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ɉɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɨɜ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɝɨ ɤɨɞɢɪɨɜɚɧɢɹ                        
ɞɥɹ ɤɨɦɩɚɤɬɧɨɝɨ  ɬɟɫɬɢɪɨɜɚɧɢɹ ɰɢɮɪɨɜɵɯ ɫɯɟɦ 

  

Ɉ.ɇ. Ⱦɹɱɟɧɤɨ, ɘ.ȿ. Ɂɢɧɱɟɧɤɨ, ȼ.Ɉ. Ⱦɹɱɟɧɤɨ 

Ⱦɨɧɟɰɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 
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Ⱦɹɱɟɧɤɨ Ɉ.ɇ., Ɂɢɧɱɟɧɤɨ ɘ.ȿ., Ⱦɹɱɟɧɤɨ ȼ.Ɉ. ɉɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɨɜ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɝɨ 
ɤɨɞɢɪɨɜɚɧɢɹ ɞɥɹ ɤɨɦɩɚɤɬɧɨɝɨ  ɬɟɫɬɢɪɨɜɚɧɢɹ ɰɢɮɪɨɜɵɯ ɫɯɟɦ. ȼɵɩɨɥɧɟɧ ɚɧɚɥɢɡ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɨɦɩɚɤɬɧɨɝɨ ɬɟɫɬɢɪɨɜɚɧɢɹ ɤɨɦɛɢɧɚɰɢɨɧɧɵɯ ɫɯɟɦ, ɭɱɢɬɵɜɚɸɳɟɝɨ ɫɬɪɭɤɬɭɪɭ 
ɝɟɧɟɪɚɬɨɪɚ ɬɟɫɬɨɜɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, ɚɧɚɥɢɡɚɬɨɪɚ ɬɟɫɬɨɜɵɯ ɪɟɚɤɰɢɣ, ɩɨɫɬɪɨɟɧɧɵɯ ɧɚ 
ɨɫɧɨɜɟ ɦɟɬɨɞɨɜ ɰɢɤɥɢɱɟɫɤɨɝɨ ɤɨɞɢɪɨɜɚɧɢɹ,  ɢ ɯɚɪɚɤɬɟɪ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɲɢɛɨɤ ɜ ɬɟɫɬɨɜɨɣ 
ɪɟɚɤɰɢɢ. ɉɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɪɚɫɱɟɬɚ ɫɢɝɧɚɬɭɪ, ɨɬɥɢɱɚɸɳɢɣɫɹ ɨɬ ɢɡɜɟɫɬɧɨɝɨ, ɜ ɜɵɛɨɪɟ 
ɫɬɟɩɟɧɧɨɝɨ ɨɛɨɡɧɚɱɟɧɢɹ ɬɟɫɬɨɜɵɯ ɧɚɛɨɪɨɜ ɜɦɟɫɬɨ ɞɜɨɢɱɧɨɝɨ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɝɥɚɜɧɨɟ 
ɞɨɫɬɨɢɧɫɬɜɨ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɜɵɱɢɫɥɟɧɢɹ ɫɢɝɧɚɬɭɪ ɹɜɥɹɸɬɫɹ ɧɟ ɫɬɨɥɶɤɨ ɡɧɚɱɟɧɢɹ ɤɨɦɩɚɤɬɧɵɯ 
ɨɰɟɧɨɤ, ɚ ɜɵɜɨɞ ɨ ɫɢɝɧɚɬɭɪɧɨɣ ɬɟɫɬɢɪɭɟɦɨɫɬɢ ɤɨɦɛɢɧɚɰɢɨɧɧɵɯ ɫɯɟɦ. Эɬɨɬ ɜɵɜɨɞ 
ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɧɚ ɦɧɨɝɨɜɯɨɞɨɜɵɟ  ɚɧɚɥɢɡɚɬɨɪɵ ɬɟɫɬɨɜɵɯ ɪɟɚɤɰɢɣ; ɞɥɹ ɫɬɪɭɤɬɭɪ ɫ 
ɩɨɫɢɦɜɨɥɶɧɵɦ ɩɟɪɟɦɟɠɟɧɢɟɦ; ɞɥɹ ɩɨɪɨɠɞɚɸɳɢɯ ɩɨɥɢɧɨɦɨɜ, ɤɚɤ ɜ ɤɨɧɮɢɝɭɪɚɰɢɢ Ƚɚɥɭɚ, ɬɚɤ ɢ ɜ 
ɤɨɧɮɢɝɭɪɚɰɢɢ Ɏɢɛɨɧɚɱɱɢ. ɉɪɟɞɥɨɠɟɧɵ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɜɵɛɨɪɭ ɩɨɪɨɠɞɚɸɳɢɯ ɩɨɥɢɧɨɦɨɜ 
ɪɟɝɢɫɬɪɨɜ ɫɞɜɢɝɚ ɫ ɥɢɧɟɣɧɵɦɢ ɨɛɪɚɬɧɵɦɢ ɫɜɹɡɹɦɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɨɜ ɤɨɦɩɚɤɬɧɨɝɨ 
ɬɟɫɬɢɪɨɜɚɧɢɹ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: Ƚɟɧɟɪɚɬɨɪ ɬɟɫɬɨɜɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, ɚɧɚɥɢɡɚɬɨɪ ɬɟɫɬɨɜɵɯ ɪɟɚɤɰɢɣ, 
ɪɟɝɢɫɬɪ ɫɞɜɢɝɚ ɫ ɥɢɧɟɣɧɵɦɢ ɨɛɪɚɬɧɵɦɢ ɫɜɹɡɹɦɢ, ɩɨɪɨɠɞɚɸɳɢɣ ɩɨɥɢɧɨɦ, ɰɢɤɥɢɱɟɫɤɢɟ ɤɨɞɵ. 
 

ȼɜɟɞɟɧɢɟ 

ȼɫɟɦɢɪɧɚɹ ɩɚɭɬɢɧɚ ɪɚɡɪɚɫɬɚɟɬɫɹ ɫɬɪɟɦɢɬɟɥɶɧɵɦɢ 
ɬɟɦɩɚɦɢ: ɟɫɥɢ ɜ 2000 ɝɨɞɭ ɛɵɥɨ 359 ɦɥɧ. 
ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɫɟɬɢ ɂɧɬɟɪɧɟɬ, ɬɨ ɜ ɦɚɪɬɟ 2017 
ɝɨɞɚ ɤɨɥɢɱɟɫɬɜɨ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɭɠɟ 3732 ɦɥɧ. – 

ɷɬɨ ɩɨɥɨɜɢɧɚ ɧɚɫɟɥɟɧɢɹ ɡɟɦɧɨɝɨ ɲɚɪɚ. ɇɚɲɚ 
ɩɥɚɧɟɬɚ ɩɨɫɬɟɩɟɧɧɨ ɨɤɚɡɵɜɚɟɬɫɹ ɜ ɫɜɨɟɨɛɪɚɡɧɨɦ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨɦ “ɤɨɤɨɧɟ”. ɍɜɟɥɢɱɟɧɢɟ 
ɤɨɥɢɱɟɫɬɜɚ ɢɧɮɨɪɦɚɰɢɢ, ɤɨɬɨɪɚɹ ɩɟɪɟɞɚɟɬɫɹ, 
ɯɪɚɧɢɬɫɹ ɢ ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ, ɩɪɢɜɨɞɢɬ ɤ 
ɬɪɟɛɨɜɚɧɢɹɦ ɨɛɟɫɩɟɱɟɧɢɹ ɟɟ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɢ 
ɧɚɞɟɠɧɨɫɬɢ ɢɫɩɨɥɶɡɭɟɦɵɯ ɚɩɩɚɪɚɬɧɵɯ ɢ 
ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ. Ɉɬ ɭɫɩɟɲɧɨɝɨ ɪɟɲɟɧɢɹ 

