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1 ȼɜɟɞɟɧɢɟ 
 

ɂɦɟɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɫɩɨɫɨɛɨɜ ɜɵɱɢɫɥɟɧɢɹ ɞɢɫɤɪɟɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
Ɏɭɪɶɟ (ȾɉɎ), ɬɚɤɢɟ ɤɚɤ ɪɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɢɥɢ 
ɤɨɪɪɟɥɹɰɢɨɧɧɵɣ ɦɟɬɨɞ. Ȼɵɫɬɪɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ (ȻɉɎ) ɟɫɬɶ ɞɪɭɝɨɣ 
ɦɟɬɨɞ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ȾɉɎ. ɗɬɨɬ ɫɩɨɫɨɛ ɞɚɟɬ ɬɨɬ ɠɟ ɪɟɡɭɥɶɬɚɬ, ɤɚɤ ɢ ɞɪɭɝɢɟ 
ɫɩɨɫɨɛɵ, ɧɨ ɨɧ ɧɟɜɟɪɨɹɬɧɨ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɟɧ, ɡɚɱɚɫɬɭɸ ɨɧ ɭɦɟɧɶɲɚɟɬ ɜɪɟɦɹ 
ɜɵɱɢɫɥɟɧɢɹ ɜ ɫɨɬɧɢ ɪɚɡ. ɗɬɨ ɜɫɟ ɪɚɜɧɨ, ɱɬɨ ɫɪɚɜɧɢɜɚɬɶ ɩɨɥɟɬ ɜ ɫɚɦɨɥɟɬɟ ɫ 
ɩɟɲɟɣ ɩɪɨɝɭɥɤɨɣ! ȿɫɥɢ ɛɵ ɧɟ ɛɵɥɨ ȻɉɎ, ɬɨ ɦɧɨɝɢɟ ɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ, ɧɟ 
ɦɨɝɥɢ ɛɵ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɵ. ɏɨɬɹ ȻɉɎ ɬɪɟɛɭɟɬ ɜɫɟɝɨ ɧɟɫɤɨɥɶɤɨ ɞɸɠɢɧ 
ɥɢɧɢɣ ɜ ɤɨɞɟ ɩɪɨɝɪɚɦɦɵ, ɨɧ ɧɚɢɛɨɥɟɟ ɫɥɨɠɧɵɣ ɚɥɝɨɪɢɬɦ ɜ ɐɈɋ. ɇɨ ɧɟ 
ɨɬɱɚɢɜɚɣɬɟɫɶ! ȼɵ ɦɨɠɟɬɟ ɥɟɝɤɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɩɭɛɥɢɤɨɜɚɧɧɵɟ ɩɪɨɝɪɚɦɦɵ 
ȻɉɎ ɛɟɡ ɩɨɥɧɨɝɨ ɩɨɧɢɦɚɧɢɹ ɢɯ ɜɧɭɬɪɟɧɧɟɣ ɪɚɛɨɬɵ. 

 

2 Ɍɟɨɪɟɬɢчɟɫɤɚɹ  чɚɫɬɶ 

2.1  Ɉɛщɢɟ ɬɪɟɛɨɜɚɧɢɹ 
 

Ɋɟɚɥɶɧɨɟ ȾɉФ, ɢɫɩɨɥɶɡɭɸщɟɟ ɤɨɦɩɥɟɤɫɧɨɟ ȾɉФ 

Ʉɨɥɟɣ (J.W. Cooley) ɢ Ɍɭɤɢ (J.W. Turkey) ɨɬɤɪɵɥɢ ȻɉɎ ɞɜɟɪɢ ɜ ɦɢɪ 
ɫɜɨɟɣ ɪɚɛɨɬɨɣ «Ⱥɥɝɨɪɢɬɦɵ ɞɥɹ ɦɚɲɢɧɧɨɝɨ ɜɵɱɢɫɥɟɧɢɹ ɤɨɦɩɥɟɤɫɧɵɯ ɪɹɞɨɜ 

Ɏɭɪɶɟ» (Мɚɬɟɦɚɬɢɱɟɫɤɢɟ ɜɵɱɢɫɥɟɧɢɹ, ɬɨɦ 19, ɫɬɪɚɧɢɰɵ 297-301). ȼ 
ɪɟɬɪɨɫɩɟɤɬɢɜɧɨɦ ɩɥɚɧɟ, ɦɧɨɝɨ ɪɚɧɶɲɟ ɷɬɭ ɬɟɯɧɢɤɭ ɨɬɤɪɵɥɢ ɞɪɭɝɢɟ. 
ɇɚɩɪɢɦɟɪ, ɜɟɥɢɤɢɣ ɝɟɪɦɚɧɫɤɢɣ ɦɚɬɟɦɚɬɢɤ Ʉɚɪɥ Ɏɪɢɞɪɢɯ Ƚɚɭɫɫ (1777-1855) 

ɢɫɩɨɥɶɡɨɜɚɥ ɷɬɨɬ ɦɟɬɨɞ ɛɨɥɟɟ ɱɟɦ ɡɚ ɫɬɨɥɟɬɢɟ ɪɚɧɶɲɟ. ȿɝɨ ɪɚɧɧɹɹ ɪɚɛɨɬɚ 
ɛɵɥɚ ɫɢɥɶɧɨ ɡɚɛɵɬɚ ɩɨɬɨɦɭ, ɱɬɨ ɨɬɫɭɬɫɬɜɨɜɚɥ ɢɧɫɬɪɭɦɟɧɬ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ 
ɷɬɨɝɨ ɧɚ ɩɪɚɤɬɢɤɟ, ɰɢɮɪɨɜɨɣ ɤɨɦɩɶɸɬɟɪ. Ʉɨɥɟɣ ɢ Ɍɭɤɢ ɨɤɚɡɚɥɢɫɶ ɝɟɪɨɹɦɢ 
ɩɨɬɨɦɭ, ɱɬɨ ɨɧɢ ɨɬɤɪɵɥɢ ȻɉɎ ɜ ɧɭɠɧɨɟ ɜɪɟɦɹ, ɜ ɧɚɱɚɥɟ ɤɨɦɩɶɸɬɟɪɧɨɣ 
ɪɟɜɨɥɸɰɢɢ. 

ȻɉɎ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɤɨɦɩɥɟɤɫɧɨɦ ȾɉɎ, ɛɨɥɟɟ ɢɡɨɳɪɟɧɧɨɣ ɜɟɪɫɢɢ 
ɪɟɚɥɶɧɨɝɨ ȾɉɎ. ɗɬɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɧɚɡɜɚɧɵ ɩɨ ɫɩɨɫɨɛɭ, ɤɨɬɨɪɵɦ 
ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɞɚɧɧɵɟ, ɬɨ ɟɫɬɶ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɷɬɨɝɨ ɪɟɚɥɶɧɵɟ ɱɢɫɥɚ ɢɥɢ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ. Ɍɟɪɦɢɧ «ɤɨɦɩɥɟɤɫɧɵɣ» ɧɟ ɨɡɧɚɱɚɟɬ, ɱɬɨ 
ɷɬɨ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɬɪɭɞɧɨ ɢɥɢ ɫɥɨɠɧɨ, ɨɧɨ ɨɛɨɡɧɚɱɚɟɬ ɫɩɟɰɢɮɢɱɟɫɤɢɣ ɬɢɩ 
ɢɫɩɨɥɶɡɭɟɦɨɣ ɦɚɬɟɦɚɬɢɤɢ. Ʉɨɦɩɥɟɤɫɧɚɹ ɦɚɬɟɦɚɬɢɤɚ ɱɚɫɬɨ ɹɜɥɹɟɬɫɹ ɬɪɭɞɧɨɣ 
ɢ ɫɥɨɠɧɨɣ, ɧɨ ɢɦɹ ɩɪɢɲɥɨ ɧɟ ɨɬɬɭɞɚ. ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɩɨɤɚɡɚɬɶ, ɤɚɤ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ȻɉɎ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɪɟɚɥɶɧɨɝɨ ȾɉɎ, ɛɟɡ ɩɨɝɪɭɠɟɧɢɹ ɜ 
ɝɥɭɛɢɧɵ ɦɚɬɟɦɚɬɢɤɢ. 

ɉɨɫɤɨɥɶɤɭ ȻɉɎ ɟɫɬɶ ɚɥɝɨɪɢɬɦ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɤɨɦɩɥɟɤɫɧɨɝɨ ȾɉɎ, 
ɜɚɠɧɨ ɩɨɧɢɦɚɬɶ, ɤɚɤ ɩɨɥɭɱɚɸɬɫɹ ɞɚɧɧɵɟ ɪɟɚɥɶɧɨɝɨ ȾɉɎ ɧɚ ɜɯɨɞɟ ɢ ɧɚ 
ɜɵɯɨɞɟ ɢɡ ɮɨɪɦɚɬɚ ɤɨɦɩɥɟɤɫɧɨɝɨ ȾɉɎ. Ɋɢɫɭɧɨɤ 2.1 ɞɚɟɬ ɫɪɚɜɧɟɧɢɟ ɬɨɝɨ, ɤɚɤ 
ɯɪɚɧɹɬɫɹ ɞɚɧɧɵɟ ɩɪɢ ɪɟɚɥɶɧɨɦ ȾɉɎ ɢ ɩɪɢ ɤɨɦɩɥɟɤɫɧɨɦ ȾɉɎ. Ɋɟɚɥɶɧɨɟ 
ȾɉɎ ɩɪɟɨɛɪɚɡɭɟɬ N ɬɨɱɟɤ ɫɢɝɧɚɥɚ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɜ ɞɜɚ ɧɚɛɨɪɚ ɢɡ N/2 + 1 

ɬɨɱɟɤ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ. ɋɢɝɧɚɥ ɜɨ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɬɚɤ ɢ ɧɚɡɵɜɚɟɬɫɹ: 
ɫɢɝɧɚɥ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ. Ⱦɜɚ ɫɢɝɧɚɥɚ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ ɧɚɡɵɜɚɸɬɫɹ 
ɪɟɚɥɶɧɚɹ ɱɚɫɬɶ ɢ ɦɧɢɦɚɹ ɱɚɫɬɶ, ɜ ɧɢɯ ɫɨɞɟɪɠɚɬɫɹ ɚɦɩɥɢɬɭɞɵ ɤɨɫɢɧɭɫɧɵɯ 
ɜɨɥɧ ɢ ɫɢɧɭɫɧɵɯ ɜɨɥɧ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  
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ɋɪɚɜɧɟɧɢɟ ɪɟɚɥɶɧɨɝɨ ɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ȾɉФ 

 Ɋɟɚɥɶɧɨɟ ȾɉɎ ɛɟɪɟɬ N ɬɨɱɟɤ ɫɢɝɧɚɥɚ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɢ ɫɨɡɞɚɟɬ ɞɜɚ 
ɧɚɛɨɪɚ ɢɡ N/2+1 ɬɨɱɟɤ ɫɢɝɧɚɥɚ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ. Ʉɨɦɩɥɟɤɫɧɨɟ ȾɉɎ ɛɟɪɟɬ 
ɞɜɚ ɧɚɛɨɪɚ ɩɨ N ɬɨɱɟɤ ɫɢɝɧɚɥɚ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɢ ɫɨɡɞɚɟɬ ɞɜɚ ɧɚɛɨɪɚ ɢɡ N 

ɬɨɱɟɤ ɫɢɝɚɥɚ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ. ɒɬɪɢɯɨɜɤɨɣ ɩɨɤɚɡɚɧɵ ɨɛɥɚɫɬɢ ɜɟɥɢɱɢɧ 
ɨɛɳɢɟ ɞɥɹ ɞɜɭɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ. 

ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɟɚɥɶɧɵɦ ȾɉɎ, ɤɨɦɩɥɟɤɫɧɨɟ ȾɉɎ ɩɪɟɨɛɪɚɡɭɟɬ ɞɜɚ 
ɧɚɛɨɪɚ ɩɨ N ɬɨɱɟɤ ɫɢɝɧɚɥɚ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɜ ɞɜɚ ɧɚɛɨɪɚ ɩɨ N  ɬɨɱɟɤ 
ɫɢɝɧɚɥɚ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ. Ⱦɜɚ ɧɚɛɨɪɚ ɫɢɝɧɚɥɚ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ 
ɧɚɡɵɜɚɸɬɫɹ ɪɟɚɥɶɧɨɣ ɱɚɫɬɶɸ ɢ ɦɧɢɦɨɣ ɱɚɫɬɶɸ, ɬɚɤ ɠɟ ɤɚɤ ɢ ɫɢɝɧɚɥɵ 
ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ. ɇɟ ɫɦɨɬɪɹ ɧɚ ɢɯ ɧɚɡɜɚɧɢɹ, ɜɫɟ ɜɟɥɢɱɢɧɵ ɜ ɷɬɢɯ ɦɚɫɫɢɜɚɯ 
ɬɚɤ ɠɟ ɨɛɵɱɧɵɟ ɱɢɫɥɚ. Дȿɫɥɢ ɜɵ ɡɧɚɤɨɦɵ ɫ ɤɨɦɩɥɟɤɫɧɵɦɢ ɱɢɫɥɚɦɢ, ɬɨ У ɧɟ 
ɜɤɥɸɱɟɧɨ ɜ ɦɚɫɫɢɜɵ ɷɬɢɯ ɜɟɥɢɱɢɧ, ɨɧɢ ɱɚɫɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɫɩɨɫɨɛɚ; 
ɜɫɩɨɦɧɢɬɟ, ɱɬɨ ɨɩɟɪɚɬɨɪ IЦ( ) ɜɨɡɜɪɚɳɚɟɬ ɪɟɚɥɶɧɵɟ ɱɢɫɥɚЖ. 

 
Ɋɢɫɭɧɨɤ 2.1 - ɋɪɚɜɧɟɧɢɟ ɬɨɝɨ, ɤɚɤ ɯɪɚɧɹɬɫɹ ɞɚɧɧɵɟ ɩɪɢ ɪɟɚɥɶɧɨɦ ȾɉɎ ɢ ɩɪɢ 

ɤɨɦɩɥɟɤɫɧɨɦ ȾɉɎ 

 

 

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɜɵ ɢɦɟɟɬɟ N ɬɨɱɟɤ ɫɢɝɧɚɥɚ ɢ ɜɚɦ ɧɟɨɛɯɨɞɢɦɨ 
ɜɵɱɢɫɥɢɬɶ ɪɟɚɥɶɧɨɟ ȾɉɎ ɫ ɩɨɦɨɳɶɸ ɤɨɦɩɥɟɤɫɧɨɝɨ ȾɉɎ (ɤɚɤ ɜ ɫɥɭɱɚɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɥɝɨɪɢɬɦɚ ȻɉɎ). ɉɟɪɜɨɟ, ɩɨɦɟɳɚɟɬɟ N ɬɨɱɟɤ ɫɢɝɧɚɥɚ ɜ 
ɪɟɚɥɶɧɭɸ ɱɚɫɬɶ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ȻɉɎ ɢ ɡɚɬɟɦ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɟ ɜɫɟ ɨɬɫɱɟɬɵ ɦɧɢɦɨɣ ɱɚɫɬɢ ɜ ɧɭɥɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɱɢɫɥɟɧɢɹ 
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ɤɨɦɩɥɟɤɫɧɨɝɨ ȾɉɎ ɜ ɪɟɚɥɶɧɨɣ ɢ ɦɧɢɦɨɣ ɱɚɫɬɹɯ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ 
ɩɨɥɭɱɚɟɬɫɹ N ɬɨɱɟɤ. Ɉɬɫɱɟɬɵ ɨɬ 0 ɞɨ N/2 ɷɬɢɯ ɫɢɝɧɚɥɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɫɩɟɤɬɪɭ ɪɟɚɥɶɧɨɝɨ ȾɉɎ. 

