
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 

ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

ɂɧɫɬɢɬɭɬ ɤɨɫɦɢɱɟɫɤɢɯ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 

ɢɧɫɬɢɬɭɬ 

ȼɵɱɢɫɥɢɬɟɥɶɧɚɹ ɬɟɯɧɢɤɚ 

ɤɚɮɟɞɪɚ 

 

ɍɌȼȿɊɀȾȺɘ 

Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 

               Ɉ. ȼ. ɇɟɩɨɦɧɹɳɢɣ 

ɩɨɞɩɢɫɶ     ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

«          »                       2020 ɝ. 

 

ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 

 

09.03.01 – «ɂɧɮɨɪɦɚɬɢɤɚ ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɬɟɯɧɢɤɚ» 

ɤɨɞ – ɧɚɢɦɟɧɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ 

 

ɉɪɨɝɪɚɦɦɢɪɭɟɦɵɣ ɞɟɤɨɞɟɪ ɋɈɄ-ɉɋɋ 

ɬɟɦɚ 

 

Ɋɭɤɨɜɨɞɢɬɟɥɶ        __________         ɞɨɰɟɧɬ, ɤɚɧɞ. ɬɟɯ. ɧɚɭɤ    Ⱥ. ɂ. ɉɨɫɬɧɢɤɨɜ  
    ɩɨɞɩɢɫɶ, ɞɚɬɚ               ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ        ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ȼɵɩɭɫɤɧɢɤ            __________                                                           Ⱦ. Ⱥ. Ʉɚɥɢɧɢɧ    
                                         ɩɨɞɩɢɫɶ, ɞɚɬɚ                                                                           ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ   __________                                                         Ⱥ. ɂ. ɉɨɫɬɧɢɤɨɜ    

                                         ɩɨɞɩɢɫɶ, ɞɚɬɚ                                                                           ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 

Ʉɪɚɫɧɨɹɪɫɤ 2020 



Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 

ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

ɂɧɫɬɢɬɭɬ ɤɨɫɦɢɱɟɫɤɢɯ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 

ɢɧɫɬɢɬɭɬ 

ȼɵɱɢɫɥɢɬɟɥɶɧɚɹ ɬɟɯɧɢɤɚ 

ɤɚɮɟɞɪɚ 

 

ɍɌȼȿɊɀȾȺɘ 

Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 

               Ɉ. ȼ. ɇɟɩɨɦɧɹɳɢɣ 

ɩɨɞɩɢɫɶ     ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

«          »                       2020 ɝ. 

 

ɁȺȾȺɇɂȿ 

ɇȺ ȼɕɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɍɘ ɊȺȻɈɌɍ 

ɜ ɮɨɪɦɟ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ 

  



ɋɬɭɞɟɧɬɭ Ʉɚɥɢɧɢɧɭ Ⱦɟɧɢɫɭ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱɭ 

Ƚɪɭɩɩɚ Ʉɂ16-08Ȼ ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 09.03.01 «ɂɧɮɨɪɦɚɬɢɤɚ ɢ 

ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɬɟɯɧɢɤɚ» 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ «ɉɪɨɝɪɚɦɦɢɪɭɟɦɵɣ ɞɟɤɨɞɟɪ ɋɈɄ-

ɉɋɋ» 

ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 6623ɫ ɨɬ 26.05.2020 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ Ⱥ. ɂ. ɉɨɫɬɧɢɤɨɜ, ɞɨɰɟɧɬ, ɤɚɧɞ. ɬɟɯ. ɧɚɭɤ         

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ: ɡɚɞɚɧɢɟ ɧɚ ȼɄɊ, ɫɢɫɬɟɦɚ ɨɫɬɚɬɨɱɧɵɯ ɤɥɚɫɫɨɜ, 

ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɟ ɥɨɝɢɱɟɫɤɢɟ ɢɧɬɟɝɪɚɥɶɧɵɟ ɫɯɟɦɵ. 

ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ: ɚɧɚɥɢɡ ɡɚɞɚɧɢɹ ɧɚ ȼɄɊ ɢ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ, 

ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɝɨ ɞɟɤɨɞɟɪɚ ɋɈɄ-ɉɋɋ, ɩɪɨɜɟɪɤɚ 

ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ. 

ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ:  ɉɪɟɡɟɧɬɚɰɢɹ, ɜɵɩɨɥɧɟɧɧɚɹ ɫ ɩɨɦɨɳɶɸ 

Microsoft Office PowerPoint. 

  

  

  

  

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ            _________________                 Ⱥ. ɂ. ɉɨɫɬɧɢɤɨɜ  

                                                       ɩɨɞɩɢɫɶ                               ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ  

  

 Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ                                            Ⱦ. Ⱥ. Ʉɚɥɢɧɢɧ     
                                                                               ɩɨɞɩɢɫɶ, ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ ɫɬɭɞɟɧɬɚ  

  

                                                                                  « ___ » __________ 20__ ɝ. 

  



 
 

ɊȿɎȿɊȺɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɉɪɨɝɪɚɦɦɢɪɭɟɦɵɣ 

ɞɟɤɨɞɟɪ ɋɈɄ-ɉɋɋ» ɫɨɞɟɪɠɢɬ 45 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 6 ɬɚɛɥɢɰ,  

29 ɢɥɥɸɫɬɪɚɰɢɣ, 10 ɮɨɪɦɭɥ, 14 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

ɋɂɋɌȿɆȺ ɈɋɌȺɌɈɑɇɕɏ ɄɅȺɋɋɈȼ, ȾȿɄɈȾɂɊɈȼȺɇɂȿ, 

ɉȿɊȿȾȺɑȺ ɂɇɎɈɊɆȺɐɂɂ ɄȺȾɊȺɆɂ, ɉɊɈȽɊȺɆɆɂɊɍȿɆɕȿ 

ɅɈȽɂɑȿɋɄɂȿ ɂɇɌȿȽɊȺɅɖɇɕȿ ɋɏȿɆɕ, ɆɈȾȿɅɂɊɈȼȺɇɂȿ, VERILOG. 

ɐɟɥɶ ɪɚɛɨɬɵ: ɪɚɡɪɚɛɨɬɤɚ ɤɨɦɩɨɧɟɧɬɚ ɚɩɩɚɪɚɬɭɪɵ ɫɢɫɬɟɦɵ ɩɟɪɟɞɚɱɢ ɢ 

ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ (ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɝɨ ɞɟɤɨɞɟɪɚ), ɨɫɭɳɟɫɬɜɥɹɸɳɟɝɨ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɤɚɞɪɚ ɢɧɮɨɪɦɚɰɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɋɈɄ, ɜ ɤɚɞɪ 

ɢɧɮɨɪɦɚɰɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɞɜɨɢɱɧɨɣ ɉɋɋ. 

Ɂɚɞɚɱɢ: 

- ɢɡɭɱɟɧɢɟ ɩɪɢɧɰɢɩɨɜ ɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɋɈɄ; 

- ɜɵɛɨɪ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɵ ɞɥɹ ɫɨɡɞɚɧɢɹ ɞɟɤɨɞɟɪɚ; 

- ɜɵɛɨɪ ɢ ɨɛɨɫɧɨɜɚɧɢɟ ɪɚɡɦɟɪɚ ɢ ɮɨɪɦɚɬɚ ɤɚɞɪɚ ɢɧɮɨɪɦɚɰɢɢ, 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɞɟɤɨɞɟɪɨɦ; 

- ɜɵɛɨɪ ɢ ɨɛɨɫɧɨɜɚɧɢɟ ɮɨɪɦɚɬɚ ɫɥɭɠɟɛɧɵɯ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɥɨɜ 

ɤɚɞɪɚ; 

- ɜɵɛɨɪ ɢ ɨɛɨɫɧɨɜɚɧɢɟ ɧɚɛɨɪɚ ɦɨɞɭɥɟɣ ɋɈɄ, ɫ ɤɨɬɨɪɵɦɢ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ 

ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɞɟɤɨɞɟɪ; 

- ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɝɨ ɞɟɤɨɞɟɪɚ ɋɈɄ-ɉɋɋ; 

- ɩɪɨɜɟɪɤɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɞɟɤɨɞɟɪɚ. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɨɛɭɫɥɨɜɥɟɧɚ ɩɪɢɦɟɧɟɧɢɟɦ ɋɈɄ ɜ ɪɚɡɥɢɱɧɵɯ 

ɨɛɥɚɫɬɹɯ ɫ ɰɟɥɶɸ ɭɫɤɨɪɟɧɢɹ ɜɵɱɢɫɥɟɧɢɣ ɢ ɩɨɜɵɲɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɩɟɪɟɞɚɱɢ 

ɞɚɧɧɵɯ, ɚ ɟɟ ɧɨɜɢɡɧɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɫɬɪɭɤɬɭɪɵ 

ɭɫɬɪɨɣɫɬɜɚ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɫɠɚɬɨɣ ɢɧɮɨɪɦɚɰɢɢ. 
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ȼȼȿȾȿɇɂȿ 

 

ɉɪɢɦɟɧɟɧɢɟ ɜ ɗȼɆ ɩɨɡɢɰɢɨɧɧɨɣ ɞɜɨɢɱɧɨɣ ɫɢɫɬɟɦɵ ɫɱɢɫɥɟɧɢɹ 

ɨɩɪɚɜɞɚɧɨ ɩɪɨɫɬɨɬɨɣ ɚɩɩɚɪɚɬɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɭɡɥɨɜ, 

ɪɟɚɥɢɡɭɸɳɢɯ ɨɩɟɪɚɰɢɢ ɧɚɞ ɞɜɨɢɱɧɵɦɢ ɨɩɟɪɚɧɞɚɦɢ ɜ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɟ. 

Ɉɞɧɚɤɨ ɨɫɨɛɟɧɧɨɫɬɢ ɩɨɡɢɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɫɱɢɫɥɟɧɢɹ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ 

ɫɥɭɱɚɹɯ ɡɚɬɪɭɞɧɹɸɬ ɪɟɲɟɧɢɟ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ. ɉɪɢɦɟɪɨɦ ɬɚɤɨɣ ɡɚɞɚɱɢ 

ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɟ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ [1]. ȼɜɢɞɭ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɟɪɟɧɨɫɚ ɜ ɩɨɡɢɰɢɨɧɧɵɯ ɫɢɫɬɟɦɚɯ 

ɫɱɢɫɥɟɧɢɹ ɪɟɲɟɧɢɟɦ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɦɨɠɟɬ ɹɜɥɹɬɶɫɹ ɢɡɦɟɧɟɧɢɟ ɫɬɪɭɤɬɭɪɵ 

ɫɭɦɦɚɬɨɪɚ ɩɭɬɟɦ ɜɜɟɞɟɧɢɹ  ɜ ɫɯɟɦɭ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɥɨɝɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɞɥɹ 

ɨɪɝɚɧɢɡɚɰɢɢ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɩɟɪɟɧɨɫɚ [2]. ɉɨɞɨɛɧɵɣ ɦɟɬɨɞ ɧɟ ɜɫɟɝɞɚ ɦɨɠɟɬ 

ɛɵɬɶ ɰɟɥɟɫɨɨɛɪɚɡɟɧ. 

Ⱦɪɭɝɢɦ ɪɟɲɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɫɱɢɫɥɟɧɢɹ ɫɨ 

ɫɩɟɰɢɚɥɶɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɩɟɪɟɧɨɫɚ, ɩɪɢɦɟɪɨɦ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ 

ɧɟɩɨɡɢɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ ɨɫɬɚɬɨɱɧɵɯ ɤɥɚɫɫɨɜ [1, 3]. ɉɪɢ ɷɬɨɦ ɜ ɫɢɫɬɟɦɚɯ 

ɩɟɪɟɞɚɱɢ ɢ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ ɬɪɟɛɭɟɬɫɹ ɧɚɥɢɱɢɟ ɦɨɞɭɥɟɣ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

ɢɧɮɨɪɦɚɰɢɢ ɢɡ ɨɞɧɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜ ɞɪɭɝɨɟ. ɐɟɥɶɸ ɞɚɧɧɨɣ ɜɵɩɭɫɤɧɨɣ 

ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɚɩɩɚɪɚɬɧɨɝɨ ɦɨɞɭɥɹ, 

ɪɟɚɥɢɡɭɸɳɟɝɨ ɮɭɧɤɰɢɸ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢɧɮɨɪɦɚɰɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ 

ɫɢɫɬɟɦɟ ɨɫɬɚɬɨɱɧɵɯ ɤɥɚɫɫɨɜ, ɜ ɩɨɡɢɰɢɨɧɧɨɟ ɞɜɨɢɱɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ. 
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1 Ⱥɧɚɥɢɡ ɡɚɞɚɧɢɹ ɧɚ ȼɄɊ ɢ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ 

 

1.1 ɐɟɥɶ ɢ ɡɚɞɚɱɢ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ 

 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɤɨɦɩɨɧɟɧɬɚ ɚɩɩɚɪɚɬɭɪɵ ɫɢɫɬɟɦɵ 

ɩɟɪɟɞɚɱɢ ɢ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ (ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɝɨ ɞɟɤɨɞɟɪɚ), 

ɨɫɭɳɟɫɬɜɥɹɸɳɟɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɤɚɞɪɚ ɢɧɮɨɪɦɚɰɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɋɈɄ, 

ɜ ɤɚɞɪ ɢɧɮɨɪɦɚɰɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɞɜɨɢɱɧɨɣ ɩɨɡɢɰɢɨɧɧɨɣ ɫɢɫɬɟɦɟ 

ɫɱɢɫɥɟɧɢɹ. 

Ɂɚɞɚɱɚɦɢ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, 

ɹɜɥɹɸɬɫɹ: 

- ɢɡɭɱɟɧɢɟ ɩɪɢɧɰɢɩɨɜ ɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɋɈɄ; 

- ɜɵɛɨɪ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɵ ɞɥɹ ɫɨɡɞɚɧɢɹ ɞɟɤɨɞɟɪɚ; 

- ɜɵɛɨɪ ɢ ɨɛɨɫɧɨɜɚɧɢɟ ɪɚɡɦɟɪɚ ɢ ɮɨɪɦɚɬɚ ɤɚɞɪɚ ɢɧɮɨɪɦɚɰɢɢ, 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɞɟɤɨɞɟɪɨɦ; 

- ɜɵɛɨɪ ɢ ɨɛɨɫɧɨɜɚɧɢɟ ɮɨɪɦɚɬɚ ɫɥɭɠɟɛɧɵɯ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɥɨɜ 

ɤɚɞɪɚ; 

- ɜɵɛɨɪ ɢ ɨɛɨɫɧɨɜɚɧɢɟ ɧɚɛɨɪɚ ɦɨɞɭɥɟɣ ɋɈɄ, ɫ ɤɨɬɨɪɵɦɢ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ 

ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɞɟɤɨɞɟɪ; 

- ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɝɨ ɞɟɤɨɞɟɪɚ ɋɈɄ-ɉɋɋ; 

- ɩɪɨɜɟɪɤɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɞɟɤɨɞɟɪɚ. 

 

1.2 ɋɢɫɬɟɦɚ ɨɫɬɚɬɨɱɧɵɯ ɤɥɚɫɫɨɜ 

 

ɋɢɫɬɟɦɚ ɨɫɬɚɬɨɱɧɵɯ ɤɥɚɫɫɨɜ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɩɨɡɢɰɢɨɧɧɭɸ ɫɢɫɬɟɦɭ 

ɫɱɢɫɥɟɧɢɹ. ɉɭɫɬɶ ɡɚɞɚɧ ɧɚɛɨɪ ɰɟɥɵɯ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɱɢɫɟɥ p1, p2 … pk, ɤɨɬɨɪɵɟ 

ɜ ɞɚɥɶɧɟɣɲɟɦ ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɦɨɞɭɥɹɦɢ (ɨɫɧɨɜɚɧɢɹɦɢ) ɋɈɄ. Ɍɨɝɞɚ ɥɸɛɨɟ 

ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɱɢɫɥɨ A ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɜɢɞɟ: 

 

A = α1B1 + α2B2 + … + αkBk,         (1) 
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ɝɞɟ αi – ɧɚɢɦɟɧɶɲɢɣ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɨɫɬɚɬɨɤ ɨɬ ɞɟɥɟɧɢɹ ɱɢɫɥɚ A ɧɚ ɦɨɞɭɥɶ pi; 

       Bi – ɛɚɡɢɫ ɦɨɞɭɥɹ pi (ɰɟɥɨɟ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɱɢɫɥɨ). 

ɑɢɫɥɨ A ɢɡɨɛɪɚɠɚɟɬɫɹ ɧɚɛɨɪɨɦ ɨɫɬɚɬɤɨɜ ɩɨ ɤɚɠɞɨɦɭ ɢɡ ɦɨɞɭɥɟɣ, ɬ. ɟ.  

