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ɈȻɓȺə ɏȺɊȺɄɌȿɊɂɋɌɂɄȺ ɊȺȻɈɌЫ 

 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ɍɟɨɪɢɹ ɨɩɬɢɦɢɡɚɰɢɢ ɜ ɩɥɚɧɢɪɨɜɚɧɢɢ 
ɜɵɱɢɫɥɟɧɢɣ ɧɚɯɨɞɢɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɪɟɲɟɧɢɹ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢ ɩɪɢɤɥɚɞɧɵɯ ɡɚɞɚɱ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɤɨɧɤɭɪɟɧɬɧɨɟ 
ɩɪɟɢɦɭɳɟɫɬɜɨ ɜ ɧɚɭɱɧɨɣ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ, ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɢ ɞɪɭɝɢɯ ɫɮɟɪɚɯ 
ɱɟɥɨɜɟɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ. ɋɨɜɪɟɦɟɧɧɵɟ ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ ɤɨɦɩɶɸɬɟɪɧɵɟ 
ɫɢɫɬɟɦɵ ɨɬɤɪɵɥɢ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨ ɭɜɟɥɢɱɟɧɢɸ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɦɨɳɧɨɫɬɟɣ ɞɥɹ ɪɟɲɟɧɢɹ ɫɥɨɠɧɵɯ ɡɚɞɚɱ. ɂɯ ɯɚɪɚɤɬɟɪɢɡɭɸɬ 
ɯɨɪɨɲɚɹ ɦɚɫɲɬɚɛɢɪɭɟɦɨɫɬɶ, ɜɨɡɦɨɠɧɨɫɬɶ ɝɢɛɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɧɚɝɪɭɡɤɨɣ, 
ɧɚɞɟɠɧɨɫɬɶ ɢ ɨɬɤɚɡɨɭɫɬɨɣɱɢɜɨɫɬɶ, ɪɚɫɲɢɪɹɟɦɨɫɬɶ, ɛɟɡɨɩɚɫɧɨɫɬɶ ɢ ɠɢɜɭɱɟɫɬɶ ɜ 
ɭɫɥɨɜɢɹɯ ɤɢɛɟɪɚɬɚɤ, ɩɪɢɪɨɞɧɵɯ ɤɚɬɚɫɬɪɨɮ ɢ ɞɪ. 

ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɩɚɪɚɞɢɝɦ ɪɟɚɥɢɡɚɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ 
ɜɵɱɢɫɥɟɧɢɣ, ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɨɝɪɨɦɧɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɧɚɭɱɧɵɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɧɚɩɪɚɜɥɟɧɢɣ, ɨɬ ɤɥɚɫɬɟɪɨɜ, ɞɨɛɪɨɜɨɥɶɧɵɯ ɜɵɱɢɫɥɟɧɢɣ (ɚɧɝɥ., volunteer 
computing), ɨɞɧɨɪɚɧɝɨɜɵɯ ɞɟɰɟɧɬɪɚɥɢɡɨɜɚɧɧɵɯ ɢ ɩɢ ɪɢɧɝɨɜɵɯ (ɚɧɝɥ., Peer-to-Peer 
– P2P) ɫɟɬɟɣ ɞɨ ɝɪɢɞ- (ɚɧɝɥ., grid computing) ɢ ɨɛɥɚɱɧɵɯ ɬɟɯɧɨɥɨɝɢɣ (ɚɧɝɥ., cloud 
computing). ȼ ɪɚɦɤɚɯ ɨɛɥɚɱɧɵɯ ɜɵɱɢɫɥɟɧɢɣ ɩɭɥ ɚɛɫɬɪɚɤɬɧɵɯ, ɜɢɪɬɭɚɥɢɡɨɜɚɧɧɵɯ, 
ɞɢɧɚɦɢɱɟɫɤɢ-ɦɚɫɲɬɚɛɢɪɭɟɦɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɪɟɫɭɪɫɨɜ, ɫɢɫɬɟɦ ɯɪɚɧɟɧɢɹ 
ɞɚɧɧɵɯ, ɩɥɚɬɮɨɪɦ ɢ ɫɟɪɜɢɫɨɜ ɩɪɟɞɨɫɬɚɜɥɹɟɬɫɹ ɜɧɟɲɧɢɦ ɩɨɥɶɡɨɜɚɬɟɥɹɦ ɩɨ 
ɡɚɩɪɨɫɭ ɱɟɪɟɡ ɂɧɬɟɪɧɟɬ. ɏɨɬɹ ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ ɜɵɱɢɫɥɟɧɢɹ ɨɛɥɚɞɚɸɬ ɦɧɨɝɢɦɢ 
ɧɟɨɫɩɨɪɢɦɵɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ, ɨɧɢ ɜɫɟ ɟɳɟ ɢɦɟɸɬ ɦɧɨɝɨ ɭɡɤɢɯ ɦɟɫɬ, ɨɫɨɛɟɧɧɨ 
ɜ ɨɛɥɚɫɬɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɛɟɡɨɩɚɫɧɨɫɬɢ, ɧɚɞɟɠɧɨɫɬɢ ɢ ɬ. ɩ. 

ɉɨɞɚɜɥɹɸɳɟɟ ɛɨɥɶɲɢɧɫɬɜɨ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɨɛɥɚɫɬɢ ɩɥɚɧɢɪɨɜɚɧɢɹ 
ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɜɵɱɢɫɥɟɧɢɣ ɩɪɟɞɩɨɥɚɝɚɟɬ ɧɚɥɢɱɢɟ ɩɨɥɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ 
ɪɚɛɨɬɚɯ ɢ ɫɪɟɞɟ ɢɯ ɜɵɩɨɥɧɟɧɢɹ. Ɉɞɧɚɤɨ ɨɛɥɚɱɧɵɟ ɜɵɱɢɫɥɟɧɢɹ ɩɨɞɜɟɪɠɟɧɵ 
ɡɧɚɱɢɬɟɥɶɧɨɣ ɧɟɫɬɚɰɢɨɧɚɪɧɨɫɬɢ ɜɨ ɜɪɟɦɹ ɨɛɟɫɩɟɱɟɧɢɹ ɞɨɫɬɭɩɚ ɤ ɪɟɫɭɪɫɚɦ ɢ ɢɯ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ. ɗɬɨ ɫɨɡɞɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɫɥɨɠɧɨɫɬɢ ɞɥɹ ɤɨɧɟɱɧɵɯ 
ɩɨɥɶɡɨɜɚɬɟɥɟɣ, ɩɨɫɬɚɜɳɢɤɨɜ ɪɟɫɭɪɫɨɜ, ɫɟɪɜɢɫɧɵɯ ɩɪɨɜɚɣɞɟɪɨɜ ɢ ɫɢɫɬɟɦ 
ɩɥɚɧɢɪɨɜɚɧɢɹ. 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɹɜɥɹɸɬɫɹ ɡɚɞɚɱɢ 
ɩɥɚɧɢɪɨɜɚɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɜɵɱɢɫɥɟɧɢɣ, ɤɨɬɨɪɵɟ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɹɜɥɹɸɬɫɹ 
ɩɨɞɤɥɚɫɫɨɦ ɛɨɥɟɟ ɲɢɪɨɤɨɝɨ ɤɥɚɫɫɚ, ɤɚɤ ɩɪɚɜɢɥɨ, NP-ɬɪɭɞɧɵɯ ɡɚɞɚɱ 
ɤɨɦɛɢɧɚɬɨɪɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ. Ʉɥɸɱɟɜɨɟ ɩɨɥɨɠɟɧɢɟ ɩɥɚɧɢɪɨɜɚɧɢɹ ɜɵɱɢɫɥɟɧɢɣ 
ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɫɨɩɨɫɬɚɜɢɬɶ ɧɚɛɨɪ ɪɚɛɨɬ ɫ ɧɚɛɨɪɨɦ ɪɟɫɭɪɫɨɜ, ɪɚɫɫɦɚɬɪɢɜɚɹ 
ɨɞɢɧ ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɤɪɢɬɟɪɢɟɜ ɨɩɬɢɦɢɡɚɰɢɢ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɜɚ 
ɫɩɨɫɨɛɚ ɩɥɚɧɢɪɨɜɚɧɢɹ: ɫɬɚɬɢɱɟɫɤɨɟ ɢ ɞɢɧɚɦɢɱɟɫɤɨɟ. ɉɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɩɨɞɯɨɞɟ 
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ɩɨɥɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɨ ɪɚɛɨɬɚɯ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɩɪɨɰɟɫɫɨɪɨɜ, ɨɩɟɪɚɰɢɨɧɧɵɯ 
ɫɢɫɬɟɦɚɯ, ɚ ɬɚɤɠɟ ɬɨɩɨɥɨɝɢɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɢɡɜɟɫɬɧɚ ɡɚɪɚɧɟɟ. 
ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɠɟ, ɧɚɩɪɢɦɟɪ, ɨɛɥɚɱɧɵɯ ɪɟɫɭɪɫɨɜ ɩɪɟɞɫɤɚɡɚɬɶ ɫɥɨɠɧɨ, ɬ. ɤ. 
ɷɬɢ ɪɟɫɭɪɫɵ ɧɟɡɚɜɢɫɢɦɵ, ɝɟɬɟɪɨɝɟɧɧɵ ɢ ɪɚɡɞɟɥɹɸɬɫɹ ɦɧɨɠɟɫɬɜɨɦ ɩɨɥɶɡɨɜɚɬɟɥɟɣ. 
ɂɯ ɚɪɯɢɬɟɤɬɭɪɚ, ɬɨɩɨɥɨɝɢɹ, ɤɚɧɚɥɵ ɫɜɹɡɢ ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɡɚɪɚɧɟɟ ɧɟɢɡɜɟɫɬɧɵ. 

ɉɪɢ ɜɢɪɬɭɚɥɢɡɚɰɢɢ ɪɟɫɭɪɫɨɜ ɬɪɭɞɧɨ ɩɨɥɭɱɢɬɶ ɬɨɱɧɵɟ ɡɧɚɧɢɹ ɨ ɫɨɫɬɨɹɧɢɢ 
ɫɢɫɬɟɦɵ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɨɜɚɣɞɟɪɵ ɩɨɫɬɨɹɧɧɨ ɢɳɭɬ ɧɨɜɵɟ ɩɭɬɢ ɦɨɞɟɪɧɢɡɚɰɢɢ 
ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɢ ɦɟɬɨɞɵ ɭɩɪɚɜɥɟɧɢɹ ɪɟɫɭɪɫɚɦɢ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɜɢɪɬɭɚɥɶɧɨɣ ɫɪɟɞɵ ɢ ɩɨɞɞɟɪɠɚɧɢɹ ɤɚɱɟɫɬɜɚ ɨɛɫɥɭɠɢɜɚɧɢɹ (ɚɧɝɥ., Quality of 
Service – QoS) ɟɟ ɩɨɥɶɡɨɜɚɬɟɥɟɣ. 

Ⱦɢɧɚɦɢɱɟɫɤɨɟ ɩɥɚɧɢɪɨɜɚɧɢɟ ɜɵɱɢɫɥɟɧɢɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɤɚɤ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɟɫɭɪɫɨɜ, ɬɚɤ ɢ ɩɪɟɨɞɨɥɟɧɢɟ ɧɟɝɚɬɢɜɧɵɯ 
ɩɨɫɥɟɞɫɬɜɢɣ ɧɟɫɬɚɰɢɨɧɚɪɧɨɫɬɢ, ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɤɥɸɱɟɜɵɯ ɬɪɟɛɨɜɚɧɢɣ ɤ 
ɫɨɜɪɟɦɟɧɧɵɦ ɜɵɱɢɫɥɢɬɟɥɶɧɵɦ ɫɢɫɬɟɦɚɦ, ɱɬɨ ɩɨɫɬɨɹɧɧɨ ɭɫɢɥɢɜɚɟɬ ɜɧɢɦɚɧɢɟ ɤ 
ɷɬɨɣ ɩɪɨɛɥɟɦɚɬɢɤɟ. 

ɇɟɞɨɫɬɚɬɨɱɧɚɹ ɢɡɭɱɟɧɧɨɫɬɶ ɬɚɤɨɝɨ ɪɨɞɚ ɫɢɬɭɚɰɢɨɧɧɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ, 
ɧɟɫɨɜɟɪɲɟɧɫɬɜɨ ɦɟɬɨɞɨɜ ɢ ɦɨɞɟɥɟɣ ɩɪɢɜɨɞɹɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ 
ɧɟɞɨɢɫɩɨɥɶɡɨɜɚɧɢɸ ɜɨɡɦɨɠɧɨɫɬɟɣ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ.  

Ɋɟɲɟɧɢɟ ɞɥɹ ɫɨɜɪɟɦɟɧɧɵɯ ɝɟɬɟɪɨɝɟɧɧɵɯ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ 
ɫɪɟɞ (ɜ ɞɚɥɶɧɟɣɲɟɦ ɢɦɟɧɭɟɦɵɯ ȽɊɂȾ) ɜɢɞɢɬɫɹ ɜ ɩɟɪɟɯɨɞɟ ɨɬ ɬɪɚɞɢɰɢɨɧɧɨɝɨ 
ɩɥɚɧɢɪɨɜɚɧɢɹ ɤ ɧɨɜɵɦ ɚɞɚɩɬɢɜɧɵɦ ɩɨɞɯɨɞɚɦ, ɫɨɜɟɪɲɟɧɫɬɜɭɸɳɢɦ 
ɫɭɳɟɫɬɜɭɸɳɢɟ ɫɬɪɚɬɟɝɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɟɫɭɪɫɨɜ ɢ ɭɱɢɬɵɜɚɸɳɢɦ 
ɫɬɪɟɦɢɬɟɥɶɧɭɸ ɷɜɨɥɸɰɢɸ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɪɟɞɫɬɜ. 

ȼ ɞɢɫɫɟɪɬɚɰɢɢ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɪɨɥɶ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɜ ɩɥɚɧɢɪɨɜɚɧɢɢ 
ɪɟɫɭɪɫɨɜ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ ɢ ɚɥɝɨɪɢɬɦɵ, ɪɚɛɨɬɚɸɳɢɟ ɜ ɭɫɥɨɜɢɹɯ 
ɧɟɫɬɚɰɢɨɧɚɪɧɨɫɬɢ, ɤ ɤɨɬɨɪɨɣ ɩɪɢɜɨɞɹɬ: ɬɪɟɛɨɜɚɧɢɟ ɷɥɚɫɬɢɱɧɨɫɬɢ ɜɵɱɢɫɥɟɧɢɣ, 
ɢɡɦɟɧɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɲɢɧ, ɜɢɪɬɭɚɥɢɡɚɰɢɹ ɜɵɱɢɫɥɟɧɢɣ ɩɪɢ ɫɥɚɛɨɣ ɫɜɹɡɢ 
ɪɚɛɨɬ ɫ ɢɧɮɪɚɫɬɪɭɤɬɭɪɨɣ, ɧɚ ɤɨɬɨɪɨɣ ɨɧɢ ɜɵɩɨɥɧɹɸɬɫɹ, ɞɢɧɚɦɢɱɟɫɤɚɹ ɦɢɝɪɚɰɢɹ 
ɪɚɛɨɬ, ɢɡɦɟɧɹɟɦɨɫɬɶ ɜɪɟɦɟɧɢ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɪɟɫɭɪɫɨɜ, ɧɟɬɨɱɧɨɫɬɶ ɨɰɟɧɤɢ 
ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ, ɢɡɦɟɧɹɟɦɨɫɬɶ ɜɪɟɦɟɧɢ ɨɛɪɚɛɨɬɤɢ ɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ 
ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɟɫɭɪɫɨɜ ɞɪɭɝɢɦɢ ɩɨɥɶɡɨɜɚɬɟɥɹɦɢ, 
ɜɚɪɢɚɬɢɜɧɨɫɬɶ ɪɚɛɨɱɟɣ ɧɚɝɪɭɡɤɢ, ɪɚɡɧɨɨɛɪɚɡɢɟ ɜɪɟɦɟɧɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ 
ɨɛɪɚɛɨɬɤɢ (ɞɢɪɟɤɬɢɜɧɵɟ ɫɪɨɤɢ), ɢɡɦɟɧɟɧɢɟ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ, ɫɛɨɢ, 
ɤɢɛɟɪɚɬɚɤɢ ɢ ɞɪɭɝɢɟ ɹɜɥɟɧɢɹ. 

Ɉɩɬɢɦɢɡɚɰɢɹ ɜ ɬɚɤɢɯ ɫɥɨɠɧɵɯ ɫɢɫɬɟɦɚɯ ɞɨɥɠɧɚ ɭɱɢɬɵɜɚɬɶ ɧɟ ɬɨɥɶɤɨ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɟɫɭɪɫɨɜ, ɚ ɬɚɤɠɟ 
ɬɪɟɛɨɜɚɧɢɹ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɩɨ ɤɚɱɟɫɬɜɭ ɨɛɫɥɭɠɢɜɚɧɢɹ, ɫɬɨɢɦɨɫɬɢ ɭɫɥɭɝ, ɡɚɬɪɚɬɚɦ 
ɩɪɨɜɚɣɞɟɪɨɜ, ɫɪɟɞɧɟɦɭ ɜɪɟɦɟɧɢ ɨɤɨɧɱɚɧɢɹ ɪɚɛɨɬ, ɫɪɟɞɧɟɦɭ ɜɪɟɦɟɧɢ ɨɠɢɞɚɧɢɹ 
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ɧɚɱɚɥɚ ɢɯ ɜɵɩɨɥɧɟɧɢɹ ɢ ɞɪ.  
Ⱥɤɬɭɚɥɶɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɨɣ, ɧɚ ɪɟɲɟɧɢɟ ɤɨɬɨɪɨɣ ɧɚɩɪɚɜɥɟɧɚ ɞɚɧɧɚɹ 

ɪɚɛɨɬɚ, ɹɜɥɹɟɬɫɹ ɜɵɪɚɛɨɬɤɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɨɫɧɨɜ ɩɥɚɧɢɪɨɜɚɧɢɹ 
ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɪɟɫɭɪɫɨɜ, ɢɯ ɚɧɚɥɢɡ, ɢ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɚɞɚɩɬɢɜɧɵɯ ɚɥɝɨɪɢɬɦɨɜ 
ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɫɰɟɧɚɪɢɟɜ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɱɚɫɬɧɵɯ ɪɟɲɟɧɢɣ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɤɚɤ ɞɥɹ ɫɬɚɰɢɨɧɚɪɧɵɯ, ɬɚɤ 
ɢ ɞɥɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɩɪɢɜɨɞɢɬ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫɭɳɟɫɬɜɟɧɧɨɣ ɞɨɪɚɛɨɬɤɢ 
ɚɥɝɨɪɢɬɦɨɜ ɞɥɹ ɤɚɠɞɨɣ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɢɫɬɟɦɵ ɩɨɞ ɤɨɧɤɪɟɬɧɵɟ ɭɫɥɨɜɢɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɱɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɪɚɫɯɨɞɵ ɢ ɫɪɨɤɢ ɜɧɟɞɪɟɧɢɹ ɷɬɢɯ ɫɢɫɬɟɦ.  

ɇɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɩɨɞɯɨɞɵ ɤ ɪɟɲɟɧɢɸ ɫ ɪɚɡɧɵɯ ɫɬɨɪɨɧ: ɨɧɥɚɣɧ 
ɚɥɝɨɪɢɬɦɵ, ɩɥɚɧɢɪɨɜɚɧɢɟ ɪɚɛɨɬ ɜ ɨɬɫɭɬɫɬɜɢɢ ɞɨɫɬɨɜɟɪɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ 
ɩɚɪɚɦɟɬɪɚɯ ɫɢɫɬɟɦɵ, ɫɚɦɢɯ ɪɚɛɨɬɚɯ ɢ ɬ. ɩ. 

Ⱥɧɚɥɢɡ ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɧɞɟɧɰɢɣ ɪɚɡɜɢɬɢɹ ɩɥɚɧɢɪɨɜɚɧɢɹ ɪɟɫɭɪɫɨɜ, 
ɛɚɡɢɪɭɸɳɢɣɫɹ ɧɚ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɜɟɞɭɳɢɯ 
ɪɨɫɫɢɣɫɤɢɯ ɢ ɡɚɪɭɛɟɠɧɵɯ ɭɱɟɧɵɯ, ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɚɠɧɵɣ ɜɵɜɨɞ, ɱɬɨ ɞɥɹ 
ɪɟɲɟɧɢɹ ɷɬɨɣ ɚɤɬɭɚɥɶɧɨɣ ɩɪɨɛɥɟɦɵ ɧɟɨɛɯɨɞɢɦ ɤɨɦɩɥɟɤɫɧɵɣ ɩɨɞɯɨɞ ɤ 
ɩɨɫɬɪɨɟɧɢɸ ɚɞɚɩɬɢɜɧɵɯ ɩɥɚɧɢɪɨɜɳɢɤɨɜ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ, 
ɭɱɢɬɵɜɚɸɳɢɯ ɨɬɫɭɬɫɬɜɢɟ ɬɨɱɧɵɯ ɡɧɚɧɢɣ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɩɥɚɧɚ ɪɚɛɨɬ. 

 
Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɨɛɳɟɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ ɩɪɨɜɟɞɟɧɚ ɟɟ 

ɞɟɤɨɦɩɨɡɢɰɢɹ ɧɚ ɪɹɞ ɱɚɫɬɧɵɯ ɡɚɞɚɱ, ɜɤɥɸɱɚɸɳɢɯ: 
 ɪɚɡɪɚɛɨɬɤɭ ɤɨɧɰɟɩɰɢɢ ɩɥɚɧɢɪɨɜɚɧɢɹ ɪɟɫɭɪɫɨɜ ɜ ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɪɟɞɚɯ;  
 ɫɨɡɞɚɧɢɟ ɫɨɜɪɟɦɟɧɧɵɯ ɦɨɞɟɥɟɣ ɢ ɦɟɬɨɞɨɜ ɩɥɚɧɢɪɨɜɚɧɢɹ ɢ 

ɨɩɬɢɦɢɡɚɰɢɢ ɪɟɫɭɪɫɨɜ ɜ ɭɫɥɨɜɢɹɯ ɢɡɦɟɧɹɸɳɢɯɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɢɫɬɟɦɵ; 
 ɪɚɡɪɚɛɨɬɤɭ ɦɟɬɨɞɨɜ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ ɫ ɦɟɯɚɧɢɡɦɚɦɢ 

ɚɞɚɩɬɚɰɢɢ ɤ ɢɡɦɟɧɟɧɢɸ ɩɚɪɚɦɟɬɪɨɜ ɫɪɟɞɵ ɢ ɧɟɩɪɟɞɫɤɚɡɭɟɦɨɫɬɢ ɪɚɛɨɱɟɣ ɧɚɝɪɭɡɤɢ; 
 ɫɨɡɞɚɧɢɟ ɩɨɞɯɨɞɨɜ ɤ ɩɨɫɬɪɨɟɧɢɸ ɚɞɚɩɬɢɜɧɵɯ ɫɢɫɬɟɦ ɩɥɚɧɢɪɨɜɚɧɢɹ 

ɞɢɧɚɦɢɱɟɫɤɢ-ɦɚɫɲɬɚɛɢɪɭɟɦɵɯ ɩɚɪɚɥɥɟɥɶɧɵɯ ɪɚɛɨɬ; 
 ɩɨɞɞɟɪɠɤɚ ɦɟɯɚɧɢɡɦɨɜ ɚɞɚɩɬɚɰɢɢ ɤ ɦɧɨɝɨɨɛɪɚɡɢɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɪɚɛɨɬ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɢ ɬɪɟɛɨɜɚɧɢɣ ɤ ɢɯ ɜɵɩɨɥɧɟɧɢɸ ɫ ɩɨɞɞɟɪɠɤɨɣ ɪɚɡɧɵɯ 
ɭɪɨɜɧɟɣ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɫɬɨɢɦɨɫɬɢ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ. 

Ɋɟɲɟɧɢɟ ɷɬɢɯ ɩɪɨɛɥɟɦ ɫ ɩɨɦɨɳɶɸ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɨɣ ɬɟɨɪɢɢ 
ɪɚɫɩɢɫɚɧɢɣ ɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɚɥɝɨɪɢɬɦɨɜ ɧɟɨɫɭɳɟɫɬɜɢɦɨ ɜ ɩɨɥɧɨɣ ɦɟɪɟ, ɬ. ɤ. ɨɧɢ 
ɢɡɧɚɱɚɥɶɧɨ ɪɚɡɪɚɛɚɬɵɜɚɥɢɫɶ ɞɥɹ ɛɨɥɟɟ ɫɬɚɰɢɨɧɚɪɧɵɯ ɫɢɫɬɟɦ.  

ɉɥɚɧɢɪɨɜɚɧɢɟ ɪɚɛɨɬ ɧɚ ɦɭɥɶɬɢɩɪɨɰɟɫɫɨɪɚɯ ɯɨɪɨɲɨ ɢɡɭɱɟɧɨ ɜ ɬɟɱɟɧɢɟ 
ɞɟɫɹɬɢɥɟɬɢɣ. ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɚɡɥɢɱɧɵɯ 
ɜɚɪɢɚɰɢɣ ɩɪɨɛɥɟɦɵ ɞɥɹ ɨɞɧɨɣ ɫɢɫɬɟɦɵ. ɇɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ ɞɚɸɬ ɬɟɨɪɟɬɢɱɟɫɤɢɟ 
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ɡɧɚɧɢɹ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɞɪɭɝɢɟ ɞɚɸɬ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɪɟɚɥɢɡɚɰɢɢ ɪɟɚɥɶɧɵɯ 
ɫɢɫɬɟɦ. 

ɍɫɩɟɲɧɵɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɜ ɨɛɥɚɫɬɢ ɩɥɚɧɢɪɨɜɚɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ 
ɜɵɱɢɫɥɟɧɢɣ ɜ ɝɟɬɟɪɨɝɟɧɧɵɯ ɫɪɟɞɚɯ ɫ ɩɨɦɨɳɶɸ ɚɩɩɚɪɚɬɚ ɬɟɨɪɢɢ ɪɚɫɩɢɫɚɧɢɣ 
ɩɪɟɞɥɨɠɢɥɢ U. Schwiegelshohn, M. Yahyapour, A. Garey, A. Graham, J. Lenstra, 
D. Shmoys, F. Pascual, D. Trystram, K. Jansen, P. Bouvry, A. Zomaya, F. Werner, 
J. Blazewicz, A. Steinberg, E. Pesch, H. Karatza, E. Bampis, M. Pinedo, P. Brucker, 
ɇ. Ʉɭɡɸɪɢɧ. ɋ. ɀɭɤ, ȼ. Ɍɚɧɚɟɜ, ɘ. ɋɨɬɫɤɨɜ, ȼ. Ⱥ. ɋɬɪɭɫɟɜɢɱ, Ⱥ. Ʉɨɧɨɧɨɜ, 
ȼ. Ɍɨɩɨɪɤɨɜ, Ⱥ. Ʌɚɡɚɪɟɜ ɢ ɞɪɭɝɢɟ ɚɜɬɨɪɵ. 

Ɍɟɨɪɢɹ ɩɥɚɧɢɪɨɜɚɧɢɹ ɜ ȽɊɂȾ ɬɟɫɧɨ ɫɜɹɡɚɧɚ ɫ ɦɧɨɠɟɫɬɜɟɧɧɨɣ ɭɩɚɤɨɜɤɨɣ 
ɩɨɥɨɫ, ɤɨɬɨɪɚɹ ɢɡɜɟɫɬɧɚ ɤɚɤ NP-ɬɪɭɞɧɚɹ ɢ ɢɦɟɟɬ ɦɧɨɝɨ ɪɟɚɥɶɧɵɯ ɩɪɢɥɨɠɟɧɢɣ. 
Ɇɚɲɢɧɵ ɜ ȽɊɂȾ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɤɚɤ ɩɨɥɨɫɵ, ɚ ɩɪɢɥɨɠɟɧɢɹ – ɤɚɤ 
ɩɪɹɦɨɭɝɨɥɶɧɢɤɢ, ɜɵɫɨɬɚ ɢ ɲɢɪɢɧɚ ɤɨɬɨɪɵɯ ɪɚɜɧɵ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɪɟɦɟɧɢ 
ɪɚɛɨɬɵ ɢ ɬɪɟɛɭɟɦɨɦɭ ɱɢɫɥɭ ɩɪɨɰɟɫɫɨɪɨɜ. ɉɪɢ ɬɚɤɨɣ ɩɨɫɬɚɧɨɜɤɟ ɡɚɞɚɱɢ ɪɟɲɟɧɢɹ 
ɢɳɭɬɫɹ ɫ ɨɪɢɟɧɬɚɰɢɟɣ ɧɚ ɫɬɚɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɨɣ 
ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɢ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɯ ɩɪɢɥɨɠɟɧɢɣ. Ⱦɥɹ ɬɚɤɢɯ ɩɪɨɛɥɟɦ, ɩɨɥɭɱɟɧɵ 
ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɪɟɡɭɥɶɬɚɬɵ, ɟɫɥɢ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ ɡɚɞɚɧɨ, ɤɚɤ ɜ ɨɮɮɥɚɣɧ, 
ɬɚɤ ɢ ɜ ɨɧɥɚɣɧ ɫɰɟɧɚɪɢɹɯ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɧɢ ɧɟ ɦɨɝɭɬ ɜ ɩɨɥɧɨɣ ɦɟɪɟ 
ɩɨɞɞɟɪɠɢɜɚɬɶ ɷɮɮɟɤɬɢɜɧɨɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɜ ɫɪɟɞɚɯ ɫ ɧɟɫɬɚɰɢɨɧɚɪɧɵɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. 

