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ɜ ɮɨɪɦɟ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ 

 
  



 
 

ɋɬɭɞɟɧɬɭ Ɍɭɪɤɟɜɢɱɭ ȼɥɚɞɢɫɥɚɜɭ ɂɜɚɧɨɜɢɱɭ. 
Ƚɪɭɩɩɚ: Ʉɂ18-01-5ɦ ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ): 09.04.01 

ɂɧɮɨɪɦɚɬɢɤɚ ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɬɟɯɧɢɤɚ. 
Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: «Ɇɟɬɨɞɵ ɭɩɪɚɜɥɟɧɢɹ 

ɦɧɨɝɨɚɞɪɟɫɧɨɣ ɩɟɪɟɞɚɱɟɣ ɞɚɧɧɵɯ». 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 2096/c ɨɬ 14.02.2019 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ: Ʉɨɪɲɭɧ Ʉ.ȼ., ɤɚɧɞɢɞɚɬ ɮɢɡ.-ɦɚɬ. ɧɚɭɤ, ɞɨɰ., ɞɨɰɟɧɬ 

ɇɍɅ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɤɚɮɟɞɪɵ ȼɌ ɂɄɂɌ ɋɎɍ. 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ: ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɟɬɨɞɨɜ ɦɧɨɝɨɚɞɪɟɫɧɨɣ 

ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɚɥɝɨɪɢɬɦɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɧɚɞɟɠɧɨɝɨ 
ɦɧɨɝɨɚɞɪɟɫɧɨɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɩɪɨɬɨɤɨɥɚ. 

ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ: Ɋɟɮɟɪɚɬ, ȼɜɟɞɟɧɢɟ, Ɉɛɡɨɪ ɩɪɟɞɦɟɬɧɨɣ 
ɨɛɥɚɫɬɢ, Ɋɚɡɪɚɛɨɬɤɚ ɧɚɞɟɠɧɨɝɨ ɦɧɨɝɨɚɞɪɟɫɧɨɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɩɪɨɬɨɤɨɥɚ, 
Ɋɟɚɥɢɡɚɰɢɹ ɩɪɨɬɨɤɨɥɚ, Ɂɚɤɥɸɱɟɧɢɟ, ɋɩɢɫɨɤ ɢɫɩɨɥɶɡɭɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ: ɩɪɟɡɟɧɬɚɰɢɹ. 
 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ      Ʉ.ȼ. Ʉɨɪɲɭɧ 
  ɩɨɞɩɢɫɶ  ɢɧɢцɢаɥɵ, ɮаɦɢɥɢя 

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ      ȼ.ɂ. Ɍɭɪɤɟɜɢɱ 
  ɩɨɞɩɢɫɶ  ɢɧɢцɢаɥɵ, ɮаɦɢɥɢя 

 

«____»___________2019 ɝ
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ɊȿɎȿɊȺɌ 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɦɚɝɢɫɬɪɚ ɩɨ ɬɟɦɟ «Ɇɟɬɨɞɵ 

ɭɩɪɚɜɥɟɧɢɹ ɦɧɨɝɨɚɞɪɟɫɧɨɣ ɩɟɪɟɞɚɱɟɣ ɞɚɧɧɵɯ» ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ 49 ɫɬɪɚɧɢɰ 

ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 11 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 4 ɬɚɛɥɢɰɵ ɢ 14 

ɢɥɥɸɫɬɪɚɰɢɣ.  

MULTICAST, ACK, ɇȺȾȿɀɇȺə ȾɈɋɌȺȼɄȺ ȾȺɇɇɕɏ, PGM, 

M/TCP, TREE-BASED ACK, ɆɇɈȽɈȺȾɊȿɋɇɈȿ ȾȿɊȿȼɈ. 

ɐɟɥɶ ɪɚɛɨɬɵ: ɪɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɧɚɞɟɠɧɨɝɨ 

ɦɧɨɝɨɚɞɪɟɫɧɨɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɩɪɨɬɨɤɨɥɚ. 

ȼɨ ɜɜɟɞɟɧɢɢ ɪɚɫɤɪɵɜɚɟɬɫɹ ɚɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ, ɫɬɚɜɹɬɫɹ ɰɟɥɢ ɢ 

ɡɚɞɚɱɢ. 

ȼ ɩɟɪɜɨɣ ɝɥɚɜɟ ɢɡɥɨɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɨɛɡɨɪɚ ɫɭɳɟɫɬɜɭɸɳɢɯ 

ɦɧɨɝɨɚɞɪɟɫɧɵɯ ɬɪɚɧɫɩɨɪɬɧɵɯ ɩɪɨɬɨɤɨɥɨɜ, ɢ ɨɩɪɟɞɟɥɟɧɵ ɤɪɢɬɟɪɢɢ, 

ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɧɨɜɨɦɭ ɩɪɨɬɨɤɨɥɭ. 

ȼɨ ɜɬɨɪɨɣ ɝɥɚɜɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɡɪɚɛɨɬɤɢ ɚɥɝɨɪɢɬɦɚ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɧɚɞɟɠɧɨɝɨ ɦɧɨɝɨɚɞɪɟɫɧɨɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɩɪɨɬɨɤɨɥɚ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɪɢɬɟɪɢɹɦ, ɨɩɪɟɞɟɥɟɧɧɵɦ ɜ ɩɟɪɜɨɣ ɝɥɚɜɟ. 

ȼ ɬɪɟɬɶɟɣ ɝɥɚɜɟ ɨɩɢɫɚɧɚ ɞɟɦɨɧɫɬɪɚɰɢɨɧɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɩɪɨɬɨɤɨɥɚ, 

ɨɩɢɫɚɧ ɜɢɪɬɭɚɥɶɧɵɣ ɫɬɟɧɞ, ɧɚ ɤɨɬɨɪɨɦ ɩɪɨɢɡɜɨɞɢɬɫɹ ɬɟɫɬɢɪɨɜɚɧɢɟ 

ɪɟɚɥɢɡɚɰɢɢ, ɚ ɬɚɤɠɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɬɟɫɬɢɪɨɜɚɧɢɹ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɪɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 

ɧɚɞɟɠɧɨɝɨ ɦɧɨɝɨɚɞɪɟɫɧɨɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɩɪɨɬɨɤɨɥɚ ɢ ɩɪɨɢɡɜɟɞɟɧɚ ɩɪɨɜɟɪɤɚ 

ɟɝɨ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɧɚ ɜɢɪɬɭɚɥɶɧɨɦ ɫɬɟɧɞɟ. 
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ȼȼȿȾȿɇɂȿ 

 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ɂɚɞɚɱɚ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɩɟɪɟɞɚɱɢ 

ɞɚɧɧɵɯ ɝɪɭɩɩɟ ɩɨɥɭɱɚɬɟɥɟɣ ɱɚɫɬɨ ɜɨɡɧɢɤɚɟɬ ɜ ɪɚɡɥɢɱɧɵɯ ɩɪɢɥɨɠɟɧɢɹɯ, 

ɬɚɤɢɯ, ɤɚɤ ɬɟɤɫɬɨɜɵɟ ɢ ɦɭɥɶɬɢɦɟɞɢɣɧɵɟ ɱɚɬɵ, ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɮɚɣɥɨɜ 

(ɧɚɩɪɢɦɟɪ, ɨɛɧɨɜɥɟɧɢɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ), ɚɭɞɢɨ-ɜɢɞɟɨ 

ɬɪɚɧɫɥɹɰɢɢ, ɢ ɬɚɤ ɞɚɥɟɟ. Ⱦɥɹ ɟɟ ɪɟɲɟɧɢɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɢɦɟɧɹɸɬɫɹ ɬɪɢ 

ɨɫɧɨɜɧɵɯ ɩɨɞɯɨɞɚ.  

Ʉɥɢɟɧɬ-ɫɟɪɜɟɪɧɵɣ ɩɨɞɯɨɞ ɩɪɟɞɩɨɥɚɝɚɟɬ ɫɨɡɞɚɧɢɟ ɜɵɞɟɥɟɧɧɨɝɨ ɫɟɪɜɟɪɚ, 

ɤɨɬɨɪɵɣ ɩɟɪɟɫɵɥɚɟɬ ɞɚɧɧɵɟ ɨɬ ɨɬɩɪɚɜɢɬɟɥɹ ɜɫɟɦ ɩɨɥɭɱɚɬɟɥɹɦ. ɇɟɞɨɫɬɚɬɤɚɦɢ 

ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɹɜɥɹɸɬɫɹ ɧɚɥɢɱɢɟ ɟɞɢɧɨɣ ɬɨɱɤɢ ɨɬɤɚɡɚ, ɚ ɬɚɤɠɟ ɜɵɫɨɤɢɟ 

ɬɪɟɛɨɜɚɧɢɹ ɤ ɚɩɩɚɪɚɬɧɨɦɭ ɨɛɟɫɩɟɱɟɧɢɸ ɢ ɤɚɧɚɥɭ ɫɜɹɡɢ [1]. 

Ⱦɟɰɟɧɬɪɚɥɢɡɨɜɚɧɧɵɣ ɩɨɞɯɨɞ (peer-to-peer) ɩɪɟɞɩɨɥɚɝɚɟɬ ɫɨɡɞɚɧɢɟ 

ɧɚɥɨɠɟɧɧɨɣ ɫɟɬɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɦɟɠɞɭ ɩɨɥɭɱɚɬɟɥɹɦɢ. ɇɟɞɨɫɬɚɬɤɨɦ 

ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɨɬ 

ɤɨɥɢɱɟɫɬɜɚ ɤɥɢɟɧɬɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɨɧɥɚɣɧ, ɚ ɬɚɤɠɟ ɩɪɨɛɥɟɦɚ ɩɨɢɫɤɚ ɭɡɥɨɜ 

ɧɚɥɨɠɟɧɧɨɣ ɫɟɬɢ («ɩɢɪɨɜ») [3]. 

Ɍɪɟɬɢɣ ɩɨɞɯɨɞ – ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɧɨɝɨɚɞɪɟɫɧɨɣ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɧɚ 

ɫɟɬɟɜɨɦ ɭɪɨɜɧɟ (multicast). ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɩɨɞɯɨɞɚ ɹɜɥɹɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨ 

ɷɮɮɟɤɬɢɜɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɚɧɚɥɨɜ ɫɜɹɡɢ. ɇɟɞɨɫɬɚɬɤɚɦɢ ɹɜɥɹɟɬɫɹ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨɞɞɟɪɠɤɢ ɧɚ ɫɟɬɟɜɨɦ ɭɪɨɜɧɟ, ɚ ɬɚɤɠɟ ɧɟɫɨɜɦɟɫɬɢɦɨɫɬɶ 

ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɩɪɨɬɨɤɨɥɚ TCP ɫ multicast.  ȼ ɫɢɥɭ ɭɤɚɡɚɧɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ 

ɞɚɧɧɵɣ ɩɨɞɯɨɞ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɞɥɹ ɚɭɞɢɨ-ɜɢɞɟɨ ɬɪɚɧɫɥɹɰɢɣ ɜ 

ɩɪɟɞɟɥɚɯ ɤɨɪɩɨɪɚɬɢɜɧɨɣ ɢɥɢ ɩɪɨɜɚɣɞɟɪɫɤɨɣ ɫɟɬɢ [4]. 

Ɋɟɲɟɧɢɟɦ ɦɨɝ ɛɵ ɫɬɚɬɶ ɬɪɚɧɫɩɨɪɬɧɵɣ ɩɪɨɬɨɤɨɥ ɫ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ 

ɞɨɫɬɚɜɤɨɣ ɩɨɬɨɤɚ ɞɚɧɧɵɯ, ɢɫɩɨɥɶɡɭɸɳɢɣ ɦɧɨɝɨɚɞɪɟɫɧɭɸ ɪɚɫɫɵɥɤɭ. ȼ 
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ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɟ ɫɭɳɟɫɬɜɭɟɬ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɩɪɨɬɨɤɨɥɚ ɬɚɤɨɝɨ ɬɢɩɚ. 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɟɬɨɞɨɜ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɢ ɫɨɡɞɚɧɢɟ 

ɩɪɨɬɨɤɨɥɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɪɹɞɭ, ɨɩɪɟɞɟɥɟɧɧɵɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɪɚɜɧɟɧɢɹ 

ɫɭɳɟɫɬɜɭɸɳɢɯ ɪɟɚɥɢɡɚɰɢɣ, ɤɪɢɬɟɪɢɟɜ.  

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɧɚɞɟɠɧɨɝɨ ɦɧɨɝɨɚɞɪɟɫɧɨɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɩɪɨɬɨɤɨɥɚ. 

Ɂɚɞɚɱɢ: 

1. ɂɫɫɥɟɞɨɜɚɧɢɟ ɨɫɧɨɜɧɵɯ ɩɨɞɯɨɞɨɜ ɤ ɭɩɪɚɜɥɟɧɢɸ ɩɟɪɟɞɚɱɟɣ 

ɞɚɧɧɵɯ; 

2. ɂɫɫɥɟɞɨɜɚɧɢɟ ɢ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ 

ɦɧɨɝɨɚɞɪɟɫɧɵɯ ɬɪɚɧɫɩɨɪɬɧɵɯ ɩɪɨɬɨɤɨɥɨɜ; 

3. Ɉɩɪɟɞɟɥɟɧɢɟ ɬɪɟɛɨɜɚɧɢɣ, ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤ ɧɨɜɨɦɭ 

ɬɪɚɧɫɩɨɪɬɧɨɦɭ ɩɪɨɬɨɤɨɥɭ; 

4. Ɋɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɧɨɜɨɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 

ɩɪɨɬɨɤɨɥɚ; 

5. Ɋɚɡɪɚɛɨɬɤɚ ɪɟɚɥɢɡɚɰɢɢ ɚɥɝɨɪɢɬɦɚ ɢ ɬɟɫɬɢɪɨɜɚɧɢɟ ɟɟ 

ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɧɚ ɥɚɛɨɪɚɬɨɪɧɨɦ ɫɬɟɧɞɟ. 

 

1 Ɉɛɡɨɪ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ 

  

ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɧɟ ɫɭɳɟɫɬɜɭɟɬ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɩɪɨɬɨɤɨɥɚ ɨɛɳɟɝɨ 

ɧɚɡɧɚɱɟɧɢɹ ɫ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɞɨɫɬɚɜɤɨɣ, ɢɫɩɨɥɶɡɭɸɳɟɝɨ ɬɟɯɧɨɥɨɝɢɸ 

ɦɧɨɝɨɚɞɪɟɫɧɨɣ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ (Reliable Multicast protocol, RM).  Ɂɚɞɚɱɚ ɟɝɨ 

ɪɟɚɥɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ ɤɪɚɣɧɟ ɬɪɭɞɨɟɦɤɨɣ. 

   Ɋɚɡɥɢɱɧɵɟ ɩɪɢɥɨɠɟɧɢɹ ɢɦɟɸɬ ɪɚɡɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɬɪɚɧɫɩɨɪɬɧɨɦɭ 

ɩɪɨɬɨɤɨɥɭ ɷɬɨɬ ɮɚɤɬ ɨɝɪɚɧɢɱɢɜɚɟɬ ɩɪɨɫɬɪɚɧɫɬɜɨ ɪɚɡɪɚɛɨɬɤɢ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, 

ɤ ɞɜɭɦ ɩɪɢɥɨɠɟɧɢɹɦ, ɢɦɟɸɳɢɦ ɪɚɡɥɢɱɧɵɟ ɬɪɟɛɨɜɚɧɢɹ, ɧɟ ɦɨɠɟɬ ɛɵɬɶ 
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ɩɪɢɦɟɧɟɧɨ ɨɞɧɨ ɪɟɲɟɧɢɟ. Ɉɞɧɚɤɨ, ɫɭɳɟɫɬɜɭɸɬ ɭɫɩɟɲɧɵɟ ɭɡɤɨɩɪɨɮɢɥɶɧɵɟ 

ɪɟɚɥɢɡɚɰɢɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɩɪɢɥɨɠɟɧɢɣ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɬɢɩɚ. 

1.1 Ɉɫɧɨɜɧɵɟ ɩɨɞɯɨɞɵ ɤ ɭɩɪɚɜɥɟɧɢɸ ɩɟɪɟɞɚɱɟɣ ɞɚɧɧɵɯ 

 

1.1.1 Ɉɝɪɚɧɢɱɟɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ɩɪɢɥɨɠɟɧɢɹ 

 

Ɍɪɟɛɨɜɚɧɢɹ ɤ ɩɪɢɥɨɠɟɧɢɹɦ ɞɥɹ ɧɚɞɟɠɧɨɣ ɦɧɨɝɨɚɞɪɟɫɧɨɣ ɩɟɪɟɞɚɱɢ 

ɫɬɨɥɶ ɠɟ ɲɢɪɨɤɢ ɢ ɪɚɡɧɨɨɛɪɚɡɧɵ, ɤɚɤ ɢ ɫɚɦɢ ɩɪɢɥɨɠɟɧɢɹ. Ɉɞɧɚɤɨ 

ɫɭɳɟɫɬɜɭɟɬ ɪɹɞ ɬɪɟɛɨɜɚɧɢɣ, ɤɨɬɨɪɵɟ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɸɬ ɧɚ ɪɚɡɪɚɛɨɬɤɭ 

ɩɪɨɬɨɤɨɥɚ ɫ ɬɟɯɧɨɥɨɝɢɟɣ RM. Ʉɪɚɬɤɢɣ ɫɩɢɫɨɤ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ:   

 ɇɟɨɛɯɨɞɢɦɚ ɥɢ ɩɪɢɥɨɠɟɧɢɸ ɢɧɮɨɪɦɚɰɢɹ ɨ ɬɨɦ, ɱɬɨ ɜɫɟ 

ɩɪɢɟɦɧɢɤɢ ɩɨɥɭɱɢɥɢ ɞɚɧɧɵɟ?  

 ɇɟɨɛɯɨɞɢɦɨ ɥɢ ɩɪɢɥɨɠɟɧɢɸ ɪɚɛɨɬɚɬɶ ɫ ɛɨɥɶɲɢɦ ɱɢɫɥɨɦ 

ɩɪɢɟɦɧɢɤɨɜ?  

 ɇɟɨɛɯɨɞɢɦɨ ɥɢ ɩɪɢɥɨɠɟɧɢɸ ɨɛɟɫɩɟɱɢɜɚɬɶ ɩɨɥɧɨɫɬɶɸ ɧɚɞɟɠɧɭɸ 

ɞɨɫɬɚɜɤɭ ɞɚɧɧɵɯ?  

 ɇɟɨɛɯɨɞɢɦɨ ɥɢ ɩɪɢɥɨɠɟɧɢɸ ɨɫɭɳɟɫɬɜɥɹɬɶ ɨɝɪɚɧɢɱɟɧɧɭɸ ɩɨ 

ɜɪɟɦɟɧɢ ɞɨɫɬɚɜɤɭ ɞɚɧɧɵɯ?   

ɉɨɞɬɜɟɪɠɞɟɧɢɟ ɞɨɫɬɚɜɤɢ ɞɚɧɧɵɯ 

ȼɨ ɦɧɨɝɢɯ ɩɪɢɥɨɠɟɧɢɹɯ ɥɨɝɢɱɟɫɤɢ ɨɩɪɟɞɟɥɟɧɧɵɟ ɟɞɢɧɢɰɵ ɞɚɧɧɵɯ 

ɞɨɥɠɧɵ ɞɨɫɬɚɜɥɹɬɶɫɹ ɧɟɫɤɨɥɶɤɢɦ ɤɥɢɟɧɬɚɦ, ɧɚɩɪɢɦɟɪ, ɮɚɣɥ ɢɥɢ ɧɚɛɨɪ 

ɮɚɣɥɨɜ, ɩɚɤɟɬ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɢ ɬ.ɞ. Ȼɥɨɤ ɞɚɧɧɵɯ ɩɪɢɥɨɠɟɧɢɹ 

(ADU) ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɥɨɝɢɱɟɫɤɢ ɨɬɞɟɥɢɦɵɣ ɛɥɨɤ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɣ 

ɩɨɥɟɡɟɧ ɞɥɹ ɩɪɢɥɨɠɟɧɢɹ. ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɟɞɢɧɢɰɚ ɞɚɧɧɵɯ ɩɪɢɥɨɠɟɧɢɹ 

ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɚɬɨɱɧɨ ɤɨɪɨɬɤɨɣ, ɱɬɨɛɵ ɩɨɦɟɳɚɬɶɫɹ ɜ ɨɞɢɧ ɩɚɤɟɬ, ɬɨɝɞɚ ɤɚɤ 

ɜ ɞɪɭɝɢɯ ɫɥɭɱɚɹɯ ɦɨɠɟɬ ɛɵɬɶ ɧɚɦɧɨɝɨ ɞɥɢɧɧɟɟ ɩɚɤɟɬɚ [7]. 
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ɉɪɨɬɨɤɨɥ ɦɨɠɟɬ ɝɚɪɚɧɬɢɪɨɜɚɬɶ ɧɚɞɟɠɧɭɸ ɞɨɫɬɚɜɤɭ ɫ ɩɨɦɨɳɶɸ 

ɦɟɯɚɧɢɡɦɚ ɩɨɞɬɜɟɪɠɞɟɧɢɣ, ɢɧɮɨɪɦɢɪɭɸɳɟɝɨ ɨɬɩɪɚɜɢɬɟɥɹ ɨ ɮɚɤɬɟ ɞɨɫɬɚɜɤɢ 

ɞɚɧɧɵɯ. ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ ɬɢɩɚ ɩɨɞɬɜɟɪɠɞɟɧɢɣ: ɧɚ ɭɪɨɜɧɟ ɛɥɨɤɚ ɞɚɧɧɵɯ 

ɩɪɢɥɨɠɟɧɢɹ ɢ ɧɚ ɭɪɨɜɧɟ ɩɚɤɟɬɚ. ɉɟɪɜɵɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɱɬɨɛɵ, ɧɚɩɪɢɦɟɪ, 

ɨɩɪɟɞɟɥɢɬɶ, ɤɨɝɞɚ ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɤɪɚɬɢɬɶ ɨɬɩɪɚɜɤɭ ɩɚɤɟɬɨɜ ɤɨɧɤɪɟɬɧɨɝɨ 

ɛɥɨɤɚ ɞɚɧɧɵɯ ɩɪɢɥɨɠɟɧɢɹ. ȼɬɨɪɨɣ ɢɫɩɨɥɶɡɭɟɬɫɹ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɦɨɦɟɧɬɚ, ɤɨɝɞɚ ɦɨɠɧɨ ɨɫɜɨɛɨɞɢɬɶ ɛɭɮɟɪɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ, ɢɫɩɨɥɶɡɭɟɦɨɟ ɞɥɹ 

ɯɪɚɧɟɧɢɹ ɩɚɤɟɬɨɜ, ɞɨɫɬɚɜɤɚ ɤɨɬɨɪɵɯ ɛɵɥɚ ɩɨɞɬɜɟɪɠɞɟɧɚ [7].  

ɇɟɤɨɬɨɪɵɦ ɩɪɢɥɨɠɟɧɢɹɦ ɫɬɪɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɭɱɚɬɶ ɩɨɞɬɜɟɪɠɞɟɧɢɹ 

ɞɨɫɬɚɜɤɢ ADU ɨɬ ɜɫɟɯ ɩɪɢɟɦɧɢɤɨɜ, ɢɥɢ ɠɟ ɢɧɮɨɪɦɚɰɢɸ ɨ ɬɨɦ, ɤɚɤɢɟ 

ɤɨɧɤɪɟɬɧɨ ɩɪɢɟɦɧɢɤɢ ɧɟ ɩɨɥɭɱɢɥɢ ADU. 

