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ȺЛЬЭЫКМЭ 
In this article we are proposing one approach to concealing information in images. This approach 

uses the redundancy in grayscale image model to make up data vessels. To initiate this approach 

we are implementing subband analysis which allows us to determine power components and change 

them, constructing data vessels, in spectral domain with high fidelity. 

Keywords: steganography; images; subband analysis; data vessels. 

Ɂɚɞɚɱɚ ɧɚɞɟɠɧɨɣ ɡɚɳɢɬɵ ɢɧɮɨɪɦɚɰɢɢ ɨɬ ɧɟɫɚɧɤɰɢɨɧɢɪɨɜɚɧɧɨɝɨ ɞɨɫɬɭɩɚ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ 
ɫɚɦɵɯ ɚɤɬɭɚɥɶɧɵɯ ɢ ɩɨɥɧɨɫɬɶɸ ɧɟ ɪɟɲɟɧɧɵɯ [8-13]. 

Ɋɚɡɜɢɬɢɟ ɝɥɨɛɚɥɶɧɵɯ ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɟɬɟɣ ɢ ɫɪɟɞɫɬɜ ɦɭɥɶɬɢɦɟɞɢɚ ɜɟɞɟɬ ɤ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ 
ɬɟɯɧɨɥɨɝɢɣ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɩɨ ɤɚɧɚɥɚɦ ɫɜɹɡɢ. 
ɗɬɢ ɬɟɯɧɨɥɨɝɢɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɦɟɬɨɞɵ ɫɬɟɝɚɧɨɝɪɚɮɢɢ, ɭɱɢɬɵɜɚɹ ɧɟɬɨɱɧɨɫɬɢ ɭɫɬɪɨɣɫɬɜ ɨɰɢɮɪɨɜɤɢ, 
ɩɪɢɜɨɞɹɬ ɤ ɢɡɛɵɬɨɱɧɨɫɬɢ. ɂɡɛɵɬɨɱɧɨɫɬɶ ɩɨɡɜɨɥɹɟɬ ɫɤɪɵɜɚɬɶ ɢɞɟɧɬɢɮɢɤɚɬɨɪɵ ɜ ɫɬɪɭɤɬɭɪɟ ɞɚɧɧɵɯ, 
ɢɫɩɨɥɶɡɭɹ ɧɟɬɨɱɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɢ ɜɨɫɩɪɢɹɬɢɹ. ɉɪɢ ɷɬɨɦ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɤɪɢɩɬɨɝɪɚɮɢɢ, ɦɟɬɨɞɵ 
ɫɬɟɝɚɧɨɝɪɚɮɢɢ ɩɨɡɜɨɥɹɸɬ ɫɤɪɵɬɶ ɫɚɦ ɮɚɤɬ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ. 
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Ȼɨɥɶɲɢɧɫɬɜɨ ɪɚɡɪɚɛɨɬɨɤ ɧɚɩɪɚɜɥɟɧɨ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɧɬɟɣɧɟɪɨɜ-ɢɡɨɛɪɚɠɟɧɢɣ ɩɪɢ 
ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɨɦ ɤɨɞɢɪɨɜɚɧɢɢ Д1, 8-13Ж. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɪɹɞɨɦ ɩɪɢɱɢɧ: 

 ɟɫɬɟɫɬɜɟɧɧɨɫɬɶ ɜɨɫɩɪɢɹɬɢɹ ɢɧɮɨɪɦɚɰɢɢ, ɤɨɞɨɜɵɦ ɩɪɟɫɬɚɜɥɟɧɢɟɦ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ
ɢɡɨɛɪɚɠɟɧɢɟ [3]; 

 ɦɧɨɝɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɯɪɚɧɹɬɫɹ ɛɟɡ ɩɨɬɟɪɶ, ɢɧɵɦɢ ɫɥɨɜɚɦɢ ɛɟɡ ɫɠɚɬɢɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ
ɢɡɛɵɬɨɱɧɨɫɬɢ ɯɪɚɧɢɦɵɯ ɝɪɚɮɢɱɟɫɤɢɯ ɞɚɧɧɵɯ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɤɨɞɢɪɨɜɚɧɢɹ; 

 ɪɚɡɦɟɪ ɛɨɥɶɲɢɧɫɬɜɚ ɢɡɨɛɪɚɠɟɧɢɣ ɡɚɪɚɧɟɟ ɢɡɜɟɫɬɟɧ ɢ ɮɢɤɫɢɪɨɜɚɧ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ
ɜɫɬɪɚɢɜɚɧɢɟ ɧɟ ɞɨɥɠɧɨ ɟɝɨ ɭɜɟɥɢɱɢɬɶ, ɬɚɤ ɤɚɤ ɮɚɤɬ ɛɭɞɟɬ ɨɛɧɚɪɭɠɟɧ; 

 ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɢɡɨɛɪɚɠɟɧɢɣ ɩɪɢɫɭɬɫɬɜɭɸɬ ɨɛɥɚɫɬɢ, ɢɦɟɸɳɢɯ ɫɬɪɭɤɬɭɪɭ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ
ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɜɫɬɪɚɢɜɚɧɢɹ ɢɧɮɨɪɦɚɰɢɢ Д6Ж; 

 ɫɢɫɬɟɦɚ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɫɥɚɛɨ ɱɭɜɫɬɜɢɬɟɥɶɧɚ ɤ ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɰɜɟɬɨɜ
ɢɡɨɛɪɚɠɟɧɢɹ, ɹɪɤɨɫɬɢ, ɤɨɧɬɪɚɫɬɧɨɫɬɢ, ɢɫɤɚɠɟɧɢɹɦ ɜɛɥɢɡɢ ɤɨɧɬɭɪɨɜ ɢ ɫɨɞɟɪɠɚɳɢɯ ɲɭɦɵ Д6Ж. 

ȼɫɟ ɦɟɬɨɞɵ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɫɨɤɪɵɬɢɹ ɞɚɧɧɵɯ, ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɩɨ ɩɪɢɧɰɢɩɚɦ, ɥɟɠɚɳɢɦ 
ɜ ɢɯ ɨɫɧɨɜɟ, ɧɚ ɮɨɪɦɚɬɧɵɟ ɢ ɧɟɮɨɪɦɚɬɧɵɟ. Ɏɨɪɦɚɬɧɵɟ ɦɟɬɨɞɵ ɫɨɤɪɵɬɢɹ (ɮɨɪɦɚɬɧɵɟ 
ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ) – ɷɬɨ ɬɚɤɢɟ ɦɟɬɨɞɵ (ɫɢɫɬɟɦɵ), ɤɨɬɨɪɵɟ ɨɫɧɨɜɵɜɚɸɬɫɹ ɧɚ 
ɨɫɨɛɟɧɧɨɫɬɹɯ ɮɨɪɦɚɬɚ ɯɪɚɧɟɧɢɹ ɝɪɚɮɢɱɟɫɤɢɯ ɞɚɧɧɵɯ. ɇɟɮɨɪɦɚɬɧɵɟ ɦɟɬɨɞɵ – ɷɬɨ ɦɟɬɨɞɵ, 
ɢɫɩɨɥɶɡɭɸɳɢɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɚɦɢ ɞɚɧɧɵɟ, ɤɨɬɨɪɵɦɢ ɢɡɨɛɪɚɠɟɧɢɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɷɬɨɦ ɮɨɪɦɚɬɟ 
[5]. 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɨɩɢɫɵɜɚɟɬɫɹ ɧɟɮɨɪɦɚɬɧɵɣ ɦɟɬɨɞ ɫɬɟɝɚɧɨɝɪɚɮɢɢ: ɤɨɞɢɪɨɜɚɧɢɟ ɜ ɫɭɛɩɨɥɨɫɚɯ 
ɢɡɨɛɪɚɠɟɧɢɹ, ɝɞɟ ɢɞɟɧɬɢɮɢɤɚɬɨɪ ɩɨɛɢɬɧɨ ɤɨɞɢɪɭɟɬɫɹ ɜ ɫɬɪɭɤɬɭɪɟ ɞɚɧɧɵɯ, ɜɧɨɫɹ ɢɡɦɟɧɟɧɢɹ ɜ 
ɨɝɪɚɧɢɱɟɧɧɭɸ ɫɭɛɩɨɥɨɫɭ ɫɬɟɝɨɤɨɧɬɟɣɧɟɪɚ. 

ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɟɞɥɨɠɟɧɧɚɹ ɫɯɟɦɚ ɤɨɞɢɪɨɜɚɧɢɹ ɨɬɥɢɱɚɟɬɫɹ ɨɬ Д2Ж ɬɟɦ, ɱɬɨ ɤɨɞɢɪɨɜɚɧɢɟ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɟ ɩɪɢ ɩɨɦɨɳɢ ɨɞɧɨɝɨ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɟɤɬɨɪɚ, ɚ ɩɪɢ ɩɨɦɨɳɢ ɦɚɬɪɢɰɵ ɫɨɛɫɬɜɟɧɧɵɯ 
ɜɟɤɬɨɪɨɜ, ɜɵɫɬɭɩɚɸɳɢɯ ɤɚɤ ɫɢɝɧɚɥɶɧɨ-ɤɨɞɨɜɚɹ ɤɨɧɫɬɪɭɤɰɢɹ (ɋɄɄ). 

