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OPENNEBULA ȼ SDN ɋȿɌəɏ ȾɅə ɉɈɋɌɊɈȿɇɂə 
IAAS ɋȿɊȼɂɋɈȼ 

 
ɋ.ȼ.Ɇɚɥɚɯɨɜ, Ɍ.ȼ.ɂɫɚɤɨɜ 

 

ɉɨɜɨɥɠɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ ɢ ɢɧɮɨɪɦɚɬɢɤɢ 
 
ȼ ɫɬɚɬɶɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɭɡɥɨɜ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɤɥɚɫɬɟɪɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɬɨɤɨɥɚ 
OpenFlow ɢ ɛɟɡ ɧɟɝɨ. ɉɪɨɢɡɜɨɞɢɬɫɹ ɭɫɬɚɧɨɜɤɚ ɤɨɧɬɪɨɥɥɟɪɚ FloodLight, ɪɚɡɜёɪɬɵɜɚɧɢɟ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ 
ɤɥɚɫɬɟɪɚ ɫɪɟɞɫɬɜɚɦɢ ɩɥɚɬɮɨɪɦɵ OpenNebula. ɉɨɞɫɱɢɬɵɜɚɟɬɫɹ ɨɛɴёɦ ɬɪɚɮɢɤɚ, ɤɨɬɨɪɵɣ ɛɵɥ ɫɝɟɧɟɪɢɪɨɜɚɧ, ɚ 
ɬɚɤɠɟ ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɦɟɠɞɭ ɭɡɥɚɦɢ ɤɥɚɫɬɟɪɚ.  
 

ȼɜɟɞɟɧɢɟ 

ɋɤɚɱɨɤ ɜ ɪɚɡɜɢɬɢɢ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɢ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɦɨщɧɨɫɬɟɣ ɞɚɥɢ ɬɨɥɱɨɤ ɤ ɪɚɡɜɢɬɢɸ ɨɛɥɚɱɧɵɯ ɬɟɯɧɨɥɨɝɢɣ. Ɉɞɧɚɤɨ ɧɚ 
ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɭɫɬɚɪɟɜɲɢɟ ɫɟɬɟɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɧɟ ɬɨɥɶɤɨ ɭɫɥɨɠɧɹɸɬ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ 
ɬɨɪɦɨɡɹɬ ɪɨɫɬ ɫɟɪɜɢɫɨɜ ɧɚ ɛɚɡɟ ɨɛɥɚɤɚ, ɧɨ ɢ ɹɜɥɹɸɬɫɹ «ɛɭɬɵɥɨɱɧɵɦ ɝɨɪɥɵɲɤɨɦ» ɞɥɹ 
ɰɟɧɬɪɨɜ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ (ɐɈȾ), ɋɟɬɟɣ ɯɪɚɧɟɧɢɹ ɞɚɧɧɵɯ (ɋХȾ) ɢ ɦɚɫɫɨɜɵɯ 
ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɫɟɬɶɸ ɢɧɬɟɪɧɟɬ. Ȼɨɥɶɲɢɧɫɬɜɨ ɤɥɸɱɟɜɵɯ ɩɪɨɬɨɤɨɥɨɜ ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɧɚ 
ɡɚɪɟ ɫɬɚɧɨɜɥɟɧɢɹ ɂɧɬɟɪɧɟɬɚ ɢ EЭСОЫЧОЭ ɬɟɯɧɨɥɨɝɢɣ. Ɍɨɝɞɚ ɛɵɥɨ ɧɟɜɨɡɦɨɠɧɨ ɩɪɟɞɜɢɞɟɬɶ 
ɫɤɨɪɨɫɬɢ ɢ ɨɛɴёɦɵ ɩɟɪɟɞɚɜɚɟɦɵɯ ɞɚɧɧɵɯ, ɞɨɫɬɢɝɧɭɬɵɯ ɫɟɝɨɞɧɹ. Ɉɛɴɟɦ ɬɪɚɮɢɤɚ ɢ ɟɝɨ 
ɜɢɞɵ ɪɚɫɬɭɬ ɜ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɩɪɨɝɪɟɫɫɢɢ. 

