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Abstract 
The paper presents a generalized formalized bipartite graph of a cruising technology of high 

resolution space image formation and examines some approaches for improving the sharpness of 

the image based on the specification of the speed values of movement of the image on the focal 

plane side of the fixing apparatus. Besides, the authors discuss some approaches to the optimal 

extension of the bandwidth of spatial frequencies of the tract with the improvement in the 

objectivity of the formed images in the spatial-frequency representation. 
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Вɜɟɞɟɧɢɟ 
Ʉɪɟɣɫɟɪɫɤɢɟ ɦɟɬɨɞɵ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɤɨɫɦɢɱɟɫɤɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ 
ɩɪɢ ɞɢɫɬɚɧɰɢɨɧɧɨɦ ɡɨɧɞɢɪɨɜɚɧɢɢ Ɂɟɦɥɢ (ȾɁɁ) 
ɦɨɝɭɬ ɛɵɬɶ ɫ ɰɟɥɶɸ ɨɛɨɛɳɟɧɢɹ ɢ ɮɨɪɦɚɥɢɡɚɰɢɢ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ ɞɜɭɞɨɥɶɧɨɣ ɫɢɫɬɟɦɧɨɣ 
ɞɢɚɝɪɚɦɦɵ – ɛɨɪɬɨɜɨɣ ɢ ɧɚɡɟɦɧɨɣ ɱɚɫɬɢ (ɪɢɫ. 1 ɢ 
ɪɢɫ.2). Ⱦɥɹ ɫɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɫ 
ɜɧɟɫɟɧɧɵɦɢ ɤɨɪɪɟɤɰɢɹɦɢ ɨɬ 
ɧɟɡɚɩɪɨɝɪɚɦɦɢɪɨɜɚɧɧɵɯ ɜɨɡɦɭɳɟɧɢɣ 
ɨɪɛɢɬɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɠɟɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ 
ɚɩɩɚɪɚɬɚ (ɄȺ) ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɢ ɬɪɚɤɬɚ ȾɁɁ ɩɪɢ 
ɷɬɨɦ ɨɛɨɫɧɨɜɚɧɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɨɞɟɥɶ Ȼɟɣɬɫɚ ɢ 
Ɇɚɤ Ⱦɨɧɧɟɥɚ Д1Ж, ɫ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɡɚɩɢɫɶɸ ɜ ɜɢɞɟ 
ɭɪɚɜɧɟɧɢɣ Ɏɪɟɞɝɨɥɶɦɚ, ɩɪɟɨɛɪɚɡɭɸɳɢɯ ɢɫɤɨɦɨɟ 
ɩɨ ɤɚɱɟɫɬɜɭ ɢɡɨɛɪɚɠɟɧɢɟ ɜ ɧɚɛɥɸɞɚɟɦɨɟ, ɬ.ɟ. 
ɫɮɨɪɦɢɪɨɜɚɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ. ɉɨ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɱɚɫɬɨɬɧɵɦ ɫɩɟɤɬɪɚɦ (ɉɑɋ) ɷɬɢɯ 
ɢɡɨɛɪɚɠɟɧɢɣ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɱɚɫɬɨɬɧɨ-

ɤɨɧɬɪɚɫɬɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ (ɑɄɏ) ɬɪɚɤɬɚ 
ɩɪɨɫɬɵɦ ɨɬɧɨɲɟɧɢɟɦ ɨɩɢɫɚɧɧɵɯ ɉɑɋ Д2, 3]. 

Ʉɪɨɦɟ ɷɬɨɝɨ, ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɩɨɥɹ ɫɤɨɪɨɫɬɟɣ 
ɞɜɢɠɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ (ɋȾɂ) ɧɚ ɮɨɤɚɥɶɧɨɣ 
ɩɥɨɫɤɨɫɬɢ ɮɢɤɫɢɪɭɸɳɟɣ ɚɩɩɚɪɚɬɭɪɵ ɞɥɹ 
ɩɨɫɥɟɞɭɸɳɟɣ ɤɨɪɪɟɤɰɢɢ ɜɨɡɧɢɤɚɸɳɢɯ ɫɦɚɡɨɜ ɧɚ 
ɢɡɨɛɪɚɠɟɧɢɢ ɢ ɩɨɜɵɫɢɬɶ ɪɚɡɪɟɲɟɧɢɟ ɧɚ 
ɢɡɨɛɪɚɠɟɧɢɢ ɞɨ ɜɨɡɦɨɠɧɨɝɨ ɭɪɨɜɧɹ Д4, 5]. 

ɋɨɝɥɚɫɨɜɚɧɢɟ ɤɨɪɪɟɤɰɢɣ ɢɡɨɛɪɚɠɟɧɢɹ ɫ ɑɄɏ, 
ɨɩɬɢɦɢɡɢɪɭɟɦɨɣ ɩɨɞ ɤɜɚɡɢɩɪɹɦɨɭɝɨɥɶɧɨɟ ɨɤɧɨ 
ɩɪɨɩɭɫɤɚɧɢɹ ɉɑɋ ɬɪɚɤɬɨɦ ɞɚɟɬ ɭɥɭɱɲɟɧɧɵɟ 
ɪɟɡɭɥɶɬɚɬɵ ɩɨ ɪɟɡɤɨɫɬɢ. ɉɨɜɵɲɟɧɢɟ 
ɪɟɡɭɥɶɬɚɬɢɜɧɨɫɬɢ ɷɬɢɯ ɦɟɬɨɞɨɜ ɬɪɟɛɭɟɬ 
ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɨɰɟɧɨɤ ɋȾɂ ɢ ɫɧɢɠɟɧɢɹ 
ɫɬɟɩɟɧɢ ɢɥɢ ɨɬɤɚɡɚ ɨɬ ɪɟɝɭɥɹɪɢɡɚɰɢɢ 
ɜɨɡɧɢɤɚɸɳɢɯ (ɨɫɨɛɟɧɧɨ ɩɪɢ ɜɵɱɢɫɥɟɧɢɹɯ 
ɨɬɧɨɲɟɧɢɣ ɉɑɋ) ɫɢɧɝɭɥɹɪɧɨɫɬɟɣ, ɬ.ɤ. 
ɪɟɝɭɥɹɪɢɡɚɰɢɹ ɜ ɞɟɤɨɧɜɨɥɸɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ 
ɩɪɢɜɨɞɢɬ ɤ ɪɚɛɨɬɟ ɫ ɢɡɨɛɪɚɠɟɧɢɹɦɢ «ɧɟ ɫɨɜɫɟɦ 
ɬɟɦɢ», ɫ ɤɨɬɨɪɵɦɢ ɧɟɨɛɯɨɞɢɦɨ ɪɚɛɨɬɚɬɶ Д6Ж.  

Ɋɢɫ. 1. ɋɢɫɬɟɦɧɚɹ ɞɢɚɝɪɚɦɦɚ ɩɪɨɰɟɫɫɨɜ ɪɚɫɱɟɬɚ ɢ ɡɚɞɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬɚɥɶɧɨɣ ɫɴɟɦɤɢ, ɮɨɪɦɢɪɨɜɚɧɢɹ ȻɈɗȺ ɄȺ 
ɜɢɞɟɨɞɚɧɧɵɯ ɨ ɩɨɜɟɪɯɧɨɫɬɢ Ɂɟɦɥɢ, ɢɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɐɂ ɢ ɩɟɪɟɞɚɱɢ ɜ ɉɉɂ 

Fig. 1. A system chart of the processes of calculating and setting the parameters of the orbital imagery, and formation 

of the Spacecraft Electro Optical Payload video data on the surface of the Earth, their transformation into QI and PPI 
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Кɪɟɣɫɟɪɫɤɚɹ ɬɟɯɧɨɥɨɝɢɹ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɤɨɫɦɢɱɟɫɤɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɜɵɫɨɤɨɝɨ 
ɪɚɡɪɟɲɟɧɢɹ 

ɉɨ ɞɚɧɧɵɦ ɜ ɨɬɤɪɵɬɵɯ ɩɭɛɥɢɤɚɰɢɹɯ ɦɨɠɧɨ 
ɩɪɟɞɫɬɚɜɢɬɶ ɤɚɤ ɫɨɜɪɟɦɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ 
ɩɪɨɛɥɟɦɵ ȾɁɁ ɢɡ ɤɨɫɦɨɫɚ ɢ ɤɚɤ ɫɬɪɭɤɬɭɪɭ ɬɪɚɤɬɚ 
ɡɨɧɞɢɪɨɜɚɧɢɹ – ɨɛɳɭɸ ɞɢɚɝɪɚɦɦɭ (ɪɢɫ. 1, ɪɢɫ. 2) 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɧɟɱɧɨɝɨ ɩɪɨɞɭɤɬɚ ȾɁɁ, 
ɫɭɳɟɫɬɜɟɧɧɨ ɚɤɬɭɚɥɢɡɢɪɨɜɚɧɧɭɸ ɫɨɬɪɭɞɧɢɤɨɦ 
Ʉɨɧɫɬɪɭɤɬɨɪɫɤɨɝɨ ɛɸɪɨ "ɋɚɥɸɬ" 
Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ Ʉɨɫɦɢɱɟɫɤɨɝɨ ɇɚɭɱɧɨ 
ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɐɟɧɬɪɚ ɢɦɟɧɢ Ɇ.ȼ. 
ɏɪɭɧɢɱɟɜɚ ɀɢɥɟɧɟɜɵɦ Ɇ.ɘ. ɇɚ ɪɢɫɭɧɤɟ 1 
ɩɪɢɜɟɞɟɧɚ ɫɢɫɬɟɦɧɚɹ ɞɢɚɝɪɚɦɦɚ ɩɪɨɰɟɫɫɨɜ 

