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Ɋɚɡɪɚɛɨɬɚɧɚ ɫɢɫɬɟɦɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɛɨɬɵ ɦɚɬɪɢɱɧɨɝɨ ɭɦɧɨɠɢɬɟɥɹ ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ 
ɯɚɪɚɤɬɟɪɧɵɯ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ, ɬɚɤɢɯ ɤɚɤ «ɩɨɩɚɪɧɚɹ ɡɚɤɨɪɨɬɤɚ» ɜɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ. ɋɢɫɬɟɦɚ 
ɩɨɡɜɨɥɹɟɬ ɢɫɫɥɟɞɨɜɚɬɶ ɢ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɜɥɢɹɧɢɟ ɡɚɞɚɧɧɨɣ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɜ ɦɚɬɪɢɱɧɨɦ 
ɭɦɧɨɠɢɬɟɥɟ ɧɚ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɟɝɨ ɪɟɡɭɥɶɬɚɬɨɜ. 
 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɦɚɬɪɢɱɧɵɣ ɭɦɧɨɠɢɬɟɥɶ, ɧɟɢɫɩɪɚɜɧɨɫɬɶ, ɫɬɟɧɞ «ALTERA-DE2» 

 
ȼɜɟɞɟɧɢɟ: Ɇɚɬɪɢɱɧɵɣ ɭɦɧɨɠɢɬɟɥɶ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɷɥɟɦɟɧɬɨɦ ɛɨɥɶɲɢɧɫɬɜɚ 

ɷɥɟɤɬɪɨɧɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɩɨɷɬɨɦɭ ɫɨɡɞɚɧɢɟ ɫɢɫɬɟɦɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɛɨɬɵ 
ɦɚɬɪɢɱɧɨɝɨ ɭɦɧɨɠɢɬɟɥɹ ɩɪɢ ɯɚɪɚɤɬɟɪɧɵɯ ɧɟɢɫɩɪɚɜɧɨɫɬɹɯ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɵɦ ɜɨɩɪɨɫɨɦ Д1Ж. 
ɋɪɟɞɢ ɯɚɪɚɤɬɟɪɧɵɯ ɧɟɫɩɪɚɜɧɨɫɬɟɣ, ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɚɸɬ ɜ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ ɜɵɞɟɥɹɸɬ: 
ɤɨɧɫɬɚɧɬɧɵɟ ɧɟɢɫɩɪɚɜɧɨɫɬɢ, ɡɚɦɵɤɚɧɢɟ ɫɢɝɧɚɥɚ ɫ «0» ɢɥɢ ɫ «1», ɡɚɦɵɤɚɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɫɢɝɧɚɥɨɜ 
ɦɟɠɞɭ ɫɨɛɨɣ [2]. ɉɪɨɝɪɚɦɦɢɪɭɟɦɵɟ ɭɫɬɪɨɣɫɬɜɚ ɬɚɤɠɟ ɩɨɞɜɟɪɠɟɧɵ ɜɥɢɹɧɢɸ ɯɚɪɚɤɬɟɪɧɵɯ 
ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ, ɨɞɧɚɤɨ ɩɪɢ ɢɯ ɪɚɡɪɚɛɨɬɤɟ ɦɨɠɧɨ ɡɚɪɚɧɟɟ ɭɱɟɫɬɶ ɛɨɥɟɟ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɤɨɞ ɞɥɹ 
ɩɪɨɲɢɜɤɢ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɩɨɜɵɲɚɬɶ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ [3].  

ɐɟɥɶ ɪɚɛɨɬɵ: ɐɟɥɶɸ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɫɢɫɬɟɦɵ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɛɨɬɵ 
ɦɚɬɪɢɱɧɨɝɨ ɭɦɧɨɠɢɬɟɥɹ ɩɪɢ ɯɚɪɚɤɬɟɪɧɵɯ ɧɟɢɫɩɪɚɜɧɨɫɬɹɯ ɧɚ ɫɬɟɧɞɚɯ «ALTERA-DE2», ɤɨɬɨɪɵɟ 
ɩɨɦɨɝɚɸɬ ɧɚɝɥɹɞɧɨ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɬɶ ɜɥɢɹɧɢɟ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɜɢɞɚ «ɡɚɤɨɪɨɬɤɚ» ɧɚ 
ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɱɢɫɥɟɧɢɣ [4].  

Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ ɪɚɛɨɬɵ: Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɛɵɥɚ ɫɨɡɞɚɧɚ ɫɢɫɬɟɦɚ,   
ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.  

 
Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɦɚɬɪɢɱɧɨɝɨ ɭɦɧɨɠɢɬɟɥɹ 

 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɥɢɹɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɧɚ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ ɦɚɬɪɢɱɧɨɝɨ 
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ɭɦɧɨɠɢɬɟɥɹ ɛɵɥɚ ɫɨɡɞɚɧɚ ɦɨɞɟɥɶ ɦɚɬɪɢɱɧɨɝɨ ɭɦɧɨɠɢɬɟɥɹ ɜ ɫɢɫɬɟɦɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ « » ɧɚ 
ɹɡɵɤɟ «

Ɇɚɬɪɢɱɧɵɣ ɭɦɧɨɠɢɬɟɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɭɦɧɨɠɟɧɢɹ ɞɜɭɯ ɰɟɥɵɯ 
ɞɜɨɢɱɧɵɯ ɱɢɫɟɥ ɛɟɡ ɡɧɚɤɨɜ ɨɞɢɧɚɤɨɜɨɣ ɪɚɡɪɹɞɧɨɫɬɢ, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɬɟɫɧɨ ɫɜɹɡɚɧɚ ɫɨ 
ɫɬɪɭɤɬɭɪɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɜɵɪɚɠɟɧɢɣ, ɨɩɢɫɵɜɚɸɳɢɯ ɨɩɟɪɚɰɢɸ ɭɦɧɨɠɟɧɢɹ ɜ ɫɬɨɥɛɢɤ, ɤɚɤ 
ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 2 ɞɥɹ ɯ ɪɚɡɪɹɞɧɵɯ ɱɢɫɥɚɯ

Ɋɢɫ.2. Ɇɚɬɪɢɱɧɵɣ ɭɦɧɨɠɢɬɟɥɶ 4 ɯ ɪɚɡɪɹɞɧɵɣ  

Ɇɚɬɪɢɱɧɵɣ ɭɦɧɨɠɢɬɟɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɛɨɪ ɥɨɝɢɱɟɫɤɢɯ ɛɥɨɤɨɜ (ɅȻ), ɤɨɬɨɪɵɟ 
ɨɛɟɫɩɟɱɢɜɚɸɬ ɭɞɨɛɫɬɜɨ ɧɚɪɚɳɢɜɚɧɢɹ ɪɚɡɦɟɪɧɨɫɬɢ ɭɦɧɨɠɢɬɟɥɹ ɢ ɭɫɤɨɪɟɧɢɟ ɫɤɨɪɨɫɬɢ ɭɦɧɨɠɟɧɢɹ 
ɨɩɟɪɚɧɞɨɜ Ʉɚɠɞɵɣ ɢɡ ɬɚɤɢɯ ɛɥɨɤɨɜ ɩɨɡɜɨɥɹɟɬ ɭɦɧɨɠɢɬɶ ɛɢɬ «ɨɩɟɪɚɧɞɚ Ⱥ» ɢ ɛɢɬ «ɨɩɟɪɚɧɞɚ », ɚ 
ɬɚɤɠɟ ɩɪɨɢɡɜɟɫɬɢ ɨɩɟɪɚɰɢɸ ɩɟɪɟɧɨɫɚ ɜ ɫɬɚɪɲɢɣ ɪɚɡɪɹɞ, ɭɱɢɬɵɜɚɬɶ ɩɟɪɟɧɨɫ ɢɡ ɦɥɚɞɲɟɝɨ ɪɚɡɪɹɞɚ ɢ 
ɜɵɩɨɥɧɢɬɶ ɨɩɟɪɚɰɢɸ ɬɟɤɭɳɟɝɨ ɫɭɦɦɢɪɨɜɚɧɢɹ ɞɚɧɧɵɯ ɞɥɹ ɩɨɞɝɨɬɨɜɤɢ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɨɬɜɟɬɚ, 
ɜɵɞɚɜɚɟɦɨɝɨ ɧɚ ɜɵɯɨɞ ɭɦɧɨɠɢɬɟɥɹ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɟɪɟɦɧɨɠɢɬɶ ɜɨɫɶɦɢ ɪɚɡɪɹɞɧɵɟ ɰɟɥɵɟ ɱɢɫɥɚ
ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 64 ɅȻ ɢ ɥɨɝɢɱɟɫɤɢ ɨɛɴɟɞɢɧɢɬɶ ɦɟɠɞɭ ɫɨɛɨɣ. Ɇɚɬɪɢɱɧɵɣ ɭɦɧɨɠɢɬɟɥɶ 
ɞɨɥɠɟɧ ɢɦɟɬɶ ɞɜɟ ɜɯɨɞɧɵɟ ɲɢɧɵ ɜɨɫɶɦɢ ɪɚɡɪɹɞɧɵɟ ɢ ɜɵɯɨɞɧɭɸ ɲɢɧɭ ɪɚɡɦɟɪɧɨɫɬɶɸ 16 ɛɢɬ. ɇɚ 
ɪɢɫɭɧɤɟ 3 ɩɨɤɚɡɚɧɨ ɝɪɚɮɢɱɟɫɤɢɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɥɨɝɢɱɟɫɤɢɯ ɛɥɨɤɨɜ ɨɛɵɱɧɨɝɨ ɦɚɬɪɢɱɧɨɝɨ 
ɭɦɧɨɠɢɬɟɥɹ ɢ ɢɡɦɟɧёɧɧɨɝɨ ɦɚɬɪɢɱɧɨɝɨ ɭɦɧɨɠɢɬɟɥɹ

