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Ⱥɧɧɨɬɚɰɢɹ 
Ɋɟɚɥɶɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɧɟ ɹɜɥɹɸɬɫɹ ɫɥɭɱɚɣɧɵɦ ɩɪɨɰɟɫɫɨɦ ɫ ɪɚɜɧɨɦɟɪɧɵɦ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ, ɩɨɷɬɨɦɭ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɯ ɤɚɤ ɤɨɧɬɟɣɧɟɪɨɜ ɜ ɫɬɟɧɨɝɪɚɮɢɱɟɫɤɨɦ 
ɤɨɞɢɪɨɜɚɧɢɢ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. Ⱦɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɜɨɣɫɬɜ ɢɡɨɛɪɚɠɟɧɢɣ 
ɩɪɢɦɟɧɹɸɬɫɹ ɧɟɮɨɪɦɚɬɧɵɟ ɦɟɬɨɞɵ ɤɨɞɢɪɨɜɚɧɢɹ. ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɪɟɞɥɚɝɚɟɬɫɹ 
ɪɚɫɫɦɨɬɪɟɬɶ ɫɥɟɞɭɸɳɢɣ ɧɟɮɨɪɦɚɬɧɵɣ ɦɟɬɨɞ ɫɬɟɝɚɧɨɝɪɚɮɢɢ: ɤɨɞɢɪɨɜɚɧɢɟ ɜ ɫɭɛɩɨɥɨɫɚɯ 
ɢɡɨɛɪɚɠɟɧɢɹ, ɝɞɟ ɢɧɮɨɪɦɚɰɢɹ ɩɨɛɢɬɧɨ ɤɨɞɢɪɭɟɬɫɹ ɜ ɢɡɨɛɪɚɠɟɧɢɟ, ɜɧɨɫɹ ɢɡɦɟɧɟɧɢɹ ɜ 
ɨɝɪɚɧɢɱɟɧɧɭɸ ɫɭɛɩɨɥɨɫɭ ɫɬɟɝɨɤɨɧɬɟɣɧɟɪɚ, ɢɫɩɨɥɶɡɭɹ ɨɝɪɚɧɢɱɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɟё 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɜɵɛɨɪ ɤɨɬɨɪɵɯ ɩɨɞɱɢɧɹɟɬɫɹ ɪɟɚɥɢɡɨɜɚɧɧɨɦɭ ɚɥɝɨɪɢɬɦɭ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ 
ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɫɪɚɜɧɟɧɢɟ ɫ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɦ ɦɟɬɨɞɨɦ ɫɤɪɵɬɧɨɝɨ ɜɧɟɞɪɟɧɢɹ 
ɢɧɮɨɪɦɚɰɢɢ ɜ ɢɡɨɛɪɚɠɟɧɢɟ ɫ ɩɨɦɨɳɶɸ ɪɚɫɲɢɪɟɧɢɹ ɫɩɟɤɬɪɚ, ɜ ɤɨɬɨɪɨɦ ɢɧɮɨɪɦɚɰɢɨɧɧɨɟ 
ɫɨɨɛɳɟɧɢɟ ɩɨɛɢɬɧɨ ɦɨɞɭɥɢɪɭɟɬɫɹ ɩɭɬɟɦ ɭɦɧɨɠɟɧɢɹ ɧɚ ɚɧɫɚɦɛɥɶ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɢɝɧɚɥɨɜ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɨɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ; ɦɭɥɶɬɢɦɟɞɢɣɧɵɟ ɞɚɧɧɵɟ; ɤɚɱɟɫɬɜɨ 
ɨɛɥɭɠɢɜɚɧɢɹ ɫɟɬɢ; ɤɚɱɟɫɬɜɨ ɜɨɫɩɪɢɹɬɢɹ. 
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Ⱥbstract 
Real images are not a random image with a uniform distribution, so using them as containers in 

steganography coding is an actual task. Non-formatting encoding methods use image properties. 

This article proposes to consider the following non-formatting method of steganography: 

encoding in sub-bands of an image where information is bit-coded in an image, including a 

limited sub-band of an image container, using a limited number of its coefficients, the choice of 

which obeys the implemented algorithm. This method is considered in a comparative analysis 

using the spread spectrum, in which the information message is bit by bit modulated by 

multiplying by an ensemble of orthogonal signals. 