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɱɚɫɬɶ 

ɇɚɱɧёɦ ɫ ɫɚɦɨɝɨ ɝɥɚɜɧɨɝɨ - ɫ ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɥɚɱɧɵɯ ɜɵɱɢɫɥɟɧɢɣ. 
Ɉɛɥɚɱɧɵɟ ɜɵɱɢɫɥɟɧɢɹ – ɷɬɨ ɦɨɞɟɥɶ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɭɞɨɛɧɨɝɨ ɫɟɬɟɜɨɝɨ ɞɨɫɬɭɩɚ ɤ 

ɫɨɜɦɟɫɬɧɨ ɢɫɩɨɥɶɡɭɟɦɨɦɭ ɧɚɛɨɪɭ ɧɚɫɬɪɚɢɜɚɟɦɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɪɟɫɭɪɫɨɜ (ɫɟɪɜɟɪɚɦ, 
ɩɪɢɥɨɠɟɧɢɹɦ, ɭɫɬɪɨɣɫɬɜɚɦ ɯɪɚɧɟɧɢɹ ɞɚɧɧɵɯ ɢ ɫɟɬɹɦ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ— ɤɚɤ ɜɦɟɫɬɟ, ɬɚɤ ɢ 
ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ), ɤɨɬɨɪɵɟ ɩɨɬɪɟɛɢɬɟɥɶ ɦɨɠɟɬ ɥɟɝɤɨ ɡɚɞɟɣɫɬɜɨɜɚɬɶ ɜ ɥɸɛɨɦ ɨɛɴёɦɟ ɞɥɹ 
ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɫɜɨɢɯ ɩɨɬɪɟɛɧɨɫɬɟɣ. Ƚɥɚɜɧɚɹ ɰɟɥɶ, ɤɨɬɨɪɭɸ ɩɪɟɫɥɟɞɭɸɬ ɨɛɥɚɱɧɵɟ 
ɜɵɱɢɫɥɟɧɢɹ — ɷɬɨ ɩɨɜɵɲɟɧɢɟ ɞɨɫɬɭɩɧɨɫɬɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɪɟɫɭɪɫɨɜ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɨɣ 
ɰɟɥɢ ɜɵɞɟɥɹɸɬ ɬɪɢ ɦɨɞɟɥɢ ɨɛɫɥɭɠɢɜɚɧɢɹ. Д1Ж  

Ɇɨɞɟɥɢ ɨɛɫɥɭɠɢɜɚɧɢɹμ 
 SaaS (Software as a Service) – ɉɈ ɤɚɤ ɭɫɥɭɝɚ; 

 PaaS (Platform as a Service) – ɉɥɚɬɮɨɪɦɚ ɤɚɤ ɭɫɥɭɝɚ; 

 IaaS (Infrastructure as a Service) – ɂɧɮɪɚɫɬɪɭɤɬɭɪɚ ɤɚɤ ɭɫɥɭɝɚ. [2] 

 
 

Ɋɢɫɭɧɨɤ 1 – ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɦɨɞɟɥɟɣ ɨɛɫɥɭɠɢɜɚɧɢɹ 
 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɵ ɪɚɫɫɦɨɬɪɢɦ ɬɨɥɶɤɨ ɬɪɟɬɶɸ ɦɨɞɟɥɶ ɨɛɫɥɭɠɢɜɚɧɢɹ. 
ɂɧɮɪɚɫɬɪɭɤɬɭɪɚ ɤɚɤ ɭɫɥɭɝɚ (IaaS) – ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɪɟɫɭɪɫɨɜ, ɧɚ 
ɤɨɬɨɪɵɯ ɩɨɬɪɟɛɢɬɟɥɶ ɦɨɠɟɬ ɪɚɡɜɟɪɧɭɬɶ ɢ ɡɚɩɭɫɬɢɬɶ ɧɟɨɛɯɨɞɢɦɨɟ ɟɦɭ ɉɈ, ɜɤɥɸɱɚɸщɟɟ ɜ 
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ɫɟɛɹ ɨɩɟɪɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɢ ɩɪɢɥɨɠɟɧɢɹ. ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɦɨɞɟɥɢ ɩɨɬɪɟɛɢɬɟɥɶ ɧɟ 
ɭɩɪɚɜɥɹɟɬ ɢ ɧɟ ɤɨɧɬɪɨɥɢɪɭɟɬ ɥɟɠɚщɭɸ ɜ ɨɫɧɨɜɟ ɮɢɡɢɱɟɫɤɭɸ ɢɧɮɪɚɫɬɪɭɤɬɭɪɭ. 

