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Ⱥɧɧɨɬɚɰɢɹ 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɥɚɫɶ ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɟɪɟɞɚɱɢ 
ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ ɧɚ ɨɫɧɨɜɟ ɫɨɜɨɤɭɩɧɨɝɨ ɚɧɚɥɢɡɚ ɩɚɪɚɦɟɬɪɨɜ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ 
ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɞɜɭɯ ɩɨɞɯɨɞɨɜ: ɛɚɡɢɪɭɹɫɶ ɧɚ ɩɚɪɚɦɟɬɪɚɯ ɤɚɱɟɫɬɜɚ 
ɨɛɫɥɭɠɢɜɚɧɢɹ ɫɟɬɢ (ɨɬ ɚɧɝɥ. Quality of Service, QoS) ɢ ɛɚɡɢɪɭɹɫɶ ɧɚ ɚɧɚɥɢɡɟ ɩɚɪɚɦɟɬɪɨɜ 
ɡɚɤɨɞɢɪɨɜɚɧɧɨɝɨ ɦɭɥɶɬɢɦɟɞɢɣɧɨɝɨ ɤɨɧɬɟɧɬɚ (ɨɬ ɚɧɝɥ. Quality of Experience, QoE). 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɟɪɟɞɚɱɢ ɦɭɥɶɬɢɦɟɞɢɣɧɨɝɨ ɩɨɬɨɤɚ ɬɪɟɛɭɟɬ 
ɩɨɥɧɵɣ ɧɚɛɨɪ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɢɫɯɨɞɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ. 
Ɉɫɨɛɟɧɧɨɫɬɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɫɜɟɪɬɤɚ ɨɬɞɟɥɶɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɧɟ ɩɪɨɜɨɞɢɥɚɫɶ ɜ ɜɢɞɭ ɫɥɨɠɧɨɫɬɢ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɨɛɳɟɝɨ ɩɨɤɚɡɚɬɟɥɹ. ȼɫɟ 
ɪɚɫɫɦɨɬɪɟɧɧɵɟ ɜ ɦɟɬɨɞɢɤɟ ɦɟɬɪɢɤɢ ɹɜɥɹɸɬɫɹ ɪɚɜɧɨɡɧɚɱɧɵɦɢ. ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɞɥɹ 
ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɟɪɟɞɚɱɢ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ ɩɪɟɞɥɨɠɟɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɤɨɥɢɱɟɫɬɜɨ ɩɪɟɪɵɜɚɧɢɣ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ ɦɭɥɶɬɢɦɟɞɢɣɧɨɝɨ ɩɨɬɨɤɚ, ɜɪɟɦɹ ɩɪɢɟɦɚ-

ɩɟɪɟɞɚɱɢ, ɜɚɪɢɚɰɢɸ ɡɚɞɟɪɠɤɢ, ɤɚɱɟɫɬɜɨ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ ɧɚ ɩɪɢɧɢɦɚɸɳɟɣ ɫɬɨɪɨɧɟ 
ɜ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɩɢɤɨɜɨɝɨ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥɚ ɤ ɲɭɦɭ, ɚ ɬɚɤɠɟ ɤɨɥɢɱɟɫɬɜɨ ɩɟɪɟɯɨɞɨɜ 
ɤɚɱɟɫɬɜɚ ɦɭɥɶɬɢɦɟɞɢɣɧɨɝɨ ɩɨɬɨɤɚ ɩɪɢ ɩɟɪɟɞɚɱɟ ɜ ɝɟɬɟɪɨɝɟɧɧɨɣ ɛɟɫɩɪɨɜɨɞɧɨɣ 
ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɟɬɢ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɨɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ; ɦɭɥɶɬɢɦɟɞɢɣɧɵɟ ɞɚɧɧɵɟ; ɤɚɱɟɫɬɜɨ ɨɛɥɭɠɢɜɚɧɢɹ 
ɫɟɬɢ; ɤɚɱɟɫɬɜɨ ɜɨɫɩɪɢɹɬɢɹ. 
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ȺЛЬЭЫКМЭ 
In the present work, we develop the efficiency estimation technique for multimedia data 

transmission, which is based on the common analysis of Quality of Service (QoS) and Quality of 

Experience (QoE) parameters. The proposed technique demands the full set of information of initial 

multimedia sequence. The main feature of the proposed technique is the absence of contraction of 

several parameters of efficiency because of the complexity of the interpretation of the common 

efficiency value. The considered in this work efficiency parameters are equal. In this work, it is 

proposed to use the following parameters for efficiency estimation of multimedia data transmission: 

playback interruptions, round-trip time, jitter, video quality evaluation metric in terms of PSNR 

and video quality transitions. 

Keywords: Efficiency estimation; multimedia data; Quality of Service; Quality of Experience.

ȼȼȿȾȿɇɂȿ 

Ɉɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɟɪɟɞɚɱɢ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ ɹɜɥɹɟɬɫɹ ɧɟɬɪɢɜɢɚɥɶɧɨɣ ɡɚɞɚɱɟɣ, 
ɬ.ɤ. ɭɧɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɤ ɟɟ ɪɟɲɟɧɢɸ ɧɟ ɫɭɳɟɫɬɜɭɟɬ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɞɚɧɧɚɹ ɨɰɟɧɤɚ 
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ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɚɧɚɥɢɡɟ ɤɚɱɟɫɬɜɚ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɧɚ ɩɪɢɟɦɧɨɣ ɫɬɨɪɨɧɟ ɧɚ ɨɫɧɨɜɟ ɧɟɤɨɬɨɪɵɯ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɨ ɧɢɯ ɡɚ ɨɩɪɟɞɟɥɟɧɧɵɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ Д15Ж. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɥɚɫɶ ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɟɪɟɞɚɱɢ 
ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ ɧɚ ɨɫɧɨɜɟ ɫɨɜɨɤɭɩɧɨɝɨ ɚɧɚɥɢɡɚ ɩɚɪɚɦɟɬɪɨɜ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ 
ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɞɜɭɯ ɩɨɞɯɨɞɨɜ: ɛɚɡɢɪɭɹɫɶ ɧɚ ɩɚɪɚɦɟɬɪɚɯ ɤɚɱɟɫɬɜɚ 
ɨɛɫɥɭɠɢɜɚɧɢɹ ɫɟɬɢ (ɨɬ ɚɧɝɥ. Quality of Service, QoS) ɢ ɛɚɡɢɪɭɹɫɶ ɧɚ ɚɧɚɥɢɡɟ ɩɚɪɚɦɟɬɪɨɜ 
ɡɚɤɨɞɢɪɨɜɚɧɧɨɝɨ ɦɭɥɶɬɢɦɟɞɢɣɧɨɝɨ ɤɨɧɬɟɧɬɚ (ɨɬ ɚɧɝɥ. Quality of Experience, QoE). 

Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɦɟɬɨɞɢɤ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ ɧɚ ɨɫɧɨɜɟ ɩɚɪɚɦɟɬɪɨɜ QШS 
ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɢɡɦɟɪɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɫɟɬɢ ɢ ɩɪɢɡɜɚɧɵ ɨɛɟɫɩɟɱɢɬɶ ɤɨɧɬɪɨɥɶ ɭɪɨɜɧɹ ɤɚɱɟɫɬɜɚ 
ɩɪɢɥɨɠɟɧɢɣ ɤɚɤ ɞɥɹ ɩɪɨɜɨɞɧɵɯ, ɬɚɤ ɢ ɛɟɫɩɨɪɨɞɧɵɯ ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɢɫɬɟɦ ɩɟɪɟɞɚɱɢ ɢ ɨɛɪɚɛɨɬɤɢ 
ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ Д18Ж. 

ɇɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵɦɢ ɦɟɬɪɢɤɚɦɢ ɞɥɹ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɩɨ QШS ɹɜɥɹɸɬɫɹ: 
 ɜɪɟɦɹ ɩɪɢɟɦɚ-ɩɟɪɟɞɚɱɢ – ɜɪɟɦɹ, ɡɚɬɪɚɱɟɧɧɨɟ ɧɚ ɨɬɩɪɚɜɤɭ ɩɚɤɟɬɚ ɞɥɹ ɟɝɨ ɩɨɥɭɱɟɧɢɹ, ɩɥɸɫ 

ɜɪɟɦɹ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɨ ɟɝɨ ɩɨɥɭɱɟɧɢɢ; 
 ɜɚɪɢɚɰɢɹ ɡɚɞɟɪɠɤɢ – ɪɚɡɛɪɨɫ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɩɚɤɟɬɨɜ ɨɬ ɫɪɟɞɧɟɝɨ; 
 ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɩɚɤɟɬɨɜ – ɩɪɨɰɟɧɬ ɩɨɬɟɪɶ ɩɚɤɟɬɨɜ ɨɬ ɨɛɳɟɝɨ ɱɢɫɥɚ ɨɬɩɪɚɜɥɟɧɧɵɯ. 
ȼ Д19Ж ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɨɬɟɪɢ ɤɚɱɟɫɬɜɚ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ ɧɚ 80% ɨɛɭɫɥɨɜɥɟɧɵ 

ɩɨɬɟɪɹɦɢ ɩɚɤɟɬɨɜ ɢ ɬɨɥɶɤɨ ɧɚ 20% ɜɚɪɢɚɰɢɟɣ ɡɚɞɟɪɠɤɢ. ɉɨɷɬɨɦɭ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɩɚɤɟɬɨɜ 
ɦɨɠɧɨ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢ ɞɥɹ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɩɪɢɧɹɬɨɝɨ ɪɟɲɟɧɢɹ, ɩɨɫɤɨɥɶɤɭ ɩɨɬɟɪɹ ɩɚɤɟɬɨɜ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ ɤɚɱɟɫɬɜɨ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɝɨ ɩɨɬɨɤɚ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɤɨɷɮɮɢɰɢɟɧɬ 
ɩɨɬɟɪɶ ɩɚɤɟɬɨɜ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɥɨɬɧɨɫɬɶ ɞɚɧɧɵɯ ɜ ɤɚɞɪɟ ɢ ɧɟ ɭɱɢɬɵɜɚɟɬ ɤɨɧɬɟɧɬ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ 
ɞɚɧɧɵɯ Д4Ж.  

Ɉɰɟɧɤɢ ɧɚ ɨɫɧɨɜɟ ɤɨɧɬɟɧɬɚ ɛɚɡɢɪɭɸɬɫɹ ɧɚ ɚɧɚɥɢɡɟ ɡɚɤɨɞɢɪɨɜɚɧɧɨɝɨ ɦɭɥɶɬɢɦɟɞɢɣɧɨɝɨ ɤɨɧɬɟɧɬɚ 
ɢ ɦɨɝɭɬ ɛɵɬɶ ɫɤɨɧɮɢɝɭɪɢɪɨɜɚɧɵ ɬɚɤ, ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɤɚɱɟɫɬɜɨ ɩɪɢɧɹɬɵɯ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ 
ɞɚɧɧɵɯ ɧɚ ɭɪɨɜɧɟ ɩɪɢɥɨɠɟɧɢɣ, ɢɫɩɨɥɶɡɭɹ ɪɚɡɥɢɱɧɵɟ ɦɟɬɪɢɤɢ QoE ɨɬ ɩɪɨɫɬɵɯ ɫɯɟɦ ɫɪɚɜɧɟɧɢɹ 
ɩɢɤɫɟɥɟɣ ɤɚɪɬɢɧɤɢ ɦɟɠɞɭ ɢɫɬɨɱɧɢɤɨɦ ɢ ɩɨɥɭɱɚɬɟɥɟɦ, ɞɨ ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɯ ɨɰɟɧɨɤ ɤɚɱɟɫɬɜɚ 
ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ Д14Ж.  

ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɩɪɟɞɥɨɠɟɧɨ ɞɨɜɨɥɶɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɞɯɨɞɨɜ ɤ ɚɧɚɥɢɡɭ ɤɚɱɟɫɬɜɚ 
ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ ɧɚ ɨɫɧɨɜɟ QШE Д9, 11, 13Ж, ɨɞɧɚɤɨ ɞɨ ɫɢɯ ɩɨɪ ɧɟɬ ɭɧɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɧɚɛɨɪɚ 
ɦɟɬɪɢɤ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɨ ɛɪɚɬɶ ɜɨ ɜɧɢɦɚɧɢɟ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɪɚɡɥɢɱɚɸɬ ɩɨɞɯɨɞɵ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟɫɹ ɤɨɥɢɱɟɫɬɜɨɦ ɞɨɫɬɭɩɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɞɥɹ ɚɧɚɥɢɡɚ ɤɚɱɟɫɬɜɚ. Ɍɚɤ ɜɵɞɟɥɹɸɬ ɬɪɢ 
ɤɥɚɫɫɚ ɬɚɤɢɯ ɩɨɞɯɨɞɨɜ. ɉɟɪɜɵɣ ɤɥɚɫɫ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɨɥɧɵɦ ɧɚɛɨɪɨɦ ɢɧɮɨɪɦɚɰɢɢ ɨ 
ɩɟɪɟɞɚɜɚɟɦɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ ɧɚ ɫɬɨɪɨɧɟ ɨɬɩɪɚɜɢɬɟɥɹ. ȼɬɨɪɨɣ ɤɥɚɫɫ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟɦ ɤɚɤɨɣ-ɥɢɛɨ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɢɫɯɨɞɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ. Ɍɪɟɬɢɣ ɤɥɚɫɫ ɨɛɥɚɞɚɟɬ ɧɟɤɨɬɨɪɨɣ ɢɧɮɨɪɦɚɰɢɟɣ ɨɛ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ, ɧɨ ɜ ɦɟɧɶɲɟɦ ɤɨɥɢɱɟɫɬɜɟ, ɱɟɦ ɩɟɪɜɵɣ ɤɥɚɫɫ Д14Ж. 

Ɉɰɟɧɤɚ QoE ɹɜɥɹɟɬɫɹ ɧɟɬɪɢɜɢɚɥɶɧɨɣ ɡɚɞɚɱɟɣ, ɩɨɫɤɨɥɶɤɭ ɭ ɤɚɠɞɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɹ ɫɜɨɢ 
ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɠɟɥɚɟɦɨɦ ɤɚɱɟɫɬɜɟ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɝɨ ɦɭɥɶɬɢɦɟɞɢɣɧɨɝɨ ɩɨɬɨɤɚ. Ɉɰɟɧɤɚ ɞɚɧɧɨɝɨ 
ɩɚɪɚɦɟɬɪɚ ɹɜɥɹɟɬɫɹ ɫɚɦɨɞɨɫɬɚɬɨɱɧɨɣ ɨɛɥɚɫɬɶɸ ɧɚɭɤɢ ɫ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɜɨɩɪɨɫɨɜ Д2Ж.  

