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ɍȾɄ 004.7 

ȼɵɱɢɫɥɢɬɟɥɶɧɵɟ ɫɬɪɭɤɬɭɪɵ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɨɜ ɩɨ ɭɡɥɚɦ 
ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɟɬɢ  

Ȼɟɥɶɤɨɜ Ⱦ.ȼ. 
Ⱦɨɧɟɰɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 
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Ȼɟɥɶɤɨɜ Ⱦ.ȼ. ȼɵɱɢɫɥɢɬɟɥɶɧɵɟ ɫɬɪɭɤɬɭɪɵ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɨɜ ɩɨ ɭɡɥɚɦ 
ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɟɬɢ. ɋɬɚɬɶɹ ɩɪɟɞɥɚɝɚɟɬ ɦɟɬɨɞ ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɫɬɪɭɤɬɭɪɵ ɞɥɹ 
ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɨɜ ɜ ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɟɬɹɯ.  Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɟɬɟɣ ɡɚ ɫɱɟɬ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɨɜ ɫɮɨɪɦɭɥɢɪɨɜɚɧɚ ɡɚɞɚɱɚ 
ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɨɜ. Ⱦɥɹ ɭɫɤɨɪɟɧɢɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɪɟɞɥɨɠɟɧɵ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɫɬɪɭɤɬɭɪɵ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɧɚ ɟɟ ɪɟɲɟɧɢɟ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: Ɏɚɣɥɵ, ɭɡɥɵ ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɟɬɢ, ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ ɩɪɨɰɟɫɫɨɪɵ ɞɥɹ 
ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɨɜ. 

 

ȼɜɟɞɟɧɢɟ 

Ȼɵɫɬɪɨɟ ɪɚɡɜɢɬɢɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɢ 
ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɜ ɫɨɜɪɟɦɟɧɧɨɦ 
ɦɢɪɟ ɩɪɢɜɟɥɨ ɤ ɲɢɪɨɤɨɦɭ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ  
ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɫɢɫɬɟɦ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɧɚ 
ɨɫɧɨɜɟ ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɟɬɟɣ. Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ 
ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 
ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɟɬɟɣ ɹɜɥɹɟɬɫɹ ɨɩɬɢɦɢɡɚɰɢɹ 
ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɨɜ. ɉɨɷɬɨɦɭ ɡɚɞɚɱɚ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɨɜ ɩɨ ɭɡɥɚɦ ɫɟɬɢ 
ɢɦɟɟɬ ɜɚɠɧɨɟ ɩɪɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ. ɗɬɚ ɡɚɞɚɱɚ 
ɨɬɧɨɫɢɬɫɹ ɤ ɤɥɚɫɫɭ NɊ - ɬɪɭɞɧɵɯ. Ɍɨɱɧɵɟ 
ɦɟɬɨɞɵ ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɬɨɥɶɤɨ ɞɥɹ ɪɟɲɟɧɢɹ 
ɡɚɞɚɱɢ ɦɚɥɨɣ ɪɚɡɦɟɪɧɨɫɬɢ. ȼ ɫɥɭɱɚɟ ɛɨɥɶɲɨɣ 
ɪɚɡɦɟɪɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɩɪɢɛɥɢɠɟɧɧɵɟ ɦɟɬɨɞɵ. 

ȼ ɫɥɭɱɚɟ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɮɚɣɥɨɜ 
ɩɪɨɝɪɚɦɦɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɦɟɬɨɞɚ ɢɯ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚ ɨɞɧɨɩɪɨɰɟɫɫɨɪɧɨɣ ɗȼɆ 
ɫɬɚɧɨɜɢɬɫɹ ɧɟɷɮɮɟɤɬɢɜɧɨɣ, ɬ.ɤ. ɜɪɟɦɹ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɱɢɫɥɭ ɮɚɣɥɨɜ. 
ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ 
ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɮɚɣɥɨɜ ɧɟɨɛɯɨɞɢɦɚ ɪɚɡɪɚɛɨɬɤɚ 
ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɩɪɨɰɟɫɫɨɪɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ 

ɭɫɤɨɪɢɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɮɚɣɥɨɜ ɡɚ ɫɱɟɬ 
ɩɚɪɚɥɥɟɥɶɧɵɯ ɜɵɱɢɫɥɟɧɢɣ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 
ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɟɬɟɣ ɞɟɥɚɟɬ ɚɤɬɭɚɥɶɧɨɣ 
ɪɚɡɪɚɛɨɬɤɭ ɦɟɬɨɞɨɜ ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɬɪɭɤɬɭɪ 
ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɨɜ ɜ ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɟɬɹɯ. 

ɐɟɥɶ ɫɬɚɬɶɢ - ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɪɚɛɨɬɵ ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɟɬɢ ɡɚ ɫɱɟɬ ɨɩɬɢɦɢɡɚɰɢɢ 
ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɨɜ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɬɪɭɤɬɭɪ. 
Ɂɚɞɚɱɚ ɪɚɛɨɬɵ - ɪɚɡɪɚɛɨɬɚɬɶ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ 
ɫɬɪɭɤɬɭɪɵ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɨɜ ɜ 
ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɟɬɢ, ɩɨɡɜɨɥɹɸɳɢɟ ɭɫɤɨɪɢɬɶ 
ɪɚɡɦɟɳɟɧɢɟ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɮɚɣɥɨɜ. 

Ɂɚɞɚɱɚ ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɨɜ 

Ⱦɥɹ ɫɬɚɬɢɱɟɫɤɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɨɜ ɩɨ 
ɭɡɥɚɦ ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɟɬɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢ 
ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɡɧɚɱɟɧɢɹɯ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ 
ɡɚɩɪɨɫɨɜ ɤ ɮɚɣɥɚɦ ɬɚɤ ɪɚɫɩɪɟɞɟɥɢɬɶ ɮɚɣɥɵ ɩɨ 
ɭɡɥɚɦ ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɟɬɢ, ɱɬɨɛɵ ɜɪɟɦɹ ɨɬɤɥɢɤɚ 

ɫɟɬɢ ɛɵɥɨ ɦɢɧɢɦɚɥɶɧɵɦ.  
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ 

ɜɪɟɦɟɧɢ ɨɬɤɥɢɤɚ ɨɩɬɢɦɢɡɢɪɭɟɬɫɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 
ɬɪɚɮɢɤɚ. ɉɪɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɢ  ɫɟɬɢ ɜ ɤɚɠɞɨɦ 
ɭɡɥɟ ɨɛɪɚɡɭɸɬɫɹ 2 ɬɢɩɚ ɡɚɩɪɨɫɨɜ:  ɫɟɬɟɜɨɣ 
ɡɚɩɪɨɫ, ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɤɨɬɨɪɨɝɨ ɧɟɨɛɯɨɞɢɦ ɮɚɣɥ, 
ɧɟ ɫɨɞɟɪɠɚɳɢɣɫɹ ɜ ɬɨɦ ɭɡɥɟ, ɝɞɟ ɜɨɡɧɢɤ  ɡɚɩɪɨɫ 

ɢ ɥɨɤɚɥɶɧɵɣ ɡɚɩɪɨɫ, ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɤɨɬɨɪɨɝɨ 
ɧɟɨɛɯɨɞɢɦ ɮɚɣɥ, ɫɨɞɟɪɠɚɳɢɣɫɹ ɜ ɬɨɦ ɭɡɥɟ, ɝɞɟ 
ɜɨɡɧɢɤ ɡɚɩɪɨɫ. Ʉɪɢɬɟɪɢɟɦ ɨɩɬɢɦɚɥɶɧɨɫɬɢ 
ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɨɜ ɹɜɥɹɟɬɫɹ ɫɭɦɦɚɪɧɵɣ ɩɨɬɨɤ 
ɥɨɤɚɥɶɧɵɯ ɡɚɩɪɨɫɨɜ, ɢɧɢɰɢɢɪɨɜɚɧɧɵɯ ɜ ɭɡɥɚɯ ɜ 

ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ. ɑɟɦ ɛɨɥɶɲɟ ɫɭɦɦɚɪɧɵɣ ɩɨɬɨɤ 
ɥɨɤɚɥɶɧɵɯ ɡɚɩɪɨɫɨɜ, ɬɟɦ ɦɟɧɶɲɟ ɜɪɟɦɹ ɨɬɤɥɢɤɚ 
ɫɟɬɢ.   

