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Ⱥɧɧɨɬɚɰɢɹ 

ȼ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧɵ ɫɨɨɬɧɨɲɟɧɢɹ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɜɢɞ ɩɨɞɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ 
ɱɚɫɬɨɬ ɩɪɢ ɜɵɛɪɚɧɧɨɦ ɭɧɢɬɚɪɧɨɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ, ɜɜɟɞɟɧɵ ɩɨɧɹɬɢɹ ɱɚɫɬɟɣ ɢ ɞɨɥɟɣ 
ɷɧɟɪɝɢɢ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɡɚɞɚɧɧɨɣ ɩɨɞɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɩɪɢ ɜɵɛɪɚɧɧɨɣ 
ɫɢɫɬɟɦɟ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ. ȼ ɪɚɛɨɬɟ ɨɩɢɫɚɧɵ ɫɢɫɬɟɦɵ ɨɪɬɨɝɨɧɚɥɶɧɵɯ 
ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɭɧɢɬɚɪɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ, ɩɪɟɞɥɨɠɟɧɵ ɩɪɨɰɟɞɭɪɵ 
ɜɵɱɢɫɥɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɨɬɞɟɥɶɧɵɯ ɭɧɢɬɚɪɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɫɭɛɢɧɬɟɪɜɚɥɶɧɵɯ ɦɚɬɪɢɰ, 
ɩɨɡɜɨɥɹɸɳɢɯ ɨɫɭɳɟɫɬɜɥɹɬɶ ɚɧɚɥɢɡ ɫɜɨɣɫɬɜ ɢɡɨɛɪɚɠɟɧɢɣ ɜ ɪɚɡɥɢɱɧɵɯ ɩɨɞɨɛɥɚɫɬɹɯ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ.  
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɩɨɞɨɛɥɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɞɨɥɢ ɷɧɟɪɝɢɢ, ɫɭɛɢɧɬɟɪɜɚɥɶɧɚɹ 
ɦɚɬɪɢɰɚ, ɫɭɛɩɨɥɨɫɧɚɹ ɦɚɬɪɢɰɚ, ɭɧɢɬɚɪɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. 
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ȺЛЬtЫКМt 
In this paper we propose a ratio that help determine sub-areas of spatial frequencies at a selected 

unitary transformation, we introduce the concepts of parts and a shares of image energy in a given 

subarea of spatial frequencies for the chosen system of orthogonal basis functions. In the paper 

we describe a system of orthogonal basis functions for different unitary transformations, we 

propose on the basis of a separate unitary transformation calculation procedure of subinterval 

matrices, allowing to analyze the image properties in different subareas of spatial frequencies. 

Keywords: subdomain of spatial frequencies, shares of energy, subinterval matrix, subband 

matrix, unitary transformations. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɢ ɚɧɚɥɢɡɟ ɢɡɨɛɪɚɠɟɧɢɣ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬ ɪɚɡɥɢɱɧɵɟ ɨɪɬɨɝɨɧɚɥɶɧɵɟ ɫɢɫɬɟɦɵ 
ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ Д1, 2, 3Ж: ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ )exp( jnu , )sin(nu , )cos(nu , ɮɭɧɤɰɢɢ ɏɚɪɬɥɢ 

)(nucas , ɮɭɧɤɰɢɢ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ-ɉɷɥɢ ),( unwal , ),( unhad , ),( unpal , ɮɭɧɤɰɢɢ ɏɚɚɪɚ )(nuhar  ɢ ɞɪ., ɝɞɟ 
ɡɧɚɱɟɧɢɟ n ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɡɦɟɪɧɨɫɬɶɸ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, ɜɟɥɢɱɢɧɚ u ɹɜɥɹɟɬɫɹ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɱɚɫɬɨɬɨɣ. 

mailto:Zhilyakov@bsu.edu.ru
mailto:Zhilyakov@bsu.edu.ru
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ɍɤɚɡɚɧɧɵɟ ɫɢɫɬɟɦɵ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ ɨɩɪɟɞɟɥɹɸɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɭɧɢɬɚɪɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɢɡɨɛɪɚɠɟɧɢɣ Д6Ж. 