ɪɚɫɱɟɬɚ ɢ ɡɚɞɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬɚɥɶɧɨɣ 
ɫɴɟɦɤɢ, ɮɨɪɦɢɪɨɜɚɧɢɹ ɛɨɪɬɨɜɨɣ ɨɩɬɢɤɨ-

ɷɥɟɤɬɪɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɨɣ (ȻɈɗȺ) ɫɨɜɦɟɫɬɧɨ ɫ 
ɞɪɭɝɢɦɢ ɫɢɫɬɟɦɚɦɢ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ (ɄȺ) 
ɜɢɞɟɨɞɚɧɧɵɯ ɨ ɩɨɜɟɪɯɧɨɫɬɢ Ɂɟɦɥɢ, ɢɯ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɰɟɥɟɜɭɸ ɢɧɮɨɪɦɚɰɢɸ (ɐɂ) ɢ 
ɩɟɪɟɞɚɱɢ ɜ ɩɭɧɤɬ ɩɪɢɟɦɚ ɢɧɮɨɪɦɚɰɢɢ (ɉɉɂ). 

ɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɢɜɟɞɟɧɚ ɫɢɫɬɟɦɧɚɹ 
ɞɢɚɝɪɚɦɦɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ 
ɦɧɨɝɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ 
Ɂɟɦɥɢ ɞɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɩɪɨɞɭɤɬɚ ȾɁɁ ɞɨ ɭɪɨɜɧɹ 
«ɛɚɡɨɜɵɣ» ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɪɟɡɭɥɶɬɚɬɨɜ ɫɴɟɦɤɢ 
ȻɈɗȺ ɄȺ. 

Ɋɢɫ. 2. ɋɢɫɬɟɦɧɚɹ ɞɢɚɝɪɚɦɦɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɦɧɨɝɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ 
Ɂɟɦɥɢ ɞɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɩɪɨɞɭɤɬɚ ȾɁɁ ɞɨ ɭɪɨɜɧɹ «ɛɚɡɨɜɵɣ» ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɪɟɡɭɥɶɬɚɬɨɜ ɫɴɟɦɤɢ ȻɈɗȺ ɄȺ 

Fig. 2. A system chart of formation and digital processing of multispectral images of the Earth's surface up to standard remote 

sensing product to the level of "basic" in the processing of images shot by the Spacecraft Electro Optical Payload 

ɇɢɠɟ, ɤɚɤ ɧɟɨɛɯɨɞɢɦɨɟ ɪɚɡɴɹɫɧɟɧɢɟ, 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɬɚɛɥɢɰɚ 1 ɩɪɢɧɹɬɵɯ ɧɚ 

ɪɢɫɭɧɤɚɯ 1 ɢ 2 ɫɨɤɪɚɳɟɧɢɣ. 



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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Ɍɚɛɥɢɰɚ 1 

ɋɩɢɫɨɤ ɩɪɢɧɹɬɵɯ ɫɨɤɪɚɳɟɧɢɣ ɤ ɪɢɫɭɧɤɚɦ 1 ɢ 2 
Table 1 

A list of accepted abbreviations to figures 1 and 2 

ɋɨɤɪɚɳɟɧɢɟ ɋɭɳɧɨɫɬɶ (ɩɨɧɹɬɢɟ, ɬɟɪɦɢɧ, ɫɢɫɬɟɦɚ, ɭɫɬɪɨɣɫɬɜɨ, ɮɭɧɤɰɢɹ ɢ ɬ.ɞ.) 
Ⱥɐɉ Ⱥɧɚɥɨɝɨɜɨ-ɰɢɮɪɨɜɨɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɜɯɨɞɢɬ, ɜ ɱɚɫɬɧɨɫɬɢ, ɜ ɫɨɫɬɚɜ Ɉɗɉ ȻɈɗȺ 

Ȼɂɋ Ȼɨɪɬɨɜɚɹ ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ, ɬ.ɟ. ɚɩɩɚɪɚɬɭɪɚ ɫɛɨɪɚ, ɯɪɚɧɟɧɢɹ. ɫɟɥɟɤɰɢɢ ɢ ɩɟɪɟɞɚɱɢ 
ɰɟɥɟɜɨɣ ɢɧɮɨɪɦɚɰɢɢ 

ȻɈɗȺ Ȼɨɪɬɨɜɚɹ ɨɩɬɢɤɨ-ɷɥɟɤɬɪɨɧɧɚɹ ɚɩɩɚɪɚɬɭɪɚ 

ȻɊɅ Ȼɨɪɬɨɜɚɹ ɪɚɞɢɨɥɢɧɢɹ (ɩɟɪɟɞɚɱɢ ɰɟɥɟɜɨɣ ɢɧɮɨɪɦɚɰɢɢ) 
ȻɋɄȼɍ Ȼɨɪɬɨɜɨɟ ɫɢɧɯɪɨɧɢɡɢɪɭɸɳɟɟ ɤɨɨɪɞɢɧɚɬɧɨ-ɜɪɟɦɟɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ 

Ȼɋɂ Ȼɨɪɬɨɜɚɹ ɫɥɭɠɟɛɧɚɹ (ɫɨɩɪɨɜɨɞɢɬɟɥɶɧɚɹ) ɢɧɮɨɪɦɚɰɢɹ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɜɢɞɟɨɞɚɧɧɵɯ; ɫɨɞɟɪɠɢɬ, 
ɜ ɬɨɦ ɱɢɫɥɟ, ɤɢɧɟɦɚɬɢɱɟɫɤɢɟ ɷɥɟɦɟɧɬɵ ɜɧɟɲɧɟɝɨ ɨɪɢɟɧɬɢɪɨɜɚɧɢɹ 

Ȼɐɂ Ȼɨɪɬɨɜɚɹ ɰɟɥɟɜɚɹ ɢɧɮɨɪɦɚɰɢɹ; ɫɨɞɟɪɠɢɬ ɜɢɞɟɨɞɚɧɧɵɟ ɫ Ȼɋɂ 

ȼȾ ȼɢɞɟɨɞɚɧɧɵɟ 

ȽɅɈɇȺɋɋ Ƚɥɨɛɚɥɶɧɚɹ ɧɚɜɢɝɚɰɢɨɧɧɚɹ ɫɩɭɬɧɢɤɨɜɚɹ ɫɢɫɬɟɦɚ 

ȾɁɁ Ⱦɢɫɬɚɧɰɢɨɧɧɨɟ ɡɨɧɞɢɪɨɜɚɧɢɟ Ɂɟɦɥɢ 

ȾȾɁɁ Ⱦɚɧɧɵɟ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ Ɂɟɦɥɢ 

Ɂɚɩɨɥɧ. Ɂɚɩɨɥɧɟɧɢɹ, ɧɚɩɪɢɦɟɪ, ɤɨɷɮɮɢɰɢɟɧɬ 

Ɂɍ Ɂɚɩɨɦɢɧɚɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ 

ɂɅ ɂɡɨɛɪɚɠɟɧɢɟ ɥɚɧɞɲɚɮɬɚ 

ɂɅɁ ɂɡɨɛɪɚɠɟɧɢɟ ɥɚɧɞɲɚɮɬɚ Ɂɟɦɥɢ 

ɄȺ Ʉɨɫɦɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ 

Ʉɨɷɮ-ɬ Ʉɨɷɮɮɢɰɢɟɧɬ 

Ʉɋ Ʉɨɫɦɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ 

Ʉɋə Ʉɨɷɮɮɢɰɢɟɧɬ ɫɩɟɤɬɪɚɥɶɧɨɣ ɹɪɤɨɫɬɢ 

Ʌɉɂ Ʌɢɧɢɹ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ 

ɅɎɉɁɋ Ʌɢɧɟɣɤɚ ɮɨɬɨɩɪɢɟɦɧɢɤɨɜ ɫ ɡɚɪɹɞɨɜɨɣ ɫɜɹɡɶɸ 
ɆɁɊ Ɇɥɚɞɲɢɣ ɡɧɚɱɚɳɢɣ ɪɚɡɪɹɞ 

ɆɄ Ɇɭɥɶɬɢɫɩɟɤɬɪɚɥɶɧɵɟ ɤɚɧɚɥɵ ɫɴɟɦɨɱɧɨɣ ȻɈɗȺ 

ɆɄɈ Ɇɭɥɶɬɢɩɥɟɤɫɧɵɣ ɤɚɧɚɥ ɨɛɦɟɧɚ 
Ɇɋ, Ɇɋ- Ɇɭɥɶɬɢɫɩɟɤɬɪɚɥɶɧɚɹ (ɚɩɩɚɪɚɬɭɪɚ, ɢɡɨɛɪɚɠɟɧɢɟ ɢ ɬ.ɩ.) 
ɆɋȺ Ɇɧɨɝɨɫɩɟɤɬɪɚɥɶɧɚɹ (ɲɢɪɨɤɨɡɚɯɜɚɬɧɚɹ) ɚɩɩɚɪɚɬɭɪɚ 
ɆɋȾ Ɇɧɨɝɨɫɩɟɤɬɪɚɥɶɧɵɟ ɞɚɧɧɵɟ 

