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1. ȼɜɟɞɟɧɢɟ ɢ ɩɨɫɬаɧɨɜɤа ɡаɞаɱɢ 

ɉɟɪɜɨɧɚɱɚɥɶɧɚɹ ɜɟɪɫɢɹ ɚɥɝɨɪɢɬɦɚ Ȼɟɪɥɟɤɷɦɩɚ–Ɇɟɫɫɢ ɛɵɥɚ ɢɡɥɨɠɟ-

ɧɚ Ȼɟɪɥɟɤɷɦɩɨɦ ɜ 1968 ɝɨɞɭ [1] ɜ ɤɚɱɟɫɬɜɟ ɷɥɟɦɟɧɬɚ ɤɨɧɫɬɪɭɤɰɢɢ ɞɟɤɨɞɟɪɚ 

ɤɨɞɨɜ Ȼɨɭɡɚ–ɑɨɭɞɯɭɞɪɢ–ɏɨɤɜɢɧɝɟɦɚ ɧɚɞ ɤɨɧɟɱɧɵɦ ɩɨɥɟɦ. ɏɨɬɹ ɜ ɷɬɨɣ ɪɚ-

ɛɨɬɟ ɛɵɥɚ ɭɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɮɨɪɦɭɥɢɪɨɜɤɢ ɪɟɲɚɟɦɨɣ ɡɚɞɚɱɢ ɫ ɢɫɩɨɥɶ-

ɡɨɜɚɧɢɟɦ ɩɨɧɹɬɢɹ ɥɢɧɟɣɧɨɝɨ ɪɟɝɢɫɬɪɚ ɫɞɜɢɝɚ ɫ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ, ɚɥɝɨɪɢɬɦ 

ɨɩɢɫɵɜɚɥɫɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɜ ɬɟɪɦɢɧɚɯ ɩɨɥɢɧɨɦɨɜ ɢ ɛɵɥ ɜɟɫɶɦɚ ɫɥɨɠɟɧ 

ɞɥɹ ɩɨɧɢɦɚɧɢɹ. ɋɩɭɫɬɹ ɝɨɞ Ɇɟɫɫɢ [2] ɩɪɟɞɥɨɠɢɥ ɫɜɨɸ ɢɧɬɟɪɩɪɟɬɚɰɢɸ ɚɥ-

ɝɨɪɢɬɦɚ, ɤɚɤ ɩɨɡɜɨɥɹɸɳɟɝɨ  ɫɬɪɨɢɬɶ ɥɢɧɟɣɧɵɣ ɪɟɝɢɫɬɪ ɫɞɜɢɝɚ ɦɢɧɢɦɚɥɶ-

ɧɨɣ ɞɥɢɧɵ, ɝɟɧɟɪɢɪɭɸɳɢɣ ɡɚɞɚɧɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ. ɗɬɚ ɢɧɬɟɪɩɪɟɬɚ-

ɰɢɹ ɨɤɚɡɚɥɚɫɶ ɩɨɥɟɡɧɨɣ ɞɥɹ ɛɨɥɟɟ ɲɢɪɨɤɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɚɥɝɨɪɢɬɦɚ, 

ɩɨɥɭɱɢɜɲɟɝɨ ɧɚɡɜɚɧɢɟ ɩɨ ɢɦɟɧɢ ɷɬɢɯ ɞɜɭɯ ɭɱɟɧɵɯ. ȼ ɧɟɤɨɬɨɪɵɯ ɪɚɛɨɬɚɯ 

ɚɥɝɨɪɢɬɦ ɢɡɥɚɝɚɟɬɫɹ ɬɚɤɠɟ ɫ ɩɨɦɨɳɶɸ ɧɟɩɪɟɪɵɜɧɵɯ ɞɪɨɛɟɣ ɢ ɪɚɰɢɨɧɚɥɶ-

ɧɨɣ ɚɩɩɪɨɤɫɢɦɚɰɢɢ. 

ɋ ɦɨɦɟɧɬɚ ɩɨɹɜɥɟɧɢɹ ɚɥɝɨɪɢɬɦɚ ɜɵɲɥɨ ɧɟɦɚɥɨ ɪɚɛɨɬ, ɪɚɡɜɢɜɚɸɳɢɯ 

ɢ ɨɛɨɛɳɚɸɳɢɯ ɟɝɨ ɢɞɟɢ. ɇɢɠɟ ɩɪɟɞɥɨɠɟɧ ɤɪɚɬɤɢɣ ɨɛɡɨɪ ɟɝɨ ɩɪɢɦɟɧɟɧɢɣ, 

ɢɫɱɟɪɩɵɜɚɸɳɭɸ ɛɢɛɥɢɨɝɪɚɮɢɸ ɦɨɠɧɨ ɧɚɣɬɢ ɜ [3].  

Ɋɹɞɨɦ ɚɜɬɨɪɨɜ ɪɟɲɚɥɢɫɶ ɡɚɞɚɱɢ ɩɨɫɬɪɨɟɧɢɹ ɩɨɥɢɧɨɦɚ ɧɚɢɦɟɧɶɲɟɣ 

ɫɬɟɩɟɧɢ, ɚɧɧɭɥɢɪɭɸɳɟɝɨ ɫɪɚɡɭ ɧɟɫɤɨɥɶɤɨ ɨɬɪɟɡɤɨɜ ɧɚɞ ɩɨɥɟɦ, ɧɚɯɨɠɞɟɧɢɹ 

ɪɚɧɝɨɜ (ɫɬɟɩɟɧɟɣ ɦɢɧɢɦɚɥɶɧɵɯ ɦɧɨɝɨɱɥɟɧɨɜ) ɜɫɟɯ ɩɨɞɨɬɪɟɡɤɨɜ ɡɚɞɚɧɧɨɝɨ 

ɨɬɪɟɡɤɚ, ɨɛɨɛɳɟɧɢɹ ɧɚ ɫɥɭɱɚɣ ɦɧɨɝɨɦɟɪɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ (ɫ ɢɫ-

ɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɨɪɢɢ ɛɚɡɢɫɨɜ ɢɞɟɚɥɨɜ ɜ ɤɨɥɶɰɚɯ ɩɨɥɢɧɨɦɨɜ ɨɬ ɧɟɫɤɨɥɶɤɢɯ 

ɩɟɪɟɦɟɧɧɵɯ). ɂɦɟɸɬɫɹ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɦɟɧɟɧɢɹ ɚɥɝɨɪɢɬ-

ɦɚ ɞɥɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɧɚɞ ɪɚɡɥɢɱɧɵɦɢ ɚɥɝɟɛɪɚɢɱɟɫɤɢɦɢ ɫɬɪɭɤɬɭɪɚ-

ɦɢ, ɤɨɥɶɰɚɦɢ ɪɚɡɧɵɯ ɜɢɞɨɜ. Ȼɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɜɟɪɫɢɢ ɚɥ-

ɝɨɪɢɬɦɚ. 

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɚɥɝɨɪɢɬɦ ɧɚɯɨɞɢɬ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɞɟɤɨɞɢɪɨɜɚɧɢɢ 

ɪɚɡɥɢɱɧɵɯ ɤɥɚɫɫɨɜ ɤɨɞɨɜ: ɤɨɞɨɜ Ɋɢɞɚ–ɋɨɥɨɦɨɧɚ, ɤɨɞɨɜ Ȼɑɏ, ɰɢɤɥɢɱɟɫɤɢɯ 

ɢ ɨɛɨɛɳɟɧɧɵɯ ɰɢɤɥɢɱɟɫɤɢɯ ɤɨɞɨɜ, ɚɥɶɬɟɪɧɚɧɬɧɵɯ ɤɨɞɨɜ ɢ ɤɨɞɨɜ Ƚɨɩɩɵ, ɢ, 

ɧɚɤɨɧɟɰ, ɧɚɢɛɨɥɟɟ ɨɛɳɟɝɨ ɢ ɚɤɬɭɚɥɶɧɨɝɨ ɧɚ ɫɟɝɨɞɧɹ ɤɥɚɫɫɚ ɤɨɞɨɜ – ɚɥɝɟɛ-

 3



ɪɨ-ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɤɨɞɨɜ (ɜɟɪɧɟɟ, ɧɟɤɨɬɨɪɵɯ ɢɯ ɩɨɞɤɥɚɫɫɨɜ). Ⱥɥɝɨɪɢɬɦ 

Ȼɟɪɥɟɤɷɦɩɚ–Ɇɟɫɫɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɪɟɲɟɧɢɹ ɝɚɧɤɟɥɟɜɵɯ ɢ ɬɟɩɥɢɰɟɜɵɯ, 

ɪɚɡɪɟɠɟɧɧɵɯ ɢ ɨɛɳɢɯ ɫɢɫɬɟɦ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɩɪɢ ɩɨɢɫɤɟ ɪɚɰɢɨ-

ɧɚɥɶɧɵɯ ɚɩɩɪɨɤɫɢɦɚɰɢɣ ɮɭɧɤɰɢɣ ɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɉɚɞɟ. 

ɂɡɜɟɫɬɧɵ ɬɚɤɠɟ ɟɝɨ ɩɪɢɥɨɠɟɧɢɹ ɜ ɤɪɢɩɬɨɝɪɚɮɢɢ, ɩɪɢ ɬɟɫɬɢɪɨɜɚɧɢɢ ɩɫɟɜ-

ɞɨɫɥɭɱɚɣɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɢ ɞɥɹ ɛɵɫɬɪɨɝɨ ɜɵɱɢɫɥɟɧɢɹ ɜ ɤɨɧɟɱɧɵɯ 

ɩɨɥɹɯ. 

ȼ ɪɚɛɨɬɟ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1) ɪɚɡɨɛɪɚɬɶ ɢ ɩɪɟɞɫɬɚɜɢɬɶ ɩɨɥɧɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɪɢɧɰɢɩɢɚɥɶɧɨɝɨ 

ɚɥɝɨɪɢɬɦɚ Ȼɟɪɥɟɤɷɦɩɚ—Ɇɟɫɫɢ ɩɨ ɪɚɛɨɬɟ [4]; 

2) ɫɤɨɧɫɬɪɭɢɪɨɜɚɬɶ ɫɬɪɭɤɬɭɪɧɭɸ ɫɯɟɦɭ ɚɥɝɨɪɢɬɦɚ ɢ ɩɨɥɭɱɢɬɶ ɩɪɨ-

ɝɪɚɦɦɧɭɸ ɪɟɚɥɢɡɚɰɢɸ; 

3) ɪɚɡɨɛɪɚɬɶ ɤɨɧɫɬɪɭɤɰɢɸ ɞɟɤɨɞɟɪɚ ɞɥɹ ɤɨɞɨɜ Ɋɢɞɚ—ɋɨɥɨɦɨɧɚ, ɨɫ-

ɧɨɜɚɧɧɨɝɨ ɧɚ ɚɥɝɨɪɢɬɦɟ Ȼɟɪɥɟɤɷɦɩɚ—Ɇɟɫɫɢ, ɢ ɩɨɫɬɪɨɢɬɶ ɫɬɪɭɤ-

ɬɭɪɧɭɸ ɫɯɟɦɭ. 
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2. Ⱥɥɝɨɪɢɬɦ Ȼɟɪɥɟɤɷɦɩа–Ɇɟɫɫɢ 

Ʉɚɤ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜɨ ɜɜɟɞɟɧɢɢ, ɡɚɞɚɱɭ, ɪɟɲɚɟɦɭɸ ɚɥɝɨɪɢɬɦɨɦ Ȼɟɪ-

ɥɟɤɷɦɩɚ–Ɇɟɫɫɢ, ɦɨɠɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɩɨ-ɪɚɡɧɨɦɭ. Ⱦɥɹ ɞɟɬɚɥɶɧɨɝɨ ɩɨ-

ɧɢɦɚɧɢɹ ɩɪɢɧɰɢɩɨɜ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɩɪɢɯɨɞɢɬɫɹ ɬɚɤɠɟ ɢɦɟɬɶ ɜ ɜɢɞɭ ɧɟ-

ɫɤɨɥɶɤɨ ɮɨɪɦɭɥɢɪɨɜɨɤ ɢ ɩɪɢɛɟɝɚɬɶ ɤ ɤɚɠɞɨɣ ɜ ɪɚɡɧɵɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ. 

ɇɚɢɛɨɥɟɟ ɟɫɬɟɫɬɜɟɧɧɵɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɨɬɬɚɥɤɢɜɚɬɶɫɹ ɨɬ ɡɚɞɚɱɢ ɧɚɯɨɠɞɟ-

ɧɢɹ ɡɚɤɨɧɚ ɪɟɤɭɪɫɢɢ ɞɥɹ ɥɢɧɟɣɧɨɣ ɪɟɤɭɪɪɟɧɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. 

ȼɜɟɞɟɦ ɪɹɞ ɨɩɪɟɞɟɥɟɧɢɣ. 

Ɉɩɪɟɞɟɥɟɧɢɟ 1. ɉɨɫɥ ɟɞɨ ɜ ɚɬɟɥ ɶɧ ɨ ɫɬɶɸ  ɧɚɞ ɩɨɥɟɦ K  ɛɭɞɟɦ 

ɧɚɡɵɜɚɬɶ ɥɸɛɭɸ ɮɭɧɤɰɢɸ , ɡɚɞɚɧɧɭɸ ɧɚ ɦɧɨɠɟɫɬɜɟ ɰɟɥɵɯ ɧɟ-

ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɱɢɫɟɥ ɢ ɩɪɢɧɢɦɚɸɳɭɸ ɡɧɚɱɟɧɢɹ ɜ ɷɬɨɦ ɩɨɥɟ.  

0:u Ν → K

ɗɥɟɦɟɧɬɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ  ɛɭɞɭɬ ɨɛɨɡɧɚɱɚɬɶɫɹ . Ȼɭɞɟɬ 

ɜɫɬɪɟɱɚɬɶɫɹ ɬɚɤɠɟ ɩɨɧɹɬɢɟ 

u ( )u i

ɨɬɪɟ ɡ ɤɚ  ɩɨ ɫ ɥ ɟɞɨ ɜɚɬɟɥ ɶɧɨ ɫɬɢ , ɤɨɬɨɪɨɟ 

ɩɨɥɭɱɚɟɬɫɹ ɟɫɬɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɢɡ ɨɝɪɚɧɢɱɟɧɢɹ ɮɭɧɤɰɢɢ, ɭɩɨɦɹɧɭɬɨɣ ɜ 

ɨɩɪɟɞɟɥɟɧɢɢ.  

Ɉɩɪɟɞɟɥɟɧɢɟ 2. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ  ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ u ɥ ɢɧ ɟɣɧɨɣ  

ɪ ɟ ɤ ɭɪɪ ɟɧɬɧɨɣ  ɩɨ ɫ ɥ ɟɞɨ ɜɚɬɟɥ ɶɧɨ ɫɬɶɸ  (ɅɊɉ) ɩɨɪɹɞɤɚ   

ɧɚɞ  ɩɨ ɥ ɟɦ  

0m >

K , ɟɫɥɢ ɫɭɳɟɫɬɜɭɸɬ ɤɨɧɫɬɚɧɬɵ 
0 1, ... , mf f − ∈K

m

j

j

u i m f u i j
−

=

+ = ⋅ +∑ 0≥

 ɬɚɤɢɟ, ɱɬɨ 

1

0

( ) ( ) , i . 