Ɇɚɫɲɬɚɛɢɪɭɟɦɨɫɬɶ 

Ɇɚɫɲɬɚɛɢɪɨɜɚɧɢɟ ɧɚɛɨɪɚ ɩɨɥɭɱɚɬɟɥɟɣ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ 

ɜɚɠɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ ɩɪɢ ɜɵɛɨɪɟ ɦɟɯɚɧɢɡɦɚ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɞɨɫɬɚɜɤɢ. Ɍɚɤ, 

ɧɚɩɪɢɦɟɪ, ɩɪɨɬɨɤɨɥ ɢɫɩɨɥɶɡɭɸɳɢɣ ɦɟɯɚɧɢɡɦ, ɩɪɢ ɤɨɬɨɪɨɦ ɤɚɠɞɵɣ 

ɨɬɩɪɚɜɢɬɟɥɶ ɨɬɩɪɚɜɥɹɟɬ ɢɫɬɨɱɧɢɤɭ ɩɚɤɟɬ ACK ɩɨɫɥɟ ɤɚɠɞɨɝɨ ɩɨɥɭɱɟɧɧɨɝɨ 

ɩɚɤɟɬɚ ɞɚɧɧɵɯ ɩɥɨɯɨ ɦɚɫɲɬɚɛɢɪɭɟɬɫɹ, ɬɚɤ ɤɚɤ ɢɫɬɨɱɧɢɤɭ ɧɟɨɛɯɨɞɢɦɨ 

ɨɛɪɚɛɚɬɵɜɚɬɶ ACK ɩɚɤɟɬɵ ɨɬ ɤɚɠɞɨɝɨ ɩɨɥɭɱɚɬɟɥɹ ɜ ɫɥɟɞɫɬɜɢɢ ɷɬɨɝɨ, ɩɪɢ 

ɨɝɪɨɦɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɩɨɥɭɱɚɬɟɥɟɣ ɦɨɝɭɬ ɜɨɡɧɢɤɚɬɶ ɩɟɪɟɝɪɭɡɤɢ. Ⱦɥɹ ɪɟɲɟɧɢɹ 

ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɪɚɡɥɢɱɧɵɟ ɦɟɯɚɧɢɡɦɵ 

ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɞɨɫɬɚɜɤɢ. Ⱦɚɧɧɵɟ ɦɟɯɚɧɢɡɦɵ ɨɩɢɫɚɧɵ ɜ ɩɭɧɤɬɟ 1.1.3. 

ɉɨɥɧɨɫɬɶɸ ɧɚɞɟɠɧɚɹ ɞɨɫɬɚɜɤɚ 

Ɇɧɨɝɢɟ ɩɪɢɥɨɠɟɧɢɹ ɬɪɟɛɭɸɬ ɩɨɥɧɨɫɬɶɸ ɧɚɞɟɠɧɨɣ ɞɨɫɬɚɜɤɢ ADU. ȼ 

ɬɚɤɢɯ ɩɪɢɥɨɠɟɧɢɹɯ ɩɨɬɟɪɹ ɤɚɤɨɝɨ-ɥɢɛɨ ɫɟɝɦɟɧɬɚ ADU ɜɟɞɟɬ ɤ ɬɨɦɭ, ɱɬɨ 

ɨɫɬɚɥɶɧɵɟ ɫɟɝɦɟɧɬɵ ɞɚɧɧɨɝɨ ɛɥɨɤɚ ɩɟɪɟɫɬɚɸɬ ɛɵɬɶ ɩɨɥɟɡɧɵɦɢ. ɇɚɩɪɢɦɟɪ, 

ɩɪɢɥɨɠɟɧɢɹ ɞɥɹ ɩɟɪɟɞɚɱɢ ɮɚɣɥɨɜ ɬɪɟɛɭɸɬ ɩɨɥɧɨɫɬɶɸ ɧɚɞɟɠɧɨɣ ɞɨɫɬɚɜɤɢ.  
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Ɉɞɧɚɤɨ ɧɟɤɨɬɨɪɵɟ ɩɪɢɥɨɠɟɧɢɹ ɧɟ ɧɭɠɞɚɸɬɫɹ ɜ ɩɨɥɧɨɣ ɧɚɞɟɠɧɨɫɬɢ 

ɞɨɫɬɚɜɤɢ. ɉɪɢɦɟɪɨɦ ɹɜɥɹɟɬɫɹ ɬɪɚɧɫɥɹɰɢɹ ɚɭɞɢɨ, ɝɞɟ ɨɬɫɭɬɫɬɜɭɸɳɢɟ ɩɚɤɟɬɵ 

ɥɢɲɶ ɫɧɢɠɚɸɬ ɤɚɱɟɫɬɜɨ ɩɪɢɧɢɦɚɟɦɨɝɨ ɚɭɞɢɨ. 

Ɉɝɪɚɧɢɱɟɧɧɚɹ ɩɨ ɜɪɟɦɟɧɢ ɞɨɫɬɚɜɤɚ ɞɚɧɧɵɯ 

ɇɟɤɨɬɨɪɵɟ ɩɪɢɥɨɠɟɧɢɹ ɢɦɟɸɬ ɠɟɫɬɤɢɟ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɜɪɟɦɟɧɢ 

ɞɨɫɬɚɜɤɢ - ɟɫɥɢ ɞɚɧɧɵɟ ɧɟ ɩɨɫɬɭɩɚɸɬ ɤ ɩɨɥɭɱɚɬɟɥɸ ɤ ɨɩɪɟɞɟɥɟɧɧɨɦɭ 

ɜɪɟɦɟɧɢ, ɧɟɬ ɫɦɵɫɥɚ ɢɯ ɞɨɫɬɚɜɥɹɬɶ ɜɨɨɛɳɟ [7]. Ɍɚɤɚɹ ɨɝɪɚɧɢɱɟɧɧɨɫɬɶ ɦɨɠɟɬ 

ɜɨɡɧɢɤɚɬɶ ɩɪɢ ɩɟɪɟɞɚɱɟ ɞɚɧɧɵɯ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ, ɧɚɩɪɢɦɟɪ ɩɪɢ ɩɟɪɟɞɚɱɟ 

ɩɨɬɨɤɨɜɨɝɨ ɚɭɞɢɨ ɢɥɢ ɜɢɞɟɨ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɱɪɟɡɜɵɱɚɣɧɨ ɜɚɠɧɨ, ɱɬɨɛɵ 

ɩɪɢɥɨɠɟɧɢɟ ɢɦɟɥɨ ɤɨɧɬɪɨɥɶ ɧɚ ɬɟɦ, ɱɬɨ ɨɧɨ ɩɟɪɟɞɚɟɬ ɜ ɤɨɧɤɪɟɬɧɵɣ ɦɨɦɟɧɬ 

ɜɪɟɦɟɧɢ. 

 

1.1.2 Ɉɝɪɚɧɢɱɟɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ɫɟɬɢ 

 

ɋɜɨɣɫɬɜɚ ɫɟɬɢ, ɜ ɤɨɬɨɪɨɣ ɪɚɡɜɟɪɬɵɜɚɟɬɫɹ ɩɪɢɥɨɠɟɧɢɟ, ɬɚɤ ɠɟ ɦɨɝɭɬ 

ɧɚɥɚɝɚɬɶ ɨɩɪɟɞɟɥɟɧɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɩɪɨɬɨɤɨɥɚ. 

 Ɉɞɧɨɧɚɩɪɚɜɥɟɧɧɵɟ ɤɚɧɚɥɵ 

ȼ ɫɟɬɹɯ ɨɩɪɟɞɟɥɟɧɧɵɯ ɬɢɩɨɜ ɦɨɠɟɬ ɨɬɫɭɬɫɬɜɨɜɚɬɶ ɤɚɤɚɹ-ɥɢɛɨ ɮɨɪɦɚ 

ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ. Ɉɫɧɨɜɧɵɦ ɩɪɢɦɟɪɨɦ ɹɜɥɹɟɬɫɹ ɫɩɭɬɧɢɤɨɜɨɟ ɜɟɳɚɧɢɟ, ɝɞɟ 

ɨɛɪɚɬɧɵɣ ɤɚɧɚɥ ɦɨɠɟɬ ɛɵɬɶ ɨɱɟɧɶ ɭɡɤɢɦ ɢɥɢ ɜɨɨɛɳɟ ɨɬɫɭɬɫɬɜɨɜɚɬɶ. Ⱦɥɹ 

ɬɚɤɢɯ ɫɟɬɟɣ ɩɪɨɫɬɪɚɧɫɬɜɨ ɪɟɲɟɧɢɣ ɨɱɟɧɶ ɨɝɪɚɧɢɱɟɧɨ ɬɚɤ ɤɚɤ ɩɪɨɩɚɞɚɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɚɥɢɡɨɜɚɬɶ ɛɨɥɶɲɢɧɫɬɜɨ ɦɟɯɚɧɢɡɦɨɜ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɞɨɫɬɚɜɤɢ. 

ȿɞɢɧɫɬɜɟɧɧɵɦ ɪɟɲɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɦɟɯɚɧɢɡɦ ɧɚ ɨɫɧɨɜɟ ɩɪɹɦɨɣ ɤɨɪɪɟɤɰɢɢ 

ɨɲɢɛɨɤ (ɚɧɝɥ. Forward Error Correction, FEC). 

 ɍɪɨɜɧɢ ɩɨɞɞɟɪɠɤɢ ɫɨ ɫɬɨɪɨɧɵ ɫɟɬɢ 
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Ɍɪɚɧɫɩɨɪɬɧɵɣ ɩɪɨɬɨɤɨɥ ɧɚɞɟɠɧɨɣ ɦɧɨɝɨɚɞɪɟɫɧɨɣ ɪɚɫɫɵɥɤɢ 

ɩɪɟɞɩɨɥɚɝɚɟɬ ɦɟɯɚɧɢɡɦɵ, ɪɚɛɨɬɚɸɳɢɟ ɧɚ ɤɨɧɟɱɧɵɯ ɭɡɥɚɯ ɢ ɦɚɪɲɪɭɬɢɡɚɬɨɪɵ, 

ɤɨɬɨɪɵɟ ɩɟɪɟɫɵɥɚɸɬ ɦɧɨɝɨɚɞɪɟɫɧɵɟ ɩɚɤɟɬɵ. Ɉɞɧɚɤɨ, ɜɨɡɦɨɠɧɵ ɪɟɚɥɢɡɚɰɢɢ 

ɩɪɢɛɟɝɚɸɳɢɟ ɤ ɧɟɤɨɬɨɪɨɣ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɩɨɞɞɟɪɠɤɢ ɫɨ ɫɬɨɪɨɧɵ 

ɭɡɥɨɜ ɫɟɬɢ. ȼɫɟ ɜɨɡɦɨɠɧɵɟ ɪɟɚɥɢɡɚɰɢɢ ɦɨɠɧɨ ɪɚɡɛɢɬɶ ɧɚ ɱɟɬɵɪɟ ɤɥɚɫɫɚ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɟɩɟɧɢ ɩɨɞɞɟɪɠɤɢ ɫɨ ɫɬɨɪɨɧɵ ɫɟɬɢ [8]. 

ɇɢɤɚɤɨɣ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɩɨɞɞɟɪɠɤɢ. Ɇɚɪɲɪɭɬɢɡɚɬɨɪɵ ɩɪɨɫɬɨ 

ɩɟɪɟɫɵɥɚɸɬ ɩɚɤɟɬɵ, ɩɪɨɬɨɤɨɥ ɪɚɛɨɬɚɟɬ ɬɨɥɶɤɨ ɧɚ ɤɨɧɟɱɧɵɯ ɭɡɥɚɯ ɫɟɬɢ. 

Ɇɧɨɝɨɭɪɨɜɧɟɜɵɣ ɩɨɞɯɨɞ. Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɩɪɟɞɩɨɥɚɝɚɟɬ, ɱɬɨ ɞɚɧɧɵɟ 

ɪɚɡɛɢɬɵ ɧɚ ɧɟɫɤɨɥɶɤɨ ɝɪɭɩɩ ɦɧɨɝɨɚɞɪɟɫɧɨɣ ɪɚɫɫɵɥɤɢ, ɚ ɩɨɥɭɱɚɬɟɥɢ 

ɩɪɢɫɨɟɞɢɧɹɸɬɫɹ ɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɝɪɭɩɩɚɦ, ɱɬɨɛɵ ɩɨɥɭɱɚɬɶ ɬɨɥɶɤɨ 

ɧɟɨɛɯɨɞɢɦɵɣ ɢɦ ɬɪɚɮɢɤ. Ɋɟɚɥɢɡɚɰɢɹ ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɬɪɟɛɭɟɬ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɩɨɞɞɟɪɠɤɢ ɫɨ ɫɬɨɪɨɧɵ ɦɚɪɲɪɭɬɢɡɚɬɨɪɨɜ. 

ɋɟɪɜɟɪɧɵɣ ɩɨɞɯɨɞ. ȼ ɞɚɧɧɨɦ ɩɨɞɯɨɞɟ ɩɪɢɦɟɧɹɸɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 

ɭɡɥɵ, ɤɨɬɨɪɵɟ ɛɟɪɭɬ ɧɚ ɫɟɛɹ ɱɚɫɬɶ ɮɭɧɤɰɢɣ ɩɨ ɞɨɫɬɚɜɤɟ ɞɚɧɧɵɯ ɢɥɢ 

ɚɝɪɟɝɢɪɨɜɚɧɢɸ ɢɧɮɨɪɦɚɰɢɢ ɨ ɞɨɫɬɚɜɤɟ ɞɚɧɧɵɯ.  

ɉɨɞɯɨɞ ɧɚ ɨɫɧɨɜɟ ɩɨɞɞɟɪɠɤɢ ɫɨ ɫɬɨɪɨɧɵ ɦɚɪɲɪɭɬɢɡɚɬɨɪɨɜ. ɉɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɵ ɛɟɪɭɬ ɧɚ ɫɟɛɹ ɜɟɫɶ 

ɮɭɧɤɰɢɨɧɚɥ ɩɨ ɞɨɫɬɚɜɤɟ ɞɚɧɧɵɯ ɩɨɥɭɱɚɬɟɥɹɦ, ɤɨɬɨɪɵɣ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɢ 

ɦɟɯɚɧɢɡɦɵ ɤɨɧɬɪɨɥɹ ɡɚ ɞɨɫɬɚɜɤɨɣ ɢ ɜɨɡɦɨɠɧɨɟ ɚɝɪɟɝɢɪɨɜɚɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɨ 

ɞɨɫɬɚɜɤɟ ɞɚɧɧɵɯ. ɉɨɫɤɨɥɶɤɭ ɦɚɪɲɪɭɬɢɡɚɬɨɪɵ ɦɨɝɭɬ ɧɚɩɪɹɦɭɸ ɜɥɢɹɬɶ ɧɚ 

ɦɧɨɝɨɚɞɪɟɫɧɭɸ ɦɚɪɲɪɭɬɢɡɚɰɢɸ, ɨɧɢ ɢɦɟɸɬ ɛɨɥɶɲɢɣ ɤɨɧɬɪɨɥɶ ɧɚɞ ɬɟɦ, 

ɤɚɤɨɣ ɬɪɚɮɢɤ ɧɚɩɪɚɜɥɹɟɬɫɹ ɱɥɟɧɚɦ ɝɪɭɩɩɵ, ɱɟɦ ɭɡɥɵ ɧɚ ɨɫɧɨɜɟ ɫɟɪɜɟɪɧɨɝɨ 

ɩɨɞɯɨɞɚ. Ɉɞɧɚɤɨ ɦɚɪɲɪɭɬɢɡɚɬɨɪɵ ɨɛɵɱɧɨ ɧɟ ɢɦɟɸɬ ɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ 

ɫɜɨɛɨɞɧɨɣ ɩɚɦɹɬɢ ɢɥɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɦɨɳɧɨɫɬɢ, ɱɬɨ ɨɝɪɚɧɢɱɢɜɚɟɬ 

ɮɭɧɤɰɢɨɧɚɥ, ɤɨɬɨɪɵɣ ɜɨɡɦɨɠɧɨ ɪɟɚɥɢɡɨɜɚɬɶ ɜ ɧɢɯ. 

 

1.1.3. Ɉɫɧɨɜɧɵɟ ɦɟɯɚɧɢɡɦɵ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɞɨɫɬɚɜɤɢ 
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Ⱦɜɟ ɨɫɧɨɜɧɵɟ ɩɪɨɛɥɟɦɵ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɩɪɨɬɨɤɨɥɚ ɫ 

ɬɟɯɧɨɥɨɝɢɟɣ RM ɷɬɨ, ɩɪɨɛɥɟɦɚ ɤɨɧɬɪɨɥɹ ɩɟɪɟɝɪɭɡɤɢ ɢ ɨɛɟɫɩɟɱɟɧɢɹ ɯɨɪɨɲɟɣ 

ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ. ɉɨɬɟɪɹ ɩɚɤɟɬɨɜ ɢɝɪɚɟɬ ɝɥɚɜɧɭɸ ɪɨɥɶ ɜ ɨɬɧɨɲɟɧɢɢ 

ɷɬɢɯ ɩɪɨɛɥɟɦ ɢ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɩɪɟɩɹɬɫɬɜɢɟɦ, ɤɨɬɨɪɨɟ ɧɟɨɛɯɨɞɢɦɨ 

ɩɪɟɨɞɨɥɟɬɶ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɯɨɪɨɲɟɣ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɞɥɹ 

ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɛɨɬɵ ɫɟɬɢ ɛɟɡ ɩɟɪɟɝɪɭɡɨɤ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɝɢɫɬɪɚɰɢɹ ɩɨɬɟɪɢ 

ɩɚɤɟɬɚ ɢ ɪɟɚɝɢɪɨɜɚɧɢɟ ɧɚ ɧɟɟ ɢɦɟɟɬ ɪɟɲɚɸɳɟɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɪɟɲɟɧɢɹ ɷɬɢɯ 

ɩɪɨɛɥɟɦ. Ɇɟɯɚɧɢɡɦɵ ɤɨɧɬɪɨɥɹ ɡɚ ɞɨɫɬɚɜɤɨɣ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɞɢɧ ɢɥɢ 

ɧɟɫɤɨɥɶɤɨ ɫɥɟɞɭɸɳɢɯ ɦɟɬɨɞɨɜ [7]:  

 ɉɨɞɬɜɟɪɠɞɟɧɢɟ ɩɚɤɟɬɚ ɞɚɧɧɵɯ.  

 Ɉɬɪɢɰɚɬɟɥɶɧɨɟ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɨɬɫɭɬɫɬɜɭɸɳɢɯ ɩɚɤɟɬɨɜ ɞɚɧɧɵɯ.  

 ɂɡɛɵɬɨɱɧɨɫɬɶ, ɩɨɡɜɨɥɹɸɳɚɹ ɩɪɢɧɢɦɚɬɶ ɧɟ ɜɫɟ ɩɚɤɟɬɵ. 

Ɇɟɯɚɧɢɡɦ ɧɚ ɨɫɧɨɜɟ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɩɚɤɟɬɚ ɞɚɧɧɵɯ (ɚɧɝɥ. ACK-

based mechanism). Ⱦɚɧɧɵɣ ɦɟɯɚɧɢɡɦ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɵɦ. Ʉɚɠɞɵɣ 

ɩɨɥɭɱɚɬɟɥɶ ɨɬɩɪɚɜɥɹɟɬ ɨɬɩɪɚɜɢɬɟɥɸ ɩɚɤɟɬ ɫ ɩɨɞɬɜɟɪɠɞɟɧɢɟɦ ɩɨɫɥɟ ɤɚɠɞɨɝɨ 

ɩɪɢɧɹɬɨɝɨ ɩɚɤɟɬɚ ɞɚɧɧɵɯ. ȿɫɥɢ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɧɟ ɩɪɢɯɨɞɢɬ, ɬɨ ɨɬɩɪɚɜɢɬɟɥɶ 

ɫɨɜɟɪɲɚɟɬ ɩɨɜɬɨɪɧɭɸ ɨɬɩɪɚɜɤɭ ɩɚɤɟɬɨɜ. Ɍɚɤɢɟ ɦɟɯɚɧɢɡɦɵ ɨɝɪɚɧɢɱɟɧɵ ɨɱɟɧɶ 

ɦɚɥɟɧɶɤɢɦ ɱɢɫɥɨɦ ɩɨɥɭɱɚɬɟɥɟɣ ɜɜɢɞɭ ɧɟɫɩɨɫɨɛɧɨɫɬɢ ɨɬɩɪɚɜɢɬɟɥɹ 

ɨɛɪɚɛɚɬɵɜɚɬɶ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɞɬɜɟɪɠɞɟɧɢɣ. 

Ɇɟɯɚɧɢɡɦ ɧɚ ɨɫɧɨɜɟ ɞɟɪɟɜɚ ɩɨɞɬɜɟɪɠɞɟɧɢɣ (ɚɧɝɥ. Tree-based ACK 

Mechanisms). Ⱦɚɧɧɵɣ ɦɟɯɚɧɢɡɦ ɨɪɝɚɧɢɡɨɜɚɧ ɩɨ ɫɬɪɭɤɬɭɪɟ ɫɜɹɡɧɨɝɨ 

ɚɰɢɤɥɢɱɟɫɤɨɝɨ ɝɪɚɮɚ , ɜ ɤɨɬɨɪɨɦ ɩɨɥɭɱɚɬɟɥɢ ɹɜɥɹɸɬɫɹ ɤɨɧɟɱɧɵɦɢ 

ɜɟɪɲɢɧɚɦɢ, ɚ ɤɨɪɧɟɦ ɹɜɥɹɟɬɫɹ ɨɬɩɪɚɜɢɬɟɥɶ. ɉɨɥɭɱɚɬɟɥɢ ɝɟɧɟɪɢɪɭɸɬ ACK-

ɩɚɤɟɬ ɞɥɹ ɪɨɞɢɬɟɥɶɫɤɨɝɨ ɭɡɥɚ, ɤɨɬɨɪɵɣ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɚɝɪɟɝɢɪɭɟɬ ɷɬɢ ACK-

ɩɚɤɟɬɵ ɢ ɨɬɩɪɚɜɥɹɟɬ ɫɜɨɟɦɭ ɪɨɞɢɬɟɥɶɫɤɨɦɭ ɭɡɥɭ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɜɫɟ 

ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɞɨɯɨɞɹɬ ɞɨ ɨɬɩɪɚɜɢɬɟɥɹ, ɷɬɨɬ ɦɟɯɚɧɢɡɦ ɨɬɧɨɫɢɬɫɹ ɬɨɥɶɤɨ ɤ 

ɩɟɪɟɞɚɱɟ ɩɨɞɬɜɟɪɠɞɟɧɢɣ ɨ ɞɨɫɬɚɜɤɟ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɞɚɧɧɵɟ ɩɟɪɟɞɚɸɬɫɹ ɤɚɤ 
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ɨɛɵɱɧɨ ɨɬ ɨɬɩɪɚɜɢɬɟɥɹ ɤ ɩɨɥɭɱɚɬɟɥɸ. Ⱦɚɧɧɵɣ ɦɟɯɚɧɢɡɦ ɹɜɥɹɟɬɫɹ ɯɨɪɨɲɨ 

ɦɚɫɲɬɚɛɢɪɭɟɦɵɦ ɢ ɨɛɥɚɞɚɟɬ ɯɨɪɨɲɟɣ ɨɬɤɚɡɨɭɫɬɨɣɱɢɜɨɫɬɶɸ, ɧɨ ɬɪɟɛɭɟɬ 

ɨɩɪɟɞɟɥɺɧɧɨɣ ɫɬɟɩɟɧɢ ɩɨɞɞɟɪɠɤɢ ɫɨ ɫɬɨɪɨɧɵ ɫɟɬɢ.  