Ɉɛɨɡɧɚɱɢɦ: ijF - ɤɨɥɢɱɟɫɬɜɨ ɡɚɩɪɨɫɨɜ ɤ 

ɮɚɣɥɭ i ɢɡ ɭɡɥɚ j ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ; 1ijX , 

ɟɫɥɢ ɮɚɣɥ i ɪɚɫɩɨɥɨɠɟɧ ɜ ɭɡɥɟ j, ɢɧɚɱɟ 0ijX ; 

iV  - ɨɛɴɟɦ ɮɚɣɥɚ i; iC - ɤɨɥɢɱɟɫɬɜɨ ɤɨɩɢɣ ɮɚɣɥɚ 
i; jB - ɨɛɴɟɦ ɭɡɥɚ j, i=1...m, j=1…n.  

Ⱦɥɹ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɩɚɦɹɬɢ ɭɡɥɨɜ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ 
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ɨɛɴɟɦ ɢɯ ɫɜɨɛɨɞɧɨɣ ɩɚɦɹɬɢ. ɉɨɷɬɨɦɭ 
ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɨɥɧɟɧɢɹ ɭɡɥɨɜ, ɪɚɜɧɵɣ 
ɨɬɧɨɲɟɧɢɸ ji BV /  ɧɟɨɛɯɨɞɢɦɨ 
ɦɚɤɫɢɦɢɡɢɪɨɜɚɬɶ.  

Ɂɚɞɚɱɚ ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɨɜ ɩɨ ɭɡɥɚɦ 
ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɟɬɢ ɢɦɟɟɬ ɜɢɞ: Цеˎевая ˗˖нˍция 
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 ȼ ɡɚɞɚɱɟ (1)-(3) ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ 
ɦɚɬɪɢɰɭ ɪɚɡɦɟɳɟɧɢɣ ɮɚɣɥɨɜ X. 

Ɇɚɤɫɢɦɢɡɢɪɭɟɬɫɹ ɫɭɦɦɚɪɧɵɣ ɩɨɬɨɤ ɥɨɤɚɥɶɧɵɯ 
ɡɚɩɪɨɫɨɜ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ  ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɟɬɢ ɡɚ ɫɱɟɬ 
ɭɦɟɧɶɲɟɧɢɹ ɫɪɟɞɧɟɝɨ ɜɪɟɦɟɧɢ ɨɬɤɥɢɤɚ ɧɚ 
ɡɚɩɪɨɫɵ ɤ ɮɚɣɥɚɦ.  

Ɇɟɬɨɞ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ (1)-(3), 

ɩɪɟɞɥɨɠɟɧɧɵɣ ɜ [1], ɫɨɫɬɨɹɬ ɢɡ mCi   ɷɬɚɩɨɜ, 

iC  - ɤɨɥɢɱɟɫɬɜɨ ɤɨɩɢɣ ɮɚɣɥɚ i. ɇɚ ɷɬɚɩɟ i 

ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɨɰɟɞɭɪɚ ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɚ  i ɜ 
ɨɞɢɧ ɢɡ n ɭɡɥɨɜ. ɉɪɨɰɟɞɭɪɚ ɫɨɫɬɨɢɬ ɢɡ 3 ɲɚɝɨɜ. 
ɇɚ ɩɟɪɜɨɦ ɲɚɝɟ ɫɪɚɜɧɢɜɚɸɬɫɹ ɫɜɨɛɨɞɧɵɣ ɨɛɴɟɦ 
ɤɚɠɞɨɝɨ ɭɡɥɚ ɢ ɨɛɴɟɦ ɮɚɣɥɚ  i  ɱɬɨɛɵ ɧɚɣɬɢ ɬɟ 
ɭɡɥɵ, ɜ ɤɨɬɨɪɵɟ  ɮɚɣɥ ɩɨɦɟɳɚɟɬɫɹ ɩɨ ɪɚɡɦɟɪɭ. 
ɇɚ ɜɬɨɪɨɦ ɲɚɝɟ, ɫɪɟɞɢ ɧɚɣɞɟɧɧɵɯ ɭɡɥɨɜ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɡɟɥ ɫ ɧɚɢɛɨɥɶɲɢɦ ɡɧɚɱɟɧɢɟɦ 

jiijij BVFL / , j=1,…n. ɇɚ ɬɪɟɬɶɟɦ ɲɚɝɟ ɮɚɣɥ 
ɪɚɡɦɟɳɚɟɬɫɹ ɜ ɷɬɨɬ ɭɡɟɥ. ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ 
ɞɥɹ ɩɪɨɰɟɞɭɪɵ ɫɥɭɠɚɬ ɡɧɚɱɟɧɢɹ jiiij BCVF ,,, . 

ȼɟɥɢɱɢɧɚ jB  ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɫɨɜɩɚɞɚɟɬ ɫɨ 

ɫɜɨɛɨɞɧɵɦ ɨɛɴɟɦɨɦ ɭɡɥɚ j - jU . ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɪɚɛɨɬɵ ɩɪɨɰɟɞɭɪɵ ɮɨɪɦɢɪɭɸɬɫɹ ɧɨɜɵɟ ɡɧɚɱɟɧɢɹ 

jU  ɢ ɫɬɪɨɤɚ i ɦɚɬɪɢɰɵ X. ȼɪɟɦɟɧɧɚɹ ɫɥɨɠɧɨɫɬɶ 

ɦɟɬɨɞɚ ɫɨɫɬɚɜɥɹɟɬ )(
1




m

i
iCnO , ɝɞɟ  m – 

ɤɨɥɢɱɟɫɬɜɨ ɮɚɣɥɨɜ, n – ɱɢɫɥɨ ɭɡɥɨɜ, iC  - ɱɢɫɥɨ 
ɤɨɩɢɣ ɮɚɣɥɚ i. 

ɋɟɬɟɜɵɟ ɩɪɨɰɟɫɫɨɪɵ 

ɋɟɬɟɜɵɟ ɩɪɨɰɟɫɫɨɪɵ ɹɜɥɹɸɬɫɹ  
ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɦɢ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɦɢ 
ɭɫɬɪɨɣɫɬɜɚɦɢ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɫɟɬɟɜɨɝɨ ɬɪɚɮɢɤɚ ɫ 
ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɶɸ. ɋɟɬɟɜɵɟ ɩɪɨɰɟɫɫɨɪɵ 
ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɫɟɬɹɯ ATM ɧɚ ɤɚɧɚɥɶɧɨɦ, 
ɫɟɬɟɜɨɦ ɢ ɬɪɚɧɫɩɨɪɬɧɨɦ ɭɪɨɜɧɹɯ ɫɬɟɤɚ 
ɩɪɨɬɨɤɨɥɨɜ OSI.  

ɇɚ ɫɟɬɟɜɨɦ ɭɪɨɜɧɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɨɬɨɤɨɥ 
IP. ȿɞɢɧɢɰɚ ɢɧɮɨɪɦɚɰɢɢ, ɩɟɪɟɞɚɜɚɟɦɚɹ ɩɪɢ 
ɩɨɦɨɳɢ IP, ɧɚɡɵɜɚɟɬɫɹ IP-ɞɟɣɬɚɝɪɚɦɦɨɣ. ȼɚɠɧɨɣ 
ɮɭɧɤɰɢɟɣ IP ɹɜɥɹɟɬɫɹ ɦɚɪɲɪɭɬɢɡɚɰɢɹ 
ɞɟɣɬɚɝɪɚɦɦ. ɗɬɨ ɩɪɨɬɨɤɨɥ ɛɟɡ ɭɫɬɚɧɨɜɤɢ 
ɫɨɟɞɢɧɟɧɢɹ, ɤɨɬɨɪɵɣ ɧɟ ɝɚɪɚɧɬɢɪɭɟɬ ɫɤɜɨɡɧɭɸ 
ɩɟɪɟɞɚɱɭ ɞɚɧɧɵɯ, ɬ.ɟ. ɞɟɣɬɚɝɪɚɦɦɵ ɦɨɝɭɬ 
ɬɟɪɹɬɶɫɹ. Ⱦɜɟ ɞɟɣɬɚɝɪɚɦɦɵ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 
ɨɬɩɪɚɜɥɟɧɧɵɟ ɜ ɨɞɧɨ ɢ ɬɨ ɠɟ ɦɟɫɬɨ ɧɚɡɧɚɱɟɧɢɹ, 
ɦɚɪɲɪɭɬɢɡɢɪɭɸɬɫɹ ɧɟɡɚɜɢɫɢɦɨ, ɦɨɝɭɬ ɫɥɟɞɨɜɚɬɶ 
ɩɨ ɪɚɡɧɵɦ ɦɚɪɲɪɭɬɚɦ ɢ ɩɪɢɛɵɬɶ ɜ ɦɟɫɬɨ 
ɧɚɡɧɚɱɟɧɢɹ ɜ ɩɨɪɹɞɤɟ, ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ 
ɨɬɩɪɚɜɤɟ.  

