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ɍȾК 004.7 

ɋɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɬɪɚɮɢɤɚ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɟɬɢ  
Ȼɟɥɶɤɨɜ Ⱦ.В., ȿɞɟɦɫɤɚя ȿ.ɇ. 

Ⱦɨɧɟɰɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

belkov65@list.ru 

Ȼɟɥɶɤɨɜ Ⱦ.ȼ., ȿɞɟɦɫɤɚɹ ȿ.ɇ. ɋɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɬɪɚɮɢɤɚ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɟɬɢ. 
ɇɟɞɚɜɧɢɟ ɢɫɫлɟɞɨɜɚɧɢɹ ɬɪɚɮɢɤɚ ɩɚɤɟɬɨɜ ɜ ɫɟɬɢ ɩɨɤɚɡɚлɢ, ɱɬɨ ɷɬɨ - ɫɚɦɨɩɨɞɨɛɧɵɣ 
ɩɪɨцɟɫɫ ɢ ɟɝɨ Ɇɚɪɤɨɜɫɤɢɟ (ɛɟɡ ɩɨɫлɟɞɟɣɫɬɜɢɹ) ɦɨɞɟлɢ  ɩɪɢɜɨɞɹɬ ɤ ɧɟɤɨɪɪɟɤɬɧɵɦ 
ɪɟɲɟɧɢɹɦ.  ɉɨɷɬɨɦɭ ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ ɹɜлɹɟɬɫɹ ɞɚлɶɧɟɣɲɟɟ ɢɫɫлɟɞɨɜɚɧɢɟ ɫɨɜɪɟɦɟɧɧɨɝɨ 
ɬɪɚɮɢɤɚ. Ⱦɚɧɧɚɹ ɫɬɚɬɶɹ ɩɪɟɞɫɬɚɜлɹɟɬ ɪɟɡɭлɶɬɚɬɵ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɚɧɚлɢɡɚ RTT-

ɡɚɞɟɪɠɤɢ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɟɬɢ ɫ GPRS-ɞɨɫɬɭɩɨɦ ɧɚ ɫɬɨɪɨɧɟ ɨɬɩɪɚɜɢɬɟлɹ ɢ  UMTS-

ɞɨɫɬɭɩɨɦ ɫɨ ɫɬɨɪɨɧɵ ɩɨлɭɱɚɬɟлɹ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɬɪɚɮɢɤ, ɡɚɞɟɪɠɤɚ, ɞɠɢɬɬɟɪ, ɮɭɧɤцɢɹ ɚɜɬɨɤɨɪɪɟлɹцɢɢ, ɫɩɟɤɬɪɚлɶɧɚɹ 
ɩлɨɬɧɨɫɬɶ, ɩɚɪɚɦɟɬɪ ɏɟɪɫɬɚ. 

 

Вɜɟɞɟɧɢɟ 

В ɫɜяɡɢ ɫ ɬɟɧɞɟɧɰɢяɦɢ ɨɛɴɟɞɢɧɟɧɢя 
ɪɚɡɥɢɱɧɵɯ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɩɪɢɥɨɠɟɧɢɣ 
ɧɚ ɛɚɡɟ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɫɟɬɟɜɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ 
ɚɤɬɭɚɥɶɧɨɣ ɩɪɨɛɥɟɦɨɣ яɜɥяɟɬɫя ɪɚɡɪɚɛɨɬɤɚ 
ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ ɢ ɫɢɧɬɟɡɚ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-

ɭɩɪɚɜɥяɸɳɢɯ ɫɢɫɬɟɦ. Ⱦɚɧɧɚя ɪɚɛɨɬɚ  ɩɨɫɜяɳɟɧɚ 
ɨɞɧɨɣ ɢɡ ɜɚɠɧɵɯ ɡɚɞɚɱ ɪɚɡɜɢɬɢя ɷɬɨɝɨ 
ɧɚɩɪɚɜɥɟɧɢя – ɢɫɫɥɟɞɨɜɚɧɢɸ ɩɪɨɰɟɫɫɨɜ ɜ 
ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɟɬяɯ ɫ ɛɟɫɩɪɨɜɨɞɧɵɦ ɞɨɫɬɭɩɨɦ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɫɟɬяɯ ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɯ 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɩɪɢɥɨɠɟɧɢɣ ɢ ɩɚɤɟɬɧɨɣ 
ɤɨɦɦɭɬɚɰɢɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫя ɫɥɨɠɧɵɦɢ 
яɜɥɟɧɢяɦɢ, ɢɡɭɱɟɧɢɟ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɛɵɬɶ 
ɜɵɩɨɥɧɟɧɨ ɫ ɩɨɦɨɳɶɸ ɜɟɪɨяɬɧɨɫɬɧɵɯ ɩɨɞɯɨɞɨɜ.  