Ⱥɧɚɥɢɡ ɜ ɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɩɨɡɜɨɥɹɟɬ ɢɫɫɥɟɞɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɫɜɨɣɫɬɜɚ ɢɡɨɛɪɚɠɟɧɢɣ 
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ik
f , 

1
,...,2,1 Ni  , 

2
,...,2,1 Nk  , ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɱɚɫɬɨɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ Д4Ж (ɫɩɟɤɬɪ) ),( vuF , 

2
),( Dvu  , ɭɧɢɬɚɪɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ W ɜ ɜɵɛɪɚɧɧɨɦ ɛɚɡɢɫɟ ɧɚ ɨɫɧɨɜɟ ɨɪɬɨɝɨɧɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɛɚɡɢɫɧɵɯ
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),( Dvu  , (1) 

ɝɞɟ 
2

D – ɨɛɥɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ, ɪɚɡɥɢɱɧɚɹ ɞɥɹ ɤɨɧɤɪɟɬɧɨɝɨ ɭɧɢɬɚɪɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. 
Ɉɛɪɚɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɡɧɚɱɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ Ɏ 

ɜ ɜɢɞɟ: 
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 , (2) 

ɝɞɟ )(*
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 – ɤɨɦɩɥɟɤɫɧɨ-ɫɨɩɪɹɠɟɧɧɵɟ ɮɭɧɤɰɢɢ; ɡɧɚɱɟɧɢɹ ba,  ɡɚɜɢɫɹɬ ɨɬ ɜɵɛɪɚɧɧɨɝɨ ɭɧɢɬɚɪɧɨɝɨ
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. 

Ⱦɥɹ ɭɧɢɬɚɪɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɫɩɪɚɜɟɞɥɢɜɚ ɬɟɨɪɟɦɚ ɉɚɪɫɟɜɚɥɹ Д4, 7Ж, ɤɨɬɨɪɚɹ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɫɜɹɡɶ 
ɦɟɠɞɭ ɷɧɟɪɝɢɟɣ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɟɝɨ ɫɩɟɤɬɪɨɦ, 
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ȼ ɤɨɧɬɟɤɫɬɟ ɫɭɛɩɨɥɨɫɧɨɝɨ ɚɧɚɥɢɡɚ ɪɚɜɟɧɫɬɜɨ ɉɚɪɫɟɜɚɥɹ (3) Д4, 5, 7Ж ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ
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21rrV  – ɩɨɞɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ (ɉɉɑ), ɤɨɬɨɪɵɟ ɩɨɥɭɱɟɧɵ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɚɡɛɢɟɧɢɹ ɨɛɥɚɫɬɢ

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ 
2

D ɧɚ ɧɟɩɟɪɟɫɟɤɚɸɳɢɟɫɹ ɩɨɞɨɛɥɚɫɬɢ (ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɜɵɛɨɪ ɪɚɡɛɢɟɧɢɹ ɨɛɥɚɫɬɢ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɡɚɜɢɫɢɬ ɨɬ ɩɪɢɦɟɧɹɟɦɨɣ ɫɢɫɬɟɦɵ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ) Д4, 7Ж, 
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G – ɧɟɤɨɬɨɪɵɟ ɫɭɛɩɨɥɨɫɵ ɜ ɨɛɥɚɫɬɢ 2D (ɡɚɜɢɫɹɬ ɨɬ ɜɵɛɪɚɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ). 
ɉɪɟɞɫɬɚɜɥɹɟɬɫɹ ɟɫɬɟɫɬɜɟɧɧɵɦ ɢɧɬɟɝɪɚɥɵ ɜɢɞɚ (5) ɧɚɡɵɜɚɬɶ ɱɚɫɬɹɦɢ ɷɧɟɪɝɢɢ Д4, 7Ж (ɟɜɤɥɢɞɨɜɨɣ ɧɨɪɦɨɣ) 

ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɡɚɞɚɧɧɨɦ ɛɚɡɢɫɟ ɮɭɧɤɰɢɣ, ɩɨɩɚɞɚɸɳɟɣ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɉɉɑ.  
ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɨɬɧɨɲɟɧɢɹ 

2||||/)()(
2121


rrrr

EP ,                  (8) 

2211
,..,2,1,,..,2,1 RrRr  , 

ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɞɨɥɢ ɷɧɟɪɝɢɢ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɫɭɞɢɬɶ ɨ ɟɟ ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɫɬɢ ɜ ɜɵɛɪɚɧɧɵɯ ɉɉɑ 
21rr

V , 
2211

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

Ɇɨɠɧɨ ɞɨɤɚɡɚɬɶ ɫɥɟɞɭɸɳɟɟ ɭɬɜɟɪɠɞɟɧɢɟ. Ɂɧɚɱɟɧɢɹ ɱɚɫɬɟɣ ɷɧɟɪɝɢɣ ɢɡɨɛɪɚɠɟɧɢɹ ɜɢɞɚ (5), 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɨɞɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ 

21rr
V  ɜɢɞɚ (7) ɩɪɢ ɡɚɞɚɧɧɨɣ ɫɢɫɬɟɦɟ ɨɪɬɨɝɨɧɚɥɶɧɵɯ 

ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ (ɩɪɢ ɡɚɞɚɧɧɨɦ ɭɧɢɬɚɪɧɨɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ), ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ
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BAtrE  , (9) 

ɝɞɟ « tr » ɨɡɧɚɱɚɟɬ ɫɥɟɞ ɦɚɬɪɢɰɵ, «T» – ɨɩɟɪɚɰɢɹ ɬɪɚɧɫɩɨɧɢɪɨɜɚɧɢɹ ɦɚɬɪɢɰɵ, ɦɚɬɪɢɰɵ )( 1
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,...,2,1, Nmk  , – ɫɭɛɢɧɬɟɪɜɚɥɶɧɵɟ ɦɚɬɪɢɰɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɨɞɨɛɥɚɫɬɢ 

21rrV  ɩɪɢ ɡɚɞɚɧɧɨɣ ɫɢɫɬɟɦɟ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ, ɡɧɚɱɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɥɟɞɭɸɳɢɯ ɜɵɪɚɠɟɧɢɣ: 
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 . (11) 

ɋɩɪɚɜɟɞɥɢɜɨɫɬɶ ɷɬɨɝɨ ɭɬɜɟɪɠɞɟɧɢɹ ɞɨɤɚɡɵɜɚɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɩɨɞɫɬɚɧɨɜɤɨɣ ɜ ɨɩɪɟɞɟɥɟɧɢɟ (5) 
ɩɪɟɞɫɬɚɜɥɟɧɢɹ (1). 

Ⱦɥɹ ɭɧɢɬɚɪɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɢɦɦɟɬɪɢɱɟɫɤɨɣ ɦɚɬɪɢɰɟ, ɢɧɬɟɝɪɚɥɵ ɜ ɜɵɪɚɠɟɧɢɹɯ 
(10) ɢ (11), ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ, ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɬɨɱɧɨ.

ɍɱɢɬɵɜɚɹ ɫɨɨɬɧɨɲɟɧɢɹ (8) ɢ (9), ɫɨɨɬɧɨɲɟɧɢɟ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɞɨɥɢ ɷɧɟɪɝɢɢ ɢɡɨɛɪɚɠɟɧɢɹ,
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɉɉɑ 

21rrV , ɩɪɢ ɡɚɞɚɧɧɨɣ ɫɢɫɬɟɦɟ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ ɢɦɟɟɬ ɜɢɞ
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 . (12) 

Ɋɚɫɫɦɨɬɪɢɦ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɭɧɢɬɚɪɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɩɪɢɦɟɧɹɟɦɵɟ ɩɪɢ ɨɛɪɚɛɨɬɤɟ 
ɢɡɨɛɪɚɠɟɧɢɣ. 