ɉɪɨɬɨɤɨɥ UDP  ɹɜɥɹɟɬɫɹ ɩɪɨɫɬɵɦ 
ɩɨɫɪɟɞɧɢɤɨɦ ɦɟɠɞɭ ɫɟɬɟɜɵɦ ɢ ɩɪɢɤɥɚɞɧɵɦ 
ɭɪɨɜɧɹɦɢ. Ɉɧ ɧɟ ɜɵɩɨɥɧɹɟɬ ɧɢɤɚɤɢɯ ɮɭɧɤɰɢɣ ɩɨ 
ɨɛɟɫɩɟɱɟɧɢɸ ɧɚɞɟɠɧɨɫɬɢ ɩɟɪɟɞɚɱɢ, ɧɟ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɥɨɝɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɧɟ 
ɧɭɦɟɪɭɟɬ ɢ ɧɟ ɭɩɨɪɹɞɨɱɢɜɚɟɬ ɩɚɤɟɬɵ ɞɚɧɧɵɯ. 
Ɂɚɞɚɱɚ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɭɪɨɜɧɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɩɟɪɟɞɚɱɟ ɞɚɧɧɵɯ ɦɟɠɞɭ ɥɸɛɵɦɢ ɩɪɢɤɥɚɞɧɵɦɢ 
ɩɪɨɰɟɫɫɚɦɢ, ɜɵɩɨɥɧɹɸɳɢɦɢɫɹ ɧɚ ɥɸɛɵɯ ɭɡɥɚɯ 
ɫɟɬɢ. 

Ɂɚ ɝɨɞɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɬɟɤ TCP/IP 
ɧɚɤɨɩɢɥ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɬɨɤɨɥɨɜ ɢ 
ɫɟɪɜɢɫɨɜ ɩɪɢɤɥɚɞɧɨɝɨ ɭɪɨɜɧɹ. Ʉ ɧɢɦ ɨɬɧɨɫɹɬɫɹ 
ɩɪɨɬɨɤɨɥ ɩɟɪɟɫɵɥɤɢ ɮɚɣɥɨɜ FTP, ɩɪɨɬɨɤɨɥ 
ɷɦɭɥɹɰɢɢ ɬɟɪɦɢɧɚɥɚ TELNET, ɝɢɩɟɪɬɟɤɫɬɨɜɵɟ 
ɫɟɪɜɢɫɵ ɞɨɫɬɭɩɚ ɤ ɭɞɚɥɟɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ 
(HTTP), ɫɟɬɟɜɚɹ ɮɚɣɥɨɜɚɹ ɫɢɫɬɟɦɚ (NFS), 

ɩɪɨɬɨɤɨɥ SNMP ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɫɟɬɟɜɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ. ɋɬɪɭɤɬɭɪɚ ɫɟɬɟɜɨɝɨ ɩɪɨɰɟɫɫɨɪɚ, 
ɩɪɟɞɥɨɠɟɧɧɚɹ ɜ ɪɚɛɨɬɟ [2], ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 
1.  
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Ɋɢɫɭɧɨɤ 1 – ɋɬɪɭɤɬɭɪɚ ɫɟɬɟɜɨɝɨ ɩɪɨɰɟɫɫɨɪɚ 

 

ɐɟɧɬɪɚɥɶɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ ɫɟɬɟɜɨɝɨ 
ɩɪɨɰɟɫɫɨɪɚ ɹɜɥɹɟɬɫɹ ɩɨɥɧɨɮɭɧɤɰɢɨɧɚɥɶɧɵɣ  
ATM - ɩɟɪɟɤɥɸɱɚɬɟɥɶ (ATM-switch) WUGS. ɋ 
ɧɢɦ ɫɨɟɞɢɧɟɧɵ ɞɜɚ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɛɥɨɤɚ: smart 

port card (SPC) ɢ field programmable port extender 

(FPX).  

Ȼɥɨɤ SPC ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɫɥɨɠɧɨɣ 
ɨɛɪɚɛɨɬɤɢ ɩɚɤɟɬɨɜ.  

Ȼɥɨɤ FPX - ɷɬɨ ɩɟɪɟɩɪɨɝɪɚɦɦɢɪɭɟɦɚɹ 
ɥɨɝɢɤɚ ɞɥɹ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɯ ɩɪɢɥɨɠɟɧɢɣ. 
ɋɬɪɭɤɬɭɪɚ ɛɥɨɤɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.  
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Ɋɢɫɭɧɨɤ 2 – ɋɬɪɭɤɬɭɪɚ FPX 

 

Ȼɥɨɤ ɫɨɞɟɪɠɢɬ ɫɟɬɟɜɨɣ ɢɧɬɟɪɮɟɣɫ (NID), 

ɪɟɚɥɢɡɨɜɚɧɧɵɣ ɧɚ ɉɅɂɋ Xilinx XCV600E, ɢ 
ɩɟɪɟɩɪɨɝɪɚɦɦɢɪɭɟɦɨɟ ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ 
ɩɪɢɤɥɚɞɧɵɯ ɩɪɢɥɨɠɟɧɢɣ (RAD), ɪɟɚɥɢɡɨɜɚɧɧɨɟ 
ɧɚ ɉɅɂɋ Xilinx XCV2000E. ɉɅɂɋ NID ɫɥɭɠɢɬ 
ɞɥɹ ɫɨɟɞɢɧɟɧɢɹ RAD ɫ WUGS, ɚ ɬɚɤɠɟ ɢɦɟɟɬ 
ɥɨɝɢɤɭ ɞɥɹ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɩɟɪɟɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ RAD. ɉɅɂɋ  RAD 

ɫɨɞɟɪɠɢɬ ɞɜɚ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɯ ɩɨɥɶɡɨɜɚɬɟɥɟɦ 
ɦɨɞɭɥɹ, ɤɨɬɨɪɵɟ ɫɨɟɞɢɧɟɧɵ ɫ ɛɥɨɤɚɦɢ  SRAM ɢ 
SDRAM [4]. 

ɇɚ ɪɢɫɭɧɤɟ  3  ɩɨɤɚɡɚɧɚ ɤɨɧɰɟɩɰɢɹ 
ɫɟɬɟɜɵɯ ɩɪɨɰɟɫɫɨɪɨɜ (network wrapper concept), 

ɩɪɟɞɥɨɠɟɧɧɚɹ ɜ ɪɚɛɨɬɟ [3]. 
 

ɉɪɢɤɥɚɞɧɨɣ ɭɪɨɜɟɧɶ

Ɍɪɚɧɫɩɨɪɬɧɵɣ
ɭɪɨɜɟɧɶ

ɋɟɬɟɜɨɣ ɭɪɨɜɟɧɶ

Ʉɚɧɚɥɶɧɵɣ ɭɪɨɜɟɧɶ

ɍɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ:

Ё         - ɉɪɨɝɪɚɦɦɧɵɟ ɫɪɟɞɫɬɜɚ

        - Ⱥɩɩɚɪɚɬɧɵɟ ɫɪɟɞɫɬɜɚ

TCP UDP

IP

IP –
ɩɪɨɰɟɫɫɨɪ

UDP –
ɩɪɨɰɟɫɫɨɪ

Frame –
ɩɪɨɰɟɫɫɨɪ

Cell –
ɩɪɨɰɟɫɫɨɪ

ɉɪɨɬɨɤɨɥɵ
ɩɪɢɤɥɚɞɧɨɝɨ ɭɪɨɜɧɹ

 
Ɋɢɫɭɧɨɤ 3 - Ʉɨɧɰɟɩɰɢɹ ɫɟɬɟɜɵɯ ɩɪɨɰɟɫɫɨɪɨɜ 

  

 Cell-ɩɪɨɰɟɫɫɨɪ ɩɨɥɭɱɚɟɬ ɩɚɤɟɬɵ (cells), 

ɨɛɪɚɛɚɬɵɜɚɟɬ ATM – ɡɚɝɨɥɨɜɤɢ ɢ ɪɚɫɩɪɟɞɟɥɹɟɬ 
ɩɚɤɟɬɵ ɩɨ ɜɢɪɬɭɚɥɶɧɵɦ ɤɚɧɚɥɚɦ. ȼ ɫɟɬɹɯ ATM 

ɩɚɤɟɬɵ ɢɦɟɸɬ ɮɢɤɫɢɪɨɜɚɧɧɵɣ ɪɚɡɦɟɪ. Ⱦɥɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɚɧɧɵɯ ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɪɚɡɦɟɪɚ 
ɮɪɟɣɦ – ɩɪɨɰɟɫɫɨɪ ɨɪɝɚɧɢɡɭɟɬ ɩɚɤɟɬɵ ɜ ɤɚɞɪɵ 
[4]. 