ȼ ɨɬɥɢɱɢɟ ɨɬ Д7Ж ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɤɨɞɢɪɨɜɚɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɜ ɡɧɚɤɟ, ɢɧɵɦɢ ɫɥɨɜɚɦɢ 
ɨɞɧɨɦɭ ɫɟɝɦɟɧɬɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɞɢɧ ɛɢɬ ɢɧɮɨɪɦɚɰɢɢ, ɚ ɧɟ ɧɚɛɨɪ ɢɡ ɱɢɫɟɥ ɫ ɩɥɚɜɚɸɳɟɣ ɬɨɱɤɨɣ. 

Ȼɨɥɶɲɢɧɫɬɜɨ ɢɡɨɛɪɚɠɟɧɢɣ ɧɟ ɹɜɥɹɸɬɫɹ ɫɥɭɱɚɣɧɵɦ ɩɪɨɰɟɫɫɨɦ ɫ ɪɚɜɧɨɦɟɪɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ. 
ɂɡɜɟɫɬɧɨ, ɱɬɨ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɷɧɟɪɝɢɢ ɢ ɢɧɮɨɪɦɚɰɢɢ ɜɨɫɩɪɢɧɢɦɚɟɦɨɣ ɱɟɥɨɜɟɤɨɦ ɜ ɢɡɨɛɪɚɠɟɧɢɢ 
ɫɨɫɪɟɞɨɬɨɱɟɧɚ ɜ ɨɝɪɚɧɢɱɟɧɧɨɣ ɱɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ. ɉɨɷɬɨɦɭ ɢ ɜɨɡɦɨɠɧɨ ɩɪɨɜɨɞɢɬɶ 
ɞɟɤɨɦɩɨɡɢɰɢɸ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ ɫɭɛɩɨɥɨɫɵ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɨɫɵ ɤɨɞɢɪɨɜɚɧɢɹ.  

ȼɵɱɢɫɥɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɫɩɟɤɬɪɚ ɢɡɨɛɪɚɠɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ 
ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɟɝɨ ɷɧɟɪɝɢɢ ɩɨ ɬɚɤ ɧɚɡɵɜɚɟɦɵɦ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ ɱɚɫɬɨɬɧɵɦ ɢɧɬɟɪɜɚɥɚɦ Д3Ж. 
ɂɡɜɟɫɬɧɨ, ɱɬɨ ɚɥɝɨɪɢɬɦɵ, ɢɫɩɨɥɶɡɭɸɳɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɢ ȻɉɎ, ɧɟ ɩɨɡɜɨɥɹɸɬ ɜɵɱɢɫɥɹɬɶ 
ɬɨɱɧɵɟ ɡɧɚɱɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜ ɡɚɞɚɧɧɵɯ ɱɚɫɬɨɬɧɵɯ ɢɧɬɟɪɜɚɥɚɯ. ɍɦɟɧɢɟ ɬɨɱɧɨ 
ɨɩɪɟɞɟɥɹɬɶ ɞɨɥɸ ɷɧɟɪɝɢɢ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɨɬɞɟɥɶɧɨɦ ɱɚɫɬɨɬɧɨɦ ɞɢɚɩɚɡɨɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɛɨɥɟɟ ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɝɨ ɜɵɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢ ɨɫɭɳɟɫɬɜɥɟɧɢɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ 
ɜɢɡɭɚɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. ɗɬɨ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɭɛɩɨɥɨɫɧɵɣ ɚɧɚɥɢɡ ɢ ɫɢɧɬɟɡ Д3Ж. 

Ʉɨɧɬɟɣɧɟɪ-ɢɡɨɛɪɚɠɟɧɢɟ ɛɭɞɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ ɦɚɫɫɢɜ ɞɚɧɧɵɯ ɪɚɡɛɢɬɵɣ ɧɚ ɩɨɞɛɥɨɤɢ C  

ɪɚɡɦɟɪɧɨɫɬɶɸ NM  . ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɜɚɞɪɚɬɧɵɟ ɩɨɞɛɥɨɤɢ 8x8, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɛɴɟɦ 
ɝɪɚɮɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɫɨɫɬɚɜɢɬ 64S  ɩɢɤɫɟɥɟɣ. ȼ ɤɚɱɟɫɬɜɟ ɷɥɟɦɟɧɬɨɜ ɦɚɫɫɢɜɚ ɞɚɧɧɵɯ – ɩɢɤɫɟɥɟɣ 

Mki
ki

fF ,..,2,1,,
,








  ɜɵɫɬɭɩɚɸɬ ɧɟɫɠɚɬɵɟ ɪɚɫɬɪɨɜɵɟ ɞɚɧɧɵɟ ɩɨɥɭɬɨɧɨɜɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. 

ɑɚɫɬɨɬɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɩɪɟɞɥɚɝɚɟɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɨ ɪɚɡɛɢɬɶ ɧɚ ɫɭɛɢɧɬɟɪɜɚɥɵ ɤɚɠɞɵɣ ɩɨɞɛɥɨɤ 
ɫɬɟɝɨɤɨɧɬɟɣɧɟɪɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢɹɦɢ Д4Ж: 


0

)1(2R , (1) 

ɝɞɟ R – ɤɨɥɢɱɟɫɬɜɨ ɱɚɫɬɨɬɧɵɯ ɢɧɬɟɪɜɚɥɨɜ;





 


4

2
R

n
, 

(2)



Юˇˋː ʓ.ʏ., ʨˈ˒ˋˎˑ˅˃ ʓ.ʑ., ʓ˓˖ˉˍˑ˅˃ И.ʑ. ʝ˄ˈ˔˒ˈ˚ˈːˋˈ ˔ˍ˓˞˕ːˑ˔˕ˋ ˇˑ˒ˑˎːˋ˕ˈˎ˟ːˑˌ 
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ɝɞɟ    – ɨɩɟɪɚɰɢɹ ɜɵɞɟɥɟɧɢɹ ɰɟɥɨɣ ɱɚɫɬɢ; 

0 – ɧɭɥɟɜɨɣ ɱɚɫɬɨɬɧɵɣ ɢɧɬɟɪɜɚɥ ɱɚɫɬɨɬɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ:

.
2

0
S




(3)

ɒɢɪɢɧɚ ɨɫɬɚɥɶɧɵɯ ɱɚɫɬɨɬɧɵɯ ɢɧɬɟɪɜɚɥɨɜ, ɧɟ ɫɱɢɬɚɹ ɧɭɥɟɜɨɝɨ, ɹɜɥɹɟɬɫɹ ɜɞɜɨɟ ɛɨɥɶɲɟɣ ɢ ɪɚɜɧɚ 
[4]: 

.
4

S




       (4) 

Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɫɩɟɤɬɪɚ ɢɡɨɛɪɚɠɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɭɛɩɨɥɨɫɧɚɹ ɦɚɬɪɢɰɚ ɫ 
ɷɥɟɦɟɧɬɚɦɢ ɜɢɞɚ Д2Ж: 

   
...2,1,,

,

,
)(

)(sin)(sin

12

12
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ki
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(5) 

ɉɨɫɤɨɥɶɤɭ, ɦɚɬɪɢɰɚ ɹɜɥɹɟɬɫɹ ɫɢɦɦɟɬɪɢɱɟɫɤɨɣ, ɬɨ ɞɚɧɧɵɟ ɦɚɬɪɢɰɵ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ, 
ɢɫɩɨɥɶɡɭɹ ɟɟ ɫɨɛɫɬɜɟɧɧɵɟ ɱɢɫɥɚ ɢ ɫɨɛɫɬɜɟɧɧɵɟ ɜɟɤɬɨɪɵ, ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 

,
TQLQA  (6) 

ɝɞɟ Q – ɦɚɬɪɢɰɚ ɫɨɛɫɬɜɟɧɧɵɯ ɜɟɤɬɨɪɨɜ; L  – ɞɢɚɝɨɧɚɥɶɧɚɹ ɦɚɬɪɢɰɚ 

ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɨɨɬɧɨɲɟɧɢɹ (6) ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɫɨɛɫɬɜɟɧɧɵɟ ɱɢɫɥɚ 
ɛɥɢɡɤɢɟ ɤ ɟɞɢɧɢɰɟ. Ɍɚɤ ɤɚɤ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɜɚɞɪɚɬɧɵɟ ɩɨɞɛɥɨɤɢ, ɬɨ 
ɩɪɟɞɥɚɝɚɟɬɫɹ ɧɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɬɨɪɭɸ ɫɭɛɩɨɥɨɫɧɭɸ ɦɚɬɪɢɰɭ. Ɍɚɤ ɠɟ ɢɡɜɟɫɬɧɨ Д3, 7Ж ɇɢɡɤɨɱɚɫɬɨɬɧɚɹ 
ɫɭɛɩɨɥɨɫɚ 0  ɫɨɞɟɪɠɢɬ ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɷɧɟɪɝɢɢ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɢɧɮɨɪɦɚɬɢɜɧɵɯ ɤɨɦɩɨɧɟɧɬ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɤɨɞɢɪɨɜɚɧɢɟ ɜ ɧɟɣ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨ. ȼɵɫɨɤɨɱɚɫɬɨɬɧɵɟ ɫɭɛɩɨɥɨɫɵ ɧɚɢɛɨɥɟɟ 
ɩɨɞɜɟɪɠɟɧɵ ɜɨɡɞɟɣɫɬɜɢɸ ɫɨ ɫɬɨɪɨɧɵ ɪɚɡɥɢɱɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɨɛɪɚɛɨɬɤɢ, ɛɭɞɶ ɬɨ ɫɠɚɬɢɟ ɢɥɢ ɇɑ 
ɮɢɥɶɬɪɚɰɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɜɥɨɠɟɧɢɹ ɫɨɨɛɳɟɧɢɹ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɦɢ ɹɜɥɹɸɬɫɹ 
ɫɪɟɞɧɟɱɚɫɬɨɬɧɵɟ ɫɭɛɩɨɥɨɫɵ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɢɡɨɛɪɚɠɟɧɢɹ Д3Ж. ɑɚɫɬɨɬɧɚɹ ɫɭɛɩɨɥɨɫɚ 0  ɜ 
ɫɢɧɬɟɡɟ ɧɟ ɢɫɩɨɥɶɡɭɟɬɫɹ Д7Ж, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɫɱёɬ Q ɢ L  ɞɥɹ ɧɟɝɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨ.

