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Ⱥɧɧɨɬɚɰɢɹ 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɡɥɨɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɚ ɨɩɬɢɦɚɥɶɧɨɣ ɫɭɛɩɨɥɨɫɧɨɣ ɮɢɥɶɬɪɚɰɢɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ 
ɦɢɧɢɦɚɥɶɧɵɣ ɭɪɨɜɟɧɶ ɩɪɨɫɚɱɢɜɚɧɢɹ ɷɧɟɪɝɢɢ ɡɚ ɩɪɟɞɟɥɵ ɜɵɛɪɚɧɧɨɣ ɞɥɹ ɮɢɥɶɬɪɚɰɢɢ 
ɩɨɞɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ.  
ȼ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɷɧɟɪɝɢɹ ɜɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, ɫɨɫɪɟɞɨɬɨɱɟɧɧɚɹ ɜɧɟ 
ɜɵɛɪɚɧɧɨɣ ɩɨɞɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ, ɜɥɢɹɟɬ ɧɚ ɜɵɯɨɞɧɭɸ ɱɚɫɬɨɬɧɵɯ 
ɮɢɥɶɬɪɨɜ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ȾɉɎ, ɜ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ, ɱɟɦ ɧɚ 
ɪɟɡɭɥɶɬɚɬ, ɩɨɥɭɱɟɧɧɵɣ ɧɚ ɨɫɧɨɜɚɧɢɢ ɦɟɬɨɞɚ ɨɩɬɢɦɚɥɶɧɨɣ ɮɢɥɶɬɪɚɰɢɢ. Ⱦɚɧɧɨɟ ɜɥɢɹɧɢɟ 
ɩɪɨɹɜɥɹɟɬɫɹ ɤɚɤ ɧɚ ɝɪɚɮɢɤɚɯ ɡɧɚɱɟɧɢɣ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɧɬ Ɏɭɪɶɟ, ɬɚɤ ɢ ɧɚ 
ɢɡɨɛɪɚɠɟɧɢɹɯ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɮɢɥɶɬɪɚɰɢɢ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɢɡɨɛɪɚɠɟɧɢɟ; ɨɩɬɢɦɚɥɶɧɚɹ ɮɢɥɶɬɪɚɰɢɹ; ɬɪɚɧɫɮɨɪɦɚɧɬɚ Ɏɭɪɶɟ; 
ɩɨɞɨɛɥɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ. 
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Abstract  
The paper presents the results of experimental studies of the effectiveness of the optimal subband 

method. This method allows to achieve the minimal level of energy leakage out of the subdomain 

of spatial frequencies selected for filtration.  
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The experiments show that the energy of the input image, being out of the selected subdomain of 

spatial frequencies, affects in a greater degree the output sequence of frequency filters based on 

DFT than the results based on the optimal filtration method. This influence is evident both on the 

graphs of corresponding Fourier transforms, and on the images obtained as a result of filtering. 

Keywords: image; optimal filtration; Furie transform; subdomain of spatial frequencies. 

Вɜɟɞɟɧɢɟ 

Ɉɞɧɨ ɢɡ ɧɚɩɪɚɜɥɟɧɢɣ ɢɧɬɟɧɫɢɜɧɨɝɨ ɪɚɡɜɢɬɢɹ 
ɫɨɜɪɟɦɟɧɧɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-

ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɬɟɧɞɟɧɰɢɟɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚɢɛɨɥɟɟ 
ɟɫɬɟɫɬɜɟɧɧɵɯ ɞɥɹ ɱɟɥɨɜɟɤɚ ɮɨɪɦ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɨɛɦɟɧɚ, ɢ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɜ ɜɢɞɟ 