Ɋɢɫ.3.  Ʌɨɝɢɱɟɫɤɢɟ ɛɥɨɤɢ ɨɛɵɱɧɨɝɨ ɦɚɬɪɢɱɧɨɝɨ ɭɦɧɨɠɢɬɟɥɹ (ɚ) ɢ ɢɡɦɟɧёɧɧɨɝɨ ɦɚɬɪɢɱɧɨɝɨ 
ɭɦɧɨɠɢɬɟɥɹ (ɛ) 

ɍ ɥɨɝɢɱɟɫɤɨɝɨ ɛɥɨɤɚ ɞɥɹ ɢɡɦɟɧёɧɧɨɝɨ ɦɚɬɪɢɱɧɨɝɨ ɭɦɧɨɠɢɬɟɥɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɞɨɛɚɜɥɟɧ 
ɫɢɝɧɚɥ « » ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜ ɤɚɤɨɦ ɪɟɠɢɦɟ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɛɥɨɤ: ɜ ɲɬɚɬɧɨɦ ɢɥɢ ɜ 
ɪɟɠɢɦɟ ɧɟɢɫɩɪɚɜɧɨɫɬɢ. Ɍɚɤɠɟ ɞɨɛɚɜɥɟɧ ɫɢɝɧɚɥ «Ɍ » ɱɟɪɟɡ ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɡɚɞɚɬɶ ɬɢɩ 
ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɞɥɹ ɬɟɤɭɳɟɝɨ ɛɥɨɤɚ. ȼ ɤɚɱɟɫɬɜɟ ɬɢɩɚ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɜ ɞɚɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ 
ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɩɨɩɚɪɧɵɟ ɡɚɤɨɪɨɬɤɢ ɜɯɨɞɧɵɯ « », « », « », « 1», ɚ ɬɚɤɠɟ ɤɨɧɫɬɚɧɬɧɵɟ 
ɧɟɢɫɩɪɚɜɧɨɫɬɢ «0» ɢ «1», ɬ.ɟ. ɩɨɹɜɥɟɧɢɟ ɞɚɧɧɵɯ ɫɢɝɧɚɥɨɜ ɜɦɟɫɬɨ ɨɠɢɞɚɟɦɵɯ ɜɯɨɞɧɵɯ.