ɷɬɢɯ ɡɚɞɚɱ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɡɚɜɢɫɢɬ ɩɪɨɰɜɟɬɚɧɢɟ 
ɧɵɧɟɲɧɟɣ ɰɢɜɢɥɢɡɚɰɢɢ, ɢɥɢ, ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ – 

ɟɟ ɫɚɦɨɪɚɡɪɭɲɟɧɢɟ, ɧɚɩɪɢɦɟɪ, ɢɡ-ɡɚ ɫɥɭɱɚɣɧɨɝɨ 
ɢɥɢ ɧɚɦɟɪɟɧɧɨɝɨ ɫɛɨɹ ɜ ɜɨɟɧɧɵɯ ɩɪɢɥɨɠɟɧɢɹɯ. 
ɉɨɷɬɨɦɭ ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ ɩɨɫɥɟɞɫɬɜɢɣ ɜɨɡɦɨɠɧɵɯ 
ɨɲɢɛɨɤ ɢɥɢ ɞɟɮɟɤɬɨɜ ɚɩɩɚɪɚɬɧɵɯ ɫɪɟɞɫɬɜ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɟɫɶ ɚɪɫɟɧɚɥ ɦɟɬɨɞɨɜ ɢ ɫɪɟɞɫɬɜ 
ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɝɨ ɤɨɞɢɪɨɜɚɧɢɹ, ɜɫɬɪɨɟɧɧɨɝɨ 
ɫɚɦɨɬɟɫɬɢɪɨɜɚɧɢɹ [1-8].  

Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɩɨɜɵɲɟɧɢɹ ɬɟɫɬɨɩɪɢɝɨɞɧɨɫɬɢ 
ɋȻɂɋ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɨɜ, ɭɫɬɪɨɣɫɬɜ ɧɚ ɉɅɂɋ 
ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɜɫɬɪɨɟɧɧɵɯ ɫɪɟɞɫɬɜ 
ɤɨɧɬɪɨɥɹ, ɪɟɚɥɢɡɭɸɳɢɯ ɦɟɬɨɞɵ ɤɨɦɩɚɤɬɧɨɝɨ 

ɬɟɫɬɢɪɨɜɚɧɢɹ. Ɇɟɬɨɞ ɫɤɜɨɡɧɨɝɨ ɫɞɜɢɝɨɜɨɝɨ 
ɪɟɝɢɫɬɪɚ (LSSD - level sensitive scan design) - 

ɞɪɭɝɨɣ ɲɢɪɨɤɨ ɢɡɜɟɫɬɧɵɣ  
ɫɩɨɫɨɛ ɫɧɢɠɟɧɢɹ ɬɪɭɞɨɟɦɤɨɫɬɢ ɬɟɫɬɢɪɨɜɚɧɢɹ 
ɞɢɫɤɪɟɬɧɵɯ ɭɫɬɪɨɣɫɬɜ. Ɇɟɬɨɞ LSSD ɫɜɨɞɢɬ 
ɡɚɞɚɱɭ ɬɟɫɬɢɪɨɜɚɧɢɹ ɤ ɩɪɨɜɟɪɤɟ ɧɟɫɤɨɥɶɤɢɯ 
ɪɟɝɢɫɬɪɨɜ ɫɞɜɢɝɚ ɢ ɤɨɦɛɢɧɚɰɢɨɧɧɵɯ ɫɯɟɦ. 
ɇɚɢɛɨɥɟɟ ɫɨɜɦɟɫɬɢɦɵɦ ɫ ɦɟɬɨɞɨɦ LSSD, ɢɡ 
ɲɢɪɨɤɨɝɨ ɪɹɞɚ ɦɟɬɨɞɨɜ ɤɨɦɩɚɤɬɧɨɝɨ 
ɬɟɫɬɢɪɨɜɚɧɢɹ, ɹɜɥɹɟɬɫɹ ɫɢɝɧɚɬɭɪɧɵɣ ɚɧɚɥɢɡ, 
ɩɨɫɤɨɥɶɤɭ ɨɫɧɨɜɨɣ ɚɧɚɥɢɡɚɬɨɪɚ ɬɟɫɬɨɜɵɯ ɪɟɚɤɰɢɣ 
(ȺɌɊ) ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɹɜɥɹɟɬɫɹ ɪɟɝɢɫɬɪ ɫɞɜɢɝɚ ɫ 
ɥɢɧɟɣɧɵɦɢ ɨɛɪɚɬɧɵɦɢ ɫɜɹɡɹɦɢ (ɊɋɅɈɋ). ɋ 
ɩɨɦɨɳɶɸ ɧɟɡɧɚɱɢɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɧɵɯ ɡɚɬɪɚɬ 
ɫɞɜɢɝɨɜɵɟ ɪɟɝɢɫɬɪɵ ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɜ ɊɋɅɈɋ, 
ɤɨɬɨɪɵɟ ɜɵɩɨɥɧɹɸɬ ɪɨɥɶ ɝɟɧɟɪɚɬɨɪɨɜ ɬɟɫɬɨɜɵɯ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ (ȽɌɉ) ɢ ȺɌɊ ɞɥɹ 
ɬɟɫɬɢɪɨɜɚɧɢɹ ɤɨɦɛɢɧɚɰɢɨɧɧɵɯ ɫɯɟɦ (Ʉɋ).
 Ɋɟɚɥɢɡɚɰɢɹ ɦɟɬɨɞɨɜ ɤɨɦɩɚɤɬɧɨɝɨ 
ɬɟɫɬɢɪɨɜɚɧɢɹ ɫɬɚɜɢɬ ɡɚɞɚɱɭ ɨɩɪɟɞɟɥɟɧɢɹ 
ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɤɨɧɬɪɨɥɹ. ȼ ɪɚɛɨɬɟ [3] 
ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜɨɩɪɨɫɵ ɤɨɦɩɥɟɤɫɧɨɣ ɨɰɟɧɤɢ 
ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɬɟɫɬɢɪɨɜɚɧɢɹ Ʉɋ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ 
ȽɌɉ ɢ ȺɌɊ ɜ ɜɢɞɟ ɊɋɅɈɋ, ɤɨɬɨɪɚɹ ɭɱɢɬɵɜɚɟɬ ɧɟ 
ɬɨɥɶɤɨ ɨɛɧɚɪɭɠɢɜɚɸɳɢɟ ɫɩɨɫɨɛɧɨɫɬɢ ȺɌɊ,  ɧɨ 
ɬɚɤɠɟ ɫɬɪɭɤɬɭɪɭ ȽɌɉ ɢ ɯɚɪɚɤɬɟɪ ɬɟɫɬɨɜɵɯ 
ɪɟɚɤɰɢɣ ɨɛɴɟɤɬɚ ɞɢɚɝɧɨɫɬɢɤɢ. ȼ ɱɚɫɬɧɨɫɬɢ, 
ɩɨɥɭɱɟɧ ɜɵɜɨɞ ɨ ɡɧɚɱɢɬɟɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 
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ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɢɝɧɚɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɨɬ ɜɵɛɨɪɚ 
ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɩɨɪɨɠɞɚɸɳɢɯ 
ɩɨɥɢɧɨɦɨɜ ɊɋɅɈɋ ȽɌɉ ɢ ȺɌɊ.  
Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɨɞɨɥɠɟɧɢɟ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɷɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ.  