Ɇɭɥɶɬɢɦɟɞɢɣɧɵɟ ɩɪɢɥɨɠɟɧɢɹ, ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, ɨɱɟɧɶ ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ 
ɩɚɪɚɦɟɬɪɚɦ ɫɟɬɢ. Ɂɚɞɟɪɠɤɢ ɩɚɤɟɬɨɜ ɩɨɜɵɲɚɸɬ ɡɚɞɟɪɠɤɭ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ ɩɨɬɨɤɚ, ɚ ɩɨɬɟɪɢ ɩɚɤɟɬɨɜ 
ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɞɟɝɪɚɞɚɰɢɢ ɤɚɱɟɫɬɜɚ ɧɚ ɩɪɢɧɢɦɚɸɳɟɣ ɫɬɨɪɨɧɟ. ɉɥɨɯɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɟɬɢ, 
ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɤɨɥɟɛɚɧɢɹ QoS, ɱɚɫɬɨ ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɩɥɨɯɨɣ QoE [1, 3, 7].  

Ɉɞɧɚɤɨ ɨɰɟɧɤɚ ɤɚɱɟɫɬɜɚ ɩɪɢɧɹɬɵɯ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ, ɜ ɨɫɧɨɜɭ ɤɨɬɨɪɵɣ ɥɟɝɥɢ 
ɩɚɪɚɦɟɬɪɵ QoS, ɧɟ ɞɚɟɬ ɪɟɚɥɶɧɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨɛ ɭɞɨɜɥɟɬɜɨɪɟɧɧɨɫɬɢ ɩɨɥɶɡɨɜɚɬɟɥɹ. Ⱦɥɹ ɷɬɢɯ 
ɰɟɥɟɣ ɩɪɟɞɥɨɠɟɧɵ ɦɟɬɨɞɵ ɨɰɟɧɤɢ ɭɞɨɜɥɟɬɜɨɪɟɧɧɨɫɬɢ ɩɨɥɶɡɨɜɚɬɟɥɹ ɧɚ ɨɫɧɨɜɟ QШE Д1, 7Ж. ɋ ɞɪɭɝɨɣ 
ɫɬɨɪɨɧɵ, ɜ Д5Ж ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɟɫɥɢ ɨɰɟɧɤɚ ɤɚɱɟɫɬɜɚ ɧɚ ɨɫɧɨɜɟ QoE ɢ QoS ɩɪɨɜɨɞɹɬɫɹ 
ɨɞɧɨɜɪɟɦɟɧɧɨ, ɬɨ ɪɟɡɭɥɶɬɚɬɵ ɫɤɨɪɟɟ ɜɫɟɝɨ ɛɭɞɭɬ ɫɪɚɜɧɢɦɵ. Ɍɚɤ, ɦɟɬɨɞɢɤɢ ɨɰɟɧɨɤ QoS ɢ QoE ɬɟɫɧɨ 
ɜɡɚɢɦɨɫɜɹɡɚɧɵ. 
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ɆȿɌɈȾɂɄА ɈɐȿɇɄɂ ɗɎɎȿɄɌɂȼɇɈɋɌɂ ɉȿɊȿȾАɑɂ ɆɍɅɖɌɂɆȿȾɂɃɇɕɏ 
ȾАɇɇɕɏ 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɫɬɚɬɢɫɬɢɱɟɫɤɨɦ ɚɧɚɥɢɡɟ ɩɚɪɚɦɟɬɪɨɜ QШS ɢ QШE ɡɚ 
ɧɟɤɨɬɨɪɵɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɞɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɟɪɟɞɚɱɢ 
ɦɭɥɶɬɢɦɟɞɢɣɧɨɝɨ ɩɨɬɨɤɚ ɢɦɟɟɬɫɹ ɩɨɥɧɵɣ ɧɚɛɨɪ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɢɫɯɨɞɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɫɜɟɪɬɤɚ 
ɨɬɞɟɥɶɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɧɟ ɩɪɨɜɨɞɢɥɚɫɶ ɜ ɜɢɞɭ ɫɥɨɠɧɨɫɬɢ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɨɛɳɟɝɨ 
ɩɨɤɚɡɚɬɟɥɹ. ȼɫɟ ɪɚɫɫɦɨɬɪɟɧɧɵɟ ɜ ɦɟɬɨɞɢɤɟ ɦɟɬɪɢɤɢ ɹɜɥɹɸɬɫɹ ɪɚɜɧɨɡɧɚɱɧɵɦɢ. 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɧɚ ɨɫɧɨɜɟ ɢɧɮɨɪɦɚɰɢɢ, ɢɦɟɸɳɟɣɫɹ ɧɚ ɫɬɨɪɨɧɟ ɨɬɩɪɚɜɢɬɟɥɹ ɢ ɩɨɥɭɱɚɬɟɥɹ, 
ɜɨɡɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɫɬɚɬɢɫɬɢɤɭ ɨ ɫɪɟɞɧɟɣ ɜɚɪɢɚɰɢɢ ɡɚɞɟɪɠɤɢ ɩɪɢ ɩɟɪɟɞɚɱɟ, ɫɪɟɞɧɟɦ ɜɪɟɦɟɧɢ 
ɩɪɢɟɦɚ-ɩɟɪɟɞɚɱɢ, ɤɨɥɢɱɟɫɬɜɟ ɩɨɬɟɪɶ ɩɪɢ ɩɟɪɟɞɚɱɟ, ɚ ɬɚɤɠɟ ɨ ɫɪɟɞɧɟɦ ɪɚɡɦɟɪɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɩɢɤɨɜɨɝɨ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥɚ ɤ ɲɭɦɭ (ɚɧɝɥ. peak signal-to-ЧШТsО rКЭТШ, PSNR) ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ 
ɞɚɧɧɵɯ.  

Ʉɪɨɦɟ ɬɨɝɨ, ɞɥɹ ɡɚɞɚɱ ɚɞɚɩɬɚɰɢɢ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ ɜ ɝɟɬɟɪɨɝɟɧɧɨɣ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɟɬɢ 
ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɨɬɪɟɬɶ ɤɨɥɢɱɟɫɬɜɨ ɩɟɪɟɯɨɞɨɜ ɤɚɱɟɫɬɜɚ ɩɪɢ ɩɟɪɟɞɚɱɟ ɦɭɥɶɬɢɦɟɞɢɣɧɨɝɨ ɩɨɬɨɤɚ ɤɚɤ 
ɨɞɢɧ ɢɡ ɩɚɪɚɦɟɬɪɨɜ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɪɟɲɟɧɢɹ. 

ɋɬɨɢɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɩɨɞ ɩɟɪɟɯɨɞɨɦ ɤɚɱɟɫɬɜɚ ɦɭɥɶɬɢɦɟɞɢɣɧɨɝɨ ɩɨɬɨɤɚ ɩɨɧɢɦɚɟɬɫɹ ɮɚɤɬ ɜɵɛɨɪɚ 
ɞɪɭɝɨɝɨ ɭɪɨɜɧɹ ɭɥɭɱɲɟɧɢɹ ɦɭɥɶɬɢɦɟɞɢɣɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɟɤɭɳɢɦ. ɉɪɢɦɟɪ 
ɚɞɚɩɬɚɰɢɢ ɤɚɱɟɫɬɜɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɤɨɞɟɤɚ ɫɬɚɧɞɚɪɬɚ H.264/SVC ɪɚɫɫɦɨɬɪɟɧ ɜ Д12Ж. 

ȼ Д2, 11Ж ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɞɚɧɧɵɣ ɩɚɪɚɦɟɬɪ ɢɦɟɟɬ ɛɨɥɶɲɨɟ ɜɥɢɹɧɢɟ ɧɚ ɜɨɫɩɪɢɹɬɢɟ ɩɪɢɧɹɬɨɝɨ 
ɦɭɥɶɬɢɦɟɞɢɣɧɨɝɨ ɩɨɬɨɤɚ ɩɨɥɶɡɨɜɚɬɟɥɟɦ. ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɩɨɜɵɲɟɧɢɟ ɢɥɢ ɩɨɧɢɠɟɧɢɟ ɤɚɱɟɫɬɜɚ 
ɦɭɥɶɬɢɦɟɞɢɣɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɫɟɬɢ ɞɨɥɠɧɨ ɩɪɢɜɟɫɬɢ ɤ 
ɫɧɢɠɟɧɢɸ ɩɨɬɟɪɶ ɜ ɫɟɬɢ ɢ ɫɧɢɠɟɧɢɸ ɜɚɪɢɚɰɢɢ ɡɚɞɟɪɠɤɢ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɱɚɫɬɨɟ ɩɟɪɟɤɥɸɱɟɧɢɟ 
ɤɚɱɟɫɬɜɚ ɪɚɡɞɪɚɠɚɟɬ ɩɨɥɶɡɨɜɚɬɟɥɹ. ȼ Д11Ж ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɩɨɥɶɡɨɜɚɬɟɥɶ ɩɪɟɪɜɟɬ 
ɫɨɟɞɢɧɟɧɢɟ ɜ 4 ɪɚɡɚ ɜɵɲɟ ɩɪɢ ɱɚɫɬɨɦ ɩɟɪɟɤɥɸɱɟɧɢɢ ɤɚɱɟɫɬɜɚ, ɱɟɦ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɤɚɞɪɨɜɨɣ 
ɫɤɨɪɨɫɬɢ, ɢ ɜ 3 ɪɚɡɚ ɜɵɲɟ ɩɪɢ ɩɪɟɪɵɜɚɧɢɢ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɢ, ɱɟɦ ɩɪɢ ɟɞɢɧɢɱɧɨɣ ɫɦɟɧɟ ɤɚɱɟɫɬɜɚ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ.  

Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɩɪɢɦɟɦ, ɱɬɨ ɩɟɪɟɞɚɱɚ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ ɜ ɫɟɬɢ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɩɪɨɬɨɤɨɥɚ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɭɪɨɜɧɹ RTP [6]. 

 

ɁАȾȿɊɀɄА ɉɊɂȿɆА-ɉȿɊȿȾАɑɂ 

Ɂɚɞɟɪɠɤɚ ɩɪɢɟɦɚ-ɩɟɪɟɞɚɱɢ – ɷɬɨ ɜɪɟɦɹ, ɡɚɬɪɚɱɟɧɧɨɟ ɧɚ ɨɬɩɪɚɜɤɭ ɩɚɤɟɬɚ, ɩɥɸɫ ɜɪɟɦɹ, ɤɨɬɨɪɨɟ 
ɬɪɟɛɭɟɬɫɹ ɞɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ, ɱɬɨ ɩɚɤɟɬ ɩɨɥɭɱɟɧ. ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɜɵɱɢɫɥɟɧɢɹ 
ɡɚɞɟɪɠɤɢ ɩɪɢɟɦɚ-ɩɟɪɟɞɚɱɢ ɞɥɹ ɩɪɟɞɥɚɝɚɟɦɨɣ ɫɬɪɭɤɬɭɪɵ ɫɢɫɬɟɦɵ, ɩɪɟɞɥɨɠɟɧɧɨɣ ɜ Д12Ж. ɇɚ ɫɬɨɪɨɧɟ 
ɨɬɩɪɚɜɢɬɟɥɹ ܵ ɮɢɤɫɢɪɭɟɬɫɹ ɜɪɟɦɹ �଴௦ ɨɬɩɪɚɜɥɟɧɢɹ ɭɩɪɚɜɥɹɸɳɟɝɨ ɩɚɤɟɬɚ SR. ɇɚ ɫɬɨɪɨɧɟ ɩɨɥɭɱɚɬɟɥɹ ܴ ɮɢɤɫɢɪɭɟɬɫɹ ɜɪɟɦɹ ɩɨɥɭɱɟɧɢɹ �଴௥ ɞɚɧɧɨɝɨ ɩɚɤɟɬɚ SR, ɚ ɬɚɤɠɟ ɜɵɱɢɫɥɹɟɬɫɹ ɜɪɟɦɹ, ɨɬ ɩɨɥɭɱɟɧɢɹ 
ɭɩɪɚɜɥɹɸɳɟɝɨ ɩɚɤɟɬɚ SR ɢ ɞɨ ɨɬɩɪɚɜɥɟɧɢɹ ɭɩɪɚɜɥɹɸɳɟɝɨ ɩɚɤɟɬɚ RR, ɬ.ɟ. �ଵ௥ –  �଴௥. 

ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɭɩɪɚɜɥɹɸɳɟɝɨ ɩɚɤɟɬɚ RR ɨɬɩɪɚɜɢɬɟɥɟɦ ɜɵɱɢɫɥɹɟɬɫɹ ɡɚɞɟɪɠɤɚ ɩɪɢɟɦɚ-

ɩɟɪɟɞɚɱɢ ܦ� ɤɚɤ: ܦ = �ଵ௦ − ሺ �ଵ௥ − �଴௥ሻ − �଴௦   (1) 
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Риɫ. 1. ɋɯɟɦɚ ɜɵɱɢɫɥɟɧɢɹ ɡɚɞɟɪɠɤɢ ɩɪɢɟɦɚ-ɩɟɪɟɞɚɱɢ 

Fig. 1. The scheme of round-trip time calculation 

 

Ⱦɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɟɪɟɞɚɱɢ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ 
ɫɪɟɞɧɸɸ ɡɚɞɟɪɠɤɭ ɩɪɢɟɦɚ ɩɟɪɟɞɚɱɢ ɞɥɹ ɜɫɟɝɨ ɫɟɚɧɫɚ ɫɜɹɡɢ: ̅ܦ =  ∑ D���=1ெ ,  (2) 

