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ɍȾɄ 004.274 

ɍɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ ɫ 
ɨɩɬɢɦɚɥɶɧɨɣ ɚɞɪɟɫɚɰɢɟɣ ɦɢɤɪɨɤɨɦɚɧɞ 

Ʉ.ɇ. ȿɮɢɦɟɧɤɨ 

Ⱦɨɧɟɰɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 
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ȿɮɢɦɟɧɤɨ Ʉ.ɇ. ɍɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ ɫ 
ɨɩɬɢɦɚɥɶɧɨɣ ɚɞɪɟɫɚɰɢɟɣ ɦɢɤɪɨɤɨɦɚɧɞ. ɉɪɟɞɥɨɠɟɧ ɦɟɬɨɞ, ɩɨɡɜɨɥɹɸɳɢɣ уɩɪɨɫɬɢɬɶ 
ɫɯɟɦу аɞɪɟɫаɰɢɢ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɢɤɪɨɩɪɨɝɪаɦɦɧɨɝɨ уɫɬɪɨɣɫɬɜа уɩɪаɜɥɟɧɢɹ ɫ 
ɨɩɬɢɦаɥɶɧɨɣ аɞɪɟɫаɰɢɟɣ ɦɢɤɪɨɤɨɦаɧɞ, ɪɟаɥɢɡɨɜаɧɧуɸ ɧа FPGA. Ɇɟɬɨɞ ɨɫɧɨɜаɧ ɧа 
ɢɫɩɨɥɶɡɨɜаɧɢɢ ɩɪɨɰɟɞуɪɵ ɷɥɟɦɟɧɬаɪɢɡаɰɢɢ ɨɩɟɪаɬɨɪɧɵɯ ɥɢɧɟɣɧɵɯ ɰɟɩɟɣ ɫ ɪаɡɞɟɥɟɧɢɟɦ 
ɤɨɞɨɜ ɢ ɨɩɬɢɦаɥɶɧɵɦ ɤɨɞɢɪɨɜаɧɢɟɦ ɨɩɟɪаɬɨɪɧɵɯ ɥɢɧɟɣɧɵɯ ɰɟɩɟɣ. ɉɪɢɦɟɧɟɧɢɟ ɞаɧɧɨɝɨ 
ɦɟɬɨɞа ɨɛɟɫɩɟɱɢɜаɟɬ уɦɟɧɶɲɟɧɢɟ ɱɢɫɥа LUT-ɷɥɟɦɟɧɬɨɜ ɜ FPGA ɦɢɤɪɨɫɯɟɦɟ. ɉɪɢɜɟɞɟɧ 
ɩɪɢɦɟɪ ɩɪɢɦɟɧɟɧɢɹ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞа. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɄɆɍɍ ɫ ɨɩɬɢɦаɥɶɧɨɣ аɞɪɟɫаɰɢɟɣ ɦɢɤɪɨɤɨɦаɧɞ, FPGA, 

ɨɩɬɢɦаɥɶɧɨɟ ɤɨɞɢɪɨɜаɧɢɟ, ɥɨɝɢɱɟɫɤаɹ ɫɯɟɦа 

ȼɜɟɞɟɧɢɟ 

ɋɬɪɟɦɢɬɟɥɶɧɨɟ ɪɚɡɜɢɬɢɟ ɤɨɦɩɶɸɬɟɪɧɨɣ 
ɬɟɯɧɢɤɢ ɧɟɭɤɥɨɧɧɨ ɜɟɞɟɬ ɤ ɟɟ ɜɧɟɞɪɟɧɢɸ 
ɩɪɚɤɬɢɱɟɫɤɢ ɜɨ ɜɫɟ ɫɮɟɪɵ ɞɟɹɬɟɥɶɧɨɫɬɢ 
ɱɟɥɨɜɟɤɚ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɪɟɞɴɹɜɥɹɟɬ ɜɫɟ 
ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 
ɩɪɨɟɤɬɢɪɭɟɦɵɯ ɭɫɬɪɨɣɫɬɜ. ɉɪɢ ɷɬɨɦ ɨɫɧɨɜɧɨɟ 
ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɤɚɤ ɭɜɟɥɢɱɟɧɢɸ 
ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ, ɬɚɤ ɢ ɫɧɢɠɟɧɢɸ ɚɩɩɚɪɚɬɭɪɧɵɯ 
ɡɚɬɪɚɬ, ɱɬɨ ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɜɥɢɹɟɬ ɧɚ 
ɫɧɢɠɟɧɢɟ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɢɡɞɟɥɢɣ ɰɢɮɪɨɜɨɣ 
ɬɟɯɧɢɤɢ. ɗɬɨ ɨɬɧɨɫɢɬɫɹ ɤɚɤ ɤ ɭɧɢɜɟɪɫɚɥɶɧɵɦ, 
ɬɚɤ ɢ ɤ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɦ ɜɵɱɢɫɥɢɬɟɥɶɧɵɦ 
ɫɢɫɬɟɦɚɦ, ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɤɨɬɨɪɵɯ ɲɢɪɨɤɨ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɉɅɂɋ ɬɢɩɚ «ɫɢɫɬɟɦɚ-ɧɚ-

ɤɪɢɫɬɚɥɥɟ» (SШɊC – system-on-a-programmable-

chip) [1-4Ж. ȼ ɫɨɫɬɚɜ SШPC ɜɯɨɞɹɬ ɫɪɟɞɫɬɜɚ ɞɥɹ 
ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɢɡɜɨɥɶɧɨɣ ɥɨɝɢɤɢ (FPGA ɢɥɢ 
CPLD), ɫɪɟɞɫɬɜɚ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɩɚɦɹɬɢ, 
ɜɫɬɪɨɟɧɧɵɟ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɵ, ɜɫɬɪɨɟɧɧɵɟ 
ɫɪɟɞɫɬɜɚ ɪɟɤɨɧɮɢɝɭɪɚɰɢɢ. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɬɚɤɢɯ ɉɅɂɋ ɨɩɪɟɞɟɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɫɟɯ ɜɫɬɪɨɟɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ 
[5].  

ȼɚɠɧɟɣɲɟɣ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ ɥɸɛɨɣ 
ɰɢɮɪɨɜɨɣ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ ɭɫɬɪɨɣɫɬɜɨ 
ɭɩɪɚɜɥɟɧɢɹ Д1,5Ж, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɛɵɬɶ 
ɪɟɚɥɢɡɨɜɚɧɨ ɤɚɤ ɤɨɦɩɨɡɢɰɢɨɧɧɨɟ 
ɦɢɤɪɨɩɪɨɝɪɚɦɦɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɭɩɪɚɜɥɟɧɢɹ 
(ɄɆɍɍ) Д6Ж. ɉɪɢ ɪɟɚɥɢɡɚɰɢɢ ɄɆɍɍ ɜ ɫɨɫɬɚɜɟ 
SШɊC ɫɯɟɦɚ ɚɞɪɟɫɚɰɢɢ ɦɢɤɪɨɤɨɦɚɧɞ ɫɬɪɨɢɬɫɹ 
ɧɚ FPGA (field-programmable gate array) – 

ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɯ ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɦɚɬɪɢɰɚɯ 
ɜɟɧɬɢɥɟɣ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɦɢɥɥɢɨɧɨɜ ɷɥɟɦɟɧɬɨɜ 
ɬɚɛɥɢɱɧɨɝɨ ɬɢɩɚ (LUT-ɷɥɟɦɟɧɬɨɜ) Д7,8Ж, ɚ 
ɫɢɫɬɟɦɚ ɦɢɤɪɨɨɩɟɪɚɰɢɣ ɪɟɚɥɢɡɭɸɬɫɹ ɧɚ 
ɜɫɬɪɨɟɧɧɵɯ ɛɥɨɤɚɯ ɩɚɦɹɬɢ (EMB, embedded 