ɐɟɥɶ ɫɬɚɬɶɢ 

ȼɵɩɨɥɧɢɬɶ ɚɧɚɥɢɡ ɷɮɮɟɤɬɢɜɧɨɫɬɢ  ɤɨɦɩɚɤɬɧɨɝɨ 
ɬɟɫɬɢɪɨɜɚɧɢɹ ɰɢɮɪɨɜɵɯ ɫɯɟɦ ɩɪɢ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, 
ɱɬɨ ȽɌɉ - ɊɋɅɈɋ ɫ  ɩɪɢɦɢɬɢɜɧɵɦ ɨɛɪɚɡɭɸɳɢɦ 
ɩɨɥɢɧɨɦɨɦ, ɚ ȺɌɊ ɪɟɚɥɢɡɨɜɚɧɵ ɧɚ ɨɫɧɨɜɟ  
ɰɢɤɥɢɱɟɫɤɢɯ ɤɨɞɨɜ. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɬɚɤɢɯ 
ɚɧɚɥɢɡɚɬɨɪɨɜ ɹɜɥɹɟɬɫɹ ɢɯ ɫɩɨɫɨɛɧɨɫɬɶ 
ɥɨɤɚɥɢɡɨɜɚɬɶ ɨɲɢɛɤɢ, ɤɪɚɬɧɨɫɬɶ ɤɨɬɨɪɵɯ ɧɟ 
ɩɪɟɜɵɲɚɟɬ  ɤɨɪɪɟɤɬɢɪɭɸɳɢɯ ɫɩɨɫɨɛɧɨɫɬɟɣ ɤɨɞɨɜ, 
ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɵɯ ɨɧɢ ɩɨɫɬɪɨɟɧɵ. 

ɉɪɚɤɬɢɱɟɫɤɚɹ ɪɟɚɥɢɡɚɰɢɹ 
ɫɚɦɨɬɟɫɬɢɪɨɜɚɧɢɹ ɋȻɂɋ 

Ⱥɧɚɥɢɡ ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 
ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɋȻɂɋ ɜɟɞɭɳɢɯ ɡɚɪɭɛɟɠɧɵɯ 
ɮɢɪɦ: IBM (S/390, ɦɟɬɨɞ LSSD); Hewlett Packard 

(ɫɢɝɧɚɬɭɪɧɵɣ ɚɧɚɥɢɡ); ɚɥɶɹɧɫ ɤɨɦɩɚɧɢɣ Apple, 

IBM ɢ Motorola (Power PC); Motorola (MC 202-

206); Intel Corporation (ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɵ 80386, 
Pentium Pro); Advanced Micro Devices (AMD-K6), 

ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ 5-8% ɩɥɨɳɚɞɢ ɤɪɢɫɬɚɥɥɚ ɋȻɂɋ 
ɡɚɧɢɦɚɸɬ ɜɫɬɪɨɟɧɧɵɟ ɫɯɟɦɵ ɬɟɫɬɢɪɨɜɚɧɢɹ, 
ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɨɛɧɚɪɭɠɢɬɶ ɩɪɚɤɬɢɱɟɫɤɢ 
100% ɞɟɮɟɤɬɨɜ. ɇɚɩɪɢɦɟɪ, ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɟ 
ɨɛɟɫɩɟɱɟɧɢɟ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɚ S/390 ɜɤɥɸɱɚɟɬ: 
ɈɁɍ, ɤɷɲ, ɩɚɦɹɬɶ, ɫɯɟɦɵ ɢɯ ɭɩɪɚɜɥɟɧɢɹ ɫɨ 
ɜɫɬɪɨɟɧɧɵɦɢ ɫɯɟɦɚɦɢ ɫɚɦɨɬɟɫɬɢɪɨɜɚɧɢɹ; 
ɬɪɢɝɝɟɪɵ, ɪɟɝɢɫɬɪɨɜɵɟ ɫɟɬɢ, ɨɛɪɚɡɭɸɳɢɟ ɜ 
ɪɟɠɢɦɟ ɬɟɫɬɢɪɨɜɚɧɢɹ ɫɤɚɧɢɪɭɟɦɵɣ ɩɭɬɶ ɩɨ 
ɦɟɬɨɞɭ LSSD; ɜɫɬɪɨɟɧɧɵɟ  ȽɌɉ;  ɜɫɬɪɨɟɧɧɵɣ  
ȺɌɊ - ɦɧɨɝɨɤɚɧɚɥɶɧɵɣ ɫɢɝɧɚɬɭɪɧɵɣ ɚɧɚɥɢɡɚɬɨɪ; 
ɩɨɪɬ JTAG ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬɚɧɞɚɪɬɨɦ IEEE 
1149.1. 

Ɇɟɬɨɞɵ ɢɫɱɟɪɩɵɜɚɸɳɟɝɨ ɬɟɫɬɢɪɨɜɚɧɢɹ Ʉɋ ɢ 
ɫɤɚɧɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɸɬ ɜɦɟɫɬɟ ɨɛɧɚɪɭɠɢɜɚɬɶ 
95% ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ. ɉɪɢɦɟɧɟɧɢɟ ɪɚɡɧɵɯ 
ɩɫɟɜɞɨɫɥɭɱɚɣɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, 
ɨɛɟɫɩɟɱɢɜɚɟɬ 99,9% ɩɨɤɪɵɬɢɹ ɜɫɟɯ 
ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɋȻɂɋ.  

Ⱥɧɚɥɢɬɢɱɟɫɤɢɣ ɦɟɬɨɞ ɜɵɱɢɫɥɟɧɢɣ 
ɤɨɦɩɚɤɬɧɵɯ ɨɰɟɧɨɤ 

ɉɪɟɠɞɟ ɜɫɟɝɨ, ɪɚɫɫɦɨɬɪɢɦ ɦɟɬɨɞ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ 
ɪɚɫɱɟɬɚ ɫɢɝɧɚɬɭɪ, ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɦɟɬɨɞɭ, 
ɩɪɟɞɥɨɠɟɧɧɨɦɭ ɜ [3]. 
ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ȽɌɉ ɢ ȺɌɊ ɪɟɚɥɢɡɨɜɚɧɵ ɜ 
ɜɢɞɟ ɊɋɅɈɋ ɫ ɜɧɭɬɪɟɧɧɢɦɢ ɫɭɦɦɚɬɨɪɚɦɢ ɜ ɰɟɩɹɯ 
ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɫ ɩɨɪɨɠɞɚɸɳɢɦɢ ɩɨɥɢɧɨɦɚɦɢ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ h(X) ɢ g(X), ɩɪɢɱɟɦ ɨɛɚ ɩɨɥɢɧɨɦɚ 
ɩɪɢɦɢɬɢɜɧɵɟ, ɚ ɢɯ ɤɨɪɧɢ ɫɜɹɡɚɧɵ ɪɚɜɟɧɫɬɜɨɦ 

β=αk
 , m=degh(X)= =degg(X). 