ɏɚɪɚɤɬɟɪɧɵɦ ɞɥя ɩɪɨɰɟɫɫɨɜ ɩɚɤɟɬɧɨɣ 
ɩɟɪɟɞɚɱɢ яɜɥяɟɬɫя ɨɛɧɚɪɭɠɟɧɧɨɟ ɧɚ ɩɪɚɤɬɢɤɟ 
ɫɜɨɣɫɬɜɨ ɮɪɚɤɬɚɥɶɧɨɫɬɢ. В ɩɪɨɰɟɫɫɟ ɩɟɪɟɞɚɱɢ 
ɜɨɡɧɢɤɚɸɬ ɛɨɥɶɲɢɟ ɜɫɩɥɟɫɤɢ ɩɪɢ  ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɧɢɡɤɨɦ ɫɪɟɞɧɟɦ  ɭɪɨɜɧɟ  ɬɪɚɮɢɤɚ.  Ⱦɚɧɧɨɟ  
яɜɥɟɧɢɟ, ɤɨɬɨɪɨɟ ɡɧɚɱɢɬɟɥɶɧɨ ɜɥɢяɟɬ ɧɚ ɩɨɬɟɪɢ ɢ 
ɡɚɞɟɪɠɤɢ ɩɚɤɟɬɨɜ, ɧɟ ɭɱɢɬɵɜɚɟɬɫя ɜ ɬɟɨɪɢɢ 
ɬɟɥɟɬɪɚɮɢɤɚ. Ɋɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ 
ɪɚɫɩɪɟɞɟɥɟɧɢя ɢɧɮɨɪɦɚɰɢɢ ɩɨ ɤɥɚɫɫɢɱɟɫɤɢɦ 
ɮɨɪɦɭɥɚɦ ɞɚɟɬ ɧɟɤɨɪɪɟɤɬɧɵɟ, ɧɟɨɩɪɚɜɞɚɧɧɨ 
ɨɩɬɢɦɢɫɬɢɱɟɫɤɢɟ ɪɟɡɭɥɶɬɚɬɵ. Ⱥɥɝɨɪɢɬɦɵ 
ɨɛɪɚɛɨɬɤɢ ɬɪɚɮɢɤɚ, ɫɨɡɞɚɧɧɵɟ ɞɥя ɪɚɛɨɬɵ ɫ 
ɩɪɨɫɬɟɣɲɢɦ ɩɨɬɨɤɨɦ ɧɟɷɮɮɟɤɬɢɜɧɵ ɞɥя 
ɮɪɚɤɬɚɥɶɧɵɯ ɩɨɬɨɤɨɜ Д1-6]. 

Пɨяɜɥɟɧɢɟ ɧɨɜɵɯ ɫɜɨɣɫɬɜ ɫɟɬɟɜɨɝɨ 
ɬɪɚɮɢɤɚ, ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɛɟɫɩɟɱɟɧɢя ɜɵɫɨɤɨɝɨ 
ɤɚɱɟɫɬɜɚ ɨɛɫɥɭɠɢɜɚɧɢя ɩɪɢɥɨɠɟɧɢɣ, ɞɟɥɚɸɬ 
ɚɤɬɭɚɥɶɧɵɦ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɬɪɚɮɢɤɚ 
ɫɟɬɟɣ. 

ɐɟɥɶɸ ɧɚɫɬɨяɳɟɣ  ɪɚɛɨɬɵ  яɜɥяɟɬɫя  
ɢɫɫɥɟɞɨɜɚɧɢɟ  ɫɬɪɭɤɬɭɪɵ ɬɪɚɮɢɤɚ ɫɟɬɢ ɫ 
ɛɟɫɩɪɨɜɨɞɧɵɦ ɞɨɫɬɭɩɨɦ, ɧɚɩɪɚɜɥɟɧɧɨɟ ɧɚ 
ɜɵяɜɥɟɧɢɟ ɟɝɨ ɯɚɪɚɤɬɟɪɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ. 
ɂɡɭɱɚɟɬɫя ɨɞɢɧ ɢɡ ɨɫɧɨɜɧɵɯ ɫɟɬɟɜɵɯ ɩɪɨɰɟɫɫɨɜ 

– ɩɪɨɰɟɫɫ RTT-ɡɚɞɟɪɠɤɢ, ɤɨɬɨɪɵɣ ɫɥɭɠɢɬ ɞɥя 
ɩɨɥɭɱɟɧɢя ɢɧɮɨɪɦɚɰɢɢ ɨ ɫɨɫɬɨяɧɢɢ ɫɟɬɢ 
ɦɟɬɨɞɨɦ “ɱɟɪɧɨɝɨ яɳɢɤɚ”, ɤɨɝɞɚ ɱɟɪɟɡ ɫɟɬɶ 
ɩɪɨɩɭɫɤɚɟɬɫя ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɚɤɟɬɨɜ, ɢ ɧɚ 
ɨɫɧɨɜɚɧɢɢ ɜɪɟɦɟɧɢ ɢɯ ɩɪɨɯɨɠɞɟɧɢя ɞɨ 
ɭɞɚɥɟɧɧɨɝɨ ɭɡɥɚ ɢ ɨɛɪɚɬɧɨ ɞɟɥɚɸɬɫя ɜɵɜɨɞɵ ɨ 
ɡɚɝɪɭɡɤɟ ɫɟɬɢ.  

В ɪɚɛɨɬɟ ɪɟɲɚɸɬɫя ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 
ɨɰɟɧɢɜɚɸɬɫя ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢя, 
ɚɜɬɨɤɨɪɪɟɥяɰɢɨɧɧɵɟ ɮɭɧɤɰɢɢ (ȺКɎ), 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɫɩɟɤɬɪɵ ɢɡɭɱɚɟɦɵɯ ɜɪɟɦɟɧɧɵɯ 
ɪяɞɨɜ, ɨɩɪɟɞɟɥяɟɬɫя ɫɬɟɩɟɧɶ ɮɪɚɤɬɚɥɶɧɨɫɬɢ 
(ɩɨɤɚɡɚɬɟɥɶ ɏɟɪɫɬɚ). В ɢɫɫɥɟɞɨɜɚɧɢɢ 
ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɩɪɨɝɪɚɦɦɵ Fractan ɢ Statistika.  

