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Abstract  
The paper presents the technology of small nonlinear perturbations of a modified deconvolution 

operator space images of high resolution for the preparation of regular and stochastic components 

of the image in terms of intersection of their spatial-frequency spectra with the synthesis of the 

starting point spread function of the image with verified regular components. 
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Вɜɟɞɟɧɢɟ 
ɉɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 

ɪɟɡɤɨɫɬɢ ɤɨɫɦɢɱɟɫɤɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɜɵɫɨɤɨɝɨ 
ɪɚɡɪɟɲɟɧɢɹ ɢɬɟɪɚɬɢɜɧɨɣ ɞɟɤɨɧɜɨɥɸɰɢɟɣ ɫ 
ɪɚɡɥɢɱɧɵɦɢ ɦɚɥɵɦɢ ɜɨɡɦɭɳɟɧɢɹɦɢ ɹɞɪɚ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɩɟɪɚɬɨɪɚ, ɪɟɚɥɢɡɭɟɬɫɹ 
ɫɥɚɛɨɦɟɧɹɸɳɢɣɫɹ ɨɬ ɹɞɪɚ ɤ ɹɞɪɭ ɨɬɤɥɢɤ (ɜ ɜɢɞɟ 
ɪɟɡɭɥɶɬɚɬɚ ɞɟɤɨɧɜɨɥɸɰɢɢ) ɧɚ ɪɟɝɭɥɹɪɧɵɟ 
ɤɨɦɩɨɧɟɧɬɵ ɢɡɨɛɪɚɠɟɧɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɛɨɥɟɟ 
ɜɵɪɚɠɟɧɧɨɣ ɪɟɚɤɰɢɟɣ ɧɚ ɫɬɨɯɚɫɬɢɱɟɫɤɢɟ 
ɫɨɫɬɚɜɥɹɸɳɢɟ. ɗɬɨ ɩɪɨɢɫɯɨɞɢɬ ɢɡ-ɡɚ ɜɨɡɪɚɫɬɚɧɢɹ 
ɚɩɩɥɢɤɚɬ (ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɧɚɤɥɨɧɚ ɨɝɢɛɚɸɳɟɣ) 

ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɜ 
ɫɩɟɤɬɪɚɥɶɧɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɹɞɟɪ, ɬ.ɟ. ɜ ɢɯ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɱɚɫɬɨɬɧɵɯ ɫɩɟɤɬɪɚɯ (ɉɑɋ) Д1-3]. 

ȼ ɭɫɥɨɜɢɹɯ ɩɟɪɟɫɟɱɟɧɢɹ ɉɑɋ ɲɭɦɨɜ ɢ 
ɬɨɧɤɨɣ ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɨɜ ɨɛɴɟɤɬɨɜ, ɱɬɨ ɢɦɟɟɬ 
ɦɟɫɬɨ ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ ɜɵɫɨɤɨɝɨ ɢ 
ɫɜɟɪɯɜɵɫɨɤɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɢ 
ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ, ɡɚɞɚɱɚ ɭɱɟɬɚ ɜɥɢɹɧɢɹ 
ɲɭɦɚ ɢ ɩɪɟɩɚɪɢɪɨɜɚɧɢɹ ɟɝɨ ɧɚ ɲɭɦ ɢ 
ɫɬɨɯɚɫɬɢɱɟɫɤɢɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɬɨɧɤɢɯ ɫɬɪɭɤɬɭɪ 
ɢɡɨɛɪɚɠɟɧɢɹ ɧɟ ɪɟɲɚɟɬɫɹ ɨɞɧɨɡɧɚɱɧɨ. Ʉɚɤ 
ɩɪɚɜɢɥɨ ɞɥɹ ɩɪɟɩɚɪɢɪɨɜɚɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɚɤɬ 
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ɚɧɢɡɨɬɪɨɩɢɢ ɪɚɞɢɭɫɚ ɤɨɪɪɟɥɹɰɢɢ ɫɬɨɯɚɫɬɢɱɟɫɤɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ ɧɚ ɥɢɧɟɚɦɟɧɬɟ ɬɨɧɤɨɣ ɫɬɪɭɤɬɭɪɵ. 
Ɍɚɤ ɤɚɤ ɤɨɪɪɟɤɰɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɫɚɦ ɫɢɧɬɟɡ ɹɞɪɚ 
ɨɩɟɪɚɬɨɪɚ ɞɟɤɨɧɜɨɥɸɰɢɢ ɧɚɱɢɧɚɟɬɫɹ ɫ ɢɡɦɟɪɟɧɢɹ 
(ɚɞɟɤɜɚɬɧɨɝɨ ɫɢɧɬɟɡɚ) ɮɭɧɤɰɢɢ ɪɚɫɫɟɹɧɢɹ ɬɨɱɤɢ 
(ɎɊɌ) ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ, ɬɨ ɧɟɨɛɯɨɞɢɦɨ ɢ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɞɨɛɢɬɶɫɹ ɫɨɨɬɧɨɲɟɧɢɹ ɷɧɟɪɝɢɣ 
ɪɟɝɭɥɹɪɧɵɯ ɢ ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɤɨɦɩɨɧɟɧɬ ɧɚ 
ɢɡɨɛɪɚɠɟɧɢɢ ɞɥɹ ɩɨɪɨɠɞɟɧɢɹ ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɧɚ ɫɢɧɬɟɡɢɪɭɟɦɨɣ ɎɊɌ ɬɚɤɢɯ, ɱɬɨɛ 
ɩɨ ɷɧɟɪɝɢɢ ɨɧɢ ɧɟ ɩɪɟɜɵɲɚɥɢ ɩɨɝɪɟɲɧɨɫɬɶ 
ɢɬɟɪɚɬɢɜɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢɫɱɢɫɥɟɧɢɹ ɨɩɟɪɚɬɨɪɚ 
ɞɟɤɨɧɜɨɥɸɰɢɢ ɩɪɢ ɩɨɞɚɜɥɟɧɢɢ ɬɨɣ ɠɟ ɫɚɦɨɣ ɎɊɌ 
(ɢɧɚɱɟ ɨɧɚ ɛɭɞɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɧɟɢɡɨɩɥɚɧɚɬɢɱɧɨɣ 
ɢ ɜɵɡɨɜɟɬ ɧɟɨɞɧɨɪɨɞɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɭɪɨɜɧɹ 
ɤɨɪɪɟɤɰɢɣ ɪɟɡɤɨɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ). 

Ɍɟɯɧɨɥɨɝɢɹ ɧɟɥɢɧɟɣɧɨɝɨ ɜɨɡɦɭɳɟɧɢɹ 
ɨɩɟɪɚɬɨɪɚ ɞɟɤɨɧɜɨɥɸɰɢɢ ɞɥɹ ɩɪɟɩɚɪɢɪɨɜɚɧɢɹ 
ɪɟɝɭɥɹɪɧɵɯ ɢ ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɤɨɦɩɨɧɟɧɬ ɢ 
ɤɨɪɪɟɤɰɢɹ ɪɟɡɤɨɫɬɢ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ 

ȿɫɬɟɫɬɜɟɧɧɵɦ ɲɚɝɨɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɢɡɨɩɥɚɧɚɬɢɱɧɨɣ ɎɊɌ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ 
ɜɨɡɦɨɠɧɨɝɨ ɩɪɟɜɚɥɢɪɨɜɚɧɢɹ ɪɟɝɭɥɹɪɧɵɯ 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɧɚɞ 
ɫɬɨɯɚɫɬɢɱɟɫɤɢɦɢ Д4Ж. Ⱦɥɹ ɷɬɨɝɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 
ɩɨɫɬɪɨɢɬɶ ɫɥɟɞɭɸɳɢɣ ɜɟɪɢɮɢɰɢɪɭɸɳɢɣ ɩɪɨɰɟɫɫ: 

Ɉɩɟɪɚɬɨɪɵ ɞɟɤɨɧɜɨɥɸɰɢɢ ɫɱɢɬɚɟɦ 
ɤɨɪɪɟɥɢɪɭɸɳɢɦɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɟɩɟɧɢ 
ɤɨɪɪɟɥɹɰɢɢ ɢɯ ɹɞɟɪ, ɬ.ɟ. ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ. ɉɪɢ ɷɬɨɦ, 
ɟɫɥɢ ɪɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ, ɹɜɥɹɸɳɟɝɨɫɹ 
ɜɵɱɢɫɥɢɦɨɣ ɪɟɚɥɢɡɚɰɢɟɣ ɨɩɟɪɚɬɨɪɚ, ɫɜɨɞɢɬɫɹ ɤ 
ɩɚɪɟ (SRR,n), ɝɞɟ SRR – ɪɟɝɭɥɹɪɧɚɹ, n – 

ɫɬɨɯɚɫɬɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɢɟ, ɢ ɞɥɹ ɫɟɪɢɢ 
ɚɥɝɨɪɢɬɦɨɜ Li, ɩɨɪɨɠɞɚɸɳɢɯ ɩɚɪɵ (SRR,n)i, 
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ɩɪɢɱɟɦ ɧɨɪɦɚ ɪɚɡɧɢɰɵ ||(SRR,n)0-(SRR,n)iее ɨɳɭɬɢɦɨ 
ɡɚɦɟɬɧɚ ɡɚ ɫɱɟɬ ɷɜɨɥɸɰɢɢ n, ɚ ɧɟ SRR, ɨɬɧɨɲɟɧɢɟ 
ɫɢɝɧɚɥ/ɲɭɦ ɜ ɩɚɪɟ (SRR,n)0 ɭɥɭɱɲɢɥɨɫɶ ɜ  ɪɚɡ ɢ 
ɧɟɥɶɡɹ ɡɚɹɜɢɬɶ, ɱɬɨ << N , ɬɨ ɚɥɝɨɪɢɬɦɵ 
ɚɧɫɚɦɛɥɹ ɫɱɢɬɚɟɦ ɜɟɪɢɮɢɰɢɪɭɸɳɢɦɢ.  

