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ɍȾɄ 004.22+621.3 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɤɨɦɩɶɸɬɟɪɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ  
ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɨɩɟɪɚɰɢɣ ɬɟɬɪɚɥɨɝɢɤɢ 

ɂɜɚɧɢɰɚ ɋ. ȼ. 
Ⱦɨɧɟɰɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 
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ɂɜɚɧɢɰɚ ɋ. ȼ. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɤɨɦɩɶɸɬɟɪɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɨɩɟɪɚɰɢɣ 
ɬɟɬɪɚɥɨɝɢɤɢ. ȼɵɩɨɥɧɟɧ ɫɢɧɬɟɡ ɷɥɟɦɟɧɬɨɜ ɬɟɬɪɚɥɨɝɢɤɢ, ɜɵɩɨɥɧɹɸɳɢɯ ɬɟɬɪɚɮɭɧɤɰɢɢ ɧɚɞ 
ɜɯɨɞɧɵɦɢ ɫɢɝɧɚɥɚɦɢ (ɨɩɟɪɚɧɞɚɦɢ, ɞɚɧɧɵɦɢ). ɉɪɟɞɥɨɠɟɧɵ ɦɨɞɟɥɢ ɤɨɦɩɶɸɬɟɪɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, 
ɜɵɩɨɥɧɟɧɧɵɯ ɜ ɫɪɟɞɟ Active-HDL. Ɉɩɪɟɞɟɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ ɭɧɚɪɧɵɦɢ ɫɞɜɢɝɨɜɵɦɢ ɢ 
ɢɧɜɟɪɫɧɵɦɢ ɥɨɝɢɱɟɫɤɢɦɢ ɨɩɟɪɚɰɢɹɦɢ ɬɟɬɪɚɥɨɝɢɤɢ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɷɥɟɦɟɧɬɨɜ.  

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɬɟɬɪɚɤɨɞ, ɬɟɬɪɢɬ, ɬɟɬɪɚɥɨɝɢɤɚ, ɥɨɝɢɱɟɫɤɢɟ ɷɥɟɦɟɧɬɵ, ɩɨɫɬɛɢɧɚɪɧɵɣ 
ɤɨɦɩɶɸɬɢɧɝ.  

 

ȼɜɟɞɟɧɢɟ 

ȼ 1996 ɝɨɞɭ ɜ ɪɚɛɨɬɟ [1] ɜɩɟɪɜɵɟ 
ɢɡɥɨɠɟɧɚ ɤɨɧɰɟɩɰɢɹ ɬɟɬɪɚɥɨɝɢɤɢ ɢ ɬɟɬɪɚɤɨɞɨɜ 
ɤɚɤ ɫ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ, ɬɚɤ ɢ ɫ ɬɨɱɤɢ 
ɡɪɟɧɢɹ ɜɨɡɦɨɠɧɵɯ ɩɪɚɤɬɢɱɟɫɤɢɯ ɩɪɢɥɨɠɟɧɢɣ. 
ɉɨɡɠɟ, ɜ ɪɚɛɨɬɚɯ [2, 3] ɛɵɥɨ ɜɵɞɟɥɟɧɨ ɞɜɭɦɟɪɧɨɟ 
ɥɨɝɢɱɟɫɤɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɜ ɧɟɦ 
ɫɨɫɬɨɹɧɢɹɦɢ ɬɟɬɪɚɥɨɝɢɤɢ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ 
ɚɛɫɬɪɚɤɬɧɨɣ ɦɨɞɟɥɢ ɞɜɭɦɟɪɧɨɝɨ ɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɨɡɜɨɥɢɥɨ ɨɩɪɟɞɟɥɢɬɶ ɭɧɚɪɧɵɟ ɢ 
ɛɢɧɚɪɧɵɟ ɥɨɝɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ ɞɥɹ ɬɟɬɪɚɥɨɝɢɤɢ 
(ɬɟɬɪɚɥɨɝɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ) [3]. ɉɨɥɭɱɟɧɧɵɟ 
ɪɟɡɭɥɶɬɚɬɵ ɬɟɬɪɚɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ ɛɵɥɢ 
ɩɨɞɬɜɟɪɠɞɟɧɵ ɩɪɢ ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɢ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɜɨɡɦɨɠɧɵɯ ɫɨɫɬɨɹɧɢɣ 
ɬɟɬɪɚɥɨɝɢɤɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɚɤɫɢɨɦɚɬɢɱɟɫɤɨɝɨ 
ɚɩɩɚɪɚɬɚ ɬɟɨɪɢɢ ɦɧɨɠɟɫɬɜ [4]. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ  
1. ɋɢɧɬɟɡ ɤɨɦɩɨɧɟɧɬɨɜ, ɜɵɩɨɥɧɹɸɳɢɯ 

ɨɩɪɟɞɟɥɟɧɧɵɟ ɜ [3, 4] ɬɟɬɪɚɥɨɝɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ. 
2. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɪɟɞɟ Active-

HDL.  