memory blocks). Ɉɝɪɚɧɢɱɟɧɧɨɟ ɱɢɫɥɨ ɜɯɨɞɨɜ 
LUT-ɷɥɟɦɟɧɬɨɜ ɩɪɢɜɨɞɢɬ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɞɟɤɨɦɩɨɡɢɰɢɢ ɪɟɚɥɢɡɭɟɦɵɯ ɛɭɥɟɜɵɯ ɮɭɧɤɰɢɣ 
Д8Ж, ɱɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɱɢɫɥɨ LUT-ɷɥɟɦɟɧɬɨɜ (ɢ ɢɯ 
ɭɪɨɜɧɟɣ) ɜ ɫɯɟɦɟ ɚɞɪɟɫɚɰɢɢ ɄɆɍɍ. ȼ ɫɜɹɡɢ ɫ 
ɷɬɢɦ ɚɤɬɭɚɥɶɧɨɣ ɨɫɬɚɟɬɫɹ ɡɚɞɚɱɚ ɪɚɡɪɚɛɨɬɤɢ 
ɧɨɜɵɯ ɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɢɡɜɟɫɬɧɵɯ ɦɟɬɨɞɨɜ 
ɫɢɧɬɟɡɚ ɄɆɍɍ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɚɝɚɟɬɫɹ 
ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɦɟɬɨɞɚ ɫɢɧɬɟɡɚ ɄɆɍɍ ɫ 
ɨɩɬɢɦɚɥɶɧɨɣ ɚɞɪɟɫɚɰɢɟɣ ɦɢɤɪɨɤɨɦɚɧɞ Д9Ж, 
ɨɫɧɨɜɚɧɧɨɟ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɪɨɰɟɞɭɪɵ 
ɷɥɟɦɟɧɬɚɪɢɡɚɰɢɢ ɨɩɟɪɚɬɨɪɧɵɯ ɥɢɧɟɣɧɵɯ ɰɟɩɟɣ 
(ɈɅɐ) ɫ ɪɚɡɞɟɥɟɧɢɟɦ ɤɨɞɨɜ.  

Ɂɚɞɚɱɟɣ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ 
ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɚ ɫɢɧɬɟɡɚ ɄɆɍɍ ɫ 
ɨɩɬɢɦɚɥɶɧɨɣ ɚɞɪɟɫɚɰɢɟɣ ɦɢɤɪɨɤɨɦɚɧɞ, 
ɩɨɡɜɨɥɹɸɳɟɝɨ ɭɦɟɧɶɲɢɬɶ ɱɢɫɥɨ LUT-

ɷɥɟɦɟɧɬɨɜ ɜ ɤɨɦɛɢɧɚɰɢɨɧɧɨɣ ɱɚɫɬɢ ɍɍ. 

Ɉɛɳɢɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɩɨɥɨɠɟɧɢɹ 

ɉɭɫɬɶ ɚɥɝɨɪɢɬɦ ɭɩɪɚɜɥɟɧɢɹ ɰɢɮɪɨɜɨɣ 
ɫɢɫɬɟɦɵ ɡɚɞɚɧ ɜ ɜɢɞɟ ɝɪɚɮ-ɫɯɟɦɵ ɚɥɝɨɪɢɬɦɚ 
(ȽɋȺ) Ƚ Д6Ж, ɫɨɞɟɪɠɚɳɟɣ ɧɚɱɚɥɶɧɭɸ Л0, 

ɤɨɧɟɱɧɭɸ ЛE, ɨɩɟɪɚɬɨɪɧɵɟ ɢ ɭɫɥɨɜɧɵɟ 
ɜɟɪɲɢɧɵ. Ɉɩɟɪɚɬɨɪɧɵɟ ɜɟɪɲɢɧɵ ɨɛɪɚɡɭɸɬ 
ɦɧɨɠɟɫɬɜɨ B1, ɢɦɟɸɳɟɟ Ɇ ɷɥɟɦɟɧɬɨɜ. ȼ 
ɜɟɪɲɢɧɚɯ ЛqB1 ɡɚɩɢɫɵɜɚɸɬɫɹ ɦɢɤɪɨɤɨɦɚɧɞɵ 
YqВ, ɝɞɟ В = {y1, …, yN} – ɦɧɨɠɟɫɬɜɨ 
ɦɢɤɪɨɨɩɟɪɚɰɢɣ. ȼ ɭɫɥɨɜɧɵɯ ɜɟɪɲɢɧɚɯ, 
ɨɛɪɚɡɭɸɳɢɯ ɦɧɨɠɟɫɬɜɨ B2, ɡɚɩɢɫɵɜɚɸɬɫɹ 
ɷɥɟɦɟɧɬɵ ɦɧɨɠɟɫɬɜɚ ɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ 
X = {x1, …, xLж. ȼɟɪɲɢɧɵ ȽɋȺ ɨɛɪɚɡɭɸɬ 
ɦɧɨɠɟɫɬɜɨ B = B1 B2  {b0, bEж, ɷɥɟɦɟɧɬɵ 

ɤɨɬɨɪɨɝɨ ɫɜɹɡɚɧɵ ɞɭɝɚɦɢ ɢɡ ɦɧɨɠɟɫɬɜɚ E.  
ȼɜɟɞɟɦ ɪɹɞ ɨɩɪɟɞɟɥɟɧɢɣ Д7Ж, 

ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɡɥɨɠɟɧɢɹ 
ɦɚɬɟɪɢɚɥɚ. 
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Ɉɩɪɟɞɟɥɟɧɢɟ 1. Ɉɩɟɪɚɬɨɪɧɨɣ ɥɢɧɟɣɧɨɣ ɰɟɩɶɸ 
ȽɋȺ Ƚ ɧɚɡɵɜɚɟɬɫɹ ɤɨɧɟɱɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 
ɨɩɟɪɚɬɨɪɧɵɯ ɜɟɪɲɢɧ 

ggFg1g
b,...,bα  , ɞɥɹ 

ɥɸɛɨɣ ɩɚɪɵ ɫɨɫɟɞɧɢɯ ɤɨɦɩɨɧɟɧɬ ɤɨɬɨɪɨɣ 
ɫɭɳɟɫɬɜɭɟɬ ɞɭɝɚ bgi, bgi+1E, ɝɞɟ Т=1,…,Fg-1 – 

ɧɨɦɟɪ ɤɨɦɩɨɧɟɧɬɵ.  
Ɉɩɪɟɞɟɥɟɧɢɟ 2. ȼɟɪɲɢɧɚ Лq  D

g, ɝɞɟ DgB1 – 

ɦɧɨɠɟɫɬɜɨ ɜɟɪɲɢɧ, ɜɯɨɞɹɳɢɯ ɜ ɈɅɐ g, 

ɧɚɡɵɜɚɟɬɫɹ ɜɯɨɞɨɦ ɈɅɐ g, ɟɫɥɢ ɫɭɳɟɫɬɜɭɟɬ 
ɞɭɝɚ bt, bq  E, ɝɞɟ Лt  D

g
.  

Ɉɩɪɟɞɟɥɟɧɢɟ 3. ȼɟɪɲɢɧɚ Лq  D
g, ɧɚɡɵɜɚɟɬɫɹ 

ɜɵɯɨɞɨɦ ɈɅɐ g, ɟɫɥɢ ɫɭɳɟɫɬɜɭɟɬ ɞɭɝɚ bq, 

bt  E, ɝɞɟ Лt  D
g
.  

Ɉɩɪɟɞɟɥɟɧɢɟ 4. ȼɯɨɞ ɈɅɐ ɧɚɡɵɜɚɟɬɫɹ ɝɥɚɜɧɵɦ 
ɜɯɨɞɨɦ, ɟɫɥɢ ɨɬɫɭɬɫɬɜɭɟɬ ɫɜɹɡɶ ɷɬɨɝɨ ɜɯɨɞɚ ɫ 
ɜɵɯɨɞɚɦɢ ɨɩɟɪɚɬɨɪɧɵɯ ɜɟɪɲɢɧ.  
Ɉɩɪɟɞɟɥɟɧɢɟ 5. Ɉɩɟɪɚɬɨɪɧɵɟ ɥɢɧɟɣɧɵɟ ɰɟɩɢ i, 

j  ɋ ɧɚɡɵɜɚɸɬɫɹ ɩɫɟɜɞɨɷɤɜɢɜɚɥɟɧɬɧɵɦɢ ɈɅɐ, 
ɟɫɥɢ ɢɯ ɜɵɯɨɞɵ ɫɜɹɡɚɧɵ ɫ ɜɯɨɞɨɦ ɨɞɧɨɣ ɢ ɬɨɣ 

ɠɟ ɜɟɪɲɢɧɵ ȽɋȺ Ƚ, ɢ ɨɛɪɚɡɭɸɬ ɦɧɨɠɟɫɬɜɨ 
ɤɥɚɫɫɨɜ ɩɫɟɜɞɨɷɤɜɢɜɚɥɟɧɬɧɵɯ ɈɅɐ ɉɋ = дȼ1, 

…, ȼI}. I = |ɉɋ|. 