Ɍɚɤ, ɩɪɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ Ɏɭɪɶɟ (FT) ɢɡɨɛɪɚɠɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɪɹɞɚ Ɏɭɪɶɟ ɩɨ ɫɥɟɞɭɸɳɢɦ 
ɫɢɫɬɟɦɚɦ ɛɚɡɢɫɧɵɯ ɤɨɦɩɥɟɤɫɧɵɯ ɮɭɧɤɰɢɣ: 
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euw ,  (13) 
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k
evw , (14) 

ɝɞɟ j  – ɦɧɢɦɚɹ ɟɞɢɧɢɰɚ, 
ɨɛɥɚɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɡɚɞɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

},|),{(
2

  vuvuD , (15) 

ɩɚɪɚɦɟɬɪɵ ɜ ɫɨɨɬɧɨɲɟɧɢɢ (2) ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɦɢ ɡɧɚɱɟɧɢɹɦɢ: 

2
1

 ba . (16) 

ɉɪɢ ɚɧɚɥɢɡɟ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɩɨɞɨɛɥɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ 
21rr

V  (7) 

ɹɜɥɹɟɬɫɹ ɰɟɧɬɪɚɥɶɧɨ-ɫɢɦɦɟɬɪɢɱɧɨɣ ɢ ɨɩɪɟɞɟɥɹɸɳɢɟ ɟɟ ɫɭɛɩɨɥɨɫɵ 
1r

D ɢ 
2r

G ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ Д4, 7Ж: 

),[),[
2112 11111 rrrrr

uuuuD  , (17) 

),[),[
2112 22222 rrrrr

vvvvG  , (18) 
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ɋɯɟɦɚɬɢɱɧɨ ɩɨɞɨɛɥɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ 
21rr

V , ɩɪɢɦɟɧɹɟɦɚɹ ɩɪɢ ɫɭɛɩɨɥɨɫɧɨɦ ɚɧɚɥɢɡɟ
ɢɡɨɛɪɚɠɟɧɢɣ ɜ ɛɚɡɢɫɟ Ɏɭɪɶɟ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1. 
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Ɋɢɫ. 1. ɉɨɞɨɛɥɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ 
21rr

V

ɩɪɢ ɫɭɛɩɨɥɨɫɧɨɦ ɚɧɚɥɢɡɟ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ 

Fig. 1. Subdomain of spatial frequencies 
21rr

V

for the images subband analysis based on Fourier transform 

Ɇɨɠɧɨ ɩɨɤɚɡɚɬɶ Д4, 7Ж, ɱɬɨ ɷɥɟɦɟɧɬɵ ɫɭɛɩɨɥɨɫɧɨɣ ɦɚɬɪɢɰɵ 
1r

A , ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɭɛɩɨɥɨɫɟ
1r

D , 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɥɟɞɭɸɳɢɯ ɫɨɨɬɧɨɲɟɧɢɣ: 
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(19) 

ɗɥɟɦɟɧɬɵ ɫɭɛɩɨɥɨɫɧɨɣ ɦɚɬɪɢɰɵ 
2r

B , ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɭɛɩɨɥɨɫɟ 
2r

D , ɨɩɪɟɞɟɥɹɸɬɫɹ ɚɧɚɥɨɝɢɱɧɨ.
Ɂɧɚɱɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɧɟɤɨɬɨɪɨɣ ɫɭɛɩɨɥɨɫɧɨɣ ɦɚɬɪɢɰɵ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ 

ɪɢɫɭɧɤɟ 2. 