Ɋɚɡɪɚɛɨɬɤɚ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɛɚɡɨɜɵɯ 
ɷɥɟɦɟɧɬɨɜ ɬɟɬɪɚɥɨɝɢɤɢ  

Ⱥɧɚɥɨɝɢɱɧɨ ɩɨɧɹɬɢɸ ɥɨɝɢɱɟɫɤɢɯ 
ɷɥɟɦɟɧɬɨɜ ɞɜɨɢɱɧɨɣ ɥɨɝɢɤɢ, ɫɩɪɚɜɟɞɥɢɜɨ 
ɧɢɠɟɫɥɟɞɭɸɳɟɟ ɨɩɪɟɞɟɥɟɧɢɟ ɷɥɟɦɟɧɬɨɜ 
ɬɟɬɪɚɥɨɤɢɤɢ. ɗɥɟɦɟɧɬɵ ɬɟɬɪɚɥɨɝɢɤɢ — 

ɭɫɬɪɨɣɫɬɜɚ, ɜɵɩɨɥɧɹɸɳɢɟ ɮɭɧɤɰɢɸ (ɨɩɟɪɚɰɢɸ) 
ɬɟɬɪɚɥɨɝɢɤɢ ɧɚɞ ɜɯɨɞɧɵɦɢ ɫɢɝɧɚɥɚɦɢ 

(ɨɩɟɪɚɧɞɚɦɢ, ɞɚɧɧɵɦɢ) ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ 

ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ ɜ ɰɢɮɪɨɜɨɣ ɮɨɪɦɟ.  
ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɰɢɮɪɨɜɨɣ ɫɢɝɧɚɥ 

ɞɥɹ ɷɥɟɦɟɧɬɨɜ ɬɟɬɪɚɥɨɝɢɤɢ, ɤɚɤ ɫɢɝɧɚɥ ɞɚɧɧɵɯ, ɭ 
ɤɨɬɨɪɨɝɨ ɤɚɠɞɵɣ ɢɡ ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ 
ɨɩɢɫɵɜɚɟɬɫɹ ɮɭɧɤɰɢɟɣ ɞɢɫɤɪɟɬɧɨɝɨ ɜɪɟɦɟɧɢ ɢ 
ɤɨɧɟɱɧɵɦ ɦɧɨɠɟɫɬɜɨɦ ɜɨɡɦɨɠɧɵɯ ɡɧɚɱɟɧɢɣ, 
ɛɭɞɟɬ ɡɚɞɚɜɚɬɶɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɫɢɝɧɚɥɨɜ 
ɜɵɫɨɤɨɝɨ — «B» ɢ ɧɢɡɤɨɝɨ — «H» ɭɪɨɜɧɟɣ 
ɰɢɮɪɨɜɨɝɨ ɫɢɝɧɚɥɚ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɧɚɱɟɧɢɹɦ 
ɟɞɢɧɢɰɵ ɢ ɧɭɥɹ ɞɜɨɢɱɧɨɣ ɥɨɝɢɤɢ. ɉɨɫɥɟɞɧɟɟ 
ɨɛɨɫɧɨɜɚɧɨ ɬɟɦ, ɱɬɨ ɷɥɟɦɟɧɬɵ ɬɟɬɪɚɥɨɝɢɤɢ, ɤɚɤ 
ɫɨɫɬɚɜɥɹɸɳɢɟ ɩɨɫɬɛɢɧɚɪɧɨɝɨ ɤɨɦɩɶɸɬɢɧɝɚ, 
ɪɟɚɥɢɡɭɸɬɫɹ ɧɚ ɛɚɡɟ ɫɨɜɪɟɦɟɧɧɵɯ ɞɜɨɢɱɧɵɯ 
ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɢɫɬɟɦ. ɉɪɢ ɷɬɨɦ ɫɨɫɬɨɹɧɢɹ 
ɬɟɬɪɚɥɨɝɢɤɢ ɤɨɞɢɪɭɸɬɫɹ ɩɚɪɨɣ ɞɜɨɢɱɧɵɯ 
ɪɚɡɪɹɞɨɜ [5, ɫ. 260–273]: «00» — ɞɥɹ 
ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ Ⱥ; «01» — ɞɥɹ ɬɟɬɪɚɧɭɥɹ; «10» 
— ɞɥɹ ɬɟɬɪɚɟɞɢɧɢɰɵ; «11» — ɞɥɹ 
ɦɧɨɠɟɫɬɜɟɧɧɨɫɬɢ Ɇ. 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɤɨɦɩɶɸɬɟɪɧɵɯ 
ɤɨɦɩɨɧɟɧɬɨɜ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɥɨɝɢɱɟɫɤɢɯ 
ɨɩɟɪɚɰɢɣ ɬɟɬɪɚɥɨɝɢɤɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 
ɫɥɟɞɭɸɳɢɟ ɷɬɚɩɵ: 

1.  Ɏɨɪɦɢɪɨɜɚɧɢɟ ɤɥɚɫɫɢɱɟɫɤɨɣ ɬɚɛɥɢɰɵ 
ɢɫɬɢɧɧɨɫɬɢ ɞɥɹ ɬɟɬɪɚɮɭɧɤɰɢɢ ɫ ɭɱɟɬɨɦ ɡɚɦɟɧɵ 
ɤɚɠɞɨɝɨ ɬɟɬɪɢɬɚ ɩɚɪɨɣ ɞɜɨɢɱɧɵɯ ɡɧɚɱɟɧɢɣ. 

2.  Ɏɨɪɦɢɪɨɜɚɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ 
ɜɵɪɚɠɟɧɢɹ, ɹɜɥɹɸɳɟɝɨɫɹ ɨɫɧɨɜɨɣ ɞɥɹ ɫɢɧɬɟɡɚ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɚɧɨɧɢɱɟɫɤɨɣ ɧɨɪɦɚɥɶɧɨɣ 
ɮɨɪɦɵ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɥɨɝɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ [6].  

3.  ɋɢɧɬɟɡ ɤɨɦɛɢɧɚɰɢɨɧɧɨɣ ɫɯɟɦɵ ɢ ɟɟ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɜ ɫɪɟɞɟ ɪɚɡɪɚɛɨɬɤɢ, 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɜɟɪɢɮɢɤɚɰɢɢ ɩɪɨɟɤɬɨɜ ɞɥɹ 
ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɯ ɥɨɝɢɱɟɫɤɢɯ ɢɧɬɟɝɪɚɥɶɧɵɯ ɫɯɟɦ 
Active-HDL ɤɨɦɩɚɧɢɢ Aldec, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
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ɹɡɵɤɚ ɨɩɢɫɚɧɢɹ ɚɩɩɚɪɚɬɭɪɵ ɢɧɬɟɝɪɚɥɶɧɵɯ ɫɯɟɦ 
VHDL [7]. 

