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ȼȼЕȾЕɇɂЕ 

ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ ɹɜɥɹɟɬɫɹ ɩɪɨɞɨɥɠɟɧɢɟɦ (ɜɬɨɪɨɣ ɱɚɫɬɶɸ) ɤɨɦɩɥɟɤɫɚ 
ɭɱɟɛɧɵɯ ɩɨɫɨɛɢɣ ɩɨ ɰɢɮɪɨɜɵɦ ɫɢɫɬɟɦɚɦ ɲɢɪɨɤɨɩɨɥɨɫɧɨɣ ɫɜɹɡɢ. ȼ ɩɟɪɜɨɣ 
ɱɚɫɬɢ «ȼɜɟɞɟɧɢɟ ɜ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɦɟɬɨɞɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ» 
ɫɨɞɟɪɠɢɬɫɹ ɜɜɨɞɧɚɹ ɱɚɫɬɶ ɜ ɩɪɨɛɥɟɦɭ ɜɵɛɨɪɚ ɩɪɨɫɬɪɚɧɫɬɜ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɢ 
ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ. ȼ ɞɚɧɧɨɣ (ɜɬɨɪɨɣ) ɱɚɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɟɤɨɬɨɪɵɟ 

ɜɨɩɪɨɫɵ, ɤɚɫɚɸɳɢɟɫɹ ɨɤɨɧɧɵɯ ɢ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɣ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ. Ɉɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɟɧɨ ɧɟɤɨɬɨɪɵɦ ɚɫɩɟɤɬɚɦ 

ɩɪɢɦɟɧɟɧɢɹ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɣ ɞɥɹ ɫɢɧɬɟɡɚ ɲɢɪɨɤɨɩɨɥɨɫɧɵɯ ɫɢɝɧɚɥɨɜ, ɩɪɢ 
ɷɬɨɦ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɛɳɢɟ ɜɨɩɪɨɫɵ ɫɢɧɬɟɡɚ ɲɢɪɨɤɨɩɨɥɨɫɧɵɯ 

ɫɢɝɧɚɥɨɜ, ɜɨɩɪɨɫɵ ɫɢɧɬɟɡɚ ɢ ɚɧɚɥɢɡɚ ɮɢɥɶɬɪɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɨɤɨɧɧɵɯ ɮɭɧɤɰɢɣ ɢ ɜɟɣɜɥɟɬɨɜ ɹɜɥɹɸɬɫɹ ɩɪɟɞɦɟɬɨɦ ɨɬɞɟɥɶɧɨɝɨ 
ɨɛɫɭɠɞɟɧɢɹ. ȼ ɭɱɟɛɧɨɦ ɩɨɫɨɛɢɢ ɫɨɞɟɪɠɚɬɫɹ ɧɟɤɨɬɨɪɵɟ ɬɟɦɚɬɢɱɟɫɤɢɟ 
ɫɩɪɚɜɤɢ ɨ ɮɭɧɤɰɢɹɯ MatLab, ɤɨɬɨɪɵɟ ɜɵɩɨɥɧɹɸɬ ɪɨɥɶ ɞɨɩɨɥɧɟɧɢɹ ɢ 
ɢɥɥɸɫɬɪɚɰɢɢ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢɜɟɞɺɧɧɵɟ 
ɫɜɟɞɟɧɢɹ ɧɟ ɹɜɥɹɸɬɫɹ ɢɫɱɟɪɩɵɜɚɸɳɢɦɢ, ɬ.ɤ. ɞɚɧɧɨɟ ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ ɧɟ 
ɹɜɥɹɟɬɫɹ ɫɩɪɚɜɨɱɧɢɤɨɦ ɩɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɸ ɜ ɩɚɤɟɬɟ MatLab. 

ɂɧɫɬɪɭɤɰɢɢ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɨɝɪɚɦɦɧɵɯ ɩɚɤɟɬɨɜ MatLab,  Octave, 

Scilab, Wolfram Mathematica ɢ ɞɪ., ɪɟɤɨɦɟɧɞɭɟɬɫɹ  ɢɫɤɚɬɶ ɧɚ  ɨɮɢɰɢɚɥɶɧɵɯ 
ɪɟɫɭɪɫɚɯ ɫɟɬɢ ɂɧɬɟɪɧɟɬ. Ⱦɚɧɧɵɟ  ɧɚ ɨɮɢɰɢɚɥɶɧɵɯ ɪɟɫɭɪɫɚɯ ɩɨɡɜɨɥɹɸɬ 

ɭɱɟɫɬɶ ɚɤɬɭɚɥɶɧɵɟ  ɢɡɦɟɧɟɧɢɹ ɮɭɧɤɰɢɨɧɚɥɚ  ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɨɞɭɤɬɨɜ ɢ 
ɪɟɤɨɦɟɧɞɚɰɢɢ ɪɚɡɪɚɛɨɬɱɢɤɨɜ, ɱɬɨ ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɩɨɜɵɲɟɧɢɸ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ ɋȺɉɊ ɞɥɹ ɪɟɲɟɧɢɹ 
ɡɚɞɚɱ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɫɢɧɬɟɡɚ, ɚɧɚɥɢɡɚ, ɚ ɡɧɚɱɢɬ, ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ 
ɪɚɡɪɚɛɨɬɤɢ ɜ ɰɟɥɨɦ. 

ȼ ɫɨɫɬɚɜɟ ɭɱɟɛɧɨɝɨ ɩɨɫɨɛɢɹ ɢɦɟɟɬɫɹ ɞɜɟ ɱɚɫɬɢ. ɉɟɪɜɚɹ ɱɚɫɬɶ 
ɫɨɞɟɪɠɢɬ ɷɥɟɦɟɧɬɵ ɬɟɨɪɢɢ ɢ ɧɟɤɨɬɨɪɵɟ ɩɪɚɤɬɢɱɟɫɤɢɟ ɩɪɢɦɟɪɵ. ȼɬɨɪɚɹ 
ɱɚɫɬɶ ɫɨɞɟɪɠɢɬ ɥɢɫɬɢɧɝɢ ɮɭɧɤɰɢɣ ɧɚ ɹɡɵɤɟ MatLab, ɪɟɚɥɢɡɭɸɳɢɟ ɦɟɬɨɞɵ, 
ɢɡɥɨɠɟɧɧɵɟ ɜ ɩɟɪɜɨɣ ɱɚɫɬɢ. 

Ⱦɚɧɧɭɸ ɪɚɛɨɬɭ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɜɜɨɞɧɭɸ ɱɚɫɬɶ ɜ ɬɟɨɪɢɸ 

ɨɤɨɧɧɵɯ ɢ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɣ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜ ɰɢɮɪɨɜɵɯ ɫɢɫɬɟɦɚɯ 
ɲɢɪɨɤɨɩɨɥɨɫɧɨɣ ɫɜɹɡɢ, ɜ ɪɚɦɤɚɯ ɤɭɪɫɨɜ: «ȼɨɥɧɨɜɵɟ ɩɪɨɰɟɫɫɵ ɜ ɫɪɟɞɚɯ», 
«Ɋɚɞɢɨɬɟɯɧɢɤɚ» ɱɢɬɚɟɦɵɯ ɜ ɛɚɤɚɥɚɜɪɢɚɬɟ, ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɩɨɞɝɨɬɨɜɤɢ 
«ɂɧɮɨɪɦɚɰɢɨɧɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ»; «Ɉɛɪɚɛɨɬɤɚ ɰɢɮɪɨɜɵɯ ɫɢɝɧɚɥɨɜ ɜ 
ɫɢɫɬɟɦɚɯ ɡɚɳɢɬɵ ɢɧɮɨɪɦɚɰɢɢ», ɱɢɬɚɟɦɨɝɨ ɜ ɦɚɝɢɫɬɪɚɬɭɪɟ, ɩɨ 
ɧɚɩɪɚɜɥɟɧɢɸ ɩɨɞɝɨɬɨɜɤɢ «Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɢ ɬɟɯɧɨɥɨɝɢɹ ɷɥɟɤɬɪɨɧɧɵɯ 
ɫɪɟɞɫɬɜ». 

ɋɩɟɰɢɮɢɤɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɚɧɧɨɝɨ ɭɱɟɛɧɨɝɨ ɩɨɫɨɛɢɹ ɜ ɪɚɦɤɚɯ 
ɭɱɟɛɧɵɯ ɡɚɧɹɬɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɟɩɨɞɚɜɚɬɟɥɟɦ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɭɱɟɛɧɨɝɨ ɩɨɫɨɛɢɹ ɞɥɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɩɨɞɝɨɬɨɜɤɢ ɪɟɤɨɦɟɧɞɭɟɬɫɹ 
ɩɪɢɦɟɧɹɬɶ ɦɟɬɨɞ ɤɨɦɩɥɟɤɫɧɨɝɨ ɚɧɚɥɢɡɚ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 
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ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ ɩɚɪɚɥɥɟɥɶɧɨɦ ɨɫɜɨɟɧɢɢ ɧɟɫɤɨɥɶɤɢɯ ɚɜɬɨɪɢɬɟɬɧɵɯ 
ɢɡɞɚɧɢɣ ɩɨ ɬɟɦɟ ɩɪɟɞɦɟɬɚ. 
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1. ɈɄɈɇɇɕЕ ɂ ȼЕɃȼɅЕɌ-ɎɍɇɄɐɂɂ ɂ ɉɊЕɈȻɊȺɁɈȼȺɇɂЯ 

ȼɨɡɦɨɠɧɨɫɬɶ ɧɟɨɝɪɚɧɢɱɟɧɧɨɣ ɩɪɨɬɹɠɺɧɧɨɫɬɢ ɫɢɝɧɚɥɚ ɩɪɢ 
ɢɡɦɟɧɟɧɢɢ ɱɚɫɬɨɬɧɨɝɨ ɫɨɫɬɚɜɚ ɨɩɪɟɞɟɥɹɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨɢɫɤɚ 
ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɞɟɤɨɦɩɨɡɢɰɢɢ ɢ ɫɢɧɬɟɡɚ ɮɪɚɝɦɟɧɬɨɜ ɫɢɝɧɚɥɚ ɧɚ 
ɨɝɪɚɧɢɱɟɧɧɵɯ ɢɧɬɟɪɜɚɥɚɯ. ȼ ɱɚɫɬɧɨɫɬɢ, ɨɤɨɧɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɢ 
ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɹɜɥɹɸɬɫɹ ɞɢɧɚɦɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ 
ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ, ɬ.ɟ. ɬɚɤɢɦɢ ɦɟɬɨɞɚɦɢ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ 
ɭɱɢɬɵɜɚɬɶ ɢ ɜɵɹɜɥɹɬɶ ɞɢɧɚɦɢɱɟɫɤɨɟ ɢɡɦɟɧɟɧɢɟ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ 
ɫɢɝɧɚɥɚ. Ɉɤɨɧɧɵɟ ɮɭɧɤɰɢɢ ɩɨɡɜɨɥɹɸɬ ɷɮɮɟɤɬɢɜɧɨ ɛɨɪɨɬɶɫɹ ɫ 
ɤɨɥɟɛɚɧɢɹɦɢ Ƚɢɛɛɫɚ1

, ɫɜɨɣɫɬɜɟɧɧɵɦɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɸ Ɏɭɪɶɟ ɤɚɤ 
ɪɟɡɭɥɶɬɚɬ ɧɟɪɚɜɧɨɦɟɪɧɨɣ ɫɯɨɞɢɦɨɫɬɢ ɜ ɬɨɱɤɟ ɪɚɡɪɵɜɚ Д1]. 

Ɉɤɨɧɧɵɟ ɮɭɧɤɰɢɢ ɢ ɜɟɣɜɥɟɬɵ ɩɪɟɞɨɫɬɚɜɥɹɸɬ ɧɨɜɵɟ ɜɨɡɦɨɠɧɨɫɬɢ 
ɞɥɹ ɫɢɧɬɟɡɚ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ [2], ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɮɢɡɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ, ɨɩɟɪɚɬɨɪɧɵɯ ɦɟɬɨɞɨɜ ɪɟɲɟɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 
[3]. 

1.1. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɤɨɧɧɵɯ ɮɭɧɤɰɢɣ 

Ɉɤɨɧɧɵɟ ɮɭɧɤɰɢɢ (windowing functions), ɬɚɤɠɟ ɧɚɡɵɜɚɟɦɵɟ ɜɟɫɨɜɵɟ 
ɮɭɧɤɰɢɢ (weighting functions), ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɞɥɹ ɪɟɲɟɧɢɹ 
ɤɨɦɩɥɟɤɫɚ ɡɚɞɚɱ, ɧɚɩɪɢɦɟɪ: ɪɚɫɱɺɬɚ ɫɩɟɤɬɪɚ ɢɥɢ ɨɰɟɧɢɜɚɧɢɹ ɞɪɭɝɢɯ 
ɜɪɟɦɟɧɧɵɯ ɢɥɢ ɱɚɫɬɨɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɟɤɨɬɨɪɨɝɨ ɮɪɚɝɦɟɧɬɚ ɫɢɝɧɚɥɚ; 
ɮɢɥɶɬɪɚɰɢɢ ɮɪɚɝɦɟɧɬɚ ɫɢɝɧɚɥɚ ɢɥɢ ɮɪɚɝɦɟɧɬɚ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ. ɉɨ 
ɩɪɢɦɟɧɟɧɢɸ ɨɤɨɧɧɵɟ ɮɭɧɤɰɢɢ, ɢɥɢ ɤɪɚɬɤɨ ɨɤɧɚ, ɨɛɵɱɧɨ ɪɚɡɞɟɥɹɸɬ ɧɚ 
ɨɤɧɚ ɞɚɧɧɵɯ ɢ ɤɨɪɪɟɥяɰɢɨɧɧɵɟ ɨɤɧɚ. Ɉɫɧɨɜɧɨɟ ɧɚɡɧɚɱɟɧɢɟ ɨɤɧɚ ɞɚɧɧɵɯ – 

ɭɦɟɧɶɲɢɬɶ ɜɟɥɢɱɢɧɭ ɫɦɟɳɟɧɢɹ ɜ ɩɟɪɢɨɞɨɝɪɚɦɦɧɵɯ ɫɩɟɤɬɪɚɥɶɧɵɯ 
ɨɰɟɧɤɚɯ. Ɉɫɧɨɜɧɨɟ ɧɚɡɧɚɱɟɧɢɟ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɨɤɧɚ – ɭɦɟɧɶɲɢɬɶ 
ɞɢɫɩɟɪɫɢɸ ɤɨɪɪɟɥɨɝɪɚɦɦɧɨɣ ɨɰɟɧɤɢ Д4]. 

Ȼɭɞɟɦ ɨɛɨɡɧɚɱɚɬɶ ɨɤɨɧɧɵɟ ɮɭɧɤɰɢɢ ɤɚɤ . Ɉɬɦɟɬɢɦ, ɱɬɨ ɨɤɨɧɧɵɟ 
ɮɭɧɤɰɢɢ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɤɚɤ ɜɨ ɜɪɟɦɟɧɧɨɣ, ɬɚɤ ɢ ɜ ɱɚɫɬɨɬɧɨɣ 
ɨɛɥɚɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɫɢɝɧɚɥɚ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɭɞɟɦ ɩɪɨɢɡɜɨɞɢɬɶ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɨɤɨɧ ɤɚɤ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɩɚɬɬɟɪɧɨɜ, ɡɚɞɚɧɧɵɯ ɜɨ 
ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ. 

Ɉɤɨɧɧɵɟ ɮɭɧɤɰɢɢ ɹɜɥɹɸɬɫɹ ɤɥɚɫɫɨɦ ɜɟɳɟɫɬɜɟɧɧɨɡɧɚɱɧɵɯ ɫɢɝɧɚɥɨɜ, 

ɫɢɦɦɟɬɪɢɱɧɵɯ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɰɟɧɬɪɚɥɶɧɨɝɨ ɜɫɩɥɟɫɤɚ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ 
ɡɧɚɱɟɧɢɟɦ ɜ ɬɨɱɤɟ ɰɟɧɬɪɚɥɶɧɨɝɨ ɜɫɩɥɟɫɤɚ. ɂɧɬɟɝɪɚɥ ɨɤɨɧɧɵɯ ɮɭɧɤɰɢɣ 

 ɢɦɟɟɬ ɤɨɧɟɱɧɨɟ ɧɟɧɭɥɟɜɨɟ ɡɧɚɱɟɧɢɟ Д4]. 

Ɉɤɨɧɧɵɟ ɮɭɧɤɰɢɢ ɨɛɥɚɞɚɸɬ ɫɥɟɞɭɸɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢ Д3]. 

                                                 
1
 Ⱦɠɨɡɚɣɹ ɍɢɥɥɚɪɞ  Ƚɢɛɛɫ (11 ɮɟɜɪɚɥɹ 1839 – 28 ɚɩɪɟɥɹ 1903)  – ɚɦɟɪɢɤɚɧɫɤɢɣ ɮɢɡɢɤ, ɮɢɡɢɤɨɯɢɦɢɤ, 

ɦɚɬɟɦɚɬɢɤ ɢ ɦɟɯɚɧɢɤ, ɨɞɢɧ ɢɡ ɫɨɡɞɚɬɟɥɟɣ ɜɟɤɬɨɪɧɨɝɨ ɚɧɚɥɢɡɚ, ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɮɢɡɢɤɢ, ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 
ɬɟɨɪɢɢ ɬɟɪɦɨɞɢɧɚɦɢɤɢ. 
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Ȼɨɥɶɲɢɧɫɬɜɨ ɨɤɨɧɧɵɯ ɮɭɧɤɰɢɣ ɫɢɦɦɟɬɪɢɱɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɜɨɟɝɨ 
ɰɟɧɬɪɚ; ɟɫɥɢ ɰɟɧɬɪ ɧɟɫɦɟɳɺɧɧɨɣ ɨɤɨɧɧɨɣ ɮɭɧɤɰɢɢ ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɬɨɱɤɭ 

, ɩɪɢ ɪɚɡɦɟɳɟɧɢɢ ɨɤɧɚ ɜ ɢɧɬɟɪɜɚɥɟ  ɢɥɢ , 

ɬɨ ɬɚɤɢɟ ɨɤɨɧɧɵɟ ɮɭɧɤɰɢɢ ɨɛɵɱɧɨ ɧɚɡɵɜɚɸɬ ɤɨɪɪɟɥяɰɢɨɧɧɵɦ ɨɤɧɨɦ; ɟɫɥɢ 
ɰɟɧɬɪ ɨɤɧɚ ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɬɨɱɤɭ  ɩɪɢ ɪɚɡɦɟɳɟɧɢɢ ɨɤɧɚ ɜ ɢɧɬɟɪɜɚɥɟ 

 ɢ  ɩɪɢ ɪɚɡɦɟɳɟɧɢɢ ɨɤɧɚ ɜ ɢɧɬɟɪɜɚɥɟ , ɬɨ ɬɚɤɢɟ 
ɨɤɨɧɧɵɟ ɮɭɧɤɰɢɢ ɨɛɵɱɧɨ ɧɚɡɵɜɚɸɬ ɨɤɧɨɦ ɞɚɧɧɵɯ [4Ж. Ɏɨɪɦɚɥɶɧɨ 
ɛɨɥɶɲɢɧɫɬɜɨ ɨɤɨɧ ɡɚɞɚɺɬɫɹ ɜ ɜɢɞɟ ɨɤɧɚ ɞɚɧɧɵɯ, ɬɚɤɨɟ ɨɤɧɨ ɭɞɨɜɥɟɬɜɨɪɹɟɬ 
ɭɫɥɨɜɢɸ ɤɚɭɡɚɥɶɧɨɫɬɢ (ɩɪɢɱɢɧɧɨɫɬɢ). 