Ɋɢɫ. 2. Ƚɪɚɮɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɡɧɚɱɟɧɢɣ ɷɥɟɦɟɧɬɨɜ ɫɭɛɩɨɥɨɫɧɨɣ ɦɚɬɪɢɰɵ 

Fig. 2. Graphical representation of the values of the subband matrix elements   

ɉɪɢ ɤɨɫɢɧɭɫɧɨɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ (CT) ɛɚɡɢɫɧɵɟ ɮɭɧɤɰɢɢ ɢɦɟɸɬ ɜɢɞ: 
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 ba .  (22) 

 vu,0 , 
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,...,2,1 Ni  , 
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,...,2,1 Nk  . 
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ɉɪɢ ɚɧɚɥɢɡɟ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɤɨɫɢɧɭɫɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨɞɨɛɥɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ 

21rr
V (7) ɡɚɞɚɟɬɫɹ ɫɭɛɩɨɥɨɫɚɦɢ 

1r
D ɢ 

2r
G , ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ:
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r
vvG  .  (24) 

ɉɨɞɨɛɥɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ 
21rr

V ɫɯɟɦɚɬɢɱɧɨ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.
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Ɋɢɫ. 3. ɉɨɞɨɛɥɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ 
21rr

V

ɩɪɢ ɫɭɛɩɨɥɨɫɧɨɦ ɚɧɚɥɢɡɟ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɤɨɫɢɧɭɫɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
Fig. 3. Subdomain of spatial frequencies 

21rr
V  for the images subband analysis based on cosine transform 

Ⱥɜɬɨɪɚɦɢ ɩɪɟɞɥɨɠɟɧɨ ɩɪɢ ɚɧɚɥɢɡɟ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɭɧɢɬɚɪɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ, ɨɬɥɢɱɧɵɯ ɨɬ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ, ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɟɪɦɢɧ ɫɭɛɢɧɬɟɪɜɚɥɶɧɵɟ ɦɚɬɪɢɰɵ. 

ɗɥɟɦɟɧɬɵ ɫɭɛɢɧɬɟɪɜɚɥɶɧɨɣ ɦɚɬɪɢɰɵ )(
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ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɨɨɬɧɨɲɟɧɢɹ: 
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. (26) 

ɗɥɟɦɟɧɬɵ ɫɭɛɢɧɬɟɪɜɚɥɶɧɨɣ ɦɚɬɪɢɰɵ 
2r

B , ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɭɛɩɨɥɨɫɟ CT

r
G

2
, ɨɩɪɟɞɟɥɹɸɬɫɹ ɚɧɚɥɨɝɢɱɧɨ. 

Ɂɧɚɱɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɧɟɤɨɬɨɪɨɣ ɫɭɛɢɧɬɟɪɜɚɥɶɧɨɣ ɦɚɬɪɢɰɵ ɤɨɫɢɧɭɫɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɦɨɠɧɨ 
ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ ɪɢɫɭɧɤɟ 4. 

Ɋɢɫ. 4. Ƚɪɚɮɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɡɧɚɱɟɧɢɣ ɷɥɟɦɟɧɬɨɜ ɫɭɛɢɧɬɟɪɜɚɥɶɧɨɣ ɦɚɬɪɢɰɵ ɤɨɫɢɧɭɫɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

Fig. 4. Graphical representation of the values of the subinterval matrix elements for the cosine transform  

