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Ɋɨɦɚɧ Єɪɲɨɜ 

ɐɂɎɊɈȼȱ ɄɈɆɉȺɊȺɌɈɊɂ ɑȺɋɌɈɌɂ ɌȺ ɎȺɁɂ ȼ ɋɄɅȺȾȱ ɋɂɋɌȿɆɂ 
ɋɌȺȻȱɅȱɁȺɐȱȲ ɉɈɅɈɀȿɇɇə ɊɍɏɈɆɈȲ ɉɅȺɌɎɈɊɆɂ 

Ⱥɤɬɭɚɥɶɧɿɫɬɶ ɬɟɦɢ ɞɨɫɥɿɞɠɟɧɧɹ. Ⱦɜɨɞɿɚɩɚɡɨɧɧɚ ɱɨɬɢɪɢɤɜɚɞɪɚɧɬɧɚ ɫɢɫɬɟɦɚ ɫɬɚɛɿɥɿɡɚɰɿʀ ɩɨɥɨɠɟɧɧɹ (ɋɋɉ) 
ɛɟɡɤɨɥɟɤɬɨɪɧɨɝɨ ɞɜɢɝɭɧɚ ɩɨɫɬɿɣɧɨɝɨ ɫɬɪɭɦɭ (ȻȾɉɋ) ɭ ɫɤɥɚɞɿ ɪɭɯɨɦɨʀ ɩɥɚɬɮɨɪɦɢ (Ɋɉ), ɜ ɹɤɿɣ ɫɢɥɨɜɢɣ ɤɚɫɤɚɞ ɩɨɛɭɞɨ-
ɜɚɧɢɣ ɧɚ ɨɫɧɨɜɿ ɤɜɚɡɿɪɟɡɨɧɚɧɫɧɨɝɨ ɿɦɩɭɥɶɫɧɨɝɨ ɩɟɪɟɬɜɨɪɸɜɚɱɚ (ɄɊȱɉ), ɦɚє ɤɪɚɳɭ ɲɜɢɞɤɨɞɿɸ ɬɚ ɬɨɱɧɿɫɬɶ ɭ ɩɨɪɿɜɧɹɧɧɿ 
ɿɡ ɫɢɫɬɟɦɚɦɢ ɧɚ ɨɫɧɨɜɿ ɩɟɪɟɬɜɨɪɸɜɚɱɿɜ ɡ ɠɨɪɫɬɤɢɦ ɩɟɪɟɦɢɤɚɧɧɹɦ ɬɚ ɒȱɆ. 

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɢ. ɋɋɉ ȻȾɉɋ ɦɨɠɟ ɛɭɬɢ ɩɨɛɭɞɨɜɚɧɚ ɧɚ ɨɫɧɨɜɿ ɤɥɚɫɢɱɧɨɝɨ ɛɚɝɚɬɨɤɨɧɬɭɪɧɨʀ ɩɿɞɩɨɪɹɞɤɨɜɚɧɨʀ 
ɫɢɫɬɟɦɢ ɚɜɬɨɦɚɬɢɱɧɨɝɨ ɤɟɪɭɜɚɧɧɹ (ɋȺɄ), ɚɛɨ ɠ ɭ ɱɚɫɬɨɬɧɨ-ɿɦɩɭɥɶɫɧɨɦɭ (ɑȱ-) ɞɨɦɟɧɿ. Ɂɚɞɚɱɚ ɤɟɪɭɜɚɧɧɹ ɲɜɢɞɤɿɫɬɸ ɜ 
ɑȱ-ɞɨɦɟɧɿ ɬɪɚɧɫɮɨɪɦɭєɬɶɫɹ ɜ ɡɚɞɚɱɭ ɩɨɪɿɜɧɹɧɧɹ ɬɚ ɭɡɝɨɞɠɟɧɧɹ ɱɚɫɬɨɬ, ɚ ɤɟɪɭɜɚɧɧɹ ɩɨɥɨɠɟɧɧɹɦ – ɭ ɩɨɪɿɜɧɹɧɧɹ ɬɚ 
ɭɡɝɨɞɠɟɧɧɹ ɮɚɡ ɨɩɨɪɧɨɝɨ ɫɢɝɧɚɥɭ ɬɚ ɫɢɝɧɚɥɭ ɡɜɨɪɨɬɧɨɝɨ ɡɜ’ɹɡɤɭ. Ɋɨɡɪɨɛɤɚ ɫɩɟɰɿɚɥɿɡɨɜɚɧɢɯ ɰɢɮɪɨɜɢɯ ɛɥɨɤɿɜ ɱɚɫɬɨɬɧɨɝɨ 
ɤɨɦɩɚɪɚɬɨɪɚ (ɑɄ) ɬɚ ɮɚɡɨɜɨɝɨ ɤɨɦɩɚɪɚɬɨɪɚ (ɎɄ) ɞɥɹ ɜɢɤɨɧɚɧɧɹ ɜɢɳɟɡɝɚɞɚɧɢɯ ɡɚɞɚɱ є ɧɟɬɪɢɜɿɚɥɶɧɨɸ ɡɚɞɚɱɟɸ. 

Ⱥɧɚɥɿɡ ɨɫɬɚɧɧɿɯ ɞɨɫɥɿɞɠɟɧɶ ɿ ɩɭɛɥɿɤɚɰɿɣ. ɇɚɣɛɿɥɶɲ ɪɚɧɧɿ ɪɿɲɟɧɧɹ ɑɄ, ɹɤɿ ɤɨɪɟɤɬɧɨ ɧɚɡɢɜɚɬɢ «ɱɚɫɬɨɬɧɢɦ ɞɟɬɟ-
ɤɬɨɪɨɦ» (ɑȾ), ɜɢɤɨɧɭɜɚɥɢɫɶ ɡɦɿɲɚɧɢɦɢ (ɦɿɫɬɢɥɢ ɹɤ ɚɧɚɥɨɝɨɜɿ, ɬɚɤ ɰɢɮɪɨɜɿ ɜɭɡɥɢ) ɱɟɪɟɡ ʀɯ ɜɢɤɨɪɢɫɬɚɧɧɹ ɜ ɫɤɥɚɞɿ ɜɢɫɨ-
ɤɨɱɚɫɬɨɬɧɨʀ ɫɢɫɬɟɦɢ ɡ ɮɚɡɨɜɢɦ ɚɜɬɨɩɿɞɫɬɪɨɸɜɚɧɧɹɦ ɱɚɫɬɨɬɢ (ɎȺɉɑ). ɉɨɜɧɨɮɭɧɤɰɿɨɧɚɥɶɧɢɣ ɑɄ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɞɜɨɯ 
ɥɿɱɢɥɶɧɢɤɿɜ, ɤɨɦɩɚɪɚɬɨɪɚ, ɛɥɨɤɚ ɑȾ ɿ ɤɟɪɭɸɱɨɝɨ ɰɢɮɪɨɜɨɝɨ ɚɜɬɨɦɚɬɚ (ɄɐȺ), ɬɚ ɫɩɟɰɿɚɥɿɡɨɜɚɧɨʀ ɤɨɦɛɿɧɚɰɿɣɧɨʀ ɫɯɟɦɢ. 

ȼɢɞɿɥɟɧɧɹ ɧɟɞɨɫɥɿɞɠɟɧɢɯ ɱɚɫɬɢɧ ɡɚɝɚɥɶɧɨʀ ɩɪɨɛɥɟɦɢ. ȱɫɧɭɸɱɿ ɛɥɨɤɢ ɑɄ ɧɟ ɩɨɜɟɪɬɚɸɬɶ ɤɿɥɶɤɿɫɧɟ ɜɿɞɧɨɲɟɧɧɹ 
ɦɿɠ ɱɚɫɬɨɬɚɦɢ, ɹɤɟ ɦɨɠɧɚ ɜɢɤɨɪɢɫɬɚɬɢ ɞɥɹ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɞɢɧɚɦɿɤɢ ɬɚ ɧɟɱɭɬɥɢɜɿ ɞɨ ɜɢɹɜɥɟɧɧɹ ɦɚɥɢɯ ɧɟɭɡɝɨɞɠɟɧɶ 
ɦɿɠ ɱɚɫɬɨɬɚɦɢ, ɳɨ ɫɬɜɨɪɸє ɧɟɫɬɚɛɿɥɶɧɿɫɬɶ ɜɢɹɜɥɟɧɧɹ ɫɬɚɧɭ ɪɿɜɧɨɫɬɿ ɱɚɫɬɨɬ. ȱɫɧɭɸɱɿ ɛɥɨɤɢ ɎɄ ɧɟɫɬɚɛɿɥɶɧɿ ɜ ɪɨ-
ɛɨɬɿ, ɤɨɥɢ ɱɚɫɬɨɬɚ ɨɞɧɨɝɨ ɡ ɜɢɦɿɪɸɜɚɧɢɯ ɫɢɝɧɚɥɿɜ ɧɚɛɥɢɠɚєɬɶɫɹ ɞɨ ɫɢɫɬɟɦɧɨʀ ɱɚɫɬɨɬɢ ɬɚɤɬɭɜɚɧɧɹ, ɚ ɬɚɤɨɠ ɧɟ 
ɜɪɚɯɨɜɭɸɬɶ ɩɨɪɹɞɤɭ ɧɚɞɯɨɞɠɟɧɧɹ ɮɪɨɧɬɿɜ ɜɢɦɿɪɸɜɚɧɢɯ ɫɢɝɧɚɥɿɜ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɧɹ. ɋɬɚɬɬɹ ɩɪɢɫɜɹɱɟɧɚ ɞɨɫɥɿɞɠɟɧɧɸ ɿ ɪɨɡɪɨɛɰɿ ɫɬɪɭɤɬɭɪɢ ɩɨɜɧɿɫɬɸ ɰɢɮɪɨɜɢɯ ɛɥɨɤɿɜ ɑɄ 
ɬɚ ɎɄ, ɹɤɿ ɭɫɭɧɭɬɶ ɧɟɞɨɥɿɤɢ ɿɫɧɭɸɱɢɯ ɪɿɲɟɧɶ ɿ ɩɪɢɫɬɨɫɨɜɚɧɿ ɞɥɹ ɿɧɬɟɝɪɚɰɿʀ ɜ ɫɢɫɬɟɦɢ ɫɬɚɛɿɥɿɡɚɰɿʀ ɩɨɥɨɠɟɧɧɹ ɡ ɄɊȱɉ 
ɭ ɫɢɥɨɜɿɣ ɱɚɫɬɢɧɿ ɬɚ ɋȺɄ ɩɨɛɭɞɨɜɚɧɨɸ ɜ ɑȱ-ɞɨɦɟɧɿ. 

ȼɢɤɥɚɞɟɧɧɹ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɿɚɥɭ. Ɂɚɩɪɨɩɨɧɨɜɚɧɿ, ɪɨɛɥɟɧɿ ɿ ɩɪɨɬɟɫɬɨɜɚɧɿ ɧɨɜɿ ɬɟɯɧɿɱɧɿ ɪɿɲɟɧɧɹ ɞɥɹ ɩɨɜɧɿɫɬɸ 
ɰɢɮɪɨɜɢɯ ɛɥɨɤɿɜ ɑɄ ɬɚ ɎɄ, ɩɨɛɭɞɨɜɚɧɢɯ ɭ ɛɚɡɢɫɿ ɩɪɨɝɪɚɦɨɜɚɧɨʀ ɥɨɝɿɱɧɨʀ ɿɧɬɟɝɪɨɜɚɧɨʀ ɫɯɟɦɢ (ɉɅȱɋ) ɡɚɫɨɛɚɦɢ ɦɨɜɢ 
ɨɩɢɫɭ ɚɩɚɪɚɬɭɪɢ (ɆɈȺ) VHDL. ȼɨɧɢ ɞɨɡɜɨɥɹɸɬɶ ɧɟ ɬɿɥɶɤɢ ɜɢɦɿɪɹɬɢ ɡɧɚɤ ɧɟɪɿɜɧɨɫɬɿ ɱɚɫɬɨɬɢ ɬɚ ɮɚɡɢ ɦɿɠ ɞɜɨɦɚ 
ɩɟɪɿɨɞɢɱɧɢɦɢ ɫɢɝɧɚɥɚɦɢ, ɚ ɣ ɨɬɪɢɦɚɬɢ ɱɢɫɥɨɜɿ ɡɧɚɱɟɧɧɹ ɜɿɞɦɿɧɧɨɫɬɿ ɦɿɠ ɧɢɦɢ.  

ȼɢɫɧɨɜɤɢ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɫɬɚɬɬɿ. ȼɜɟɞɟɧɧɹ ɛɥɨɤɿɜ ɑɄ ɬɚ ɎɄ ɞɨ ɫɤɥɚɞɭ ɋɋɉ ȻȾɉɋ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɪɿɡɤɨɝɨ ɡɦɟɧ-
ɲɟɧɧɹ ɜɢɤɨɪɢɫɬɚɧɧɹ ɚɩɚɪɚɬɧɢɯ ɪɟɫɭɪɫɿɜ ɩɪɨɝɪɚɦɨɜɚɧɨʀ ɥɨɝɿɱɧɨʀ ɿɧɬɟɝɪɨɜɚɧɨʀ ɫɯɟɦɢ (ɉɅȱɋ) ɿ ɜɢɫɨɤɨʀ ɧɚɞɿɣɧɨɫɬɿ ɬɚ 
ɡɚɜɚɞɨɫɬɿɣɤɨɫɬɿ ɋȺɄ ɱɟɪɟɡ ɛɟɡɩɟɪɟɪɜɧɢɣ ɯɚɪɚɤɬɟɪ ɧɚɞɯɨɞɠɟɧɧɹ ɫɢɝɧɚɥɿɜ. ɍ ɡɚɩɪɨɩɨɧɨɜɚɧɢɯ ɧɨɜɢɯ ɛɥɨɤɚɯ ɭɫɭɧɭɬɿ 
ɧɟɞɨɥɿɤɢ, ɩɪɢɬɚɦɚɧɧɿ ɿɫɧɭɸɱɢɦ ɛɥɨɤɚɦ ɑɄ ɬɚ ɎɄ ɡɚ ɪɚɯɭɧɨɤ ɜɜɟɞɟɧɧɹ ɞɨɞɚɬɤɨɜɢɯ ɰɢɮɪɨɜɢɯ ɜɭɡɥɿɜ − ɫɢɧɯɪɨɧɿɡɚɬɨɪɿɜ 
(ɜɤɨɪɨɱɭɜɚɱɿɜ ɿɦɩɭɥɶɫɿɜ ɿ ɞɟɬɟɤɬɨɪɿɜ ɮɪɨɧɬɿɜ) ɬɚ ɝɿɫɬɟɪɟɡɢɫɧɨʀ ɥɚɧɤɢ, ɹɤɿ ɩɿɞɜɢɳɭɸɬɶ ɫɬɿɣɤɿɫɬɶ ɿ ɜɢɪɿɲɭɸɬɶ ɩɪɨ-
ɛɥɟɦɭ ɜɢɹɜɥɟɧɧɹ ɩɪɚɤɬɢɱɧɨ ɪɿɜɧɢɯ ɱɚɫɬɨɬ ɿ ɮɚɡ.  

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɱɚɫɬɨɬɧɨ-ɿɦɩɭɥɶɫɧɢɣ; ɱɚɫɬɨɬɧɢɣ; ɮɚɡɨɜɢɣ; ɞɟɬɟɤɬɨɪ; ɞɢɫɤɪɢɦɿɧɚɬɨɪ; ɤɨɦɩɚɪɚɬɨɪ; ɑȾ; ɎȾ; 
ɑɄ; ɎɄ; ɑȱɆ; ɉɅȱɋ; FPGA; VHDL. 