Keywords: steganography; image; subband analysis; spreading method.
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɡɚɞɚɱɚ ɧɚɞɟɠɧɨɣ ɡɚɳɢɬɵ ɢɧɮɨɪɦɚɰɢɢ ɨɬ ɧɟɫɚɧɤɰɢɨɧɢɪɨɜɚɧɧɨɝɨ ɞɨɫɬɭɩɚ 
ɩɨɫɪɟɞɫɬɜɨɦ ɫɬɟɝɚɧɨɝɪɚɮɢɢ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɜ ɫɜɹɡɢ ɫ ɢɡɦɟɧɹɟɦɨɫɬɶɸ ɬɪɟɛɨɜɚɧɢɣ ɢ ɪɨɫɬɨɦ 
ɜɨɡɦɨɠɧɨɫɬɟɣ ɜɡɥɨɦɚ. ɉɟɪɟɫɟɤɚɹɫɶ ɫ ɬɚɤɨɣ ɠɟ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɤɚɤ ɫɠɚɬɢɟ ɢɧɮɨɪɦɚɰɢɢ, ɰɟɥɶ 
ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɧɟ ɬɨɥɶɤɨ ɜ ɨɝɪɚɧɢɱɟɧɢɢ ɞɨɫɬɭɩɚ ɤ ɢɧɮɨɪɦɚɰɢɢ, ɧɨ ɢ ɜ ɭɜɟɥɢɱɟɧɢɢ ɨɛɴɟɦɚ 
ɤɨɧɮɢɞɟɧɰɢɚɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɜ ɤɨɧɬɟɣɧɟɪɟ [5]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɚɧɧɵɟ ɡɚɞɚɱɢ ɩɪɢɜɟɥɢ ɤ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ ɫɬɟɧɨɝɪɚɮɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ, 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɩɨ ɤɚɧɚɥɚɦ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ. 
Ȼɨɥɶɲɢɧɫɬɜɨ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚɩɪɚɜɥɟɧɨ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɤɨɧɬɟɣɧɟɪɨɜ 
ɫɬɟɧɨɝɪɚɮɢɱɟɫɤɨɝɨ ɤɨɞɢɪɨɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ. ɍɱɢɬɵɜɚɹ ɧɟɬɨɱɧɨɫɬɢ ɭɫɬɪɨɣɫɬɜ ɨɰɢɮɪɨɜɤɢ ɢ 
ɢɡɛɵɬɨɱɧɨɫɬɶ ɬɚɤɢɯ ɤɨɧɬɟɣɧɟɪɨɜ, ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ 
ɤɨɦɩɨɧɟɧɬɵ ɢɡɨɛɪɚɠɟɧɢɣ ɞɥɹ ɜɧɟɞɪɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ.  

ȼ ɨɬɥɢɱɢɟ ɨɬ ɤɪɢɩɬɨɝɪɚɮɢɢ, ɤɨɬɨɪɚɹ ɫɤɪɵɜɚɟɬ ɫɨɞɟɪɠɢɦɨɟ ɬɚɣɧɨɝɨ ɫɨɨɛɳɟɧɢɹ, 
ɫɬɟɝɚɧɨɝɪɚɮɢɹ ɫɤɪɵɜɚɟɬ ɫɚɦ ɮɚɤɬ ɟɝɨ ɫɭɳɟɫɬɜɨɜɚɧɢɹ. Ɍɨ ɟɫɬɶ, ɩɪɟɢɦɭɳɟɫɬɜɨ ɫɬɟɝɚɧɨɝɪɚɮɢɢ ɧɚɞ 
ɱɢɫɬɨɣ ɤɪɢɩɬɨɝɪɚɮɢɟɣ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɫɨɨɛɳɟɧɢɹ ɧɟ ɩɪɢɜɥɟɤɚɸɬ ɤ ɫɟɛɟ ɜɧɢɦɚɧɢɹ. 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɫɪɚɜɧɢɜɚɸɬɫɹ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɧɟɮɨɪɦɚɬɧɵɣ ɦɟɬɨɞ ɫɬɟɝɚɧɨɝɪɚɮɢɢ: 
ɤɨɞɢɪɨɜɚɧɢɟ ɜ ɫɭɛɩɨɥɨɫɚɯ ɢɡɨɛɪɚɠɟɧɢɹ, ɤɨɬɨɪɵɣ ɩɪɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ ɢɡɨɛɪɚɠɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬ 
ɟɝɨ ɫɜɨɣɫɬɜɚ, ɢ ɬɚɤɨɣ ɠɟ ɧɟɮɨɪɦɚɬɧɵɣ ɦɟɬɨɞ: ɦɟɬɨɞ ɪɚɫɲɢɪɟɧɢɹ ɫɩɟɤɬɪɚ. ɇɟɮɨɪɦɚɬɧɵɟ ɦɟɬɨɞɵ – 

ɷɬɨ ɦɟɬɨɞɵ, ɢɫɩɨɥɶɡɭɸɳɢɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɚɦɢ ɞɚɧɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ [4]. ɉɪɢɦɟɧɟɧɢɟ 
ɧɟɮɨɪɦɚɬɧɵɯ ɦɟɬɨɞɨɜ ɧɟɢɡɛɟɠɧɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɢɫɤɚɠɟɧɢɣ, ɜɧɨɫɢɦɵɯ 
ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɨɣ ɫɢɫɬɟɦɨɣ, ɨɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɨɧɢ ɹɜɥɹɸɬɫɹ ɛɨɥɟɟ ɫɬɨɣɤɢɦɢ ɤ ɚɬɚɤɚɦ ɤɚɤ 
ɩɚɫɫɢɜɧɵɯ, ɬɚɤ ɢ ɚɤɬɢɜɧɵɯ ɩɪɨɬɢɜɧɢɤɨɜ. 