Ɇɗ Ɇɢɪɚ ɷɥɟɤɬɪɨɧɧɚɹ (ɐȺ) 
ɇɂ ɇɚɜɢɝɚɰɢɨɧɧɚɹ ɢɧɮɨɪɦɚɰɢɹ (ɢɧɮɨɪɦɚɰɢɹ Ⱥɋɇ ɜ ɢɧɮɨɪɦɚɰɢɢ ɐȺ) 
ɇɄɍ ɇɚɡɟɦɧɵɣ ɤɨɦɩɥɟɤɫ ɭɩɪɚɜɥɟɧɢɹ 

ɈȽ Ɉɪɛɢɬɚɥɶɧɚɹ ɝɪɭɩɩɢɪɨɜɤɚ; ɬɚɤɠɟ ɨɩɬɢɱɟɫɤɚɹ ɝɨɥɨɜɤɚ 
Ɉȿ Ɉɛɪɚɛɚɬɵɜɚɟɦɚɹ ɟɞɢɧɢɰɚ 
Ɉɂ Ɉɩɨɪɧɚɹ ɢɧɮɨɪɦɚɰɢɹ 

ɈɂɅ Ɉɩɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɥɚɧɞɲɚɮɬɚ 

ɈɅɁ Ɉɛɴɟɤɬ ɥɚɧɞɲɚɮɬɚ Ɂɟɦɥɢ 

ɈɈ Ɉɩɨɪɧɵɣ ɨɪɢɟɧɬɢɪ 

ɈɉɈ Ɉɛɳɟɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ 

Ɉɋ Ɉɩɟɪɚɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ 

ɈɗȺ Ɉɩɬɢɤɨ-ɷɥɟɤɬɪɨɧɧɚɹ ɚɩɩɚɪɚɬɭɪɚ 

Ɉɗɉ Ɉɩɬɢɤɨ-ɷɥɟɤɬɪɨɧɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 

ɉȺɇ (PAN), ɉȺɇ- ɉɚɧɯɪɨɦɚɬɢɱɟɫɤɢɣ ɤɚɧɚɥ, ɪɚɫɬɪɨɜɨɟ ɢɡɨɛɪɚɠɟɧɢɟ, ɢ ɬ. ɩ. 
ɉɁɋ ɉɪɢɛɨɪ ɫ ɡɚɪɹɞɨɜɨɣ ɫɜɹɡɶɸ 

ɉɁ ɉɨɥɟɬɧɨɟ ɡɚɞɚɧɢɟ 

ɉɄ ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ; ɬɚɤɠɟ ɩɚɧɯɪɨɦɚɬɢɱɟɫɤɢɣ ɤɚɧɚɥ (ɢɡɨɛɪɚɠɟɧɢɟ), ɩɪɢɛɨɪɧɵɣ ɤɨɧɬɟɣɧɟɪ 
ɉɆɈ ɉɪɨɝɪɚɦɦɧɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɛɟɫɩɟɱɟɧɢɟ 

ɉɈ ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ; ɬɚɤɠɟ, ɩɟɪɜɢɱɧɚɹ /ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ 
ɉɉɂ ɉɭɧɤɬ ɩɪɢɟɦɚ ɢɧɮɨɪɦɚɰɢɢ 

ɉɊ ɉɪɢɡɧɚɤ 

ɉɊȾ ɉɟɪɟɞɚɬɱɢɤ 

ɋȺ ɋɴɟɦɨɱɧɚɹ ɚɩɩɚɪɚɬɭɪɚ 

ɋȾɂ ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɩɨ Ɏɉɍ 
ɋɄ ɋɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ 
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ɋɄɉ ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɚɹ ɩɨɝɪɟɲɧɨɫɬɶ 

ɋɥɂ ɋɥɭɠɟɛɧɚɹ ɢɧɮɨɪɦɚɰɢɹ 

ɋɩɄ ɋɩɟɤɬɪɚɥɶɧɵɣ ɤɚɧɚɥ ȻɈɗȺ ȾɁɁ 

ɋɉɈ ɋɩɟɰɢɚɥɶɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ 

ɋɉɉ ɋɬɚɧɞɚɪɬɧɵɟ ɩɪɨɝɪɚɦɦɧɵɟ ɩɪɨɞɭɤɬɵ 

ɋɉɐɂ ɋɬɚɧɞɚɪɬɧɵɟ ɩɪɨɞɭɤɬɵ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɹ, ɧɚɩɪɢɦɟɪ, ɪɚɫɬɪɨɜɵɟ ɞɚɧɧɵɟ ȾɁɁ, 
ɫɨɡɞɚɧɧɵɟ ɜ ɢɧɬɟɪɟɫɚɯ ɝɪɭɩɩ ɩɨɬɪɟɛɢɬɟɥɟɣ ɢ ɈɉɈ ȾɁɁ 

ɋɉɗɈ ɋɩɟɤɬɪɚɥɶɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɨɛɥɭɱɟɧɧɨɫɬɶ (ɚɩɟɪɬɭɪɵ, Ɉɗɉ) ɷɤɫɩɨɧɨɦɟɬɪɢɱɟɫɤɢɣ ɩɚɪɚɦɟɬɪ 
ȻɈɗȺ 

ɋɉɗə ɋɩɟɤɬɪɚɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɹɪɤɨɫɬɢ (ɥɚɧɞɲɚɮɬ, ɨɛɴɟɤɬɚ) 

ɋɍ ɋɴɟɦɨɱɧɨɟ ɭɫɬɪɨɣɫɬɜɨ 

ɋɍȾ ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɟɦ ɄȺ 

ɋɍȻȾ ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɛɚɡɨɣ ɢɥɢ ɛɚɧɤɨɦ ɞɚɧɧɵɯ 

ɋɑ ɋɨɫɬɚɜɧɚɹ ɱɚɫɬɶ 

ɋ/ɒ ɋɨɨɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥɚ ɤ ɲɭɦɭ 

Ɍɋ Ɍɟɦɧɨɜɨɣ ɫɢɝɧɚɥ, ɩɚɪɚɦɟɬɪ ɎɉɁɋ 

ɌɋɄ Ɍɨɩɨɰɟɧɬɪɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ 

ɍɄ ɍɫɥɨɜɧɵɣ ɤɚɞɪ 

ɎɉɁɋ Ɏɨɬɨɩɪɢɟɦɧɢɤ ɫ ɡɚɪɹɞɨɜɨɣ ɫɜɹɡɶɸ 

Ɏɉ Ɏɨɤɚɥɶɧɚɹ ɩɥɨɫɤɨɫɬɶ ɨɛɴɟɤɬɢɜɚ ȻɈɗȺ 

ɎɉɆ Ɏɭɧɤɰɢɹ ɩɟɪɟɞɚɱɢ ɦɨɞɭɥɹɰɢɢ 

Ɏɉɍ Ɏɨɬɨɩɪɢɟɦɧɨɟ ɭɫɬɪɨɣɫɬɜɨ 

ɎɊ Ɏɨɤɭɫɧɨɟ ɪɚɫɫɬɨɹɧɢɟ 

ɎɊɌ Ɏɭɧɤɰɢɹ ɪɚɫɫɟɹɧɢɹ ɬɨɱɤɢ 

ɎɊɅ Ɏɭɧɤɰɢɹ ɪɚɫɫɟɹɧɢɹ ɥɢɧɢɢ 

Ɏɑɗ Ɏɨɬɨɱɭɜɫɬɜɢɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬ 

ɐȺ ɐɟɥɟɜɚɹ ɚɩɩɚɪɚɬɭɪɚ 

ɐȺɉ ɐɢɮɪɨ-ɚɧɚɥɨɝɨɜɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 

ɐɂ ɐɟɥɟɜɚɹ ɢɧɮɨɪɦɚɰɢɹ 

ɐɄɆ ɐɢɮɪɨɜɵɟ ɤɚɪɬɵ ɦɟɫɬɧɨɫɬɢ 

ɐɆɊ ɐɢɮɪɨɜɚɹ ɦɨɞɟɥɶ ɪɟɥɶɟɮɚ 

MSS Multispectral, ɦɭɥɶɬɢɫɩɟɤɬɪɚɥɶɧɵɣ 

PAN PКЧСrШЦКЭТМ.ɩɚɧɯɪɨɦɚɬɢɱɟɫɤɢɣ, ɉȺɇ 

PSNR ɉɢɤɨɜɨɟ ɨɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɲɭɦ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢ ɨɰɟɧɤɚɯ, ɧɚɩɪɢɦɟɪ, ɫɠɚɬɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ 