ȼ ɬɚɛɥ. 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɬɚɛɥɢɰɚ 
ɢɫɬɢɧɧɨɫɬɢ ɞɥɹ ɭɧɚɪɧɵɯ ɬɟɬɪɚɮɭɧɤɰɢɣ: ɢɧɜɟɪɫɢɹ 
(pNOT), ɦɚɤɫɢɦɢɡɚɰɢɹ ɢ ɦɢɧɢɦɢɡɚɰɢɹ 
ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ (MAX_A, MIN_Ⱥ) ɢ 
ɦɧɨɠɟɫɬɜɟɧɧɨɫɬɢ (MAX_Ɇ, MIN_Ɇ) [3, ɫ. 136], ɚ 
ɜ ɬɚɛɥ. 2 — ɞɥɹ ɛɢɧɚɪɧɵɯ ɬɟɬɪɚɮɭɧɤɰɢɣ: 
ɤɨɧɴɸɧɤɰɢɹ (pAND), ɞɢɡɴɸɧɤɰɢɹ (pOR) ɢ 
ɢɫɤɥɸɱɚɸɳɟɟ ɂɅɂ (ɫɭɦɦɚ ɩɨ ɦɨɞɭɥɸ 2, pXOR) 
[5, ɫ. 256–257, ɫ. 270–272]. 

ɂɡ ɬɚɛɥ. 1 ɩɨɥɭɱɚɟɦ ɫɥɟɞɭɸɳɢɟ 
ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɜɵɪɚɠɟɧɢɹ (ɜɫɟ ɨɩɟɪɚɰɢɢ ɜ ɞɚɧɧɵɯ 
ɜɵɪɚɠɟɧɢɹɯ — ɨɩɟɪɚɰɢɢ ɛɭɥɟɜɨɣ ɚɥɝɟɛɪɵ): 
  

0 0 1 0 1
;q a a a a     (1) 

 
1 1;q a  (2) 

  
0 0;r a  (3) 

 1 0 1 0 1;r a a a a     (4) 

  
0 0;s a  (5) 

 1 0 1 0 1;s a a a a     (6) 

 0 0 1 0 1;v a a a a     (7) 

 
1 1;v a  (8) 

  
0 0;w a  (9) 

 
1 1.w a  (10) 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɪɚɠɟɧɢɣ (1–10) 

ɩɨɥɭɱɟɧɵ ɤɨɦɛɢɧɚɰɢɨɧɧɵɟ ɫɯɟɦɵ, ɤɨɬɨɪɵɟ 
ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 1. ɇɚ ɪɢɫ. 2 ɩɪɢɜɟɞɟɧɵ 
ɫɨɡɞɚɧɧɵɟ ɜ Active-HDL ɤɨɦɩɨɧɟɧɬɵ ɞɥɹ ɭɧɚɪɧɵɯ 
ɮɭɧɤɰɢɣ ɬɟɬɪɚɥɨɝɢɤɢ ɫ ɞɟɦɨɧɫɬɪɚɰɢɟɣ 
ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

 

Ɍɚɛɥɢɰɚ 1. Ɍɚɛɥɢɰɚ ɢɫɬɢɧɧɨɫɬɢ ɞɥɹ ɭɧɚɪɧɵɯ ɬɟɬɪɚɮɭɧɤɰɢɣ (ɜ ɫɤɨɛɤɚɯ ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɬɟɬɪɢɬɨɜ) 

ȼɯɨɞ-

ɧɵɟ 
ɡɧɚɱɟ-

ɧɢɹ 

ȼɵɯɨɞɧɵɟ ɡɧɚɱɟɧɢɹ 

ɦɢɧɢɦɢɡɚɰɢɢ ɦɚɤɫɢɦɢɡɚɰɢɢ ɢɧɜɟɪɫɢɢ 

q = MIN_Ⱥ(ɚ) r = MIN_M(ɚ) s = MAX_A(ɚ) v = MAX_M(ɚ) w = pNOT(ɚ) 

a[1:0] q[1:0] r[1:0] s[1:0] v[1:0] w[1:0] 

00 (A) 01 (0) 00 (A) 10 (1) 00 (A) 11 (M) 

01 (0) 01 (0) 01 (0) 01 (0) 01 (0) 10 (1) 

10 (1) 10 (1) 10 (1) 10 (1) 10 (1) 01 (0) 

11 (M) 11 (M) 01 (0) 11 (M) 10 (1) 00 (A) 

 

1
1

a0

a1

r0

r1&
1

MIN_A
a1

a0

q1

q0

MIN_M

&
1

a0

a1

s0

s1 1
1

MAX_M
a1

a0

v1

v0

MAX_A

1

pNOT

a1

a0

w1

w0

1

 
 

Ɋɢɫɭɧɨɤ 1 — Ʉɨɦɛɢɧɚɰɢɨɧɧɵɟ ɫɯɟɦɵ ɥɨɝɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ,  
ɪɟɚɥɢɡɭɸɳɢɯ ɭɧɚɪɧɵɟ ɨɩɟɪɚɰɢɢ ɬɟɬɪɚɥɨɝɢɤɢ 

 