ɉɭɫɬɶ ɞɥɹ ȽɋȺ Ƚ ɧɚɣɞɟɧɨ ɪɚɡɛɢɟɧɢɟ 
C={1, …, Gж ɦɧɨɠɟɫɬɜɚ B1 ɧɚ ɨɩɟɪɚɬɨɪɧɵɟ 
ɥɢɧɟɣɧɵɟ ɰɟɩɢ ɢ ɩɭɫɬɶ ɞɥɹ ɤɚɠɞɨɣ ɩɚɪɵ 
ɫɨɫɟɞɧɢɯ ɜɟɪɲɢɧ ɈɅɐ gC ɜɵɩɨɥɧɹɟɬɫɹ 
ɭɫɥɨɜɢɟ 

)1F,1,(i  1)A(b)A(b
gi g1i g
  ,       (1) 

ɝɞɟ A(Лg) – ɚɞɪɟɫ ɦɢɤɪɨɤɨɦɚɧɞɵ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɜɟɪɲɢɧɟ ЛgB1.  

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɭɫɬɪɨɣɫɬɜɨ ɭɩɪɚɜɥɟɧɢɹ 
ɰɢɮɪɨɜɨɣ ɫɢɫɬɟɦɵ ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɨ ɜ 
ɜɢɞɟ ɄɆɍɍ U1 ɫ ɨɩɬɢɦɚɥɶɧɨɣ ɚɞɪɟɫɚɰɢɟɣ 
ɦɢɤɪɨɤɨɦɚɧɞ (ɪɢɫ. 1) Д9Ж, ɫɢɧɬɟɡ ɤɨɬɨɪɨɝɨ 
ɨɫɧɨɜɚɧ ɧɚ ɧɚɥɢɱɢɢ ɜ ȽɋȺ 
ɩɫɟɜɞɨɷɤɜɢɜɚɥɟɧɬɧɵɯ ɨɩɟɪɚɬɨɪɧɵɯ ɥɢɧɟɣɧɵɯ 
ɰɟɩɟɣ (ɉɈɅɐ).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 1 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɄɆɍɍ U1 

 

ɉɨ ɫɢɝɧɚɥɭ SЭКЫЭ ɜ ɫɱɟɬɱɢɤ ɋɌ ɡɚɧɨɫɢɬɫɹ 
ɚɞɪɟɫ ɩɟɪɜɨɣ ɦɢɤɪɨɤɨɦɚɧɞɵ 
ɢɧɬɟɪɩɪɟɬɢɪɭɟɦɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɚ ɬɪɢɝɝɟɪ 
ɫɱɢɬɵɜɚɧɢɹ TF ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɟɞɢɧɢɰɭ 
(FОЭМС=1), ɱɬɨ ɪɚɡɪɟɲɚɟɬ ɜɵɛɨɪɤɭ ɦɢɤɪɨɤɨɦɚɧɞ 
Y ɢɡ ɭɩɪɚɜɥɹɸɳɟɣ ɩɚɦɹɬɢ ɍɉ. ɍɩɪɚɜɥɹɸɳɚɹ 
ɩɚɦɹɬɶ ɍɉ ɯɪɚɧɢɬ ɧɚɛɨɪɵ ɦɢɤɪɨɨɩɟɪɚɰɢɣ Yq, 

ɝɞɟ Yq  Y = {y1, …, yN} – ɦɢɤɪɨɨɩɟɪɚɰɢɢ, 
ɡɚɩɢɫɚɧɧɵɟ ɜ ɜɟɪɲɢɧɟ bq  ȼ1 ȽɋȺ Ƚ, ɢ ɫɨɫɬɨɢɬ 
ɢɡ 2R(N+2) ɛɢɬ. ɉɟɪɜɵɣ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ 
ɪɚɡɪɹɞ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɯɪɚɧɟɧɢɹ ɫɢɝɧɚɥɚ ɭ0, 

ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɟɫɬɟɫɬɜɟɧɧɭɸ ɚɞɪɟɫɚɰɢɸ 
ɤɨɦɩɨɧɟɧɬ ɈɅɐ g  C. ȼɬɨɪɨɣ – ɞɥɹ 
ɨɪɝɚɧɢɡɚɰɢɢ ɪɟɠɢɦɚ ɨɫɬɚɧɨɜɚ ɄɆɍɍ (ɫɢɝɧɚɥ 
ɭȿ). Ʉɨɦɛɢɧɚɰɢɨɧɧɚɹ ɫɯɟɦɚ ɚɞɪɟɫɚɰɢɢ 
ɦɢɤɪɨɤɨɦɚɧɞ (ɋȺɆ) ɛɥɚɝɨɞɚɪɹ ɨɩɬɢɦɚɥɶɧɨɣ 
ɚɞɪɟɫɚɰɢɢ ɦɢɤɪɨɤɨɦɚɧɞ, ɢɦɟɟɬ R1 = ] log2I [  R 

ɫɢɝɧɚɥɨɜ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɢ  ɪɟɚɥɢɡɭɟɬ ɫɢɫɬɟɦɭ 
ɮɭɧɤɰɢɣ 

Ɏ = Ɏ (Ɍ, ɏ),                                          (2) 
ɮɨɪɦɢɪɭɸɳɢɯ ɜ ɫɱɟɬɱɢɤɟ ɋɌ ɚɞɪɟɫ A(Ig

j
) j-ɝɨ 

ɜɯɨɞɚ ɈɅɐ gɋ.  
Ɉɩɬɢɦɚɥɶɧɚɹ ɚɞɪɟɫɚɰɢɹ ɦɢɤɪɨɤɨɦɚɧɞ 

ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ 

ɤɚɪɬɵ Ʉɚɪɧɨ. Ɇɨɞɢɮɢɤɚɰɢɹ ɤɚɪɬɵ ɡɚɤɥɸɱɚɟɬɫɹ 
ɜ ɬɨɦ, ɱɬɨ ɩɨ ɜɟɪɬɢɤɚɥɢ ɡɚɩɢɫɵɜɚɸɬɫɹ ɞɜɨɢɱɧɵɟ 
ɧɚɛɨɪɵ, ɫɥɟɞɭɸɳɢɟ ɜ ɟɫɬɟɫɬɜɟɧɧɨɦ ɩɨɪɹɞɤɟ.  
Ʉɚɪɬɚ Ʉɚɪɧɨ, ɫɨɞɟɪɠɚɳɚɹ ɚɞɪɟɫɚ ɦɢɤɪɨɤɨɦɚɧɞ, 
ɩɪɟɞɨɫɬɚɜɥɹɟɬ  

 = 2
R
 – M1 

ɤɥɟɬɨɤ ɞɥɹ ɚɞɪɟɫɚɰɢɢ ɦɢɤɪɨɤɨɦɚɧɞ ɈɅɐ 
g  C, ɡɞɟɫɶ C  ɋ – ɦɧɨɠɟɫɬɜɨ ɈɅɐ, ɜɵɯɨɞɵ 
ɤɨɬɨɪɵɯ ɧɟ ɫɜɹɡɚɧɵ ɫ ɜɯɨɞɨɦ ɜɟɪɲɢɧɵ ЛE; Ɇ1 – 

ɱɢɫɥɨ ɤɨɦɩɨɧɟɧɬ ɜ ɈɅɐ g  ɋ'. ɉɪɢ 
ɜɵɩɨɥɧɟɧɢɢ ɭɫɥɨɜɢɹ 





I

1i

i
                                                  (3) 

ɚɞɪɟɫɚ ɤɨɦɩɨɧɟɧɬ ɥɸɛɨɣ ɈɅɐ g  C ɦɨɝɭɬ 
ɛɵɬɶ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɫɨɫɟɞɧɢɯ ɤɥɟɬɤɚɯ ɤɚɪɬɵ 
Ʉɚɪɧɨ, ɩɪɢɱɟɦ ɤɨɦɩɨɧɟɧɬɵ ɜɫɟɯ ɈɅɐ, 
ɩɪɢɧɚɞɥɟɠɚɳɢɯ i-ɦɭ ɤɥɚɫɫɭ 
ɩɫɟɜɞɨɷɤɜɢɜɚɥɟɧɬɧɵɯ ɈɅɐ Bi, ɛɭɞɭɬ 
ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɨɞɧɨɦ ɤɭɛɟ ɪɚɡɦɟɪɧɨɫɬɢ i. 

