘʤʠ ʪʨʘʬʽʢʘ ʧʘʢʝʪʥʠʭ 

ʤʝʨʝʞ ʟʚôʷʟʢʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʽʤʦʚʽʨʥʽʩʥʽ ʨʦʟʧʦʜʽʣʠ, ʷʢʽ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ 

çʨʦʟʧʦʜʽʣʘʤʠ ʩ ʪʷʞʢʠʤ ʭʚʦʩʪʦʤè, ʜʦ ʷʢʠʭ ʥʘʣʝʞʠʪʴ, ʥʘʧʨʠʢʣʘʜ, ʡ ʨʦʟʧʦʜʽʣ 

ʇʘʨʝʪʦ. ʅʘʷʚʥʽʩʪʴ ʫ ʨʦʟʧʦʜʽʣʽ çʪʷʞʢʦʛʦ ʭʚʦʩʪʘè ʟʘʙʝʟʧʝʯʫʻ ʦʧʠʩ ʚʣʘʩʪʠʚʦʩʪ̔ 

ʧʘʯʢʫʚʘʥʥʷ ʪʨʘʬʽʢʘ, ʦʩʢʽʣʴʢʠ ʫ ʨʦʟʧʦʜʽʣʽ ʟʨʦʩʪʘʶʪʴ ʽʤʦʚʽʨʥʦʩʪʽ ʪʨʠʚʘʣʠʭ 

ʽʥʪʝʨʚʘʣʽʚ ʤʽʞ ʧʦʜʽʷʤʠ ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ, ʘ ʪʦʤʫ ʜʣʷ ʾʭ ʢʦʤʧʝʥʩʘʮʽʾ 

ʟʨʦʩʪʘʶʪʴ ʡ ʽʤʦʚʽʨʥʦʩʪʽ ʜʫʞʝ ʢʦʨʦʪʢʠʭ ʽʥʪʝʨʚʘʣʽʚ ʤʽʞ ʧʘʢʝʪʘʤʠ. 

ʑʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʇʘʨʝʪʦ ʟʘʜʘʻʪʴʩʷ ʬʫʥʢʮʽʻʶ: 

1

)(
+

= ö
÷

õ
æ
ç

å
a

x

b

b

a
xf ,     (2.15) 

ʜʝ a ï ʧʘʨʘʤʝʪʨ ʬʦʨʤʠ ʨʦʟʧʦʜʽʣʫ; b ï ʤʦʜʘ ʨʦʟʧʦʜʽʣʫ (ʤ̔ʥ̔ʤʘʣʴʥʝ ʟʥʘʯʝʥʥ ̫

ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ x). ʇʨʠʯʦʤʫ, ʧʨʠ a ¢ 2 ʜʠʩʧʝʨʩʽ̫  ʥʝʩʢʽʥʯʝʥʥʘ, ʦɦ ʡ ̒  

ʫʤʦʚʦ  ʁʩʘʤʦʧʦʜʙ̔ʥʦʩʪ.̔  
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ʈʦʟʧʦʜʽʣ ʇʘʨʝʪʦ ï ʮʝ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʠʡ ʨʦʟʧʦʜʽʣ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʘʨʘʤʝʪʨʦʤ ʤʘʩʰʪʘʙʫʚʘʥʥʷ b (ʤʦʜʘ ʨʦʟʧʦʜʽʣʫ) ʽ ʧʘʨʘʤʝʪʨʦʤ ʬʦʨʤʠ a. ʗʢʱʦ 

ʨʦʟʧʦʜʽʣ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ, ʪʦʜʽ ʧʘʨʘʤʝʪʨ a ʚ ʜʘʥʦʤʫ ʢʦʥʪʝʢʩʪʽ 

ʥʘʟʠʚʘʶʪʴ ʽʥʜʝʢʩʦʤ ʇʘʨʝʪʦ. ɯʥʦʜʽ ʮʝʡ ʨʦʟʧʦʜʽʣ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ çʭʚʦʩʪʽʚè ʽʥʰʠʭ ʨʦʟʧʦʜʽʣʽʚ. ʇʨʠ ʚʽʜʦʙʨʘʞʝʥʽ ʥʘ ʛʨʘʬʽʢʫ, ʬʫʥʢʮʽʷ 

ʛʫʩʪʠʥʠ ʨʦʟʧʦʜʽʣʫ ʇʘʨʝʪʦ ʥʘʛʘʜʫʻ ʚʠʛʥʫʪʫ ʢʨʠʚʫ, ʷʢʘ ʘʩʠʤʧʪʦʪʠʯʥʦ 

ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʢʦʞʥʦʾ ʽʟ ʦʩʝʡ. ɺʩʽ ʩʝʛʤʝʥʪʠ ʢʨʠʚʦʾ ʻ ʩʘʤʦʧʦʜʽʙʥʠʤʠ (ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʘʩʰʪʘʙʫʚʘʥʥʷ). ʇʨʠ ʟʦʙʨʘʞʝʥʥʽ ʥʘ 

ʣʦʛʘʨʠʬʤʽʯʥʦʤʫ ʛʨʘʬʽʢʫ, ʨʦʟʧʦʜʽʣ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʨʷʤʦʾ ʣʽʥʽʾ. 

ʈʦʟʧʦʜʽʣ ʇʘʨʝʪʦ ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ʝʢʩʧʦʥʝʥʪʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ. ʗʢʱʦ ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ X ʤʘʻ ʨʦʟʧʦʜʽʣ ʇʘʨʝʪʦ ʽʟ ʤʽʥʽʤʫʤʦʤ b ʽ 

ʽʥʜʝʢʩʦʤ a, ʪʦʜʽ  

Y = log(X / b) 

ʻ ʝʢʩʧʦʥʝʥʪʥʦ ʨʦʟʧʦʜʽʣʝʥʦʶ ʚʝʣʠʯʠʥʦʶ ʽʟ ʧʘʨʘʤʝʪʨʦʤ a.  

ɸʥʘʣʦʛʽʯʥʦ, ʷʢʱʦ Y ʝʢʩʧʦʥʝʥʪʥʦ ʨʦʟʧʦʜʽʣʝʥʘ ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ ʽʟ 

ʧʘʨʘʤʝʪʨʦʤ Ŭ, ʪʦʜʽ ʚʝʣʠʯʠʥʘ 

beY 

ʤʘʻ ʨʦʟʧʦʜʽʣ ʇʘʨʝʪʦ ʽʟ ʤʽʥʽʤʫʤʦʤ b ʪʘ ʽʥʜʝʢʩʦʤ a.  

ʗʢʱʦ ʫ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʧʘʢʝʪʥʦʛʦ ʪʨʘʬʽʢʫ ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʤʽʞ 

ʧʘʢʝʪʘʤʠ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʦʧʠʩʫʻʪʴʩʷ ʨʦʟʧʦʜʽʣʦʤ ʇʘʨʝʪʦ, ʪʦ ʧʘʨʘʤʝʪʨ a 

ʬʦʨʤʠ ʨʦʟʧʦʜʽʣʫ ʇʘʨʝʪʦ (shape parameter) ʽ ʧʦʢʘʟʥʠʢ ʍʝʨʩʪʘ H ʧʨʠʡʥʷʪʦ 

ʚʚʘʞʘʪʠ [2, 12], ʱʦ ʧʦʚôʷʟʘʥʽ ʟʘʣʝʞʥʽʩʪʶ: 

2

3 a
H

-
= .       (2.16) 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʘʤʦʧʦʜʽʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʝʣʴʦʚʘʥʦʛʦ ʪʨʘʬʽʢʫ, 

ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ a ʬʦʨʤʠ ʨʦʟʧʦʜʽʣʫ ʇʘʨʝʪʦ (shape 

parameter) ʚʽʜ 2 ʜʦ 1. ʎʝ ʜʘʩʪʴ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʘʙʦ 

ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʚ ʜʽʘʧʘʟʦʥʽ H = 0,5... 1 ʚʽʜʧʦʚʽʜʥʦ. 

ʇʨʦʪʝ, ʜʦʩʣʽʜʞʝʥʥʷ [42. 63-67] ʧʦʢʘʟʫʶʪʴ, ʱʦ ʜʣʷ ʮʠʭ ʨʦʟʧʦʜʽʣʽʚ ʥʝʤʘ 

ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ H ʚʽʜ ʧʘʨʘʤʝʪʨʘ ʬʦʨʤʠ a. ʈʝʟʫʣʴʪʘʪʠ 
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ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʘ a ʬʦʨʤʠ ʨʦʟʧʦʜʽʣʫ 

ʇʘʨʝʪʦ, ʟʘ ʷʢʠʤ ʤʦʜʝʣʶʚʘʚʩʷ ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʤʽʞ ʧʘʢʝʪʘʤʠ ʪʨʘʬʽʢʘ, ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 2.5, ʟ ʷʢʦʛʦ ʚʠʜʥʦ, ʱʦ ʨʝʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ ʍʝʨʩʪʘ HR (ʧʫʥʢʪʠʨʥʘ ʢʨʠʚʘ) 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʘ ʬʦʨʤʠ ʨʦʟʧʦʜʽʣʫ ʇʘʨʝʪʦ ʥʝ ʣʽʥʽʡʥʦ. 

 

ʈʠʩ. 2.5 ɿʘʣʝʞʥʩ̔ʪɹ ʧʦʢʘʟʥʠʢʘ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ H ʚʽʜ ʧʘʨʘʤʝʪʨʘ a ʬʦʨʤʠ  

ʧʨʠ ʤʦʜʝʣʚʁʘʥʥ ̔ʪʨʘʬʽʢʘ ʟʘ ʨʦʟʧʦʜʽʣʦʤ ʇʘʨʝʪʦ  

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ ʨʝʘʣʴʥʘ ʩʪʘʪʠʩʪʠʢʘ ʪʨʘʬʢ̔ʘ (ʥ̔ʪʝʨʚʘʣ ʯʘʩʫ ʤ̔ʞ 

ʧʘʢʝʪʘʤʠ) ʘʧʨʦʢʩʠʤʫʻʪɹʩ̫  ʨʦʟʧʦʜʽʣʦʤ ʇʘʨʝʪʦ, ʪʦ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢ̫ʦʩʪ̔ ʦʙʩʣʫʛʦʚʫʚʘʥʥ̫  ʟʘ ʬʦʨʤʫʣʦ  ʁ ʅʦʨʨʦʩʘ ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʢʦʝʬ̔ʮ̔ ʥ̒ʪ ʩʘʤʦʧʦʜʙ̔ʥʦʩʪ ̔ ʍʝʨʩʪʘ ʥʝ ʟʘ ʬʦʨʤʫʣʦʶ ʣʽʥʽʡʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ H ʚʽʜ a, ʘ ʟʘ ʬʦʨʤʫʣʦ  ʁʘʧʨʦʢʩʠʤʫʶʯʦʾ ʢʨʠʚʦ ʾHR, ʧʦʢʘʟʘʥʽʡ ʥʘ 

ʨʠʩ. 2.5 ʰʪʨʠʭʦʚʦ ʁ ʣ̔ʥ̔ ʻʶ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʭʠʙʢʘ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʘ 

ʍʝʨʩʪʘ ʟʤʝʥʰʫʻʪʴʩʷ ʟ ʤʘʢʩʠʤʘʣʴʥʠʭ 15 % ʜʦ 3 %, ʘ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘ ʬʦʨʤʫʣʦʶ ʅʦʨʨʦʩʘ ʤʦʞʝ ʟʨʦʩʪʘʪʠ ʡ ʥʘ 

ʧʦʨʷʜʦʢ. 
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ʈʠʩ. 2.6 ɸʧʨʦʢʩʠʤʘʮʽʷ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ H ʜʣʷ ʪʨʘʬʽʢʘ,  

ʤʦʜʝʣʴʦʚʘʥʦʛʦ ʟʘ ʟʘʢʦʥʦʤ ʇʘʨʝʪʦ 

 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ, ʦʧʠʩʫʚʘʥʦʛʦ 

ʨʦʟʧʦʜʽʣʦʤ ʇʘʨʝʪʦ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʧʨʦʢʩʠʤʘʮʽʶ ʚʠʜʫ 

554,04 )6,11( += - a
PH ,     (2.17) 

ʜʝ ʘ ï ʧʘʨʘʤʝʪʨ ʬʦʨʤʠ ʨʦʟʧʦʜʽʣʫ ʇʘʨʝʪʦ. 

ɸʧʨʦʢʩʠʤʘʮʽʷ (2.17) ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ (ʰʪʨʠʭʦʚʘ ʣʽʥʽʷ ʨʠʩ. 2.6) 

ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ Hp ʟ ʧʦʭʠʙʢʦʶ ʜʦ 5 %, ʱʦ ʧʽʜʚʠʱʫʻ ʥʘ ʧʦʨʷʜʦʢ 

ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʾʭ ʨʦʟʨʘʭʫʥʢʦʤ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʦʨʤʫʣʠ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ H ʚʽʜ a. 

ɿʘ ʥʝʚʝʣʠʢʦʾ ʚʪʨʘʪʠ ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ (ʚʽʜ 0,5 ʜʦ 1,5%) ʤʦʞʥʘ 

ʟʘʩʪʦʩʫʚʘʪʠ ʙʽʣʴʰ ʩʧʨʦʱʝʥʫ ʘʧʨʦʢʩʠʤʘʮʽʶ [67] ʚʠʜʫ 

78,0-
=aH ,      (2.18) 

ʜʝ ʘ ï ʧʘʨʘʤʝʪʨ ʬʦʨʤʠ ʨʦʟʧʦʜʽʣʫ ʇʘʨʝʪʦ. ɰʾ ʚʠʜ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.7. 

ʋ ʬʦʨʤʫʣʘʭ (2.17) ʪʘ (2.18) ʢʦʝʬ̔ʮʽʻʥʪʠ ʧʽʜʽʙʨʘʥʦ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ 

ʢʚʘʜʨʘʪʽʚ ʪʘʢ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʤʽʥʽʤʘʣʴʥʝ ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ 

ʪʦʯʦʢ ʚʽʜ ʧʫʥʢʪʠʨʥʦʾ ʢʨʠʚʦʾ ʥʘ ʨʠʩ. 2.6. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʬʦʨʤʫʣʠ (2.18) 

ʧʦʢʘʟʥʠʢ 0,78 ʨʝʘʣʴʥʦ ʟʤʽʥʶʚʘʚʩʷ ʚ ʤʝʞʘʭ 0,775é0,825. 
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ʈʠʩ. 2.7 ɸʧʨʦʢʩʠʤʘʮʽʷ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ H ʚʽʜ ʧʘʨʘʤʝʪʨʘ a ʬʦʨʤʠ 

ʨʦʟʧʦʜʽʣʫ ʟʘ ʩʧʨʦʱʝʥʦʶ ʬʦʨʤʫʣʦʶ (2.18) 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʘʧʨʦʢʩʠʤʘʮʽʾ (2.17) ʘʙʦ (2.18) ʪʘ ʬʦʨʤʫʣʠ ʅʦʨʨʦʩʘ ʫ 

ʩʠʩʪʝʤʽ P/D/1/Ð ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʚʠʤʦʛ ʩʠʩʪʝʤʠ N ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʪʘʢ: 

P
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.      (2.19) 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʘ a 

ʬʦʨʤʠ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʣʘ, ʟʘ ʷʢʠʤ ʤʦʜʝʣʶʚʘʚʩʷ ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʤʽʞ ʧʘʢʝʪʘʤʠ 

ʪʨʘʬʽʢʘ, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.2 ʪʘ 2.3, ʟ ʷʢʠʭ ʚʠʜʥʦ, ʱʦ ʨʝʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ ʍʝʨʩʪʘ 

HR (ʧʫʥʢʪʠʨʥʘ ʢʨʠʚʘ) ʥʝ ʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʘ ʘ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʣʘ. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʚʽʜ ʧʘʨʘʤʝʪʨʘ 

ʬʦʨʤʠ a ʨʦʟʧʦʜʽʣʫ ʇʘʨʝʪʦ (2.17) ʘʙʦ (2.18) ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ (ʟʘ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʴ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ r ʪʘ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ H) ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS ʟʘ ʬʦʨʤʫʣʦʶ ʅʦʨʨʦʩʘ ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʘ ʧʦʨʷʜʦʢ. 
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2.3. ɺʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʧʘʢʝʪʥʦʛʦ ʪʨʘʬʽʢʘ, 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʷʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʽʤʦʚʽʨʥʽʩʥʠʤ ʨʦʟʧʦʜʽʣʦʤ 

ɺʝʡʙʫʣʣʘ  

 

ɯʩʪʦʨʠʯʥʦ ʩʢʣʘʣʦʩʷ ʪʘʢ, ʱʦ ʪʝʣʝʬʦʥʥʽ ʤʝʨʝʞʽ ʩʧʦʯʘʪʢʫ ʙʫʜʫʚʘʣʠʩʷ ʟʘ 

ʪʝʭʥʦʣʦʛʽʻʶ ʢʦʤʫʪʘʮʽʾ ʢʘʥʘʣʽʚ, ʘ ʚ ʦʩʥʦʚʽ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞ, ʷʢ ʧʨʘʚʠʣʦ, 

ʣʝʞʠʪʴ ʪʝʭʥʦʣʦʛʽʷ ʢʦʤʫʪʘʮʽʾ ʧʘʢʝʪʽʚ, ʘʣʝ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘʣʠʰʠʣʠʩʷ 

ʧʨʘʢʪʠʯʥʦ ʪʠʤʠ ʞ. ʇʘʢʝʪʠ ʧʨʠ ʚʠʩʦʢʽʡ ʰʚʠʜʢʦʩʪʽ ʾʭ ʨʫʭʫ ʧʦ ʤʝʨʝʞʽ ʥʘʜʭʦʜʷʪʴ 

ʥʘ ʚʫʟʦʣ ʥʝ ʦʢʨʝʤʦ, ʘ ʮʽʣʦʶ ʧʘʯʢʦʶ. ʊʨʘʬʽʢ ʚ ʪʘʢʠʭ ʤʝʨʝʞʘʭ ʤʘʻ ʷʚʥʦ 

ʚʠʨʘʞʝʥʠʡ ʩʧʣʝʩʢʦʚʠʡ ʭʘʨʘʢʪʝʨ, ʱʦ ʧʽʜʚʠʱʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʚ 

ʚʫʟʣʘʭ ʤʝʨʝʞʽ, ʷʢʽ ʚʝʜʫʪʴ ʜʦ ʧʝʨʝʧʦʚʥʝʥʥʷ ʙʫʬʝʨʽʚ (ʥʘʢʦʧʠʯʫʚʘʯ ʧʘʢʝʪʽʚ) ʽ 

ʚʠʢʣʠʢʘʶʪʴ ʚʪʨʘʪʠ ʽ/ʘʙʦ ʟʘʪʨʠʤʢʠ. ʇʫʣʴʩʘʮʽʾ ʧʨʠʚʦʜʷʪʴ ʜʦ ʧʝʨʝʧʘʜʽʚ ʰʚʠʜʢʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ, ʧʨʠ ʷʢʠʭ ʚʽʜʥʦʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦ 

ʤʽʥʽʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʩʪʘʥʦʚʠʪʴ ʜʝʩʷʪʢʠ ʨʘʟʽʚ. ʆʜʥʘʢ, ʷʢ ʚʠʷʚʠʣʦʩʷ, ʚ 

ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞʘʭ (ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ, ʟʦʢʨʝʤʘ, ʡ ʢʦʤʧ'ʶʪʝʨʥʽ ʤʝʨʝʞʽ) 

ʢʽʣʴʢʽʩʪʴ ʧʦʜʽʡ ʥʘ ʟʘʜʘʥʦʤʫ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʣʠʰʥʽʭ, ʚʝʣʴʤʠ 

ʚʽʜʜʘʣʝʥʠʭ ʧʦʜʽʡ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʟʘ ʚʝʣʠʢʠʭ ʤʘʩʰʪʘʙʽʚ ʤʫʣʴʪʠʩʝʨʚʽʩʥʦʾ ʤʝʨʝʞʽ 

ʪʨʘʬʽʢ ʤʘʻ ʚʣʘʩʪʠʚʽʩʪʴ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ, ʪʦʙʪʦ ʚʠʛʣʷʜʘʻ ʷʢʽʩʥʦ ʦʜʥʘʢʦʚʦ ʧʨʠ 

ʙʫʜʴ-ʷʢʠʭ ʜʦʩʠʪʴ ʚʝʣʠʢʠʭ ʤʘʩʰʪʘʙʘʭ ʯʘʩʦʚʦʾ ʦʩʽ [3, 5]. 

ʋ ʤʝʨʝʞʘʭ ʟ ʢʦʤʫʪʘʮʽʻʶ ʧʘʢʝʪʽʚ ʪʨʘʬʽʢ ʻ ʨʽʟʥʦʨʽʜʥʠʤ, ʘ ʧʦʪʦʢʠ ʨʽʟʥʠʭ 

ʜʦʜʘʪʢʽʚ ʚʠʤʘʛʘʶʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʚʥʦʛʦ ʨʽʚʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʋ ʮʠʭ 

ʫʤʦʚʘʭ ʧʝʨʝʜʘʯʫ ʧʦʪʦʢʽʚ ʫʩʽʭ ʜʦʜʘʪʢʽʚ ʟʘʙʝʟʧʝʯʫʻ ʻʜʠʥʘ ʧʘʢʝʪʥʘ ʤʝʨʝʞʘ ʟ 

ʟʘʛʘʣʴʥʠʤʠ ʧʨʦʪʦʢʦʣʘʤʠ ʽ ʟʘʢʦʥʘʤʠ ʢʝʨʫʚʘʥʥʷ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʜʞʝʨʝʣʘ 

ʢʦʞʥʦʛʦ ʜʦʜʘʪʢʘ ʤʘʶʪʴ ʨʽʟʥʽ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʟʤʽʥʶʶʪʴ 

ʾʾ ʚ ʧʨʦʮʝʩʽ ʩʝʘʥʩʫ ʟʚ'ʷʟʢʫ (ʤʘʢʩʠʤʘʣʴʥʘ ʽ ʩʝʨʝʜʥʷ ʰʚʠʜʢʦʩʪʽ). ʏʝʨʝʟ ʮʝ 

ʦʙ'ʻʜʥʘʥʦʤʫ ʧʦʪʦʢʫ ʧʘʢʝʪʽʚ ʚʣʘʩʪʠʚʝ ʪʘʢ ʟʚʘʥʝ çʧʘʯʢʫʚʘʥʥʷè ʪʨʘʬʽʢʘ (burstness) 

ʟ ʚʠʧʘʜʢʦʚʦʶ ʧʝʨʽʦʜʠʯʥʽʩʪʶ ʪʘ ʪʨʠʚʘʣʽʩʪʶ ʧʽʢʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʠʤʽʨʶʚʘʥʘ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʘʯʢʫʚʘʥʥʷ [1]. ʎʝ ʧʘʯʢʫʚʘʥʥ ̫ ʦʙʫʤʦʚʣʶʻ ʱʝ ʙʽʣʴʰʫ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʪʨʘʬʽʢʘ, ʟʘ ʷʢʦʾ ʜʠʩʧʝʨʩʽʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʬʽʢʘ ʧʝʨʝʚʠʱʫʻ ʾʾ 

ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʚʽʜ 15 ʜʦ 60 ʨʘʟʽʚ ʽ ʙʽʣʴʰʝ [21]. 
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ʆʩʥʦʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʘʤʦʧʦʜʙ̔ʥʽʩʪʴ ʧʨʦʮʝʩʫ, ʻ 

ʧʦʢʘʟʥʠʢ ʍʝʨʩʪʘ H = 0,5é1. ʏʠʤ ʙʣʠʞʯʝ ʮʝʡ ʧʘʨʘʤʝʪʨ ʜʦ ʦʜʠʥʠʮʽ, ʪʠʤ ʙʽʣʴʰ 

ʷʩʢʨʘʚʦ ʧʨʦʷʚʣʷʶʪʴʩʷ ʬʨʘʢʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʅʘʚʧʘʢʠ, ʨʽʚʥʽʩʪʴ H = 0,5 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ. ʗʢʽʩʥʦ  ʁ ʚʣʘʩʪʠʚʽʩʪʶ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʘʤʦʧʦʜʽʙʥʽʩʪʴ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ, ʻ ʤʘʩʰʪʘʙʥʘ ʽʥʚʘʨʽʘʥʪʥʽʩʪʴ 

ʫ ʯʘʩ̔, ʪʘʢ ʱʦ ʧʨʠ ʟʤʽʥʽ ʯʘʩʦʚʦʾ ʰʢʘʣʠ ʢʦʨʝʣʷʮʽʡʥʠʡ ʩʪʨʫʢʪʫʨʘ ʩʘʤʦʧʦʜʽʙʥʦʛʦ 

ʧʨʦʮʝʩʫ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ [2]. 

ɼʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʤʽʞ ʧʘʢʝʪʘʤʠ ʪʨʘʬʽʢʘ ʧʘʢʝʪʥʠʭ 

ʤʝʨʝʞ ʟʚôʷʟʢʫ ʟʘʩʪʦʩʦʚʫʶʪɹ ʽʤʦʚʽʨʥʽʩʥʽ ʨʦʟʧʦʜʽʣʠ, ʷʢʽ ʯʘʩʪʦ ʥʘʟʠʚʘʁʪʴ 

çʨʦʟʧʦʜʽʣʘʤʠ ʩ ʪʷʞʢʠʤ ʭʚʦʩʪʦʤè, ʜʦ ʷʢʠʭ ʥʘʣʝʞʠʪʴ, ʥʘʧʨʠʢʣʘʜ, ʡ ʨʦʟʧʦʜʽʣ 

ɺʝʡʙʫʣʣʘ. ʅʘʷʚʥʽʩʪʴ ʫ ʨʦʟʧʦʜʽʣʽ çʪʷʞʢʦʛʦ ʭʚʦʩʪʘè ʟʘʙʝʟʧʝʯʫ ̒ ʚʣʘʩʪʠʚʽʩʪʴ 

ʧʘʯʢʫʚʘʥʥʷ ʪʨʘʬʢ̔ʘ, ʦʩʢʽʣʴʢʠ ʫ ʨʦʟʧʦʜʽʣʽ ʟʨʦʩʪʘʶʪ ɹ ʽʤʦʚʽʨʥʦʩʪʽ ʪʨʠʚʘʣʠʭ 

ʥ̔ʪʝʨʚʘʣʚ̔ ʤ̔ʞ ʧʦʜʽʷʤʠ ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʭʾ ʢʦʤʧʝʥʩʘʮʽʾ 

ʟʨʦʩʪʘʶʪ ɹʡ ʽʤʦʚʽʨʥʦʩʪ ̔ʜʫʞʝ ʢʦʨʦʪʢʠʭ ʥ̔ʪʝʨʚʘʣʚ̔. 

ʑʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʣʘ ʟʘʜʘʪ̒ɹʩʷ ʬʫʥʢʮʽʻʶ: 

axa eax 01
0

l--l ,     (2.20) 

ʜʝ a ï ʧʘʨʘʤʝʪʨ ʬʦʨʤʠ ʨʦʟʧʦʜʽʣʫ; ɚ0 ï ʢʦʝʬ̔ʮ̔ ʥ̒ʪ ʤʘʩʰʪʘʙʫ.  

