
ȱɇɎɈɊɆȺɌɂɄȺ ɌȺ ɆȺɌȿɆȺɌɂɑɇȱ ɆȿɌɈȾɂ ȼ ɆɈȾȿɅɘȼȺɇɇȱ ▪ 2013 ▪ Ɍɨɦ 3, №4 

 369 

ɍȾɄ 004.056.53 IЧПШrЦКЭТМЬ КЧН MКЭСОЦКЭТМКХ MОЭСШНЬ ТЧ SТЦЮХКЭТШЧ 
VШХ. 3 (2013), ІШ. 4, ЩЩ. 369-384 

ɆȿɌɈȾ ȼɇȿȾɊȿɇɂə ɐɂɎɊɈȼɕɏ ȼɈȾəɇɕɏ ɁɇȺɄɈȼ ȼ 

ȺɉɉȺɊȺɌɇɕȿ ɄɈɇɌȿɃɇȿɊɕ ɋ LUT-

ɈɊɂȿɇɌɂɊɈȼȺɇɇɈɃ ȺɊɏɂɌȿɄɌɍɊɈɃ 

Ʉ.ȼ. Ɂɚɳɟɥɤɢɧ, ȿ.ɇ. ɂɜɚɧɨɜɚ 

Ɉɞɟɫɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, 
ɩɪɨɫɩ. ɒɟɜɱɟɧɤɨ, 1, Ɉɞɟɫɫɚ, ɍɤɪɚɢɧɚ; О-ЦКТХ: МШЧЬЭ-г@ЭО.ЧОЭ.ЮК 

 
Ɋɚɫɫɦɨɬɪɟɧɚ ɡɚɞɚɱɚ ɜɧɟɞɪɟɧɢɹ ɰɢɮɪɨɜɵɯ ɜɨɞɹɧɵɯ ɡɧɚɤɨɜ ɜ ɢɧɮɨɪɦɚɰɢɨɧɧɵɣ ɨɛɴɟɤɬ 
ɫ ɰɟɥɶɸ ɤɨɧɬɪɨɥɹ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. Ɉɬɦɟɱɟɧɵ ɬɢɩɢɱɧɵɟ ɩɨɞɯɨɞɵ ɤ ɨɪɝɚɧɢɡɚɰɢɢ 
ɬɚɤɨɝɨ ɜɧɟɞɪɟɧɢɹ. ɉɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɜɧɟɞɪɟɧɢɹ ɰɢɮɪɨɜɵɯ ɜɨɞɹɧɵɯ ɡɧɚɤɨɜ ɜ 
ɚɩɩɚɪɚɬɧɵɟ ɤɨɧɬɟɣɧɟɪɵ ɫ LUT-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɚɪɯɢɬɟɤɬɭɪɨɣ. ɉɨɤɚɡɚɧɵ ɚɥɝɨɪɢɬɦɵ 
ɪɟɚɥɢɡɚɰɢɢ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞɚ. Ɉɩɢɫɚɧɚ ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɚɹ ɪɟɚɥɢɡɚɰɢɹ 
ɦɟɬɨɞɚ ɢ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɜ ɫɪɟɞɟ ɷɬɨɣ ɪɟɚɥɢɡɚɰɢɢ. ɉɨɤɚɡɚɧɵ ɜɨɡɦɨɠɧɨɫɬɢ 
ɩɪɢɦɟɧɟɧɢɹ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞɚ ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɰɢɮɪɨɜɵɯ ɜɨɞɹɧɵɯ ɡɧɚɤɨɜ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ LUT-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ ɤɨɧɬɟɣɧɟɪɚ ɫ ɰɟɥɶɸ ɤɨɧɬɪɨɥɹ ɟɝɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɞɢɧɚɦɢɤɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɰɢɮɪɨɜɵɟ ɜɨɞɹɧɵɟ ɡɧɚɤɢ, ɫɬɟɝɚɧɨɝɪɚɮɢɹ, ɡɚɳɢɬɚ ɢɧɮɨɪɦɚɰɢɢ, 
ɚɩɩɚɪɚɬɧɵɣ ɫɬɟɝɨ-ɤɨɧɬɟɣɧɟɪ, LUT-ɨɪɢɟɧɬɢɪɨɜɚɧɧɚɹ ɚɪɯɢɬɟɤɬɭɪɚ, FPGA, ɤɨɧɬɪɨɥɶ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ FPGA-ɩɪɨɟɤɬɨɜ 

ȼɜɟɞɟɧɢɟ 

ɐɢɮɪɨɜɨɣ ɜɨɞɹɧɨɣ ɡɧɚɤ (ɐȼɁ) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɚɧɧɵɟ, ɜɧɟɞɪɹɟɦɵɟ ɜ 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɣ ɨɛɴɟɤɬ ɫ ɰɟɥɶɸ ɤɨɧɬɪɨɥɹ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. Ɍɟɯɧɨɥɨɝɢɹ ɐȼɁ 
ɨɫɧɨɜɚɧɚ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɢɯ ɩɪɢɟɦɨɜ, ɜ ɪɚɦɤɚɯ ɤɨɬɨɪɵɯ ɫɤɪɵɜɚɟɬɫɹ 
ɮɚɤɬ ɧɚɥɢɱɢɹ ɐȼɁ ɜ ɢɧɮɨɪɦɚɰɢɨɧɧɨɦ ɨɛɴɟɤɬɟ (ɤɨɧɬɟɣɧɟɪɟ). ɉɪɢ ɷɬɨɦ ɐȼɁ ɦɨɠɟɬ ɛɵɬɶ 
ɫɱɢɬɚɧ ɢɡ ɤɨɧɬɟɣɧɟɪɚ ɩɪɢ ɧɚɥɢɱɢɢ ɫɬɟɝɨ-ɤɥɸɱɚ, ɨɩɪɟɞɟɥɹɸɳɟɝɨ ɩɪɚɜɢɥɚ ɞɨɫɬɭɩɚ ɤ 
ɷɥɟɦɟɧɬɚɦ ɐȼɁ Д1, 2Ж. 

ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦɚɯ ɐȼɁ ɩɨɥɭɱɢɥɢ ɲɢɪɨɤɨɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɞɥɹ ɤɨɧɬɪɨɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɭɥɶɬɢɦɟɞɢɣɧɨɝɨ ɤɨɧɬɟɧɬɚ: ɪɚɫɬɪɨɜɵɯ 
ɝɪɚɮɢɱɟɫɤɢɯ ɮɚɣɥɨɜ, ɜɢɞɟɨɮɚɣɥɨɜ, ɨɰɢɮɪɨɜɚɧɧɨɝɨ ɡɜɭɤɚ Д3, 4Ж. ɋɭɳɟɫɬɜɟɧɧɚɹ 
ɨɫɨɛɟɧɧɨɫɬɶ ɮɚɣɥɨɜ-ɤɨɧɬɟɣɧɟɪɨɜ ɞɥɹ ɬɚɤɨɝɨ ɤɨɧɬɟɧɬɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɜɫɟ ɨɧɢ 
ɹɜɥɹɸɬɫɹ ɩɚɫɫɢɜɧɵɦɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɦɢ ɨɛɴɟɤɬɚɦɢ, ɜɵɩɨɥɧɹɸɳɢɦɢ ɬɨɥɶɤɨ ɮɭɧɤɰɢɸ 
ɯɪɚɧɟɧɢɹ ɞɚɧɧɵɯ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɤɨɧɬɪɨɥɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɨɛɴɟɤɬɨɜ ɧɟ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɬɨɥɶɤɨ ɤɨɧɬɟɣɧɟɪɚɦɢ ɞɚɧɧɨɝɨ ɜɢɞɚ. 
Ɍɚɤɚɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɦɟɟɬ ɦɟɫɬɨ ɢ ɞɥɹ ɚɤɬɢɜɧɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɨɛɴɟɤɬɨɜ 
ɜɵɩɨɥɧɹɸɳɢɯ ɧɟɤɨɬɨɪɭɸ ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɢɥɢ ɭɩɪɚɜɥɹɸɳɭɸ ɮɭɧɤɰɢɸ. 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɚɤɬɢɜɢɡɢɪɨɜɚɥɢɫɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɧɟɬɪɚɞɢɰɢɨɧɧɵɯ ɚɤɬɢɜɧɵɯ ɫɬɟɝɨ-ɤɨɧɬɟɣɧɟɪɨɜ, ɤɚɤ ɞɥɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 
ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɢɯ ɡɚɞɚɱ (ɫɤɪɵɬɨɣ ɩɟɪɟɞɚɱɢ ɢ ɯɪɚɧɟɧɢɹ ɡɚɳɢɳɟɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ), 
ɬɚɤ ɢ ɞɥɹ ɡɚɞɚɱ ɜɧɟɞɪɟɧɢɹ ɐȼɁ ɜ ɬɚɤɢɟ ɤɨɧɬɟɣɧɟɪɵ. ȼ ɱɚɫɬɧɨɫɬɢ ɩɨɹɜɢɥɢɫɶ ɪɚɛɨɬɵ 
ɩɪɟɞɥɚɝɚɸɳɢɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɫɬɟɝɨ-ɤɨɧɬɟɣɧɟɪɨɜ ɢɥɢ ɨɛɴɟɤɬɨɜ ɞɥɹ ɜɧɟɞɪɟɧɢɹ 
ɐȼɁ ɢɫɩɨɥɧɹɟɦɵɟ ɮɚɣɥɵ Д5–7Ж ɢɥɢ ɢɫɯɨɞɧɵɟ ɤɨɞɵ ɩɪɨɝɪɚɦɦ Д8, 9Ж ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɨɜ 
ɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ. 
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ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɚɝɚɸɬɫɹ ɩɨɞɯɨɞɵ ɤ ɜɧɟɞɪɟɧɢɸ ɐȼɁ ɜ ɚɩɩɚɪɚɬɧɵɟ 
ɤɨɧɬɟɣɧɟɪɵ, ɩɨɫɬɪɨɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ LUT-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɚɪɯɢɬɟɤɬɭɪɵ (ɞɚɥɟɟ LUT-
ɤɨɧɬɟɣɧɟɪɵ). Ʉ ɬɚɤɢɦ ɤɨɧɬɟɣɧɟɪɚɦ ɨɬɧɨɫɹɬɫɹ, ɧɚɩɪɢɦɟɪ, ɦɢɤɪɨɫɯɟɦɵ FPGA (FТОХН 
PrШРrКЦЦКЛХО GКtО ArrКв), ɹɜɥɹɸɳɢɟɫɹ ɧɚ ɬɟɤɭɳɢɣ ɦɨɦɟɧɬ ɜɟɫɶɦɚ ɢɫɩɨɥɶɡɭɟɦɨɣ 
ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɨɣ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɨɦɩɶɸɬɟɪɧɵɯ ɢ ɭɩɪɚɜɥɹɸɳɢɯ ɫɢɫɬɟɦ. ɉɨ ɦɧɨɝɢɦ 
ɩɚɪɚɦɟɬɪɚɦ FPGA ɤɨɧɤɭɪɢɪɭɸɬ ɫ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɚɦɢ ɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚɦɢ, ɚ ɩɨ 
ɩɚɪɚɦɟɬɪɚɦ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɨɪɝɚɧɢɡɚɰɢɢ ɩɚɪɚɥɥɟɥɶɧɵɯ 
ɜɵɱɢɫɥɟɧɢɣ ɩɪɟɜɨɫɯɨɞɹɬ ɢɯ Д10Ж. 

ɉɨɫɬɚɧɨɜɤɚ ɰɟɥɢ ɪɚɛɨɬɵ 

ɇɚ ɬɟɤɭɳɢɣ ɦɨɦɟɧɬ, ɷɥɟɦɟɧɬɧɚɹ ɛɚɡɚ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ LUT-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ 
ɚɪɯɢɬɟɤɬɭɪɟ (ɧɚɩɪɢɦɟɪ, ɦɢɤɪɨɫɯɟɦɵ FPGA) ɹɜɥɹɟɬɫɹ ɤɪɚɣɧɟ ɜɨɫɬɪɟɛɨɜɚɧɧɨɣ ɩɪɢ 
ɩɨɫɬɪɨɟɧɢɢ ɤɨɦɩɶɸɬɟɪɧɵɯ ɢ ɭɩɪɚɜɥɹɸɳɢɯ ɫɢɫɬɟɦ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɦɨɠɧɨ 
ɤɨɧɫɬɚɬɢɪɨɜɚɬɶ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɜɧɟɞɪɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɜ 
LUT-ɤɨɧɬɟɣɧɟɪɵ ɫ ɰɟɥɶɸ ɤɨɧɬɪɨɥɹ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɚ ɬɚɤ ɠɟ ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɫɬɟɝɨ-
ɡɚɳɢɳɟɧɧɵɯ ɫɢɫɬɟɦ ɩɟɪɟɞɚɱɢ ɢ ɯɪɚɧɟɧɢɹ ɞɚɧɧɵɯ ɧɚ ɢɯ ɨɫɧɨɜɟ. ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ 
ɫɨɫɬɨɢɬ ɜ ɪɚɡɜɢɬɢɢ ɬɟɯɧɨɥɨɝɢɢ ɰɢɮɪɨɜɵɯ ɜɨɞɹɧɵɯ ɡɧɚɤɨɜ ɩɭɬɟɦ ɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɧɚ 
LUT-ɤɨɧɬɟɣɧɟɪɵ. 

Ɉɫɨɛɟɧɧɨɫɬɢ ɤɨɧɬɟɣɧɟɪɨɜ ɫ LUT-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɚɪɯɢɬɟɤɬɭɪɨɣ 

LUT (LШШФ Up TКЛХО – ɬɚɛɥɢɰɚ ɩɨɢɫɤɚ) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɬɪɭɤɬɭɪɭ ɞɚɧɧɵɯ, 
ɢɫɩɨɥɶɡɭɟɦɭɸ ɫ ɰɟɥɶɸ ɡɚɦɟɧɢɬɶ ɜɵɱɢɫɥɟɧɢɹ ɧɚ ɨɩɟɪɚɰɢɸ ɩɨɢɫɤɚ ɡɚɝɨɬɨɜɥɟɧɧɵɯ 
ɞɚɧɧɵɯ Д10Ж. ɉɨɞɯɨɞ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɩɪɢɦɟɧɟɧɢɢ LUT, ɩɨɥɭɱɢɥ ɧɚɡɜɚɧɢɟ «ȼɵɱɢɫɥɟɧɢɹ 
ɫ ɩɚɦɹɬɶɸ» (CШЦputТЧР аТtС MОЦШrв) Д11Ж. ɇɚɢɛɨɥɶɲɟɝɨ ɫɜɨɟɝɨ ɪɚɡɜɢɬɢɹ ɷɬɨɬ ɩɨɞɯɨɞ 
ɞɨɫɬɢɝ ɜ ɫɬɪɭɤɬɭɪɟ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɯ ɥɨɝɢɱɟɫɤɢɯ ɢɧɬɟɝɪɚɥɶɧɵɯ ɫɯɟɦ (ɉɅɂɋ), ɜ 
ɱɚɫɬɧɨɫɬɢ ɜ ɧɚɢɛɨɥɟɟ ɫɨɜɪɟɦɟɧɧɨɣ ɢɯ ɪɚɡɧɨɜɢɞɧɨɫɬɢ FPGA Д12Ж. ɍɩɪɨɳɟɧɧɨ 
ɚɪɯɢɬɟɤɬɭɪɚ FPGA ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɨɜɨɤɭɩɧɨɫɬɶ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɦɨɞɭɥɟɣ, 
ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɜ ɜɢɞɟ ɞɜɭɯɦɟɪɧɨɣ ɦɚɬɪɢɰɵ. Ɉɫɧɨɜɧɭɸ ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɮɭɧɤɰɢɸ 
ɷɬɢɯ ɦɨɞɭɥɟɣ ɜɵɩɨɥɧɹɸɬ ɛɥɨɤɢ LUT, ɢɦɟɸɳɢɟ ɨɛɵɱɧɨ 4 (ɪɟɠɟ 5 ɢɥɢ 6) ɜɯɨɞɨɜ ɢ 1 ɢɥɢ 
2 ɜɵɯɨɞɚ. Ȼɥɨɤɢ LUT ɦɨɝɭɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɧɵɦ ɨɛɪɚɡɨɦ ɫɨɟɞɢɧɟɧɵ ɦɟɠɞɭ ɫɨɛɨɣ, ɚ ɬɚɤ 
ɠɟ ɫɨ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɦɢ ɦɨɞɭɥɹɦɢ (ɩɚɦɹɬɢ, ɚɩɩɚɪɚɬɧɨɝɨ ɭɦɧɨɠɟɧɢɹ) ɢ ɜɵɜɨɞɚɦɢ 
ɦɢɤɪɨɫɯɟɦɵ. Ɉɩɪɟɞɟɥɟɧɧɚɹ ɤɨɧɮɢɝɭɪɚɰɢɹ ɫɨɟɞɢɧɟɧɢɹ ɛɥɨɤɨɜ LUT, ɚ ɬɚɤ ɠɟ ɡɚɩɢɫɶ ɜ 
ɧɢɯ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɫɨɞɟɪɠɢɦɨɝɨ ɩɪɢɜɨɞɢɬ ɤ ɨɪɝɚɧɢɡɚɰɢɢ, ɬɪɟɛɭɟɦɨɣ ɞɥɹ ɞɚɧɧɨɣ 
ɡɚɞɚɱɢ, ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɪɟɞɵ.  

