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ɋɬɚɬɶɹ ɩɨɫɜɹщɟɧɚ ɚɤɬɭɚɥɶɧɵɦ ɜɨɩɪɨɫɚɦ ɤɨɧɫɬɪɭиɪɨɜɚɧиɹ ɩɨɥɭɬɨɪɚɛɚɣɬɧɵɯ S-

ɛɥɨɤɨɜ ɩɨɞɫɬɚɧɨɜɤи ɞɥɹ ɩɨɜɵɲɟɧиɹ ɷɮɮɟɤɬиɜɧɨɫɬи ɫɨɜɪɟɦɟɧɧɵɯ ɲиɮɪɨɜ. 
ɉɨɫɬɪɨɟɧɵ ɩɨɥɭɬɨɪɚɛɚɣɬɧɵɟ S-ɛɥɨɤи ɤɨɧɫɬɪɭɤɰии ɇиɛɟɪɝ ɧɚɞ ɜɫɟɦи иɡɨɦɨɪɮɧɵɦи 
ɩɪɟɞɫɬɚɜɥɟɧиɹɦи ɩɨɥɹ 12(2 )GF , ɩɪɨɜɟɞɟɧɨ иɯ ɜɵɛɨɪɨɱɧɨɟ ɬɟɫɬиɪɨɜɚɧиɟ ɧɚ 
ɫɨɨɬɜɟɬɫɬɜиɟ ɨɫɧɨɜɧɵɦ ɤɪиɬɟɪиɹɦ ɤɪиɩɬɨɝɪɚɮиɱɟɫɤɨɝɨ ɤɚɱɟɫɬɜɚ, ɤɨɬɨɪɨɟ ɩɨɤɚɡɚɥɨ, 
ɱɬɨ ɩɨɥɭɬɨɪɚɛɚɣɬɧɵɟ S-ɛɥɨɤи ɨɛɥɚɞɚɸɬ ɡɧɚɱиɬɟɥɶɧɨ ɥɭɱɲиɦи ɤɪиɩɬɨɝɪɚɮиɱɟɫɤиɦи 
ɯɚɪɚɤɬɟɪиɫɬиɤɚɦи, ɧɟɠɟɥи ɨɞɧɨɛɚɣɬɧɵɟ иɥи ɩɨɥɭɛɚɣɬɧɵɟ. ȼɜɟɞɟɧ ɭɞɨɛɧɵɣ ɞɥɹ 
ɞɥиɧɧɵɯ S-ɛɥɨɤɨɜ ɤɪиɬɟɪиɣ ɭɞɟɥɶɧɨɝɨ ɪɚɫɫɬɨɹɧиɹ ɧɟɥиɧɟɣɧɨɫɬи, ɯɚɪɚɤɬɟɪиɡɭɸщиɣ 
«ɤɨɥиɱɟɫɬɜɨ ɧɟɥиɧɟɣɧɨɫɬи» ɜ ɷɥɟɦɟɧɬɟ Q-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬи ɥиɛɨ ɡɧɚɱɟɧии 
ɛɭɥɟɜɨɣ ɮɭɧɤɰии. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɩɨɡɜɨɥɹɸɬ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɩɨɫɬɪɨɟɧɧɵɟ S-

ɛɥɨɤи ɦɨɝɭɬ ɛɵɬɶ ɷɮɮɟɤɬиɜɧɨ иɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɦɨɞɟɪɧиɡɚɰии ɫɨɜɪɟɦɟɧɧɵɯ 
ɲиɮɪɨɜ и ɩɨɫɬɪɨɟɧиɹ ɧɨɜɵɯ ɩɟɪɫɩɟɤɬиɜɧɵɯ ɤɪиɩɬɨɚɥɝɨɪиɬɦɨɜ. 

Ключеɜые слоɜɚ: S-ɛɥɨɤ, ɤɨɧɫɬɪɭɤɰиɹ ɇиɛɟɪɝ, ɩɨɥɟ Ƚɚɥɭɚ, иɡɨɦɨɪɮиɡɦ 

Вɜеɞеɧие 

ɉɨɜɫɟɦɟɫɬɧɨɟ ɜɧɟɞɪɟɧиɟ ɤɨɦɩɶɸɬɟɪɧɨɣ ɬɟɯɧиɤи ɜɨ ɜɫɟ ɫɮɟɪɵ ɱɟɥɨɜɟɱɟɫɤɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬи ɩɪиɜɨɞиɬ ɤ ɩɨɫɬɨɹɧɧɨɦɭ ɪɨɫɬɭ ɤɨɥиɱɟɫɬɜɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ, 
ɩɟɪɟɞɚɜɚɟɦɨɣ и ɯɪɚɧиɦɨɣ иɧɮɨɪɦɚɰии. Ⱦɚɧɧɨɟ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɩɪиɜɨɞиɬ ɤ ɞɚɥɶɧɟɣɲɟɣ 
ɚɤɬɭɚɥиɡɚɰии ɜɨɩɪɨɫɨɜ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧиɹ ɦɟɬɨɞɨɜ ɡɚщиɬɵ иɧɮɨɪɦɚɰии, ɜ ɬɨɦ ɱиɫɥɟ, 
ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɡɜиɬиɹ ɤɪиɩɬɨɝɪɚɮиɱɟɫɤиɯ ɚɥɝɨɪиɬɦɨɜ. ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ 
ɫɭщɟɫɬɜɟɧɧɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧиɟ ɩɨɥɭɱиɥи ɛɥɨɱɧɵɟ ɤɪиɩɬɨɚɥɝɨɪиɬɦɵ, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ 
ɬɟɦ, ɱɬɨ ɧɚ ɫɟɝɨɞɧɹɲɧиɣ ɞɟɧɶ ɨɧи ɨɛɥɚɞɚɸɬ ɩɪɨɫɬɨɣ ɬɟɯɧиɱɟɫɤɨɣ ɪɟɚɥиɡɚɰиɟɣ и 
ɜɵɫɨɤиɦи ɩɨɤɚɡɚɬɟɥɹɦи ɤɪиɩɬɨɝɪɚɮиɱɟɫɤɨɝɨ ɤɚɱɟɫɬɜɚ.  

Ɉɞɧиɦ иɡ ɜɚɠɧɟɣɲиɯ ɷɬɚɩɨɜ ɪɚɡɪɚɛɨɬɤи ɥɸɛɨɝɨ ɫɨɜɪɟɦɟɧɧɨɝɨ ɫиɦɦɟɬɪиɱɧɨɝɨ 

ɛɥɨɱɧɨɝɨ ɚɥɝɨɪиɬɦɚ ɲиɮɪɨɜɚɧиɹ ɹɜɥɹɟɬɫɹ ɩɨɫɬɪɨɟɧиɟ ɧɟɥиɧɟɣɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧиɹ — 

S-ɛɥɨɤɚ ɩɨɞɫɬɚɧɨɜɤи, ɯɚɪɚɤɬɟɪиɫɬиɤи ɤɨɬɨɪɨɝɨ ɜɨ ɦɧɨɝɨɦ ɨɩɪɟɞɟɥɹɸɬ ɯɚɪɚɤɬɟɪиɫɬиɤи 
ɤɨɧɫɬɪɭиɪɭɟɦɨɝɨ ɲиɮɪɚ. Ɍɚɤ, ɜ ɥиɬɟɪɚɬɭɪɟ ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ ɜɧиɦɚɧиɹ ɭɞɟɥɹɟɬɫɹ 
ɩɪɨɛɥɟɦɟ ɩɨɫɬɪɨɟɧиɹ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɯ S-ɛɥɨɤɨɜ, ɬɟɦ ɧɟ ɦɟɧɟɟ, ɜɫɟ ɨɧи 
ɯɚɪɚɤɬɟɪиɡɭɸɬɫɹ ɞɥиɧɨɣ ɜɯɨɞɧɨɝɨ ɫɥɨɜɚ 10k  [1]. 