Ɇɟɯɚɧɢɡɦ ɧɚ ɨɫɧɨɜɟ ɧɟɝɚɬɢɜɧɵɯ ɩɨɞɬɜɟɪɠɞɟɧɢɣ (ɚɧɝɥ. NACK-

based mechanisms). ȼɦɟɫɬɨ ɨɬɩɪɚɜɤɢ ɩɨɞɬɜɟɪɠɞɟɧɢɣ ɞɥɹ ɤɚɠɞɨɝɨ 

ɩɨɥɭɱɟɧɧɨɝɨ ɩɚɤɟɬɚ ɞɚɧɧɵɯ ɩɨɥɭɱɚɬɟɥɢ ɨɬɩɪɚɜɥɹɸɬ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ 

ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɩɨɞɬɜɟɪɠɞɟɧɢɟ (NACK) ɞɥɹ ɤɚɠɞɨɝɨ ɩɚɤɟɬɚ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɣ 

ɨɧɢ ɧɟ ɩɨɥɭɱɢɥɢ. ɗɬɨ ɢɦɟɟɬ ɪɹɞ ɩɪɟɢɦɭɳɟɫɬɜ ɩɟɪɟɞ ɦɟɯɚɧɢɡɦɚɦɢ ɧɚ ɨɫɧɨɜɟ 

ɨɛɵɱɧɵɯ ɩɨɞɬɜɟɪɠɞɟɧɢɣ (ACK):  

 Ɉɬɩɪɚɜɢɬɟɥɸ ɛɨɥɶɲɟ ɧɟ ɧɭɠɧɨ ɡɧɚɬɶ ɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɩɨɥɭɱɚɬɟɥɟɣ. ɗɬɨ ɭɫɬɪɚɧɹɟɬ ɷɬɚɩ ɩɨɫɬɪɨɟɧɢɹ ɬɨɩɨɥɨɝɢɢ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ 

ɚɥɝɨɪɢɬɦɨɜ ɧɚ ɨɫɧɨɜɟ ACK.  

 ɉɨɜɵɲɟɧɢɟ ɨɬɤɚɡɨɭɫɬɨɣɱɢɜɨɫɬɢ.  

 Ɍɪɟɛɭɟɬɫɹ ɬɨɥɶɤɨ ɨɞɧɨ NACK ɨɬ ɥɸɛɨɝɨ ɢɡ ɩɨɥɭɱɚɬɟɥɟɣ, ɞɥɹ ɬɨɝɨ 

ɱɬɨɛɵ ɞɨɧɟɫɬɢ ɞɨ ɨɬɩɪɚɜɢɬɟɥɹ ɢɧɮɨɪɦɚɰɢɸ ɨ ɬɨɦ ɤɚɤɨɣ ɩɚɤɟɬ ɩɨɬɟɪɹɧ ɢ ɭ 

ɤɚɤɨɝɨ ɱɢɫɥɚ ɩɨɥɭɱɚɬɟɥɟɣ.  

ɇɟɞɨɫɬɚɬɤɚɦɢ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɬɩɪɚɜɢɬɟɥɸ ɬɪɭɞɧɟɟ ɨɩɪɟɞɟɥɢɬɶ ɬɨɬ 

ɦɨɦɟɧɬ, ɤɨɝɞɚ ɦɨɠɧɨ ɨɫɜɨɛɨɞɢɬɶ ɛɭɮɟɪ ɩɟɪɟɞɚɱɢ, ɢ ɱɬɨ ɧɟɨɛɯɨɞɢɦɵ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɦɟɯɚɧɢɡɦɵ ɱɬɨ ɛɵ ɨɩɪɟɞɟɥɢɬɶ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɥɢ ɜɫɟ ɩɚɤɟɬɵ 

ɞɚɧɧɵɯ ɞɨɲɥɢ ɞɨ ɩɨɥɭɱɚɬɟɥɹ. 

Ɇɟɯɚɧɢɡɦ ɧɚ ɨɫɧɨɜɟ ɩɪɹɦɨɝɨ ɢɫɩɪɚɜɥɟɧɢɹ ɨɲɢɛɨɤ. ɉɪɹɦɨɟ 

ɢɫɩɪɚɜɥɟɧɢɟ ɨɲɢɛɨɤ (ɚɧɝɥ. Forward Error Correction) — ɷɬɨ ɯɨɪɨɲɨ 

ɢɡɜɟɫɬɧɵɣ ɦɟɬɨɞ ɡɚɳɢɬɵ ɞɚɧɧɵɯ ɨɬ ɩɨɜɪɟɠɞɟɧɢɣ. ɋɚɦɚɹ ɩɪɨɫɬɚɹ ɮɨɪɦɚ FEC 

ɧɚ ɭɪɨɜɧɟ ɩɚɤɟɬɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɩɪɢɦɟɧɢɬɶ ɤ ɝɪɭɩɩɟ ɩɚɤɟɬɨɜ ɛɢɬɨɜɭɸ 

ɨɩɟɪɚɰɢɸ ɩɨɪɚɡɪɹɞɧɨɝɨ ɞɟɥɟɧɢɹ (XOR), ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɣ ɨɩɟɪɚɰɢɢ 

ɫɮɨɪɦɢɪɨɜɵɜɚɟɬɫɹ ɧɨɜɵɣ ɩɚɤɟɬ, ɤɨɬɨɪɵɣ ɨɬɩɪɚɜɥɹɟɬɫɹ ɜɦɟɫɬɟ ɫ ɨɫɬɚɥɶɧɵɦɢ. 

ȿɫɥɢ, ɧɚɩɪɢɦɟɪ, ɛɵɥɨ ɨɬɩɪɚɜɥɟɧɨ ɬɪɢ ɢɫɯɨɞɧɵɯ ɩɚɤɟɬɚ ɩɥɸɫ ɩɚɤɟɬ XOR, ɬɨ, 

ɟɫɥɢ ɩɨɥɭɱɚɬɟɥɶ ɩɪɨɩɭɫɬɢɥ ɤɚɤɨɣ-ɥɢɛɨ ɨɞɢɧ ɢɡ ɢɫɯɨɞɧɵɯ ɩɚɤɟɬɨɜ ɞɚɧɧɵɯ, ɧɨ 
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ɩɨɥɭɱɢɥ ɩɚɤɟɬ XOR, ɨɧ ɦɨɠɟɬ ɜɨɫɩɪɨɢɡɜɟɫɬɢ ɨɬɫɭɬɫɬɜɭɸɳɢɣ ɢɫɯɨɞɧɵɣ 

ɩɚɤɟɬ. 

 

 

 

1.2 Ɉɛɡɨɪ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ 

 

1.2.1 ɉɪɨɬɨɤɨɥ Pragmatic General Multicast (PGM) 

 

Pragmatic General Multicast (PGM) - ɷɬɨ ɧɚɞɟɠɧɵɣ ɦɧɨɝɨɚɞɪɟɫɧɵɣ 

ɬɪɚɧɫɩɨɪɬɧɵɣ. PGM ɪɚɛɨɬɚɟɬ ɫ IP-multicast. PGM ɝɚɪɚɧɬɢɪɭɟɬ, ɱɬɨ 

ɩɨɥɭɱɚɬɟɥɶ ɜ ɝɪɭɩɩɟ ɥɢɛɨ ɩɨɥɭɱɢɬ ɜɫɟ ɩɚɤɟɬɵ ɞɚɧɧɵɯ, ɥɢɛɨ ɫɦɨɠɟɬ 

ɨɛɧɚɪɭɠɢɬɶ ɧɟɜɨɫɫɬɚɧɨɜɢɦɭɸ ɩɨɬɟɪɸ ɩɚɤɟɬɨɜ ɞɚɧɧɵɯ. Ɇɚɫɲɬɚɛɢɪɭɟɦɨɫɬɶ 

ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɩɨɫɬɪɨɟɧɢɹ ɢɟɪɚɪɯɢɢ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɥɟɞɭɸɳɢɯ 

ɦɟɯɚɧɢɡɦɨɜ: FEC (ɩɪɹɦɨɟ ɢɫɩɪɚɜɥɟɧɢɟ ɨɲɢɛɨɤ), NACK (ɨɬɪɢɰɚɬɟɥɶɧɨɟ 

ɩɨɞɬɜɟɪɠɞɟɧɢɟ) ɢ ɩɨɞɚɜɥɟɧɢɟ NACK. PGM ɹɜɥɹɟɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ 

ɩɪɨɬɨɤɨɥɨɦ [11].  

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɧɧɨɝɨ ɩɪɨɬɨɤɨɥɚ ɩɪɟɞɩɨɥɚɝɚɟɬ ɧɚɥɢɱɢɟ ɜ ɫɟɬɢ ɭɡɥɨɜ, 

ɩɨɞɞɟɪɠɢɜɚɸɳɢɯ PGM. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɨɧ ɬɚɤ ɠɟ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɪɚɛɨɬɵ, 

ɯɨɬɹ ɢ ɫ ɦɟɧɶɲɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ, ɜ ɫɟɬɹɯ, ɝɞɟ ɧɟɤɨɬɨɪɵɟ ɢɥɢ ɜɫɟ ɭɡɥɵ ɧɟ 

ɩɨɞɞɟɪɠɢɜɚɸɬ PGM.  

PGM ɩɨɡɜɨɥɹɟɬ ɩɪɢɟɦɧɢɤɚɦ ɩɪɢɫɨɟɞɢɧɹɬɶɫɹ ɢ ɨɬɫɨɟɞɢɧɹɬɶɫɹ ɜ ɥɸɛɨɟ 

ɜɪɟɦɹ, ɨɛɟɫɩɟɱɢɜɚɹ ɧɚɞɟɠɧɨɫɬɶ ɬɨɥɶɤɨ ɜ ɩɪɟɞɟɥɚɯ ɬɟɤɭɳɟɝɨ ɨɤɧɚ ɩɟɪɟɞɚɱɢ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɧ ɥɭɱɲɟ ɜɫɟɝɨ ɩɨɞɯɨɞɢɬ ɞɥɹ ɩɪɢɥɨɠɟɧɢɣ, ɤɨɬɨɪɵɟ 

ɫɩɨɫɨɛɧɵ ɜɨɫɫɬɚɧɨɜɢɬɶ ɞɚɧɧɵɟ ɧɚ ɫɜɨɟɦ ɭɪɨɜɧɟ, ɜ ɫɥɭɱɚɟ ɧɟɜɨɫɫɬɚɧɨɜɢɦɨɣ 
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ɩɨɬɟɪɢ ɧɚ ɭɪɨɜɧɟ ɩɪɨɬɨɤɨɥɚ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ PGM ɩɪɟɞɩɨɱɬɢɬɟɥɟɧ ɞɥɹ 

ɩɪɢɥɨɠɟɧɢɣ, ɤɨɬɨɪɵɦ ɜɚɠɧɨ ɩɨɥɭɱɚɬɶ ɞɚɧɧɵɟ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. 

ɉɪɢɦɟɪɵ ɩɪɢɥɨɠɟɧɢɣ — ɷɬɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɤɨɬɢɪɨɜɨɤ ɚɤɰɢɣ ɢ 

ɫɨɡɞɚɧɢɟ ɨɛɪɚɡɚ ɞɢɫɤɚ. ȼ ɫɥɭɱɚɟ ɤɨɬɢɪɨɜɨɤ ɚɤɰɢɣ ɧɚɞɟɠɧɨɫɬɶ ɨɱɟɧɶ ɜɚɠɧɚ, 

ɧɨ, ɟɫɥɢ ɤ ɦɨɦɟɧɬɭ ɨɬɦɟɧɵ ɤɨɬɢɪɨɜɤɢ ɩɟɪɟɞɚɱɚ ɧɟ ɫɨɫɬɨɹɥɨɫɶ, ɬɨ ɨɬ 

ɩɨɜɬɨɪɧɨɣ ɩɟɪɟɞɚɱɢ ɫɥɟɞɭɟɬ ɨɬɤɚɡɚɬɶɫɹ. ɉɪɢ ɫɨɡɞɚɧɢɢ ɨɛɪɚɡɚ ɞɢɫɤɚ ɛɨɥɟɟ 

ɷɮɮɟɤɬɢɜɧɨ ɩɪɨɞɨɥɠɚɬɶ ɩɟɪɟɞɚɱɭ ɧɨɜɵɯ ɞɚɧɧɵɯ, ɚ ɧɟ ɡɚɦɟɞɥɹɬɶ ɪɚɛɨɬɭ ɜ 

ɭɝɨɞɭ ɧɟɫɤɨɥɶɤɢɯ «ɦɟɞɥɟɧɧɵɯ» ɩɨɥɭɱɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɩɨɡɠɟ ɦɨɝɭɬ ɢɡɜɥɟɱɶ 

ɧɟɞɨɫɬɚɸɳɢɟ ɞɚɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɫɬɚɧɞɚɪɬɧɵɯ ɦɟɬɨɞɨɜ ɤɥɢɟɧɬ-ɫɟɪɜɟɪ. 

Ⱥɪɯɢɬɟɤɬɭɪɚ 

Ⱦɟɪɟɜɨ PGM ɫɬɪɨɢɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɭɡɥɨɜ, ɩɨɞɞɟɪɠɢɜɚɸɳɢɯ PGM 

ɜ ɫɭɳɟɫɬɜɭɸɳɟɦ ɦɧɨɝɨɚɞɪɟɫɧɨɦ ɞɟɪɟɜɟ. Ɉɬɩɪɚɜɢɬɟɥɶ ɦɧɨɝɨɚɞɪɟɫɧɨ 

ɩɟɪɟɞɚɟɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ ɩɚɤɟɬɵ ɞɚɧɧɵɯ (ODATA) ɩɨɥɭɱɚɬɟɥɹɦ. Ʉɨɝɞɚ 

ɩɨɥɭɱɚɬɟɥɢ ɨɛɧɚɪɭɠɢɜɚɸɬ ɨɬɫɭɬɫɬɜɭɸɳɢɟ ɩɚɤɟɬɵ, ɨɧɢ ɧɚɩɪɚɜɥɹɸɬ NAK 

ɫɜɨɟɦɭ ɪɨɞɢɬɟɥɸ. Ɋɨɞɢɬɟɥɶ ɩɨɞɬɜɟɪɠɞɚɟɬ ɩɪɢɟɦ NAK, ɦɧɨɝɨɚɞɪɟɫɧɨ 

ɨɬɩɪɚɜɥɹɹ ɜ ɨɬɜɟɬ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɩɨɥɭɱɟɧɢɹ NAK (NCF). ɉɚɤɟɬ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ, (RDATA) ɝɟɧɟɪɢɪɭɟɬɫɹ ɥɢɛɨ ɯɨɫɬɨɦ-ɢɫɬɨɱɧɢɤɨɦ, ɥɢɛɨ 

ɥɨɤɚɥɶɧɵɦ ɭɡɥɨɦ, ɜɵɞɟɥɟɧɧɵɦ ɞɥɹ ɩɪɨɰɟɞɭɪ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ (DLR) ɜ ɨɬɜɟɬ 

ɧɚ NAK. RDATA — ɷɬɨ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɫɟɚɧɫɚ, ɥɢɛɨ ɩɨɜɬɨɪɧɨ 

ɨɬɩɪɚɜɥɟɧɧɵɣ ɩɨɬɟɪɹɧɧɵɣ ɩɚɤɟɬ, ɥɢɛɨ ɩɚɤɟɬ FEC. ɉɟɪɟɞ ɨɬɩɪɚɜɤɨɣ NAK, 

ɩɨɥɭɱɚɬɟɥɢ ɜɡɜɨɞɹɬ ɨɩɪɟɞɟɥɟɧɧɵɣ ɬɚɣɦɟɪ, ɢ ɟɫɥɢ ɞɨ ɢɫɬɟɱɟɧɢɹ ɜɪɟɦɟɧɢ 

ɛɭɞɟɬ ɩɨɥɭɱɟɧ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ NCF, ɬɨ ɨɬɩɪɚɜɤɚ NAK ɨɬɦɟɧɹɟɬɫɹ, ɬɚɤɢɦ 

ɨɛɪɚɡɨɦ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɬɨɥɶɤɨ ɨɞɧɨɣ ɤɨɩɢɢ ɩɨɬɟɪɹɧɧɨɝɨ ɩɚɤɟɬɚ 

ɞɥɹ ɝɪɭɩɩɵ ɩɨɥɭɱɚɬɟɥɟɣ [11]. Ȼɨɥɟɟ ɧɚɝɥɹɞɧɨ ɷɬɨɬ ɩɪɨɰɟɫɫ ɨɩɢɫɚɧ ɧɚ ɪɢɫɭɧɤɟ 

1. 

ɂɟɪɚɪɯɢɹ 

PGM ɯɪɚɧɢɬ ɢ ɩɨɞɞɟɪɠɢɜɚɟɬ ɜ ɚɤɬɭɚɥɶɧɨɦ ɫɨɫɬɨɹɧɢɢ ɞɟɪɟɜɨ ɩɭɬɢ ɨɬ 

ɤɚɠɞɨɝɨ ɨɬɩɪɚɜɢɬɟɥɹ multicast-ɫɨɨɛɳɟɧɢɣ ɞɨ ɫɥɭɲɚɬɟɥɟɣ. Ʉɚɠɞɵɣ ɭɡɟɥ 
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ɞɟɪɟɜɚ ɡɧɚɟɬ, ɨɬɤɭɞɚ ɟɦɭ ɩɪɢɲɟɥ ɩɚɤɟɬ ɢ ɜ ɫɥɭɱɚɟ, ɟɫɥɢ ɥɢɫɬ ɞɟɪɟɜɚ 

(ɫɥɭɲɚɬɟɥɶ multicast-ɫɨɨɛɳɟɧɢɣ) ɨɛɧɚɪɭɠɢɥ, ɱɬɨ ɩɚɤɟɬ ɧɟ ɩɨɥɭɱɟɧ, 

ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɩɨɬɟɪɹɧɧɨɝɨ ɩɚɤɟɬɚ ɦɨɠɟɬ ɩɨɞɧɹɬɶɫɹ ɜɜɟɪɯ ɨɬ ɥɢɫɬɚ ɤ ɤɨɪɧɸ 

ɞɟɪɟɜɚ (ɨɬɩɪɚɜɢɬɟɥɶ multicast-ɫɨɨɛɳɟɧɢɣ). ɇɚ ɤɚɠɞɨɦ ɭɡɥɟ ɞɟɪɟɜɚ 

ɜɵɫɬɚɜɥɹɟɬɫɹ ɫɨɫɬɨɹɧɢɟ, ɨɡɧɚɱɚɸɳɟɟ, ɱɬɨ ɜ ɩɨɞɫɟɬɢ ɩɨɬɟɪɹɧ ɩɚɤɟɬ. ɉɪɢ 

ɩɨɜɬɨɪɧɨɣ ɨɬɩɪɚɜɤɟ ɩɨɬɟɪɹɧɧɵɣ ɩɚɤɟɬ ɦɨɠɟɬ ɢɝɧɨɪɢɪɨɜɚɬɶɫɹ ɧɚ ɭɡɥɚɯ, ɝɞɟ 

ɷɬɨ ɫɨɫɬɨɹɧɢɟ ɧɟ ɜɵɫɬɚɜɥɟɧɨ ɢ ɞɨɣɞɟɬ ɬɨɥɶɤɨ ɞɨ ɬɟɯ ɩɨɞɫɟɬɟɣ, ɝɞɟ ɩɪɨɢɡɨɲɥɚ 

ɩɨɬɟɪɹ ɩɚɤɟɬɚ. ɉɨɞɞɟɪɠɚɧɢɟ ɞɟɪɟɜɚ ɩɭɬɢ ɞɨɫɬɢɝɚɟɬɫɹ ɛɥɚɝɨɞɚɪɹ ɫɨɨɛɳɟɧɢɹɦ 

ɩɭɬɢ (path messages) ɤɨɬɨɪɵɟ ɩɨɫɵɥɚɸɬɫɹ ɜ multicast-ɝɪɭɩɩɵ ɱɟɪɟɡ ɪɚɜɧɵɟ 

ɩɪɨɦɟɠɭɬɤɢ ɜɪɟɦɟɧɢ ɤɚɠɞɵɦ ɨɬɩɪɚɜɢɬɟɥɹ [11]. 

 

Ɋɢɫɭɧɨɤ 1 – ɋɰɟɧɚɪɢɣ NAK/NCF. 

 



14 
 

(1) ɉɨɥɭɱɚɬɟɥɢ ɨɬɩɪɚɜɥɹɸɬ NAK ɨ ɩɨɬɟɪɹɧɧɨɦ ɩɚɤɟɬɟ. (2) 

Ɋɨɞɢɬɟɥɶɫɤɢɣ ɦɚɪɲɪɭɬɢɡɚɬɨɪ ɨɫɭɳɟɫɬɜɥɹɟɬ ɦɧɨɝɨɚɞɪɟɫɧɭɸ ɩɟɪɟɞɚɱɭ NCF. 

(3) Ɇɚɪɲɪɭɬɢɡɚɬɨɪ ɧɚɩɪɚɜɥɹɟɬ NAK ɫɜɨɟɦɭ ɪɨɞɢɬɟɥɸ, ɤɨɬɨɪɵɣ (4) 

ɨɫɭɳɟɫɬɜɥɹɟɬ ɦɧɨɝɨɚɞɪɟɫɧɭɸ ɩɟɪɟɞɚɱɭ NCF. (5) NAK ɩɟɪɟɞɚɟɬɫɹ 

ɨɬɩɪɚɜɢɬɟɥɸ, ɤɨɬɨɪɵɣ ɨɬɜɟɱɚɟɬ ɦɧɨɝɨɚɞɪɟɫɧɵɦ NCF (6). ɉɨɡɞɧɟɟ ɞɪɭɝɨɣ 

ɩɨɥɭɱɚɬɟɥɶ ɨɛɧɚɪɭɠɢɜɚɟɬ ɩɨɬɟɪɸ ɬɨɝɨ ɠɟ ɩɚɤɟɬɚ ɢ ɨɞɧɨɚɞɪɟɫɧɨ ɩɟɪɟɞɚɟɬ 

NAK (7) ɫɜɨɟɦɭ ɪɨɞɢɬɟɥɸ, ɤɨɬɨɪɵɣ ɦɧɨɝɨɚɞɪɟɫɧɨ ɩɟɪɟɞɚɟɬ NCF (8). 

Ɋɨɞɢɬɟɥɶ ɧɟ ɨɬɩɪɚɜɥɹɟɬ ɜɨɫɯɨɞɹɳɢɣ NAK, ɩɨɫɤɨɥɶɤɭ ɨɧ ɭɠɟ ɨɬɦɟɬɢɥ ɩɪɢɟɦ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ NCF [11]. 
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1.2.2 M/TCP (Multicast-extension to TCP) 

 

M/TCP ɪɚɡɪɚɛɨɬɚɧ ɧɚ ɨɫɧɨɜɟ ɢɧɢɰɢɢɪɨɜɚɧɧɨɣ ɨɬɩɪɚɜɢɬɟɥɟɦ 

ɦɧɨɝɨɚɞɪɟɫɧɨɣ ɩɟɪɟɞɚɱɢ (SIM) ɢ ɹɜɧɨɣ ɦɧɨɝɨɚɞɪɟɫɧɨɣ ɪɚɫɫɵɥɤɢ (Xcast)[10]. 

M/TCP ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɤ ɬɟɦ ɩɪɢɥɨɠɟɧɢɹɦ, ɜ ɤɨɬɨɪɵɯ ɨɬɩɪɚɜɢɬɟɥɶ 

ɢɧɢɰɢɢɪɭɟɬ ɩɟɪɟɞɚɱɭ ɞɚɧɧɵɯ. ɇɚɩɪɢɦɟɪ FTP, SMTP. Ⱦɥɹ ɩɪɢɥɨɠɟɧɢɣ, 

ɪɚɛɨɬɚɸɳɢɯ ɫ ɞɚɧɧɵɦɢ ɩɪɨɬɨɤɨɥɚɦɢ, ɬɪɟɛɭɟɬɫɹ ɬɨɥɶɤɨ ɪɟɚɥɢɡɚɰɢɹ ɧɚ 

ɫɬɨɪɨɧɟ ɨɬɩɪɚɜɢɬɟɥɹ. ɉɨɥɭɱɚɬɟɥɢ ɩɪɢɧɢɦɚɸɬ ɩɚɤɟɬɵ ɤɚɤ ɨɞɧɨɚɞɪɟɫɧɵɟ, 

ɩɨɷɬɨɦɭ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɡɦɟɧɹɬɶ ɤɚɤ ɫɬɟɤɢ ɩɪɨɬɨɤɨɥɨɜ ɧɚ ɫɬɨɪɨɧɟ 

ɩɨɥɭɱɚɬɟɥɹ, ɬɚɤ ɢ ɩɪɢɥɨɠɟɧɢɹ. 