RPC RКЭТШЧКХ PШХвЧШЦТКХ CШОППТМТОЧЭ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɰɢɨɧɚɥɶɧɵɯ ɩɨɥɢɧɨɦɨɜ, ɬ.ɧ. «ɛɵɫɬɪɨɣ» 
ɝɟɨɩɪɢɜɹɡɤɢ 

UTC UЧТЯОrsКХ TТЦО CШШrНТЧКЭОН (ȼɫɟɦɢɪɧɨɟ ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɨɟ ɜɪɟɦɹ) 
ERDAS IMAGINE ɉɪɨɝɪɚɦɦɧɵɣ ɩɪɨɞɭɤɬ, ɩɨɡɜɨɥɹɸɳɢɣ ɩɪɨɜɨɞɢɬɶ ɩɨɥɧɵɣ ɰɢɤɥ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ 

ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ Ɂɟɦɥɢ. URL: 
http://www.hexagongeospatial.com/products/producer-suite/erdas-imagine  

ENVI ɉɪɨɝɪɚɦɦɧɵɣ ɩɪɨɞɭɤɬ, ɩɨɡɜɨɥɹɸɳɢɣ ɩɪɨɜɨɞɢɬɶ ɩɨɥɧɵɣ ɰɢɤɥ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ 
ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ Ɂɟɦɥɢ. URL: 
http://www.exelisvis.com/Support/HelpArticles/TabId/185/ArtMID/800/ArticleID/14146/ENVI-52-
Release-Notes.aspx#NewFeatures  

Image Media Centre ɉɪɨɝɪɚɦɦɧɵɣ ɩɪɨɞɭɤɬ, ɩɨɡɜɨɥɹɸɳɢɣ ɩɪɨɜɨɞɢɬɶ ɩɨɥɧɵɣ ɰɢɤɥ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ 
ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ Ɂɟɦɥɢ. URL: 
http://www.novacenter.ru/cmsms/index.php?page=about_IMC_rus  

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɪɚɡɪɟɲɟɧɢɹ ɧɚ 
ɮɨɪɦɢɪɭɟɦɨɦ ɢɡɨɛɪɚɠɟɧɢɢ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ 
ɬɪɟɛɭɟɬ ɫɨɝɥɚɫɨɜɚɧɧɵɯ ɞɪɭɝ ɫ ɞɪɭɝɨɦ 
ɦɨɞɢɮɢɤɚɰɢɣ ɜ ɤɚɠɞɨɦ ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ 
ɪɢɫɭɧɤɚɯ 1 ɢ 2 ɦɨɞɭɥɟɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɱɟɜɢɞɧɨ, 
ɱɬɨ ɷɬɢ ɦɨɞɟɪɧɢɡɚɰɢɢ ɩɪɟɞɨɩɪɟɞɟɥɹɸɬ ɩɪɟɞɟɥɵ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɞɚɥɶɧɟɣɲɢɯ ɞɨɫɬɢɠɟɧɢɣ ɞɥɹ 
ɤɚɠɞɨɝɨ ɨɬɞɟɥɶɧɨɝɨ ɩɨɫɬɮɚɤɬɭɦ 
ɫɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɩɨɫɬɮɚɤɬɭɦ 
ɫɮɨɪɦɢɪɨɜɚɧɧɨɦ ɬɪɚɤɬɟ ȾɁɁ ɢ ɦɟɬɨɞɚɦɢ, 

ɢɝɧɨɪɢɪɭɸɳɢɦɢ ɩɪɢɜɟɞɟɧɧɭɸ ɧɚ ɪɢɫɭɧɤɚɯ 1 ɢ 2 
ɞɟɬɚɥɶɧɨɫɬɶ ɬɟɯɧɨɥɨɝɢɢ. 

ɍɬɨɱɧɟɧɢɟ ɬɟɤɭɳɢɯ ɡɧɚɱɟɧɢɣ ɋДɂ ɞɥɹ 
ɤɨɪɪɟɤɰɢɢ ɫɦɚɡɨɜ 

ɍɜɟɥɢɱɟɧɢɟ ɪɟɡɤɨɫɬɢ ɫ ɫɨɯɪɚɧɟɧɢɟɦ 
ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɫɜɨɣɫɬɜ ɢɡɨɛɪɚɠɟɧɢɹ, ɬ.ɟ. ɬɨɥɶɤɨ 
ɩɨɞɚɜɥɟɧɢɟ ɩɪɢɫɭɬɫɬɜɭɸɳɟɣ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ 
ɮɭɧɤɰɢɢ ɪɚɫɫɟɹɧɢɹ ɬɨɱɤɢ (ɎɊɌ), ɬɪɟɛɭɟɬ 
ɤɨɦɩɟɧɫɚɰɢɣ ɜɥɢɹɧɢɹ ɧɚ ɢɡɨɛɪɚɠɟɧɢɟ 

http://www.hexagongeospatial.com/products/producer-suite/erdas-imagine
http://www.exelisvis.com/Support/HelpArticles/TabId/185/ArtMID/800/ArticleID/14146/ENVI-52-Release-Notes.aspx#NewFeatures
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ɋɟɪɢɹ ɂɇɎɈɊɆȺɐɂɈɇɇЫȿ ɌȿɏɇɈɅɈȽɂɂ 

INFORMATION TECHNOLOGIES Series 

ɜɨɡɦɭɳɟɧɢɣ ɨɪɛɢɬɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɜɵɱɢɫɥɟɧɢɟɦ ɩɨɥɟɣ ɋȾɂ, ɤɚɤ ɝɟɧɟɪɚɥɶɧɵɯ 
ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɤɨɪɪɟɤɰɢɢ ɪɟɡɤɨɫɬɢ Д4,5Ж. ȼ 
ɪɚɛɨɬɟ Д5Ж ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɵɜɨɞɵ ɩɪɨɫɬɵɯ ɜ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɦ ɚɫɩɟɤɬɟ ɮɨɪɦɭɥ ɜɵɱɢɫɥɟɧɢɹ 
ɬɪɚɫɫɨɜɨɣ ɋȾɂ ɞɥɹ ɛɨɪɶɛɵ ɫ ɎɊɌ ɫɪɚɜɧɟɧɢɟɦ ɫ 
ɡɚɩɪɨɝɪɚɦɦɢɪɨɜɚɧɧɨɣ ɋȾɂ ɜ ɜɢɞɟ ɜɵɪɚɠɟɧɢɹ ɞɥɹ 
V (ɋȾɂ): 
ɞɥɹ ɷɥɥɢɩɬɢɱɟɫɤɨɣ ɨɪɛɢɬɵ  
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ɝɞɟ α – ɛɨɥɶɲɚɹ ɩɨɥɭɨɫɶ ɨɪɛɢɬɵ; r – ɪɚɞɢɭɫ-

ɜɟɤɬɨɪ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɩɨɥɨɠɟɧɢɸ ɄȺ ɧɚ 
ɨɪɛɢɬɟ; µ – ɝɪɚɜɢɬɚɰɢɨɧɧɵɣ ɩɚɪɚɦɟɬɪ ɩɥɚɧɟɬɵ, 
H – ɜɵɫɨɬɚ ɨɪɛɢɬɵ ɧɚɞ ɩɨɜɟɪɯɧɨɫɬɶɸ ɩɥɚɧɟɬɵ, 
f – ɮɨɤɭɫɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ȻɈɗȺ. 

Ɍɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɰɢɮɪɨɜɨɣ 
ɦɨɞɟɥɢ ɞɥɹ ɨɰɟɧɨɤ H, ɬ.ɟ. ɰɢɮɪɨɜɨɣ ɦɨɞɟɥɢ 
ɪɟɥɶɟɮɚ (ɐɆɊ) ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɫɭɳɟɫɬɜɟɧɧɨ 
ɜɥɢɹɸɬ ɧɚ ɭɪɨɜɟɧɶ ɩɨɞɚɜɥɟɧɢɹ ɎɊɌ. ɇɚ ɪɢɫɭɧɤɟ 3 
ɩɪɢɜɟɞɟɧ ɮɪɚɝɦɟɧɬ ɢɡɨɛɪɚɠɟɧɢɹ ɫ ɄȺ Ɋɟɫɭɪɫ-ȾɄ, 
ɩɨɥɭɱɟɧɧɨɝɨ ɫ ɦɚɬɪɢɰɵ ɮɨɤɚɥɶɧɨɣ ɫɢɫɬɟɦɵ 
ɫɩɭɬɧɢɤɚ (ɬɟɪɪɢɬɨɪɢɹ ɂɫɩɚɧɢɢ). 

