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Ⱥɧɧɨɬɚɰɢɹ  

ȼ ɫɬɚɬɶɟ ɩɪɢɜɟɞɟɧ ɚɧɚɥɢɡ ɨɫɧɨɜɧɵɯ ɦɟɬɨɞɨɜ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɤɚɤ ɢɧɫɬɪɭɦɟɧɬɚ 
ɨɛɪɚɛɨɬɤɢ ɷɦɩɢɪɢɱɟɫɤɢɯ ɞɚɧɧɵɯ. ɉɪɢɜɟɞɟɧɵ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ 
ɢ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ (ɜ ɧɟɩɪɟɪɵɜɧɨɣ ɢ ɞɢɫɤɪɟɬɧɨɣ ɮɨɪɦɚɯ), ɨɩɢɫɚɧɵ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ 
ɧɟɞɨɫɬɚɬɤɢ ɞɚɧɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ. Ɍɚɤɠɟ ɩɪɢɜɟɞɟɧ ɤɪɚɬɤɢɣ ɚɧɚɥɢɡ ɩɪɢɦɟɧɟɧɢɹ 
ɨɞɧɨɦɟɪɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɢ ɤɪɨɫɫ-ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɞɥɹ ɨɛɪɚɛɨɬɤɢ 
ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ, ɨɬɦɟɱɟɧɵ ɨɛɥɚɫɬɢ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɪɚɫɫɦɨɬɪɟɧɧɵɯ 
ɩɨɞɯɨɞɨɜ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ. Ɋɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɫɩɟɤɬɪɚɥɶɧɨɝɨ 
ɚɧɚɥɢɡɚ, ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɪɚɫɫɦɨɬɪɟɧɵ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜ 
ɦɟɞɢɰɢɧɟ ɢ ɮɢɡɢɤɟ. Ɋɚɫɫɦɨɬɪɟɧɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɚ ɬɟɤɭɳɟɦ ɷɬɚɩɟ 
ɪɚɡɜɢɬɢɹ ɧɚɭɤɢ ɢ ɬɟɯɧɢɤɢ, ɢ ɢɦɟɸɬ ɩɟɪɫɩɟɤɬɢɜɵ ɩɪɢɦɟɧɟɧɢɹ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ. 
ɉɨɤɚɡɚɧɨ, ɱɬɨ ɫɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɚɧɚɥɢɡɚ 
ɷɦɩɢɪɢɱɟɫɤɢɯ ɞɚɧɧɵɯ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ; ɜɟɣɜɥɟɬ-ɚɧɚɥɢɡ; ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ; 
ɷɦɩɢɪɢɱɟɫɤɢɟ ɞɚɧɧɵɟ. 
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ȺЛЬЭЫКМЭ 
The article analyzes the main methods of spectral analysis as a tool for empirical data processing. 

The theoretical foundations of the Fourier transform and wavelet transform (in continuous and 

discrete forms) are presented, advantages and disadvantages of these transformations are described. 

A brief analysis of the application of a one-dimensional Fourier transform and cross-spectral 

analysis for the processing of time series is also given, areas of the preferred application of the 

considered data analysis approaches are noted. The main fields of application of spectral analysis 

are considered, the areas of wavelet transform application in medicine and physics are considered 

in more detail. The considered transformations are widely used at the current stage of science and 

technology development, and they have prospects for application in various fields. It is shown that 

spectral analysis is an effective tool for empirical data analyzing. 

Keywords: spectral analysis; wavelet analysis; Fourier transform; empirical data. 

 
 

Ɍɟɪɦɢɧ «ɫɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡɚ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɦɟɟɬ ɪɚɫɲɢɪɟɧɧɵɣ ɯɚɪɚɤɬɟɪ ɢ 
ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɫɨɜɨɤɭɩɧɨɫɬɢ ɦɟɬɨɞɨɜ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɫɬɚɜɚ 
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ɨɛɴɟɤɬɚ. ɉɟɪɜɨɧɚɱɚɥɶɧɨ ɩɨɞ ɫɩɟɤɬɪɚɥɶɧɵɦ ɚɧɚɥɢɡɨɦ ɛɵɥɨ ɩɪɢɧɹɬɨ ɩɨɧɢɦɚɬɶ ɫɩɨɫɨɛ ɨɩɪɟɞɟɥɟɧɢɹ 
ɫɨɫɬɚɜɚ ɨɛɴɟɤɬɚ ɩɨ ɟɝɨ ɫɩɟɤɬɪɭ. ȼ ɫɢɥɭ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɦɟɬɨɞɚ ɢ ɛɵɫɬɪɨɬɵ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ 
ɨɧ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɫɮɟɪɚ ɨɛɪɚɛɨɬɤɢ ɷɦɩɢɪɢɱɟɫɤɢɯ ɞɚɧɧɵɯ 
ɧɚɛɨɪɨɜ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɚɛɥɸɞɟɧɢɹ ɢɥɢ ɷɤɫɩɟɪɢɦɟɧɬɚ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɢɧɰɢɩɨɜ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɥɟɝɥɨ ɜ ɨɫɧɨɜɭ ɦɟɬɨɞɚ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɜ 
ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɜɨɣɫɬɜ ɷɦɩɢɪɢɱɟɫɤɢɯ ɧɚɛɨɪɨɜ ɞɚɧɧɵɯ ɜ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ 
ɧɚɡɵɜɚɸɬ ɱɚɫɬɨɬɧɵɦ ɚɧɚɥɢɡɨɦ ɢɥɢ ɝɚɪɦɨɧɢɱɟɫɤɢɦ ɚɧɚɥɢɡɨɦ, ɨɫɭɳɟɫɬɜɥɹɟɦɵɦ ɜ ɛɨɥɶɲɢɧɫɬɜɟ 
ɫɥɭɱɚɟɜ, ɧɚ ɨɫɧɨɜɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɢɥɢ ɜɟɣɜɥɟɬ-ɚɧɚɥɢɡɚ.  

ɋɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɟɬɨɞ ɨɛɪɚɛɨɬɤɢ ɷɦɩɢɪɢɱɟɫɤɢɯ ɞɚɧɧɵɯ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɱɚɫɬɨɬɧɵɣ ɫɨɫɬɚɜ ɢɡɦɟɪɹɟɦɨɝɨ ɩɨɬɨɤɚ ɞɚɧɧɵɯ. ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɜɵɫɬɭɩɚɟɬ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɨɫɧɨɜɨɣ, ɤɨɬɨɪɚɹ ɫɜɹɡɵɜɚɟɬ ɜɪɟɦɟɧɧɨɣ ɧɚɛɨɪ ɞɚɧɧɵɯ ɫ ɟɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɟɦ ɜ 
ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ. ȼɚɠɧɨɟ ɦɟɫɬɨ ɜ ɫɩɟɤɬɪɚɥɶɧɨɦ ɚɧɚɥɢɡɟ ɡɚɧɢɦɚɸɬ ɦɟɬɨɞɵ ɫɬɚɬɢɫɬɢɤɢ, ɬɚɤ ɤɚɤ 
ɪɟɚɥɶɧɵɟ ɫɢɝɧɚɥɵ ɦɨɝɭɬ ɢɦɟɬɶ ɫɥɭɱɚɣɧɵɣ ɯɚɪɚɤɬɟɪ ɢɥɢ ɛɵɬɶ ɡɚɲɭɦɥɟɧɵ ɩɪɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɢɥɢ 
ɢɡɦɟɪɟɧɢɢ Д1Ж. 

ɑɚɫɬɨɬɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɮɭɧɤɰɢɢ �ሺ�ሻ, ɨɩɪɟɞɟɥɟɧɧɨɣ ɧɚ ɢɧɬɟɪɜɚɥɟ ሺ−∞;∞ሻ, ɦɨɠɧɨ ɨɩɢɫɚɬɶ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ, 
      

(1) 

 

 

ɝɞɟ                                          ɹɜɥɹɟɬɫɹ ɝɚɪɦɨɧɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ ɮɭɧɤɰɢɢ  �ሺ�ሻ,  
 

ɧɚɡɵɜɚɟɬɫɹ ɩɪɹɦɵɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ Ɏɭɪɶɟ ɮɭɧɤɰɢɢ �ሺ�ሻ. 
ɋɨɫɬɨɹɧɢɟ (1) ɢɦɟɟɬ ɦɟɫɬɨ ɥɢɲɶ ɜ ɫɥɭɱɚɟ ɚɛɫɨɥɸɬɧɨɣ ɢɧɬɟɝɪɢɪɭɟɦɨɫɬɢ �ሺ�ሻ, ɬ.ɟ. ɟɫɥɢ  

 

ɫɭɳɟɫɬɜɭɟɬ ɢɧɬɟɝɪɚɥ                         ɢ �ሺ�ሻ  ɢɦɟɟɬ «ɨɝɪɚɧɢɱɟɧɧɭɸ ɜɚɪɢɚɰɢɸ» (ɬ.ɟ. ɧɟ ɦɨɠɟɬ 

 

ɦɟɬɶ ɛɟɫɤɨɧɟɱɧɨɝɨ ɱɢɫɥɚ ɦɚɤɫɢɦɭɦɨɜ ɢ ɦɢɧɢɦɭɦɨɜ) ɞɥɹ ɤɚɠɞɨɝɨ ɤɨɧɟɱɧɨɝɨ ɢɧɬɟɪɜɚɥɚ. ɋɭɳɟɫɬɜɭɟɬ 
ɦɧɨɠɟɫɬɜɨ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ ɷɬɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Д2Ж. 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɪɚɫɱɟɬɨɜ ɢ ɜɵɩɨɥɧɟɧɢɹ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɧɚɛɨɪɨɜ ɷɦɩɢɪɢɱɟɫɤɢɯ ɞɚɧɧɵɯ 
ɧɟɨɛɯɨɞɢɦɨ ɨɛɥɚɞɚɬɶ ɮɭɧɤɰɢɹɦɢ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɟɧɵ ɧɚ ɞɢɫɤɪɟɬɧɨɦ ɦɧɨɠɟɫɬɜɟ ɬɨɱɟɤ, 
ɩɟɪɢɨɞɢɱɟɫɤɨɦ ɢɥɢ ɨɝɪɚɧɢɱɟɧɧɨɦ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɢɫɤɪɟɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ, 
ɤɨɬɨɪɨɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɮɭɧɤɰɢɸ (ɯk) ɜ ɜɢɞɟ ɫɭɦɦɵ ɫɢɧɭɫɨɢɞ ɢ ɤɨɫɢɧɭɫɨɢɞ, 
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          k=0, … n-1        (2) 

ɝɞɟ f j  – ɚɦɩɥɢɬɭɞɵ Ɏɭɪɶɟ Д3Ж. 
Ɇɨɠɧɨ ɜɵɞɟɥɢɬɶ ɪɹɞ ɧɟɞɨɫɬɚɬɤɨɜ, ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɩɪɟɨɛɪɚɡɨɜɚɧɢɸ Ɏɭɪɶɟ: 
1. ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɬɨɱɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɫɨɞɟɪɠɚɧɢɟ 

ɤɚɠɞɨɣ ɱɚɫɬɨɬɵ ɜ ɧɚɛɨɪɟ ɞɚɧɧɵɯ, ɧɨ ɨɩɪɟɞɟɥɢɬɶ ɜɨ ɜɪɟɦɟɧɧɵɯ ɪɚɦɤɚɯ ɦɨɦɟɧɬ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɢ 
ɨɤɨɧɱɚɧɢɹ ɷɬɨɣ ɱɚɫɬɨɬɵ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ.  