Ɍɚɤ ɤɚɤ ɩɪɨɟɤɰɢɣ ɦɚɬɪɢɰ ɫɨɛɫɬɜɟɧɧɵɯ ɜɟɤɬɨɪɨɜ ɧɟɫɤɨɥɶɤɨ, ɜɵɛɢɪɚɟɬɫɹ ɬɚ ɦɚɬɪɢɰɚ, ɭ ɤɨɬɨɪɨɣ 
ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɷɧɟɪɝɢɢ. Ⱦɚɥɟɟ ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɨɟ ɤɨɞɢɪɨɜɚɧɢɟ ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɤɨɞɢɪɨɜɚɧɢɹ ɜ ɡɧɚɤɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɚɬɪɢɰɵ  , ɩɨɥɭɱɟɧɧɨɣ ɩɨ ɫɥɟɞɭɸɳɟɣ 
ɮɨɪɦɭɥɟ ɩɪɹɦɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ: 

  ,,..,2,1,,..,2,1,,
,

MkNiQFQ
ki

Т   (7) 

ɝɞɟ   – ɦɚɬɪɢɰɚ ɤɨɷɮɢɰɢɟɧɬɨɜ ɫɭɛɩɨɥɨɫɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ 

ȼ ɤɚɠɞɵɣ ɛɥɨɤ ɜɧɟɞɪɹɟɬɫɹ ɛɢɬ ɢɧɮɨɪɦɚɰɢɢ, ɢɫɩɨɥɶɡɭɹ ɫɥɟɞɭɸɳɢɣ ɩɨɞɯɨɞ: 
,

~ 
m

e (8) 

ɝɞɟ 
m

e  – ɤɨɞɨɜɨɟ ɨɬɨɛɪɚɠɟɧɢɟ ɞɜɨɢɱɧɨɝɨ ɛɢɬɚ ɤɨɧɬɪɨɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ,  1,1
m

e , ɨɩɪɟɞɟɥɹɟɦɨɟ 
ɩɨ ɮɨɪɦɭɥɟ: 

Kbbe
mmm

,..,1,12  (9) 

ɝɞɟ 
m

b – ɛɢɬ ɢɧɮɨɪɦɚɰɢɢ ɜ ɞɜɨɢɱɧɨɣ ɫɢɫɬɟɦɟ ɫɱɢɫɥɟɧɢɹ,  1,0
m

b ; K  – ɤɨɥɢɱɟɫɬɜɨ ɜɧɟɞɪɹɟɦɵɯ 
ɛɢɬ; S – ɨɛɴɟɦ ɫɤɪɵɬɧɨ ɤɨɞɢɪɭɟɦɨɣ ɢɧɮɨɪɦɚɰɢɢ. 

TT QQQQFF 
~ (10) 

ɝɞɟ F
~ – ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ

Ⱦɥɹ ɩɪɨɰɟɫɫɚ ɞɟɤɨɞɢɪɨɜɚɧɢɹ ɜɧɚɱɚɥɟ ɜɵɱɢɫɥɹɟɬɫɹ ɞɜɭɯɦɟɪɧɵɣ ɫɤɚɥɹɪ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɩɨ 
ɮɨɪɦɭɥɟ: 



Юˇˋː ʓ.ʏ., ʨˈ˒ˋˎˑ˅˃ ʓ.ʑ., ʓ˓˖ˉˍˑ˅˃ И.ʑ. ʝ˄ˈ˔˒ˈ˚ˈːˋˈ ˔ˍ˓˞˕ːˑ˔˕ˋ ˇˑ˒ˑˎːˋ˕ˈˎ˟ːˑˌ 
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qfQF (11) 

Ⱦɟɤɨɞɢɪɨɜɚɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ, ɬɨ ɟɫɬɶ ɩɨɢɫɤɨɦ ɨɩɪɟɞɟɥɟɧɧɵɯ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢ ɢɡɜɥɟɱɟɧɢɟɦ ɢɡ ɧɢɯ ɡɧɚɤɚ: 

