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Ⱥɧɧɨɬɚɰɢɹ  
ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɵ ɧɟɤɨɬɨɪɵɟ ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɱɚɫɬɨɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɟɱɟɜɵɯ ɫɢɝɧɚɥɨɜ. ȼ ɱɚɫɬɧɨɫɬɢ, ɪɚɫɫɦɨɬɪɟɧɵ 
ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɣ ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɢɣ ɦɟɬɨɞ ɪɚɫɲɢɪɟɧɢɹ ɫɩɟɤɬɪɚ ɢ ɧɨɜɵɣ ɦɟɬɨɞ 
ɫɭɛɩɨɥɨɫɧɵɯ ɩɪɨɟɤɰɢɣ. ɋɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɢɣ ɦɟɬɨɞ ɫɭɛɩɨɥɨɫɧɵɯ ɩɪɨɟɤɰɢɣ ɨɫɧɨɜɚɧ ɧɚ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɭɛɩɨɥɨɫɧɨɝɨ ɚɧɚɥɢɡɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɭɛɩɨɥɨɫɧɵɯ ɦɚɬɪɢɰ. Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ 
ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɜ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɪɚɡɥɢɱɧɵɯ 
ɦɟɪ ɪɚɡɥɢɱɢɹ. Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɚɹ ɨɲɢɛɤɚ, 
ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ, ɨɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ-ɲɭɦ, ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ, ɦɟɪɚ 
ɪɚɫɫɬɨɹɧɢɹ ɂɬɚɤɭɪɵ-ɋɚɧɬɨ (ɪɚɫɫɬɨɹɧɢɟ ɧɚɢɛɨɥɶɲɟɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ). Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɦɟɬɨɞɨɜ ɢɫɩɨɥɶɡɨɜɚɧɵ ɪɟɚɥɶɧɵɟ ɪɟɱɟɜɵɟ ɫɢɝɧɚɥɵ. ɉɪɢ ɷɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ 
ɩɪɨɜɟɞɟɧɵ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɞɥɢɬɟɥɶɧɨɫɬɹɯ ɨɬɪɟɡɤɨɜ ɚɧɚɥɢɡɚ. ȼ ɪɚɛɨɬɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɦɟɬɨɞ 
ɫɭɛɩɨɥɨɫɧɵɯ ɩɪɨɟɤɰɢɣ ɜɧɨɫɢɬ ɦɟɧɶɲɟ ɢɫɤɚɠɟɧɢɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɟɬɨɞɨɦ ɪɚɫɲɢɪɟɧɢɹ 
ɫɩɟɤɬɪɚ.  
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɪɟɱɟɜɵɟ ɫɢɝɧɚɥɵ; ɫɬɟɝɚɧɨɝɪɚɮɢɹ; ɦɟɪɚ ɪɚɡɥɢɱɢɹ; ɦɟɬɨɞ ɪɚɫɲɢɪɟɧɢɹ 
ɫɩɟɤɬɪɚ; ɫɭɛɩɨɥɨɫɧɵɣ ɦɟɬɨɞ ɫɬɟɝɚɧɨɝɪɚɮɢɢ. 
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Abstract 
The paper discusses some steganographic methods based on the use of the frequency 
characteristics of the speech signal. In particular, the authors consider a widely used method of 
steganography spreading and a new method of subband projections. The subband projections 
steganographic method is based on the application of sub-band analysis using subband matrices. 
For comparison, we considered steganographic methods used in the work of several different 
measures of differences. Besides, for comparison, we used the standard error, relative error, the 
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signal-to-noise ratio, correlation coefficient, a measure of distance Itakura Santo (maximum 
likelihood distance). Real speech signals were used to research the methods. This research was 
conducted at different durations of the analysis segments. It is shown that the method of subband 
projections makes less distortion compared to the spreading method. 
Keywords: speech signals; steganography; measure of the difference; extension spectrum 
method; subband method of steganography. 

 

Ɋɚɡɜɢɬɢɟ ɫɨɜɪɟɦɟɧɧɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-

ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɧɚɩɪɚɜɥɟɧɨ ɧɚ 
ɨɛɟɫɩɟɱɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ 
ɟɫɬɟɫɬɜɟɧɧɵɯ ɞɥɹ ɱɟɥɨɜɟɤɚ ɮɨɪɦ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɨɛɦɟɧɚ. Ɉɞɧɨɣ ɢɡ ɬɚɤɢɯ ɮɨɪɦ, 
ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɭɞɨɛɧɵɯ ɞɥɹ 
ɱɟɥɨɜɟɤɚ, ɹɜɥɹɟɬɫɹ ɪɟɱɶ. ɋɨɜɪɟɦɟɧɧɵɟ 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɩɨɡɜɨɥɹɸɬ 
ɨɫɭɳɟɫɬɜɥɹɬɶ ɯɪɚɧɟɧɢɟ ɢ ɩɟɪɟɞɚɱɭ ɪɟɱɟɜɵɯ 
ɫɨɨɛɳɟɧɢɣ ɧɚ ɪɚɫɫɬɨɹɧɢɟ. Ɉɛɟɫɩɟɱɟɧɢɟ ɬɚɤɨɣ 
ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɜɟɥɨ ɤ ɛɭɪɧɨɦɭ ɪɚɡɜɢɬɢɸ 
ɬɟɯɧɨɥɨɝɢɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɜɧɟɞɪɟɧɢɟ ɜ 
ɚɭɞɢɨɡɚɩɢɫɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, 
ɤɨɬɨɪɚɹ ɧɟ ɛɭɞɟɬ ɜɨɫɩɪɢɧɢɦɚɬɶɫɹ ɨɪɝɚɧɚɦɢ 
ɱɭɜɫɬɜ ɱɟɥɨɜɟɤɚ. ɗɬɨ ɦɨɝɭɬ ɛɵɬɶ ɦɟɬɤɢ ɞɚɬɵ ɢ 
ɜɪɟɦɟɧɢ, ɦɟɬɤɢ, ɩɨɞɬɜɟɪɠɞɚɸɳɢɟ ɚɜɬɨɪɫɤɨɟ 
ɩɪɚɜɨ ɢ ɬ.ɞ. ȼɧɟɞɪɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɫɚɦ ɮɚɤɬ 
ɜɧɟɞɪɟɧɢɹ ɧɟ ɛɵɥ ɨɛɧɚɪɭɠɟɧ, ɡɚɧɢɦɚɟɬɫɹ 
ɫɬɟɝɚɧɨɝɪɚɮɢɹ. ɂɦɟɧɧɨ ɷɬɨɬ ɚɫɩɟɤɬ ɢ ɨɩɢɫɵɜɚɟɬ 
ɨɫɧɨɜɧɨɣ ɩɪɢɧɰɢɩ ɫɬɟɝɚɧɨɝɪɚɮɢɢ Д1, 5, 6, 9-12]. 