ɍɤɚɡɚɧɧɨɟ ɜɵɪɚɠɟɧɢɟ ɧɚɡɨɜɟɦ ɡ ɚ ɤɨ ɧɨɦ  ɪ ɟ ɤ ɭɪ ɫɢɢ  ɢɥɢ ɥ ɢɧ ɟɣɧɵɦ  

ɪ ɟ ɤ ɭɪɪ ɟɧɬɧɵɦ  ɫ ɨɨɬɧɨɲɟɧɢɟɦ . 

Ʉɚɤ ɜɢɞɧɨ, ɩɟɪɜɵɟ  ɷɥɟɦɟɧɬɨɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɟ ɫɜɹɡɚɧɵ ɤɚ-

ɤɢɦɢ-ɥɢɛɨ ɨɝɪɚɧɢɱɟɧɢɹɦɢ – ɨɧɢ ɢɦɟɸɬ ɨɫɨɛɨɟ ɡɧɚɱɟɧɢɟ, ɢɯ, ɤɚɤ ɩɪɚɜɢɥɨ, 

ɧɚɡɵɜɚɸɬ 

m

ɧɚɱɚ ɥ ɶɧɵɦ  ɨɬɪɟ ɡ ɤɨɦ  ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ . u

ɉɪɢɦɟɪ 1. ɉɭɫɬɶ 
2K F= , (0,1,1,1,0,0,1,0,1,1)u = . Ʌɟɝɤɨ ɭɛɟɞɢɬɶɫɹ, ɱɬɨ 

 ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɤɚɤ ɨɬɪɟɡɨɤ ɅɊɉ ɫ u (1,0,1,1)f = . Ɉɞɧɚɤɨ, ɜ ɤɚɱɟɫɬɜɟ 

ɦɧɨɠɢɬɟɥɟɣ 
if  ɦɨɝɭɬ ɛɵɬɶ ɜɡɹɬɵ (1,1,0)f = . Ɂɚɮɢɤɫɢɪɭɟɦ ɜɨɡɦɨɠɧɨɫɬɶ 
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ɩɨɹɜɥɟɧɢɹ ɬɚɤɨɣ ɫɢɬɭɚɰɢɢ, ɜɜɟɞɹ ɫɧɚɱɚɥɚ ɩɨɧɹɬɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ 

ɩɨɥɢɧɨɦɚ ɅɊɉ. 

Ɉɩɪɟɞɟɥɟɧɢɟ 3. ɉɭɫɬɶ u  –  ɅɊɉ. Ɇɧɨɝɨɱɥɟɧ: 

1

0

( )
m

m j

j

j

F x x f x
−

=

= − ⋅∑  

ɫ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɢɡ ɩɨɥɹ K  (ɷɬɨɬ ɮɚɤɬ ɜ ɞɚɥɶɧɟɣɲɟɦ ɨɝɨɜɚɪɢɜɚɬɶɫɹ ɧɟ 

ɛɭɞɟɬ) ɧɚɡɨɜɟɦ ɯɚɪɚɤɬɟɪɢ ɫɬɢɱ ɟ ɫ ɤɢɦ  ɦɧɨ ɝɨɱ ɥ ɟ ɧɨɦ  ɅɊɉ u . 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɚɠɞɨɣ ɅɊɉ ɦɨɠɧɨ ɩɨɫɬɚɜɢɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɯɚɪɚɤ-

ɬɟɪɢɫɬɢɱɟɫɤɢɣ ɦɧɨɝɨɱɥɟɧ ɢ ɨɛɪɚɬɧɨ, ɤɚɠɞɨɦɭ ɧɨɪɦɢɪɨɜɚɧɧɨɦɭ ɦɧɨɝɨɱɥɟ-

ɧɭ ɦɨɠɧɨ ɩɨɫɬɚɜɢɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɅɊɉ. Ʉɚɤ ɫɬɚɥɨ ɹɫɧɨ ɢɡ ɩɪɢɦɟɪɚ, ɨɞɧɚ 

ɢ ɬɚ ɠɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɦɨɠɟɬ ɡɚɞɚɜɚɬɶɫɹ ɪɚɡɧɵɦɢ ɡɚɤɨɧɚɦɢ ɪɟɤɭɪɫɢɢ 

ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢɦɟɬɶ ɪɚɡɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɟ ɩɨɥɢɧɨɦɵ. 

Ɉɩɪɟɞɟɥɟɧɢɟ 4. ɏɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɣ ɩɨɥɢɧɨɦ ɅɊɉ , ɢɦɟɸɳɢɣ 

ɧɚɢɦɟɧɶɲɭɸ ɫɬɟɩɟɧɶ, ɧɚɡɨɜɟɦ ɟɟ 

u

ɦɢɧɢɦɚɥ ɶɧɵɦ  ɦɧɨ ɝɨɱ ɥ ɟɧɨɦ , ɚ ɟɝɨ 

ɫɬɟɩɟɧɶ – ɥ ɢɧ ɟɣɧɨɣ  ɫ ɥ ɨɠɧɨɫɬɶɸ  ɅɊɉ u . 

Ɇɢɧɢɦɚɥɶɧɵɟ ɦɧɨɝɨɱɥɟɧɵ ɅɊɉ, ɚ ɬɚɤɠɟ ɢɯ ɥɢɧɟɣɧɚɹ ɫɥɨɠɧɨɫɬɶ, ɹɜ-

ɥɹɸɬɫɹ ɜɚɠɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɅɊɉ.  

Ɉɩɪɟɞɟɥɟɧɢɟ 5. ɉɭɫɬɶ  – ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɧɚɞ ɩɨɥɟɦ u K . Ɉɛɨ-

ɡɧɚɱɢɦ ɱɟɪɟɡ ( )0, 1 ( (0), ... , ( 1))u l u u l− = − ɧɚɱɚɥɶɧɵɣ ɨɬɪɟɡɨɤ . Ȼɭɞɟɦ ɝɨ-

ɜɨɪɢɬɶ, ɱɬɨ ɦɧɨɝɨɱɥɟɧ 

u

1

0

( )
m

m j

j

j

G x x b x
−

=

= − ⋅∑  

ɜɵɪɚɛɚɬɵɜɚ ɟɬ  ɨɬɪɟ ɡ ɨ ɤ  ( )0, 1u l − , ɟɫɥɢ  

1

0

[0, 1]: ( ) ( )
m

j

j

i l m u i m b u i
−

=

∀ ∈ − − + = ⋅ +∑ j , 

ɬɨ ɟɫɬɶ ɟɫɥɢ ɞɚɧɧɵɣ ɨɬɪɟɡɨɤ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɨɬɪɟɡɤɨɦ ɧɟɤɨ-

ɬɨɪɨɣ ɅɊɉ ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɦ ɦɧɨɝɨɱɥɟɧɨɦ ( ) .  G x
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 ȿɫɬɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɧɹɬɢɟ ɥɢɧɟɣɧɨɣ ɫɥɨɠɧɨɫɬɢ 

ɨɬɪɟɡɤɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɤɚɤ ɦɢɧɢɦɚɥɶɧɨɣ ɫɬɟɩɟɧɢ ɢɡ ɜɫɟɯ ɩɨɥɢɧɨɦɨɜ, 

ɜɵɪɚɛɚɬɵɜɚɸɳɢɯ ɞɚɧɧɵɣ ɨɬɪɟɡɨɤ. 

Ⱦɚɥɟɟ ɛɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢ ɦɧɨɝɨɱɥɟɧɵ ɧɚɞ 

ɧɟɤɨɬɨɪɵɦ ɩɨɥɟɦ K . Ⱥɥɝɨɪɢɬɦ Ȼɟɪɥɟɤɷɦɩɚ–Ɇɟɫɫɢ ɫɬɪɨɢɬ ɦɧɨɝɨɱɥɟɧ 

 ɧɚɢɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ, ɜɵɪɚɛɚɬɵɜɚɸɳɢɣ ɨɬɪɟɡɨɤ ( )G x ( )0, 1u l − . ɑɬɨɛɵ ɩɟ-

ɪɟɣɬɢ ɤ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦɭ ɨɩɢɫɚɧɢɸ ɚɥɝɨɪɢɬɦɚ, ɬɪɟɛɭɟɬɫɹ ɜɜɟɫɬɢ ɟɳɟ ɪɹɞ 

ɬɟɯɧɢɱɟɫɤɢɯ ɨɩɪɟɞɟɥɟɧɢɣ. 

Ɉɩɪɟɞɟɥɟɧɢɟ 6. ɉɭɫɬɶ 
0

( )
n

j

j

j

H x h
=

=∑ x  – ɩɪɨɢɡɜɨɥɶɧɵɣ ɦɧɨɝɨɱɥɟɧ, ɚ 

 – ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ. Ɉɩɪɟɞɟɥɢɦ ɨɩɟɪɚɰɢɸ ɭɦɧɨɠɟɧɢɹ ɦɧɨɝɨɱɥɟɧɚ ɧɚ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ, ɪɟɡɭɥɶɬɚɬɨɦ ɤɨɬɨɪɨɣ ɛɭɞɟɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ, ɬɚɤɚɹ 

ɱɬɨ: 

v

( )H x u w⋅ =  

0

( ) ( )
n

j

j

w i h v i j
=

= ⋅ +∑  

Ɉɱɟɜɢɞɧɨ, ɨɩɟɪɚɰɢɹ ɹɜɥɹɟɬɫɹ ɥɢɧɟɣɧɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɥɢɧɨɦɚ, 

ɜɯɨɞɹɳɟɝɨ ɜ ɧɟɟ. 

Ⱦɥɹ ɧɨɪɦɢɪɨɜɚɧɧɨɝɨ ɩɨɥɢɧɨɦɚ ( )  ɨɩɪɟɞɟɥɢɦ ɩɚɪɚɦɟɬɪɵ:  G x

•  – ɤɨɥɢɱɟɫɬɜɨ ɥɢɞɢɪɭɸɳɢɯ ɧɭɥɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

 ɢɥɢ ∞ , ɟɫɥɢ ɷɬɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɧɭɥɟɜɚɹ; 

( )uk G

( )G x u⋅

• . ( ) ( ) deg( )u ul G k G G= +

Ʌɟɝɤɨ ɭɛɟɞɢɬɶɫɹ, ɱɬɨ  – ɦɚɤɫɢɦɚɥɶɧɚɹ ɞɥɢɧɚ ɧɚɱɚɥɶɧɨɝɨ ɨɬɪɟɡ-

ɤɚ u , ɜɵɪɚɛɚɬɵɜɚɟɦɨɝɨ ( )G x . Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɩɭɫɬɶ 

( )ul G

1

0 0

( )
m m

j m j

j j

j j

G x g x x b x
−

= =

= ⋅ = − ⋅∑ ∑ , ( )G x u v⋅ = ,  

ɬɨɝɞɚ: , ɧɨ: [0, ( ) 1]: ( ) 0ui l G m v i∀ ∈ − − =
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1

0 0

0 ( ) ( ) ( ) (
n m

j j

j j

v i g u i j u i m b u i j
−

= =

)= = ⋅ + = + − ⋅ +∑ ∑ , 

ɱɬɨ ɢ ɞɚɟɬ ɢɫɤɨɦɨɟ: 
1

0

[0, ( ) 1]: ( ) ( )
m

u j

j

i l G m u i m b u i j
−

=

∀ ∈ − − + = ⋅∑ + . 

Ʉɚɤ ɛɵɥɨ ɨɬɦɟɱɟɧɨ, ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɜɚɪɢɚɰɢɣ ɢɫɫɥɟɞɭɟɦɨɝɨ 

ɚɥɝɨɪɢɬɦɚ, ɩɪɢɜɟɞɟɧɧɨɟ ɧɢɠɟ ɢɡɥɨɠɟɧɢɟ ɨɫɧɨɜɚɧɨ ɧɚ [4]. Ɂɚɞɚɞɢɦɫɹ ɩɨ-

ɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ  ɢ ɱɢɫɥɨɦ , ɧɚɣɞɟɦ ɦɢɧɢɦɚɥɶɧɵɣ ɩɨɥɢɧɨɦ, ɜɵɪɚɛɚ-

ɬɵɜɚɸɳɢɣ ɨɬɪɟɡɨɤ 

u l

( )0, 1u l − . Ȼɭɞɟɦ ɫɬɪɨɢɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɧɨɪɦɢɪɨ-

ɜɚɧɧɵɯ ɩɨɥɢɧɨɦɨɜ  ɧɟɭɛɵɜɚɸɳɢɯ ɫɬɟɩɟɧɟɣ 

 ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɢɠɟɫɥɟɞɭɸɳɟɣ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟ-

ɦɨɣ. 

0 1( ), ( ),G x G x …

0 1 20 m m m= < ≤ ≤…
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ȼɯɨɞ: u , l

0( ) : 1G x = , l l0 0: (u )G=  

0 1 1

1 0 0 0 0( ) : ( 1) ( ) ( )
k

G x x u k u k G x
+ −= − + ⋅ ⋅ 0

ul l G

,  

 

1 1: ( )= , t : 1=  

0l l< ? 

Ⱦɚ

tl l< ? 

ɨɩɪɟɞɟɥɢɦ s  ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ: 

1 1...t t sm m m m− + s= = = >
 

t sk k> ? 

Ⱦɚ

1

1( ) : ( ) ( ) ( ) ( )t sk k

t t t t s sG x x G x u k u k G x
− −

+ = ⋅ − ⋅ ⋅ s

1

1( ) : ( ) ( ) ( ) ( )s tk k

t t t t s sG x G x x u k u k G x
− −

+ = − ⋅ ⋅ ⋅ s

Ⱦɚ ɇɟɬ

( ) : ( )tG x G x=  

ɇɟɬ

ɇɟɬ

1 1: (t u tl l G )+ += , 

: 1t t= +  

ȼɵɯɨɞ: ( )G x  
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Ɉɛɨɫɧɨɜɚɧɢɟ ɚɥɝɨɪɢɬɦɚ Ȼɟɪɥɟɤɷɦɩɚ–Ɇɟɫɫɢ  ɫɨɞɟɪɠɢɬɫɹ ɜ [4], ɧɨ ɪɹɞ 

ɟɝɨ ɷɥɟɦɟɧɬɨɜ ɜ ɷɬɨɣ ɪɚɛɨɬɟ ɨɩɭɳɟɧ. ɉɪɢɜɟɞɟɧɧɵɟ ɧɢɠɟ ɪɚɫɫɭɠɞɟɧɢɹ ɜɨɫ-

ɩɨɥɧɹɸɬ ɷɬɢ ɩɪɨɛɟɥɵ. Ɉɛɨɫɧɨɜɚɧɢɟ ɚɥɝɨɪɢɬɦɚ ɩɪɨɜɟɞɟɦ ɫ ɩɨɦɨɳɶɸ ɞɨɤɚ-

ɡɚɬɟɥɶɫɬɜɚ ɪɹɞɚ ɥɟɦɦ. 