ȼ ɫɢɫɬɟɦɟ ɛɥɨɤɢ «ɝɟɧɟɪɚɬɨɪ ɚɪɝɭɦɟɧɬɚ » ɢ «ɝɟɧɟɪɚɬɨɪ ɚɪɝɭɦɟɧɬɚ » ɫɥɭɠɚɬ ɞɥɹ ɡɚɞɚɧɢɹ 
ɫɨɨɬɜɟɬɫɜɭɸɳɢɯ ɚɪɝɭɦɟɧɬɨɜ Ⱥ ɢ ȼ ɞɥɹ ɨɩɟɪɚɰɢɢ ɭɦɧɨɠɟɧɢɹ.
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ɭɦɧɨɠɢɬɟɥɹ ɛɵɥɚ ɫɨɡɞɚɧɚ ɦɨɞɟɥɶ ɦɚɬɪɢɱɧɨɝɨ ɭɦɧɨɠɢɬɟɥɹ ɜ ɫɢɫɬɟɦɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ «Quartus» ɧɚ 
ɹɡɵɤɟ «VHDL».   

Ɇɚɬɪɢɱɧɵɣ ɭɦɧɨɠɢɬɟɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɭɦɧɨɠɟɧɢɹ ɞɜɭɯ ɰɟɥɵɯ 
ɞɜɨɢɱɧɵɯ ɱɢɫɟɥ ɛɟɡ ɡɧɚɤɨɜ ɨɞɢɧɚɤɨɜɨɣ ɪɚɡɪɹɞɧɨɫɬɢ, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɬɟɫɧɨ ɫɜɹɡɚɧɚ ɫɨ 
ɫɬɪɭɤɬɭɪɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɜɵɪɚɠɟɧɢɣ, ɨɩɢɫɵɜɚɸɳɢɯ ɨɩɟɪɚɰɢɸ ɭɦɧɨɠɟɧɢɹ ɜ ɫɬɨɥɛɢɤ, ɤɚɤ 
ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 2 ɞɥɹ 4-ɯ ɪɚɡɪɹɞɧɵɯ ɱɢɫɥɚɯ. 

 

 
 

Ɋɢɫ.2. Ɇɚɬɪɢɱɧɵɣ ɭɦɧɨɠɢɬɟɥɶ 4-ɯ ɪɚɡɪɹɞɧɵɣ  
 
Ɇɚɬɪɢɱɧɵɣ ɭɦɧɨɠɢɬɟɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɛɨɪ ɥɨɝɢɱɟɫɤɢɯ ɛɥɨɤɨɜ (ɅȻ), ɤɨɬɨɪɵɟ 

ɨɛɟɫɩɟɱɢɜɚɸɬ ɭɞɨɛɫɬɜɨ ɧɚɪɚɳɢɜɚɧɢɹ ɪɚɡɦɟɪɧɨɫɬɢ ɭɦɧɨɠɢɬɟɥɹ ɢ ɭɫɤɨɪɟɧɢɟ ɫɤɨɪɨɫɬɢ ɭɦɧɨɠɟɧɢɹ 
ɨɩɟɪɚɧɞɨɜ. Ʉɚɠɞɵɣ ɢɡ ɬɚɤɢɯ ɛɥɨɤɨɜ ɩɨɡɜɨɥɹɟɬ ɭɦɧɨɠɢɬɶ ɛɢɬ «ɨɩɟɪɚɧɞɚ Ⱥ» ɢ ɛɢɬ «ɨɩɟɪɚɧɞɚ B», ɚ 
ɬɚɤɠɟ ɩɪɨɢɡɜɟɫɬɢ ɨɩɟɪɚɰɢɸ ɩɟɪɟɧɨɫɚ ɜ ɫɬɚɪɲɢɣ ɪɚɡɪɹɞ, ɭɱɢɬɵɜɚɬɶ ɩɟɪɟɧɨɫ ɢɡ ɦɥɚɞɲɟɝɨ ɪɚɡɪɹɞɚ ɢ 
ɜɵɩɨɥɧɢɬɶ ɨɩɟɪɚɰɢɸ ɬɟɤɭɳɟɝɨ ɫɭɦɦɢɪɨɜɚɧɢɹ ɞɚɧɧɵɯ ɞɥɹ ɩɨɞɝɨɬɨɜɤɢ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɨɬɜɟɬɚ, 
ɜɵɞɚɜɚɟɦɨɝɨ ɧɚ ɜɵɯɨɞ ɭɦɧɨɠɢɬɟɥɹ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɟɪɟɦɧɨɠɢɬɶ ɜɨɫɶɦɢ ɪɚɡɪɹɞɧɵɟ ɰɟɥɵɟ ɱɢɫɥɚ 

ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 64 ɅȻ ɢ ɥɨɝɢɱɟɫɤɢ ɨɛɴɟɞɢɧɢɬɶ ɦɟɠɞɭ ɫɨɛɨɣ. Ɇɚɬɪɢɱɧɵɣ ɭɦɧɨɠɢɬɟɥɶ 
ɞɨɥɠɟɧ ɢɦɟɬɶ ɞɜɟ ɜɯɨɞɧɵɟ ɲɢɧɵ ɜɨɫɶɦɢ ɪɚɡɪɹɞɧɵɟ ɢ ɜɵɯɨɞɧɭɸ ɲɢɧɭ ɪɚɡɦɟɪɧɨɫɬɶɸ 16 ɛɢɬ. ɇɚ 
ɪɢɫɭɧɤɟ 3 ɩɨɤɚɡɚɧɨ ɝɪɚɮɢɱɟɫɤɢɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɥɨɝɢɱɟɫɤɢɯ ɛɥɨɤɨɜ ɨɛɵɱɧɨɝɨ ɦɚɬɪɢɱɧɨɝɨ 
ɭɦɧɨɠɢɬɟɥɹ ɢ ɢɡɦɟɧёɧɧɨɝɨ ɦɚɬɪɢɱɧɨɝɨ ɭɦɧɨɠɢɬɟɥɹ. 

 
Ɋɢɫ.3.  Ʌɨɝɢɱɟɫɤɢɟ ɛɥɨɤɢ ɨɛɵɱɧɨɝɨ ɦɚɬɪɢɱɧɨɝɨ ɭɦɧɨɠɢɬɟɥɹ (ɚ) ɢ ɢɡɦɟɧёɧɧɨɝɨ ɦɚɬɪɢɱɧɨɝɨ 

ɭɦɧɨɠɢɬɟɥɹ (ɛ) 
 

ɍ ɥɨɝɢɱɟɫɤɨɝɨ ɛɥɨɤɚ ɞɥɹ ɢɡɦɟɧёɧɧɨɝɨ ɦɚɬɪɢɱɧɨɝɨ ɭɦɧɨɠɢɬɟɥɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɞɨɛɚɜɥɟɧ 
ɫɢɝɧɚɥ «N_ERROR_ELEM» ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜ ɤɚɤɨɦ ɪɟɠɢɦɟ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɛɥɨɤ: ɜ ɲɬɚɬɧɨɦ ɢɥɢ ɜ 
ɪɟɠɢɦɟ ɧɟɢɫɩɪɚɜɧɨɫɬɢ. Ɍɚɤɠɟ ɞɨɛɚɜɥɟɧ ɫɢɝɧɚɥ «ɌYPE_ERROR» ɱɟɪɟɡ ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɡɚɞɚɬɶ ɬɢɩ 
ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɞɥɹ ɬɟɤɭɳɟɝɨ ɛɥɨɤɚ. ȼ ɤɚɱɟɫɬɜɟ ɬɢɩɚ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɜ ɞɚɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ 
ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɩɨɩɚɪɧɵɟ ɡɚɤɨɪɨɬɤɢ ɜɯɨɞɧɵɯ «a», «b», «pm», «s1», ɚ ɬɚɤɠɟ ɤɨɧɫɬɚɧɬɧɵɟ 
ɧɟɢɫɩɪɚɜɧɨɫɬɢ «0» ɢ «1», ɬ.ɟ. ɩɨɹɜɥɟɧɢɟ ɞɚɧɧɵɯ ɫɢɝɧɚɥɨɜ ɜɦɟɫɬɨ ɨɠɢɞɚɟɦɵɯ ɜɯɨɞɧɵɯ.   