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɍɨɥɲɚ (ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ, АH) ɨɫɧɨɜɚɧɨ ɧɚ ɛɚɡɢɫɟ ɮɭɧɤɰɢɣ ɍɨɥɲɚ, ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬ 
ɩɨɥɧɭɸ ɫɢɫɬɟɦɭ ɨɪɬɨɧɨɪɦɢɪɨɜɚɧɧɵɯ ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɮɭɧɤɰɢɣ (ɩɪɢɧɢɦɚɸɬ ɡɧɚɱɟɧɢɹ -1 ɢ +1).  
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Ɇɧɨɠɟɫɬɜɨ ɮɭɧɤɰɢɣ ɍɨɥɲɚ ɨɛɵɱɧɨ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɜ ɜɚɪɢɚɧɬɚɯ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɮɭɧɤɰɢɣ ɜ ɫɢɫɬɟɦɟ, ɚ ɢɦɟɧɧɨ: ɭɩɨɪɹɞɨɱɟɧɢɟ ɩɨ ɍɨɥɲɭ (ɩɨ ɱɚɫɬɧɨɫɬɢ), ɭɩɨɪɹɞɨɱɟɧɢɟ ɩɨ 
Ⱥɞɚɦɚɪɭ (ɟɫɬɟɫɬɜɟɧɧɨɟ), ɭɩɨɪɹɞɨɱɟɧɢɟ ɩɨ ɉɷɥɢ (ɞɢɚɞɢɱɟɫɤɨɟ). 

ɉɪɢ ɭɩɨɪɹɞɨɱɟɧɢɢ ɩɨ Ⱥɞɚɦɚɪɭ ɦɚɬɪɢɰɚ ɞɢɫɤɪɟɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ ɞɥɹ ɫɢɫɬɟɦɵ ɢɡ 
n

N 2  ɮɭɧɤɰɢɣ ɍɨɥɲɚ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɩɨɫɬɪɨɟɧɢɹ n  ɛɥɨɱɧɵɯ 
ɦɚɬɪɢɰ 

k
H ,   nk ,...,2,1 , ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:
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Ɍɚɤ, ɩɪɢ ɭɩɨɪɹɞɨɱɟɧɢɢ ɩɨ Ⱥɞɚɦɚɪɭ ɦɚɬɪɢɰɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ ɞɥɹ ɫɢɫɬɟɦɵ ɢɡ ɜɨɫɶɦɢ 
ɮɭɧɤɰɢɣ ɍɨɥɲɚ ɢɦɟɟɬ ɜɢɞ: 


N

W

1     1     1     1     1     1     1     1 

1    -1     1    -1     1    -1     1    -1

1     1    -1    -1     1     1    -1    -1

1    -1    -1     1     1    -1    -1     1

1     1     1   1    -1    -1    -1    -1

1    -1     1    -1    -1     1    -1     1

1     1    -1    -1    -1    -1     1     1

1    -1    -1     1    -1     1     1    -1

ɉɚɪɚɦɟɬɪɵ ɜ ɫɨɨɬɧɨɲɟɧɢɢ (2) ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ ɡɚɞɚɸɬɫɹ ɫɥɟɞɭɸɳɢɦɢ 
ɡɧɚɱɟɧɢɹɦɢ: 

1 ba , (27) 

Ɉɛɥɚɫɬɶ ɡɧɚɱɟɧɢɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɢɦɟɟɬ ɜɢɞ: 

}1,0|),{(
2

 vuvuD ,  (28) 

ɉɟɪɜɵɟ ɜɨɫɟɦɶ ɧɟɩɪɟɪɵɜɧɵɯ ɮɭɧɤɰɢɣ ɍɨɥɲɚ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 5. 

Ɋɢ . 5. ɉɪɢɦɟɪ ɧɟɩɪɟɪɵɜɧɵɯ ɮɭɧɤɰɢɣ ɍɨɥɲɚ 

 Fig. 5. Example of continuous Walsh functions 
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ɉɪɢ ɩɪɢɦɟɧɟɧɢɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ ɩɨɞɨɛɥɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ WH

rr
V

21
(7) ɡɚɞɚɟɬɫɹ

ɩɟɪɟɫɟɱɟɧɢɟɦ ɫɭɛɩɨɥɨɫ 
1r

D ɢ 
2r

G , 

),[
21 111 rr

WH

r
uuD  , (29) 

),[
21 222 rr

WH

r
vvG  . (30) 

10
21 11


rr
uu ,    10

21 22


rr
vv . 