ȼɫɟ ɜɵɲɟɫɤɚɡɚɧɧɨɟ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢ 
ɚɤɬɭɚɥɶɧɨɫɬɢ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɦɨɞɟɥɟɣ, ɚɥɝɨɪɢɬɦɨɜ, ɢ ɫɬɪɚɬɟɝɢɣ ɨɪɝɚɧɢɡɚɰɢɢ 
ɩɥɚɧɢɪɨɜɚɧɢɹ ɜ ȽɊɂȾ. 

 
ɐɟɥɶ ɪɚɛɨɬɵ ɫɨɫɬɨɢɬ ɜ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ ɫɬɪɚɬɟɝɢɣ ɩɥɚɧɢɪɨɜɚɧɢɹ 

ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɜɵɱɢɫɥɟɧɢɣ ɜ ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɝɟɬɟɪɨɝɟɧɧɵɯ ɫɪɟɞɚɯ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɷɮɮɟɤɬɢɜɧɨɟ ɜɵɩɨɥɧɟɧɢɟ ɪɚɛɨɬ ɧɚ ɨɫɧɨɜɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɢ ɚɞɚɩɬɢɜɧɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ ɩɪɢ ɨɝɪɚɧɢɱɟɧɧɨɦ ɡɧɚɧɢɢ ɨ ɪɟɫɭɪɫɚɯ 
ɢ ɪɚɛɨɬɚɯ. 

Ɉɫɧɨɜɧɵɦɢ ɡɚɞɚɱɚɦɢ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɹɜɥɹɸɬɫɹ: 
 ɚɧɚɥɢɡ ɫɨɜɪɟɦɟɧɧɵɯ ɩɨɞɯɨɞɨɜ ɤ ɩɥɚɧɢɪɨɜɚɧɢɸ ɪɚɛɨɬ ɜ 

ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦɚɯ; 
 ɪɚɡɪɚɛɨɬɤɚ ɦɨɞɟɥɢ ȽɊɂȾ, ɧɟ ɬɪɟɛɭɸɳɟɣ ɞɨɫɬɨɜɟɪɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ 

ɩɚɪɚɦɟɬɪɚɯ ɫɪɟɞɵ ɢ ɨ ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ; 
 ɪɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɨɜ ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ ɧɟɡɚɜɢɫɢɦɵɯ 

ɩɚɪɚɥɥɟɥɶɧɵɯ ɪɚɛɨɬ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɫɰɟɧɚɪɢɟɜ; 
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 ɩɨɥɭɱɟɧɢɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɨɰɟɧɨɤ ɤɨɧɤɭɪɟɧɬɧɵɯ ɢ 

ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ ɞɥɹ ɫɬɚɬɢɱɟɫɤɨɝɨ, ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɢ ɚɞɚɩɬɢɜɧɨɝɨ 
ɩɥɚɧɢɪɨɜɚɧɢɹ ɫ ɪɚɡɥɢɱɧɵɦɢ ɤɪɢɬɟɪɢɹɦɢ ɨɩɬɢɦɢɡɚɰɢɢ. 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɩɥɚɧɢɪɨɜɚɧɢɟ ɪɚɛɨɬ ɜ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ 
ɝɟɬɟɪɨɝɟɧɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦɚɯ. 

ɉɪɟɞɦɟɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɫɬɭɩɚɸɬ ɦɨɞɟɥɢ, ɚɥɝɨɪɢɬɦɵ ɢ ɩɥɚɧɢɪɨɜɳɢɤɢ 
ɜɵɩɨɥɧɟɧɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɪɚɛɨɬ ɜ ȽɊɂȾ. 

Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɉɪɢ ɪɟɲɟɧɢɢ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ 
ɦɟɬɨɞɵ ɬɟɨɪɢɢ ɪɚɫɩɢɫɚɧɢɣ, ɬɟɨɪɢɢ ɚɥɝɨɪɢɬɦɨɜ, ɦɨɞɟɥɢ ɭɩɪɚɜɥɟɧɢɹ ɪɟɫɭɪɫɚɦɢ ɜ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦɚɯ, ɦɟɬɨɞɵ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɤɨɧɤɭɪɟɧɬɧɵɯ ɢ 
ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ ɫɬɚɬɢɱɟɫɤɢɯ ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɪɚɫɩɢɫɚɧɢɣ ɜ 
ɪɚɡɥɢɱɧɵɯ ɫɰɟɧɚɪɢɹɯ ɨɪɝɚɧɢɡɚɰɢɢ ɜɵɱɢɫɥɟɧɢɣ ɫ ɪɚɡɥɢɱɧɵɦɢ ɤɪɢɬɟɪɢɹɦɢ 
ɨɩɬɢɦɢɡɚɰɢɢ. 

 
ɇɚɭɱɧɭɸ ɧɨɜɢɡɧɭ ɞɢɫɫɟɪɬɚɰɢɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ 

ɧɚɭɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɜɵɧɨɫɹɳɢɟɫɹ ɧɚ ɡɚɳɢɬɭ ɢ ɪɚɫɲɢɪɹɸɳɢɟ ɫɭɳɟɫɬɜɭɸɳɢɣ 
ɛɚɡɢɫ ɬɟɨɪɢɢ ɢ ɩɪɚɤɬɢɤɢ ɩɥɚɧɢɪɨɜɚɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɝɟɬɟɪɨɝɟɧɧɵɯ 
ɜɵɱɢɫɥɟɧɢɣ. ȼɫɟ ɪɟɡɭɥɶɬɚɬɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɢ, ɹɜɥɹɸɬɫɹ 
ɧɨɜɵɦɢ. 

 ɋɮɨɪɦɭɥɢɪɨɜɚɧɚ ɩɪɨɛɥɟɦɚ ɩɥɚɧɢɪɨɜɚɧɢɹ ɜ ɝɟɬɟɪɨɝɟɧɧɨɣ 
ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɟ ɜ ɭɫɥɨɜɢɹɯ ɟɟ ɧɟɫɬɚɰɢɨɧɚɪɧɨɫɬɢ ɢ 
ɩɪɟɞɥɨɠɟɧɵ ɩɨɞɯɨɞɵ ɤ ɟɟ ɪɟɲɟɧɢɸ ɩɭɬɟɦ ɞɢɧɚɦɢɱɟɫɤɨɣ ɚɞɚɩɬɚɰɢɢ ɤ ɢɡɦɟɧɟɧɢɸ 
ɫɢɫɬɟɦɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. 

 ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɥɚɧɢɪɨɜɚɧɢɟ ɜ ȽɊɂȾ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɫɥɨɠɧɨɣ ɡɚɞɚɱɟɣ, 
ɱɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɩɥɚɧɢɪɨɜɚɧɢɟ ɞɥɹ ɦɧɨɝɨɩɪɨɰɟɫɫɨɪɧɨɣ ɫɢɫɬɟɦɵ, ɚ ɬɚɤɠɟ ɬɨ, 
ɱɬɨ ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɵɣ ɫɩɢɫɨɱɧɵɣ ɚɥɝɨɪɢɬɦ ɫɨɫɬɚɜɥɟɧɢɹ ɪɚɫɩɢɫɚɧɢɣ ɧɟ ɦɨɠɟɬ 
ɝɚɪɚɧɬɢɪɨɜɚɬɶ ɩɨɫɬɨɹɧɧɨɝɨ ɤɨɧɤɭɪɟɧɬɧɨɝɨ ɮɚɤɬɨɪɚ, ɯɨɬɹ ɜ ɫɥɭɱɚɟ ɫ 
ɦɧɨɝɨɩɪɨɰɟɫɫɨɪɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɨɧ ɞɨɫɬɢɝɚɟɬɫɹ. 

 Ⱦɨɤɚɡɚɧɨ, ɱɬɨ ɝɪɚɧɢɰɚ ɫɩɢɫɨɱɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ʹ − 1௠ Ƚɚɪɟɹ ɢ Ƚɪɷɯɷɦɚ 
(ɨɞɧɨɜɪɟɦɟɧɧɚɹ ɩɨɞɚɱɚ ɪɚɛɨɬ), ɚ ɬɚɤɠɟ Naroska ɢ Schwiegelshohn (ɩɨɫɬɪɨɟɧɢɟ 
ɨɧɥɚɣɧ ɪɚɫɩɢɫɚɧɢɹ), ɤ ȽɊɂȾ ɧɟ ɩɪɢɦɟɧɢɦɚ. ɉɨɷɬɨɦɭ ɨɧɚ ɧɟ ɦɨɠɟɬ ɛɵɬɶ 
ɝɚɪɚɧɬɢɪɨɜɚɧɚ ɧɢɤɚɤɢɦ ɩɨɥɢɧɨɦɢɚɥɶɧɵɦ ɚɥɝɨɪɢɬɦɨɦ, ɟɫɥɢ ɬɨɥɶɤɨ ɧɟ 𝑃 = 𝑁𝑃. 

 ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɲɟɧɢɹ ɞɥɹ ɩɥɚɧɢɪɨɜɚɧɢɹ ɜ ȽɊɂȾ, ɪɚɫɲɢɪɹɸɳɢɟ 
ɪɟɲɟɧɢɹ ɞɥɹ ɦɧɨɝɨɩɪɨɰɟɫɫɨɪɧɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ. ɉɨɫɤɨɥɶɤɭ ɨɛɵɱɧɨɟ ɫɩɢɫɨɱɧɨɟ 
ɪɚɫɩɢɫɚɧɢɟ ɧɟ ɩɨɞɯɨɞɢɬ ɞɥɹ ȽɊɂȾ, ɩɪɟɞɫɬɚɜɥɟɧ ɩɨɞɯɨɞ ɩɥɚɧɢɪɨɜɚɧɢɹ, 
ɢɫɩɨɥɶɡɭɸɳɢɣ ɧɟɫɤɨɥɶɤɨ ɫɩɢɫɤɨɜ ɪɚɛɨɬ ɞɥɹ ɤɚɠɞɨɣ ɦɚɲɢɧɵ. ȼ ɤɨɪɨɬɤɨɣ ɧɨɬɚɰɢɢ 
α | ȕ | Ȗ ɷɬɚ ɩɪɨɛɥɟɦɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɤɚɤ 𝐺𝑃௠|ݏ𝑖𝑧𝑒௝  |𝐶௠𝑎𝑥 ɢ 𝐺𝑃௠|ݎ௝ ,  𝑖𝑧𝑒௝|𝐶௠𝑎𝑥, ɝɞɟݏ
α – ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɲɢɧ, ȕ – ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɛɨɬ, Ȗ – ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ ɡɚɞɚɱɢ. 
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 Ɋɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ ɩɥɚɧɢɪɨɜɚɧɢɹ ɪɚɛɨɬ ɫ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɫɬɟɩɟɧɶɸ 

ɩɚɪɚɥɥɟɥɢɡɦɚ ɢ ɧɟɢɡɜɟɫɬɧɵɦ ɜɪɟɦɟɧɟɦ ɨɛɪɚɛɨɬɤɢ, ɢɫɩɨɥɶɡɭɸɳɢɣ ɩɨɞɯɨɞ «ɤɪɚɠɢ 
ɪɚɛɨɬ» (ɚɧɝɥ., job stealing), ɞɥɹ ɤɨɬɨɪɨɝɨ ɞɨɤɚɡɚɧ ɤɨɧɤɭɪɟɧɬɧɵɣ ɮɚɤɬɨɪ 5 ɞɥɹ 
ɨɧɥɚɣɧ ɫɥɭɱɚɹ ɢ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɣ ɮɚɤɬɨɪ 3 ɞɥɹ ɨɮɮɥɚɣɧ ɫɥɭɱɚɹ.  

 ɉɪɟɞɥɨɠɟɧɚ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɚ ɚɞɚɩɬɢɜɧɚɹ ɫɯɟɦɚ ɩɥɚɧɢɪɨɜɚɧɢɹ 
ɪɚɛɨɬ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɧɰɟɩɰɢɢ ɞɨɩɭɫɬɢɦɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɤɨɬɨɪɚɹ 
ɢɫɤɥɸɱɚɟɬ ɨɩɪɟɞɟɥɟɧɧɵɟ ɦɚɲɢɧɵ ɢɡ ɧɚɛɨɪɚ ɦɚɲɢɧ, ɞɨɫɬɭɩɧɵɯ ɞɥɹ ɧɚɡɧɚɱɟɧɢɹ 
ɨɩɪɟɞɟɥɟɧɧɨɣ ɪɚɛɨɬɵ. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɚ ɞɜɭɯɭɪɨɜɧɟɜɚɹ ɦɨɞɟɥɶ ȽɊɂȾ, ɤɨɬɨɪɚɹ 
ɢɧɬɟɝɪɢɪɭɟɬ ɨɛɟ ɡɚɞɚɱɢ ɩɥɚɧɢɪɨɜɳɢɤɚ: ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɥɥɟɥɶɧɵɯ ɪɚɛɨɬ ɫ 
ɧɟɨɩɪɟɞɟɥɟɧɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤɨ ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ ɩɨ ɦɚɲɢɧɚɦ ɢ 
ɫɨɫɬɚɜɥɟɧɢɟ ɥɨɤɚɥɶɧɵɯ ɪɚɫɩɢɫɚɧɢɣ.  

 ɉɨɥɭɱɟɧɵ 3-ɯ ɢ 9-ɬɢ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɟ, ɚ ɬɚɤɠɟ 5-ɬɢ ɢ 11-ɬɢ 
ɤɨɧɤɭɪɟɧɬɧɵɟ ɮɚɤɬɨɪɵ ɞɥɹ ɚɥɝɨɪɢɬɦɨɜ, ɱɬɨ ɭɥɭɱɲɚɟɬ ɢ ɪɚɫɲɢɪɹɟɬ ɢɡɜɟɫɬɧɵɟ 
ɪɟɡɭɥɶɬɚɬɵ. Ɋɟɲɟɧɢɹ ɩɨ ɩɥɚɧɢɪɨɜɚɧɢɸ ɩɪɢɧɢɦɚɸɬɫɹ ɛɟɡ ɬɨɱɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɭɡɥɨɜ ɢ ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ. Ʉɨɧɤɭɪɟɧɬɧɵɣ ɢ 
ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɣ ɮɚɤɬɨɪɵ ɚɞɚɩɬɢɜɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɩɥɚɧɢɪɨɜɚɧɢɹ ɜɚɪɶɢɪɭɸɬɫɹ 
ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɨɩɭɫɬɢɦɨɫɬɢ. 

 ɉɪɟɞɫɬɚɜɥɟɧɨ ɩɨɞɪɨɛɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɞɨɩɭɫɬɢɦɨɫɬɢ, ɜɤɥɸɱɟɧɧɨɝɨ ɜ ɩɨɥɢɬɢɤɭ ɩɥɚɧɢɪɨɜɚɧɢɹ, ɧɚ ɨɛɳɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ. ɉɨɤɚɡɚɧɨ, ɤɚɤ ɤɨɷɮɮɢɰɢɟɧɬ ɞɨɩɭɫɬɢɦɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ 
ɞɢɧɚɦɢɱɟɫɤɢ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɫɩɪɚɜɢɬɶɫɹ ɫ ɞɢɧɚɦɢɱɟɫɤɢɦ 
ɢɡɦɟɧɟɧɢɟɦ ɪɚɛɨɱɟɣ ɧɚɝɪɭɡɤɢ, ɭɥɭɱɲɚɹ ɤɨɧɤɭɪɟɧɬɧɵɣ ɮɚɤɬɨɪ. 

 ɉɪɟɞɫɬɚɜɥɟɧɨ ɧɨɜɨɟ ɫɟɦɟɣɫɬɜɨ ɫɬɪɚɬɟɝɢɣ ɩɥɚɧɢɪɨɜɚɧɢɹ, ɨɫɧɨɜɚɧɧɵɯ 
ɧɚ ɞɜɭɯ ɮɚɡɚɯ, ɤɨɬɨɪɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɱɟɬɚɸɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɢ 
ɩɚɪɚɥɥɟɥɶɧɨɟ ɜɵɩɨɥɧɟɧɢɟ ɪɚɛɨɬ. 

 ɉɪɟɞɥɨɠɟɧɨ ɩɥɚɧɢɪɨɜɚɧɢɟ ɪɚɛɨɬ ɫ ɧɟɢɡɜɟɫɬɧɵɦɢ ɜɪɟɦɟɧɚɦɢ 
ɜɵɩɨɥɧɟɧɢɹ, ɮɨɤɭɫɢɪɭɸɳɟɟɫɹ ɧɚ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɩɟɪɢɨɞɨɜ ɩɪɨɫɬɨɹ ɦɚɲɢɧ ɜ 
ɤɨɧɬɟɤɫɬɟ ɨɛɳɟɣ ɩɨɥɢɬɢɤɢ ɫɩɢɫɨɱɧɵɯ ɪɚɫɩɢɫɚɧɢɣ. 

 Ɉɛɨɛɳɟɧɵ ɢɡɜɟɫɬɧɵɟ ɩɪɟɞɟɥɶɧɵɟ ɝɪɚɧɢɰɵ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 
ɩɥɚɧɢɪɨɜɚɧɢɹ ɜ ɧɚɢɯɭɞɲɟɦ ɫɥɭɱɚɟ. ȼɜɟɞɟɧɵ ɞɜɚ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɚɪɚɦɟɬɪɚ, 
ɩɨɦɢɦɨ ɱɢɫɥɚ ɩɪɨɰɟɫɫɨɪɨɜ ɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɚɪɚɥɥɟɥɢɡɦɚ ɪɚɛɨɬ, 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɜ ɥɢɬɟɪɚɬɭɪɟ: ɲɬɪɚɮ ɡɚ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɟ ɪɚɛɨɬ ɢ ɤɨɷɮɮɢɰɢɟɧɬ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɨɫɬɨɹ. 

 ɉɨɤɚɡɚɧɨ ɤɚɤ ɩɪɢ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɩɪɨɫɬɨɹ ɧɚɣɬɢ ɤɨɦɩɪɨɦɢɫɫ ɦɟɠɞɭ 
ɛɨɥɟɟ ɪɚɧɧɢɦ ɧɚɱɚɥɨɦ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ (ɤɨɝɞɚ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɟɬɫɹ ɛɨɥɶɲɟ 
ɪɚɛɨɬ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɭɳɟɫɬɜɟɧɧɵɦ ɧɚɤɥɚɞɧɵɦ ɪɚɫɯɨɞɚɦ ɧɚ ɩɚɪɚɥɥɟɥɢɡɚɰɢɸ) ɢ 
ɡɚɞɟɪɠɤɨɣ ɢɯ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ (ɤɨɝɞɚ ɛɨɥɶɲɟ ɩɪɨɰɟɫɫɨɪɨɜ ɨɫɬɚɸɬɫɹ ɛɟɡ 
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ɪɚɛɨɬɵ) ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɛɭɞɟɬ ɞɨɫɬɭɩɧɨ ɦɟɧɶɲɟɟ ɱɢɫɥɨ ɪɚɛɨɬ. ɗɬɚ ɫɯɟɦɚ 
ɛɚɥɚɧɫɢɪɭɟɬ ɩɨɬɪɟɛɧɨɫɬɢ ɩɨɥɶɡɨɜɚɬɟɥɹ ɫ ɩɨɬɪɟɛɧɨɫɬɹɦɢ ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɢɫɬɟɦɵ. 

 Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɦɨɞɟɥɹɯ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, ɩɪɟɞɥɨɠɟɧɚ 
ɨɪɢɝɢɧɚɥɶɧɚɹ ɦɨɞɟɥɶ ɨɛɥɚɱɧɵɯ ɜɵɱɢɫɥɟɧɢɣ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɢ ɩɥɚɧɢɪɨɜɚɧɢɹ 
ɪɚɛɨɬ ɧɚ ɨɫɧɨɜɟ ɩɨɧɹɬɢɹ ɭɪɨɜɧɹ ɨɛɫɥɭɠɢɜɚɧɢɹ. ɂɫɩɨɥɶɡɭɹ ɨɛɨɡɧɚɱɟɧɢɟ ɬɪɟɯ 
ɩɨɥɟɣ, ɩɪɨɛɥɟɦɚ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɚ ɤɚɤ ͳ|𝑝݉ݎ𝑝, ௝,௢௡௟௜௡𝑒ݎ , 𝑆௜|∑𝑣௝ ɢɥɢ 𝑃௠|𝑝݉ݎ𝑝, ௝,௢௡௟௜௡𝑒ݎ , 𝑆௜|∑𝑣௝, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɛɪɚɧɧɨɣ ɦɨɞɟɥɢ ɦɚɲɢɧɵ. Ʉɚɠɞɵɣ 
ɭɪɨɜɟɧɶ ɨɛɫɥɭɠɢɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɚɤ-ɮɚɤɬɨɪɨɦ ɢ ɰɟɧɨɣ ɡɚ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ 
ɨɛɪɚɛɨɬɤɢ. 

 ɉɪɟɞɥɨɠɟɧ ɪɹɞ ɚɥɝɨɪɢɬɦɨɜ ɢ ɩɪɨɜɟɞɟɧ ɤɨɧɤɭɪɟɧɬɧɵɣ ɚɧɚɥɢɡ ɞɥɹ 
ɪɚɡɥɢɱɧɵɯ ɫɰɟɧɚɪɢɟɜ ɫ ɨɞɧɢɦ (SSL) ɢɥɢ ɧɟɫɤɨɥɶɤɢɦɢ (MSL) ɭɪɨɜɧɹɦɢ 
ɨɛɫɥɭɠɢɜɚɧɢɹ, ɫ ɨɞɧɨɣ (SM) ɢɥɢ ɧɟɫɤɨɥɶɤɢɦɢ (MM) ɦɚɲɢɧɚɦɢ. Ⱦɥɹ ɷɬɢɯ 
ɫɰɟɧɚɪɢɟɜ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɚɥɝɨɪɢɬɦɵ ɫ ɠɚɞɧɵɦ ɢ ɨɝɪɚɧɢɱɟɧɧɵɦ ɩɪɢɧɹɬɢɟɦ 
ɪɚɛɨɬ ɢ ɩɨɥɭɱɟɧɵ ɝɪɚɧɢɰɵ ɤɨɧɤɭɪɟɧɬɧɵɯ ɮɚɤɬɨɪɨɜ. 

ɉɪɚɤɬɢɱɟɫɤɚɹ ɢ ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ. Ɋɚɛɨɬɚ ɧɨɫɢɬ ɬɟɨɪɟɬɢɱɟɫɤɢɣ 
ɯɚɪɚɤɬɟɪ. ɉɨɥɭɱɟɧɧɵɟ ɜ ɧɟɣ ɪɟɡɭɥɶɬɚɬɵ ɩɨɡɜɨɥɹɸɬ ɩɨɧɹɬɶ ɩɪɢɪɨɞɭ ɪɚɡɥɢɱɧɵɯ 
ɚɫɩɟɤɬɨɜ ɩɥɚɧɢɪɨɜɚɧɢɹ ɜ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɝɟɬɟɪɨɝɟɧɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ 
ɫɢɫɬɟɦɚɯ ɜ ɭɫɥɨɜɢɹɯ ɧɟɫɬɚɰɢɨɧɚɪɧɨɫɬɢ, ɢ ɩɨɥɭɱɢɬɶ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɨɰɟɧɤɢ ɝɪɚɧɢɰ 
ɨɩɬɢɦɢɡɚɰɢɢ. ɉɪɟɞɥɨɠɟɧɵ ɧɨɜɵɟ ɩɪɢɛɥɢɠɟɧɧɵɟ ɚɥɝɨɪɢɬɦɵ ɫ ɭɥɭɱɲɟɧɧɵɦɢ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɢɡɜɟɫɬɧɵɦɢ ɜ ɥɢɬɟɪɚɬɭɪɟ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɦɢ ɢ ɤɨɧɤɭɪɟɧɬɧɵɦɢ 
ɮɚɤɬɨɪɚɦɢ. 

ɉɪɢɦɟɧɟɧɢɟ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɥɚɧɢɪɨɜɚɧɢɹ 
ɩɚɪɚɥɥɟɥɶɧɵɯ ɪɚɛɨɬ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦɚɯ ɩɭɬɟɦ ɟɝɨ 
ɚɞɚɩɬɚɰɢɢ ɤ ɢɡɦɟɧɟɧɢɸ ɩɚɪɚɦɟɬɪɨɜ ɪɚɛɨɱɟɣ ɧɚɝɪɭɡɤɢ ɢ ɫɢɫɬɟɦɵ. 

Ɍɚɤɠɟ ɨɬɦɟɬɢɦ, ɱɬɨ ɩɪɟɞɥɨɠɟɧɧɵɟ ɚɥɝɨɪɢɬɦɵ ɢɦɟɸɬ ɧɢɡɤɭɸ 
ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɫɥɨɠɧɨɫɬɶ, ɢ ɩɪɢ ɷɬɨɦ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɚɬɶ ɯɨɪɨɲɢɟ 
ɩɪɢɛɥɢɠɟɧɧɵɟ ɪɟɲɟɧɢɹ. 

ɉɪɚɤɬɢɱɟɫɤɚɹ ɢ ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɜɤɥɚɞ 
ɞɢɫɫɟɪɬɚɧɬɚ ɜ ɪɚɡɜɢɬɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɨɬɪɚɫɥɢ ɡɧɚɧɢɣ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ 
ɰɢɬɢɪɨɜɚɧɢɟɦ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɢɡɞɚɧɢɹɯ: 2441 ɫɫɵɥɤɢ ɜ Google 
Scholar (h-index = 25), 1318 ɫɫɵɥɤɢ ɜ Scopus (h-index = 18). 

Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ 
ɜ ɪɚɦɤɚɯ ɫɥɟɞɭɸɳɢɯ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɪɚɛɨɬ: 

ɆɢɧɨȻɊ – Ɇɢɧɢɫɬɟɪɫɬɜɨ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, 
"ɂɫɫɥɟɞɨɜɚɧɢɟ ɢ ɪɚɡɪɚɛɨɬɤɚ ɩɟɪɟɞɨɜɵɯ ɦɟɬɨɞɨɜ ɡɚɳɢɬɵ ɢɧɮɨɪɦɚɰɢɢ, ɫɨɯɪɚɧɟɧɢɹ 
ɤɨɧɮɢɞɟɧɰɢɚɥɶɧɨɫɬɢ ɢ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɭɬɟɱɤɢ ɞɚɧɧɵɯ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɞɚɧɧɵɯ ɜ 
ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɫɪɟɞɚɯ" (ɉɪɨɟɤɬ 075-15-2020-788), 2020-2022. 
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ɊɎɎɂ – Ɋɨɫɫɢɣɫɤɢɣ ɮɨɧɞ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, "Ɇɟɬɨɞɵ ɢ 

ɚɥɝɨɪɢɬɦɵ ɫɛɨɪɚ ɢ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ Internet of Things ɧɚ ɨɫɧɨɜɟ ɨɛɥɚɱɧɵɯ ɢ 
ɬɭɦɚɧɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ ɞɥɹ ɩɨɞɞɟɪɠɤɢ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɫɢɫɬɟɦ 
ɦɨɧɢɬɨɪɢɧɝɚ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ "ɍɦɧɵɣ ɝɨɪɨɞ" (ɩɪɨɟɤɬ 20-47-740005), 2020-2021 
ɝɝ., "Ɋɚɡɪɚɛɨɬɤɚ ɦɨɞɟɥɟɣ, ɦɟɬɨɞɨɜ ɢ ɚɥɝɨɪɢɬɦɨɜ ɤɚɥɟɧɞɚɪɧɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ ɞɥɹ 
ɤɨɧɬɟɣɧɟɪɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɪɟɫɭɪɫɨɜ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɩɪɢɥɨɠɟɧɢɣ 
ɞɨɤɭɦɟɧɬɨɨɛɨɪɨɬɚ ɜ ɪɚɦɤɚɯ ɤɨɧɰɟɩɰɢɢ ɰɢɮɪɨɜɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ" (ɉɪɨɟɤɬ 18-07-
01224), 2018-2020 ɝɝ. 