Ɉɛɥɚɫɬɶ ɧɟɧɭɥɟɜɵɯ ɡɧɚɱɟɧɢɣ ɨɤɨɧɧɨɣ ɮɭɧɤɰɢɢ ɫɬɪɨɝɨ ɨɝɪɚɧɢɱɟɧɚ ɜɨ 
ɜɪɟɦɟɧɢ ɢɧɬɟɪɜɚɥɨɦ , ɜɫɟ ɡɧɚɱɟɧɢɹ ɨɤɨɧɧɨɣ ɮɭɧɤɰɢɢ ɜɧɟ 
ɝɪɚɧɢɰ ɢɧɬɟɪɜɚɥɚ  ɫɱɢɬɚɸɬɫɹ ɪɚɜɧɵɦɢ ɧɭɥɸ. 

Ɉɝɪɚɧɢɱɟɧɧɨɫɬɶ ɨɛɥɚɫɬɢ ɧɟɧɭɥɟɜɵɯ ɡɧɚɱɟɧɢɣ ɨɤɨɧɧɨɣ ɮɭɧɤɰɢɢ ɜɨ 
ɜɪɟɦɟɧɢ ɨɩɪɟɞɟɥɹɟɬ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɨɤɨɧɧɨɣ ɮɭɧɤɰɢɢ 
ɬɟɨɪɟɬɢɱɟɫɤɢ ɧɟɨɝɪɚɧɢɱɟɧɧɨ. 

ɗɤɜɢɜɚɥɟɧɬɧɭɸ ɞɥɢɬɟɥɶɧɨɫɬɶ ɨɤɧɚ, ɫ ɰɟɧɬɪɨɦ ɜ ɬɨɱɤɟ , ɦɨɠɧɨ 
ɨɰɟɧɢɬɶ, ɢɫɩɨɥɶɡɭɹ ɜɵɪɚɠɟɧɢɟ: 

 ,      (1) 

ɢɥɢ ɜ ɞɢɫɤɪɟɬɧɨɦ ɜɢɞɟ ɞɥɹ ɨɤɧɚ ɫ ɰɟɧɬɪɨɦ ɜ ɬɨɱɤɟ  ɡɚɩɢɲɟɦ:  
.     (2) 

ɗɤɜɢɜɚɥɟɧɬɧɭɸ ɲɢɪɢɧɭ ɩɨɥɨɫɵ ɨɤɧɚ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɤɚɤ 

 ,     (3) 

ɢɥɢ ɜ ɞɢɫɤɪɟɬɧɨɦ ɜɢɞɟ: 
.    (4) 

ɉɪɢ ɷɬɨɦ ɞɥɹ ɩɪɨɢɡɜɟɞɟɧɢɹ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɞɥɢɬɟɥɶɧɨɫɬɢ  ɢ 
ɲɢɪɢɧɵ ɩɨɥɨɫɵ   ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɜɟɧɫɬɜɨ: 

.     (5) 
Ɉɞɧɚ ɢɡ ɨɫɧɨɜɧɵɯ ɡɚɞɚɱ ɩɪɢ ɫɢɧɬɟɡɟ ɨɤɨɧɧɵɯ ɮɭɧɤɰɢɣ – ɷɬɨ 

ɧɚɯɨɠɞɟɧɢɟ ɤɨɦɩɪɨɦɢɫɫɚ ɦɟɠɞɭ ɲɢɪɢɧɨɣ ɝɥɚɜɧɨɝɨ ɥɟɩɟɫɬɤɚ ɢ ɭɪɨɜɧɟɦ 
ɩɨɞɚɜɥɟɧɢɹ ɛɨɤɨɜɵɯ ɥɟɩɟɫɬɤɨɜ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɨɤɨɧɧɨɣ ɮɭɧɤɰɢɢ. 
ɋɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɛɨɤɨɜɵɯ ɥɟɩɟɫɬɤɨɜ ɩɪɢɜɨɞɢɬ ɤ ɪɚɫɲɢɪɟɧɢɸ 
ɰɟɧɬɪɚɥɶɧɨɝɨ ɥɟɩɟɫɬɤɚ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɭɯɭɞɲɟɧɢɸ ɪɚɡɪɟɲɟɧɢɹ ɩɨ 
ɱɚɫɬɨɬɟ Д4]. 

Ⱦɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ ɨɰɟɧɨɤ ɪɚɡɥɢɱɧɵɯ ɨɤɨɧ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɨɦɩɥɟɤɫ 

ɬɪɚɞɢɰɢɨɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ [4, 5]:  

– ɲɢɪɢɧɚ ɩɨɥɨɫɵ ɧɚ ɭɪɨɜɧɟ ɩɨɥɨɜɢɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɬ.ɟ. ɧɚ ɭɪɨɜɧɟ, 
ɤɨɬɨɪɵɣ ɧɚ 3 ɞȻ ɧɢɠɟ ɦɚɤɫɢɦɭɦɚ ɝɥɚɜɧɨɝɨ ɥɟɩɟɫɬɤɚ; 

– ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɲɢɪɢɧɚ ɩɨɥɨɫɵ ; 

– ɩɢɤɨɜɵɣ ɭɪɨɜɟɧɶ ɛɨɤɨɜɵɯ ɥɟɩɟɫɬɤɨɜ, ɩɨɡɜɨɥɹɸɳɢɣ ɫɞɟɥɚɬɶ ɜɵɜɨɞ 
ɨ ɩɨɞɚɜɥɟɧɢɢ «ɩɪɨɫɚɱɢɜɚɧɢɹ» ɱɚɫɬɨɬ ɜ ɨɛɥɚɫɬɢ ɛɨɤɨɜɵɯ ɥɟɩɟɫɬɤɨɜ; 
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– ɫɤɨɪɨɫɬɶ ɫɩɚɞɚɧɢɹ ɛɨɤɨɜɵɯ ɥɟɩɟɫɬɤɨɜ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ 
ɜɵɜɨɞ ɨ ɫɤɨɪɨɫɬɢ ɫɩɚɞɚɧɢɹ ɜ ɨɛɥɚɫɬɢ «ɩɪɨɫɚɱɢɜɚɧɢɹ» (ɢɡɦɟɪɹɟɬɫɹ ɜ 
ɞȻ/ɨɤɬɚɜɚ). 

1.2. ɇɟɤɨɬɨɪɵɟ ɪɚɫɩɪɨɫɬɪɚɧɺɧɧɵɟ ɨɤɨɧɧɵɟ ɮɭɧɤɰɢɢ 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɪɚɫɫɦɨɬɪɢɦ ɧɟɤɨɬɨɪɵɟ ɜɢɞɵ ɨɤɨɧɧɵɯ ɮɭɧɤɰɢɣ, 
ɩɨɥɭɱɢɜɲɢɯ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɩɪɚɤɬɢɤɟ ɨɛɪɚɛɨɬɤɢ 
ɫɢɝɧɚɥɨɜ.  

ɉɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɟɞɢɧɢɰɚ ɜɪɟɦɟɧɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ , ɪɚɜɧɨɦɟɪɧɨɟ 
ɩɪɹɦɨɭɝɨɥɶɧɨɟ ɨɤɧɨ (ɪɢɫ. 1) ɡɚɞɚɺɬɫɹ ɜɵɪɚɠɟɧɢɟɦ:  

.    (6) 

 
Ɋɢɫɭɧɨɤ 1. a. – ɪɚɜɧɨɦɟɪɧɨɟ ɩɪɹɦɨɭɝɨɥɶɧɨɟ ɨɤɧɨ; ɛ. – ɫɩɟɤɬɪ 

ɪɚɜɧɨɦɟɪɧɨɝɨ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɨɤɧɚ (ɱɚɫɬɨɬɚ ɜ ɧɨɪɦɢɪɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ) 
 

Ɍɪɟɭɝɨɥɶɧɨɟ ɨɤɧɨ, ɬɚɤɠɟ ɧɚɡɵɜɚɟɦɨɟ ɨɤɧɨɦ Ȼɚɪɬɥɟɬɬɚ (ɪɢɫ. 2), 

ɡɚɞɚɺɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 

.    (7) 
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Ɋɢɫɭɧɨɤ 2. ɚ. –ɬɪɟɭɝɨɥɶɧɨɟ ɨɤɧɨ (ɨɤɧɨ Ȼɚɪɬɥɟɬɬɚ); ɛ. – ɫɩɟɤɬɪ ɬɪɟɭɝɨɥɶɧɨɝɨ 

ɨɤɧɚ 

 

ɋɭɳɟɫɬɜɭɟɬ ɰɟɥɨɟ ɫɟɦɟɣɫɬɜɨ ɨɤɨɧ ɧɚ ɨɫɧɨɜɟ ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ɪɹɞɚ 
cos-ɮɭɧɤɰɢɢ (ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ ɪɹɞ ɜɡɜɟɲɟɧɧɵɯ ɤɨɫɢɧɭɫɨɜ), ɤ ɞɚɧɧɨɦɭ ɜɢɞɭ 
ɨɬɧɨɫɹɬɫɹ ɨɤɧɚ: ɏɚɧɧɚ1, ɏɟɦɦɢɧɝɚ2, ɇɚɬɬɨɥɥɚ, Ȼɥɟɤɦɚɧɚ3, Ȼɥɟɤɦɚɧɚ-

ɇɚɬɬɨɥɥɚ ɢ ɞɪ. ȼ ɨɛɳɟɦ ɜɢɞɟ ɞɚɧɧɵɣ ɤɥɚɫɫ ɨɤɨɧ ɦɨɠɧɨ ɡɚɞɚɬɶ 
ɜɵɪɚɠɟɧɢɟɦ: 

.    (8) 

Ɉɤɧɨ ɤɨɫɢɧɭɫ-ɤɜɚɞɪɚɬ, ɬɚɤɠɟ ɧɚɡɵɜɚɟɦɨɟ ɨɤɧɨɦ ɏɚɧɧɚ (ɪɢɫ. 3), 

ɡɚɞɚɺɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 

.   (9) 

                                                 
1
 ɘɥɢɭɫ Ɏɟɪɞɢɧɚɧɞ ɮɨɧ ɏɚɧɧ (23 ɦɚɪɬɚ 1839 – 1 ɨɤɬɹɛɪɹ 1921) – ɚɜɫɬɪɢɣɫɤɢɣ ɦɟɬɟɨɪɨɥɨɝ. ɋɱɢɬɚɟɬɫɹ  

ɨɬɰɨɦ ɫɨɜɪɟɦɟɧɧɨɣ ɦɟɬɟɨɪɨɥɨɝɢɢ. 
2
 Ɋɢɱɚɪɞ ɍɷɫɥɢ ɏɷɦɦɢɧɝ (11 ɮɟɜɪɚɥɹ 1915 – 7 ɹɧɜɚɪɹ 1998) – ɚɦɟɪɢɤɚɧɫɤɢɣ ɦɚɬɟɦɚɬɢɤ, ɪɚɛɨɬɵ ɤɨɬɨɪɨɝɨ 

ɜ ɫɮɟɪɟ ɬɟɨɪɢɢ ɢɧɮɨɪɦɚɰɢɢ ɨɤɚɡɚɥɢ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɤɨɦɩɶɸɬɟɪɧɵɟ ɧɚɭɤɢ ɢ 
ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɢ. 
3
 Ɋɚɥɶɮ Ȼɢɛ Ȼɥɚɤɦɚɧɧ  (29 ɚɜɝɭɫɬɚ 1904 – 24 ɦɚɹ 1990) – ɚɦɟɪɢɤɚɧɫɤɢɣ ɦɚɬɟɦɚɬɢɤ ɢ ɢɧɠɟɧɟɪ. 
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Ɋɢɫɭɧɨɤ 3. ɚ. – ɨɤɧɨ ɏɚɧɧɚ; ɛ. – ɫɩɟɤɬɪ ɨɤɧɚ ɏɚɧɧɚ 

 

Ɉɤɧɨ ɏɟɦɦɢɧɝɚ, ɬɚɤɠɟ ɧɚɡɵɜɚɟɦɨɟ ɩɪɢɩɨɞɧɹɬɵɦ ɤɨɫɢɧɭɫɨɦ (ɪɢɫ. 4), 

ɡɚɞɚɺɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 

.   (10) 

 
Ɋɢɫɭɧɨɤ 4. ɚ. – ɨɤɧɨ ɏɟɦɦɢɧɝɚ; ɛ. – ɫɩɟɤɬɪ ɨɤɧɚ ɏɟɦɦɢɧɝɚ 

 

Ɉɤɧɨ ɇɚɬɬɨɥɥɚ (ɪɢɫ. 5) ɡɚɞɚɺɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 

.  (11) 
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Ɋɢɫɭɧɨɤ 5. ɚ. – ɨɤɧɨ ɇɚɬɬɨɥɥɚ; ɛ. – ɫɩɟɤɬɪ ɨɤɧɚ ɇɚɬɬɨɥɥɚ 

 

Ɉɤɧɨ Ȼɥɟɤɦɚɧɚ (ɪɢɫ. 6) ɡɚɞɚɺɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 

.  

(12) 

 
Ɋɢɫɭɧɨɤ 6. ɚ. – ɨɤɧɨ Ȼɥɟɤɦɚɧɚ; ɛ. – ɫɩɟɤɬɪ ɨɤɧɚ Ȼɥɟɤɦɚɧɚ 

 

Ɉɤɧɨ Ȼɥɟɤɦɚɧɚ-ɇɚɬɬɨɥɥɚ (ɪɢɫ. 7) ɡɚɞɚɺɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 

.   

(13) 
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Ɋɢɫɭɧɨɤ 7. Ɉɤɧɨ Ȼɥɟɤɦɚɧɚ-ɇɚɬɬɨɥɥɚ 

 

Ɂɧɚɱɢɬɟɥɶɧɵɣ ɢɧɬɟɪɟɫ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɟɦɟɣɫɬɜɨ ɨɤɨɧ, ɡɚɞɚɜɚɟɦɵɯ ɫ ɩɨɦɨɳɶɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ Ƚɚɭɫɫɚ. ȼ ɨɛɳɟɦ 
ɜɢɞɟ ɫɟɦɟɣɫɬɜɨ ɨɤɨɧ Ƚɚɭɫɫɚ ɦɨɠɧɨ ɡɚɞɚɬɶ ɜɵɪɚɠɟɧɢɟɦ: 

.    (14) 

ȼɚɪɶɢɪɭɹ ɩɚɪɚɦɟɬɪ , ɦɨɠɧɨ ɦɟɧɹɬɶ ɮɨɪɦɭ ɨɤɧɚ ɢ ɟɝɨ ɱɚɫɬɨɬɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ (ɪɢɫ. 8). 

 
Ɋɢɫɭɧɨɤ 8. ɚ. – ɭɫɟɱɺɧɧɨɟ ɨɤɧɨ Ƚɚɭɫɫɚ ɫ ɪɚɡɥɢɱɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɩɚɪɚɦɟɬɪɚ 

; ɛ. – ɫɩɟɤɬɪ ɭɫɟɱɺɧɧɨɝɨ ɨɤɧɚ Ƚɚɭɫɫɚ ɫ ɪɚɡɥɢɱɧɵɦ ɡɧɚɱɟɧɢɟɦ ɩɚɪɚɦɟɬɪɚ  

 

Ⱦɥɹ ɜɨɡɦɨɠɧɨɫɬɢ ɫɪɚɜɧɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɤɨɧ ɫɜɺɞɺɦ ɢɯ ɜ ɨɛɳɭɸ 
ɬɚɛɥɢɰɭ (ɬɚɛɥɢɰɚ 1). 
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Ɍɚɛɥɢɰɚ 1. ɇɟɤɨɬɨɪɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɤɨɧɧɵɯ ɮɭɧɤɰɢɣ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɨɤɧɚ 

ɗɤɜɢɜɚɥɟɧɬɧɚɹ 
ɲɢɪɢɧɚ 
ɩɨɥɨɫɵ 

ɗɤɜɢɜɚɥɟɧɬɧɚɹ 
ɞɥɢɬɟɥɶɧɨɫɬɶ 

ɉɢɤɨɜɵɣ 
ɭɪɨɜɟɧɶ 
ɛɨɤɨɜɵɯ 
ɥɟɩɟɫɬɤɨɜ, 
ɞȻ 

ɋɤɨɪɨɫɬɶ 
ɫɩɚɞɚɧɢɹ 
ɛɨɤɨɜɵɯ 
ɥɟɩɟɫɬɤɨɜ, 
ɞȻ/ɨɤɬɚɜɚ 

ɉɪɹɦɨɭɝɨɥɶɧɨɟ 1.00 1.00 –13.39 –6.02 

Ɉɤɨɧɨ Ƚɚɭɫɫɚ 

 

3.050 0.804 –18.34 –5.70 

Ɍɪɟɭɝɨɥɶɧɨɟ 2.000 0.500 –26.33 –11.38 

Ɉɤɧɨ ɏɚɧɧɚ 2.080 0.500 –31.47 –18.62 

Ɉɤɧɨ 
ɏɟɦɦɢɧɝɚ 

2.208 0.540 –42.68 –6.07 

Ɉɤɧɨ ɇɚɬɬɨɥɥɚ 2.811 0.356 –93.33 –17.45 

Ɉɤɧɨ Ȼɥɟɤɦɚɧɚ 2.378 0.427 –68.24 –5.12 

Ɉɤɧɨ 
Ȼɥɟɤɦɚɧɚ-

ɇɚɬɬɨɥɥɚ 

2.752 0.363 –98.23 –3.91 

1.3. ɋɢɧɬɟɡ ɨɤɨɧ ɜ MatLab 

MatLab ɫɨɞɟɪɠɢɬ ɪɚɡɜɢɬɵɟ ɫɪɟɞɫɬɜɚ ɫɢɧɬɟɡɚ, ɚɧɚɥɢɡɚ ɢ ɩɪɢɦɟɧɟɧɢɹ 
ɨɤɨɧɧɵɯ ɮɭɧɤɰɢɣ ɞɥɹ ɪɟɲɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɡɚɞɚɱ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɮɭɧɤɰɢɹ 
window(fhandle,n,winopt) ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɫɢɧɬɟɡ ɪɚɡɥɢɱɧɵɯ ɨɤɨɧ. ȼ 
ɤɚɱɟɫɬɜɟ ɩɚɪɚɦɟɬɪɨɜ ɮɭɧɤɰɢɹ ɩɨɥɭɱɚɟɬ: ɭɤɚɡɚɬɟɥɶ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ 
ɬɢɩ ɨɤɧɚ ɢɡ ɦɧɨɠɟɫɬɜɚ {@barthannwin, @bartlett, @blackman, 

@blackmanharris, @bohmanwin, @chebwin, @flattopwin, @gausswin, 

@hamming, @hann, @kaiser, @nuttallwin, @parzenwin, @rectwin, 

@taylorwin, @triang,  @tukeywin}; ɩɚɪɚɦɟɬɪ n – ɨɩɪɟɞɟɥɹɟɬ ɱɢɫɥɨ ɨɬɫɱɺɬɨɜ; 

winopt – ɨɩɪɟɞɟɥɹɟɬ ɧɟɤɨɬɨɪɵɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɜɵɛɪɚɧɧɨɝɨ 
ɨɤɧɚ. ȼɨɡɜɪɚɳɚɟɬ ɮɭɧɤɰɢɹ window(…) ɦɚɫɫɢɜ, ɫɨɞɟɪɠɚɳɢɣ ɡɧɚɱɟɧɢɹ 
ɜɵɛɪɚɧɧɨɣ ɨɤɨɧɧɨɣ ɮɭɧɤɰɢɢ. 