ɝɞɟ � ∈  .ɤɨɥɢɱɟɫɬɜɨ ɪɚɡ ɪɚɫɱɟɬɚ ɡɚɞɟɪɠɤɢ – ܯ
 

ȼАɊɂАɐɂə ɁАȾȿɊɀɄɂ 

ȼɚɪɢɚɰɢɹ ɡɚɞɟɪɠɤɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɩɪɢɯɨɞɚ ɩɚɤɟɬɨɜ ɩɪɢɥɨɠɟɧɢɹ ɧɚ 
ɩɪɢɧɢɦɚɸɳɟɣ ɫɬɨɪɨɧɟ. Ɉɧɚ ɦɨɠɟɬ ɛɵɬɶ ɨɛɭɫɥɨɜɥɟɧɚ ɩɟɪɟɝɪɭɡɤɨɣ ɫɟɬɢ ɜ ɧɟɤɨɬɨɪɵɯ ɬɨɱɤɚɯ, 
ɛɨɥɶɲɢɦ ɪɚɡɛɪɨɫɨɦ ɪɚɡɦɟɪɨɜ ɩɟɪɟɫɵɥɚɟɦɵɯ ɩɚɤɟɬɨɜ, ɱɬɨ ɩɪɢɯɨɞɢɬ ɤ ɧɟɪɚɜɧɨɦɟɪɧɨɦɭ 
ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɜɪɟɦɟɧɢ ɨɛɪɚɛɨɬɤɢ, ɪɚɡɥɢɱɧɵɦɢ ɦɚɪɲɪɭɬɚɦɢ ɢ ɩɪ. Д10Ж. ȼ ɥɸɛɨɦ ɫɥɭɱɚɟ, ɛɨɥɶɲɚɹ 
ɜɚɪɢɚɰɢɹ ɡɚɞɟɪɠɤɢ ɩɚɤɟɬɨɜ ɩɪɢɜɨɞɢɬ ɤ ɭɯɭɞɲɟɧɢɸ ɤɚɱɟɫɬɜɚ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ.  

ɉɪɢɦɟɦ ɜ ɪɚɛɨɬɟ, ɱɬɨ ɜɚɪɢɚɰɢɹ ɡɚɞɟɪɠɤɢ ɦɟɠɞɭ ɨɬɩɪɚɜɥɟɧɧɵɦɢ ɩɚɤɟɬɚɦɢ ݔ� ɢ ݔ�−ଵ 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ ɫɪɟɞɧɟɟ ɨɬɤɥɨɧɟɧɢɟ ɪɚɡɧɨɫɬɢ � ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ � ɩɨɥɭɱɟɧɧɵɯ ɩɚɤɟɬɨɜ ݔ′� ɢ ݔ′�−ଵ  ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɯ ɨɬɩɪɚɜɥɟɧɢɟɦ: �ሺ�ሻ =  Vሺ� − ͳሻ + ሺ|�ሺ� − ͳ, �ሻ| − Vሺ� − ͳሻሻ/ͳ͸,     (3) 

ɝɞɟ �ሺ� − ͳ, �ሻ =  ሺ�ሺݔ′�−ଵሻ − �ሺݔ′�ሻሻ − ሺ�ሺݔ�−ଵሻ − �ሺݔ�ሻሻ. 

ɋɪɟɞɧɹɹ ɜɚɪɢɚɰɢɹ ɡɚɞɟɪɠɤɢ ɞɥɹ ɜɫɟɝɨ ɫɟɚɧɫɚ ɫɜɹɡɢ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɩɨɬɨɤɨɜ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ: V̅ =  ∑ V���=1ெ ,       (4) 

ɝɞɟ � ∈  .ɤɨɥɢɱɟɫɬɜɨ ɪɚɡ ɪɚɫɱɟɬɚ ɜɚɪɢɚɰɢɢ ɡɚɞɟɪɠɤɢ – ܯ
 

ɄɈɅɂɑȿɋɌȼɈ ɉɈɌȿɊɖ 

Ʉɚɤ ɩɪɚɜɢɥɨ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɫɬɚɧɞɚɪɬɚɯ ɤɨɞɢɪɨɜɚɧɢɹ ɜɢɞɟɨ ɩɪɢɦɟɧɹɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɦɟɯɚɧɢɡɦɵ 
ɤɨɦɩɟɧɫɚɰɢɢ ɩɨɬɟɪɶ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɜɥɢɹɧɢɟ ɟɞɢɧɢɱɧɵɯ ɩɨɬɟɪɶ ɫɝɥɚɠɢɜɚɟɬɫɹ. ɇɚɢɛɨɥɶɲɢɣ ɭɪɨɧ 
ɤɚɱɟɫɬɜɭ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ ɩɪɢɧɨɫɹɬ ɩɨɬɟɪɢ ɝɪɭɩɩɵ ɤɚɞɪɨɜ ɨɬ ɤɥɸɱɟɜɨɝɨ ɤɚɞɪɚ ɞɨ ɤɥɸɱɟɜɨɝɨ. ȼ 
ɷɬɨɦ ɫɥɭɱɚɟ, ɩɪɨɢɫɯɨɞɢɬ ɨɫɬɚɧɨɜɤɚ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ ɦɭɥɶɬɢɦɟɞɢɣɧɨɝɨ ɩɨɬɨɤɚ  ϑሺtሻ ∈ ሺͲ,ͳሻ ɧɚ 
ɤɚɤɨɣ-ɬɨ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ t. ȼ ɪɚɦɤɚɯ ɩɪɟɞɥɚɝɚɟɦɨɣ ɦɟɬɨɞɢɤɢ ɷɬɨɬ ɩɚɪɚɦɟɬɪ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 
ɨɬɞɟɥɶɧɚɹ ɦɟɬɪɢɤɚ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ.  

 

АɇАɅɂɁ ɏАɊАɄɌȿɊɂɋɌɂɄɂ PSNR 

Ɉɞɧɨɣ ɢɡ ɦɟɬɪɢɤ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ, ɩɪɢɧɚɞɥɟɠɚɳɟɣ ɤɥɚɫɫɭ ɫ ɩɨɥɧɵɦ ɧɚɛɨɪɨɦ ɢɧɮɨɪɦɚɰɢɢ ɨɛ 
ɢɫɯɨɞɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ, ɹɜɥɹɟɬɫɹ ɦɟɬɪɢɤɚ PSNR. ȼ Д4Ж ɛɵɥɨ 
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ɩɨɤɚɡɚɧɨ, ɱɬɨ PSNR ɹɜɥɹɟɬɫɹ ɜɚɥɢɞɧɨɣ ɦɟɬɪɢɤɨɣ ɞɥɹ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɦɭɥɶɬɢɦɟɞɢɣɧɨɝɨ ɩɨɬɨɤɚ ɞɥɹ 
ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ ɢ ɫ ɨɞɧɢɦ ɢ ɬɟɦ ɠɟ ɤɨɞɟɤɨɦ Д8Ж.  

