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ɋɬɭɞɟɧɬɭ                 Ⱦɪɨɤɢɧɭ ɂɜɚɧɭ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱɭ
                                                                    ɮɚɦɢɥɢɹ ɢɦɹ ɨɬɱɟɫɬɜɨ 

Ƚɪɭɩɩɚ          Ʉɂ19-01-5Ɇ      ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ)       09.04.01                
                                        ɧɨɦɟɪ                                                                                                           ɤɨɞ 

                          «ɂɧɮɨɪɦɚɬɢɤɚ ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɬɟɯɧɢɤɚ»                                     
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ɊȿɎȿɊȺɌ 
 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ɇɟɬɨɞ ɭɩɪɚɜɥɟɧɢɹ 

ɦɚɪɲɪɭɬɢɡɚɰɢɟɣ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɬɢɤ» ɫɨɞɟɪɠɢɬ 67 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ 

ɞɨɤɭɦɟɧɬɚ, 2 ɬɚɛɥɢɰɵ, 10 ɢɥɥɸɫɬɪɚɰɢɣ, 20 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ.  

ɉɊɈɌɈɄɈɅ, ɆȺɊɒɊɍɌɂɁȺɐɂə, RIP, EIGRP, OSPF, BGP, ADDRESS-

FAMILY, JITTER, BANDWIDTH, THROUGHPUT, IP SLA, EEM, OER, PBR, 

SDN, ɈɉɌɂɆɂɁȺɐɂə, ɂɋɋɅȿȾɈȼȺɇɂȿ, QUAGGA, ISP, IPTABLES. 

ɐɟɥɶ ɪɚɛɨɬɵ - ɜɵɩɨɥɧɢɬɶ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɦɟɬɨɞɚ, ɩɨɡɜɨɥɹɸɳɟɝɨ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɨɫɧɨɜɧɵɟ ɮɭɧɤɰɢɢ ɬɟɯɧɨɥɨɝɢɢ Policy Base Routing (PBR). ɗɬɨ 

ɩɨɡɜɨɥɢɬ ɪɚɫɲɢɪɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ ɦɚɪɲɪɭɬɢɡɚɰɢɟɣ ɬɪɚɮɢɤɚ. Ⱦɥɹ 

ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ, ɛɵɥɢ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

 ɉɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ, ɜɵɹɜɢɬɶ ɩɥɸɫɵ ɢ ɦɢɧɭɫɵ 

ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɪɨɬɨɤɨɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ, ɦɚɪɲɪɭɬɢɡɚɰɢɢ; 

 ɋɮɨɪɦɢɪɨɜɚɬɶ ɧɚɛɨɪ ɮɭɧɤɰɢɣ ɬɟɯɧɨɥɨɝɢɢ PBR, ɩɨɞɥɟɠɚɳɢɯ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ; 

 ȼɵɩɨɥɧɢɬɶ ɚɧɚɥɢɡ ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɨɜ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ 

ɦɚɪɲɪɭɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ; 

 ȼɵɩɨɥɧɢɬɶ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɦɟɬɨɞɚ; 

 Ɉɩɢɫɚɬɶ ɩɪɨɬɨɬɢɩ ɫɯɟɦɵ ɪɟɚɥɢɡɚɰɢɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ. 

ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ, ɜɵɹɜɥɟɧɵ ɧɟɞɨɫɬɚɬɤɢ ɢ 

ɨɝɪɚɧɢɱɟɧɢɹ ɫɭɳɟɫɬɜɭɸɳɢɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɩɪɨɬɨɤɨɥɨɜ. Ɋɚɫɫɦɨɬɪɟɧɵ 

ɢɧɫɬɪɭɦɟɧɬɵ ɨɩɬɢɦɢɡɚɰɢɢ ɦɚɪɲɪɭɬɢɡɚɰɢɢ. Ȼɵɥɢ ɜɵɹɜɥɟɧɵ ɩɪɨɛɥɟɦɵ 

ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɬɪɚɮɢɤɚ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɜɨɡɧɢɤɚɬɶ ɜ ɫɟɬɹɯ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ. 

Ȼɵɥɨ ɜɵɩɨɥɧɟɧɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɦɟɬɨɞɚ, ɚɜɬɨɦɚɬɢɡɢɪɭɸɳɟɝɨ ɨɫɧɨɜɧɵɟ 

ɮɭɧɤɰɢɢ ɬɟɯɧɨɥɨɝɢɢ PBR. Ȼɵɥɨ ɜɵɩɨɥɧɟɧɨ ɨɩɢɫɚɧɢɟ ɚɥɝɨɪɢɬɦɚ ɪɟɚɥɢɡɚɰɢɢ 

ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɫɬɨɜɨɣ ɫɟɬɢ, ɩɨɫɬɪɨɟɧɧɨɣ ɧɚ 

ɜɢɪɬɭɚɥɶɧɵɯ ɦɚɲɢɧɚɯ ɩɨɞ ɭɩɪɚɜɥɟɧɢɟɦ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ Linux Ubuntu, ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ Quagga, ɜɵɩɨɥɧɹɸɳɟɝɨ ɡɚɞɚɱɭ 

ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɢ ɩɟɪɟɞɚɱɭ ɦɚɪɲɪɭɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ.     
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ȼȼȿȾȿɇɂȿ 
 

ɋɨɜɪɟɦɟɧɧɵɟ ɤɪɭɩɧɵɟ ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ ɤɨɪɩɨɪɚɬɢɜɧɵɟ ɫɟɬɢ ɦɨɝɭɬ 

ɩɪɟɞɫɬɚɜɥɹɬɶ ɢɡ ɫɟɛɹ ɫɥɨɠɧɵɟ ɢɟɪɚɪɯɢɱɟɫɤɢɟ ɤɨɧɫɬɪɭɤɰɢɢ, ɜɤɥɸɱɚɸɳɢɟ ɫɨɬɧɢ 

ɭɡɥɨɜ, ɜ ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɹɟɬɫɹ ɨɛɪɚɛɨɬɤɚ ɫɥɭɠɟɛɧɨɝɨ ɢ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɝɨ 

ɬɪɚɮɢɤɚ. ɉɟɪɟɞɚɱɚ ɞɚɧɧɵɯ ɨɬ ɢɫɬɨɱɧɢɤɚ ɤ ɩɭɧɤɬɭ ɧɚɡɧɚɱɟɧɢɹ, ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɞɜɢɠɟɧɢɟ ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɨɣ ɟɞɢɧɢɰɵ ɞɚɧɧɵɯ, ɩɚɤɟɬɚ, ɩɨ ɪɚɫɫɱɢɬɚɧɧɨɦɭ 

ɦɚɪɲɪɭɬɭ. ɉɪɢ ɷɬɨɦ ɩɚɤɟɬ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɧɟɤɨɬɨɪɨɟ ɱɢɫɥɨ ɫɟɬɟɜɵɯ ɭɡɥɨɜ, 

ɫɨɟɞɢɧɟɧɧɵɯ ɤɚɧɚɥɚɦɢ ɫɜɹɡɢ. ɋɭɦɦɚɪɧɨɟ ɜɪɟɦɹ ɞɜɢɠɟɧɢɹ ɩɚɤɟɬɚ, ɡɚɜɢɫɢɬ ɨɬ 

ɟɝɨ ɫɤɨɪɨɫɬɢ, ɧɚ ɤɨɬɨɪɭɸ ɨɤɚɡɵɜɚɸɬ  ɜɥɢɹɧɢɟ ɩɨɥɨɫɚ ɩɪɨɩɭɫɤɚɧɢɹ ɤɚɧɚɥɚ ɫɜɹɡɢ 

ɢ ɜɟɥɢɱɢɧɚ ɡɚɝɪɭɡɤɢ ɤɨɦɦɭɬɚɰɢɨɧɧɨɝɨ ɭɡɥɚ. ɑɟɦ ɫɢɥɶɧɟɟ ɡɚɝɪɭɠɟɧ ɤɚɧɚɥ ɫɜɹɡɢ 

ɢ ɱɟɦ ɦɟɧɶɲɟ ɫɜɨɛɨɞɧɵɯ ɪɟɫɭɪɫɨɜ, ɬɚɤɢɯ ɤɚɤ ɨɩɟɪɚɬɢɜɧɚɹ  ɩɚɦɹɬɶ ɢ ɦɨɳɧɨɫɬɶ 

ɩɪɨɰɟɫɫɨɪɚ, ɬɟɦ ɜ ɰɟɥɨɦ ɦɟɞɥɟɧɧɟɟ ɪɚɛɨɬɚɸɬ ɩɪɢɥɨɠɟɧɢɹ ɧɚ ɷɬɨɣ ɫɟɬɢ. 

ɉɨɷɬɨɦɭ ɩɪɨɰɟɫɫ ɦɚɪɲɪɭɬɢɡɚɰɢɢ, ɬɨ ɟɫɬɶ, ɩɨɫɬɪɨɟɧɢɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɦɚɪɲɪɭɬɚ 

ɞɜɢɠɟɧɢɹ ɩɚɤɟɬɚ ɨɬ ɢɫɬɨɱɧɢɤɚ ɤ ɩɭɧɤɬɭ ɧɚɡɧɚɱɟɧɢɹ, ɢɝɪɚɟɬ ɛɨɥɶɲɭɸ ɪɨɥɶ ɞɥɹ 

ɫɬɚɛɢɥɶɧɨɣ ɪɚɛɨɬɵ ɩɪɢɥɨɠɟɧɢɣ ɜ ɤɨɪɩɨɪɚɬɢɜɧɨɣ ɫɟɬɢ. 

ɐɟɥɶ ɪɚɛɨɬɵ - ɜɵɩɨɥɧɢɬɶ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɦɟɬɨɞɚ, ɩɨɡɜɨɥɹɸɳɟɝɨ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɨɫɧɨɜɧɵɟ ɮɭɧɤɰɢɢ ɬɟɯɧɨɥɨɝɢɢ Policy Base Routing (PBR). ɗɬɨ 

ɩɨɡɜɨɥɢɬ ɪɚɫɲɢɪɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ ɦɚɪɲɪɭɬɢɡɚɰɢɟɣ ɬɪɚɮɢɤɚ. Ⱦɥɹ 

ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ, ɛɵɥɢ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

 ɉɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ, ɜɵɹɜɢɬɶ ɩɥɸɫɵ ɢ ɦɢɧɭɫɵ 

ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɪɨɬɨɤɨɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ, ɦɚɪɲɪɭɬɢɡɚɰɢɢ; 

 ɋɮɨɪɦɢɪɨɜɚɬɶ ɧɚɛɨɪ ɮɭɧɤɰɢɣ ɬɟɯɧɨɥɨɝɢɢ PBR, ɩɨɞɥɟɠɚɳɢɯ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ; 

 ȼɵɩɨɥɧɢɬɶ ɚɧɚɥɢɡ ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɨɜ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ 

ɦɚɪɲɪɭɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ; 

 ȼɵɩɨɥɧɢɬɶ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɦɟɬɨɞɚ; 

 Ɉɩɢɫɚɬɶ ɩɪɨɬɨɬɢɩ ɫɯɟɦɵ ɪɟɚɥɢɡɚɰɢɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ. 
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Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɮɭɧɤɰɢɣ ɬɟɯɧɨɥɨɝɢɢ PBR ɞɚɫɬ ɜɨɡɦɨɠɧɨɫɬɶ 

ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɦ ɜ ɩɪɟɞɟɥɚɯ ɤɨɪɩɨɪɚɬɢɜɧɨɣ ɫɟɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, 

ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫɬɪɨɢɬɶ ɢ ɢɡɦɟɧɹɬɶ ɩɨɥɢɬɢɤɢ ɜɥɢɹɸɳɢɟ ɧɚ ɜɵɛɨɪ ɥɭɱɲɟɝɨ 

ɦɚɪɲɪɭɬɚ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɜɧɨɫɢɬɶ ɤɨɪɪɟɤɬɢɜɵ ɜ ɬɚɛɥɢɰɭ 

ɦɚɪɲɪɭɬɢɡɚɰɢɢ. Ɍɟɯɧɨɥɨɝɢɹ PBR (Policy Base Routing), ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɦɟɯɚɧɢɡɦ ɩɨɥɢɬɢɤ ɜɥɢɹɸɳɢɯ ɧɚ ɜɵɛɨɪ ɦɚɪɲɪɭɬɚ. ȿɟ ɦɢɧɭɫɨɦ ɹɜɥɹɟɬɫɹ ɩɥɨɯɚɹ 

ɦɚɫɲɬɚɛɢɪɭɟɦɨɫɬɶ, ɜ ɫɥɟɞɫɬɜɢɢ ɬɨɝɨ, ɱɬɨ ɜɫɟ ɧɚɫɬɪɨɣɤɢ ɜɵɩɨɥɧɹɸɬɫɹ ɜ ɪɭɱɧɭɸ 

ɚɞɦɢɧɢɫɬɪɚɬɨɪɨɦ, ɚ ɬɚɤɠɟ ɨɬɫɭɬɫɬɜɢɟ ɝɢɛɤɨɝɨ ɪɟɚɝɢɪɨɜɚɧɢɹ ɧɚ ɜɨɡɧɢɤɚɸɳɢɟ 

ɢɡɦɟɧɟɧɢɹ ɜ ɫɟɬɢ. ɉɨɷɬɨɦɭ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɪɚɡɪɚɛɨɬɚɬɶ ɦɟɬɨɞ 

ɢɫɩɨɥɶɡɭɸɳɢɣ ɩɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ PBR, ɜ ɤɨɬɨɪɨɦ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɧɚɫɬɪɨɟɤ 

ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ. 

ɇɨɜɵɣ ɦɟɬɨɞ ɩɨɥɭɱɢɥ ɧɚɡɜɚɧɢɟ iPBR (Intellectual Policy Based Routing). 

Ȼɵɥ ɫɮɨɪɦɢɪɨɜɚɧ ɫɩɢɫɨɤ ɡɚɞɚɱ ɚɜɬɨɦɚɬɢɡɚɰɢɢ: 

 ɇɚɛɥɸɞɚɬɶ ɡɚ ɫɨɫɬɨɹɧɢɟɦ ɤɚɧɚɥɨɜ ɫɜɹɡɢ ɦɟɠɞɭ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɦɢ, 

ɤɚɧɚɥɨɜ ɫ ɩɪɨɜɚɣɞɟɪɚɦɢ. ȼɨɡɦɨɠɧɨɫɬɶ ɨɬɫɥɟɠɢɜɚɬɶ ɢɡɦɟɧɟɧɢɹ ɬɨɩɨɥɨɝɢɢ ɢ 

ɩɪɢɧɢɦɚɬɶ ɧɭɠɧɵɟ ɦɟɪɵ, ɩɨɜɵɫɢɬ ɝɢɛɤɨɫɬɶ ɪɚɛɨɬɵ ɬɟɯɧɨɥɨɝɢɢ. 

 Ɋɚɫɩɪɨɫɬɪɚɧɹɬɶ ɦɚɪɲɪɭɬɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɦɟɠɞɭ 

ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɦɢ, ɱɬɨɛɵ ɤɚɠɞɵɣ ɨɛɥɚɞɚɥ  ɚɤɬɭɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ. 

ɇɟɨɛɯɨɞɢɦɨɟ ɭɫɥɨɜɢɟ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɫɯɨɞɢɦɨɫɬɢ ɫɟɬɢ. 

 Ⱥɜɬɨɦɚɬɢɱɟɫɤɢ ɫɨɡɞɚɜɚɬɶ ɩɪɚɜɢɥɚ ɩɨɥɢɬɢɤ, ɚ ɜ ɫɥɭɱɚɟ ɢɡɦɟɧɟɧɢɹ 

ɬɨɩɨɥɨɝɢɢ ɫɟɬɢ ɢɦɟɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɜɧɟɫɬɢ ɩɨɩɪɚɜɤɢ. ɗɬɨ ɪɚɫɲɢɪɢɬ 

ɜɨɡɦɨɠɧɨɫɬɢ ɭɩɪɚɜɥɟɧɢɹ ɫɟɬɟɜɵɦ ɬɪɚɮɢɤɨɦ. 

Ȼɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɫɬɪɭɤɬɭɪɚ ɢ ɨɫɧɨɜɧɵɟ ɩɪɢɧɰɢɩɵ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ  

iPBR. ȼɜɟɞɟɧɵ ɢ ɨɩɢɫɚɧɵ ɫɭɳɧɨɫɬɢ, ɩɨɡɜɨɥɹɸɳɢɟ ɨɛɴɹɫɧɢɬɶ ɪɚɛɨɬɭ ɦɟɬɨɞɚ: 

 ȼɜɟɞɟɧ ɧɟɨɛɯɨɞɢɦɵɣ ɦɢɧɢɦɭɦ ɫɥɭɠɟɛɧɵɯ ɫɨɨɛɳɟɧɢɣ. Ⱦɥɹ ɨɛɦɟɧɚ 

ɦɚɪɲɪɭɬɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɨɣ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨɫɬɪɨɟɧɢɹ ɤɚɪɬɵ 

ɩɨɥɢɬɢɤ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɨɨɛɳɟɧɢɟ UPDATE, ɫɮɨɪɦɢɪɨɜɚɧɚ ɫɬɪɭɤɬɭɪɚ 

ɫɨɨɛɳɟɧɢɹ. 

 ɇɚɡɧɚɱɟɧɵ ɬɚɣɦɟɪɵ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɭɩɪɚɜɥɟɧɢɹ ɢ ɤɨɧɬɪɨɥɹ.  

 Ɉɩɢɫɚɧɚ ɨɩɟɪɚɰɢɹ ɭɫɬɚɧɨɜɤɢ ɫɨɫɟɞɫɤɢɯ ɨɬɧɨɲɟɧɢɣ.  
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 Ɉɛɦɟɧ ɫɥɭɠɟɛɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ ɞɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨ ɜɫɟɣ ɫɟɬɢ ɞɚɧɧɵɯ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɚɪɬ ɩɨɥɢɬɢɤ.  

 ɉɪɨɜɟɪɤɚ ɫɨɫɬɨɹɧɢɣ ɤɚɧɚɥɨɜ ɫɜɹɡɢ ɢ ɦɟɯɚɧɢɡɦ ɪɟɚɝɢɪɨɜɚɧɢɹ ɜ 

ɫɥɭɱɚɟ ɜɵɯɨɞɚ ɤɚɧɚɥɚ ɢɡ ɫɬɪɨɹ. 

 Ɉɩɢɫɚɧ ɩɨɪɹɞɨɤ ɲɚɝɨɜ ɩɨ ɧɚɫɬɪɨɣɤɢ iPBR. 

 ȼɵɩɨɥɧɟɧ ɩɪɢɦɟɪ ɧɚɫɬɪɨɣɤɢ ɫɨ ɫɯɟɦɨɣ ɢ ɮɚɣɥɚɦɢ ɤɨɧɮɢɝɭɪɚɰɢɢ 

ɦɚɪɲɪɭɬɢɡɚɬɨɪɨɜ.  

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɦɨɞɟɥɢ ɪɚɛɨɬɵ ɦɟɬɨɞɚ, ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɯɟɦɭ 

ɫɨɛɪɚɧɧɭɸ ɧɚ ɜɢɪɬɭɚɥɶɧɵɯ ɦɚɲɢɧɚɯ ɩɨɞ ɭɩɪɚɜɥɟɧɢɟ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ 

Linux Ubuntu. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɚɥɝɨɪɢɬɦɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɦɚɪɲɪɭɬɧɨɣ 

ɢɧɮɨɪɦɚɰɢɢ ɩɨɞɨɣɞɟɬ ɪɚɫɲɢɪɟɧɧɵɣ ɩɚɤɟɬ ɩɪɨɝɪɚɦɦ ɦɚɪɲɪɭɬɢɡɚɰɢɢ Quagga. 
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1 ɉɪɨɰɟɫɫ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɩɚɤɟɬɚ ɞɚɧɧɵɯ, ɨɛɡɨɪ ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, 
ɜɵɹɜɥɟɧɢɟ ɩɪɨɛɥɟɦɵ ɢ ɩɨɫɬɚɧɨɜɤɚ ɰɟɥɢ ɢɫɫɥɟɞɨɜɚɧɢɹ 
  

ȼ ɷɬɨɣ ɪɚɛɨɬɟ ɪɟɱɶ ɩɨɣɞɟɬ ɨ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɜ ɤɨɪɩɨɪɚɬɢɜɧɵɯ ɫɟɬɹɯ. Ɉ ɟɟ 

ɪɨɥɢ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɞɜɢɠɟɧɢɹ ɬɪɚɮɢɤɚ, ɨ ɬɨɦ, ɱɬɨ ɩɪɨɰɟɫɫɨɦ ɦɚɪɲɪɭɬɢɡɚɰɢɢ 

ɦɨɠɧɨ ɭɩɪɚɜɥɹɬɶ, ɨ ɜɚɠɧɨɫɬɢ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɦɚɪɲɪɭɬɚ 

ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɩɟɪɟɦɟɳɟɧɢɟ ɩɚɤɟɬɨɜ ɛɟɡ ɩɨɬɟɪɶ ɢ ɧɚ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ. Ⱦɥɹ 

ɩɪɢɦɟɪɚ ɛɭɞɭɬ ɪɚɫɫɦɨɬɪɟɧɵ  ɬɪɚɞɢɰɢɨɧɧɵɟ ɩɪɨɬɨɤɨɥɵ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɢ 

ɫɨɜɪɟɦɟɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɭɩɪɚɜɥɟɧɢɹ ɩɟɪɟɞɚɱɟɣ ɞɚɧɧɵɯ. ɉɨɷɬɨɦɭ ɫɬɨɢɬ ɧɚɱɚɬɶ 

ɫ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɤɨɬɨɪɵɯ ɩɨɧɹɬɢɣ. 

 

1.1 Ʉɨɪɩɨɪɚɬɢɜɧɚɹ ɫɟɬɶ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɟɟ ɫɬɪɭɤɬɭɪɚ ɢ ɫɜɨɣɫɬɜɚ. 
 Ʉɨɪɩɨɪɚɬɢɜɧɚɹ ɫɟɬɶ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ (ɋɉȾ) - ɷɬɨ 

ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɚɹ ɫɟɬɶ, ɩɪɢɧɚɞɥɟɠɚɳɚɹ ɢ  ɭɩɪɚɜɥɹɟɦɚɹ ɟɞɢɧɨɣ 

ɨɪɝɚɧɢɡɚɰɢɟɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɚɜɢɥɚɦɢ ɷɬɨɣ ɨɪɝɚɧɢɡɚɰɢɢ, ɨɛɴɟɞɢɧɹɸɳɚɹ ɜ 

ɨɛɳɟɟ ɢɧɮɨɪɦɚɰɢɨɧɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɜɫɟ ɫɬɪɭɤɬɭɪɧɵɟ ɩɨɞɪɚɡɞɟɥɟɧɢɹ, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɭɧɤɰɢɣ ɤɨɦɩɚɧɢɢ [1].  

 ɋɯɟɦɚ ɤɨɪɩɨɪɚɬɢɜɧɨɣ ɋɉȾ ɡɚɜɢɫɢɬ ɨɬ ɨɛɳɟɣ ɨɪɝɚɧɢɡɚɰɢɨɧɧɨɣ ɫɬɪɭɤɬɭɪɵ 

ɤɨɦɩɚɧɢɢ. ɇɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɢɦɟɸɬ ɞɜɚ ɬɢɩɚ ɞɢɡɚɣɧɚ ɫɟɬɢ, ɩɨ 

ɩɪɢɧɰɢɩɭ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ ɢɥɢ ɝɟɨɝɪɚɮɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ. ɋɟɬɶ 

ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɞɟɥɟɧɚ ɧɚ ɬɪɢ ɨɫɧɨɜɧɵɯ ɭɪɨɜɧɹ ɨɪɝɚɧɢɡɚɰɢɢ.  

1) ɍɪɨɜɟɧɶ ɹɞɪɚ (Core layer). Ƚɥɚɜɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɨɛɪɚɛɨɬɤɚ ɩɨɬɨɤɨɜ 

ɞɚɧɧɵɯ, ɫ ɰɟɥɶɸ ɩɟɪɟɞɚɱɢ ɜ ɧɭɠɧɵɣ ɫɟɝɦɟɧɬ ɤɨɪɩɨɪɚɬɢɜɧɨɣ ɫɟɬɢ. ȼ ɹɞɪɟ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɟ ɤɨɦɦɭɬɚɬɨɪɵ ɢ ɦɚɪɲɪɭɬɢɡɚɬɨɪɵ ɫ ɰɟɥɶɸ 

ɭɦɟɧɶɲɟɧɢɹ ɡɚɞɟɪɠɟɤ ɩɪɢ ɩɟɪɟɞɚɱɟ ɩɨɬɨɤɨɜ ɞɚɧɧɵɯ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ 

ɧɚɞɟɠɧɨɫɬɢ ɩɪɢɦɟɧɹɸɬɫɹ ɫɯɟɦɵ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ƚɥɚɜɧɚɹ ɡɚɞɚɱɚ 

ɷɬɨɝɨ ɭɪɨɜɧɹ ɦɚɤɫɢɦɚɥɶɧɨ ɛɵɫɬɪɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɬɪɚɮɢɤɚ ɦɟɠɞɭ 

ɩɨɞɤɥɸɱɟɧɧɵɦɢ ɤ ɹɞɪɭ ɫɟɝɦɟɧɬɚɦɢ ɫɟɬɢ. 
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2) ɍɪɨɜɟɧɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (Distribution layer). Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɬɨɤɨɜ 

ɞɚɧɧɵɯ ɜɧɭɬɪɢ ɫɟɝɦɟɧɬɚ ɫɟɬɢ ɢ ɩɟɪɟɞɚɱɚ ɱɚɫɬɢ ɩɨɬɨɤɚ ɞɚɧɧɵɯ ɜ ɭɪɨɜɟɧɶ ɹɞɪɚ 

ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɨɛɪɚɛɨɬɤɢ.  

3) ɍɪɨɜɟɧɶ ɞɨɫɬɭɩɚ (Access layer). Ɍɨɱɤɚ ɜɯɨɞɚ ɜ ɫɟɬɶ ɤɨɧɟɱɧɵɯ 

ɩɨɥɶɡɨɜɚɬɟɥɟɣ. Ƚɥɚɜɧɚɹ ɡɚɞɚɱɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɭɪɨɜɧɹ ɞɨɫɬɭɩɚ ɫɨɫɬɨɢɬ ɜ 

ɨɛɟɫɩɟɱɟɧɢɢ ɜɨɡɦɨɠɧɨɫɬɢ ɧɚɞɟɠɧɨɝɨ ɩɨɞɤɥɸɱɟɧɢɹ ɤ ɫɟɬɢ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɢ 

ɨɛɟɫɩɟɱɟɧɢɟ ɧɟɨɛɯɨɞɢɦɵɯ ɦɟɪ ɛɟɡɨɩɚɫɧɨɫɬɢ. 

                      
Ɋɢɫɭɧɨɤ 1. ― Ɍɨɩɨɥɨɝɢɹ ɫɟɬɢ 

 

ȼ ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɤɨɦɩɚɧɢɣ ɨɫɧɨɜɧɵɟ ɩɨɬɨɤɢ ɞɚɧɧɵɯ ɩɟɪɟɞɚɸɬɫɹ ɨɬ 

ɮɢɥɢɚɥɨɜ ɜ ɰɟɧɬɪɚɥɶɧɨɟ ɩɨɞɪɚɡɞɟɥɟɧɢɟ, ɝɞɟ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɤɨɪɩɨɪɚɬɢɜɧɵɟ 

ɛɚɡɵ ɞɚɧɧɵɯ ɢ ɫɟɬɟɜɵɟ ɫɟɪɜɢɫɵ. ɇɚɢɛɨɥɟɟ ɭɞɚɱɧɨɣ ɬɨɩɨɥɨɝɢɟɣ ɫɟɬɢ ɞɥɹ 

ɨɬɨɛɪɚɠɟɧɢɹ ɩɨɞɨɛɧɵɯ ɩɨɬɨɤɨɜ ɬɪɚɮɢɤɚ ɹɜɥɹɟɬɫɹ ɬɨɩɨɥɨɝɢɹ "ɡɜɟɡɞɚ", ɜ 

ɤɨɬɨɪɨɣ ɦɨɝɭɬ ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ ɪɟɡɟɪɜɧɵɟ ɫɜɹɡɢ ɞɥɹ ɩɨɜɵɲɟɧɢɹ 

ɨɬɤɚɡɨɭɫɬɨɣɱɢɜɨɫɬɢ [2]. 

Ʉɨɪɩɨɪɚɬɢɜɧɭɸ ɋɉȾ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɫɥɟɞɭɸɳɢɟ ɫɜɨɣɫɬɜɚ:  

ȼɵɫɨɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ. Ɍɪɚɮɢɤ ɦɟɠɞɭ ɫɟɬɟɜɵɦɢ ɭɡɥɚɦɢ ɞɨɥɠɟɧ 

ɯɨɞɢɬɶ ɛɟɡ ɩɨɬɟɪɶ ɢ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ ɡɚɞɟɪɠɤɚɦɢ. Ɂɚ ɷɬɨ ɨɬɜɟɱɚɟɬ ɚɪɯɢɬɟɤɬɭɪɚ 

ɫɟɬɢ, ɲɢɪɢɧɚ ɤɚɧɚɥɨɜ ɫɜɹɡɢ ɢ ɦɨɳɧɨɫɬɶ ɩɪɢɦɟɧɹɟɦɨɝɨ ɫɟɬɟɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ.  

ɇɚɞɟɠɧɨɫɬɶ ɢ ɨɬɤɚɡɨɭɫɬɨɣɱɢɜɨɫɬɶ. ɇɭɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɧɟɩɪɟɪɵɜɧɭɸ ɫɜɹɡɶ 

ɦɟɠɞɭ ɨɛɳɢɦɢ ɪɟɫɭɪɫɚɦɢ ɢ ɩɨɥɶɡɨɜɚɬɟɥɹɦɢ. Ⱦɥɹ ɷɬɨɝɨ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢɧɰɢɩ 

ɢɡɛɵɬɨɱɧɨɫɬɢ, ɫɬɪɭɤɬɭɪɚ ɫɟɬɢ ɢɦɟɟɬ ɪɟɡɟɪɜɧɵɟ ɤɚɧɚɥɵ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ.  
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Ȼɟɡɨɩɚɫɧɨɫɬɶ. Ɂɚɳɢɬɚ ɞɚɧɧɵɯ ɨɬ ɧɟɫɚɧɤɰɢɨɧɢɪɨɜɚɧɧɨɝɨ ɞɨɫɬɭɩɚ. ɇɭɠɧɨ 

ɩɪɢɦɟɧɹɬɶ ɩɪɢ ɧɚɫɬɪɨɣɤɢ ɫɟɬɟɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɨɜɪɟɦɟɧɧɵɟ ɩɪɨɬɨɤɨɥɵ 

ɛɟɡɨɩɚɫɧɨɫɬɢ.  

Ɇɚɫɲɬɚɛɢɪɭɟɦɨɫɬɶ. ȼɨɡɦɨɠɧɨɫɬɶ ɛɟɡ ɬɪɭɞɚ ɞɨɛɚɜɥɹɬɶ ɧɨɜɵɟ ɫɟɬɟɜɵɟ 

ɭɡɥɵ, ɩɪɢ ɷɬɨɦ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɟɬɢ ɨɫɬɚɟɬɫɹ ɩɪɟɠɧɟɣ. ɉɪɚɜɢɥɶɧɨ 

ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɞɢɡɚɣɧ ɬɨɩɨɥɨɝɢɢ ɫɟɬɢ ɩɨɡɜɨɥɢɬ ɛɟɡ ɡɧɚɱɢɬɟɥɶɧɵɯ ɬɪɭɞɨɡɚɬɪɚɬ 

ɜ ɩɟɪɫɩɟɤɬɢɜɟ ɭɩɪɚɜɥɹɬɶ ɢ ɪɚɡɜɢɜɚɬɶ ɫɟɬɶ.  

Ƚɢɛɤɨɫɬɶ ɢ ɭɩɪɚɜɥɹɟɦɨɫɬɶ. ɋ ɪɨɫɬɨɦ ɫɟɬɢ ɫɥɨɠɧɨɫɬɶ ɟɟ ɭɩɪɚɜɥɟɧɢɹ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ. Ɇɨɞɭɥɶɧɵɣ ɩɪɢɧɰɢɩ ɞɟɥɟɧɢɹ ɫɟɬɢ ɧɚ ɨɞɧɨɬɢɩɧɵɟ ɫɟɝɦɟɧɬɵ 

ɭɩɪɨɳɚɟɬ ɟɟ ɪɚɡɜɢɬɢɟ, ɭɩɪɚɜɥɟɧɢɟ, ɩɨɢɫɤ ɢ ɭɫɬɪɚɧɟɧɢɟ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ. 

Ʉɨɦɩɶɸɬɟɪɧɚɹ ɫɟɬɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɥɨɠɧɭɸ ɢ ɞɨɪɨɝɭɸ ɫɢɫɬɟɦɭ, 

ɪɟɲɚɸɳɭɸ ɨɬɜɟɬɫɬɜɟɧɧɵɟ ɡɚɞɚɱɢ ɢ ɨɛɫɥɭɠɢɜɚɸɳɭɸ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɩɨɥɶɡɨɜɚɬɟɥɟɣ. ɉɨɷɬɨɦɭ ɨɱɟɧɶ ɜɚɠɧɨ, ɱɬɨɛɵ ɫɟɬɶ ɧɟ ɩɪɨɫɬɨ ɪɚɛɨɬɚɥɚ, ɧɨ 

ɪɚɛɨɬɚɥɚ ɤɚɱɟɫɬɜɟɧɧɨ [3]. 

 

1.2 Ʉɨɦɩɶɸɬɟɪɧɵɣ ɬɪɚɮɢɤ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɚɧɚɥɚ ɫɜɹɡɢ. 
Ɍɪɚɮɢɤ ɩɪɢ ɩɟɪɟɞɚɱɢ ɦɟɠɞɭ ɫɟɬɟɜɵɦɢ ɭɡɥɚɦɢ, ɢɞɟɬ ɩɨ ɤɚɧɚɥɚɦ ɫɜɹɡɢ. 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢ ɤɚɧɚɥɵ ɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɩɪɨɜɨɞɧɵɟ (ɢɥɢ ɤɚɛɟɥɶɧɵɟ) ɢ 

ɛɟɫɩɪɨɜɨɞɧɵɟ. ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦɚɯ ɢɧɮɨɪɦɚɰɢɹ 

ɩɟɪɟɞɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɢɥɢ ɧɚɩɪɹɠɟɧɢɹ, ɪɚɞɢɨɫɢɝɧɚɥɨɜ 

ɢɥɢ ɫɜɟɬɨɜɵɯ ɫɢɝɧɚɥɨɜ - ɜɫɟ ɷɬɢ ɮɢɡɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɹɜɥɹɸɬɫɹ ɤɨɥɟɛɚɧɢɹɦɢ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɪɚɡɥɢɱɧɨɣ ɱɚɫɬɨɬɵ. 

Ɉɫɧɨɜɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɮɢɡɢɱɟɫɤɢɯ ɤɚɧɚɥɨɜ, ɫɜɹɡɚɧɧɵɦɢ ɫ 

ɩɟɪɟɞɚɱɟɣ ɬɪɚɮɢɤɚ ɹɜɥɹɸɬɫɹ: 

ɉɪɟɞɥɨɠɟɧɧɚɹ ɧɚɝɪɭɡɤɚ - ɷɬɨ ɩɨɬɨɤ ɞɚɧɧɵɯ, ɩɨɫɬɭɩɚɸɳɢɣ ɨɬ 

ɩɨɥɶɡɨɜɚɬɟɥɹ ɧɚ ɜɯɨɞ ɫɟɬɢ. ɉɪɟɞɥɨɠɟɧɧɭɸ ɧɚɝɪɭɡɤɭ ɦɨɠɧɨ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ 

ɫɤɨɪɨɫɬɶɸ ɩɨɫɬɭɩɥɟɧɢɹ ɞɚɧɧɵɯ ɜ ɫɟɬɶ ɜ Ɇɛɢɬ/ɫɟɤ. 

ɋɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ (throughput) - ɷɬɨ ɮɚɤɬɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ 

ɞɚɧɧɵɯ, ɩɪɨɲɟɞɲɟɝɨ ɱɟɪɟɡ ɫɟɬɶ. ɗɬɚ ɫɤɨɪɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɦɟɧɶɲɟ, ɱɟɦ ɫɤɨɪɨɫɬɶ 

ɩɪɟɞɥɨɠɟɧɧɨɣ ɧɚɝɪɭɡɤɢ, ɬɚɤ ɤɚɤ ɞɚɧɧɵɟ ɜ ɫɟɬɢ ɦɨɝɭɬ ɢɫɤɚɠɚɬɶɫɹ ɢɥɢ ɬɟɪɹɬɶɫɹ. 
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ȿɦɤɨɫɬɶ ɤɚɧɚɥɚ ɫɜɹɡɢ (capacity), ɧɚɡɵɜɚɟɦɚɹ ɬɚɤɠɟ ɩɪɨɩɭɫɤɧɨɣ 

ɫɩɨɫɨɛɧɨɫɬɶɸ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɭɸ ɫɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ 

ɢɧɮɨɪɦɚɰɢɢ ɩɨ ɤɚɧɚɥɭ. Ɂɚɜɢɫɢɬ ɨɬ ɜɧɭɬɪɟɧɧɢɯ ɩɚɪɚɦɟɬɪɨɜ ɤɚɧɚɥɚ (ɯɚɪɚɤɬɟɪɧɵɯ 

ɞɥɹ ɫɪɟɞɵ ɩɟɪɟɞɚɱɢ), ɜɧɟɲɧɢɯ ɩɚɪɚɦɟɬɪɨɜ - ɭɪɨɜɧɹ ɩɨɦɟɯ, ɚ ɬɚɤɠɟ ɩɪɢɧɹɬɨɝɨ 

ɫɩɨɫɨɛɚ ɤɨɞɢɪɨɜɚɧɢɹ ɞɚɧɧɵɯ. 

ɉɨɥɨɫɚ ɩɪɨɩɭɫɤɚɧɢɹ (bandwidth) - ɬɟɪɦɢɧ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ ɫɢɧɨɧɢɦ 

ɬɟɪɦɢɧɚ ɟɦɤɨɫɬɶ ɤɚɧɚɥɚ ɫɜɹɡɢ, ɢ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ, ɱɟɦ ɟɦɤɨɫɬɶ. 

Ɍɪɚɮɢɤ ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɟɬɟɣ, ɷɬɨ ɬɪɚɮɢɤ ɝɟɧɟɪɢɪɭɟɦɵɣ ɩɪɢɥɨɠɟɧɢɹɦɢ, ɫ 

ɤɨɬɨɪɵɦɢ ɪɚɛɨɬɚɟɬ ɩɨɥɶɡɨɜɚɬɟɥɶ. ɉɪɚɤɬɢɱɟɫɤɢ ɜɫɟɝɞɚ, ɨɧ ɹɜɥɹɟɬɫɹ 

ɩɭɥɶɫɢɪɭɸɳɢɦ, ɩɟɪɢɨɞɵ ɢɧɬɟɧɫɢɜɧɨɝɨ ɨɛɦɟɧɚ ɞɚɧɧɵɦɢ ɱɟɪɟɞɭɸɬɫɹ ɫ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɦɢ ɩɚɭɡɚɦɢ. ɇɚɩɪɢɦɟɪ, ɤɨɝɞɚ ɜɵ ɡɚɝɪɭɠɚɟɬɟ ɢɡ ɂɧɬɟɪɧɟɬɚ 

ɨɱɟɪɟɞɧɭɸ ɫɬɪɚɧɢɰɭ, ɫɤɨɪɨɫɬɶ ɬɪɚɮɢɤɚ ɪɟɡɤɨ ɜɨɡɪɚɫɬɚɟɬ, ɚ ɩɨɫɥɟ ɨɤɨɧɱɚɧɢɹ 

ɡɚɝɪɭɡɤɢ ɩɚɞɚɟɬ ɩɪɚɤɬɢɱɟɫɤɢ ɞɨ ɧɭɥɹ.  

ɇɚɥɢɱɢɟ ɛɭɮɟɪɧɨɣ ɩɚɦɹɬɢ ɜ ɫɟɬɟɜɵɯ ɤɨɦɦɭɬɚɬɨɪɚɯ ɢ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɯ, 

ɩɨɡɜɨɥɹɟɬ ɷɮɮɟɤɬɢɜɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɤɚɧɚɥɨɜ ɩɪɢ 

ɩɟɪɟɞɚɱɟ ɩɭɥɶɫɢɪɭɸɳɟɝɨ ɬɪɚɮɢɤɚ, ɧɨ ɩɪɢ ɩɟɪɟɩɨɥɧɟɧɢɢ ɛɭɮɟɪɚ, ɩɪɢɜɨɞɢɬ ɤ 

ɡɚɞɟɪɠɤɚɦ ɜ ɞɨɫɬɚɜɤɟ ɩɚɤɟɬɨɜ ɢ ɩɨɬɟɪɹɦ, ɱɬɨ ɞɥɹ ɬɪɚɮɢɤɚ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ 

ɹɜɥɹɟɬɫɹ ɫɟɪɶɟɡɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ. 

ɋɥɭɱɚɣɧɵɣ ɯɚɪɚɤɬɟɪ ɩɪɨɰɟɫɫɚ ɨɛɪɚɡɨɜɚɧɢɹ ɨɱɟɪɟɞɟɣ ɩɪɢɜɨɞɢɬ ɤ 

ɫɥɭɱɚɣɧɵɦ ɡɚɞɟɪɠɤɚɦ, ɩɪɢ ɷɬɨɦ ɡɚɞɟɪɠɤɢ ɨɬɞɟɥɶɧɵɯ ɩɚɤɟɬɨɜ ɦɨɝɭɬ ɛɵɬɶ 

ɡɧɚɱɢɬɟɥɶɧɵɦɢ, ɜ ɞɟɫɹɬɤɢ ɪɚɡ ɩɪɟɜɨɫɯɨɞɹ ɫɪɟɞɧɸɸ ɜɟɥɢɱɢɧɭ ɡɚɞɟɪɠɟɤ. 

ɇɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɡɚɞɟɪɠɟɤ ɢɡɦɟɧɹɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɩɚɤɟɬɨɜ ɜ 

ɜɵɯɨɞɧɨɦ ɩɨɬɨɤɟ, ɚ ɷɬɨ ɦɨɠɟɬ ɤɚɬɚɫɬɪɨɮɢɱɟɫɤɢ ɫɤɚɡɚɬɶɫɹ ɧɚ ɤɚɱɟɫɬɜɟ ɪɚɛɨɬɵ 

ɧɟɤɨɬɨɪɵɯ ɩɪɢɥɨɠɟɧɢɣ, ɧɚɩɪɢɦɟɪ ɩɪɢ ɩɟɪɟɞɚɱɢ ɝɨɥɨɫɚ. ɉɚɤɟɬɵ ɦɨɝɭɬ ɬɟɪɹɬɶɫɹ 

ɜ ɫɟɬɢ ɢɥɢ ɠɟ ɩɪɢɯɨɞɢɬɶ ɜ ɭɡɟɥ ɧɚɡɧɚɱɟɧɢɹ ɫ ɢɫɤɚɠɟɧɧɵɦɢ ɞɚɧɧɵɦɢ, ɱɬɨ 

ɪɚɜɧɨɫɢɥɶɧɨ ɩɨɬɟɪɟ ɩɚɤɟɬɚ. ɉɚɤɟɬɵ ɬɚɤɠɟ ɦɨɝɭɬ ɞɭɛɥɢɪɨɜɚɬɶɫɹ ɩɨ ɪɚɡɧɵɦ 

ɩɪɢɱɢɧɚɦ, ɧɚɩɪɢɦɟɪ ɢɡ-ɡɚ ɨɲɢɛɨɱɧɵɯ ɩɨɜɬɨɪɧɵɯ ɩɟɪɟɞɚɱ ɩɚɤɟɬɚ, 

ɩɪɟɞɩɪɢɧɹɬɵɯ ɩɪɨɬɨɤɨɥɨɦ, ɜ ɤɨɬɨɪɨɦ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɧɚɞɟɠɧɵɣ 

ɨɛɦɟɧ ɞɚɧɧɵɦɢ. ɑɟɦ ɛɨɥɶɲɟ ɩɨɬɟɪɶ ɢ ɢɫɤɚɠɟɧɢɣ ɩɚɤɟɬɨɜ ɩɪɨɢɫɯɨɞɢɬ ɜ ɫɟɬɢ, 

ɬɟɦ ɧɢɠɟ ɫɤɨɪɨɫɬɶ ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɩɨɬɨɤɚ. 
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Ⱦɥɹ ɨɰɟɧɤɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɫɟɬɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚɞɟɪɠɟɤ ɢ ɩɨɬɟɪɶ ɩɚɤɟɬɨɜ: 

Ɉɞɧɨɫɬɨɪɨɧɧɹɹ ɡɚɞɟɪɠɤɚ ɩɚɤɟɬɨɜ (One-Way Delay Metric, OWD). 

Ɉɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ ɦɟɠɞɭ ɦɨɦɟɧɬɨɦ ɩɨɦɟɳɟɧɢɹ ɜ ɢɫɯɨɞɹɳɭɸ 

ɥɢɧɢɸ ɫɜɹɡɢ ɩɟɪɜɨɝɨ ɛɢɬɚ ɩɚɤɟɬɚ ɭɡɥɨɦ-ɨɬɩɪɚɜɢɬɟɥɟɦ ɢ ɦɨɦɟɧɬɨɦ ɩɪɢɟɦɚ 

ɩɨɫɥɟɞɧɟɝɨ ɛɢɬɚ ɩɚɤɟɬɚ ɫ ɜɯɨɞɹɳɟɣ ɥɢɧɢɢ ɫɜɹɡɢ ɭɡɥɚ-ɩɨɥɭɱɚɬɟɥɹ. 

ȼɚɪɢɚɰɢɹ ɡɚɞɟɪɠɤɢ ɩɚɤɟɬɚ, ɤɨɬɨɪɭɸ ɬɚɤɠɟ ɧɚɡɵɜɚɸɬ ɞɠɢɬɬɟɪɨɦ (jitter). 

Ɉɩɪɟɞɟɥɹɟɬɫɹ ɫɬɚɧɞɚɪɬɨɦ ɤɚɤ ɪɚɡɧɨɫɬɶ ɨɞɧɨɫɬɨɪɨɧɧɢɯ ɡɚɞɟɪɠɟɤ ɞɥɹ ɩɚɪɵ 

ɩɚɤɟɬɨɜ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɬɢɩɚ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɢɧɬɟɪɜɚɥɟ ɢɡɦɟɪɟɧɢɣ Ɍ. 

ȼɪɟɦɹ ɪɟɚɤɰɢɢ ɫɟɬɢ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ ɦɟɠɞɭ 

ɨɬɩɪɚɜɤɨɣ ɡɚɩɪɨɫɚ ɩɨɥɶɡɨɜɚɬɟɥɹ ɤ ɤɚɤɨɣ-ɥɢɛɨ ɫɟɬɟɜɨɣ ɫɥɭɠɛɟ ɢ ɩɨɥɭɱɟɧɢɟɦ 

ɨɬɜɟɬɚ ɧɚ ɷɬɨɬ ɡɚɩɪɨɫ. 

ȼɪɟɦɹ ɨɛɨɪɨɬɚ ɩɚɤɟɬɚ (Round Trip Time, RTT). Ɉɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɢɧɬɟɪɜɚɥ 

ɜɪɟɦɟɧɢ ɦɟɠɞɭ ɨɬɩɪɚɜɤɨɣ ɩɟɪɜɨɝɨ ɛɢɬɚ ɩɚɤɟɬɚ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɬɢɩɚ ɭɡɥɨɦ-

ɨɬɩɪɚɜɢɬɟɥɟɦ ɭɡɥɭ-ɩɨɥɭɱɚɬɟɥɸ ɢ ɩɨɥɭɱɟɧɢɟɦ ɩɨɫɥɟɞɧɟɝɨ ɛɢɬɚ ɷɬɨɝɨ ɩɚɤɟɬɚ 

ɭɡɥɨɦ-ɨɬɩɪɚɜɢɬɟɥɟɦ ɩɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɩɚɤɟɬ ɛɵɥ ɩɨɥɭɱɟɧ ɭɡɥɨɦ ɩɨɥɭɱɚɬɟɥɟɦ ɢ 

ɨɬɩɪɚɜɥɟɧ ɨɛɪɚɬɧɨ. 

Ⱦɨɥɹ ɩɨɬɟɪɹɧɧɵɯ ɩɚɤɟɬɨɜ. Ɋɚɜɧɚɹ ɨɬɧɨɲɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɩɨɬɟɪɹɧɧɵɯ 

ɩɚɤɟɬɨɜ ɤ ɨɛɳɟɦɭ ɤɨɥɢɱɟɫɬɜɭ ɩɟɪɟɞɚɧɧɵɯ ɩɚɤɟɬɨɜ 

ɂɡ-ɡɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɯɚɪɚɤɬɟɪɚ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɪɚɡɥɢɱɧɵɦɢ 

ɷɥɟɦɟɧɬɚɦɢ ɫɟɬɢ, ɨɛɳɚɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɥɸɛɨɝɨ ɫɨɫɬɚɜɧɨɝɨ ɩɭɬɢ ɜ 

ɫɟɬɢ, ɛɭɞɟɬ ɪɚɜɧɚ ɦɢɧɢɦɚɥɶɧɨɣ ɢɡ ɩɪɨɩɭɫɤɧɵɯ ɫɩɨɫɨɛɧɨɫɬɟɣ ɫɨɫɬɚɜɥɹɸɳɢɯ 

ɷɥɟɦɟɧɬɨɜ ɦɚɪɲɪɭɬɚ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɨɫɬɚɜɧɨɝɨ 

ɩɭɬɢ, ɧɟɨɛɯɨɞɢɦɨ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɫɚɦɵɟ ɦɟɞɥɟɧɧɵɟ 

ɷɥɟɦɟɧɬɵ, ɧɚɡɵɜɚɟɦɵɟ ɭɡɤɢɦɢ ɦɟɫɬɚɦɢ [3]. 

 

1.3 Ɇɚɪɲɪɭɬɢɡɚɰɢɹ, ɟɟ ɪɨɥɶ ɢ ɧɚɡɧɚɱɟɧɢɟ. 
Ɇɚɪɲɪɭɬɢɡɚɰɢɹ – ɷɬɨ ɩɪɨɰɟɫɫ, ɩɪɢ ɤɨɬɨɪɨɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɟɪɟɞɚɱɚ 

ɩɚɤɟɬɨɜ ɦɚɪɲɪɭɬɢɡɢɪɭɟɦɨɝɨ ɩɪɨɬɨɤɨɥɚ, ɩɪɢ ɩɨɦɨɳɢ ɩɪɨɬɨɤɨɥɚ 

ɦɚɪɲɪɭɬɢɡɚɰɢɢ,  ɨɬ ɥɨɝɢɱɟɫɤɨɝɨ ɨɬɩɪɚɜɢɬɟɥɹ ɥɨɝɢɱɟɫɤɨɦɭ ɩɨɥɭɱɚɬɟɥɸ. 
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Ɇɚɪɲɪɭɬɢɡɚɰɢɹ ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɬɪɟɬɶɟɝɨ ɭɪɨɜɧɹ ɦɨɞɟɥɢ OSI. Ɉɧɚ ɨɫɧɨɜɚɧɚ 

ɧɚ ɢɟɪɚɪɯɢɱɟɫɤɨɣ ɫɯɟɦɟ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɝɪɭɩɩɢɪɨɜɚɬɶ ɨɬɞɟɥɶɧɵɟ ɚɞɪɟɫɚ ɢ 

ɪɚɛɨɬɚɬɶ ɫ ɝɪɭɩɩɚɦɢ ɤɚɤ ɫ ɟɞɢɧɵɦ ɰɟɥɵɦ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɩɨɬɪɟɛɭɟɬɫɹ 

ɭɫɬɚɧɨɜɢɬɶ ɢɧɞɢɜɢɞɭɚɥɶɧɵɣ ɚɞɪɟɫ ɞɥɹ ɨɤɨɧɱɚɬɟɥɶɧɨɣ ɞɨɫɬɚɜɤɢ ɞɚɧɧɵɯ. 

Ɇɚɪɲɪɭɬɢɡɢɪɭɟɦɵɣ ɩɪɨɬɨɤɨɥ – ɷɬɨ ɥɸɛɨɣ ɫɟɬɟɜɨɣ ɩɪɨɬɨɤɨɥ, ɚɞɪɟɫ 

ɫɟɬɟɜɨɝɨ ɭɪɨɜɧɹ ɤɨɬɨɪɨɝɨ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɞɨɫɬɚɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɧɮɨɪɦɚɰɢɢ 

ɞɥɹ ɞɨɫɬɚɜɤɢ ɩɚɤɟɬɚ ɨɬ ɨɞɧɨɝɨ ɫɟɬɟɜɨɝɨ ɭɡɥɚ ɞɪɭɝɨɦɭ ɧɚ ɨɫɧɨɜɟ ɢɫɩɨɥɶɡɭɟɦɨɣ 

ɫɯɟɦɵ ɚɞɪɟɫɚɰɢɢ. 

Ɇɚɪɲɪɭɬɢɡɢɪɭɸɳɢɣ ɩɪɨɬɨɤɨɥ (ɩɪɨɬɨɤɨɥ ɦɚɪɲɪɭɬɢɡɚɰɢɢ) – ɷɬɨ 

ɩɪɨɬɨɤɨɥ, ɤɨɬɨɪɵɣ ɩɨɞɞɟɪɠɢɜɚɟɬ ɦɚɪɲɪɭɬɢɡɢɪɭɟɦɵɟ ɩɪɨɬɨɤɨɥɵ ɢ 

ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɦɟɯɚɧɢɡɦɵ ɨɛɦɟɧɚ ɦɚɪɲɪɭɬɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ.  

Ɉɫɧɨɜɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ, ɨɬɜɟɱɚɸɳɢɦ ɡɚ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɨɰɟɫɫɚ 

ɦɚɪɲɪɭɬɢɡɚɰɢɢ, ɹɜɥɹɟɬɫɹ ɦɚɪɲɪɭɬɢɡɚɬɨɪ. ȼɵɩɨɥɧɹɟɬ ɞɜɟ ɤɥɸɱɟɜɵɟ ɮɭɧɤɰɢɢ: 

ɦɚɪɲɪɭɬɢɡɚɰɢɹ – ɩɨɞɞɟɪɠɚɧɢɟ ɬɚɛɥɢɰɵ ɦɚɪɲɪɭɬɢɡɚɰɢɢ, ɧɚ ɨɫɧɨɜɟ ɨɛɦɟɧɚ 

ɢɧɮɨɪɦɚɰɢɟɣ ɨɛ ɢɡɦɟɧɟɧɢɹɯ ɜ ɬɨɩɨɥɨɝɢɢ ɫɟɬɢ ɫ ɞɪɭɝɢɦɢ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɦɢ; 

ɤɨɦɦɭɬɚɰɢɹ – ɩɟɪɟɧɚɩɪɚɜɥɟɧɢɟ ɩɚɤɟɬɨɜ ɫ ɜɯɨɞɧɨɝɨ ɢɧɬɟɪɮɟɣɫɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ 

ɧɚ ɜɵɯɨɞɧɨɣ ɢɧɬɟɪɮɟɣɫ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɚɛɥɢɰɵ ɦɚɪɲɪɭɬɢɡɚɰɢɢ. 

ȼɫɟ ɦɚɪɲɪɭɬɢɡɚɬɨɪɵ ɞɨɥɠɧɵ ɢɦɟɬɶ ɥɨɤɚɥɶɧɵɟ ɬɚɛɥɢɰɵ ɦɚɪɲɪɭɬɢɡɚɰɢɢ. 

Ɉɧɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɢ ɩɟɪɟɞɚɱɟ ɢɧɮɨɪɦɚɰɢɢ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɢɥɭɱɲɟɝɨ ɩɭɬɢ 

ɨɬ ɢɫɬɨɱɧɢɤɚ ɤ ɩɭɧɤɬɭ ɧɚɡɧɚɱɟɧɢɹ. Ɍɚɛɥɢɰɚ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɢɟ 

ɡɚɩɢɫɢ: ɦɟɯɚɧɢɡɦ, ɩɨ ɤɨɬɨɪɨɦɭ ɛɵɥ ɩɨɥɭɱɟɧ ɦɚɪɲɪɭɬ; ɦɟɬɢ ɢɥɢ ɩɨɞɫɟɬɢ 

ɧɚɡɧɚɱɟɧɢɹ; ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɨɟ ɪɚɫɫɬɨɹɧɢɟ; ɦɟɬɪɢɤɚ ɦɚɪɲɪɭɬɚ; ɚɞɪɟɫ ɢɧɬɟɪɮɟɣɫɚ 

ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɨɞɧɨɣ ɩɟɪɟɫɵɥɤɢ ɱɟɪɟɡ ɤɨɬɨɪɨɝɨ 

ɞɨɫɬɭɩɧɚ ɫɟɬɶ ɩɨɥɭɱɚɬɟɥɶ; ɜɪɟɦɹ ɩɪɢɫɭɬɫɬɜɢɹ ɦɚɪɲɪɭɬɚ ɜ ɬɚɛɥɢɰɟ; ɜɵɯɨɞɧɨɣ 

ɢɧɬɟɪɮɟɣɫ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ, ɱɟɪɟɡ ɤɨɬɨɪɵɣ ɞɨɫɬɭɩɧɚ ɫɟɬɶ ɩɨɥɭɱɚɬɟɥɶ. 

Ⱦɥɹ ɜɵɛɨɪɚ ɦɚɪɲɪɭɬɨɜ ɩɨɥɭɱɟɧɧɵɯ ɨɬ ɪɚɡɧɵɯ ɩɪɨɬɨɤɨɥɨɜ 

ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɧɰɟɩɰɢɹ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ (AD). 

Ɇɚɥɵɟ ɡɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧɵ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɟ. 

Ʉɚɠɞɵɣ ɩɪɨɬɨɤɨɥ ɦɚɪɲɪɭɬɢɡɚɰɢɢ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɥɭɱɲɟɝɨ ɦɚɪɲɪɭɬɚ ɤ 

ɧɟɤɨɬɨɪɨɣ ɫɟɬɢ ɧɚɡɧɚɱɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬ ɡɧɚɱɟɧɢɟ ɦɟɬɪɢɤɢ, ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ 
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ɛɭɞɟɬ ɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ. Ɇɟɬɪɢɤɢ ɦɨɝɭɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɵ ɧɚ ɨɫɧɨɜɟ ɨɞɧɨɣ ɢɥɢ 

ɧɟɫɤɨɥɶɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜ ɚɥɝɨɪɢɬɦɚɯ ɦɚɪɲɪɭɬɢɡɚɰɢɢ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ: ɲɢɪɢɧɚ ɩɨɥɨɫɵ ɩɪɨɩɭɫɤɚɧɢɹ, 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɪɟɞɫɬɜɨ ɨɰɟɧɤɢ ɨɛɴɟɦɚ ɢɧɮɨɪɦɚɰɢɢ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ 

ɩɟɪɟɞɚɧ ɩɨ ɤɚɧɚɥɭ ɫɜɹɡɢ; ɡɚɞɟɪɠɤɚ – ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ 

ɩɟɪɟɦɟɳɟɧɢɹ ɩɚɤɟɬɚ ɩɨ ɤɚɠɞɨɦɭ ɢɡ ɤɚɧɚɥɨɜ ɫɜɹɡɢ ɨɬ ɨɬɩɪɚɜɢɬɟɥɹ ɤ 

ɩɨɥɭɱɚɬɟɥɸ. Ɂɚɞɟɪɠɤɚ ɡɚɜɢɫɢɬ ɨɬ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ 

ɤɚɧɚɥɨɜ, ɪɚɡɦɟɪɚ ɨɱɟɪɟɞɟɣ ɜ ɩɨɪɬɚɯ ɦɚɪɲɪɭɬɢɡɚɬɨɪɨɜ, ɡɚɝɪɭɡɤɢ ɫɟɬɢ ɢ 

ɮɢɡɢɱɟɫɤɨɝɨ ɪɚɫɫɬɨɹɧɢɹ; ɡɚɝɪɭɡɤɚ – ɫɪɟɞɧɹɹ ɡɚɝɪɭɠɟɧɧɨɫɬɶ ɤɚɧɚɥɚ ɫɜɹɡɢ ɜ 

ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ; ɧɚɞɟɠɧɨɫɬɶ – ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɲɢɛɨɤ ɧɚ ɤɚɧɚɥɟ 

ɫɜɹɡɢ; ɤɨɥɢɱɟɫɬɜɨ ɩɟɪɟɯɨɞɨɜ – ɤɨɥɢɱɟɫɬɜɨ ɦɚɪɲɪɭɬɢɡɚɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɞɨɥɠɟɧ 

ɩɪɨɣɬɢ ɩɚɤɟɬ, ɩɪɟɠɞɟ ɱɟɦ ɨɧ ɞɨɫɬɢɝɧɟɬ ɩɭɧɤɬɚ ɧɚɡɧɚɱɟɧɢɹ; ɫɬɨɢɦɨɫɬɶ – 

ɡɧɚɱɟɧɢɟ ɧɚɡɧɚɱɟɧɧɨɟ ɚɞɦɢɧɢɫɬɪɚɬɨɪɨɦ. 

Ʉ ɩɭɧɤɬɭ ɧɚɡɧɚɱɟɧɢɹ ɦɨɠɟɬ ɫɭɳɟɫɬɜɨɜɚɬɶ ɦɧɨɠɟɫɬɜɨ ɩɭɬɟɣ, ɢ ɜɫɟ ɨɧɢ 

ɦɨɝɭɬ ɨɬɨɛɪɚɠɚɬɶɫɹ ɜ ɬɚɛɥɢɰɟ ɦɚɪɲɪɭɬɢɡɚɰɢɢ. Ɇɧɨɝɢɟ ɩɪɨɬɨɤɨɥɵ 

ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɩɨɞɞɟɪɠɢɜɚɸɬ ɦɟɯɚɧɢɡɦ ɛɚɥɚɧɫɢɪɨɜɤɢ ɧɚɝɪɭɡɤɢ, ɩɪɢ ɤɨɬɨɪɨɦ 

ɜ ɬɚɛɥɢɰɭ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɦɨɝɭɬ ɛɵɬɶ ɡɚɩɢɫɚɧɵ ɧɟɫɤɨɥɶɤɨ ɜɨɡɦɨɠɧɵɯ 

ɦɚɪɲɪɭɬɨɜ ɤ ɭɡɥɭ ɩɨɥɭɱɚɬɟɥɸ, ɢ ɩɟɪɟɞɚɱɚ ɬɪɚɮɢɤɚ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɩɨ 

ɤɚɠɞɨɦɭ ɢɡ ɦɚɪɲɪɭɬɨɜ. 

                        

Ɋɢɫɭɧɨɤ 2. ― Ɋɟɡɟɪɜɢɪɨɜɚɧɢɟ ɦɚɪɲɪɭɬɚ 
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Ɉɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɡɚɞɚɱ ɦɚɪɲɪɭɬɢɡɚɬɨɪɨɜ ɹɜɥɹɟɬɫɹ ɩɨɫɬɪɨɟɧɢɟ ɬɚɛɥɢɰɵ 

ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɩɨɥɭɱɟɧɧɵɯ ɨɬ ɩɪɨɬɨɤɨɥɨɜ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɢ 

ɧɚɫɬɪɨɣɤɚɯ ɜɜɟɞɟɧɧɵɯ ɜɪɭɱɧɭɸ. ȼɵɛɨɪ ɦɚɪɲɪɭɬɚ ɞɥɹ ɡɚɧɟɫɟɧɢɹ ɜ ɬɚɛɥɢɰɭ 

ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɞɨɥɠɟɧ ɨɫɧɨɜɵɜɚɬɶɫɹ ɧɚ ɫɥɟɞɭɸɳɢɯ ɤɪɢɬɟɪɢɹɯ: 

1) Ⱦɨɫɬɭɩɧɨɫɬɶ IP ɚɞɪɟɫɚ ɩɟɪɟɯɨɞɚ. ɉɪɨɰɟɫɫ ɦɚɪɲɪɭɬɢɡɚɰɢɢ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɩɟɪɟɞɚɱɢ ɬɪɚɮɢɤɚ ɨɬ ɨɬɩɪɚɜɢɬɟɥɹ ɤ 

ɩɨɥɭɱɚɬɟɥɸ. Ɇɚɪɲɪɭɬɢɡɚɬɨɪ ɞɨɥɠɟɧ ɡɧɚɬɶ IP ɚɞɪɟɫ ɫɥɟɞɭɸɳɟɝɨ 

ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ ɜ ɰɟɩɨɱɤɢ ɩɟɪɟɞɚɱɢ ɬɪɚɮɢɤɚ. 

2) Ɇɟɬɪɢɤɚ ɦɚɪɲɪɭɬɚ. ȿɫɥɢ ɩɟɪɟɯɨɞ ɜɨɡɦɨɠɟɧ, ɬɨ ɩɪɨɬɨɤɨɥ 

ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɜɵɛɢɪɚɟɬ ɧɚɢɥɭɱɲɢɣ ɜɨɡɦɨɠɧɵɣ ɦɚɪɲɪɭɬ ɩɟɪɟɞɚɱɢ. 

Ʉɪɢɬɟɪɢɟɦ ɜɵɛɨɪɚ ɦɚɪɲɪɭɬɚ ɹɜɥɹɟɬɫɹ ɦɢɧɢɦɚɥɶɧɚɹ ɦɟɬɪɢɤɚ ɦɚɪɲɪɭɬɚ. 

3) ɉɪɟɮɢɤɫ. Ɇɚɪɲɪɭɬɢɡɚɬɨɪ ɪɚɫɫɦɚɬɪɢɜɚɟɬ ɞɥɢɧɭ ɩɪɟɮɢɤɫɚ (ɦɚɫɤɚ 

ɩɨɞɫɟɬɢ), ɟɫɥɢ ɢɦɟɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɦɚɪɲɪɭɬɨɜ ɞɨ ɫɟɬɢ ɩɨɥɭɱɚɬɟɥɹ, ɧɨ ɫ ɪɚɡɧɵɦɢ 

ɩɪɢɮɢɤɫɚɦɢ, ɬɨ ɜ ɬɚɛɥɢɰɭ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɡɚɧɨɫɹɬɫɹ ɜɫɟ ɦɚɪɲɪɭɬɵ. ȼ ɤɚɱɟɫɬɜɟ 

ɦɚɪɲɪɭɬɚ ɩɨ ɤɨɬɨɪɨɦɭ ɛɭɞɟɬ ɨɬɩɪɚɜɥɟɧ ɬɪɚɮɢɤ, ɜɵɛɢɪɚɟɬɫɹ ɦɚɪɲɪɭɬ ɫ 

ɧɚɢɛɨɥɶɲɢɦ ɫɨɜɩɚɞɟɧɢɟɦ ɩɪɟɮɢɤɫɚ ɫɟɬɢ, ɷɬɨ ɞɟɣɫɬɜɭɟɬ ɩɪɢɧɰɢɩ ɧɚɢɛɨɥɶɲɟɝɨ 

ɫɨɜɩɚɞɟɧɢɹ ɦɚɪɲɪɭɬɚ. 

4) Ⱥɞɦɢɧɢɫɬɪɚɬɢɜɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɦɚɪɲɪɭɬɚ. ȿɫɥɢ ɦɚɪɲɪɭɬɢɡɚɬɨɪ ɢɦɟɟɬ 

ɛɨɥɟɟ ɨɞɧɨɝɨ ɦɚɪɲɪɭɬɚ ɞɨ ɩɨɥɭɱɚɬɟɥɹ, ɤɪɢɬɟɪɢɟɦ ɜɵɛɨɪɚ ɞɥɹ ɡɚɧɟɫɟɧɢɹ ɜ ɬɚɛɥɢɰɭ 

ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɟ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɨɟ ɪɚɫɫɬɨɹɧɢɟ. 

ɉɨɫɥɟ ɫɨɡɞɚɧɢɹ ɬɚɛɥɢɰɵ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɦɚɪɲɪɭɬɢɡɚɬɨɪ ɞɨɥɠɟɧ 

ɩɨɞɞɟɪɠɢɜɚɬɶ ɟɟ ɬɨɱɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɪɟɚɥɶɧɨɣ ɬɨɩɨɥɨɝɢɢ ɫɟɬɢ. ɉɨɞɞɟɪɠɤɚ 

ɬɚɛɥɢɰ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɥɢɛɨ ɚɞɦɢɧɢɫɬɪɚɬɨɪɨɦ ɫɟɬɢ ɜɪɭɱɧɭɸ, 

ɥɢɛɨ ɫ ɩɨɦɨɳɶɸ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɬɨɤɨɥɨɜ ɦɚɪɲɪɭɬɢɡɚɰɢɢ. Ɍɨɱɧɨɫɬɶ 

ɨɬɨɛɪɚɠɟɧɢɹ ɦɚɪɲɪɭɬɨɜ ɜ ɬɚɛɥɢɰɟ, ɹɜɥɹɟɬɫɹ ɤɥɸɱɟɜɵɦ ɮɚɤɬɨɪɨɦ ɞɥɹ 

ɨɛɟɫɩɟɱɟɧɢɹ ɩɟɪɟɫɵɥɤɢ ɞɚɧɧɵɯ ɤ ɩɨɥɭɱɚɬɟɥɸ. 

 

1.4 ɉɪɨɬɨɤɨɥɵ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɜɧɭɬɪɟɧɧɟɝɨ ɲɥɸɡɚ ɢ ɢɯ ɚɥɝɨɪɢɬɦɵ. 
Ʉ ɧɢɦ ɨɬɧɨɫɹɬɫɹ ɥɸɛɨɣ ɩɪɨɬɨɤɨɥ ɦɚɪɲɪɭɬɢɡɚɰɢɢ, ɢɫɩɨɥɶɡɭɟɦɵɣ 

ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɜɧɭɬɪɢ ɚɜɬɨɧɨɦɧɨɣ ɫɢɫɬɟɦɵ. Ʉɚɠɞɵɣ IGP ɩɪɨɬɨɤɨɥ 
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ɩɪɟɞɫɬɚɜɥɹɟɬ ɨɞɢɧ ɞɨɦɟɧ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɜɧɭɬɪɢ AS. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɩɪɨɬɨɤɨɥɨɜ ɞɢɧɚɦɢɱɟɫɤɨɣ ɦɚɪɲɪɭɬɢɡɚɰɢɢ, ɚɞɦɢɧɢɫɬɪɚɬɨɪ ɫɟɬɢ ɤɨɧɮɢɝɭɪɢɪɭɟɬ 

ɜɵɛɪɚɧɧɵɣ ɩɪɨɬɨɤɨɥ ɧɚ ɤɚɠɞɨɦ ɦɚɪɲɪɭɬɢɡɚɬɨɪɟ ɜ ɫɟɬɢ. ɉɨɫɥɟ ɷɬɨɝɨ 

ɦɚɪɲɪɭɬɢɡɚɬɨɪɵ ɧɚɱɢɧɚɸɬ ɨɛɦɟɧ ɢɧɮɨɪɦɚɰɢɟɣ ɨɛ ɢɡɜɟɫɬɧɵɯ ɢɦ ɫɟɬɹɯ ɢ ɢɯ 

ɫɨɫɬɨɹɧɢɣ. ɉɪɢɱɟɦ ɦɚɪɲɪɭɬɢɡɚɬɨɪɵ ɨɛɦɟɧɢɜɚɸɬɫɹ ɢɧɮɨɪɦɚɰɢɟɣ ɬɨɥɶɤɨ ɫ ɬɟɦɢ 

ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɦɢ, ɝɞɟ ɡɚɩɭɳɟɧ ɬɨɬ ɠɟ ɩɪɨɬɨɤɨɥ ɞɢɧɚɦɢɱɟɫɤɨɣ 

ɦɚɪɲɪɭɬɢɡɚɰɢɢ. Ʉɨɝɞɚ ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɧɟɧɢɟ ɬɨɩɨɥɨɝɢɢ ɫɟɬɢ, ɢɧɮɨɪɦɚɰɢɹ ɨɛ 

ɷɬɢɯ ɢɡɦɟɧɟɧɢɹɯ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɩɨ ɜɫɟɦ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɦ, ɢ 

ɤɚɠɞɵɣ ɦɚɪɲɪɭɬɢɡɚɬɨɪ ɜɧɨɫɢɬ ɧɟɨɛɯɨɞɢɦɵɟ ɢɡɦɟɧɟɧɢɹ ɜ ɫɜɨɸ ɬɚɛɥɢɰɭ 

ɦɚɪɲɪɭɬɢɡɚɰɢɢ. 

Ⱦɥɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɨ ɫɟɬɹɯ ɦɟɠɞɭ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɦɢ, 

ɩɪɨɬɨɤɨɥ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɨɩɪɟɞɟɥɹɟɬ ɧɚɛɨɪ ɩɪɚɜɢɥ: ɤɚɤɢɦ ɨɛɪɚɡɨɦ 

ɪɚɫɩɪɨɫɬɪɚɧɹɸɬɫɹ ɨɛɧɨɜɥɟɧɢɹ ɦɚɪɲɪɭɬɨɜ; ɤɚɤɚɹ ɢɧɮɨɪɦɚɰɢɹ ɫɨɞɟɪɠɢɬɫɹ ɜ 

ɨɛɧɨɜɥɟɧɢɹɯ; ɤɚɤ ɱɚɫɬɨ ɪɚɫɫɵɥɚɸɬɫɹ ɨɛɧɨɜɥɟɧɢɹ; ɤɚɤɢɦ ɨɛɪɚɡɨɦ ɜɵɩɨɥɧɹɟɬɫɹ 

ɩɨɢɫɤ ɩɨɥɭɱɚɬɟɥɟɣ ɨɛɧɨɜɥɟɧɢɣ. 

ɉɪɨɬɨɤɨɥɵ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɧɚ ɨɫɧɨɜɟ ɞɢɫɬɚɧɰɢɨɧɧɨ-ɜɟɤɬɨɪɧɨɝɨ 

ɚɥɝɨɪɢɬɦɚ (ɩɪɢɦɟɪ RIP).  
Ɇɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɦɢ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɢɨɞɢɱɟɫɤɚɹ 

ɩɟɪɟɫɵɥɤɚ ɤɨɩɢɣ ɬɚɛɥɢɰ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɞɪɭɝ ɞɪɭɝɚ. Ɇɚɪɲɪɭɬɢɡɚɬɨɪ ɩɨɥɭɱɢɜ 

ɨɬ ɫɨɫɟɞɚ ɬɚɛɥɢɰɭ ɦɚɪɲɪɭɬɢɡɚɰɢɢ, ɞɨɛɚɜɥɹɟɬ ɡɧɚɱɟɧɢɟ ɜɟɤɬɨɪɚ ɪɚɫɫɬɨɹɧɢɹ, 

ɤɨɥɢɱɟɫɬɜɚ ɩɟɪɟɯɨɞɨɜ, ɷɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɜɟɤɬɨɪ ɪɚɫɫɬɨɹɧɢɹ. 

ɗɬɨɬ ɚɥɝɨɪɢɬɦ ɧɟ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɦ ɬɨɱɧɭɸ ɬɨɩɨɥɨɝɢɸ ɜɫɟɣ 

ɫɟɬɢ, ɩɨɫɤɨɥɶɤɭ ɤɚɠɞɨɦɭ ɦɚɪɲɪɭɬɢɡɚɬɨɪɭ ɢɡɜɟɫɬɧɵ ɬɨɥɶɤɨ ɫɨɫɟɞɧɢɟ ɫ ɧɢɦ 

ɦɚɪɲɪɭɬɢɡɚɬɨɪɵ. 

ɉɪɢɦɟɧɟɧɢɟ ɞɢɫɬɚɧɰɢɨɧɧɨ-ɜɟɤɬɨɪɧɨɣ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɧɚɤɥɚɞɵɜɚɟɬ 

ɠɟɫɬɤɢɟ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɞɢɚɦɟɬɪɭ ɫɟɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ. ɗɬɨ ɦɚɤɫɢɦɚɥɶɧɨɟ 

ɪɚɫɫɬɨɹɧɢɟ ɢɡɦɟɪɹɟɬɫɹ ɱɢɫɥɨɦ ɩɟɪɟɫɵɥɨɤ ɨɬ ɨɬɩɪɚɜɢɬɟɥɹ ɤ ɩɨɥɭɱɚɬɟɥɸ. 

ɋɯɨɞɢɦɨɫɬɶ ɞɨɫɬɢɝɚɟɬɫɹ, ɤɨɝɞɚ ɜɫɟ ɦɚɪɲɪɭɬɢɡɚɬɨɪɵ ɜɧɭɬɪɢ ɞɨɦɟɧɚ 

ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɢɦɟɸɬ ɫɨɝɥɚɫɨɜɚɧɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɞɨɫɬɭɩɧɵɯ ɦɚɪɲɪɭɬɚɯ. 
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Ⱦɢɫɬɚɧɰɢɨɧɧɨ-ɜɟɤɬɨɪɧɵɟ ɩɪɨɬɨɤɨɥɵ ɨɬɥɢɱɚɸɬɫɹ ɦɟɞɥɟɧɧɨɣ ɫɯɨɞɢɦɨɫɬɶɸ, ɢ 

ɩɨɷɬɨɦɭ ɩɨɞɜɟɪɠɟɧɵ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɩɟɬɟɥɶ ɦɚɪɲɪɭɬɢɡɚɰɢɢ. 

ȼɪɟɦɹ, ɤɨɬɨɪɨɟ ɬɪɟɛɭɟɬɫɹ, ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɜɫɟ ɦɚɪɲɪɭɬɢɡɚɬɨɪɵ 

ɨɛɪɚɛɨɬɚɥɢ ɨɛɧɨɜɥɟɧɢɟ ɦɚɪɲɪɭɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɢ ɨɛɧɨɜɢɥɢ ɫɜɨɢ ɬɚɛɥɢɰɵ 

ɦɚɪɲɪɭɬɢɡɚɰɢɢ, ɧɚɡɵɜɚɟɬɫɹ ɜɪɟɦɟɧɟɦ ɫɯɨɞɢɦɨɫɬɢ. Ⱦɚɧɧɵɟ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɦɢ 

ɧɟ ɛɭɞɭɬ ɩɟɪɟɞɚɜɚɬɶɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɜɫɟ ɬɚɛɥɢɰɵ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɧɟ ɛɭɞɭɬ 

ɩɨɥɧɨɫɬɶɸ ɨɛɧɨɜɥɟɧɵ. 

ɉɪɨɬɨɤɨɥɵ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɧɚ ɨɫɧɨɜɟ ɭɱɟɬɚ ɫɨɫɬɨɹɧɢɹ ɤɚɧɚɥɚ 
(ɩɪɢɦɟɪ OSPF). 

Ɇɚɪɲɪɭɬɢɡɚɬɨɪɵ ɨɛɦɟɧɢɜɚɸɬɫɹ ɫɨɨɛɳɟɧɢɹɦɢ ɨ ɫɨɫɬɨɹɧɢɢ ɤɚɧɚɥɚ (LSA). 

ɗɬɢ ɨɛɴɹɜɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɧɟɛɨɥɶɲɢɟ ɩɚɤɟɬɵ, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬ 

ɢɧɮɨɪɦɚɰɢɸ ɨɛ ɢɡɜɟɫɬɧɵɯ ɦɚɪɲɪɭɬɢɡɚɬɨɪɭ ɤɚɧɚɥɚɯ ɫɜɹɡɢ; 

Ȼɚɡɚ ɞɚɧɧɵɯ ɬɨɩɨɥɨɝɢɢ (Topological Database). ɗɬɚ ɛɚɡɚ ɞɚɧɧɵɯ ɫɨɞɟɪɠɢɬ 

ɢɧɮɨɪɦɚɰɢɸ, ɩɨɥɭɱɟɧɧɭɸ ɜ ɫɨɨɛɳɟɧɢɹɯ LSA; 

Ⱥɥɝɨɪɢɬɦ ɜɵɛɨɪɚ ɤɪɚɬɱɚɣɲɟɝɨ ɩɭɬɢ (Shortest Path First – SPF). Ⱥɥɝɨɪɢɬɦ 

ɨɫɭɳɟɫɬɜɥɹɟɬ ɜɵɱɢɫɥɟɧɢɹ ɧɚɞ ɛɚɡɨɣ ɞɚɧɧɵɯ ɬɨɩɨɥɨɝɢɢ ɫɟɬɢ, ɪɟɡɭɥɶɬɚɬɨɦ ɱɟɝɨ 

ɹɜɥɹɟɬɫɹ ɩɨɫɬɪɨɟɧɢɟ ɫɜɹɡɭɸɳɟɝɨ ɞɟɪɟɜɚ ɩɪɨɬɨɤɨɥɚ SPF. ɉɪɢ ɩɨɥɭɱɟɧɢɢ 

ɤɚɠɞɨɝɨ ɩɚɤɟɬɚ LSA, ɫɨɞɟɪɠɚɳɟɝɨ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɨɹɧɢɣ ɤɚɧɚɥɨɜ, ɚɥɝɨɪɢɬɦ SPF 

ɡɚɧɨɜɨ ɜɵɱɢɫɥɹɟɬ ɧɚɢɥɭɱɲɢɟ ɦɚɪɲɪɭɬɵ ɢ ɨɛɧɨɜɥɹɟɬ ɬɚɛɥɢɰɭ ɦɚɪɲɪɭɬɢɡɚɰɢɢ 

[10].   

ȼɪɟɦɹ ɫɯɨɞɢɦɨɫɬɢ ɩɪɨɬɨɤɨɥɨɜ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɫ ɭɱɟɬɨɦ ɫɨɫɬɨɹɧɢɹ 

ɤɚɧɚɥɨɜ ɫɜɹɡɢ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ, ɱɟɦ ɭ ɞɢɫɬɚɧɰɢɨɧɧɨ-ɜɟɤɬɨɪɧɵɯ ɩɪɨɬɨɤɨɥɨɜ 

ɦɚɪɲɪɭɬɢɡɚɰɢɢ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɤɚɠɞɵɣ ɦɚɪɲɪɭɬɢɡɚɬɨɪ ɜ ɞɨɦɟɧɟ 

ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɢɦɟɟɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɪɟɚɥɶɧɨɣ ɬɨɩɨɥɨɝɢɢ ɫɟɬɢ ɢ ɦɨɠɟɬ 

ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɩɟɪɟɫɱɟɬ ɦɚɪɲɪɭɬɨɜ ɤ ɫɟɬɹɦ ɩɨɥɭɱɚɬɟɥɹɦ ɩɪɢ 

ɩɨɥɭɱɟɧɢɢ ɩɚɤɟɬɨɜ LSA ɫ ɢɡɦɟɧɟɧɢɹɦɢ ɬɨɩɨɥɨɝɢɢ ɫɟɬɢ. 

ɉɪɨɬɨɤɨɥɵ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɝɢɛɪɢɞɧɨɝɨ ɬɢɩɚ (ɩɪɢɦɟɪ EIGRP). 
Ɉɛɴɟɞɢɧɹɟɬ ɜ ɫɟɛɟ ɱɟɪɬɵ ɤɚɤ ɞɢɫɬɚɧɰɢɨɧɧɨ-ɜɟɤɬɨɪɧɵɯ, ɬɚɤ ɢ ɩɪɨɬɨɤɨɥɨɜ 

ɫ ɭɱɟɬɨɦ ɫɨɫɬɨɹɧɢɹ ɤɚɧɚɥɨɜ ɫɜɹɡɢ. 
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Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɢɥɭɱɲɢɯ ɦɚɪɲɪɭɬɨɜ ɢɫɩɨɥɶɡɭɸɬ ɜɟɤɬɨɪɵ ɪɚɫɫɬɨɹɧɢɹ 

ɫ ɛɨɥɟɟ ɬɨɱɧɵɦɢ ɦɟɬɪɢɤɚɦɢ. 

Ɉɛɧɨɜɥɟɧɢɟ ɛɚɡ ɞɚɧɧɵɯ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɬɨɥɶɤɨ ɩɪɢ 

ɢɡɦɟɧɟɧɢɢ ɬɨɩɨɥɨɝɢɢ ɫɟɬɢ. 

Ɉɛɥɚɞɚɸɬ ɛɵɫɬɪɨɣ ɫɯɨɞɢɦɨɫɬɶɸ. 

ɂɫɩɨɥɶɡɭɸɬ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɢɟ ɨɛɴɟɦɵ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ ɢ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɪɟɫɭɪɫɵ ɦɚɪɲɪɭɬɢɡɚɬɨɪɨɜ. 

 

1.5 Ɍɟɯɧɨɥɨɝɢɢ ɪɚɫɲɢɪɹɸɳɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɬɪɚɞɢɰɢɨɧɧɨɣ 

ɦɚɪɲɪɭɬɢɡɚɰɢɢ. 
 

1.5.1 IP SLA ɢ Embedded Event Manager (EEM) 

 Ɍɟɯɧɨɥɨɝɢɹ Cisco IOS IP SLA (Service Level Agreements), 

ɪɚɫɲɢɮɪɨɜɵɜɚɟɬɫɹ ɤɚɤ, ɫɨɝɥɚɲɟɧɢɹ ɨɛ ɭɪɨɜɧɟ ɨɛɫɥɭɠɢɜɚɧɢɹ. ɋ ɟɟ ɩɨɦɨɳɶɸ 

ɦɨɠɧɨ ɨɪɝɚɧɢɡɨɜɚɬɶ ɦɨɧɢɬɨɪɢɧɝ ɫɨɫɬɨɹɧɢɹ ɫɟɬɢ ɢ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɭɪɨɜɟɧɶ 

ɤɚɱɟɫɬɜɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɟɬɢ. ɗɬɚ ɬɟɯɧɨɥɨɝɢɹ ɩɨɡɜɨɥɹɟɬ:  

 ɋɮɨɪɦɢɪɨɜɚɬɶ ɧɭɠɧɵɣ ɬɟɫɬ, ɡɚɞɚɬɶ ɟɦɭ ɧɟɨɛɯɨɞɢɦɵɟ ɩɚɪɚɦɟɬɪɵ; 

 Ɂɚɩɭɫɬɢɬɶ ɬɟɫɬ ɧɚ ɜɵɩɨɥɧɟɧɢɟ;  

 Ɇɨɠɧɨ ɜɵɜɟɫɬɢ ɪɟɡɭɥɶɬɚɬɵ ɬɟɫɬɚ ɫ ɩɨɦɨɳɶɸ ɤɨɦɚɧɞɧɨɣ ɫɬɪɨɤɢ; 

 Ɋɟɡɭɥɶɬɚɬɵ ɬɟɫɬɨɜ ɫɨɯɪɚɧɹɸɬɫɹ ɢ ɞɨɫɬɭɩ ɤ ɧɢɦ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 

ɩɨ ɩɪɨɬɨɤɨɥɭ SNMP; 

 Ɇɨɠɧɨ ɧɚɫɬɪɨɢɬɶ ɨɬɩɪɚɜɤɭ SNMP trap ɢ syslog ɫɨɨɛɳɟɧɢɣ, 

ɢɧɮɨɪɦɢɪɭɸɳɢɯ ɨ ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɯ ɢ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɚɯ 

ɬɟɫɬɨɜ; 

 Ɇɨɠɧɨ ɫɤɨɧɮɢɝɭɪɢɪɨɜɚɬɶ ɦɚɪɲɪɭɬɢɡɚɬɨɪ Cisco, ɬɚɤ ɱɬɨɛɵ ɨɧ ɩɪɢɧɢɦɚɥ 

ɪɟɲɟɧɢɹ ɨ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɧɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɬɟɫɬɨɜ. 

ɉɪɢɦɟɧɹɹ ɷɬɭ ɬɟɯɧɨɥɨɝɢɸ, ɦɵ ɩɨɥɭɱɢɦ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɜɨɡɦɨɠɧɨɫɬɶ, 

ɩɨɜɵɫɢɬɶ ɤɚɱɟɫɬɜɨ ɪɚɛɨɬɵ ɋɉȾ. Ɇɨɠɧɨ ɩɪɢɜɟɫɬɢ ɩɪɢɦɟɪɨɦ, ɫɥɟɞɭɸɳɭɸ 

ɫɢɬɭɚɰɢɸ, ɤɨɝɞɚ ɬɪɚɮɢɤ ɩɟɪɟɞɚɟɬɫɹ ɨɬ ɮɢɥɢɚɥɚ ɜ ɰɟɧɬɪɚɥɶɧɨɟ ɩɨɞɪɚɡɞɟɥɟɧɢɟ, 

ɩɨ ɨɫɧɨɜɧɨɦɭ ɤɚɧɚɥɭ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɨɬɨɤɨɥɚ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɜɵɫɬɭɩɚɟɬ 
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ɩɪɨɬɨɤɨɥ OSPF. Ɍɨɝɞɚ ɜ ɫɬɚɧɞɚɪɬɧɨɣ ɫɢɬɭɚɰɢɢ ɩɟɪɟɜɨɞ ɬɪɚɮɢɤɚ ɧɚ ɪɟɡɟɪɜɧɵɣ 

ɤɚɧɚɥ ɩɪɨɢɡɨɣɞɟɬ, ɬɨɥɶɤɨ ɟɫɥɢ ɫɨɫɟɞɫɬɜɨ ɧɚ ɨɫɧɨɜɧɨɦ ɤɚɧɚɥɟ ɛɭɞɟɬ ɪɚɡɨɪɜɚɧɨ. 

ɇɨ ɟɫɥɢ ɜɞɪɭɝ ɧɚ ɨɫɧɨɜɧɨɦ ɤɚɧɚɥɟ ɩɨɹɜɢɥɢɫɶ ɨɲɢɛɤɢ, ɩɪɢɜɨɞɹɳɢɟ ɤ ɩɨɬɟɪɢ 

ɩɚɤɟɬɨɜ, ɷɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɭɯɭɞɲɟɧɢɟɦ ɮɢɡɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤɚɛɟɥɹ 

ɢɥɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɇɟɛɨɥɶɲɢɟ ɩɨɬɟɪɢ ɟɫɬɶ, ɧɨ ɩɪɢ ɷɬɨɦ OSPF 

ɫɨɫɟɞɢ ɨɩɪɚɲɢɜɚɸɬ ɞɪɭɝ ɞɪɭɝɚ, ɢ ɬɪɚɮɢɤ ɧɟ ɩɟɪɟɯɨɞɢ ɧɚ ɤɚɱɟɫɬɜɟɧɧɵɣ 

ɪɟɡɟɪɜɧɵɣ ɤɚɧɚɥ, ɚ ɧɟɤɨɬɨɪɵɟ ɩɪɢɥɨɠɟɧɢɹ ɭɠɟ ɧɟ ɦɨɝɭɬ ɫɬɚɛɢɥɶɧɨ ɪɚɛɨɬɚɬɶ ɫ 

ɬɚɤɢɦ ɭɪɨɜɧɟɦ ɤɚɱɟɫɬɜɚ. ȼ ɬɚɤɨɣ ɫɢɬɭɚɰɢɢ, ɧɚɫɬɪɨɟɧɧɵɣ ɦɨɧɢɬɨɪɢɧɝ IP SLA, 

ɦɨɠɟɬ ɡɚɮɢɤɫɢɪɨɜɚɬɶ ɭɯɭɞɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɧɚ ɨɫɧɨɜɧɨɦ ɤɚɧɚɥɟ, ɚ ɫ ɩɨɦɨɳɶɸ 

ɦɟɯɚɧɢɡɦɚ ɨɛɪɚɛɨɬɤɢ ɫɨɛɵɬɢɣ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɜɧɟɫɬɢ ɢɡɦɟɧɟɧɢɹ ɜ ɬɚɛɥɢɰɭ 

ɦɚɪɲɪɭɬɢɡɚɰɢɢ, ɢ ɜɪɟɦɟɧɧɨ ɩɟɪɟɜɟɫɬɢ ɬɪɚɮɢɤ ɧɚ ɫɬɚɛɢɥɶɧɵɣ ɪɟɡɟɪɜɧɵɣ ɤɚɧɚɥ. 

EEM (Embedded Event Manager) – ɜɫɬɪɨɟɧɧɵɣ ɜ Cisco IOS ɨɛɪɚɛɨɬɱɢɤ 

ɫɨɛɵɬɢɣ, ɩɨɡɢɰɢɨɧɢɪɭɟɬɫɹ ɤɚɤ ɫɪɟɞɫɬɜɨ ɫɚɦɨɞɢɚɝɧɨɫɬɢɤɢ ɢ ɭɫɬɪɚɧɟɧɢɹ 

ɩɪɨɛɥɟɦ ɫɚɦɢɦ ɦɚɪɲɪɭɬɢɡɚɬɨɪɨɦ. ɋɨɛɵɬɢɹ ɦɨɝɭɬ ɛɵɬɶ ɫɚɦɵɦɢ ɪɚɡɧɵɦɢ ɨɬ 

ɜɵɫɨɤɨɣ ɡɚɝɪɭɡɤɢ CPU ɢ ɩɚɦɹɬɢ, ɨɬɤɥɸɱɟɧɢɹ ɢɧɬɟɪɮɟɣɫɚ ɞɨ ɜɵɫɨɤɨɣ 

ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɤɨɪɩɭɫɟ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ. ɇɚɥɢɱɢɟ IP SLA ɬɟɫɬɨɜ ɪɚɫɲɢɪɹɟɬ 

ɜɨɡɦɨɠɧɨɫɬɢ EEM, ɬɚɤ ɤɚɤ ɬɟɫɬɵ ɦɨɝɭɬ ɞɚɬɶ ɦɚɪɲɪɭɬɢɡɚɬɨɪɭ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɧɟ 

ɬɨɥɶɤɨ ɨ ɬɨɦ, ɱɬɨ ɩɪɨɢɫɯɨɞɢɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫ ɧɢɦ, ɧɨ ɢ ɜ ɫɟɬɢ. 

                            

Ɋɢɫɭɧɨɤ 3. ― Ⱥɪɯɢɬɟɤɬɭɪɚ ȿȿɆ 
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Ɋɟɡɭɥɶɬɚɬɵ ɬɟɫɬɨɜ ɡɚɩɢɫɵɜɚɸɬɫɹ ɜ SNMP ɩɟɪɟɦɟɧɧɵɟ ɢ ɦɨɝɭɬ 

ɝɟɧɟɪɢɪɨɜɚɬɶɫɹ syslog ɫɨɨɛɳɟɧɢɹ, EEM ɠɟ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɫɩɪɨɟɤɬɢɪɨɜɚɧ ɬɚɤ, 

ɱɬɨ ɦɨɠɟɬ ɪɟɚɝɢɪɨɜɚɬɶ ɢɦɟɧɧɨ ɧɚ ɬɚɤɢɟ ɫɨɛɵɬɢɹ. ɋɥɭɱɢɥɨɫɶ ɫɨɛɵɬɢɟ, ɬɨɝɞɚ 

ɡɚɩɭɫɤɚɟɬɫɹ ɩɨɞɝɨɬɨɜɥɟɧɧɵɣ ɞɥɹ ɷɬɨɝɨ ɫɥɭɱɚɹ ɫɰɟɧɚɪɢɣ, ɜɵɩɨɥɧɹɟɬɫɹ ɤɚɤɨɟ-ɬɨ 

ɞɟɣɫɬɜɢɟ. ȼ ɢɬɨɝɟ, ɩɪɢɦɟɧɟɧɢɟ ɷɬɢɯ ɬɟɯɧɨɥɨɝɢɣ ɩɨɡɜɨɥɹɟɬ ɜ ɧɟɤɨɬɨɪɵɯ 

ɫɢɬɭɚɰɢɹɯ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɜɪɟɦɹ ɩɪɨɫɬɨɹ ɫɟɬɢ ɢ ɩɨɜɵɫɢɬɶ ɫɬɚɛɢɥɶɧɨɫɬɶ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ [4]. 

 

1.5.2 Policy Base Routing (PBR). 

PBR - ɦɚɪɲɪɭɬɢɡɚɰɢɹ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɬɢɤ. ɗɬɚ ɬɟɯɧɨɥɨɝɢɹ ɪɟɚɥɢɡɭɟɬ 

ɦɟɯɚɧɢɡɦ ɩɟɪɟɫɵɥɤɢ ɩɚɤɟɬɨɜ ɞɚɧɧɵɯ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɩɨɥɢɬɢɤɟ, ɤɨɬɨɪɚɹ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɧɚɛɨɪ ɩɪɚɜɢɥ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɣ ɚɞɦɢɧɢɫɬɪɚɬɨɪɨɦ ɫɟɬɢ. ɋ ɟɟ 

ɩɨɦɨɳɶɸ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɛɨɥɟɟ ɝɢɛɤɢɣ ɦɟɯɚɧɢɡɦ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɩɚɤɟɬɨɜ ɧɚ 

ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɯ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɞɨɩɨɥɧɹɬɶ ɫɭɳɟɫɬɜɭɸɳɢɣ ɦɟɯɚɧɢɡɦ, 

ɪɚɛɨɬɚɸɳɢɣ ɩɨ ɩɪɚɜɢɥɚɦ ɤɥɚɫɫɢɱɟɫɤɢɯ ɩɪɨɬɨɤɨɥɨɜ ɦɚɪɲɪɭɬɢɡɚɰɢɢ. 

ȼ ɫɬɚɧɞɚɪɬɧɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɩɚɤɟɬ ɩɪɢɯɨɞɢɬ ɧɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪ, ɜ ɧɟɝɨ 

ɧɭɠɧɨ ɡɚɝɥɹɧɭɬɶ ɢ ɧɚ ɨɫɧɨɜɟ ɩɨɥɹ "ɚɞɪɟɫ ɧɚɡɧɚɱɟɧɢɹ", ɩɪɢɧɹɬɶ ɪɟɲɟɧɢɟ, ɜ 

ɤɚɤɨɣ ɢɧɬɟɪɮɟɣɫ ɨɬɩɪɚɜɢɬɶ ɩɚɤɟɬ ɞɚɥɟɟ ɩɨ ɦɚɪɲɪɭɬɭ, ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɦ 

ɬɚɛɥɢɰɵ ɦɚɪɲɪɭɬɢɡɚɰɢɢ. Ɇɟɯɚɧɢɡɦ PBR ɩɨɡɜɨɥɹɟɬ ɚɞɦɢɧɢɫɬɪɚɬɨɪɚɦ ɫɟɬɢ 

ɨɩɪɟɞɟɥɢɬɶ ɫɜɨɢ ɩɪɚɜɢɥɚ, ɩɨ ɤɨɬɨɪɵɦ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɦɚɪɲɪɭɬɢɡɚɰɢɹ 

ɩɚɤɟɬɨɜ [5]. 

ɉɪɢɦɟɪɵ ɡɚɞɚɱ, ɤɨɬɨɪɵɟ PBR ɦɨɠɟɬ ɪɟɲɢɬɶ: Ɇɚɪɲɪɭɬɢɡɢɪɨɜɚɬɶ ɬɪɚɮɢɤ 

ɩɨ ɥɸɛɨɦɭ ɩɪɢɡɧɚɤɭ, ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɭɤɚɡɚɬɶ ɜ ACL (IP ɨɬɩɪɚɜɢɬɟɥɹ ɢ 

ɩɨɥɭɱɚɬɟɥɹ, ɩɨɪɬɵ TCP/UDP); Ɇɚɪɲɪɭɬɢɡɢɪɨɜɚɬɶ VoIP ɬɪɚɮɢɤ ɱɟɪɟɡ ɨɞɢɧ 

ɤɚɧɚɥ, ɚ ɜɟɫɶ ɨɫɬɚɥɶɧɨɣ, ɱɟɪɟɡ ɞɪɭɝɨɣ; Ɇɚɪɲɪɭɬɢɡɢɪɨɜɚɬɶ ɬɪɚɮɢɤ 

ɩɨɥɶɡɨɜɚɬɟɥɟɣ VLAN 10 ɱɟɪɟɡ ɨɞɢɧ ɤɚɧɚɥ, ɚ ɩɨɥɶɡɨɜɚɬɟɥɟɣ VLAN 20 ɱɟɪɟɡ 

ɞɪɭɝɨɣ; Ɇɚɪɲɪɭɬɢɡɢɪɨɜɚɬɶ ɬɪɚɮɢɤ, ɤɨɬɨɪɵɣ ɝɟɧɟɪɢɪɭɟɬ ɦɚɪɲɪɭɬɢɡɚɬɨɪ, ɩɨ 

ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɩɭɬɢ. 

PBR ɩɟɪɟɯɜɚɬɵɜɚɟɬ ɩɚɤɟɬɵ ɞɨ ɫɬɚɧɞɚɪɬɧɨɣ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɢ ɨɬɩɪɚɜɥɹɟɬ 

ɩɚɤɟɬɵ ɫɨɝɥɚɫɧɨ ɥɨɝɢɤɢ ɧɚɫɬɪɨɟɧɧɵɯ ɩɪɚɜɢɥ. ȿɫɥɢ ɞɥɹ ɝɪɭɩɩɵ ɩɚɤɟɬɨɜ ɜ PBR, 
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ɧɟ ɭɤɚɡɚɧɨ ɤɚɤ ɢɯ ɦɚɪɲɪɭɬɢɡɢɪɨɜɚɬɶ, ɬɨ ɨɧɢ ɛɭɞɭɬ ɨɬɩɪɚɜɥɟɧɵ ɩɨ ɫɬɚɧɞɚɪɬɧɵɦ 

ɩɪɚɜɢɥɚɦ ɦɚɪɲɪɭɬɢɡɚɰɢɢ. 

Ɉɫɧɨɜɧɨɣ ɨɛɴɟɤɬ ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɧɚɫɬɪɚɢɜɚɟɬɫɹ PBR ɷɬɨ Route-map 

(ɤɚɪɬɚ ɦɚɪɲɪɭɬɨɜ), ɨɧɚ ɫɨɫɬɨɢɬ ɢɡ ɫɩɢɫɤɚ ɩɪɚɜɢɥ. ȼ ɤɚɠɞɨɦ ɩɪɚɜɢɥɟ Route-map 

ɞɜɚ ɤɨɦɩɨɧɟɧɬɚ: match - ɨɩɢɫɵɜɚɟɬ ɬɪɚɮɢɤ, ɤɨɬɨɪɵɣ ɞɨɥɠɟɧ 

ɦɚɪɲɪɭɬɢɡɢɪɨɜɚɬɶɫɹ ɦɟɯɚɧɢɡɦɨɦ PBR; set - ɢɧɫɬɪɭɤɰɢɹ, ɤɭɞɚ ɩɟɪɟɧɚɩɪɚɜɢɬɶ 

ɬɪɚɮɢɤ, ɨɬɮɢɥɶɬɪɨɜɚɧɧɵɣ ɫ ɩɨɦɨɳɶɸ ɩɪɚɜɢɥ match. 

ɍ ɤɚɠɞɨɝɨ ɩɪɚɜɢɥɚ Route-map ɟɫɬɶ ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ. Ʉɨɝɞɚ ɩɚɤɟɬɵ 

ɩɪɨɯɨɞɹɬ ɫɤɜɨɡɶ ɢɧɬɟɪɮɟɣɫ, ɤ ɤɨɬɨɪɨɦɭ ɩɪɢɦɟɧɟɧɚ PBR, ɩɚɤɟɬɵ ɩɪɨɜɟɪɹɸɬɫɹ 

ɩɨ ɩɨɪɹɞɤɭ ɩɨ ɩɪɚɜɢɥɚɦ. ȿɫɥɢ ɩɚɤɟɬ ɫɨɜɩɚɥ ɫ ɨɩɢɫɚɧɢɟɦ ɜ match, ɬɨ ɨɧ 

ɦɚɪɲɪɭɬɢɡɢɪɭɟɬɫɹ ɩɨ ɩɪɚɜɢɥɭ set. ȿɫɥɢ ɩɚɤɟɬ ɧɟ ɫɨɜɩɚɥ ɫ ɨɩɢɫɚɧɢɟɦ ɜ match, 

ɩɪɚɜɢɥɚ ɩɪɨɜɟɪɹɸɬɫɹ ɞɚɥɶɲɟ. ȿɫɥɢ ɧɢ ɜ ɨɞɧɨɦ ɩɪɚɜɢɥɟ ɫɨɜɩɚɞɟɧɢɹ ɧɟ ɧɚɣɞɟɧɨ, 

ɬɨ ɩɚɤɟɬ ɛɭɞɟɬ ɦɚɪɲɪɭɬɢɡɢɪɨɜɚɬɶɫɹ ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ ɬɚɛɥɢɰɟ ɦɚɪɲɪɭɬɢɡɚɰɢɢ. 

ȿɫɥɢ PBR ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɪɚɮɢɤɚ ɦɟɠɞɭ ɪɚɡɥɢɱɧɵɦɢ 

ɤɚɧɚɥɚɦɢ (ɧɚɩɪɢɦɟɪ ISP), ɬɨ ɬɪɚɮɢɤ ɧɭɠɧɨ ɧɟ ɩɪɨɫɬɨ ɨɬɩɪɚɜɥɹɬɶ ɧɚ 

ɨɩɪɟɞɟɥɟɧɧɵɣ next-hop, ɧɨ ɢ ɩɪɨɜɟɪɹɬɶ, ɪɚɛɨɬɨɫɩɨɫɨɛɟɧ ɥɢ ɤɚɧɚɥ, ɱɟɪɟɡ 

ɤɨɬɨɪɵɣ ɨɬɩɪɚɜɥɹɟɬɫɹ ɬɪɚɮɢɤ. Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɤɨɦɛɢɧɚɰɢɹ IP SLA ɢ Track [6]. 

 

1.5.3 Optimized Edge Routing (OER). 

Ɍɪɚɞɢɰɢɨɧɧɚɹ ɦɚɪɲɪɭɬɢɡɚɰɢɹ ɧɟ ɜ ɫɨɫɬɨɹɧɢɢ ɭɱɢɬɵɜɚɬɶ ɬɟɤɭɳɟɟ 

ɫɨɫɬɨɹɧɢɟ ɫɟɬɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. ɑɬɨɛɵ ɷɬɨ ɢɡɦɟɧɢɬɶ, ɛɵɥɚ 

ɪɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨɥɨɝɢɹ Optimized Edge Routing (OER), ɟɟ ɧɨɜɨɟ ɧɚɡɜɚɧɢɟ — 

Performance Routing (PfR). ȼ OER ɜɵɞɟɥɹɸɬɫɹ ɤɥɚɫɫɵ ɬɪɚɮɢɤɚ (ɧɚɩɪɢɦɟɪ 

ɩɪɢɥɨɠɟɧɢɹ ɢɥɢ ɩɨɞɫɟɬɢ). ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ (ɤɨɦɩɥɟɤɫɧɨɟ ɩɨɧɹɬɢɟ, ɦɨɠɟɬ 

ɜɤɥɸɱɚɬɶ ɜ ɫɟɛɹ ɡɚɞɟɪɠɤɭ, ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ, ɩɨɬɟɪɢ ɢ ɬ.ɩ.) ɤɚɠɞɨɝɨ 

ɤɥɚɫɫɚ ɩɟɪɢɨɞɢɱɟɫɤɢ ɢɡɦɟɪɹɟɬɫɹ ɢ ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɩɪɚɜɢɥɚɦɢ 

(ɩɨɥɢɬɢɤɚɦɢ). ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɬɢɯ ɫɪɚɜɧɟɧɢɣ OER ɜɵɛɢɪɚɟɬ ɥɭɱɲɢɣ ɜɵɯɨɞ ɢɡ 

ɫɟɬɢ ɞɥɹ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ ɬɪɚɮɢɤɚ. 



23 

 

OER ɦɨɠɟɬ ɢɡɦɟɪɹɬɶ ɜɪɟɦɹ ɨɬɤɥɢɤɚ ɢ ɞɨɫɬɭɩɧɨɫɬɶ ɤɚɧɚɥɨɜ ɜ ɫɬɨɪɨɧɭ 

ɩɪɨɜɚɣɞɟɪɨɜ, ɫ ɜɧɟɲɧɢɯ ɢɧɬɟɪɮɟɣɫɨɜ ɫɜɨɢɯ ɝɪɚɧɢɱɧɵɯ ɦɚɪɲɪɭɬɢɡɚɬɨɪɨɜ 

(Border Routers). ɂɡɦɟɧɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɷɬɢɯ ɤɚɧɚɥɨɜ ɧɚ BR 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ-ɩɪɟɮɢɤɫɧɨ. ȿɫɥɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɚɞɚɟɬ ɧɢɠɟ ɡɚɞɚɧɧɨɝɨ 

ɡɧɚɱɟɧɢɹ, ɬɨ ɦɚɪɲɪɭɬɢɡɚɰɢɹ ɢɡɦɟɧɹɟɬɫɹ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. 

Ɉɛɵɱɧɚɹ ɦɚɪɲɪɭɬɢɡɚɰɢɹ ɧɟ ɜ ɫɨɫɬɨɹɧɢɢ ɪɟɲɢɬɶ ɬɚɤɭɸ ɡɚɞɚɱɭ, ɚ OER ɦɨɠɟɬ 

ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɨɩɪɟɞɟɥɢɬɶ ɩɪɨɛɥɟɦɧɨɟ ɫɨɫɬɨɹɧɢɟ ɢ ɩɟɪɟɩɪɚɜɢɬɶ ɬɪɚɮɢɤ ɱɟɪɟɡ 

ɞɪɭɝɨɣ ɜɵɯɨɞɧɨɣ ɤɚɧɚɥ. 

Ɇɟɯɚɧɢɡɦ OER ɫɨɫɬɨɢɬ ɢɡ ɩɹɬɢ ɲɚɝɨɜ: 

1) OER Profile Phase. ȼɵɛɢɪɚɟɦ ɤɚɤɨɣ ɢɦɟɧɧɨ ɬɪɚɮɢɤ ɦɵ ɛɭɞɟɦ 

ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɩɨɫɤɨɥɶɤɭ ɜ RIB ɦɨɠɟɬ 

ɛɵɬɶ ɦɧɨɝɨ ɜɫɹɤɢɯ ɦɚɪɲɪɭɬɨɜ. ȼɵɛɨɪ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɨɦɛɢɧɚɰɢɢ 

ɞɜɭɯ ɫɩɨɫɨɛɨɜ. ɋ ɩɨɦɨɳɶɸ ɢɡɭɱɟɧɢɹ (learning) ɩɨɬɨɤɨɜ ɬɪɚɮɢɤɚ, ɩɪɨɬɟɤɚɸɳɢɯ 

ɱɟɪɟɡ ɭɫɬɪɨɣɫɬɜɨ, ɜɵɛɢɪɚɸɬɫɹ ɩɨɬɨɤɢ ɫ ɧɚɢɦɟɧɶɲɟɣ ɡɚɞɟɪɠɤɨɣ ɢɥɢ ɫ 

ɧɚɢɜɵɫɲɟɣ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ. ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ (learning) ɢɥɢ ɜɦɟɫɬɨ 

ɧɟɝɨ, ɦɨɠɧɨ ɫɤɨɧɮɢɝɭɪɢɪɨɜɚɬɶ ɤɥɚɫɫ ɬɪɚɮɢɤɚ ɜɪɭɱɧɭɸ. 

2) OER Measure Phase. Ɉɩɪɟɞɟɥɢɜɲɢɫɶ ɫ ɤɥɚɫɫɚɦɢ ɬɪɚɮɢɤɚ, ɧɭɠɧɨ 

ɨɩɪɟɞɟɥɢɬɶ ɦɟɬɪɢɤɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ 

ɷɬɢɯ ɤɥɚɫɫɨɜ. Ⱦɥɹ ɷɬɨɝɨ ɟɫɬɶ ɞɜɚ ɦɟɯɚɧɢɡɦɚ: ɚɤɬɢɜɧɵɣ ɦɨɧɢɬɨɪɢɧɝ ɢ ɩɚɫɫɢɜɧɵɣ 

ɦɨɧɢɬɨɪɢɧɝ, ɢɯ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢ ɨɛɚ ɫɪɚɡɭ.  ɉɚɫɫɢɜɧɵɣ ɦɨɧɢɬɨɪɢɧɝ - 

ɢɡɦɟɪɟɧɢɟ ɦɟɬɪɢɤ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɨɬɨɤɚ ɬɪɚɮɢɤɚ ɜɨ ɜɪɟɦɹ ɟɝɨ 

ɩɪɨɯɨɠɞɟɧɢɹ ɱɟɪɟɡ ɭɫɬɪɨɣɫɬɜɨ. Ɋɚɛɨɬɚɟɬ ɧɟ ɞɥɹ ɜɫɟɯ ɤɥɚɫɫɨɜ ɬɪɚɮɢɤɚ ɢ ɧɟ ɞɥɹ 

ɜɫɟɯ ɭɫɬɪɨɣɫɬɜ ɢ ɧɟ ɞɥɹ ɜɫɟɯ ɜɟɪɫɢɣ IOS. Ⱥɤɬɢɜɧɵɣ ɦɨɧɢɬɨɪɢɧɝ ɮɚɤɬɢɱɟɫɤɢ 

ɫɨɫɬɨɢɬ ɜ ɝɟɧɟɪɚɰɢɢ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɬɪɚɮɢɤɚ ɞɥɹ ɷɦɭɥɹɰɢɢ ɚɤɬɢɜɧɨɫɬɢ ɞɚɧɧɨɝɨ 

ɤɥɚɫɫɚ. Ɇɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢ ɨɛɚ ɬɢɩɚ ɦɨɧɢɬɨɪɢɧɝɚ ɫɪɚɡɭ. ɉɚɫɫɢɜɧɵɣ ɦɨɠɟɬ 

ɨɛɧɚɪɭɠɢɜɚɬɶ ɜɵɯɨɞ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɤɥɚɫɫɚ ɬɪɚɮɢɤɚ   ɢɡ ɞɨɩɭɫɬɢɦɵɯ 

ɝɪɚɧɢɰ, ɚ ɚɤɬɢɜɧɵɣ — ɞɥɹ ɩɨɢɫɤɚ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɩɭɬɢ, ɟɫɥɢ ɬɚɤɨɜɨɣ ɢɦɟɟɬɫɹ. 

3) OER Apply Policy Phase. ɉɨɫɥɟ ɫɛɨɪɚ ɦɟɬɪɢɤ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɞɥɹ 

ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ, OER ɫɪɚɜɧɢɜɚɟɬ ɷɬɢ ɪɟɡɭɥɶɬɚɬɵ ɫ ɧɚɛɨɪɨɦ ɝɪɚɧɢɱɧɵɯ ɡɧɚɱɟɧɢɣ 

ɞɥɹ ɤɚɠɞɨɣ ɦɟɬɪɢɤɢ. ȿɫɥɢ ɤɚɤɚɹ-ɬɨ ɦɟɬɪɢɤɚ, ɚ ɡɧɚɱɢɬ ɢ ɩɨɥɢɬɢɤɚ, ɜɵɯɨɞɢɬ ɡɚ 
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ɝɪɚɧɢɱɧɵɟ ɡɧɚɱɟɧɢɹ - ɩɪɨɢɫɯɨɞɢɬ ɫɨɛɵɬɢɟ  Out-of-Policy (OOP). Ⱦɚɧɧɵɟ 

ɫɪɚɜɧɢɜɚɸɬɫɹ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ: ɥɢɛɨ ɤɚɤ ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɫɪɟɞɧɟɝɨ, ɥɢɛɨ ɤɚɤ 

ɜɵɯɨɞ ɡɚ ɝɪɚɧɢɰɭ. ȼɨɡɦɨɠɧɨ ɢ ɬɨ, ɢ ɞɪɭɝɨɟ ɫɪɚɡɭ. ȼ OER ɫɭɳɟɫɬɜɭɟɬ ɞɜɚ ɜɢɞɚ 

ɩɨɥɢɬɢɤ. ɉɨɥɢɬɢɤɢ ɤɥɚɫɫɨɜ ɬɪɚɮɢɤɚ (traffic class policies) - ɫɨɡɞɚɸɬɫɹ ɞɥɹ 

ɩɪɟɮɢɤɫɨɜ ɢɥɢ ɞɥɹ ɩɪɢɥɨɠɟɧɢɣ. ɉɨɥɢɬɢɤɢ ɥɢɧɤɨɜ (link policies) - ɫɨɡɞɚɸɬɫɹ 

ɞɥɹ ɜɵɯɨɞɨɜ ɡɚ ɝɪɚɧɢɰɭ ɫɟɬɢ. Ɉɛɚ ɬɢɩɚ ɩɨɥɢɬɢɤ ɨɩɪɟɞɟɥɹɸɬ ɤɪɢɬɟɪɢɢ ɞɥɹ 

ɝɟɧɟɪɚɰɢɢ ɫɨɛɵɬɢɹ OOP. ɉɨɥɢɬɢɤɢ ɩɪɢɦɟɧɹɸɬɫɹ ɝɥɨɛɚɥɶɧɨ (ɞɥɹ ɜɫɟɯ ɤɥɚɫɫɨɜ 

ɬɪɚɮɢɤɚ) ɢɥɢ ɥɨɤɚɥɶɧɨ (ɬɨɥɶɤɨ ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɤɥɚɫɫɨɜ). ȼ ɫɥɭɱɚɟ ɦɧɨɠɟɫɬɜɚ 

ɩɨɥɢɬɢɤ, ɦɟɬɪɢɤ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɫɩɨɫɨɛɨɜ ɧɚɡɧɚɱɟɧɢɹ ɷɬɢɯ ɩɨɥɢɬɢɤ 

ɤɥɚɫɫɚɦ, ɫɭɳɟɫɬɜɭɟɬ ɦɟɯɚɧɢɡɦ ɪɚɡɪɟɲɟɧɢɹ ɤɨɧɮɥɢɤɬɨɜ ɦɟɠɞɭ ɩɨɥɢɬɢɤɚɦɢ. ɗɬɨ 

ɞɟɥɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɦɟɯɚɧɢɡɦɚ ɩɪɢɨɪɢɬɟɬɨɜ. 

4) OER Control Phase. ȼ ɷɬɨɣ ɮɚɡɟ OER, ɟɳɟ ɟɟ ɧɚɡɵɜɚɸɬ «ɮɚɡɚ ɭɫɢɥɟɧɢɹ» 

(enforce phase), ɬɪɚɮɢɤ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. 

ɋɩɨɫɨɛ ɷɬɨɝɨ ɤɨɧɬɪɨɥɹ ɡɚɜɢɫɢɬ ɨɬ ɫɩɨɫɨɛɚ ɡɚɞɚɧɢɹ ɤɥɚɫɫɚ ɬɪɚɮɢɤɚ. ȿɫɥɢ ɤɥɚɫɫ 

ɬɪɚɮɢɤɚ ɡɚɞɚɧ ɬɨɥɶɤɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɟɮɢɤɫɚ - ɛɭɞɟɬ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɚ 

ɢɧɮɨɪɦɚɰɢɹ ɨ ɞɨɫɬɢɠɢɦɨɫɬɢ ɩɪɟɮɢɤɫɚ. ȿɫɥɢ ɤɥɚɫɫ ɬɪɚɮɢɤɚ ɡɚɞɚɧ 

ɩɪɢɥɨɠɟɧɢɟɦ, ɬ.ɟ. ɩɪɟɮɢɤɫɨɦ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ, OER ɭɠɟ ɧɟ 

ɫɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ         ɨɛɵɱɧɵɣ ɩɪɨɬɨɤɨɥ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɢ ɡɞɟɫɶ ɭɠɟ ɧɚ 

ɩɨɦɨɳɶ ɩɪɢɞɟɬ PBR. 

5) OER Verify Phase. ȼ ɷɬɨɣ ɮɚɡɟ, ɟɫɥɢ ɤɥɚɫɫ ɬɪɚɮɢɤɚ ɜɵɲɟɥ ɡɚ ɝɪɚɧɢɰɵ, 

ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɟ ɩɨɥɢɬɢɤɨɣ (OOP), OER ɧɚɱɢɧɚɟɬ ɜɦɟɲɢɜɚɬɶɫɹ ɫ ɰɟɥɶɸ 

ɩɨɜɥɢɹɬɶ ɧɚ ɬɪɚɮɢɤ ɷɬɨɝɨ ɤɥɚɫɫɚ. ɉɨɫɥɟ ɜɦɟɲɚɬɟɥɶɫɬɜɚ OER ɭɞɨɫɬɨɜɟɪɹɟɬɫɹ, 

ɱɬɨ ɨɩɬɢɦɢɡɢɪɭɟɦɵɣ ɬɪɚɮɢɤ ɢɫɩɨɥɶɡɭɟɬ ɬɨɬ (gateway), ɤɨɬɨɪɵɣ ɧɭɠɟɧ. ȿɫɥɢ 

ɩɨɫɥɟ ɷɬɨɝɨ ɬɪɚɮɢɤɭ ɥɭɱɲɟ ɧɟ ɫɬɚɥɨ, ɬɨ OER ɨɬɦɟɧɢɬ ɢɡɦɟɧɟɧɢɹ ɢ ɩɨɜɬɨɪɢɬ 

ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɮɚɡɵ ɫɧɚɱɚɥɚ. 

Ʉɨɦɩɨɧɟɧɬɵ ɫɟɬɢ ɩɨɞ ɭɩɪɚɜɥɟɧɢɟɦ OER: 

OER Master Controller (Ɇɋ).  Ɇɚɪɲɪɭɬɢɡɚɬɨɪ, ɤɨɨɪɞɢɧɢɪɭɸɳɢɣ ɪɚɛɨɬɭ 

OER ɩɨ ɜɫɟɣ ɫɟɬɢ. Ɇɨɠɟɬ ɜɵɩɨɥɧɹɬɶ ɬɨɥɶɤɨ ɷɬɭ ɮɭɧɤɰɢɸ, ɦɨɠɟɬ ɬɚɤ ɠɟ ɛɵɬɶ 

ɩɨɝɪɚɧɢɱɧɵɦ ɪɨɭɬɟɪɨɦ (BR). Master ɧɚɛɥɸɞɚɟɬ ɡɚ ɢɫɯɨɞɹɳɢɦ ɬɪɚɮɢɤɨɦ ɫ 

ɩɨɦɨɳɶɸ ɩɚɫɫɢɜɧɨɝɨ ɢɥɢ ɚɤɬɢɜɧɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɢ ɩɪɢɦɟɧɹɟɬ ɤ ɷɬɢɦ ɩɨɬɨɤɚɦ 
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ɢɦɟɸɳɢɟɫɹ ɩɨɥɢɬɢɤɢ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɦɚɪɲɪɭɬɢɡɚɰɢɢ, ɹɜɥɹɹɫɶ ɩɨ ɫɭɬɢ 

ɰɟɧɬɪɨɦ ɭɩɪɚɜɥɟɧɢɹ ɞɥɹ ɜɫɟɯ (BR). 

OER Border Router (BR). Ƚɪɚɧɢɱɧɵɣ ɦɚɪɲɪɭɬɢɡɚɬɨɪ c ɨɞɧɢɦ ɢɥɢ 

ɧɟɫɤɨɥɶɤɢɦɢ ɥɢɧɤɚɦɢ ɤ ɩɪɨɜɚɣɞɟɪɚɦ. ɂɦɟɧɧɨ ɧɚ ɧɟɦ ɜɫɟ ɢɡɦɟɧɟɧɢɹ, ɩɪɢɧɹɬɵɟ 

MC, ɜɧɟɞɪɹɸɬɫɹ ɜ ɠɢɡɧɶ. BR ɬɨɠɟ ɭɱɚɫɬɜɭɟɬ ɜ ɦɨɧɢɬɨɪɢɧɝɟ, ɫɨɨɛɳɚɹ ɞɚɧɧɵɟ 

MC. BR ɦɨɠɟɬ ɛɵɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨ ɢ MC. 

OER-Managed Network Interfaces. Ɍɨ, ɱɟɦ ɭɩɪɚɜɥɹɟɬ OER. ɋɟɬɶ ɩɨɞ 

ɭɩɪɚɜɥɟɧɢɟɦ OER ɞɨɥɠɧɚ ɢɦɟɬɶ ɤɚɤ ɦɢɧɢɦɭɦ ɞɜɚ ɢɫɯɨɞɹɳɢɯ ɢɧɬɟɪɮɟɣɫɚ ɞɥɹ 

ɬɪɚɮɢɤɚ, ɬɟɤɭɳɟɝɨ ɧɚɪɭɠɭ. ɇɚ ɤɚɠɞɨɦ BR ɬɚɤ ɠɟ ɞɨɥɠɟɧ ɛɵɬɶ ɯɨɬɹ ɛɵ ɨɞɢɧ 

ɢɧɬɟɪɮɟɣɫ, ɞɨɫɬɢɠɢɦɵɣ ɢɡ ɜɧɭɬɪɟɧɧɟɣ ɫɟɬɢ, ɱɬɨɛɵ ɟɝɨ ɦɨɠɧɨ ɛɵɥɨ ɩɨɦɟɬɢɬɶ 

ɤɚɤ «internal» ɞɥɹ ɩɚɫɫɢɜɧɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ. ɂ ɟɫɬɶ ɟɳɟ ɥɨɤɚɥɶɧɵɣ ɢɧɬɟɪɮɟɣɫ 

(local) ɞɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ MC ɢ BR [7]. 

Ɉɱɟɜɢɞɧɨ ɱɬɨ ɦɟɯɚɧɢɡɦ ɪɚɛɨɬɵ ɷɬɨɣ ɬɟɯɧɨɥɨɝɢɢ ɧɟ ɩɪɨɫɬ. ɇɨ ɨɧ ɹɜɥɹɟɬɫɹ 

ɧɨɜɨɣ ɫɬɭɩɟɧɶɸ ɪɚɡɜɢɬɢɹ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɦɚɪɲɪɭɬɢɡɚɰɢɢ. Ɉɧ ɩɨɡɜɨɥɹɟɬ 

ɞɨɛɚɜɢɬɶ ɚɜɬɨɦɚɬɢɡɚɰɢɸ ɜ ɩɪɨɰɟɫɫ ɭɩɪɚɜɥɟɧɢɹ ɩɟɪɟɞɚɱɟɣ ɬɪɚɮɢɤɚ, 

ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɸ ɧɚɞɟɠɧɨɫɬɢ ɢ ɨɬɤɚɡɨɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɫɟɬɹɯ ɫ 

ɢɡɛɵɬɨɱɧɨɣ ɬɨɩɨɥɨɝɢɟɣ. 

 

1.6 SDN, ɬɟɯɧɨɥɨɝɢɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɭɩɪɚɜɥɟɧɢɹ ɋɉȾ. 

Ɇɨɠɧɨ ɜɵɞɟɥɢɬɶ ɫɥɟɞɭɸɳɢɟ ɩɪɨɛɥɟɦɵ ɫɨɜɪɟɦɟɧɧɵɯ ɤɨɦɩɶɸɬɟɪɧɵɯ 

ɫɟɬɟɣ. ɇɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɟ ɩɪɨɛɥɟɦɵ - ɫɟɝɨɞɧɹ ɧɟɜɨɡɦɨɠɧɨ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɢ 

ɧɚɞɟɠɧɨ ɩɪɟɞɜɢɞɟɬɶ ɩɨɜɟɞɟɧɢɟ ɬɚɤɢɯ ɫɥɨɠɧɵɯ ɨɛɴɟɤɬɨɜ, ɤɚɤ ɝɥɨɛɚɥɶɧɵɟ 

ɤɨɦɩɶɸɬɟɪɧɵɟ ɫɟɬɢ. ɗɤɨɧɨɦɢɱɟɫɤɢɟ - ɫɟɬɢ ɞɨɪɨɝɢ, ɫɥɨɠɧɵ ɢ ɬɪɟɛɭɸɬ ɞɥɹ 

ɫɜɨɟɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɜɵɫɨɤɨɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɵɯ ɫɩɟɰɢɚɥɢɫɬɨɜ. ɉɪɨɛɥɟɦɵ 

ɪɚɡɜɢɬɢɹ - ɜ ɚɪɯɢɬɟɤɬɭɪɟ ɫɨɜɪɟɦɟɧɧɵɯ ɫɟɬɟɣ ɢɦɟɸɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɟ ɛɚɪɶɟɪɵ 

ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɢɪɨɜɚɧɢɹ ɢ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ ɫɟɪɜɢɫɨɜ. 

Ɉɬɜɟɬɨɦ ɧɚ ɤɪɢɡɢɫ ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɟɬɟɣ ɫɬɚɥɨ ɩɨɹɜɥɟɧɢɟ ɩɪɢɧɰɢɩɢɚɥɶɧɨ 

ɧɨɜɨɝɨ ɩɨɞɯɨɞɚ ɤ ɢɯ ɩɨɫɬɪɨɟɧɢɸ - ɩɪɨɝɪɚɦɦɧɨ-ɤɨɧɮɢɝɭɪɢɪɭɟɦɵɟ ɫɟɬɢ (SDN). 

ȼ SDN ɭɪɨɜɧɢ ɭɩɪɚɜɥɟɧɢɹ ɫɟɬɶɸ ɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɪɚɡɞɟɥɹɸɬɫɹ ɡɚ ɫɱɟɬ 
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ɩɟɪɟɧɨɫɚ ɮɭɧɤɰɢɣ ɭɩɪɚɜɥɟɧɢɹ (ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɦɢ, ɤɨɦɦɭɬɚɬɨɪɚɦɢ ɢ ɬ. ɩ.) ɜ 

ɩɪɢɥɨɠɟɧɢɹ, ɪɚɛɨɬɚɸɳɢɟ ɧɚ ɨɬɞɟɥɶɧɨɦ ɫɟɪɜɟɪɟ (ɤɨɧɬɪɨɥɥɟɪɟ). 

 

Ɋɢɫɭɧɨɤ 4. ― Ⱥɪɯɢɬɟɤɬɭɪɚ SDN 

 

Ɉɫɧɨɜɧɵɟ ɢɞɟɢ SDN: Ɋɚɡɞɟɥɟɧɢɟ ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɞɚɱɢ ɢ ɭɩɪɚɜɥɟɧɢɹ 

ɞɚɧɧɵɦɢ; ȿɞɢɧɵɣ, ɭɧɢɮɢɰɢɪɨɜɚɧɧɵɣ, ɧɟɡɚɜɢɫɹɳɢɣ ɨɬ ɩɨɫɬɚɜɳɢɤɚ ɢɧɬɟɪɮɟɣɫ 

ɦɟɠɞɭ ɭɪɨɜɧɟɦ ɭɩɪɚɜɥɟɧɢɹ ɢ ɭɪɨɜɧɟɦ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ; Ʌɨɝɢɱɟɫɤɢ 

ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɫɟɬɶɸ, ɨɫɭɳɟɫɬɜɥɹɟɦɨɟ ɫ ɩɨɦɨɳɶɸ ɤɨɧɬɪɨɥɥɟɪɚ 

ɫ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɫɟɬɟɜɨɣ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɨɣ ɢ ɪɟɚɥɢɡɨɜɚɧɧɵɦɢ ɩɨɜɟɪɯ 

ɫɟɬɟɜɵɦɢ ɩɪɢɥɨɠɟɧɢɹɦɢ; ȼɢɪɬɭɚɥɢɡɚɰɢɹ ɮɢɡɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɫɟɬɢ. 