IP–ɩɪɨɰɟɫɫɨɪ ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɩɨɞɞɟɪɠɤɢ 
ɩɪɨɬɨɤɨɥɚ IP. Ɇɚɪɲɪɭɬɢɡɚɬɨɪ, ɩɨɫɬɪɨɟɧɧɵɣ ɧɚ 
ɨɫɧɨɜɟ IP – ɩɪɨɰɟɫɫɨɪɚ, ɩɨɞɞɟɪɠɢɜɚɟɬ ɬɚɛɥɢɰɭ 
ɦɚɪɲɪɭɬɢɡɚɰɢɢ, ɤɨɬɨɪɚɹ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ 
ɧɚɯɨɠɞɟɧɢɹ ɫɥɟɞɭɸɳɟɝɨ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ ɢɥɢ 
ɯɨɫɬɚ. UDP–ɩɪɨɰɟɫɫɨɪ ɧɟɨɛɯɨɞɢɦ ɞɥɹ 
ɩɨɞɞɟɪɠɤɢ ɩɪɨɬɨɤɨɥɚ UDP. 

ȼ ɤɨɧɰɟɩɰɢɢ ɫɟɬɟɜɵɯ ɩɪɨɰɟɫɫɨɪɨɜ, 
ɩɪɟɞɥɨɠɟɧɧɨɣ ɜ ɪɚɛɨɬɟ [4], ɩɪɢɤɥɚɞɧɨɣ ɭɪɨɜɟɧɶ 
ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ. Ɉɞɧɚɤɨ ɧɚ ɩɪɢɤɥɚɞɧɨɦ 
ɭɪɨɜɧɟ ɦɨɠɧɨ ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɟɬɢ ɡɚ ɫɱɟɬ ɨɩɬɢɦɢɡɚɰɢɢ 
ɜɪɟɦɟɧɢ ɨɬɤɥɢɤɚ. Ɉɩɬɢɦɢɡɚɰɢɹ ɞɨɥɠɧɚ 
ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ,  
ɩɨɷɬɨɦɭ ɬɪɟɛɭɟɬɫɹ ɟɟ ɚɩɩɚɪɚɬɧɚɹ ɩɨɞɞɟɪɠɤɚ. ȼ 
ɫɬɚɬɶɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɪɚɫɲɢɪɢɬɶ ɤɨɧɰɟɩɰɢɸ 
ɫɟɬɟɜɵɯ ɩɪɨɰɟɫɫɨɪɨɜ ɧɚ ɩɪɢɤɥɚɞɧɨɣ ɭɪɨɜɟɧɶ ɡɚ 
ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ ɞɥɹ 
ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɨɜ. Ɉɧ ɞɨɥɠɟɧ 
ɛɵɬɶ ɨɪɢɟɧɬɢɪɨɜɚɧ ɧɚ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ (1)-(3).  

ɋɩɟɰɩɪɨɰɟɫɫɨɪ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɨɜ  

Ɂɚɞɚɱɭ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɨɜ 
ɩɨ ɭɡɥɚɦ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɟɬɢ ɧɭɠɧɨ ɪɟɲɚɬɶ ɜ 
ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɚ 
ɚɩɩɚɪɚɬɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɦɟɬɨɞɚ ɟɟ ɪɟɲɟɧɢɹ. ɇɚ 
ɪɢɫɭɧɤɟ 4 ɩɨɤɚɡɚɧɚ ɫɬɪɭɤɬɭɪɚ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 
ɫɢɫɬɟɦɵ, ɤɨɬɨɪɚɹ ɫɨɫɬɨɢɬ ɢɡ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ, 
ɛɭɮɟɪɧɨɣ ɩɚɦɹɬɢ ɢ ɨɫɧɨɜɧɨɝɨ ɩɪɨɰɟɫɫɨɪɚ. 
Ȼɭɮɟɪɧɚɹ ɩɚɦɹɬɶ ɢɦɟɟɬ ɨɛɥɚɫɬɶ ɜɯɨɞɧɵɯ 
ɪɟɝɢɫɬɪɨɜ ɢ ɜɵɯɨɞɧɨɣ ɪɟɝɢɫɬɪ. ɋɢɫɬɟɦɚ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɵɩɨɥɧɹɟɬ m ɷɬɚɩɨɜ. Ʉɚɠɞɵɣ 
ɷɬɚɩ ɢɦɟɟɬ 5 ɲɚɝɨɜ. ɇɚ ɩɟɪɜɨɦ ɲɚɝɟ ɷɬɚɩɚ i 

ɨɫɧɨɜɧɨɣ ɩɪɨɰɟɫɫɨɪ ɩɟɪɟɫɵɥɚɟɬ ɢɫɯɨɞɧɵɟ 
ɞɚɧɧɵɟ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɨɤɢ i ɦɚɬɪɢɰɵ X ɜɨ 
ɜɯɨɞɧɵɟ ɪɟɝɢɫɬɪɵ. ɇɚ ɜɬɨɪɨɦ ɲɚɝɟ 
ɫɩɟɰɩɪɨɰɟɫɫɨɪ ɫɱɢɬɵɜɚɟɬ ɷɬɢ ɞɚɧɧɵɟ. ɇɚ 
ɬɪɟɬɶɟɦ ɲɚɝɟ ɫɩɟɰɩɪɨɰɟɫɫɨɪ ɫɬɪɭɤɬɭɪɧɨ 
ɜɵɩɨɥɧɹɟɬ ɩɪɨɰɟɞɭɪɭ ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɚ  i ɜ 
ɭɡɟɥ. ɇɚ ɱɟɬɜɟɪɬɨɦ ɲɚɝɟ ɫɩɟɰɩɪɨɰɟɫɫɨɪ ɩɟɪɟɞɚɟɬ 
ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɩɪɨɰɟɞɭɪɵ ɜ ɜɵɯɨɞɧɨɣ 
ɪɟɝɢɫɬɪ. ɇɚ ɩɹɬɨɦ ɲɚɝɟ ɨɫɧɨɜɧɨɣ ɩɪɨɰɟɫɫɨɪ 
ɫɱɢɬɵɜɚɟɬ ɷɬɢ ɪɟɡɭɥɶɬɚɬɵ ɢɡ ɛɭɮɟɪɧɨɣ ɩɚɦɹɬɢ. 
 

ɈɋɇɈȼɇɈɃ
ɉɊɈɐȿɋɋɈɊ

ȻɍɎȿɊɇȺə
ɉȺɆəɌɖ

ɋɉȿɐɉɊɈɐȿɋɋɈɊ

 
Ɋɢɫɭɧɨɤ 4 – ɋɬɪɭɤɬɭɪɚ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ 

 

ȼɯɨɞɧɵɟ ɞɚɧɧɵɟ ɹɜɥɹɸɬɫɹ r – 

ɪɚɡɪɹɞɧɵɦɢ ɰɟɥɵɦɢ ɱɢɫɥɚɦɢ ɛɟɡ ɡɧɚɤɚ. 
ȼɵɯɨɞɧɵɟ ɞɚɧɧɵɟ - ɫɬɪɨɤɚ i ɦɚɬɪɢɰɵ X, 

}1;0{ijX . ȼɯɨɞɧɵɟ ɞɚɧɧɵɟ ɪɚɡɦɟɳɟɧɵ ɜ  
2(n+1) ɪɟɝɢɫɬɪɚɯ ɪɚɡɪɹɞɧɨɫɬɶɸ r, ɜɵɯɨɞɧɵɟ 
ɞɚɧɧɵɟ ɪɚɡɦɟɳɟɧɵ ɜ  ɪɟɝɢɫɬɪɟ ɪɚɡɪɹɞɧɨɫɬɶɸ n. 

ɇɚ ɩɟɪɜɨɦ ɲɚɝɟ ɦɟɬɨɞɚ jj BU  , j=1,2,…,n. ɇɚ 
ɱɟɬɜɟɪɬɨɦ ɲɚɝɟ ɦɟɬɨɞɚ ɨɛɧɨɜɥɹɸɬɫɹ ɡɧɚɱɟɧɢɹ 
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jU  ɜɨ ɜɯɨɞɧɵɯ ɪɟɝɢɫɬɪɚɯ, ɢ ɡɚɩɨɥɧɹɟɬɫɹ 
ɜɵɯɨɞɧɨɣ ɪɟɝɢɫɬɪ. 