Ɋɢɫ. 3. Ɏɪɚɝɦɟɧɬ ɢɡɨɛɪɚɠɟɧɢɹ ɫ ɄȺ Ɋɟɫɭɪɫ-ȾɄ 

Fig. 3. A fragment of images from Resurs-DK spacecraft 

Ɂɚɦɟɬɧɚɹ ɜ ɰɟɧɬɪɟ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɮɪɚɝɦɟɧɬɚ ɢ 
ɚɧɨɦɚɥɶɧɚɹ ɎɊɌ – ɷɬɨ ɪɟɡɭɥɶɬɚɬ ɤɨɨɪɞɢɧɚɬɧɨɝɨ 
«ɧɟɫɜɟɞɟɧɢɹ» ɫɩɟɤɬɪɚɥɶɧɵɯ ɤɚɧɚɥɨɜ ɡɚ ɫɱɟɬ 
ɚɧɨɦɚɥɶɧɵɯ ɬɚɧɝɚɠɚ, ɪɵɫɤɚɧɢɹ ɢ ɤɪɟɧɚ ɄȺ ɢɥɢ 
ɧɟɤɨɪɪɟɤɬɧɨɣ ɐɆɊ ɧɚ ɭɱɚɫɬɤɟ ɬɪɚɫɫɵ ɄȺ. 

Ⱦɥɹ ɭɥɭɱɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ 
ɷɥɟɦɟɧɬɨɜ ɢɡɨɛɪɚɠɟɧɢɹ ɫɨɜɦɟɳɟɧɢɹɯ ɤɚɧɚɥɨɜ 

ɨɩɪɟɞɟɥɹɥɢɫɶ ɨɩɨɪɧɵɟ ɬɨɱɤɢ ɧɚ ɮɨɪɦɢɪɭɟɦɵɯ 
ɢɡɨɛɪɚɠɟɧɢɹɯ ɜ ɜɢɞɟ ɫɟɬɤɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɧɵɯ 
ɬɨɱɟɤ ɢɡɨɛɪɚɠɟɧɢɹ, ɤɨɪɪɟɤɬɢɪɭɸɳɢɯ ɨɬ ɤɚɞɪɚ ɤ 
ɤɚɞɪɭ ɜɵɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɋȾɂ ɢɡɦɟɪɟɧɧɵɦɢ 
ɡɧɚɱɟɧɢɹɦɢ ɋȾɂ ɤɨɨɪɞɢɧɚɬɧɵɦ ɦɟɬɨɞɨɦ. 
Ʉɨɨɪɞɢɧɚɬɧɵɟ ɪɚɡɧɨɫɬɧɵɟ ɦɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ 
ɮɚɤɬɢɱɟɫɤɨɝɨ ɋȾɂ ɛɚɡɢɪɭɸɬɫɹ ɧɚ ɨɩɪɟɞɟɥɟɧɢɢ 
ɰɟɧɬɪɨɜ (ɰɟɧɬɪɨɢɞɨɜ) ɢɡɨɛɪɚɠɟɧɢɣ ɨɩɨɪɧɵɯ 
ɨɪɢɟɧɬɢɪɨɜ (ɈɈ) ɢ ɫɜɨɞɹɬɫɹ ɥɢɛɨ ɤ ɨɩɪɟɞɟɥɟɧɢɸ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɰɟɧɬɪɚ ɢɡɨɛɪɚɠɟɧɢɹ ɈɈ, ɥɢɛɨ ɤ 
ɨɩɪɟɞɟɥɟɧɢɸ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɰɟɧɬɪɚ (ɰɟɧɬɪɚ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ) ɞɚɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, ɥɢɛɨ ɤ 
ɚɧɚɥɨɝɢɱɧɵɦ ɨɩɪɟɞɟɥɟɧɢɹɦ ɬɨɱɟɤ «ɪɟɡɤɨɝɨ ɤɪɚɹ» 
ɥɢɧɟɣɧɨ-ɩɪɨɬɹɠɟɧɧɨɝɨ ɈɈ ɫ ɨɰɟɧɤɨɣ ɮɭɧɤɰɢɢ 
ɪɚɫɫɟɹɧɢɹ ɥɢɧɢɢД7Ж. Ʉɚɤ ɩɪɚɜɢɥɨ, ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ 
ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɰɟɧɬɪɵ ɢɡɨɛɪɚɠɟɧɢɣ ɈɈ ɧɟ 
ɫɨɜɩɚɞɚɸɬ. Ʉ ɬɨɦɭ ɠɟ, ɩɪɨɫɬɨɣ ɩɨɞɫɱɟɬ ɩɥɨɳɚɞɢ, 
ɡɚɧɢɦɚɟɦɨɣ ɈɈ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ, ɩɨɪɨɠɞɚɟɬ 
ɩɪɨɛɥɟɦɭ ɜɵɛɨɪɚ – ɭɱɢɬɵɜɚɬɶ ɥɢ ɚɛɫɨɥɸɬɧɨ ɜɫɟ 
«ɡɚɫɜɟɱɟɧɧɵɟ» ɨɪɢɟɧɬɢɪɨɦ ɩɢɤɫɟɥɵ.  

ɉɨɡɢɰɢɨɧɢɪɨɜɚɧɢɟ ɨɩɨɪɧɵɯ ɬɨɱɟɤ ɜ ɪɚɛɨɬɟ ɫ 
ɰɟɥɶɸ ɩɪɟɞɟɥɶɧɨ ɜɨɡɦɨɠɧɨɝɨ ɫɧɢɠɟɧɢɹ 
ɩɨɝɪɟɲɧɨɫɬɢ ɪɟɚɥɢɡɭɟɬɫɹ ɜ ɜɢɞɟ 
ɪɟɝɭɥɹɪɢɡɨɜɚɧɧɨɣ ɞɟɥɶɬɚ-ɮɭɧɤɰɢɢ, ɮɨɪɦɢɪɭɟɦɨɣ 
(ɤɚɤ ɜ ɪɚɞɢɨɥɨɤɚɰɢɢ) ɜ ɜɢɞɟ ɨɬɤɥɢɤɚ ɮɢɥɶɬɪɚ, 
ɫɨɛɢɪɚɸɳɟɝɨ ɢ ɫɭɦɦɢɪɭɸɳɟɝɨ ɜ ɨɞɧɨɣ ɬɨɱɤɟ ɜɫɟ 
ɚɦɩɥɢɬɭɞɵ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ ɧɚ ɩɪɢɧɰɢɩɟ 
ɪɟɚɥɢɡɚɰɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɦɨɧɨɬɨɧɧɨɣ 
ɞɢɫɩɟɪɫɢɢ ɡɚɞɟɪɠɤɢ ɝɚɪɦɨɧɢɤ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɢɯ ɧɨɦɟɪɚ. 

ȼɫɟ ɝɚɪɦɨɧɢɤɢ ɉɑɋ ɢɡɨɛɪɚɠɟɧɢɹ, 
ɩɪɢɜɟɞɟɧɧɵɟ ɤ ɡɧɚɱɟɧɢɸ ɟɞɢɧɨɣ ɮɚɡɵ ɞɥɹ 
ɜɵɛɪɚɧɧɨɣ ɬɨɱɤɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɧɚ 
«ɜɨɫɯɨɞɹɳɟɦ» ɮɪɨɧɬɟ ɮɨɪɦɢɪɭɟɦɨɝɨ ɢɦɩɭɥɶɫɚ, 
ɩɪɢ ɷɬɨɦ ɫɤɥɚɞɵɜɚɸɬɫɹ ɫɢɧɮɚɡɧɨ, ɨɩɪɟɞɟɥɹɹ 
ɦɢɧɢɦɚɥɶɧɵɣ ɞɥɹ ɞɚɧɧɨɝɨ ɉɑɋ ɧɚɤɥɨɧ ɮɪɨɧɬɚ ɨɬ 
ɧɭɥɟɜɨɝɨ ɡɧɚɱɟɧɢɹ ɚɦɩɥɢɬɭɞɵ ɢɦɩɭɥɶɫɚ ɞɨ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ.  