CICESE Research Center, Ɇɟɤɫɢɤɚ, "ɉɥɚɧɢɪɨɜɚɧɢɟ ɜ Ɏɟɞɟɪɚɰɢɢ Ɉɛɥɚɤɨɜ" 
(#634122), 2016-2121, “Ɉɩɬɢɦɢɡɚɰɢɹ ɪɟɫɭɪɫɨɜ ɜ Ƚɪɢɞɚɯ ɢ ɫɢɫɬɟɦɚɯ ɪɟɚɥɶɧɨɝɨ 
ɜɪɟɦɟɧɢ” (№634107), 2008-2011 ɝɝ., “ɉɪɨɛɥɟɦɵ ɨɩɬɢɦɢɡɚɰɢɢ ɪɟɫɭɪɫɨɜ ɜ ɤɥɚɫɬɟɪɚɯ 
ɢ GRID” (#634107), 2005-2007. 

CONACYT. ɇɚɰɢɨɧɚɥɶɧɵɣ ɫɨɜɟɬ ɩɨ ɧɚɭɤɟ ɢ ɬɟɯɧɢɤɟ Ɇɟɤɫɢɤɢ, Ɇɟɤɫɢɤɚ, 
"ɋɬɪɚɬɟɝɢɢ ɭɩɪɚɜɥɟɧɢɹ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɷɧɟɪɝɨɫɢɫɬɟɦɧɵɯ ɪɟɫɭɪɫɨɜ ɫ ɤɚɱɟɫɬɜɨɦ 
ɨɛɫɥɭɠɢɜɚɧɢɹ", 2012-2017 ɝɝ., – CONACYT #178415, "Ɇɧɨɝɨɭɪɨɜɧɟɜɚɹ ɢɟɪɚɪɯɢɹ 
ɫɬɪɚɬɟɝɢɣ ɩɥɚɧɢɪɨɜɚɧɢɹ ɪɚɛɨɬ ɞɥɹ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ Ƚɪɢɞɚ", 2006. CONACYT 
#48385. 

ANII – ɇɚɰɢɨɧɚɥɶɧɨɟ ɚɝɟɧɬɫɬɜɨ ɩɨ ɢɡɭɱɟɧɢɸ ɢ ɢɧɧɨɜɚɰɢɹɦ, ɍɪɭɝɜɚɣ, 2015, 
ɋɨɬɪɭɞɧɢɱɟɫɬɜɨ ɫ ɂɧɫɬɢɬɭɬɨɦ ɜɵɱɢɫɥɟɧɢɣ ɂɧɠɟɧɟɪɧɨɝɨ ɮɚɤɭɥɶɬɟɬɚ, ɍɧɢɜɟɪɫɢɬɟɬ 
Ɋɟɫɩɭɛɥɢɤɢ. ɍɪɭɝɜɚɣ. 

FNR – (ɇɚɰɢɨɧɚɥɶɧɵɣ ɮɨɧɞ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, Ʌɸɤɫɟɦɛɭɪɝ) 
ɫɨɬɪɭɞɧɢɱɟɫɬɜɨ ɫ Ʌɸɤɫɟɦɛɭɪɝɫɤɢɦ ɭɧɢɜɟɪɫɢɬɟɬɨɦ, Ʌɸɤɫɟɦɛɭɪɝ, "ɋɬɪɚɬɟɝɢɢ 
ɭɩɪɚɜɥɟɧɢɹ ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɪɚɛɨɬɚɦɢ ɢ ɢɯ ɨɩɬɢɦɢɡɚɰɢɢ ɜ ɨɛɥɚɤɚɯ", 
"ɗɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɵɟ ɫɬɪɚɬɟɝɢɢ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɪɚɛɨɬɚɦɢ ɢ ɢɯ 
ɨɩɬɢɦɢɡɚɰɢɹ ɜ ɨɛɥɚɱɧɵɯ ɫɢɫɬɟɦɚɯ P-2-P". 

DAAD – Ƚɟɪɦɚɧɫɤɚɹ ɫɥɭɠɛɚ ɚɤɚɞɟɦɢɱɟɫɤɢɯ ɨɛɦɟɧɨɜ, ɫɨɬɪɭɞɧɢɱɟɫɬɜɨ ɫ 
ɍɧɢɜɟɪɫɢɬɟɬɨɦ Ƚɟɬɬɢɧɝɟɧɚ – ɂɧɫɬɢɬɭɬ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ, Ƚɟɬɬɢɧɝɟɧ, 
Ƚɟɪɦɚɧɢɹ, "ɍɩɪɚɜɥɟɧɢɟ ɪɟɫɭɪɫɚɦɢ ɜ ɨɛɥɚɱɧɵɯ ɜɵɱɢɫɥɟɧɢɹɯ", "ɉɥɚɧɢɪɨɜɚɧɢɟ 
ɪɚɛɨɱɟɣ ɧɚɝɪɭɡɤɢ ɧɚ ɞɜɭɯɭɪɨɜɧɟɜɵɯ ɚɪɯɢɬɟɤɬɭɪɚɯ Ƚɪɢɞ", "Ⱦɨɩɭɫɬɢɦɵɟ ɫɬɪɚɬɟɝɢɢ 
ɜɵɛɨɪɚ ɪɟɫɭɪɫɨɜ ɩɪɢ ɞɜɭɯɭɪɨɜɧɟɜɨɦ ɩɥɚɧɢɪɨɜɚɧɢɢ ɪɚɛɨɬ ɞɥɹ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 
ɫɪɟɞɵ"  

BSC – Ȼɚɪɫɟɥɨɧɫɤɢɣ ɫɭɩɟɪɤɨɦɩɶɸɬɟɪɧɵɣ ɰɟɧɬɪ, ɂɫɩɚɧɢɹ 
"ɇɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɜ ɨɛɥɚɱɧɵɯ ɜɵɱɢɫɥɟɧɢɹɯ". 

INRIA Lille – Nord Europe, ɂɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɐɟɧɬɪ ɂɇɊɂȺ Ʌɢɥɥɶ, 
challenges of efficient resource provisioning under Uncertainty. 

Ƚɪɟɧɨɛɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɜ Ⱥɥɶɩɚɯ, ɂɇɊɂə, Ƚɪɟɧɨɛɥɶ, Ɏɪɚɧɰɢɹ, 
ɷɮɮɟɤɬɢɜɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɪɟɫɭɪɫɨɜ. 

NSF ɇɚɰɢɨɧɚɥɶɧɵɣ ɧɚɭɱɧɵɣ ɮɨɧɞ ɋɒȺ – CONACYT ɫɨɬɪɭɞɧɢɱɟɫɬɜɨ ɫ 
ɍɧɢɜɟɪɫɢɬɟɬɨɦ ɘɠɧɨɣ Ʉɚɥɢɮɨɪɧɢɢ, Ʌɨɫ-Ⱥɧɞɠɟɥɟɫ, ɋɒȺ, "ɋɢɫɬɟɦɚ 
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ɤɷɲɢɪɨɜɚɧɢɹ ɜɪɟɦɟɧɢ ɢɫɩɨɥɧɟɧɢɹ I-ɫɬɪɭɤɬɭɪɵ ɤɚɤ ɫɬɪɭɤɬɭɪɚ ɞɚɧɧɵɯ ɞɥɹ 
ɩɚɪɚɥɥɟɥɶɧɵɯ ɤɥɚɫɬɟɪɧɵɯ ɜɵɱɢɫɥɟɧɢɣ", (CONACYT #32989-A), 2001-2004. 

 
ɉɨɞ ɪɭɤɨɜɨɞɫɬɜɨɦ ɑɟɪɧɵɯ Ⱥ. ɇ. ɪɚɡɪɚɛɨɬɚɧ ɤɨɦɩɥɟɤɫ ɩɪɨɝɪɚɦɦ, 

ɩɨɡɜɨɥɹɸɳɢɣ ɢɫɫɥɟɞɨɜɚɬɶ ɜɨɩɪɨɫɵ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɧɚɞɟɠɧɨɫɬɢ 
ɯɪɚɧɢɦɵɯ ɢ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɞɚɧɧɵɯ ɜ ɨɛɥɚɤɚɯ ɜ ɭɫɥɨɜɢɹɯ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ 
ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɬɟɯɧɢɱɟɫɤɢɯ ɫɛɨɟɜ ɢ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɯɚɤɟɪɫɤɢɯ ɚɬɚɤ, ɫɨɫɬɨɹɳɢɣ 
ɢɡ: «ɉɪɨɝɪɚɦɦɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɛɨɬɵ ɭɫɬɪɨɣɫɬɜ ɤɨɧɰɟɩɰɢɢ ɢɧɬɟɪɧɟɬ ɜɟɳɟɣ ɧɚ 
ɛɚɡɟ ɫɢɫɬɟɦɵ ɨɫɬɚɬɨɱɧɵɯ ɤɥɚɫɫɨɜ» (ɋɜɢɞɟɬɟɥɶɫɬɜɨ ɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ 
ɪɟɝɢɫɬɪɚɰɢɢ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɗȼɆ №2017660880, ɞɚɬɚ ɪɟɝɢɫɬɪɚɰɢɢ 28.09.2017); 
«Ɇɨɞɭɥɶ ɨɰɟɧɤɢ ɪɢɫɤɨɜ ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɛɥɚɱɧɵɯ, ɤɪɚɟɜɵɯ ɢ ɬɭɦɚɧɧɵɯ 
ɜɵɱɢɫɥɟɧɢɣ ɜ ɭɫɥɨɜɢɹɯ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ» (ɋɜɢɞɟɬɟɥɶɫɬɜɨ ɨ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɪɟɝɢɫɬɪɚɰɢɢ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɗȼɆ №2018612694, ɞɚɬɚ 
ɪɟɝɢɫɬɪɚɰɢɢ 21.02.2018); «ɋɪɟɞɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɚɞɚɩɬɢɜɧɨɣ ɰɢɮɪɨɜɨɣ 
ɮɢɥɶɬɪɚɰɢɢ ɜ ɫɢɫɬɟɦɟ ɨɫɬɚɬɨɱɧɵɯ ɤɥɚɫɫɨɜ» (ɋɜɢɞɟɬɟɥɶɫɬɜɨ ɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ 
ɪɟɝɢɫɬɪɚɰɢɢ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɗȼɆ №2019610639, ɞɚɬɚ ɪɟɝɢɫɬɪɚɰɢɢ 15.01.2019); 
«Ɋɚɫɩɪɟɞɟɥɟɧɧɚɹ ɫɢɫɬɟɦɚ ɧɚɞɟɠɧɨɝɨ ɯɪɚɧɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɜ 
ɦɭɥɶɬɢɨɛɥɚɱɧɨɣ ɫɪɟɞɟ» (ɋɜɢɞɟɬɟɥɶɫɬɜɨ ɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɪɟɝɢɫɬɪɚɰɢɢ 
ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɗȼɆ №2019611375, ɞɚɬɚ ɪɟɝɢɫɬɪɚɰɢɢ 24.01.2019). 

Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɤɨɦɩɥɟɤɫ ɩɪɨɝɪɚɦɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 
ɫɨɜɦɟɫɬɧɵɯ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɪɨɜɨɞɢɦɵɯ ɧɚɭɱɧɵɦɢ ɝɪɭɩɩɚɦɢ ɜ ɋɟɜɟɪɨ-
Ʉɚɜɤɚɡɫɤɨɦ ɮɟɞɟɪɚɥɶɧɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ, ɂɧɫɬɢɬɭɬɟ ɫɢɫɬɟɦɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 
ɢɦ. ȼ. ɉ. ɂɜɚɧɧɢɤɨɜɚ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ, ɘɠɧɨ-ɍɪɚɥɶɫɤɨɦ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ, Ɇɨɫɤɨɜɫɤɨɦ ɮɢɡɢɤɨ-ɬɟɯɧɢɱɟɫɤɨɦ ɢɧɫɬɢɬɭɬɟ 
(ɧɚɰɢɨɧɚɥɶɧɨɦ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ) ɢ ɞɪ. 

Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɢ ɨɛɨɫɧɨɜɚɧɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɜ ɞɢɫɫɟɪɬɚɰɢɢ 
ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɞɬɜɟɪɠɞɟɧɚ ɤɨɪɪɟɤɬɧɵɦ ɩɪɢɦɟɧɟɧɢɟɦ ɤɥɚɫɫɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ 
ɢɫɫɥɟɞɨɜɚɧɢɹ, ɫɬɪɨɝɢɦɢ ɞɨɤɚɡɚɬɟɥɶɫɬɜɚɦɢ ɢ ɚɧɚɥɢɡɨɦ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɨɞɟɥɟɣ ɢ ɚɥɝɨɪɢɬɦɨɜ. Ɋɟɡɭɥɶɬɚɬɵ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɩɪɨɜɟɞɟɧɧɵɦɢ 
ɱɢɫɥɟɧɧɵɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɦɢ. 

ɋɨɨɬɜɟɬɫɬɜɢɟ ɞɢɫɫɟɪɬɚɰɢɢ ɩɚɫɩɨɪɬɭ ɫɩɟɰɢɚɥɶɧɨɫɬɢ. Ɍɟɦɚ ɢ ɨɫɧɨɜɧɵɟ 
ɪɟɡɭɥɶɬɚɬɵ ɞɢɫɫɟɪɬɚɰɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɫɥɟɞɭɸɳɢɦ ɨɛɥɚɫɬɹɦ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɩɚɫɩɨɪɬɚ ɫɩɟɰɢɚɥɶɧɨɫɬɢ ȼȺɄ 05.13.11 – «Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɢ ɩɪɨɝɪɚɦɦɧɨɟ 
ɨɛɟɫɩɟɱɟɧɢɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɦɚɲɢɧ, ɤɨɦɩɥɟɤɫɨɜ ɢ ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɟɬɟɣ»: 

 Ɇɨɞɟɥɢ, ɦɟɬɨɞɵ, ɚɥɝɨɪɢɬɦɵ, ɹɡɵɤɢ ɢ ɩɪɨɝɪɚɦɦɧɵɟ ɢɧɫɬɪɭɦɟɧɬɵ ɞɥɹ 
ɨɪɝɚɧɢɡɚɰɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɪɨɝɪɚɦɦ ɢ ɩɪɨɝɪɚɦɦɧɵɯ ɫɢɫɬɟɦ; 
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 Ɇɨɞɟɥɢ ɢ ɦɟɬɨɞɵ ɫɨɡɞɚɧɢɹ ɩɪɨɝɪɚɦɦ ɢ ɩɪɨɝɪɚɦɦɧɵɯ ɫɢɫɬɟɦ ɞɥɹ 

ɩɚɪɚɥɥɟɥɶɧɨɣ ɢ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ, ɹɡɵɤɢ ɢ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɟ 
ɫɪɟɞɫɬɜɚ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ; 

 Ɇɨɞɟɥɢ, ɦɟɬɨɞɵ, ɚɥɝɨɪɢɬɦɵ ɢ ɩɪɨɝɪɚɦɦɧɚɹ ɢɧɮɪɚɫɬɪɭɤɬɭɪɚ ɞɥɹ 
ɨɪɝɚɧɢɡɚɰɢɢ ɝɥɨɛɚɥɶɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ. 

 
Ⱥɩɪɨɛɚɰɢɹ ɪɚɛɨɬɵ. ȼɫɟ ɪɟɡɭɥɶɬɚɬɵ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɩɪɨɲɥɢ ɚɩɪɨɛɚɰɢɸ ɧɚ ɧɚɭɱɧɵɯ ɦɟɪɨɩɪɢɹɬɢɹɯ ɜ Ɋɨɫɫɢɢ ɢ ɡɚ ɪɭɛɟɠɨɦ. ɋɪɟɞɢ ɧɢɯ 
ɜɵɞɟɥɢɦ: 

Ɋɨɫɫɢɣɫɤɢɟ ɤɨɧɮɟɪɟɧɰɢɢ: Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ 
"ɋɭɩɟɪɤɨɦɩɶɸɬɟɪɧɵɟ ɞɧɢ ɜ Ɋɨɫɫɢɢ" 2020, 2019, 2018, 2017, 2015. Ɉɬɤɪɵɬɚɹ 
ɤɨɧɮɟɪɟɧɰɢɹ ɂɋɉ ɊȺɇ ɢɦ. ȼ.ɉ. ɂɜɚɧɧɢɤɨɜɚ, 2020, 2019, 2018. Ɇɟɠɞɭɧɚɪɨɞɧɚɹ 
ɤɨɧɮɟɪɟɧɰɢɹ «ɂɧɠɢɧɢɪɢɧɝ & Ɍɟɥɟɤɨɦɦɭɧɢɤɚɰɢɢ», 2020, 2019, 2017, 2016, 2015. 
ɇɚɰɢɨɧɚɥɶɧɵɣ ɋɭɩɟɪɤɨɦɩɶɸɬɟɪɧɵɣ Ɏɨɪɭɦ (ɇɋɄɎ-2020) Ɋɨɫɫɢɹ, ɉɟɪɟɫɥɚɜɥɶ-
Ɂɚɥɟɫɫɤɢɣ, 2015. 

Ɇɟɠɞɭɧɚɪɨɞɧɵɟ ɫɢɦɩɨɡɢɭɦɵ: IPDPS – IEEE International Parallel and 
Distributed Processing, 2021, 2019, 2018, 2017, 2012, 2010, 2008, 2006 (CORE Rank 
A). CCGRID – IEEE/ACM International Symposium on Cluster, Cloud and Internet 
Computing 2020, 2016 (CORE Rank A). Euro-Par – International European Conference 
on Parallel and Distributed Computing 2019, 2013: 2008 (CORE Rank A). CloudCom – 
IEEE International Conference on Cloud Computing Technology and Science. 2015 
(CORE Rank A). ICCS – International Conference on Computational Science (2015, 
2018) (CORE Rank A). HPCS – International Conference on High Performance 
Computing & Simulation 2020, 2019, 2018, 2014, 2012 (CORE Rank B). InterCloud-
HPC – International Symposium on Cloud Computing and Services for High 
Performance Computing Systems 2020 (CORE Rank B). PDCAT – International 
Conference on Parallel and Distributed Computing, Applications and Technologies. 
2020 (CORE Rank B). DEXA – International Conference on Database and Expert 
Systems Applications 2017 (CORE Rank B). GLOBECOM – IEEE Global 
Communications Conference (2015) (CORE Rank B). CLOUD – IEEE International 
Conference on Cloud Computing. 2013 (CORE Rank B). CollaborateCom – 
International Conference on Collaborative Computing, 2019, (CORE Rank C). PPAM – 
International Conference on Parallel Processing and Applied Mathematics 2017, 2011, 
2007, 2005, 2003 (CORE Rank C). UCC – IEEE/ACM International Conference on 
Utility and Cloud Computing Companion, 2018, 2017, 2016. CARLA – Latin America 
High Performance Computing Conference, 2019, 2018, 2017, 2016. ISUM – 
International Supercomputing Conference in México 2019. 2017, 2016, 2014, 2012, 
2010. 
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Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɛɵɥɢ ɚɩɪɨɛɢɪɨɜɚɧɵ ɢ ɨɛɫɭɠɞɟɧɵ ɧɚ ɩɪɢɝɥɚɲɟɧɧɵɯ 

ɩɥɟɧɚɪɧɵɯ ɞɨɤɥɚɞɚɯ ɢ ɫɟɦɢɧɚɪɚɯ. 
Huawei 2020 – Cloud Resource Scheduling and Optimization Workshop. 

Moscow, 2020. ICCS-DE 2020 – 2nd International Workshop on Information, 
Computation, and Control Systems for Distributed Environments, Irkutsk, Russia, 2020. 
ICCIS 2020 – 1st International Conference on Systems and Information Sciences. 
Manta, Ecuador, 2020. IFI – The Institute of Computer Science, Faculty of Mathematics 
and Computer Science, Georg-August-Universitat Gottingen, Germany, 2019. ɎȽȺɈɍ 
ȼɈ «ɋɟɜɟɪɨ-Ʉɚɜɤɚɡɫɤɢɣ ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ», 2018. UNIANDES – 
Universidad de los Andes, Bogota, Colombia, 2018. COMTEL 2018 – X International 
Conference on Computer Science and Telecommunication, Lima, Perú, 2018. ISUM 
2018 – 9th International Supercomputing Conference in Mexico, Merida, México. 2018. 
MPEI – Moscow Power Engineering Institute (National Research University), Moscow. 
2017. NNSU – Lobachevsky State University of Nizhni Novgorod, 2017. CARLA 2017 
– Latin American Conference on High Performance Computing. Buenos Aires, 
Argentina, 2017. UCC 2017 – 1st International Workshop on Uncertainty in Cloud 
Computing. In conjunction with DEXA 2017, Lyon, France, 2017. PPAM 2017 – 12th 
International Conference on Parallel Processing and Applied Mathematics, Lublin, 
Poland, 2017. ISUM 2017 – 8th International Supercomputing Conference in Mexico, 
Guadalajara, México. 2017. Tsinghua University, Department of Computer Science and 
Technology, Beijing, China. 2016. SUSU – South Ural State University. Chelyabinsk, 
Russia. 2016. UES – State University of Sonora. San Luis Rio Colorado, Ɇɟɤɫɢɤɚ 
2016. ISUM 2016 – 7th International Supercomputing Conference in Mexico, Puebla, 
México. 2016. CCERD 2015 – The 6th International Conference “Cloud Computing. 
Education. Research. Development". Moscow, Russia, 2015. UdelaR – University of 
the Republic, Uruguay, 2015. RuSCDays'15 – The Russian Supercomputing Days. 
2015, Moscow. UMONS – University of Mons, Mons, Belgium. 2015. University of 
Dortmund, Dortmund, Germany. 2015, 2014, 2012.BSC – Barcelona Supercomputing 
Center, 2015. INRIA Lille – Nord Europe, 2015. CIMAT – Mexico, 2014. University of 
Notre Dame, South Bend, United States, 2013. University of Luxembourg. 2014, 2012. 
CGCT2009 – Collaborative and Grid Computing Technologies Workshop, Cancun, 
Mexico, 2009. PPAM 2003 – Fifth International Conference on Parallel Processing and 
Applied Mathematics, Czestochowa, Poland, 2003. Instytut Informatyki, Politechnika 
Poznanska, Poznan, 2003, 2001. SCI 2002 – 6th World Multiconference on Systemics, 
Cybernetics and Informatics. Orlando, USA, 2002. New Trends in Scheduling in 
Parallel and Distributed Systems, Marseille (FRANCE) 2008, 2001. INPG – Institut 
National Polytechnique de Grenoble, Grenoble, Francia, 2001. UJF – Universite Joseph 
Fourier - Grenoble, Francia, 2000. Aussois – New Trend in Scheduling in Parallel and 

http://www.bsc.es/
http://www.bsc.es/
http://wwwen.uni.lu/university
http://wwwen.uni.lu/university
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Distributed Systems Aussois, Francia. 2014, 1998. Lessach – Workshop on Scheduling 
in Computer and Manufacturing System, Lessach, Austria. 1996. 

ɇɨɜɢɡɧɚ ɪɟɡɭɥɶɬɚɬɨɜ ɞɢɫɫɟɪɬɚɰɢɢ ɩɨɞɬɜɟɪɠɞɟɧɚ ɜ ɯɨɞɟ ɩɪɢɝɥɚɲɟɧɧɵɯ 
ɫɬɚɠɢɪɨɜɨɤ ɞɢɫɫɟɪɬɚɧɬɚ ɜ ɢɡɜɟɫɬɧɵɯ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɧɚɭɱɧɵɯ ɰɟɧɬɪɚɯ: ɜ 
ɍɧɢɜɟɪɫɢɬɟɬɟ ɐɢɧɯɭɚ (Ʉɢɬɚɣ), ɍɧɢɜɟɪɫɢɬɟɬɟ Ƚɟɬɬɢɧɝɟɧɚ, ɜ Ⱦɨɪɬɦɭɧɞɫɤɨɦ 
ɭɧɢɜɟɪɫɢɬɟɬɟ, ɜ Ʉɥɚɭɫɬɚɥɶɫɤɨɦ ɬɟɯɧɢɱɟɫɤɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ (Ƚɟɪɦɚɧɢɹ), 
Ȼɚɪɫɟɥɨɧɫɤɨɦ ɫɭɩɟɪɤɨɦɩɶɸɬɟɪɧɨɦ ɰɟɧɬɪɟ (ɂɫɩɚɧɢɹ). ɜ ɐɟɧɬɪɟ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɂɇɊɂȺ Ʌɢɥɥɶ – ɋɟɜɟɪɧɚɹ ȿɜɪɨɩɚ (Ɏɪɚɧɰɢɹ), Ƚɪɟɧɨɛɥɶɫɤɨɦ Ⱥɥɶɩɢɣɫɤɨɦ 
ɭɧɢɜɟɪɫɢɬɟɬɟ (Ɏɪɚɧɰɢɹ), Ʌɸɤɫɟɦɛɭɪɝɫɤɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ (Ʌɸɤɫɟɦɛɭɪɝ), 
ɇɚɰɢɨɧɚɥɶɧɨɦ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɦ ɢɧɫɬɢɬɭɬɟ Ƚɪɟɧɨɛɥɹ (Ɏɪɚɧɰɢɹ), 
Ʉɚɥɢɮɨɪɧɢɣɫɤɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ ɂɪɜɚɣɧ (ɋɒȺ), ɍɧɢɜɟɪɫɢɬɟɬɟ ɘɠɧɨɣ 
Ʉɚɥɢɮɨɪɧɢɢ (ɋɒȺ), ɍɧɢɜɟɪɫɢɬɟɬɟ ɀɨɡɟɮɚ Ɏɭɪɶɟ (Ɏɪɚɧɰɢɹ), ɍɧɢɜɟɪɫɢɬɟɬɟ 
Ɋɟɫɩɭɛɥɢɤɢ (ɍɪɭɝɜɚɣ) ɢ ɬ. ɞ. 

ɉɭɛɥɢɤɚɰɢɢ. ɉɨ ɬɟɦɟ ɞɢɫɫɟɪɬɚɰɢɢ ɚɜɬɨɪɨɦ ɛɵɥɨ ɨɩɭɛɥɢɤɨɜɚɧɨ 64 ɫɬɚɬɶɢ, 
ɜ ɬɨɦ ɱɢɫɥɟ 21 ɫɬɚɬɶɹ ɜ ɠɭɪɧɚɥɚɯ ɢɡ ɫɩɢɫɤɚ ȼȺɄ ɢɥɢ ɜɤɥɸɱɟɧɧɵɯ ɜ 
ɦɟɠɞɭɧɚɪɨɞɧɵɟ ɛɚɡɵ ɞɚɧɧɵɯ Scopus ɢ Web of Science ɢɡ ɧɢɯ 12 ɜ Q1, 1 ɜ Q2, 4 ɜ 
Q3, 2 ɜ Q4 [1–21], 42 ɪɚɛɨɬɵ – ɜ ɬɪɭɞɚɯ ɪɨɫɫɢɣɫɤɢɯ ɢ ɦɟɠɞɭɧɚɪɨɞɧɵɯ 
ɤɨɧɮɟɪɟɧɰɢɣ [22–63], ɩɨɥɭɱɟɧɨ 4 ɫɜɢɞɟɬɟɥɶɫɬɜɚ ɨ ɪɟɝɢɫɬɪɚɰɢɢ ɩɪɨɝɪɚɦɦ ɞɥɹ 
ɷɥɟɤɬɪɨɧɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɦɚɲɢɧ (ɗȼɆ) (ɉɪɢɥɨɠɟɧɢɟ 1) ɢ ɨɞɢɧ ɩɚɬɟɧɬ [64] 
(ɉɪɢɥɨɠɟɧɢɟ 2). 

Ʌɢɱɧɵɣ ɜɤɥɚɞ ɚɜɬɨɪɚ. Ⱦɢɫɫɟɪɬɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɦɧɨɝɨɥɟɬɧɟɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɚɜɬɨɪɚ, ɨɛɴɟɞɢɧɟɧɧɨɟ ɬɟɦɚɬɢɤɨɣ ɢ ɦɟɬɨɞɚɦɢ 
ɢɫɫɥɟɞɨɜɚɧɢɹ. ȼ ɫɨɜɦɟɫɬɧɵɯ ɪɚɛɨɬɚɯ ɫɨɢɫɤɚɬɟɥɸ ɩɪɢɧɚɞɥɟɠɚɬ ɞɨɤɚɡɚɬɟɥɶɫɬɜɚ 
ɨɫɧɨɜɧɵɯ ɭɬɜɟɪɠɞɟɧɢɣ ɢ ɬɟɨɪɟɦ, ɚ ɬɚɤɠɟ ɨɫɧɨɜɧɵɟ ɢɞɟɢ ɧɨɜɵɯ ɚɥɝɨɪɢɬɦɨɜ. 
ɇɟɤɨɬɨɪɵɟ ɞɨɤɚɡɚɬɟɥɶɫɬɜɚ ɛɵɥɢ ɫɞɟɥɚɧɵ ɜ ɫɨɚɜɬɨɪɫɬɜɟ ɩɪɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ 
ɭɱɚɫɬɢɢ ɫɨɢɫɤɚɬɟɥɹ. Ʉɨɧɮɥɢɤɬɚ ɢɧɬɟɪɟɫɨɜ ɫ ɫɨɚɜɬɨɪɚɦɢ ɧɟɬ. 