Ⱦɚɧɧɵɣ ɩɪɨɬɨɤɨɥ ɪɚɡɪɚɛɨɬɚɧ ɧɚ ɨɫɧɨɜɟ ɤɨɧɰɟɩɰɢɢ ɹɜɧɨɣ 

ɦɧɨɝɨɚɞɪɟɫɧɨɣ ɪɚɫɫɵɥɤɢ. M/TCP ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɞɟɠɧɨɣ 

ɦɧɨɝɨɚɞɪɟɫɧɨɣ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɢ ɩɨɞɞɟɪɠɢɜɚɟɬ ɫɭɳɟɫɬɜɭɸɳɢɟ 

ɩɪɢɥɨɠɟɧɢɹ ɪɚɛɨɬɚɸɳɢɟ ɧɚ ɨɫɧɨɜɟ ɨɛɵɱɧɨɝɨ TCP. ɋɯɟɦɚ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɜ 

M/TCP ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2. 

 

Ɋɢɫɭɧɨɤ 2 – ɉɟɪɟɞɚɱɚ ɞɚɧɧɵɯ ɜ M/TCP. 
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Ɉɫɧɨɜɧɵɦɢ ɧɟɞɨɫɬɚɬɤɚɦɢ M/TCP ɹɜɥɹɸɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨɞɞɟɪɠɤɢ 

ɫɨ ɫɬɨɪɨɧɵ ɫɟɬɢ, ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɛɨɬɵ ɬɨɥɶɤɨ ɫ ɧɟɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ 

ɩɪɢɟɦɧɢɤɨɜ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɛɨɬɵ ɬɨɥɶɤɨ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɬɢɩɚɦɢ 

ɩɪɢɥɨɠɟɧɢɣ. 

M/TCP ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɨɞɞɟɪɠɤɢ ɩɪɢɥɨɠɟɧɢɣ, ɢɦɟɸɳɢɯ 

ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ [10]: 

ȼɵɫɨɤɚɹ ɧɚɞɟɠɧɨɫɬɶ. Ɍɚɤ ɤɚɤ M/TCP ɹɜɥɹɟɬɫɹ ɪɚɡɧɨɜɢɞɧɨɫɬɶɸ TCP 

ɨɧ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ ɧɚɞɟɠɧɨɫɬɶ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ. 

Ⱥɫɢɦɦɟɬɪɢɱɧɚɹ ɩɟɪɟɞɚɱɚ ɞɚɧɧɵɯ. ɉɨ ɫɭɳɟɫɬɜɭ, M/TCP 

ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɦɧɨɝɨɚɞɪɟɫɧɵɯ ɨɛɦɟɧɨɜ ɨɞɢɧ-ɤɨ-ɦɧɨɝɢɦ. M/TCP 

ɩɪɢɦɟɧɢɦ ɜ ɨɫɧɨɜɧɨɦ ɞɥɹ ɚɫɢɦɦɟɬɪɢɱɧɨɝɨ ɩɪɢɥɨɠɟɧɢɹ, ɝɞɟ ɬɪɚɮɢɤ ɨɬ 

ɨɬɩɪɚɜɢɬɟɥɹ ɧɚɦɧɨɝɨ ɛɨɥɶɲɟ, ɱɟɦ ɬɪɚɮɢɤ ɨɬ ɩɨɥɭɱɚɬɟɥɟɣ, ɩɟɪɟɞɚɱɚ 

ɢɧɢɰɢɢɪɭɟɬɫɹ ɫɨ ɫɬɨɪɨɧɵ ɨɬɩɪɚɜɢɬɟɥɹ.  

ɇɟ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. Ɇɟɯɚɧɢɡɦɵ ɭɩɪɚɜɥɟɧɢɹ ɫɤɨɪɨɫɬɶɸ 

ɩɟɪɟɞɚɱɢ ɢɫɩɨɥɶɡɭɸɳɢɟɫɹ ɜ TCP ɧɟ ɩɨɞɯɨɞɹɬ ɞɥɹ ɩɟɪɟɞɚɱɢ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ 

ɞɚɧɧɵɯ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. 

ɉɪɢ ɩɟɪɟɞɚɱɟ ɞɚɧɧɵɯ M/TCP ɛɟɪɟɬ ɜ ɪɚɫɱɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɤɚɠɞɨɝɨ 

ɩɪɢɟɦɧɢɤɚ. Ʉɨɝɞɚ ɩɨɞɧɚɛɨɪ ɩɨɥɭɱɚɬɟɥɟɣ ɜ ɝɪɭɩɩɟ ɬɟɪɹɟɬ ɩɚɤɟɬ, ɩɨɬɟɪɹɧɧɵɣ 

ɩɚɤɟɬ ɩɨɜɬɨɪɧɨ ɩɟɪɟɞɚɟɬɫɹ ɜ ɞɪɭɝɨɦ ɩɨɬɨɤɟ TCP. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɫɤɨɪɨɫɬɶ 

ɩɟɪɟɞɚɱɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɫɚɦɨɝɨ ɦɟɞɥɟɧɧɨɝɨ ɩɪɢɟɦɧɢɤɚ.  

ɉɪɢ ɩɨɬɟɪɟ ɩɚɤɟɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɫɥɟɞɭɸɳɢɣ ɚɥɝɨɪɢɬɦ [10]: 

 ȿɫɥɢ ɞɜɚ ɢɥɢ ɛɨɥɟɟ ɩɨɥɭɱɚɬɟɥɹ ɩɨɬɟɪɹɥɢ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɩɚɤɟɬ, 

ɩɨɜɬɨɪɧɚɹ ɩɟɪɟɞɚɱɚ ɛɭɞɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɦɧɨɝɨɚɞɪɟɫɧɨɣ ɩɟɪɟɞɚɱɟɣ. 

 ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɬɨɥɶɤɨ ɨɞɢɧ ɩɨɥɭɱɚɬɟɥɶ ɩɨɬɟɪɹɥ ɩɚɤɟɬ, ɩɟɪɟɞɚɱɚ 

ɛɭɞɟɬ ɜɵɩɨɥɧɟɧɚ ɦɧɨɝɨɚɞɪɟɫɧɨ. 
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 ɉɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɩɨɜɬɨɪɧɨɣ ɩɟɪɟɞɚɱɢ ɧɨɜɵɟ ɩɚɤɟɬɵ ɛɭɞɭɬ 

ɩɟɪɟɞɚɜɚɬɶɫɹ ɨɬɞɟɥɶɧɨ ɫɨɡɞɚɧɧɨɣ ɝɪɭɩɩɟ ɩɨɥɭɱɚɬɟɥɟɣ, ɭ ɤɨɬɨɪɵɯ 

ɧɚɛɥɸɞɚɥɚɫɶ ɩɨɬɟɪɹ ɩɚɤɟɬɨɜ. 

 Ⱦɚɧɧɚɹ ɝɪɭɩɩɚ ɛɭɞɟɬ ɜɧɨɜɶ ɨɛɴɟɞɢɧɟɧɚ ɫ ɨɫɧɨɜɧɨɣ, ɤɨɝɞɚ 

ɞɨɫɬɢɝɧɟɬ ɨɞɢɧɚɤɨɜɨɣ ɫɤɨɪɨɫɬɢ ɫ ɢɫɯɨɞɧɵɦ ɩɨɬɨɤɨɦ ɩɟɪɟɞɚɱɢ. 

 

1.3 ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɦɟɬɨɞɨɜ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ 

 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɛɡɨɪɚ ɫɭɳɟɫɬɜɭɸɳɢɯ RM ɩɪɨɬɨɤɨɥɨɜ ɦɨɠɧɨ ɫɞɟɥɚɬɶ 

ɜɵɜɨɞ ɱɬɨ ɩɪɢɥɨɠɟɧɢɹ, ɪɚɛɨɬɚɸɳɢɟ ɫ ɩɪɨɬɨɤɨɥɨɦ PGM, ɧɟ ɩɨɥɭɱɚɸɬ 

ɢɧɮɨɪɦɚɰɢɸ ɨ ɬɨɦ ɩɨɥɭɱɢɥɢ ɥɢ ɜɫɟ ɩɪɢɟɦɧɢɤɢ ɞɚɧɧɵɟ, PGM ɡɚ ɫɱɟɬ 

ɦɟɯɚɧɢɡɦɚ NACK ɢ ɫɜɨɟɣ ɢɟɪɚɪɯɢɢ ɹɜɥɹɟɬɫɹ ɨɬɥɢɱɧɨ ɦɚɫɲɬɚɛɢɪɭɟɦɵɦ, 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɥɧɨɫɬɶɸ ɧɚɞɟɠɧɭɸ ɞɨɫɬɚɜɤɭ ɞɚɧɧɵɯ, ɜ ɧɟɦ ɨɬɫɭɬɫɬɜɭɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɛɨɬɵ ɫ ɨɞɧɨɫɬɨɪɨɧɧɢɦɢ ɤɚɧɚɥɚɦɢ ɢ ɫ ɩɪɟɪɵɜɢɫɬɵɦɢ 

ɩɨɬɨɤɚɦɢ ɞɚɧɧɵɯ, ɬɚɤɠɟ ɪɟɤɨɦɟɧɞɭɟɦɚ ɱɚɫɬɢɱɧɚɹ ɩɨɞɞɟɪɠɤɚ ɫɨ ɫɬɨɪɨɧɵ 

ɫɟɬɢ. PGM ɥɭɱɲɟ ɜɫɟɝɨ ɩɨɞɯɨɞɢɬ ɞɥɹ ɩɟɪɟɞɚɱɢ ɮɚɣɥɨɜ.  

M/TCP ɠɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɩɨɬɪɟɛɧɨɫɬɶ ɩɪɢɥɨɠɟɧɢɣ ɜ ɩɨɥɭɱɟɧɢɢ 

ɢɧɮɨɪɦɚɰɢɢ ɨ ɬɨɦ, ɱɬɨ ɜɫɟ ɩɪɢɟɦɧɢɤɢ ɩɨɥɭɱɢɥɢ ɞɚɧɧɵɟ ɡɚ ɫɱɟɬ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɯɚɧɢɡɦɚ ACK, ɧɨ ɫɩɨɫɨɛɟɧ ɪɚɛɨɬɚɬɶ ɫ ɨɱɟɧɶ ɦɚɥɟɧɶɤɢɦ 

ɤɨɥɢɱɟɫɬɜɨɦ ɩɪɢɟɦɧɢɤɨɜ, ɬɚɤɠɟ ɞɚɧɧɵɣ ɩɪɨɬɨɤɨɥ ɫɩɨɫɨɛɟɧ ɪɚɛɨɬɚɬɶ ɫ 

ɩɪɟɪɵɜɢɫɬɵɦɢ ɩɨɬɨɤɚɦɢ ɞɚɧɧɵɯ. M/TCP ɧɟɨɛɯɨɞɢɦɚ ɩɨɥɧɚɹ ɩɨɞɞɟɪɠɤɚ ɧɚ 

ɫɟɬɟɜɵɯ ɭɡɥɚɯ. M/TCP ɥɭɱɲɟ ɜɫɟɝɨ ɩɨɞɯɨɞɢɬ ɞɥɹ ɬɟɤɫɬɨɜɵɯ ɱɚɬɨɜ ɢɥɢ 

ɩɪɢɥɨɠɟɧɢɣ ɩɟɪɟɞɚɸɳɢɯ Push-ɭɜɟɞɨɦɥɟɧɢɹ. 

ȼ ɬɚɛɥɢɰɟ 1 ɩɪɢɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɩɪɨɬɨɤɨɥɨɜ ɢ 

ɩɪɨɬɨɤɨɥɚ UDP: 

1-ɂɧɮɨɪɦɚɰɢɹ ɨ ɬɨɦ, ɱɬɨ ɜɫɟ ɩɪɢɟɦɧɢɤɢ ɩɨɥɭɱɢɥɢ ɞɚɧɧɵɟ 

2-Ɇɚɫɲɬɚɛɢɪɭɟɦɨɫɬɶ 
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3-ɉɨɥɧɨɫɬɶɸ ɧɚɞɟɠɧɚɹ ɞɨɫɬɚɜɤɚ ɞɚɧɧɵɯ 

4-Ɉɝɪɚɧɢɱɟɧɧɚɹ ɩɨ ɜɪɟɦɟɧɢ ɞɨɫɬɚɜɤɚ ɞɚɧɧɵɯ 

5-ɉɨɞɞɟɪɠɤɚ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɵɯ ɤɚɧɚɥɨɜ 

6-Ɍɪɟɛɨɜɚɧɢɟ ɩɨɞɞɟɪɠɤɢ ɫɨ ɫɬɨɪɨɧɵ ɫɟɬɢ 
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* - ɇɟɫɭɳɟɫɬɜɭɸɳɢɣ, ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ, ɩɪɨɬɨɤɨɥ. 

 

Ɍɚɛɥɢɰɚ 1 – ɋɪɚɜɧɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɬɪɚɧɫɩɨɪɬɧɵɯ ɩɪɨɬɨɤɨɥɨɜ 

ɉɪɨɬɨɤɨɥ 

Ɍɪɟɛɨɜɚɧɢɹ ɩɪɢɥɨɠɟɧɢɣ 
Ɉɝɪɚɧɢɱɟɧɢɹ ɫɨ 

ɫɬɨɪɨɧɵ ɫɟɬɢ 
Ɍɢɩɢɱɧɵɟ ɩɪɢɥɨɠɟɧɢɹ 

1 2 3 4 5 6 

UDP - + - + + - Ⱥɭɞɢɨ-ɜɢɞɟɨ ɬɪɚɧɫɥɹɰɢɢ, IPTV 

PGM - + + - - +/- ɉɟɪɟɞɚɱɚ ɮɚɣɥɨɜ 

M/TCP + - + - - + Ɍɟɤɫɬɨɜɵɟ ɱɚɬɵ, ɩɟɪɟɞɚɱɚ Push-ɭɜɟɞɨɦɥɟɧɢɣ 

* + + + - + - 
ɉɟɪɟɞɚɱɚ ɭɩɪɚɜɥɹɸɳɢɯ ɤɨɦɚɧɞ ɜ ɪɟɚɥɶɧɨɦ 

ɜɪɟɦɟɧɢ 
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1.4 ȼɵɜɨɞɵ 

 

ɂɫɯɨɞɹ ɢɡ ɚɧɚɥɢɡɚ ɜ ɩ. 1.3 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɱɬɨ ɫɭɳɟɫɬɜɭɸɳɢɟ 

ɪɟɚɥɢɡɚɰɢɢ ɪɟɲɚɸɬ ɭɡɤɢɣ ɤɪɭɝ ɡɚɞɚɱ. ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɧɟɬ ɩɪɨɬɨɤɨɥɚ, 

ɫɩɨɫɨɛɧɨɝɨ ɪɚɛɨɬɚɬɶ ɫ ɩɪɟɪɵɜɢɫɬɵɦ ɩɨɬɨɤɨɦ ɞɚɧɧɵɯ, ɧɟ ɬɪɟɛɭɸɳɟɝɨ 

ɩɨɞɞɟɪɠɤɢ ɫɨ ɫɬɨɪɨɧɵ ɫɟɬɢ ɢ ɯɨɪɨɲɨ ɦɚɫɲɬɚɛɢɪɭɟɦɨɝɨ. ɉɪɢɦɟɪɨɦ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɚɤɨɝɨ ɩɪɨɬɨɤɨɥɚ ɹɜɥɹɟɬɫɹ ɩɪɢɥɨɠɟɧɢɟ, ɩɟɪɟɞɚɸɳɟɟ 

ɭɩɪɚɜɥɹɸɳɢɟ ɤɨɦɚɧɞɵ ɨɝɪɨɦɧɨɦɭ ɱɢɫɥɭ ɩɪɢɟɦɧɢɤɨɜ. 
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2 Ɋɚɡɪɚɛɨɬɤɚ ɧɚɞɟɠɧɨɝɨ ɦɧɨɝɨɚɞɪɟɫɧɨɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɩɪɨɬɨɤɨɥɚ 

 

Ⱥɪɯɢɬɟɤɬɭɪɚ ɫɟɬɢ 

ɉɭɫɬɶ ɨɬɩɪɚɜɢɬɟɥɢ ɢ ɩɨɥɭɱɚɬɟɥɢ ɛɭɞɭɬ ɩɨɞɤɥɸɱɟɧɵ ɤ ɦɚɝɢɫɬɪɚɥɶɧɨɣ 

ɫɟɬɢ ɱɟɪɟɡ ɥɨɤɚɥɶɧɵɟ ɤɨɦɦɭɬɚɬɨɪɵ ɞɨɫɬɭɩɚ, ɩɪɹɦɨ ɢɥɢ ɤɨɫɜɟɧɧɨ ɱɟɪɟɡ ɭɡɥɵ 

ɞɨɫɬɭɩɚ (ɪɢɫɭɧɨɤ 3). 

Ɋɢɫɭɧɨɤ 3 – Ɇɨɞɟɥɶ ɫɟɬɢ. 

 

ɉɪɢɟɦɧɢɤɢ ɦɨɝɭɬ ɛɵɬɶ ɫɝɪɭɩɩɢɪɨɜɚɧɵ ɜ ɥɨɤɚɥɶɧɵɟ ɨɛɥɚɫɬɢ ɧɚ ɨɫɧɨɜɟ 

ɢɯ ɛɥɢɡɨɫɬɢ ɜ ɫɟɬɢ.  

Ɇɧɨɝɨɚɞɪɟɫɧɨɟ ɞɟɪɟɜɨ, ɤɨɪɧɟɦ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɨɬɩɪɚɜɢɬɟɥɶ, ɚ 

ɜɟɪɲɢɧɚɦɢ ɹɜɥɹɸɬɫɹ ɜɫɟ ɩɨɥɭɱɚɬɟɥɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚ ɫɟɬɟɜɨɦ ɭɪɨɜɧɟ ɢ 

ɧɚɡɵɜɚɟɬɫɹ ɝɥɨɛɚɥɶɧɵɦ. Ɍɚɤɠɟ ɫɭɳɟɫɬɜɭɸɬ ɥɨɤɚɥɶɧɵɟ ɦɧɨɝɨɚɞɪɟɫɧɵɟ 
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ɞɟɪɟɜɶɹ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɱɚɫɬɹɦɢ ɝɥɨɛɚɥɶɧɨɝɨ. Ƚɥɨɛɚɥɶɧɨɟ ɦɧɨɝɨɚɞɪɟɫɧɨɟ 

ɞɟɪɟɜɨ ɩɨɤɚɡɚɧɨ ɫɩɥɨɲɧɵɦɢ ɥɢɧɢɹɦɢ ɧɚ ɪɢɫɭɧɤɟ 4. ɉɨɥɭɱɚɬɟɥɢ ɜ ɥɨɤɚɥɶɧɨɣ 

ɨɛɥɚɫɬɢ, ɨɛɫɥɭɠɢɜɚɟɦɵɟ Li, ɨɛɨɡɧɚɱɚɸɬɫɹ ɤɚɤ Ri,j. Ʌɨɤɚɥɶɧɵɟ ɤɨɦɦɭɬɚɬɨɪɵ 

ɞɨɫɬɭɩɚ ɧɟ ɹɜɥɹɸɬɫɹ ɩɨɥɭɱɚɬɟɥɹɦɢ. 

 

 

Ɋɢɫɭɧɨɤ 4 – Ƚɥɨɛɚɥɶɧɨɟ ɦɧɨɝɨɚɞɪɟɫɧɨɟ ɞɟɪɟɜɨ 
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2.1 Ɉɩɢɫɚɧɢɟ ɩɪɨɬɨɤɨɥɚ 

 

ɇɚɞɟɠɧɵɣ ɦɧɨɝɨɚɞɪɟɫɧɵɣ ɬɪɚɧɫɩɨɪɬɧɵɣ ɩɪɨɬɨɤɨɥ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɭɸ ɞɨɫɬɚɜɤɭ ɛɟɡ ɩɨɬɟɪɶ ɨɬ ɨɞɧɨɝɨ ɨɬɩɪɚɜɢɬɟɥɹ ɝɪɭɩɩɟ 

ɩɨɥɭɱɚɬɟɥɟɣ. Ɉɬɩɪɚɜɢɬɟɥɶ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɞɟɠɧɭɸ ɞɨɫɬɚɜɤɭ ɩɭɬɟɦ 

ɜɵɛɨɪɨɱɧɨɣ ɩɨɜɬɨɪɧɨɣ ɩɟɪɟɞɚɱɢ ɩɨɬɟɪɹɧɧɵɯ ɩɚɤɟɬɨɜ ɜ ɨɬɜɟɬ ɧɚ ɡɚɩɪɨɫ 

ɩɨɜɬɨɪɧɨɣ ɩɟɪɟɞɚɱɢ ɨɬ ɩɨɥɭɱɚɬɟɥɟɣ. 

Ƚɥɚɜɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɞɚɧɧɨɝɨ ɩɪɨɬɨɤɨɥɚ ɹɜɥɹɟɬɫɹ ɝɪɭɩɩɢɪɨɜɤɚ 

ɩɪɢɟɦɧɢɤɨɜ ɜ ɥɨɤɚɥɶɧɵɟ ɨɛɥɚɫɬɢ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɵɞɟɥɟɧɧɵɯ ɩɪɢɟɦɧɢɤɨɜ 

(Designated Receiver) ɜ ɤɚɠɞɨɣ ɥɨɤɚɥɶɧɨɣ ɨɛɥɚɫɬɢ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ 

ɨɬɩɪɚɜɢɬɟɥɶ ɦɧɨɝɨɚɞɪɟɫɧɨ ɩɟɪɟɞɚɟɬ ɤɚɠɞɵɣ ɩɚɤɟɬ ɜɫɟɦ ɩɨɥɭɱɚɬɟɥɹɦ, 

ɧɚɯɨɞɹɳɢɦɫɹ ɜ ɝɥɨɛɚɥɶɧɨɦ ɦɧɨɝɨɚɞɪɟɫɧɨɦ ɞɟɪɟɜɟ, ɬɨɥɶɤɨ ɜɵɞɟɥɟɧɧɵɟ 

ɩɪɢɟɦɧɢɤɢ ɨɬɩɪɚɜɥɹɸɬ ɫɨɨɛɳɟɧɢɹ ɨɬɩɪɚɜɢɬɟɥɸ ɫ ɭɤɚɡɚɧɢɟɦ, ɤɚɤɢɟ ɩɚɤɟɬɵ 

ɨɧɢ ɩɨɥɭɱɢɥɢ ɢ ɤɚɤɢɟ ɩɚɤɟɬɵ ɨɧɢ ɧɟ ɩɨɥɭɱɢɥɢ. ɉɨɥɭɱɚɬɟɥɢ ɜ ɥɨɤɚɥɶɧɨɣ 

ɨɛɥɚɫɬɢ ɩɟɪɟɞɚɸɬ ɢɯ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ DR. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ DR ɧɟ 

ɤɨɧɫɨɥɢɞɢɪɭɟɬ ɫɨɨɛɳɟɧɢɹ ɨ ɫɨɫɬɨɹɧɢɢ ɩɪɢɟɦɧɢɤɨɜ ɜ ɫɜɨɟɣ ɥɨɤɚɥɶɧɨɣ 

ɨɛɥɚɫɬɢ, ɧɨ ɢɫɩɨɥɶɡɭɟɬ ɷɬɢ ɫɨɨɛɳɟɧɢɹ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɥɨɤɚɥɶɧɵɯ 

ɩɨɜɬɨɪɧɵɯ ɩɟɪɟɞɚɱ ɩɨɥɭɱɚɬɟɥɹɦ, ɡɧɚɱɢɬɟɥɶɧɨ ɭɦɟɧɶɲɚɹ ɫɤɜɨɡɧɭɸ ɡɚɞɟɪɠɤɭ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɬɩɪɚɜɢɬɟɥɶ ɜɢɞɢɬ ɬɨɥɶɤɨ DR, ɚ DR ɜɢɞɢɬ ɬɨɥɶɤɨ 

ɩɨɥɭɱɚɬɟɥɟɣ ɜ ɫɜɨɟɣ ɥɨɤɚɥɶɧɨɣ ɨɛɥɚɫɬɢ. Ɉɛɪɚɛɨɬɤɚ ɫɨɨɛɳɟɧɢɣ ɨ ɫɨɫɬɨɹɧɢɢ 

ɞɨɫɬɚɜɤɢ ɞɚɧɧɵɯ ɩɪɨɢɫɯɨɞɢɬ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɦɟɠɞɭ ɨɬɩɪɚɜɢɬɟɥɟɦ ɢ 

ɜɵɞɟɥɟɧɧɵɦɢ ɩɪɢɟɦɧɢɤɚɦɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɡɛɟɠɚɬɶ ɩɪɨɛɥɟɦɵ ɢɦɩɥɨɡɢɣ 

ACK. 

ɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɢɟɦɧɢɤɢ Ri,1 ɜɵɛɪɚɧɵ ɜ ɤɚɱɟɫɬɜɟ DR ɞɥɹ ɝɪɭɩɩ Ri,j ɜ 

ɫɜɨɢɯ ɥɨɤɚɥɶɧɵɯ ɨɛɥɚɫɬɹɯ. Ʌɨɤɚɥɶɧɵɟ ɦɧɨɝɨɚɞɪɟɫɧɵɟ ɞɟɪɟɜɶɹ ɨɛɨɡɧɚɱɟɧɵ 

ɩɭɧɤɬɢɪɧɵɦɢ ɥɢɧɢɹɦɢ ɧɚ ɪɢɫɭɧɤɟ 4. 
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2.2 Ⱥɥɝɨɪɢɬɦ ɪɚɛɨɬɵ 

 

1. Ɉɬɩɪɚɜɢɬɟɥɶ ɨɫɭɳɟɫɬɜɥɹɟɬ ɦɧɨɝɨɚɞɪɟɫɧɭɸ ɩɟɪɟɞɚɱɭ ɩɚɤɟɬɨɜ 

ɞɚɧɧɵɯ ɜɫɟɦ ɩɨɥɭɱɚɬɟɥɹɦ ɜ ɝɥɨɛɚɥɶɧɨɦ ɦɧɨɝɨɚɞɪɟɫɧɨɦ ɞɟɪɟɜɟ. ɗɬɚ 

ɦɧɨɝɨɚɞɪɟɫɧɚɹ ɩɟɪɟɞɚɱɚ ɧɚɡɵɜɚɟɬɫɹ ɝɥɨɛɚɥɶɧɨɣ ɦɧɨɝɨɚɞɪɟɫɧɨɣ ɪɚɫɫɵɥɤɨɣ. 

2. Ʉɚɠɞɵɣ ɜɵɞɟɥɟɧɧɵɣ ɩɪɢɟɦɧɢɤ ɨɬɩɪɚɜɥɹɟɬ ɫɨɨɛɳɟɧɢɟ ɫ 

ɢɧɮɨɪɦɚɰɢɟɣ ɨ ɞɨɫɬɚɜɤɟ ɜ ɮɨɪɦɟ ɩɚɤɟɬɨɜ ɫɨɫɬɨɹɧɢɹ ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ 

ɩɟɪɢɨɞɢɱɧɨɫɬɶɸ. Ʉɚɠɞɵɣ ɩɚɤɟɬ ɫɨɞɟɪɠɢɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɬɨɦ ɤɚɤɢɟ ɩɚɤɟɬɵ 

ɞɚɧɧɵɯ ɛɵɥɢ ɭɫɩɟɲɧɨ ɩɪɢɧɹɬɵ ɜɵɞɟɥɟɧɧɵɦ ɩɪɢɟɦɧɢɤɨɜ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɢɯ 

ɫɨɨɛɳɟɧɢɟ ɨɬɩɪɚɜɢɬɟɥɶ ɨɩɪɟɞɟɥɹɟɬ ɤɚɤɢɟ ɩɚɤɟɬɵ ɞɨɥɠɧɵ ɛɵɬɶ ɩɟɪɟɞɚɧɵ 

ɩɨɜɬɨɪɧɨ. ȿɫɥɢ ɱɢɫɥɨ ɜɵɞɟɥɟɧɧɵɯ ɩɪɢɟɦɧɢɤɨɜ, ɡɚɩɪɚɲɢɜɚɸɳɢɯ ɩɨɜɬɨɪɧɭɸ 

ɩɟɪɟɞɚɱɭ ɩɚɤɟɬɚ, ɩɪɟɜɵɲɚɟɬ ɨɩɪɟɞɟɥɟɧɧɵɣ ɩɨɪɨɝ, ɩɨɜɬɨɪɧɚɹ ɩɟɪɟɞɚɱɚ 

ɜɵɩɨɥɧɹɟɬɫɹ ɦɧɨɝɨɚɞɪɟɫɧɨ, ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɩɪɢɟɦɧɢɤ ɩɨɜɬɨɪɧɨ ɩɟɪɟɞɚɟɬ 

ɩɚɤɟɬɵ ɬɨɥɶɤɨ ɡɚɩɪɚɲɢɜɚɸɳɢɦ ɜɵɞɟɥɟɧɧɵɦ ɩɪɢɟɦɧɢɤɚɦ. Ⱦɚɥɟɟ ɤɚɠɞɵɣ 

ɜɵɞɟɥɟɧɧɵɣ ɩɪɢɟɦɧɢɤ ɦɧɨɝɨɚɞɪɟɫɧɨ ɪɚɫɫɵɥɚɟɬ ɞɚɧɧɵɟ ɜ ɩɪɟɞɟɥɚɯ ɫɜɨɟɣ 

ɥɨɤɚɥɶɧɨɣ ɨɛɥɚɫɬɢ. 

3. Ʉɚɠɞɵɣ ɩɪɢɟɦɧɢɤ ɧɟ ɹɜɥɹɸɳɟɣɫɹ ɜɵɞɟɥɟɧɧɵɦ ɨɬɩɪɚɜɥɹɟɬ ɫɜɨɣ 

ɫɬɚɬɭɫ ɫɜɨɟɦɭ RD ɱɟɪɟɡ ɪɚɜɧɵɟ ɩɪɨɦɟɠɭɬɤɢ ɜɪɟɦɟɧɢ. ȼɵɞɟɥɟɧɧɵɣ ɩɪɢɟɦɧɢɤ 

ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɨɜɬɨɪɧɭɸ ɥɨɤɚɥɶɧɭɸ ɦɧɨɝɨɚɞɪɟɫɧɭɸ ɩɟɪɟɞɚɱɭ ɩɚɤɟɬɚ, ɟɫɥɢ 

ɱɢɫɥɨ ɩɪɢɟɦɧɢɤɨɜ ɜ ɟɝɨ ɨɛɥɚɫɬɢ, ɡɚɩɪɚɲɢɜɚɸɳɢɯ ɩɨɜɬɨɪɧɭɸ ɩɟɪɟɞɚɱɭ, 

ɩɪɟɜɵɲɚɟɬ ɩɨɪɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ; ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɩɚɤɟɬ ɩɟɪɟɞɚɟɬɫɹ 

ɨɞɧɨɚɞɪɟɫɧɨ ɞɥɹ ɬɟɯ ɩɪɢɟɦɧɢɤɨɜ, ɤɨɬɨɪɵɟ ɡɚɩɪɨɫɢɥɢ ɟɝɨ ɩɨɜɬɨɪɧɭɸ 

ɩɟɪɟɞɚɱɭ. 

4. Ɉɬɩɪɚɜɢɬɟɥɶ ɦɧɨɝɨɚɞɪɟɫɧɨ ɨɬɩɪɚɜɥɹɟɬ ɧɨɜɵɟ ɩɚɤɟɬɵ, ɟɫɥɢ ɜ ɨɤɧɟ 

ɟɫɬɶ ɫɜɨɛɨɞɧɨɟ ɦɟɫɬɨ. 

Ɉɬɩɪɚɜɢɬɟɥɶ ɞɟɥɢɬ ɞɚɧɧɵɟ, ɩɨɞɥɟɠɚɳɢɟ ɩɟɪɟɞɚɱɟ, ɧɚ ɩɚɤɟɬɵ ɞɚɧɧɵɯ 

ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ ɪɚɡɦɟɪɚ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɩɨɫɥɟɞɧɟɝɨ. ɉɚɤɟɬ ɞɚɧɧɵɯ 

ɢɞɟɧɬɢɮɢɰɢɪɭɟɬɫɹ ɬɢɩɨɦ DATA, ɚ ɬɢɩ DATA EOF ɢɞɟɧɬɢɮɢɰɢɪɭɟɬ 
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ɩɨɫɥɟɞɧɢɣ ɩɚɤɟɬ ɞɚɧɧɵɯ. Ɉɬɩɪɚɜɢɬɟɥɶ ɧɚɡɧɚɱɚɟɬ ɤɚɠɞɨɦɭ ɩɚɤɟɬɭ ɞɚɧɧɵɯ 

ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ, ɧɚɱɢɧɚɹ ɫ 0. ɉɨɥɭɱɚɬɟɥɶ ɩɟɪɢɨɞɢɱɟɫɤɢ ɨɬɩɪɚɜɥɹɟɬ 

ɩɚɤɟɬɵ ACK ɨɬɩɪɚɜɢɬɟɥɸ ɢɥɢ DR. ɉɚɤɟɬ ACK ɫɨɞɟɪɠɢɬ ɧɢɠɧɢɣ ɤɨɧɟɰ ɨɤɧɚ 

ɩɪɢɟɦɚ (L) ɢ ɛɢɬɨɜɵɣ ɜɟɤɬɨɪ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɞɥɢɧɵ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɪɚɡɦɟɪɚ 

ɨɤɧɚ, ɭɤɚɡɵɜɚɸɳɟɝɨ, ɤɚɤɢɟ ɩɚɤɟɬɵ ɩɨɥɭɱɟɧɵ ɢ ɤɚɤɢɟ ɩɚɤɟɬɵ ɩɨɬɟɪɹɧɵ. ȼ 

ɬɚɛɥɢɰɟ 1 ɩɟɪɟɱɢɫɥɟɧɵ ɬɢɩɵ ɩɚɤɟɬɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɞɚɧɧɨɦ ɩɪɨɬɨɤɨɥɟ.  

Ɍɚɛɥɢɰɚ 2 - Ɍɢɩɵ ɩɚɤɟɬɨɜ 
ACK  ɉɚɤɟɬ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɞɨɫɬɚɜɤɢ 
ACK TXNOW  ɉɚɤɟɬ ɬɪɟɛɨɜɚɧɢɹ ɧɟɦɟɞɥɟɧɧɨɣ ɩɟɪɟɞɚɱɢ 
DATA  ɉɚɤɟɬ ɞɚɧɧɵɯ 
DATA EOF  ɉɨɫɥɟɞɧɵɣ ɩɚɤɟɬ ɞɚɧɧɵɯ 
RESET  ɉɚɤɟɬ ɞɥɹ ɪɚɡɪɵɜɚ ɫɨɟɞɢɧɟɧɢɹ 

RTT MEASURE 
 ɉɚɤɟɬ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɜɪɟɦɟɧɢ ɩɪɢɟɦɚ-
ɩɟɪɟɞɚɱɢ 

RTT ACK  ACK ɞɥɹ ɩɚɤɟɬɚ RTT MEASURE 
SND ACK 
TOME  ɉɚɤɟɬ ɞɥɹ ɜɵɛɨɪɚ AP 

 

Ɍɚɛɥɢɰɚ 3 - ɉɚɪɚɦɟɬɪɵ ɫɨɟɞɢɧɟɧɢɹ. 
Wr ɪɚɡɦɟɪ ɨɤɧɚ ɩɪɢɟɦɚ ɜ ɩɚɤɟɬɚɯ 
Ws ɪɚɡɦɟɪ ɨɤɧɚ ɨɬɩɪɚɜɤɢ ɜ ɩɚɤɟɬɚɯ 
Tdally ɡɚɞɟɪɠɤɚ ɩɨɫɥɟ ɨɬɩɪɚɜɤɢ ɩɨɫɥɟɞɧɟɝɨ ɩɚɤɟɬɚ 
Tretx ɡɚɞɟɪɠɤɚ ɩɨɫɥɟ ɨɬɩɪɚɜɤɢ ɩɨɫɥɟɞɧɟɝɨ ɩɚɤɟɬɚ 

Trtt 
ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɜɪɟɦɟɧɢ ɩɪɢɟɦɚ-
ɩɟɪɟɞɚɱɢ 

Tsap ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ ɞɥɹ ɨɬɩɪɚɜɤɢ SND ACK TOME 
Tsend ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ ɞɥɹ ɨɬɩɪɚɜɤɢ ɩɚɤɟɬɨɜ ɞɚɧɧɵɯ 
Tack ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ ɞɥɹ ɨɬɩɪɚɜɤɢ ɩɚɤɟɬɨɜ ɫɨɫɬɨɹɧɢɹ 
Packet Ɋɚɡɦɟɪ ɩɚɤɟɬɚ ɞɚɧɧɵɯ ɜ ɨɤɬɟɬɚɯ 
Cache Ɋɚɡɦɟɪ ɩɚɤɟɬɚ ɞɚɧɧɵɯ ɜ ɨɤɬɟɬɚɯ 
MCASTthresh ɩɨɪɨɝ ɦɧɨɝɨɚɞɪɟɫɧɨɣ ɩɨɜɬɨɪɧɨɣ ɩɟɪɟɞɚɱɢ 
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ɍɫɬɚɧɨɜɤɚ ɫɨɟɞɢɧɟɧɢɹ 

ɋɨɟɞɢɧɟɧɢɟ ɢɞɟɧɬɢɮɢɰɢɪɭɟɬɫɹ ɩɚɪɨɣ ɤɨɧɟɱɧɵɯ ɬɨɱɟɤ: ɤɨɧɟɱɧɨɣ 

ɬɨɱɤɨɣ ɢɫɬɨɱɧɢɤɚ ɢ ɤɨɧɟɱɧɨɣ ɬɨɱɤɨɣ ɧɚɡɧɚɱɟɧɢɹ. Ʉɨɧɟɱɧɚɹ ɬɨɱɤɚ ɢɫɬɨɱɧɢɤɚ 

ɫɨɫɬɨɢɬ ɢɡ ɫɟɬɟɜɨɝɨ ɚɞɪɟɫɚ ɨɬɩɪɚɜɢɬɟɥɹ ɢ ɧɨɦɟɪɚ ɩɨɪɬɚ; ɤɨɧɟɱɧɚɹ ɬɨɱɤɚ 

ɧɚɡɧɚɱɟɧɢɹ ɫɨɫɬɨɢɬ ɢɡ ɚɞɪɟɫɚ ɦɧɨɝɨɚɞɪɟɫɧɨɣ ɝɪɭɩɩɵ ɢ ɧɨɦɟɪɚ ɩɨɪɬɚ. Ʉɚɠɞɨɟ 

ɫɨɟɞɢɧɟɧɢɟ ɢɦɟɟɬ ɧɚɛɨɪ ɫɜɹɡɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɨɟɞɢɧɟɧɢɹ (ɫɦ. Ɍɚɛɥɢɰɭ 3). 

ɉɪɨɬɨɤɨɥ ɩɪɟɞɩɨɥɚɝɚɟɬ ɧɚɥɢɱɢɟ ɞɢɫɩɟɬɱɟɪɚ ɫɟɚɧɫɨɜ, ɤɨɬɨɪɵɣ ɨɬɜɟɱɚɟɬ ɡɚ 

ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɨɬɩɪɚɜɢɬɟɥɸ ɢ ɩɨɥɭɱɚɬɟɥɸ(ɹɦ) ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɩɚɪɚɦɟɬɪɨɜ ɫɨɟɞɢɧɟɧɢɹ. ɉɪɨɬɨɤɨɥ ɢɫɩɨɥɶɡɭɟɬ ɡɧɚɱɟɧɢɹ ɩɨ ɭɦɨɥɱɚɧɢɸ ɞɥɹ 

ɥɸɛɨɝɨ ɩɚɪɚɦɟɬɪɚ ɫɨɟɞɢɧɟɧɢɹ, ɟɫɥɢ ɨɧ ɧɟ ɭɤɚɡɚɧ ɹɜɧɨ. 

Ʉɚɤ ɬɨɥɶɤɨ ɞɢɫɩɟɬɱɟɪ ɫɟɚɧɫɨɜ ɩɪɟɞɨɫɬɚɜɢɥ ɨɬɩɪɚɜɢɬɟɥɸ ɢ ɩɨɥɭɱɚɬɟɥɹɦ 

ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɟɚɧɫɟ, ɩɨɥɭɱɚɬɟɥɢ ɢɧɢɰɢɚɥɢɡɢɪɭɸɬ ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ 

ɫɨɟɞɢɧɟɧɢɟɦ ɢ ɨɫɬɚɸɬɫɹ ɜ ɧɟɩɨɞɤɥɸɱɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ; ɬɟɦ ɜɪɟɦɟɧɟɦ 

ɨɬɩɪɚɜɢɬɟɥɶ ɧɚɱɢɧɚɟɬ ɩɟɪɟɞɚɱɭ ɞɚɧɧɵɯ. ɉɨɥɭɱɢɜ ɩɚɤɟɬ ɞɚɧɧɵɯ ɨɬ 

ɨɬɩɪɚɜɢɬɟɥɹ, ɩɨɥɭɱɚɬɟɥɶ ɩɟɪɟɯɨɞɢɬ ɢɡ ɧɟɩɨɞɤɥɸɱɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ 

ɩɨɞɤɥɸɱɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ. ȼ ɩɨɞɤɥɸɱɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɪɢɟɦɧɢɤɢ 

ɩɟɪɢɨɞɢɱɟɫɤɢ ɝɟɧɟɪɢɪɭɸɬ ACK, ɩɨɞɞɟɪɠɢɜɚɹ ɫɨɟɞɢɧɟɧɢɟ ɚɤɬɢɜɧɵɦ. 

ȼɨ ɜɪɟɦɹ ɪɚɛɨɬɵ ɩɪɨɬɨɤɨɥɚ ɨɬɩɪɚɜɢɬɟɥɶ ɧɟ ɢɦɟɟɬ ɢɧɮɨɪɦɚɰɢɢ ɨ 

ɩɨɥɭɱɚɬɟɥɹɯ. ɉɨɥɭɱɚɬɟɥɢ ɦɨɝɭɬ ɜɫɬɭɩɚɬɶ ɜ multicast-ɝɪɭɩɩɭ ɢɥɢ ɩɨɤɢɞɚɬɶ ɟɟ 

ɛɟɡ ɢɧɮɨɪɦɢɪɨɜɚɧɢɹ ɨɬɩɪɚɜɢɬɟɥɹ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɰɟɥɶ ɞɚɧɧɨɝɨ ɩɪɨɬɨɤɨɥɚ - 

ɨɛɟɫɩɟɱɢɬɶ ɧɚɞɟɠɧɭɸ ɞɨɫɬɚɜɤɭ ɬɟɤɭɳɢɦ ɭɱɚɫɬɧɢɤɚɦ ɫɟɚɧɫɚ ɦɧɨɝɨɚɞɪɟɫɧɨɣ 

ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ. ɉɨɫɤɨɥɶɤɭ ɨɬɩɪɚɜɢɬɟɥɶ ɧɟ ɢɦɟɟɬ ɢɧɮɨɪɦɚɰɢɢ ɨ 

ɩɨɥɭɱɚɬɟɥɹɯ, ɡɚɜɟɪɲɟɧɢɟ ɫɟɚɧɫɚ ɨɫɧɨɜɚɧɨ ɧɚ ɬɚɣɦɟɪɟ. ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ 

ɨɬɩɪɚɜɢɬɟɥɶ ɩɟɪɟɞɚɟɬ ɩɨɫɥɟɞɧɢɣ ɩɚɤɟɬ ɞɚɧɧɵɯ, ɡɚɩɭɫɤɚɟɬɫɹ ɬɚɣɦɟɪ, ɤɨɬɨɪɵɣ 

ɢɫɬɟɤɚɟɬ ɱɟɪɟɡ Tdally ɫɟɤɭɧɞ. (ȼɵɞɟɥɟɧɧɵɣ ɩɪɢɺɦɧɢɤ ɬɚɤɠɟ ɡɚɩɭɫɤɚɟɬ ɬɚɣɦɟɪ, 

ɩɨɫɥɟ ɤɨɪɪɟɤɬɧɨɝɨ ɩɨɥɭɱɟɧɢɹ ɜɫɟɯ ɩɚɤɟɬɨɜ ɞɚɧɧɵɯ.) ɉɨɫɥɟ ɢɫɬɟɱɟɧɢɹ 

ɬɚɣɦɟɪɚ, ɨɬɩɪɚɜɢɬɟɥɶ ɭɞɚɥɹɟɬ ɜɫɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɨɫɬɨɹɧɢɢ ɫɨɟɞɢɧɟɧɢɹ. 

ɋɨɨɛɳɟɧɢɟ ACK ɨɬ ɩɨɥɭɱɚɬɟɥɹ ɫɛɪɚɫɵɜɚɟɬ ɬɚɣɦɟɪ ɤ ɧɚɱɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ. 

Ʉɚɠɞɵɣ ɩɨɥɭɱɚɬɟɥɶ ɭɞɚɥɹɟɬ ɫɜɨɣ ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ ɫɨɟɞɢɧɟɧɢɟɦ ɢ 
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ɩɪɟɤɪɚɳɚɟɬ ɨɬɩɪɚɜɤɭ ACK ɩɨɫɥɟ ɤɨɪɪɟɤɬɧɨɝɨ ɩɨɥɭɱɟɧɢɹ ɜɫɟɯ ɩɚɤɟɬɨɜ 

ɞɚɧɧɵɯ. DR ɜɟɞɟɬ ɫɟɛɹ ɤɚɤ ɨɛɵɱɧɵɣ ɩɨɥɭɱɚɬɟɥɶ ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɬɨɝɨ, ɱɬɨ ɨɧ 

ɭɞɚɥɹɟɬ ɫɜɨɣ ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ ɫɨɟɞɢɧɟɧɢɟɦ ɬɨɥɶɤɨ ɩɨɫɥɟ ɢɫɬɟɱɟɧɢɹ ɜɪɟɦɟɧɢ 

ɬɚɣɦɟɪɚ. 

ɉɨɫɤɨɥɶɤɭ ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ ɦɟɠɞɭ ɩɟɪɟɞɚɱɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ACK 

ɨɬ ɩɨɥɭɱɚɬɟɥɟɣ ɧɚɦɧɨɝɨ ɦɟɧɶɲɟ, ɱɟɦ Tdally, ɨɬɩɪɚɜɢɬɟɥɶ ɩɪɟɞɩɨɥɚɝɚɟɬ, ɱɬɨ 

ɥɢɛɨ ɜɫɟ ɩɪɢɟɦɧɢɤɢ ɤɨɪɪɟɤɬɧɨ ɩɪɢɧɹɥɢ ɜɟɫɶ ɨɛɴɺɦ ɢɧɮɨɪɦɚɰɢɢ, ɥɢɛɨ 

ɩɪɨɢɡɨɲɥɚ ɜɧɟɲɬɚɬɧɚɹ ɫɢɬɭɚɰɢɹ. ȼɨɡɦɨɠɧɵɟ ɩɪɢɦɟɪɵ ɜɧɟɲɬɚɬɧɵɯ 

ɫɢɬɭɚɰɢɣ: ɜɵɯɨɞ ɢɡ ɫɬɪɨɹ ɫɟɬɟɜɵɯ ɭɫɬɪɨɣɫɬɜ, ɜɵɯɨɞ ɩɪɢɟɦɧɢɤɨɜ ɢɡ ɝɪɭɩɩɵ. 