Ɋɢɫ.: 7. Ɍɚɛɥ.: 1. Ȼɿɛɥ.: 24. 

Ⱥɤɬɭɚɥɶɧɿɫɬɶ ɬɟɦɢ ɞɨɫɥɿɞɠɟɧɧɹ. Ɋɨɡɝɥɹɧɟɦɨ (ɪɢɫ. 1) ɞɜɨɞɿɚɩɚɡɨɧɧɭ ɱɨɬɢɪɢɤɜɚɞɪɚ-
ɧɬɧɭ ɩɪɟɰɢɡɿɣɧɭ ɫɢɫɬɟɦɭ ɫɬɚɛɿɥɿɡɚɰɿʀ ɩɨɥɨɠɟɧɧɹ (ɋɋɉ) ɛɟɡɤɨɥɟɤɬɨɪɧɨɝɨ ɞɜɢɝɭɧɚ ɩɨɫɬɿɣ-
ɧɨɝɨ ɫɬɪɭɦɭ (ȻȾɉɋ), ɹɤɚ ɩɪɚɰɸє ɜ ɫɤɥɚɞɿ ɫɢɫɬɟɦɢ ɫɬɚɛɿɥɿɡɚɰɿʀ ɪɭɯɨɦɨʀ ɩɥɚɬɮɨɪɦɢ 
(ɋɋɊɉ), ɜ ɹɤɿɣ ɫɢɥɨɜɚ ɱɚɫɬɢɧɚ ɩɨɛɭɞɨɜɚɧɚ ɧɚ ɨɫɧɨɜɿ ɤɜɚɡɿɪɟɡɨɧɚɧɫɧɨɝɨ ɿɦɩɭɥɶɫɧɨɝɨ ɩɟ-
ɪɟɬɜɨɪɸɜɚɱɚ (ɄɊȱɉ) ɡ ɩɟɪɟɦɢɤɚɧɧɹɦ ɩɪɢ ɧɭɥɶɨɜɨɦɭ ɫɬɪɭɦɿ (ɉɇɋ) [1-5], ɚ ɪɟɝɭɥɸɜɚɧɧɹ 
ɜɢɤɨɧɭєɬɶɫɹ ɧɚ ɨɫɧɨɜɿ ɱɚɫɬɨɬɧɨ-ɿɦɩɭɥɶɫɧɨʀ ɦɨɞɭɥɹɰɿʀ (ɑȱɆ) [6].  

ɄɊȱɉ-ɉɇɋ ɭ ɫɤɥɚɞɿ ɫɢɥɨɜɨʀ ɱɚɫɬɢɧɢ ɦɨɠɟ ɛɭɬɢ ɩɪɢɫɭɬɧɿɣ ɹɤ ɭ ɫɬɚɛɿɥɿɡɚɬɨɪɿ ɧɚɩɪɭɝɢ 
ɥɚɧɤɢ ɩɨɫɬɿɣɧɨɝɨ ɫɬɪɭɦɭ (Ʌɉɋ) [6], ɬɚɤ ɿ ɜ ɤɨɠɧɨɦɭ ɡ ɩɿɜɦɨɫɬɿɜ ɬɪɢɮɚɡɧɨɝɨ ɿɧɜɟɪɬɨɪɚ 
ɧɚɩɪɭɝɢ [2-5]. ɋɋɉ ɡɚɡɜɢɱɚɣ ɩɨɛɭɞɨɜɚɧɚ ɧɚ ɨɫɧɨɜɿ ɛɚɝɚɬɨɤɨɧɬɭɪɧɨʀ ɩɿɞɩɨɪɹɞɤɨɜɚɧɨʀ ɫɢ-
ɫɬɟɦɢ ɚɜɬɨɦɚɬɢɱɧɨɝɨ ɤɟɪɭɜɚɧɧɹ (ɋȺɄ) [7] (ɿ ɩɨɩɟɪɟɞɧɿɯ ɚɧɚɥɿɬɢɱɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ), ɚɥɟ 
ɿɫɧɭɸɬɶ ɿ ɿɧɲɿ ɩɿɞɯɨɞɢ.  

 Єɪɲɨɜ Ɋ. Ⱦ., 2020 
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Ɋɢɫ. 1. Ⱦɜɨɡɨɧɧɚ ɱɨɬɪɢɤɜɚɞɪɚɧɬɧɚ ɋȺɄ ɋɋɉ ȻȾɉɋ ɜ ɑȱ-ɞɨɦɟɧɿ 
ɇɚɩɪɢɤɥɚɞ, «ɲɢɩɤɨɩɨɞɿɛɧɚ» ɤɨɧɰɟɩɰɿɹ ɨɛɪɨɛɤɢ ɫɢɝɧɚɥɿɜ (ɚɧɝɥ. Spikes Signal Processing, 

SSP) [8] ɮɚɤɬɢɱɧɨ ɩɪɚɰɸє ɜ ɱɚɫɬɨɬɧɨ-ɿɦɩɭɥɶɫɧɨɦɭ (ɑȱ-) ɞɨɦɟɧɿ. Ɉɫɨɛɥɢɜɿɫɬɶ ʀʀ ɜɢɤɨɪɢɫ-
ɬɚɧɧɹ ɡ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɝɨ ɩɨɝɥɹɞɭ ɩɨɥɹɝɚє ɜ ɬɨɦɭ, ɳɨ ɩɪɢɧɰɢɩ ʀʀ ɪɨɛɨɬɢ ɚɧɚɥɨɝɿɱɧɢɣ ɩɨ-
ɜɟɞɿɧɰɿ ɛɿɨɥɨɝɿɱɧɢɯ ɫɢɫɬɟɦ (ɧɟɣɪɨɧɿɜ ɭ ɦɨɡɤɭ) ɿ ɚɧɚɥɨɝɨɜɢɯ ɛɥɨɤɿɜ, ɩɪɢ ɰɶɨɦɭ ɜɢɤɨɪɢɫɬɨ-
ɜɭєɬɶɫɹ ɜɢɤɥɸɱɧɨ ɰɢɮɪɨɜɚ ɟɥɟɦɟɧɬɚ ɛɚɡɚ. Ɂ ɬɟɯɧɿɱɧɨɝɨ ɩɨɝɥɹɞɭ SSP ɞɨɡɜɨɥɹє ɩɨɛɭɞɭɜɚɬɢ 
ɡɚɦɤɧɟɧɭ ɋȺɄ ɛɟɡ ɧɟɨɛɯɿɞɧɨɫɬɿ ɜ ɫɤɥɚɞɧɢɯ ɡɦɿɧɧɢɯ ɿɡ ɩɥɚɜɚɸɱɨɸ ɤɨɦɨɸ, ɚ ɬɚɤɨɠ ɭɧɢɤɚɬɢ 
ɫɤɥɚɞɧɢɯ ɬɚ ɩɨɜɿɥɶɧɢɯ ɚɪɢɮɦɟɬɢɱɧɢɯ ɨɩɟɪɚɰɿɣ ɞɨɞɚɜɚɧɧɹ ɿ ɦɧɨɠɟɧɧɹ, ɹɤɿ ɡɚɦɿɧɸɸɬɶɫɹ ɪɟ-
ɜɟɪɫɢɜɧɢɦɢ ɥɿɱɢɥɶɧɢɤɚɦɢ, ɞɿɥɶɧɢɤɚɦɢ ɱɚɫɬɨɬɢ ɿ ɑȱ-ɦɨɞɭɥɹɬɨɪɚɦɢ [6] ɜɿɞɩɨɜɿɞɧɨ. ɍɫɟ ɜɢ-
ɳɟɡɝɚɞɚɧɟ ɩɪɢɡɜɨɞɢɬɶ ɪɿɡɤɨɝɨ ɡɦɟɧɲɟɧɧɹ ɜɢɤɨɪɢɫɬɚɧɧɹ ɚɩɚɪɚɬɧɢɯ ɪɟɫɭɪɫɿɜ ɩɪɨɝɪɚɦɨɜɚɧɨʀ 
ɥɨɝɿɱɧɨʀ ɿɧɬɟɝɪɨɜɚɧɨʀ ɫɯɟɦɢ (ɉɅȱɋ) [3-5; 8], ɨɫɨɛɥɢɜɨ ɦɚɬɪɢɰɿ ɜɡɚєɦɨɡɜ'ɹɡɤɿɜ ɦɿɠ ɛɥɨɤɚɦɢ 
(ɞɥɹ SSP ɞɨɫɬɚɬɧɶɨ 1-ɛɿɬɨɜɢɯ ɚɫɢɧɯɪɨɧɧɢɯ ɤɚɧɚɥɿɜ). Ɉɞɧɨɱɚɫɧɨ ɩɿɞɜɢɳɭєɬɶɫɹ ɧɚɞɿɣɧɿɫɬɶ ɬɚ 
ɡɚɜɚɞɨɫɬɿɣɤɿɫɬɶ ɱɟɪɟɡ ɧɟɩɟɪɟɪɜɧɢɣ ɯɚɪɚɤɬɟɪ ɧɚɞɯɨɞɠɟɧɧɹ ɫɢɝɧɚɥɿɜ. 

ɍ ɫɢɫɬɟɦɿ, ɹɤɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 1, ɤɨɧɬɭɪ ɪɟɝɭɥɸɜɚɧɧɹ ɲɜɢɞɤɨɫɬɿ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɱɚɫ-
ɬɨɬɧɢɦ ɤɨɦɩɚɪɚɬɨɪɨɦ (ɑɄ), ɜɢɯɿɞɧɢɣ ɫɢɝɧɚɥ ɹɤɨɝɨ ɩɪɨɩɨɪɰɿɣɧɢɣ ɞɨ ɧɟɭɡɝɨɞɠɟɧɨɫɬɿ (ɧɟ-
ɡɛɿɝɭ) ɦɿɠ ɱɚɫɬɨɬɚɦɢ ɫɢɝɧɚɥɭ ɡɚɞɚɸɱɨɝɨ ɜɩɥɢɜɭ (ɋɁȼ) ɿ ɫɢɝɧɚɥɭ ɡɜɨɪɨɬɧɨɝɨ ɡɜ’ɹɡɤɭ (ɋɁɁ), 
− ɤɭɬɨɜɨɸ ɲɜɢɞɤɿɫɬɸ ɪɨɬɨɪɚ ȻȾɉɋ. ȼɢɯɿɞ ɑɄ ɧɚɞɯɨɞɢɬɶ ɧɚ ɜɯɿɞ «ɝɪɭɛɨɝɨ» ɪɟɝɭɥɹɬɨɪɚ 
ɲɜɢɞɤɨɫɬɿ (Ɋɒ), ɧɚ ɹɤɢɣ ɫɢɫɬɟɦɚ ɩɟɪɟɦɢɤɚєɬɶɫɹ ɩɿɞ ɱɚɫ ɪɨɡɝɨɧɭ ɚɛɨ ɝɚɥɶɦɭɜɚɧɧɹ ȻȾɉɋ. 
Ɂɚɜɞɚɧɧɹ Ɋɒ ɭ ɰɢɯ ɪɟɠɢɦɚɯ − ɡɦɟɧɲɢɬɢ ɧɟɭɡɝɨɞɠɟɧɿɫɬɶ ɡɚ ɱɚɫɬɨɬɨɸ ɋɁȼ ɬɚ ɋɁɁ ɞɨ ɧɭɥɹ. 

ɍ ɪɟɠɢɦɿ ɪɟɝɭɥɸɜɚɧɧɹ ɩɨɥɨɠɟɧɧɹ ɜɿɞɛɭɜɚєɬɶɫɹ ɪɟɝɭɥɸɜɚɧɧɹ ɪɿɡɧɢɰɿ ɮɚɡ ɦɿɠ ɋɁȼ ɬɚ 
ɋɁɁ, ɹɤɚ ɜɢɦɿɪɸєɬɶɫɹ ɮɚɡɨɜɢɦ ɤɨɦɩɚɪɚɬɨɪɨɦ (ɎɄ), ɬɚ ɩɨɞɚєɬɶɫɹ ɧɚ ɜɯɿɞ «ɬɨɱɧɨɝɨ» ɪɟɝɭ-
ɥɹɬɨɪɚ ɩɨɥɨɠɟɧɧɹ (Ɋɉ). ɉɟɪɟɦɢɤɚɧɧɹ ɜ ɰɟɣ ɪɟɠɢɦ ɜɢɤɨɧɭєɬɶɫɹ ɬɿɥɶɤɢ ɩɿɫɥɹ ɡɚɜɟɪɲɟɧɧɹ 
ɪɟɝɭɥɸɜɚɧɧɹ ɲɜɢɞɤɨɫɬɿ. ɉɟɪɟɦɢɤɚɧɧɹ ɦɿɠ ɪɟɠɢɦɚɦɢ ɡɞɿɣɫɧɸєɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɛɥɨɤɚ 
ɤɨɦɭɬɚɬɨɪɚ ɪɟɠɢɦɭ ɪɟɝɭɥɸɜɚɧɧɹ (ɄɊɊ), ɹɤɢɣ ɫɯɟɦɨɬɟɯɧɿɱɧɨ є ɜɟɤɬɨɪɧɢɦ ɦɭɥɶɬɢɩɥɟɤɫɨ-
ɪɨɦ, ɬɚ ɛɥɨɤɚ ɫɩɨɫɬɟɪɿɝɚɱɚ (Ȼɋɉ), ɹɤɢɣ ɜɢɤɨɪɢɫɬɨɜɭє ɫɢɝɧɚɥɢ ɞɚɬɱɢɤɿɜ ɩɨɥɨɠɟɧɧɹ ɪɨ-
ɬɨɪɚ (ȾɉɊ), ɞɚɬɱɢɤɿɜ ɫɬɪɭɦɭ (Ⱦɋ) ɬɚ ɞɚɬɱɢɤɿɜ ɧɚɩɪɭɝɢ (Ⱦɇ) Ʌɉɋ. 

Ɂɚ ɪɿɡɤɨʀ ɡɦɿɧɢ ɡɨɜɧɿɲɧɶɨɝɨ ɦɨɦɟɧɬɭ, ɩɪɢɤɥɚɞɟɧɨɝɨ ɞɨ ɜɚɥɚ ȻȾɉɋ, ɚɛɨ ɋɁȼ ɋɋɉ, 
ɜɿɞɛɭɜɚєɬɶɫɹ ɩɟɪɟɦɢɤɚɧɧɹ ɧɚ ɪɟɝɭɥɹɬɨɪ ɞɢɧɚɦɿɱɧɨɝɨ ɝɚɥɶɦɭɜɚɧɧɹ (ɊȾȽ), ɹɤɢɣ ɞɨɡɜɨɥɹє 
ɡ ɦɚɤɫɢɦɚɥɶɧɨɸ ɲɜɢɞɤɨɞɿєɸ ɜɿɞɿɛɪɚɬɢ ɟɧɟɪɝɿɸ, ɡɚɩɚɫɟɧɭ ɜ ɨɛɦɨɬɤɚɯ ȻȾɉɋ, ɬɢɦ ɫɚɦɢɦ 
ɹɤɧɚɣɲɜɢɞɲɟ ɡɭɩɢɧɢɬɢ ɣɨɝɨ ɩɟɪɟɞ ɡɦɿɧɨɸ ɧɚɩɪɹɦɤɭ ɨɛɟɪɬɚɧɧɹ.  