ȼ ɚɥɝɨɪɢɬɦɟ Li ɨɛɪɚɛɨɬɤɢ ɜɯɨɞɧɨɣ ɩɚɪɵ 
(SRR,n)И ɩɨɞɜɟɪɝɧɟɦ ɜɨɡɦɭɳɟɧɢɸ ɨɩɟɪɚɰɢɸ 
ɭɦɧɨɠɟɧɢɹ (ɜɨɡɦɭɳɚɹ ɦɚɬɪɢɰɟɣ Vij ɦɚɥɵɯ 
ɜɟɳɟɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɛɚɡɨɜɭɸ 10×10-

ɤɥɟɬɨɱɧɭɸ ɦɚɬɪɢɰɭ, ɤ ɩɪɢɦɟɪɭ, ɨɩɟɪɚɰɢɢ 
ɭɦɧɨɠɟɧɢɹ). ȼɨɡɦɭɳɟɧɢɟ ɞɪɭɝɢɯ ɨɩɟɪɚɰɢɣ ɧɟ 
ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ, ɨɬɫɭɬɫɬɜɢɟ ɨɩɟɪɚɰɢɢ 
ɭɦɧɨɠɟɧɢɹ ɜ ɚɥɝɨɪɢɬɦɚɯ Li ɧɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, 
ɬɚɤ ɤɚɤ ɜ ɪɚɛɨɬɟ ɫɬɪɨɢɬɫɹ ɨɛɳɚɹ ɫɯɟɦɚ 

ɜɟɪɢɮɢɰɢɪɭɸɳɢɯ ɚɧɫɚɦɛɥɟɣ ɞɥɹ ɚɥɝɨɪɢɬɦɨɜ 
ɡɚɞɚɱɢ ɤɨɪɪɟɤɰɢɢ ɪɚɡɪɟɲɟɧɢɹ, ɬ.ɟ. ɚɥɝɨɪɢɬɦɨɜ 
ɰɢɮɪɨɜɨɣ ɮɢɥɶɬɪɚɰɢɢ, ɞɟɤɨɧɜɨɥɸɰɢɢ, 
ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ. ȼɨɡɦɭɳɟɧɢɟ 
ɫɱɢɬɚɟɦ ɦɚɥɵɦ, ɟɫɥɢ ɜɵɩɨɥɧɹɟɬɫɹ ɧɟɪɚɜɟɧɫɬɜɨ 
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ɝɞɟ е|{Ciжее ɢ еедRi}|| - ɧɨɪɦɵ ɜɵɯɨɞɧɵɯ ɩɨɬɨɤɨɜ 
ɞɚɧɧɵɯ ɩɨ ɞɟɤɨɧɜɨɥɸɰɢɢ ɩɨɫɥɟ ɢ ɞɨ ɜɨɡɦɭɳɟɧɢɹ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

ɇɟɥɢɧɟɣɧɵɟ ɜɨɡɦɭɳɟɧɢɹ ɫɬɨɯɚɫɬɢɱɟɫɤɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ ɢɫɤɚɠɚɸɬ ɟɟ ɮɭɧɤɰɢɸ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɪɚɫɲɢɪɹɸɬ ɩɨɥɨɫɭ ɟɟ 
ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ Д5Ж. Ɋɚɡɧɵɦ 
ɦɚɬɪɢɰɚɦ ɨɩɟɪɚɰɢɢ ɜɨɡɦɭɳɟɧɢɹ ɛɭɞɭɬ ɬɟɩɟɪɶ 
ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɫɬɨɯɚɫɬɢɱɟɫɤɢɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɫ 
ɪɚɡɧɵɦɢ ɮɭɧɤɰɢɹɦɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɧɟɫɢɥɶɧɨ 
ɜɨɡɦɭɳɟɧɧɚɹ ɪɟɝɭɥɹɪɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ Д3Ж. ɉɪɢ 
ɜɵɩɨɥɧɟɧɢɢ ɜɟɪɢɮɢɤɚɰɢɢ ɫɭɦɦɢɪɨɜɚɧɢɟɦ 
ɪɟɡɭɥɶɬɢɪɭɸɳɢɯ ɩɚɪ (SRR,n)i, ɝɞɟ i – ɧɨɦɟɪ 
ɦɚɬɪɢɰɵ ɜɨɡɦɭɳɟɧɢɹ ɨɩɟɪɚɰɢɢ ɭɦɧɨɠɟɧɢɹ 
(ɩɪɢɱɟɦ ɦɚɬɪɢɰɵ ɞɪɭɝ ɞɪɭɝɭ ɧɟ ɪɚɜɧɵ), ɜ ɫɢɥɭ 
ɰɟɧɬɪɚɥɶɧɨɣ ɩɪɟɞɟɥɶɧɨɣ ɬɟɨɪɟɦɵ ɬɟɨɪɢɢ 
ɜɟɪɨɹɬɧɨɫɬɢ ɪɟɡɭɥɶɬɢɪɭɸɳɚɹ ɫɬɨɯɚɫɬɢɱɟɫɤɚɹ 
ɫɨɫɬɚɜɥɹɸɳɚɹ ɛɭɞɟɬ ɢɦɟɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɟ, ɛɥɢɡɤɨɟ 
ɤ ɧɨɪɦɚɥɶɧɨɦɭ (ɩɪɢ ɞɨɫɬɚɬɨɱɧɨɦ ɱɢɫɥɟ ɜɚɪɢɚɧɬɨɜ 
ɜɨɡɦɭɳɚɸɳɢɯ ɦɚɬɪɢɰ) ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ 
ɭɩɨɦɹɧɭɬɨɣ ɬɟɨɪɟɦɟ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɣ 
ɞɢɫɩɟɪɫɢɟɣ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɨɠɢɞɚɧɢɟɦ. 
Ɋɟɝɭɥɹɪɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɜ ɫɪɟɞɧɟɦ ɛɭɞɟɬ 
ɧɚɪɚɫɬɚɬɶ ɩɨ ɡɚɤɨɧɭ ɜɟɟɪɧɨɝɨ ɮɢɥɶɬɪɚ, ɚ 
ɫɬɨɯɚɫɬɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɧɚɪɚɫɬɚɟɬ ɫɨ 
ɡɧɚɱɢɬɟɥɶɧɵɦ ɨɬɫɬɚɜɚɧɢɟɦ ɩɨ ɷɧɟɪɝɢɢ Д3Ж, 
ɩɪɟɨɛɪɚɡɭɹɫɶ ɜ ɧɨɪɦɚɥɶɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɭɸ 
ɫɥɭɱɚɣɧɭɸ ɜɟɥɢɱɢɧɭ Д5Ж. 

ȿɫɥɢ f  – ɩɨɥɨɫɚ ɱɚɫɬɨɬɧɨ-ɤɨɧɬɪɚɫɬɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ (ɑɄɏ) ɬɪɚɤɬɚ ɡɨɧɞɢɪɨɜɚɧɢɹ ɢ f
< f , ɝɞɟ f – ɩɨɥɨɫɚ ɉɑɋ ɫɬɨɯɚɫɬɢɱɟɫɤɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɨɫɥɟ ɧɟɥɢɧɟɣɧɨɝɨ ɜɨɡɦɭɳɟɧɢɹ, ɬɨ 
ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɨɪɟɦɨɣ ɨ ɧɟɥɢɧɟɣɧɨɦ 
ɜɨɡɦɭɳɟɧɢɢ ɫɭɦɦɵ «ɫɢɝɧɚɥ + ɲɭɦ» ɩɨɥɭɱɢɦ 
ɧɨɜɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɲɭɦ Д5, 6]: 
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ɤɥɚɫɫɢɱɟɫɤɨɟ ɨɬɧɨɲɟɧɢɟ ɫɪɟɞɧɟɣ 

ɷɧɟɪɝɢɢ ɫɥɚɛɨɢɡɦɟɧɟɧɧɨɣ ɪɟɝɭɥɹɪɧɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɤ ɭɞɜɨɟɧɧɨɣ 
ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɣ ɞɢɫɩɟɪɫɢɢ ɫɬɨɯɚɫɬɢɱɟɫɤɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ, ɭɦɟɧɶɲɟɧɧɨɣ ɡɚ ɫɟɬ ɨɩɟɪɚɰɢɢ 



Ushakova N.N., Vintaev V.N. Verification of results of deconvolution of space high-resolution 

images with the method of small indignations of a deconvolution operator // ʠˈ˕ˈ˅ˑˌ ˉ˖рːаˎ 
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ɋɟɪɢɹ ɂɇɎɈɊɆȺɐɂɈɇɇЫȿ ɌȿɏɇɈɅɈȽɂɂ 

INFORMATION TECHNOLOGIES Series 

ɧɚɤɨɩɥɟɧɢɹ ɩɪɢ ɜɟɪɢɮɢɤɚɰɢɢ ɢ ɧɨɪɦɢɪɨɜɚɧɢɹ 
ɪɟɡɭɥɶɬɚɬɨɜ.  