ʗʢʱʦ ʫ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʧʘʢʝʪʥʦʛʦ ʪʨʘʬʽʢʫ ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʤʽʞ 

ʧʘʢʝʪʘʤʠ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʦʧʠʩʫʻʪʴʩʷ ʨʦʟʧʦʜʽʣʦʤ ɺʝʡʙʫʣʣʘ, ʪʦ ʧʘʨʘʤʝʪʨ 

a ʬʦʨʤʠ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʣʘ (shape parameter) ʽ ʧʦʢʘʟʥʠʢ ʍʝʨʩʪʘ H ʧʨʠʡʥʷʪʦ 

ʚʚʘʞʘʪʠ [2], ʱʦ ʧʦʚôʷʟʘʥʽ ʪʘʢʦʶ ʟʘʣʝʞʥʽʩʪʶ: 

2

2 a
H

-
= .      (2.21) 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʘʤʦʧʦʜʽʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʝʣʴʦʚʘʥʦʛʦ ʪʨʘʬʽʢʫ, 

ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ a ʬʦʨʤʠ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʣʘ (shape 

parameter) ʚʽʜ 1 ʜʦ 0. ʎʝ ʜʘʩʪʴ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʘʙʦ 

ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʚ ʜʽʘʧʘʟʦʥʽ H = 0,5... 1 ʚʽʜʧʦʚʽʜʥʦ. 

ʇʨʦʪʝ, ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʜʣʷ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʣʘ ʥʝʤʘ ʣʽʥʽʡʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ H ʚʽʜ ʧʘʨʘʤʝʪʨʘ a ʬʦʨʤʠ, ʱʦ ʡ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ 
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ʥʘ ʨʠʩ. 2.8. 

 

 

ʈʠʩ. 2.8 ɿʘʣʝʞʥʩ̔ʪɹ ʧʦʢʘʟʥʠʢʘ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ H ʚʽʜ ʧʘʨʘʤʝʪʨʘ a ʬʦʨʤʠ 

ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʪʨʘʬʽʢʘ ʟʘ ʨʦʟʧʦʜʽʣʦʤ ɺʝʡʙʫʣʣʘ 

 

ɿ ʨʠʩ. 2.8 ʚʠʜʥʦ, ʱʦ ʨʝʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ ʍʝʨʩʪʘ HR (ʧʫʥʢʪʠʨʥʘ ʢʨʠʚʘ) 

ʟʘʣʝʞʠʪɹ ʚʽʜ ʧʘʨʘʤʝʪʨʘ a ʬʦʨʤʠ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʣʘ ʥʝ ʣʥ̔̔ʡʥʦ (ʩʫʮʽʣʴʥʘ 

ʣ̔ʥ̫̔ ), ʘ ʧʦ ʟʘʢʦʥʫ, ʙʣʠʟʢɹʦʤʫ ʜʦ ʝʢʩʧʦʥʝʥʪʥʦʛʦ. ʗʢʱʦ ʫ ʨʝʘʣʴʥʽʡ ʩʪʘʪʠʩʪʠʮ ̔

ʪʨʘʬʢ̔ʘ ̔ʥʪʝʨʚʘʣ ʯʘʩʫ ʤ̔ʞ ʧʘʢʝʪʘʤʠ ʘʧʨʦʢʩʠʤʫʻʪʩɹʷ ʨʦʟʧʦʜʽʣʦʤ ɺʝʡʙʫʣʣʘ, ʪʦ 

ʜʣʷ ʬʦʨʤʫʣʠ ʅʦʨʨʦʩʘ (2.19) ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʧʦʢʘʟʥʠʢ ʍʝʨʩʪʘ ʥʝ ʟʘ 

ʬʦʨʤʫʣʦ  ʁ(2.21), ʘ ʟʘ ʬʦʨʤʫʣʦ ,ʁ ʱʦ ʘʧʨʦʢʩʠʤʫ ̒ʨʝʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʘ 

HR ʚʽʜ ʧʘʨʘʤʝʪʨʘ ʘ, ʧʦʢʘʟʘʥʽʡ ʥʘ ʨʠʩ. 2.8 ʧʫʥʢʪʠʨʥʦ ʁ ʣ̔ʥ̔ ʻ.ʁ ʇʨʠ ʮʴʦʤʫ 

ʪʦʯʥʩ̔ʪʴ ʨʦʟʨʘʭʫʥʢʫ (2.10) ʩʫʪʪʻʚʦ ʟʨʦʩʪʘ̒, ʦʩʢ̔ʣʴʢʠ, ʥʘʧʨʠʢʣʘʜ, ʟ̔ (2.21) 

ʚʠʧʣʠʚʘʻ, ʦɦ ʧʨʠ ʘ = 0,4 ʧʦʢʘʟʥʠʢ H = 0,8, ʘ ʬʘʢʪʠʯʥʦ ʥʘ ʨʠʩ. 2.8 ʚʠʜʥʦ, ʱʦ 

H = 0,55, ɦ ʦ ʥʘ 32 % ʤʝʥʰʝ.  

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʘ a 

ʬʦʨʤʠ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʣʘ, ʟʘ ʷʢʠʤ ʤʦʜʝʣʶʚʘʚʩʷ ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʤʽʞ ʧʘʢʝʪʘʤʠ 

ʪʨʘʬʽʢʘ, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.9, ʟ ʷʢʦʛʦ ʚʠʜʥʦ, ʱʦ ʨʝʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ ʍʝʨʩʪʘ HR 

(ʧʫʥʢʪʠʨʥʘ ʢʨʠʚʘ) ʥʝ ʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʘ ʘ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʣʘ. 
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ʈʠʩ. 2.9 ɸʧʨʦʢʩʠʤʘʮʽʷ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ H ʜʣʷ ʪʨʘʬʽʢʘ,  

ʤʦʜʝʣʴʦʚʘʥʦʛʦ ʟʘ ʟʘʢʦʥʦʤ ɺʝʡʙʫʣʣʘ 

 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʫ, ʦʧʠʩʫʚʘʥʦʛʦ 

ʨʦʟʧʦʜʽʣʦʤ ɺʝʡʙʫʣʣʘ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘʩʪʫʧʥʫ ʘʧʨʦʢʩʠʤʫʶʯʫ ʬʦʨʤʫʣʫ: 

51,02,1 9 +-
=

a
W eH .     (2.22) 

ʜʝ ʘ ï ʧʘʨʘʤʝʪʨ ʬʦʨʤʠ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʣʘ. 

ɸʧʨʦʢʩʠʤʘʮʽʷ (2.22) ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ (ʰʪʨʠʭʦʚʘ ʣʽʥʽʷ ʨʠʩ. 2.9) 

ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ Hw ʟ ʧʦʭʠʙʢʦʶ ʜʦ 3 %, ʱʦ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ 

ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʾʭ ʨʦʟʨʘʭʫʥʢʦʤ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʬʦʨʤʫʣʠ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ H ʚʽʜ a ʟ ʪʦʯʥʽʩʪʶ ʜʦ 15 %. 

ʅʘ ʨʠʩ. 2.10 ʜʣʷ ʟʥʘʯʝʥʴ H = 0,6é0,9 ʟʘʩʪʦʩʦʚʘʥʦ ʘʧʨʦʢʩʠʤʘʮʽʶ ʚʠʜʫ 

57,01,4 19
1 +-
=

a
W eH ,     (2.23) 

ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʟʘ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʣʘ ʱʝ ʙʽʣʴʰ ʪʦʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʧʦʢʘʟʥʠʢʘ 

ʍʝʨʩʪʘ ʟ ʧʦʭʠʙʢʦʶ ʜʦ 2 %. ʉʘʤʝ ʚ ʮʴʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʚ ʦʩʥʦʚʥʦʤʫ, ʡ ʻ ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ H ʨʝʘʣʴʥʦʛʦ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʧʘʢʝʪʥʠʭ ʤʝʨʝʞ ʟʚôʷʟʢʫ. 
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ʈʠʩ. 2.10 ɸʧʨʦʢʩʠʤʘʮʽʷ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ HR ʧʨʠ H = 0,6é0,9 

 

ʆʪʞʝ, ʷʢʱʦ ʨʝʘʣʴʥʘ ʩʪʘʪʠʩʪʠʢʘ ʪʨʘʬʽʢʘ (ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʤʽʞ ʧʘʢʝʪʘʤʠ) 

ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʨʦʟʧʦʜʽʣʦʤ ɺʝʡʙʫʣʣʘ, ʪʦ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʘʪʠ ʢʦʝʬʽʮʽʻʥʪ 

ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʍʝʨʩʪʘ ʥʝ ʟʘ ʬʦʨʤʫʣʦ  ʁʡʦʛʦ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʘ 

ʬʦʨʤʠ ʨʦʟʧʦʜʽʣʫ (2.21), ʘ ʟʘ ʬʦʨʤʫʣʘʤʠ ʘʧʨʦʢʩʠʤʘʮʽʾ (2.22) ʪʘ (2.23), ʱʦ 

ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʮʴʦʛʦ ʨʦʟʨʘʭʫʥʢʫ. ʅʘʧʨʠʢʣʘʜ, ʟ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʜʣʷ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʣʘ ʤʘʻʤʦ, ʱʦ ʧʨʠ ʘ = 0,3 ʧʦʢʘʟʥʠʢ H = 0,85, ʘ ʬʘʢʪʠʯʥʦ ʟ 

(2.23) ʘʙʦ ʨʠʩ. 2.9 ʪʘ 2.10 ʚʠʜʥʦ, ʱʦ H = 0,6, ʪʦʙʪʦ ʤʘʡʞʝ ʥʘ 42 % ʤʝʥʰʝ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʘʧʨʦʢʩʠʤʘʮʽʾ (2.22) ʘʙʦ (2.23) ʪʘ ʬʦʨʤʫʣʠ ʅʦʨʨʦʩʘ ʫ 

ʩʠʩʪʝʤʽ W/D/1/Ð ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʚʠʤʦʛ ʩʠʩʪʝʤʠ N ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʪʘʢ: 

W

W

W

H

H

H

N

-

-

r-

r
=

1

1

5,0

)1(

.      (2.24) 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʚʽʜ ʧʘʨʘʤʝʪʨʘ 

ʬʦʨʤʠ a ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʣʘ (2.22) ʘʙʦ (2.23) ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ (ʟʘ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʴ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ r ʪʘ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ H) ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS ʟʘ ʬʦʨʤʫʣʦʶ ʅʦʨʨʦʩʘ ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʘ ʧʦʨʷʜʦʢ. 
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2.4. ʄʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʚ ʦʜʥʦʢʘʥʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʟ ʥʝʩʢʽʥʯʝʥʥʦʶ ʯʝʨʛʦʶ 

 

ʆʜʥʦʢʘʥʘʣʴʥʘ ʩʠʩʪʝʤʘ ʟ ʥʝʦʙʤʝʞʝʥʦʶ ʢʽʣʴʢʽʩʪʶ ʤʽʩʮʴ ʦʯʽʢʫʚʘʥʥʷ 

(ʨʠʩ. 2.11) ʦʙʩʣʫʛʦʚʫʻ ʧʘʢʝʪʥʠʡ ʪʨʘʬʽʢ ʟ ʩʘʤʦʧʦʜʽʙʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ.  

ʊʨʠʚʘʣʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʤʦʛ ʤʘʻ ʜʦʚʽʣʴʥʠʡ (ʙʫʜʴ-ʷʢʠʡ) ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ 

G(x) ʟ ʤʘʪʝʤʘʪʠʯʥʠʤ ʩʧʦʜʽʚʘʥʥʷʤ x . ɿʘʚʘʥʪʘʞʝʥʽʩʪʴ ʩʠʩʪʝʤʠ (ʽʥʪʝʥʩʠʚʥʽʩʪʴ, 

utilization factor) ɟ. ʅʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ QoS. 

 

ʈʠʩ. 2.11 ʄʦʜʝʣʴ ʦʜʥʦʢʘʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʯʝʨʛʦʶ 

 

ɼʣʷ ʦʮʽʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʦʜʥʦʢʘʥʘʣʴʥʽʡ ʩʠʩʪʝʤʽ 

fBM/G/1/Ð ʟ ʩʘʤʦʧʦʜʽʙʥʠʤ ʪʨʘʬʽʢʦʤ, ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʬʨʘʢʪʘʣʴʥʠʡ 

ʙʨʦʫʥʽʚʩʴʢʠʡ ʧʨʦʮʝʩ, ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʡʦʛʦ ʡʤʦʚʽʨʥʽʩʥʦ-ʯʘʩʦʚʽ ʧʘʨʘʤʝʪʨʠ ʘʙʦ 

ʬʫʥʢʮʽʶ ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʤʽʞ ʚʠʤʦʛʘʤʠ. ʆʜʥʘʢ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʫ 

ʅʦʨʨʦʩʘ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʮʝʡ ʨʦʟʨʘʭʫʥʦʢ ʥʘ ʦʩʥʦʚʽ ʧʦʢʘʟʥʠʢʘ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ 

ʍʝʨʩʪʘ. ʗʢʱʦ ʽʤʦʚʽʨʥʽʩʥʦʶ ʬʫʥʢʮʽʻ  ʁʨʦʟʧʦʜʽʣʫ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʤʽʞ ʚʠʤʦʛʘʤʠ ʻ 

ʬʫʥʢʮʽʷ ʇʘʨʝʪʦ (Pa) ʘʙʦ ɺʝʡʙʫʣʣʘ (Wb), ʪʦ ʧʦʪʨʽʙʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʯʝʨʝʟ 

ʧʘʨʘʤʝʪʨ ʬʦʨʤʠ ʘ ʦʙʨʘʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦʢʘʟʥʠʢ ʍʝʨʩʪʘ (ʢʦʝʬʽʮʽʻʥʪ 

ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ H). ʎʝʡ ʨʦʟʨʘʭʫʥʦʢ ʩʣʽʜ ʚʠʢʦʥʫʚʘʪʠ ʥʝ ʬʦʨʤʫʣʘʤʠ (2.16) ʘʙʦ 

(2.21) ʣʽʥʽʡʥʦ ʾʟʘʣʝʞʥʦʩʪʽ H ʚʽʜ a, ʘ ʟʘ ʫʪʦʯʥʝʥʠʤʠ ʬʦʨʤʫʣʘʤʠ ʘʧʨʦʢʩʠʤʘʮʽʾ. 

 ɼʣʷ ʤʦʜʝʣ ̔Pa/G/1/Ð:  

554,04 )6,11( += - a
PH .     (2.17) 

ɼʣʷ ʤʦʜʝʣʽ Wb/G/1/Ð:  

 

 

... Ð 1 2 3 4 5 

ʯʝʨʛʘ FIFO 

ʢʘʥʘʣ 

ʧʦʪʽʢ ʧʘʢʝʪʽʚ ɟ 
ʦʙʩʣʫʞʝʥʽ ʧʘʢʝʪʠ 
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57,01,4 19 +-
=

a
W eH .     (2.23) 

ʇʨʠ ʮʴʦʤʫ ʥʝʤʘ ʧʦʪʨʝʙʠ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʜʣʷ ʜʘʥʦʛʦ ʪʨʘʬʽʢʘ ʧʦʢʘʟʥʠʢ 

ʍʝʨʩʪʘ ʘʙʦ ʢʦʝʬʽʮʽʻʥʪ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʠʤ ʩʧʦʩʦʙʦʤ, 

ʥʘʧʨʠʢʣʘʜ, ʤʝʪʦʜʦʤ ʘʙʩʦʣʶʪʥʠʭ ʤʦʤʝʥʪʽʚ (ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ) ʘʙʦ ʤʝʪʦʜʦʤ 

R/S-ʩʪʘʪʠʩʪʠʢʠ.  

ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ 

ʅʦʨʨʦʩʘ ʩʝʨʝʜʥʶ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʫ ʩʠʩʪʝʤʽ N: 

W

W

W

H

H

H

N

-

-

r-

r
=

1

1

5,0

)1(

.      (2.24) 

ɼʘʣʽ ʯʝʨʝʟ ʚʽʜʦʤʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ [1, 68, 69]: 

ï ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʚʠʤʦʛ ʫ ʯʝʨʟʽ Q  

Q N= -r;       (2.25) 

ï ʩʝʨʝʜʥʽʡ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʚʠʤʦʛ ʫ ʩʠʩʪʝʤʽ T 

N
T=
r

;       (2.26) 

ï ʩʝʨʝʜʥʽʡ ʯʘʩ ʟʘʪʨʠʤʢʠ ʚʠʤʦʛ ʫ ʩʠʩʪʝʤʽ W 

1W T= -,      (2.27) 

ʜʝ T ʠ W ʜʘʥʦ ʚ ʫʤʦʚʥʠʭ ʦʜʠʥʠʮʷʭ ʩʝʨʝʜʥʴʦʾ ʪʨʠʚʘʣʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɿʘʩʪʦʩʦʚʫʶʯʠ ʨʝʘʣʴʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ H ʚʽʜ 

ʧʘʨʘʤʝʪʨʘ a ʬʦʨʤʠ ʨʦʟʧʦʜʽʣʫ ʇʘʨʝʪʦ ʘʙʦ ɺʝʡʙʫʣʣʘ (2.17) ʘʙʦ (2.23), ʤʦʞʥʘ 

ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ 

ʧʦʨʷʜʦʢ ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʽʥʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ (2.16) ʘʙʦ (2.21). 

ʅʝʜʦʣʽʢʦʤ ʜʘʥʦʛʦ ʤʝʪʦʜʘ ʻ ʪʝ, ʱʦ ʥʠʤ ʥʝ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʱʝ ʜʚʽ 

ʚʘʞʣʠʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘʢʽ, ʷʢ ʽʤʦʚʽʨʥʽʩʪʴ ʦʯʽʢʫʚʘʥʥʷ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʘ ʪʘ ʩʝʨʝʜʥʶ ʪʨʠʚʘʣʽʩʪʴ ʦʯʽʢʫʚʘʥʥʷ (ʟʘʪʨʠʤʢʠ) ʧʘʢʝʪʽʚ ʫ 

ʯʝʨʟʽ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

1. ɺ ʧʘʢʝʪʥʠʭ ʤʝʨʝʞʘʭ ʟʚôʷʟʢʫ ʪʨʘʬʽʢ  ̒ ʩʘʤʦʧʦʜʽʙʥʠʤ ʚʠʧʘʜʢʦʚʠʤ 

ʧʨʦʮʝʩʦʤ ʟ ʧʘʨʘʤʝʪʨʦʤ ʍʝʨʩʪʘ H = 0,65...0,9, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʠʤʽʨʽʚ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʬʽʢʘ ʤʝʪʦʜʦʤ R/S-ʘʥʘʣʽʟʫ ʍʝʨʩʪʘ ʽ ʽʥʰʠʤʠ 

ʤʝʪʦʜʘʤʠ. ʄʝʪʦʜ R/S-ʘʥʘʣʽʟʫ ʡ ʽʥʰʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʻ 

ʪʨʫʜʦʤʽʩʪʢʠʤʠ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʨʝʘʣʴʥʦʛʦ 

ʧʨʦʮʝʩʦʨʥʦʛʦ ʯʘʩʫ ʦʙʨʦʙʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʬʽʢʘ ʧʨʠ ʚʠʷʚʣʝʥʥʽ ʡʦʛʦ 

ʩʘʤʦʧʦʜʽʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

2. ʄʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ H ʟ ʡʦʛʦ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʘʨʘʤʝʪʨʫ a ʬʦʨʤʠ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʤʽʞ ʧʘʢʝʪʘʤʠ 

ʪʨʘʬʽʢʘ ʻ ʥʝ ʪʦʯʥʠʤʠ ʪʘ ʤʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʫ ʧʦʭʠʙʢʫ ʨʦʟʨʘʭʫʥʢʫ ʜʦ 45 %. 

4. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʧʘʢʝʪʥʦʛʦ ʪʨʘʬʽʢʘ 

ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ H ʟ ʡʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʘʙʦ 

ʡʤʦʚʽʨʥʽʩʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʤʽʞ ʧʘʢʝʪʘʤʠ ʧʦʪʦʢʫ. ɼʣʷ ʮʴʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝ ʣʽʥʽʡʥ ̔ ʟʘʢʦʥʠ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ H ʚʽʜ 

ʧʘʨʘʤʝʪʨʫ a ʬʦʨʤʠ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʷʢʠʤ ʦʧʠʩʫʻʪʴʩʷ ʪʨʘʬʽʢ, ʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥ ̔ʙʽʣʴʰ ʪʦʯʥ ̔ʘʧʨʦʢʩʠʤʘʮʽʡ ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʥʠʞʫʻ 

ʧʦʭʠʙʢʫ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ H ʟ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 45 % ʜʦ 3 %. 

4. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS ʩʘʤʦʧʦʜʽʙʥʦʛʦ 

ʪʨʘʬʽʢʘ ʚ ʦʜʥʦʢʘʥʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʟ ʥʝʩʢʽʥʯʝʥʥʦʶ ʯʝʨʛʦʶ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʽʜʧʦʚʽʜʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʘʣʝʞʥʦʩʪʽ 

ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʚʽʜ ʧʘʨʘʤʝʪʨʘ ʬʦʨʤʠ ʨʦʟʧʦʜʽʣʫ ʇʘʨʝʪʦ ʘʙʦ ɺʝʡʙʫʣʣʘ,  

5. ʅʝʜʦʣʽʢʦʤ ʜʘʥʦʛʦ ʤʝʪʦʜʘ ʻ ʪʝ, ʱʦ ʥʠʤ ʥʝ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʪʘʢʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ QoS, ʷʢ ʽʤʦʚʽʨʥʽʩʪʴ ʦʯʽʢʫʚʘʥʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʘ ʪʘ 

ʩʝʨʝʜʥʶ ʪʨʠʚʘʣʽʩʪʴ ʦʯʽʢʫʚʘʥʥʷ (ʟʘʪʨʠʤʢʠ) ʧʘʢʝʪʽʚ ʫ ʯʝʨʟʽ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʚʝʜʝʥʠʭ ʚ ʨʦʟʜʽʣʽ 2, ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ ʨʦʙʦʪʘʭ 

ʘʚʪʦʨʘ [42, 43, 46, 63-67]. 
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ʈʆɿɼɯʃ 3 

ʈʆɿʈɸʍʋʅʆʂ ɯʄʆɺɯʈʅʆʉʊɯ ɿɸʊʈʀʄʂʀ ʆɹʉʃʋɻʆɺʋɺɸʅʅʗ ʊɸ 

ʉɽʈɽɼʅʔʆɻʆ ʏɸʉʋ ɿɸʊʈʀʄʂʀ ʇɸʂɽʊɯɺ ʋ ʅɸʂʆʇʀʏʋɺɸʃʔʅʆʄʋ 

ɹʋʌɽʈɯ ʆɼʅʆʂɸʅɸʃʔʅʆɰ ʉʀʉʊɽʄʀ ɿ ʅɽʉʂɯʅʏɽʅʅʆʖ ʏɽʈɻʆʖ 

 

 

3.1. ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞʘʭ 

 

ʋ ʩʫʯʘʩʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞʘʭ ʟ ʧʘʢʝʪʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ 

ʢʦʤʫʪʘʮʽʾ ʡ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥ ̔ ʤʝʭʘʥʽʟʤʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʪʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ  ̒

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʘʪʥʴʦʛʦ ʨʽʚʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʣʷ ʚʩʽʭ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʤʝʨʝʞʽ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʦʩʣʫʛ, ʦʩʢʽʣʴʢʠ ʪʘʢʘ ʟʘʜʘʯʘ ʩʪʦʩʫʻʪʴʩʷ ʚʩʽʭ ʨʽʚʥʽʚ 

ʝʪʘʣʦʥʥʦʾ ʤʦʜʝʣʽ ɺʟʘʻʤʦʜʽʾ ɺ̔ ʜʢʨʠʪʠʭ ʉʠʩʪʝʤ (ɺɺʉ) ʽ ʦʭʦʧʣʶʻ ʚʩʽ ʘʩʧʝʢʪʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ. ɿʘʙʝʟʧʝʯʠʪʠ ʮʽʣʽʩʥʝ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʪʨʠʤʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥ ̫ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʦʞʣʠʚʦ ʟʘ ʫʤʦʚʠ ʫʟʛʦʜʞʝʥʥʷ ʨʦʙʦʪʠ 

ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʫʤʽʩʥʦʛʦ ʨʽʰʝʥʥʷ ʟʘʜʘʯ 

ʦʢʨʝʤʠʭ ʨʽʚʥʽʚ ʤʦʜʝʣʽ ɺɺʉ [68].  

ʈʦʙʦʪʘ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ ʪʘ ʧʠʪʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʻ ʚ 

ʦʩʥʦʚʥʦʤʫ ʟʘʜʘʯʝ  ʁʽʥʞʝʥʝʨʥʦ ,ʁ ʘ ʟʘʜʘʯʘ ʚʟʘʻʤʦʜʽʾ ʨʽʚʥʽʚ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʘʩʧʝʢʪʽ ʤʝʨʝʞʽ, ʧʨʦʪʦʢʦʣʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ, ʥʘʡʙʽʣʴʰ 

ʧʦʚʥʦ ʚʠʨʽʰʫʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ ʬʽʟʠʯʥʦʛʦ ʜʦ ʤʝʨʝʞʝʚʦʛʦ ʨʽʚʥʷ, ʭʦʯʘ ʚʠʱʽ ʨʽʚʥʽ 

ʤʦʜʝʣʽ ɺɺʉ ʪʘʢʦʞ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘʣʝ ʾʭ ʚʧʣʠʚ 

ʟʥʘʯʥʦ ʤʝʥʰʠʡ, ʽ ʪʦʤʫ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʙʫʜʝ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ 

ʧʠʪʘʥʥʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʥʦʛʦ ʪʨʘʬʽʢʘ ʥʘ ʬʽʟʠʯʥʦʤʫ, 

ʢʘʥʘʣʴʥʦʤʫ ʘʙʦ ʤʝʨʝʞʝʚʦʤʫ ʨʽʚʥʷʭ. 

ɽʣʝʤʝʥʪʘʤʠ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʻ:  

- ʜʦʩʪʫʧʥʽʩʪʴ ʘʙʦʥʝʥʪʘ ʜʦ ʤʝʨʝʞʽ ʪʘ ʧʦʩʣʫʛʠ; 
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- ʩʪʨʫʢʪʫʨʥʘ ʥʘʜʽʡʥʽʩʪʴ ʤʝʨʝʞʽ; 

- ʚʪʨʘʪʠ ʪʘ ʩʧʦʪʚʦʨʝʥʥʷ ʧʘʢʝʪʽʚ (ʩʝʤʘʥʪʠʯʥʘ ʧʨʦʟʦʨʽʩʪʴ ʤʝʨʝʞʽ); 

- ʷʢʽʩʪʴ ʩʠʥʭʨʦʥʽʟʘʮʽʾ.  

ʉʢʣʘʜʦʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʧʦʢʘʟʥʠʢ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʢʘʥʘʣʴʥʦʤʫ ʽ ʤʝʨʝʞʝʚʦʤʫ ʨʽʚʥʷʭ, ʘʙʦ ʞ ʚʠʟʥʘʯʘʶʪʴ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʨʝʞʝʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʪʘ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʻ [69]:  

- ʚʠʜʽʣʝʥʥʷ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ (ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʰʚʠʜʢʦʩʪʽ. 

ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ);  

- ʯʘʩ ʟʘʪʨʠʤʢʠ ʧʝʨʝʜʘʚʘʥʥʷ (ʯʘʩʦʚʘ ʧʨʦʟʦʨʽʩʪʴ ʤʝʨʝʞʽ);  

- ʜʞʠʪʪʝʨ (ʚʘʨʽʘʮʽʷ ʯʘʩʫ ʟʘʪʨʠʤʢʠ). 