A = (α1, α2, …, αk). ɉɪɢ ɷɬɨɦ, ɟɫɥɢ ɦɨɞɭɥɢ p1, p2 … pk ɹɜɥɹɸɬɫɹ ɜɡɚɢɦɧɨ-

ɩɪɨɫɬɵɦɢ ɰɟɥɵɦɢ ɱɢɫɥɚɦɢ, ɬɚɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɰɟɥɨɝɨ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɱɢɫɥɚ A 

ɹɜɥɹɟɬɫɹ ɟɞɢɧɫɬɜɟɧɧɵɦ [3]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɪɚɡɨɜɚɧɢɟ ɨɫɬɚɬɤɨɜ αi 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɟɡɚɜɢɫɢɦɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. 

Ⱦɢɚɩɚɡɨɧ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɱɢɫɟɥ ɜ ɫɢɫɬɟɦɟ ɨɫɬɚɬɨɱɧɵɯ ɤɥɚɫɫɨɜ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɨɢɡɜɟɞɟɧɢɟɦ ɜɫɟɯ ɨɫɧɨɜɚɧɢɣ ɫɢɫɬɟɦɵ, ɬ. ɟ. 

 

P = p1p2 … pk,  (2) 

 

ɝɞɟ P – ɱɢɫɥɨ ɜɨɡɦɨɠɧɵɯ ɡɧɚɱɟɧɢɣ ɜ ɫɢɫɬɟɦɟ ɫ ɨɫɧɨɜɚɧɢɹɦɢ p1, p2 … pk  

(0  ≤ A ≤ P - 1). 

Ɉɩɟɪɚɰɢɢ ɫɥɨɠɟɧɢɹ, ɜɵɱɢɬɚɧɢɹ ɢ ɭɦɧɨɠɟɧɢɹ ɞɜɭɯ ɱɢɫɟɥ  

A = (α1, α2, …, αk) ɢ B = (β1, β 2, …, β k)  ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɦɢ  

ɮɨɪɦɭɥɚɦɢ 

 

A + B = (α1 + β1, α2 + β 2, …, αk + β k), (3) 

 

A - B = (α1 - β1, α2 - β 2, …, αk - β k), (4) 

 

AB = (α1β1, α2β 2, …, αkβ k). (5) 

 

ɉɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ  ɜɟɥɢɱɢɧɚ αi + βi (αi - βi, αiβi) ɛɟɪɟɬɫɹ 

ɩɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦɭ ɦɨɞɭɥɸ pi, ɬ. ɟ. 0 ≤ αi + βi (αi - βi, αiβi) ≤  pi - 1.  

ȿɫɥɢ βi > αi, ɬɨ ɜɵɱɢɬɚɧɢɟ ɨɫɬɚɬɤɨɜ ɜɵɩɨɥɧɹɟɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ  

pi + αi - βi ≥ 0. 

Ɉɩɟɪɚɰɢɹ ɞɟɥɟɧɢɹ ɜ ɫɢɫɬɟɦɟ ɨɫɬɚɬɨɱɧɵɯ ɤɥɚɫɫɨɜ ɜ ɨɛɳɟɦ ɜɢɞɟ 
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ɡɚɩɢɫɵɜɚɟɬɫɹ ɚɧɚɥɨɝɢɱɧɨ ɮɨɪɦɭɥɚɦ (3-5) ɢ ɦɨɠɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɬɨɥɶɤɨ ɜ ɫɥɭɱɚɟ 

ɞɟɥɟɧɢɹ ɛɟɡ ɨɫɬɚɬɤɚ [3]. 

Ɉɞɧɨ ɢɡ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɤɚɱɟɫɬɜ ɋɈɄ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɪɚɜɧɢɬɟɥɶɧɨɣ 

ɩɪɨɫɬɨɬɟ ɜɵɩɨɥɧɟɧɢɹ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ, ɬɚɤ ɤɚɤ ɨɫɧɨɜɚɧɢɹɦɢ, ɤɚɤ 

ɩɪɚɜɢɥɨ, ɹɜɥɹɸɬɫɹ ɧɟɛɨɥɶɲɢɟ ɱɢɫɥɚ. ȼɜɢɞɭ ɷɬɨɝɨ ɚɪɢɮɦɟɬɢɱɟɫɤɢɟ ɞɟɣɫɬɜɢɹ 

ɦɨɠɧɨ ɨɩɢɫɵɜɚɬɶ ɜ ɜɢɞɟ ɬɚɛɥɢɰ, ɤɨɬɨɪɵɟ ɡɚɩɢɫɵɜɚɸɬɫɹ ɜ ɩɚɦɹɬɶ. ȼ ɷɬɨɦ 

ɫɥɭɱɚɟ ɜɵɩɨɥɧɟɧɢɟ ɨɩɟɪɚɰɢɣ ɫɜɨɞɢɬɫɹ ɤ ɜɵɛɨɪɤɟ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨ ɡɚɞɚɧɧɵɦ 

ɨɫɬɚɬɤɚɦ ɨɩɟɪɚɧɞɨɜ [3].  

Ʉ ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɤɚɱɟɫɬɜɚɦ ɋɈɄ ɬɚɤɠɟ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɨɬɫɭɬɫɬɜɢɟ 

ɫɜɹɡɟɣ ɦɟɠɞɭ ɪɚɡɪɹɞɚɦɢ ɱɢɫɥɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɫɢɬɶ 

ɫɤɨɪɨɫɬɶ ɪɚɛɨɬɵ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ [3]. 

ɋɢɫɬɟɦɚ ɨɫɬɚɬɨɱɧɵɯ ɤɥɚɫɫɨɜ ɨɛɥɚɞɚɟɬ ɫɜɨɣɫɬɜɨɦ ɢɡɛɵɬɨɱɧɨɫɬɢ, ɱɬɨ 

ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɫɲɢɪɟɧɢɹ ɢɥɢ ɫɨɤɪɚɳɟɧɢɹ ɧɚɛɨɪɚ ɨɫɧɨɜɚɧɢɣ,  

ɧɟ ɢɫɤɚɠɚɸɳɟɣ ɩɪɢ ɷɬɨɦ ɢɫɯɨɞɧɨɟ ɱɢɫɥɨ [3]. 

Ɉɞɧɚɤɨ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɱɢɫɟɥ ɜ ɋɈɄ ɢɫɤɥɸɱɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɯ 

ɫɪɚɜɧɟɧɢɹ. Ɍɚɤɠɟ ɡɚɬɪɭɞɧɟɧɚ ɪɚɛɨɬɚ ɫ ɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɢ ɞɪɨɛɧɵɦɢ ɱɢɫɥɚɦɢ, 

ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɫɮɟɪɚ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɩɨɡɢɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ 

ɨɫɬɚɬɨɱɧɵɯ ɤɥɚɫɫɨɜ ɨɝɪɚɧɢɱɟɧɚ. ɇɟɫɦɨɬɪɹ ɧɚ ɷɬɨ, ɨɧɚ ɧɚɯɨɞɢɬ ɫɜɨɟ  

ɩɪɢɦɟɧɟɧɢɟ ɜ ɬɚɤɢɯ ɨɛɥɚɫɬɹɯ, ɤɚɤ ɰɢɮɪɨɜɚɹ ɨɛɪɚɛɨɬɤɚ ɫɢɝɧɚɥɨɜ [1, 4], 

ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɟ ɜɵɱɢɫɥɟɧɢɹ [5], ɜɵɫɨɤɨɧɚɞɟɠɧɵɟ ɫɢɫɬɟɦɵ ɩɟɪɟɞɚɱɢ 

ɢ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ [5, 6]. 

ȼ ɨɫɧɨɜɭ ɪɚɛɨɬɵ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɞɟɤɨɞɟɪɚ ɩɨɥɨɠɟɧ ɚɥɝɨɪɢɬɦ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɋɈɄ-ɉɋɋ, ɛɥɨɤ-ɫɯɟɦɚ ɤɨɬɨɪɨɝɨ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1. 
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Ɋɢɫɭɧɨɤ 1 – Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɩɟɪɟɜɨɞɚ ɱɢɫɥɚ ɢɡ ɋɈɄ ɜ ɉɋɋ 

 

ȼ ɛɥɨɤɟ 1 ɩɪɨɢɫɯɨɞɢɬ ɜɵɱɢɫɥɟɧɢɟ ɱɚɫɬɧɨɝɨ P'i ɞɥɹ ɤɚɠɞɨɝɨ ɦɨɞɭɥɹ ɋɈɄ 

pi ɩɨ ɮɨɪɦɭɥɟ 

 

P'i = P / pi, (6) 

 

ɝɞɟ P – ɞɢɚɩɚɡɨɧ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɱɢɫɟɥ ɜ ɫɢɫɬɟɦɟ ɨɫɬɚɬɨɱɧɵɯ ɤɥɚɫɫɨɜ, 

ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɮɨɪɦɭɥɟ (2). 

ȼ ɛɥɨɤɟ 2 ɩɪɨɜɨɞɢɬɫɹ ɜɵɱɢɫɥɟɧɢɟ ɨɫɬɚɬɤɚ P'' ɞɥɹ ɤɚɠɞɨɝɨ ɦɨɞɭɥɹ ɋɈɄ pi 

ɩɨ ɮɨɪɦɭɥɟ 

 

P''i = P'i mod pi. (7) 
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ȼ ɛɥɨɤɟ 3 ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚɯɨɠɞɟɧɢɟ ɜɟɫɚ φi ɛɚɡɢɫɚ Bi ɞɥɹ ɤɚɠɞɨɝɨ 

ɦɨɞɭɥɹ ɋɈɄ pi ɢɡ ɪɚɜɟɧɫɬɜɚ 

 

φi = (kpi + 1) / P''i, (8) 

 

ɝɞɟ φi – ɰɟɥɨɟ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɱɢɫɥɨ; 

       k – ɰɟɥɨɟ ɧɟɨɬɪɢɰɚɬɟɥɶɧɨɟ ɱɢɫɥɨ. 

ȼ ɛɥɨɤɟ 4 ɩɪɨɢɫɯɨɞɢɬ ɜɵɱɢɫɥɟɧɢɟ ɛɚɡɢɫɚ Bi ɞɥɹ ɤɚɠɞɨɝɨ ɦɨɞɭɥɹ ɋɈɄ pi 

ɩɨ ɮɨɪɦɭɥɟ  

 

Bi = φiP'i.                     (9) 

 

ȼ ɛɥɨɤɟ 5 ɢɬɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ ɩɟɪɟɜɨɞɢɦɨɝɨ ɱɢɫɥɚ ɜ ɉɋɋ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ 

 

Aɉɋɋ = α1B1 + α1B1 + … + αk Bk. (10) 

 

ɉɨɞɪɨɛɧɨɟ ɨɩɢɫɚɧɢɟ ɮɨɪɦɭɥ 6-10 ɢ ɢɯ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ 

ɦɨɠɧɨ ɧɚɣɬɢ ɜ [3]. 

 

1.3 ɉɪɢɧɰɢɩɵ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɤɚɞɪɚɦɢ 

 

ɉɟɪɟɞɚɱɚ ɞɚɧɧɵɯ ɩɨ ɤɚɧɚɥɭ ɫɜɹɡɢ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɤɚɤ ɨɬɞɟɥɶɧɵɦɢ 

ɛɚɣɬɚɦɢ (ɛɢɬɚɦɢ), ɬɚɤ ɢ ɦɚɫɫɢɜɨɦ ɛɚɣɬɨɜ, ɧɚɡɵɜɚɟɦɵɦ ɤɚɞɪɨɦ. ɉɨɞ ɤɚɞɪɨɦ 

ɩɨɧɢɦɚɟɬɫɹ ɫɬɪɭɤɬɭɪɚ ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ ɫɨɛɨɣ ɧɟɩɪɟɪɵɜɧɭɸ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɨɥɟɣ [7].  

ɉɪɢ ɩɟɪɟɞɚɱɟ ɢɧɮɨɪɦɚɰɢɢ ɤɚɞɪɚɦɢ ɫ ɰɟɥɶɸ ɢɫɤɥɸɱɟɧɢɹ ɟɟ ɢɫɤɚɠɟɧɢɹ 

ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɞɟɪɠɢɜɚɬɶ ɫɢɧɯɪɨɧɢɡɚɰɢɸ ɩɨ ɤɚɞɪɚɦ, ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɤɨɬɨɪɨɣ 

ɩɪɢɟɦɧɢɤ ɞɨɥɠɟɧ ɪɚɫɩɨɡɧɚɜɚɬɶ ɩɪɢɡɧɚɤɢ ɧɚɱɚɥɚ ɢ ɨɤɨɧɱɚɧɢɹ ɤɚɞɪɚ. Ɍɚɤɢɦɢ 

ɩɪɢɡɧɚɤɚɦɢ ɹɜɥɹɸɬɫɹ ɛɚɣɬɵ ɫɢɧɯɪɨɧɢɡɚɰɢɢ (ɮɥɚɝɢ) [8]. 
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Ʉɚɞɪɵ ɢɧɮɨɪɦɚɰɢɢ, ɩɨɦɢɦɨ ɩɨɥɟɣ ɞɚɧɧɵɯ ɢ ɮɥɚɝɨɜ, ɦɨɝɭɬ ɫɨɞɟɪɠɚɬɶ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɩɨɥɹ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɩɪɨɬɨɤɨɥɨɦ ɩɟɪɟɞɚɱɢ. 

 

1.4 Ⱥɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɪɟɲɟɧɢɣ 

 

Ɋɚɫɫɦɨɬɪɟɧɧɵɟ ɧɢɠɟ ɪɟɲɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɢɡ ɫɢɫɬɟɦɵ 

ɨɫɬɚɬɨɱɧɵɯ ɤɥɚɫɫɨɜ ɜ ɞɜɨɢɱɧɭɸ ɩɨɡɢɰɢɨɧɧɭɸ ɫɢɫɬɟɦɭ ɫɱɢɫɥɟɧɢɣ ɩɨɞɪɨɛɧɨ 

ɨɩɢɫɚɧɵ ɜ [5, 9].  

ɏɚɪɚɤɬɟɪɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɫɬɪɭɤɬɭɪɵ ɭɫɬɪɨɣɫɬɜɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɱɢɫɟɥ 

ɢɡ ɫɢɫɬɟɦɵ ɨɫɬɚɬɨɱɧɵɯ ɤɥɚɫɫɨɜ ɜ ɞɜɨɢɱɧɵɣ ɤɨɞ, ɤɨɬɨɪɚɹ ɪɚɫɫɦɨɬɪɟɧɚ ɜ [9], 

ɹɜɥɹɟɬɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɜɵɱɢɫɥɟɧɢɟ ɱɢɫɥɚ ɩɨ ɟɝɨ ɨɫɬɚɬɤɚɦ ɫ ɩɨɦɨɳɶɸ 

ɞɜɨɢɱɧɨɝɨ ɧɚɤɚɩɥɢɜɚɸɳɟɝɨ ɫɭɦɦɚɬɨɪɚ. Ɍɚɤɨɟ ɪɟɲɟɧɢɟ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, 

ɩɨɡɜɨɥɹɟɬ ɫɨɤɪɚɬɢɬɶ ɚɩɩɚɪɚɬɧɵɟ ɡɚɬɪɚɬɵ, ɧɨ, ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɩɪɢɜɨɞɢɬ ɤ 

ɭɜɟɥɢɱɟɧɢɸ ɜɪɟɦɟɧɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɱɢɫɥɚ. 

ȼ [9] ɬɚɤɠɟ ɪɚɫɫɦɨɬɪɟɧɚ ɫɬɪɭɤɬɭɪɚ ɭɫɬɪɨɣɫɬɜɚ, ɨɫɭɳɟɫɬɜɥɹɸɳɟɝɨ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɬɚɛɥɢɰɵ ɫɨɨɬɜɟɬɫɬɜɢɹ. Ɍɚɤɨɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ 

ɫɜɟɫɬɢ ɩɪɨɰɟɫɫ ɜɵɱɢɫɥɟɧɢɹ ɱɢɫɥɚ ɩɨ ɟɝɨ ɨɫɬɚɬɤɚɦ ɤ ɜɵɛɨɪɤɟ ɡɧɚɱɟɧɢɣ ɢɡ 

ɩɚɦɹɬɢ, ɨɞɧɚɤɨ ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɦɨɞɭɥɟɣ ɋɈɄ ɩɨɬɪɟɛɭɟɬ ɛɨɥɶɲɟɝɨ 

ɨɛɴɟɦɚ ɩɚɦɹɬɢ. 

ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɤɨɞɨɜ ɢɡ ɋɈɄ ɜ ɉɋɋ, ɹɜɥɹɸɳɢɣɫɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ 

ɭɡɥɨɦ ɦɨɞɭɥɹɪɧɨ-ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɨɪɚ [5], ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɧɚ ɨɫɧɨɜɟ 

ɜɵɱɢɫɥɟɧɢɹ ɢɧɬɟɪɜɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɱɢɫɥɚ, ɤɨɬɨɪɚɹ ɜɵɱɢɫɥɹɟɬɫɹ ɜ 

ɦɭɥɶɬɢɨɩɟɪɚɧɞɧɨɦ ɫɭɦɦɚɬɨɪɟ. ɐɟɥɶɸ ɩɪɢɦɟɧɟɧɢɹ ɦɭɥɶɬɢɨɩɟɪɚɧɞɧɨɝɨ 

ɫɭɦɦɚɬɨɪɚ ɹɜɥɹɟɬɫɹ ɭɫɤɨɪɟɧɢɟ ɜɵɱɢɫɥɟɧɢɣ ɡɚ ɫɱɟɬ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ 

ɚɩɩɚɪɚɬɧɵɯ ɡɚɬɪɚɬ. 

 

1.5 ȼɵɜɨɞɵ ɩɨ ɩɟɪɜɨɦɭ ɪɚɡɞɟɥɭ 

 

ɋɢɫɬɟɦɚ ɨɫɬɚɬɨɱɧɵɯ ɤɥɚɫɫɨɜ ɤɚɤ ɧɟɩɨɡɢɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ ɫɱɢɫɥɟɧɢɹ ɢɦɟɟɬ 

ɫɜɨɢ ɞɨɫɬɨɢɧɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ. ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɩɪɢɦɟɧɟɧɢɟ ɋɈɄ ɩɪɢ 
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ɨɛɪɚɛɨɬɤɟ ɢɧɮɨɪɦɚɰɢɢ ɭɫɤɨɪɹɟɬ ɜɵɱɢɫɥɟɧɢɹ. ɋɜɨɣɫɬɜɨ ɢɡɛɵɬɨɱɧɨɫɬɢ 

ɩɨɡɜɨɥɹɟɬ ɝɨɜɨɪɢɬɶ ɨ ɩɨɜɵɲɟɧɢɢ ɧɚɞɟɠɧɨɫɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɋɈɄ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɞɚɧɧɚɹ ɫɢɫɬɟɦɚ ɫɱɢɫɥɟɧɢɹ 

ɨɝɪɚɧɢɱɢɜɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɪɨɛɧɵɯ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɱɢɫɟɥ, ɱɬɨ ɜ 

ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɨɝɪɚɧɢɱɟɧɧɵɦ ɞɢɚɩɚɡɨɧɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɱɢɫɟɥ ɞɟɥɚɟɬ ɟɟ 

ɭɡɤɨɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɜ ɨɛɥɚɫɬɢ ɩɟɪɟɞɚɱɢ ɢ ɨɛɪɚɛɨɬɤɢ 

ɢɧɮɨɪɦɚɰɢɢ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɩɨɡɢɰɢɨɧɧɵɦɢ ɫɢɫɬɟɦɚɦɢ 

ɫɱɢɫɥɟɧɢɹ.  

Ɍɟɦ ɧɟ ɦɟɧɟɟ ɚɧɚɥɢɡ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ 

ɪɚɡɪɚɛɨɬɤɢ ɜɨ ɦɧɨɝɢɯ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɫɮɟɪɚɯ ɜɟɞɭɬɫɹ ɫ ɩɪɢɧɹɬɢɟɦ ɜɨ ɜɧɢɦɚɧɢɟ 

ɬɚɤɨɝɨ ɭɡɤɨɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ, ɤɚɤ ɫɢɫɬɟɦɚ ɨɫɬɚɬɨɱɧɵɯ 

ɤɥɚɫɫɨɜ, ɩɨɷɬɨɦɭ ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɝɨ ɞɟɤɨɞɟɪɚ, ɨɫɭɳɟɫɬɜɥɹɸɳɟɝɨ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɋɈɄ-ɉɋɋ, ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ.  

ɉɪɢ ɚɧɚɥɢɡɟ ɫɭɳɟɫɬɜɭɸɳɢɯ ɚɩɩɚɪɚɬɧɵɯ ɪɟɲɟɧɢɣ ɧɟ ɜɵɹɜɥɟɧɨ ɭɫɬɪɨɣɫɬɜ 

ɢ ɫɬɪɭɤɬɭɪ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɨɛɪɚɛɨɬɤɭ ɤɚɞɪɨɜ ɫɠɚɬɵɯ ɞɚɧɧɵɯ, ɩɨɷɬɨɦɭ 

ɧɚɥɢɱɢɟ ɭ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɞɟɤɨɞɟɪɚ ɬɚɤɨɣ ɮɭɧɤɰɢɢ ɩɨɡɜɨɥɹɟɬ ɝɨɜɨɪɢɬɶ ɨ 

ɧɨɜɢɡɧɟ ɪɚɛɨɬɵ. 

 

2 Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɝɨ ɞɟɤɨɞɟɪɚ ɋɈɄ-ɉɋɋ 

 

2.1 ȼɵɛɨɪ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɵ ɢ ɫɪɟɞɫɬɜ ɪɚɡɪɚɛɨɬɤɢ 

 

ȼɵɛɨɪ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɦɢɤɪɨɫɯɟɦɵ (ASIC) ɜ ɤɚɱɟɫɬɜɟ ɷɥɟɦɟɧɬɧɨɣ 

ɛɚɡɵ ɩɨɡɜɨɥɢɬ ɦɚɤɫɢɦɚɥɶɧɨ ɷɮɮɟɤɬɢɜɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɞɟɤɨɞɢɪɨɜɚɧɢɟ, ɧɨ 

ɢɡɦɟɧɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɤɚɞɪɚ ɢɥɢ ɪɚɡɪɹɞɧɨɫɬɢ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɫɥɨɜ, ɦɨɠɟɬ 

ɩɨɬɪɟɛɨɜɚɬɶ ɩɨɜɬɨɪɧɨɣ ɪɚɡɪɚɛɨɬɤɢ ɜ ɩɨɥɧɨɦ ɨɛɴɟɦɟ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɦɧɨɝɨ 

ɜɪɟɦɟɧɢ ɢ ɬɪɭɞɨɡɚɬɪɚɬ. 

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɜɵɛɨɪ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɚ ɢɥɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɞɚɫɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɛɟɡ ɡɧɚɱɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ ɦɨɞɢɮɢɰɢɪɨɜɚɬɶ ɭɫɬɪɨɣɫɬɜɨ. Ɉɞɧɚɤɨ ɜ 
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ɷɬɨɦ ɫɥɭɱɚɟ ɛɭɞɟɬ ɫɧɢɠɟɧɚ ɫɤɨɪɨɫɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɜɜɢɞɭ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. 

ɇɚɢɥɭɱɲɢɦ ɪɟɲɟɧɢɟɦ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜɵɩɨɥɧɟɧɢɹ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɜɧɟɫɟɧɢɹ ɢɡɦɟɧɟɧɢɣ, ɹɜɥɹɟɬɫɹ ɜɵɛɨɪ 

ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɣ ɥɨɝɢɱɟɫɤɨɣ ɢɧɬɟɝɪɚɥɶɧɨɣ ɫɯɟɦɵ ɜ ɤɚɱɟɫɬɜɟ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɵ 

ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɞɟɤɨɞɟɪɚ ɋɈɄ-ɉɋɋ. ȼɫɟ ɞɚɥɶɧɟɣɲɟɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ 

ɭɫɬɪɨɣɫɬɜɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɭɱɟɬɨɦ ɜɵɛɨɪɚ ɉɅɂɋ ɜ ɤɚɱɟɫɬɜɟ ɷɥɟɦɟɧɬɧɨɣ 

ɛɚɡɵ.  

Ɉɞɧɢɦ ɢɡ ɦɢɪɨɜɵɯ ɥɢɞɟɪɨɜ ɜ ɨɛɥɚɫɬɢ ɦɢɤɪɨɫɯɟɦ ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɣ 

ɥɨɝɢɤɢ ɢ ɫɪɟɞɫɬɜ ɪɚɡɪɚɛɨɬɤɢ ɞɥɹ ɧɢɯ ɹɜɥɹɟɬɫɹ ɤɨɪɩɨɪɚɰɢɹ Intel. ɐɟɥɟɜɨɣ 

ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɨɣ ɜɵɛɪɚɧɚ ɉɅɂɋ EP4CE115 ɫɟɦɟɣɫɬɜɚ Cyclone IV E, 

ɞɨɫɬɨɢɧɫɬɜɨɦ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ ɫɨɱɟɬɚɧɢɟ ɧɢɡɤɨɣ ɫɬɨɢɦɨɫɬɢ ɢ ɞɨɫɬɚɬɨɱɧɨɝɨ 

ɤɨɥɢɱɟɫɬɜɚ ɚɩɩɚɪɚɬɧɵɯ ɪɟɫɭɪɫɨɜ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɢ ɞɚɥɶɧɟɣɲɟɣ ɦɨɞɢɮɢɤɚɰɢɢ 

ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɭɫɬɪɨɣɫɬɜɚ [10]. 

ɂɫɩɨɥɶɡɭɟɦɨɣ ɜ ɪɚɡɪɚɛɨɬɤɟ ɫɢɫɬɟɦɨɣ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ Quartus Prime. Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɢɫɬɟɦɚ HDL-ɦɨɞɟɥɢɪɨɜɚɧɢɹ ModelSim. 

 

2.2 ȼɵɛɨɪ ɫɬɪɭɤɬɭɪɵ ɤɚɞɪɚ 

 

Ɋɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɣ ɞɟɤɨɞɟɪ ɋɈɄ-ɉɋɋ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɤɚɞɪɚ ɋɈɄ ɜ ɤɚɞɪ ɉɋɋ. ɋɬɪɭɤɬɭɪɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ  

ɪɢɫɭɧɤɟ 2, ɨɞɢɧɚɤɨɜɚ ɤɚɤ ɞɥɹ ɜɯɨɞɧɵɯ, ɬɚɤ ɢ ɞɥɹ ɞɟɤɨɞɢɪɨɜɚɧɧɵɯ ɤɚɞɪɨɜ. 

 

 

 

Ɋɢɫɭɧɨɤ 2 – ɋɬɪɭɤɬɭɪɚ ɤɚɞɪɚ 
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ɂɧɮɨɪɦɚɰɢɨɧɧɨɟ ɫɥɨɜɨ (ɪɢɫɭɧɨɤ 3), ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɨɪɵɯ ɜ ɤɚɞɪɟ ɦɨɠɟɬ 

ɛɵɬɶ ɩɪɨɢɡɜɨɥɶɧɵɦ, ɫɨɞɟɪɠɢɬ ɜɵɪɨɜɧɟɧɧɵɟ ɩɨ ɥɟɜɨɦɭ ɤɪɚɸ (ɩɨ ɫɬɚɪɲɟɦɭ 

ɪɚɡɪɹɞɭ) ɨɫɬɚɬɤɢ ɨɬ ɞɟɥɟɧɢɹ ɧɚ ɦɨɞɭɥɢ ɋɈɄ, ɡɚɩɢɫɚɧɧɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɦɢɧɢɦɚɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɪɚɡɪɹɞɨɜ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɷɤɨɧɨɦɢɬɶ ɩɚɦɹɬɶ ɜɯɨɞɧɨɝɨ 

ɛɭɮɟɪɚ. 

 

 

 

Ɋɢɫɭɧɨɤ 3 – ɉɪɢɦɟɪ ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɫɥɨɜɚ 

 

ɋɥɭɠɟɛɧɨɟ ɫɥɨɜɨ (ɪɢɫɭɧɨɤ 4) ɫɥɭɠɢɬ ɞɥɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɝɪɚɧɢɰ ɤɚɞɪɚ ɢ,  

ɜ ɨɬɥɢɱɢɟ ɨɬ ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɫɥɨɜɚ, ɫɨɞɟɪɠɢɬ ɜ ɪɚɡɪɹɞɚɯ ɯɨɬɹ ɛɵ ɨɞɧɨɝɨ 

ɨɫɬɚɬɤɚ ɨɬ ɞɟɥɟɧɢɹ ɫɚɦ ɦɨɞɭɥɶ ɋɈɄ. 

 

 

 

Ɋɢɫɭɧɨɤ 4 – ɉɪɢɦɟɪ ɫɥɭɠɟɛɧɨɝɨ ɫɥɨɜɚ 

 

Ɋɨɥɶ ɫɥɭɠɟɛɧɵɯ ɫɥɨɜ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɥɨɝɢɱɟɫɤɨɦ ɪɚɡɞɟɥɟɧɢɢ ɩɨɬɨɤɚ 

ɞɚɧɧɵɯ, ɩɨɫɬɭɩɚɸɳɢɯ ɧɚ ɜɯɨɞ ɞɟɤɨɞɟɪɚ, ɩɨɷɬɨɦɭ ɫɥɭɠɟɛɧɵɟ ɫɥɨɜɚ ɤɚɞɪɨɜ 

ɦɨɝɭɬ ɛɵɬɶ ɤɚɤ ɨɞɢɧɚɤɨɜɵɦɢ, ɬɚɤ ɢ ɪɚɡɥɢɱɧɵɦɢ. 

Ɋɚɡɪɹɞɧɨɫɬɶ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɲɢɧɵ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɞɟɤɨɞɟɪɚ  

ɋɈɄ-ɉɋɋ, ɩɨ ɤɨɬɨɪɨɣ ɩɨɫɬɭɩɚɸɬ ɨɛɪɚɛɚɬɵɜɚɟɦɵɟ ɤɚɞɪɵ, ɨɝɪɚɧɢɱɟɧɚ 8 ɛɢɬɚɦɢ. 
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ȼɵɛɨɪ ɬɚɤɨɣ ɪɚɡɪɹɞɧɨɫɬɢ ɨɛɭɫɥɨɜɥɟɧ ɨɪɢɟɧɬɚɰɢɟɣ ɧɚ ɩɪɢɦɟɧɟɧɢɟ ɭɫɬɪɨɣɫɬɜɚ ɜ 

ɫɢɫɬɟɦɚɯ ɩɟɪɟɞɚɱɢ ɢ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ, ɝɞɟ ɞɥɹ ɫɨɡɞɚɧɢɹ ɱɢɫɥɨɜɵɯ 

ɞɚɧɧɵɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɹɡɵɤɢ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ, ɢɦɟɸɳɢɟ ɬɢɩɵ ɞɚɧɧɵɯ ɡɚɞɚɧɧɨɣ 

ɪɚɡɪɹɞɧɨɫɬɢ (ɩɪɢɦɟɪ: C, C++) ɢɥɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ, ɢɦɟɸɳɢɟ ɪɟɝɢɫɬɪɵ ɢ 

ɩɨɪɬɵ ɡɚɞɚɧɧɨɣ ɪɚɡɪɹɞɧɨɫɬɢ (ɩɪɢɦɟɪ: ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ Atmel AVR). 

 ɇɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɞɚɧɧɨɟ ɨɝɪɚɧɢɱɟɧɢɟ ɧɟ ɹɜɥɹɟɬɫɹ 

ɩɪɢɧɰɢɩɢɚɥɶɧɵɦ ɢ ɪɚɡɪɹɞɧɨɫɬɶ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɲɢɧɵ ɦɨɠɟɬ ɛɵɬɶ ɢɡɦɟɧɟɧɚ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ ɩɪɢɦɟɧɟɧɢɹ ɞɟɤɨɞɟɪɚ, ɬɚɤ ɤɚɤ ɟɝɨ ɫɬɪɭɤɬɭɪɚ ɹɜɥɹɟɬɫɹ 

ɪɟɤɨɧɮɢɝɭɪɢɪɭɟɦɨɣ ɢɡ-ɡɚ ɜɵɛɨɪɚ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɵ. 

 

2.3 ȼɵɛɨɪ ɧɚɛɨɪɚ ɦɨɞɭɥɟɣ ɋɈɄ 

 

ɇɚɛɨɪ ɦɨɞɭɥɟɣ ɋɈɄ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɞɧɨɜɪɟɦɟɧɧɨ ɢɫɩɨɥɶɡɭɟɦɵɟ 

ɩɪɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ ɰɟɥɵɟ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɜɡɚɢɦɧɨ-ɩɪɨɫɬɵɟ ɱɢɫɥɚ. 

ɉɨɫɪɟɞɫɬɜɨɦ ɢɡɦɟɧɟɧɢɹ ɷɬɨɝɨ ɧɚɛɨɪɚ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ 

ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɞɟɤɨɞɟɪɚ. 

Ʉɪɢɬɟɪɢɹɦɢ ɜɵɛɨɪɚ ɧɚɛɨɪɚ ɦɨɞɭɥɟɣ ɹɜɥɹɸɬɫɹ: 

- ɪɚɡɪɹɞɧɨɫɬɶ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɲɢɧɵ ɞɟɤɨɞɟɪɚ ɞɥɹ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ 

ɤɚɞɪɨɜ; 

- ɞɢɚɩɚɡɨɧ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɱɢɫɟɥ ɜ ɋɈɄ; 

- ɫɤɨɪɨɫɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɋɈɄ-ɉɋɋ. 

