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ɆɈȾɂɎɂɐɂɊɈȼȺɇɇɕɃ ɆȿɌɈȾ ɄɅȺɋɌȿɊɂɁȺɐɂɂ X -ɋɊȿȾɇɂɏ ȼ ɁȺȾȺɑȺɏ 
ɋȿȽɆȿɇɌȺɐɂə ɂɁɈȻɊȺɀȿɇɂɃ 

Аɧɧɨɬаɰɢɹ. ɉɪɟɞɥɨɠɟɧ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɦɚɬɪɢɱɧɵɣ ɦɟɬɨɞ ɤɥɚɫɬɟɪɢɡɚɰɢɢ X -ɫɪɟɞɧɢɯ ɞɥɹ ɪɟɲɟɧɢɹ 
ɡɚɞɚɱɢ ɫɟɝɦɟɧɬɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ ɜ ɨɱɟɧɶ ɛɨɥɶɲɢɯ ɛɚɡɚɯ ɞɚɧɧɵɯ. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɩɨɞɯɨɞɚ ɹɜɥɹ-
ɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɦɚɬɪɢɱɧɵɯ ɫɢɝɧɚɥɨɜ ɜ ɨɬɫɭɬɫɬɜɢɢ ɢɧɮɨɪɦɚɰɢɢ ɨ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɚɯ ɫɚɦɢɯ ɫɢɝɧɚɥɨɜ, ɚ ɬɚɤɠɟ ɱɢɫɥɚ ɤɥɚɫɬɟɪɨɜ, ɤɨɬɨɪɨɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɚɧɚɥɢɡɚ 
ɢɫɯɨɞɧɨɝɨ ɦɚɫɫɢɜɚ ɞɚɧɧɵɯ. 

Кɥɸɱɟɜɵɟ ɫɥɨɜа: ɋɟɝɦɟɧɬɚɰɢɹ ɡɨɛɪɚɠɟɧɢɣ, ɦɟɬɨɞɵ ɤɥɚɫɬɟɪɢɡɚɰɢɢ, ɨɱɟɧɶ ɛɨɥɶɲɢɟ ɛɚɡɵ ɞɚɧɧɵɯ, ɦɚɬɪɢ-
ɱɧɵɟ ɦɨɞɢɮɢɤɚɰɢɢ ɦɟɬɨɞɨɜ, ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
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ɁɈȻɊȺɀȿɇɖ 

Аɧɨɬаɰіɹ. Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɦɨɞɢɮɿɤɨɜɚɧɢɣ ɦɚɬɪɢɱɧɢɣ ɦɟɬɨɞ ɤɥɚɫɬɟɪɢɡɚɰɿʀ X -ɫɟɪɟɞɧɿɯ ɞɥɹ ɜɢɪɿɲɟɧɧɹ ɡɚ-
ɞɚɱɿ ɫɟɝɦɟɧɬɚɰɿʀ ɡɨɛɪɚɠɟɧɶ ɜ ɞɭɠɟ ɜɟɥɢɤɢɯ ɛɚɡɚɯ ɞɚɧɢɯ. Ɉɫɨɛɥɢɜɿɫɬɸ ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɩɿɞɯɨɞɭ є ɦɨɠɥɢɜɿɫɬɶ 
ɨɛɪɨɛɤɢ ɦɚɬɪɢɱɧɢɯ ɫɢɝɧɚɥɿɜ ɭ ɜɿɞɫɭɬɧɨɫɬɿ ɿɧɮɨɪɦɚɰɿʀ ɩɪɨ ɫɬɚɬɢɫɬɢɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɚɦɢɯ ɫɢɝɧɚɥɿɜ, ɚ ɬɚ-
ɤɨɠ ɱɢɫɥɚ ɤɥɚɫɬɟɪɿɜ, ɹɤɟ ɚɜɬɨɦɚɬɢɱɧɨ ɜɢɡɧɚɱɚєɬɶɫɹ ɜ ɩɪɨɰɟɫɿ ɚɧɚɥɿɡɭ ɜɢɯɿɞɧɨɝɨ ɦɚɫɢɜɭ ɞɚɧɢɯ. 