ʅʘ ʷʢʽʩʪʴ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʚʧʣʠʚʘʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʤʝʨʝʞʝʶ ʽ ʾʾ 

ʦʢʨʝʤʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʽ ʙʝʟʧʝʢʘ ʽʥʬʦʨʤʘʮʽʾ, ʦʭʦʧʣʶʶʪʴ ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʨʽʚʥʽ 

ʤʦʜʝʣʽ ɺɺʉ. ʂʝʨʫʚʘʥʥʷ ʊʂ ʤʝʨʝʞʝʶ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ QoS, ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʯʝʨʝʟ ʤʦʞʣʠʚʦʩʪʽ ʢʝʨʫʚʘʥʥ̫  

ʚʯʘʩʥʦ ʽ ʚ ʧʦʚʥʦʤʫ ʦʙôʻʤʽ ʚʠʜʽʣʷʪʠ ʨʝʩʫʨʩʠ ʤʝʨʝʞʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʥʘʜʘʥʥʷ 

ʷʢʽʩʥʦʾ ʧʦʩʣʫʛʠ ʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʬʫʥʢʮʽʷʤʠ ʩʠʩʪʝʤʠ ʩʠʛʥʘʣʽʟʘʮʽʾ ʚ ʩʢʣʘʜ ʷʢʠʭ 

ʚʭʦʜʷʪʴ ʤʘʢʩʠʤʘʣʴʥʠʡ ʯʘʩ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟôʻʜʥʘʥʥʷ, ʧʽʜʪʨʠʤʢʘ ʽ ʚʯʘʩʥʝ 

ʟʚʽʣʴʥʝʥʥʷ ʨʝʩʫʨʩʽʚ ʤʝʨʝʞʽ. ɹʝʟʧʝʢʘ ʽʥʬʦʨʤʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ 

ʩʪʽʡʢʽʩʪʶ ʜʦ ʟʣʦʤʫ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʚʠʢʦʨʠʩʪʘʥʠʭ ʥʘ ʤʝʨʝʞʽ ʪʘ 

ʤʽʩʮʝʤ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɼʘʥʠʡ ʝʣʝʤʝʥʪ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʣʷ ɯʈ ʤʝʨʝʞ ʻ 

ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ ʧʨʦʪʦʢʦʣʽ ɯʈ ʚʝʨʩʽʾ 6 [70]. 

ʏʘʩ ʟʘʪʨʠʤʢʠ ʧʘʢʝʪʽʚ ʪʘ ʜʞʠʪʪʝʨ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢʠʤʠ ʦʩʥʦʚʥʠʤʠ 

ʩʢʣʘʜʦʚʠʤʠ ʷʢ [69]: 

- ʟʘʪʨʠʤʢʘ ʩʝʨʽʘʣʽʟʘʮʽʾ ï ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʧʨʠʩʪʨʦʶ ʥʘ ʧʝʨʝʜʘʚʘʥʥʷ ʧʘʢʝʪʫ 

ʧʨʠ ʟʘʜʘʥʽʡ ʩʤʫʟʽ ʧʨʦʧʫʩʢʘʥʥʷ; 

- ʟʘʪʨʠʤʢʘ ʧʦʰʠʨʝʥʥʷ - ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʧʝʨʝʜʘʥʦʤʫ ʙʽʪʫ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʧʨʠʡʤʘʯʘ; 

- ʟʘʪʨʠʤʢʘ ʢʦʤʫʪʘʮʽʾ ï ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩʦʤ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʧʨʠʩʪʨʦʶ ʰʦ 

ʦʪʨʠʤʘʚ ʧʘʢʝʪ, ʜʣʷ ʧʦʯʘʪʢʫ ʧʝʨʝʜʘʚʘʥʥʷ ʡʦʛʦ ʜʦ ʽʥʰʦʛʦ ʧʨʠʩʪʨʦʶ. 
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ʂʦʞʝʥ ʽʟ ʧʘʢʝʪʽʚ, ʱʦ ʥʘʣʝʞʠʪʴ ʦʜʥʦʤʫ ʽ ʪʦʤʫ ʞ ʧʦʪʦʢʫ ʪʨʘʬʽʢʫ, 

ʧʝʨʝʜʘʻʪʴʩʷ ʟ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʟʘʪʨʠʤʢʠ, ʷʢʘ ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʘʥʫ 

ʧʨʦʤʽʞʥʠʭ ʣʽʥʽʡ, ʘʙʦ ʤʝʨʝʞ. ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʚ ʤʝʨʝʞʽ, ʧʘʢʝʪʠ 

ʥʝ ʩʪʘʚʣʷʪʴʩʷ ʚ ʯʝʨʛʫ, ʟʘʪʨʠʤʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩʘʤʠ ʩʝʨʽʘʣʽʟʘʮʽʾ ʪʘ ʧʦʰʠʨʝʥʥʷ ʽ 

ʻ ʤʽʥʽʤʘʣʴʥʦʶ. ʗʢʦɦ. ʤʝʨʝʞʘ ʧʝʨʝʚʘʥʪʘʞʝʥʘ, ʧʘʢʝʪʠ ʩʪʘʚʣʷʪʴʩʷ ʚ ʯʝʨʛʫ, ʷʢʘ 

ʚʧʣʠʚʘʻ ʥʘ ʟʘʛʘʣʴʥʫ ʟʘʪʨʠʤʢʫ, ʚʝʜʝ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʜʞʠʪʪʝʨʘ [71] ï ʨʽʟʥʠʮʽ ʚ 

ʟʘʪʨʠʤʮʽ ʧʨʠ ʧʝʨʝʜʘʚʘʥʥʽ ʨʽʟʥʠʭ ʧʘʢʝʪʽʚ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʧʦʪʦʢʫ. ɼʞʠʪʪʝʨ 

ʧʘʢʝʪʽʚ ʻ ʚʘʞʣʠʚʠʤ ʚ ʪʦʤʫ ʧʣʘʥʽ, ʰʦ ʰ ʚʠʟʥʘʯʘʻ ʤʘʢʩʠʤʘʣʴʥʫ ʟʘʪʨʠʤʢʫ ʧʨʠ 

ʧʨʠʡʦʤʽ ʧʘʢʝʪʽʚ ʚ ʢʽʥʮʝʚʦʤʫ ʧʫʥʢʪʽ ʧʨʠʟʥʘʯʝʥʥʷ. ʂʦʤʧʝʥʩʫʚʘʪʠ ʜʞʠʪʪʝʨ ʤʦʞʥʘ 

ʟʘ ʨʘʭʫʥʦʢ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʠʡʤʘʣʴʥʦʛʦ ʙʫʬʝʨʘ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʧʨʠʡʥʷʪʠʭ ʧʘʢʝʪʽʚ 

ʥʘ ʯʘʩ ʤʝʥʰʠʡ, ʘʙʦ ʨʽʚʥʠʡ ʚʝʨʭʥʽʡ ʤʝʞʽ ʜʞʠʪʪʝʨʘ. ʂʦʤʧʝʥʩʘʮʽʷ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʧʦʰʠʨʝʥʠʭ ʚ IP ʪʘ  ATM ʧʨʠʩʪʨʦʷʭ ʤʝʭʘʥʽʟʤʽʚ ʷʢ 

RED [72], WRED ʥʘ ʦʩʥʦʚ ̔ʢʣʘʩʫ ʪʨʘʬʽʢʫ ʘʙʦ ʧʦʪʦʢʫ, WFO, DWFO, MDRR, 

WRR ʪʘ ʽʥʰʽ [69]. ʇʠʪʘʥʥʷ ʜʞʠʪʪʝʨʘ ʻ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʜʦʜʘʪʢʽʚ ʦʨʽʻʥʪʦʚʘʥʠʭ 

ʥʘ ʧʨʠʡʦʤ/ʧʝʨʝʜʘʚʘʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ: ʪʝʣʝʬʦʥʽʷ, 

ʚʽʜʝʦʢʦʥʬʝʨʝʥʮʽʾ. 

ʂʦʤʧʦʥʝʥʪʦʤ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʨʝʞʝʚʦʛʦ ʟôʻʜʥʘʥʥʷ, 

ʦʢʨʽʤ ʯʘʩʫ ʟʘʪʨʠʤʢʠ, ʻ ʩʤʫʛʘ ʧʨʦʧʫʩʢʘʥʥʷ, ʷʢʘ ʚʢʘʟʫʻ ʰʠʨʠʥʫ ʢʘʥʘʣʫ ʥʝʦʙʭʽʜʥʫ 

ʜʦʜʘʪʢʫ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʧʦ ʤʝʨʝʞʽ. ʂʦʞʥʝ ʟôʻʜʥʘʥʥʷ, ʷʢʝ ʧʦʪʨʝʙʫʻ ʛʘʨʘʥʪʦʚʘʥʦʾ 

ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʚʠʤʘʛʘʻ ʨʝʟʝʨʚʫʚʘʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ. 

ɼʘʥʘ ʢʦʤʧʦʥʝʥʪʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ QoS ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʧʦʩʣʫʛ ʨʝʘʣʴʥʦʛʦ 

ʤʘʩʰʪʘʙʫ ʯʘʩʫ. 

ɺ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞʘʭ ʧʦʩʣʫʛʘʤʠ ʨʝʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫ ʯʘʩʫ ʻ ʚ 

ʦʩʥʦʚʥʦʤʫ ʧʝʨʝʜʘʚʘʥʥʷ ʤʦʚʠ ʪʘ ʚʽʜʝʦ, ʷʢʽ ʻ ʥʘʡʙʽʣʴʰ ʚʠʤʦʛʣʠʚʠʤʠ ʜʦ 

ʟʘʪʨʠʤʦʢ, ʜʞʠʪʪʝʨʘ ʪʘ ʚʠʜʽʣʝʥʦʾ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ [73]. ɼʣʷ ʧʦʩʣʫʛ 

ʧʝʨʝʜʘʚʘʥʥʷ ʤʦʚʠ ʥʘ ʦʩʥʦʚʽ ʧʘʢʝʪʽʚ ʚʘʞʣʠʚʠʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʻ ʯʘʩ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟôʻʜʥʘʥʥʷ ï ʬʫʥʢʮʽʾ ʩʠʛʥʘʣʽʟʘʮʽʾ ʽ ʜʦʩʪʘʚʢʠ 

ʧʘʢʝʪʫ [73]. ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʟʘʪʨʠʤʢʘ ʜʣʷ ʨʽʚʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

çʚʽʜʤʽʥʥʠʡè, ʟʛʽʜʥʦ ʨʝʢʦʤʝʥʜʘʮʽʡ ɯʊU-ʊ ɽ.432, ʜʣʷ ʧʘʢʝʪʫ ʟ ʤʦʚʥʦʶ 

ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʠ ʡʦʛʦ ʧʝʨʝʜʘʚʘʥʥʽ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʧʦʚʠʥʥʘ ʟʥʘʭʦʜʠʪʠʩʷ ʚ 
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ʤʝʞʘʭ 100-150 ʤʩ (ʨʝʢʦʤʝʥʜʘʮʽʷ ɯʊU-ʊ G.114), ʘ ʧʘʢʝʪʫ ʟ ʚʽʜʝʦʽʥʬʦʨʤʘʮʽʻʶ ʜʦ 

ɿ0 ʤʩ. ɼʣʷ ʧʦʩʣʫʛ ʚʽʜʝʦʢʦʥʬʝʨʝʥʮʽʾ, ʟʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤʘʪʫ [68] ʤʘʢʩʠʤʘʣʴʥʘ 

ʟʘʪʨʠʤʢʘ ʧʦʚʠʥʥʘ ʩʢʣʘʜʘʪʠ 200-400 ʤʩ ʪʘ ʜʞʠʪʪʝʨ ʜʦ 150 ʤʩ. ʐʠʨʠʥʘ ʩʤʫʛʠ 

ʜʣʷ ʧʦʩʣʫʛ ˇʨʫʥʪʦʚʘʥʠʭ ʥʘ ʧʝʨʝʜʘʚʘʥʥʽ ʤʦʚʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʣʛʦʨʠʪʤʫ ʩʪʠʩʢʫ ʽ 

ʤʦʞʝ ʩʢʣʘʜʘʪʠ 16-64 ʂʙʽʪ/ʩ, ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ ʚʽʜʝʦʟʦʙʨʘʞʝʥʴ, ʟʘʣʝʞʥʦ ʚʽʜ 

ʬʦʨʤʘʪʫ ʧʝʨʝʜʘʚʘʥʥʷ ʽ ʘʣʛʦʨʠʪʤʫ ʩʪʠʩʢʫ ʩʢʣʘʜʘʻ ʚʽʜ 24 ʂʙʽʪ/ʩ ï ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ 

ʜʦ 40 ʄʙʽʪ/ʩ ï ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ [68].  

ʆʨʛʘʥʽʟʘʮʽʷ ʚʽʜʝʦʢʦʥʬʝʨʝʥʮʽʡ ʧʦʪʨʝʙʫʻ ʩʤʫʛʫ ʧʨʦʧʫʩʢʘʥʥʷ 1,15 ʄʙʽʪ/ʩ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʠʩʢʫ ʽ 30,4 ʄʙʽʪ/ʩ ʙʝʟ ʩʪʠʩʢʫ. ɼʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ, ʱʦʜʦ 

ʟʜʘʪʥʦʩʪʽ ʟʘʙʝʟʧʝʯʠʪʠ ʤʝʨʝʞʝʶ ʟʘʪʨʠʤʢʫ, ʜʞʠʪʪʝʨ ʽ ʩʤʫʛʫ ʧʨʦʧʫʩʢʘʥʥʷ, ʧʨʠ 

ʷʢʠʭ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʝʦʙʭʽʜʥʘ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʛʘʨʘʥʪʫʻ ʯʘʩʦʚʫ 

ʧʨʦʟʦʨʽʩʪʴ ʜʣʷ ʜʘʥʦʾ ʧʦʩʣʫʛʠ [74]. ʇʘʨʘʤʝʪʨʠ ʤʝʨʝʞʝʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʥʘ ʧʦʩʣʫʛʠ 

ʥʝʪʝʨʤʽʥʦʚʠʭ ʜʘʥʠʭ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʣʷ ʧʦʩʣʫʛ 

ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʽ ʚʢʘʟʫʻ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʚʽʜʢʠʥʫʪʠʭ ʤʝʨʝʞʝʶ ʧʽʜ ʯʘʩ 

ʧʝʨʝʜʘʚʘʥʥʷ. ʂʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ ʽ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʟʥʘʯʝʥʥʷ QoS 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʝʤʘʥʪʠʯʥʦʶ ʧʨʦʟʦʨʽʩʪʶ ï ʟʜʘʪʥʽʩʪʶ ʤʝʨʝʞʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʧʝʨʝʜʘʚʘʥʥʷ ʧʘʢʝʪʽʚ ʚʽʜʧʨʘʚʥʠʢʘ ʜʦ ʘʜʨʝʩʘʪʘ ʟ ʧʨʠʡʥʷʪʥʠʤ ʜʣʷ ʜʘʥʦʾ ʧʦʩʣʫʛʠ 

ʨʽʚʥʝʤ ʧʦʤʠʣʦʢ [74]. ʆʯʝʚʠʜʥʦ, ʦɦ ʩʝʤʘʥʪʠʯʥʘ ʧʨʦʟʦʨʽʩʪʴ ʤʝʨʝʞʽ ʪʠʤ ʚʠʱʘ, 

ʯʠʤ ʥʠʞʯʦʶ ʻ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʧʦʤʠʣʢʠ ʧʨʠ ʧʝʨʝʜʘʚʘʥʥʽ ʜʘʥʠʭ. 

ʇʨʠʯʠʥʘʤʠ ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ ʻ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ ʽ ʧʦʰʢʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ ʧʽʜ 

ʯʘʩ ʾʭ ʧʝʨʝʜʘʚʘʥʥʷ ʣʽʥʽʷʤʠ ʟʚôʷʟʢʫ. ɼʣʷ ʧʦʩʣʫʛ ʧʝʨʝʜʘʚʘʥʥʷ ʤʦʚʠ ʘʙʦ 

ʟʦʙʨʘʞʝʥʥʷ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʪʘʢʠʡ ʝʣʝʤʝʥʪ ʷʢ ʚʪʨʘʪʘ ʧʘʢʝʪʫ ʥʝ ʻ ʩʫʪʪʻʚʠʤ ʽ ʷʢʱʦ 

ʥʝ ʧʝʨʝʚʠʱʫʻ ʧʝʚʥʠʭ ʟʘʜʘʥʠʭ ʥʦʨʤ, ʪʦ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʻ ʥʝʟʥʘʯʥʠʡ, ʘʣʝ ʪʨʘʬʽʢ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʜʦʩʠʪʴ ʯʫʪʣʠʚʠʡ ʜʦ 

ʚʪʨʘʪ ʽ ʩʧʦʪʚʦʨʝʥʴ ʧʘʢʝʪʽʚ. 

ʂʣʘʩ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʚʠʥʥʠʡ ʚʽʜʧʦʚʽʜʘʪʠ ʧʝʚʥʽʡ ʢʘʪʝʛʦʨʽʾ 

ʧʦʩʣʫʛʠ ʜʦʩʪʘʚʢʠ, ʜʣʷ ʷʢʦʾ ʚʠʟʥʘʯʝʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ (ʪʘʙʣ. 3.1). 
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ʊʘʙʣʠʮʷ 3.1  

ʂʣʘʩʠ QoS ʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʜʦʩʪʘʚʢʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʽ 

ʩʧʝʮʠʬʽʢʘʮʽʷʤʠ ATM Forum 

 

 
ʂʘʪʝʛʦʨʽʷ ʧʦʩʣʫʛʠ ʜʦʩʪʘʚʢʠ 

CBR rt.VBR nrt.VBR ABR UBR 

ʂʣʘʩ QoS 1(A) 1(A) 2/3 (B/C) 4 (D) U 

ʇʦʢʘʟʥʠʢʠ 

ʷʢʦʩʪʽ 

CLR, CTD, 

CDV 

CLR, CTD, 

CDV 
CLR CLR ï 

 

ʋ ʈʝʢʦʤʝʥʜʘʮʽʷʭ ITU-T [75-81] ʚʩʪʘʥʦʚʣʝʥʽ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʜʦʩʪʘʚʢʠ (ʪʘʙʣ. 3.2). ɼʣʷ ʢʦʞʥʦʛʦ ʚʽʨʪʫʘʣʴʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ ATM 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʜʘʥʽ ʘʪʨʠʙʫʪʠ ʪʨʘʬʽʢʘ, ʱʦ ʚʭʦʜʷʪʴ ʫ ʜʝʩʢʨʠʧʪʦʨ (ʦʧʠʩʫʚʘʯ, 

ʽʜʝʥʪʠʬʽʢʘʪʦʨ, ʦʟʥʘʢʘ) ʪʨʘʬʽʢʘ (traffic descriptor). 

 

ʊʘʙʣʠʮʷ 3.2  

ɻʨʘʥʠʯʥʦ ʧʨʠʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʜʦʩʪʘʚʢʠ 

(ʈʝʢʦʤʝʥʜʘʮʽʾ ITU-T) 

ʂʣʘʩ QoS 
ɿʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʜʦʩʪʘʚʢʠ 

CTD CDV CLR(0+1) CLR(0) 

1 400ʤʩ 3ʤʩ 3Ĭ10-7 ʅʝʤʘʻ 

2 ʅʝ ʚʠʟʥʘʯʝʥʦ 1Ĭ10-7 ʅʝʤʘʻ 

3 ʅʝ ʚʠʟʥʘʯʝʥʦ 1Ĭ10-5 

4 400 ʤʩ 6 ʤʩ ʅʝʤʘʻ 3Ĭ10-7 

U ʅʝ ʚʠʟʥʘʯʝʥʦ 
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ʉʫʯʘʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʟʚ'ʷʟʢʫ, ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʛʘʨʘʥʪʫʚʘʥʥʷ 

ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʥʝʦʙʭʽʜʥʦʾ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ 

ʟʘʚʜʷʢʠ ʽʥʪʝʛʨʘʮʽʾ ʤʝʨʝʞʥʠʭ ʟʘʩʦʙʽʚ ʜʦʩʪʘʚʢʠ ʽʥʬʦʨʤʘʮʽʾ ʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʤʠ (Telecommunication Management Network, TMN). ʉʠʩʪʝʤʘ 

ʢʝʨʫʚʘʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʤʠ ʧʦʚʠʥʥʘ ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʽ ʢʝʨʫʚʘʥʥʷ ʙʽʟʥʝʩʦʤ, 

ʧʦʩʣʫʛʘʤʠ, ʤʝʨʝʞʝʶ ʡ ʝʣʝʤʝʥʪʘʤʠ ʤʝʨʝʞʽ. ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʩʣʫʞʙ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ [20]: 

ï ʨʦʟʜʽʣʠʪʠ ʚʩʽʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʾʭ ʟʘʷʚʢʠ ʥʘ ʢʘʪʝʛʦʨʽʾ ʟ ʨʽʟʥʠʤʠ 

ʧʨʽʦʨʠʪʝʪʘʤʠ; 

ï ʩʪʚʦʨʠʪʠ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʪʨʘʬʽʢʦʤ ʫ ʜʦʩʪʫʧʽ Ăʢʦʨʠʩʪʫʚʘʯ-ʤʝʨʝʞʘò; 

ï ʩʪʚʦʨʠʪʠ ʩʠʩʪʝʤʫ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʢʦʤʫʪʘʮʽʾ ʽ 

ʧʝʨʝʜʘʯʽ ʚ ʮʠʬʨʦʚʠʭ ʢʦʤʫʪʘʮʽʡʥʠʭ ʚʫʟʣʘʭ ʽ ʩʪʘʥʮʽʷʭ. 

ʗʢʱʦ ʮʽ ʟʘʜʘʯʽ ʙʫʜʫʪʴ ʚʠʨʽʰʝʥʽ, ʪʦ ʤʦʞʣʠʚʘ ʦʧʪʠʤʽʟʘʮʽʷ ʨʦʟʧʦʜʽʣʫ 

ʨʝʩʫʨʩʽʚ ʩʣʫʞʙ ʤʽʞ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʢʘʪʝʛʦʨʽʾ. ʂʽʣʴʢʽʩʪʴ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʚʠʩʦʢʠʤ ʧʨʽʦʨʠʪʝʪʦʤ, ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʽʜʥʦʩʥʦ 

ʥʝʚʝʣʠʢʦʶ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʟʘʛʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɺʠʩʦʢʦ 

ʧʨʽʦʨʠʪʝʪʥʽ ʧʦʩʣʫʛʠ ʧʦʚʠʥʥʽ ʥʘʜʘʚʘʪʠʩʷ ʟʘ ʧʽʜʚʠʱʝʥʠʤʠ ʪʘʨʠʬʘʤʠ. ʗʢʽʩʪʴ 

ʧʦʩʣʫʛ, ʥʘʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʘʤ ʟ ʥʠʟʴʢʠʤ ʧʨʽʦʨʠʪʝʪʦʤ, ʤʦʞʝ ʟʥʠʞʫʚʘʪʠʩʷ ʚ 

ʫʤʦʚʘʭ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʽ ʚʽʜʤʦʚ ʟʘʩʦʙʽʚ ʢʦʤʫʪʘʮʽʾ ʽ ʜʦʩʪʘʚʢʠ ʽʥʬʦʨʤʘʮʽʾ. 

ʑʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʝʬʝʢʪ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʚ ʫʤʦʚʘʭ ʚʽʜʤʦʚ 

ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ ʢʦʤʫʪʘʮʽʾ (ʎʉʂ), ʦʩʪʘʥʥʽ ʧʦʚʠʥʥʽ ʟʘʜʦʚʦʣʴʥʷʪʠ ʚʠʩʦʢʠʤ 

ʚʠʤʦʛʘʤ ʜʦ ʛʦʪʦʚʥʦʩʪʽ. 

ɼʣʷ ʪʝʣʝʬʦʥʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ (ʽ ʟ'ʻʜʥʘʥʥʷ ʫ ISDN) ʚʽʜʤʦʚʘʤʠ ʚʚʘʞʘʻʪʴʩʷ 

ʧʝʨʝʨʚʘ ʚ ʟ'ʻʜʥʘʥʥʽ ʪʨʠʚʘʣʽʩʪʶ 10 ʩ ʽ ʙʽʣʴʰʝ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʽʻʾ ʚʠʤʦʛʠ, ʯʘʩ ʧʦʚʥʦʛʦ ʧʨʦʩʪʦʶ ʢʦʤʫʪʘʮʽʡʥʦʾ ʩʪʘʥʮʽʾ ʥʝ 

ʧʦʚʠʥʥʠʡ ʧʝʨʝʚʠʱʫʚʘʪʠ 0,4 ʛ ʫ ʨʽʢ [68], ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʦʝʬʽʮʽʻʥʪʦʚʽ ʛʦʪʦʚʥʦʩʪʽ 

0,999954 (ʦʢʨʫʛʣʝʥʝ 0,99995). 

ʋ ʪʘʙʣ. 3.3 ʥʘʚʝʜʝʥʽ ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ʜʣʷ ʟ'ʻʜʥʘʥʥʷ ʯʝʨʝʟ 

ʢʦʤʫʪʘʮʽʡʥʫ ʩʪʘʥʮʽʶ. 
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ʊʘʙʣʠʮʷ 3.3.  

ʇʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ʟ'ʻʜʥʘʥʥʷ ʜʣʷ ʮʠʬʨʦʚʠʭ ʢʦʤʫʪʘʮʽʡʥʠʭ ʩʪʘʥʮʽʡ 

 

 
ʅʘʟʚʘ ʧʦʢʘʟʥʠʢʘ 

ɿʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ 

1.  ʂʦʝʬʽʮʽʻʥʪ ʛʦʪʦʚʥʦʩʪʽ (ʂʛ), ʥʝ ʤʝʥʰʝ 0,99995 

2.  ʏʘʩ ʧʦʚʥʦʛʦ ʧʨʦʩʪʦʶ ʩʪʘʥʮʽʾ ʟʘ ʨʽʢ, ʥʝ ʙʽʣʴʰʝ 0,4 ʯ 

3.  ʉʝʨʝʜʥʽʡ ʯʘʩ ʚʽʜʥʦʚʣʝʥʥʷ ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ 30 ʭʚ. 

4.  ʉʝʨʝʜʥʽʡ ʯʘʩ ʥʝ ʟʥʘʡʜʝʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʥʝ ʧʦʚʠʥʝʥ 

ʧʝʨʝʚʠʱʫʚʘʪʠ 
15 ʭʚ. 

5.  ʉʝʨʝʜʥʽʡ ʯʘʩ ʘʢʪʠʚʥʦʛʦ ʨʝʤʦʥʪʫ ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ  15 ʭʚ. 