ɂɡ ɬɚɛɥ. 2 ɩɨɥɭɱɚɟɦ ɫɥɟɞɭɸɳɢɟ 
ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɜɵɪɚɠɟɧɢɹ (ɜɫɟ ɨɩɟɪɚɰɢɢ ɬɚɤɠɟ 
ɹɜɥɹɸɬɫɹ ɨɩɟɪɚɰɢɹɦɢ ɛɭɥɟɜɨɣ ɚɥɝɟɛɪɵ): 
 

0 0 0;x a b   (11) 

 
1 1 1;x a b   (12) 

 
0 0 0;y a b   (13) 

 
1 1 1;y a b   (14) 

    0 0 0 0 0 ;z a b a b     (15) 

    1 1 1 1 1 .z a b a b     (16) 
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ɇɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɜɵɪɚɠɟɧɢɣ 
(11–14) ɞɥɹ ɛɢɧɚɪɧɵɯ ɬɟɬɪɚɮɭɧɤɰɢɣ pAND ɢ pOR 

ɫɩɪɨɟɤɬɢɪɨɜɚɧɵ ɤɨɦɛɢɧɚɰɢɨɧɧɵɟ ɫɯɟɦɵ, ɤɨɬɨɪɵɟ 
ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 3. ɇɚ ɪɢɫ. 4 ɩɪɢɜɟɞɟɧɵ 
ɫɨɡɞɚɧɧɵɟ ɜ Active-HDL ɤɨɦɩɨɧɟɧɬɵ ɞɥɹ 
ɤɨɧɴɸɧɤɰɢɢ ɢ ɞɢɡɴɸɧɤɰɢɢ ɬɟɬɪɚɥɨɝɢɤɢ ɫ 
ɞɟɦɨɧɫɬɪɚɰɢɟɣ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

Ɋɟɚɥɢɡɚɰɢɹ ɮɭɧɤɰɢɢ pXOR ɧɟ ɧɭɠɞɚɟɬɫɹ 
ɜ ɫɢɧɬɟɡɟ ɨɬɞɟɥɶɧɨɝɨ ɥɨɝɢɱɟɫɤɨɝɨ ɷɥɟɦɟɧɬɚ, ɬɚɤ 
ɤɚɤ ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɭɠɟ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ pAND, pOR ɢ 
pNOT, ɩɨɫɤɨɥɶɤɭ 

 

( , )

( ( ( ), ),

( , ( ))).

pXOR a b

pOR pAND pNOT a b

pAND a pNOT b


  (17) 

ɋɩɪɚɜɟɞɥɢɜɨɫɬɶ ɜɵɪɚɠɟɧɢɹ (17) ɦɨɠɟɬ 
ɛɵɬɶ ɞɨɤɚɡɚɧɚ ɩɨɞɫɬɚɧɨɜɤɨɣ ɩɨɥɭɱɟɧɧɵɯ ɪɚɧɟɟ 
ɡɚɜɢɫɢɦɨɫɬɟɣ (9–14) ɞɥɹ ɮɭɧɤɰɢɣ pAND, pOR ɢ 
pNOT. Ɍɚɤ, ɞɥɹ ɩɚɪ ɡɧɚɱɟɧɢɣ (a0, b0) ɢ (a1, b1) 

ɩɨɥɭɱɚɟɦ 

 

   
   

0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

( , )

( ( , ), ( , ))

( , )

.

pXOR a b

pOR pAND a b pAND a b

pOR a b a b

a b a b

a b a b



 

   

    

   

 (18) 

 

   

1 1

1 1 1 1

1 1 1 1

1 1 1 1

( , )

( ( , ), ( , ))

( , )

.

pXOR a b

pOR pAND a b pAND a b

pOR a b a b

a b a b



 

   

   

 (19) 

ɋɨɩɨɫɬɚɜɥɹɹ ɪɟɡɭɥɶɬɚɬɵ ɜɵɪɚɠɟɧɢɣ (18), 
(19) ɢ (15), (16), ɨɱɟɜɢɞɧɨ, ɱɬɨ 

0 0 0( , )pXOR a b z  ɢ 

1 1 1( , )pXOR a b z . ɍɱɢɬɵɜɚɹ, ɱɬɨ ( , )z pXOR a b  

(ɬɚɛɥ. 2), ɫɩɪɚɜɟɞɥɢɜɨɫɬɶ ɜɵɪɚɠɟɧɢɹ (17) 
ɞɨɤɚɡɚɧɚ. 

ɇɚ ɪɢɫ. 5 ɜ Active-HDL ɜɵɩɨɥɧɟɧɚ 
ɩɪɚɤɬɢɱɟɫɤɚɹ ɪɟɚɥɢɡɚɰɢɹ ɡɚɜɢɫɢɦɨɫɬɢ (17) ɫ 
ɞɟɦɨɧɫɬɪɚɰɢɟɣ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

 

 

 

Ɍɚɛɥɢɰɚ 2. Ɍɚɛɥɢɰɚ ɢɫɬɢɧɧɨɫɬɢ ɞɥɹ ɛɢɧɚɪɧɵɯ ɬɟɬɪɚɮɭɧɤɰɢɣ  
(ɜ ɫɤɨɛɤɚɯ ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɬɟɬɪɢɬɨɜ) 

ȼɯɨɞɧɵɟ ɡɧɚɱɟɧɢɹ 

ȼɵɯɨɞɧɵɟ ɡɧɚɱɟɧɢɹ  
ɩɨɫɬɛɢɧɚɪɧɨɣ 

ɤɨɧɴɸɧɤɰɢɢ  
x = pAND(a, b) 

ɩɨɫɬɛɢɧɚɪɧɨɣ 
ɞɢɡɴɸɧɤɰɢɢ  

y = pOR(a, b) 