ɉɪɢ ɩɪɢɦɟɧɟɧɢɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ ɩɨɞɨɛɥɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ WH

rr
V

21

ɫɯɟɦɚɬɢɱɧɨ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 6. 

u 

1 

Gr2 

Dr1

2rv

1rv

1 

21rrV
v 

1ru      2ru

Ɋɢ . 6. ɉɨɞɨɛɥɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ WH

rr
V

21

ɩɪɢ ɫɭɛɩɨɥɨɫɧɨɦ ɚɧɚɥɢɡɟ ɢɡɨɛɪɚɠɟɧɢɣ 
ɧɚ ɨɫɧɨɜɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ 

Fig. 6. Subdomain of spatial frequencies 
WH

rr
V

21

in the images subband analysis based 

on Walsh-Hadamard transform 

ɉɪɢ ɚɧɚɥɢɡɟ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ (ɛɚɡɢɫɧɵɟ ɮɭɧɤɰɢɢ ɭɩɨɪɹɞɨɱɟɧɵ 
ɩɨ Ⱥɞɚɦɚɪɭ) ɡɧɚɱɟɧɢɹ ɷɥɟɦɟɧɬɨɜ s

in
a ɫɭɛɢɧɬɟɪɜɚɥɶɧɨɣ ɦɚɬɪɢɰɵ 

1r
A ɜ ɜɵɪɚɠɟɧɢɢ (10) ɞɥɹ ɨɛɥɚɫɬɢ 

1r
D ɜɢɞɚ 

(29) ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ (ɭɱɬɟɦ ɫɢɦɦɟɬɪɢɱɧɨɫɬɶ ɦɚɬɪɢɰɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ
ɩɪɢ ɭɩɨɪɹɞɨɱɟɧɢɢ ɮɭɧɤɰɢɣ ɩɨ Ⱥɞɚɦɚɪɭ, ɚ ɬɚɤɠɟ ɫɨɨɬɧɨɲɟɧɢɹ (27), (28)):

(31) 

ɝɞɟ )1()1(  ni  – ɪɟɡɭɥɶɬɚɬ ɫɥɨɠɟɧɢɹ ɩɨ ɦɨɞɭɥɸ 2 ɧɨɦɟɪɨɜ ɜ ɞɜɨɢɱɧɨɣ ɫɢɫɬɟɦɟ ɱɢɫɟɥ )1( i  ɢ )1( n . 

ɍɱɢɬɵɜɚɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɮɭɧɤɰɢɢ ɍɨɥɲɚ ɹɜɥɹɸɬɫɹ ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɵɦɢ, ɬɨ ɢɧɬɟɝɪɚɥ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ 
ɜɵɪɚɠɟɧɢɹ (31) ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧ ɜ ɜɢɞɟ ɤɨɧɟɱɧɨɣ ɫɭɦɦɵ. Ɍɨɝɞɚ, 

)(
1

0)1()1(

1

22

110

1 nw
N

a
ni

u

un

r

in

r

r



 , (33) 

1
,...,2,1, Nni 

Ⱥɧɚɥɨɝɢɱɧɨ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɫɨɨɬɧɨɲɟɧɢɟ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɡɧɚɱɟɧɢɣ ɷɥɟɦɟɧɬɨɜ ɫɭɛɢɧɬɟɪɜɚɥɶɧɨɣ ɦɚɬɪɢɰɵ 

2r
B  ɩɪɢ ɚɧɚɥɢɡɟ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ. 

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɏɚɚɪɚ ɨɫɧɨɜɚɧɨ ɧɚ ɮɭɧɤɰɢɹɯ ɏɚɚɪɚ )(xhar
i

, ɨɩɪɟɞɟɥɟɧɧɵɯ ɧɚ ɢɧɬɟɪɜɚɥɟ )1,0[x  ɢ 
1,...,1,0  Ni , ɝɞɟ n

N 2 . 

