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ɍȾɄ 004.383.4 

ɂɦɢɬɚɰɢɹ ɩɟɪɢɮɟɪɢɣɧɵɯ ɭɫɬɪɨɣɫɬɜ ɜ ɫɢɫɬɟɦɟ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ 
ɞɨɫɬɭɩɚ ɤ FPGA-ɤɨɦɩɥɟɤɫɚɦ 

ɘ. ȿ. Ɂɢɧɱɟɧɤɨ, ȼ. ɋ. Ʌɟɧɱ, Ɍ. Ⱥ. Ɂɢɧɱɟɧɤɨ, ȼ.ɇ. ɉɚɜɥɵɲ 

Ⱦɨɧɟɰɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

zinchenko.tatyana@gmail.com 

ɘ. ȿ. Ɂɢɧɱɟɧɤɨ, ȼ. ɋ. Ʌɟɧɱ, Ɍ. Ⱥ. Ɂɢɧɱɟɧɤɨ, ȼ.ɇ. ɉɚɜɥɵɲ ɂɦɢɬɚɰɢɹ ɩɟɪɢɮɟɪɢɣɧɵɯ 
ɭɫɬɪɨɣɫɬɜ ɜ ɫɢɫɬɟɦɟ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɞɨɫɬɭɩɚ ɤ FPGA-ɤɨɦɩɥɟɤɫɚɦ. Цɟɥɶɸ ɪɚɛɨɬɵ 
ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɢ ɪɟɚɥɢɡɚɰɢɹ ɦɟɬɨɞɚ ɢɦɢɬɚɰɢɢ ɩɟɪɢɮɟɪɢɣɧɵɯ ɭɫɬɪɨɣɫɬɜ, 
ɩɨɞɤɥɸɱɚɟɦɵɯ ɤ FPGA, ɚ ɬɚɤɠɟ ɪɚɡɪɚɛɨɬɤɚ ɥɢɱɧɨɝɨ ɤɚɛɢɧɟɬɚ ɩɨɥɶɡɨɜɚɬɟɥɹ ɧɚ ȼɟɛ-ɫɚɣɬɟ 
ɜɢɪɬɭɚɥɶɧɨɣ ɥɚɛɨɪɚɬɨɪɢɢ, ɢ ɨɛɟɫɩɟɱɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɭɞɚɥɟɧɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 
FPGA-ɤɨɦɩɥɟɤɫɚ. Ⱦɚɧɧɚɹ ɪɚɡɪɚɛɨɬɤɚ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɭɩɪɨɳɟɧɢɹ ɞɨɫɬɭɩɚ ɤ 
ɞɨɪɨɝɨɫɬɨɹɳɢɦ FPGA-ɤɨɦɩɥɟɤɫɚɦ ɫɬɭɞɟɧɬɚɦ ɢ ɢɧɠɟɧɟɪɚɦ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɫɮɟɪɟ 
ɤɨɦɩɶɸɬɟɪɧɨɣ ɢɧɠɟɧɟɪɢɢ ɧɚ ɛɚɡɟ FPGA. Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɦɟɬɨɞɵ 
ɢɦɢɬɚɰɢɢ ɮɢɡɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ, ɩɨɞɤɥɸɱɚɟɦɵɯ ɤ ɉɅɂɋ ɬɢɩɚ FPGA, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ 
ɨɪɝɚɧɢɡɨɜɚɬɶ ɭɞɚɥɟɧɧɵɣ ɞɨɫɬɭɩ ɤ ɨɬɥɚɞɨɱɧɵɦ FPGA-ɤɨɦɩɥɟɤɫɚɦ. ȼ ɪɚɛɨɬɟ ɛɵɥ ɜɵɩɨɥɧɟɧ 
ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ ɢɦɢɬɚɰɢɢ ɪɚɡɥɢɱɧɵɯ ɮɢɡɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɭɞɚɥɟɧɧɨɣ ɨɬɥɚɞɤɢ FPGA-ɩɪɨɟɤɬɨɜ. Ȼɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɫɩɨɫɨɛɵ ɨɪɝɚɧɢɡɚɰɢɢ 
ɭɞɚɥɟɧɧɨɝɨ ɞɨɫɬɭɩɚ ɤ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɦ ɤɨɦɩɥɟɤɫɚɦ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɚɧɚɥɢɡɚ 
ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ ɢɦɢɬɚɰɢɢ ɩɟɪɢɮɟɪɢɣɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɩɨɞɤɥɸɱɚɟɦɵɯ ɤ FPGA-

ɤɨɦɩɥɟɤɫɭ, ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɭɞɚɥɟɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɉɅɂɋ, FPGA, VHDL, ɊЭȺ, ЭȼȺ, FPGA Remote Control, ɷɦɭɥɹɰɢɹ, 
ɭɞɚɥɟɧɧɵɣ ɞɨɫɬɭɩ, Internet 

1 ȼɜɟɞɟɧɢɟ 

ɋɟɝɨɞɧɹ ɜ ɦɢɪɟ ɜ ɰɟɥɨɦ ɢ ɜ ɫɬɪɚɧɚɯ ɋɇȽ ɜ 
ɱɚɫɬɧɨɫɬɢ ɲɢɪɨɤɨ ɪɚɡɜɢɜɚɸɬɫɹ FPGA-

ɬɟɯɧɨɥɨɝɢɢ ɤɚɤ ɨɞɧɚ ɢɡ ɚɥɶɬɟɪɧɚɬɢɜ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɚɩɩɚɪɚɬɧɵɯ ɫɪɟɞɫɬɜ 
ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ (ɊɗȺ) ɢ ɷɥɟɤɬɪɨɧɧɨ-

ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ (ɗȼȺ) ɚɩɩɚɪɚɬɭɪɵ. Ɉɫɧɨɜɨɣ 
ɷɬɢɯ ɬɟɯɧɨɥɨɝɢɣ ɹɜɥɹɸɬɫɹ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɟ 
ɥɨɝɢɱɟɫɤɢɟ ɢɧɬɟɝɪɚɥɶɧɵɟ ɫɯɟɦɵ (ɉɅɂɋ), ɢ 
ɩɪɟɠɞɟ ɜɫɟɝɨ ɢɯ ɪɚɡɧɨɜɢɞɧɨɫɬɶ – FPGA (Field 

Programmable Gate Arrays), ɢ ɹɡɵɤɨɜ ɨɩɢɫɚɧɢɹ 
(ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ) ɚɩɩɚɪɚɬɭɪɵ, ɬɚɤɢɯ ɤɚɤ 
VHDL ɢ Verilog[1]. ɉɪɨɰɟɫɫ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɧɚ 
ɛɚɡɟ FPGA-ɬɟɯɧɨɥɨɝɢɣ ɧɚ ɷɬɚɩɟ 
ɩɪɨɬɨɬɢɩɢɪɨɜɚɧɢɹ ɨɛɵɱɧɨ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ FPGA-ɤɨɦɩɥɟɤɫɨɜ, ɨɞɧɚɤɨ ɷɬɨ 
ɫɞɟɪɠɢɜɚɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɢɯ ɞɨɪɨɝɨɜɢɡɧɨɣ, 
ɲɢɪɨɤɨɣ ɧɨɦɟɧɤɥɚɬɭɪɨɣ ɢ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ 
ɩɨɫɬɨɹɧɧɨ ɨɛɧɨɜɥɹɬɶ ɩɚɪɤ ɬɚɤɢɯ ɤɨɦɩɥɟɤɫɨɜ. 
ɉɨɫɥɟɞɧɟɟ ɨɫɨɛɟɧɧɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨ ɞɥɹ ɜɭɡɨɜ ɢ 
ɧɟ ɬɨɥɶɤɨ ɫɬɪɚɧ ɋɇȽ, ɧɨ ɞɥɹ ɡɚɩɚɞɧɨɝɨ ɪɟɝɢɨɧɚ, 
ɝɞɟ ɞɨɫɬɭɩ ɤ ɨɝɪɚɧɢɱɟɧɧɨɦɭ ɫɨɫɬɚɜɭ FPGA-

ɤɨɦɩɥɟɤɫɨɜ ɧɭɠɧɨ ɨɛɟɫɩɟɱɢɜɚɬɶ ɲɢɪɨɤɨɦɭ 
ɤɪɭɝɭ ɫɬɭɞɟɧɬɨɜ ɢ ɚɫɩɢɪɚɧɬɨɜ. ɉɨɷɬɨɦɭ 
ɪɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɞɨɫɬɭɩɚ 
ɲɢɪɨɤɨɝɨ ɤɪɭɝɚ ɫɩɟɰɢɚɥɢɫɬɨɜ ɢ ɩɪɟɠɞɟ ɜɫɟɝɨ 
ɫɬɭɞɟɧɬɨɜ ɤ FPGA-ɤɨɦɩɥɟɤɫɚɦ ɹɜɥɹɟɬɫɹ, 
ɛɟɡɭɫɥɨɜɧɨ, ɡɚɞɚɱɟɣ ɚɤɬɭɚɥɶɧɨɣ.  
Ɉɫɧɨɜɧɨɣ ɩɪɨɛɥɟɦɨɣ ɫɢɫɬɟɦ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ 

ɞɨɫɬɭɩɚ ɤ ɊɗȺ ɢ ɗȼȺ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ 
ɜɨɡɦɨɠɧɨɫɬɢ ɢɦɢɬɚɰɢɢ ɩɟɪɢɮɟɪɢɣɧɵɯ 
ɭɫɬɪɨɣɫɬɜ, ɱɬɨɛɵ ɫɨɡɞɚɜɚɬɶ ɷɮɮɟɤɬ ɩɪɢɫɭɬɫɬɜɢɹ 
ɩɨɥɶɡɨɜɚɬɟɥɹ ɜɛɥɢɡɢ ɚɩɩɚɪɚɬɭɪɵ ɢ ɤɚɤ ɛɵ 

ɜɨɫɩɪɨɢɡɜɨɞɢɬɶ ɦɚɧɢɩɭɥɹɰɢɢ ɨɪɝɚɧɚɦɢ 
ɭɩɪɚɜɥɟɧɢɹ. Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɢɡɜɟɫɬɧɨ ɭɠɟ 
ɦɧɨɠɟɫɬɜɨ ɬɚɤɢɯ ɫɢɫɬɟɦ, ɤɚɤ ɤ FPGA-