ȼɨ ɜɪɟɦɹ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɞɚɧɧɵɯ ɫɢɬɭɚɰɢɣ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɪɵɜ ɫɨɟɞɢɧɟɧɢɹ 

ɩɭɬɟɦ ɨɬɩɪɚɜɤɢ ɩɚɤɟɬɚ RESET. ɇɚɩɪɢɦɟɪ, ɤɨɝɞɚ ɩɪɨɬɨɤɨɥ ɨɩɪɟɞɟɥɹɟɬ, ɱɬɨ 

ɨɬɩɪɚɜɥɹɸɳɟɟ ɩɪɢɥɨɠɟɧɢɟ ɡɚɜɟɪɲɢɥɨ ɪɚɛɨɬɭ ɞɨ ɬɨɝɨ, ɤɚɤ ɩɟɪɟɞɚɱɚ ɞɚɧɧɵɯ 

ɛɵɥɚ ɭɫɩɟɲɧɨ ɡɚɜɟɪɲɟɧɚ, ɨɧ ɢɫɩɨɥɶɡɭɟɬ ɩɚɤɟɬ RESET ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ 

ɢɧɮɨɪɦɢɪɨɜɚɬɶ ɜɫɟ ɩɪɢɟɦɧɢɤɢ ɨ ɡɚɤɪɵɬɢɢ ɫɨɟɞɢɧɟɧɢɹ. 
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Ɉɛɴɟɤɬɵ ɩɪɨɬɨɤɨɥɚ 

ɇɚɞɟɠɧɵɣ ɦɧɨɝɨɚɞɪɟɫɧɵɣ ɬɪɚɧɫɩɨɪɬɧɵɣ ɩɪɨɬɨɤɨɥ ɢɦɟɟɬ ɬɪɢ 

ɨɫɧɨɜɧɵɯ ɨɛɴɟɤɬɚ: (1) Ɉɬɩɪɚɜɢɬɟɥɶ, (2) ɉɨɥɭɱɚɬɟɥɶ ɢ (3) ɇɚɡɧɚɱɟɧɧɵɣ 

ɩɨɥɭɱɚɬɟɥɶ (ɫɦ. ɪɢɫɭɧɨɤ 5).  

Ɋɢɫɭɧɨɤ 5 – Ɉɛɴɟɤɬɵ ɩɪɨɬɨɤɨɥɚ. 

Ɉɛɴɟɤɬ Sender ɢɦɟɟɬ ɦɟɬɨɞ T_CONTROLLER, ɤɨɬɨɪɵɣ ɪɟɲɚɟɬ, ɞɨɥɠɟɧ 

ɥɢ ɨɬɩɪɚɜɢɬɟɥɶ ɩɟɪɟɞɚɜɚɬɶ ɧɨɜɵɟ ɩɚɤɟɬɵ (ɢɫɩɨɥɶɡɭɹ ɦɟɬɨɞ Tx), ɩɪɨɜɨɞɢɬɶ 

ɩɨɜɬɨɪɧɭɸ ɩɟɪɟɞɚɱɭ ɩɨɬɟɪɹɧɧɵɯ ɩɚɤɟɬɨɜ (ɢɫɩɨɥɶɡɭɹ ɦɟɬɨɞ RTx) ɢɥɢ 

ɪɚɫɫɵɥɚɬɶ ɫ ɢɧɮɨɪɦɚɰɢɟɣ ɨ ɬɨɦ, ɱɬɨ ɞɚɧɧɵɣ ɨɬɩɪɚɜɢɬɟɥɶ ɹɜɥɹɟɬɫɹ 

ɨɛɪɚɛɨɬɱɢɤɨɦ ɫɨɨɛɳɟɧɢɣ ACK (ɢɫɩɨɥɶɡɭɹ ɦɟɬɨɞ AP_A). Ɇɟɬɨɞ 

STATUS_PROCESSOR ɨɛɪɚɛɚɬɵɜɚɟɬ ACK ɫɨɨɛɳɟɧɢɹ ɨɬ ɩɨɥɭɱɚɬɟɥɟɣ ɢ 

ɨɛɧɨɜɥɹɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɬɪɭɤɬɭɪɵ ɞɚɧɧɵɯ. 
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Ɍɚɤɠɟ ɨɛɴɟɤɬ Sender ɢɦɟɟɬ ɬɚɣɦɟɪɵ T_Sent, T_Retx ɢ T_Sap 

ɪɟɝɭɥɢɪɭɸɳɢɟ ɪɚɛɨɬɭ ɦɟɬɨɞɨɜ Tx, RTx ɢ AP_A ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɍɚɣɦɟɪ 

T_Dally ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɪɚɡɪɵɜɚ ɫɨɟɞɢɧɟɧɢɹ. 

Ɇɟɬɨɞ R_CONTROLLER ɨɛɴɟɤɬɚ Receiver ɨɬɜɟɱɚɟɬ ɡɚ ɞɨɫɬɚɜɤɭ ɞɚɧɧɵɯ 

ɩɪɢɧɢɦɚɸɳɟɦɭ ɩɪɢɥɨɠɟɧɢɸ (ɢɫɩɨɥɶɡɭɹ ɦɟɬɨɞ R), ɡɚ ɨɬɩɪɚɜɤɭ ɫɨɨɛɳɟɧɢɟ 

ACK (ɢɫɩɨɥɶɡɭɹ ɦɟɬɨɞ AS) ɢɥɢ ɡɚ ɨɬɩɪɚɜɤɭ ɩɚɤɟɬɨɜ ɢɡɦɟɪɟɧɢɹ ɜɪɟɦɟɧɢ 

ɩɪɢɟɦɚ-ɩɟɪɟɞɚɱɢ (ɢɫɩɨɥɶɡɭɹ ɦɟɬɨɞ RTT) ɞɥɹ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɜɵɱɢɫɥɟɧɢɹ 

ɤɪɭɝɨɜɨɣ ɡɚɞɟɪɠɤɢ ɦɟɠɞɭ ɩɪɢɟɦɧɢɤɨɦ ɢ ɟɝɨ ɨɛɪɚɛɨɬɱɢɤɨɦ ɫɨɨɛɳɟɧɢɣ ACK. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɛɴɟɤɬ Receiver ɢɦɟɟɬ ɞɜɚ ɬɚɣɦɟɪɚ: T_Ack ɢ 

T_Rtt, ɞɚɧɧɵɣ ɬɚɣɦɟɪɵ ɤɨɧɬɪɨɥɢɪɭɸɬ ɪɚɛɨɬɭ ɦɟɬɨɞɨɜ AS ɢ RTT 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɇɟɬɨɞ R ɧɟ ɭɩɪɚɜɥɹɟɬɫɹ ɬɚɣɦɟɪɨɦ, ɚ ɚɤɬɢɜɢɪɭɟɬɫɹ ɜ ɬɨɬ 

ɦɨɦɟɧɬ, ɤɨɝɞɚ ɩɪɢɧɢɦɚɸɳɟɟ ɩɪɢɥɨɠɟɧɢɟ ɡɚɩɪɚɲɢɜɚɟɬ ɩɚɤɟɬɵ.  

Ɏɚɤɬɢɱɟɫɤɢ ɨɛɶɟɤɬ DR ɹɜɥɹɟɬɫɹ ɤɨɦɛɢɧɚɰɢɟɣ ɨɛɶɟɤɬɨɜ Receiver ɢ 

Sender. 

ɉɟɪɟɞɚɱɚ ɞɚɧɧɵɯ 

Ɉɬɩɪɚɜɢɬɟɥɶ ɦɧɨɝɨɚɞɪɟɫɧɨ ɨɬɩɪɚɜɥɹɟɬ ɩɚɤɟɬɵ ɞɚɧɧɵɯ ɫ ɢɧɬɟɪɜɚɥɨɦ 

ɨɩɪɟɞɟɥɟɧɧɵɦ ɩɚɪɚɦɟɬɪɨɦ Tsend. ɑɢɫɥɨ ɩɚɤɟɬɨɜ, ɩɟɪɟɞɚɧɧɵɯ ɡɚ ɤɚɠɞɵɣ 

ɢɧɬɟɪɜɚɥ, ɨɛɵɱɧɨ ɡɚɜɢɫɢɬ ɨɬ ɞɨɫɬɭɩɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɜ ɨɤɧɟ ɨɬɩɪɚɜɤɢ. 

Ɉɬɩɪɚɜɢɬɟɥɶ ɜ ɬɟɱɟɧɢɢ ɜɪɟɦɟɧɢ Tsend ɦɨɠɟɬ ɨɬɩɪɚɜɢɬɶ ɱɢɫɥɨ ɩɚɤɟɬɨɜ ɧɟ 

ɩɪɟɜɵɲɚɸɳɟɟ ɱɢɫɥɨ Ws. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɦɚɤɫɢɦɚɥɶɧɭɸ ɫɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ 

MaxTR ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɮɨɪɦɭɥɟ 1.                                                                                                         (1) 

ɉɨɞɬɜɟɪɠɞɟɧɢɟ ɞɨɫɬɚɜɤɢ 

ɉɪɢɟɦɧɢɤɢ ɩɪɢ ɩɨɦɨɳɢ ɦɟɬɨɞɚ AS ɲɥɸɬ ɩɚɤɟɬɵ ACK ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ 

ɩɟɪɢɨɞɢɱɧɨɫɬɶɸ, ɭɤɚɡɵɜɚɹ ɫɬɚɬɭɫ ɨɤɧɚ ɩɪɢɟɦɚ. ɉɪɢɟɦɧɢɤɢ ɢɫɩɨɥɶɡɭɸɬ 

ɛɢɬɨɜɵɣ ɦɚɫɫɢɜ ɪɚɡɦɟɪɨɦ ɜ Wr ɛɢɬ (ɪɚɡɦɟɪ ɨɤɧɚ ɩɪɢɟɦɚ) ɞɥɹ ɡɚɩɢɫɢ 
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ɢɧɮɨɪɦɚɰɢɢ ɨ ɤɨɪɪɟɤɬɧɨ ɩɪɢɧɹɬɵɯ ɩɚɤɟɬɚɯ, ɯɪɚɧɹɳɢɯɫɹ ɜ ɛɭɮɟɪɟ (ɫɦ. 

ɪɢɫɭɧɨɤ 6). 

 

Ɋɢɫɭɧɨɤ 6 – ɉɪɢɦɟɪ ɨɤɧɚ ɩɪɢɟɦɚ. 

 

Ʉɚɠɞɵɣ ɛɢɬ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɞɧɨɦɭ ɫɥɨɬɭ ɩɚɤɟɬɚ ɜ ɛɭɮɟɪɟ ɩɪɢɟɦɧɢɤɚ. 

Ɂɧɚɱɟɧɢɟ «1» ɨɡɧɚɱɚɟɬ ɱɬɨ ɩɚɤɟɬ ɩɪɢɧɹɬ ɤɨɪɪɟɤɬɧɨ. ɇɚɩɪɢɦɟɪ, ɧɚ ɪɢɫɭɧɤɟ 6 

ɩɨɤɚɡɚɧɨ ɨɤɧɨ ɩɪɢɟɦɚ ɢɡ ɜɨɫɶɦɢ ɩɚɤɟɬɨɜ; ɩɚɤɟɬɵ 16, 17 ɢ 19 ɩɨɥɭɱɟɧɵ 

ɩɪɚɜɢɥɶɧɨ ɢ ɯɪɚɧɢɬɫɹ ɜ ɛɭɮɟɪɟ. Ʉɨɝɞɚ ɩɨɥɭɱɚɬɟɥɶ ɨɬɩɪɚɜɥɹɟɬ ACK 

ɨɬɩɪɚɜɢɬɟɥɸ ɢɥɢ ɜɵɞɟɥɟɧɧɨɦɭ ɩɪɢɟɦɧɢɤɭ, ɨɧ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɡɧɚɱɟɧɢɟ 

ɥɟɜɨɝɨ ɤɪɚɹ ɨɤɧɚ ɩɪɢɟɦɚ L ɢ ɛɢɬɨɜɵɣ ɜɟɤɬɨɪ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 

ɩɪɢɟɦɧɢɤ ɩɟɪɟɞɚɟɬ ɩɚɤɟɬɵ ɩɪɢɥɨɠɟɧɢɸ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. ɇɚɩɪɢɦɟɪ, 

ɟɫɥɢ ɩɪɢɟɦɧɢɤ ɩɨɥɭɱɚɟɬ ɩɚɤɟɬ 15 ɨɬ ɨɬɩɪɚɜɢɬɟɥɹ ɢ ɧɟ ɩɨɥɭɱɚɟɬ ɩɚɤɟɬ 18, ɨɧ 

ɦɨɠɟɬ ɞɨɫɬɚɜɢɬɶ ɩɚɤɟɬɵ 15, 16 ɢ 17 ɩɪɢɥɨɠɟɧɢɸ ɢ ɭɜɟɥɢɱɢɬɶ ɡɧɚɱɟɧɢɟ L ɞɨ 

18. 

ɂɡɦɟɪɟɧɢɟ ɤɪɭɝɨɜɨɣ ɡɚɞɟɪɠɤɢ ɢ ɪɚɫɱɟɬ Tack 

ɉɪɢɟɦɧɢɤɢ ɩɟɪɢɨɞɢɱɟɫɤɢ ɨɬɩɪɚɜɥɹɸɬ ɫɨɨɛɳɟɧɢɹ ACK. ȿɫɥɢ ɞɚɧɧɵɟ 

ɫɨɨɛɳɟɧɢɹ ɨɬɩɪɚɜɥɹɸɬɫɹ ɫɥɢɲɤɨɦ ɱɚɫɬɨ, ɨɛɪɚɛɨɬɱɢɤ ɫɨɨɛɳɟɧɢɣ ACK ɦɨɠɟɬ 

ɩɪɟɤɪɚɬɢɬɶ ɩɨɜɬɨɪɧɭɸ ɩɟɪɟɞɚɱɭ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɩɚɤɟɬɚ, ɧɟ ɡɧɚɹ, ɛɵɥ ɥɢ ɬɨɬ 

ɩɪɢɧɹɬ ɩɨɥɭɱɚɬɟɥɹɦɢ ɩɪɚɜɢɥɶɧɨ. Ⱦɚɛɵ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɢɡɛɵɬɨɱɧɵɟ 
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ɩɨɜɬɨɪɧɵɟ ɩɟɪɟɞɚɱɢ, ɤɚɠɞɵɣ ɩɪɢɟɦɧɢɤ ɞɢɧɚɦɢɱɟɫɤɢ ɢɡɦɟɪɹɟɬ ɜɪɟɦɹ 

ɩɪɢɟɦɚ-ɩɟɪɟɞɚɱɢ ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɫɜɨɢɦ ɨɛɪɚɛɨɬɱɢɤɨɦ ɫɨɨɛɳɟɧɢɣ ACK, 

ɢɫɩɨɥɶɡɭɹ ɩɚɤɟɬ RTT_MEASURE. ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ, ɤɚɠɞɵɣ 

ɩɪɢɟɦɧɢɤ ɜɵɱɢɫɥɹɟɬ Tack, ɢɧɬɟɪɜɚɥ ɦɟɠɞɭ ɩɟɪɟɞɚɱɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ 

ɫɨɨɛɳɟɧɢɣ ACK. 

ɉɪɢɟɦɧɢɤ ɨɬɩɪɚɜɥɹɟɬ ɩɟɪɜɵɣ ɩɚɤɟɬ RTT_MEASURE ɫɪɚɡɭ ɩɨɫɥɟ 

ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɨɟɞɢɧɟɧɢɹ. ɉɨɫɥɟɞɭɸɳɢɟ ɩɚɤɟɬɵ RTT_MEASURE 

ɨɬɩɪɚɜɥɹɸɬɫɹ ɫ ɮɢɤɫɢɪɨɜɚɧɧɵɦ ɢɧɬɟɪɜɚɥɨɦ, Trtt. ɑɬɨɛɵ ɢɡɦɟɪɢɬɶ ɜɪɟɦɹ 

ɩɪɢɟɦɚ-ɩɟɪɟɞɚɱɢ, ɩɪɢɟɦɧɢɤ ɩɨɦɟɳɚɟɬ ɥɨɤɚɥɶɧɭɸ ɜɪɟɦɟɧɧɭɸ ɦɟɬɤɭ ɜ ɩɚɤɟɬ 

RTT_MEASURE ɢ ɨɬɩɪɚɜɥɹɟɬ ɩɚɤɟɬ ɫɜɨɟɦɭ ɨɛɪɚɛɨɬɱɢɤɭ ɫɨɨɛɳɟɧɢɣ ACK. 

Ʉɨɝɞɚ ɨɛɪɚɛɨɬɱɢɤ ɩɨɥɭɱɚɟɬ ɩɚɤɟɬ RTT_MEASURE, ɨɧ ɧɟɦɟɞɥɟɧɧɨ ɦɟɧɹɟɬ 

ɬɢɩ ɩɚɤɟɬɚ ɧɚ RTT_ACK ɢ ɨɬɩɪɚɜɥɹɟɬ ɩɚɤɟɬ ɨɛɪɚɬɧɨ ɩɪɢɟɦɧɢɤɭ. ɉɨɫɥɟ 

ɩɨɥɭɱɟɧɢɹ ɩɚɤɟɬɚ RTT_ACK ɩɪɢɟɦɧɢɤ ɪɚɫɫɱɢɬɵɜɚɟɬ ɜɪɟɦɹ ɩɪɢɟɦɚ-ɩɟɪɟɞɚɱɢ 

ɤɚɤ ɪɚɡɧɢɰɭ ɦɟɠɞɭ ɜɪɟɦɟɧɟɦ, ɜ ɤɨɬɨɪɨɟ ɩɚɤɟɬ RTT_ACK ɛɵɥ ɩɪɢɧɹɬ ɢ 

ɜɪɟɦɟɧɧɨɣ ɦɟɬɤɨɣ, ɯɪɚɧɹɳɟɣɫɹ ɜ ɧɟɦ. 

Ɉɛɪɚɛɨɬɤɚ ACK ɢ ɩɨɜɬɨɪɧɵɟ ɩɟɪɟɞɚɱɢ 

Ɉɬɩɪɚɜɢɬɟɥɶ ɢɥɢ ɜɵɞɟɥɟɧɧɵɣ ɩɪɢɟɦɧɢɤ ɨɛɪɚɛɚɬɵɜɚɟɬ ɫɨɨɛɳɟɧɢɹ ACK 

ɨɬ ɩɨɥɭɱɚɬɟɥɟɣ ɜ ɫɜɨɟɣ ɥɨɤɚɥɶɧɨɣ ɨɛɥɚɫɬɢ. ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ 

ɫɨɨɛɳɟɧɢɣ ACK ɨɬ ɩɪɢɟɦɧɢɤɨɜ ɨɛɪɚɛɨɬɱɢɤ ɦɨɠɟɬ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ 

ɩɨɬɟɪɹɧɧɵɟ ɩɚɤɟɬɵ, ɤɨɬɨɪɵɟ ɫɥɟɞɭɟɬ ɩɟɪɟɞɚɬɶ ɩɨɜɬɨɪɧɨ. Ɉɞɢɧ ɢɥɢ ɧɟɫɤɨɥɶɤɨ 

ɩɨɥɭɱɚɬɟɥɟɣ ɦɨɝɭɬ ɩɨɬɟɪɹɬɶ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɩɚɤɟɬ. Ɉɛɪɚɛɨɬɱɢɤ ɫɨɨɛɳɟɧɢɣ 

ACK ɨɩɪɟɞɟɥɹɟɬ ɞɨɥɠɟɧ ɥɢ ɩɨɬɟɪɹɧɧɵɣ ɩɚɤɟɬ ɛɵɬɶ ɩɨɜɬɨɪɧɨ ɩɟɪɟɞɚɧ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɞɧɨɚɞɪɟɫɧɨɣ ɢɥɢ ɦɧɨɝɨɚɞɪɟɫɧɨɣ ɪɚɫɫɵɥɤɢ. Ⱦɥɹ ɞɚɧɧɨɣ 

ɰɟɥɢ ɫɭɳɟɫɬɜɭɸɬ ɞɜɚ ɩɚɪɚɦɟɬɪɚ: Tretx ɢ MCASTtresh, ɚ ɬɚɤɠɟ ɨɱɟɪɟɞɶ 

ɩɨɜɬɨɪɧɨɣ ɩɟɪɟɞɚɱɢ. ȿɫɥɢ ɫɨɨɛɳɟɧɢɟ ACK ɫɨɞɟɪɠɢɬ ɡɚɩɪɨɫ ɧɚ ɩɨɜɬɨɪɧɭɸ 

ɩɟɪɟɞɚɱɭ, ɧɨɦɟɪ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɡɚɩɪɚɲɢɜɚɟɦɨɝɨ ɩɚɤɟɬɚ ɞɨɛɚɜɥɹɟɬɫɹ ɜ 

ɨɱɟɪɟɞɶ ɩɨɜɬɨɪɧɨɣ ɩɟɪɟɞɚɱɢ. Ɉɱɟɪɟɞɶ ɩɨɜɬɨɪɧɨɣ ɩɟɪɟɞɚɱɢ ɫɨɞɟɪɠɢɬ: ɧɨɦɟɪ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɩɚɤɟɬɵ ɤɨɬɨɪɵɣ ɞɨɥɠɧɵ ɛɵɬɶ ɩɟɪɟɞɚɧɵ ɩɨɜɬɨɪɧɨ, 

ɫɱɟɬɱɢɤ C ɫɨɞɟɪɠɚɳɢɣ ɱɢɫɥɨ ɪɚɜɧɨɟ ɤɨɥɢɱɟɫɬɜɭ ɩɪɢɟɦɧɢɤɨɜ, ɤɨɬɨɪɵɟ 
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ɞɨɥɠɧɵ ɩɨɜɬɨɪɧɨ ɩɨɥɭɱɢɬɶ ɞɚɧɧɵɣ ɩɚɤɟɬ, ɬɚɛɥɢɰɭ ɚɞɪɟɫɨɜ ɩɪɢɟɦɧɢɤɨɜ, 

ɡɚɩɪɚɲɢɜɚɸɳɢɯ ɞɚɧɧɵɣ ɩɚɤɟɬ ɢ ɭɤɚɡɚɬɟɥɶ ɧɚ ɫɥɟɞɭɸɳɢɣ ɷɥɟɦɟɧɬ ɨɱɟɪɟɞɢ. 

ɉɨ ɢɫɬɟɱɟɧɢɢ ɢɧɬɟɪɜɚɥɚ Tretx, ɨɛɪɚɛɨɬɱɢɤ ɫɨɨɛɳɟɧɢɣ ACK (ɩɪɢ ɩɨɦɨɳɢ 

ɦɟɬɨɞɚ RTx) ɩɨɦɟɳɚɟɬ ɷɥɟɦɟɧɬ ɜ ɨɱɟɪɟɞɶ ɩɨɜɬɨɪɧɨɣ ɩɟɪɟɞɚɱɢ. ȿɫɥɢ ɡɧɚɱɟɧɢɟ 

ɫɱɟɬɱɢɤɚ C ɩɪɟɜɵɲɚɟɬ ɡɧɚɱɟɧɢɟ MCASTthresh, ɨɬɩɪɚɜɢɬɟɥɶ ɢɥɢ ɜɵɞɟɥɟɧɧɵɣ 

ɩɪɢɟɦɧɢɤ ɪɚɫɫɵɥɚɟɬ ɩɨɬɟɪɹɧɧɵɟ ɩɚɤɟɬɵ ɦɧɨɝɨɚɞɪɟɫɧɨ, ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ, 

ɩɪɢɟɦɧɢɤ, ɢɫɩɨɥɶɡɭɹ ɬɚɛɥɢɰɭ ɚɞɪɟɫɨɜ, ɨɬɫɵɥɚɟɬ ɩɚɤɟɬɵ ɨɞɧɨɚɞɪɟɫɧɨ. 