ɋɬɪɭɤɬɭɪɚ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ ɞɥɹ 
ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɨɜ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 5. ȼ 
ɨɬɥɢɱɢɟ ɨɬ ɫɬɪɭɤɬɭɪɵ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɪɚɛɨɬɚɯ 
[5,6], ɨɧɚ ɩɨɡɜɨɥɹɟɬ ɪɟɲɚɬɶ ɡɚɞɚɱɭ, ɜ ɤɨɬɨɪɨɣ  
ɮɚɣɥɵ ɦɨɝɭɬ ɢɦɟɬɶ ɧɟɫɤɨɥɶɤɨ ɤɨɩɢɣ. Ɉɩɢɫɚɧɢɟ 
ɦɨɞɭɥɟɣ ɫɬɪɭɤɬɭɪɵ ɞɚɧɨ ɜ ɫɥɟɞɭɸɳɟɦ ɪɚɡɞɟɥɟ.  

Ʉɚɠɞɵɣ ɦɨɞɭɥɶ ɩɨɫɬɪɨɟɧ ɧɚ ɨɫɧɨɜɟ 
ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɨɞɧɨɪɨɞɧɨɝɨ ɩɪɨɰɟɫɫɨɪɚ. 
Ɍɚɤɨɣ ɩɪɨɰɟɫɫɨɪ ɹɜɥɹɟɬɫɹ ɢɬɟɪɚɬɢɜɧɨɣ ɫɟɬɶɸ, 
ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɡɚɞɚɧɧɨɣ 
ɛɚɡɨɜɨɣ ɨɩɟɪɚɰɢɢ. ɂɬɟɪɚɬɢɜɧɚɹ ɫɟɬɶ ɟɫɬɶ 
ɥɨɝɢɱɟɫɤɚɹ ɫɟɬɶ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɨɞɢɧɚɤɨɜɵɯ ɢ 
ɨɞɢɧɚɤɨɜɨ ɫɜɹɡɚɧɧɵɯ ɦɟɠɞɭ ɫɨɛɨɣ ɷɥɟɦɟɧɬɨɜ 
(ɹɱɟɟɤ). Ɉɫɨɛɟɧɧɨɫɬɶɸ ɢɬɟɪɚɬɢɜɧɵɯ ɫɟɬɟɣ 
ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɜ ɧɢɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɹɦɨɟ 
ɨɬɨɛɪɚɠɟɧɢɟ ɚɥɝɨɪɢɬɦɨɜ ɜ ɫɯɟɦɵ. Ɂɚ ɫɱɟɬ 
ɩɪɹɦɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɚɥɝɨɪɢɬɦɨɜ, 
ɢɬɟɪɚɬɢɜɧɵɟ ɫɟɬɢ ɩɨɡɜɨɥɹɸɬ ɫɢɧɬɟɡɢɪɨɜɚɬɶ 
ɛɟɡɵɡɛɵɬɨɱɧɵɟ ɰɢɮɪɨɜɵɟ ɭɫɬɪɨɣɫɬɜɚ ɜɵɫɨɤɨɣ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. ɋɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ 
ɨɞɧɨɪɨɞɧɵɟ ɩɪɨɰɟɫɫɨɪɵ ɪɟɚɥɢɡɭɸɬ ɛɚɡɨɜɵɟ 
ɨɩɟɪɚɰɢɢ ɫɬɪɭɤɬɭɪɧɨ ɡɚ ɨɞɢɧ ɬɚɤɬ ɢ ɨɬɧɨɫɹɬɫɹ ɤ 
ɤɨɦɩɶɸɬɟɪɚɦ ɬɢɩɚ SIMD ɫ ɤɪɭɩɧɨɛɥɨɱɧɵɦɢ 
ɛɚɡɨɜɵɦɢ ɨɩɟɪɚɰɢɹɦɢ [7,8]. ɉɪɨɰɟɫɫɨɪɵ 
ɨɛɥɚɞɚɸɬ ɪɟɝɭɥɹɪɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɢ ɭɞɨɛɧɵ ɞɥɹ 
ɪɟɚɥɢɡɚɰɢɢ ɜ ɛɚɡɢɫɟ ɉɅɂɋ 
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Ɋɢɫɭɧɨɤ 5 – ɋɬɪɭɤɬɭɪɚ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ  

 

ɉɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢɹ ɷɥɟɦɟɧɬɨɜ 
ɫɬɪɨɤɢ iX  ɩɪɨɢɫɯɨɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɇɚ 
ɩɟɪɜɨɦ ɲɚɝɟ ɡɧɚɱɟɧɢɹ ijX  ɪɚɜɧɵ ɧɭɥɸ, 1ijZ , 

ɟɫɥɢ iij VU  , ɢɧɚɱɟ 0ijZ . ɇɚ ɜɬɨɪɨɦ ɲɚɝɟ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɢɫɤ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ 
ɫɪɟɞɢ ɡɧɚɱɟɧɢɣ ijL , ɬɚɤɢɯ, ɱɬɨ 1ijZ . ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ, ɨɞɧɨ ɢɡ ɡɧɚɱɟɧɢɣ ijX  

ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɟɞɢɧɢɰɭ. 

Ɇɨɞɭɥɢ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ  

Ɇɨɞɭɥɶ ɫɪɚɜɧɟɧɢɹ ɮɨɪɦɢɪɭɟɬ ɷɥɟɦɟɧɬɵ 
ɫɬɪɨɤɢ iZ : 1ijZ , ɟɫɥɢ ɮɚɣɥ i ɦɨɠɟɬ 

ɩɨɦɟɫɬɢɬɶɫɹ ɜ ɭɡɟɥ j, ɢɧɚɱɟ 0ijZ . Ɇɨɞɭɥɶ 
ɢɦɟɟɬ ɥɨɤɚɥɶɧɭɸ ɜɯɨɞɧɭɸ ɢ ɜɵɯɨɞɧɭɸ ɩɚɦɹɬɶ, 
ɨɩɟɪɚɰɢɨɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɢ ɭɫɬɪɨɣɫɬɜɨ 
ɭɩɪɚɜɥɟɧɢɹ. ȼɯɨɞɧɚɹ ɩɚɦɹɬɶ ɦɨɞɭɥɹ ɫɪɚɜɧɟɧɢɹ 
ɫɨɫɬɨɢɬ ɢɡ r – ɪɚɡɪɹɞɧɵɯ ɪɟɝɢɫɬɪɨɜ, ɯɪɚɧɹɳɢɯ 
ɱɢɫɥɚ jU  ɢ iV , j=1,2,…,n. ȼɵɯɨɞɧɚɹ ɩɚɦɹɬɶ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ n-ɪɚɡɪɹɞɧɵɣ ɪɟɝɢɫɬɪ 
ɷɥɟɦɟɧɬɨɜ ɜɟɤɬɨɪɚ iZ : inii ZZZ ,...,, 21 . 

Ɉɩɟɪɚɰɢɨɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɩɨɤɚɡɚɧɧɨɟ ɧɚ 
ɪɢɫɭɧɤɟ 6, ɫɨɫɬɨɢɬ ɢɡ n ɛɥɨɤɨɜ, ɪɚɛɨɬɚɸɳɢɯ 
ɩɚɪɚɥɥɟɥɶɧɨ. Ȼɥɨɤ j, ɩɨɤɚɡɚɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 7, 
ɮɨɪɦɢɪɭɟɬ ɷɥɟɦɟɧɬ ijZ :  1ijZ , ɟɫɥɢ iij VU  , 

ɢɧɚɱɟ 0ijZ . Ɉɧ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɢɬɟɪɚɬɢɜɧɭɸ ɫɟɬɶ r ɹɱɟɟɤ [8]. 
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Ɋɢɫɭɧɨɤ 6 - Ɉɩɟɪɚɰɢɨɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɦɨɞɭɥɹ 
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Ɋɢɫɭɧɨɤ 7 – Ȼɥɨɤ j ɦɨɞɭɥɹ ɫɪɚɜɧɟɧɢɹ 

 

ɇɚ ɪɢɫɭɧɤɟ 8 ɨɛɨɡɧɚɱɟɧɨ: k
ijU  - ɪɚɡɪɹɞ k 

ɱɢɫɥɚ ijU ;
k

iV  - ɪɚɡɪɹɞ k ɱɢɫɥɚ iV ; 
r

P ,
1r

R  - 

ɜɯɨɞɧɵɟ ɝɪɚɧɢɱɧɵɟ ɫɢɝɧɚɥɵ: 1r
P , 0r

R ;
0

P ,
0

R  - ɜɵɯɨɞɧɵɟ ɝɪɚɧɢɱɧɵɟ ɫɢɝɧɚɥɵ. 
ȼɯɨɞɧɵɟ ɝɪɚɧɢɱɧɵɟ ɫɢɝɧɚɥɵ 

ɜɵɪɚɛɚɬɵɜɚɟɬ ɥɨɤɚɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɭɩɪɚɜɥɟɧɢɹ. 
əɱɟɣɤɚ k ɜɵɩɨɥɧɹɟɬ ɥɨɝɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ 
ɫɪɚɜɧɟɧɢɹ ɱɢɫɟɥ ijU ɢ iV : )(&1

i
k
ij

kk
VUPP 

; 

k
i

k
ij

kkk
VUPRR &&1  ; ɟɫɥɢ 100  RP , ɬɨ 

ɛɥɨɤ ɮɨɪɦɢɪɭɟɬ ɩɪɢɡɧɚɤ 1ijZ , ɢɧɚɱɟ 0ijZ . 