ɜɢɡɭɚɥɶɧɵɯ ɞɚɧɧɵɯ. Ɉɛɪɚɛɨɬɤɚ ɢɡɨɛɪɚɠɟɧɢɣ 
ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ. ɋɭɳɟɫɬɜɭɸɳɢɟ ɜ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɟɬɨɞɵ ɜɵɞɟɥɟɧɢɹ (ɮɢɥɶɬɪɚɰɢɢ) 
ɡɧɚɱɢɦɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɬɞɟɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬ 
ɢɡɨɛɪɚɠɟɧɢɹ, ɧɟɤɨɬɨɪɵɯ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɫɬɪɭɤɬɭɪ 
ɢɡɨɛɪɚɠɟɧɢɣ ɧɟ ɹɜɥɹɸɬɫɹ ɨɩɬɢɦɚɥɶɧɵɦɢ ɫ ɬɨɱɤɢ 
ɡɪɟɧɢɹ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɬɪɚɫɮɨɪɦɚɧɬ Ɏɭɪɶɟ ɜ 
ɡɚɞɚɧɧɨɣ ɩɨɞɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ 
(ɉɉɑ), ɜ ɤɨɬɨɪɵɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɮɢɥɶɬɪɚɰɢɢ. 
ɉɨɷɬɨɦɭ ɚɤɬɭɚɥɶɧɨɣ ɩɪɨɛɥɟɦɨɣ ɹɜɥɹɟɬɫɹ 
ɫɨɡɞɚɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɢ ɦɟɬɨɞɨɜ 
ɮɢɥɶɬɪɚɰɢɢ, ɩɨɡɜɨɥɹɸɳɢɯ ɚɞɟɤɜɚɬɧɨ ɭɱɢɬɵɜɚɬɶ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɡɨɛɪɚɠɟɧɢɣ ɜ 
ɜɵɛɪɚɧɧɨɣ ɩɨɞɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ. 
ȼ ɪɚɛɨɬɟ Д1Ж ɪɚɡɪɚɛɨɬɚɧ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧ 
ɧɨɜɵɣ ɦɟɬɨɞ ɨɩɬɢɦɚɥɶɧɨɣ ɥɢɧɟɣɧɨɣ ɮɢɥɶɬɪɚɰɢɢ 
ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɱɚɫɬɨɬɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ, 
ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɨɩɬɢɦɚɥɶɧɵɦ ɜ ɬɨɦ ɫɦɵɫɥɟ, ɱɬɨ 
ɫɩɟɤɬɪ ɩɨɥɭɱɚɟɦɨɝɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɮɢɥɶɬɪɚɰɢɢ 
ɢɡɨɛɪɚɠɟɧɢɹ ɢɦɟɟɬ ɧɚɢɦɟɧɶɲɟɟ 
ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɫɩɟɤɬɪɚ 
ɮɢɥɶɬɪɭɟɦɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɡɚɞɚɧɧɨɣ 
ɞɜɭɦɟɪɧɨɣ ɩɨɞɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ, 
ɚ ɜɧɟ ɷɬɨɣ ɩɨɞɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ 
ɢɦɟɟɬ ɧɚɢɦɟɧɶɲɟɟ ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɧɭɥɹ. ȼ ɪɚɛɨɬɟ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɟɬɨɞɚ 
ɨɩɬɢɦɚɥɶɧɨɣ ɮɢɥɶɬɪɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɨɫɧɨɜɟ 
ɱɚɫɬɨɬɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɜ ɡɚɞɚɧɧɨɣ ɩɨɞɨɛɥɚɫɬɢ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɧɚ ɩɪɢɦɟɪɟ ɦɨɞɟɥɶɧɵɯ 
ɢɡɨɛɪɚɠɟɧɢɣ. 

Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɦɟɬɨɞɚ 
ɨɩɬɢɦɚɥɶɧɨɣ ɮɢɥɶɬɪɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ 
ɨɫɧɨɜɟ ɱɚɫɬɨɬɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ 

Ɉ ɱɚɫɬɨɬɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɢɹɯ ɩɪɢ ɨɛɪɚɛɨɬɤɟ 
ɢɡɨɛɪɚɠɟɧɢɣ Д2Ж ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ, ɩɨɫɤɨɥɶɤɭ 
ɢɡɨɛɪɚɠɟɧɢɟ, ɤɚɤ ɮɭɧɤɰɢɹ ɫ ɤɨɧɟɱɧɨɣ ɢɥɢ 

ɧɟɨɝɪɚɧɢɱɟɧɧɨɣ ɨɛɥɚɫɬɶɸ ɨɩɪɟɞɟɥɟɧɢɹ, ɦɨɠɟɬ 
ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɜɢɞɟ ɫɭɦɦɵ ɫɢɧɭɫɨɜ ɢ 
ɤɨɫɢɧɭɫɨɜ ɪɚɡɥɢɱɧɵɯ ɱɚɫɬɨɬ, ɭɦɧɨɠɟɧɧɵɯ ɧɚ 
ɧɟɤɨɬɨɪɵɟ ɜɟɫɨɜɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ 
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ɝɞɟ ),( vuF  – ɡɧɚɱɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɧɬɵ Ɏɭɪɶɟ
ɮɭɧɤɰɢɢ  

)1()1(

1 1

),( 

 
 kjviju

ik

M

i

N

k

eefvuF , u = 1,2,…,M, 

v= 1,2,…,N.      (2) 

Ɇɟɬɨɞ ɨɩɬɢɦɚɥɶɧɨɣ ɮɢɥɶɬɪɚɰɢɢ 
ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɱɚɫɬɨɬɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ 
Д1,3Ж ɩɨɡɜɨɥɹɟɬ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ Y 

ɮɢɥɶɬɪɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɹ Ɏ=(fik), i=1,2,…,M, 

k=1,2,…,N, ɜ ɱɚɫɬɨɬɧɨɣ ɞɜɭɦɟɪɧɨɣ ɨɛɥɚɫɬɢ  

ɩɨɫɬɪɨɢɬɶ ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɩɪɨɰɟɞɭɪɭ, ɧɟ 
ɜɵɱɢɫɥɹɹ ɩɪɢ ɷɬɨɦ ɬɪɚɧɫɮɨɪɦɚɧɬɭ Ɏɭɪɶɟ. Ⱦɥɹ 
ɮɢɥɶɬɪɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ ɩɪɟɞɥɨɠɟɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɥɟɞɭɸɳɢɣ ɜɚɪɢɚɰɢɨɧɧɵɣ 
ɩɪɢɧɰɢɩ: ɬɪɚɧɫɮɨɪɦɚɧɬɚ Ɏɭɪɶɟ Z(u,v) ɪɟɡɭɥɶɬɚɬɚ 
ɮɢɥɶɬɪɚɰɢɢ Y, ɹɜɥɹɟɬɫɹ ɨɩɬɢɦɚɥɶɧɨɣ ɜ ɫɦɵɫɥɟ 
ɟɜɤɥɢɞɨɜɨɣ ɧɨɪɦɵ ɟɟ ɨɬɤɥɨɧɟɧɢɹ ɜ ɡɚɞɚɧɧɨɣ 
ɩɨɞɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ  ɨɬ 
ɬɪɚɧɫɮɨɪɦɚɧɬɵ Ɏɭɪɶɟ F(u,v) ɢɫɯɨɞɧɨɝɨ 
ɢɡɨɛɪɚɠɟɧɢɹ Ɏ ɢ ɨɬ ɧɭɥɹ – ɜɧɟ ɞɚɧɧɨɣ ɉɉɑ, ɬ.ɟ.  


),(

2
),(),(

vu

dudvvuZvuF

min),(
),(

2  
vu

dudvvuZ . (3) 

ɍɤɚɡɚɧɧɨɦɭ ɜɚɪɢɚɰɢɨɧɧɨɦɭ ɩɪɢɧɰɢɩɭ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɥɟɞɭɸɳɟɟ ɢɡɨɛɪɚɠɟɧɢɟ Y 

BAY
T  , (4) 

ɝɞɟ ɦɚɬɪɢɰɵ A=(ai1i2), i1,i2=1,2,…,M, ɢ B=(bk1k2), 

k1,k2=1,2,…,N (ɫɭɛɩɨɥɨɫɧɵɟ ɦɚɬɪɢɰɵ Д2Ж), 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɨɨɬɧɨɲɟɧɢɹɦɢ 



Zhilyakov E.G., Chernomorets A.A., Bolgova E.V., Goloschapova V.A. On the method of optimal 

subband filtration // ʠˈ˕ˈ˅ˑˌ ˉ˖рːаˎ «На˖˚ː˞ˌ рˈˊ˖ˎ˟˕а˕».  
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Ɂɧɚɱɟɧɢɹ 
  2121 ,,,0     (6) 

ɡɚɞɚɸɬ ɝɪɚɧɢɰɵ ɩɨɞɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ 
ɱɚɫɬɨɬ . 

ȼɚɠɧɵɦ ɫɜɨɣɫɬɜɨɦ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɬɚɤɢɦ 
ɨɛɪɚɡɨɦ ɪɟɡɭɥɶɬɚɬɚ ɮɢɥɶɬɪɚɰɢɢ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ 
ɭɤɚɡɚɧɧɵɣ ɦɟɬɨɞ ɧɟ ɞɨɩɭɫɤɚɟɬ ɪɚɫɬɟɤɚɧɢɹ 
ɷɧɟɪɝɢɢ ɞɜɭɦɟɪɧɨɝɨ ɫɢɝɧɚɥɚ ɡɚ ɩɪɟɞɟɥɵ ɡɚɞɚɧɧɨɣ 
ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ. 