ȼ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ, ɜ 
ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɜɧɟɞɪɹɬɶɫɹ ɢɧɮɨɪɦɚɰɢɹ 
(ɤɨɧɬɟɣɧɟɪɚ), ɪɟɱɟɜɨɝɨ ɫɢɝɧɚɥɚ, ɪɟɡɭɥɶɬɚɬ 
ɜɧɟɞɪɟɧɢɹ, ɬ.ɟ. ɫɬɟɝɨɤɨɧɬɟɣɧɟɪ (ɤɨɧɬɟɣɧɟɪ ɜɦɟɫɬɟ 
ɫ ɜɧɟɞɪɟɧɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ), «ɧɚ ɫɥɭɯ» ɧɟ ɞɨɥɠɟɧ 
ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɢɫɯɨɞɧɨɝɨ ɤɨɧɬɟɣɧɟɪɚ. 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɪɟɱɟɜɨɣ ɫɢɝɧɚɥ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɵɣ ɩɪɨɰɟɫɫ, ɩɨɷɬɨɦɭ 
ɪɚɛɨɬɚ ɫɬɟɝɨɚɥɝɨɪɢɬɦɚ ɞɨɥɠɧɚ ɚɞɚɩɬɢɪɨɜɚɬɶɫɹ ɤ 
ɢɡɦɟɧɟɧɢɹɦ ɜ ɪɟɱɟɜɨɦ ɫɢɝɧɚɥɟ. Ɉɞɧɢɦ ɢɡ 
ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɫɩɨɫɨɛɨɜ ɚɧɚɥɢɡɚ ɪɟɱɟɜɵɯ 
ɫɢɝɧɚɥɨɜ ɹɜɥɹɟɬɫɹ ɱɚɫɬɨɬɧɵɣ ɚɧɚɥɢɡ. Ɋɟɡɭɥɶɬɚɬɵ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɱɚɫɬɨɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɟɱɟɜɵɯ 
ɫɢɝɧɚɥɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɪɚɡɥɢɱɧɵɦ ɡɜɭɤɚɦ 
ɪɭɫɫɤɨɣ ɪɟɱɢ, ɩɨɡɜɨɥɢɥ ɜɵɹɜɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɱɚɫɬɨɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɥɹ 
ɫɤɪɵɬɨɝɨ ɜɧɟɞɪɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ. 

Ɉɞɧɢɦ ɢɡ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ 
ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ, ɭɱɢɬɵɜɚɸɳɢɯ 
ɱɚɫɬɨɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɟɱɟɜɵɯ ɫɢɝɧɚɥɨɜ, 
ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɪɚɫɲɢɪɟɧɢɹ ɫɩɟɤɬɪɚ. ɋɭɬɶ ɦɟɬɨɞɚ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɞɨɛɚɜɥɟɧɢɢ ɤ ɨɬɪɟɡɤɭ ɢɫɯɨɞɧɨɝɨ 
ɪɟɱɟɜɨɝɨ ɫɢɝɧɚɥɚ ɩɫɟɜɞɨɫɥɭɱɚɣɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ (ɉɋɉ) ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɜɵɪɚɠɟɧɢɟɦ Д2, 13, 14Ж: 

 

     tuetxtx
mm
 ~ ,                  (1) 

ɝɞɟ  tx  – ɢɫɯɨɞɧɵɣ ɨɬɪɟɡɨɤ ɞɚɧɧɵɯ;  tu  – 

ɨɬɪɟɡɨɤ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɩɫɟɜɞɨɫɥɭɱɚɣɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ; αm – ɜɟɫɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ; 
em – ɤɨɞɨɜɨɟ ɨɬɨɛɪɚɠɟɧɢɟ ɞɜɨɢɱɧɨɝɨ ɛɢɬɚ 
ɤɨɧɬɪɨɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɩɨ 
ɮɨɪɦɭɥɟ: 

 

1e2 
mm

e , Mm ,,1 ,               (2) 

ɝɞɟ em – ɛɢɬ ɤɨɧɬɪɨɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɜ ɞɜɨɢɱɧɨɣ 
ɫɢɫɬɟɦɟ ɫɱɢɫɥɟɧɢɹ,  1,0e 

m
; M – ɨɛɴɟɦ ɫɤɪɵɬɧɨ 

ɤɨɞɢɪɭɟɦɨɣ ɤɨɧɬɪɨɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ; em – 

ɤɨɞɨɜɨɟ ɨɬɨɛɪɚɠɟɧɢɟ ɞɜɨɢɱɧɨɝɨ ɛɢɬɚ 
ɤɨɧɬɪɨɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ,  1,1

m
e ; m – 

ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɛɢɬɚ ɤɨɧɬɪɨɥɶɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ. 
 

ȼɟɫɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ αm
 ɨɩɪɟɞɟɥɹɟɬ 

ɫɤɪɵɬɧɨɫɬɶ ɫɢɫɬɟɦɵ. ȼ ɪɚɛɨɬɚɯ Д2, 14Ж ɟɝɨ 
ɩɪɟɞɥɚɝɚɟɬɫɹ ɜɵɛɢɪɚɬɶ ɪɚɜɧɵɦ: 
 

   
  2

,

tu

tutx
m
 .                       (3) 

ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ 
ɤɚɱɟɫɬɜɟ ɲɭɦɚ ɫɢɝɧɚɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ  tu , ɧɟ 
ɨɛɥɚɞɚɸɳɟɣ ɜɡɚɢɦɧɨɣ ɷɧɟɪɝɢɟɣ ɫ ɞɚɧɧɵɦɢ  tx , 

ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɶ 
ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɢ ɡɚɤɨɞɢɪɨɜɚɧɧɨɣ ɤɨɧɬɪɨɥɶɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ m

e , ɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɩɪɨɟɤɰɢɢ m

  ɩɨɜɵɲɚɟɬ ɫɤɪɵɬɧɨɫɬɶ ɤɨɧɬɪɨɥɶɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ. 

Ⱦɟɤɨɞɢɪɨɜɚɧɢɟ ɛɢɬɚ ɤɨɧɬɪɨɥɶɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ ɢɡ ɞɚɧɧɵɯ ɩɪɨɢɫɯɨɞɢɬ ɩɭɬɟɦ 
ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɤɚ ɫɤɚɥɹɪɧɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ 
ɨɬɪɟɡɤɚ ɞɚɧɧɵɯ ɢ ɩɫɟɜɞɨɫɥɭɱɚɣɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ: 
 

    tutxsigne
m

,~~  ,                    (4) 

ɝɞɟ  sign  – ɨɩɟɪɚɰɢɹ ɜɵɞɟɥɟɧɢɹ ɡɧɚɤɚ. 
 

Ɋɟɲɟɧɢɟ ɨ ɞɟɤɨɞɢɪɨɜɚɧɧɨɦ ɫɢɝɧɚɥɟ 
ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢɟɦ: 
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







0~_,1

0~_,0
e~

m

m

m
eɟɫɥɢ
eɟɫɥɢ

.                        (5) 

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɢɜɟɞɟɧɵ ɜ ɜɢɞɟ ɫɩɥɨɲɧɨɣ 
ɢɫɯɨɞɧɵɣ ɨɬɪɟɡɨɤ  tx  ɢ ɨɬɪɟɡɨɤ  tx~  ɫ 
ɡɚɤɨɞɢɪɨɜɚɧɧɨɣ ɦɟɬɨɞɨɦ ɪɚɫɲɢɪɟɧɢɹ ɫɩɟɤɬɪɚ 
ɤɨɧɬɪɨɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ (ɩɭɧɤɬɢɪ). Ɉɬɪɟɡɤɢ 
ɞɥɢɬɟɥɶɧɨɫɬɶɸ 0.032 ɫ ɡɚɩɢɫɚɧɵ ɫ ɜɱɚɫɬɨɬɨɣ 
ɞɢɫɤɪɟɬɢɡɚɰɢɢ 8ɤȽɰ ɢ ɪɚɡɪɹɞɧɨɫɬɶɸ 16 ɛɢɬ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɡɜɭɤɭ «ɚ». ɋɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɨɟ 
ɤɨɞɢɪɨɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɟɧɨ ɞɥɹ ɨɞɧɨɝɨ ɛɢɬɚ 
ɤɨɧɬɪɨɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. 

Ɋɟɡɭɥɶɬɚɬ ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɨɝɨ ɤɨɞɢɪɨɜɚɧɢɹ 
ɢɧɮɨɪɦɚɰɢɢ ɦɟɬɨɞɨɦ ɪɚɫɲɢɪɟɧɢɹ ɫɩɟɤɬɪɚ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 1, ɩɨɡɜɨɥɹɟɬ ɝɨɜɨɪɢɬɶ 
ɨ ɢɡɦɟɧɟɧɢɹɯ ɤɚɤ ɜɨ ɜɪɟɦɟɧɧɨɣ, ɬɚɤ ɢ ɜ ɱɚɫɬɨɬɧɨɣ 
ɨɛɥɚɫɬɹɯ. ȼɨ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɩɪɨɹɜɥɹɸɬɫɹ ɜ ɜɢɞɟ ɢɡɦɟɧɟɧɢɹ ɚɦɩɥɢɬɭɞɵ 
ɫɢɝɧɚɥɚ, ɤɚɤ ɜ ɦɚɤɫɢɦɚɥɶɧɵɯ, ɬɚɤ ɢ ɦɢɧɢɦɚɥɶɧɵɯ 
ɡɧɚɱɟɧɢɹɯ ɚɦɩɥɢɬɭɞɵ (ɪɢɫ. 1, ɚ). ȼ ɱɚɫɬɨɬɧɨɣ 
ɨɛɥɚɫɬɢ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɧɟɪɝɢɢ 
ɦɟɠɞɭ ɜɫɟɦɢ ɱɚɫɬɨɬɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ, 
ɨɫɨɛɟɧɧɨ ɷɬɨɬ ɷɮɮɟɤɬ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɨɛɥɚɫɬɢ 
ɱɚɫɬɨɬɧɵɯ ɤɨɦɩɨɧɟɧɬ ɫ ɦɚɥɨɣ ɞɨɥɟɣ ɷɧɟɪɝɢɢ (ɧɚ 
ɪɢɫ. 1, ɛ ɜɵɞɟɥɟɧɨ ɲɬɪɢɯɨɜɤɨɣ). 
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ɚ) ɛ) 

