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ȾɅə ɄɈɆɉɅȿɄɋɇɈɃ ɈɐȿɇɄɂ ɗɎɎȿɄɌɂȼɇɈɋɌɂ 

ɋɌȿȽȺɇɈȺɇȺɅɂɌɂɑȿɋɄɈȽɈ ɆȿɌɈȾȺ 

ɂ.ɂ. Ȼɨɛɨɤ 

Ɉɞɟɫɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, 
ɩɪɨɫɩ. ɒɟɜɱɟɧɤɨ, 1, Ɉɞɟɫɫɚ, 65044, ɍɤɪɚɢɧɚ; О-ЦКТХ: ШЧЮИЦОЭКХ@ЮФr.ЧОЭ 

 
ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɫɪɚɜɧɟɧɢɹ ɪɚɛɨɬɵ ɧɨɜɨɝɨ 
ɫɬɟɝɚɧɨɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɢɯ ɜɥɨɠɟɧɢɣ, 
ɨɫɭɳɟɫɬɜɥɟɧɧɵɯ ɦɟɬɨɞɨɦ ɦɨɞɢɮɢɤɚɰɢɢ ɧɚɢɦɟɧɶɲɟɝɨ ɡɧɚɱɚɳɟɝɨ ɛɢɬɚ, ɜ ɰɢɮɪɨɜɨɟ 
ɢɡɨɛɪɚɠɟɧɢɟ, ɯɪɚɧɢɦɨɟ ɜ ɮɨɪɦɚɬɟ ɫ ɩɨɬɟɪɹɦɢ, ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɜɬɨɪɨɦ ɪɚɧɟɟ, ɫ 
ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦɢ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɚɧɚɥɨɝɚɦɢ. Ɉɰɟɧɤɚ ɪɚɛɨɬɵ ɦɟɬɨɞɨɜ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢ ɩɨɦɨɳɢ RЇC-ɚɧɚɥɢɡɚ. ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ 
ɷɤɫɩɟɪɢɦɟɧɬɨɜ  

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɬɟɝɚɧɨɚɧɚɥɢɡ, ɦɟɬɨɞ ɦɨɞɢɮɢɤɚɰɢɢ ɧɚɢɦɟɧɶɲɟɝɨ ɡɧɚɱɚɳɟɝɨ ɛɢɬɚ, 
RЇC-ɚɧɚɥɢɡ, ɬɨɱɤɚ ɨɬɫɟɱɟɧɢɹ 

ȼɜɟɞɟɧɢɟ 

ɋɬɟɝɚɧɨɝɪɚɮɢɹ, ɨɞɢɧ ɢɡ ɞɪɟɜɧɟɣɲɢɯ ɫɩɨɫɨɛɨɜ ɫɨɤɪɵɬɢɹ ɢ ɡɚɳɢɬɵ ɢɧɮɨɪɦɚɰɢɢ, 
ɩɟɪɟɠɢɜɚɟɬ ɜ ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɨɱɟɪɟɞɧɨɣ ɜɢɬɨɤ ɜ ɫɜɨɟɦ ɪɚɡɜɢɬɢɢ, ɪɟɡɭɥɶɬɚɬɨɦ ɱɟɝɨ 
ɹɜɥɹɟɬɫɹ ɚɤɬɢɜɢɡɚɰɢɹ ɪɚɛɨɬɵ ɜ ɨɛɥɚɫɬɢ ɫɬɟɝɚɧɨɚɧɚɥɢɡɚ (ɋȺ) Д1-6Ж. ɋɬɟɝɚɧɨɝɪɚɮɢɹ ɢ ɋȺ 
– ɞɜɚ ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɯ ɢ ɜɡɚɢɦɨɡɚɜɢɫɢɦɵɯ ɡɜɟɧɚ ɨɞɧɨɣ ɰɟɩɢ: ɪɚɡɜɢɬɢɟ ɨɞɧɨɝɨ ɡɜɟɧɚ 
ɩɪɢɜɨɞɹɬ ɤ ɚɞɟɤɜɚɬɧɨɦɭ ɨɬɜɟɬɭ ɜ ɞɪɭɝɨɦ, ɯɨɬɹ ɰɟɥɢ ɢ ɡɚɞɚɱɢ ɢɯ ɪɚɡɥɢɱɧɵ. Ɍɚɤ ɨɛɳɢɦ 
ɞɥɹ ɫɬɟɝɚɧɨɝɪɚɮɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɨɪɝɚɧɢɡɚɰɢɹ ɬɚɣɧɨɝɨ ɤɚɧɚɥɚ ɫɜɹɡɢ ɜɧɭɬɪɢ ɨɬɤɪɵɬɨɝɨ 
ɤɚɧɚɥɚ: ɜ ɧɟɩɪɢɜɥɟɤɚɸɳɢɣ ɜɧɢɦɚɧɢɟ ɨɛɴɟɤɬ – ɤɨɧɬɟɣɧɟɪ (ɢɥɢ ɨɫɧɨɜɧɨɟ ɫɨɨɛɳɟɧɢɟ 
(Ɉɋ)) ɩɨɝɪɭɠɚɟɬɫɹ ɫɟɤɪɟɬɧɚɹ, ɢɥɢ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ, ɢɧɮɨɪɦɚɰɢɹ (Ⱦɂ) ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɱɬɨ ɟɟ ɧɚɥɢɱɢɟ ɜ ɫɨɫɬɚɜɟ Ɉɋ ɨɫɬɚɟɬɫɹ ɧɟɡɚɦɟɱɟɧɧɵɦ. Ɋɟɡɭɥɶɬɚɬɨɦ ɬɚɤɨɝɨ ɩɨɝɪɭɠɟɧɢɹ, 
ɢɥɢ ɫɬɟɝɚɧɨɩɪɟɨɛɪɚɡɨɜɚɧɢɹ (ɋɉ), ɹɜɥɹɟɬɫɹ ɫɬɟɝɚɧɨɫɨɨɛɳɟɧɢɟ (ɋɋ), ɤɨɬɨɪɨɟ ɨɬɤɪɵɬɨ 
ɩɟɪɟɫɵɥɚɟɬɫɹ ɚɞɪɟɫɚɬɭ ɩɨ ɤɚɧɚɥɚɦ ɫɜɹɡɢ. Ɂɚɞɚɱɟɣ ɫɬɟɝɚɧɨɚɧɚɥɢɡɚ ɹɜɥɹɟɬɫɹ ɞɟɬɟɤɬɢɪɨ-
ɜɚɧɢɟ ɧɚɥɢɱɢɹ ɢ, ɜɨɡɦɨɠɧɨ, ɞɟɤɨɞɢɪɨɜɚɧɢɟ Ⱦɂ ɜ «ɩɨɞɨɡɪɢɬɟɥɶɧɨɦ» ɢɧɮɨɪɦɚɰɢɨɧɧɨɦ 
ɤɨɧɬɟɧɬɟ, ɢɥɢ ɞɨɤɚɡɚɬɟɥɶɫɬɜɨ ɨɬɫɭɬɫɬɜɢɹ ɫɟɤɪɟɬɧɨɝɨ ɫɨɨɛɳɟɧɢɹ Д1, 2Ж.  