ȼ ɚɪɯɢɬɟɤɬɭɪɟ SDN ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɬɪɢ ɭɪɨɜɧɹ: 

1) ɂɧɮɪɚɫɬɪɭɤɬɭɪɧɵɣ ɭɪɨɜɟɧɶ, ɩɪɟɞɨɫɬɚɜɥɹɸɳɢɣ ɧɚɛɨɪ ɫɟɬɟɜɵɯ 

ɭɫɬɪɨɣɫɬɜ (ɤɨɦɦɭɬɚɬɨɪɨɜ ɢ ɤɚɧɚɥɨɜ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ); 

2) ɍɪɨɜɟɧɶ ɭɩɪɚɜɥɟɧɢɹ, ɜɤɥɸɱɚɸɳɢɣ ɜ ɫɟɛɹ ɫɟɬɟɜɭɸ ɨɩɟɪɚɰɢɨɧɧɭɸ 

ɫɢɫɬɟɦɭ, ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɢɥɨɠɟɧɢɹɦ ɫɟɬɟɜɵɟ ɫɟɪɜɢɫɵ ɢ ɩɪɨɝɪɚɦɦɧɵɣ 

ɢɧɬɟɪɮɟɣɫ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɫɟɬɟɜɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ ɢ ɫɟɬɶɸ; 

3) ɍɪɨɜɟɧɶ ɫɟɬɟɜɵɯ ɩɪɢɥɨɠɟɧɢɣ ɞɥɹ ɝɢɛɤɨɝɨ ɢ ɷɮɮɟɤɬɢɜɧɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɫɟɬɶɸ. 
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ɇɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɢ ɚɤɬɢɜɧɨ ɪɚɡɜɢɜɚɸɳɢɦɫɹ ɫɬɚɧɞɚɪɬɨɦ ɞɥɹ SDN 

ɹɜɥɹɟɬɫɹ OpenFlow  -  ɨɬɤɪɵɬɵɣ ɫɬɚɧɞɚɪɬ, ɜ ɤɨɬɨɪɨɦ ɨɩɢɫɵɜɚɸɬɫɹ ɬɪɟɛɨɜɚɧɢɹ, 

ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɤɨɦɦɭɬɚɬɨɪɭ, ɩɨɞɞɟɪɠɢɜɚɸɳɟɦɭ ɩɪɨɬɨɤɨɥ OpenFlow ɞɥɹ 

ɭɞɚɥɟɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. 

ɋɨɝɥɚɫɧɨ ɫɩɟɰɢɮɢɤɚɰɢɢ ɫɬɚɧɞɚɪɬɚ OpenFlow, ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 

ɤɨɧɬɪɨɥɥɟɪɚ ɫ ɤɨɦɦɭɬɚɬɨɪɨɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɩɪɨɬɨɤɨɥɚ OpenFlow 

- ɤɚɠɞɵɣ ɤɨɦɦɭɬɚɬɨɪ ɞɨɥɠɟɧ ɫɨɞɟɪɠɚɬɶ ɨɞɧɭ ɢɥɢ ɛɨɥɟɟ ɬɚɛɥɢɰ ɩɨɬɨɤɨɜ (flow 

tables), ɝɪɭɩɩɨɜɭɸ ɬɚɛɥɢɰɭ (group table) ɢ ɩɨɞɞɟɪɠɢɜɚɬɶ ɤɚɧɚɥ (OpenFlow 

channel) ɞɥɹ ɫɜɹɡɢ ɫ ɭɞɚɥɟɧɧɵɦ ɤɨɧɬɪɨɥɥɟɪɨɦ - ɫɟɪɜɟɪɨɦ. ɋɩɟɰɢɮɢɤɚɰɢɹ ɧɟ 

ɪɟɝɥɚɦɟɧɬɢɪɭɟɬ ɚɪɯɢɬɟɤɬɭɪɭ ɤɨɧɬɪɨɥɥɟɪɚ ɢ API ɞɥɹ ɟɝɨ ɩɪɢɥɨɠɟɧɢɣ. Ʉɚɠɞɚɹ 

ɬɚɛɥɢɰɚ ɩɨɬɨɤɨɜ ɜ ɤɨɦɦɭɬɚɬɨɪɟ ɫɨɞɟɪɠɢɬ ɧɚɛɨɪ ɡɚɩɢɫɟɣ (flow entries) ɨ ɩɨɬɨɤɚɯ 

ɢɥɢ ɩɪɚɜɢɥɚ. Ʉɚɠɞɚɹ ɬɚɤɚɹ ɡɚɩɢɫɶ ɫɨɫɬɨɢɬ ɢɡ ɩɨɥɟɣ-ɩɪɢɡɧɚɤɨɜ (match fields), 

ɫɱɟɬɱɢɤɨɜ (counters) ɢ ɧɚɛɨɪɚ ɢɧɫɬɪɭɤɰɢɣ (instructions). 

Ɇɟɯɚɧɢɡɦ ɪɚɛɨɬɵ ɤɨɦɦɭɬɚɬɨɪɚ OpenFlow ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬ. Ʉɨɝɞɚ ɧɚ 

ɤɨɦɦɭɬɚɬɨɪ ɩɪɢɯɨɞɢɬ ɩɚɤɟɬ, ɜ ɬɚɛɥɢɰɚɯ ɩɨɬɨɤɨɜ, ɢɳɟɬɫɹ ɩɪɚɜɢɥɨ, ɭ ɤɨɬɨɪɨɝɨ 

ɩɨɥɟ ɩɪɢɡɧɚɤɨɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɚɝɨɥɨɜɤɭ ɩɚɤɟɬɚ. ɉɪɢ ɧɚɥɢɱɢɢ ɫɨɜɩɚɞɟɧɢɹ, ɧɚɞ 

ɩɚɤɟɬɨɦ ɜɵɩɨɥɧɹɸɬɫɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɧɚɛɨɪɨɦ ɢɧɫɬɪɭɤɰɢɣ, 

ɭɤɚɡɚɧɧɵɯ ɜ ɧɚɣɞɟɧɧɨɦ ɩɪɚɜɢɥɟ. ȿɫɥɢ ɧɭɠɧɨɝɨ ɩɪɚɜɢɥɚ ɜ ɬɚɛɥɢɰɟ ɧɟ 

ɨɛɧɚɪɭɠɟɧɨ, ɬɨ ɩɚɤɟɬ ɢɧɤɚɩɫɭɥɢɪɭɟɬɫɹ ɢ ɨɬɩɪɚɜɥɹɟɬɫɹ ɤɨɧɬɪɨɥɥɟɪɭ, ɤɨɬɨɪɵɣ 

ɮɨɪɦɢɪɭɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɩɪɚɜɢɥɨ ɞɥɹ ɩɚɤɟɬɨɜ ɞɚɧɧɨɝɨ ɬɢɩɚ ɢ 

ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɟɝɨ ɧɚ ɤɨɦɦɭɬɚɬɨɪɟ, ɥɢɛɨ ɩɚɤɟɬ ɦɨɠɟɬ ɛɵɬɶ ɫɛɪɨɲɟɧ. 

ɍɩɪɚɜɥɟɧɢɟ ɞɚɧɧɵɦɢ ɜ OpenFlow ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɟ ɧɚ ɭɪɨɜɧɟ ɨɬɞɟɥɶɧɵɯ 

ɩɚɤɟɬɨɜ, ɚ ɧɚ ɭɪɨɜɧɟ ɢɯ ɩɨɬɨɤɨɜ. ɉɪɚɜɢɥɨ ɜ ɤɨɦɦɭɬɚɬɨɪɟ OpenFlow 

ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫ ɭɱɚɫɬɢɟɦ ɤɨɧɬɪɨɥɥɟɪɚ ɬɨɥɶɤɨ ɞɥɹ ɩɟɪɜɨɝɨ ɩɚɤɟɬɚ, ɚ ɡɚɬɟɦ ɜɫɟ 

ɨɫɬɚɥɶɧɵɟ ɩɚɤɟɬɵ ɩɨɬɨɤɚ ɟɝɨ ɢɫɩɨɥɶɡɭɸɬ. 

Ʌɨɝɢɱɟɫɤɢ-ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɞɚɧɧɵɦɢ ɜ ɫɟɬɢ ɩɪɟɞɩɨɥɚɝɚɟɬ 

ɜɵɧɟɫɟɧɢɟ ɜɫɟɯ ɮɭɧɤɰɢɣ ɭɩɪɚɜɥɟɧɢɹ ɫɟɬɶɸ ɧɚ ɨɬɞɟɥɶɧɵɣ ɮɢɡɢɱɟɫɤɢɣ ɫɟɪɜɟɪ, 

ɧɚɡɵɜɚɟɦɵɣ ɤɨɧɬɪɨɥɥɟɪɨɦ, ɤɨɬɨɪɵɣ ɧɚɯɨɞɢɬɫɹ ɜ ɜɟɞɟɧɢɢ ɚɞɦɢɧɢɫɬɪɚɬɨɪɚ ɫɟɬɢ. 

Ʉɨɧɬɪɨɥɥɟɪ ɦɨɠɟɬ ɭɩɪɚɜɥɹɬɶ ɤɚɤ ɨɞɧɢɦ, ɬɚɤ ɢ ɧɟɫɤɨɥɶɤɢɦɢ OpenFlow-

ɤɨɦɦɭɬɚɬɨɪɚɦɢ ɢ ɫɨɞɟɪɠɢɬ ɫɟɬɟɜɭɸ ɨɩɟɪɚɰɢɨɧɧɭɸ ɫɢɫɬɟɦɭ (ɋɈɋ), 
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ɩɪɟɞɨɫɬɚɜɥɹɸɳɭɸ ɫɟɬɟɜɵɟ ɫɟɪɜɢɫɵ ɩɨ ɧɢɡɤɨɭɪɨɜɧɟɜɨɦɭ ɭɩɪɚɜɥɟɧɢɸ ɫɟɬɶɸ, 

ɫɟɝɦɟɧɬɚɦɢ ɫɟɬɢ ɢ ɫɨɫɬɨɹɧɢɟɦ ɫɟɬɟɜɵɯ ɷɥɟɦɟɧɬɨɜ, ɚ ɬɚɤɠɟ ɩɪɢɥɨɠɟɧɢɹ, 

ɨɫɭɳɟɫɬɜɥɹɸɳɢɟ ɜɵɫɨɤɨɭɪɨɜɧɟɜɨɟ ɭɩɪɚɜɥɟɧɢɟ ɫɟɬɶɸ ɢ ɩɨɬɨɤɚɦɢ ɞɚɧɧɵɯ. ȼ 

ɤɚɠɞɨɦ ɤɨɧɬɪɨɥɥɟɪɟ ɢɦɟɟɬɫɹ ɯɨɬɹ ɛɵ ɨɞɧɨ ɩɪɢɥɨɠɟɧɢɟ, ɤɨɬɨɪɨɟ ɭɩɪɚɜɥɹɟɬ 

ɤɨɦɦɭɬɚɬɨɪɚɦɢ, ɫɨɟɞɢɧɟɧɧɵɦɢ ɫ ɷɬɢɦ ɤɨɧɬɪɨɥɥɟɪɨɦ, ɢ ɮɨɪɦɢɪɭɟɬ 

ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɬɨɩɨɥɨɝɢɢ ɮɢɡɢɱɟɫɤɨɣ ɫɟɬɢ, ɧɚɯɨɞɹɳɟɣɫɹ ɩɨɞ ɭɩɪɚɜɥɟɧɢɟɦ 

ɤɨɧɬɪɨɥɥɟɪɚ, ɬɟɦ ɫɚɦɵɦ ɰɟɧɬɪɚɥɢɡɭɹ ɭɩɪɚɜɥɟɧɢɟ. ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɬɨɩɨɥɨɝɢɢ 

ɫɟɬɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɬɨɩɨɥɨɝɢɸ ɤɨɦɦɭɬɚɬɨɪɨɜ, ɪɚɫɩɨɥɨɠɟɧɢɟ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɢ 

ɯɨɫɬɨɜ ɢ ɞɪɭɝɢɯ ɷɥɟɦɟɧɬɨɜ ɢ ɫɟɪɜɢɫɨɜ ɫɟɬɢ. ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɬɚɤɠɟ ɜɤɥɸɱɚɟɬ ɜ 

ɫɟɛɹ ɩɪɢɜɹɡɤɭ ɦɟɠɞɭ ɢɦɟɧɚɦɢ ɢ ɚɞɪɟɫɚɦɢ, ɩɨɷɬɨɦɭ ɨɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɡɚɞɚɱ, 

ɪɟɲɚɟɦɵɯ ɋɈɋ, ɹɜɥɹɟɬɫɹ ɩɨɫɬɨɹɧɧɵɣ ɦɨɧɢɬɨɪɢɧɝ ɫɟɬɢ. 

Ɉɞɧɚ ɢɡ ɢɞɟɣ, ɚɤɬɢɜɧɨ ɪɚɡɜɢɜɚɟɦɚɹ ɜ ɪɚɦɤɚɯ SDN,- ɷɬɨ ɜɢɪɬɭɚɥɢɡɚɰɢɹ 

ɫɟɬɟɣ ɫ ɰɟɥɶɸ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɟɬɟɜɵɯ ɪɟɫɭɪɫɨɜ. ɉɨɞ 

ɜɢɪɬɭɚɥɢɡɚɰɢɟɣ ɫɟɬɢ ɩɨɧɢɦɚɟɬɫɹ ɢɡɨɥɹɰɢɹ ɫɟɬɟɜɨɝɨ ɬɪɚɮɢɤɚ - ɝɪɭɩɩɢɪɨɜɚɧɢɟ 

(ɦɭɥɶɬɢɩɥɟɤɫɢɪɨɜɚɧɢɟ) ɧɟɫɤɨɥɶɤɢɯ ɩɨɬɨɤɨɜ ɞɚɧɧɵɯ ɫ ɪɚɡɥɢɱɧɵɦɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɜ ɪɚɦɤɚɯ ɨɞɧɨɣ ɥɨɝɢɱɟɫɤɨɣ ɫɟɬɢ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɪɚɡɞɟɥɹɬɶ 

ɟɞɢɧɭɸ ɮɢɡɢɱɟɫɤɭɸ ɫɟɬɶ ɫ ɞɪɭɝɢɦɢ ɥɨɝɢɱɟɫɤɢɦɢ ɫɟɬɹɦɢ ɢɥɢ ɫɟɬɟɜɵɦɢ ɫɪɟɡɚɦɢ 

(network slices). Ʉɚɠɞɵɣ ɬɚɤɨɣ ɫɪɟɡ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɜɨɸ ɚɞɪɟɫɚɰɢɸ, ɫɜɨɢ 

ɚɥɝɨɪɢɬɦɵ ɦɚɪɲɪɭɬɢɡɚɰɢɢ, ɭɩɪɚɜɥɟɧɢɹ ɤɚɱɟɫɬɜɨɦ ɫɟɪɜɢɫɨɜ ɢ ɬ.ɞ. 

 ȼɢɪɬɭɚɥɢɡɚɰɢɹ ɫɟɬɢ ɩɨɡɜɨɥɹɟɬ: ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɫɟɬɟɜɵɯ ɪɟɫɭɪɫɨɜ ɢ ɫɛɚɥɚɧɫɢɪɨɜɚɬɶ ɧɚɝɪɭɡɤɭ ɧɚ ɧɢɯ; ɢɡɨɥɢɪɨɜɚɬɶ ɩɨɬɨɤɢ 

ɪɚɡɧɵɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɢ ɩɪɢɥɨɠɟɧɢɣ ɜ ɪɚɦɤɚɯ ɨɞɧɨɣ ɮɢɡɢɱɟɫɤɨɣ ɫɟɬɢ; 

ɚɞɦɢɧɢɫɬɪɚɬɨɪɚɦ ɪɚɡɧɵɯ ɫɪɟɡɨɜ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɜɨɢ ɩɨɥɢɬɢɤɢ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɢ 

ɩɪɚɜɢɥɚ ɭɩɪɚɜɥɟɧɢɹ ɩɨɬɨɤɚɦɢ ɞɚɧɧɵɯ; ɩɪɨɜɨɞɢɬɶ ɷɤɫɩɟɪɢɦɟɧɬɵ ɜ ɫɟɬɢ, 

ɢɫɩɨɥɶɡɭɹ ɪɟɚɥɶɧɭɸ ɮɢɡɢɱɟɫɤɭɸ ɫɟɬɟɜɭɸ ɢɧɮɪɚɫɬɪɭɤɬɭɪɭ; ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ 

ɤɚɠɞɨɦ ɫɪɟɡɟ ɬɨɥɶɤɨ ɬɟ ɫɟɪɜɢɫɵ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɵ ɤɨɧɤɪɟɬɧɵɦ 

ɩɪɢɥɨɠɟɧɢɹɦ. 

ɉɪɨɝɪɚɦɦɧɵɟ ɫɪɟɞɫɬɜɚ SDN ɩɨɡɜɨɥɹɸɬ ɚɞɦɢɧɢɫɬɪɚɬɨɪɚɦ ɞɨɛɚɜɥɹɬɶ 

ɧɨɜɭɸ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶ ɤ ɭɠɟ ɢɦɟɸɳɟɣɫɹ ɫɟɬɟɜɨɣ ɚɪɯɢɬɟɤɬɭɪɟ. ɇɚ 

ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɦ ɤɨɧɬɪɨɥɥɟɪɟ SDN ɫɢɫɬɟɦɧɵɣ ɚɞɦɢɧɢɫɬɪɚɬɨɪ ɦɨɠɟɬ 
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ɧɚɛɥɸɞɚɬɶ ɜɫɸ ɫɟɬɶ ɜ ɟɞɢɧɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɢ, ɡɚ ɫɱɟɬ ɱɟɝɨ ɩɨɜɵɲɚɸɬɫɹ 

ɭɞɨɛɫɬɜɨ ɭɩɪɚɜɥɟɧɢɹ, ɛɟɡɨɩɚɫɧɨɫɬɶ ɢ ɭɩɪɨɳɚɟɬɫɹ ɜɵɩɨɥɧɟɧɢɟ ɪɹɞɚ ɞɪɭɝɢɯ 

ɡɚɞɚɱ. ɉɪɨɝɪɚɦɦɧɨ-ɤɨɧɮɢɝɭɪɢɪɭɟɦɵɟ ɫɟɬɢ ɨɬɤɪɵɜɚɸɬ ɛɨɥɶɲɢɟ ɜɨɡɦɨɠɧɨɫɬɢ 

ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɛɢɡɧɟɫɚ, ɩɨɡɜɨɥɹɹ ɪɟɲɚɬɶ ɡɚɞɚɱɢ ɩɨɜɵɲɟɧɢɹ 

ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɤɚɧɚɥɨɜ, ɭɩɪɨɳɟɧɢɹ ɭɩɪɚɜɥɟɧɢɹ ɫɟɬɶɸ, 

ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɤɢ, ɩɨɜɵɲɟɧɢɹ ɦɚɫɲɬɚɛɢɪɭɟɦɨɫɬɢ ɫɟɬɢ [8]. 

 

1.7 ȼɵɜɨɞɵ, ɩɥɸɫɵ ɢ ɦɢɧɭɫɵ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ. 
Ɉɫɧɨɜɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ, ɩɪɟɞɴɹɜɥɹɟɦɵɦɢ ɤ ɤɨɪɩɨɪɚɬɢɜɧɨɣ ɫɟɬɢ 

ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɚɹ ɫɤɨɪɨɫɬɶ ɞɨɫɬɭɩɚ ɤ ɨɛɳɢɦ ɪɟɫɭɪɫɚɦ ɢ 

ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ, ɛɟɡ ɩɟɪɟɪɵɜɨɜ 24 ɱɚɫɚ ɜ ɞɟɧɶ, 7 ɞɧɟɣ ɜ ɧɟɞɟɥɸ. ɗɬɢ 

ɬɪɟɛɨɜɚɧɢɹ ɮɨɪɦɢɪɭɸɬɫɹ ɡɚɩɪɨɫɚɦɢ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɋɉȾ, ɞɥɹ ɜɨɡɦɨɠɧɨɫɬɢ 

ɜɵɩɨɥɧɹɬɶ ɫɜɨɢ ɩɨɜɫɟɞɧɟɜɧɵɟ ɡɚɞɚɱɢ. ɉɪɢ ɷɬɨɦ ɧɭɠɧɨ ɭɱɢɬɵɜɚɬɶ ɱɬɨ ɋɉȾ, ɤɚɤ 

ɠɢɜɨɣ ɨɪɝɚɧɢɡɦ ɧɟ ɧɚɯɨɞɢɬɫɹ ɜ ɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɚ ɪɚɡɜɢɜɚɟɬɫɹ, ɪɚɫɬɟɬ ɱɢɫɥɨ 

ɫɟɬɟɜɵɯ ɭɡɥɨɜ, ɞɨɛɚɜɥɹɸɬɫɹ ɧɨɜɵɟ ɫɟɪɜɢɫɵ. ɗɬɨɬ ɪɨɫɬ, ɜ ɢɬɨɝɟ ɩɪɢɜɨɞɢɬ ɤ 

ɦɨɞɟɪɧɢɡɚɰɢɢ ɋɉȾ, ɮɢɡɢɱɟɫɤɨɣ ɡɚɦɟɧɟ ɭɫɬɚɪɟɜɲɢɯ ɭɡɥɨɜ ɢ ɪɟɨɪɝɚɧɢɡɚɰɢɢ 

ɥɨɝɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ, ɩɟɪɟɤɨɧɮɢɝɭɪɢɪɨɜɚɧɢɸ ɫɟɬɟɜɵɯ ɩɪɨɬɨɤɨɥɨɜ. ɗɬɨ 

ɫɥɨɠɧɵɟ ɡɚɞɚɱɢ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ, ɫ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɫɬɪɭɤɬɭɪɧɵɟ ɢɡɦɟɧɟɧɢɹ 

ɧɭɠɧɨ ɩɪɨɜɨɞɢɬɶ ɧɚ ɪɚɛɨɬɚɸɳɟɣ ɫɟɬɢ, ɢ ɩɟɪɟɪɵɜɵ ɫɜɹɡɢ ɞɨɥɠɧɵ ɛɵɬɶ 

ɦɢɧɢɦɚɥɶɧɵ. ɗɬɢɦ ɹ ɯɨɱɭ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɡɚɞɚɱɢ ɥɨɝɢɱɟɫɤɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ 

ɋɉȾ, ɜ ɱɚɫɬɧɨɫɬɢ ɧɚɫɬɪɨɣɤɚ ɩɪɨɬɨɤɨɥɨɜ ɦɚɪɲɪɭɬɢɡɚɰɢɢ, ɞɥɹ ɛɨɥɶɲɢɯ ɫɟɬɟɣ, 

ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɵɣ ɩɪɨɰɟɫɫ. 

ɇɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵɦɢ ɜɧɭɬɪɟɧɧɢɦɢ ɩɪɨɬɨɤɨɥɚɦɢ ɦɚɪɲɪɭɬɢɡɚɰɢɢ (IGP) 

ɹɜɥɹɸɬɫɹ, ɩɪɨɬɨɤɨɥ EIGRP, ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɤɨɦɩɚɧɢɟɣ Cisco ɢ ɩɪɨɬɨɤɨɥ OSPF. 

ɉɪɨɬɨɤɨɥ EIGRP ɢɦɟɟɬ ɫɦɵɫɥ ɪɚɡɜɨɪɚɱɢɜɚɬɶ ɧɚ ɫɟɬɢ ɩɨɫɬɪɨɟɧɧɨɣ 

ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɧɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɯ Cisco, ɩɪɢ ɨɝɪɚɧɢɱɟɧɢɟ ɜ 255 

ɦɚɪɲɪɭɬɢɡɚɬɨɪɨɜ. ɗɬɨ ɞɜɚ ɨɫɧɨɜɧɵɯ ɦɢɧɭɫɚ, ɫɭɠɚɸɳɢɟ ɨɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ 

ɩɪɨɬɨɤɨɥɚ. Ⱥ ɜ ɰɟɥɨɦ ɩɪɨɬɨɤɨɥ ɪɚɛɨɬɚɟɬ ɛɵɫɬɪɨ, ɧɚɞɟɠɧɨ ɢ ɩɪɟɞɨɫɬɚɜɥɹɟɬ 

ɦɟɯɚɧɢɡɦ ɛɚɥɚɧɫɢɪɨɜɤɢ ɬɪɚɮɢɤɚ. ɉɪɨɬɨɤɨɥ OSPF, ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɜɫɟɦɢ 

ɨɫɧɨɜɧɵɦɢ ɩɪɨɢɡɜɨɞɢɬɟɥɹɦɢ ɫɟɬɟɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɇɨɠɟɬ ɭɫɩɟɲɧɨ 
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ɩɪɢɦɟɧɹɬɶɫɹ ɜ ɨɝɪɨɦɧɵɯ ɫɟɬɹɯ, ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɫɬɚɛɢɥɶɧɨɫɬɢ ɪɚɛɨɬɵ ɢɦɟɟɬ 

ɦɟɯɚɧɢɡɦ ɫɟɝɦɟɧɬɚɰɢɢ ɨɛɳɟɝɨ ɞɨɦɟɧɚ ɧɚ ɨɬɞɟɥɶɧɵɟ ɡɨɧɵ. ɇɨ ɩɪɢ ɫɥɨɠɧɨɣ 

ɬɨɩɨɥɨɝɢɢ ɫɟɬɢ ɫ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɭɡɥɨɜ, ɩɨɬɪɟɛɭɟɬ ɨɬ ɦɚɪɲɪɭɬɢɡɚɬɨɪɨɜ 

ɞɥɹ ɯɪɚɧɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ, ɩɨɜɵɲɟɧɧɨɝɨ ɪɚɫɯɨɞɚ ɪɟɫɭɪɫɨɜ ɩɪɨɰɟɫɫɨɪɚ 

ɢ ɩɚɦɹɬɢ. Ɉɫɨɛɟɧɧɨ ɷɬɨ ɚɤɬɭɚɥɶɧɨ ɞɥɹ ɦɚɪɲɪɭɬɢɡɚɬɨɪɨɜ ɮɨɪɦɢɪɭɸɳɢɯ 

ɦɚɝɢɫɬɪɚɥɶ (ɢɥɢ ɡɨɧɭ 0).  

ɉɟɪɟɱɢɫɥɟɧɧɵɟ ɤɥɚɫɫɢɱɟɫɤɢɟ ɩɪɨɬɨɤɨɥɵ, ɩɪɢɦɟɧɹɸɬɫɹ ɩɨɜɫɟɦɟɫɬɧɨ, ɢ 

ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɜɩɨɥɧɟ ɭɫɩɟɲɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɜ ɢɞɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ. Ⱥ ɜɨɬ ɜ 

ɪɟɚɥɶɧɨɣ ɠɢɡɧɢ, ɬɨɩɨɥɨɝɢɢ ɦɨɝɭɬ ɛɵɬɶ ɞɚɥɟɤɢ ɨɬ ɨɩɬɢɦɚɥɶɧɵɯ. Ⱦɥɹ 

ɨɛɟɫɩɟɱɟɧɢɹ ɨɬɤɚɡɨɭɫɬɨɣɱɢɜɨɫɬɢ ɧɭɠɧɨ ɫɬɪɨɢɬɶ ɫɟɬɶ ɫ ɢɡɛɵɬɨɱɧɨɣ ɬɨɩɨɥɨɝɢɟɣ, 

ɤɨɝɞɚ ɭɞɚɥɟɧɧɵɣ ɨɛɴɟɤɬ ɢɦɟɟɬ ɧɟɫɤɨɥɶɤɨ ɤɚɧɚɥɨɜ ɫɜɹɡɢ. ɏɨɪɨɲɨ ɟɫɥɢ 

ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɫɧɨɜɧɨɝɨ ɢ ɪɟɡɟɪɜɧɨɝɨ ɤɚɧɚɥɨɜ ɨɞɢɧɚɤɨɜɚ ɢ 

ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɚ, ɧɨ ɬɚɤ ɛɵɜɚɟɬ ɧɟ ɜɫɟɝɞɚ. Ɂɧɚɱɢɬ ɩɪɢ ɩɟɪɟɯɨɞɟ ɧɚ ɪɟɡɟɪɜɧɵɣ 

ɤɚɧɚɥ, ɛɵɫɬɪɨɟ ɞɜɢɠɟɧɢɟ ɬɪɚɮɢɤɚ ɦɨɠɟɬ ɛɵɬɶ ɨɝɪɚɧɢɱɟɧɨ ɭɡɤɢɦ ɤɚɧɚɥɨɦ. ɂ 

ɬɭɬ ɤɥɚɫɫɢɱɟɫɤɢɣ ɩɪɨɬɨɤɨɥ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɭɠɟ ɧɟ ɜɵɪɭɱɢɬ. ɗɬɨ ɥɢɲɶ ɨɞɢɧ ɢɡ 

ɩɪɢɦɟɪɨɜ, ɤɨɝɞɚ ɪɟɚɥɶɧɚɹ ɬɨɩɨɥɨɝɢɹ ɩɥɨɯɨ ɪɟɚɥɢɡɭɟɬɫɹ ɤɥɚɫɫɢɱɟɫɤɨɣ 

ɦɚɪɲɪɭɬɢɡɚɰɢɟɣ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɧɚ ɩɨɦɨɳɶ ɩɪɢɯɨɞɹɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 

ɩɪɨɬɨɤɨɥɵ ɢ ɬɟɯɧɨɥɨɝɢɢ, ɬɚɤɢɟ ɤɚɤ IP SLA, PBR, OER ɢ ɞɪ. Ɋɚɫɫɦɚɬɪɢɜɚɹ 

ɤɚɠɞɵɣ ɫɥɭɱɚɣ ɢɧɞɢɜɢɞɭɚɥɶɧɨ, ɫ ɢɯ ɩɨɦɨɳɶɸ ɦɨɠɧɨ ɜɧɟɫɬɢ ɜ ɩɪɨɰɟɫɫ 

ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɟɦ ɬɪɚɮɢɤɚ ɷɥɟɦɟɧɬ ɚɜɬɨɦɚɬɢɡɚɰɢɢ. Ʉɨɝɞɚ ɩɪɢ 

ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɩɪɨɝɧɨɡɢɪɭɟɦɨɝɨ ɫɨɛɵɬɢɹ, ɋɉȾ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɬ 

ɜɟɪɧɨɟ ɪɟɲɟɧɢɟ, ɜɵɛɢɪɚɟɬ ɥɭɱɲɢɣ ɩɭɬɶ ɞɥɹ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɬɪɚɮɢɤɚ, ɛɟɡ 

ɜɦɟɲɚɬɟɥɶɫɬɜɚ ɚɞɦɢɧɢɫɬɪɚɬɨɪɚ. Ɇɢɧɭɫɨɦ ɬɚɤɨɝɨ ɩɨɞɯɨɞɚ ɹɜɥɹɟɬɫɹ ɬɪɟɛɨɜɚɧɢɟ 

ɜɵɫɨɤɨɣ ɤɜɚɥɢɮɢɤɚɰɢɢ ɩɟɪɫɨɧɚɥɚ ɜɵɩɨɥɧɹɸɳɟɝɨ ɧɚɫɬɪɨɣɤɭ ɋɉȾ, ɨɬɫɸɞɚ 

ɜɨɡɦɨɠɧɨ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɨɲɢɛɨɤ, ɩɪɢɱɟɦ ɨɲɢɛɤɢ ɦɨɝɭɬ ɩɪɨɹɜɢɬɶ ɫɟɛɹ ɧɟ 

ɫɪɚɡɭ, ɚ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɋɉȾ, ɬ.ɤ ɱɟɥɨɜɟɤ ɧɟ ɦɚɲɢɧɚ, ɢ ɩɪɨɫɱɢɬɚɬɶ ɜɫɟ 

ɲɚɝɢ ɧɚɩɟɪɟɞ ɧɟ ɫɦɨɠɟɬ. 

ɋɨɜɟɪɲɟɧɧɨ ɨɬɥɢɱɚɸɳɢɣɫɹ ɩɨɞɯɨɞ, ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɋɉȾ, ɩɪɟɞɥɚɝɚɟɬ ɬɟɯɧɨɥɨɝɢɹ SDN. Ɍɭɬ ɩɪɨɰɟɫɫ ɪɭɱɧɨɣ 

ɤɨɧɮɢɝɭɪɚɰɢɢ ɫɟɬɟɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɜɟɞɟɧ ɤ ɦɢɧɢɦɭɦɭ. ȼɵɞɟɥɟɧɧɵɣ ɫɟɪɜɟɪ 
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- ɤɨɧɬɪɨɥɥɟɪ, ɫɟɬɟɜɚɹ ɨɩɟɪɚɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ ɢ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ 

ɭɩɪɚɜɥɹɸɳɢɟ ɩɪɢɥɨɠɟɧɢɹ, ɚɜɬɨɧɨɦɧɨ ɜɵɩɨɥɧɹɸɬ ɮɭɧɤɰɢɢ ɭɩɪɚɜɥɟɧɢɹ 

ɷɥɟɦɟɧɬɚɦɢ ɫɟɬɟɜɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɢ ɩɨɬɨɤɚɦɢ ɞɚɧɧɵɯ ɜ ɫɟɬɢ. ɇɚ ɦɨɣ ɜɡɝɥɹɞ, 

ɛɨɥɶɲɭɸ ɩɟɪɫɩɟɤɬɢɜɭ SDN ɦɨɠɟɬ ɩɨɥɭɱɢɬɶ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɧɨɜɵɯ ɋɉȾ, ɬɚɤ 

ɤɚɤ ɩɟɪɟɜɨɞ ɫɭɳɟɫɬɜɭɸɳɟɣ ɪɚɛɨɱɟɣ ɋɉȾ ɧɚ ɤɨɧɰɟɩɰɢɸ SDN, ɩɪɨɰɟɫɫ 

ɮɢɧɚɧɫɨɜɨ ɨɱɟɧɶ ɡɚɬɪɚɬɧɵɣ, ɬɪɭɞɨɟɦɤɢɣ ɢ ɫɥɨɠɧɵɣ, ɧɨ ɜɨɡɦɨɠɧɵɣ. 

Ɋɚɫɫɦɨɬɪɢɦ ɪɢɫɭɧɨɤ №5, ɧɚ ɧɟɦ ɩɪɟɞɫɬɚɜɥɟɧɚ ɬɨɩɨɥɨɝɢɹ ɤɨɪɩɨɪɚɬɢɜɧɨɣ 

ɋɉȾ, ɢɦɟɸɳɚɹ ɞɜɚ ɜɵɯɨɞɚ ɜ ɫɟɬɶ ɂɧɬɟɪɧɟɬ. Ɉɫɧɨɜɧɨɣ ɤɚɧɚɥ ɫɬɪɨɢɬɫɹ ɱɟɪɟɡ 

ɩɪɨɜɚɣɞɟɪɚ ISP-1, ɢ ɪɟɡɟɪɜɧɵɣ ɤɚɧɚɥ ɱɟɪɟɡ ɩɪɨɜɚɣɞɟɪɚ ISP-2. Ɍɭɬ ɜɨɡɦɨɠɧɨ ɞɜɚ 

ɜɚɪɢɚɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɬɢɯ ɤɚɧɚɥɨɜ ɞɥɹ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ. ɉɟɪɜɵɣ ɜɚɪɢɚɧɬ, 

ɤɨɝɞɚ ɞɥɹ ɪɚɛɨɬɵ ɡɚɞɟɣɫɬɜɨɜɚɧ ɬɨɥɶɤɨ ɨɞɢɧ ɨɫɧɨɜɧɨɣ ɤɚɧɚɥ, ɪɟɡɟɪɜɧɵɣ ɛɭɞɟɬ 

ɩɪɨɫɬɚɢɜɚɬɶ ɢ ɜɫɬɭɩɢɬ ɜ ɪɚɛɨɬɭ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɧɚ ɨɫɧɨɜɧɨɦ ɤɚɧɚɥɟ ɜɨɡɧɢɤɥɚ 

ɚɜɚɪɢɹ ɧɚ ɮɢɡɢɱɟɫɤɨɦ ɭɪɨɜɧɟ. ɗɬɨɬ ɜɚɪɢɚɧɬ ɪɟɲɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɬɪɚɞɢɰɢɨɧɧɵɯ ɩɪɨɬɨɤɨɥɨɜ ɦɚɪɲɪɭɬɢɡɚɰɢɢ. ȼɨ ɜɬɨɪɨɦ ɜɚɪɢɚɧɬɟ, ɦɵ ɦɨɠɟɦ 

ɨɞɧɨɜɪɟɦɟɧɧɨ ɧɚɩɪɚɜɥɹɬɶ ɬɪɚɮɢɤ ɩɨ ɨɛɨɢɦ ɤɚɧɚɥɚɦ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɪɚɡɞɟɥɹɬɶ 

ɫɟɬɢ, ɜɵɛɢɪɚɬɶ ɞɥɹ ɧɢɯ ɥɭɱɲɢɣ ɦɚɪɲɪɭɬ, ɢ ɜ ɢɬɨɝɟ ɨɪɝɚɧɢɡɨɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ 

ɭɩɪɚɜɥɹɬɶ ɞɜɢɠɟɧɢɟɦ ɬɪɚɮɢɤɚ. Ⱦɥɹ ɩɪɨɫɬɨɣ ɬɨɩɨɥɨɝɢɢ ɷɬɚ ɡɚɞɚɱɚ ɪɟɲɚɟɬɫɹ ɫ 

ɩɨɦɨɳɶɸ ɬɪɚɞɢɰɢɨɧɧɵɯ ɩɪɨɬɨɤɨɥɨɜ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɢ ɬɟɯɧɨɥɨɝɢɢ PBR. ɇɨ 

ɟɫɥɢ ɧɟɦɧɨɝɨ ɭɫɥɨɠɧɢɬɶ ɫɬɪɭɤɬɭɪɭ ɋɉȾ, ɪɢɫɭɧɨɤ №6, ɬɨ ɪɟɲɟɧɢɟ ɩɨ 

ɨɪɝɚɧɢɡɚɰɢɢ ɭɩɪɚɜɥɟɧɢɹ ɦɚɪɲɪɭɬɚɦɢ ɬɨɠɟ ɭɫɥɨɠɧɹɟɬɫɹ.   
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Ɋɢɫɭɧɨɤ 5. ― Ɍɨɩɨɥɨɝɢɹ ɫɟɬɢ 

Ɇɨɠɧɨ ɩɨɫɬɚɜɢɬɶ ɡɚɞɚɱɭ, ɨɪɝɚɧɢɡɨɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɭɩɪɚɜɥɹɬɶ 

ɞɜɢɠɟɧɢɟɦ ɬɪɚɮɢɤɚ, ɤɨɝɞɚ ɧɟɤɨɬɨɪɵɟ ɫɟɬɢ ɛɭɞɭɬ ɯɨɞɢɬɶ ɱɟɪɟɡ ɤɚɧɚɥ ISP-1, ɚ 

ɞɪɭɝɢɟ ɱɟɪɟɡ ɤɚɧɚɥ ISP-2. ɉɭɫɬɶ ɞɥɹ ɩɨɥɶɡɨɜɚɬɟɥɟɣ VIP-1 ɢ VIP-2 ɜɵɯɨɞ ɜ 

ɢɧɬɟɪɧɟɬ ɫɬɪɨɢɬɫɹ ɱɟɪɟɡ ɩɪɨɜɚɣɞɟɪɚ ISP-1 (ɤɚɧɚɥ Ⱥ). ȿɫɥɢ ɷɬɨɬ ɤɚɧɚɥ ɫɬɚɧɟɬ 

ɧɟɪɚɛɨɬɨɫɩɨɫɨɛɧɵɦ, ɧɚɩɪɢɦɟɪ ɜɨɡɧɢɤɥɢ ɩɪɨɛɥɟɦɵ ɫ ɫɟɬɟɜɵɦ ɭɡɥɨɦ ɢɥɢ ɚɜɚɪɢɹ 

ɧɚ ɬɪɚɧɫɩɨɪɬɧɨɦ ɭɪɨɜɧɟ, ɢɥɢ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɤɚɧɚɥɚ ɨɱɟɧɶ ɫɧɢɡɢɥɚɫɶ, 

ɢ ɷɬɨ ɩɪɢɜɟɥɨ ɤ ɪɨɫɬɭ ɨɲɢɛɨɤ ɢ ɩɨɬɟɪɶ ɩɚɤɟɬɨɜ ɧɚ ɤɚɧɚɥɟ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɬɪɚɮɢɤ 

ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɞɨɥɠɟɧ ɢɡɦɟɧɢɬɶ ɦɚɪɲɪɭɬ ɢ ɠɟɥɚɬɟɥɶɧɨ ɛɟɡ ɜɦɟɲɚɬɟɥɶɫɬɜɚ 

ɚɞɦɢɧɢɫɬɪɚɬɨɪɚ ɫɟɬɢ, ɬɨɝɞɚ ɞɥɹ ɜɵɯɨɞɚ ɜ ɢɧɬɟɪɧɟɬ ɜ ɧɚɲɟɦ ɩɪɢɦɟɪɟ ɛɭɞɟɦ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɧɚɥ ɋ (ɩɪɨɜɚɣɞɟɪ ISP-2).  

Ɍɚɤɭɸ ɡɚɞɚɱɭ ɞɨɜɨɥɶɧɨ ɬɪɭɞɧɨ ɪɟɲɢɬɶ ɩɪɢɦɟɧɹɹ ɬɨɥɶɤɨ ɬɟɯɧɨɥɨɝɢɸ PBR 

ɢ ɬɪɚɞɢɰɢɨɧɧɭɸ ɦɚɪɲɪɭɬɢɡɚɰɢɸ. Ɂɞɟɫɶ ɧɭɠɧɚ ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɩɪɨɰɟɫɫɚ 

ɨɬɫɥɟɠɢɜɚɧɢɹ ɫɨɫɬɨɹɧɢɹ ɤɚɧɚɥɨɜ ɩɪɨɜɚɣɞɟɪɨɜ, ɩɟɪɟɫɬɪɨɟɧɢɟ ɩɪɚɜɢɥ PBR ɞɥɹ 

ɪɚɡɞɟɥɟɧɢɹ ɫɟɬɟɣ ɢ ɩɨɫɬɪɨɟɧɢɹ ɦɚɪɲɪɭɬɨɜ. Ɍɟɯɧɨɥɨɝɢɹ SDN ɩɨɫɬɪɨɟɧɚ ɧɚ 

ɩɪɢɧɰɢɩɟ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɨɜ ɫɛɨɪɚ ɞɚɧɧɵɯ, ɚɧɚɥɢɡɚ ɢ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ 

ɪɟɲɟɧɢɹ ɩɨ ɜɵɛɨɪɭ ɨɩɬɢɦɚɥɶɧɨɝɨ ɦɚɪɲɪɭɬɚ. ɗɬɭ ɡɚɞɚɱɭ, ɚ ɬɚɤɠɟ ɛɨɥɟɟ 

ɫɥɨɠɧɵɟ ɡɚɞɚɱɢ, SDN ɦɨɠɟɬ ɭɫɩɟɲɧɨ ɪɟɲɚɬɶ, ɧɨ ɩɪɢɦɟɧɟɧɢɟ ɷɬɨɣ ɬɟɯɧɨɥɨɝɢɢ 

ɞɥɹ ɭɠɟ ɮɭɧɤɰɢɨɧɢɪɭɸɳɟɣ ɫɟɬɢ ɨɝɪɚɧɢɱɟɧɨ, ɬɚɤ ɤɚɤ ɫɜɹɡɚɧɨ ɫ ɛɨɥɶɲɢɦɢ 
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ɮɢɧɚɧɫɨɜɵɦɢ ɜɥɨɠɟɧɢɹɦɢ, ɬɪɟɛɭɸɳɢɦɢ ɨɛɧɨɜɥɟɧɢɹ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɢɡɦɟɧɟɧɢɹ ɩɪɢɧɰɢɩɨɜ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɟɬɢ. 