ɑɚɫɬɨɬɧɚɹ ɨɛɥɚɫɬɶ ȾɉɎ ɩɟɪɢɨɞɢɱɟɫɤɚɹ, ɢ ɜ ɧɟɟ ɜɤɥɸɱɟɧɵ ɧɟɝɚɬɢɜɧɵɟ 
ɱɚɫɬɨɬɵ. ȼɵɛɨɪ ɫɢɝɧɚɥɶɧɨɝɨ ɩɟɪɢɨɞɚ ɩɪɨɢɡɜɨɥɟɧ; ɨɧ ɦɨɠɟɬ ɛɵɬɶ ɜɵɛɪɚɧ 
ɦɟɠɞɭ -1,0 ɢ 0, ɦɟɠɞɭ -0,5 ɢ 0,5, ɦɟɠɞɭ 0 ɢ 1 ɢɥɢ ɦɟɠɞɭ ɤɚɤɢɦ ɥɢɛɨ ɞɪɭɝɢɦ 
ɟɞɢɧɢɱɧɵɦ ɢɧɬɟɪɜɚɥɨɦ, ɨɩɪɟɞɟɥɹɟɦɵɦ ɱɚɫɬɨɬɨɣ ɞɢɫɤɪɟɬɢɡɚɰɢɢ. ɑɚɫɬɨɬɧɵɣ 
ɫɩɟɤɬɪ ɤɨɦɩɥɟɤɫɧɨɝɨ ȾɉɎ ɜɤɥɸɱɚɟɬ ɧɟɝɚɬɢɜɧɵɟ ɱɚɫɬɨɬɵ ɜ ɢɧɬɟɪɜɚɥɟ 0-1,0. 

Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɨɞɢɧ ɩɨɥɧɵɣ ɩɟɪɢɨɞ ɨɬ ɨɬɫɱɟɬɚ 0 ɞɨ ɨɬɫɱɟɬɚ N-1 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɧɬɟɪɜɚɥɭ ɨɬ 0 ɞɨ 1 ɱɚɫɬɨɬɵ ɞɢɫɤɪɟɬɢɡɚɰɢɢ. ɉɨɥɨɠɢɬɟɥɶɧɵɟ 
ɱɚɫɬɨɬɵ ɧɚɯɨɞɹɬɫɹ ɦɟɠɞɭ ɨɬɫɱɟɬɚɦɢ 0 ɢ N/2, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɧɬɟɪɜɚɥɭ 0 – 

0.5 ɱɚɫɬɨɬɵ ɞɢɫɤɪɟɬɢɡɚɰɢɢ. Ɉɬɫɱɟɬɵ ɦɟɠɞɭ N/2+1 ɢ N-1 ɫɨɞɟɪɠɚɬ ɜɟɥɢɱɢɧɵ 
ɧɟɝɚɬɢɜɧɵɯ ɱɚɫɬɨɬ, ɤɨɬɨɪɵɟ ɨɛɵɱɧɨ ɢɝɧɨɪɢɪɭɸɬɫɹ. 

Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɪɟɚɥɶɧɨɝɨ ɢɧɜɟɪɫɧɨɝɨ ДɉФ ɢɫɩɨɥɶɡɭɸɬ ɤɨɦɩɥɟɤɫɧɨɟ 
ɢɧɜɟɪɫɧɨɟ ДɉФ ɫ ɧɟɛɨɥɶɲɢɦɢ ɢɡɦɟɧɟɧɢɹɦɢ. ɗɬɨ ɜɵɡɜɚɧɨ ɬɟɦ, ɱɬɨ ɜɚɦ 
ɧɟɨɛɯɨɞɢɦɨ ɭɛɟɞɢɬɫɹ, ɱɬɨ ɧɟɝɚɬɢɜɧɵɟ ɱɚɫɬɨɬɵ ɡɚɝɪɭɠɟɧɵ ɜ ɩɪɚɜɢɥɶɧɨɦ 
ɮɨɪɦɚɬɟ. ɉɨɦɧɢɬɟ, ɬɨɱɤɢ ɨɬ 0 ɞɨ N/2 ɜ ɤɨɦɩɥɟɤɫɧɨɦ ȾɉɎ ɬɟ ɠɟ ɫɚɦɵɟ, ɱɬɨ ɢ 
ɜ ɪɟɚɥɶɧɨɦ ȾɉɎ ɞɥɹ ɪɟɚɥɶɧɨɣ ɱɚɫɬɢ ɢ ɦɧɢɦɨɣ ɱɚɫɬɢ. Ⱦɥɹ ɪɟɚɥɶɧɨɣ ɱɚɫɬɢ 
ɬɨɱɤɚ N/2+1 ɬɚ ɠɟ ɫɚɦɚɹ, ɱɬɨ ɢ ɬɨɱɤɚ N/2-1, ɬɨɱɤɚ N/2+2 ɬɚ ɠɟ, ɱɬɨ ɢ ɬɨɱɤɚ 
N/2-2 ɢ ɬɚɤ ɞɚɥɟɟ. ɗɬɨ ɩɪɨɞɨɥɠɚɟɬɫɹ ɞɨ ɬɨɱɤɢ N-1, ɤɨɬɨɪɚɹ ɬɨ ɠɟ, ɱɬɨ ɢ 
ɬɨɱɤɚ 1. Ɍɨɬ ɠɟ ɩɨɞɯɨɞ ɢɫɩɨɥɶɡɭɟɬɫɹ ɢ ɞɥɹ ɦɧɢɦɨɣ ɱɚɫɬɢ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ 
ɢɡɦɟɧɟɧɢɹ ɡɧɚɤɚ. Ɍɚɤ ɬɨɱɤɚ N/2+1 ɟɫɬɶ ɧɟɝɚɬɢɜɧɚɹ ɬɨɱɤɚ N/2-1, ɬɨɱɤɚ N/2+2 
ɟɫɬɶ ɧɟɝɚɬɢɜɧɚɹ ɬɨɱɤɚ N/2-2 ɢ ɬɚɤ ɞɚɥɟɟ. Ɂɚɦɟɬɢɦ, ɱɬɨ ɬɨɱɤɢ 0 ɢ N/2 ɧɟ ɢɦɟɸɬ 
ɩɚɪ ɩɪɢ ɷɬɨɦ ɩɨɞɯɨɞɟ. ɇɚ ɩɪɚɤɬɢɤɟ ɜɵ ɡɚɝɪɭɠɚɟɬɟ ɫɩɟɤɬɪ ɪɟɚɥɶɧɨɝɨ ȾɉɎ ɜ 
ɨɬɫɱɟɬɵ ɨɬ 0 ɞɨ N/2 ɦɚɫɫɢɜɚ ɤɨɦɩɥɟɤɫɧɨɝɨ ȾɉɎ, ɢ ɡɚɬɟɦ ɢɫɩɨɥɶɡɭɟɬɟ 
ɩɨɞɩɪɨɝɪɚɦɦɭ ɞɥɹ ɝɟɧɟɪɚɰɢɢ ɧɟɝɚɬɢɜɧɵɯ ɱɚɫɬɨɬ ɨɬ N/1+1 ɞɨ N-1. Ɍɚɛɥɢɰɚ 
5.1 ɩɨɤɚɡɵɜɚɟɬ ɷɬɭ ɩɪɨɝɪɚɦɦɭ.  
 

Ɍɚɛɥɢɰɚ 5.1 – ɉɪɨɝɪɚɦɦɚ 

 

6000      'ȽȿɇȿɊȺɐɂə ɇȿȽȺɌɂȼɇɕɏ ɑȺɋɌɈɌ 

6010   'ɗɬɚ ɩɨɞɩɪɨɝɪɚɦɦɚ ɫɨɡɞɚɟɬ ɤɨɦɩɥɟɤɫɧɭɸ ɱɚɫɬɨɬɧɭɸ ɨɛɥɚɫɬɶ ɢɡ 
ɪɟɚɥɶɧɨɣ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ 

6020   'ɇɚ ɜɯɨɞɟ ɷɬɨɣ ɩɨɞɩɪɨɝɪɚɦɦɵ N% ɫɨɞɟɪɠɢɬ ɱɢɫɥɨ ɬɨɱɟɤ ɜ ɫɢɝɧɚɥɟ, ɢ 

6030   'REX[ ] and IMXД Ж ɫɨɞɟɪɠɚɬ ɪɟɚɥɶɧɭɸ ɱɚɫɬɨɬɧɭɸ ɨɛɥɚɫɬɶ ɫ ɨɬɫɱɟɬɚɦɢ 
ɨɬ 0 ɞɨ N%/2. 

6040 'ɇɚ ɜɵɯɨɞɟ ɜ REXД Ж ɢ IMXД Ж ɤɨɦɩɥɟɤɫɧɚɹ ɱɚɫɬɨɬɧɚɹ ɨɛɥɚɫɬɶ ɫ 
ɨɬɫɱɟɬɚɦɢ ɨɬ 0 ɞɨ N%-1. 

6050 ' 

6060 FOR K% = (N%/2+1) TO (N%-1) 

6070    REX[K%] = REX[N%-K%] 

6080    IMX[K%] = -IMX[N%-K%] 

6090 NEXT K% 

6100 ' 

6110 RETURN 
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ɑɬɨ ɛɵ ɭɛɟɞɢɬɫɹ, ɱɬɨ ɫɢɦɦɟɬɪɢɹ ɩɪɚɜɢɥɶɧɚɹ, ɩɨɫɥɟ ɜɡɹɬɢɹ ɢɧɜɟɪɫɧɨɝɨ 
ȻɉɎ ɩɨɫɦɨɬɪɢɬɟ ɧɚ ɦɧɢɦɭɸ ɱɚɫɬɶ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ. Ɉɧɚ ɞɨɥɠɧɚ ɫɨɫɬɨɹɬɶ 
ɢɡ ɨɞɧɢɯ ɧɭɥɟɣ, ɟɫɥɢ ɜɫɟ ɩɪɚɜɢɥɶɧɨ (ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɦɢɥɥɢɨɧɧɵɯ ɞɨɥɟɣ 
ɲɭɦɚ ɡɚ ɫɱɟɬ ɬɨɱɧɨɫɬɢ ɜɵɱɢɫɥɟɧɢɹ) 
 

Кɚɤ ɪɚɛɨɬɚɟɬ ȻɉФ 

ȻɉɎ ɫɥɨɠɧɵɣ ɚɥɝɨɪɢɬɦ, ɢ ɟɝɨ ɞɟɬɚɥɢ ɨɛɵɱɧɨ ɨɫɬɚɜɥɹɸɬ ɞɥɹ ɬɟɯ, ɤɬɨ 
ɫɩɟɰɢɚɥɢɡɢɪɭɟɬɫɹ ɜ ɷɬɢɯ ɜɟɳɚɯ. ɗɬɨɬ ɪɚɡɞɟɥ ɨɩɢɫɵɜɚɟɬ ɨɫɧɨɜɧɵɟ ɨɩɟɪɚɰɢɢ 
ȻɉɎ, ɧɨ ɨɛɯɨɞɢɬ ɫɬɨɪɨɧɨɣ ɤɥɸɱɟɜɨɣ ɜɨɩɪɨɫ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɦɩɥɟɤɫɧɵɯ 
ɱɢɫɟɥ. ȿɫɥɢ ɜɵ ɡɧɚɤɨɦɵ ɫ ɨɫɧɨɜɚɦɢ ɦɚɬɟɦɚɬɢɤɢ ɤɨɦɩɥɟɤɫɧɵɯ ɱɢɫɟɥ, ɜɵ 
ɦɨɠɟɬɟ ɦɟɠɞɭ ɫɬɪɨɤ ɩɪɨɱɢɬɚɬɶ ɢɫɬɢɧɧɭɸ ɩɪɢɪɨɞɭ ɚɥɝɨɪɢɬɦɚ. ɇɟ 
ɩɟɪɟɠɢɜɚɣɬɟ, ɟɫɥɢ ɞɟɬɚɥɢ ɭɫɤɨɥɶɡɧɭɬ ɨɬ ɜɚɫ, ɧɟɦɧɨɝɢɟ ɭɱɟɧɵɟ ɢ ɢɧɠɟɧɟɪɵ, 
ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬ ȻɉɎ, ɦɨɝɭɬ ɧɚɩɢɫɚɬɶ ɛɟɡɭɤɨɪɢɡɧɟɧɧɭɸ ɩɪɨɝɪɚɦɦɭ. 

ȼ ɤɨɦɩɥɟɤɫɧɨɣ ɡɚɩɢɫɢ ɜɪɟɦɟɧɧɚɹ ɢ ɱɚɫɬɨɬɧɚɹ ɨɛɥɚɫɬɢ ɫɨɞɟɪɠɚɬ ɨɞɢɧ 
ɫɢɝɧɚɥ ɢɡ N ɤɨɦɩɥɟɤɫɧɵɯ ɬɨɱɟɤ. Ʉɚɠɞɚɹ ɢɡ ɷɬɢɯ ɬɨɱɟɤ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɱɢɫɟɥ, 
ɪɟɚɥɶɧɨɣ ɱɚɫɬɢ ɢ ɦɧɢɦɨɣ ɱɚɫɬɢ. ɇɚɩɪɢɦɟɪ, ɤɨɝɞɚ ɦɵ ɝɨɜɨɪɢɦ ɨ ɤɨɦɩɥɟɤɫɧɨɦ 
ɱɢɫɥɟ БД42Ж, ɷɬɨ ɨɡɧɚɱɚɟɬ ɤɨɦɛɢɧɚɰɢɸ ɢɡ RОБД42Ж ɢ IЦБД42Ж. Ⱦɪɭɝɢɦɢ 
ɫɥɨɜɚɦɢ, ɤɚɠɞɚɹ ɤɨɦɩɥɟɤɫɧɚɹ ɩɟɪɟɦɟɧɧɚɹ ɫɨɞɟɪɠɢɬ ɞɜɚ ɱɢɫɥɚ. Ʉɨɝɞɚ ɞɜɟ 
ɤɨɦɩɥɟɤɫɧɵɟ ɩɟɪɟɦɟɧɧɵɟ ɩɟɪɟɦɧɨɠɚɸɬɫɹ, ɱɟɬɵɪɟ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ 
ɤɨɦɩɨɧɟɧɬɚ ɞɨɥɠɧɵ ɛɵɬɶ ɫɤɨɦɛɢɧɢɪɨɜɚɧɵ ɜ ɞɜɟ ɤɨɦɩɨɧɟɧɬɵ ɩɨɥɭɱɟɧɧɨɝɨ 
ɱɢɫɥɚ. ɗɬɨɬ ɪɚɡɞɟɥ «Кɚɤ ɪɚɛɨɬɚɟɬ ȻɉФ» ɢɫɩɨɥɶɡɭɟɬ ɠɚɪɝɨɧ ɤɨɦɩɥɟɤɫɧɵɯ 
ɱɢɫɟɥ. Ɍɨ ɟɫɬɶ, ɬɟɪɦɢɧɵ: ɫɢɝɧɚɥ, ɬɨɱɤɚ, ɨɬɫɱɟɬ ɢ ɜɟɥɢɱɢɧɚ ɨɡɧɚɱɚɸɬ 
ɤɨɦɛɢɧɚɰɢɸ ɢɡ ɪɟɚɥɶɧɨɣ ɱɚɫɬɢ ɢ ɦɧɢɦɨɣ ɱɚɫɬɢ. 

ȻɉɎ ɪɚɛɨɬɚɟɬ ɩɭɬɟɦ ɪɚɡɥɨɠɟɧɢɹ N ɬɨɱɟɤ ɫɢɝɧɚɥɚ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ 
ɧɚ N ɫɢɝɧɚɥɨɜ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɫɨɫɬɨɢɬ ɢɡ ɨɞɧɨɣ 
ɬɨɱɤɢ. ɋɥɟɞɭɸɳɢɣ ɲɚɝ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɵɱɢɫɥɟɧɢɢ N ɱɚɫɬɨɬɧɵɯ ɫɩɟɤɬɪɨɜ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɷɬɢɦ N ɫɢɝɧɚɥɚɦ. ɇɚɤɨɧɟɰ, N ɫɩɟɤɬɪɨɜ ɫɢɧɬɟɡɢɪɭɸɬɫɹ ɜ 
ɨɞɢɧ ɱɚɫɬɨɬɧɵɣ ɫɩɟɤɬɪ. 