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪиɦɟɧɬɨɜ Д2] ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ 
ɤɪиɩɬɨɝɪɚɮиɱɟɫɤɨɟ ɤɚɱɟɫɬɜɨ S-ɛɥɨɤɨɜ ɩɨɞɫɬɚɧɨɜɤи и иɯ ɫɩɨɫɨɛɧɨɫɬɶ ɩɪɨɬиɜɨɫɬɨɹɬɶ 
ɚɬɚɤɚɦ ɤɪиɩɬɨɚɧɚɥиɡɚ ɡɧɚɱиɬɟɥɶɧɨ ɭɥɭɱɲɚɸɬɫɹ ɫ ɪɨɫɬɨɦ иɯ ɞɥиɧɵ 2k

N  . Ⱦɚɧɧɨɟ 
ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɱɟɬɤɨ ɩɪɨɫɥɟɠиɜɚɟɬɫɹ иɫɬɨɪиɱɟɫɤи ɜ ɜиɞɟ ɪɨɫɬɚ ɞɥиɧɵ ɩɪиɦɟɧɹɟɦɵɯ ɜ 
ɤɪиɩɬɨɚɥɝɨɪиɬɦɚɯ S-ɛɥɨɤɨɜ. Ɍɚɤ, ɧɚ ɫɦɟɧɭ ɚɥɝɨɪиɬɦɭ DES, ɤɨɬɨɪɵɣ иɫɩɨɥɶɡɨɜɚɥ 
ɩɨɥɭɛɚɣɬɧɵɟ S-ɛɥɨɤи, ɩɪиɲɟɥ ɤɪиɩɬɨɚɥɝɨɪиɬɦ Rijndael (AES), ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɧɵɧɟ 
ɞɟɣɫɬɜɭɸщиɦ ɫɬɚɧɞɚɪɬɨɦ ɲиɮɪɨɜɚɧиɹ ɋɒȺ и иɫɩɨɥɶɡɭɟɬ S-ɛɥɨɤи ɤɨɧɫɬɪɭɤɰии 
ɇиɛɟɪɝ ɫ ɞɥиɧɨɣ ɜɯɨɞɧɨɝɨ ɫɥɨɜɚ 8k  ɛиɬ и, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫ ɞɥиɧɨɣ Q - 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬи 25628 N  (ɨɞɧɨɛɚɣɬɧɵɟ). Иɫɯɨɞɹ иɡ ɷɬɨɝɨ, ɫɬɚɧɨɜиɬɫɹ 
ɨɱɟɜиɞɧɨ, ɱɬɨ ɫɥɟɞɭɸщиɦ ɲɚɝɨɦ ɜ ɤɨɧɫɬɪɭиɪɨɜɚɧии ɧɨɜɵɯ ɤɪиɩɬɨɚɥɝɨɪиɬɦɨɜ ɛɭɞɟɬ 
ɫиɧɬɟɡ и иɫɩɨɥɶɡɨɜɚɧиɟ ɩɨɥɭɬɨɪɚɛɚɣɬɧɵɯ S-ɛɥɨɤɨɜ ɩɨɞɫɬɚɧɨɜɤи. 
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ɉɪɨɰɟɫɫ ɜɵɛɨɪɚ S-ɛɥɨɤɚ ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɬɪɭɞɨɟɦɤиɦ ɫ ɜɵɱиɫɥиɬɟɥɶɧɨɣ ɬɨɱɤи 
ɡɪɟɧиɹ, ɩɨɷɬɨɦɭ ɜ ɫɨɜɪɟɦɟɧɧɨɣ ɤɪиɩɬɨɝɪɚɮии ɩɪиɧɹɬ ɩɨɞɯɨɞ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ 
ɩɨɫɬɪɨɟɧии ɪɟɝɭɥɹɪɧɵɯ ɦɟɬɨɞɨɜ ɫиɧɬɟɡɚ S-ɛɥɨɤɨɜ ɫ ɡɚɪɚɧɟɟ ɨɩɪɟɞɟɥɟɧɧɵɦи 
ɤɪиɩɬɨɝɪɚɮиɱɟɫɤиɦи ɯɚɪɚɤɬɟɪиɫɬиɤɚɦи. Ɉɞɧиɦ иɡ ɬɚɤиɯ ɦɟɬɨɞɨɜ ɹɜɥɹɟɬɫɹ 
ɩɪɟɞɥɨɠɟɧɧɚɹ Ʉ. ɇиɛɟɪɝɨɦ ɤɨɧɫɬɪɭɤɰиɹ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɨɛɪɚщɟɧии ɷɥɟɦɟɧɬɨɜ ɩɨɥɹ 
Ƚɚɥɭɚ ɩɨ ɦɨɞɭɥɸ ɧɟɩɪиɜɨɞиɦɨɝɨ ɩɨɥиɧɨɦɚ [3]. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɜ ɥиɬɟɪɚɬɭɪɟ S-ɛɥɨɤи 
ɤɨɧɫɬɪɭɤɰии ɇиɛɟɪɝ ɫиɧɬɟɡиɪɨɜɚɧɵ ɥиɲɶ ɞɥɹ ɡɧɚɱɟɧиɣ ɞɥиɧɵ ɜɯɨɞɧɨɝɨ ɫɥɨɜɚ 10k , ɜ 
ɬɨ ɜɪɟɦɹ ɤɚɤ иɫɫɥɟɞɨɜɚɧиɟ ɯɚɪɚɤɬɟɪиɫɬиɤ ɛɨɥɟɟ ɞɥиɧɧɵɯ S-ɛɥɨɤɨɜ ɜ ɥиɬɟɪɚɬɭɪɟ 
ɨɬɫɭɬɫɬɜɭɟɬ. 

Цɟɥɶɸ ɧɚɫɬɨɹщɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɨɫɬɪɨɟɧиɟ S-ɛɥɨɤɨɜ ɩɨɞɫɬɚɧɨɜɤи 
ɤɨɧɫɬɪɭɤɰии ɇиɛɟɪɝ ɫ ɞɥиɧɨɣ ɜɯɨɞɧɨɝɨ ɫɥɨɜɚ 12k  (ɩɨɥɭɬɨɪɚɛɚɣɬɧɵɯ) ɧɚɞ ɜɫɟɦи 
иɡɨɦɨɪɮɧɵɦи ɩɪɟɞɫɬɚɜɥɟɧиɹɦи ɩɨɥɹ )2( 12

GF . 

Ɉсɧоɜɧɚɹ чɚсɬɶ 

Ʉɨɧɫɬɪɭɤɰиɹ S-ɛɥɨɤɨɜ ɩɨɞɫɬɚɧɨɜɤи ɤɥɚɫɫиɱɟɫɤиɯ ɛɥɨɱɧɵɯ ɤɪиɩɬɨɝɪɚɮиɱɟɫɤиɯ 
ɚɥɝɨɪиɬɦɨɜ (ɧɚɩɪиɦɟɪ, ȽɈɋɌ 28147-89, Ɇɚɝɦɚ, Ʉɚɥиɧɚ, BОХT, DES, AES и ɞɪ.) ɫɨɫɬɨиɬ 
иɡ ɞɟɲиɮɪɚɬɨɪɚ, ɤɨɬɨɪɵɣ ɩɪɟɨɛɪɚɡɭɟɬ k-ɪɚɡɪɹɞɧɵɣ ɞɜɨиɱɧɵɣ ɫиɝɧɚɥ ɜ ɨɞɧɨɪɚɡɪɹɞɧɵɣ 
ɫиɝɧɚɥ ɩɨ ɦɨɞɭɥɸ k2 , ɫиɫɬɟɦɵ ɜɧɭɬɪɟɧɧиɯ ɫɜɹɡɟɣ (ɜɫɟɝɨ ɫɜɹɡɟɣ ɞɨɥɠɧɨ ɛɵɬɶ k2 ) и 
ɲиɮɪɚɬɨɪɚ, ɤɨɬɨɪɵɣ ɩɪɟɨɛɪɚɡɭɟɬ ɫиɝɧɚɥ иɡ ɨɞɧɨɪɚɡɪɹɞɧɨɝɨ k2  -иɱɧɨɝɨ ɜ k-ɪɚɡɪɹɞɧɵɣ 
ɞɜɨиɱɧɵɣ. ɋɯɟɦɚ ɩɨɥɭɬɨɪɚɛɚɣɬɧɨɝɨ S-ɛɥɨɤɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪиɫ. 1. 