Ȼɥɨɤɢ LUT ɜ FPGA ɨɛɵɱɧɨ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɞɧɨɪɚɡɪɹɞɧɭɸ ɨɩɟɪɚɬɢɜɧɭɸ 
ɩɚɦɹɬɶ. ȼɯɨɞɵ ɛɥɨɤɚ LUT ɩɪɢ ɷɬɨɦ ɹɜɥɹɸɬɫɹ ɚɞɪɟɫɧɵɦɢ ɜɯɨɞɚɦɢ ɬɚɤɨɣ ɩɚɦɹɬɢ 
(ɪɢɫ. 1). ɉɪɢ ɤɨɥɢɱɟɫɬɜɟ ɜɯɨɞɨɜ, ɪɚɜɧɨɦ Ч, ɛɥɨɤ LUT ɯɪɚɧɢɬ ɜ ɫɟɛɟ 2Ч ɛɢɬ ɢɧɮɨɪɦɚɰɢɢ 
ɢ ɫɩɨɫɨɛɟɧ ɜɵɩɨɥɧɢɬɶ ɜɵɱɢɫɥɟɧɢɟ ɡɧɚɱɟɧɢɹ ɨɞɧɨɣ Ч-ɚɪɝɭɦɟɧɬɧɨɣ ɛɭɥɟɜɨɣ ɮɭɧɤɰɢɢ. 

ɉɪɟɞɥɚɝɚɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ LUT-ɤɨɧɬɟɣɧɟɪ ɤɚɤ ɱɟɬɜɟɪɤɭ ɜɢɞɚ: 

 EбtОrЧIЧtОrПКМОELLC ,,, , (1) 

ɝɞɟ  
L — ɦɧɨɠɟɫɬɜɨ ɛɥɨɤɨɜ LUT; 
E — ɦɧɨɠɟɫɬɜɨ ɫɜɹɡɟɣ ɦɟɠɞɭ ɷɥɟɦɟɧɬɚɦɢ ɦɧɨɠɟɫɬɜɚ L; 
IЧtОrПКМО — ɦɧɨɠɟɫɬɜɨ ɜɯɨɞɨɜ ɢ ɜɵɯɨɞɨɜ ɤɨɧɬɟɣɧɟɪɚ; 
EбtОrЧ — ɦɧɨɠɟɫɬɜɨ ɫɜɹɡɟɣ ɛɥɨɤɨɜ LUT ɫ ɜɯɨɞɚɦɢ ɢ ɜɵɯɨɞɚɦɢ ɤɨɧɬɟɣɧɟɪɚ. 
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Ɋɢɫ. 1. Ɉɪɝɚɧɢɡɚɰɢɹ 4-ɯ ɜɯɨɞɨɜɨɝɨ ɛɥɨɤɚ LUT ɦɢɤɪɨɫɯɟɦɵ FPGA 
 

Ʉɚɠɞɵɣ ɷɥɟɦɟɧɬ LUTТ ɦɧɨɠɟɫɬɜɚ L ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɥɟɞɭɸɳɭɸ ɬɪɨɣɤɭ: 

 ТТТТ MОЦOutIЧLUT ,, , (2) 

ɝɞɟ  
IЧТ — ɦɧɨɠɟɫɬɜɨ ɜɯɨɞɨɜ ɛɥɨɤɚ LUTТ; 
OutТ — ɦɧɨɠɟɫɬɜɨ ɜɵɯɨɞɨɜ ɛɥɨɤɚ LUTТ; 
MОЦТ — ɫɨɞɟɪɠɢɦɨɟ ɩɚɦɹɬɢ ɛɥɨɤɚ LUTТ (ɜɧɭɬɪɟɧɧɟɟ ɡɧɚɱɟɧɢɟ ɛɥɨɤɚ). 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, LUT-ɤɨɧɬɟɣɧɟɪ ɮɚɤɬɢɱɟɫɤɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɥɨɝɢɱɟɫɤɭɸ 

ɫɯɟɦɭ, ɷɥɟɦɟɧɬɚɦɢ ɤɨɬɨɪɨɣ ɹɜɥɹɸɬɫɹ ɧɚɫɬɪɚɢɜɚɟɦɵɟ ɛɥɨɤɢ LUT. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ 
ɫɥɟɞɭɸɳɢɟ ɨɫɨɛɟɧɧɨɫɬɢ LUT-ɤɨɧɬɟɣɧɟɪɨɜ, ɨɬɥɢɱɚɸɳɢɟ ɢɯ ɨɬ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ 
ɤɨɧɬɟɣɧɟɪɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɬɪɚɞɢɰɢɨɧɧɵɯ ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɢɯ ɦɟɬɨɞɚɯ. 

1) LUT-ɤɨɧɬɟɣɧɟɪ ɹɜɥɹɟɬɫɹ ɚɤɬɢɜɧɵɦ ɢɧɮɨɪɦɚɰɢɨɧɧɵɦ ɨɛɴɟɤɬɨɦ, ɜɵɩɨɥɧɹɸɳɢɦ 
ɧɟɤɨɬɨɪɭɸ ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɢɥɢ ɭɩɪɚɜɥɹɸɳɭɸ ɮɭɧɤɰɢɸ. 

2) ɗɥɟɦɟɧɬɚɪɧɵɟ ɟɞɢɧɢɰɵ ɤɨɧɬɟɣɧɟɪɚ (ɛɥɨɤɢ LUT) ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɹɜɧɨ 
ɫɜɹɡɚɧɧɵ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɬ.ɤ. ɦɨɝɭɬ ɜɵɱɢɫɥɹɬɶ ɱɚɫɬɶ ɨɛɳɟɣ ɛɭɥɟɜɨɣ ɮɭɧɤɰɢɢ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɷɥɟɦɟɧɬɚɪɧɵɟ ɟɞɢɧɢɰɵ ɤɨɧɬɟɣɧɟɪɚ ɧɟ ɹɜɥɹɸɬɫɹ ɚɜɬɨɧɨɦɧɵɦɢ, ɚ ɨɤɚɡɵɜɚɸɬ 
ɜɡɚɢɦɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɞɪɭɝ ɞɪɭɝɚ. 

3) ɂɧɮɨɪɦɚɰɢɹ, ɧɚɯɨɞɹɳɚɹɫɹ ɜ ɤɚɠɞɨɣ ɢɡ ɷɥɟɦɟɧɬɚɪɧɵɯ ɟɞɢɧɢɰ ɤɨɧɬɟɣɧɟɪɚ 
ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɬɨɱɧɨ. ɉɪɨɢɡɜɨɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɫɨɞɟɪɠɢɦɨɝɨ ɛɥɨɤɚ LUT ɩɪɢɜɨɞɢɬ ɤ 
ɪɚɡɪɭɲɟɧɢɸ ɤɨɧɬɟɣɧɟɪɚ, ɤɨɬɨɪɨɟ ɜɵɪɚɠɚɟɬɫɹ ɜ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɜɵɩɨɥɧɟɧɢɹ ɢɦ ɰɟɥɟɜɨɣ 
ɮɭɧɤɰɢɢ. 

Ⱦɚɥɟɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɦɟɬɨɞ ɜɧɟɞɪɟɧɢɹ ɐȼɁ ɜ LUT-ɤɨɧɬɟɣɧɟɪ. Ɇɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ 
ɭɤɚɡɚɧɧɵɯ ɨɫɨɛɟɧɧɨɫɬɹɯ ɤɨɧɬɟɣɧɟɪɚ, ɩɨɡɜɨɥɹɸɳɢɯ ɜɵɩɨɥɧɢɬɶ ɟɝɨ ɷɤɜɢɜɚɥɟɧɬɧɨɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ, ɫɨɩɪɹɠɟɧɧɨɟ ɫ ɜɧɟɞɪɟɧɢɟɦ ɫɟɤɪɟɬɧɵɯ ɞɚɧɧɵɯ. 

Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɦɟɬɨɞɚ ɜɧɟɞɪɟɧɢɹ ɞɚɧɧɵɯ ɜ LUT-ɤɨɧɬɟɣɧɟɪ 

Ɉɫɧɨɜɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɦɟɬɨɞɚ ɞɚɥɟɟ ɢɡɥɚɝɚɟɬɫɹ ɜ ɜɢɞɟ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫɩɟɰɢɚɥɶɧɵɯ 
ɩɨɥɨɠɟɧɢɣ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɢ ɭɫɥɨɜɢɹ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ 
ɫɤɪɵɬɢɹ ɞɚɧɧɵɯ ɜ LUT-ɤɨɧɬɟɣɧɟɪɟ. 

ɉɟɪɜɨɟ ɩɨɥɨɠɟɧɢɟ ɦɟɬɨɞɚ: ɞɥɹ ɜɫɬɪɚɢɜɚɧɢɹ ɨɞɧɨɝɨ ɪɚɡɪɹɞɚ ɫɟɤɪɟɬɧɨɣ ɞɜɨɢɱɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɞɢɧ ɢɡ ɪɚɡɪɹɞɨɜ ɛɥɨɤɚ LUT, ɡɚɞɟɣɫɬɜɨɜɚɧɧɨɝɨ ɜ 
ɜɵɩɨɥɧɟɧɢɢ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɤɨɧɬɟɣɧɟɪɚ. ɇɨɦɟɪ ɷɬɨɝɨ ɪɚɡɪɹɞɚ (ɚɞɪɟɫ) ɢɥɢ ɩɪɚɜɢɥɨ 
ɟɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɷɥɟɦɟɧɬɨɦ ɫɬɟɝɨ-ɤɥɸɱɚ.  

ȼɬɨɪɨɟ ɩɨɥɨɠɟɧɢɟ ɦɟɬɨɞɚ: ɜɫɬɪɚɢɜɚɧɢɟ ɪɚɡɪɹɞɚ ɫɟɤɪɟɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɨɫɧɨɜɚɧɨ ɧɚ ɫɥɟɞɭɸɳɟɦ ɭɬɜɟɪɠɞɟɧɢɢ. 

ɉɭɫɬɶ ɡɚɞɚɧɚ ɧɟɤɨɬɨɪɚɹ ɛɭɥɟɜɚ ɮɭɧɤɰɢɹ: 
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 pЦ КККвввПв Ц ,...,,,,..., 2121
21  . (3) 

ɉɪɢ ɷɬɨɦ ɱɚɫɬɶ ɚɪɝɭɦɟɧɬɨɜ ɞɚɧɧɨɣ ɮɭɧɤɰɢɢ ɹɜɥɹɸɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ ɜɵɱɢɫɥɟɧɢɣ 
ɡɧɚɱɟɧɢɣ ɫɥɟɞɭɸɳɟɣ ɫɨɜɨɤɭɩɧɨɫɬɢ ɛɭɥɟɜɵɯ ɮɭɧɤɰɢɣ: 
 

 11
2

1
111 1

11 ,...,, ЧбббПв    

 22
2

2
122 2

22 ,...,, ЧбббПв    

… … … … … … … … … 

 Ц
Ч

ЦЦ
ЦЦ Ц

ЦЦ бббПв ,...,, 21
   

(4) 

ɢ ɞɥɹ ɮɭɧɤɰɢɣ (3) ɢ (4) ɭɫɬɚɧɨɜɥɟɧɚ ɫɥɟɞɭɸɳɚɹ ɫɢɫɬɟɦɚ ɩɪɚɜɢɥ: 










;0 ɩɪɢ,

;1 ɩɪɢ,

ТТ

ТТ
Т в

в
в Т




  

   
 










.0 ɩɪɢ,,...,,

;1 ɩɪɢ,,...,,
,...,,

21

21

21

Т
Т
Ч

ТТ
Т

Т
Т
Ч

ТТ
ТТ

Ч
ТТ

Т

Т

Т

Т

Т

Т

Т

бббП

бббП
бббП








  

(5) 

ɝɞɟ ж1,0дТ , ЦТ ...1 . 
ȼ ɜɵɪɚɠɟɧɢɢ (3) ɞɨɩɭɫɤɚɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ ɚɪɝɭɦɟɧɬɨɜ pККК ,...,, 21 . 
ɍɬɜɟɪɠɞɟɧɢɟ 1. Ɂɧɚɱɟɧɢɹ ɛɭɥɟɜɨɣ ɮɭɧɤɰɢɢ (3) ɩɪɢ ɚɪɝɭɦɟɧɬɚɯ (4) ɢ ɩɪɚɜɢɥɚɯ (5) 

ɧɚ ɥɸɛɵɯ ɞɜɨɢɱɧɵɯ ɧɚɛɨɪɚɯ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɡɧɚɱɟɧɢɣ ɩɟɪɟɦɟɧɧɵɯ Ц ,...,, 21 . 
Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɩɪɢ ɢɧɜɟɪɬɢɪɨɜɚɧɢɢ ɥɸɛɨɣ ɢɡ ɮɭɧɤɰɢɣ Т

ТП
  (4) ɢ 

ɫɨɩɪɨɜɨɠɞɚɸɳɟɣɫɹ ɩɨɜɬɨɪɧɵɦ ɢɧɜɟɪɬɢɪɨɜɚɧɢɟɦ (5) ɩɨɞɫɬɚɧɨɜɤɟ ɟɟ ɡɧɚɱɟɧɢɹ ɜ 
ɮɭɧɤɰɢɸ (3), ɜ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜ ɮɭɧɤɰɢɸ (3) ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɤɨɧɨɦ ɞɜɨɣɧɨɝɨ 
ɨɬɪɢɰɚɧɢɹ ɛɭɞɟɬ ɩɨɞɫɬɚɜɥɟɧɨ ɩɪɹɦɨɟ ɡɧɚɱɟɧɢɟ Т

ТП
 , ɤɨɬɨɪɨɟ ɢɦɟɥɨ ɦɟɫɬɨ ɞɨ 

ɢɧɜɟɪɬɢɪɨɜɚɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɧɜɟɪɬɢɪɨɜɚɧɢɟ ɥɸɛɵɯ ɮɭɧɤɰɢɣ ɢɡ (4) ɫ ɭɱɟɬɨɦ (5) ɧɟ 
ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɡɧɚɱɟɧɢɣ ɮɭɧɤɰɢɢ (3).  