ɂɫɩɨɥɶɡɭɟɦɵɟ ɫɢɝɧɚɥɵ   
Ⱦɥя ɢɡɭɱɟɧɢя ɜɵɛɪɚɧɵ ɲɟɫɬɶ ɪɟɚɥɢɡɚɰɢɣ 

ɫɟɬɟɜɨɝɨ  ɬɪɚɮɢɤɚ Д7Ж, ɩɨɥɭɱɟɧɧɵɟ ɜ 2007 ɝɨɞɭ ɜ 
ɭɧɢɜɟɪɫɢɬɟɬɟ ɝɨɪɨɞɚ ɇɚɩɨɥɢ (ɂɬɚɥɢя). ɋɨɝɥɚɫɧɨ 
ɥɢɰɟɧɡɢɢ ɞɚɧɧɵɟ ɫɜɨɛɨɞɧɨ ɞɨɫɬɭɩɧɵ ɞɥя 
ɚɧɚɥɢɡɚ. ɍɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢя, ɩɪɢɧяɬɵɟ ɜ 
ɪɚɛɨɬɟ, ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

 

Ɍɚɛɥɢɰɚ 1. ɍɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢя 

Ɉɛɨɡɧɚɱɟɧɢɟ Ɉɩɢɫɚɧɢɟ 
TCP _d64 Ɋяɞ ɢɡɦɟɪɟɧɢɣ 

ɡɚɞɟɪɠɤɢ TCP-ɩɚɤɟɬɨɜ 
ɨɛɴɟɦɨɦ 64 ɛɚɣɬ 

TCP _d256 Ɋяɞ ɢɡɦɟɪɟɧɢɣ 
ɡɚɞɟɪɠɤɢ TCP-ɩɚɤɟɬɨɜ 
ɨɛɴɟɦɨɦ 256 ɛɚɣɬ 

TCP _d1024 Ɋяɞ ɢɡɦɟɪɟɧɢɣ 
ɡɚɞɟɪɠɤɢ TCP-ɩɚɤɟɬɨɜ 
ɨɛɴɟɦɨɦ 1024 ɛɚɣɬ 

 

ɂɡɦɟɪɟɧɢя ɩɪɨɜɨɞɢɥɢɫɶ ɤɚɠɞɵɟ 10 
ɦɢɥɥɢɫɟɤɭɧɞ, ɩɨɥɭɱɟɧɨ ɫɜɵɲɟ 3000 ɨɬɫɱɟɬɨɜ. 
Ɉɬɩɪɚɜɢɬɟɥɶ ɢɦɟɥ GPRS-ɞɨɫɬɭɩ, ɩɨɥɭɱɚɬɟɥɶ - 

UMTS-ɞɨɫɬɭɩ, ɫɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ 100 pps, 

mailto:belkov65@list.ru
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ɨɩɟɪɚɰɢɨɧɧɚя ɫɢɫɬɟɦɚ Windows32, ɧɚ ɤɚɠɞɨɣ ɢɡ 
ɫɬɨɪɨɧ. 

Ⱦɥя ɩɪɨɰɟɫɫɚ RTT-ɡɚɞɟɪɠɤɢ ɧɚ ɦɚɪɲɪɭɬɟ 
ɩɪɨɯɨɠɞɟɧɢя ɩɚɤɟɬɚ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ 
ɩɨɫɬɨяɧɧɭɸ ɦɢɧɢɦɚɥɶɧɭɸ ɫɨɫɬɚɜɥяɸɳɭɸ, 
ɨɛɭɫɥɨɜɥɟɧɧɭɸ ɨɬɫɭɬɫɬɜɢɟɦ ɨɱɟɪɟɞɟɣ ɢ 
ɩɟɪɟɦɟɧɧɭɸ ɫɨɫɬɚɜɥяɸɳɭɸ, ɜɨɡɧɢɤɚɸɳɭɸ ɢɡ-ɡɚ 
ɡɚɞɟɪɠɟɤ ɜ ɨɱɟɪɟɞяɯ. RTT-ɡɚɞɟɪɠɤɚ ɢɡɦɟɪяɟɬɫя 
ɧɚ ɫɬɨɪɨɧɟ ɢɫɬɨɱɧɢɤɚ ɢ ɫɤɥɚɞɵɜɚɟɬɫя ɢɡ ɜɪɟɦɟɧɢ 
ɨɛɪɚɛɨɬɤɢ, ɜɪɟɦɟɧɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢя, ɜɪɟɦɟɧɢ 
ɤɨɦɦɭɬɚɰɢɢ, ɜɪɟɦɟɧɢ ɨɠɢɞɚɧɢя ɜ ɨɱɟɪɟɞɢ. 
ɂɡɭɱɚɟɦɵɟ ɜɪɟɦɟɧɧɵɟ ɪяɞɵ ɩɨɤɚɡɚɧɵ ɧɚ 
ɪɢɫɭɧɤɚɯ 1-3. ɇɢɠɧɢɣ ɭɪɨɜɟɧɶ ɡɚɞɟɪɠɤɢ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɬɫɭɬɫɬɜɢɸ ɨɱɟɪɟɞɟɣ. 

RTT-ɡɚɞɟɪɠɤɚ ɩɟɪɟɞɚɱɢ ɩɚɤɟɬɨɜ ɨɛъɟɦɨɦ 64 
ɛɚɣɬ
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Ɋɢɫɭɧɨɤ 1 - ɋɢɝɧɚɥ ɩɟɪɟɞɚɱɢ ɩɚɤɟɬɨɜ ɨɛɴɟɦɨɦ 64 

ɛɚɣɬ 

 

RTT-ɡɚɞɟɪɠɤɚ ɜɪɟɦɟɧɧɨɝɨ ɪяɞɚ TCP_d256
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Ɋɢɫɭɧɨɤ 2 - ɋɢɝɧɚɥ ɩɟɪɟɞɚɱɢ ɩɚɤɟɬɨɜ ɨɛɴɟɦɨɦ 

256 ɛɚɣɬ 

 

RTT-ɡɚɞɟɪɠɤɚ ɩɟɪɟɞɚɱɢ ɩɚɤɟɬɨɜ ɨɛъɟɦɨɦ 1024 ɛɚɣɬ
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Ɋɢɫɭɧɨɤ 3 - ɋɢɝɧɚɥ ɩɟɪɟɞɚɱɢ ɩɚɤɟɬɨɜ ɨɛɴɟɦɨɦ 