ȼ ɫɢɫɬɟɦɟ ɛɥɨɤɢ «ɝɟɧɟɪɚɬɨɪ ɚɪɝɭɦɟɧɬɚ A» ɢ «ɝɟɧɟɪɚɬɨɪ ɚɪɝɭɦɟɧɬɚ B» ɫɥɭɠɚɬ ɞɥɹ ɡɚɞɚɧɢɹ 
ɫɨɨɬɜɟɬɫɜɭɸɳɢɯ ɚɪɝɭɦɟɧɬɨɜ Ⱥ ɢ ȼ ɞɥɹ ɨɩɟɪɚɰɢɢ ɭɦɧɨɠɟɧɢɹ. 
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Ƚɟɧɟɪɚɬɨɪ ɬɢɩɚ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɩɨɡɜɨɥɹɟɬ ɡɚɞɚɬɶ ɬɢɩ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɞɥɹ ɩɪɨɰɟɫɫɚ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ. 

Ƚɟɧɟɪɚɬɨɪ ɧɨɦɟɪɚ ɷɥɟɦɟɧɬɚ ɩɨɡɜɨɥɹɟɬ ɡɚɞɚɜɚɬɶ ɧɨɦɟɪ ɥɨɝɢɱɟɫɤɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɦɚɬɪɢɱɧɨɦ 
ɭɦɧɨɠɢɬɟɥɟ, ɜ ɤɨɬɨɪɨɦ ɛɭɞɟɬ ɜɤɥɸɱёɧ ɪɟɠɢɦ ɪɚɛɨɬɵ ɷɥɟɦɟɧɬɚ ɫ ɡɚɞɚɧɧɵɦ ɜɢɞɨɦ ɧɟɢɫɩɪɚɜɧɨɫɬɢ. 

Ȼɥɨɤ ɫɪɚɜɧɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɨɞɢɬ ɩɪɨɜɟɪɤɭ ɧɚ ɪɚɜɟɧɫɬɜɨ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ 
ɫɭɦɦɚɬɨɪɟ, ɪɚɛɨɬɚɸɳɟɦ ɜ ɨɛɵɱɧɨɦ ɪɟɠɢɦɟ, ɢ ɧɚ ɫɭɦɦɚɬɨɪɟ, ɪɚɛɨɬɚɸɳɟɦ ɜ ɪɟɠɢɦɟ ɯɚɪɚɤɬɟɪɧɨɣ 
ɧɟɢɫɩɪɚɜɧɨɫɬɢ. 

Ȼɥɨɤ ɩɨɞɫɱёɬɚ ɤɨɥɢɱɟɫɬɜɚ ɨɲɢɛɨɤ ɩɨɡɜɨɥɹɟɬ ɫɨɛɪɚɬɶ ɫɬɚɬɢɫɬɢɤɭ ɧɚ ɜɥɢɹɧɢɟ ɡɚɞɚɧɧɨɣ 
ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɧɚ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɚ ɜɵɱɢɫɥɟɧɢɹ ɦɚɬɪɢɱɧɨɝɨ ɭɦɧɨɠɢɬɟɥɹ.  