ɉɪɨɢɡɜɟɫɬɢ ɫɢɧɬɟɡ ɨɤɧɚ ɦɨɠɧɨ ɫɪɟɞɫɬɜɚɦɢ ɨɛɴɟɤɬɧɨ-

ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ (ɈɈɉ) MatLab sigwin.window, ɝɞɟ 
sigwin – ɤɥɚɫɫ ɨɤɨɧɧɵɯ ɮɭɧɤɰɢɣ, window – ɦɟɬɨɞ ɫɢɧɬɟɡɚ ɨɩɪɟɞɟɥɺɧɧɨɝɨ 
ɨɤɧɚ ɢɡ ɦɧɨɠɟɫɬɜɚ {barthannwin, bartlett, blackman, blackmanharris, 

bohmanwin, chebwin, flattopwin, gausswin, hamming, hann, kaiser, nuttallwin, 

parzenwin, rectwin, taylorwin, triang, tukeywin}. 

Ƚɪɚɮɢɱɟɫɤɢɟ ɫɪɟɞɫɬɜɚ MatLab ɫɨɞɟɪɠɚɬ ɢɧɫɬɪɭɦɟɧɬɚɪɢɣ ɞɥɹ 
ɜɢɡɭɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɨɤɨɧɧɵɯ ɮɭɧɤɰɢɣ. Ɏɭɧɤɰɢɹ wvtool(w1, w2, …, wN), 

ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɟɫɬɢ ɜɢɡɭɚɥɢɡɚɰɢɸ ɨɤɧɚ (ɢɥɢ ɝɪɭɩɩɵ ɨɤɨɧ), ɚ ɬɚɤɠɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɨɤɧɚ (ɢɥɢ ɝɪɭɩɩɵ ɨɤɨɧ). ȼ ɤɚɱɟɫɬɜɟ ɩɚɪɚɦɟɬɪɚ 
ɮɭɧɤɰɢɹ wvtool(…) ɩɨɥɭɱɚɟɬ ɦɚɫɫɢɜ ɨɤɨɧɧɨɣ ɮɭɧɤɰɢɢ (ɨɞɢɧ ɢɥɢ 
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ɧɟɫɤɨɥɶɤɨ) ɢ/ɢɥɢ ɨɛɴɟɤɬ ɨɤɧɚ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɣ ɫɪɟɞɫɬɜɚɦɢ ɨɛɴɟɤɬɧɨ-

ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ (ɈɈɉ) MatLab. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ (ɥɢɫɬɢɧɝ 1.1) ɛɭɞɟɬ ɩɪɨɢɡɜɟɞɺɧ 
ɫɢɧɬɟɡ ɞɜɭɯ ɦɚɫɫɢɜɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɤɨɧɧɵɦ ɮɭɧɤɰɢɹɦ 
ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɨɤɧɚ ɢ ɨɤɧɚ ɏɷɦɦɢɧɝɚ, ɢ ɨɞɧɨɝɨ ɨɛɴɟɤɬɚ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɨɤɧɭ Ƚɚɭɫɫɚ ɫ ɩɚɪɚɦɟɬɪɨɦ . ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ ɧɚ ɷɤɪɚɧ ɛɭɞɟɬ ɜɵɜɟɞɟɧɨ ɨɤɧɨ (ɪɢɫ. 9), 

ɫɨɞɟɪɠɚɳɟɟ ɬɪɢ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɨɤɨɧɧɵɟ ɮɭɧɤɰɢɢ ɢ ɦɨɞɭɥɶ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɷɬɢɯ ɮɭɧɤɰɢɣ.  

 

Ʌɢɫɬɢɧɝ 1.1. ɋɢɧɬɟɡ ɢ ɜɢɡɭɚɥɢɡɚɰɢɹ ɨɤɨɧ 
clear all;      % ɨɱɢɫɬɤɚ ɩɟɪɟɦɟɧɧɵɯ 
close all;      % ɡɚɤɪɵɬɶ ɜɫɟ ɨɤɧɚ 
clc;            % ɨɱɢɫɬɤɚ ɤɨɦɚɧɞɧɨɝɨ ɨɤɧɚ 
%% =========================================================== 
N = 100; % ɱɢɫɥɨ ɨɬɫɱɺɬɨɜ 
% ɫɢɧɬɟɡ ɨɤɨɧ 
w1 = ones(N,1);              % ɩɪɹɦɨɭɝɨɥɶɧɨɟ ɨɤɧɨ 
w2 = window(@hamming,N);     % ɨɤɧɨ ɏɟɦɦɢɧɝɚ 
w3 = sigwin.gausswin(N,1.5); % ɨɤɧɨ Гɚɭɫɫɚ (alpha = 1.5) 
% ɜɢɡɭɚɥɢɡɚɰɢɹ ɨɤɨɧ ɢ ɢɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ 
wvtool(w1,w2,w3);  

 

ɇɚ ɪɢɫ. 9 ɤɪɨɦɟ ɜɢɞɚ ɨɤɨɧɧɨɣ ɮɭɧɤɰɢɢ ɢ ɟɺ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ 
ɫɨɞɟɪɠɚɬɫɹ ɧɟɤɨɬɨɪɵɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: ɮɚɤɬɨɪ ɭɬɟɱɤɢ 

ɨɤɨɧɧɨɣ ɮɭɧɤɰɢɢ (ɚɧɝɥ. leakage factor), ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɡɚɬɭɯɚɧɢɟ ɛɨɤɨɜɵɯ 
ɥɟɩɟɫɬɤɨɜ (relative sidelobe attenuation) ɢ ɲɢɪɢɧɚ ɨɤɧɚ (ɚɧɝɥ. mainlobe with) 

ɧɚ ɭɪɨɜɧɟ –3 ɞȻ [6]. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɨɞ ɝɪɚɮɢɤɚɦɢ ɜɵɜɟɞɟɧɵ ɧɟɤɨɬɨɪɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɤɧɚ ɏɷɦɦɢɧɝɚ (ɪɢɫ. 9). 
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Ɋɢɫɭɧɨɤ 9. Ɉɤɨɧɧɵɟ ɮɭɧɤɰɢɢ ɢ ɢɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ, ɪɟɡɭɥɶɬɚɬ 

ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ (ɥɢɫɬɢɧɝ 1.1) (ɨɤɧɨ MatLab) 

 

MatLab ɫɨɞɟɪɠɢɬ ɪɚɡɜɢɬɵɣ ɜɢɡɭɚɥɶɧɵɣ ɢɧɫɬɪɭɦɟɧɬ ɚɧɚɥɢɡɚ ɨɤɨɧɧɵɯ 
ɮɭɧɤɰɢɣ, ɜɵɡɵɜɚɟɦɵɣ ɤɨɦɚɧɞɨɣ wintool (ɪɢɫ. 10). ɂɧɬɟɪɮɟɣɫ Window 

Design & Analysis Tool (ɪɢɫ. 10) ɜɩɨɥɧɟ ɨɱɟɜɢɞɟɧ, ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 
ɜɵɛɨɪɚ ɜɢɞɚ ɨɤɨɧɧɨɣ ɮɭɧɤɰɢɢ ɢɡ ɫɩɢɫɤɚ, ɡɚɞɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɨɤɨɧɧɨɣ 
ɮɭɧɤɰɢɢ, ɦɨɠɧɨ, ɡɚɞɚɬɶ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɭɸ ɨɤɨɧɧɭɸ ɮɭɧɤɰɢɸ. 
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Ɋɢɫɭɧɨɤ 10. ȼɢɡɭɚɥɶɧɵɣ ɢɧɫɬɪɭɦɟɧɬ MatLab ɚɧɚɥɢɡɚ ɨɤɨɧɧɵɯ ɮɭɧɤɰɢɣ 

(ɨɤɧɨ MatLab) 

1.4. Ɉɤɨɧɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ 

Ɉɞɧɨ ɢɡ ɡɧɚɱɢɦɵɯ ɩɪɚɤɬɢɱɟɫɤɢɯ ɩɪɢɦɟɧɟɧɢɣ ɨɤɨɧɧɵɯ ɮɭɧɤɰɢɣ – 

ɨɤɨɧɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ: 
,    (15) 

ɝɞɟ  – ɨɤɨɧɧɚɹ ɮɭɧɤɰɢɹ,  – ɩɪɟɨɛɪɚɡɭɟɦɚɹ ɮɭɧɤɰɢɹ,  – 

ɨɛɪɚɡ ɮɭɧɤɰɢɢ  ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɱɚɫɬɨɬɚ ( ), ɜɪɟɦɹ ( ). 

Ɉɤɨɧɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ [7] ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɚɧɚɥɢɡ 
ɞɢɧɚɦɢɤɢ: ɚɦɩɥɢɬɭɞɵ, ɱɚɫɬɨɬɵ ɢ ɮɚɡɵ. ɇɚ ɪɢɫ. 11 ɩɪɢɜɟɞɺɧ ɩɪɢɦɟɪ 
ɨɤɨɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɫɢɝɧɚɥɚ ɜɢɞɚ , c 

ɩɪɢɦɟɧɟɧɢɟɦ ɨɤɧɚ ɏɟɦɦɢɧɝɚ. 
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Ɋɢɫɭɧɨɤ 11. ɋɢɝɧɚɥ ɫ ɧɚɪɚɫɬɚɸɳɟɣ ɱɚɫɬɨɬɨɣ ɢ ɟɝɨ ɫɩɟɤɬɪɨɝɪɚɦɦɚ 

 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɫɜɺɪɬɤɢ ɢɥɢ ɤɨɪɪɟɥɹɰɢɢ ɫ ɨɤɨɧɧɨɣ 
ɮɭɧɤɰɢɟɣ ɚɦɩɥɢɬɭɞɚ ɪɟɡɭɥɶɬɢɪɭɸɳɟɣ ɮɭɧɤɰɢɢ ɛɭɞɟɬ ɨɬɥɢɱɚɬɶɫɹ ɨɬ 
ɢɫɯɨɞɧɨɣ. Ⱦɥɹ ɜɨɡɦɨɠɧɨɫɬɢ ɭɱɺɬɚ ɢ ɤɨɪɪɟɤɰɢɢ ɞɚɧɧɨɝɨ ɷɮɮɟɤɬɚ 
ɩɪɢɦɟɧɹɸɬ ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɫɥɚɛɥɟɧɢɹ ɨɤɨɧɧɨɣ ɮɭɧɤɰɢɢ, 
ɪɚɜɧɵɣ ɨɬɧɨɲɟɧɢɸ ɩɨɫɬɨɹɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɨɤɨɧɧɨɣ ɮɭɧɤɰɢɢ  ɤ 
ɩɨɫɬɨɹɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɨɤɧɚ : 

.    (16) 

ɋ ɭɱɺɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɫɥɚɛɥɟɧɢɹ ɜɵɪɚɠɟɧɢɟ (3.10) ɦɨɠɧɨ 

ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ: 
.    (17) 

1.5. Ɉɤɨɧɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɜ MКЭLКЛ 

ɋɪɟɞɫɬɜɚ MatLab ɩɨɞɞɟɪɠɢɜɚɸɬ ɨɤɨɧɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ. 
Ɏɭɧɤɰɢɹ [S,F,T]=spectrogram(x,window,noverlap,F,fs) ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ 
ɨɤɨɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɫ ɡɚɞɚɧɧɵɦ ɨɤɧɨɦ ɢ ɪɹɞɨɦ ɞɪɭɝɢɯ 
ɩɚɪɚɦɟɬɪɨɜ, ɚ ɬɚɤɠɟ ɞɥɹ ɫɢɧɬɟɡɚ ɫɩɟɤɬɪɨɝɪɚɦɦɵ ɫɢɝɧɚɥɚ. Ɏɭɧɤɰɢɹ 

spectrogram(…) ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɜ ɧɟɫɤɨɥɶɤɢɯ ɪɟɠɢɦɚɯ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɮɨɪɦɚɬɚ ɜɵɡɨɜɚ ɮɭɧɤɰɢɢ ɢ ɡɚɞɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ. Ɉɛɹɡɚɬɟɥɶɧɵɦ ɩɚɪɚɦɟɬɪɨɦ 
ɹɜɥɹɟɬɫɹ x – ɜɟɤɬɨɪ ɫɢɝɧɚɥɚ ɞɥɹ ɨɤɨɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. ȼɫɟ ɨɫɬɚɥɶɧɵɟ 
ɩɚɪɚɦɟɬɪɵ ɦɨɝɭɬ ɧɟ ɭɤɚɡɵɜɚɬɶɫɹ. Ȼɨɥɟɟ ɩɨɞɪɨɛɧɨ  ɫɜɟɞɟɧɢɹ ɨ ɩɚɪɚɦɟɬɪɚɯ 
ɩɨ ɭɦɨɥɱɚɧɢɸ ɦɨɠɧɨ ɧɚɣɬɢ  ɜ ɪɭɤɨɜɨɞɫɬɜɟ ɩɨ  MКЭLКЛ. 

ɉɚɪɚɦɟɬɪ window ɨɩɪɟɞɟɥɹɟɬ ɡɚɞɚɧɧɨɟ ɜ ɜɢɞɟ ɦɚɫɫɢɜɚ ɨɤɧɨ ɞɥɹ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ. ɉɚɪɚɦɟɬɪ noverlap ɨɩɪɟɞɟɥɹɟɬ ɱɢɫɥɨ ɩɟɪɟɤɪɵɬɢɣ (ɜ 
ɨɬɫɱɺɬɚɯ) ɩɪɢ ɫɦɟɳɟɧɢɢ ɨɤɧɚ. ɉɚɪɚɦɟɬɪ F ɨɩɪɟɞɟɥɹɟɬ ɞɥɢɧɭ ɜɵɛɨɪɤɢ ɞɥɹ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ. ɇɚɩɨɦɧɢɦ, ɱɬɨ ɱɢɫɥɨ ɨɬɫɱɺɬɨɜ ɨɩɪɟɞɟɥɹɟɬ 
ɪɚɡɪɟɲɟɧɢɟ ɩɨ ɱɚɫɬɨɬɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɜɟɥɢɱɢɜɚɹ ɱɢɫɥɨ ɨɬɫɱɟɬɨɜ, ɦɨɠɧɨ 
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ɩɨɜɵɫɢɬɶ ɪɚɡɪɟɲɟɧɢɟ ɩɨ ɱɚɫɬɨɬɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ. ɉɚɪɚɦɟɬɪ fs 

ɨɩɪɟɞɟɥɹɟɬ ɱɚɫɬɨɬɭ ɜɵɛɨɪɨɤ, ɭɤɚɡɚɧɢɟ ɞɚɧɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɩɨɡɜɨɥɹɟɬ 
ɩɪɨɢɡɜɨɞɢɬɶ ɚɧɚɥɢɡ ɜ ɪɟɚɥɶɧɵɯ ɟɞɢɧɢɰɚɯ ɜɪɟɦɟɧɢ ɢ ɱɚɫɬɨɬɵ. 

ɉɪɨɝɪɚɦɦɚ (ɥɢɫɬɢɧɝ 1.2) ɫɨɞɟɪɠɢɬ ɩɪɢɦɟɪ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɭɧɤɰɢɢ 
spectrogram(…), ɚ ɧɚ ɪɢɫ. 12 ɩɪɢɜɟɞɟɧ  ɪɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ. 

 

Ʌɢɫɬɢɧɝ 1.2. ɉɨɫɬɪɨɟɧɢɟ ɫɩɟɤɬɪɨɝɪɚɦɦɵ ɫɪɟɞɫɬɜɚɦɢ MatLab 
clear all;      % ɨɱɢɫɬɤɚ ɩɟɪɟɦɟɧɧɵɯ 
close all;      % ɡɚɤɪɵɬɶ ɜɫɟ ɨɤɧɚ 
clc;            % ɨɱɢɫɬɤɚ ɤɨɦɚɧɞɧɨɝɨ ɨɤɧɚ 
%% =========================================================== 
% ɮɭɧɤɰɢɹ ɞɥɹ ɨɤɨɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ 
xt  = sin(linspace(0,2*pi,512).^3);  
% ɨɤɧɨ ɏɷɦɦɢɧɝɚ  
wpu = 0.54-0.46.*cos(linspace(0,2*pi,32));  
% ɫɢɧɬɟɡ ɢ ɜɵɜɨɞ ɫɩɟɤɬɪɨɝɪɚɦɦɵ 
spectrogram(xt, wpu, 31, 128, 1);   

 

 
Ɋɢɫɭɧɨɤ 12. Ɉɤɨɧɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ  

ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɢ spectrogram(…) (ɨɤɧɨ MatLab) 

 

ɉɨ ɢɡɨɛɪɚɠɟɧɢɸ ɫɩɟɤɬɪɚ (ɪɢɫ. 12) ɜɢɞɧɨ, ɱɬɨ ɩɪɨɢɫɯɨɞɢɬ 
ɩɨɜɵɲɟɧɢɟ ɱɚɫɬɨɬɵ ɫ ɪɨɫɬɨɦ ɜɪɟɦɟɧɢ, ɱɬɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɜɨɣɫɬɜɨɦ 
ɡɚɞɚɧɧɨɣ ɞɥɹ ɚɧɚɥɢɡɚ ɮɭɧɤɰɢɢ (ɥɢɫɬɢɧɝ 1.2). ɇɨɪɦɢɪɨɜɚɧɢɟ, ɜɵɩɨɥɧɟɧɧɨɟ 
ɫɪɟɞɫɬɜɚɦɢ MatLab, ɩɨɡɜɨɥɹɟɬ ɨɬɨɛɪɚɡɢɬɶ ɤɨɪɪɟɤɬɧɵɟ ɦɚɫɲɬɚɛɵ ɢ 
ɟɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ ɩɨ ɨɫɹɦ ɤɨɨɪɞɢɧɚɬ ɫɩɟɤɬɪɨɝɪɚɦɦɵ. 