Кɥɸɱɨɜі ɫɥɨɜа: ɋɟɝɦɟɧɬɚɰɿɹ ɡɛɟɪɟɠɟɧɢɣ, ɦɟɬɨɞɢ ɤɥɚɫɬɟɪɢɡɚɰɿʀ, ɞɭɠɟ ɜɟɥɢɤɿ ɛɚɡɢ ɞɚɧɢɯ, ɦɚɬɪɢɱɧɿ ɦɨɞɢ-
ɮɿɤɚɰɿʀ ɦɟɬɨɞɿɜ, ɫɬɚɬɢɫɬɢɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
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MODIFIED X -MEANS CLUSTERING METHODS IN IMAGE SEGMENTATION PROBLEMS 

Abstract. The modified matrix X -means clustering method to solve the image segmentation problem in very large 

databases (VLDB) are proposed. A special feature of this approach is the ability to process matrix signals in the ab-

sence of information on the signals statistical characteristics, as well as the number of clusters is automatically deter-

mined during the original data set analysis. 
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ȼɜɟɞɟɧɢɟ. Ɂɚɞɚɱɚ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɛɨɥɶɲɢɯ 
ɦɚɫɫɢɜɨɜ ɞɚɧɧɵɯ ɡɚɧɢɦɚɟɬ ɜɚɠɧɨɟ ɦɟɫɬɨ ɜ 
ɨɛɳɟɣ ɩɪɨɛɥɟɦɟ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ 
ɞɚɧɧɵɯ, ɚ ɞɥɹ ɟɟ ɪɟɲɟɧɢɹ ɤ ɧɚɫɬɨɹɳɟɦɭ 
ɜɪɟɦɟɧɢ ɪɚɡɪɚɛɨɬɚɧɨ ɦɧɨɠɟɫɬɜɨ 
ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɚɥɝɨɪɢɬɦɨɜ Д1Ж. Ɉɫɨɛɨɟ ɦɟɫɬɨ 
ɫɪɟɞɢ ɷɬɨɝɨ ɦɧɨɠɟɫɬɜɚ ɡɚɧɢɦɚɸɬ ɦɟɬɨɞɵ, 
ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɧɚ ɨɛɪɚɛɨɬɤɭ ɢɧɮɨɪɦɚɰɢɢ, 
ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɨɱɟɧɶ ɛɨɥɶɲɢɯ ɛɚɡɚɯ 
ɞɚɧɧɵɯ, ɤ ɤɨɬɨɪɵɦ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɩɨ-

ɜɵɲɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɛɵɫɬɪɨɞɟɣɫɬɜɢɸ, 
ɩɪɨɫɬɨɬɟ ɱɢɫɥɟɧɧɨɣ ɢ ɩɪɨɝɪɚɦɦɧɨɣ 
ɪɟɚɥɢɡɚɰɢɢ, ɬɪɟɛɭɟɦɨɦɭ ɨɛɴɟɦɭ ɩɚɦɹɬɢ. 
ɂɦɟɧɧɨ ɬɚɤɢɟ ɦɟɬɨɞɵ ɱɚɳɟ ɜɫɟɝɨ ɢɫɩɨɥɶɡɭ- 

ɸɬɫɹ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɢɡɨɛɪɚɠɟɧɢɣ ɪɚɡɥɢɱɧɨɣ 
ɩɪɢɪɨɞɵ ɢ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɢɯ ɫɟɝɦɟɧɬɚɰɢɢ. 
Ɂɞɟɫɶ ɧɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵɦ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ 
K -ɫɪɟɞɧɢɯ Д2Ж, ɛɥɚɝɨɞɚɪɹ, ɩɪɟɠɞɟ ɜɫɟɝɨ, 
ɫɜɨɟɣ ɩɪɨɫɬɨɬɟ, ɧɚɝɥɹɞɧɨɫɬɢ ɢ 
ɢɧɬɟɪɩɪɟɬɢɪɭɟɦɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ. Ɇɟɬɨɞ K -

ɫɪɟɞɧɢɯ ɨɬɧɨɫɢɬɫɹ ɤ ɚɥɝɨɪɢɬɦɚɦ 
ɤɥɚɫɬɟɪɢɡɚɰɢɢ, ɨɫɧɨɜɚɧɧɵɦ ɧɚ ɪɚɡɛɢɟɧɢɢ, 
ɤɨɬɨɪɵɟ ɪɚɡɞɟɥɹɸɬ ɦɚɫɫɢɜ, ɫɨɞɟɪɠɚɳɢɣ N  