),(~ signe
m
 (12) 

ɝɞɟ 
m

e~ – ɨɪɬɨɧɨɪɦɚɥɶɧɵɣ ɛɢɬ 

Ɋɟɲɟɧɢɟ ɨ ɞɟɤɨɞɢɪɨɜɚɧɧɨɦ ɫɢɝɧɚɥɟ ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢɟɦ: 

.
0~,1

0~,0~









m

m

m
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e
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        (13) 

Ⱦɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɟɞɨɫɬɚɜɥɟɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɩɪɟɞɥɚɝɚɟɬɫɹ ɨɰɟɧɢɬɶ ɟɝɨ ɫɤɪɵɬɧɨɫɬɶ 
ɢ ɫɬɨɣɤɨɫɬɶ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɫɤɪɵɬɧɨɫɬɢ ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɤɪɢɬɟɪɢɟɜ, ɧɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɵɦɢ ɢɡ ɧɢɯ 
ɹɜɥɹɸɬɫɹ: ɤɪɢɬɟɪɢɣ ɦɢɧɢɦɭɦɚ ɤɜɚɞɪɚɬɚ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ (MSE), ɩɢɤɨɜɨɟ 
ɨɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥɚ ɤ ɲɭɦɭ (PSNR), ɧɨɪɦɢɪɨɜɚɧɧɚɹ ɤɨɪɪɟɥɹɰɢɹ (NC).  

 





 

 




M

i

N

k

ik

M

i

N

k

ikik

f

ff

MSE

1 1

2

1 1

2~

, (14) 

ɝɞɟ 
ik

f – ɩɢɤɫɟɥɶ ɢɫɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ  ikF f , Mi ,..,2,1 Nk ,..,2,1 ; F – ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɟ 
ɢɡɨɛɪɚɠɟɧɢɟ. 

MSE

MAX
PSNR

2

10
log10 , (15) 

ɝɞɟ MAБ – ɷɬɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ, ɩɪɢɧɢɦɚɟɦɨɟ ɩɢɤɫɟɥɟɦ ɢɡɨɛɪɚɠɟɧɢɹ. Ʉɨɝɞɚ ɩɢɤɫɟɥɢ ɢɦɟɸɬ 
ɪɚɡɪɹɞɧɨɫɬɶ 8 ɛɢɬ, MAБ = 255. 
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Ⱦɥɹ ɨɰɟɧɤɢ ɫɤɪɵɬɧɨɫɬɢ ɛɵɥɨ ɩɪɨɜɟɞɟɧ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ, ɦɨɞɟɥɢɪɭɸɳɢɣ 
ɤɨɞɢɪɨɜɚɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɜ ɢɡɨɛɪɚɠɟɧɢɹ ɜɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ 
ɬɚɛɥɢɰɟ 1.   

Тɚɛɥицɚ 1 

ȼɯɨɞɧɵɟ ɞɚɧɧɵɟ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ 

Table 1 

ɋШНТЧР ЩКЫКЦОЭОЫЬ 

ɉɚɪɚɦɟɬɪɵ ɢɡɨɛɪɚɠɟɧɢɹ Ɂɧɚɱɟɧɢɟ ɉɚɪɚɦɟɬɪɵ ɤɨɞɢɪɨɜɚɧɢɹ Ɂɧɚɱɟɧɢɟ 

Ɋɚɡɦɟɪ ɢɡɨɛɪɚɠɟɧɢɹ 512ɯ512 Ɋɚɡɦɟɪ ɩɨɞɛɥɨɤɚ ɢɡɨɛɪɚɠɟɧɢɹ 64ɯ64 

Ɏɨɪɦɚɬ ɢɡɨɛɪɚɠɟɧɢɹ TIFF Ʉɨɥɢɱɟɫɬɜɨ ɛɢɬ, ɤɨɞɢɪɭɟɦɨɟ ɜ ɨɞɧɨɦ ɩɨɞɛɥɨɤɟ K 64 

Ƚɥɭɛɢɧɚ ɰɜɟɬɚ 8 ɛɢɬ ȼɫɟɝɨ ɡɚɤɨɞɢɪɨɜɚɧɨ ɛɢɬ I 4096 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɢɡɨɛɪɚɠɟɧɢɹ (ɪɢɫɭɧɨɤ) ɛɵɥɢ ɡɚɤɨɞɢɪɨɜɚɧɵ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɛɢɬ, ɢɦɟɸɳɢɟ ɧɨɪɦɚɥɶɧɵɣ ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 
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ɚ) ɛ) 
Риɫ. Ɋɟɡɭɥɶɬɚɬ ɤɨɞɢɪɨɜɚɧɢɹ ɜ ɦɨɧɨɯɪɨɦɧɨɦ ɢɡɨɛɪɚɠɟɧɢɢ: ɚ) ɬɟɫɬɨɜɨɟ ɢɡɨɛɪɚɠɟɧɢɟ «LОЧК»; 