Лɟɦɦа 1. ɉɭɫɬɶ ɞɚɧɵ ɰɟɥɨɟ ɱɢɫɥɨ , ɩɨɥɢɧɨɦr  
0

( )
m

j

j

j

G x g x
=

= ⋅∑  ɢ ɩɨ-

ɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ , ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ ɭɫɥɨɜɢɸ u ( )ur k G≤ . Ɍɨɝɞɚ ɞɥɹ ɩɨ-

ɥɢɧɨɦɚ i( ) ( )rG x x G x= ⋅  ɢɦɟɟɬ ɦɟɫɬɨ ɪɚɜɟɧɫɬɜɨ: 

i( ) ( )u uk G k G r= − . 

Дɨɤаɡаɬɟɥьɫɬвɨ. Ɉɛɨɡɧɚɱɢɦ:  

( )uk k G= , � i( )uk k G= , ( )G x u v⋅ = , i( )G x u v⋅ = � . 

ɉɭɫɬɶ , ɝɞɟ i
0

( ) ( )
m r

r j

j

j

G x x G x g x
+

=

= ⋅ = ⋅∑ �

0, 0 ,

, .i r

i r
g

g r i m r−

< <⎧
= ⎨ ≤ ≤ +⎩

�  

Ɍɨɝɞɚ: 

0 0

( ) ( ) ( ) [ ] ( ) (
m r m r m

j j r s

j j r s

v i g u i j g u i j s j r g u i s r v i r
+ +

−
= = =

= ⋅ + = ⋅ + = = − = ⋅ + + = +∑ ∑ ∑� � )

0

. 

ȿɫɥɢ , ɬɨ  (ɨɩɪɟɞɟɥɟɧɢɟ ), ɢɧɚɱɟ, ɬɚɤ ɤɚɤ 

, ɬɨ , ɬɨɝɞɚ: 

r k= (0) ( ) ( )v v r v k= = ≠� k

[0, 1]: ( ) 0i k v i∀ ∈ − = [0, 1]: ( ) 0i k r v i r∀ ∈ − − + =

[0, 1]: ( ) 0i k r v i∀ ∈ − − =� . 

ɉɨɫɥɟɞɧɟɟ, ɫ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ( ) ( ) ( )v k v k r v k 0= − = ≠�� � , ɢ ɨɡɧɚɱɚɟɬ 

�k k r= − . Ʌɟɦɦɚ ɞɨɤɚɡɚɧɚ.  

Лɟɦɦа 1'. ɉɭɫɬɶ ɞɚɧɵ ɩɨɥɢɧɨɦɵ ,( )F x  ( )  ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 

, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ ɭɫɥɨɜɢɸ 

G x

u ( )deg ( ) ( )uF x k G≤ . Ɍɨɝɞɚ ɞɥɹ ɩɨɥɢɧɨɦɚ 

i( ) ( ) ( )G x F x G x= ⋅  ɢɦɟɟɬ ɦɟɫɬɨ ɪɚɜɟɧɫɬɜɨ: 

i ( )( ) ( ) deg ( )u uk G k G F x= − . 
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 Дɨɤаɡаɬɟɥьɫɬвɨ. ɋɥɟɞɭɟɬ ɢɡ ɥɟɦɦɵ 1 ɢ ɥɢɧɟɣɧɨɫɬɢ ɨɩɟɪɚɰɢɢ ɭɦɧɨ-

ɠɟɧɢɹ ɩɨɥɢɧɨɦɚ ɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ. 

Ʉɨɪɪɟɤɬɧɨɫɬɶ ɚɥɝɨɪɢɬɦɚ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɞɜɭɦɹ ɮɚɤɬɚɦɢ: ɩɨɥɢ-

ɧɨɦ, ɩɨɥɭɱɚɸɳɢɣɫɹ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ, ɜɨ-ɩɟɪɜɵɯ, ɜɵɪɚɛɚɬɵɜɚɟɬ ɛɨɥɟɟ ɞɥɢɧ-

ɧɵɣ ɨɬɪɟɡɨɤ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ , ɱɟɦ ɩɪɟɞɵɞɭɳɢɣ, ɜɨ-ɜɬɨɪɵɯ, ɢɦɟɟɬ 

ɧɚɢɦɟɧɶɲɭɸ ɫɬɟɩɟɧɶ ɢɡ ɜɫɟɯ ɩɨɥɢɧɨɦɨɜ, ɜɵɪɚɛɚɬɵɜɚɸɳɢɯ ɨɬɪɟɡɨɤ ɞɚɧɧɨɣ 

ɞɥɢɧɵ. 

u

Лɟɦɦа 2. ȼ ɯɨɞɟ ɨɩɢɫɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ  ɜɨɡɪɚɫɬɚɟɬ, ɢ ɫɬɟɩɟɧɶ 

ɩɨɥɢɧɨɦɨɜ  ɧɟ ɭɛɵɜɚɟɬ. 

( )u tl G

tm

Дɨɤаɡаɬɟɥьɫɬвɨ. ɂɧɞɭɤɰɢɹ ɩɨ t : 

1) : , 0t = 1 0 01 0m k m= + > = 1 1 1 1 0 0 0 01l k m k k l k m k0= + = + + > = + = . 

2) ɉɪɟɞɩɨɥɨɠɢɦ: 1 1: ,t t tt t t l l m m+ + t
′∀ < > ≥ . 

3) ɉɭɫɬɶ , ɚ t t′= s  ɜɵɛɪɚɧɨ ɭɤɚɡɚɧɧɵɦ ɜ ɚɥɝɨɪɢɬɦɟ ɨɛɪɚɡɨɦ, ɩɨɤɚ-

ɠɟɦ . ȼ ɫɥɭɱɚɟ , ɨɱɟɜɢɞɧɨ, 1tm m′+ ≥ t′ s ttk k> 1tm m′ ′+ > . ȼ ɞɪɭɝɨɦ ɫɥɭɱɚɟ ɫɬɟ-

ɩɟɧɶ  ɫɨɜɩɚɞɚɟɬ ɫɨ ɫɬɟɩɟɧɶɸ , ɬɚɤ ɤɚɤ ɩɨɫɥɟɞɧɹɹ ɭɞɨɜɥɟɬɜɨɪɹ-

ɟɬ ɫɨɨɬɧɨɲɟɧɢɸ: 

1( )tG x′+ ( )tG x′

(deg ( ) )t t s tG x m k k m′ ′ ′= > − +  ( t t t s sm k l l m k′ ′ ′ s+ = > = +  – 

ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɢɧɞɭɤɰɢɢ), ɬɨ ɟɫɬɶ ɩɪɟɜɨɫɯɨɞɢɬ ɫɬɟɩɟɧɶ ɜɬɨɪɨɝɨ ɫɥɚɝɚɟɦɨ-

ɝɨ, ɫɨɫɬɚɜɥɹɸɳɟɝɨ .  1( )tG x′+

ɂɧɞɭɤɰɢɹ ɡɚɜɟɪɲɟɧɚ ɢ ɥɟɦɦɚ ɞɨɤɚɡɚɧɚ. 

Лɟɦɦа 3. ɉɭɫɬɶ ɞɚɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ,  – ɥɢɧɟɣɧɚɹ ɫɥɨɠ-

ɧɨɫɬɶ ɟɟ ɨɬɪɟɡɤɚ ɞɥɢɧɵ r ,  – ɩɨɥɢɧɨɦ ɫɬɟɩɟɧɢ , ɬɚɤɨɣ ɱɬɨ: 

u m

( )F x m

( )ul F r≥ , 

( )H x  – ɩɨɥɢɧɨɦ ɫɬɟɩɟɧɢ , ɬɚɤɨɣ ɱɬɨ: n

( ) ( )u ul H l F> , 

ɬɨɝɞɚ: 

{ }max , ( ) 1un m k F≥ + . 

Дɨɤаɡаɬɟɥьɫɬвɨ. ɉɨɫɤɨɥɶɤɭ  , ɬɨ . Ɉɫɬɚɟɬɫɹ ɩɨɤɚɡɚɬɶ, 

ɱɬɨ . ɉɪɟɞɩɨɥɨɠɢɦ ɩɪɨɬɢɜɧɨɟ: 

( )ul H r> n m>

( ) 1un k F≥ + ( )un k F≤ . Ɍɨɝɞɚ ɜ ɫɨɨɬɜɟɬɫɬ-
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ɜɢɢ ɫ ɥɟɦɦɨɣ 1' ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ( ) ( )w H x F x u= ⋅ ⋅  ɢɦɟɟɬ ɜ ɬɨɱɧɨɫɬɢ 

 ɥɢɞɢɪɭɸɳɢɯ ɧɭɥɟɣ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ( )uk F n− ( ) ( )w F x H x u= ⋅ ⋅ ; ɩɨɤɚ-

ɠɟɦ, ɱɬɨ ɜɵɩɨɥɧɟɧɵ ɭɫɥɨɜɢɹ ɥɟɦɦɵ 1': 

( ) ( ) ( ) ( ) ( )u u u u uk H l H n l F n l F k F m= − > − ≥ − = , 

ɬɨ ɟɫɬɶ, ɞɟɣɫɬɜɢɬɟɥɶɧɨ, . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ  ɢɦɟɟɬ 

( )uk F m>

w ( )uk x m−  ɥɢɞɢɪɭɸɳɢɯ ɧɭɥɟɣ. Ɍɨɝɞɚ 

. Ɉɤɨɧɱɚɬɟɥɶɧɨ ɢɦɟɟɦ: ( ) ( )u uk H n k F m+ = +

( ) ( ) ( ) ( )u u u ul H k H n k F m l F= + = + = , 

ɱɬɨ ɩɪɨɬɢɜɨɪɟɱɢɬ ɭɫɥɨɜɢɸ ɥɟɦɦɵ. Ⱦɨɤɚɡɚɬɟɥɶɫɬɜɨ ɥɟɦɦɵ ɡɚɜɟɪɲɟɧɨ. 

Лɟɦɦа 4. ɋɬɟɩɟɧɢ ɩɨɥɢɧɨɦɨɜ, ɩɨɪɨɠɞɚɟɦɵɯ ɚɥɝɨɪɢɬɦɨɦ, ɭɞɨɜɥɟ-

ɬɜɨɪɹɸɬ ɭɫɥɨɜɢɸ: 

{ }1 max , 1t tm m k+ t= + . 

Дɨɤаɡаɬɟɥьɫɬвɨ. ɂɧɞɭɤɰɢɹ ɩɨ t :  

1) : ɨɱɟɜɢɞɧɨ. 0t =

2) ɉɪɟɞɩɨɥɨɠɢɦ { }1' : max , 1t tt t t m m k+∀ < = +t

'

. 

3) ɉɭɫɬɶ , ɚ t t= s  ɜɵɛɪɚɧɨ ɭɤɚɡɚɧɧɵɦ ɜ ɚɥɝɨɪɢɬɦɟ ɨɛɪɚɡɨɦ, ɩɨɤɚ-

ɠɟɦ, ɱɬɨ { }' 1 ' 'max , 1t tm m k+ = t + . ɋɨɝɥɚɫɧɨ ɩɪɟɞɩɨɥɨɠɟɧɢɸ ɢɧɞɭɤɰɢɢ 

{ }1 max , 1s sm m k+ = s + s, ɚ ɬɚɤ ɤɚɤ ' 1t sm m m+= > , ɬɨ ' 1t sm k= + . Ʉɚɤ ɜɢɞɧɨ ɢɡ 

ɪɚɫɫɭɠɞɟɧɢɣ, ɩɪɨɜɟɞɟɧɧɵɯ ɩɪɢ ɞɨɤɚɡɚɬɟɥɶɫɬɜɟ ɥɟɦɦɵ 2, ɫɬɟɩɟɧɢ ɩɨɥɢɧɨ-

ɦɨɜ ɢɡɦɟɧɹɸɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɟɫɥɢ 'tk ks≤ , ɬɨ , ɢɧɚɱɟ 

. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɫɥɭɱɚɟ 

' 1 'tm m+ = t

sk s' 1 ' 't t tm m k+ = + − 'tk k≤ ,  ɧɟɨɛɯɨɞɢɦɨ ɩɨɤɚɡɚɬɶ, 

ɱɬɨ . ɂ ɞɟɣɫɬɜɢɬɟɥɶɧɨ, ' ' 1t tm k≥ + ' 1t s tm k k ' 1= + ≥ + . ȼ ɫɥɭɱɚɟ ɠɟ : 't sk k>

' ' 1 ' ' ' '1 1t t t t s s t s tm m m k k k k k k+< = + − = + + − = + . 

Ɍɟɦ ɫɚɦɵɦ ɢɧɞɭɤɰɢɹ ɡɚɜɟɪɲɟɧɚ ɢ ɥɟɦɦɚ ɞɨɤɚɡɚɧɚ. 

Тɟɨɪɟɦа 1. ɂɡɥɨɠɟɧɧɵɣ ɚɥɝɨɪɢɬɦ ɫɬɪɨɢɬ ɦɧɨɝɨɱɥɟɧ ɦɢɧɢɦɚɥɶɧɨɣ 

ɫɬɟɩɟɧɢ, ɜɵɪɚɛɚɬɵɜɚɸɳɢɣ ɨɬɪɟɡɨɤ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ  ɞɥɢɧɵ ɧɟ ɦɟɧɶ-

ɲɟ ɱɟɦ l . 

u
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Дɨɤаɡаɬɟɥьɫɬвɨ. ȼ ɫɢɥɭ ɥɟɦɦɵ 2 ɞɥɹ ɥɸɛɨɝɨ ɤɨɧɟɱɧɨɝɨ ɧɚɩɟɪɟɞ ɡɚ-

ɞɚɧɧɨɝɨ  ɡɚ ɤɨɧɟɱɧɨɟ ɱɢɫɥɨ ɲɚɝɨɜ ɧɚ ɜɵɯɨɞɟ ɚɥɝɨɪɢɬɦɚ ɩɨɥɭɱɚɟɬɫɹ ɩɨɥɢ-

ɧɨɦ ( ) , ɞɥɹ ɤɨɬɨɪɨɝɨ . ȿɝɨ ɫɬɟɩɟɧɶ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɨɱɧɨɣ ɧɢɠ-

ɧɟɣ ɝɪɚɧɢɰɟ ɞɥɹ ɫɬɟɩɟɧɟɣ ɜɫɟɯ ɩɨɥɢɧɨɦɨɜ, ɜɵɪɚɛɚɬɵɜɚɸɳɢɯ ɨɬɪɟɡɨɤ ɧɟ 

ɤɨɪɨɱɟ l  (ɥɟɦɦɵ 3 ɢ 4). 

l

G x ( )ul G l≥

 13



3. Ɋɟаɥɢɡаɰɢя аɥɝɨɪɢɬɦа Ȼɟɪɥɟɤɷɦɩа–Ɇɟɫɫɢ 

Ⱥɥɝɨɪɢɬɦ Ȼɟɪɥɟɤɷɦɩɚ–Ɇɟɫɫɢ ɪɟɚɥɢɡɨɜɚɧ ɧɚ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚ-

ɧɢɹ ɋ++ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬɚɧɞɚɪɬɨɦ ɹɡɵɤɚ [6] ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɨɛɴɟɤɬɧɨ-

ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɦɟɬɨɞɨɥɨɝɢɢ. ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɧɚɞ ɪɟɚɥɢɡɚɰɢɟɣ ɚɥɝɨ-

ɪɢɬɦɚ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɫɜɨɛɨɞɧɨ ɪɚɫɩɪɨɫɬɪɚɧɹɟɦɚɹ ɢɧɬɟɝɪɢɪɨɜɚɧɧɚɹ 

ɫɪɟɞɚ ɪɚɡɪɚɛɨɬɤɢ Microsoft Visual C++ 2005 Express Edition.  

