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Ⱥɧɧɨɬɚɰɢɹ  
Ɇɨɛɢɥɶɧɵɟ ad-hoc ɫɟɬɢ (MANET) ɷɬɨ ɫɚɦɨɨɪɝɚɧɢɡɭɸɳɢɟɫɹ ɛɟɫɩɪɨɜɨɞɧɵɟ ɫɟɬɢ, ɤɨɬɨɪɵɟ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɢɫɬɟɦɭ ɭɡɥɨɜ ɛɟɡ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɢ ɤɨɬɨɪɵɟ ɦɨɝɭɬ 
ɛɵɬɶ ɛɵɫɬɪɨ ɪɚɡɜɟɪɧɭɬɵ ɜ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ ɤɚɤ ɫɟɬɢ ɜɨɟɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɫɟɬɢ ɜ ɡɨɧɚɯ 
ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢɬɭɚɰɢɣ, ɜɢɪɬɭɚɥɶɧɵɟ ɚɭɞɢɬɨɪɢɢ ɢ ɧɟɤɨɬɨɪɵɯ ɞɪɭɝɢɯ. ɍɡɥɵ ɜ ɫɟɬɹɯ 
MANET ɦɨɛɢɥɶɧɵ ɢ ɫɩɨɫɨɛɧɵ ɤ ɚɜɬɨɧɨɦɧɨɣ ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ, ɬɨɩɨɥɨɝɢɹ 
ɫɟɬɢ ɩɨɫɬɨɹɧɧɨ ɞɢɧɚɦɢɱɟɫɤɢ ɢɡɦɟɧɹɟɬɫɹ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ, ɦɚɪɲɪɭɬɢɡɚɰɢɹ ɜ ɫɟɬɹɯ 
MANET ɹɜɥɹɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɫɥɨɠɧɨɣ ɡɚɞɚɱɟɣ, ɱɟɦ ɦɚɪɲɪɭɬɢɡɚɰɢɹ ɜ ɩɪɨɜɨɞɧɵɯ 
ɫɟɬɹɯ. ɉɪɨɬɨɤɨɥɵ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɜ ɫɟɬɹɯ MANET ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɩɪɨɚɤɬɢɜɧɵɟ, 
ɪɟɚɤɬɢɜɧɵɟ ɢ ɝɢɛɪɢɞɧɵɟ. ȼ ɪɟɚɤɬɢɜɧɵɯ ɩɪɨɬɨɤɨɥɚɯ ɦɚɪɲɪɭɬ ɮɨɪɦɢɪɭɟɬɫɹ ɩɪɢ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜ ɩɪɨɚɤɬɢɜɧɵɯ ɨɧ ɡɚɞɚɟɬɫɹ ɫɪɚɡɭ. Ʉɚɤ ɩɪɨɚɤɬɢɜɧɵɟ, ɬɚɤ ɢ 
ɪɟɚɤɬɢɜɧɵɟ ɩɪɨɬɨɤɨɥɵ ɢɦɟɸɬ ɨɩɪɟɞɟɥɟɧɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ, ɧɚɩɪɢɦɟɪ, ɩɪɨɚɤɬɢɜɧɵɟ 
ɩɪɨɬɨɤɨɥɵ ɢɫɩɨɥɶɡɭɸɬ ɛɨɥɶɲɢɣ ɨɛɴɟɦ ɬɪɚɮɢɤɚ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ ɨ ɦɚɪɲɪɭɬɚɯ, 
ɬɨɝɞɚ ɤɚɤ ɪɟɚɤɬɢɜɧɵɦ ɩɪɨɬɨɤɨɥɚɦ ɬɪɟɛɭɟɬɫɹ ɛɨɥɶɲɟ ɜɪɟɦɟɧɢ ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɦɚɪɲɪɭɬɚ. 
ɉɪɨɬɨɤɨɥɵ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɫɨɜɦɟɳɚɸɬ ɜ ɫɟɛɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɟɚɤɬɢɜɧɵɯ ɢ 
ɩɪɨɚɤɬɢɜɧɵɯ ɩɪɨɬɨɤɨɥɨɜ ɢ ɧɚɡɵɜɚɸɬɫɹ ɝɢɛɪɢɞɧɵɦɢ ɩɪɨɬɨɤɨɥɚɦɢ ɦɚɪɲɪɭɬɢɡɚɰɢɢ. ɐɟɥɶ 
ɧɚɫɬɨɹɳɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɨɰɟɧɤɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɪɨɬɨɤɨɥɨɜ AODV (Ad hoc On-

demand Distance Vector) ɢ DSR (Dynamic Source Routing) ɩɪɢ ɩɨɦɨɳɢ ɫɢɦɭɥɹɬɨɪɚ ɫɟɬɢ 
NS2. Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɪɚɛɨɬɵ ɩɪɨɬɨɤɨɥɨɜ ɩɪɢɦɟɧɹɥɢɫɶ ɞɜɟ ɦɟɬɪɢɤɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ – 

ɫɪɟɞɧɹɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɢ ɫɪɟɞɧɹɹ ɡɚɞɟɪɠɤɚ, ɧɚ ɨɫɧɨɜɟ ɬɚɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɤɚɤ 
ɪɚɡɦɟɪ ɩɚɤɟɬɚ ɢ ɫɤɨɪɨɫɬɶ ɭɡɥɨɜ. Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥ, ɱɬɨ 
ɩɪɨɬɨɤɨɥ AODV ɨɛɥɚɞɚɟɬ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ, ɱɟɦ DSR ɜ ɩɥɚɧɟ 
ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ DSR ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɜ ɩɥɚɧɟ ɛɨɥɟɟ 
ɧɢɡɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɫɪɟɞɧɟɣ ɡɚɞɟɪɠɤɢ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɦɨɛɢɥɶɧɵɟ ad-hoc ɫɟɬɢ, ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ, ɫɪɟɞɧɹɹ ɡɚɞɟɪɠɤɚ, 
ɪɚɡɦɟɪ ɩɚɤɟɬɚ, ɫɤɨɪɨɫɬɶ ɭɡɥɨɜ, AODV, DSR. 
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Abstract 
Mobile Ad-hoc Network (MANET) is an automobile wireless network and a collection of nodes 

that has no fixed infrastructure and can be rapidly deployed in any environment like military 

applications, emergence response, virtual classrooms, and some other applications. Nodes in 

MANET can organize themselves autonomously and are free to move in any direction. Hence, the 
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topology of this network is changing frequently and dynamically. Because of this, routing in 

MANET is a lot more difficult than routing in a fixed wired network. Routing protocols in 

MANET are classified into proactive, reactive and hybrid routing protocols. In reactive protocols, 

a route is established only when needed while the route in proactive protocols is available 

immediately. Both proactive and reactive approaches have their own limitations, for example, the 

proactive protocols use excess bandwidth in maintaining the routing information while, the 

reactive ones have long route request delay. The new generation of protocols have a nature that is 

reactive and proactive, and are known as hybrid routing protocols. The goal of this paper is 

performance evaluation of Ad hoc On-demand Distance Vector (AODV) and Dynamic Source 

Routing (DSR) routing protocols, using NS2 Simulator. We applied two performance metrics, 

average throughput and average end-to-end delay, based on packet size and speed of the nodes. 