ɇɚ ɪɢɫ. 1 ɢ ɪɢɫ. 2 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ, 
ɢɫɩɨɥɶɡɭɸɳɢɟ ɪɚɡɧɨɫ ɨɬɤɥɢɤɚ ɧɚ ɜɨɡɦɭɳɟɧɧɭɸ 
ɨɩɟɪɚɰɢɸ ɭɦɧɨɠɟɧɢɹ ɢɫɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ 
ɟɞɢɧɢɰɭ ɧɚ ɪɟɝɭɥɹɪɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɢ 
ɫɬɨɯɚɫɬɢɱɟɫɤɢɟ. ȼ ɫɩɟɤɬɪɚɥɶɧɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɢ 
ɷɬɨ ɪɚɡɧɨɫ ɨɬɤɥɢɤɚ ɧɚ ɧɢɡɤɨ-, ɫɪɟɞɧɟ- ɢ 
ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɉɑɋ 
ɢɡɨɛɪɚɠɟɧɢɹ. ɂɫɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ 
ɩɨɩɢɤɫɟɥɶɧɨ ɭɦɧɨɠɚɥɨɫɶ ɜɨɡɦɭɳɟɧɧɨɣ 
ɨɩɟɪɚɰɢɟɣ ɧɚ ɟɞɢɧɢɰɭ ɢ ɜɵɱɢɬɚɥɨɫɶ ɢɡ 
ɢɫɯɨɞɧɨɝɨ. ɇɚ ɪɢɫɭɧɤɟ 1 (ɫɥɟɜɚ) ɩɪɟɞɫɬɚɜɥɟɧɨ 
ɤɨɫɦɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɮɪɚɝɦɟɧɬɚ ɝɨɪɨɞɫɤɨɣ 
ɱɟɪɬɵ ɫ ɜɵɫɨɤɢɦ ɪɚɡɪɟɲɟɧɢɟɦ, ɫɨɞɟɪɠɚɳɟɟ 
ɩɪɢɦɟɪɧɨ ɪɚɜɧɨɧɚɫɵɳɟɧɧɵɟ ɧɢɡɤɢɟ, ɫɪɟɞɧɢɟ ɢ 
ɜɵɫɲɢɟ ɦɨɞɵ ɉɑɋ. ɉɪɚɜɟɟ ɩɪɢɜɟɞɟɧɵ 
ɪɚɡɧɨɫɬɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ("ɜɨɡɦɭɳɟɧɧɨɟ" ɦɢɧɭɫ 
ɢɫɯɨɞɧɨɟ).  

Ɋɚɡɦɟɳɟɧɧɨɟ ɜ ɰɟɧɬɪɟ ɪɢɫɭɧɤɚ 1 
ɢɡɨɛɪɚɠɟɧɢɟ ɩɨɤɚɡɵɜɚɟɬ ɨɬɫɭɬɫɬɜɢɟ ɪɟɝɭɥɹɪɧɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ, ɬ.ɟ. ɩɪɢ ɦɚɬɪɢɰɟ ɫ ɧɨɪɦɨɣ 0.05 
ɜɨɡɦɭɳɟɧɢɟ ɪɟɝɭɥɹɪɧɨɣ ɜ ɢɫɯɨɞɧɨɦ ɢɡɨɛɪɚɠɟɧɢɢ 
ɤɪɚɣɧɟ ɦɚɥɨ. ɂɡɨɛɪɚɠɟɧɢɟ, ɪɚɡɦɟɳɟɧɧɨɟ ɜ 
ɩɪɚɜɨɣ ɱɚɫɬɢ ɩɨɤɚɡɵɜɚɟɬ ɧɚɥɢɱɢɟ ɧɚ ɪɚɡɧɨɫɬɧɨɦ 
ɢɡɨɛɪɚɠɟɧɢɢ ɨɫɬɚɬɨɱɧɨɣ ɪɟɝɭɥɹɪɧɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ, ɬ.ɟ. ɦɚɬɪɢɰɚ ɫ ɧɨɪɦɨɣ 0.3 ɜ 
ɞɨɫɬɚɬɨɱɧɨɣ ɦɟɪɟ ɩɨɞɜɟɪɝɥɚ ɜɨɡɦɭɳɟɧɢɸ ɢ 
ɪɟɝɭɥɹɪɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɧɚ ɢɫɯɨɞɧɨɦ 
ɢɡɨɛɪɚɠɟɧɢɢ.  

Ⱥɩɩɪɨɤɫɢɦɢɪɭɹ ɑɄɏ ɬɪɚɤɬɚ ɡɨɧɞɢɪɨɜɚɧɢɹ 
ɞɥɹ ɩɪɨɫɬɨɬɵ ɜɵɱɢɫɥɟɧɢɣ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɦ 
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ɢ ɜɨɡɛɭɠɞɚɹ ɬɪɚɤɬ ɛɟɥɵɦ ɲɭɦɨɦ ɫ ɫɢɧɝɭɥɹɪɧɨɣ 
ɮɭɧɤɰɢɟɣ ɚɜɬɨɤɨɪɪɟɥɹɰɢɢ (ɎȺɄ) 
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ɝɞɟ )(  – ɮɭɧɤɰɢɹ Ⱦɢɪɚɤɚ, ɩɨɥɭɱɢɦ ɧɚ ɜɵɯɨɞɟ 
ɬɪɚɤɬɚ ɲɭɦ ɫɨ ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɶɸ, ɪɚɜɧɨɣ 
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ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɨɪɟɦɨɣ ȼɢɧɟɪɚ-ɏɢɧɱɢɧɚ Д3Ж 
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ɨɬɤɭɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɞɜɚ ɥɸɛɵɯ ɡɧɚɱɟɧɢɹ ɲɭɦɚ 

ɩɪɢ 
ɜ
  – ɧɟɤɨɪɪɟɥɢɪɨɜɚɧɵ. ɇɚ ɥɸɛɨɦ ɨɤɧɟ

ɬɪɚɧɫɩɚɪɚɧɬɚ ɢɡɨɛɪɚɠɟɧɢɹ ɚɩɟɪɬɭɪɨɣ l ɛɭɞɟɬ 
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ɧɟɡɚɜɢɫɢɦɵɯ ɨɬɫɱɟɬɨɜ ɲɭɦɚ ɢ 

ɜl2

ɧɟɡɚɜɢɫɢɦɵɯ ɚɧɫɚɦɛɥɟɣ ɞɥɹ ɞɜɭɦɟɪɧɨɣ ɡɚɞɚɱɢ. 
Ɂɞɟɫɶ ɜɫɸɞɭ   – ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ

ɱɚɫɬɨɬɚ.ɧɟɡɚɜɢɫɢɦɵɯ ɨɬɫɱɟɬɨɜ ɲɭɦɚ ɢ 

ɜl2

ɧɟɡɚɜɢɫɢɦɵɯ ɚɧɫɚɦɛɥɟɣ ɞɥɹ ɞɜɭɦɟɪɧɨɣ ɡɚɞɚɱɢ. 
Ɂɞɟɫɶ ɜɫɸɞɭ   – ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɱɚɫɬɨɬɚ.

Ɋɢɫ. 1. ɂɫɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ (ɫɥɟɜɚ), ɪɚɡɧɨɫɬɧɨɟ ɫ ɧɨɪɦɨɣ ɦɚɬɪɢɰɵ ɜɨɡɦɭɳɟɧɢɹ 0.05 (ɜ ɰɟɧɬɪɟ), ɪɚɡɧɨɫɬɧɨɟ ɫ ɧɨɪɦɨɣ 
ɦɚɬɪɢɰɵ ɜɨɡɦɭɳɟɧɢɹ 0.3 (ɫɩɪɚɜɚ) 

Fig. 1. Original image (left), difference from the norm of the matrix perturbation 0.05 (center), difference from the norm of the 

matrix perturbation 0.3 (right) 

N ɪɚɡɧɵɦ ɜɨɡɦɭɳɚɸɳɢɦ ɦɚɬɪɢɰɚɦ Vi 

ɫɨɨɬɜɟɬɫɬɜɭɸɬ N ɜɨɡɦɭɳɟɧɧɵɯ ɦɚɬɪɢɰɟɣ Vi 

ɫɨɫɬɨɹɧɢɣ ɢɫɯɨɞɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ, 
ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɯ ɨɩɢɫɚɧɧɨɦɭ ɜɵɲɟ ɭɫɥɨɜɢɸ 
ɪɟɚɥɢɡɚɰɢɢ ɨɬɤɥɢɤɨɜ ɧɚ ɪɟɝɭɥɹɪɧɭɸ ɢ 
ɫɬɨɯɚɫɬɢɱɟɫɤɭɸ ɫɨɫɬɚɜɥɹɸɳɢɟ. ȼ ɫɢɥɭ ɬɨɣ ɠɟ 

ɷɪɝɨɞɢɱɟɫɤɨɣ ɝɢɩɨɬɟɡɵ ɱɢɫɥɨ N ɬɚɤɢɯ 
ɮɭɧɤɰɢɨɧɚɥɨɜ, ɫɥɚɛɨɤɨɪɪɟɥɢɪɭɸɳɢɯ, ɚ ɫɬɚɥɨ 
ɛɵɬɶ ɩɨɪɨɠɞɚɸɳɢɯ ɧɟɡɚɜɢɫɢɦɵɟ ɡɧɚɱɟɧɢɹ 

ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɛɭɞɟɬ ɧɟ ɛɨɥɟɟ 

ɜl2

. 
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ɋɪɟɞɧɢɟ ɨɰɟɧɤɢ ɩɪɢɜɟɞɟɧɧɨɣ ɜɟɥɢɱɢɧɵ, 
ɨɰɟɧɟɧɧɨɣ ɞɥɹ ɦɟɬɪɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɫɨɜɪɟɦɟɧɧɵɯ ɨɤɨɧ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɫɦɢɱɟɫɤɢɯ 
ɢɡɨɛɪɚɠɟɧɢɣ ɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ ɞɚɸɬ 
ɡɧɚɱɟɧɢɟ ɪɚɜɧɨɟ ɩɪɢɦɟɪɧɨ 150 . 

ɇɚ ɪɢɫ. 2 ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɜɟɪɢɮɢɤɚɰɢɢ 
ɢɡɨɛɪɚɠɟɧɢɹ "Ƚɨɪɨɞ". ȼ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɪɢɫɭɧɤɚ 
ɪɚɫɩɨɥɨɠɟɧɵ ɢɫɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɜɵɫɨɤɨɝɨ 
ɪɚɡɪɟɲɟɧɢɹ (ɫɥɟɜɚ) ɢ ɟɝɨ ɫɩɟɤɬɪɚɥɶɧɵɣ ɩɨɪɬɪɟɬ 
(ɫɩɪɚɜɚ). ȼ ɫɪɟɞɧɟɣ ɱɚɫɬɢ ɪɢɫɭɧɤɚ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɪɚɫɩɨɥɨɠɟɧɵ – ɪɟɡɭɥɶɬɚɬ
ɤɨɪɪɟɤɰɢɢ ɢɫɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ 
ɪɚɡɪɚɛɨɬɚɧɧɵɦ ɦɟɬɨɞɨɦ Д3Ж (ɨɩɨɪɧɵɟ ɨɪɢɟɧɬɢɪɵ: 
ɮɪɚɝɦɟɧɬ ɩɨɥɨɫɵ ɞɨɪɨɝɢ, ɨɬɞɟɥɶɧɵɟ ɤɪɭɩɧɵɟ 
ɚɜɬɨɦɨɛɢɥɢ, ɰɟɧɬɪɚɥɶɧɵɣ ɞɨɦ ɫ ɩɪɢɥɟɝɚɸɳɢɦɢ 
ɪɟɝɭɥɹɪɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ) ɢ ɟɝɨ ɫɩɟɤɬɪɚɥɶɧɵɣ 
ɩɨɪɬɪɟɬ. ȼ ɧɢɠɧɟɣ ɱɚɫɬɢ ɪɢɫɭɧɤɚ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɪɚɫɩɨɥɨɠɟɧɵ – ɪɟɡɭɥɶɬɚɬ
ɜɟɪɢɮɢɤɚɰɢɢ ɧɚ ɛɚɡɟ ɨɩɢɫɚɧɧɨɝɨ ɜɵɲɟ ɦɟɬɨɞɚ ɫ 
ɜɨɡɦɭɳɚɸɳɢɦɢ ɦɚɬɪɢɰɚɦɢ ɫ ɧɨɪɦɚɦɢ 0.05; 0.07; 
0.09; 0.11. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɡɥɨɠɟɧɧɵɦ ɜɵɲɟ 
ɷɮɮɟɤɬ ɜɟɪɢɮɢɤɚɰɢɢ ɩɨɩɢɤɫɟɥɶɧɵɦ 
ɫɭɦɦɢɪɨɜɚɧɢɟɦ ɱɟɬɵɪɟɯ "ɜɨɡɦɭɳɟɧɧɵɯ" 
ɢɡɨɛɪɚɠɟɧɢɣ ɢɡɦɟɪɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 
ɩɪɟɜɚɥɢɪɨɜɚɧɢɹ ɪɟɝɭɥɹɪɧɵɯ ɤɨɦɩɨɧɟɧɬ ɪɚɜɧɵɦ 

24  . 

Ɋɢɫ. 2. ɂɫɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɢ ɟɝɨ ɫɩɟɤɬɪɚɥɶɧɵɣ 
ɩɨɪɬɪɟɬ (ɜɜɟɪɯɭ); ɪɟɡɭɥɶɬɚɬ ɤɨɪɪɟɤɰɢɢ ɦɟɬɨɞɨɦ 

ɫɩɟɰɢɚɥɶɧɨɣ ɤɨɪɪɟɤɰɢɢ ɢ ɟɝɨ ɫɩɟɤɬɪɚɥɶɧɵɣ ɩɨɪɬɪɟɬ  
(ɜ ɰɟɧɬɪɟ); ɪɟɡɭɥɶɬɚɬ ɜɟɪɢɮɢɤɚɰɢɢ ɢ ɟɝɨ ɫɩɟɤɬɪɚɥɶɧɵɣ 

ɩɨɪɬɪɟɬ (ɜɧɢɡɭ) 
Fig. 2. The original image and its spectral portrait (top); 

the result of correction by the special method of correction 

and its spectral portrait (center); the result of verification 

and its spectral portrait (bottom) 

ɇɚ ɢɡɨɛɪɚɠɟɧɢɢ, ɜɟɪɢɮɢɰɢɪɨɜɚɧɧɨɦ 
ɨɩɢɫɚɧɧɨɦ ɜɵɲɟ ɫɩɨɫɨɛɨɦ ɞɚɥɟɟ ɦɨɠɧɨ ɫɬɚɜɢɬɶ ɢ 
ɪɟɲɚɬɶ ɡɚɞɚɱɭ ɛɨɥɟɟ ɤɨɪɪɟɤɬɧɨɝɨ ɜɵɹɜɥɟɧɢɹ ɎɊɌ 
ɩɨ ɨɩɨɪɧɨɦɭ ɨɪɢɟɧɬɢɪɭ ɢ ɟɝɨ ɷɬɚɥɨɧɭ (ɩɪɢ 

ɭɫɥɨɜɢɢ ɧɢɜɟɥɢɪɨɜɚɧɢɹ ɧɟɜɹɡɨɤ ɦɚɫɲɬɚɛɚ, ɭɝɥɚ 
ɦɟɫɬɚ ɫɨɥɧɰɚ ɨɫɜɟɳɟɧɢɹ ɨɛɴɟɤɬɚ, ɜɡɚɢɦɧɨɝɨ 
ɩɨɜɨɪɨɬɚ ɢ ɬ.ɞ.) Д3Ж. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ 
ɛɟɡ ɭɱɟɬɚ (ɢɥɢ ɩɪɢ ɩɨɞɚɜɥɟɧɢɢ) ɚɪɬɟɮɚɤɬɨɜ, 
ɜɵɡɵɜɚɟɦɵɯ ɜɨɡɦɭɳɟɧɢɟɦ ɋȾɂ, ɜ ɦɨɞɟɥɢ Ȼɟɣɬɫɚ 
ɢ Ɇɚɤ Ⱦɨɧɧɟɥɚ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ 
ɡɚɩɢɫɢ ɞɥɹ ɢɡɨɛɪɚɠɟɧɢɣ ɜɵɫɨɤɨɝɨ ɢ 
ɫɜɟɪɯɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ ɜ ɜɢɞɟ Ɏɭɪɶɟ-

ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ 
Ɏɪɟɞɝɨɥɶɦɚ, ɫɜɹɡɵɜɚɸɳɟɝɨ ɢɫɯɨɞɧɨɟ 
ɢɡɨɛɪɚɠɟɧɢɟ RS , ɎɊɌ ɢ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɦɨɟ 
ɢɡɨɛɪɚɠɟɧɢɟ ИS  [2]: 

)()()( ФɊɌFSFSF ИR  ,               (7) 

ɝɞɟ ФɊɌ ɹɜɥɹɟɬɫɹ ɹɞɪɨɦ ɢɧɬɟɝɪɚɥɶɧɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ (ɫɜɟɪɬɤɢ), )(),( ФɊɌFSF  – 