 

Ɋис. 1. Ʉɨɧɫɬɪɭɤɰиɹ ɩɨɥɭɬɨɪɚɛɚɣɬɧɨɝɨ S-ɛɥɨɤɚ ɩɨɞɫɬɚɧɨɜɤи 

 

Ɉɱɟɜиɞɧɨ, ɱɬɨ S-ɛɥɨɤ ɩɨɞɫɬɚɧɨɜɤи ɨɩɪɟɞɟɥɹɟɬ ɨɞɧɨɡɧɚɱɧɨɟ ɫɨɨɬɜɟɬɫɬɜиɟ ɦɟɠɞɭ 
ɷɥɟɤɬɪɨɞɚɦи ɞɟɲиɮɪɚɬɨɪɚ и ɷɥɟɤɬɪɨɞɚɦи ɲиɮɪɚɬɨɪɚ иɥи ɫɨɨɬɜɟɬɫɬɜɭɸщиɦи ɹɱɟɣɤɚɦи 
ɩɚɦɹɬи, ɤɨɬɨɪɵɟ ɪɟɚɥиɡɭɸɬ ɛɥɨɤ ɩɪɨɝɪɚɦɦɧɨ. Ⱦɚɧɧɨɟ ɩɪɚɜиɥɨ ɱɚɫɬɨ ɡɚɩиɫɵɜɚɸɬ ɜ ɜиɞɟ 
ɤɨɞиɪɭɸщɟɣ Q -ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬи, ɤɨɬɨɪɚɹ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɜ ɜиɞɟ k  ɤɨɦɩɨɧɟɧɬɧɵɯ ɛɭɥɟɜɵɯ ɮɭɧɤɰиɣ. Ʉɪиɩɬɨɝɪɚɮиɱɟɫɤиɟ ɫɜɨɣɫɬɜɚ ɩɨɫɥɟɞɧиɯ 
ɩɨɥɧɨɫɬɶɸ ɨɩɪɟɞɟɥɹɸɬ ɤɚɱɟɫɬɜɨ ɤɨɧɫɬɪɭиɪɭɟɦɨɝɨ S-ɛɥɨɤɚ. 

S-ɛɥɨɤ ɧɚɡɵɜɚɸɬ ɛиɟɤɬиɜɧɵɦ, ɟɫɥи ɟɝɨ ɤɨɞиɪɭɸщɚɹ Q -ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 
ɫɨɞɟɪɠиɬ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɜɫɟ ɷɥɟɦɟɧɬɵ ɬɪиɜиɚɥɶɧɨɣ ɜɯɨɞɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬи 
 12,...,1,0 k , ɚ ɜɫɟ ɥиɧɟɣɧɵɟ ɤɨɦɛиɧɚɰии ɤɨɦɩɨɧɟɧɬɧɵɯ ɛɭɥɟɜɵɯ ɮɭɧɤɰиɣ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɹɜɥɹɸɬɫɹ ɫɛɚɥɚɧɫиɪɨɜɚɧɧɵɦи. əɫɧɨ, ɱɬɨ ɜɫɟɝɨ ɛиɟɤɬиɜɧɵɯ 
ɩɨɥɭɬɨɪɚɛɚɣɬɧɵɯ S-ɛɥɨɤɨɜ ɫɭщɟɫɬɜɭɟɬ !4096!24096  k

J , ɱɬɨ ɹɜɥɹɟɬɫɹ 
ɚɫɬɪɨɧɨɦиɱɟɫɤɨɣ ɜɟɥиɱиɧɨɣ. Ⱦɚɧɧɨɟ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɩɨɥɧɨɫɬɶɸ иɫɤɥɸɱɚɟɬ 



Ⱦ.Ⱥ. ɘɪɨɜɫɤиɯ, Ⱥ.ȼ. ɋɨɤɨɥɨɜ, Ȼ.ɋ. Ɍɪɨиɰɤиɣ 
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ɜɨɡɦɨɠɧɨɫɬɶ ɩɨиɫɤɚ ɨɩɬиɦɚɥɶɧɵɯ ɫɬɪɭɤɬɭɪ Q -ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɩɟɪɟɛɨɪɧɵɦи 
ɦɟɬɨɞɚɦи и ɞиɤɬɭɟɬ ɧɟɨɛɯɨɞиɦɨɫɬɶ ɩɪиɦɟɧɟɧиɹ ɪɟɝɭɥɹɪɧɵɯ ɦɟɬɨɞɨɜ ɫиɧɬɟɡɚ, ɨɞɧиɦ иɡ 
ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɪɚɧɟɟ иɫɩɨɥɶɡɭɟɦɚɹ ɞɥɹ ɧɟɛɨɥɶɲиɯ ɞɥиɧ S-ɛɥɨɤɨɜ ɤɨɧɫɬɪɭɤɰиɹ 
ɇиɛɟɪɝ [3]. 

Ʉɨɧɫɬɪɭɤɰиɹ ɇиɛɟɪɝ, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɬɨɛɪɚɠɟɧиɟ, ɡɚɞɚɜɚɟɦɨɟ 
ɦɭɥɶɬиɩɥиɤɚɬиɜɧɨ ɨɛɪɚɬɧɵɦи ɷɥɟɦɟɧɬɚɦи ɩɨɥɹ Ƚɚɥɭɚ )2( k

GF   ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɫɥɟɞɭɸщиɦ ɫɨɨɬɧɨɲɟɧиɟɦ  

    k
GFxypzfdxy 2,,,mod1   , (1) 

ɫɤɨɦɛиɧиɪɨɜɚɧɧɵɦ ɜɦɟɫɬɟ ɫ ɚɮɮиɧɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɧиɟɦ 

 k
GFbaayAb 2,,  , (2) 

ɝɞɟ ( )f z  – ɧɟɩɪиɜɨɞиɦɵɣ ɧɚɞ ɩɨɥɟɦ )2( k
GF  ɩɨɥиɧɨɦ; A – ɧɟɜɵɪɨɠɞɟɧɧɚɹ ɦɚɬɪиɰɚ 

ɚɮɮиɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧиɹ; a  – ɜɟɤɬɨɪ ɫɞɜиɝɚ; 2p   – ɯɚɪɚɤɬɟɪиɫɬиɤɚ ɪɚɫɲиɪɟɧɧɨɝɨ 
ɩɨɥɹ Ƚɚɥɭɚ, 10 0   – ɩɪиɧɹɬɨ;  , , ,a b x y  – ɷɥɟɦɟɧɬɵ ɪɚɫɲиɪɟɧɧɨɝɨ ɩɨɥɹ Ƚɚɥɭɚ )2( k

GF , 

ɪɚɫɫɦɚɬɪиɜɚɸɬɫɹ ɤɚɤ ɞɟɫɹɬиɱɧɵɟ ɱиɫɥɚ, ɥиɛɨ ɞɜɨиɱɧɵɟ ɜɟɤɬɨɪɵ, ɥиɛɨ ɩɨɥиɧɨɦɵ 
ɫɬɟɩɟɧи 1k  .  