Ɉɬɩɪɚɜɢɬɟɥɶ ɢɫɩɨɥɶɡɭɟɬ ɬɪɢ ɩɟɪɟɦɟɧɧɵɟ: swin_lb, send_next, ɢ 

avail_win ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɨɤɧɨɦ ɨɬɩɪɚɜɤɢ. ɉɟɪɟɦɟɧɧɚɹ swin_lb ɯɪɚɧɢɬ 

ɧɢɠɧɸɸ ɝɪɚɧɢɰɭ ɨɤɧɚ ɨɬɩɪɚɜɤɢ, send_next ɭɤɚɡɵɜɚɟɬ ɧɚ ɫɥɟɞɭɸɳɢɣ ɧɨɦɟɪ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜɨ ɜɪɟɦɹ ɨɬɩɪɚɜɤɢ 

ɩɚɤɟɬɨɜ ɞɚɧɧɵɯ, avail_win ɷɬɨ ɞɨɫɬɭɩɧɵɣ ɪɚɡɦɟɪ ɨɤɧɚ ɞɥɹ ɨɬɩɪɚɜɤɢ ɞɚɧɧɵɯ. 

Ɉɬɩɪɚɜɢɬɟɥɶ ɭɜɟɥɢɱɢɜɚɟɬ ɡɧɚɱɟɧɢɟ send_next ɢ ɭɦɟɧɶɲɚɟɬ ɡɧɚɱɟɧɢɟ avail_win 

ɩɨɫɥɟ ɨɬɩɪɚɜɤɢ ɞɚɧɧɵɯ. Ʉɨɝɞɚ ɫɨɨɛɳɟɧɢɹ ACK, ɩɨɞɬɜɟɪɠɞɚɸɳɢɟ ɩɨɥɭɱɟɧɢɟ 

ɩɚɤɟɬɨɜ ɫ ɧɨɦɟɪɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɪɚɜɧɵɦ swin_lb, ɩɪɢɧɢɦɚɸɬɫɹ, 

swin_lb ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɬɚɤ ɠɟ, ɤɚɤ ɢ avail_win. ɂɥɥɸɫɬɪɚɰɢɸ ɪɚɛɨɬɵ 

ɦɟɯɚɧɢɡɦɚ ɨɤɧɚ ɨɬɩɪɚɜɤɢ ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ ɧɚ ɪɢɫɭɧɤɟ 7.  

 

Ɋɢɫɭɧɨɤ 7 – ɩɪɢɦɟɪ ɨɤɧɚ ɨɬɩɪɚɜɤɢ. 
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ɑɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ, ɫɤɨɥɶɤɨ ɧɨɜɵɯ ɩɚɤɟɬɨɜ ɞɨɥɠɧɨ ɛɵɬɶ ɩɟɪɟɞɚɧɨ ɜ 

ɫɥɟɞɭɸɳɟɦ ɢɧɬɟɪɜɚɥɟ ɨɬɩɪɚɜɤɢ, ɨɬɩɪɚɜɢɬɟɥɶ ɜɵɱɢɫɥɹɟɬ ɧɚɢɦɟɧɶɲɟɟ 

ɡɧɚɱɟɧɢɟ L (Lmin) ɫɪɟɞɢ ɡɧɚɱɟɧɢɣ L, ɩɪɢɧɹɬɵɯ ɜ ɫɨɨɛɳɟɧɢɹɯ ACK ɜ 

ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ Tsend. ȿɫɥɢ Lmin ɛɨɥɶɲɟ, ɱɟɦ swin_lb, ɡɧɚɱɟɧɢɟ avail_win 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚ ɱɢɫɥɨ ɪɚɜɧɨɟ Lmin – swin_lb ɢ swin_lb ɫɬɚɧɨɜɢɬɫɹ ɪɚɜɧɨ Lmin. 

Ɂɧɚɱɟɧɢɟ swin_lb ɛɨɥɶɲɟ ɧɟ ɭɦɟɧɶɲɚɟɬɫɹ. ȿɫɥɢ ɩɪɢɟɦɧɢɤ ɨɬɩɪɚɜɥɹɟɬ 

ɫɨɨɛɳɟɧɢɹ ACK ɫɨ ɡɧɚɱɟɧɢɟɦ L, ɦɟɧɶɲɢɦ ɱɟɦ swin_lb, ɞɚɧɧɵɟ ɫɨɨɛɳɟɧɢɹ 

ɢɝɧɨɪɢɪɭɸɬɫɹ. 

ɉɨɡɞɧɟɟ ɩɨɞɤɥɸɱɟɧɢɟ ɩɪɢɟɦɧɢɤɨɜ 

ɇɚɞɟɠɧɵɣ ɦɧɨɝɨɚɞɪɟɫɧɵɣ ɬɪɚɧɫɩɨɪɬɧɵɣ ɩɪɨɬɨɤɨɥ ɩɨɡɜɨɥɹɟɬ 

ɩɨɥɭɱɚɬɟɥɹɦ ɩɪɢɫɨɟɞɢɧɹɬɶɫɹ ɜ ɥɸɛɨɣ ɦɨɦɟɧɬ ɬɟɤɭɳɟɝɨ ɫɟɚɧɫɚ. ɉɪɢɟɦɧɢɤɭ, 

ɤɨɬɨɪɵɣ ɩɪɢɫɨɟɞɢɧɹɟɬɫɹ ɩɨɫɥɟ ɧɚɱɚɥɚ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɬɪɟɛɭɟɬɫɹ ɩɟɪɟɞɚɬɶ 

ɬɟ ɩɚɤɟɬɵ, ɤɨɬɨɪɵɟ ɨɧ ɧɟ ɩɨɥɭɱɢɥ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɟɤɨɬɨɪɵɟ ɩɪɢɟɦɧɢɤɢ ɦɨɝɭɬ 

«ɨɬɫɬɚɜɚɬɶ» ɢɡ-ɡɚ ɪɚɡɥɢɱɧɵɯ ɩɪɢɱɢɧ, ɬɚɤɢɯ ɤɚɤ ɩɟɪɟɝɪɭɡɤɚ ɫɟɬɢ. ɋɭɳɟɫɬɜɭɟɬ 

ɞɜɟ ɮɭɧɤɰɢɢ, ɤɨɬɨɪɵɟ, ɪɚɛɨɬɚɹ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ, ɩɨɡɜɨɥɹɸɬ «ɨɬɫɬɚɜɲɢɦ» 

ɩɪɢɟɦɧɢɤɚɦ ɩɨɥɭɱɢɬɶ ɧɟɞɨɫɬɚɸɳɢɟ ɞɚɧɧɵɟ:  

 Ɂɚɩɪɨɫ ɧɟɦɟɞɥɟɧɧɨɣ ɩɟɪɟɞɚɱɢ. 

 Ʉɷɲɢɪɨɜɚɧɢɟ ɞɚɧɧɵɯ ɜ ɨɬɩɪɚɜɢɬɟɥɟ ɢ ɜ ɜɵɞɟɥɟɧɧɵɯ ɩɪɢɟɦɧɢɤɚɯ. 

Ɂɚɩɪɨɫ ɧɟɦɟɞɥɟɧɧɨɣ ɩɟɪɟɞɚɱɢ. Ʉɨɝɞɚ ɩɪɢɟɦɧɢɤ ɩɪɢɫɨɟɞɢɧɹɟɬɫɹ 

ɩɨɡɞɧɨ, ɨɧ ɧɚɱɢɧɚɟɬ ɩɨɥɭɱɚɬɶ ɦɧɨɝɨɚɞɪɟɫɧɵɟ ɩɚɤɟɬɵ ɨɬ ɨɬɩɪɚɜɢɬɟɥɹ, ɢ, 

ɩɪɨɫɦɚɬɪɢɜɚɹ ɧɨɦɟɪ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɞɚɧɧɵɯ ɩɚɤɟɬɨɜ, ɨɧ ɦɨɠɟɬ ɫɪɚɡɭ ɠɟ 

ɨɛɧɚɪɭɠɢɬɶ, ɱɬɨ ɩɪɨɩɭɫɬɢɥ ɛɨɥɟɟ ɪɚɧɧɢɟ ɩɚɤɟɬɵ. ȼ ɷɬɨɬ ɦɨɦɟɧɬ ɩɪɢɟɦɧɢɤ 

ɨɬɩɪɚɜɥɹɟɬ ɩɚɤɟɬ ACK_TXNOW, ɱɬɨɛɵ ɡɚɩɪɨɫɢɬɶ ɭ ɫɜɨɟɝɨ ɜɵɞɟɥɟɧɧɨɝɨ 

ɩɪɢɟɦɧɢɤɚ ɢɥɢ ɨɬɩɪɚɜɢɬɟɥɹ ɧɟɦɟɞɥɟɧɧɭɸ ɩɟɪɟɞɚɱɭ ɩɪɟɞɵɞɭɳɢɯ ɩɚɤɟɬɨɜ. 

ɉɚɤɟɬ ACK_TXNOW ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɩɚɤɟɬɚ ACK ɬɨɥɶɤɨ ɩɨɥɟɦ «ɬɢɩ 

ɩɚɤɟɬɚ». Ʉɨɝɞɚ ɨɛɪɚɛɨɬɱɢɤ ɫɨɨɛɳɟɧɢɣ ACK ɩɪɢɧɢɦɚɟɬ ɩɚɤɟɬ ACK_TXNOW 

ɨɬ ɩɪɢɟɦɧɢɤɚ ɨɧ ɩɪɨɜɟɪɹɟɬ ɛɢɬɨɜɵɣ ɦɚɫɫɢɜ V ɢ ɧɟɦɟɞɥɟɧɧɨ ɩɟɪɟɞɚɟɬ 
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ɩɪɨɩɭɳɟɧɧɵɟ ɩɚɤɟɬɵ ɢɥɢ ɩɚɤɟɬ ɩɪɢɟɦɧɢɤɭ, ɢɫɩɨɥɶɡɭɹ ɨɞɧɨɚɞɪɟɫɧɭɸ 

ɩɟɪɟɞɚɱɭ. 

Ʉɷɲɢɪɨɜɚɧɢɟ ɞɚɧɧɵɯ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ 

ɜɵɲɟɨɩɢɫɚɧɧɨɣ ɮɭɧɤɰɢɢ ɨɬɩɪɚɜɢɬɟɥɶ ɢ ɜɵɞɟɥɟɧɧɵɟ ɩɪɢɟɦɧɢɤɢ ɨɛɹɡɚɧɵ 

ɛɭɮɟɪɢɡɢɪɨɜɚɬɶ ɮɚɣɥ ɜ ɬɟɱɟɧɢɢ ɜɫɟɣ ɫɟɫɫɢɢ ɦɧɨɝɨɚɞɪɟɫɧɨɣ ɩɟɪɟɞɚɱɢ 

ɞɚɧɧɵɯ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɢɟɦɧɢɤɚɦ ɡɚɩɪɚɲɢɜɚɬɶ ɩɨɜɬɨɪɧɭɸ ɩɟɪɟɞɚɱɭ ɥɸɛɵɯ 

ɪɚɧɟɟ ɨɬɩɪɚɜɥɟɧɧɵɯ ɞɚɧɧɵɯ ɭ ɫɜɨɢɯ ɨɛɪɚɛɨɬɱɢɤɨɜ ɫɨɨɛɳɟɧɢɣ ACK. 

ȼɵɛɨɪ ɧɚɡɧɚɱɟɧɧɵɯ ɩɪɢɟɦɧɢɤɨɜ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ 

ɥɨɤɚɥɶɧɵɯ ɨɛɥɚɫɬɟɣ 

ɉɪɨɬɨɤɨɥ ɩɪɟɞɩɨɥɚɝɚɟɬ, ɱɬɨ ɢɦɟɟɬɫɹ ɧɟɤɨɬɨɪɚɹ ɢɧɮɨɪɦɚɰɢɹ ɨ 

ɩɪɢɛɥɢɡɢɬɟɥɶɧɨɦ ɦɟɫɬɨɧɚɯɨɠɞɟɧɢɢ ɩɨɥɭɱɚɬɟɥɟɣ, ɢ ɧɚ ɨɫɧɨɜɟ ɷɬɨɣ 

ɢɧɮɨɪɦɚɰɢɢ ɨɩɪɟɞɟɥɟɧɧɵɟ ɫɟɪɜɟɪɚ ɢɥɢ ɩɪɢɟɦɧɢɤɢ ɫ ɧɚɢɦɟɧɶɲɢɦ ip-ɚɞɪɟɫɨɦ 

ɜ ɩɨɞɫɟɬɢ ɜɵɛɢɪɚɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɧɚɡɧɚɱɟɧɧɵɯ ɩɪɢɟɦɧɢɤɨɜ (DR).  

Ⱦɚɥɟɟ ɤɚɠɞɵɣ DR ɢ ɨɬɩɪɚɜɢɬɟɥɶ ɩɟɪɢɨɞɢɱɟɫɤɢ ɨɬɩɪɚɜɥɹɸɬ ɩɚɤɟɬ 

SEND_ACK_TOME ɩɪɢɟɦɧɢɤɚɦ, ɜ ɤɨɬɨɪɨɦ ɞɥɹ ɩɨɥɹ TTL ɡɚɞɚɧɨ ɡɚɪɚɧɟɟ 

ɨɩɪɟɞɟɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ. ɉɪɢɟɦɧɢɤ ɜɵɛɢɪɚɟɬ ɫɜɨɟɝɨ DR ɩɨ ɩɚɤɟɬɭ 

SEND_ACK_TOME ɫ ɧɚɢɦɟɧɶɲɢɦ ɡɧɚɱɟɧɢɟɦ TTL. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ 

ɥɨɤɚɥɶɧɵɟ ɨɛɥɚɫɬɢ ɮɨɪɦɢɪɭɸɬɫɹ ɜɨɤɪɭɝ ɤɚɠɞɨɝɨ DR. 

 

2.3 ȼɵɜɨɞ 

 

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ ɪɚɛɨɬɵ ɩɪɨɬɨɤɨɥɚ ɧɚɞɟɠɧɨɣ 

ɦɧɨɝɨɚɞɪɟɫɧɨɣ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɬɪɟɛɨɜɚɧɢɹɦ, 

ɨɩɪɟɞɟɥɟɧɧɵɦ ɜ ɝɥɚɜɟ 1. Ȼɵɥɢ ɨɩɢɫɚɧɵ ɨɫɧɨɜɧɵɟ ɦɟɯɚɧɢɡɦɵ ɪɚɛɨɬɵ 

ɩɪɨɬɨɤɨɥɚ. 
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3 Ɋɟɚɥɢɡɚɰɢɹ ɩɪɨɬɨɤɨɥɚ 

 

3.1 Ɉɩɢɫɚɧɢɟ ɜɢɪɬɭɚɥɶɧɨɝɨ ɫɬɟɧɞɚ 

 

 

Ɋɢɫɭɧɨɤ 8 – Ɇɨɞɟɥɶ ɜɢɪɬɭɚɥɶɧɨɝɨ ɫɬɟɧɞɚ 

 

ȼɢɪɬɭɚɥɶɧɵɣ ɫɬɟɧɞ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɡ ɫɟɛɹ ɧɚɛɨɪ ɢɡ ɱɟɬɵɪɟɯ ɭɡɥɨɜ, 

ɫɨɟɞɢɧɟɧɧɵɯ ɬɚɤ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 8. Ʉɚɠɞɵɣ ɭɡɟɥ ɹɜɥɹɟɬɫɹ 

ɜɢɪɬɭɚɥɶɧɨɣ ɦɚɲɢɧɨɣ ɫ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɨɣ Ubuntu 12.04.5 LTS. ɍɡɥɵ S, 

R3, R4 ɢɦɟɸɬ ɩɨ ɨɞɧɨɦɭ ɫɟɬɟɜɨɦɭ ɢɧɬɟɪɮɟɣɫɭ (ɫɦ. ɪɢɫɭɧɨɤ 9).  
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Ɋɢɫɭɧɨɤ 9 – ɂɧɮɨɪɦɚɰɢɹ ɨ ɫɨɫɬɨɹɧɢɢ ɢɧɬɟɪɮɟɣɫɚ r32 ɧɚ ɭɡɥɟ R3 

 

ȼ ɤɚɱɟɫɬɜɟ ɫɟɬɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɦɦɭɬɢɪɭɟɦɵɣ Ethernet. ɍɡɟɥ R2 ɢɦɟɟɬ ɬɪɢ 

ɫɟɬɟɜɵɯ ɢɧɬɟɪɮɟɣɫɚ ɨɛɴɟɞɢɧɺɧɧɵɯ ɜ ɫɟɬɟɜɨɣ ɦɨɫɬ ɩɪɢ ɩɨɦɨɳɢ ɭɬɢɥɢɬɵ 

iproute2. ɗɬɨ ɧɟɨɛɯɨɞɢɦɨ ɬ.ɤ. R2 ɜ ɞɚɧɧɨɣ ɦɨɞɟɥɢ ɹɜɥɹɟɬɫɹ ɜɵɞɟɥɟɧɧɵɦ 

ɩɪɢɟɦɧɢɤɨɦ ɢ ɟɦɭ ɧɟɨɛɯɨɞɢɦɨ ɲɢɪɨɤɨɜɟɳɚɬɟɥɶɧɨ ɩɟɪɟɞɚɜɚɬɶ ɩɚɤɟɬɵ ɭɡɥɚɦ 

R3 ɢ R4. 

 

 

Ɋɢɫɭɧɨɤ 9 – ɂɧɮɨɪɦɚɰɢɹ ɨ ɫɨɫɬɨɹɧɢɢ ɢɧɬɟɪɮɟɣɫɨɜ ɧɚ ɭɡɥɟ R2 
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Ɍɚɤ ɤɚɤ ɪɟɚɥɢɡɚɰɢɹ ɩɪɨɬɨɤɨɥɚ ɜɵɩɨɥɧɟɧɚ ɧɚ ɹɡɵɤɟ Python, ɧɚ ɜɫɟɯ ɭɡɥɚɯ 

ɭɫɬɚɧɨɜɥɟɧ Python ɜɟɪɫɢɢ 2.3.7. ȼɢɪɬɭɚɥɶɧɵɟ ɦɚɲɢɧɵ ɪɚɛɨɬɚɸɬ ɜ ɫɪɟɞɟ 

VMWare ESXi. Ⱦɥɹ ɫɜɹɡɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɢɪɬɭɚɥɶɧɵɟ ɤɚɧɚɥɵ GigabitEthernet. 

 

3.2 Ɉɩɢɫɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚ  

 

Ɋɟɚɥɢɡɚɰɢɹ ɩɪɨɬɨɤɨɥɚ ɛɵɥɚ ɜɵɩɨɥɧɟɧɚ ɧɚ ɹɡɵɤɟ Python. Ⱦɥɹ ɩɪɨɜɟɪɤɢ 

ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɜɟɞɟɧ ɨɩɢɫɚɧɧɵɣ ɧɢɠɟ ɷɤɫɩɟɪɢɦɟɧɬ. Ⱦɥɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɪɟɚɥɢɡɚɰɢɢ ɛɵɥ ɜɵɛɪɚɧ ɬɚɤɨɣ ɢɧɬɟɪɮɟɣɫ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 

ɩɪɢɥɨɠɟɧɢɣ ɤɚɤ ɫɵɪɨɣ ɫɨɤɟɬ (ɚɧɝɥ. raw socket), ɷɬɢ ɫɨɤɟɬɵ ɩɨɡɜɨɥɹɸɬ 

ɪɟɚɥɢɡɨɜɚɬɶ ɜ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɧɨɜɵɟ ɩɪɨɬɨɤɨɥɵ ɫɬɟɤɚ Ipv4 ɢ 

ɧɟ ɜɵɫɬɚɜɥɹɸɬ ɤɚɤɢɯ-ɥɢɛɨ ɨɝɪɚɧɢɱɟɧɢɣ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɩɚɤɟɬɚ ɧɚ ɨɬɩɪɚɜɤɭ. 

ɇɚ ɜɫɟɯ ɭɡɥɚɯ ɜɢɪɬɭɚɥɶɧɨɝɨ ɫɬɟɧɞɚ ɢɧɢɰɢɚɥɢɡɢɪɭɟɬɫɹ ɡɚɩɭɫɤ 

ɩɪɨɝɪɚɦɦɵ ɢɡ ɮɚɣɥɚ main.py. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɚɪɝɭɦɟɧɬɚ ɡɚɩɭɫɤɚ ɭɡɟɥ 

ɪɚɛɨɬɚɟɬ ɜ ɨɞɧɨɦ ɢɡ ɬɪɟɯ ɪɟɠɢɦɨɜ:  

1. Ɉɬɩɪɚɜɢɬɟɥɶ (ɚɪɝɭɦɟɧɬ «-s»); 

2. ɉɪɢɟɦɧɢɤ (ɚɪɝɭɦɟɧɬ «-r»); 

3. ȼɵɞɟɥɟɧɧɵɣ ɩɪɢɟɦɧɢɤ (ɚɪɝɭɦɟɧɬ «-d»). 

     
if __name__ == '__main__': 
    interfaces = os.popen("ip a | egrep -o 'r[0-9]+'").read().split('\n') 
    print(interfaces) 
    interfaces.pop() 
 
    sockets = [None] * len(interfaces) 
    for i in range(0, len(interfaces)): 
        sockets[i] = socket.socket(socket.AF_PACKET, socket.SOCK_RAW, socket.htons(3)) 
        sockets[i].bind((interfaces[i], 0)) 
    print('Switching on ' + ' '.join(interfaces)) 
 
    if len(sys.argv) < 2: 
        print("Need some arguments") 
        sys.exit(1) 
    if sys.argv[1] == "-s": 
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        filename = sys.argv[2] 
        sender(sockets[0], filename) 
 
    elif sys.argv[1] == "-r": 
        if len(sys.argv) <= 2: 
            print("Need input rd address second argument") 
        else: 
            print(sys.argv[2]) 
            receiver(sockets[0], sys.argv[2]) 
 
    elif sys.argv[1] == "-d": 
        bridge_socket = socket.socket(socket.AF_PACKET, socket.SOCK_RAW, socket.htons(3)) 
        bridge_socket.bind(('my_bridge', 0)) 
        receiver_d(bridge_socket) 
 
 

 

ȼ ɤɚɱɟɫɬɜɟ ɬɟɫɬɚ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɟɪɟɞɚɱɚ ɮɚɣɥɚ ɨɬ 

ɨɬɩɪɚɜɢɬɟɥɹ S ɝɪɭɩɩɟ ɩɪɢɟɦɧɢɤɨɜ R2-R4. ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ɜɵɞɟɥɟɧɧɵɦ ɩɪɢɟɦɧɢɤɨɦ ɹɜɥɹɟɬɫɹ ɭɡɟɥ R2.  ɇɚ ɞɚɧɧɨɦ ɭɡɥɟ ɜɵɩɨɥɧɹɟɬɫɹ 

ɨɫɧɨɜɧɨɣ ɦɟɯɚɧɢɡɦ, ɝɚɪɚɧɬɢɪɭɸɳɢɣ ɧɚɞɟɠɧɭɸ ɞɨɫɬɚɜɤɭ, ɚ ɢɦɟɧɧɨ 

ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɚɝɪɟɝɚɰɢɹ ɩɨɞɬɜɟɪɠɞɟɧɢɣ ɞɨɫɬɚɜɤɢ ɨɬ ɨɫɬɚɥɶɧɵɯ 