Ɏɭɪɶɟ-ɫɩɟɤɬɪɵ ɨɛɴɟɤɬɨɜ. Ɉɩɪɟɞɟɥɹɟɦɚɹ ɢɡ (7) ɞɥɹ 
ɤɚɠɞɨɝɨ ɢɡ ɈɈ ɢɥɢ ɩɨɥɢɝɨɧɧɵɯ ɨɛɴɟɤɬɨɜ ɈɈS  ɢ 
ɢɯ ɷɬɚɥɨɧɨɜ (ɗ) – ИɈS  ɭɧɢɤɚɥɶɧɚɹ ɑɄɏ ɬɪɚɤɬɚ ɜ 
ɜɢɞɟ 

iИOiɈɈi SFSFФɊɌF )(/)()(   (8) 

ɫ ɨɰɟɧɤɨɣ )(ФɊɌF  ɜ ɜɢɞɟ 
N

i

iФɊɌF )(  ɞɚɟɬ 

ɨɰɟɧɤɭ ɢɫɤɨɦɨɣ 0ФɊɌ  ɜ ɜɢɞɟ 

))((1

0 i

N

i

ФɊɌFFФɊɌ  . (9) 

ɇɚɧɟɫɟɧɢɟ ɧɭɥɟɜɵɯ ɩɢɤɫɟɥɨɜ ɧɚ ɮɪɟɣɦ ɞɥɹ 
ɜɵɹɜɥɟɧɢɹ ɫɚɦɨɝɨ ɈɈ ɢɡ ɮɨɧɚ – ɷɬɨ ɡɚɞɚɱɚ 
ɤɨɪɪɟɤɬɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɧɬɭɪɨɜ, 
ɨɛɪɚɦɥɹɸɳɢɯ ɈɈ, ɢɧɚɱɟ ɜ ɩɪɨɰɟɫɫɟ ɨɩɪɟɞɟɥɟɧɢɹ 
ɎɊɌ ɛɭɞɭɬ ɭɱɚɫɬɜɨɜɚɬɶ ɢ ɩɢɤɫɟɥɵ ɮɨɧɚ. 
ɐɟɥɟɫɨɨɛɪɚɡɧɨ ɷɬɨ ɪɟɚɥɢɡɨɜɚɬɶ ɜɟɟɪɧɵɦɢ 
ɮɢɥɶɬɪɚɦɢ Д3Ж. 

Ⱥɧɢɡɨɬɪɨɩɢɹ ɪɚɞɢɭɫɚ ɤɨɪɪɟɥɹɰɢɢ 
ɥɢɧɟɚɦɟɧɬɚ ɨɛɪɚɡɚ ɨɛɴɟɤɬɚ ɚɧɬɪɨɩɨɝɟɧɧɨɝɨ 
ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɜ ɨɬɥɢɱɢɟ ɨɬ ɪɚɞɢɭɫɚ ɤɨɪɪɟɥɹɰɢɢ 
ɲɭɦɚ ɞɟɥɚɟɬ ɜɟɟɪɧɵɣ ɮɢɥɶɬɪ ɨɫɨɛɟɧɧɨ 
ɱɭɜɫɬɜɢɬɟɥɶɧɵɦɢ ɤ ɨɬɤɥɨɧɟɧɢɸ ɚɡɢɦɭɬɚ 
ɮɢɥɶɬɪɚɰɢɢ, ɬ.ɟ. ɤ ɨɬɤɥɨɧɟɧɢɸ ɧɚɩɪɚɜɥɟɧɢɹ 
ɩɪɨɫɬɢɪɚɧɢɹ ɝɪɚɧɢɰɵ ɨɛɪɚɡɚ ɨɛɴɟɤɬɚ, ɱɬɨ 
ɩɨɜɵɲɚɟɬ ɩɪɨɮɢɬ ɮɢɥɶɬɪɚ, ɚ ɞɥɹ ɤɪɢɜɨɥɢɧɟɣɧɵɯ 
ɝɪɚɧɢɰ ɢɥɢ ɤɨɧɬɭɪɨɜ ɷɮɮɟɤɬ ɮɢɥɶɬɪɚɰɢɢ 
ɫɨɯɪɚɧɹɟɬɫɹ ɩɪɢ ɦɧɨɝɨɤɪɚɬɧɨɦ ɡɚɩɭɫɤɟ ɮɢɥɶɬɪɚ, 
ɧɨ ɫ ɦɚɥɨɣ ɛɚɡɨɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɪɚɡɥɨɠɟɧɢɸ 
ɭɱɚɫɬɤɚ ɤɪɢɜɨɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɚɥɝɨɪɢɬɦɨɦ 
Ȼɪɟɡɟɧɯɟɣɦɚ ɢɥɢ ɩɟɪɟɯɨɞɨɦ ɤ Ɏɭɪɶɟ-

ɩɪɟɞɫɬɚɜɥɟɧɢɸ ɜɟɟɪɧɨɣ ɮɢɥɶɬɪɚɰɢɢ Д3Ж. ɇɚ 
ɪɢɫɭɧɤɟ 3 ɩɪɢɜɟɞɟɧɵ ɢɫɯɨɞɧɨɟ ɬɟɫɬɨɜɨɟ 
ɢɡɨɛɪɚɠɟɧɢɟ, ɡɚɲɭɦɥɟɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɢ 
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ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɟɟɪɧɨɝɨ 
ɮɢɥɶɬɪɚ.  

Ɋɢɫ. 3. ɋɥɟɜɚ ɧɚɩɪɚɜɨ: ɢɫɯɨɞɧɨɟ ɬɟɫɬɨɜɨɟ 
ɢɡɨɛɪɚɠɟɧɢɟ; ɡɚɲɭɦɥɟɧɧɨɟ ɪɚɜɧɨɪɚɫɩɪɟɞɟɥɟɧɧɵɦ 

ɧɨɪɦɚɥɶɧɵɦ ɲɭɦɨɦ ɢɫɯɨɞɧɨɟ ɬɟɫɬɨɜɨɟ ɢɡɨɛɪɚɠɟɧɢɟ 
(ɫɨɨɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɲɭɦ=0.8); ɞɚɥɟɟ ɪɟɡɭɥɶɬɚɬɵ 
ɨɛɪɚɛɨɬɤɢ ɡɚɲɭɦɥɟɧɧɨɝɨ ɬɟɫɬɨɜɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ: 

ɮɢɥɶɬɪɨɦ ȼɢɧɟɪɚ, ɥɢɧɟɣɧɵɦ ɦɚɬɪɢɱɧɵɦ ɮɢɥɶɬɪɨɦ ɫ 
ɧɨɪɦɚɥɢɡɚɰɢɟɣ, ɥɢɧɟɣɧɵɦ ɮɢɥɶɬɪɨɦ ɜ ɱɚɫɬɨɬɧɨɣ 
ɨɛɥɚɫɬɢ ɫ ɨɛɧɭɥɟɧɢɟɦ ɤɨɥɶɰɚ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ 

ɱɚɫɬɨɬ ɫ ɧɨɦɟɪɚɦɢ ɜɵɲɟ 50, ɚɞɚɩɬɢɜɧɵɦ ɮɢɥɶɬɪɨɦ 
ɝɪɚɮɢɱɟɫɤɨɝɨ ɩɚɤɟɬɚ PHOTOPAINT, ɜɟɟɪɧɵɦ 

ɮɢɥɶɬɪɨɦ ɫ ɩɚɪɚɦɟɬɪɚɦɢ: ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɯɨɞɨɜ – 2, 