PSNR ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɦɚɤɫɢɦɭɦɨɦ ɜɨɡɦɨɠɧɨɝɨ ɡɧɚɱɟɧɢɹ ɫɢɝɧɚɥɚ ɢ 
ɦɨɳɧɨɫɬɶɸ ɲɭɦɚ, ɢɫɤɚɠɚɸɳɟɝɨ ɡɧɚɱɟɧɢɹ ɫɢɝɧɚɥɚ. PSNR ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɟɪɟɡ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɭɸ 
ɨɲɢɛɤɭ MSE (ɨɬ ɚɧɝɥ. MОКЧ SqЮКrО ErrШr) ɦɟɠɞɭ ɢɫɯɨɞɧɵɦ ɤɚɞɪɨɦ � ɢ ɢɫɤɚɠɟɧɧɵɦ �: ܧܵܯ =  ଵ௑.௒ ∑ ∑ |�ሺݔ, ሻݕ − �ሺݔ, ሻ|ଶ,௒௬=ଵ௑௫=ଵݕ    (5) 

ɝɞɟ ɤɚɠɞɵɣ ɤɚɞɪ ɢɦɟɟɬ ܺ × ܻ ɩɢɤɫɟɥɟɣ, ɚ �ሺݔ, ,ݔሻ ɢ �ሺݕ ,ݔሻ – ɩɢɤɫɟɥɢ ɹɪɤɨɫɬɢ ɧɚ ɩɨɡɢɰɢɢ ሺݕ  ሻ ɜݕ
ɤɚɞɪɟ. 

Ɍɨɝɞɚ PSNR ɜɵɱɢɫɥɹɟɬɫɹ ɤɚɤ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɟ ɨɬɧɨɲɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ, 
ɩɪɢɧɢɦɚɟɦɨɝɨ ɩɢɤɫɟɥɟɦ ɢɡɨɛɪɚɠɟɧɢɹ, ɤ ɦɨɳɧɨɫɬɢ ɲɭɦɚ, ɢɫɤɚɠɚɸɳɟɝɨ ɢɡɨɛɪɚɠɟɧɢɟ. ȿɫɥɢ ɩɪɢɧɹɬɶ 
(5) ɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ, ɩɪɢɧɢɦɚɟɦɨɟ ɩɢɤɫɟɥɟɦ ɜ ɤɚɞɪɟ ܮ (ɤɨɝɞɚ ɩɢɤɫɟɥɢ ɢɦɟɸɬ ɪɚɡɪɹɞɧɨɫɬɶ 
8 ɛɢɬ, ܮ = ʹͷͷ), ɬɨɝɞɚ Д8Ж 

   ܴܲܵܰ = ͳͲ logଵ଴ ௅ெ��    (6) 

ɉɭɫɬɶ ɤɚɱɟɫɬɜɨ PSNR (3) ɤɚɞɪɚ � ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ܳ�, ɬɨɝɞɚ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɤɚɱɟɫɬɜɚ ɞɥɹ 
ɜɫɟɣ ɦɭɥɶɬɢɦɟɞɢɣɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɤɚɤ: 

  ܳ̅ =  ଵெ ∑ ܳ�ெ�=ଵ      (7) 

ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ ɜɨɡɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ ɤɚɱɟɫɬɜɚ: 
ܳ�ܥ    = ���̅ ,     (8) 

ɝɞɟ ܵ� – ɫɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɤɚɱɟɫɬɜɚ, ɬ.ɟ. ܵ� =  √ ଵଵ−ெ ∑ ሺܳ� − ܳሻ̅̅̅̅ ଶெ�=ଵ  

 

АɇАɅɂɁ ɉȿɊȿɏɈȾɈȼ ɄАɑȿɋɌȼА 

ɉɨɞ ɩɟɪɟɯɨɞɨɦ ɤɚɱɟɫɬɜɚ ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ ɞɨɥɹ ɩɟɪɟɯɨɞɨɜ ɤɚɱɟɫɬɜɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɨɛɳɟɦɭ 
ɤɨɥɢɱɟɫɬɜɭ ɝɪɭɩɩ ɤɚɞɪɨɜ. ɋɬɨɢɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɩɟɪɟɯɨɞ ɤɚɱɟɫɬɜɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɨɥɶɤɨ ɩɟɪɟɞ 
ɧɚɱɚɥɨɦ ɩɟɪɟɞɚɱɢ ɝɪɭɩɩɵ ɤɚɞɪɨɜ ɢ ɧɢɤɨɝɞɚ ɜ ɩɪɟɞɟɥɚɯ ɝɪɭɩɩɵ ɤɚɞɪɨɜ.  

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɟɪɟɞɚɱɢ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ ɛɵɥɚ 
ɩɪɢɦɟɧɟɧɚ ɞɥɹ ɫɰɟɧɚɪɢɹ ɦɭɥɶɬɢɩɨɬɨɤɨɜɨɣ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɫɟɬɢ ɢ ɚɥɝɨɪɢɬɦɚɦɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɚɞɚɩɬɚɰɢɢ ɦɚɫɲɬɚɛɢɪɭɟɦɨɝɨ ɦɭɥɶɬɢɦɟɞɢɣɧɨɝɨ ɩɨɬɨɤɚ, ɨɩɢɫɚɧɧɵɯ ɜ Д16, 17Ж. 

ȼ ɪɚɛɨɬɟ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɵ ɫ ɢɫɤɭɫɫɬɜɟɧɧɵɦ ɨɝɪɚɧɢɱɟɧɢɟɦ ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɬɪɚɫɫɢɪɨɜɨɤ ɪɟɚɥɶɧɨɣ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ, ɫɨɛɪɚɧɧɵɯ ɜ 
ɩɭɛɥɢɱɧɵɯ ɛɟɫɩɪɨɜɨɞɧɵɯ ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɟɬɹɯ ɝ. Ȼɟɪɥɢɧɚ (Ƚɟɪɦɚɧɢɹ). Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 
ɩɨ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɟ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɟɪɟɞɚɱɢ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ ɩɪɢɜɟɞɟɧɵ 
ɜ Д17Ж, ɝɞɟ ɛɵɥɚ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɦɟɬɨɞɢɤɢ ɧɚ ɩɪɢɦɟɪɟ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɜ Д17, 18Ж 
ɚɥɝɨɪɢɬɦɨɜ, ɚɥɝɨɪɢɬɦɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɪɚɮɢɤɚ ɰɢɤɥɢɱɟɫɤɨɝɨ ɨɩɪɨɫɚ ɢ ɚɥɝɨɪɢɬɦɚ, ɩɪɢɜɟɞɟɧɧɨɝɨ ɜ 
[16]. 

 

ɁАɄɅɘɑȿɇɂȿ 

ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɞɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɟɪɟɞɚɱɢ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ 
ɩɪɟɞɥɨɠɟɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɥɢɱɟɫɬɜɨ ɩɪɟɪɵɜɚɧɢɣ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ ɦɭɥɶɬɢɦɟɞɢɣɧɨɝɨ ɩɨɬɨɤɚ, 
ɜɪɟɦɹ ɩɪɢɟɦɚ-ɩɟɪɟɞɚɱɢ, ɜɚɪɢɚɰɢɸ ɡɚɞɟɪɠɤɢ, ɤɚɱɟɫɬɜɨ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ ɧɚ ɩɪɢɧɢɦɚɸɳɟɣ 
ɫɬɨɪɨɧɟ ɜ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ PSNR, ɚ ɬɚɤɠɟ ɤɨɥɢɱɟɫɬɜɨ ɩɟɪɟɯɨɞɨɜ ɤɚɱɟɫɬɜɚ ɦɭɥɶɬɢɦɟɞɢɣɧɨɝɨ ɩɨɬɨɤɚ 
ɩɪɢ ɩɟɪɟɞɚɱɟ ɜ ɝɟɬɟɪɨɝɟɧɧɨɣ ɛɟɫɩɪɨɜɨɞɧɨɣ ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɟɬɢ. 