1.6. ȼɟɣɜɥɟɬ-ɮɭɧɤɰɢɢ 

ȼɟɣɜɥɟɬɨɦ (ɨɬ ɚɧɝɥ. аКЯОХОЭ) ɧɚɡɵɜɚɟɬɫɹ ɮɭɧɤɰɢɹ ɬɢɩɚ ɦɚɥɟɧɶɤɨɣ 
ɜɨɥɧɵ ɫ ɧɟɧɭɥɟɜɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɨɛɥɚɫɬɢ ɢ ɞɨɫɬɚɬɨɱɧɨ 
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ɛɵɫɬɪɨ ɭɛɵɜɚɸɳɚɹ ɞɨ ɧɭɥɹ ɩɨ ɦɟɪɟ ɭɞɚɥɟɧɢɹ ɨɬ ɰɟɧɬɪɚ Д8]. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ 
ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɦɧɨɠɟɫɬɜɨ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɣ ɛɟɫɤɨɧɟɱɧɨ ɜɟɥɢɤɨ. ɉɨɷɬɨɦɭ 
ɪɚɫɫɦɨɬɪɢɦ ɥɢɲɶ ɧɟɤɨɬɨɪɵɟ ɫɟɦɟɣɫɬɜɚ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɣ ɢɥɢ ɤɪɚɬɤɨ 
ɫɟɦɟɣɫɬɜɚ ɜɟɣɜɥɟɬɨɜ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɭɳɟɫɬɜɭɸɬ ɫɟɦɟɣɫɬɜɚ 
ɜɟɣɜɥɟɬɨɜ, ɩɨɪɨɠɞɚɸɳɢɟ ɜɟɳɟɫɬɜɟɧɧɵɟ ɢ ɤɨɦɩɥɟɤɫɧɵɟ ɮɭɧɤɰɢɢ Д9-12]. 

Ɉɫɬɚɧɨɜɢɦ ɜɧɢɦɚɧɢɟ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɧɚ ɫɟɦɟɣɫɬɜɚɯ ɝɥɚɞɤɢɯ ɜɟɣɜɥɟɬ-

ɮɭɧɤɰɢɣ, ɩɨɪɨɠɞɚɸɳɢɯ ɤɨɦɩɥɟɤɫɧɵɟ ɮɭɧɤɰɢɢ. 
Ʉ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɹɦ ɬɪɚɞɢɰɢɨɧɧɨ ɨɬɧɨɫɹɬ ɮɭɧɤɰɢɢ, ɤɨɬɨɪɵɟ 

ɨɛɥɚɞɚɸɬ ɪɹɞɨɦ ɫɨɜɨɤɭɩɧɵɯ ɫɜɨɣɫɬɜ: 
– ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɹ ɞɨɥɠɧɚ ɛɵɬɶ ɥɨɤɚɥɢɡɨɜɚɧɚ, ɬ.ɟ. ɩɪɢ ɭɞɚɥɟɧɢɢ ɨɬ 

ɰɟɧɬɪɚɥɶɧɨɝɨ ɜɫɩɥɟɫɤɚ ɩɨ ɨɫɢ ɚɪɝɭɦɟɧɬɚ ɡɧɚɱɟɧɢɹ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɢ 
ɞɨɫɬɚɬɨɱɧɨ ɛɵɫɬɪɨ ɭɫɬɪɟɦɥɹɸɬɫɹ ɤ ɧɭɥɸ; 

– ɨɛɪɚɡ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɢ ɞɨɥɠɟɧ ɛɵɬɶ 
ɥɨɤɚɥɢɡɨɜɚɧ ɩɨ ɱɚɫɬɨɬɟ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɭɬɺɦ ɫɠɚɬɢɹ ɢ ɪɚɫɬɹɠɟɧɢɹ ɜɟɣɜɥɟɬ 
ɮɭɧɤɰɢɢ ɩɨɥɭɱɢɬɶ ɜɟɣɜɥɟɬ ɫ ɩɪɨɢɡɜɨɥɶɧɨɣ ɥɨɤɚɥɢɡɚɰɢɟɣ ɱɚɫɬɨɬɵ; 

–  ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɢ ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɜɧɨ ɧɭɥɸ: 
, ɝɞɟ  – ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɹ. 

ɋɟɦɟɣɫɬɜɨ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɣ ɩɨɥɭɱɚɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ ɢ ɫɦɟɳɟɧɢɹ ɛɚɡɨɜɨɝɨ ɜɟɣɜɥɟɬɚ. ȼ ɫɥɭɱɚɟ 
ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɵɯ ɜɟɣɜɥɟɬɨɜ ɢɦɟɟɬɫɹ ɞɜɟ ɛɚɡɨɜɵɟ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɢ: 

ɜɟɳɟɫɬɜɟɧɧɚɹ, ɨɛɵɱɧɨ ɧɚɡɵɜɚɟɦɚɹ ɨɬɰɨɜɫɤɚя ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢя, ɢ ɦɧɢɦɚɹ 
– ɦɚɬɟɪɢɧɫɤɚя ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢя [13]. 

ɋɥɟɞɭɟɬ ɨɬɥɢɱɚɬɶ ɤɥɚɫɫ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɣ ɨɬ ɫɟɦɟɣɫɬɜɚ ɜɟɣɜɥɟɬ 
ɮɭɧɤɰɢɣ. Ʉɥɚɫɫ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɣ ɦɨɠɟɬ ɜɤɥɸɱɚɬɶ ɜ ɫɟɛɹ ɧɟɫɤɨɥɶɤɨ 
ɫɟɦɟɣɫɬɜ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɛɚɡɟ ɪɚɡɥɢɱɧɵɯ, ɧɨ ɞɨɫɬɚɬɨɱɧɨ 
ɩɨɞɨɛɧɵɯ ɞɪɭɝ ɞɪɭɝɭ ɪɨɞɢɬɟɥɶɫɤɢɯ ɜɟɣɜɥɟɬɨɜ. ȼ ɫɥɭɱɚɟ ɟɫɥɢ ɜɟɣɜɥɟɬ 
ɡɚɞɚɺɬɫɹ ɚɧɚɥɢɬɢɱɟɫɤɢ, ɬɨ ɨɛɵɱɧɨ ɤɥɚɫɫ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɣ ɦɨɠɟɬ ɛɵɬɶ 
ɨɩɢɫɚɧ ɨɞɧɢɦ ɨɛɳɢɦ ɭɪɚɜɧɟɧɢɟɦ. 

ɋɪɚɜɧɢɜɚɹ ɫɜɨɣɫɬɜɚ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɣ ɢ ɨɤɨɧɧɵɯ ɮɭɧɤɰɢɣ, ɦɨɠɧɨ 

ɡɚɦɟɬɢɬɶ ɢɯ ɫɯɨɞɫɬɜɚ ɢ ɪɚɡɥɢɱɢɹ. Ɉɫɧɨɜɧɵɦ ɪɚɡɥɢɱɢɟɦ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ 
ɞɥɹ ɜɟɣɜɥɟɬɨɜ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ  ɮɭɧɤɰɢɢ , ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɷɬɨɝɨ ɫɜɨɣɫɬɜɚ, ɦɨɠɧɨ, ɩɨɥɭɱɚɬɶ ɜɡɚɢɦɧɨ ɨɪɬɨɝɨɧɚɥɶɧɵɟ ɫɟɦɟɣɫɬɜɚ 
ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɣ ɜɨ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ, ɬ.ɟ. ɬɚɤɢɟ ɱɬɨ: 

, ɝɞɟ  ɢ  – ɜɟɣɜɥɟɬɵ ɢɡ ɨɞɧɨɝɨ 

ɫɟɦɟɣɫɬɜɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɟɣɜɥɟɬ ɹɜɥɹɟɬɫɹ ɡɧɚɤɨɩɟɪɟɦɟɧɧɨɣ ɮɭɧɤɰɢɟɣ, ɚ 
ɨɤɨɧɧɵɟ ɮɭɧɤɰɢɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɡɧɚɤɨɩɨɫɬɨɹɧɧɵ. Ʉ ɷɬɢɦ ɩɪɚɜɢɥɚɦ ɫɥɟɞɭɟɬ 
ɞɨɛɚɜɢɬɶ ɫɥɨɜɨ ɨɛɵɱɧɨ. ɋɬɪɨɝɨ ɝɨɜɨɪɹ, ɧɟ ɜɫɟ ɜɟɣɜɥɟɬɵ ɢɡ ɨɞɧɨɝɨ 
ɫɟɦɟɣɫɬɜɚ ɞɨɥɠɧɵ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɭɫɥɨɜɢɸ , ɨɞɢɧ ɜɟɣɜɥɟɬ 
ɢɡ ɫɟɦɟɣɫɬɜɚ ɦɨɠɟɬ ɢɦɟɬɶ ɡɧɚɤɨɩɨɫɬɨɹɧɧɭɸ ɮɨɪɦɭ, ɤɚɤ ɜ ɫɟɦɟɣɫɬɜɟ (ɪɹɞɟ) 
ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ, 
ɢɦɟɟɬɫɹ ɡɧɚɤɨɩɨɫɬɨɹɧɧɚɹ ɮɭɧɤɰɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɧɭɥɟɜɨɣ ɱɚɫɬɨɬɟ (ɬ.ɟ. 
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ɩɪɢ ), ɩɨɥɭɱɢɦ . ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɜɩɨɥɧɟ 
ɦɨɠɧɨ ɡɚɞɚɬɶ ɨɤɨɧɧɭɸ ɮɭɧɤɰɢɸ, ɢɦɟɸɳɭɸ ɡɧɚɤɨɩɟɪɟɦɟɧɧɭɸ ɮɨɪɦɭ, ɢ 
ɬɚɤɢɟ ɨɤɨɧɧɵɟ ɮɭɧɤɰɢɢ ɢɡɜɟɫɬɧɵ ɢ ɩɪɢɦɟɧɹɸɬɫɹ, ɧɚɩɪɢɦɟɪ, ɜɡɜɟɲɟɧɧɨɟ 
ɨɤɧɨ ɫ ɩɥɨɫɤɨɣ ɜɟɪɲɢɧɨɣ (ɚɧɝɥ. flat top weighted window). 

1.7. ȼɟɣɜɥɟɬ Ƚɚɭɫɫɚ 

Ⱦɨɫɬɚɬɨɱɧɨ ɪɚɫɩɪɨɫɬɪɚɧɺɧɧɵɦ ɞɥɹ ɫɢɧɬɟɡɚ ɫɢɝɧɚɥɨɜ ɹɜɥɹɟɬɫɹ 
ɫɟɦɟɣɫɬɜɨ ɜɟɣɜɥɟɬɨɜ Ƚɚɭɫɫɚ (ȼȽ) (ɚɧɝɥ. GКЮЬЬТКЧ аКЯОХОЭ). Ʉɥɚɫɫ ȼȽ 
ɩɨɥɭɱɚɸɬ ɫ ɩɨɦɨɳɶɸ ɜɵɱɢɫɥɟɧɢɹ ɩɪɨɢɡɜɨɞɧɵɯ ɪɚɡɥɢɱɧɵɯ ɩɨɪɹɞɤɨɜ ɨɬ 
ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ Ƚɚɭɫɫɚ (ɪɢɫ. 13). ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ ɤɚɠɞɵɣ ɜɟɣɜɥɟɬ ɢɡ ɤɥɚɫɫɚ ȼȽ ɦɨɠɟɬ 
ɩɨɪɨɠɞɚɬɶ ɫɟɦɟɣɫɬɜɨ ȼȽ. ȼ ɨɛɳɟɦ ɜɢɞɟ ɭɪɚɜɧɟɧɢɟ ɢɡ ɤɥɚɫɫɚ ȼȽ ɦɨɠɧɨ 

ɡɚɩɢɫɚɬɶ ɤɚɤ: 

,     (18) 

ɝɞɟ  – ɝɚɦɦɚ-ɮɭɧɤɰɢɹ, n – ɩɨɪɹɞɨɤ 
ɩɪɨɢɡɜɨɞɧɨɣ,  – ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ,  – ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ 
ɨɬɤɥɨɧɟɧɢɟ, ɱɚɳɟ ɜɫɟɝɨ ɜ ɤɚɱɟɫɬɜɟ ɡɧɚɱɟɧɢɣ ɢɫɩɨɥɶɡɭɸɬ  ɢ , 

ɬɨɝɞɚ ɜɵɪɚɠɟɧɢɟ ȼȽ ɩɪɢɧɢɦɚɟɬ ɜɢɞ: 

,     (19) 

ɗɧɟɪɝɢɹ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɮɭɧɤɰɢɢ ȼȽ ɦɨɠɟɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɚ ɫ 
ɩɨɦɨɳɶɸ ɜɵɪɚɠɟɧɢɹ: 

.     (20) 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɭɫɥɨɜɢɹ ɱɺɬɧɨɫɬɢ ɢɥɢ ɧɟɱɺɬɧɨɫɬɢ ɞɥɹ ȼȽ ɢ 
ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɤɪɢɬɟɪɢɸ  ɜɫɟ ȼȽ ɬɨɱɧɨ ɭɞɨɜɥɟɬɜɨɪɹɸɬ 
ɭɫɥɨɜɢɸ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ: 

.    (21) 

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ȼȽ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

.  (22) 

ɉɪɢ ɨɩɪɟɞɟɥɺɧɧɨɦ ɡɧɚɱɟɧɢɢ , ɧɚɩɪɢɦɟɪ, , ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 
Ɏɭɪɶɟ ɢɦɟɟɬ ɜɢɞ: 

.   (23) 
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ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ȼȽ ɦɨɠɧɨ 

ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫɜɹɡɶɸ ɩɪɨɢɡɜɨɞɧɵɯ ɜɵɫɲɢɯ ɩɨɪɹɞɤɨɜ ɢ ɩɚɪɵ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ. 

 
Ɋɢɫɭɧɨɤ 13. ȼɟɣɜɥɟɬɵ Ƚɚɭɫɫɚ ɩɨɥɭɱɟɧɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɢɡɜɨɞɧɨɣ ɮɭɧɤɰɢɢ 

Ƚɚɭɫɫɚ: ɚ. – ɩɟɪɜɚɹ ɩɪɨɢɡɜɨɞɧɚɹ; ɛ. – ɜɬɨɪɚɹ ɩɪɨɢɡɜɨɞɧɚɹ; ɜ. – ɬɪɟɬɶɹ 
ɩɪɨɢɡɜɨɞɧɚɹ; ɝ. – ɱɟɬɜɺɪɬɚɹ ɩɪɨɢɡɜɨɞɧɚɹ 

 

ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɨɥɭɱɢɬɶ ɤɨɦɩɥɟɤɫɧɵɟ ɩɚɪɵ ɜɟɣɜɥɟɬɨɜ Ƚɚɭɫɫɚ 
(KȼȽ) ɩɪɢɦɟɧɹɸɬ ɫɥɟɞɭɸɳɭɸ ɮɨɪɦɭ: 

.    (24) 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɬɨɬ ɜɟɣɜɥɟɬ, ɤɨɬɨɪɵɣ ɛɵɥ ɩɪɢ ɩɪɨɢɡɜɨɞɧɨɣ ɩɨɪɹɞɤɚ 
 ɦɧɢɦɨɣ ɱɚɫɬɶɸ, ɩɪɢ ɩɪɨɢɡɜɨɞɧɨɣ ɩɨɪɹɞɤɚ  ɫɬɚɧɨɜɢɬɫɹ 

ɜɟɳɟɫɬɜɟɧɧɨɣ. Ɍɚɤɚɹ ɫɢɫɬɟɦɚ ɩɨɫɬɪɨɟɧɢɹ ɫɟɦɟɣɫɬɜɚ ɤɨɦɩɥɟɤɫɧɵɯ ȼȽ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɪɚɦɤɚɯ MatLab. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɟɫɬɶ ɢ ɞɪɭɝɢɟ 
ɫɢɫɬɟɦɵ ɩɨɫɬɪɨɟɧɢɹ ɫɟɦɟɣɫɬɜ ȼȽ. 

Ⱦɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ȼȽ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɟ ɢɡ 
, ɚ ɢɡ ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɢɧɬɟɪɜɚɥɚ  (ɝɞɟ  ɢ ), ɱɬɨ 

ɩɟɪɟɨɩɪɟɞɟɥɹɟɬ ɧɟɤɨɬɨɪɵɟ ɫɜɨɣɫɬɜɚ ȼȽ ɢ ɜɵɡɵɜɚɟɬ ɨɬɥɢɱɢɟ ɱɚɫɬɨɬɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ȼȽ ɧɚ ɢɧɬɟɪɜɚɥɟ . Ɉɛɵɱɧɨ 

 ɢ , , ɩɪɢ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɨɩɪɟɞɟɥɢɦ ɢɧɬɟɪɜɚɥ ɤɚɤ 
, ɝɞɟ  – ɩɨɥɧɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ȼȽ ɢ ɡɚɩɢɲɟɦ 
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ɤɪɢɬɟɪɢɣ ɜɵɛɨɪɚ  ɩɨ ɭɫɥɨɜɢɸ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɯ ɡɧɚɱɟɧɢɣ 
ɮɭɧɤɰɢɢ ȼȽ ɡɚ ɝɪɚɧɢɰɚɦɢ ɢɧɬɟɪɜɚɥɚ : 

.     (25) 

Ɇɨɠɧɨ ɡɚɩɢɫɚɬɶ ɭɫɥɨɜɢɟ ɜɵɛɨɪɚ ɢɧɬɟɪɜɚɥɚ ɩɨ ɤɪɢɬɟɪɢɸ  

ɞɨɩɭɫɬɢɦɨɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɧɟɪɝɢɢ: 

.     (26) 

Ɇɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɧɬɟɝɪɚɥɶɧɵɣ ɤɪɢɬɟɪɢɣ: 

,    (27) 

ɝɞɟ  – ɤɪɢɬɟɪɢɣ ɦɢɧɢɦɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ȼȽ ɧɚ ɢɧɬɟɪɜɚɥɟ 
. ɍɱɢɬɵɜɚɹ, ɱɬɨ ɜɟɣɜɥɟɬɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ 

ɧɨɪɦɢɪɨɜɚɧɧɨɦ ɜɢɞɟ, ɚ ɡɧɚɱɢɬ, ɢɦɟɸɬ ɩɨɫɬɨɹɧɧɨɟ ɡɧɚɱɟɧɢɟ ɷɧɟɪɝɢɢ, 
ɩɨɞɨɛɧɵɟ ɤɪɢɬɟɪɢɢ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɬɚɤɠɟ ɨɬɧɨɫɢɬɟɥɶɧɵɦɢ ɤɪɢɬɟɪɢɹɦɢ. 

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ȼȽ ɜ ɨɝɪɚɧɢɱɟɧɧɨɦ ɢɧɬɟɪɜɚɥɟ 
 ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

. (28) 

ɉɪɢ ɨɩɪɟɞɟɥɺɧɧɨɦ ɡɧɚɱɟɧɢɢ , ɧɚɩɪɢɦɟɪ, , ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 
Ɏɭɪɶɟ ɧɚ ɢɧɬɟɪɜɚɥɟ  ɢɦɟɟɬ ɜɢɞ: 

     

,  (29) 

ɝɞɟ  – ɮɭɧɤɰɢɹ ɨɲɢɛɤɢ (ɚɧɝ. ОЫЫШЫ ПЮЧМЭТШЧ): , 

, . 