Ɍɟɫɬɨɜɵɟ ɧɚɛɨɪɵ, ɤɨɬɨɪɵɟ ɩɨɫɬɭɩɚɸɬ ɧɚ ɜɯɨɞɵ 
ɢɫɫɥɟɞɭɟɦɨɣ Ʉɋ, ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɧɟɧɭɥɟɜɵɟ 
ɷɥɟɦɟɧɬɵ ɩɨɥɹ GF(2m), ɹɜɥɹɸɳɟɝɨɫɹ 
ɪɚɫɲɢɪɟɧɢɟɦ ɩɨɥɹ GF(2) ɧɚɞ ɩɨɥɢɧɨɦɨɦ h(X). 
ɗɬɢ ɷɥɟɦɟɧɬɵ ɩɨɥɹ ɦɨɝɭɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɞɜɨɢɱɧɨɦ, ɩɨɥɢɧɨɦɢɚɥɶɧɨɦ ɢ ɫɬɟɩɟɧɧɨɦ 
ɨɛɨɡɧɚɱɟɧɢɹɯ. Ʉɚɠɞɨɦɭ ɧɟɧɭɥɟɜɨɦɭ ɷɥɟɦɟɧɬɭ αk 

ɩɨɥɹ GF(2m) ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɢɧɢɦɚɥɶɧɵɣ 
ɩɨɥɢɧɨɦ, ɩɪɢɱɟɦ, ɟɫɥɢ ɦɢɧɢɦɚɥɶɧɵɣ ɩɨɥɢɧɨɦ 
ɩɪɢɦɢɬɢɜɧɵɣ, ɬɨ ɟɝɨ ɫɬɟɩɟɧɶ ɪɚɜɧɚ m. ȿɫɥɢ ɜ 
ɤɚɱɟɫɬɜɟ ɩɨɪɨɠɞɚɸɳɟɝɨ ɩɨɥɢɧɨɦɚ ɊɋɅɈɋ ȺɌɊ 
ɜɵɛɪɚɬɶ ɦɢɧɢɦɚɥɶɧɵɣ ɩɨɥɢɧɨɦ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɷɥɟɦɟɧɬɭ αk, ɬɨ ɦɟɠɞɭ ɤɨɪɧɹɦɢ 
ɩɨɥɢɧɨɦɨɜ h(X) ɢ g(X) ɛɭɞɟɬ ɜɵɩɨɥɧɟɧɨ 
ɪɚɜɟɧɫɬɜɨ β=αk. Ⱥɧɚɥɢɡ ɬɚɛɥɢɰɵ ɦɢɧɢɦɚɥɶɧɵɯ 
ɩɨɥɢɧɨɦɨɜ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɥɹ ɥɸɛɨɣ ɫɬɟɩɟɧɢ 
m<5 ɫɭɳɟɫɬɜɭɟɬ ɬɨɥɶɤɨ ɞɜɚ ɩɪɢɦɢɬɢɜɧɵɯ 
ɩɨɥɢɧɨɦɚ, ɩɪɢɱɟɦ β=α-1, ɬ. ɟ. ɷɬɢ ɩɨɥɢɧɨɦɵ 

ɹɜɥɹɸɬɫɹ ɞɜɨɣɫɬɜɟɧɧɵɦɢ (ɜɡɚɢɦɨɨɛɪɚɬɧɵɦɢ) [6]. 
ɉɨɷɬɨɦɭ ɞɥɹ ɩɪɢɦɟɪɨɜ, ɢɥɥɸɫɬɪɢɪɭɸɳɢɯ ɦɟɬɨɞ 

ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɫɢɝɧɚɬɭɪ, ɛɭɞɟɦ 

ɪɚɫɫɦɚɬɪɢɜɚɬɶ h(X) ɢ g(X) ɫɬɟɩɟɧɢ m=5. 

Ɉɫɧɨɜɧɨɟ ɨɬɥɢɱɢɟ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɦɟɬɨɞɚ ɪɚɫɱɟɬɚ 
ɫɢɝɧɚɬɭɪ ɨɬ ɢɡɜɟɫɬɧɨɝɨ [3] ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɵɛɨɪɟ 
ɫɬɟɩɟɧɧɨɝɨ ɨɛɨɡɧɚɱɟɧɢɹ ɬɟɫɬɨɜɵɯ ɧɚɛɨɪɨɜ ɜɦɟɫɬɨ 
ɞɜɨɢɱɧɨɝɨ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɡɧɚɱɟɧɢɟ ɫɢɝɧɚɬɭɪɵ ɞɥɹ 
ɤɨɧɴɸɧɤɰɢɢ ɫ ɪɚɧɝɨɦ m ɦɨɠɟɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɨ 
ɫɨɝɥɚɫɧɨ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: S=MkX

-Ak
  , 

ɝɞɟ XA
 - ɫɬɟɩɟɧɧɨɟ ɨɛɨɡɧɚɱɟɧɢɟ ɬɟɫɬɨɜɨɝɨ ɧɚɛɨɪɚ, 

M - ɦɚɬɪɢɰɚ ɞɥɹ ɩɟɪɟɯɨɞɚ ɨɬ ɡɧɚɱɟɧɢɣ ɊɋɅɈɋ 
ȽɌɉ ɤ ɡɧɚɱɟɧɢɹɦ ɊɋɅɈɋ ȺɌɊ.  

Ɋɚɫɫɦɨɬɪɢɦ ɩɨɪɹɞɨɤ ɪɚɫɱɟɬɚ ɫɢɝɧɚɬɭɪ ɧɚ 
ɩɪɢɦɟɪɚɯ. 
ɉɪɢɦɟɪ. ɉɭɫɬɶ 123451 xxxxxF  ,  g(X)=X

5
 +X

3
 

+1, ɬ.ɟ. k=-1. 

ɗɥɟɦɟɧɬ ɩɨɥɹ GF(25) ɧɚɞ ɩɨɥɢɧɨɦɨɦ 
h(X)=X

5
+X

2+1, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɬɟɫɬɨɜɨɦɭ 
ɧɚɛɨɪɭ 00111, ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧ ɜ 
ɩɨɥɢɧɨɦɢɚɥɶɧɨɦ ɨɛɨɡɧɚɱɟɧɢɢ X2+X+1. Ⱦɥɹ 
ɩɟɪɟɯɨɞɚ ɤ ɫɬɟɩɟɧɧɨɦɭ ɨɛɨɡɧɚɱɟɧɢɸ 
ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɬɚɛɥɢɰɟɣ ɥɨɝɚɪɢɮɦɨɜ Ɂɟɱɚ (ɬɚɛɥ. 
1). ɋɨɝɥɚɫɧɨ ɷɬɨɣ ɬɚɛɥɢɰɟ X

J
=X

i+1. ɍɱɢɬɵɜɚɹ 
ɫɜɨɣɫɬɜɚ X2j

=(X
i
+1)

2
 ɢ Xi

 =(X 
p-i+1), ɝɞɟ p=2m

-1, 

ɨɩɪɟɞɟɥɢɦ ɬɚɛɥɢɰɭ ɞɥɹ ɧɟɱɟɬɧɵɯ ɡɧɚɱɟɧɢɣ i ɨɬ 1 
ɞɨ 15.  
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, X2+X+1=X•(X+1)+1= 
=X•X18

+1=X
19

+1=X
11. Ɂɧɚɱɟɧɢɟ  ɫɢɝɧɚɬɭɪɵ 

S(F1)=M-1X
11

.  