2. Ɂɚɬɪɭɞɧɟɧ ɚɧɚɥɢɡ ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɩɨɬɨɤɨɜ, ɜ ɫɢɥɭ ɩɨɹɜɥɟɧɢɹ ɲɭɦɨɜ, ɤɨɬɨɪɵɟ ɨɛɭɫɥɨɜɥɟɧɵ 
ɦɨɦɟɧɬɚɦɢ ɪɚɡɪɵɜɨɜ ɢɥɢ ɫɤɚɱɤɨɜ. 

3. ȼ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ Ɏɭɪɶɟ ɨɬɫɭɬɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɱɚɫɬɨɬɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚɛɨɪɨɜ ɞɚɧɧɵɯ ɜ ɩɪɨɢɡɜɨɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. 

4. ɇɟɜɨɡɦɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɛɟɫɤɨɧɟɱɧɨ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɱɥɟɧɨɜ ɪɹɞɚ ɞɥɹ ɨɬɨɛɪɚɠɟɧɢɹ ɩɟɪɟɩɚɞɨɜ 
ɩɨɬɨɤɨɜ ɞɚɧɧɵɯ ɫ ɛɟɫɤɨɧɟɱɧɨɣ ɤɪɭɬɢɡɧɨɣ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ. 

5. ɉɪɢ ɛɵɫɬɪɵɯ ɜɪɟɦɟɧɧɵɯ ɢɡɦɟɧɟɧɢɹɯ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɷɦɩɢɪɢɱɟɫɤɢɯ ɞɚɧɧɵɯ 
ɨɬɫɭɬɫɬɜɭɟɬ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɥɨɤɚɥɶɧɵɯ ɫɜɨɣɫɬɜɚɯ ɧɚɛɨɪɚ ɞɚɧɧɵɯ. 
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6. ɉɪɢ ɚɧɚɥɢɡɟ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɜ ɪɟɡɭɥɶɬɚɬɟ Ɏɭɪɶɟ-ɪɚɡɥɨɠɟɧɢɹ ɞɥɹ ɰɟɥɟɣ 
ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ, ɦɨɝɭɬ ɜɨɡɧɢɤɧɭɬɶ ɨɩɪɟɞɟɥɟɧɧɵɟ ɫɥɨɠɧɨɫɬɢ, ɞɥɹ ɪɟɲɟɧɢɹ ɤɨɬɨɪɵɯ ɦɨɠɟɬ 
ɩɨɬɪɟɛɨɜɚɬɶɫɹ ɩɪɢɜɥɟɱɟɧɢɟ ɨɩɵɬɧɨɝɨ ɫɩɟɰɢɚɥɢɫɬɚ – ɞɢɚɝɧɨɫɬɚ. 

ɉɟɪɟɱɢɫɥɟɧɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ ɥɢɲɟɧɨ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ. Ɉɧɨ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ 
ɷɮɮɟɤɬɢɜɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ, ɱɟɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ: ɟɫɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɡɥɨɠɟɧɢɹ ɧɚɛɨɪɚ 
ɞɚɧɧɵɯ ɜ ɜɢɞɟ ɤɨɦɩɚɤɬɧɵɯ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ ɧɟ ɬɨɥɶɤɨ ɜ ɪɚɡɪɟɡɟ ɱɚɫɬɨɬ, ɧɨ ɢ ɩɪɢ ɫɞɜɢɝɚɯ ɜɨ 
ɜɪɟɦɟɧɢ. ɉɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɥɨɤɚɥɢɡɨɜɚɬɶ ɜɪɟɦɟɧɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɞɚɧɧɵɯ, ɩɨɜɵɲɚɟɬɫɹ 
ɢɧɮɨɪɦɚɬɢɜɧɨɫɬɶ. Ɍɟɪɦɢɧ «ɜɟɣɜɥɟɬ» ɜ ɩɟɪɟɜɨɞɟ ɫ ɚɧɝɥɢɣɫɤɨɝɨ ɨɡɧɚɱɚɟɬ ɦɚɥɟɧɶɤɚɹ, ɤɨɪɨɬɤɚɹ ɜɨɥɧɚ. 
ȼɟɣɜɥɟɬɵ – ɷɬɨ ɨɛɳɟɟ ɧɚɡɜɚɧɢɟ ɝɪɭɩɩɵ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɨɩɪɟɞɟɥɟɧɧɨɣ ɮɨɪɦɵ, ɤɨɬɨɪɵɟ 
ɥɨɤɚɥɶɧɨ ɨɩɪɟɞɟɥɟɧɵ ɜɨ ɜɪɟɦɟɧɢ ɢ ɩɨ ɱɚɫɬɨɬɟ. Ɇɧɨɠɟɫɬɜɨ ɮɭɧɤɰɢɣ ɩɨɥɭɱɚɟɬɫɹ ɢɡ ɨɫɧɨɜɧɨɣ 
ɛɚɡɨɜɨɣ ɮɭɧɤɰɢɢ ɫ ɩɨɦɨɳɶɸ ɫɞɜɢɝɨɜ ɢ ɪɚɫɬɹɠɟɧɢɣ ɩɨ ɨɫɢ ɜɪɟɦɟɧɢ Д4Ж. 

ȼɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞɨɦ, ɤɨɬɨɪɵɣ ɪɚɡɛɢɜɚɟɬ ɞɚɧɧɵɟ, ɮɭɧɤɰɢɢ ɢɥɢ 
ɨɩɟɪɚɬɨɪɵ ɧɚ ɫɨɫɬɚɜɥɹɸɳɢɟ ɫ ɪɚɡɧɵɦɢ ɱɚɫɬɨɬɚɦɢ. ɉɨɬɨɦ ɤɚɠɞɚɹ ɢɡ ɱɚɫɬɨɬ ɢɡɭɱɚɟɬɫɹ ɢ 
ɩɪɨɪɚɛɚɬɵɜɚɟɬɫɹ ɫ ɪɚɡɪɟɲɟɧɢɟɦ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɜɵɛɪɚɧɧɨɦɭ ɦɚɫɲɬɚɛɭ. ȼɟɣɜɥɟɬ-

ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɨɞɧɨɦɟɪɧɨɝɨ ɧɚɛɨɪɚ ɞɚɧɧɵɯ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɟɝɨ ɪɚɡɥɨɠɟɧɢɢ ɩɨ ɛɚɡɢɫɭ, 
ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɧɨɦɭ ɢɡ ɚɧɚɥɢɡɢɪɭɸɳɟɣ ɮɭɧɤɰɢɢ ɫ ɩɨɦɨɳɶɸ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ ɢ ɩɟɪɟɧɨɫɚ. 
ɗɥɟɦɟɧɬɨɦ ɛɚɡɢɫɚ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɯɨɪɨɲɨ ɥɨɤɚɥɢɡɨɜɚɧɧɚɹ ɮɭɧɤɰɢɹ, ɛɵɫɬɪɨ 
ɫɩɚɞɚɸɳɚɹ ɤ ɧɭɥɸ ɡɚ ɩɪɟɞɟɥɚɦɢ ɧɟɛɨɥɶɲɨɝɨ ɢɧɬɟɪɜɚɥɚ Д5Ж. 

ɉɪɹɦɨɟ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɮɭɧɤɰɢɢ (x)f
 ɢɦɟɟɬ ɜɢɞ 
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Ɂɞɟɫɶ ɩɚɪɚɦɟɬɪɵ ɫɞɜɢɝɚ ɢ ɫɠɚɬɢɹ a, b ɧɟɩɪɟɪɵɜɧɨ ɦɟɧɹɸɬɫɹ ɜɞɨɥɶ R, ɫ ɨɝɪɚɧɢɱɟɧɢɟɦ a≠0. 

Ʉɨɧɰɟɩɰɢɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɨɛɥɚɞɚɟɬ ɧɟɤɨɬɨɪɵɦɢ ɧɟɞɨɫɬɚɬɤɚɦɢ. 
ɉɚɪɚɦɟɬɪɵ a ɢ b ɜ ɮɨɪɦɭɥɟ (3) ɦɟɧɹɸɬɫɹ ɧɟɩɪɟɪɵɜɧɨ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɢɡɛɵɬɨɱɧɨɦɭ 
ɩɪɟɞɫɬɚɜɥɟɧɢɸ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ. Ʉɚɤ ɫɥɟɞɫɬɜɢɟ, ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɚɹ ɫɤɨɪɨɫɬɢ ɜɵɩɨɥɧɟɧɢɹ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɬɪɟɛɭɸɳɟɝɨ ɜɵɱɢɫɥɟɧɢɹ ɢɧɬɟɝɪɚɥɨɜ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ a ɢ b. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚɢɛɨɥɟɟ ɭɩɨɬɪɟɛɢɬɟɥɶɧɵɦɢ ɩɪɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɪɚɛɨɬɚɯ ɫ ɪɟɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ 
ɹɜɥɹɸɬɫɹ ɞɢɫɤɪɟɬɧɵɟ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ (Ⱦȼɉ) Д6Ж. 

Ɏɨɪɦɭɥɚ ɞɥɹ ɞɢɫɤɪɟɬɧɨɝɨ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨɥɭɱɚɟɬɫɹ ɢɡ ɮɨɪɦɭɥɵ (3) ɜ 
ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ a, b ɩɪɢɧɢɦɚɸɬ ɬɨɥɶɤɨ ɞɢɫɤɪɟɬɧɵɟ ɡɧɚɱɟɧɢɹ: ܽ = ܽ0�, ܾ = �ܾ0ܽ0�, m, n 

ɩɪɨɛɟɝɚɸɬ ɡɧɚɱɟɧɢɹ ɢɡ Z, ɜɟɥɢɱɢɧɵ a0 >1, b0>0, – ɮɢɤɫɢɪɨɜɚɧɧɵɟ. 
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Ɋɚɡɧɵɟ ɡɧɚɱɟɧɢɹ m ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɚɡɧɨɣ ɲɢɪɢɧɟ ɜɟɣɜɥɟɬɨɜ, ɩɨɷɬɨɦɭ ɭɡɤɢɟ (ɜɵɫɨɤɢɟ ɱɚɫɬɨɬɵ) 
ɜɟɣɜɥɟɬɵ ɫɞɜɢɝɚɸɬɫɹ ɦɚɥɵɦɢ ɲɚɝɚɦɢ, ɱɬɨɛɵ ɩɨɤɪɵɬɶ ɜɟɫɶ ɜɪɟɦɟɧɧɨɣ ɫɩɟɤɬɪ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɛɨɥɟɟ 

ɲɢɪɨɤɢɟ (ɧɢɡɤɢɟ ɱɚɫɬɨɬɵ) ɜɟɣɜɥɟɬɵ ɫɞɜɢɝɚɸɬɫɹ ɛɨɥɶɲɢɦɢ ɲɚɝɚɦɢ Д6Ж.  