1.8. ȼɟɣɜɥɟɬ Ɇɨɪɥɢ 

Ʉɥɚɫɫ ɮɭɧɤɰɢɣ ɜɟɣɜɥɟɬ Ɇɨɪɥɢ1
 (ȼɆ) (ɚɧɝɥ. MШЫХОЭ аКЯОХОЭ). ȼɆ 

ɹɜɥɹɟɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ ɦɨɞɭɥɹɰɢɢ ɮɭɧɤɰɢɟɣ ɝɚɭɫɫɨɜɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɫɢɝɧɚɥɨɜ (ɪɢɫ. 14). ȼɆ ɢɦɟɟɬ ɤɨɦɩɥɟɤɫɧɭɸ ɮɨɪɦɭ. Ʉɥɚɫɫ 
ȼɆ ɨɬɧɨɫɢɬɫɹ ɤ ɧɟɨɪɬɨɝɨɧɚɥɶɧɵɦ ɜɟɣɜɥɟɬɚɦ [14Ж. ȼ ɤɨɦɩɥɟɤɫɧɨɣ ɮɨɪɦɟ 
ȼɆ МШЬ-ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɟɳɟɫɬɜɟɧɧɨɣ (ReД…Ж) ɱɚɫɬɢ, ЬТЧ-

ɫɨɫɬɚɜɥɹɸɳɚɹ – ɦɧɢɦɨɣ (ImД…Ж) ɱɚɫɬɢ. ɍɪɚɜɧɟɧɢɟ, ɡɚɞɚɸɳɟɟ ȼɆ ɫ 
ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɩɨ ɷɧɟɪɝɢɢ ɫɢɝɧɚɥɚ ɚɦɩɥɢɬɭɞɨɣ, ɢɦɟɟɬ ɜɢɞ: 

                                                 
1
 ɀɚɧ Ɇɨɪɥɢ (13 ɹɧɜɚɪɹ 1931 – 27 ɚɩɪɟɥɹ 2007) – ɮɪɚɧɰɭɡɫɤɢɣ ɝɟɨɮɢɡɢɤ, ɨɫɧɨɜɨɩɨɥɨɠɧɢɤ ɪɚɛɨɬɵ ɜ 

ɨɛɥɚɫɬɢ ɜɟɣɜɥɟɬ ɚɧɚɥɢɡɚ, ɜ 1975 ɝɨɞɭ ɨɧ ɜɩɟɪɜɵɟ ɢɫɩɨɥɶɡɨɜɚɥ ɬɟɪɦɢɧ ɜɟɣɜɥɟɬ ɞɥɹ ɨɩɢɫɚɧɢɹ ɤɥɚɫɫɨɜ 
ɨɫɨɛɵɯ ɮɭɧɤɰɢɣ. 
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,     (30) 

ɝɞɟ  – ɱɚɫɬɨɬɧɚɹ ɩɨɥɨɫɚ ȼɆ;  – ɰɟɧɬɪɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ȼɆ.  

 
Ɋɢɫɭɧɨɤ 14. ȼɟɣɜɥɟɬ Ɇɨɪɥɢ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ( , ):  ɚ. –

ɜɟɳɟɫɬɜɟɧɧɚɹ; ɛ. – ɦɧɢɦɚɹ ɱɚɫɬɢ  
 

ɗɧɟɪɝɢɹ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɮɭɧɤɰɢɢ ȼɆ ɦɨɠɟɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɚ ɫ 
ɩɨɦɨɳɶɸ ɜɵɪɚɠɟɧɢɹ: 

.    (31) 

ȼ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ ȼɆ ɢɦɟɟɬ ɮɨɪɦɭ ɮɭɧɤɰɢɢ ɩɥɨɬɧɨɫɬɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ Ƚɚɭɫɫɚ, ɩɪɢ ɷɬɨɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɞɥɹ ȼɆ ɥɟɝɤɨ 
ɜɵɱɢɫɥɢɦɨ ɚɧɚɥɢɬɢɱɟɫɤɢ: 

 

.  (32) 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɨɪɟɦɨɣ ɉɚɪɫɟɜɚɥɹ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ: 
.  (33) 

Ɂɚɩɢɫɚɜ ɭɪɚɜɧɟɧɢɟ ȼɆ ɜ ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɟ: 

,  (34) 

ɢ ɡɚɮɢɤɫɢɪɨɜɚɜ ɡɧɚɱɟɧɢɹ  ɢ  (ɱɚɫɬɨɬɧɨɣ ɩɨɥɨɫɵ ȼɆ), 
ɩɨɥɭɱɢɦ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ 
ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɤɨɦɩɥɟɤɫɧɵɯ ɤɨɦɩɨɧɟɧɬ ȼɆ: 
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, (35) 

ɝɞɟ ɡɧɚɱɟɧɢɟ 0.5 ɩɪɢ ɪɚɜɟɧɫɬɜɟ ( ) ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ 

ɨɩɪɟɞɟɥɟɧɢɹ ɧɨɪɦɵ ɞɥɹ ɤɨɦɩɥɟɤɫɧɨɣ ɮɭɧɤɰɢɢ ȼɆ (31) ɢ ɪɚɜɧɨɝɨ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɧɟɪɝɢɢ ɦɟɠɞɭ ɦɧɢɦɨɣ ɢ ɜɟɳɟɫɬɜɟɧɧɨɣ ɱɚɫɬɹɦɢ ȼɆ. 
ɇɟɨɛɯɨɞɢɦɵɦ ɜ ɞɚɧɧɨɣ ɡɚɩɢɫɢ (35), ɧɨ ɧɟ ɨɛɹɡɚɬɟɥɶɧɵɦ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ, 
ɹɜɥɹɟɬɫɹ ɨɝɪɚɧɢɱɟɧɢɟ . ȼɵɱɢɫɥɟɧɢɟ ɢɧɬɟɝɪɚɥɨɜ ɜɵɪɚɠɟɧɢɹ (35) 

ɞɚɺɬ ɫɥɟɞɭɸɳɢɣ ɪɟɡɭɥɶɬɚɬ: 
– ɞɥɹ МШЬ-ɧɵɯ (ɬ.ɟ. ɞɥɹ ɜɟɳɟɫɬɜɟɧɧɵɯ) ɫɨɫɬɚɜɥɹɸɳɢɯ ȼɆ: 

;    (36) 

– ɞɥɹ sin-ɧɵɯ (ɬ.ɟ. ɞɥɹ ɦɧɢɦɵɯ) ɫɨɫɬɚɜɥɹɸɳɢɯ ȼɆ: 

;    (37) 

– ɞɥɹ МШЬ-ɧɵɯ ɧɚ ЬТЧ-ɧɵɟ (ɬ.ɟ. ɞɥɹ ɜɟɳɟɫɬɜɟɧɧɵɯ ɧɚ ɦɧɢɦɵɟ) ɫɨɫɬɚɜɥɹɸɳɢɯ 
ȼɆ ɬɨɠɞɟɫɬɜɟɧɧɨ ɪɚɜɧɨ ɧɭɥɸ: 

.      (38) 

Ⱥɧɚɥɢɡ ɜɵɪɚɠɟɧɢɣ (11) ɢ (12), ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ 
ɩɨɜɵɲɟɧɢɢ ɫɬɟɩɟɧɢ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɪɚɡɧɨɫɬɢ  

ɦɟɠɞɭ ɱɚɫɬɨɬɚɦɢ. 
ɉɨɥɨɠɢɦ, ɱɬɨ ɢɦɟɟɬɫɹ ɩɨɫɬɨɹɧɧɨɟ ɡɧɚɱɟɧɢɟ , ɚ ɱɚɫɬɨɬɵ 

 ɢ  ɢɡɦɟɧɹɸɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɡɚɤɨɧɭ:  ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɹ ɨɬ 1 
ɞɨ , ɬ.ɟ.  , ɩɪɢ ɷɬɨɦ . ɂɫɩɨɥɶɡɭɹ 
ɭɤɚɡɚɧɧɵɟ ɭɫɥɨɜɢɹ ɜɵɪɚɠɟɧɢɟ (36), ɦɨɠɧɨ ɩɟɪɟɩɢɫɚɬɶ ɜ ɜɢɞɟ: 

 ,   (39) 
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ɩɨɥɭɱɟɧɧɚɹ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɩɨɡɜɨɥɹɟɬ ɜɵɱɢɫɥɢɬɶ  ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɧɨɫɬɢ  ɦɟɠɞɭ ɱɚɫɬɨɬɚɦɢ. 

ȼɵɛɨɪ ɝɪɭɩɩ ɜɟɣɜɥɟɬɨɜ ɩɨ ɤɪɢɬɟɪɢɸ ɧɚɢɛɨɥɶɲɟɝɨ ɫɨɨɬɜɟɬɫɬɜɢɹ 

ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɟɡɟɧ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɛɚɡɢɫɚ ɫɢɧɬɟɡɚ ɢ 
ɚɧɚɥɢɡɚ ɫɢɝɧɚɥɨɜ ɢ ɞɪɭɝɢɯ ɡɚɞɚɱ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ. 

Ⱦɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ȼɆ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɟ ɢɡ 
, ɚ ɢɡ ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɢɧɬɟɪɜɚɥɚ  (ɝɞɟ  ɢ ), ɱɬɨ 

ɫɨɛɫɬɜɟɧɧɨ ɭɫɢɥɢɜɚɟɬ ɧɟɨɪɬɨɝɨɧɚɥɶɧɨɫɬɶ ɤɨɦɩɥɟɤɫɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ȼɆ ɢ 
ɜɵɡɵɜɚɟɬ ɨɬɥɢɱɢɟ ɱɚɫɬɨɬɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ȼɆ ɧɚ 
ɢɧɬɟɪɜɚɥɟ . Ɉɛɵɱɧɨ  ɢ , . ɇɚ ɜɟɥɢɱɢɧɭ ɜɵɛɨɪɚ 
ɢɧɬɟɪɜɚɥɚ  ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɩɚɪɚɦɟɬɪ , ɨɩɪɟɞɟɥɹɸɳɢɣ ɯɚɪɚɤɬɟɪ ɢ 
ɫɤɨɪɨɫɬɶ ɡɚɬɭɯɚɧɢɹ ȼɆ ɩɪɢ ɭɞɚɥɟɧɢɢ ɨɬ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ (ɝɞɟ ). 

ɉɚɪɚɦɟɬɪ ɨɩɪɟɞɟɥɹɟɬ ɜɟɳɟɫɬɜɟɧɧɭɸ ɷɤɫɩɨɧɟɧɬɭ  ɭɪɚɜɧɟɧɢɹ ȼɆ. 

ɍɱɢɬɵɜɚɹ ɫɢɦɦɟɬɪɢɸ  ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɨɪɞɢɧɚɬ, ɢɧɬɟɪɜɚɥ  

ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɚɤ , ɝɞɟ  – ɩɨɥɧɚɹ 
ɞɥɢɬɟɥɶɧɨɫɬɶ ȼɆ ɢ ɡɚɩɢɫɚɬɶ ɤɪɢɬɟɪɢɣ ɜɵɛɨɪɚ  ɩɨ ɭɫɥɨɜɢɸ 
ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɯ ɡɧɚɱɟɧɢɣ ɮɭɧɤɰɢɢ ȼɆ ɡɚ ɝɪɚɧɢɰɚɦɢ ɢɧɬɟɪɜɚɥɚ 

: 

.    (40) 

Ɇɨɠɧɨ ɡɚɩɢɫɚɬɶ ɭɫɥɨɜɢɟ ɜɵɛɨɪɚ ɢɧɬɟɪɜɚɥɚ ɩɨ ɤɪɢɬɟɪɢɸ  

ɞɨɩɭɫɬɢɦɨɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɧɟɪɝɢɢ: 

.    (41) 

ɂɧɬɟɝɪɚɥɶɧɵɣ ɤɪɢɬɟɪɢɣ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 

,    (42) 

ɝɞɟ  – ɤɪɢɬɟɪɢɣ ɦɢɧɢɦɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ȼɆ ɧɚ ɢɧɬɟɪɜɚɥɟ 
. ɍɱɢɬɵɜɚɹ, ɱɬɨ ɜɟɣɜɥɟɬɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ 

ɧɨɪɦɢɪɨɜɚɧɧɨɦ ɜɢɞɟ, ɚ ɡɧɚɱɢɬ, ɢɦɟɸɬ ɩɨɫɬɨɹɧɧɨɟ ɡɧɚɱɟɧɢɟ ɷɧɟɪɝɢɢ, 

ɩɨɞɨɛɧɵɟ ɤɪɢɬɟɪɢɢ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɬɚɤɠɟ ɨɬɧɨɫɢɬɟɥɶɧɵɦɢ ɤɪɢɬɟɪɢɹɦɢ. 
ɋɩɟɤɬɪ ȼɆ ɜ ɨɝɪɚɧɢɱɟɧɧɨɦ ɢɧɬɟɪɜɚɥɟ  ɦɨɠɧɨ 

ɜɵɱɢɫɥɢɬɶ ɤɚɤ: 

 

=

.   (43) 
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1.9. b-ɫɩɥɚɣɧ ɜɟɣɜɥɟɬ 

ɍɪɚɜɧɟɧɢɟ ɤɥɚɫɫɚ ɧɨɪɦɢɪɨɜɚɧɧɵɯ ɩɨ ɷɧɟɪɝɢɢ ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɵɯ b-

ɫɩɥɚɣɧ ɜɟɣɜɥɟɬ (Лɋȼ) ɮɭɧɤɰɢɣ ɢɦɟɟɬ ɜɢɞ (ɪɢɫ.15): 

,   (44) 

ɝɞɟ  – ɨɩɪɟɞɟɥɹɟɬ ɱɚɫɬɨɬɧɭɸ ɩɨɥɨɫɭ Лɋȼ;  – ɰɟɧɬɪɚɥɶɧɚɹ ɱɚɫɬɨɬɚ Лɋȼ; 
 – ɩɚɪɚɦɟɬɪ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɫɤɨɪɨɫɬɶ ɡɚɬɭɯɚɧɢɹ ЬТЧМ-ɮɭɧɤɰɢɢ (

).  

 
Ɋɢɫɭɧɨɤ 15. b-ɫɩɥɚɣɧ ɜɟɣɜɥɟɬ ɫ ɩɚɪɚɦɟɬɪɚɦɢ  ( , , ): ɚ. – 

ɜɟɳɟɫɬɜɟɧɧɚɹ; ɛ. – ɦɧɢɦɚɹ ɱɚɫɬɢ 

 

ɗɧɟɪɝɢɹ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɮɭɧɤɰɢɢ Лɋȼ ɦɨɠɟɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɚ ɫ 
ɩɨɦɨɳɶɸ ɜɵɪɚɠɟɧɢɹ: 

.    (45) 

ɉɪɢ  ɩɨɥɭɱɢɦ , ɩɪɢ ɢɧɵɯ ɡɧɚɱɟɧɢɹɯ ( ) 

ɧɨɪɦɢɪɨɜɤɭ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɨɞɢɬɶ ɫ ɭɱɺɬɨɦ ɩɚɪɚɦɟɬɪɚ , ɧɚɩɪɢɦɟɪ, ɜ 
ɜɢɞɟ: 

,  (46) 

ɩɪɢ ɷɬɨɦ ɡɧɚɱɟɧɢɹ ɷɧɟɪɝɢɢ ɛɥɢɡɤɢ ɤ ɟɞɢɧɢɰɟ . ɉɪɢ ɬɪɟɛɨɜɚɧɢɢ 
ɛɨɥɟɟ ɬɨɱɧɨɣ ɧɨɪɦɢɪɨɜɤɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɱɢɫɥɹɬɶ ɩɨɤɚɡɚɬɟɥɶ a ɫɬɟɩɟɧɢ 
ɤɨɪɧɹ . ɇɚɩɪɢɦɟɪ, ɞɥɹ  ɯɨɪɨɲɟɟ ɧɨɪɦɢɪɨɜɚɧɢɟ ɞɚɫɬ ɡɧɚɱɟɧɢɟ 

 ( ); ɞɥɹ  – ɡɧɚɱɟɧɢɟ  ( ); 

ɞɥɹ  – ɡɧɚɱɟɧɢɟ  ( ); ɞɥɹ  – ɡɧɚɱɟɧɢɟ 
 ( ).  

ȼ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ ɨɛɪɚɡ Лɋȼ ɞɨɫɬɚɬɨɱɧɨ ɥɟɝɤɨ ɜɵɱɢɫɥɢɦ 
ɚɧɚɥɢɬɢɱɟɫɤɢ, ɱɟɪɟɡ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ, ɬɚɤ, ɩɪɢ ɡɧɚɱɟɧɢɢ ɩɚɪɚɦɟɬɪɚ 

 ɩɨɥɭɱɢɦ: 

 

,  (47) 
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ɝɞɟ  – ɮɭɧɤɰɢɹ ɡɧɚɤɚ. ɂɞɟɚɥɶɧɚɹ ɥɨɤɚɥɢɡɚɰɢɹ 
ɫɩɟɤɬɪɚ ɨɛɭɫɥɨɜɥɟɧɚ ɧɚɥɢɱɢɟɦ ЬТЧМ-ɮɭɧɤɰɢɢ Д15, 16Ж ɜ ɭɪɚɜɧɟɧɢɢ Лɋȼ (5), 
ɤɚɤ ɢɡɜɟɫɬɧɨ, sinc-ɮɭɧɤɰɢɹ ɹɜɥɹɟɬɫɹ ɢɦɩɭɥɶɫɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ 
ɢɞɟɚɥɶɧɨɝɨ ɧɢɡɤɨɱɚɫɬɨɬɧɨɝɨ ɮɢɥɶɬɪɚ.  

Ɋɚɫɱɺɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɧɚ ɢɧɬɟɪɜɚɥɟ  Лɋȼ 
ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ М ɬɨɱɧɨɫɬɶɸ 10 ɡɧɚɤɨɜ ɢ ɛɨɥɟɟ, ɧɚ 
ɩɪɚɤɬɢɤɟ, ɤɨɝɞɚ Лɋȼ ɢɫɩɨɥɶɡɭɟɬɫɹ ɢɡ ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɩɪɨɦɟɠɭɬɤɚ ɤɚɤ 

, ɝɞɟ  – ɩɨɥɧɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ Лɋȼ, ɭɫɥɨɜɢɟ 
ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɵɜɚɬɶ ɢɧɞɢɜɢɞɭɚɥɶɧɨ. ɋɥɟɞɭɟɬ 
ɨɬɦɟɬɢɶ, ɱɬɨ ЬТЧМ-ɮɭɧɤɰɢɹ ɹɜɥɹɟɬɫɹ ɤɨɥɟɛɚɬɟɥɶɧɨɣ, ɡɧɚɤɨɩɟɪɟɦɟɧɧɨɣ, 
ɢɦɟɧɧɨ ɨɧɚ ɨɩɪɟɞɟɥɹɟɬ ɯɚɪɚɤɬɟɪ ɡɚɬɭɯɚɧɢɹ Лɋȼ ɩɪɢ ɭɞɚɥɟɧɢɢ ɨɬ ɰɟɧɬɪɚ, 
ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɝɪɚɧɢɰ ɩɪɨɦɟɠɭɬɤɚ 

 ɜɵɛɢɪɚɬɶ ɬɚɤɢɟ ɡɧɚɱɟɧɢɹ  ɜ ɤɨɬɨɪɵɯ ЬТЧМ-

ɮɭɧɤɰɢɹ ɨɛɪɚɳɚɟɬɫɹ ɜ ɧɨɥɶ, ɬ.ɟ. , ɝɞɟ  Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɝɚɪɦɨɧɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ, ɬɚɤɠɟ ɨɛɪɚɡɭɸɳɢɟ Лɋȼ, ɩɪɢ ɰɟɥɨɦ 
ɡɧɚɱɟɧɢɢ  ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɧɵ ɧɚ ɩɟɪɢɨɞɟ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ, ɱɬɨ 
ɬɚɤɠɟ ɫɩɨɫɨɛɫɬɜɭɟɬ ɜɵɩɨɥɧɟɧɢɸ ɭɫɥɨɜɢɹ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ. 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɨɰɟɧɤɭ ɜɵɛɨɪɚ ɢɧɬɟɪɜɚɥɚ  

ɩɨ ɤɪɢɬɟɪɢɸ ,  ɨɝɪɚɧɢɱɢɜɚɸɳɟɦɭ ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɮɭɧɤɰɢɢ ɡɚ 
ɝɪɚɧɢɰɟɣ ɢɧɬɟɪɜɚɥɚ ɦɨɠɧɨ ɩɪɨɢɡɜɟɫɬɢ ɩɨ ɮɨɪɦɭɥɟ: 

.     (48) 

ȿɫɥɢ ɜ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɨɩɭɫɬɢɦɵɣ ɦɚɤɫɢɦɭɦ 
ɷɧɟɪɝɢɢ ɫɢɝɧɚɥɚ ɡɚ ɝɪɚɧɢɰɚɦɢ ɢɧɬɟɪɜɚɥɚ, ɬɨ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɭɫɥɨɜɢɹ: 

.     (49) 

Ɇɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɧɬɟɝɪɚɥɶɧɵɣ ɤɪɢɬɟɪɢɣ: 
,    (50) 

ɝɞɟ  –ɤɪɢɬɟɪɢɣ ɦɢɧɢɦɚɥɶɧɨɣ ɷɧɟɪɝɢɢ Лɋȼ ɧɚ ɢɧɬɟɪɜɚɥɟ 
. 

ɋɩɟɤɬɪ Лɋȼ ɜ ɢɧɬɟɪɜɚɥɟ  ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɤɚɤ: 

 

.  (51) 
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1.10. ȼɟɣɜɥɟɬ ɒɟɧɧɨɧɚ 

Ʉɥɚɫɫ ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɵɯ ɜɟɣɜɥɟɬɨɜ ɒɟɧɧɨɧɚ1
 (ȼɒ) (ɪɢɫ. 16) ɡɚɞɚɧ 

ɮɭɧɤɰɢɟɣ ɜɢɞɚ: 
,    (52) 

ɝɞɟ  – ɨɩɪɟɞɟɥɹɟɬ ɱɚɫɬɨɬɧɭɸ ɩɨɥɨɫɭ ȼɒ;  – ɰɟɧɬɪɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ȼɒ. 
ȼɒ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ Лɋȼ. 

Ʉɥɚɫɫ ȼɒ ɨɛɪɚɡɭɟɬ ɦɧɨɠɟɫɬɜɨ ɩɨɩɚɪɧɨ ɜɡɚɢɦɧɨ ɨɪɬɨɝɨɧɚɥɶɧɵɯ 
ɮɭɧɤɰɢɣ. ɋɤɨɪɨɫɬɶ ɡɚɬɭɯɚɧɢɹ ȼɒ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɯɨɞɹɳɟɣ ɜ ɫɨɫɬɚɜ 
ɜɵɪɚɠɟɧɢɹ (52) -ɮɭɧɤɰɢɟɣ. 

 
Ɋɢɫɭɧɨɤ 16. ȼɟɣɜɥɟɬ ɒɟɧɧɨɧɚ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ( , ):  

ɚ. – ɜɟɳɟɫɬɜɟɧɧɚɹ; ɛ. – ɦɧɢɦɚɹ ɱɚɫɬɶ  

 

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ȼɒ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 
.  (53) 

ɉɪɢ ɨɝɪɚɧɢɱɟɧɢɢ ɢɧɬɟɪɜɚɥɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ȼɒ 
 ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɚɜɢɥɚ, ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɵɟ 

ɪɚɧɟɟ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ Лɋȼ. 

1.11. ȼɟɣɜɥɟɬ ɏɚɚɪɚ 

ɋɟɦɟɣɫɬɜɨ ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɵɯ ɜɟɣɜɥɟɬɨɜ ɏɚɚɪɚ2
 (ȼɏ) ɨɬɥɢɱɚɟɬɫɹ ɨɬ 

ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɪɚɧɟɟ ɝɥɚɞɤɢɯ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɣ ɦɟɚɧɞɪ-ɩɨɞɨɛɧɨɣ ɮɨɪɦɨɣ 
(ɪɢɫ. 17). 

Ʉɨɦɩɥɟɤɫɧɚɹ ɩɚɪɚ ɪɨɞɢɬɟɥɶɫɤɢɯ ȼɏ ɡɚɞɚɺɬɫɹ ɭɪɚɜɧɟɧɢɟɦ: 

 .  (54) 

                                                 
1
 Ʉɥɨɞ ɗɥɜɭɞ ɒɟɧɧɨɧ (30 ɚɩɪɟɥɹ 1916 – 24 ɮɟɜɪɚɥɹ 2001) – ɚɦɟɪɢɤɚɧɫɤɢɣ ɢɧɠɟɧɟɪ, ɤɪɢɩɬɨɚɧɚɥɢɬɢɤ ɢ 

ɦɚɬɟɦɚɬɢɤ. ɋɱɢɬɚɟɬɫɹ «ɨɬɰɨɦ ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɜɟɤɚ». 
2
 Ⱥɥɶɮɪɟɞ ɏɚɚɪ (11 ɨɤɬɹɛɪɹ 1885 – 16 ɦɚɪɬɚ 1933) – ɜɟɧɝɟɪɫɤɢɣ ɦɚɬɟɦɚɬɢɤ. 
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ɉɪɢ ɧɨɪɦɢɪɨɜɚɧɢɢ ɩɨ ɷɧɟɪɝɢɢ ɭɪɚɜɧɟɧɢɹ ɪɨɞɢɬɟɥɶɫɤɢɯ ȼɏ ɢɦɟɸɬ 
ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

 .  (55) 

 
Ɋɢɫɭɧɨɤ 17. ɇɨɪɦɢɪɨɜɚɧɧɵɣ ɜɟɣɜɥɟɬ ɏɚɚɪɚ:  

ɚ. – ɜɟɳɟɫɬɜɟɧɧɚɹ; ɛ. – ɦɧɢɦɚɹ ɱɚɫɬɢ 

 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɩɟɤɬɪ ɢɞɟɚɥɶɧɵɯ ɦɟɚɧɞɪɨɜɵɯ ɮɭɧɤɰɢɣ ɧɟɨɝɪɚɧɢɱɟɧ, 
ɧɨ ɧɟɫɦɨɬɪɹ ɧɚ ɷɬɨɬ ɮɚɤɬ ɩɪɢɛɥɢɠɺɧɧɵɟ ɦɟɚɧɞɪ-ɩɨɞɨɛɧɵɟ ɮɭɧɤɰɢɢ (ɫ 
ɨɝɪɚɧɢɱɟɧɧɵɦ ɫɩɟɤɬɪɨɦ) ɧɚɯɨɞɹɬ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ 
ɪɚɞɢɨɥɨɤɚɰɢɢ ɢ ɫɜɹɡɢ Д17]. 

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɩɨ ɷɧɟɪɝɢɢ ɮɭɧɤɰɢɢ ȼɏ (55) 

ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

.  (56) 

ɂɡ ɜɵɪɚɠɟɧɢɹ (56) ɜɩɨɥɧɟ ɨɱɟɜɢɞɧɨ ɱɬɨ ɩɪɢ ɛɟɫɤɨɧɟɱɧɨɣ 
ɩɪɨɬɹɠɺɧɧɨɫɬɢ ɫɩɟɤɬɪ ȼɏ ɞɨɫɬɚɬɨɱɧɨ ɛɵɫɬɪɨ ɡɚɬɭɯɚɟɬ ɨɛɪɚɬɧɨ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɱɚɫɬɨɬɟ , ɱɬɨ ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ ɞɭɚɥɢɡɦɚ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ -ɮɭɧɤɰɢɢ ɢ ɨɞɢɧɨɱɧɨɣ ɦɟɚɧɞɪɨɩɨɞɨɛɧɨɣ 
ɮɭɧɤɰɢɢ. ɉɪɢ ɫɝɥɚɠɢɜɚɧɢɢ ȼɏ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɜɨɜɫɟ ɨɝɪɚɧɢɱɟɧɧɵɣ 
ɫɩɟɤɬɪ. 

ɋɝɥɚɠɟɧɧɵɟ ɮɭɧɤɰɢɢ ɢɡ ɫɟɦɟɣɫɬɜɚ ȼɏ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɩɪɢ 
ɨɛɪɚɬɧɨɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ Ɏɭɪɶɟ ɮɭɧɤɰɢɢ (56) ɫ ɨɝɪɚɧɢɱɟɧɧɨɣ ɩɨɥɨɫɨɣ 
ɱɚɫɬɨɬ . 

1.12. ɋɢɧɬɟɡ ɧɟɤɨɬɨɪɵɯ ɜɟɣɜɥɟɬɨɜ ɜ MatLab 

ȼ ɪɚɡɞɟɥɟ ―ɇɟɤɨɬɨɪɵɟ ɩɪɢɦɟɪɵ ɩɪɨɝɪɚɦɦɧɨɣ ɪɟɚɥɢɡɚɰɢɢ‖ ɩɪɢɜɟɞɺɧ 
ɬɟɤɫɬ ɮɭɧɤɰɢɣ (ɥɢɫɬɢɧɝ 2.1-2.3) ɫɢɧɬɟɡɚ ɧɟɤɨɬɨɪɵɯ ɜɟɣɜɥɟɬɨɜ, ɧɚɲɟɞɲɢɯ 
ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ ɫɢɧɬɟɡɚ ɲɢɪɨɤɨɩɨɥɨɫɧɵɯ ɫɢɝɧɚɥɨɜ 

[17-19]. 
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ȼ ɩɪɨɝɪɚɦɦɟ (ɥɢɫɬɢɧɝ 1.3) ɩɪɢɜɟɞɺɧ ɩɪɢɦɟɪ ɩɪɚɤɬɢɱɟɫɤɨɝɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɭɧɤɰɢɣ ɫɢɧɬɟɡɚ ɜɟɣɜɥɟɬɨɜ. Ʉɨɞ MatLab (ɥɢɫɬɢɧɝ 1.3) 
ɫɨɞɟɪɠɢɬ: ɫɢɧɬɟɡ, ɨɰɟɧɤɭ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɨɜɟɳɟɫɬɜɥɺɧɧɵɯ 
ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɵɯ ɤɨɦɩɨɧɟɧɬ ɩɨ ɢɯ ɫɤɚɥɹɪɧɨɦɭ ɩɪɨɢɡɜɟɞɟɧɢɸ ɢ 
ɩɨɫɬɪɨɟɧɢɟ ɝɪɚɮɢɤɨɜ ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɵɯ ɜɟɣɜɥɟɬɨɜ, ɨɬɞɟɥɶɧɨ ɦɧɢɦɨɣ ɢ 
ɨɬɞɟɥɶɧɨ ɜɟɳɟɫɬɜɟɧɧɨɣ ɱɚɫɬɢ. 

 

Ʌɢɫɬɢɧɝ 1.3. ɋɢɧɬɟɡ ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɵɯ ɜɟɣɜɥɟɬɨɜ 
clear all;      % ɨɱɢɫɬɤɚ ɩɟɪɟɦɟɧɧɵɯ 
close all;      % ɡɚɤɪɵɬɶ ɜɫɟ ɨɤɧɚ 
clc;            % ɨɱɢɫɬɤɚ ɤɨɦɚɧɞɧɨɝɨ ɨɤɧɚ 
%% =========================================================== 
% ɩɚɪɚɦɟɬɪɵ 
Lb = -pi; % ɧɢɠɧɹɹ ɝɪɚɧɢɰɚ ɚɪɝɭɦɟɧɬɚ 
Ub =  pi; % ɜɟɪɯɧɹɹ ɝɪɚɧɢɰɚ ɚɪɝɭɦɟɧɬɚ 
N  = 128; % ɱɢɫɥɨ ɨɬɫɱɺɬɨɜ 
Fc = 4;   % ɰɟɧɬɪɚɥɶɧɚɹ ɱɚɫɬɨɬɚ 
%% ɫɢɧɬɟɡ ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɵɯ ɜɟɣɜɥɟɬɨɜ 
% ɝɚɪɦɨɧɢɱɟɫɤɢɣ ɜɟɣɜɥɟɬ 
[PSI_cg,X_cg]   = mi_cgarm( Lb, Ub, N, Fc ); 
% ɦɨɞɭɥɢɪɨɜɚɧɧɵɣ ɝɚɪɦɨɧɢɱɟɫɤɢɣ ɜɟɣɜɥɟɬ 
[PSI_cwg,X_cwg] = mi_cwgarm( Lb, Ub, N, Fc ); 
% ɦɟɚɧɞɪɨɩɨɞɨɛɧɵɣ ɜɟɣɜɥɟɬ 
[PSI_cm,X_cm]   = mi_cmeandr( Lb, Ub, N, Fc ); 
 
%% =========================================================== 
fprintf('Оɰɟɧɤɚ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ \n'); 
fprintf('ɨɜɟɳɟɫɬɜɥɺɧɧɵɯ ɤɨɦɩɥɟɤɫɧɵɯ ɤɨɦɩɨɧɟɧɬ \n'); 
fprintf('ɩɨ ɢɯ ɫɤɚɥɹɪɧɨɦɭ ɩɪɨɢɡɜɟɞɟɧɢɸ \n'); 
fprintf('ɝɚɪɦɨɧɢɱɟɫɤɢɣ ɜɟɣɜɥɟɬ: dt = %f \n',... 
         dot(real(PSI_cg),imag(PSI_cg))); 
fprintf('ɦɨɞɭɥɢɪɨɜɚɧɧɵɣ ɝɚɪɦ. ɜɟɣɜɥɟɬ: dt = %f \n',... 
         dot(real(PSI_cwg),imag(PSI_cwg))); 
fprintf('ɦɟɚɧɞɪɨɩɨɞɨɛɧɵɣ ɜɟɣɜɥɟɬ: dt = %f \n',... 
         dot(real(PSI_cm),imag(PSI_cm))); 
        
%% =========================================================== 
%% ɜɢɡɭɚɥɢɡɚɰɢɹ 
figure(); 
subplot(3,2,1); plot(X_cg,real(PSI_cg)); grid on;  
axis([Lb Ub -1.5 1.5]); title('real(PSI\_cg)'); 
subplot(3,2,2); plot(X_cg,imag(PSI_cg)); grid on;  
axis([Lb Ub -1.5 1.5]); title('imag(PSI\_cg)'); 
subplot(3,2,3); plot(X_cwg,real(PSI_cwg)); grid on;  
axis([Lb Ub -1.5 1.5]); title('real(PSI\_cwg)'); 
subplot(3,2,4); plot(X_cwg,imag(PSI_cwg)); grid on;  
axis([Lb Ub -1.5 1.5]); title('imag(PSI\_cwg)'); 
subplot(3,2,5); stairs(X_cm,real(PSI_cm)); grid on;  
axis([Lb Ub -1.5 1.5]); title('real(PSI\_cm)'); 
subplot(3,2,6); stairs(X_cm,imag(PSI_cm)); grid on;  
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axis([Lb Ub -1.5 1.5]); title('imag(PSI\_cm)'); 

 

Ƚɪɚɮɢɱɟɫɤɢɣ ɪɟɡɭɥɶɬɚɬ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ ɩɪɢɜɟɞɺɧ ɧɚ ɪɢɫ. 18. 

 

 
Ɋɢɫɭɧɨɤ 18. ȼɟɣɜɥɟɬ ɮɭɧɤɰɢɢ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ 

 ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ (ɥɢɫɬɢɧɝ 1.3) (ɨɤɧɨ MatLab) 

1.13. Ɏɭɧɤɰɢɢ ɍɨɥɲɚ ɢ ɦɚɬɪɢɰɵ Ⱥɞɚɦɚɪɚ 

ɉɪɨɬɹɠɺɧɧɨɫɬɶ ɮɭɧɤɰɢɣ ɍɨɥɲɚ1
 ɨɝɪɚɧɢɱɟɧɧɚ ɰɟɥɵɦ 

ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɱɢɫɥɨɦ, ɛɨɥɶɲɢɧɫɬɜɨ ɮɭɧɤɰɢɣ ɍɨɥɲɚ  

ɡɧɚɤɨɩɟɪɟɦɟɧɧɵ ɢ ɢɦɟɸɬ ɪɚɜɧɵɣ ɧɭɥɸ ɢɧɬɟɝɪɚɥ , ɩɨɷɬɨɦɭ 
ɮɭɧɤɰɢɢ ɍɨɥɲɚ  ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɹɦ.  ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, 
ɱɬɨ ɡɧɚɤɨɩɨɫɬɨɹɧɧɵɟ ɮɭɧɤɰɢɢ ɍɨɥɲɚ ɧɟ ɛɭɞɭɬ ɢɦɟɬɶ ɪɚɜɧɵɣ ɧɭɥɸ 
ɢɧɬɟɝɪɚɥ , ɚ ɫɩɟɤɬɪ ɦɟɚɧɞɪɨɩɨɞɨɛɧɵɯ ɮɭɧɤɰɢɣ ɍɨɥɲɚ 
ɩɥɨɯɨ ɥɨɤɚɥɢɡɨɜɚɧ ɢ ɢɦɟɟɬ ɞɥɢɧɧɵɟ «ɯɜɨɫɬɵ».   Ɏɭɧɤɰɢɢ ɍɨɥɲɚ 
ɩɨɡɜɨɥɹɸɬ ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɚɧɫɚɦɛɥɢ ɦɟɚɧɞɪɨɩɨɞɨɛɧɵɯ ɩɨɩɚɪɧɨ 
ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɮɭɧɤɰɢɣ, ɱɚɫɬɧɵɦ ɫɥɭɱɚɟɦ ɹɜɥɹɟɬɫɹ ɜɟɣɜɥɟɬ ɏɚɚɪɚ. 
Ɏɭɧɤɰɢɢ ɍɨɥɲɚ ɩɨɥɭɱɢɥɢ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɡɚɞɚɱɚɯ ɚɧɚɥɢɡɚ ɢ 
ɫɢɧɬɟɡɚ ɫɢɝɧɚɥɨɜ Д20-24].  