Ȼɚɡɢɫɧɵɟ ɮɭɧɤɰɢɢ ɏɚɚɪɚ ɡɚɞɚɸɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɥɟɞɭɸɳɢɯ ɫɨɨɬɧɨɲɟɧɢɣ:
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N
xhar

1
)(

0
 , )1,0[x , 

 
 















],1,0[,0

,2/,2/)2/1(,2

,2/)2/1(,2/)1(,2
1

)()( 2/

2/

x ɚль  ɯ   ɯ л 
qqx

qqx

N
xhxhar

ppp

ppp

pqi
1,...,2,1  Ni , (34) 

ɝɞɟ qp,  – ɰɟɥɵɟ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɱɢɫɥɚ, 
12  qi

p ,   p
q 21  . 

Ɇɚɬɪɢɰɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɏɚɚɪɚ, ɫɬɪɨɤɢ ɤɨɬɨɪɨɣ ɫɨɫɬɚɜɥɟɧɵ ɢɡ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ ɏɚɚɪɚ, ɩɪɢ 8N  

ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 
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ɉɟɪɜɵɟ ɜɨɫɟɦɶ ɧɟɩɪɟɪɵɜɧɵɯ ɮɭɧɤɰɢɣ ɏɚɚɪɚ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 7. 
ɉɪɢ ɩɪɢɦɟɧɟɧɢɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɏɚɚɪɚ ɩɨɞɨɛɥɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ 

sr
V ɫɨɜɩɚɞɚɟɬ ɫ ɉɉɑ,

ɩɪɢɦɟɧɹɟɦɨɦ ɩɪɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ. 
ɉɪɢ ɚɧɚɥɢɡɟ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɏɚɚɪɚ ɡɧɚɱɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 1r

in
a ɫɭɛɩɨɥɨɫɧɨɣ ɦɚɬɪɢɰɵ 

1r
A ɜ ɜɵɪɚɠɟɧɢɢ (10) ɞɥɹ ɨɛɥɚɫɬɢ 

1r
D ɜɢɞɚ (29) ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:

Ɋɢ . 7. ɉɪɢɦɟɪ ɧɟɩɪɟɪɵɜɧɵɯ ɮɭɧɤɰɢɣ ɏɚɚɪɚ 

Fig. 7. Example of continuous Haar functions 
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22

111

1 uharuharduuharuhara ni

u

uu

ni

Du

r
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  , (35) 

Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɦɨɠɧɨ ɭɤɚɡɚɬɶ ɡɧɚɱɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɫɭɛɢɧɬɟɪɜɚɥɶɧɵɯ ɦɚɬɪɢɰ ɞɥɹ ɞɪɭɝɢɯ 
ɭɧɢɬɚɪɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ ɜ ɪɚɦɤɚɯ ɧɚɭɱɧɨɝɨ ɩɪɨɟɤɬɚ 
№ 15-07-01570-ɚ. 
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ɞɨɤɬɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ 

ɑɟɪɧɨɦɨɪɟɰ Ⱥɧɞɪɟɣ Ⱥɥɟɤɫɟɟɜɢɱ, ɩɪɨɮɟɫɫɨɪ ɤɚɮɟɞɪɵ ɩɪɢɤɥɚɞɧɨɣ ɢɧɮɨɪɦɚɬɢɤɢ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 
ɬɟɯɧɨɥɨɝɢɣ, ɤɚɧɞɢɞɚɬ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ 

Ȼɨɥɝɨɜɚ ȿɜɝɟɧɢɹ ȼɢɬɚɥɶɟɜɧɚ, ɚɫɩɢɪɚɧɬ ɤɚɮɟɞɪɵ ɩɪɢɤɥɚɞɧɨɣ ɢɧɮɨɪɦɚɬɢɤɢ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 
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