Ɋɢɫ. 1. Ɋɟɡɭɥɶɬɚɬ ɫɤɪɵɬɧɨɝɨ ɤɨɞɢɪɨɜɚɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɦɟɬɨɞɨɦ ɪɚɫɲɢɪɟɧɢɹ ɫɩɟɤɬɪɚ: ɚ) ɨɬɪɟɡɤɢ  tx  ɢ  tx~   

ɜɨ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ; ɛ) ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɫɩɟɤɬɪɵ  X  ɢ  X
~

 

Fig. 1. Result of the hidden information encoding with the method of spreading: a) segments  tx  and  tx~   

in the time domain; b) energy spectra  X  and  X
~

 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ 
ɨɬɪɟɡɤɚɯ ɪɟɱɟɜɵɯ ɞɚɧɧɵɯ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ 
ɡɜɭɤɚɦ ɪɭɫɫɤɨɣ ɪɟɱɢ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɨɫɧɨɜɧɵɦ 
ɞɨɫɬɨɢɧɫɬɜɨɦ ɦɟɬɨɞɚ ɪɚɫɲɢɪɟɧɢɹ ɫɩɟɤɬɪɚ 
ɹɜɥɹɟɬɫɹ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɶ ɩɪɢ ɜɵɫɨɤɨɣ 
ɫɤɪɵɬɧɨɫɬɢ. ȼ ɤɚɱɟɫɬɜɟ ɩɚɪɚɦɟɬɪɨɜ ɜɧɟɞɪɟɧɢɹ 
ɞɥɹ ɨɬɪɟɡɤɨɜ ɪɟɱɟɜɵɯ ɞɚɧɧɵɯ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ 
ɉɋɉ ɫ ɩɟɪɢɨɞɨɦ ɪɚɜɧɨɣ ɱɚɫɬɨɬɟ ɞɢɫɤɪɟɬɢɡɚɰɢɢ 

ɤȽɰ8ɞ , ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ 
ɜɚɪɶɢɪɨɜɚɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ m

  (ɨɬ 0.1 ɞɨ 
0.001) ɢ ɪɚɡɧɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ ɲɭɦ/ɫɢɝɧɚɥ (ɨɬ 
0.001 ɞɨ 1). Ʉɨɥɢɱɟɫɬɜɨ ɩɟɪɟɤɨɞɢɪɨɜɚɧɧɵɯ 
ɨɬɪɟɡɤɨɜ ɫɨɫɬɚɜɥɹɥɨ 61060  , ɪɟɡɭɥɶɬɚɬɵ ɨɰɟɧɤɢ 
ɜɟɪɨɹɬɧɨɫɬɢ ɩɨɹɜɥɟɧɢɹ ɨɲɢɛɨɱɧɨɝɨ ɛɢɬɚ ɨɲP  ɩɪɢ 
ɞɟɤɨɞɢɪɨɜɚɧɢɢ ɞɜɨɢɱɧɵɯ ɫɢɦɜɨɥɨɜ m

e  ɩɪɢɜɟɞɟɧɵ 
ɜ ɬɚɛɥɢɰɟ 1. 

ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɦɟɬɨɞ ɩɪɟɞɩɨɥɚɝɚɟɬ 
ɫɤɪɵɬɧɨɟ ɤɨɞɢɪɨɜɚɧɢɟ ɤɨɧɬɪɨɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ 
ɛɟɡ ɩɟɪɟɯɨɞɚ ɜ ɱɚɫɬɨɬɧɭɸ ɨɛɥɚɫɬɶ. Ʉ ɧɟɞɨɫɬɚɬɤɚɦ 
ɦɟɬɨɞɚ ɧɭɠɧɨ ɨɬɧɟɫɬɢ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɯɪɚɧɟɧɢɹ 
ɉɋɉ. Ɇɟɬɨɞ ɱɭɜɫɬɜɢɬɟɥɟɧ ɤ ɢɡɦɟɧɟɧɢɸ 

ɪɚɡɪɹɞɧɨɫɬɢ ɞɚɧɧɵɯ. Ɍɚɤ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɡɦɟɧɟɧɢɹ 
ɲɚɝɚ ɤɜɚɧɬɨɜɚɧɢɹ (ɱɬɨ ɷɤɜɢɜɚɥɟɧɬɧɨ ɞɨɛɚɜɥɟɧɢɸ 
ɲɭɦɚ ɤɜɚɧɬɨɜɚɧɢɹ), ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɢ 
ɡɚɤɨɞɢɪɨɜɚɧɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɛɭɞɟɬ ɪɚɡɪɭɲɟɧɚ. 