ɇɚɩɪɢɦɟɪ, «ɬɨɥɳɢɧɚ» ɨɬɤɥɢɤɚ ɧɚ ɭɪɨɜɧɟ 0,7 
ɞɥɹ ɷɥɟɦɟɧɬɨɜ ɨɩɬɢɱɟɫɤɨɣ ɉɁɋ-ɦɚɬɪɢɰɵ ȻɈɗȺ, 
ɚɩɟɪɬɭɪɨɣ ɩɢɤɫɟɥɨɜ ɜ 7-8 ɦɤɦ ɦɨɠɟɬ ɫɨɫɬɚɜɥɹɬɶ 
10

-10
 ɦ ɢɥɢ 10-9

 ɦ ɧɚ ɜɵɞɟɥɟɧɧɭɸ ɤɨɨɪɞɢɧɚɬɧɭɸ 
ɨɫɶ ɢ ɩɪɢ ɪɚɛɨɬɟ ɫ ɪɚɡɧɨɫɬɹɦɢ ɩɨɡɢɰɢɣ ɨɬɤɥɢɤɨɜ 
ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ ɨɩɪɟɞɟɥɹɟɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɭɸ 
ɬɨɱɧɨɫɬɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɤɬɨɪɚ 
ɋȾɂ, ɭɥɭɱɲɚɸɳɭɸ ɬɨɱɧɨɫɬɶ ɨɰɟɧɤɢ ɋȾɂ ɧɟ 
ɯɭɠɟ, ɱɟɦ ɧɚ 1-2 ɩɨɪɹɞɤɚ. Ʉɨɥɢɱɟɫɬɜɨ N 
ɫɭɦɦɢɪɭɟɦɵɯ ɝɚɪɦɨɧɢɤ ɨɩɪɟɞɟɥɹɟɬ 
ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɤ ɛɚɡɨɜɨɣ ɪɚɡɪɹɞɧɨɫɬɶ K 
ɜɵɱɢɫɥɟɧɢɹ ɚɦɩɥɢɬɭɞɵ ɨɬɤɥɢɤɚ ɜ ɜɢɞɟ 

,1][log2  NK    (3) 

ɝɞɟ E[ ] – ɮɭɧɤɰɢɹ Ⱥɧɬɶɟ. 

Дɟɤɨɧɜɨɥɸɰɢɹ ɧɚ ɨɫɧɨɜɟ 
ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɨɣ ЧКХ ɬɪɚɤɬɚ ДɁɁ ɢ 



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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ɨɫɥɚɛɥɟɧɢɟ ɫɬɟɩɟɧɢ ɪɟɝɭɥɹɪɢɡɚɰɢɢ 
ɫɢɧɝɭɥɹɪɧɨɫɬɟɣ ЧКХ ɨɛɨɛɳɟɧɧɵɦɢ ɮɭɧɤɰɢɹɦɢ 

Ⱦɨɫɬɢɠɢɦɚɹ ɫɬɟɩɟɧɶ «ɩɪɹɦɨɭɝɨɥɶɧɨɫɬɢ» 
ɨɝɢɛɚɸɳɟɣ ɑɄɏ, ɩɨɥɭɱɚɟɦɨɣ ɩɨ «ɜɯɨɞɭ-ɜɵɯɨɞɭ» 
ɬɪɚɤɬɚ ɩɪɢ ɤɨɪɪɟɤɰɢɹɯ ɪɟɡɤɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɫɨɜɟɪɲɟɧɫɬɜɨɦ ɨɩɟɪɚɰɢɣ ɜ 
ɬɪɚɤɬɟ (ɪɢɫɭɧɤɢ 1 ɢ 2). ɉɪɢ ɷɬɨɦ ɢ ɞɥɹ ɬɪɚɤɬɨɜ ɫ 
ɩɪɟɜɟɧɬɢɜɧɵɦɢ ɦɟɪɚɦɢ ɩɨ «ɭɥɭɱɲɟɧɢɸ» ɢɯ 
ɪɚɛɨɬɵ (ɧɚɩɪɢɦɟɪ, ɞɥɹ ɚɩɩɚɪɚɬɨɜ, 
ɩɨɞɞɟɪɠɢɜɚɸɳɢɯ ɬɟɯɧɨɥɨɝɢɢ ɫɜɟɪɯɜɵɫɨɤɨɝɨ 
ɪɚɡɪɟɲɟɧɢɹ) ɦɨɠɧɨ ɧɚ ɫɮɨɪɦɢɪɨɜɚɧɧɨɦ 
ɢɡɨɛɪɚɠɟɧɢɢ ɢɦɟɬɶ ɧɚ ɢɬɟɪɚɬɢɜɧɨɣ 
ɞɟɤɨɧɜɨɥɸɰɢɢ ɩɪɨɩɭɳɟɧɧɵɟ ɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ, 
ɤɚɤ ɷɬɨ ɩɨɤɚɡɚɧɨ ɜ ɪɚɛɨɬɟ Д8Ж ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ 
ɭɥɭɱɲɟɧɢɢ ɪɟɡɤɨɫɬɢ. Ɍɚɤɨɟ ɜɨɡɦɨɠɧɨ, ɤɨɝɞɚ 
ɭɞɟɥɶɧɨɟ ɧɚ ɲɚɝ ɢɬɟɪɚɰɢɢ ɢ ɦɟɬɪɢɡɨɜɚɧɧɨɟ 
ɢɡɦɟɧɟɧɢɟ ɤɨɪɪɟɤɬɢɪɭɟɦɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɫɬɚɧɟɬ 
ɷɤɫɬɪɟɦɚɥɶɧɵɦ, ɚ ɝɥɨɛɚɥɶɧɵɣ ɷɤɫɬɪɟɦɭɦ 
(ɫɭɳɟɫɬɜɭɸɳɢɣ ɨɛɴɟɤɬɢɜɧɨ ɢ ɞɥɹ 
ɤɨɧɬɢɧɭɚɥɶɧɨɝɨ ɦɧɨɠɟɫɬɜɚ ɫɨɫɬɨɹɧɢɣ 
ɤɨɪɪɟɤɬɢɪɭɟɦɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ) ɩɨɩɚɞɟɬ ɧɚ 
ɨɛɥɚɫɬɶ ɜɨɡɦɨɠɧɵɯ ɛɨɥɟɟ ɞɟɬɚɥɶɧɵɯ ɩɨɞɲɚɝɨɜ ɜ 
ɢɬɟɪɚɰɢɹɯ. 

ȼ ɪɚɛɨɬɚɯ Д2,3Ж ɩɨ ɫɩɟɰɢɚɥɶɧɨɣ ɤɨɪɪɟɤɰɢɢ 
ɪɟɡɤɨɫɬɢ (ɋɄɊ) ɫɬɪɨɢɬɫɹ ɞɟɤɨɧɜɨɥɸɰɢɹ (ɪɟɲɟɧɢɟ 
ɢɧɬɟɝɪɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ Ɏɪɟɞɝɨɥɶɦɚ) ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɮɢɥɶɬɪɨɜ 
ȼɢɧɟɪɚ, ɬ.ɟ. ɫɩɟɤɬɪɚɥɶɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ 
ɨɩɟɪɚɬɨɪɚ ɞɟɤɨɧɜɨɥɸɰɢɢ (ɋɉɈȾ). Ɇɢɧɢɦɢɡɢɪɭɹ 
ɧɟɜɹɡɤɢ ɨɛɪɚɬɧɨɣ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɨɣ ɱɚɫɬɨɬɧɨ-
ɤɨɧɬɪɚɫɬɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɪɚɤɬɚ ɡɨɧɞɢɪɨɜɚɧɢɹ 
(ɑɄɏ)-1

 ɢ ɋɉɈȾ ɧɚ ɷɬɚɩɚɯ ɢɬɟɪɚɬɢɜɧɨɝɨ ɩɪɨɰɟɫɫɚ 
ɤɨɪɪɟɤɰɢɢ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɫɯɨɞɹɳɭɸɫɹ ɤ 
ɦɢɧɢɦɚɥɶɧɨɣ ɧɨɪɦɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 
ɱɚɫɬɨɬɧɨ-ɡɚɜɢɫɢɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜɨɡɦɭɳɟɧɢɹ 
ɋɉɈȾ, ɫɜɨɞɹ «ɨɫɬɚɬɨɱɧɭɸ» ɎɊɌ ɤ ɚɩɟɪɬɭɪɟ 
ɩɢɤɫɟɥɚ ɩɨ ɬɟɯɧɨɥɨɝɢɢ ɜɨɡɦɭɳɟɧɢɹ ɨɩɟɪɚɬɨɪɨɜ ɜ 
ɝɢɥɶɛɟɪɬɨɜɵɯ ɩɪɨɫɬɪɚɧɫɬɜɚɯ. Ɉɩɬɢɦɢɡɚɰɢɹ ɑɄɏ 
ɩɪɨɜɨɞɢɬɫɹ ɦɢɧɢɦɢɡɚɰɢɟɣ ɮɭɧɤɰɢɨɧɚɥɨɜ, 
ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɵɯ ɧɚ ɬɪɟɛɨɜɚɧɢɹɯ: 

 ɨɬɫɭɬɫɬɜɢɹ ɬɟɧɞɟɧɰɢɢ ɫɩɚɞɚ ɢ ɪɨɫɬɚ 
ɚɩɩɥɢɤɚɬ ɑɄɏɌ ɜɩɥɨɬɶ ɞɨ ɩɪɢɛɥɢɠɟɧɢɹ ɤ 
ɜɵɫɲɢɦ ɫɩɟɤɬɪɚɥɶɧɵɦ ɦɨɞɚɦ ɜ ɡɚɞɚɧɧɵɯ 
ɩɪɟɞɟɥɚɯ; ɦɚɤɫɢɦɚɥɶɧɨɣ ɝɥɚɞɤɨɫɬɢ ɑɄɏ; 