1024 ɛɚɣɬ 

ɉɨɫɬɪɨɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ  
В ɷɬɨɦ ɪɚɡɞɟɥɟ ɜɵɩɨɥɧɟɧ ɚɧɚɥɢɡ 

ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢя.  Ɉɰɟɧɤɚ  ɩɪɨɜɨɞɢɬɫя  
ɧɚ ɨɫɧɨɜɚɧɢɢ  ɝɢɫɬɨɝɪɚɦɦ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɱɚɫɬɨɬ, 
ɩɨɤɚɡɚɧɧɵɯ ɧɚ ɪɢɫɭɧɤɚɯ 4-6. Вɢɡɭɚɥɶɧɵɣ  ɚɧɚɥɢɡ  
ɩɨɡɜɨɥяɟɬ  ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɢɫɫɥɟɞɭɟɦɵɟ ɪяɞɵ 
ɧɟ ɩɨɞɱɢɧяɸɬɫя ɧɨɪɦɚɥɶɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ. 

 
Ɋɢɫɭɧɨɤ 4 - Пɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢя 

ɜɪɟɦɟɧɧɨɝɨ ɪяɞɚ TCPИН64  
 

 
Ɋɢɫɭɧɨɤ 5 - Пɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢя ɫɢɝɧɚɥɚ 

TCP_d256 

 

 
Ɋɢɫɭɧɨɤ 6 - Пɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢя ɫɢɝɧɚɥɚ 

TCP_d1024 

 

ɉɨɫɬɪɨɟɧɢɟ ɚɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɵɯ 
ɮɭɧɤɰɢɣ  

В ɷɬɨɦ ɪɚɡɞɟɥɟ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ  
ɨɛɥɚɞɚɸɬ ɜɪɟɦɟɧɧɵɟ ɪяɞɵ ɦɟɞɥɟɧɧɨ ɭɛɵɜɚɸɳɟɣ 
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ɡɚɜɢɫɢɦɨɫɬɶɸ ɢɥɢ  ɛɵɫɬɪɨ  ɭɛɵɜɚɸɳɟɣ  
ɡɚɜɢɫɢɦɨɫɬɶɸ.  Пɨ ɨɩɪɟɞɟɥɟɧɢɸ  ɩɪɨɰɟɫɫ  ɏ  
ɨɛɥɚɞɚɟɬ  ɦɟɞɥɟɧɧɨ  ɭɛɵɜɚɸɳɟɣ ɡɚɜɢɫɢɦɨɫɬɶɸ 
(ɆɍɁ) Дlong-range dependenceЖ,  ɟɫɥɢ ɞɥя ɟɝɨ 
ȺКɎ ɜɵɩɨɥɧяɟɬɫя ɭɫɥɨɜɢɟ 


kkLkkr ),(~)( 1

 , ɝɞɟ 10    ɢ  1L   -  

ɦɟɞɥɟɧɧɨ  ɦɟɧяɸɳɚяɫя ɧɚ ɛɟɫɤɨɧɟɱɧɨɫɬɢ 

ɮɭɧɤɰɢя: 1
)(

)(
lim

1

1 
 tL

txL

t
 ɞɥя ɜɫɟɯ б. Пɪɨɰɟɫɫɵ ɫ 

ɆɍɁ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫя ɚɜɬɨɤɨɪɪɟɥяɰɢɨɧɧɨɣ 
ɮɭɧɤɰɢɟɣ, ɤɨɬɨɪɚя ɭɛɵɜɚɟɬ ɩɨ ɫɬɟɩɟɧɧɨɦɭ 
ɡɚɤɨɧɭ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɜɪɟɦɟɧɧɨɣ ɡɚɞɟɪɠɤɢ 
(ɥɚɝɚ). В ɨɬɥɢɱɢɟ ɨɬ ɩɪɨɰɟɫɫɨɜ ɫ ɆɍɁ, ɩɪɨɰɟɫɫɵ 
ɫ ɛɵɫɬɪɨ ɭɛɵɜɚɸɳɟɣ ɡɚɜɢɫɢɦɨɫɬɶɸ (ȻɍɁ) Дshort-

range dependenceЖ ɨɛɥɚɞɚɸɬ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨ 
ɫɩɚɞɚɸɳɟɣ ȺКɎ ɜɢɞɚ 

kekr
k ,~)( . 

Вɵɱɢɫɥɟɧɢя ȺКɎ ɜɵɩɨɥɧɟɧɵ ɫ ɩɨɦɨɳɶɸ 
ɩɪɨɝɪɚɦɦɵ FrКМЭКЧ 4.4 ɩɨ ɮɨɪɦɭɥɟ 

)()(

))((

)(
2

1

XN

XXXX

kr

N

i
kii















,  ɝɞɟ X  - 

ɜɵɛɨɪɨɱɧɨɟ ɫɪɟɞɧɟɟ ɪяɞɚ Б, )(2
X

 - 

ɜɵɛɨɪɨɱɧɚя ɞɢɫɩɟɪɫɢя ɪяɞɚ Б, Ф=0,1,... 
Ⱥɜɬɨɤɨɪɪɟɥяɰɢɨɧɧɵɟ ɮɭɧɤɰɢɢ ɢɫɫɥɟɞɭɟɦɵɯ 
ɜɪɟɦɟɧɧɵɯ ɪяɞɨɜ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 7-9. ɂɯ 
ɚɩɩɪɨɤɫɢɦɚɰɢя ɫɬɟɩɟɧɧɵɦɢ ɮɭɧɤɰɢяɦɢ ɛɭɞɟɬ 
ɩɨɤɚɡɚɧɚ ɜ ɪɚɡɞɟɥɟ 5. 