Ɇɟɬɨɞ ɪɚɫɲɢɪɟɧɢɹ ɫɩɟɤɬɪɚ ɩɨɡɜɨɥɹɟɬ 
ɭɱɢɬɵɜɚɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɬɪɟɡɤɚ 
ɞɚɧɧɵɯ ɜ ɰɟɥɨɦ, ɧɨ ɧɟ ɦɨɠɟɬ ɭɱɢɬɵɜɚɬɶ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɧɟɪɝɢɢ ɩɨ ɱɚɫɬɨɬɧɵɦ 
ɤɨɦɩɨɧɟɧɬɚɦ. Ɍɨ ɟɫɬɶ ɧɟ ɜ ɩɨɥɧɨɣ ɦɟɪɟ 
ɢɫɩɨɥɶɡɭɟɬ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜ ɞɚɧɧɵɯ, ɬ.ɤ. ɷɧɟɪɝɢɹ 
ɉɋɉ ɪɚɫɩɪɟɞɟɥɟɧɚ ɩɨ ɜɫɟɦɭ ɱɚɫɬɨɬɧɨɦɭ 
ɞɢɚɩɚɡɨɧɭ. 
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Ɍɚɛɥɢɰɚ 1 

Ɂɧɚɱɟɧɢɟ ɜɟɪɨɹɬɧɨɫɬɢ ɨɲP  ɩɨɹɜɥɟɧɢɹ ɨɲɢɛɨɱɧɨɝɨ ɛɢɬɚ ɩɪɢ ɞɟɤɨɞɢɪɨɜɚɧɢɢ ɞɜɨɢɱɧɵɯ ɫɢɦɜɨɥɨɜ 
m

e  

Table 1 

The value of the probability ɨɲP  of occurrence of erroneous bits in the decoding of binary symbols 
m

e  

ɤɨɷɮɮɢɰɢɟɧɬ 
ɲɭɦ/ɫɢɝɧɚɥ 

m
 =0.1 

m
 =0.01 

m
 =0.001 

T=0.016 ɫ T=0.032ɫ T=0.016 ɫ T=0.032ɫ T=0.016 ɫ T=0.032ɫ 
2

0
h =0.001 < 1×10-4 < 1×10-4 0.1290 0.0521 0.3614 0.3170 

2

0
h =0.01 0.2×10-3 < 1×10-4 0.1285 0.0508 0.3497 0.3013 

2

0
h =0.1 0.4×10-3 7.2×10-3 0.1439 0.0720 0.3661 0.3203 

2

0
h =1 5.5×10-3 0.1395 0.2133 0.1297 0.4011 0.3602 

 

ɍɱɟɫɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɧɟɪɝɢɢ 
ɩɨ ɱɚɫɬɨɬɧɵɦ ɢɧɬɟɪɜɚɥɚɦ ɩɨɡɜɨɥɹɟɬ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɭɛɩɨɥɨɫɧɨɝɨ ɚɧɚɥɢɡɚ. ɉɪɢ ɷɬɨɦ 
ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 
ɚɩɩɚɪɚɬɚ ɧɚ ɨɫɧɨɜɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɭɛɩɨɥɨɫɧɵɯ 
ɦɚɬɪɢɰ Д3,4,7,8,15Ж ɫ ɷɥɟɦɟɧɬɚɦɢ ɜɢɞɚ: 
 

 r

ikr
aA  , 

         kikikia
rr

r

ik
  /sinsin

12
, 

   /
12 rr

r

ii
a  , Rr , Nki ,,1,  . 

(6) 

ɝɞɟ N – ɞɥɢɬɟɥɶɧɨɫɬɶ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɨɬɪɟɡɤɚ; R – 

ɤɨɥɢɱɟɫɬɜɨ ɱɚɫɬɨɬɧɵɯ ɢɧɬɟɪɜɚɥɨɜ, ɧɚ ɤɨɬɨɪɵɟ 
ɪɚɡɛɢɜɚɟɬɫɹ ɨɫɶ ɱɚɫɬɨɬ; υ1r, υ2r – ɧɢɠɧɹɹ ɢ ɜɟɪɯɧɹɹ 
ɝɪɚɧɢɰɵ r-ɝɨ ɱɚɫɬɨɬɧɨɝɨ ɢɧɬɟɪɜɚɥɚ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɫɭɛɩɨɥɨɫɧɵɯ ɦɚɬɪɢɰ 
ɩɨɡɜɨɥɹɟɬ ɜɵɞɟɥɹɬɶ ɱɚɫɬɨɬɧɵɟ ɤɨɦɩɨɧɟɧɬɵ, 
ɷɧɟɪɝɢɢ ɤɨɬɨɪɵɯ ɫɨɫɪɟɞɨɬɨɱɟɧɵ ɜ ɜɵɛɪɚɧɧɵɯ 
ɱɚɫɬɨɬɧɵɯ ɢɧɬɟɪɜɚɥɚɯ. Ⱦɥɹ ɫɤɪɵɬɨɝɨ ɜɧɟɞɪɟɧɢɹ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɭɛɩɨɥɨɫɧɵɟ ɩɪɨɟɤɰɢɢ, 
ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɫɤɚɥɹɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ 
ɨɬɪɟɡɤɚ ɞɚɧɧɵɯ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɜɟɤɬɨɪɚ 
ɫɭɛɩɨɥɨɫɧɵɯ ɦɚɬɪɢɰ: 
 

xq
r

i

r

i


, , Rr , Ji ,,1 .          (7) 

ɝɞɟ r

i
q


 – ɫɨɛɫɬɜɟɧɧɵɟ ɜɟɤɬɨɪɚ ɫɭɛɩɨɥɨɫɧɨɣ 
ɦɚɬɪɢɰɵ ɞɥɹ r-ɝɨ ɱɚɫɬɨɬɧɨɝɨ ɢɧɬɟɪɜɚɥɚ. 