ɂɡ ɞɚɧɧɨɝɨ ɭɬɜɟɪɠɞɟɧɢɹ ɫɥɟɞɭɟɬ, ɱɬɨ ɥɸɛɵɟ ɤɨɦɛɢɧɚɰɢɢ ɡɧɚɱɟɧɢɣ ɩɟɪɟɦɟɧɧɵɯ 
Ц ,...,, 21  ɜ ɫɢɫɬɟɦɟ ɜɵɪɚɠɟɧɢɣ (3) – (5) ɩɨɪɨɠɞɚɸɬ ɪɚɜɧɨɫɢɥɶɧɵɟ ɛɭɥɟɜɵ ɮɭɧɤɰɢɢ 

(3), ɞɚɸɳɢɟ ɨɞɢɧɚɤɨɜɵɟ ɡɧɚɱɟɧɢɹ ɧɚ ɥɸɛɵɯ ɧɚɛɨɪɚɯ. 
ɉɪɢɧɰɢɩ ɜɫɬɪɚɢɜɚɧɢɹ ɪɚɡɪɹɞɚ ɫɟɤɪɟɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫɜɹɡɚɧ ɫ 

ɩɪɢɜɟɞɟɧɧɵɦ ɭɬɜɟɪɠɞɟɧɢɟɦ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɉɭɫɬɶ ɮɭɧɤɰɢɸ (3) ɪɟɚɥɢɡɭɟɬ 
ɧɟɤɨɬɨɪɵɣ ɛɥɨɤ LUT’, ɚ ɮɭɧɤɰɢɢ (4) ɧɟɤɨɬɨɪɵɣ ɧɚɛɨɪ ɛɥɨɤɨɜ LUT1, LUT2, …, LUTЦ. 
Ɍɨɝɞɚ ɜɵɛɨɪɨɱɧɵɦ ɢɧɜɟɪɬɢɪɨɜɚɧɢɟɦ ɡɧɚɱɟɧɢɣ LUT1, LUT2, …, LUTЦ ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ 
ɧɚɥɢɱɢɹ ɜ ɤɚɠɞɨɦ ɢɡ ɧɢɯ, ɬɚɤɢɯ ɡɧɚɱɟɧɢɣ ɨɩɪɟɞɟɥɟɧɧɵɯ ɪɚɡɪɹɞɨɜ, ɤɨɬɨɪɵɟ 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɚɡɪɹɞɚɦ ɜɧɟɞɪɹɟɦɨɣ ɜ ɤɨɧɬɟɣɧɟɪ ɫɟɤɪɟɬɧɨɣ ɞɜɨɢɱɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. ɉɪɢ ɷɬɨɦ ɡɧɚɱɟɧɢɹ, ɜɵɱɢɫɥɹɟɦɵɟ ɛɥɨɤɨɦ LUT’ ɫ ɭɱɟɬɨɦ 
ɜɵɪɚɠɟɧɢɣ (5) ɧɟ ɩɪɟɬɟɪɩɹɬ ɤɚɤɢɯ-ɥɢɛɨ ɢɡɦɟɧɟɧɢɣ. 

Ɍɪɟɬɶɟ ɩɨɥɨɠɟɧɢɟ ɦɟɬɨɞɚ ɨɩɪɟɞɟɥɹɟɬ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɫɬɪɭɤɬɭɪɭ ɫɯɟɦɵ LUT-
ɤɨɧɬɟɣɧɟɪɚ, ɜ ɤɨɬɨɪɵɣ ɜɧɟɞɪɹɟɬɫɹ ɫɟɤɪɟɬɧɚɹ ɢɧɮɨɪɦɚɰɢɹ. ɉɪɟɞɥɚɝɚɟɦɵɣ ɦɟɬɨɞ ɦɨɠɟɬ 
ɛɵɬɶ ɩɪɢɦɟɧɟɧ ɬɨɥɶɤɨ ɤ ɫɯɟɦɟ, ɢɦɟɸɳɟɣ ɛɨɥɟɟ ɨɞɧɨɝɨ ɭɪɨɜɧɹ ɛɥɨɤɨɜ LUT (ɪɚɧɝ 
ɤɨɬɨɪɨɣ 1r ). Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɦɢɧɢɦɚɥɶɧɵɣ ɜɚɪɢɚɧɬ ɫɯɟɦɵ, ɫɨɜɦɟɫɬɧɨ ɪɟɚɥɢɡɭɸɳɟɣ 
ɜɵɪɚɠɟɧɢɹ (3) – (5) ɞɨɥɠɟɧ ɜɤɥɸɱɚɬɶ ɧɚɛɨɪ ɛɥɨɤɨɜ LUT, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɩɟɪɜɨɦ 
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ɭɪɨɜɧɟ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɣ (4), ɚ ɬɚɤɠɟ ɨɞɢɧ ɢɥɢ ɧɟɫɤɨɥɶɤɨ 
ɛɥɨɤɨɜ LUT, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɜɬɨɪɨɦ ɭɪɨɜɧɟ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ 
ɮɭɧɤɰɢɢ (3). 

ɑɟɬɜɟɪɬɨɟ ɩɨɥɨɠɟɧɢɟ ɦɟɬɨɞɚ ɨɩɪɟɞɟɥɹɟɬ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɛɥɨɤɨɜ 
LUT, ɜɯɨɞɹɳɢɯ ɜ ɤɨɧɬɟɣɧɟɪ, ɞɥɹ ɡɚɞɚɱɢ ɜɫɬɪɚɢɜɚɧɢɹ ɫɟɤɪɟɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ.  

ɉɟɪɜɨɟ ɨɝɪɚɧɢɱɟɧɢɟ ɬɚɤɨɝɨ ɪɨɞɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɞɥɹ ɜɫɬɪɚɢɜɚɧɢɹ ɧɟɥɶɡɹ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɥɨɤɢ LUT, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɞɤɥɸɱɟɧɧɵɟ ɤ ɜɵɯɨɞɚɦ ɫɯɟɦɵ. ɗɬɨ 
ɨɝɪɚɧɢɱɟɧɢɟ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ ɜɫɬɪɚɢɜɚɧɢɟ ɫɟɤɪɟɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɜɵɩɨɥɧɹɟɬɫɹ ɜ 
ɛɥɨɤɢ LUT, ɪɟɚɥɢɡɭɸɳɢɟ ɜɵɪɚɠɟɧɢɹ (4), ɤ ɜɵɯɨɞɚɦ ɤɨɬɨɪɵɯ, ɞɨɥɠɧɵ ɛɵɬɶ 
ɩɨɞɤɥɸɱɟɧɵ ɛɥɨɤɢ LUT ɫɥɟɞɭɸɳɟɝɨ ɭɪɨɜɧɹ, ɪɟɚɥɢɡɭɸɳɢɟ ɜɵɪɚɠɟɧɢɟ (3). ȿɫɥɢ ɠɟ 
ɛɥɨɤ LUT ɩɨɞɤɥɸɱɟɧ ɤ ɜɵɯɨɞɭ ɫɯɟɦɵ, ɬɨ ɫɥɟɞɭɸɳɢɟ ɡɚ ɧɢɦ ɛɥɨɤɢ, ɪɟɚɥɢɡɭɸɳɢɟ 
ɜɵɪɚɠɟɧɢɟ (3) ɨɬɫɭɬɫɬɜɭɸɬ. 

ȼɬɨɪɨɟ ɨɝɪɚɧɢɱɟɧɢɟ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɛɥɨɤ LUT, ɜ ɤɨɬɨɪɵɣ ɭɠɟ ɜɫɬɪɨɟɧ ɪɚɡɪɹɞ 
ɫɟɤɪɟɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɩɨɞɜɟɪɝɧɭɬ ɢɧɜɟɪɬɢɪɨɜɚɧɢɸ ɩɪɢ 
ɜɵɩɨɥɧɟɧɢɢ ɜɫɬɪɚɢɜɚɧɢɹ ɞɚɧɧɵɯ ɜ ɞɪɭɝɨɣ ɛɥɨɤ LUT ɞɚɧɧɨɝɨ ɤɨɧɬɟɣɧɟɪɚ. ɂɡ ɷɬɨɝɨ 
ɨɝɪɚɧɢɱɟɧɢɹ ɫɥɟɞɭɟɬ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɛɥɨɤɨɜ LUT, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɡɚɞɟɣɫɬɜɨɜɚɬɶ ɞɥɹ 
ɜɧɟɞɪɟɧɢɹ ɪɚɡɪɹɞɨɜ ɫɟɤɪɟɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɡɚɜɢɫɢɬ ɨɬ ɩɨɪɹɞɤɚ ɨɛɯɨɞɚ 
ɤɨɧɬɟɣɧɟɪɚ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɟɪɜɨɟ ɭɤɚɡɚɧɧɨɟ ɨɝɪɚɧɢɱɟɧɢɟ ɡɚɞɚɟɬ ɜɟɪɯɧɸɸ ɨɰɟɧɤɭ ɤɨɥɢɱɟɫɬɜɚ 
ɛɥɨɤɨɜ LUT, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɡɚɞɟɣɫɬɜɨɜɚɬɶ ɞɥɹ ɜɧɟɞɪɟɧɢɹ ɫɟɤɪɟɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɚ 
ɜɬɨɪɨɟ ɨɝɪɚɧɢɱɟɧɢɟ – ɧɢɠɧɸɸ ɨɰɟɧɤɭ. ɍɤɚɡɚɧɧɵɟ ɜɟɪɯɧɟɟ ɢ ɧɢɠɧɟɟ ɡɧɚɱɟɧɢɹ ɡɚɜɢɫɹɬ 
ɨɬ ɨɛɳɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɛɥɨɤɨɜ, ɤɨɧɮɢɝɭɪɚɰɢɢ ɢɯ ɫɨɟɞɢɧɟɧɢɹ ɢ ɩɨɪɹɞɤɚ ɨɛɯɨɞɚ 
ɤɨɧɬɟɣɧɟɪɚ ɜ ɩɪɨɰɟɫɫɟ ɜɫɬɪɚɢɜɚɧɢɹ ɜ ɧɟɝɨ ɫɟɤɪɟɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. 

ɉɹɬɨɟ ɩɨɥɨɠɟɧɢɟ ɦɟɬɨɞɚ ɨɩɪɟɞɟɥɹɟɬ ɩɨɪɹɞɨɤ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɟɝɨ-ɤɥɸɱɚ ɞɥɹ 
ɜɫɬɪɚɢɜɚɧɢɹ ɢ ɢɡɜɥɟɱɟɧɢɹ ɫɟɤɪɟɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. Ʉɥɸɱ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 
ɞɜɨɣɤɚ ɫɥɟɞɭɸɳɟɝɨ ɜɢɞɚ: 

 ШrНОrsОtФОв ,  (6) 

ɝɞɟ  
sОt – ɧɨɦɟɪ (ɚɞɪɟɫ) ɪɚɡɪɹɞɚ LUT, ɜ ɤɨɬɨɪɵɣ ɜɵɩɨɥɧɹɟɬɫɹ ɜɧɟɞɪɟɧɢɟ ɛɢɬɚ 

ɫɟɤɪɟɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. ȼɦɟɫɬɨ ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ sОt, ɷɬɨɬ ɤɨɦɩɨɧɟɧɬ 
ɤɥɸɱɚ ɦɨɠɟɬ ɫɨɞɟɪɠɚɬɶ ɧɟɤɨɬɨɪɨɟ ɩɪɚɜɢɥɨ, ɩɨɡɜɨɥɹɸɳɟɟ ɩɨɥɭɱɢɬɶ ɧɨɦɟɪ ɪɚɡɪɹɞɚ 
ɜɫɬɪɚɢɜɚɧɢɹ ɞɥɹ ɤɚɠɞɨɝɨ ɲɚɝɚ ɜɫɬɪɚɢɜɚɧɢɹ; 

ШrНОr – ɩɨɪɹɞɨɤ ɨɛɯɨɞɚ ɛɥɨɤɨɜ LUT ɜ ɤɨɧɬɟɣɧɟɪɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɜɫɬɪɚɢɜɚɧɢɹ 
ɢɥɢ ɢɡɜɥɟɱɟɧɢɹ ɫɟɤɪɟɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. ȼɦɟɫɬɨ ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ ɩɨɪɹɞɤɚ 
ɨɛɯɨɞɚ ɛɥɨɤɨɜ LUT ɷɬɨɬ ɤɨɦɩɨɧɟɧɬ ɤɥɸɱɚ ɦɨɠɟɬ ɫɨɞɟɪɠɚɬɶ ɩɪɚɜɢɥɨ, ɡɚɞɚɸɳɟɟ 
ɩɨɪɹɞɨɤ ɨɛɯɨɞɚ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɜɫɬɪɚɢɜɚɧɢɹ. 

ɉɪɢɦɟɪ ɪɟɚɥɢɡɚɰɢɢ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɦɟɬɨɞɚ 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪ, ɢɥɥɸɫɬɪɢɪɭɸɳɢɣ ɨɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɩɪɟɞɥɚɝɚɟɦɨɝɨ 
ɦɟɬɨɞɚ. ɇɚ ɪɢɫ. 2 (ɚ) ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɤɨɧɬɟɣɧɟɪɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɩɹɬɢ ɛɥɨɤɨɜ LUT ɢ 
ɪɟɚɥɢɡɭɸɳɚɹ ɞɜɟ ɥɨɝɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ в  ɢ в  . Ⱦɜɨɢɱɧɵɣ ɜɟɫ ɤɚɠɞɨɝɨ ɢɡ ɜɯɨɞɨɜ 
ɛɥɨɤɨɜ LUT, ɨɛɨɡɧɚɱɟɧ ɪɹɞɨɦ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɜɯɨɞɨɦ. ɇɟɨɛɯɨɞɢɦɨ ɜɧɟɞɪɢɬɶ ɜ 
ɞɚɧɧɭɸ ɫɯɟɦɭ, ɫɟɤɪɟɬɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ  0,0,1M  ɢɫɩɨɥɶɡɭɹ ɞɥɹ ɷɬɨɝɨ 
ɡɧɚɱɟɧɢɹ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ɛɥɨɤɚɯ LUT ɩɨ ɚɞɪɟɫɭ 3. ɉɨɪɹɞɨɤ ɨɛɯɨɞɚ ɛɥɨɤɨɜ ɫɯɟɦɵ ɜ 
ɯɨɞɟ ɜɫɬɪɚɢɜɚɧɢɹ ɨɩɪɟɞɟɥɟɧ ɢɯ ɧɭɦɟɪɚɰɢɣ. 
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Ɋɢɫ. 2. ɉɪɢɦɟɪ ɜɫɬɪɚɢɜɚɧɢɹ ɫɟɤɪɟɬɧɨɣ ɞɜɨɢɱɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ  0,0,1M  ɜ 
LUT-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɣ ɤɨɧɬɟɣɧɟɪ, ɫɨɫɬɨɹɳɢɣ ɢɡ 5-ɢ ɛɥɨɤɨɜ LUT: ɚ – ɢɫɯɨɞɧɵɟ 
ɡɧɚɱɟɧɢɹ ɤɨɧɬɟɣɧɟɪɚ; ɛ – ɡɧɚɱɟɧɢɹ ɩɨɫɥɟ ɜɫɬɪɚɢɜɚɧɢɹ 
 

ɋɬɪɭɤɬɭɪɚ ɞɚɧɧɨɣ ɫɯɟɦɵ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɵɪɚɠɟɧɢɹɦ (3) ɢ (4) ɞɥɹ ɤɨɬɨɪɵɯ ɦɨɠɟɬ 
ɛɵɬɶ ɩɪɢɦɟɧɟɧɚ ɫɢɫɬɟɦɚ ɩɪɚɜɢɥ (5) 2-ɝɨ ɩɨɥɨɠɟɧɢɹ ɦɟɬɨɞɚ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 3-ɦ 
ɩɨɥɨɠɟɧɢɟɦ ɦɟɬɨɞɚ ɫɯɟɦɚ, ɩɨɤɚɡɚɧɧɚɹ ɧɚ ɪɢɫ. 2(ɚ) ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ ɤɚɱɟɫɬɜɟ 
ɤɨɧɬɟɣɧɟɪɚ ɞɥɹ ɜɫɬɪɚɢɜɚɧɢɹ ɫɟɤɪɟɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɬ.ɤ. ɨɧɚ ɢɦɟɟɬ ɞɜɚ ɭɪɨɜɧɹ. ȼ 
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ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 4-ɦ ɩɨɥɨɠɟɧɢɟɦ ɞɥɹ ɜɫɬɪɚɢɜɚɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɡɚɞɟɣɫɬɜɨɜɚɧɵ ɛɥɨɤɢ LUT 
ɧɟ ɩɨɞɤɥɸɱɟɧɧɵɟ ɤ ɜɵɯɨɞɚɦ ɫɯɟɦɵ, ɬ.ɟ. ɛɥɨɤɢ LUT1, LUT2, LUT3. 