ɩɨɫɬɛɢɧɚɪɧɨɣ ɫɭɦɦɵ 
ɩɨ ɦɨɞɭɥɸ 2  

z = pXOR(a, b) 

a[1:0] b[1:0] x[1:0] y[1:0] z[1:0] 

00 (A) 00 (A) 00 (A) 00 (A) 01 (0) 

00 (A) 01 (0) 01 (0) 00 (A) 00 (A) 

00 (A) 10 (1) 00 (A) 10 (1) 11 (M) 

00 (A) 11 (M) 01 (0) 10 (1) 10 (1) 

01 (0) 00 (A) 01 (0) 00 (A) 00 (A) 

01 (0) 01 (0) 01 (0) 01 (0) 01 (0) 

01 (0) 10 (1) 01 (0) 10 (1) 10 (1) 

01 (0) 11 (M) 01 (0) 11 (M) 11 (M) 

10 (1) 00 (A) 00 (A) 10 (1) 11 (M) 

10 (1) 01 (0) 01 (0) 10 (1) 10 (1) 

10 (1) 10 (1) 10 (1) 10 (1) 01 (0) 

10 (1) 11 (M) 11 (M) 10 (1) 00 (A) 

11 (M) 00 (A) 01 (0) 10 (1) 10 (1) 

11 (M) 01 (0) 01 (0) 11 (M) 11 (M) 

11 (M) 10 (1) 11 (M) 10 (1) 00 (A) 

11 (M) 11 (M) 11 (M) 11 (M) 01 (0) 

 

ɋɢɧɬɟɡ ɭɧɚɪɧɵɯ ɬɟɬɪɚɥɨɝɢɱɟɫɤɢɯ 
ɨɩɟɪɚɰɢɣ ɢɧɜɟɪɫɧɨɣ (shift) ɢ ɫɞɜɢɝɨɜɨɣ 
(swap) ɝɪɭɩɩ  

Ɍɚɛɥɢɰɚ 3 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɚɛɥɢɰɭ 
ɢɫɬɢɧɧɨɫɬɢ ɞɥɹ ɭɧɚɪɧɵɯ ɬɟɬɪɚɮɭɧɤɰɢɣ ɢɧɜɟɪɫɧɨɣ 
ɝɪɭɩɩɵ [3, ɫ. 136–137]: ɫɢɦɦɟɬɪɢɱɧɵɯ 

(SWAP_Ⱥ/Ɇ, SWAP_0/1) ɢ ɜɟɪɨɹɬɧɨɫɬɧɵɯ 
(SWAP_FL, SWAP_TR). 

ɋɥɟɞɭɸɳɢɟ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɜɵɪɚɠɟɧɢɹ 
ɩɨɥɭɱɟɧɵ ɢɡ ɬɚɛɥ. 3 ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜ ɧɟɤɨɬɨɪɵɯ 
ɜɵɪɚɠɟɧɢɹɯ ɨɩɟɪɚɰɢɢ ɨɬɪɢɰɚɧɢɹ ɛɭɥɟɜɨɣ 
ɚɥɝɟɛɪɵ: 
 0 1;k a  (18) 
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1 0;k a  (19) 

  
0 1;l a  (20) 

 
1 0;l a  (21) 

  
0 0;m a  (22) 

 
1 1;m a  (23) 

 
0 0;n a  (24) 

 
1 1.n a  (25) 

Ʉɨɦɛɢɧɚɰɢɨɧɧɵɟ ɫɯɟɦɵ, ɩɨɫɬɪɨɟɧɧɵɟ ɧɚ 
ɨɫɧɨɜɚɧɢɢ ɜɵɪɚɠɟɧɢɣ (18–25) ɩɪɢɜɟɞɟɧɵ ɧɚ 
ɪɢɫ. 6. 

Ⱦɥɹ ɭɧɚɪɧɵɯ ɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ 
ɫɞɜɢɝɨɜɨɣ ɝɪɭɩɩɵ ɨɩɪɟɞɟɥɟɧɵ ɧɚɩɪɚɜɥɟɧɢɹ «B» 

(ɫɞɜɢɝ «ɧɚɡɚɞ», ɫɨɜɩɚɞɚɸɳɢɣ ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ ɨɫɢ 
«False» ɞɜɭɦɟɪɧɨɝɨ ɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ) ɢ 
«F» (ɫɞɜɢɝ «ɜɩɟɪɟɞ», ɫɨɜɩɚɞɚɸɳɢɣ ɫ 
ɧɚɩɪɚɜɥɟɧɢɟɦ ɨɫɢ «True» ɞɜɭɦɟɪɧɨɝɨ ɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɫɬɪɚɧɫɬɜɚ) [3]. Ɍɚɤ, ɥɨɝɢɱɟɫɤɚɹ ɨɩɟɪɚɰɢɹ 
SHIFT_<i>B(ɚ) ɨɩɪɟɞɟɥɹɟɬ ɫɞɜɢɝ ɬɟɬɪɢɬɚ ɚ 

«ɧɚɡɚɞ» ɧɚ i ɪɚɡɪɹɞɨɜ, ɚ ɨɩɟɪɚɰɢɹ 
SHIFT_<i>F(ɚ) — ɫɞɜɢɝ ɚ «ɜɩɟɪɟɞ» ɧɚ 
i ɪɚɡɪɹɞɨɜ (i  ฀). ȼ ɬɚɛɥ. 4 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 
ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɣ SHIFT_<i>F(ɚ) ɢ 
SHIFT_<i>B(ɚ) ɞɥɹ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɜɯɨɞɧɵɯ 
ɡɧɚɱɟɧɢɹɯ ɚ ɢ ɩɪɢ ɤɨɥɢɱɟɫɬɜɚɯ ɫɞɜɢɝɨɜ, ɪɚɜɧɵɯ 

i mod 4. 