Ɋɚɫɩɪɨɫɬɪɚɧɟɧɧɵɣ ɦɟɬɨɞ ɫɢɧɬɟɡɚ ɨɫɧɨɜɚɧ ɧɚ ɩɨɫɬɪɨɟɧɢɢ ɦɚɬɪɢɰ 
Ⱥɞɚɦɚɪɚ2

 ɪɚɡɦɟɪɚ  ɫ ɩɨɦɨɳɶɸ ɚɥɝɨɪɢɬɦɚ (ɩɪɚɜɢɥɚ) 

                                                 
1
 Ⱦɠɨɡɟɮ Ʌɟɨɧɚɪɞ ɍɨɥɲ (ɚɧɝɥ. Joseph Leonard Walsh; 21 ɫɟɧɬɹɛɪɹ 1895 – 6 ɞɟɤɚɛɪɹ 1973) – ɚɦɟɪɢɤɚɧɫɤɢɣ 

ɦɚɬɟɦɚɬɢɤ ɢɡɜɟɫɬɧɵɣ ɪɚɛɨɬɚɦɢ ɜ ɨɛɥɚɫɬɢ ɚɧɚɥɢɡɚ ɮɭɧɤɰɢɣ ɢ ɬɟɨɪɢɢ ɤɨɞɢɪɨɜɚɧɢɹ. 
2
 ɀɚɤ-ɋɚɥɨɦɨɧ Ⱥɞɚɦɚɪ (ɚɧɝɥ. Jacques Salomon Hadamard, 8 ɞɟɤɚɛɪɹ 1865 – 17 ɨɤɬɹɛɪɹ 1963) — 

ɮɪɚɧɰɭɡɫɤɢɣ ɦɚɬɟɦɚɬɢɤ, ɮɢɡɢɤ, ɚɜɬɨɪ ɦɧɨɠɟɫɬɜɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɪɚɛɨɬ ɩɨ ɚɥɝɟɛɪɟ, ɝɟɨɦɟɬɪɢɢ, 
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ɋɢɥɶɜɟɫɬɪɚ1
, ɜ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɥɟɠɢɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɪɟɤɭɪɪɟɧɬɧɨɟ 

ɭɞɜɨɟɧɢɟ ɪɚɡɦɟɪɚ ɦɚɬɪɢɰɵ Ⱥɞɚɦɚɪɚ ɫ ɩɨɦɨɳɶɸ ɤɪɨɧɟɤɟɪɨɜɫɤɨɝɨ 
ɩɪɨɢɡɜɟɞɟɧɢɹ ɦɚɬɪɢɰ ( ). ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɵ ɦɨɠɧɨ ɜɡɹɬɶ ɦɚɬɪɢɰɭ 
Ⱥɞɚɦɚɪɚ ɪɚɡɦɟɪɨɦ , ɬɚɤ ɧɚɡɵɜɚɟɦɭɸ ɩɪɨɫɬɟɣɲɭɸ ɦɚɬɪɢɰɭ Ⱥɞɚɦɚɪɚ: 

. Ⱦɚɥɶɧɟɣɲɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɪɟɤɭɪɪɟɧɬɧɨɦ ɜɵɩɨɥɧɟɧɢɢ ɨɩɟɪɚɰɢɢ ɤɪɨɧɟɤɟɪɨɜɫɤɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ:  

,  

ɢ ɬ.ɞ., ɱɬɨ ɜ ɨɛɳɟɦ ɜɢɞɟ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ: 

.     (57)  

Ʉɚɠɞɚɹ ɫɬɪɨɤɚ (ɢɥɢ ɫɬɨɥɛɟɰ) ɦɚɬɪɢɰɵ Ⱥɞɚɦɚɪɚ ɹɜɥɹɟɬɫɹ ɞɢɫɤɪɟɬɧɨɣ 
ɮɭɧɤɰɢɟɣ ɍɨɥɲɚ (ɢɥɢ ɜɟɤɬɨɪɨɦ ɍɨɥɲɚ), ɜɟɤɬɨɪɵ ɍɨɥɲɚ ɢɡ ɨɞɧɨɣ 
ɦɚɬɪɢɰɵ Ⱥɞɚɦɚɪɚ ɩɨɩɚɪɧɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵ ɢ ɨɛɪɚɡɭɸɬ ɛɚɡɢɫ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɪɚɡɦɟɪɚ . 

Ɋɟɡɭɥɶɬɚɬ ɩɨɷɥɟɦɟɧɬɧɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ ɞɜɭɯ ɮɭɧɤɰɢɣ ɍɨɥɲɚ ɞɥɢɧɨɣ 
 ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɍɨɥɲɚ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɦɚɬɪɢɰɵ Ⱥɞɚɦɚɪɚ – ɷɬɨ 
ɦɚɬɪɢɰɵ ɦɚɤɫɢɦɭɦɚ ɞɟɬɟɪɦɢɧɚɧɬɚ, ɬ.ɟ. ɦɚɬɪɢɰɵ ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ ɩɨɪɹɞɤɚ 
(ɪɚɡɦɟɪɚ), ɫ ɷɥɟɦɟɧɬɚɦɢ, ɧɟ ɩɪɟɜɨɫɯɨɞɹɳɢɦɢ ɩɨ ɦɨɞɭɥɸ ɡɚɞɚɧɧɨɝɨ 
ɡɧɚɱɟɧɢɹ ɢ ɢɦɟɸɳɢɟ ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɨɩɪɟɞɟɥɢɬɟɥɹ ɫɪɟɞɢ ɜɫɟɯ 
ɦɚɬɪɢɰ ɬɚɤɨɝɨ ɠɟ ɩɨɪɹɞɤɚ. ɉɨɷɬɨɦɭ ɪɚɫɫɦɨɬɪɟɧɧɚɹ ɦɚɬɪɢɰɚ Ⱥɞɚɦɚɪɚ 

 ɹɜɥɹɟɬɫɹ ɱɚɫɬɧɵɦ ɫɥɭɱɚɟɦ ɨɛɨɛɳɺɧɧɨɝɨ ɦɧɨɠɟɫɬɜɚ ɦɚɬɪɢɰ 
Ⱥɞɚɦɚɪɚ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɧɚɣɞɟɧɵ ɦɚɬɪɢɰɵ Ⱥɞɚɦɚɪɚ, ɢɦɟɸɳɢɟ ɪɚɡɦɟɪ, ɧɟ 
ɩɪɢɧɚɞɥɟɠɚɳɢɣ ɪɹɞɭ, ɨɛɪɚɡɨɜɚɧɧɨɦɭ ɱɢɫɥɚɦɢ ,  

ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɵɟ ɦɚɬɪɢɰɵ Ⱥɞɚɦɚɪɚ. ɉɨɷɬɨɦɭ ɧɟ ɜɫɟ ɦɚɬɪɢɰɵ Ⱥɞɚɦɚɪɚ 
ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɜɟɤɬɨɪɵ ɍɨɥɲɚ, ɚ ɬɨɥɶɤɨ ɦɚɬɪɢɰɵ Ⱥɞɚɦɚɪɚ ɫ 
ɷɥɟɦɟɧɬɚɦɢ ɢɡ ɦɧɨɠɟɫɬɜɚ . Ⱥɧɚɥɢɡ ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɵ 
ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɝɨɜɨɪɹ ɨ ɦɚɬɪɢɰɚɯ Ⱥɞɚɦɚɪɚ, ɦɧɨɝɢɟ ɚɜɬɨɪɵ ɢɦɟɸɬ ɜ ɜɢɞɭ 
ɦɚɬɪɢɰɵ ɢɡ ɦɧɨɠɟɫɬɜɚ (57). Ɇɚɬɪɢɰɵ Ⱥɞɚɦɚɪɚ ɧɚɲɥɢ ɲɢɪɨɤɨɟ 
ɩɪɢɦɟɧɟɧɢɟ ɜ ɡɚɞɚɱɚɯ ɫɢɧɬɟɡɚ ɚɧɫɚɦɛɥɟɣ ɲɢɪɨɤɨɩɨɥɨɫɧɵɯ ɫɢɝɧɚɥɨɜ, ɜ 
ɡɚɞɚɱɚɯ ɤɨɞɢɪɨɜɚɧɢɹ, ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ, ɚɧɚɥɢɡɟ 
ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɫɢɫɬɟɦ (ɦɚɬɪɢɱɧɨɣ ɝɟɧɟɬɢɤɟ) ɢ ɞɪ. 

                                                                                                                                                         
ɮɭɧɤɰɢɨɧɚɥɶɧɨɦɭ ɚɧɚɥɢɡɭ, ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɝɟɨɦɟɬɪɢɢ, ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɮɢɡɢɤɟ, ɬɨɩɨɥɨɝɢɢ, ɬɟɨɪɢɢ 
ɜɟɪɨɹɬɧɨɫɬɟɣ, ɦɟɯɚɧɢɤɟ, ɝɢɞɪɨɞɢɧɚɦɢɤɟ ɢ ɞɪ. 
1
 Ⱦɠɟɣɦɫ Ⱦɠɨɡɟɮ ɋɢɥɶɜɟɫɬɪ (ɚɧɝɥ. JКЦОЬ JШЬОpС SвХЯОЬЭОЫ; 3 ɫɟɧɬɹɛɪɹ 1814 – 15 ɦɚɪɬɚ 1897) – ɚɧɝɥɢɣɫɤɢɣ 

ɦɚɬɟɦɚɬɢɤ, ɚɜɬɨɪ ɦɧɨɝɢɯ ɪɚɛɨɬ ɩɨ ɬɟɨɪɢɢ ɦɚɬɪɢɰ, ɬɟɨɪɢɢ ɱɢɫɟɥ ɢ ɤɨɦɛɢɧɚɬɨɪɢɤɟ. Ɉɫɧɨɜɚɬɟɥɶ 
Ⱥɦɟɪɢɤɚɧɫɤɨɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɠɭɪɧɚɥɚ. 



33 

 

ɋɭɳɟɫɬɜɭɟɬ ɫɩɨɫɨɛ ɩɨɢɫɤɚ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɮɭɧɤɰɢɣ ɍɨɥɲɚ ɱɟɪɟɡ 
ɩɪɨɢɡɜɟɞɟɧɢɟ ɮɭɧɤɰɢɣ Ɋɚɞɟɦɚɯɟɪɚ1: ɦɧɨɠɟɫɬɜɨ ɮɭɧɤɰɢɣ ɍɨɥɲɚ ɟɫɬɶ 
ɦɧɨɠɟɫɬɜɨ ɩɪɨɢɡɜɟɞɟɧɢɣ ɜɫɟɜɨɡɦɨɠɧɵɯ ɮɭɧɤɰɢɣ Ɋɚɞɟɦɚɯɟɪɚ Д21]. 

Ɏɭɧɤɰɢɢ Ɋɚɞɟɦɚɯɟɪɚ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɱɚɫɬɨ ɨɩɪɟɞɟɥɹɸɬ ɭɪɚɜɧɟɧɢɟɦ 
ɜɢɞɚ  ɧɚ ɢɧɬɟɪɜɚɥɟ , ɬɨɝɞɚ ɜ ɫɢɫɬɟɦɟ 
ɧɭɦɟɪɚɰɢɢ ɍɨɥɲɚ-ɉɷɥɢ ɮɭɧɤɰɢɢ ɍɨɥɲɚ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɫɥɟɞɭɸɳɢɦ 
ɨɛɪɚɡɨɦ Д21Ж: ɪɚɡɥɨɠɢɦ ɧɨɦɟɪ ɮɭɧɤɰɢɢ ɍɨɥɲɚ ɜ ɞɜɨɢɱɧɨɣ ɫɢɫɬɟɦɟ 
ɢɫɱɢɫɥɟɧɢɹ: , ɝɞɟ , ɬɨɝɞɚ 
ɧɚ ɢɧɬɟɪɜɚɥɟ : 

,    (58) 

ɝɞɟ ɱɢɫɥɨ  – ɱɢɫɥɨ, ɪɚɜɧɨɟ ɱɢɫɥɭ ɪɚɡɪɹɞɨɜ ɜ ɞɜɨɢɱɧɨɣ ɮɨɪɦɟ ɡɚɩɢɫɢ 
ɱɢɫɥɚ , ɢ ɧɚɯɨɞɢɬɫɹ ɢɡ ɭɫɥɨɜɢɹ . Ɉɬɦɟɬɢɦ, ɱɬɨ ɨɫɧɨɜɧɵɟ 
ɮɭɧɤɰɢɢ ɍɨɥɲɚ ɫɨɜɩɚɞɚɸɬ ɫ ɮɭɧɤɰɢɹɦɢ Ɋɚɞɟɦɚɯɟɪɚ: , 

, …, , ɬɚɤɠɟ ɜ ɞɚɧɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɧɟ ɜɯɨɞɢɬ 
ɦɨɧɨɩɨɥɹɪɧɚɹ (ɡɧɚɤɨɩɨɫɬɨɹɧɧɚɹ) ɮɭɧɤɰɢɹ ɍɨɥɲɚ. Ɂɧɚɤɨɩɨɫɬɨɹɧɧɭɸ 
ɮɭɧɤɰɢɸ ɍɨɥɲɚ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɚɤ  ɧɚ ɢɧɬɟɪɜɚɥɟ . 

Ⱦɥɹ ɥɸɛɨɝɨ  ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ: ɢɧɬɟɝɪɚɥ ɮɭɧɤɰɢɢ ɍɨɥɲɚ 
ɧɚ ɢɧɬɟɪɜɚɥɟ  ɪɚɜɟɧ ɧɭɥɸ: 

;     (59) 

Ⱦɥɹ ɥɸɛɨɝɨ  ɫɢɫɬɟɦɚ ɮɭɧɤɰɢɣ ɍɨɥɲɚ ɨɪɬɨɧɨɪɦɢɪɨɜɚɧɧɚ 
ɧɚ ɢɧɬɟɪɜɚɥɟ , ɬ.ɟ.: 

.   (60) 

ɉɪɢɦɟɪ ɫɢɧɬɟɡɚ ɦɚɬɪɢɰɵ Ⱥɞɚɦɚɪɚ ɩɪɢɜɟɞɺɧ ɜ ɩɪɨɝɪɚɦɦɟ (ɥɢɫɬɢɧɝ 
1.4). ȼ ɷɬɨɣ ɠɟ ɩɪɨɝɪɚɦɦɟ ɫɨɞɟɪɠɢɬɫɹ ɪɚɫɱɺɬ ɚɜɬɨɤɨɪɪɟɥɹɰɢɢ ɦɚɬɪɢɰɵ 
Ⱥɞɚɦɚɪɚ, ɞɚɥɟɟ ɢɦɟɟɬɫɹ ɨɤɧɨ, ɫɮɨɪɦɢɪɨɜɚɧɧɨɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ 
ɩɪɨɝɪɚɦɦɵ (ɪɢɫ. 19).  

 

Ʌɢɫɬɢɧɝ 1.4. ɋɢɧɬɟɡ ɢ ɚɜɬɨɤɨɪɪɟɥɹɰɢɹ ɦɚɬɪɢɰɵ Ⱥɞɚɦɚɪɚ 
clear all;      % ɨɱɢɫɬɤɚ ɩɟɪɟɦɟɧɧɵɯ 
close all;      % ɡɚɤɪɵɬɶ ɜɫɟ ɨɤɧɚ 
clc;            % ɨɱɢɫɬɤɚ ɤɨɦɚɧɞɧɨɝɨ ɨɤɧɚ 
%% =========================================================== 
% Сɢɧɬɟɡ ɢ ɚɜɬɨɤɨɪɪɟɥɹɰɢɹ ɦɚɬɪɢɰɵ Аɞɚɦɚɪɚ 
NN = 16; % ɪɚɡɦɟɪ ɦɚɬɪɢɰɵ 
MH = hadamard(NN); % ɫɢɧɬɟɡ ɦɚɬɪɢɰɵ Аɞɚɦɚɪɚ 
XCMH = xcorr2(MH); % ɚɜɬɨɤɨɪɪɟɥɹɰɢɹ 
 
%% ɜɢɡɭɚɥɢɡɚɰɢɹ 
figure(); 
% ɦɚɬɪɢɰɚ Аɞɚɦɚɪɚ 
subplot(1,2,1); pcolor(MH); 
% ɚɜɬɨɤɨɪɪɟɥɹɰɢɹ 
                                                 
1
 Ƚɚɧɫ Ⱥɞɨɥɶɮ Ɋɚɞɟɦɚɯɟɪ (3 ɚɩɪɟɥɹ 1892 – 7 ɮɟɜɪɚɥɹ 1969) – ɝɟɪɦɚɧɫɤɢɣ ɦɚɬɟɦɚɬɢɤ. 
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subplot(1,2,2); mesh(XCMH); 

 

ȼ ɩɪɢɜɟɞɺɧɧɨɦ ɨɤɧɟ (ɪɢɫ. 19) ɫɨɞɟɪɠɢɬɫɹ ɨɬɨɛɪɚɠɟɧɢɟ ɛɢɧɚɪɧɨɣ 
ɦɚɬɪɢɰɵ Ⱥɞɚɦɚɪɚ, ɨɛɪɚɡɨɜɚɧɧɨɣ ɜɟɤɬɨɪɚɦɢ (ɫɬɪɨɤɚɦɢ ɢɥɢ ɫɬɨɥɛɰɚɦɢ) 
ɍɨɥɲɚ, ɚ ɬɚɤɠɟ ɜɢɡɭɚɥɢɡɚɰɢɹ ɮɭɧɤɰɢɢ ɚɜɬɨɤɨɪɪɟɥɹɰɢɢ ɦɚɬɪɢɰɵ Ⱥɞɚɦɚɪɚ. 
ɇɚ ɝɪɚɮɢɱɟɫɤɨɦ ɢɡɨɛɪɚɠɟɧɢɢ ɚɜɬɨɤɨɪɪɟɥɹɰɢɢ ɦɚɬɪɢɰɵ Ⱥɞɚɦɚɪɚ ɡɚɦɟɬɟɧ 
ɡɧɚɱɢɬɟɥɶɧɵɣ ɜɫɩɥɟɫɤ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ. Ɍɚɤɢɟ ɚɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɵɟ 
ɫɜɨɣɫɬɜɚ, ɞɨɦɢɧɢɪɨɜɚɧɢɟ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɢɤɚ ɧɚɞ ɛɨɤɨɜɵɦɢ ɥɟɩɟɫɬɤɚɦɢ, 
ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɫɢɧɬɟɡɚ ɢ ɚɧɚɥɢɡɚ (ɪɚɫɩɨɡɧɚɜɚɧɢɹ) ɧɟɤɨɬɨɪɵɯ 
ɲɢɪɨɤɨɩɨɥɨɫɧɵɯ ɫɢɝɧɚɥɨɜ. 