Ɉɞɢɧ ɡ ɜɯɿɞɧɢɯ ɫɢɧɝɚɥɿɜ ɞɥɹ ɛɥɨɤɿɜ ɑɄ ɬɚ ɎɄ ɝɟɧɟɪɭє ɨɩɨɪɧɟ ɞɠɟɪɟɥɨ ɬɪɚєɤɬɨɪɿʀ ɩɟ-
ɪɟɦɿɳɟɧɧɹ (ɈȾɌɉ), ɫɢɝɧɚɥ ɹɤɨɝɨ ɧɟɨɛɯɿɞɧɨ ɥɿɧɿɣɧɨ ɿɧɬɟɪɩɨɥɸɜɚɬɢ (Ʌȱ) ɡ ɨɛɦɟɠɟɧɨɸ 
ɲɜɢɞɤɿɫɬɸ ɧɚɪɨɫɬɚɧɧɹ ɬɚ ɩɨɞɚɜɚɬɢ ɧɚ ɑȱɆ, ɳɨɛ ɨɬɪɢɦɚɬɢ ɋɁȼ. ɋɁɁ ɜɿɞɨɛɪɚɠɚєɬɶɫɹ ɜ ɑȱ-
ɨɛɥɚɫɬɶ ɿɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɿɧɲɨɝɨ ɑȱɆ ɡ ɮɿɤɫɨɜɚɧɨɸ ɬɪɢɜɚɥɿɫɬɸ ɿɦɩɭɥɶɫɭ (ɚɛɨ ɡ ɜɤɨɪɨ-
ɱɭɜɚɱɟɦ ɿɦɩɭɥɶɫɿɜ ɧɚ ɜɢɯɨɞɿ). ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɜ ɦɨɞɭɥɹɬɨɪ ɡɚɜɚɧɬɚɠɭєɬɶɫɹ ɪɿɡɧɢɰɹ ɦɿɠ 
ɦɚɤɫɢɦɚɥɶɧɨ ɦɨɠɥɢɜɢɦ ɿ ɩɨɬɨɱɧɢɦ ɜɯɿɞɧɢɦ ɡɧɚɱɟɧɧɹɦ. əɤɳɨ ȾɉɊ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɿɧɬɟ-
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ɪɮɟɣɫɨɦ ɤɜɚɞɪɚɬɭɪɧɨɝɨ ɟɧɤɨɞɟɪɚ (ɚɧɝɥ. Quadrature Encoder Interface, QEI) ɚɛɨ ɞɟɤɿɥɶ-
ɤɨɦɚ ɞɢɫɤɪɟɬɧɢɦɢ ɞɚɬɱɢɤɚɦɢ ɏɨɥɥɚ, ɜɿɧ ɩɨɜɢɧɟɧ ɛɭɬɢ ɩɟɪɟɬɜɨɪɟɧɢɣ ɭ ɋɁɁ ɡ ɜɢɤɨɪɢɫ-
ɬɚɧɧɹɦ ɩɪɨɫɬɨɝɨ ɤɿɧɰɟɜɨɝɨ ɰɢɮɪɨɜɨɝɨ ɚɜɬɨɦɚɬɚ (ɄɐȺ) ɜ ɿɧɬɟɪɮɟɣɫ «ɤɪɨɤ-ɧɚɩɪɹɦɨɤ». 
Ɂɜɟɪɬɚєɦɨ ɭɜɚɝɭ, ɳɨ ɜɯɿɞɧɿ ɱɚɫɬɨɬɢ ɩɨɜɢɧɧɿ ɛɭɬɢ ɧɨɪɦɚɥɿɡɨɜɚɧɿ ɞɨ ɫɢɫɬɟɦɧɨɝɨ ɫɢɝɧɚɥɭ 
ɬɚɤɬɭɜɚɧɧɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɰɿɥɨɱɢɫɟɥɶɧɨɝɨ ɞɿɥɶɧɢɤɚ ɱɚɫɬɨɬɢ. 

ȼɢɯɿɞɧɢɦɢ ɫɢɝɧɚɥɚɦɢ ɛɥɨɤɿɜ ɑɄ ɿ ɎɄ є ɚɛɫɨɥɸɬɧɟ ɡɧɚɱɟɧɧɹ ɿ ɩɪɚɩɨɪɰɿ ɧɟɪɿɜɧɨɫɬɿ ɦɿɠ 
ɱɚɫɬɨɬɚɦɢ ɬɚ ɮɚɡɚɦɢ ɜɿɞɩɨɜɿɞɧɨ. ɍ ɜɢɩɚɞɤɭ ɑɄ ɡɧɚɱɟɧɧɹ ɧɨɪɦɨɜɚɧɿ ɧɚ єɦɧɿɫɬɶ ɥɿɱɢɥɶ-
ɧɢɤɚ ɿ ɜɢɪɚɠɚɸɬɶ ɜɿɞɫɨɬɤɨɜɟ ɜɿɞɧɨɲɟɧɧɹ ɦɟɧɲɨʀ ɱɚɫɬɨɬɢ ɞɨ ɛɿɥɶɲɨʀ. ɍ ɪɚɡɿ ɎɄ ɪɿɡɧɢɰɹ 
ɮɚɡ ɜɢɪɚɠɚєɬɶɫɹ ɜ ɤɿɥɶɤɨɫɬɿ ɿɦɩɭɥɶɫɿɜ ɫɢɫɬɟɦɧɨɝɨ ɫɢɝɧɚɥɭ ɬɚɤɬɭɜɚɧɧɹ. Ɉɬɠɟ, ɩɪɢ ɨɛ'єɞ-
ɧɚɧɧɿ ɨɛɨɯ ɜɢɳɟɡɚɡɧɚɱɟɧɢɯ ɛɥɨɤɿɜ ɡ ɿɫɧɭɸɱɨɸ ɋȺɄ ɜɢɯɿɞɧɿ ɡɧɚɱɟɧɧɹ ɩɨɜɢɧɧɿ ɦɚɫɲɬɚɛɭ-
ɜɚɬɢɫɹ ɞɨ ɨɞɢɧɢɰɶ ɜɢɦɿɪɸɜɚɧɧɹ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɜ ɫɢɫɬɟɦɿ. 

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɢ. ɋɋɉ ȻȾɉɋ ɦɨɠɟ ɛɭɬɢ ɩɨɛɭɞɨɜɚɧɚ ɧɚ ɨɫɧɨɜɿ ɤɥɚɫɢɱɧɨʀ ɛɚ-
ɝɚɬɨɤɨɧɬɭɪɧɨʀ ɩɿɞɩɨɪɹɞɤɨɜɚɧɨʀ ɋȺɄ [9-10], ɚɛɨ ɠ ɜ ɑȱ-ɞɨɦɟɧɿ. Ɂɚɞɚɱɚ ɤɟɪɭɜɚɧɧɹ ɲɜɢ-
ɞɤɿɫɬɸ ɜ ɑȱ-ɞɨɦɟɧɿ ɬɪɚɧɫɮɨɪɦɭєɬɶɫɹ ɜ ɡɚɞɚɱɭ ɩɨɪɿɜɧɹɧɧɹ ɬɚ ɭɡɝɨɞɠɟɧɧɹ ɱɚɫɬɨɬ ɋɁȼ 
ɬɚ ɋɁɁ, ɚ ɤɟɪɭɜɚɧɧɹ ɩɨɥɨɠɟɧɧɹɦ – ɭ ɩɨɪɿɜɧɹɧɧɹ ɬɚ ɭɡɝɨɞɠɟɧɧɹ ɮɚɡ ɋɁȼ ɬɚ ɋɁɁ. Ɋɨɡɪɨ-
ɛɤɚ ɫɩɟɰɿɚɥɿɡɨɜɚɧɢɯ ɰɢɮɪɨɜɢɯ ɛɥɨɤɿɜ ɑɄ ɬɚ ɎɄ ɞɥɹ ɜɢɤɨɧɚɧɧɹ ɜɢɳɟɡɝɚɞɚɧɢɯ ɡɚɞɚɱ 
є ɧɟɬɪɢɜɿɚɥɶɧɨɸ ɡɚɞɚɱɟɸ. 

Ⱥɧɚɥɿɡ ɨɫɬɚɧɧɿɯ ɞɨɫɥɿɞɠɟɧɶ ɿ ɩɭɛɥɿɤɚɰɿɣ. Ɋɨɡɝɥɹɧɟɦɨ ɛɿɥɶɲ ɞɨɤɥɚɞɧɨ ɩɿɞɯɨɞɢ ɞɨ ɪɨ-
ɡɪɨɛɤɢ ɛɥɨɤɿɜ ɑɄ ɿ ɎɄ. ɉɨ-ɩɟɪɲɟ, ɫɥɿɞ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɧɢɧɿ ɬɟɪɦɿɧɢ «ɤɨɦɩɚɪɚɬɨɪ» ɿ «ɞɟɬɟ-
ɤɬɨɪ» ɩɨɡɧɚɱɚɸɬɶ ɞɜɚ ɪɿɡɧɢɯ ɬɢɩɢ ɛɥɨɤɿɜ ɨɛɪɨɛɤɢ ɫɢɝɧɚɥɿɜ. Ⱦɥɹ ɞɟɬɟɤɬɨɪɚ ɧɟɨɛɯɿɞɧɨ 
ɬɿɥɶɤɢ ɜɢɡɧɚɱɚɬɢ ɣ ɩɨɜɟɪɬɚɬɢ ɡɧɚɤ ɪɿɜɧɨɫɬɿ ɚɛɨ ɧɟɪɿɜɧɨɫɬɿ ɦɿɠ ɞɜɨɦɚ ɜɯɿɞɧɢɦɢ ɩɟɪɿɨɞɢɱ-
ɧɢɦɢ ɩɨɫɥɿɞɨɜɧɨɫɬɹɦɢ ɫɢɝɧɚɥɿɜ, ɚɛɨ ɧɚɜɿɬɶ ɩɪɨɫɬɨ ɧɚɹɜɧɿɫɬɶ ɞɟɹɤɨʀ ɱɚɫɬɨɬɢ ɧɚ ɜɯɨɞɿ. Ʉɨɦ-
ɩɚɪɚɬɨɪ − ɛɿɥɶɲ ɫɤɥɚɞɧɢɣ ɩɪɢɫɬɪɿɣ, ɳɨ ɦɨɠɟ ɬɚɤɨɠ ɜɢɦɿɪɸɜɚɬɢ ɤɿɥɶɤɿɫɧɭ ɪɿɡɧɢɰɸ ɦɿɠ 
ɞɜɨɦɚ ɱɚɫɬɨɬɚɦɢ ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɚɛɨ ɜ ɩɨɪɿɜɧɹɧɧɿ ɡ ɞɟɹɤɨɸ ɟɬɚɥɨɧɧɨɸ ɱɚɫɬɨɬɨɸ. 

Ɋɚɧɧɿ ɪɿɲɟɧɧɹ ɛɥɨɤɚ ɑɄ, ɹɤɿ ɛɿɥɶɲ ɩɪɚɜɢɥɶɧɨ ɧɚɡɢɜɚɬɢ «ɱɚɫɬɨɬɧɢɦɢ ɞɟɬɟɤɬɨɪɚɦɢ» 
(ɑȾ), ɜɢɤɨɧɭɜɚɥɢɫɶ ɡɦɿɲɚɧɢɦɢ (ɦɿɫɬɢɥɢ ɩɚɫɢɜɧɿ ɚɧɚɥɨɝɨɜɿ ɥɚɧɰɸɝɢ, ɞɢɫɤɪɟɬɧɿ ɬɪɚɧɡɢɫ-
ɬɨɪɢ, ɧɚɩɪɢɤɥɚɞ, ɮɨɪɦɭɜɚɱɿ ɿɦɩɭɥɶɫɿɜ ɿ ɞɿɥɶɧɢɤɢ ɱɚɫɬɨɬɢ) ɱɟɪɟɡ ʀɯ ɜɢɤɨɪɢɫɬɚɧɧɹ ɜ ɫɤɥɚɞɿ 
ɚɧɚɥɨɝɨɜɨʀ ɜɢɫɨɤɨɱɚɫɬɨɬɧɨʀ ɫɢɫɬɟɦɢ ɡ ɮɚɡɨɜɢɦ ɚɜɬɨɩɿɞɫɬɪɨɸɜɚɧɧɹɦ ɱɚɫɬɨɬɢ (ɎȺɉɑ).  

ɇɚɣɩɪɨɫɬɿɲɿ ɩɨɜɧɿɫɬɸ ɰɢɮɪɨɜɿ ɑȾ [11] ɦɨɠɭɬɶ ɜɢɹɜɥɹɬɢ ɹɤɿɫɧɭ ɪɿɡɧɢɰɸ ɦɿɠ ɜɯɿɞ-
ɧɢɦɢ ɱɚɫɬɨɬɚɦɢ ɣ ɦɿɫɬɹɬɶ ɥɢɲɟ ɱɨɬɢɪɢ ɬɪɢɝɟɪɢ (ɹɤɿ ɨɛ’єɞɧɚɧɿ ɜ ɩɚɪɢ ɞɥɹ ɪɨɛɨɬɢ ɩɨɞɿ-
ɛɧɨ ɞɨ ɥɿɱɢɥɶɧɢɤɿɜ ɡ ɦɟɬɨɸ ɜɢɹɜɥɟɧɧɹ ɫɩɟɰɢɮɿɱɧɨʀ ɩɨɫɥɿɞɨɜɧɨɫɬɿ ɩɟɪɟɯɨɞɿɜ ɭ ɜɢɦɿɪɸ-
ɜɚɧɢɯ ɫɢɝɧɚɥɿɜ), ɚ ɬɚɤɨɠ ɱɢɫɬɨ ɤɨɦɛɿɧɚɰɿɣɧɭ ɫɯɟɦɭ, ɹɤɚ ɜɢɤɨɧɭє ɚɪɛɿɬɪɚɠ ɬɪɢɝɟɪɿɜ 
(ɡɚɩɭɫɤ ɿ ɫɤɢɞɚɧɧɹ) [12]. Ɍɚɤɢɣ ɑȾ ɧɟ ɩɨɜɟɪɬɚє ɤɿɥɶɤɿɫɧɨɝɨ ɜɿɞɧɨɲɟɧɧɹ ɦɿɠ ɱɚɫɬɨɬɚɦɢ 
ɣ ɧɟ ɜɪɚɯɨɜɭє ɮɚɡɭ ɫɥɿɞɭɜɚɧɧɹ ɜɯɿɞɧɢɯ ɫɢɝɧɚɥɿɜ, ɚ ɬɿɥɶɤɢ ɝɟɧɟɪɭє ɞɜɚ ɜɢɯɿɞɧɢɯ ɫɢɝ-
ɧɚɥɢ – ‘UP’ ɿ ‘DOWN’, ɹɤɿ ɤɟɪɭɸɬɶ ɥɚɧɰɸɝɨɦ ɩɿɞɤɚɱɤɢ ɡɚɪɹɞɭ. Ʌɚɧɰɸɝ ɩɿɞɤɚɱɤɢ ɡɚɪɹɞɭ 
ɡɦɿɧɸє ɤɟɪɭɸɱɭ ɧɚɩɪɭɝɭ ɞɥɹ ɝɟɧɟɪɚɬɨɪɚ ɤɟɪɨɜɚɧɨɝɨ ɧɚɩɪɭɝɨɸ (ȽɄɇ), ɜɢɯɿɞ ɹɤɨɝɨ є ɜɢ-
ɫɨɤɨɱɚɫɬɨɬɧɢɦ ɜɢɯɨɞɨɦ ɛɥɨɤɚ ɎȺɉɑ. 