Ɋɢɫɭɧɨɤ 5.2 ɩɨɤɚɡɵɜɚɟɬ ɩɪɢɦɟɪ ɪɚɡɥɨɠɟɧɢɹ ɫɢɝɧɚɥɚ ɜɪɟɦɟɧɧɨɣ 
ɨɛɥɚɫɬɢ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɜ ȻɉɎ. N-ɬɨɱɟɱɧɵɣ ɫɢɝɧɚɥ ɪɚɫɤɥɚɞɵɜɚɟɬɫɹ ɧɚ N 

ɫɢɝɧɚɥɨɜ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɫɨɞɟɪɠɢɬ ɨɞɧɭ ɬɨɱɤɭ. ɇɚ ɤɚɠɞɨɦ ɷɬɚɩɟ 
ɩɪɨɜɨɞɢɬɫɹ ɱɟɪɟɞɭɸɳɟɟɫɹ ɪɚɡɥɨɠɟɧɢɟ, ɪɚɡɞɟɥɹɹ ɱɟɬɧɵɟ ɢ ɧɟɱɟɬɧɵɟ ɧɨɦɟɪɚ 
ɨɬɫɱɟɬɨɜ. 

ȼ ɷɬɨɦ ɩɪɢɦɟɪɟ 16-ɬɢ ɬɨɱɟɱɧɵɣ ɫɢɝɧɚɥ ɪɚɫɤɥɚɞɵɜɚɟɬɫɹ ɡɚ ɱɟɬɵɪɟ 
ɨɬɞɟɥɶɧɵɯ ɲɚɝɚ. ɇɚ ɩɟɪɜɨɦ ɲɚɝɟ 16-ɬɢ ɬɨɱɟɱɧɵɣ ɫɢɝɧɚɥ ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɞɜɚ 
8-ɦɢ ɬɨɱɟɱɧɵɯ ɫɢɝɧɚɥɚ. ɇɚ ɜɬɨɪɨɦ ɲɚɝɟ – ɧɚ ɱɟɬɵɪɟ ɫɢɝɧɚɥɚ ɢɡ 4 ɬɨɱɟɤ. ɗɬɚ 
ɩɪɨɰɟɞɭɪɚ ɩɪɨɞɨɥɠɚɟɬɫɹ ɩɨɤɚ ɫɢɝɧɚɥ ɧɟ ɪɚɡɥɨɠɢɬɫɹ ɧɚ ɨɬɞɟɥɶɧɵɟ ɬɨɱɤɢ. 
ɑɟɪɟɞɭɸɳɟɟɫɹ ɪɚɡɥɨɠɟɧɢɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɠɞɵɣ ɪɚɡ, ɤɨɝɞɚ ɫɢɝɧɚɥ 
ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɞɜɚ, ɬɨ ɟɫɬɶ ɫɢɝɧɚɥ ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɱɟɬɧɵɟ ɢ ɧɟɱɟɬɧɵɟ ɧɨɦɟɪɚ 
ɨɬɫɱɟɬɨɜ. ɇɚɢɥɭɱɲɢɣ ɫɩɨɫɨɛ ɩɨɧɹɬɶ ɷɬɭ ɩɪɨɰɟɞɭɪɭ - ɢɡɭɱɚɬɶ ɪɢɫɭɧɨɤ 12-2 ɞɨ 
ɬɟɯ ɩɨɪ, ɩɨɤɚ ɜɵ ɧɟ ɭɫɜɨɢɬɟ ɷɬɨɬ ɲɚɛɥɨɧ. Ɍɪɟɛɭɟɬɫɹ LШР2N ɲɚɝɨɜ ɞɥɹ 
ɪɚɡɥɨɠɟɧɢɹ ɫɢɝɧɚɥɚ, ɬɨ ɟɫɬɶ 16-ɬɨɱɟɱɧɵɣ ɫɢɝɚɥ (24) ɩɨɬɪɟɛɭɟɬ ɱɟɬɵɪɟ ɲɚɝɚ, 
512-ɬɨɱɟɱɧɵɣ ɫɢɝɧɚɥ (27

) – 7 ɲɚɝɨɜ, ɫɢɝɧɚɥ ɢɡ 4096 ɬɨɱɟɤ (212
) – 12 ɲɚɝɨɜ ɢ 

ɬɚɤ ɞɚɥɟɟ. Ɂɚɩɨɦɧɢɬɟ ɷɬɭ ɜɟɥɢɱɢɧɭ, LШР2N, ɨɧɚ ɛɭɞɟɬ ɜɫɬɪɟɱɚɬɶɫɹ ɦɧɨɝɨ ɪɚɡ ɜ 
ɷɬɨɣ ɝɥɚɜɟ. 
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Ɋɢɫɭɧɨɤ 5.2 - ȻɉɎ ɪɚɡɥɨɠɟɧɢɟ 

 

Ɍɟɩɟɪɶ, ɤɨɝɞɚ ɜɵ ɩɨɧɹɥɢ ɫɬɪɭɤɬɭɪɭ ɪɚɡɥɨɠɟɧɢɹ, ɨɧɚ ɦɨɠɟɬ ɛɵɬɶ 
ɜɵɩɨɥɧɟɧɚ ɨɱɟɧɶ ɩɪɨɫɬɨ. Ɋɚɡɥɨɠɟɧɢɟ ɟɫɬɶ ɧɢɱɟɝɨ ɛɨɥɟɟ, ɤɚɤ ɩɟɪɟɨɪɝɚɧɢɡɚɰɢɹ 

ɨɬɫɱɟɬɨɜ. Ɋɢɫɭɧɨɤ 5.3 ɩɨɤɚɡɵɜɚɟɬ ɲɚɛɥɨɧ ɩɟɪɟɨɪɝɚɧɢɡɚɰɢɢ 
 

ɇɨɪɦɚɥɶɧɵɣ ɩɨɪɹɞɨɤ 
ɨɬɫɱɟɬɨɜ 

 

 Ɉɬɫɱɟɬɵ ɩɨɫɥɟ 
ɛɢɬɨɜɨɝɨ 

ɪɟɜɟɪɫɢɪɨɜɚɧɢɹ 

Ⱦɟɫɹɬɢɱɧɵɣ Ⱦɜɨɢɱɧɵ
ɣ 

 Ⱦɟɫɹɬɢɱɧɵ
ɣ 

Ⱦɜɨɢɱɧɵɣ 

0 0000  0 0000 

1 0001  8 1000 

2 0010  4 0100 

3 0011  12 1100 

4 0100  2 0010 

5 0101  10 1010 

6 0110  6 0110 

7 0111  14 1110 

8 1000  1 0001 

9 1001  9 1001 

10 1010  5 0101 

11 1011  13 1101 

12 1100  3 0011 

13 1101  11 1011 

14 1110  7 0111 

15 1111  15 1111 

 

Ɋɢɫɭɧɨɤ 5.3 - ɋɨɪɬɢɪɨɜɤɚ ɩɨɛɢɬɨɜɨɝɨ ɪɟɜɟɪɫɢɪɨɜɚɧɢɹ ɩɪɢ ȻɉɎ 
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ɋɥɟɜɚ ɢɫɯɨɞɧɵɣ ɩɨɪɹɞɨɤ ɨɬɫɱɟɬɨɜ. Ɋɚɡɥɨɠɟɧɢɟ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ 
ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɨ ɫɨɪɬɢɪɨɜɤɨɣ ɨɬɫɱɟɬɨɜ ɫɩɨɫɨɛɨɦ ɛɢɬɨɜɨɝɨ 
ɪɟɜɟɪɫɢɪɨɜɚɧɢɹ. 

ɋɩɪɚɜɚ ɧɨɜɵɣ ɩɨɪɹɞɨɤ ɨɬɫɱɟɬɨɜ. ɂɞɟɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ 
ɛɢɧɚɪɧɵɟ ɱɢɫɥɚ ɪɟɜɟɪɫɢɪɭɸɬɫɹ ɞɪɭɝ ɫ ɞɪɭɝɨɦ. ɇɚɩɪɢɦɟɪ, ɨɬɫɱɟɬ 3 (0011) 
ɢɡɦɟɧɹɟɬɫɹ ɧɚ ɨɬɫɱɟɬ 12 (1100). ɉɨɞɨɛɧɵɦ ɨɛɪɚɡɨɦ ɨɬɫɱɟɬ ɧɨɦɟɪ 14 (1110) 
ɦɟɧɹɟɬɫɹ ɫ ɨɬɫɱɟɬɨɦ ɧɨɦɟɪ 7 (0111) ɢ ɬ.ɞ. ɉɪɢ ȻɉɎ ɪɚɡɥɨɠɟɧɢɟ ɜɪɟɦɟɧɧɨɣ 
ɨɛɥɚɫɬɢ ɨɛɵɱɧɨ ɜɵɩɨɥɧɹɟɬɫɹ ɚɥɝɨɪɢɬɦɨɦ ɫɨɪɬɢɪɨɜɤɢ ɛɢɬɨɜɨɝɨ 
ɪɟɜɟɪɫɢɪɨɜɚɧɢɹ (ЛТЭ ЫОЯОЫЬКХ ЬШЫЭТЧР). ɇɨɜɵɣ ɩɨɪɹɞɨɤ N ɨɬɫɱɟɬɨɜ ɜɪɟɦɟɧɧɨɣ 
ɨɛɥɚɫɬɢ ɩɨɥɭɱɚɟɬɫɹ ɩɟɪɟɫɱɟɬɨɦ ɞɜɨɢɱɧɨɝɨ ɧɨɦɟɪɚ ɩɭɬɟɦ ɩɟɪɟɛɪɨɫɤɢ ɛɢɬɨɜ 
ɫɩɪɚɜɚ ɧɚɥɟɜɨ (ɤɚɤ ɜ ɩɪɚɜɨɣ ɤɨɥɨɧɤɟ ɪɢɫɭɧɤɚ 5.3). 

ɋɥɟɞɭɸɳɢɣ ɲɚɝ ɚɥɝɨɪɢɬɦɚ ȻɉɎ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɧɚɯɨɠɞɟɧɢɢ ɱɚɫɬɨɬɧɨɝɨ 
ɫɩɟɤɬɪɚ ɨɞɧɨɣ ɬɨɱɤɢ ɫɢɝɧɚɥɚ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ. ɇɟɬ ɧɢɱɟɝɨ ɥɟɝɱɟ, 
ɱɚɫɬɨɬɧɵɣ ɫɩɟɤɬɪ 1-ɬɨɱɟɱɧɨɝɨ ɫɢɝɧɚɥɚ ɪɚɜɟɧ ɫɚɦɨɦɭ ɫɢɝɧɚɥɭ. ɗɬɨ ɨɡɧɚɱɚɟɬ, 
ɱɬɨ ɧɢɱɟɝɨ ɧɟ ɬɪɟɛɭɟɬɫɹ ɞɟɥɚɬɶ ɧɚ ɷɬɨɦ ɲɚɝɟ. ɏɨɬɹ ɧɢɱɟɝɨ ɢ ɧɟ ɬɪɟɛɭɟɬɫɹ 
ɞɟɥɚɬɶ, ɨɞɧɚɤɨ ɧɟ ɡɚɛɵɜɚɣɬɟ, ɱɬɨ ɤɚɠɞɚɹ ɬɨɱɤɚ ɬɟɩɟɪɶ ɱɚɫɬɨɬɧɵɣ ɫɩɟɤɬɪ, ɚ ɧɟ 
ɫɢɝɧɚɥ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ. 

ɉɨɫɥɟɞɧɢɣ ɲɚɝ ȻɉɎ ɟɫɬɶ ɤɨɦɛɢɧɚɰɢɹ N ɱɚɫɬɨɬɧɵɯ ɫɩɟɤɬɪɨɜ ɜ ɩɨɪɹɞɤɟ 
ɨɛɪɚɬɧɨɦ ɪɚɡɥɨɠɟɧɢɸ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ. ȼ ɷɬɨɦ ɦɟɫɬɟ ɚɥɝɨɪɢɬɦ ɫɥɨɠɟɧ. Ʉ 
ɧɟɫɱɚɫɬɶɸ, ɬɭɬ ɩɨɛɢɬɨɜɨɟ ɪɟɜɟɪɫɢɪɨɜɚɧɢɟ ɧɟ ɝɨɞɢɬɫɹ, ɢ ɦɵ ɞɨɥɠɧɵ ɢɞɬɢ 
ɧɚɡɚɞ ɩɨ ɲɚɝɚɦ. ɇɚ ɩɟɪɜɨɦ ɲɚɝɟ 16 ɱɚɫɬɨɬɧɵɯ ɫɩɟɤɬɪɨɜ (ɩɨ 1 ɬɨɱɤɟ ɤɚɠɞɵɣ) 
ɫɢɧɬɟɡɢɪɭɸɬɫɹ ɜ 8 ɱɚɫɬɨɬɧɵɯ ɫɩɟɤɬɪɨɜ (ɩɨ 2 ɬɨɱɤɢ ɤɚɠɞɵɣ). ɇɚ ɜɬɨɪɨɦ ɲɚɝɟ 
8 ɱɚɫɬɨɬɧɵɯ ɫɩɟɤɬɪɨɜ (ɩɨ 2 ɬɨɱɤɢ ɤɚɠɞɵɣ) ɫɢɧɬɟɡɢɪɭɸɬɫɹ ɜ 4 ɱɚɫɬɨɬɧɵɯ 
ɫɩɟɤɬɪɚ (ɩɨ 4 ɬɨɱɤɢ ɤɚɠɞɵɣ) ɢ ɬ.ɞ. ɇɚ ɩɨɫɥɟɞɧɟɦ ɲɚɝɟ ɩɨɥɭɱɚɟɬɫɹ ɜɵɯɨɞɧɨɣ 
ɫɩɟɤɬɪ ȻɉɎ ɢɡ 16 ɬɨɱɟɤ. 

Ɋɢɫɭɧɨɤ 5.4 ɩɨɤɚɡɵɜɚɟɬ, ɤɚɤ ɞɜɚ ɱɚɫɬɨɬɧɵɯ ɫɩɟɤɬɪɚ, ɫɨɫɬɨɹɳɢɯ ɢɡ 4 
ɬɨɱɟɤ, ɤɨɦɛɢɧɢɪɭɸɬɫɹ ɜ ɨɞɢɧ ɱɚɫɬɨɬɧɵɣ ɫɩɟɤɬɪ ɢɡ 8 ɬɨɱɟɤ. Ʉɨɝɞɚ ɫɢɝɧɚɥ 
ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɪɚɡɛɚɜɥɹɟɬɫɹ ɧɭɥɹɦɢ, ɱɚɫɬɨɬɧɚɹ ɨɛɥɚɫɬɶ ɭɞɜɚɢɜɚɟɬɫɹ. 
ȿɫɥɢ ɫɢɝɧɚɥ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɛɵɥ ɫɞɜɢɧɭɬ ɩɪɢ ɪɚɡɛɚɜɥɟɧɢɢ, ɬɨ ɫɩɟɤɬɪ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɭɦɧɨɠɚɟɬɫɹ ɧɚ ɫɢɧɭɫɨɢɞɭ. 