  

 
Ɋɢɫɭɧɨɤ 6. ― Ɍɨɩɨɥɨɝɢɹ ɫɟɬɢ 

 

 ə ɯɨɱɭ ɩɪɟɞɥɨɠɢɬɶ ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɜɚɪɢɚɧɬ ɞɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ, 

ɞɨɛɚɜɢɬɶ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɜ ɩɪɨɰɟɫɫ ɭɩɪɚɜɥɟɧɢɹ ɜɵɛɨɪɨɦ ɥɭɱɲɟɝɨ ɦɚɪɲɪɭɬɚ, ɫ 

ɭɱɟɬɨɦ ɢɡɦɟɧɹɸɳɟɣɫɹ ɫɢɬɭɚɰɢɢ ɧɚ ɋɉȾ. ə ɩɥɚɧɢɪɭɸ ɩɪɨɜɟɫɬɢ ɪɚɛɨɬɭ ɩɨ 

ɪɚɡɪɚɛɨɬɤɟ ɩɪɨɬɨɤɨɥɚ, ɩɨɡɜɨɥɹɸɳɟɝɨ ɦɟɠɞɭ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɦɢ ɜ ɩɪɟɞɟɥɚɯ 

ɤɨɪɩɨɪɚɬɢɜɧɨɣ ɋɉȾ, ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫɬɪɨɢɬɶ ɢ ɢɡɦɟɧɹɬɶ ɩɨɥɢɬɢɤɢ ɜɥɢɹɸɳɢɟ ɧɚ 

ɜɵɛɨɪ ɥɭɱɲɟɝɨ ɦɚɪɲɪɭɬɚ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɜɧɨɫɢɬɶ ɤɨɪɪɟɤɬɢɜɵ ɜ 

ɦɚɪɲɪɭɬɢɡɚɰɢɸ ɬɪɚɮɢɤɚ. 



34 

 

2 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɦɟɬɨɞɚ 

2.1 ɉɪɚɤɬɢɤɚ ɧɚɫɬɪɨɣɤɢ PBR ɧɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɯ. 
Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɧɚɫɬɪɨɣɤɢ ɬɟɯɧɨɥɨɝɢɢ PBR, ɧɭɠɧɨ ɩɪɨɣɬɢ ɫɥɟɞɭɸɳɢɟ 

ɲɚɝɢ: 1) ȼɵɞɟɥɢɬɶ ɧɭɠɧɵɣ ɬɪɚɮɢɤ, ɧɚɩɪɢɦɟɪ ɫ ɩɨɦɨɳɶɸ ACL. ȿɫɥɢ ɦɵ ɦɨɠɟɦ 

ɜɵɞɟɥɢɬɶ ɢɧɬɟɪɟɫɭɸɳɢɣ ɧɚɫ ɬɪɚɮɢɤ ɫ ɩɨɦɨɳɶɸ ɪɚɫɲɢɪɟɧɧɨɝɨ ACL, ɦɵ 

ɫɦɨɠɟɦ ɟɝɨ ɦɚɪɲɪɭɬɢɡɢɪɨɜɚɬɶ, ɤɚɤ ɧɚɦ ɛɭɞɟɬ ɭɝɨɞɧɨ. 2) ɋɨɡɞɚɬɶ ɤɚɪɬɭ 

ɩɨɥɢɬɢɤ, ɜ ɧɟɣ ɞɥɹ ɜɵɛɪɚɧɧɨɝɨ ɬɪɚɮɢɤɚ ɧɚɡɧɚɱɢɬɶ ɩɪɚɜɢɥɚ ɦɚɪɲɪɭɬɢɡɚɰɢɢ. 3) 

ɇɚɡɧɚɱɢɬɶ ɤɚɪɬɭ ɩɨɥɢɬɢɤ ɜɯɨɞɧɨɦɭ ɢɧɬɟɪɮɟɣɫɭ. 

ɇɚ ɩɪɢɦɟɪɟ ɬɨɩɨɥɨɝɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ №6, ɩɪɨɣɞɟɦ ɲɚɝɢ ɩɨ 

ɧɚɫɬɪɨɣɤɢ PBR.  ɋɨɝɥɚɫɧɨ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ, ɧɚɲɚ AS_65010 ɢɦɟɟɬ ɜɵɯɨɞ ɜ 

ɫɟɬɶ ɂɧɬɟɪɧɟɬ (10.10.10.0/29 ɢ 20.20.20.0/29), ɱɟɪɟɡ ɞɜɚ ɝɪɚɧɢɱɧɵɯ 

ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ BR1 ɢ BR2, ɤɨɬɨɪɵɟ ɩɨɞɤɥɸɱɟɧɵ ɤ ɞɜɭɦ ɩɪɨɜɚɣɞɟɪɚɦ ISP-1 ɢ 

ISP-2, ɱɟɪɟɡ ɬɪɢ ɤɚɧɚɥɚ Ⱥ, ȼ ɢ ɋ. Ƚɪɚɧɢɱɧɵɣ ɦɚɪɲɪɭɬɢɡɚɬɨɪ BR1, ɢɦɟɟɬ ɤɚɧɚɥ 

Ⱥ, ɜ ɫɬɨɪɨɧɭ ɩɪɨɜɚɣɞɟɪɚ ISP-1 (ɜɯɨɞɹɳɢɦ ɦɚɪɲɪɭɬɚɦ ɧɚɡɧɚɱɚɟɬɫɹ ɧɢɡɤɢɣ 

ɩɪɢɨɪɢɬɟɬ LocalPreference 50), ɤɚɧɚɥ ȼ ɜɟɞɟɬ ɤ ɩɪɨɜɚɣɞɟɪɭ ISP-2 (ɞɥɹ ɜɯɨɞɹɳɢɯ 

ɦɚɪɲɪɭɬɨɜ ɧɚɡɧɚɱɢɦ LP 500). Ƚɪɚɧɢɱɧɵɣ ɦɚɪɲɪɭɬɢɡɚɬɨɪ BR2, ɢɦɟɟɬ ɨɞɢɧ 

ɤɚɧɚɥ C, ɤ ɩɪɨɜɚɣɞɟɪɭ ISP-2 (LP ɧɚɡɧɚɱɢɦ 100). 

ȼ ɪɟɡɭɥɶɬɚɬɟ, ɫ ɩɨɦɨɳɶɸ ɩɪɨɬɨɤɨɥɚ BGP ɭɫɬɚɧɨɜɥɟɧɚ ɩɪɢɨɪɢɬɟɡɚɰɢɹ ɞɥɹ 

ɬɪɟɯ ɜɧɟɲɧɢɯ ɤɚɧɚɥɨɜ. ɂɫɯɨɞɹɳɢɣ ɬɪɚɮɢɤ ɫɟɬɢ AS_65010 ɫɥɟɞɭɹ ɜ ɂɧɬɟɪɧɟɬ, 

ɜɵɛɟɪɟɬ ɤɚɧɚɥ ȼ, ɫ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ BR1 ɱɟɪɟɡ ɩɪɨɜɚɣɞɟɪɚ ISP-2. ɉɨɷɬɨɦɭ 

ɦɚɪɲɪɭɬ ɨɬ ɫɟɬɢ VIP-1 ɢ VIP-2 ɜ ɫɬɨɪɨɧɭ ɂɧɬɟɪɧɟɬ ɛɭɞɟɬ ɫɬɪɨɢɬɶɫɹ ɩɨ ɫɯɟɦɟ 

BR1 → ISP-2 (ɤɚɧɚɥ ȼ) → Inet. ɗɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɬɪɚɫɫɢɪɨɜɤɚ ɦɚɪɲɪɭɬɚ ɨɬ 

ɫɟɬɟɣ VIP-1 ɢ VIP-2 ɞɨ ɚɞɪɟɫɨɜ 10.10.10.1 ɢ 20.20.20.2. 
1   10.24.5.6     - AR1 (gateway VIP-1) 
2   192.168.14.1    - BR1 
3   192.168.200.2  - ISP-2 (ɤаɧаɥ В) 
4   *10.0.0.1  - INET 
 
1   10.24.6.6     - AR2 (gateway VIP-2) 
2   192.168.13.1    - BR1 
3   192.168.200.2  - ISP-2 (ɤаɧаɥ В) 
4   *10.0.0.1  - INET 
 

Ɍɟɩɟɪɶ ɜɧɟɫɟɦ ɢɡɦɟɧɟɧɢɹ ɜ ɦɚɪɲɪɭɬ ɞɜɢɠɟɧɢɹ ɬɪɚɮɢɤɚ ɞɥɹ ɫɟɬɟɣ VIP-1 ɢ 

VIP-2 ɫ ɩɨɦɨɳɶɸ ɬɟɯɧɨɥɨɝɢɢ PBR. ɋɞɟɥɚɟɦ ɬɚɤ, ɱɬɨɛɵ ɩɨɥɶɡɨɜɚɬɟɥɢ ɞɜɢɝɚɥɢɫɶ 
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ɩɨ ɫɯɟɦɟ BR2 → ISP-2 (ɤɚɧɚɥ ɋ)  → Inet, ɧɨɜɵɣ ɦɚɪɲɪɭɬ ɨɬɦɟɱɟɧ ɡɟɥɟɧɵɦɢ 

ɫɬɪɟɥɤɚɦɢ. Ⱦɥɹ ɷɬɨɝɨ ɜɵɩɨɥɧɢɦ ɫɥɟɞɭɸɳɢɟ ɧɚɫɬɪɨɣɤɢ: 

1. AR1 ɹɜɥɹɟɬɫɹ ɦɚɪɲɪɭɬɢɡɚɬɨɪɨɦ ɞɨɫɬɭɩɚ ɞɥɹ ɫɟɬɢ 10.24.5.0/29. ɋɨɡɞɚɟɦ 

ɤɚɪɬɭ ɩɨɥɢɬɢɤ RM_PBR_VIP_1 ɞɥɹ ɷɬɨɣ ɫɟɬɢ ɢ ɧɚɡɧɚɱɢɦ ɚɞɪɟɫɨɦ NEXT_HOP 

ɚɞɪɟɫ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ BR2. 

2. AR2 ɹɜɥɹɟɬɫɹ ɦɚɪɲɪɭɬɢɡɚɬɨɪɨɦ ɞɨɫɬɭɩɚ ɞɥɹ ɫɟɬɢ 10.24.6.0/29. ɋɨɡɞɚɟɦ 

ɤɚɪɬɭ ɩɨɥɢɬɢɤ RM_PBR_VIP_1 ɞɥɹ ɷɬɨɣ ɫɟɬɢ ɢ ɧɚɡɧɚɱɢɦ ɚɞɪɟɫɨɦ NEXT_HOP 

ɚɞɪɟɫ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ BR2. 

3. ɇɚ BR2 ɞɥɹ ɫɟɬɟɣ 10.24.5.0/29 ɢ 10.24.6.0/29, ɫɨɡɞɚɟɦ ɤɚɪɬɭ ɩɨɥɢɬɢɤ 

RM_PBR_VIP_1 ɢ  ɧɚɡɧɚɱɢɦ ɚɞɪɟɫɨɦ NEXT_HOP ɚɞɪɟɫ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ ISP-2. 

ɋɧɨɜɚ ɩɪɨɜɟɪɹɟɦ ɬɪɚɫɫɢɪɨɜɤɭ ɦɚɪɲɪɭɬɚ ɨɬ ɫɟɬɟɣ VIP ɞɨ ɚɞɪɟɫɨɜ ɂɧɬɟɪɧɟɬ. 

ȼɢɞɢɦ, ɱɬɨ ɬɟɩɟɪɶ ɦɚɪɲɪɭɬ ɫɬɪɨɢɬɫɹ ɱɟɪɟɡ ɤɚɧɚɥ ɋ. 
 
1   10.24.5.6     - AR1 (gateway VIP-1) 
2   192.168.24.1    - BR2 
3   192.168.200.6  - ISP-2 (ɤаɧаɥ С) 
4   *10.0.0.1  - INET 
 
1   10.24.6.6     - AR2 (gateway VIP-2) 
2   192.168.23.1    - BR2 
3   192.168.200.6  - ISP-2 (ɤаɧаɥ С) 
4   *10.0.0.1  - INET 
 

Ⱦɚɥɟɟ ɩɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɤɚɧɚɥ ɋ ɫɬɚɥ ɧɟɪɚɛɨɬɨɫɩɨɫɨɛɟɧ, ɬɨɝɞɚ ɫɨɝɥɚɫɧɨ 

ɧɚɫɬɪɨɟɧɧɨɣ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɬɪɚɮɢɤ ɨɬ ɫɟɬɟɣ VIP-1 ɢ VIP-2 ɞɨ ɚɞɪɟɫɨɜ 

ɂɧɬɟɪɧɟɬ ɩɨɣɞɟɬ ɩɨ ɫɯɟɦɟ    BR1 → ISP-2 (ɤɚɧɚɥ ȼ) → Inet. Ɇɵ ɦɨɠɟɦ ɜɪɭɱɧɭɸ 

ɜɧɟɫɬɢ ɢɡɦɟɧɟɧɢɹ ɜ ɧɚɫɬɪɨɣɤɢ PBR ɞɥɹ ɢɡɦɟɧɟɧɢɹ ɫɯɟɦɵ ɞɜɢɠɟɧɢɹ, ɧɚɩɪɢɦɟɪ 

ɬɚɤ BR1 → ISP-1 (ɤɚɧɚɥ Ⱥ) → Inet, ɧɨɜɵɣ ɦɚɪɲɪɭɬ ɨɬɦɟɱɟɧ ɤɪɚɫɧɵɦɢ 

ɫɬɪɟɥɤɚɦɢ. 

Ⱦɥɹ ɷɬɨɝɨ ɜɵɩɨɥɧɢɦ ɫɥɟɞɭɸɳɢɟ ɧɚɫɬɪɨɣɤɢ:  

1. AR1, ɞɥɹ RM_PBR_VIP_1, ɭɞɚɥɹɟɦ ɚɞɪɟɫ NEXT_HOP ɜɟɞɭɳɢɣ ɤ BR2, 

ɧɚɡɧɚɱɢɦ ɚɞɪɟɫɨɦ NEXT-HOP ɚɞɪɟɫ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ BR1. 

2. AR2, ɞɥɹ RM_PBR_VIP_1, ɭɞɚɥɹɟɦ ɚɞɪɟɫ NEXT_HOP ɜɟɞɭɳɢɣ ɤ BR2, 

ɧɚɡɧɚɱɢɦ ɚɞɪɟɫɨɦ NEXT-HOP ɚɞɪɟɫ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ BR1. 
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3. BR2, ɞɥɹ ɜɯɨɞɹɳɢɯ ɢɧɬɟɪɮɟɣɫɨɜ 0/1, 0/2, ɭɞɚɥɢɬɶ ɩɪɢɜɹɡɤɭ ɤ 

RM_PBR_VIP_1. 

4. ɇɚ BR1 ɞɥɹ ɫɟɬɟɣ 10.24.5.0/29 ɢ 10.24.6.0/29, ɫɨɡɞɚɟɦ ɤɚɪɬɭ ɩɨɥɢɬɢɤ 

RM_PBR_VIP_1 ɢ  ɧɚɡɧɚɱɢɦ ɚɞɪɟɫɨɦ NEXT_HOP ɚɞɪɟɫ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ ISP-1. 

Ɍɟɫɬɢɪɭɟɦ ɧɨɜɵɟ ɧɚɫɬɪɨɣɤɢ ɢ ɜɢɞɢɦ ɱɬɨ ɦɚɪɲɪɭɬ ɩɟɪɟɫɬɪɨɢɥɫɹ, ɬɪɚɮɢɤ ɢɞɟɬ 

ɱɟɪɟɡ ɤɚɧɚɥ Ⱥ.   
 
1   10.24.5.6     - AR1 (gateway VIP-1) 
2   192.168.14.1    - BR1 
3   192.168.100.2  - ISP-1 (ɤаɧаɥ А) 
4   *10.0.0.5  - INET 
 
1   10.24.6.6     - AR2 (gateway VIP-2) 
2   192.168.13.1    - BR1 
3   192.168.100.2  - ISP-1 (ɤаɧаɥ А) 
4   *10.0.0.5  - INET 
 

ȿɫɥɢ ɫɜɹɡɶ ɧɚ ɤɚɧɚɥɟ ɋ ɜɨɫɫɬɚɧɨɜɢɬɫɹ, ɬɨ ɞɥɹ ɩɟɪɟɜɨɞɚ ɫɟɬɟɣ VIP-1, VIP-2 

ɨɛɪɚɬɧɨ ɧɚ ɤɚɧɚɥ ɋ, ɩɪɢɞɟɬɫɹ ɜɪɭɱɧɭɸ ɢɡɦɟɧɹɬɶ ɩɪɚɜɢɥɚ PBR ɧɚ 

ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɯ AR1, AR2, BR1, BR2. Ɉɱɟɜɢɞɟɧ ɜɵɜɨɞ, ɜ ɬɟɤɭɳɟɣ ɪɟɚɥɢɡɚɰɢɢ 

ɬɟɯɧɨɥɨɝɢɢ PBR ɟɫɬɶ ɧɟɦɚɥɨ ɪɭɱɧɨɣ ɧɚɫɬɪɨɣɤɢ, ɷɬɨ ɡɧɚɱɢɬ ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 

ɦɚɫɲɬɚɛɚ, ɬɪɭɞɨɟɦɤɨɫɬɶ ɛɭɞɟɬ ɬɨɥɶɤɨ ɪɚɫɬɢ. Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɬɚɤɢɟ 

ɩɪɨɰɟɫɫɵ, ɤɚɤ ɦɨɧɢɬɨɪɢɧɝ ɤɚɧɚɥɚ ɋ, ɥɸɛɵɟ ɢɡɦɟɧɟɧɢɹ ɬɨɩɨɥɨɝɢɢ, ɚ ɬɚɤɠɟ 

ɧɚɫɬɪɨɣɤɚ ɤɚɪɬɵ ɩɨɥɢɬɢɤɢ ɧɚ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɯ ɟɫɥɢ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ, ɬɨ ɷɬɨ ɫɞɟɥɚɟɬ  PBR ɛɨɥɟɟ ɭɩɪɚɜɥɹɟɦɨɣ ɢ ɝɢɛɤɨɣ.  

ɉɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɯɚɧɢɡɦ PBR, ɧɨ ɩɪɢ ɷɬɨɦ ɡɚɦɟɧɢɬɶ 

ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɪɭɱɧɨɣ ɧɚɫɬɪɨɣɤɢ. Ɏɨɪɦɢɪɨɜɚɬɶ ɫɩɢɫɨɤ ɡɚɞɚɧɧɵɯ ɫɟɬɟɣ ɫ 

ɩɨɦɨɳɶɸ ACL, ɬɨɥɶɤɨ ɧɚ ɨɞɧɨɦ ɪɨɭɬɟɪɟ. Ⱦɚɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶ ACL ɧɚ ɜɫɟ 

ɪɨɭɬɟɪɵ ɫɟɬɢ ɤɚɤ ɫɥɭɠɟɛɧɭɸ ɦɚɪɲɪɭɬɧɭɸ ɢɧɮɨɪɦɚɰɢɸ, ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢ 

ɫɨɡɞɚɜɚɬɶ ɩɪɚɜɢɥɚ ɩɨɥɢɬɢɤ. ȼ ɫɥɭɱɚɟ ɟɫɥɢ ɧɚ ɫɟɬɢ ɩɪɨɢɫɯɨɞɹɬ ɢɡɦɟɧɟɧɢɹ 

ɬɨɩɨɥɨɝɢɢ, ɤɚɧɚɥɵ ɫɜɹɡɢ ɦɨɝɭɬ ɬɟɪɹɬɶ ɢ ɜɨɫɫɬɚɧɚɜɥɢɜɚɬɶ ɚɤɬɢɜɧɨɫɬɶ, ɷɬɢ 

ɢɡɦɟɧɟɧɢɹ ɞɨɥɠɧɵ ɭɱɢɬɵɜɚɬɶɫɹ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɩɨɞɫɬɪɚɢɜɚɬɶ ɤɚɪɬɵ ɩɨɥɢɬɢɤ, 

ɜɵɱɢɫɥɹɹ ɧɨɜɵɣ ɩɭɬɶ ɞɥɹ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɬɪɚɮɢɤɚ.  

2.2 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɦɟɬɨɞɚ iPBR. 

ȼɵɞɟɥɢɦ ɮɭɧɤɰɢɢ ɦɟɬɨɞɚ, ɤɨɬɨɪɵɟ ɧɭɠɧɨ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ: 
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 ɇɚɛɥɸɞɚɬɶ ɡɚ ɫɨɫɬɨɹɧɢɟɦ ɤɚɧɚɥɨɜ ɫɜɹɡɢ ɦɟɠɞɭ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɦɢ, 

ɤɚɧɚɥɨɜ ɫ ɩɪɨɜɚɣɞɟɪɚɦɢ. ȼɨɡɦɨɠɧɨɫɬɶ ɨɬɫɥɟɠɢɜɚɬɶ ɢɡɦɟɧɟɧɢɹ ɬɨɩɨɥɨɝɢɢ ɢ 

ɩɪɢɧɢɦɚɬɶ ɧɭɠɧɵɟ ɦɟɪɵ, ɩɨɜɵɫɢɬ ɝɢɛɤɨɫɬɶ ɪɚɛɨɬɵ ɩɪɨɬɨɤɨɥɚ. 

 Ɋɚɫɩɪɨɫɬɪɚɧɹɬɶ ɦɚɪɲɪɭɬɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɦɟɠɞɭ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɦɢ, 

ɱɬɨɛɵ ɤɚɠɞɵɣ ɨɛɥɚɞɚɥ  ɚɤɬɭɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ. ɇɟɨɛɯɨɞɢɦɨɟ ɭɫɥɨɜɢɟ ɞɥɹ 

ɩɨɥɭɱɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɫɯɨɞɢɦɨɫɬɢ ɫɟɬɢ. 

 ɋɨɡɞɚɜɚɬɶ ɩɪɚɜɢɥɚ ɩɨɥɢɬɢɤ, ɚ ɜ ɫɥɭɱɚɟ ɢɡɦɟɧɟɧɢɹ ɬɨɩɨɥɨɝɢɢ ɫɟɬɢ ɢɦɟɬɶ 

ɜɨɡɦɨɠɧɨɫɬɶ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɜɧɟɫɬɢ ɩɨɩɪɚɜɤɢ ɜ ɩɪɚɜɢɥɚ ɩɨɥɢɬɢɤ. ɗɬɨ ɪɚɫɲɢɪɢɬ 

ɜɨɡɦɨɠɧɨɫɬɢ ɭɩɪɚɜɥɟɧɢɹ ɫɟɬɟɜɵɦ ɬɪɚɮɢɤɨɦ. 

ɉɭɬɟɣ ɞɥɹ ɪɟɲɟɧɢɹ ɷɬɢɯ ɡɚɞɚɱ ɧɟɫɤɨɥɶɤɨ. ɋɨɜɪɟɦɟɧɧɵɟ ɩɪɨɬɨɤɨɥɵ 

ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɨɛɥɚɞɚɸɬ ɫɜɨɣɫɬɜɨɦ ɪɚɫɲɢɪɟɧɢɹ. ɇɚɩɪɢɦɟɪ, OSPF ɩɨɡɜɨɥɹɟɬ 

ɫɨɡɞɚɬɶ ɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɨɜɵɣ ɬɢɩ ɫɨɨɛɳɟɧɢɹ LSA-ɯ, ɢ ɫ ɟɝɨ ɩɨɦɨɳɶɸ 

ɪɚɫɩɪɨɫɬɪɚɧɢɬɶ ɦɟɠɞɭ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɦɢ ɬɪɟɛɭɟɦɭɸ ɢɧɮɨɪɦɚɰɢɸ. ɂɥɢ 

ɩɪɨɬɨɤɨɥ BGP, ɨɧ ɢɫɩɨɥɶɡɭɟɬ ɪɭɱɧɭɸ ɧɚɫɬɪɨɣɤɭ ɞɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɫɨɫɟɞɨɦ, 

ɷɬɨ ɝɨɬɨɜɵɣ ɦɟɯɚɧɢɡɦ ɨɪɝɚɧɢɡɚɰɢɢ ɢ ɩɨɞɞɟɪɠɚɧɢɹ ɫɨɫɟɞɫɤɢɯ ɨɬɧɨɲɟɧɢɣ, ɚ 

ɟɫɥɢ ɟɝɨ ɪɚɫɲɢɪɢɬɶ ɧɨɜɵɦ ɛɥɨɤɨɦ (address-family),  ɬɨ ɦɨɠɧɨ ɪɟɲɢɬɶ ɡɚɞɚɱɭ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɫɪɟɞɢ ɜɫɟɯ ɦɚɪɲɪɭɬɢɡɚɬɨɪɨɜ ɢɧɮɨɪɦɚɰɢɢ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ 

ɩɪɚɜɢɥ ɤɚɪɬ ɩɨɥɢɬɢɤ. ȿɫɬɶ ɬɪɟɬɢɣ ɩɭɬɶ, ɧɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɭɳɟɫɬɜɭɸɳɢɣ 

ɩɪɨɬɨɤɨɥ ɦɚɪɲɪɭɬɢɡɚɰɢɢ, ɚ ɩɪɨɟɤɬɢɪɨɜɚɬɶ ɧɨɜɵɣ. ɗɬɨ ɛɨɥɟɟ ɫɥɨɠɧɚɹ ɢ 

ɨɛɴɟɦɧɚɹ ɡɚɞɚɱɚ. ɉɭɫɬɶ ɧɨɜɵɣ ɩɪɨɬɨɤɨɥ ɛɭɞɟɬ ɧɚɦɧɨɝɨ ɩɪɨɳɟ ɫɭɳɟɫɬɜɭɸɳɢɯ, 

ɧɨ ɜɫɟ ɪɚɜɧɨ ɩɪɢɞɟɬɫɹ ɩɨɞɪɨɛɧɨ ɨɩɢɫɚɬɶ ɟɝɨ ɫɬɪɭɤɬɭɪɭ ɢ ɮɭɧɤɰɢɨɧɚɥ. ɉɥɸɫɨɦ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɨɬɨɤɨɥɨɜ OSPF ɢɥɢ BGP, ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɨɩɢɫɚɧɧɵɯ ɡɚɞɚɱ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ, ɹɜɥɹɟɬɫɹ ɭɠɟ ɝɨɬɨɜɨɟ ɪɟɲɟɧɢɟ ɬɢɩɨɜɵɯ ɩɪɨɰɟɫɫɨɜ, 

ɪɟɚɥɢɡɨɜɚɧɧɨɟ ɮɭɧɤɰɢɨɧɚɥɨɦ ɷɬɢɯ ɩɪɨɬɨɤɨɥɨɜ, ɨɫɬɚɟɬɫɹ ɥɢɲɶ ɧɚɭɱɢɬɶ ɢɯ 

ɩɟɪɟɞɚɜɚɬɶ ɧɨɜɭɸ ɢɧɮɨɪɦɚɰɢɸ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɚɪɬ ɩɨɥɢɬɢɤ. Ɇɢɧɭɫɨɦ ɛɭɞɟɬ, 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɡɜɟɪɬɵɜɚɧɢɹ ɧɚ ɪɟɚɥɶɧɨɣ ɫɟɬɢ ɩɪɨɬɨɤɨɥɚ OSPF ɢɥɢ BGP. ɗɬɨ 

ɯɨɬɶ ɢ ɩɨɩɭɥɹɪɧɵɟ ɩɪɨɬɨɤɨɥɵ, ɧɨ ɧɟ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɢɯ ɢɫɩɨɥɶɡɭɸɬ. Ɂɚɞɚɱɚ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɧɨɜɨɝɨ ɩɪɨɬɨɤɨɥɚ ɢɦɟɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɫɥɨɠɧɨɫɬɶ. ɑɬɨɛɵ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɪɨɜɟɪɢɬɶ ɪɚɛɨɬɭ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɩɪɨɬɨɤɨɥɚ ɩɨɬɪɟɛɭɟɬɫɹ 

ɜɵɩɨɥɧɢɬɶ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɜɫɟɯ ɟɝɨ ɮɭɧɤɰɢɣ, ɱɬɨ ɫɚɦɨ ɩɨ ɫɟɛɟ ɹɜɥɹɟɬɫɹ 
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ɡɚɞɚɱɟɣ ɩɨɜɵɲɟɧɧɨɣ ɫɥɨɠɧɨɫɬɢ ɢ ɧɟ ɭɤɥɚɞɵɜɚɟɬɫɹ ɜ ɪɚɦɤɢ ɞɚɧɧɨɣ ɪɚɛɨɬɵ. 

ɉɨɷɬɨɦɭ ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɨɫɧɨɜɧɵɯ ɮɭɧɤɰɢɣ ɧɚ ɛɚɡɟ ɬɟɯɧɨɥɨɝɢɢ PBR, ɹ 

ɢɫɩɨɥɶɡɭɸ ɮɭɧɤɰɢɨɧɚɥ ɩɪɨɬɨɤɨɥɚ BGP, ɫ ɧɨɜɵɦ ɛɥɨɤɨɦ ADDRESS-FAMILY. 

ɇɨɜɵɣ ɦɟɬɨɞ ɛɭɞɟɬ ɧɚɡɵɜɚɬɶɫɹ iPBR (Intellectual Policy Based Routing). 

 

2.2.1 Ɉɫɧɨɜɧɵɟ ɩɪɢɧɰɢɩɵ ɪɚɛɨɬɵ ɦɟɬɨɞɚ iPBR. 
Ɇɟɬɨɞ iPBR ɢɫɩɨɥɶɡɭɟɬ ɞɢɫɬɚɧɰɢɨɧɧɨ-ɜɟɤɬɨɪɧɵɣ ɩɪɢɧɰɢɩ ɩɪɢ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ  ɦɚɪɲɪɭɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. 

ACL-ɫɩɢɫɨɤ, ɛɭɞɟɬ ɫɨɞɟɪɠɚɬɶ ɨɩɪɟɞɟɥɟɧɧɵɟ ɫɟɬɢ ɚɞɪɟɫɨɜ, ɤ ɤɨɬɨɪɵɦ 

ɧɭɠɧɨ ɩɪɢɦɟɧɢɬɶ ɨɫɨɛɟɧɧɵɣ ɩɨɞɯɨɞ ɩɪɢ ɦɚɪɲɪɭɬɢɡɚɰɢɢ. ɑɬɨɛɵ ɦɟɬɨɞ iPBR 

ɦɨɝ ɨɬɥɢɱɢɬɶ ɟɝɨ ɨɬ ɞɪɭɝɢɯ ACL-ɫɩɢɫɤɨɜ, ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ 

ɢɦɟɧɢ iACL_ɯ, ɝɞɟ (x) ɷɬɨ ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɫɩɢɫɤɚ. 

Ⱦɚɧɧɵɣ iACL-ɫɩɢɫɨɤ ɧɚɫɬɪɚɢɜɚɟɬɫɹ ɧɚ ɝɪɚɧɢɱɧɨɦ ɦɚɪɲɪɭɬɢɡɚɬɨɪɟ. Ɉɧ 

ɧɚɡɵɜɚɟɬɫɹ ɝɪɚɧɢɱɧɵɣ, ɩɨɬɨɦɭ ɱɬɨ ɷɬɨɬ ɦɚɪɲɪɭɬɢɡɚɬɨɪ ɞɥɹ ɫɟɬɟɣ ɢɡ iACL-

ɫɩɢɫɤɚ ɛɭɞɟɬ ɤɪɚɣɧɢɦ ɜ ɧɚɲɟɣ ɚɜɬɨɧɨɦɧɨɣ ɫɢɫɬɟɦɟ, ɩɨɫɥɟ ɧɟɝɨ ɫɥɟɞɭɟɬ ɥɢɛɨ 

ɬɨɱɤɚ ɧɚɡɧɚɱɟɧɢɹ, ɥɢɛɨ ɬɪɚɮɢɤ ɭɣɞɟɬ ɜ ɞɪɭɝɭɸ ɚɜɬɨɧɨɦɧɭɸ ɫɢɫɬɟɦɭ, ɧɚɩɪɢɦɟɪ 

ɤ ɩɪɨɜɚɣɞɟɪɭ ɂɧɬɟɪɧɟɬ. 

ȼ ɦɟɬɨɞɟ iPBR ɜɜɨɞɢɬɫɹ ɩɨɧɹɬɢɟ END-HOP, ɷɬɨ ɬɚ ɫɚɦɚɹ ɬɨɱɤɚ 

ɧɚɡɧɚɱɟɧɢɹ, ɤɭɞɚ ɛɭɞɟɬ ɫɬɪɨɢɬɶɫɹ ɦɚɪɲɪɭɬ ɨɬ ɫɟɬɟɣ iACL-ɫɩɢɫɤɚ. ȿɫɥɢ 

ɨɛɪɚɬɢɬɫɹ ɤ ɪɢɫɭɧɤɭ №8, END-HOP ɛɭɞɟɬ ɚɞɪɟɫ ɥɢɧɤɨɜɨɱɧɨɣ ɫɟɬɢ, 

ɧɚɯɨɞɹɳɢɣɫɹ ɧɚ ɝɪɚɧɢɱɧɨɦ ɦɚɪɲɪɭɬɢɡɚɬɨɪɟ, ɷɬɨ ɚɞɪɟɫ ɫɨ ɫɬɨɪɨɧɵ ɩɪɨɜɚɣɞɟɪɚ 

192.168.100.2. Ʉɚɤ ɛɭɞɟɬ ɩɨɤɚɡɚɧɨ ɞɚɥɟɟ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ END-HOP 

ɩɨɦɨɠɟɬ ɜɵɱɢɫɥɢɬɶ ɥɭɱɲɢɣ ɦɚɪɲɪɭɬ ɢ ɧɚɡɧɚɱɢɬɶ ɜ ɤɚɪɬɭ ɩɨɥɢɬɢɤɢ ɩɚɪɚɦɟɬɪ 

NEXT-HOP. 

Ɇɚɪɲɪɭɬɢɡɚɬɨɪɵ ɜɵɫɬɪɚɢɜɚɸɬ ɨɬɧɨɲɟɧɢɹ ɫɨɫɟɞɫɬɜɚ. ɂɧɬɟɪɮɟɣɫ ɛɭɞɟɬ ɜ 

ɫɨɫɬɨɹɧɢɟ STATE LISTEN ɟɫɥɢ ɫɨɫɟɞɧɢɣ ɦɚɪɲɪɭɬɢɡɚɬɨɪ ɚɤɬɢɜɟɧ, ɢ ɫ ɧɢɦ 

ɦɨɠɧɨ ɨɛɦɟɧɢɜɚɬɶɫɹ ɫɥɭɠɟɛɧɵɦɢ ɫɨɨɛɳɟɧɢɹɦɢ. ȼ ɱɚɫɬɧɨɫɬɢ ɩɟɪɟɞɚɜɚɬɶ ɢ 

ɩɪɢɧɢɦɚɬɶ ɢɧɮɨɪɦɚɰɢɸ iACL_x ɢ END-HOP ɧɟɨɛɯɨɞɢɦɭɸ ɞɥɹ ɧɚɫɬɪɨɣɤɢ 

ɤɚɪɬɵ ɩɨɥɢɬɢɤ. ɂɧɬɟɪɮɟɣɫ, ɱɟɪɟɡ ɤɨɬɨɪɵɣ ɧɚɩɪɚɜɥɹɟɬɫɹ ɬɪɚɮɢɤ ɜ ɫɬɨɪɨɧɭ 

END-HOP, ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɫɨɫɬɨɹɧɢɟ STATE FORWARD. 
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Ɇɚɪɲɪɭɬɢɡɚɬɨɪɵ ɨɛɦɟɧɢɜɚɸɬɫɹ ɦɚɪɲɪɭɬɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ ɞɪɭɝ ɫ 

ɞɪɭɝɨɦ. Ɇɚɪɲɪɭɬɢɡɚɬɨɪ ɩɨɥɭɱɢɜ ɨɬ ɫɨɫɟɞɚ ɞɚɧɧɵɟ iACL_x ɢ END-HOP 

ɨɛɪɚɛɨɬɚɟɬ ɢɯ, ɢ ɩɪɨɝɪɚɦɦɧɨ ɫɮɨɪɦɢɪɭɟɬ iACL-ɥɢɫɬ. ɂɫɩɨɥɶɡɭɹ ɞɚɧɧɵɟ 

ɬɚɛɥɢɰɵ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɜɵɱɢɫɥɢɬ ɥɭɱɲɢɣ ɩɭɬɶ ɞɨ END-HOP ɢ ɧɚ ɨɫɧɨɜɚɧɢɢ 

ɷɬɨɝɨ ɜɵɛɟɪɟɬ ɚɞɪɟɫ NEXT-HOP. ɗɬɢɯ ɞɚɧɧɵɯ ɛɭɞɟɬ ɞɨɫɬɚɬɨɱɧɨ, ɱɬɨɛɵ 

ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫɮɨɪɦɢɪɨɜɚɬɶ ɤɚɪɬɭ ɩɨɥɢɬɢɤɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɚɧɧɵɟ ɞɥɹ 

ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɬɪɚɮɢɤɚ ɫɟɬɟɣ ACL-ɫɩɢɫɤɚ ɛɭɞɭɬ ɩɨɦɟɳɟɧɵ ɜ ɬɚɛɥɢɰɭ 

ɩɨɥɢɬɢɤ. 

ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɜɫɟ ɦɚɪɲɪɭɬɢɡɚɬɨɪɵ ɞɨɦɟɧɚ iPBR ɢɦɟɸɬ ɚɤɬɭɚɥɶɧɭɸ 

ɢɧɮɨɪɦɚɰɢɸ ɨɛ ACL-ɫɩɢɫɤɚɯ, ɜɵɛɪɚɧɵ ɥɭɱɲɢɟ ɦɚɪɲɪɭɬɵ ɢ ɫɮɨɪɦɢɪɨɜɚɧɵ 

ɩɪɚɜɢɥɚ ɩɨɥɢɬɢɤɢ. Ɉɫɬɚɟɬɫɹ ɬɨɥɶɤɨ ɫɥɟɞɢɬɶ ɡɚ ɫɨɫɬɨɹɧɢɟɦ ɤɚɧɚɥɨɜ, ɛɵɫɬɪɨ 

ɪɟɚɝɢɪɨɜɚɬɶ ɧɚ ɢɡɦɟɧɟɧɢɹ ɢ ɜɧɨɫɢɬɶ ɤɨɪɪɟɤɬɢɪɨɜɤɭ ɜ ɩɪɚɜɢɥɚ ɩɨɥɢɬɢɤ. 

 

2.2.2 Ȼɥɨɤ ADDRESS-FAMILY, ɞɥɹ ɩɟɪɟɞɚɱɢ ɦɚɪɲɪɭɬɧɨɣ 

ɢɧɮɨɪɦɚɰɢɢ.  

UPDATE - ɫɨɨɛɳɟɧɢɟ, ɜ ɤɨɬɨɪɨɦ ɦɚɪɲɪɭɬɢɡɚɬɨɪ ɩɟɪɟɞɚɟɬ ɫɜɨɟɦɭ ɫɨɫɟɞɭ 

ɦɚɪɲɪɭɬɧɭɸ ɢɧɮɨɪɦɚɰɢɸ, ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɚɤɬɭɚɥɶɧɭɸ ɜɟɪɫɢɸ ACL-ɫɩɢɫɤɚ, 

ɚɞɪɟɫ ɬɨɱɤɢ ɧɚɡɧɚɱɟɧɢɹ END-HOP ɢ ɡɧɚɱɟɧɢɟ ɦɟɬɪɢɤɢ. 

Ɇɚɪɲɪɭɬɢɡɚɬɨɪ ɩɨɥɭɱɢɜɲɢɣ ɷɬɨ ɫɨɨɛɳɟɧɢɟ, ɢɫɩɨɥɶɡɭɟɬ ɫɨɞɟɪɠɚɳɭɸɫɹ ɜ 

ɧɟɦ ɢɧɮɨɪɦɚɰɢɸ, ɟɫɥɢ ɨɧɚ ɚɤɬɭɚɥɶɧɚ, ɞɥɹ ɧɚɫɬɪɨɣɤɢ ɬɚɛɥɢɰɵ ɩɨɥɢɬɢɤ. Ⱦɚɧɧɵɟ 

ɷɬɨɣ ɬɚɛɥɢɰɵ ɩɨɡɜɨɥɹɸɬ ɩɪɢɦɟɧɢɬɶ ɤ ɚɞɪɟɫɚɦ ɧɚɯɨɞɹɳɢɦɫɹ ɜ ɫɩɢɫɤɟ iACL 

ɨɫɨɛɵɟ ɩɪɚɜɢɥɚ ɦɚɪɲɪɭɬɢɡɚɰɢɢ. 

Ɋɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɦɚɪɲɪɭɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɫ ɩɨɦɨɳɶɸ 

ɩɪɨɬɨɤɨɥɚ BGP, ɞɥɹ ɷɬɨɝɨ ɫɨɡɞɚɟɬɫɹ ɧɨɜɵɣ ɛɥɨɤ ADDRESS-FAMILY, ɷɬɨ 

ɨɬɞɟɥɶɧɚɹ ɝɪɭɩɩɚ ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɩɟɪɟɞɚɜɚɬɶ ɞɚɧɧɵɟ iPBR. ȼ ɛɥɨɤɟ ADDRESS-

FAMILY ɧɭɠɧɨ ɭɤɚɡɚɬɶ ɚɞɪɟɫɚ ɫɨɫɟɞɟɣ, ɤɨɬɨɪɵɦ ɛɭɞɟɬ ɩɟɪɟɞɚɜɚɬɶɫɹ 

ɦɚɪɲɪɭɬɧɚɹ ɢɧɮɨɪɦɚɰɢɹ. ɋɬɪɭɤɬɭɪɚ ɩɚɤɟɬɚ BGP ɢɦɟɟɬ ɫɟɤɰɢɸ NLRI, ɨɧɚ 

ɩɨɞɯɨɞɢɬ ɞɥɹ ɩɟɪɟɞɚɱɢ ɩɚɪɚɦɟɬɪɨɜ iPBR.  

AFI - Address Family Identifiers. ɉɨɥɟ ɫɨɨɛɳɟɧɢɹ BGP UPDATE, 

ɨɩɢɫɵɜɚɸɳɟɟ ɩɪɨɬɨɤɨɥ ɫɟɬɟɜɨɝɨ ɭɪɨɜɧɹ, ɚɞɪɟɫɚ ɤɨɬɨɪɨɝɨ ɩɟɪɟɞɚɸɬɫɹ ɜ ɫɟɤɰɢɢ 
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NLRI. SAFI ɫɨɨɛɳɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɬɢɩɟ NLRI. ɇɚɩɪɢɦɟɪ 

ɞɥɹ AFI 1 (IP) SAFI ɦɨɠɟɬ ɛɵɬɶ 1 (Unicast), 2 (Multicast), 128 (MPLS BGP VPN). 

SAFI ɹɜɥɹɟɬɫɹ ɩɨɞɬɢɩɨɦ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦ AFI. 

         
Ɋɢɫɭɧɨɤ 7. ― Ɏɨɪɦɚɬ ɩɚɤɟɬɚ UPDATE 

 
ɋɨɨɛɳɟɧɢɟ BGP ɨɛɧɨɜɥɟɧɢɹ ɜɤɥɸɱɚɟɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɚɬɪɢɛɭɬɨɜ 

ɩɭɬɢ, ɷɬɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɩɢɫɵɜɚɸɳɢɟ ɦɚɪɲɪɭɬ. Ⱥɬɪɢɛɭɬɵ ɩɭɬɢ ɫɨɫɬɨɹɬ ɢɡ 

ɫɥɟɞɭɸɳɢɯ ɩɨɥɟɣ: ɬɢɩ ɚɬɪɢɛɭɬɚ, ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɩɨɥɟɣ, ɩɨɥɟ ɮɥɚɝɚ ɢ ɩɨɥɟ ɤɨɞɚ 

ɬɢɩɚ ɚɬɪɢɛɭɬɚ; ɞɥɢɧɚ ɚɬɪɢɛɭɬɚ; ɡɧɚɱɟɧɢɟ ɚɬɪɢɛɭɬɚ [9]. 