ɉɪɟɞɥɨɠɟɧɧɵɣ ɦɟɬɨɞ ɨɩɬɢɦɚɥɶɧɨɣ 
ɚɞɪɟɫɚɰɢɢ ɦɢɤɪɨɤɨɦɚɧɞ Д9Ж ɩɨɡɜɨɥɹɟɬ 
ɭɦɟɧɶɲɢɬɶ ɱɢɫɥɨ ɫɢɝɧɚɥɨɜ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɜ 
ɫɯɟɦɟ ɚɞɪɟɫɚɰɢɢ ɦɢɤɪɨɤɨɦɚɧɞ ɡɚ ɫɱɟɬ 
ɭɦɟɧɶɲɟɧɢɹ ɱɢɫɥɚ ɚɪɝɭɦɟɧɬɨɜ ɢ ɱɢɫɥɚ ɬɟɪɦɨɜ ɜ 
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ɫɢɫɬɟɦɟ ɮɭɧɤɰɢɣ (2). Ɉɞɧɚɤɨ ɟɝɨ ɩɪɢɦɟɧɟɧɢɟ ɧɟ 
ɜɫɟɝɞɚ ɜɨɡɦɨɠɧɨ. Ⱦɥɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɨɞɚ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɟɧɢɟ 
ɪɹɞɚ ɭɫɥɨɜɢɣ Д9Ж. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɞɥɹ 
ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɦɟɬɨɞɚ ɫɢɧɬɟɡɚ ɄɆɍɍ ɫ 
ɨɩɬɢɦɚɥɶɧɨɣ ɚɞɪɟɫɚɰɢɟɣ ɦɢɤɪɨɤɨɦɚɧɞ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɨɰɟɞɭɪɭ ɷɥɟɦɟɧɬɚɪɢɡɚɰɢɢ ɈɅɐ 
ɫ ɪɚɡɞɟɥɟɧɢɟɦ ɤɨɞɨɜ.  

ɗɥɟɦɟɧɬɚɪɧɨɣ ɈɅɐ (ɗɈɅɐ) ɫɱɢɬɚɟɬɫɹ 
ɈɅɐ, ɢɦɟɸɳɚɹ ɬɨɥɶɤɨ ɨɞɢɧ ɜɯɨɞ Д6Ж. 

Ɉɫɧɨɜɧɚɹ ɢɞɟɹ ɦɟɬɨɞɚ 

ɋɬɪɭɤɬɭɪɚ ɄɆɍɍ U2, ɢɧɬɟɪɩɪɟɬɢɪɭɸɳɟɝɨ 
ɷɥɟɦɟɧɬɚɪɧɵɟ ɈɅɐ ɫ ɪɚɡɞɟɥɟɧɢɟɦ ɤɨɞɨɜ, 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 2. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 2 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɄɆɍɍ U2 

 

Ɂɞɟɫɶ ɤɨɦɛɢɧɚɰɢɨɧɧɚɹ ɫɯɟɦɚ ɋȺɆ 
ɮɨɪɦɢɪɭɟɬ ɫɢɫɬɟɦɭ ɮɭɧɤɰɢɣ 

Ɏ = Ɏ(T, X),                                           (4) 

ɡɚɞɚɸɳɢɯ ɜ ɪɟɝɢɫɬɪɟ ɊɄ ɤɨɞ K(g) ɬɟɤɭɳɟɣ 
ɈɅɐ g  C.  

 

Ⱥɞɪɟɫ ɦɢɤɪɨɤɨɦɚɧɞɵ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɜɢɞɟ 
ɤɨɧɤɚɬɟɧɚɰɢɢ ɤɨɞɨɜ Д6Ж 

A(Yq) = K(g) * K(bq), 

ɝɞɟ A(Yq) – ɚɞɪɟɫ ɦɢɤɪɨɤɨɦɚɧɞɵ Yq, ɡɚɩɢɫɚɧɧɨɣ 
ɜ ɜɟɪɲɢɧɟ bq, ɜɯɨɞɹɳɟɣ ɜ ɈɅɐ g ɢ ɯɪɚɧɹɳɟɣɫɹ 
ɜ ɭɩɪɚɜɥɹɸɳɟɣ ɩɚɦɹɬɢ ɍɉ;  
K(g) – ɤɨɞ ɈɅɐ g  C = {1, …, G} 

ɪɚɡɪɹɞɧɨɫɬɢ R11=]log2G[;  

K(bq) – ɤɨɞ ɜɟɪɲɢɧɵ bq ɤɨɪɬɟɠɚ g  C 

ɪɚɡɪɹɞɧɨɫɬɢ  
R12 = ]log2 Fmax[,                                       (5) 

ɝɞɟ Fmax – ɦɚɤɫɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɤɨɦɩɨɧɟɧɬ ɈɅɐ 
ɜ ɦɧɨɠɟɫɬɜɟ ɋ.  

 

Ɋɚɡɪɹɞɧɨɫɬɶ ɚɞɪɟɫɚ ɦɢɤɪɨɤɨɦɚɧɞɵ 
ɫɨɫɬɚɜɥɹɟɬ R = R11 + R12 ɢ ɞɥɹ ɟɝɨ 
ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɧɨɠɟɫɬɜɨ 
ɜɧɭɬɪɟɧɧɢɯ ɩɟɪɟɦɟɧɧɵɯ  

}T,...,T,T,...,{TT
12111111 RR1RR1  . 

 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɷɥɟɦɟɧɬɚɪɧɵɯ ɈɅɐ 
ɩɨɡɜɨɥɹɟɬ ɩɨɞɚɜɚɬɶ ɧɚ ɜɯɨɞ ɫɱɟɬɱɢɤɚ ɋɌ 
ɧɭɥɟɜɨɣ ɤɨɞ ɪɚɡɪɹɞɧɨɫɬɢ R12, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ 
ɤɨɞɭ ɩɟɪɜɨɣ ɤɨɦɩɨɧɟɧɬɵ ɬɟɤɭɳɟɣ ɈɅɐ g  C. 

ɉɪɢ ɬɚɤɨɦ ɩɨɞɯɨɞɟ ɤɨɞɵ ɈɅɐ ɢ ɤɨɞɵ ɢɯ 
ɤɨɦɩɨɧɟɧɬ ɹɜɥɹɸɬɫɹ ɜɡɚɢɦɧɨ ɧɟɡɚɜɢɫɢɦɵɦɢ ɢ 

ɧɚ ɜɯɨɞ ɤɨɦɛɢɧɚɰɢɨɧɧɨɣ ɫɯɟɦɵ ɋȺɆ ɩɨɞɚɸɬɫɹ 
ɬɨɥɶɤɨ R11 ɩɟɪɟɦɟɧɧɵɯ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ, 
ɨɛɪɚɡɭɸɳɢɯ ɦɧɨɠɟɫɬɜɨ }T,...,{TT'

11R1
 . ɗɬɨ 

ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɤɨɥɢɱɟɫɬɜɨ LUT-

ɷɥɟɦɟɧɬɨɜ, ɢɫɩɨɥɶɡɭɸɳɢɯɫɹ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ 
ɫɯɟɦɵ ɋȺɆ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɄɆɍɍ U1. 

Ɏɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɄɆɍɍ U2 

ɩɪɨɢɫɯɨɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɉɨ ɫɢɝɧɚɥɭ 
Start ɫɨɞɟɪɠɢɦɨɟ ɋɌ ɢ ɊɄ ɨɛɧɭɥɹɟɬɫɹ, ɱɬɨ 
ɹɜɥɹɟɬɫɹ ɤɨɞɨɦ ɩɟɪɜɨɣ ɤɨɦɩɨɧɟɧɬɵ ɩɟɪɜɨɣ 
ɈɅɐ g  C, ɬɨ ɟɫɬɶ ɚɞɪɟɫɭ ɩɟɪɜɨɣ 
ɦɢɤɪɨɤɨɦɚɧɞɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ȽɋȺ Ƚ. 
Ɍɪɢɝɝɟɪ ɫɱɢɬɵɜɚɧɢɹ ɌF ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ 
ɟɞɢɧɢɱɧɨɟ ɫɨɫɬɨɹɧɢɟ ɢ ɩɪɨɢɫɯɨɞɢɬ ɫɱɢɬɵɜɚɧɢɟ 
ɦɢɤɪɨɤɨɦɚɧɞɵ ɢɡ ɍɉ. 