ȼ ɚɥɝɨɪɢɬɦɟ ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɨɝɨ ɤɨɞɢɪɨɜɚɧɢɹ ɜ ɫɭɛɩɨɥɨɫɚɯ ɢɡɨɛɪɚɠɟɧɢɹ ɢɧɮɨɪɦɚɰɢɨɧɧɨɟ 
ɫɨɨɛɳɟɧɢɟ ɩɨɛɢɬɧɨ ɜɧɟɞɪɹɟɬɫɹ ɜ ɫɭɛɩɨɥɨɫɵ ɫɬɟɝɨɤɨɧɬɟɣɧɟɪɚ. 

Ɋɟɚɥɶɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɧɟ ɹɜɥɹɸɬɫɹ ɫɥɭɱɚɣɧɵɦ ɩɪɨɰɟɫɫɨɦ ɫ ɪɚɜɧɨɦɟɪɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ. 
ɂɡɜɟɫɬɧɨ, ɱɬɨ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɷɧɟɪɝɢɢ ɢɡɨɛɪɚɠɟɧɢɣ ɫɨɫɪɟɞɨɬɨɱɟɧɚ ɜ ɧɢɡɤɨɱɚɫɬɨɬɧɨɣ ɱɚɫɬɢ ɫɩɟɤɬɪɚ. 
ɉɨɷɬɨɦɭ ɢ ɧɟɨɛɯɨɞɢɦɨ ɞɟɤɨɦɩɨɡɢɪɨɜɚɬɶ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ ɫɭɛɩɨɥɨɫɵ. ɇɢɡɤɨɱɚɫɬɨɬɧɵɟ ɫɭɛɩɨɥɨɫɵ 
ɫɨɞɟɪɠɚɬ ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɷɧɟɪɝɢɢ ɢɡɨɛɪɚɠɟɧɢɹ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɨɫɹɬ ɲɭɦɨɜɨɣ ɯɚɪɚɤɬɟɪ. 
ȼɵɫɨɤɨɱɚɫɬɨɬɧɵɟ ɫɭɛɩɨɥɨɫɵ ɧɚɢɛɨɥɟɟ ɩɨɞɜɟɪɠɟɧɵ ɜɨɡɞɟɣɫɬɜɢɸ ɫɨ ɫɬɨɪɨɧɵ ɪɚɡɥɢɱɧɵɯ 
ɚɥɝɨɪɢɬɦɨɜ ɨɛɪɚɛɨɬɤɢ, ɛɭɞɶ ɬɨ ɫɠɚɬɢɟ ɢɥɢ ɇɑ ɮɢɥɶɬɪɚɰɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɜɥɨɠɟɧɢɹ 
ɫɨɨɛɳɟɧɢɹ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɦɢ ɤɚɧɞɢɞɚɬɚɦɢ ɹɜɥɹɸɬɫɹ ɫɪɟɞɧɟɱɚɫɬɨɬɧɵɟ ɫɭɛɩɨɥɨɫɵ ɫɩɟɤɬɪɚ 
ɢɡɨɛɪɚɠɟɧɢɹ [1,6-10]. 

ȼɵɱɢɫɥɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɫɩɟɤɬɪɚ ɢɡɨɛɪɚɠɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ 
ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɟɝɨ ɷɧɟɪɝɢɢ ɩɨ ɬɚɤ ɧɚɡɵɜɚɟɦɵɦ ɱɚɫɬɨɬɧɵɦ ɢɧɬɟɪɜɚɥɚɦ. 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 
ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɜɵɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ɪɚɡɥɢɱɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜɢɡɭɚɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. ɗɬɨ ɢ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɭɛɩɨɥɨɫɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ [1]. 

Ʉɨɧɬɟɣɧɟɪ-ɢɡɨɛɪɚɠɟɧɢɟ ɛɭɞɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ ɦɚɫɫɢɜ ɞɚɧɧɵɯ ɋ  ɪɚɡɦɟɪɧɨɫɬɶɸ NM  , 

ɪɚɡɛɢɬɵɣ ɧɚ ɤɜɚɞɪɚɬɧɵɟ ɩɨɞɛɥɨɤɢ iɋ  ɪɚɡɦɟɪɨɦ 64S . ȼ ɤɚɱɟɫɬɜɟ ɷɥɟɦɟɧɬɨɜ ɦɚɫɫɢɜɚ ɋ  ɛɭɞɭɬ 
ɜɵɫɬɭɩɚɬɶ ɧɟɫɠɚɬɵɟ ɪɚɫɬɪɨɜɵɟ ɞɚɧɧɵɟ ɩɨɥɭɬɨɧɨɜɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. 