Кɨɧɰɟɩɬɭɚɥɶɧɵɟ ɨɫɧɨɜɵ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ȼ ɯɨɞɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 
ɩɪɨɜɨɞɢɥɫɹ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɨɰɟɧɤɢ ɞɨɥɢ 
ɷɧɟɪɝɢɢ ɢɡɨɛɪɚɠɟɧɢɹ 

OptY , ɩɨɥɭɱɟɧɧɨɝɨ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɨɩɬɢɦɚɥɶɧɨɣ ɮɢɥɶɬɪɚɰɢɢ, 

22

2

)(
1

)(

Opt

Opt

Opt

OptOpt

Opt

Y

YP

Y

YPY 
 


 , (7) 

ɝɞɟ 
2

OptY –ɷɧɟɪɝɢɹ ɢɡɨɛɪɚɠɟɧɢɹ OptY  ɜ ɨɛɥɚɫɬɢ 
ɨɩɪɟɞɟɥɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɧɬɵ Ɏɭɪɶɟ, 

)( OptYP  – ɞɨɥɹ ɷɧɟɪɝɢɢ ɢɡɨɛɪɚɠɟɧɢɹ
OptY ɜ 

ɩɨɞɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ , 

ɨɩɪɟɞɟɥɹɟɦɚɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɨɨɬɧɨɲɟɧɢɹ 
)()( T

OptOpt

T

Opt YBYAtrecYP   . (8) 

ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 
ɢɡɨɛɪɚɠɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ 
ɢɡɜɟɫɬɧɵɯ ɱɚɫɬɨɬɧɵɯ ɮɢɥɶɬɪɨɜ Д4Ж: 

– ɢɞɟɚɥɶɧɵɣ ɮɢɥɶɬɪ (ɪɟɡɭɥɶɬɚɬ ɮɢɥɶɬɪɚɰɢɢ
IdealY ), 
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,,,,,,1
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   (9) 

– ɮɢɥɶɬɪ Ȼɚɬɬɟɪɜɨɪɬɚ ɩɨɪɹɞɤɚ n=2 (ɪɟɡɭɥɶɬɚɬ
ɮɢɥɶɬɪɚɰɢɢ ButterwY ), 
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D

vuD
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vuD
vuH
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 , (10) 

ɝɞɟ 0D  – ɱɚɫɬɨɬɚ ɫɪɟɡɚ, ),(1 vuD , ),(2 vuD  – 

ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɬɨɱɤɨɣ ),( vu  ɢ ɨɫɹɦɢ 
ɫɢɦɦɟɬɪɢɢ 21, ll  ɮɢɥɶɬɪɚ, 

– Ƚɚɭɫɫɨɜ ɮɢɥɶɬɪ (ɪɟɡɭɥɶɬɚɬ ɮɢɥɶɬɪɚɰɢɢ
GaussianY ), 
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ɝɞɟ 0D  – ɱɚɫɬɨɬɚ ɫɪɟɡɚ, ),(1 vuD , ),(2 vuD  – 

ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɬɨɱɤɨɣ ),( vu  ɢ ɨɫɹɦɢ 
ɫɢɦɦɟɬɪɢɢ 21, ll  ɮɢɥɶɬɪɚ. 

ɉɨɫɬɪɨɟɧɢɟ ɮɢɥɶɬɪɨɜ ɨɫɭɳɟɫɬɜɥɟɧɨ ɧɚ 
ɨɫɧɨɜɚɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɩɨɞɨɛɥɚɫɬɢ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ, ɜ ɤɨɬɨɪɨɣ ɜɵɩɨɥɧɹɥɚɫɶ 
ɨɩɬɢɦɚɥɶɧɚɹ ɮɢɥɶɬɪɚɰɢɹ Д5,6Ж.  

ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɨɰɟɧɤɢ ɞɨɥɢ ɷɧɟɪɝɢɢ 
ɪɟɡɭɥɶɬɚɬɨɜ ɮɢɥɶɬɪɚɰɢɢ (ɢɡɨɛɪɚɠɟɧɢɹ IdealY , 

ButterwY , GaussianY ), ɤɨɬɨɪɚɹ ɫɨɫɪɟɞɨɬɨɱɟɧɚ ɜɧɟ 
ɜɵɛɪɚɧɧɨɣ ɩɨɞɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ 
, ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ 

2
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  , (12) 
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1
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Y

YP
  . (14) 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɜɵɱɢɫɥɟɧɢɹ ɤɚɤ ɨɬɧɨɫɢɬɟɥɶɧɨɣ 
ɞɨɥɢ «ɩɪɨɫɚɱɢɜɚɧɢɹ» ɷɧɟɪɝɢɢ ɡɚ ɩɪɟɞɟɥɵ 
ɩɨɞɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɨɤɚɡɚɥɢɫɶ 
ɞɨɫɬɭɩɧɵɦɢ, ɛɥɚɝɨɞɚɪɹ ɪɚɡɪɚɛɨɬɚɧɧɨɦɭ ɜ Д1Ж 
ɦɟɬɨɞɭ ɜɵɱɢɫɥɟɧɢɹ ɞɨɥɟɣ ɷɧɟɪɝɢɢ (8).  