Ȼɚɡɨɜɢɣ ɩɨɜɧɨɮɭɧɤɰɿɨɧɚɥɶɧɢɣ ɑɄ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɞɜɨɯ ɥɿɱɢɥɶɧɢɤɿɜ, ɤɨɦɩɚɪɚɬɨɪɚ, 
ɛɥɨɤɚ ɑȾ ɿ ɤɟɪɭɸɱɨɝɨ ɄɐȺ (ɹɤɢɣ ɜɢɤɨɧɭє ɡɚɩɭɫɤ ɬɚ ɡɭɩɢɧɤɭ ɜ ɩɪɚɜɢɥɶɧɿɣ ɩɨɫɥɿɞɨɜɧɨɫɬɿ 
ɣ ɛɟɡ ɜɬɪɚɬ), ɿ ɫɩɟɰɿɚɥɿɡɨɜɚɧɨʀ ɤɨɦɛɿɧɚɰɿɣɧɨʀ ɫɯɟɦɢ [12]. ȼɿɧ ɬɚɤɨɠ ɩɨɜɟɪɬɚє ɬɿɥɶɤɢ ɬɪɢ-
ɡɧɚɱɧɟ ɹɤɿɫɧɟ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɦɿɠ ɱɚɫɬɨɬɚɦɢ, ɧɚɩɪɢɤɥɚɞ, ɪɿɜɧɿɫɬɶ (ɳɨ ɧɟ ɩɟɪɟɜɢɳɭє ɞɨ-
ɩɭɫɬɢɦɭ ɬɨɱɧɿɫɬɶ) ɦɿɠ ɱɚɫɬɨɬɚɦɢ. Ʉɥɸɱɨɜɢɦ ɧɟɞɨɥɿɤɨɦ ɬɚɤɨɝɨ ɬɢɩɭ ɜɢɯɨɞɭ є ɬɟ, ɳɨ ɜɿɧ 
ɱɚɫɬɨ «ɛɪɹɡɤɨɬɢɬɶ» (ɮɨɪɦɭє ɧɟɫɬɿɣɤɢɣ ɜɢɯɿɞɧɢɣ ɫɢɝɧɚɥ) ɩɪɢ ɜɢɦɿɪɸɜɚɧɧɿ ɦɚɣɠɟ ɪɿɜɧɢɯ 
ɱɚɫɬɨɬ. ɐɟ, ɭ ɫɜɨɸ ɱɟɪɝɭ, ɦɨɠɟ ɛɭɬɢ ɭɫɭɧɭɬɨ ɲɥɹɯɨɦ ɜɢɤɨɪɢɫɬɚɧɧɹ ɮɨɪɦɭɜɚɱɚ ɜɢɯɿɞɧɨɝɨ 
ɫɢɝɧɚɥɭ ɡ ɝɿɫɬɟɪɟɡɢɫɨɦ. 

ɍɫɭɧɟɧɧɹ ɧɟɫɬɚɛɿɥɶɧɨɫɬɿ ɪɨɛɨɬɢ ɑɄ ɪɟɚɥɿɡɭєɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɩɨɤɪɚɳɟɧɨʀ ɫɯɟɦɢ ɚɪ-
ɛɿɬɪɚɠɭ, ɹɤɚ ɜɢɹɜɥɹє ɫɬɚɧ ɩɟɪɟɩɨɜɧɟɧɧɹ ɛɭɞɶ-ɹɤɨɝɨ ɡ ɥɿɱɢɥɶɧɢɤɿɜ ɿ ɡɚɩɨɛɿɝɚє ɫɤɢɞɚɧɧɸ 
ɨɛɨɯ ɥɿɱɢɥɶɧɢɤɿɜ ɞɨɬɢ, ɩɨɤɢ ɡɛɟɪɟɠɟɧɿ ɡɧɚɱɟɧɧɹ ɧɟ ɫɬɚɧɭɬɶ ɭɫɬɚɜɥɟɧɢɦɢ ɣ ɧɟ ɡɛɟɪɟ-
ɠɭɬɶɫɹ [13]. Ɉɫɧɨɜɧɢɦ ɩɨɥɿɩɲɟɧɧɹɦ ɑɄ є ɧɟɡɚɥɟɠɧɢɣ ɜɿɞ ɮɚɡɢ ɩɪɨɰɟɫ ɜɢɦɿɪɸɜɚɧɧɹ. 
ɇɚɣɩɪɨɫɬɿɲɢɦ ɫɩɨɫɨɛɨɦ є ɩɿɞɝɨɧɤɚ ɮɚɡ ɿ ɩɨɪɿɜɧɹɧɧɹ ɜɯɿɞɧɢɯ ɱɚɫɬɨɬ, ɹɤɿ ɜɢɪɿɜɧɹɧɿ ɩɨ 
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ɮɚɡɿ, ɚɥɟ ɰɟ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɧɟɞɨɥɿɤɿɜ: ɬɚɤɢɣ ɛɥɨɤ ɧɟ ɩɪɢɫɬɨɫɨɜɚɧɢɣ ɞɥɹ ɩɨɪɿɜɧɹɧɧɹ ɡɦɿɧ-
ɧɢɯ ɱɚɫɬɨɬ ɿ ɜɢɦɚɝɚє ɛɿɥɶɲ ɫɤɥɚɞɧɨʀ ɫɯɟɦɢ ɡ ɞɨɞɚɬɤɨɜɢɦ ɤɨɧɬɭɪɨɦ ɤɟɪɭɜɚɧɧɹ (ɳɨ ɡɛɿɥɶ-
ɲɭє ɱɚɫɬɨɬɭ ɜɿɞɦɨɜ). 

Ʉɨɦɩɥɟɤɫɧɟ ɩɨɤɪɚɳɟɧɧɹ ɩɨɥɹɝɚє ɜ ɩɟɪɟɦɢɤɚɧɧɿ ɿɫɧɭɸɱɢɯ ɥɿɱɢɥɶɧɢɤɿɜ ɑɄ ɜ ɪɟɠɢɦ 
ɪɚɯɭɧɤɭ ɩɨ ɤɨɥɭ ɬɚ ʀɯ ɿɧɿɰɿɚɥɿɡɚɰɿʀ ɧɟɧɭɥɶɨɜɢɦɢ ɿ ɡɚɜɠɞɢ ɜɿɞɦɿɧɧɢɦɢ ɦɿɠ ɫɨɛɨɸ ɩɨɱɚɬ-
ɤɨɜɢɦɢ ɡɧɚɱɟɧɧɹɦɢ. əɤɳɨ ɜɢɦɿɪɹɧɿ ɱɚɫɬɨɬɢ ɪɿɜɧɿ, ɨɛɢɞɜɚ ɥɿɱɢɥɶɧɢɤɚ ɿɧɤɪɟɦɟɧɬɭɸɬɶɫɹ ɡ 
ɨɞɧɚɤɨɜɨɸ ɲɜɢɞɤɿɫɬɸ, ɿ, ɬɚɤɢɦ ɱɢɧɨɦ, ɡɧɚɱɟɧɧɹ ɥɿɱɢɥɶɧɢɤɿɜ ɧɿɤɨɥɢ ɧɟ ɡɦɨɠɭɬɶ ɭɪɿɜɧɹ-
ɬɢɫɶ. ȱɧɚɤɲɟ ɩɿɫɥɹ ɞɟɤɿɥɶɤɨɯ ɜɯɿɞɧɢɯ ɿɦɩɭɥɶɫɿɜ ɡɧɚɱɟɧɧɹ ɜɫɟɪɟɞɢɧɿ ɥɿɱɢɥɶɧɢɤɿɜ ɫɬɚɧɭɬɶ 
ɪɿɜɧɢɦɢ, ɳɨ ɜɤɚɡɭɜɚɬɢɦɟ ɧɚ ɪɿɡɧɿ ɱɚɫɬɨɬɢ ɬɚɤɬɭɜɚɧɧɹ. Ⱦɪɭɝɟ ɜɞɨɫɤɨɧɚɥɟɧɧɹ ɞɨɫɹɝɚєɬɶɫɹ 
ɲɥɹɯɨɦ ɞɨɞɚɜɚɧɧɹ ɫɩɟɰɿɚɥɿɡɨɜɚɧɨʀ ɤɨɦɛɿɧɚɰɿɣɧɨʀ ɫɯɟɦɢ, ɹɤɚ ɪɨɛɢɬɶ ɜɢɦɿɪɸɜɚɧɧɹ ɧɟɡɚ-
ɥɟɠɧɢɦɢ ɜɿɞ ɪɿɡɧɢɰɿ ɯɨɞɭ ɮɚɡ, ɿ ɩɿɞɯɨɞɢɬɶ ɞɥɹ ɜɢɦɿɪɸɜɚɧɧɹ ɦɚɥɢɯ ɜɿɞɯɢɥɟɧɶ ɱɚɫɬɨɬɢ 
[14]. ɇɟɞɨɥɿɤ ɬɚɤɨʀ ɫɯɟɦɢ ɩɨɥɹɝɚє ɜ ɬɨɦɭ, ɳɨ ɬɪɢɜɚɥɿɫɬɶ ɰɢɤɥɭ ɜɢɦɿɪɸɜɚɧɧɹ ɧɟ ɩɨɫɬɿɣɧɚ 
ɿ ɡɚɥɟɠɢɬɶ ɜɿɞ ɧɨɦɿɧɚɥɿɜ ɱɚɫɬɨɬ. 

ɑɄ ɭ ɫɤɥɚɞɿ ɎȺɉɑ ɫɬɚɛɿɥɿɡɭє ɫɢɫɬɟɦɧɢɣ ɫɢɝɧɚɥ ɬɚɤɬɭɜɚɧɧɹ ɧɚ ɤɪɢɫɬɚɥɿ ɿɧɬɟɝɪɚɥɶɧɨʀ 
ɦɿɤɪɨɫɯɟɦɢ, ɬɨɦɭ ɩɪɢɞɚɬɧɢɣ ɞɥɹ ɝɟɧɟɪɚɰɿʀ ɬɚɤɬɨɜɢɯ ɿɦɩɭɥɶɫɿɜ ɜɢɛɿɪɤɢ Ⱥɐɉ ɬɚ ɫɢɫɬɟɦ ɜɿɞ-
ɧɨɜɥɟɧɧɹ ɩɨɬɨɤɭ ɞɚɧɢɯ ɜ LVDS ɿ ɬ. ɿɧ. [15; 16]. ȱɧɲɢɦɢ ɫɮɟɪɚɦɢ ɡɚɫɬɨɫɭɜɚɧɧɹ ɎȺɉɑ ɡ ɑɄ 
є ɫɢɧɬɟɡɚɬɨɪɢ ɱɚɫɬɨɬɢ, ɮɚɡɨɜɿ ɦɨɞɭɥɹɬɨɪɢ, FM-ɦɨɞɭɥɹɬɨɪɢ ɿ ɞɟɦɨɞɭɥɹɬɨɪɢ, ɪɚɞɿɨɱɚɫɬɨɬɧɟ 
ɨɛɥɚɞɧɚɧɧɹ ɡɜ'ɹɡɤɭ ɬɚ ɤɨɧɬɪɨɥɟɪɢ ɞɥɹ ɟɥɟɤɬɪɨɞɜɢɝɭɧɿɜ ɿɡ ɪɟɝɭɥɶɨɜɚɧɨɸ ɲɜɢɞɤɿɫɬɸ [3-5]. 

Ɉɤɪɟɦɢɦ ɤɥɚɫɨɦ ɩɪɢɫɬɪɨʀɜ є ɱɚɫɬɨɬɧɨ-ɮɚɡɨɜɿ ɤɨɦɩɚɪɚɬɨɪɢ (ɑɎɄ) [17; 18] ɚɛɨ, ɬɨɱ-
ɧɿɲɟ ɤɚɠɭɱɢ, ɮɚɡɨɜɨ-ɱɚɫɬɨɬɧɿ ɞɟɬɟɤɬɨɪɢ (ɑɎȾ). ɑɎȾ ɜɿɞɪɿɡɧɹєɬɶɫɹ ɜɿɞ ɡɜɢɱɚɣɧɨɝɨ ɑȾ 
ɩɨɜɟɞɿɧɤɨɸ ɜɢɯɨɞɿɜ ‘UP’ ɿ ‘DOWN’. Ⱥɤɬɢɜɧɢɣ ɪɿɜɟɧɶ ‘UP’ ɝɟɧɟɪɭєɬɶɫɹ ɹɤ ɬɨɞɿ, ɤɨɥɢ ɮɚɡɚ 
fA ɜɿɞɫɬɚє ɜɿɞ ɮɚɡɢ fB, ɬɚɤ ɿ ɤɨɥɢ ɜɢɡɧɚɱɚєɬɶɫɹ, ɳɨ ɱɚɫɬɨɬɚ fA ɜɢɳɟ, ɧɿɠ fB. ɇɚɜɩɚɤɢ, ɚɤɬɢ-
ɜɧɢɣ ɪɿɜɟɧɶ ‘DOWN’ ɝɟɧɟɪɭєɬɶɫɹ ɹɤ ɬɨɞɿ, ɤɨɥɢ ɮɚɡɚ fA ɜɢɩɟɪɟɞɠɚє ɮɚɡɭ fB, ɬɚɤ ɿ ɤɨɥɢ ɜɢ-
ɡɧɚɱɚєɬɶɫɹ, ɳɨ ɱɚɫɬɨɬɚ fA ɧɢɠɱɟ ɡɚ fB. 

ɇɚɣɩɪɨɫɬɿɲɢɣ ɑɎȾ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɧɚɛɨɪɭ ɛɿɫɬɚɛɿɥɶɧɢɯ ɟɥɟɦɟɧɬɿɜ (ɬɪɢɝɟɪɿɜ), − ɨɞɧɨɝɨ 
ɞɥɹ ɝɟɧɟɪɚɰɿʀ ɫɢɝɧɚɥɭ ɧɟɭɡɝɨɞɠɟɧɧɹ ɮɚɡ, ɩɚɪɢ ɬɪɢɝɟɪɿɜ ɞɥɹ ɜɢɹɜɥɟɧɧɹ ɫɭɬɨ ɩɟɪɟɯɨɞɿɜ ɩɟ-
ɪɟɞɧɶɨɝɨ ɣ ɡɚɞɧɶɨɝɨ ɮɪɨɧɬɿɜ (ɫɢɝɧɚɥɿɜ ɱɚɫɬɨɬɧɨʀ ɩɨɦɢɥɤɢ), ɹɤɿ ɜ ɩɨєɞɧɚɧɧɿ ɡ ɜɢɯɿɞɧɢɦ 
ɫɢɝɧɚɥɨɦ ɧɟɭɡɝɨɞɠɟɧɧɹ ɮɚɡ ɝɟɧɟɪɭɸɬɶ ɫɢɝɧɚɥɢ ɮɚɡɨɜɨ-ɱɚɫɬɨɬɧɨʀ ɩɨɦɢɥɤɢ [19]. ɐɹ ɛɚ-
ɡɨɜɚ ɫɯɟɦɚ ɑɎȾ ɬɚɤɨɠ ɦɨɠɟ ɛɭɬɢ ɪɨɡɲɢɪɟɧɚ ɲɥɹɯɨɦ ɞɨɞɚɜɚɧɧɹ ɤɨɦɛɿɧɚɰɿɣɧɨʀ ɫɯɟɦɢ 
ɞɥɹ ɬɪɶɨɯ ɨɤɪɟɦɢɯ ɜɢɯɿɞɧɢɯ ɩɪɚɩɨɪɰɿɜ. 