Ⱦɥɹ ɜɧɟɞɪɟɧɢɹ ɪɚɡɪɹɞɨɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɛɭɞɟɦ ɜ ɩɨɪɹɞɤɟ ɧɭɦɟɪɚɰɢɢ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɥɨɤɢ LUT ɩɟɪɜɨɝɨ ɭɪɨɜɧɹ. ȼ ɛɥɨɤɟ LUT1 ɩɨ ɚɞɪɟɫɭ 3 ɯɪɚɧɢɬɫɹ ɡɧɚɱɟɧɢɟ 
«0». ɉɨ ɷɬɨɦɭ ɚɞɪɟɫɭ ɧɟɨɛɯɨɞɢɦɨ ɩɨɦɟɫɬɢɬɶ ɡɧɚɱɟɧɢɟ «1». ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ 2-ɦ 
ɩɨɥɨɠɟɧɢɟɦ ɦɟɬɨɞɚ ɜɵɩɨɥɧɢɦ ɢɧɜɟɪɬɢɪɨɜɚɧɢɟ ɜɫɟɯ ɡɧɚɱɟɧɢɣ, ɯɪɚɧɹɳɢɯɫɹ ɜ ɛɥɨɤɟ 
LUT1. ɉɨɫɥɟ ɷɬɨɝɨ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɚɜɢɥɚɦɢ (5), ɜɵɩɨɥɧɢɦ ɢɧɜɟɪɬɢɪɨɜɚɧɢɟ ɡɧɚɱɟɧɢɹ 
ɧɚ ɜɯɨɞɟ ɛɥɨɤɚ LUT, ɩɪɢɧɢɦɚɸɳɟɝɨ ɞɚɧɧɵɟ ɨɬ ɛɥɨɤɚ LUT1, ɬ.ɟ. ɛɥɨɤɚ LUT4. ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɜɵɩɨɥɧɟɧɢɹ ɷɬɢɯ ɞɟɣɫɬɜɢɣ, ɮɭɧɤɰɢɢ, ɜɵɱɢɫɥɹɟɦɵɟ ɫɯɟɦɨɣ, ɨɫɬɚɧɭɬɫɹ ɧɟɢɡɦɟɧɧɵɦɢ, 
ɨɞɧɚɤɨ ɜ ɛɥɨɤ LUT1 ɩɨ ɚɞɪɟɫɭ 3 ɛɭɞɟɬ ɜɧɟɞɪɟɧ ɩɟɪɜɵɣ ɪɚɡɪɹɞ ɫɟɤɪɟɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɪɚɜɧɵɣ ɡɧɚɱɟɧɢɸ «1» (ɪɢɫ. 2(ɛ)). 

Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɭɹ 1-ɟ ɢ 2-ɟ ɩɨɥɨɠɟɧɢɟ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞɚ, 
ɡɚɦɟɧɹɟɦ ɡɧɚɱɟɧɢɟ «1», ɯɪɚɧɹɳɟɟɫɹ ɜ ɛɥɨɤɟ LUT2 ɩɨ ɚɞɪɟɫɭ 3 ɧɚ ɜɬɨɪɨɣ ɪɚɡɪɹɞ 
ɫɟɤɪɟɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ «0». Ⱦɥɹ ɷɬɨɝɨ ɢɧɜɟɪɬɢɪɭɟɦ ɜɫɟ ɡɧɚɱɟɧɢɹ, ɯɪɚɧɹɳɢɟɫɹ ɜ 
ɛɥɨɤɟ LUT2 ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɢɧɜɟɪɬɢɪɨɜɚɧɢɟɦ ɡɧɚɱɟɧɢɣ ɧɚ ɜɯɨɞɚɯ ɛɥɨɤɨɜ LUT, 
ɩɪɢɧɢɦɚɸɳɢɯ ɞɚɧɧɵɟ ɨɬ ɛɥɨɤɚ LUT2, ɬ.ɟ. ɛɥɨɤɨɜ LUT4 ɢ LUT5. Ⱦɥɹ ɜɧɟɞɪɟɧɢɹ ɬɪɟɬɶɟɝɨ 
ɪɚɡɪɹɞɚ ɫɟɤɪɟɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ «0» ɜ ɛɥɨɤ LUT3 ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜɵɩɨɥɧɹɬɶ 
ɤɚɤɢɟ-ɥɢɛɨ ɢɡɦɟɧɟɧɢɹ ɡɧɚɱɟɧɢɣ ɛɥɨɤɨɜ LUT ɞɚɧɧɨɣ ɫɯɟɦɵ, ɬ.ɤ. ɜ ɛɥɨɤɟ LUT3 ɩɨ ɚɞɪɟɫɭ 
3 ɭɠɟ ɯɪɚɧɢɬɫɹ ɡɧɚɱɟɧɢɟ 0. 

Ɋɚɫɫɦɨɬɪɟɧɧɵɣ ɩɪɢɦɟɪ ɩɨɤɚɡɵɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɧɟɞɪɟɧɢɹ ɫɟɤɪɟɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ LUT-ɤɨɧɬɟɣɧɟɪ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɟɞɥɨɠɟɧɧɵɦ ɦɟɬɨɞɨɦ. ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɬɚɤɨɝɨ ɜɧɟɞɪɟɧɢɹ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɤɨɧɬɟɣɧɟɪɚ ɧɟ ɢɡɦɟɧɹɟɬɫɹ (ɫɯɟɦɵ, 
ɢɡɨɛɪɚɠɟɧɧɵɟ ɧɚ ɪɢɫ. 2(ɚ) ɢ ɪɢɫ. 2(ɛ) ɮɨɪɦɢɪɭɸɬ ɨɞɢɧɚɤɨɜɵɟ ɡɧɚɱɟɧɢɹ ɧɚ ɨɞɢɧɚɤɨɜɵɯ 
ɜɯɨɞɧɵɯ ɧɚɛɨɪɚɯ), ɬ.ɟ. ɟɝɨ ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɨɣ. Ɉɞɧɚɤɨ ɤɨɧɬɟɣɧɟɪ 
ɫɬɚɧɨɜɢɬɫɹ ɧɨɫɢɬɟɥɟɦ ɢɧɮɨɪɦɚɰɢɢ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɷɥɟɦɟɧɬɚ 
ɐȼɁ ɢɥɢ ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɫɬɟɝɨ-ɡɚɳɢɳɟɧɧɵɯ ɫɢɫɬɟɦ ɩɟɪɟɞɚɱɢ ɢ ɯɪɚɧɟɧɢɹ ɞɚɧɧɵɯ. 

Ⱥɥɝɨɪɢɬɦ ɜɧɟɞɪɟɧɢɹ ɞɚɧɧɵɯ ɜ ɤɨɧɬɟɣɧɟɪ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɟɞɥɨɠɟɧɧɵɦ 
ɦɟɬɨɞɨɦ 

Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞɚ ɜɫɬɪɚɢɜɚɧɢɹ ɞɚɧɧɵɯ ɜ LUT-
ɤɨɧɬɟɣɧɟɪ ɨɛɭɫɥɚɜɥɢɜɚɸɬ ɪɚɫɫɦɨɬɪɟɧɧɵɣ ɞɚɥɟɟ ɚɥɝɨɪɢɬɦ ɪɟɚɥɢɡɚɰɢɢ ɷɬɨɝɨ ɦɟɬɨɞɚ. 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɚɥɝɨɪɢɬɦɚ: 
1) ɫɟɤɪɟɬɧɚɹ ɞɜɨɢɱɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ  ФЦЦЦM ,,, 21  ; 
2) LUT-ɤɨɧɬɟɣɧɟɪ LC , ɪɟɚɥɢɡɭɸɳɢɣ ɧɟɤɨɬɨɪɭɸ ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɢɥɢ 

ɭɩɪɚɜɥɹɸɳɭɸ ɮɭɧɤɰɢɸ. ɇɚ ɦɧɨɠɟɫɬɜɟ ɛɥɨɤɨɜ LUT ɜ ɤɨɧɬɟɣɧɟɪɟ LC  ɭɫɬɚɧɨɜɥɟɧɨ 
ɨɬɧɨɲɟɧɢɟ ɩɨɪɹɞɤɚ (ɧɭɦɟɪɚɰɢɹ, ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ) ɞɚɸɳɟɟ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɩɨɥɧɢɬɶ 
ɨɛɯɨɞ ɛɥɨɤɨɜ ɤɨɧɬɟɣɧɟɪɟ ɜ ɡɚɞɚɧɧɨɦ ɩɨɪɹɞɤɟ ɜ ɯɨɞɟ ɜɫɬɪɚɢɜɚɧɢɹ ɪɚɡɪɹɞɨɜ ɫɟɤɪɟɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ; 

3) ɤɥɸɱ ФОв  ɞɥɹ ɜɫɬɪɚɢɜɚɧɢɹ ɢ ɢɡɜɥɟɱɟɧɢɹ ɫɟɤɪɟɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. 
Ɋɟɡɭɥɶɬɚɬ ɩɪɢɦɟɧɟɧɢɹ ɚɥɝɨɪɢɬɦɚ – LUT-ɤɨɧɬɟɣɧɟɪ *LC , ɜ ɤɨɬɨɪɵɣ ɜɧɟɞɪɟɧɚ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ M. Ɏɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɤɨɧɬɟɣɧɟɪɚ *LC , ɜɵɪɚɠɚɸɳɟɟɫɹ ɜ 
ɜɵɩɨɥɧɟɧɢɢ ɟɝɨ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ, ɧɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɤɨɧɬɟɣɧɟɪɚ LC. 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɣ ɩɨ ɜɧɟɞɪɟɧɢɸ ɞɚɧɧɵɯ ɜ LUT-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɣ 
ɤɨɧɬɟɣɧɟɪ: 

1) Ɉɩɪɟɞɟɥɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɜɫɬɪɚɢɜɚɧɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ M ɜ ɤɨɧɬɟɣɧɟɪ LC 
ɧɚ ɨɫɧɨɜɚɧɢɢ 3-ɝɨ ɩɨɥɨɠɟɧɢɹ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɦɟɬɨɞɚ. ȿɫɥɢ ɫɯɟɦɚ, ɫɨɞɟɪɠɚɳɚɹɫɹ ɜ 
ɤɨɧɬɟɣɧɟɪɟ, ɢɦɟɟɬ ɛɨɥɟɟ ɨɞɧɨɝɨ ɭɪɨɜɧɹ, ɬɨ ɜɫɬɪɚɢɜɚɧɢɟ ɜɨɡɦɨɠɧɨ. 

2) Ɉɰɟɧɤɚ ɜɨɡɦɨɠɧɨɫɬɢ ɜɫɬɪɚɢɜɚɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ M ɰɟɥɢɤɨɦ ɜ ɤɨɧɬɟɣɧɟɪ 
LC, ɢɫɯɨɞɹ ɢɡ ɤɨɥɢɱɟɫɬɜɚ ɛɨɤɨɜ LUT, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɜɫɬɪɚɢɜɚɧɢɹ. 
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Ɉɰɟɧɤɚ ɞɨɥɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ M, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɜɫɬɪɨɢɬɶ ɜ ɤɨɧɬɟɣɧɟɪɟ, ɜ ɫɥɭɱɚɟ 
ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɜɫɬɪɨɢɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɰɟɥɢɤɨɦ. 

3) Ɏɨɪɦɢɪɨɜɚɧɢɟ ɫɩɢɫɤɨɜ ɛɥɨɤɨɜ LUT, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɩɪɨɜɟɪɤɢ 
ɫɨɛɥɸɞɟɧɢɹ ɨɝɪɚɧɢɱɟɧɢɣ 4-ɝɨ ɩɨɥɨɠɟɧɢɹ ɦɟɬɨɞɚ: 

 ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɩɢɫɤɚ EбtОrЧКХLТst, ɜ ɤɨɬɨɪɵɣ ɡɚɧɨɫɹɬɫɹ ɢɞɟɧɬɢɮɢɤɚɬɨɪɵ 
ɛɥɨɤɨɜ LUT, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɞɤɥɸɱɟɧɧɵɟ ɤ ɜɵɯɨɞɚɦ ɫɯɟɦɵ (4-ɟ ɩɨɥɨɠɟɧɢɟ 
ɦɟɬɨɞɚ, 1-ɟ ɨɝɪɚɧɢɱɟɧɢɟ); 
 ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɩɢɫɤɚ BХШМФLТst, ɜ ɤɨɬɨɪɵɣ ɜ ɯɨɞɟ ɞɜɢɠɟɧɢɹ ɩɨ ɤɨɧɬɟɣɧɟɪɭ 
ɩɨɦɟɳɚɸɬɫɹ ɢɞɟɧɬɢɮɢɤɚɬɨɪɵ ɡɚɛɥɨɤɢɪɨɜɚɧɧɵɯ ɞɥɹ ɜɫɬɪɚɢɜɚɧɢɹ ɛɥɨɤɨɜ LUT 
(4-ɟ ɩɨɥɨɠɟɧɢɟ ɦɟɬɨɞɚ, 1-ɟ ɨɝɪɚɧɢɱɟɧɢɟ).  

4) ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɞɚɧɧɵɦ ɩɨɪɹɞɤɨɦ ɨɛɯɨɞɚ ɛɥɨɤɨɜ LUT ɤɨɧɬɟɣɧɟɪɚ, ɫ ɭɱɟɬɨɦ 
ɨɝɪɚɧɢɱɟɧɢɣ, ɨɩɪɟɞɟɥɟɧɧɵɯ 4-ɦ ɩɨɥɨɠɟɧɢɟɦ ɦɟɬɨɞɚ, ɤɚɠɞɵɣ ɪɚɡɪɹɞ ɫɟɤɪɟɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ЦУ ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɥɟɞɭɸɳɟɝɨ ɩɪɚɜɢɥɚ ɜɫɬɪɚɢɜɚɟɬɫɹ ɜ 
ɢɧɞɢɜɢɞɭɚɥɶɧɵɣ ɛɥɨɤ LUTТ: 

   BХШМФLТstLUTOutLТstBХШМФLТstLUTstEбtОrЧКХLТLUTLUT ТТТТ &&е  

   УТУТ ЦLUTEЦЛОНЦsОtLUT , ЭСОЧ  ТП  ; 

BХШМФLТstLUTТ  , 

(7) 

ɝɞɟ 
 ТLUTOutLТst  — ɫɩɢɫɨɤ ɛɥɨɤɨɜ LUT, ɩɨɞɤɥɸɱɟɧɧɵɯ ɫɜɨɢɦɢ ɜɯɨɞɚɦɢ ɤ ɜɵɯɨɞɭ 

ɛɥɨɤɚ LUTТ; 
sОt — ɧɨɦɟɪ (ɚɞɪɟɫ) ɪɚɡɪɹɞɚ LUT, ɜ ɤɨɬɨɪɵɣ ɜɵɩɨɥɧɹɟɬɫɹ ɜɧɟɞɪɟɧɢɟ ɫɟɤɪɟɬɧɨɝɨ 

ɛɢɬɚ ЦУ; 
EЦЛОН — ɩɪɨɰɟɞɭɪɚ ɜɫɬɪɟɜɚɧɢɹ ɪɚɡɪɹɞɚ ЦУ ɜ ɛɥɨɤ LUTТ ɩɨ ɚɞɪɟɫɭ sОt; 
«» — ɨɩɟɪɚɰɢɹ ɜɤɥɸɱɟɧɢɹ ɢɞɟɧɬɢɮɢɤɚɬɨɪɚ ɛɥɨɤɚ LUT ɜ ɫɩɢɫɨɤ. 
ȼɧɟɲɧɟɟ ɭɫɥɨɜɢɟ ɩɪɚɜɢɥɚ (7) ɨɩɪɟɞɟɥɹɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɛɥɨɤɚ ɞɥɹ 

ɜɫɬɪɚɢɜɚɧɢɹ ɨɱɟɪɟɞɧɨɝɨ ɪɚɡɪɹɞɚ ɫɟɤɪɟɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ (4-ɟ ɩɨɥɨɠɟɧɢɟ 
ɦɟɬɨɞɚ). Ⱦɚɧɧɨɟ ɫɥɨɠɧɨɟ ɭɫɥɨɜɢɟ ɨɩɪɟɞɟɥɹɟɬ ɬɨ, ɱɬɨ ɛɥɨɤ LUTТ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ 
ɜɫɬɪɚɢɜɚɧɢɹ ɢɧɮɨɪɦɚɰɢɢ: 

 ɧɟ ɞɨɥɠɟɧ ɫɨɞɟɪɠɚɬɶɫɹ ɜ ɫɩɢɫɤɟ ɛɥɨɤɨɜ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɞɤɥɸɱɟɧɧɵɯ ɤ 
ɜɵɯɨɞɚɦ ɫɯɟɦɵ; 

 ɧɟ ɞɨɥɠɟɧ ɫɨɞɟɪɠɚɬɶɫɹ ɜ ɫɩɢɫɤɟ BХШМФLТst ɡɚɛɥɨɤɢɪɨɜɚɧɧɵɯ ɞɥɹ ɜɫɬɪɚɢɜɚɧɢɹ 
ɛɥɨɤɨɜ; 

 ɟɝɨ ɜɵɯɨɞ ɧɟ ɞɨɥɠɟɧ ɛɵɬɶ ɩɨɞɤɥɸɱɟɧ ɧɚ ɜɯɨɞ ɛɥɨɤɨɜ ɢɡ ɫɩɢɫɤɚ BХШМФLТst.  
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɚɧɧɨɟ ɫɥɨɠɧɨɟ ɭɫɥɨɜɢɟ ɩɪɨɜɟɪɹɟɬ ɨɬɫɭɬɫɬɜɢɟ ɨɛɨɢɯ 

ɨɝɪɚɧɢɱɟɧɢɣ, ɧɚɥɨɠɟɧɧɵɯ 4-ɦ ɩɨɥɨɠɟɧɢɟɦ ɦɟɬɨɞɚ. 
ȼɧɭɬɪɟɧɧɟɟ ɭɫɥɨɜɢɟ ɩɪɚɜɢɥɚ (7) ɨɡɧɚɱɚɟɬ, ɱɬɨ EЦЛОН – ɩɪɨɰɟɞɭɪɚ ɜɫɬɪɟɜɚɧɢɹ 

ɪɚɡɪɹɞɚ ЦУ ɜ ɛɥɨɤ LUTТ ɩɨ ɚɞɪɟɫɭ sОt, ɜɵɩɨɥɧɹɟɬɫɹ ɬɨɥɶɤɨ ɬɨɝɞɚ, ɤɨɝɞɚ ɡɧɚɱɟɧɢɟ, 
ɫɨɞɟɪɠɚɳɟɟɫɹ ɜ ɞɚɧɧɨɦ ɛɥɨɤɟ ɩɨ ɭɤɚɡɚɧɧɨɦɭ ɚɞɪɟɫɭ, ɧɟ ɫɨɜɩɚɞɚɟɬ ɫɨ ɡɧɚɱɟɧɢɟɦ 
ɪɚɡɪɹɞɚ, ɤɨɬɨɪɵɣ ɧɟɨɛɯɨɞɢɦɨ ɜɫɬɪɨɢɬɶ. ȼ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɨɬɫɭɬɫɬɜɭɟɬ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ ɜɫɬɪɚɢɜɚɧɢɹ ɜ ɞɚɧɧɵɣ ɛɥɨɤ LUTТ. 

Ȼɥɨɤɢ LUT, ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ ɜɧɟɲɧɟɦɭ ɢɥɢ ɜɧɭɬɪɟɧɧɟɦɭ ɭɫɥɨɜɢɸ ɩɪɚɜɢɥɚ 
(7), ɢɝɧɨɪɢɪɭɸɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɨɛɯɨɞɚ ɤɨɧɬɟɣɧɟɪɚ. ȼɫɬɪɚɢɜɚɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɜ ɧɢɯ ɧɟ 
ɩɪɨɢɡɜɨɞɢɬɫɹ. Ȼɥɨɤɢ LUT, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ ɜɧɟɲɧɟɦɭ ɭɫɥɨɜɢɸ, ɧɨ ɧɟ 
ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ ɜɧɭɬɪɟɧɧɟɦɭ ɭɫɥɨɜɢɸ ɩɪɚɜɢɥɚ (7) ɯɪɚɧɹɬ ɷɥɟɦɟɧɬɵ ɫɟɤɪɟɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɧɨ ɜɫɬɪɚɢɜɚɧɢɟ ɜ ɧɢɯ ɧɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɩɪɢɱɢɧɟ ɫɨɜɩɚɞɟɧɢɹ 
ɢɫɯɨɞɧɨɝɨ ɢɯ ɡɧɚɱɟɧɢɹ ɫɨ ɡɧɚɱɟɧɢɟɦ, ɩɨɞɥɟɠɚɳɢɦ ɜɫɬɪɚɢɜɚɧɢɸ. ȼ ɯɨɞɟ ɩɪɢɦɟɧɟɧɢɹ 
ɩɪɚɜɢɥɚ (7), ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɨɝɨ, ɤɚɤɢɦ ɨɛɪɚɡɨɦ ɜ ɨɱɟɪɟɞɧɨɣ ɛɥɨɤ LUT ɛɵɥ ɩɨɦɟɳɟɧ 
ɪɚɡɪɹɞ ɫɟɤɪɟɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ (ɩɪɢ ɩɨɦɨɳɢ ɩɪɨɰɟɞɭɪɵ EЦЛОН ɢɥɢ ɷɬɨɬ ɪɚɡɪɹɞ 



ȱɇɎɈɊɆȺɌɂɄȺ ɌȺ ɆȺɌȿɆȺɌɂɑɇȱ ɆȿɌɈȾɂ ȼ ɆɈȾȿɅɘȼȺɇɇȱ ▪ 2013 ▪ Ɍɨɦ 3, №4 

 377 

ɧɚɯɨɞɢɥɫɹ ɜ ɤɨɧɬɟɣɧɟɪɟ ɢɡɧɚɱɚɥɶɧɨ, ɢ ɩɪɢɦɟɧɟɧɢɟ ɩɪɨɰɟɞɭɪɵ EЦЛОН ɧɟ ɬɪɟɛɨɜɚɥɨɫɶ), 
ɢɞɟɧɬɢɮɢɤɚɬɨɪ ɞɚɧɧɨɝɨ ɛɥɨɤɚ LUT ɡɚɧɨɫɢɬɫɹ ɜ ɫɩɢɫɨɤ ɡɚɛɥɨɤɢɪɨɜɚɧɧɵɯ ɛɥɨɤɨɜ 
BХШМФLТst. 

ɉɪɨɰɟɞɭɪɚ ɜɫɬɪɚɢɜɚɧɢɹ EЦЛОН. 
ɉɪɨɰɟɞɭɪɚ EЦЛОН, ɜɵɩɨɥɧɹɸɳɚɹ ɜɫɬɪɚɢɜɚɧɢɟ ɪɚɡɪɹɞɚ ЦУ ɜ ɛɥɨɤ LUTТ ɩɨ ɚɞɪɟɫɭ sОt 

ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɞɟɣɫɬɜɢɣ: 
1) ɢɧɜɟɪɬɢɪɨɜɚɧɢɟ ɡɧɚɱɟɧɢɣ ɛɥɨɤɚ LUTТ (ɤɚɠɞɨɟ ɢɡ ɡɧɚɱɟɧɢɣ, ɯɪɚɧɹɳɢɯɫɹ ɜ ɛɥɨɤɟ 

ɦɟɧɹɟɬɫɹ ɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɟ); 
2) ɜɵɩɨɥɧɟɧɢɟ ɩɪɨɰɟɞɭɪɵ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɢɧɜɟɪɫɢɢ ɧɚ ɜɯɨɞɵ ɜɫɟɯ ɛɥɨɤɨɜ LUT, 

ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɫɩɢɫɤɟ  ТLUTOutLТst . Ɋɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɢɧɜɟɪɫɢɢ ɫɨɫɬɨɢɬ ɜ 
ɢɧɜɟɪɬɢɪɨɜɚɧɢɢ ɜɯɨɞɚ ɛɥɨɤɚ LUT. Ɍɚɤɨɟ ɢɧɜɟɪɬɢɪɨɜɚɧɢɟ ɫɜɨɞɢɬɫɹ ɤ ɩɟɪɟɫɬɚɧɨɜɤɟ 
ɡɧɚɱɟɧɢɣ, ɯɪɚɧɹɳɢɯɫɹ ɜ ɛɥɨɤɟ LUT, ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. 

ȼɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɹ. ɉɭɫɬɶ ɛɥɨɤ LUTТ ɢɦɟɟɬ ɧɚɛɨɪ ɢɡ Ч ɜɯɨɞɨɜ 
 0121 ,,...,, ТТ

Ч
Т

Ч
ТТ ТЧТЧТЧТЧIЧ  . Ʉɚɠɞɵɣ ɢɡ ɜɯɨɞɨɜ Ф

ТТЧ  ɩɪɢ 1,0  ЧФ  ɡɚɞɚɟɬ ɨɞɢɧ ɢɡ 
ɪɚɡɪɹɞɨɜ ɚɞɪɟɫɚ ɛɥɨɤɚ LUT, ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɦɟɟɬ ɜɟɫ 2Ф. Ʉɨɥɢɱɟɫɬɜɨ ɡɧɚɱɟɧɢɣ, 
ɯɪɚɧɹɳɢɯɫɹ ɜ ɞɚɧɧɨɦ ɛɥɨɤɟ LUT ɪɚɜɧɨ ЧN 2 . Ɉɛɪɚɳɟɧɢɟ (ɧɚ ɱɬɟɧɢɟ ɢɥɢ ɧɚ ɡɚɩɢɫɶ) ɤ 
ɡɧɚɱɟɧɢɸ, ɯɪɚɧɹɳɟɟɫɹ ɜ ɛɥɨɤɟ LUTТ ɩɨ ɚɞɪɟɫɭ s ɨɩɪɟɞɟɥɢɦ ɤɚɤ LUTТ(s), ɝɞɟ s ɦɨɠɟɬ 
ɡɚɞɚɜɚɬɶɫɹ ɜ ɜɢɞɟ ɞɜɨɢɱɧɨɝɨ ɱɢɫɥɚ, ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɪɹɞɨɜ ɤɨɬɨɪɨɝɨ, ɫɨɜɩɚɞɚɟɬ ɫ 
ɤɨɥɢɱɟɫɬɜɨɦ ɜɯɨɞɨɜ ɛɥɨɤɚ LUT ɢɥɢ ɜ ɜɢɞɟ ɞɟɫɹɬɢɱɧɨɝɨ ɷɤɜɢɜɚɥɟɧɬɚ ɷɬɨɝɨ ɱɢɫɥɚ. 

ɋɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ ɨɩɪɟɞɟɥɢɦ ɩɪɨɰɟɞɭɪɭ ɩɟɪɟɫɬɚɧɨɜɤɢ ɡɧɚɱɟɧɢɣ ɛɥɨɤɚ LUT: 

     10:, аТаТТ sLUTsLUTsаLUTЧPОrЦutКtТШ  , (8) 

ɝɞɟ 
s — ɥɸɛɨɣ ɞɨɩɭɫɬɢɦɵɣ ɚɞɪɟɫ ɞɥɹ ɞɚɧɧɨɝɨ ɛɥɨɤɚ LUTТ; 

0
аs  ɢ 1

аs  — ɞɜɨɢɱɧɵɟ ɧɚɛɨɪɵ, ɤɨɬɨɪɵɟ ɪɚɡɥɢɱɚɸɬɫɹ ɬɨɥɶɤɨ ɡɧɚɱɟɧɢɟɦ ɜ ɪɚɡɪɹɞɟ, 
ɢɦɟɸɳɟɦ ɜɟɫ а, ɚ ɜ ɨɫɬɚɥɶɧɵɯ ɪɚɡɪɹɞɚɯ ɫɨɜɩɚɞɚɸɬ. ɇɚɛɨɪɵ 0

аs  ɢ 1
аs  ɫɨɞɟɪɠɚɬ ɜ 

ɪɚɡɪɹɞɟ ɫ ɜɟɫɨɦ а ɧɨɥɶ ɢ ɟɞɢɧɢɰɭ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; 
«» — ɨɩɟɪɚɰɢɹ ɨɛɦɟɧɚ ɡɧɚɱɟɧɢɣ ɛɥɨɤɚ LUT (ɡɧɚɱɟɧɢɟ, ɭɤɚɡɚɧɧɨɟ ɜ ɤɚɱɟɫɬɜɟ 

ɥɟɜɨɝɨ ɨɩɟɪɚɧɞɚ, ɩɨɦɟɳɚɟɬɫɹ ɧɚ ɦɟɫɬɨ ɩɪɚɜɨɝɨ ɨɩɟɪɚɧɞɚ ɢ ɧɚɨɛɨɪɨɬ). 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɧɰɢɩ ɩɟɪɟɫɬɚɧɨɜɤɢ ɜ ɯɨɞɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢɧɜɟɪɫɢɢ ɡɚɜɢɫɢɬ 

ɨɬ ɞɜɨɢɱɧɨɝɨ ɜɟɫɚ ɜɯɨɞɚ, ɧɚ ɤɨɬɨɪɵɣ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɢɧɜɟɪɫɢɹ. ɇɚɩɪɢɦɟɪ, ɞɥɹ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢɧɜɟɪɫɢɢ ɧɚ ɜɯɨɞ ɛɥɨɤɚ LUT, ɢɦɟɸɳɢɣ ɦɢɧɢɦɚɥɶɧɵɣ ɜɟɫ 1а , ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢɟɦ (8), ɜɵɩɨɥɧɹɟɬɫɹ ɜɡɚɢɦɧɵɣ ɨɛɦɟɧ ɡɧɚɱɟɧɢɣ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɩɨ ɚɞɪɟɫɚɦ, ɨɬɥɢɱɚɸɳɢɦɫɹ ɬɨɥɶɤɨ ɜ ɦɥɚɞɲɟɦ ɪɚɡɪɹɞɟ (ɫ ɜɟɫɨɦ 1). ɗɬɨ 
ɩɪɢɜɨɞɢɬ ɤ ɨɛɦɟɧɭ ɡɧɚɱɟɧɢɹɦɢ, ɧɚɯɨɞɹɳɢɦɢɫɹ ɩɨ ɛɥɢɠɚɣɲɢɦ ɱɟɬɧɵɦ ɢ ɧɟɱɟɬɧɵɦ 
ɚɞɪɟɫɚɦ:    10 LUTLUT  ;    32 LUTLUT  ;    54 LUTLUT   ɢ ɬ.ɞ. Ⱥɧɚɥɨɝɢɱɧɵɦ 
ɨɛɪɚɡɨɦ, ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɢɧɜɟɪɫɢɢ ɧɚ ɜɯɨɞ ɛɥɨɤɚ LUT, ɢɦɟɸɳɢɣ ɜɟɫ 2а  ɩɪɢɜɨɞɢɬ 
ɤ ɜɡɚɢɦɧɨɦɭ ɨɛɦɟɧɭ ɡɧɚɱɟɧɢɹɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɩɨ ɚɞɪɟɫɚɦ, ɨɬɥɢɱɚɸɳɢɦɫɹ ɜ 
ɪɚɡɪɹɞɟ ɫ ɜɟɫɨɦ 2:    20 LUTLUT  ;    31 LUTLUT  ;    64 LUTLUT  ; 

   75 LUTLUT   ɢ ɬ.ɞ. 
ɇɚ ɪɢɫ. 3 ɩɨɤɚɡɚɧɵ ɩɪɚɜɢɥɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢɧɜɟɪɫɢɢ ɞɥɹ 4-ɯ ɜɯɨɞɨɜɨɝɨ ɛɥɨɤɚ 

LUT. ɋɬɨɥɛɰɵ A, B, C, D ɫɨɞɟɪɠɚɬ ɪɚɡɪɹɞɵ ɚɞɪɟɫɚ, ɩɨɞɚɜɚɟɦɵɟ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɜɯɨɞɵ. ȼɟɫɚ ɜɯɨɞɨɜ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɫɥɟɜɚ ɧɚɩɪɚɜɨ: A – ɜɟɫ 1, B – ɜɟɫ 2, C – ɜɟɫ 4, D – ɜɟɫ 
8. ȼ ɫɬɨɥɛɰɟ Шut ɧɚɯɨɞɹɬɫɹ ɡɧɚɱɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɛɥɨɤɟ LUT. ɇɚ ɪɢɫ. 3 (ɚ) ɩɨɤɚɡɚɧɵ 
ɩɟɪɜɨɧɚɱɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɛɥɨɤɚ LUT, ɧɚ ɪɢɫ. 3(ɛ–ɞ) ɩɨɤɚɡɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ 
ɢɧɜɟɪɫɢɢ ɧɚ ɜɯɨɞɵ ɷɬɨɝɨ ɛɥɨɤɚ D, C, B, A ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ȼɥɨɤɢ LUT, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɫɪɟɞɫɬɜɚɯ ɰɢɮɪɨɜɨɣ ɬɟɯɧɢɤɢ ɢɦɟɸɬ 
ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɯɨɞɨɜ (ɨɬ 3 ɞɨ 6). ȼ ɫɢɥɭ ɷɬɨɝɨ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜɵɩɨɥɧɹɬɶ 
ɩɨɢɫɤ ɧɚɛɨɪɨɜ, ɧɚ ɤɨɬɨɪɵɯ ɡɧɚɱɟɧɢɹ LUT ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢɟɦ (8) ɩɨɞɥɟɠɚɬ 
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ɨɛɦɟɧɭ. ɉɪɚɜɢɥɚ ɨɛɦɟɧɚ ɞɥɹ ɬɚɤɢɯ ɛɥɨɤɨɜ LUT ɦɨɝɭɬ ɛɵɬɶ ɠɟɫɬɤɨ ɨɩɪɟɞɟɥɟɧɵ ɜ 
ɪɟɚɥɢɡɚɰɢɢ ɚɥɝɨɪɢɬɦɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢɧɜɟɪɫɢɢ. 
 

   

ɚ ɛ ɜ 

  

ɝ ɞ 
 
Ɋɢɫ. 3. ɉɪɚɜɢɥɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢɧɜɟɪɫɢɢ ɧɚ ɜɯɨɞɵ 4-ɯ ɜɯɨɞɨɜɨɝɨ ɛɥɨɤɚ LUT: ɚ – 
ɢɫɯɨɞɧɵɟ ɡɧɚɱɟɧɢɹ; ɛ – ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɢɧɜɟɪɫɢɢ ɧɚ ɜɯɨɞ D; ɜ – ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ 
ɢɧɜɟɪɫɢɢ ɧɚ ɜɯɨɞ C; ɝ – ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɢɧɜɟɪɫɢɢ ɧɚ ɜɯɨɞ B; ɞ – ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ 
ɢɧɜɟɪɫɢɢ ɧɚ ɜɯɨɞ A 
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ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɩɪɨɰɟɞɭɪɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢɧɜɟɪɫɢɢ ɦɨɠɟɬ ɢɦɟɬɶ ɦɟɫɬɨ ɧɟ ɩɨ 
ɨɞɧɨɦɭ ɜɯɨɞɭ ɛɥɨɤɚ LUT, ɚ ɩɨ ɧɟɫɤɨɥɶɤɢɦ ɟɝɨ ɜɯɨɞɚɦ (ɝɪɭɩɩɨɜɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ 
ɢɧɜɟɪɫɢɢ). ȼɵɩɨɥɧɟɧɢɟ ɬɚɤɨɝɨ ɝɪɭɩɩɨɜɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢɧɜɟɪɫɢɢ ɨɫɧɨɜɚɧɨ ɧɚ 
ɫɥɟɞɭɸɳɟɦ ɭɬɜɟɪɠɞɟɧɢɢ. 

ɍɬɜɟɪɠɞɟɧɢɟ 2. Ɋɟɡɭɥɶɬɚɬ ɝɪɭɩɩɨɜɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢɧɜɟɪɫɢɢ ɧɚ ɜɯɨɞɵ ɛɥɨɤɚ 
LUT ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɩɨɪɹɞɤɚ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɰɟɞɭɪɵ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢɧɜɟɪɫɢɢ ɧɚ 
ɨɬɞɟɥɶɧɵɟ ɟɝɨ ɜɯɨɞɵ. 

Ⱦɨɤɚɡɚɬɟɥɶɫɬɜɨ ɷɬɨɝɨ ɭɬɜɟɪɠɞɟɧɢɹ ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦ. Ɋɚɫɩɪɨɫɬɪɚɧɟɧɢɟ 
ɢɧɜɟɪɫɢɢ ɨɫɧɨɜɚɧɨ ɧɚ ɩɟɪɟɫɬɚɧɨɜɤɟ, ɩɨ ɩɪɚɜɢɥɭ (8), ɡɧɚɱɟɧɢɣ, ɯɪɚɧɹɳɢɯɫɹ ɜ ɛɥɨɤɟ 
LUT. Ʉɚɠɞɚɹ ɬɚɤɚɹ ɩɟɪɟɫɬɚɧɨɜɤɚ ɩɪɢɜɨɞɢɬ ɤ ɜɡɚɢɦɧɨɦɭ ɢɡɦɟɧɟɧɢɸ ɬɨɥɶɤɨ ɨɞɧɨɝɨ 
ɪɚɡɪɹɞɚ ɚɞɪɟɫɚ ɞɥɹ ɩɟɪɟɫɬɚɜɥɹɟɦɵɯ ɡɧɚɱɟɧɢɣ. Ɋɚɡɪɹɞɵ ɚɞɪɟɫɚ ɜ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ 
ɩɟɪɟɫɬɚɧɨɜɨɤ ɧɟ ɡɚɜɢɫɹɬ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. ȼ ɫɢɥɭ ɷɬɨɝɨ ɩɨɪɹɞɨɤ ɢɡɦɟɧɟɧɢɹ ɪɚɡɪɹɞɨɜ ɩɨ 
ɜɵɪɚɠɟɧɢɸ (8) ɩɪɢ ɧɟɫɤɨɥɶɤɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɢɡɦɟɧɟɧɢɹɯ ɫ ɪɚɡɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ 
а  ɧɟ ɜɥɢɹɟɬ ɧɚ ɪɟɡɭɥɶɬɚɬ ɞɚɧɧɵɯ ɢɡɦɟɧɟɧɢɣ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɩɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢɧɜɟɪɫɢɢ ɧɚ ɨɬɞɟɥɶɧɵɟ ɜɯɨɞɵ ɛɥɨɤɚ LUT ɧɟ ɜɥɢɹɟɬ ɧɚ ɩɨɥɭɱɚɟɦɵɣ 
ɪɟɡɭɥɶɬɚɬ. 

ɇɚ ɪɢɫ. 4 ɝɪɚɮɢɱɟɫɤɢ ɩɨɤɚɡɚɧɵ ɩɟɪɟɫɬɚɧɨɜɤɢ ɡɧɚɱɟɧɢɣ ɜ ɯɨɞɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ 
ɢɧɜɟɪɫɢɢ ɧɚ ɨɬɞɟɥɶɧɵɟ ɜɯɨɞɵ 4-ɯ ɜɯɨɞɨɜɨɝɨ ɛɥɨɤɚ LUT. 
 

    

ɚ ɛ ɜ ɝ 
 
Ɋɢɫ. 4. Ƚɪɚɮɢɱɟɫɤɚɹ ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɩɟɪɟɫɬɚɧɨɜɨɤ, ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɯɨɞɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢɧɜɟɪɫɢɢ ɧɚ ɜɯɨɞɵ 4-ɯ ɜɯɨɞɨɜɨɝɨ ɛɥɨɤɚ LUT: ɚ – ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɧɚ 
ɜɯɨɞ ɫ ɜɟɫɨɦ 1; ɛ – ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɧɚ ɜɯɨɞ ɫ ɜɟɫɨɦ 2; ɜ – ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɧɚ ɜɯɨɞ ɫ 
ɜɟɫɨɦ 4; ɝ – ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɧɚ ɜɯɨɞ ɫ ɜɟɫɨɦ 8 
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɭɬɜɟɪɠɞɟɧɢɹ 2, ɜ ɫɥɭɱɚɟ ɟɫɥɢ ɩɪɨɰɟɞɭɪɚ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢɧɜɟɪɫɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬ ɧɟɫɤɨɥɶɤɢɯ ɛɥɨɤɨɜ LUT ɧɚ ɪɚɡɧɵɟ ɜɯɨɞɵ 
ɨɞɧɨɝɨ ɛɥɨɤɚ LUT, ɬɨ ɧɟɨɛɯɨɞɢɦɨ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ ɜɵɩɨɥɧɢɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ 
ɢɧɜɟɪɫɢɢ ɧɚ ɤɚɠɞɵɣ ɜɯɨɞ, ɩɪɢɱɟɦ ɩɨɪɹɞɨɤ ɨɛɪɚɛɨɬɤɢ ɜɯɨɞɨɜ ɧɟ ɢɦɟɟɬ ɡɧɚɱɟɧɢɹ. 

Ɉɛɨɛɳɟɧɧɚɹ ɛɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɪɟɚɥɢɡɚɰɢɢ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞɚ 
ɜɫɬɪɚɢɜɚɧɢɹ ɫɟɤɪɟɬɧɨɣ ɞɜɨɢɱɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ LUT-ɤɨɧɬɟɣɧɟɪ ɩɪɢɜɟɞɟɧɚ ɧɚ 
ɪɢɫ. 5. 
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ɉɪɨɰɟɞɭɪɚ ɜɫɬɪɚɢɜɚɧɢɹ 
ɪɚɡɪɹɞɚ ЦУ ɜ ɛɥɨɤ LUTТ
EЦЛОН(LUTТ, ЦУ)

ɉɪɨɰɟɞɭɪɚ 
ɪɚɫɩɪɨ-
ɫɬɪɚɧɟɧɢɹ 
ɢɧɜɟɪɫɢɢ

ɇɚɱɚɥɨ

Ч = EstТЦКtО(LC)

1

Ʉɨɥɢɱɟɫɬɜɨ 
ɭɪɨɜɧɟɣ ɫɯɟɦɵ

r > 1

ȼɫɬɪɚɢɜɚɧɢɟ 
ɜɵɩɨɥɧɢɬɶ 

ɧɟɜɨɡɦɨɠɧɨ

Ф ≤ Ч

M=дЦ1, Ц1,…, ЦФж
LC=дLUT1, LUT2,…, LUTqж

ФОв = (sОt, ШrНОr)

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 
M ɧɟ ɦɨɠɟɬ ɛɵɬɶ 
ɰɟɥɢɤɨɦ ɜɫɬɪɨɟɧɚ 

ɜ ɤɨɧɬɟɣɧɟɪ LC

ɇɟɬ

Ⱦɚ

ɇɟɬ

ȼ ɫɩɢɫɨɤ EбtОrЧКХLТst
ɡɚɧɨɫɹɬɫɹ ɛɥɨɤɢ LUT,

ɩɨɞɤɥɸɱɟɧɧɵɟ ɤ ɜɵɯɨɞɚɦ 
ɫɯɟɦɵ LC.