ȼ ɪɚɛɨɬɟ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɛɢɛɥɢɨɬɟɤɚ ɫ ɨɬɤɪɵɬɵɦɢ ɢɫɯɨɞɧɵɦɢ 

ɤɨɞɚɦɢ Schifra Reed-Solomon Error Correcting Code Library [7], ɪɚɫɩɪɨɫɬɪɚ-

ɧɹɟɦɚɹ ɞɥɹ ɚɤɚɞɟɦɢɱɟɫɤɨɝɨ ɢ ɧɟɤɨɦɦɟɪɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɞ ɥɢɰɟɧ-

ɡɢɟɣ GNU General Public License (ɜɟɪɫɢɹ 2) [8], ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɚɪɢɮɦɟɬɢɤɭ ɩɨɥɟɣ Ƚɚɥɭɚ ɢ ɛɚɡɨɜɵɟ ɨɩɟɪɚɰɢɢ ɫ ɩɨɥɢɧɨɦɚɦɢ. Ȼɢɛɥɢɨɬɟɤɚ 

ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɪɚɛɨɬɭ ɜ ɪɚɫɲɢɪɟɧɢɹɯ ɤɨɧɟɱɧɵɯ ɩɨɥɟɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɞɜɚ ɢ ɯɪɚɧɢɬ ɫɩɢɫɨɤ ɩɪɢɦɢɬɢɜɧɵɯ ɧɚɞ  ɩɨɥɢɧɨɦɨɜ ɫɬɟɩɟɧɢ ɜɩɥɨɬɶ ɞɨ 

ɲɟɫɬɧɚɞɰɚɬɨɣ ɜɤɥɸɱɢɬɟɥɶɧɨ. ɉɨɫɥɟɞɧɟɟ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɛɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 

ɞɚɧɧɵɯ ɪɚɛɨɬɚ ɚɥɝɨɪɢɬɦɚ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɜ ɩɨɥɹɯ ɦɨɳɧɨɫɬɢ ɧɟ ɛɨɥɟɟ 

ɱɟɦ . 

2F

162

Ɇɚɬɟɦɚɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ, ɩɨɫɬɪɨɟɧɧɵɣ ɜɨ ɜɬɨɪɨɣ ɝɥɚɜɟ, ɨɬɨɛɪɚɠɚɟɬ-

ɫɹ ɜ ɩɪɨɝɪɚɦɦɧɭɸ ɦɨɞɟɥɶ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɨɞɧɨɝɨ ɦɨɦɟɧɬɚ. Ɉɝɪɚɧɢɱɟɧ-

ɧɨɫɬɶ ɩɚɦɹɬɢ ɤɨɦɩɶɸɬɟɪɚ ɩɪɢɜɨɞɢɬ ɤ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɨɩɟɪɢɪɨɜɚɬɶ ɫ ɛɟɫ-

ɤɨɧɟɱɧɵɦɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ, ɩɨɬɨɦɭ ɩɨɧɹɬɢɟ ɥɢɧɟɣɧɨɣ ɪɟɤɭɪɪɟɧɬ-

ɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɛɵɥɨ ɡɚɦɟɳɟɧɨ ɩɨɧɹɬɢɟɦ ɥ ɢɧ ɟɣɧɨ ɝ ɨ  ɪ ɟ ɝ ɢ ɫɬ -

ɪɚ  ɫɞ ɜɢ ɝ ɚ  (ɅɊɋ). ɅɊɋ ɯɪɚɧɢɬ ɦɧɨɠɢɬɟɥɢ , ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɷɥɟɦɟɧ-

ɬɚɦ 0 , ... , m 1f f −  ɢɡ ɨɩɪɟɞɟɥɟɧɢɹ ɅɊɉ, ɢ ɬɟɤɭɳɢɣ ɨɬɪɟɡɨɤ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ-

ɫɬɢ (ɞɥɢɧɵ ), ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɤɚɠɞɨɝɨ ɩɨɫɥɟɞɭɸɳɟɝɨ ɷɥɟ-

ɦɟɧɬɚ ɅɊɉ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɥɢɧɟɣɧɵɦ ɪɟɤɭɪɪɟɧɬɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ, ɧɚ-

ɡɵɜɚɟɦɵɣ 

m

ɫɨ ɫɬɨɹɧɢɟɦ . ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɅɊɋ  ɩɨɡɜɨɥɢɬ ɩɨɥɭɱɚɬɶ ɧɟɨɛ-

ɯɨɞɢɦɵɟ ɨɬɪɟɡɤɢ ɅɊɉ. 
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ɇɟɤɨɬɨɪɵɟ ɦɟɧɟɟ ɫɭɳɟɫɬɜɟɧɧɵɟ ɞɟɬɚɥɢ ɪɟɚɥɢɡɚɰɢɢ ɛɵɥɢ ɫɤɨɪɪɟɤɬɢ-

ɪɨɜɚɧɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɡɥɨɠɟɧɧɵɦ ɜ ɝɥɚɜɟ 2, ɨɩɢɪɚɹɫɶ ɧɚ [5]. 

3.1. Ⱥɪɯɢɬɟɤɬɭɪа ɪɟаɥɢɡаɰɢɢ 

ȼ ɪɟɚɥɢɡɚɰɢɢ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɞɜɚ ɤɥɚɫɫɚ ɞɥɹ ɨɫɧɨɜɧɵɯ ɫɭɳɧɨɫɬɟɣ ɡɚ-

ɞɚɱɢ: ɤɥɚɫɫ ɥɢɧɟɣɧɨɝɨ ɪɟɝɢɫɬɪɚ ɫɞɜɢɝɚ ɢ ɫɨɛɫɬɜɟɧɧɨ ɤɥɚɫɫ ɚɥɝɨɪɢɬɦɚ. 

Ɍɚɤɠɟ ɪɚɡɪɚɛɨɬɚɧ ɪɹɞ ɫɜɨɛɨɞɧɵɯ ɮɭɧɤɰɢɣ ɢ ɤɥɚɫɫɨɜ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ 

ɬɟɫɬɢɪɨɜɚɧɢɹ. Ɉɫɧɨɜɧɵɟ ɞɜɚ ɤɥɚɫɫɚ ɩɪɨɟɤɬɚ ɢɦɟɸɬ ɫɥɚɛɨɟ ɡɚɰɟɩɥɟɧɢɟ: 

ɟɞɢɧɫɬɜɟɧɧɚɹ ɢɧɮɨɪɦɚɰɢɹ, ɤɨɬɨɪɭɸ ɢɦ ɫɥɟɞɭɟɬ ɪɚɡɞɟɥɹɬɶ — ɮɢɤɫɢɪɨɜɚɧ-

ɧɵɣ ɬɢɩ ɤɨɧɬɟɣɧɟɪɚ ɷɥɟɦɟɧɬɨɜ ɩɨɥɹ (GFElementsContainer , ɨɩɢɫɚɧ ɜ 

ɮɚɣɥɟ utilit ies.hpp). 

ɇɢɠɟ ɩɪɢɜɟɞɟɧ ɩɟɪɟɱɟɧɶ ɮɚɣɥɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɢɫɯɨɞɧɵɣ ɤɨɞ, ɫ ɤɪɚɬ-

ɤɢɦ ɨɩɢɫɚɧɢɟɦ ɢɯ ɧɚɡɧɚɱɟɧɢɹ: 

• LFSR.cpp (LFSR.hpp) — ɤɥɚɫɫ ɥɢɧɟɣɧɨɝɨ ɪɟɝɢɫɬɪɚ ɫɞɜɢɝɚ; 

• BM-algorithm.cpp (BM-algorithm.hpp) — ɤɥɚɫɫ, ɪɟɚɥɢɡɭɸɳɢɣ ɚɥɝɨ-

ɪɢɬɦ ɜɦɟɫɬɟ ɫɨ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɦ ɜɥɨɠɟɧɧɵɦ ɤɥɚɫɫɨɦ Monoms 

(ɫɦ. ɩ. 3.3); 

• utilit ies.hpp — ɫɪɟɞɫɬɜɚ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɫ-

ɧɨɜɧɵɯ ɤɥɚɫɫɨɜ ɩɪɨɝɪɚɦɦɵ; 

• galois/ *  — ɫɪɟɞɫɬɜɚ ɛɢɛɥɢɨɬɟɤɢ Schifra, ɨɬɜɟɬɫɬɜɟɧɧɵɟ ɡɚ ɚɪɢɮ-

ɦɟɬɢɤɭ ɜ ɩɨɥɹɯ Ƚɚɥɭɚ ɢ ɨɩɟɪɚɰɢɢ ɫ ɩɨɥɢɧɨɦɚɦɢ ɧɚɞ ɧɢɦɢ; 

•  test/ *  — ɬɟɫɬɵ ɞɥɹ ɨɫɧɨɜɧɵɯ ɱɚɫɬɟɣ ɩɪɨɝɪɚɦɦɵ; 

• main.cpp — ɬɨɱɤɚ ɜɯɨɞɚ ɜ ɩɪɨɝɪɚɦɦɭ. 

ȼ ɢɫɯɨɞɧɨɦ ɤɨɞɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɨɬɥɚɞɨɱɧɵɟ ɫɟɤɰɢɢ, ɤɨɬɨɪɵɟ ɤɨɦɩɢ-

ɥɢɪɭɸɬɫɹ ɬɨɥɶɤɨ ɩɪɢ ɧɚɥɢɱɢɢ ɨɩɪɟɞɟɥɟɧɢɹ ɦɚɤɪɨɫɚ DEBUG; ɟɝɨ ɫɥɟɞɭɟɬ 

ɨɩɭɫɤɚɬɶ ɜ release-ɫɛɨɪɤɟ. 
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3.2. Ʉɥаɫɫ ɥɢɧɟɣɧɨɝɨ ɪɟɝɢɫɬɪа ɫɞɜɢɝа 

Ʉɥɚɫɫ LFSR (Linear Feedback Shift Register — ɪɟɝɢɫɬɪ ɫɞɜɢɝɚ ɫ ɥɢ-

ɧɟɣɧɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ) ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɅɊɋ, ɤɨɬɨɪɵɣ, ɤɚɤ ɫɤɚɡɚɧɨ ɜɵɲɟ, ɹɜɥɹɟɬɫɹ ɜɫɟɝɨ ɥɢɲɶ ɨɫɨɛɵɦ ɩɪɟɞɫɬɚɜɥɟ-

ɧɢɟɦ ɅɊɉ. ȿɝɨ ɰɟɥɶ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɪɨɜɟɪɤɟ ɤɨɪɪɟɤɬɧɨɫɬɢ ɪɚɛɨɬɵ ɚɥɝɨ-

ɪɢɬɦɚ: ɩɨɥɭɱɟɧɧɵɣ ɧɚ ɜɵɯɨɞɟ ɚɥɝɨɪɢɬɦɚ ɩɨɥɢɧɨɦ, ɞɨɩɨɥɧɟɧɧɵɣ ɩɨɫɥɟɞɨ-

ɜɚɬɟɥɶɧɨɫɬɶɸ ɷɥɟɦɟɧɬɨɜ, ɜɵɩɨɥɧɹɸɳɟɣ ɮɭɧɤɰɢɸ, ɚɧɚɥɨɝɢɱɧɭɸ ɧɚɱɚɥɶɧɨ-

ɦɭ ɨɬɪɟɡɤɭ ɅɊɋ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɷɤɡɟɦɩɥɹɪɚ ɤɥɚɫɫɚ LFSR. 

Ⱦɚɥɟɟ ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɢɬɶ ɩɪɨɢɡɜɨɥɶɧɵɣ ɨɬɪɟɡɨɤ ɩɨɫɥɟɞɨ-

ɜɚɬɟɥɶɧɨɫɬɢ, ɦɨɞɟɥɢɪɭɟɦɨɣ ɞɚɧɧɵɦ ɷɤɡɟɦɩɥɹɪɨɦ ɤɥɚɫɫɚ LFSR, ɩɨɫɪɟɞɫɬ-

ɜɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɜɵɡɨɜɨɜ ɷɤɡɟɦɩɥɹɪɧɨɣ ɮɭɧɤɰɢɢ operator()  ɢ 

ɭɛɟɞɢɬɶɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɣ ɩɨɥɢɧɨɦ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɹɜɥɹɟɬ-

ɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɦ ɩɨɥɢɧɨɦɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɧɚɱɚɥɶɧɵɣ ɨɬɪɟ-

ɡɨɤ ɤɨɬɨɪɨɣ ɫɨɜɩɚɞɚɟɬ ɫ ɧɚɱɚɥɶɧɵɦ ɨɬɪɟɡɤɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɡɚɞɚɧ-

ɧɵɦ ɚɥɝɨɪɢɬɦɭ. 