Ɉɩɢɫɚɧɢɣ ɜɢɳɟ ɛɥɨɤ ɑɎȾ ɫɶɨɝɨɞɧɿ ɫɬɚɜ ɡɚɝɚɥɶɧɨɩɪɢɣɧɹɬɢɦ ɿ ɲɢɪɨɤɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚ-
ɧɢɦ, ɚɥɟ ɿ ɜɿɧ ɦɨɠɟ ɩɪɨɩɭɫɬɢɬɢ ɬɚɤɬɨɜɿ ɿɦɩɭɥɶɫɢ. ȼɞɨɫɤɨɧɚɥɟɧɧɹ ɦɨɠɟ ɛɭɬɢ ɞɨɫɹɝɧɭɬɨ ɡɚ 
ɪɚɯɭɧɨɤ ɜɤɥɸɱɟɧɧɹ ɫɯɟɦɢ ɤɨɪɟɤɬɨɪɚ, ɹɤɚ ɧɚɞɿɣɧɨ ɜɢɹɜɥɹє ɩɪɨɩɭɳɟɧɿ ɮɪɨɧɬɢ ɬɚɤɬɨɜɢɯ ɿɦ-
ɩɭɥɶɫɿɜ, ɿ ɩɪɚɜɢɥɶɧɨ ɚɤɬɢɜɭє ɩɟɪɟɦɢɤɚɱɿ ɞɥɹ ɩɿɞɤɚɱɤɢ ɡɚɪɹɞɭ ȽɄɇ ɎȺɉɑ ɚɛɨ 
Delay Locked Loop (DLL). Ⱦɨɞɚɬɤɨɜɟ ɩɨɤɪɚɳɟɧɧɹ ɩɨɥɹɝɚє ɜ ɜɢɹɜɥɟɧɧɿ ɧɟɬɨɱɧɨ ɜɢɡɧɚɱɟɧɢɯ 
ɩɪɨɩɭɳɟɧɢɯ ɮɪɨɧɬɿɜ, ɬɨɛɬɨ, ɧɟɩɪɚɜɢɥɶɧɨɝɨ ɫɩɪɚɰɶɨɜɭɜɚɧɧɹ ɤɨɪɟɤɬɨɪɚ. ɍɞɨɫɤɨɧɚɥɟɧɢɣ 
ɛɥɨɤ ɑɎȾ ɦɨɠɧɚ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɜ ɫɤɥɚɞɿ ɛɥɨɤɿɜ PLL ɚɛɨ DLL ɞɥɹ ɫɢɧɬɟɡɭ ɬɚɤɬɨɜɢɯ ɿɦ-
ɩɭɥɶɫɿɜ ɿ ɜɿɞɧɨɜɥɟɧɧɹ ɫɢɧɯɪɨɧɿɡɭɸɱɨʀ ɫɿɬɤɢ, ɳɨ ɞɨɡɜɨɥɹє ʀɦ ɩɪɚɰɸɜɚɬɢ ɧɚ ɛɿɥɶɲ ɜɢɫɨɤɢɯ 
ɱɚɫɬɨɬɚɯ ɿ ɨɬɪɢɦɭɜɚɬɢ ɮɚɡɨɜɭ ɫɢɧɯɪɨɧɿɡɚɰɿɸ ɲɜɢɞɲɟ, ɧɿɠ ɬɢɩɨɜɿ ɛɥɨɤɢ [20]. 

ɋɭɱɚɫɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɫɯɟɦɨɬɟɯɧɿɱɧɢɯ ɪɿɲɟɧɶ ɛɥɨɤɿɜ ɑɄ ɬɚ ɎɄ ɫɮɨɤɭɫɨɜɚɧɿ ɧɚ ɦɨɞɢ-
ɮɿɤɚɰɿʀ ɿɫɧɭɸɱɢɯ ɑɎȾ ɬɚ ɭɫɭɧɟɧɧɿ ɪɚɧɿɲɟ ɫɮɨɪɦɭɥɶɨɜɚɧɢɯ ɧɟɞɨɥɿɤɿɜ ɪɨɛɨɬɢ ɰɢɯ ɛɥɨɤɿɜ 
ɡɚɥɟɠɧɨ ɜɿɞ ɡɚɫɬɨɫɭɜɚɧɧɹ. ɇɚɩɪɢɤɥɚɞ, ɭɫɭɧɟɧɧɹ «ɫɥɿɩɨʀ» ɡɨɧɢ ɬɚ ɥɿɧɟɚɪɢɡɚɰɿʀ ɮɚɡɨɜɨ-ɱɚ-
ɫɬɨɬɧɨʀ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ [21; 22], ɪɨɡɲɢɪɟɧɧɹ ɞɿɚɩɚɡɨɧɭ ɞɟɬɟɤɬɭɜɚɧɧɹ ɿ, ɧɚɪɟɲɬɿ, ɩɨɜɧɚ 
ɜɿɞɦɨɜɚ ɜɿɞ ɧɟɨɛɯɿɞɧɨɫɬɿ ɜ ɫɢɫɬɟɦɧɨɦɭ ɫɢɝɧɚɥɿ ɬɚɤɬɭɜɚɧɧɹ. Ȼɿɥɶɲɿɫɬɶ ɡ ɜɢɳɟɡɚɡɧɚɱɟɧɢɯ 
ɪɿɲɟɧɶ ɜɬɿɥɟɧɿ ɧɚ ɡɚɦɨɜɧɢɯ ɄɆɈɉ-ɦɿɤɪɨɫɯɟɦɚɯ ASIC ɿ ɡɧɚɯɨɞɹɬɶ ɜɢɤɨɪɢɫɬɚɧɧɹ ɧɚɜɿɬɶ ɭ 
ɫɤɥɚɞɿ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨɝɨ ɞɚɬɱɢɤɚ ɫɬɪɭɦɭ [23]. 

ȼɢɞɿɥɟɧɧɹ ɧɟɞɨɫɥɿɞɠɟɧɢɯ ɱɚɫɬɢɧ ɡɚɝɚɥɶɧɨʀ ɩɪɨɛɥɟɦɢ. ɉɿɞɫɭɦɨɜɭɸɱɢ ɧɚɜɟɞɟɧɢɣ 
ɜɢɳɟ ɨɝɥɹɞ, ɦɨɠɧɚ ɡɪɨɛɢɬɢ ɜɢɫɧɨɜɨɤ, ɳɨ ɭ ɜɢɩɚɞɤɭ ɑɄ ɿɫɧɭɸɱɿ ɫɯɟɦɨɬɟɯɧɿɱɧɿ ɪɿɲɟɧɧɹ 
ɦɚɸɬɶ ɬɚɤɿ ɧɟɞɨɥɿɤɢ: 
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1. ɇɟ ɩɨɜɟɪɬɚɸɬɶ ɤɿɥɶɤɿɫɧɟ ɜɿɞɧɨɲɟɧɧɹ ɦɿɠ ɱɚɫɬɨɬɚɦɢ, ɹɤɟ ɦɨɝɥɨ ɛ  ɜɢɤɨɪɢɫɬɨɜɭɜɚ-
ɬɢɫɹ ɫɢɫɬɟɦɨɸ ɤɟɪɭɜɚɧɧɹ ɞɥɹ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɞɢɧɚɦɿɤɢ ɪɟɝɭɥɸɜɚɧɧɹ; 

2. ɇɟɱɭɬɥɢɜɿ ɞɨ ɧɟɭɡɝɨɞɠɟɧɶ ɦɿɠ ɱɚɫɬɨɬɚɦɢ, ɹɤɿ ɦɟɧɲɟ, ɧɿɠ ɩɨɥɨɜɢɧɚ ɩɟɪɿɨɞɭ (ɨɞɢɧ 
ɩɟɪɟɯɿɞ), ɳɨ, ɭ ɫɜɨɸ ɱɟɪɝɭ, ɫɬɜɨɪɸє ɧɟɫɬɚɛɿɥɶɧɿɫɬɶ ɜɢɹɜɥɟɧɧɹ ɫɬɚɧɭ ɪɿɜɧɨɫɬɿ ɱɚɫɬɨɬ. 

ȱɫɧɭɸɱɿ ɛɥɨɤɢ ɎɄ ɩɪɚɰɸɸɬɶ ɡɧɚɱɧɨ ɫɬɚɛɿɥɶɧɿɲɟ, ɚɥɟ ɣ ɜɨɧɢ ɬɚɤɨɠ ɦɚɸɬɶ ɧɟɞɨɥɿɤɢ: 
1. ɇɟ ɜɪɚɯɨɜɭɸɬɶ ɩɨɪɹɞɤɭ ɧɚɞɯɨɞɠɟɧɧɹ ɮɪɨɧɬɿɜ, ɚ ɬɿɥɶɤɢ ɩɟɜɧɭ ʀɯ ɤɿɥɶɤɿɫɬɶ  ɞɨ ɩɨɪɨ-

ɝɨɜɨɝɨ ɡɧɚɱɟɧɧɹ. 
2. ɇɟɫɬɚɛɿɥɶɧɿ ɜ ɪɨɛɨɬɿ, ɤɨɥɢ ɜɢɦɿɪɸɜɚɧɢɣ ɫɢɝɧɚɥ ɩɨ ɱɚɫɬɨɬɿ ɧɚɛɥɢɠɚєɬɶɫɹ ɞɨ ɫɢɫɬɟ-

ɦɧɨʀ ɬɚɤɬɨɜɨʀ ɱɚɫɬɨɬɢ. 
ȼɢɤɥɚɞ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɿɚɥɭ. 
ɉɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɧɹ. ɋɬɚɬɬɹ ɩɪɢɫɜɹɱɟɧɚ ɞɨɫɥɿɞɠɟɧɧɸ ɬɚ ɪɨɡɪɨɛɰɿ ɫɬɪɭɤɬɭɪɢ ɩɨɜɧɿ-

ɫɬɸ ɰɢɮɪɨɜɢɯ ɛɥɨɤɿɜ ɑɄ ɬɚ ɎɄ ɭ ɛɚɡɢɫɿ ɉɅȱɋ ɿɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɦɨɜɢ ɨɩɢɫɭ ɚɩɚɪɚɬɭɪɢ 
(ɆɈȺ) VHDL, ɹɤɿ ɭɫɭɜɚɬɢɦɭɬɶ ɧɟɞɨɥɿɤɢ ɿɫɧɭɸɱɢɯ ɫɯɟɦɨɬɟɯɧɿɱɧɢɯ ɪɿɲɟɧɶ ɿ ɩɪɢɫɬɨɫɨɜɚɧɿ 
ɞɥɹ ɿɧɬɟɝɪɚɰɿʀ ɜ ɋɋɊɉ ɡ ɄɊȱɉ ɭ ɫɢɥɨɜɿɣ ɱɚɫɬɢɧɿ ɬɚ ɋȺɄ, ɩɨɛɭɞɨɜɚɧɨɸ ɜ ɑȱ-ɞɨɦɟɧɿ. 

ɑɚɫɬɨɬɧɢɣ ɤɨɦɩɚɪɚɬɨɪ. ɇɚ ɪɢɫ. 2 ɧɚɜɟɞɟɧɨ ɫɬɪɭɤɬɭɪɧɭ ɫɯɟɦɭ ɪɨɡɪɨɛɥɟɧɨɝɨ ɰɢɮɪɨ-
ɜɨɝɨ ɛɥɨɤɚ ɑɄ ɡ ɩɨɤɪɚɳɟɧɨɸ ɬɨɱɧɿɫɬɸ ɿ ɞɢɧɚɦɿɱɧɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. ɉɪɢɧɰɢɩ ɣɨɝɨ 
ɪɨɛɨɬɢ ɨɩɢɲɟɦɨ ɧɢɠɱɟ. 

 

Ɋɢɫ. 2.ɋɬɪɭɤɬɭɪɧɚ ɫɯɟɦɚ ɛɥɨɤɭ ɑɄ 

ɋɢɧɯɪɨɧɿɡɚɬɨɪɢ ‘Edge Detectors’ ɜɫɬɚɧɨɜɥɸɸɬɶɫɹ ɩɨ ɨɛɨɯ ɜɯɨɞɚɯ ɜɢɦɿɪɸɜɚɧɧɹ ɱɚɫ-
ɬɨɬ (ɫɢɝɧɚɥɢ ‘Freq A’ ɿ ‘Freq B’), ɬɚ ɫɩɪɚɰɶɨɜɭɸɬɶ ɩɨ ɨɛɨɯ ɮɪɨɧɬɚɯ (ɿ ɩɟɪɟɞɧɶɨɦɭ, ɿ ɡɚɞ-
ɧɶɨɦɭ). ɋɢɧɯɪɨɧɿɡɚɬɨɪɢ ɩɨɬɪɟɛɭɸɬɶ ɡɨɜɧɿɲɧɶɨɝɨ ɬɚɤɬɨɜɨɝɨ ɫɢɝɧɚɥɭ ‘SysClk’ ɡ ɱɚɫɬɨɬɨɸ, 
ɹɤɚ ɳɨɧɚɣɦɟɧɲɟ ɜɞɜɿɱɿ ɩɟɪɟɜɢɳɭє ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɭ ɜɢɦɿɪɸɜɚɧɭ ɱɚɫɬɨɬɭ. Ɍɚɤɢɦ 
ɱɢɧɨɦ, ɨɞɧɨɦɭ ɜɢɦɿɪɸɜɚɧɨɦɭ ɿɦɩɭɥɶɫɭ ɜɿɞɩɨɜɿɞɚє ɞɜɚ ɡɚɪɟєɫɬɪɨɜɚɧɿ ɩɟɪɟɯɨɞɢ. 

Ʉɨɥɢ ɩɪɢɧɚɣɦɧɿ ɨɞɢɧ ɿɡ ɥɿɱɢɥɶɧɢɤɿɜ (ɛɥɨɤɢ ‘Counter A’ ɚɛɨ ‘Counter B’) ɞɨɫɹɝ ɩɟɪɟ-
ɩɨɜɧɟɧɧɹ, ɨɛɢɞɜɚ ɥɿɱɢɥɶɧɢɤɚ ɡɭɩɢɧɹɸɬɶɫɹ, ɚ ɧɚɪɚɯɨɜɚɧɿ ɧɢɦɢ ɡɧɚɱɟɧɧɹ ɡɛɟɪɿɝɚɸɬɶɫɹ ɜ 
ɪɟɝɿɫɬɪɚɯ-ɡɚɳɿɛɤɚɯ, ɿ ɩɨɱɢɧɚɸɱɢ ɡ ɧɚɫɬɭɩɧɨɝɨ ɰɢɤɥɭ (ɩɿɫɥɹ ɫɤɢɞɚɧɧɹ ɨɛɨɯ ɥɿɱɢɥɶɧɢɤɿɜ) 
ɩɨɱɢɧɚєɬɶɫɹ ɧɨɜɢɣ ɨɩɟɪɚɰɿɣɧɢɣ ɰɢɤɥ. Ɂɚ ɞɨɬɪɢɦɚɧɧɹ ɩɨɫɥɿɞɨɜɧɨɫɬɿ ɰɢɯ ɞɿɣ ɜɿɞɩɨɜɿɞɚє 
ɄɐȺ (ɛɥɨɤ ‘Control FSM’, ɹɤɢɣ ɬɚɤɨɠ ɩɨɬɪɟɛɭє ɫɢɧɯɪɨɧɿɡɚɰɿʀ ɩɨ ɫɢɝɧɚɥɭ ‘SysClk’). 