Ɋɚɡɪɹɞɧɨɫɬɶ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɲɢɧɵ ɞɟɤɨɞɟɪɚ ɞɥɹ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ 

ɤɚɞɪɨɜ ɨɩɪɟɞɟɥɹɟɬ ɦɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɪɹɞɨɜ ɞɥɹ ɡɚɩɢɫɢ ɱɢɫɥɚ ɜ ɜɢɞɟ 

ɨɫɬɚɬɤɨɜ. 

Ⱦɢɚɩɚɡɨɧ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɱɢɫɟɥ ɜ ɋɈɄ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɨɢɡɜɟɞɟɧɢɟɦ 

ɦɨɞɭɥɟɣ ɢ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɪɚɡɪɹɞɧɨɫɬɶɸ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɲɢɧɵ ɞɟɤɨɞɟɪɚ. 

ɋɤɨɪɨɫɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɋɈɄ-ɉɋɋ ɧɚɯɨɞɢɬɫɹ ɜ ɨɛɪɚɬɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɫ 

ɤɨɥɢɱɟɫɬɜɨɦ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɪɚɡɪɹɞɨɜ ɫɥɨɜɚ ɞɥɹ ɡɚɩɢɫɢ ɨɫɬɚɬɤɨɜ ɩɨ ɦɨɞɭɥɹɦ 

ɋɈɄ. 

ɉɪɢɦɟɪɵ ɧɚɛɨɪɨɜ ɦɨɞɭɥɟɣ ɪɚɫɫɦɨɬɪɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 
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Ɍɚɛɥɢɰɚ 1 – ɉɪɢɦɟɪɵ ɧɚɛɨɪɨɜ ɦɨɞɭɥɟɣ ɋɈɄ 

ɇɚɛɨɪ ɦɨɞɭɥɟɣ ɋɈɄ 
Ɇɢɧɢɦɚɥɶɧɚɹ 

ɪɚɡɪɹɞɧɨɫɬɶ ɫɥɨɜɚ 

Ⱦɢɚɩɚɡɨɧ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɱɢɫɟɥ 

Ʉɨɥɢɱɟɫɬɜɨ ɩɟɪɢɨɞɨɜ 

ɫɢɧɯɪɨɫɢɝɧɚɥɚ ɞɥɹ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

ɫɥɨɜɚ 

2, 3, 5 6 0 – 29 6 

5, 6 6 0 – 29 6 

30 5 0 – 29 5 

11, 15 8 0 – 164 8 

165 8 0 – 164 8 

2, 3, 5, 7 9 0 – 209 9 

2, 15, 7 8 0 – 209 8 

14, 15 8 0 – 209 8 

 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ ɬɚɛɥɢɰɵ 1 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ: 

- ɫɭɳɟɫɬɜɭɸɬ ɪɚɡɧɵɟ ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɱɢɫɟɥ ɧɚɛɨɪɵ ɦɨɞɭɥɟɣ ɋɈɄ, 

ɨɛɥɚɞɚɸɳɢɟ ɨɞɢɧɚɤɨɜɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ; 

- ɫɨɤɪɚɳɟɧɢɟ ɱɢɫɟɥ ɜ ɧɚɛɨɪɟ ɦɨɞɭɥɟɣ ɋɈɄ ɧɟ ɜɫɟɝɞɚ ɩɪɢɜɨɞɢɬ ɤ 

ɭɜɟɥɢɱɟɧɢɸ ɫɤɨɪɨɫɬɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. 

ȼɵɛɨɪ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɧɚɛɨɪɚ ɦɨɞɭɥɟɣ ɋɈɄ ɬɚɤɠɟ ɡɚɜɢɫɢɬ ɨɬ ɭɫɥɨɜɢɣ 

ɡɚɞɚɱɢ, ɪɟɲɚɟɦɨɣ ɫɢɫɬɟɦɨɣ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɨɝɨ ɜɯɨɞɢɬ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɣ 

ɞɟɤɨɞɟɪ ɋɈɄ-ɉɋɋ, ɩɨɷɬɨɦɭ: 

- ɞɢɚɩɚɡɨɧ ɞɟɤɨɞɢɪɭɟɦɵɯ ɱɢɫɟɥ ɞɨɥɠɟɧ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɬɪɟɛɭɟɦɨɦɭ 

ɦɧɨɠɟɫɬɜɭ ɡɧɚɱɟɧɢɣ; 

- ɤɨɥɢɱɟɫɬɜɨ ɦɨɞɭɥɟɣ ɋɈɄ ɜ ɧɚɛɨɪɟ ɞɨɥɠɧɨ ɨɛɟɫɩɟɱɢɜɚɬɶ ɦɚɤɫɢɦɚɥɶɧɭɸ 

ɫɤɨɪɨɫɬɶ ɞɟɤɨɞɢɪɨɜɚɧɢɹ ɩɪɢ ɭɫɥɨɜɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɫɤɨɪɟɧɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 

ɡɚɞɚɱɢ ɡɚ ɫɱɟɬ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɱɢɫɟɥ ɜ ɋɈɄ, ɬɚɤ ɤɚɤ, ɱɟɦ ɛɨɥɶɲɟ ɧɟɛɨɥɶɲɢɯ 

ɦɨɞɭɥɟɣ ɢɫɩɨɥɶɡɨɜɚɧɨ ɜ ɧɚɛɨɪɟ ɦɨɞɭɥɟɣ ɋɈɄ, ɬɟɦ ɛɵɫɬɪɟɟ ɦɨɝɭɬ ɜɵɩɨɥɧɹɬɶɫɹ 

ɡɚɞɚɱɢ ɜ ɫɢɫɬɟɦɟ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ ɡɚ ɫɱɟɬ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ 

ɜɵɱɢɫɥɟɧɢɣ ɪɚɡɪɹɞɨɜ ɪɟɡɭɥɶɬɚɬɚ. 
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ɋ ɭɱɟɬɨɦ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɤɪɢɬɟɪɢɟɜ ɩɚɦɹɬɶ ɧɚɛɨɪɚ ɦɨɞɭɥɟɣ ɋɈɄ 

ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɞɟɤɨɞɟɪɚ ɨɝɪɚɧɢɱɟɧɚ ɬɪɟɦɹ ɹɱɟɣɤɚɦɢ ɩɚɦɹɬɢ. ɉɪɢ ɷɬɨɦ ɩɪɢ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢ ɦɟɧɶɲɟɟ ɱɢɫɥɨ ɦɨɞɭɥɟɣ ɋɈɄ. 

 

2.4 ɋɬɪɭɤɬɭɪɚ ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɝɨ ɞɟɤɨɞɟɪɚ ɋɈɄ-ɉɋɋ 

 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɝɨ ɞɟɤɨɞɟɪɚ ɋɈɄ-ɉɋɋ ɩɪɟɞɫɬɚɜɥɟɧɚ 

ɧɚ ɪɢɫɭɧɤɟ 5. 

 

 

 

Ɋɢɫɭɧɨɤ 5 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɝɨ ɞɟɤɨɞɟɪɚ ɋɈɄ-ɉɋɋ 

 

Ɉɩɢɫɚɧɢɟ ɜɯɨɞɨɜ ɢ ɜɵɯɨɞɨɜ ɞɟɤɨɞɟɪɚ ɩɪɢɜɟɞɟɧɨ ɜ ɬɚɛɥɢɰɟ 2. 
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Ɍɚɛɥɢɰɚ 2 – ȼɯɨɞɵ ɢ ɜɵɯɨɞɵ ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɝɨ ɞɟɤɨɞɟɪɚ ɋɈɄ-ɉɋɋ 

 Ɉɛɨɡɧɚɱɟɧɢɟ Ɉɩɢɫɚɧɢɟ 

ȼɯɨɞɵ 

RCS_module 
8-ɪɚɡɪɹɞɧɚɹ ɲɢɧɚ ɞɚɧɧɵɯ ɞɥɹ ɡɚɩɢɫɢ ɦɨɞɭɥɟɣ 

ɋɈɄ ɜ ɩɚɦɹɬɶ  

RCS_module_address 
2-ɪɚɡɪɹɞɧɚɹ ɲɢɧɚ ɚɞɪɟɫɚ, ɩɨ ɤɨɬɨɪɨɦɭ ɦɨɞɭɥɶ 

ɋɈɄ ɫ ɲɢɧɵ RCS_module ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɩɚɦɹɬɶ 

RCS_module_enable 
ɋɢɝɧɚɥ ɪɚɡɪɟɲɟɧɢɹ ɡɚɩɢɫɢ ɦɨɞɭɥɹ ɋɈɄ ɫ ɲɢɧɵ 

RCS_module ɩɨ ɚɞɪɟɫɭ RCS_module_address 

clear 

ɋɛɪɨɫ ɞɟɤɨɞɟɪɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɨɛɧɭɥɹɸɬɫɹ ɚɞɪɟɫɚ 

ɱɬɟɧɢɹ ɢ ɡɚɩɢɫɢ ɜɨ ɜɯɨɞɧɨɦ ɢ ɜɵɯɨɞɧɨɦ ɛɭɮɟɪɚɯ, 

ɚ ɬɚɤɠɟ ɨɱɢɳɚɟɬɫɹ ɩɚɦɹɬɶ ɦɨɞɭɥɟɣ ɋɈɄ 

clk ɋɢɧɯɪɨɫɢɝɧɚɥ 

data 
8-ɪɚɡɪɹɞɧɚɹ ɲɢɧɚ ɞɚɧɧɵɯ ɞɥɹ ɡɚɩɢɫɢ 

ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɫɥɨɜ ɜɨ ɜɯɨɞɧɨɣ ɛɭɮɟɪ 

data_enable 
ɋɢɝɧɚɥ ɪɚɡɪɟɲɟɧɢɹ ɡɚɩɢɫɢ  

ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɫɥɨɜɚ ɜɨ ɜɯɨɞɧɨɣ ɛɭɮɟɪ 

read_enable 
ɋɢɝɧɚɥ ɪɚɡɪɟɲɟɧɢɹ ɱɬɟɧɢɹ ɫɥɟɞɭɸɳɟɝɨ 

ɞɨɫɬɭɩɧɨɝɨ ɡɧɚɱɟɧɢɹ ɢɡ ɜɵɯɨɞɧɨɝɨ ɛɭɮɟɪɚ 

ȼɵɯɨɞɵ 

error ɋɢɝɧɚɥ ɨɛ ɨɲɢɛɤɟ ɜ ɧɚɛɨɪɟ ɦɨɞɭɥɟɣ ɋɈɄ 

decoder_readiness 

ɋɢɝɧɚɥ ɨ ɝɨɬɨɜɧɨɫɬɢ ɞɟɤɨɞɟɪɚ ɩɪɢɧɢɦɚɬɶ ɢ 

ɨɛɪɚɛɚɬɵɜɚɬɶ ɫɥɨɜɚ; ɮɨɪɦɢɪɭɟɬɫɹ ɩɨɫɥɟ 

ɜɵɱɢɫɥɟɧɢɹ ɛɚɡɢɫɨɜ ɞɥɹ ɦɨɞɭɥɟɣ ɋɈɄ, 

ɡɚɩɢɫɚɧɧɵɯ ɜ ɩɚɦɹɬɶ, ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɨɲɢɛɤɢ ɜ 

ɧɚɛɨɪɟ ɨɫɧɨɜɚɧɢɣ 

output_data ȼɵɯɨɞɧɚɹ 8-ɪɚɡɪɹɞɧɚɹ ɲɢɧɚ ɞɚɧɧɵɯ 

data_readiness 
ɋɢɝɧɚɥ ɨ ɧɚɥɢɱɢɢ ɜ ɜɵɯɨɞɧɨɦ ɛɭɮɟɪɟ 

ɧɟɩɪɨɱɢɬɚɧɧɵɯ ɞɚɧɧɵɯ 

service 

ɋɢɝɧɚɥ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɫɥɭɠɟɛɧɨɝɨ ɫɥɨɜɚ; ɟɫɥɢ 

ɫɢɝɧɚɥ ɚɤɬɢɜɟɧ, ɧɚ ɲɢɧɟ output_data ɧɚɯɨɞɢɬɫɹ 

ɫɥɭɠɟɛɧɨɟ ɫɥɨɜɨ, ɢɧɚɱɟ ɧɚ ɲɢɧɟ output_data 

ɧɚɯɨɞɢɬɫɹ ɞɟɤɨɞɢɪɨɜɚɧɧɨɟ ɢɧɮɨɪɦɚɰɢɨɧɧɨɟ 

ɫɥɨɜɨ 

full 
ɋɢɝɧɚɥ ɨ ɩɟɪɟɩɨɥɧɟɧɢɢ ɜɯɨɞɧɨɝɨ ɢ/ɢɥɢ 

ɜɵɯɨɞɧɨɝɨ ɛɭɮɟɪɚ 
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Ɇɨɞɭɥɢ ɋɈɄ ɩɨ ɲɢɧɟ RCS_module ɡɚɩɢɫɵɜɚɸɬɫɹ ɜ ɩɚɦɹɬɶ ɛɥɨɤɚ 

ɦɨɞɭɥɟɣ ɋɈɄ ɩɨ ɚɞɪɟɫɭ, ɭɫɬɚɧɨɜɥɟɧɧɨɦɭ ɧɚ ɲɢɧɟ RCS_module_address, ɩɪɢ 

ɧɚɥɢɱɢɢ ɪɚɡɪɟɲɚɸɳɟɝɨ ɫɢɝɧɚɥɚ RCS_module_enable. ȼ ɛɥɨɤɟ ɦɨɞɭɥɟɣ ɋɈɄ 

ɮɨɪɦɢɪɭɟɬɫɹ ɫɢɝɧɚɥ ɨɲɢɛɤɢ ɧɚɛɨɪɚ ɦɨɞɭɥɟɣ error. 

ɋ ɜɵɯɨɞɧɨɣ ɲɢɧɵ ɛɥɨɤɚ ɦɨɞɭɥɟɣ ɋɈɄ ɦɨɞɭɥɢ ɩɨɫɬɭɩɚɸɬ ɜ ɛɥɨɤ ɛɚɡɢɫɨɜ, 

ɝɞɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɵɱɢɫɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ 

ɞɟɤɨɞɢɪɨɜɚɧɢɹ. ɉɨ ɨɤɨɧɱɚɧɢɸ ɜɵɱɢɫɥɟɧɢɹ ɞɟɤɨɞɟɪ ɫɱɢɬɚɟɬɫɹ 

ɡɚɩɪɨɝɪɚɦɦɢɪɨɜɚɧɧɵɦ, ɢ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɨɲɢɛɤɢ ɜ ɧɚɛɨɪɟ ɦɨɞɭɥɟɣ ɋɈɄ 

ɮɨɪɦɢɪɭɟɬɫɹ ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ decoder_readiness. 

ɋɥɨɜɚ ɞɟɤɨɞɢɪɭɟɦɵɯ ɤɚɞɪɨɜ ɩɨɫɬɭɩɚɸɬ ɩɨ ɲɢɧɟ data ɢ ɡɚɩɢɫɵɜɚɸɬɫɹ ɜɨ 

ɜɯɨɞɧɨɣ ɛɭɮɟɪ ɩɨ ɧɚɪɚɫɬɚɸɳɟɦɭ ɮɪɨɧɬɭ ɫɢɧɯɪɨɢɦɩɭɥɶɫɚ ɩɪɢ ɧɚɥɢɱɢɢ 

ɪɚɡɪɟɲɚɸɳɟɝɨ ɫɢɝɧɚɥɚ data_enable, ɝɨɬɨɜɧɨɫɬɢ ɞɟɤɨɞɟɪɚ ɢ ɧɚɥɢɱɢɢ ɫɜɨɛɨɞɧɨɝɨ 

ɦɟɫɬɚ ɜɨ ɜɯɨɞɧɨɦ ɛɭɮɟɪɟ.  

ɂɡ ɜɯɨɞɧɨɝɨ ɛɭɮɟɪɚ ɫɥɨɜɚ ɜ ɩɨɪɹɞɤɟ ɡɚɩɢɫɢ ɩɨɫɬɭɩɚɸɬ ɧɚ ɜɯɨɞ ɛɥɨɤɚ 

ɜɵɱɢɫɥɟɧɢɣ, ɜ ɤɨɬɨɪɨɦ ɧɚ ɨɫɧɨɜɚɧɢɢ ɡɚɞɚɧɧɨɝɨ ɧɚɛɨɪɚ ɦɨɞɭɥɟɣ ɋɈɄ 

ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɜɵɱɢɫɥɟɧɢɹ ɱɢɫɟɥ ɩɨ ɢɯ ɨɫɬɚɬɤɚɦ, ɚ ɬɚɤɠɟ ɩɪɨɢɫɯɨɞɢɬ 

ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɫɥɭɠɟɛɧɵɯ ɫɥɨɜ. ɉɨ ɡɚɜɟɪɲɟɧɢɸ ɰɢɤɥɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɋɈɄ-

ɉɋɋ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɪɚɡɪɟɲɚɸɳɟɝɨ ɡɚɩɢɫɶ ɫɢɝɧɚɥɚ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɛɥɨɤɟ 

ɞɟɤɨɞɢɪɨɜɚɧɧɨɟ ɫɥɨɜɨ ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɜɵɯɨɞɧɨɣ ɛɭɮɟɪ ɞɚɧɧɵɯ, ɨɬɤɭɞɚ ɨɧɨ 

ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɱɢɬɚɧɨ ɩɨ ɲɢɧɟ output_data ɩɪɢ ɧɚɥɢɱɢɢ ɫɢɝɧɚɥɚ read_enable. 