6.  ɯʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʜʯʘʩʥʦʛʦ ʟʚʽʣʴʥʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʛʦ 

ʟôʻʜʥʘʥʥʷ ʚʥʘʩʣʽʜʦʢ ʧʦʨʫʰʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʩʪʘʥʮʽʾ 

ʚ ʙʫʜʴ ʷʢʦʤʫ ʭʚʠʣʠʥʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʥʝ ʧʦʚʠʥʥʘ 

ʧʝʨʝʚʠʱʫʚʘʪʠ  

2Ĭ10-5 

7.  ɯʤʦʚʽʨʥʽʩʪʴ ʥʝʤʦʞʣʠʚʦʩʪʽ ʥʝʦʙʭʽʜʥʦʛʦ ʟʚʽʣʴʥʝʥʥʷ 

ʚʥʘʩʣʽʜʦʢ ʧʦʨʫʰʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʩʪʘʥʮʽʾ ʥʝ ʧʦʚʠʥʥʘ 

ʧʝʨʝʚʠʱʫʚʘʪʠ 

2Ĭ10-5 

8.  ɯʤʦʚʽʨʥʽʩʪʴ ʥʝʧʨʘʚʠʣʴʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ 

ʚʠʢʣʠʢʽʚ, ʧʽʩʣʷ ʧʨʠʡʦʤʫ ʩʪʘʥʮʽʻʶ ʧʨʘʚʠʣʴʥʦʛʦ ʢʦʜʫ, ʥʝ 

ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 

2Ĭ10-4 

9.  ɯʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʢʣʠʢʽʚ ʟ ʙʫʜʴ-ʷʢʦʾ 

ʧʨʠʯʠʥʠ (ʥʘʧʨʠʢʣʘʜ, ʟ ʚʠʥʠ ʢʦʤʫʪʘʮʽʡʥʦʾ ʩʪʘʥʮʽʾ) ʥʝ 

ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 

2Ĭ10-4 

 

ʋ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞʘʭ ʦʩʦʙʣʠʚʦ ʛʦʩʪʨʦ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʥʘʜʘʥʥʷ 

ʧʦʩʣʫʛ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ. ʂʘʨʜʠʥʘʣʴʥʠʤ ʨʽʰʝʥʥʷʤ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʻʜʠʥʦʛʦ ʤʝʪʦʜʫ ʜʦʩʪʘʚʢʠ ʽʥʬʦʨʤʘʮʽʾ ʽ ʢʦʤʫʪʘʮʽʾ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʧʝʨʝʜʘʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʪʦʙʪʦ ʧʘʢʝʪʥʦʾ ʢʦʤʫʪʘʮʽʾ. 
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3.1.1. ʄʦʜʝʣʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʨʘʬʽʢʘ ʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞʘʭ 

ʟ ʢʦʤʫʪʘʮʽʻʶ ʧʘʢʝʪʽʚ 

 

ɿʘ ʤʦʜʝʣʽ Best Effort Service ʥʘʷʚʥʘ ʧʦʚʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʩʦʙʽʚ 

ʟʘʙʝʟʧʝʯʝʥʥʷ QoS. ʊʫʪ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʩʽ ʜʦʩʪʫʧʥʽ ʤʝʨʝʞʝʚʽ ʨʝʩʫʨʩʠ ʙʝʟ 

ʦʨʛʘʥʽʟʘʮʽʾ ʢʣʘʩʽʚ ʪʨʘʬʽʢʫ ʽ ʡʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʧʨʠ ʪʘʢʽʡ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʚ ʤʝʨʝʞʽ ʥʘʡʢʨʘʱʠʤ ʚʘʨʽʘʥʪʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ 

QoS ʻ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ. ʎʝ ʟʘʛʘʣʦʤ ʧʨʘʚʠʣʴʥʦ, ʦʜʥʘʢ ʜʝʷʢʽ 

ʚʠʜʠ ʪʨʘʬʽʢʫ (ʥʘʧʨʠʢʣʘʜ, ʛʦʣʦʩʦʚʠʡ ʘʙʦ ʤʦʚʥʠʡ) ʜʫʞʝ ʯʫʪʣʠʚʽ ʜʦ ʟʘʪʨʠʤʦʢ 

ʧʘʢʝʪʽʚ ʽ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʾʭ ʧʨʦʭʦʜʞʝʥʥʷ. ʄʦʜʝʣʴ çBest Effort Serviceè ʟʘ 

ʥʘʷʚʥʦʩʪʽ ʚʝʣʠʢʠʭ ʨʝʟʝʨʚʽʚ ʥʝ ʙʦʨʝʪʴʩʷ ʟ ʧʝʨʝʚʘʥʪʘʞʝʥʥ̫ ʤʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ 

ʨʘʟʽ ʨʽʟʢʠʭ ʩʧʣʝʩʢʽʚ ʤʝʨʝʞʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʊʦʤʫ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʡ ʽʥʰʽ 

ʧʽʜʭʦʜʠ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

ʄʦʜʝʣʴ Integrated Service (IntServ) ï ʮʝ ʤʦʜʝʣʴ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɺʦʥʘ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʩʢʨʽʟʥʫ ʟ ʢʽʥʮʷ ʚ ʢʽʥʝʮʴ (End-to-End) 

ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʛʘʨʘʥʪʫʶʯʠ ʥʝʦʙʭʽʜʥʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʜʣʷ ʨʽʟʥʠʭ 

ʧʦʪʦʢʽʚ ʪʨʘʬʽʢʫ. IntServ ʟʘʩʪʦʩʦʚʫʻ ʜʣʷ ʩʚʦʾʭ ʮʽʣʝʡ ʧʨʦʪʦʢʦʣ ʩʠʛʥʘʣʽʟʘʮʽʾ RSVP, 

ʷʢʠʡ ʜʘʻ ʟʤʦʛʫ  ʜʦʜʘʪʢʘʤ ʚʠʨʘʞʘʪʠ ʥʘʩʢʨʽʟʥʽ ʚʠʤʦʛʠ ʜʦ ʨʝʩʫʨʩʽʚ ʽ ʤʽʩʪʠʪʴ 

ʤʝʭʘʥʽʟʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʘʥʠʭ ʚʠʤʦʛ. IntServ ʤʦʞʥʘ ʢʦʨʦʪʢʦ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ 

ʷʢ ʨʝʟʝʨʚʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ (Resource reservation). ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʦʥʮʝʧʮʽʡ 

çIntegrated Servicesè ʜʦʜʘʪʢʠ ʤʦʞʫʪʴ ʚʠʙʠʨʘʪʠ ʜʣʷ ʩʚʦʾʭ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʙʫʜʴ-

ʷʢʠʡ ʽʟ ʯʠʩʣʝʥʥʠʭ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʨʽʚʥʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʜʦ 

ʙʘʟʦʚʠʭ IP-ʩʝʨʚʽʩʽʚ ʜʦʜʘʶʪʴʩʷ ʥʦʚʽ ʢʦʤʧʦʥʝʥʪʠ ʪʘ ʤʝʭʘʥʽʟʤʠ. ʆʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʚʠʤʘʛʘʻ ʛʘʨʘʥʪʽʡ, ʽ ʮʽ ʛʘʨʘʥʪʽʾ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʽ ʙʝʟ 

ʨʝʟʝʨʚʫʚʘʥʥʷ. ʇʨʦʪʦʢʦʣ RSVP ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʨʝʩʫʨʩʠ ʨʝʟʝʨʚʫʶʪʴʩʷ ʜʣʷ 

ʢʦʞʥʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʚʠʤʘʛʘʻ QoS, ʥʘ ʢʦʞʥʦʤʫ ʧʨʦʤʽʞʥʦʤʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽ ʥʘ 

ʰʣʷʭʫ ʚʽʜ ʚʽʜʧʨʘʚʥʠʢʘ ʜʦ ʦʜʝʨʞʫʚʘʯʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʛʥʘʣʽʟʘʮʽʾ çʟ ʢʽʥʮʷ ʚ 

ʢʽʥʝʮʴè. ʎʝ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʤʘʛʘʻ ʟʙʝʨʽʛʘʥʥʷ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ ʜʘʥʠʭ ʧʨʦ 

ʩʪʘʥ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʪʦʢʫ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʤʘʻ ʥʘ ʫʚʘʟʽ ʢʘʨʜʠʥʘʣʴʥʽ ʟʤʽʥʠ 

ʚ ʟʘʛʘʣʴʥʽʡ ʤʦʜʝʣʽ ʤʝʨʝʞʽ Internet. ʂʨʽʤ ʪʦʛʦ, ʪʘʢʝ ʨʽʰʝʥʥʷ ʧʨʦʧʦʥʫʻ ʩʧʦʩʽʙ 
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ʧʝʨʝʜʘʚʘʥʥʷ ʚʠʤʦʛ ʜʦʜʘʪʢʘ ʝʣʝʤʝʥʪʘʤ ʤʝʨʝʞʽ, ʨʦʟʪʘʰʦʚʘʥʠʤ ʫʟʜʦʚʞ ʰʣʷʭʫ, ʽ 

ʦʙʤʽʥʫ ʩʣʫʞʙʦʚʦʶ ʽʥʬʦʨʤʘʮʽʻʶ QoS ʤʽʞ ʤʝʨʝʞʝʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʪʘ 

ʧʨʦʛʨʘʤʦʶ. ʅʝʜʦʣʽʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʦʢʦʣʫ RSVP ʥʘʩʪʫʧʥʽ [82]:  

ï ʧʦʪʨʽʙʝʥ ʯʘʩ ʥʘ ʧʨʦʢʣʘʜʢʫ ʤʘʨʰʨʫʪʫ ʨʝʟʝʨʚʫʚʘʥʥʷ, ʱʦ ʤʦʞʝ ʙʫʪʠ 

ʢʨʠʪʠʯʥʠʤ ʫ ʚʝʣʠʢʠʭ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʽ ʛʣʦʙʘʣʴʥʠʭ ʤʝʨʝʞʘʭ;  

ï ʜʦʜʘʪʢʦʚʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʤʽʞʥʠʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ 

ʭʘʨʘʢʪʝʨ ʪʨʘʬʽʢʫ, ʷʢʠʡ ʧʝʨʝʜʘʻʪʴʩʷ.  

ʄʦʜʝʣʴ Differentiated Service (DiffServ, RFC 2474/2475) ï ʮʝ ʤʦʜʝʣʴ 

ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɺʠʟʥʘʯʘʻ ʟʘʙʝʟʧʝʯʝʥʥʷ QoS ʥʘ ʦʩʥʦʚʽ ʯʽʪʢʦ 

ʚʠʟʥʘʯʝʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʢʦʤʙʽʥʦʚʘʥʠʭ ʟ ʤʝʪʦʶ ʥʘʜʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʦʩʣʫʛ. 

ɸʨʭʽʪʝʢʪʫʨʘ DiffServ ʧʨʠʧʫʩʢʘʻ ʥʘʷʚʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʽ ʬʦʨʤʫʚʘʯʽʚ ʪʨʘʬʽʢʫ 

ʥʘ ʤʝʞʽ ʤʝʨʝʞʽ, ʘ ʪʘʢʦʞ ʧʽʜʪʨʠʤʢʫ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʚ ʷʜʨʽ ʤʝʨʝʞʽ ʟ 

ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʧʦʣʽʪʠʢʠ ʧʦʢʨʦʢʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (Per-Hop 

Behavior, PHB). DiffServ ʨʦʟʜʽʣʷʻ ʪʨʘʬʽʢ ʥʘ ʢʣʘʩʠ, ʚʚʦʜʷʯʠ ʢʽʣʴʢʘ ʨʽʚʥʽʚ QoS, ʽ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʽʚ:  

ï ʛʨʘʥʠʯʥʽ ʬʦʨʤʫʚʘʯʽ ʪʨʘʬʽʢʫ (ʢʣʘʩʠʬʽʢʘʮʽʷ ʧʘʢʝʪʽʚ, ʤʘʨʢʫʚʘʥʥʷ, 

ʫʧʨʘʚʣʽʥʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ);  

ï ʤʦʜʫʣʽ ʨʝʘʣʽʟʘʮʽʾ PHB ʧʦʣʽʪʠʢʠ (ʨʦʟʧʦʜʽʣ ʨʝʩʫʨʩʽʚ, ʧʦʣʽʪʠʢʘ ʚʽʜʢʠʜʘʥʥʷ 

ʧʘʢʝʪʽʚ).  

ʄʦʜʝʣʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ DiffServ ʟʘʙʝʟʧʝʯʫʻ ʧʨʽʦʨʠʪʝʟʘʮʽʶ ʪʨʘʬʽʢʫ 

(Prioritization). ʄʝʭʘʥʽʟʤʠ DiffServ ʚʜʦʩʢʦʥʘʣʶʻ ʧʨʦʪʦʢʦʣ IP ʟ ʤʝʪʦʶ 

ʚʠʨʽʰʝʥʥʷ ʥʝʜʦʣʽʢʽʚ IntServ / RSVP ʽ ʟʘʙʝʟʧʝʯʫʻ ʤʘʩʰʪʘʙʦʚʘʥʝ ʚʠʙʦʨʯʝ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ Internet ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʧʘʤ'ʷʪʦʚʫʚʘʪʠ ʩʪʘʥ ʢʦʞʥʦʛʦ 

ʧʦʪʦʢʫ ʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʩʠʛʥʘʣʽʟʘʮʽʶ [83]. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ RSVP, ʫ ʨʘʟʽ DiffServ 

ʚʽʜʧʨʘʚʥʠʢ ʽ ʦʜʝʨʞʫʚʘʯ ʦʙʤʽʥʶʶʪʴʩʷ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ ʚʠʢʣʶʯʘʻ ʪʠʤʯʘʩʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʧʨʦʢʣʘʜʢʫ ʰʣʷʭʫ, ʚʣʘʩʪʠʚʽ 

RSVP [84].  

ʄʦʜʝʣʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ DiffServ ʦʙʤʝʞʫʶʪʴʩʷ ʣʠʰʝ ʚʩʪʘʥʦʚʣʝʥʥʷʤ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ ʧʦʩʣʫʛʘʤʠ ʽ ʨʽʟʥʠʤʠ ʨʽʚʥʷʤʠ çʯʫʪʣʠʚʦʩʪʽè ʜʦ ʟʘʪʨʠʤʦʢ ʽ 

ʚʪʨʘʪ, ʪʦʙʪʦ ʥʝ ʤʘʶʪʴ ʩʧʨʘʚʠ ʟ ʪʦʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʘʙʦ ʛʘʨʘʥʪʽʷʤʠ. ɺʦʥʠ ʥʝ 
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ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʨʽʚʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɿʘʤʽʩʪʴ 

ʮʴʦʛʦ ʚʦʥʠ ʥʘʤʘʛʘʶʪʴʩʷ ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʥʦʩʥʝ ʚʧʦʨʷʜʢʦʚʫʚʘʥʥʷ ʘʛʨʝʛʦʚʘʥʠʭ 

ʧʦʪʦʢʽʚ, ʪʘʢ ʱʦ ʟ ʦʜʥʠʤ ʟ ʥʠʭ çʟʚʝʨʪʘʪʠʩʷ ʢʨʘʱʝè, ʥʽʞ ʟ ʽʥʰʠʤ, ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʝʚʥʠʭ ʧʨʘʚʠʣ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʄʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʤʦʜʝʣʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

DiffServ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʦʙ'ʻʜʥʘʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʦʟʥʘʢ ʪʨʘʬʽʢʫ, ʧʨʠ 

ʮʴʦʤʫ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʪʠʧ ʪʨʘʬʽʢʫ ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʟʘʛʦʣʦʚʢʫ IP-ʜʘʪʘʛʨʘʤʠ. ʇʨʠ 

ʮʴʦʤʫ ʩʢʣʘʜʥʽ ʦʧʝʨʘʮʽʾ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʤʘʨʢʫʚʘʥʥʷ, ʚʠʟʥʘʯʝʥʥʷ ʧʨʘʚʠʣ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʬʦʨʤʫʚʘʥʥʷ ʪʨʘʬʽʢʫ ʚʠʢʦʥʫʶʪʴʩʷ ʪʽʣʴʢʠ ʥʘ ʢʦʨʜʦʥʘʭ ʤʝʨʝʞʽ 

ʘʙʦ ʞ ʥʘ ʾʾ ʚʫʟʣʘʭ (Hosts) [85]. 

ʗʢʱʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ IntServ ʽ DiffServ ʨʘʟʦʤ, ʪʦ ʮʝ ʤʦʞʝ ʩʧʨʠʷʪʠ 

ʚʧʨʦʚʘʜʞʝʥʥʶ IP-ʪʝʣʝʬʦʥʽʾ, ʚʽʜʝʦ ʥʘ ʚʠʤʦʛʫ ʽ ʨʽʟʥʠʭ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʜʣʷ 

ʧʽʜʧʨʠʻʤʩʪʚ ʥʝ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʜʦʜʘʪʢʽʚ. IntServ ʜʦʟʚʦʣʷʻ ʭʦʩʪʘʤ ʟʘʧʠʪʫʚʘʪʠ 

ʢʦʥʢʨʝʪʥʠʡ ʦʙʩʷʛ ʨʝʩʫʨʩʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʧʦʪʦʢʫ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʚʦʨʦʪʥʠʡ 

ʟʚ'ʷʟʦʢ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʽʚ. DiffServ ʟʘʙʝʟʧʝʯʫʻ 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʜʣʷ ʚʝʣʠʢʠʭ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞ. ʅʘ ʜʘʥʠʡ ʯʘʩ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʛʽʙʨʠʜʥʘ ʩʪʨʫʢʪʫʨʘ. ɺʦʥʘ ʧʝʨʝʜʙʘʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ, ʚ ʷʢʽʡ 

ʧʝʨʠʬʝʨʽʡʥʽ ʧʽʜʤʝʨʝʞʽ ʧʽʜʪʨʠʤʫʶʪʴ RSVP ʽ IntServ. ʎʽ ʧʽʜʤʝʨʝʞʽ ʧʦʚ'ʷʟʘʥʽ 

ʧʨʦʤʽʞʥʠʤʠ ʤʝʨʝʞʘʤʠ DiffServ. ɿʘʚʜʷʢʠ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʤʝʨʝʞ DiffServ ʜʘʥʘ 

ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ ʜʽʘʧʘʟʦʥ ʜʽʾ ʤʝʨʝʞ IntServ / RSVP. ʇʨʦʤʽʞʥʽ 

ʤʝʨʝʞʽ DiffServ ʚʠʛʣʷʜʘʶʪʴ ʜʣʷ ʤʝʨʝʞ IntServ / RSVP ʷʢ ʦʜʥʘ ʪʨʘʥʟʠʪʥʘ ʣʘʥʢʘ. 

ʍʦʩʪʠ, ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʧʝʨʠʬʝʨʽʡʥʠʭ ʤʝʨʝʞ IntServ / RSVP, ʧʝʨʝʜʘʶʪʴ ʯʝʨʝʟ 

ʤʝʨʝʞʽ DiffServ ʟʘʧʠʪʠ ʦʜʠʥ ʦʜʥʦʤʫ ʥʘ ʨʝʟʝʨʚʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʜʣʷ ʢʦʞʥʦʛʦ 

ʦʢʨʝʤʦʛʦ ʧʦʪʦʢʫ. ʋʩʝʨʝʜʠʥʽ ʧʝʨʠʬʝʨʽʡʥʠʭ ʤʝʨʝʞ IntServ / RSVP ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʩʪʘʥʜʘʨʪʥʘ ʦʙʨʦʙʢʘ ʧʨʦʪʦʢʦʣʽʚ IntServ / RSVP, ʘ ʩʠʛʥʘʣʴʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ RSVP 

ʧʝʨʝʜʘʶʪʴʩʷ ʯʝʨʝʟ ʤʝʨʝʞʽ DiffServ ʧʨʦʟʦʨʠʤ ʯʠʥʦʤ. ʇʨʠʩʪʨʦʾ ʥʘ ʢʦʨʜʦʥʽ ʤʽʞ 

ʤʝʨʝʞʘʤʠ IntServ / RSVP ʪʘ ʤʝʨʝʞʘʤʠ DiffServ ʦʙʨʦʙʣʷʶʪʴ ʧʦʚʽʜʦʤʣʝʥʥʷ RSVP 

ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʭʽʜʥʠʡ ʢʦʥʪʨʦʣʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʷʚʥʦʩʪʽ ʨʝʩʫʨʩʽʚ ʫʩʝʨʝʜʠʥʽ 

ʤʝʨʝʞʽ DiffServ [86]. 
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3.2. ʄʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʫʟʣʘ ʜʦʩʪʫʧʫ ʤʝʨʝʞʽ NGN ʧʨʠ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʪʨʘʬʽʢʘ ʧʝʨʝʜʘʚʘʥʥʷ ʤʦʚʠ ʪʘ ʜʘʥʠʭ  

 

ɺʫʟʣʠ ʜʦʩʪʫʧʫ ʤʝʨʝʞ NGN ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʛʨʝʛʘʮʽʶ ʪʨʘʬʽʢʘ ʜʦ ʨʽʟʥʠʭ 

ʩʣʫʞʙ ʤʝʨʝʞʽ ʽ ʡʦʛʦ ʧʝʨʝʜʘʯʫ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʡ ʨʽʚʝʥʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʘʟʠʚʘʪʠ 

ʪʘʢʽ ʤʝʨʝʞʽ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʤʠ. ʎʽ ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʜʥʦʯʘʩʥʦʾ 

ʧʝʨʝʜʘʯʽ ʤʦʚʠ, ʚʽʜʝʦ ʽ ʜʘʥʠʭ, ʷʢʽ ʧʦʜʘʶʪʴʩʷ ʫ ʬʦʨʤʽ ʩʪʘʥʜʘʨʪʥʠʭ ʧʘʢʝʪʽʚ. ʇʨʠ 

ʮʴʦʤʫ ʩʣʫʞʙʠ ʤʝʨʝʞʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʜʘʥʥʷ ʥʝʦʙʤʝʞʝʥʦʛʦ ʥʘʙʦʨʫ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʦʩʣʫʛ ʽʟ ʟʘʜʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʆʙʨʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʨʦʟʧʦʜʽʣʫ ʽʥʬʦʨʤʘʮʽʾ ʚ NGN ʚʠʟʥʘʯʘʻ 

ʩʪʫʧʽʥʴ ʩʢʣʘʜʥʦʩʪʽ ʚʫʟʣʽʚ ʜʦʩʪʫʧʫ ʽ, ʙʝʟʫʤʦʚʥʦ, ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʪʝʨʤʽʥʘʣʘʤʠ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʆʜʥʠʤ ʟ̔ 

ʩʧʦʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʟ 

ʧʦʩʣʫʛ ʤʝʨʝʞʽ ʻ ʚʚʝʜʝʥʥʷ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʝʚʥʠʭ ʧʦʪʦʢʽʚ 

ʪʨʘʬʽʢʘ. ɺʚʝʜʝʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ ʜʣʷ ʧʘʢʝʪʽʚ ï ʮʝ ʝʬʝʢʪʠʚʥʠʡ ʩʧʦʩʽʙ ʫʧʨʘʚʣʽʥʥʷ 

ʨʦʟʤʽʨʘʤʠ ʯʝʨʛ ʽ ʯʘʩʫ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʥʽʡ. ʇʨʠ ʥʘʜʭʦʜʞʝʥʥʽ ʫ ʩʠʩʪʝʤʫ ʧʘʢʝʪʘ ʟ 

ʚʠʩʦʢʠʤ ʧʨʽʦʨʠʪʝʪʦʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʘ ʟ ʙʽʣʴʰ ʥʠʟʴʢʠʤ ʧʨʽʦʨʠʪʝʪʦʤ ʘʙʦ 

ʧʝʨʝʨʠʚʘʻʪʴʩʷ (ʘʙʩʦʣʶʪʥʠʡ ʧʨʽʦʨʠʪʝʪ), ʘʙʦ ʧʘʢʝʪ ʟ ʚʠʩʦʢʠʤ ʧʨʽʦʨʠʪʝʪʦʤ ʩʪʘʻ ʚ 

ʧʦʯʘʪʦʢ ʯʝʨʛʠ ʧʘʢʝʪʽʚ (ʚʽʜʥʦʩʥʠʡ ʧʨʽʦʨʠʪʝʪ). ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʜʦʩʣʽʜʞʫʶʪʴʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʫʟʣʽʚ ʜʦʩʪʫʧʫ ʤʝʨʝʞʽ NGN ʷʢ ʜʚʦʭʧʨʽʦʨʠʪʝʪʥʦʾ ʩʠʩʪʝʤʠ 

ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟ ʦʙʤʝʞʝʥʠʤ ʦʯʽʢʫʚʘʥʥʷʤ. ʋ ʮʴʦʤʫ ʧʽʜʨʦʟʜʽʣʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʬʦʨʤʫʣʠ ʨʦʟʨʘʭʫʥʢʫ ʡʤʦʚʽʨʥʦʩʪʽ ʚʪʨʘʪ ʤʦʚʥʠʭ ʧʘʢʝʪʽʚ, ʘ ʪʘʢʦʞ 

ʧʘʢʝʪʽʚ ʜʘʥʠʭ, ʡ ʽʥʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʫʟʣʘ ʜʦʩʪʫʧʫ 

ʇʨʠʢʽʥʮʝʚʽ ʚʫʟʣʠ ʤʫʣʴʪʠʩʝʨʚʽʩʥʦʾ ʤʝʨʝʞʽ NGN ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʨʽʚʥʽ 

ʜʦʩʪʫʧʫ ʚ ʘʨʭʽʪʝʢʪʫʨʽ ʤʝʨʝʞʽ [87]. ʎʝʡ ʨʽʚʝʥʴ ʟʘʙʝʟʧʝʯʫʻ ʘʛʨʝʛʘʮʽʶ ʟʤʽʰʘʥʦʛʦ 

ʚʠʜʫ ʪʨʘʬʽʢʫ ʽ ʡʦʛʦ ʢʦʤʫʪʘʮʽʶ ʟ ʨʽʚʥʷ ʜʦʩʪʫʧʫ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʡ ʨʽʚʝʥʴ. ɿ ʦʛʣʷʜʫ 

ʥʘ ʮʝ ʫʩʧʽʰʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ NGN ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ 

ʨʦʙʦʪʠ ʢʽʥʮʝʚʠʭ ʚʫʟʣʽʚ ʜʦʩʪʫʧʫ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʢʽʥʮʝʚʦʛʦ ʚʫʟʣʘ 

ʤʝʨʝʞʽ NGN ʚʠʟʥʘʯʘʶʪʴ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʶ ʚʠʢʣʠʢʽʚ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʽ ʪʠʧʽʚ ʥʝʦʙʭʽʜʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ, ʧʽʜʢʣʶʯʝʥʠʭ ʟ ʙʦʢʫ 
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ʤʝʨʝʞʽ ʜʦʩʪʫʧʫ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʧʝʨʝʜʘʯʽ ʟʤʽʰʘʥʦʛʦ (ʤʦʚʘ ʡ ʜʘʥʽ) 

ʪʨʘʬʽʢʫ. 

ʉʫʯʘʩʥʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʽ  ʤʝʨʝʞʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ 

ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʝʨʝʜʘʥʠʭ ʽ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʘʥʠʭ. 

ʂʦʤʙʽʥʦʚʘʥʽ ʩʠʩʪʝʤʠ ʟ ʦʙʤʝʞʝʥʥʷʤʠ ʥʘ ʜʦʚʞʠʥʫ ʯʝʨʛʠ ʪʘ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ 

ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ. ɺ ʫʤʦʚʘʭ ʨʽʟʥʦʨʽʜʥʦʛʦ ʪʨʘʬʽʢʘ 

(ʤʦʚʘ, ʚʽʜʝʦ, ʜʘʥʽ) ʮʶ ʩʠʩʪʝʤʫ ʜʦʧʦʚʥʶʶʪʴ ʤʝʭʘʥʽʟʤʦʤ ʧʨʽʦʨʠʪʝʪʽʚ, ʚ ʷʢʦʤʫ ʚʩʽ 

ʚʠʤʦʛʠ ʧʦʜʽʣʷʶʪʴ ʥʘ ʢʘʪʝʛʦʨʽʾ ʽ ʚʠʤʦʛʠ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʢʘʪʝʛʦʨʽʾ ʧʨʠ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʤʘʶʪʴ ʧʝʚʥʽ ʧʝʨʝʚʘʛʠ (ʧʨʽʦʨʠʪʝʪʠ) ʧʝʨʝʜ ʚʠʤʦʛʘʤʠ ʙʽʣʴʰ 

ʥʠʟʴʢʦʾ ʢʘʪʝʛʦʨʽʾ.  

ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʠʩʪʝʤ ʽʟ ʧʨʽʦʨʠʪʝʪʘʤʠ 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʪʘʢʽ ʩʘʤʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢ ʽ ʜʣʷ ʩʠʩʪʝʤʠ ʟ ʯʝʨʛʘʤʠ (ʧ. 1.4.1), 

ʘʣʝ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʚʚʝʜʝʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ ʦʢʨʝʤʦ. ʅʘʧʨʠʢʣʘʜ, ʩʝʨʝʜʥʽʡ ʯʘʩ 

ʦʯʽʢʫʚʘʥʥʷ ʫ ʯʝʨʟʽ ʚʠʤʦʛʠ k-ʛʦ ʧʨʽʦʨʠʪʝʪʫ, ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʚʠʤʦʛ ʫ ʩʠʩʪʝʤʽ k-

ʛʦ ʧʨʽʦʨʠʪʝʪʫ ʪʦʱʦ [1]. 

ɺʽʜʦʤʦ, ʱʦ ʪʨʘʬʽʢ ʤʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʟ ʤʝʨʝʞ ʢʦʤʫʪʘʮʽʾ 

ʢʘʥʘʣʽʚ, ʩʧʦʯʘʪʢʫ ʧʝʨʝʪʚʦʨʶʪ̒ʴʩʷ ʫ ʧʘʢʝʪʥʠʡ ʚʠʜ, ʧʽʩʣʷ ʯʦʛʦ ʚʽʥ 

ʥ̔ʢʘʧʩʫʣʶʪ̒ɹʩʷ ʫ ʧʘʢʝʪʠ IP [88]. ʇʨʠ ʮʴʦʤʫ ʜʦ ʧʘʢʝʪʫ ʜʦʜʘʶʪʴʩʷ ʟʘʛʦʣʦʚʢʠ 

ʧʨʦʪʦʢʦʣʽʚ RTP ʽ UDP ʜʦʚʞʠʥʦʶ 12 ʽ 8 ʙʘʡʪ ʚʽʜʧʦʚʽʜʥʦ. ɼʦʜʘʪʢʦʚʦ ʥʝʦʙʭʽʜʥʦ 

20 ʙʘʡʪ ʜʣʷ ʤʦʚʥʦʛʦ IP-ʧʘʢʝʪʫʚʘʥʥʷ ʽ 4 ʙʘʡʪʠ ʜʣʷ ʘʜʨʝʩʘʮʽʾ ʧʘʢʝʪʘ ʚ ʤʝʨʝʞʽ 

MPLS. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ ʟʘʛʦʣʦʚʢʘ ʩʢʣʘʜʘʻ 44 ʙʘʡʪʠ, ʷʢʠʡ 

ʧʝʨʝʜʘʻʪʴʩʷ ʢʦʞʝʥ ʨʘʟ ʧʨʠ ʚʽʜʧʨʘʚʣʝʥʥʽ ʧʘʢʝʪʘ, ʱʦ ʤʽʩʪʠʪʴ ʤʦʚʥʫ ʽʥʬʦʨʤʘʮʽʶ. 

ʊʘʢ ʷʢ ʜʦʚʞʠʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʣʷ ʧʨʦʪʦʢʦʣʫ RTR ʜʦʨʽʚʥʶʻ 160 ʙʘʡʪʘʤ, ʪʦ 

ʟʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ ʧʘʢʝʪʘ ʧʨʦʪʦʢʦʣʫ RTR ʩʪʘʥʦʚʠʪʴ 204 ʙʘʡʪʠ. ʇʝʨʝʜʘʯʘ ʧʦʪʦʢʫ 

ʜʘʥʠʭ ʚ ʧʘʢʝʪʥʠʭ ʤʝʨʝʞʘʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ ʤʝʨʝʞʽ IP / MPLS, ʢʦʤʫʪʦʚʘʥʦʾ ʟʘ 

ʘʜʨʝʩʘʤʠ LSP ʚ ʪʨʘʥʩʧʦʨʪʥʽʡ ʤʝʨʝʞʽ [89]. 

ɯʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʪʦʢʽʚ ʧʘʢʝʪʽʚ ʤʦʚʠ ʽ ʜʘʥʠʭ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʦʜʥʦʯʘʩʥʦ ʚ 

ʢʽʥʮʝʚʽ ʚʫʟʣʠ ʤʝʨʝʞʽ NGN, ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʛʫʣʴʦʚʘʥʠʤʠ ʰʣʷʭʦʤ ʟʘʚʜʘʥʥʷ 

ʥʦʨʤʠ ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ. ɿʘʜʘʥʽ ʥʦʨʤʠ ʚʽʜʤʦʚ (ʚʪʨʘʪ) ʚʫʟʣʘ 

ʤʝʨʝʞʽ NGN ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʽ ʟʤʽʰʘʥʠʭ ʧʘʢʝʪʽʚ, ʷʢʽ ʥʝ ʧʨʠʡʤʘʶʪʴʩʷ ʤʝʨʝʞʝʶ 
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ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʯʝʢʘʶʪʴ ʚ ʙʫʬʝʨʥʽʡ ʧʘʤ'ʷʪʽ. ʋ ʤʝʨʝʞʘʭ NGN ʥʦʨʤʘ ʚʪʨʘʪʠ 

ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʣʷ ʢʽʥʮʝʚʠʭ ʚʫʟʣʽʚ ʟʘʜʘʻʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ ʧʨʠʟʥʘʯʝʥʥʷ, 

ʩʪʨʫʢʪʫʨʠ, ʘ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʧʨʠʡʦʤʫ, ʦʙʨʦʙʢʠ ʽ 

ʜʦʩʪʘʚʢʠ ʽʥʬʦʨʤʘʮʽʾ. 

ʅʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʽʥʞʝʥʝʨʥ ̔ʬʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʚʫʟʣʘʭ ʜʦʩʪʫʧʫ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞ NGN [90]. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʮʝʩ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʽʥʮʝʚʦʛʦ ʚʫʟʣʘ ʤʝʨʝʞʽ NGN, ʥʘ ʷʢʠʡ 

ʥʘʜʭʦʜʷʪʴ ʜʚʘ ʨʽʟʥʠʭ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʫʘʩʩʦʥʽʚʩʴʢʠʭ ʧʦʪʦʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʦʜʠʥ 

ʟ ʷʢʠʭ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʥʘʜʭʦʜʞʝʥʥʷ ɚ1 ʧʨʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʤʘʻ ʧʨʽʦʨʠʪʝʪ, ʘ 

ʽʥʰʠʡ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ɚ2 ï ʙʝʟ ʧʨʽʦʨʠʪʝʪʫ. ʇʨʠ ʮʴʦʤʫ ʩʝʨʝʜʥʷ ʩʫʤʘʨʥʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ j ʧʨʠʢʽʥʮʝʚʠʡ ʚʫʟʦʣ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 

21 l+l=L .      (3.1) 

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʟʤʽʰʘʥʠʡ ʪʨʘʬʽʢ ʚ ʧʨʠʢʽʥʮʝʚʦʤʫ ʚʫʟʣʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʜʦʨʽʚʥʶʻ ʚʭʳʜʥʦʤʫ ʪʨʘʬʽʢʫ. ʇʨʠ 

ʮʴʦʤʫ ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʯʘʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʦʙʦʭ ʚʠʜʽʚ ʧʘʢʝʪʽʚ (ʤʦʚʠ ʽ 

ʜʘʥʠʭ) ʻ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ ʟ ʧʘʨʘʤʝʪʨʦʤ ɛ1 = ɛ2 = ɛ. ɼʠʩʮʠʧʣʽʥʘ (ʘʣʛʦʨʠʪʤ) 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʪʦʢʫ ʧʘʢʝʪʽʚ ʪʘʢʘ, ʱʦ ʧʦʪʽʢ ʧʝʨʰʦʛʦ ʚʠʜʫ ʤʘʻ ʘʙʩʦʣʶʪʥʠʡ 

ʧʨʽʦʨʠʪʝʪ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʦʪʦʢʫ ʜʨʫʛʦʛʦ ʚʠʜʫ. ʇʘʢʝʪʠ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʚ 

ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʧʨʽʦʨʠʪʝʪʫ, ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ ʚ ʧʦʨʷʜʢʫ ʟʘʩʪʦʩʦʚʫʚʘʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʇʽʜ ʯʘʩ ʥʘʜʭʦʜʞʝʥʥʷ ʧʦʪʦʢʫ ʧʘʢʝʪʽʚ ʧʨʠ ʟʘʡʥʷʪʦʩʪʽ 

ʚʩʽʭ V ʦʙʩʣʫʛʦʚʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ (ʩʝʨʚʝʨʽʚ) ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʽʚ ʧʝʨʰʦʛʦ 

ʧʨʽʦʨʠʪʝʪʫ ʧʝʨʝʨʠʚʘʻʪʴʩʷ ʽ ʚʠʢʦʥʫʻʪʴʩʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʽʚ ʜʨʫʛʦʛʦ 

ʧʨʽʦʨʠʪʝʪʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʚʝʨʥʝʥʥʷ ʡʦʛʦ ʟ ʙʫʬʝʨʥʦʾ ʧʘʤ'ʷʪʽ (ʯʝʨʛʠ). ʗʢʱʦ 

ʥʘʜʽʡʰʦʚʰʠʡ ʧʘʢʝʪ ʜʨʫʛʦʛʦ ʧʨʽʦʨʠʪʝʪʫ ʟʘʩʪʘʻ ʚ ʯʝʨʟʽ ʧʘʢʝʪʠ ʧʝʨʰʦʛʦ 

ʧʨʽʦʨʠʪʝʪʫ, ʪʦ ʚʽʥ ʩʪʘʻ ʚ ʯʝʨʛʫ ʟʘ ʦʩʪʘʥʥʽʤ ʧʘʢʝʪʦʤ ʧʝʨʰʦʛʦ ʧʨʽʦʨʠʪʝʪʫ, ʘ ʦʜʠʥ 

ʧʘʢʝʪ ʜʨʫʛʦʛʦ ʧʨʽʦʨʠʪʝʪʫ ʧʨʠ ʮʴʦʤʫ ʚʪʨʘʯʘʻʪʴʩʷ. ʗʢʱʦ ʫ ʤʦʤʝʥʪ ʥʘʜʭʦʜʞʝʥʥʷ 

ʯʝʨʛʦʚʦʛʦ ʧʘʢʝʪʘ ʧʝʨʰʦʛʦ ʧʨʽʦʨʠʪʝʪʫ ʚ ʯʝʨʟʽ ʚʞʝ ʧʝʨʝʙʫʚʘʶʪʴ ʽʥʰʽ ʧʘʢʝʪʠ 

ʧʝʨʰʦʛʦ ʧʨʽʦʨʠʪʝʪʫ, ʚʽʥ ʪʘʢʦʞ ʚʪʨʘʯʘʻʪʴʩʷ, ʪʦʙʪʦ ʥʘ ʢʦʞʥʦʤʫ ʧʨʠʢʽʥʮʝʚʦʤʫ 
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ʚʫʟʣʽ ʜʦʧʫʩʢʘʻʪʴʩʷ ʦʙʤʝʞʝʥʘ ʯʝʨʛʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [90]. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ ʚ 

ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʧʨʠʢʽʥʮʝʚʠʭ ʚʫʟʣʽʚ ʤʝʨʝʞʽ NGN, ʽʤʦʚʽʨʥʽʩʥʽ 

ʩʪʘʥʫ ʚʫʟʣʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʦʧʠʩʘʥʽ ʩʠʩʪʝʤʦʶ ʣʽʥʽʡʥʠʭ ʦʜʥʦʨʽʜʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ 

ʨʽʚʥʷʥʴ [1, 2, 91-94]: 
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ʉʠʩʪʝʤʦʶ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ (3.2) ʚʠʟʥʘʯʘʶʪʴʩʷ ʡʤʦʚʽʨʥʦʩʪʽ ʩʪʘʥʽʚ 

ʢʣʘʩʠʯʥʦʾ ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʦʙʤʝʞʝʥʦʶ ʯʝʨʛʦʶ ʽ ʘʙʩʦʣʶʪʥʠʤ 

ʧʨʽʦʨʠʪʝʪʦʤ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʦʨʤʫʚʘʣʴʥʫ ʫʤʦʚʫ 
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ʨʽʰʝʥʥʷ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ (3.2) ʦʪʨʠʤʘʻʤʦ ʫ ʚʠʛʣʷʜʽ (3.4, 3.5): 
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ʇʨʠ ʟʥʘʯʝʥʥ̫ ʭ 1=b , 
V

q
r
=  ʪʘ 1+=hn , ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʫ ʜʣʷ 

ʩʫʤʠ ʯʣʝʥʚ̔ ʩʧʘʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʧʨʦʛʨʝʩʽʾ, ʦʪʨʠʤʘʻʤʦ: 
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ʜʝ h ï ʢʽʣʴʢʽʩʪʴ ʤʽʩʮʴ ʦʯʽʢʫʚʘʥʥʷ ʚ ʙʫʬʝʨʥʽʡ ʧʘʤ'ʷʪʽ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ (3.6)  
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ʊʫʪ  

211 r+r=¢=r
V

y
     (3.8) 

ï ʮʝ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʚʫʟʣʘ ʤʝʨʝʞʽ NGN, ʘ 

m

l+l
=

V
Y 21        (3.9) 

ï ʮʝ ʦʙʩʣʫʞʝʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʫʟʣʘ ʤʝʨʝʞʽ NGN.  

ɺʠʨʘʟ (3.8) ʚʠʟʥʘʯʘʻ, ʱʦ ʨʦʟʨʘʭʫʥʦʢ ʤʦʞʥʘ ʚʝʩʪʠ ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʚ 

ʽʥʪʝʨʚʘʣʽ ɟ = 0 ... 1. 

ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠʢʽʥʮʝʚʦʛʦ ʚʫʟʣʘ ʤʝʨʝʞʽ NGN ʟ 

ʦʙʤʝʞʝʥʦʶ ʯʝʨʛʦʶ ʽ ʘʙʩʦʣʶʪʥʠʤ ʧʨʽʦʨʠʪʝʪʦʤ ʦʮʽʥʶʶʪʴʩʷ ʪʘʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʷʢ ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʘ ʤʦʚʠ, 

ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʘ ʜʘʥʠʭ, ʡʤʦʚʽʨʥʽʩʪʴ ʟʘʡʥʷʪʦʩʪ ̔ʽ 

ʧʨʦʩʪʦʶʚʘʥʥʷ ʚʩʽʭ ʦʙʩʣʫʛʦʚʫʶʯʠʭ ʢʘʥʘʣʽʚ ʚʫʟʣʘ [95]. ɯʤʦʚʽʨʥʽʩʪʴ 

ʧʨʦʩʪʦʶʚʘʥʥʷ ʚʩʽʭ ʦʙʩʣʫʛʦʚʫʶʯʠʭ ʢʘʥʘʣʽʚ ʚʫʟʣʘ ʜʦʨʽʚʥʶʻ: 
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ɯʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʫ ʧʨʠʢ̔ ʥʮʝʚʦʤʫ ʚʫʟʣʽ ʪʽʣʴʢʠ S ʢʘʥʘʣʽʚ ʟʘʡʥʷʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʤʦʚʥʠʭ ʧʘʢʝʪʽʚ ʜʦʨʽʚʥʶʻ: 

1
1

0

1
111 1

!!

-
-Z

=

+

ù
ù

ú

ø

é
é

ê

è

ù
ù
ú

ø

é
é
ê

è
ö
÷

õ
æ
ç

år
-Ö+= ä

X

hSX

S
SS

y

S

y
P .   (3.11) 



97 

ɯʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʚʩʽ ʢʘʥʘʣʠ ʟʘʡʥʷʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʤʦʚʥʠʭ ʧʘʢʝʪʽʚ ʽ 

j ʧʘʢʝʪʽʚ ʧʝʨʰʦʛʦ ʧʨʽʦʨʠʪʝʪʫ (ʤʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ) ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʯʝʨʟʽ: 
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ʜʝ Vy r= . 

ʉʝʨʝʜʥʽʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʧʦʯʘʪʢʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʘ ʜʘʥʠʭ (ʚʠʤʦʛʠ 

ʜʨʫʛʦʛʦ ʧʨʽʦʨʠʪʝʪʫ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 

21 r+r
=

L
T ,     (3.13) 

ʜʝ L ï ʜʦʚʞʠʥʘ ʧʘʢʝʪʘ. 

ɯʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʩʠʩʪʝʤʘ ʙʫʜʝ ʚ ʩʪʘʥʽ ʦʯʽʢʫʚʘʥʥʷ (ʧʘʢʝʪʽʚ, ʷʢʽ 

ʦʯʽʢʫʶʪʴ ï ʾʭ çʙʽʣʴʰʝ ʥʫʣʷè), ʦʙʯʠʩʣʶʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: 
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ʉʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʜʘʥʠʭ (ʚʠʤʦʛ ʜʨʫʛʦʛʦ ʧʨʽʦʨʠʪʝʪʫ), ʷʢʽ ʦʯʽʢʫʶʪʴ 

ʥʘ ʧʦʯʘʪʦʢ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʫ ʚʫʟʣʽ ʟʚ'ʷʟʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 
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ɯʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʜʣʷ ʧʘʢʝʪʽʚ ʜʘʥʠʭ (ʚʠʤʦʛ ʜʨʫʛʦʛʦ 

ʧʨʽʦʨʠʪʝʪʫ) ʜʦʨʽʚʥʶʻ ʡʤʦʚʽʨʥʦʩʪʽ ʪʦʛʦ, ʱʦ ʚ ʯʝʨʟʽ ʚʞʝ ʩʪʦʷʪʴ ʧʘʢʝʪʠ ʧʝʨʰʦʛʦ 

ʪʘ/ʘʙʦ ʜʨʫʛʦʛʦ ʧʨʽʦʨʠʪʝʪʽʚ, ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 
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Ö== .    (3.16) 

ʉʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʢʘʥʘʣʽʚ, ʟʘʡʥʷʪʠʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʧʘʢʝʪʽʚ ʟʤʽʰʘʥʠʭ 

ʧʦʪʦʢʽʚ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 
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ʈʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʯʠʩʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʚʠʢʦʥʘʥʠʭ ʟʘ ʬʦʨʤʫʣʘʤʠ 

(3.12), ʜʘʥʦ ʚ ʪʘʙʣ. 3.4. 

ʊʘʙʣʠʮʷ 3.4  

ɯʤʦʚʽʨʥʽʩʪʴ ʟʘʥʷʪʪʷ ʚʩʽʭ ʢʘʥʘʣʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʧʘʢʝʪʽʚ ʤʦʚʠ 

ʍʘʨ-ʢʘ 

ʂʽʣʴʢʽʩʪʴ ʤʽʩʮʴ ʦʯʽʢʫʚʘʥʥʷ ʚ ʙʫʬʝʨʥʽʡ ʧʘʤ'ʷʪʽ, h 

0 1 2 3 4 5 6 7 8 

ɟ
 =

 0
,2

 P0 0,8332 0,8161 0,8062 0,8011 0,8001     

PV+h 0,1616 0,0322 0,6162 0,0013 0,0002     

ɟ
 =

 0
,4

 P0 0,8111 0,741 0,7117 0,7062 0,7071 0,7064    

PV+h 0,2113 0,2102 0,2016 0,2011 0,2007 0,2002    

ɟ
 =

 0
,6

 P0 0,7966 0,7099 0,666 0,6428 0,629 0,6262 0,6161 0,6140  

PV+h 0,4779 0,2555 0,1438 0,0833 0,0488 0,0290 0,0173 0,0103  

ɟ
 =

 0
,8

 P0 0,8510 0,7616 0,7021 0,6610 0,5979 0,5951 0,5927 0,5803 0,5711 

PV+h 0,6808 0,4874 0,3940 0,2707 0,1959 0,1596 0,1242 0,0940 0,0739 

 

ʈʦʟʨʘʭʫʻʤʦ ʽʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʩʠʩʪʝʤʘ ʙʫʜʝ ʚ ʩʪʘʥʽ ʦʯʽʢʫʚʘʥʥʷ (ʪʠʭ 

ʧʘʢʝʪʽʚ, ʷʢʽ ʦʯʽʢʫʶʪʴ ï ʾʭ çʙʽʣʴʰʝ ʥʫʣʷè. ʈʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʯʠʩʝʣʴʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʮʽʻʾ ʽʤʦʚʽʨʥʦʩʪʽ, ʚʠʢʦʥʘʥʠʭ ʟʘ ʬʦʨʤʫʣʦ  ʁ(3.14), ʜʘʥʽ ʚ ʪʘʙʣ. 3.5. 
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ʊʘʙʣʠʮʷ 3.5 

ɯʤʦʚʽʨʥʽʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʚ ʩʪʘʥʽ ʦʯʽʢʫʚʘʥʥʷ 

ʍʘʨ-ʢʘ 

ʂʽʣʴʢʽʩʪʴ ʤʽʩʮʴ ʦʯʽʢʫʚʘʥʥʷ ʚ ʙʫʬʝʨʥʽʡ ʧʘʤ'ʷʪʽ, h 

0 1 2 3 4 5 6 7 8 

ɟ
 =

 0
,2

 P0 0,8332 0,8064 0,8012 0,8 0,8 0,8 0,8 0,8 0,8 

P(>0) 0 0,1611 0,1922 0,1980 0,1997 0,1999 0,1999 0,1999 0,1999 

ɟ
 =

 0
,4

 P0 0,6099 0,6517 0,6416 0,6063 0,6027 0,6010 0,6 0,6 0,6 

P(>0) 0 0,4008 0,3466 0,3783 0,3911 0,3920 0,3980 0,3990 0,3991 

ɟ
 =

 0
,6

 P0 0,6251 0,5111 0,4594 0,4344 0,4195 0,4115 0,4015 0,4071 0,4027 

P(>0) 0 0,6161 0,5406 0,5105 0,5076 0,5804 0,5772 0,5077 0,6958 

ɟ
 =

 0
,8

 P0 0,55 0,4098 0,3382 0,2975 0,2716 0,2531 0,2403 0,2309 0,2248 

P(>0) 0 0,4278 0,4867 0,5805 0,6399 0,6811 0,7092 0,7299 0,7453 

 

ɿ ʚʠʢʣʘʜʝʥʦʛʦ ʚʠʱʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ [90]: 

1. ʆʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʦʧʠʩʫʶʪʴ ʨʽʟʥʽ ʩʪʘʥʠ 

ʧʨʠʢʽʥʮʝʚʠʭ ʚʫʟʣʽʚ ʤʝʨʝʞʽ NGN, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʘʭʫʚʘʪʠ ʨʽʟʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʧʨʠ 

ʧʨʽʦʨʠʪʝʪʥʦʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʧʘʢʝʪʽʚ ʟʤʽʰʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ. 

2. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʢʽʥʮʝʚʠʭ ʚʫʟʣʽʚ ʤʝʨʝʞʽ NGN, ʷʢʽ ʦʙʩʣʫʛʦʚʫʶʪʴ ʟʤʽʰʘʥʽ ʧʦʪʦʢʠ ʧʘʢʝʪʽʚ ʧʦ 

ʩʠʩʪʝʤʽ ʟ ʦʙʤʝʞʝʥʦʶ ʯʝʨʛʦʶ ʽ ʘʙʩʦʣʶʪʥʠʤ ʧʨʽʦʨʠʪʝʪʦʤ. 

3. ʆʪʨʠʤʘʥʽ ʘʥʘʣʽʪʠʯʥʽ ʬʦʨʤʫʣʠ ʽ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʢʽʥʮʝʚʦʛʦ ʚʫʟʣʘ ʟ 

ʦʙʤʝʞʝʥʦʶ ʯʝʨʛʦʶ ʽ ʘʙʩʦʣʶʪʥʠʤ ʧʨʽʦʨʠʪʝʪʦʤ ʻ ʙʽʣʴʰ ʟʘʛʘʣʴʥʠʤʠ, ʟ ʷʢʠʭ ʚ 

ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ, ʚʠʭʦʜʷʪʴ ʘʥʘʣʽʪʠʯʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʜʥʦʢʘʥʘʣʴʥʠʭ ʩʠʩʪʝʤ ʟ ʧʨʽʦʨʠʪʝʪʦʤ ʽ ʙʝʟ ʧʨʽʦʨʠʪʝʪʫ. 
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3.3. ɸʧʨʦʢʩʠʤʘʮʽʷ ʡʤʦʚʽʨʥʽʩʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ ʫ 

ʦʜʥʦʢʘʥʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʟ ʯʝʨʛʦʶ, ʥʝ ʟʘʣʝʞʥʦʛʦ ʚʽʜ ʾʭ ʥʘʜʭʦʜʞʝʥʥʷ 

 

ʈʦʟʨʘʭʫʥʦʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS ʚ ʦʜʥʦʢʘʥʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʟ ʥʝʩʢʽʥʯʝʥʥʦʶ 

ʯʝʨʛʦʶ ʟʘ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʧʝʨʝʜʙʘʯʘʻ ʟʥʘʭʦʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ 

(ʢʦʝʬʽʮʽʻʥʪʘ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ), ʧʽʩʣʷ ʯʦʛʦ ʟʘ ʬʦʨʤʫʣʦʶ ʅʦʨʨʦʩʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ 

ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʫ ʩʠʩʪʝʤʽ N ʪʘ ʽʥʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧ. 2.4). ʇʨʦʪʝ ʮʝʡ 

ʤʝʪʦʜ ʥʝ ʜʦʟʚʦʣʷʻ ʟʘ ʚʩʪʘʥʦʚʣʝʥʠʤ ʟʥʘʯʝʥʥʷʤ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ H ʨʦʟʨʘʭʫʚʘʪʠ 

ʱʝ ʡ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ QoS, ʷʢ ʽʤʦʚʽʨʥʽʩʪʴ ʦʯʽʢʫʚʘʥʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʘ 

Pw ʪʘ ʩʝʨʝʜʥʽʡ ʯʘʩ ʟʘʪʨʠʤʢʠ ʧʘʢʝʪʽʚ tq ʚ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʤʫ ʙʫʬʝʨʽ. 

ʆʮʽʥʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ 

ʨʝʘʢʮʽʾ ʩʠʩʪʝʤʠ ʥʘ ʚʭʽʜʥʠʡ ʧʦʪʽʢ ʧʘʢʝʪʽʚ. ʇʽʜ ʨʝʘʢʮʽʻʶ ʩʠʩʪʝʤʠ ʨʦʟʫʤʽʶʪʴ ʾʾ 

ʩʪʘʥʠ, ʷʢʽ ʯʝʨʝʟ ʚʠʧʘʜʢʦʚʫ ʧʨʠʨʦʜʫ ʧʦʪʦʢʫ ʧʘʢʝʪʽʚ ʤʘʪʝʤʘʪʠʯʥʦ ʦʧʠʩʫʶʪʴʩʷ 

ʡʤʦʚʽʨʥʽʩʥʦʶ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ ʢʽʣʴʢʦʩʪʽ ʟʘʡʥʷʪʠʭ ʢʘʥʘʣʽʚ ʪʘ ʤʽʩʮʴ 

ʦʯʽʢʫʚʘʥʥʷ pk, ʜʝ k ï ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʫ ʩʠʩʪʝʤʽ (ʫ ʢʘʥʘʣʘʭ ʽ ʯʝʨʟʽ). ʎʷ ʬʫʥʢʮʽʷ 

ʟʙʽʛʘʻʪʴʩʷ ʽʟ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ ʫ ʩʠʩʪʝʤʽ (ʦʙʩʣʫʛʦʚʫʚʘʥʠʭ ʽ 

ʪʠʭ, ʱʦ ʯʝʢʘʶʪʴ ʫ ʯʝʨʟʽ), ʦʩʢʽʣʴʢʠ ʢʦʞʥʠʡ ʧʘʢʝʪ ʟʘʡʤʘʻ ʦʜʠʥ ʢʘʥʘʣ ʧʨʠ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʘʙʦ ʦʜʥʝ ʤʽʩʮʝ ʫ ʯʝʨʟʽ ʧʨʠ ʦʯʽʢʫʚʘʥʥʽ [1].  