 

АКФ ɜɪɟɦɟɧɧɨɝɨ ɪяɞɚ TCP_d64
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Ɋɢɫɭɧɨɤ 7 - ȺКɎ ɫɢɝɧɚɥɚ TCPИН64 

 

АКФ ɜɪɟɦɟɧɧɨɝɨ ɪяɞɚ TCP_d256
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Ɋɢɫɭɧɨɤ 8 - ȺКɎ ɫɢɝɧɚɥɚ TCPИН256 

 

АКФ ɜɪɟɦɟɧɧɨɝɨ ɪяɞɚ TCP_d1024
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Ɋɢɫɭɧɨɤ 9 - ȺКɎ ɫɢɝɧɚɥɚ TCPИН1024 

 

ɉɨɫɬɪɨɟɧɢɟ ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ 
ɫɢɝɧɚɥɨɜ 

В  ɷɬɨɦ  ɪɚɡɞɟɥɟ  ɜɵɩɨɥɧɟɧ  ɪɚɫɱɟɬ  
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɩɟɤɬɪɨɜ ɢɫɫɥɟɞɭɟɦɵɯ 
ɜɪɟɦɟɧɧɵɯ ɪяɞɨɜ. ɂɡɜɟɫɬɧɨ Д8, 9Ж, ɱɬɨ ɜ 
ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ ɆɍɁ ɩɪɢɜɨɞɢɬ ɤ ɫɬɟɩɟɧɧɨɦɭ 
ɡɚɤɨɧɭ ɩɨɜɟɞɟɧɢя ɫɩɟɤɬɪɚɥɶɧɨɣ  ɩɥɨɬɧɨɫɬɢ 
ɩɪɨɰɟɫɫɚ. Пɪɨɰɟɫɫ ɏ ɨɛɥɚɞɚɟɬ ɆɍɁ, ɟɫɥɢ ɞɥя 
ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ  

k

ikf
ekrfS )()(  

ɜɵɩɨɥɧяɟɬɫя ɭɫɥɨɜɢɟ )(~)( 2 fLffS
b  , ɝɞɟ 

0f , 1i , 40  b  ɢ 2L  - ɦɟɞɥɟɧɧɨ 
ɢɡɦɟɧяɸɳɚяɫя ɜ ɧɭɥɟ ɮɭɧɤɰɢя.  

Пɪɨɰɟɫɫ ɫ ɆɍɁ ɨɛɥɚɞɚɟɬ ɫɩɟɤɬɪɚɥɶɧɨɣ  
ɩɥɨɬɧɨɫɬɶɸ ɫ ɨɫɨɛɟɧɧɨɫɬɶɸ ɜ ɧɭɥɟ:  
ɫɩɟɤɬɪɚɥɶɧɚя ɩɥɨɬɧɨɫɬɶ ɫɬɪɟɦɢɬɫя ɤ 
ɛɟɫɤɨɧɟɱɧɨɫɬɢ, ɩɨ ɦɟɪɟ ɬɨɝɨ ɤɚɤ ɱɚɫɬɨɬɚ f 

ɫɬɪɟɦɢɬɫя ɤ ɧɭɥɸ. ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɫɩɟɤɬɪɵ 
ɪɟɚɥɢɡɚɰɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 10-12. 

 

Сɩɟɤɬɪɚɥьɧɚя ɩɥɨɬɧɨɫɬь ɜɪɟɦɟɧɧɨɝɨ ɪяɞɚ 
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Ɋɢɫɭɧɨɤ 10 - ɋɩɟɤɬɪɚɥɶɧɚя ɩɥɨɬɧɨɫɬɶ ɫɢɝɧɚɥɚ 

TCP_d64 

 

 

Вɢɡɭɚɥɶɧɵɣ  ɚɧɚɥɢɡ  ɩɨɡɜɨɥяɟɬ  ɫɞɟɥɚɬɶ 
ɜɵɜɨɞ, ɱɬɨ ɜɪɟɦɟɧɧɵɟ ɪяɞɵ RTT-ɡɚɞɟɪɠɤɢ 
ɢɦɟɸɬ ɧɚ ɧɢɡɤɢɯ ɱɚɫɬɨɬɚɯ ɫɚɦɵɟ ɦɨɳɧɵɟ 
ɝɚɪɦɨɧɢɤɢ.  
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Сɩɟɤɬɪɚɥьɧɚя ɩɥɨɬɧɨɫɬь ɜɪɟɦɟɧɧɨɝɨ ɪяɞɚ 
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Ɋɢɫɭɧɨɤ 11 - ɋɩɟɤɬɪɚɥɶɧɚя ɩɥɨɬɧɨɫɬɶ ɫɢɝɧɚɥɚ 

TCP_d256 

 

 

Сɩɟɤɬɪɚɥьɧɚя ɩɥɨɬɧɨɫɬь ɜɪɟɦɟɧɧɨɝɨ ɪяɞɚ 
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Ɋɢɫɭɧɨɤ 12 - ɋɩɟɤɬɪɚɥɶɧɚя ɩɥɨɬɧɨɫɬɶ ɫɢɝɧɚɥɚ 

TCP_d1024 

 

Ⱥɧɚɥɢɡ ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɢɡɭɱɚɟɦɵɯ 
ɪяɞɨɜ ɛɭɞɟɬ ɜɵɩɨɥɧɟɧ ɜ ɫɥɟɞɭɸɳɟɦ ɪɚɡɞɟɥɟ. 