Ɉɞɧɨɪɿɜɧɟɜɚ ɛɭɮɟɪɢɡɚɰɿɹ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɪɟɝɿɫɬɪɿɜ-ɡɚɳɿɛɨɤ ‘Reg A’ ɿ ‘Reg B’ ɪɟɚɥɿɡɨ-
ɜɚɧɚ ɜ ɛɥɨɰɿ ɑɄ ɡ ɦɟɬɨɸ ɩɿɞɜɢɳɟɧɧɹ ɲɜɢɞɤɨɞɿʀ. ɐɟ ɞɨɫɹɝɚєɬɶɫɹ ɲɥɹɯɨɦ ɤɨɧɜɟєɪɢɡɚɰɿʀ ɩɪɨ-
ɰɟɫɿɜ ɩɿɞɪɚɯɭɧɤɭ ɤɿɥɶɤɨɫɬɿ ɩɟɪɟɯɨɞɿɜ, ɨɛɱɢɫɥɟɧɧɹ ɪɿɡɧɢɰɿ ɱɚɫɬɨɬ, ɭɫɬɚɧɨɜɤɢ ɩɨɱɚɬɤɨɜɨɝɨ 
ɡɧɚɱɟɧɧɹ ɨɞɢɧ ɪɚɡ ɡɚ ɪɨɛɨɱɢɣ ɰɢɤɥ. Ʉɪɿɦ ɬɨɝɨ, ɜɨɧɚ ɜɢɤɥɸɱɚє ɧɟɤɨɪɟɤɬɧɟ ɫɩɪɚɰɶɨɜɭɜɚɧɧɹ 
ɜɢɯɿɞɧɢɯ ɩɪɚɩɨɪɰɿɜ, ɹɤɿ ɡɚɥɢɲɚɸɬɶɫɹ ɧɟɡɦɿɧɧɢɦɢ ɞɨ ɤɿɧɰɹ ɧɚɫɬɭɩɧɨɝɨ ɰɢɤɥɭ ɜɢɦɿɪɸɜɚɧɶ. 

Ɂɛɟɪɟɠɟɧɿ ɜ ɪɟɝɿɫɬɪɚɯ ɡɧɚɱɟɧɧɹ ɩɪɨɩɨɪɰɿɣɧɿ ɱɚɫɬɨɬɚɦ ɜɯɿɞɧɢɯ ɫɢɝɧɚɥɿɜ, ɬɨɦɭ ɳɨ ɨɞɢɧ ɿɡ 
ɥɿɱɢɥɶɧɢɤɿɜ ɡɚɜɠɞɢ ɞɿє ɹɤ ɮɨɪɦɭɜɚɱ ɟɬɚɥɨɧɧɨɝɨ ɱɚɫɨɜɨɝɨ ɜɿɤɧɚ. ɉɟɪɟɞ ɨɛɱɢɫɥɟɧɧɹɦɢ ɡɛɟɪɟ-
ɠɟɧɿ ɡɧɚɱɟɧɧɹ ɧɚɞɯɨɞɹɬɶ ɧɚ ɩɨɞɜɿɣɧɢɣ ɦɭɥɶɬɢɩɥɟɤɫɨɪ (ɛɥɨɤ ‘2xMux’), ɹɤɢɣ ɩɪɨɩɭɫɤɚє ɱɟɪɟɡ 
ɫɟɛɟ ɞɜɿɣɤɨɜɿ ɜɟɤɬɨɪɢ ɜ ɩɪɹɦɨɦɭ (ɧɚɫɤɪɿɡɧɨɦɭ, ɩɪɨɡɨɪɨɦɭ) ɚɛɨ ɩɟɪɟɯɪɟɳɟɧɨɦɭ (ɨɛɦɿɧɹ-
ɧɨɦɭ) ɧɚɩɪɹɦɤɭ. Ʉɟɪɭɜɚɧɧɹ ɪɟɠɢɦɨɦ ɪɨɛɨɬɢ ɩɨɞɜɿɣɧɨɝɨ ɦɭɥɶɬɢɩɥɟɤɫɨɪɚ ɜɢɤɨɧɭє ɫɢɝɧɚɥ 
ɡɧɚɤɭ ɩɨɪɿɜɧɹɧɧɹ ɱɚɫɬɨɬɢ ɬɚɤ, ɳɨ ɛɿɥɶɲɟ ɡɧɚɱɟɧɧɹ ɡɚɜɠɞɢ ɩɨɞɚєɬɶɫɹ ɧɚ ɜɯɿɞ ɡɦɟɧɲɭɜɚɧɨɝɨ, 
ɚ ɦɟɧɲɟ − ɧɚ ɜɯɿɞ ɜɿɞ’єɦɧɢɤɚ ɛɥɨɤɚ ɛɟɡɡɧɚɤɨɜɨɝɨ ɜɿɞɧɿɦɚɱɚ (ɛɥɨɤ ‘Sub’ ɧɚ ɪɢɫ. 3). 
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ɐɟ ɞɨɡɜɨɥɹє ɡɚɜɠɞɢ ɡɛɟɪɿɝɚɬɢ ɤɿɥɶɤɿɫɧɭ ɪɿɡɧɢɰɸ ɞɨɞɚɬɧɨɸ (ɜ ɩɪɹɦɨɦɭ ɞɜɿɣɤɨɜɨɦɭ 
ɤɨɞɿ), ɳɨ ɩɨɥɟɝɲɭє ʀʀ ɿɧɬɟɪɩɪɟɬɚɰɿɸ ɿɧɲɢɦɢ ɛɥɨɤɚɦɢ ɜ ɫɢɫɬɟɦɿ. Ⱦɥɹ ɰɿєʀ ɠ ɦɟɬɢ ɪɟɚɥɿɡɨ-
ɜɚɧɿ ɬɪɢ ɜɢɯɿɞɧɢɯ ɩɪɚɩɨɪɰɹ, ɹɤɿ ɜɢɡɧɚɱɚɸɬɶ ɹɤɿɫɧɟ ɜɿɞɧɨɲɟɧɧɹ ɱɚɫɬɨɬ (‘A_GT_B’, 
‘A_EQ_B’ ɿ ‘A_LS_B’). ɉɪɚɩɨɪɟɰɶ ɪɿɜɧɨɫɬɿ ɱɚɫɬɨɬ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ, ɧɚɩɪɢɤɥɚɞ, ɹɤ ɦɚɪ-
ɤɟɪ ɞɥɹ ɩɟɪɟɦɢɤɚɧɧɹ ɡɚɦɤɧɭɬɨʀ ɋȺɄ ɟɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɿɡ ɪɟɠɢɦɭ ɫɬɚɛɿɥɿɡɚɰɿʀ ɲɜɢɞɤɨɫɬɿ 
ɜ ɪɟɠɢɦ ɫɬɚɛɿɥɿɡɚɰɿʀ ɩɨɥɨɠɟɧɧɹ ɬɚ ɧɚɜɩɚɤɢ. 

Ɂ ɦɟɬɨɸ ɩɿɞɜɢɳɟɧɧɹ ɫɬɚɛɿɥɶɧɨɫɬɿ ɪɨɛɨɬɢ ɛɥɨɤɚ ɑɄ, ɜɢɯɿɞɧɿ ɩɪɚɩɨɪɰɿ ɡɚ ɞɨɩɨɦɨɝɨɸ 
ɜɭɡɥɚ ‘Comp With Thd’ ɧɚɞɿɥɟɧɿ ɝɿɫɬɟɪɟɡɢɫɧɢɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ ɬɚɤɢɦ ɱɢɧɨɦ, ɳɨ ɦɨɠɧɚ 
ɜɫɬɚɧɨɜɢɬɢ ɩɨɪɨɝɢ ɫɩɪɚɰɶɨɜɭɜɚɧɧɹ ɞɥɹ ɜɯɨɞɠɟɧɧɹ ɜ ɪɟɠɢɦ ɪɿɜɧɨɫɬɿ ɱɚɫɬɨɬ ɿ ɜɢɯɨɞɭ ɡ 
ɧɶɨɝɨ ɜ ɪɟɠɢɦ ɩɨɪɿɜɧɹɧɧɹ ɧɟɪɿɜɧɢɯ ɱɚɫɬɨɬɢ. 

ɍ ɡɚɩɪɨɩɨɧɨɜɚɧɨɦɭ ɜɢɳɟ (ɪɢɫ. 2) ɪɿɲɟɧɧɿ ɜɢɡɧɚɱɟɧɧɹ ɜɿɞɧɨɲɟɧɧɹ ɦɿɠ ɩɿɞɪɚɯɨɜɚɧɢɦɢ 
ɡɧɚɱɟɧɧɹɦɢ (ɬɨɛɬɨ, ɛɿɥɶɲ ɜɢɫɨɤɨʀ ɱɚɫɬɨɬɢ) ɜɢɤɨɧɭєɬɶɫɹ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɤɨɦɩɚɪɚɬɨɪɚ, 
ɚɥɟ ɜɨɧɨ ɬɚɤɨɠ ɦɨɠɟ ɛɭɬɢ ɪɟɚɥɿɡɨɜɚɧɨ ɧɚ ɨɫɧɨɜɿ RS-ɬɪɢɝɟɪɚ. ɋɢɝɧɚɥɢ ɜɫɬɚɧɨɜɥɟɧɧɹ ɿ 
ɫɤɢɞɚɧɧɹ ɰɶɨɝɨ RS-ɬɪɢɝɟɪɚ ɩɿɞɤɥɸɱɚɸɬɶɫɹ ɞɨ ɜɢɯɨɞɿɜ ɩɟɪɟɩɨɜɧɟɧɧɹ ɥɿɱɢɥɶɧɢɤɿɜ (ɨɫɤɿ-
ɥɶɤɢ ɩɟɪɟɩɨɜɧɟɧɧɹ ɨɞɧɨɝɨ ɥɿɱɢɥɶɧɢɤɚ ɩɪɢɩɢɧɹє ɪɨɛɨɬɭ ɨɛɨɯ). 

əɤ ɡɝɚɞɭɜɚɥɨɫɹ ɜɢɳɟ, ɡɚɜɞɹɤɢ ɧɚɹɜɧɨɫɬɿ ɜɯɿɞɧɢɯ ɫɢɧɯɪɨɧɿɡɚɬɨɪɿɜ ɜɢɦɿɪɹɧɚ ɤɿɥɶɤɿɫɬɶ 
ɿɦɩɭɥɶɫɿɜ ɧɚɜɦɢɫɧɨ ɩɨɞɜɨɸєɬɶɫɹ. ɐɟ ɞɨɡɜɨɥɹє ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɬɚɤɢɣ ɩɿɞɯɿɞ: ɩɪɢ ɩɿɞɪɚ-
ɯɭɧɤɭ ɤɿɥɶɤɨɫɬɿ ɩɟɪɟɯɨɞɿɜ (ɡɚɦɿɫɬɶ ɿɦɩɭɥɶɫɿɜ) ɱɚɫɬɨɬɢ ɜɜɚɠɚɸɬɶɫɹ ɪɿɜɧɢɦɢ, ɹɤɳɨ ɜ ɤɿ-
ɧɰɿ ɩɨɬɨɱɧɨɝɨ ɰɢɤɥɭ ɜɢɦɿɪɸɜɚɧɧɹ ɪɿɡɧɢɰɹ ɦɿɠ ɤɿɥɶɤɿɫɬɸ ɩɟɪɟɯɨɞɿɜ ɭ ɥɿɱɢɥɶɧɢɤɚɯ ɧɟ ɩɟ-
ɪɟɜɢɳɭє ɨɞɢɧɢɰɿ. ɐɟ, ɭ ɫɜɨɸ ɱɟɪɝɭ, ɪɨɛɢɬɶ ɪɨɛɨɬɭ ɛɥɨɤɚ ɑɄ ɧɟɡɚɥɟɠɧɨɸ ɜɿɞ ɮɚɡɢ 
ɫɥɿɞɭɜɚɧɧɹ ɦɿɠ ɜɢɦɿɪɸɜɚɧɢɦɢ ɱɚɫɬɨɬɚɦɢ. 

ɇɚ ɪɢɫ. 3 ɡɨɛɪɚɠɟɧɨ ɩɪɢɧɰɢɩɨɜɭ ɫɯɟɦɭ ɛɥɨɤɚ ɑɄ ɧɚ ɪɿɜɧɿ ɪɟɝɿɫɬɪɨɜɢɯ ɩɟɪɟɞɚɱ 
(ɚɧɝɥ. Register Transfer Level, RTL), ɨɬɪɢɦɚɧɭ ɲɥɹɯɨɦ ɫɢɧɬɟɡɭ VHDL-ɨɩɢɫɭ ɜ ɫɟɪɟɞɨɜɢɳɿ 
Altera® Quartus-II®.  

 

Ɋɢɫ. 3. ɉɪɢɧɰɢɩɨɜɚ ɫɯɟɦɚ ɛɥɨɤɭ ɑɄ ɧɚ ɪɿɜɧɿ ɪɟɝɿɫɬɪɨɜɢɯ ɩɟɪɟɞɚɱ,  
ɨɬɪɢɦɚɧɚ ɲɥɹɯɨɦ ɫɢɧɬɟɡɭ VHDL-ɨɩɢɫɭ 

ɇɚ ɪɢɫ. 4 ɧɚɜɟɞɟɧɨ ɱɚɫɨɜɿ ɞɿɚɝɪɚɦɢ ɪɨɛɨɬɢ ɪɨɡɪɨɛɥɟɧɨɝɨ ɛɥɨɤɚ ɑɄ ɬɚ ɣɨɝɨ ɩɨɜɟɞɿɧɤɚ 
ɭ ɪɚɡɿ ɡɦɿɧɢ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɦɿɠ ɜɢɦɿɪɸɜɚɧɢɦɢ ɱɚɫɬɨɬɚɦɢ. Ɇɨɞɟɥɸɜɚɧɧɹ ɩɪɨɜɨɞɢɥɨɫɹ ɡ 
ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɩɪɨɝɪɚɦɧɨɝɨ ɫɟɪɟɞɨɜɢɳɚ Altera® Quartus-II®. ȼɢɩɚɞɨɤ, ɤɨɥɢ ɱɚɫɬɨɬɚ 
ɋɁȼ ‘freq A’ ɜɢɳɟ ɡɚ ɱɚɫɬɨɬɭ ɋɁɁ ‘freq B’, ɡɨɛɪɚɠɟɧɢɣ ɧɚ ɞɿɥɹɧɰɿ (ɚ). ȼɢɩɚɞɨɤ, ɤɨɥɢ ɱɚɫ-
ɬɨɬɚ ɋɁȼ ‘freq A’ ɫɬɚɥɚ ɦɟɧɲɟ ɡɚ ɱɚɫɬɨɬɭ ɋɁɁ ‘freq B’, ɡɨɛɪɚɠɟɧɢɣ ɧɚ ɞɿɥɹɧɰɿ (ɛ). ȼɢɩɚ-
ɞɨɤ, ɤɨɥɢ ɱɚɫɬɨɬɢ ɋɁȼ ɬɚ ɋɁɁ ɪɿɜɧɿ, ɡɨɛɪɚɠɟɧɢɣ ɧɚ ɞɿɥɹɧɰɿ (ɜ). 
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Ɋɢɫ. 4. ɑɚɫɨɜɿ ɞɿɚɝɪɚɦɢ ɪɨɛɨɬɢ ɛɥɨɤɚ ɑɄ 

Ɏɚɡɨɜɢɣ ɤɨɦɩɚɪɚɬɨɪ. ɇɚ ɪɢɫ. 5 ɩɨɤɚɡɚɧɚ ɫɬɪɭɤɬɭɪɧɚ ɫɯɟɦɚ ɪɨɡɪɨɛɥɟɧɨɝɨ ɰɢɮɪɨɜɨɝɨ 
ɎɄ ɡ ɩɨɤɪɚɳɟɧɨɸ ɬɨɱɧɿɫɬɸ ɫɩɪɚɰɶɨɜɭɜɚɧɧɹ ɿ ɞɢɧɚɦɿɱɧɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. əɤ ɿ ɜ ɑɄ, 
ɭ ɎɄ ɫɢɧɯɪɨɧɿɡɚɬɨɪɢ ‘Edge Dertectors’ ɬɚɤɨɠ ɜɫɬɚɧɨɜɥɟɧɿ ɩɨ ɨɛɨɯ ɜɯɨɞɚɯ ɜɢɦɿɪɸɜɚɧɢɯ 
ɫɢɝɧɚɥɿɜ ɬɚ ɩɪɚɰɸɸɬɶ ɭ ɪɟɠɢɦɿ ɞɟɬɟɤɬɨɪɿɜ ɮɪɨɧɬɿɜ, ɩɪɨɬɟ, ɧɚ ɜɿɞɦɿɧɭ ɜɿɞ ɑɄ, ɧɚɥɚɲɬɨ-
ɜɚɧɿ ɧɚ ɪɨɛɨɬɭ ɬɿɥɶɤɢ ɡɚ ɩɟɜɧɢɦ ɿ ɨɞɧɚɤɨɜɢɦ ɞɥɹ ɨɛɨɯ ɜɯɨɞɿɜ ɮɪɨɧɬɨɦ (ɧɚɩɪɢɤɥɚɞ, ɡɚ 
ɩɟɪɟɞɧɿɦ). ȼɢɛɿɪ ɤɨɧɤɪɟɬɧɨɝɨ ɮɪɨɧɬɭ ɦɨɠɟ ɛɭɬɢ ɜɢɤɨɧɚɧɢɣ ɿɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɧɚɥɚɲɬɭ-
ɜɚɧɶ ɭ ɪɨɡɞɿɥɿ ‘generic’ VHDL-ɨɩɢɫɭ. Ⱦɥɹ ɪɨɛɨɬɢ ɄɐȺ ɚɪɛɿɬɪɚɠɭ ɣ ɥɿɱɢɥɶɧɢɤɿɜ ɬɚɤɨɠ 
ɧɟɨɛɯɿɞɧɢɣ ɞɨɞɚɬɤɨɜɢɣ ɫɢɫɬɟɦɧɢɣ ɫɢɧɯɪɨɧɿɡɭɸɱɢɣ ɫɢɝɧɚɥ ‘SysClk’. 