ɤɨɦɩɥɟɤɫɚɦ, ɬɚɤ ɢ ɤ ɞɪɭɝɢɦ ɷɥɟɤɬɪɨɧɧɵɦ 
ɤɨɦɩɥɟɤɫɚɦ ɧɚ ɛɚɡɟ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɨɜ ɢ 
ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ[2-8]. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɬɚɤɢɯ 
ɫɢɫɬɟɦ ɜɨɡɦɨɠɧɨɫɬɶ ɢɦɢɬɚɰɢɢ ɥɢɛɨ ɜɨɨɛɳɟ ɧɟ 
ɜɧɟɞɪɟɧɚ, ɥɢɛɨ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɵɯ 
ɫɪɟɞɫɬɜ, ɱɬɨ ɪɟɡɤɨ ɭɫɥɨɠɧɹɬ, ɭɞɨɪɨɠɚɟɬ ɢ 
ɫɧɢɠɚɟɬ ɝɢɛɤɨɫɬɶ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɞɨɫɬɭɩɚ.  
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɭɧɢɜɟɪɫɚɥɶɧɵɣ 
ɩɨɞɯɨɞ ɨɪɝɚɧɢɡɚɰɢɢ ɫɢɫɬɟɦɵ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ 
ɞɨɫɬɭɩɚ ɤ FPGA-ɤɨɦɩɥɟɤɫɚɦ ɧɚ ɛɚɡɟ ɫɟɬɢ 
ɂɧɬɟɪɧɟɬ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɢɦɢɬɚɰɢɢ 
ɩɟɪɢɮɟɪɢɣɧɵɯ ɭɫɬɪɨɣɫɬɜ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɉɨɞɯɨɞ 
ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɩɨɝɪɭɠɟɧɢɢ ɫɩɟɰɢɚɥɶɧɵɯ 
ɢɦɢɬɚɬɨɪɨɜ ɜ FPGA-ɤɪɢɫɬɚɥɥ ɜ ɜɢɞɟ IP-ɹɞɟɪ, 
ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɧɚ VHDL ɢɥɢ Verilog, ɜɦɟɫɬɟ ɫ 
ɬɟɫɬɢɪɭɟɦɵɦ ɩɪɨɟɤɬɨɦ, ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɧɵ 
ɜɨɫɩɪɢɧɢɦɚɬɶ ɜɧɟɲɧɢɟ ɦɚɧɢɩɭɥɹɰɢɨɧɧɵɟ 
ɤɨɦɚɧɞɵ ɨɬ  ɞɢɫɬɚɧɰɢɨɧɧɨ ɭɞɚɥɟɧɧɨɝɨ 
ɨɩɟɪɚɬɨɪɚ-ɨɬɥɚɞɱɢɤɚ ɩɪɨɟɤɬɚ (ɢɧɠɟɧɟɪɚ, 
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ɫɬɭɞɟɧɬɚ ɢ ɬ.ɩ.). ɋɬɚɬɶɹ ɹɜɥɹɟɬɫɹ ɞɚɥɶɧɟɣɲɢɦ 
ɪɚɡɜɢɬɢɟɦ ɪɚɛɨɬ [9-11], ɩɪɨɜɨɞɢɦɵɯ 
ɥɚɛɨɪɚɬɨɪɢɟɣ ȾɨɧɇɌɍ «FPGA-ɬɟɯɧɨɥɨɝɢɢ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɞɢɚɝɧɨɫɬɢɤɚ Ʉɋ», ɜ ɭɤɚɡɚɧɧɨɣ 
ɨɛɥɚɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ [12]. 
 

1. Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɚ ɢɦɢɬɚɰɢɢ 
ɩɟɪɢɮɟɪɢɣɧɵɯ ɭɫɬɪɨɣɫɬɜ ɞɥɹ FPGA-

ɤɨɦɩɥɟɤɫɚ 

ȼɵɛɪɚɧɧɵɣ ɦɟɬɨɞ, ɜ ɫɜɹɡɢ ɫ ɨɛɳɟɣ 
ɫɯɟɦɨɣ ɪɟɚɥɢɡɚɰɢɢ ɜɢɪɬɭɚɥɶɧɵɯ ɥɚɛɨɪɚɬɨɪɢɣ ɫ 
ɞɢɫɬɚɧɰɢɨɧɧɵɦ ɞɨɫɬɭɩɨɦ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɨɛɳɭɸ ɫɬɪɭɤɬɭɪɭ ɦɟɬɨɞɚ ɢɦɢɬɚɰɢɢ 
ɩɟɪɢɮɟɪɢɣɧɵɯ ɭɫɬɪɨɣɫɬɜ ɜ ɜɢɪɬɭɚɥɶɧɨɣ FPGA-

ɥɚɛɨɪɚɬɨɪɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 1. 

ȼɟɛ-ɫɟɪɜɟɪ

Ʉɥɢɟɧɬ

NodeJs

ȼɧɟɲɧɹɹ ɫɪɟɞɚ ɋɪɟɞɚ ɢɫɩɨɥɧɟɧɢɹ

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ

ȼɢɪɬɭɚɥɶɧɚɹ 
ɥɚɛɨɪɚɬɨɪɢɹ

Ɉɩɢɫɚɬɟɥɶɧɵɣ 
ɦɟɯɚɧɢɡɦ

Ȼɪɚɭɡɟɪ

FPGA ɤɨɦɩɥɟɤɫ
VHDL

ɂɫɩɨɥɧɢɬɟɥɶɧɵɣ 
ɦɟɯɚɧɢɡɦ

 

Ɋɢɫɭɧɨɤ 1 – Ɉɛɳɚɹ ɫɬɪɭɤɬɭɪɚ ɦɟɬɨɞɚ ɢɦɢɬɚɰɢɢ ɜ ɜɢɪɬɭɚɥɶɧɨɣ FPGA-ɥɚɛɨɪɚɬɨɪɢɢ 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɫɬɪɭɤɬɭɪɵ, ɤɥɢɟɧɬɫɤɚɹ ɱɚɫɬɶ 
ɧɚɯɨɞɢɬɫɹ ɜɨ ɜɧɟɲɧɟɣ ɫɪɟɞɟ, ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ 
ɨɧɚ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɩɨɥɶɡɨɜɚɬɟɥɟɦ 
ɩɨɫɪɟɞɫɬɜɨɦ ɞɨɫɬɭɩɧɵɯ ɭɫɬɪɨɣɫɬɜ ɜɜɨɞɚ-ɜɵɜɨɞɚ. 
Ɍɚɤɠɟ ɧɚ ɫɯɟɦɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜɢɪɬɭɚɥɶɧɚɹ 
ɥɚɛɨɪɚɬɨɪɢɹ ɢɫɩɨɥɶɡɭɟɬ ɢɧɬɟɪɧɟɬ-ɛɪɚɭɡɟɪ ɞɥɹ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɜɟɛ-ɫɟɪɜɟɪɨɦ. Ɍɚɤɨɣ ɜɵɛɨɪ 
ɫɜɹɡɚɧ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɭɫɬɚɧɨɜɤɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚ ɩɟɪɫɨɧɚɥɶɧɵɣ 
ɤɨɦɩɶɸɬɟɪ (ɉɄ) ɩɨɥɶɡɨɜɚɬɟɥɹ, ɚ ɢɧɬɟɪɧɟɬ-

ɛɪɚɭɡɟɪ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɹɜɥɹɟɬɫɹ 
ɧɟɨɬɴɟɦɥɟɦɨɣ ɱɚɫɬɶɸ ɉɄ, ɢɡ-ɡɚ ɛɨɥɶɲɨɣ 
ɩɨɩɭɥɹɪɧɨɫɬɢ ɫɟɬɢ ɂɧɬɟɪɧɟɬ. ɇɨ ɬɚɤɨɣ ɜɵɛɨɪ 
ɜɧɨɫɢɬ ɫɜɨɢ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɩɨɞɤɥɸɱɟɧɧɨɝɨ ɩɟɪɢɮɟɪɢɣɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤ 
ɉɄ, ɬɚɤ ɤɚɤ ɷɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɩɨɥɢɬɢɤɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɪɚɡɪɚɛɨɬɤɢ ɢɧɬɟɪɧɟɬ-ɛɪɚɭɡɟɪɨɜ. 

ɂɫɯɨɞɹ ɢɡ ɜɵɛɪɚɧɧɨɝɨ ɦɟɬɨɞɚ ɥɨɝɢɤɚ 
ɪɚɛɨɬɵ ɢɦɢɬɚɬɨɪɨɜ ɨɩɢɫɵɜɚɟɬɫɹ ɜ ɤɥɢɟɧɬɫɤɨɣ 
ɱɚɫɬɢ ɜɢɪɬɭɚɥɶɧɨɣ ɥɚɛɨɪɚɬɨɪɢɢ, ɷɬɨ ɡɧɚɱɢɬ, ɱɬɨ 
ɞɚɧɧɵɟ ɩɪɢɯɨɞɹɬ ɨɬ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɚ 
ɪɟɲɟɧɢɟ ɨɛ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɚɧɧɵɯ ɩɪɢɧɢɦɚɟɬɫɹ 
ɧɚ ɫɬɪɚɧɢɰɟ ɜɢɪɬɭɚɥɶɧɨɣ ɥɚɛɨɪɚɬɨɪɢɢ. Ɍɚɤɨɣ 
ɩɨɞɯɨɞ ɹɜɥɹɟɬɫɹ ɦɟɧɟɟ ɛɟɡɨɩɚɫɧɵɦ ɫ ɬɨɱɤɢ 
ɡɪɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɚɧɧɵɯ, ɧɨ ɩɨɡɜɨɥɹɟɬ 
ɫɧɢɡɢɬɶ ɧɚɝɪɭɡɤɭ ɢ ɪɚɫɯɨɞ ɪɟɫɭɪɫɨɜ FPGA-

ɤɨɦɩɥɟɤɫɚ. 
ȼ ɤɚɱɟɫɬɜɟ ɜɟɛ-ɫɟɪɜɟɪɚ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɟɪɜɟɪɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ 
ɨɛɟɫɩɟɱɟɧɢɟ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɟ ɞɥɹ ɫɨɡɞɚɧɢɹ ɜɟɛ-

ɩɪɢɥɨɠɟɧɢɣ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, ɤɚɤ, ɧɚɩɪɢɦɟɪ, 
NodeJs. ȼ ɫɟɪɜɟɪɟ NodeJs ɪɟɚɥɢɡɨɜɚɧɚ ɩɨɞɞɟɪɠɤɚ 

ɩɪɨɬɨɤɨɥɚ WebSocket, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ 
ɩɟɪɟɞɚɜɚɬɶ ɞɚɧɧɵɟ ɨɬ ɫɟɪɜɟɪɚ ɤ ɤɥɢɟɧɬɭ ɛɟɡ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɡɚɩɪɨɫɨɜ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɨɛɦɟɧ ɞɚɧɧɵɦɢ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. ɂɡ ɫɯɟɦɵ 
ɧɚ ɪɢɫɭɧɤɟ 1 ɜɢɞɧɨ, ɱɬɨ ɫɟɪɜɟɪɧɚɹ ɱɚɫɬɶ ɫɥɭɠɢɬɶ 
ɡɜɟɧɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɜɢɪɬɭɚɥɶɧɨɣ 
ɥɚɛɨɪɚɬɨɪɢɟɣ ɢ FPGA-ɤɨɦɩɥɟɤɫɨɦ. Ⱦɥɹ ɫɜɹɡɢ 
FPGA-ɤɨɦɩɥɟɤɫɚ ɫ ɫɟɪɜɟɪɨɦ ɧɟɨɛɯɨɞɢɦɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɤɨɣ-ɥɢɛɨ ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɢɣ 
ɢɧɬɟɪɮɟɣɫ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɤɚɤ, ɧɚɩɪɢɦɟɪ, 
RS232 ɢɥɢ USB. 