S-ɛɥɨɤи, ɩɨɫɬɪɨɟɧɧɵɟ ɜ ɫɨɨɬɜɟɬɫɬɜии ɫ ɜɵɪɚɠɟɧиɹɦи (1) и (2) ɨɛɥɚɞɚɸɬ ɜɵɫɨɤиɦ 
ɭɪɨɜɧɟɦ ɤɪиɩɬɨɝɪɚɮиɱɟɫɤɨɝɨ ɤɚɱɟɫɬɜɚ Д4, 5]: ɜɵɫɨɤɨɣ ɚɥɝɟɛɪɚиɱɟɫɤɨɣ ɫɬɟɩɟɧɶɸ 
ɧɟɥиɧɟɣɧɨɫɬи, ɜɵɫɨɤиɦ ɪɚɫɫɬɨɹɧиɟɦ ɧɟɥиɧɟɣɧɨɫɬи, ɪɚɜɧɨɦɟɪɧɨɣ ɦиɧиɦиɡɚɰиɟɣ 
ɤɨɷɮɮиɰиɟɧɬɨɜ ɤɨɪɪɟɥɹɰии. ɋɭщɟɫɬɜɟɧɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɤɨɧɫɬɪɭɤɰии ɇиɛɟɪɝ ɹɜɥɹɟɬɫɹ 
ɬɨ, ɱɬɨ ɤɨɥиɱɟɫɬɜɨ ɪɚɡɥиɱɧɵɯ ɫɬɪɭɤɬɭɪ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɯ S-ɛɥɨɤɨɜ ɪɚɜɧɨ 
ɤɨɥиɱɟɫɬɜɭ ɧɟɩɪиɜɨɞиɦɵɯ ɩɨɥиɧɨɦɨɜ ɧɚɞ ɩɨɥɟɦ )2( k

GF , ɤɨɬɨɪɨɟ ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ 
ɧɟɛɨɥɶɲиɦ и ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ [6] 



kd

d

dk

k qd
k

w
)()(

1  , (3) 

ɝɞɟ d  – ɞɟɥиɬɟɥи ɫɬɟɩɟɧи k ; ( )d  – ɮɭɧɤɰиɹ Ɇёɛиɭɫɚ; ɡɚɩиɫɶ kd  ɨɡɧɚɱɚɟɬ, ɱɬɨ           

d  ɞɟɥиɬ k  ɧɚɰɟɥɨ. 
ȼ ɫɥɭɱɚɟ ɧɟɛɨɥɶɲиɯ S-ɛɥɨɤɨɜ ɩɨɞɫɬɚɧɨɜɤи ɞɚɧɧɵɣ ɧɟɞɨɫɬɚɬɨɤ ɭɞɚɥɨɫɶ 

ɩɪɟɨɞɨɥɟɬɶ ɡɚ ɫɱɟɬ ɪɚɫɫɦɨɬɪɟɧиɹ ɜɫɟɯ иɡɨɦɨɪɮɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧиɣ ɨɫɧɨɜɧɨɝɨ ɩɨɥɹ Д1], 

ɨɞɧɚɤɨ, ɤɚɤ ɩɨɤɚɡɵɜɚɸɬ ɷɤɫɩɟɪиɦɟɧɬɵ, ɞɚɧɧɵɣ ɩɨɞɯɨɞ ɩɪиɦɟɧиɦ и ɞɥɹ 
ɩɨɥɭɬɨɪɚɛɚɣɬɧɵɯ S-ɛɥɨɤɨɜ. 

Ɍɚɤ, ɨɫɧɨɜɨɩɨɥɚɝɚɸщɚɹ ɬɟɨɪɟɦɚ ɩɨɥɟɣ Ƚɚɥɭɚ ɝɥɚɫиɬ, ɱɬɨ ɞɥɹ ɤɚɠɞɨɝɨ ɩɪɨɫɬɨɝɨ 
ɱиɫɥɚ p  и ɧɚɬɭɪɚɥɶɧɨɝɨ k  ɫɭщɟɫɬɜɭɟɬ ɤɨɧɟɱɧɨɟ ɚɥɝɟɛɪɚиɱɟɫɤɨɟ ɩɨɥɟ ɩɨɪɹɞɤɚ k

p , 

ɟɞиɧɫɬɜɟɧɧɨɟ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ иɡɨɦɨɪɮиɡɦɚ. Ɉɞɧɚɤɨ, ɨɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɫɜɨɣɫɬɜɚ 
ɤɪиɩɬɨɝɪɚɮиɱɟɫɤиɯ ɤɨɧɫɬɪɭɤɰиɣ, ɪɨɜɧɨ ɤɚɤ и ɤɨɪɪɟɤɬиɪɭɸщиɯ ɤɨɞɨɜ и ɲɭɦɨɩɨɞɨɛɧɵɯ 
ɫиɝɧɚɥɨɜ, ɫɭщɟɫɬɜɟɧɧɨ ɡɚɜиɫɹɬ ɨɬ ɜɵɛɨɪɚ ɜиɞɚ ɩɪɟɞɫɬɚɜɥɟɧиɹ ɩɨɥɹ. ɉɨɷɬɨɦɭ ɫ 
ɩɪиɤɥɚɞɧɨɣ ɬɨɱɤи ɡɪɟɧиɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɪɚɡɥиɱɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧиɹ ɩɨɥɹ ɩɨɪɹɞɤɚ k

p  

ɪɚɫɫɦɚɬɪиɜɚɬɶ ɤɚɤ ɪɚɡɥиɱɧɵɟ ɩɨɥɹ. 

Ɉɫɧɨɜɧɨɟ, ɪɚɫɫɦɚɬɪиɜɚɟɦɨɟ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɨɥɟ  )2( 12
GF , иɦɟɟɬ ɫɥɟɞɭɸщиɟ 

ɫɜɨи иɡɨɦɨɪɮɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧиɹ 

)64()16()8()4()2()( 2134612
GFGFGFGFGFqGF

k  . (4) 
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Ɍɚɤиɦ ɨɛɪɚɡɨɦ, иɫɯɨɞɹ иɡ (3) ɜɵɪɚɠɟɧиɟ (1) ɩɪиɧиɦɚɟɬ ɜиɞ 

      k
qGFxypzfzfddxy   ,,,,mod 21

1 , (5) 

ɝɞɟ 1( )f z  – ɧɟɩɪиɜɨɞиɦɵɣ ɩɨɥиɧɨɦ, ɨɩɪɟɞɟɥɹɸщиɣ ɨɩɟɪɚɰиɸ ɭɦɧɨɠɟɧиɹ ɜ ɩɨɥɟ 
«ɧиɠɧɟɝɨ ɭɪɨɜɧɹ» )(qGF , 2 ( )f z  – ɜ ɩɨɥɟ «ɜɟɪɯɧɟɝɨ ɭɪɨɜɧɹ», ɬ.ɟ. ɪɚɫɲиɪɟɧии 
ɪɚɫɲиɪɟɧɧɨɝɨ ɩɨɥɹ )( k

qGF . 