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɛɵɥ ɢ 
ɨɫɬɚɟɬɫɹ ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɦɨɦɟɧɬɚ ɦɟɬɨɞ ɦɨɞɢɮɢɤɚɰɢɢ ɧɚɢɦɟɧɶɲɟɝɨ ɡɧɚɱɚɳɟɝɨ ɛɢɬɚ 
(LSB) Д1, 2Ж. ȼ ɫɢɥɭ ɷɬɨɝɨ ɡɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɫɬɟɝɚɧɨɚɧɚɥɢɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɩɨɫɜɹɳɟɧɚ ɢɦɟɧɧɨ ɷɬɨɦɭ ɦɟɬɨɞɭ Д7-10Ж. ɇɨ ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɪɚɡɪɚɛɨɬɤɢ ɡɞɟɫɶ 
ɜɟɞɭɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɚɤɬɢɜɧɨ, ɜɫɟ ɨɧɢ, ɭɱɢɬɵɜɚɹ ɝɥɚɜɧɨɟ ɞɨɫɬɨɢɧɫɬɜɨ LSB – ɛɨɥɶɲɭɸ 
ɫɤɪɵɬɭɸ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ (ɋɉɋ) Д1Ж, ɪɚɡɪɚɛɚɬɵɜɚɸɬ ɫɬɟɝɚɧɨɚɧɚɥɢɬɢɱɟɫɤɢɟ 
ɦɟɬɨɞɵ ɫ ɭɱɟɬɨɦ ɋɉɋ, ɤɚɤ ɩɪɚɜɢɥɨ, 0.5-1 ɛɢɬ/ɩɢɤɫɟɥɶ ɢ ɛɨɥɟɟ ɢ ɞɚɠɟ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɫɟɤɪɟɬɧɨɝɨ ɜɥɨɠɟɧɢɹ ɩɪɢ ɋɉɋ ɦɟɧɟɟ 0.25 ɛɢɬ/ɩɢɤɫɟɥɶ ɜ 
ɫɢɥɭ ɫɥɨɠɧɨɫɬɢ ɩɨɥɭɱɚɟɦɨɣ ɡɚɞɚɱɢ, ɬ.ɤ. ɜɨɡɦɭɳɟɧɢɹ ɡɞɟɫɶ ɨɤɚɡɵɜɚɸɬɫɹ ɧɚɫɬɨɥɶɤɨ 
ɦɚɥɵɦɢ, ɱɬɨ ɢɯ ɜɵɹɜɥɟɧɢɟ ɜɵɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɵɟ ɡɚɬɪɭɞɧɟɧɢɹ. Ɉɞɧɚɤɨ ɬɚɤɚɹ ɡɚɞɚɱɚ 
ɹɜɥɹɟɬɫɹ ɪɟɚɥɶɧɨɣ, ɚ ɩɪɢɦɟɧɟɧɢɟ LSB ɩɪɢ ɦɚɥɨɣ ɋɉɋ, ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɸɳɟɟ 
ɫɬɨɣɤɨɫɬɶ ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɵɦ, ɨɫɬɚɜɥɹɹ ɡɚɞɚɱɭ 
ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɦɚɥɵɯ ɜɥɨɠɟɧɢɣ ɚɤɬɭɚɥɶɧɨɣ. 
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Ⱥɜɬɨɪɨɦ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɵɣ ɫɬɟɝɚɧɨ-
ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɦɟɬɨɞ SAVV ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ LSB – ɦɟɬɨɞ ɜɵɹɜɥɟɧɢɹ ɦɚɥɵɯ ɜɨɡɦɭɳɟɧɢɣ 
ɦɚɬɪɢɰɵ ɤɨɧɬɟɣɧɟɪɚ, ɜ ɤɚɱɟɫɬɜɟ ɤɨɬɨɪɨɝɨ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɰɢɮɪɨɜɨɟ ɢɡɨɛɪɚɠɟɧɢɟ 
(ɐɂ), ɯɪɚɧɢɦɨɟ ɜ ɮɨɪɦɚɬɟ ɫ ɩɨɬɟɪɹɦɢ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɩɪɢ ɫɬɟɝɚɧɨɩɪɟɨɛɪɚɡɨɜɚɧɢɢ, ɡɚ 
ɫɱɟɬ ɚɧɚɥɢɡɚ ɫɤɨɪɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɧɚɢɦɟɧɶɲɢɯ ɫɢɧɝɭɥɹɪɧɵɯ ɱɢɫɟɥ (ɋɇɑ) ɛɥɨɤɨɜ 
ɦɚɬɪɢɰɵ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɟɟ ɫɬɚɧɞɚɪɬɧɨɦ ɪɚɡɛɢɟɧɢɢ Д11Ж, ɞɚɸɳɢɣ ɩɪɢɧɰɢɩɢɚɥɶɧɭɸ 
ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɹɜɥɟɧɢɹ ɧɚɥɢɱɢɹ Ⱦɂ ɞɚɠɟ ɩɪɢ ɦɚɥɨɣ ɋɉɋ.  

ɐɟɥɶ ɫɬɚɬɶɢ ɢ ɩɨɫɬɚɧɨɜɤɚ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɨɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɜɬɨ-
ɪɨɦ ɪɚɧɟɟ ɫɬɟɝɚɧɨɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ SAVV. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɜ ɪɚɡɞɟɥɟ ɪɟɲɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 
1) ȼɵɛɨɪɚ ɦɟɬɨɞɚ ɞɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ SAVV; 
2) Ɉɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɫɬɟɝɚɧɨɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɩɨ 

ɞɟɬɟɤɬɢɪɨɜɚɧɢɸ ɪɟɡɭɥɶɬɚɬɨɜ ɜɥɨɠɟɧɢɹ ɫɟɤɪɟɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɦɟɬɨɞɨɦ LSB; 
3) ɋɪɚɜɧɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɫɬɟɝɚɧɨɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɫ 

ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɚɛɨɬɵ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ ɩɨ ɞɟɬɟɤɬɢɪɨɜɚɧɢɸ ɪɟɡɭɥɶɬɚɬɨɜ ɜɥɨɠɟɧɢɹ 
ɫɟɤɪɟɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɦɟɬɨɞɨɦ ɦɨɞɢɮɢɤɚɰɢɢ ɧɚɢɦɟɧɶɲɟɝɨ ɡɧɚɱɚɳɟɝɨ ɛɢɬɚ. 

Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɛɳɢɦ ɩɨɞɯɨɞɨɦ ɤ ɚɧɚɥɢɡɭ ɫɨɫɬɨɹɧɢɹ ɢ ɬɟɯɧɨɥɨɝɢɢ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ (ɈɉȺɂɋ) Д12Ж, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɛɵɥ 
ɪɚɡɪɚɛɨɬɚɧ SAVV, ɩɪɨɢɡɜɨɥɶɧɚɹ ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ, ɜ ɬɨɦ ɱɢɫɥɟ, 
ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ (ɢɥɢ ɨɬɞɟɥɶɧɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɤɨɧɬɟɣɧɟɪ, ɋɋ), 
ɮɨɪɦɚɥɢɡɭɟɬɫɹ ɜ ɜɢɞɟ ɞɜɭɦɟɪɧɨɣ ɦɚɬɪɢɰɵ (ɤɨɧɟɱɧɨɝɨ ɦɧɨɠɟɫɬɜɚ ɞɜɭɦɟɪɧɵɯ ɦɚɬɪɢɰ). 
Ɋɟɡɭɥɶɬɚɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ, ɟɟ ɫɜɨɣɫɬɜɚ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɯɚɪɚɤɬɟɪɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɫɨɜɨɤɭɩɧɨɫɬɢ ɜɨɡɦɭɳɟɧɢɣ ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɹɸɳɢɯ ɟɟ 
ɮɨɪɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ – ɋɇɑ ɢ ɫɢɧɝɭɥɹɪɧɵɯ ɜɟɤɬɨɪɨɜ (ɋɇȼ) ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 
ɦɚɬɪɢɰɵ (ɦɚɬɪɢɰ) Д12Ж. Ⱥɧɚɥɢɡ ɫɨɫɬɨɹɧɢɹ ɤɨɧɬɟɣɧɟɪɚ, ɮɨɪɦɚɥɶɧɵɦ ɩɪɟɞɫɬɚɜɥɟɧɢɟɦ 
ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɦɚɬɪɢɰɚ F , ɢɥɢ ɚɧɚɥɢɡ ɋɋ, ɜ ɱɚɫɬɧɨɫɬɢ, ɫɬɟɝɚɧɨɚɧɚɥɢɡ, ɜ Д11Ж 
ɫɜɨɞɢɬɫɹ ɤ ɚɧɚɥɢɡɭ ɬɨɥɶɤɨ ɋɇɑ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɦɚɬɪɢɰɵ (ɦɚɬɪɢɰ), ɹɜɥɹɸɳɢɯɫɹ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ Д12Ж    
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 FFj   – ɋɇɑ ɦɚɬɪɢɰ F , FF   ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 
2