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɨɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ 
ɫɪɟɞɨɣ ɢɫɩɨɥɧɟɧɢɹ ɷɦɭɥɹɬɨɪɨɜ ɩɟɪɢɮɟɪɢɣɧɵɯ 
ɭɫɬɪɨɣɫɬɜ ɹɜɥɹɟɬɫɹ FPGA-ɤɨɦɩɥɟɤɫ. Ɍɚɤɠɟ ɜ ɧɟɦ 
ɫɨɞɟɪɠɢɬɫɹ ɢɫɩɨɥɧɢɬɟɥɶɧɵɣ ɦɟɯɚɧɢɡɦ 
ɷɦɭɥɹɬɨɪɨɜ ɩɟɪɢɮɟɪɢɣɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɷɬɨ 
ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜ FPGA-ɤɨɦɩɥɟɤɫɟ ɪɚɫɩɨɥɨɠɟɧɚ ɢɯ 
ɚɩɩɚɪɚɬɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ 
ɩɨɥɶɡɨɜɚɬɟɥɢ ɦɨɝɥɢ ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɫɜɨɢ ɩɪɨɟɤɬɵ 
ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɦɭɥɹɬɨɪɨɜ ɩɟɪɢɮɟɪɢɣɧɵɯ 
ɭɫɬɪɨɣɫɬɜ, ɧɟɨɛɯɨɞɢɦɨ ɞɨɩɨɥɧɹɬɶ ɫɜɨɢ ɩɪɨɟɤɬɵ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɣ ɡɚɝɨɬɨɜɤɨɣ, ɝɞɟ ɪɟɚɥɢɡɨɜɚɧ 
ɢɫɩɨɥɧɢɬɟɥɶɧɵɣ ɦɟɯɚɧɢɡɦ ɷɦɭɥɹɬɨɪɨɜ 
ɭɫɬɪɨɣɫɬɜ, ɚ ɬɚɤɠɟ ɨɛɦɟɧ ɞɚɧɧɵɦɢ ɫ ɫɟɪɜɟɪɨɦ. 
Ɍɚɤɠɟ ɜɨɡɦɨɠɧɨ ɞɨɩɨɥɧɹɬɶ ɚɜɬɨɦɚɬɢɱɟɫɤɢ 
ɩɪɨɟɤɬ ɧɚ ɷɬɚɩɟ ɫɢɧɬɟɡɚ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɜ FPGA, ɧɨ ɞɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ 
ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ 
ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ ɫɢɧɬɟɡɚ ɭɫɬɪɨɣɫɬɜ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɪɭɤɬɭɪɚ ɩɪɨɟɤɬɚ ɜ FPGA 
ɞɨɥɠɧɚ ɢɦɟɬɶ ɫɥɟɞɭɸɳɢɣ ɜɢɞ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ 
ɪɢɫɭɧɤɟ 2. 
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ɋɢɫɬɟɦɚ 
ɜɡɚɢɦɨɞɟɣɬɫɜɢɹ

Ʉɨɞ ɩɨɥɶɡɨɜɚɬɟɥɹ
ɂɫɩɨɥɧɢɬɟɥɶɧɵɣ 

ɦɟɯɚɧɢɡɦ 
ɷɦɭɥɹɬɨɪɨɜ

FPGA

Ɇɨɞɭɥɶ ɢɦɢɬɚɰɢɢ

 

Ɋɢɫɭɧɨɤ 2 – ɋɯɟɦɚ ɨɪɝɚɧɢɡɚɰɢɢ FPGA-ɩɪɨɟɤɬɚ ɫ ɷɦɭɥɹɬɨɪɚɦɢ ɩɟɪɢɮɟɪɢɣɧɵɯ ɭɫɬɪɨɣɫɬɜ 

ɇɚ ɪɢɫɭɧɤɟ 2 ɜɢɞɧɨ, ɱɬɨ ɤɨɞ ɩɨɥɶɡɨɜɚɬɟɥɹ 
ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ, ɤɚɤ ɷɦɭɥɹɬɨɪɵ 
ɩɟɪɢɮɟɪɢɣɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɬɚɤ ɢ ɮɢɡɢɱɟɫɤɢ 
ɩɨɞɤɥɸɱɟɧɧɵɟ ɩɟɪɢɮɟɪɢɣɧɵɟ ɭɫɬɪɨɣɫɬɜɚ. Ɍɚɤɚɹ 
ɨɪɝɚɧɢɡɚɰɢɹ ɫɜɹɡɚɧɚ ɫ ɬɟɦ, ɱɬɨɛɵ ɪɚɡɪɚɛɨɬɱɢɤ 
ɢɦɟɥ ɜɨɡɦɨɠɧɨɫɬɶ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ 
ɬɪɭɞɨɡɚɬɪɚɬɚɦɢ ɢɡɦɟɧɹɬɶ ɫɜɨɣ ɩɪɨɟɤɬ ɞɥɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɤɚɤ ɜ ɫɢɫɬɟɦɟ ɜɢɪɬɭɚɥɶɧɨɣ 
ɥɚɛɨɪɚɬɨɪɢɢ, ɬɚɤ ɢ ɩɪɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ 
ɞɨɫɬɭɩɟ ɤ ɩɟɪɢɮɟɪɢɣɧɨɦɭ ɨɛɨɪɭɞɨɜɚɧɢɸ FPGA-

ɤɨɦɩɥɟɤɫɚ. 
Ɍɚɤ ɤɚɤ ɩɨɞɤɥɸɱɟɧɢɟ ɤ FPGA-ɤɨɦɩɥɟɤɫɭ 

ɨɪɝɚɧɢɡɭɟɬɫɹ ɟɞɢɧɵɦ ɤɚɧɚɥɨɦ ɫɜɹɡɢ, ɬɨ 
ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɫɢɫɬɟɦɭ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɟɪɜɟɪɚ ɫ ɢɦɢɬɚɬɨɪɚɦɢ ɧɚ ɩɥɚɬɟ. 
Ɂɚɞɚɱɚ ɫɢɫɬɟɦɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɪɢɧɹɬɶ ɞɚɧɧɵɟ 
ɫ ɜɢɪɬɭɚɥɶɧɨɣ ɥɚɛɨɪɚɬɨɪɢɢ ɢ ɩɟɪɟɧɚɩɪɚɜɢɬɶ 
ɬɨɦɭ ɢɦɢɬɚɬɨɪɭ ɭɫɬɪɨɣɫɬɜɚ, ɤɨɬɨɪɨɦɭ ɷɬɢ 
ɞɚɧɧɵɟ ɩɪɟɞɧɚɡɧɚɱɟɧɵ. Ɍɚɤɢɦ ɠɟ ɨɛɪɚɡɨɦ 
ɨɛɟɫɩɟɱɢɬɶ ɩɪɢɟɦ ɞɚɧɧɵɯ ɨɬ ɢɦɢɬɚɬɨɪɨɜ ɢ 
ɩɟɪɟɞɚɬɶ ɢɯ ɜ ɜɢɪɬɭɚɥɶɧɭɸ ɥɚɛɨɪɚɬɨɪɢɸ. 

ɂɫɩɨɥɧɢɬɟɥɶɧɵɣ ɦɟɯɚɧɢɡɦ ɢɦɢɬɚɬɨɪɨɜ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɧɨɠɟɫɬɜɨ ɷɦɭɥɹɬɨɪɨɜ 
ɩɟɪɢɮɟɪɢɣɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɤɨɬɨɪɵɟ ɫɜɹɡɚɧɵ ɫ 
ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɦ ɤɨɞɨɦ ɧɚ ɭɪɨɜɧɟ ɮɢɡɢɱɟɫɤɢɯ 
ɫɢɝɧɚɥɨɜ ɩɨ ɩɪɨɬɨɤɨɥɚɦ ɫɜɹɡɢ, ɤɨɬɨɪɵɟ 
ɢɫɩɨɥɶɡɭɸɬ ɷɬɢ ɭɫɬɪɨɣɫɬɜɚ. Ⱥ ɫ ɫɢɫɬɟɦɨɣ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ ɬɨɦ ɜɢɞɟ, ɤɨɬɨɪɵɣ ɭɞɨɛɟɧ ɞɥɹ 
ɩɟɪɟɞɚɱɢ ɩɨ ɜɵɛɪɚɧɧɨɦɭ ɤɚɧɚɥɭ ɞɚɧɧɵɯ, 
ɧɚɩɪɢɦɟɪ, ɜ ɜɢɞɟ ɰɢɮɪɨɜɵɯ ɛɚɣɬ ɞɚɧɧɵɯ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɛɪɚɧɧɚɹ ɦɟɬɨɞɢɤɚ 
ɢɦɢɬɚɰɢɢ ɩɟɪɢɮɟɪɢɣɧɵɯ ɭɫɬɪɨɣɫɬɜ ɜ 
ɜɢɪɬɭɚɥɶɧɨɣ FPGA-ɥɚɛɨɪɚɬɨɪɢɢ ɫ 
ɞɢɫɬɚɧɰɢɨɧɧɵɦ ɞɨɫɬɭɩɨɦ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɩɨɞ 
ɫɨɛɨɣ ɪɚɛɨɬɭ ɜ ɧɟɫɤɨɥɶɤɨ ɷɬɚɩɨɜ. ɂɦɢɬɚɬɨɪ 
ɜɜɨɞɚ ɞɚɧɧɵɯ, ɜ ɜɢɪɬɭɚɥɶɧɨɣ ɥɚɛɨɪɚɬɨɪɢɢ, 