ɞɥɢɧɚ ɛɚɡɵ – 17 ɢ 5, ɤɨɥɢɱɟɫɬɜɨ ɧɚɩɪɚɜɥɟɧɢɣ – 36 

Fig. 3. Left to right: original test image; evenly suspended 

noise normal noise source test image (the ratio 

signal/noise=0.8); further, the results of processing a noisy 

test image: a Wiener filter, linear matrix filter with the 

normalization, a linear filter in the frequency domain by 

zeroing ring of spatial frequencies with numbers above 50, 

the adaptive filter graphic package PHOTOPAINT, fan filter 

with the following parameters: number of passes – 2, the 

length of the base 17 and 5, the number of directions is 36 

Ⱦɥɹ ɜɵɞɟɥɟɧɢɹ ɈɈ ɧɚ ɩɪɢɜɟɞɟɧɧɵɯ ɧɢɠɟ 
ɦɚɬɟɪɢɚɥɚɯ ɫ ɚɩɩɚɪɚɬɚ OrbView-3 – ɫɚɦɨɥɟɬɟ ɧɚ 
ɫɬɨɹɧɤɟ ɢ ɟɝɨ ɷɬɚɥɨɧɟ – ɛɨɥɟɟ ɪɟɡɤɨɦ 
ɢɡɨɛɪɚɠɟɧɢɢ, ɜɵɞɟɥɹɥɢɫɶ ɞɥɹ ɤɨɪɪɟɤɬɧɨɝɨ 
ɨɤɨɧɬɭɪɢɜɚɧɢɹ ɨɩɨɪɧɨɝɨ ɨɪɢɟɧɬɢɪɚ (ɢ ɷɬɚɥɨɧɚ) 
ɤɨɦɩɨɧɟɧɬɵ ɢɡɨɛɪɚɠɟɧɢɣ – ɥɨɤɚɥɶɧɵɟ
ɫɩɟɤɬɪɚɥɶɧɵɟ ɦɚɤɫɢɦɭɦɵ ɜ ɜɵɞɟɥɟɧɧɵɯ ɭɱɚɫɬɤɚɯ 
ɫɩɟɤɬɪɚ ɮɪɟɣɦɚ ɫ ɨɛɴɟɤɬɨɦ. Ⱦɚɥɟɟ ɧɚɯɨɞɢɥɫɹ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɦɚɤɫɢɦɭɦ ɪɟɡɭɥɶɬɚɬɨɜ ɜɟɟɪɧɨɣ 
ɮɢɥɶɬɪɚɰɢɢ ɜ ɪɚɡɧɵɯ ɛɚɡɚɯ ɮɢɥɶɬɪɚɰɢɢ, ɧɟ 
ɜɵɯɨɞɹɳɢɯ ɩɨ ɜɟɥɢɱɢɧɟ ɡɚ ɩɪɟɞɟɥɵ ɫɨɨɬɧɨɲɟɧɢɹ 
ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɞɥɹ ɞɚɧɧɨɣ ɜɵɞɟɥɟɧɧɨɣ 
ɩɨɥɨɫɵ. ɉɨɥɧɵɣ ɩɨɪɬɪɟɬ ɈɈ ɢ ɷɬɚɥɨɧɚ 
ɪɟɚɥɢɡɨɜɚɥɫɹ ɨɩɟɪɚɰɢɟɣ ɨɛɴɟɞɢɧɟɧɢɹ 
ɨɛɪɚɛɨɬɚɧɧɵɯ ɭɱɚɫɬɤɨɜ ɫɩɟɤɬɪɚ ɢ ɨɛɪɚɬɧɵɦ 
Ɏɭɪɶɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ Д3Ж. 

ɇɚ ɪɢɫɭɧɤɟ 4 ɦɨɠɧɨ ɜɢɞɟɬɶ ɷɬɚɥɨɧ ɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɨɩɨɪɧɵɣ ɨɪɢɟɧɬɢɪ ɫ 
ɭɫɬɪɚɧɟɧɧɵɦɢ ɜɡɚɢɦɧɵɦɢ ɧɟɜɹɡɤɚɦɢ ɝɟɨɦɟɬɪɢɢ, 

ɦɚɫɲɬɚɛɚ, ɭɝɥɚ ɩɨɜɨɪɨɬɚ, ɝɢɫɬɨɝɪɚɦɦɵ. Ɉɧɢ 
ɜɵɛɪɚɧɵ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɚɬɬɟɪɧɚɯ 
ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɨɬɮɢɥɶɬɪɨɜɚɧɵ ɨɬ ɮɨɧɚ, 
ɩɨɦɟɳɟɧɵ ɜ ɪɚɛɨɱɢɣ ɮɪɟɣɦ ɢ ɩɪɢɜɟɞɟɧɵ ɤ ɜɢɞɭ, 
ɢɧɜɚɪɢɚɧɬɧɨɦɭ ɤ ɭɝɥɭ ɦɟɫɬɚ ɫɨɥɧɰɚ. 

Ɋɢɫ. 4. ɋɥɟɜɚ ɧɚɩɪɚɜɨ: ɷɬɚɥɨɧ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ 
ɨɩɨɪɧɵɣ ɨɪɢɟɧɬɢɪ ɫ ɭɫɬɪɚɧɟɧɧɵɦɢ ɜɡɚɢɦɧɵɦɢ 

ɧɟɜɹɡɤɚɦɢ, ɜɵɛɪɚɧɧɵɟ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɚɬɬɟɪɧɚɯ 
ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɨɬɮɢɥɶɬɪɨɜɚɧɧɵɟ ɨɬ ɮɨɧɚ; ɞɚɥɟɟ ɷɬɚɥɨɧ 
ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɨɩɨɪɧɵɣ ɨɪɢɟɧɬɢɪ, ɩɨɦɟɳɟɧɧɵɟ ɜ 
ɪɚɛɨɱɢɣ ɮɪɟɣɦ ɢ ɩɪɢɜɟɞɟɧɧɵɟ ɤ ɜɢɞɭ ɢɧɜɚɪɢɚɧɬɧɨɦɭ 

ɤ ɭɝɥɭ ɦɟɫɬɚ ɫɨɥɧɰɚ 

Fig. 4. Left to right: the reference and the corresponding 

reference point with fixed mutual residuals, selected on the 

corresponding patterns of the image and filtered from the 

background; then the reference and corresponding 

reference point, placed in the working frame and reduced 

to the form invariant to the elevation angle of the sun 

Ʉɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɈɈ ɢ ɗ ɧɟ ɦɨɠɟɬ 
ɛɵɬɶ ɪɚɜɟɧ 1, ɢɧɚɱɟ ɈɈ ɢ ɗ ɢɞɟɧɬɢɱɧɵ ɢ ɬɨɝɞɚ 
ɧɟɬ ɩɨɫɬɚɧɨɜɤɢ ɡɚɞɚɱɢ, ɧɢɠɟ 0.7 – ɡɚɩɪɟɳɟɧɧɵɟ 
ɡɧɚɱɟɧɢɹ, ɬ.ɤ. ɨɬɫɭɬɫɬɜɭɟɬ ɩɪɢ ɷɬɨɦ ɜɨɡɦɨɠɧɨɫɬɶ 
ɞɨɤɚɡɚɬɶ ɱɬɨ ɷɬɨ ɫɨɩɪɹɠɟɧɧɚɹ ɩɚɪɚ ɈɈ ɢ ɗ. 
ɋɥɟɞɭɟɬ ɫɞɟɥɚɬɶ ɨɝɨɜɨɪɤɭ: ɡɧɚɱɟɧɢɟ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ, ɞɨɩɭɫɬɢɦ, 0.7, ɚ 
ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɈɈ ɢ ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɟɝɨ 
ɫɨɨɬɜɟɬɫɬɜɢɹ ɷɬɚɥɨɧɭ ɞɨɥɠɧɚ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ 
ɭɪɨɜɧɟɦ ɥɨɠɧɨɣ ɬɪɟɜɨɝɢ ɧɟ ɜɵɲɟ 0.1, ɬ.ɟ. 
ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɢ ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɜɵɩɨɥɧɹɸɬɫɹ 
ɩɪɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɪɢɡɧɚɤɚɯ Д6Ж. ɇɚɩɪɢɦɟɪ, 
ɧɚɛɥɸɞɚɟɦɵɣ ɈɈ – ɫɚɦɨɥɟɬ, ɬɨɝɞɚ ɟɝɨ ɦɨɠɧɨ 
ɫɪɚɜɧɢɜɚɬɶ ɬɨɥɶɤɨ ɫ ɷɬɚɥɨɧɨɦ ɫɚɦɨɥɟɬɚ F105R, ɢ 
ɜɵɹɫɧɢɬɶ, ɤ ɩɪɢɦɟɪɭ, ɱɬɨ ɧɚ ɨɬɫɥɟɠɢɜɚɟɦɨɦ 
ɚɷɪɨɞɪɨɦɟ ɞɪɭɝɢɯ ɧɟ ɛɵɜɚɟɬ. ȼ )( 0ФɊɌF , 

ɤɨɬɨɪɨɟ ɢ ɩɨɪɨɠɞɚɟɬ ɢɧɜɟɪɫɧɵɟ ɢ ȼɢɧɟɪɨɜɫɤɢɟ 
ɮɢɥɶɬɪɵ ɫ ɦɨɞɢɮɢɤɚɰɢɹɦɢ, ɜɤɥɸɱɚɹ 
ɦɨɞɢɮɢɤɚɰɢɢ ɧɚ ɱɚɫɬɨɬɧɨ-ɡɚɜɢɫɢɦɭɸ ɞɨɛɚɜɤɭ Д7 
ɤɚɠɞɚɹ i,j-ɚя ɦɨɞɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɡɧɚɱɟɧɢɟɦ 
ɮɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ µ0ij, ɨɩɪɟɞɟɥɟɧɧɨɣ ɩɨ 
ɜɵɲɟ ɨɩɢɫɚɧɧɨɦɭ ɩɪɚɜɢɥɭ ɞɥɹ (3), ɢ ɫɬɪɨɢɥɚɫɶ 
ɨɧɚ ɧɚ ɡɧɚɱɟɧɢɹɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɪɪɟɥɹɰɢɢ 
ɷɬɚɥɨɧɨɜ ɢ ɈɈ. 

Ɂɧɚɱɟɧɢɟ ɜɡɜɟɲɟɧɧɨɣ ɫɭɦɦɵ ɜɢɞɚ 



Ushakova N.N., Vintaev V.N. Verification of results of deconvolution of space high-resolution 

images with the method of small indignations of a deconvolution operator // ʠˈ˕ˈ˅ˑˌ ˉ˖рːаˎ 
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ɝɞɟ 0.7 <= µ00< 1 ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɧɹɬɶ ɡɚ 
ɞɨɫɬɨɜɟɪɧɨɫɬɶ )( 0ФɊɌF  ɢ 0ФɊɌ . 