Ʉɨɥиɱɟɫɬɜɚ ɪɚɡɥиɱɧɵɯ ɧɟɩɪиɜɨɞиɦɵɯ ɩɨɥиɧɨɦɨɜ Д3] ɧɚɞ ɪɚɡɥиɱɧɵɦи 
ɩɪɟɞɫɬɚɜɥɟɧиɹɦи ɨɫɧɨɜɧɨɝɨ ɩɨɥɹ (4), и ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɨɥиɱɟɫɬɜɚ ɪɚɡɥиɱɧɵɯ ɫɬɪɭɤɬɭɪ 
S-ɛɥɨɤɨɜ ɩɨɞɫɬɚɧɨɜɤи, ɪɚɫɫɱиɬɚɧɧɵɟ ɜ ɫɨɨɬɜɟɬɫɬɜии ɫ (3), ɩɪиɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1. 

Ɍɚɛлиɰɚ 1. 

Ʉɨɥиɱɟɫɬɜɚ ɪɚɡɥиɱɧɵɯ ɧɟɩɪиɜɨɞиɦɵɯ ɩɨɥиɧɨɦɨɜ 

ɉɨɥɟ ( )k
GF q  12(2 )GF

 

6(4 )GF

 

4(8 )GF

 

3(16 )GF

 

2(64 )GF

 

Ʉɨɥ-ɜɨ ɧɟɩɪиɜɨɞ. ɩɨɥиɧɨɦɨɜ 1( )f z  ɜ ɩɨɥɟ 
( )GF q  

1 1 2 2 6 

Ʉɨɥ-ɜɨ ɧɟɩɪиɜɨɞ. ɩɨɥиɧɨɦɨɜ 2 ( )f z  ɜ ɩɨɥɟ 
( )k

GF q  ɞɥɹ ɜɵɛɪɚɧɧɨɝɨ 1( )f z  

335 670 1008 1360 2016 

Ɉɛщɟɟ ɤɨɥ-ɜɨ ɧɟɩɪиɜɨɞ. ɩɨɥиɧɨɦɨɜ ɜ ɩɨɥɟ 
( )k

GF q  

335 670 2016 2720 12096 

 

Ɍɚɤиɦ ɨɛɪɚɡɨɦ, ɨɛщɟɟ ɤɨɥиɱɟɫɬɜɨ S-ɛɥɨɤɨɜ ɩɨɞɫɬɚɧɨɜɤи ɤɨɧɫɬɪɭɤɰии ɇиɛɟɪɝ, 
ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɩɨɫɬɪɨɟɧɵ ɧɚɞ ɜɫɟɦи иɡɨɦɨɪɮɧɵɦи ɩɪɟɞɫɬɚɜɥɟɧиɹɦи ɩɨɥɹ  

)2( 12
GF , ɫɨɫɬɚɜɥɹɟɬ 17837J , ɱɬɨ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɵɦ ɞɥɹ иɫɩɨɥɶɡɨɜɚɧиɹ ɞɚɧɧɵɯ 
ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɯ ɩɨɞɫɬɚɧɨɜɨɱɧɵɯ ɤɨɧɫɬɪɭɤɰиɣ ɜ ɤɚɱɟɫɬɜɟ ɞɨɥɝɨɜɪɟɦɟɧɧɨɝɨ ɤɥɸɱɚ, 
ɚ ɬɚɤɠɟ ɞɥɹ ɪɟɚɥиɡɚɰии ɤɨɧɰɟɩɰии ɨɩɟɪɚɬиɜɧɨɣ ɫɦɟɧɵ ɤɥɸɱɚ. 

ȼ ɧɚɫɬɨɹщɟɣ ɫɬɚɬɶɟ ɩɨɥɭɱɟɧɧɵɟ ɩɨɥɭɬɨɪɚɛɚɣɬɧɵɟ S-ɛɥɨɤи ɛɵɥи ɩɨɞɜɟɪɝɧɭɬɵ 
ɬɟɫɬиɪɨɜɚɧиɸ ɩɨ ɫɥɟɞɭɸщиɦ ɨɛщɟɩɪиɧɹɬɵɦ ɤɪиɬɟɪиɹɦ ɤɪиɩɬɨɝɪɚɮиɱɟɫɤɨɝɨ ɤɚɱɟɫɬɜɚ 

[4, 5]: 

 ɚɥɝɟɛɪɚиɱɟɫɤɚɹ ɫɬɟɩɟɧɶ ɧɟɥиɧɟɣɧɨɫɬи, ɨɩɪɟɞɟɥɹɟɦɚɹ ɤɚɤ ɦɚɤɫиɦɚɥɶɧɚɹ 
ɫɬɟɩɟɧɶ (ɧɚиɛɨɥɶɲɟɟ иɡ ɤɨɥиɱɟɫɬɜ ɤɨɧɴɸɧɤɰиɣ ɜ ɬɟɪɦɟ) ɚɥɝɟɛɪɚиɱɟɫɤɨɣ ɧɨɪɦɚɥɶɧɨɣ 
ɮɨɪɦɵ ɩɪɟɞɫɬɚɜɥɟɧиɹ ɤɨɦɩɨɧɟɧɬɧɵɯ ɛɭɥɟɜɵɯ ɮɭɧɤɰиɣ S-ɛɥɨɤɚ (ɦиɧиɦɭɦ ɫɪɟɞи 
ɤɨɦɩɨɧɟɧɬɧɵɯ ɛɭɥɟɜɵɯ ɮɭɧɤɰиɣ); 

 ɪɚɫɫɬɨɹɧиɟ ɧɟɥиɧɟɣɧɨɫɬи, ɨɩɪɟɞɟɥɹɟɦɨɟ ɤɚɤ ɦиɧиɦɚɥɶɧɨɟ ɪɚɫɫɬɨɹɧиɹ 
ɏɷɦɦиɧɝɚ ɨɬ ɤɨɦɩɨɧɟɧɬɧɵɯ ɛɭɥɟɜɵɯ ɮɭɧɤɰиɣ S-ɛɥɨɤɚ ɞɨ ɤɨɞɨɜɵɯ ɫɥɨɜ ɚɮɮиɧɧɨɝɨ 
ɤɨɞɚ (ɦиɧиɦɭɦ ɫɪɟɞи ɤɨɦɩɨɧɟɧɬɧɵɯ ɛɭɥɟɜɵɯ ɮɭɧɤɰиɣ); 

 ɦɚɬɪиɰɚ ɤɨɷɮɮиɰиɟɧɬɨɜ ɤɨɪɪɟɥɹɰиɹ, ɩɨɤɚɡɵɜɚɸщɚɹ ɤɨɪɪɟɥɹɰиɨɧɧɭɸ 
ɜɡɚиɦɨɫɜɹɡɶ ɜɟɤɬɨɪɨɜ ɜɵɯɨɞɚ S-ɛɥɨɤɚ и ɜɟɤɬɨɪɨɜ ɟɝɨ ɜɯɨɞɚ. 