 

a q

a r

a

a

a

s

v

w

 
Ɋɢɫɭɧɨɤ 2 — ɋɨɡɞɚɧɧɵɟ ɜ Active-HDL ɤɨɦɩɨɧɟɧɬɵ (ɫɥɟɜɚ), ɪɟɚɥɢɡɭɸɳɢɟ  

ɭɧɚɪɧɵɟ ɮɭɧɤɰɢɢ ɬɟɬɪɚɥɨɝɢɤɢ ɢ ɞɢɚɝɪɚɦɦɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ (ɫɩɪɚɜɚ) 
 

Ɍɚɛɥɢɰɚ 3. Ɍɚɛɥɢɰɚ ɢɫɬɢɧɧɨɫɬɢ ɞɥɹ ɭɧɚɪɧɵɯ ɬɟɬɪɚɮɭɧɤɰɢɣ ɢɧɜɟɪɫɧɨɣ ɝɪɭɩɩɵ  
(ɜ ɫɤɨɛɤɚɯ ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɬɟɬɪɢɬɨɜ) 

ȼɯɨɞɧɵɟ 
ɡɧɚɱɟɧɢɹ 

ȼɵɯɨɞɧɵɟ ɡɧɚɱɟɧɢɹ 

ɫɢɦɦɟɬɪɢɱɧɨɣ ɢɧɜɟɪɫɢɢ ɜɟɪɨɹɬɧɨɫɬɧɨɣ ɢɧɜɟɪɫɢɢ 

k = SWAP_Ⱥ/Ɇ(ɚ) l = SWAP_0/1(ɚ) m = SWAP_FL(ɚ) n = SWAP_TR(ɚ) 

a[1:0] k[1:0] l[1:0] m[1:0] n[1:0] 

00 (A) 00 (A) 11 (M) 01 (0) 10 (1) 

01 (0) 10 (1) 01 (0) 00 (A) 11 (M) 

10 (1) 01 (0) 10 (1) 11 (M) 00 (A) 

11 (M) 11 (M) 00 (A) 10 (1) 01 (0) 
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Ɋɢɫɭɧɨɤ 3 — Ʉɨɦɛɢɧɚɰɢɨɧɧɵɟ ɫɯɟɦɵ ɥɨɝɢɱɟɫɤɢɯ 
ɷɥɟɦɟɧɬɨɜ, ɪɟɚɥɢɡɭɸɳɢɯ ɤɨɧɴɸɧɤɰɢɸ  

ɢ ɞɢɡɴɸɧɤɰɢɸ ɬɟɬɪɚɥɨɝɢɤɢ 

 

ɋɨɩɨɫɬɚɜɥɹɹ ɞɚɧɧɵɟ ɬɚɛɥɢɰ 1, 3 ɢ 4, 
ɦɨɠɧɨ ɭɛɟɞɢɬɶɫɹ ɜ ɫɩɪɚɜɟɞɥɢɜɨɫɬɢ ɪɚɜɟɧɫɬɜ (26) 
ɢ (27). 

 

_ ( )

, mod 4 0,

_ 0 /1( _ ( )), mod 4 1,

( ), mod 4 2,

_ 0 /1( _ ( )), mod 4 3.

SHIFT i F a

a if i

SWAP SWAP FL a if i

pNOT a if i

SWAP SWAP TR a if i

  


   
 

 (26) 

 

 

_ ( )

, mod 4 0,

_ 0 /1( _ ( )), mod 4 1,

( ), mod 4 2,

_ 0 /1( _ ( )), mod 4 3.

SHIFT i B a

a if i

SWAP SWAP TR a if i

pNOT a if i

SWAP SWAP FL a if i

  


   
 

 (27) 

ɂɡ (26) ɢ (27) ɫɥɟɞɭɟɬ, ɱɬɨ ɞɥɹ ɚɩɩɚɪɚɬɧɨɣ 
ɪɟɚɥɢɡɚɰɢɢ ɨɩɟɪɚɰɢɣ SHIFT_<i>F(ɚ) ɢ 
SHIFT_<i>B(ɚ) ɧɭɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɦɩɨɧɟɧɬɵ 
SWAP_0/1, SWAP_FL, SWAP_TR ɢ pNOT. Ɍɚɤɠɟ 
ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɡɚɤɥɸɱɟɧɢɟ, ɱɬɨ ɬɨɠɞɟɫɬɜɟɧɧɨɟ 
ɪɚɜɟɧɫɬɜɨ 

 _ ( ) _ ( )SHIFT i F a SHIFT j B a      (28) 

ɫɩɪɚɜɟɞɥɢɜɨ, ɬɨɝɞɚ ɢ ɬɨɥɶɤɨ ɬɨɝɞɚ, ɤɨɝɞɚ ɡɧɚɱɟɧɢɹ 
i ɢ j ɫɜɹɡɚɧɵ ɫɨɨɬɧɨɲɟɧɢɟɦ (29). 

 
0, mod 4 0,

4 mod 4, mod 4 0.

if i
j

i if i


   

 (29) 

Ɋɢɫɭɧɨɤ 7 ɢɥɥɸɫɬɪɢɪɭɟɬ ɪɚɜɟɧɫɬɜɚ (26) ɢ 
(27) ɞɥɹ ɧɟɬɪɢɜɢɚɥɶɧɵɯ ɤɨɦɩɨɡɢɰɢɹɯ ɮɭɧɤɰɢɢ 
ɩɪɢ i mod 4 = {1, 3} ɫ ɭɱɟɬɨɦ ɬɨɠɞɟɫɬɜɚ (28). 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɫɯɟɦɵ, ɩɪɢɜɟɞɟɧɧɵɟ ɧɚ 
ɪɢɫ. 7, ɦɨɠɧɨ ɭɩɪɨɫɬɢɬɶ ɬɚɤ, ɱɬɨɛɵ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɬɨɥɶɤɨ ɥɨɝɢɱɟɫɤɢɟ ɷɥɟɦɟɧɬɵ SWAP_FL ɢ 
SWAP_TR (ɪɢɫ. 8). 