ɉɨ ɜɵɱɢɫɥɟɧɧɨɣ ɈɈ  ɨɩɪɟɞɟɥɢɦ ɪɚɡɛɪɨɫ А

ɚɩɟɪɬɭɪ ɎɊɌ, ɢɫɩɨɥɶɡɭɹ ɦɧɨɠɢɬɟɥɶ ɜɢɞɚ ɈɈ1

ɧɚ ɪɚɫɲɢɪɟɧɢɟ ɢ ɫɭɠɟɧɢɟ ɜɵɹɜɥɟɧɧɨɣ ɚɩɟɪɬɭɪɵ 
)(ФɊɌА : 

)1)(()( ɈɈФɊɌАФɊɌА  .       (11) 

ɉɪɢ ɎɊɌ ɷɬɨɦ ɢɧɬɟɪɩɨɥɢɪɭɟɬɫɹ ɧɚ ɧɨɜɵɟ 
ɚɩɟɪɬɭɪɵ ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɟɟ ɷɧɟɪɝɢɢ (ɫɭɦɦɵ 
ɤɜɚɞɪɚɬɨɜ ɚɩɩɥɢɤɚɬ). 

Ⱦɚɥɟɟ ɜɵɩɨɥɧɹɟɬɫɹ ɫɩɟɰɢɚɥɶɧɚɹ ɤɨɪɪɟɤɰɢɹ 
ɪɟɡɤɨɫɬɢ (ɋɄɊ) ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɯɧɢɤɨɣ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɪɚɛɨɬɚɯ Д1,7Ж, ɫ ɩɨɲɚɝɨɜɵɦ 
ɦɚɥɵɦ ɧɚɪɚɳɢɜɚɧɢɟɦ «ɡɚɧɢɠɟɧɧɨɣ» ɚɩɟɪɬɭɪɵ 
ɎɊɌ ɞɨ ɨɫɬɚɧɨɜɤɢ ɩɪɨɰɟɫɫɚ ɪɨɫɬɚ ɪɟɡɤɨɫɬɢ ɧɚ 
ɤɚɠɞɨɦ ɲɚɝɟ ɢ ɋɄɊ ɫ ɩɨɲɚɝɨɜɵɦ ɦɚɥɵɦ 
ɭɦɟɧɶɲɟɧɢɟɦ «ɡɚɜɵɲɟɧɧɨɣ» ɚɩɟɪɬɭɪɵ ɎɊɌ ɞɨ 
ɩɨɹɜɥɟɧɢɹ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɨɬɦɟɱɟɧɧɵɯ ɜ Д1Ж 
ɚɪɬɟɮɚɤɬɨɜ ɜ ɜɢɞɟ ɩɚɪɚɡɢɬɧɨɝɨ ɤɨɧɬɪɚɫɬɢɪɨɜɚɧɢɹ.  

ɇɟɨɛɯɨɞɢɦɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɦɨɧɨɬɨɧɧɨɫɬɶ ɜ 
ɩɨɲɚɝɨɜɨɦ ɧɚɪɚɳɢɜɚɧɢɢ ɢɥɢ ɭɦɟɧɶɲɟɧɢɢ 
ɚɩɟɪɬɭɪ ɎɊɌ ɧɚ ɡɚɩɭɫɤ ɢɬɟɪɚɰɢɣ ɩɨɪɨɠɞɚɟɬ 
ɦɨɧɨɬɨɧɧɨɫɬɶ ɬɟɧɞɟɧɰɢɢ ɢɡɦɟɧɟɧɢɣ ɪɟɡɤɨɫɬɢ, 
ɩɨɥɭɱɚɟɦɨɣ ɩɪɢ ɡɚɞɚɧɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ 
ɢɬɟɪɚɬɢɜɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɧɨ ɞɢɫɩɟɪɫɢɹ 
ɨɬɤɥɨɧɟɧɢɣ ɩɨɥɭɱɚɟɦɵɯ ɪɟɡɤɨɫɬɟɣ ɨɬ ɨɫɢ 
ɜɵɹɜɥɟɧɧɨɣ ɬɟɧɞɟɧɰɢɢ ɦɨɠɟɬ ɩɪɟɜɵɲɚɬɶ 
ɭɤɚɡɚɧɧɭɸ ɩɨɝɪɟɲɧɨɫɬɶ. Ⱥɧɚɥɢɡ ɫɨɨɬɧɨɲɟɧɢɣ 
(7), (8) ɢ (9), ɤɚɤ ɛɚɡɨɜɨɣ ɦɨɞɟɥɢ ɤɨɪɪɟɤɰɢɢ 
ɪɟɡɤɨɫɬɢ ɧɚɜɨɞɢɬ ɧɚ ɜɵɜɨɞ, ɱɬɨ «ɜɫɩɥɟɫɤɢ» 
ɪɟɡɤɨɫɬɢ ɧɚ ɮɨɧɟ ɬɟɧɞɟɧɰɢɢ ɢɡɦɟɧɟɧɢɹ ɩɪɢ 
ɩɪɢɧɹɬɨɦ ɚɥɝɨɪɢɬɦɟ ɩɨɫɬɪɨɟɧɢɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɎɊɌ ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɟɟ 
ɷɧɟɪɝɢɢ ɨɩɪɟɞɟɥɹɸɬɫɹ (ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ) 
ɭɪɨɜɧɟɦ ɷɧɟɪɝɢɢ ɱɚɫɬɨɬɵ ɜ ɢɡɨɛɪɚɠɟɧɢɢ, 
ɫɨɜɩɚɞɚɸɳɟɣ ɫɨ ɫɪɟɞɧɟɜɡɜɟɲɟɧɧɨɣ ɦɨɞɨɣ ɜ ɉɑɋ 
ɢɫɩɨɥɶɡɭɟɦɨɣ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɎɊɌ.  

ɉɪɢ ɦɨɧɨɬɨɧɧɨɦ ɩɟɪɟɛɨɪɟ ɡɧɚɱɟɧɢɣ ɚɩɟɪɬɭɪ 
ɎɊɌ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɢɯ ɢ ɭɦɟɧɶɲɟɧɢɟɦ, ɤɚɤ 
ɨɩɢɫɚɧɨ ɜɵɲɟ, ɢɡ-ɡɚ ɧɟɫɬɨɣɤɨɣ ɦɨɧɨɬɨɧɧɨɫɬɢ 
ɩɨɥɭɱɚɟɦɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨ ɞɟɤɨɧɜɨɥɸɰɢɢ 
ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɷɬɢɯ ɪɟɡɭɥɶɬɚɬɚɯ ɜɜɨɞɢɬɶ ɦɟɪɭ 
ɩɨɥɭɱɚɟɦɨɣ ɪɟɡɤɨɫɬɢ - Ʌɟɛɟɝɚ (ɜɧɟɲɧɸɸ ɢ 
ɜɧɭɬɪɟɧɧɸɸ), ɚ ɨɤɨɧɱɚɬɟɥɶɧɭɸ ɨɰɟɧɤɭ ɪɟɡɤɨɫɬɢ 
ɢɫɤɚɬɶ ɧɚ ɢɧɬɟɪɜɚɥɟ ɧɟɫɨɜɩɚɞɟɧɢɹ ɜɧɟɲɧɟɣ ɢ 
ɜɧɭɬɪɟɧɧɟɣ ɦɟɪɵ.  

ȼɫɟ ɩɪɨɰɟɫɫɵ ɋɄɊ ɡɚɜɟɪɲɚɸɬɫɹ 
ɢɬɟɪɚɬɢɜɧɵɦ ɩɪɟɞɫɬɚɜɥɟɧɢɟɦ ȼɚɧ ɐɢɬɬɟɪɚ, ɚ 
ɮɨɪɦɭɥɚ ɩɨɝɪɟɲɧɨɫɬɢ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ 
ɢɦɟɟɬ ɜɢɞ Д7Ж: 
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ɚɧɚɥɨɝɢɱɧɨ; ɧɨɪɦɚ ɨɩɟɪɚɬɨɪɚ Ɍ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɬɟɯɧɨɥɨɝɢɟɣ ɋɄɊ ɪɚɜɧɚ 
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ɝɞɟ ɱɢɫɥɢɬɟɥɶ ɢ ɡɧɚɦɟɧɚɬɟɥɶ – ɟɜɤɥɢɞɨɜɚ ɧɨɪɦɚ 
(ɮɨɪɦɭɥɚ ɉɢɮɚɝɨɪɚ) ɧɚ ɤɨɦɩɨɧɟɧɬɚɯ ɜɟɤɬɨɪɨɜ. 
Ʌɟɝɤɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɩɨɧɢɦɚɧɢɟ ɎɊɌ ɩɪɢ 
ɜɟɪɢɮɢɤɚɰɢɢ ɪɟɝɭɥɹɪɧɵɯ ɤɨɦɩɨɧɟɧɬ 
ɢɡɨɛɪɚɠɟɧɢɹ ɤɚɤ ɢɡɨɩɥɚɧɚɬɢɱɧɨɣ ɎɊɌ 
ɨɩɪɟɞɟɥɢɬɫɹ ɢɡ ɭɫɥɨɜɢɹ ɞɨɫɬɢɠɟɧɢɹ ɩɪɢ 
ɜɟɪɢɮɢɤɚɰɢɢ ɪɚɡɧɢɰɵ ɧɨɪɦ ɪɟɝɭɥɹɪɧɨɣ || RRS ее ɢ 
ɫɬɨɯɚɫɬɢɱɟɫɤɨɣ ее RSS ее ɤɨɦɩɨɧɟɧɬ ɢɡɨɛɪɚɠɟɧɢɹ 
ɚɛɫɨɥɸɬɧɨɝɨ ɡɚɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ 
ɢɫɱɢɫɥɟɧɢɹ ɨɩɟɪɚɬɨɪɚ ɞɟɤɨɧɜɨɥɸɰɢɢ. 