 
Ɋɢɫ. 5. ɋɬɪɭɤɬɭɪɧɚ ɫɯɟɦɚ ɛɥɨɤɚ ɎɄ 

Ɋɨɛɨɬɚ ɄɐȺ ɎɄ ɚɧɚɥɨɝɿɱɧɚ ɪɨɛɨɬɿ ɲɚɯɨɜɨɝɨ ɝɨɞɢɧɧɢɤɚ, ɨɫɤɿɥɶɤɢ ɫɢɝɧɚɥ ɞɟɬɟɤɬɭ-
ɜɚɧɧɹ ɮɪɨɧɬɭ ɧɚ ɨɞɧɨɦɭ ɡ ɜɢɦɿɪɸɜɚɧɢɯ ɜɯɨɞɿɜ ɡɚɩɭɫɤɚє ɥɿɱɢɥɶɧɢɤ ɮɚɡɢ ɰɶɨɝɨ ɤɚɧɚɥɭ 
‘Counter A’ ɿ ɨɞɧɨɱɚɫɧɨ ɫɤɢɞɚє ɥɿɱɢɥɶɧɢɤ ɩɪɨɬɢɥɟɠɧɨɝɨ ɤɚɧɚɥɭ ‘Counter B’ (ɩɨɩɟɪɟɞɧɶɨ 
ɡɚɩɢɫɚɜɲɢ ɣɨɝɨ ɡɧɚɱɟɧɧɹ ɞɨ ɪɟɝɿɫɬɪɚ-ɡɚɳɿɛɤɢ ‘Reg B’), ɿ ɧɚɜɩɚɤɢ. ɐɟɣ ɩɿɞɯɿɞ ɬɚɤɨɠ ɫɩɪɨ-
ɳɭє ɨɛɱɢɫɥɟɧɧɹ ɪɿɡɧɢɰɿ ɮɚɡ, ɨɫɤɿɥɶɤɢ ɡɧɚɱɟɧɧɹ, ɩɿɞɪɚɯɨɜɚɧɟ ɤɨɠɧɢɦ ɡ ɥɿɱɢɥɶɧɢɤɿɜ, ɹɜɥɹє 
ɫɨɛɨɸ ɪɿɡɧɢɰɸ ɮɚɡ, ɜɢɪɚɠɟɧɭ ɭ ɤɿɥɶɤɨɫɬɿ ɿɦɩɭɥɶɫɿɜ ɫɢɝɧɚɥɭ ‘SysClk’. Ɍɚɤɢɦ ɱɢɧɨɦ, ɪɿɡ-
ɧɢɰɹ ɩɨɞɚєɬɶɫɹ ɧɚ ɜɢɯɿɞ ɛɟɡ ɛɭɞɶ-ɹɤɢɯ ɚɪɢɮɦɟɬɢɱɧɢɯ ɨɩɟɪɚɰɿɣ ɜɿɞ ɨɞɧɨɝɨ ɡ ɜɢɯɿɞɧɢɯ ɪɟ-
ɝɿɫɬɪɿɜ-ɡɚɳɿɛɨɤ ɱɟɪɟɡ ɦɭɥɶɬɢɩɥɟɤɫɨɪ ‘Mux’, ɜɯɿɞ ɜɢɛɨɪɭ ɹɤɨɝɨ ɜ ɩɪɨɫɬɿɲɨɦɭ ɜɢɩɚɞɤɭ ɤɟ-
ɪɭєɬɶɫɹ RS-ɬɪɢɝɟɪɨɦ, ɹɤɢɣ ɫɤɢɞɚєɬɶɫɹ ɿ ɜɫɬɚɧɨɜɥɸєɬɶɫɹ ɜɢɯɨɞɚɦɢ ɞɟɬɟɤɬɨɪɿɜ ɮɪɨɧɬɿɜ.  

Ⱦɥɹ ɪɨɛɚɫɬɧɨɝɨ ɤɟɪɭɜɚɧɧɹ ɜɢɛɿɪ ɮɚɡɢ ɜɿɞɛɭɜɚєɬɶɫɹ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɝɿɫɬɟɪɟɡɢɫɭ ɧɚ ɜɯɨ-
ɞɠɟɧɧɹ ɬɚ ɜɢɯɿɞ ɡɿ ɫɬɚɧɭ ɞɟɬɟɤɬɭɜɚɧɧɹ ɪɿɜɧɢɯ ɮɚɡ ɡɚ ɞɨɩɨɦɨɝɨɸ ɛɥɨɤɚ ‘Comp With Thd’. 
Ɂɚɯɢɫɬ ɥɿɱɢɥɶɧɢɤɿɜ ɮɚɡɢ ‘Counter A’ ɬɚ ‘Counter B’ ɜɿɞ ɩɟɪɟɩɨɜɧɟɧɧɹ ɜɢɤɨɧɭєɬɶɫɹ ɛɥɨ-
ɤɚɦɢ ‘Cmp A’ ɬɚ ‘Cmp B’, ɹɤɿ ɡɭɩɢɧɹɸɬɶ ɪɚɯɭɧɨɤ ɮɚɡɢ ɩɪɢ ɩɟɪɟɜɢɳɟɧɧɿ ɪɚɯɿɜɧɢɤɨɦ ɞɟ-
ɹɤɨɝɨ ɨɩɨɪɧɨɝɨ ɡɧɚɱɟɧɧɹ. 

ɇɚ ɪɢɫ. 6 ɡɨɛɪɚɠɟɧɨ ɩɪɢɧɰɢɩɨɜɭ ɫɯɟɦɭ ɛɥɨɤɚ ɎɄ ɧɚ ɪɿɜɧɿ ɪɟɝɿɫɬɪɨɜɢɯ ɩɟɪɟɞɚɱ 
(ɚɧɝɥ. Register Transfer Level, RTL), ɨɬɪɢɦɚɧɭ ɲɥɹɯɨɦ ɫɢɧɬɟɡɭ VHDL-ɨɩɢɫɭ ɜ ɫɟɪɟɞɨɜɢɳɿ 
Altera® Quartus-II®.  
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Ɋɢɫ. 6. ɉɪɢɧɰɢɩɨɜɚ ɫɯɟɦɚ ɛɥɨɤɭ ɎɄ ɧɚ ɪɿɜɧɿ ɪɟɝɿɫɬɪɨɜɢɯ ɩɟɪɟɞɚɱ,  
ɨɬɪɢɦɚɧɚ ɲɥɹɯɨɦ ɫɢɧɬɟɡɭ VHDL-ɨɩɢɫɭ 

ɇɚ ɪɢɫ. 7 ɧɚɜɟɞɟɧɿ ɱɚɫɨɜɿ ɞɿɚɝɪɚɦɢ ɪɨɛɨɬɢ ɪɨɡɪɨɛɥɟɧɨɝɨ ɛɥɨɤɚ ɎɄ ɬɚ ɣɨɝɨ ɩɨɜɟɞɿɧɤɚ 
ɡɚɥɟɠɧɨ ɜɿɞ ɡɦɿɧɿ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɦɿɠ ɮɚɡɚɦɢ ɜɢɦɿɪɸɜɚɧɢɯ ɫɢɝɧɚɥɿɜ. Ɇɨɞɟɥɸɜɚɧɧɹ ɩɪɨ-
ɜɨɞɢɥɨɫɹ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɫɟɪɟɞɨɜɢɳɚ Altera® Quartus-II®. ȼɢɩɚɞɨɤ, ɤɨɥɢ ɮɚɡɚ ɫɢɝ-
ɧɚɥɭ ‘freq_a’ ɜɢɩɟɪɟɞɠɚє ɮɚɡɭ ɫɢɝɧɚɥɭ ‘freq_b’, ɡɨɛɪɚɠɟɧɢɣ ɧɚ ɞɿɥɹɧɰɿ (ɚ). ȼɢɩɚɞɨɤ, ɤɨɥɢ 
ɫɢɝɧɚɥɢ ‘freq_a’ ɿ ‘freq_b’ ɦɚɸɬɶ ɦɚɣɠɟ ɨɞɧɚɤɨɜɿ ɮɚɡɢ ɫɥɿɞɭɜɚɧɧɹ, ɡɨɛɪɚɠɟɧɢɣ ɧɚ ɞɿɥɹɧɰɿ 
(ɛ). ȼɢɩɚɞɨɤ, ɤɨɥɢ ɮɚɡɚ ɫɢɝɧɚɥɭ ‘freq_b’ ɜɢɩɟɪɟɞɠɚє ɮɚɡɭ ɫɢɝɧɚɥɭ ‘freq_a’, ɡɨɛɪɚɠɟɧɢɣ 
ɧɚ ɞɿɥɹɧɰɿ (ɜ). 

 

Ɋɢɫ. 7. ɑɚɫɨɜɿ ɞɿɚɝɪɚɦɢ ɪɨɛɨɬɢ ɛɥɨɤɚ ɎɄ 

ɋɥɿɞ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɜɢɯɿɞɧɟ ɡɧɚɱɟɧɧɹ ɎɄ є ɞɨɫɬɨɜɿɪɧɢɦ ɬɿɥɶɤɢ ɡɚ ɭɦɨɜɢ ɪɿɜɧɨɫɬɿ ɱɚɫ-
ɬɨɬ ɫɥɿɞɭɜɚɧɧɹ ɜɯɿɞɧɢɯ ɫɢɝɧɚɥɿɜ, ɬɨɛɬɨ ɤɨɥɢ ɩɪɨɰɟɫ ɧɚɥɚɲɬɭɜɚɧɧɹ ɱɚɫɬɨɬɢ ɡɚɜɟɪɲɟɧɢɣ 
(ɪɿɡɧɢɰɹ ɱɚɫɬɨɬ ɭɫɭɧɟɧɚ), ɿ ɩɟɪɟɦɢɤɚɧɧɹ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɡ ɪɟɠɢɦɭ ɪɟɝɭɥɸɜɚɧɧɹ ɱɚɫ-
ɬɨɬɢ ɜ ɪɟɠɢɦ ɪɟɝɭɥɸɜɚɧɧɹ ɮɚɡɢ ɜɠɟ ɜɿɞɛɭɥɨɫɹ. ɐɟɣ ɫɬɚɧ ɜɢɡɧɚɱɚєɬɶɫɹ ɧɚ ɨɫɧɨɜɿ ɜɢɯɿɞ-
ɧɨɝɨ ɫɢɝɧɚɥɭ ‘A_EQ_B’ ɛɥɨɤɭ ɑɄ. əɤɳɨ ɬɪɟɛɚ ɝɪɭɛɨ ɞɟɬɟɤɬɭɜɚɬɢ ɫɬɚɧ ɪɿɜɧɨɫɬɿ ɮɚɡ, ɬɨ 
ɜɢɯɿɞɧɢɣ ɫɢɝɧɚɥ ɎɄ ɦɨɠɧɚ ɧɚɞɿɥɢɬɢ ɝɿɫɬɟɪɟɡɢɫɧɢɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ. 

Ɋɟɡɭɥɶɬɚɬɢ ɫɢɧɬɟɡɭ ɛɥɨɤɿɜ ɑɄ ɬɚ ɎɄ ɧɚ ɉɅȱɋ ɡɚɫɨɛɚɦɢ ɦɨɜɢ VHDL. ɑɚɫɨɜɟ ɦɨ-
ɞɟɥɸɜɚɧɧɹ ɪɨɡɪɨɛɥɟɧɢɯ VHDL-ɫɭɬɧɨɫɬɟɣ ɜɢɤɨɧɭɜɚɥɚɫɶ ɭ ɫɟɪɟɞɨɜɢɳɿ 
Altera® Quartus® II ɞɥɹ ɦɿɤɪɨɫɯɟɦɢ ɉɅȱɋ ɫɿɦɟɣɫɬɜɚ Cyclone®-III. ȼ ɹɤɨɫɬɿ ɫɢɫɬɟɦɧɨɝɨ 
ɫɢɧɯɪɨɧɿɡɭɸɱɨɝɨ ɫɢɝɧɚɥɭ ɛɭɥɨ ɜɡɹɬɨ ɫɢɝɧɚɥ ɡ ɜɢɯɨɞɭ ɜɛɭɞɨɜɚɧɨɝɨ ɜ ɉɅȱɋ ɜɭɡɥɚ ɎȺɉɑ, 
ɧɚɥɚɲɬɨɜɚɧɨɝɨ ɧɚ ɱɚɫɬɨɬɭ 200 MHz. ɉɨɪɿɜɧɹɥɶɧɚ ɨɰɿɧɤɚ ɜɢɤɨɪɢɫɬɚɧɧɹ ɪɟɫɭɪɫɿɜ ɤɪɢɫɬɚɥɭ 
ɉɅȱɋ, ɹɤɿ ɡɚɣɦɚɸɬɶ ɛɥɨɤɢ ɑɄ ɬɚ ɎɄ, ɡɚɥɟɠɧɨ ɜɿɞ ɨɛɪɚɧɨʀ ɪɨɡɪɹɞɧɨɫɬɿ ɥɿɱɢɥɶɧɢɤɿɜ, ɧɚɜɟ-
ɞɟɧɚ ɜ ɬɚɛɥɢɰɿ. 
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Ɍɚɛɥɢɰɹ 
Ɋɟɫɭɪɫɢ ɦɿɤɪɨɫɯɟɦɢ ɉɅȱɋ ɦɨɞɟɥɿ Altera EP3C5E144A7 (5 136 LEs),  

ɡɚɣɧɹɬɿ ɛɥɨɤɚɦɢ ɑɄ ɬɚ ɎɄ ɡɚɥɟɠɧɨ ɜɿɞ ɪɨɡɪɹɞɧɨɫɬɿ ʀɯ ɥɿɱɢɥɶɧɢɤɿɜ 

ɇɚɡɜɚ ɩɚɪɚɦɟɬɪɚ Ɂɚɞɚɧɟ ɡɧɚɱɟɧɧɹ ɧɚ ɟɬɚɩɿ ɫɢɧɬɟɡɭ  
Ɋɨɡɪɹɞɧɿɫɬɶ ɥɿɱɢɥɶɧɢɤɿɜ, ɛɿɬ 8 12 16 20 

ɋɤɥɚɞɨɜɿ  Ɍɢɩ ɫɯɟɦɨɬɟɯɧɿɱɧɨɝɨ ɪɟɫɭɪɫɭ ɉɅȱɋ 

 LE CF RG LE CF RG LE CF RG LE CF RG 

Ȼɥɨɤ ɑɄ 74 70 44 99 97 60 128 124 76 158 154 92 

Ȼɥɨɤ ɎɄ 50 48 38 66 66 54 101 84 70 104 104 86 

ȼɢɫɧɨɜɤɢ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɫɬɚɬɬɿ. ɋɬɜɨɪɟɧɿ ɧɨɜɿ ɰɢɮɪɨɜɿ ɫɯɟɦɨɬɟɯɧɿɱɧɿ ɪɿɲɟɧɧɹ ɞɥɹ 
ɛɥɨɤɿɜ ɑɄ ɬɚ ɎɄ ɡ ɦɨɠɥɢɜɿɫɬɸ ɝɧɭɱɤɨɝɨ ɧɚɥɚɲɬɭɜɚɧɧɹ ʀɯ ɪɟɠɢɦɭ ɪɨɛɨɬɢ ɬɚ ɞɢɧɚɦɿɱɧɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ. Ɂɚɩɪɨɩɨɧɨɜɚɧɿ ɛɥɨɤɢ ɪɟɚɥɿɡɨɜɚɧɿ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɆɈȺ VHDL ɿ ɩɪɨɬɟɫ-
ɬɨɜɚɧɿ ɧɚ ɦɿɤɪɨɫɯɟɦɿ FPGA (ɫɿɦɟɣɫɬɜɨ Intel® Altera® Cyclone-III®).  