Ɍɚɤ ɤɚɤ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɜɚɞɪɚɬɧɵɟ ɩɨɞɛɥɨɤɢ, ɬɨ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɬɨɪɨɣ ɫɭɛɩɨɥɨɫɧɨɣ ɦɚɬɪɢɰɵ ɩɨ ɨɫɢ ɨɪɞɢɧɚɬ ɧɟ ɢɦɟɟɬ ɫɦɵɫɥɚ. ɉɨɷɬɨɦɭ ɞɚɥɟɟ 
ɛɭɞɟɬ ɨɩɢɫɵɜɚɬɶɫɹ ɚɥɝɨɪɢɬɦ ɛɟɡ ɭɱɟɬɚ ɩɨɫɬɪɨɟɧɢɹ ɜɬɨɪɨɣ ɫɭɛɩɨɥɨɫɧɨɣ ɦɚɬɪɢɰɵ. 

ɑɚɫɬɨɬɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɩɪɟɞɥɚɝɚɟɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɨ ɪɚɡɛɢɬɶ ɧɚ ɫɭɛɢɧɬɟɪɜɚɥɵ ɤɚɠɞɵɣ 
ɩɨɞɛɥɨɤ ɫɬɟɝɨɤɨɧɬɟɣɧɟɪɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢɹɦɢ [4]: 

 0)1(2R , (1) 
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ɝɞɟ R – ɤɨɥɢɱɟɫɬɜɨ ɱɚɫɬɨɬɧɵɯ ɢɧɬɟɪɜɚɥɨɜ ɢ 
4

2
R




n
; 0  – ɧɭɥɟɜɨɣ ɱɚɫɬɨɬɧɵɣ ɢɧɬɟɪɜɚɥ 

ɱɚɫɬɨɬɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ 
S

2
0  . 

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

S

4
  

(2) 

Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɫɩɟɤɬɪɚ ɢɡɨɛɪɚɠɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɭɛɩɨɥɨɫɧɚɹ ɦɚɬɪɢɰɚ 
 ikaA   – ɫɢɦɦɟɬɪɢɱɧɚɹ ɦɚɬɪɢɰɚ, ɷɥɟɦɟɧɬɵ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɹɸɬɫɹ: 
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(3) 

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

rTrr

r QLQA   (4) 

Ɍɚɤ ɤɚɤ 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 q , ɩɨɥɭɱɟɧɧɨɣ ɩɨ ɫɥɟɞɭɸɳɟɣ 
ɮɨɪɦɭɥɟ: 

r

i

rT
QɋQq   (5) 

ȼɵɛɨɪ ɤɨɷɮɮɢɰɢɟɧɬ ɛɵɥ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧ. Ⱥɥɝɨɪɢɬɦ ɛɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧ ɧɢɠɟ. ȼ ɤɚɠɞɵɣ 
ɧɚɣɞɟɧɧɵɣ ɷɥɟɦɟɧɬ ɜɧɟɞɪɹɟɬɫɹ ɢɧɮɨɪɦɚɰɢɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 

kijij eqq   (6) 

ɝɞɟ ke  – ɤɨɞɨɜɨɟ ɨɬɨɛɪɚɠɟɧɢɟ ɞɜɨɢɱɧɨɝɨ ɛɢɬɚ ɤɨɧɬɪɨɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, }1,1{ke , ɨɩɪɟɞɟɥɹɟɦɨɟ 

ɩɨ ɮɨɪɦɭɥɟ: 
Kkbite kk ,...,1,12   (7) 

ɝɞɟ kbit  – ɛɢɬ ɢɧɮɨɪɦɚɰɢɢ ɜ ɞɜɨɢɱɧɨɣ ɫɢɫɬɟɦɟ ɫɱɢɫɥɟɧɢɹ, };1,0{kbit  K – ɨɛɴɟɦ ɫɤɪɵɬɧɨ 
ɤɨɞɢɪɭɟɦɨɣ ɢɧɮɨɪɦɚɰɢɢ. 

Ⱦɥɹ ɩɪɨɰɟɫɫɚ ɞɟɤɨɞɢɪɨɜɚɢɹ ɜɧɚɱɚɥɟ ɜɵɱɢɫɥɹɟɬɫɹ ɨɛɪɚɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɩɨ ɮɨɪɦɭɥɟ: 
rT

i

r
QɋQq   (8) 

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

)(~
ijk qsigne   (9) 

Ɋɟɲɟɧɢɟ ɨ ɞɟɤɨɞɢɪɨɜɚɧɧɨɦ ɫɢɝɧɚɥɟ ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢɟɦ:  









0~,1

0~,0~

k

k

k
e

e
itb  

        

(10) 

ȼɵɛɨɪ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɛɵɥ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧ ɫ ɩɨɦɨɳɶɸ ɫɥɟɞɭɸɳɟɝɨ ɚɥɝɨɪɢɬɦɚ: 
1. ȼɵɱɢɫɥɹɸɬɫɹ ɚɛɫɨɥɸɬɧɵɟ ɡɧɚɱɟɧɢɹ ɦɚɬɪɢɰɵ q . 

2. Ɂɚɞɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɢɧɬɟɪɜɚɥɨɜ 500100  I (ɨɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɡɛɢɟɧɢɹ), ɧɚ 
ɤɨɬɨɪɵɟ ɞɟɥɢɬɫɹ ɜɟɫɶ ɞɢɚɩɚɡɨɧ ɡɧɚɱɟɧɢɣ ɦɚɬɪɢɰɵ q . 
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3. ȼɵɛɢɪɚɟɬɫɹ ɩɟɪɜɵɣ ɢɧɬɟɪɜɚɥ, ɬɚɤ ɤɚɤ ɨɧ ɜɫɟɝɞɚ ɫɨɞɟɪɠɢɬ ɧɚɢɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ 
ɷɥɟɦɟɧɬɨɜ.  

4. ɉɪɨɢɫɯɨɞɢɬ ɩɨɢɫɤ nbit (ɤɨɥɢɱɟɫɬɜɨ ɜɧɟɞɪɹɟɦɵɯ ɛɢɬ ɜ ɨɞɢɧ ɩɨɞɛɥɨɤ) ɷɥɟɦɟɧɬɨɜ ɜ ɦɚɬɪɢɰɟ 
q  ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɚɥɝɨɪɢɬɦɭ: 

5. ȼ ɤɚɠɞɵɣ ɫɬɨɥɛɟɰ ɤɨɞɢɪɭɟɬɫɹ ɧɟ ɛɨɥɟɟ 
S

nbit
. 

6. ɉɪɨɢɫɯɨɞɢɬ ɰɢɤɥɢɱɟɫɤɢɣ ɩɨɢɫɤ ɨɬ ɞɢɚɝɨɧɚɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ ɩɟɪɜɵɯ ɩɨɞɯɨɞɹɳɢɯ 
ɷɥɟɦɟɧɬɨɜ, ɩɪɢɧɚɞɥɟɠɚɳɢɯ ɡɚɞɚɧɧɨɦɭ ɢɧɬɟɪɜɚɥɭ. 

7. ȼ ɤɚɠɞɵɣ ɧɚɣɞɟɧɧɵɣ ɷɥɟɦɟɧɬ ɜɧɟɞɪɹɟɬɫɹ ɢɧɮɨɪɦɚɰɢɹ ɩɨ ɮɨɪɦɭɥɟ (6-10). 

ȼ ɚɥɝɨɪɢɬɦɟ ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɨɝɨ ɤɨɞɢɪɨɜɚɧɢɹ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɦɟɬɨɞɟ ɪɚɫɲɢɪɟɧɢɹ ɫɩɟɤɬɪɚ, 
ɢɧɮɨɪɦɚɰɢɨɧɧɨɟ ɫɨɨɛɳɟɧɢɟ ɩɨɛɢɬɧɨ ɦɨɞɭɥɢɪɭɟɬɫɹ ɩɭɬɟɦ ɭɦɧɨɠɟɧɢɹ ɧɚ ɚɧɫɚɦɛɥɶ ɨɪɬɨɝɨɧɚɥɶɧɵɯ 
ɫɢɝɧɚɥɨɜ. 

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɪɚɡɛɢɟɧɢɟ ɤɨɧɬɟɣɧɟɪɚ ɧɚ ɛɥɨɤɢ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɢɡɜɨɥɶɧɵɦ. ȼɫɬɪɚɢɜɚɧɢɟ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɤɚɠɞɵɣ ɛɢɬ ɫɨɨɛɳɟɧɢɹ 
ɫɨɩɨɫɬɚɜɥɹɟɬɫɹ ɫ ɨɬɞɟɥɶɧɵɦ ɛɥɨɤɨɦ ɤɨɧɬɟɣɧɟɪɚ-ɢɡɨɛɪɚɠɟɧɢɹ [2].  

ɋɭɬɶ ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɞɨɛɚɜɥɟɧɢɢ ɤ ɢɡɨɛɪɚɠɟɧɢɸ ɩɫɟɜɞɨɫɥɭɱɚɣɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
(ɉɋɉ) ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢɟɦ: 

uegCC kii 
~

, (11) 

ɝɞɟ iC – ɢɫɯɨɞɧɵɣ ɩɨɞɛɥɨɤ ɢɡɨɛɪɚɠɟɧɢɹ; u  – ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɨɦ nm  , ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɉɋɉ;  
g – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɞɚɸɳɢɣ ɷɧɟɪɝɢɸ ɩɨɞɛɥɨɤɚ ɢɡɨɛɪɚɠɟɧɢɹ, ɤɭɞɚ ɜɫɬɪɚɢɜɚɟɬɫɹ ɛɢɬ;  ke  – ɤɨɞɨɜɨɟ 

ɨɬɨɛɪɚɠɟɧɢɟ ɞɜɨɢɱɧɨɝɨ ɛɢɬɚ ɜɧɟɞɪɹɟɦɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɩɨ ɮɨɪɦɭɥɟ (7). 
Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɢɫɤɚɠɟɧɢɣ ɜ ɩɨɥɭɱɟɧɧɨɦ ɫɬɟɝɨɤɨɧɬɟɣɧɟɪɟ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɟɫɬɢ 

ɮɢɥɶɬɪɚɰɢɸ ɧɚ ɤɚɠɞɨɦ ɩɨɞɛɥɨɤɟ: 
uɋɋ ii  ~~

, 
(12) 

ɝɞɟ   – ɜɟɫɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ: 
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kjkj uɫ , (13) 

ɝɞɟ kjc  – ɩɢɤɫɟɥɶ ɢɫɯɨɞɧɨɝɨ ɩɨɞɛɥɨɤɚ ɢɡɨɛɪɚɠɟɧɢɹ  
kji cɋ  , Sjk ,..,2,1,  . 

ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɲɭɦɚ ɦɚɬɪɢɰɵ ɉɋɉ u , ɧɟ ɨɛɥɚɞɚɸɳɟɣ 
ɜɡɚɢɦɧɨɣ ɷɧɟɪɝɢɟɣ ɫ ɞɚɧɧɵɦɢ, ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɶ ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɢ 

ɡɚɤɨɞɢɪɨɜɚɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɪɨɟɤɰɢɢ   ɩɨɜɵɲɚɟɬ ɫɤɪɵɬɧɨɫɬɶ 
ɢɧɮɨɪɦɚɰɢɢ.  

ɇɚ ɷɬɚɩɟ ɢɡɜɥɟɱɟɧɢɹ ɞɚɧɧɵɯ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜɥɚɞɟɬɶ ɢɧɮɨɪɦɚɰɢɟɣ ɨ ɩɟɪɜɢɱɧɨɦ 
ɤɨɧɬɟɣɧɟɪɟ. Ɉɩɟɪɚɰɢɹ ɞɟɤɨɞɢɪɨɜɚɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɫɤɪɵɬɨɝɨ ɫɨɨɛɳɟɧɢɹ ɩɭɬɟɦ 
ɩɪɨɟɰɢɪɨɜɚɧɢɹ ɤɚɠɞɨɝɨ ɛɥɨɤɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɫɬɟɝɨɤɨɧɬɟɣɧɟɪɚ, ɧɚ ɜɫɟ ɛɚɡɢɫɧɵɟ ɮɭɧɤɰɢɢ. ɉɨɷɬɨɦɭ 
ɞɥɹ ɞɟɤɨɞɢɪɨɜɚɧɢɹ ɜɵɫɱɢɬɵɜɚɟɬɫɹ ɬɨɥɶɤɨ ɤɨɷɮɮɢɰɢɟɧɬ  , ɢ ɞɚɥɟɟ ɚɧɚɥɨɝɢɱɧɨ ɩɪɢɦɟɧɹɸɬɫɹ 
ɮɨɪɦɭɥɵ (9) ɢ (13=10). 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɚɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɧɟɨɛɯɨɞɢɦɨ ɨɰɟɧɢɬɶ ɢɯ ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ ɫɤɪɵɬɧɨɫɬɶ 
ɢ ɤɪɢɩɬɨɝɪɚɮɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɟɞɨɫɬɚɜɥɟɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɪɚɡɥɢɱɧɵɟ ɤɪɢɬɟɪɢɢ ɨɰɟɧɨɤ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɨɛɥɚɞɚɟɬ ɪɚɡɧɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɤ ɪɚɡɥɢɱɧɵɦ 
ɢɡɦɟɧɟɧɢɹɦ. ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɬɚɤɢɯ ɤɪɢɬɟɪɢɟɜ, ɧɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɵɦɢ ɢɡ ɧɢɯ ɹɜɥɹɸɬɫɹ: 
ɤɪɢɬɟɪɢɣ ɦɢɧɢɦɭɦɚ ɤɜɚɞɪɚɬɚ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ (MSE), ɩɢɤɨɜɨɟ ɨɬɧɨɲɟɧɢɟ 
ɫɢɝɧɚɥɚ ɤ ɲɭɦɭ (PSNR), ɧɨɪɦɢɪɨɜɚɧɧɚɹ ɤɨɪɪɟɥɹɰɢɹ (NC). ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɷɬɢ ɮɨɪɦɭɥɵ ɜ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɩɨɪɹɞɤɟ: 
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, (14) 

ɝɞɟ 
ik

f  – ɩɢɤɫɟɥɶ ɢɫɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ  ikf , Mi ,..,2,1 , Nk ,..,2,1 ; Ф̃𝑖𝑘 – 

ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ. 

MSE

MAX
PSNR

2

10log10 , (15) 

ɝɞɟ MAX – ɷɬɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ, ɩɪɢɧɢɦɚɟɦɨɟ ɩɢɤɫɟɥɟɦ ɢɡɨɛɪɚɠɟɧɢɹ. Ʉɨɝɞɚ ɩɢɤɫɟɥɢ 
ɢɦɟɸɬ ɪɚɡɪɹɞɧɨɫɬɶ 8 ɛɢɬ, MAX = 255. 