F  – ɫɩɟɤɬɪɚɥɶɧɚɹ ɧɨɪɦɚ 
ɦɚɬɪɢɰɵ ɜɨɡɦɭɳɟɧɢɹ F , ɧɟɱɭɜɫɬɜɢɬɟɥɶɧɵɦɢ ɤ ɜɨɡɦɭɳɚɸɳɢɦ ɜɨɡɞɟɣɫɬɜɢɹɦ, ɢɥɢ 
ɯɨɪɨɲɨ ɨɛɭɫɥɨɜɥɟɧɧɵɦɢ, ɩɨɫɤɨɥɶɤɭ ɪɟɚɤɰɢɹ ɋɇȼ ɧɚ ɜɨɡɦɭɳɟɧɢɹ ɪɚɡɥɢɱɧɚ, ɚ ɜ 
ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ – ɧɟɩɪɟɞɫɤɚɡɭɟɦɚ Д12Ж. ɏɨɪɨɲɚɹ ɨɛɭɫɥɨɜɥɟɧɧɨɫɬɶ ɋɇɑ ɩɪɢɜɨɞɢɬ ɤ 
ɬɨɦɭ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɢɯ ɜɨɡɦɭɳɟɧɢɣ ɤɚɱɟɫɬɜɟɧɧɨ ɨɬɜɟɱɚɟɬ ɜɟɥɢɱɢɧɟ ɜɨɡɦɭɳɚɸɳɟɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɹ «ɫɢɥɭ» ɷɬɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɋɇȼ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɈɉȺɂɋ, ɋɉ, ɨɫɭɳɟɫɬɜɥɹɟɦɨɟ ɦɟɬɨɞɨɦ LSB, ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ 
ɜɢɞɟ ɚɞɞɢɬɢɜɧɨɝɨ ɩɨɝɪɭɠɟɧɢɹ ɧɟɤɨɬɨɪɨɣ ɢɧɮɨɪɦɚɰɢɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɨɛɥɚɫɬɢ: 

FFF  , ɝɞɟ F  – ɦɚɬɪɢɰɚ ɋɋ, F  – ɦɚɬɪɢɰɚ ɜɨɡɦɭɳɟɧɢɹ Ɉɋ ɜɫɥɟɞɫɬɜɢɟ ɋɉ, F  
ɫɮɨɪɦɢɪɨɜɚɧɚ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ, ɟɟ ɷɥɟɦɟɧɬɵ ɩɪɢɧɚɞɥɟɠɚɬ ɦɧɨɠɟɫɬɜɭ  1,0,1 . 
ɋɮɨɪɦɢɪɨɜɚɧɧɨɟ ɋɋ ɫɨɯɪɚɧɹɟɬɫɹ ɜ ɮɨɪɦɚɬɟ ɛɟɡ ɩɨɬɟɪɶ (ɯɨɬɹ ɷɬɨ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɟ 
ɜɚɠɧɨ. ȼɚɠɧɨ ɬɨɥɶɤɨ ɱɬɨɛɵ ɩɨɫɥɟ ɋɉ ɧɟ ɩɪɨɢɫɯɨɞɢɥɨ ɤɜɚɧɬɨɜɚɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ȾɄɉ). ȼɟɡɞɟ ɧɢɠɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɜ ɤɚɱɟɫɬɜɟ ɮɨɪɦɚɬɚ ɯɪɚɧɟɧɢɹ ɛɟɡ ɩɨɬɟɪɶ ɐɂ 
ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ TIFF.  
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Ɇɚɬɪɢɰɵ ɨɞɧɨɝɨ ɐɂ ɞɨ ɋɉ (ɮɨɪɦɚɬ JPEG) ɢ ɩɨɫɥɟ ɋɉ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. 
ȼɵɹɜɥɟɧɢɟ ɷɬɨɝɨ ɪɚɡɥɢɱɢɹ ɜ ɦɟɬɨɞɟ SAVV ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɚɧɚɥɢɡɟ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ 
ɢɡɦɟɧɟɧɢɹ ɦɢɧɢɦɚɥɶɧɵɯ ɋɇɑ 88 -ɛɥɨɤɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɩɨɫɥɟ ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɚɡɛɢɟɧɢɹ 
ɦɚɬɪɢɰɵ ɢɫɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. ȼ Д13Ж ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɨɫɧɨɜɧɵɟ ɤɚɱɟɫɬɜɟɧɧɵɟ 
ɨɬɥɢɱɢɹ ɫɢɧɝɭɥɹɪɧɵɯ ɫɩɟɤɬɪɨɜ ɛɥɨɤɨɜ ɋɋ ɫ ɪɚɡɧɵɦɢ ɋɉɋ ɨɬ ɫɢɧɝɭɥɹɪɧɵɯ ɫɩɟɤɬɪɨɜ 
ɛɥɨɤɨɜ JPEG-ɤɨɧɬɟɣɧɟɪɨɜ: ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɋɉɋ ɯɚɪɚɤɬɟɪ ɩɨɜɟɞɟɧɢɹ ɋɇɑ ɛɥɨɤɨɜ ɋɋ ɜɫɟ 
ɛɨɥɶɲɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɯɚɪɚɤɬɟɪɭ ɋɇɑ ɞɥɹ ɐɂ, ɯɪɚɧɢɦɨɝɨ ɛɟɡ ɩɨɬɟɪɶ, ɜ ɱɚɫɬɧɨɫɬɢ, 
ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɧɚɢɦɟɧɶɲɢɯ ɋɇɑ ɫ ɪɨɫɬɨɦ ɋɉɋ. ȼ Д11Ж 
ɷɦɩɢɪɢɱɟɫɤɢɦ ɩɭɬɟɦ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɩɨɪɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ 4K  ɱɢɫɥɨɜɨɝɨ ɩɚɪɚɦɟɬɪɚ 

1ТС , ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɜɹɡɚɧɧɨɝɨ ɫ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜɫɬɪɟɱɚɟɦɵɦ ɡɧɚɱɟɧɢɟɦ ɫɤɨɪɨɫɬɢ 
ɢɡɦɟɧɟɧɢɹ ɧɚɢɦɟɧɶɲɢɯ ɋɇɑ ɞɥɹ ɫɨɜɨɤɭɩɧɨɫɬɢ ɛɥɨɤɨɜ ɦɚɬɪɢɰɵ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɐɂ, 
ɩɨɡɜɨɥɹɸɳɟɝɨ ɨɬɞɟɥɢɬɶ ɋɋ ɨɬ Ɉɋ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɩɪɢɧɰɢɩɭ: ɟɫɥɢ KТС 1 , ɬɨ 
ɚɧɚɥɢɡɢɪɭɟɦɨɟ ɐɂ ɨɬɧɨɫɢɬɫɹ ɤ ɤɨɧɬɟɣɧɟɪɚɦ, ɢɧɚɱɟ – ɤ ɋɋ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɤɥɸɱɟɜɵɦ 
ɦɨɦɟɧɬɨɦ ɷɮɮɟɤɬɢɜɧɨɣ ɪɚɛɨɬɵ SAVV ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɪɨɝɨɜɨɝɨ ɡɧɚɱɟɧɢɹ K ; 
ɠɟɥɚɟɦɵɦ ɹɜɥɹɟɬɫɹ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɡɧɚɱɟɧɢɹ ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɪɚɧɟɟ 
ɷɦɩɢɪɢɱɟɫɤɢɦ ɩɭɬɟɦ, ɩɪɢ ɩɨɦɨɳɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɵɯ  ɦɟɬɨɞɨɜ. 