ɍ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ ɢɦɟɟɬɫɹ ɧɚɛɨɪ ɤɨɧɫɬɪɭɤɬɨɪɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɤɨɪ-

ɪɟɤɬɧɨ ɢɧɢɰɢɚɥɢɡɢɪɨɜɚɬɶ ɞɜɚ ɤɥɸɱɟɜɵɯ ɩɨɥɹ: ɤɨɪɬɟɠɢ ɦɧɨɠɢɬɟɥɟɣ ɢ ɫɨ-

ɫɬɨɹɧɢɹ. Ʉɨɪɬɟɠ ɦɧɨɠɢɬɟɥɟɣ ɪɟɚɥɢɡɨɜɚɧ ɲɚɛɥɨɧɨɦ ɫɬɚɧɞɚɪɬɧɨɣ ɛɢɛɥɢɨ-

ɬɟɤɢ ɋ++ vector<T> , ɩɚɪɚɦɟɬɪɢɡɨɜɚɧɧɵɦ ɬɢɩɨɦ ɷɥɟɦɟɧɬɚ ɩɨɥɹ Ƚɚɥɭɚ 

field_element ; ɟɝɨ ɪɚɡɦɟɪ ɮɢɤɫɢɪɨɜɚɧ ɢ ɧɟ ɢɡɦɟɧɹɟɬɫɹ ɧɚ ɩɪɨɬɹɠɟɧɢɢ 

ɠɢɡɧɢ ɨɛɴɟɤɬɚ. Ⱦɥɹ ɤɨɪɬɟɠɚ ɫɨɫɬɨɹɧɢɹ ɛɨɥɟɟ ɩɪɢɟɦɥɟɦɵɦ ɩɨɤɚɡɚɥɨɫɶ ɢɫ-

ɩɨɥɶɡɨɜɚɧɢɟ ɲɚɛɥɨɧɚ ɫɬɚɧɞɚɪɬɧɨɣ ɛɢɛɥɢɨɬɟɤɢ ɋ++ deque<T>  — ɨɱɟɪɟɞɶ 

ɫ ɞɜɭɦɹ ɤɨɧɰɚɦɢ: ɧɚ ɤɚɠɞɨɦ ɬɚɤɬɟ ɪɚɛɨɬɵ LFSR (ɬɨ ɟɫɬɶ ɩɨɫɥɟ ɤɚɠɞɨɝɨ 

ɜɵɡɨɜɚ ɮɭɧɤɰɢɢ operator() )  ɜɵɱɢɫɥɹɟɬɫɹ ɨɱɟɪɟɞɧɨɣ ɷɥɟɦɟɧɬ ɅɊɉ, ɤɨ-

ɬɨɪɵɣ ɞɨɛɚɜɥɹɟɬɫɹ ɜ ɤɨɧɟɰ ɤɨɪɬɟɠɚ ɫɨɫɬɨɹɧɢɹ, ɚ ɤɥɢɟɧɬɭ ɜɨɡɜɪɚɳɚɟɬɫɹ 

ɷɥɟɦɟɧɬ ɢɡ ɧɚɱɚɥɚ ɷɬɨɝɨ ɤɨɪɬɟɠɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɪɚɡɦɟɪ ɨɱɟɪɟɞɢ ɬɚɤɠɟ ɨɫ-

ɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɵɦ. 
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Ⱦɥɹ ɤɥɚɫɫɚ LFSR ɩɪɟɞɭɫɦɨɬɪɟɧ ɨɩɟɪɚɬɨɪ ɜɵɜɨɞɚ ɜ ɩɨɬɨɤ, ɨɛɟɫɩɟɱɢ-

ɜɚɸɳɢɣ ɜɨɡɦɨɠɧɨɫɬɶ ɩɟɱɚɬɢ ɫɨɞɟɪɠɢɦɨɝɨ ɨɛɴɟɤɬɚ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ. 

3.3. Ʉɥаɫɫ аɥɝɨɪɢɬɦа 

ȼ ɤɥɚɫɫɟ ɚɥɝɨɪɢɬɦɚ BMAlgorithm  ɪɟɚɥɢɡɨɜɚɧɵ ɨɫɧɨɜɧɵɟ ɨɩɟɪɚɰɢɢ, 

ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɩɪɢ ɢɡɥɨɠɟɧɢɢ ɚɥɝɨɪɢɬɦɚ Ȼɟɪɥɟɤɷɦɩɚ — Ɇɟɫɫɢ, ɤɚɤ-ɬɨ: 

ɭɦɧɨɠɟɧɢɟ ɩɨɥɢɧɨɦɚ ɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɢ ɩɨɞɫɱɟɬ ɤɨɥɢɱɟɫɬɜɚ ɥɢɞɢ-

ɪɭɸɳɢɯ ɧɭɥɟɣ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. ɉɨɫɥɟ ɫɨɡɞɚɧɢɹ ɷɤɡɟɦɩɥɹɪɚ ɤɥɚɫɫɚ 

(ɤɨɧɫɬɪɭɤɬɨɪ ɩɪɢɧɢɦɚɟɬ ɥɢɲɶ ɫɫɵɥɤɭ ɧɚ ɨɛɴɟɤɬ ɤɥɚɫɫɚ field , ɩɪɟɞɫɬɚɜ-

ɥɹɸɳɟɝɨ ɤɨɧɟɱɧɨɟ ɩɨɥɟ, ɜ ɤɨɬɨɪɨɦ ɩɪɨɢɡɜɨɞɹɬɫɹ ɜɵɱɢɫɥɟɧɢɹ), ɟɝɨ ɡɚɩɭɫɤ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɜɵɡɨɜɚ ɮɭɧɤɰɢɢ-ɱɥɟɧɚ operator();  ɜ ɤɚɱɟ-

ɫɬɜɟ ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɚɪɝɭɦɟɧɬɚ ɭɤɚɡɚɧɧɨɣ ɮɭɧɤɰɢɢ ɩɟɪɟɞɚɟɬɫɹ ɨɬɪɟɡɨɤ 

ɅɊɉ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɪɨɢɬɶ ɦɢɧɢɦɚɥɶɧɵɣ ɦɧɨɝɨɱɥɟɧ. 

Ɉɩɢɫɚɧɧɵɣ ɜ ɝɥɚɜɟ 2 ɚɥɝɨɪɢɬɦ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɬɟɥɟ 

ɮɭɧɤɰɢɢ operator() . ɒɚɝɢ ɚɥɝɨɪɢɬɦɚ ɨɬɨɛɪɚɠɚɸɬɫɹ ɧɚ ɨɩɟɪɚɬɨɪɵ ɹɡɵ-

ɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɩɨɱɬɢ ɞɨɫɥɨɜɧɨ. 

ȼ ɯɨɞɟ ɚɥɝɨɪɢɬɦɚ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɦɧɨɝɨɤɪɚɬɧɨ ɜɵɱɢɫɥɹɬɶ 

ɦɨɧɨɦɵ ɪɚɡɥɢɱɧɵɯ ɫɬɟɩɟɧɟɣ (ɜɵɪɚɠɟɧɢɹ ɜɢɞɚ rx ). ɋ ɰɟɥɶɸ ɨɩɬɢɦɢɡɚɰɢɢ 

ɷɬɨɝɨ ɞɟɣɫɬɜɢɹ ɛɵɥ ɫɨɡɞɚɧ ɤɥɚɫɫ Monoms, ɨɛɴɹɜɥɟɧɧɵɣ ɜɧɭɬɪɢ ɤɥɚɫɫɚ 

BMAlgorithm  ɢ ɹɜɥɹɸɳɢɣɫɹ ɬɪɢɜɢɚɥɶɧɨɣ ɨɛɟɪɬɤɨɣ ɲɚɛɥɨɧɚ ɫɬɚɧɞɚɪɬ-

ɧɨɣ ɛɢɛɥɢɨɬɟɤɢ ɋ++ map<T>. Ɉɛɴɟɤɬ ɷɬɨɝɨ ɤɥɚɫɫɚ ɫɨɡɞɚɟɬɫɹ ɜɦɟɫɬɟ ɫ ɷɤ-

ɡɟɦɩɥɹɪɨɦ ɤɥɚɫɫɚ BMAlgorithm , ɨɧ ɤɷɲɢɪɭɟɬ ɦɨɧɨɦɵ, ɜɵɱɢɫɥɟɧɧɵɟ ɧɚ 

ɩɪɟɞɵɞɭɳɢɯ ɲɚɝɚɯ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ, ɢ ɜ ɨɬɜɟɬ ɧɚ ɡɚɩɪɨɫ ɦɨɧɨɦɚ ɤɨɧ-

ɤɪɟɬɧɨɣ ɫɬɟɩɟɧɢ (ɜɵɡɨɜ ɮɭɧɤɰɢɢ operator[] ) ɥɢɛɨ ɜɨɡɜɪɚɳɚɟɬ ɫɫɵɥɤɭ 

ɧɚ ɤɨɧɫɬɚɧɬɭ (ɬɚɤɨɝɨ ɭɪɨɜɧɹ ɞɨɫɬɭɩɚ ɨɤɚɡɵɜɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ, ɭɱɢɬɵɜɚɹ 

ɱɬɨ ɦɨɧɨɦɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɢ ɪɚɫɱɟɬɟ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɜɵɪɚɠɟɧɢɣ), ɜɵ-

ɱɢɫɥɟɧɧɭɸ ɪɚɧɟɟ, ɥɢɛɨ ɜɵɱɢɫɥɹɟɬ ɬɪɟɛɭɟɦɨɟ ɡɧɚɱɟɧɢɟ, ɞɨɛɚɜɥɹɟɬ ɜ ɫɜɨɸ 

ɤɨɥɥɟɤɰɢɸ ɢ ɬɚɤɠɟ ɜɨɡɜɪɚɳɚɟɬ ɫɫɵɥɤɭ ɧɚ ɤɨɧɫɬɚɧɬɭ. 
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ɋɬɨɢɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɜɵɪɚɡɢɬɟɥɶɧɨɫɬɶ, ɞɨɫɬɢɝɧɭɬɚɹ ɲɢɪɨɤɢɦ ɢɫɩɨɥɶ-

ɡɨɜɚɧɢɟɦ ɩɟɪɟɝɪɭɠɟɧɧɵɯ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɨɩɟɪɚɬɨɪɨɜ, ɤɚɤ ɢ ɨɛɵɱɧɨ ɜ 

ɹɡɵɤɟ ɋ++, ɧɟ ɨɛɯɨɞɢɬɫɹ ɞɚɪɨɦ — ɜ ɯɨɞɟ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɫɨɡɞɚɟɬɫɹ 

ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɪɟɦɟɧɧɵɯ ɨɛɴɟɤɬɨɜ. ȼɨɡɦɨɠɧɵɦ ɩɭɬɟɦ ɢɡɛɟɠɚɬɶ ɧɚ-

ɤɥɚɞɧɵɯ ɪɚɫɯɨɞɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɷɬɢɦ, ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɯɧɢɤɢ Ex-

pression Templates, ɨɩɢɫɚɧɧɨɣ, ɧɚɩɪɢɦɟɪ, ɜ [9]. ȼɩɪɨɱɟɦ, ɷɬɨ ɩɨɬɪɟɛɨɜɚɥɨ 

ɛɵ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɜɦɟɲɚɬɟɥɶɫɬɜɚ ɜ ɢɫɯɨɞɧɵɣ ɤɨɞ ɛɢɛɥɢɨɬɟɤɢ, ɱɬɨ ɜɵɯɨ-

ɞɢɬ ɡɚ ɪɚɦɤɢ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ.  

3.4. Ɍɟɫɬɢɪɨɜаɧɢɟ 

ɏɨɬɹ ɩɪɚɤɬɢɱɟɫɤɢ ɜɟɫɶ ɢɫɯɨɞɧɵɣ ɤɨɞ ɛɵɥ ɜ ɬɨɣ ɢɥɢ ɢɧɨɣ ɫɬɟɩɟɧɢ 

ɩɨɤɪɵɬ ɧɚɛɨɪɨɦ ɬɟɫɬɨɜ, ɨɫɧɨɜɧɵɦ ɨɛɴɟɤɬɨɦ ɬɟɫɬɢɪɨɜɚɧɢɹ ɫɬɚɥ, ɤɨɧɟɱɧɨ, 

ɤɥɚɫɫ BMAlgorithm . Ɂɞɟɫɶ ɠɟ ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɤɨɪɪɟɤɬɧɨɫɬɶ ɛɢɛɥɢɨ-

ɬɟɱɧɵɯ ɫɪɟɞɫɬɜ ɬɚɤɠɟ ɛɵɥɚ ɭɫɬɚɧɨɜɥɟɧɚ ɩɪɢ ɩɨɦɨɳɢ ɧɚɩɢɫɚɧɢɹ ɨɬɞɟɥɶɧɨ-

ɝɨ ɪɹɞɚ ɬɟɫɬɨɜ. Ⱦɥɹ ɨɫɧɨɜɧɨɝɨ ɤɥɚɫɫɚ ɩɪɨɝɪɚɦɦɵ ɛɵɥɨ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɞɜɚ 

ɨɫɧɨɜɧɵɯ ɬɟɫɬɨɜɵɯ ɫɥɭɱɚɹ: 

• ɞɥɢɧɧɚɹ ɩɫɟɜɞɨɫɥɭɱɚɣɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ; 

• ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɡɚɞɚɧɧɨɣ ɞɥɢɧɵ (ɭɱɢɬɵ-

ɜɚɹ, ɱɬɨ ɜɵɱɢɫɥɟɧɢɹ ɩɪɨɜɨɞɹɬɫɹ ɜ ɤɨɧɟɱɧɵɯ ɩɨɥɹɯ, ɤɨɥɢɱɟɫɬɜɨ 

ɬɚɤɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɤɨɧɟɱɧɨ). 

Ⱦɥɹ ɡɚɩɭɫɤɚ ɩɪɨɜɟɪɤɢ ɭɤɚɡɚɧɧɵɯ ɬɟɫɬɨɜɵɯ ɫɥɭɱɚɟɜ ɫɨɡɞɚɧɵ ɞɜɟ ɫɜɨ-

ɛɨɞɧɵɯ ɮɭɧɤɰɢɢ: totalSequencesTesting() , testLongSe-

quence() . Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɨɛɟɢɯ ɩɪɨɜɟɪɨɤ  ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɤɥɚɫɫ Se-

quenceTester , ɨɩɢɫɚɧɢɟ ɤɨɬɨɪɨɝɨ ɩɪɢɜɟɞɟɧɨ ɧɢɠɟ. 

ɇɚɡɧɚɱɟɧɢɟ ɤɥɚɫɫɚ SequenceTester  — ɩɪɟɞɨɫɬɚɜɢɬɶ ɫɪɟɞɫɬɜɚ 

ɩɪɨɜɟɪɤɢ ɤɨɪɪɟɤɬɧɨɫɬɢ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɧɚ ɨɞɧɨɣ ɡɚɞɚɧɧɨɣ ɩɨɫɥɟɞɨɜɚ-

ɬɟɥɶɧɨɫɬɢ. ɉɪɨɜɟɪɤɚ ɡɚɩɭɫɤɚɟɬɫɹ ɜɵɡɨɜɨɦ ɦɟɬɨɞɚ testSequence() , ɜ 

ɤɚɱɟɫɬɜɟ ɚɪɝɭɦɟɧɬɚ ɤɨɬɨɪɨɦɭ ɩɟɪɟɞɚɟɬɫɹ ɬɟɫɬɨɜɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ. Ⱦɚ-

ɥɟɟ ɥɨɝɢɤɚ ɪɚɛɨɬɵ ɬɚɤɨɜɚ:  
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4) ɩɨɫɬɪɨɟɧɢɟ ɫ ɩɨɦɨɳɶɸ ɢɦɟɸɳɟɝɨɫɹ ɭ ɤɚɠɞɨɝɨ ɨɛɴɟɤɬɚ-ɬɟɫɬɚ ɷɤ-

ɡɟɦɩɥɹɪɚ ɚɥɝɨɪɢɬɦɚ ɦɢɧɢɦɚɥɶɧɨɝɨ ɩɨɥɢɧɨɦɚ ɞɥɹ ɞɚɧɧɨɣ ɩɨɫɥɟ-

ɞɨɜɚɬɟɥɶɧɨɫɬɢ; 

5) ɫɨɡɞɚɧɢɟ ɅɊɋ (ɨɛɴɟɤɬɚ LFSR) ɧɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɨɝɨ ɩɨɥɢɧɨɦɚ; 

6) ɩɪɨɜɟɪɤɚ ɧɚ ɪɚɜɟɧɫɬɜɨ ɢɫɯɨɞɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢ ɬɨɣ, ɤɨɬɨ-

ɪɭɸ ɝɟɧɟɪɢɪɭɟɬ ɅɊɋ. 