 

Ɍɚɛɥɢɰɚ 1. Ʌɨɝɚɪɢɮɦɵ Ɂɟɱɚ ɞɥɹ  h(X)=X
5
 +X

2
 +1 

i 1 3 5 7 9 11 13 15 

j 18 29 2 22 16 19 14 24 

ɇɟɫɤɨɥɶɤɨ ɡɚɦɟɱɚɧɢɣ ɩɨ ɩɨɜɨɞɭ 

ɩɨɫɬɪɨɟɧɢɹ ɦɚɬɪɢɰɵ Mk . ɉɪɟɠɞɟ ɜɫɟɝɨ, ɫɥɟɞɭɟɬ 
ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɢɞ ɦɚɬɪɢɰɵ Mk ɡɚɜɢɫɢɬ ɧɟ ɬɨɥɶɤɨ 

ɨɬ k, ɧɨ ɬɚɤɠɟ ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɊɋɅɈɋ 

http://yandex.ua/clck/jsredir?from=yandex.ua%3Bsearch%2F%3Bweb%3B%3B&text=&etext=1416.iLvKQoBWfAlIJ-DajwW1eHrRnvClnH-G8n4jxY7zQ3Y.2db21fa0eb8dfe33b3cc1675c51e6bf67eeaf7fe&uuid=&state=PEtFfuTeVD5kpHnK9lio9T6U0-imFY5IWwl6BSUGTYl260BtXWEO1dknJ_stfCwsZZ2hnzQ_xzQ8jZrXOt23FTyH63AJ6NodQQinkdOzea0,&&cst=AiuY0DBWFJ5Hyx_fyvalFJSTCtqxfL3ujoEGm8cP0QExez28q7iRTRq2ijBXykL5JrpwQYnZEBCHn9-ijIH-halXx0HGSMZLiOSH77FZhcD_37qhLeFFUHPKttTyXDxhACe5cPaXOKpBH3EBUtIk8iOr6ApjdMP_PJGPQIpbWBoOKCxzXjh5vUC35kzPqUXyF9rYir5F0uciiMwid8En3BkoaJjPyCVaZG0kPriLjW8,&data=UlNrNmk5WktYejR0eWJFYk1LdmtxcTdQTF82SFYzc211NkVMbDJIdGFkZ0xVcVJEZDE4dGtTanBTS2NzS3d1WmJEM01INjV1VkQ1d2cxU2stZmVIRFQ1YUJWRHRlZld1&sign=fd2b49db4d612ec830de488cb6128d27&keyno=0&b64e=2&ref=orjY4mGPRjmt1xzYuZsDZSKx6sHOF1RVB70a8Xx0NktHXjfiw1_RrCWozrvEbgS2&l10n=ru&cts=1494356461299&mc=4.068278363863598
https://ru.wikipedia.org/wiki/Apple
https://ru.wikipedia.org/wiki/IBM
https://ru.wikipedia.org/wiki/Motorola
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ȽɌɉ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɛɵɬɶ ɜɵɛɪɚɧɨ ɥɸɛɵɦ 

ɧɟɧɭɥɟɜɵɦ. 
Ʉɚɠɞɨɦɭ ɷɥɟɦɟɧɬɭ ɩɨɥɹ α0

, α1,…,αm-1
 

ɫɬɚɜɢɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫɬɪɨɤɚ ɦɚɬɪɢɰɵ Mk, 

ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. Ⱦɥɹ 

ɷɥɟɦɟɧɬɚ αj
 ɨɬɵɫɤɢɜɚɟɬɫɹ ɡɧɚɱɟɧɢɟ ɫɬɟɩɟɧɢ j 

ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɷɥɟɦɟɧɬɚ αj=αi
 , ɤɨɬɨɪɨɟ ɧɚɰɟɥɨ 

ɞɟɥɢɬɫɹ ɧɚ -k. Ɂɧɚɱɟɧɢɟ j ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚ 
ɨɫɧɨɜɚɧɢɢ ɪɚɜɟɧɫɬɜɚ αi

 =αi+pd, ɝɞɟ d - ɥɸɛɨɟ ɰɟɥɨɟ 
ɱɢɫɥɨ. ɋɬɪɨɤɚ ɦɚɬɪɢɰɵ Mk ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɨɫɬɚɬɨɤ ɨɬ ɞɟɥɟɧɢɹ ɩɨɥɢɧɨɦɚ Xp+j/k+(s-1) ɧɚ ɩɨɥɢɧɨɦ 

g(X) (αs - ɧɚɱɚɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟ ɊɋɅɈɋ ȽɌɉ). 
Ⱦɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɩɪɢɦɟɪɚ ɩɪɢ ɧɚɱɚɥɶɧɨɦ 

ɫɨɫɬɨɹɧɢɢ ɊɋɅɈɋ ȽɌɉ, ɪɚɜɧɨɦ 00001, ɞɥɹ ɫɬɪɨɤɢ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ α0, ɡɧɚɱɟɧɢɟ ɪɚɜɧɨ ɨɫɬɚɬɤɭ ɨɬ 
ɞɟɥɟɧɢɹ ɩɨɥɢɧɨɦɚ X31-0-1

=X
30 ɧɚ ɩɨɥɢɧɨɦ g(X)=X5

 

+X
3
 +1. 

Ⱦɥɹ ɧɚɱɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɊɋɅɈɋ ȽɌɉ, ɪɚɜɧɨɝɨ 
α0

, ɢ k=-1, ɦɚɬɪɢɰɚ M-1 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɩɨɫɥɟɞɧɢɟ m ɫɨɫɬɨɹɧɢɣ ɊɋɅɈɋ ȺɌɊ. 
Ⱦɥɹ ɧɚɱɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɊɋɅɈɋ ȽɌɉ ɪɚɜɧɨɝɨ αm

 

ɢ k=-1 ɦɚɬɪɢɰɚ M-1 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɟɞɢɧɢɱɧɭɸ 

ɦɚɬɪɢɰɭ, ɧɚɩɪɢɦɟɪ, ɩɪɢ m=5 ɡɧɚɱɟɧɢɟ ɫɢɝɧɚɬɭɪɵ 

ɤɨɧɴɸɧɤɰɢɢ ɫ ɪɚɧɝɨɦ m ɛɭɞɟɬ ɪɚɜɧɨ ɞɜɨɢɱɧɨɦɭ 

ɨɛɨɡɧɚɱɟɧɢɸ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɩɨɥɹ, 
ɡɚɩɢɫɚɧɧɨɦɭ ɜ ɨɛɪɚɬɧɨɦ ɩɨɪɹɞɤɟ. 
Ⱦɜɚ ɜɚɪɢɚɧɬɚ ɦɚɬɪɢɰɵ M-1 ɛɭɞɭɬ ɢɦɟɬɶ ɜɢɞ: 
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ɦɚɬɪɢɰɚ. 
ɂɬɚɤ, S(F1 )=M-1X

11
.  

Ⱦɥɹ ɭɦɧɨɠɟɧɢɹ ɧɚ ɦɚɬɪɢɰɭ ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɣɬɢ 

ɨɬ ɫɬɟɩɟɧɧɨɝɨ ɨɛɨɡɧɚɱɟɧɢɹ ɬɟɫɬɨɜɨɝɨ ɧɚɛɨɪɚ  ɤ 
ɞɜɨɢɱɧɨɦɭ  (ɢɥɢ  ɩɨɥɢɧɨɦɢɚɥɶɧɨɦɭ). Ɍɚɤɨɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɦɨɠɧɨ ɭɩɪɨɫɬɢɬɶ, ɢɫɩɨɥɶɡɭɹ 

ɡɚɪɚɧɟɟ ɜɵɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ X
1
, X

2
, X

4
, X

8
, X

16 ɢ 
ɬ.ɞ. ɩɨ ɦɨɞɭɥɸ h(X) (ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɬɚɤɨɝɨ 

ɭɩɪɨɳɟɧɢɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɡɧɚɱɟɧɢɹ m): 
X

1
modh(X)=X

1
, X

2
modh(X)=X

2
, X

4
modh(X)=X

4
, 

X
8
modh

8
(X)=X

3
+X

2
+1, X

16
modh(X)=X

4
+X

3
+X+1. 