ɋɜɨɣɫɬɜɚ ɫɭɛɩɨɥɨɫɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ, 
ɩɨɡɜɨɥɹɸɬ ɝɨɜɨɪɢɬɶ ɨɛ ɢɯ ɚɞɟɤɜɚɬɧɨɫɬɢ ɢ 
ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɦɟɬɨɞɨɜ ɢ 
ɚɥɝɨɪɢɬɦɨɜ ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɨɝɨ 
ɤɨɞɢɪɨɜɚɧɢɹ/ɞɟɤɨɞɢɪɨɜɚɧɢɹ ɤɨɧɬɪɨɥɶɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ ɜ ɪɟɱɟɜɵɟ ɞɚɧɧɵɟ. 

Ⱦɥɹ ɫɤɪɵɬɨɝɨ ɜɧɟɞɪɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ ɜ ɨɬɪɟɡɨɤ ɪɟɱɟɜɵɯ ɫɢɝɧɚɥɨɜ 
ɩɪɟɞɥɚɝɚɟɬɫɹ ɦɨɞɟɥɶ, ɨɫɭɳɟɫɬɜɥɹɸɳɚɹ 
ɤɨɞɢɪɨɜɚɧɢɟ ɛɢɬ ɤɨɧɬɪɨɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ m

b  ɜ  

 

ɨɬɪɟɡɨɤ ɪɟɱɟɜɵɯ ɞɚɧɧɵɯ x


 ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɜɵɪɚɠɟɧɢɟɦ: 
 

 



J

i

r

im

r

im
qesignKxy

1


 , 

12 
mm

be , Mm ,                   (8) 

ɝɞɟ M – ɨɛɴɟɦ ɤɨɧɬɪɨɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɜ ɛɢɬɚɯ; 
Km – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ 
ɨɩɪɟɞɟɥɹɸɳɢɣ ɫɤɪɵɬɧɨɫɬɶ; em – ɨɪɬɨɧɨɪɦɚɥɶɧɨɟ 
ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɛɢɬɚ; bm – ɛɢɬ ɤɨɧɬɪɨɥɶɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ;  sign  – ɨɩɟɪɚɰɢɹ ɜɵɞɟɥɟɧɢɹ ɡɧɚɤɚ. 

Ⱦɟɤɨɞɢɪɨɜɚɧɢɟ ɤɨɧɬɪɨɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ 
ɦɟɬɨɞɨɦ ɫɭɛɩɨɥɨɫɧɵɯ ɩɪɨɟɤɰɢɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɩɭɬɟɦ ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɤɨɜ ɩɪɨɟɤɰɢɣ r

i
  ɞɥɹ 

ɫɨɛɫɬɜɟɧɧɵɯ ɜɟɤɬɨɪɨɜ r

i
q


 ɫɭɛɩɨɥɨɫɧɨɣ ɦɚɬɪɢɰɵ 
Ar, ɜɵɱɢɫɥɟɧɧɵɯ ɞɥɹ ɱɚɫɬɨɬɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ 

Rr : 

 

 r

im
qysigne


,ˆ  ,   21ˆˆ 
mm

eb , Rr , 

Ji ,,2,1                      (9) 

ɝɞɟ m
ê  – ɨɪɬɨɧɨɪɦɚɥɶɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɛɢɬɚ 

ɤɨɧɬɪɨɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɩɪɢ ɞɟɤɨɞɢɪɨɜɚɧɢɢ 
ɦɟɬɨɞɨɦ ɫɭɛɩɨɥɨɫɧɵɯ ɩɪɨɟɤɰɢɣ 

m
b̂  –

 ɞɟɤɨɞɢɪɨɜɚɧɧɵɣ ɦɟɬɨɞɨɦ ɫɭɛɩɨɥɨɫɧɵɯ ɩɪɨɟɤɰɢɣ 
ɛɢɬ ɤɨɧɬɪɨɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. 

Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɟɬɨɞɚ 
ɪɚɫɲɢɪɟɧɢɹ ɫɩɟɤɬɪɚ ɢ ɦɟɬɨɞɚ ɫɭɛɩɨɥɨɫɧɵɯ 
ɩɪɨɟɤɰɢɣ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ 
ɦɟɪɵ ɪɚɡɥɢɱɢɹ, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɨɛɥɚɞɚɟɬ 
ɪɚɡɧɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɤ ɪɚɡɥɢɱɧɵɦ 
ɢɡɦɟɧɟɧɢɹɦ. ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ 
ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɚɤɢɟ ɨɰɟɧɤɢ 
ɪɚɡɥɢɱɢɹ, ɤɚɤ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɚɹ ɨɲɢɛɤɚ 
(ɋɄɈ), ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ (ɇɋɄɈ), 

ɨɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ-ɲɭɦ (ɈɋШ), ɤɨɷɮɮɢɰɢɟɧɬ 
ɤɨɪɪɟɥɹɰɢɢ (cor), ɦɟɪɚ ɪɚɫɫɬɨɹɧɢɹ ɂɬɚɤɭɪɵ-
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ɋɟɪɢɹ ɂɇɎɈɊɆȺɐɂɈɇɇЫȿ ɌȿɏɇɈɅɈȽɂɂ 
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ɋɚɧɬɨ (ɪɚɫɫɬɨɹɧɢɟ ɧɚɢɛɨɥɶɲɟɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ, 
ISD). 

ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɚɹ ɨɲɢɛɤɚ (ɋɄɈ) 

ɨɬɪɚɠɚɟɬ ɚɛɫɨɥɸɬɧɨɟ ɪɚɡɥɢɱɢɟ ɷɧɟɪɝɢɢ ɨɬɪɟɡɤɨɜ 
ɫɢɝɧɚɥɨɜ ɜɨ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ: 
 

 



N

n

nn
xxɋɄɈ

1

2~ ,                  (10) 

ɝɞɟ 
n

x  – ɡɧɚɱɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɢɫɯɨɞɧɨɝɨ ɨɬɪɟɡɤɚ 
ɞɚɧɧɵɯ; 

n
x~  – ɡɧɚɱɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɨɬɪɟɡɤɚ 

ɞɚɧɧɵɯ ɫɨɞɟɪɠɚɳɟɝɨ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ 
ɢɧɮɨɪɦɚɰɢɸ, N – ɤɨɥɢɱɟɫɬɜɨ ɨɬɫɱɟɬɨɜ 
ɫɪɚɜɧɢɜɚɟɦɵɯ ɨɬɪɟɡɤɨɜ ɫɢɝɧɚɥɨɜ. 

Ⱦɚɧɧɚɹ ɦɟɪɚ ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɢɬɶ ɪɚɡɥɢɱɢɹ ɜ 
ɨɝɢɛɚɸɳɢɯ ɚɦɩɥɢɬɭɞ ɨɬɪɟɡɤɨɜ ɪɟɱɟɜɵɯ ɫɢɝɧɚɥɨɜ. 
ɑɟɦ ɦɟɧɶɲɟ ɢɡɦɟɧɟɧɢɣ ɜɧɨɫɢɬɫɹ ɩɪɢ ɜɧɟɞɪɟɧɢɢ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɬɟɦ ɛɥɢɠɟ 
ɡɧɚɱɟɧɢɟ ɷɬɨɣ ɨɰɟɧɤɢ ɤ ɧɭɥɸ. 

Ɉɞɧɚɤɨ ɱɚɳɟ ɢɫɩɨɥɶɡɭɸɬ ɧɨɪɦɢɪɨɜɚɧɧɭɸ 
ɨɰɟɧɤɭ ɋɄɈ ɤ ɧɨɪɦɟ ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ, ɤɨɬɨɪɨɟ 
ɭɱɢɬɵɜɚɟɬ ɷɧɟɪɝɢɸ ɫɚɦɨɝɨ ɫɢɝɧɚɥɚ: 
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Ɋɟɚɤɰɢɹ ɞɚɧɧɨɣ ɨɰɟɧɤɢ ɚɧɚɥɨɝɢɱɧɚ ɪɟɚɤɰɢɢ 
ɋɄɈ. 

Ɍɚɤɠɟ ɞɥɹ ɭɱɟɬɚ ɫɬɟɩɟɧɢ ɨɬɥɢɱɢɹ ɢɫɯɨɞɧɨɝɨ 
ɫɢɝɧɚɥɚ ɢ ɪɟɡɭɥɶɬɚɬɚ ɜɧɟɞɪɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ ɢɫɩɨɥɶɡɭɸɬ ɨɰɟɧɤɭ, ɱɭɜɫɬɜɢɬɟɥɶɧɭɸ 
ɤɨ ɜɪɟɦɟɧɢ ɜɵɪɚɜɧɢɜɚɧɢɹ ɫɪɚɜɧɢɜɚɟɦɵɯ ɨɬɪɟɡɤɨɜ 
ɫɢɝɧɚɥɨɜ: 
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ɑɟɦ ɜɵɲɟ ɨɰɟɧɤɚ ɈɋШ, ɬɟɦ ɦɟɧɶɲɟ 
ɢɡɦɟɧɟɧɢɣ ɛɵɥɨ ɜɧɟɫɟɧɨ. ȼ ɫɥɭɱɚɟ ɪɚɜɟɧɫɬɜɚ ɞɜɭɯ 
ɨɬɪɟɡɤɨɜ (ɢɫɯɨɞɧɨɝɨ ɢ ɩɨɞɜɟɪɝɲɟɝɨɫɹ 
ɢɡɦɟɧɟɧɢɹɦ ɩɪɢ ɤɨɞɢɪɨɜɚɧɢɢ) ɨɰɟɧɤɚ ɛɭɞɟɬ 
ɪɚɜɧɚ ɛɟɫɤɨɧɟɱɧɨɫɬɢ (∞). 

Ⱦɥɹ ɨɰɟɧɤɢ ɫɬɟɩɟɧɢ ɫɯɨɠɟɫɬɢ ɞɜɭɯ ɨɬɪɟɡɤɨɜ 
ɞɚɧɧɵɯ, ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬ ɨɰɟɧɤɭ ɜɡɚɢɦɧɨɣ 
ɷɧɟɪɝɢɢ ɷɬɢɯ ɫɢɝɧɚɥɨɜ, ɨɩɪɟɞɟɥɹɟɦɭɸ 
ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɤɨɪɪɟɥɹɰɢɢ: 
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ɑɟɦ ɛɥɢɠɟ ɡɧɚɱɟɧɢɟ ɤɨɪɪɟɥɹɰɢɢ ɤ ɟɞɢɧɢɰɟ, 
ɬɟɦ ɜɵɲɟ ɫɯɨɠɟɫɬɶ ɨɬɪɟɡɤɚ ɞɚɧɧɵɯ ɫɨɞɟɪɠɚɳɟɝɨ 
ɤɨɧɬɪɨɥɶɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɢ ɢɫɯɨɞɧɨɝɨ. 