Ɇɨɞɭɥɶ ɭɦɧɨɠɟɧɢɹ ɮɨɪɦɢɪɭɟɬ 
ɷɥɟɦɟɧɬɵ ɜɟɤɬɨɪɚ iP : iijij VFP  . Ɇɨɞɭɥɶ ɢɦɟɟɬ 
ɥɨɤɚɥɶɧɭɸ ɜɯɨɞɧɭɸ ɢ ɜɵɯɨɞɧɭɸ ɩɚɦɹɬɶ, 
ɨɩɟɪɚɰɢɨɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɢ ɭɫɬɪɨɣɫɬɜɨ 
ɭɩɪɚɜɥɟɧɢɹ. ȼɯɨɞɧɚɹ ɩɚɦɹɬɶ ɦɨɞɭɥɹ ɭɦɧɨɠɟɧɢɹ 
ɯɪɚɧɢɬ ɱɢɫɥɚ ijF  ɢ iV ,  j=1,2,…,n. ȼɵɯɨɞɧɚɹ 

ɩɚɦɹɬɶ ɯɪɚɧɢɬ ɩɪɨɢɡɜɟɞɟɧɢɹ iijij VFP  . 
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Ɉɩɟɪɚɰɢɨɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɩɨɤɚɡɚɧɧɨɟ ɧɚ 
ɪɢɫɭɧɤɟ 8, ɫɨɫɬɨɢɬ ɢɡ n ɛɥɨɤɨɜ, ɪɚɛɨɬɚɸɳɢɯ 
ɩɚɪɚɥɥɟɥɶɧɨ. Ȼɥɨɤ j ɹɜɥɹɟɬɫɹ ɦɚɬɪɢɱɧɵɦ 
ɨɞɧɨɬɚɤɬɧɵɦ ɭɦɧɨɠɢɬɟɥɟɦ [8]. Ɉɧ ɜɵɩɨɥɧɹɟɬ 
ɭɦɧɨɠɟɧɢɟ ɱɢɫɟɥ ijF  ɢ iV  ɩɨ ɦɟɬɨɞɭ 
ɭɦɧɨɠɟɧɢɹ, ɧɚɱɢɧɚɹ ɫɨ ɫɬɚɪɲɢɯ ɪɚɡɪɹɞɨɜ 
ɦɧɨɠɢɬɟɥɹ, ɫɨ ɫɞɜɢɝɨɦ ɦɧɨɠɢɦɨɝɨ ɜɩɪɚɜɨ. 

 
    1,iF  iV  1,iP         2,iF   iV  2,iP                         jiF,  iV  jiP,               niF, iV   niP,

…                                    …1 2 j n

 
Ɋɢɫɭɧɨɤ 8 – Ɉɩɟɪɚɰɢɨɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɦɨɞɭɥɹ 

ɭɦɧɨɠɟɧɢɹ 

 

Ɇɨɞɭɥɶ ɞɟɥɟɧɢɹ ɮɨɪɦɢɪɭɟɬ ɷɥɟɦɟɧɬɵ 
ɜɟɤɬɨɪɚ iL : jijij BPL / . Ɇɨɞɭɥɶ ɢɦɟɟɬ 
ɥɨɤɚɥɶɧɭɸ ɜɯɨɞɧɭɸ ɢ ɜɵɯɨɞɧɭɸ ɩɚɦɹɬɶ, 
ɨɩɟɪɚɰɢɨɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɢ ɭɫɬɪɨɣɫɬɜɨ 
ɭɩɪɚɜɥɟɧɢɹ. ȼɯɨɞɧɚɹ ɩɚɦɹɬɶ ɦɨɞɭɥɹ ɞɟɥɟɧɢɹ 
ɯɪɚɧɢɬ ɱɢɫɥɚ ijP  ɢ jB ,  j=1,2,…,n. ȼɵɯɨɞɧɚɹ 

ɩɚɦɹɬɶ ɯɪɚɧɢɬ ɱɢɫɥɚ jiijjijij BVFBPL //  . 

Ɉɩɟɪɚɰɢɨɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɦɨɞɭɥɹ ɞɟɥɟɧɢɹ, 
ɩɨɤɚɡɚɧɧɨɟ ɧɚ ɪɢɫɭɧɤɟ 9, ɫɨɫɬɨɢɬ ɢɡ n ɛɥɨɤɨɜ, 
ɪɚɛɨɬɚɸɳɢɯ ɩɚɪɚɥɥɟɥɶɧɨ. Ȼɥɨɤ j ɹɜɥɹɟɬɫɹ 
ɦɚɬɪɢɱɧɵɦ ɨɞɧɨɬɚɤɬɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ ɞɟɥɟɧɢɹ  
ɧɚ ɨɫɧɨɜɟ ɢɬɟɪɚɬɢɜɧɨɣ ɫɟɬɢ [9]. Ɉɧ ɜɵɩɨɥɧɹɟɬ 
ɰɟɥɨɱɢɫɥɟɧɧɨɟ ɞɟɥɟɧɢɟ ɱɢɫɥɚ ijP  ɧɚ  ɱɢɫɥɨ ijB  

ɩɨ ɦɟɬɨɞɭ ɞɟɥɟɧɢɹ ɫ ɧɟɡɚɜɟɪɲɟɧɢɟɦ 
(nonperforming division). 

 
    1,iP  jB  1,iL         2,iP   jB  2,iL                         jiP,  jB  jiL,             niP, jB   niL,

…                                    …1 2 j n

 
Ɋɢɫɭɧɨɤ 9 – Ɉɩɟɪɚɰɢɨɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɦɨɞɭɥɹ 

ɞɟɥɟɧɢɹ 

 

ɋɱɟɬɧɵɣ ɦɨɞɭɥɶ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 
ɩɨɞɫɱɟɬɚ ɤɨɥɢɱɟɫɬɜɚ ɪɚɡɦɟɳɟɧɧɵɯ ɤɨɩɢɣ ɮɚɣɥɚ 
ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɢɝɧɚɥɚ W, ɭɩɪɚɜɥɹɸɳɟɝɨ 
ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɩɪɢɡɧɚɤɨɜ ijY . ȼɯɨɞɧɚɹ ɩɚɦɹɬɶ 

ɦɨɞɭɥɹ ɯɪɚɧɢɬ ɡɧɚɱɟɧɢɟ iC . ɋɬɪɭɤɬɭɪɚ 
ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɫɱɟɬɧɨɝɨ ɦɨɞɭɥɹ 
ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 10. Ɉɧɚ ɢɦɟɟɬ ɷɥɟɦɟɧɬ ɂɅɂ, 
ɫɱɟɬɱɢɤ ɋɌ, ɫɯɟɦɭ ɫɪɚɜɧɟɧɢɹ, ɬɪɢɝɝɟɪ. 
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Ɋɢɫɭɧɨɤ 10 - Ɉɩɟɪɚɰɢɨɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɫɱɟɬɧɨɝɨ 
ɦɨɞɭɥɹ 

ɋɯɟɦɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɢɡɧɚɤɨɜ ɩɨɤɚɡɚɧɚ 
ɧɚ ɪɢɫɭɧɤɟ 11. Ɉɧɚ ɜɵɪɚɛɚɬɵɜɚɟɬ ɫɢɝɧɚɥɵ ijY : 

RDZXWY ijijij &&)&( , j=1,2,…,n. Ɂɧɚɱɟɧɢɟ 
0ijY  ɟɫɬɶ ɩɪɢɡɧɚɤ ɬɨɝɨ, ɱɬɨ ɭɡɟɥ j ɡɚɩɪɟɳɟɧ ɞɥɹ 

ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɚ i. 
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Ɋɢɫɭɧɨɤ 11 – ɋɯɟɦɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɢɡɧɚɤɨɜ 

 

Ɇɨɞɭɥɶ ɩɨɢɫɤɚ ɦɚɤɫɢɦɭɦɚ (ɆɉɆ) 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɡɥɨɜ ɫ 
ɧɚɢɛɨɥɶɲɢɦ ɡɧɚɱɟɧɢɟɦ ijL . Ɇɨɞɭɥɶ ɢɦɟɟɬ 
ɥɨɤɚɥɶɧɭɸ ɜɯɨɞɧɭɸ ɢ ɜɵɯɨɞɧɭɸ ɩɚɦɹɬɶ, 
ɨɩɟɪɚɰɢɨɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɢ ɭɫɬɪɨɣɫɬɜɨ 
ɭɩɪɚɜɥɟɧɢɹ. ȼɯɨɞɧɚɹ ɩɚɦɹɬɶ ɦɨɞɭɥɹ ɯɪɚɧɢɬ 
ɱɢɫɥɚ ijL . Ɉɩɟɪɚɰɢɨɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɦɨɞɭɥɹ 
ɩɨɢɫɤɚ ɦɚɤɫɢɦɭɦɚ ɹɜɥɹɟɬɫɹ ɢɬɟɪɚɬɢɜɧɨɣ ɫɟɬɶɸ 

rn  ɹɱɟɟɤ [8], ɩɨɤɚɡɚɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 12. 