ɩɪɢɧɢɦɚɟɬ ɞɚɧɧɵɟ ɨɬ ɩɨɥɶɡɨɜɚɬɟɥɹ ɢ 
ɨɛɪɚɛɚɬɵɜɚɟɬ ɢɯ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɥɨɝɢɤɨɣ 
ɪɚɛɨɬɵ ɭɫɬɪɨɣɫɬɜɚ. Ⱦɚɥɟɟ ɨɛɪɚɛɨɬɚɧɧɵɟ ɞɚɧɧɵɟ 
ɞɨɥɠɧɵ ɛɵɬɶ ɩɟɪɟɞɚɧɵ ɧɚ ɜɟɛ-ɫɟɪɜɟɪ, ɤɨɬɨɪɵɣ ɜ 
ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɟɪɟɫɵɥɚɟɬ ɢɯ ɜ FPGA-ɤɨɦɩɥɟɤɫ 
ɩɨ ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɟɦɭ ɤɚɧɚɥɭ ɫɜɹɡɢ. ȼ FPGA 
ɞɚɧɧɵɟ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɢɧɹɬɵ ɫɢɫɬɟɦɨɣ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɤɨɬɨɪɚɹ ɢɞɟɧɬɢɮɢɰɢɪɭɟɬ 
ɰɟɥɟɜɨɣ ɢɦɢɬɚɬɨɪ ɭɫɬɪɨɣɫɬɜɚ, ɢ ɩɟɪɟɫɵɥɚɟɬ ɟɦɭ 
ɞɚɧɧɵɟ. ɂɦɢɬɚɬɨɪ ɭɫɬɪɨɣɫɬɜɚ ɞɨɥɠɟɧ ɩɨɥɭɱɢɬɶ 
ɞɚɧɧɵɟ, ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɢɯ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɩɪɨɬɨɤɨɥɨɦ ɪɚɛɨɬɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 
ɭɫɬɪɨɣɫɬɜɚ, ɢ ɩɟɪɟɫɥɚɬɶ ɢɯ ɜ ɩɪɨɟɤɬ 
ɩɨɥɶɡɨɜɚɬɟɥɹ, ɤɨɬɨɪɵɣ ɪɟɚɥɢɡɭɟɬ ɩɨɫɬɚɜɥɟɧɧɭɸ 
ɡɚɞɚɱɭ. ȼ ɫɥɭɱɚɟ ɜɵɜɨɞɚ ɞɚɧɧɵɯ ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɨɢɡɜɟɫɬɢ ɨɛɪɚɬɧɵɣ ɩɪɨɰɟɫɫ. 

2. Ɋɚɡɪɚɛɨɬɤɚ ɫɬɪɭɤɬɭɪɵ ɜɡɚɢɦɨ-

ɞɟɣɫɬɜɢɹ ɜɢɪɬɭɚɥɶɧɨɣ ɥɚɛɨɪɚɬɨɪɢɢ ɫ 
FPGA-ɤɨɦɩɥɟɤɫɨɦ 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɜɢɪɬɭɚɥɶɧɚɹ ɥɚɛɨɪɚɬɨɪɢɹ 
ɨɛɦɟɧɢɜɚɟɬɫɹ ɞɚɧɧɵɦɢ ɫ ɜɟɛ-ɫɟɪɜɟɪɨɦ ɩɨ ɫɟɬɢ 
ɂɧɬɟɪɧɟɬ, ɚ ɫɟɪɜɟɪ ɨɛɦɟɧɢɜɚɟɬɫɹ ɞɚɧɧɵɦɢ ɫ 
FPGA-ɤɨɦɩɥɟɤɫɨɦ ɩɨ ɮɢɡɢɱɟɫɤɨɦɭ ɤɚɧɚɥɭ ɫɜɹɡɢ. 
Ⱦɥɹ ɫɜɹɡɢ ɫɟɪɜɟɪɚ ɫ FPGA-ɤɨɦɩɥɟɤɫɨɦ 
ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɨɬɨɤɨɥ ɩɟɪɟɞɚɱɢ 
ɞɚɧɧɵɯ RS232, ɢɡ-ɡɚ ɩɪɨɫɬɨɬɵ ɪɚɛɨɬɵ ɢ ɲɢɪɨɤɨɣ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɥɟɞɭɟɬ 
ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɩɪɨɬɨɤɨɥ RS232 ɹɜɥɹɟɬɫɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ, ɢ ɢɫɩɨɥɶɡɭɟɬ ɞɜɟ ɨɬɞɟɥɶɧɵɟ 
ɥɢɧɢɢ ɫɜɹɡɢ: ɞɥɹ ɩɪɢɟɦɚ ɢ ɞɥɹ ɩɟɪɟɞɚɱɢ. ɇɚ 
ɪɢɫɭɧɤɟ 3 ɩɪɢɜɟɞɟɧɚ ɨɛɳɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɫɟɪɜɟɪɨɦ ɢ ɢɦɢɬɚɬɨɪɚɦɢ 
ɜ FPGA-ɩɪɨɟɤɬɟ. 
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Ɋɢɫɭɧɨɤ 3 – Ɉɛɳɚɹ ɫɯɟɦɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɟɪɜɟɪɚ ɫ FPGA-ɤɨɦɩɥɟɤɫɨɦ 

 

Ɍɚɤɚɹ ɫɯɟɦɚ ɩɨɡɜɨɥɹɟɬ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ 
ɬɪɭɞɨɡɚɬɪɚɬɚɦɢ ɢɡɦɟɧɢɬɶ ɫɩɨɫɨɛ ɨɛɦɟɧɚ 
ɞɚɧɧɵɦɢ ɦɟɠɞɭ ɫɟɪɜɟɪɨɦ ɢ FPGA-ɤɨɦɩɥɟɤɫɨɦ. 
Ⱦɨɫɬɚɬɨɱɧɨ ɢɡɦɟɧɢɬɶ ɦɨɞɭɥɢ ɩɟɪɟɞɚɱɢ ɢ ɩɪɢɟɦɚ 
ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɛɪɚɧɧɵɦ ɢɧɬɟɪɮɟɣɫɨɦ ɫɜɹɡɢ, 
ɢ ɫɯɟɦɚ ɩɪɨɞɨɥɠɢɬ ɫɜɨɸ ɪɚɛɨɬɭ ɜ ɨɛɵɱɧɨɦ 
ɪɟɠɢɦɟ. 

ɇɚ ɫɯɟɦɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɦɨɞɭɥɢ ɩɪɢɟɦɚ ɢ 
ɩɟɪɟɞɚɱɢ RS232 ɨɧɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɨɛɦɟɧ 
ɞɚɧɧɵɦɢ ɩɨ ɩɪɨɬɨɤɨɥɭ RS232 ɦɟɠɞɭ FPGA-

ɤɨɦɩɥɟɤɫɨɦ ɢ ɫɟɪɜɟɪɨɦ. Ɂɚɞɚɱɟɣ ɷɬɢɯ ɦɨɞɭɥɟɣ 
ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɩɟɪɟɞɚɱɢ 
ɞɚɧɧɵɯ, ɚ ɬɚɤɠɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɞɚɧɧɵɯ ɢɡ 
ɫɢɝɧɚɥɨɜ ɩɪɨɬɨɤɨɥɚ ɫɜɹɡɢ ɜ ɛɚɣɬɵ ɢ ɧɚɨɛɨɪɨɬ. 

Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɫɬɚɛɢɥɶɧɨɫɬɢ ɨɛɦɟɧɚ 
ɞɚɧɧɵɦɢ ɢɫɩɨɥɶɡɭɸɬɫɹ FIFO-ɛɭɮɟɪɵ. ɉɪɢ 
ɩɪɢɟɦɟ ɞɚɧɧɵɯ ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ ɫɢɬɭɚɰɢɹ, 
ɤɨɝɞɚ ɢɦɢɬɚɬɨɪɵ ɟɳɟ ɧɟ ɡɚɜɟɪɲɢɥɢ ɩɪɢɟɦ 
ɩɪɟɞɵɞɭɳɟɣ ɩɨɫɵɥɤɢ, ɧɨ ɫɟɪɜɟɪ ɭɠɟ ɩɟɪɟɞɚɟɬ 
ɫɥɟɞɭɸɳɭɸ ɩɨɪɰɢɸ ɞɚɧɧɵɯ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɜ 

ɛɭɮɟɪɟ ɛɭɞɭɬ ɧɚɤɚɩɥɢɜɚɬɶɫɹ ɞɚɧɧɵɟ, ɢ ɩɨ ɦɟɪɟ 
ɪɚɛɨɬɵ ɢɦɢɬɚɬɨɪɨɜ ɨɫɜɨɛɨɠɞɚɬɶɫɹ. Ɍɚɤɢɦ ɠɟ 
ɨɛɪɚɡɨɦ ɪɚɛɨɬɚɟɬ ɢ ɛɭɮɟɪ ɩɪɢ ɩɟɪɟɞɚɱɟ ɞɚɧɧɵɯ 
ɧɚ ɫɟɪɜɟɪ. ȿɫɥɢ ɨɬ ɢɦɢɬɚɬɨɪɨɜ ɭɫɬɪɨɣɫɬɜ 
ɩɨɫɬɭɩɚɟɬ ɦɧɨɝɨ ɞɚɧɧɵɯ, ɧɨ ɦɨɞɭɥɶ ɩɟɪɟɞɚɱɢ ɧɟ 
ɭɫɩɟɜɚɟɬ ɢɯ ɩɟɪɟɫɥɚɬɶ, ɬɨɝɞɚ ɞɚɧɧɵɟ 
ɧɚɤɚɩɥɢɜɚɸɬɫɹ ɜ ɛɭɮɟɪɟ ɢ ɩɨɫɬɟɩɟɧɧɨ 
ɩɟɪɟɞɚɸɬɫɹ ɧɚ ɫɟɪɜɟɪ. 