ɉɪɨɝɪɚɦɦɧɨ-ɤɨɧɮɢɝɭɪɢɪɭɟɦɵɟ ɋɟɬɢ (SШПЭаКЫО DОПТЧОН NОЭаШЫФЬ) – ɷɬɨ ɚɤɬɢɜɧɨ 
ɪɚɡɜɢɜɚɸщɚɹɫɹ ɚɪɯɢɬɟɤɬɭɪɚ ɫɟɬɢ, ɜ ɤɨɬɨɪɨɣ ɮɭɧɤɰɢɹ ɭɩɪɚɜɥɟɧɢɹ ɫɟɬɶɸ ɩɨɥɧɨɫɬɶɸ 
ɩɪɨɝɪɚɦɦɢɪɭɟɦɚ, ɚ ɬɚɤɠɟ ɪɚɡɞɟɥɟɧɚ ɫ ɮɭɧɤɰɢɟɣ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ. Ɉɫɧɨɜɧɨɣ ɰɟɥɶɸ SDN 
ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɦɢ ɢ ɤɨɦɦɭɬɚɬɨɪɚɦɢ, ɧɟ ɢɡɦɟɧɹɹ 
ɫɭщɟɫɬɜɭɸщɟɝɨ ɫɟɬɟɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɗɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱёɬ ɜɧɟɞɪɟɧɢɹ ɫɩɟɰɢɚɥɶɧɨɝɨ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ (FloodLight, NOX, POX), ɤɨɬɨɪɨɟ ɪɚɛɨɬɚɟɬ ɧɚ ɨɬɞɟɥɶɧɨɦ 
ɤɨɦɩɶɸɬɟɪɟ, ɩɨɞ ɤɨɧɬɪɨɥɟɦ ɚɞɦɢɧɢɫɬɪɚɬɨɪɚ ɫɟɬɢ. ɉɪɨɬɨɤɨɥ OpenFlow ɩɨɡɜɨɥɹɟɬ 
ɭɩɪɚɜɥɹɬɶ ɫɟɬɟɜɵɦɢ ɤɨɦɦɭɬɚɬɨɪɚɦɢ ɢ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚɦɢ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɫɩɟɰɢɚɥɢɫɬɵ 
ɬɪɚɬɹɬ ɦɟɧɶɲɟ ɜɪɟɦɟɧɢ ɧɚ ɧɚɱɚɥɶɧɵɟ ɧɚɫɬɪɨɣɤɢ ɫɟɬɢ. ɉɪɨɬɨɤɨɥ OЩОЧFХШа ɪɟɲɚɟɬ ɬɚɤɠɟ 
ɩɪɨɛɥɟɦɭ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɟɬɟɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤɚɤɨɝɨ-ɥɢɛɨ ɤɨɧɤɪɟɬɧɨɝɨ ɩɨɫɬɚɜщɢɤɚ, 
ɩɨɫɤɨɥɶɤɭ SDN ɢɫɩɨɥɶɡɭɟɬ ɨɛщɢɟ ɚɛɫɬɪɚɤɰɢɢ ɞɥɹ ɩɟɪɟɫɵɥɤɢ ɩɚɤɟɬɨɜ, ɤɨɬɨɪɵɟ ɫɟɬɟɜɚɹ 
ɨɩɟɪɚɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ ɢɫɩɨɥɶɡɭɟɬ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɫɟɬɟɜɵɦɢ ɤɨɦɦɭɬɚɬɨɪɚɦɢ. Д3] 