ɗɬɨɬ ɫɢɧɬɟɡ ɞɨɥɠɟɧ ɭɧɢɱɬɨɠɢɬɶ ɱɟɪɟɞɭɸɳɟɟɫɹ ɪɚɡɥɨɠɟɧɢɟ, 
ɜɵɩɨɥɧɟɧɧɨɟ ɜɨ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɨɩɟɪɚɰɢɢ ɧɚɞ 
ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɶɸ ɞɨɥɠɧɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɜɨ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ 
ɩɪɨɰɟɞɭɪɟ ɤɨɦɛɢɧɚɰɢɢ ɞɜɭɯ ɫɢɝɧɚɥɨɜ ɢɡ 4 ɬɨɱɟɤ ɫ ɩɨɦɨɳɶɸ ɱɟɪɟɞɨɜɚɧɢɹ. 
Ɋɚɫɫɦɨɬɪɢɦ ɞɜɚ ɫɢɝɧɚɥɚ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ, abcd ɢ efgh. ɋɢɝɧɚɥ ɜɪɟɦɟɧɧɨɣ 
ɨɛɥɚɫɬɢ ɢɡ 8 ɬɨɱɟɤ ɦɨɠɟɬ ɛɵɬɶ ɫɮɨɪɦɢɪɨɜɚɧ ɡɚ ɞɜɚ ɲɚɝɚ: ɪɚɡɛɚɜɢɬɶ ɤɚɠɞɵɣ 
4-ɬɨɱɟɱɧɵɣ ɫɢɝɧɚɥ ɧɭɥɹɦɢ, ɫɞɟɥɚɜ ɢɯ 8-ɬɨɱɟɱɧɵɦɢ, ɢ ɡɚɬɟɦ ɫɥɨɠɢɬɶ ɢɯ. Ɍɨ 
ɟɫɬɶ abcd ɫɬɚɧɨɜɢɬɫɹ a0b0c0d0, ɚ efgh ɫɬɚɧɨɜɢɬɫɹ 0e0f0g0h. ɋɥɨɠɢɜ ɷɬɢ ɞɜɚ 
8-ɬɨɱɟɱɧɵɯ ɫɢɝɧɚɥɚ, ɦɵ ɩɨɥɭɱɢɦ aebfcgdh. Ʉɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 5.4, 

ɪɚɡɛɚɜɥɟɧɢɟ ɫɢɝɧɚɥɚ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɧɭɥɹɦɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɞɜɨɟɧɢɸ 

ɱɚɫɬɨɬɧɨɝɨ ɫɩɟɤɬɪɚ. ɉɨɷɬɨɦɭ ɱɚɫɬɨɬɧɵɣ ɫɩɟɤɬɪ ȻɉɎ ɩɨɥɭɱɚɟɬɫɹ ɩɭɬɟɦ 
ɭɞɜɨɟɧɢɹ ɫɩɟɤɬɪɨɜ ɢ, ɡɚɬɟɦ, ɫɥɨɠɟɧɢɹ ɭɞɜɨɟɧɧɵɯ ɫɩɟɤɬɪɨɜ. 
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Ɋɢɫɭɧɨɤ 5.4 - ɋɢɧɬɟɡ ȻɉɎ 

 

ɑɬɨ ɛɵ ɨɫɭɳɟɫɬɜɢɬɶ ɩɪɚɜɢɥɶɧɨɟ ɫɥɨɠɟɧɢɟ, ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ 
ɫɢɝɧɚɥɵ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɧɟɦɧɨɝɨ ɪɚɡɥɢɱɧɨ ɪɚɡɛɚɜɥɹɸɬɫɹ ɧɭɥɹɦɢ. ȼ 
ɨɞɧɨɦ ɫɢɝɧɚɥɟ ɧɟɱɟɬɧɵɟ ɬɨɱɤɢ ɪɚɜɧɵ ɧɭɥɸ, ɜ ɞɪɭɝɨɦ – ɱɟɬɧɵɟ. Ⱦɪɭɝɢɦɢ 
ɫɥɨɜɚɦɢ ɨɞɢɧ ɢɡ ɫɢɝɧɚɥɨɜ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ (0О0П0Р0С ɧɚ ɪɢɫɭɧɤɟ 5.4) 
ɫɞɜɢɧɭɬ ɧɚ ɨɞɢɧ ɨɬɫɱɟɬ ɜɩɪɚɜɨ. ɋɞɜɢɝ ɜɨ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɭɦɧɨɠɟɧɢɸ ɫɩɟɤɬɪɚ ɧɚ ɫɢɧɭɫɨɢɞɭ. ȼɢɞɹ ɷɬɨ, ɜɫɩɨɦɧɢɬɟ, ɱɬɨ ɫɞɜɢɝ ɜɨ 
ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɷɤɜɢɜɚɥɟɧɬɟɧ ɫɜɟɪɬɤɢ ɫɢɝɧɚɥɚ ɫɨ ɫɞɜɢɧɭɬɨɣ ɞɟɥɶɬɚ 
ɮɭɧɤɰɢɟɣ. Ⱥ ɷɬɨ ɟɫɬɶ ɩɟɪɟɦɧɨɠɟɧɢɟ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ ɧɚ ɫɩɟɤɬɪ ɫɞɜɢɧɭɬɨɣ 
ɞɟɥɶɬɚ ɮɭɧɤɰɢɢ. ɋɩɟɤɬɪ ɫɞɜɢɧɭɬɨɣ ɞɟɥɶɬɚ ɮɭɧɤɰɢɢ ɟɫɬɶ ɫɢɧɭɫɨɢɞɚ (ɫɦɨɬɪɢ 
ɪɢɫɭɧɨɤ 5.2).  

Ɋɢɫɭɧɨɤ 5.5 ɩɨɤɚɡɵɜɚɟɬ ɞɢɚɝɪɚɦɦɭ ɤɨɦɛɢɧɚɰɢɢ ɞɜɭɯ 4-ɬɨɱɟɱɧɵɯ 
ɫɩɟɤɬɪɨɜ ɜ ɨɞɢɧ 8-ɬɨɱɟɱɧɵɣ ɫɩɟɤɬɪ. Ɉɩɟɪɚɬɨɪ  S  ɨɡɧɚɱɚɟɬ, ɱɬɨ ɫɢɝɧɚɥ 
ɭɦɧɨɠɚɟɬɫɹ ɧɚ ɫɢɧɭɫɨɢɞɭ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɱɚɫɬɨɬɨɣ. 

 ɑɬɨɛɵ ɭɩɪɨɫɬɢɬɶ ɫɢɬɭɚɰɢɸ ɟɳɟ ɛɨɥɶɲɟ, ɪɚɫɫɦɨɬɪɢɦ ɪɢɫɭɧɨɤ 5.5 ɤɚɤ 
ɩɨɜɬɨɪɟɧɢɟ ɪɢɫɭɧɤɚ 5.6. ɗɬɨ ɛɚɡɨɜɵɣ ɷɥɟɦɟɧɬ ɜɵɱɢɫɥɟɧɢɹ ɜ ȻɉɎ. Ɉɧ 
ɩɪɟɨɛɪɚɡɭɟɬ ɞɜɟ ɤɨɦɩɥɟɤɫɧɵɟ ɬɨɱɤɢ ɜ ɞɜɟ ɞɪɭɝɢɟ ɤɨɦɩɥɟɤɫɧɵɟ ɬɨɱɤɢ. 

ɗɬɚ ɩɪɨɫɬɚɹ ɞɢɚɝɪɚɦɦɚ ɧɚɡɵɜɚɟɬɫɹ ɛɚɛɨɱɤɨɣ, ɬɚɤ ɤɚɤ ɩɨɯɨɠɚ ɧɚ 
ɤɪɵɥɶɹ. Ȼɚɛɨɱɤɚ ɨɫɧɨɜɧɨɣ ɷɥɟɦɟɧɬ ɜɵɱɢɫɥɟɧɢɹ ɜ ȻɉɎ, ɨɧ ɩɪɟɨɛɪɚɡɭɟɬ ɞɜɟ 
ɤɨɦɩɥɟɤɫɧɵɟ ɬɨɱɤɢ ɜ ɞɜɟ ɞɪɭɝɢɟ ɤɨɦɩɥɟɤɫɧɵɟ ɬɨɱɤɢ. 
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Ɋɢɫɭɧɨɤ 5.5 - Ⱦɢɚɝɪɚɦɦɚ ɫɢɧɬɟɡɚ ȻɉɎ 

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 5.6 -  Ȼɚɛɨɱɤɚ ȻɉɎ 

 

Ɋɢɫɭɧɨɤ 5.7 ɩɨɤɚɡɵɜɚɟɬ ɫɬɪɭɤɬɭɪɭ ȻɉɎ ɰɟɥɢɤɨɦ. Ɉɧɚ ɛɚɡɢɪɭɟɬɫɹ ɧɚ 
ɬɪɟɯ ɲɚɝɚɯ. (1) ɪɚɡɥɨɠɟɧɢɟ N-ɬɨɱɟɱɧɨɝɨ ɫɢɝɧɚɥɚ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɧɚ N 

ɫɢɝɧɚɥɨɜ ɢɡ ɨɞɧɨɣ ɬɨɱɤɢ. (2) ɇɚɯɨɠɞɟɧɢɟ ɤɚɠɞɨɝɨ ɫɩɟɤɬɪɚ ɞɥɹ ɷɬɢɯ ɫɢɝɧɚɥɨɜ 
(ɧɢɱɟɝɨ ɧɟ ɬɪɟɛɭɟɬɫɹ). (3) ɋɢɧɬɟɡ N ɫɩɟɤɬɪɨɜ ɜ ɨɞɢɧ ɱɚɫɬɨɬɧɵɣ ɫɩɟɤɬɪ 
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Ɋɢɫɭɧɨɤ 5.7 - Ⱦɢɚɝɪɚɦɦɚ ȻɉɎ 

 

Ɋɚɡɥɨɠɟɧɢɟ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɜɵɩɨɥɧɹɟɬɫɹ ɫɨɪɬɢɪɨɜɤɨɣ ɫ ɩɨɦɨɳɶɸ 
ɛɢɬɨɜɨɝɨ ɪɟɜɟɪɫɢɪɨɜɚɧɢɹ. ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɪɚɡɥɨɠɟɧɧɵɯ ɞɚɧɧɵɯ ɜ ɱɚɫɬɨɬɧɭɸ 
ɨɛɥɚɫɬɶ ɧɟ ɬɪɟɛɭɟɬ ɧɢɤɚɤɢɯ ɨɩɟɪɚɰɢɣ, ɢ ɩɨɷɬɨɦɭ ɨɧɨ ɧɟ ɩɨɤɚɡɚɧɨ. 

ɋɢɧɬɟɡ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ ɬɪɟɛɭɟɬ ɬɪɢ ɰɢɤɥɚ. ȼɧɟɲɧɢɣ ɰɢɤɥ ɜɤɥɸɱɚɟɬ 
Log2N ɲɚɝɨɜ (ɬ.ɟ. ɤɚɠɞɵɣ ɭɪɨɜɟɧɶ ɧɚ ɪɢɫɭɧɤɟ 5.2, ɧɚɱɢɧɚɹ ɫɧɢɡɭ ɢ ɞɜɢɝɚɹɫɶ 
ɜɜɟɪɯ). ɋɪɟɞɧɢɣ ɰɢɤɥ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɤɚɠɞɵɣ ɨɬɞɟɥɶɧɵɣ ɱɚɫɬɨɬɧɵɣ ɫɩɟɤɬɪ ɜ 
ɲɚɝɟ (ɬ.ɟ. ɱɟɪɟɡ ɤɚɠɞɵɣ ɤɜɚɞɪɚɬ ɧɚ ɥɸɛɨɦ ɭɪɨɜɧɟ ɪɢɫɭɧɤɚ 5.2). ȼɧɭɬɪɟɧɧɢɣ 
ɰɢɤɥ ɢɫɩɨɥɶɡɭɟɬ ɛɚɛɨɱɤɭ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɬɨɱɟɤ ɤɚɠɞɨɝɨ ɱɚɫɬɨɬɧɨɝɨ ɫɩɟɤɬɪɚ 
(ɬ.ɟ. ɩɟɬɥɹɹ ɱɟɪɟɡ ɜɫɟ ɨɬɫɱɟɬɵ ɜɧɭɬɪɢ ɥɸɛɨɝɨ ɤɜɚɞɪɚɬɚ ɧɚ ɪɢɫɭɧɤɟ 5.2). 
ɉɪɹɦɨɭɝɨɥɶɧɢɤɢ ɡɚɝɨɥɨɜɤɨɜ (ШЯОЫСОКН ЛШб) ɨɩɪɟɞɟɥɹɸɬ ɧɚɱɚɥɨ ɢ ɤɨɧɟɰ 
ɢɧɞɟɤɫɚɰɢɢ ɞɥɹ ɰɢɤɥɨɜ, ɚ ɬɚɤɠɟ ɜɵɱɢɫɥɹɸɬ ɫɢɧɭɫɨɢɞɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ 
ɛɚɛɨɱɤɢ. Ɍɟɩɟɪɶ ɦɵ ɩɨɞɨɲɥɢ ɤ ɫɟɪɞɰɭ ɷɬɨɣ ɝɥɚɜɵ – ɪɟɚɥɶɧɨɣ ɩɪɨɝɪɚɦɦɟ 
ȻɉɎ. 
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ɉɪɨɝɪɚɦɦɚ ȻɉФ 

Ɋɟɚɥɶɧɨɟ ȾɉɎ ɦɨɠɟɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɨ ɫ ɩɨɦɨɳɶɸ ɤɨɪɪɟɥɹɰɢɢ ɫɢɝɧɚɥɚ 
ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɫ ɫɢɧɭɫɧɵɦɢ ɢ ɤɨɫɢɧɭɫɧɵɦɢ ɜɨɥɧɚɦɢ. Ɍɚɛɥɢɰɚ 5.2 
ɩɨɤɚɡɵɜɚɟɬ ɩɪɨɝɪɚɦɦɭ ɜɵɱɢɫɥɟɧɢɹ ɤɨɦɩɥɟɤɫɧɨɝɨ ȾɉɎ ɬɟɦ ɠɟ ɫɚɦɵɦ 
ɦɟɬɨɞɨɦ. ɉɪɢ ɩɨɞɪɨɛɧɨɦ ɫɪɚɜɧɟɧɢɢ ɷɬɚ ɩɪɨɝɪɚɦɦ ɭɥɭɱɲɚɟɬɫɹ ȻɉɎ. 
 

Ɍɚɛɥɢɰɚ 5.2 - ɉɪɨɝɪɚɦɦɚ ɜɵɱɢɫɥɟɧɢɹ ɤɨɦɩɥɟɤɫɧɨɝɨ ȾɉɎ ɱɟɪɟɡ ɤɨɪɪɟɥɹɰɢɸ 
 

5000 'ɄɈɆɉɅȿɄɋɇɈȿ ȾɉɎ ɑȿɊȿɁ ɄɈɊɊȿɅəɐɂɘ 

5010 ȼɧɚɱɚɥɟ N% ɫɨɞɟɪɠɢɬ ɱɢɫɥɨ ɬɨɱɟɤ ȾɉɎ ɢ 

5020 'XRД Ж ɢ XIД Ж ɫɨɞɟɪɠɚɬ ɪɟɚɥɶɧɭɸ ɢ ɦɧɢɦɭɸ ɱɚɫɬɢ ɫɢɝɧɚɥɚ ɜɪɟɦɟɧɧɨɣ 
ɨɛɥɚɫɬɢ, 
5030 'REXД Ж ɢ IMXД Ж ɫɨɞɟɪɠɚɬ ɞɚɧɧɵɟ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ. 
5040 'ȼɫɟ ɫɢɝɧɚɥɵ ɦɟɧɹɸɬɫɹ ɨɬ 0 ɞɨ N%-1. 