The final analysis with realistic outcomes shows that AODV has better performance than DSR in 

terms of throughput whereas DSR is better for the low average end-to-end delay. 

Keywords: Ad hoc network; throughput; End-to-end delay; packet size; speed of nodes; AODV, 

DSR. 

1. ȼȼȿȾȿɇɂȿ
Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ 

ɧɚɩɪɚɜɥɟɧɢɣ ɫɟɬɟɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɹɜɥɹɸɬɫɹ ɫɟɬɢ 
MANET, ɛɥɚɝɨɞɚɪɹ ɭɧɢɤɚɥɶɧɨɣ ɜɨɡɦɨɠɧɨɫɬɢ 
ɪɚɡɜɟɪɬɵɜɚɧɢɹ ɷɬɢɯ ɫɟɬɟɣ ɜ ɥɸɛɨɦ ɦɟɫɬɟ ɢ ɜ 
ɥɸɛɨɟ ɜɪɟɦɹ. ɋɟɬɢ MANET – ɷɬɨ ɛɟɫɩɪɨɜɨɞɧɵɟ 
ɫɟɬɢ ɫ ɞɢɧɚɦɢɱɟɫɤɨɣ ɬɨɩɨɥɨɝɢɟɣ, ɫɨɫɬɨɹɳɢɟ ɢɡ 
ɦɨɛɢɥɶɧɵɯ ɭɡɥɨɜ ɢ ɧɟ ɢɦɟɸɳɢɟ ɮɢɤɫɢɪɨɜɚɧɧɨɣ 
ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɢɥɢ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ Д1Ж. ɋɟɬɢ MANET ɦɨɝɭɬ ɫɬɚɬɶ 
ɷɮɮɟɤɬɢɜɧɵɦ ɪɟɲɟɧɢɟɦ ɞɥɹ ɪɚɛɨɬɵ ɪɚɡɥɢɱɧɵɯ 
ɩɪɢɥɨɠɟɧɢɣ ɢ ɫɪɟɞ ɜ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ ɤɚɤ 
ɚɜɚɪɢɣɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ (ɧɚɩɪɢɦɟɪ, ɜ ɡɨɧɚɯ 
ɥɢɤɜɢɞɚɰɢɢ ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢɬɭɚɰɢɣ), ɜ ɫɟɬɹɯ 
ɜɨɟɧɧɨɝɨ ɢ ɝɪɚɠɞɚɧɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ. ɋɟɬɢ 
MANET ɭɞɨɛɧɵ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ, ɬɚɤ ɤɚɤ ɨɧɢ ɧɟ 
ɬɪɟɛɭɸɬ ɞɨɪɨɝɨɫɬɨɹɳɟɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ, ɜ 
ɨɬɥɢɱɢɟ ɨɬ ɬɪɚɞɢɰɢɨɧɧɵɯ ɛɟɫɩɪɨɜɨɞɧɵɯ ɫɟɬɟɣ. 

ȼ ɫɜɹɡɢ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɫɬɚɬɢɱɧɵɯ ɭɡɥɨɜ ɜ 
ɫɟɬɹɯ MANET ɢ ɢɯ ɦɨɛɢɥɶɧɨɫɬɶɸ ɞɥɹ ɧɚɫɬɪɨɣɤɢ 
ɢ ɪɚɛɨɬɵ ɞɚɧɧɵɯ ɫɟɬɟɣ ɩɪɟɞɥɚɝɚɥɢɫɶ ɪɚɡɥɢɱɧɵɟ 
ɩɪɨɬɨɤɨɥɵ ɦɚɪɲɪɭɬɢɡɚɰɢɢ, ɜ ɬɨɦ ɱɢɫɥɟ AODV ɢ 
DSR Д2Ж. Ʉɪɨɦɟ ɬɨɝɨ, ɤɚɠɞɵɣ ɢɡ ɭɡɥɨɜ ɜ 
ɛɟɫɩɪɨɜɨɞɧɵɯ ɫɟɬɹɯ MANET 

ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɟɧ, ɹɜɥɹɹɫɶ ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɦɚɪɲɪɭɬɢɡɚɬɨɪɨɦ ɢ ɯɨɫɬɨɦ, ɩɪɢ ɷɬɨɦ ɩɟɪɟɞɚɱɚ 
ɞɚɧɧɵɯ ɦɟɠɞɭ ɭɡɥɚɦɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɛɟɡ ɤɚɤɨɝɨ-

ɥɢɛɨ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. Ɂɚ ɫɱɟɬ 
ɦɨɛɢɥɶɧɨɫɬɢ ɭɡɥɨɜ, ɬɨɩɨɥɨɝɢɹ ɫɟɬɢ ɩɨɫɬɨɹɧɧɨ 
ɢɡɦɟɧɹɟɬɫɹ. Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɦɧɨɝɨɲɚɝɨɜɨɣ 
ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɦɟɠɞɭ ɭɡɥɚɦɢ ɬɪɟɛɭɸɬɫɹ 
ɷɮɮɟɤɬɢɜɧɵɟ ɩɪɨɬɨɤɨɥɵ ɦɚɪɲɪɭɬɢɡɚɰɢɢ. ɉɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɨɜɨɞɧɵɦɢ ɫɟɬɹɦɢ ɫɟɬɢ MANET 

ɨɛɥɚɞɚɸɬ ɭɧɢɤɚɥɶɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. ȼ 
ɫɜɹɡɢ ɫ ɨɝɪɚɧɢɱɟɧɧɵɦ ɪɚɞɢɭɫɨɦ ɬɪɚɧɫɦɢɫɫɢɢ ɜ 
ɛɟɫɩɪɨɜɨɞɧɵɯ ɫɟɬɹɯ, ɦɚɪɲɪɭɬɢɡɚɰɢɹ ɜ ɫɟɬɹɯ 
MANET ɹɜɥɹɟɬɫɹ ɦɧɨɝɨɲɚɝɨɜɨɣ Д3Ж. Ɂɚ ɩɨɫɥɟɞɧɟɟ 
ɜɪɟɦɹ ɧɟɦɚɥɨ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɨ ɩɨɫɜɹɳɟɧɨ 

ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɜ ɫɟɬɹɯ MANET, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɩɨɢɫɤɚ ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɢ ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɪɨɬɨɤɨɥɚ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɞɥɹ 
ɞɚɧɧɵɯ ɫɟɬɟɣ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦ, 
ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɟɬɟɣ MANET, 

ɬɚɤɢɯ ɤɚɤ ɩɨɞɜɢɠɧɨɫɬɶ ɭɡɥɨɜ, ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ 
ɩɨɦɟɯ, ɧɢɡɤɚɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɤɚɧɚɥɚ ɢ 
ɜɵɫɨɤɨɟ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ Д4Ж, ɛɵɥɢ 
ɪɟɤɨɦɟɧɞɨɜɚɧɵ ɪɚɡɥɢɱɧɵɟ ɪɟɚɤɬɢɜɧɵɟ, 
ɩɪɨɚɤɬɢɜɧɵɟ ɢ ɝɢɛɪɢɞɧɵɟ ɩɪɨɬɨɤɨɥɵ. Ɍɟɦ ɧɟ 
ɦɟɧɟɟ, ɪɚɡɥɢɱɢɟ ɦɟɠɞɭ ɷɬɢɦɢ ɩɪɨɬɨɤɨɥɚɦɢ 
ɡɚɤɥɸɱɚɟɬɫɹ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɥɢɲɶ ɜ ɦɟɯɚɧɢɡɦɟ 
ɨɛɧɨɜɥɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɨ ɦɚɪɲɪɭɬɚɯ. ɐɟɥɶɸ 
ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɚɧɚɥɢɡ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɞɜɭɯ ɪɟɚɤɬɢɜɧɵɯ ɩɪɨɬɨɤɨɥɨɜ ɦɚɪɲɪɭɬɢɡɚɰɢɢ - 

AODV ɢ DSR. ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɜɟɞɟɧɨ ɧɚ ɨɫɧɨɜɟ 
ɬɚɤɢɯ ɦɟɬɪɢɤ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɤɚɤ ɫɪɟɞɧɹɹ 
ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɢ ɫɪɟɞɧɹɹ ɡɚɞɟɪɠɤɚ, ɩɪɢ 
ɢɡɦɟɧɹɸɳɢɯɫɹ ɡɧɚɱɟɧɢɹɯ ɪɚɡɦɟɪɚ ɩɚɤɟɬɨɜ ɢ 
ɫɤɨɪɨɫɬɢ ɭɡɥɨɜ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɢɦɭɥɹɬɨɪɚ 
NS2. 

2. ɈȻɁɈɊ ɅɂɌȿɊȺɌɍɊɇɕɏ ɂɋɌɈЧɇɂɄɈȼ
2.1 ɉɪɨɬɨɤɨɥ ɦɚɪɲɪɭɬɢɡɚɰɢɢ AODV (Ad-

hoc on-demand distance vector) 
AODV ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɟɚɤɬɢɜɧɵɣ 

ɩɪɨɬɨɤɨɥ ɧɚ ɨɫɧɨɜɟ ɩɪɨɬɨɤɨɥɨɜ DSDV 

(Destination-Sequenced Distance-Vector Routing) ɢ 
ɚɥɝɨɪɢɬɦɨɜ ɩɪɨɬɨɤɨɥɚ DSR. ȼ ɩɪɨɬɨɤɨɥɟ AODV 

ɩɪɢɦɟɧɹɟɬɫɹ ɩɨɢɫɤ ɦɚɪɲɪɭɬɚ ɚɧɚɥɨɝɢɱɧɵɣ 
ɩɪɨɬɨɤɨɥɭ DSR, ɚ ɩɨɧɹɬɢɟ ɩɨɞɞɟɪɠɤɢ ɦɚɪɲɪɭɬɚ, 
ɩɪɢɫɜɨɟɧɢɹ ɩɨɪɹɞɤɨɜɵɯ ɧɨɦɟɪɨɜ ɢ ɩɪɢɦɟɧɟɧɢɟ 
ɦɚɹɤɨɜ ɪɟɚɥɢɡɭɟɬɫɹ ɩɨ ɨɛɪɚɡɰɭ ɩɪɨɬɨɤɨɥɚ DSDV 

Д2Ж. Ⱦɥɹ ɩɨɢɫɤɚ ɢ ɭɫɬɚɧɨɜɥɟɧɢɹ ɩɭɬɟɣ ɦɟɠɞɭ 
ɭɡɥɚɦɢ ɩɪɨɬɨɤɨɥ ɢɫɩɨɥɶɡɭɟɬ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ 
ɫɨɨɛɳɟɧɢɣ: ɫɨɨɛɳɟɧɢɹ ɨɛ ɨɲɢɛɤɟ (ɫɨɨɛɳɟɧɢɹ 
RERR, Route Error), ɨɬɜɟɬɵ (ɫɨɨɛɳɟɧɢɹ RREP, 
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Route Reply) ɢ ɡɚɩɪɨɫɵ (ɫɨɨɛɳɟɧɢɹ RREQ, Route 

Request) [5]. 

ɉɪɨɰɟɫɫ ɩɨɢɫɤɚ ɦɚɪɲɪɭɬɚ ɢɧɢɰɢɢɪɭɟɬɫɹ 
ɨɞɧɢɦ ɢɡ ɭɡɥɨɜ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ, ɬ.ɟ. ɤɨɝɞɚ 
ɦɟɠɞɭ ɞɜɭɦɹ ɭɡɥɚɦɢ ɧɟɬ ɬɪɟɛɭɟɦɨɝɨ ɦɚɪɲɪɭɬɚ. ɋ 
ɰɟɥɶɸ ɩɨɢɫɤɚ ɭɡɥɚ ɧɚɡɧɚɱɟɧɢɹ ɭɡɟɥ-ɢɧɢɰɢɚɬɨɪ 
ɨɬɩɪɚɜɥɹɟɬ ɲɢɪɨɤɨɜɟɳɚɬɟɥɶɧɵɟ RREQ-ɡɚɩɪɨɫɵ 
ɫɨɫɟɞɧɢɦ ɭɡɥɚɦ. Ɍɚɤɠɟ ɩɪɨɰɟɫɫ ɭɫɬɚɧɨɜɥɟɧɢɹ 
ɦɚɪɲɪɭɬɚ ɦɨɠɟɬ ɛɵɬɶ ɢɧɢɰɢɢɪɨɜɚɧ, ɟɫɥɢ 
ɦɚɪɲɪɭɬ ɛɵɥ ɤɚɤɢɦ-ɥɢɛɨ ɨɛɪɚɡɨɦ ɪɚɡɨɪɜɚɧ Д6Ж. 
Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɨɛɪɚɬɧɨɝɨ ɦɚɪɲɪɭɬɚ ɤ ɭɡɥɭ-