ɋɢɫɬɟɦɚ ɪɚɡɛɨɪɚ ɞɚɧɧɵɯ ɜɵɩɨɥɧɹɟɬ ɞɜɟ 
ɮɭɧɤɰɢɢ: ɪɚɡɛɢɪɚɟɬ ɩɪɢɧɹɬɵɣ ɩɚɤɟɬ ɞɚɧɧɵɯ ɢ 
ɩɟɪɟɞɚɟɬ ɞɚɧɧɵɟ ɢɦɢɬɚɬɨɪɭ ɭɫɬɪɨɣɫɬɜɚ. Ɍɚɤ ɤɚɤ 
ɟɫɬɶ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ 
ɭɫɬɪɨɣɫɬɜɚ, ɬɨ ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɪɚɛɨɬɚɬɶ 
ɫɬɪɭɤɬɭɪɭ ɩɚɤɟɬɚ ɨɛɦɟɧɚ ɞɚɧɧɵɦɢ. ɗɬɚ 
ɫɬɪɭɤɬɭɪɚ ɞɨɥɠɧɚ ɫɨɞɟɪɠɚɬɶ ɪɚɡɞɟɥɢɬɟɥɶ 
ɩɚɤɟɬɨɜ, ɢɞɟɧɬɢɮɢɤɚɰɢɨɧɧɵɣ ɤɨɞ ɭɫɬɪɨɣɫɬɜɚ, 
ɞɚɧɧɵɟ ɢ ɩɪɢɡɧɚɤ ɨɤɨɧɱɚɧɢɹ ɩɚɤɟɬɚ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɫɬɪɭɤɬɭɪɚ ɩɚɤɟɬɚ 
ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 4. 

     0xAA 0x55

Ɇɥɚɞɲɢɣ ɛɚɣɬɋɬɚɪɲɢɣ
ɛɚɣɬ

Ⱦɥɢɧɚ
ɄɈȾ <ȾȺɇɇɕȿ>

 

Ɋɢɫɭɧɨɤ 4 – ɋɬɪɭɤɬɭɪɚ ɩɚɤɟɬɚ ɞɚɧɧɵɯ ɦɟɠɞɭ ɫɟɪɜɟɪɨɦ ɢ FPGA-ɤɨɦɩɥɟɤɫɨɦ 

 

ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɫɬɪɭɤɬɭɪɟ ɞɜɭɯɛɚɣɬɧɚɹ 
ɩɨɞɩɢɫɶ 0xAA55 ɹɜɥɹɟɬɫɹ ɢɞɟɧɬɢɮɢɤɚɬɨɪɨɦ 
ɧɚɱɚɥɚ ɩɚɤɟɬɚ ɞɚɧɧɵɯ. Ⱦɚɥɟɟ ɢɞɭɬ ɞɜɚ ɛɚɣɬɚ 
ɞɥɢɧɵ ɞɚɧɧɵɯ, ɷɬɨ ɩɨɥɟ ɨɩɪɟɞɟɥɹɟɬ, ɫɤɨɥɶɤɨ 
ɛɚɣɬ ɞɚɧɧɵɯ ɩɟɪɟɞɚɟɬɫɹ ɜ ɩɚɤɟɬɟ, ɢ ɫɥɭɠɢɬ 
ɩɪɢɡɧɚɤɨɦ ɨɤɨɧɱɚɧɢɹ ɩɚɤɟɬɚ. ɉɨɥɟ «ɤɨɞ» ɢɦɟɟɬ 
ɞɥɢɧɭ ɨɞɢɧ ɛɚɣɬ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɢɞɟɧɬɢɮɢɤɚɰɢɨɧɧɵɣ ɤɨɞ ɭɫɬɪɨɣɫɬɜɚ. ɉɨɥɟ 
«<ɞɚɧɧɵɟ>» ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɤɨɥɢɱɟɫɬɜɨ ɛɚɣɬ, 
ɭɤɚɡɚɧɧɵɯ ɜ ɩɨɥɟ «ɞɥɢɧɚ». Ɍɚɤɚɹ ɫɬɪɭɤɬɭɪɚ 
ɩɚɤɟɬɚ ɞɚɧɧɵɯ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ ɰɟɥɨɫɬɧɭɸ 
ɩɟɪɟɞɚɱɭ ɢ ɨɞɧɨɡɧɚɱɧɭɸ ɩɟɪɟɫɵɥɤɭ ɞɚɧɧɵɯ 
ɦɟɠɞɭ ɨɩɢɫɚɬɟɥɶɧɵɦ ɢ ɢɫɩɨɥɧɢɬɟɥɶɧɵɦ 
ɦɟɯɚɧɢɡɦɚɦɢ ɷɦɭɥɹɬɨɪɨɜ ɩɟɪɢɮɟɪɢɣɧɵɯ 
ɭɫɬɪɨɣɫɬɜ. 

Ɍɚɤɢɦ ɠɟ ɨɛɪɚɡɨɦ ɫɢɫɬɟɦɚ ɫɛɨɪɚ ɞɚɧɧɵɯ 
ɩɨɥɭɱɚɟɬ ɞɚɧɧɵɟ ɨɬ ɢɦɢɬɚɬɨɪɨɜ ɭɫɬɪɨɣɫɬɜ, 
ɝɨɬɨɜɵɯ ɤ ɩɟɪɟɞɚɱɟ, ɢ ɮɨɪɦɢɪɭɟɬ ɩɚɤɟɬ ɞɥɹ 
ɩɟɪɟɞɚɱɢ ɧɚ ɫɟɪɜɟɪ. 

ɋɟɪɜɟɪ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɜɚɬɶ 
ɩɪɢɟɦ ɢ ɪɚɡɛɨɪ ɩɚɤɟɬɨɜ ɞɚɧɧɵɯ ɨɬ FPGA-

ɤɨɦɩɥɟɤɫɚ ɢ ɩɟɪɟɞɚɱɭ ɢɯ ɧɚ ɜɟɛ-ɫɬɪɚɧɢɰɭ 
ɜɢɪɬɭɚɥɶɧɨɣ ɥɚɛɨɪɚɬɨɪɢɢ. Ⱥ ɬɚɤɠɟ ɩɪɢɟɦ 
ɞɚɧɧɵɯ ɫ ɜɟɛ-ɫɬɪɚɧɢɰɵ ɜɢɪɬɭɚɥɶɧɨɣ 
ɥɚɛɨɪɚɬɨɪɢɢ, ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɚɤɟɬɚ ɞɚɧɧɵɯ ɢ 
ɩɟɪɟɞɚɱɭ ɟɝɨ ɜ FPGA-ɤɨɦɩɥɟɤɫ. 

ɇɚ ɪɢɫɭɧɤɟ 5 ɩɪɢɜɟɞɟɧɚ ɞɢɚɝɪɚɦɦɚ 
ɩɪɨɝɪɚɦɦɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɢɦɢɬɚɬɨɪɨɜ ɜ 
ɜɢɪɬɭɚɥɶɧɨɣ ɥɚɛɨɪɚɬɨɪɢɢ. 



                                   

                                

                                                         ɂɇɎɈɊɆȺɌɂɄȺ ɂ ɄɂȻȿɊɇȿɌɂɄȺ                     
                                                              Ⱦɨɧɟɰɤ ȾɨɧɇɌɍ №  3(9), 2017 

                                                                                                                              

                                          

64 

 

 

Controller

+on(event, callback)

+emit(event, data)

EmulatorNEmulator1

+getCode():int

Board

+inData(data)

+outData(callback)

-emul1:Emulator1

...

-emulN:EmulatorN

+change(callback)

+getCode():int

  

...
+change(callback)

+getCode():int

+change(callback)

 Ɋɢɫɭɧɨɤ 5 – Ⱦɢɚɝɪɚɦɦɚ ɩɪɨɝɪɚɦɦɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɢɦɢɬɚɬɨɪɨɜ ɜ ɜɢɪɬɭɚɥɶɧɨɣ ɥɚɛɨɪɚɬɨɪɢɢ 

 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɤɚɠɞɵɣ ɢɦɢɬɚɬɨɪ ɜ 
ɜɢɪɬɭɚɥɶɧɨɣ ɥɚɛɨɪɚɬɨɪɢɢ ɞɨɥɠɟɧ ɪɚɫɲɢɪɹɬɶ 
ɤɥɚɫɫ Controller ɢ ɪɟɚɥɢɡɨɜɵɜɚɬɶ ɦɟɬɨɞɵ 
getCode() ɢ change(). Ʉɥɚɫɫ ɤɨɧɬɪɨɥɥɟɪ ɞɨɥɠɟɧ 
ɫɨɞɟɪɠɚɬɶ ɜ ɫɟɛɟ ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɨɜ on() ɢ 
emit(), ɤɨɬɨɪɵɟ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ 
ɫɨɛɵɬɢɣɧɨɣ ɦɨɞɟɥɢ ɢɦɢɬɚɬɨɪɨɜ. Ɇɟɬɨɞ on(event, 

callback) ɞɨɥɠɟɧ ɩɪɢɧɢɦɚɬɶ ɧɚ ɜɯɨɞ ɧɚɡɜɚɧɢɟ 
ɫɨɛɵɬɢɹ ɢ ɮɭɧɤɰɢɸ ɨɛɪɚɛɨɬɱɢɤ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ 
ɜɵɡɵɜɚɬɶɫɹ ɩɪɢ ɧɚɫɬɭɩɥɟɧɢɢ ɫɨɛɵɬɢɹ, ɧɚɩɪɢɦɟɪ, 
on(‘change’, function(data) { /* some actions */ }). 
Ⱥ ɦɟɬɨɞ emit(event, data) ɞɨɥɠɟɧ ɜɵɡɵɜɚɬɶ ɜɫɟ 
ɨɛɪɚɛɨɬɱɢɤɢ, ɤɨɬɨɪɵɟ ɢɦɟɟɬ ɫɨɛɵɬɢɟ event, ɢ 
ɩɟɪɟɞɚɜɚɬɶ ɢɦ ɞɚɧɧɵɟ data ɜ ɤɚɱɟɫɬɜɟ ɩɚɪɚɦɟɬɪɚ. 

Ɇɟɬɨɞ getCode() ɞɨɥɠɟɧ ɜɨɡɜɪɚɳɚɬɶ 
ɰɟɥɨɱɢɫɥɟɧɧɵɣ ɤɨɞ ɢɦɢɬɚɬɨɪɚ ɭɫɬɪɨɣɫɬɜɚ, 
ɤɨɬɨɪɵɣ ɫɥɭɠɢɬ ɢɞɟɧɬɢɮɢɤɚɬɨɪɨɦ ɫɜɹɡɢ ɫ 
ɢɦɢɬɚɬɨɪɨɦ ɜ FPGA-ɤɨɦɩɥɟɤɫɟ. Ɇɟɬɨɞ 
change(callback) ɞɨɥɠɟɧ ɩɪɟɞɫɬɚɜɥɹɬɶ ɨɛɟɪɬɤɭ 
ɧɚɞ ɦɟɬɨɞɨɦ on() ɫ ɬɢɩɨɦ ɫɨɛɵɬɢɹ «change». 