ȿɫɥɢ ɚɞɪɟɫ A(Yq) ɤɨɦɩɨɧɟɧɬɵ ɧɟ 
ɹɜɥɹɟɬɫɹ ɚɞɪɟɫɨɦ ɜɵɯɨɞɚ ɬɟɤɭɳɟɣ ɈɅɐ gC, 

ɬɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɦɢɤɪɨɨɩɟɪɚɰɢɹɦɢ YqY 

ɮɨɪɦɢɪɭɟɬɫɹ ɫɢɝɧɚɥ y0 = 1. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɫɨɞɟɪɠɢɦɨɟ ɫɱɟɬɱɢɤɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚ 1 ɢ 
ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɯɨɞ ɤ ɫɥɟɞɭɸɳɟɣ ɤɨɦɩɨɧɟɧɬɟ 
Yt ɬɟɤɭɳɟɣ ɈɅɐ gC. 

ȿɫɥɢ ɚɞɪɟɫ A(Yq) ɤɨɦɩɨɧɟɧɬɵ ɹɜɥɹɟɬɫɹ 
ɚɞɪɟɫɨɦ ɜɵɯɨɞɚ Og ɬɟɤɭɳɟɣ ɈɅɐ, ɬɨ ɫɢɝɧɚɥ 
y0 =0, ɫɱɟɬɱɢɤ ɨɛɧɭɥɹɟɬɫɹ, ɢ ɫɯɟɦɚ ɋȺɆ 
ɮɨɪɦɢɪɭɟɬ ɤɨɞ K(q) ɫɥɟɞɭɸɳɟɣ ɈɅɐ q  C ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɫɢɫɬɟɦɨɣ (4). Ⱦɥɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 
ɤɨɞɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɟɪɟɦɟɧɧɵɟ r  Ɏ = д1, 

…, 
11R

ж. ɉɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɫɢɝɧɚɥɚ yȿ ɬɪɢɝɝɟɪ 
ɌF ɫɛɪɚɫɵɜɚɟɬɫɹ ɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɄɆɍɍ 
U2 ɡɚɜɟɪɲɚɟɬɫɹ. 
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ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɦɟɬɨɞ 
ɫɢɧɬɟɡɚ ɄɆɍɍ U2. 

ɉɪɢɦɟɪ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɚ 

ɉɭɫɬɶ ɚɥɝɨɪɢɬɦ ɭɩɪɚɜɥɟɧɢɹ ɧɟɤɨɬɨɪɨɣ 
ɰɢɮɪɨɜɨɣ ɫɢɫɬɟɦɵ ɡɚɞɚɧ ȽɋȺ Ƚ1 (ɪɢɫ. 3). 
ȼɵɩɨɥɧɢɦ ɫɢɧɬɟɡ ɄɆɍɍ U2 ɩɨ ȽɋȺ Ƚ1. 

1. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɦɧɨɠɟɫɬɜɚ ɈɅɐ C. 

ɗɬɨɬ ɷɬɚɩ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɢɡɜɟɫɬɧɨɣ ɦɟɬɨɞɢɤɟ 
Д7Ж ɢ ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɢɦɟɟɦ C = {1, …, 5ж, ɝɞɟ 
1 = b1, b2, b3, b4, 2 = b5, b6, 3 = b7, b8, b9, 

b10, 4 = b11, b12, 5 = b13, b14, G = 5. 

 

2. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɦɧɨɠɟɫɬɜɚ 
ɷɥɟɦɟɧɬɚɪɧɵɯ ɈɅɐ Cȿ = {1, …, 

EG
}. 

Ɋɚɡɛɢɟɧɢɟ g  C ɧɚ ɷɥɟɦɟɧɬɚɪɧɵɟ ɈɅɐ ɢɦɟɟɬ 
ɫɦɵɫɥ ɬɨɥɶɤɨ ɜ ɫɥɭɱɚɟ, ɟɫɥɢ 

|MI(Ƚ)е < еI(Ƚ)е,                                          (6) 
ɝɞɟ MI(Ƚ) – ɦɧɨɠɟɫɬɜɨ ɝɥɚɜɧɵɯ ɜɯɨɞɨɜ ȽɋȺ Ƚ; 
I(Ƚ) – ɦɧɨɠɟɫɬɜɨ ɜɫɟɯ ɜɯɨɞɨɜ ȽɋȺ Ƚ. Ⱦɥɹ ȽɋȺ 
Ƚ1 ɢɦɟɟɦ еMI(Ƚ1)е = 5 ɢ еI(Ƚ1)е = 7, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɭɫɥɨɜɢɟ (6) ɜɵɩɨɥɧɹɟɬɫɹ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 3 – ɂɫɯɨɞɧɚɹ ɝɪɚɮ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ Ƚ1 

ɉɪɢɦɟɧɟɧɢɟ ɩɪɨɰɟɞɭɪɵ ɷɥɟɦɟɧɬɚɪɢɡɚɰɢɢ 
Д6Ж ɩɨɡɜɨɥɹɟɬ ɩɨɫɬɪɨɢɬɶ ɦɧɨɠɟɫɬɜɨ Cȿ = {1, …, 
7ж ɷɥɟɦɟɧɬɚɪɧɵɯ ɈɅɐ, ɝɞɟ 1 = b1, b2, 2 = 

b3, b4, 3 = b5, b6, 4 = b7, b8, 5 = b9, b10, 6 

= b11, b12, 7 = b13, b14, GE =7. Ⱦɥɹ 
ɤɨɞɢɪɨɜɚɧɢɹ ɷɥɟɦɟɧɬɚɪɧɵɯ ɈɅɐ g  Cȿ 

ɩɨɬɪɟɛɭɟɬɫɹ R11=3 ɩɟɪɟɦɟɧɧɵɯ Tr  T. 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɱɢɫɥɨ ɷɥɟɦɟɧɬɚɪɧɵɯ 
ɈɅɐ ɛɨɥɶɲɟ ɱɢɫɥɚ ɢɫɯɨɞɧɵɯ ɈɅɐ, ɱɬɨ 
ɭɜɟɥɢɱɢɜɚɟɬ ɞɥɢɧɭ ɬɚɛɥɢɰɵ ɩɟɪɟɯɨɞɨɜ ɄɆɍɍ, 
ɧɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɱɢɫɥɨ 
ɩɟɪɟɦɟɧɧɵɯ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɧɚ ɜɟɥɢɱɢɧɭ  
]log2(|I(Ƚ)е–|MI(Ƚ)е)Д. 
 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɪɚɡɛɢɟɧɢɹ ɉ
EC

= {B1, …, 
BIж ɦɧɨɠɟɫɬɜɚ ɈɅɐ ɋȿ ɧɚ ɤɥɚɫɫɵ 
ɩɫɟɜɞɨɷɤɜɢɜɚɥɟɧɬɧɵɯ ɈɅɐ. Ɋɚɡɛɢɟɧɢɟ ɧɚ 
ɤɥɚɫɫɵ ɩɫɟɜɞɨɷɤɜɢɜɚɥɟɧɬɧɵɯ ɈɅɐ ɜɵɩɨɥɧɹɟɬɫɹ 
ɬɨɥɶɤɨ ɞɥɹ g  Cȿ ɬɚɤɢɯ, ɱɬɨ ɜɵɯɨɞ ɷɬɨɣ ɈɅɐ 
ɧɟ ɫɜɹɡɚɧ ɫ ɤɨɧɟɱɧɨɣ ɜɟɪɲɢɧɨɣ ȽɋȺ. ȼ ɧɚɲɟɦ 
ɫɥɭɱɚɟ Cȿ = {1, …, 6ж ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ 
ɪɚɡɛɢɟɧɢɹ ɦɧɨɠɟɫɬɜɚ ɈɅɐ ɋȿ ɧɚ ɤɥɚɫɫɵ 
ɩɫɟɜɞɨɷɤɜɢɜɚɥɟɧɬɧɵɯ ɈɅɐ ɞɚɟɬ ɉ '

EC
= {B1, …, 

B4ж, ɝɞɟ ȼ1={1, 6ж, ȼ2={2ж, ȼ3={3, 4}, 

ȼ4={5}, I=4. 