ɨɬɩɪɚɜɢɬɟɥɸ ɬɪɟɛɭɟɬɫɹ ɭɱɚɫɬɢɟ ɩɪɨɦɟɠɭɬɨɱɧɵɯ 
ɭɡɥɨɜ, ɩɨɥɭɱɢɜɲɢɯ ɫɨɨɛɳɟɧɢɟ RREQ. ȼɨ 
ɢɡɛɟɠɚɧɢɟ ɨɛɪɚɡɨɜɚɧɢɹ ɰɢɤɥɨɜ ɩɪɢ 
ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɩɚɤɟɬɭ ɩɪɢɫɜɚɢɜɚɟɬɫɹ 
ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ. Ʉɨɝɞɚ ɭɡɟɥ-ɚɞɪɟɫɚɬ ɩɨɥɭɱɚɟɬ 
ɡɚɩɪɨɫ RREQ, ɨɧ ɨɬɩɪɚɜɥɹɟɬ ɨɬɜɟɬɧɨɟ ɫɨɨɛɳɟɧɢɟ 
RREP, ɫɨɞɟɪɠɚɳɟɟ ɢɧɮɨɪɦɚɰɢɸ ɨ ɧɨɦɟɪɟ 
ɩɨɥɭɱɚɬɟɥɹ ɢ ɤɨɥɢɱɟɫɬɜɟ ɪɟɬɪɚɧɫɥɹɰɢɣ. Ⱦɥɹ 
ɭɫɬɚɧɨɜɥɟɧɢɹ ɤɚɤ ɩɪɹɦɨɝɨ, ɬɚɤ ɢ ɨɛɪɚɬɧɨɝɨ ɩɭɬɢ 
ɨɬ ɢɧɢɰɢɚɬɨɪɚ ɤ ɭɡɥɭ ɧɚɡɧɚɱɟɧɢɹ, ɫɨɨɛɳɟɧɢɟ 

RREP ɨɬɫɵɥɚɟɬɫɹ ɩɨ ɭɫɬɚɧɨɜɥɟɧɧɨɦɭ ɦɚɪɲɪɭɬɭ 
ɨɛɪɚɬɧɨ ɤ ɭɡɥɭ-ɢɧɢɰɢɚɬɨɪɭ. ȿɳɟ ɨɞɧɢɦ 
ɩɚɪɚɦɟɬɪɨɦ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ ɜɪɟɦɹ 
ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɦɚɪɲɪɭɬɚ. ȿɫɥɢ ɡɚ ɷɬɨ ɜɪɟɦɹ ɧɢ 
ɨɞɢɧ ɩɚɤɟɬ ɧɟ ɩɪɨɯɨɞɢɬ ɩɨ ɞɚɧɧɨɦɭ ɦɚɪɲɪɭɬɭ, 
ɷɬɨɬ ɦɚɪɲɪɭɬ ɭɞɚɥɹɟɬɫɹ ɢɡ ɬɚɛɥɢɰɵ Д7Ж. 

ȼ ɩɪɨɬɨɤɨɥɟ AODV ɤɚɠɞɵɣ ɭɡɟɥ ɪɚɫɫɵɥɚɟɬ 
ɫɨɨɛɳɟɧɢɹ «hello» ɜ ɪɟɠɢɦɟ ɩɨɞɞɟɪɠɤɢ 
ɦɚɪɲɪɭɬɨɜ. Ʉɨɝɞɚ ɭɡɟɥ ɨɛɧɚɪɭɠɢɜɚɟɬ ɪɚɡɪɵɜ 
ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɦɚɪɲɪɭɬɚ, ɨɧ ɨɬɩɪɚɜɥɹɟɬ 
ɫɨɨɛɳɟɧɢɟ ɨɛ ɨɲɢɛɤɟ (RRER) ɩɪɟɞɵɞɭɳɢɦ ɭɡɥɚɦ 
ɞɚɧɧɨɝɨ ɦɚɪɲɪɭɬɚ. ɋɨɨɛɳɟɧɢɟ ɨɛ ɨɲɢɛɤɟ 
ɨɬɫɵɥɚɟɬɫɹ ɭɡɥɭ-ɢɧɢɰɢɚɬɨɪɭ, ɚ ɩɪɨɦɟɠɭɬɨɱɧɵɟ 
ɭɡɥɵ ɩɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɫɨɨɛɳɟɧɢɹ RERR 

ɨɛɧɨɜɥɹɸɬ ɬɚɛɥɢɰɭ ɦɚɪɲɪɭɬɨɜ. ɍɡɟɥ-ɢɧɢɰɢɚɬɨɪ, 
ɩɨɥɭɱɢɜ ɫɨɨɛɳɟɧɢɟ RERR, ɧɚɱɢɧɚɟɬ ɩɪɨɰɟɫɫ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɚɪɲɪɭɬɚ ɡɚɧɨɜɨ Д8, 9Ж.  

ɇɚ Ɋɢɫ.1(a) ɢ 1(ɛ) ɩɨɤɚɡɚɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɩɭɬɢ ɩɚɤɟɬɚ-ɡɚɩɪɨɫɚ RREQ ɢ ɨɬɜɟɬɧɨɝɨ ɩɚɤɟɬɚ 
RREP ɜ ɩɪɨɬɨɤɨɥɟ AODV. 