ɉɪɨɢɡɜɨɥɶɧɵɣ ɷɥɟɦɟɧɬ Xj ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ 
ɜɢɞɟ ɩɪɨɢɡɜɟɞɟɧɢɹ ɩɨɥɢɧɨɦɨɜ ɫɨ ɫɬɟɩɟɧɹɦɢ 
ɫɬɟɩɟɧɢ 2: X

11
=X

8•X2•X1. Ɉɫɬɚɬɨɤ ɨɬ ɞɟɥɟɧɢɹ X11
 

ɧɚ h(X) ɛɭɞɟɬ ɪɚɜɟɧ ɨɫɬɚɬɤɭ ɨɬ ɞɟɥɟɧɢɹ ɧɚ h(X) 

ɩɪɨɢɡɜɟɞɟɧɢɹ ɨɫɬɚɬɤɨɜ ɫɨɦɧɨɠɢɬɟɥɟɣ: 
(X

3
+X

2+1)•X2•X1
modh(X)= 

=(X
6
+X

5
+X

3
)mod(X

5
+X

2
+1)=X

2
+X+1, ɢɥɢ ɜ 

ɞɜɨɢɱɧɨɦ ɨɛɨɡɧɚɱɟɧɢɢ 00111. 

ɉɪɢ ɧɚɱɚɥɶɧɨɦ ɡɧɚɱɟɧɢɢ ɊɋɅɈɋ ȽɌɉ α5
 ɡɧɚɱɟɧɢɟ 

ɫɢɝɧɚɬɭɪɵ S(F1)=11100. 

ɉɪɢɦɟɪ. ɉɭɫɬɶ 23452 xxxxF  ɩɪɢ ɬɟɯ ɠɟ 

ɡɧɚɱɟɧɢɹɯ h(X), g(X) ɢ ɬɨɦ ɠɟ ɧɚɱɚɥɶɧɨɦ 

ɫɨɫɬɨɹɧɢɢ ɊɋɅɈɋ ȽɌɉ.  
S(F2)=M-1(X

19
)+M-1(X

19
+1)= 

=M-1(X
19

+X
19

+1)=M-1(00001)=10000. 

ɉɭɫɬɶ 13453 xxxxF  , 12344 xxxxF  , 

3455 xxxF  . 

 S(F3)=M-1(X
5
+X

5
+X)=M-1(X)= 

=M-1(00010)=01000. 

S(F4)=M-1(X
11

+X
11

+X
4
)=M-1(X

4
)= 

=M-1(10000)=00001. 

S(F5)=M-1(X
2
 +X

2
 +1+X

2
 +X+X

2
 +X+1)=M-1(0)=0. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɞɥɹ k=-1 

ɫɢɝɧɚɬɭɪɚ ɤɨɧɴɸɧɤɰɢɢ ɫ ɪɚɧɝɨɦ r=m-1 ɪɚɜɧɚ 

ɩɪɨɢɡɜɟɞɟɧɢɸ ɦɚɬɪɢɰɵ M-1 ɢ X
i
 , ɝɞɟ i - ɢɧɞɟɤɫ 

ɨɬɫɭɬɫɬɜɭɸɳɟɣ ɩɟɪɟɦɟɧɧɨɣ, ɭɦɟɧɶɲɟɧɧɵɣ ɧɚ 

ɟɞɢɧɢɰɭ; ɫɢɝɧɚɬɭɪɚ ɤɨɧɴɸɧɤɰɢɢ ɫ r<m-1 ɪɚɜɧɚ 

ɧɭɥɸ. 
Ⱥɧɚɥɨɝɢɱɧɨ, ɞɥɹ ɩɪɨɢɡɜɨɥɶɧɵɯ ɩɪɢɦɢɬɢɜɧɵɯ 
ɩɨɥɢɧɨɦɨɜ h(X) ɢ g(X) ɫɬɟɩɟɧɢ m, ɤɨɪɧɢ ɤɨɬɨɪɵɯ 

ɫɜɹɡɚɧɵ ɪɚɜɟɧɫɬɜɨɦ β=α-3, ɞɥɹ ɤɨɧɴɸɧɤɰɢɢ ɫ 

ɪɚɧɝɨɦ r<m-2 S=M-3(0)=0. ɋɢɝɧɚɬɭɪɚ ɪɚɜɧɚ ɧɭɥɸ ɜ 
ɫɥɟɞɭɸɳɢɯ ɫɥɭɱɚɹɯ:    k=-5, r<m-3; k=-7, r<m-4; 

k=-9, r<m-3; k=-11,  r<m-4; k=-13, r<m-4; ɞɥɹ 

ɩɪɨɢɡɜɨɥɶɧɨɝɨ k   r<m-1-w, ɝɞɟ w - ɜɟɫ 

ɞɜɨɢɱɧɨɣ ɡɚɩɢɫɢ -k. 

ȿɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɩɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ 

ɩɪɢ ɤɨɧɤɪɟɬɧɵɯ ɡɧɚɱɟɧɢɹɯ m, ɭɫɥɨɜɢɟ ɪɚɜɟɧɫɬɜɚ 

ɫɢɝɧɚɬɭɪɵ ɧɭɥɸ ɦɨɠɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɢɧɚɱɟ: 
r<w[(kɨ)], ɝɞɟ w[(kɨ)] - ɜɟɫ ɞɜɨɢɱɧɨɣ ɡɚɩɢɫɢ k 

ɜ ɨɛɪɚɬɧɨɦ ɤɨɞɟ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɟɫɥɢ ɧɟɢɫɩɪɚɜɧɨɫɬɶ ɜ Ʉɋ, 
ɨɩɢɫɵɜɚɟɦɨɣ ɮɭɧɤɰɢɟɣ F, ɩɪɢɜɨɞɢɬ ɤ ɬɟɫɬɨɜɨɣ 

ɪɟɚɤɰɢɢ Fɧ, ɢ ɜ ɩɪɟɞɫɬɚɜɥɟɧɢɢ F+Fɧ ɜ ɜɢɞɟ 

ɩɨɥɢɧɨɦɚ ɀɟɝɚɥɤɢɧɚ ɩɪɢɫɭɬɫɬɜɭɸɬ ɬɨɥɶɤɨ 

ɤɨɧɴɸɧɤɰɢɢ ɫ ɪɚɧɝɨɦ r<w[(k)ɨ], ɬɨ 

S(F+Fɧ)=S(F)+S(Fɧ)=0, ɢɥɢ S(F)=S(Fɧ), ɬ.ɟ. 
ɧɟɢɫɩɪɚɜɧɨɫɬɶ ɛɭɞɟɬ ɧɟɨɛɧɚɪɭɠɟɧɧɨɣ. 

ɂɬɚɤ, ɱɢɫɥɨ w (ɜɟɫ ɞɜɨɢɱɧɨɣ ɡɚɩɢɫɢ -k) 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɚɪɚɦɟɬɪ, ɫ ɩɨɦɨɳɶɸ 

ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɫɢɝɧɚɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɜ ɤɚɱɟɫɬɜɟ 

ȽɌɉ ɢ ȺɌɊ ɊɋɅɈɋ ɫ ɩɨɪɨɠɞɚɸɳɢɦɢ 

ɩɪɢɦɢɬɢɜɧɵɦɢ ɩɨɥɢɧɨɦɚɦɢ ɨɞɢɧɚɤɨɜɨɣ ɫɬɟɩɟɧɢ. 
ɉɚɪɚɦɟɬɪ w ɩɪɢɧɢɦɚɟɬ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 1 

ɩɪɢ k=-1, ɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ m-1 ɩɪɢ k=1. 