ȼ ɪɚɛɨɬɚɯ Д12, 17, 18Ж ɞɨɤɚɡɚɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɟɬɨɞɢɤɢ, ɩɪɨɜɟɞɟɧɵ ɫɟɪɢɢ 
ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɜ Д12, 17, 18Ж ɚɥɝɨɪɢɬɦɨɜ, ɚɥɝɨɪɢɬɦɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɬɪɚɮɢɤɚ ɰɢɤɥɢɱɟɫɤɨɝɨ ɨɩɪɨɫɚ ɢ ɚɥɝɨɪɢɬɦɚ, ɩɪɢɜɟɞɟɧɧɨɝɨ ɜ Д16Ж. 

 

  



 

ʞ˃ˍ˖ˎˑ˅˃ ʔ.ʏ., ʟ˞ːˇˋː ʏ.ʑ. ʛˈ˕ˑˇˋˍ˃ ˑ˙ˈːˍˋ ˠ˗˗ˈˍ˕ˋ˅ːˑ˔˕ˋ  
˒ˈ˓ˈˇ˃˚ˋ ˏ˖ˎ˟˕ˋˏˈˇˋˌː˞˘ ˇ˃ːː˞˘ // ʜ˃˖˚ː˞ˌ ˓ˈˊ˖ˎ˟˕˃˕.  

Иː˗ˑ˓ˏ˃˙ˋˑːː˞ˈ ˕ˈ˘ːˑˎˑˆˋˋ. – Т.͸, №͹, ͸Ͷͷ7 

43 

 

ɂɇɎɈɊɆȺɐɂɈɇɇЫȿ ɌȿɏɇɈɅɈȽɂɂ 

INFORMATION TECHNOLOGIES  

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
1. Balachandran A. et al. A quest for an internet video quality-of-experience metric // Proceedings of the 11th ACM 

Workshop on Hot Topics in Networks. – ACM, 2012. – ɋ. 97-102. 

2. Clark A. D. et al. Modeling the effects of burst packet loss and recency on subjective voice quality. – 2001. 

3. Huynh-Thu Q., Ghanbari M. Scope of validity of PSNR in image/video quality assessment / Q. Huynh-Thu,  

M. Ghanbari // Electronics letters. – 2008. – Ɍ. 44. – №. 13. – ɋ. 800-801. 

4. ”A SОrvТМО-Oriented Framework of Distributed QoS Measurement Based on Multi-Agent for OverlКв NОЭаШrФ” / JТКЧ-

ren,Y., Rui-min H., Jun C., Jian-ЛШ Г.: FОЛ 2009. ɋ. 158-162. 

5. Koistinen T. Protocol overview: RTP and RTCP //Nokia Telecommunications. 2000. 

6. Lin C. H. et al. The packet loss effect on MPEG video transmission in wireless networks // 20th International Conference 

on Advanced Information Networking and Applications-VШХЮЦО 1 (AINA'06). IEEE, 2006. Ɍ. 1. ɋ. 565-572. 

7. Loguinov D., Radha H. End-to-end internet video traffic dynamics: Statistical study and analysis // INFOCOM 2002. 

Twenty-First AnЧЮКХ JШТЧЭ CШЧПОrОЧМО ШП ЭСО IEEE CШЦЩЮЭОr КЧН CШЦЦЮЧТМКЭТШЧs SШМТОЭТОs. PrШМООНТЧРs. IEEE. 2002. Ɍ. 2.  
ɋ. 723-732. 

8. Minhas T. N.  and Fiedler M. Impact of disturbance locations on video quality of experience. In Quality of Experience 

for Multimedia Content Sharing, EuroITV2011, June 2011. 

9. Minhas T. N. et al. Mobile video sensitivity to packet loss and packet delay variation in terms of QoE // 2012 19th 

IЧЭОrЧКЭТШЧКХ PКМФОЭ VТНОШ АШrФsСШЩ (PV). IEEE, 2012. ɋ. 83-88. 

10. Minhas T. N. Network impact on quality of experience of mobile video. 2012. 

11. Nam H., Kim K. H., Schulzrinne H. QoE Matters More Than QoS: Why People Stop Watching Cat Videos // 

INFOCOM, 2016 (to appear). 2016. 

12. Pakulova E., Miller K., Wolisz A. Adaptive low-delay video streaming in heterogeneous wireless networks using 

MPRTP // Wireless Communications and Mobile Computing Conference (IWCMC), 2017 13th International. –IEEE, 2017.  

ɋ. 14-19. 

13. Piamrat K. et al. Quality of experience measurements for video streaming over wireless networks //Information 

TeМСЧШХШРв: NОа GОЧОrКЭТШЧs, 2009. ITNG'09. SТбЭС IЧЭОrЧКЭТШЧКХ CШЧПОrОЧМО ШЧ. IEEE, 2009. ɋ. 1184-1189. 

14. FКМЭШrs IЧПХЮОЧМТЧР QЮКХТЭв ШП EбЩОrТОЧМО. IЧ QЮКХТЭв ШП EбЩОrТОЧМО. / RОТЭОr U., BrЮЧЧsЭr¨ K., KКЭrТОЧ DО MШШr, LКrКЛТ 
M.C., Pereira M., Pinheiro A., You J., and Zgank A., Springer International Publishing. 2014. C 55–74. 

15. Serral-GrКМТр R. ОЭ КХ. AЧ ШvОrvТОа ШП qЮКХТЭв ШП ОбЩОrТОЧМО ЦОКsЮrОЦОЧЭ МСКХХОЧРОs ПШr vТНОШ КЩЩХТМКЭТШЧs ТЧ IP 
networks // International Conference on Wired/Wireless Internet Communications. Springer Berlin Heidelberg, 2010.  

ɋ. 252-263. 

16. Singh V., Ahsan A.  and Ott J.: MPRTP: Multipath Considerations for Real-ЭТЦО MОНТК. MMSвs ’13, PrШМООНТЧРs ШП 
the 4th ACM Multimedia Systems Conference, February 26-March 1, 2013, C.190-201. 

17. ɉɚɤɭɥɨɜɚ ȿ.Ⱥ. Ⱥɥɝɨɪɢɬɦɵ ɢ ɩɪɨɝɪɚɦɦɧɵɟ ɫɪɟɞɫɬɜɚ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɟɪɟɞɚɱɢ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ 
ɞɚɧɧɵɯ ɜ ɛɟɫɩɪɨɜɨɞɧɵɯ ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɟɬɹɯ: Ⱦɢɫ. ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ. ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, 2016. 116 ɫ. 

18. ɉɚɤɭɥɨɜɚ ȿ.Ⱥ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɢ ɚɞɚɩɬɚɰɢɹ ɜɢɞɟɨɩɨɬɨɤɚ ɜ ɮɨɪɦɚɬɟ SVC ɜ ɝɟɬɟɪɨɝɟɧɧɨɣ ɫɟɬɢ // ɇɚɭɱɧɨ-

ɬɟɯɧɢɱɟɫɤɢɣ ɜɟɫɬɧɢɤ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɦɟɯɚɧɢɤɢ ɢ ɨɩɬɢɤɢ. 2016. Ɍ. 16. № 4. ɋ. 710-715.  

doi: 10.17586/2226-1494-2016-16-4-710-715. 