Ɋɢɫ. 1. ɉɪɨɬɨɤɨɥ ɦɚɪɲɪɭɬɢɡɚɰɢɢ AODV: (К) ɩɚɤɟɬ RREQ; (Л) ɩɚɤɟɬ RREP 

Fig. 1. AODV Routing Protocol: (a) RREQ Packet; (b) RREP Packet 

2.2 ɉɪɨɬɨɤɨɥ ɦɚɪɲɪɭɬɢɡɚɰɢɢ DSR 
(DвnКmТМ SoЮЫМО RoЮЭТnР, Ⱦɢɧɚɦɢɱɟɫɤɚɹ 
ɦɚɪɲɪɭɬɢɡɚɰɢɹ ɨɬ ɢɫɬɨɱɧɢɤɚ) 

ɉɪɨɬɨɤɨɥ DSR – ɷɬɨ ɩɪɨɬɨɤɨɥ 
ɦɚɪɲɪɭɬɢɡɚɰɢɢ, ɤɨɬɨɪɵɣ ɮɨɪɦɢɪɭɟɬ ɦɚɪɲɪɭɬ ɩɨ 
ɬɪɟɛɨɜɚɧɢɸ ɢ ɜ ɤɨɬɨɪɨɦ ɭɡɟɥ-ɨɬɩɪɚɜɢɬɟɥɶ ɡɚɞɚɟɬ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɭɡɥɨɜ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ 
ɩɟɪɟɞɚɱɢ ɩɚɤɟɬɚ ɞɚɧɧɵɯ. ɂɧɮɨɪɦɚɰɢɹ ɨ 
ɤɨɥɢɱɟɫɬɜɟ ɭɡɥɨɜ ɞɥɹ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɫɨɞɟɪɠɢɬɫɹ 
ɜ ɡɚɝɨɥɨɜɤɟ ɩɚɤɟɬɚ. Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɦɚɪɲɪɭɬɨɜ ɨɬ 
ɢɫɬɨɱɧɢɤɚ ɤɚɠɞɵɣ ɢɡ ɭɡɥɨɜ ɧɚɤɚɩɥɢɜɚɟɬ 
ɢɧɮɨɪɦɚɰɢɸ ɨ ɦɚɪɲɪɭɬɚɯ. Ƚɥɚɜɧɵɟ ɤɨɦɩɨɧɟɧɬɵ 
ɪɚɛɨɬɵ DSR – ɷɬɨ ɩɨɢɫɤ ɦɚɪɲɪɭɬɚ ɢ ɩɨɞɞɟɪɠɤɚ 
ɦɚɪɲɪɭɬɚ, ɤɨɬɨɪɵɟ ɮɭɧɤɰɢɨɧɢɪɭɸɬ 

ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɢ 
ɩɨɞɞɟɪɠɢɜɚɧɢɹ ɦɚɪɲɪɭɬɨɜ ɜ ɪɚɡɥɢɱɧɵɯ 
ɧɚɩɪɚɜɥɟɧɢɹɯ. 

ɐɟɥɶɸ ɪɚɡɪɚɛɨɬɤɢ ɞɚɧɧɨɝɨ ɩɪɨɬɨɤɨɥɚ ɛɵɥɚ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɧɢɡɢɬɶ ɩɨɬɪɟɛɥɟɧɢɟ ɬɪɚɮɢɤɚ 
ɭɩɪɚɜɥɹɸɳɢɦɢ ɩɚɤɟɬɚɦɢ ɜ ɫɟɬɹɯ MANET. ɗɬɨ 
ɞɨɫɬɢɝɚɟɬɫɹ ɩɭɬɟɦ ɨɬɤɚɡɚ ɨɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɫɥɭɠɟɛɧɵɯ ɫɨɨɛɳɟɧɢɣ ɨɛ ɨɛɧɨɜɥɟɧɢɹɯ (ɤɚɤ ɜ 
ɩɪɨɬɨɤɨɥɚɯ ɫ ɬɚɛɥɢɱɧɵɦ ɩɨɞɯɨɞɨɦ). Ʉɪɨɦɟ ɬɨɝɨ, 
DSR ɹɜɥɹɟɬɫɹ ɫɚɦɨɧɚɫɬɪɚɢɜɚɸɳɢɦɫɹ ɩɪɨɬɨɤɨɥɨɦ 
ɞɥɹ ɛɟɫɩɪɨɜɨɞɧɵɯ ɫɟɬɟɣ. Ɍɚɤɠɟ ɨɧ ɦɨɠɟɬ 
ɩɪɢɦɟɧɹɬɶɫɹ ɜ ɦɨɛɢɥɶɧɵɯ ɫɟɬɹɯ ɢ ɫɢɫɬɟɦɚɯ 
ɫɨɬɨɜɨɣ ɦɨɛɢɥɶɧɨɣ ɫɜɹɡɢ ɫ ɤɨɥɢɱɟɫɬɜɨɦ ɭɡɥɨɜ ɞɨ 
200. ɋɟɬɶ, ɢɫɩɨɥɶɡɭɸɳɚɹ ɩɪɨɬɨɤɨɥ DSR, 
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ɫɩɨɫɨɛɧɚ ɧɚɫɬɪɚɢɜɚɬɶ ɢ ɤɨɧɮɢɝɭɪɢɪɨɜɚɬɶ ɫɚɦɚ 
ɫɟɛɹ ɛɟɡ ɜɦɟɲɚɬɟɥɶɫɬɜɚ ɱɟɥɨɜɟɤɚ. Ɂɚɞɚɱɚ 
ɭɫɬɚɧɨɜɥɟɧɢɹ ɤɚɠɞɨɝɨ ɦɚɪɲɪɭɬɚ ɜ ɩɪɨɬɨɤɨɥɟ 
DSR  ɪɟɲɚɟɬɫɹ ɫ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɚɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɞɥɹ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɫɥɟɞɭɸɳɢɯ ɦɚɪɲɪɭɬɨɜ ɜ 
ɜɵɛɪɚɧɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ. Ⱦɜɭɦɹ ɝɥɚɜɧɵɦɢ 
ɤɨɦɩɨɧɟɧɬɚɦɢ ɪɚɛɨɬɵ ɞɚɧɧɨɣ ɫɟɬɢ ɹɜɥɹɸɬɫɹ ɭɠɟ 
ɭɩɨɦɹɧɭɬɵɟ ɩɨɞɞɟɪɠɤɚ ɦɚɪɲɪɭɬɚ ɢ ɭɫɬɚɧɨɜɥɟɧɢɟ 
ɦɚɪɲɪɭɬɚ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɭɫɬɚɧɨɜɥɟɧɧɨɦɭ 