ɇɚ ɨɫɧɨɜɟ ɪɚɡɥɢɱɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥ ɬɚɤɠɟ ɦɟɬɨɞ ɚɧɚɥɢɡɚ 
ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ ɧɚ ɨɫɧɨɜɟ ɤɪɨɫɫ-ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɢɥɢ ɚɧɚɥɢɡɚ ɜɡɚɢɦɧɵɯ ɫɩɟɤɬɪɨɜ. 

ɋɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ ɨɫɧɨɜɚɧ ɧɚ ɩɨɫɬɪɨɟɧɢɢ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɞɚɧɧɵɯ. ɐɟɥɶɸ ɷɬɨɝɨ 
ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɪɚɡɥɨɠɟɧɢɟ ɤɨɦɩɥɟɤɫɧɵɯ ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ ɫ ɰɢɤɥɢɱɟɫɤɢɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɧɚ 
ɧɟɫɤɨɥɶɤɨ ɨɫɧɨɜɧɵɯ ɫɢɧɭɫɨɢɞɚɥɶɧɵɯ ɮɭɧɤɰɢɣ ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ ɞɥɢɧɨɣ ɜɨɥɧ. ɋɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ 
ɯɨɪɨɲɨ ɩɨɞɯɨɞɢɬ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɭɳɟɫɬɜɟɧɧɵɯ ɩɟɪɢɨɞɢɱɟɫɤɢɟ ɤɨɦɩɨɧɟɧɬɨɜ: ɜ ɢɫɫɥɟɞɭɟɦɵɯ 
ɜɪɟɦɟɧɧɵɯ ɪɹɞɚɯ ɩɨɡɜɨɥɹɟɬ ɜɵɞɟɥɢɬɶ ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɨɜɬɨɪɹɸɳɢɟɫɹ ɰɢɤɥɵ ɪɚɡɥɢɱɧɨɣ ɞɥɢɧɧɵ. 
Ƚɥɚɜɧɨɟ ɨɬɥɢɱɢɟ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɨɬ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɝɨ ɫɝɥɚɠɢɜɚɧɢɹ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɤɨɬɨɪɨɝɨ ɞɥɢɧɚ ɫɟɡɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬ ɢɡɜɟɫɬɧɚ ɢɥɢ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɜɨɡɦɨɠɧɨɫɬɢ 
ɪɚɫɩɨɡɧɚɬɶ ɫɟɡɨɧɧɵɟ ɤɨɥɟɛɚɧɢɹ ɪɚɡɥɢɱɧɨɣ ɞɥɢɧɵ. 

Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɟɡɨɧɧɵɯ ɢ ɰɢɤɥɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ ɛɨɥɶɲɟ ɜɫɟɝɨ ɩɨɞɯɨɞɢɬ ɩɪɢɦɟɧɟɧɢɟ 
ɨɞɧɨɦɟɪɧɵɯ ɪɹɞɨɜ Ɏɭɪɶɟ. ɋɟɡɨɧɧɚɹ ɤɨɦɩɨɧɟɧɬɚ ɜɪɟɦɟɧɧɨɝɨ ɪɹɞɚ ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɥɨɠɟɧɚ ɜ ɪɹɞ 
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Ɏɭɪɶɟ. Ɋɹɞɵ Ɏɭɪɶɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɪɚɡɧɨɜɢɞɧɨɫɬɶ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ. ɋ ɩɨɦɨɳɶ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɜ ɫɬɪɭɤɬɭɪɟ ɜɪɟɦɟɧɧɨɝɨ ɪɹɞɚ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɢɤ 
ɨɬɤɥɨɧɟɧɢɣ ɨɬ ɬɪɟɧɞɚ ɢ ɪɚɫɫɱɢɬɚɬɶ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɤɨɦɩɨɧɟɧɬɵ ɪɹɞɚ. 

Ɇɟɬɨɞ ɛɵɫɬɪɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɩɪɢɦɟɧɹɸɬ ɩɪɢ ɚɧɚɥɢɡɟ ɪɹɞɨɜ ɛɨɥɶɲɨɣ ɪɚɡɦɟɪɧɨɫɬɢ, 
ɬɚɤ ɤɚɤ ɩɪɢɦɟɧɟɧɢɟ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɩɨɡɜɨɥɹɟɬ ɫɨɤɪɚɬɢɬɶ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ 
ɪɹɞɚ, ɚ ɬɚɤɠɟ ɡɚɞɚɱ ɛɵɫɬɪɨɝɨ ɩɨɢɫɤɚ, ɛɵɫɬɪɨɝɨ ɦɚɬɪɢɱɧɨɝɨ ɭɦɧɨɠɟɧɢɹ. 

Ʉɪɨɫɫ-ɫɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ ɹɜɥɹɟɬɫɹ ɪɚɡɜɢɬɵɦ ɩɪɨɞɨɥɠɟɧɢɟɦ ɨɞɧɨɦɟɪɧɨɝɨ ɚɧɚɥɢɡ Ɏɭɪɶɟ ɢ 
ɩɨɡɜɨɥɹɟɬ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɜɚ ɪɹɞɚ. Ʉɪɨɫɫ-ɫɩɟɤɬɪ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɥɹ ɩɚɪɵ 
ɫɬɚɰɢɨɧɚɪɧɵɯ ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ ɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɧɚ ɪɚɡɥɢɱɧɵɯ ɱɚɫɬɨɬɚɯ. 

ȼɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɨɛɥɚɞɚɸɬ ɜɫɟɦɢ ɞɨɫɬɨɢɧɫɬɜɚɦɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ Ɏɭɪɶɟ, ɤɪɨɦɟ ɬɨɝɨ ɭ 
ɧɢɯ ɟɫɬɶ ɪɹɞ ɫɜɨɢɯ ɩɪɟɢɦɭɳɟɫɬɜ: 

 ȼɟɣɜɥɟɬɧɵɟ ɛɚɡɢɫɵ ɭɞɨɛɧɟɟ ɥɨɤɚɥɢɡɨɜɵɜɚɬɶ ɜɨ ɜɪɟɦɟɧɢ ɢ ɩɨ ɱɚɫɬɨɬɟ;  
 Ɇɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɬɨɥɶɤɨ ɬɟ ɦɚɫɲɬɚɛɧɵɟ ɭɪɨɜɧɢ ɪɚɡɥɨɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ 

ɢɧɬɟɪɟɫ; 
 ɋɪɟɞɢ ɷɦɩɢɪɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɥɨɤɚɥɢɡɨɜɚɧɧɵɯ ɪɚɡɧɨɦɚɫɲɬɚɛɧɵɯ ɩɪɨɰɟɫɫɨɜ ɦɨɠɧɨ 

ɜɵɞɟɥɢɬɶ ɨɩɪɟɞɟɥɟɧɧɵɟ ɦɚɫɲɬɚɛɧɵɟ ɭɪɨɜɧɢ ɪɚɡɥɨɠɟɧɢɹ; 
 Ȼɚɡɢɫɧɵɟ ɜɟɣɜɥɟɬɵ ɦɨɠɧɨ ɪɟɚɥɢɡɨɜɚɬɶ ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɣ ɪɚɡɥɢɱɧɨɣ ɝɥɚɞɤɨɫɬɢ. 
ȿɞɢɧɫɬɜɟɧɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɨɫɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. 
ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ. Ⱦɚɥɟɟ ɩɪɟɞɦɟɬɧɨ 

ɩɨɹɫɧɢɦ ɤɚɤ ɢɦɟɧɧɨ ɫɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɪɟɝɢɫɬɪɚɰɢɢ 
ɷɦɩɢɪɢɱɟɫɤɢɯ ɞɚɧɧɵɯ.  

 

 
Ɋɢɫ. 1. Ɉɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ 

Fig. 1. Areas of application of spectral analysis 

 

ȼ ɚɫɬɪɨɮɢɡɢɤɟ ɫɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ ɨɫɨɛɟɧɧɨ ɩɨɥɟɡɟɧ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɫɨɫɬɚɜɚ ɚɬɦɨɫɮɟɪɵ 
ɩɥɚɧɟɬɵ, ɩɨɡɜɨɥɹɟɬ ɧɟ ɬɨɥɶɤɨ ɭɫɬɚɧɨɜɢɬɶ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɛɴɟɤɬɨɜ, ɧɨ ɢ 
ɫɨɩɭɬɫɬɜɭɸɳɢɟ ɷɦɩɢɪɢɱɟɫɤɢɟ ɞɚɧɧɵɟ: ɬɟɦɩɟɪɚɬɭɪɭ, ɪɚɡɦɟɪ, ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɜɨɤɪɭɝ ɨɫɢ ɢ 
ɨɫɨɛɟɧɧɨɫɬɢ ɞɜɢɠɟɧɢɹ ɜɨɤɪɭɝ ɨɛɳɟɝɨ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ. ȼ ɦɟɬɚɥɥɭɪɝɢɢ ɢ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ 
ɫɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ ɜɵɫɬɭɩɚɟɬ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɤɨɧɬɪɨɥɹ ɨɛɴɟɦɨɜ ɫɨɞɟɪɠɚɧɢɹ 
ɩɪɢɦɟɫɟɣ ɜ ɫɵɪɶɟ ɢɥɢ ɜ ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ. ȼ ɝɟɨɷɤɨɥɨɝɢɢ ɫɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ ɩɨɡɜɨɥɹɟɬ ɜɟɫɬɢ 
ɦɨɧɢɬɨɪɢɧɝ ɢɡɦɟɧɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ, ɧɚɩɪɢɦɟɪ, ɝɢɞɪɨɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ 
Д7Ж. ȼ ɝɟɨɥɨɝɨɪɚɡɜɟɞɤɟ ɫɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ ɫɬɚɥ ɧɟɨɬɴɟɦɥɟɦɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɩɨɢɫɤɚ ɩɨɥɟɡɧɵɯ 
ɢɫɤɨɩɚɟɦɵɯ, ɚ ɬɚɤɠɟ ɛɵɫɬɪɨɝɨ ɚɧɚɥɢɡɚ ɝɨɪɧɵɯ ɩɨɪɨɞ ɢ ɫɟɣɫɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɦɟɫɬɧɨɫɬɢ. ȼ 
ɚɪɯɟɨɥɨɝɢɢ ɫɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ ɩɨɦɨɝɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɛɵɫɬɪɟɟ ɨɩɪɟɞɟɥɢɬɶ, ɢɡ ɤɚɤɢɯ ɜɟɳɟɫɬɜ 
ɢɡɝɨɬɨɜɥɟɧɚ ɬɚ ɢɥɢ ɢɧɚɹ ɧɚɯɨɞɤɚ, ɢɧɨɝɞɚ ɞɚɠɟ ɤɨɝɞɚ ɢɦɟɧɧɨ ɨɧɚ ɫɞɟɥɚɧɚ.  
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ȼɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɰɟɥɹɯ ɚɧɚɥɢɡɚ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 
ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ. Ɍɚɤɠɟ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɟɳё ɞɜɟ ɭɤɪɭɩɧɟɧɧɵɯ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ: 
ɦɟɞɢɰɢɧɚ ɢ ɮɢɡɢɤɚ (ɞɚɥɟɟ ɪɢɫɭɧɨɤ 2 ɢ ɪɢɫɭɧɨɤ3 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ).  