ȼ ɚɪɯɢɬɟɤɬɭɪɟ SDN ɜɵɞɟɥɹɸɬ ɬɪɢ ɭɪɨɜɧɹμ 
 ɢɧɮɪɚɫɬɪɭɤɬɭɪɧɵɣ ɭɪɨɜɟɧɶ;  
 ɭɪɨɜɟɧɶ ɭɩɪɚɜɥɟɧɢɹ; 
 ɭɪɨɜɟɧɶ ɫɟɬɟɜɵɯ ɩɪɢɥɨɠɟɧɢɣ. 

OpenNebula - ɨɬɤɪɵɬɚɹ ɩɥɚɬɮɨɪɦɚ, ɩɨɡɜɨɥɹɸщɚɹ ɨɪɝɚɧɢɡɨɜɚɬɶ ɭɩɪɚɜɥɟɧɢɟ МХШЮН-
ɢɧɮɪɚɫɬɪɭɤɬɭɪɨɣ ɢ ɜɢɪɬɭɚɥɶɧɵɦ ɨɤɪɭɠɟɧɢɟɦ. Ⱦɨɫɬɭɩɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɬɚɤɢɯ ɚɬɪɢɛɭɬɨɜ, 
ɤɚɤ ɫɟɬɶ, ɯɪɚɧɢɥɢщɟ, ɬɟɯɧɨɥɨɝɢɹ ɜɢɪɬɭɚɥɢɡɚɰɢɢ, ɫɪɟɞɫɬɜɚ ɦɨɧɢɬɨɪɢɧɝɚ, ɫɪɟɞɫɬɜɚ 
ɛɟɡɨɩɚɫɧɨɫɬɢ. Д4] 

 
 

Ɋɢɫɭɧɨɤ β – Ⱥɪɯɢɬɟɤɬɭɪɚ SDN ɫɟɬɢ 
 

ɋɢɫɬɟɦɚ ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚɜɚɬɶ ωХШЮН-ɨɤɪɭɠɟɧɢɹ ɬɪɟɯ ɬɢɩɨɜμ  
 ɩɪɢɜɚɬɧɵɟ Cloud-ɫɢɫɬɟɦɵ, ɞɨɫɬɭɩɧɵ ɬɨɥɶɤɨ ɜɧɭɬɪɢ ɨɪɝɚɧɢɡɚɰɢɢ, ɜɵɩɨɥɧɟɧɵ ɧɚ 

ɫɨɛɫɬɜɟɧɧɵɯ ɦɨщɧɨɫɬɹɯ;  
 ɩɭɛɥɢɱɧɵɟ Cloud-ɫɢɫɬɟɦɵ, ɪɚɛɨɬɚɸщɢɟ ɜ ɢɧɮɪɚɫɬɪɭɤɬɭɪɟ ɜɧɟɲɧɢɯ ɫɟɪɜɢɫɨɜ. Ⱦɥɹ 

ɞɨɫɬɭɩɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ API (OGF OCCI, vCloud); 

 ɝɢɛɪɢɞɧɵɟ Cloud-ɫɢɫɬɟɦɵ, ɫɨɱɟɬɚɸɬ ɜ ɫɟɛɟ ɷɥɟɦɟɧɬɵ ɩɪɢɜɚɬɧɵɯ ɢ ɩɭɛɥɢɱɧɵɯ 
cloud-ɫɢɫɬɟɦ. 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɵ ɛɭɞɟɦ ɫɨɡɞɚɜɚɬɶ Cloud-ɨɤɪɭɠɟɧɢɟ ɩɟɪɜɨɝɨ ɬɢɩɚ.  
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Ɋɟɚɥɢɡɚɰɢɨɧɧɚɹ ɱɚɫɬɶ 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɜɟɞɟɧɢɹ ɩɚɤɟɬɨɜ ɛɵɥɨ ɪɟɲɟɧɨ ɩɨɫɬɪɨɢɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ 
ɫɟɝɦɟɧɬ ɫɟɬɢ ɜ ɫɨɫɬɚɜɟμ 