ȼ ɩɨɥɭɱɟɧɢɟ ɧɟɤɨɬɨɪɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɛɵɥɢ ɜɨɜɥɟɱɟɧɵ 17 ɫɬɭɞɟɧɬɨɜ 
ɦɚɝɢɫɬɪɚɬɭɪɵ ɢ 7 ɚɫɩɢɪɚɧɬɨɜ ɩɨɞ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦ ɪɭɤɨɜɨɞɫɬɜɨɦ ɫɨɢɫɤɚɬɟɥɹ. 

 
ɋɬɪɭɤɬɭɪɚ ɪɚɛɨɬɵ. Ⱦɢɫɫɟɪɬɚɰɢɹ ɫɨɫɬɨɢɬ ɢɡ ɜɜɟɞɟɧɢɹ, 7 ɝɥɚɜ, ɡɚɤɥɸɱɟɧɢɹ, 

ɛɢɛɥɢɨɝɪɚɮɢɢ ɢɡ 223 ɧɚɢɦɟɧɨɜɚɧɢɣ, ɢ 2 ɩɪɢɥɨɠɟɧɢɣ. Ɉɛɳɢɣ ɨɛɴɟɦ ɨɫɧɨɜɧɨɝɨ 
ɬɟɤɫɬɚ ɪɚɛɨɬɵ – 294 ɫɬɪɚɧɢɰ, ɜɤɥɸɱɚɹ 49 ɬɚɛɥɢɰ ɢ 72 ɪɢɫɭɧɤɚ. 

 
Ʉɪɚɬɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɪɚɛɨɬɵ. 
 
ȼ ɩɟɪɜɨɣ ɝɥɚɜɟ ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɤɨɧɰɟɩɰɢɢ ɩɥɚɧɢɪɨɜɚɧɢɹ ɪɟɫɭɪɫɨɜ 

ɜ ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɪɟɞɚɯ, ɩɪɢɜɟɞɟɧ ɤɪɚɬɤɢɣ ɨɛɡɨɪ ɨɫɧɨɜɧɵɯ 
ɫɨɜɪɟɦɟɧɧɵɯ ɦɨɞɟɥɟɣ ɢ ɦɟɬɨɞɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢ ɪɟɲɟɧɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɡɚɞɚɱ ɫ ɩɨɦɨɳɶɸ ɬɟɨɪɢɢ ɪɚɫɩɢɫɚɧɢɣ. Ɉɩɢɫɚɧɚ ɩɪɢɪɨɞɚ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɢ 
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ɩɪɢɜɟɞɟɧɚ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɟɣ. 
ɇɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɜɨɡɧɢɤɚɟɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɟɩɨɥɧɨɝɨ ɡɧɚɧɢɹ ɨ ɩɪɨɰɟɫɫɚɯ, 

ɤɨɧɬɪɨɥɢɪɭɸɳɢɯ ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɫɟɪɜɢɫɨɜ, ɧɚɩɪɢɦɟɪ, ɤɨɝɞɚ ɤɨɧɰɟɩɬɭɚɥɶɧɚɹ 
ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɞɥɹ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɫɟɪɜɢɫɨɜ, ɧɟ ɜɤɥɸɱɚɟɬ ɜɫɟ 
ɜɥɢɹɸɳɢɟ ɩɪɨɰɟɫɫɵ ɢɥɢ ɮɚɤɬɨɪɵ. ȿɟ ɦɨɞɟɥɢɪɭɸɬ ɫ ɩɨɦɨɳɶɸ ɬɟɨɪɢɢ 
ɜɟɪɨɹɬɧɨɫɬɟɣ, ɬɟɨɪɢɢ ɞɨɤɚɡɚɬɟɥɶɫɬɜ, ɬɟɨɪɢɢ ɜɨɡɦɨɠɧɨɫɬɟɣ ɢ ɧɟɱɟɬɤɢɯ ɦɧɨɠɟɫɬɜ. 

ɇɚɞɟɠɧɵɣ ɞɢɡɚɣɧ ɩɥɚɧɢɪɨɜɳɢɤɚ ɫɜɨɞɢɬ ɤ ɦɢɧɢɦɭɦɭ ɜɥɢɹɧɢɟ 
ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɟɣ ɧɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɩɨɜɟɞɟɧɢɟ ɫɢɫɬɟɦɵ. Ɍɪɚɞɢɰɢɨɧɧɨ ɨɧ 
ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɥɢɛɨ ɧɚ ɨɫɧɨɜɟ ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɩɨɞɯɨɞɚ, ɥɢɛɨ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ 
ɧɚɢɯɭɞɲɟɝɨ ɫɥɭɱɚɹ. Ɉɛɚ ɩɨɞɯɨɞɚ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɥɢɛɨ ɤɚɤ 
ɨɬɫɭɬɫɬɜɢɟ ɢɧɮɨɪɦɚɰɢɢ, ɤɚɤ ɫɥɭɱɚɣɧɵɟ ɩɟɪɟɦɟɧɧɵɟ, ɥɢɛɨ ɤɚɤ ɢɧɬɟɪɜɚɥɶɧɵɟ 
ɩɟɪɟɦɟɧɧɵɟ. ɇɚ ɫɚɦɨɦ ɞɟɥɟ, ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɦɨɠɟɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ 
ɫɨɱɟɬɚɧɢɟ ɪɚɡɧɵɯ ɮɚɤɬɨɪɨɜ. 

ɇɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ – ɷɬɨ ɜɚɠɧɵɣ ɩɚɪɚɦɟɬɪ, ɤɨɬɨɪɵɣ ɜɥɢɹɟɬ ɧɚ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ, ɫɨɡɞɚɜɚɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɪɨɛɥɟɦɵ ɩɪɢ 
ɩɥɚɧɢɪɨɜɚɧɢɢ. Ɉɧɚ ɬɪɟɛɭɟɬ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɫɬɪɚɬɟɝɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɟɫɭɪɫɨɜ. 
ȼ ɩɟɪɜɨɣ ɝɥɚɜɟ ɪɚɫɫɦɨɬɪɟɧɵ ɩɨɞɯɨɞɵ ɤ ɩɪɟɞɨɫɬɚɜɥɟɧɢɸ ɪɟɫɭɪɫɨɜ, ɜɵɩɨɥɧɟɧɢɸ 
ɩɪɢɥɨɠɟɧɢɣ ɜ ɭɫɥɨɜɢɹɯ ɢɡɦɟɧɹɸɳɢɯɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɢɫɬɟɦɵ. ɉɨɤɚɡɚɧɨ, ɱɬɨ 
ɫɬɪɚɬɟɝɢɢ ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɪɟɫɭɪɫɨɜ ɜ ɨɬɜɟɬ ɧɚ ɢɡɦɟɧɹɸɳɢɟɫɹ ɧɚɝɪɭɡɤɢ, ɚ ɬɚɤɠɟ ɞɢɧɚɦɢɱɟɫɤɢ ɚɞɚɩɬɢɪɨɜɚɬɶɫɹ 
ɤ ɧɢɦ, ɱɬɨɛɵ ɫɩɪɚɜɢɬɶɫɹ ɫ ɪɚɡɥɢɱɧɵɦɢ ɩɨɬɨɤɚɦɢ ɡɚɞɚɱ, ɭɱɢɬɵɜɚɹ ɫɜɨɣɫɬɜɚ 
ɫɢɫɬɟɦ. 

ȼ ɝɥɚɜɟ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɚ ɢ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɚ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɨɛɥɚɱɧɵɯ 
ɜɵɱɢɫɥɟɧɢɣ ɢ ɪɚɫɫɦɨɬɪɟɧɵ ɩɨɞɯɨɞɵ ɤ ɟɟ ɫɧɢɠɟɧɢɸ. Ɉɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɟɧɨ 
ɪɨɥɢ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɜ ɨɪɝɚɧɢɡɚɰɢɢ ɪɚɛɨɬɵ ɩɪɨɜɚɣɞɟɪɨɜ, ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɢ 
ɫɢɫɬɟɦɧɵɯ ɚɞɦɢɧɢɫɬɪɚɬɨɪɨɜ. Ɋɚɫɫɦɨɬɪɟɧɵ ɞɢɧɚɦɢɱɟɫɤɢɟ ɫɬɪɚɬɟɝɢɢ 
ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɪɟɫɭɪɫɨɜ ɢ ɭɫɥɭɝ, ɚ ɬɚɤɠɟ ɦɟɬɨɞɵ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɩɪɢ ɧɚɥɢɱɢɢ 
ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɪɟɞɵ. ɗɬɢ ɩɪɨɛɥɟɦɵ ɹɜɥɹɸɬɫɹ ɜɟɫɶɦɚ 
ɫɥɨɠɧɵɦɢ ɢ ɢɦɟɸɬ ɤɥɸɱɟɜɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɨ ɩɥɚɧɢɪɨɜɚɧɢɸ 
ɪɚɛɨɬ. Ⱦɪɭɝɨɣ ɜɚɠɧɵɣ ɜɤɥɚɞ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɚɫɫɦɨɬɪɟɧɢɢ ɷɬɢɯ ɩɪɨɛɥɟɦ ɜ ɫɜɟɬɟ ɢɯ 
ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɫ ɞɪɭɝɢɦɢ ɩɪɨɛɥɟɦɚɦɢ ɢ ɪɟɲɟɧɢɹɦɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɛɫɭɠɞɚɸɬɫɹ 
ɤɪɢɬɟɪɢɢ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɨɜ ɩɪɨɛɥɟɦɵ. 

ȼ ɝɥɚɜɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɩɨɧɢɦɚɧɢɟ ɬɨɝɨ, ɤɚɤ ɦɨɞɟɥɢɪɨɜɚɬɶ ȽɊɂȾ ɫ ɭɱɟɬɨɦ 
ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɞɢɧɚɦɢɤɢ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɜɵɱɢɫɥɟɧɢɣ, 
ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ, ɨɬɫɭɬɫɬɜɢɹ ɬɨɱɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɜɪɟɦɟɧɢ ɜɵɱɢɫɥɟɧɢɹ ɪɚɛɨɬ ɢ 
ɬ. ɞ. ɞɥɹ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɧɚɞɟɠɧɵɯ ɪɟɲɟɧɢɣ, ɝɞɟ ɨɫɧɨɜɧɨɣ ɰɟɥɶɸ ɹɜɥɹɟɬɫɹ ɧɟ 
ɩɨɢɫɤ ɚɛɫɨɥɸɬɧɨ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ, ɚ ɧɚɯɨɠɞɟɧɢɟ ɩɪɢɛɥɢɠɟɧɧɵɯ ɪɟɲɟɧɢɣ 
ɧɟɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɤ ɢɡɦɟɧɟɧɢɸ ɩɚɪɚɦɟɬɪɨɜ ɫɪɟɞɵ. Ɋɚɫɫɦɨɬɪɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɰɢɣ ɩɪɨɛɥɟɦɵ ɩɥɚɧɢɪɨɜɚɧɢɹ ɞɚɸɳɢɟ 
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ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɡɧɚɧɢɹ ɢɥɢ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɪɟɚɥɢɡɚɰɢɢ ɪɟɚɥɶɧɵɯ ɫɢɫɬɟɦ. 
ɋɦɟɳɟɧɢɟ ɚɤɰɟɧɬɨɜ ɜ ɫɬɨɪɨɧɭ ɫɟɪɜɢɫ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɩɚɪɚɞɢɝɦɵ ɩɪɢɜɟɥɨ 

ɤ ɩɪɢɧɹɬɢɸ SLA (ɫɨɝɥɚɲɟɧɢɟ ɨɛ ɭɪɨɜɧɟ ɫɟɪɜɢɫɚ) ɤɚɤ ɨɱɟɧɶ ɜɚɠɧɨɣ ɤɨɧɰɟɩɰɢɢ. 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ SLA ɩɪɢ ɨɛɫɥɭɠɢɜɚɧɢɢ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɹɜɥɹɟɬɫɹ ɩɪɢɧɰɢɩɢɚɥɶɧɨ 
ɧɨɜɵɦ ɩɨɞɯɨɞɨɦ ɤ ɩɥɚɧɢɪɨɜɚɧɢɸ ɪɚɛɨɬ. ɉɪɢ ɬɚɤɨɦ ɩɨɞɯɨɞɟ ɩɥɚɧɢɪɨɜɳɢɤɢ 
ɞɨɥɠɧɵ ɭɱɢɬɵɜɚɬɶ ɨɝɪɚɧɢɱɟɧɢɹ ɜ ɨɬɧɨɲɟɧɢɢ QoS ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɩɨɜɟɞɟɧɢɹ 
ɫɢɫɬɟɦɵ. Ɉɫɧɨɜɧɚɹ ɢɞɟɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɛɟɫɩɟɱɟɧɢɢ ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɟɣ 
ɨɛɫɥɭɠɢɜɚɧɢɹ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɚɞɪɟɫɨɜɚɧ ɪɚɡɥɢɱɧɵɦ ɤɥɢɟɧɬɚɦ, ɱɬɨɛɵ 
ɝɚɪɚɧɬɢɪɨɜɚɬɶ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɯ 
ɭɪɨɜɧɟɣ ɫɟɪɜɢɫɚ. 

Ɋɚɫɫɦɨɬɪɟɧɵ ɪɚɡɥɢɱɧɵɟ ɫɬɨɯɚɫɬɢɱɟɫɤɢɟ, ɪɟɚɤɬɢɜɧɵɟ, ɧɟ ɬɪɟɛɭɸɳɢɟ ɡɧɚɧɢɣ 
ɢ ɬ. ɩ., ɚɥɝɨɪɢɬɦɵ ɢ ɷɮɮɟɤɬɢɜɧɵɟ ɚɥɶɬɟɪɧɚɬɢɜɵ ɢɡɜɟɫɬɧɵɦ ɬɟɯɧɨɥɨɝɢɹɦ 
ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ. 

 
ȼɨ ɜɬɨɪɨɣ ɝɥɚɜɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜɨɩɪɨɫɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɨɧɥɚɣɧ-

ɩɥɚɧɢɪɨɜɚɧɢɟɦ ɩɚɪɚɥɥɟɥɶɧɵɯ ɪɚɛɨɬ ɫ ɧɟɢɡɜɟɫɬɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɢ ɛɟɡ 
ɩɪɟɪɵɜɚɧɢɣ. ȼ ɩɪɢɤɥɚɞɧɨɣ ɛɚɡɨɜɨɣ ɦɨɞɟɥɢ ɝɟɬɟɪɨɝɟɧɧɚɹ ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɫɢɫɬɟɦɚ 
ɫɨɫɬɨɢɬ ɢɡ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɩɪɨɰɟɫɫɨɪɨɜ, ɤɨɬɨɪɵɟ ɪɚɫɩɪɟɞɟɥɟɧɵ ɩɨ ɧɟɫɤɨɥɶɤɢɦ 
ɦɚɲɢɧɚɦ ɪɚɡɧɨɝɨ ɪɚɡɦɟɪɚ. Ɋɚɛɨɬɵ ɹɜɥɹɸɬɫɹ ɧɟɡɚɜɢɫɢɦɵɦɢ, ɨɧɢ ɢɦɟɸɬ 
ɮɢɤɫɢɪɨɜɚɧɧɭɸ ɫɬɟɩɟɧɶ ɩɚɪɚɥɥɟɥɢɡɦɚ ɢ ɩɨɫɬɭɩɚɸɬ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ. Ɋɚɛɨɬɚ 
ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɚ ɬɨɥɶɤɨ ɧɚ ɩɪɨɰɟɫɫɨɪɚɯ, ɩɪɢɧɚɞɥɟɠɚɳɢɯ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ 
ɦɚɲɢɧɟ. ɐɟɥɶ – ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɨɛɳɭɸ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ ɜɫɟɯ 
ɪɚɛɨɬ. 

ȼ ɤɨɪɨɬɤɨɣ ɧɨɬɚɰɢɢ «ɦɚɲɢɧɧɚɹ ɦɨɞɟɥɶ-ɨɝɪɚɧɢɱɟɧɢɟ-ɤɪɢɬɟɪɢɣ 
ɨɩɬɢɦɢɡɚɰɢɢ» ɷɬɚ ɩɪɨɛɥɟɦɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɤɚɤ 𝐺𝑃௠|ݏ𝑖𝑧𝑒௝ |𝐶௠𝑎𝑥. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɩɢɫɨɱɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɩɥɚɧɢɪɨɜɚɧɢɹ 
Ƚɚɪɟɹ ɢ Ƚɪɷɯɷɦɚ ɡɧɚɱɢɬɟɥɶɧɨ ɯɭɠɟ ɜ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɫɢɫɬɟɦɚɯ, ɱɟɦ ɜ 
ɦɭɥɶɬɢɩɪɨɰɟɫɫɨɪɚɯ. 

ɉɨɫɤɨɥɶɤɭ ɨɛɵɱɧɨɟ ɫɩɢɫɨɱɧɨɟ ɪɚɫɩɢɫɚɧɢɟ ɧɟ ɩɨɞɯɨɞɢɬ ɞɥɹ ȽɊɂȾ, 
ɩɪɟɞɫɬɚɜɥɟɧ ɩɥɚɧɢɪɨɜɳɢɤ, ɢɫɩɨɥɶɡɭɸɳɢɣ ɧɟɫɤɨɥɶɤɨ ɫɩɢɫɤɨɜ ɪɚɛɨɬ. Ʉɚɠɞɵɣ ɢɡ 
ɷɬɢɯ ɫɩɢɫɤɨɜ ɧɟ ɬɪɟɛɭɟɬ ɤɚɤɨɝɨ-ɥɢɛɨ ɤɨɧɤɪɟɬɧɨɝɨ ɩɨɪɹɞɤɚ. 

Ⱦɚɥɟɟ ɩɪɟɞɫɬɚɜɥɟɧ ɚɥɝɨɪɢɬɦ ɩɥɚɧɢɪɨɜɚɧɢɹ, ɝɚɪɚɧɬɢɪɭɸɳɢɣ ɤɨɧɤɭɪɟɧɬɧɵɣ 
ɮɚɤɬɨɪ 5 ɢ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɣ ɮɚɤɬɨɪ 3. ɗɬɨɬ ɚɥɝɨɪɢɬɦ ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧ 
ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɞɯɨɞɚ "ɤɪɚɠɢ ɪɚɛɨɬ" (ɚɧɝɥ. “job stealing") ɢ ɦɨɠɟɬ ɯɨɪɨɲɨ 
ɩɨɞɯɨɞɢɬɶ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɨɬɩɪɚɜɧɨɣ ɬɨɱɤɢ ɞɥɹ ɚɥɝɨɪɢɬɦɨɜ 
ɩɥɚɧɢɪɨɜɚɧɢɹ ɜ ɪɟɚɥɶɧɵɯ ɫɢɫɬɟɦɚɯ. 

ȼ ɝɥɚɜɟ ɫɧɚɱɚɥɚ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɫɥɭɱɚɣ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɩɨɫɬɭɩɥɟɧɢɹ 
ɡɚɹɜɨɤ ݎ௝ =  , ɚ ɡɚɬɟɦ ɪɟɡɭɥɶɬɚɬ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɧɚ ɫɰɟɧɚɪɢɣ ɩɨɫɬɭɩɥɟɧɢɹ ɡɚɹɜɨɤ 
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ɜ ɪɚɡɧɨɟ ɜɪɟɦɹ. 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɢɠɧɟɣ ɝɪɚɧɢɰɵ ɞɥɹ ɤɨɧɤɭɪɟɧɬɧɨɝɨ ɮɚɤɬɨɪɚ ɪɚɫɫɦɨɬɪɟɧɚ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɫɬɚɬɢɱɟɫɤɚɹ ɩɪɨɛɥɟɦɚ ɫ ɩɨɥɧɨɫɬɶɸ ɞɨɫɬɭɩɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ ɢ ݎ௝ =  . ɗɬɚ ɩɪɨɛɥɟɦɚ NP ɫɥɨɠɧɚɹ, ɬ. ɤ. 𝑃௠||𝐶௠𝑎𝑥 – ɨɫɨɛɵɣ ɫɥɭɱɚɣ ɩɪɨɛɥɟɦɵ 𝐺𝑃௠|ݏ𝑖𝑧𝑒௝|𝐶௠𝑎𝑥. 

Ⱦɨɤɚɡɚɧɚ ɫɥɟɞɭɸɳɚɹ ɬɟɨɪɟɦɚ ɨ ɤɚɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ 
ɩɥɚɧɢɪɨɜɚɧɢɹ. 

Теорема 2.1. ɇɟ ɫɭɳɟɫɬɜɭɟɬ ɩɨɥɢɧɨɦɢɚɥɶɧɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɤɨɬɨɪɵɣ ɜɫɟɝɞɚ 
ɜɵɞɚɟɬ ɩɥɚɧ 𝑆 ɫ 𝐶೘𝑎𝑥ሺ𝑆ሻ𝐶೘𝑎𝑥∗ < ʹ ɞɥɹ 𝐺𝑃௠|ݏ𝑖𝑧𝑒௝|𝐶௠𝑎𝑥 ɢ ɜɫɟɯ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɡɚ 

ɢɫɤɥɸɱɟɧɢɟɦ P=NP. 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɨɪɟɦɨɣ 2.1, ɝɪɚɧɢɰɚ ɫɩɢɫɨɱɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ʹ − 1௠ Ƚɚɪɟɹ ɢ 

Ƚɪɷɯɷɦɚ (ɨɞɧɨɜɪɟɦɟɧɧɚɹ ɩɨɞɚɱɚ ɪɚɛɨɬ), ɚ ɬɚɤɠɟ Naroska ɢ Schwiegelshohn 
[Ɉɲɢɛɤɚ! ɂɫɬɨɱɧɢɤ ɫɫɵɥɤɢ ɧɟ ɧɚɣɞɟɧ.] (ɨɧɥɚɣɧ ɪɚɫɩɢɫɚɧɢɹ), ɤ ȽɊɂȾ ɧɟ 
ɩɪɢɦɟɧɢɦɚ. Ȼɨɥɟɟ ɬɨɝɨ, ɩɨɤɚɡɚɧɨ, ɱɬɨ ɭɠɟ ɜ ɫɥɭɱɚɟ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɩɨɫɬɭɩɥɟɧɢɹ 
ɪɚɛɨɬ ɫɩɢɫɨɱɧɨɟ ɩɥɚɧɢɪɨɜɚɧɢɟ ɧɟ ɦɨɠɟɬ ɝɚɪɚɧɬɢɪɨɜɚɬɶ ɩɨɫɬɨɹɧɧɭɸ ɝɪɚɧɢɰɭ 𝐶೘𝑎𝑥𝐶೘𝑎𝑥∗  

ɞɥɹ ɜɫɟɯ ɫɥɭɱɚɟɜ ɩɪɨɛɥɟɦɵ. 
Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɷɬɨɬ ɪɟɡɭɥɶɬɚɬ ɨɛɭɫɥɨɜɥɟɧ ɞɢɫɛɚɥɚɧɫɨɦ ɧɚɝɪɭɡɤɢ, ɬ. ɤ. 

ɦɚɲɢɧɵ ɫ ɛɨɥɶɲɢɦ ɱɢɫɥɨɦ ɩɪɨɰɟɫɫɨɪɨɜ ɦɨɝɭɬ ɜɵɩɨɥɧɹɬɶ ɪɚɛɨɬɵ ɫ ɧɟɛɨɥɶɲɢɦ 
ɩɚɪɚɥɥɟɥɢɡɦɨɦ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɜɵɧɭɠɞɟɧɧɨɦɭ ɨɠɢɞɚɧɢɸ ɜɵɩɨɥɧɟɧɢɹ 
ɩɚɪɚɥɥɟɥɶɧɵɯ ɪɚɛɨɬ. ɗɬɨ ɧɚɛɥɸɞɟɧɢɟ ɩɪɟɞɩɨɥɚɝɚɟɬ ɫɨɪɬɢɪɨɜɤɭ ɫɩɢɫɤɚ ɩɨ 
ɩɚɪɚɥɥɟɥɢɡɦɭ ɪɚɛɨɬ ɜ ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ, ɬɚɤ ɱɬɨɛɵ ɜɵɫɨɤɨ ɩɚɪɚɥɥɟɥɶɧɵɟ ɪɚɛɨɬɵ 
ɩɥɚɧɢɪɨɜɚɥɢɫɶ ɩɟɪɜɵɦɢ, ɤɨɝɞɚ ɟɫɬɶ ɜɵɛɨɪ. Ɉɞɧɚɤɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɬɚɤɨɣ ɩɨɞɯɨɞ 
ɬɚɤɠɟ ɧɟ ɝɚɪɚɧɬɢɪɭɟɬ ɩɨɫɬɨɹɧɧɨɝɨ ɤɨɧɤɭɪɟɧɬɧɨɝɨ ɮɚɤɬɨɪɚ. 

Ɉɛɳɟɢɡɜɟɫɬɧɨɣ ɧɢɠɧɟɣ ɝɪɚɧɢɰɟɣ ɞɥɹ ɨɩɬɢɦɚɥɶɧɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɜ 
ɫɥɭɱɚɟ ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɡɚɝɪɭɡɤɢ ɪɚɛɨɬ ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ ɩɥɚɧɢɪɨɜɚɧɢɹ 
ȽɊɂȾ ɹɜɥɹɟɬɫɹ: 𝐶௠𝑎𝑥∗  ݉  {   ௝ 𝑝௝ ,    1 ௜ ௠∑ 𝑝௝ ∑   𝑖𝑧𝑒௝௝  ௜ 𝑒  ௠ݏ  ݉ ௠  ௜ } 

ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɝɪɚɧɢɰɟɣ ɩɪɨɛɥɟɦɵ 𝑃௠||𝐶௠𝑎𝑥, ɷɬɚ ɝɪɚɧɢɰɚ ɬɚɤɠɟ ɭɱɢɬɵɜɚɟɬ 
ɧɟɞɨɫɬɭɩɧɨɫɬɶ ɦɚɲɢɧ ɧɟɛɨɥɶɲɨɝɨ ɪɚɡɦɟɪɚ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɜɵɫɨɤɨ ɩɚɪɚɥɥɟɥɶɧɵɯ 
ɪɚɛɨɬ ɢɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɢɯ ɦɧɨɝɨɦɚɲɢɧɧɨɝɨ ɜɵɩɨɥɧɟɧɢɹ. 

Ⱥɥɝɨɪɢɬɦ ɩɥɚɧɢɪɨɜɚɧɢɹ ȽɊɂȾ ɨɫɧɨɜɚɧ ɧɚ ɫɩɟɰɢɚɥɶɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ 
ɪɚɛɨɬ ɩɨ ɪɚɡɥɢɱɧɵɦ ɦɚɲɢɧɚɦ. ɗɬɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɫ ɩɨɦɨɳɶɸ 
ɩɨɧɹɬɢɹ ɤɚɬɟɝɨɪɢɣ ɪɚɛɨɬ, ɧɚɡɧɚɱɚɟɦɵɯ ɞɥɹ ɤɚɠɞɨɣ ɦɚɲɢɧɵ. 