ɨɛɴɟɤɬɨɜ, ɨɩɢɫɵɜɚɟɦɵɯ n -ɦɟɪɧɵɦɢ 
ɜɟɤɬɨɪɚɦɢ ɩɪɢɡɧɚɤɨɜ ( ) n

x k R , 1, 2,...k N  

ɧɚ p  ɤɥɚɫɬɟɪɨɜ, ɝɞɟ p  ɡɚɞɚɟɬɫɹ ɚɩɪɢɨɪɢ. 
ɂɦɟɧɧɨ ɨɬ ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ ɡɚɱɚɫɬɭɸ ɡɚɜɢɫɢɬ 
ɤɚɱɟɫɬɜɨ ɩɨɥɭɱɚɟɦɨɝɨ ɪɟɲɟɧɢɹ, ɩɪɢ ɷɬɨɦ 
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ɫɭɛɴɟɤɬɢɜɢɡɦ, ɩɪɢɜɧɨɫɢɦɵɣ ɩɨɥɶɡɨɜɚɬɟɥɟɦ, 
ɡɚɱɚɫɬɭɸ ɫɧɢɠɚɟɬ ɟɝɨ ɭɪɨɜɟɧɶ. Ʉɨɧɟɱɧɨ, ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɢɟɪɚɪɯɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ 
ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɷɬɚ ɩɪɨɛɥɟɦɚ ɪɟɲɚɟɬɫɹ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢ, ɨɞɧɚɤɨ ɷɬɨɬ ɩɨɞɯɨɞ ɩɥɨɯɨ 
ɩɪɢɫɩɨɫɨɛɥɟɧ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ, 
ɨɫɨɛɟɧɧɨ, ɟɫɥɢ ɪɟɱɶ ɢɞɟɬ ɨ ɩɨɬɨɤɟ ɜɢɞɟɨ. 
«Ȼɥɢɠɚɣɲɢɦ ɪɨɞɫɬɜɟɧɧɢɤɨɦ» ɦɟɬɨɞɚ K -

ɫɪɟɞɧɢɯ, ɩɨɡɜɨɥɹɸɳɢɦ ɚɜɬɨɦɚɬɢɱɟɫɤɢ 
ɨɩɪɟɞɟɥɹɬɶ ɤɨɥɢɱɟɫɬɜɨ ɤɥɚɫɬɟɪɨɜ p , 

ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɨɛɪɚɛɚɬɵɜɚɟɦɨɦ ɦɚɫɫɢɜɟ 
X { (1), (2),..., (N)} n

x x x R  , ɹɜɥɟɧɢɟ X -

ɫɪɟɞɧɢɯ Д5Ж, ɨɞɧɚɤɨ ɟɝɨ ɩɪɢɦɟɧɟɧɢɟ ɜ 
ɡɚɞɚɱɚɯ ɫɟɝɦɟɧɬɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ 
ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɪɹɞɨɦ ɨɛɫɬɨɹɬɟɥɶɫɬɜ. ȼɨ-

ɩɟɪɜɵɯ, ɨɛɪɚɛɨɬɤɭ ɢɡɨɛɪɚɠɟɧɢɣ ɭɞɨɛɧɟɟ 
ɩɪɨɢɡɜɨɞɢɬɶ, ɩɪɟɞɫɬɚɜɥɹɹ ɢɫɯɨɞɧɭɸ 
ɢɧɮɨɪɦɚɰɢɸ ɧɟ ɜ ɮɨɪɦɟ ɜɟɤɬɨɪɨɜ, ɚ ɜ ɜɢɞɟ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ «ɨɤɨɧ», ɫɨɞɟɪɠɚɳɢɯ 
ɧɟɫɤɨɥɶɤɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɪɹɞɨɦ ɩɢɤɫɟɥɟɣ. 
ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ K -

ɫɪɟɞɧɢɯ ɢ X -ɫɪɟɞɧɢɯ ɷɬɢ «ɨɤɧɚ» 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɟɨɛɯɨɞɢɦɨ ɜɟɤɬɨɪɢɡɨɜɚɬɶ, 
ɚ ɩɨɥɭɱɟɧɧɨɟ ɪɟɲɟɧɢɟ – ɞɟɜɟɤɬɨɪɢɡɨɜɚɬɶ. 
ȼɨ-ɜɬɨɪɵɯ, ɫɬɚɧɞɚɪɬɧɚɹ ɩɪɨɰɟɞɭɪɚ X -