 

 




M

i

N

k
ik

M

i

N

k
ikik

f

ff

MSE

1 1

2

1 1

~

 (16) 

Ⱦɥɹ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɤɨɞɢɪɨɜɚɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɜ ɢɡɨɛɪɚɠɟɧɢɹ ɫ 
ɩɨɦɨɳɶɸ ɦɟɬɨɞɨɜ ɤɨɞɢɪɨɜɚɧɢɹ ɜ ɫɭɛɩɨɥɨɫɚɯ ɢ ɪɚɫɲɢɪɟɧɢɹ ɫɩɟɤɬɪɚ. Ⱦɥɹ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ 
ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɢ ɜɡɹɬɵ ɚɧɚɥɨɝɢɱɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɤɨɞɢɪɨɜɚɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɜ ɢɡɨɛɪɚɠɟɧɢɢ 
(ɬɚɛɥ. 1). 

 

Ɍɚɛɥɢɰɚ 1 

ɉɚɪɚɦɟɬɪɵ ɤɨɞɢɪɨɜɚɧɢɹ 

Table 1 

Coding parameters 

ɉɚɪɚɦɟɬɪɵ 
ɢɡɨɛɪɚɠɟɧɢɹ 

Ɂɧɚɱɟɧɢɟ ɉɚɪɚɦɟɬɪɵ ɤɨɞɢɪɨɜɚɧɢɹ 

Ɂɧɚɱɟɧɢɟ ɩɨ ɦɟɬɨɞɭ 
ɤɨɞɢɪɨɜɚɧɢɹ ɜ 

ɫɭɛɩɨɥɨɫɚɯ 

Ɂɧɚɱɟɧɢɟ ɩɨ 
ɦɟɬɨɞɭ 

ɪɚɫɲɢɪɟɧɢɹ 
ɫɩɟɤɬɪɚ 

Ɋɚɡɦɟɪ 
ɢɡɨɛɪɚɠɟɧɢɹ 

512ɯ512 
Ɋɚɡɦɟɪ ɩɨɞɛɥɨɤɚ 
ɢɡɨɛɪɚɠɟɧɢɹ 

64ɯ64 8ɯ8 

Ɏɨɪɦɚɬ 
ɢɡɨɛɪɚɠɟɧɢɹ 

TIFF 

Ʉɨɥɢɱɟɫɬɜɨ ɛɢɬ, 
ɤɨɞɢɪɭɟɦɨɟ ɜ ɨɞɧɨɦ 
ɩɨɞɛɥɨɤɟ 

64 1 

Ƚɥɭɛɢɧɚ ɰɜɟɬɚ 8 ɛɢɬ ȼɫɟɝɨ ɡɚɤɨɞɢɪɨɜɚɧɨ ɛɢɬ 4096 4096 

 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɢɡɨɛɪɚɠɟɧɢɹ (ɪɢɫ. 1) ɛɵɥɢ ɡɚɤɨɞɢɪɨɜɚɧɵ ɨɞɢɧɚɤɨɜɵɟ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɛɢɬ, ɢɦɟɸɳɢɟ ɧɨɪɦɚɥɶɧɵɣ ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ.  
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Ɋɢɫ. 1. ɒɚɛɥɨɧɵ ɦɨɧɨɯɪɨɦɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ: ɚ) ɬɟɫɬɨɜɨɟ ɢɡɨɛɪɚɠɟɧɢɟ «Lena»  

ɛ) ɬɟɫɬɨɜɨɟ ɢɡɨɛɪɚɠɟɧɢɟ «Cameraman» 

Fig. 1. Patterns of grayscale image: a) test image «Lena» b) test image «Cameraman» 

 

Ɍɚɛɥɢɰɚ 2 

Ɋɟɡɭɥɶɬɚɬɵ ɨɰɟɧɤɢ ɫɤɪɵɬɧɨɫɬɢ 

Table 2 

The results of assessment of stealthiness 

ɂɡɨɛɪɚɠɟɧɢɟ Ɇɟɬɨɞ 
Ɉɰɟɧɤɢ 

MSE PSNR NC 

№1 
ɋɭɛɩɨɥɨɫɧɨɟ ɤɨɞɢɪɨɜɚɧɢɟ 0.17838 55.61725 0.99999 

Ɋɚɫɲɢɪɟɧɢɟ ɫɩɟɤɬɪɚ 6.58521 39.94511 0.99987 

№2 
ɋɭɛɩɨɥɨɫɧɨɟ ɤɨɞɢɪɨɜɚɧɢɟ 0.14879 56.40483 0.99999 

Ɋɚɫɲɢɪɟɧɢɟ ɫɩɟɤɬɪɚ 7.12655 39.60201 0.99983 

 

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

ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ – ɨɬɧɨɲɟɧɢɟ ɨɛɴɟɦɚ V  ɜɫɬɪɚɢɜɚɟɦɨɣ ɜ ɤɨɧɬɟɣɧɟɪ ɢɧɮɨɪɦɚɰɢɢ ɤ 
ɨɛɳɟɦɭ ɨɛɴɟɦɭ MN   ɤɨɧɬɟɣɧɟɪɚ: 