ɍɱɢɬɵɜɚɹ ɜɫɟ ɜɵɲɟɫɤɚɡɚɧɧɨɟ, ɨɫɧɨɜɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɜ ɞɥɹ ɚɧɚɥɢɡɚ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɦɟɬɨɞɚ SAVV ɜɵɛɪɚɧ ɦɟɬɨɞ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɚɧɚɥɢɡɟ ɬɚɤ 
ɧɚɡɵɜɚɟɦɵɯ ɨɩɟɪɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɯ ɤɪɢɜɵɯ – RЇC-ɚɧɚɥɢɡɟ (ROC – RОМОТvОr 
OpОrКtТnР CСКrКМtОrТstТМ) Д14Ж, ɢ ɨɛɥɚɞɚɸɳɢɣ ɫɥɟɞɭɸɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢ: 

 ɨɧ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɦɟɬɨɞɚ (ɚɥɝɨɪɢɬɦɚ) ɜ 
ɰɟɥɨɦ, ɫ ɭɱɟɬɨɦ ɤɚɤ ɨɲɢɛɨɤ ɩɟɪɜɨɝɨ, ɬɚɤ ɢ ɨɲɢɛɨɤ ɜɬɨɪɨɝɨ ɪɨɞɚ;  

 ɨɧ ɩɨɡɜɨɥɹɟɬ ɮɨɪɦɚɥɢɡɨɜɚɬɶ ɩɪɨɰɟɫɫ ɩɨɥɭɱɟɧɢɹ ɩɨɪɨɝɨɜɨɝɨ ɡɧɚɱɟɧɢɹ 
ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɩɚɪɚɦɟɬɪɚ – ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ ɬɨɱɤɢ ɨɬɫɟɱɟɧɢɹ (ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ – ɷɬɨ 
ɡɧɚɱɟɧɢɟ K ), ɤɨɬɨɪɨɟ ɞɚɫɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɬɞɟɥɢɬɶ ɋɋ ɨɬ Ɉɋ; 

 ɡɧɚɱɟɧɢɟ ɬɨɱɤɢ ɨɬɫɟɱɟɧɢɹ ɹɜɥɹɟɬɫɹ ɫɜɨɟɨɛɪɚɡɧɵɦ «ɪɵɱɚɝɨɦ» ɭɩɪɚɜɥɟɧɢɹ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɢɫɫɥɟɞɭɟɦɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɬ.ɤ. ɩɨɡɜɨɥɹɟɬ ɦɟɧɹɬɶ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ 
ɨɲɢɛɤɚɦɢ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɪɨɞɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɩɟɰɢɮɢɤɢ ɪɟɲɚɟɦɨɣ ɡɚɞɚɱɢ. 

Ɉɫɧɨɜɧɚɹ ɢɞɟɹ ɦɟɬɨɞɚ ɚɧɚɥɢɡɚ RЇC-ɤɪɢɜɵɯ ɜ ɩɪɢɥɨɠɟɧɢɢ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ ɋȺ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ. ɇɟɨɛɯɨɞɢɦɨ ɜɵɹɜɢɬɶ ɋɋ (ɤɥɚɫɫ 1V ) ɜ ɝɪɭɩɩɟ ɐɂ, ɝɞɟ ɟɫɬɶ ɢ 
ɧɟɡɚɩɨɥɧɟɧɧɵɟ ɤɨɧɬɟɣɧɟɪɵ (ɤɥɚɫɫ 2V ). Ⱦɥɹ ɜɵɹɜɥɟɧɢɹ ɋɋ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɫɬɟɝɚɧɨɚɧɚɥɢɬɢɱɟɫɤɢɦ ɦɟɬɨɞ (ɋȺɆ), ɤɨɬɨɪɵɣ ɩɪɢɧɢɦɚɟɬ ɨɞɧɨ ɢɡ ɞɜɭɯ ɪɟɲɟɧɢɣ: 
ɩɨɥɨɠɢɬɟɥɶɧɨɟ 1  (ɋɋ) ɢɥɢ ɨɬɪɢɰɚɬɟɥɶɧɨɟ 0  (Ɉɋ). Ⱦɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɋȺɆ ɩɪɨɜɨɞɢɬɫɹ ɟɝɨ ɬɟɫɬɢɪɨɜɚɧɢɟ ɧɚ ɝɪɭɩɩɟ ɐɂ, ɞɥɹ ɤɨɬɨɪɵɯ ɢɡɜɟɫɬɧɨ, ɤɚɤɨɟ ɢɡ ɧɢɯ 
ɹɜɥɹɟɬɫɹ ɋɋ, ɚ ɤɚɤɨɟ Ɉɋ. Ɋɟɡɭɥɶɬɚɬɵ ɬɚɤɨɝɨ ɬɟɫɬɢɪɨɜɚɧɢɹ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɦɨɠɧɨ 
ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɬɚɛɥɢɰɵ 1, ɝɞɟ ɩɪɢɧɹɬɵ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: TP – ɱɢɫɥɨ 
ɩɪɚɜɢɥɶɧɨ ɜɵɹɜɥɟɧɧɵɯ ɋɋ; TN – ɱɢɫɥɨ ɩɪɚɜɢɥɶɧɨ ɜɵɹɜɥɟɧɧɵɯ Ɉɋ; FP – ɱɢɫɥɨ Ɉɋ, 
ɨɲɢɛɨɱɧɨ ɩɪɢɧɹɬɵɯ ɡɚ ɋɋ (ɨɲɢɛɤɚ ɜɬɨɪɨɝɨ ɪɨɞɚ); FN – ɱɢɫɥɨ ɋɋ, ɨɲɢɛɨɱɧɨ 
ɩɪɢɡɧɚɧɧɵɯ Ɉɋ (ɨɲɢɛɤɚ ɩɟɪɜɨɝɨ ɪɨɞɚ). 
 

Ɍɚɛɥɢɰɚ 1. 
Ɋɟɡɭɥɶɬɚɬɵ ɬɟɫɬɢɪɨɜɚɧɢɹ ɪɟɩɪɟɡɟɧɬɚɬɢɜɧɨɣ ɝɪɭɩɩɵ ɐɂ 

 
Ɋɟɡɭɥɶɬɚɬ ɬɟɫɬɢɪɨɜɚɧɢɹ ɂɫɬɢɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɐɂ 1  – ɋɋ 0  – Ɉɋ 

Ʉɥɚɫɫ 1V  – ɋɋ TP FІ 
Ʉɥɚɫɫ 2V  – Ɉɋ FP TІ 

 
ɉɨ ɞɚɧɧɵɦ ɬɚɛɥ. 1 ɪɟɡɭɥɶɬɚɬɵ ɬɟɫɬɢɪɨɜɚɧɢɹ ɋȺɆ ɜɨɡɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɬɨɱɤɚɦɢ 

ɜ ɞɜɭɦɟɪɧɨɦ RɈɋ-ɩɪɨɫɬɪɚɧɫɬɜɟ, ɝɞɟ ɩɨ ɨɫɢ ɨɪɞɢɧɚɬ ɨɬɤɥɚɞɵɜɚɟɬɫɹ ɡɧɚɱɟɧɢɟ, ɧɟɫɭɳɟɟ ɜ 
ɫɟɛɟ ɢɧɮɨɪɦɚɰɢɸ ɨɛ ɨɲɢɛɤɚɯ ɩɟɪɜɨɝɨ ɪɨɞɚ (ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ):  FNTPTPSE  , ɚ 
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ɩɨ ɨɫɢ ɚɛɫɰɢɫɫ – ɡɧɚɱɟɧɢɟ PS1 , ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɟ ɨɲɢɛɤɢ ɜɬɨɪɨɝɨ ɪɨɞɚ, ɝɞɟ PS  
(ɫɩɟɰɢɮɢɱɧɨɫɬɶ Д14Ж) ɜɵɱɢɫɥɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɨɪɦɭɥɨɣ:  FPTNTNSP  . 
RЇC-ɩɪɨɫɬɪɚɧɫɬɜɨ ɞɚɟɬ ɧɚɝɥɹɞɧɨɟ ɝɪɚɮɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɛ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɚɥɝɨɪɢɬɦɚ ɢ ɩɨɡɜɨɥɹɟɬ ɫɪɚɜɧɢɜɚɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɡɥɢɱɧɵɯ ɚɥɝɨɪɢɬɦɨɜ.  

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɫɩɨɫɨɛɨɦ ɩɨɫɬɪɨɟɧɢɹ RɈɋ-ɤɪɢɜɵɯ ɹɜɥɹɟɬɫɹ ɪɚɡɛɢɟ-
ɧɢɟ ɜɨɡɦɨɠɧɵɯ ɡɧɚɱɟɧɢɣ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɩɚɪɚɦɟɬɪɚ (ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ – 1ТС ) ɧɚ ɝɪɭɩɩɵ. 
Ƚɪɭɩɩɵ ɦɨɝɭɬ ɮɨɪɦɢɪɨɜɚɬɶɫɹ ɩɨ-ɪɚɡɧɨɦɭ, ɪɚɡɥɢɱɧɵɦ ɦɨɠɟɬ ɛɵɬɶ ɢɯ ɤɨɥɢɱɟɫɬɜɨ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɩɟɰɢɮɢɤɢ ɪɟɲɚɟɦɨɣ ɡɚɞɚɱɢ. ȼ ɫɥɭɱɚɟ ɧɟɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɪɚɡɥɢɱ-
ɧɵɯ ɡɧɚɱɟɧɢɣ ɞɥɹ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɩɚɪɚɦɟɬɪɚ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɪɚɡɛɢɟɧɢɟ ɧɚ ɝɪɭɩɩɵ ɩɨ 
ɡɧɚɱɟɧɢɸ ɩɚɪɚɦɟɬɪɚ Д14Ж, ɱɬɨ ɢ ɞɟɥɚɟɬɫɹ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɹɜɥɹɟɬɫɹ 
ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɢɬɶ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɢ ɫɩɟɰɢɮɢɱɧɨɫɬɶ ɚɥɝɨɪɢɬɦɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 
ɡɧɚɱɟɧɢɹɯ ɩɚɪɚɦɟɬɪɚ, ɱɬɨ ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɬɨɱɟɤ ɜ RЇC-
ɩɪɨɫɬɪɚɧɫɬɜɟ Д14Ж.  

Ʉɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɪɢ ɩɨɦɨɳɢ RЇC-ɚɧɚɥɢɡɚ 
ɚɥɝɨɪɢɬɦɚ (ɦɟɬɨɞɚ) ɹɜɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟ ɢɧɬɟɝɪɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ  , ɨɩɪɟɞɟɥɹɟɦɨɣ 
ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɨɪɦɭɥɨɣ Д14Ж: 12  A , ɝɞɟ A  – ɩɥɨɳɚɞɶ ɩɨɞ RЇC-ɤɪɢɜɨɣ. ɑɟɦ 
ɛɨɥɶɲɟ A , ɬɟɦ ɜɵɲɟ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɫɥɟɞɭɟɦɨɝɨ ɚɥɝɨɪɢɬɦɚ (ɦɟɬɨɞɚ). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɱɟɜɢɞɧɚ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɜɵɛɨɪɚ ɜ ɤɚɱɟɫɬɜɟ ɦɟɬɨɞɚ ɞɥɹ ɨɰɟɧɤɢ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ SAVV ɦɟɬɨɞɚ ɚɧɚɥɢɡɚ RЇC-ɤɪɢɜɵɯ. 

ȼɵɱɢɫɥɢɬɟɥɶɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɞɥɹ ɩɪɨɜɟɪɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɋȺɆ 
ɩɨ ɞɟɬɟɤɬɢɪɨɜɚɧɢɸ ɪɟɡɭɥɶɬɚɬɨɜ ɜɥɨɠɟɧɢɹ LSB-ɦɟɬɨɞɨɦ ɩɪɨɜɨɞɢɥɫɹ ɜ ɫɪɟɞɟ MКtСWorks 
MATLAB ɧɚ ɦɧɨɠɟɫɬɜɟ Q  ɢɡ 500 ɐɂ, ɯɪɚɧɢɦɵɯ ɜ ɮɨɪɦɚɬɟ JPEG, ɨɫɧɨɜɚɧɧɨɦ ɧɚ ȾɄɉ, 
ɜɡɹɬɵɯ ɢɡ ɛɚɡɵ ІRCS Д15Ж, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɬɪɚɞɢɰɢɨɧɧɨɣ ɩɪɢ ɬɟɫɬɢɪɨɜɚɧɢɢ 
ɫɬɟɝɚɧɨɝɪɚɮɢɱɟɫɤɢɯ ɢ ɫɬɟɝɚɧɨɚɧɚɥɢɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ. ȼ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ 
ɤɚɠɞɨɟ ɢɡ ɢɡɨɛɪɚɠɟɧɢɣ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɜɧɟɞɪɟɧɢɟ Ⱦɂ ɨɞɧɨɣ ɢɡ ɫɨɜɪɟɦɟɧɧɵɯ ɜɚɪɢɚɰɢɣ 
LSB – ɚɥɝɨɪɢɬɦɨɦ LSB-ЦКtМСТnР Д7-10Ж, ɩɪɢ ɷɬɨɦ ɋɉɋ ɫɨɫɬɚɜɥɹɥɚ 0.05, 0.1, 0.2, 0.25, 
0.3, 0.4, 0.5, 0.75, 1 ɛɢɬ/ɩɢɤɫɟɥɶ.  

ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ RЇC-ɤɪɢɜɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1. Ɂɧɚɱɟɧɢɹ ɢɧɬɟɝɪɚɥɶɧɨɝɨ 
ɩɚɪɚɦɟɬɪɚ   ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɩɥɨɳɚɞɢ A  ɩɨɞ RЇC-
ɤɪɢɜɨɣ (ɮɨɪɦɭɥɚ (10)) ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 2.  

ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɩɚɪɚɦɟɬɪɚ   (ɬɚɛɥ.2) ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɢɦɢ 
Д14Ж, ɧɨ ɞɥɹ ɨɤɨɧɱɚɬɟɥɶɧɨɣ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ SAVV ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ 
ɫɪɚɜɧɟɧɢɟ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ RЇC-ɚɧɚɥɢɡɚ ɞɥɹ ɫɨɜɪɟɦɟɧɧɵɯ ɚɧɚɥɨɝɨɜ, ɱɬɨ ɞɟɥɚɟɬɫɹ ɧɢɠɟ. 