ɉɨɤɚɡɚɬɟɥɶ ɏɟɪɫɬɚ 

В  ɷɬɨɦ  ɪɚɡɞɟɥɟ ɨɰɟɧɢɜɚɟɬɫя ɩɨɤɚɡɚɬɟɥɶ 
ɏɟɪɫɬɚ H, ɤɨɬɨɪɵɣ яɜɥяɟɬɫя ɦɟɪɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ яɜɥɟɧɢя ɢɥɢ ɦɟɪɨɣ 
ɞɥɢɬɟɥɶɧɨɫɬɢ ɞɨɥɝɨɫɪɨɱɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 
ɩɪɨɰɟɫɫɚ. Ɂɧɚɱɟɧɢɟ H=0,5 ɭɤɚɡɵɜɚɟɬ ɧɚ 
ɨɬɫɭɬɫɬɜɢɟ ɞɨɥɝɨɫɪɨɱɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ. 
Кɨɪɪɟɥяɰɢя ɦɟɠɞɭ ɫɨɛɵɬɢяɦɢ ɨɬɫɭɬɫɬɜɭɟɬ. Ɋяɞ 
яɜɥяɟɬɫя ɫɥɭɱɚɣɧɵɦ, ɚ ɧɟ ɮɪɚɤɬɚɥɶɧɵɦ. ɑɟɦ 
ɛɥɢɠɟ ɡɧɚɱɟɧɢɟ H ɤ 1, ɬɟɦ ɜɵɲɟ ɫɬɟɩɟɧɶ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɞɨɥɝɨɫɪɨɱɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ. Пɪɢ 

5,00  H  ɜɪɟɦɟɧɧɨɣ ɪяɞ яɜɥяɟɬɫя 
ɬɪɟɧɞɨɧɟɭɫɬɨɣɱɢɜɵɦ (ɚɧɬɢɩɟɪɫɢɫɬɟɧɬɧɵɦ). Ɉɧ 
ɛɨɥɟɟ ɢɡɦɟɧɱɢɜ, ɱɟɦ ɫɥɭɱɚɣɧɵɣ ɪяɞ, ɩɨɫɤɨɥɶɤɭ 
ɫɨɫɬɨɢɬ ɢɡ ɱɚɫɬɵɯ ɪɟɜɟɪɫɨɜ ɫɩɚɞ-ɩɨɞɴɟɦ. Пɪɢ 

15,0  H  ɪяɞ ɬɪɟɧɞɨɭɫɬɨɣɱɢɜ. Ɍɟɧɞɟɧɰɢя ɟɝɨ 
ɢɡɦɟɧɟɧɢя ɦɨɠɟɬ ɛɵɬɶ ɫɩɪɨɝɧɨɡɢɪɨɜɚɧɚ. 
Пɨɤɚɡɚɬɟɥɶ ɏɟɪɫɬɚ ɫɜяɡɚɧ ɫ ɞɪɭɝɢɦɢ 
ɮɪɚɤɬɚɥɶɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɮɨɪɦɭɥɚɦɢ, 
ɩɨɤɚɡɚɧɧɵɦɢ ɜ ɬɚɛɥɢɰɟ 2. 

 

 

 

Ɍɚɛɥɢɰɚ 2. Ɏɪɚɤɬɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ 

ɉɚɪɚɦɟɬɪ Ɋɚɫɱɟɬɧɚɹ ɮɨɪɦɭɥɚ 
Ɏɪɚɤɬɚɥɶɧɚя 

ɪɚɡɦɟɪɧɨɫɬɶ D 
HD  2  

Кɨɪɪɟɥяɰɢɨɧɧɵɣ 
ɩɚɪɚɦɟɬɪ   

)1(2 H  

ɋɩɟɤɬɪɚɥɶɧɵɣ 
ɩɨɤɚɡɚɬɟɥɶ Л 

12  Hb  

 

Ⱦɥя ɨɩɪɟɞɟɥɟɧɢя ɡɧɚɱɟɧɢя H ɜ ɪɚɛɨɬɟ 
ɢɫɩɨɥɶɡɭɟɬɫя ɚɥɝɨɪɢɬɦ R/S-ɚɧɚɥɢɡɚ ɜɪɟɦɟɧɧɵɯ 
ɪяɞɨɜ, ɪɟɚɥɢɡɨɜɚɧɧɵɣ ɜ ɩɪɨɝɪɚɦɦɟ FrКМЭКЧ 4.4 
Д10Ж. Ⱥɥɝɨɪɢɬɦ ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦ. В 
ɢɫɯɨɞɧɨɣ ɪɟɚɥɢɡɚɰɢɢ Z  ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 
ɜɵɞɟɥяɟɦ ɨɬɪɟɡɤɢ  zzzZ ,...,, 21 , 

12000,...,2000,1000 , ɞɥя ɤɚɠɞɨɝɨ ɢɡ ɤɨɬɨɪɵɯ 

ɜɵɱɢɫɥяɟɦ ɬɟɤɭɳɟɟ ɫɪɟɞɧɟɟ 
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(ɪɚɡɦɚɯ) ɦɟɠɞɭ  ɦɚɤɫɢɦɚɥɶɧɵɦ  ɢ  ɦɢɧɢɦɚɥɶɧɵɦ 
ɧɚɤɨɩɥɟɧɧɵɦɢ  ɨɬɤɥɨɧɟɧɢяɦɢ  










t

t

t

t XXRR

1

,

1

, )min()max()(  ɢ ɫɬɚɧɞɚɪɬɧɨɟ  

ɨɬɤɥɨɧɟɧɢɟ )(SS  . Пɨɤɚɡɚɬɟɥɶ  ɏɟɪɫɬɚ  

ɜɵɱɢɫɥяɟɦ ɫ ɩɨɦɨɳɶɸ ɮɨɪɦɭɥɵ 
H

S

R








2


. 

Ʌɨɝɚɪɢɮɦɢɪɭя ɨɛɟ ɱɚɫɬɢ ɷɬɨɝɨ  ɪɚɜɟɧɫɬɜɚ, 
ɩɨɥɭɱɚɟɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɤɨɨɪɞɢɧɚɬ ɬɨɱɟɤ 

),(  yx , ɝɞɟ 12000,...,2000,1000x ,  

)2/lg(

))(/)(lg(
)(




SR
Hy  . Пɨɫɬɪɨɢɜ ɝɪɚɮɢɤ 

ɡɚɜɢɫɢɦɨɫɬɢ )(H  ɢ ɥɢɧɢɸ ɬɪɟɧɞɚ, ɨɩɪɟɞɟɥɢɦ 
ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥя 
ɏɟɪɫɬɚ H. 