 ɧɚɢɛɨɥɟɟ ɤɪɭɬɨɝɨ ɫɩɚɞɚ ɑɄɏɌ ɜ ɨɛɥɚɫɬɢ 
ɜɵɫɲɟɣ ɫɩɟɤɬɪɚɥɶɧɨɣ ɦɨɞɵ ɬɪɚɤɬɚ; 

 ɦɚɠɨɪɢɪɨɜɚɧɢɹ ɨɝɢɛɚɸɳɟɣ ɑɄɏɌ 
ɨɝɢɛɚɸɳɭɸ ɋɉɈȾ-1

 ɞɚɠɟ ɫ ɜɨɡɦɭɳɚɸɳɟɣ 
ɞɨɛɚɜɤɨɣ; 

 ɜɩɢɫɵɜɚɧɢɹ ɨɝɢɛɚɸɳɟɣ ɫɩɟɤɬɪɚɥɶɧɨɝɨ 
ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɧɚɛɥɸɞɚɟɦɨɝɨ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ 
ɥɢɧɟɚɦɟɧɬɚ ɢɥɢ ɝɪɚɧɢɰɵ ɜ ɨɝɢɛɚɸɳɭɸ ɑɄɏ; 

 ɧɟ ɩɪɟɜɵɲɟɧɢɹ ɡɧɚɱɟɧɢɟɦ ɩɨɪɹɞɤɚ 
ɝɪɚɞɢɟɧɬɧɨɝɨ ɨɩɟɪɚɬɨɪɚ ɩɨɪɨɝɚ, ɩɪɢ ɤɨɬɨɪɨɦ 

ɪɟɡɢɞɟɧɬɧɨ ɩɪɢɫɭɬɫɬɜɭɸɬ ɝɥɨɛɚɥɶɧɨɟ 
ɤɨɧɬɪɚɫɬɢɪɨɜɚɧɢɟ ɢɥɢ ɜɵɞɟɥɟɧɢɟ ɤɨɧɬɭɪɨɜ. 

Ɉɞɧɚɤɨ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɢ ɫɬɪɨɢɬɶ 
ɨɛɪɚɛɨɬɤɭ ɫ ɫɢɧɝɭɥɹɪɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɜ 
ɨɩɬɢɦɢɡɢɪɭɟɦɨɣ ɑɄɏ. ȼɨɡɧɢɤɚɸɬ ɨɧɢ 
ɞɨɫɬɚɬɨɱɧɨ ɱɚɫɬɨ, ɬɚɤ ɤɚɤ ɜ ɡɧɚɦɟɧɚɬɟɥɟ 
ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɫɢɧɬɟɡɚ ɑɄɏ ɉɑɋ ɩɟɪɜɢɱɧɨ 
ɨɬɤɨɪɪɟɤɬɢɪɨɜɚɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɢɦɟɟɬ 
ɞɨɫɬɚɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɧɭɥɟɣ. ɉɪɢɦɟɧɹɟɦɵɟ ɜ 
ɩɪɚɤɬɢɤɟ ɚɧɚɥɨɝɢɱɧɵɯ ɨɩɟɪɚɰɢɣ ɫɨ ɫɩɟɤɬɪɚɦɢ 
ɦɟɬɨɞɵ ɪɟɝɭɥɹɪɢɡɚɰɢɢ ɩɪɢɜɨɞɹɬ ɜɫɟɝɞɚ ɤ 
ɛɥɢɡɤɨɦɭ ɤ «ɢɫɬɢɧɟ» ɪɟɲɟɧɢɸ, ɤɨɬɨɪɨɟ ɧɟ ɜɫɟɝɞɚ 
ɩɨɩɚɞɚɟɬ ɜ ɢɧɬɟɪɜɚɥ ɨɬɤɥɨɧɟɧɢɣ ɨɬ «ɢɫɬɢɧɵ», 
ɥɟɠɚɳɢɣ ɜ ɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɡɚ 
ɩɪɟɞɟɥɚɦɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɨɤɧɚ 
ɩɪɨɩɭɫɤɚɧɢɹ ɬɪɚɤɬɨɦ ɡɨɧɞɢɪɨɜɚɧɢɹ Д9Ж.  

ȼ ɪɚɛɨɬɟ ɭɩɨɦɢɧɚɟɦɵɟ ɫɢɧɝɭɥɹɪɧɨɫɬɢ 
ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɨɛɨɛɳɟɧɧɵɦɢ ɫɢɧɝɭɥɹɪɧɵɦɢ 
ɮɭɧɤɰɢɹɦɢ ɦɟɞɥɟɧɧɨɝɨ ɪɨɫɬɚ ɒɜɚɪɰɚ (ɫ 
ɧɨɫɢɬɟɥɟɦ ɦɟɪɵ ɧɭɥɶ) Д10Ж. ɉɪɢ ɷɬɨɦ ɢɧɬɟɝɪɚɥɵ 
Ɋɢɦɚɧɚ ɜɨ ɜɫɟɯ ɜɵɪɚɠɟɧɢɹɯ ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɜ 
ɢɧɬɟɝɪɚɥɵ Ʌɟɛɟɝɚ ɩɪɢ ɚɧɚɥɢɬɢɱɟɫɤɨɦ 
ɢɧɬɟɝɪɢɪɨɜɚɧɢɢ (ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ 
ɮɭɧɤɰɢɨɧɚɥɢɡɚɰɢɟɣ ɢɧɬɟɝɪɢɪɭɟɦɨɝɨ ɦɚɫɫɢɜɚ), ɚ 
ɩɪɢ ɱɢɫɥɟɧɧɨɦ ɢɧɬɟɝɪɢɪɨɜɚɧɢɢ ɫɢɧɝɭɥɹɪɧɨɫɬɢ 
ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɦɨɞɟɥɹɦɢ ɨɛɨɛɳɟɧɧɵɯ ɮɭɧɤɰɢɣ, 
ɫɢɧɝɭɥɹɪɧɵɯ ɧɚ ɦɟɪɟ ɧɭɥɶ, ɬ.ɟ. ɩɪɟɞɟɥɶɧɨ 
ɜɨɡɦɨɠɧɵɦ ɭɡɤɢɦ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɨɦ ɜ ɜɟɪɯɧɟɣ ɢ 
ɧɢɠɧɟɣ ɫɭɦɦɟ Ⱦɚɪɛɭ ɞɥɹ ɢɧɬɟɝɪɚɥɚ.  

ȼ ɢɬɨɝɨɜɨɦ ɢɬɟɪɚɬɢɜɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ȼɚɧ-
ɐɢɬɬɟɪɚ, ɢɧɬɟɝɪɚɥ ɜ ɨɛɪɚɬɧɨɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ 
Ɏɭɪɶɟ ɜɵɪɚɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɢɧɬɟɝɪɚɥɨɦ Ʌɟɛɟɝɚ. 

ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɜɵɫɨɬɵ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ ɜ 
ɦɨɞɟɥɢ ɫɢɧɝɭɥɹɪɧɨɫɬɢ ɢɥɢ ɧɚɞɨ ɩɪɟɞɟɥɶɧɨ 
ɭɦɟɧɶɲɚɬɶ ɟɝɨ ɲɢɪɢɧɭ, ɱɬɨ ɧɟɜɨɡɦɨɠɧɨ, ɬ.ɤ. ɧɟ 
ɧɚɣɞɟɬɫɹ ɩɢɤɫɟɥɨɜ ɫ ɩɪɟɞɟɥɶɧɨ ɦɚɥɵɦɢ 
ɚɩɟɪɬɭɪɚɦɢ ɢɥɢ ɫɨɝɥɚɲɚɬɶɫɹ ɫ ɜɨɡɧɢɤɚɸɳɢɦɢ 
ɚɪɬɟɮɚɤɬɚɦɢ ɜ ɜɢɞɟ ɪɚɡɥɢɱɧɵɯ ɢɫɤɚɠɟɧɢɣ 
ɤɨɧɬɪɚɫɬɚ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ. ȼ ɪɚɛɨɬɟ ɪɨɫɬ ɜɵɫɨɬɵ 
ɦɨɞɟɥɢɪɭɟɦɨɣ ɫɢɧɝɭɥɹɪɧɨɫɬɢ ɨɝɪɚɧɢɱɟɧ 
ɞɟɫɹɬɢɤɪɚɬɧɵɦ ɡɧɚɱɟɧɢɟɦ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɞɢɚɩɚɡɨɧɚ ɢɡɨɛɪɚɠɟɧɢɣ ɢ ɫɩɟɤɬɪɨɜ, 
ɩɪɟɞɫɬɚɜɢɦɵɯ ɬɪɚɤɬɨɦ ɡɨɧɞɢɪɨɜɚɧɢɹ. ɇɢɠɟ, ɧɚ 
ɢɡɨɛɪɚɠɟɧɢɢ ɫɨ ɫɩɭɬɧɢɤɚ ɫɜɟɪɯɜɵɫɨɤɨɝɨ 
ɪɚɡɪɟɲɟɧɢɹ OrbView-3 ɩɨɤɚɡɚɧɵ ɩɪɨɜɟɞɟɧɧɵɟ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨ ɩɪɢɦɟɧɟɧɢɸ 
ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ (ɪɢɫɭɧɨɤ 4): ɜɟɪɯɧɢɣ ɪɹɞ 
– ɢɡɨɛɪɚɠɟɧɢɹ, ɧɢɠɧɢɣ ɪɹɞ – ɢɯ ɉɑɋ.