 ɤɨɦɦɭɬɚɬɨɪ OЩОЧFХШа HP γ500вХ; 
 7 ɫɟɪɜɟɪɨɜμ 

1. Server - ɰɟɧɬɪɚɥɶɧɵɣ ɫɟɪɜɟɪ (БОШЧ E5645 β,4Ƚɝɰ, ɈɁɍ γβȽȻ). 
2. Node-1 ɢ NШНО-β (БОШЧ E5645 β,4Ƚɝɰ, ɈɁɍ γβȽȻ). 
3. Node-3 ɢ Node-4 (Core i5 2400 3Ƚɝɰ, ɈɁɍ 32ȽȻ). 
4. Node-5 ɢ Node-6 (Core i5 2320 3Ƚɝɰ, ɈɁɍ 32ȽȻ). 

 ɤɚɧɚɥɵ ɫɜɹɡɢ ɦɟɠɞɭ ɭɡɥɚɦɢ ɫɟɬɢ 1000Ɇɛ/ɫɟɤ. 
 

 
 

Ɋɢɫɭɧɨɤ γ – ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɫɟɝɦɟɧɬ ɫɟɬɢ 
 

Ⱦɥɹ ɧɚɱɚɥɚ ɧɚɦ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ ɤɨɧɬɪɨɥɥɟɪ FХШШНδТРСЭ ɧɚ Server.  
FХШШНδТРСЭ ɧɚɩɢɫɚɧ ɧɚ JКЯК ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɚɛɨɬɚɟɬ ɜ JVε. ɉɟɪɟɞ ɭɫɬɚɧɨɜɤɨɣ 
ɤɨɧɬɪɨɥɥɟɪɚ ɫɧɚɱɚɥɚ ɩɨɬɪɟɛɭɟɬɫɹ ɭɫɬɚɧɨɜɢɬɶ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɛɨɬɵ, ɛɢɛɥɢɨɬɟɤɢμ 

1) JDK (Java Development Kit) — ɛɟɫɩɥɚɬɧɨ ɪɚɫɩɪɨɫɬɪɚɧɹɟɦɵɣ ɤɨɦɩɚɧɢɟɣ OЫКМХО 
ωШЫЩШЫКЭТШЧ (ɪɚɧɟɟ SЮЧ εТМЫШЬвЬЭОЦЬ) ɤɨɦɩɥɟɤɬ ɪɚɡɪɚɛɨɬɱɢɤɚ ɩɪɢɥɨɠɟɧɢɣ ɧɚ ɹɡɵɤɟ JКЯК, 
ɜɤɥɸɱɚɸщɢɣ ɜ ɫɟɛɹ ɤɨɦɩɢɥɹɬɨɪ JКЯК (УКЯКМ), ɫɬɚɧɞɚɪɬɧɵɟ ɛɢɛɥɢɨɬɟɤɢ ɤɥɚɫɫɨɜ JКЯК, 
ɩɪɢɦɟɪɵ, ɞɨɤɭɦɟɧɬɚɰɢɸ, ɪɚɡɥɢɱɧɵɟ ɭɬɢɥɢɬɵ ɢ ɢɫɩɨɥɧɢɬɟɥɶɧɭɸ ɫɢɫɬɟɦɭ JКЯК (JRE) Д5Ж; 

2) Ant - ɭɬɢɥɢɬɚ ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɫɛɨɪɤɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ, 
ɹɜɥɹɟɬɫɹ ɩɥɚɬɮɨɪɦɨɧɟɡɚɜɢɫɢɦɵɦ ɚɧɚɥɨɝɨɦ ɭɬɢɥɢɬɵ ЦКФО. 