 

4. Ɉɩɬɢɦɚɥɶɧɨɟ ɤɨɞɢɪɨɜɚɧɢɟ 



                                                            ɂɇɎɈɊɆȺɌɂɄȺ ɂ ɄɂȻȿɊɇȿɌɂɄȺ                      

                                                              Ⱦɨɧɟɰɤ ȾɨɧɇɌɍ №  4(10), 2017 

 

 

49 

 

ɷɥɟɦɟɧɬɚɪɧɵɯ ɈɅɐ. Ɉɩɬɢɦɚɥɶɧɨɟ 
ɤɨɞɢɪɨɜɚɧɢɟ ɷɥɟɦɟɧɬɚɪɧɵɯ ɈɅɐ g  Cȿ 

ɜɵɩɨɥɧɹɟɬɫɹ ɚɧɚɥɨɝɢɱɧɨ ɤɨɞɢɪɨɜɚɧɢɸ 
ɩɫɟɜɞɨɷɤɜɢɜɚɥɟɧɬɧɵɯ ɫɨɫɬɨɹɧɢɣ ɚɜɬɨɦɚɬɚ Ɇɭɪɚ 
Д8Ж. ɉɪɢ ɷɬɨɦ ɤɚɠɞɨɣ ɷɥɟɦɟɧɬɚɪɧɨɣ ɈɅɐ g  

Cȿ ɫɬɚɜɢɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ R11-ɪɚɡɪɹɞɧɵɣ ɤɨɞ ɢ 
ɜɫɟ ɈɅɐ g  ȼi ɞɨɥɠɧɵ ɪɚɫɩɨɥɚɝɚɬɶɫɹ ɜ ɨɞɧɨɦ 
ɤɭɛɟ ɛɭɥɟɜɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ. ȼɚɪɢɚɧɬ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɤɨɞɢɪɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. 4, 
ɩɪɟɞɫɬɚɜɥɹɸɳɟɦ ɫɨɛɨɣ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɭɸ 
ɤɚɪɬɭ Ʉɚɪɧɨ. 
 

 

Ɋɢɫɭɧɨɤ 4 – Ɉɩɬɢɦɚɥɶɧɨɟ ɤɨɞɢɪɨɜɚɧɢɟ 

 ɈɅɐ ɄɆɍɍ U2(Ƚ1) 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 4, ɩɨɥɭɱɟɧɧɵɟ ɤɭɛɵ 
ɛɭɥɟɜɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɞɚɸɬ ɤɨɞɵ, ɨɞɧɨɡɧɚɱɧɨ 
ɢɞɟɧɬɢɮɢɰɢɪɭɸɳɢɟ ɤɥɚɫɫɵ Bi  ɉ '

EC
:  

K(B1) = 00*,  

K(B2) = 01*,  

K(B3) = 10*,  

K(B4) = 11*.  

ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɱɢɫɥɚ 
ɩɟɪɟɦɟɧɧɵɯ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ Tr  T ɨɬ R11 ɞɨ R13 

= ]log2I[ = 2. 

 

5. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɫɨɞɟɪɠɢɦɨɝɨ 
ɭɩɪɚɜɥɹɸɳɟɣ ɩɚɦɹɬɢ ɍɉ. Ɋɟɡɭɥɶɬɚɬɵ 
ɤɨɞɢɪɨɜɚɧɢɹ ɷɥɟɦɟɧɬɚɪɧɵɯ ɈɅɐ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥ. 1, ɤɨɞɵ ɈɅɐ g  Cȿ ɜɡɹɬɵ ɢɡ ɤɚɪɬɵ 
Ʉɚɪɧɨ ɧɚ ɪɢɫ. 4. Ⱦɥɹ ɤɨɞɢɪɨɜɚɧɢɹ ɈɅɐ 7Cȿ 

ɜɡɹɬ ɨɞɢɧ ɢɡ ɧɟɫɭɳɟɫɬɜɟɧɧɵɯ ɤɨɞɨɜ. 
 

Ɍɚɛɥɢɰɚ 1 - Ʉɨɞɢɪɨɜɚɧɢɟ ɷɥɟɦɟɧɬɚɪɧɵɯ  
ɈɅɐ ȽɋȺ Ƚ1 

g 1 2 3 4 5 6 7 

K(g

) 

00

0 

01

0 

10

0 

10

1 

11

0 

00

1 

01

1 

 

ɋɨɝɥɚɫɧɨ (5) ɢɦɟɟɦ Fmax = 2, ɬɨ ɟɫɬɶ ɞɥɹ 
ɤɨɞɢɪɨɜɚɧɢɹ ɤɨɦɩɨɧɟɧɬ ɈɅɐ g  Cȿ 

ɧɟɨɛɯɨɞɢɦɨ R12 = 1 ɩɟɪɟɦɟɧɧɵɯ Tr  T. ɉɪɢ 
ɤɨɞɢɪɨɜɚɧɢɢ ɩɟɪɜɨɣ ɤɨɦɩɨɧɟɧɬɵ ɈɅɐ g  Cȿ 

ɩɟɪɟɦɟɧɧɚɹ T4 = 0, ɜɬɨɪɨɣ ɤɨɦɩɨɧɟɧɬɵ – T4 = 1.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɚɞɪɟɫɚɰɢɢ 
ɦɢɤɪɨɤɨɦɚɧɞ ɄɆɍɍ U2 (Ƚ1) ɧɟɨɛɯɨɞɢɦɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ R = R11 + R12 = 3 + 1 = 4 

ɩɟɪɟɦɟɧɧɵɯ, ɱɬɨ ɧɟ ɩɪɟɜɵɲɚɟɬ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɩɨɤɚɡɚɬɟɥɶ ɞɥɹ  ɄɆɍɍ U1 

(Ƚ1). Ɉɞɧɚɤɨ, ɱɢɫɥɨ ɩɟɪɟɦɟɧɧɵɯ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ 
R13 = 2 ɜ ɄɆɍɍ U2 (Ƚ1), ɦɟɧɶɲɟ, ɱɟɦ R1 = 4 ɜ 
ɄɆɍɍ U1 (Ƚ1). ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢɦɟɧɟɧɢɟ 
ɄɆɍɍ U2, ɢɧɬɟɪɩɪɟɬɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚɪɧɵɟ 
ɈɅɐ ɫ ɪɚɡɞɟɥɟɧɢɟɦ ɤɨɞɨɜ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ. 

Ɏɪɚɝɦɟɧɬ ɫɨɞɟɪɠɢɦɨɝɨ ɭɩɪɚɜɥɹɸɳɟɣ 
ɩɚɦɹɬɢ ɍɉ ɞɥɹ ɄɆɍɍ U2 (Ƚ1) ɩɪɢɜɟɞɟɧ ɜ 
ɬɚɛɥ. 2. Ɂɞɟɫɶ ɫɢɝɧɚɥ ɭ0 ɜɜɟɞɟɧ ɜɨ ɜɫɟ ɜɟɪɲɢɧɵ, 
ɧɟ ɹɜɥɹɸɳɢɟɫɹ ɜɵɯɨɞɚɦɢ ɈɅɐ g  Cȿ, ɫɢɝɧɚɥ 
ɭȿ ɜɜɟɞɟɧ ɜ ɜɟɪɲɢɧɭ b14, ɫɜɹɡɚɧɧɭɸ ɫ ɤɨɧɟɱɧɨɣ 
ɜɟɪɲɢɧɨɣ bȿ. 

Ɍɚɛɥɢɰɚ 2 - Ɏɪɚɝɦɟɧɬ ɫɨɞɟɪɠɢɦɨɝɨ 
ɭɩɪɚɜɥɹɸɳɟɣ ɩɚɦɹɬɢ ɄɆɍɍ U2 (Ƚ1) 

Ⱥɞɪɟɫ 

A(bq) 

Ɇɢɤɪɨɤɨɦаɧɞа Y(bq) 
bq y0 y1 y2 y3 y4 y5 yȿ 

0000 1 1 0 0 0 0 0 b1 

0001 0 0 1 1 0 0 0 b2 

0100 1 0 1 0 1 0 0 b3 

…         

0111 0 0 0 1 0 1 1 b14 

 

6. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɬɚɛɥɢɰɵ ɩɟɪɟɯɨɞɨɜ 
ɄɆɍɍ. Ⱦɨ ɩɨɫɬɪɨɟɧɢɹ ɬɚɛɥɢɰɵ ɩɟɪɟɯɨɞɨɜ 
ɄɆɍɍ U2 (Ƚ1) ɜɵɩɨɥɧɹɟɬɫɹ ɮɨɪɦɢɪɨɜɚɧɢɟ 
ɫɢɫɬɟɦɵ ɮɨɪɦɭɥ ɩɟɪɟɯɨɞɚ, ɜ ɤɨɬɨɪɵɯ ɜɵɯɨɞɵ 
ɈɅɐ g  Bi ɡɚɦɟɧɹɸɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ 
ɤɥɚɫɫɚɦɢ Bi  ɉ '

EC
, ɚ ɜɯɨɞɵ ɈɅɐ ɡɚɦɟɧɹɸɬɫɹ 

ɈɅɐ q  Cȿ, ɜ ɤɨɬɨɪɵɟ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɯɨɞ. ȼ 
ɧɚɲɟɦ ɫɥɭɱɚɟ ɢɦɟɟɦ 

21
αB  ;  

621421312
αxxαxxαxB  ; 

53
αB  ;  

43734
αxαxB  . 