RЇC-ɚɧɚɥɢɡ, ɤɚɤ ɭɠɟ ɛɵɥɨ ɨɬɦɟɱɟɧɨ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɩɨɪɨɝɨɜɨɝɨ ɡɧɚɱɟɧɢɹ K , ɢɥɢ ɬɨɱɤɢ ɨɬɫɟɱɟɧɢɹ (Мut-oПП vКХuО). ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɨɩɬɢɦɚɥɶ-
ɧɨɟ ɡɧɚɱɟɧɢɟ ɩɨɪɨɝɚ ɡɚɜɢɫɢɬ ɨɬ ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤ ɚɥɝɨɪɢɬɦɭ ɬɪɟɛɨɜɚɧɢɣ, ɬ.ɟ. ɨɬ 
ɜɵɛɪɚɧɧɨɝɨ ɤɪɢɬɟɪɢɹ ɨɩɬɢɦɚɥɶɧɨɫɬɢ Д14Ж. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɜ ɤɚɱɟɫɬɜɟ ɨɩɬɢɦɚɥɶɧɨɣ 
ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɬɨɱɤɚ ɧɚ RЇC-ɤɪɢɜɨɣ, ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɱɭɜɫɬɜɢ-
ɬɟɥɶɧɨɫɬɢ. ɗɬɚ ɬɨɱɤɚ ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧɚ ɫ ɩɨɦɨɳɶɸ ɢɧɞɟɤɫɚ Ƀɨɞɟɧɚ J  Д16Ж: 

 1ЦКб  pE SSJ . Ⱦɥɹ ɟɟ ɧɚɯɨɠɞɟɧɢɹ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɪɟɡɭɥɶɬɚɬɚɦɢ ɩɪɨɜɟɞɟɧɧɵɯ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ J  ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 3. Ⱦɥɹ 
ɤɚɠɞɨɣ ɋɉɋ ɧɚɯɨɞɢɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ J  – ЦКбJ  (ɜ ɬɚɛɥ. 3 ɷɬɢ ɡɧɚɱɟɧɢɹ ɜɵɞɟ-
ɥɟɧɵ ɠɢɪɧɵɦ ɲɪɢɮɬɨɦ), ɞɥɹ ɤɚɠɞɨɝɨ ЦКбJ  ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ 

1ТС ; ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ 1ТС  – 4, 5, 6 ɜɵɛɢɪɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɟ: 4K , ɱɬɨ ɩɨɞ-
ɬɜɟɪɠɞɚɟɬ ɩɪɚɜɢɥɶɧɨɫɬɶ ɩɨɪɨɝɨɜɨɝɨ ɡɧɚɱɟɧɢɹ, ɩɨɥɭɱɟɧɧɨɝɨ ɚɜɬɨɪɨɦ ɪɚɧɟɟ ɷɦɩɢɪɢɱɟɫ-
ɤɢɦ ɩɭɬɟɦ. 
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Ɋɢɫ. 1. RɈɋ-ɤɪɢɜɵɟ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɪɚɛɨɬɭ ɦɟɬɨɞɚ SAVV ɩɪɢ ɞɟɬɟɤɬɢɪɨɜɚɧɢɢ 
ɪɟɡɭɥɶɬɚɬɨɜ LSB-ЦКtМСТnР ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɋɉɋ: 1 – 0.05; 2 – 0.1; 3 – 0.2; 4 – 
0.25; 5 – 0.3; 6 – 0.4; 7 – 0.5; 8 – 0.75; 9 – 1 ɛɢɬ/ɩɢɤɫɟɥɶ 
 

Ɍɚɛɥɢɰɚ 2. 
Ɂɧɚɱɟɧɢɹ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɞɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ SAVV ɩɪɢ 

ɞɟɬɟɤɬɢɪɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ LSB-ЦКtМСТnР 
 

ɋɉɋ, ɛɢɬ/ɩɢɤɫɟɥɶ A    
0.05 0.594 0.188 
0.1 0.710 0.420 
0.2 0.89936 0.79872 
0.25 0.92442 0.84884 
0.3 0.942 0.884 
0.4 0.960 0.920 
0.5 0.9748 0.9496 
0.75 0.98975 0.9795 

1 0.99735 0.9947 
 

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɱɚɫɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ RЇC-ɚɧɚɥɢɡɚ ɩɪɢ 
ɨɩɪɟɞɟɥɟɧɢɢ ɬɨɱɤɢ ɨɬɫɟɱɟɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɬɪɟɛɨɜɚɧɢɟ ɛɚɥɚɧɫɚ ɦɟɠɞɭ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɢ ɫɩɟɰɢɮɢɱɧɨɫɬɶɸ, ɬ.ɟ. ɬɪɟɛɨɜɚɧɢɟ 

PE SS   Д14Ж. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɪɨɝ ɟɫɬɶ ɬɨɱɤɚ ɩɟɪɟɫɟɱɟɧɢɹ ɞɜɭɯ ɤɪɢɜɵɯ, ɤɨɝɞɚ ɩɨ ɨɫɢ ɏ 
ɨɬɤɥɚɞɵɜɚɸɬɫɹ ɡɧɚɱɟɧɢɹ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɩɚɪɚɦɟɬɪɚ, ɚ ɩɨ ɨɫɢ В – ES  ɢ PS . ɉɪɨɜɟɞɟɧɢɟ 
ɬɚɤɨɣ ɨɩɟɪɚɰɢɢ ɞɥɹ ɪɟɡɭɥɶɬɚɬɨɜ ɬɟɫɬɢɪɨɜɚɧɢɹ ɦɟɬɨɞɚ SAVV ɩɪɢ ɋɉɋ 0.05 ɛɢɬ/ɩɢɤɫɟɥɶ 
ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 2. Ʉɚɤ ɜɢɞɧɨ, ɨɩɪɟɞɟɥɟɧɧɨɟ ɜɵɲɟ ɡɧɚɱɟɧɢɟ 4K  ɞɥɹ SAVV 
ɹɜɥɹɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɨɩɬɢɦɚɥɶɧɵɦ ɜ ɫɦɵɫɥɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ, ɧɨ ɢ ɛɥɢɡɤɨ ɤ 
ɨɩɬɢɦɚɥɶɧɨɦɭ ɜ ɫɦɵɫɥɟ ɛɚɥɚɧɫɚ ɦɟɠɞɭ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɢ ɫɩɟɰɢɮɢɱɧɨɫɬɶɸ. 

ȼɚɠɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ RЇC-ɚɧɚɥɢɡɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɡɧɚɱɟɧɢɹ ɬɨɱɤɢ 
ɨɬɫɟɱɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɭɩɪɚɜɥɹɬɶ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɬɟɫɬɢɪɭɟɦɨɝɨ ɦɟɬɨɞɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 
ɨɬ ɬɪɟɛɨɜɚɧɢɣ, ɜɵɞɜɢɝɚɟɦɵɯ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ ɜ ɞɚɧɧɵɣ ɤɨɧɤɪɟɬɧɵɣ ɦɨɦɟɧɬ, ɡɚ ɫɱɟɬ 
ɢɡɦɟɧɟɧɢɹ ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɨɲɢɛɤɚɦɢ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɪɨɞɚ. 
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100 