ɇɚ ɪɢɫɭɧɤɟ 13 ɩɨɤɚɡɚɧ ɪɟɡɭɥɶɬɚɬ R/S-

ɚɧɚɥɢɡɚ ɞɥя ɩɪɨɰɟɫɫɚ ɡɚɞɟɪɠɤɢ ɩɚɤɟɬɨɜ ɨɛɴɟɦɨɦ 
64 ɛɚɣɬ. Пɨɤɚɡɚɬɟɥɶ ɏɟɪɫɬɚ ɜɵɱɢɫɥɟɧ ɫ 
ɩɨɝɪɟɲɧɨɫɬɶɸ 2846,0  ɢ ɥɟɠɢɬ ɜ ɞɢɚɩɚɡɨɧɟ 
ɦɟɠɞɭ 0,62 ɢ 1,19. Ⱦɥя ɨɩɪɟɞɟɥɟɧɢя ɡɧɚɱɟɧɢя H 

ɩɨ ɝɪɚɮɢɤɭ ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ 
ɩɪɟɞɥɚɝɚɟɬɫя ɫɥɟɞɭɸɳɢɣ ɦɟɬɨɞ ɢɫɫɥɟɞɨɜɚɧɢя 
ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ  ɜɪɟɦɟɧɧɨɝɨ ɪяɞɚ. Кɚɤ 
ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 14, ɫɬɪɨɢɦ ɥɢɧɢɸ L, 

ɤɨɬɨɪɚя ɨɝɢɛɚɟɬ ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢя 
ɩɥɨɬɧɨɫɬɢ S ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɫɥɟɜɚ ɧɚɩɪɚɜɨ, ɢ 
ɜɵɩɨɥɧяɟɦ ɟɟ ɚɩɩɪɨɤɫɢɦɚɰɢɸ ɫɬɟɩɟɧɧɨɣ 
ɮɭɧɤɰɢɟɣ. Пɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ, ɪɚɜɧɵɣ 0,6, ɞɚɟɬ 
ɡɧɚɱɟɧɢɟ  ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɩɨɤɚɡɚɬɟɥя Л. ɂɫɤɨɦɨɟ  
ɡɧɚɱɟɧɢɟ H=0,8, ɜɵɱɢɫɥяɟɬɫя ɩɨ ɮɨɪɦɭɥɟ 

2/)1( bH  .  
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Ɋɢɫɭɧɨɤ 13 - Ɋɟɡɭɥɶɬɚɬ R/S-ɚɧɚɥɢɡɚ ɫɢɝɧɚɥɚ 

TCP_d64 

 

Оɩɪɟɞɟɥɟɧɢɟ ɫɩɟɤɬɪɚɥьɧɨɝɨ ɩɨɤɚɡɚɬɟɥя ɜɪɟɦɟɧɧɨɝɨ ɪяɞɚ 
TCP_d64
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Ɋɢɫɭɧɨɤ 14 - Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɤɚɡɚɬɟɥя Л ɫɢɝɧɚɥɚ 

TCP_d64 

 

Пɨɫɤɨɥɶɤɭ ɡɧɚɱɟɧɢɟ H ɥɟɠɢɬ ɜ ɞɢɚɩɚɡɨɧɟ 
15,0  H , ɬɨ  ɪяɞ TCPИН64 ɬɪɟɧɞɨɭɫɬɨɣɱɢɜ. 

Ⱦɥя ɚɩɩɪɨɤɫɢɦɚɰɢɢ ȺКɎ ɷɬɨɝɨ ɪяɞɚ ɜɵɱɢɫɥɟɧɨ 
ɡɧɚɱɟɧɢɟ 4,0  ɩɨ ɮɨɪɦɭɥɟ )1(2 H . 

ɇɚ ɪɢɫɭɧɤɟ 15 ɩɨɤɚɡɚɧ ɪɟɡɭɥɶɬɚɬ R/S-

ɚɧɚɥɢɡɚ ɞɥя ɩɪɨɰɟɫɫɚ ɡɚɞɟɪɠɤɢ ɩɚɤɟɬɨɜ ɨɛɴɟɦɨɦ 
256 ɛɚɣɬ. Пɨɤɚɡɚɬɟɥɶ ɏɟɪɫɬɚ ɥɟɠɢɬ ɜ ɞɢɚɩɚɡɨɧɟ 
ɦɟɠɞɭ 0,57 ɢ 0,92.  Ɉɩɪɟɞɟɥɟɧɢɟ ɫɩɟɤɬɪɚɥɶɧɨɝɨ 
ɩɨɤɚɡɚɬɟɥя ɩɨ ɝɪɚɮɢɤɭ ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ 
ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 16. Ɂɧɚɱɟɧɢɟ b=0,09, 

H=0,55, 9,0 . Ɋяɞ TCP_d256 ɛɥɢɡɨɤ ɤ 
ɫɥɭɱɚɣɧɨɦɭ.  

 

 
Ɋɢɫɭɧɨɤ 15 - Ɋɟɡɭɥɶɬɚɬ R/S-ɚɧɚɥɢɡɚ ɫɢɝɧɚɥɚ 

TCP_d256 

 

 

 

Оɩɪɟɞɟɥɟɧɢɟ ɫɩɟɤɬɪɚɥьɧɨɝɨ ɩɨɤɚɡɚɬɟɥя 
ɜɪɟɦɟɧɧɨɝɨ ɪяɞɚ TCP_d256y = 432116x
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Ɋɢɫɭɧɨɤ 16 - Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɤɚɡɚɬɟɥя Л ɫɢɝɧɚɥɚ 

TCP_d256 

 