Ɉɩɪɟɞɟɥɟɧɢɟ 2.1. Ⱦɥɹ ɤɚɠɞɨɣ ɦɚɲɢɧɵ    ɫɭɳɟɫɬɜɭɟɬ ɬɪɢ ɪɚɡɥɢɱɧɵɟ 
ɤɚɬɟɝɨɪɢɢ ɪɚɛɨɬ: 
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1.  ௜ = { ௝ ݉  {௠  , ݉௜ 1} < 𝑖𝑧𝑒௝ݏ  ݉௜} 
2.  ௜ = { ௝ ݉௜ 1 < 𝑖𝑧𝑒௝ݏ  ௠  } 
3.  ௜ = { ௝ ௠  < 𝑖𝑧𝑒௝ݏ  ݉௜ 1} 
ɇɚɛɨɪ  ௜ ɫɨɞɟɪɠɢɬ ɜɫɟ ɪɚɛɨɬɵ, ɤɨɬɨɪɵɟ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ ɧɚ 

ɩɪɟɞɵɞɭɳɟɣ (ɫɥɟɞɭɸɳɟɣ ɦɟɧɶɲɟɣ) ɦɚɲɢɧɟ ɢ ɬɪɟɛɭɸɬ ɛɨɥɟɟ 50% ɩɪɨɰɟɫɫɨɪɨɜ 
ɦɚɲɢɧɵ  ௜. ɇɚɛɨɪ  ௜ ɫɨɞɟɪɠɢɬ ɜɫɟ ɪɚɛɨɬɵ, ɤɨɬɨɪɵɟ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ ɧɚ 
ɩɪɟɞɵɞɭɳɟɣ ɦɚɲɢɧɟ, ɧɨ ɬɪɟɛɭɸɬ ɧɟ ɛɨɥɟɟ 50% ɩɪɨɰɟɫɫɨɪɨɜ ɦɚɲɢɧɵ  ௜. ɇɚɛɨɪ  ௜ ɫɨɞɟɪɠɢɬ ɜɫɟ ɪɚɛɨɬɵ, ɤɨɬɨɪɵɟ ɬɪɟɛɭɸɬ ɛɨɥɟɟ 50% ɩɪɨɰɟɫɫɨɪɨɜ ɦɚɲɢɧɵ  ௜, ɧɨ 
ɬɚɤɠɟ ɦɨɝɭɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ ɧɚ ɩɪɟɞɵɞɭɳɟɣ ɦɚɲɢɧɟ. 

Ⱦɨɤɚɡɚɧɚ ɫɥɟɞɭɸɳɚɹ ɬɟɨɪɟɦɚ ɨɛ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɨɦ ɮɚɤɬɨɪɟ ɜ ɫɥɭɱɚɟ 
ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɩɨɞɚɱɢ ɪɚɛɨɬ. 

Теорема 2.2. Аɥɝɨɪɢɬɦ ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɩɨɞɚɱɢ ɞɚɧɧɵɯ (Concurrent-

Submission) ɝɚɪɚɧɬɢɪɭɟɬ 𝐶೘𝑎𝑥𝐶೘𝑎𝑥∗ < ͵ ɞɥɹ ɜɫɟɯ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢ ɜɫɟɯ ɤɨɧɮɢɝɭɪɚɰɢɣ 

ȽɊИȾ. 
Ⱦɨɤɚɡɚɧɚ ɫɥɟɞɭɸɳɚɹ ɬɟɨɪɟɦɚ ɨ ɤɨɧɤɭɪɟɧɬɧɨɦ ɮɚɤɬɨɪɟ ɜ ɫɥɭɱɚɟ ɩɨɞɚɱɢ 

ɪɚɛɨɬ ɜɨ ɜɪɟɦɟɧɢ. 

Теорема 2.3. Аɥɝɨɪɢɬɦ Over-Time-Submission ɝɚɪɚɧɬɢɪɭɟɬ 𝐶೘𝑎𝑥𝐶೘𝑎𝑥∗ < 5 ɞɥɹ ɜɫɟɯ 

ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɫɥɭɱɚɟ ɩɨɞɚɱɢ ɪɚɛɨɬ ɜɨ ɜɪɟɦɟɧɢ. 
 
ȼ ɬɪɟɬɶɟɣ ɝɥɚɜɟ ɚɧɚɥɢɡɢɪɭɸɬɫɹ ɚɥɝɨɪɢɬɦɵ ɩɥɚɧɢɪɨɜɚɧɢɹ ɪɚɛɨɬ, 

ɢɧɬɟɝɪɢɪɭɸɳɢɟ ɨɛɟ ɡɚɞɚɱɢ ɩɥɚɧɢɪɨɜɳɢɤɚ ȽɊɂȾ: ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɪɚɛɨɬ ɩɨ 
ɦɚɲɢɧɚɦ ɢ ɢɯ ɥɨɤɚɥɶɧɨɟ ɪɚɫɩɢɫɚɧɢɟ. ɉɪɟɞɥɚɝɚɟɬɫɹ ɢ ɚɧɚɥɢɡɢɪɭɟɬɫɹ ɚɞɚɩɬɢɜɧɚɹ 
ɫɯɟɦɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɛɨɬ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɧɰɟɩɰɢɢ ɞɨɩɭɫɬɢɦɨɝɨ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ (ɚɧɝɥ., admissible allocation). Ɉɫɧɨɜɧɚɹ ɢɞɟɹ ɷɬɨɣ ɫɯɟɦɵ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨɛɵ ɭɫɬɚɧɨɜɢɬɶ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɦɚɥɟɧɶɤɢɯ 
ɪɚɛɨɬ ɧɚ ɛɨɥɶɲɢɟ ɦɚɲɢɧɵ ɢ ɞɢɧɚɦɢɱɟɫɤɢ ɚɞɚɩɬɢɪɨɜɚɬɶ ɢɯ ɤ ɪɚɡɥɢɱɧɵɦ ɪɚɛɨɱɢɦ 
ɧɚɝɪɭɡɤɚɦ ɢ ɫɜɨɣɫɬɜɚɦ ɫɢɫɬɟɦɵ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɜɨɡɦɨɠɧɨɝɨ 
ɞɢɫɛɚɥɚɧɫɚ ɧɚɝɪɭɡɤɢ, ɤɨɝɞɚ ɦɚɲɢɧɵ ɫ ɛɨɥɶɲɢɦ ɱɢɫɥɨɦ ɩɪɨɰɟɫɫɨɪɨɜ ɦɨɝɭɬ 
ɜɵɩɨɥɧɹɬɶ ɪɚɛɨɬɵ ɫ ɧɟɛɨɥɶɲɢɦ ɩɚɪɚɥɥɟɥɢɡɦɨɦ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɜɵɧɭɠɞɟɧɧɨɦɭ 
ɨɠɢɞɚɧɢɸ ɜɵɩɨɥɧɟɧɢɹ ɩɚɪɚɥɥɟɥɶɧɵɯ ɪɚɛɨɬ. 

ɉɪɟɞɫɬɚɜɥɟɧɵ 3-ɯ-ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɣ ɢ 5-ɬɢ ɤɨɧɤɭɪɟɧɬɧɵɣ ɚɥɝɨɪɢɬɦɵ, 
ɧɚɡɜɚɧɧɵɟ MLBa PS ɢ MCTa PS ɞɥɹ ɫɥɭɱɚɹ, ɤɨɝɞɚ ɜɫɟ ɪɚɛɨɬɵ ɦɨɝɭɬ ɛɵɬɶ 
ɜɵɩɨɥɧɟɧɵ ɧɚ ɫɚɦɨɣ ɦɚɥɟɧɶɤɨɣ ɦɚɲɢɧɟ, ɢ ɩɪɟɞɫɬɚɜɥɟɧɵ 9-ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɣ ɢ 
11-ɤɨɧɤɭɪɟɧɬɧɵɣ ɚɥɝɨɪɢɬɦɵ ɞɥɹ ɨɛɳɟɝɨ ɫɥɭɱɚɹ. 

Ⱥɥɝɨɪɢɬɦɵ ɩɥɚɧɢɪɨɜɚɧɢɹ ɞɥɹ ɞɜɭɯɭɪɨɜɧɟɜɵɯ ɦɨɞɟɥɟɣ ȽɊɂȾ ɦɨɠɧɨ 
ɪɚɡɞɟɥɢɬɶ ɧɚ ɝɥɨɛɚɥɶɧɭɸ ɱɚɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɛɨɬ ɢ ɥɨɤɚɥɶɧɭɸ ɱɚɫɬɶ ɢɯ 
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ɩɥɚɧɢɪɨɜɚɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, MPS ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɞɜɭɯɷɬɚɩɧɚɹ ɫɬɪɚɬɟɝɢɹ 
ɩɥɚɧɢɪɨɜɚɧɢɹ: MPS = MPS_Alloc+PS. ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɤɚɠɞɚɹ ɪɚɛɨɬɚ ɧɚɡɧɚɱɚɟɬɫɹ 
ɧɚ ɩɨɞɯɨɞɹɳɭɸ ɦɚɲɢɧɭ, ɢɫɩɨɥɶɡɭɹ ɡɚɞɚɧɧɨɟ ɨɝɪɚɧɢɱɟɧɢɟ. ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ 
ɚɥɝɨɪɢɬɦ PS ɩɪɢɦɟɧɹɟɬɫɹ ɤ ɤɚɠɞɨɣ ɦɚɲɢɧɟ ɞɥɹ ɪɚɛɨɬ, ɧɚɡɧɚɱɟɧɧɵɯ ɧɚ 
ɩɪɟɞɵɞɭɳɟɦ ɷɬɚɩɟ. 

Ʌɟɝɤɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɤɨɧɤɭɪɟɧɬɧɵɣ ɮɚɤɬɨɪ ɚɥɝɨɪɢɬɦɚ MPS ɨɝɪɚɧɢɱɟɧ ɫɧɢɡɭ 
ɤɨɧɤɭɪɟɧɬɧɵɦ ɮɚɤɬɨɪɨɦ ɚɥɝɨɪɢɬɦɚ PS, ɭɱɢɬɵɜɚɹ ɜɵɪɨɠɞɟɧɧɭɸ ȽɊɂȾ, ɤɨɬɨɪɚɹ 
ɫɨɞɟɪɠɢɬ ɬɨɥɶɤɨ ɨɞɧɭ ɦɚɲɢɧɭ. Ʌɭɱɲɢɣ ɢɡ ɜɨɡɦɨɠɧɵɯ ɨɧɥɚɣɧ ɚɥɝɨɪɢɬɦɨɜ PS 
ɢɦɟɟɬ ɤɨɧɤɭɪɟɧɬɧɵɣ ɮɚɤɬɨɪ ʹ −  ͳ ݉, ɝɞɟ ݉ ɨɛɨɡɧɚɱɚɟɬ ɱɢɫɥɨ ɩɪɨɰɟɫɫɨɪɨɜ ɜ 
ɨɞɧɨɣ ɩɚɪɚɥɥɟɥɶɧɨɣ ɦɚɲɢɧɟ; ɫɦ. ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ Naroska ɢ Schwiegelshohn 
[Ɉɲɢɛɤɚ! ɂɫɬɨɱɧɢɤ ɫɫɵɥɤɢ ɧɟ ɧɚɣɞɟɧ.]. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɢɠɧɹɹ ɝɪɚɧɢɰɚ 
ɤɨɧɤɭɪɟɧɬɧɨɝɨ ɮɚɤɬɨɪɚ ɞɥɹ ɥɸɛɨɝɨ ɨɛɳɟɝɨ ɞɜɭɯɭɪɨɜɧɟɜɨɝɨ ɨɧɥɚɣɧ MPS 
ɪɚɫɩɢɫɚɧɢɹ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɦɟɧɟɟ ʹ −  ͳ ݉. 

ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɞɜɚ ɚɥɝɨɪɢɬɦɚ ɩɨɞ ɧɚɡɜɚɧɢɟɦ MLBa + PS ɢ MCTa + PS, 
ɝɞɟ ɧɟ ɜɫɟ ɦɚɲɢɧɵ ɞɨɩɭɫɬɢɦɵ ɞɥɹ ɞɚɧɧɨɣ ɪɚɛɨɬɵ, ɯɨɬɹ ɢ ɫɩɨɫɨɛɧɵ ɜɵɩɨɥɧɹɬɶ ɷɬɭ 
ɪɚɛɨɬɭ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɬɪɚɬɟɝɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɨɩɭɫɬɢɦɨɫɬɢ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɞɢɧɚɦɢɱɟɫɤɢ ɚɞɚɩɬɢɪɨɜɚɧ ɤ 
ɪɚɡɥɢɱɧɵɦ ɪɚɛɨɱɢɦ ɧɚɝɪɭɡɤɚɦ ɢ ɢɡɦɟɧɟɧɢɹɦ ɜ ɤɨɧɮɢɝɭɪɚɰɢɢ. Ⱦɥɹ ɷɬɨɝɨ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɪɚɛɨɱɭɸ ɧɚɝɪɭɡɤɭ ɡɚ ɨɩɪɟɞɟɥɟɧɧɵɣ ɩɪɨɦɟɠɭɬɨɤ 
ɜɪɟɦɟɧɢ, ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ. ȼɪɟɦɟɧɧɨɣ ɢɧɬɟɪɜɚɥ 
ɞɨɥɠɟɧ ɭɫɬɚɧɚɜɥɢɜɚɬɶɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɧɚɝɪɭɡɤɢ, ɞɢɧɚɦɢɤɨɣ 
ɟɟ ɢɡɦɟɧɟɧɢɹ ɢ ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɫɢɫɬɟɦɵ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɞɨɩɭɫɬɢɦɨɫɬɢ  <   ͳ ɩɚɪɚɦɟɬɪɢɡɭɟɬ ɞɨɩɭɫɬɢɦɨɫɬɶ ɦɚɲɢɧ, 
ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɛɨɬ. Ɉɛɪɚɬɢɬɟ ɜɧɢɦɚɧɢɟ, ɱɬɨ, ɩɨ ɤɪɚɣɧɟɣ 
ɦɟɪɟ, ɨɞɧɚ ɦɚɲɢɧɚ ɞɨɩɭɫɬɢɦɚ, ɬ. ɤ.   ɫɬɪɨɝɨ ɛɨɥɶɲɟ 0, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ   =  ͳ 
ɨɩɪɟɞɟɥɹɟɬ, ɱɬɨ ɜɫɟ ɞɨɫɬɭɩɧɵɟ ɦɚɲɢɧɵ ɞɨɩɭɫɬɢɦɵ. 

ɉɪɟɞɫɬɚɜɥɟɧɨ ɩɨɞɪɨɛɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɞɨɩɭɫɬɢɦɨɫɬɢ, ɜɤɥɸɱɟɧɧɨɝɨ ɜ ɩɨɥɢɬɢɤɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɛɨɬ, ɧɚ ɨɛɳɭɸ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ. 

Теорема 3.1. Ɉɮɮɥɚɣɧ-ɩɥɚɧɢɪɨɜɚɧɢɟ ɩɚɪɚɥɥɟɥɶɧɵɯ ɪɚɛɨɬ ɧɚ ȽɊИȾ ɫ 
ɢɞɟɧɬɢɱɧɵɦɢ ɩɪɨɰɟɫɫɨɪɚɦɢ ɩɨ ɚɥɝɨɪɢɬɦɭ MCTa + PS ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 
ɞɨɩɭɫɬɢɦɨɫɬɢ  <   ͳ ɨɛɥɚɞɚɟɬ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɦ ɮɚɤɬɨɪɨɦ 

  {  
  ͳ   ʹ , 𝑖    ݏ ,௟ݏ  ,௠ͳ  ʹ ሺͳ −  ሻ , 𝑖    ݏ ,௟ݏ  ,௠ , 

ɝɞɟ ͳ         ݉ ɹɜɥɹɸɬɫɹ ɩɚɪɚɦɟɬɪɚɦɢ, ɤɨɬɨɪɵɟ ɡɚɜɢɫɹɬ ɨɬ 
ɤɨɧɮɢɝɭɪɚɰɢɢ ɦɚɲɢɧɵ ɢ ɪɚɛɨɱɟɣ ɧɚɝɪɭɡɤɢ. 
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Теорема 3.2. Ɉɮɮɥɚɣɧ-ɩɥɚɧɢɪɨɜɚɧɢɟ ɩɚɪɚɥɥɟɥɶɧɵɯ ɪɚɛɨɬ ɧɚ ȽɊИȾ ɫ 

ɢɞɟɧɬɢɱɧɵɦɢ ɩɪɨɰɟɫɫɨɪɚɦɢ ɩɨ ɚɥɝɨɪɢɬɦɭ MLBa+PS ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 
ɞɨɩɭɫɬɢɦɨɫɬɢ  <   ͳ ɢɦɟɟɬ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɣ ɮɚɤɬɨɪ 

  {  
  ͳ   ʹ , 𝑖    ݏ ,௟ݏ  ,௠ͳ  ʹ ሺͳ −  ሻ , 𝑖    ݏ ,௟ݏ  ,௠ 

ɫ ɩɚɪɚɦɟɬɪɚɦɢ ͳ         ݉, ɤɨɬɨɪɵɟ ɡɚɜɢɫɹɬ ɨɬ ɤɨɧɮɢɝɭɪɚɰɢɢ ɦɚɲɢɧɵ 
ɢ ɧɚɝɪɭɡɤɢ. 

Теорема 3.3. Ɉɧɥɚɣɧ-ɩɥɚɧɢɪɨɜɚɧɢɟ ɩɚɪɚɥɥɟɥɶɧɵɯ ɪɚɛɨɬ ɧɚ ȽɊИȾ ɫ 
ɢɞɟɧɬɢɱɧɵɦɢ ɩɪɨɰɟɫɫɨɪɚɦɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɥɝɨɪɢɬɦɨɜ MCTa + PS ɢ MLBa + 
PS ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɞɨɩɭɫɬɢɦɨɫɬɢ  <   ͳ ɢɦɟɟɬ ɤɨɧɤɭɪɟɧɬɧɵɣ ɮɚɤɬɨɪ 

  {  
  ͵   ʹ , 𝑖    ݏ ,௟ݏ  ,௠͵  ʹ ሺͳ −  ሻ , 𝑖    ݏ ,௟ݏ  ,௠ , 

ɫ ɩɚɪɚɦɟɬɪɚɦɢ ͳ         ݉, ɤɨɬɨɪɵɟ ɡɚɜɢɫɹɬ ɨɬ ɤɨɧɮɢɝɭɪɚɰɢɢ ɦɚɲɢɧɵ 
ɢ ɧɚɝɪɭɡɤɢ. 

Теорема 3.4. ɉɥɚɧɢɪɨɜɚɧɢɟ ɩɚɪɚɥɥɟɥɶɧɵɯ ɪɚɛɨɬ ɧɚ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ 
ɫɢɫɬɟɦɚɯ ɫ ɢɞɟɧɬɢɱɧɵɦɢ ɩɪɨɰɟɫɫɨɪɚɦɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɥɝɨɪɢɬɦɨɜ MCTa +PS, 
MLBa +PS ɢ ɪɚɛɨɬ ɫ ɪɚɡɦɟɪɚɦɢ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ ɧɚ ɫɚɦɨɣ 
ɦɚɥɟɧɶɤɨɣ ɦɚɲɢɧɟ, ɢɦɟɟɬ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɣ ɮɚɤɬɨɪ 3 ɢ ɤɨɧɤɭɪɟɧɬɧɵɣ ɮɚɤɬɨɪ 
5. 

Ⱦɥɹ ɨɰɟɧɤɢ ɚɥɝɨɪɢɬɦɨɜ ɧɚ ɪɚɡɧɵɯ ɢɧɮɪɚɫɬɪɭɤɬɭɪɚɯ HPC ɩɪɨɜɟɞɟɧ ɢɯ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɚɧɚɥɢɡ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɛɨɱɢɯ ɧɚɝɪɭɡɨɤ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ 
ɪɟɚɥɶɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɬɪɚɫɫɚɯ ɢɡ ɚɪɯɢɜɨɜ ɩɚɪɚɥɥɟɥɶɧɵɯ ɪɚɛɨɱɢɯ ɧɚɝɪɭɡɨɤ 
(PWA) (Parallel Workload Archive) ɢ ɝɪɢɞ-ɪɚɛɨɱɢɯ ɧɚɝɪɭɡɨɤ GWA (Grid Workload 
Archive). 

Ɋɚɫɫɦɨɬɪɟɧɵ ɬɪɢ ɫɰɟɧɚɪɢɹ Ƚɪɢɞ. ȼ Grid1 ɢɫɩɨɥɶɡɭɸɬɫɹ 7 ɫɭɳɟɫɬɜɭɸɳɢɯ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɰɟɧɬɪɨɜ ɫ ɨɛɳɢɦ ɱɢɫɥɨɦ 4442 ɩɪɨɰɟɫɫɨɪɨɜ (KTH, SDSC-SP2, 
HPC2N, CTC, LANL, SDSC-BLUE, SDSC-DS) ɫ 100, 128, 240, 430, 1024, 1152 ɢ 
1368 ɩɪɨɰɟɫɫɨɪɚɦɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ȼ Grid2 ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ 9 ɰɟɧɬɪɨɜ, ɢɡ ɧɢɯ 5 ɰɟɧɬɪɨɜ Grid DAS, ɚ ɬɚɤɠɟ 
KTH, HP2CN, CTC ɢ LANL ɫ ɨɛɳɢɦ ɱɢɫɥɨɦ 2194 ɩɪɨɰɟɫɫɨɪɨɜ. Ɋɚɡɦɟɪɵ ɦɚɲɢɧ 
ɫɨɫɬɚɜɥɹɸɬ 64, 64, 64, 64, 100, 144, 240, 430 ɢ 1024. 

ȼ ɫɰɟɧɚɪɢɢ Grid3 ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɝɨɪɚɡɞɨ ɦɟɧɶɲɢɣ Ƚɪɢɞ ɢɡ 11 ɦɚɲɢɧ ɫ 
ɨɛɳɢɦ ɱɢɫɥɨɦ 136 ɩɪɨɰɟɫɫɨɪɨɜ. 
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ɉɪɨɜɟɞɟɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɨɰɟɧɤɚ ɞɜɭɯɷɬɚɩɧɵɯ ɫɬɪɚɬɟɝɢɣ ɩɥɚɧɢɪɨɜɚɧɢɹ 

MPS = MPS_Alloc + PS. Ɋɚɡɪɚɛɨɬɚɧɨ ɞɟɜɹɬɶ ɫɬɪɚɬɟɝɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ MPS_Alloc 
ɢ ɞɟɜɹɬɶ ɫɬɪɚɬɟɝɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫ ɞɨɩɭɫɬɢɦɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ, ɜɤɥɸɱɟɧɧɵɦ ɜ 
ɩɨɥɢɬɢɤɭ ɩɥɚɧɢɪɨɜɚɧɢɹ. ɉɪɟɞɫɬɚɜɥɟɧɨ ɩɨɞɪɨɛɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɟɝɨ ɜɥɢɹɧɢɹ, ɧɚ 
ɨɛɳɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ Ƚɪɢɞ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɤɪɢɬɟɪɢɟɜ, ɫɬɪɚɬɟɝɢɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫ ɞɨɩɭɫɬɢɦɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɩɪɟɜɨɫɯɨɞɹɬ ɚɥɝɨɪɢɬɦɵ, ɤɨɬɨɪɵɟ 
ɢɫɩɨɥɶɡɭɸɬ ɜɫɟ ɞɨɫɬɭɩɧɵɟ ɦɚɲɢɧɵ ɞɥɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɛɨɬ. Ɍɚɤɢɟ ɚɞɚɩɬɢɜɧɵɟ 
ɫɬɪɚɬɟɝɢɢ ɩɥɚɧɢɪɨɜɚɧɢɹ ɧɚɞɟɠɧɵ ɢ ɫɬɚɛɢɥɶɧɵ ɞɚɠɟ ɜ ɫɢɥɶɧɨ ɪɚɡɥɢɱɚɸɳɢɯɫɹ 
ɭɫɥɨɜɢɹɯ ɢ ɫɩɨɫɨɛɧɵ ɭɫɩɟɲɧɨ ɫɩɪɚɜɥɹɬɶɫɹ ɫ ɪɚɡɥɢɱɧɵɦɢ ɪɚɛɨɱɢɦɢ ɧɚɝɪɭɡɤɚɦɢ. 

 
ɑɟɬɜɟɪɬɚɹ ɝɥɚɜɚ ɩɨɫɜɹɳɟɧɚ ɡɚɞɚɱɟ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ, ɨɩɬɢɦɢɡɚɰɢɹ 

ɤɨɬɨɪɨɣ ɧɟ ɜɫɟɝɞɚ ɷɮɮɟɤɬɢɜɧɚ ɤɥɚɫɫɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɢɡ-ɡɚ ɪɚɡɧɨɨɛɪɚɡɢɹ 
ɪɟɚɥɶɧɵɯ ɩɚɪɚɥɥɟɥɶɧɵɯ ɢ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɩɥɚɬɮɨɪɦ ɢ/ɢɥɢ ɫɪɟɞ. 

Ⱥɞɚɩɬɢɜɧɵɟ ɚɥɝɨɪɢɬɦɢɱɟɫɤɢɟ ɫɯɟɦɵ, ɫɩɨɫɨɛɧɵɟ ɞɢɧɚɦɢɱɟɫɤɢ ɢɡɦɟɧɹɬɶ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɪɚɛɨɬ ɜɨ ɜɪɟɦɹ ɢɫɩɨɥɧɟɧɢɹ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨɜɟɞɟɧɢɹ 
ɝɥɨɛɚɥɶɧɨɣ ɫɢɫɬɟɦɵ, ɹɜɥɹɸɬɫɹ ɥɭɱɲɟɣ ɚɥɶɬɟɪɧɚɬɢɜɨɣ ɞɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ. 

ȼ ɝɥɚɜɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɥɚɧɢɪɨɜɚɧɢɟ ɧɟɤɥɚɢɪɜɨɹɧɬɧɵɯ (ɚɧɝɥ., non-
clairvoyant) ɩɚɪɚɥɥɟɥɶɧɵɯ ɪɚɛɨɬ ɫ ɢɡɜɟɫɬɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɪɟɫɭɪɫɚɦ, ɧɨ ɫ 
ɧɟɢɡɜɟɫɬɧɵɦ ɜɪɟɦɟɧɟɦ ɜɵɩɨɥɧɟɧɢɹ, ɮɨɤɭɫɢɪɭɹɫɶ ɧɚ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɩɟɪɢɨɞɨɜ 
ɩɪɨɫɬɨɹ (idle) ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ. 

Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɧɨɜɨɟ ɫɟɦɟɣɫɬɜɨ ɫɬɪɚɬɟɝɢɣ ɩɥɚɧɢɪɨɜɚɧɢɹ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ 
ɞɜɭɯ ɮɚɡɚɯ, ɤɨɬɨɪɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɱɟɬɚɸɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɢ ɩɚɪɚɥɥɟɥɶɧɨɟ 
ɜɵɩɨɥɧɟɧɢɟ ɪɚɛɨɬ. 

Ɉɛɨɛɳɚɸɬɫɹ ɢɡɜɟɫɬɧɵɟ ɩɪɟɞɟɥɶɧɵɟ ɝɪɚɧɢɰɵ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɜ 
ɧɚɢɯɭɞɲɟɦ ɫɥɭɱɚɟ (ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɣ ɮɚɤɬɨɪ), ɭɱɢɬɵɜɚɹ, ɩɨɦɢɦɨ ɱɢɫɥɚ 
ɩɪɨɰɟɫɫɨɪɨɜ ɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɤ ɩɪɨɰɟɫɫɨɪɭ, ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɜ 
ɥɢɬɟɪɚɬɭɪɟ, ɞɜɚ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɚɪɚɦɟɬɪɚ, ɚ ɢɦɟɧɧɨ: ɲɬɪɚɮ ɡɚ 
ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɟ ɪɚɛɨɬ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɨɫɬɨɹ. Ʉɪɨɦɟ ɬɨɝɨ, 
ɞɨɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɩɪɨɫɬɨɹ ɦɨɠɟɬ ɭɥɭɱɲɢɬɶ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɣ 
ɮɚɤɬɨɪ ɩɥɚɧɢɪɨɜɚɧɢɹ ɩɚɪɚɥɥɟɥɶɧɵɯ ɪɚɛɨɬ ɜ ɪɟɠɢɦɟ ɪɚɡɞɟɥɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɚ. 