Ⱦɥɹ ɭɫɬɚɧɨɜɤɢ ɤɨɧɬɪɨɥɥɟɪɚ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɫɥɟɞɭɸщɢɟ ɤɨɦɚɧɞɵμ 
ɚ) ɤɨɦɚɧɞɭ «ЬЮНШ КЩЭ-get install build-essential default-jdk ant python-НОЯ РТЭ», ɫ 

ɩɨɦɨщɶɸ ɷɬɨɣ ɤɨɦɚɧɞɵ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɧɟɨɛɯɨɞɢɦɵɟ ɛɢɛɥɢɨɬɟɤɢ ɢ ɭɬɢɥɢɬɵ; 
ɛ) ɤɨɦɚɧɞɭ «РТЭ МХШЧО РТЭμ//РТЭСЮЛ.МШЦ/ПХШШНХТРСЭ/ПХШШНХТРСЭ.РТЭ && МН ПХШШНХТРСЭ && 

КЧЭ», ɞɥɹ ɡɚɝɪɭɡɤɢ ɜɟɬɤɢ ɢɡ РТЭ, ɢ ɜɵɩɨɥɧɟɧɢɹ ɫɛɨɪɤɢ ɩɪɨɟɤɬɚ. 
Ɋɟɡɭɥɶɬɚɬɨɦ ɫɛɨɪɤɢ ɫɬɚɥ ɢɫɩɨɥɧɹɟɦɵɣ УКЫ ɮɚɣɥ ПХШШНХТРСЭ.УКЫ. Ɂɚɩɭɫɬɢɬɶ ɤɨɧɬɪɨɥɥɟɪ 

ɦɨɠɧɨ ɤɨɦɚɧɞɨɣ «УКЯК -УКЫЭКЫРОЭ/ПХШШНХТРСЭ.УКЫ» 
Ⱦɚɥɟɟ ɬɪɟɛɭɟɬɫɹ ɭɫɬɚɧɨɜɢɬɶ ɩɥɚɬɮɨɪɦɭ OpenNebula, ɛɥɚɝɨɞɚɪɹ ɤɨɬɨɪɨɣ ɜɨɡɦɨɠɧɨ 

ɪɚɡɜɟɪɧɭɬɶ ɜɢɪɬɭɚɥɶɧɵɣ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɤɥɚɫɬɟɪ. 
ɍɫɬɚɧɨɜɤɭ OpenNebula ɨɫɭщɟɫɬɜɥɹɟɦ ɫ ɩɨɦɨщɶɸ ɭɬɢɥɢɬɵ «sudo dpkg -i Ubuntu-

12.04-opennebula_x.x.x_amd64.deb». ȼ ɩɪɨɰɟɫɫɟ ɭɫɬɚɧɨɜɤɢ ɫɨɡɞɚёɬɫɹ ɭɱёɬɧɚɹ ɡɚɩɢɫɶ 
ɩɨɥɶɡɨɜɚɬɟɥɹ ɢ ɝɪɭɩɩɚ oneadmin ɫ ɞɨɦɚɲɧɢɦ ɤɚɬɚɥɨɝɨɦ /ЯКЫ/ХТЛ/ШЧО/. ɍɫɬɚɧɨɜɤɚ ɧɚ 
ɭɩɪɚɜɥɹɟɦɵɟ ɯɨɫɬɵ ɩɪɨɢɡɜɨɞɢɬɫɹ ɬɚɤɢɦ ɠɟ ɨɛɪɚɡɨɦ. ɇɚɫɬɪɨɣɤɢ OЩОЧNОЛЮХК SЮЧЬЭШЧО 
ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɮɚɣɥɟ /ОЭМ/ШЧО/ЬЮЧЬЭШЧО-ЬОЫЯОЫ.МШЧП. Ⱦɚɥɟɟ ɡɚɩɭɫɤɚɟɦ ɫɟɪɜɢɫ ɤɨɦɚɧɞɨɣ 
«oneadmin$ sunstone-server start».  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɭɫɬɚɧɨɜɤɢ OpenNebula ɦɵ ɢɦɟɟɦ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɤɥɚɫɬɟɪ. 

Node-1
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Node-2 Node-6

Server

Nebula Server
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Ɋɢɫɭɧɨɤ 4 - ȼɢɪɬɭɚɥɶɧɵɣ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɤɥɚɫɬɟɪ 
 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ 

Ƚɟɧɟɪɚɰɢɸ ɬɪɚɮɢɤɚ ɢ ɡɚɩɢɫɶ ɥɨɝɚ ɦɟɠɞɭ ɭɡɥɚɦɢ ɛɭɞɟɬ ɨɫɭщɟɫɬɜɥɹɬɶ ɫ ɩɨɦɨщɶɸ 
ɭɬɢɥɢɬɵ ТЩОЫП. Ɋɚɡɦɟɪ ɝɟɧɟɪɢɪɭɟɦɵɯ ɩɚɤɟɬɚ ɩɨ ɭɦɨɥɱɚɧɢɸ 1500 ɛɚɣɬɚ. ɋ ɤɚɠɞɨɝɨ ɭɡɥɚ 
ɢɞɟɬ ɩɨ 4 ɩɨɬɨɤɚ ɧɚ ɩɨɪɬɵ ɭɡɥɚ εКЬЭОЫμ 80, 44γ, 145 ɢ 1γ7. Ɍɚɤ ɠɟ ɬɪɚɮɢɤ ɝɟɧɟɪɢɪɭɟɬɫɹ 
ɦɟɠɞɭ ɭɡɥɚɦɢ SХКЯО ɜ ɨɞɢɧ ɩɨɬɨɤ ɧɚ ɩɨɪɬ 1γ7. 
 

 
 

Ɋɢɫɭɧɨɤ 5 – ɇɚɩɪɚɜɥɟɧɢɟ ɩɨɬɨɤɚ ɞɚɧɧɵɯ 
 

Ⱦɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɡɚɩɭɫɤɚ ɝɟɧɟɪɚɰɢɢ ɬɪɚɮɢɤɚ, ɛɵɥ ɧɚɩɢɫɚɧ bash – 
ɫɤɪɢɩɬ. 
Ɍɚɛɥɢɰɚ 1. Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ 

№ ˄̚л̌ ˁ п̬отоколо̥ OpenFlow ʥе̚ п̬отокол̌ OpenFlow 

∑О̻̍ё̥ 
д̵̦̦̼̌;ʺ̍Ϳ 

ˁ̬.̭ко̬о̭т̽  
;ʺ̍/̭Ϳ 

∑О̻̍ё̥ 
д̵̦̦̼̌;ʺ̍Ϳ 

ˁ̬.̭ко̬о̭т̽ 
;ʺ̍/̭Ϳ 

1.  58,12 5,13 1241 34,18 

2.  561,48 35,94 1491,5 31,07 

3.  57,45 3,01 2349,8 39,25 

4.  838,78 33,38 2741,6 38,74 

5.  1648,47 40,51 3036,3 36,19 

6.  727,39 17,86 1920,65 20,01 

7.  993,89 27,67 3254,88 33,13 

8.  934,48 26,98 2938,14 32,68 

9.  648,42 27,18 2900,35 33,62 

Server

Nebula Server

Floodlight

ȼɢɪɬɭɚɥɶɧɵɟ 
ɭɡɥɵ

Master

Slave-2Slave-1 Slave-16

HP 3500yl

Master

Slave-2Slave-1 Slave-16

Ɍɪɚɮɢɤ ɜ 1 ɩɨɬɨɤ
Ɍɪɚɮɢɤ ɜ 4 ɩɨɬɨɤɚ

iperf iperf iperf

iperf
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10.  327,21 12,27 1851,75 21,11 

11.  279,95 12,91 1863,03 21,88 

12.  598,61 31,30 2909,21 34,73 

13.  343,39 41,12 2942,78 32,35 

14.  307,94 42,84 2898,92 32,28 

15.  50,08 8,19 1853,84 22,09 

16.  187,77 31,30 1915,66 21,88 

ˁу̥̥̌/ˁ̬.̸̦̌̚. 8375,66 24,85 38109,41 30,32 

 