ɇɚ ɪɢɫɭɧɤɟ 17 ɩɨɤɚɡɚɧ ɪɟɡɭɥɶɬɚɬ R/S-

ɚɧɚɥɢɡɚ ɞɥя ɩɪɨɰɟɫɫɚ ɡɚɞɟɪɠɤɢ ɩɚɤɟɬɨɜ ɨɛɴɟɦɨɦ 
1024 ɛɚɣɬ. Пɨɤɚɡɚɬɟɥɶ ɏɟɪɫɬɚ ɥɟɠɢɬ ɜ ɞɢɚɩɚɡɨɧɟ 
ɦɟɠɞɭ 0,59 ɢ 1,07.  Ɉɩɪɟɞɟɥɟɧɢɟ ɫɩɟɤɬɪɚɥɶɧɨɝɨ 
ɩɨɤɚɡɚɬɟɥя ɩɨ ɝɪɚɮɢɤɭ ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ 
ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 18. Ɂɧɚɱɟɧɢɟ b=0,18, 

H=0,59. Ⱥɩɩɪɨɤɫɢɦɚɰɢɢ ȺКɎ ɷɬɨɝɨ ɪяɞɚ 
ɜɵɩɨɥɧɟɧɚ ɩɪɢ 82,0 . 

 

 
Ɋɢɫɭɧɨɤ 17 - Ɋɟɡɭɥɶɬɚɬ R/S-ɚɧɚɥɢɡɚ ɫɢɝɧɚɥɚ 

TCP_d1024 

 

Оɩɪɟɞɟɥɟɧɢɟ ɫɩɟɤɬɪɚɥьɧɨɝɨ ɩɨɤɚɡɚɬɟɥя 
ɜɪɟɦɟɧɧɨɝɨ ɪяɞɚ TCP_d1024y = 1E+06x
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Ɋɢɫɭɧɨɤ 18 - Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɤɚɡɚɬɟɥя Л ɫɢɝɧɚɥɚ 

TCP_d1024 
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Вɵɜɨɞɵ  
В ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɥя ɫɟɬɢ ɫ ɛɟɫɩɪɨɜɨɞɧɵɦ 

ɞɨɫɬɭɩɨɦ ɢ ɪɟɚɥɢɡɚɰɢɣ Д7Ж ɩɪɨɰɟɫɫɚ ɡɚɞɟɪɠɤɢ 
TCP-ɩɚɤɟɬɨɜ ɜɵɩɨɥɧɟɧ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ. 
Пɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢя ɫɩɟɤɬɪɚɥɶɧɨɝɨ 
ɩɨɤɚɡɚɬɟɥя ɩɨ ɝɪɚɮɢɤɭ ɫɩɟɤɬɪɚɥɶɧɨɣ ɮɭɧɤɰɢɢ. 

Пɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ: 
1. ɂɡɭɱɚɟɦɵɟ ɜɪɟɦɟɧɧɵɟ ɪяɞɵ ɧɟ ɩɨɞɱɢɧяɸɬɫя 

ɧɨɪɦɚɥɶɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ. 
2. ɂɡɭɱɚɟɦɵɟ ɜɪɟɦɟɧɧɵɟ ɪяɞɵ ɢɦɟɸɬ 

ɦɟɞɥɟɧɧɨ ɭɛɵɜɚɸɳɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ȺКɎ, 
ɬ.ɟ. ɭ ɩɪɨɰɟɫɫɨɜ ɟɫɬɶ ɞɨɥɝɨɜɪɟɦɟɧɧɚя ɩɚɦяɬɶ. 

3. ɋɩɟɤɬɪɚɥɶɧɚя ɩɥɨɬɧɨɫɬɶ ɜɪɟɦɟɧɧɵɯ ɪяɞɨɜ 
ɫɬɪɟɦɢɬɫя ɤ ɛɟɫɤɨɧɟɱɧɨɫɬɢ, ɩɨ ɦɟɪɟ ɬɨɝɨ ɤɚɤ 
ɱɚɫɬɨɬɚ ɫɬɪɟɦɢɬɫя ɤ ɧɭɥɸ. 

Пɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ 
ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ яɜɥяɟɬɫя ɢɡɭɱɟɧɢɟ 
ɫɬɪɭɤɬɭɪɵ ɬɪɚɮɢɤɚ ɫɟɬɟɣ ɫ ɛɟɫɩɪɨɜɨɞɧɵɦ 
ɞɨɫɬɭɩɨɦ ɦɟɬɨɞɚɦɢ ɧɟɥɢɧɟɣɧɨɣ ɞɢɧɚɦɢɤɢ.  
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ɪɟɲɟɧɢɹɦ.  ɉɨɷɬɨɦɭ ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ ɹɜлɹɟɬɫɹ ɞɚлɶɧɟɣɲɟɟ ɢɫɫлɟɞɨɜɚɧɢɟ ɫɨɜɪɟɦɟɧɧɨɝɨ 
ɬɪɚɮɢɤɚ. Ⱦɚɧɧɚɹ ɫɬɚɬɶɹ ɩɪɟɞɫɬɚɜлɹɟɬ ɪɟɡɭлɶɬɚɬɵ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɚɧɚлɢɡɚ RTT-

ɡɚɞɟɪɠɤɢ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɟɬɢ ɫ GPRS-ɞɨɫɬɭɩɨɦ ɧɚ ɫɬɨɪɨɧɟ ɨɬɩɪɚɜɢɬɟлɹ ɢ  UMTS-

ɞɨɫɬɭɩɨɦ ɫɨ ɫɬɨɪɨɧɵ ɩɨлɭɱɚɬɟлɹ. 
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Belkov D.V., Edemskaya E.N. The statistical analysis of the traffic traces for wireless network. 

Recent network packet traffic investigations have demonstrated, that it is self-similar process and 

more conventional models, such a simple Markovian (memory-less) models have fault. Analysis 

the real traffic is an important task. This paper presents the results of the statistical analysis of 

RTT-delay traces with GPRS-access to the network at sender side and UMTS-access to the 

network at receiver side. 

Keywords: traffic, delay, jitter, autocorrelation function, spectral density, Hurst parameter. 
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