ɦɚɪɲɪɭɬɭ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɷɮɮɟɤɬɢɜɧɨ ɢ 
ɢɡɛɟɝɚɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɩɟɬɟɥɶ ɩɪɢ ɢɡɦɟɧɟɧɢɹɯ 
ɫɟɬɢ. ɉɨɞɞɟɪɠɤɚ ɦɚɪɲɪɭɬɨɜ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɬɪɚɧɫɦɢɫɫɢɸ ɞɚɠɟ ɩɪɢ ɦɨɞɢɮɢɤɚɰɢɹɯ ɫɟɬɢ, ɚ 
ɮɭɧɤɰɢɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɦɚɪɲɪɭɬɚ ɩɨɡɜɨɥɹɟɬ 
ɧɚɯɨɞɢɬɶ ɨɩɬɢɦɚɥɶɧɵɣ ɩɭɬɶ ɦɟɠɞɭ ɭɡɥɨɦ-

ɨɬɩɪɚɜɢɬɟɥɟɦ ɢ ɭɡɥɨɦ ɧɚɡɧɚɱɟɧɢɹ Д10Ж. ɇɚ ɪɢɫ. 2 
ɩɨɤɚɡɚɧ ɩɪɢɦɟɪ ɭɫɬɚɧɨɜɥɟɧɢɹ ɦɚɪɲɪɭɬɚ ɦɟɠɞɭ 
ɭɡɥɨɦ-ɢɧɢɰɢɚɬɨɪɨɦ ɢ ɭɡɥɨɦ ɧɚɡɧɚɱɟɧɢɹ, ɢ 
ɜɨɡɦɨɠɧɵɟ ɩɪɨɥɨɠɟɧɧɵɟ ɩɭɬɢ. 

Ɋɢɫ. 2. ɉɪɢɦɟɪ ɩɨɢɫɤɚ ɦɚɪɲɪɭɬɚ ɦɟɠɞɭ ɭɡɥɨɦ-ɢɧɢɰɢɚɬɨɪɨɦ ɢ ɭɡɥɨɦ ɧɚɡɧɚɱɟɧɢɹ,  
ɢ ɜɨɡɦɨɠɧɨɟ ɩɨɫɬɪɨɟɧɢɟ ɦɚɪɲɪɭɬɚ ɦɟɠɞɭ ɧɢɦɢ 

Fig. 2. An example of route discovery between source and destination nodes and possible discovered paths 

3. ɍɋɅɈȼɂə ɆɈȾȿɅɂɊɈȼȺɇɂə
ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɪɟɞɚ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɢɡɭɱɟɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɢ 
ɩɪɨɬɨɤɨɥɨɜ AODV ɢ DSR. Ⱦɥɹ ɷɬɨɣ ɰɟɥɢ 
ɩɪɢɦɟɧɹɥɫɹ ɫɢɦɭɥɹɬɨɪ ɛɟɫɩɪɨɜɨɞɧɵɯ ɫɟɬɟɣ 
NS-2.28, ɤɨɬɨɪɵɣ ɦɨɞɟɥɢɪɭɟɬ ɦɧɨɝɨɲɚɝɨɜɭɸ 
ɛɟɫɩɪɨɜɨɞɧɭɸ ad-hoc ɫɢɫɬɟɦɭ ɢ MAC-ɭɪɨɜɟɧɶ. ȼ 
ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɜɚ 
ɩɟɪɟɦɟɧɧɵɯ ɩɚɪɚɦɟɬɪɚ ɫɟɬɢ, ɚ ɢɦɟɧɧɨ ɪɚɡɦɟɪ 
ɩɚɤɟɬɚ ɢ ɫɤɨɪɨɫɬɶ ɭɡɥɨɜ. ɉɚɪɚɦɟɬɪɵ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɭɤɚɡɚɧɵ ɜ Ɍɚɛɥɢɰɟ 1.  

Ɍɚɛɥɢɰɚ 1 

ɉɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

Table 1 

Simulation parameters 
ɋɢɦɭɥɹɬɨɪ NS2 

ɉɪɨɬɨɤɨɥ 
ɦɚɪɲɪɭɬɢɡɚɰɢɢ 

AODV ɢ DSR 

Ɍɢɩ ɚɧɬɟɧɧɵ OЦЧТ Ⱥɧɬɟɧɧɵ 

MAC-ɭɪɨɜɟɧɶ IEEE 802.11 

Ʉɨɥɢɱɟɫɬɜɨ ɭɡɥɨɜ 50 

ȼɪɟɦɹ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

50 ɫ 

Ɋɚɡɦɟɪ ɫɟɬɢ 1670 ɦ × 970 ɦ 

ɋɤɨɪɨɫɬɶ ɭɡɥɨɜ 5, 10, 15, 20  ɦ/ɫ 

Ɇɨɞɟɥɶ ɦɨɛɢɥɶɧɨɫɬɢ ɋɥɭɱɚɣɧɚɹ 

Ɍɢɩ ɬɪɚɮɢɤɚ ɉɨɫɬɨɹɧɧɵɣ ɛɢɬɪɟɣɬ (CBR) 
Ɋɚɡɦɟɪ ɩɚɤɟɬɚ 128, 256, 512, 1204 ɛɚɣɬ 

ȼɪɟɦɹ ɩɚɭɡɵ 24 ɫ 

3.1 Ɇɟɬɪɢɤɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 
Ⱦɥɹ ɨɰɟɧɤɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɪɨɬɨɤɨɥɨɜ 

ɦɚɪɲɪɭɬɢɡɚɰɢɢ AODV ɢ DSR ɩɪɢ 
ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɜɟ ɦɟɬɪɢɤɢ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ - ɫɪɟɞɧɹɹ ɩɪɨɩɭɫɤɧɚɹ 
ɫɩɨɫɨɛɧɨɫɬɶ (throughput, TP) ɢ ɫɪɟɞɧɹɹ ɡɚɞɟɪɠɤɚ 
(e2e delay). 

3.1.1 ɋɪɟɞɧɹɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ (TP) 
ɋɪɟɞɧɹɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ – ɷɬɨ ɨɛɴɟɦ 

ɞɚɧɧɵɯ, ɩɨɥɭɱɚɟɦɵɯ ɭɡɥɨɦ ɧɚɡɧɚɱɟɧɢɹ ɡɚ 
ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ. ɋɪɟɞɧɹɹ ɩɪɨɩɭɫɤɧɚɹ 
ɫɩɨɫɨɛɧɨɫɬɶ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ.
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ɭɡɟɥ-ɨɬɩɪɚɜɢɬɟɥɶ 

ɭɡɟɥ ɧɚɡɧɚɱɟɧɢɹ 
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Throughput TPሺkbpsሻ =  ∑ Packets received by destination simulation time  ሺͳሻ 

3.1.2 ɋɪɟɞɧɹɹ ɡɚɞɟɪɠɤɚ (О2О delay) 

ɋɪɟɞɧɹɹ ɡɚɞɟɪɠɤɚ – ɷɬɨ ɫɪɟɞɧɟɟ ɤɨɥɢɱɟɫɬɜɨ 
ɜɪɟɦɟɧɢ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɭɫɩɟɲɧɨɣ ɩɟɪɟɞɚɱɢ 
ɩɚɤɟɬɚ ɞɚɧɧɵɯ ɩɨ ɫɟɬɢ ɨɬ ɭɡɥɚ-ɨɬɩɪɚɜɢɬɟɥɹ ɤ ɭɡɥɭ 
ɧɚɡɧɚɱɟɧɢɹ. Ɉɧɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɜɫɟ ɜɨɡɦɨɠɧɵɟ 
ɜɢɞɵ ɡɚɞɟɪɠɟɤ, ɬɚɤɢɟ ɤɚɤ ɧɢɡɤɚɹ ɫɤɨɪɨɫɬɶ 

ɩɟɪɟɞɚɱɢ, ɛɭɮɟɪɢɡɚɰɢɹ ɧɚ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɚɪɲɪɭɬɚ, ɨɠɢɞɚɧɢɟ ɩɚɤɟɬɚ ɜ 
ɨɱɟɪɟɞɢ, ɡɚɩɚɡɞɵɜɚɧɢɟ ɩɟɪɟɞɚɱɢ ɢ ɩɨɜɬɨɪɧɚɹ 
ɩɟɪɟɞɚɱɚ. ɋɪɟɞɧɹɹ ɡɚɞɟɪɠɤɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 
ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ. 

Average end − to − end delayሺmsሻ = ∑  ሺܴ� − ܵ�ሻ��=1 ݊  ሺʹሻ 

ɝɞɟ Т – ɧɨɦɟɪ ɩɚɤɟɬɚ ɞɚɧɧɵɯ, ܴ� - ɜɪɟɦɹ ɩɨɥɭɱɟɧɢɹ
ɩɚɤɟɬɚ ɞɚɧɧɵɯ,  Si - ɜɪɟɦɹ ɨɬɩɪɚɜɥɟɧɢɹ ɩɚɤɟɬɚ
ɞɚɧɧɵɯ, Ч – ɨɛɳɟɟ ɱɢɫɥɨ ɩɚɤɟɬɨɜ ɞɚɧɧɵɯ.  

4. ɊȿɁɍɅɖɌȺɌɕ ɆɈȾȿɅɂɊɈȼȺɇɂə
Ʉɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 3, ɩɪɨɬɨɤɨɥ AODV 

ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɟɧ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɨɬɨɤɨɥɨɦ 
DSR ɩɪɢ ɩɟɪɟɞɚɱɟ ɩɚɤɟɬɨɜ ɞɚɧɧɵɯ ɪɚɡɦɟɪɨɦ ɨɬ 
128 ɞɨ 1024 ɛɚɣɬ. AODV ɢɦɟɟɬ ɛɨɥɟɟ ɜɵɫɨɤɭɸ 

ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɬɚɤ ɤɚɤ ɩɪɢ 
ɭɫɬɚɧɨɜɥɟɧɢɢ ɦɚɪɲɪɭɬɚ ɩɨ ɬɪɟɛɨɜɚɧɢɸ ɫ 
ɛɨɥɶɲɟɣ ɞɨɥɟɣ ɜɟɪɨɹɬɧɨɫɬɢ ɫɮɨɪɦɢɪɭɟɬ ɧɨɜɵɣ 
ɦɚɪɲɪɭɬ, ɬɨɝɞɚ ɤɚɤ DSR ɫ ɦɟɧɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ 
ɩɚɤɟɬɨɜ ɜ ɭɫɥɨɜɢɹɯ ɢɡɦɟɧɟɧɢɹ ɬɨɩɨɥɨɝɢɢ ɫɟɬɢ 
ɢɦɟɟɬ ɬɟɧɞɟɧɰɢɸ ɧɚɫɬɪɚɢɜɚɬɶ ɢ ɤɨɪɪɟɤɬɢɪɨɜɚɬɶ 
ɩɪɨɥɨɠɟɧɧɵɟ ɦɚɪɲɪɭɬɵ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ 
ɜɵɛɨɪɭ ɧɟɜɟɪɧɵɯ ɦɚɪɲɪɭɬɨɜ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, 
ɫɧɢɡɢɬɶ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ. 

Ɋɢɫ. 3. Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɫɪɟɞɧɟɣ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɨɬ ɪɚɡɦɟɪɚ ɩɚɤɟɬɚ 

Fig. 3. Average throughput versus packet size 

ɇɚ ɪɢɫ. 4 ɩɨɤɚɡɚɧɨ ɜɥɢɹɧɢɟ ɭɜɟɥɢɱɟɧɢɹ 
ɫɤɨɪɨɫɬɢ ɭɡɥɨɜ ɧɚ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ. 
ɉɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɧɚɡɵɜɚɟɬɫɹ ɨɛɴɟɦ 
ɞɚɧɧɵɯ, ɩɟɪɟɞɚɜɚɟɦɵɯ ɩɨ ɤɚɧɚɥɭ ɨɬ ɨɞɧɨɝɨ ɭɡɥɚ ɤ 
ɞɪɭɝɨɦɭ ɡɚ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ. ɗɮɮɟɤɬɢɜɧɵɟ 

ɩɪɨɬɨɤɨɥɵ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɢɦɟɸɬ ɜɵɫɨɤɭɸ 
ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ. Ʉɚɤ ɦɵ ɜɢɞɢɦ ɧɚ 
ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɝɪɚɮɢɤɟ, ɩɪɨɩɭɫɤɧɚɹ 
ɫɩɨɫɨɛɧɨɫɬɶ ɩɪɨɬɨɤɨɥɚ AODV ɜɵɲɟ, ɱɟɦ 
ɩɪɨɬɨɤɨɥɚ DSR, ɞɥɹ ɫɤɨɪɨɫɬɢ ɭɡɥɨɜ ɨɬ 5 ɞɨ 20 ɦ/ɫ. 
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Ɋɢɫ. 4. Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɫɪɟɞɧɟɣ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɭɡɥɨɜ 

Fig. 4. Average throughput versus node speed 

ɇɚ ɪɢɫ. 5 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɪɟɞɧɹɹ ɡɚɞɟɪɠɤɚ ɞɥɹ 
ɪɚɡɥɢɱɧɵɯ ɪɚɡɦɟɪɨɜ ɩɚɤɟɬɨɜ; ɪɟɡɭɥɶɬɚɬɵ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɪɨɬɨɤɨɥ DSR 

ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɟɧ, ɱɟɦ ɩɪɨɬɨɤɨɥ AODV, ɩɪɢ 

ɩɟɪɟɞɚɱɟ ɩɚɤɟɬɨɜ ɞɚɧɧɵɯ ɪɚɡɦɟɪɨɦ ɨɬ 128 ɞɨ 1024 
ɛɚɣɬ. Ɍɚɤ ɤɚɤ ɢɡɞɟɪɠɤɢ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɭ DSR 

ɦɟɧɶɲɟ, ɱɟɦ ɭ AODV, ɷɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɦɟɧɶɲɟɣ 
ɡɚɝɪɭɠɟɧɧɨɫɬɢ ɤɚɧɚɥɚ. 