5050 ' 

5060 PI = 3.14159265                                            'ȼɜɨɞ ɤɨɧɫɬɚɧɬɵ 

5070 ' 

5080 FOR K% = 0 TO N%-1                                  'Ɉɛɧɭɥɟɧɢɟ REXД Ж ɢ IMX[ ], 

ɬɚɤ ɤɚɤ ɨɧɢ  
5090    REX[K%] = 0                                              'ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ 
ɚɤɤɭɦɭɥɹɰɢɢ 

5100    IMX[K%] = 0 

5110 NEXT K% 

5120 ' 

5130 FOR K% = 0 TO N%-1                                   'ɐɢɤɥ ɞɥɹ ɤɚɠɞɨɣ ɜɟɥɢɱɢɧɵ 
ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ 

5140    FOR I% = 0 TO N%-1                                  'Ʉɨɪɪɟɥɹɰɢɹ ɫ ɤɨɦɩɥɟɤɫɧɨɣ 
ɫɢɧɭɫɨɢɞɨɣ SR & SI 

5150 ' 

5160       SR = COS(2*PI*K%*I%/N%)                  'ȼɵɱɢɫɥɟɧɢɟ ɤɨɦɩɥɟɤɫɧɨɣ 
ɫɢɧɭɫɨɢɞɵ 

5170       SI = -SIN(2*PI*K%*I%/N%) 

5180       REX[K%] = REX[K%] + XR[I%]*SR - XI[I%]*SI 

5190       IMX[K%] = IMX[K%] + XR[I%]*SI + XI[I%]*SR 

5200 ' 

5210    NEXT I% 

5220 NEXT K% 

5230 ' 

5240 RETURN 
 

Ɍɚɛɥɢɰɵ 5.3 ɢ 5.4 ɩɨɤɚɡɵɜɚɸɬ ɪɚɡɥɢɱɧɵɟ ȻɉɎ ɩɪɨɝɪɚɦɦɵ, ɨɞɧɚ ɧɚ 
Ɏɨɪɬɪɚɧɟ ɢ ɨɞɧɚ ɧɚ Ȼɟɣɫɢɤɟ.  
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Ɍɚɛɥɢɰɚ 5.3 - ɉɪɨɝɪɚɦɦɚ Ȼɵɫɬɪɨɝɨ ɉɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɧɚ ɎɈɊɌɊȺɇȿ 
 

SUBROUTINE   FFT(X,M) 

COMPLEX   X(4096),U,S,T 

PI=3.14159265 

N=2**M 

DO 20 L=1,M 

LE=2**(M+1-L) 

LE2=LE/2 

U=(1.0,0.0) 

S=CMPLX(COS(PI/FLOAT(LE2)),-SIN(PI/FLOAT(LE2))) 

DO 20 J=1,LE2 

DO 10 I=J,N,LE 

IP=I+LE2 

T=X(I)+X(IP) 

X(IP)=(X(I)-X(IP))*U 

10          X(I)=T 

20          U=U*S 

ND2=N/2 

NM1=N-1 

J=1 

DO 50 I=1,NM1 

IF(I.GE.J) GO TO 30 

T=X(J) 

X(J)=X(I) 

X(I)=T 

30          K=ND2 

40          IF(K.GE.J) GO TO 50 

J=J-K 

K=K/2 

GO TO 40 

50          J=J+K 

RETURN 

END 
 

Ɍɚɛɥɢɰɚ 5.4 - ɉɪɨɝɪɚɦɦɚ ɛɵɫɬɪɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɧɚ Ȼɟɣɫɢɤɟ 
 

1000 'ȻɕɋɌɊɈȿ ɉɊȿɈɊȺɁɈȼȺɇɂȿ ɎɍɊɖȿ 

1010 'ɇɚ ɜɯɨɞɟ N% ɫɨɞɟɪɠɢɬ ɱɢɫɥɨ ɬɨɱɟɤ ȾɉɎ REXД Ж ɢ 

1020 'IMXД Ж ɫɨɞɟɪɠɚɬ ɪɟɚɥɶɧɭɸ ɢ ɦɧɢɦɭɸ ɱɚɫɬɶ ɜɯɨɞɚ. ɇɚ ɜɵɯɨɞɟ 

1030 'REXД Ж ɢ IMXД Ж ɫɨɞɟɪɠɚɬ ɜɵɯɨɞ ȾɉɎ. ȼɫɟ ɫɢɝɧɚɥɵ ɦɟɧɹɸɬɫɹ ɨɬ 0 ɞɨ 
N%-1. 

1040 ' 

1050 PI = 3.14159265                                                       'ɍɫɬɚɧɨɜɤɚ ɤɨɧɫɬɚɧɬ 

1060 NM1% = N%-1 
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1070 ND2% = N%/2 
1080 M% = CINT(LOG(N%)/LOG(2)) 

1090 J% = ND2% 

1100 ' 

1110 FOR I% = 1 TO N%-2                                              'ɋɨɪɬɢɪɨɜɤɚ ɛɢɬɨɜɨɝɨ 
ɪɟɜɟɪɫɢɪɨɜɚɧɢɹ 

1120    IF I% >= J% THEN GOTO 1190 

1130    TR = REX[J%] 

1140    TI = IMX[J%] 

1150    REX[J%] = REX[I%] 

1160    IMX[J%] = IMX[I%] 

1170    REX[I%] = TR 

1180    IMX[I%] = TI 

1190    K% = ND2% 

1200    IF K% > J% THEN GOTO 1240 

1210    J% = J%-K% 

1220    K% = K%/2 

1230    GOTO 1200 

1240    J% = J%+K% 

1250 NEXT I% 

1260 ' 

1270 FOR L% = 1 TO M%                                                 'ɐɢɤɥ ɞɥɹ ɤɚɠɞɨɣ ɫɬɭɩɟɧɢ 

1280    LE% = CINT(2^L%) 

1290    LE2% = LE%/2 

1300    UR = 1 

1310    UI = 0 

1320    SR = COS(PI/LE2%)                                              'ȼɵɱɢɫɥɟɧɢɟ sine & cosine 

ɜɟɥɢɱɢɧ 

1330    SI = -SIN(PI/LE2%) 

1340    FOR J% = 1 TO LE2%                                           'ɐɢɤɥ ɞɥɹ ɤɚɠɞɨɣ ɩɪɨɰɟɞɭɪɵ 

ȾɉɎ 

1350       JM1% = J%-1 

1360       FOR I% = JM1% TO NM1% STEP LE%           'ɐɢɤɥ ɞɥɹ ɤɚɠɞɨɣ ɛɚɛɨɱɤɢ 

1370          IP% = I%+LE2% 

1380         TR = REX[IP%]*UR - IMX[IP%]*UI               'ȼɵɱɢɫɥɟɧɢɟ ɛɚɛɨɱɤɢ 

1390         TI = REX[IP%]*UI + IMX[IP%]*UR 

1400         REX[IP%] = REX[I%]-TR 

1410         IMX[IP%] = IMX[I%]-TI 

1420         REX[I%] = REX[I%]+TR 

1430         IMX[I%] = IMX[I%]+TI 

1440      NEXT I% 

1450      TR = UR 

1460      UR = TR*SR - UI*SI 

1470      UI = TR*SI + UI*SR 

1480    NEXT J% 

1490 NEXT L% 

1500 ' 

1510 RETURN 
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ɋɧɚɱɚɥɚ ɦɵ ɪɚɫɫɦɨɬɪɢɦ ɩɪɨɝɪɚɦɦɭ ɧɚ Ȼɟɣɫɢɤɟ ɜ ɬɚɛɥɢɰɟ 5.4. ɗɬɚ 
ɩɨɞɩɪɨɝɪɚɦɦɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɬɨɱɧɨ ɬɚɤɨɣ ɠɟ ɜɵɯɨɞ, ɤɚɤ ɤɨɪɪɟɥɹɰɢɨɧɧɵɣ 
ɦɟɬɨɞ ɜ ɬɚɛɥɢɰɟ 5.2. ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɬɨɝɨ, ɱɬɨ ɨɧɚ ɞɟɥɚɟɬ ɷɬɨ ɦɧɨɝɨ ɛɵɫɬɪɟɟ. 

Ȼɥɨɤ ɞɢɚɝɪɚɦɦɚ ɧɚ ɪɢɫɭɧɤɟ 5.7 ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 
ɪɚɡɥɢɱɧɵɯ ɫɟɤɰɢɣ ɷɬɨɣ ɩɪɨɝɪɚɦɦɵ. Ⱦɚɧɧɵɟ ɩɪɨɩɭɫɤɚɸɬɫɹ ɱɟɪɟɡ ɷɬɭ 
ɩɨɞɩɪɨɝɪɚɦɦɭ ȻɉɎ ɜ ɜɢɞɟ ɦɚɫɫɢɜɨɜ REБД Ж ɢ IMБД Ж, ɨɬɫɱɟɬɵ ɜ ɤɨɬɨɪɵɯ 
ɦɟɧɹɸɬɫɹ ɨɬ 0 ɞɨ N-1. ȼɨɡɜɪɚɳɟɧɧɵɟ ɢɡ ɩɨɞɩɪɨɝɪɚɦɦɵ, REБД Ж ɢ IMБД ] 
ɩɟɪɟɡɚɩɢɫɵɜɚɸɬɫɹ ɤɚɤ ɞɚɧɧɵɟ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ. ɗɬɨ ɟɫɬɶ ɞɪɭɝɨɣ ɫɩɨɫɨɛ 
ɜɵɫɨɤɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ȻɉɎ, ɬɨɬ ɠɟ ɫɚɦɵɣ ɦɚɫɫɢɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɯɪɚɧɟɧɢɹ 
ɜɯɨɞɧɵɯ, ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɢ ɜɵɯɨɞɧɵɯ ɞɚɧɧɵɯ. ɗɬɨ ɷɮɮɟɤɬɢɜɧɨɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɚɦɹɬɢ ɨɱɟɧɶ ɜɚɠɧɨ ɩɪɢ ɫɨɡɞɚɧɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ 
ɜɵɱɢɫɥɟɧɢɹ ȻɉɎ. Ɍɟɪɦɢɧ ɜɵɱɢɫɥɟɧɢɟ ɩɨ ɦɟɫɬɭ (in-place computation) 

ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɨɩɢɫɚɧɢɹ ɬɚɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɚɦɹɬɢ. 
ȼ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜɫɟ ɩɪɨɝɪɚɦɦɵ ɩɪɨɢɡɜɨɞɹɬ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɪɟɡɭɥɶɬɚɬ, 

ɢɦɟɸɬɫɹ ɬɨɧɤɢɟ ɜɚɪɢɚɰɢɢ ɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɢ, ɫ ɤɨɬɨɪɵɦɢ ɜɵ ɞɨɥɠɧɵ ɛɵɬɶ 
ɧɚɫɬɨɪɨɠɟ. ɇɟɫɤɨɥɶɤɨ ɢɡ ɷɬɢɯ ɨɬɥɢɱɢɣ ɢɥɥɸɫɬɪɢɪɭɸɬɫɹ ɩɪɨɝɪɚɦɦɨɣ ɧɚ 
ɮɨɪɬɪɚɧɟ ɜ ɬɚɛɥɢɰɟ 5.3. Ⱦɚɧɧɵɟ ɩɨɫɬɭɩɚɸɬ ɧɚ ɷɬɭ ɩɨɞɩɪɨɝɪɚɦɦɭ ɜ ɜɢɞɟ 
ɩɟɪɟɦɟɧɧɵɯ ɏ( ) ɢ Ɇ. ɐɟɥɨɟ ɱɢɫɥɨ Ɇ ɟɫɬɶ ɥɨɝɚɪɢɮɦ ɩɨ ɨɫɧɨɜɚɧɢɸ 2 ɨɬ 
ɞɥɢɧɵ ȾɉɎ, ɬ.ɟ. Ɇ=8 ɞɥɹ 256-ɬɨɱɟɱɧɨɝɨ ȾɉɎ, Ɇ=12 ɞɥɹ 4096-ɬɨɱɟɱɧɨɝɨ ɢ 
ɬ.ɞ. Ʉɨɦɩɥɟɤɫɧɵɣ ɦɚɫɫɢɜ ɏ( ) ɫɨɞɟɪɠɢɬ ɞɚɧɧɵɟ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɧɚ ɜɯɨɞɟ 
ȾɉɎ. ɉɨɫɥɟ ɜɨɡɜɪɚɳɟɧɢɹ ɟɝɨ ɩɨɞɩɪɨɝɪɚɦɦɨɣ, ɜ ɏ( ) ɩɟɪɟɡɚɩɢɫɵɜɚɸɬɫɹ 
ɞɚɧɧɵɟ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ. ȼɨɡɶɦɢɬɟ ɧɚ ɡɚɦɟɬɤɭ, ɱɬɨ ɷɬɚ ɩɨɞɩɪɨɝɪɚɦɦɚ 
ɬɪɟɛɭɟɬ ɢɡɦɟɧɟɧɢɹ ɜɯɨɞɧɵɯ ɢ ɜɵɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ ɨɬ ɏ(1) ɞɨ ɏ(N) ɜɦɟɫɬɨ 
ɨɛɵɱɧɨɝɨ ɨɬ ɏ(0) ɞɨ ɏ(N-1). 

ɗɬɚ ɩɪɨɝɪɚɦɦɚ ɢɫɩɨɥɶɡɭɟɬ ɚɥɝɨɪɢɬɦ, ɧɚɡɵɜɚɟɦɵɣ ɞɟɰɢɦɚɰɢɹ ɩɨ 
ɱɚɫɬɨɬɟ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɪɚɧɟɟ ɨɩɢɫɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɧɚɡɵɜɚɟɬɫɹ ɞɟɰɢɦɚɰɢɟɣ ɩɨ 
ɜɪɟɦɟɧɢ. ȼ ɚɥɝɨɪɢɬɦɟ ɫ ɞɟɰɢɦɚɰɢɟɣ ɩɨ ɱɚɫɬɨɬɟ ɫɨɪɬɢɪɨɜɤɚ ɫ ɩɨɦɨɳɶɸ 
ɛɢɬɨɜɨɝɨ ɪɟɜɟɪɫɢɪɨɜɚɧɢɹ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨɫɥɟ ɬɪɟɯ ɜɥɨɠɟɧɧɵɯ ɰɢɤɥɨɜ. 
ɂɦɟɸɬɫɹ ɬɚɤ ɠɟ ɩɪɨɝɪɚɦɦɵ ȻɉɎ, ɤɨɬɨɪɵɟ ɩɨɥɧɨɫɬɶɸ ɭɞɚɥɹɸɬ ɫɨɪɬɢɪɨɜɤɭ 
ɛɢɬɨɜɨɝɨ ɪɟɜɟɪɫɢɪɨɜɚɧɢɹ. ɇɢ ɨɞɧɚ ɢɡ ɷɬɢɯ ɜɚɪɢɚɰɢɣ ɧɟ ɭɥɭɱɲɚɟɬ 
ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɩɨɥɧɟɧɢɟ ȻɉɎ, ɢ ɜɵ ɧɟ ɞɨɥɠɧɵ ɡɚɛɨɬɢɬɶɫɹ ɨ ɬɨɦ, ɤɨɬɨɪɚɹ ɢɡ 
ɧɢɯ ɢɫɩɨɥɶɡɭɟɬɫɹ. 

ȼɚɠɧɨɟ ɪɚɡɥɢɱɢɟ ɦɟɠɞɭ ȻɉɎ ɚɥɝɨɪɢɬɦɚɦɢ ɤɚɫɚɟɬɫɹ ɬɨɝɨ, ɤɚɤ ɞɚɧɧɵɟ 
ɩɨɫɬɭɩɚɸɬ ɢ ɩɨɤɢɞɚɸɬ ɩɨɞɩɪɨɝɪɚɦɦɵ. ȼ ɩɪɨɝɪɚɦɦɟ ɧɚ ȻȿɃɋɂɄȿ ɞɚɧɧɵɟ 
ɩɨɫɬɭɩɚɸɬ ɢ ɩɨɤɢɞɚɸɬ ɩɨɞɩɪɨɝɪɚɦɦɭ ɜ ɜɢɞɟ ɦɚɫɫɢɜɨɜ REБД Ж ɢ IMX[ Ж ɫ 
ɨɬɫɱɟɬɚɦɢ ɦɟɧɹɸɳɢɦɢɫɹ ɨɬ 0 ɞɨ N-1. ȼ ɩɪɨɝɪɚɦɦɟ ɧɚ ɎɈɊɌɊȺɇȿ ɞɚɧɧɵɟ 
ɩɨɫɬɭɩɚɸɬ ɜ ɦɚɫɫɢɜ ɏ( ) ɫ ɨɬɫɱɟɬɚɦɢ ɨɬ 1 ɞɨ N. ɉɨɫɤɨɥɶɤɭ ɷɬɨ ɦɚɫɫɢɜ 
ɤɨɦɩɥɟɤɫɧɵɯ ɩɟɪɟɦɟɧɧɵɯ, ɬɨ ɤɚɠɞɵɣ ɨɬɫɱɟɬ ɜ ɏ( ) ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɱɢɫɟɥ, 
ɪɟɚɥɶɧɨɣ ɢ ɦɧɢɦɨɣ ɱɚɫɬɢ. Ⱦɥɢɧɚ ȾɉɎ ɞɨɥɠɧɚ ɬɚɤ ɠɟ ɩɨɞɯɨɞɢɬɶ ɞɥɹ ɷɬɨɣ 
ɩɨɞɩɪɨɝɪɚɦɦɵ. ȼ ɩɪɨɝɪɚɦɦɟ ɧɚ ȻȿɃɋɂɄȿ ɩɟɪɟɦɟɧɧɚɹ N% ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 
ɷɬɨɣ ɰɟɥɢ. Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ, ɩɪɨɝɪɚɦɦɚ ɧɚ ɎɈɊɌɊȺɇȿ ɢɫɩɨɥɶɡɭɟɬ ɩɟɪɟɦɟɧɧɭɸ 
Ɇ, ɤɨɬɨɪɚɹ ɜɵɛɢɪɚɟɬɫɹ ɪɚɜɧɨɣ LШР2N. ɇɚɩɪɢɦɟɪ, Ɇ ɛɭɞɟɬ ɪɚɜɧɚ 8 ɞɥɹ 256-