0 

0.078571 

0.078571 

0.842857 

0.946429 

0.964286 

0.907143 

0.575 

0.260714 

0.096429 

0.032143 

0.021429 

75 

0 

0.078571 

0.078571 

0.835714 

0.946429 

0.935714 

0.671429 

0.296429 

0.110714 

0.039286 

0.010714 

0.003571 

50 

0 

0.075 

0.075 

0.835714 

0.932143 

0.660714 

0.232143 

0.092857 

0.032143 

0.021429 

0.017857 

0.003571 

40 

0 

0.071429 

0.071429 

0.835714 

0.846429 

0.378571 

0.117857 

0.042857 

0.014286 

0.007143 

0 

0 

30 

0 

0.071429 

0.071429 

0.832143 

0.667857 

0.178571 

0.064286 

0.042857 

0.007143 

0 

0 

0 

25 

0 

0.071429 

0.071429 

0.810714 

0.553571 

0.153571 

0.05 

0.021429 

0.003571 

0.003571 

0 

0 

20 

0 

0.067857 

0.067857 

0.792857 

0.332143 

0.092857 

0.035714 

0.017857 

0.010714 

0 

0 

0 

10 

0 

0.032143 

0.032143 

0.432143 

0.1 

0.014286 

0.007143 

0 

0 

0 

0 

0 

J 

5 

0 

0.028571 

0.028571 

0.182143 

0.035714 

0.007143 

0.014286 

0 

0 

0 

0 

0 

Ɍɚɛɥɢɰɚ 3.
Ɉɩɪɟɞɟɥɟɧɢɟ ɬɨɱɤɢ ɨɬɫɟɱɟɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɧɞɟɤɫɚ Ƀɨɞɟɧɚ 

 
 
 

                    ɋɉɋ 
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Ⱦɥɹ ɫɪɚɜɧɢɬɟɥɶɧɨɣ ɨɰɟɧɤɢ ɪɚɛɨɬɵ SAVV ɛɵɥɢ ɜɵɛɪɚɧɵ ɫɨɜɪɟɦɟɧɧɵɟ 
ɫɬɟɝɚɧɨɚɧɚɥɢɬɢɱɟɫɤɢɟ ɚɧɚɥɨɝɢ, ɞɟɬɟɤɬɢɪɭɸɳɢɟ LSB-ɦɟɬɨɞ: ɦɟɬɨɞɵ Ʉɟɪɪɚ, Ʌɸ ɢ ɬ.ɞ. Д7-
10Ж.  

Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 3, ɜ ɬɚɛɥɢɰɟ 4. 

 
 
Ɋɢɫ. 2. ɉɨɫɬɪɨɟɧɢɟ ɬɨɱɤɢ ɨɬɫɟɱɟɧɢɹ ɩɪɢ ɬɪɟɛɨɜɚɧɢɢ ɛɚɥɚɧɫɚ ɦɟɠɞɭ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɢ 
ɫɩɟɰɢɮɢɱɧɨɫɬɶɸ: 1 – ɤɪɢɜɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ, 2 –ɤɪɢɜɚɹ  ɫɩɟɰɢɮɢɱɧɨɫɬɢ 
 

 
 
Ɋɢɫ. 3. Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ SAVV ɫ ɫɭɳɟɫɬɜɭɸɳɢɦɢ 
ɚɧɚɥɨɝɚɦɢ: 1 ― SAVV; 2 ― JШТЧЭ ПОКЭЮrО sОЭ; 3 ― LТЮ's; 4 ― RLH CЇM; 5 ― FЮsОН 
ПОКЭЮrО; 6 ― KОr's; 7 ― ІDH CЇM; 8 ― HGE 
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Ɋɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɋȺɆ 
SAVV ɢɦɟɟɬ ɜɵɫɨɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ, ɜ ɱɚɫɬɧɨɫɬɢ, ɞɚɠɟ ɩɪɢ ɋɉɋ 
ɦɟɧɶɲɟ 0.25 ɛɢɬ/ɩɢɤɫɟɥɶ, ɤɨɬɨɪɚɹ ɜɨɨɛɳɟ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɚɧɚɥɨɝɚɦɢ. Ɍɚɤ 
 =0.79872 ɞɥɹ SAVV ɩɪɢ ɋɉɋ 0.2 ɛɢɬ/ɩɢɤɫɟɥɶ, ɱɬɨ ɜɵɲɟ, ɱɟɦ   ɞɥɹ ɜɫɟɯ 
ɫɪɚɜɧɢɜɚɟɦɵɯ ɋȺɆ ɩɪɢ ɋɉɋ 0.25 ɛɢɬ/ɩɢɤɫɟɥɶ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɋȺɆ: 
JШТЧЭ ПОКЭЮrО sОЭ (ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɞɥɹ ɋɉɋ ɦɟɧɶɲɟɣ 0.25 ɛɢɬ/ɩɢɤɫɟɥɶ ɬɚɤɠɟ 
ɧɟɢɡɜɟɫɬɧɚ, ɨɞɧɚɤɨ ɨɬɫɭɬɫɬɜɢɟ ɬɚɤɢɯ ɞɚɧɧɵɯ ɜ ɪɟɡɭɥɶɬɚɬɚɯ ɷɤɫɩɟɪɢɦɟɧɬɚ ɤɨɫɜɟɧɧɨ 
ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɹɜɥɹɟɬɫɹ ɦɚɥɨɣ, ɢ ɩɨ ɷɬɨɣ 
ɩɪɢɱɢɧɟ ɚɜɬɨɪɵ ɟɟ ɧɟ ɩɪɢɜɨɞɹɬ), ɤɪɨɦɟ ɬɨɝɨ, ɩɪɢ ɋɉɋ 0.5, 0.75, 1 ɛɢɬ/ɩɢɤɫɟɥɶ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ JШТЧЭ ПОКЭЮrО sОЭ ɭɫɬɭɩɚɟɬ SAVV. ɉɪɢ ɋɉɋ 0.5, 0.75 ɛɢɬ/ɩɢɤɫɟɥɶ SAVV 
ɧɟɫɤɨɥɶɤɨ ɭɫɬɭɩɚɟɬ ɋȺɆ LТЮ's, ɧɨ ɞɥɹ ɦɚɥɨɣ ɋɉɋ ɋȺɆ LТЮ's ɡɧɚɱɢɬɟɥɶɧɨ ɯɭɠɟ SAVV: 
ɟɝɨ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɥɹ ɋɉɋ 0.25 ɦɟɧɶɲɟ, ɱɟɦ ɞɥɹ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ ɩɪɢ ɋɉɋ 0.2 
ɛɢɬ/ɩɢɤɫɟɥɶ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɯɨɞɹ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɦɨɠɧɨ 
ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɋȺɆ SAVV ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɟɟ ɫɜɨɢɯ ɚɧɚɥɨɝɨɜ, ɱɬɨ 
ɨɫɨɛɟɧɧɨ ɹɜɧɨ ɩɪɨɹɜɥɹɟɬɫɹ ɩɪɢ ɦɚɥɨɣ ɋɉɋ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɧɨɣ ɜɵɲɟ ɬɨɱɤɢ ɨɬɫɟɱɟɧɢɹ 4K  ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ SAVV ɫ ɹɜɧɵɦ 
ɭɤɚɡɚɧɢɟɦ ɨɲɢɛɨɤ ȱ ɢ ȱȱ ɪɨɞɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 5. 
 