ɗɬɨɬ ɜɵɜɨɞ ɬɚɤɠɟ ɫɩɪɚɜɟɞɥɢɜ ɞɥɹ ɦɧɨɝɨɜɯɨɞɨɜɵɯ 

ȺɌɊ ɢ ɊɋɅɈɋ ȽɌɉ ɢ ȺɌɊ ɫ ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ 

ɪɟɚɥɢɡɚɰɢɟɣ (ɫ ɜɧɟɲɧɢɦɢ ɫɭɦɦɚɬɨɪɚɦɢ ɜ ɰɟɩɹɯ 
ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ). 
ɍɱɢɬɵɜɚɹ, ɱɬɨ ɫɬɪɭɤɬɭɪɚ ɊɋɅɈɋ ɫ ɩɪɢɜɨɞɢɦɵɦ 

ɨɛɪɚɡɭɸɳɢɦ ɩɨɥɢɧɨɦɨɦ, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɩɪɨɢɡɜɟɞɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɧɟɩɪɢɜɨɞɢɦɵɯ 

ɩɨɥɢɧɨɦɨɜ, ɷɤɜɢɜɚɥɟɧɬɧɚ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫɬɪɭɤɬɭɪ 

ɊɋɅɈɋ ɫ ɧɟɩɪɢɜɨɞɢɦɵɦɢ ɩɨɥɢɧɨɦɚɦɢ - 

ɫɨɦɧɨɠɢɬɟɥɹɦɢ, ɩɨɥɭɱɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ. 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɨɦɩɚɤɬɧɨɝɨ 
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ɬɟɫɬɢɪɨɜɚɧɢɹ Ʉɋ ɞɨɫɬɢɝɚɟɬɫɹ ɞɥɹ ɫɥɟɞɭɸɳɢɯ 

ɜɚɪɢɚɧɬɨɜ: 
1) ȺɌɊ ɧɚ ɨɫɧɨɜɟ ɤɨɞɨɜ ɏɷɦɦɢɧɝɚ (ɥɨɤɚɥɢɡɚɰɢɹ 

ɨɞɢɧɨɱɧɵɯ ɨɲɢɛɨɤ) - ɨɞɢɧɚɤɨɜɵɟ ɨɛɪɚɡɭɸɳɢɟ 

ɩɨɥɢɧɨɦɵ ɊɋɅɈɋ ȽɌɉ ɢ ȺɌɊ; 
2) ȺɌɊ ɧɚ ɨɫɧɨɜɟ ɤɨɞɨɜ Ȼɑɏ (ɥɨɤɚɥɢɡɚɰɢɹ 

ɤɪɚɬɧɵɯ ɧɟɡɚɜɢɫɢɦɵɯ ɨɲɢɛɨɤ) - ɩɟɪɜɵɣ 

ɫɨɦɧɨɠɢɬɟɥɶ ɨɛɪɚɡɭɸɳɟɝɨ ɩɨɥɢɧɨɦɚ ɊɋɅɈɋ 

ȺɌɊ (ɦɢɧɢɦɚɥɶɧɵɣ ɩɨɥɢɧɨɦ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ 

ɷɥɟɦɟɧɬɭ ɩɨɥɹ Ƚɚɥɭɚ ɫ ɧɚɢɦɟɧɶɲɟɣ ɫɬɟɩɟɧɶɸ 

j) ɞɨɥɠɟɧ ɛɵɬɶ ɪɚɜɟɧ ɩɪɢɦɢɬɢɜɧɨɦɭ 

ɨɛɪɚɡɭɸɳɟɦɭ ɩɨɥɢɧɨɦɭ ɊɋɅɈɋ ȽɌɉ. Ɉɫɬɚɥɶɧɵɟ 

ɫɨɦɧɨɠɢɬɟɥɢ - ɦɢɧɢɦɚɥɶɧɵɟ ɩɨɥɢɧɨɦɵ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɷɥɟɦɟɧɬɚɦ ɩɨɥɹ Ƚɚɥɭɚ ɫɨ 

ɫɬɟɩɟɧɹɦɢ j+2, j+4 ɢ ɬ.ɞ. 
3) ɦɧɨɝɨɜɯɨɞɨɜɵɣ ȺɌɊ ɧɚ ɨɫɧɨɜɟ ɤɨɞɨɜ Ȼɚɪɬɨɧɚ 
(ɥɨɤɚɥɢɡɚɰɢɹ ɨɞɢɧɨɱɧɨɝɨ ɨɲɢɛɨɱɧɨɝɨ ɜɟɤɬɨɪɚ) - 

ɫɨɦɧɨɠɢɬɟɥɶ ɨɛɪɚɡɭɸɳɟɝɨ ɩɨɥɢɧɨɦɚ ɊɋɅɈɋ 

ȺɌɊ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɧɟɩɪɢɜɨɞɢɦɨɦɭ ɩɨɥɢɧɨɦɭ, 
ɞɨɥɠɟɧ ɛɵɬɶ ɪɚɜɟɧ ɩɪɢɦɢɬɢɜɧɨɦɭ ɨɛɪɚɡɭɸɳɟɦɭ 

ɩɨɥɢɧɨɦɭ ɊɋɅɈɋ ȽɌɉ; 
4) ɦɧɨɝɨɜɯɨɞɨɜɵɣ ȺɌɊ ɧɚ ɨɫɧɨɜɟ ɤɨɞɨɜ Ɋɢɞɚ-

ɋɨɥɨɦɨɧɚ, ɢɫɩɪɚɜɥɹɸɳɟɝɨ ɨɞɢɧɨɱɧɵɟ ɨɲɢɛɤɢ 

(ɥɨɤɚɥɢɡɚɰɢɹ ɨɞɢɧɨɱɧɨɝɨ ɨɲɢɛɨɱɧɨɝɨ ɜɟɤɬɨɪɚ) 
- ɤɨɪɟɧɶ ɩɟɪɜɨɝɨ ɫɨɦɧɨɠɢɬɟɥɹ ɨɛɪɚɡɭɸɳɟɝɨ 

ɩɨɥɢɧɨɦɚ ɊɋɅɈɋ ȺɌɊ ɞɨɥɠɟɧ ɛɵɬɶ ɪɚɜɟɧ ɤɨɪɧɸ 

ɩɪɢɦɢɬɢɜɧɨɝɨ ɨɛɪɚɡɭɸɳɟɝɨ ɩɨɥɢɧɨɦɚ ɊɋɅɈɋ 

ȽɌɉ; 
5) ɦɧɨɝɨɜɯɨɞɨɜɵɣ ȺɌɊ ɧɚ ɨɫɧɨɜɟ ɤɨɞɨɜ Ɋɢɞɚ-

ɋɨɥɨɦɨɧɚ, ɢɫɩɪɚɜɥɹɸɳɟɝɨ ɨɲɢɛɤɢ ɤɪɚɬɧɨɫɬɢ t 

(ɥɨɤɚɥɢɡɚɰɢɹ t ɨɲɢɛɨɱɧɵɯ  ɜɟɤɬɨɪɨɜ) - ɤɨɪɟɧɶ 

ɩɟɪɜɨɝɨ ɫɨɦɧɨɠɢɬɟɥɹ ɨɛɪɚɡɭɸɳɟɝɨ ɩɨɥɢɧɨɦɚ 

ɊɋɅɈɋ ȺɌɊ (ɷɥɟɦɟɧɬ ɩɨɥɹ Ƚɚɥɭɚ ɫɨ ɫɬɟɩɟɧɶɸ j) 

ɞɨɥɠɟɧ ɛɵɬɶ ɪɚɜɟɧ ɤɨɪɧɸ ɩɪɢɦɢɬɢɜɧɨɝɨ 

ɨɛɪɚɡɭɸɳɟɝɨ ɩɨɥɢɧɨɦɚ ɊɋɅɈɋ ȽɌɉ; ɤɨɪɧɢ 

ɨɫɬɚɥɶɧɵɯ ɫɨɦɧɨɠɢɬɟɥɟɣ - ɷɥɟɦɟɧɬɵ ɩɨɥɹ Ƚɚɥɭɚ 

ɫɨ ɫɬɟɩɟɧɹɦɢ j+1, j+2, j+3 ɢ ɬ.ɞ.  