ɬɨɱɟɱɧɨɝɨ ȾɉɎ, 12 ɞɥɹ 4096-ɬɨɱɟɱɧɨɝɨ ȾɉɎ ɢ ɬ.ɞ. ɋɦɵɫɥ ɜ ɬɨɦ, ɱɬɨ 
ɩɪɨɝɪɚɦɦɢɫɬ, ɤɨɬɨɪɵɣ ɩɢɲɟɬ ɩɨɞɩɪɨɝɪɚɦɦɭ ȻɉɎ, ɢɦɟɟɬ ɦɧɨɝɨ ɨɩɰɢɣ ɞɥɹ 
ɫɜɹɡɢ ɫ ɨɫɧɨɜɧɨɣ ɩɪɨɝɪɚɦɦɨɣ. Ɇɚɫɫɢɜ, ɤɨɬɨɪɵɣ ɦɟɧɹɟɬɫɹ ɨɬ 1 ɞɨ N ɬɚɤɨɣ, 
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ɤɚɤ ɜ ɩɪɨɝɪɚɦɦɟ ɧɚ ɎɈɊɌɊȺɇȿ, ɨɫɨɛɟɧɧɨ ɧɚɞɨɟɞɥɢɜ. Ȼɨɥɶɲɢɧɫɬɜɨ 
ɥɢɬɟɪɚɬɭɪɵ ɩɨ ɐɈɋ ɨɛɴɹɫɧɹɟɬ ɚɥɝɨɪɢɬɦɵ, ɩɪɟɞɩɨɥɚɝɚɹ, ɱɬɨ ɨɬɫɱɟɬɵ ɜ 
ɦɚɫɫɢɜɟ ɦɟɧɹɸɬɫɹ ɨɬ 0 ɞɨ N-1. ɇɚɩɪɢɦɟɪ, ɟɫɥɢ ɦɚɫɫɢɜ ɦɟɧɹɟɬɫɹ ɨɬ 1 ɞɨ N, 
ɫɢɦɦɟɬɪɢɹ ɜ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ ɛɭɞɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɟɤ 1 ɢ N/2+1, ɜɦɟɫɬɨ 
ɬɨɱɟɤ 0 ɢ N/2. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɦɩɥɟɤɫɧɨɝɨ ȾɉɎ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɪɟɚɥɶɧɨɝɨ ȾɉɎ 
ɢɦɟɟɬ ɟɳɟ ɨɞɧɨ ɢɧɬɟɪɟɫɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ. Ʉɨɦɩɥɟɤɫɧɨɟ ȾɉɎ ɛɨɥɟɟ 
ɫɢɦɦɟɬɪɢɱɧɨ ɦɟɠɞɭ ɜɪɟɦɟɧɧɨɣ ɢ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɹɦɢ, ɱɟɦ ɪɟɚɥɶɧɨɟ ȾɉɎ. 
Ɍɨ ɟɫɬɶ ɞɜɨɣɫɬɜɟɧɧɨɫɬɶ ɫɢɥɶɧɟɟ. ɋɪɟɞɢ ɜɫɟɝɨ ɩɪɨɱɟɝɨ, ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ 
ɢɧɜɟɪɫɧɨɟ ȾɉɎ ɛɥɢɠɟ ɤ ɩɪɹɦɨɦɭ ȾɉɎ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɫɚɦɵɣ ɥɟɝɤɢɣ 
ɫɩɨɫɨɛ ɜɵɱɢɫɥɟɧɢɹ ɢɧɜɟɪɫɧɨɝɨ ДɉФ ɟɫɬɶ ɜɵɱɢɫɥɟɧɢɟ ɩɪɹɦɨɝɨ ȻɉФ, ɢ ɡɚɬɟɦ 
ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɞɚɧɧɵɯ. Ɍɚɛɥɢɰɚ 5.5 ɩɨɤɚɡɵɜɚɟɬ ɩɨɞɩɪɨɝɪɚɦɦɭ ɞɥɹ 
ɜɵɱɢɫɥɟɧɢɹ ɢɧɜɟɪɫɧɨɝɨ ȾɉɎ ɬɚɤɢɦ ɫɩɨɫɨɛɨɦ. 

 

Ɍɚɛɥɢɰɚ 5.5 - ɉɨɞɩɪɨɝɪɚɦɦɚ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɢɧɜɟɪɫɧɨɝɨ ȾɉɎ 

 

2000 'ɉɈȾɉɊɈȽɊȺɆɆȺ ɂɇȼȿɊɋɇɈȽɈ ȻɉɎ 

2010 'ɇɚ ɜɯɨɞɟ N% ɫɨɞɟɪɠɢɬ ɱɢɫɥɨ ɬɨɱɟɤ ɢɧɜɟɪɫɧɨɝɨ ȾɉɎ, REXД Ж ɢ 

2020 'IMXД Ж ɫɨɞɟɪɠɢɬ ɪɟɚɥɶɧɭɸ ɢ ɦɧɢɦɭɸ ɱɚɫɬɶ ɤɨɦɩɥɟɤɫɧɨɣ ɱɚɫɬɨɬɧɨɣ 
ɨɛɥɚɫɬɢ. 
2030 'ɇɚ ɜɵɯɨɞɟ REXД Ж ɢ IMXД Ж ɫɨɞɟɪɠɚɬ ɤɨɦɩɥɟɤɫɧɭɸ ɜɪɟɦɟɧɧɭɸ ɨɛɥɚɫɬɶ. 
2040 'ȼɫɟ ɫɢɝɧɚɥɵ ɦɟɧɹɸɬɫɹ ɨɬ 0 ɞɨ N%-1. 

2050 ' 

2060 FOR K% = 0 TO N%-1                                               'ɂɡɦɟɧɟɧɢɟ ɡɧɚɤɚ 
IMX[ ] 

2070    IMX[K%] = -IMX[K%] 

2080 NEXT K% 

2090 ' 

2100 GOSUB 1000                                                               'ȼɵɱɢɫɥɟɧɢɟ ɩɪɹɦɨɝɨ 
ȻɉɎ (Table 12-3) 

2110 ' 

2120 FOR I% = 0 TO N%-1                                                 'Ⱦɟɥɟɧɢɟ ɜɪɟɦɟɧɧɨɣ 
ɨɛɥɚɫɬɢ ɧɚ N% ɢ 

2130    REX[I%] = REX[I%]/N%                                        'ɢɡɦɟɧɟɧɢɟ ɡɧɚɤɚ IMX[ 

] 

2140    IMX[I%] = -IMX[I%]/N% 

2150 NEXT I% 

2160 ' 

2170 RETURN 

 

ɉɪɟɞɩɨɥɨɠɢɦ, ɜɵ ɤɨɩɢɪɭɟɬɟ ɨɞɢɧ ɢɡ ɷɬɢɯ ɚɥɝɨɪɢɬɦɨɜ ȻɉɎ ɜ ɜɚɲɭ 
ɤɨɦɩɶɸɬɟɪɧɭɸ ɩɪɨɝɪɚɦɦɭ ɢ ɡɚɩɭɫɤɚɟɬɟ ɧɚ ɢɫɩɨɥɧɟɧɢɟ. Ʉɚɤ ɜɵ ɭɡɧɚɟɬɟ, ɱɬɨ 
ɨɧɚ ɪɚɛɨɬɚɟɬ ɩɪɚɜɢɥɶɧɨ? Ⱦɜɚ ɫɩɨɫɨɛɚ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɩɪɨɜɟɪɤɢ. 
ɉɟɪɜɵɣ, ɧɚɱɢɧɚɸɬ ɫ ɧɟɤɨɬɨɪɨɝɨ ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɫɢɝɧɚɥɚ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ, 
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ɬɚɤɨɣ ɤɚɤ ɝɟɧɟɪɚɬɨɪ ɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ, ɢ ɩɪɨɩɭɫɤɚɸɬ ɟɝɨ ɱɟɪɟɡ ȻɉɎ. Ɂɚɬɟɦ, 
ɩɪɨɩɭɫɤɚɸɬ ɩɨɥɭɱɟɧɧɵɣ ɱɚɫɬɨɬɧɵɣ ɫɩɟɤɬɪ ɱɟɪɟɡ ɢɧɜɟɪɫɧɨɟ ȻɉɎ, ɢ 
ɪɟɡɭɥɶɬɚɬ ɫɪɚɜɧɢɜɚɸɬ ɫ ɨɪɢɝɢɧɚɥɶɧɵɦ ɫɢɝɧɚɥɨɦ. Ɉɧɢ ɞɨɥɠɧɵ ɛɵɬɶ 
ɢɞɟɧɬɢɱɧɵ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɲɭɦɚ ɨɤɪɭɝɥɟɧɢɹ (ɧɟɫɤɨɥɶɤɨ ɦɢɥɥɢɨɧɧɵɯ ɞɨɥɟɣ 
ɫɢɝɧɚɥɚ). 

ȼɬɨɪɨɣ ɫɩɨɫɨɛ ɤɨɧɬɪɨɥɹ ɩɪɚɜɢɥɶɧɨɣ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɪɨɜɟɪɤɟ 
ɫɢɝɧɚɥɚ ɧɚ ɩɪɚɜɢɥɶɧɭɸ ɫɢɦɦɟɬɪɢɸ. Ʉɨɝɞɚ ɦɧɢɦɚɹ ɱɚɫɬɶ ɫɢɝɧɚɥɚ ɜɪɟɦɟɧɧɨɣ 
ɨɛɥɚɫɬɢ ɫɨɫɬɨɢɬ ɢɡ ɜɫɟɯ ɧɭɥɟɣ (ɧɨɪɦɚɥɶɧɵɣ ɫɥɭɱɚɣ) ɱɚɫɬɨɬɧɚɹ ɨɛɥɚɫɬɶ 
ɤɨɦɩɥɟɤɫɧɨɝɨ ȾɉɎ ɛɭɞɟɬ ɫɢɦɦɟɬɪɢɱɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɬɫɱɟɬɨɜ 0 ɢ N/2, ɤɚɤ 
ɨɩɢɫɵɜɚɥɨɫɶ ɪɚɧɟɟ. 

Ɍɨɱɧɨ ɬɚɤɠɟ, ɤɨɝɞɚ ɩɪɚɜɢɥɶɧɚɹ ɫɢɦɦɟɬɪɢɹ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɱɚɫɬɨɬɧɨɣ 
ɨɛɥɚɫɬɢ, ɢɧɜɟɪɫɧɨɟ ȾɉɎ ɛɭɞɟɬ ɞɚɜɚɬɶ ɜɨ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɫɢɝɧɚɥ, ɦɧɢɦɚɹ 
ɱɚɫɬɶ ɤɨɬɨɪɨɝɨ ɛɭɞɟɬ ɫɨɫɬɨɹɬɶ ɢɡ ɜɫɟɯ ɧɭɥɟɣ (ɩɥɸɫ ɲɭɦ ɨɤɪɭɝɥɟɧɢɹ). ɗɬɢ 
ɨɬɥɚɞɨɱɧɵɟ ɩɪɢɟɦɵ ɹɜɥɹɸɬɫɹ ɧɟɨɬɴɟɦɥɟɦɨɣ ɱɚɫɬɶɸ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ȻɉɎ, 
ɯɨɪɨɲɨ ɨɡɧɚɤɨɦɶɬɟɫɶ ɫ ɧɢɦɢ. 
 

ɋɤɨɪɨɫɬɶ ɢ ɬɨчɧɨɫɬɶ ɜɵчɢɫɥɟɧɢɣ 

 

Ʉɨɝɞɚ ȾɉɎ (DFT) ɜɵɱɢɫɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɨɪɪɟɥɹɰɢɢ (ɤɚɤ ɜ ɬɚɛɥɢɰɟ 
5.2), ɩɪɨɝɪɚɦɦɚ ɢɫɩɨɥɶɡɭɟɬ ɞɜɚ ɜɥɨɠɟɧɧɵɯ ɰɢɤɥɚ, ɤɚɠɞɵɣ ɢɡ N ɲɚɝɨɜ. ɗɬɨ 
ɨɡɧɚɱɚɟɬ, ɱɬɨ ɨɛɳɟɟ ɱɢɫɥɨ ɨɩɟɪɚɰɢɣ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ N ɜɡɹɬɨɦɭ N ɪɚɡ. 
ȼɪɟɦɹ ɜɵɱɢɫɥɟɧɢɹ ɩɪɨɝɪɚɦɦɵ ɛɭɞɟɬ ɪɚɜɧɨ: 

 

ExecutionTime = kDFT N
2                                                            

(5.1) 

 

ȼɪɟɦɹ, ɬɪɟɛɭɟɦɨɟ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ȾɉɎ ɫ ɩɨɦɨɳɶɸ ɤɨɪɪɟɥɹɰɢɢ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɞɥɢɧɟ ȾɉɎ ɜ ɤɜɚɞɪɚɬɟ 

Ɂɞɟɫɶ N ɱɢɫɥɨ ɬɨɱɟɤ ɜ ȾɉɎ, ɢ ФDFT ɩɨɫɬɨɹɧɧɚɹ ɜɟɥɢɱɢɧɚ. ȿɫɥɢ ɫɢɧɭɫɵ 
ɢ ɤɨɫɢɧɭɫɵ ɜɵɱɢɫɥɹɸɬɫɹ ɜɧɭɬɪɢ ɰɢɤɥɨɜ, ɬɨ ФDFT ɪɚɜɧɚ 25 ɦɢɥɥɢɫɟɤɭɧɞɚɦ ɞɥɹ 
PОЧЭТЮЦ 100 ɆȽɰ. ȿɫɥɢ ɜɵ ɡɚɪɚɧɟɟ ɜɵɱɢɫɥɹɟɬɟ ɫɢɧɭɫɵ ɢ ɤɨɫɢɧɭɫɵ ɢ ɯɪɚɧɢɬɟ 
ɢɯ ɜ ɫɩɪɚɜɨɱɧɨɣ ɬɚɛɥɢɰɟ, ɬɨ ФDFT ɭɦɟɧɶɲɚɟɬɫɹ ɞɨ 7 ɦɢɥɥɢɫɟɤɭɧɞ. ɇɚɩɪɢɦɟɪ, 
1024-ɬɨɱɟɱɧɨɟ ȾɉɎ ɩɨɬɪɟɛɭɟɬ 25 ɫɟɤɭɧɞ, ɢɥɢ 25 ɦɢɥɥɢɫɟɤɭɧɞ ɧɚ ɬɨɱɤɭ. ȼɨɬ 
ɤɚɤ ɦɟɞɥɟɧɧɨ! 

ɂɫɩɨɥɶɡɭɹ ɬɨɬ ɠɟ ɩɨɞɯɨɞ, ɦɵ ɦɨɠɟɦ ɜɵɱɢɫɥɢɬɶ ɜɪɟɦɹ ɜɵɱɢɫɥɟɧɢɹ ɞɥɹ 
ȻɉɎ (FFT). ȼɪɟɦɹ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɛɢɬɨɜɨɝɨ ɪɟɜɟɪɫɢɪɨɜɚɧɢɹ 
ɧɟɡɧɚɱɢɬɟɥɶɧɨ. ȼ ɤɚɠɞɨɦ ɢɡ LШР2N ɲɚɝɨɜ ɢɦɟɟɬɫɹ N/2 ɜɵɱɢɫɥɟɧɢɣ ɛɚɛɨɱɟɤ. 
ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜɪɟɦɹ ɜɵɱɢɫɥɟɧɢɹ ɩɪɨɝɪɚɦɦɵ ɛɭɞɟɬ ɪɚɜɧɨ: 

 

ExecutionTime = kFFT N log2N                               (5.2) 

 

ȼɪɟɦɹ, ɬɪɟɛɭɟɦɨɟ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ȻɉɎ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ N 

ɭɦɧɨɠɟɧɧɨɟ ɧɚ ɥɨɝɚɪɢɮɦ N. 