ɛ) ɬɟɫɬɨɜɨɟ ɢɡɨɛɪɚɠɟɧɢɟ «ɋКЦОrКЦКЧ» 

Fig. Grayscale images with concealed id: a) test image “Lena”; b) test image “Cameraman” 

C ɭɱɟɬɨɦ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɫɬɟɝɚɧɨɫɢɫɬɟɦɵ, ɜɜɨɞɹɬɫɹ ɫɥɟɞɭɸɳɢɟ ɩɨɤɚɡɚɬɟɥɢ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɥɹ ɨɰɟɧɤɢ ɟɟ ɫɬɨɣɤɨɫɬɢ:  

ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ – ɨɬɧɨɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɛɢɬ M  ɜɫɬɪɚɢɜɚɟɦɨɣ ɜ ɤɨɧɬɟɣɧɟɪ 
ɢɧɮɨɪɦɚɰɢɢ ɤ ɨɛɳɟɦɭ ɨɛɴɟɦɭ V  ɤɨɧɬɟɣɧɟɪɚ: 

.
V

M
P 

(17) 

ȼɟɪɨɹɬɧɨɫɬɶ ɨɲɢɛɨɱɧɨɝɨ ɢɡɜɥɟɱɟɧɢɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɞɚɧɧɵɯ ɫɨɨɛɳɟɧɢɹ: 

.
~1

1





M
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(18) 

ȼ ɢɫɫɥɟɞɨɜɚɧɢɢ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɪɚɡɥɢɱɧɵɟ ɦɨɧɨɯɪɨɦɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ, ɜ ɤɨɬɨɪɵɟ ɛɵɥɨ 
ɡɚɤɨɞɢɪɨɜɚɧɨ 610  ɛɢɬ. Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨ ɤɚɠɞɨɦɭ ɢɡɨɛɪɚɠɟɧɢɸ ɛɵɥɢ ɭɫɪɟɞɧɟɧɵ ɢ 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2. 

Тɚɛɥицɚ 2 

Ɋɟɡɭɥɶɬɚɬɵ ɨɰɟɧɤɢ ɤɨɞɢɪɨɜɚɧɢɹ ɢɞɟɧɬɢɮɢɤɚɬɨɪɨɜ ɜ ɦɨɧɨɯɪɨɦɧɨɦ ɢɡɨɛɪɚɠɟɧɢɢ 

Table 2 

The results of assessment of stealth in a monochrome image 

ɂɡɨɛɪɚɠɟɧɢɟ 
Ɉɰɟɧɤɢ 

MSE PSNR NC P BER 

№1 0.17838 55.61725 0.99999 0.015625 0.0000016 

№2 0.14879 56.40483 0.99999 0.015625 0.0000012 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɞɢɪɨɜɚɧɢɟ ɜ ɫɭɛɩɨɥɨɫɚɯ ɢɡɨɛɪɚɠɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɢɬɶ ɜɫɬɪɚɢɜɚɧɢɟ 
ɢɞɟɧɬɢɮɢɤɚɬɨɪɨɜ ɢ ɪɟɚɥɢɡɨɜɚɬɶ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɭɸ ɡɚɳɢɬɭ ɢɧɮɨɪɦɚɰɢɢ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɫɭɛɩɨɥɨɫɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ, ɩɨɡɜɨɥɹɟɬ ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ 
ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɢɟ ɚɥɝɨɪɢɬɦɵ ɤɨɞɢɪɨɜɚɧɢɹ ɢɧɮɨɪɦɚɰɢɢ. 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
1. Ɍɟɯɧɨɥɨɝɢɹ ɫɤɪɵɬɧɨɝɨ ɤɨɞɢɪɨɜɚɧɢɹ ɝɟɨɞɚɧɧɵɯ ɜ ɫɧɢɦɤɚɯ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ / ɀɢɥɹɤɨɜ ȿ.Ƚ., Ʌɢɯɨɥɨɛ ɉ.Ƚ.,

Ȼɚɥɚɛɚɧɨɜɚ Ɍ.ɇ., Ʌɢɯɨɝɨɞɢɧɚ ȿ.ɋ. // ɇɚɭɱɧɵɟ ɜɟɞɨɦɨɫɬɢ Ȼɟɥɝɨɪɨɞɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. ɋɟɪɢɹ 
ɂɫɬɨɪɢɹ. ɉɨɥɢɬɨɥɨɝɢɹ. ɗɤɨɧɨɦɢɤɚ. ɂɧɮɨɪɦɚɬɢɤɚ. № 2 (223). ɜɵɩɭɫɤ 37. – Ȼɟɥɝɨɪɨɞ: ȽɢɄ, 2016. ɋ. 182-189. 