Ɉɩɰɢɨɧɚɥɶɧɵɟ ɚɬɪɢɛɭɬɵ ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ ɩɨɞɞɟɪɠɢɜɚɸɬɫɹ ɜɫɟɦɢ 

ɪɟɚɥɢɡɚɰɢɹɦɢ ɩɪɨɬɨɤɨɥɚ BGP, ɷɬɨ ɦɨɠɟɬ ɛɵɬɶ ɭɧɢɤɚɥɶɧɵɣ ɚɬɪɢɛɭɬ, 

ɢɫɩɨɥɶɡɭɟɦɵɣ ɬɨɥɶɤɨ ɜ ɨɞɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɬɨɤɨɥɚ. ȼ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɨɧ 

ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ, ɨɧ ɦɨɠɟɬ ɛɵɬɶ ɩɟɪɟɞɚɧ BGP ɫɨɫɟɞɹɦ.  

ɉɪɢɦɟɧɹɟɦɵɣ ɩɨɞɯɨɞ ɩɪɟɞɩɨɥɚɝɚɟɬ ɨɬɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 

ɫɟɚɧɫɚ ɪɚɛɨɬɵ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ ɨɬ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɩɪɢɫɭɳɢɯ 

ɨɩɪɟɞɟɥɟɧɧɨɦɭ ADDRESS FAMILY. ȼɯɨɞɧɵɟ ɢ ɜɵɯɨɞɧɵɟ ɩɪɚɜɢɥɚ 

ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɦɨɝɭɬ ɨɬɥɢɱɚɬɶɫɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ AF. BGP ɦɚɪɲɪɭɬɢɡɚɬɨɪ 

ɦɨɠɟɬ ɛɵɬɶ ɧɚɫɬɪɨɟɧ ɤɚɤ ɨɬɪɚɠɚɬɟɥɶ ɦɚɪɲɪɭɬɨɜ ɞɥɹ ɨɞɧɨɝɨ AF ɢɥɢ ɫɪɚɡɭ 

ɧɟɫɤɨɥɶɤɢɯ AF. ɉɪɟɮɢɤɫɵ ɦɨɝɭɬ ɧɟɡɚɜɢɫɢɦɨ ɩɨɫɬɭɩɚɬɶ ɢɡ ɥɸɛɵɯ ɢɫɬɨɱɧɢɤɨɜ 

ɜɧɭɬɪɢ ɤɚɠɞɨɝɨ AF. Ƚɪɭɩɩɵ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɭɡɥɨɜ ɛɭɞɭɬ ɨɛɫɥɭɠɢɜɚɬɶɫɹ 
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ɜɧɭɬɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ AF, ɬɚɤ ɤɚɤ ɷɬɨ ɤɚɫɚɟɬɫɹ ɝɟɧɟɪɚɰɢɢ ɫɨɨɛɳɟɧɢɣ 

UPDATE [11]. 

Ʉɨɦɚɧɞɵ ɞɥɹ ɫɟɦɟɣɫɬɜɚ ɚɞɪɟɫɨɜ AF, ɤ ɷɬɨɦɭ ɬɢɩɭ ɦɨɝɭɬ ɛɵɬɶ ɨɬɧɟɫɟɧɵ 

ɞɜɚ ɧɚɛɨɪɚ ɤɨɦɚɧɞ: Ƚɥɨɛɚɥɶɧɵɟ ɤɨɦɚɧɞɵ ɫɟɦɟɣɫɬɜ ɚɞɪɟɫɨɜ, ɷɬɨ ɬɟ ɤɨɦɚɧɞɵ, 

ɤɨɬɨɪɵɟ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɤɨɧɮɢɝɭɪɚɰɢɢ ɫɨɫɟɞɧɢɯ ɭɡɥɨɜ ɢ ɜɥɢɹɸɬ ɧɚ ɪɚɛɨɬɭ ɩɨ 

ɩɪɨɬɨɤɨɥɭ BGP ɨɩɪɟɞɟɥɟɧɧɨɝɨ AF. ɉɪɟɮɢɤɫɵ ɦɨɝɭɬ ɩɨɫɬɭɩɚɬɶ ɨɬ ɪɚɡɥɢɱɧɵɯ 

ɢɫɬɨɱɧɢɤɨɜ ɞɥɹ AF, ɨɬɧɨɫɹɳɟɝɨɫɹ ɤ ɷɬɨɣ ɤɚɬɟɝɨɪɢɢ. ȼɬɨɪɚɹ ɝɪɭɩɩɚ 

ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɤɨɦɚɧɞɵ ɫɟɦɟɣɫɬɜ ɚɞɪɟɫɨɜ ɞɥɹ ɫɨɫɟɞɧɢɯ ɭɡɥɨɜ/ɝɪɭɩɩɵ ɭɡɥɨɜ. 

ɗɬɢ ɤɨɦɚɧɞɵ ɩɨɡɜɨɥɹɸɬ ɧɚɫɬɪɨɢɬɶ ɩɪɚɜɢɥɚ ɪɚɛɨɬɵ ɫ ɫɨɫɟɞɧɢɦɢ ɭɡɥɨɦ (ɭɡɥɚɦɢ) 

ɢɥɢ ɜ ɝɪɭɩɩɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɭɡɥɨɜ ɫ ɩɨɦɨɳɶɸ ɫɩɢɫɤɨɜ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, 

ɫɩɢɫɤɨɜ ɩɪɟɮɢɤɫɨɜ ɢɥɢ ɤɚɪɬ ɦɚɪɲɪɭɬɨɜ. ɋɨɫɟɞɧɢɟ ɭɡɥɵ ɦɨɠɧɨ ɬɚɤɠɟ      

ɤɨɧɮɢɝɭɪɢɪɨɜɚɬɶ ɤɚɤ ɤɥɢɟɧɬɨɜ ɨɬɪɚɠɚɬɟɥɹ ɦɚɪɲɪɭɬɨɜ ɢɥɢ ɤɚɤ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 

ɱɥɟɧɨɜ ɝɪɭɩɩɵ ɭɡɥɨɜ. ɉɪɢ ɷɬɨɦ ɫɨɫɟɞɧɢɟ ɭɡɥɵ ɞɨɥɠɧɵ ɛɵɬɶ ɹɜɧɵɦ ɨɛɪɚɡɨɦ 

"ɚɤɬɢɜɢɪɨɜɚɧɵ" ɜ ɰɟɥɹɯ ɪɚɡɪɟɲɟɧɢɹ ɨɛɦɟɧɚ ɩɪɟɮɢɤɫɚɦɢ ɜ ɪɚɦɤɚɯ MBGP. 

ɑɬɨɛɵ ɪɚɡɪɟɲɢɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ AF ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ 

ɭɡɥɚɦɢ, ɧɚ BGP ɦɚɪɲɪɭɬɢɡɚɬɨɪɟ ɧɭɠɧɨ ɡɚɞɚɬɶ ɤɨɦɚɧɞɭ ACTIVATE ɢɥɢ 

ɩɟɪɟɣɬɢ ɜ ɪɟɠɢɦ ɤɨɧɮɢɝɭɪɚɰɢɢ ADDRESS FAMILY. ɉɪɢ ɷɬɨɦ ɫɨɫɟɞɧɢɟ BGP 

ɭɡɥɵ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɚɤɬɢɜɢɪɭɸɬɫɹ ɞɥɹ ɪɚɛɨɬɵ ɫ IPv4. Ⱦɥɹ ɜɫɟɯ ɨɫɬɚɥɶɧɵɯ AF 

ɫɨɫɟɞɧɢɟ ɭɡɥɵ ɫɥɟɞɭɟɬ ɚɤɬɢɜɢɪɨɜɚɬɶ ɹɜɧɵɦ ɨɛɪɚɡɨɦ [16]. 

 

2.2.3 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɯɚɧɢɡɦɚ ɨɪɝɚɧɢɡɚɰɢɢ ɫɨɫɟɞɫɤɢɯ ɨɬɧɨɲɟɧɢɣ. 

ȼ ɤɚɱɟɫɬɜɟ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɩɪɨɬɨɤɨɥɚ, BGP ɢɫɩɨɥɶɡɭɟɬ ɩɪɨɬɨɤɨɥ TCP ɢ 

ɩɨɪɬ 179, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɧɚɞɟɠɧɭɸ ɞɨɫɬɚɜɤɭ. ɉɨɷɬɨɦɭ ɩɪɨɬɨɤɨɥ BGP 

ɩɪɟɞɩɨɥɚɝɚɟɬ, ɱɬɨ ɟɝɨ ɫɜɹɡɶ ɫ ɫɨɫɟɞɨɦ ɹɜɥɹɟɬɫɹ ɧɚɞɟɠɧɨɣ, ɢ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 

ɜɵɩɨɥɧɹɬɶ ɩɨɜɬɨɪɧɭɸ ɩɨɫɵɥɤɭ ɩɚɤɟɬɨɜ ɢɥɢ ɪɟɚɥɢɡɨɜɵɜɚɬɶ ɦɟɯɚɧɢɡɦ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɨɲɢɛɨɤ. Ⱦɜɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ, ɢɫɩɨɥɶɡɭɸɳɢɟ ɩɪɨɬɨɤɨɥ BGP 

ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɦɟɠɞɭ ɫɨɛɨɣ ɌɋɊ ɫɨɟɞɢɧɟɧɢɟ, ɞɥɹ ɷɬɨɝɨ ɨɧɢ ɨɛɦɟɧɢɜɚɸɬɫɹ 

ɫɨɨɛɳɟɧɢɹɦɢ ɱɬɨɛɵ ɨɬɤɪɵɬɶ ɢ ɩɨɞɬɜɟɪɞɢɬɶ ɩɚɪɚɦɟɬɪɵ ɫɨɟɞɢɧɟɧɢɹ. ɉɪɨɬɨɤɨɥ 

BGP ɪɚɫɫɵɥɚɟɬ ɫɨɨɛɳɟɧɢɹ KEEPALIVE, ɩɨɞɨɛɧɵɟ Hello ɫɨɨɛɳɟɧɢɹɦ, 

ɪɚɫɫɵɥɚɟɦɵɦ ɩɪɨɬɨɤɨɥɚɦɢ OSPF ɢ EIGRP. 
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ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɦɟɠɞɭ ɞɜɭɦɹ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɦɢ ɭɫɬɚɧɨɜɥɟɧɨ ɌɋɊ 

ɫɨɟɞɢɧɟɧɢɟ, ɤɚɠɞɵɣ ɦɚɪɲɪɭɬɢɡɚɬɨɪ ɨɬɩɪɚɜɥɹɟɬ ɫɨɫɟɞɭ ɫɨɨɛɳɟɧɢɟ OPEN. 

ɋɨɫɟɞ ɩɨɥɭɱɢɜ ɬɚɤɨɟ ɫɨɨɛɳɟɧɢɟ ɨɬɜɟɱɚɟɬ ɧɚ ɧɟɝɨ ɫɨɨɛɳɟɧɢɟɦ KȿEPALIVE, 

ɩɨɞɬɜɟɪɠɞɚɸɳɢɦ ɱɬɨ ɫɨɨɛɳɟɧɢɟ OPEN ɩɨɥɭɱɟɧɨ. ɉɨɫɥɟ ɷɬɨɝɨ ɫɨɟɞɢɧɟɧɢɟ 

BGP ɫɱɢɬɚɟɬɫɹ ɭɫɬɚɧɨɜɥɟɧɧɵɦ, ɢ ɬɟɩɟɪɶ ɦɨɠɧɨ ɨɛɦɟɧɢɜɚɬɶɫɹ ɦɚɪɲɪɭɬɧɨɣ 

ɢɧɮɨɪɦɚɰɢɟɣ ɫ ɩɨɦɨɳɶɸ ɫɨɨɛɳɟɧɢɣ UPDATE. ɉɚɤɟɬɵ KȿEPALIVE 

ɩɨɫɵɥɚɸɬɫɹ ɞɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɫɨɟɞɢɧɟɧɢɹ ɦɟɠɞɭ BGP 

ɫɨɫɟɞɹɦɢ, ɚ ɩɚɤɟɬɵ NOTIFICATION ɩɨɫɵɥɚɸɬɫɹ ɜ ɨɬɜɟɬ ɧɚ ɨɲɢɛɤɢ ɢɥɢ 

ɫɩɟɰɢɚɥɶɧɵɟ ɭɫɥɨɜɢɹ. ɉɪɢ ɩɨɥɭɱɟɧɢɢ ɫɨɨɛɳɟɧɢɹ NOTIFICATION, ɫɨɟɞɢɧɟɧɢɟ 

BGP ɡɚɤɪɵɜɚɟɬɫɹ ɧɟɦɟɞɥɟɧɧɨ. ɋɨɨɛɳɟɧɢɟ NOTIFICATION ɜɤɥɸɱɚɟɬ ɤɨɞ 

ɨɲɢɛɤɢ, ɚ ɬɚɤɠɟ ɞɚɧɧɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɨɲɢɛɤɟ. Ɉɛɦɟɧ ɫɨɨɛɳɟɧɢɹɦɢ 

UPDATE, KȿEPALIVE  ɢ NOTIFICATION ɩɪɨɢɫɯɨɞɢɬ ɬɨɥɶɤɨ ɤɨɝɞɚ 

ɫɨɟɞɢɧɟɧɢɟ ɧɚɯɨɞɢɬɫɹ ɜ ɫɨɫɬɨɹɧɢɢ ESTABLISHED. ɋɨɨɛɳɟɧɢɟ KȿEPALIVE 

ɫɨɫɬɨɢɬ ɢɡ ɡɚɝɨɥɨɜɤɚ ɢ ɢɦɟɟɬ ɞɥɢɧɭ 19 ɛɚɣɬ, ɩɨ ɭɦɨɥɱɚɧɢɸ ɪɚɫɫɵɥɚɟɬɫɹ ɤɚɠɞɵɟ 

60 ɫɟɤɭɧɞ. Ⱦɥɢɧɚ ɞɪɭɝɢɯ ɫɨɨɛɳɟɧɢɣ ɦɨɠɟɬ ɛɵɬɶ ɨɬ 19 ɞɨ 4096 ɛɚɣɬ. ɉɨ 

ɭɦɨɥɱɚɧɢɸ ɜɪɟɦɹ ɡɚɞɟɪɠɤɢ ɫɨɫɬɚɜɥɹɟɬ 180 ɫɟɤɭɧɞ. ɋɨɫɬɨɹɧɢɟ ɫɨɫɟɞɫɬɜɚ ɞɜɭɯ 

ɦɚɪɲɪɭɬɢɡɚɬɨɪɨɜ BGP, ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɚɪɢɚɧɬɵ:  

 IDLE - ɫɨɟɞɢɧɟɧɢɟ ɨɬɫɭɬɫɬɜɭɟɬ; 

 CONNECT - ɫɨɟɞɢɧɟɧɢɟ; 

 ACTIVE - ɚɤɬɢɜɧɵɣ; 

 OPEN SENT - ɨɬɩɪɚɜɤɚ ɫɨɨɛɳɟɧɢɹ OPEN; 

 OPEN CONFIRM - ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɩɨɥɭɱɟɧɢɹ ɫɨɨɛɳɟɧɢɹ OPEN; 

 ESTABLISHED - ɪɚɛɨɱɢɣ ɪɟɠɢɦ, ɫɨɟɞɢɧɟɧɢɟ BGP ɦɟɠɞɭ ɫɨɫɟɞɹɦɢ 

ɭɫɬɚɧɨɜɥɟɧɨ. 

 

2.2.4 Ɇɟɯɚɧɢɡɦ ɩɪɨɜɟɪɤɢ ɫɨɫɬɨɹɧɢɹ ɤɚɧɚɥɚ ɫ ISP. 

ȼ ɧɚɲɟɦ ɩɪɢɦɟɪɟ, ɤɚɠɞɵɣ ɢɡ ɦɚɪɲɪɭɬɢɡɚɬɨɪɨɜ BR, ɧɟɡɚɜɢɫɢɦɨ ɢ 

ɪɟɝɭɥɹɪɧɨ ɩɪɨɜɨɞɢɬ ɬɟɫɬ ɫɨɫɬɨɹɧɢɹ ɜɧɟɲɧɟɝɨ ɤɚɧɚɥɚ. ȼ ɤɚɱɟɫɬɜɟ ɬɟɫɬɚ ɦɨɠɧɨ 

ɩɪɟɞɥɨɠɢɬɶ, ɨɬɩɪɚɜɥɹɬɶ ɤɚɠɞɵɟ 10 ɫɟɤɭɧɞ ɩɚɤɟɬɵ ICMP ɧɚ ɩɭɛɥɢɱɧɵɣ ɚɞɪɟɫ, 

ɧɚɩɪɢɦɟɪ 8.8.8.8, ɱɟɪɟɡ ɫɜɨɣ ɜɧɟɲɧɢɣ ɤɚɧɚɥ. ɋ ɩɨɦɨɳɶɸ ɬɟɯɧɨɥɨɝɢɢ IP SLA 
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ɦɨɠɧɨ ɨɬɫɥɟɠɢɜɚɬɶ ɩɪɨɰɟɧɬ ɩɨɬɟɪɶ ɢɥɢ ɡɚɞɟɪɠɤɭ ɢ ɧɚ ɨɫɧɨɜɟ ɷɬɨɝɨ ɞɟɥɚɬɶ 

ɜɵɜɨɞ ɨ ɫɨɫɬɨɹɧɢɢ ɜɧɟɲɧɟɝɨ ɤɚɧɚɥɚ. ȿɫɥɢ ɨɬɜɟɬɚ ɧɟɬ 20 ɫɟɤɭɧɞ, ɬɨ ɮɢɤɫɢɪɭɟɬɫɹ 

ɫɨɛɵɬɢɟ, ɜɧɟɲɧɢɣ ɤɚɧɚɥ ɫɱɢɬɚɟɬɫɹ ɩɨɬɟɪɹɧɧɵɦ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɦɚɪɲɪɭɬɢɡɚɬɨɪ 

BR ɨɩɨɜɟɳɚɟɬ ɫɜɨɢɯ ɫɨɫɟɞɟɣ ɢɡ ɛɥɨɤɚ AF, ɚ ɨɧɢ ɪɚɫɩɪɨɫɬɪɚɧɹɸɬ ɢɧɮɨɪɦɚɰɢɸ 

ɞɚɥɟɟ ɩɨ ɜɫɟɦɭ ɞɨɦɟɧɭ iPBR, ɫ ɰɟɥɶɸ ɜɧɟɫɬɢ ɤɨɪɪɟɤɬɢɪɨɜɤɭ ɜ ɬɚɛɥɢɰɭ ɩɨɥɢɬɢɤ, 

ɱɬɨɛ ɞɚɧɧɵɣ END-HOP ɬɟɩɟɪɶ ɧɟ ɢɫɩɨɥɶɡɨɜɚɬɶ. 

Ɇɨɧɢɬɨɪɢɧɝ ɩɨɬɟɪɹɧɧɨɝɨ ɤɚɧɚɥɚ ɫ ISP ɧɟ ɩɪɟɤɪɚɳɚɟɬɫɹ, ɧɭɠɧɨ ɪɚɡ ɜ 60 

ɫɟɤɭɧɞ ɨɬɩɪɚɜɥɹɬɶ  ɩɚɤɟɬɵ ICMP ɧɚ ɬɟɫɬɨɜɵɣ ɩɭɛɥɢɱɧɵɣ ɚɞɪɟɫ 8.8.8.8. ɉɨɫɥɟ 

ɬɨɝɨ ɤɚɤ ɫɜɹɡɶ ɩɨɹɜɢɬɫɹ, ɦɚɪɲɪɭɬɢɡɚɬɨɪ ɞɨɥɠɟɧ ɜɵɩɨɥɧɢɬɶ ɬɟɫɬ, 

ɩɨɞɬɜɟɪɠɞɚɸɳɢɣ ɧɚɞɟɠɧɨɫɬɶ ɜɧɟɲɧɟɝɨ ɤɚɧɚɥɚ. Ɋɚɡ ɜ 60 ɫɟɤɭɧɞ, 

ɦɚɪɲɪɭɬɢɡɚɬɨɪ ɨɬɩɪɚɜɥɹɟɬ 1000 icmp ɩɚɤɟɬɨɜ ɧɚ ɚɞɪɟɫ 8.8.8.8. ɉɨɞɨɛɧɵɣ ɬɟɫɬ 

ɜɵɩɨɥɧɹɟɬɫɹ ɩɨɞɪɹɞ ɩɹɬɶ ɪɚɡ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɟɫɥɢ ɩɨɫɥɟ 300 ɫɟɤɭɧɞ ɫɨɫɬɨɹɧɢɟ 

ɜɧɟɲɧɟɝɨ ɤɚɧɚɥ ɩɨɤɚɡɚɥɨ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɣ ɪɟɡɭɥɶɬɚɬ, ɫɭɦɦɚɪɧɨ ɩɨɬɟɪɶ ɧɟ 

ɛɨɥɟɟ 5 ɩɚɤɟɬɨɜ ɢ ɡɚɞɟɪɠɤɚ ɦɟɧɟɟ 70 ɦɫ, ɬɨ ɡɚɩɭɫɤɚɟɬɫɹ ɩɪɨɰɟɞɭɪɚ ɜɨɡɜɪɚɬɚ 

ɬɪɚɮɢɤɚ ɱɟɪɟɡ ɷɬɨɬ ɦɚɪɲɪɭɬɢɡɚɬɨɪ, ɮɨɪɦɢɪɭɟɬɫɹ ɫɥɭɠɟɛɧɨɟ ɫɨɨɛɳɟɧɢɟ ɢ 

ɪɚɫɫɵɥɚɟɬɫɹ ɜɫɟɦ ɫɨɫɟɞɹɦ ɞɨɦɟɧɚ iPBR, ɞɥɹ ɢɡɦɟɧɟɧɢɹ ɬɚɛɥɢɰɵ ɩɨɥɢɬɢɤ, ɬɚɤ 

ɤɚɤ ɬɟɩɟɪɶ ɞɚɧɧɵɣ END-HOP ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ. 

 

2.2.5 ɉɨɪɹɞɨɤ ɧɚɫɬɪɨɣɤɢ ɦɟɬɨɞɚ iPBR. 

ɇɭɠɧɨ ɜɪɭɱɧɭɸ ɧɚɫɬɪɨɢɬɶ ACL-ɫɩɢɫɤɢ ɢ ɤɚɪɬɵ ɩɨɥɢɬɢɤɢ ɬɨɥɶɤɨ ɧɚ 

ɝɪɚɧɢɱɧɵɯ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɯ. ɇɚ ɨɫɬɚɥɶɧɵɯ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɯ ɧɭɠɧɨ: 

Ⱥɤɬɢɜɢɪɨɜɚɬɶ iPBR, ɡɚɞɚɬɶ ɟɦɭ ɧɨɦɟɪ ɩɪɨɰɟɫɫɚ. Ɂɚɞɚɬɶ ɭɧɢɤɚɥɶɧɵɣ 

ɢɞɟɧɬɢɮɢɤɚɬɨɪ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ. ȼɤɥɸɱɢɬɶ ɥɨɝɢɪɨɜɚɧɢɟ ɫɨɛɵɬɢɣ. 

ȼɫɸ ɨɫɬɚɥɶɧɭɸ ɪɚɛɨɬɭ, ɦɟɬɨɞ iPBR ɜɵɩɨɥɧɢɬ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ. 

 

2.3 ɉɪɢɦɟɪ ɧɚɫɬɪɨɣɤɢ ɦɟɬɨɞɚ iPBR. 

ɇɚ ɪɢɫɭɧɤɟ №8 ɩɪɟɞɫɬɚɜɥɟɧɚ ɬɨɩɨɥɨɝɢɹ ɬɟɫɬɨɜɨɣ ɫɟɬɢ. ɂɫɩɨɥɶɡɭɹ ɷɬɭ 

ɫɯɟɦɭ ɜɵɩɨɥɧɢɦ ɧɚɫɬɪɨɣɤɭ iPBR. Ⱦɚɧɧɵɟ ɞɥɹ ɤɨɧɮɢɝɭɪɚɰɢɢ ɦɚɪɲɪɭɬɢɡɚɬɨɪɨɜ 

ɜɨɡɶɦɟɦ ɢɡ ɬɚɛɥɢɰ №1 ɢ №2.  
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1. ɇɚ ɝɪɚɧɢɱɧɵɯ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɯ BR1 ɢ BR2 ɜ ɪɭɱɧɭɸ ɧɚɫɬɪɨɟɧɵ 

ɫɩɢɫɤɢ iACL  

iACL-1 ɨɩɢɫɵɜɚɟɬ ɬɪɚɮɢɤ ɫɟɬɢ 10.1.1.0/24  

iACL-2 ɨɩɢɫɵɜɚɟɬ ɬɪɚɮɢɤ ɫɟɬɢ 10.2.2.0/24 

2. ɇɚ ɝɪɚɧɢɱɧɨɦ ɦɚɪɲɪɭɬɢɡɚɬɨɪɟ BR1 ɫɨɡɞɚɧɚ ɤɚɪɬɚ ɩɨɥɢɬɢɤɢ, ɨɧɚ 

ɨɩɢɫɵɜɚɟɬ ɭɫɥɨɜɢɹ: 

ɞɥɹ iACL-1 ɚɞɪɟɫ NEXT-HOP 192.168.100.2 ɫ ɦɟɬɪɢɤɨɣ 10  

ɞɥɹ iACL-2 ɚɞɪɟɫ NEXT-HOP 192.168.100.2 ɫ ɦɟɬɪɢɤɨɣ 100  

3. ɇɚ ɝɪɚɧɢɱɧɨɦ ɦɚɪɲɪɭɬɢɡɚɬɨɪɟ BR2 ɫɨɡɞɚɧɚ ɤɚɪɬɚ ɩɨɥɢɬɢɤɢ, ɨɧɚ 

ɨɩɢɫɵɜɚɟɬ ɭɫɥɨɜɢɹ:  

ɞɥɹ iACL-1 ɚɞɪɟɫ NEXT-HOP 192.168.200.6 ɫ ɦɟɬɪɢɤɨɣ 100  

ɞɥɹ iACL-2 ɚɞɪɟɫ NEXT-HOP 192.168.200.6 ɫ ɦɟɬɪɢɤɨɣ 10  
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4. BR1 ɞɨɥɠɟɧ ɨɬɩɪɚɜɢɬɶ ɫɜɨɢɦ ɫɨɫɟɞɹɦ (BR2, ɌR3 ɢ ɌR4) ɦɚɪɲɪɭɬɧɭɸ 

ɢɧɮɨɪɦɚɰɢɸ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɣ ɨɧɢ ɫɨɡɞɚɞɭɬ ɫɜɨɢ ɤɚɪɬɵ ɩɨɥɢɬɢɤɢ, 

ɦɚɪɲɪɭɬɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɜɤɥɸɱɚɟɬ ɩɚɪɚɦɟɬɪɵ: 

ɫɟɬɢ ɢɡ ɫɩɢɫɤɚ iACL-1, ɚɞɪɟɫ END-HOP 192.168.100.2, ɦɟɬɪɢɤɚ 10, ɜɟɪɫɢɹ 1 

ɫɟɬɢ ɢɡ ɫɩɢɫɤɚ iACL-2, ɚɞɪɟɫ END-HOP 192.168.100.2, ɦɟɬɪɢɤɚ 100, ɜɟɪɫɢɹ 1    

5. BR2 ɞɨɥɠɟɧ ɨɬɩɪɚɜɢɬɶ ɫɜɨɢɦ ɫɨɫɟɞɹɦ (BR1, ɌR3 ɢ ɌR4) ɦɚɪɲɪɭɬɧɭɸ 

ɢɧɮɨɪɦɚɰɢɸ, ɞɥɹ ɧɚɫɬɪɨɣɤɢ ɤɚɪɬ ɩɨɥɢɬɢɤ: 

ɫɟɬɢ ɢɡ ɫɩɢɫɤɚ iACL-1, ɚɞɪɟɫ END-HOP 192.168.200.6, ɦɟɬɪɢɤɚ 100, ɜɟɪɫɢɹ 1 

ɫɟɬɢ ɢɡ ɫɩɢɫɤɚ iACL-2, ɚɞɪɟɫ END-HOP 192.168.200.6, ɦɟɬɪɢɤɚ 10, ɜɟɪɫɢɹ 1 

ɇɚ ɝɪɚɧɢɱɧɨɦ ɦɚɪɲɪɭɬɢɡɚɬɨɪɟ BR ɟɫɬɶ ɬɨɱɤɚ ɜɵɯɨɞɚ, ɧɚɡɵɜɚɟɬɫɹ END-

HOP, ɜ ɧɚɲɟɦ ɩɪɢɦɟɪɟ ɷɬɨ ɫɬɵɤ ɫ ISP, ɬɨɱɟɤ ɜɵɯɨɞɚ END-HOP ɞɥɹ ɬɪɚɮɢɤɚ 

ɨɩɢɫɚɧɧɨɝɨ ɜ iACL-ɯ, ɦɨɠɟɬ ɛɵɬɶ ɧɟɫɤɨɥɶɤɨ, ɜɵɛɨɪ  ɨɫɧɨɜɧɨɣ ɢ ɪɟɡɟɪɜɧɨɣ 

ɞɟɥɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɜɪɭɱɧɭɸ ɡɚɞɚɧɧɨɣ ɦɟɬɪɢɤɢ, ɱɟɦ ɦɟɧɶɲɟ ɡɧɚɱɟɧɢɟ 

ɦɟɬɪɢɤɢ, ɬɟɦ ɜɵɲɟ ɟɟ ɩɪɢɨɪɢɬɟɬ. 

ȼ ɬɚɛɥɢɰɟ ɨɩɢɫɵɜɚɸɳɟɣ ɩɪɚɜɢɥɚ ɩɨɥɢɬɢɤ ɞɥɹ ɬɪɚɮɢɤɚ iACL-x, ɛɭɞɟɬ ɞɜɟ 

ɡɚɩɢɫɢ, ɩɟɪɜɚɹ ɡɚɩɢɫɶ ɫ ɦɟɧɶɲɟɣ ɦɟɬɪɢɤɨɣ ɛɭɞɟɬ ɢɦɟɬɶ ɫɬɚɬɭɫ ɚɤɬɢɜɧɨɣ, 

ɢɦɟɧɧɨ ɱɟɪɟɡ ɭɤɚɡɚɧɧɵɣ ɢɧɬɟɪɮɟɣɫ ɛɭɞɟɬ ɯɨɞɢɬɶ ɬɪɚɮɢɤ ɞɥɹ ɞɚɧɧɨɝɨ iACL-x, 

ɜɬɨɪɚɹ ɡɚɩɢɫɶ ɢɦɟɟɬ ɛɨɥɶɲɭɸ ɦɟɬɪɢɤɭ ɢ ɫɬɚɬɭɫ ɪɟɡɟɪɜɧɨɣ. 

ɇɚɱɢɧɚɹ ɫ BR, ɦɚɪɲɪɭɬɧɚɹ ɢɧɮɨɪɦɚɰɢɹ (Ɇɂ) ɚɜɬɨɦɚɬɢɱɟɫɤɢ 

ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɫɪɟɞɢ ɜɫɟɯ  ɦɚɪɲɪɭɬɢɡɚɬɨɪɨɜ ɞɨɦɟɧɚ iPBR. 

Ɋɚɫɩɪɨɫɬɪɚɧɹɟɦɚɹ Ɇɂ ɫɨɞɟɪɠɢɬ ɧɨɦɟɪ ɚɤɬɭɚɥɶɧɨɣ ɜɟɪɫɢɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɜɫɟ ɦɚɪɲɪɭɬɢɡɚɬɨɪɵ ɞɨɥɠɧɵ ɢɦɟɬɶ ɨɞɢɧɚɤɨɜɭɸ ɜɟɪɫɢɸ Ɇɂ, ɬɚɤ 

ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫɯɨɞɢɦɨɫɬɶ ɧɚ ɫɟɬɢ. 

Ɇɂ ɩɟɪɟɞɚɟɬɫɹ ɦɟɠɞɭ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɦɢ ɫ ɩɨɦɨɳɶɸ ɩɪɨɬɨɤɨɥɚ BGP, 

ɞɥɹ ɷɬɨɝɨ ɫɨɡɞɚɟɬɫɹ ɧɨɜɵɣ ɛɥɨɤ ADDRESS-FAMILY. ɋɢɥɚɦɢ ɩɪɨɬɨɤɨɥ BGP 

ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɨɰɟɞɭɪɚ ɨɩɪɟɞɟɥɟɧɢɹ ɢ ɩɨɞɞɟɪɠɚɧɢɹ ɫɨɫɟɞɫɤɢɯ ɨɬɧɨɲɟɧɢɣ. 
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Ɋɢɫɭɧɨɤ 8. ― Ɍɨɩɨɥɨɝɢɹ ɫɟɬɢ 

 
 
2.3.1 Ɉɛɦɟɧ ɦɚɪɲɪɭɬɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ. 
 

Ɇɚɪɲɪɭɬɢɡɚɬɨɪ ɩɨɥɭɱɢɜ ɩɚɤɟɬ ɫ Ɇɂ, ɞɨɥɠɟɧ ɩɪɨɜɟɪɢɬɶ ɟɟ ɜɟɪɫɢɸ, ɟɫɥɢ 

ɧɨɦɟɪ ɜɟɪɫɢɢ ɬɟɤɭɳɢɣ ɢɥɢ ɛɨɥɟɟ ɫɬɚɪɵɣ, ɬɨ ɬɚɤɨɣ ɩɚɤɟɬ ɭɞɚɥɹɟɬɫɹ. ȿɫɥɢ ɧɨɦɟɪ 

ɜɟɪɫɢɢ ɫɜɟɠɢɣ, ɬɨ ɧɭɠɧɨ ɨɛɧɨɜɢɬɶ  ɭ ɫɟɛɹ ɞɚɧɧɵɟ, ɜɨɡɦɨɠɧɨ ɱɬɨ ɩɪɨɢɡɨɲɥɢ 

ɢɡɦɟɧɟɧɢɹ ɫ ɫɨɫɬɚɜɨɦ ɫɟɬɟɣ ɨɩɢɫɚɧɧɵɯ ɜ iACL-x ɢɥɢ ɢɡɦɟɧɢɥɫɹ ɫɬɚɬɭɫ 

ɞɨɫɬɭɩɧɨɫɬɢ ɚɞɪɟɫɚ END-HOP. ɉɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɬɚɤɨɣ ɩɚɤɟɬ ɧɭɠɧɨ ɨɬɩɪɚɜɢɬɶ 

ɫɜɨɢɦ ɫɨɫɟɞɹɦ, ɞɥɹ ɨɛɧɨɜɥɟɧɢɹ ɞɚɧɧɵɯ ɜɨ ɜɫɟɦ ɞɨɦɟɧɟ.  

  

 Ɍɚɛɥɢɰɚ ɫɨɫɟɞɫɬɜɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ BR1 
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№     Address          Interface         State             Holdtime       Uptime      END-HOP     
------------------------------------------------------------------------------------------------------------ 
1.   192.168.100.2      gi0/1            forward              5                 01:38:42     192.168.100.2      
2.    10.10.12.2           gi0/2             listen                 10               02:40:16           -------      
3.    10.10.14.2           gi0/3             listen                 8                 01:15:11           ------- 
4.    10.10.13.2           gi0/4             listen                 14               02:22:25           -------         
 
  

Ɋɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɦɚɪɲɪɭɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ (Ɇɂ) ɧɚ ɭɪɨɜɧɟ BR-ɌR: 

1. Ɇɚɪɲɪɭɬɢɡɚɬɨɪ BR2 ɩɨɥɭɱɢɜ Ɇɂ ɨɬ BR1, ɜɧɨɫɢɬ ɢɡɦɟɧɟɧɢɹ ɜ ɫɜɨɸ 

ɬɚɛɥɢɰɭ ɩɨɥɢɬɢɤ, ɬɪɚɮɢɤ ɞɥɹ iACL-1 ɫ ɦɟɬɪɢɤɨɣ 10 ɧɭɠɧɨ ɨɬɩɪɚɜɥɹɬɶ ɜ ɩɨɪɬ 

gi0/2 ɜ ɫɬɨɪɨɧɭ BR1. 

2. Ɇɚɪɲɪɭɬɢɡɚɬɨɪ BR1 ɩɨɥɭɱɢɜ Ɇɂ ɨɬ BR2, ɜɧɨɫɢɬ ɢɡɦɟɧɟɧɢɹ ɜ ɫɜɨɸ 

ɬɚɛɥɢɰɭ ɩɨɥɢɬɢɤ, ɬɪɚɮɢɤ ɞɥɹ iACL-2 ɫ ɦɟɬɪɢɤɨɣ 10 ɧɭɠɧɨ ɨɬɩɪɚɜɥɹɬɶ ɜ ɩɨɪɬ 

gi0/2 ɜ ɫɬɨɪɨɧɭ BR2. 

3. Ɇɚɪɲɪɭɬɢɡɚɬɨɪ ɌR3 ɩɨɥɭɱɢɜ Ɇɂ ɨɬ BR1 ɢ BR2 ɜɧɨɫɢɬ ɢɡɦɟɧɟɧɢɹ ɜ 

ɫɜɨɸ ɬɚɛɥɢɰɭ ɩɨɥɢɬɢɤ, ɬɪɚɮɢɤ ɞɥɹ iACL-1 ɫ ɦɟɬɪɢɤɨɣ 10 ɧɭɠɧɨ ɨɬɩɪɚɜɥɹɬɶ ɜ 

ɩɨɪɬ gi0/1 ɜ ɫɬɨ, ɬɪɚɮɢɤ ɞɥɹ iACL-2 ɫ ɦɟɬɪɢɤɨɣ 10 ɧɭɠɧɨ ɨɬɩɪɚɜɥɹɬɶ ɜ ɩɨɪɬ 

gi0/2 ɜ ɫɬɨɪɨɧɭ BR2. 

4. Ɇɚɪɲɪɭɬɢɡɚɬɨɪ ɌR4 ɩɨɥɭɱɢɜ Ɇɂ ɨɬ BR1 ɢ BR2 ɜɧɨɫɢɬ ɢɡɦɟɧɟɧɢɹ ɜ 

ɫɜɨɸ ɬɚɛɥɢɰɭ ɩɨɥɢɬɢɤ, ɬɪɚɮɢɤ ɞɥɹ iACL-1 ɫ ɦɟɬɪɢɤɨɣ 10 ɧɭɠɧɨ ɨɬɩɪɚɜɥɹɬɶ ɜ 

ɩɨɪɬ gi0/2 ɜ ɫɬɨɪɨɧɭ BR1, ɬɪɚɮɢɤ ɞɥɹ iACL-2 ɫ ɦɟɬɪɢɤɨɣ 10 ɧɭɠɧɨ ɨɬɩɪɚɜɥɹɬɶ ɜ 

ɩɨɪɬ gi0/1 ɜ ɫɬɨɪɨɧɭ BR2. 

 
Ɍɚɛɥɢɰɚ ɫɨɫɟɞɫɬɜɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ BR2 

 
№     Address          Interface         State             Holdtime       Uptime      END-HOP     
------------------------------------------------------------------------------------------------------------ 
1.   192.168.200.6      gi0/1            forward              9                 02:35:52     192.168.200.6      
2.    10.10.12.1           gi0/2             listen                 18               01:31:25           -------      
3.    10.10.23.2           gi0/3             listen                 12               01:25:33           ------- 
4.    10.10.24.2           gi0/4             listen                 15               02:32:23           -------         
 

Ɋɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɦɚɪɲɪɭɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ (Ɇɂ) ɧɚ ɭɪɨɜɧɟ ɌR-ȺR: 

1. Ɇɚɪɲɪɭɬɢɡɚɬɨɪ ȺR5 ɩɨɥɭɱɢɜ Ɇɂ ɨɬ ɌR3 ɢ ɌR4 ɜɧɟɫɟɬ ɢɡɦɟɧɟɧɢɹ ɜ 

ɫɜɨɸ ɬɚɛɥɢɰɭ ɩɨɥɢɬɢɤ, ɬɪɚɮɢɤ ɞɥɹ iACL-1 ɫ ɦɟɬɪɢɤɨɣ 10 ɧɭɠɧɨ ɨɬɩɪɚɜɥɹɬɶ ɜ 
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ɩɨɪɬ gi0/1 ɜ ɫɬɨɪɨɧɭ ɌR3, ɬɪɚɮɢɤ ɞɥɹ iACL-2 (ɫ ɦɟɬɪɢɤɨɣ 10 ɧɭɠɧɨ ɨɬɩɪɚɜɥɹɬɶ 

ɜ ɩɨɪɬ gi0/2 ɜ ɫɬɨɪɨɧɭ ɌR4. 

2. Ɇɚɪɲɪɭɬɢɡɚɬɨɪ ȺR6 ɩɨɥɭɱɢɜ Ɇɂ ɨɬ ɌR3 ɢ ɌR4 ɜɧɟɫɟɬ ɢɡɦɟɧɟɧɢɹ ɜ 

ɫɜɨɸ ɬɚɛɥɢɰɭ ɩɨɥɢɬɢɤ, ɬɪɚɮɢɤ ɞɥɹ iACL-1 ɫ ɦɟɬɪɢɤɨɣ 10 ɧɭɠɧɨ ɨɬɩɪɚɜɥɹɬɶ ɜ 

ɩɨɪɬ gi0/1 ɜ ɫɬɨɪɨɧɭ ɌR3, ɬɪɚɮɢɤ ɞɥɹ iACL-2 ɫ ɦɟɬɪɢɤɨɣ 10 ɧɭɠɧɨ ɨɬɩɪɚɜɥɹɬɶ ɜ 

ɩɨɪɬ gi0/2 ɜ ɫɬɨɪɨɧɭ ɌR4. 

3. Ɇɚɪɲɪɭɬɢɡɚɬɨɪ ȺR7 ɩɨɥɭɱɢɜ Ɇɂ ɨɬ ɌR3 ɢ ɌR4 ɜɧɟɫɟɬ ɢɡɦɟɧɟɧɢɹ ɜ 

ɫɜɨɸ ɬɚɛɥɢɰɭ ɩɨɥɢɬɢɤ, ɬɪɚɮɢɤ ɞɥɹ iACL-1 ɫ ɦɟɬɪɢɤɨɣ 10 ɧɭɠɧɨ ɨɬɩɪɚɜɥɹɬɶ ɜ 

ɩɨɪɬ gi0/1 ɜ ɫɬɨɪɨɧɭ ɌR3, ɬɪɚɮɢɤ ɞɥɹ iACL-2 ɫ ɦɟɬɪɢɤɨɣ 10 ɧɭɠɧɨ ɨɬɩɪɚɜɥɹɬɶ ɜ 

ɩɨɪɬ gi0/2 ɜ ɫɬɨɪɨɧɭ ɌR4. 