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɤɨɦɩɪɨɦɢɫɫɚ ɦɟɠɞɭ ɫɥɨɠɧɨɫɬɶɸ ɪɟɚɥɶɧɵɯ ɩɚɪɚɥɥɟɥɶɧɵɯ 
ɫɢɫɬɟɦ ɢ ɠɟɥɚɟɦɨɣ ɩɪɨɫɬɨɬɨɣ ɢɯ ɦɨɞɟɥɟɣ ɞɥɹ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɢɡɭɱɟɧɢɹ 
ɪɚɫɫɦɨɬɪɟɧɚ ɦɨɞɟɥɶ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɲɬɪɚɮɧɨɦ ɮɚɤɬɨɪɟ. Ɍɚɤɚɹ 
ɦɨɞɟɥɶ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɪɟɚɥɶɧɵɯ ɩɥɚɧɢɪɨɜɳɢɤɚɯ. ɂɞɟɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨɛɵ 
ɞɨɛɚɜɢɬɶ ɤ ɜɪɟɦɟɧɢ ɢɞɟɚɥɶɧɨɝɨ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɜɵɩɨɥɧɟɧɢɹ ɧɚɤɥɚɞɧɵɟ ɪɚɫɯɨɞɵ, 
ɤɨɬɨɪɵɟ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɜɪɟɦɹ, ɩɨɬɟɪɹɧɧɨɟ ɧɚ ɤɨɦɦɭɧɢɤɚɰɢɸ, ɫɢɧɯɪɨɧɢɡɚɰɢɸ, 
ɩɪɟɪɵɜɚɧɢɹ ɢ ɥɸɛɵɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɮɚɤɬɨɪɵ, ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɚɸɬ ɩɪɢ 
ɭɩɪɚɜɥɟɧɢɢ ɩɚɪɚɥɥɟɥɶɧɵɦ ɜɵɩɨɥɧɟɧɢɟɦ. 
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ɒɬɪɚɮɧɨɣ ɮɚɤɬɨɪ ɧɟɹɜɧɨ ɭɱɢɬɵɜɚɟɬ ɧɟɤɨɬɨɪɵɟ ɮɚɤɬɨɪɵ ɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɪɢ 

ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɢ, ɤɨɝɞɚ ɨɧɢ ɧɟɢɡɜɟɫɬɧɵ ɢɥɢ ɢɯ ɨɱɟɧɶ ɫɥɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ 
ɮɨɪɦɚɥɶɧɨ. Ɉɧ ɫɤɪɵɜɚɟɬ ɪɟɚɥɶɧɵɟ ɩɪɢɪɨɞɭ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɥɨɠɟɧɢɹ ɢɥɢ 
ɩɚɪɚɦɟɬɪɵ ɤɨɦɩɶɸɬɟɪɚ, ɯɨɬɹ ɢ ɢɡɜɟɫɬɧɵɟ, ɧɨ ɫɥɢɲɤɨɦ ɫɥɨɠɧɵɟ ɞɥɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɮɨɪɦɚɥɶɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ ɩɥɚɧɢɪɨɜɚɧɢɹ. ȿɝɨ ɦɨɠɧɨ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɢɞɟɚɥɶɧɨɝɨ ɭɫɤɨɪɟɧɢɹ ɢɫɩɨɥɧɟɧɢɹ ɤ 
ɧɚɛɥɸɞɚɟɦɨɦɭ. 

ɒɬɪɚɮ ɡɚ ɜɵɩɨɥɧɟɧɢɟ ɨɞɧɨɣ ɪɚɛɨɬɵ ɢɥɢ ɜɫɟɣ ɪɚɛɨɱɟɣ ɧɚɝɪɭɡɤɢ ɬɚɤɠɟ 
ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɧɚ ɨɫɧɨɜɟ ɷɦɩɢɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ, 
ɪɚɫɱɟɬɨɜ, ɩɪɨɮɢɥɢɪɨɜɚɧɢɹ, ɨɰɟɧɤɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɫ ɩɨɦɨɳɶɸ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɢɡɦɟɪɟɧɢɹ, ɢɥɢ ɧɚ ɨɫɧɨɜɟ ɢɧɮɨɪɦɚɰɢɢ, ɩɪɟɞɨɫɬɚɜɥɟɧɧɨɣ 
ɩɨɥɶɡɨɜɚɬɟɥɟɦ. 

Ɋɚɫɫɦɨɬɪɟɧɵ ɧɟɫɤɨɥɶɤɨ ɤɚɱɟɫɬɜɟɧɧɵɯ ɦɨɞɟɥɟɣ ɲɬɪɚɮɚ ɤɚɤ ɮɭɧɤɰɢɢ ɨɬ 
ɱɢɫɥɚ ɩɪɨɰɟɫɫɨɪɨɜ, ɜɵɞɟɥɟɧɧɵɯ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɪɚɛɨɬɵ: ɤɨɧɫɬɚɧɬɧɚɹ, ɥɢɧɟɣɧɚɹ ɢ 
ɜɵɩɭɤɥɚɹ. ɗɬɨ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɤɥɚɫɫɵ ɩɪɢ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɢ 
ɪɟɚɥɶɧɵɯ ɩɪɢɥɨɠɟɧɢɣ. 

ɉɚɪɚɥɥɟɥɶɧɚɹ ɪɚɛɨɬɚ  ௜ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɬɪɨɣɤɨɣ  = {𝑝 ,   ,   ௜  }, ɚ ɢɦɟɧɧɨ: 
ɜɪɟɦɟɧɟɦ ɟɟ ɜɵɩɨɥɧɟɧɢɹ ɧɚ ɨɞɧɨɦ ɩɪɨɰɟɫɫɨɪɟ (ɫɭɦɦɚɪɧɵɣ ɨɛɴɟɦ ɪɚɛɨɬɵ), 
ɱɢɫɥɨɦ ɡɚɩɪɨɲɟɧɧɵɯ ɩɪɨɰɟɫɫɨɪɨɜ  ௜, ɚ ɬɚɤɠɟ ɲɬɪɚɮɧɵɦ ɮɚɤɬɨɪɨɦ ɡɚ ɟɟ 
ɩɚɪɚɥɥɟɥɶɧɨɟ ɜɵɩɨɥɧɟɧɢɟ ɧɚ  ௜ ɩɪɨɰɟɫɫɨɪɚɯ. ȼɪɟɦɹ ɟɟ ɩɚɪɚɥɥɟɥɶɧɨɝɨ 

ɜɵɩɨɥɧɟɧɢɹ 𝑝 ௜ =        .  

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ 𝑝 ௜  ɧɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ  ௜, ɩɨ ɤɪɚɣɧɟɣ 
ɦɟɪɟ, ɞɥɹ ɪɚɡɭɦɧɨɝɨ ɱɢɫɥɚ ɩɪɨɰɟɫɫɨɪɨɜ, ɢ 𝑝௜ = 𝑝 ௜ . ɉɭɫɬɶ 𝑝̅ =    1 ௜ ௡{𝑝௜}, 𝑝 ̅ =    1 ௜ ௡{𝑝 ௜ },  =    1 ௜ ௡{ ௜}, ɢ  ̅ =    1 ௜ ௡{ ௜}. 

ȼɵɱɢɫɥɹɹ ɭɫɤɨɪɟɧɢɟ 𝑆 ௜  ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɛɨɬɵ  ௜ ɧɚ   ɩɪɨɰɟɫɫɨɪɚɯ ɤɚɤ       , 
ɲɬɪɚɮ   ௜  ɭɱɢɬɵɜɚɟɬɫɹ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɢɞɟɚɥɶɧɨɝɨ ɭɫɤɨɪɟɧɢɹ ɤ ɮɚɤɬɢɱɟɫɤɨɦɭ   ௜ =  𝑆  . ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɲɬɪɚɮɧɨɣ ɮɚɤɬɨɪ ɪɚɛɨɬɵ  ௜ ɧɟ ɭɛɵɜɚɟɬ ɨɬ ɱɢɫɥɚ 

ɜɵɞɟɥɟɧɧɵɯ ɩɪɨɰɟɫɫɨɪɨɜ  :   ௜     1௜  ɞɥɹ ɥɸɛɨɝɨ ͳ   < ݉. ȿɫɥɢ ɪɚɛɨɬɚ 
ɧɚɡɧɚɱɟɧɚ ɧɚ ɨɞɢɧ ɩɪɨɰɟɫɫɨɪ, ɬɨ   ௜ = ͳ. 

ɉɭɫɬɶ  ̅ =    1 ௜ ௡{  ௜ } ɢ  =    1 ௜ ௡{  ௜ }. ɋɨɝɥɚɫɧɨ ɫɜɨɣɫɬɜɭ 
ɦɨɧɨɬɨɧɧɨɫɬɢ ɪɚɛɨɬ, ɧɚɡɧɚɱɟɧɢɟ ɪɚɛɨɬɟ ɛɨɥɶɲɟɝɨ ɱɢɫɥɚ ɩɪɨɰɟɫɫɨɪɨɜ ɭɦɟɧɶɲɚɟɬ 
ɜɪɟɦɹ ɟɟ ɜɵɩɨɥɧɟɧɢɹ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɞɨ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɩɨɪɨɝɚ, ɧɨ ɭɜɟɥɢɱɢɜɚɟɬ 
ɟɟ ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɩɥɨɳɚɞɶ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ  𝑝̅ ̅  𝑝̅ ̅ ̅   𝑝 ̅   𝑝̅  
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Ɋɚɫɫɦɨɬɪɟɧɨ ɜɥɢɹɧɢɟ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɨɫɬɨɟɜ ɧɚ ɨɛɳɟɟ ɩɥɚɧɢɪɨɜɚɧɢɟ ɧɚ 

ɨɫɧɨɜɟ ɞɜɭɯɷɬɚɩɧɨɣ ɫɬɪɚɬɟɝɢɢ. ɗɬɚ ɫɬɪɚɬɟɝɢɹ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ 
ɮɚɡ. ɇɚ ɩɟɪɜɨɣ ɮɚɡɟ, ɤɨɝɞɚ ɱɢɫɥɨ ɪɚɛɨɬ ɜɟɥɢɤɨ, ɜ ɫɬɪɚɬɟɝɢɢ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ 
ɩɪɨɰɟɫɫɨɪɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɛɟɡ ɩɪɨɫɬɨɟɜ ɢ ɤɨɦɦɭɧɢɤɚɰɢɣ. Ʉɨɝɞɚ ɞɨɫɬɚɬɨɱɧɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɬ ɜɵɩɨɥɧɟɧɨ, ɫɬɪɚɬɟɝɢɹ ɩɟɪɟɯɨɞɢɬ ɜɨ ɜɬɨɪɭɸ ɮɚɡɭ ɫ 
ɦɧɨɝɨɩɪɨɰɟɫɫɨɪɧɵɦ ɢɫɩɨɥɧɟɧɢɟɦ. ɉɪɢ ɚɧɚɥɢɡɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɧɚ ɩɟɪɜɨɣ 
ɮɚɡɟ ɤɚɠɞɵɣ ɩɪɨɰɟɫɫɨɪ ɜɵɩɨɥɧɹɟɬ ɨɞɧɭ ɪɚɛɨɬɭ, ɤɚɠɞɚɹ ɪɚɛɨɬɚ ɡɚɤɪɟɩɥɟɧɚ ɡɚ 
ɨɞɧɢɦ ɩɪɨɰɟɫɫɨɪɨɦ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɝɪɭɡɤɚ ɩɪɨɰɟɫɫɨɪɨɜ ɪɚɜɧɚ 1, ɚ ɪɚɫɩɢɫɚɧɢɟ 
ɹɜɥɹɟɬɫɹ ɨɩɬɢɦɚɥɶɧɵɦ. ɇɟɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɹɜɥɹɟɬɫɹ, ɤɨɝɞɚ ɨɫɬɚɟɬɫɹ ɦɟɧɟɟ ݉ 
ɪɚɛɨɬ. 

Ⱦɨɤɚɡɚɧɚ ɫɥɟɞɭɸɳɚɹ ɬɟɨɪɟɦɚ ɞɥɹ ɫɥɭɱɚɹ, ɤɨɝɞɚ ɧɚ ɜɬɨɪɨɣ ɮɚɡɟ (ɩɨɥɢɬɢɤɚ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ͳ −݉) ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɫɩɟɰɢɚɥɶɧɵɣ ɬɢɩ ɪɚɫɩɢɫɚɧɢɹ, ɧɚɡɵɜɚɟɦɵɣ 
ɝɪɭɩɩɨɜɵɦ ɪɚɫɩɢɫɚɧɢɟɦ (gang scheduling). 

Теорема 4.1. Ⱦɥɹ ɡɚɞɚɧɧɨɝɨ ɧɚɛɨɪɚ ɢɡ ݊ ɧɟɡɚɜɢɫɢɦɵɯ ɪɚɛɨɬ, ɤɚɠɞɚɹ ɢɡ 
ɤɨɬɨɪɵɯ ɢɦɟɟɬ ɲɬɪɚɮɧɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɬ   ɞɨ  ̅, ɧɚɡɧɚɱɟɧɧɵɯ ɧɚ ɨɞɢɧ ɢ/ɢɥɢ ɧɚ ݉ ɩɪɨɰɟɫɫɨɪɨɜ, ɝɚɪɚɧɬɢɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɞɜɭɯɮɚɡɧɨɣ ɫɬɪɚɬɟɝɢɢ ɫ 
ɪɟɝɭɥɢɪɨɜɤɨɣ ɩɪɨɫɬɨɟɜ ɩɨ ɩɚɪɚɦɟɬɪɭ   ɦɨɝɭɬ ɛɵɬɶ ɨɰɟɧɟɧɵ ɤɚɤ:   ∗ = ݉  {  ∗1,   ∗ } ɢ  ∗ = ݉  { ∗1,  ∗ }, ɝɞɟ   ∗1  1 ቀͳ  𝑎 1௠ ቁ,   ∗   ̅ ቀͳ − 𝑎௠ቁ  𝑎 ௠,  ∗1  ͳ  𝑎 1௠ , ɢ  ∗   ̅ ቀͳ − 𝑎௠ቁ  𝑎௠. 

Ʉɪɨɦɟ ɬɨɝɨ,   ∗1 ɢ  ∗1 ɞɨɫɬɢɠɢɦɵ ɜ ɫɥɭɱɚɟ ݉  𝑎 ̅ 1 ̅ 1  ɢ  ∗  ɞɨɫɬɢɠɢɦɵ ɜ 

ɫɥɭɱɚɟ ݉  𝑎 ̅ 1 ̅ 1 . 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɝɚɪɚɧɬɢɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ (ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɣ ɮɚɤɬɨɪ) 
ɥɸɛɨɝɨ ɫɩɢɫɨɱɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɞɥɹ ɩɥɚɧɢɪɨɜɚɧɢɹ ɧɟɡɚɜɢɫɢɦɵɯ ɩɚɪɚɥɥɟɥɶɧɵɯ 
ɠɟɫɬɤɢɯ ɪɚɛɨɬ ɨɝɪɚɧɢɱɟɧɵ ɤɚɤ:   ∗   ௠  ̅௠  ̅ 1 ɢ  ∗  1௠  ̅ 1ቆ ̅݉    (݉ −  ̅)ቇ 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɚɹ ɝɚɪɚɧɬɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɥɸɛɨɝɨ ɫɩɢɫɨɱɧɨɝɨ 
ɚɥɝɨɪɢɬɦɚ ɩɥɚɧɢɪɨɜɚɧɢɹ ɧɟɡɚɜɢɫɢɦɵɯ ɩɚɪɚɥɥɟɥɶɧɵɯ ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɪɚɛɨɬ 

ɨɝɪɚɧɢɱɟɧɚ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:  ∗   ̅  ௠  ̅௠  ̅ 1. 
Теорема 4.2. (ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɚɹ ɤɨɧɤɭɪɟɧɬɧɨɫɬɶ - Sequential competitivity). 

Ⱦɥɹ ɡɚɞɚɧɧɨɝɨ ɧɚɛɨɪɚ ɢɡ ݊ ɧɟɡɚɜɢɫɢɦɵɯ ɩɚɪɚɥɥɟɥɶɧɵɯ ɪɚɛɨɬ ɫ ɢɡɦɟɧɟɧɢɟɦ 
ɲɬɪɚɮɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨɬ   ɞɨ  ̅, ɧɚɡɧɚɱɟɧɧɵɯ ɧɚ ɮɢɤɫɢɪɨɜɚɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɩɪɨɰɟɫɫɨɪɨɜ ɨɬ   ɞɨ  ̅, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɣ ɮɚɤɬɨɪ 
ɞɜɭɯɮɚɡɧɨɣ ɫɬɪɚɬɟɝɢɢ ɦɨɠɟɬ ɛɵɬɶ ɨɰɟɧɟɧ ɤɚɤ: 
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  ∗ = ݉  { ∗1,  ∗ }, ɫ  ∗1  ͳ  𝑎 1௠  ɢ  ∗  𝑎௠  1௠  ̅ 1ቆ ሺ݉ −  ሻ    (݉ −  ̅)ቇ 

Теорема 4.3. (ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɚɹ ɤɨɧɤɭɪɟɧɬɧɨɫɬɶ) ɞɥɹ ɫɦɟɫɢ ɪɚɛɨɬ). Ⱦɥɹ 
ɡɚɞɚɧɧɨɝɨ ɧɚɛɨɪɚ ݊ ɧɟɡɚɜɢɫɢɦɵɯ ɩɚɪɚɥɥɟɥɶɧɵɯ ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɪɚɛɨɬ ɫ 
ɜɚɪɢɚɰɢɹɦɢ ɲɬɪɚɮɧɵɯ ɮɚɤɬɨɪɨɜ ɨɬ 1 ɞɨ  ̅, ɧɚɡɧɚɱɟɧɧɵɯ ɧɚ ɮɢɤɫɢɪɨɜɚɧɧɨɟ ɱɢɫɥɨ 
ɩɪɨɰɟɫɫɨɪɨɜ, ɨɬ 1 ɞɨ  ̅, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɣ ɮɚɤɬɨɪ 
ɞɜɭɯɮɚɡɧɨɣ ɫɬɪɚɬɟɝɢɢ ɦɨɠɟɬ ɛɵɬɶ ɨɰɟɧɟɧ ɤɚɤ:  ∗   ̅  ௠  ̅௠  ̅ 1−  ቀ  ̅௠  ̅ 1− 1௠ቁ. 

Теорема 4.4. Ⱦɥɹ ɡɚɞɚɧɧɨɝɨ ɧɚɛɨɪɚ ɢɡ ݊ ɧɟɡɚɜɢɫɢɦɵɯ ɩɚɪɚɥɥɟɥɶɧɵɯ ɪɚɛɨɬ, 
ɧɚɡɧɚɱɟɧɧɵɯ ɧɚ ɮɢɤɫɢɪɨɜɚɧɧɨɟ ɱɢɫɥɨ ɩɪɨɰɟɫɫɨɪɨɜ ɨɬ   ɞɨ  ̅, ɫ ɦɢɧɢɦɚɥɶɧɵɦ 
ɲɬɪɚɮɧɵɦ ɮɚɤɬɨɪɨɦ  , ɩɚɪɚɥɥɟɥɶɧɵɣ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɣ ɮɚɤɬɨɪ ɞɜɭɯɮɚɡɧɨɣ 
ɫɬɪɚɬɟɝɢɢ ɦɨɠɟɬ ɛɵɬɶ ɨɰɟɧɟɧ ɤɚɤ:   ∗ = ݉  { ∗1,  ∗ }, ɫ   ∗1  ͳ  𝑎 1௠  ɢ   ∗   ௠  ̅௠  ̅ 1−  ቀ  ̅௠  ̅ 1 − 1௠ቁ. 

Теорема 4.5. Кɨɧɤɭɪɟɧɬɧɨɫɬɶ ɞɥɹ ɫɦɟɫɢ ɪɚɛɨɬ. Ⱦɥɹ ɡɚɞɚɧɧɨɝɨ ɧɚɛɨɪɚ ɢɡ ݊ 
ɧɟɡɚɜɢɫɢɦɵɯ ɩɚɪɚɥɥɟɥɶɧɵɯ ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɪɚɛɨɬ, ɧɚɡɧɚɱɟɧɧɵɯ ɧɚ 
ɮɢɤɫɢɪɨɜɚɧɧɨɟ ɱɢɫɥɨ ɩɪɨɰɟɫɫɨɪɨɜ ɨɬ 1 ɞɨ  ̅, ɩɚɪɚɥɥɟɥɶɧɵɣ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɣ 
ɮɚɤɬɨɪ ɞɜɭɯɮɚɡɧɨɣ ɫɬɪɚɬɟɝɢɢ ɦɨɠɟɬ ɛɵɬɶ ɨɰɟɧɟɧ ɤɚɤ:   ∗   ௠  ̅௠  ̅ 1−  ቀ 1௠  ̅ 1− 1௠ቁ. 

ɉɪɢ ɬɚɤɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɩɪɨɫɬɨɹ ɫɭɳɟɫɬɜɭɟɬ ɤɨɦɩɪɨɦɢɫɫ ɦɟɠɞɭ ɛɨɥɟɟ 
ɪɚɧɧɢɦ ɧɚɱɚɥɨɦ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ, ɤɨɝɞɚ   ɦɚɥɨ (ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɟɬɫɹ ɛɨɥɶɲɟ ɪɚɛɨɬ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɶɲɢɦ ɧɚɤɥɚɞɧɵɦ ɪɚɫɯɨɞɚɦ 
ɧɚ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɟ), ɢ ɡɚɞɟɪɠɤɨɣ ɢɯ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ, ɤɨɝɞɚ   ɛɨɥɶɲɨɟ (ɱɬɨ 
ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɛɨɥɶɲɟ ɩɪɨɰɟɫɫɨɪɨɜ ɨɫɬɚɸɬɫɹ ɛɟɡ ɪɚɛɨɬɵ), ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ 
ɧɟ ɛɭɞɟɬ ɞɨɫɬɭɩɧɨ ɦɟɧɶɲɟɟ ɱɢɫɥɨ ɪɚɛɨɬ. ɗɬɚ ɫɯɟɦɚ ɛɚɥɚɧɫɢɪɭɟɬ ɩɨɬɪɟɛɧɨɫɬɢ 
ɩɨɥɶɡɨɜɚɬɟɥɹ (ɪɚɛɨɬ) ɫ ɩɨɬɪɟɛɧɨɫɬɹɦɢ ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɢɫɬɟɦɵ. 

 
ȼ ɩɹɬɨɣ ɝɥɚɜɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɩɪɨɛɥɟɦɵ ɩɥɚɧɢɪɨɜɚɧɢɹ 

ɜɢɪɬɭɚɥɢɡɢɪɨɜɚɧɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɪɟɫɭɪɫɨɜ, ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɯ ɩɨɥɶɡɨɜɚɬɟɥɹɦ 
ɱɟɪɟɡ ɂɧɬɟɪɧɟɬ ɜ ɮɨɪɦɟ ɨɛɥɚɱɧɨɝɨ ɫɟɪɜɢɫɚ (Infrastructure as a Service - IaaS). ȼ 
ɬɢɩɢɱɧɨɦ ɫɰɟɧɚɪɢɢ IaaS ɩɨɫɬɚɜɳɢɤ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɩɪɟɞɥɚɝɚɟɬ ɫɜɨɢ ɪɟɫɭɪɫɵ ɩɨ 
ɬɪɟɛɨɜɚɧɢɸ ɢ ɫ ɪɚɡɥɢɱɧɵɦɢ ɭɪɨɜɧɹɦɢ ɫɟɪɜɢɫɚ ɫɜɨɢɦ ɤɥɢɟɧɬɚɦ. ɗɬɢ ɭɪɨɜɧɢ 
ɫɟɪɜɢɫɚ ɜ ɨɫɧɨɜɧɨɦ ɨɬɥɢɱɚɸɬɫɹ ɤɨɥɢɱɟɫɬɜɨɦ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɦɨɳɧɨɫɬɢ, ɤɨɬɨɪɨɟ 
ɡɚɤɚɡɱɢɤ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨ ɩɨɥɭɱɢɬ ɜ ɬɟɱɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɩɟɪɢɨɞɚ ɜɪɟɦɟɧɢ. 

Ⱦɥɹ ɮɨɪɦɚɥɢɡɚɰɢɢ ɭɪɨɜɧɹ ɫɟɪɜɢɫɚ ɜɜɨɞɢɬɫɹ ɫɥɚɤ-ɮɚɤɬɨɪ ɢ ɰɟɧɚ ɡɚ ɟɞɢɧɢɰɭ 
ɜɪɟɦɟɧɢ ɨɛɪɚɛɨɬɤɢ. ȿɫɥɢ ɩɪɨɜɚɣɞɟɪ ɩɪɢɧɢɦɚɟɬ ɪɚɛɨɬɭ, ɨɧɚ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨ 
ɜɵɩɨɥɧɹɟɬɫɹ ɤ ɭɫɬɚɧɨɜɥɟɧɧɨɦɭ ɞɢɪɟɤɬɢɜɧɨɦɭ ɫɪɨɤɭ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 
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ɜɪɟɦɹ ɟɟ ɩɨɞɚɱɢ ɩɥɸɫ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ, ɭɦɧɨɠɟɧɧɨɟ ɧɚ ɫɥɚɤ-ɮɚɤɬɨɪ ɡɚɞɚɧɧɨɝɨ 
ɭɪɨɜɧɹ ɨɛɫɥɭɠɢɜɚɧɢɹ. ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɪɚɛɨɬɚ ɛɵɥɚ ɩɨɥɭɱɟɧɚ, ɩɪɨɜɚɣɞɟɪ ɞɨɥɠɟɧ 
ɧɟɦɟɞɥɟɧɧɨ ɪɟɲɢɬɶ, ɩɪɢɧɢɦɚɟɬ ɥɢ ɨɧ ɷɬɭ ɪɚɛɨɬɭ ɢɥɢ ɨɬɤɚɡɵɜɚɟɬɫɹ ɨɬ ɧɟɟ. 

ɉɪɟɞɥɚɝɚɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɚɥɝɨɪɢɬɦɵ ɢ ɩɪɢɜɨɞɢɬɫɹ ɤɨɧɤɭɪɟɧɬɧɵɣ ɚɧɚɥɢɡ 
ɞɥɹ ɨɛɫɭɠɞɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɫɰɟɧɚɪɢɟɜ ɞɥɹ ɞɚɧɧɨɣ ɦɨɞɟɥɢ. ɗɬɢ ɫɰɟɧɚɪɢɢ 
ɨɛɴɟɞɢɧɹɸɬ ɮɢɤɫɢɪɨɜɚɧɧɵɟ ɭɪɨɜɧɢ ɨɛɫɥɭɠɢɜɚɧɢɹ ɫ ɨɞɧɨɣ ɢɥɢ ɧɟɫɤɨɥɶɤɢɦɢ 
ɦɚɲɢɧɚɦɢ. Ⱦɟɦɨɧɫɬɪɢɪɭɟɬɫɹ, ɤɚɤ ɦɨɠɧɨ ɞɨɫɬɢɝɧɭɬɶ ɥɭɱɲɟɝɨ ɤɨɧɤɭɪɟɧɬɧɨɝɨ 
ɮɚɤɬɨɪɚ. 

ɍɪɨɜɟɧɶ ɨɛɫɥɭɠɢɜɚɧɢɹ 𝑆௜ ɫɜɹɡɚɧ ɫɨ ɫɥɚɤ-ɮɚɤɬɨɪɨɦ  ௜  ͳ ɢ ɰɟɧɨɣ ɟɞɢɧɢɰɵ 
ɜɪɟɦɟɧɢ ɨɛɪɚɛɨɬɤɢ  ௜. ɉɨɫɤɨɥɶɤɭ ɪɚɛɨɬɵ ɩɨɫɬɭɩɚɸɬ ɫɨ ɜɪɟɦɟɧɟɦ (ݎ௝,௢௡௟௜௡𝑒), ɜɪɟɦɹ 
ɨɛɪɚɛɨɬɤɢ 𝑝௝ ɢ ɡɚɩɪɚɲɢɜɚɟɦɵɣ ɭɪɨɜɟɧɶ ɨɛɫɥɭɠɢɜɚɧɢɹ 𝑆௜ ɪɚɛɨɬɵ  ௝ ɫɬɚɧɨɜɹɬɫɹ 
ɢɡɜɟɫɬɧɵ ɬɨɥɶɤɨ ɜ ɦɨɦɟɧɬ ɟɟ ɩɨɫɬɭɩɥɟɧɢɹ ݎ௝   . Ɋɚɛɨɬɚ  ௝ ɢɦɟɟɬ ɤɪɚɣɧɢɣ ɫɪɨɤ 
ɜɵɩɨɥɧɟɧɢɹ  ௝ = ௝ݎ   ௜  𝑝௝, ɤɨɬɨɪɵɣ ɡɚɜɢɫɢɬ ɨɬ ɫɥɚɤ-ɮɚɤɬɨɪɚ ɢɥɢ ɫɬɪɟɣɱ-ɮɚɤɬɨɪɚ  ௜ ɭɪɨɜɧɹ ɨɛɫɥɭɠɢɜɚɧɢɹ 𝑆௜. 