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɛɨɥɶɲɟɣ ɧɚɝɥɹɞɧɨɫɬɢ ɩɪɢ 
ɨɰɟɧɢɜɚɧɢɢ ɪɚɡɥɢɱɢɣ ɨɩɬɢɦɚɥɶɧɨɣ ɮɢɥɶɬɪɚɰɢɢ ɢ 
ɮɢɥɶɬɪɚɰɢɢ c ɩɨɦɨɳɶɸ ɢɡɜɟɫɬɧɵɯ ɮɢɥɶɬɪɨɜ 
ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɟɫɬɟɫɬɜɟɧɧɵɦ ɩɨɫɬɪɨɢɬɶ ɝɪɚɮɢɤɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɵɯɨɞɧɵɯ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɮɢɥɶɬɪɨɜ.  

ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɜ ɪɚɛɨɬɟ ɜɵɩɨɥɧɟɧ, 
ɢɫɫɥɟɞɭɹ ɩɚɪɚɦɟɬɪɵ ɮɢɥɶɬɪɨɜ ɢ ɪɟɡɭɥɶɬɚɬɵ ɢɯ 
ɩɪɢɦɟɧɟɧɢɹ ɜ ɪɚɡɥɢɱɧɵɯ ɩɨɞɨɛɥɚɫɬɹɯ ɞɜɭɦɟɪɧɨɣ 
ɨɛɥɚɫɬɢ (ɩɨɞɨɛɥɚɫɬɢ ɩɨɥɭɱɟɧɵ ɩɪɢ 
ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɡɧɚɱɟɧɢɹɯ ɨɞɧɨɣ ɢɡ ɧɟɡɚɜɢɫɢɦɵɯ 
ɩɟɪɟɦɟɧɧɵɯ ɱɚɫɬɨɬɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ). Ɉɞɧɚɤɨ, 
ɞɚɧɧɵɣ ɮɚɤɬ ɧɟ ɫɧɢɠɚɟɬ ɜɚɠɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɜɢɞɭ ɢɡɜɟɫɬɧɨɝɨ ɫɜɨɣɫɬɜɚ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ (ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ 



Zhilyakov E.G., Chernomorets A.A., Bolgova E.V., Goloschapova V.A. On the method of optimal 

subband filtration // ʠˈ˕ˈ˅ˑˌ ˉ˖рːаˎ «На˖˚ː˞ˌ рˈˊ˖ˎ˟˕а˕».  
ʠˈрˋя «Иː˗ˑрˏа˙ˋˑːː˞ˈ ˕ˈ˘ːˑˎˑˆˋˋ». – ʡ.ͷ, №ͷ, Ͷͷ6. 

61 

ɋɟɪɢɹ ɂɇɎɈɊɆȺɐɂɈɇɇЫȿ ɌȿɏɇɈɅɈȽɂɂ 

INFORMATION TECHNOLOGIES Series 

ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɬɚɤ, ɱɬɨ ɩɟɪɟɦɟɧɧɵɟ ɜ ɧɟɦ 
ɨɤɚɡɵɜɚɸɬɫɹ ɪɚɡɞɟɥɟɧɧɵɦɢ). 

Ɋɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢ-

ɦɟɧɬɨɜ 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɧɚ ɨɫɧɨɜɟ ɨɛɪɚɛɨɬɤɢ 

ɦɨɞɟɥɶɧɵɯ ɫɢɝɧɚɥɨɜ. Ƚɟɧɟɪɢɪɨɜɚɧɢɟ ɡɧɚɱɟɧɢɣ 
ɦɨɞɟɥɶɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ (ɪɢɫ. 1) )( ikf , 

512,...,2,1i , 512,...,2,1k , ɪɚɡɦɟɪɧɨɫɬɶɸ 
512ɯ512 ɩɢɤɫɟɥɟɣ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ 
ɫɨɨɬɧɨɲɟɧɢɹ

)2sin()2sin()2sin()2sin()2sin( 5544332211 kfakfakfakfakfafik   , (15)

512,...,2,1i , 512,...,2,1k , 

ɝɞɟ 
1f 0.0193; 2f 0.0208; 3f 0.0279, 4f 0.0295, 5f 0.0311, 

1a 3.2; 2a 2.9; 3a 3.5, 4a 2.1, 5a 2.2. 