 
Ɍɚɛɥɢɰɚ ɫɨɫɟɞɫɬɜɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ TR3 

 
№     Address          Interface         State             Holdtime       Uptime      END-HOP     
-------------------------------------------------------------------------------------------------------------- 
1.    10.10.13.1           gi0/1            forward              10                 02:35:52      192.168.100.2         
2.    10.10.23.1           gi0/2            forward              3                   01:31:25      192.168.200.6 
3.    10.10.34.2           gi0/3             listen                 12                 01:21:23           ------- 
4.    10.10.37.2           gi0/4             listen                 9                   01:27:24           ------- 
5.    10.10.36.2           gi0/5             listen                 17                 01:29:25           -------          
6.    10.10.35.2           gi0/6             listen                 5                   01:25:26           -------         

 
 

Ɍɚɛɥɢɰɚ ɫɨɫɟɞɫɬɜɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ TR4 
 
№     Address          Interface         State             Holdtime       Uptime      END-HOP     
------------------------------------------------------------------------------------------------------------- 
1.    10.10.24.1           gi0/1            forward              6                 02:45:52      192.168.200.6         
2.    10.10.14.1           gi0/2            forward              7                 01:21:25      192.168.100.2 
3.    10.10.34.1           gi0/3             listen                 12               01:33:52           ------- 
4.    10.10.45.2           gi0/4             listen                 11               02:32:44           ------- 
5.    10.10.46.2           gi0/5             listen                 14               02:30:33           -------          
6.    10.10.47.2           gi0/6             listen                 10               02:39:13           -------         
 

Ɍɚɛɥɢɰɚ ɫɨɫɟɞɫɬɜɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ AR5 
 
№     Address          Interface         State             Holdtime       Uptime      END-HOP     
------------------------------------------------------------------------------------------------------------- 
1.    10.10.35.1           gi0/1            forward              19               02:35:52      192.168.100.2         
2.    10.10.45.1           gi0/2            forward              11               01:31:25      192.168.200.6 
 

Ɍɚɛɥɢɰɚ ɫɨɫɟɞɫɬɜɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ AR6 
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№     Address          Interface         State             Holdtime       Uptime      END-HOP     
------------------------------------------------------------------------------------------------------------- 
1.    10.10.36.1           gi0/1            forward              12               01:52:12      192.168.100.2         
2.    10.10.46.1           gi0/2            forward              17               01:51:55      192.168.200.6 
 

Ɍɚɛɥɢɰɚ ɫɨɫɟɞɫɬɜɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ AR7 
 
№     Address          Interface         State             Holdtime       Uptime      END-HOP     
------------------------------------------------------------------------------------------------------------- 
1.    10.10.37.1           gi0/1            forward              5                02:51:12      192.168.100.2         
2.    10.10.47.1           gi0/2            forward              8                02:31:45      192.168.200.6 
 

ɂɡɦɟɧɟɧɢɹ ɨ ɫɨɫɬɚɜɟ ɫɟɬɟɣ ɨɩɢɫɚɧɧɵɯ ɜ iACL-ɯ, ɦɨɠɧɨ ɜɵɩɨɥɧɢɬɶ ɬɨɥɶɤɨ 

ɜɪɭɱɧɭɸ ɧɚ BR,  ɩɨɫɥɟ ɜɧɟɫɟɧɢɹ ɢɡɦɟɧɟɧɢɣ ɷɬɨɬ BR ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɞɨɥɠɟɧ 

ɩɨɜɵɫɢɬɶ ɧɨɦɟɪ ɜɟɪɫɢɢ Ɇɂ ɢ ɪɚɡɨɫɥɚɬɶ ɟɟ   ɫɜɨɢɦ ɫɨɫɟɞɹɦ, ɚ ɬɟ ɞɚɥɟɟ ɩɨ ɜɫɟɦɭ 

ɞɨɦɟɧɭ. 

 

2.3.2 Ɋɟɚɤɰɢɹ  iPBR ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɨɩɨɥɨɝɢɢ. 
ɇɭɠɧɨ ɜɵɩɨɥɧɹɬɶ ɪɟɝɭɥɹɪɧɵɣ ɬɟɫɬ ɞɨɫɬɭɩɧɨɫɬɢ ɤɚɧɚɥɚ ɫ ɤɚɠɞɵɦ ISP, ɞɥɹ 

ɦɨɧɢɬɨɪɢɧɝɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ END-HOP, ɞɥɹ ɷɬɨɝɨ ɨɬɩɪɚɜɥɹɟɬɫɹ ɩɚɤɟɬ ICMP 

ɧɚ ɩɭɛɥɢɱɧɵɣ ɚɞɪɟɫ 8.8.8.8 ɧɚɫɬɪɨɟɧɧɵɣ ɫɬɚɬɢɤɨɣ ɱɟɪɟɡ ISP, ɟɫɥɢ ɩɚɤɟɬɵ 

ɩɟɪɟɫɬɚɸɬ ɜɨɡɜɪɚɳɚɬɶɫɹ, ɷɬɨ ɡɧɚɱɢɬ ɱɬɨ ɤɚɧɚɥ ɫ ISP ɜɪɟɦɟɧɧɨ 

ɧɟɪɚɛɨɬɨɫɩɨɫɨɛɟɧ. ɂɧɮɨɪɦɚɰɢɸ ɨɛ ɷɬɨɦ ɫɨɛɵɬɢɢ ɧɭɠɧɨ ɪɚɫɩɪɨɫɬɪɚɧɢɬɶ ɧɚ ɜɫɟ 

ɦɚɪɲɪɭɬɢɡɚɬɨɪɵ ɞɨɦɟɧɚ, ɜɟɪɫɢɹ Ɇɂ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɩɨ ɞɨɦɟɧɭ 

ɪɚɫɩɪɨɫɬɪɚɧɹɸɬɫɹ ɞɚɧɧɵɟ, ɱɬɨ ɞɥɹ iACL-ɯ ɧɭɠɧɨ ɜɵɩɨɥɧɢɬɶ  ɤɨɪɪɟɤɬɢɪɨɜɤɭ 

ɧɚɫɬɪɨɣɤɢ RM ɢ ɬɚɛɥɢɰɵ ɩɨɥɢɬɢɤ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɦɚɪɲɪɭɬɢɡɚɬɨɪ ɩɨɥɭɱɢɜ ɩɚɤɟɬ 

ɫ ɨɛɧɨɜɥɟɧɧɨɣ Ɇɂ, ɞɥɹ iACL-x ɜ ɬɚɛɥɢɰɟ ɩɨɥɢɬɢɤ ɦɟɧɹɟɬɫɹ ɫɬɚɬɭɫ ɡɚɩɢɫɢ ɫ 

ɚɤɬɢɜɧɨɣ ɧɚ ɪɟɡɟɪɜɧɭɸ,  ɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɡɧɚɱɟɧɢɟ ɦɟɬɪɢɤɢ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

255, ɩɪɢ ɷɬɨɦ ɫɬɚɬɭɫ ɪɟɡɟɪɜɧɨɣ ɡɚɩɢɫɢ ɦɟɧɹɟɬɫɹ  ɧɚ ɚɤɬɢɜɧɵɣ ɢ ɬɪɚɮɢɤ 

ɧɚɱɢɧɚɟɬ ɯɨɞɢɬɶ ɫɨɝɥɚɫɧɨ ɧɨɜɨɦɭ ɩɪɚɜɢɥɭ, ɩɟɪɟɫɬɪɚɢɜɚɟɬɫɹ RM. 

Ɇɨɧɢɬɨɪɢɧɝ ɩɨɬɟɪɹɧɧɨɝɨ ɤɚɧɚɥɚ ɫ ISP ɧɟ ɩɪɟɤɪɚɳɚɟɬɫɹ, ɢ ɤɨɝɞɚ ɩɚɤɟɬɵ 

ICMP ɧɚɱɧɭɬ ɜɨɡɜɪɚɳɚɬɶɫɹ,  ɜɟɪɫɢɸ Ɇɂ ɭɜɟɥɢɱɢɜɚɟɦ ɢ ɪɚɫɩɪɨɫɬɪɚɧɹɟɦ ɞɚɧɧɵɟ 

ɩɨ ɞɨɦɟɧɭ, ɦɟɧɹɟɦ ɧɚɫɬɪɨɣɤɢ RM, ɜ ɬɚɛɥɢɰɟ ɩɨɥɢɬɢɤ  ɞɥɹ ɞɚɧɧɨɝɨ iACL-x 

ɚɤɬɭɚɥɢɡɢɪɭɸɬɫɹ ɫɬɚɬɭɫɵ ɡɚɩɢɫɟɣ, ɤɨɪɪɟɤɬɢɪɭɟɬɫɹ ɡɧɚɱɟɧɢɟ ɦɟɬɪɢɤɢ. 
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Ɇɚɪɲɪɭɬɢɡɚɬɨɪ BR ɜɵɫɬɭɩɚɟɬ ɢɧɢɰɢɚɬɨɪɨɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ Ɇɂ ɜ 

ɫɥɟɞɭɸɳɢɯ ɫɥɭɱɚɹɯ, ɩɪɢ ɷɬɨɦ ɢɡɦɟɧɟɧɢɹ ɩɟɪɟɞɚɸɬɫɹ ɩɨ ɜɫɟɦɭ ɞɨɦɟɧɭ: ɩɪɢ 

ɩɟɪɜɨɧɚɱɚɥɶɧɨɦ ɡɚɩɭɫɤɟ ɩɪɨɬɨɤɨɥɚ; ɩɨɫɥɟ ɪɭɱɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɚɜɚ ɫɟɬɟɣ 

iACL-x ɧɚ BR; ɩɪɢ ɩɨɬɟɪɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɤɚɧɚɥɚ ɫ ISP; ɩɨɫɥɟ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɤɚɧɚɥɚ ɫ ISP. 

Ɇɚɪɲɪɭɬɢɡɚɬɨɪɵ AR ɢ TR ɦɨɝɭɬ ɢɧɢɰɢɢɪɨɜɚɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ Ɇɂ, 

ɩɪɢ ɩɨɬɟɪɢ ɢɥɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɚɤɬɢɜɧɨɝɨ ɤɚɧɚɥɚ ɫɜɹɡɢ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɬɨɩɨɥɨɝɢɢ ɋɉȾ. 

 
Ɍɚɛɥɢɰɚ ɩɨɥɢɬɢɤ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ BR1 

№    iACL-x           END-HOP       NEXT-HOP   interface    metrica    status    version  
-------------------------------------------------------------------------------------------------------------- 
1.    iACL-1     192.168.100.2     192.168.100.2       gi0/1          10         active           1 
2.    iACL-1     192.168.200.6       10.10.2.2             gi0/2        100         rezerv          1 
3.    iACL-2     192.168.100.2     192.168.100.2       gi0/1        100         rezerv          1 
4.    iACL-2     192.168.200.6       10.10.2.2             gi0/2          10         active           1 
 

Ɍɚɛɥɢɰɚ ɩɨɥɢɬɢɤ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ BR2 
№    iACL-x           END-HOP       NEXT-HOP   interface    metrica    status    version  
-------------------------------------------------------------------------------------------------------------- 
1.    iACL-1     192.168.100.2       10.10.1.1             gi0/2          10         active           1 
2.    iACL-1     192.168.200.6     192.168.200.6       gi0/1        100         rezerv          1 
3.    iACL-2     192.168.200.6     192.168.200.6       gi0/1          10         active           1 
4.    iACL-2     192.168.100.2       10.10.1.1             gi0/2        100         rezerv           1 
 

Ɍɚɛɥɢɰɚ ɩɨɥɢɬɢɤ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ TR3 
№    iACL-x           END-HOP       NEXT-HOP   interface    metrica    status    version  
-------------------------------------------------------------------------------------------------------------- 
1.    iACL-1     192.168.100.2       10.10.1.1           gi0/1          10         active           1 
2.    iACL-2     192.168.200.6       10.10.2.2           gi0/2          10         active           1 
3.    iACL-1     192.168.200.6       10.10.2.2           gi0/2        100         rezerv          1 
4.    iACL-2     192.168.100.2       10.10.1.1           gi0/1        100         rezerv          1 
 

Ɍɚɛɥɢɰɚ ɩɨɥɢɬɢɤ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ TR4 
№    iACL-x           END-HOP       NEXT-HOP   interface    metrica    status    version  
-------------------------------------------------------------------------------------------------------------- 
1.    iACL-1     192.168.100.2       10.10.1.1           gi0/2          10         active           1 
2.    iACL-2     192.168.200.6       10.10.2.2           gi0/1          10         active           1 
3.    iACL-1     192.168.200.6       10.10.2.2           gi0/1        100         rezerv          1 
4.    iACL-2     192.168.100.2       10.10.1.1           gi0/2        100         rezerv          1 
 

Ɍɚɛɥɢɰɚ ɩɨɥɢɬɢɤ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ ȺR5 
№    iACL-x           END-HOP       NEXT-HOP   interface    metrica    status    version  
-------------------------------------------------------------------------------------------------------------- 
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1.    iACL-1     192.168.100.2       10.10.1.1           gi0/1          10         active          1 
2.    iACL-1     192.168.200.6       10.10.2.2           gi0/2        100         rezerv         1 
 

Ɍɚɛɥɢɰɚ ɩɨɥɢɬɢɤ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ ȺR6 
№    iACL-x           END-HOP       NEXT-HOP   interface    metrica    status    version  
--------------------------------------------------------------------------------------------------------------- 
1.    iACL-1     192.168.100.2       10.10.1.1           gi0/1          10         active          1 
2.    iACL-2     192.168.200.6       10.10.2.2           gi0/2          10         active          1 
3.    iACL-1     192.168.200.6       10.10.2.2           gi0/2        100         rezerv         1 
4.    iACL-2     192.168.100.2       10.10.1.1           gi0/1        100         rezerv         1 
 

Ɍɚɛɥɢɰɚ ɩɨɥɢɬɢɤ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ ȺR7 
№    iACL-x           END-HOP       NEXT-HOP   interface    metrica    status    version  
-------------------------------------------------------------------------------------------------------------- 
1.    iACL-2     192.168.200.6       10.10.2.2           gi0/2          10         active           1 
2.    iACL-2     192.168.100.2       10.10.1.1           gi0/1        100         rezerv          1 
 

ɇɚ ɌR3 ɤɚɧɚɥ ɫɜɹɡɢ ɜ ɫɬɨɪɨɧɭ ȼR1 ɫɬɚɥ ɧɟɚɤɬɢɜɧɵɦ. ɂɧɬɟɪɮɟɣɫ Gi0/1, 

ɛɵɥ ɜ ɫɨɫɬɨɹɧɢɢ STATE FORWARD, ɱɟɪɟɡ ɧɟɝɨ ɜɵɩɨɥɧɹɥɚɫɶ ɦɚɪɲɪɭɬɢɡɚɰɢɹ 

ɞɥɹ ɫɟɬɟɣ ɢɡ ɫɩɢɫɤɚ iACL_1. ɂɡ ɬɚɛɥɢɰɵ ɫɨɫɟɞɫɬɜɚ ɷɬɨɬ ɢɧɬɟɪɮɟɣɫ ɛɭɞɟɬ 

ɢɫɤɥɸɱɟɧ, ɞɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɜɹɡɢ ɫ ɦɚɪɲɪɭɬɢɡɚɬɨɪɨɦ BR1. ȿɫɥɢ ɩɪɢ ɷɬɨɦ 

ɦɚɪɲɪɭɬɢɡɚɬɨɪ BR1 ɜ ɪɚɛɨɬɟ ɢ ɤɚɧɚɥ ɫ ISP1 ɚɤɬɢɜɟɧ, ɬɨ ɬɚɛɥɢɰɵ ɫɨɫɟɞɫɬɜɚ ɢ 

ɩɨɥɢɬɢɤ ɧɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɟ TR3 ɩɨɦɟɧɹɸɬ ɫɜɨɣ ɜɢɞ. Ɍɟɩɟɪɶ ɬɪɚɮɢɤ ɞɥɹ ɫɟɬɟɣ 

ɢɡ ɫɩɢɫɤɚ iACL_1 ɩɨɣɞɟɬ ɱɟɪɟɡ ɦɚɪɲɪɭɬɢɡɚɬɨɪ TR4, ɧɚ TR3 ɜ ɬɚɛɥɢɰɟ 

ɫɨɫɟɞɫɬɜɚ ɢɧɬɟɪɮɟɣɫ ɜ ɫɬɨɪɨɧɭ TR4 ɩɨɦɟɧɹɟɬ ɫɬɚɬɭɫ ɧɚ STATE FORWARD. 

ȼɵɛɨɪ ɜ ɩɨɥɶɡɭ TR4 ɛɵɥ ɜɵɩɨɥɧɟɧ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɬɚɛɥɢɰɵ ɦɚɪɲɪɭɬɢɡɚɰɢɢ, 

ɬɚɤ ɤɚɤ ɥɭɱɲɢɣ ɩɭɬɶ ɞɨ ɚɞɪɟɫɚ END-HOP 192.168.100.2, ɞɥɹ TR3 ɬɟɩɟɪɶ 

ɫɬɪɨɢɬɫɹ ɢɦɟɧɧɨ ɱɟɪɟɡ TR4. 

Ɍɚɛɥɢɰɚ ɫɨɫɟɞɫɬɜɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ TR3 
 
№     Address          Interface         State             Holdtime       Uptime      END-HOP     
-------------------------------------------------------------------------------------------------------------- 
1.    10.10.23.1           gi0/2            forward              3                   02:41:15      192.168.200.6 
2.    10.10.34.2           gi0/3            forward             12                  02:31:33      192.168.100.2 
3.    10.10.37.2           gi0/4             listen                 9                   02:57:14           ------- 
4.    10.10.36.2           gi0/5             listen                 17                 02:39:45           -------          
5.    10.10.35.2           gi0/6             listen                 5                   02:45:46           -------         
 

Ɍɚɛɥɢɰɚ ɩɨɥɢɬɢɤ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ TR3 
№    iACL-x           END-HOP       NEXT-HOP   interface    metrica    status    version  
-------------------------------------------------------------------------------------------------------------- 
1.    iACL-1     192.168.100.2       10.10.1.1           gi0/3          10         active           2 



52 

 

2.    iACL-2     192.168.200.6       10.10.2.2           gi0/2          10         active           1 
3.    iACL-1     192.168.200.6       10.10.2.2           gi0/2        100         rezerv          1 
4.    iACL-2     192.168.100.2       10.10.1.1           gi0/3        100         rezerv          2 
 

ɂɡɦɟɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɨɫɧɨɜɧɨɝɨ ɥɢɧɤɚ ɧɚ TR3, ɛɭɞɟɬ ɢɧɬɟɪɟɫɧɨ ɞɥɹ 

ɫɨɫɟɞɟɣ AR5, AR6, AR7. ɉɨɷɬɨɦɭ ɦɚɪɲɪɭɬɢɡɚɬɨɪ TR3 ɫɮɨɪɦɢɪɭɟɬ ɫɥɭɠɟɛɧɨɟ 

ɫɨɨɛɳɟɧɢɟ, ɫ ɨɛɧɨɜɥɟɧɧɨɣ ɜɟɪɫɢɟɣ ɦɚɪɲɪɭɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɞɥɹ ɫɩɢɫɤɚ 

iACL_1 ɢ END-HOP 192.168.100.2 

Ɇɚɪɲɪɭɬɢɡɚɬɨɪɵ AR5, AR6, AR7 ɩɨɥɭɱɢɜ ɷɬɨ ɫɨɨɛɳɟɧɢɟ, ɜɧɟɫɭɬ 

ɢɡɦɟɧɟɧɢɹ ɜ ɬɚɛɥɢɰɭ ɩɨɥɢɬɢɤ. ɋɨɝɥɚɫɧɨ ɬɚɛɥɢɰɵ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɞɥɹ 

ɩɨɫɬɪɨɟɧɢɹ ɥɭɱɲɟɝɨ ɩɭɬɢ ɞɨ END-HOP 192.168.100.2 ɧɭɠɧɨ ɜɵɛɪɚɬɶ ɧɨɜɵɣ 

ɢɧɬɟɪɮɟɣɫ Gi0/2, ɜɟɞɭɳɢɣ ɤ TR4. 

Ɍɚɛɥɢɰɚ ɫɨɫɟɞɫɬɜɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ AR5 
 
№     Address          Interface         State             Holdtime       Uptime      END-HOP     
------------------------------------------------------------------------------------------------------------- 
1.    10.10.45.1           gi0/2            forward              19               02:35:52      192.168.100.2         
2.    10.10.45.1           gi0/2            forward              11               01:31:25      192.168.200.6 
 

Ɍɚɛɥɢɰɚ ɩɨɥɢɬɢɤ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ ȺR5 
№    iACL-x           END-HOP       NEXT-HOP   interface    metrica    status    version  
-------------------------------------------------------------------------------------------------------------- 
1.    iACL-1     192.168.100.2       10.10.1.1           gi0/2          10         active          2 
2.    iACL-1     192.168.200.6       10.10.2.2           gi0/2        100         rezerv         1 
 

Ɍɚɛɥɢɰɚ ɫɨɫɟɞɫɬɜɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ AR6 
 
№     Address          Interface         State             Holdtime       Uptime      END-HOP     
------------------------------------------------------------------------------------------------------------- 
1.    10.10.46.1           gi0/2            forward              12               01:52:12      192.168.100.2         
2.    10.10.46.1           gi0/2            forward              17               01:51:55      192.168.200.6 
 

Ɍɚɛɥɢɰɚ ɩɨɥɢɬɢɤ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ ȺR6 
№    iACL-x           END-HOP       NEXT-HOP   interface    metrica    status    version  
--------------------------------------------------------------------------------------------------------------- 
1.    iACL-1     192.168.100.2       10.10.1.1           gi0/2          10         active          2 
2.    iACL-2     192.168.200.6       10.10.2.2           gi0/2          10         active          1 
3.    iACL-1     192.168.200.6       10.10.2.2           gi0/2        100         rezerv         1 
4.    iACL-2     192.168.100.2       10.10.1.1           gi0/2        100         rezerv         2 
 

Ɍɚɛɥɢɰɚ ɫɨɫɟɞɫɬɜɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ AR7 
 
№     Address          Interface         State             Holdtime       Uptime      END-HOP     
------------------------------------------------------------------------------------------------------------- 
1.    10.10.47.1           gi0/2            forward              5                02:51:12      192.168.100.2         
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2.    10.10.47.1           gi0/2            forward              8                02:31:45      192.168.200.6 
 

Ɍɚɛɥɢɰɚ ɩɨɥɢɬɢɤ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ ȺR7 
№    iACL-x           END-HOP       NEXT-HOP   interface    metrica    status    version  
-------------------------------------------------------------------------------------------------------------- 
1.    iACL-2     192.168.200.6       10.10.2.2           gi0/2          10         active           1 
2.    iACL-2     192.168.100.2       10.10.1.1           gi0/2        100         rezerv          2 
 

ɋɥɟɞɭɸɳɢɣ ɜɚɪɢɚɧɬ, ɤɨɝɞɚ ɧɚ ɌR3 ɤɚɧɚɥ ɫɜɹɡɢ ɜ ɫɬɨɪɨɧɭ ɌR4 ɫɬɚɥ 

ɧɟɚɤɬɢɜɧɵɦ. ɗɬɨɬ ɢɧɬɟɪɮɟɣɫ Gi0/3, ɛɵɥ ɜ ɫɨɫɬɨɹɧɢɢ STATE LISTEN. 

ɂɧɬɟɪɮɟɣɫ ɛɭɞɟɬ ɭɞɚɥɟɧ ɢɡ ɬɚɛɥɢɰɵ ɫɨɫɟɞɫɬɜɚ. ȼ ɫɜɹɡɢ ɫ ɬɟɦ ɱɬɨ, ɫɨɫɬɨɹɧɢɟ 

ɫɨɫɟɞɫɬɜɚ ɫɨ ɫɬɨɪɨɧɵ ɌR3 ɛɵɥɨ STATE LISTEN, ɨɧ ɧɢɤɨɦɭ ɧɟ ɛɭɞɟɬ ɪɚɫɫɵɥɚɬɶ 

ɫɥɭɠɟɛɧɨɟ ɫɨɨɛɳɟɧɢɹ, ɱɬɨɛɵ ɧɟ ɞɭɛɥɢɪɨɜɚɬɶ ɢɧɮɨɪɦɚɰɢɸ. 

ɇɚ ɌR3 ɤɚɧɚɥ ɫɜɹɡɢ ɜ ɫɬɨɪɨɧɭ ȺR5 ɫɬɚɥ ɧɟɚɤɬɢɜɧɵɦ. ɗɬɨɬ ɢɧɬɟɪɮɟɣɫ 

Gi0/6, ɛɵɥ ɜ ɫɨɫɬɨɹɧɢɢ STATE LISTEN. ɂɧɬɟɪɮɟɣɫ ɛɭɞɟɬ ɭɞɚɥɟɧ ɢɡ ɬɚɛɥɢɰɵ 

ɫɨɫɟɞɫɬɜɚ. ȼ ɫɜɹɡɢ ɫ ɬɟɦ ɱɬɨ, ɫɨɫɬɨɹɧɢɟ ɫɨɫɟɞɫɬɜɚ ɫɨ ɫɬɨɪɨɧɵ ɌR3 ɛɵɥɨ STATE 

LISTEN, ɨɧ ɧɢɤɨɦɭ ɧɟ ɛɭɞɟɬ ɪɚɫɫɵɥɚɬɶ ɫɨɨɛɳɟɧɢɹ, ɱɬɨɛɵ ɧɟ ɞɭɛɥɢɪɨɜɚɬɶ 

ɢɧɮɨɪɦɚɰɢɸ. ɉɨɞɨɛɧɨɟ ɩɨɜɟɞɟɧɢɟ ɩɨɜɬɨɪɹɟɬɫɹ ɞɥɹ ɤɚɧɚɥɨɜ ɫɜɹɡɢ ɫ ȺR6 ɢ ȺR7.  

ɇɚ ȺR5 ɤɚɧɚɥ ɫɜɹɡɢ ɜ ɫɬɨɪɨɧɭ ɌR3 ɫɬɚɥ ɧɟɚɤɬɢɜɧɵɦ. ɗɬɨɬ ɢɧɬɟɪɮɟɣɫ 

Gi0/1, ɛɵɥ ɜ ɫɨɫɬɨɹɧɢɢ STATE FORWARD, ɞɥɹ ɫɟɬɟɣ ɢɡ ɫɩɢɫɤɚ iACL_1. 

ɂɧɬɟɪɮɟɣɫ ɛɭɞɟɬ ɭɞɚɥɟɧ ɢɡ ɬɚɛɥɢɰɵ ɫɨɫɟɞɫɬɜɚ. ɂɫɩɨɥɶɡɭɹ ɞɚɧɧɵɟ ɬɚɛɥɢɰɵ 

ɦɚɪɲɪɭɬɢɡɚɰɢɢ, ɜ ɤɚɱɟɫɬɜɟ ɧɨɜɨɝɨ ɢɧɬɟɪɮɟɣɫɚ ɞɥɹ ɮɨɪɜɚɪɞɢɧɝɚ ɬɪɚɮɢɤɚ 

ɜɵɛɢɪɚɟɬɫɹ Gi0/2, ɬɚɤ ɤɚɤ ɥɭɱɲɚɹ ɦɟɬɪɢɤɚ ɩɭɬɢ ɞɨ END-HOP 192.168.100.2, 

ɫɬɪɨɢɬɫɹ ɱɟɪɟɡ ɪɨɭɬɟɪ ɌR4, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɢɦ ɦɟɧɹɟɬɫɹ ɬɚɛɥɢɰɚ ɫɨɫɟɞɫɬɜɚ ɢ 

ɩɨɥɢɬɢɤ. Ⱦɚɥɟɟ ɫɨɨɛɳɟɧɢɟ ɨɛ ɢɡɦɟɧɟɧɢɢ ɬɨɩɨɥɨɝɢɢ ɧɟ ɩɟɪɟɞɚɟɬɫɹ, ɩɨɬɨɦɭ ɱɬɨ 

ɭ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ AR5 ɛɨɥɶɲɟ ɧɟɬ ɫɨɫɟɞɟɣ ɜ ɫɨɫɬɨɹɧɢɢ STATE LISTEN, 

ɤɨɬɨɪɵɦ ɦɨɝɥɚ ɛɵ ɛɵɬɶ ɢɧɬɟɪɟɫɧɚ ɢɧɮɨɪɦɚɰɢɹ ɨ ɩɨɬɟɪɟ ɥɢɧɤɚ ɫ TR3. 

 
Ɍɚɛɥɢɰɚ ɫɨɫɟɞɫɬɜɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ AR5 

 
№     Address          Interface         State             Holdtime       Uptime      END-HOP     
------------------------------------------------------------------------------------------------------------- 
1.    10.10.45.1           gi0/2            forward              19               02:35:52      192.168.100.2         
2.    10.10.45.1           gi0/2            forward              11               01:31:25      192.168.200.6 
 

Ɍɚɛɥɢɰɚ ɩɨɥɢɬɢɤ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ ȺR5 
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№    iACL-x           END-HOP       NEXT-HOP   interface    metrica    status    version  
-------------------------------------------------------------------------------------------------------------- 
1.    iACL-1     192.168.100.2       10.10.1.1           gi0/2          10         active          1 
2.    iACL-1     192.168.200.6       10.10.2.2           gi0/2        100         rezerv         1 
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3 Ɉɩɢɫɚɧɢɟ ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɚ. 

3.1 Ɉɩɢɫɚɧɢɟ ɜɚɪɢɚɧɬɚ ɪɟɚɥɢɡɚɰɢɢ iPBR. 

ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɡɚɜɟɪɲɟɧɚ ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɩɪɨɪɚɛɨɬɤɚ ɦɟɬɨɞɚ iPBR. Ⱦɥɹ 

ɜɵɩɨɥɧɟɧɢɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɟɝɨ ɪɚɛɨɬɵ, ɦɨɠɧɨ ɜɵɛɪɚɬɶ ɪɚɫɲɢɪɟɧɧɵɣ ɩɚɤɟɬ 

ɩɪɨɝɪɚɦɦ ɦɚɪɲɪɭɬɢɡɚɰɢɢ Quagga, ɤɨɬɨɪɵɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɟɚɥɢɡɚɰɢɸ 

ɩɪɨɬɨɤɨɥɨɜ ɦɚɪɲɪɭɬɢɡɚɰɢɢ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ TCP/IP. 

Quagga - ɩɚɤɟɬ ɩɪɨɝɪɚɦɦ, ɪɟɚɥɢɡɭɸɳɢɯ ɩɪɨɬɨɤɨɥɵ ɦɚɪɲɪɭɬɢɡɚɰɢɢ, 

ɨɫɧɨɜɚɧɧɵɯ ɧɚ TCP/IP ɢ ɩɨɞɞɟɪɠɢɜɚɟɬ ɬɚɤɢɟ ɩɪɨɬɨɤɨɥɵ ɤɚɤ RIPv2, OSPFv2, 

OSPFv3, BGP. Quagga ɢɫɩɨɥɶɡɭɟɬ ɪɚɫɲɢɪɟɧɧɭɸ ɩɪɨɝɪɚɦɦɧɭɸ ɚɪɯɢɬɟɤɬɭɪɭ ɞɥɹ 

ɬɨɝɨ, ɱɬɨɛɵ ɩɪɟɞɨɫɬɚɜɢɬɶ ɤɚɱɟɫɬɜɟɧɧɵɣ ɦɟɯɚɧɢɡɦ ɦɚɪɲɪɭɬɢɡɚɰɢɢ [17]. 

Ɍɪɚɞɢɰɢɨɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɫɞɟɥɚɧɨ ɤɚɤ 

ɨɞɧɚ ɩɪɨɝɪɚɦɦɚ, ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɫɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ 

ɩɪɨɬɨɤɨɥɚ ɦɚɪɲɪɭɬɢɡɚɰɢɢ. Quagga ɢɫɩɨɥɶɡɭɟɬ ɧɟɫɤɨɥɶɤɨ ɞɪɭɝɨɣ ɩɨɞɯɨɞ. 

Ʉɚɠɞɵɣ ɩɪɨɬɨɤɨɥ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɨɛɫɥɭɠɢɜɚɟɬɫɹ ɨɬɞɟɥɶɧɵɦ ɞɟɦɨɧɨɦ, ɫ 

ɩɨɫɥɟɞɭɸɳɢɦ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɬɚɛɥɢɰ ɦɚɪɲɪɭɬɢɡɚɰɢɢ. Ɉɞɧɨɜɪɟɦɟɧɧɨ ɪɚɛɨɬɚɬɶ 

ɦɨɝɭɬ ɧɟɫɤɨɥɶɤɨ ɪɚɡɧɵɯ ɞɟɦɨɧɨɜ ɜ ɫɨɨɛɳɟɫɬɜɟ ɫ ɭɩɪɚɜɥɹɸɳɢɦ ɞɟɦɨɧɨɦ zebra. 

Ʉɚɠɞɵɣ ɞɟɦɨɧ ɢɦɟɟɬ ɫɜɨɣ  ɫɨɛɫɬɜɟɧɧɵɣ ɮɚɣɥ ɤɨɧɮɢɝɭɪɚɰɢɢ ɢ 

ɬɟɪɦɢɧɚɥɶɧɵɣ ɢɧɬɟɪɮɟɣɫ. Ʉɨɝɞɚ ȼɵ ɤɨɧɮɢɝɭɪɢɪɭɟɬɟ ɫɬɚɬɢɱɟɫɤɢɣ ɦɚɪɲɪɭɬ, ɷɬɨ 

ɞɨɥɠɧɨ ɛɵɬɶ ɫɞɟɥɚɧɨ ɜ ɮɚɣɥɟ ɤɨɧɮɢɝɭɪɚɰɢɢ zebra, ɚ ɩɪɢ ɤɨɧɮɢɝɭɪɢɪɨɜɚɧɢɢ 

ɦɚɪɲɪɭɬɨɜ BGP - ɜ ɮɚɣɥɟ ɤɨɧɮɢɝɭɪɚɰɢɢ bgpd. 

Zebra - ɷɬɨ ɩɪɨɝɪɚɦɦɚ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ ɦɚɪɲɪɭɬɢɡɚɰɢɢ. Ɉɧɚ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɛɧɨɜɥɟɧɢɹ ɬɚɛɥɢɰɵ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɹɞɪɚ, ɩɨɢɫɤ ɢɧɬɟɪɮɟɣɫɚ ɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɦɚɪɲɪɭɬɨɜ ɦɟɠɞɭ ɪɚɡɥɢɱɧɵɦɢ ɞɟɦɨɧɚɦɢ ɦɚɪɲɪɭɬɢɡɚɰɢɢ [19]. 

ɇɚɱɚɥɶɧɵɟ ɤɨɦɚɧɞɵ ɤɨɧɮɢɝɭɪɢɪɨɜɚɧɢɹ: 

ɍɫɬɚɧɨɜɢɬɶ ɢɦɹ ɯɨɫɬɚ.  

Command: hostname hostname {} 

ɍɫɬɚɧɨɜɢɬɶ ɩɚɪɨɥɶ ɧɚ vty. ȿɫɥɢ ɩɚɪɨɥɶ ɧɟ ɭɫɬɚɧɨɜɥɟɧ, vty ɧɟ ɛɭɞɟɬ 

ɩɪɢɧɢɦɚɬɶ ɩɨɞɤɥɸɱɟɧɢɹ. 

Command: password password {} 



56 

 

ɍɫɬɚɧɨɜɢɬɶ ɩɚɪɨɥɶ ɧɚ ɪɟɠɢɦ enable. 

Command: enable password password {} 

ɉɟɪɟɯɨɞ ɜ ɪɟɠɢɦ ɤɨɧɮɢɝɭɪɚɰɢɢ.  

Command: configure terminal {} 

ɉɨɤɚɡɵɜɚɟɬ ɬɟɤɭɳɭɸ ɜɟɪɫɢɸ Quagga ɢ ɢɧɮɨɪɦɚɰɢɸ ɩɨ ɯɨɫɬɭ. 

Command: show version {} 

ɍɫɬɚɧɨɜɢɬɶ ɡɧɚɱɟɧɢɟ ɬɚɣɦɚɭɬɚ ɞɥɹ VTY. 

Command: exec-timeout minute {} 

      

 
Ɋɢɫɭɧɨɤ 9. ― Ɍɨɩɨɥɨɝɢɹ ɫɟɬɢ 
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ɉɨɬɪɟɛɭɟɬɫɹ ɩɨɫɬɪɨɢɬɶ ɬɟɫɬɨɜɭɸ ɫɟɬɶ ɧɚ ɜɢɪɬɭɚɥɶɧɵɯ ɦɚɲɢɧɚɯ ɩɨɞ 

ɭɩɪɚɜɥɟɧɢɟɦ  ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɨɣ Linux Ubuntu. ɋɨɝɥɚɫɧɨ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ 

ɫɯɟɦɟ, ɫɟɬɶ ɛɭɞɟɬ ɫɨɫɬɨɹɬɶ ɢɡ ɫɟɦɢ ɜɢɪɬɭɚɥɶɧɵɯ ɦɚɲɢɧ. ɂ ɧɚ ɤɚɠɞɨɣ ɛɭɞɟɬ 

ɭɫɬɚɧɨɜɥɟɧɚ ɩɪɨɝɪɚɦɦɚ Quagga, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɢɬ ɜɵɩɨɥɧɢɬɶ ɧɚɫɬɪɨɣɤɭ 

ɩɪɨɬɨɤɨɥɨɜ ɦɚɪɲɪɭɬɢɡɚɰɢɢ OSPF ɢ BGP. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɦɵ ɩɨɥɭɱɢɦ 

ɮɭɧɤɰɢɨɧɢɪɭɸɳɭɸ ɪɚɫɩɪɟɞɟɥɟɧɧɭɸ ɚɜɬɨɧɨɦɧɭɸ ɫɢɫɬɟɦɭ. ɉɨɬɪɟɛɭɟɬɫɹ 

ɞɨɛɚɜɢɬɶ ɟɳɟ ɞɜɟ ɜɢɪɬɭɚɥɶɧɵɟ ɦɚɲɢɧɵ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɢɝɪɚɬɶ ɪɨɥɶ 

ɩɪɨɜɚɣɞɟɪɨɜ ɂɧɬɟɪɧɟɬ, ISP1 ɢ ISP2.  

Ⱦɚɥɟɟ ɧɭɠɧɨ ɪɟɚɥɢɡɨɜɚɬɶ ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɤɨɦɩɥɟɤɫɚ Quagga, ɜɨɡɦɨɠɧɨɫɬɶ ɩɟɪɟɞɚɜɚɬɶ ɦɚɪɲɪɭɬɧɭɸ ɢɧɮɨɪɦɚɰɢɸ 

ɩɪɨɬɨɤɨɥɚ iPBR, ɦɟɠɞɭ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɦɢ ɧɚɲɟɣ ɚɜɬɨɧɨɦɧɨɣ ɫɢɫɬɟɦɵ. 

ɉɨɥɧɨɰɟɧɧɨɟ ɬɟɫɬɢɪɨɜɚɧɢɟ ɮɭɧɤɰɢɨɧɚɥɚ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ ɫ 

ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ Quagga ɞɨɫɬɚɬɨɱɧɨ ɬɪɭɞɨɟɦɤɨ.  Ⱦɥɹ ɷɬɨɝɨ 

ɩɨɬɪɟɛɭɟɬɫɹ ɫɨɡɞɚɬɶ ɨɬɞɟɥɶɧɵɣ ɫɤɪɢɩɬɨɜɵɣ ɦɟɯɚɧɢɡɦ, ɩɨɡɜɨɥɹɸɳɢɣ 

ɩɪɢɧɢɦɚɬɶ ɢ ɨɛɪɚɛɚɬɵɜɚɬɶ UPDATE ɫɨɨɛɳɟɧɢɹ ɫ ɞɚɧɧɵɦɢ ɧɨɜɨɣ ADDRESS-

FAMILY, ɚ ɞɚɥɟɟ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɨɫɧɨɜɧɵɦ ɦɨɞɭɥɟɦ Zebra, ɨɬɜɟɱɚɸɳɢɦ 

ɡɚ ɪɚɛɨɬɭ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ. Ɉɫɥɨɠɧɹɟɬɫɹ ɷɬɨ ɬɟɦ, ɱɬɨ ɧɭɠɧɨ ɪɚɡɛɢɪɚɬɶɫɹ ɫ 

ɤɨɞɨɦ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɮɚɣɥɨɜ ɉɈ Quagga.  

ȼ ɬɟɤɭɳɟɣ ɫɢɬɭɚɰɢɢ, ɦɨɠɧɨ ɩɪɟɞɥɨɠɢɬɶ ɭɩɪɨɳɟɧɧɵɣ ɩɪɨɬɨɬɢɩ 

ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɚ iPBR, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɪɚɛɨɬɟ ɫɤɪɢɩɬɨɜ. Ɇɟɯɚɧɢɡɦ PBR ɜ 

Linux ɦɨɠɧɨ ɨɪɝɚɧɢɡɨɜɚɬɶ ɫ ɩɨɦɨɳɶɸ IPTABLES, ɬɭɬ ɦɨɠɧɨ ɯɪɚɧɢɬɶ ɩɪɚɜɢɥɚ 

ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɬɪɚɮɢɤɚ. ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɧɚ ɭɤɚɡɚɧɧɵɯ 

ɜɢɪɬɭɚɥɶɧɵɯ ɦɚɲɢɧɚɯ ɧɚɫɬɪɨɟɧɨ ɢ ɡɚɩɭɳɟɧɨ ɉɈ Quagga, ɫɨɡɞɚɧɵ ɮɚɣɥɵ 

ɤɨɧɮɢɝɭɪɚɰɢɢ ɩɪɨɬɨɤɨɥɨɜ OSPF ɢ BGP, ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɵ ɢɦɟɟɦ ɫɜɹɡɚɧɧɨɫɬɶ ɢ 

ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɫɨɫɟɞɫɤɢɟ ɨɬɧɨɲɟɧɢɹ ɩɨ BGP. ɇɨ ɦɚɪɲɪɭɬɢɡɚɬɨɪɵ, ɤɪɨɦɟ 

ɝɪɚɧɢɱɧɵɯ ɧɢɱɟɝɨ ɧɟ ɡɧɚɸɬ ɨ ɩɨɥɢɬɢɤɚɯ ɦɚɪɲɪɭɬɢɡɚɰɢɢ.  Ɂɚɩɭɫɤɚɟɦ ɫɤɪɢɩɬ ɧɚ 

ɝɪɚɧɢɱɧɨɦ ɦɚɪɲɪɭɬɢɡɚɬɨɪɟ ɫ ɩɨɦɨɳɶɸ ɩɥɚɧɢɪɨɜɳɢɤɚ ɡɚɞɚɱ ɫ ɢɧɬɟɪɜɚɥɨɦ ɨɞɢɧ 

ɪɚɡ ɜ ɦɢɧɭɬɭ. Ɂɚɞɚɱɚ ɫɤɪɢɩɬɚ ɜɵɝɪɭɡɢɬɶ ɢɡ ɫɢɫɬɟɦɵ ɧɚɛɨɪ ɩɪɚɜɢɥ ɩɨɥɢɬɢɤ 

ɦɚɪɲɪɭɬɢɡɚɰɢɢ, ɬɨ ɟɫɬɶ ɫɤɪɢɩɬ ɱɢɬɚɟɬ ɞɚɧɧɵɟ ɢɡ IPTABLES. ɗɬɢ ɞɚɧɧɵɟ 

ɤɨɞɢɪɭɸɬɫɹ ɜ ɫɬɚɧɞɚɪɬ Base64. Ɍɟɩɟɪɶ ɷɬɢ ɞɚɧɧɵɟ ɧɭɠɧɨ ɩɟɪɟɞɚɬɶ ɫɨɫɟɞɧɟɦɭ 
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ɦɚɪɲɪɭɬɢɡɚɬɨɪɭ, ɧɚ ɤɨɬɨɪɨɦ ɫɤɪɢɩɬ ɫɦɨɠɟɬ ɢɯ ɞɟɤɨɞɢɪɨɜɚɬɶ ɢ ɜɫɬɚɜɢɬɶ ɜ 

IPTABLES, ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɫɮɨɪɦɢɪɨɜɚɜ ɩɪɚɜɢɥɨ ɩɨɥɢɬɢɤɢ ɦɚɪɲɪɭɬɢɡɚɰɢɢ. 