 

 

a

b

x

a

b

y

 

Ɋɢɫɭɧɨɤ 4 — ɋɨɡɞɚɧɧɵɟ ɜ Active-HDL ɤɨɦɩɨɧɟɧɬɵ, ɪɟɚɥɢɡɭɸɳɢɟ  
ɭɧɚɪɧɵɟ ɮɭɧɤɰɢɢ ɬɟɬɪɚɥɨɝɢɤɢ: ɤɨɧɴɸɧɤɰɢɸ (ɜɜɟɪɯɭ) ɢ ɞɢɡɴɸɧɤɰɢɸ (ɜɧɢɡɭ)  
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Ɋɢɫɭɧɨɤ 5 — Ɋɟɚɥɢɡɚɰɢɹ ɨɩɟɪɚɰɢɢ ɬɟɬɪɚɥɨɝɢɤɢ pXOR  
ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɦɩɨɧɟɧɬɨɜ pAND, pOR ɢ pNOT 

 

 

Ɍɚɛɥɢɰɚ 4. Ɍɚɛɥɢɰɚ ɢɫɬɢɧɧɨɫɬɢ ɞɥɹ ɭɧɚɪɧɵɯ ɬɟɬɪɚɮɭɧɤɰɢɣ ɫɞɜɢɝɨɜɨɣ ɝɪɭɩɩɵ  
(ɜ ɫɤɨɛɤɚɯ ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɬɟɬɪɢɬɨɜ) 

ȼɯɨɞɧɵɟ ɡɧɚɱɟɧɢɹ ɋɞɜɢɝ 
ȼɵɯɨɞɧɵɟ ɡɧɚɱɟɧɢɹ 

f  = SHIFT_<i>F(ɚ) f = SHIFT_<i>B(ɚ) 

a[1:0] i mod 4 f  [1:0] f  [1:0] 

00 (A) 

0 

00 (A) 00 (A) 

01 (0) 01 (0) 01 (0) 

10 (1) 10 (1) 10 (1) 

11 (M) 11 (M) 11 (M) 

00 (A) 

1 

01 (0) 10 (1) 

01 (0) 11 (M) 00 (A) 

10 (1) 00 (A) 11 (M) 

11 (M) 10 (1) 01 (0) 

00 (A) 

2 

11 (M) 11 (M) 

01 (0) 10 (1) 10 (1) 

10 (1) 01 (0) 01 (0) 

11 (M) 00 (A) 00 (A) 

00 (A) 

3 

10 (1) 01 (0) 

01 (0) 00 (A) 11 (M) 

10 (1) 11 (M) 00 (A) 

11 (M) 01 (0) 10 (1) 
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1

a0

a1

n0

n1

SWAP_A/M
a1

a0

k1

k0

SWAP_TR

1

SWAP_0/1

l1

l0

1a1

a0

1

a1

a0

m1

m0

SWAP_FL

 

Ɋɢɫɭɧɨɤ 6 — Ʉɨɦɛɢɧɚɰɢɨɧɧɵɟ ɫɯɟɦɵ ɥɨɝɢɱɟɫɤɢɯ 
ɷɥɟɦɟɧɬɨɜ, ɪɟɚɥɢɡɭɸɳɢɯ ɨɩɟɪɚɰɢɢ ɬɟɬɪɚɥɨɝɢɤɢ 

ɢɧɜɟɪɫɧɨɣ ɝɪɭɩɩɵ 

 

1

SWAP_0/1

1

1

a1

a0 m0

SWAP_FL

m1

_1 ( )f SHIFT F a 
_ 3 ( )f SHIFT B a 

1 1,f f 

0 0,f f 

 
Ɋɢɫɭɧɨɤ 7 — Ʉɨɦɛɢɧɚɰɢɨɧɧɵɟ ɫɯɟɦɵ, 

ɪɟɚɥɢɡɭɸɳɢɟ ɨɩɟɪɚɰɢɢ ɫɞɜɢɝɨɜɨɣ ɝɪɭɩɩɵ 

1

SWAP_0/1

11
a1

a0 n0

SWAP_TR

n1

_ 3 ( )f SHIFT F a 
_1 ( )f SHIFT B a 

1 1,f f 

0 0,f f 

 
Ɋɢɫɭɧɨɤ 7 (ɩɪɨɞɨɥɠɟɧɢɟ) — Ʉɨɦɛɢɧɚɰɢɨɧɧɵɟ 

ɫɯɟɦɵ, ɪɟɚɥɢɡɭɸɳɢɟ ɨɩɟɪɚɰɢɢ ɫɞɜɢɝɨɜɨɣ ɝɪɭɩɩɵ 

 

1
a1

a0 n0

SWAP_TR

n1

_1 ( )f SHIFT F a 
_ 3 ( )f SHIFT B a 

1 1,f f 

0 0,f f 

 

  