ɋɢɧɬɟɡɢɪɨɜɚɧɧɨɟ ɢɡ ɨɩɢɫɚɧɢɹ ɧɚ ɹɡɵɤɟ Verilog RTL-ɩɪɟɞɫɬɚɜɥɟɧɢɟ  

ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɝɨ ɞɟɤɨɞɟɪɚ ɋɈɄ-ɉɋɋ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ 

ɪɢɫɭɧɤɟ 6. 

 

 



18 
 

 

 

Ɋɢɫɭɧɨɤ 6 – RTL-ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɝɨ ɞɟɤɨɞɟɪɚ ɋɈɄ-ɉɋɋ  

 

ɉɪɨɝɪɚɦɦɢɪɭɟɦɵɣ ɞɟɤɨɞɟɪ ɋɈɄ-ɉɋɋ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɛɥɨɤɢ: 

- ɛɥɨɤ ɦɨɞɭɥɟɣ ɋɈɄ (modules_block); 

- ɛɥɨɤ ɛɚɡɢɫɨɜ (bases_block); 

- ɜɯɨɞɧɨɣ ɛɭɮɟɪ ɞɚɧɧɵɯ (input_buffer); 

- ɜɵɯɨɞɧɨɣ ɛɭɮɟɪ ɞɚɧɧɵɯ (output_buffer); 

- ɛɥɨɤ ɜɵɱɢɫɥɟɧɢɹ (calculation_block); 

- ɛɥɨɤ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɢɝɧɚɥɚ ɡɚɩɢɫɢ ɜ ɜɵɯɨɞɧɨɣ ɛɭɮɟɪ 

(write_enable_block). 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɛɥɨɤɚ ɦɨɞɭɥɟɣ ɋɈɄ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 7. 
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Ɋɢɫɭɧɨɤ 7 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɛɥɨɤɚ ɦɨɞɭɥɟɣ ɋɈɄ 

 

Ȼɥɨɤ ɦɨɞɭɥɟɣ ɋɈɄ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɯɪɚɧɟɧɢɹ ɧɚɛɨɪɚ ɨɫɧɨɜɚɧɢɣ ɋɈɄ,  

ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɬɨɪɵɦ ɞɟɤɨɞɟɪ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ, ɚ ɬɚɤɠɟ 

ɨɩɪɟɞɟɥɟɧɢɹ ɨɲɢɛɤɢ ɜ ɧɚɛɨɪɟ ɦɨɞɭɥɟɣ ɢ ɦɢɧɢɦɚɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɪɚɡɪɹɞɨɜ, 

ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɡɚɩɢɫɢ ɱɢɫɥɚ ɜ ɜɢɞɟ ɨɫɬɚɬɤɨɜ ɨɬ ɞɟɥɟɧɢɹ. 

ɉɨ ɧɚɪɚɫɬɚɸɳɟɦɭ ɮɪɨɧɬɭ ɫɢɝɧɚɥɚ ɪɚɡɪɟɲɟɧɢɹ enable ɱɢɫɥɨ ɫ ɲɢɧɵ data 

ɩɨ ɚɞɪɟɫɭ ɫ ɲɢɧɵ address ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɩɚɦɹɬɶ ɛɥɨɤɚ. ɇɚ ɜɵɯɨɞɟ ɩɚɦɹɬɢ ɢɡ 

ɜɫɟɯ ɬɪɟɯ 8-ɪɚɡɪɹɞɧɵɯ ɱɢɫɟɥ, ɮɨɪɦɢɪɭɟɬɫɹ ɨɛɳɚɹ 24-ɪɚɡɪɹɞɧɚɹ ɲɢɧɚ modules, 

ɫɨɞɟɪɠɚɳɚɹ ɧɚɛɨɪ ɦɨɞɭɥɟɣ ɋɈɄ. Ⱦɚɧɧɵɟ ɫ ɧɟɟ ɩɨɫɬɭɩɚɸɬ ɜ ɫɯɟɦɵ 

ɨɩɪɟɞɟɥɟɧɢɹ ɨɲɢɛɤɢ ɢ ɦɢɧɢɦɚɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɪɚɡɪɹɞɨɜ, ɚ ɬɚɤɠɟ ɜ ɞɪɭɝɢɟ 

ɛɥɨɤɢ ɞɟɤɨɞɟɪɚ. 

ɋɢɧɯɪɨɫɢɝɧɚɥ clk ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɬɚɤɬɢɪɨɜɚɧɢɹ ɱɚɫɬɢ ɫɯɟɦɵ 

ɨɩɪɟɞɟɥɟɧɢɹ ɨɲɢɛɤɢ. 

ȼɵɯɨɞɧɚɹ 24-ɪɚɡɪɹɞɧɚɹ ɲɢɧɚ ɞɚɧɧɵɯ reduced ɫɯɟɦɵ ɨɩɪɟɞɟɥɟɧɢɹ 

ɦɢɧɢɦɚɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɪɚɡɪɹɞɨɜ ɫɨɞɟɪɠɢɬ ɞɥɹ ɤɚɠɞɨɝɨ ɦɨɞɭɥɹ ɜ ɧɚɛɨɪɟ 
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ɦɢɧɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɪɹɞɨɜ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 

ɨɫɬɚɬɨɤ ɨɬ ɞɟɥɟɧɢɹ ɧɚ ɞɚɧɧɵɣ ɦɨɞɭɥɶ ɜ ɞɜɨɢɱɧɨɣ ɩɨɡɢɰɢɨɧɧɨɣ ɫɢɫɬɟɦɟ 

ɫɱɢɫɥɟɧɢɹ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɱɢɫɥɚ 7 ɦɢɧɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɪɹɞɨɜ ɪɚɜɧɨ 3,  

ɚ ɞɥɹ ɱɢɫɥɚ 2 – 1. 

ȼ ɫɯɟɦɟ ɨɩɪɟɞɟɥɟɧɢɹ ɨɲɢɛɤɢ ɮɨɪɦɢɪɭɟɬɫɹ ɫɢɝɧɚɥ ɨ ɧɚɥɢɱɢɢ (error = 1) 

ɢɥɢ ɨɬɫɭɬɫɬɜɢɢ (error = 0) ɨɲɢɛɤɢ ɜ ɧɚɛɨɪɟ ɦɨɞɭɥɟɣ ɋɈɄ. ɇɚɛɨɪ ɨɫɧɨɜɚɧɢɣ 

ɫɱɢɬɚɟɬɫɹ ɨɲɢɛɨɱɧɵɦ, ɟɫɥɢ ɜɵɩɨɥɧɹɟɬɫɹ ɯɨɬɹ ɛɵ ɨɞɧɨ ɢɡ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɣ: 

- ɜɫɟ ɨɫɧɨɜɚɧɢɹ ɪɚɜɧɵ ɧɭɥɸ; 

- ɫɪɟɞɢ ɨɫɧɨɜɚɧɢɣ ɟɫɬɶ ɟɞɢɧɢɰɵ; 

- ɫɪɟɞɢ ɧɟ ɪɚɜɧɵɯ ɧɭɥɸ ɨɫɧɨɜɚɧɢɣ ɟɫɬɶ ɱɢɫɥɚ, ɤɨɬɨɪɵɟ ɧɟ ɹɜɥɹɸɬɫɹ 

ɜɡɚɢɦɧɨ-ɩɪɨɫɬɵɦɢ; 

- ɫɭɦɦɚ ɦɢɧɢɦɚɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɪɚɡɪɹɞɨɜ ɞɥɹ ɡɚɩɢɫɢ ɨɫɬɚɬɤɨɜ ɨɬ 

ɞɟɥɟɧɢɹ ɧɚ ɧɟɧɭɥɟɜɵɟ ɨɫɧɨɜɚɧɢɹ ɩɪɟɜɵɲɚɟɬ ɭɫɬɚɧɨɜɥɟɧɧɭɸ ɪɚɡɪɹɞɧɨɫɬɶ ɫɥɨɜɚ. 

ɋɢɝɧɚɥ ɨɲɢɛɤɢ error ɮɨɪɦɢɪɭɟɬɫɹ ɬɚɤɠɟ ɩɪɢ ɩɨɩɵɬɤɟ ɡɚɩɢɫɢ ɦɨɞɭɥɹ ɩɨ 

ɧɟɫɭɳɟɫɬɜɭɸɳɟɦɭ ɚɞɪɟɫɭ. 

ɋɢɧɬɟɡɢɪɨɜɚɧɧɨɟ RTL-ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɛɥɨɤɚ ɦɨɞɭɥɟɣ ɋɈɄ ɩɪɟɞɫɬɚɜɥɟɧɨ 

ɧɚ ɪɢɫɭɧɤɟ 8. 

 

 

 

Ɋɢɫɭɧɨɤ 8 – RTL-ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɛɥɨɤɚ ɦɨɞɭɥɟɣ ɋɈɄ 
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ɋɯɟɦɚ ɨɩɪɟɞɟɥɟɧɢɹ ɦɢɧɢɦɚɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɪɚɡɪɹɞɨɜ ɜɤɥɸɱɚɟɬ ɞɥɹ 

ɤɚɠɞɨɝɨ ɦɨɞɭɥɹ ɋɈɄ ɨɬɞɟɥɶɧɭɸ ɤɨɦɛɢɧɚɰɢɨɧɧɭɸ ɫɯɟɦɭ, ɪɟɚɥɢɡɨɜɚɧɧɭɸ ɧɚ 

ɹɡɵɤɟ ɨɩɢɫɚɧɢɹ ɚɩɩɚɪɚɬɭɪɵ Verilog ɜ ɜɢɞɟ ɨɬɞɟɥɶɧɨɝɨ ɦɨɞɭɥɹ (reduction).  

RTL-ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɦɨɞɭɥɹ reduction ɩɪɢɜɟɞɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 9. 

 

 

 

Ɋɢɫɭɧɨɤ 9 – RTL-ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɦɨɞɭɥɹ reduction 

 

ɋɯɟɦɚ ɨɩɪɟɞɟɥɟɧɢɹ ɨɲɢɛɤɢ ɜ ɧɚɛɨɪɟ ɦɨɞɭɥɟɣ ɋɈɄ ɜɤɥɸɱɚɟɬ ɬɪɢ 

ɢɞɟɧɬɢɱɧɵɟ ɫɯɟɦɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɢɛɨɥɶɲɟɝɨ ɨɛɳɟɝɨ ɞɟɥɢɬɟɥɹ ɞɜɭɯ ɱɢɫɟɥ, 

ɩɨ ɤɨɬɨɪɨɦɭ ɩɪɨɢɫɯɨɞɢɬ ɨɩɪɟɞɟɥɟɧɢɟ ɜɡɚɢɦɧɨ-ɩɪɨɫɬɵɯ ɱɢɫɟɥ. ɋɯɟɦɚ 

ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɢɛɨɥɶɲɟɝɨ ɨɛɳɟɝɨ ɞɟɥɢɬɟɥɹ  ɪɟɚɥɢɡɨɜɚɧɚ ɧɚ ɹɡɵɤɟ ɨɩɢɫɚɧɢɹ 

ɚɩɩɚɪɚɬɭɪɵ Verilog ɜ ɜɢɞɟ ɨɬɞɟɥɶɧɨɝɨ ɦɨɞɭɥɹ (common_divisor).  

RTL-ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɦɨɞɭɥɹ common_divisor ɩɪɢɜɟɞɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 10. 

 

 

 

Ɋɢɫɭɧɨɤ 10 – RTL-ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɦɨɞɭɥɹ common_divisor 

 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɛɥɨɤɚ ɛɚɡɢɫɨɜ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 11. 
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Ɋɢɫɭɧɨɤ 11 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɛɥɨɤɚ ɛɚɡɢɫɨɜ 

 

ȼ ɛɥɨɤɟ ɛɚɡɢɫɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɵɱɢɫɥɟɧɢɟ ɛɚɡɢɫɚ ɞɥɹ ɤɚɠɞɨɝɨ ɦɨɞɭɥɹ 

ɋɈɄ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɚɥɝɨɪɢɬɦɨɦ ɩɟɪɟɜɨɞɚ ɱɢɫɥɚ ɢɡ ɋɈɄ ɜ ɉɋɋ. ɉɨɫɥɟ 

ɜɵɱɢɫɥɟɧɢɹ ɛɚɡɢɫɨɜ ɢ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɨɲɢɛɤɢ ɜ ɧɚɛɨɪɟ ɦɨɞɭɥɟɣ ɞɟɤɨɞɟɪ 

ɫɬɚɧɨɜɢɬɫɹ ɡɚɩɪɨɝɪɚɦɦɢɪɨɜɚɧɧɵɦ (ɫɢɝɧɚɥ ɞɟɤɨɞɟɪɚ decoder_readiness). 

Ȼɚɡɢɫɵ ɦɨɞɭɥɟɣ ɋɈɄ, ɩɨɫɬɭɩɚɸɳɢɯ ɧɚ ɜɯɨɞɧɭɸ 24-ɪɚɡɪɹɞɧɭɸ ɲɢɧɭ data, 

ɜɵɱɢɫɥɹɸɬɫɹ ɩɚɪɚɥɥɟɥɶɧɨ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɢ ɨɛɴɟɞɢɧɹɸɬɫɹ ɜ ɜɵɯɨɞɧɭɸ  

24-ɪɚɡɪɹɞɧɭɸ ɲɢɧɭ ɞɚɧɧɵɯ ɛɥɨɤɚ output_data, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɱɢɬɚɧɚ 

ɞɪɭɝɢɦɢ ɛɥɨɤɚɦɢ ɞɟɤɨɞɟɪɚ ɩɪɢ ɧɚɥɢɱɢɢ ɪɚɡɪɟɲɚɸɳɟɝɨ ɫɢɝɧɚɥɚ output_enable. 

ɋɯɟɦɵ ɜɵɱɢɫɥɟɧɢɹ ɛɚɡɢɫɨɜ ɢɞɟɧɬɢɱɧɵ ɞɪɭɝ ɞɪɭɝɭ. Ʉɚɠɞɚɹ ɢɡ ɧɢɯ ɫɨɫɬɨɢɬ 

ɢɡ ɚɪɢɮɦɟɬɢɱɟɫɤɨɝɨ ɛɥɨɤɚ ɢ ɫɱɟɬɱɢɤɚ ɞɥɹ ɩɨɞɛɨɪɚ ɜɟɫɚ ɛɚɡɢɫɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɚɥɝɨɪɢɬɦɨɦ ɩɟɪɟɜɨɞɚ ɱɢɫɥɚ ɢɡ ɋɈɄ ɜ ɉɋɋ. ɋɢɝɧɚɥɵ clear ɢ clk ɩɪɟɞɧɚɡɧɚɱɟɧɵ 

ɞɥɹ ɫɛɪɨɫɚ ɢ ɬɚɤɬɢɪɨɜɚɧɢɹ ɫɱɟɬɱɢɤɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɋɢɧɬɟɡɢɪɨɜɚɧɧɨɟ RTL-ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɛɥɨɤɚ ɛɚɡɢɫɨɜ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ 

ɪɢɫɭɧɤɟ 12. 
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Ɋɢɫɭɧɨɤ 12 – RTL-ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɛɥɨɤɚ ɛɚɡɢɫɨɜ 

 

ɋɯɟɦɚ ɜɵɱɢɫɥɟɧɢɹ ɛɚɡɢɫɚ ɪɟɚɥɢɡɨɜɚɧɚ ɧɚ ɹɡɵɤɟ ɨɩɢɫɚɧɢɹ ɚɩɩɚɪɚɬɭɪɵ 

Verilog ɜ ɜɢɞɟ ɨɬɞɟɥɶɧɨɝɨ ɦɨɞɭɥɹ (basis). RTL-ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɦɨɞɭɥɹ basis 

ɩɪɢɜɟɞɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 13. 

 

 

 

Ɋɢɫɭɧɨɤ 13 – RTL-ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɦɨɞɭɥɹ basis 

 

ɋɱɟɬɱɢɤ ɧɚ ɹɡɵɤɟ ɨɩɢɫɚɧɢɹ ɚɩɩɚɪɚɬɭɪɵ Verilog ɪɟɚɥɢɡɨɜɚɧ ɤɚɤ ɨɬɞɟɥɶɧɵɣ 

ɦɨɞɭɥɶ (counter). RTL-ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɦɨɞɭɥɹ ɫɱɟɬɱɢɤɚ (counter) ɩɪɟɞɫɬɚɜɥɟɧɨ 

ɧɚ ɪɢɫɭɧɤɟ 14.  
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Ɋɢɫɭɧɨɤ 14 – RTL-ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɦɨɞɭɥɹ counter 

 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɜɯɨɞɧɨɝɨ ɛɭɮɟɪɚ ɞɚɧɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 15. 