ȼɵɜɨɞɵ 

ȼɵɩɨɥɧɟɧ ɚɧɚɥɢɡ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɨɦɩɚɤɬɧɨɝɨ 
ɬɟɫɬɢɪɨɜɚɧɢɹ ɫ ɥɨɤɚɥɢɡɚɰɢɟɣ ɨɲɢɛɨɤ ɜ ɜɵɯɨɞɧɨɣ 
ɬɟɫɬɨɜɨɣ ɪɟɚɤɰɢɢ ɩɪɨɜɟɪɹɟɦɨɣ ɤɨɦɛɢɧɚɰɢɨɧɧɨɣ 
ɫɯɟɦɵ. ɉɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ 
ɫɢɝɧɚɬɭɪ ɞɥɹ ɢɫɱɟɪɩɵɜɚɸɳɟɝɨ ɬɟɫɬɢɪɨɜɚɧɢɹ 
ɤɨɦɛɢɧɚɰɢɨɧɧɵɯ ɫɯɟɦ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɝɟɧɟɪɚɬɨɪɚ 
ɬɟɫɬɨɜɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɢ ɚɧɚɥɢɡɚɬɨɪɚ 
ɬɟɫɬɨɜɵɯ ɪɟɚɤɰɢɣ ɧɚ ɨɫɧɨɜɟ ɪɟɝɢɫɬɪɨɜ ɫɞɜɢɝɚ ɫ 
ɥɢɧɟɣɧɵɦɢ ɨɛɪɚɬɧɵɦɢ ɫɜɹɡɹɦɢ. Ɋɚɫɫɦɚɬɪɢɜɚɸɬɫɹ 
ɚɧɚɥɢɡɚɬɨɪɵ ɬɟɫɬɨɜɵɯ ɪɟɚɤɰɢɣ, ɩɨɫɬɪɨɟɧɧɵɟ ɧɚ 
ɨɫɧɨɜɟ ɰɢɤɥɢɱɟɫɤɢɯ ɤɨɞɨɜ ɏɷɦɦɢɧɝɚ, Ȼɨɭɡɚ-

ɑɨɭɞɯɭɪɢ-ɏɨɤɜɢɧɝɟɦɚ, Ȼɚɪɬɨɧɚ, Ɋɢɞɚ-ɋɨɥɨɦɨɧɚ, 
ɩɨɡɜɨɥɹɸɳɢɟ ɥɨɤɚɥɢɡɨɜɚɬɶ ɨɲɢɛɤɢ ɜ ɬɟɫɬɨɜɨɣ 
ɪɟɚɤɰɢɢ. ɉɨɥɭɱɟɧɚ ɨɰɟɧɤɚ ɦɟɪɵ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɤɨɦɩɚɤɬɧɨɝɨ ɬɟɫɬɢɪɨɜɚɧɢɹ ɤɨɦɛɢɧɚɰɢɨɧɧɵɯ ɫɯɟɦ, 
ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɨɣ ɩɪɟɞɥɨɠɟɧɵ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ 
ɜɵɛɨɪɭ ɩɨɪɨɠɞɚɸɳɢɯ ɩɨɥɢɧɨɦɨɜ ɪɟɝɢɫɬɪɨɜ 
ɫɞɜɢɝɚ ɫ ɥɢɧɟɣɧɵɦɢ ɨɛɪɚɬɧɵɦɢ ɫɜɹɡɹɦɢ ɞɥɹ 

ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɨɜ ɤɨɦɩɚɤɬɧɨɝɨ ɬɟɫɬɢɪɨɜɚɧɢɹ ɫ 
ɥɨɤɚɥɢɡɚɰɢɟɣ ɨɲɢɛɨɤ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 
ɦɨɝɭɬ ɧɚɣɬɢ ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ ɜɫɬɪɨɟɧɧɨɝɨ 
ɫɚɦɨɬɟɫɬɢɪɨɜɚɧɢɹ ɢɥɢ ɜɧɟɲɧɟɝɨ ɬɟɫɬɨɜɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɪɟɞɫɬɜ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ. 
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ɤɨɞɢɪɨɜɚɧɢɹ ɞɥɹ ɤɨɦɩɚɤɬɧɨɝɨ  ɬɟɫɬɢɪɨɜɚɧɢɹ ɰɢɮɪɨɜɵɯ ɫɯɟɦ. ȼɵɩɨɥɧɟɧ ɚɧɚɥɢɡ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɨɦɩɚɤɬɧɨɝɨ ɬɟɫɬɢɪɨɜɚɧɢɹ ɤɨɦɛɢɧɚɰɢɨɧɧɵɯ ɫɯɟɦ, ɭɱɢɬɵɜɚɸɳɟɝɨ ɫɬɪɭɤɬɭɪɭ 
ɝɟɧɟɪɚɬɨɪɚ ɬɟɫɬɨɜɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, ɚɧɚɥɢɡɚɬɨɪɚ ɬɟɫɬɨɜɵɯ ɪɟɚɤɰɢɣ, ɩɨɫɬɪɨɟɧɧɵɯ ɧɚ 
ɨɫɧɨɜɟ ɦɟɬɨɞɨɜ ɰɢɤɥɢɱɟɫɤɨɝɨ ɤɨɞɢɪɨɜɚɧɢɹ,  ɢ ɯɚɪɚɤɬɟɪ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɲɢɛɨɤ ɜ ɬɟɫɬɨɜɨɣ 
ɪɟɚɤɰɢɢ. ɉɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɪɚɫɱɟɬɚ ɫɢɝɧɚɬɭɪ, ɨɬɥɢɱɚɸɳɢɣɫɹ ɨɬ ɢɡɜɟɫɬɧɨɝɨ, ɜ ɜɵɛɨɪɟ 
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ɤɨɧɮɢɝɭɪɚɰɢɢ Ɏɢɛɨɧɚɱɱɢ. ɉɪɟɞɥɨɠɟɧɵ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɜɵɛɨɪɭ ɩɨɪɨɠɞɚɸɳɢɯ ɩɨɥɢɧɨɦɨɜ 
ɪɟɝɢɫɬɪɨɜ ɫɞɜɢɝɚ ɫ ɥɢɧɟɣɧɵɦɢ ɨɛɪɚɬɧɵɦɢ ɫɜɹɡɹɦɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɨɜ ɤɨɦɩɚɤɬɧɨɝɨ 
ɬɟɫɬɢɪɨɜɚɧɢɹ. 
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ɩɨɪɨɠɞɚɸɳɢɣ ɩɨɥɢɧɨɦ, ɰɢɤɥɢɱɟɫɤɢɟ ɤɨɞɵ. 

Dyachenko O. N., Zinchenko Y.E., Dyachenko V. O. Application of methods of antinoise coding for 

compact testing of digital circuits. The efficiency of compact testing of combinational circuits that takes 

into account the structure of the generator of test sequence, analyzer of test reactions based on the 

methods of cyclic encoding and the distribution of errors in a test response, under study. The calculation 

method signatures differ from the well-known in the selection of a power notation of test cases instead of 

binary is proposed. It is shown that the main advantage of the analytical evaluation of the signatures are 

not so much values compact evaluations, and the conclusion of signature testability of combinational 

circuits. This conclusion is extended to multi-analyzers test reactions; for structures with symbol-by-

symbol interleaving; for the generator polynomials, in Galois configuration and the configuration of the 

Fibonacci. Recommendations on the choice of the generator polynomials of linear feedback shift register 

for different variants of compact testing are proposed. 

Keywords: Generator of test sequences, analyzer of test reactions, linear feedback shift register, 

generator polynomial, cyclic codes. 
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