ɋɨɡɞɚɟɬɫɹ ɩɭɫɬɨɣ ɫɩɢɫɨɤ 
BХШМФLТst

Б1 & Б2 & Б3

LUTТ(sОt) ≠ ЦУ

IЧЯОrt(LUTТ)

LUTТ → BХШМФLТst

LUTp(sа) ↔ LUTp(sа)

p = 1 … OutLТst(LUTТ).LОЧРЭС 

p

Т = 1 … q

Т

Ɉɩɪɟɞɟɥɟɧɢɟ ɢɫɯɨɞɧɵɯ 
ɞɚɧɧɵɯ ɚɥɝɨɪɢɬɦɚ

Этап 1. Ɉɩɪɟɞɟɥɟɧɢɟ 
ɜɨɡɦɨɠɧɨɫɬɢ ɜɫɬɪɚɢɜɚɧɢɹ 
ɢɧɮɨɪɦɚɰɢɢ ɜ ɤɨɧɬɟɣɧɟɪ Lɋ

Этап 2. Ɉɰɟɧɤɚ ɜɨɡɦɨɠɧɨɫɬɢ 
ɜɫɬɪɚɢɜɚɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
M ɜ ɤɨɧɬɟɣɧɟɪ Lɋ

Этап 3. Ɏɨɪɦɢɪɨɜɚɧɢɟ 
ɫɩɢɫɤɨɜ EбtОrЧКХLТst ɢ BХШМФLТst 

Ⱦɚ

2

3

54

6

8
7

Ʉɨɧɟɰ

Б1: LUTТ EбtОrЧКХLТst;
Б2: LUTТ BХШМФLТst;
Б3: OutLТst(LUTТ) BХШМФLТst=
ɉɪɨɜɟɪɤɚ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɛɥɨɤɚ LUTТ ɞɥɹ ɜɫɬɪɚɢɜɚɧɢɹ ɧɚ ɨɫɧɨɜɚɧɢɢ 
ɨɝɪɚɧɢɱɟɧɢɣ 4-ɝɨ ɩɨɥɨɠɟɧɢɹ ɦɟɬɨɞɚ 

ɇɚɱɚɥɨ этапа 4.
ɐɢɤɥ ɨɛɯɨɞɚ ɜɫɟɯ ɛɥɨɤɨɜ LUT 
ɤɨɧɬɟɣɧɟɪɚ LC ɜ ɩɨɪɹɞɤɟ ШrНОr

10

11

ɉɪɨɜɟɪɤɚ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɨɰɟɞɭɪɵ 
ɜɫɬɪɚɢɜɚɧɢɹ ɪɚɡɪɹɞɚ ЦУ ɜ ɛɥɨɤ LUTТ

Ⱦɚ

Ⱦɚ

12

13

14

15

17

16

18

19

ȼɵɩɨɥɧɢɬɶ
ɜɫɬɪɚɢɜɚɧɢɟ ɱɚɫɬɢ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ

Ⱦɚ9ɇɟɬ

ɂɧɜɟɪɬɢɪɨɜɚɧɢɟ ɡɧɚɱɟɧɢɣ, 
ɯɪɚɧɹɳɢɯɫɹ ɜ ɛɥɨɤɟ LUTТ

ɐɢɤɥ ɨɛɯɨɞɚ ɜɫɟɯ ɛɥɨɤɨɜ LUT, 
ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɫɩɢɫɤɟ 
OutLТst(LUTТ), ɬ.ɟ. ɩɨɞɤɥɸɱɟɧɧɵɯ 
ɤ ɜɵɯɨɞɭ ɛɥɨɤɚ LUTТ

ȼɵɩɨɥɧɟɧɢɟ ɩɟɪɟɫɬɚɧɨɜɤɢ 
PОrЦutКtТШЧ(LUTp, а)
ɡɧɚɱɟɧɢɣ ɛɥɨɤɚ LUTp

0 1

LUTТ ɡɚɧɨɫɢɬɫɹ ɜ ɫɩɢɫɨɤ 
ɡɚɛɥɨɤɢɪɨɜɚɧɧɵɯ ɞɥɹ 
ɜɫɬɪɚɢɜɚɧɢɹ ɛɥɨɤɨɜ

ɇɟɬ

ɇɟɬ

 
Ɋɢɫ. 5. Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɪɟɚɥɢɡɚɰɢɢ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞɚ ɜɫɬɪɚɢɜɚɧɢɹ 
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Ⱥɥɝɨɪɢɬɦ ɢɡɜɥɟɱɟɧɢɹ ɞɚɧɧɵɯ ɢɡ ɤɨɧɬɟɣɧɟɪɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɟɞɥɨɠɟɧɧɵɦ 
ɦɟɬɨɞɨɦ 

Ⱦɚɥɟɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɚɥɝɨɪɢɬɦ ɢɡɜɥɟɱɟɧɢɹ ɢɡ LUT-ɤɨɧɬɟɣɧɟɪɚ ɫɟɤɪɟɬɧɵɯ 
ɞɚɧɧɵɯ, ɜɫɬɪɨɟɧɧɵɯ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɟɞɥɚɝɚɟɦɵɦ ɦɟɬɨɞɨɦ. 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɚɥɝɨɪɢɬɦɚ: 
1) LUT-ɤɨɧɬɟɣɧɟɪ *LC , ɫɨɞɟɪɠɚɳɢɣ ɜɫɬɪɨɟɧɧɭɸ ɜ ɧɟɝɨ ɫɟɤɪɟɬɧɭɸ ɞɜɨɢɱɧɭɸ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ  ФЦЦЦM ,,, 21  ; 
2) Ʉɥɸɱ  ШrНОrsОtФОв ,  ɞɥɹ ɢɡɜɥɟɱɟɧɢɹ ɜɫɬɪɨɟɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. 
Ɋɟɡɭɥɶɬɚɬ ɩɪɢɦɟɧɟɧɢɹ ɚɥɝɨɪɢɬɦɚ – ɢɡɜɥɟɱɟɧɧɚɹ ɢɡ ɤɨɧɬɟɣɧɟɪɚ ɞɜɨɢɱɧɚɹ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ  **
2

*
1

* ,,, ФЦЦЦM  , ɤɨɬɨɪɚɹ ɩɪɢ ɭɫɩɟɲɧɨɦ ɢɡɜɥɟɱɟɧɢɢ ɞɨɥɠɧɚ 
ɫɨɜɩɚɞɚɬɶ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ  ФЦЦЦM ,,, 21  . 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɣ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɢɡɜɥɟɱɟɧɢɹ ɜɫɬɪɨɟɧɧɵɯ ɞɚɧɧɵɯ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 6 ɜ ɜɢɞɟ ɛɥɨɤ-ɫɯɟɦɵ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɢɧɮɨɪɦɚɰɢɹ ɨ ɩɨɪɹɞɤɟ 
ɨɛɯɨɞɚ ɤɨɧɬɟɣɧɟɪɚ ɹɜɥɹɟɬɫɹ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ ɫɬɟɝɨ-ɤɥɸɱɚ, ɧɟ ɜɫɟ ɛɥɨɤɢ LUT, ɥɟɠɚɳɢɟ 
ɧɚ ɫɬɟɝɨ-ɩɭɬɢ, ɦɨɝɥɢ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɜɧɟɞɪɟɧɢɹ ɞɜɨɢɱɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɧɚ ɷɬɚɩɟ ɜɫɬɪɚɢɜɚɧɢɹ (ɨɝɪɚɧɢɱɟɧɢɹ 4-ɝɨ ɩɨɥɨɠɟɧɢɹ ɦɟɬɨɞɚ). ȼ ɫɢɥɭ ɱɟɝɨ (ɚɧɚɥɨɝɢɱɧɨ 
ɬɨɦɭ, ɤɚɤ ɷɬɨ ɛɵɥɨ ɪɟɚɥɢɡɨɜɚɧɨ ɜ ɚɥɝɨɪɢɬɦɟ ɜɫɬɪɚɢɜɚɧɢɹ) ɩɪɢ ɢɡɥɟɱɟɧɢɢ ɧɟɨɛɯɨɞɢɦɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɜɚ ɫɥɭɠɟɛɧɵɯ ɫɩɢɫɤɚ EбtОrЧКХLТst ɢ BХШМФLТst. Ⱥɧɚɥɢɡ ɷɬɢɯ ɫɩɢɫɤɨɜ 
ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɦɨɝ ɥɢ ɛɥɨɤ LUT, ɥɟɠɚɳɢɣ ɧɚ ɫɬɟɝɨ-ɩɭɬɢ, ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ 
ɜɧɟɞɪɟɧɢɹ ɛɢɬɚ ɫɟɤɪɟɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚ ɷɬɚɩɟ ɜɫɬɪɚɢɜɚɧɢɹ. ɂɡ ɛɥɨɤɨɜ LUT, ɜ 
ɨɬɧɨɲɟɧɢɢ ɤɨɬɨɪɵɯ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ ɨɧɢ ɦɨɝɥɢ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ 
ɜɫɬɪɚɢɜɚɧɢɢ, ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɱɢɬɵɜɚɧɢɟ ɡɧɚɱɟɧɢɣ ɩɨ ɚɞɪɟɫɭ sОt, ɹɜɥɹɸɳɟɦɭɫɹ 
ɷɥɟɦɟɧɬɨɦ ɫɬɟɝɨ-ɤɥɸɱɚ. ɋɱɢɬɚɧɧɵɟ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɡɧɚɱɟɧɢɹ ɨɛɪɚɡɭɸɬ ɢɡɜɥɟɱɟɧɧɭɸ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ M*. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɦɟɬɨɞɚ 

Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɦɟɬɨɞɚ ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ 
ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɵɟ ɫɪɟɞɫɬɜɚ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɢɤɪɨɫɯɟɦ FPGA 
AХЭОrК CвМХШЧО II ɢ ɋȺɉɊ AХЭОrК QЮКrЭЮЬ II. ɇɚ ɹɡɵɤɟ TCL ɛɵɥɚ ɨɪɝɚɧɢɡɨɜɚɧɚ ɝɪɭɩɩɚ 
ɫɤɪɢɩɬɨɜ, ɜɵɩɨɥɧɹɸɳɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɋȺɉɊ AХЭОrК QЮКrЭЮЬ II ɞɥɹ ɫɱɢɬɵɜɚɧɢɹ ɢ 
ɡɚɩɢɫɢ ɫɨɞɟɪɠɢɦɨɝɨ ɛɥɨɤɨɜ LUT. ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɞɫɢɫɬɟɦɚ ɨɛɪɚɛɨɬɤɢ ɫɱɢɬɚɧɧɵɯ 
ɞɚɧɧɵɯ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɟɞɥɨɠɟɧɧɵɦ ɦɟɬɨɞɨɦ, ɛɵɥɚ ɪɟɚɥɢɡɨɜɚɧɚ ɧɚ ɹɡɵɤɟ C# ɜ 
ɪɚɦɤɚɯ ɩɥɚɬɮɨɪɦɵ .ІОЭ. 

Ɇɚɬɟɪɢɚɥɨɦ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɜɵɫɬɭɩɢɥɢ 25 FPGA-ɩɪɨɟɤɬɨɜ ɪɚɡɧɨɝɨ ɨɛɴɟɦɚ ɢ 
ɧɚɡɧɚɱɟɧɢɹ. ɗɤɫɩɟɪɢɦɟɧɬɵ ɫɨɫɬɨɹɥɢ ɜɨ ɜɧɟɞɪɟɧɢɢ ɫɥɭɱɚɣɧɵɯ ɫɟɤɪɟɬɧɵɯ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɜ LUT-ɤɨɧɬɟɣɧɟɪɵ FPGA-ɩɪɨɟɤɬɨɜ; ɢɫɫɥɟɞɨɜɚɧɢɢ ɜɥɢɹɧɢɹ ɬɚɤɨɝɨ 
ɜɧɟɞɪɟɧɢɹ ɧɚ ɫɤɨɪɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɟɤɬɚ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ 
ɢ ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ; ɢɡɜɥɟɱɟɧɢɢ ɫɟɤɪɟɬɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɢɡ ɡɚɩɨɥɧɟɧɧɵɯ 
ɤɨɧɬɟɣɧɟɪɨɜ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɟɤɬɚ ɢɡɦɟɪɹɥɢɫɶ ɫɪɟɞɫɬɜɚɦɢ ɋȺɉɊ AХЭОrК QЮКrЭЮЬ II 
TТЦТЧР AЧКХвгОr ɢ PШаОr PХКв. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɤɚɡɚɥɨ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɩɪɢɦɟɧɟɧɢɹ 
ɦɟɬɨɞɚ ɧɚ ɫɤɨɪɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɟɚɥɢɡɨɜɚɧɧɵɯ FPGA-ɩɪɨɟɤɬɨɜ (ɢɡɦɟɧɟɧɢɟ ɜ 
ɫɪɟɞɧɟɦ ɧɚ 0.1%), ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ ɢ ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ (ɢɡɦɟɧɟɧɢɟ ɜ 
ɫɪɟɞɧɟɦ ɧɚ 0.25%). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɭɤɚɡɚɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɧɚɯɨɞɢɬɫɹ ɧɚ ɭɪɨɜɧɟ ɩɨɝɪɟɲɧɨɫɬɢ ɫɪɟɞɫɬɜ ɢɡɦɟɪɟɧɢɹ ɢ ɧɟ ɦɨɝɭɬ ɫɱɢɬɚɬɶɫɹ 
ɫɭɳɟɫɬɜɟɧɧɵɦɢ. 
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ɇɚɱɚɥɨ
1

LC*=дLUT1, LUT2,…, LUTqж
ФОв = (sОt, ШrНОr)

ȼ ɫɩɢɫɨɤ EбtОrЧКХLТst
ɡɚɧɨɫɹɬɫɹ ɛɥɨɤɢ LUT,

ɩɨɞɤɥɸɱɟɧɧɵɟ ɤ ɜɵɯɨɞɚɦ 
ɫɯɟɦɵ LC*.

ɋɨɡɞɚɟɬɫɹ ɩɭɫɬɨɣ ɫɩɢɫɨɤ 
BХШМФLТst

Б1 & Б2 & Б3

ЦУ → M*

Т = 1 … q

Т

Ɉɩɪɟɞɟɥɟɧɢɟ ɢɫɯɨɞɧɵɯ 
ɞɚɧɧɵɯ ɚɥɝɨɪɢɬɦɚ

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɫɩɢɫɤɨɜ 
EбtОrЧКХLТst ɢ BХШМФLТst 

2

3

Ʉɨɧɟɰ

Б1: LUTТ EбtОrЧКХLТst;
Б2: LUTТ BХШМФLТst;
Б3: OutLТst(LUTТ) BХШМФLТst=
ɉɪɨɜɟɪɤɚ (ɧɚ ɨɫɧɨɜɚɧɢɢ 
ɨɝɪɚɧɢɱɟɧɢɣ 4-ɝɨ ɩɨɥɨɠɟɧɢɹ 
ɦɟɬɨɞɚ), ɦɨɝ ɥɢ ɞɚɧɧɵɣ ɛɥɨɤ LUTТ
ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɜɫɬɪɚɢɜɚɧɢɹ 

ɐɢɤɥ ɨɛɯɨɞɚ ɜɫɟɯ ɛɥɨɤɨɜ LUT 
ɤɨɧɬɟɣɧɟɪɚ LC* ɜ ɩɨɪɹɞɤɟ ШrНОr

4

5

Ⱦɚ

7

9

10

Ɂɚɧɟɫɟɧɢɟ ɩɨɥɭɱɟɧɧɨɝɨ 
ɡɧɚɱɟɧɢɹ ɜ ɜɵɯɨɞɧɭɸ 
ɞɜɨɢɱɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ

ɇɟɬ

ЦУ = LUTТ(sОt) 

6
ɋɱɢɬɵɜɚɧɢɟ ɡɧɚɱɟɧɢɹ ɢɡ 
ɛɥɨɤɚ LUTТ ɩɨ ɚɞɪɟɫɭ sОt

LUTТ → BХШМФLТst

8
Ɂɚɧɟɫɟɧɢɟ ɛɥɨɤɚ LUTТ
ɜ ɫɩɢɫɨɤ ɡɚɛɥɨɤɢɪɨɜɚɧɧɵɯ 
ɛɥɨɤɨɜ

 

 
Ɋɢɫ. 6. Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɢɡɜɥɟɱɟɧɢɹ ɞɚɧɧɵɯ ɢɡ LUT-ɤɨɧɬɟɣɧɟɪɚ 

ɉɪɟɢɦɭɳɟɫɬɜɚ ɢ ɨɛɥɚɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɦɟɬɨɞɚ 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɬɪɚɞɢɰɢɨɧɧɵɯ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɫɬɟɝɨ-ɤɨɧɜɟɣɟɪɨɜ, ɤɨɧɬɟɣɧɟɪɵ, 
ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɪɚɦɤɚɯ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɸɬɫɹ ɚɤɬɢɜɧɵɦɢ, ɢɦɟɸɬ ɜɥɢɹɸɳɢɟ 
ɞɪɭɝ ɧɚ ɞɪɭɝɚ ɷɥɟɦɟɧɬɚɪɧɵɟ ɟɞɢɧɢɰɵ, ɤɨɬɨɪɵɟ ɯɪɚɧɹɬ ɜ ɫɟɛɟ ɞɚɧɧɵɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ 
ɬɨɱɧɨ. ȼɡɚɢɦɧɨɟ ɜɥɢɹɧɢɟ ɷɥɟɦɟɧɬɚɪɧɵɯ ɟɞɢɧɢɰ ɤɨɧɬɟɣɧɟɪɚ ɞɪɭɝ ɧɚ ɞɪɭɝɚ ɞɚɟɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɢɡɜɨɞɢɬɶ ɥɨɤɚɥɶɧɵɟ ɢɡɦɟɧɟɧɢɹ ɢɯ ɫɨɞɟɪɠɢɦɨɝɨ, ɧɟ ɦɟɧɹɹ ɩɪɢ ɷɬɨɦ 
ɝɥɨɛɚɥɶɧɨɣ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɢ ɤɨɧɬɟɣɧɟɪɚ. Ɍɨɱɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɞɚɧɧɵɯ ɩɨɪɨɠɞɚɟɬ 
ɩɨɞɯɨɞɵ ɤ ɩɪɨɬɢɜɨɞɟɣɫɬɜɢɸ ɚɤɬɢɜɧɵɦ ɫɬɟɝɨ-ɚɬɚɤɚɦ ɬɢɩɚ «ɫɬɢɪɚɧɢɟ ɫɟɤɪɟɬɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ», ɧɟɞɨɫɬɭɩɧɵɟ ɞɥɹ ɬɪɚɞɢɰɢɨɧɧɵɯ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɤɨɧɬɟɣɧɟɪɨɜ. 