|| RRS ||-|| RS
S ||= ),( )(
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ɇɢɠɟ, ɧɚ ɪɢɫɭɧɤɟ 5 ɩɪɢɜɟɞɟɧ ɪɟɡɭɥɶɬɚɬ ɫ 
ɛɨɥɟɟ ɜɵɫɨɤɢɦ ɡɧɚɱɟɧɢɟɦ ɪɟɡɤɨɫɬɢ, ɩɨɥɭɱɟɧɧɵɣ ɜ 
ɨɩɢɫɵɜɚɟɦɨɣ ɬɟɯɧɨɥɨɝɢɢ ɭɱɟɬɚ ɨɲɢɛɨɤ 
ɨɩɪɟɞɟɥɟɧɢɹ ɎɊɌ ɢ ɮɢɥɶɬɪɚɰɢɟɣ ɲɭɦɚ ɫ 
ɜɜɟɞɟɧɢɟɦ ɦɟɪɵ Ʌɟɛɟɝɚ ɞɥɹ ɪɟɡɤɨɫɬɢ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɯɧɨɥɨɝɢɟɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ 
Д7Ж, ɫ ɪɚɫɲɢɪɟɧɢɟɦ ɱɢɫɥɚ ɈɈ, ɜɵɛɪɚɧɧɵɯ ɧɚ 
ɢɫɯɨɞɧɨɦ ɫɧɢɦɤɟ. ȼ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɢɬɟɪɚɬɢɜɧɵɯ ɞɟɤɨɧɜɨɥɸɰɢɣ ɩɨɥɭɱɟɧɧɵɣ 
ɪɟɡɭɥɶɬɚɬ ɫɬɨɢɬ ɩɨɫɥɟ ɩɨɫɥɟɞɧɟɣ ɢɬɟɪɚɰɢɢ ɜ 
ɩɪɟɞɵɞɭɳɟɣ ɜɟɪɫɢɢ ɤɨɪɪɟɤɰɢɢ ɪɟɡɤɨɫɬɢ Д7Ж ɢ 
ɩɟɪɟɞ ɧɚɫɬɭɩɚɸɳɢɦ ɫɪɵɜɨɦ ɤɨɪɪɟɤɬɧɨɫɬɢ ɜ 
ɤɨɪɪɟɤɰɢɢ ɪɟɡɤɨɫɬɢ ɜ ɩɪɟɞɵɞɭɳɟɣ ɜɟɪɫɢɢ. 

Ɋɢɫ. 5. ɋɥɟɜɚ ɧɚɩɪɚɜɨ: ɪɟɡɭɥɶɬɚɬ ɋɄɊ, ɪɟɡɭɥɶɬɚɬ ɫ 
ɭɱɟɬɨɦ ɨɲɢɛɨɤ ɩɨ ɎɊɌ, ɪɟɡɭɥɶɬɚɬ ɫɪɵɜɚ ɤɨɪɪɟɤɬɧɨɫɬɢ 

ɪɚɛɨɬɵ ɋɄɊ ɧɚ ɩɨɫɥɟɞɭɸɳɟɣ ɢɬɟɪɚɰɢɢ ɜ ɋɄɊ 

Fig. 5. Left to right: the result TFR result of the accounting 

errors on the TRF, is the result of disruption of correct 

operation of the RCDS on a subsequent iteration 

in the TFR 

ɉɨɥɭɱɚɟɦɵɣ ɷɤɫɬɪɟɦɚɥɶɧɵɣ ɩɨ ɪɟɡɤɨɫɬɢ 
ɪɟɡɭɥɶɬɚɬ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɜɟɪɢɮɢɤɚɰɢɢ ɜ ɋɄɊ 
ɩɪɨɹɜɥɹɥɫɹ ɧɚ 10-15 ɢɬɟɪɚɰɢɣ ɪɚɧɶɲɟ, ɱɟɦ ɩɪɢ 



Ushakova N.N., Vintaev V.N. Verification of results of deconvolution of space high-resolution 

images with the method of small indignations of a deconvolution operator // ʠˈ˕ˈ˅ˑˌ ˉ˖рːаˎ 
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ɋɟɪɢɹ ɂɇɎɈɊɆȺɐɂɈɇɇЫȿ ɌȿɏɇɈɅɈȽɂɂ 
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ɜɵɩɨɥɧɟɧɢɢ ɋɄɊ ɛɟɡ ɜɟɪɢɮɢɤɚɰɢɢ ɧɚ 
ɧɟɥɢɧɟɣɧɵɯ ɜɨɡɦɭɳɟɧɢɹɯ ɨɩɟɪɚɬɨɪɚ 
ɞɟɤɨɧɜɨɥɸɰɢɢ 

Ɂɚɤɥɸɱɟɧɢɟ 
Ɋɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɪɟɡɭɥɶɬɚɬɨɜ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɢɬɟɪɚɬɢɜɧɨɝɨ ɢɧɬɟɝɪɚɥɶɧɨɝɨ 
ɨɩɟɪɚɬɨɪɚ ɞɟɤɨɧɜɨɥɸɰɢɢ ɢɫɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ 
ɩɨ ɨɰɟɧɤɟ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɮɭɧɤɰɢɢ ɪɚɫɫɟɹɧɢɹ 
ɬɨɱɤɢ, ɤɨɦɩɨɡɢɪɭɟɦɨɣ ɢɡ ɮɭɧɤɰɢɣ ɪɚɫɫɟɹɧɢɹ, 
ɨɩɪɟɞɟɥɹɟɦɵɯ ɩɨ ɨɩɨɡɧɚɧɧɵɦ ɨɩɨɪɧɵɦ 
ɨɪɢɟɧɬɢɪɚɦ; ɦɟɬɨɞ ɪɚɡɪɚɛɨɬɚɧ ɤɚɤ ɦɨɞɟɪɧɢɡɚɰɢɹ 
ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɪɚɧɟɟ ɫɩɟɰɢɚɥɶɧɨɣ ɤɨɪɪɟɤɰɢɢ 
ɪɟɡɤɨɫɬɢ ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ ɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɫɬɪɨɟɧɢɹ 
ɜɟɪɢɮɢɰɢɪɭɸɳɟɝɨ ɧɚɛɨɪɚ ɪɟɝɭɥɹɪɧɵɯ 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ. 

Иɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ 

ɩɨɞɞɟɪɠɤɟ ɊФФИ ɜ ɪɚɦɤɚɯ ɧɚɭɱɧɨɝɨ ɩɪɨɟɤɬɚ № 
14-07-00171 "Ɋɚɡɪɚɛɨɬɤɚ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɨɫɧɨɜ 
ɦɟɬɨɞɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢя ɢ ɚɥɝɨɪɢɬɦɨɜ 
ɩɪɟɞɫɬɚɜɥɟɧɢя ɜ ɨɛɨɛɳɟɧɧɵɯ ɨɩɟɪɚɰɢяɯ ɬɪɚɤɬɨɜ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢя ɞɢɫɬɚɧɰɢɨɧɧɵɯ ɞɚɧɧɵɯ ɫ 
ɦɚɤɫɢɦɢɡɚɰɢɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ 
ɢɧɮɨɪɦɚɰɢɢ (ɰɢɮɪɨɜɵɯ ɤɨɫɦɢɱɟɫɤɢɯ 
ɢɡɨɛɪɚɠɟɧɢɣ)" ɢ ɧɚɭɱɧɨɝɨ ɩɪɨɟɤɬɚ № 16-07-

00177 "Ɋɚɡɪɚɛɨɬɤɚ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɨɫɧɨɜ 
ɦɟɬɨɞɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢя ɪɟɚɥɢɡɚɰɢɢ ɩɪɟɞɟɥɶɧɨ 
ɞɨɫɬɢɠɢɦɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɜɟɪɯɜɵɫɨɤɨɝɨ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɢ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɪɚɡɪɟɲɟɧɢя 
ɜ ɫɬɜɨɥɚɯ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢя ɫ 
ɤɨɫɦɢɱɟɫɤɢɯ ɩɥɚɬɮɨɪɦ" 
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