19. ɋɚɝɚɬɨɜ ȿ. ɋ., ɋɭɯɨɜ Ⱥ. Ɇ. ɉɨɜɵɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɢɧɬɟɪɧɟɬ-ɜɢɞɟɨɩɨɬɨɤɨɜ ɦɟɬɨɞɨɦ ɞɭɛɥɢɪɨɜɚɧɢɹ ɤɥɸɱɟɜɵɯ 
ɤɚɞɪɨɜ / ȿ.ɋ. ɋɚɝɚɬɨɜ, Ⱥ.Ɇ. ɋɭɯɨɜ // ȼɟɫɬɧɢɤ ɫɚɦɚɪɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɢɦ. 
Ⱥɤɚɞɟɦɢɤɚ ɋ.ɉ. Ʉɨɪɨɥёɜɚ (ɇɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ). 2011. №. 2. 
 

References 
1. Balachandran A. et al. A quest for an internet video quality-of-experience metric // Proceedings of the 11th ACM 

Workshop on Hot Topics in Networks. – ACM, 2012. – ɋ. 97-102. 

2. Clark A. D. et al. Modeling the effects of burst packet loss and recency on subjective voice quality. – 2001. 

3. Huynh-Thu Q., Ghanbari M. Scope of validity of PSNR in image/video quality assessment / Q. Huynh-Thu,  

M. Ghanbari // Electronics letters. – 2008. – Ɍ. 44. – №. 13. – ɋ. 800-801. 

4. ”A SОrvТМО-Oriented Framework of Distributed QoS Measurement Based on Multi-Agent for Overlay NetwШrФ” / JТКЧ-

ren,Y., Rui-min H., Jun C., Jian-ЛШ Г.: FОЛ 2009. ɋ. 158 –162. 

5. Koistinen T. Protocol overview: RTP and RTCP //Nokia Telecommunications. 2000. 

6. Lin C. H. et al. The packet loss effect on MPEG video transmission in wireless networks //20th International Conference 

on Advanced Information Networking and Applications-VШХЮЦО 1 (AINA'06). IEEE, 2006. Ɍ. 1. ɋ. 565-572. 

7. Loguinov D., Radha H. End-to-end internet video traffic dynamics: Statistical study and analysis //INFOCOM 2002. 

Twenty-First Annual JoiЧЭ CШЧПОrОЧМО ШП ЭСО IEEE CШЦЩЮЭОr КЧН CШЦЦЮЧТМКЭТШЧs SШМТОЭТОs. PrШМООНТЧРs. IEEE. 2002. Ɍ. 2.  
ɋ. 723-732. 

8. Minhas T. N.  and Fiedler M. Impact of disturbance locations on video quality of experience. In Quality of Experience 

for Multimedia Content Sharing, EuroITV2011, June 2011. 



ʞ˃ˍ˖ˎˑ˅˃ ʔ.ʏ., ʟ˞ːˇˋː ʏ.ʑ. ʛˈ˕ˑˇˋˍ˃ ˑ˙ˈːˍˋ ˠ˗˗ˈˍ˕ˋ˅ːˑ˔˕ˋ  
˒ˈ˓ˈˇ˃˚ˋ ˏ˖ˎ˟˕ˋˏˈˇˋˌː˞˘ ˇ˃ːː˞˘ // ʜ˃˖˚ː˞ˌ ˓ˈˊ˖ˎ˟˕˃˕.  

Иː˗ˑ˓ˏ˃˙ˋˑːː˞ˈ ˕ˈ˘ːˑˎˑˆˋˋ. – Т.͸, №͹, ͸Ͷͷ7 

44 

ɂɇɎɈɊɆȺɐɂɈɇɇЫȿ ɌȿɏɇɈɅɈȽɂɂ 

INFORMATION TECHNOLOGIES  

9. Minhas T. N. et al. Mobile video sensitivity to packet loss and packet delay variation in terms of QoE //2012 19th

IЧЭОrЧКЭТШЧКХ PКМФОЭ VТНОШ АШrФsСШЩ (PV). IEEE, 2012. ɋ. 83-88. 

10. Minhas T. N. Network impact on quality of experience of mobile video. 2012.

11. Nam H., Kim K. H., Schulzrinne H. QoE Matters More Than QoS: Why People Stop Watching Cat Videos //

INFOCOM, 2016 (to appear). 2016. 

12. Pakulova E., Miller K., Wolisz A. Adaptive low-delay video streaming in heterogeneous wireless networks using

MPRTP // Wireless Communications and Mobile Computing Conference (IWCMC), 2017 13th International. – IEEE, 2017. 

ɋ. 14-19. 

13. Piamrat K. et al. Quality of experience measurements for video streaming over wireless networks //Information

Technology: NОа GОЧОrКЭТШЧs, 2009. ITNG'09. SТбЭС IЧЭОrЧКЭТШЧКХ CШЧПОrОЧМО ШЧ. IEEE, 2009. ɋ. 1184-1189. 

14. Factors Influencing Quality of Experience. In Quality of Experience / RОТЭОr U., BrЮЧЧsЭr¨ K., KКЭrТОЧ DО MШШr, LКrКЛТ
M.C., Pereira M., Pinheiro A., You J., and Zgank A., Springer International Publishing. 2014. C 55–74. 

15. Serral-GrКМТр R. ОЭ КХ. AЧ ШvОrvТОа ШП qЮКХТЭв ШП ОбЩОrТОЧМО ЦОКsЮrОЦОЧЭ МСКХХОЧРОs ПШr vТНОШ КЩЩХТМКЭТШЧs ТЧ IP
networks // International Conference on Wired/Wireless Internet Communications. Springer Berlin Heidelberg, 2010. 

ɋ. 252-263. 

16. Singh V., Ahsan A. and Ott J.: MPRTP: Multipath Considerations for Real-time Media. MMSys’13, PrШМООНТЧРs ШП ЭСО
4th ACM Multimedia Systems Conference, February 26-March 1, 2013, C.190-201. 

17. Akulova E. A. Algorithms and software for improving the efficiency of transmission of multimedia data in wireless

computer networks: Dis. Cand.tech. SМТОЧМОs. SКТЧЭ PОЭОrsЛЮrР, 2016. 116ɫ. 
18. Akulova E. A. Distribution and adaptation of the video stream in SVC format in heterogeneous networks // Scientific

and technical journal of information technologies, mechanics and optics. 2016. T. 16. No. 4. P. 710-715. doi: 10.17586/2226-

1494-2016-16-4-710-715.  

19. Sagatov E. S., Sukhov, A. M. improving the quality of Internet video streams by the method of duplication of key frames

/ Sagatov E. S., Sukhov, A. M. // Vestnik of Samara state aerospace University. Academician S. P. Korolev (National research 

University). 2011. no. 2. 

ɉаɤɭɥɨва Еɤаɬɟриɧа Аɧаɬɨɥɶɟвɧа, канɞиɞаɬ ɬɟхничɟɫких наɭк, инɠɟнɟɪ
Ɋɵɧɞиɧ Арɬɟɦ Ваɥɟрɶɟвич, аɫɩиɪанɬ

Pakulova Ekaterina Anatolievna, Candidate of Technical Sciences, engineer
Ryndin Artem Valerevich, postgraduate student