MN

V
C


  

(17) 

ȼɟɥɢɱɢɧɚ ɜɧɨɫɢɦɵɯ ɢɫɤɚɠɟɧɢɣ ɤɚɤ ɩɪɨɰɟɧɬɧɨɟ ɨɬɧɨɲɟɧɢɟ ɫɪɟɞɧɟɚɪɢɮɦɟɬɢɱɟɫɤɨɝɨ ɜɫɟɯ 
ɚɛɫɨɥɸɬɧɵɯ ɡɧɚɱɟɧɢɣ  -ɢɡɦɟɧɟɧɢɣ ɞɚɧɧɵɯ ɤɨɧɬɟɣɧɟɪɚ ɤ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɦɭ ɡɧɚɱɟɧɢɸ 

max : 

,
100

1max










MN

i

i
MN

I  
(18) 

ɝɞɟ i  –  -ɢɡɦɟɧɟɧɢɹ i-ɝɨ ɷɥɟɦɟɧɬɚ ɤɨɧɬɟɣɧɟɪɚ 

ȼɟɪɨɹɬɧɨɫɬɶ ɨɲɢɛɨɱɧɨɝɨ ɢɡɜɥɟɱɟɧɢɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɞɚɧɧɵɯ ɫɨɨɛɳɟɧɢɹ: 

MN

VV
P ɨш

ɨш 


 , 
(19) 

ɝɞɟ ɨшV  – ɨɛɴɟɦ ɨɲɢɛɨɱɧɨ ɢɡɜɥɟɱɟɧɧɵɯ ɞɚɧɧɵɯ. 
ȼ ɢɫɫɥɟɞɨɜɚɧɢɢ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɪɚɡɥɢɱɧɵɟ ɦɨɧɨɯɪɨɦɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ, ɤɭɞɚ ɛɵɥɨ 

ɡɚɤɨɞɢɪɨɜɚɧɨ 106 ɛɢɬ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨ ɤɚɠɞɨɦɭ ɢɡɨɛɪɚɠɟɧɢɸ ɛɵɥɢ 
ɭɫɪɟɞɧɟɧɵ. 
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Ɍɚɛɥɢɰɚ 3  
Ɋɟɡɭɥɶɬɚɬɵ ɨɰɟɧɤɢ ɫɬɨɣɤɨɫɬɢ 

Table 3 

The results of assessment of resistance 

ɉɨɤɚɡɚɬɟɥɶ 
Ɇɟɬɨɞ 

ɋɭɛɩɨɥɨɫɧɨɟ ɤɨɞɢɪɨɜɚɧɢɟ Ɋɚɫɲɢɪɟɧɢɟ ɫɩɟɤɬɪɚ 

ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɞɨ 0.04785 0.01563 

ȼɟɥɢɱɢɧɚ ɜɧɨɫɢɦɵɯ ɢɫɤɚɠɟɧɢɣ 11.62646 % 18.70203 % 

ȼɟɪɨɹɬɧɨɫɬɶ ɨɲɢɛɨɱɧɨɝɨ ɢɡɜɥɟɱɟɧɢɹ ɛɢɬɚ 0 0.00024 

 

Ʉɨɞɢɪɨɜɚɧɢɟ ɜ ɫɭɛɩɨɥɨɫɚɯ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɤɨɞɢɪɨɜɚɧɢɟ ɩɨ ɦɟɬɨɞɭ ɪɚɫɲɢɪɟɧɢɹ ɫɩɟɤɬɪɚ 
ɩɨɡɜɨɥɹɸɬ ɨɫɭɳɟɫɬɜɢɬɶ ɜɫɬɪɚɢɜɚɧɢɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɞɚɧɧɵɯ ɜ ɧɟɩɨɞɜɢɠɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɞɥɹ 
ɫɤɪɵɬɧɨɣ ɩɟɪɟɞɚɱɢ ɢ ɪɟɚɥɢɡɨɜɚɬɶ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɭɸ ɡɚɳɢɬɭ ɢɧɮɨɪɦɚɰɢɢ. 

Ɉɞɧɚɤɨ, ɫɜɨɣɫɬɜɚ ɫɭɛɩɨɥɨɫɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɩɨɡɜɨɥɹɸɬ ɝɨɜɨɪɢɬɶ ɨɛ ɢɯ ɛɨɥɶɲɟɣ 
ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɚɥɝɨɪɢɬɦɨɜ ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɨɝɨ ɤɨɞɢɪɨɜɚɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɜ 
ɢɡɨɛɪɚɠɟɧɢɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɟɬɨɞɨɦ ɪɚɫɲɢɪɟɧɢɹ ɫɩɟɤɬɪɚ ɜ ɫɜɹɡɢ ɫ ɛɨɥɶɲɟɣ ɤɪɢɩɬɨɝɪɚɮɢɱɟɫɤɨɣ 
ɫɬɨɣɤɨɫɬɶɸ ɢ ɥɭɱɲɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɫɤɪɵɬɧɨɫɬɢ. 
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