2. Ʌɢɯɨɥɨɛ ɉ.Ƚ., Ʌɢɯɨɝɨɞɢɧɚ ȿ.ɋ., ɓɟɩɢɥɨɜɚ Ⱦ.ȼ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɢɫɤɚɠɟɧɢɣ, ɜɵɡɜɚɧɧɵɯ ɜɧɟɞɪɟɧɧɨɣ ɜ ɢɡɨɛɪɚɠɟɧɢɟ
ɡɚɳɢɬɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ // ɉɪɨɛɥɟɦɵ ɩɟɪɟɞɚɱɢ ɢ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ ɜ ɫɟɬɹɯ ɢ ɫɢɫɬɟɦɚɯ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ 

Ɇɚɬɟɪɢɚɥɵ 18-ɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ. 2015. ɋ. 123-126. 

3. ɀɢɥɹɤɨɜ ȿ.Ƚ., ȼɟɫɟɥɵɯ ɇ.Ʉ. ɋɠɚɬɢɟ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɫɭɛɩɨɥɨɫɧɨɝɨ ɚɧɚɥɢɡɚ/ɫɢɧɬɟɡɚ // ɇɚɭɱɧɵɟ ɜɟɞɨɦɨɫɬɢ
Ȼɟɥɝɨɪɨɞɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. ɋɟɪɢɹ: ɗɤɨɧɨɦɢɤɚ. ɂɧɮɨɪɦɚɬɢɤɚ. 2014. №21-1 (192). 

https://elibrary.ru/item.asp?id=24304310
https://elibrary.ru/item.asp?id=24304310
https://elibrary.ru/item.asp?id=24264934
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4. ɀɢɥɹɤɨɜ ȿ. Ƚ., ɑɟɪɧɨɦɨɪɟɰ Ⱥ.Ⱥ., Ʌɵɫɟɧɤɨ ɂ.ȼ. Ɇɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɱɧɵɯ ɡɧɚɱɟɧɢɣ ɞɨɥɟɣ ɷɧɟɪɝɢɢ
ɢɡɨɛɪɚɠɟɧɢɣ ɜ ɡɚɞɚɧɧɵɯ ɱɚɫɬɨɬɧɵɯ ɢɧɬɟɪɜɚɥɚɯ // ȼɨɩɪɨɫɵ ɪɚɞɢɨɷɥɟɤɬɪɨɧɢɤɢ. ɋɟɪ. ɊɅɌ. – 2007. – ȼɵɩ. 4. – ɋ. 115-123. 

5. Ʉɨɧɚɯɨɜɢɱ Ƚ.Ɏ., ɉɭɡɵɪɟɧɤɨ Ⱥ.ɘ. Ʉɨɦɩɶɸɬɟɪɧɚɹ ɫɬɟɝɚɧɨɝɪɚɮɢɹ. Ɍɟɨɪɢɹ ɢ ɩɪɚɤɬɢɤɚ. – Ɇ.: ɆɄ-ɉɪɟɫɫ, 2006. –
288 ɫ. 

6. Ƚɪɢɛɭɧɢɧ ȼ.Ƚ., Ɉɤɨɜ ɂ.ɇ., Ɍɭɪɢɧɰɟɜ ɂ.ȼ. ɐɢɮɪɨɜɚɹ ɫɬɟɝɚɧɨɝɪɚɮɢɹ. – Ɇ: ɋɨɥɨɧ-ɉɪɟɫɫ, 2009. – 265 ɫ.
7. Ɉ ɱɚɫɬɨɬɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɧɟɪɝɢɢ ɢɡɨɛɪɚɠɟɧɢɣ / ɑɟɪɧɨɦɨɪɟɰ Ⱥ.Ⱥ., Ƚɨɥɨɳɚɩɨɜɚ ȼ.Ⱥ., Ʌɵɫɟɧɤɨ ɂ.ȼ.,

Ȼɨɥɝɨɜɚ ȿ.ȼ. // ɇɚɭɱɧɵɟ ɜɟɞɨɦɨɫɬɢ Ȼɟɥɝɨɪɨɞɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. ɋɟɪɢɹ: ɗɤɨɧɨɦɢɤɚ. ɂɧɮɨɪɦɚɬɢɤɚ. 
2011. Ɍ. 1. № 17-1. ɋ. 103. 

8. ɀɢɥɹɤɨɜ ȿ.Ƚ., ɑɟɪɧɨɦɨɪɟɰ Ⱥ.Ⱥ., Ȼɨɥɝɨɜɚ ȿ.ȼ. Ɉ ɫɬɟɝɚɧɨɝɪɚɮɢɢ ɜ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɞɚɧɧɵɯ // Ɇɚɬɟɪɢɚɥɵ БV
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