ɗɤɡɟɦɩɥɹɪɵ ɢɦɢɬɚɬɨɪɨɜ ɞɨɥɠɧɵ ɧɚɯɨɞɢɬɫɹ 
ɜ ɤɥɚɫɫɟ Board, ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬ ɞɜɚ ɦɟɬɨɞɚ: 
inData() ɢ outData(). Ɇɟɬɨɞ inData(data) ɞɨɥɠɟɧ 
ɜɵɡɵɜɚɬɶɫɹ ɝɥɚɜɧɵɦ ɩɪɢɥɨɠɟɧɢɟɦ, ɤɨɬɨɪɨɟ 
ɩɪɢɧɢɦɚɟɬ ɞɚɧɧɵɟ ɨɬ ɫɟɪɜɟɪɚ, ɢ ɜ ɤɚɱɟɫɬɜɟ 
ɩɚɪɚɦɟɬɪɚ ɟɦɭ ɩɟɪɟɞɚɸɬɫɹ ɞɚɧɧɵɟ, ɤɨɬɨɪɵɟ 
ɫɨɞɟɪɠɚɬ ɤɨɞ, ɪɚɡɦɟɪ ɢ ɫɚɦɢ ɞɚɧɧɵɟ. ȼ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɞɚ ɷɬɨɬ ɦɟɬɨɞ ɞɨɥɠɟɧ 
ɜɵɡɵɜɚɬɶ ɨɛɪɚɛɨɬɤɭ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 
ɢɦɢɬɚɬɨɪɚ ɭɫɬɪɨɣɫɬɜɚ. Ɇɟɬɨɞ outData(callback) 

ɩɪɢɧɢɦɚɟɬ ɧɚ ɜɯɨɞ ɮɭɧɤɰɢɸ ɨɛɪɚɛɨɬɱɢɤ, 
ɤɨɬɨɪɚɹ ɩɟɪɟɫɵɥɚɟɬɫɹ ɜ ɦɟɬɨɞ change() ɜɫɟɦ 
ɷɤɡɟɦɩɥɹɪɚɦ ɢɦɢɬɚɬɨɪɨɜ. Ɉɛɪɚɛɨɬɱɢɤ, ɤɨɬɨɪɵɣ 
ɩɟɪɟɞɚɟɬɫɹ ɜ ɦɟɬɨɞ outData() ɞɨɥɠɟɧ ɫɨɞɟɪɠɚɬɶ ɜ 
ɫɟɛɟ ɨɛɪɚɛɨɬɤɭ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɧɚ ɫɟɪɜɟɪ. 
Ⱦɚɧɧɵɟ ɞɨɥɠɧɵ ɩɟɪɟɞɚɜɚɬɶɫɹ ɜ ɤɚɱɟɫɬɜɟ 
ɩɚɪɚɦɟɬɪɚ ɤ ɮɭɧɤɰɢɢ ɨɛɪɚɛɨɬɱɢɤɚ, ɢ ɞɨɥɠɧɵ 
ɢɦɟɬɶ ɨɛɳɭɸ ɫɬɪɭɤɬɭɪɭ ɞɥɹ ɜɫɟɯ ɢɦɢɬɚɬɨɪɨɜ 
ɭɫɬɪɨɣɫɬɜ. 

Ʉɚɠɞɵɣ ɤɥɚɫɫ ɷɦɭɥɹɬɨɪɚ ɞɨɥɠɟɧ ɪɚɛɨɬɚɬɶ ɫ 
ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɦ ɢɧɬɟɪɮɟɣɫɨɦ ɜɟɛ-ɫɬɪɚɧɢɰɵ 
ɜɢɪɬɭɚɥɶɧɨɣ ɥɚɛɨɪɚɬɨɪɢɢ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ 
ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɩɨɫɪɟɞɫɬɜɨɦ ɪɚɡɥɢɱɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɭɩɪɚɜɥɟɧɢɹ. ɗɦɭɥɹɬɨɪɵ ɞɨɥɠɧɵ 
ɫɨɞɟɪɠɚɬɶ ɜ ɫɟɛɟ ɥɨɝɢɤɭ ɪɚɛɨɬɵ ɫɜɨɟɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɢ ɩɟɪɟɞɚɜɚɬɶ ɞɚɧɧɵɟ ɦɟɬɨɞɨɦ emit(). 

3. ɋɬɪɭɤɬɭɪɚ ɫɢɫɬɟɦ ɪɚɡɛɨɪɚ ɢ ɫɛɨɪɚ 
ɞɚɧɧɵɯ ɜ FPGA-ɤɨɦɩɥɟɤɫɟ 

ȼɚɠɧɟɣɲɢɦɢ ɱɚɫɬɹɦɢ ɜ, 
ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ, ɫɢɫɬɟɦɟ ɢɦɢɬɚɰɢɢ 
ɩɟɪɢɮɟɪɢɣɧɵɯ ɭɫɬɪɨɣɫɬɜ ɹɜɥɹɸɬɫɹ ɫɢɫɬɟɦɵ 
ɪɚɡɛɨɪɚ ɢ ɫɛɨɪɚ, ɩɚɤɟɬɨɜ ɞɚɧɧɵɯ ɜ FPGA-

ɤɨɦɩɥɟɤɫɟ. ɗɬɚ ɫɢɫɬɟɦɚ ɫɥɭɠɢɬ ɩɪɢɤɥɚɞɧɵɦ 
ɩɪɨɬɨɤɨɥɨɦ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɞɚɧɧɵɯ, ɩɪɢɧɹɬɵɯ ɩɨ 
ɮɢɡɢɱɟɫɤɨɦɭ ɤɚɧɚɥɭ ɫɜɹɡɢ. 

ɇɚ ɪɢɫɭɧɤɟ 6 ɩɪɢɜɟɞɟɧɚ ɞɢɚɝɪɚɦɦɚ 
ɫɨɫɬɨɹɧɢɣ ɦɨɞɭɥɹ ɪɚɡɛɨɪɚ ɩɚɤɟɬɚ ɞɚɧɧɵɯ. 
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S_AA

S_55

0xAA

S_LEN_HI

0x55

S_LEN_LO

S_CODES_DATA LENGTH

0

1
S_DOIT

S_WAIT

LENGTH := LENGTH - 1

LENGTH == 0

 

Ɋɢɫɭɧɨɤ 6 – Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɣ ɪɚɡɛɨɪɚ ɩɚɤɟɬɚ ɞɚɧɧɵɯ 

 

ȼɯɨɞɧɵɦɢ ɡɧɚɱɟɧɢɟɦ ɞɥɹ ɫɢɫɬɟɦɵ ɪɚɡɛɨɪɚ 
ɩɚɤɟɬɚ ɞɚɧɧɵɯ ɹɜɥɹɟɬɫɹ ɩɪɢɧɹɬɵɣ ɛɚɣɬ. 
ɉɟɪɜɨɧɚɱɚɥɶɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɹɜɥɹɟɬɫɹ ɫɨɫɬɨɹɧɢɟ 
S_AA, ɷɬɨ ɫɨɫɬɨɹɧɢɟ, ɜ ɤɨɬɨɪɨɦ ɨɠɢɞɚɟɬɫɹ 
ɩɟɪɜɵɣ ɛɚɣɬ ɫɬɚɪɬɨɜɨɣ ɫɢɝɧɚɬɭɪɵ ɩɚɤɟɬɚ ɞɚɧɧɵɯ 
– 0xAA. ȿɫɥɢ ɩɪɢɯɨɞɢɬ ɩɟɪɜɵɣ ɛɚɣɬ ɩɚɤɟɬɚ 
ɞɚɧɧɵɯ, ɬɨ ɫɨɫɬɨɹɧɢɟ ɢɡɦɟɧɹɟɬɫɹ ɧɚ S_55, 
ɤɨɬɨɪɨɟ ɨɠɢɞɚɟɬ ɜɬɨɪɨɣ ɛɚɣɬ ɫɢɝɧɚɬɭɪɵ – 0x55. 

ȿɫɥɢ ɞɜɭɯɛɚɣɬɧɚɹ ɫɢɝɧɚɬɭɪɚ ɩɪɢɧɹɬɚ, ɬɨ ɷɬɨ 
ɨɡɧɚɱɚɟɬ, ɱɬɨ ɞɚɥɟɟ ɢɞɟɬ ɤɨɪɪɟɤɬɧɚɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɚɧɧɵɯ. ȼɧɚɱɚɥɟ 
ɩɪɢɧɢɦɚɟɬɫɹ ɞɜɚ ɛɚɣɬɚ ɞɥɢɧɵ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɟ 
ɫɨɯɪɚɧɹɸɬɫɹ ɜ ɩɚɦɹɬɢ. Ⱦɚɥɟɟ ɩɪɢɧɢɦɚɟɬɫɹ ɤɨɞ 
ɢɦɢɬɚɬɨɪɚ ɭɫɬɪɨɣɫɬɜɚ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɚɞɪɟɫɨɦ 
ɞɥɹ ɰɟɥɟɜɨɝɨ ɢɦɢɬɚɬɨɪɚ. ɉɨɫɥɟ ɱɟɝɨ ɧɚɱɢɧɚɟɬɫɹ 
ɩɟɪɟɫɵɥɤɚ ɞɚɧɧɵɯ ɢɦɢɬɚɬɨɪɭ ɭɫɬɪɨɣɫɬɜɚ. 