 

 

 

Ɋɢɫɭɧɨɤ 15 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɜɯɨɞɧɨɝɨ ɛɭɮɟɪɚ ɞɚɧɧɵɯ 

 

ȼɯɨɞɧɨɣ ɛɭɮɟɪ ɞɚɧɧɵɯ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɯɪɚɧɟɧɢɹ ɤɚɞɪɨɜ ɋɈɄ. Ȼɭɮɟɪ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɨɞɭɥɶ ɈɁɍ ɫ ɨɬɞɟɥɶɧɵɦɢ ɫɢɝɧɚɥɚɦɢ ɪɚɡɪɟɲɟɧɢɹ ɱɬɟɧɢɹ ɢ 

ɡɚɩɢɫɢ, ɚ ɬɚɤɠɟ ɨɬɞɟɥɶɧɵɦɢ ɲɢɧɚɦɢ ɚɞɪɟɫɚ. ɉɪɨɛɥɟɦɚ ɱɬɟɧɢɹ ɜɨ ɜɪɟɦɹ ɡɚɩɢɫɢ 

ɪɟɲɚɟɬɫɹ ɡɚ ɫɱɟɬ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɡɚɩɢɫɢ ɩɨ ɧɚɪɚɫɬɚɸɳɟɦɭ ɮɪɨɧɬɭ 

ɫɢɧɯɪɨɫɢɝɧɚɥɚ, ɚ ɱɬɟɧɢɹ – ɩɨ ɩɚɞɚɸɳɟɦɭ.  
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ȼɨ ɜɯɨɞɧɨɦ ɛɭɮɟɪɟ ɟɫɬɶ ɫɯɟɦɵ, ɪɚɛɨɬɚɸɳɢɟ ɩɨ ɮɪɨɧɬɚɦ ɫɢɧɯɪɨɫɢɝɧɚɥɚ. 

ȼ ɫɯɟɦɟ, ɪɚɛɨɬɚɸɳɟɣ ɩɨ ɧɚɪɚɫɬɚɸɳɟɦɭ ɮɪɨɧɬɭ ɫɢɧɯɪɨɫɢɝɧɚɥɚ, ɮɨɪɦɢɪɭɸɬɫɹ: 

- ɚɞɪɟɫ ɞɥɹ ɱɬɟɧɢɹ; 

- ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɫɢɝɧɚɥ ɞɥɹ ɚɞɪɟɫɚ ɡɚɩɢɫɢ. 

ȼ ɫɯɟɦɟ, ɪɚɛɨɬɚɸɳɟɣ ɩɨ ɩɚɞɚɸɳɟɦɭ ɮɪɨɧɬɭ ɫɢɧɯɪɨɫɢɝɧɚɥɚ, 

ɮɨɪɦɢɪɭɸɬɫɹ: 

- ɚɞɪɟɫ ɞɥɹ ɡɚɩɢɫɢ; 

- ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɫɢɝɧɚɥ ɞɥɹ ɚɞɪɟɫɚ ɱɬɟɧɢɹ; 

- ɫɢɝɧɚɥ ɩɟɪɟɩɨɥɧɟɧɢɹ ɩɚɦɹɬɢ ɛɭɮɟɪɚ ɞɚɧɧɵɯ. 

Ⱦɥɹ ɯɪɚɧɟɧɢɹ ɚɞɪɟɫɨɜ ɱɬɟɧɢɹ ɢ ɡɚɩɢɫɢ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɨɬɞɟɥɶɧɵɟ  

10-ɪɚɡɪɹɞɧɵɟ ɪɟɝɢɫɬɪɵ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɚɞɪɟɫɨɜɚɬɶ 1024 ɹɱɟɣɤɢ ɩɚɦɹɬɢ 

ɜɯɨɞɧɨɝɨ ɛɭɮɟɪɚ. ɉɨɫɥɟ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɱɬɟɧɢɹ/ɡɚɩɢɫɢ ɡɧɚɱɟɧɢɟ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɪɟɝɢɫɬɪɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. Ʉɨɝɞɚ ɚɞɪɟɫɚ ɱɬɟɧɢɹ ɢ ɡɚɩɢɫɢ 

ɫɬɚɧɨɜɹɬɫɹ ɨɞɢɧɚɤɨɜɵɦɢ, ɬɨ ɟɫɬɶ ɜɫɟ ɡɧɚɱɟɧɢɹ ɛɭɮɟɪɚ ɩɪɨɱɢɬɚɧɵ, ɚɞɪɟɫɚ 

ɨɛɧɭɥɹɸɬɫɹ. Ɍɚɤɠɟ ɚɞɪɟɫɚ ɨɛɧɭɥɹɸɬɫɹ ɩɪɢ ɚɤɬɢɜɧɨɦ ɫɢɝɧɚɥɟ ɫɛɪɨɫɚ clear. 

ȼɵɯɨɞɚɦɢ ɛɭɮɟɪɚ ɹɜɥɹɸɬɫɹ ɫɢɝɧɚɥɵ ɨ ɧɚɥɢɱɢɢ ɧɟɩɪɨɱɢɬɚɧɧɵɯ 

(ɧɟɨɛɪɚɛɨɬɚɧɧɵɯ) ɞɚɧɧɵɯ (data_readiness) ɢ ɩɟɪɟɩɨɥɧɟɧɢɢ (full) , ɚ ɬɚɤɠɟ ɲɢɧɚ 

ɞɚɧɧɵɯ (output_data).  

RTL-ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɜɯɨɞɧɨɝɨ ɛɭɮɟɪɚ ɞɚɧɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 16. 

 

 

 

Ɋɢɫɭɧɨɤ 16 – RTL-ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɜɯɨɞɧɨɝɨ ɛɭɮɟɪɚ ɞɚɧɧɵɯ 

 

ɉɚɦɹɬɶ ɜɯɨɞɧɨɝɨ ɛɭɮɟɪɚ ɪɟɚɥɢɡɨɜɚɧɚ ɧɚ ɹɡɵɤɟ ɨɩɢɫɚɧɢɹ ɚɩɩɚɪɚɬɭɪɵ 

Verilog ɜ ɜɢɞɟ ɨɬɞɟɥɶɧɨɝɨ ɦɨɞɭɥɹ (RAM). RTL-ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɦɨɞɭɥɹ RAM 

ɩɪɢɜɟɞɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 17. 

 



26 
 

 

 

Ɋɢɫɭɧɨɤ 17 – RTL-ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɦɨɞɭɥɹ RAM 

 

ɋɢɧɬɟɡɢɪɨɜɚɧɧɨɟ RTL-ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɜɵɯɨɞɧɨɝɨ ɛɭɮɟɪɚ ɞɚɧɧɵɯ 

ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 18. 

 

 

 

Ɋɢɫɭɧɨɤ 18 – RTL-ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɜɵɯɨɞɧɨɝɨ ɛɭɮɟɪɚ ɞɚɧɧɵɯ 

 

ȼɵɯɨɞɧɨɣ ɛɭɮɟɪ ɞɚɧɧɵɯ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɯɪɚɧɟɧɢɹ ɞɟɤɨɞɢɪɨɜɚɧɧɵɯ 

ɤɚɞɪɨɜ ɉɋɋ. ɋɬɪɭɤɬɭɪɚ ɢ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ ɚɧɚɥɨɝɢɱɧɵ ɜɯɨɞɧɨɦɭ ɛɭɮɟɪɭ 

ɞɚɧɧɵɯ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɬɨɝɨ, ɱɬɨ ɜ ɜɵɯɨɞɧɨɦ ɛɭɮɟɪɟ ɢɦɟɸɬɫɹ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɦɨɞɭɥɶ ɩɚɦɹɬɢ (ɦɨɞɭɥɶ RAM, ɪɢɫɭɧɨɤ 17) ɞɥɹ ɯɪɚɧɟɧɢɹ 

ɦɚɫɫɢɜɚ ɮɥɚɝɨɜ, ɢɞɟɧɬɢɮɢɰɢɪɭɸɳɢɯ ɫɥɭɠɟɛɧɵɟ ɫɥɨɜɚ, ɚ ɬɚɤɠɟ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɜɵɯɨɞ service, ɫɢɝɧɚɥɢɡɢɪɭɸɳɢɣ ɨ ɧɚɥɢɱɢɢ ɧɚ ɜɵɯɨɞɧɨɣ ɲɢɧɟ 

ɞɚɧɧɵɯ ɫɥɭɠɟɛɧɨɝɨ ɫɥɨɜɚ. 

ɉɪɢ ɡɚɩɢɫɢ ɞɟɤɨɞɢɪɨɜɚɧɧɨɝɨ ɫɥɨɜɚ ɜ ɩɚɦɹɬɶ ɛɭɮɟɪɚ, ɧɚ ɟɝɨ ɜɯɨɞ 

service_enable ɢɡ ɛɥɨɤɚ ɜɵɱɢɫɥɟɧɢɣ ɩɨɫɬɭɩɚɟɬ ɫɢɝɧɚɥ-ɢɞɟɧɬɢɮɢɤɚɬɨɪ 

ɫɥɭɠɟɛɧɨɝɨ ɫɥɨɜɚ. ȿɫɥɢ service_enable = 1, ɬɨ ɩɨ ɬɨɦɭ ɠɟ ɚɞɪɟɫɭ, ɩɨ ɤɨɬɨɪɨɦɭ 

ɩɪɨɢɫɯɨɞɢɬ ɡɚɩɢɫɶ ɞɟɤɨɞɢɪɨɜɚɧɧɨɝɨ ɫɥɨɜɚ, ɜ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɦɨɞɭɥɶ ɩɚɦɹɬɢ 

ɡɚɩɢɫɵɜɚɟɬɫɹ ɨɞɧɨɪɚɡɪɹɞɧɨɟ ɡɧɚɱɟɧɢɟ 1. ɂɧɚɱɟ ɩɨ ɷɬɨɦɭ ɚɞɪɟɫɭ ɡɚɩɢɫɵɜɚɟɬɫɹ 
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ɨɞɧɨɪɚɡɪɹɞɧɨɟ ɡɧɚɱɟɧɢɟ 0. ɉɪɢ ɱɬɟɧɢɢ ɫɥɨɜ ɢɡ ɜɵɯɨɞɧɨɝɨ ɛɭɮɟɪɚ ɧɚ ɜɵɯɨɞɟ 

service ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɡɧɚɱɟɧɢɟ ɢɡ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɨɞɭɥɹ ɩɚɦɹɬɢ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɩɨ ɚɞɪɟɫɭ ɞɟɤɨɞɢɪɨɜɚɧɧɨɦɭ ɫɥɨɜɭ ɧɚ ɜɵɯɨɞɧɨɣ ɲɢɧɟ 

output_data.  

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɛɥɨɤɚ ɜɵɱɢɫɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 19. 

 

 

 

Ɋɢɫɭɧɨɤ 19 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɛɥɨɤɚ ɜɵɱɢɫɥɟɧɢɹ 

 

Ȼɥɨɤ ɜɵɱɢɫɥɟɧɢɹ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɱɢɫɥɚ ɩɨ ɟɝɨ ɨɫɬɚɬɤɚɦ,  

ɚ ɬɚɤɠɟ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɫɥɭɠɟɛɧɨɝɨ ɫɥɨɜɚ. 

ɑɢɫɥɨ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɜ ɜɢɞɟ ɨɫɬɚɬɤɨɜ, ɡɚɩɢɫɚɧɧɵɯ ɫ ɩɨɦɨɳɶɸ 

ɦɢɧɢɦɚɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɪɚɡɪɹɞɨɜ, ɩɨɫɬɭɩɚɟɬ ɫ 8-ɪɚɡɪɹɞɧɨɣ ɲɢɧɵ ɞɚɧɧɵɯ data 

ɜ ɫɞɜɢɝɨɜɵɣ ɪɟɝɢɫɬɪ ɫ ɩɚɪɚɥɥɟɥɶɧɨɣ ɡɚɩɢɫɶɸ. Ɂɚɩɢɫɶ ɜ ɷɬɨɬ ɪɟɝɢɫɬɪ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɨɬɪɢɰɚɬɟɥɶɧɨɦɭ ɮɪɨɧɬɭ ɫɢɧɯɪɨɫɢɝɧɚɥɚ, ɟɫɥɢ ɨɤɨɧɱɟɧɨ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɩɪɟɞɵɞɭɳɟɝɨ ɱɢɫɥɚ. ɉɨɫɥɟ ɡɚɩɢɫɢ ɱɢɫɥɚ ɩɨ ɨɬɪɢɰɚɬɟɥɶɧɨɦɭ 
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ɮɪɨɧɬɭ ɫɢɧɯɪɨɫɢɝɧɚɥɚ ɩɪɨɢɫɯɨɞɢɬ ɫɞɜɢɝ ɯɪɚɧɢɦɨɝɨ ɱɢɫɥɚ ɜ ɫɬɨɪɨɧɭ ɫɬɚɪɲɢɯ 

ɪɚɡɪɹɞɨɜ ɢ ɜɵɞɜɢɧɭɬɵɣ ɪɚɡɪɹɞ ɡɚɩɢɫɵɜɚɟɬɫɹ ɩɨ ɩɨɥɨɠɢɬɟɥɶɧɨɦɭ ɮɪɨɧɬɭ ɜ ɨɞɢɧ 

ɢɡ ɪɟɝɢɫɬɪɨɜ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɡɚɩɢɫɶɸ, ɟɫɥɢ ɡɚɩɢɫɶ ɪɚɡɪɟɲɟɧɚ.  

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɹ ɫɱɟɬɱɢɤɚ ɡɚɩɢɫɶ ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɪɟɲɟɧɚ ɬɨɥɶɤɨ ɜ 

ɨɞɢɧ ɢɡ ɫɞɜɢɝɨɜɵɯ ɪɟɝɢɫɬɪɨɜ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɡɚɩɢɫɶɸ. 

ɉɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɫɞɜɢɝɚ ɜ ɪɟɝɢɫɬɪɚɯ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɡɚɩɢɫɶɸ 

ɯɪɚɧɹɬɫɹ ɨɫɬɚɬɤɢ ɨɬ ɞɟɥɟɧɢɹ, ɡɚɩɢɫɚɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɨɞɢɧɚɤɨɜɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 

ɪɚɡɪɹɞɨɜ. ɂɯ ɫɨɞɟɪɠɢɦɨɟ ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɯɨɞɵ ɫɯɟɦɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

ɫɥɭɠɟɛɧɨɝɨ ɫɥɨɜɚ ɢ ɚɪɢɮɦɟɬɢɱɟɫɤɨɝɨ ɛɥɨɤɚ, ɝɞɟ ɱɢɫɥɨ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɨɫɬɚɬɤɚɦ 

ɢ ɛɚɡɢɫɚɦ ɫ ɲɢɧɵ bases ɫ ɭɱɟɬɨɦ ɧɚɛɨɪɚ ɦɨɞɭɥɟɣ ɫ ɲɢɧɵ modules. 

ɋɢɝɧɚɥ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɝɨɬɨɜɧɨɫɬɢ ɜɵɯɨɞɧɨɣ ɲɢɧɵ preliminary 

ɮɨɪɦɢɪɭɟɬɫɹ ɧɚ ɩɪɟɞɩɨɫɥɟɞɧɟɦ ɬɚɤɬɟ ɰɢɤɥɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɞɥɹ ɧɚɱɚɥɚ ɱɬɟɧɢɹ 

ɫɥɟɞɭɸɳɟɝɨ ɡɧɚɱɟɧɢɹ ɢɡ ɜɯɨɞɧɨɝɨ ɛɭɮɟɪɚ, ɱɬɨɛɵ ɤ ɨɤɨɧɱɚɧɢɸ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

ɜ ɛɥɨɤɟ ɜɵɱɢɫɥɟɧɢɹ ɧɚ ɲɢɧɟ data ɩɪɢɫɭɬɫɬɜɨɜɚɥɨ ɧɨɜɨɟ ɫɥɨɜɨ. 

Ⱦɥɢɧɚ ɰɢɤɥɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɪɚɡɪɹɞɨɜ ɞɥɹ ɡɚɩɢɫɢ 

ɨɫɬɚɬɤɨɜ, ɤɨɬɨɪɵɟ ɞɥɹ ɤɚɠɞɨɝɨ ɦɨɞɭɥɹ ɜ ɧɚɛɨɪɟ ɡɚɞɚɧɵ ɧɚ ɲɢɧɟ reduced. 