ɍ ɪɨɡɪɨɛɥɟɧɨɦɭ ɛɥɨɰɿ ɎɄ ɭɫɭɧɟɧɿ ɬɚɤɿ ɧɟɞɨɥɿɤɢ, ɜɥɚɫɬɢɜɿ ɧɚɹɜɧɢɦ ɡɪɚɡɤɚɦ: 
1. Ɂɚɜɞɹɤɢ ɜɫɬɚɧɨɜɥɟɧɧɸ ɞɨɞɚɬɤɨɜɢɯ ɥɚɧɨɤ ɞɟɬɟɤɬɭɜɚɧɧɹ ɮɪɨɧɬɿɜ ɩɨ ɜɯɨɞɚɯ ɜɢɦɿɪɸ-

ɜɚɧɧɹ ɫɬɚɥɨ ɦɨɠɥɢɜɢɦ ɩɟɪɟɦɢɤɚɧɧɹ ɛɥɨɤɚ ɑɄ ɿɡ ɪɟɠɢɦɭ ɩɿɞɪɚɯɭɧɤɭ ɤɿɥɶɤɨɫɬɿ ɿɦɩɭɥɶɫɿɜ 
ɭ ɪɟɠɢɦ ɩɿɞɪɚɯɭɧɤɭ ɤɿɥɶɤɨɫɬɿ ɮɪɨɧɬɿɜ. ɐɟ, ɭ ɫɜɨɸ ɱɟɪɝɭ, ɞɨɡɜɨɥɢɥɨ ɭɫɭɧɭɬɢ ɨɞɢɧ ɡ ɨɫ-
ɧɨɜɧɢɯ ɧɟɞɨɥɿɤɿɜ ɑɄ − ɧɟɦɨɠɥɢɜɿɫɬɶ ɞɨɫɬɨɜɿɪɧɨɝɨ ɩɨɪɿɜɧɹɧɧɹ ɱɚɫɬɨɬ ɧɚ ɪɿɜɧɿɫɬɶ, ɚ ɬɚɤɨɠ 
ɡɪɨɛɢɬɢ ɜɢɦɿɪɸɜɚɧɧɹ ɱɚɫɬɨɬ ɧɟɱɭɬɥɢɜɢɦ ɞɨ ɮɚɡɢ ɫɥɿɞɭɜɚɧɧɹ ɿɦɩɭɥɶɫɿɜ; 

2. Ɂɚɜɞɹɤɢ ɜɫɬɚɧɨɜɥɟɧɧɸ ɝɿɫɬɟɪɟɡɢɫɧɨʀ ɥɚɧɤɢ, ɹɤɚ ɤɟɪɭєɬɶɫɹ ɡɧɚɱɟɧɧɹɦ ɪɿɡɧɢɰɿ ɩɿɞɪɚ-
ɯɨɜɚɧɢɯ ɮɪɨɧɬɿɜ, ɫɬɚɥɨ ɦɨɠɥɢɜɢɦ ɜɢɤɨɪɢɫɬɚɧɧɹ ɑɄ ɹɤ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨɝɨ ɩɟɪɟɦɢɤɚɱɚ ɦɿɠ 
«ɝɪɭɛɢɦ» ɿ «ɬɨɱɧɢɦ» ɪɟɠɢɦɚɦɢ ɤɟɪɭɜɚɧɧɹ ɩɪɢ ɪɨɛɨɬɿ ɜ ɫɤɥɚɞɿ ɡɚɦɤɧɟɧɨʀ ɋȺɄ ɩɪɟɰɢɡɿɣ-
ɧɨʀ ɋɋɉ. 

ɍ ɪɨɡɪɨɛɥɟɧɨɦɭ ɛɥɨɰɿ ɎɄ ɭɫɭɧɟɧɿ ɬɚɤɿ ɧɟɞɨɥɿɤɢ, ɜɥɚɫɬɢɜɿ ɧɚɹɜɧɢɦ ɡɪɚɡɤɚɦ: 
1. Ɂɚɜɞɹɤɢ ɜɫɬɚɧɨɜɥɟɧɧɸ ɞɨɞɚɬɤɨɜɢɯ ɞɟɬɟɤɬɨɪɿɜ ɮɪɨɧɬɿɜ ɞɨɫɹɝɚєɬɶɫɹ ɧɚɞɿɣɧɚ ɪɨɛɨɬɚ 

ɡ ɜɢɡɧɚɱɟɧɧɹ ɪɿɡɧɢɰɿ ɮɚɡ ɧɚɜɿɬɶ ɩɪɢ ɡɧɚɱɟɧɧɹɯ ɜɢɦɿɪɸɜɚɧɢɯ ɱɚɫɬɨɬ, ɛɥɢɡɶɤɢɯ ɞɨ ɫɢɫɬɟɦ-
ɧɨʀ ɱɚɫɬɨɬɢ ɬɚɤɬɭɜɚɧɧɹ; 

2. Ɂɚɜɞɹɤɢ ɥɚɧɰɸɝɚɦ ɩɟɪɟɯɪɟɫɧɨɝɨ ɤɟɪɭɜɚɧɧɹ ɞɨɫɹɝɚɸɬɶɫɹ ɜɢɫɨɤɚ ɲɜɢɞɤɨɞɿɹ 
(fsys = 200 ɆȽɰ) ɚɜɬɨɦɚɬɢɤɢ ɬɚ ʀʀ ɫɬɚɛɿɥɶɧɚ ɪɨɛɨɬɚ ɧɚɜɿɬɶ ɡɚ ɭɦɨɜɢ ɨɞɧɨɱɚɫɧɨɫɬɿ ɧɚɞɯɨ-
ɞɠɟɧɧɹ ɿɦɩɭɥɶɫɿɜ ɧɚ ɜɢɦɿɪɸɜɚɥɶɧɢɯ ɜɯɨɞɚɯ. 

Ɉɛɢɞɜɚ ɛɥɨɤɢ ɨɫɧɚɳɟɧɿ ɦɨɠɥɢɜɿɫɬɸ ɧɚɥɚɲɬɭɜɚɧɧɹ єɦɧɨɫɬɿ ɥɿɱɢɥɶɧɢɤɿɜ (ɬɨɛɬɨ ɿɧɬɟ-
ɪɜɚɥɭ ɭɫɟɪɟɞɧɟɧɧɹ, ɳɨ ɧɚɞɚє ɿɧɬɟɝɪɭɸɱɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ) ɿ ɩɨɪɨɝɨɜɢɯ ɪɿɜɧɿɜ ɡɨɧɢ ɧɟɱɭɬ-
ɥɢɜɨɫɬɿ (ɧɚɞɚє ɝɿɫɬɟɪɟɡɢɫɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ). ɇɚɥɚɲɬɭɜɚɧɧɹ ɜɫɬɚɧɨɜɥɸɸɬɶɫɹ ɨɤɪɟɦɨ ɞɥɹ 
ɤɨɠɧɨɝɨ ɧɨɜɨɝɨ ɜɯɨɞɠɟɧɧɹ ɛɥɨɤɿɜ ɜ ɫɢɫɬɟɦɭ ɧɚ ɟɬɚɩɿ ɤɨɦɩɿɥɹɰɿʀ. 

Ɉɬɪɢɦɚɧɿ ɛɥɨɤɢ ɞɨɡɜɨɥɹɸɬɶ ɿɫɬɨɬɧɨ ɫɩɪɨɫɬɢɬɢ (ɩɨɡɛɭɬɢɫɹ ɫɭɦɚɬɨɪɿɜ ɿ ɩɨɦɧɨɠɭɜɚɱɿɜ) 
ɫɬɪɭɤɬɭɪɭ ɰɢɮɪɨɜɨʀ ɋȺɄ «ɭ ɜɟɥɢɤɨɦɭ», ɜ ɹɤɿɣ ɪɟɝɭɥɸɜɚɧɧɹ ɜɿɞɛɭɜɚєɬɶɫɹ ɜ ɨɫɧɨɜɧɨɦɭ ɡɚ 
ɪɚɯɭɧɨɤ ɤɨɧɬɭɪɭ ɲɜɢɞɤɨɫɬɿ. ɐɿ ɠ ɛɥɨɤɢ ɦɨɠɭɬɶ ɜɢɫɬɭɩɚɬɢ ɞɟɬɟɤɬɨɪɚɦɢ, ɨɫɤɿɥɶɤɢ ɡɚɥɟ-
ɠɧɨ ɜɿɞ ʀɯ ɜɢɯɿɞɧɨɝɨ ɡɧɚɱɟɧɧɹ ɋȺɄ ɩɟɪɟɦɢɤɚєɬɶɫɹ ɡ «ɝɪɭɛɨɝɨ» (ɪɟɝɭɥɸɜɚɧɧɹ ɲɜɢɞɤɨɫɬɿ) 
ɭ «ɬɨɱɧɢɣ» (ɪɟɝɭɥɸɜɚɧɧɹ ɩɨɥɨɠɟɧɧɹ) ɪɟɠɢɦ, ɿ ɧɚɜɩɚɤɢ. 

Ɋɨɡɪɨɛɥɟɧɿ ɛɥɨɤɢ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɜ ɫɤɥɚɞɿ ɋȺɄ ɫɬɚɛɿɥɿɡɚɬɨɪɚ ɧɚɩɪɭɝɢ Ʌɉɋ ɧɚ ɨɫ-
ɧɨɜɿ ɄɊȱɉ-ɉɇɋ [1; 2; 6] ɬɚ ɜ ɩɪɟɰɢɡɿɣɧɿɣ ɫɢɫɬɟɦɿ ɤɟɪɭɜɚɧɧɹ ɟɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɿɡ ɜɢɫɨɤɨɸ 
ɞɢɧɚɦɿɤɨɸ, ɹɤɚ ɩɪɚɰɸє ɜ ɪɟɠɢɦɿ ɎȺɉɑ [4, 5]. Ʉɪɿɦ ɬɨɝɨ, ɰɿ ɛɥɨɤɢ ɦɨɠɭɬɶ ɛɭɬɢ ɜɢɤɨɪɢ-
ɫɬɚɧɿ ɹɤ ɜɭɡɥɢ ɩɟɪɟɬɜɨɪɟɧɧɹ ɜɯɿɞɧɨɝɨ ɫɢɝɧɚɥɭ (ɑȱ-ɞɟɦɨɞɭɥɹɰɿʀ) ɞɥɹ ɫɢɫɬɟɦ, ɳɨ ɩɪɚɰɸɸɬɶ 
ɭ ɱɚɫɬɨɬɧɨ-ɿɦɩɭɥɶɫɧɨɦɭ ɞɨɦɟɧɿ [8-10; 24]. 
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Roman Yershov 

DIGITAL FREQUENCY AND PHASE COMPARATORS AS PARTS  

OF A MOVABLE PLATFORM POSITION STABILIZATION SYSTEM 

Urgency of the research. A dual-range, four-quadrant position stabilization system (PSS) of a brushless direct current 

motor (BLDC) as a part of  movable platform (MP), in which the power stage is based on a quasi-resonant pulse converter 

(QRPC), has the better speed and accuracy characteristics in comparison with hard-switching PWM-based converters. 

Target setting. The BLDC PSS can be built on the basis of the classic multi-loop control system (MLCS), or on the pulse-

frequency (PF-) domain. In PF-domain the task of speed control is transformed into the frequency comparing and matching 

task, and the position control is transformed into the phasecomparing and matching between the reference signal and the 

feedback signal. The development of specialized digital blocks of a frequency comparator (FK) and a phase comparator (PC) 

to perform the above tasks is a non-trivial task. 

Actual scientific researches and issues analysis. The earliest solutions of the FC, which should be correctly called the 

‘frequency detector’ (FD), were implemented mixed-signal (contained both analog and digital nodes) due to their usage in a 

high-frequency phase-locked loop (PLL) system. A full-featured FC consists of two counters, comparator, a FD block, control 

finite-state machine (FSM), and a specialized combinational circuit. 

Uninvestigated parts of general matters defining. Existing FC blocks do not return a quantitative relation between 

measured frequencies, which can be used to predict dynamics, and are insensitive to the detection of small misalignments 

between frequencies, that, in turn, creates instability of determining the frequencies equality state. Existing PC blocks are 

unstable when the frequency of one of the measured signals reaches the system clock frequency, and also do not take into 

account the edges incoming order of the measured signals. 

The research objective. The article is devoted to the study and development of the structure of pure-digital FC and PC 

blocks, which will eliminate the disadvantages of existing solutions and are oriented for integration into PSS with QRPC in the 

power stage and MLCS operates in a PF-domain. 

The statement of basic materials. A novel technical solutions is proposed, developed and tested for pure-digital blocks of 

the FC and PC built on the basis of the field-programmable gate array (FPGA) by means of the hardware description language 

(VHDL). They allow not only to measure the sign of the inequality of frequency and phase between two periodic signals, but 

also to obtain the difference numerical values  between them. 

Conclusions. The installation of the FC and PC blocks into the BLDC PSS leads to a significant reducing of FPGA hardware 

resources utilization and to the high reliability and noise immunity of the MLCS  through the unruptured (continiously) nature of 

the signals. Both the proposed blocks are novel and have eliminated the inherent disadvantages of the existing blocks of the FC 

and PC due to the installation of additional digital nodes − synchronizers (pulse shorters and edge detectors), and also a hysteresis 

node  that leads to increase the stability and solve the problem of detection near-to-equal frequencies and phases. 

Keywords: pulse-frequency domain; frequency; phase; detector; comparator; FD; FPD; FC; PC; PFM; FPGA; VHDL. 

Fig.: 7. Table: 1. References: 24. 
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