Ʉɥɚɫɫ ɫɩɨɫɨɛɟɧ ɪɟɝɢɫɬɪɢɪɨɜɚɬɶ ɞɜɚ ɜɢɞɚ ɨɲɢɛɨɤ, ɱɬɨ ɨɬɪɚɠɟɧɨ ɜ ɧɚ-

ɥɢɱɢɢ ɨɛɴɹɜɥɟɧɧɨɝɨ ɜɧɭɬɪɢ SequenceTester  ɩɟɪɟɱɢɫɥɟɧɢɹ Failure-

Reason : 

• ɩ.1 ɡɚɜɟɪɲɚɟɬɫɹ ɧɟɭɞɚɱɟɣ: ɡɚɰɢɤɥɢɜɚɧɢɟ ɩɪɢ ɪɚɛɨɬɟ ɚɥɝɨɪɢɬɦɚ 

(ɜ ɩɪɨɰɟɫɫɟ ɫɨɡɞɚɧɢɹ ɩɨɥɢɧɨɦɚ ɜɵɛɪɚɫɵɜɚɟɬɫɹ ɢɫɤɥɸɱɟɧɢɟ) — 

ɤɨɧɫɬɚɧɬɚ ENDLESS_LOOP; 

• ɩ.3 ɡɚɜɟɪɲɚɟɬɫɹ ɧɟɭɞɚɱɟɣ: ɩɨɥɭɱɚɟɦɚɹ ɧɚ ɜɵɯɨɞɟ ɅɊɋ ɩɨɫɥɟ-

ɞɨɜɚɬɟɥɶɧɨɫɬɶ ɧɟ ɫɨɜɩɚɞɚɟɬ ɫ ɢɫɯɨɞɧɨɣ — ɤɨɧɫɬɚɧɬɚ 

NOT_MATCH. 

ɉɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɨɞɧɨɣ ɢɡ ɞɜɭɯ ɭɤɚɡɚɧɧɵɯ ɫɢɬɭɚɰɢɣ, ɬɟɫɬɢɪɭɟɦɚɹ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɜɦɟɫɬɟ ɫ ɤɨɞɨɦ ɨɲɢɛɤɢ ɡɚɧɨɫɢɬɫɹ ɜ ɤɨɥɥɟɤɰɢɸ ɨɲɢ-

ɛɨɤ, ɯɪɚɧɢɦɭɸ ɨɛɴɟɤɬɨɦ ɬɟɫɬɚ. Ʉɥɢɟɧɬ ɤɥɚɫɫɚ ɦɨɠɟɬ ɨɫɜɟɞɨɦɢɬɶɫɹ ɨ ɧɚɥɢ-

ɱɢɢ ɨɲɢɛɨɤ, ɜɵɡɜɚɜ ɦɟɬɨɞ hasFailures()  ɢ, ɟɫɥɢ ɬɚɤɨɜɵɟ ɢɦɟɸɬɫɹ, ɜɵ-

ɜɟɫɬɢ ɢɯ ɧɚ ɤɨɧɫɨɥɶ. 

ȿɫɥɢ ɫɥɭɱɚɣ ɟɞɢɧɫɬɜɟɧɧɨɣ, ɩɪɨɢɡɜɨɥɶɧɨ ɞɥɢɧɧɨɣ (ɫ ɭɱɟɬɨɦ ɟɫɬɟɫɬ-

ɜɟɧɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɪɟɫɭɪɫɨɜ) ɩɫɟɜɞɨɫɥɭɱɚɣɧɨɣ ɩɨɫɥɟ-

ɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɟ ɩɪɟɞɫɬɚɜɢɥ ɨɫɨɛɵɯ ɩɪɟɩɹɬɫɬɜɢɣ  ɜ ɪɟɚɥɢɡɚɰɢɢ (ɜɫɟ ɫɜɟ-

ɥɨɫɶ ɤ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɜɵɡɨɜɚɦ ɫɬɚɧɞɚɪɬɧɨɣ ɛɢɛɥɢɨɬɟɱɧɨɣ ɮɭɧɤɰɢɢ 

rand()  ɢ ɩɟɪɟɞɚɱɟ ɩɨɥɭɱɟɧɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɛɴɟɤɬɭ Se-

quenceTester ), ɬɨ ɝɟɧɟɪɚɰɢɹ ɜɫɟɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɡɚɞɚɧɧɨɣ ɞɥɢɧɵ 

ɹɜɥɹɟɬɫɹ ɢɡɜɟɫɬɧɨɣ ɤɨɦɛɢɧɚɬɨɪɧɨɣ ɡɚɞɚɱɟɣ, ɮɭɧɤɰɢɨɧɚɥ ɤɨɬɨɪɨɣ ɛɵɥ ɜɵ-

ɧɟɫɟɧ ɜ ɨɬɞɟɥɶɧɵɣ ɤɥɚɫɫ — SequencesGenerator , ɩɪɢ ɷɬɨɦ ɜɨɡɧɢɤɥɚ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɢɧɹɬɶ ɧɟ ɫɥɢɲɤɨɦ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɟ ɜ ɨɬɧɨɲɟɧɢɢ ɞɢɡɚɣ-
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ɧɚ ɬɟɫɬɨɜɨɝɨ ɦɨɞɭɥɹ ɪɟɲɟɧɢɟ. ɉɨɫɤɨɥɶɤɭ ɪɚɛɨɬɚ ɝɟɧɟɪɚɬɨɪɚ ɫɬɪɨɢɬɫɹ ɢɡ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɪɟɤɭɪɫɢɜɧɵɯ ɜɵɡɨɜɨɜ ɨɞɧɨɣ ɮɭɧɤɰɢɢ (sequences-

Generating() ), ɬɨ ɤɚɠɞɵɣ ɪɚɡ ɜɨɡɜɪɚɳɚɬɶ ɤɥɢɟɧɬɭ ɨɱɟɪɟɞɧɭɸ ɩɨɫɬɪɨ-

ɟɧɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɧɟ ɭɞɚɟɬɫɹ. ȼɨɡɦɨɠɧɵ ɞɜɚ ɜɚɪɢɚɧɬɚ: ɩɪɟɞɥɚɝɚɬɶ 

ɜ ɤɚɱɟɫɬɜɟ ɪɟɡɭɥɶɬɚɬɚ ɪɚɛɨɬɵ ɨɫɧɨɜɧɨɝɨ ɢɧɬɟɪɮɟɣɫɧɨɝɨ ɦɟɬɨɞɚ ɤɥɚɫɫɚ 

(operator() ) ɧɚɛɨɪ ɢɡ ɜɫɟɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɢ ɡɚɬɟɦ, ɞɥɹ ɤɚɠɞɨɝɨ 

ɷɥɟɦɟɧɬɚ ɬɚɤɨɝɨ ɧɚɛɨɪɚ ɜɵɡɵɜɚɬɶ ɬɟɫɬɨɜɵɣ ɦɟɬɨɞ ɤɥɚɫɫɚ Se-

quenceTester  — ɧɨ ɷɬɨ ɜɵɡɜɚɥɨ ɛɵ ɛɨɥɶɲɢɟ ɡɚɬɪɚɬɵ ɩɚɦɹɬɢ; ɥɢɛɨ ɜɵ-

ɡɵɜɚɬɶ ɭɩɨɦɹɧɭɬɵɣ ɬɟɫɬɨɜɵɣ ɦɟɬɨɞ ɩɪɹɦɨ ɜ ɩɪɨɰɟɫɫɟ ɝɟɧɟɪɚɰɢɢ, ɜɧɭɬɪɢ 

ɨɛɴɟɤɬɚ ɤɥɚɫɫɚ SequencesGenerator . ȼ ɢɬɨɝɟ ɛɵɥ ɪɟɚɥɢɡɨɜɚɧ ɜɬɨɪɨɣ 

ɜɚɪɢɚɧɬ: ɨɛɴɟɤɬ ɤɥɚɫɫɚ-ɝɟɧɟɪɚɬɨɪɚ ɜɥɚɞɟɟɬ ɷɤɡɟɦɩɥɹɪɨɦ Se-

quenceTester  ɢ ɜɵɡɵɜɚɟɬ ɟɝɨ ɬɟɫɬɨɜɵɣ ɦɟɬɨɞ ɩɨ ɦɟɪɟ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɤɚɠɞɨɣ ɫɥɟɞɭɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɫɨɜɪɟ-

ɦɟɧɧɵɯ ɹɡɵɤɚɯ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɢɦɟɸɬɫɹ ɫɪɟɞɫɬɜɚ ɩɨɥɭɱɚɬɶ ɩɪɨɦɟɠɭ-

ɬɨɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɪɟɤɭɪɫɢɜɧɵɯ ɮɭɧɤɰɢɣ ɛɟɡ ɩɨɥɧɨɣ ɪɚɫɤɪɭɬɤɢ 

ɫɬɟɤɚ ɜɵɡɨɜɨɜ (ɧɚɩɪɢɦɟɪ, ɢɧɫɬɪɭɦɟɧɬ generators  ɜ ɹɡɵɤɟ Python). 
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4. Дɟɤɨɞɟɪ ɞɥя ɤɨɞɨɜ Ɋɢɞа–ɋɨɥɨɦɨɧа 

Ʉɚɤ ɭɠɟ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜɨ ɜɜɟɞɟɧɢɢ, ɚɥɝɨɪɢɬɦ Ȼɟɪɥɟɤɷɦɩɚ–Ɇɟɫɫɢ 

ɢɦɟɟɬ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɩɪɢɦɟɧɟɧɢɹ. Ɉɞɧɚɤɨ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɦ ɫ ɩɪɚɤɬɢɱɟ-

ɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɜ ɤɚ-

ɱɟɫɬɜɟ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɷɥɟɦɟɧɬɚ ɞɟɤɨɞɟɪɚ ɤɨɞɨɜ Ɋɢɞɚ–ɋɨɥɨɦɨɧɚ. ɇɢɠɟ 

ɩɪɢɜɟɞɟɧɨ ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɞɨɜ Ɋɢɞɚ–ɋɨɥɨɦɨɧɚ ɢ ɨɩɢɫɚɧɢɟ ɞɟɤɨɞɟɪɚ [10]. 

Ɉɩɪɟɞɟɥɟɧɢɟ 1. Ʌɢɧɟɣɧɵɦ  ɤɨɞɨɦ  ɞɥɢɧɵ  n  ɪɚ ɡɦɟɪɧɨ ɫɬɢ  

k  ɧɚɡɵɜɚɟɬɫɹ -ɦɟɪɧɨɟ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɨ ɥɢɧɟɣɧɨɝɨ ɜɟɤɬɨɪɧɨɝɨ ɩɪɨɫɬɪɚɧ-

ɫɬɜɚ . 

k

n

qF

Ɉɩɪɟɞɟɥɟɧɢɟ 2. Ʉɨɞɨɦ  Ɋɢɞɚ–ɋɨɥɨɦɨɧɚ  ɪɚɡɦɟɪɧɨɫɬɢ  ɧɚɡɵ-

ɜɚɟɬɫɹ ɥɢɧɟɣɧɵɣ ɤɨɞ ɞɥɢɧɵ 1

k

n q= − , ɢɡɨɦɨɪɮɧɵɣ ɢɞɟɚɥɭ ( ( ))I g x=  ɮɚɤ-

ɬɨɪɤɨɥɶɰɚ [ ] ( 1)n n

qF x x − , ɝɞɟ:  

2( ) ( )( )...( )n kg x x x xα α α −= − − − , 

α  — ɩɪɢɦɢɬɢɜɧɵɣ ɷɥɟɦɟɧɬ . n

qF

Ɇɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɤɨɞɵ Ɋɢɞɚ—ɋɨɥɨɦɨɧɚ ɹɜɥɹɸɬɫɹ ɆȾɊ-ɤɨɞɚɦɢ, 

ɬɨ ɟɫɬɶ ɢɦɟɸɬ ɦɢɧɢɦɚɥɶɧɨɟ ɤɨɞɨɜɨɟ ɪɚɫɫɬɨɹɧɢɟ 1d n k= − +  ɢ, ɬɚɤɢɦ ɨɛ-

ɪɚɡɨɦ, ɢɫɩɪɚɜɥɹɸɬ ɧɟ ɛɨɥɟɟ 
2

n k
t

−⎢ ⎥= ⎢ ⎥⎣ ⎦
 ɨɲɢɛɨɤ. 

ɂɧɮɨɪɦɚɰɢɨɧɧɨɟ ɫɨɨɛɳɟɧɢɟ — ɜɟɤɬɨɪ ɞɥɢɧɵ  ɧɚɞ  ɩɪɟɞɫɬɚɜɥɹ-

ɟɬɫɹ ɜ ɜɢɞɟ ɩɨɥɢɧɨɦɚ ( )

k n

qF

f x ɫɬɟɩɟɧɢ ɧɟ ɜɵɲɟ 1k − . Ʉɨɞɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɨ-

ɞɢɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɭɦɧɨɠɟɧɢɹ: 

( ) ( ) ( )c x f x g x= ⋅ . 

ɉɨ ɤɚɧɚɥɭ ɩɪɢɯɨɞɢɬ ɫɥɨɜɨ ( ) , ɜ ɤɨɬɨɪɨɦ ɢɦɟɟɬɫɹ ɚɞɞɢɬɢɜɧɚɹ 

ɨɲɢɛɤɚ : 

v x

1

0

( )
n

i

i

i

e x e x
−

=

= ⋅∑

( ) ( ) ( )r x c x e x= + . 

Ɂɚɞɚɱɚ ɞɟɤɨɞɟɪɚ — ɜɵɱɢɫɥɢɬɶ ( ) . e x
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ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɫɥɨɜɚ ɢɡ ɤɚɧɚɥɚ ɞɟɤɨɞɟɪ ɜɵɱɢɫɥɹɟɬ ɤɨɦɩɨɧɟɧɬɵ 

ɫɢɧɞɪɨɦɚ   ɩɨ ɮɨɪɦɭɥɟ: jS

[1, ] : ( )j

jj n k S r α∀ ∈ − = , 

ɡɚɦɟɬɢɦ, ɱɬɨ ( ) (jr e )jα α= . Ɍɨ ɟɫɬɶ: 
1

0

[1, ] :
n

i j

j i

i

j n k S e α
−

⋅

=

∀ ∈ − = ⋅∑ . 

ȿɫɥɢ ɜɫɟ ɤɨɦɩɨɧɟɧɬɵ ɪɚɜɧɵ ɧɭɥɸ, ɬɨ ɫɱɢɬɚɟɬɫɹ, ɱɬɨ ɨɲɢɛɨɤ ɧɟ ɩɪɨɢɡɨɲ-

ɥɨ. 

Ɉɩɪɟɞɟɥɢɦ ɥ ɨ ɤɚɬɨɪɵ  ɨɲɢɛɨɤ  jx  ɢ ɜ ɟ ɥ ɢɱɢɧɵ  ɨɲɢɛɨɤ  

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: jy

[1, ] : ,j

j

a

j j aej x yν α∀ ∈ = = , { | 0}j ia i e∈ ≠ . 