ɉɪɢɧɹɬɚɹ ɪɚɛɨɬɚ ɫ  ௜ ɛɭɞɟɬ ɩɨɥɭɱɚɬɶ ɜ ɫɪɟɞɧɟɦ ɧɟ ɦɟɧɟɟ ͳ  ௜ ɪɟɫɭɪɫɨɜ 
ɦɚɲɢɧɵ ɜ ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟɧɢ ɨɬ ɩɨɫɬɭɩɥɟɧɢɹ ɞɨ ɡɚɜɟɪɲɟɧɢɹ ɪɚɛɨɬɵ. ɑɬɨɛɵ 
ɫɨɯɪɚɧɢɬɶ ɪɚɧɟɟ ɩɪɟɞɨɫɬɚɜɥɟɧɧɵɟ ɝɚɪɚɧɬɢɢ ɭɪɨɜɧɹ ɨɛɫɥɭɠɢɜɚɧɢɹ, ɪɚɛɨɬɚ  ௝ 
ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɚ ɬɨɥɶɤɨ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɫɭɳɟɫɬɜɭɟɬ ɬɚɤɨɟ ɪɚɫɩɢɫɚɧɢɟ, ɱɬɨ 
ɧɢ  ௝, ɧɢ ɤɚɤɚɹ-ɥɢɛɨ ɪɚɧɟɟ ɩɪɢɧɹɬɚɹ ɪɚɛɨɬɚ ɧɟ ɜɵɯɨɞɹɬ ɡɚ ɩɪɟɞɟɥɵ ɫɜɨɢɯ ɫɪɨɤɨɜ, 
ɬ.ɟ. ɞɥɹ ɜɫɟɯ ɩɪɢɧɹɬɵɯ ɪɚɛɨɬ  ௝ ɜɵɩɨɥɧɹɟɬɫɹ 𝐶௜   ௜, ɩɪɢ ɷɬɨɦ 𝐶௜ – ɷɬɨ ɜɪɟɦɹ 
ɨɤɨɧɱɚɧɢɹ ɪɚɛɨɬɵ  ௝. 

ɐɟɥɟɜɚɹ ɮɭɧɤɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɮɭɧɤɰɢɸ ɩɨɫɬɚɜɳɢɤɚ 
ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ, ɤɨɬɨɪɵɣ ɯɨɱɟɬ ɦɚɤɫɢɦɢɡɢɪɨɜɚɬɶ ɫɜɨɣ ɨɛɳɢɣ ɞɨɯɨɞ. Ɋɚɛɨɬɚ  ௜ ɫ 
ɭɪɨɜɧɟɦ ɨɛɫɥɭɠɢɜɚɧɢɹ 𝑆௜ ɝɟɧɟɪɢɪɭɟɬ ɞɨɯɨɞ 𝑣௝ =  ௝  𝑝௝   ௜. Ⱦɜɨɢɱɧɚɹ ɩɟɪɟɦɟɧɧɚɹ  ௝  { , ͳ} ɨɛɨɡɧɚɱɚɟɬ, ɩɪɢɧɢɦɚɟɬɫɹ ɥɢ ɪɚɛɨɬɚ  ௝ ሺ ௝ = ͳሻ ɢɥɢ ɧɟɬ ሺ ௝ =  ሻ. 

ɂɫɩɨɥɶɡɭɹ ɨɛɨɡɧɚɱɟɧɢɟ ɬɪɟɯ ɩɨɥɟɣ, ɩɪɨɛɥɟɦɚ ɨɩɢɫɵɜɚɟɬɫɹ ɥɢɛɨ ɤɚɤ ͳ|𝑝݉ݎ𝑝, ,𝑝݉ݎ௝,௢௡௟௜௡𝑒, 𝑆௜|∑𝑣௝ ɥɢɛɨ ɤɚɤ 𝑃௠|𝑝ݎ  ௝,௢௡௟௜௡𝑒, 𝑆௜|∑𝑣௝ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬݎ
ɜɵɛɪɚɧɧɨɣ ɦɨɞɟɥɢ ɦɚɲɢɧɵ. ɉɪɨɛɥɟɦɚ ɬɪɟɛɭɟɬ ɦɚɤɫɢɦɢɡɚɰɢɢ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ. 

Ⱦɥɹ SSL-SM, ɭɫɬɚɧɨɜɥɟɧɚ ɜɟɪɯɧɹɹ ɝɪɚɧɢɰɚ ɞɥɹ ɤɨɧɤɭɪɟɧɬɧɨɝɨ ɮɚɤɬɨɪɚ. 
Теорема 5.1. 𝑐𝑉  ͳ − ቀͳ −  ೘ ೙ ೘𝑎𝑥ቁ  1 𝐼 ɫɩɪɚɜɟɞɥɢɜɨ ɞɥɹ SSL-SM ɫ ɫɟɪɜɢɫɧɵɦ 

ɭɪɨɜɧɟɦ 𝑆𝐼. 
Ⱦɥɹ SSL-SM, ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɨɫɬɨɣ ɚɥɝɨɪɢɬɦ, ɤɨɬɨɪɵɣ ɧɚɡɵɜɚɟɬɫɹ ɠɚɞɧɵɦ 

ɩɪɢɧɹɬɢɟɦ. ɗɬɨɬ ɚɥɝɨɪɢɬɦ ɩɪɢɧɢɦɚɟɬ ɤɚɠɞɭɸ ɧɨɜɭɸ ɪɚɛɨɬɭ, ɟɫɥɢ ɷɬɚ ɪɚɛɨɬɚ ɢ 
ɜɫɟ ɪɚɧɟɟ ɩɪɢɧɹɬɵɟ ɪɚɛɨɬɵ ɦɨɝɭɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ ɜɨɜɪɟɦɹ. 

Теорема 5.2. Жɚɞɧɨɟ ɩɪɢɧɹɬɢɟ ɢɦɟɟɬ ɤɨɧɤɭɪɟɧɬɧɵɣ ɮɚɤɬɨɪ ͳ − 1 𝐼 ɞɥɹ SSL-

SM ɫ ɭɪɨɜɧɟɦ ɨɛɫɥɭɠɢɜɚɧɢɹ 𝑆𝐼. 
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Теорема 5.3. cV  ͳ − 1fI ɫɩɪɚɜɟɞɥɢɜɨ ɞɥɹ SSL-PM ɫ ɭɪɨɜɧɟɦ ɨɛɫɥɭɠɢɜɚɧɢɹ SI, ɟɫɥɢ ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɫɚɦɵɦ ɛɨɥɶɲɢɦ ɢ ɧɚɢɦɟɧɶɲɢɦ ɜɪɟɦɟɧɟɦ ɨɛɪɚɛɨɬɤɢ 
ɪɚɛɨɬɵ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɢɡɜɨɥɶɧɨ ɛɨɥɶɲɨɣ. 

Теорема 5.4. cV  fI1 fI ሺ1 pౣi౤pౣaxሻ ɫɩɪɚɜɟɞɥɢɜɨ ɞɥɹ SSL-PM ɫ ɭɪɨɜɧɟɦ 

ɨɛɫɥɭɠɢɜɚɧɢɹ SI ɢ ɫɥɚɤ-ɮɚɤɬɨɪɨɦ fI < pౣaxpౣi౤ 

Теорема 5.5. Жɚɞɧɨɟ ɩɪɢɧɹɬɢɟ ɢɦɟɟɬ ɤɨɧɤɭɪɟɧɬɧɵɣ ɮɚɤɬɨɪ ͳ − 1 𝐼 ɞɥɹ SSL-

PM ɫ ɫɟɪɜɢɫɧɵɦ ɭɪɨɜɧɟɦ 𝑆𝐼. 
Теорема 5.6. cV     { pౣi౤pౣaxሺfI 1ሻ , fI 1 pౣi౤pౣaxfI 1 uIuII } ɫɩɪɚɜɟɞɥɢɜɨ ɞɥɹ MSL-SM ɫ ɞɜɭɦɹ 

ɭɪɨɜɧɹɦɢ ɨɛɫɥɭɠɢɜɚɧɢɹ SI ɢ SII ɢ fII < ʹ. 
Теорема 5.7. Жɚɞɧɵɣ ɚɥɝɨɪɢɬɦ ɩɪɢɧɹɬɢɹ ɢɦɟɟɬ ɤɨɧɤɭɪɟɧɬɧɵɣ ɮɚɤɬɨɪ 𝑢𝐼𝐼𝑢𝐼 ቀͳ − 1 𝐼ቁ ɞɥɹ MSL-SM ɫ ɭɪɨɜɧɹɦɢ ɨɛɫɥɭɠɢɜɚɧɢɹ 𝑆𝐼 ɢ 𝑆𝐼𝐼. 
Ɋɚɫɫɦɨɬɪɟɧ ɚɥɝɨɪɢɬɦ ɩɨɞ ɧɚɡɜɚɧɢɟɦ ɨɝɪɚɧɢɱɟɧɧɨɟ ɩɪɢɧɹɬɢɟ ɞɥɹ MSL-SM. 

ɗɬɨɬ ɚɥɝɨɪɢɬɦ ɢɫɩɨɥɶɡɭɟɬ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɧɹɬɢɹ  𝐼𝐼  ͳ ɢ ɩɪɢɧɢɦɚɟɬ ɪɚɛɨɬɭ  ௝ ɫ 
ɭɪɨɜɧɟɦ ɨɛɫɥɭɠɢɜɚɧɢɹ 𝑆𝐼𝐼 ɬɨɥɶɤɨ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ  ௜ − 𝐶௜   𝐼𝐼  𝑝௜ ɞɥɹ ɜɫɟɯ 
ɪɚɛɨɬ  ௜ ɫ ɭɪɨɜɧɟɦ ɨɛɫɥɭɠɢɜɚɧɢɹ 𝑆𝐼𝐼 ɢ  ௜   ௝. Ɂɞɟɫɶ 𝐶௜ ɨɛɨɡɧɚɱɚɟɬ ɜɪɟɦɹ 
ɡɚɜɟɪɲɟɧɢɹ ɪɚɛɨɬɵ  ௜ ɜ EDD-ɪɚɫɩɢɫɚɧɢɢ ɫ ɩɪɟɪɵɜɚɧɢɹɦɢ ɩɨɫɥɟ ɩɪɢɧɹɬɢɹ ɪɚɛɨɬɵ  ௜. 

Теорема 5.8. Ɉɝɪɚɧɢɱɟɧɧɨɟ ɩɪɢɧɹɬɢɟ ɢɦɟɟɬ ɤɨɧɤɭɪɟɧɬɧɵɣ ɮɚɤɬɨɪ ݉𝑖݊ {ℎ𝐼𝐼 1 𝐼𝐼 ,  𝐼 1 𝐼 − ℎ𝐼𝐼 𝐼𝐼  ቀͳ − 𝑢𝐼𝐼𝑢𝐼 ቁ} ɞɥɹ MSL-SM ɫ ɭɪɨɜɧɹɦɢ ɨɛɫɥɭɠɢɜɚɧɢɹ 𝑆𝐼 ɢ 𝑆𝐼𝐼, ɢ  𝐼𝐼 <  𝐼𝐼  ቀͳ − 1 𝐼ቁ. 

Ɋɚɫɫɦɨɬɪɟɧ ɫɰɟɧɚɪɢɣ MSL-PM ɫ ɪɚɡɥɢɱɧɵɦɢ ɭɪɨɜɧɹɦɢ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ 
ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɦɚɲɢɧɚɦɢ. MSL-PM ɛɥɢɡɤɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟɚɥɶɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ 
ɫɬɚɧɞɚɪɬɨɜ IaaS, ɤɨɬɨɪɵɟ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɫɩɨɥɶɡɭɸɬ ɦɧɨɠɟɫɬɜɨ ɦɚɲɢɧ ɞɥɹ 
ɩɨɞɞɟɪɠɤɢ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ. ɑɬɨɛɵ ɷɮɮɟɤɬɢɜɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɨɥɶɲɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɦɚɲɢɧ, ɩɨɫɬɚɜɳɢɤ IaaS ɧɭɠɞɚɟɬɫɹ ɜɨ ɦɧɨɝɢɯ ɧɟɡɚɜɢɫɢɦɵɯ ɤɥɢɟɧɬɚɯ. 
Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɝɢɛɤɨɫɬɢ ɩɪɟɞɥɚɝɚɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɭɪɨɜɧɢ ɨɛɫɥɭɠɢɜɚɧɢɹ. 

Теорема 5.9. Жɚɞɧɨɟ ɩɪɢɧɹɬɢɟ ɢɦɟɟɬ ɤɨɧɤɭɪɟɧɬɧɵɣ ɮɚɤɬɨɪ 𝑢𝐼𝐼𝑢𝐼 ቀͳ − 1 𝐼ቁ ɞɥɹ 

MSL-PM ɫ ɭɪɨɜɧɹɦɢ ɨɛɫɥɭɠɢɜɚɧɢɹ 𝑆𝐼 ɢ 𝑆𝐼𝐼. 
ɇɟɤɨɬɨɪɵɦ ɦɚɲɢɧɚɦ ɦɨɠɧɨ ɞɚɬɶ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɩɪɢɨɪɢɬɟɬ ɜ 

ɨɛɫɥɭɠɢɜɚɧɢɢ, ɱɬɨɛɵ ɩɨɥɭɱɢɬɶ ɥɭɱɲɢɣ ɪɟɡɭɥɶɬɚɬ. Ɍɨɱɧɟɟ, ɪɚɛɨɬɵ ɫ ɭɪɨɜɧɟɦ 
ɨɛɫɥɭɠɢɜɚɧɢɹ SI ɦɨɝɭɬ ɛɵɬɶ ɪɚɫɩɪɟɞɟɥɟɧɵ ɧɚ ɤɚɠɞɭɸ ɦɚɲɢɧɭ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ 
ɪɚɛɨɬɵ ɫ ɭɪɨɜɧɟɦ ɨɛɫɥɭɠɢɜɚɧɢɹ SII ɦɨɝɭɬ ɛɵɬɶ ɪɚɫɩɪɟɞɟɥɟɧɵ ɬɨɥɶɤɨ ɧɚ 
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ɧɟɤɨɬɨɪɵɟ ɦɚɲɢɧɵ, ɬ.ɟ. ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɝɪɚɧɢɱɟɧɢɹ ɞɨɩɭɫɬɢɦɨɫɬɢ ɞɥɹ ɦɚɲɢɧ ɫ 
ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ ɢɟɪɚɪɯɢɱɟɫɤɨɣ ɬɨɩɨɥɨɝɢɟɣ ɫɟɪɜɟɪɚ ɢɥɢ ɭɪɨɜɧɟɦ ɨɛɫɥɭɠɢɜɚɧɢɹ. 
ɗɬɨɬ ɚɥɝɨɪɢɬɦ ɢɫɩɨɥɶɡɭɟɬ ɞɨɩɭɫɬɢɦɨɟ ɩɪɢɧɹɬɢɟ. Ⱥɧɚɥɨɝɢɱɧɵɣ ɩɨɞɯɨɞ ɬɚɤɠɟ 
ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɜ ɤɨɧɬɟɤɫɬɟ ɩɥɚɧɢɪɨɜɚɧɢɹ ɩɚɪɚɥɥɟɥɶɧɵɯ ɪɚɛɨɬ ɜ ȽɊɂȾ [17]. 

Теорема 5.10. Ⱦɨɩɭɫɬɢɦɨɟ ɩɪɢɧɹɬɢɟ ɢɦɟɟɬ ɤɨɧɤɭɪɟɧɬɧɵɣ ɮɚɤɬɨɪ 1  𝑓𝐼𝐼1    𝑓𝐼𝐼   𝑓𝐼 𝑢𝐼𝐼𝑢𝐼
 ɞɥɹ MSL-PM ɫ ɭɪɨɜɧɹɦɢ ɫɟɪɜɢɫɨɜ 𝑆𝐼 ɢ 𝑆𝐼𝐼. 

Ʉɨɧɤɭɪɟɧɬɧɵɣ ɮɚɤɬɨɪ ɞɨɩɭɫɬɢɦɨɝɨ ɩɪɢɧɹɬɢɹ ɛɨɥɶɲɟ, ɱɟɦ ɤɨɧɤɭɪɟɧɬɧɵɣ 
ɮɚɤɬɨɪ ɨɛɵɱɧɨɝɨ ɠɚɞɧɨɝɨ ɩɪɢɧɹɬɢɹ. 

 
ɒɟɫɬɚɹ ɝɥɚɜɚ ɪɚɫɫɦɚɬɪɢɜɚɟɬ ɦɨɞɢɮɢɤɚɰɢɸ ɦɨɞɟɥɢ IaaS, 

ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɧɭɸ ɜ ɝɥɚɜɟ 5. ȼ ɨɬɥɢɱɢɟ ɨɬ ɩɪɟɞɵɞɭɳɟɣ ɝɥɚɜɵ, ɝɞɟ ɪɚɫɫɦɨɬɪɟɧɵ 
ɫɰɟɧɚɪɢɢ ɫ ɨɞɧɢɦ ɢɥɢ ɞɜɭɦɹ ɭɪɨɜɧɹɦɢ ɨɛɫɥɭɠɢɜɚɧɢɹ, ɡɞɟɫɶ ɚɧɚɥɢɡɢɪɭɸɬɫɹ ɛɨɥɟɟ 
ɪɟɚɥɢɫɬɢɱɧɵɟ ɫɰɟɧɚɪɢɢ, ɝɞɟ ɞɥɹ ɤɥɢɟɧɬɨɜ ɩɪɟɞɨɫɬɚɜɥɹɸɬɫɹ ɧɟɫɤɨɥɶɤɨ ɭɪɨɜɧɟɣ 
ɨɛɫɥɭɠɢɜɚɧɢɹ 𝑆 = [𝑆 1, 𝑆  ,  , 𝑆 ௟ ,  , 𝑆  ], ɚ ɬɚɤɠɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ 
ɞɜɭɯɤɪɢɬɟɪɢɚɥɶɧɚɹ ɨɩɬɢɦɢɡɚɰɢɹ: ɭɜɟɥɢɱɟɧɢɟ ɞɨɯɨɞɚ ɩɪɨɜɚɣɞɟɪɚ ɢ ɫɧɢɠɟɧɢɟ 
ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ. 

Ⱦɥɹ ɞɚɧɧɨɝɨ 𝑆 ௟ ɪɚɛɨɬɚ  ௝ ɬɪɟɛɭɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ݏ௝௟, ɤɨɬɨɪɚɹ 
ɝɚɪɚɧɬɢɪɭɟɬɫɹ ɩɪɟɞɨɫɬɚɜɥɟɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɜɢɪɬɭɚɥɶɧɨɣ ɦɚɲɢɧɵ, ɢ 
ɜɡɢɦɚɟɬɫɹ ɫɬɨɢɦɨɫɬɶ  ௝௟ ɡɚ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɬɪɟɛɭɟɦɨɣ ɫɪɨɱɧɨɫɬɢ. Ʉɚɠɞɚɹ ɪɚɛɨɬɚ  ௝ ɨɩɢɫɵɜɚɟɬɫɹ ɤɨɪɬɟɠɟɦ (ݎ௝ ,  ௝ ,  ௝ , 𝑆 ௝௟), 
ɫɨɞɟɪɠɚɳɢɦ ɜɪɟɦɹ ɜɵɩɭɫɤɚ ݎ௝, ɨɛɴɟɦ ɪɚɛɨɬɵ  ௝, ɨɩɢɫɵɜɚɸɳɢɣ ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ 
ɧɚɝɪɭɡɤɭ, ɤɨɬɨɪɚɹ ɞɨɥɠɧɚ ɛɵɬɶ ɜɵɩɨɥɧɟɧɚ ɞɨ ɬɪɟɛɭɟɦɨɝɨ ɜɪɟɦɟɧɢ ɨɬɜɟɬɚ, 
ɞɢɪɟɤɬɢɜɧɵɣ ɫɪɨɤ ɜɵɩɨɥɧɟɧɢɹ  ௝ ɢ ɭɪɨɜɟɧɶ ɨɛɫɥɭɠɢɜɚɧɢɹ 𝑆 ௝௟  𝑆 . 

ɏɨɬɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɭɪɨɜɧɟɣ ɩɪɢɜɨɞɢɬ ɤ ɜɵɫɨɤɨɣ ɝɢɛɤɨɫɬɢ ɞɥɹ 
ɤɥɢɟɧɬɨɜ, ɨɧɨ ɬɚɤɠɟ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɵɦ ɧɚɤɥɚɞɧɵɦ ɪɚɫɯɨɞɚɦ ɧɚ 
ɩɥɚɧɢɪɨɜɚɧɢɟ. ȼ ɝɥɚɜɟ ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɩɨɢɫɤɚ ɩɨɞɯɨɞɹɳɟɝɨ ɤɨɦɩɪɨɦɢɫɫɚ. 

Ɋɚɫɫɦɨɬɪɟɧɵ ɝɟɬɟɪɨɝɟɧɧɵɟ ɦɚɲɢɧɵ  = [ 1,   ,    ,  ௠], ɤɚɠɞɚɹ ɢɡ 
ɤɨɬɨɪɵɯ ɨɩɢɫɵɜɚɟɬɫɹ ɤɨɪɬɟɠɟɦ ሺݏ௜ , 𝑒  ௜ሻ, ɭɤɚɡɵɜɚɸɳɢɦ ɟɟ ɨɬɧɨɫɢɬɟɥɶɧɭɸ 
ɫɤɨɪɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ݏ௜ ɢ ɟɟ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɶ 𝑒  ௜. 

ɂɫɩɨɥɶɡɭɟɬɫɹ ɞɜɭɯɭɪɨɜɧɟɜɵɣ ɩɨɞɯɨɞ ɤ ɩɥɚɧɢɪɨɜɚɧɢɸ. ɇɚ ɜɟɪɯɧɟɦ ɭɪɨɜɧɟ 
ɫɢɫɬɟɦɚ ɩɪɨɜɟɪɹɟɬ, ɦɨɠɟɬ ɥɢ ɪɚɛɨɬɚ ɛɵɬɶ ɩɪɢɧɹɬɚ ɢɥɢ ɧɟɬ, ɢɫɩɨɥɶɡɭɹ ɩɨɥɢɬɢɤɭ 
ɩɪɢɧɹɬɢɹ Greedy. ȿɫɥɢ ɪɚɛɨɬɚ ɩɪɢɧɹɬɚ, ɬɨ ɫɢɫɬɟɦɚ ɜɵɛɢɪɚɟɬ ɦɚɲɢɧɭ ɢɡ ɧɚɛɨɪɚ 
ɞɨɩɭɫɬɢɦɵɯ ɦɚɲɢɧ ɞɥɹ ɟɟ ɜɵɩɨɥɧɟɧɢɹ ɧɚ ɧɢɠɧɟɦ ɭɪɨɜɧɟ. 

ɉɪɟɞɥɨɠɟɧɵ ɜɨɫɟɦɶ ɫɬɪɚɬɟɝɢɣ ɩɥɚɧɢɪɨɜɚɧɢɹ. Ɉɧɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɬɢɩɨɦ ɢ 
ɨɛɴɟɦɨɦ ɢɧɮɨɪɦɚɰɢɢ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɞɥɹ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ ɢ ɞɟɥɹɬɫɹ ɧɚ ɬɪɢ 
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ɝɪɭɩɩɵ: i) ɛɟɡ ɡɧɚɧɢɣ ɨ ɫɢɫɬɟɦɟ, ɛɟɡ ɢɧɮɨɪɦɚɰɢɢ ɨ ɪɚɛɨɬɚɯ ɢ ɪɟɫɭɪɫɚɯ; ii) ɫ 
ɢɧɮɨɪɦɚɰɢɟɣ ɨɛ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɢ; iii) ɫ ɢɧɮɨɪɦɚɰɢɟɣ ɨ ɫɤɨɪɨɫɬɢ ɦɚɲɢɧ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɚɧɚɥɢɡ ɩɪɨɜɟɞɟɧ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɛɨɬ HPC, 
ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɚɪɯɢɜɚ ɩɚɪɚɥɥɟɥɶɧɵɯ ɪɚɛɨɱɢɯ ɧɚɝɪɭɡɨɤ (PWA) ɢ ɚɪɯɢɜɚ ɪɚɛɨɱɢɯ 
ɧɚɝɪɭɡɨɤ Grid (GWA). ɗɬɢ ɬɪɚɫɫɵ ɹɜɥɹɸɬɫɹ ɥɨɝɚɦɢ ɪɟɚɥɶɧɵɯ ɩɚɪɚɥɥɟɥɶɧɵɯ 
ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɢɫɬɟɦ ɢ ɞɚɸɬ ɯɨɪɨɲɟɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɬɨɦ, ɤɚɤ ɩɪɟɞɥɚɝɚɟɦɵɟ 
ɫɯɟɦɵ ɛɭɞɭɬ ɪɚɛɨɬɚɬɶ ɫ ɪɟɚɥɶɧɵɦɢ ɩɨɥɶɡɨɜɚɬɟɥɹɦɢ. 

ɉɪɨɜɟɞɟɧ ɫɨɜɦɟɫɬɧɵɣ ɚɧɚɥɢɡ ɞɜɭɯ ɤɪɢɬɟɪɢɟɜ ɫɧɚɱɚɥɚ ɧɚ ɨɫɧɨɜɟ ɭɯɭɞɲɟɧɢɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɤɚɠɞɨɣ ɫɬɪɚɬɟɝɢɢ ɩɨ ɤɚɠɞɨɣ ɦɟɬɪɢɤɟ; ɡɚɬɟɦ ɧɚ ɨɫɧɨɜɟ 
ɉɚɪɟɬɨ-ɮɪɨɧɬɚ. 

ɉɪɟɞɥɨɠɟɧɚ ɫɬɪɚɬɟɝɢɹ, ɤɨɬɨɪɚɹ ɩɪɟɜɨɫɯɨɞɢɬ ɞɪɭɝɢɟ ɚɥɝɨɪɢɬɦɵ. Ɉɧɚ 
ɞɨɦɢɧɢɪɭɟɬ ɩɨɱɬɢ ɜɨ ɜɫɟɯ ɬɟɫɬɚɯ. ɋɬɪɚɬɟɝɢɹ ɫɬɚɛɢɥɶɧɚ ɞɚɠɟ ɜ ɡɧɚɱɢɬɟɥɶɧɨ 
ɨɬɥɢɱɚɸɳɢɯɫɹ ɭɫɥɨɜɢɹɯ. Ɉɧɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɫɩɪɚɜɥɹɟɬɫɹ ɫ ɪɚɡɥɢɱɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ. Ɉɧɚ ɢɫɩɨɥɶɡɭɟɬ 
ɦɢɧɢɦɚɥɶɧɭɸ ɢɧɮɨɪɦɚɰɢɸ, ɱɬɨ ɜɚɠɧɨ ɜ ɧɟɫɬɚɰɢɨɧɚɪɧɨɣ ɫɪɟɞɟ, ɢ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɟɛɨɥɶɲɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɥɨɠɧɨɫɬɶɸ; ɬɟɦ ɧɟ ɦɟɧɟɟ, 
ɞɨɫɬɢɝɚɟɬ ɯɨɪɨɲɟɝɨ ɭɥɭɱɲɟɧɢɹ ɤɪɢɬɟɪɢɟɜ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɝɚɪɚɧɬɢɢ ɤɚɱɟɫɬɜɚ 
ɨɛɫɥɭɠɢɜɚɧɢɹ. 

 
ȼ ɫɟɞɶɦɨɣ ɝɥɚɜɟ ɮɨɪɦɭɥɢɪɭɸɬɫɹ ɢ ɢɫɫɥɟɞɭɸɬɫɹ ɩɪɨɛɥɟɦɵ ɩɥɚɧɢɪɨɜɚɧɢɹ, 

ɫɜɹɡɚɧɧɵɟ ɫ ɨɛɥɚɱɧɵɦɢ ɫɢɫɬɟɦɚɦɢ VoIP. Ɉɧɢ ɭɱɢɬɵɜɚɸɬ ɞɢɧɚɦɢɱɟɫɤɭɸ 
ɧɚɝɪɭɡɤɭ, ɜɚɪɢɚɬɢɜɧɨɫɬɶ ɜɪɟɦɟɧɢ ɡɚɩɭɫɤɚ VM, ɫɜɨɣɫɬɜɚ ɪɚɛɨɬ, ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ, 
ɧɚɥɢɱɢɹ ɞɪɭɝɢɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɫɨɜɦɟɫɬɧɨ ɢɫɩɨɥɶɡɭɸɬ ɫɟɪɜɢɫ, ɢ ɬ. ɞ. 

ȼɜɟɞɟɧɚ CVoIP ɢɧɮɪɚɫɬɪɭɤɬɭɪɚ, ɤɨɬɨɪɚɹ ɫɨɫɬɨɢɬ ɢɡ ݉ ɪɚɡɧɨɪɨɞɧɵɯ 
ɤɥɚɫɬɟɪɨɜ ɭɡɥɨɜ ɫɜɹɡɢ ɫ ɪɚɡɥɢɱɧɵɦɢ ɫɤɨɪɨɫɬɹɦɢ ɨɛɪɚɛɨɬɤɢ ɜɵɡɨɜɨɜ. Ʉɚɠɞɵɣ ɭɡɟɥ 
ɡɚɩɭɫɤɚɟɬ ɜɢɪɬɭɚɥɶɧɵɟ ɦɚɲɢɧɵ, ɤɨɬɨɪɵɟ ɨɩɢɫɵɜɚɸɬɫɹ ɧɚɱɚɥɨɦ ɚɪɟɧɞɵ, 
ɜɪɟɦɟɧɟɦ ɢɯ ɪɚɡɜɟɪɬɵɜɚɧɢɹ, ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ. 