 

 
Ɋɢɫɭɧɨɤ 19. ȼɢɡɭɚɥɢɡɚɰɢɹ ɦɚɬɪɢɰɵ Ⱥɞɚɦɚɪɚ 16×16 ɢ ɟɺ 

ɚɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ (ɨɤɧɨ MatLab) 

1.14. ȼɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 

ɇɟɤɨɬɨɪɵɟ ɫɢɝɧɚɥɵ, ɨɛɵɱɧɨ ɩɪɢɫɭɳɢɟ ɫɥɨɠɧɵɦ ɫɢɫɬɟɦɚɦ, 
ɧɚɢɥɭɱɲɢɦ ɨɛɪɚɡɨɦ ɩɨɞɜɟɪɝɚɸɬɫɹ ɞɟɤɨɦɩɨɡɢɰɢɢ ɫ ɩɨɦɨɳɶɸ ɜɟɣɜɥɟɬ-

ɮɭɧɤɰɢɣ. ȼ ɪɚɦɤɚɯ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ (ɚɧɝɥ. WT – wavelet transform) 

ɢɫɯɨɞɧɵɟ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɢ ɬɚɤɠɟ ɧɚɡɵɜɚɸɬ ɩɨɪɨɠɞɚɸɳɢɦɢ 
ɪɨɞɢɬɟɥɶɫɤɢɦɢ ɜɟɣɜɥɟɬɚɦɢ. ɉɨɪɨɠɞɚɸɳɢɣ ɢɥɢ ɪɨɞɢɬɟɥɶɫɤɢɣ ɜɟɣɜɥɟɬ (ɢɥɢ 
ɤɨɦɩɥɟɤɫɧɚɹ ɩɚɪɚ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɣ) ɫɜɹɡɚɧ ɫ ɩɨɪɨɠɞɺɧɧɵɦ ɫɟɦɟɣɫɬɜɨɦ 
ɱɟɪɟɡ ɩɚɪɚɦɟɬɪɵ  –  ɦɚɫɲɬɚɛɚ (ɪɚɫɬɹɠɟɧɢɹ, ɫɠɚɬɢɹ) ɢ  – ɫɞɜɢɝɚ. 
ɉɨɪɨɠɞɺɧɧɵɟ ɜɟɣɜɥɟɬɵ ɢɦɟɸɬ ɜɢɞ: 

.     (61) 

 ɉɪɹɦɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ (ɚɧɚɥɢɡ) Д25-27]  ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɢɝɧɚɥɚ  

ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɜɵɪɚɠɟɧɢɹ: 
,   (62) 
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ɝɞɟ  – ɩɚɪɚɦɟɬɪ ɪɚɫɬɹɠɟɧɢɹ ɢɥɢ ɫɠɚɬɢɹ ɜɟɣɜɥɟɬɚ,  – ɩɚɪɚɦɟɬɪ 
ɜɪɟɦɟɧɧɨɝɨ ɫɞɜɢɝɚ ɜɟɣɜɥɟɬɚ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜɵɪɚɠɟɧɢɟ (62) ɟɫɬɶ ɪɚɫɱɺɬ 
ɤɨɪɪɟɥɹɰɢɢ ɫɢɝɧɚɥɚ  ɢ ɜɟɣɜɥɟɬɚ . 

Ɉɛɪɚɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ (ɫɢɧɬɟɡ) ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɢɝɧɚɥɚ  

ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɜɵɪɚɠɟɧɢɹ: 
,   (63) 

ɝɞɟ  – ɩɨɫɬɨɹɧɧɚɹ ɞɨɩɭɫɬɢɦɨɫɬɢ. 
ȼɟɣɜɥɟɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɥɢɧɟɣɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ, ɬ.ɤ. 

ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɫɜɨɣɫɬɜɚɦɢ:  
– ɚɞɞɢɬɢɜɧɨɫɬɢ 

, (64) 

– ɨɞɧɨɪɨɞɧɨɫɬɢ 

,    (65) 

ɝɞɟ   – ɧɟɤɨɬɨɪɵɣ ɩɨɫɬɨɹɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ. 
ȼɟɣɜɥɟɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɢɧɜɚɪɢɚɧɬɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɞɜɢɝɚ ɢ 

ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ. ɋɞɜɢɝ ɫɢɝɧɚɥɚ ɧɚ  ɩɪɢɜɨɞɢɬ ɤ ɷɤɜɢɜɚɥɟɧɬɧɨɦɭ ɫɞɜɢɝɭ 
ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɧɚ : 

.    (66) 

Ɇɚɫɲɬɚɛɢɪɨɜɚɧɢɟ (ɪɚɫɬɹɠɟɧɢɟ ɢɥɢ ɫɠɚɬɢɟ) ɫɢɝɧɚɥɚ ɧɚ  ɩɪɢɜɨɞɢɬ ɤ 
ɷɤɜɢɜɚɥɟɧɬɧɨɦɭ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɸ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɧɚ : 

.     (67) 

ɋɜɨɣɫɬɜɚ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ: 
      (68) 

ɢ 

.    (69) 

ȼɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɧɚ ɛɚɡɟ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɢ ɛɢɨɪɬɨɝɨɧɚɥɶɧɵɯ 

ɜɟɣɜɥɟɬɨɜ ɫɨɯɪɚɧɹɟɬ ɷɧɟɪɝɢɸ ɫɢɝɧɚɥɚ Д28Ж, ɱɬɨ ɦɨɠɧɨ ɨɛɨɡɧɚɱɢɬɶ ɤɚɤ 
ɚɧɚɥɨɝ ɬɟɨɪɟɦɵ ɉɚɪɫɟɜɚɥɹ: 

.    (70) 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɧɨ 
ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɨɛɪɚɡ ɫɢɝɧɚɥɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ( ), ɬ.ɟ. ɮɚɤɬɢɱɟɫɤɢ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ ɱɚɫɬɨɬɚ-ɜɪɟɦɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 
ɩɨɡɜɨɥɹɟɬ ɥɨɤɚɥɢɡɨɜɚɬɶ ɫɩɟɤɬɪ ɫɢɝɧɚɥɚ, ɩɨɞɨɛɧɨ ɨɤɨɧɧɨɦɭ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɸ Ɏɭɪɶɟ. 
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ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɪɚɫɫɦɨɬɪɢɦ ɜɢɡɭɚɥɢɡɚɰɢɸ ɪɟɡɭɥɶɬɚɬɚ ɜɟɣɜɥɟɬ-

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɝɧɚɥɚ , 

ɩɨɥɭɱɟɧɧɨɝɨ ɧɚ ɨɫɧɨɜɟ ɩɨɤɚɡɚɬɟɥɶɧɨɣ ɢ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ. Ƚɪɚɮɢɤ 
ɫɢɝɧɚɥɚ ɢɡɨɛɪɚɠɺɧ ɧɚ ɪɢɫ. 20. 

 
Ɋɢɫɭɧɨɤ 20. ɋɢɝɧɚɥ  

 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 21, ɩɨɞɨɛɧɵɟ ɝɪɚɮɢɤɢ 

ɜɢɡɭɚɥɢɡɚɰɢɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɜ ɡɚɪɭɛɟɠɧɨɣ 
ɥɢɬɟɪɚɬɭɪɟ ɧɚɡɵɜɚɸɬ Wavelet Scalogram (ɚɧɝɥ.) [29]. ȼ ɨɬɟɱɟɫɬɜɟɧɧɨɣ 
ɥɢɬɟɪɚɬɭɪɟ ɩɨɞɨɛɧɵɟ ɝɪɚɮɢɤɢ ɨɛɵɱɧɨ ɧɚɡɵɜɚɸɬ ɜɟɣɜɥɟɬ-ɫɩɟɤɬɪɨɝɪɚɦɦɚ. 
Ⱥɧɚɥɢɡ ɜɟɣɜɥɟɬ, ɫɩɟɤɬɪɨɝɪɚɦɦ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɞɨɫɬɚɬɨɱɧɨ 
ɯɨɪɨɲɟɣ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɨɜ, ɜɵɹɜɥɟɧɚ ɧɢɡɤɨɱɚɫɬɨɬɧɚɹ 
ɫɨɫɬɚɜɥɹɸɳɚɹ ( -ɧɚɹ) ɢ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫ ɧɚɪɚɫɬɚɸɳɟɣ ɱɚɫɬɨɬɨɣ ɤ 
ɤɪɚɹɦ ɨɬ ɰɟɧɬɪɚ ɨɩɪɟɞɟɥɟɧɢɹ ɫɢɝɧɚɥɚ ( -ɧɚɹ). ɉɪɢɱɺɦ ɛɥɚɝɨɞɚɪɹ 
ɝɚɪɦɨɧɢɱɟɫɤɨɦɭ ɯɚɪɚɤɬɟɪɭ ȼɆ ɝɚɪɦɨɧɢɱɟɫɤɢɟ ɱɚɫɬɨɬɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ 
ɨɩɪɟɞɟɥɟɧɵ ɛɟɡ ɪɚɡɪɵɜɨɜ (ɪɢɫ. 21, ɚ.), ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ȼȽ 
ɞɚɺɬ ɫɩɟɤɬɪɨɝɪɚɦɦɭ ɫ ɹɜɧɵɦɢ ɩɟɪɢɨɞɢɱɟɫɤɢɦɢ ɩɪɨɜɚɥɚɦɢ ɜ ɫɩɟɤɬɪɟ (ɪɢɫ. 
21, ɛ.), ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɮɨɪɦɨɣ ȼȽ, ɤɨɬɨɪɵɣ ɞɚɺɬ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɢɟ 
ɡɧɚɱɟɧɢɹ ɤɨɪɪɟɥɹɰɢɢ ɜ ɨɛɥɚɫɬɢ (ɜɫɩɥɟɫɤɨɜ) ɦɚɤɫɢɦɭɦɨɜ ɢ ɦɢɧɢɦɭɦɨɜ 
ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɚɧɚɥɢɡɚ 
ɫɢɝɧɚɥɨɜ ɧɟɨɛɯɨɞɢɦɨ ɬɳɚɬɟɥɶɧɨ ɜɵɛɢɪɚɬɶ ɫɟɦɟɣɫɬɜɨ ɚɧɚɥɢɡɢɪɭɸɳɢɯ 
ɜɟɣɜɥɟɬɨɜ. ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ, ɭɱɢɬɵɜɚɹ ɫɩɟɰɢɮɢɤɭ ɫɢɝɧɚɥɚ, 
ɧɟɨɛɯɨɞɢɦɨ ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɫɩɟɰɢɚɥɶɧɵɟ ɜɟɣɜɥɟɬɵ, ɢɫɩɨɥɶɡɭɹ ɤɨɬɨɪɵɟ, 

ɦɨɠɧɨ ɨɠɢɞɚɬɶ ɧɚɢɥɭɱɲɢɣ ɪɟɡɭɥɶɬɚɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. ɗɬɨ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ 
ɢɡ ɩɪɢɱɢɧ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɦɧɨɝɨɨɛɪɚɡɢɹ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɣ, ɦɧɨɝɢɟ ɢɡ 
ɤɨɬɨɪɵɯ ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɧɚ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɨɩɪɟɞɟɥɺɧɧɵɯ ɤɥɚɫɫɨɜ 
ɫɢɝɧɚɥɨɜ ɢ ɞɪɭɝɢɟ ɡɚɞɚɱɢ ɚɧɚɥɢɡɚ ɢ ɫɢɧɬɟɡɚ. 
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Ɋɢɫɭɧɨɤ 21. ȼɢɡɭɚɥɢɡɚɰɢɹ ɪɟɡɭɥɶɬɚɬɚ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ: ɚ. – ɞɥɹ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧ ȼɆ; ɛ. – ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧ ȼȽ 
(ɜɬɨɪɚɹ ɩɪɨɢɡɜɨɞɧɚɹ) 

 

ɉɪɨɝɪɚɦɦɧɚɹ ɫɪɟɞɚ MatLab ɢɦɟɟɬ ɪɚɡɜɢɬɵɟ ɢɧɫɬɪɭɦɟɧɬɵ 

ɩɪɢɦɟɧɟɧɢɹ ɜɟɣɜɥɟɬ-ɮɭɧɤɰɢɣ ɜ ɡɚɞɚɱɚɯ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ [28, 29]. 

MatLab ɩɨɡɜɨɥɹɟɬ ɩɨɥɶɡɨɜɚɬɟɥɸ ɩɪɨɢɡɜɨɞɢɬɶ ɬɪɚɞɢɰɢɨɧɧɵɣ ɚɧɚɥɢɡ ɫ 
ɩɨɦɨɳɶɸ ɧɚɩɢɫɚɧɢɹ ɤɨɞɚ, ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɢɡɭɚɥɶɧɵɣ ɞɢɡɚɣɧɟɪ, 

ɜɵɡɵɜɚɟɦɵɣ ɮɭɧɤɰɢɟɣ wavemenu, ɩɪɢɦɟɧɹɬɶ ɫɪɟɞɫɬɜɚ ɜɢɡɭɚɥɶɧɨɝɨ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Simulink. 
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2. ɇЕɄɈɌɈɊɕЕ ɉɊɂɆЕɊɕ ɉɊɈȽɊȺɆɆɇɈɃ ɊЕȺɅɂɁȺɐɂɂ 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɟɤɨɬɨɪɵɟ ɮɭɧɤɰɢɢ, ɪɚɡɪɚɛɨɬɚɧɧɵɟ 
ɜ ɫɪɟɞɟ ɋȺɉɊ MatLab ɞɥɹ ɚɧɚɥɢɡɚ ɢ ɫɢɧɬɟɡɚ ɲɢɪɨɤɨɩɨɥɨɫɧɵɯ ɫɢɝɧɚɥɨɜ. 
Ʉɚɠɞɚɹ ɮɭɧɤɰɢɹ ɫɨɞɟɪɠɢɬ ɤɨɦɦɟɧɬɚɪɢɢ, ɚ ɛɥɚɝɨɞɚɪɹ ɹɫɧɨɦɭ ɢ 
ɥɚɤɨɧɢɱɧɨɦɭ ɹɡɵɤɭ MatLab ɤɨɞɵ ɮɭɧɤɰɢɣ ɞɨɫɬɚɬɨɱɧɨ ɥɟɝɤɨ 
ɜɨɫɩɪɢɧɢɦɚɸɬɫɹ. 

 

Ʌɢɫɬɢɧɝ 2.1. Ɏɭɧɤɰɢɹ ɫɢɧɬɟɡɚ ɤɨɦɩɥɟɤɫɧɨɝɨ ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ɜɟɣɜɥɟɬɚ 
function [PSI,X] = mi_cgarm( Lb, Ub, N, Fc ) 
%% =========================================================== 
%% mi_cgarm - ɮɭɧɤɰɢɹ ɫɢɧɬɟɡɚ  
%             ɤɨɦɩɥɟɤɫɧɨɝɨ ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ɜɟɣɜɥɟɬɚ 
% ɜɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ: 
%   LB - ɦɟɧɶɲɚɹ ɝɪɚɧɢɰɚ ɚɪɝɭɦɟɧɬɚ  
%   UB - ɛɨɥɶɲɚɹ ɝɪɚɧɢɰɚ ɚɪɝɭɦɟɧɬɚ  
%   N  - ɱɢɫɥɨ ɬɨɱɟɤ ɜ ɪɟɡɭɥɶɬɢɪɭɸɳɟɦ ɦɚɫɫɢɜɟ 
%   FC - ɰɟɧɬɪɚɥɶɧɚɹ ɱɚɫɬɨɬɚ 
% ɜɨɡɜɪɚɳɚɟɬ: [PSI,X] 
%   PSI – ɨɬɫɱɺɬɵ ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ɜɟɣɜɥɟɬɚ 
%   X   - ɚɪɝɭɦɟɧɬ  
%% =========================================================== 
    X = linspace(Lb,Ub,N);  % ɚɪɝɭɦɟɧɬ ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ɜɟɣɜɥɟɬɚ     
    PSI   = ((pi)^(-0.5)).*exp(2*i*pi*Fc*X); 
end 

 

Ʌɢɫɬɢɧɝ 2.1. Ɏɭɧɤɰɢɹ ɫɢɧɬɟɡɚ ɤɨɦɩɥɟɤɫɧɨɝɨ ɦɨɞɭɥɢɪɨɜɚɧɧɨɝɨ 

ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ɜɟɣɜɥɟɬɚ 
function [PSI,X] = mi_cwgarm( Lb, Ub, N, Fc ) 
%% =========================================================== 
%% mi_cwgarm - ɮɭɧɤɰɢɹ ɫɢɧɬɟɡɚ  
%        ɤɨɦɩɥɟɤɫɧɨɝɨ ɦɨɞɭɥɢɪɨɜɚɧɧɨɝɨ ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ɜɟɣɜɥɟɬɚ 
% ɜɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ: 
%   LB - ɦɟɧɶɲɚɹ ɝɪɚɧɢɰɚ ɚɪɝɭɦɟɧɬɚ 
%   UB - ɛɨɥɶɲɚɹ ɝɪɚɧɢɰɚ ɚɪɝɭɦɟɧɬɚ 
%   N  - ɱɢɫɥɨ ɬɨɱɟɤ ɜ ɪɟɡɭɥɶɬɢɪɭɸɳɟɦ ɦɚɫɫɢɜɟ 
%   FC - ɰɟɧɬɪɚɥɶɧɚɹ ɱɚɫɬɨɬɚ 
% ɜɨɡɜɪɚɳɚɟɬ: [PSI,X] 
%   PSI – ɨɬɫɱɺɬɵ ɦɨɞɭɥɢɪɨɜɚɧɧɨɝɨ ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ɜɟɣɜɥɟɬɚ 
%   X   - ɚɪɝɭɦɟɧɬ  
%% =========================================================== 
    X = linspace(Lb,Ub,N);          %  
    Xmult = sin(linspace(0,pi,N));  %  
    PSI   = ((pi)^(-0.5)).*Xmult.*exp(2*i*pi*Fc*X); 
end 

 

Ʌɢɫɬɢɧɝ 2.3. Ɏɭɧɤɰɢɹ ɫɢɧɬɟɡɚ ɤɨɦɩɥɟɤɫɧɨɝɨ ɦɟɚɧɞɪɨɜɨɝɨ ɜɟɣɜɥɟɬɚ 
function [PSI,X] = mi_cmeandr( Lb, Ub, N, Fc ) 
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%mi_cgarm - ɮɭɧɤɰɢɹ ɫɢɧɬɟɡɚ ɤɨɦɩɥɟɤɫɧɨɝɨ ɦɟɚɧɞɪɨɜɨɝɨ ɜɟɣɜɥɟɬɚ 
% ɜɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ: 
%   LB - ɦɟɧɶɲɚɹ ɝɪɚɧɢɰɚ ɚɪɝɭɦɟɧɬɚ  
%   UB - ɛɨɥɶɲɚɹ ɝɪɚɧɢɰɚ ɚɪɝɭɦɟɧɬɚ  
%   N  - ɱɢɫɥɨ ɬɨɱɟɤ ɜ ɪɟɡɭɥɶɬɢɪɭɸɳɟɦ ɦɚɫɫɢɜɟ 
%   FC - ɰɟɧɬɪɚɥɶɧɚɹ ɱɚɫɬɨɬɚ 
% ɜɨɡɜɪɚɳɚɟɬ: [PSI,X] 
%   PSI - ɨɬɫɱɺɬɵ ɦɟɚɧɞɪɨɜɨɝɨ ɜɟɣɜɥɟɬɚ 
%   X   - ɚɪɝɭɦɟɧɬ ɦɟɚɧɞɪɨɜɨɝɨ ɜɟɣɜɥɟɬɚ 
%% =========================================================== 
    X = linspace(Lb,Ub,N); % ɚɪɝɭɦɟɧɬ ɦɟɚɧɞɪɨɜɨɝɨ ɜɟɣɜɥɟɬɚ 
    NP2 = round(N/(2*Fc)); 
    psi_re  = zeros(1,N); 
    psi_im  = zeros(1,N); 
    arg = -1; 
    for ns = 1:NP2:N 
      if N-ns < NP2 
        psi_im(ns:end) = arg; 
        break; 
      end 
      psi_im(ns:ns+NP2-1) = arg; 
      arg = -arg; 
    end 
    psi_re = circshift(psi_im, [0 round(NP2/2)]); 
    PSI    = psi_re + 1i.*psi_im; 
end 
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