əɱɟɣɤɚ ɧɚ ɩɟɪɟɫɟɱɟɧɢɢ ɫɬɪɨɤɢ j ɢ ɫɬɨɥɛɰɚ k 

ɜɵɩɨɥɧɹɟɬ ɥɨɝɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ ɫɪɚɜɧɟɧɢɹ ijL : 
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ȼɯɨɞɧɵɟ ɝɪɚɧɢɱɧɵɟ ɫɢɝɧɚɥɵ ɜɵɪɚɛɚɬɵɜɚɟɬ 
ɥɨɤɚɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɭɩɪɚɜɥɟɧɢɹ: 1r

jP ; 

01 k
Q . ȿɫɥɢ 10 jP , ɬɨ 1ijX , ɢɧɚɱɟ 0ijX . 

Ⱦɥɹ ɜɵɞɟɥɟɧɢɹ ɩɟɪɜɨɝɨ ɫɪɟɞɢ 
ɧɚɢɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɣ ijL  ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɟɥɟɤɬɨɪ 
ɜɟɞɭɳɟɣ ɟɞɢɧɢɰɵ (ɋȼȿ). Ɉɧ ɹɜɥɹɟɬɫɹ 
ɢɬɟɪɚɬɢɜɧɨɣ ɫɟɬɶɸ ɢɡ n ɹɱɟɟɤ [10], ɩɨɤɚɡɚɧɧɨɣ ɧɚ 
ɪɢɫɭɧɤɟ 13. əɱɟɣɤɚ j ɜɵɩɨɥɧɹɟɬ ɮɭɧɤɰɢɢ: 
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Ɋɢɫɭɧɨɤ 12 – Ɉɩɟɪɚɰɢɨɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɦɨɞɭɥɹ 
ɩɨɢɫɤɚ ɦɚɤɫɢɦɭɦɚ 

 
                        

0

nP                              
0

jP                              
0

1P

                                                 jY                              1Y

                                          …                               …                            0

                            inX                          ijX                               1iX

 
Ɋɢɫɭɧɨɤ 13 – ɋɬɪɭɤɬɭɪɚ ɫɟɥɟɤɬɨɪɚ ɜɟɞɭɳɟɣ 

ɟɞɢɧɢɰɵ 

 

ɋɱɟɬɧɵɣ ɦɨɞɭɥɶ,  ɫɯɟɦɚ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɩɪɢɡɧɚɤɨɜ, ɦɨɞɭɥɶ ɩɨɢɫɤɚ ɦɚɤɫɢɦɭɦɚ ɢ ɫɟɥɟɤɬɨɪ 
ɜɟɞɭɳɟɣ ɟɞɢɧɢɰɵ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ 
ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɰɟɞɭɪɵ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɨɤɢ 

iX : 1ijX , ɟɫɥɢ ɮɚɣɥ i ɞɨɥɠɟɧ ɪɚɡɦɟɳɚɬɶɫɹ ɜ 

ɭɡɥɟ j, ɢɧɚɱɟ 0ijX .  

ɉɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢɹ ɷɥɟɦɟɧɬɨɜ 
ɜɟɤɬɨɪɚ iX  ɩɪɨɢɫɯɨɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɇɚ 
ɩɟɪɜɨɦ ɲɚɝɟ ɡɧɚɱɟɧɢɹ ijX  ɪɚɜɧɵ ɧɭɥɸ, 1ijY  ɢ 
ɫɱɟɬɱɢɤ CT ɭɫɬɚɧɨɜɥɟɧ ɜ ɧɭɥɶ. ɇɚ ɜɬɨɪɨɦ ɲɚɝɟ 
ɫɨɞɟɪɠɢɦɨɟ ɫɱɟɬɱɢɤɚ ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ iC . ȿɫɥɢ 
ɨɧɢ ɧɟ ɪɚɜɧɵ ɦɟɠɞɭ ɫɨɛɨɣ, ɜɵɪɚɛɚɬɵɜɚɟɬɫɹ 
ɫɢɝɧɚɥ W. ɋ ɟɝɨ ɩɨɦɨɳɶɸ ɧɚ ɬɪɟɬɶɟɦ ɲɚɝɟ 
ɮɨɪɦɢɪɭɸɬɫɹ ɧɨɜɵɟ ɡɧɚɱɟɧɢɹ ijY : 

RDZXWY ijijij &&)&( . ɇɚ ɱɟɬɜɟɪɬɨɦ ɲɚɝɟ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɢɫɤ ɩɟɪɜɨɝɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɡɧɚɱɟɧɢɹ ɫɪɟɞɢ ɡɧɚɱɟɧɢɣ ijL , ɬɚɤɢɯ, ɱɬɨ 1ijY . 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ, ɨɞɧɨ ɢɡ ɡɧɚɱɟɧɢɣ ijX  

ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɟɞɢɧɢɰɭ. ɇɚ ɩɹɬɨɦ ɲɚɝɟ 
ɫɨɞɟɪɠɢɦɨɟ ɫɱɟɬɱɢɤɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚ ɟɞɢɧɢɰɭ, 
ɢ ɩɪɨɰɟɫɫ ɩɨɜɬɨɪɹɟɬɫɹ ɫ ɲɚɝɚ 2 ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ 

1W . Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɨɩɪɟɞɟɥɟɧɧɵɟ ɧɚ ɞɚɧɧɨɦ 
ɲɚɝɟ ɡɧɚɱɟɧɢɹ ijX  ɧɟ ɩɨɬɟɪɹɥɢɫɶ ɧɚ ɫɥɟɞɭɸɳɟɦ 
ɲɚɝɟ, ɩɪɢ ɢɯ ɫɨɯɪɚɧɟɧɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɛɥɨɤ 
ɷɥɟɦɟɧɬɨɜ ɂɅɂ. ȿɫɥɢ ɜɫɟ ɡɧɚɱɟɧɢɹ ijX  

ɫɮɨɪɦɢɪɨɜɚɧɵ, ɬɨ ɫɢɝɧɚɥ W ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ 
ɧɨɥɶ. ɋɬɪɭɤɬɭɪɚ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɨɤɢ iX  

ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 14. 
Ɇɨɞɭɥɶ ɜɵɱɢɬɚɧɢɹ ɮɨɪɦɢɪɭɟɬ ɷɥɟɦɟɧɬɵ 

ɜɟɤɬɨɪɚ 1iU : ijiijji XVUU  ,1 . Ɇɨɞɭɥɶ ɢɦɟɟɬ 
ɥɨɤɚɥɶɧɭɸ ɜɯɨɞɧɭɸ ɢ ɜɵɯɨɞɧɭɸ ɩɚɦɹɬɶ, 
ɨɩɟɪɚɰɢɨɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɢ ɭɫɬɪɨɣɫɬɜɨ 
ɭɩɪɚɜɥɟɧɢɹ. Ɉɩɟɪɚɰɢɨɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɦɨɞɭɥɹ 
ɜɵɱɢɬɚɧɢɹ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 15. Ɉɧɨ ɫɨɫɬɨɢɬ 
ɢɡ n ɛɥɨɤɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɩɚɪɚɥɥɟɥɶɧɨ. ȼɯɨɞɧɚɹ 
ɩɚɦɹɬɶ ɦɨɞɭɥɹ ɫɨɫɬɨɢɬ ɢɡ n – ɪɚɡɪɹɞɧɨɝɨ 
ɪɟɝɢɫɬɪɚ ɡɧɚɱɟɧɢɣ ijX , ɚ ɬɚɤɠɟ  r – ɪɚɡɪɹɞɧɵɯ 

ɪɟɝɢɫɬɪɨɜ, ɯɪɚɧɹɳɢɯ ɱɢɫɥɚ ijU  ɢ iV , j=1,2,…,n. 