Ɍɚɤɢɟ ɡɧɚɱɟɧɢɹ ɱɚɫɬɨɬ ɩɨɡɜɨɥɹɸɬ ɨɫɭɳɟɫɬɜɢɬɶ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɪɚɡɥɢɱɧɵɯ ɚɫɩɟɤɬɨɜ ɮɢɥɶɬɪɚɰɢɢ ɢ, 
ɩɪɟɠɞɟ ɜɫɟɝɨ, ɜɥɢɹɧɢɣ ɷɧɟɪɝɢɢ ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɡɚ 
ɩɪɟɞɟɥɚɦɢ ɩɨɞɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ 

ɧɚ ɟɟ ɪɟɡɭɥɶɬɚɬɵ. 

Ɏɢɥɶɬɪɚɰɢɹ ɦɨɞɟɥɶɧɨɝɨ ɫɢɝɧɚɥɚ (15) ɧɚ 
ɨɫɧɨɜɚɧɢɢ ɦɟɬɨɞɚ ɨɩɬɢɦɚɥɶɧɨɣ ɮɢɥɶɬɪɚɰɢɢ 
ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɱɚɫɬɨɬɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ 

ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɜ ɫɥɟɞɭɸɳɟɣ ɩɨɞɨɛɥɚɫɬɢ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ: 

 )1(),1(,,0: 02201121  iii  , (16) 

i=1,2,…,15, 
ɝɞɟ   – ɜɟɥɢɱɢɧɚ ɫɦɟɳɟɧɢɹ ɝɪɚɧɢɰ ɨɱɟɪɟɞɧɨɣ 
ɉɉɑ. 

ɚ ɛ 

Ɋɢɫ. 1. Ɇɨɞɟɥɶɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ: ɚ – ɜ ɜɢɞɟ ɢɡɨɛɪɚɠɟɧɢɹ, ɛ – ɩɪɨɮɢɥɶ 

Fig. 1. Model image: a – in the form of images, b – profile 

ȼ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ 
ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɝɪɚɧɢɰ ɩɨɞɨɛɥɚɫɬɢ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ 

01 0.035, 02 0.04,  0.0025.   (17) 

ȼ ɬɚɛɥɢɰɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɧɚɱɟɧɢɹ ɞɨɥɟɣ 
ɷɧɟɪɝɢɢ ɜɵɯɨɞɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɢ ɞɪɭɝɢɯ ɚɧɚɥɢɡɢɪɭɟɦɵɯ ɮɢɥɶɬɪɨɜ, 
ɧɚɯɨɞɹɳɢɯɫɹ ɜɧɟ ɡɚɞɚɧɧɨɣ ɩɨɞɨɛɥɚɫɬɢ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ, ɜɵɱɢɫɥɟɧɧɵɟ ɫɨɝɥɚɫɧɨ 
(7), (12)-(14). 

Ʉɚɤ ɩɨɤɚɡɚɧɨ ɜ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɜɵɯɨɞɧɚɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɨɩɬɢɦɚɥɶɧɨɝɨ ɮɢɥɶɬɪɚ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɨɥɶɤɨ ɬɪɚɧɫɮɨɪɦɚɧɬɨɣ Ɏɭɪɶɟ ɜ 
ɜɵɛɪɚɧɧɨɣ ɩɨɞɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ. ȼ 
ɨɬɥɢɱɢɟ ɨɬ ɷɬɨɝɨ, ɧɚ ɜɵɯɨɞɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 
ɢɞɟɚɥɶɧɨɝɨ, Ƚɚɭɫɫɨɜɚ ɮɢɥɶɬɪɨɜ ɢ ɮɢɥɶɬɪɚ 
Ȼɚɬɬɟɪɜɨɪɬɚ ɜɥɢɹɟɬ ɷɧɟɪɝɢɹ ɜɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, 
ɫɨɫɪɟɞɨɬɨɱɟɧɧɚɹ ɜɧɟ ɜɵɛɪɚɧɧɨɣ ɩɨɞɨɛɥɚɫɬɢ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ. ɗɬɨ ɪɚɡɥɢɱɢɟ ɥɟɝɤɨ 
ɨɛɧɚɪɭɠɢɬɶ ɧɚ ɪɢɫ. 2, ɧɚ ɤɨɬɨɪɨɦ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɚɛɫɨɥɸɬɧɵɟ ɡɧɚɱɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɧɬ Ɏɭɪɶɟ 
ɜɵɯɨɞɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɨɩɬɢɦɚɥɶɧɨɝɨ ɢ 
ɞɪɭɝɢɯ ɮɢɥɶɬɪɨɜ. 
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Ɍɚɛɥɢɰɚ 1 

Ɉɰɟɧɤɚ ɞɨɥɟɣ ɷɧɟɪɝɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɮɢɥɶɬɪɚɰɢɢ ɜɧɟ ɩɨɞɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ  
Table 1 