ɉɪɢ ɩɟɪɟɫɵɥɤɟ ɞɚɧɧɵɯ ɢɦɢɬɚɬɨɪɭ 
ɩɪɨɜɟɪɹɟɬɫɹ ɡɧɚɱɟɧɢɟ ɞɥɢɧɵ ɞɚɧɧɵɯ. ȿɫɥɢ ɞɥɢɧɚ 
ɪɚɜɧɹɟɬɫɹ ɧɭɥɸ, ɬɨ ɫɨɫɬɨɹɧɢɟ ɩɟɪɟɜɨɞɢɬɫɹ ɤ 
ɧɚɱɚɥɶɧɨɦɭ (S_ȺȺ). ȿɫɥɢ ɞɥɢɧɚ ɞɚɧɧɵɯ ɟɳɟ ɧɟ 
ɨɛɧɭɥɢɥɚɫɶ, ɬɨ ɨɠɢɞɚɟɬɫɹ ɝɨɬɨɜɧɨɫɬɶ ɩɪɢɟɦɚ 
ɞɚɧɧɵɯ ɢɦɢɬɚɬɨɪɨɦ ɭɫɬɪɨɣɫɬɜɚ. ȿɫɥɢ ɢɦɢɬɚɬɨɪ 
ɝɨɬɨɜ ɤ ɩɪɢɟɦɭ ɞɚɧɧɵɯ, ɬɨ ɟɦɭ ɩɟɪɟɞɚɟɬɫɹ ɛɚɣɬ 
ɞɚɧɧɵɯ ɢ ɫɨɫɬɨɹɧɢɟ ɩɟɪɟɜɨɞɢɬɫɹ ɜ S_WAIT, ɝɞɟ 
ɨɠɢɞɚɟɬɫɹ ɭɫɩɟɲɧɵɣ ɩɪɢɟɦ ɢɦɢɬɚɬɨɪɨɦ 
ɭɫɬɪɨɣɫɬɜɚ ɢ ɩɨɫɥɟ ɱɟɝɨ ɭɦɟɧɶɲɚɟɬɫɹ ɧɚ ɟɞɢɧɢɰɭ 
ɞɥɢɧɚ ɞɚɧɧɵɯ. Ⱦɚɥɟɟ ɫɨɫɬɨɹɧɢɟ ɩɟɪɟɜɨɞɢɬɫɹ ɜ 
S_DATA, ɢ ɷɬɢ ɨɩɟɪɚɰɢɢ ɩɨɜɬɨɪɹɸɬɫɹ ɞɨ ɬɟɯ 
ɩɨɪ, ɩɨɤɚ ɢɦɢɬɚɬɨɪɭ ɧɟ ɛɭɞɭɬ ɩɟɪɟɞɚɧɵ ɜɫɟ 
ɞɚɧɧɵɟ ɨɬ ɫɟɪɜɟɪɚ. Ɍɚɤɚɹ ɞɢɚɝɪɚɦɦɚ ɪɚɡɛɨɪɚ 
ɞɚɧɧɵɯ ɞɨɥɠɧɚ ɩɨɡɜɨɥɢɬɶ ɪɟɚɥɢɡɨɜɚɬɶ ɫɢɫɬɟɦɭ 

ɪɚɡɛɨɪɚ ɩɚɤɟɬɚ ɞɚɧɧɵɯ, ɤɚɤ ɜ FPGA-ɤɨɦɩɥɟɤɫɟ, 
ɬɚɤ ɢ ɧɚ ɫɟɪɜɟɪɟ. 

Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɣ ɦɨɞɭɥɹ ɫɛɨɪɚ ɩɚɤɟɬɚ 
ɞɚɧɧɵɯ ɨɬ ɢɦɢɬɚɬɨɪɨɜ ɩɟɪɢɮɟɪɢɣɧɵɯ ɭɫɬɪɨɣɫɬɜ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 7.  

ɋɯɟɦɚ ɫɛɨɪɚ ɩɚɤɟɬɚ ɞɚɧɧɵɯ ɩɨɯɨɠɚ ɧɚ ɫɯɟɦɭ 
ɪɚɡɛɨɪɚ, ɬɨɥɶɤɨ ɩɟɪɜɵɦ ɫɨɫɬɨɹɧɢɟɦ ɡɞɟɫɶ 
ɹɜɥɹɟɬɫɹ S_WAIT, ɜ ɤɨɬɨɪɨɦ ɨɠɢɞɚɟɬɫɹ 
ɩɨɫɬɭɩɥɟɧɢɟ ɞɚɧɧɵɯ ɨɬ ɭɫɬɪɨɣɫɬɜɚ. Ʉɨɝɞɚ ɧɚ 
ɤɚɤɨɦ-ɥɢɛɨ ɢɦɢɬɚɬɨɪɟ ɩɨɹɜɥɹɸɬɫɹ ɞɚɧɧɵɟ, ɬɨ 
ɩɟɪɟɞ ɩɟɪɟɜɨɞɨɦ ɜ ɫɨɫɬɨɹɧɢɟ S_DOIT 
ɫɨɯɪɚɧɹɟɬɫɹ ɟɝɨ ɤɨɞ ɭɫɬɪɨɣɫɬɜɚ ɢ ɞɥɢɧɚ ɞɚɧɧɵɯ. 
ɋɨɫɬɨɹɧɢɟ S_DOIT ɹɜɥɹɟɬɫɹ ɩɟɪɟɯɨɞɧɵɦ 
ɫɨɫɬɨɹɧɢɟɦ ɨɬ ɫɨɫɬɨɹɧɢɹ ɨɠɢɞɚɧɢɹ ɢ ɧɚɱɚɥɚ 
ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ. ɉɨɫɥɟ ɫɨɫɬɨɹɧɢɹ S_DOIT 
ɤɚɠɞɨɟ ɩɨɫɥɟɞɭɸɳɟɟ ɫɨɫɬɨɹɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɩɟɪɟɫɵɥɤɭ ɛɚɣɬ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɫɬɪɭɤɬɭɪɟ ɩɚɤɟɬɚ ɞɚɧɧɵɯ. Ɍɚɤ ɫɨɫɬɨɹɧɢɹ 
S_LEN_HI ɢ S_LEN_LO ɩɟɪɟɞɚɸɬ ɫɬɚɪɲɭɸ ɢ 
ɦɥɚɞɲɭɸ ɱɚɫɬɢ ɞɥɢɧɵ ɞɚɧɧɵɯ, ɚ ɫɨɫɬɨɹɧɢɟ 
S_CODE ɩɟɪɟɞɚɟɬ ɤɨɞ ɢɦɢɬɚɬɨɪɚ ɭɫɬɪɨɣɫɬɜɚ. 
ɋɨɫɬɨɹɧɢɟ S_DATA ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɲɢɪɟɧɨ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɨɣ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɪɟɚɥɢɡɚɰɢɢ ɢɦɢɬɚɬɨɪɚ ɩɟɪɢɮɟɪɢɣɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ. ɉɨɫɥɟ ɨɤɨɧɱɚɬɟɥɶɧɨɣ ɩɟɪɟɞɚɱɢ 
ɩɚɤɟɬɚ ɞɚɧɧɵɯ ɫɨɫɬɨɹɧɢɟ, ɫɧɨɜɚ, ɞɨɥɠɧɨ 
ɭɫɬɚɧɨɜɢɬɶɫɹ ɜ S_WAIT. 

ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɚɯ 6 ɢ 7 
ɞɢɚɝɪɚɦɦɵ ɪɚɛɨɬɵ ɫ ɩɚɤɟɬɚɦɢ ɞɚɧɧɵɯ ɩɨɡɜɨɥɹɸɬ 
ɪɟɚɥɢɡɨɜɚɬɶ ɨɛɦɟɧ ɞɚɧɧɵɦɢ ɦɟɠɞɭ ɡɚɜɢɫɢɦɵɦɢ 
ɱɚɫɬɹɦɢ ɢɦɢɬɚɬɨɪɨɜ ɭɫɬɪɨɣɫɬɜ ɜ ɜɢɪɬɭɚɥɶɧɨɣ 
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ɥɚɛɨɪɚɬɨɪɢɢ ɢ FPGA-ɤɨɦɩɥɟɤɫɟ, ɤɨɬɨɪɵɣ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɮɢɡɢɱɟɫɤɨɝɨ ɤɚɧɚɥɚ ɫɜɹɡɢ.
 

S_WAIT

S_DOIT

S_AA S_55 S_LEN_HI S_LEN_LO

S_CODE

S_DATA

LENGTH == 0

LENGTH := LENGTH - 1

1 0

 
Ɋɢɫɭɧɨɤ 7 – Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɣ ɫɛɨɪɚ ɩɚɤɟɬɚ ɞɚɧɧɵɯ ɨɬ ɢɦɢɬɚɬɨɪɨɜ ɭɫɬɪɨɣɫɬɜ 

4.Ɉɛɳɚɹ ɫɬɪɭɤɬɭɪɚ ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ 
ɦɟɯɚɧɢɡɦɚ ɢɦɢɬɚɬɨɪɚ ɭɫɬɪɨɣɫɬɜɚ 

Ʉɚɤɢɯ-ɥɢɛɨ ɠɟɫɬɤɢɯ ɬɪɟɛɨɜɚɧɢɣ ɤ 
ɪɟɚɥɢɡɚɰɢɢ ɢɦɢɬɚɬɨɪɨɜ ɩɟɪɢɮɟɪɢɣɧɵɯ ɭɫɬɪɨɣɫɬɜ 
ɜ FPGA ɧɟɬ. ɇɨ ɨɛɹɡɚɬɟɥɶɧɨ ɞɨɥɠɧɵ 
ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ, ɬɚɤ ɢɥɢ ɢɧɚɱɟ, ɜɯɨɞɧɵɟ ɢ 
ɜɵɯɨɞɧɵɟ ɞɚɧɧɵɟ. ɇɚ ɪɢɫɭɧɤɟ 8 ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɨɛɳɚɹ ɫɬɪɭɤɬɭɪɚ ɢɦɢɬɚɬɨɪɚ ɩɟɪɢɮɟɪɢɣɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ. ɉɭɧɤɬɢɪɧɨɣ ɥɢɧɢɟɣ ɜɵɞɟɥɟɧɵ ɜɯɨɞɵ 
ɢ ɜɵɯɨɞɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɨɬɫɭɬɫɬɜɨɜɚɬɶ, ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɚɥɢɡɭɟɦɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. 