Ɍɨɝɞɚ ɞɥɹ  ɩɨɥɭɱɢɦ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ: jS

  (*) 
0

[1, ] : j

j i

i

j n k S y x
ν

=

∀ ∈ − = ⋅∑ i

Ⱦɟɤɨɞɟɪ ɪɚɛɨɬɚɟɬ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɜ ɤɚɧɚɥɟ ɩɪɨɢɡɨɲɥɨ ɧɟ ɛɨ-

ɥɟɟ ɱɟɦ t  ɨɲɢɛɨɤ, ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ: tν ≤ . 

ɉɨɥɭɱɢɜɲɚɹɫɹ ɫɢɫɬɟɦɚ ɜɵɝɥɹɞɢɬ ɩɟɫɫɢɦɢɫɬɢɱɧɨ: ɧɟɢɡɜɟɫɬɧɵ , iy ix , 

ν . Ȼɭɞɟɦ ɧɚɯɨɞɢɬɶ ɫɧɚɱɚɥɚ ix  ɢ ν . ȼɜɟɞɟɦ ɟɳɟ ɨɞɢɧ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɣ 

ɨɛɴɟɤɬ — ɩɨ ɥɢɧɨɦ  ɥ ɨ ɤɚɬɨɪɨɜ  ɨɲɢɛɨɤ  ( )zσ : 

1

1 2

1

( ) ( )( ) ( ) i

i

i

z z x z x z x z
ν

ν
ν zσ σ

−

=

= − − − = +∑… . 

Ɂɚɩɢɲɟɦ ɞɥɹ [1, ], [1, ]i j n kν∀ ∈ ∀ ∈ − : 

1

10 ( )j j j

i i i i i i i i iy x x y x y x y xν ν
νσ σ σ+ + −= ⋅ ⋅ = ⋅ + ⋅ ⋅ + + ⋅ ⋅… j

1

j

jSν

. 

ɉɪɨɫɭɦɦɢɪɨɜɚɜ ɩɨ i , ɧɚɯɨɞɢɦ: 

1

1

1 1

[1, ] : 0 j j

i i i i i i

i i i

j n k y x y x y x
ν ν ν

ν ν
νσ σ+ + −

= = =

∀ ∈ − = ⋅ + ⋅ ⋅ + + ⋅ ⋅∑ ∑ ∑… , 

ɢɥɢ: 

1 1[1, ] : j jj n k S Sν νσ σ+ + −∀ ∈ − = − ⋅ − − ⋅… . 
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ɉɨɫɥɟɞɧɟɟ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɦɚɬɪɢɱɧɨɦ ɜɢɞɟ: 

1 2

2 3 1 1

1 1 1n k n k n k n k

S S S S

S S S S

S S S S

ν ν

ν ν ν

1

2

ν

ν ν

σ
σ
σ

+

+ −

− − + − + − −

⎛ ⎞ ⎛ −
⎜ ⎟ ⎜

⋅ − =⎜ ⎟ ⎜
⎜ ⎟ ⎜ −⎝ ⎠ ⎝

…
…
…

+

+

⎞ ⎛ ⎞
⎟ ⎜ ⎟
⎟ ⎜ ⎟
⎟ ⎜ ⎟
⎠ ⎝ ⎠

 

 

ȼ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɢɦɟɟɬɫɹ n k−  ɤɨɦɩɨɧɟɧɬ ɫɢɧɞɪɨɦɚ, ɩɨɬɨɦɭ ɩɨ-

ɫɥɟɞɧɢɟ ν  ɭɪɚɜɧɟɧɢɣ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ. ɋɢɫɬɟɦɚ ɩɪɢɦɟɬ ɜɢɞ: 

1 2

2 3 1 1

1 1 1n k n k n k n k

S S S S

S S S S

S S S S

ν ν

ν ν

ν ν

σ
σ
σ

+

+ −

− − − − + − − −

⎛ ⎞ −
⎜ ⎟

⋅ − =⎜ ⎟
⎜ ⎟ −⎝ ⎠

…
…
…

1

2

ν

ν +

⎛ ⎞ ⎛ ⎞
⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟
⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

. 

Ɇɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɦɚɬɪɢɰɚ ɷɬɨɣ ɫɢɫɬɟɦɵ – ɧɚɡɨɜɟɦ ɟɟ M  – ɧɟɜ-

ɜɵɪɨɠɞɟɧɚ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɜ ɤɚɧɚɥɟ ɩɪɨɢɡɨɲɥɨ ɪɨɜɧɨ ν  ɨɲɢɛɨɤ (ɩɨɥɢ-

ɧɨɦ ( )  ɢɦɟɟɬ e x ν  ɧɟɧɭɥɟɜɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ), ɢ ɜɵɪɨɠɞɟɧɚ, ɟɫɥɢ ɨɲɢɛɨɤ 

ɦɟɧɶɲɟ. ɗɬɨ ɭɫɥɨɜɢɟ ɞɚɟɬ ɫɩɨɫɨɛ ɧɚɯɨɠɞɟɧɢɹ ν . 

Ʉɚɤ ɜɢɞɧɨ, ɩɨɥɭɱɟɧɧɚɹ ɫɢɫɬɟɦɚ ɡɚɞɚɟɬ ɨɬɪɟɡɨɤ ɥɢɧɟɣɧɨɣ ɪɟɤɭɪɪɟɧɬ-

ɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ( ) , ɦɧɨɠɢɬɟɥɢ S i jσ−  ɤɨɬɨɪɨɣ ɦɨɝɭɬ ɛɵɬɶ ɧɚɣɞɟ-

ɧɵ ɫ ɩɨɦɨɳɶɸ ɚɥɝɨɪɢɬɦɚ Ȼɟɪɥɟɤɷɦɩɚ—Ɇɟɫɫɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɦɨɠɟɬ ɛɵɬɶ 

ɧɚɣɞɟɧ ɩɨɥɢɧɨɦ ɥɨɤɚɬɨɪɨɜ ɨɲɢɛɨɤ ( )zσ . 

Ⱦɚɥɟɟ ɧɚɯɨɞɹɬɫɹ ɤɨɪɧɢ ( )zσ  — ɤɚɤ ɩɪɚɜɢɥɨ, ɫ ɩɨɦɨɳɶɸ ɩɟɪɟɛɨɪɚ 

ɷɥɟɦɟɧɬɨɜ ɩɨɥɹ  (qF ɩɪɨɰɟɞ ɭɪɚ  Чɟɧɹ ). Ɂɚɬɟɦ ɪɟɲɚɟɬɫɹ ɫɢɫɬɟɦɚ (*) — 

ɫɭɳɟɫɬɜɭɸɬ ɷɮɮɟɤɬɢɜɧɵɟ ɦɟɬɨɞɵ ɟɟ ɪɟɲɟɧɢɹ, ɧɚɩɪɢɦɟɪ, ɚ ɥ ɝ ɨɪɢɬɦ  

Фɨɪɧɢ . ɉɨɫɥɟ ɷɬɨɝɨ ɭɠɟ ɦɨɠɟɬ ɛɵɬɶ ɜɨɫɫɬɚɧɨɜɥɟɧ ( ) . Ɉɤɨɧɱɚɬɟɥɶɧɨ, 

ɨɛɳɚɹ ɫɯɟɦɚ ɞɟɤɨɞɟɪɚ, ɧɨɫɹɳɟɝɨ ɢɦɟɧɚ ɉɢɬɟɪɫɨɧɚ, Ƚɨɪɟɧɫɬɟɣɧɚ ɢ ɐɢɪɥɟ-

ɪɚ, ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. 

e x
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ȼɯɨɞ: ( )r x

[1, ]: : ( )j

jj n k S r α∀ ∈ − = , 

: tν =

 24

Ⱦɚ

ɇɟɬ

ȼɵɯɨɞ: ( )e x  

1

1

:
n k n k

S S
M

S S

ν

ν− − − −

⎛ ⎞
= ⎜ ⎟⎜ ⎟
⎝ ⎠

…
…  

: 1ν ν= −det( ) 0M = ? 

ɧɚɯɨɠɞɟɧɢɟ ( )zσ  ɫ ɩɨɦɨɳɶɸ 

ɚɥɝɨɪɢɬɦɚ Ȼɟɪɥɟɤɷɦɩɚ—Ɇɟɫɫɢ  

ɜɵɱɢɫɥɟɧɢɟ  ɥɨɤɚɬɨɪɨɜ ɨɲɢɛɨɤ ix  ɫ 
ɩɨɦɨɳɶɸ ɨɬɵɫɤɚɧɢɹ  ɤɨɪɧɟɣ ( )zσ  

ɪɟɲɟɧɢɟ ɫɢɫɬɟɦɵ: 

 
0

[1, ] : j

j i

i

j n k S y x
ν

=

∀ ∈ − = ⋅∑ i

ɨɬɧɨɫɢɬɟɥɶɧɨ  iy

ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ e x  ɩɨ ( ) ix ,  iy
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ɉɪɢɥɨɠɟɧɢɟ  

Ʉɥаɫɫ ɥɢɧɟɣɧɨɝɨ ɪɟɝɢɫɬɪа ɫɞɜɢɝа 

 LFSR.hpp 

#ifndef LFSR_HPP 
#define LFSR_HPP 
 
#include "utilities.hpp" 
#include "galois\schifra_galois_field.hpp" 
#include "galois\schifra_galois_field_polynomial.hpp" 
#include <vector> 
#include <deque> 
#include <cstddef> 
#include <cstdlib> 
#include <algorithm> 
#include <iostream> 
#include <iterator> 
 
using namespace schifra::galois; 
using std::vector; 
using std::deque; 
using std::size_t; 
using std::back_inserter; 
using std::ostream; 
 
class LFSR {     
 
    typedef vector<field_element> MultipliersContainer; 
    typedef deque<field_element> StateContainer; 
 
    MultipliersContainer multipliers; 
    StateContainer state; 
     
public: 
     
    LFSR( field_element* const _muls, field_element* const _st, const 
size_t size ) { 
        multipliers.reserve( size ); 
                 
        std::copy( _muls, _muls + size, back_inserter( multipliers ) ); 
        std::copy( _st, _st + size, back_inserter( state ) ); 
         
    } 
 
    LFSR( const field_polynomial& poly, field_element* _st ); 
     
    LFSR( const field_polynomial& poly, const GFElementsContainer& _st ); 
     
    LFSR( field& _gf ) : multipliers( 1, field_element( &_gf, 0) ),  
                        state( 1, field_element( &_gf, 0) ) {} 
     
    field_element operator()(); 
     
    size_t length() const { 
        return multipliers.size(); 
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    } 
     
    void setState( const StateContainer& newstate ) { 
        state = newstate; 
    } 
     
    friend ostream& operator<<( ostream& os, const LFSR& lfsr ); 
}; 
 
ostream& operator<<( ostream& os, const LFSR& lfsr ); 
 
#endif  // LFSR_HPP 

 LFSR.cpp 

#include "LFSR.hpp" 
#include <algorithm> 
#include <numeric> 
#include <string> 
#include "galois\schifra_galois_field_element.hpp" 
 
ostream& operator<<( ostream& os, const LFSR& lfsr ) { 
    using namespace std; 
    const size_t width = 79; 
    string boldline( width, '=' ); 
    // string line( width, '-' ); 
     
    cout << boldline << endl << "LFSR:" << endl << "size:\t\t" << 
lfsr.length() << endl; 
     
    cout << "multipliers:\t"; 
    copy( lfsr.multipliers.begin(), lfsr.multipliers.end(), 
ostream_iterator<schifra::galois::field_element>(cout," ") ); 
     
    cout << endl << "state:\t\t"; 
    copy( lfsr.state.begin(), lfsr.state.end(), 
ostream_iterator<schifra::galois::field_element>(cout," ") ); 
     
    cout << endl << boldline << endl; 
     
    return os; 
} 
 
field_element LFSR::operator()() { 
    field_element result( state.front() ); 
    const field_element INIT( result.galois_field(), 0 ); 
     
    field_element newElement = std::inner_product( state.begin(), 
state.end(), multipliers.begin(), INIT ); 
     
    state.push_back( newElement ); 
    state.pop_front(); 
     
    return result; 
} 
 
LFSR::LFSR( const field_polynomial& poly, field_element* _st ) { 
    // it is assumed that the _st points to poly.deg()-number of 
field_elements  
    size_t polydeg = poly.deg(); 
    const field_element ZERO( poly.galois_field(), 0 ); 
    multipliers.reserve( polydeg ); 
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    for( size_t i = 0; i < polydeg; ++i, ++_st ) { 
        multipliers.push_back( ZERO - poly[i] ); 
        state.push_back( *_st ); 
    } 
} 
 
LFSR::LFSR( const field_polynomial& poly, const GFElementsContainer& _st ) 
{ 
    // it is assumed that the _st contains poly.deg()-number of 
field_elements  
    size_t polydeg = poly.deg(); 
    const field_element ZERO( poly.galois_field(), 0 ); 
    multipliers.reserve( polydeg ); 
  
    GFElementsContainer::const_iterator stIter = _st.begin(); 
    for( size_t i = 0; i < polydeg; ++i, ++stIter ) { 
        multipliers.push_back( ZERO - poly[i] ); 
        state.push_back( *stIter ); 
    } 
} 

Ʉɥаɫɫ аɥɝɨɪɢɬɦа 

 BM-algorithm.hpp 

#ifndef BM_ALGORITHM_HPP 
#define BM_ALGORITHM_HPP 
 
#include "utilities.hpp" 
#include "galois\schifra_galois_field.hpp" 
#include "galois\schifra_galois_field_element.hpp" 
#include "galois\schifra_galois_field_polynomial.hpp" 
#include <vector> 
#include <map> 
#include <cstddef> 
 
using std::size_t; 
 
using namespace schifra::galois; 
 
class BMAlgorithm { 
 
public: 
 
    BMAlgorithm( field& _gf ) :  gf(_gf), monoms( gf ) {} 
 
    GFElementsContainer polySeqProduct( const field_polynomial& poly,  
                                                    const 
GFElementsContainer& seq ); 
    size_t countLeadingZeroes( GFElementsContainer seq ); 
     
    field_polynomial operator()( const GFElementsContainer& seq ); 
    field_polynomial operator()( field_element* const gfes, size_t size ); 
     
    class Monoms { 
    public: 
        Monoms( field& _gf ) : gf(_gf) { 
            field_element gfes[] = { field_element ( &gf, 0 ), 
field_element ( &gf, 1 ) }; 
            data[0] = field_polynomial( &gf, 0, gfes + 1 ); 
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            data[1] = field_polynomial( &gf, 1, gfes ); 
        } 
         
        field_polynomial const & operator[]( size_t degree );                 
     
    private: 
        typedef std::map <size_t, field_polynomial> Container; 
        field& gf; 
        Container data; 
         
        void operator=( const Monoms& ); 
    }; 
     
private: 
    field& gf; 
    Monoms monoms; 
     
    // BMAlgorithm  
    void operator=( const BMAlgorithm& ); 
     
}; 
 
#endif  // BM_ALGORITHM_HPP 

 BM-algorithm.cpp 

#include "BM-algorithm.hpp" 
#include "galois\schifra_galois_field.hpp" 
#include "galois\schifra_galois_field_polynomial.hpp" 
#include <algorithm> 
#include <iterator> 
#include <fstream> 
#include <vector> 
#include <iostream> 
#include <utility> 
#include <limits> 
#include <stdexcept> 
#include <cassert> 
#include <cstddef> 
 
using schifra::galois::field_element; 
using schifra::galois::field_polynomial; 
using std::size_t; 
 
static void printSequence( const GFElementsContainer& seq,  
            std::ostream &out = std::cout  ); 
 