ʆʪʞʝ, ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʬʫʥʢʮʽʶ ʨʦʟʧʦʜʽʣʫ ʩʪʘʥʽʚ ʦʜʥʦʢʘʥʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʟ ʥʝʩʢʽʥʯʝʥʥʦʶ ʯʝʨʛʦʶ ʽ ʥʘ ʾʾ ʦʩʥʦʚʽ ʦʪʨʠʤʘʪʠ ʬʦʨʤʫʣʠ ʨʦʟʨʘʭʫʥʢʫ 

ʽʤʦʚʽʨʥʦʩʪʽ ʦʯʽʢʫʚʘʥʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʘ ʪʘ ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ ʟʘʪʨʠʤʢʠ 

ʧʘʢʝʪʽʚ ʚ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʤʫ ʙʫʬʝʨʽ. ʄʘʻʤʦ: ʩʘʤʦʧʦʜʽʙʥʠʡ ʚʭʽʜʥʠʡ ʧʦʪʽʢ, 

ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʤʽʞ ʧʘʢʝʪʘʤʠ ʷʢʦʛʦ ʦʧʠʩʫʻʪʴʩʷ ʨʦʟʧʦʜʽʣʘʤʠ ʇʘʨʝʪʦ ʘʙʦ 

ɺʝʡʙʫʣʣʘ; ʜʠʩʮʠʧʣʽʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʽʚ ʧʦʪʦʢʫ ï ʙʝʟ ʚʪʨʘʪ ʽʟ ʤʦʞʣʠʚʽʩʪʶ 

ʦʯʽʢʫʚʘʥʥʷ ʚ ʥʝʩʢʽʥʯʝʥʥʽʡ ʯʝʨʟʽ, ʜʠʩʮʠʧʣʽʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʽʚ ʽʟ ʯʝʨʛʠ ï 

ʟʘ ʧʨʘʚʠʣʦʤ FIFO, ʩʭʝʤʘ ï ʦʜʥʦʢʘʥʘʣʴʥʘ. 

ʉʪʘʥ ʩʠʩʪʝʤʠ ï ʮʝ ʧʦʪʦʯʥʘ ʢʽʣʴʢʽʩʪʴ ʚʠʤʦʛ ʩʠʩʪʝʤʠ, ʱʦ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ ʫ 

ʩʝʨʚʝʨʘʭ. ɿʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʝʨʝʜʥʴʦʾ ʢʽʣʴʢʦʩʪʽ 

ʚʠʤʦʛ ʚ ʥʽʡ (ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ), ʙʽʣʴʰ ʧʦʚʥʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉʈɯ 

ʧʽʜ ʚʧʣʠʚʦʤ ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ [1]. 



101 

ɼʠʩʢʨʝʪʥʽ ʩʪʘʥʠ ʩʠʩʪʝʤʠ Sk ʟʤʽʥʶʶʪʴʩʷ ʟʘ ʢʦʞʥʦʾ ʧʦʜʽʾ ʥʘʜʭʦʜʞʝʥʥʷ 

ʚʠʤʦʛʠ ʘʙʦ ʟʘʢʽʥʯʝʥʥʽ ʾʾ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɼʣʷ ʧʫʘʩʩʦʥʽʚʩʴʢʦʛʦ ʧʦʪʦʢʫ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʚʠʤʦʛ ɚ ʻ ʚʝʣʠʯʠʥʘ ʥʝʟʤʽʥʥʘ. ʗʢʱʦ ʩʠʩʪʝʤʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʩʪʘʥʽ Sk ʽ ʥʘʜʭʦʜʠʪʴ ʚʠʤʦʛʘ, ʪʦ ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪʴ ʟ ʦʜʥʘʢʦʚʦʶ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ɚ ʫ ʩʪʘʥ Sk+1 ʟʘ ʙʫʜʴ-ʷʢʦʛʦ k. ɺ ʨʘʟʽ ʟʘʢʽʥʯʝʥʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʚʠʤʦʛʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʟ ʷʢʦʶ ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪʴ ʟʽ ʩʪʘʥʫ Sk ʫ ʩʪʘʥ Sk-1 ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʟʘʡʥʷʪʠʭ ʩʝʨʚʝʨʽʚ ʘʙʦ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ [1]. 

ʉʪʘʮʽʦʥʘʨʥʠʡ ʨʦʟʧʦʜʽʣ ʽʤʦʚʽʨʥʦʩʪʝʡ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ Pk ʜʣʷ ʜʠʩʢʨʝʪʥʦʛʦ 

ʣʘʥʮʶʛʘ ʄʘʨʢʦʚʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ [91]: 

ä=
i

kiik pPP , ,     (3.19) 

ʜʝ pi,k ï ʽʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʩʠʩʪʝʤʠ ʟʽ ʩʪʘʥʫ i ʫ ʩʪʘʥ k [1, 91]. ʇʨʠ ʮʴʦʤʫ 

ʨʦʟʧʦʜʽʣ (3.19) ʤʘʻ ʟʘʜʦʚʦʣʴʥʷʪʠ ʫʤʦʚʽ ʥʦʨʤʫʚʘʥʥʷ, ʟʘ ʷʢʦʾ ä =
=

m

k
kP

0

1.  

ʍʦʯʘ ʜʠʩʮʠʧʣʽʥʘ ʚʠʙʦʨʫ ʟ ʯʝʨʛʠ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʩʝʨʝʜʥʽʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʚ 

ʩʠʩʪʝʤʽ W, ʘʣʝ ʚʠʧʘʜʢʦʚʠʡ ʚʠʙʽʨ ʟ ʯʝʨʛʠ ʟʙʽʣʴʰʫʻ ʜʠʩʧʝʨʩʽʶ ʯʘʩʫ ʦʯʽʢʫʚʘʥʥʷ 

ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʙʦʨʦʤ ʫ ʧʦʨʷʜʢʫ ʥʘʜʭʦʜʞʝʥʥʷ [92]. 

ɼʣʷ ʧʘʯʢʦʚʦʛʦ ʪʨʘʬʽʢʘ ʭʘʨʘʢʪʝʨʥʘ ʩʠʣʴʥʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ, ʟʘ ʷʢʦʾ ʧʘʢʝʪʠ ʛʨʫʧʫʶʪʴʩʷ ʚ çʧʘʯʢʠè ʥʘ ʦʜʥʠʭ ʽʥʪʝʨʚʘʣʘʭ, 

ʽ ʧʦʚʥʽʩʪʶ ʚʽʜʩʫʪʥʽ ʘʙʦ ʾʭ ʜʫʞʝ ʤʘʣʦ ʥʘ ʽʥʰʠʭ ʽʥʪʝʨʚʘʣʘʭ ʯʘʩʫ. ʊʦʤʫ, ʟʘ ʪʘʢʦʛʦ 

ʪʨʘʬʽʢʘ ʫ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ ʩʠʩʪʝʤʽ ʽʩʪʦʪʥʦ ʟʨʦʩʪʘʻ 

ʡʤʦʚʽʨʥʽʩʪʴ P0 ʧʦʚʥʦʾ ʚʽʜʩʫʪʥʦʩʪʽ ʧʘʢʝʪʽʚ ʫ ʥʽʡ, ʱʦ ʽ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.1.  

 

ʈʠʩ. 3.1  ʌʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ pk ʪʘ ʾʾ ʘʧʨʦʢʩʠʤʘʮʽʷ Ak 
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ɽʬʝʢʪʠʚʥʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘʢʦʛʦ ʪʨʘʬʽʢʘ ʜʫʞʝ ʥʠʟʴʢʘ, ʦʩʢʽʣʴʢʠ ʚ 

ʧʨʦʮʝʩʽ ʡʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʫ ʧʝʨʽʦʜʠ ʩʧʘʜʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʽʤʦʚʽʨʥʽʩʪʶ P0  

ʨʝʩʫʨʩʠ ʩʠʩʪʝʤʠ ʩʠʣʴʥʦ ʥʝʜʦʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʘ ʧʨʠ ʧʽʢʘʭ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʫʚʘʪʠ ʜʦʚʞʠʥʫ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʛʦ ʙʫʬʝʨʘ ʜʣʷ ʥʝʜʦʧʫʱʝʥʥʷ 

ʚʪʨʘʪ ʧʘʢʝʪʽʚ. ʇʨʦʝʢʪʫʚʘʥʥʷ ʞ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʩʠʩʪʝʤʠ, ʷʢ ʧʨʘʚʠʣʦ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʭʦʜʷʯʠ ʽʟ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʬʽʢʘ, ʱʦ ʥʝ 

ʟʘʙʝʟʧʝʯʫʻ ʦʜʥʦʯʘʩʥʦ ʾʾ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [96]. 

ɯʟ ʨʠʩ. 3.1 ʚʠʧʣʠʚʘʻ, ʱʦ ʯʘʩʪʠʥʘ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʢʽʣʴʢʦʩʪʽ ʚʠʤʦʛ ʫ 

ʩʠʩʪʝʤʽ pk ʙʝʟ ʽʤʦʚʽʨʥʦʩʪʽ P0 ʜʦʩʪʘʪʥʴʦ ʷʢʽʩʥʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʽʟ ʘʧʨʦʢʩʠʤʘʮʽʻʶ 

Ak, ʚ ʷʢʦʩʪʽ ʷʢʦʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘʩʪʫʧʥʠʡ ʚʠʨʘʟ [96]: 

ö
÷

õ
æ
ç

å r
-

r
r= k

NN
Ak exp ,     (3.20) 

ʜʝ ɟ ï ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʩʠʩʪʝʤʠ (0,3 < ɟ < 1); N ï ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʫ 

ʩʠʩʪʝʤʽ. 

ɸʧʨʦʢʩʠʤʘʮʽʷ Ak ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʧʦʤʥʦʞʝʥʥʷ ʟʘʛʨʫʟʢʠ ʩʠʩʪʝʤʠ ɟ ʥʘ ʜʝʷʢʫ 

ʬʫʥʢʮʽʶ ʟ ʧʘʨʘʤʝʪʨʦʤ (ɟ / N). ʋ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ pk ʥʘ ʨʠʩ. 3.1 ʢʦʞʥʝ 

ʟʥʘʯʝʥʥʷ Pk ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʦʤʝʥʪʫ ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʘ ʫ ʩʠʩʪʝʤʫ. 

ɼʣʷ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ "
kp , ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʽʤʦʚʽʨʥʦʩʪʝʡ 

"
kP  ʥʘʷʚʥʦʩʪʽ ʫ ʩʠʩʪʝʤʽ k ʧʘʢʝʪʽʚ ʪʽʣʴʢʠ ʧʽʜ ʯʘʩ ʥʝʥʘʜʭʦʜʞʝʥʥʷ ʥʦʚʠʭ ʧʘʢʝʪʽʚ, 

ʧʦʜʽʷ çʦʯʽʢʫʚʘʥʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷè ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʫ ʩʠʩʪʝʤʽ ʻ 

ʜʚʘ ʪʘ ʙʽʣʴʰʝ ʧʘʢʝʪʽʚ, ʪʦʙʪʦ ʽʤʦʚʽʨʥʽʩʪʴ ʦʯʽʢʫʚʘʥʥʷ 

 "
1

"
01 PPPw --= .      (3.21) 

ʏʘʩʪʠʥʘ ʘʧʨʦʢʩʠʤʘʮʽʾ Ak, ʧʦʯʠʥʘʶʯʠ ʟ A1, ʙʣʠʟʴʢʘ ʜʦ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ 

ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ ʫ ʩʠʩʪʝʤʽ pk, ʘʣʝ ʙʝʟ ʽʤʦʚʽʨʥʦʩʪʽ P0. ɸʧʨʦʢʩʠʤʘʮʽʷ Ak ʙʝʟ A0 

ʥʘʙʣʠʞʝʥʦ ʦʧʠʩʫʻ ʥʦʚʠʡ ʧʨʦʩʪʽʨ ʧʦʜʽʡ ʥʘʷʚʥʦʩʪʽ ʫ ʩʠʩʪʝʤʽ ʚʽʜ ʦʜʥʦʛʦ ʜʦ 

ʥʝʩʢʽʥʯʝʥʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ. ʋ ʮʴʦʤʫ ʥʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʧʦʜʽʡ (ʙʝʟ P0) ʤʦʞʥʘ 

ʨʦʟʨʘʭʫʚʘʪʠ ʡʤʦʚʽʨʥʦʩʪʽ '"
1P , '"

2P  ʽ ʪʘʢ ʜʘʣʽ, ʨʦʟʛʣʷʜʫʶʯʠ ʾʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʢʣʘʩʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ï çʡʤʦʚʽʨʥʽʩʪʴ ʧʦʜʽʾ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ 
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ʢʽʣʴʢʦʩʪʽ ʩʧʨʠʷʪʣʠʚʠʭ ʮʽʡ ʧʦʜʽʾ ʚʠʧʘʜʢʽʚ ʜʦ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʧʘʜʢʽʚè. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʧʨʠʢʣʘʜ, ʽʤʦʚʽʨʥʽʩʪʴ '"
1P  ʙʫʜʝ ʚʠʟʥʘʯʝʥʘ ʪʘʢ [97]: 

ä
¤

=

=

0

1'"
1

k
kA

A
P .     (3.22) 

ʉʫʤʘ ʚʩʽʭ ʽʤʦʚʽʨʥʦʩʪʝʡ Ak ʚ ʟʥʘʤʝʥʥʠʢʫ (3.22) ʦʪʨʠʤʘʥʘ ʽʟ ʧʨʦʩʪʦʨʫ 

ʧʦʜʽʡ, ʷʢʠʡ ʩʧʽʚʧʘʜʘʻ ʟ ʧʨʦʩʪʦʨʦʤ, ʚ ʷʢʦʤʫ ʚʠʣʫʯʝʥʦ ʧʦʜʽʶ çʧʦʚʥʦʾ ʚʽʜʩʫʪʥʦʩʪʽ 

ʧʘʢʝʪʽʚ ʫ ʩʠʩʪʝʤʽè ʟ ʽʤʦʚʽʨʥʽʩʪʶ P0 ʽʟ ʨʦʟʧʦʜʽʣʫ pk, ʜʝ ʢʦʞʥʝ ʟʥʘʯʝʥʥʷ Pk ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʥʘʜʭʦʜʠʪʴ ʯʠ ʥʝ ʥʘʜʭʦʜʠʪʴ ʧʘʢʝʪ ʫ ʩʠʩʪʝʤʫ. ʅʦʨʤʫʚʘʥʥʷ 

ʡʤʦʚʽʨʥʦʩʪʽ A1 ʚʠʢʦʥʫʻʪʴʩʷ ʩʫʤʦʶ ʡʤʦʚʽʨʥʦʩʪʝʡ Ak ʘʙʦ ʡʤʦʚʽʨʥʦʩʪʝʡ ʧʨʦʩʪʦʨʫ, 

ʫ ʷʢʦʤʫ ʥʝʤʦʞʣʠʚʘ ʧʦʜʽʷ çʚʽʜʩʫʪʥʽʩʪʴ ʧʘʢʝʪʽʚ ʫ ʩʠʩʪʝʤʽè, ʚʽʜ ʯʦʛʦ ʧʘʢʝʪʠ ʫ 

ʩʠʩʪʝʤʽ çʟʘʚʞʜʠ ʻè (ʚ ʤʦʤʝʥʪʠ ʾʭ ʥʘʜʭʦʜʞʝʥʥʷ ʽ ʥʝʥʘʜʭʦʜʞʝʥʥʷ). ʊʦʤʫ ʯʠʩʣʝʥʦ 

ʚʝʣʠʯʠʥʘ ʽʤʦʚʽʨʥʦʩʪʽ "
0P  ʫ ʽʤʦʚʽʨʥʦʩʪʽ '"

1P  ʚʞʝ ʻ. ʗʢʱʦ ʫ ʩʠʩʪʝʤʽ çʟʘʚʞʜʠ ʻè 

ʧʘʢʝʪʠ, ʪʦ ʧʨʠ ʮʴʦʤʫ ʧʦʜʽʷ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʥʘʷʚʥʦʩʪʽ ʫ ʩʠʩʪʝʤʽ ʦʜʥʦʛʦ ʧʘʢʝʪʘ 

(ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʘ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʟʘ ʧʦʩʪʽʡʥʦʾ ʾʭ ʥʘʷʚʥʦʩʪʽ), ʤʦʞʝ ʙʫʪʠ 

ʪʽʣʴʢʠ ʧʽʜ ʯʘʩ ʥʝʥʘʜʭʦʜʞʝʥʥʷ ʥʦʚʠʭ ʧʘʢʝʪʽʚ. ʊʦʤʫ ʯʠʩʣʝʥʦ ʡ ʚʝʣʠʯʠʥʘ 

ʽʤʦʚʽʨʥʦʩʪʽ "
1P  ʫ ʽʤʦʚʽʨʥʦʩʪʽ '"

1P  ʪʘʢʦʞ ʫʞʝ ʻ. ʆʪʞʝ, ʽʤʦʚʽʨʥʽʩʪʴ '"
1P  ʜʦʨʽʚʥʶʻ 

ʩʫʤʽ ʡʤʦʚʽʨʥʦʩʪʝʡ "
0P  ʪʘ "1P ʽ ʪʦʤʫ [98] 

 "
1

"
0

'"
1 PPP += .     (3.23) 

ʆʪʞʝ ʽʤʦʚʽʨʥʽʩʪʴ ʦʯʽʢʫʚʘʥʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʘ ʚ ʦʜʥʦʢʘʥʘʣʴʥʽʡ 

ʩʠʩʪʝʤʽ ʟ ʥʝʩʢʽʥʯʝʥʥʦʶ ʯʝʨʛʦʶ ʚʠʟʥʘʯʠʪʴʩʷ ʪʘʢ: 
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PP .     (3.24) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʩʪʽʡʥʦʾ ʯʘʩʪʠʥʠ 
N

r
r  ʘʧʨʦʢʩʠʤʫʶʯʦʾ ʬʫʥʢʮʽʾ (3.20), ʷʢʘ ʻ 

ʚ ʯʠʩʝʣʴʥʠʢʫ ʽ ʟʥʘʤʝʥʥʠʢʫ ʚʠʨʘʟʫ (3.24), ʢʽʥʮʝʚʦʶ ʬʦʨʤʫʣʘ ʨʦʟʨʘʭʫʥʢʫ ʙʫʜʝ 

ʪʘʢʦʶ: 
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ʆʪʞʝ, ʷʢʱʦ ʟʘʜʘʪʠ ʩʝʨʝʜʥʶ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʚ ʩʠʩʪʝʤʽ N (ʘʙʦ ʧʽʩʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʟʘ ʬʦʨʤʫʣʦʶ ʅʦʨʨʦʩʘ [2, 9] ʨʦʟʨʘʭʫʚʘʪʠ ʚʝʨʭʥʶ 

ʤʝʞʫ ʤʦʞʣʠʚʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ N), ʪʦ ʩʢʦʨʠʩʪʘʚʰʠʩʴ ʘʧʨʦʢʩʠʤʘʮʽʻʶ 

(3.20) ʟʘ ʬʦʨʤʫʣʦʶ (3.22), ʘʙʦ ʚʽʜʨʘʟʫ ʟʘ ʬʦʨʤʫʣʦʶ (3.25) ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ 

ʽʤʦʚʽʨʥʽʩʪʴ ʦʯʽʢʫʚʘʥʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʘ Pw.  

ɼʘʣʽ ʯʝʨʝʟ ʚʽʜʦʤʽ ʩʧʚʚʽʜʥʦʰʝʥʥʷ [1] ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ:  

ï ʩʝʨʝʜʥʽʡ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʚʠʤʦʛ ʫ ʩʠʩʪʝʤʽ T 

N
T=
r

;      (3.26) 

ï ʩʝʨʝʜʥʽʡ ʯʘʩ ʟʘʪʨʠʤʢʠ ʚʠʤʦʛ ʫ ʩʠʩʪʝʤʽ W 

1W T= -,      (3.27) 

ʜʝ T ʠ W ʜʘʥʦ ʚ ʫʤʦʚʥʠʭ ʦʜʠʥʠʮʷʭ ʩʝʨʝʜʥʴʦʾ ʪʨʠʚʘʣʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʇʽʩʣʷ ʮʴʦʛʦ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʩʝʨʝʜʥʽʡ ʯʘʩ ʟʘʪʨʠʤʢʠ ʧʘʢʝʪʽʚ ʫ 

ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʤʫ ʙʫʬʝʨʽ ʟʘ ʬʦʨʤʫʣʦʶ 

 
w

q
P

W
t = .      (3.28) 

ʜʝ tq ʜʘʥʦ ʚ ʫʤʦʚʥʠʭ ʦʜʠʥʠʮʷʭ ʩʝʨʝʜʥʴʦʾ ʪʨʠʚʘʣʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʠʣʦ ʢʦʨʝʢʪʥʽʩʪʴ ʜʘʥʦʛʦ ʤʝʪʦʜʘ 

ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʦʜʥʦʢʘʥʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʽʟ 

ʩʘʤʦʧʦʜʽʙʥʠʤ ʪʨʘʬʽʢʦʤ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʭʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʽ 

ʨʦʟʨʘʭʫʥʢʫ ʥʝ ʧʝʨʝʚʠʱʫʻ 5 % ʧʨʠ ʟʤʽʥʽ ʟʘʛʨʫʟʢʠ ʩʠʩʪʝʤʠ ʚ ʜʽʘʧʘʟʦʥʽ  0,3 < ɟ < 1 

(ʧʨʠ ɟ Ó 0,6 ʧʦʭʠʙʢʘ ʤʝʥʰʝ 2 %) ʽ ʟʤʽʥʽ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʚ ʜʽʘʧʘʟʦʥʽ 

0,5 < H < 0,9 [98].  
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3.4. ɸʥʘʣʽʟ ʡʤʦʚʽʨʥʽʩʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ ʫ ʦʜʥʦʢʘʥʘʣʴʥʽʡ 

ʩʠʩʪʝʤʽ ʟ ʯʝʨʛʦʶ, ʟʘʣʝʞʥʦʛʦ ʚʽʜ ʾʭ ʥʘʜʭʦʜʞʝʥʥʷ 

 

ɺʽʜʦʤʦ, ʱʦ ʟʘ ʥʝʧʫʘʩʩʦʥʽʚʩʴʢʦʛʦ ʧʦʪʦʢʫ, ʥʘʧʨʠʢʣʘʜ, ʟ ʜʦʚʽʣʴʥʠʤ 

ʨʦʟʧʦʜʽʣʦʤ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʤʽʞ ʤʦʤʝʥʪʘʤʠ ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ GI (G ï general, 

ʜʦʚʽʣʴʥʠʡ; I ï ʨʝʢʫʨʝʥʪʥʠʡ ʧʦʪʽʢ), ʷʢʠʤ ʤʦʞʝ ʙʫʪʠ ʡ ʩʘʤʦʧʦʜʽʙʥʠʡ ʧʦʪʽʢ ʪʠʧʫ 

fBM ʽʤʦʚʽʨʥʽʩʪʴ ʦʯʽʢʫʚʘʥʥʷ ʚ ʦʜʥʦʢʘʥʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʟʛʽʜʥʦ ʟ [92, ʩ. 89] 

ʚʠʟʥʘʯʘʻʪɹʩʷ ʪʘʢ: 

'
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' 1 PPP
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,     (3.29) 

ʜʝ 'iP  ï ʽʤʦʚʽʨʥʽʩʪʴ ʥʘʷʚʥʦʩʪʽ ʫ ʩʠʩʪʝʤʽ i ʧʘʢʝʪʽʚ ʫ ʤʦʤʝʥʪʠ ʥʘʜʭʦʜʞʝʥʥʷ ʥʦʚʠʭ 

ʧʘʢʝʪʽʚ. ɿ ʬʦʨʤʫʣʠ (3.29) ʚʠʧʣʠʚʘʻ, ʱʦ ʟʘ ʥʘʷʚʥʦʩʪʽ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʩʪʘʥʽʚ 

ʩʠʩʪʝʤʠ ʫ ʤʦʤʝʥʪʠ ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ ʨʦʟʨʘʭʫʥʦʢ ʽʤʦʚʽʨʥʦʩʪʽ ʦʯʽʢʫʚʘʥʥʷ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʘ ʩʪʘʻ ʟʥʘʯʥʦ ʧʨʦʩʪʽʰʠʤ. ʆʪʞʝ, ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 

ʬʫʥʢʮʽ ʁʨʦʟʧʦʜʽʣʫ ʩʪʘʥʽʚ ʦʜʥʦʢʘʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʥʝʩʢʽʥʯʝʥʥʦʶ ʯʝʨʛʦʶ ʪʘ 

ʩʘʤʦʧʦʜʙ̔ʥʠʤ ʪʨʘʬʽʢʦʤ ʫ ʤʦʤʝʥʪʠ ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ. 

ɿʘʚʘʥʪʘʞʝʥʽʩʪʴ ʩʠʩʪʝʤʠ ɟ (utilization factor) ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʚʠʤʦʛ ɚ ʜʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ Õ. ɼʣʷ 

ʦʜʥʦʢʘʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ʙʫʜʴ-ʷʢʦʛʦ ʧʦʪʦʢʫ ʧʘʢʝʪʽʚ (ʜʦʚʽʣʴʥʠʡ ʨʦʟʧʦʜʽʣ G 

ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʤʽʞ ʤʦʤʝʥʪʘʤʠ ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ) ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʩʠʩʪʝʤʠ 

ɟ = 1 ï P0,      (3.30) 

ʜʝ P0 ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ pk, ʷʢʠʡ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʦʤʝʥʪʽʚ ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʢʝʪʽʚ ʜʦ ʩʠʩʪʝʤʠ. ʋ ʩʪʘʥʽ P0 ʫ ʩʠʩʪʝʤʽ 

ʥʝʤʘʻ ʧʘʢʝʪʽʚ (ʩʠʩʪʝʤʘ ʚʽʣʴʥʘ) ʽ ʪʦʤʫ ʽʤʦʚʽʨʥʽʩʪʴ ʟʘʡʥʷʪʦʩʪʽ [1] 

Pʟʥ = 1 ï P0 = ɟ.     (3.31) 

ɿʘ ʧʫʘʩʩʦʥʽʚʩʴʢʦʛʦ ʧʦʪʦʢʫ ʽʤʦʚʽʨʥʽʩʪʴ ʦʯʽʢʫʚʘʥʥʷ Pw ʟʙʽʛʘʻʪʴʩʷ ʟ 

ʽʤʦʚʽʨʥʽʩʪʶ ʟʘʡʥʷʪʦʩʪʽ ʩʠʩʪʝʤʠ Pʟʥ ʽ ʪʦʤʫ [1] 

Pw = Pʟʥ = ɟ.     (3.32) 



106 

ɿʘ ʙʫʜʴ-ʷʢʦʛʦ ʽʥʰʦʛʦ ʚʠʜʫ ʧʦʪʦʢʫ (ʥʘʧʨʠʢʣʘʜ, ʟʘ ʨʦʟʧʦʜʽʣʦʤ ʇʘʨʝʪʦ ʘʙʦ 

ɺʝʡʙʫʣʣʘ) Pw Í Pʟʥ ʽ ʪʦʤʫ ʽʤʦʚʽʨʥʽʩʪʴ ʦʯʽʢʫʚʘʥʥʷ ʚ ʦʜʥʦʢʘʥʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʪʘʢʘ: 

0
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1 RRP
k

kw -==ä
¤

=

,      (3.33) 

ʜʝ Rk ï ʽʤʦʚʽʨʥʽʩʪʴ ʥʘʷʚʥʦʩʪʽ ʫ ʩʠʩʪʝʤʽ k ʧʘʢʝʪʽʚ ʫ ʤʦʤʝʥʪʠ ʥʘʜʭʦʜʞʝʥʥʷ ʥʦʚʠʭ 

ʧʘʢʝʪʽʚ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ ʫ ʩʠʩʪʝʤʽ ʫ 

ʤʦʤʝʥʪʠ ʥʘʜʭʦʜʞʝʥʥʷ ʥʦʚʠʭ ʧʘʢʝʪʽʚ rk [99]. 