 

 

data_rs232_i
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data_i

rx_done_o

data_o
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ɞɚɧɧɵɯ
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code

 

Ɋɢɫɭɧɨɤ 8 – Ɉɛɳɚɹ ɫɬɪɭɤɬɭɪɚ ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ 
ɦɟɯɚɧɢɡɦɚ ɢɦɢɬɚɬɨɪɚ ɭɫɬɪɨɣɫɬɜɚ ɜ FPGA 

 

ȼɯɨɞɵ «reset» ɢ «clk» ɹɜɥɹɸɬɫɹ 
ɨɛɹɡɚɬɟɥɶɧɵɦɢ ɞɥɹ ɤɚɠɞɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. ȼɯɨɞ 
«reset» ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɨɛɳɟɣ ɥɢɧɢɢ ɫɛɪɨɫɚ, ɩɨ 
ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɢɧɢɰɢɚɥɢɡɚɰɢɹ ɜɫɟɣ 
ɫɢɫɬɟɦɵ ɩɪɨɟɤɬɚ. Ʌɢɧɢɹ «clk» ɹɜɥɹɟɬɫɹ ɨɛɳɟɣ 
ɥɢɧɢɟɣ ɫɢɧɯɪɨɧɢɡɚɰɢɢ, ɢ ɧɟɫɟɬ ɜ ɫɟɛɟ ɬɚɤɬɨɜɵɣ 
ɫɢɝɧɚɥ ɫ ɱɚɫɬɨɬɨɣ FPGA-ɤɨɦɩɥɟɤɫɚ.ȼɵɯɨɞɵ 

«length» ɢ «code» ɞɨɥɠɧɵ ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ, ɬɚɤ 
ɢɥɢ ɢɧɚɱɟ. Ɉɧɢ ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ ɞɨɥɠɧɵ ɛɵɬɶ 
ɩɪɟɞɫɬɚɜɥɟɧɵ, ɤɚɤ ɜɵɯɨɞɵ ɢɦɢɬɚɬɨɪɚ, ɚ ɦɨɝɭɬ 
ɫɭɳɟɫɬɜɨɜɚɬɶ, ɤɚɤ ɤɨɧɫɬɚɧɬɧɵɟ ɡɧɚɱɟɧɢɹ ɢ 
ɫɜɹɡɚɧɵ ɫ ɫɢɦɜɨɥɶɧɵɦ ɧɚɢɦɟɧɨɜɚɧɢɟɦ 
ɢɦɢɬɚɬɨɪɚ ɭɫɬɪɨɣɫɬɜɚ ɜ ɫɢɫɬɟɦɟ. Ɂɧɚɱɟɧɢɟ 
«code» ɞɨɥɠɧɨ ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ 
ɢɞɟɧɬɢɮɢɤɚɬɨɪ ɭɫɬɪɨɣɫɬɜɚ, ɚ ɡɧɚɱɟɧɢɟ «length» – 

ɤɨɥɢɱɟɫɬɜɨ ɜɵɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢɦɢɬɚɬɨɪɚ, 
ɩɟɪɟɞɚɜɚɟɦɵɯ ɜ ɜɢɪɬɭɚɥɶɧɭɸ ɥɚɛɨɪɚɬɨɪɢɸ. 

ȼɵɯɨɞ «busy» ɬɚɤɠɟ ɧɟ ɹɜɥɹɟɬɫɹ 
ɨɛɹɡɚɬɟɥɶɧɵɦ, ɢ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɨɩɨɜɟɳɟɧɢɹ 
ɫɢɫɬɟɦɵ ɨ ɬɨɦ, ɱɬɨ ɨɛɪɚɛɨɬɱɢɤ ɢɦɢɬɚɬɨɪɚ 
ɭɫɬɪɨɣɫɬɜɚ, ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ, ɡɚɧɹɬ. 
ȼɯɨɞ «data_rs232_i» ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɜɨɞɚ 
ɞɚɧɧɵɯ, ɤɨɬɨɪɵɟ ɩɪɢɯɨɞɹɬ ɨɬ ɫɟɪɜɟɪɚ, ɚ ɜɯɨɞ 
«rx_en_i» ɞɨɥɠɟɧ ɨɩɨɜɟɳɚɬɶ ɢɦɢɬɚɬɨɪ ɨ ɧɚɥɢɱɢɢ 
ɧɨɜɵɯ ɞɚɧɧɵɯ ɧɚ ɜɯɨɞɟ, ɝɨɬɨɜɵɯ ɤ ɩɪɢɟɦɭ. Ɉɛ 
ɨɤɨɧɱɚɧɢɢ ɩɪɢɟɦɚ ɩɨɪɰɢɢ ɞɚɧɧɵɯ ɦɨɠɟɬ 
ɨɩɨɜɟɳɚɬɶ ɜɵɯɨɞ «rx_done_o». ɉɨɫɥɟ ɨɛɪɚɛɨɬɤɢ 
ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɨɬ ɥɚɛɨɪɚɬɨɪɢɢ ɧɚ ɜɵɯɨɞ 
«data_o» ɞɨɥɠɧɵ ɩɟɪɟɞɚɜɚɬɶɫɹ ɞɚɧɧɵɟ, ɜ 
ɮɢɡɢɱɟɫɤɢɯ ɫɢɝɧɚɥɚɯ ɭɫɬɪɨɣɫɬɜɚ, ɜ 
ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɣ ɩɪɨɟɤɬ, ɝɞɟ ɨɧɢ ɞɨɥɠɧɵ 
ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɞɚɧɧɨɣ 
ɥɨɝɢɤɨɣ.  
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ɇɚ ɜɯɨɞ «data_i» ɩɨɫɬɭɩɚɸɬ ɞɚɧɧɵɟ ɢɡ 
ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɝɨ ɩɪɨɟɤɬɚ ɜ ɜɢɞɟ ɮɢɡɢɱɟɫɤɢɯ 
ɫɢɝɧɚɥɨɜ ɭɫɬɪɨɣɫɬɜɚ. ɉɨɫɥɟ ɢɯ ɨɛɪɚɛɨɬɤɢ ɧɚ 
ɜɵɯɨɞ «data_rs232_o» ɩɟɪɟɞɚɸɬɫɹ ɷɬɢ ɞɚɧɧɵɟ, 
ɝɨɬɨɜɵɟ ɤ ɩɟɪɟɞɚɱɟ ɜ ɜɢɪɬɭɚɥɶɧɭɸ ɥɚɛɨɪɚɬɨɪɢɸ. 
Ɉ ɧɚɥɢɱɢɢ ɞɚɧɧɵɯ ɧɚ ɜɵɯɨɞɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ 
ɥɢɧɢɹ «tx_en_o». Ⱥ ɥɢɧɢɹ «tx_done_i» ɨɩɨɜɟɳɚɟɬ 
ɢɦɢɬɚɬɨɪ ɭɫɬɪɨɣɫɬɜɚ ɨɛ ɭɫɩɟɲɧɨɣ ɩɟɪɟɞɚɱɟ ɧɚ 
ɫɟɪɜɟɪ.  

ɂɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɝɧɚɥɵ ɩɨ ɛɨɥɶɲɟɣ 
ɱɚɫɬɢ ɫɥɭɠɚɬ ɫɪɟɞɫɬɜɚɦɢ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɩɪɢ  ɩɟ- 

ɪɟɞɚɱɟ ɞɚɧɧɵɯ ɦɟɠɞɭ ɫɢɫɬɟɦɚɦɢ ɫɛɨɪɚ ɢ ɪɚɡɛɨɪɚ 
ɞɚɧɧɵɯ ɢ ɷɦɭɥɹɬɨɪɚɦɢ ɩɟɪɢɮɟɪɢɣɧɵɯ ɭɫɬɪɨɣɫɬɜ. 
Ɍɚɤɚɹ ɫɯɟɦɚ ɩɨɡɜɨɥɢɬ ɪɚɡɪɚɛɨɬɚɬɶ 
ɢɫɩɨɥɧɢɬɟɥɶɧɵɣ ɦɟɯɚɧɢɡɦ ɢɦɢɬɚɬɨɪɚ 
ɩɟɪɢɮɟɪɢɣɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢ ɫɜɹɡɚɬɶ ɟɝɨ ɫ 
ɨɩɢɫɚɬɟɥɶɧɵɦ ɦɟɯɚɧɢɡɦɨɦ ɜ ɜɢɪɬɭɚɥɶɧɨɣ 
ɥɚɛɨɪɚɬɨɪɢɢ ɱɟɪɟɡ ɫɢɫɬɟɦɭ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. 

Ɂɚɤɥɸɱɟɧɢɟ 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧ ɩɨɞɯɨɞ 
ɢɦɢɬɚɰɢɢ ɩɟɪɢɮɟɪɢɣɧɵɯ ɭɫɬɪɨɣɫɬɜ ɜ ɫɨɫɬɚɜɟ 
ɜɢɪɬɭɚɥɶɧɨɣ FPGA-ɥɚɛɨɪɚɬɨɪɢɢ ɫ 
ɞɢɫɬɚɧɰɢɨɧɧɵɦ ɞɨɫɬɭɩɨɦ, ɧɟ ɬɪɟɛɭɸɳɢɣ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɧɵɯ ɤɨɦɩɥɟɤɫɨɜ, ɱɬɨ 
ɜɵɝɨɞɧɨ ɨɬɥɢɱɚɟɬ ɟɝɨ ɨɬ ɭɤɚɡɚɧɧɵɯ ɚɧɚɥɨɝɨɜ. 
Ɋɚɡɪɚɛɨɬɚɧɵ ɫɬɪɭɤɬɭɪɵ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɢɪɬɭɚɥɶɧɨɣ FPGA-ɥɚɛɨɪɚɬɨɪɢɢ 
ɫ FPGA-ɤɨɦɩɥɟɤɫɨɦ, ɚ ɬɚɤɠɟ ɫɬɪɭɤɬɭɪɵ 
ɢɦɢɬɚɬɨɪɨɜ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɩɟɪɢɮɟɪɢɣɧɵɯ 
ɭɫɬɪɨɣɫɬɜ, ɚ ɬɚɤɠɟ ɫɬɪɭɤɬɭɪɵ ɢɦɢɬɚɬɨɪɨɜ ɞɥɹ 
ɪɚɡɥɢɱɧɵɯ ɩɟɪɢɮɟɪɢɣɧɵɯ ɭɫɬɪɨɣɫɬɜ. ɇɚ ɛɚɡɟ 
FPGA- ɥɚɛɨɪɚɬɨɪɢɢ ȾɨɧɇɌɍ [12] ɪɚɡɪɚɛɨɬɚɧɚ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɫɢɫɬɟɦɚ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ 
ɞɨɫɬɭɩɚ ɤ FPGA-ɤɨɦɩɥɟɤɫɚɦ ɮɢɪɦɵ ɏilinx. 

ɉɪɨɜɟɞɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɧɚ FPGA-ɤɨɦɩɥɟɤɫɟ 
Spartan–3E ɩɨɤɚɡɚɥɢ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ. 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɜɨɞɹɬɫɹ ɞɚɥɶɧɟɣɲɢɟ 
ɢɫɩɵɬɚɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɫɢɫɬɟɦɵ. 
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system of remote access to FPGA-complexes. The aim of the work is to develop and implement a method 

for simulating peripheral devices connected to the FPGA, as well as developing a personal user cabinet 

on the Virtual Laboratory Web site, and providing the possibility of remote programming of the FPGA-

complex. This development is necessary to simplify access to expensive FPGA-complexes for students and 

engineers working in the field of computer engineering based on FPGA. The object of the study are 

methods for simulating physical devices connected to FPGA type FPGAs that allow remote access to 

FPGA-based debugging systems. In work the analysis of existing methods of imitation of various physical 

devices for maintenance of remote debugging of FPGA-projects has been executed. The methods of 

remote access to programmable complexes were explored. Based on the results of the analysis, a method 

was developed for simulating peripheral devices connected to an FPGA-complex, with the possibility of 

remote control. 
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