ȼɟɥɢɱɢɧɚ ФFFT ɨɤɨɥɨ 10 ɦɢɤɪɨɫɟɤɭɧɞ ɞɥɹ 100 ɆȽɰ PОЧЭТЮЦ. 1024-

ɬɨɱɟɱɧɨɟ ȻɉɎ ɩɨɬɪɟɛɭɟɬ ɨɤɨɥɨ 70 ɦɢɥɥɢɫɟɤɭɧɞ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ, ɢɥɢ 70 
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ɦɢɤɪɨɫɟɤɭɧɞ ɧɚ ɬɨɱɤɭ. ɗɬɨ ɛɨɥɟɟ ɱɟɦ ɜ 300 ɪɚɡ ɛɵɫɬɪɟɟ, ɱɟɦ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ 
ȾɉɎ ɫ ɩɨɦɨɳɶɸ ɤɨɪɪɟɥɹɰɢɢ! 

ɇɟ ɬɨɥɶɤɨ ɜɟɥɢɱɢɧɚ NLШР2N ɦɟɧɶɲɟ, ɱɟɦ N2, ɧɨ ɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɨɧɚ 
ɦɟɞɥɟɧɧɟɟ ɫ ɪɨɫɬɨɦ N. ɇɚɩɪɢɦɟɪ, 32-ɬɨɱɟɱɧɨɟ ȻɉɎ ɩɪɢɦɟɪɧɨ ɜ ɞɟɫɹɬɶ ɪɚɡ 
ɛɵɫɬɪɟɟ, ɱɟɦ ɤɨɪɪɟɥɹɰɢɨɧɧɵɣ ɦɟɬɨɞ, ɚ ɞɥɹ 4096-ɬɨɱɟɱɧɝɨ ȻɉɎ – ɜ ɬɵɫɹɱɭ 

ɪɚɡ ɛɵɫɬɪɟɟ. Ⱦɥɹ ɧɟɛɨɥɶɲɢɯ ɜɟɥɢɱɢɧ N (ɫɤɚɠɟɦ, 32 ɢɥɢ 128) ȻɉɎ ɜɚɠɧɨ, ɚ 
ɞɥɹ ɛɨɥɶɲɢɯ ɜɟɥɢɱɢɧ N (1024 ɢ ɜɵɲɟ) ȻɉɎ ɤɪɢɬɢɱɧɨ. Ɋɢɫɭɧɨɤ 5.8 
ɩɨɤɚɡɵɜɚɟɬ ɫɪɚɜɧɟɧɢɟ ɜɪɟɦɟɧɢ ɜɵɱɢɫɥɟɧɢɹ ɞɜɭɯ ɚɥɝɨɪɢɬɦɨɜ ɜ ɝɪɚɮɢɱɟɫɤɨɣ 
ɮɨɪɦɟ. Ⱥɥɝɨɪɢɬɦ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 5.2. ɗɬɨɬ 
ɦɟɬɨɞ ɦɨɠɟɬ ɛɵɬɶ ɭɫɤɨɪɟɧ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɜɵɱɢɫɥɟɧɢɟɦ ɫɢɧɭɫɨɜ ɢ 
ɤɨɫɢɧɭɫɨɜ ɢ ɡɚɩɨɦɢɧɚɧɢɟɦ ɢɯ ɜ ɫɩɪɚɜɨɱɧɨɣ ɬɚɛɥɢɰɟ (look-up-table – LUT). 

ȻɉɎ ДFFTЖ (ɬɚɛɥɢɰɚ 5.3) ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɛɵɫɬɪɵɣ ɚɥɝɨɪɢɬɦ, ɤɨɝɞɚ ȾɉɎ 
ɞɥɢɧɧɟɟ 16 ɬɨɱɟɤ. ȼɪɟɦɹ ɩɨɤɚɡɚɧɨ ɞɥɹ Pentium 100 ɆȽɰ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 5.8 -  ȼɪɟɦɹ ɜɵɱɢɫɥɟɧɢɹ ȾɉɎ 

 

ȻɉɎ ɢɦɟɟɬ ɢ ɞɪɭɝɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɤɪɨɦɟ ɫɤɨɪɨɫɬɢ. ȻɉɎ ɜɵɱɢɫɥɹɟɬɫɹ 
ɛɨɥɟɟ ɬɨɱɧɨ, ɬɚɤ ɤɚɤ ɱɢɫɥɨɜɨɣ ɪɟɡɭɥɶɬɚɬ ɜɵɱɢɫɥɹɟɬɫɹ ɫ ɦɟɧɶɲɟɣ ɨɲɢɛɤɨɣ 
ɨɤɪɭɝɥɟɧɢɹ. ɗɬɨ ɦɨɠɧɨ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ, ɜɡɹɬɶ ȻɉɎ 
ɨɬ ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɫɢɝɧɚɥɚ, ɢ ɡɚɬɟɦ ɩɨɥɭɱɟɧɧɵɣ ɱɚɫɬɨɬɧɵɣ ɫɩɟɤɬɪ ɩɪɨɩɭɫɬɢɬɶ 
ɱɟɪɟɡ ɢɧɜɟɪɫɧɨɟ ȻɉɎ. Ȼɭɞɟɬ ɪɟɤɨɧɫɬɪɭɢɪɨɜɚɧ ɢɫɯɨɞɧɵɣ ɫɢɝɧɚɥ ɜɪɟɦɟɧɧɨɣ 
ɨɛɥɚɫɬɢ, ɧɨ ɫ ɨɬɥɢɱɢɟɦ, ɜɵɡɜɚɧɧɵɦ ɞɨɛɚɜɥɟɧɢɟɦ ɲɭɦɚ ɨɤɪɭɝɥɟɧɢɹ ɩɪɢ 
ɜɵɱɢɫɥɟɧɢɹɯ. ȿɞɢɧɫɬɜɟɧɧɨɟ ɱɢɫɥɨ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɟ ɷɬɨɬ ɲɭɦ, ɦɨɠɟɬ ɛɵɬɶ 
ɩɨɥɭɱɟɧɨ ɜɵɱɢɫɥɟɧɢɟɦ ɫɬɚɧɞɚɪɬɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɨɬ ɞɪɭɝɨɝɨ. 
Ɍɭ ɠɟ ɩɪɨɰɟɞɭɪɭ ɦɨɠɧɨ ɩɨɜɬɨɪɢɬɶ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ 
ɦɟɬɨɞɚ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ȾɉɎ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɢɧɜɟɪɫɧɨɝɨ ȾɉɎ. Ʉɚɤɨɜ 
ɛɭɞɟɬ ɲɭɦ ɨɤɪɭɝɥɟɧɢɹ ɞɥɹ ȻɉɎ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɪɪɟɥɹɰɢɨɧɧɵɦ ɦɟɬɨɞɨɦ 
ɜɵɱɢɫɥɟɧɢɹ ȾɉɎ? ɋɦɨɬɪɢɬɟ ɪɢɫɭɧɨɤ 5.9. ȻɉɎ ɧɟ ɬɨɥɶɤɨ ɛɵɫɬɪɟɟ ɜɵɱɢɫɥɹɟɬ 



 

 

21 

ȾɉɎ, ɱɟɦ ɤɨɪɪɟɥɹɰɢɨɧɧɵɣ ɦɟɬɨɞ, ɧɨ ɭ ɧɟɝɨ ɬɚɤɠɟ ɦɟɧɶɲɟ ɨɲɢɛɤɚ 
ɨɤɪɭɝɥɟɧɢɹ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 5.9 - Ɍɨɱɧɨɫɬɶ ȾɉɎ 

 

Ⱦɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ 

 

ȿɫɬɶ ɧɟɫɤɨɥɶɤɨ ɫɩɨɫɨɛɨɜ ɫɞɟɥɚɬɶ ȻɉɎ ɛɵɫɬɪɟɟ; ɨɞɧɚɤɨ ɭɥɭɱɲɟɧɢɟ 
ɫɨɫɬɚɜɢɬ ɬɨɥɶɤɨ 20-40%. Ɉɞɢɧ ɢɡ ɷɬɢɯ ɫɩɨɫɨɛɨɜ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɪɟɤɪɚɳɟɧɢɢ 
ɪɚɡɥɨɠɟɧɢɹ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɧɚ ɞɜɚ ɲɚɝɚ ɪɚɧɶɲɟ, ɤɨɝɞɚ ɤɚɠɞɵɣ ɫɢɝɧɚɥ 
ɫɨɫɬɨɢɬ ɬɨɥɶɤɨ ɢɡ ɱɟɬɵɪɟɯ ɬɨɱɟɤ. ȼɦɟɫɬɨ ɜɵɱɢɫɥɟɧɢɹ ɩɨɫɥɟɞɧɢɯ ɞɜɭɯ ɲɚɝɨɜ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɵɫɨɤɨ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɣ ɤɨɞ ɞɥɹ ɩɪɵɠɤɚ ɩɪɹɦɨ ɜ ɱɚɫɬɨɬɧɭɸ 
ɨɛɥɚɫɬɶ, ɢɫɩɨɥɶɡɭɹ ɩɪɨɫɬɨɬɭ ɱɟɬɵɪɟɯ ɬɨɱɟɤ ɫɢɧɭɫɨɜ ɢ ɤɨɫɢɧɭɫɨɜ. 

Ⱦɪɭɝɨɣ ɩɨɩɭɥɹɪɧɵɣ ɚɥɝɨɪɢɬɦ, ɤɨɬɨɪɵɣ ɷɤɨɧɨɦɢɬ ɱɢɫɥɨ ɜɵɱɢɫɥɟɧɢɣ, 
ɫɜɹɡɚɧ ɫ ɦɧɢɦɨɣ ɱɚɫɬɶɸ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɧɭɥɟɣ, ɢ 
ɫɢɦɦɟɬɪɢɟɣ ɱɚɫɬɨɬɧɨɝɨ ɫɩɟɤɬɪɚ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ȻɉɎ ɦɨɞɢɮɢɰɢɪɭɟɬɫɹ 
ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɪɟɚɥɶɧɨɝɨ ȾɉɎ ɜɦɟɫɬɨ ɤɨɦɩɥɟɤɫɧɨɝɨ ȾɉɎ. ɗɬɢ ɚɥɝɨɪɢɬɦɵ 
ɧɚɡɵɜɚɸɬɫɹ ɪɟɚɥɶɧɵɦ ȻɉɎ ɢ ɪɟɚɥɶɧɵɦ ɢɧɜɟɪɫɧɵɦ ȻɉɎ (ɢɥɢ ɩɨɯɨɠɢɦɢ 
ɧɚɡɜɚɧɢɹɦɢ). Ɉɧɢ ɧɚ 30% ɛɵɫɬɪɟɟ, ɱɟɦ ɨɛɵɱɧɵɟ ɩɪɨɝɪɚɦɦɵ ȻɉɎ. ȼ 
ɬɚɛɥɢɰɚɯ 5.6 ɢ 5.7 ɩɪɢɜɟɞɟɧɵ ɩɪɨɝɪɚɦɦɵ ɫ ɷɬɢɦɢ ɚɥɝɨɪɢɬɦɚɦɢ. 

ɂɦɟɟɬɫɹ ɞɜɚ ɦɚɥɟɧɶɤɢɯ ɧɟɭɞɨɛɫɬɜɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɟɚɥɶɧɨɝɨ ȻɉɎ. 
ɉɟɪɜɨɟ, ɤɨɞ ɩɪɨɝɪɚɦɦɵ ɩɪɢɦɟɪɧɨ ɜ ɞɜɚ ɪɚɡɚ ɞɥɢɧɧɟɟ. ȿɫɥɢ ɷɬɨ ɧɟ ɛɟɫɩɨɤɨɢɬ 
ɜɚɲ ɤɨɦɩɶɸɬɟɪ, ɜɵ ɦɨɠɟɬɟ ɡɚɩɭɫɬɢɬɶ ɟɳɟ ɨɞɧɭ ɩɪɨɝɪɚɦɦɭ ɧɚ ɜɚɲɟɦ 
ɤɨɦɩɶɸɬɟɪɟ. ȼɬɨɪɨɟ, ɨɬɥɚɞɤɚ ɷɬɢɯ ɩɪɨɝɪɚɦɦ ɧɟɦɧɨɝɨ ɫɥɨɠɧɟɟ, ɬɚɤ ɤɚɤ ɧɟɥɶɡɹ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɤɨɧɬɪɨɥɹ ɫɢɦɦɟɬɪɢɸ ɫɢɝɧɚɥɚ. ɗɬɢ ɚɥɝɨɪɢɬɦɵ 
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ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɦɧɢɦɭɸ ɱɚɫɬɶ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɜ ɧɭɥɢ, ɢ ɱɚɫɬɨɬɧɚɹ 
ɨɛɥɚɫɬɶ ɢɦɟɟɬ ɥɟɜɨ-ɩɪɚɜɭɸ ɫɢɦɦɟɬɪɢɸ. Ⱦɥɹ ɨɬɥɚɞɤɢ ɫɪɚɜɧɢɜɚɣɬɟ ɜɵɯɨɞ ɷɬɢɯ 
ɩɪɨɝɪɚɦɦ ɫ ɜɵɯɨɞɨɦ ɨɛɵɱɧɵɯ ɩɪɨɝɪɚɦɦ ȻɉɎ.  

 

 

Ɍɚɛɥɢɰɚ 5.6 – ɂɧɜɟɪɫɧɨɟ ȻɉɎ ɞɥɹ ɪɟɚɥɶɧɨɝɨ ɫɢɝɧɚɥɚ 

 

4000 'ɂɇȼȿɊɋɇɈȿ ȻɉɎ ȾɅə ɊȿȺɅɖɇɈȽɈ ɋɂȽɇȺɅȺ 

4010 'Ⱦɨ ɜɨɡɜɪɚɳɟɧɢɹ, N% ɫɨɞɟɪɠɢɬ ɱɢɫɥɨ ɬɨɱɟɤ ɢɧɜɟɪɫɧɨɝɨ ȾɉɎ, REXД Ж ɢ 

4020 'IMXД Ж ɫɨɞɟɪɠɚɬ ɪɟɚɥɶɧɭɸ ɢ ɦɧɢɦɭɸ ɱɚɫɬɢ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ ɫ 
ɢɧɞɟɤɫɚɦɢ 

4030 'ɨɬ 0 ɞɨ N%/2. Ɉɫɬɚɜɲɢɟɫɹ ɨɬɫɱɟɬɵ ɜ REXД Ж ɢ IMXД Ж ɢɝɧɨɪɢɪɭɸɬɫɹ. 
4040 'ɉɨɫɥɟ ɜɨɡɜɪɚɳɟɧɢɹ, REXД Ж ɫɨɞɟɪɠɢɬ ɪɟɚɥɶɧɭɸ ɱɚɫɬɶ ɜɪɟɦɟɧɧɨɣ 
ɨɛɥɚɫɬɢ, IMX[ ] - ɧɭɥɢ. 
4050 ' 

4060 ' 

4070 FOR K% = (N%/2+1) TO (N%-1)                             'Ⱦɟɥɚɟɦ ɱɚɫɬɨɬɧɭɸ 
ɨɛɥɚɫɬɶ ɫɢɦɦɟɬɪɢɱɧɨɣ 

4080    REX[K%] = REX[N%-K%Ж                                   '(ɤɚɤ ɜ ɬɚɛɥɢɰɟ 5.1) 
4090    IMX[K%] = -IMX[N%-K%] 

4100 NEXT K% 

4110 ' 

4120 FOR K% = 0 TO N%-1                                             'ɋɤɥɚɞɵɜɚɟɦ ɪɟɚɥɶɧɭɸ 
ɢ ɦɧɢɦɭɸ ɱɚɫɬɢ 

4130    REX[K%] = REX[K%]+IMX[K%] 

4140 NEXT K% 

4150 ' 

4160 GOSUB 3000                                                   'ȼɵɱɢɫɥɹɟɦ ɩɪɹɦɨɟ ɪɟɚɥɶɧɨɟ 
ȾɉɎ (TABLE 12-6) 

4170 ' 

4180 FOR I% = 0 TO N%-1                                               'ɋɤɥɚɞɵɜɚɟɦ ɪɟɚɥɶɧɭɸ 
ɢ ɦɧɢɦɭɸ ɱɚɫɬɢ 

4190    REX[I%] = (REX[I%]+IMX[I%])/N%                  'ɢ ɞɟɥɢɦ ɜɪɟɦɟɧɧɭɸ 
ɨɛɥɚɫɬɶ ɧɚ N% 

4200    IMX[I%] = 0 

4210 NEXT I% 

4220 ' 

4230 RETURN 
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Ɍɚɛɥɢɰɚ 5.7 – ȻɉɎ ɞɥɹ ɪɟɚɥɶɧɵɯ ɫɢɝɧɚɥɨɜ 

 

3000 'ȻɉɎ ȾɅə ɊȿȺɅɖɇɕɏ ɋɂȽɇȺɅɈȼ 

3010 'Ⱦɨ ɜɨɡɜɪɚɳɟɧɢɹ, N% ɫɨɞɟɪɠɢɬ ɱɢɫɥɨ ɬɨɱɟɤ ɜ ȾɉɎ, REXД Ж ɫɨɞɟɪɠɢɬ 

3020 'ɪɟɚɥɶɧɵɣ ɜɯɨɞɧɨɣ ɫɢɝɧɚɥ, ɜɟɥɢɱɢɧɵ ɜ IMXД Ж ɢɝɧɨɪɢɪɭɸɬɫɹ. ɉɨɫɥɟ 
ɜɨɡɜɪɚɳɟɧɢɹ, 
3030 'REXД Ж ɢ IMXД Ж ɫɨɞɟɪɠɚɬ ɜɵɯɨɞ ȾɉɎ. ɂɧɞɟɤɫɵ ɜɫɟɯ ɫɢɝɧɚɥɨɜ 
ɦɟɧɹɸɬɫɹ ɨɬ 0 ɞɨ N%-1. 