GFElementsContainer BMAlgorithm::polySeqProduct( const field_polynomial& 
poly,  
                                                    const 
GFElementsContainer& seq ) { 
    assert( poly.deg() < (int)seq.size() ); 
     
    const size_t poly_deg = poly.deg(); 
    const size_t res_size = seq.size() - poly_deg; 
     
     
    GFElementsContainer result( res_size ); 
 
    for ( size_t i = 0; i < res_size; ++i ) { 
        result[i] = poly[0] * seq[i]; 
        for ( size_t j = 1; j <= poly_deg; ++j ) { 
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            result[i] += poly[j] * seq[i + j]; 
        } 
    }     
     
    return result; 
} 
 
size_t BMAlgorithm::countLeadingZeroes( GFElementsContainer seq ) { 
    size_t res = 0; 
    const field_element ZERO( &gf, 0 ); 
    while( res < seq.size() && seq[res] == ZERO ) 
        ++res;         
    // return (res == seq.size()) ? std::numeric_limits<size_t>::max() : 
res; 
    return res; 
} 
 
field_polynomial const & BMAlgorithm::Monoms::operator[]( size_t degree ) { 
    Container::iterator it = data.find( degree ); 
    if ( it == data.end() ) { 
        field_polynomial& x = data[1]; 
        field_polynomial result( x ); 
        for (size_t i = 1; i < degree; ++i) { 
            result *= x; 
        } 
        return ( ( data.insert( std::make_pair( degree, result ) ) ).first 
)->second; 
    } else { 
        return it->second; 
    } 
} 
 
field_polynomial BMAlgorithm::operator()( field_element* const gfes, size_t 
size ) { 
    GFElementsContainer seq; 
    seq.reserve( size ); 
         
    std::copy( gfes, gfes + size, back_inserter( seq ) ); 
 
    return (*this)(seq); 
} 
 
field_polynomial BMAlgorithm::operator()( const GFElementsContainer& seq ) 
{ 
    size_t k_old = 0, k = 0; 
    size_t step = 1, maxsteps = seq.size(); 
    const size_t INFINITY = std::numeric_limits<size_t>::max(); 
     
    //std::cout << "Sequence: "; 
    //std::copy( seq.begin(), seq.end(),  
    //        std::ostream_iterator<field_element>(std::cout, " ") ); 
    //std::cout << std::endl; 
 
    k_old = countLeadingZeroes( seq ); 
    // if ( k_old == INFINITY )    // initial sequence is nullity 
    if ( k_old == seq.size() ) 
        return monoms[1];       // minimal polynomial "x" leads to LFSR 
with one multiplier - 0 
         
    if ( k_old == seq.size() - 1 )      // sequences like 0...0a with 
length n produced by 
        return monoms[ seq.size() ];    // LFSR 0...0 whith length n - not 
shorter! 
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    field_polynomial G_old( &gf ); 
    field_polynomial G( &gf ); 
    field_polynomial G_new( &gf ); 
     
    try { 
        G_old = monoms[0]; 
        G = monoms[k_old + 1] 
                        - seq[k_old + 1] * seq[k_old].inverse() * 
monoms[k_old] * G_old ; 
        G_new = G; 
    } catch (...) { 
        std::cout << "critical error" << std::endl; 
    } 
    GFElementsContainer u, u_old; 
 
    u = polySeqProduct( G, seq );  u_old = seq ; 
    k = countLeadingZeroes( u ); 
    // std::ostream &out = std::cout; 
    // std::ofstream outf("D:/Coding/trace.txt"); 
    // std::ostream &out = outf;     
    // while ( k != INFINITY ) { 
    while ( k + G.deg() < seq.size() ) { 
        // std::cout << G.deg() << std::endl; 
        if( step++ > maxsteps ) 
            throw std::logic_error("Too many iterations!"); 
        //if ( int(k) - int(k_old) > 1 ) { 
            //out << "G_old:\t" << G_old << std::endl; 
            //out << "G:\t\t" << G << std::endl; 
            //out << "k_old:\t" << k_old << std::endl; 
            //out << "k:\t\t" << k << std::endl; 
            //out << "u_old:\t"; 
            //printSequence(u_old, out); 
            //out << "u:\t\t"; 
            //printSequence(u, out); 
            //out << "____________________________________________"; 
            //out << std::endl; 
        //} 
        field_polynomial temp( u[k] * u_old[k_old].inverse() * G_old ); 
        if ( k <= k_old ) { 
            G_new = G - monoms[k_old - k] * temp; 
        } else { 
            G_new = monoms[k - k_old] * G - temp; 
        } 
        assert( G_new.deg() >= G.deg() ); 
        if ( G_new.deg() > G.deg() ) { 
            k_old = k; 
            u_old = u; 
            G_old = G; 
        } 
        G = G_new; 
        u = polySeqProduct( G_new, seq ); 
        k = countLeadingZeroes( u ); 
    } 
     
    return G_new; 
} 
 
void printSequence( const GFElementsContainer& seq,  
        std::ostream &out ) { 
    copy( seq.begin(), seq.end(),  
            std::ostream_iterator<field_element>( out, " " ) ); 
    out << std::endl; 
} 
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Ɇɨɞɭɥɶ ɬɟɫɬɢɪɨɜаɧɢя аɥɝɨɪɢɬɦа 

 testBM-Algorithm.hpp 

#ifndef TESTBM_ALGORITHM_HPP 
#define TESTBM_ALGORITHM_HPP 
int testBMA(); 
#endif  // TESTBM_ALGORITHM_HPP 

 testBM-Algorithm.сpp 

#include "testBM-Algorithm.hpp" 
#include "BM-Algorithm.hpp" 
#include "LFSR.hpp" 
#include "galois\schifra_galois_field.hpp" 
#include "galois\schifra_galois_field_polynomial.hpp" 
#include "galois\schifra_galois_field_element.hpp" 
#include <algorithm> 
#include <utility> 
#include <iostream> 
#include <iomanip> 
#include <vector> 
#include <list> 
#include <iterator> 
#include <limits> 
#include <cstddef> 
#include <cstdlib> 
#include <stdexcept> 
 
using namespace schifra::galois; 
using std::copy; 
using std::cout; 
using std::endl; 
using std::size_t; 
using std::ostream_iterator; 
 
unsigned int prim_poly2[] = {1, 1, 1}; 
const unsigned int * prim_poly3 = primitive_polynomial00; 
const unsigned int size = 3; 
field gf ( 3, 3, prim_poly3 ); 
const field_element ZERO( &gf, 0 ); 
BMAlgorithm alg( gf ); 
 
field_element gfes[] = { 
        field_element(&gf,1), 
        field_element(&gf,2), 
        field_element(&gf,3), 
        field_element(&gf,3), 
        field_element(&gf,2), 
        field_element(&gf,1), 
        field_element(&gf,1), 
        field_element(&gf,3), 
        field_element(&gf,2), 
        field_element(&gf,2), 
        field_element(&gf,3), 
        field_element(&gf,1) 
         
};     
 
field_polynomial poly1( &gf, 1, gfes ); // ( &gf, 2, gfes); 
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int testPolySeqProduct(); 
int testCountLeadingZeroes(); 
int testMonoms(); 
int testAlg(); 
int totalSequencesTesting(); 
int testLongSequence(); 
void printSequence( const GFElementsContainer& seq,  
            std::ostream &out = std::cout  ); 
 
int testBMA() { 
    //testPolySeqProduct(); 
    //testCountLeadingZeroes(); 
    // testMonoms(); 
    // testAlg(); 
    totalSequencesTesting(); 
    // testLongSequence(); 
    return 0;     
} 
 
int testMonoms() { 
    BMAlgorithm::Monoms monoms( gf ); 
    for ( size_t i = 0; i < 9; ++i) { 
        cout << monoms[i] << endl; 
    } 
     
    for ( int  i = 10; i >= 0; --i) 
        cout << monoms[0] << endl; 
    return 0; 
} 
int testCountLeadingZeroes() { 
 
    GFElementsContainer seq1(4); 
    seq1[0] = gfes[0]; 
    seq1[1] = gfes[1]; 
    seq1[2] = gfes[2]; 
    seq1[3] = gfes[3]; 
     
    BMAlgorithm alg( gf ); 
 
    GFElementsContainer seq2(4); 
    seq2[0] = field_element(&gf,1); 
    seq2[1] = gfes[1]; 
    seq2[2] = gfes[2]; 
    seq2[3] = gfes[3]; 
     
    assert( alg.countLeadingZeroes(seq2) == 0 ); 
     
    seq2[0] = field_element(&gf,0); 
    seq2[1] = field_element(&gf,0); 
    assert( alg.countLeadingZeroes(seq2) == 2 ); 
     
    seq2[2] = field_element(&gf,0); 
    seq2[3] = field_element(&gf,0); 
    assert( alg.countLeadingZeroes(seq2) == 
std::numeric_limits<size_t>::max() ); 
    //cout <<  
     
    return 0; 
} 
 
int testPolySeqProduct() { 
    GFElementsContainer seq1(4); 
    seq1[0] = gfes[0]; 
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    seq1[1] = gfes[1]; 
    seq1[2] = gfes[2]; 
    seq1[3] = gfes[3]; 
     
    BMAlgorithm alg( gf ); 
    GFElementsContainer prod1 = alg.polySeqProduct( poly1, seq1 ); 
    assert( gfes[0]*gfes[1] + gfes[1]*gfes[2] == prod1[1] ); 
     
    // cout << alg(seq1) << endl;    
    //std::cout << prod1.size() << endl; 
    //copy( prod1.begin(), prod1.end(), 
std::ostream_iterator<field_element>( std::cout," ") ); 
    //std::cout << endl;        
 
    // cout << gfes[0]*gfes[1] + gfes[1]*gfes[2] << endl; 
 
    return 0; 
} 
 
int testAlg() { 
    field_element gfes[] = { 
        field_element(&gf,3), 
        field_element(&gf,1), 
        field_element(&gf,0), 
        field_element(&gf,5), 
        field_element(&gf,4), 
        field_element(&gf,7), 
        field_element(&gf,2) 
    };     
    cout << "GF(8)" << endl << "init sequence:\t"; 
    for ( size_t i = 0; i < 7; ++i ) { 
        cout << gfes[i] << " "; 
    } 
    cout << endl << endl; 
 
    field_polynomial poly( alg( gfes, 7 ) ); 
    LFSR lfsr( poly, gfes );     
    cout << lfsr; 
    cout << "LFSR works:\t"; 
    for ( size_t i = 0; i < 20; ++i ) { 
        cout << lfsr() << " "; 
    } 
    cout << endl; 
     
    return 0; 
} 
 
class SequenceTester { 
public: 
    enum FailureReason { ENDLESS_LOOP = 0, NOT_MATCH = 1 }; 
     
    SequenceTester( field& _gf ) : gf( _gf ),  
                                            alg( gf ),  
                                            failures() { 
    } 
     
    void testSequence( const GFElementsContainer& initseq ) { 
        try { 
            field_polynomial poly( alg( initseq ) ); 
            LFSR lfsr( poly, initseq ); 
            GFElementsContainer resultseq; 
            std::generate_n( std::back_inserter( resultseq ), 
initseq.size(), lfsr); 
            if ( initseq != resultseq ) 
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                failures.push_back( std::make_pair( NOT_MATCH, initseq ) ); 
        } catch( const std::logic_error& ) { 
            failures.push_back( std::make_pair( ENDLESS_LOOP, initseq ) ); 
        } 
    } 
     
    bool hasFailures() { return !failures.empty(); } 
 
    void printFailures() { 
        const FailuresContainer::const_iterator end = failures.end(); 
        for ( FailuresContainer::const_iterator it = failures.begin(); it 
!= end; ++it ) { 
            cout << std::setw(12) << 
                    ( it->first == NOT_MATCH ) ? "Not match:" : "Endless 
loop:"; 
            copy( it->second.begin(), it->second.end(),  
                    ostream_iterator<field_element>( cout, " " ) ); 
            cout << endl; 
        } 
    } 
private: 
    field& gf; 
    BMAlgorithm alg; 
    typedef std::list< std::pair< FailureReason , GFElementsContainer > > 
FailuresContainer; 
    FailuresContainer failures; 
}; 
 
class SequencesGenerator { 
    field& gf; 
    const size_t length; 
    GFElementsContainer currentSequence; 
    SequenceTester& tester; 
 
public: 
    SequencesGenerator( field& _gf, size_t _len, SequenceTester& _tester ) 
: gf( _gf ),  
                            length( _len ), currentSequence( length ), 
tester( _tester ) {} 
     
    void operator()() { 
        sequencesGenerating( 0 ); 
        if ( tester.hasFailures() ) { 
             cout << "There were failures!" << endl; 
        } else { 
            cout << "Succeed!" << endl; 
        } 
    } 
     
    void sequencesGenerating( size_t currentElementToChangeIdx ) { 
        for ( size_t i = 0; i <= gf.mask(); ++i ) { 
            currentSequence[ currentElementToChangeIdx ] = field_element( 
&gf, i ); 
            if ( currentElementToChangeIdx == length - 1 ) { 
                tester.testSequence( currentSequence ); // next sequence to 
test is ready 
                // testSequence(); // - just to print 
            } else { 
                sequencesGenerating( currentElementToChangeIdx + 1 );   // 
recursion! 
            } 
        } 
    } 
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    void testSequence() {   // stub 
        copy( currentSequence.begin(), currentSequence.end(),  
                ostream_iterator<field_element>( cout, " " ) ); 
        cout << endl; 
    } 
private: 
    void operator=( const SequencesGenerator& ); 
}; 
 
int totalSequencesTesting() { 
    SequenceTester tester( gf ); 
    SequencesGenerator generator( gf, 5, tester ); 
    generator(); 
    return 0; 
} 
 
 
int testLongSequence() { 
    //field gf(primitive_polynomial_size14 - 1, primitive_polynomial_size14 
- 1,  
    //        primitive_polynomial14); // 17 
    //field gf( primitive_polynomial_size11 - 1, 
primitive_polynomial_size11 - 1,  
    //        primitive_polynomial11); // 13 
    const size_t len = 100; 
    const size_t fieldSize = gf.mask() + 1; 
    GFElementsContainer seq; 
    for( size_t i = 0; i < len; ++i ) 
        seq.push_back( field_element( &gf, rand()%fieldSize ) ); 
    // printSequence( seq ); 
    SequenceTester tester( gf ); 
    tester.testSequence( seq ); 
    if ( tester.hasFailures() ) { 
         cout << "There were failures!" << endl; 
    } else { 
        cout << "Succeed!" << endl; 
    } 
    // std::system("pause");    
     
    return 0; 
} 
 
void printSequence( const GFElementsContainer& seq,  
        std::ostream &out ) { 
    copy( seq.begin(), seq.end(),  
            ostream_iterator<field_element>( out, " " ) ); 
    out << endl; 
} 
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