Estimation of the energy share of filtered results outside the subdomain of spatial frequencies  

№ 
Ƚɪɚɧɢɰɵ ɉɉɑ  

Opt Ideal Butterw Gaussian
1  2

1 0.035 0.04 0.13211 0.28323 0.27313 0.27189 

2 0.0375 0.0425 0.3492 0.30822 0.31119 0.31036 

3 0.04 0.045 0.13101 0.55406 0.55503 0.55472 

4 0.0425 0.0475 0.34099 0.72638 0.55996 0.60419 

5 0.045 0.05 0.41356 0.86981 0.87022 0.87001 

6 0.0475 0.0525 0.23196 0.56816 0.57263 0.57082 

7 0.05 0.055 0.34246 0.58755 0.6305 0.62484 

8 0.0525 0.0575 0.12423 0.22294 0.22436 0.22396 

9 0.055 0.06 0.33214 0.63152 0.6312 0.63129 

10 0.0575 0.0625 0.40426 0.85964 0.7762 0.8095 

11 0.06 0.065 0.1968 0.41986 0.4204 0.42016 

12 0.0625 0.0675 0.24863 0.57319 0.57095 0.57158 

13 0.065 0.07 0.4328 0.92163 0.92157 0.92155 

14 0.0675 0.0725 0.47163 0.69156 0.69313 0.69208 

15 0.07 0.075 0.20767 0.7969 0.68474 0.7815 

Ⱦɚɥɟɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɮɢɥɶɬɪɚɰɢɢ ɦɨɞɟɥɶɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ (ɪɢɫ. 1) ɜ ɩɨɞɨɛɥɚɫɬɢ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ 

  21 ,0{: , 1  0.04, 2  0.045 }. 

Ɋɢɫ. 2. Ɍɪɚɧɫɮɨɪɦɚɧɬɵ Ɏɭɪɶɟ (ɚɛɫɨɥɸɬɧɵɟ ɡɧɚɱɟɧɢɹ) ɜ ɩɨɞɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ 1=0, 2=, 1  0.04, 

2 0.045 ɩɪɢ u=0.22: – ɢɫɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ; ɜɵɯɨɞɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɮɢɥɶɬɪɨɜ:

– ɨɩɬɢɦɚɥɶɧɵɣ, – ɢɞɟɚɥɶɧɵɣ, – Ȼɚɬɬɟɪɜɨɪɬɚ, – Ƚɚɭɫɫɨɜ
Fig. 2. Fourier transforms (absolute values) in a subdomain of spatial frequencies 1=0, 2=, 1 0.04, 2 0.045 at 

u=0.22:  - original image; output sequences of filters: – optimal, – ideal,  – 

Butterworth, – Gaussian
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ɇɚ ɪɢɫ. 2 ɩɪɢɜɟɞɟɧɵ ɚɛɫɨɥɸɬɧɵɟ ɡɧɚɱɟɧɢɹ 
ɬɪɚɧɫɮɨɪɦɚɧɬ Ɏɭɪɶɟ ɩɪɢ u=0.22, v[0.03, 

0.075Ж ɢɫɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɪɟɡɭɥɶɬɚɬɨɜ 
ɮɢɥɶɬɪɚɰɢɢ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɢ ɞɪɭɝɢɯ ɮɢɥɶɬɪɨɜ ɜ ɡɚɞɚɧɧɨɣ 
ɩɨɞɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ . 

ɇɚ ɪɢɫ. 3 ɜɥɢɹɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɷɧɟɪɝɢɢ 
ɢɫɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɣ ɜɧɟ 

ɜɵɛɪɚɧɧɨɣ ɩɨɞɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ 
ɭ ɟɟ ɥɟɜɨɣ ɝɪɚɧɢɰɵ (ɪɢɫ. 2), ɩɪɨɹɜɥɹɟɬɫɹ ɜ 
ɧɚɥɢɱɢɢ ɫɭɳɟɫɬɜɟɧɧɵɯ ɢɡɦɟɧɟɧɢɣ ɹɪɤɨɫɬɢ 
ɩɢɤɫɟɥɟɣ ɢɡɨɛɪɚɠɟɧɢɣ (ɪɢɫ. 3ɜ, 3ɞ, 3ɠ), 
ɹɜɥɹɸɳɢɯɫɹ ɪɟɡɭɥɶɬɚɬɚɦɢ ɮɢɥɶɬɪɚɰɢɢ ɫ 
ɩɨɦɨɳɶɸ ɮɢɥɶɬɪɨɜ, ɨɬɥɢɱɧɵɯ ɨɬ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɮɢɥɶɬɪɚ, ɢ ɜ ɧɚɥɢɱɢɢ ɛɢɟɧɢɣ ɧɚ ɝɪɚɮɢɤɚɯ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɪɨɮɢɥɟɣ ɢɡɨɛɪɚɠɟɧɢɣ.