Ɉɬɫɸɞɚ ɜɨɡɧɢɤɚɟɬ ɡɚɞɚɱɚ ɩɟɪɟɞɚɱɢ ɷɬɨɣ ɦɚɪɲɪɭɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. ɇɚ ɷɬɨɦ 

ɷɬɚɩɟ ɫɤɪɢɩɬ ɧɚɱɢɧɚɟɬ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɉɈ Quagga. ɋ ɩɨɦɨɳɶɸ ɩɪɨɬɨɤɨɥɚ 

TELNET ɫɤɪɢɩɬ ɦɨɠɟɬ ɩɨɞɤɥɸɱɢɬɶɫɹ ɤ ɞɟɦɨɧɭ Quagga. ɇɭɠɧɨ ɫɮɨɪɦɢɪɨɜɚɬɶ 

ɫɨɨɛɳɟɧɢɟ UPDATE, ɢɯ ɦɨɠɟɬ ɩɨɬɪɟɛɨɜɚɬɶɫɹ ɧɟɫɤɨɥɶɤɨ, ɞɥɹ ɩɟɪɟɞɚɱɢ ɜɫɟɯ 

ɩɪɚɜɢɥ ɩɨɥɢɬɢɤ, ɢɫɩɨɥɶɡɭɹ ɚɬɪɢɛɭɬ BGP Extended Community, ɞɥɹ ɷɬɢɯ 

ɫɨɨɛɳɟɧɢɣ ɛɭɞɟɬ ɧɚɡɧɚɱɟɧ ɨɛɳɢɣ ɝɪɭɩɩɨɜɨɣ ɩɪɢɡɧɚɤ. ɇɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɟ 

ɩɨɥɭɱɢɜɲɟɦ ɷɬɭ ɦɚɪɲɪɭɬɧɭɸ ɢɧɮɨɪɦɚɰɢɸ, ɫɤɪɢɩɬ ɜɵɩɨɥɧɢɬ ɩɚɪɫɢɧɝ ɞɚɧɧɵɯ ɨ 

ɩɪɚɜɢɥɚɯ ɩɨɥɢɬɢɤ, ɞɚɥɟɟ ɞɚɧɧɵɟ ɛɭɞɭɬ ɞɟɤɨɞɢɪɨɜɚɧɵ, ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɵ 

ɩɨɥɭɱɢɦ ɫɬɪɨɤɭ ɞɥɹ ɞɨɛɚɜɥɟɧɢɹ ɩɪɚɜɢɥɚ ɜ IPTABLES. 

 

Ɋɢɫɭɧɨɤ 10. ― Ɉɛɦɟɧ ɦɚɪɲɪɭɬɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ 

 
10.10.1.1 /32 ɚɞɪɟɫ Loopback ɢɧɬɟɪɮɟɣɫɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ BR1 
10.10.2.2 /32 ɚɞɪɟɫ Loopback ɢɧɬɟɪɮɟɣɫɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ BR2 
10.10.3.3 /32 ɚɞɪɟɫ Loopback ɢɧɬɟɪɮɟɣɫɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ TR3 
10.10.4.4 /32 ɚɞɪɟɫ Loopback ɢɧɬɟɪɮɟɣɫɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ TR4 
10.10.5.5 /32 ɚɞɪɟɫ Loopback ɢɧɬɟɪɮɟɣɫɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ AR5 
10.10.6.6 /32 ɚɞɪɟɫ Loopback ɢɧɬɟɪɮɟɣɫɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ AR6 
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10.10.7.7 /32 ɚɞɪɟɫ Loopback ɢɧɬɟɪɮɟɣɫɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ AR7 
 
ɇɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɟ BR1 ɜɪɭɱɧɭɸ ɫɨɡɞɚɧɵ ɫɩɢɫɤɢ ɞɨɫɬɭɩɚ ACL ɢ ɬɚɛɥɢɰɚ 
ɩɨɥɢɬɢɤ RM 
! 
route-map RM_iPBR_iACL-1 permit 10 
 match ip address iACL-1 
 set ip next-hop 192.168.100.2    ɚɞɪɟɫ ISP1  
! 
route-map RM_iPBR_iACL-2 permit 10  
 match ip address iACL-2 
 set ip next-hop 192.168.100.2   ɚɞɪɟɫ ISP1 
! 
ip access-list standard iACL-1 
 permit 10.1.1.0 0.0.0.255 
 deny   any 
! 
ip access-list standard iACL-2 
 permit 10.2.2.0 0.0.0.255 
 deny   any 
! 
 
Ɇɚɪɲɪɭɬɢɡɚɬɨɪ BR1 ɩɟɪɟɞɚɟɬ ɫɜɨɢɦ ɫɨɫɟɞɹɦ ɦɚɪɲɪɭɬɧɭɸ ɢɧɮɨɪɦɚɰɢɸ, 
ɤɨɬɨɪɚɹ ɪɚɡɦɟɳɚɟɬɫɹ ɜ ɫɥɭɠɟɛɧɨɦ ɫɨɨɛɳɟɧɢɢ BGP-UPDATE ɜ ɫɟɤɰɢɢ NLRI, 
ADDRESS-FAMILY iPBR 
ɋɬɪɭɤɬɭɪɚ ɩɟɪɜɨɝɨ UPDATE-ɫɨɨɛɳɟɧɢɹ, ɤɨɬɨɪɨɟ ɨɬɩɪɚɜɥɹɟɬ BR1 ɫɜɨɢɦ 
ɫɨɫɟɞɹɦ: 
! 
route-map RM_iPBR_iACL-1 permit 10 
  match ip address iACL-1 
  set ip next-hop 10.10.1.1   ɚɞɪɟɫ Loopback ɢɧɬɟɪɮɟɣɫɚ ɧɚ BR1 
! 
ip access-list standard iACL-1 
  permit 10.1.1.0 0.0.0.255 
  deny   any 
! 
version 1  ɧɨɦɟɪ ɜɟɪɫɢɢ ɦɚɪɲɪɭɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ  
metrica 10  ɦɟɬɪɢɤɚ ɤ ɚɞɪɟɫɭ END-HOP ɱɟɪɟɡ BR1 ɥɭɱɲɟ ɱɟɦ ɱɟɪɟɡ BR2 
 
Ⱦɚɧɧɵɟ ɫɨɨɛɳɟɧɢɹ ɜ ɤɨɞɢɪɨɜɤɟ ASCII 
 
cm91dGUtbWFwIFJNX2lQQlJfaUFDTC0xIHBlcm1pdCAxMAogIG1hdGNoIGlwI
GFkZHJlc3MgaUFDTC0xCiAgc2V0IGlwIG5leHQtaG9wIDEwLjEwLjEuMQohCm
lwIGFjY2Vzcy1saXN0IHN0YW5kYXJkIGlBQ0wtMQogIHBlcm1pdCAxMC4xLjE
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uMCAwLjAuMC4yNTUKICBkZW55ICAgYW55CiEKdmVyc2lvbiAxCm1ldHJpY
2EgMTA= 
 
ɋɬɪɭɤɬɭɪɚ ɜɬɨɪɨɝɨ UPDATE-ɫɨɨɛɳɟɧɢɹ, ɤɨɬɨɪɨɟ ɨɬɩɪɚɜɥɹɟɬ BR1 ɫɜɨɢɦ 
ɫɨɫɟɞɹɦ: 
! 
route-map RM_iPBR_iACL-2 permit 10 
  match ip address iACL-2 
  set ip next-hop 10.10.1.1   ɚɞɪɟɫ Loopback ɢɧɬɟɪɮɟɣɫɚ ɧɚ BR1 
! 
 ip access-list standard iACL-2 
  permit 10.2.2.0 0.0.0.255 
  deny   any 
! 
version 1  ɧɨɦɟɪ ɜɟɪɫɢɢ ɦɚɪɲɪɭɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ  
metrica 100           ɦɟɬɪɢɤɚ ɤ ɚɞɪɟɫɭ END-HOP ɱɟɪɟɡ BR1 ɯɭɠɟ ɱɟɦ ɱɟɪɟɡ BR2 
 
Ⱦɚɧɧɵɟ ɫɨɨɛɳɟɧɢɹ ɜ ɤɨɞɢɪɨɜɤɟ ASCII 
 
cm91dGUtbWFwIFJNX2lQQlJfaUFDTC0yIHBlcm1pdCAxMAogIG1hdGNoIGlwI
GFkZHJlc3MgaUFDTC0yCiAgc2V0IGlwIG5leHQtaG9wIDEwLjEwLjEuMQohCi
BpcCBhY2Nlc3MtbGlzdCBzdGFuZGFyZCBpQUNMLTIKICBwZXJtaXQgMTAu
Mi4yLjAgMC4wLjAuMjU1CiAgZGVueSAgIGFueQohCnZlcnNpb24gMQptZXRya
WNhIDEwMA== 
 
ɇɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɟ BR2 ɜɪɭɱɧɭɸ ɫɨɡɞɚɧɵ ɫɩɢɫɤɢ ɞɨɫɬɭɩɚ ACL ɢ ɬɚɛɥɢɰɚ 
ɩɨɥɢɬɢɤ RM 
! 
route-map RM_iPBR_iACL-1 permit 10 
 match ip address iACL-1 
 set ip next-hop 192.168.200.6   ɚɞɪɟɫ ISP2 
! 
route-map RM_iPBR_iACL-2 permit 10 
 match ip address iACL-2 
 set ip next-hop 192.168.200.6   ɚɞɪɟɫ ISP2 
! 
ip access-list standard iACL-1 
 permit 10.1.1.0 0.0.0.255 
 deny   any 
! 
ip access-list standard iACL-2 
 permit 10.2.2.0 0.0.0.255 
 deny   any 
! 
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Ɇɚɪɲɪɭɬɢɡɚɬɨɪ BR2 ɩɟɪɟɞɚɟɬ ɫɜɨɢɦ ɫɨɫɟɞɹɦ ɦɚɪɲɪɭɬɧɭɸ ɢɧɮɨɪɦɚɰɢɸ, 
ɤɨɬɨɪɚɹ ɪɚɡɦɟɳɚɟɬɫɹ ɜ ɫɥɭɠɟɛɧɨɦ ɫɨɨɛɳɟɧɢɢ BGP-UPDATE ɜ ɫɟɤɰɢɢ NLRI, 
ADDRESS-FAMILY iPBR 
 
ɋɬɪɭɤɬɭɪɚ ɩɟɪɜɨɝɨ UPDATE-ɫɨɨɛɳɟɧɢɹ, ɤɨɬɨɪɨɟ ɨɬɩɪɚɜɥɹɟɬ BR2 ɫɜɨɢɦ 
ɫɨɫɟɞɹɦ: 
! 
route-map RM_iPBR_iACL-1 permit 10 
  match ip address iACL-1 
  set ip next-hop 10.10.2.2  ɚɞɪɟɫ Loopback ɢɧɬɟɪɮɟɣɫɚ ɧɚ BR2 
! 
ip access-list standard iACL-1 
  permit 10.1.1.0 0.0.0.255 
  deny   any 
! 
version 1    ɧɨɦɟɪ ɜɟɪɫɢɢ ɦɚɪɲɪɭɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ 
metrica 100   ɦɟɬɪɢɤɚ ɤ END-HOP ɱɟɪɟɡ BR2 ɯɭɠɟ ɱɟɦ ɱɟɪɟɡ BR1 
 
Ⱦɚɧɧɵɟ ɫɨɨɛɳɟɧɢɹ ɜ ɤɨɞɢɪɨɜɤɟ ASCII 
 
cm91dGUtbWFwIFJNX2lQQlJfaUFDTC0xIHBlcm1pdCAxMAogIG1hdGNoIGlwI
GFkZHJlc3MgaUFDTC0xCiAgc2V0IGlwIG5leHQtaG9wIDEwLjEwLjIuMgohCml
wIGFjY2Vzcy1saXN0IHN0YW5kYXJkIGlBQ0wtMQogIHBlcm1pdCAxMC4xLjE
uMCAwLjAuMC4yNTUKICBkZW55ICAgYW55CiEKdmVyc2lvbiAxCm1ldHJpY
2EgMTAw 
 
ɋɬɪɭɤɬɭɪɚ ɜɬɨɪɨɝɨ UPDATE-ɫɨɨɛɳɟɧɢɹ, ɤɨɬɨɪɨɟ ɨɬɩɪɚɜɥɹɟɬ BR2 ɫɜɨɢɦ 
ɫɨɫɟɞɹɦ: 
! 
route-map RM_iPBR_iACL-2 permit 10 
  match ip address iACL-2 
  set ip next-hop 10.10.2.2  ɚɞɪɟɫ Loopback ɢɧɬɟɪɮɟɣɫɚ ɧɚ BR2 
! 
ip access-list standard iACL-2 
  permit 10.2.2.0 0.0.0.255 
  deny   any 
! 
version 1    ɧɨɦɟɪ ɜɟɪɫɢɢ ɦɚɪɲɪɭɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ 
metrica 10    ɦɟɬɪɢɤɚ ɤ END-HOP ɱɟɪɟɡ BR2 ɥɭɱɲɟ ɱɟɦ ɱɟɪɟɡ BR1 
 
Ⱦɚɧɧɵɟ ɫɨɨɛɳɟɧɢɹ ɜ ɤɨɞɢɪɨɜɤɟ ASCII 
 
cm91dGUtbWFwIFJNX2lQQlJfaUFDTC0yIHBlcm1pdCAxMAogIG1hdGNoIGlwI
GFkZHJlc3MgaUFDTC0yCiAgc2V0IGlwIG5leHQtaG9wIDEwLjEwLjIuMgohCml
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wIGFjY2Vzcy1saXN0IHN0YW5kYXJkIGlBQ0wtMgogIHBlcm1pdCAxMC4yLjIu
MCAwLjAuMC4yNTUKICBkZW55ICAgYW55CiEKdmVyc2lvbiAxCm1ldHJpY2
EgMTA= 
 

ɉɨɪɹɞɨɤ ɨɛɪɚɛɨɬɤɢ ɩɨɥɭɱɟɧɧɨɣ ɦɚɪɲɪɭɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ: 

ɉɪɨɜɟɪɢɬɶ, ɱɬɨ ɜ ɩɨɥɭɱɟɧɧɨɦ UPDATE-ɫɨɨɛɳɟɧɢɢ, ɧɨɦɟɪ ɜɟɪɫɢɢ Ɇɂ 

ɚɤɬɭɚɥɟɧ, ɟɫɥɢ ɜ ɫɨɨɛɳɟɧɢɢ ɧɨɦɟɪ ɜɵɲɟ, ɱɟɦ ɬɟɤɭɳɢɣ ɧɨɦɟɪ ɜ ɬɚɛɥɢɰɟ 

ɩɨɥɢɬɢɤ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ, ɬɨ ɬɚɤɨɟ ɫɨɨɛɳɟɧɢɟ ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ. ȿɫɥɢ ɧɨɦɟɪ 

ɪɚɜɟɧ ɢɥɢ ɧɢɠɟ, ɱɟɦ ɬɟɤɭɳɢɣ ɧɨɦɟɪ ɜ ɬɚɛɥɢɰɟ ɩɨɥɢɬɢɤ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ, ɬɨ 

ɬɚɤɨɟ UPDATE-ɫɨɨɛɳɟɧɢɟ ɭɞɚɥɹɟɬɫɹ. 

ɉɪɨɜɟɪɹɸɬɫɹ ɞɚɧɧɵɟ ɛɥɨɤɚ iACL ɜ ɫɨɨɛɳɟɧɢɢ, ɟɫɥɢ ɞɚɧɧɵɟ ɨɬɥɢɱɚɸɬɫɹ 

ɨɬ ɧɚɫɬɪɨɟɤ ɧɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɟ, ɬɨ ɢɯ ɧɭɠɧɨ ɞɨɛɚɜɢɬɶ ɜ ɤɨɧɮɢɝɭɪɚɰɢɸ 

ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ. 

Ɉɛɪɚɛɚɬɵɜɚɟɬɫɹ ɛɥɨɤ ɞɚɧɧɵɯ RM ɜ ɫɨɨɛɳɟɧɢɢ, ɟɫɥɢ ɞɚɧɧɵɟ ɨɬɥɢɱɚɸɬɫɹ 

ɨɬ ɧɚɫɬɪɨɟɤ ɧɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɟ, ɬɨ ɢɯ ɧɭɠɧɨ ɞɨɛɚɜɢɬɶ ɜ ɤɨɧɮɢɝɭɪɚɰɢɸ 

ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ. 

ɇɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɨ ɦɟɬɪɢɤɟ ɦɚɪɲɪɭɬɚ ɤ ɚɞɪɟɫɭ END-HOP ɜ UPDATE-

ɫɨɨɛɳɟɧɢɢ, ɬɪɚɮɢɤ ɩɨɩɚɞɚɸɳɢɣ ɩɨɞ ɭɫɥɨɜɢɹ ɨɩɢɫɚɧɧɵɟ ɜ iACL, ɛɭɞɟɬ 

ɦɚɪɲɪɭɬɢɡɢɪɨɜɚɬɶɫɹ ɜ ɫɬɨɪɨɧɭ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ ɫ ɦɟɧɶɲɟɣ ɦɟɬɪɢɤɨɣ ɤ ɚɞɪɟɫɭ 

END-HOP, ɩɪɢ ɭɫɥɨɜɢɢ ɱɬɨ ɞɚɧɧɵɣ ɦɚɪɲɪɭɬɢɡɚɬɨɪ ɚɤɬɢɜɟɧ. ȼ ɩɪɨɬɢɜɧɨɦ 

ɫɥɭɱɚɟ ɜɵɛɢɪɚɟɬɫɹ ɦɚɪɲɪɭɬɢɡɚɬɨɪ ɫ ɛɨɥɶɲɟɣ ɦɟɬɪɢɤɨɣ ɤ ɚɞɪɟɫɭ END-HOP. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɛɨɬɤɢ UPDATE-ɫɨɨɛɳɟɧɢɹ, ɦɚɪɲɪɭɬɢɡɚɬɨɪ ɞɨɛɚɜɢɬ ɜ 

ɫɜɨɣ ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɵɣ ɮɚɣɥ ɞɚɧɧɵɟ ɨ ɫɩɢɫɤɟ ɫɟɬɟɣ iACL, ɢ ɫɮɨɪɦɢɪɭɟɬɫɹ RM 

ɞɥɹ ɷɬɨɝɨ ɫɩɢɫɤɚ, ɝɞɟ ɜ ɤɚɱɟɫɬɜɟ NEXT-HOP ɛɭɞɟɬ ɭɤɚɡɚɧ ɚɞɪɟɫ Loopback ɢɧɬɟɪɮɟɣɫɚ 

BR1 ɢɥɢ BR2, ɞɥɹ ɤɨɬɨɪɨɝɨ ɡɚɞɚɧɚ ɦɟɧɶɲɚɹ ɦɟɬɪɢɤɚ ɞɨ ɚɞɪɟɫɚ END-HOP. 

ɋɨɡɞɚɧɧɵɣ RM ɧɭɠɧɨ ɩɪɢɦɟɧɢɬɶ ɤ ɢɧɬɟɪɮɟɣɫɚɦ ɫɨɫɟɞɟɣ ɦɚɪɲɪɭɬɢɡɚɬɨɪɨɜ, 

ɭɤɚɡɚɧɧɵɯ ɜ ɛɥɨɤɟ ADRESS-FAMILY iPBR ɜ ɧɚɫɬɪɨɣɤɚɯ ɩɪɨɬɨɤɨɥɚ BGP. 

 
3.2 Ʉɨɧɮɢɝɭɪɚɰɢɨɧɧɵɟ ɮɚɣɥɵ ɜ ɫɨɤɪɚɳɟɧɧɨɦ ɜɢɞɟ. 
 
Кɨɧɮɢгɭрацɢя ɦаршрɭɬɢɡаɬɨра BR1 

 interface Loopback10 router iPBR 10 

 ip address 10.10.1.1 255.255.255.255  router-id 10.10.1.1 
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!  log-adjacency-changes 

interface gi0/1  interface gi0/2 

 description Link-to-ISP1  interface gi0/3 

 ip address 192.168.100.1 255.255.255.252  interface gi0/4 

! ! 

interface gi0/2 router bgp 65535 

 description Link-to-BR2  bgp router-id 10.10.1.1 

 ip address 10.10.12.1 255.255.255.252  bgp log-neighbor-changes 

!  neighbor IBGP peer-group 

interface gi0/3  neighbor IBGP remote-as 65535 

 description Link-to-TR4  neighbor IBGP update-source Loopback10 

 ip address 10.10.14.1 255.255.255.252  neighbor IBGP version 4 

!  neighbor 10.10.2.2 peer-group IBGP 

interface gi0/4  neighbor 10.10.3.3 peer-group IBGP 

 description Link-to-TR3  neighbor 10.10.4.4 peer-group IBGP 

 ip address 10.10.13.1 255.255.255.252  neighbor 10.10.5.5 peer-group IBGP 

!  neighbor 10.10.6.6 peer-group IBGP 

 

 neighbor 10.10.7.7 peer-group IBGP 

address-family ipv4 ! 

  neighbor IBGP next-hop-self route-map RM_iPBR_iACL-1 permit 10 

  neighbor IBGP send-community both  match ip address iACL-1 

  neighbor 10.10.2.2 activate  set ip next-hop 192.168.100.2 

  neighbor 10.10.3.3 activate ! 

  neighbor 10.10.4.4 activate route-map RM_iPBR_iACL-2 permit 10 

  neighbor 10.10.5.5 activate  match ip address iACL-2 

  neighbor 10.10.6.6 activate  set ip next-hop 192.168.100.2 

  neighbor 10.10.7.7 activate ! 

  no auto-summary ip access-list standard iACL-1 

  no synchronization  permit 10.1.1.0 0.0.0.255 

 exit-address-family  deny   any 

 address-family iPBR ! 

  neighbor IBGP send-community both ip access-list standard iACL-2 

  neighbor IBGP next-hop-self  permit 10.2.2.0 0.0.0.255 

  neighbor 10.10.2.2 activate  deny   any 

  neighbor 10.10.3.3 activate ! 

  neighbor 10.10.4.4 activate 
  exit-address-family 
  

Кɨɧɮɢгɭрацɢя ɦаршрɭɬɢɡаɬɨра TR3 
 interface Loopback10 router iPBR 10 

 ip address 10.10.3.3 255.255.255.255  router-id 10.10.3.3 

!  log-adjacency-changes 

interface gi0/1  interface gi0/3 

 description Link-to-BR1  interface gi0/4 

 ip address 10.10.13.2 255.255.255.252  interface gi0/5 

!  interface gi0/6 

interface gi0/2 ! 
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 description Link-to-BR2 router bgp 65535 

 ip address 10.10.23.2 255.255.255.252  bgp router-id 10.10.3.3 

!  bgp log-neighbor-changes 

interface gi0/3  neighbor IBGP peer-group 

 description Link-to-TR4  neighbor IBGP remote-as 65535 

 ip address 10.10.34.1 255.255.255.252  neighbor IBGP update-source Loopback10 

!  neighbor IBGP version 4 

interface gi0/4  neighbor 10.10.1.1 peer-group IBGP 

 description Link-to-AR7  neighbor 10.10.2.2 peer-group IBGP 

 ip address 10.10.37.1 255.255.255.252  neighbor 10.10.4.4 peer-group IBGP 

!  neighbor 10.10.5.5 peer-group IBGP 

interface gi0/5  neighbor 10.10.6.6 peer-group IBGP 

 description Link-to-AR6  neighbor 10.10.7.7 peer-group IBGP 

 ip address 10.10.36.1 255.255.255.252  address-family ipv4 

!   neighbor IBGP next-hop-self 

interface gi0/6   neighbor IBGP send-community both 

 description Link-to-AR5   neighbor 10.10.1.1 activate 

 ip address 10.10.35.1 255.255.255.252   neighbor 10.10.2.2 activate 

  neighbor 10.10.4.4 activate   neighbor IBGP next-hop-self 

  neighbor 10.10.5.5 activate   neighbor 10.10.1.1 activate 

  neighbor 10.10.6.6 activate   neighbor 10.10.2.2 activate 

  neighbor 10.10.7.7 activate   neighbor 10.10.4.4 activate 

  no auto-summary   neighbor 10.10.5.5 activate 

  no synchronization   neighbor 10.10.6.6 activate 

 exit-address-family   neighbor 10.10.7.7 activate 

 address-family iPBR  exit-address-family 

  neighbor IBGP send-community both 
  

Кɨɧɮɢгɭрацɢя ɦаршрɭɬɢɡаɬɨра AR5 
 interface Loopback10  neighbor IBGP remote-as 65535 

 ip address 10.10.5.5 255.255.255.255  neighbor IBGP update-source Loopback10 

!  neighbor IBGP version 4 

interface gi0/1  neighbor 10.10.1.1 peer-group IBGP 

 description Link-to-TR3  neighbor 10.10.2.2 peer-group IBGP 

 ip address 10.10.35.2 255.255.255.252  neighbor 10.10.3.3 peer-group IBGP 

!  neighbor 10.10.4.4 peer-group IBGP 

interface gi0/2  neighbor 10.10.6.6 peer-group IBGP 

 description Link-to-TR4  neighbor 10.10.7.7 peer-group IBGP 

 ip address 10.10.45.2 255.255.255.252  address-family ipv4 

!   neighbor IBGP next-hop-self 

interface gi0/3   neighbor IBGP send-community both 

 description Link-to-iACL-1   neighbor 10.10.1.1 activate 

 ip address 10.1.1.1 255.255.255.128   neighbor 10.10.2.2 activate 

!   neighbor 10.10.3.3 activate 

interface gi0/3   neighbor 10.10.4.4 activate 

 description Link-to-LAN-1   neighbor 10.10.6.6 activate 

 ip address 172.19.1.1 255.255.255.192   neighbor 10.10.7.7 activate 
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!   no auto-summary 

interface gi0/3   no synchronization 

 description Link-to-LAN-2  exit-address-family 

 ip address 10.124.1.1 255.255.255.128  address-family iPBR 

!   neighbor IBGP send-community both 

router iPBR 10   neighbor IBGP next-hop-self 

 router-id 10.10.5.5   neighbor 10.10.1.1 activate 

 log-adjacency-changes   neighbor 10.10.2.2 activate 

 interface gi0/3   neighbor 10.10.3.3 activate 

!   neighbor 10.10.4.4 activate 

router bgp 65535   neighbor 10.10.6.6 activate 

 bgp router-id 10.10.5.5   neighbor 10.10.7.7 activate 

 bgp log-neighbor-changes  exit-address-family 

 neighbor IBGP peer-group 
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ɁȺɄɅɘɑȿɇɂȿ 

 
 ɋɨɜɪɟɦɟɧɧɵɟ ɤɨɪɩɨɪɚɬɢɜɧɵɟ ɫɟɬɢ ɷɬɨ ɫɥɨɠɧɵɣ ɦɟɯɚɧɢɡɦ, ɤɨɬɨɪɵɣ 

ɞɢɧɚɦɢɱɟɫɤɢ ɪɚɫɬɟɬ ɢ ɢɡɦɟɧɹɟɬɫɹ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ, 

ɤɨɬɨɪɵɟ ɫɬɚɜɹɬ ɧɨɜɵɟ ɡɚɞɚɱɢ ɛɢɡɧɟɫɚ. Ɂɚɩɭɫɤ ɧɨɜɵɯ ɫɟɪɜɢɫɧɵɯ ɩɪɢɥɨɠɟɧɢɣ 

ɦɨɠɟɬ ɩɨɬɪɟɛɨɜɚɬɶ ɦɚɥɵɯ ɢɥɢ ɛɨɥɶɲɢɯ ɢɡɦɟɧɟɧɢɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɫɟɬɟɜɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ. ɉɪɢ ɷɬɨɦ ɫɭɳɟɫɬɜɭɸɳɢɟ ɫɟɪɜɢɫɵ ɞɨɥɠɧɵ ɩɪɨɞɨɥɠɚɬɶ ɪɚɛɨɬɚɬɶ 

ɫɬɚɛɢɥɶɧɨ ɢ ɷɮɮɟɤɬɢɜɧɨ. ɂɧɠɟɧɟɪ ɨɬɜɟɱɚɸɳɢɣ ɡɚ ɪɚɛɨɬɭ ɤɨɪɩɨɪɚɬɢɜɧɨɣ ɫɟɬɢ, 

ɦɨɠɟɬ ɜɵɛɢɪɚɬɶ ɪɚɡɥɢɱɧɵɟ ɬɟɯɧɨɥɨɝɢɢ, ɩɨɡɜɨɥɹɸɳɢɟ ɜɵɩɨɥɧɹɬɶ ɭɩɪɚɜɥɟɧɢɟ 

ɬɪɚɮɢɤɨɦ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɤɨɦɛɢɧɢɪɨɜɚɬɶ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɪɟɲɚɹ ɫɥɨɠɧɵɟ ɡɚɞɚɱɢ 

ɢ ɩɨɜɵɲɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɫɟɬɢ. 

 ȼɨɡɦɨɠɧɨɫɬɶ ɜɧɟɞɪɟɧɢɹ ɜ ɩɪɨɰɟɫɫ ɭɩɪɚɜɥɟɧɢɹ ɫɟɬɶɸ ɷɥɟɦɟɧɬɨɜ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ, ɩɨɡɜɨɥɹɟɬ ɛɨɥɟɟ ɝɢɛɤɨ ɪɟɚɝɢɪɨɜɚɬɶ ɧɚ ɦɟɧɹɸɳɭɸɫɹ ɫɢɬɭɚɰɢɸ. 

Ȼɨɥɟɟ ɛɵɫɬɪɨ ɩɪɢɦɟɧɹɬɶ ɝɨɬɨɜɵɟ ɫɤɪɢɩɬɵ ɩɨɜɵɲɚɸɳɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɩɨ ɫɟɬɢ. ɉɪɨɝɪɚɦɦɧɨ ɨɩɪɟɞɟɥɹɟɦɵɟ ɫɟɬɢ ɫɜɨɞɹɬ ɤ ɦɢɧɢɦɭɦɭ 

ɪɚɛɨɬɭ ɢɧɠɟɧɟɪɚ ɩɨ ɪɭɱɧɨɦɭ ɤɨɧɮɢɝɭɪɢɪɨɜɚɧɢɸ ɫɟɬɟɜɵɯ ɭɫɬɪɨɣɫɬɜ. ȼ ɫɟɬɹɯ 

SDN ɩɪɨɰɟɫɫɵ ɭɩɪɚɜɥɟɧɢɹ, ɪɚɡɜɢɬɢɹ ɢ ɤɨɧɬɪɨɥɹ ɩɨɥɧɨɫɬɶɸ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɵ. 

ɉɨɷɬɨɦɭ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɤɥɚɫɫɢɱɟɫɤɢɦɢ ɩɪɨɬɨɤɨɥɚɦɢ ɭɩɪɚɜɥɟɧɢɹ 

ɩɟɪɟɞɚɱɟɣ ɬɪɚɮɢɤɚ, ɜɨɡɦɨɠɧɨɫɬɢ ɫɟɬɟɣ SDN ɨɛɟɫɩɟɱɢɬɶ ɛɟɡɨɬɤɚɡɧɭɸ ɢ ɜɵɫɨɤɨ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɭɸ ɪɚɛɨɬɭ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ. 

 ȼ ɷɬɨɣ ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɟ, ɫɬɚɜɢɥɚɫɶ ɰɟɥɶ, ɜɧɟɫɬɢ ɷɥɟɦɟɧɬ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɜ ɫɭɳɟɫɬɜɭɸɳɢɣ ɦɟɯɚɧɢɡɦ. Ɂɚ ɨɫɧɨɜɭ ɛɵɥɚ ɜɡɹɬɚ ɬɟɯɧɨɥɨɝɢɹ 

Policy Base Routing (PBR). ɗɬɨ ɷɮɮɟɤɬɢɜɧɵɣ ɢɧɫɬɪɭɦɟɧɬ, ɧɨ ɩɪɢɦɟɧɢɦɨɫɬɶ ɟɝɨ 

ɨɝɪɚɧɢɱɟɧɚ, ɩɨɫɤɨɥɶɤɭ ɜɫɟ ɧɚɫɬɪɨɣɤɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɹɬɶ ɜɪɭɱɧɭɸ. 

ɉɨɷɬɨɦɭ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɝɢɛɤɨɫɬɢ ɢ ɦɚɫɲɬɚɛɢɪɭɟɦɨɫɬɢ, ɩɪɟɞɥɚɝɚɟɬɫɹ ɱɚɫɬɶ 

ɮɭɧɤɰɢɣ ɬɟɯɧɨɥɨɝɢɢ PBR ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ. ɇɨɜɨɣ ɪɟɚɥɢɡɚɰɢɢ ɞɚɧɨ ɧɚɡɜɚɧɢɟ 

iPBR (Intelectual Policy Base Routing). Ɇɟɬɨɞ iPBR, ɞɨɥɠɟɧ ɩɨɥɨɠɢɬɟɥɶɧɨ 

ɪɟɲɚɬɶ ɷɬɢ ɬɪɭɞɧɨɫɬɢ, ɡɚ ɫɱɟɬ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɮɭɧɤɰɢɣ:   

1. ɇɚɛɥɸɞɚɬɶ ɡɚ ɫɨɫɬɨɹɧɢɟɦ ɤɚɧɚɥɨɜ ɫɜɹɡɢ ɦɟɠɞɭ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɦɢ ɢ 

ɤɚɧɚɥɨɜ ɫ ɩɪɨɜɚɣɞɟɪɚɦɢ. 
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2. Ɋɚɫɩɪɨɫɬɪɚɧɹɬɶ ɦɚɪɲɪɭɬɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɦɟɠɞɭ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɦɢ, 

ɱɬɨɛɵ ɤɚɠɞɵɣ ɢɡ ɧɢɯ ɨɛɥɚɞɚɥ ɚɤɬɭɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ, ɷɬɨ ɧɟɨɛɯɨɞɢɦɨɟ ɭɫɥɨɜɢɟ 

ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɫɯɨɞɢɦɨɫɬɢ ɧɚ ɫɟɬɢ.  

3. Ⱥɜɬɨɦɚɬɢɱɟɫɤɢ ɫɨɡɞɚɜɚɬɶ ɩɪɚɜɢɥɚ ɩɨɥɢɬɢɤ ɞɥɹ ɦɚɪɲɪɭɬɢɡɚɰɢɢ 

ɬɪɚɮɢɤɚ, ɚ ɜ ɫɥɭɱɚɟ ɢɡɦɟɧɟɧɢɹ ɬɨɩɨɥɨɝɢɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɜɧɨɫɢɬɶ ɢɡɦɟɧɟɧɢɹ.    

 Ɉɫɧɨɜɧɵɟ ɩɪɢɧɰɢɩɵ ɪɚɛɨɬɵ ɦɟɬɨɞɚ iPBR: 

1. iPBR ɢɫɩɨɥɶɡɭɟɬ ɞɢɫɬɚɧɰɢɨɧɧɨ-ɜɟɤɬɨɪɧɵɣ ɩɪɢɧɰɢɩ ɩɟɪɟɞɚɱɢ 

ɦɚɪɲɪɭɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. 

2. iACL ɫɩɢɫɨɤ ɞɨɫɬɭɩɚ ɫɨɞɟɪɠɢɬ ɨɩɪɟɞɟɥɟɧɧɵɟ ɫɟɬɢ, ɤ ɤɨɬɨɪɵɦ ɧɭɠɧɨ 

ɩɪɢɦɟɧɢɬɶ ɨɫɨɛɵɣ ɩɨɞɯɨɞ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɦɚɪɲɪɭɬɚ ɞɜɢɠɟɧɢɹ ɩɚɤɟɬɚ. 

3. Ⱦɚɧɧɵɣ iACL ɫɩɢɫɨɤ ɧɚɫɬɪɚɢɜɚɟɬɫɹ ɬɨɥɶɤɨ ɧɚ ɝɪɚɧɢɱɧɨɦ 

ɦɚɪɲɪɭɬɢɡɚɬɨɪɟ. 

4. Ɍɟɪɦɢɧ ɝɪɚɧɢɱɧɵɣ ɦɚɪɲɪɭɬɢɡɚɬɨɪ, ɧɭɠɧɨ ɩɨɧɢɦɚɬɶ, ɱɬɨ ɞɚɧɧɵɣ 

ɦɚɪɲɪɭɬɢɡɚɬɨɪ ɞɥɹ ɫɟɬɟɣ ɢɡ ɫɩɢɫɤɚ ɞɨɫɬɭɩɚ iACL, ɛɭɞɟɬ ɤɪɚɣɧɢɦ, ɚ ɞɚɥɟɟ ɢɞɟɬ 

ɢɥɢ ɩɭɧɤɬ ɧɚɡɧɚɱɟɧɢɹ ɢɥɢ ɬɪɚɮɢɤ ɭɯɨɞɢɬ ɜ ɫɨɫɟɞɧɸɸ ɚɜɬɨɧɨɦɧɭɸ ɫɢɫɬɟɦɭ, 

ɧɚɩɪɢɦɟɪ ɜ ɂɧɬɟɪɧɟɬ. 

5. ȼɜɨɞɢɬɫɹ ɩɨɧɹɬɢɟ END-HOP, ɷɬɨ ɬɨɱɤɚ ɧɚɡɧɚɱɟɧɢɹ, ɞɥɹ ɫɟɬɟɣ ɢɡ ɫɩɢɫɤɚ 

ɞɨɫɬɭɩɚ iACL, ɜ ɫɥɭɱɚɟ ɟɫɥɢ ɬɪɚɮɢɤ ɭɯɨɞɢɬ ɜ ɂɧɬɟɪɧɟɬ, ɬɨ ɷɬɨ ɚɞɪɟɫ ɧɚ ɫɬɨɪɨɧɟ 

ɩɪɨɜɚɣɞɟɪɚ. 

6. ɂɫɩɨɥɶɡɭɹ ɚɞɪɟɫ END-HOP ɜɵɩɨɥɧɹɟɬɫɹ ɜɵɱɢɫɥɟɧɢɟ ɥɭɱɲɟɝɨ 

ɦɚɪɲɪɭɬɚ ɢ ɜɵɛɢɪɚɟɬɫɹ NEXT-HOP ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɚɜɢɥɚ ɩɨɥɢɬɢɤɢ. 

7. Ɇɚɪɲɪɭɬɢɡɚɬɨɪɵ ɜɵɫɬɪɚɢɜɚɸɬ ɫɨɫɟɞɫɤɢɟ ɨɬɧɨɲɟɧɢɹ, ɢɧɬɟɪɮɟɣɫ ɱɟɪɟɡ 

ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɢɞɬɢ ɬɪɚɮɢɤ ɜ ɫɬɨɪɨɧɭ END-HOP, ɢɦɟɟɬ ɫɬɚɬɭɫ ACTIVE, 

ɡɚɩɚɫɧɨɣ ɢɧɬɟɪɮɟɣɫ ɟɫɥɢ ɬɚɤɨɣ ɫɭɳɟɫɬɜɭɟɬ ɛɭɞɟɬ ɧɚɯɨɞɢɬɫɹ ɜ ɪɟɡɟɪɜɟ, ɟɝɨ 

ɫɬɚɬɭɫ REZERV. 

8. Ɇɚɪɲɪɭɬɢɡɚɬɨɪɵ ɨɛɦɟɧɢɜɚɸɬɫɹ ɦɚɪɲɪɭɬɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ ɱɟɪɟɡ 

ɫɥɭɠɟɛɧɵɟ ɫɨɨɛɳɟɧɢɹ UPDATE, ɩɨɥɭɱɢɜ ɬɚɤɨɣ ɩɚɤɟɬ, ɫɩɟɪɜɚ ɧɭɠɧɨ ɩɪɨɜɟɪɢɬɶ 

ɟɝɨ ɜɟɪɫɢɸ, ɟɫɥɢ ɜɟɪɫɢɹ ɫɬɚɪɚɹ, ɬɨ ɬɚɤɨɣ ɩɚɤɟɬ ɭɧɢɱɬɨɠɚɟɬɫɹ, ɟɫɥɢ ɜɟɪɫɢɹ ɧɨɜɚɹ 

ɬɨ ɢɧɮɨɪɦɚɰɢɸ ɧɭɠɧɨ ɨɛɪɚɛɨɬɚɬɶ, ɢ ɟɫɥɢ ɬɪɟɛɭɟɬɫɹ ɬɨ ɜɧɟɫɬɢ ɢɡɦɟɧɟɧɢɹ ɜ 

ɩɪɚɜɢɥɚ ɩɨɥɢɬɢɤ ɢɥɢ ɜ ɫɨɫɬɚɜ ɫɟɬɟɣ ɢɡ ɫɩɢɫɤɚ ɩɨɞɫɬɭɩɚ iACL. 
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9. Ɋɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɦɚɪɲɪɭɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɫ ɩɨɦɨɳɶɸ 

ɩɪɨɬɨɤɨɥɚ BGP, ɞɥɹ ɷɬɨɝɨ ɫɨɡɞɚɟɬɫɹ ɧɨɜɵɣ ɛɥɨɤ ADDRESS-FAMILY, ɷɬɨ 

ɨɬɞɟɥɶɧɚɹ ɝɪɭɩɩɚ ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɩɟɪɟɞɚɜɚɬɶ ɞɚɧɧɵɟ ɩɪɨɬɨɤɨɥɚ iPBR. ȼ 

ɧɚɫɬɪɨɣɤɚ ɛɥɨɤɚ ADDRESS-FAMILY ɭɤɚɡɵɜɚɸɬɫɹ ɚɞɪɟɫɚ ɫɨɫɟɞɧɢɯ 

ɦɚɪɲɪɭɬɢɡɚɬɨɪɨɜ, ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɦɚɪɲɪɭɬɧɚɹ ɢɧɮɨɪɦɚɰɢɹ  

iPBR. ɋɬɪɭɤɬɭɪɚ ɩɚɤɟɬɚ BGP ɢɦɟɟɬ ɫɟɤɰɢɸ NLRI, ɨɧɚ ɩɨɞɯɨɞɢɬ ɞɥɹ ɩɟɪɟɞɚɱɢ 

ɩɚɪɚɦɟɬɪɨɜ iPBR.    

10. Ʉɨɝɞɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪ ɞɨɫɬɭɩɚ AR, ɩɨɥɭɱɚɟɬ ɫɥɭɠɟɛɧɵɣ ɩɚɤɟɬ ɨɬ BR, 

ɨɧ ɫɨɝɥɚɫɧɨ ɫɨɞɟɪɠɚɳɟɣɫɹ ɜ ɩɚɤɟɬɟ ɢɧɮɨɪɦɚɰɢɢ, ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫɨɡɞɚɟɬ ɭ ɫɟɛɹ 

ɫɩɢɫɨɤ ɞɨɫɬɭɩɚ ɢɫɩɨɥɶɡɭɹ ɞɚɧɧɵɟ ɬɚɛɥɢɰɵ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɜɵɱɢɫɥɹɟɬ ɡɧɚɱɟɧɢɟ 

NEXT-HOP, ɤɚɤ ɥɭɱɲɟ ɞɨɛɪɚɬɶɫɹ ɞɨ ɭɤɚɡɚɧɧɨɣ ɜ ɩɚɤɟɬɟ END-HOP ɢ ɩɨɫɥɟ 

ɷɬɨɝɨ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɮɨɪɦɢɪɭɟɬ ɩɪɚɜɢɥɨ ɩɨɥɢɬɢɤɢ ɞɥɹ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɫɟɬɟɣ ɢɡ 

ɞɚɧɧɨɝɨ ɫɩɢɫɤɚ ɞɨɫɬɭɩɚ.        

12. ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɜɫɟ ɦɚɪɲɪɭɬɢɡɚɬɨɪɵ ɞɨɦɟɧɚ ɢɦɟɸɬ ɚɤɬɭɚɥɶɧɭɸ 

ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɩɢɫɤɚɯ ɞɨɫɬɭɩɚ, ɜɵɛɪɚɧɵ ɥɭɱɲɢɟ ɦɚɪɲɪɭɬɵ ɢ ɫɮɨɪɦɢɪɨɜɚɧɵ 

ɩɪɚɜɢɥɚ ɩɨɥɢɬɢɤɢ, ɨɫɬɚɟɬɫɹ ɬɨɥɶɤɨ ɫɥɟɞɢɬɶ    ɡɚ ɫɨɫɬɨɹɧɢɟɦ ɤɚɧɚɥɨɜ, ɛɵɫɬɪɨ 

ɪɟɚɝɢɪɨɜɚɬɶ ɧɚ ɢɡɦɟɧɟɧɢɹ ɬɨɩɨɥɨɝɢɢ ɢ ɜɧɨɫɢɬɶ ɤɨɪɪɟɤɬɢɪɨɜɤɭ ɜ ɩɪɚɜɢɥɚ 

ɩɨɥɢɬɢɤ. 
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