Ɇɟɪɚ ɂɬɚɤɭɪɵ-ɋɚɧɬɨ (ɪɚɫɫɬɨɹɧɢɟ 

ɧɚɢɛɨɥɶɲɟɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ) ɭɱɢɬɵɜɚɟɬ ɪɚɡɥɢɱɢɹ 
ɜ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ: 
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ɝɞɟ  P  – ɡɧɚɱɟɧɢɟ ɷɧɟɪɝɢɢ ɱɚɫɬɨɬɧɨɣ 
ɤɨɦɩɨɧɟɧɬɵ ɢɫɯɨɞɧɨɝɨ ɨɬɪɟɡɤɚ ɞɚɧɧɵɯ;  P

~
 – 

ɡɧɚɱɟɧɢɟ ɷɧɟɪɝɢɢ ɱɚɫɬɨɬɧɨɣ ɤɨɦɩɨɧɟɧɬɵ ɨɬɪɟɡɤɚ 
ɞɚɧɧɵɯ ɫɨɞɟɪɠɚɳɟɝɨ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ 
ɢɧɮɨɪɦɚɰɢɸ. 

Ɇɟɪɚ ɢɦɟɟɬ ɫɦɵɫɥ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ 
ɫɩɟɤɬɪɚɦɢ ɞɜɭɯ ɫɢɝɧɚɥɨɜ ɢ ɨɰɟɧɢɜɚɟɬ 
ɧɟɫɨɨɬɜɟɬɫɬɜɢɟ ɦɟɠɞɭ ɷɧɟɪɝɢɟɣ ɢɡɦɟɧɟɧɧɨɝɨ ɢ 
ɢɫɯɨɞɧɨɝɨ ɨɬɪɟɡɤɚ ɞɚɧɧɵɯ. ɉɪɢ ɪɚɜɟɧɫɬɜɟ 
ɨɬɪɟɡɤɨɜ ɞɚɧɧɵɯ ɦɟɪɚ ɨɛɪɚɳɚɟɬɫɹ ɜ ɧɨɥɶ. 
 

 

Ɍɚɛɥɢɰɚ 2 

Ɉɛɨɛɳɟɧɧɚɹ ɨɰɟɧɤɚ ɦɟɪ ɪɚɡɥɢɱɢɹ ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɢ ɪɟɡɭɥɶɬɚɬɨɜ ɜɧɟɞɪɟɧɢɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɪɚɫɲɢɪɟɧɢɹ ɫɩɟɤɬɪɚ ɢ ɦɟɬɨɞɚ ɫɭɛɩɨɥɨɫɧɵɯ ɩɪɨɟɤɰɢɣ 

Table 2 

Generalized estimator of measures of the difference between a baseband signal and the results of 

implementation with the use of the steganographic method of spectrum extension and the subband method 

of steganography 

  ɋɄɈ ɇɋɄɈ Ɉɋɒ cor ISD 

ɦɟɬɨɞ ɫɭɛɩɨɥɨɫɧɵɯ 
ɩɪɨɟɤɰɢɣ 

Ɍ=0.016ɫ 0,00396 0,01399 Inf 0,99300 0,00120 
Ɍ=0.032ɫ 0,00857 0,00962 Inf 0,99519 0,00312 

ɦɟɬɨɞ ɪɚɫɲɢɪɟɧɢɹ 
ɫɩɟɤɬɪɚ 

Ɍ=0.016ɫ 0,01156 0,01547 20,13422 0,99226 0,02022 
Ɍ=0.032ɫ 0,01133 0,00792 22,11122 0,99604 0,00310 
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Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɪɟɱɟɜɵɟ 
ɫɢɝɧɚɥɵ, ɡɚɩɢɫɚɧɧɵɟ ɫ ɱɚɫɬɨɬɨɣ ɞɢɫɤɪɟɬɢɡɚɰɢɢ 
8ɤȽɰ ɢ ɪɚɡɪɹɞɧɨɫɬɶɸ ɤɨɞɚ 16ɛɢɬ. ɉɪɢ ɷɬɨɦ 
ɪɟɱɟɜɵɟ ɫɢɝɧɚɥɵ ɪɚɡɛɢɜɚɥɢɫɶ ɧɚ ɨɬɪɟɡɤɢ ɪɚɜɧɨɣ 
ɞɥɢɬɟɥɶɧɨɫɬɢ T=0.016ɦɫ ɢ T=0.032ɦɫ. 

Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɤɚɡɵɜɚɟɬ, 
ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɚ ɫɭɛɩɨɥɨɫɧɵɯ ɩɪɨɟɤɰɢɣ 
ɩɪɢɜɨɞɢɬ ɤ ɦɟɧɶɲɢɦ ɢɫɤɚɠɟɧɢɹɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɪɚɫɲɢɪɟɧɢɹ ɫɩɟɤɬɪɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɫɤɪɵɬɨɝɨ 
ɜɧɟɞɪɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɜ 
ɪɟɱɟɜɵɟ ɫɢɝɧɚɥɵ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɦɟɬɨɞ ɫɭɛɩɨɥɨɫɧɵɯ ɩɪɨɟɤɰɢɣ. 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɨɜ 
ɊɎɎɂ № 15-07-01570 "ɋɭɛɩɨɥɨɫɧɚя ɫɤɪɵɬɧɚя 
ɢɧɬɟɝɪɚɰɢя/ɢɡɜɥɟɱɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ ɜ ɚɭɞɢɨ ɢɥɢ ɜɢɞɟɨ ɤɨɧɬɟɧɬɚɯ". 
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