 ɚ  ɛ 

 ɜ  ɝ 

ɞ   ɟ 

 ɠ  ɡ 
Ɋɢɫ. 3. Ɋɟɡɭɥɶɬɚɬɵ ɮɢɥɶɬɪɚɰɢɢ (ɢɡɨɛɪɚɠɟɧɢɟ ɢ ɩɪɨɮɢɥɶ) ɧɚ ɨɫɧɨɜɚɧɢɢ ɮɢɥɶɬɪɨɜ: ɚ, ɛ – ɨɩɬɢɦɚɥɶɧɵɣ; ɜ, ɝ – 

ɢɞɟɚɥɶɧɵɣ; ɞ, ɟ – Ȼɚɬɬɟɪɜɨɪɬɚ,  ɠ, ɡ – Ƚɚɭɫɫɨɜ 

Fig. 3. The filter results (image and profile) based on the filters: 

a, b – optimal; ɫ, d – ideal; e, f Butterworth; g, h – Gaussian 

Вɵɜɨɞɵ 

Ɋɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 
ɤɚɤ ɫ ɦɨɞɟɥɶɧɵɦɢ ɢɡɨɛɪɚɠɟɧɢɹɦɢ, ɬɚɤ ɢ ɫ 
ɪɟɚɥɶɧɵɦɢ ɮɨɬɨɫɧɢɦɤɚɦɢ ɜ ɰɢɮɪɨɜɨɦ ɜɢɞɟ 

ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɞɨɥɢ 
«ɩɪɨɫɚɱɢɜɚɧɢɹ» ɷɧɟɪɝɢɢ ɡɚ ɩɪɟɞɟɥɵ ɭɤɚɡɚɧɧɨɣ 
ɩɨɞɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɭ ɜɵɯɨɞɧɵɯ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɱɚɫɬɨɬɧɵɯ ɮɢɥɶɬɪɨɜ, 
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ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ȾɉɎ, ɫɭɳɟɫɬɜɟɧɧɨ 
ɛɨɥɶɲɟ, ɱɟɦ ɭ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ. 

ȼ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɷɧɟɪɝɢɹ 
ɜɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, ɫɨɫɪɟɞɨɬɨɱɟɧɧɚɹ ɜɧɟ 
ɜɵɛɪɚɧɧɨɣ ɩɨɞɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ, 
ɜɥɢɹɟɬ ɧɚ ɜɵɯɨɞɧɭɸ ɱɚɫɬɨɬɧɵɯ ɮɢɥɶɬɪɨɜ, 
ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ȾɉɎ, ɜ ɡɧɚɱɢɬɟɥɶɧɨ 
ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ, ɱɟɦ ɧɚ ɪɟɡɭɥɶɬɚɬ, ɩɨɥɭɱɟɧɧɵɣ 
ɧɚ ɨɫɧɨɜɚɧɢɢ ɦɟɬɨɞɚ ɨɩɬɢɦɚɥɶɧɨɣ ɮɢɥɶɬɪɚɰɢɢ. 
Ⱦɚɧɧɨɟ ɜɥɢɹɧɢɟ ɩɪɨɹɜɥɹɟɬɫɹ ɤɚɤ ɧɚ ɝɪɚɮɢɤɚɯ 
ɡɧɚɱɟɧɢɣ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɧɬ Ɏɭɪɶɟ, 
ɬɚɤ ɢ ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɮɢɥɶɬɪɚɰɢɢ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ 
ɊФФИ 15-07-01570 (ɋɭɛɩɨɥɨɫɧɚя ɫɤɪɵɬɧɚя 
ɢɧɬɟɝɪɚɰɢя/ɢɡɜɥɟɱɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ ɜ ɚɭɞɢɨ ɢɥɢ ɜɢɞɟɨ ɤɨɧɬɟɧɬɚɯ). 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. ɀɢɥɹɤɨɜ ȿ.Ƚ., ɑɟɪɧɨɦɨɪɟɰ Ⱥ.Ⱥ. 
ȼɚɪɢɚɰɢɨɧɧɵɟ ɚɥɝɨɪɢɬɦɵ ɚɧɚɥɢɡɚ ɢ ɨɛɪɚɛɨɬɤɢ 
ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɱɚɫɬɨɬɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ. 
Ȼɟɥɝɨɪɨɞ: ɂɡɞɚɬɟɥɶɫɬɜɨ ȻɟɥȽɍ, 2008. 146 c. 
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