 
Ɋɢɫ. 2. ɉɪɢɦɟɧɟɧɢɟ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɦɟɞɢɰɢɧɟ 

Fig. 2. Application of wavelet transform in medicine 

 

ɇɚ ɪɢɫɭɧɤɟ 2 ɝɪɚɮɢɱɟɫɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɜ ɦɟɞɢɰɢɧɟ, ɜ ɤɨɬɨɪɵɯ ɚɤɬɢɜɧɨ 
ɢ ɭɫɩɟɲɧɨ ɩɪɢɦɟɧɹɟɬɫɹ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ. ɉɪɢɦɟɧɟɧɢɟ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɞɥɹ ɚɧɚɥɢɡɚ 
ɷɦɩɢɪɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɭɥɶɫɚ ɩɨɦɨɝɚɟɬ ɩɪɟɞɫɬɚɜɢɬɶ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɝɪɚɮɢɱɟɫɤɢ, ɭɱɚɫɬɜɭɟɬ 
ɜ ɩɨɫɬɪɨɟɧɢɢ ɦɟɞɢɰɢɧɫɤɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɨɦɨɝɚɟɬ ɧɚɝɥɹɞɧɨ ɨɛɨɡɧɚɱɢɬɶ 
ɡɧɚɱɢɦɵɟ ɞɥɹ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ ɩɪɢɡɧɚɤɢ. ȼɟɣɜɥɟɬ-ɩɪɟɨɛɚɡɨɜɚɧɢɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɪɚɛɨɬɟ 
ɫ ɤɨɥɢɱɟɫɬɜɟɧɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɗɄȽ, ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɟɫɬɢ ɮɢɥɶɬɪɚɰɢɸ ɩɨɤɚɡɚɬɟɥɟɣ, ɨɬɞɟɥɢɬɶ 
ɲɭɦɵ, ɢ ɞɚɠɟ ɜɵɧɟɫɬɢ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɩɨɫɬɚɧɨɜɤɟ ɞɢɚɝɧɨɡɚ, ɧɚɩɪɢɦɟɪ, ɜɵɹɜɢɬɶ ɧɟɪɟɝɭɥɹɪɧɵɟ 
ɫɟɪɞɟɱɧɵɟ ɫɨɤɪɚɳɟɧɢɹ. ɉɪɢɦɟɧɟɧɢɟ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɤ ɚɧɚɥɢɡɭ ɷɦɩɢɪɢɱɟɫɤɢɯ ɞɚɧɧɵɯ 
ɤɪɨɜɹɧɨɝɨ ɞɚɜɥɟɧɢɹ ɩɨɦɨɝɚɟɬ ɩɪɨɫɥɟɞɢɬɶ ɞɢɧɚɦɢɤɭ, ɱɬɨ ɬɚɤɠɟ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɜɚɠɧɵɦ ɩɨɤɚɡɚɬɟɥɟɦ 
ɩɪɢ ɩɨɫɬɚɧɨɜɤɟ ɞɢɚɝɧɨɡɚ. ȼɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜ ɷɥɟɬɪɨɝɚɫɬɪɨɷɧɬɟɪɨɝɪɚɮɢɢ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ 
ɩɨɫɬɪɨɟɧɢɹ ɢ ɨɬɨɛɪɚɠɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɟɣ ɚɦɩɥɢɬɭɞɵ ɝɚɫɬɪɨɫɢɝɧɚɥɚ ɨɬ ɜɪɟɦɟɧɢ ɢ ɱɚɫɬɨɬɵ. ɋɬɨɢɬɶ 
ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɱɚɫɬɨ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɦɟɞɢɰɢɧɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ 
ɫ ɰɟɥɶɸ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɢɡɨɛɪɚɠɟɧɢɟ, ɧɚɩɪɢɦɟɪ, ɜ ɰɢɮɪɨɜɨɣ ɦɚɦɨɝɪɚɮɢɢ. ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ 
ɛɟɥɤɨɜ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɩɨɡɜɨɥɹɟɬ ɭɫɬɚɧɨɜɢɬɶ ɡɚɜɢɫɢɦɨɫɬɢ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɯ 
ɧɭɤɥɟɨɬɢɞɨɜ, ɱɬɨ ɧɚɩɪɹɦɭɸ ɫɜɹɡɚɧɨ ɧɟ ɬɨɥɶɤɨ ɫ ɚɧɚɥɢɡɨɦ ɛɟɥɤɨɜ, ɧɨ ɫ ɚɧɚɥɢɡɨɦ ɰɟɩɨɱɤɢ ȾɇɄ Д8,9Ж. 
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Fig. 3. Application of wavelet transform in physics 

 

ɇɚ ɪɢɫɭɧɤɟ 3 ɝɪɚɮɢɱɟɫɤɢ ɨɬɨɛɪɚɠɟɧɵ ɨɫɧɨɜɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɜ ɮɢɡɢɤɟ, ɞɥɹ ɤɨɬɨɪɵɯ ɜɟɣɜɥɟɬ-

ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɧɟɨɬɴɟɦɥɟɦɨɣ ɱɚɫɬɶɸ ɚɧɚɥɢɡɚ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ. ȼɟɣɜɥɟɬ-

ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜ ɨɩɬɢɤɟ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɪɚɛɨɬɵ ɫ ɞɚɧɧɵɦɢ ɨɛ ɨɩɬɢɱɟɫɤɢɯ ɫɩɟɤɬɪɚɯ. ȼɟɣɜɥɟɬ-

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɭɫɩɟɲɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɷɦɩɢɪɢɱɟɫɤɢɯ ɞɚɧɧɵɯ 
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ɫɟɣɫɦɢɱɟɫɤɨɣ ɝɟɨɮɢɡɢɤɢ ɜ ɤɚɱɟɫɬɜɟ ɢɧɫɬɪɭɦɟɧɬɚ ɮɢɥɶɬɪɚɰɢɢ ɪɚɡɥɢɱɧɵɯ ɤɨɦɩɨɧɟɧɬ, ɧɚɩɪɢɦɟɪ, ɞɥɹ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɧɚ ɮɨɧɟ ɲɭɦɚ ɛɥɢɡɤɢɯ ɩɨ ɱɚɫɬɨɬɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɫɢɝɧɚɥɨɜ ɢɥɢ ɧɚɨɛɨɪɨɬ ɞɥɹ 
ɨɬɞɟɥɟɧɢɹ ɩɚɪɚɡɢɬɧɵɯ ɤɨɦɩɨɧɟɧɬ ɨɬ ɨɛɳɟɝɨ ɩɨɬɨɤɚ ɷɦɩɢɪɢɱɟɫɤɢɯ ɞɚɧɧɵɯ. Ɉɛɪɚɛɨɬɤɚ 
ɢɡɨɛɪɚɠɟɧɢɣ, ɫɢɝɧɚɥɨɜ ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɪɟɱɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɚɦɵɣ ɨɛɲɢɪɧɵɣ ɤɥɚɫɫ 
ɩɪɢɦɟɧɟɧɢɹ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɭɱɚɫɬɜɭɟɬ ɧɟ ɬɨɥɶɤɨ ɜ 
ɩɪɢɜɵɱɧɨɦ ɩɨɧɢɦɚɧɢɢ ɨɛɪɚɛɨɬɤɢ. Ⱦɚɥɟɟ ɟɝɨ ɪɟɡɭɥɶɬɚɬɵ ɩɨɦɨɝɚɸɬ «ɧɚɭɱɢɬɶ» ɬɟɯɧɢɱɟɫɤɢɟ ɢ 
ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɟ ɫɢɫɬɟɦɵ ɪɚɫɩɨɡɧɚɜɚɬɶ ɨɛɪɚɛɨɬɚɧɧɨɟ ɪɚɧɟɟ ɢɡɨɛɪɚɠɟɧɢɟ ɢɥɢ ɪɟɱɶ. Ⱦɥɹ 
ɩɨɫɬɪɨɟɧɢɹ ɦɨɞɟɥɢ ɤɜɚɧɬɨɜɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɢ ɩɪɨɰɟɫɫɚ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 
ɩɪɢɦɟɧɹɸɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɜ ɤɚɱɟɫɬɜɟ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɪɹɞɚ ɢɫɩɨɥɶɡɭɸɬ ɷɦɩɢɪɢɱɟɫɤɢɟ 
ɞɚɧɧɵɟ, ɤɨɬɨɪɵɟ ɨɩɢɫɵɜɚɥɢ ɪɚɫɩɚɞ ɹɞɟɪ ɬɹɠɟɥɵɯ ɢɨɧɨɜ ɜ ɨɞɧɨɦɟɪɧɨɦ ɮɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. Д10Ж 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɚɝɚɸ, ɱɬɨ ɫɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ ɹɜɥɹɟɬɫɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ 
ɚɧɚɥɢɡɚ ɫɜɨɣɫɬɜ ɧɚɛɨɪɨɜ ɷɦɩɢɪɢɱɟɫɤɢɯ ɞɚɧɧɵɯ. Ɇɧɨɝɨɝɪɚɧɧɨɫɬɶ ɟɝɨ ɩɪɢɦɟɧɟɧɢɹ ɨɛɭɫɥɨɜɥɟɧɚ 
ɨɬɫɭɬɫɬɜɢɟɦ ɨɝɪɚɧɢɱɟɧɢɹ ɜɵɛɨɪɚ ɦɟɠɞɭ ɤɚɱɟɫɬɜɟɧɧɵɦɢ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ. ȿɳɟ 
ɨɞɧɢɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɞɜɭɦɟɪɧɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 
ɨɞɧɨɦɟɪɧɨɝɨ ɩɨɬɨɤɚ ɞɚɧɧɵɯ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɩɨɧɹɬɢɟ ɱɚɫɬɨɬɚ ɢ ɜɪɟɦɹ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɤɚɤ 
ɧɟɡɚɜɢɫɢɦɵɟ ɩɟɪɟɦɟɧɧɵɟ. Ɍɚɤɠɟ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɹɜɥɹɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɧɟɨɛɯɨɞɢɦɨɝɨ ɧɚɛɨɪɚ ɞɚɧɧɵɯ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɡɚ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ. 
ɋɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɷɮɮɟɤɬɢɜɧɵɣ ɢɧɫɬɪɭɦɟɧɬ ɮɢɥɶɬɪɚɰɢɢ, ɜɵɹɜɥɟɧɢɹ 
ɲɭɦɨɜ, ɩɨɷɬɨɦɭ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɚ ɧɚɱɚɥɶɧɵɯ ɷɬɚɩɚɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 
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