ɿʘ ʧʫʘʩʩʦʥʽʚʩʴʢʦʛʦ ʧʦʪʦʢʫ ʽʤʦʚʽʨʥʽʩʪʴ ʦʯʽʢʫʚʘʥʥʷ Pw ʟʙʽʛʘʻʪʴʩʷ ʟ 

ʽʤʦʚʽʨʥʽʩʪʶ ʟʘʡʥʷʪʦʩʪʽ ʩʠʩʪʝʤʠ Pʟʥ ʽ ʪʦʤʫ Pw = Pʟʥ = ɟ ʟʘ ʙʫʜʴ-ʷʢʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʪʨʠʚʘʣʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘʣʝ ʟʘ ʜʦʚʽʣʴʥʦʛʦ ʧʦʪʦʢʫ ʧʘʢʝʪʽʚ Pw Í Pʟʥ. 

ʈʦʟʧʦʜʽʣ pk ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʨʦʟʧʦʜʽʣʫ rk ʪʠʤ, ʱʦ 

P0 = 1 ï Pʟʥ,      (3.34)  

ʫ ʪʦʡ ʯʘʩ ʷʢ  

R0 = 1ï Pw.       (3.35) 

ɿʘ ʧʫʘʩʩʦʥʽʚʩʴʢʦʛʦ ʧʦʪʦʢʫ pk = rk. ɿ ʮʴʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʧʘʢʝʪ ʦʯʽʢʫʻ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟ ʽʤʦʚʽʨʥʽʩʪʶ Pw = 1 ï R0, ʷʢʘ ʤʘʻ ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʴ ʟ ʨʦʟʧʦʜʽʣʫ 

rk ʢʽʣʴʢʦʩʪʽ ʧʘʢʝʪʽʚ ʫ ʩʠʩʪʝʤʽ ʫ ʤʦʤʝʥʪʠ ʥʘʜʭʦʜʞʝʥʥʷ ʥʦʚʠʭ ʧʘʢʝʪʽʚ. 

ɺʽʜʦʤʦ [93, ʩ. 270], ʱʦ ʫʤʦʚʥʠʡ ʨʦʟʧʦʜʽʣ ʜʦʚʞʠʥʠ ʯʝʨʛʠ ʚ ʩʠʩʪʝʤʽ 

G/M/m/Ð  (ʟʘ ʫʤʦʚʠ, ʱʦ ʯʝʨʛʘ ʽʩʥʫʻ) ʤʘʻ ʛʝʦʤʝʪʨʠʯʥʠʡ ʨʦʟʧʦʜʽʣ. ʉʠʩʪʝʤʘ 

G/M/m/1 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʽʣʴʢʦʩʪʽ ʚʠʤʦʛ ʚ ʤʦʤʝʥʪʠ 

ʥʘʜʭʦʜʞʝʥʥʷ ʥʦʚʦʾ ʚʠʤʦʛʠ; ʮʝ ʩʧʨʘʚʝʜʣʠʚʦ ʷʢ ʙʝʟʫʤʦʚʥʝ ʪʚʝʨʜʞʝʥʥʷ 

ʙʝʟʚʽʜʥʦʩʥʦ ʜʦ ʚʠʜʫ ʨʦʟʧʦʜʽʣʫ ʧʨʦʤʽʞʢʽʚ ʯʘʩʫ ʤʽʞ ʚʭʽʜʥʠʤʠ ʚʠʤʦʛʘʤʠ [93, ʩ. 

272]. 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʫ (3.33) ʚʝʨʭʥʷ ʤʝʞʘ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʥʝ ʜʦ 

ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ, ʘ ʜʦ ʨʝʘʣʴʥʦʾ ʜʦʚʞʠʥʠ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʛʦ ʙʫʬʝʨʘ ʩʠʩʪʝʤʠ, 

ʪʦʙʪʦ ʜʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ Nmax, ʟʘ ʷʢʦʛʦ ʥʝʤʘʻ ʚʪʨʘʪ. 
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1. ʈʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʤʝʨʝʞʝʶ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʦʢʘʟʥʠʢʘ QoS 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʯʝʨʝʟ ʤʦʞʣʠʚʦʩʪʽ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟ̔ ʚʠʜʽʣʷʪʠ ʨʝʩʫʨʩʠ ʤʝʨʝʞʽ. ʷʢʽ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʥʘʜʘʥʥʷ ʷʢʽʩʥʦʾ ʧʦʩʣʫʛʠ. ʆʜʥʠʤ ʟ̔ ʩʧʦʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ QoS ʜʣʷ ʢʦʞʥʦʾ ʟ ʧʦʩʣʫʛ ʤʝʨʝʞʽ ʻ ʚʚʝʜʝʥʥʷ ʧʨʽʦʨʠʪʝʪʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʝʚʥʠʭ ʧʦʪʦʢʽʚ ʪʨʘʬʽʢʘ. ɺʚʝʜʝʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ ʜʣʷ ʧʘʢʝʪʽʚ ï ʮʝ 

ʝʬʝʢʪʠʚʥʠʡ ʩʧʦʩʽʙ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʤʽʨʘʤʠ ʯʝʨʛ ʽ ʯʘʩʫ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʥʽʡ. 

2. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʘʧʨʦʢʩʠʤʘʮʽ ʁʽʤʦʚʽʨʥʽʩʥʦ ʾʬʫʥʢʮʽ ʾʨʦʟʧʦʜʽʣʫ ʩʪʘʥʽʚ 

ʦʜʥʦʢʘʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʥʝʩʢʽʥʯʝʥʥʦʶ ʯʝʨʛʦʶ ʟʘ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ,  ʜʣʷ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʮʷ ʬʫʥʢʮʽʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʦʤʝʥʪʽʚ ʥʘʜʭʦʜʞʝʥʥʷ ʜʦ ʩʠʩʪʝʤʠ 

ʧʘʢʝʪʽʚ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ. ʇʨʠ ʮʴʦʤʫ ʘʧʨʦʢʩʠʤʘʮʽʷ ʧʦʜʽʙʥʘ ʜʦ 

ʝʢʩʧʦʥʝʥʪʥʦʾ ʬʫʥʢʮʽʾ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʟʧʦʜʽʣʫ ɟ / N. 

3. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʽʤʦʚʽʨʥʦʩʪʽ ʟʘʪʨʠʤʢʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʪʘ ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ ʟʘʪʨʠʤʢʠ ʧʘʢʝʪʽʚ ʫ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʤʫ ʙʫʬʝʨʽ ʦʜʥʦʢʘʥʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʟ ʥʝʩʢʽʥʯʝʥʥʦʶ ʯʝʨʛʦʶ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʮʴʦʛʦ ʥʦʚʦʾ ʬʫʥʢʮʽʾ 

ʨʦʟʧʦʜʽʣʫ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ, ʷʢʘ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʦʤʝʥʪʽʚ ʥʘʜʭʦʜʞʝʥʥʷ ʜʦ 

ʩʠʩʪʝʤʠ ʧʘʢʝʪʽʚ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ.  

4. ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʠʣʦ ʢʦʨʝʢʪʥʽʩʪʴ ʤʝʪʦʜʘ ʨʦʟʨʘʭʫʥʢʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʦʜʥʦʢʘʥʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʽʟ ʩʘʤʦʧʦʜʽʙʥʠʤ 

ʪʨʘʬʽʢʦʤ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʭʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʨʦʟʨʘʭʫʥʢʫ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 5 % ʧʨʠ ʟʤʽʥʽ ʟʘʛʨʫʟʢʠ ʩʠʩʪʝʤʠ ʚ ʜʽʘʧʘʟʦʥʽ  0,4 < ɟ < 1 (ʧʨʠ ɟ Ó 0,6 

ʧʦʭʠʙʢʘ ʤʝʥʰʝ 2 %) ʽ ʟʤʽʥʽ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʘ ʍʝʨʩʪʘ ʚ ʜʽʘʧʘʟʦʥʽ 0,5 < H < 0,9. 

ʊʘʢʘ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʧʦʩʪʽʡʥʦʾ ʪʘ 

ʝʢʩʧʦʥʝʥʪʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʢʝʪʽʚ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʚʝʜʝʥʠʭ ʚ ʨʦʟʜʽʣʽ 3, ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ ʨʦʙʦʪʘʭ 

ʘʚʪʦʨʘ [65-67, 90, 96-102]. 
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ʈʆɿɼɯʃ 4 

ɯʄɯʊɸʎɯʁʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʉɸʄʆʇʆɼɯɹʅʆɻʆ ʊʈɸʌɯʂɸ ʊɸ 

ʁʆɻʆ ʆɹʉʃʋɻʆɺʋɺɸʅʅʗ ʋ ʆɼʅʆʂɸʅɸʃʔʅɯʁ ʉʀʉʊɽʄɯ ɿ 

ʏɽʈɻʆʖ 

 

4.1. ɺʠʙʽʨ ʩʝʨʝʜʦʚʠʱʘ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

 

ɯʤʽʪʘʮʽʡʥʽ ʤʦʜʝʣʽ ï ʦʩʦʙʣʠʚʠʡ ʢʣʘʩ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ. ʊʘʢʽ ʤʦʜʝʣʽ 

ʷʚʣʷʶʪʴ ʩʦʙʦʶ, ʷʢ ʧʨʘʚʠʣʦ, ʢʦʤʧ'ʶʪʝʨʥʫ ʧʨʦʛʨʘʤʫ, ʷʢʘ ʢʨʦʢ ʟʘ ʢʨʦʢʦʤ 

ʚʽʜʪʚʦʨʶʻ ʧʦʜʽʾ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʨʝʘʣʴʥʽʡ ʩʠʩʪʝʤʽ. ʇʨʠ ʽʤʽʪʘʮʽʡʥʦʤʫ 

ʤʦʜʝʣʶʚʘʥʥʽ ʤʝʨʝʞʽ ʟʚ'ʷʟʢʫ ʥʝ ʧʦʪʨʽʙʥʦ ʢʫʧʫʚʘʪʠ ʜʦʨʦʛʝ ʦʙʣʘʜʥʘʥʥʷ - ʡʦʛʦ 

ʨʦʙʦʪʘ ʽʤʽʪʫʻʪʴʩʷ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ, ʜʦʩʠʪʴ ʪʦʯʥʦ ʚʽʜʪʚʦʨʶʻ ʚʩʽ 

ʦʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʽ ʧʘʨʘʤʝʪʨʠ ʨʝʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ [103]. 

ʇʝʨʝʚʘʛʦʶ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʤʽʥʠ ʧʨʦʮʝʩʫ 

ʧʦʜʽʡ ʚ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʩʠʩʪʝʤʽ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ ʥʘ ʧʨʠʩʢʦʨʝʥʠʡ ʘʙʦ 

ʫʧʦʚʽʣʴʥʝʥʠʡ ʧʨʦʮʝʩ ʟʤʽʥʠ ʧʦʜʽʡ ʚ ʪʝʤʧʽ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʘ 

ʭʚʠʣʠʥʠ ʤʦʞʥʘ ʚʽʜʪʚʦʨʠʪʠ ʨʦʙʦʪʫ ʤʝʨʝʞʽ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʜʥʽʚ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʨʦʙʦʪʫ ʤʝʨʝʞʽ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʘʨʽʡʦʚʘʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. ɸʙʦ ʢʽʣʴʢʘ ʩʝʢʫʥʜ ʨʦʙʦʪʠ ʤʝʨʝʞʽ ʤʦʞʥʘ ʚʽʜʪʚʦʨʶʚʘʪʠ ʧʨʦʪʷʛʦʤ 

ʜʝʩʷʪʢʽʚ ʭʚʠʣʠʥ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʨʦʟʽʙʨʘʪʠ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʤʝʨʝʞʽ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʟʽʙʨʘʥʽ ʚ ʭʦʜʽ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʧʦʜʽʷʤʠ ʤʦʜʝʣʴʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʧʨʦ 

ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚ ̔ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ: ʯʘʩ ʟʘʪʨʠʤʢʠ ʧʘʢʝʪʽʚ, ʢʦʝʬʽʮʽʻʥʪ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʥʘʣʽʚ, ʽʤʦʚʨ̔ʥʦʩʪʽ ʚʪʨʘʪ ʧʘʢʝʪʽʚ ʪʦʱʦ. 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʘʥʘʣʽʪʠʯʥʽ ʽ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ, ʽʤʽʪʘʮʽʡʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʘʥʘʣʽʪʠʯʥʽ ʪʘ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʜʦʙʨʝ ʧʨʘʮʶʶʪʴ ʪʽʣʴʢʠ ʚ 

ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʩʪʨʫʢʪʫʨʘ ʉʄʆ, ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʽ ʜʠʩʮʠʧʣʽʥʠ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʽ, ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ï ʮʝ ʤʘʡʞʝ 

ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʧʽʜʭʽʜ, ʱʦ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʧʨʘʢʪʠʯʥʦ 
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ʙʫʜʴ-ʷʢʦʾ ʩʢʣʘʜʥʦʩʪʽ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʘʡʚʽʜʦʤʽʰʠʤ ʽ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʚʘʥʠʤ ʤʝʪʦʜʦʤ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ 

(ʄʄʂ) [104]. 

ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʉʄʆ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ 

ʜʝʷʢʠʭ ʩʪʘʮʽʦʥʘʨʥʠʭ ʘʙʦ ʧʝʨʝʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʽʜ ʷʢʠʭ, ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʟʘʣʝʞʠʪʴ ʷʢʽʩʪʴ ʜʘʥʦʾ ʩʠʩʪʝʤʠ. ʗʢ ʧʨʘʚʠʣʦ, ʮʝ ʪʘʢ ʟʚʘʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ: ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʯʝʨʟʽ, 

ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʧʦʚʥʝʥʥʷ ʙʫʬʝʨʘ ʟʘʷʚʦʢ, ʡʤʦʚʽʨʥʽʩʪʴ ʚʪʨʘʪʠ ʚʠʤʦʛʠ ʧʨʠ 

ʧʝʨʝʧʦʚʥʝʥʥʽ ʙʫʬʝʨʘ ʪʦʱʦ [105]. 

ɺ ʩʫʯʘʩʥʠʭ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʤʝʨʝʞʘʭ ʟʚ'ʷʟʢʫ ʢʦʨʠʩʪʫʚʘʯʽ ʧʨʝʜ'ʷʚʣʷʶʪʴ 

ʜʫʞʝ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʾ 

ʨʦʙʦʪʠ ʦʢʨʝʤʠʭ ʜʦʜʘʪʢʽʚ ʽ ʩʠʩʪʝʤ ʚ ʮʽʣʦʤʫ ʪʠʧʦʚʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʪʘʢʠʭ ʚʘʞʣʠʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ QoS ʷʢ ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʧʦʚʥʝʥʥʷ ʙʫʬʝʨʘ ʘʙʦ ʡʤʦʚʽʨʥʽʩʪʴ ʚʪʨʘʪʠ 

ʧʘʢʝʪʘ ʥʝ ʧʦʚʠʥʥʽ ʧʝʨʝʚʠʱʫʚʘʪʠ 10-9. ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʪʘʢʽ ʧʦʜʽʾ ʟ'ʷʚʣʷʶʪʴʩʷ 

ʚʢʨʘʡ ʨʽʜʢʽʩʥʦʶ, ʪʦʤʫ ʩʪʘʥʜʘʨʪʥʠʡ ʤʝʪʦʜ ʩʠʤʫʣʷʮʽʾ ï ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ 

ʚʠʷʚʣʷʻʪʴʩʷ ʚ ʮʴʦʤʫ ʨʘʟʽ ʤʘʣʦʝʬʝʢʪʠʚʥʠʤ. 

ʆʩʥʦʚʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉʄʆ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ 

ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʚ ʪʽʡ ʘʙʦ ʽʥʰʽʡ ʬʦʨʤʽ ʘʥʘʣʽʪʠʯʥʠʭ ʨʽʰʝʥʴ ʜʣʷ 

ʦʙʫʤʦʚʣʝʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʄʆ. ʄʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʪʘʢʠʭ ʨʽʰʝʥʴ ʽʩʪʦʪʥʦ 

ʦʙʤʝʞʫʻʪʴʩʷ ʚʠʜʦʤ ʚʭʽʜʥʠʭ ʧʦʪʦʢʽʚ, ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ ʪʨʠʚʘʣʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʩʪʨʫʢʪʫʨʦʶ ʉʄʆ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʦʟʚʦʣʷʻ ʧʦʤʽʪʥʦ ʧʦʩʣʘʙʠʪʠ ʪʽ ʦʙʤʝʞʝʥʥʷ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʚʠʜʫ ʚʭʽʜʥʠʭ 

ʧʦʪʦʢʽʚ ʚʠʤʦʛ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩʥʦʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʘʨʽʻʤ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯ, ʱʦ 

ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʘʥʘʣʽʪʠʯʥʠʤ ʽ ʯʠʩʝʣʴʥʠʤ ʤʝʪʦʜʘʤ, ʻ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʄʝʪʦʜ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ (ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ) ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʤʦʜʝʣʶʚʘʥʥʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʦʮʝʩʫ. ʆʩʥʦʚʥʠʡ ʡʦʛʦ ʧʨʠʥʮʠʧ ï ʧʦʙʫʜʦʚʘ 

ʪʘʢʦʾ ʰʪʫʯʥʦʾ ʡʤʦʚʽʨʥʽʩʥʦʾ ʤʦʜʝʣʽ, ʧʘʨʘʤʝʪʨʠ ʷʢʦʾ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʨʽʰʝʥʥʷ 

ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ. ʗʢʱʦ ʪʘʢʘ ʤʦʜʝʣʴ ʧʦʙʫʜʦʚʘʥʘ, ʪʦ ʢʦʨʠʩʪʫʶʯʠʩʴ 

ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʥʝʚʽʜʦʤʽ ʧʘʨʘʤʝʪʨʠ, ʪʦʙʪʦ  

ʟʥʘʡʪʠ ʥʘʙʣʠʞʝʥʝ ʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ [105]. 
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ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʨʦʛʨʘʤʥʦ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʪʚʦʨʠʪʠ ʡʦʛʦ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʉʄʆ ʫ ʩʧʝʮʽʘʣʴʥʠʡ ʤʦʜʝʣʶʶʯʠʡ ʘʣʛʦʨʠʪʤ. ʇʨʠ 

ʩʪʘʪʠʩʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʨʝʘʣʽʟʘʮʽʷ ʤʦʜʝʣʶʶʯʦʛʦ ʘʣʛʦʨʠʪʤʫ ʻ ʽʤʽʪʘʮʽʻʶ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʷʚʠʱ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʨʦʮʝʩ, ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ 

ʾʭʥʴʦʾ ʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʨʦʪʽʢʘʥʥʷ ʚ ʯʘʩʽ ʡ ʦʩʦʙʣʠʚʦ 

ʭʘʨʘʢʪʝʨʫ ʡ ʩʢʣʘʜʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥʠ ʧʨʦʮʝʩʫ. ɺ ʪʦʤʫ ʡ ʫ ʽʥʰʦʤʫ ʚʠʧʘʜʢʘʭ 

ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʙʫʜʴ-ʷʢʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥʠ ʧʨʦʮʝʩʫ, ʷʢʱʦ ʪʽʣʴʢʠ ʚʦʥʘ ʜʦʩʪʫʧʥʘ ʚʽʜʧʦʚʽʜʥʽʡ 

ʨʝʻʩʪʨʘʮʽʾ. ɿʚʽʜʩʠ ʚʠʪʽʢʘʻ, ʱʦ ʩʪʨʫʢʪʫʨʘ ʤʦʜʝʣʶʶʯʦʛʦ ʘʣʛʦʨʠʪʤʫ ʤʦʞʝ ʩʣʘʙʢʦ 

ʟʘʣʝʞʘʪʠ ʚʽʜ ʩʫʢʫʧʥʦʩʪʽ ʰʫʢʘʥʠʭ ʚʝʣʠʯʠʥ, ʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ 

ʧʦʙʫʜʦʚʦʶ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʉʄʆ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ 

ʚʨʘʭʦʚʫʚʘʪʠ: ʚʠʜ ʚʩʽʭ ʧʦʪʦʢʽʚ ʧʦʜʽʡ; ʥʝʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʧʦʪʦʢʽʚ; ʨʽʟʥʦʛʦ ʨʦʜʫ 

ʦʙʤʝʞʝʥʥʷ; ʚʧʣʠʚ ʩʪʘʥʫ ʉʄʆ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʪʦʢʽʚ ʪʦʱʦ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʠʭ ʚʠʩʥʦʚʢʽʚ ʧʦʪʨʽʙʥʦ ʜʦʩʣʽʜʠʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʉʄʆ, ʧʨʠʯʦʤʫ ʡ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʷʢʽʩʥʠʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʝ ʥʦʩʠʪʠ ʚʠʥʷʪʢʦʚʠʡ 

ʭʘʨʘʢʪʝʨ. ʋ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʤʦʞʝ ʧʦʟʥʘʯʘʪʠʩʷ ʧʨʠʥʮʠʧʦʚʦ ʦʙʤʝʞʝʥʘ ʪʦʯʥʽʩʪʴ 

ʦʜʝʨʞʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ  ̔ʪʦʤʫ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʙʝʟʩʫʤʥʽʚʥʽ ʧʝʨʝʚʘʛʠ, ʤʝʪʦʜ 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽʥʦʜʽ ʥʝ ʤʦʞʝ ʟʘʤʽʥʠʪʠ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ ʉʄʆ, ʘ ʻ ʾʭʥʽʤ ʜʦʧʦʚʥʝʥʥʷʤ. 

ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʷʢʠʡ 

ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ ʨʦʟʧʦʜʽʣʫ ʽʥʬʦʨʤʘʮʽʾ ʟ 

ʨʽʟʥʠʤʠ ʤʦʜʝʣʷʤʠ ʧʦʪʦʢʽʚ ʪʨʘʬʽʢʘ ʪʘ ʜʠʩʮʠʧʣʽʥʘʤʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʁʦʤʫ 

ʤʘʶʪʴ ʙʫʪʠ ʧʨʠʪʘʤʘʥʥʽ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢ ʚʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʭʦʨʦʰʘ 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ, ʚʽʟʫʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʛʥʫʯʢʽʩʪʴ. ʉʝʨʝʜʦʚʠʱʘ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ GPSS [106] ʘʙʦ Ns2 (107) ʯʘʩʪʢʦʚʦ ʤʘʶʪʴ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʘʣʝ ʜʣʷ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʦ ʧʨʦʛʨʘʤʥʝ ʩʝʨʝʜʦʚʠʱʝ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘʣʛʦʨʠʪʤʠ ʷʢʦʛʦ ʦʧʠʩʘʥʽ ʫ 

ʨʦʙʦʪʘʭ [108, 109] ʽ ʦʪʨʠʤʘʥʦ ʉʚʽʜʦʮʪʚʦ ʧʨʦ ʨʝʻʩʪʨʘʮʽʶ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ ʥʘ 

ʪʚʽʨ ʋʢʨʘʾʥʠ ˉ 32499 [110]. 
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4.2. ʆʧʠʩ ʧʨʦʮʝʩʫ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʪʦʢʽʚ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ 

 

ɺʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ ʥʘʜʭʦʜʞʝʥʥʷ ʫ ʩʠʩʪʝʤʫ ʚʠʤʦʛ (ʬʦʨʤʫʚʘʥʥʷ 

ʧʘʢʝʪʥʦʛʦ ʪʨʘʬʽʢʘ) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ, ʱʦ ʚʩʪʘʥʦʚʣʶʻ ʟʚ'ʷʟʦʢ 

ʤʽʞ ʟʥʘʯʝʥʥʷʤ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʪʘ ʽʤʦʚʽʨʥʽʩʪʶ ʧʦʷʚʠ ʮʴʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʊʘʢʠʡ ʧʦʪʽʢ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʠʡ ʡʤʦʚʽʨʥʽʩʥʦʶ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʨʚʘʣʽʚ 

ʯʘʩʫ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʚʠʤʦʛʘʤʠ. 

ʆʩʥʦʚʥʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʶʶʯʠʭ ʘʣʛʦʨʠʪʤʽʚ ʻ: 

ï ʧʨʠʥʮʠʧ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʧʦʩʣʽʜʦʚʥʽ ʩʪʘʥʠ ʩʠʩʪʝʤʠ ʯʝʨʝʟ ʜʝʷʢʽ 

ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ (ʧʨʠʥʮʠʧ ȹt); 

ï ʧʨʠʥʮʠʧ ʧʦʩʣʽʜʦʚʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʦʛ ʫ ʩʠʩʪʝʤʽ. 