Ⱥɧɚɥиɡ ɤɪиɩɬɨɝɪɚɮиɱɟɫɤиɯ ɫɜɨɣɫɬɜ S-ɛɥɨɤɨɜ ɛɨɥɶɲɨɣ ɞɥиɧɵ, ɧɚɩɪиɦɟɪ, 
ɩɨɥɭɬɨɪɚɛɚɣɬɧɵɯ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɟɫɶɦɚ ɫɥɨɠɧɭɸ ɜɵɱиɫɥиɬɟɥɶɧɭɸ ɡɚɞɚɱɭ, ɱɬɨ 
ɞиɤɬɭɟɬ ɧɟɨɛɯɨɞиɦɨɫɬɶ ɩɪɨɜɟɞɟɧиɹ ɜɵɛɨɪɨɱɧɨɝɨ ɚɧɚɥиɡɚ ɧɚ ɩɨɥɧɨɦ ɦɧɨɠɟɫɬɜɟ 
ɩɨɫɬɪɨɟɧɧɵɯ S-ɛɥɨɤɨɜ. Ɋɟɡɭɥɶɬɚɬɵ ɜɵɛɨɪɨɱɧɨɝɨ ɚɧɚɥиɡɚ ɤɪиɩɬɨɝɪɚɮиɱɟɫɤиɯ ɫɜɨɣɫɬɜ 
S-ɛɥɨɤɨɜ ɩɨɞɫɬɚɧɨɜɤи ɧɚ ɨɫɧɨɜɟ ɪɚɡɥиɱɧɵɯ иɡɨɦɨɪɮɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧиɣ ɨɫɧɨɜɧɵɯ 
ɩɨɥɟɣ 4(2 )GF , 8(2 )GF , 12(2 )GF  ɩɪиɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2, ɝɞɟ ɞɚɧɧɵɟ ɡɚɩиɫɚɧɵ ɜ ɫɥɟɞɭɸщɟɦ 
ɩɨɪɹɞɤɟ: ɚɥɝɟɛɪɚиɱɟɫɤɚɹ ɫɬɟɩɟɧɶ ɧɟɥиɧɟɣɧɨɫɬи (ɪɚɫɫɬɨɹɧиɟ ɧɟɥиɧɟɣɧɨɫɬи) ɦɚɤɫиɦɭɦ 
ɫɪɟɞи ɦɨɞɭɥɟɣ ɤɨɷɮɮиɰиɟɧɬɨɜ ɤɨɪɪɟɥɹɰии. 
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Ɍɚɛлиɰɚ 2. 
Ʉɪиɩɬɨɝɪɚɮиɱɟɫɤиɟ ɯɚɪɚɤɬɟɪиɫɬиɤи S-ɛɥɨɤɨɜ ɩɨɞɫɬɚɧɨɜɤи 

ɉɨɥɟ (2 )k
GF  (4 )k

GF  (8 )k
GF  (16 )k

GF  (32 )k
GF  (64 )k

GF  

ɉɨɥɭɛɚɣɬɧɵɟ 3 / 4 / 0.25 3 / 4 /0.5 — — — — 

Ɉɞɧɨɛɚɣɬɧɵɟ 
7 / 112 / 

0.125 

7 / 112 / 

0.125 
— 

7 / 112 / 

0.125 
— — 

ɉɨɥɭɬɨɪɚɛɚɣɬɧɵɟ 
11 / 1984 / 

0.0293 

11 / 1984 / 

0.0293 

11 / 1984 

/  0.0283 

11 / 1984 

/ 0.0313 
— 

11 / 1984 

/ 0.0313 

 

Ⱥɧɚɥиɡ ɞɚɧɧɵɯ ɬɚɛɥ. 2 ɩɨɤɚɡɵɜɚɟɬ ɫɭщɟɫɬɜɟɧɧɵɣ ɩɪиɪɨɫɬ ɜ ɤɚɱɟɫɬɜɟ 
ɩɨɫɬɪɨɟɧɧɵɯ S-ɛɥɨɤɨɜ, ɩɪиɱɟɦ иɯ ɤɚɱɟɫɬɜɨ ɹɜɥɹɟɬɫɹ ɫɬɚɛиɥɶɧɵɦ ɞɥɹ ɪɚɡɥиɱɧɵɯ 
иɡɨɦɨɪɮɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧиɣ ɨɫɧɨɜɧɨɝɨ ɩɨɥɹ.  

Ɉɞɧиɦ иɡ ɧɚиɛɨɥɟɟ ɩɨɤɚɡɚɬɟɥɶɧɵɯ и ɩɪɚɤɬиɱɟɫɤи ɰɟɧɧɵɯ ɤɪиɬɟɪиɟɜ ɹɜɥɹɟɬɫɹ 
ɪɚɫɫɬɨɹɧиɟ ɧɟɥиɧɟɣɧɨɫɬи. Ɍɚɤ, ɪɚɫɫɬɨɹɧиɟ ɧɟɥиɧɟɣɧɨɫɬи ɞɥɹ ɤɨɧɫɬɪɭɤɰии ɇиɛɟɪɝ 
ɩɨɤɚɡɵɜɚɟɬ ɡɧɚɱиɬɟɥɶɧɵɣ ɪɨɫɬ ɫ ɭɜɟɥиɱɟɧиɟɦ иɯ ɞɥиɧɵ, ɱɬɨ ɞɟɥɚɟɬ ɫɪɚɜɧиɬɟɥɶɧɵɣ 
ɚɧɚɥиɡ ɩɨɞɫɬɚɧɨɜɨɱɧɵɯ ɤɨɧɫɬɪɭɤɰиɣ ɧɟɨɱɟɜиɞɧɵɦ и ɡɚɬɪɭɞɧɟɧɧɵɦ. ȼɩɟɪɜɵɟ, ɩɪɨɜɟɞɹ 
ɨɰɟɧɤɭ ɤɪиɩɬɨɝɪɚɮиɱɟɫɤиɯ ɫɜɨɣɫɬɜ S-ɛɥɨɤɨɜ ɤɨɧɫɬɪɭɤɰии ɇиɛɟɪɝ ɫɬɨɥɶ ɛɨɥɶɲɨɣ 
ɞɥиɧɵ 2 4096k

N   , ɜ ɧɚɫɬɨɹщɟɣ ɪɚɛɨɬɟ ɚɜɬɨɪɚɦи ɩɪɟɞɥɚɝɚɟɬɫɹ ɜɜɟɞɟɧиɟ ɩɨɤɚɡɚɬɟɥɹ 
ɭɞɟɥɶɧɨɝɨ ɪɚɫɫɬɨɹɧиɹ ɧɟɥиɧɟɣɧɨɫɬи  

N

N

N

N f

f
s

s







2
,

2  , 
(6) 

ɝɞɟ ηS  — ɭɞɟɥɶɧɨɟ ɪɚɫɫɬɨɹɧиɟ ɧɟɥиɧɟɣɧɨɫɬи S-ɛɥɨɤɚ; η f  — ɭɞɟɥɶɧɨɟ ɪɚɫɫɬɨɹɧиɟ 
ɧɟɥиɧɟɣɧɨɫɬи ɛɭɥɟɜɨɣ ɮɭɧɤɰии; s

N  — ɪɚɫɫɬɨɹɧиɟ ɧɟɥиɧɟɣɧɨɫɬи иɫɫɥɟɞɭɟɦɨɝɨ S-

ɛɥɨɤɚ; fN  — ɪɚɫɫɬɨɹɧиɟ ɧɟɥиɧɟɣɧɨɫɬи иɫɫɥɟɞɭɟɦɨɣ ɛɭɥɟɜɨɣ ɮɭɧɤɰии; N  — ɞɥиɧɚ 
иɫɫɥɟɞɭɟɦɨɝɨ S-ɛɥɨɤɚ иɥи ɛɭɥɟɜɨɣ ɮɭɧɤɰии. 