Ɋɚɛɨɱɚɹ ɧɚɝɪɭɡɤɚ ɫɨɫɬɨɢɬ ɢɡ ɧɟɡɚɜɢɫɢɦɵɯ ɜɵɡɨɜɨɜ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɛɵɬɶ 
ɫɩɥɚɧɢɪɨɜɚɧɵ ɧɚ ɦɧɨɠɟɫɬɜɟ ɭɡɥɨɜ. ȼɵɡɨɜ ɨɩɢɫɵɜɚɟɬɫɹ ɤɨɪɬɟɠɟɦ, ɤɨɬɨɪɵɣ 
ɫɨɫɬɨɢɬ ɢɡ ɜɪɟɦɟɧɢ ɟɝɨ ɧɚɱɚɥɚ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɢ ɜɤɥɚɞɚ ɜ ɡɚɝɪɭɡɤɭ 
ɩɪɨɰɟɫɫɨɪɚ ɢɡ-ɡɚ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɤɨɞɟɤɚ ɢ ɬɢɩɚ (ɝɨɥɨɫɨɜɨɣ ɩɨɱɬɵ, ɜɢɞɟɨ/ɚɭɞɢɨ 
ɤɨɧɮɟɪɟɧɰɢɣ, ɢɧɬɟɪɚɤɬɢɜɧɵɯ ɬɟɥɟɮɨɧɧɵɯ ɦɟɧɸ, ɩɟɪɟɞɚɱɢ ɢɡɨɛɪɚɠɟɧɢɣ ɢ ɬɟɤɫɬɚ, 
ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɵɡɨɜɨɜ ɢ ɬ. ɞ.). ȼɪɟɦɹ ɩɨɹɜɥɟɧɢɹ ɜɵɡɨɜɚ ɧɟɞɨɫɬɭɩɧɨ ɞɨ ɟɝɨ 
ɧɚɱɚɥɚ, ɚ ɟɝɨ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɧɟɢɡɜɟɫɬɧɚ ɞɨ ɡɚɜɟɪɲɟɧɢɹ ɜɵɡɨɜɚ. 

ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ ɨɩɢɫɚɧɧɵɦ ɜɵɲɟ ɩɚɪɚɦɟɬɪɚɦ VM ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 
ɡɚɝɪɭɠɟɧɧɨɫɬɶɸ (ɭɬɢɥɢɡɚɰɢɟɣ) ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ  , ɤɨɬɨɪɚɹ ɡɚɜɢɫɢɬ ɨɬ 
ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɤɨɞɟɤɚ, ɬɢɩɚ ɜɵɡɨɜɚ, ɞɪɭɝɢɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 
ɦɨɳɧɨɫɬɢ VM. Ʉɚɠɞɵɣ ɤɨɞɟɤ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɨɩɪɟɞɟɥɟɧɧɨɟ ɤɚɱɟɫɬɜɨ ɝɨɥɨɫɚ 
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ɬɨɥɶɤɨ ɩɪɢ ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɨɣ ɡɚɝɪɭɡɤɟ ɩɪɨɰɟɫɫɨɪɚ. Ɍɟɨɪɟɬɢɱɟɫɤɢ, ɡɚɝɪɭɡɤɚ 
ɩɪɨɰɟɫɫɨɪɚ ɧɚ 100% ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɢɥɭɱɲɭɸ ɨɠɢɞɚɟɦɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ. 
Ɉɞɧɚɤɨ ɩɪɢ ɡɚɝɪɭɡɤɟ ɭɠɟ ɞɨ 85% ɩɪɨɰɟɫɫɨɪ ɧɟ ɫɩɪɚɜɥɹɟɬɫɹ ɫ ɧɚɝɪɭɡɤɨɣ, 
ɩɨɹɜɥɹɸɬɫɹ ɞɪɨɠɚɧɢɟ ɢ ɪɚɡɪɵɜɵ ɡɜɭɤɚ. 

ȼɜɟɞɟɧɚ ɦɨɞɟɥɶ ɫɬɨɢɦɨɫɬɢ ɤɚɤ ɮɭɧɤɰɢɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɱɢɫɥɚ ɚɪɟɧɞɭɟɦɵɯ 
VM, ɢ ɜɪɟɦɟɧɢ ɢɯ ɚɪɟɧɞɵ. Ⱥ ɬɚɤɠɟ ɮɭɧɤɰɢɹ ɫɧɢɠɟɧɢɹ ɤɚɱɟɫɬɜɚ ɫɟɪɜɢɫɚ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɚɝɪɭɠɟɧɧɨɫɬɢ VM. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɤɪɢɬɟɪɢɣ 
ɤɚɱɟɫɬɜɚ, ɫɜɹɡɚɧɧɵɣ ɫ ɱɢɫɥɨɦ ɡɜɨɧɤɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɪɟɠɢɦɟ ɨɠɢɞɚɧɢɹ (on hold). 

ɋɮɨɪɦɭɥɢɪɨɜɚɧɧɚɹ ɡɚɞɚɱɚ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ 
ɞɢɧɚɦɢɱɟɫɤɨɣ ɭɩɚɤɨɜɤɢ ɜ ɤɨɧɬɟɣɧɟɪɵ. Ʉɨɧɬɟɣɧɟɪɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 
ɜɢɪɬɭɚɥɶɧɵɟ ɦɚɲɢɧɵ, ɚ ɜɵɫɨɬɚ ɷɥɟɦɟɧɬɨɜ ɨɩɪɟɞɟɥɹɟɬ ɜɤɥɚɞ ɜɵɡɨɜɚ ɜ ɡɚɝɪɭɡɤɭ 
ɜɢɪɬɭɚɥɶɧɨɣ ɦɚɲɢɧɵ. ɉɥɚɧɢɪɨɜɳɢɤ ɡɧɚɟɬ ɬɨɥɶɤɨ ɜɤɥɚɞ ɜɵɡɨɜɚ ɜ ɡɚɝɪɭɡɤɭ VM. 
ȼɫɟ ɪɟɲɟɧɢɹ ɩɪɢɧɢɦɚɸɬɫɹ ɛɟɡ ɢɧɮɨɪɦɚɰɢɢ ɨ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɜɵɡɨɜɚ, 
ɫɤɨɪɨɫɬɢ ɩɨɫɬɭɩɥɟɧɢɹ ɜɵɡɨɜɨɜ ɢ ɬ. ɞ. 

ɉɪɢɧɰɢɩɢɚɥɶɧɨɣ ɧɨɜɢɡɧɨɣ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɹɜɥɹɟɬɫɹ ɜɪɟɦɟɧɧɨɟ 
ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɷɥɟɦɟɧɬɨɜ (ɜɵɡɨɜɨɜ) ɜ ɭɩɚɤɨɜɤɟ ɤɨɧɬɟɣɧɟɪɚ. ȼ ɨɬɥɢɱɢɟ ɨɬ 
ɫɬɚɧɞɚɪɬɧɨɣ ɮɨɪɦɭɥɢɪɨɜɤɢ, ɤɨɧɬɟɣɧɟɪɵ ɜɫɟɝɞɚ ɨɬɤɪɵɬɵ ɢ ɞɢɧɚɦɢɱɧɵ, ɞɚɠɟ ɟɫɥɢ 
ɨɧɢ ɩɨɥɧɨɫɬɶɸ ɡɚɩɨɥɧɟɧɵ. ɗɥɟɦɟɧɬɵ ɜ ɤɨɧɬɟɣɧɟɪɚɯ ɦɨɝɭɬ ɛɵɬɶ ɭɞɚɥɟɧɵ 
(ɡɚɜɟɪɲɟɧɢɟ ɜɵɡɨɜɚ), ɚ ɭɬɢɥɢɡɚɰɢɹ VM ɦɨɠɟɬ ɛɵɬɶ ɭɦɟɧɶɲɟɧɚ ɜ ɥɸɛɨɣ ɦɨɦɟɧɬ 
ɜɪɟɦɟɧɢ, ɬɨɝɞɚ VM ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɜɨɛɨɞɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɞɥɹ ɨɛɪɚɛɨɬɤɢ 
ɧɨɜɵɯ ɜɵɡɨɜɨɜ. 

Ⱦɥɹ ɚɞɚɩɬɚɰɢɢ ɤ ɪɚɡɧɨɨɛɪɚɡɧɵɦ ɝɟɬɟɪɨɝɟɧɧɵɦ ɫɪɟɞɚɦ ɢ ɜɵɡɨɜɚɦ 
ɪɚɡɪɚɛɨɬɚɧɵ ɬɪɢ ɧɚɫɬɪɚɢɜɚɟɦɵɯ ɩɚɪɚɦɟɬɪɚ: Utilization Threshold (UT) ɩɨɪɨɝ 
ɭɬɢɥɢɡɚɰɢɢ, ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɤɨɬɨɪɨɝɨ, ɩɪɨɰɟɫɫɨɪ ɧɟ ɦɨɠɟɬ ɫɩɪɚɜɢɬɶɫɹ ɫ 
ɨɛɪɚɛɨɬɤɨɣ ɡɜɨɧɤɨɜ ɢ ɦɨɝɭɬ ɩɨɹɜɢɬɶɫɹ ɞɠɢɬɬɟɪɵ ɢ ɩɪɟɪɵɜɢɫɬɵɣ ɡɜɭɤ. ɉɨɪɨɝ 
ɚɪɟɧɞɵ (RT) – ɷɬɨ ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ, ɨɫɬɚɜɲɢɣɫɹ ɞɨ ɨɤɨɧɱɚɧɢɹ ɩɟɪɢɨɞɚ ɚɪɟɧɞɵ 
VM. Ɉɧ ɩɨɡɜɨɥɹɟɬ ɢɡɛɟɠɚɬɶ ɫɢɬɭɚɰɢɢ, ɤɨɝɞɚ ɜɵɡɨɜ ɩɨɫɬɭɩɚɟɬ ɧɟɡɚɞɨɥɝɨ ɞɨ 
ɨɤɨɧɱɚɧɢɹ ɜɪɟɦɟɧɢ ɚɪɟɧɞɵ ɢ ɡɚɜɟɪɲɚɟɬɫɹ ɩɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɩɟɪɢɨɞɚ ɚɪɟɧɞɵ, ɱɬɨ 
ɩɪɢɜɨɞɢɬ ɤ ɩɪɨɞɨɥɠɟɧɢɸ ɚɪɟɧɞɵ VM ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɨɩɥɚɬɨɣ ɟɳɟ ɧɚ ɨɞɢɧ ɱɚɫ, 
ɯɨɬɹ ɞɪɭɝɢɟ VM ɫɜɨɛɨɞɧɵ. Иɧɬɟɪɜɚɥ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ (PI - Prediction interval) — 
ɷɬɨ ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ, ɧɚ ɤɨɬɨɪɵɣ ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ. ɉɪɟɞɢɤɬɨɪ 
ɜɵɩɨɥɧɹɟɬ ɨɰɟɧɤɭ ɭɬɢɥɢɡɚɰɢɢ ɧɚ ɤɚɠɞɨɦ ɜɪɟɦɟɧɧɨɦ ɲɚɝɟ (TS – Time Step). 
Ɇɟɧɶɲɢɣ TS ɨɛɟɫɩɟɱɢɜɚɟɬ ɥɭɱɲɟɟ ɩɪɟɞɫɤɚɡɚɧɢɟ, ɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɧɚɤɥɚɞɧɵɟ 
ɪɚɫɯɨɞɵ ɫɢɫɬɟɦɵ. ɇɚɨɛɨɪɨɬ, ɛɨɥɶɲɢɣ TS ɭɦɟɧɶɲɚɟɬ ɧɚɤɥɚɞɧɵɟ ɪɚɫɯɨɞɵ ɫɢɫɬɟɦɵ, 
ɧɨ ɫɧɢɠɚɟɬ ɬɨɱɧɨɫɬɶ ɩɪɟɞɫɤɚɡɚɧɢɹ. 

ɉɚɪɚɦɟɬɪɵ ɦɨɝɭɬ ɛɵɬɶ ɧɚɫɬɪɨɟɧɵ ɢ ɞɢɧɚɦɢɱɟɫɤɢ ɚɞɚɩɬɢɪɨɜɚɧɵ ɤ 
ɪɚɡɥɢɱɧɵɦ ɩɪɟɞɩɨɱɬɟɧɢɹɦ, ɪɚɛɨɱɢɦ ɧɚɝɪɭɡɤɚɦ ɢ ɫɜɨɣɫɬɜɚɦ ɨɛɥɚɤɚ. 

Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɧɚ ɪɟɚɥɶɧɵɯ ɞɚɧɧɵɯ ɤɨɦɩɚɧɢɢ MiXvoip 
(Ʌɸɤɫɟɦɛɭɪɝ) ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɪɟɞɥɨɠɟɧɧɵɟ ɚɥɝɨɪɢɬɦɵ ɫ ɦɟɬɨɞɚɦɢ 
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ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɧɚɝɪɭɡɤɢ ɩɪɟɜɨɫɯɨɞɹɬ ɢɡɜɟɫɬɧɵɟ ɫɬɪɚɬɟɝɢɢ, ɨɛɟɫɩɟɱɢɜɚɹ 
ɜɵɫɨɤɨɟ ɤɚɱɟɫɬɜɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɛɨɥɟɟ ɧɢɡɤɭɸ ɫɬɨɢɦɨɫɬɶ ɢ ɦɨɝɭɬ ɛɵɬɶ 
ɷɮɮɟɤɬɢɜɧɨ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɨɛɥɚɱɧɨɣ ɫɪɟɞɟ VoIP. 

 
ɁȺɄɅɘɑȿɇɂȿ 

 
 
Ɋɚɛɨɬɚ ɧɨɫɢɬ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ. ɉɨɥɭɱɟɧɧɵɟ ɜ ɧɟɣ ɪɟɡɭɥɶɬɚɬɵ 

ɩɨɡɜɨɥɹɸɬ ɢɡɭɱɢɬɶ ɪɚɡɥɢɱɧɵɟ ɚɫɩɟɤɬɵ ɩɥɚɧɢɪɨɜɚɧɢɹ ɪɚɛɨɬ ɜ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ 
ɝɟɬɟɪɨɝɟɧɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦɚɯ ɜ ɭɫɥɨɜɢɹɯ ɧɟɫɬɚɰɢɨɧɚɪɧɨɫɬɢ, ɢ 
ɢɫɫɥɟɞɨɜɚɬɶ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɨɰɟɧɤɢ ɝɪɚɧɢɰ ɨɩɬɢɦɢɡɚɰɢɢ.  

Ɂɚɹɜɥɟɧɧɵɟ ɢ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜɵɲɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɠɧɨ ɫɝɪɭɩɩɢɪɨɜɚɬɶ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
 ɋɮɨɪɦɭɥɢɪɨɜɚɧɚ ɩɪɨɛɥɟɦɚ ɩɥɚɧɢɪɨɜɚɧɢɹ ɪɚɛɨɬ ɜ ɝɟɬɟɪɨɝɟɧɧɨɣ 

ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɟ ɜ ɭɫɥɨɜɢɹɯ ɟɟ ɧɟɫɬɚɰɢɨɧɚɪɧɨɫɬɢ ɞɥɹ 
ɪɚɡɥɢɱɧɵɯ ɫɰɟɧɚɪɢɟɜ ɢ ɩɪɟɞɥɨɠɟɧɵ ɩɨɞɯɨɞɵ ɤ ɟɟ ɪɟɲɟɧɢɸ ɩɭɬɟɦ 
ɞɢɧɚɦɢɱɟɫɤɨɣ ɚɞɚɩɬɚɰɢɢ ɩɥɚɧɢɪɨɜɳɢɤɚ ɤ ɪɚɡɥɢɱɧɵɦ ɪɚɛɨɱɢɦ ɧɚɝɪɭɡɤɚɦ, 
ɢɡɦɟɧɟɧɢɹɦ ɤɨɧɮɢɝɭɪɚɰɢɢ ɫɢɫɬɟɦɵ ɢ ɟɟ ɩɚɪɚɦɟɬɪɨɜ.  

 Ɋɚɡɪɚɛɨɬɚɧɵ ɚɥɝɨɪɢɬɦɵ ɫ ɝɚɪɚɧɬɢɪɨɜɚɧɧɵɦ ɤɨɧɤɭɪɟɧɬɧɵɦ ɮɚɤɬɨɪɨɦ ɞɥɹ 
ɨɧɥɚɣɧ ɫɥɭɱɚɹ ɢ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɦ ɮɚɤɬɨɪɨɦ ɞɥɹ ɨɮɮɥɚɣɧ ɫɥɭɱɚɹ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɞɯɨɞɚ ɞɢɧɚɦɢɱɟɫɤɨɣ "ɤɪɚɠɢ ɪɚɛɨɬ" (ɚɧɝɥ. “job stealing"). 

 Ɋɚɡɪɚɛɨɬɚɧɚ ɞɜɭɯɭɪɨɜɧɟɜɚɹ ɦɨɞɟɥɶ ɝɟɬɟɪɨɝɟɧɧɨɣ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ, ɤɨɬɨɪɚɹ ɢɧɬɟɝɪɢɪɭɟɬ ɞɜɟ ɡɚɞɚɱɢ ɩɥɚɧɢɪɨɜɳɢɤɚ: 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɥɥɟɥɶɧɵɯ ɪɚɛɨɬ ɩɨ ɦɚɲɢɧɚɦ ɢ ɥɨɤɚɥɶɧɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ. 
Ɋɟɲɟɧɢɹ ɩɨ ɩɥɚɧɢɪɨɜɚɧɢɸ ɩɪɢɧɢɦɚɸɬɫɹ ɛɟɡ ɬɨɱɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɦɚɲɢɧ ɢ ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ. 

 Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɜɥɢɹɧɢɹ ɧɟɩɨɥɧɨɬɵ ɢɧɮɨɪɦɚɰɢɢ ɢ ɷɮɮɟɤɬɢɜɧɨɝɨ ɪɟɲɟɧɢɹ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɪɨɛɥɟɦɵ ɨɩɬɢɦɢɡɚɰɢɢ, ɜɜɟɞɟɧ ɢ ɢɫɫɥɟɞɨɜɚɧ ɤɨɷɮɮɢɰɢɟɧɬ 
ɞɨɩɭɫɬɢɦɨɫɬɢ (ɚɧɝɥ. “admissible factor”), ɜɤɥɸɱɟɧɧɨɝɨ ɜ ɩɨɥɢɬɢɤɭ 
ɩɥɚɧɢɪɨɜɚɧɢɹ. ɉɨɤɚɡɚɧɨ ɤɚɤ ɨɧ ɦɨɠɟɬ ɛɵɬɶ ɞɢɧɚɦɢɱɟɫɤɢ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧ ɞɥɹ 
ɬɨɝɨ, ɱɬɨɛɵ ɫɩɪɚɜɢɬɶɫɹ ɫ ɧɟɩɪɟɞɫɤɚɡɭɟɦɨɣ ɪɚɛɨɱɟɣ ɧɚɝɪɭɡɤɨɣ ɭɥɭɱɲɚɹ 
ɤɨɧɤɭɪɟɧɬɧɵɣ ɮɚɤɬɨɪ. ɉɨɥɭɱɟɧɵ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɨɰɟɧɤɢ ɤɨɧɤɭɪɟɧɬɧɵɯ ɢ 
ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ ɚɥɝɨɪɢɬɦɚ ɭɥɭɱɲɚɹ ɢ ɪɚɫɲɢɪɹɹ ɢɡɜɟɫɬɧɵɟ 
ɪɟɡɭɥɶɬɚɬɵ. 

 Ɋɚɡɪɚɛɨɬɚɧɚ ɦɨɞɟɥɶ ɩɥɚɧɢɪɨɜɚɧɢɹ ɫ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɩɟɪɢɨɞɨɜ ɩɪɨɫɬɨɹ ɦɚɲɢɧ. 
ɉɨɥɭɱɟɧɵ ɧɨɜɵɟ ɢ ɨɛɨɛɳɟɧɵ ɢɡɜɟɫɬɧɵɟ ɩɪɟɞɟɥɶɧɵɟ ɝɪɚɧɢɰɵ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɥɚɧɢɪɨɜɚɧɢɹ ɜ ɧɚɢɯɭɞɲɟɦ ɫɥɭɱɚɟ.  



31 
 

 Ɋɚɡɪɚɛɨɬɚɧɵ ɦɨɞɟɥɢ ɩɥɚɧɢɪɨɜɚɧɢɹ ɨɛɥɚɱɧɵɯ ɜɵɱɢɫɥɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɭɪɨɜɧɟɣ 
ɨɛɫɥɭɠɢɜɚɧɢɹ. ɉɪɨɜɟɞɟɧ ɤɨɧɤɭɪɟɧɬɧɵɣ ɚɧɚɥɢɡ ɚɥɝɨɪɢɬɦɨɜ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 
ɫɰɟɧɚɪɢɟɜ ɫ ɨɞɧɢɦ ɢɥɢ ɧɟɫɤɨɥɶɤɢɦɢ ɭɪɨɜɧɹɦɢ ɨɛɫɥɭɠɢɜɚɧɢɹ, ɫ ɨɞɧɨɣ ɢɥɢ 
ɧɟɫɤɨɥɶɤɢɦɢ ɦɚɲɢɧɚɦɢ, ɚ ɬɚɤɠɟ ɫ ɠɚɞɧɵɦ ɢ ɨɝɪɚɧɢɱɟɧɧɵɦ ɩɪɢɧɹɬɢɟɦ ɪɚɛɨɬ. 

 ɋɮɨɪɦɭɥɢɪɨɜɚɧ, ɪɚɡɪɚɛɨɬɚɧ ɢ ɢɫɫɥɟɞɨɜɚɧ ɨɛɥɚɱɧɵɣ VoIP ɩɥɚɧɢɪɨɜɳɢɤ, 
ɤɨɬɨɪɵɣ ɭɱɢɬɵɜɚɟɬ ɞɢɧɚɦɢɱɟɫɤɭɸ ɪɚɛɨɱɭɸ ɧɚɝɪɭɡɤɭ, ɜɚɪɢɚɬɢɜɧɨɫɬɶ ɜɪɟɦɟɧɢ 
ɡɚɩɭɫɤɚ VM, ɫɜɨɣɫɬɜɚ ɜɵɡɨɜɨɜ, ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ, ɢ ɬ. ɞ. Ɉɧ ɚɞɚɩɬɢɪɭɟɬɫɹ ɤ 
ɩɨɜɟɞɟɧɢɸ VM ɢɡ-ɡɚ ɱɢɫɥɚ ɢ ɬɢɩɚ ɜɵɡɨɜɨɜ (ɝɨɥɨɫɨɜɨɣ ɩɨɱɬɵ, ɜɢɞɟɨ/ɚɭɞɢɨ 
ɤɨɧɮɟɪɟɧɰɢɣ, ɩɟɪɟɞɚɱɢ ɢɡɨɛɪɚɠɟɧɢɣ ɢ ɬɟɤɫɬɚ, ɢ ɬ. ɩ.) ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ 
ɫɧɢɠɟɧɢɹ ɤɚɱɟɫɬɜɚ ɫɟɪɜɢɫɚ.  

 Ɂɚɞɚɱɚ ɩɥɚɧɢɪɨɜɚɧɢɹ ɪɚɫɫɦɨɬɪɟɧɚ ɤɚɤ ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ ɞɢɧɚɦɢɱɟɫɤɨɣ ɭɩɚɤɨɜɤɢ 
ɜ ɤɨɧɬɟɣɧɟɪɵ. ȼɪɟɦɟɧɧɨɟ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɷɥɟɦɟɧɬɨɜ (ɜɵɡɨɜɨɜ) ɩɪɢ ɭɩɚɤɨɜɤɟ 
ɹɜɥɹɟɬɫɹ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɧɨɜɢɡɧɨɣ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ. ȼ ɨɬɥɢɱɢɟ ɨɬ 
ɫɬɚɧɞɚɪɬɧɨɣ ɮɨɪɦɭɥɢɪɨɜɤɢ, ɤɨɧɬɟɣɧɟɪɵ ɜɫɟɝɞɚ ɨɬɤɪɵɬɵ, ɞɚɠɟ ɟɫɥɢ ɨɧɢ 
ɩɨɥɧɨɫɬɶɸ ɡɚɩɨɥɧɟɧɵ, ɬɚɤ ɤɚɤ ɷɥɟɦɟɧɬɵ ɜ ɤɨɧɬɟɣɧɟɪɚɯ ɦɨɝɭɬ ɛɵɬɶ ɭɞɚɥɟɧɵ 
(ɡɚɜɟɪɲɟɧɢɟ ɜɵɡɨɜɚ). ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɚɧɚɥɢɡ ɧɚ ɪɟɚɥɶɧɵɯ ɞɚɧɧɵɯ 
ɤɨɦɩɚɧɢɢ MiXvoip (ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɣ ɢ ɂɧɬɟɪɧɟɬ-ɩɪɨɜɚɣɞɟɪ, 
Ʌɸɤɫɟɦɛɭɪɝ) ɩɨɤɚɡɚɥ, ɱɬɨ ɩɪɟɞɥɨɠɟɧɧɵɟ ɚɥɝɨɪɢɬɦɵ ɫ ɦɟɬɨɞɚɦɢ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɧɚɝɪɭɡɤɢ ɢ ɪɚɡɪɚɛɨɬɚɧɧɵɦɢ ɧɚɫɬɪɚɢɜɚɟɦɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, 
ɩɪɟɜɨɫɯɨɞɹɬ ɢɡɜɟɫɬɧɵɟ ɫɬɪɚɬɟɝɢɢ, ɨɛɟɫɩɟɱɢɜɚɹ ɜɵɫɨɤɨɟ ɤɚɱɟɫɬɜɨ ɨɛɫɥɭɠɢɜɚɧɢɹ 
ɢ ɛɨɥɟɟ ɧɢɡɤɭɸ ɫɬɨɢɦɨɫɬɶ ɢ ɦɨɝɭɬ ɛɵɬɶ ɷɮɮɟɤɬɢɜɧɨ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɨɛɥɚɱɧɨɣ 
ɫɪɟɞɟ VoIP. 
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13 ɫ. 

65. ɋɜɢɞɟɬɟɥɶɫɬɜɨ ɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɪɟɝɢɫɬɪɚɰɢɢ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɗȼɆ 
№2017660880, ɞɚɬɚ ɪɟɝɢɫɬɪɚɰɢɢ 28.09.2017 «ɉɪɨɝɪɚɦɦɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɪɚɛɨɬɵ ɭɫɬɪɨɣɫɬɜ ɤɨɧɰɟɩɰɢɢ ɢɧɬɟɪɧɟɬ ɜɟɳɟɣ ɧɚ ɛɚɡɟ ɫɢɫɬɟɦɵ ɨɫɬɚɬɨɱɧɵɯ 
ɤɥɚɫɫɨɜ»; 

66. ɋɜɢɞɟɬɟɥɶɫɬɜɨ ɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɪɟɝɢɫɬɪɚɰɢɢ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɗȼɆ 
№2018612694, ɞɚɬɚ ɪɟɝɢɫɬɪɚɰɢɢ 21.02.2018 «Ɇɨɞɭɥɶ ɨɰɟɧɤɢ ɪɢɫɤɨɜ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɛɥɚɱɧɵɯ, ɤɪɚɟɜɵɯ ɢ ɬɭɦɚɧɧɵɯ ɜɵɱɢɫɥɟɧɢɣ ɜ ɭɫɥɨɜɢɹɯ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ»; 

67. ɋɜɢɞɟɬɟɥɶɫɬɜɨ ɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɪɟɝɢɫɬɪɚɰɢɢ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɗȼɆ 
№2019610639, ɞɚɬɚ ɪɟɝɢɫɬɪɚɰɢɢ 15.01.2019 «ɋɪɟɞɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɚɞɚɩɬɢɜɧɨɣ ɰɢɮɪɨɜɨɣ ɮɢɥɶɬɪɚɰɢɢ ɜ ɫɢɫɬɟɦɟ ɨɫɬɚɬɨɱɧɵɯ ɤɥɚɫɫɨɜ»; 

68. ɋɜɢɞɟɬɟɥɶɫɬɜɨ ɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɪɟɝɢɫɬɪɚɰɢɢ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɗȼɆ 
№2019611375, ɞɚɬɚ ɪɟɝɢɫɬɪɚɰɢɢ 24.01.2019 «Ɋɚɫɩɪɟɞɟɥɟɧɧɚɹ ɫɢɫɬɟɦɚ 
ɧɚɞɟɠɧɨɝɨ ɯɪɚɧɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɜ ɦɭɥɶɬɢɨɛɥɚɱɧɨɣ ɫɪɟɞɟ». 

 
 