ȼɵɯɨɞɧɚɹ ɩɚɦɹɬɶ ɫɨɫɬɨɢɬ ɢɡ r – ɪɚɡɪɹɞɧɵɯ 
ɪɟɝɢɫɬɪɨɜ, ɯɪɚɧɹɳɢɯ ɡɧɚɱɟɧɢɹ jiU ,1 . 
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Ɋɢɫɭɧɨɤ 14 - ɋɬɪɭɤɬɭɪɚ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɫɬɪɨɤɢ iX  

 

     1,1iU   1,iX       2,1iU  2,iX      jiU ,1  1,iX            nU    niX ,

          1iU                2iU                    ijU                       inU

iV

                                              …                         …
1 2 j n

 
Ɋɢɫɭɧɨɤ 15 - Ɉɩɟɪɚɰɢɨɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɦɨɞɭɥɹ 

ɜɵɱɢɬɚɧɢɹ 

 

Ȼɥɨɤ j, ɩɨɤɚɡɚɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 17, 
ɫɨɞɟɪɠɢɬ ɫɯɟɦɭ ɩɨɪɚɡɪɹɞɧɨɣ ɤɨɧɴɸɧɤɰɢɢ (ɋɊɄ) 
ɢ ɜɵɱɢɬɚɬɟɥɶ  r-ɪɚɡɪɹɞɧɵɯ ɱɢɫɟɥ. ɋɊɄ ɜɵɩɨɥɧɹɟɬ 
ɥɨɝɢɱɟɫɤɭɸ ɮɭɧɤɰɢɸ ji

k
i XV ,& , ɝɞɟ k

iV  - ɪɚɡɪɹɞ 

k ɱɢɫɥɚ iV . Ȼɥɨɤ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ   ɨɛɪɚɡɨɦ. 
ȿɫɥɢ 1ijX , ɬɨ ɤ ɜɵɱɢɬɚɬɟɥɸ ɩɨɞɚɟɬɫɹ 

ɡɧɚɱɟɧɢɟ iV . ɇɚ ɜɵɯɨɞɟ ɜɵɱɢɬɚɬɟɥɹ 
ɮɨɪɦɢɪɭɟɬɫɹ ɡɧɚɱɟɧɢɟ jiU ,1 : ijiijji XVUU  ,1 . 

ȿɫɥɢ 0ijX , ɬɨ ɜɦɟɫɬɨ ɡɧɚɱɟɧɢɹ iV  ɤ 

ɜɵɱɢɬɚɬɟɥɸ ɩɨɞɚɟɬɫɹ ɧɨɥɶ ɢ ɡɧɚɱɟɧɢɟ ijU  ɧɟ 
ɢɡɦɟɧɹɟɬɫɹ. 
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        ijX              ijU                          jiU ,1

iV
ɋɊɄ

-

 
Ɋɢɫɭɧɨɤ 17 - Ȼɥɨɤ j ɦɨɞɭɥɹ ɜɵɱɢɬɚɧɢɹ 

Ɉɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ 

ȼɟɥɢɱɢɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɤɪɟɬɧɨɣ ɡɚɞɚɱɢ 
ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɨɜ. Ɉɛɨɡɧɚɱɢɦ: cpt  - ɜɪɟɦɹ 
ɧɟɨɛɯɨɞɢɦɨɟ ɧɚ ɨɞɧɭ ɨɩɟɪɚɰɢɸ ɫɪɚɜɧɟɧɢɹ. Ⱦɥɹ 
ɪɚɡɦɟɳɟɧɢɹ ɨɞɧɨɝɨ ɮɚɣɥɚ ɧɚ ɨɞɧɨɩɪɨɰɟɫɫɨɪɧɨɦ 
ɤɨɦɩɶɸɬɟɪɟ ɬɪɟɛɭɟɬɫɹ ɜ ɥɭɱɲɟɦ ɫɥɭɱɚɟ n+1 

ɨɩɟɪɚɰɢɣ ɫɪɚɜɧɟɧɢɹ. ȼɪɟɦɹ ɧɟɨɛɯɨɞɢɦɨɟ ɧɚ ɜɫɟ 
ɨɩɟɪɚɰɢɢ ɫɪɚɜɧɟɧɢɹ ɜ ɥɭɱɲɟɦ ɫɥɭɱɚɟ: 

cp
ɥ

tnT )1(1  . ȼ ɯɭɞɲɟɦ ɫɥɭɱɚɟ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ 
ɨɞɧɨɝɨ ɮɚɣɥɚ ɬɪɟɛɭɟɬɫɹ 2n-1 ɨɩɟɪɚɰɢɣ 
ɫɪɚɜɧɟɧɢɹ. ȼɪɟɦɹ ɧɟɨɛɯɨɞɢɦɨɟ ɧɚ ɜɫɟ ɨɩɟɪɚɰɢɢ 
ɫɪɚɜɧɟɧɢɹ ɜ ɯɭɞɲɟɦ ɫɥɭɱɚɟ: cp

x
tnT )12(1  . Ⱦɥɹ 

ɪɚɡɦɟɳɟɧɢɹ ɨɞɧɨɝɨ ɮɚɣɥɚ ɫ ɩɨɦɨɳɶɸ 
ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ 
ɬɪɟɛɭɟɬɫɹ 2 ɨɩɟɪɚɰɢɢ ɫɪɚɜɧɟɧɢɹ ɜ ɥɸɛɨɦ ɫɥɭɱɚɟ: 

cptT 22  . Ɇɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɭɫɤɨɪɟɧɢɹ ɨɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ: 

2/)1(2/)1(/ 21min  nttnTTS cpcp
ɥ

. 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɭɫɤɨɪɟɧɢɹ ɨɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ: 

2/12/)12(/ 21max  nttnTTS cpcp
x

. 

ɍɫɤɨɪɟɧɢɟ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɨɜ 
ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɤɨɥɢɱɟɫɬɜɭ ɭɡɥɨɜ 
ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɟɬɢ.  

ȼɵɜɨɞɵ  
ɋɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ ɩɨɜɵɲɟɧɢɸ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɟɬɢ ɡɚ 
ɫɱɟɬ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɨɜ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɫɬɪɭɤɬɭɪ.  
Ⱦɥɹ ɭɫɤɨɪɟɧɢɹ ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɨɜ ɩɨ ɭɡɥɚɦ 
ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɟɬɢ ɩɪɟɞɥɨɠɟɧɚ ɫɬɪɭɤɬɭɪɚ 

ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɚɹ ɧɚ ɪɟɲɟɧɢɟ 
ɷɬɨɣ ɡɚɞɚɱɢ.   
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Ȼɟɥɶɤɨɜ Ⱦ.ȼ. ȼɵɱɢɫɥɢɬɟɥɶɧɵɟ ɫɬɪɭɤɬɭɪɵ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɨɜ ɩɨ ɭɡɥɚɦ 
ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɟɬɢ. ɋɬɚɬɶɹ ɩɪɟɞɥɚɝɚɟɬ ɦɟɬɨɞ ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɫɬɪɭɤɬɭɪɵ ɞɥɹ 
ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɨɜ ɜ ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɟɬɹɯ.  Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɟɬɟɣ ɡɚ ɫɱɟɬ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɨɜ ɫɮɨɪɦɭɥɢɪɨɜɚɧɚ ɡɚɞɚɱɚ 
ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɨɜ. Ⱦɥɹ ɭɫɤɨɪɟɧɢɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɪɟɞɥɨɠɟɧɵ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɫɬɪɭɤɬɭɪɵ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɧɚ ɟɟ ɪɟɲɟɧɢɟ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: Ɏɚɣɥɵ, ɭɡɥɵ ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɟɬɢ, ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ ɩɪɨɰɟɫɫɨɪɵ ɞɥɹ 
ɪɚɡɦɟɳɟɧɢɹ ɮɚɣɥɨɜ. 

Belkov D.V. Methods and computer structures for optimization of file allocation in the 

computer networks. The article presents the method and computer structures for optimization of 

file allocations in computer networks.  For a rise of efficiency of computer network due to the 

rational file allocations, the task of the rational file allocations on nodes of computer network is 

formulated. Heuristic method for solving of this task is proposed. For acceleration of solving of 

task of file allocations on nodes of computer network, structures of special processors oriented on 

the solving of this task are proposed. 

Keywords: Files, nodes of computer network,  special processors for file allocation. 

 

ɋɬɚɬɶɹ ɩɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ 20.09.2017  
Ɋɟɤɨɦɟɧɞɨɜɚɧɚ ɤ ɩɭɛɥɢɤɚɰɢɢ ɞ-ɪɨɦ ɬɟɯɧ. ɧɚɭɤ ȼ.ɇ. ɉɚɜɥɵɲɨɦ 

 

  