RTL-ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɛɥɨɤɚ ɜɵɱɢɫɥɟɧɢɹ ɞɚɧɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ  

ɪɢɫɭɧɤɟ 20. 

 

 

 

Ɋɢɫɭɧɨɤ 20 – RTL-ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɛɥɨɤɚ ɜɵɱɢɫɥɟɧɢɹ 
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ɋɞɜɢɝɨɜɵɟ ɪɟɝɢɫɬɪɵ ɫ ɩɚɪɚɥɥɟɥɶɧɨɣ ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɡɚɩɢɫɶɸ 

ɪɟɚɥɢɡɨɜɚɧɵ ɧɚ ɹɡɵɤɟ ɨɩɢɫɚɧɢɹ ɚɩɩɚɪɚɬɭɪɵ Verilog ɜ ɜɢɞɟ ɨɬɞɟɥɶɧɵɯ ɦɨɞɭɥɟɣ 

(shift_parallel_register ɢ shift_register). RTL-ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɦɨɞɭɥɟɣ 

shift_parallel_register ɢ shift_register ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 21, 22 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 

 

 

Ɋɢɫɭɧɨɤ 21 – RTL-ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɦɨɞɭɥɹ shift_parallel_register 

 

 

 

Ɋɢɫɭɧɨɤ 22 – RTL-ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɦɨɞɭɥɹ shift_ register 

 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɛɥɨɤɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɢɝɧɚɥɚ ɡɚɩɢɫɢ ɜ ɜɵɯɨɞɧɨɣ 

ɛɭɮɟɪ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 23. 
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Ɋɢɫɭɧɨɤ 23 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɛɥɨɤɚ ɮɨɪɦɢɪɨɜɚɧɢɹ  

ɫɢɝɧɚɥɚ ɡɚɩɢɫɢ ɜ ɜɵɯɨɞɧɨɣ ɛɭɮɟɪ 

 

Ȼɥɨɤ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɢɝɧɚɥɚ ɡɚɩɢɫɢ ɜ ɜɵɯɨɞɧɨɣ ɛɭɮɟɪ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ 

ɫɬɭɩɟɧɟɣ.  

ɉɟɪɜɚɹ ɫɬɭɩɟɧɶ (ɫɯɟɦɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ 

ɡɚɩɢɫɢ ɜ ɩɚɦɹɬɶ) ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɩɪɨɜɟɪɤɢ ɭɫɥɨɜɢɹ ɧɚɱɚɥɚ ɧɨɜɨɝɨ ɰɢɤɥɚ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɛɥɨɤɟ ɜɵɱɢɫɥɟɧɢɹ, ɤɨɬɨɪɨɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɱɬɟɧɢɢ ɜɯɨɞɧɨɝɨ 

ɛɭɮɟɪɚ ɩɪɢ ɨɤɨɧɱɚɧɢɢ ɬɟɤɭɳɟɝɨ ɰɢɤɥɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ (ɞɟɤɨɞɢɪɨɜɚɧɢɹ) ɜ 

ɛɥɨɤɟ ɜɵɱɢɫɥɟɧɢɹ. ȿɫɥɢ ɛɭɞɟɬ ɧɚɱɚɬ ɧɨɜɵɣ ɰɢɤɥ, ɬɨ ɟɫɬɶ ɧɚ ɜɯɨɞɚɯ 

calculation_block_preliminary (ɫɢɝɧɚɥ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɨɤɨɧɱɚɧɢɹ ɰɢɤɥɚ) ɢ 

input_buffer_data_readiness (ɧɚɥɢɱɢɟ ɜɨ ɜɯɨɞɧɨɦ ɛɭɮɟɪɟ ɧɟɩɪɨɱɢɬɚɧɧɵɯ 

(ɧɟɨɛɪɚɛɨɬɚɧɧɵɯ) ɞɚɧɧɵɯ) ɭɫɬɚɧɨɜɥɟɧ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɫɢɝɧɚɥɚ,  

ɬɨ ɞɚɧɧɨɟ ɫɨɛɵɬɢɟ ɮɢɤɫɢɪɭɟɬɫɹ ɜ ɩɚɦɹɬɢ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ. 

ȼɬɨɪɚɹ ɫɬɭɩɟɧɶ ɮɨɪɦɢɪɭɟɬ ɫɢɝɧɚɥ ɪɚɡɪɟɲɟɧɢɹ ɡɚɩɢɫɢ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 

ɩɨɫɬɭɩɚɸɳɢɣ ɜ ɜɵɯɨɞɧɨɣ ɛɭɮɟɪ ɞɚɧɧɵɯ. ɗɬɨɬ ɫɢɝɧɚɥ ɮɨɪɦɢɪɭɟɬɫɹ ɩɪɢ 

ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɹɯ: 

- ɞɟɤɨɞɟɪ ɤɨɪɪɟɤɬɧɨ ɡɚɩɪɨɝɪɚɦɦɢɪɨɜɚɧ (decoder readiness = 1); 

- ɞɟɤɨɞɢɪɨɜɚɧɢɟ ɜ ɛɥɨɤɟ ɜɵɱɢɫɥɟɧɢɹ ɩɨɥɧɨɫɬɶɸ ɡɚɜɟɪɲɟɧɨ 

(calculation_block_output_enable); 

- ɩɟɪɜɨɣ ɫɬɭɩɟɧɶɸ ɛɥɨɤɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɧɚɱɚɥɨ ɧɨɜɨɝɨ 

ɰɢɤɥɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. 
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ȼɯɨɞɧɵɟ ɥɢɧɢɢ ɫɢɧɯɪɨɫɢɝɧɚɥɚ (clk) ɢ ɫɛɪɨɫɚ (clear) ɩɪɟɞɧɚɡɧɚɱɟɧɵ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɹ ɬɚɤɬɢɪɨɜɚɧɢɹ ɢ ɨɛɧɭɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɩɚɦɹɬɢ ɫɬɭɩɟɧɟɣ 

ɛɥɨɤɚ. 

RTL-ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɛɥɨɤɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɢɝɧɚɥɚ ɡɚɩɢɫɢ ɜ ɜɵɯɨɞɧɨɣ 

ɛɭɮɟɪ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 24. 

 

 

 

Ɋɢɫɭɧɨɤ 24 – RTL-ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɛɥɨɤɚ ɮɨɪɦɢɪɨɜɚɧɢɹ  

ɫɢɝɧɚɥɚ ɡɚɩɢɫɢ ɜ ɜɵɯɨɞɧɨɣ ɛɭɮɟɪ 

 

Ɋɟɡɭɥɶɬɚɬɵ ɩɨɥɧɨɝɨ ɫɢɧɬɟɡɚ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɩɪɨɟɤɬɚ ɜ ɋȺɉɊ Quartus 

Prime ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 25. 

 

 

 

Ɋɢɫɭɧɨɤ 25 – Ɋɟɡɭɥɶɬɚɬɵ ɩɨɥɧɨɝɨ ɫɢɧɬɟɡɚ ɩɪɨɟɤɬɚ ɜ ɋȺɉɊ Quartus Prime 
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2.5 ȼɵɜɨɞɵ ɩɨ ɜɬɨɪɨɦɭ ɪɚɡɞɟɥɭ 
 

ɉɪɢɜɟɞɟɧɧɚɹ ɜ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɫɬɪɭɤɬɭɪɚ ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɝɨ ɞɟɤɨɞɟɪɚ 

ɋɈɄ-ɉɋɋ ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɰɟɥɟɜɭɸ ɮɭɧɤɰɢɸ ɭɫɬɪɨɣɫɬɜɚ: 

ɩɪɟɨɛɪɚɡɨɜɵɜɚɬɶ ɤɚɞɪɵ ɫɠɚɬɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɋɈɄ, ɜ ɤɚɞɪɵ 

ɉɋɋ. 

ȼɫɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɛɥɨɤɢ ɭɫɬɪɨɣɫɬɜɚ ɨɩɢɫɚɧɵ ɧɚ ɹɡɵɤɟ Verilog ɬɨɥɶɤɨ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɢɧɬɟɡɢɪɭɟɦɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɞɚɧɧɨɝɨ ɹɡɵɤɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 

ɝɨɜɨɪɢɬɶ ɨ ɩɨɥɧɨɣ ɪɟɚɥɢɡɭɟɦɨɫɬɢ ɩɪɨɟɤɬɚ ɞɟɤɨɞɟɪɚ ɧɚ ɜɵɛɪɚɧɧɨɣ ɷɥɟɦɟɧɬɧɨɣ 

ɛɚɡɟ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɥɧɨɝɨ ɫɢɧɬɟɡɚ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɉɅɂɋ-

ɩɪɨɟɤɬɚ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɟɝɨ 

ɪɟɚɥɢɡɚɰɢɢ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɚɩɩɚɪɚɬɧɵɯ ɡɚɬɪɚɬ, ɬɚɤ ɤɚɤ ɜ ɪɚɦɤɚɯ ɪɟɫɭɪɫɨɜ 

ɰɟɥɟɜɨɣ ɉɅɂɋ ɢɫɩɨɥɶɡɨɜɚɧɨ ɜɫɟɝɨ ɥɢɲɶ 2 % ɥɨɝɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɢ 7 % 

ɤɨɧɬɚɤɬɨɜ. 

 

3 ɉɪɨɜɟɪɤɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ 

 

ɉɪɨɜɟɪɤɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɝɨ ɞɟɤɨɞɟɪɚ ɋɈɄ-ɉɋɋ 

ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɩɪɨɜɟɞɟɧɢɢ ɫ ɩɨɦɨɳɶɸ ɫɢɫɬɟɦɵ HDL-ɦɨɞɟɥɢɪɨɜɚɧɢɹ ModelSim 

ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɢ ɜɪɟɦɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɤɨɬɨɪɨɝɨ 

ɪɚɡɪɚɛɨɬɚɧ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɣ ɦɨɞɭɥɶ (ɬɟɫɬɛɟɧɱ), ɝɟɧɟɪɢɪɭɸɳɢɣ ɜɯɨɞɧɵɟ 

ɜɨɡɞɟɣɫɬɜɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɩɢɫɚɧɢɟɦ ɧɚ ɹɡɵɤɟ Verilog. 

  

3.1 Ɏɭɧɤɰɢɨɧɚɥɶɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 

 

ɏɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɣ ɫɢɝɧɚɥɨɜ ɧɚ ɜɯɨɞɚɯ ɞɟɤɨɞɟɪɚ ɩɪɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɦ 

ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 3. 
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Ɍɚɛɥɢɰɚ 3 – ɂɡɦɟɧɟɧɢɹ ɫɢɝɧɚɥɨɜ ɧɚ ɜɯɨɞɚɯ ɞɟɤɨɞɟɪɚ ɩɪɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɦ 

ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 

ȼɯɨɞɵ ɞɟɤɨɞɟɪɚ ɏɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɫɢɝɧɚɥɨɜ 

clear ɨɞɢɧɨɱɧɵɣ ɩɪɹɦɨɭɝɨɥɶɧɵɣ ɢɦɩɭɥɶɫ 

clk ɦɟɚɧɞɪ ɫ ɱɚɫɬɨɬɨɣ 33,3 ɆȽɰ 

RCS_module ɫɥɭɱɚɣɧɨɟ ɢɡɦɟɧɟɧɢɟ 

RCS_module_address 
ɰɢɤɥɢɱɟɫɤɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɡɧɚɱɟɧɢɣ 

002, 012, 102 

RCS_module_enable 
ɰɢɤɥɢɱɟɫɤɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 

ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɢɦɩɭɥɶɫɨɜ  

data, data_enable, read_enable ɩɨɫɬɨɹɧɧɵɣ ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ ɫɢɝɧɚɥɚ 

 

Ɏɪɚɝɦɟɧɬ ɜɪɟɦɟɧɧɨɣ ɞɢɚɝɪɚɦɦɵ, ɩɨɥɭɱɟɧɧɨɣ ɩɪɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɦ 

ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 26. 

 

 

 

Ɋɢɫɭɧɨɤ 26 – Ɏɪɚɝɦɟɧɬ ɜɪɟɦɟɧɧɨɣ ɞɢɚɝɪɚɦɦɵ,  

ɩɨɥɭɱɟɧɧɨɣ ɩɪɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 

 

Ɋɟɡɭɥɶɬɚɬɵ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4. 
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Ɍɚɛɥɢɰɚ 4 – Ɋɟɡɭɥɶɬɚɬɵ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 

ɇɨɦɟɪ 

ɧɚɛɨɪɚ 

ɦɨɞɭɥɟɣ 

ɋɈɄ 

ɇɚɛɨɪ 

ɦɨɞɭɥɟɣ 

ɋɈɄ 

ɇɚɛɨɪ 

ɦɨɞɭɥɟɣ  

ɋɈɄ  

ɹɜɥɹɟɬɫɹ 

ɤɨɪɪɟɤɬɧɵɦ 

(ɞɚ/ɧɟɬ) 

Ɂɧɚɱɟɧɢɹ ɫɢɝɧɚɥɨɜ  

ɧɚ ɜɵɯɨɞɚɯ ɞɟɤɨɞɟɪɚ ɉɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ 

ɩɪɨɢɡɜɟɞɟɧɨ 

ɭɫɩɟɲɧɨ 

(ɞɚ/ɧɟɬ) 
decoder_readiness error 

1 4, 2, 15 ɇɟɬ 0 1 ɇɟɬ 

2 4, 2, 6 ɇɟɬ 0 1 ɇɟɬ 

3 15, 2, 6 ɇɟɬ 0 1 ɇɟɬ 

4 15, 2, 12 ɇɟɬ 0 1 ɇɟɬ 

5 0, 2, 12 ɇɟɬ 0 1 ɇɟɬ 

6 0, 13, 12 Ⱦɚ 1 0 Ⱦɚ 

7 0, 13, 7 Ⱦɚ 1 0 Ⱦɚ 

8 12, 13, 7 ɇɟɬ 0 1 ɇɟɬ 

9 12, 9, 7 ɇɟɬ 0 1 ɇɟɬ 

10 12, 9, 15 ɇɟɬ 0 1 ɇɟɬ 

11 15, 9, 15 ɇɟɬ 0 1 ɇɟɬ 

12 15, 6, 15 ɇɟɬ 0 1 ɇɟɬ 

13 3, 6, 15 ɇɟɬ 0 1 ɇɟɬ 

14 3, 3 15 ɇɟɬ 0 1 ɇɟɬ 

15 3, 3, 12 ɇɟɬ 0 1 ɇɟɬ 

16 0, 3, 12 ɇɟɬ 0 1 ɇɟɬ 

17 0, 0, 12 Ⱦɚ 1 0 Ⱦɚ 

18 0, 0, 8 Ⱦɚ 1 0 Ⱦɚ 

19 5, 0, 8 Ⱦɚ 1 0 Ⱦɚ 

20 5, 8, 8 ɇɟɬ 0 1 ɇɟɬ 

21 5, 8, 15 ɇɟɬ 0 1 ɇɟɬ 

22 9, 8, 15 ɇɟɬ 0 1 ɇɟɬ 

23 9, 6, 15 ɇɟɬ 0 1 ɇɟɬ 

24 9, 6, 14 ɇɟɬ 0 1 ɇɟɬ 

25 7, 6, 14 ɇɟɬ 0 1 ɇɟɬ 

26 7, 7, 14 ɇɟɬ 0 1 ɇɟɬ 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 4 

ɇɨɦɟɪ 

ɧɚɛɨɪɚ 

ɦɨɞɭɥɟɣ 

ɋɈɄ 

ɇɚɛɨɪ 

ɦɨɞɭɥɟɣ 

ɋɈɄ 

ɇɚɛɨɪ 

ɦɨɞɭɥɟɣ  

ɋɈɄ  

ɹɜɥɹɟɬɫɹ 

ɤɨɪɪɟɤɬɧɵɦ 

(ɞɚ/ɧɟɬ) 

Ɂɧɚɱɟɧɢɹ ɫɢɝɧɚɥɨɜ  

ɧɚ ɜɵɯɨɞɚɯ ɞɟɤɨɞɟɪɚ ɉɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ 

ɩɪɨɢɡɜɟɞɟɧɨ 

ɭɫɩɟɲɧɨ 

(ɞɚ/ɧɟɬ) 
decoder_readiness error 

27 7, 7, 6 ɇɟɬ 0 1 ɇɟɬ 

28 5, 7, 6 ɇɟɬ 0 1 ɇɟɬ 

29 5, 7, 13 ɇɟɬ 0 1 ɇɟɬ 

30 12, 7, 13 ɇɟɬ 0 1 ɇɟɬ 

31 12, 4, 13 ɇɟɬ 0 1 ɇɟɬ 

32 12, 4, 8 ɇɟɬ 0 1 ɇɟɬ 

33 6, 4, 8 ɇɟɬ 0 1 ɇɟɬ 

34 6, 11, 8 ɇɟɬ 0 1 ɇɟɬ 

35 6, 11, 11 ɇɟɬ 0 1 ɇɟɬ 

36 9, 11, 11 ɇɟɬ 0 1 ɇɟɬ 

37 9, 6, 11 ɇɟɬ 0 1 ɇɟɬ 

38 9, 6, 6 ɇɟɬ 0 1 ɇɟɬ 

39 9, 1, 6 ɇɟɬ 0 1 ɇɟɬ 

40 9, 1, 3 ɇɟɬ 0 1 ɇɟɬ 

41 4, 1, 3 ɇɟɬ 0 1 ɇɟɬ 

42 4, 2, 3 ɇɟɬ 0 1 ɇɟɬ 

43 4, 2, 4 ɇɟɬ 0 1 ɇɟɬ 

44 6, 2, 4 ɇɟɬ 0 1 ɇɟɬ 

45 6, 3, 4 ɇɟɬ 0 1 ɇɟɬ 

46 6, 3, 11 ɇɟɬ 0 1 ɇɟɬ 

47 3, 3, 11 ɇɟɬ 0 1 ɇɟɬ 

48 3, 2, 11 Ⱦɚ 1 0 Ⱦɚ 

49 3, 2, 0 Ⱦɚ 1 0 Ⱦɚ 

50 4, 2, 0 ɇɟɬ 0 1 ɇɟɬ 

51 4, 11, 0 Ⱦɚ 1 0 Ⱦɚ 
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3.2 Ɏɭɧɤɰɢɨɧɚɥɶɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɞɟɤɨɞɢɪɨɜɚɧɢɹ 

 

ɏɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɣ ɫɢɝɧɚɥɨɜ ɧɚ ɜɯɨɞɚɯ ɞɟɤɨɞɟɪɚ ɩɪɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɦ 

ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɞɟɤɨɞɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 5. 