Ɍɚɤиɦ ɨɛɪɚɡɨɦ, ɩɨ ɩɨɫɬɪɨɟɧиɸ, ɭɞɟɥɶɧɨɟ ɪɚɫɫɬɨɹɧиɟ ɧɟɥиɧɟɣɧɨɫɬи ɩɨɤɚɡɵɜɚɟɬ 
«ɤɨɥиɱɟɫɬɜɨ ɧɟɥиɧɟɣɧɨɫɬи», ɫɨɞɟɪɠɚщɟɟɫɹ ɜ ɨɞɧɨɦ ɷɥɟɦɟɧɬɟ ɤɨɞиɪɭɸщɟɣ                   
Q-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬи иɥи ɜ ɨɞɧɨɦ ɡɧɚɱɟɧии ɛɭɥɟɜɨɣ ɮɭɧɤɰии. Ɍɚɤ, ɧɟɬɪɭɞɧɨ ɜиɞɟɬɶ, 
ɱɬɨ ɞɥɹ ɚɮɮиɧɧɵɯ ɛɭɥɟɜɵɯ ɮɭɧɤɰиɣ η 0 , ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɞɥɹ ɛɟɧɬ-ɮɭɧɤɰиɣ 

     
k

kkkk
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222222 121121  



  [7]. ɇɟɬɪɭɞɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ 
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 k

kk

k
, ɬɚɤиɦ ɨɛɪɚɡɨɦ ɭɞɟɥɶɧɨɟ ɪɚɫɫɬɨɹɧиɟ ɧɟɥиɧɟɣɧɨɫɬи 

ɛɟɫɤɨɧɟɱɧɨ ɞɥиɧɧɨɣ ɛɭɥɟɜɨɣ ɛɟɧɬ-ɮɭɧɤɰии ɞɨɫɬиɝɚɟɬ ɡɧɚɱɟɧиɹ 1, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ 
0 η 1

S
  , 0 η 1f  . 

ȼ ɜиɞɭ ɫɯɨɠɟɫɬи ɤɪиɩɬɨɝɪɚɮиɱɟɫɤиɯ ɫɜɨɣɫɬɜ S-ɛɥɨɤɨɜ ɤɨɧɫɬɪɭɤɰии ɇиɛɟɪɝ ɧɚɞ 
ɪɚɡɥиɱɧɵɦи иɡɨɦɨɪɮɧɵɦи ɩɪɟɞɫɬɚɜɥɟɧиɹɦи ɨɫɧɨɜɧɨɝɨ ɩɨɥɹ (2 )k

GF , ɚ ɬɚɤɠɟ ɫ ɭɱɟɬɨɦ 
ɪɟɡɭɥɶɬɚɬɨɜ Д8] ɩɨɫɬɪɨиɦ ɧɚ ɪиɫ. 2 ɝɪɚɮиɤ ɷɜɨɥɸɰии ɭɞɟɥɶɧɨɝɨ ɪɚɫɫɬɨɹɧиɹ 
ɧɟɥиɧɟɣɧɨɫɬи 
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Ɋис. 2. ɗɜɨɥɸɰиɹ ɭɞɟɥɶɧɨɝɨ ɪɚɫɫɬɨɹɧиɹ ɧɟɥиɧɟɣɧɨɫɬи ɤɨɧɫɬɪɭɤɰии ɇиɛɟɪɝ и ɛɟɧɬ-

ɮɭɧɤɰиɣ 

 

Ⱦɟɬɚɥɶɧɵɣ ɚɧɚɥиɡ ɞɚɧɧɵɯ ɪиɫ. 2 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɫ ɭɜɟɥиɱɟɧиɟɦ ɞɥиɧɵ S-ɛɥɨɤɨɜ 
ɤɨɧɫɬɪɭɤɰии ɇиɛɟɪɝ иɯ ɭɞɟɥɶɧɨɟ ɪɚɫɫɬɨɹɧиɟ ɧɟɥиɧɟɣɧɨɫɬи ɫɬɪɟɦиɬɫɹ ɤ ɪɚɫɫɬɨɹɧиɸ 
ɧɟɥиɧɟɣɧɨɫɬи ɛɟɧɬ-ɮɭɧɤɰиɣ. Ɍɚɤ, ɞɥɹ ɩɨɥɭɬɨɪɚɛɚɣɬɧɵɯ  S-ɛɥɨɤɨɜ, ɨɬɫɬɚɜɚɧиɟ 
ɪɚɫɫɬɨɹɧиɹ ɧɟɥиɧɟɣɧɨɫɬи S-ɛɥɨɤɨɜ ɤɨɧɫɬɪɭɤɰии ɇиɛɪɟɝ ɨɬ ɛɟɧɬ-ɮɭɧɤɰиɣ ɫɨɫɬɚɜɥɹɟɬ 
ɜɫɟɝɨ 12 0,0156=1,56%  , ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɞɥɹ ɨɞɧɨɛɚɣɬɧɵɯ S-ɛɥɨɤɨɜ ɷɬɚ ɜɟɥиɱиɧɚ 
ɫɨɫɬɚɜɥɹɟɬ 8 0.0625 6.25%   . 

Выɜоɞы 

1. ɉɨɫɬɪɨɟɧ ɩɨɥɧɵɣ ɤɥɚɫɫ ɦɨщɧɨɫɬи 17837J  ɩɨɥɭɬɨɪɚɛɚɣɬɧɵɯ S-ɛɥɨɤɨɜ 
ɤɨɧɫɬɪɭɤɰии ɇиɛɟɪɝ ɧɚɞ ɜɫɟɦи иɡɨɦɨɪɮɧɵɦи ɩɪɟɞɫɬɚɜɥɟɧиɹɦи ɨɫɧɨɜɧɨɝɨ ɩɨɥɹ 

12(2 )GF . ɉɪɨɜɟɞɟɧ ɜɵɛɨɪɨɱɧɵɣ ɚɧɚɥиɡ ɤɪиɩɬɨɝɪɚɮиɱɟɫɤɨɝɨ ɤɚɱɟɫɬɜɚ ɩɨɫɬɪɨɟɧɧɵɯ S-

ɛɥɨɤɨɜ, ɤɨɬɨɪɵɣ ɩɨɤɚɡɚɥ, ɱɬɨ ɩɨɥɭɬɨɪɚɛɚɣɬɧɵɟ S-ɛɥɨɤи ɩɨɞɫɬɚɧɨɜɤи ɨɛɥɚɞɚɸɬ 
ɡɧɚɱиɬɟɥɶɧɨ ɥɭɱɲиɦ ɤɚɱɟɫɬɜɨɦ, ɱɟɦ ɩɪи ɞɥиɧɟ ɜɯɨɞɧɨɝɨ ɫɥɨɜɚ ɩɨɥɛɚɣɬɚ иɥи ɛɚɣɬ. ɉɪи 
ɷɬɨɦ ɤɪиɩɬɨɝɪɚɮиɱɟɫɤɨɟ ɤɚɱɟɫɬɜɨ ɹɜɥɹɟɬɫɹ ɨɬɧɨɫиɬɟɥɶɧɨ ɫɬɚɛиɥɶɧɵɦ ɜ ɪɚɡɥиɱɧɵɯ 
иɡɨɦɨɪɮɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧиɹɯ ɨɫɧɨɜɧɨɝɨ ɩɨɥɹ. 

2. ȼɜɟɞɟɧ ɭɞɨɛɧɵɣ ɞɥɹ иɫɫɥɟɞɨɜɚɧиɹ ɞɥиɧɧɵɯ S-ɛɥɨɤɨɜ ɤɪиɬɟɪиɣ ɭɞɟɥɶɧɨɝɨ 
ɪɚɫɫɬɨɹɧиɹ ɧɟɥиɧɟɣɧɨɫɬи, ɩɨɤɚɡɵɜɚɸщиɣ «ɤɨɥиɱɟɫɬɜɨ ɧɟɥиɧɟɣɧɨɫɬи», ɫɨɞɟɪɠɚщɟɟɫɹ ɜ 
ɨɞɧɨɦ ɷɥɟɦɟɧɬɟ ɤɨɞиɪɭɸщɟɣ Q-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬи иɥи ɜ ɨɞɧɨɦ ɡɧɚɱɟɧии ɛɭɥɟɜɨɣ 
ɮɭɧɤɰии. ɉɪɨɜɟɞɟɧɧɵɣ ɫɪɚɜɧиɬɟɥɶɧɵɣ ɚɧɚɥиɡ S-ɛɥɨɤɨɜ ɤɨɧɫɬɪɭɤɰии ɇиɛɟɪɝ и ɛɟɧɬ-

ɮɭɧɤɰиɣ ɩɨɤɚɡɚɥ, ɱɬɨ ɭɞɟɥɶɧɨɟ ɪɚɫɫɬɨɹɧиɟ ɧɟɥиɧɟɣɧɨɫɬи  ɤɨɧɫɬɪɭɤɰии ɇиɛɟɪɝ 
ɩɪиɛɥиɠɚɟɬɫɹ ɤ ɭɞɟɥɶɧɨɦɭ ɪɚɫɫɬɨɹɧиɸ ɧɟɥиɧɟɣɧɨɫɬи ɛɟɧɬ-ɮɭɧɤɰиɣ ɫ ɭɜɟɥиɱɟɧиɟɦ 
ɞɥиɧɵ, ɩɪи ɷɬɨɦ ɞɥɹ ɩɨɥɭɬɨɪɚɛɚɣɬɧɵɯ S-ɛɥɨɤɨɜ ɜɟɥиɱиɧɚ ɨɬɫɬɚɜɚɧиɹ ɫɨɫɬɚɜɥɹɟɬ 

12 0,0156=1,56%  . 