Ɂɚɤɥɸɱɟɧɢɟ 

ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɜɢɞɢɦ, ɱɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɪɨɬɨɤɨɥɚ OpenFlow ɨɛɴёɦ 
ɫɝɟɧɟɪɢɪɨɜɚɧɧɨɝɨ ɬɪɚɮɢɤɚ, ɚ ɬɚɤɠɟ ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ ɦɟɧɶɲɟ ɱɟɦ ɛɟɡ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɨɬɨɤɨɥɚ. ɍɬɢɥɢɬɚ ТЩОЫП ɝɟɧɟɪɢɪɭɟɬ ɬɪɚɮɢɤ, ɬɟɦ ɫɚɦɵɦ ɦɚɤɫɢɦɚɥɶɧɨ 
ɡɚɩɨɥɧɹɟɬ ɲɢɪɢɧɭ ɩɨɥɨɫɵ ɩɪɨɩɭɫɤɚɧɢɹ ɤɚɧɚɥɚ. ɋ ɩɪɨɬɨɤɨɥɨɦ OЩОЧFХШа, ɭɬɢɥɢɬɚ ТЩОЫП 
ɫɨɡɞɚɥɚ ɦɧɨɝɨ ɩɭɫɬɵɯ ɨɬɱɟɬ-ɮɚɣɥɨɜ. ɉɨɫɥɟ ɢɯ ɨɛɪɚɛɨɬɤɢ ɨɛɴɟɦ ɬɪɚɮɢɤɚ ɩɨɥɭɱɢɥɫɹ 8,5ȽȻ, 
ɚ ɛɟɡ ɩɪɨɬɨɤɨɥɚ γ8ȽȻ.  ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɤɨɦɦɭɬɚɬɨɪɚ ɢ ɤɨɧɬɪɨɥɥɟɪɚ 
OЩОЧFХШа. Д6, 7Ж Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, OЩОЧFХШа ɬɨɥɶɤɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɚɡɨɜɵɟ ɮɭɧɤɰɢɢ 
ɭɩɪɚɜɥɟɧɢɹ ɚɩɩɚɪɚɬɧɵɦ ɨɛɟɫɩɟɱɟɧɢɟɦ – ɤɨɦɦɭɬɚɬɨɪɚɦɢ, ɧɨ ɧɟ ɩɪɨɝɪɚɦɦɧɭɸ ɧɚɱɢɧɤɭ 
SDN. ɂ ɯɨɬɹ ɦɧɨɝɢɟ ɜɟɞɭщɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɢ ɫɟɬɟɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɢ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ – 
ɩɪɨɢɡɜɨɞɢɬɟɥɢ ɤɨɦɦɭɬɚɬɨɪɨɜ, ɡɚɹɜɥɹɸɬ ɨ ɫɜɨɟɣ ɩɨɞɞɟɪɠɤɟ OЩОЧFХШа, ɩɪɨɝɪɚɦɦɧɵɣ 
ɢɧɬɟɪɮɟɣɫ ɨɬ ɤɨɧɬɪɨɥɥɟɪɚ ɤ ɩɪɢɥɨɠɟɧɢɹɦ ɥɢɛɨ ɜɨɨɛщɟ ɧɟɞɨɫɬɭɩɟɧ, ɥɢɛɨ ɹɜɥɹɟɬɫɹ 
ɫɨɛɫɬɜɟɧɧɨɣ ɪɚɡɪɚɛɨɬɤɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɹ. ɗɬɨ, ɛɟɡɭɫɥɨɜɧɨ, ɧɟ ɩɨɡɜɨɥɹɟɬ ɚɪɯɢɬɟɤɬɭɪɟ SDN 
ɩɨɥɧɨɫɬɶɸ ɪɚɫɤɪɵɬɶ ɫɜɨɣ ɢɧɧɨɜɚɰɢɨɧɧɵɣ ɩɨɬɟɧɰɢɚɥ, ɩɨɫɤɨɥɶɤɭ ɞɟɥɚɟɬ ɧɟɜɨɡɦɨɠɧɨɣ 
ɪɚɡɪɚɛɨɬɤɭ «ɫɟɬɟɜɵɯ ɦɨɡɝɨɜ», ɧɟɡɚɜɢɫɢɦɵɯ ɨɬ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɤɨɧɬɪɨɥɥɟɪɚ.  
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