ɉɪɢɪɨɞɚ ɞɚɧɧɵɯ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɷɥɟɦɟɧɬɚɪɧɵɯ ɟɞɢɧɢɰɚɯ LUT-ɤɨɧɬɟɣɧɟɪɨɜ ɧɟ 
ɞɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɣ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɫɜɹɡɢ, ɤɚɤ ɦɟɠɞɭ ɪɚɡɪɹɞɚɦɢ ɨɬɞɟɥɶɧɵɯ ɟɞɢɧɢɰ, ɬɚɤ 
ɢ ɦɟɠɞɭ ɪɚɡɪɹɞɚɦɢ ɫɨɫɟɞɧɢɯ ɟɞɢɧɢɰ ɤɨɧɬɟɣɧɟɪɚ. ɗɬɨ ɧɟ ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɟɫɬɢ 
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ɩɚɫɫɢɜɧɭɸ ɫɬɚɬɢɫɬɢɱɟɫɤɭɸ ɫɬɟɝɨ-ɚɬɚɤɭ ɧɚ ɬɚɤɨɣ ɤɨɧɬɟɣɧɟɪ ɦɟɬɨɞɚɦɢ ɫɬɟɝɨ-ɚɧɚɥɢɡɚ, 
ɩɪɢɦɟɧɹɟɦɵɦɢ ɞɥɹ ɬɪɚɞɢɰɢɨɧɧɵɯ ɤɨɧɬɟɣɧɟɪɨɜ. 

ɉɪɟɞɥɨɠɟɧɧɵɣ  ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɟɬɨɞ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɜɧɟɞɪɟɧɢɹ 
ɐȼɁ ɜ ɤɨɦɩɶɸɬɟɪɧɵɟ ɢ ɭɩɪɚɜɥɹɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ, ɩɨɫɬɪɨɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɷɥɟɦɟɧɬɧɨɣ 
ɛɚɡɵ FPGA ɢ ɉɅɂɋ ɫɨ ɫɯɨɠɢɦɢ ɚɪɯɢɬɟɤɬɭɪɚɦɢ. Ɍɚɤɨɟ ɜɧɟɞɪɟɧɢɟ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɩɪɚɜɨɦɟɪɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɨɟɤɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɢ ɫɚɦɢɯ 
ɭɫɬɪɨɣɫɬɜ ɧɚ ɪɚɡɥɢɱɧɵɯ ɷɬɚɩɚɯ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ 
(ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɣ FPGA ɩɪɨɟɤɬ, ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɵɣ ɮɚɣɥ FPGA, ɞɟɣɫɬɜɭɸɳɟɟ 
ɭɫɬɪɨɣɫɬɜɨ). 

ɉɪɟɞɥɨɠɟɧɧɵɣ ɩɨɞɯɨɞ ɦɨɠɟɬ ɧɚɣɬɢ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɨɪɝɚɧɢɡɚɰɢɢ ɫɬɟɝɨ-
ɡɚɳɢɳɟɧɧɵɯ ɫɢɫɬɟɦ ɩɟɪɟɞɚɱɢ ɢ ɯɪɚɧɟɧɢɹ ɞɚɧɧɵɯ ɧɚ ɨɫɧɨɜɟ LUT-ɤɨɧɬɟɣɧɟɪɨɜ. 
Ɏɢɡɢɱɟɫɤɢ ɜ ɤɚɱɟɫɬɜɟ ɬɚɤɢɯ ɤɨɧɬɟɣɧɟɪɨɜ ɦɨɝɭ ɜɵɫɬɭɩɚɬɶ:  

 ɮɚɣɥɵ ɩɪɨɟɤɬɨɜ ɜ ɋȺɉɊ FPGA ɭɫɬɪɨɣɫɬɜ;  
 ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɵɟ ɮɚɣɥɵ FPGA;  
 ɞɟɣɫɬɜɭɸɳɢɟ ɦɢɤɪɨɫɯɟɦɵ FPGA ɜ ɫɨɫɬɚɜɟ ɮɭɧɤɰɢɨɧɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ. 
Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɟɞɥɨɠɟɧɢɹ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ 

ɨɪɝɚɧɢɡɚɰɢɢ ɫɬɟɝɨ-ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ LUT-ɤɨɧɬɟɣɧɟɪɨɜ ɢɧɨɣ ɩɪɢɪɨɞɵ (ɧɟ ɫɜɹɡɚɧɧɵɯ ɫ 
ɚɪɯɢɬɟɤɬɭɪɨɣ ɦɢɤɪɨɫɯɟɦ FPGA). Ɉɞɧɚɤɨ ɜɵɹɜɥɟɧɢɟ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɚɤɢɯ ɤɨɧɬɟɣɧɟɪɨɜ 
ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

ȼɵɜɨɞɵ 

ȼ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɜɧɟɞɪɟɧɢɹ ɐȼɁ ɜ ɚɩɩɚɪɚɬɧɵɟ ɤɨɧɬɟɣɧɟɪɵ ɫ LUT-
ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɚɪɯɢɬɟɤɬɭɪɨɣ. Ɇɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɜɧɟɞɪɹɬɶ ɞɜɨɢɱɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɜ 
LUT-ɤɨɧɬɟɣɧɟɪ, ɩɨɞɜɟɪɝɚɹ ɷɥɟɦɟɧɬɚɪɧɵɟ ɟɞɢɧɢɰɵ ɤɨɧɬɟɣɧɟɪɚ ɥɨɤɚɥɶɧɵɦ ɢɡɦɟɧɟɧɢɹɦ, 
ɧɟ ɦɟɧɹɹ ɩɪɢ ɷɬɨɦ ɝɥɨɛɚɥɶɧɭɸ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶ ɤɨɧɬɟɣɧɟɪɚ. ɉɨɤɚɡɚɧɵ ɚɥɝɨɪɢɬɦɵ 
ɪɟɚɥɢɡɚɰɢɢ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞɚ ɜ ɱɚɫɬɢ ɜɫɬɪɚɢɜɚɧɢɹ ɢ ɢɡɜɥɟɱɟɧɢɹ ɫɟɤɪɟɬɧɨɣ 
ɞɜɨɢɱɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɐȼɁ. Ɇɟɬɨɞ ɩɪɟɞɥɚɝɚɟɬɫɹ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɜɧɟɞɪɟɧɢɹ ɫɟɤɪɟɬɧɵɯ ɞɚɧɧɵɯ ɜ LUT-ɤɨɧɬɟɣɧɟɪɵ (ɧɚ ɩɪɢɦɟɪɟ 
ɦɢɤɪɨɫɯɟɦ FPGA) ɫ ɰɟɥɶɸ ɨɪɝɚɧɢɡɚɰɢɢ ɜ ɢɯ ɩɪɨɫɬɪɚɧɫɬɜɟ ɐȼɁ, ɤɨɬɨɪɵɟ ɞɚɸɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɤɨɧɬɪɨɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɨɧɬɟɣɧɟɪɚ ɧɚ ɜɫɟɯ ɷɬɚɩɚɯ ɟɝɨ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ. 
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Ɉɞɟɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɩɨɥɿɬɟɯɧɿɱɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ, 
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Ɋɨɡɝɥɹɧɭɬɨ ɡɚɞɚɱɭ ɜɛɭɞɨɜɭɜɚɧɧɹ ɰɢɮɪɨɜɢɯ ɜɨɞɹɧɢɯ ɡɧɚɤɿɜ ɜ ɿɧɮɨɪɦɚɰɿɣɧɢɣ ɨɛ'єɤɬ ɡ 
ɦɟɬɨɸ ɤɨɧɬɪɨɥɸ ɣɨɝɨ ɜɢɤɨɪɢɫɬɚɧɧɹ. ȼɿɞɡɧɚɱɟɧɿ ɬɢɩɨɜɿ ɩɿɞɯɨɞɢ ɞɨ ɨɪɝɚɧɿɡɚɰɿʀ ɬɚɤɨɝɨ 
ɜɛɭɞɨɜɭɜɚɧɧɹ. Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɦɟɬɨɞ ɜɛɭɞɨɜɭɜɚɧɧɹ ɰɢɮɪɨɜɢɯ ɜɨɞɹɧɢɯ ɡɧɚɤɿɜ ɜ 
ɚɩɚɪɚɬɧɿ ɤɨɧɬɟɣɧɟɪɢ ɡ LUT-ɨɪɿєɧɬɨɜɚɧɨɸ ɚɪɯɿɬɟɤɬɭɪɨɸ. ɉɨɤɚɡɚɧɿ ɚɥɝɨɪɢɬɦɢ 
ɪɟɚɥɿɡɚɰɿʀ ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɦɟɬɨɞɭ. Ɉɩɢɫɚɧɚ ɚɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɧɚ ɪɟɚɥɿɡɚɰɿɹ ɦɟɬɨɞɭ ɿ 
ɪɟɡɭɥɶɬɚɬɢ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɜ ɫɟɪɟɞɨɜɢɳɿ ɰɿєʀ ɪɟɚɥɿɡɚɰɿʀ. ɉɨɤɚɡɚɧɨ ɦɨɠɥɢɜɨɫɬɿ 
ɡɚɫɬɨɫɭɜɚɧɧɹ ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɦɟɬɨɞɭ ɞɥɹ ɨɪɝɚɧɿɡɚɰɿʀ ɰɢɮɪɨɜɢɯ ɜɨɞɹɧɢɯ ɡɧɚɤɿɜ ɭ 
ɩɪɨɫɬɨɪɿ LUT-ɨɪɿєɧɬɨɜɚɧɨɝɨ ɤɨɧɬɟɣɧɟɪɚ ɡ ɦɟɬɨɸ ɤɨɧɬɪɨɥɸ ɣɨɝɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɜ 
ɞɢɧɚɦɿɰɿ ɩɪɨɟɤɬɭɜɚɧɧɹ ɬɚ ɠɢɬɬєɜɨɝɨ ɰɢɤɥɭ. 
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɰɢɮɪɨɜɿ ɜɨɞɹɧɿ ɡɧɚɤɢ, ɫɬɟɝɚɧɨɝɪɚɮɿɹ, ɡɚɯɢɫɬ ɿɧɮɨɪɦɚɰɿʀ, ɚɩɚɪɚɬɧɢɣ 
ɫɬɟɝɨ-ɤɨɧɬɟɣɧɟɪ, LUT-ɨɪɿєɧɬɨɜɚɧɚ ɚɪɯɿɬɟɤɬɭɪɚ, FPGA, ɤɨɧɬɪɨɥɶ ɜɢɤɨɪɢɫɬɚɧɧɹ FPGA-
ɩɪɨɟɤɬɿɜ 
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A ЩrШЛХОЦ ШП ОЦЛОННТЧР НТРТЭКХ аКЭОrЦКrФЬ ТЧ ТЧПШrЦКЭТШЧ ШЛУОМЭ ЭШ МШЧЭrШХ ЭСО ЮЬО ШП ЭСО 
ХКЭЭОr аКЬ МШЧЬТНОrОН. TвЩТМКХ КЩЩrШКМСОЬ ЭШ ШrРКЧТгТЧР ЬЮМС КЧ ОЦЛОННТЧР аОrО ЧШЭОН. A 
ЭОМСЧТqЮО ЭШ ОЦЛОН НТРТЭКХ аКЭОrЦКrФЬ ТЧ СКrНаКrО МШЯОr ШЛУОМЭЬ ШП LUT КrМСТЭОМЭЮrО аКЬ 
ЩrШЩШЬОН. TСО КХРШrТЭСЦЬ ЭШ ТЦЩХОЦОЧЭ ЭСО ЭОМСЧТqЮО ЩrШЩШЬОН аОrО НОЦШЧЬЭrКЭОН. 
HКrНаКrО-КЧН-ЬШПЭаКrО ТЦЩХОЦОЧЭКЭТШЧ ШП ЭСО ЭОМСЧТqЮО КЧН ЭСО rОЬЮХЭЬ ШП ОбЩОrТЦОЧЭЬ 
аТЭСТЧ ЭСТЬ ТЦЩХОЦОЧЭКЭТШЧ аОrО НОЬМrТЛОН. TСО ЩШЬЬТЛТХТЭв ШП ТЦЩХОЦОЧЭТЧР ЭСО ЭОМСЧТqЮО 
ЩrШЩШЬОН ПШr ШrРКЧТгКЭТШЧ ШП НТРТЭКХ аКЭОrЦКrФЬ ТЧ ЭСО НШЦКТЧ ШП К МШЯОr ШЛУОМЭ ШП LUT 
КrМСТЭОМЭЮrО ЭШ МШЧЭrШХ ТЭЬ ЮЬО аТЭСТЧ ЭСО ЩrШУОМЭ КЧН ХТПО МвМХОЬ аКЬ ЬСШаЧ. 
KОваШЫНЬ: НТРТЭКХ аКЭОrЦКrФЬ, ЬЭОРКЧШРrКЩСв, ТЧПШrЦКЭТШЧ ЬОМЮrТЭв, СКrНаКrО ЬЭОРШ 
МШЧЭКТЧОr, LUT-ШrТОЧЭОН КrМСТЭОМЭЮrО, FPGA, МШЧЭrШХ ШП ЮЬО FPGA-ЩrШУОМЭЬ 
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