 

Ɍɚɛɥɢɰɚ 5 – ɂɡɦɟɧɟɧɢɹ ɫɢɝɧɚɥɨɜ ɧɚ ɜɯɨɞɚɯ ɞɟɤɨɞɟɪɚ ɩɪɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɦ 

ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɞɟɤɨɞɢɪɨɜɚɧɢɹ 

ȼɯɨɞɵ ɞɟɤɨɞɟɪɚ ɏɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɫɢɝɧɚɥɨɜ 

clear ɨɞɢɧɨɱɧɵɣ ɩɪɹɦɨɭɝɨɥɶɧɵɣ ɢɦɩɭɥɶɫ 

clk ɦɟɚɧɞɪ ɫ ɱɚɫɬɨɬɨɣ 33,3 ɆȽɰ 

RCS_module 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɡɧɚɱɟɧɢɣ  

710, 210, 1510 

RCS_module_address 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɡɧɚɱɟɧɢɣ  

002, 012, 102 

RCS_module_enable 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ  

ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɢɦɩɭɥɶɫɨɜ  

data ɫɥɭɱɚɣɧɨɟ ɢɡɦɟɧɟɧɢɟ 

data_enable 
ɰɢɤɥɢɱɟɫɤɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 

ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɢɦɩɭɥɶɫɨɜ 

read_enable ɩɨɫɬɨɹɧɧɵɣ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɫɢɝɧɚɥɚ 

 

Ɏɪɚɝɦɟɧɬ ɜɪɟɦɟɧɧɨɣ ɞɢɚɝɪɚɦɦɵ, ɩɨɥɭɱɟɧɧɨɣ ɩɪɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɦ 

ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɞɟɤɨɞɢɪɨɜɚɧɢɹ, ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 27. 
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Ɋɢɫɭɧɨɤ 27 – Ɏɪɚɝɦɟɧɬ ɜɪɟɦɟɧɧɨɣ ɞɢɚɝɪɚɦɦɵ,  

ɩɨɥɭɱɟɧɧɨɣ ɩɪɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɞɟɤɨɞɢɪɨɜɚɧɢɹ 

 

Ɋɟɡɭɥɶɬɚɬɵ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɟɤɨɞɢɪɨɜɚɧɢɹ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 6. 

 

Ɍɚɛɥɢɰɚ 6 – Ɋɟɡɭɥɶɬɚɬɵ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɟɤɨɞɢɪɨɜɚɧɢɹ 

ɇɨɦɟɪ 

ɫɥɨɜɚ 

ɇɚɛɨɪ 

ɦɨɞɭɥɟɣ  

ɋɈɄ 

Ⱦɟɤɨɞɢɪɭɟɦɨɟ 

ɫɥɨɜɨ 

Ɂɧɚɱɟɧɢɹ 

ɧɚ ɜɵɯɨɞɚɯ ɞɟɤɨɞɟɪɚ 

Ⱦɟɤɨɞɢɪɨɜɚɧɢɟ 

ɢɥɢ 

ɢɞɟɧɬɢɮɢɤɚɰɢɹ 

ɫɥɭɠɟɛɧɨɝɨ ɫɥɨɜɚ 

ɩɪɨɢɡɜɟɞɟɧɵ 

ɭɫɩɟɲɧɨ 

(ɞɚ/ɧɟɬ) 

output_data service 

1 

7, 2, 15 

011101002 19910 0 Ⱦɚ 

2 110011012 11810 0 Ⱦɚ 

3 000111012 13310 0 Ⱦɚ 

4 001101102 14110 0 Ⱦɚ 

5 011000112 10810 0 Ⱦɚ 

6 101101102 20110 0 Ⱦɚ 

7 010010112 8610 0 Ⱦɚ 

8 111111102 11910 1 Ⱦɚ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 6 

ɇɨɦɟɪ 

ɫɥɨɜɚ 

ɇɚɛɨɪ 

ɦɨɞɭɥɟɣ  

ɋɈɄ 

Ⱦɟɤɨɞɢɪɭɟɦɨɟ 

ɫɥɨɜɨ 

Ɂɧɚɱɟɧɢɹ 

ɧɚ ɜɵɯɨɞɚɯ ɞɟɤɨɞɟɪɚ 

Ⱦɟɤɨɞɢɪɨɜɚɧɢɟ 

ɢɥɢ 

ɢɞɟɧɬɢɮɢɤɚɰɢɹ 

ɫɥɭɠɟɛɧɨɝɨ ɫɥɨɜɚ 

ɩɪɨɢɡɜɟɞɟɧɵ 

ɭɫɩɟɲɧɨ 

(ɞɚ/ɧɟɬ) 

output_data service 

9 

7, 2, 15 

010111102 14910 0 Ⱦɚ 

10 000100012 9110 0 Ⱦɚ 

11 010000012 1610 0 Ⱦɚ 

12 011110002 14310 0 Ⱦɚ 

13 101000102 15210 0 Ⱦɚ 

14 100010012 14410 0 Ⱦɚ 

15 110010002 18810 0 Ⱦɚ 

16 001010102 19010 0 Ⱦɚ 

17 011000002 15010 0 Ⱦɚ 

18 001110012 9910 0 Ⱦɚ 

19 011011112 15010 1 Ⱦɚ 

20 010111112 13510 1 Ⱦɚ 

21 001101112 12710 0 Ⱦɚ 

22 101101002 1910 0 Ⱦɚ 

23 110001112 20210 0 Ⱦɚ 

24 110110012 6910 0 Ⱦɚ 

25 000100102 7710 0 Ⱦɚ 

26 100100012 15110 0 Ⱦɚ 

27 110111112 19510 1 Ⱦɚ 

28 100000012 4610 0 Ⱦɚ 

29 010011002 7210 0 Ⱦɚ 

30 110100102 16710 0 Ⱦɚ 

31 010101112 3710 0 Ⱦɚ 

32 011001102 6610 0 Ⱦɚ 

33 000101012 3510 0 Ⱦɚ 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 6 

ɇɨɦɟɪ 

ɫɥɨɜɚ 

ɇɚɛɨɪ 

ɦɨɞɭɥɟɣ  

ɋɈɄ 

Ⱦɟɤɨɞɢɪɭɟɦɨɟ 

ɫɥɨɜɨ 

Ɂɧɚɱɟɧɢɹ 

ɧɚ ɜɵɯɨɞɚɯ ɞɟɤɨɞɟɪɚ 

Ⱦɟɤɨɞɢɪɨɜɚɧɢɟ 

ɢɥɢ 

ɢɞɟɧɬɢɮɢɤɚɰɢɹ 

ɫɥɭɠɟɛɧɨɝɨ ɫɥɨɜɚ 

ɩɪɨɢɡɜɟɞɟɧɵ 

ɭɫɩɟɲɧɨ 

(ɞɚ/ɧɟɬ) 

output_data service 

34 

7, 2, 15 

001111112 1510 1 Ⱦɚ 

35 100111112 16510 1 Ⱦɚ 

36 111100112 6310 1 Ⱦɚ 

37 011001002 9410 0 Ⱦɚ 

38 111101112 710 1 Ⱦɚ 

39 011010012 2410 0 Ⱦɚ 

40 010110102 20510 0 Ⱦɚ 

41 001000002 12010 0 Ⱦɚ 

42 111010102 7010 1 Ⱦɚ 

43 010101002 7910 0 Ⱦɚ 

44 110011112 9010 1 Ⱦɚ 

45 010110002 2310 0 Ⱦɚ 

46 101011112 18010 1 Ⱦɚ 

47 110000012 7610 0 Ⱦɚ 

48 110111002 2710 0 Ⱦɚ 

49 111010002 9810 1 Ⱦɚ 

50 010000112 19810 0 Ⱦɚ 

51 010010102 10010 0 Ⱦɚ 

 

3.3 ȼɪɟɦɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 

 

ɏɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɫɢɝɧɚɥɨɜ ɧɚ ɜɯɨɞɚɯ ɞɟɤɨɞɟɪɚ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 

ɜɪɟɦɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɢ ɞɟɤɨɞɢɪɨɜɚɧɢɹ ɚɧɚɥɨɝɢɱɟɧ 

ɩɪɢɜɟɞɟɧɧɨɦɭ ɜ ɬɚɛɥɢɰɚɯ 3, 5. 
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Ɏɪɚɝɦɟɧɬɵ ɜɪɟɦɟɧɧɵɯ ɞɢɚɝɪɚɦɦ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 

ɜɪɟɦɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 28, 29. 

 

 

 

Ɋɢɫɭɧɨɤ 28 – Ɏɪɚɝɦɟɧɬ ɜɪɟɦɟɧɧɨɣ ɞɢɚɝɪɚɦɦɵ,  

ɩɨɥɭɱɟɧɧɨɣ ɩɪɢ ɜɪɟɦɟɧɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 

 

 

 

Ɋɢɫɭɧɨɤ 29 – Ɏɪɚɝɦɟɧɬ ɜɪɟɦɟɧɧɨɣ ɞɢɚɝɪɚɦɦɵ,  

ɩɨɥɭɱɟɧɧɨɣ ɩɪɢ ɜɪɟɦɟɧɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɞɟɤɨɞɢɪɨɜɚɧɢɹ 

 

Ɋɟɡɭɥɶɬɚɬɵ ɜɪɟɦɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɚɧɚɥɨɝɢɱɧɵ ɩɪɢɜɟɞɟɧɧɵɦ ɜ 

ɬɚɛɥɢɰɚɯ 4, 6. 
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3.4 ȼɵɜɨɞɵ ɩɨ ɬɪɟɬɶɟɦɭ ɪɚɡɞɟɥɭ 
 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɟɞɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɦɨɠɧɨ ɫɞɟɥɚɬɶ 

ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɢ ɞɟɤɨɞɢɪɨɜɚɧɢɹ, 

ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɞɟɤɨɞɟɪ ɋɈɄ-ɉɋɋ ɪɚɛɨɬɚɟɬ ɤɨɪɪɟɤɬɧɨ. 

Ɉɛɴɟɤɬɢɜɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɟɞɟɧɧɨɣ ɩɪɨɜɟɪɤɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ 

ɨɛɭɫɥɨɜɥɟɧɚ: 

- ɭɱɟɬɨɦ ɪɟɚɥɶɧɵɯ ɜɪɟɦɟɧɧɵɯ ɡɚɞɟɪɠɟɤ ɩɪɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɫɢɝɧɚɥɨɜ ɜ 

ɰɟɥɟɜɨɣ ɉɅɂɋ; 

- ɫɥɭɱɚɣɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɡɧɚɱɟɧɢɣ ɧɚ ɜɯɨɞɧɵɯ ɲɢɧɚɯ ɞɚɧɧɵɯ ɞɟɤɨɞɟɪɚ. 
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ɁȺɄɅɘɑȿɇɂȿ 

 

ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɣ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ 

ɪɚɡɪɚɛɨɬɚɧ ɢ ɩɪɨɬɟɫɬɢɪɨɜɚɧ ɉɅɂɋ-ɩɪɨɟɤɬ ɤɨɦɩɨɧɟɧɬɚ ɚɩɩɚɪɚɬɭɪɵ ɫɢɫɬɟɦɵ 

ɩɟɪɟɞɚɱɢ ɢ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ, ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɤɚɞɪɚ 

ɢɧɮɨɪɦɚɰɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɧɟɩɨɡɢɰɢɨɧɧɨɣ ɫɢɫɬɟɦɟ ɨɫɬɚɬɨɱɧɵɯ ɤɥɚɫɫɨɜ, ɜ 

ɤɚɞɪ ɩɨɡɢɰɢɨɧɧɨɣ ɞɜɨɢɱɧɨɣ ɫɢɫɬɟɦɵ ɫɱɢɫɥɟɧɢɹ. 

ȼ ɞɚɧɧɨɦ ɩɪɨɟɤɬɟ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɞɟɤɨɞɟɪɚ 

ɩɨɫɪɟɞɫɬɜɨɦ ɡɚɞɚɧɢɹ ɧɚɛɨɪɚ ɦɨɞɭɥɟɣ ɋɈɄ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɬɨɪɵɦ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɤɚɞɪɨɜ. Ⱦɥɹ ɯɪɚɧɟɧɢɹ ɜɯɨɞɧɵɯ ɢ 

ɞɟɤɨɞɢɪɨɜɚɧɧɵɯ ɞɚɧɧɵɯ ɢɦɟɸɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɜɯɨɞɧɨɣ ɢ ɜɵɯɨɞɧɨɣ 

ɛɭɮɟɪɵ. 

ȼ ɩɪɨɰɟɫɫɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɚɡɪɚɛɨɬɚɧɵ ɫɬɪɭɤɬɭɪɧɵɟ ɫɯɟɦɵ ɞɟɤɨɞɟɪɚ ɢ 

ɟɝɨ ɨɫɧɨɜɧɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɛɥɨɤɨɜ. Ʉɪɨɦɟ ɷɬɨɝɨ, ɨɩɪɟɞɟɥɟɧɵ ɩɪɢɧɰɢɩɵ 

ɜɵɛɨɪɚ ɨɫɧɨɜɚɧɢɣ ɋɈɄ ɞɥɹ ɭɫɬɪɨɣɫɬɜɚ ɢ ɫɬɪɭɤɬɭɪɚ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɤɚɞɪɨɜ. 

Ɍɚɤɠɟ ɢɡɭɱɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɧɟɩɨɡɢɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɨɫɬɚɬɨɱɧɵɯ ɤɥɚɫɫɨɜ ɢ 

ɩɪɟɞɫɬɚɜɥɟɧ ɚɥɝɨɪɢɬɦ ɩɟɪɟɜɨɞɚ ɱɢɫɟɥ ɢɡ ɋɈɄ ɜ ɉɋɋ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɨɪɦɚɬɢɜɧɵɦɢ ɞɨɤɭɦɟɧɬɚɦɢ [11-14]. 
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ɋɉɂɋɈɄ ɋɈɄɊȺЩȿɇɂɃ 

 

ɉɅɂɋ – ɩɪɨɝɪɚɦɦɢɪɭɟɦɚɹ ɥɨɝɢɱɟɫɤɚɹ ɢɧɬɟɝɪɚɥɶɧɚɹ ɫɯɟɦɚ 

ɉɋɋ – ɩɨɡɢɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ ɫɱɢɫɥɟɧɢɹ 

ɋȺɉɊ – ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 

ɋɈɄ – ɫɢɫɬɟɦɚ ɨɫɬɚɬɨɱɧɵɯ ɤɥɚɫɫɨɜ 

HDL – hardware description language (ɹɡɵɤ ɨɩɢɫɚɧɢɹ ɚɩɩɚɪɚɬɭɪɵ) 

RTL – register transfer level (ɭɪɨɜɟɧɶ ɪɟɝɢɫɬɪɨɜɵɯ ɩɟɪɟɞɚɱ, 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɭɪɨɜɟɧɶ) 
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ 

 

1. Ƚɨɪɞɟɧɤɨ, Ⱦ. ȼ., Ƚɨɪɞɟɧɤɨ, ɇ. ȼ., ɉɚɜɥɸɤ, Ⱦ. ɇ., ɉɟɬɥɢɧɚ, ȿ. Ɇ.,  
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