ȼɵɜɨɞɵ: Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɫɢɫɬɟɦɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɜɥɢɹɧɢɟ ɯɚɪɚɤɬɟɪɧɵɯ 
ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜɢɞɚ «ɤɨɧɫɬɚɧɬɧɚɹ ɧɟɢɫɩɪɚɜɧɨɫɬɶ» ɢ «ɩɨɩɚɪɧɚɹ ɡɚɤɨɪɨɬɤɚ» ɧɚ ɞɨɫɬɨɜɟɪɧɨɫɬɶ 
ɪɟɡɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ ɦɚɬɪɢɱɧɨɝɨ ɭɦɧɨɠɢɬɟɥɹ. ɋɢɫɬɟɦɚ ɭɧɢɜɟɪɫɚɥɶɧɚ ɢ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɚ ɞɥɹ 
N- ɪɚɡɪɹɞɧɨɝɨ ɭɦɧɨɠɢɬɟɥɹ, ɬɚɤ ɤɚɤ ɨɧɚ ɫɨɫɬɨɢɬ ɢɡ ɧɚɛɨɪɚ ɥɨɝɢɱɟɫɤɢɯ ɛɥɨɤɨɜ, ɤɨɦɛɢɧɢɪɭɹ ɤɨɬɨɪɵɟ 
ɦɨɠɧɨ ɫɨɛɪɚɬɶ ɭɦɧɨɠɢɬɟɥɶ ɧɟɨɛɯɨɞɢɦɨɣ ɪɚɡɪɹɞɧɨɫɬɢ. Ɇɨɞɭɥɢ ɫɢɫɬɟɦɵ ɧɚɩɢɫɚɧɵ ɜ ɫɢɫɬɟɦɟ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ «Quartus» ɢ ɧɚɥɚɠɟɧɵ ɞɥɹ ɩɪɨɲɢɜɤɢ ɧɚ ɫɬɟɧɞ «ALTERA-DE2», ɧɚ ɤɨɬɨɪɨɦ 
ɧɚɝɥɹɞɧɨ ɦɨɠɧɨ ɩɪɨɜɟɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɜɥɢɹɧɢɸ ɡɚɞɚɧɧɵɯ ɬɢɩɨɜ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɞɥɹ ɡɚɞɚɧɧɵɯ 
ɜɢɞɨɜ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɩɨɫɬɭɩɚɸɳɢɯ ɜ ɤɚɱɟɫɬɜɟ ɚɪɝɭɦɟɧɬɨɜ Ⱥ ɢ ȼ  ɧɚ ɭɦɧɨɠɢɬɟɥɶ.  

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜɫɟ ɧɟɢɫɩɪɚɜɧɨɫɬɢ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɩɨɥɭɱɚɟɦɵɯ 
ɪɟɡɭɥɶɬɨɬɚɜ ɪɚɛɨɬɵ ɭɦɧɨɠɢɬɟɥɹ, ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ ɝɪɭɩɩɵ: ɫɭɳɟɫɬɜɟɧɧɵɟ ɢ 
ɧɟɫɭɳɟɫɫɬɜɟɧɧɵɟ. Ɍɚɤɠɟ ɤɨɥɢɱɟɫɬɜɨ ɧɟɫɭɳɟɫɬɜɟɧɧɵɯ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɤɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɡɪɹɞɧɨɫɬɢ ɦɚɬɪɢɱɧɨɝɨ ɭɦɧɨɠɢɬɟɥɹ.  
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KЮгЧТОЭЬШЯ MвФШХК, MОЫОНШЯ BОгТЫРОЧ 

System of modeling of matrix multiplier on the stand ALTERA-DE2 аТtС tвpТcal fault 
A system for simulating the operation of a matrix multiplier is developed in the event of characteristic 

faults, such as "short-circuiting" of input signals. The system allows to investigate and analyze the effect 

of a given fault in the matrix multipliers on the reliability of its results.  
 

Keywords: matrix multiplier, malfunction, stand «ALTERA-DE2» 
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Ȼɟɪɟɡɨɜɫɤɢɣ ɋ.Ⱥ. Ƚɭɪ'єɜ І.Ɇ ȿɦɟɥɶɹɧɨɜ ɋ.Ⱦ
Ȼɟɪɟɡɨɜɫɶɤɚ Ʉ.І Ƚɭɪɫɤɢɣ Ⱥ.Ⱥ
Ȼɿɥɨɭɫ ɇ.ȼ ȱ
Ȼɥɚɠɤɨ Ⱥ.Ⱥ ɇ Іɜɚɧɨɜ Ɉ.ȼ

Ȼɨɣɤɨ Ⱥ.Ⱥ ɇɚɭɦɟɧɤɨ Ɉ.Є Іɥɶɤɚɧɢɱ Ʉ.І
Ȼɨɣɤɨ Ɉ.І ɇɟɫɬɟɪɟɧɤɨ ɋ.Ⱥ.
Ȼɪɨɜɤɨɜ ȼ ɇɿɤɨɥɟɧɤɨ Ⱥ.Ɉ