ʇʝʨʰʠʡ ʧʨʠʥʮʠʧ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʩʪʘʥʠ ʉʄʆ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʣʷ 

ʤʦʤʝʥʪʽʚ ʯʘʩʫ, ʨʦʟʜʽʣʝʥʠʭ ʦʜʥʘʢʦʚʠʤʠ ʽʥʪʝʨʚʘʣʘʤʠ ʯʘʩʫ ȹt. ʇʨʠ ʮʴʦʤʫ 

ʚʠʷʚʣʷʻʪʴʩʷ, ʱʦ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʪʘʢʠʭ ʤʦʤʝʥʪʽʚ ʩʪʘʥ ʉʄʆ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʧʝʨʝʜʥʽʤ ʤʦʤʝʥʪʦʤ, ʪʦʙʪʦ ʚʝʩʴ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ȹt ʻ ʥʝʮʽʢʘʚʠʤ 

ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ. ɯʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʦʩʦʙʣʠʚʽ ʩʪʘʥʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʤʦʤʝʥʪʘʤ ʥʘʜʭʦʜʞʝʥʥʷ ʚʠʤʦʛ ʫ ʩʠʩʪʝʤʫ ʡ ʤʦʤʝʥʪʘʤ ʚʠʭʦʜʫ ʚʠʤʦʛ ʽʟ ʉʄʆ. 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ȹt ʨʦʩʪʝ ʡʤʦʚʽʨʥʽʩʪʴ ʚʣʫʯʝʥʥʷ ʚ ʽʥʪʝʨʚʘʣ ʦʩʦʙʣʠʚʦʛʦ ʩʪʘʥʫ ʡ 

ʟʥʠʞʫʻʪʴʩʷ ʪʦʯʥʽʩʪʴ ʽ ʚʽʨʦʛʽʜʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ (ʟʘ ʨʘʭʫʥʦʢ ʤʦʞʣʠʚʦʛʦ 

ʚʣʫʯʝʥʥʷ ʚ ʦʜʠʥ ʽʥʪʝʨʚʘʣ ʜʚʦʭ ʽ ʙʽʣʴʰʝ ʦʩʦʙʣʠʚʠʭ ʩʪʘʥʽʚ). ɿʤʝʥʰʝʥʥʷ ȹt 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʽʟʢʦʛʦ ʨʦʩʪʫ ʯʘʩʫ ʤʦʜʝʣʶʚʘʥʥʷ [111]. 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ ʚʠʤʦʛ ʫ ʉʄʆ ʟʨʫʯʥʽʰʝ ʙʫʜʫʚʘʪʠ 

ʤʦʜʝʣʶʶʯʽ ʘʣʛʦʨʠʪʤʠ ʟʘ ʧʨʠʥʮʠʧʦʤ ʧʦʩʣʽʜʦʚʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʦʛʠ. ɯʜʝʷ 

ʡʦʛʦ ʧʦʣʷʛʘʻ ʚ ʧʦʩʣʽʜʦʚʥʦʤʫ ʚʽʜʪʚʦʨʝʥʥʽ ʽʩʪʦʨʽʾ ʦʢʨʝʤʠʭ ʚʠʤʦʛ ʫ ʧʦʨʷʜʢʫ 

ʥʘʜʭʦʜʞʝʥʥʷ ʾʭ ʫ ʩʠʩʪʝʤʫ: ʘʣʛʦʨʠʪʤ ʟʚʝʨʪʘʻʪʴʩʷ ʜʦ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʽʥʰʽ ʚʠʤʦʛʠ 

ʣʠʰʝ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʮʝ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʧʨʦ ʧʦʜʘʣʴʰʠʡ 

ʧʦʨʷʜʦʢ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʘʥʦʾ ʚʠʤʦʛʠ. ʊʘʢʦʛʦ ʨʦʜʫ ʤʦʜʝʣʶʶʯʽ ʘʣʛʦʨʠʪʤʠ 

ʜʦʩʠʪʴ ʝʢʦʥʦʤʥʽ, ʥʝ ʚʠʤʘʛʘʶʪʴ ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʦʙʣʽʢʫ ʦʩʦʙʣʠʚʠʭ 

ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ, ʦʜʥʘʢ ʚʦʥʠ ʤʘʶʪʴ ʜʦʩʠʪʴ ʩʢʣʘʜʥʫ ʣʦʛʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʡ ʥʝ 

ʟʘʚʞʜʠ ʜʦʩʪʫʧʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ [111].  
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ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʜʦʚʦʜʠʪʴʩʷ ʚʠʨʽʰʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

1. ʆʪʨʠʤʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ, ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʚ 

ʽʥʪʝʨʚʘʣʽ [0, 1]. 

2. ʇʝʨʝʪʚʦʨʝʥʥʷ ʯʠʩʝʣ ʦʪʨʠʤʘʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʫ ʚʝʣʠʯʠʥʠ, ʱʦ ʤʘʶʪʴ 

ʜʝʷʢʫ ʧʝʚʥʫ ʬʫʥʢʮʽʶ ʨʦʟʧʦʜʽʣʫ. 

3. ʇʦʙʫʜʦʚʘ ʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʘʣʛʦʨʠʪʤʫ, ʱʦ ʚʨʘʭʦʚʫʻ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ 

ʉʄʆ, ʷʢʘ ʤʦʜʝʣʶʻʪʴʩʷ. 

4. ʇʦʙʫʜʦʚʘ ʘʣʛʦʨʠʪʤʽʚ ʬʽʢʩʘʮʽʾ ʩʪʘʥʽʚ ʉʄʆ ʡ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ. 

5. ɺʠʙʽʨ ʢʽʣʴʢʦʩʪʽ ʨʝʘʣʽʟʘʮʽʡ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʟʘʜʘʥʦʾ ʪʦʯʥʦʩʪʽ 

ʦʙʫʤʦʚʣʝʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʄʆ. 

6. ʄʦʜʝʣʶʚʘʥʥʷ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

7. ʆʩʪʘʪʦʯʥʘ ʦʙʨʦʙʢʘ ʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʪʦʢʽʚ ʧʦʜʽʡ ʥʝʦʙʭʽʜʥʦ ʚʞʠʚʘʪʠ ʘʣʛʦʨʠʪʤʠ, ʟʘ ʷʢʠʤʠ 

ʫʪʚʦʨʶʶʪʴʩʷ ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʨʠʚʘʣʦʩʪ ̔ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ 

ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʧʦʜʽʷʤʠ ʥʝʦʙʭʽʜʥʦʛʦ ʚʠʜʫ ʧʦʪʦʢʫ. ʅʝʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʧʦʪʦʢʽʚ ʤʘ ̒

ʙʫʪʠ ʚʨʘʭʦʚʘʥʘ ʫʚʝʜʝʥʥʷʤ ʚ ʘʣʛʦʨʠʪʤ ʬʦʨʤʫʚʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʦʯʥʦʛʦ ʯʘʩʫ ʥʘʜʭʦʜʞʝʥʥʷ (ʘʙʦ ʧʦʯʘʪʢʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ) 

ʧʝʚʥʦʾ ʚʠʤʦʛʠ. ʎʽ ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ ʤʘʶʪʴ ʙʫʪʠ ʨʦʟʧʦʜʽʣʝʥʽ ʟʘ ʧʝʚʥʠʤ 

ʟʘʢʦʥʦʤ, ʪʦʙʪʦ  ʤʘʻ ʤʽʩʮʝ ʟʘʚʜʘʥʥʷ ʦʪʨʠʤʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ 

ʚʝʣʠʯʠʥ ʟ ʧʝʚʥʦʶ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ. ɿʚʠʯʘʡʥʦ ʩʧʝʨʰʫ ʦʪʨʠʤʘʻʤʦ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʯʠʩʝʣ, ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʚ ʽʥʪʝʨʚʘʣʽ [0, 1], ʘ ʧʦʪʽʤ ʮʶ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʝʨʝʪʚʦʨʶʤ̒ʦ ʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʟ ʥʝʦʙʭʽʜʥʦʶ 

ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ. ɯʩʥʫʶʪʴ ʥʘʩʪʫʧʥʽ ʩʧʦʩʦʙʠ ʦʪʨʠʤʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ ʟ 

ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ: 

ï ʘʣʛʦʨʠʪʤʽʯʥʝ ʦʪʨʠʤʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ (ʘʙʦ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ)  ʯʠʩʝʣ; 

ï ʧʦʯʘʪʢʦʚʝ ʟʘʥʝʩʝʥʥʷ ʚ ʧʘʤ'ʷʪʴ ʩʝʨʝʜʦʚʠʱʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘʙʣʠʮʽ 

ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ, ʱʦ ʦʪʨʠʤʘʥʽ ʟ ʥʘʪʫʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ ʉʄʆ. 
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ɿʘ ʧʝʨʰʦʛʦ ʩʧʦʩʦʙʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ ʛʝʥʝʨʫʻʪʴʩʷ ʫ 

ʢʦʤʧôʶʪʝʨʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ [112]. ʇʨʠ ʮʴʦʤʫ 

ʚʠʩʫʚʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʚʠʤʦʛʠ: 

1. ʆʜʝʨʞʫʚʘʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʯʠʩʝʣ ʧʦʚʠʥʥʘ ʤʘʪʠ ʩʪʘʪʠʩʪʠʯʥʫ ʩʪʨʫʢʪʫʨʫ, 

ʫ ʜʦʩʪʘʪʥʴʦʤʫ ʩʪʫʧʝʥʽ ʙʣʠʟʴʢʫ ʜʦ ʩʪʨʫʢʪʫʨʠ ʨʽʚʥʦʤʽʨʥʦʾ ʩʫʢʫʧʥʦʩʪʽ. 

2. ʂʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʯʠʩʣʘ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʥʝ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʘʥʘʜʪʦ ʚʝʣʠʢʦʶ. 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʨʽʦʜʠʯʥʽʩʪʶ 

ʧʦʚʪʦʨʝʥʥʷ. ɹʘʞʘʥʦ ʪʘʢ ʧʽʜʙʠʨʘʪʠ Ăʚʠʧʘʜʢʦʚʽò ʯʠʩʣʘ ʭi (  ̔= 1, 2, ..., m), ʱʦʙ 

ʜʦʚʞʠʥʘ ʧʝʨʽʦʜʫ ʧʦʚʪʦʨʝʥʥʷ ʙʫʣʘ ʥʘʡʙʽʣʴʰʦʶ.  

ɼʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ Ăʚʠʧʘʜʢʦʚʦʩʪʽò ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ 

ʯʠʩʝʣ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʩʠʩʪʝʤʫ ʥʘʩʪʫʧʥʠʭ ʪʝʩʪʽʚ: 

1. ʇʝʨʝʚʽʨʢʘ ʯʘʩʪʦʪ ʧʦʚʪʦʨʝʥʥʷ ʯʠʩʝʣ ʟ ʨʽʟʥʠʭ ʽʥʪʝʨʚʘʣʽʚ. 

2. ʇʝʨʝʚʽʨʢʘ ʧʘʨ ʯʠʩʝʣ. 

3. ʇʝʨʝʚʽʨʢʘ ʽʥʪʝʨʚʘʣʽʚ. 

4. ʇʝʨʝʚʽʨʢʘ ʢʦʤʙʽʥʘʮʽʡ. 

ʄʥʦʞʠʥʘ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʚʩʽʤ ʮʠʤ ʪʝʩʪʘʤ, 

ʥʘʟʠʚʘʻʪʴʩʷ ʣʦʢʘʣʴʥʦ ʚʠʧʘʜʢʦʚʦʶ. ɺʩʽ ʟʛʘʜʘʥʽ ʚʠʱʝ ʪʝʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʦʜʥʽʻʶ ʟʘʛʘʣʴʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ: ʚʠʧʨʦʙʦʚʫʚʘʥʽ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʽ ʯʠʩʣʘ (ʘʙʦ 

ʨʦʟʨʷʜʠ ʚ ʥʠʭ) ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʟʘ ʜʝʷʢʠʤʠ ʦʟʥʘʢʘʤʠ (ʨʽʟʥʠʤʠ ʜʣʷ ʢʦʞʥʦʛʦ 

ʪʝʩʪʫ) ʽ ʦʪʨʠʤʘʥʠʡ ʝʤʧʽʨʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʪʝʦʨʝʪʠʯʥʠʤ. ɼʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʚʠʯʘʡʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʢʨʠʪʝʨʽʾ. 

ʄʘʶʯʠ ʚʠʧʘʜʢʦʚʽ ʯʠʩʣʘ, ʱʦ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʚ ʽʥʪʝʨʚʘʣʽ [0, 1] 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ɝ ʽʟ ʟʘʜʘʥʦʶ ʛʫʩʪʠʥʦʶ 

ʨʦʟʧʦʜʽʣʫ f (ʭ), ʷʢʱʦ ʚʠʨʽʰʠʪʠ ʨʽʚʥʷʥʥʷ [112] 

( )
a

f x dx U
x

=ñ , 

ʜʝ U ï ʯʠʩʣʦ ʟ ʚʠʭʽʜʥʦʾ ʨʽʚʥʦʤʽʨʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ; ʘ ï ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʝ 

ʯʠʩʣʦ ʟ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʽʟ ʛʫʩʪʠʥʦʶ ʨʦʟʧʦʜʽʣʫ f(ʭ). 
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ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʻ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [108-110]. 

ʇʨʠ ʽʤʽʪʘʮʽʡʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʘʣʛʦʨʠʪʤ ʤʘʻ ʚʽʜʪʚʦʨʶʚʘʪʠ ʧʨʦʮʝʩ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚ ʯʘʩʽ, ʽʤʽʪʫʶʯʠ ʩʢʣʘʜʦʚʽ ʧʨʦʮʝʩʫ ʘʙʦ ʝʣʝʤʝʥʪʘʨʥʽ 

ʷʚʠʱʘ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʾʭ ʯʘʩʦʚʦʾ ʪʘ ʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ. ɸʣʛʦʨʠʪʤ ʤʦʜʝʣʶʚʘʥʥʷ 

ʤʘʻ ʙʫʪʠ ʪʘʢʠʤ, ʱʦʙ ʟʘ ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ ʦʪʨʠʤʘʪʠ ʩʪʘʪʠʩʪʠʯʥʽ ʦʮʽʥʢʠ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ. ʋ ʟʚ'ʷʟʢʫ ʽʟ ʮʠʤ ʽʩʥʫʻ ʢʽʣʴʢʘ ʧʽʜʭʦʜʽʚ ʜʦ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʆʜʠʥ ʟ ʥʠʭ ʧʦʣʷʛʘʻ ʚ 

ʤʦʜʝʣʶʚʘʥʥʽ ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʚʠʤʦʛ. ʇʨʠ 

ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʽʜʧʨʦʛʨʘʤʠ ʨʝʘʣʽʟʘʮʽʾ ʜʚʦʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ: 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ ʤʽʞ ʚʠʤʦʛʘʤʠ A(z) ʽ ʬʫʥʢʮʽʾ 

ʨʦʟʧʦʜʽʣʫ ʪʨʠʚʘʣʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ B(x). ʇʨʦʮʝʩ ʥʘʜʭʦʜʞʝʥʥʷ ʚʠʤʦʛ ʫ 

ʩʠʩʪʝʤʫ ʤʦʜʝʣʶʻʪʴʩʷ ʷʢ ʨʝʢʫʨʝʥʪʥʠʡ ï ʤʦʤʝʥʪ ʧʨʠʙʫʪʪʷ ʯʝʨʛʦʚʦʾ ʚʠʤʦʛʠ 

ʜʽʩʪʘʻʤʦ ʜʦʜʘʚʘʥʥʷʤ ʚʠʧʘʜʢʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ A(z) ʜʦ ʧʦʧʝʨʝʜʥʴʦʛʦ, ʘ ʤʦʤʝʥʪʠ 

ʟʚʽʣʴʥʝʥʥʷ ʩʝʨʚʝʨʽʚ ï ʜʦʜʘʚʘʥʥʷʤ ʜʦ ʧʦʪʦʯʥʦʛʦ ʤʦʤʝʥʪʫ ʚʠʧʘʜʢʦʚʦʾ ʪʨʠʚʘʣʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ B(x). ɯʥʪʝʨʚʘʣʠ ʬʦʨʤʫʶʪʴʩʷ ʜʘʪʯʠʢʘʤʠ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ 

ʯʠʩʝʣ, ʥʘʣʘʰʪʦʚʘʥʠʤʠ ʥʘ ʥʝʦʙʭʽʜʥʽ ʟʘʢʦʥʠ ʨʦʟʧʦʜʽʣʫ [109]. 

ɺʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ A(z) ʽ B(x) ʟ ʥʝʦʙʭʽʜʥʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ ʤʦʞʫʪʴ 

ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʟ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʟ ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ 

ʥʘ ʚʽʜʨʽʟʢʫ [0, 1], ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʭʦʜʠʪʴ ʽʟ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ 

ʚʝʣʠʯʠʥ, ʨʦʟʧʦʜʽʣʝʥʠʭ ʟʘ ʟʘʢʦʥʦʤ ɹʝʨʥʫʣʣʽ ʟ ʧʘʨʘʤʝʪʨʦʤ p = 0,5. ɼʣʷ 

ʦʜʝʨʞʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʟ ʥʝʦʙʭʽʜʥʦʶ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ F(t), 

ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ t ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ ʟʚʦʨʦʪʥʘ ʬʫʥʢʮʽʷ Fï1 ʚʽʜ ʘʨʛʫʤʝʥʪʫ, 

ʷʢʠʤ ʻ ʚʝʣʠʯʠʥʘ x, ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʘ ʥʘ ʚʽʜʨʽʟʢʫ [0, 1], ʪʦʙʪʦ t =  Fï1(x) 

[92]. 

ʆʩʢʽʣʴʢʠ ʧʦʪʽʢ ʚʠʤʦʛ ʤʦʞʝ ʙʫʪʠ ʟʘʜʘʥʠʡ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ 

ʤʽʞ ʚʠʤʦʛʘʤʠ z, ʪʦ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʧʦʪʦʢʫ ʜʦʩʪʘʪʥʴʦ ʥʘ i-ʤʫ ʢʨʦʮʽ 

ʦʪʨʠʤʘʪʠ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ zi, ʱʦ ʤʘʻ ʚʽʜʧʦʚʽʜʥʫ ʤʦʜʝʣʴʦʚʘʥʦʤʫ ʧʦʪʦʢʫ 

ʬʫʥʢʮʽʶ ʨʦʟʧʦʜʽʣʫ F(z).  
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ʌʦʨʤʫʚʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʧʦʪʦʢʫ ʤʦʞʝ ʙʘʟʫʚʘʪʠʩʴ ʥʘ ʩʫʧʝʨʧʦʟʠʮʽʾ 

ʜʝʢʽʣʴʢʦʭ ʥʝʟʘʣʝʞʥʠʭ ʟ ʦʜʥʘʢʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ ON/OFF ʜʞʝʨʝʣ, ʽʥʪʝʨʚʘʣʠ ʤʽʞ 

ON ʽ OFF ʧʝʨʽʦʜʘʤʠ ʷʢʦʛʦ ʤʘʶʪʴ ʝʬʝʢʪ ʅʦʘ. ʉʘʤʝ ʝʬʝʢʪ ʅʦʘ ʚ ʨʦʟʧʦʜʽʣʽ 

ʪʨʠʚʘʣʦʩʪʝʡ ON/OFF ʧʝʨʽʦʜʽʚ ʻ ʙʘʟʦʚʠʤ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʩʘʤʦʧʦʜʽʙʥʦʛʦ 

ʪʨʘʬʽʢʘ ʽ ʚʽʥ ʻ ʩʠʥʦʥʽʤʦʤ ʥʝʩʢʽʥʯʝʥʥʦʾ ʜʠʩʧʝʨʩʽʾ [2]. ʄʘʪʝʤʘʪʠʯʥʦ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʮʴʦʛʦ ʝʬʝʢʪʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʇʘʨʝʪʦ, ʷʢʠʡ ʱʝ 

ʥʘʟʠʚʘʶʪʴ çʨʦʟʧʦʜʽʣʦʤ ʟ ʜʦʚʛʠʤ ʭʚʦʩʪʦʤè. ɻʫʩʪʠʥʘ ʨʦʟʧʦʜʽʣʫ ʇʘʨʝʪʦ ʟʘʜʘʻʪʴʩʷ 

ʬʫʥʢʮʽʻʶ: 

1

( )

a
a b

f x
b x

+
å õ

= æ ö
ç ÷

, 

ʜʝ a ï ʧʘʨʘʤʝʪʨ ʬʦʨʤʠ, b ï ʤʦʜʘ ʨʦʟʧʦʜʽʣʫ (ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ 

ʚʝʣʠʯʠʥʠ x). ʇʨʠʯʦʤʫ, ʧʨʠ a ¢ 2 ʜʠʩʧʝʨʩʽʷ ʥʝʩʢʽʥʯʝʥʥʘ (ʱʦ ʡ ʧʦʪʨʽʙʥʦ ʚ ʷʢʦʩʪʽ 

ʦʜʥʽʻʾ ʟ ʫʤʦʚ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ). ʅʘʷʚʥʽʩʪʴ ʫ ʨʦʟʧʦʜʽʣʽ ʪʘʢ ʟʚʘʥʦʛʦ Ăʜʦʚʛʦʛʦ 

ʭʚʦʩʪʘò ʟʘʙʝʟʧʝʯʫʻ ʚʣʘʩʪʠʚʽʩʪʴ ʧʘʯʢʫʚʘʥʥʷ ʪʨʘʬʽʢʘ, ʦʩʢʽʣʴʢʠ ʚ ʨʦʟʧʦʜʽʣʽ 

ʽʩʪʦʪʥʦ ʟʨʦʩʪʘʶʪʴ ʽʤʦʚʽʨʥʦʩʪʽ ʜʦʚʛʠʭ ʽʥʪʝʨʚʘʣʽʚ ʤʽʞ ʚʠʤʦʛʘʤʠ  (ʥʘʧʨʠʢʣʘʜ, 

ʚʽʜʩʫʪʥʽʩʪʴ ʧʘʢʝʪʽʚ ʥʘ ʽʥʪʝʨʚʘʣʽ) ʽ ʜʣʷ çʧʽʜʪʨʠʤʢʠè ʟʘʜʘʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ 

ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʠʤʦʛ ʥʝʦʙʭʽʜʥʘ ʾʭʥʷ ʢʦʥʮʝʥʪʨʘʮʽʷ (ʟʙʽʣʴʰʝʥʥʷ) ʥʘ ʽʥʰʠʭ 

ʽʥʪʝʨʚʘʣʘʭ ʯʘʩʫ [115]. 

ʋ ʧʨʘʢʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʨʦʟʧʦʜʽʣ ʇʘʨʝʪʦ ʫʪʚʦʨʶʻʪʴʩʷ ʰʣʷʭʦʤ 

ʧʝʨʝʭʦʜʫ ʚʽʜ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʝʪʦʜʦʤ ʟʚʦʨʦʪʥʦʾ ʬʫʥʢʮʽʾ: 

a
i

i
U

b
z = , 

ʜʝ zi ï i-ʡ ʽʥʪʝʨʚʘʣ ʤʽʞ ʚʠʤʦʛʘʤʠ, U ï ʚʠʧʘʜʢʦʚʝ ʯʠʩʣʦ, ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʝ ʥʘ ʽʥʪʝʨʚʘʣʽ [0, 1].  

ɻʫʩʪʠʥʘ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʣʘ ʟʘʜʘʻʪʴʩʷ ʬʫʥʢʮʽʻʶ: 

axa eax 01
0

l--l , 

ʜʝ a ï ʧʘʨʘʤʝʪʨ ʬʦʨʤʠ; ɚ0 ï ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʰʪʘʙʫ.  

ʇʨʠ ʧʨʘʢʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʩʘʤʦʧʦʜʽʙʥʦʛʦ ʪʨʘʬʽʢʘ ʨʦʟʧʦʜʽʣ ɺʝʡʙʫʣʣʘ 

ʦʪʨʠʤʘʻʤʦ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʨʽʚʥʦʤʨ̔ʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʝʪʦʜʦʤ ʟʚʦʨʦʪʥʦʾ ʬʫʥʢʮʽʾ: 
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a

ii UZ

/1

0
ln

1
ö
÷

õ
æ
ç

å

l
-=

, 

ʜʝ Zi ï i-ʡ ʽʥʪʝʨʚʘʣ ʤʽʞ ʟʘʷʚʢʘʤʠ ʧʦʪʦʢʫ; Ui ï ʚʠʧʘʜʢʦʚʝ ʯʠʩʣʦ, ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʝ ʥʘ ʽʥʪʝʨʚʘʣʽ 0 é 1. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʘʤʦʧʦʜʽʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʦʜʝʣʴʦʚʘʥʦʛʦ ʪʨʘʬʽʢʘ ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʚʘʪʠ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʬʦʨʤʠ ʘ ʚ 

ʤʝʞʘʭ ʚʽʜ 1 ʜʦ 0, ʱʦ ʤʘʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʩʘʤʦʜʦʙʥʦʩʪʽ 

ʍʝʨʩʪʘ ʚ ʜʽʘʧʘʟʦʥʽ H = 0,5 ... 1 ʚʽʜʧʦʚʽʜʥʦ. 

ʋ ʨʦʟʧʦʜʽʣʘʭ ʇʘʨʝʪʦ ʪʘ ɺʝʡʙʫʣʣʘ, ʱʦ ʤʘʶʪʴ ʪʘʢ ʟʚʘʥʠʡ çʪʷʞʢʠʡ ʭʚʽʩʪè 

ʽʤʦʚʽʨʥʽʩʪʴ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ (ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʤʽʞ ʧʘʢʝʪʘʤʠ 

ʧʦʪʦʢʫ ʪʨʘʬʽʢʘ) ʜʫʞʝ ʤʘʣʘ. ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʨʽʜʢʽʩʥʠʭ ʧʦʜʽʡ ʧʦʪʨʽʙʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʤʝʪʦʜʠ. ɺ ʜʘʥʠʡ ʯʘʩ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʚʘ 

ʨʽʟʥʠʭ ʧʽʜʭʦʜʠ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʜʽʡ ʡʤʦʚʽʨʥʽʩʪʴ ʷʢʠʭ ʤʘʣʘ: ʟʙʽʣʴʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʧʦʜʽʡ ʚ ʦʜʠʥʠʮʶ ʯʘʩʫ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʚʠʜʢʠʭ ʧʨʦʮʝʩʦʨʽʚ 

ʘʙʦ ʧʘʨʘʣʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ; ʟʙʽʣʴʰʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʜʽʾ, ʷʢʘ ʮʽʢʘʚʠʪʴ 

ʜʦʩʣʽʜʥʠʢʘ, ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʷʢʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʨʦʟʛʣʷʥʫʪʦʾ ʤʦʜʝʣʽ. ʉʝʨʝʜ ʤʝʪʦʜʽʚ ʧʨʠʩʢʦʨʝʥʥʷ ʩʠʤʫʣʷʮʽʾ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ: 

- ʧʘʨʘʣʝʣʴʥʝ ʽ ʨʦʟʧʦʜʽʣʝʥʝ ʤʦʜʝʣʶʚʘʥʥʷ;  

- ʛʽʙʨʠʜʥʽ ʤʝʪʦʜʠ, ʷʢʽ ʦʙ'ʻʜʥʫʶʪʴ ʘʥʘʣʽʪʠʯʥʽ ʨʽʰʝʥʥʷ ʽ ʩʠʤʫʣʷʮʽʶ;  

- ʤʝʪʦʜʠ ʟʥʠʞʝʥʥʷ ʜʠʩʧʝʨʩʽʾ (ʚ ʢʦʤʙʽʥʘʮʽʾ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ);  

- ʤʝʪʦʜʠ, ʷʢʽ ʟʙʽʣʴʰʫʶʪʴ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ ʨʽʜʢʽʩʥʦʾ ʧʦʜʽʾ.  

ʆʩʢʽʣʴʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʛʽʙʨʠʜʥʠʭ ʤʝʪʦʜʽʚ 

ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʙʽʣʴʰʦʩʪʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ ʩʢʣʘʜʥʝ, ʘ ʤʝʪʦʜʠ ʟʥʠʞʝʥʥʷ 

ʜʠʩʧʝʨʩʽʾ ʩʘʤʽ ʧʦ ʩʦʙʽ ʥʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʨʽʜʢʽʩʥʠʭ ʧʦʜʽʡ, ʪʦ 

ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʽʣʴʢʠ ʤʝʪʦʜʠ ʟ ʦʩʪʘʥʥʴʦʾ ʛʨʫʧʠ. 

ɸʣʛʦʨʠʪʤ ʤʦʜʝʣʶʚʘʥʥʷ [109] ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʉʄʆ ʪʠʧʫ GI/G/m/r. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʙʫʜʴ-ʷʢʠʡ ʪʠʧ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ, 

ʙʫʜʴ-ʷʢʠʡ ʨʦʟʧʦʜʽʣ ʪʨʠʚʘʣʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʙʫʜʴ-ʷʢʘ ʜʠʩʮʠʧʣʽʥʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ï ʟ ʚʪʨʘʪʘʤʠ ʧʨʠ r = 0, ʟ ʥʝʦʙʤʝʞʝʥʦʶ ʯʝʨʛʦʶ ʧʨʠ r = Ð, ʪʘ 

ʢʦʤʙʽʥʦʚʘʥʘ ʜʠʩʮʠʧʣʽʥʘ ʧʨʠ 0 < r < Ð [110]. 

  














