Ɋɢɫ. 5. Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɫɪɟɞɧɟɣ ɡɚɞɟɪɠɤɢ ɨɬ ɪɚɡɦɟɪɚ ɩɚɤɟɬɚ 

Fig. 5. Average end to end delay versus packet size 

ɇɚ ɪɢɫ. 6 ɩɨɤɚɡɚɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɩɪɨɬɨɤɨɥɨɜ AODV ɢ DSR ɜ ɩɥɚɧɟ ɡɧɚɱɟɧɢɹ 
ɫɪɟɞɧɟɣ ɡɚɞɟɪɠɤɢ ɞɥɹ ɫɤɨɪɨɫɬɢ ɭɡɥɨɜ ɨɬ 5 ɞɨ 20 
ɦ/ɫ, ɩɪɢ ɤɨɥɢɱɟɫɬɜɟ ɭɡɥɨɜ 50. Ʉɚɤ ɜɢɞɧɨ ɢɡ 
ɝɪɚɮɢɤɚ, ɩɪɨɬɨɤɨɥ DSR ɢɦɟɟɬ ɡɧɚɱɢɬɟɥɶɧɨ 

ɦɟɧɶɲɭɸ ɡɚɞɟɪɠɤɭ, ɱɟɦ AODV. Ȼɨɥɟɟ ɬɨɝɨ, 
ɩɚɤɟɬɵ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɜ ɧɟɦ ɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɨ 
ɢɫɩɨɥɶɡɭɸɬ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɤɚɧɚɥɚ, ɱɬɨ 
ɟɳɟ ɛɨɥɟɟ ɫɧɢɠɚɟɬ ɡɚɞɟɪɠɤɭ ɜ ɩɪɨɬɨɤɨɥɟ DSR ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɨɬɨɤɨɥɨɦ AODV. 

45

46

47

48

49

50

51

52

53

54

55

5 10 15 20

п̬
оп

у̭
к̦

̌я
 ̭

по
̭о

̦̍
о̭

ть
 (k

b
p

s)
 

̭ко̬о̭т̛ у̚лов ;̥/̭Ϳ 

AODV

DSR

30

50

70

90

110

130

150

128 256 512 1024

̌̚
де

̬̙
к̌

 (m
s)

 

Р̥̌̚е̬ п̌кет̌ ;̜̍̌тͿ 

AODV

DSR



ʛ˃˘ˏ˖ˇ ʏ.Ш., ʞˑˎˢˍˑ˅ ʑ.ʛ. ʝ˙ˈːˍ˃ ˒˓ˑˋˊ˅ˑˇˋ˕ˈˎ˟ːˑ˔˕ˋ ˒˓ˑ˕ˑˍˑˎˑ˅ ˏ˃˓˛˓˖˕ˋˊ˃˙ˋˋ 
ˏˑ˄ˋˎ˟ː˞˘ ad-hВc ˔ˈ˕ˈˌ ȋMANETȌ // ʜ˃˖˚ː˞ˌ ˓ˈˊ˖ˎ˟˕˃˕.  

ʗː˗ˑ˓ˏ˃˙ˋˑːː˞ˈ ˕ˈ˘ːˑˎˑˆˋˋ. – ʡ.ͷ, №4, 2016. 

70 

ɂɇɎɈɊɆȺɐɂɈɇɇЫȿ ɌȿɏɇɈɅɈȽɂɂ 

INFORMATION TECHNOLOGIES  

Ɋɢɫ. 6. Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɫɪɟɞɧɟɣ ɡɚɞɟɪɠɤɢ ɨɬ ɫɤɨɪɨɫɬɢ ɭɡɥɨɜ 

Fig. 6. Average end to end delay versus node speed 

5. ɁȺɄɅɘЧȿɇɂȿ
ȼ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧ ɤɪɚɬɤɢɣ 

ɨɛɡɨɪ ɢ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɢ 
ɩɪɨɬɨɤɨɥɨɜ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ADOV ɢ DSR. Ȼɵɥɢ 
ɫɦɨɞɟɥɢɪɨɜɚɧɵ ɫɟɬɢ ɫ ɨɞɢɧɚɤɨɜɨɣ ɬɨɩɨɥɨɝɢɟɣ ɢ 
ɩɪɨɜɟɞɟɧɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɪɚɛɨɬɵ ɞɜɭɯ ɪɚɡɥɢɱɧɵɯ ɪɟɚɤɬɢɜɧɵɯ ɩɪɨɬɨɤɨɥɨɜ 
ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɞɥɹ ɦɨɛɢɥɶɧɵɯ ɫɟɬɟɣ. Ɋɟɡɭɥɶɬɚɬɵ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ, ɱɬɨ 
ɩɪɨɬɨɤɨɥ AODV ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɟɧ, ɱɟɦ ɩɪɨɬɨɤɨɥ 
DSR, ɜ ɩɥɚɧɟ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ, ɜ 
ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɪɚɡɦɟɪɨɜ ɩɚɤɟɬɚ ɢɥɢ 
ɫɤɨɪɨɫɬɢ ɭɡɥɨɜ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɪɨɬɨɤɨɥ DSR ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɟɧ ɜ 
ɩɥɚɧɟ ɡɧɚɱɟɧɢɹ ɫɪɟɞɧɟɣ ɡɚɞɟɪɠɤɢ, ɨɫɨɛɟɧɧɨ ɩɪɢ 
ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɡɧɚɱɢɬɟɥɶɧɨɦ ɪɨɫɬɟ ɤɚɤ ɪɚɡɦɟɪɨɜ 
ɩɚɤɟɬɨɜ, ɬɚɤ ɢ ɫɤɨɪɨɫɬɢ ɭɡɥɨɜ. 
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