Ɍɚɛɥɢɰɚ 4. 
Ɂɧɚɱɟɧɢɟ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɩɚɪɚɦɟɬɪɚ   ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɋȺɆ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ 

LSB-ЦКtМСТnР ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɋɉɋ 
 

  ɋȺɆ 
 
 
ɋɉɋ,  
(%) K

Оr
's 

LТ
Ю'
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H
G
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D

H
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M

 

R
LH
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M
 

FЮ
sО

Н 
ПО

КЭ
Юr

О 

JШ
ТЧ

Э 
ПО

КЭ
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О 
sО

Э 

SA
VV

 

5 – – – – – – – 0.188 
10 – – – – – – – 0.42 
20 – – – – – – – 0.79872 
25 0.1346 0.7922 0.063 0.2628 0.7316 0.3732 0.8855 0.84884 
30 – – – – – – – 0.884 
40 – – – – – – – 0.92 
50 0.5846 0.9608 0.2898 0.5212 0.8298 0.7324 0.9441 0.9496 
75 0.9052 0.9885 0.4622 0.765 0.8468 0.9138 0.9637 0.9795 

100 0.9376 0.9931 0.5642 0.9244 0.851 0.9376 0.9732 0.9947 
 

Ɍɚɛɥɢɰɚ 5. 
Ɋɟɡɭɥɶɬɚɬɵ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ LSB-ЦКtМСТnР ɫɬɟɝɚɧɨɚɧɚɥɢɬɟɱɟɫɤɢɦ ɦɟɬɨɞɨɦ SAVV 

 
ɋɉɋ 
(ɛɢɬ/ɩɢɤɫɟɥɶ) 0.05 0.1 0.2 0.25 0.3 0.4 0.5 0.75 1 

Ɉɲɢɛɤɢ 1-ɝɨ 
ɪɨɞɚ (%) 33.12 27.87 5 3.21 1.07 0.71 0.71 0.71 0 

Ɉɲɢɛɤɢ 2-ɝɨ 
ɪɨɞɚ (%) 7.5 

 
Ʉɨɥɢɱɟɫɬɜɨ ɨɲɢɛɨɤ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɪɨɞɚ (ɬɚɛɥ. 5), ɢɯ ɫɨɨɬɧɨɲɟɧɢɟ ɨɛɴɹɫɧɹɟɬɫɹ 

ɫɞɟɥɚɧɧɵɦ ɜɵɲɟ ɜɵɛɨɪɨɦ ɤɪɢɬɟɪɢɹ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɱɤɢ ɨɬɫɟɱɟɧɢɹ: 
ɦɚɤɫɢɦɢɡɚɰɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɋȺɆ.  
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ȼɵɜɨɞɵ 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɨɛɨɫɧɨɜɚɧɚ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɜɵɛɨɪɚ ɞɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜ-
ɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɋȺɆ ɦɟɬɨɞɚ ɚɧɚɥɢɡɚ RЇC-ɤɪɢɜɵɯ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɬɨɪɨɝɨ 
ɩɨɡɜɨɥɢɥɨ ɩɨɥɭɱɢɬɶ ɤɨɦɩɥɟɤɫɧɭɸ ɨɰɟɧɤɭ SAVV ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɭɱɟɬɨɦ ɨɲɢɛɨɤ 
ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɪɨɞɚ, ɚ ɬɚɤɠɟ ɩɪɨɜɟɫɬɢ ɮɨɪɦɚɥɶɧɭɸ ɩɪɨɜɟɪɤɭ ɩɪɚɜɢɥɶɧɨɫɬɢ 
ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɪɚɧɟɟ ɷɦɩɢɪɢɱɟɫɤɢ ɩɨɪɨɝɨɜɨɝɨ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɧɚɢɦɟɧɶ-
ɲɢɯ ɋɇɑ ɛɥɨɤɨɜ ɦɚɬɪɢɰɵ ɐɂ, ɩɨɡɜɨɥɹɸɳɟɝɨ ɜ SAVV ɨɬɞɟɥɢɬɶ ɋɋ ɨɬ Ɉɋ; ɭɫɬɚɧɨɜɥɟɧɨ, 
ɱɬɨ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɋȺɆ SAVV ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɟɟ ɫɜɨɢɯ ɚɧɚɥɨɝɨɜ ɩɨ ɞɟɬɟɤɬɢɪɨ-
ɜɚɧɢɸ ɪɟɡɭɥɶɬɚɬɨɜ ɜɥɨɠɟɧɢɹ ɫɟɤɪɟɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɦɟɬɨɞɨɦ ɦɨɞɢɮɢɤɚɰɢɢ ɧɚɢɦɟɧɶ-
ɲɟɝɨ ɡɧɚɱɚɳɟɝɨ ɛɢɬɚ, ɱɬɨ ɨɫɨɛɟɧɧɨ ɹɜɧɨ ɩɪɨɹɜɥɹɟɬɫɹ ɩɪɢ ɦɚɥɨɣ ɋɉɋ. 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. Ƚɪɢɛɭɧɢɧ, ȼ.Ƚ. ɐɢɮɪɨɜɚɹ ɫɬɟɝɚɧɨɝɪɚɮɢɹ ДɌɟɤɫɬЖ : ɦɨɧɨɝɪɚɮɢɹ / ȼ.Ƚ. Ƚɪɢɛɭɧɢɧ, ɂ.ɇ. Ɉɤɨɜ, 
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ȼɂɄɈɊɂɋɌȺɇɇə ɆȿɌɈȾɍ ȺɇȺɅȱɁɍ RЇC-ɄɊɂȼɂɏ ȾɅə ɄɈɆɉɅȿɄɋɇɈȲ ɈɐȱɇɄɂ 
ȿɎȿɄɌɂȼɇɈɋɌȱ ɋɌȿȽȺɇɈȺɇȺɅȱɌɂɑɇɈȽɈ ɆȿɌɈȾɍ 

ȱ.ȱ. Ȼɨɛɨɤ 

Ɉɞɟɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɩɨɥɿɬɟɯɧɿɱɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ, 
ɩɪɨɫɩ. ɒɟɜɱɟɧɤɚ, 1, Ɉɞɟɫɚ, 65044, ɍɤɪɚʀɧɚ; О-ЦКТХ: ШЧЮИЦОЭКХ@ЮФr.ЧОЭ 

ɉɪɟɞɫɬɚɜɥɟɧɨ ɪɟɡɭɥɶɬɚɬɢ ɚɧɚɥɿɡɭ ɟɮɟɤɬɢɜɧɨɫɬɿ ɣ ɩɨɪɿɜɧɹɧɧɹ ɪɨɛɨɬɢ ɧɨɜɨɝɨ 
ɫɬɟɝɚɧɨɚɧɚɥɿɬɢɱɧɨɝɨ ɦɟɬɨɞɭ ɞɟɬɟɤɬɭɜɚɧɧɹ ɫɬɟɝɚɧɨɝɪɚɮɿɱɧɢɯ ɜɤɥɚɞɟɧɶ, ɡɞɿɣɫɧɟɧɢɯ 
ɦɟɬɨɞɨɦ ɦɨɞɢɮɿɤɚɰɿʀ ɧɚɣɦɟɧɲɨɝɨ ɡɧɚɱɭɳɨɝɨ ɛɿɬɚ, ɭ ɰɢɮɪɨɜɟ ɡɨɛɪɚɠɟɧɧɹ, ɡɛɟɪɟɠɟɧɟ 
ɭ ɮɨɪɦɚɬɿ ɿɡ ɜɬɪɚɬɚɦɢ, ɪɨɡɪɨɛɥɟɧɨɝɨ ɚɜɬɨɪɨɦ ɪɚɧɿɲɟ, ɡ ɧɚɣɛɿɥɶɲ ɟɮɟɤɬɢɜɧɢɦɢ 
ɿɫɧɭɸɱɢɦɢ ɚɧɚɥɨɝɚɦɢ. Ɉɰɿɧɤɚ ɪɨɛɨɬɢ ɦɟɬɨɞɿɜ ɩɪɨɜɨɞɢɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ RɈɋ-
ɚɧɚɥɿɡɭ. ɉɪɟɞɫɬɚɜɥɟɧɨ ɪɟɡɭɥɶɬɚɬɢ ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ. 
Ʉɥɸɱɨɜі ɫɥɨɜɚ: ɫɬɟɝɚɧɨɚɧɚɥɿɡ, ɦɟɬɨɞ ɦɨɞɢɮɿɤɚɰɿʀ ɧɚɣɦɟɧɲɨɝɨ ɡɧɚɱɭɳɨɝɨ ɛɿɬɚ, RЇC-
ɚɧɚɥɿɡ, ɬɨɱɤɚ ɜɿɞɫɿɤɚɧɧɹ 
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