ɩɪɢɟɦɧɢɤɨɜ ɢ ɩɨɜɬɨɪɧɚɹ ɩɟɪɟɞɚɱɚ, ɜ ɫɥɭɱɚɟ ɩɨɬɟɪɢ ɫɟɝɦɟɧɬɨɜ ɞɚɧɧɵɯ. 

 
def receiver_d(socket_in): 

    f = open("received.py", 'wb') 

    sender_addr = "" 

    src_addr = socket_in.getsockname()[4] 

    print "My address :", bytes_addr_to_str(src_addr) 

    local_receivers = [src_addr] 

    num_receive_frame = 0 

    num_err_frame = 0 

    max_err_frame = 1 

    while True: 

        print "Wait frame..." 

        raw_data, addr = socket_in.recvfrom(MAX_SIZE) 

        dst_addr, src_addr, proto, frame_type, num_packet, is_last, data = parse_frame(raw_data) 

        print('\nReceived Frame:') 

        print('Destination:\t{} \nSource:\t\t{} \nProto: {} \nType: {} \nNum Frame: {} \nIs Last  

        Packet: {}'.format( 

            bytes_addr_to_str(dst_addr), bytes_addr_to_str(src_addr), bytes_addr_to_str(proto),  

            frame_type, num_packet, is_last)) 
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        if frame_type == TYPE_MSG_RD: 

            print "New receiver in local area:", bytes_addr_to_str(src_addr) 

            local_receivers.append(src_addr) 

            max_err_frame = int(len(local_receivers) / 2) 

            if max_err_frame == 0: 

                max_err_frame = 1 

            continue 

        if frame_type == TYPE_MSG_D: 

            sender_addr = src_addr 

            num_receive_frame += 1 

            if data: 

                f.write(data) 

        if frame_type == TYPE_MSG_ANSWER: 

            num_receive_frame += 1 

        if frame_type == TYPE_MSG_ERR: 

            num_err_frame += 1 

        if num_err_frame >= max_err_frame: 

            num_err_frame = 0 

            dst_addr = sender_addr 

            src_addr = socket_in.getsockname()[4] 

            print('\nSending Frame:') 

            print('Destination:\t{} \nSource:\t\t{} \nProto: {} \nType: {} \nNum Frame: {} \nIs Last  

            Packet: {}'.format( 

                bytes_addr_to_str(dst_addr), bytes_addr_to_str(src_addr), bytes_addr_to_str(proto),  

               TYPE_MSG_REPEAT, 

                num_packet, is_last)) 

            answer_frame = struct.pack(HEADER_FORMAT, dst_addr, src_addr, proto,  

            TYPE_MSG_REPEAT, num_packet, is_last) 

            socket_in.sendall(answer_frame) 

            if is_last: 

                break 

        if num_receive_frame == len(local_receivers): 

            num_receive_frame = 0 

            dst_addr = sender_addr 

            src_addr = socket_in.getsockname()[4] 

            print('\nSending Frame:') 

            print('Destination:\t{} \nSource:\t\t{} \nProto: {} \nType: {} \nNum Frame: {} \nIs Last  

            Packet: {}'.format( 
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                bytes_addr_to_str(dst_addr), bytes_addr_to_str(src_addr), bytes_addr_to_str(proto),  

                TYPE_MSG_ANSWER, num_packet, is_last)) 

            answer_frame = struct.pack(HEADER_FORMAT, dst_addr, src_addr, proto,  

            TYPE_MSG_ANSWER, num_packet, is_last) 

            socket_in.sendall(answer_frame) 

            if is_last: 

                break 

    f.close() 

    print('\nFile Downloaded') 

 

ɉɨ ɦɢɦɨ ɜɫɟɝɨ ɩɪɨɱɟɝɨ ɭɡɟɥ R2, ɬɚɤ ɠɟ, ɤɚɤ ɢ ɭɡɥɵ R3 ɢ R4 ɩɪɢɧɢɦɚɟɬ 

ɩɚɤɟɬɵ ɞɚɧɧɵɯ ɨɬ ɨɬɩɪɚɜɢɬɟɥɹ R1, ɨɬɫɵɥɚɹ ɟɦɭ ɫɨɨɛɳɟɧɢɹ ɨ ɩɨɞɬɜɟɪɠɞɟɧɢɢ 

ɞɨɫɬɚɜɤɢ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɭɡɥɵ R3 ɢ R4 ɪɚɛɨɬɚɸɬ ɜ ɪɟɠɢɦɟ ɨɛɵɱɧɨɝɨ 

ɩɪɢɟɦɧɢɤɚ, ɨɬɫɵɥɚɹ ɫɨɨɛɳɟɧɢɹ ɨ ɭɫɩɟɲɧɨɣ ɞɨɫɬɚɜɤɟ ɫɜɨɟɦɭ ɜɵɞɟɥɟɧɧɨɦɭ 

ɩɪɢɟɦɧɢɤɭ R2. 

def receiver(socket_in, rd_address): 

    f = open("received.py", 'wb') 

    is_last = False 

    rd_address = str_addr_to_bytes(rd_address) 

    src_addr = socket_in.getsockname()[4] 

    proto = b'\x89\x99' 

    print "My address :", bytes_addr_to_str(src_addr) 

    print "RD address :", bytes_addr_to_str(rd_address) 

    rd_frame = struct.pack(HEADER_FORMAT, rd_address, src_addr, proto, TYPE_MSG_RD, 0,  

    False) 

    socket_in.sendall(rd_frame) 

    print('\nSending Frame to RD:') 

    print('Destination:\t{} \nSource:\t\t{} \nProto: {} \nType: {} \nNum Frame: {} \nIs Last 

Packet:  

    {}'.format( 

        bytes_addr_to_str(rd_address), bytes_addr_to_str(src_addr), bytes_addr_to_str(proto),  

        TYPE_MSG_RD, 0, is_last)) 

    while not is_last: 

        raw_data, addr = socket_in.recvfrom(MAX_SIZE) 

        dst_addr, src_addr, proto, frame_type, num_packet, is_last, data = parse_frame(raw_data) 

        print('\nReceived Frame:') 
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        print('Destination:\t{} \nSource:\t\t{} \nProto: {} \nType: {} \nNum Frame: {} \nIs Last 

        Packet: {}'.format( 

            bytes_addr_to_str(dst_addr), bytes_addr_to_str(src_addr), bytes_addr_to_str(proto),  

            frame_type, num_packet, is_last)) 

        if frame_type != TYPE_MSG_D: 

            continue 

        if data: 

            f.write(data) 

        dst_addr = rd_address 

        src_addr = socket_in.getsockname()[4] 

        answer_frame = struct.pack(HEADER_FORMAT, dst_addr, src_addr, proto,  

        TYPE_MSG_ANSWER, num_packet, is_last) 

        socket_in.sendall(answer_frame) 

        print('\nSending Frame:') 

        print('Destination:\t{} \nSource:\t\t{} \nProto: {} \nType: {} \nNum Frame: {} \nIs Last  

        Packet: {}'.format( 

            bytes_addr_to_str(dst_addr), bytes_addr_to_str(src_addr), bytes_addr_to_str(proto),  

            TYPE_MSG_ANSWER, num_packet, is_last)) 

    f.close() 

    print('\nFile Downloaded') 

 

ȼ ɪɚɦɤɚɯ ɬɟɤɭɳɟɣ ɪɟɚɥɢɡɚɰɢɢ ɜɵɞɟɥɟɧɧɵɣ ɩɪɢɟɦɧɢɤ ɜɵɛɢɪɚɟɬɫɹ 

ɜɪɭɱɧɭɸ, ɩɨɷɬɨɦɭ ɭɡɥɵ R3, R4 ɡɚɪɚɧɟɟ ɨɛɥɚɞɚɹ ɷɬɨɣ ɢɧɮɨɪɦɚɰɢɟɣ, 

ɨɬɩɪɚɜɥɹɸɬ ɭɡɥɭ R2 ɫɨɨɛɳɟɧɢɹ ɨ ɬɨɦ, ɱɬɨ ɨɧɢ ɧɚɯɨɞɹɬɫɹ ɜ ɟɝɨ ɥɨɤɚɥɶɧɨɣ 

ɨɛɥɚɫɬɢ, R2 ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɪɟɝɢɫɬɪɢɪɭɟɬ ɢɯ ɢ ɧɚɱɢɧɚɟɬ ɨɛɪɚɛɚɬɵɜɚɬɶ 

ɫɨɨɛɳɟɧɢɹ ɨ ɩɨɞɬɜɟɪɠɞɟɧɢɢ ɞɨɫɬɚɜɤɢ.  

ɍɡɟɥ S ɪɚɛɨɬɚɟɬ ɜ ɪɟɠɢɦɟ ɨɬɩɪɚɜɢɬɟɥɹ, ɧɚ ɞɚɧɧɨɦ ɭɡɥɟ ɩɪɨɢɫɯɨɞɢɬ 

ɪɚɡɛɢɟɧɢɟ ɨɬɩɪɚɜɥɹɟɦɨɝɨ ɮɚɣɥɚ ɧɚ ɫɟɝɦɟɧɬɵ ɞɚɧɧɵɯ ɢ ɩɨɫɥɟɞɭɸɳɚɹ 

ɲɢɪɨɤɨɜɟɳɚɬɟɥɶɧɚɹ ɨɬɩɪɚɜɤɚ ɞɚɧɧɵɯ ɫɟɝɦɟɧɬɨɜ ɩɨɥɭɱɚɬɟɥɹɦ, ɬɚɤɠɟ ɭɡɟɥ 

ɩɨɥɭɱɚɟɬ ɫɨɨɛɳɟɧɢɹ ɨ ɩɨɞɬɜɟɪɠɞɟɧɢɢ ɞɨɫɬɚɜɤɢ ɢ ɜ ɫɥɭɱɚɟ ɩɨɬɟɪɢ ɩɚɤɟɬɨɜ 

ɞɚɧɧɵɯ ɩɪɨɢɡɜɨɞɢɬ ɩɨɜɬɨɪɧɭɸ ɩɟɪɟɞɚɱɭ. 

def sender(socket_out, filename): 
    f = open(filename, "rb") 
    data_size = MAX_SIZE - HEADER_SIZE 
    src_addr = socket_out.getsockname()[4] 
    print "My address :", bytes_addr_to_str(src_addr) 
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    dst_addr = b'\xff\xff\xff\xff\xff\xff' # FF:FF:FF:FF:FF:FF 
    proto = b'\x89\x99' 
    print("\nStart file sending...") 
    data_parts = [] 
    data = f.read(data_size) 
    while data != "": 
        data_parts.append(data) 
        data = f.read(data_size) 
    if len(data_parts) == 0: 
        print("len(data_parts) == 0") 
        print("Stop file sending...") 
        return 
    num_packet = 0 
    data = data_parts[num_packet] 
    # Send first part to all clients 
    header = struct.pack(HEADER_FORMAT, dst_addr, src_addr, proto, TYPE_MSG_D, 
                         num_packet, num_packet == len(data_parts) - 1) 
    socket_out.sendall(header + data) 
    print('\nSending Frame:') 
    print('Destination:\t{} \nSource:\t\t{} \nProto: {} \nType: {} \nNum Frame: {} \nIs Last 
Packet: 
   {}'.format( 
        bytes_addr_to_str(dst_addr), bytes_addr_to_str(src_addr), bytes_addr_to_str(proto),  
        TYPE_MSG_D, num_packet, num_packet == len(data_parts) - 1)) 
    while True: 
        raw_data, addr = socket_out.recvfrom(MAX_SIZE) 
        dst_addr, src_addr, proto, frame_type, num_packet, is_last, data = parse_frame(raw_data) 
        print('\nReceived Frame:') 
        print('Destination:\t{} \nSource:\t\t{} \nProto: {} \nType: {} \nNum Frame: {} \nIs Last  
        Packet: {}'.format( 
            bytes_addr_to_str(dst_addr), bytes_addr_to_str(src_addr), bytes_addr_to_str(proto), 
            frame_type, num_packet, is_last)) 
        if frame_type != TYPE_MSG_REPEAT: 
            num_packet += 1 
        if num_packet >=len(data_parts): 
            break 
        data = data_parts[num_packet] 
        dst_addr = b'\xff\xff\xff\xff\xff\xff' 
        src_addr = socket_out.getsockname()[4] 
        header = struct.pack(HEADER_FORMAT, dst_addr, src_addr, proto, TYPE_MSG_D, 
                             num_packet, num_packet == len(data_parts) - 1) 
        socket_out.sendall(header + data) 
        print('\nSending Frame:') 
        print('Destination:\t{} \nSource:\t\t{} \nProto: {} \nType: {} \nNum Frame: {} \nIs Last  
        Packet: {}'.format( 
            bytes_addr_to_str(dst_addr), bytes_addr_to_str(src_addr), bytes_addr_to_str(proto),  
            TYPE_MSG_D, num_packet, num_packet == len(data_parts) - 1)) 
    f.close() 
    print('\nFile Sent') 
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3.3 Ɋɟɡɭɥɶɬɚɬ ɷɤɫɩɟɪɢɦɟɧɬɚ 

 

ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɩɟɪɟɞɚɱɢ ɮɚɣɥɚ ɭɡɥɵ R3 ɢ R4 ɨɬɩɪɚɜɢɥɢ ɫɨɨɛɳɟɧɢɹ 

ɭɡɥɭ R2, ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɜɲɢɫɶ ɜ ɟɝɨ ɥɨɤɚɥɶɧɨɣ ɡɨɧɟ (ɫɦ. ɪɢɫɭɧɨɤ 10). 

 

 

Ɋɢɫɭɧɨɤ 10 – ɉɨɥɭɱɟɧɢɟ ɪɟɝɢɫɬɪɚɰɢɨɧɧɵɯ ɩɚɤɟɬɨɜ ɨɬ ɭɡɥɨɜ R3 ɢ R4 

 

ɉɨɫɥɟ ɭɫɩɟɲɧɨɣ ɪɟɝɢɫɬɪɚɰɢɢ ɭɡɟɥ S ɢɧɢɰɢɢɪɨɜɚɥ ɨɬɩɪɚɜɤɭ ɩɚɤɟɬɚ 

ɞɚɧɧɵɯ ɨɬɩɪɚɜɢɬɟɥɹɦ. ɍɡɟɥ R2 ɩɪɨɢɡɜɨɞɢɥ ɩɟɪɟɫɵɥɤɭ ɩɨɥɭɱɟɧɧɨɝɨ ɩɚɤɟɬɚ 

ɩɪɢɟɦɧɢɤɚɦ R3 ɢ R4, ɚɝɪɟɝɢɪɭɹ ɩɨɥɭɱɟɧɧɵɟ ɨɬ ɧɢɯ ɫɨɨɛɳɟɧɢɹ ɨ ɞɨɫɬɚɜɤɟ ɢ ɜ 

ɫɥɭɱɚɟ ɭɫɩɟɲɧɨɣ ɩɟɪɟɞɚɱɢ ɨɬɩɪɚɜɥɹɥ ɫɨɨɛɳɟɧɢɟ ɨɛ ɭɫɩɟɲɧɨɣ ɩɟɪɟɞɚɱɟ 

ɨɬɩɪɚɜɢɬɟɥɹ, ɢ ɡɚɩɪɚɲɢɜɚɥ ɨɬɩɪɚɜɤɭ ɫɥɟɞɭɸɳɟɝɨ ɫɟɝɦɟɧɬɚ (ɫɦ. ɪɢɫɭɧɨɤ 11, 

12) 
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Ɋɢɫɭɧɨɤ 12 – Ɏɪɚɝɦɟɧɬ ɜɵɜɨɞɚ ɪɚɛɨɬɵ 
ɩɪɨɬɨɤɨɥɚ ɫ ɭɡɥɚ R2 

 

  

Ɋɢɫɭɧɨɤ 11 - ȼɵɜɨɞ ɪɚɛɨɬɵ ɩɪɨɬɨɤɨɥɚ ɫ ɭɡɥɚ 
R1 
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Ɋɢɫɭɧɨɤ 14 - ȼɵɜɨɞ ɪɚɛɨɬɵ ɩɪɨɬɨɤɨɥɚ ɫ ɭɡɥɚ R4 

  

Ɋɢɫɭɧɨɤ 13 - ȼɵɜɨɞ ɪɚɛɨɬɵ ɩɪɨɬɨɤɨɥɚ ɫ ɭɡɥɚ R3 
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɨɬ ɨɬɩɪɚɜɢɬɟɥɹ S ɛɵɥ ɭɫɩɟɲɧɨ ɩɟɪɟɞɚɧ 

ɮɚɣɥ, ɪɚɡɦɟɪɨɦ 3 ɤɢɥɨɛɚɣɬɚ ɭɡɥɚɦ R2, R3 ɢ R4. ɇɢɠɟ ɩɪɢɜɟɞɟɧɚ ɬɚɛɥɢɰɚ, 

ɨɬɨɛɪɚɠɚɸɳɚɹ ɤɨɥɢɱɟɫɬɜɨ ɩɚɤɟɬɨɜ, ɨɬɩɪɚɜɥɟɧɧɵɯ ɢ ɩɪɢɧɹɬɵɯ ɤɚɠɞɵɦ ɭɡɥɨɦ 

ɞɥɹ ɩɟɪɟɞɚɱɢ ɞɚɧɧɨɝɨ ɮɚɣɥɚ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɩɪɨɬɨɤɨɥɨɦ TCP. 

 

Ɍɚɛɥɢɰɚ 4 - Ʉɨɥɢɱɟɫɬɜɨ ɩɚɤɟɬɨɜ, ɨɬɩɪɚɜɥɟɧɧɵɯ ɢ ɩɪɢɧɹɬɵɯ ɤɚɠɞɵɦ 
ɭɡɥɨɦ 

  TCP Ɋɟɚɥɢɡɨɜɚɧɧɵɣ ɩɪɨɬɨɤɨɥ 
        ɉɚɤɟɬɵ 
ɍɡɟɥ Ɉɬɩɪɚɜɥɟɧɨ ɉɨɥɭɱɟɧɨ Ɉɬɩɪɚɜɥɟɧɨ ɉɨɥɭɱɟɧɨ 

S 15 12 3 3 

R2 4 5 3 11 

R3 4 5 4 3 

R4 4 5 4 3 
 

ɂɫɯɨɞɹ ɢɡ ɷɬɢɯ ɞɚɧɧɵɯ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɱɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

TCP ɤɨɥɢɱɟɫɬɜɨ ɬɪɚɮɢɤɚ ɪɚɫɬɟɬ ɥɢɧɟɣɧɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɱɢɫɥɚ ɩɪɢɟɦɧɢɤɨɜ. 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɚɞɟɠɧɨɝɨ ɦɧɨɝɨɚɞɪɟɫɧɨɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɩɪɨɬɨɤɨɥɚ 

ɧɚɝɪɭɡɤɚ ɧɚ ɫɟɬɶ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɪɚɜɧɨɦɟɪɧɨ, ɢ ɤɨɥɢɱɟɫɬɜɨ ɬɪɚɮɢɤɚ ɜ ɫɟɬɢ 

ɫɨɤɪɚɳɚɟɬɫɹ ɢ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɥɨɤɚɥɶɧɵɯ ɡɨɧ ɢ ɤɨɥɢɱɟɫɬɜɚ 

ɩɪɢɟɦɧɢɤɨɜ ɜ ɤɚɠɞɨɣ ɥɨɤɚɥɶɧɨɣ ɡɨɧɟ. 
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3.4 ȼɵɜɨɞɵ 

 

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɛɵɥ ɨɩɢɫɚɧ ɜɢɪɬɭɚɥɶɧɵɣ ɫɬɟɧɞ, ɧɚ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ 

ɩɪɨɜɟɪɤɚ ɪɚɛɨɬɵ ɞɟɦɨɧɫɬɪɚɰɢɨɧɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɨɩɢɫɚɧɧɨɝɨ ɜɨ ɜɬɨɪɨɣ ɝɥɚɜɟ 

ɚɥɝɨɪɢɬɦɚ ɪɚɛɨɬɵ ɩɪɨɬɨɤɨɥɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɜ 

ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɩɨɞɬɜɟɪɠɞɟɧɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɨɫɧɨɜɧɵɯ ɦɟɯɚɧɢɡɦɨɜ 

ɩɪɨɬɨɤɨɥɚ ɢ ɩɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɪɚɛɨɬɵ ɬɟɤɭɳɟɣ ɪɟɚɥɢɡɚɰɢɢ ɫ ɪɚɛɨɬɨɣ 

ɩɪɨɬɨɤɨɥɚ TCP.  
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ɁȺɄɅɘɑȿɇɂȿ 

 

ȼ ɯɨɞɟ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɨɫɧɨɜɧɵɟ ɩɨɞɯɨɞɵ ɤ 

ɭɩɪɚɜɥɟɧɢɸ ɦɧɨɝɨɚɞɪɟɫɧɨɣ ɩɟɪɟɞɚɱɟɣ ɢɧɮɨɪɦɚɰɢɢ, ɨɝɪɚɧɢɱɟɧɢɹ ɨɛɥɚɫɬɢ 

ɩɪɢɦɟɧɟɧɢɹ ɧɚɞɟɠɧɵɯ ɦɧɨɝɨɚɞɪɟɫɧɵɯ ɩɪɨɬɨɤɨɥɨɜ, ɧɚɤɥɚɞɵɜɚɟɦɵɟ 

ɩɪɢɥɨɠɟɧɢɹɦɢ ɢ ɫɟɬɶɸ. Ɍɚɤɠɟ ɛɵɥ ɩɪɨɜɟɞɟɧ ɨɛɡɨɪ ɢ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ 

ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɯ ɪɟɲɟɧɢɣ ɜ ɨɛɥɚɫɬɢ RM ɩɪɨɬɨɤɨɥɨɜ, ɬɚɤɢɯ ɤɚɤ ɩɪɨɬɨɤɨɥɵ 

PGM ɢ M/TCP. ɇɚ ɨɫɧɨɜɟ ɞɚɧɧɨɝɨ ɚɧɚɥɢɡɚ ɛɵɥ ɜɵɹɜɥɟɧ ɤɪɭɝ ɡɚɞɚɱ, ɤɨɬɨɪɵɟ 

ɧɟ ɦɨɝɭɬ ɪɟɲɢɬɶ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɟ ɩɪɨɬɨɤɨɥɵ ɢ ɨɩɪɟɞɟɥɟɧɵ ɬɪɟɛɨɜɚɧɢɹ 

ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɧɨɜɨɦɭ RM ɩɪɨɬɨɤɨɥɭ. Ȼɵɥ ɪɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ ɧɨɜɨɝɨ 

ɩɪɨɬɨɤɨɥɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɜɵɲɟɭɤɚɡɚɧɧɵɦ ɤɪɢɬɟɪɢɹɦ. ɇɚ ɹɡɵɤɟ Python 

ɛɵɥɚ ɫɨɡɞɚɧɚ ɬɟɫɬɨɜɚɹ ɪɟɚɥɢɡɚɰɢɹ ɞɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɢ ɪɚɡɜɟɪɧɭɬɚ ɧɚ 

ɥɚɛɨɪɚɬɨɪɧɨɦ ɫɬɟɧɞɟ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɨɜɟɪɤɢ ɪɚɛɨɬɵ ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɨɬɩɪɚɜɤɚ 

ɮɚɣɥɚ ɨɬ ɨɬɩɪɚɜɢɬɟɥɹ ɝɪɭɩɩɟ ɩɨɥɭɱɚɬɟɥɟɣ. ȼ ɛɭɞɭɳɟɦ ɩɥɚɧɢɪɭɟɬɫɹ 

ɞɨɪɚɛɨɬɤɚ ɪɟɚɥɢɡɚɰɢɢ, ɞɨɛɚɜɥɟɧɢɟ ɜ ɧɟɟ ɦɟɯɚɧɢɡɦɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ 

ɧɚɢɛɨɥɟɟ ɫɬɚɛɢɥɶɧɭɸ ɪɚɛɨɬɭ ɚɥɝɨɪɢɬɦɚ ɩɪɨɬɨɤɨɥɚ. 
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