1

a1

a0 m0

SWAP_FL

m1

_ 3 ( )f SHIFT F a 
_1 ( )f SHIFT B a 

1 1,f f 

0 0,f f 

 
Ɋɢɫɭɧɨɤ 8 — Ɋɟɡɭɥɶɬɚɬ ɭɩɪɨɳɟɧɢɹ 

ɤɨɦɛɢɧɚɰɢɨɧɧɵɯ ɫɯɟɦ, ɪɟɚɥɢɡɭɸɳɢɯ ɨɩɟɪɚɰɢɢ 
ɬɟɬɪɚɥɨɝɢɤɢ ɫɞɜɢɝɨɜɨɣ ɝɪɭɩɩɵ 

ȼɵɜɨɞɵ 

ɉɨɥɭɱɟɧɧɵɟ ɤɨɦɩɶɸɬɟɪɧɵɟ ɤɨɦɩɨɧɟɧɬɵ 
ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜ [3] ɨɩɟɪɚɰɢɣ ɬɟɬɪɚɥɨɝɢɤɢ ɦɨɝɭɬ 
ɜɵɫɬɭɩɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɷɥɟɦɟɧɬɧɨɝɨ ɛɚɡɢɫɚ ɞɥɹ 
ɪɟɚɥɢɡɚɰɢɢ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, 
ɫɩɨɫɨɛɧɵɯ ɪɟɚɥɢɡɨɜɵɜɚɬɶ ɛɚɡɨɜɵɟ ɨɩɟɪɚɰɢɢ 
ɬɟɬɪɚɚɪɢɮɦɟɬɢɤɢ, ɬ. ɟ. ɩɪɨɢɡɜɨɞɢɬɶ 
ɬɟɬɪɚɜɵɱɢɫɥɟɧɢɹ ɧɚ ɛɚɡɟ ɫɨɜɪɟɦɟɧɧɵɯ 
ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɢɫɬɟɦ [5, 8]. 

Ɋɟɚɥɢɡɚɰɢɹ ɬɟɬɪɚɚɪɢɮɦɟɬɢɤɢ ɢ 
ɬɟɬɪɚɜɵɱɢɫɥɟɧɢɣ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɛɢɧɚɪɧɵɯ 
ɤɨɦɩɶɸɬɟɪɚɯ ɹɜɥɹɟɬɫɹ ɜɟɫɨɦɵɦ ɚɪɝɭɦɟɧɬɨɦ ɜ 
ɩɨɥɶɡɭ ɩɟɪɟɯɨɞɚ ɤ ɩɨɫɬɛɢɧɚɪɧɨɦɭ ɤɨɦɩɶɸɬɢɧɝɭ 
[9] ɢ ɞɟɥɚɟɬ ɜɨɡɦɨɠɧɵɦ ɫɨɡɞɚɧɢɟ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɦɨɞɟɥɟɣ, ɫɩɨɫɨɛɧɵɯ 
ɨɫɭɳɟɫɬɜɥɹɬɶ ɞɨɫɬɨɜɟɪɧɵɟ ɜɵɱɢɫɥɟɧɢɹ ɢ 
ɩɪɟɞɫɬɚɜɥɹɬɶ ɜ ɜɵɱɢɫɥɹɟɦɨɦ ɜɢɞɟ ɦɧɨɠɟɫɬɜɨ 
ɩɪɨɬɢɜɨɪɟɱɢɣ ɨɤɪɭɠɚɸɳɟɝɨ ɦɢɪɚ. 
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ɂɜɚɧɢɰɚ ɋ. ȼ. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɤɨɦɩɶɸɬɟɪɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɨɩɟɪɚɰɢɣ 
ɬɟɬɪɚɥɨɝɢɤɢ. ȼɵɩɨɥɧɟɧ ɫɢɧɬɟɡ ɷɥɟɦɟɧɬɨɜ ɬɟɬɪɚɥɨɝɢɤɢ, ɜɵɩɨɥɧɹɸɳɢɯ ɬɟɬɪɚɮɭɧɤɰɢɢ ɧɚɞ 
ɜɯɨɞɧɵɦɢ ɫɢɝɧɚɥɚɦɢ (ɨɩɟɪɚɧɞɚɦɢ, ɞɚɧɧɵɦɢ). ɉɪɟɞɥɨɠɟɧɵ ɦɨɞɟɥɢ ɤɨɦɩɶɸɬɟɪɧɵɯ 
ɤɨɦɩɨɧɟɧɬɨɜ, ɜɵɩɨɥɧɟɧɧɵɯ ɜ ɫɪɟɞɟ Active-HDL. Ɉɩɪɟɞɟɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ ɭɧɚɪɧɵɦɢ 
ɫɞɜɢɝɨɜɵɦɢ ɢ ɢɧɜɟɪɫɧɵɦɢ ɥɨɝɢɱɟɫɤɢɦɢ ɨɩɟɪɚɰɢɹɦɢ ɬɟɬɪɚɥɨɝɢɤɢ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ 
ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɷɥɟɦɟɧɬɨɜ.  
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɬɟɬɪɚɤɨɞ, ɬɟɬɪɢɬ, ɬɟɬɪɚɥɨɝɢɤɚ, ɥɨɝɢɱɟɫɤɢɟ ɷɥɟɦɟɧɬɵ, ɩɨɫɬɛɢɧɚɪɧɵɣ 
ɤɨɦɩɶɸɬɢɧɝ. 
 

 

 

 

 

 

 

Ivanitsa S. Designing of computer components for realization of tetralogic operations. Synthesis 

of tetralogical elements performing tetrafunctions over input signals is performed. Computer 

components models made in the Active-HDL environment are proposed. Dependencies between 

unary shift and inverse logical operations of tetralogy with the possibility of universal use 

determined synthesized elements. 

Keywords: tetracode, tetrit, tetralogic, logical elements, postbinary computing. 

 

ɋɬɚɬɶɹ ɩɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ 25.09.2017 ɝ.  
Ɋɟɤɨɦɟɧɞɨɜɚɧɚ ɤ ɩɭɛɥɢɤɚɰɢɢ ɞ-ɪɨɦ ɬɟɯɧ. ɧɚɭɤ ȼ.ɇ. ɉɚɜɥɵɲɨɦ 

 

 

 

  