(7) 

ɉɪɢ ɷɬɨɦ ɧɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɨɪɦɭɥɚ ɞɥɹ 
ɤɥɚɫɫɚ B5  ɉ

EC
, ɜ ɤɨɬɨɪɵɣ ɜɯɨɞɢɬ ɈɅɐ 7  

Cȿ, ɫɨɞɟɪɠɚɳɚɹ ɜɟɪɲɢɧɭ b14, ɫɜɹɡɚɧɧɭɸ ɫ 
ɤɨɧɟɱɧɨɣ ɜɟɪɲɢɧɨɣ bȿ ȽɋȺ Ƚ1. Ɍɚɛɥɢɰɚ 
ɩɟɪɟɯɨɞɨɜ ɄɆɍɍ U2 (Ƚ1) ɫɬɪɨɢɬɫɹ ɩɨ ɫɢɫɬɟɦɟ 
(7). 

7. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɮɭɧɤɰɢɣ Ɏ. 
Ɏɨɪɦɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɮɭɧɤɰɢɣ (4) 
ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɬɚɛɥɢɰɟ ɩɟɪɟɯɨɞɨɜ ɄɆɍɍ U2 

(Ƚ1) (ɬɚɛɥ. 3) ɜ ɜɢɞɟ: 

  ,R1,r  X E CV
13h

h

irh

H

1h
r




  

ɝɞɟ ɋrh – ɛɭɥɟɜɚ ɩɟɪɟɦɟɧɧɚɹ, ɪɚɜɧɚɹ ɟɞɢɧɢɰɟ, 
ɟɫɥɢ ɢ ɬɨɥɶɤɨ ɟɫɥɢ ɜ h-ɣ ɫɬɪɨɤɟ ɬɚɛɥɢɰɵ 
ɩɟɪɟɯɨɞɨɜ ɡɚɩɢɫɚɧɚ ɮɭɧɤɰɢɹ r = 1;   

h

i
E  – ɤɨɧɴɸɧɤɰɢɹ ɩɟɪɟɦɟɧɧɵɯ Tr  T`, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɤɨɞɭ K(Bi) ɢɡ h-ɣ ɫɬɪɨɤɢ 

ɬɚɛɥɢɰɵ ɩɟɪɟɯɨɞɨɜ h= H,1 ; 

  ,I1,i   TE ir

13
l

r

R

1r

h

i



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ɝɞɟ lir {*,0,1} – ɡɧɚɱɟɧɢɟ r-ɝɨ ɪɚɡɪɹɞɚ ɤɨɞɚ 
K(Bi), Tr

*
=1, Tr

0
=

r
T , Tr

1
=Tr (r= 13

R,1 ). 

Ɍɚɛɥɢɰɚ 3 -Ɍɚɛɥɢɰɚ ɩɟɪɟɯɨɞɨɜ  

ɄɆɍɍ U2 (Ƚ1) 

Bi K(Bi) q K(q) Xh Ɏh h 

B1 00* 2 010 – D2 1 

B2 01* 3 100 x1 D1 2 

4 101 
1

x x2 
D1D3 3 

6 001 
21

xx  D3 4 

B3 10* 5 110 – D1D2 5 

B4 11* 7 011 x3 D2D3 6 

4 101 
3

x  D1D3 7 

 

          Ⱦɥɹ ɄɆɍɍ U2 (Ƚ1) ɢɦɟɟɦ, ɧɚɩɪɢɦɟɪ,  
D2 = 3212121

xTTTTTT  . 

8. ɋɢɧɬɟɡ ɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ ɄɆɍɍ ɧɚ 
FPGA. ɋɢɧɬɟɡ ɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ ɜɵɩɨɥɧɹɟɬɫɹ 
ɧɚ LUT-ɷɥɟɦɟɧɬɚɯ (ɪɟɝɢɫɬɪ ɊɄ ɪɟɚɥɢɡɭɟɬɫɹ ɧɚ 
ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ FPGA ɬɪɢɝɝɟɪɚɯ) ɢ 
ɭɩɪɚɜɥɹɸɳɟɣ ɩɚɦɹɬɢ ɍɉ ɧɚ ɛɥɨɤɚɯ ȿMB [7,8].  

Ɂɚɤɥɸɱɟɧɢɟ 

ɉɪɟɞɥɨɠɟɧɧɵɣ ɜ ɪɚɛɨɬɟ ɦɟɬɨɞ 
ɷɥɟɦɟɧɬɚɪɢɡɚɰɢɢ ɈɅɐ ɫ ɪɚɡɞɟɥɟɧɢɟɦ ɤɨɞɨɜ ɢ 
ɨɩɬɢɦɚɥɶɧɵɦ ɤɨɞɢɪɨɜɚɧɢɟɦ ɈɅɐ ɩɨɡɜɨɥɹɟɬ 
ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɫɥɨɜɢɹ  

R13 < R11 (8) 

ɭɦɟɧɶɲɢɬɶ ɱɢɫɥɨ ɩɟɪɟɦɟɧɧɵɯ ɨɛɪɚɬɧɨɣ 
ɫɜɹɡɢ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɫɢɫɬɟɦɵ 
ɮɭɧɤɰɢɣ (4), ɮɨɪɦɢɪɭɸɳɢɯ ɤɨɞ ɫɥɟɞɭɸɳɟɣ 
ɈɅɐ ȽɋȺ. ɉɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ ɧɟ ɬɪɟɛɭɟɬ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɪɟɝɢɫɬɪɚ, ɬɚɤ 
ɤɚɤ ɞɥɹ ɟɝɨ ɪɟɚɥɢɡɚɰɢɢ ɞɨɫɬɚɬɨɱɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɦɟɸɳɢɟɫɹ ɜ ɫɨɫɬɚɜɟ FPGA 

ɬɪɢɝɝɟɪɵ. ȼ ɬɨɠɟ ɜɪɟɦɹ, ɩɪɨɢɫɯɨɞɢɬ 
ɭɦɟɧɶɲɟɧɢɟ ɪɚɡɪɹɞɧɨɫɬɢ ɫɱɟɬɱɢɤɚ ɋɌ, ɤɨɬɨɪɵɣ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɥɶɤɨ ɞɥɹ ɚɞɪɟɫɚɰɢɢ ɤɨɦɩɨɧɟɧɬ 
ɈɅɐ (5). ɉɪɢ ɷɬɨɦ ɜɪɟɦɹ ɬɚɤɬɚ ɄɆɍɍ U1 ɢ U2 

ɫɨɜɩɚɞɚɸɬ.  
ɉɪɨɜɟɞɟɧɧɵɟ ɚɜɬɨɪɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ 

ɨɫɧɨɜɟ ɫɬɚɧɞɚɪɬɧɵɯ ɩɪɢɦɟɪɨɜ ɆɉȺ Д10Ж 
ɩɨɤɚɡɚɥɢ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɄɆɍɍ U2 

ɭɦɟɧɶɲɚɟɬ ɱɢɫɥɨ LUT-ɷɥɟɦɟɧɬɨɜ FPGA, 

ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɫɯɟɦɵ ɚɞɪɟɫɚɰɢɢ 
ɦɢɤɪɨɤɨɦɚɧɞ, ɞɨ 20% ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɄɆɍɍ U1. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞɚ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɨɫɨɛɟɧɧɨɫɬɟɣ 
ɛɚɡɢɫɚ FPGA ɢ ɩɪɢɦɟɧɟɧɢɢ ɷɥɟɦɟɧɬɚɪɢɡɚɰɢɢ 
ɈɅɐ ɫ ɪɚɡɞɟɥɟɧɢɟɦ ɤɨɞɨɜ ɢ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɤɨɞɢɪɨɜɚɧɢɹ ɈɅɐ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɱɢɫɥɚ LUT 

ɷɥɟɦɟɧɬɨɜ ɜ ɫɯɟɦɟ ɄɆɍɍ. 
ɋ ɩɪɚɤɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɦɟɬɨɞ ɞɚɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɭɦɟɧɶɲɢɬɶ ɩɥɨɳɚɞɶ ɤɪɢɫɬɚɥɥɚ 

FPGA, ɡɚɧɢɦɚɟɦɭɸ ɫɯɟɦɨɣ ɄɆɍɍ ɫ 
ɨɩɬɢɦɚɥɶɧɨɣ ɚɞɪɟɫɚɰɢɟɣ ɦɢɤɪɨɤɨɦɚɧɞ, ɱɬɨ 
ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɫɯɟɦɵ, ɨɛɥɚɞɚɸɳɢɟ 
ɦɟɧɶɲɟɣ ɫɬɨɢɦɨɫɬɶɸ, ɱɟɦ ɢɡɜɟɫɬɧɵɟ ɢɡ 
ɥɢɬɟɪɚɬɭɪɵ ɚɧɚɥɨɝɢ. 

Ⱦɚɥɶɧɟɣɲɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɝɭɬ ɛɵɬɶ 
ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɦɟɬɨɞɚ ɫɢɧɬɟɡɚ 
ɄɆɍɍ, ɭɦɟɧɶɲɚɸɳɟɝɨ ɱɢɫɥɨ LUT-ɷɥɟɦɟɧɬɨɜ ɜ 
ɫɯɟɦɟ ɚɞɪɟɫɚɰɢɢ ɩɪɢ ɧɚɪɭɲɟɧɢɢ ɭɫɥɨɜɢɹ (8). 
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Efimenko K.N. Optimization of the compositional control unit with optimum addressing microinstractions. 

The method is proposed that leads to simplification of the circuit of addressing of compositional microprogram 

control unit with optimum addressing microinstractions implemented on FPGA. Method is based on usage of 

procedure elementarization of operational linear chains with sharing of codes and optimal coding of operational 

linear chains. The application of the method permits to decrease the amount of LUT-elements in the chip of 

FPGA. An example of proposed method application is given. 

 

Keywords: CMCU with optimum addressing microinstractions, FPGA, optimal coding, logic circuit 

 

Єɮіɦɟɧɤɨ Ʉ.Ɇ. ɍɞɨɫɤɨɧɚɥɟɧɧɹ ɤɨɦɩɨɡɢɰіɣɧɨɝɨ ɩɪɢɫɬɪɨɸ ɤɟɪɭɜɚɧɧɹ ɡ ɨɩɬɢɦɚɥɶɧɨɸ ɚɞɪɟɫɚɰієɸ 
ɦіɤɪɨɤɨɦɚɧɞ. Ɂаɩɪɨɩɨɧɨɜаɧɨ ɦɟɬɨɞ, ɳɨ ɞɨɡɜɨɥɹє ɫɩɪɨɫɬɢɬɢ ɫɯɟɦу аɞɪɟɫаɰіʀ ɤɨɦɩɨɡɢɰіɣɧɨɝɨ 
ɦіɤɪɨɩɪɨɝɪаɦɧɨɝɨ ɩɪɢɫɬɪɨɸ ɤɟɪуɜаɧɧɹ ɡ ɨɩɬɢɦаɥɶɧɨɸ аɞɪɟɫаɰієɸ ɦіɤɪɨɤɨɦаɧɞ, ɹɤа ɪɟаɥіɡɨɜаɧа ɧа 
FPGA. Ɇɟɬɨɞ ɡаɫɧɨɜаɧɢɣ ɧа ɜɢɤɨɪɢɫɬаɧɧі ɩɪɨɰɟɞуɪɢ ɟɥɟɦɟɧɬаɪɢɡаɰіʀ ɨɩɟɪаɬɨɪɧɢɯ ɥіɧіɣɧɢɯ ɥаɧɰɸɝіɜ ɡ 
ɪɨɡɞіɥɟɧɧɹɦ ɤɨɞіɜ і ɨɩɬɢɦаɥɶɧɢɦ ɤɨɞуɜаɧɧɹɦ ɨɩɟɪаɬɨɪɧɢɯ ɥіɧіɣɧɢɯ ɥаɧɰɸɝіɜ. Ɂаɫɬɨɫуɜаɧɧɹ ɞаɧɨɝɨ 
ɦɟɬɨɞу ɡаɛɟɡɩɟɱує ɡɦɟɧɲɟɧɧɹ ɱɢɫɥа LUT-ɟɥɟɦɟɧɬіɜ ɜ FPGA ɦіɤɪɨɫɯɟɦі. Наɜɟɞɟɧɨ ɩɪɢɤɥаɞ ɡаɫɬɨɫуɜаɧɧɹ 
ɡаɩɪɨɩɨɧɨɜаɧɨɝɨ ɦɟɬɨɞу. 
Ʉɥɸɱɨɜі ɫɥɨɜɚ: ɄɆɉɄ ɡ ɨɩɬɢɦаɥɶɧɨɸ аɞɪɟɫаɰієɸ ɦіɤɪɨɤɨɦаɧɞ, FPGA, ɨɩɬɢɦаɥɶɧɟ ɤɨɞуɜаɧɧɹ, ɥɨɝіɱɧа 
ɫɯɟɦа 

 

ȿɮɢɦɟɧɤɨ Ʉ.ɇ. ɍɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ ɫ ɨɩɬɢɦɚɥɶɧɨɣ 
ɚɞɪɟɫɚɰɢɟɣ ɦɢɤɪɨɤɨɦɚɧɞ. ɉɪɟɞɥɨɠɟɧ ɦɟɬɨɞ, ɩɨɡɜɨɥɹɸɳɢɣ уɩɪɨɫɬɢɬɶ ɫɯɟɦу аɞɪɟɫаɰɢɢ 
ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɢɤɪɨɩɪɨɝɪаɦɦɧɨɝɨ уɫɬɪɨɣɫɬɜа уɩɪаɜɥɟɧɢɹ ɫ ɨɩɬɢɦаɥɶɧɨɣ аɞɪɟɫаɰɢɟɣ ɦɢɤɪɨɤɨɦаɧɞ, 
ɪɟаɥɢɡɨɜаɧɧуɸ ɧа FPGA. Ɇɟɬɨɞ ɨɫɧɨɜаɧ ɧа ɢɫɩɨɥɶɡɨɜаɧɢɢ ɩɪɨɰɟɞуɪɵ ɷɥɟɦɟɧɬаɪɢɡаɰɢɢ ɨɩɟɪаɬɨɪɧɵɯ 
ɥɢɧɟɣɧɵɯ ɰɟɩɟɣ ɫ ɪаɡɞɟɥɟɧɢɟɦ ɤɨɞɨɜ ɢ ɨɩɬɢɦаɥɶɧɵɦ ɤɨɞɢɪɨɜаɧɢɟɦ ɨɩɟɪаɬɨɪɧɵɯ ɥɢɧɟɣɧɵɯ ɰɟɩɟɣ. 
ɉɪɢɦɟɧɟɧɢɟ ɞаɧɧɨɝɨ ɦɟɬɨɞа ɨɛɟɫɩɟɱɢɜаɟɬ уɦɟɧɶɲɟɧɢɟ ɱɢɫɥа LUT-ɷɥɟɦɟɧɬɨɜ ɜ FPGA ɦɢɤɪɨɫɯɟɦɟ. 
ɉɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɩɪɢɦɟɧɟɧɢɹ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞа. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɄɆɍɍ ɫ ɨɩɬɢɦаɥɶɧɨɣ аɞɪɟɫаɰɢɟɣ ɦɢɤɪɨɤɨɦаɧɞ, FPGA, ɨɩɬɢɦаɥɶɧɨɟ ɤɨɞɢɪɨɜаɧɢɟ, 
ɥɨɝɢɱɟɫɤаɹ ɫɯɟɦа 

 

ɋɬаɬɶɹ ɩɨɫɬуɩɢɥа ɜ ɪɟɞаɤɰɢɸ 17.10.2017 

Ɋɟɤɨɦɟɧɞɨɜаɧа ɤ ɩуɛɥɢɤаɰɢɢ ɞɨɤɬɨɪɨɦ ɬɟɯɧɢɱɟɫɤɢɯ ɧауɤ В.Н. ɉаɜɥɵɲɨɦ 

  