ɉɨɥɭɱɟɧɧɵɣ ɤɨɧɟɱɧɵɣ ɢ ɩɟɪɟɲɚɝɢɜɚɟɦɵɣ 
ɩɪɢ ɢɬɟɪɚɬɢɜɧɨɣ ɞɟɤɨɧɜɨɥɸɰɢɢ ɪɚɧɟɟ ɪɟɡɭɥɶɬɚɬ 
ɩɨ ɪɟɡɤɨɫɬɢ ɩɨɤɚɡɵɜɚɟɬ ɭɜɟɥɢɱɟɧɢɟ ɪɟɡɤɨɫɬɢ ɜ 2 
ɪɚɡɚ (ɩɨ ɤɪɢɬɟɪɢɸ Ɏɭɤɨ). Ɉɱɟɜɢɞɧɨ, ɦɨɠɟɬ ɛɵɬɶ 
ɪɟɡɭɥɶɬɚɬ ɢ ɥɭɱɲɟ, ɧɨ ɤɨɧɟɱɧɨɫɬɶ ɢ 
ɮɢɤɫɢɪɨɜɚɧɧɨɫɬɶ ɚɩɟɪɬɭɪ ɩɢɤɫɟɥɨɜ ɧɚ ɩɚɬɬɟɪɧɟ 
ɧɟ ɩɨɡɜɨɥɹɟɬ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɡɜɢɬɢɹ ɜ ɷɬɨɦ ɩɥɚɧɟ. 



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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ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɩɪɨɩɭɳɟɧɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ 
ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɭɬɨɱɧɟɧɢɟɦ ɭɯɨɞɚ ɋȾɂ ɧɚ 
ɢɡɨɛɪɚɠɟɧɢɢ ɨɬ ɡɚɩɪɨɝɪɚɦɦɢɪɨɜɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ 
ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɵɱɢɫɥɟɧɢɟɦ ɢ ɤɨɦɩɟɧɫɚɰɢɟɣ 
ɨɫɬɚɬɨɱɧɨɝɨ ɫɦɚɡɚ: ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɢɡɨɛɪɚɠɟɧɢɹ 
(ɰɟɧɬɪɚɥɶɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ 4) ɨɛɨɛɳɟɧɧɵɦ 
ɝɪɚɞɢɟɧɬɧɵɦ ɨɩɟɪɚɬɨɪɨɦ ɦɚɥɨɝɨ ɩɨɪɹɞɤɚ ɞɨ 
ɩɨɹɜɥɟɧɢɹ ɯɚɪɚɤɬɟɪɧɨɝɨ ɫɩɟɤɬɪɚ ɡɚɪɨɠɞɚɸɳɟɝɨɫɹ 
ɤɨɧɬɪɚɫɬɢɪɨɜɚɧɢɹ Д2Ж ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɟɥɢɱɢɧɚ 
ɨɛɪɚɬɧɚɹ ɪɚɡɧɨɫɬɢ ɪɚɞɢɭɫɨɜ ɫɩɟɤɬɪɨɜ ɞɨ 
ɨɛɪɚɛɨɬɤɢ ɢ ɩɨɫɥɟ. ɗɬɨ ɢ ɟɫɬɶ ɨɫɬɚɬɨɱɧɵɣ ɫɦɚɡ ɢ 
ɨɲɢɛɤɚ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɞɥɹ ɋȾɂ. ȼɫɟ 
ɨɫɬɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɩɭɬɧɢɤɚ ɞɥɹ ɤɨɧɬɪɨɥɹ 
ɡɚɩɪɨɝɪɚɦɦɢɪɨɜɚɧɧɨɣ ɋȾɂ ɢ ɩɨɥɭɱɟɧɧɨɣ 
ɪɚɡɧɢɰɵ ɛɟɪɭɬɫɹ ɢɡ ɨɪɛɢɬɚɥɶɧɵɯ ɬɚɛɥɢɰ ɄȺ. 

ɋɭɳɟɫɬɜɟɧɧɨɟ ɡɚɦɟɱɚɧɢɟ: ɩɪɨɰɟɞɭɪɚ 
ɤɨɪɪɟɤɰɢɢ ɋȾɂ ɢ ɩɪɨɰɟɞɭɪɚ ɋɄɊ 
ɧɟɤɨɦɦɭɬɚɬɢɜɧɵ, ɬ.ɤ. ɢɦɟɧɧɨ ɨɬ ɤɨɪɪɟɤɰɢɢ ɋȾɂ 
ɡɚɜɢɫɹɬ ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɞɭɪɵ 
ɋɄɊ, ɩɨɷɬɨɦɭ ɪɟɡɭɥɶɬɚɬ ɋɄɊ ɜ ɰɟɧɬɪɟ ɪɢɫɭɧɤɚ 4 
ɧɟ ɬɨɥɶɤɨ ɧɟ ɷɤɫɬɪɟɦɚɥɟɧ, ɧɨ ɢ ɦɟɧɟɟ ɞɨɫɬɨɜɟɪɟɧ. 

Ɋɢɫ. 4. ɋɥɟɜɚ ɧɚɩɪɚɜɨ ɢɫɯɨɞɧɵɣ ɩɚɬɬɟɪɧ, 
ɨɛɪɚɛɨɬɚɧɧɵɣ ɜ ɬɟɯɧɨɥɨɝɢɢ ɋɄɊ ɫ ɭɱɟɬɨɦ 

ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɎɊɌ ɢ ɞɚɥɟɟ ɨɛɪɚɛɨɬɚɧɧɵɣ ɜ 
ɬɟɯɧɨɥɨɝɢɢ ɋɄɊ ɫ ɨɫɥɚɛɥɟɧɢɟɦ ɫɬɟɩɟɧɢ ɪɟɝɭɥɹɪɢɡɚɰɢɢ 

ɫɢɧɝɭɥɹɪɧɨɫɬɟɣ ɑɄɏ ɢ ɫ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɥɭɱɲɟɝɨ 
ɪɟɡɭɥɶɬɚɬɚ ɩɨ ɪɟɡɤɨɫɬɢ ɡɚ ɫɱɟɬ ɭɬɨɱɧɟɧɢɹ ɋȾɂ 

Fig. 4. From left to right of the original pattern, processed 

in the technology of RCDS, taking into account the 

reliability of the TRF, and further processed in the 

technology of the TRF with the weakening of the degree of 

regularization of the singularities of the MTF and with the 

restoration the best result in sharpness at the expense of 

clarification of the DNS 

Ɂɚɤɥɸɱɟɧɢɟ 
ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɜɚ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ 

ɦɟɬɨɞɚ ɤɨɪɪɟɤɰɢɢ ɪɟɡɤɨɫɬɢ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ 
ɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ ɞɨ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ 
ɪɟɡɤɨɫɬɢ ɞɥɹ ɡɚɞɚɧɧɨɝɨ ɬɪɚɤɬɚ ȾɁɁ, ɢɦɟɸɳɢɟ 
ɫɬɪɨɝɨ ɨɝɪɚɧɢɱɟɧɧɭɸ ɨɛɥɚɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ – ɧɚ 
ɩɨɫɬɮɚɤɬɭɦ ɫɮɨɪɦɢɪɨɜɚɧɧɨɦ ɢɡɨɛɪɚɠɟɧɢɢ. ȼ 
ɥɢɬɟɪɚɬɭɪɟ ɧɟɬ ɞɚɧɧɵɯ ɨ ɜɵɜɨɞɚɯ ɢɡ ɢɯ 
ɩɪɢɦɟɧɟɧɢɹ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɫɨɝɥɚɫɨɜɚɧɧɨɣ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɦɨɞɟɪɧɢɡɚɰɢɢ ɦɨɞɭɥɟɣ 
ɩɪɢɜɟɞɟɧɧɵɯ ɤɪɟɣɫɟɪɫɤɢɯ ɞɢɚɝɪɚɦɦ ɩɨɥɧɨɣ 
ɨɛɪɚɛɨɬɤɢ ɬɟɤɭɳɢɯ ɮɨɪɦɢɪɭɟɦɵɯ «ɨɪɛɢɬɚɥɶɧɨ» 
ɢɡɨɛɪɚɠɟɧɢɣ (ɯɨɬɹ ɛɵ ɩɨɬɨɦɭ, ɱɬɨ ɜ 
ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɜɢɞɟ ɞɢɚɝɪɚɦɦɵ ɩɭɛɥɢɤɭɸɬɫɹ 
ɜɩɟɪɜɵɟ).  

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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