3040 ' 

3050 NH% = N%/2-1                                                'Ɋɚɡɞɟɥɹɟɦ ɱɟɬɧɵɟ ɢ 
ɧɟɱɟɬɧɵɟ ɬɨɱɤɢ 

3060 FOR I% = 0 TO NH% 

3070    REX(I%) = REX(2*I%) 

3080    IMX(I%) = REX(2*I%+1) 

3090 NEXT I% 

3100 ' 

3110 N% = N%/2                                                      'ȼɵɱɢɫɥɹɟɦ N%/2 ɬɨɱɟɤ ȻɉɎ 

3120 GOSUB 1000                                                   '(GOSUB 1000 is the FFT in 

Table 12-3) 

3130 N% = N%*2 

3140 ' 

3150 NM1% = N%-1                                               'ɑɟɬɧɨ/ɧɟɱɟɬɧɨɟ ɪɚɡɥɨɠɟɧɢɟ 
ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ 

3160 ND2% = N%/2 

3170 N4% = N%/4-1 

3180 FOR I% = 1 TO N4% 

3190    IM% = ND2%-I% 

3200    IP2% = I%+ND2% 

3210    IPM% = IM%+ND2% 

3220    REX(IP2%) = (IMX(I%) + IMX(IM%))/2 

3230    REX(IPM%) = REX(IP2%) 

3240    IMX(IP2%) = -(REX(I%) - REX(IM%))/2 

3250    IMX(IPM%) = -IMX(IP2%) 

3260    REX(I%) = (REX(I%) + REX(IM%))/2 

3270    REX(IM%) = REX(I%) 

3280    IMX(I%) = (IMX(I%) - IMX(IM%))/2 

3290    IMX(IM%) = -IMX(I%) 

3300 NEXT I% 

3310 REX(N%*3/4) = IMX(N%/4) 

3320 REX(ND2%) = IMX(0) 

3330 IMX(N%*3/4) = 0 

3340 IMX(ND2%) = 0 

3350 IMX(N%/4) = 0 

3360 IMX(0) = 0 

3370 ' 



 

 

24 

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 5. 7 

 

 

3380 PI = 3.14159265                                              'Ɂɚɜɟɪɲɚɟɦ ɩɨɫɥɟɞɧɸɸ 
ɫɬɭɩɟɧɶ ȻɉɎ 

3390 L% = CINT(LOG(N%)/LOG(2)) 

3400 LE% = CINT(2^L%) 

3410 LE2% = LE%/2 

3420 UR = 1 

3430 UI = 0 

3440 SR = COS(PI/LE2%) 

3450 SI = -SIN(PI/LE2%) 

3460 FOR J% = 1 TO LE2% 

3470    JM1% = J%-1 

3480    FOR I% = JM1% TO NM1% STEP LE% 

3490       IP% = I%+LE2% 

3500       TR = REX[IP%]*UR - IMX[IP%]*UI 

3510       TI = REX[IP%]*UI + IMX[IP%]*UR 

3520       REX[IP%] = REX[I%]-TR 

3530       IMX[IP%] = IMX[I%]-TI 

3540       REX[I%] = REX[I%]+TR 

3550       IMX[I%] = IMX[I%]+TI 

3560    NEXT I% 

3570    TR = UR 

3580    UR = TR*SR - UI*SI 

3590    UI = TR*SI + UI*SR 

3600 NEXT J% 

3610 RETURN  

 

 

Ɋɢɫɭɧɤɢ 5.10 ɢ 5.11 ɢɥɥɸɫɬɪɢɪɭɸɬ, ɤɚɤ ɪɚɛɨɬɚɟɬ ɪɟɚɥɶɧɨɟ ȻɉɎ. ɇɚ 
ɪɢɫɭɧɤɟ 5.10 (ɚ) ɢ (b) ɩɨɤɚɡɚɧ ɫɢɝɧɚɥ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ, ɤɨɬɨɪɵɣ ɫɨɫɬɨɢɬ ɢɡ 
ɢɦɩɭɥɶɫɚ ɜ ɪɟɚɥɶɧɨɣ ɱɚɫɬɢ ɢ ɧɭɥɟɣ ɜ ɦɧɢɦɨɣ ɱɚɫɬɢ. Ɋɢɫɭɧɤɢ (ɫ) ɢ (d) 

ɩɨɤɚɡɵɜɚɸɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɱɚɫɬɨɬɧɵɣ ɫɩɟɤɬɪ. Ʉɚɤ ɨɩɢɫɵɜɚɥɨɫɶ ɪɚɧɟɟ, 
ɪɟɚɥɶɧɚɹ ɱɚɫɬɶ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ ɢɦɟɟɬ ɱɟɬɧɭɸ ɫɢɦɦɟɬɪɢɸ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɨɬɫɱɟɬɨɜ 0 ɢ N/2, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɦɧɢɦɚɹ ɱɚɫɬɶ ɢɦɟɟɬ ɧɟɱɟɬɧɭɸ ɫɢɦɦɟɬɪɢɸ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɟɯ ɠɟ ɬɨɱɟɤ. 

Ɍɟɩɟɪɶ ɪɚɫɫɦɨɬɪɢɦ ɪɢɫɭɧɨɤ 5.11, ɝɞɟ ɢɦɩɭɥɶɫ ɜ ɦɧɢɦɨɣ ɱɚɫɬɢ 
ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ, ɚ ɪɟɚɥɶɧɚɹ ɱɚɫɬɶ ɜɫɹ ɫɨɫɬɨɢɬ ɢɡ ɧɭɥɟɣ. ɋɢɦɦɟɬɪɢɹ ɜ 
ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ ɨɛɪɚɬɢɥɚɫɶ, ɪɟɚɥɶɧɚɹ ɱɚɫɬɶ ɧɟɱɟɬɧɚɹ (odd), ɚ ɦɧɢɦɚɹ 
ɱɚɫɬɶ ɱɟɬɧɚɹ (even). 
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Ɋɢɫɭɧɨɤ 5.10 - ɋɢɦɦɟɬɪɢɱɧɚ ɪɟɚɥɶɧɚɹ ɱɚɫɬɶ ȾɉɎ 

 

ɑɬɨ ɛɭɞɟɬ, ɟɫɥɢ ɫɢɝɧɚɥ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɨɛɟɢɯ ɱɚɫɬɹɯ ɜɪɟɦɟɧɧɨɣ 
ɨɛɥɚɫɬɢ? Ȼɥɚɝɨɞɚɪɹ ɫɜɨɣɫɬɜɭ ɚɞɞɢɬɢɜɧɨɫɬɢ, ɱɚɫɬɨɬɧɚɹ ɨɛɥɚɫɬɶ ɛɭɞɟɬ ɫɭɦɦɨɣ 

ɞɜɭɯ ɱɚɫɬɨɬɧɵɯ ɫɩɟɤɬɪɨɜ. Ɍɟɩɟɪɶ ɤɥɸɱɟɜɨɣ ɷɥɟɦɟɧɬ: ɱɚɫɬɨɬɧɵɣ ɫɩɟɤɬɪ, 
ɫɮɨɪɦɢɪɨɜɚɧɧɵɣ ɷɬɢɦɢ ɞɜɭɦɹ ɬɢɩɚɦɢ ɫɢɦɦɟɬɪɢɢ, ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɧɨɫɬɶɸ 
ɪɚɡɞɟɥɟɧ ɧɚ ɞɜɚ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɢɝɧɚɥɚ. ɗɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɱɟɬɧɵɦ/ɧɟɱɟɬɧɵɦ 

ɪɚɡɥɨɠɟɧɢɟɦ.. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɞɜɚ ɪɟɚɥɶɧɵɯ ȾɉɎ ɦɨɝɭɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɵ 
ɰɟɧɨɣ ɨɞɧɨɝɨ ȻɉɎ. Ɉɞɢɧ ɢɡ ɫɢɝɧɚɥɨɜ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜ ɪɟɚɥɶɧɨɣ ɱɚɫɬɢ 
ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ, ɞɪɭɝɨɣ – ɜ ɦɧɢɦɨɣ ɱɚɫɬɢ. ɉɨɫɥɟ ɜɵɱɢɫɥɟɧɢɹ 
ɤɨɦɩɥɟɤɫɧɨɝɨ ȾɉɎ (ɱɟɪɟɡ ȻɉɎ, ɤɨɧɟɱɧɨ) ɫɩɟɤɬɪɵ ɪɚɡɞɟɥɹɸɬɫɹ, ɢɫɩɨɥɶɡɭɹ 
ɱɟɬɧɨɟ/ɧɟɱɟɬɧɨɟ ɪɚɡɥɨɠɟɧɢɟ. Ʉɨɝɞɚ ɞɜɚ ɢ ɛɨɥɟɟ ɫɢɝɧɚɥɨɜ ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɨɩɭɫɬɢɬɶ ɱɟɪɟɡ ȻɉɎ, ɷɬɨɬ ɩɪɢɟɦ ɭɦɟɧɶɲɚɟɬ ɜɪɟɦɹ ɜɵɱɢɫɥɟɧɢɹ, ɩɪɢɦɟɪɧɨ, 
ɧɚ 40%. ɍɥɭɱɲɟɧɢɟ ɧɟ ɩɨɥɧɨɫɬɶɸ ɩɨɥɭɱɚɟɬɫɹ ɜ ɞɜɚ ɪɚɡɚ, ɬɚɤ ɤɚɤ ɬɪɟɛɭɟɬɫɹ 
ɜɪɟɦɹ ɧɚ ɱɟɬɧɨɟ/ɧɟɱɟɬɧɨɟ ɪɚɡɥɨɠɟɧɢɟ. ɗɬɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɫɬɨɣ ɫɩɨɫɨɛ ɫ 
ɧɟɫɤɨɥɶɤɢɦɢ ɪɵɬɜɢɧɚɦɢ, ɧɢɱɟɝɨ ɩɨɯɨɠɟɝɨ ɧɚ ɱɟɪɧɨɜɢɤɢ ɡɚɩɢɫɚɧɧɵɯ 
ɩɪɨɝɪɚɦɦ ȻɉɎ. 
 



 

 

26 

 
 Ɋɢɫɭɧɨɤ 5.11 - ɋɢɦɦɟɬɪɢɱɧɚ ɦɧɢɦɚɹ ɱɚɫɬɶ ȾɉɎ 

 

ɋɥɟɞɭɸɳɢɣ ɲɚɝ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɦɨɞɢɮɢɤɚɰɢɢ ɚɥɝɨɪɢɬɦɚ ɞɥɹ ɛɨɥɟɟ 
ɛɵɫɬɪɨɝɨ ɜɵɱɢɫɥɟɧɢɹ ɨɞɧɨɝɨ ȾɉɎ. ɗɬɨ ɧɟɩɪɢɹɬɧɨ, ɧɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ. 
ȼɯɨɞɧɨɣ ɫɢɝɧɚɥ ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ ɩɨɥɨɜɢɧɤɢ, ɢɫɩɨɥɶɡɭɹ ɱɟɪɟɞɭɸɳɟɟɫɹ 
ɪɚɡɥɨɠɟɧɢɟ. N/2 ɱɟɬɧɵɯ ɬɨɱɟɤ ɩɨɦɟɳɚɸɬɫɹ ɜ ɪɟɚɥɶɧɭɸ ɱɚɫɬɶ ɫɢɝɧɚɥɚ 
ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ, ɚ N/2 ɧɟɱɟɬɧɵɯ ɬɨɱɟɤ – ɜ ɦɧɢɦɭɸ ɱɚɫɬɶ. Ɂɚɬɟɦ 
ɜɵɱɢɫɥɹɟɬɫɹ N/2-ɬɨɱɟɱɧɨɟ ȻɉɎ, ɬɪɟɛɭɸɳɟɟ ɜ ɞɜɚ ɪɚɡɚ ɦɟɧɶɲɟɟ ɜɪɟɦɹ, ɱɟɦ 
N-ɬɨɱɟɱɧɨɟ ȻɉɎ. ɉɨɥɭɱɟɧɧɵɣ ɱɚɫɬɨɬɧɵɣ ɫɩɟɤɬɪ ɡɚɬɟɦ ɪɚɡɞɟɥɹɟɬɫɹ ɫ 
ɩɨɦɨɳɶɸ ɱɟɬɧɨɝɨ/ɧɟɱɟɬɧɨɝɨ ɪɚɡɥɨɠɟɧɢɹ, ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɱɚɫɬɨɬɧɵɟ ɫɩɟɤɬɪɵ 
ɞɜɭɯ ɱɟɪɟɞɭɸɳɢɯɫɹ ɫɢɝɧɚɥɨɜ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ. Ⱦɜɚ ɱɚɫɬɨɬɧɵɯ ɫɩɟɤɬɪɚ 
ɩɨɬɨɦ ɤɨɦɛɢɧɢɪɭɸɬɫɹ ɜ ɨɞɢɧ ɫɩɟɤɬɪ, ɬɚɤ ɠɟ ɤɚɤ ɧɚ ɩɨɫɥɟɞɧɟɦ ɲɚɝɟ ȻɉɎ. 

ȻɉФ ɜ Цɢɮɪɨɜɨɣ Ɉɛɪɚɛɨɬɤɟ ɋɢɝɧɚɥɨɜ ɟɫɬɶ ɬɨ ɠɟ ɫɚɦɨɟ, ɱɬɨ ɢ 
ɬɪɚɧɡɢɫɬɨɪ ɜ ɷɥɟɤɬɪɨɧɢɤɟ. ɗɬɨ ɟɫɬɶ ɨɫɧɨɜɚ ɬɟɯɧɨɥɨɝɢɢ; ɤɚɠɞɵɣ ɫɩɟɰɢɚɥɢɫɬ 
ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ ɡɧɚɟɬ ɟɝɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɤɚɤ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɬɶ. Ɉɞɧɚɤɨ 
ɬɨɥɶɤɨ ɧɟɛɨɥɶɲɨɟ ɱɢɫɥɨ ɫɩɟɰɢɚɥɢɫɬɨɜ ɩɨɧɢɦɚɸɬ ɞɟɬɚɥɢ ɟɝɨ ɜɧɭɬɪɟɧɧɟɣ 
ɪɚɛɨɬɵ. 
 

3.4 ɋɨɞɟɪɠɚɧɢɟ ɨɬчɟɬɚ 

 

Ɉɬɱɟɬ ɞɨɥɠɟɧ ɫɨɫɬɨɹɬɶ ɢɡ ɫɥɟɞɭɸɳɢɯ ɱɚɫɬɟɣ:  ɜɜɟɞɟɧɢɟ;  ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ; 
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 ɨɫɧɨɜɧɚɹ ɱɚɫɬɶ;  ɡɚɤɥɸɱɟɧɢɟ;  ɩɪɢɥɨɠɟɧɢɟ. 
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