3. ɉɪɨɜɟɞɟɧɧɵɟ иɫɫɥɟɞɨɜɚɧиɹ ɩɨɞɬɜɟɪɠɞɚɸɬ ɜɵɫɨɤɭɸ ɩɟɪɫɩɟɤɬиɜɧɨɫɬɶ 
ɩɪиɦɟɧɟɧиɹ ɩɨɥɭɬɨɪɚɛɚɣɬɧɵɯ S-ɛɥɨɤɨɜ ɩɨɞɫɬɚɧɨɜɤи ɤɨɧɫɬɪɭɤɰии ɇиɛɟɪɝ ɤɚɤ ɞɥɹ 
ɦɨɞɟɪɧиɡɚɰии ɫɭщɟɫɬɜɭɸщиɯ ɤɪиɩɬɨɚɥɝɨɪиɬɦɨɜ, ɬɚɤ и ɞɥɹ ɪɚɡɪɚɛɨɬɤи ɧɨɜɵɯ 
ɤɪиɩɬɨɚɥɝɨɪиɬɦɨɜ ɫ ɛɨɥɶɲɨ ɣ ɞɥиɧɨɣ ɛɥɨɤɚ. 
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ɋɬɚɬɬɹ ɩɪиɫɜɹɱɟɧɚ ɚɤɬɭɚɥɶɧиɦ ɩиɬɚɧɧɹɦ ɤɨɧɫɬɪɭɸɜɚɧɧɹ ɩɿɜɬɨɪɚɛɚɣɬɧиɯ S-ɛɥɨɤɿɜ 
ɩɿɞɫɬɚɧɨɜɤи ɞɥɹ ɩɿɞɜищɟɧɧɹ ɟɮɟɤɬиɜɧɨɫɬɿ ɫɭɱɚɫɧиɯ ɲиɮɪɿɜ. ɉɨɛɭɞɨɜɚɧɨ 
ɩɿɜɬɨɪɚɛɚɣɬɧɿ S-ɛɥɨɤи ɤɨɧɫɬɪɭɤɰɿʀ ɇɿɛɟɪɝ ɧɚɞ ɭɫɿɦɚ ɿɡɨɦɨɪɮɧиɦи ɭɹɜɥɟɧɧɹɦи ɩɨɥɹ 

12(2 )GF , ɩɪɨɜɟɞɟɧɨ ʀɯ ɜиɛɿɪɤɨɜɟ ɬɟɫɬɭɜɚɧɧɹ ɧɚ ɜɿɞɩɨɜɿɞɧɿɫɬɶ ɨɫɧɨɜɧиɦ ɤɪиɬɟɪɿɹɦ 
ɤɪиɩɬɨɝɪɚɮɿɱɧɨʀ ɹɤɨɫɬɿ, ɹɤɟ ɩɨɤɚɡɚɥɨ, щɨ ɩɿɜɬɨɪɚɛɚɣɬɧɿ S-ɛɥɨɤи ɦɚɸɬɶ ɡɧɚɱɧɨ ɤɪɚщɿ 
ɤɪиɩɬɨɝɪɚɮɿɱɧɿ ɯɚɪɚɤɬɟɪиɫɬиɤи ɭ ɩɨɪɿɜɧɹɧɧɿ ɡ ɨɞɧɨɛɚɣɬɧиɦи ɚɛɨ ɩɨɥɭɛɚɣɬɧиɦи. 
ȼɜɟɞɟɧɨ ɡɪɭɱɧиɣ ɞɥɹ ɞɨɜɝиɯ S-ɛɥɨɤɿɜ ɤɪиɬɟɪɿɣ ɩиɬɨɦɨʀ ɜɿɞɫɬɚɧɿ ɧɟɥɿɧɿɣɧɨɫɬɿ, щɨ 
ɯɚɪɚɤɬɟɪиɡɭє «ɤɿɥɶɤɿɫɬɶ ɧɟɥɿɧɿɣɧɨɫɬɿ» ɜ ɟɥɟɦɟɧɬɿ Q-ɩɨɫɥɿɞɨɜɧɨɫɬɿ ɚɛɨ ɡɧɚɱɟɧɧɿ 
ɛɭɥɟɜɨʀ ɮɭɧɤɰɿʀ. Ɋɟɡɭɥɶɬɚɬи ɪɨɛɨɬи ɞɨɡɜɨɥɹɸɬɶ ɫɬɜɟɪɞɠɭɜɚɬи, щɨ ɩɨɛɭɞɨɜɚɧɿ S-

ɛɥɨɤи ɦɨɠɭɬɶ ɛɭɬи ɟɮɟɤɬиɜɧɨ ɜиɤɨɪиɫɬɚɧɿ ɹɤ ɞɥɹ ɦɨɞɟɪɧɿɡɚɰɿʀ ɫɭɱɚɫɧиɯ ɲиɮɪɿɜ, ɬɚɤ 

ɿ ɞɥɹ ɩɨɛɭɞɨɜи ɧɨɜиɯ ɩɟɪɫɩɟɤɬиɜɧиɯ ɤɪиɩɬɨɚɥɝɨɪиɬɦɿɜ. 
Ключоɜі слоɜɚ: S-ɛɥɨɤ ɩɿɞɫɬɚɧɨɜɤи, ɤɨɧɫɬɪɭɤɰɿɹ ɇɿɛɟɪɝ, ɩɨɥɟ Ƚɚɥɭɚ, ɿɡɨɦɨɪɮɿɡɦ. 

 

NIBERG CONSTRUCTION 12 BIT NONLINEAR TRANSFORMS. 

D.A. Yurovsky, A.V. Sokolov, B.S. Troitsky 

Odessa National Polytechnic University, 

1, Shevchenko Ave., Odessa, 65044, Ukraine; e-ЦКɿХ: radiosquid@gmail.com 

The article is devoted to the actual issues of the construction of 12 bit S-boxes in order to 

improve the effectiveness of modern ciphers. We built the full class of 12 bit S-boxes of 

Nyberg construction over all isomorphic representations of the field 
12(2 )GF , performed 

their sample testing for compliance to the basic criteria of cryptographic quality, which 

showed that 12 bit S-boxes have  much better cryptographic properties than 8 bit or 4 bit 

ones. We introduced new criterion of specific distance of nonlinearity for long S-boxes 

which characterizes "the number of non-linearity" in item of Q-sequence or single value of 

a Boolean function. The results suggest that the constructed S-boxes can be effectively used 

for the modernization of existing chipers and construction of modern promising 

cryptographic algorithms. 

Keywords: S-box, Nyberg's construction, Galois field, isomorphism. 