ɫɪɟɞɧɢɯ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɛɚɣɟɫɫɨɜɫɤɨɦ 
ɩɨɞɯɨɞɟ, ɜɟɫɶɦɚ ɝɪɨɦɨɡɞɤɚ ɫ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ. ɂ ɧɚɤɨɧɟɰ, ɜ 
ɬɪɟɬɶɢɯ, ɚɩɪɢɨɪɧɨɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ 
ɝɚɭɫɫɨɜɫɤɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɞɚɧɧɵɯ ɜ 
ɤɥɚɫɬɟɪɚɯ ɢ ɢɯ ɫɮɟɪɢɱɧɨɫɬɢ ɟɫɬɟɫɬɜɟɧɧɨ 
ɨɝɪɚɧɢɱɢɜɚɸɬ ɩɪɢɦɟɧɢɦɨɫɬɶ ɷɬɨɝɨ ɩɨɞɯɨɞɚ 
ɜ ɡɚɞɚɱɚɯ ɫɟɝɦɟɧɬɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ. 

Ⱦɚɧɧɵɟ ɨɛɫɬɨɹɬɟɥɶɫɬɜɚ ɞɟɥɚɸɬ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨɣ ɪɚɡɪɚɛɨɬɤɭ ɷɮɮɟɤɬɢɜɧɨɣ 
ɦɨɞɢɮɢɤɚɰɢɢ ɦɟɬɨɞɚ X -ɫɪɟɞɧɢɯ, 
ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ ɧɚ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ 
ɫɟɝɦɟɧɬɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ ɜ ɭɫɥɨɜɢɹɯ, ɤɨɝɞɚ 
ɢɫɯɨɞɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɡɚɞɚɧɚ ɜ ɜɢɞɟ ɦɚɫɫɢɜɚ 
«ɨɤɨɧ»-ɦɚɬɪɢɰ, ɚ ɤɨɥɢɱɟɫɬɜɨ ɜɨɡɦɨɠɧɵɯ 
ɤɥɚɫɫɨɜ-ɫɟɝɦɟɧɬɨɜ ɚɩɪɢɨɪɢ ɧɟɢɡɜɟɫɬɧɨ. 

Ɇɚɬɪɢɱɧɚɹ ɦɨɞɢɮɢɤɚɰɢɹ ɦɟɬɨɞɚ X -

ɫɪɟɞɧɢɯ. ɂɫɯɨɞɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ ɞɥɹ 
ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɫɟɝɦɟɧɬɚɰɢɢ-ɤɥɚɫɬɟɪɢɡɚɰɢɢ 
ɹɜɥɹɟɬɫɹ ɦɚɫɫɢɜ ɦɚɬɪɢɱɧɵɯ ɧɚɛɥɸɞɟɧɢɣ 
X { (1), (2),... (N)}x x x , 

1 2
( ) { ( )} m n

i i
x k x k R

  ; 1 1, 2,... ,i m ; 

2 1, 2,... ,i n ; 1, 2,... , Nk  , ɤɨɬɨɪɵɣ ɞɨɥɠɟɧ 
ɛɵɬɶ ɪɚɡɞɟɥɟɧ ɜ ɩɪɨɰɟɫɫɟ ɫɚɦɨɨɛɭɱɟɧɢɹ ɧɚ 

p  ɫɟɝɦɟɧɬɨɜ-ɤɥɚɫɬɟɪɨɜ, ɨɩɢɫɵɜɚɟɦɵɯ 
ɰɟɧɬɪɨɢɞɚɦɢ { (1), (2), ..., ( )}C C C C p . ɉɪɢ 
ɷɬɨɦ ɱɢɫɥɨ ɤɥɚɫɬɟɪɨɜ p  ɚɩɪɢɨɪɧɨ ɧɟ 
ɡɚɞɚɟɬɫɹ, ɚ ɞɨɥɠɧɨ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɨ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɩɪɨɰɟɫɫɟ ɨɛɪɚɛɨɬɤɢ 

ɢɧɮɨɪɦɚɰɢɢ ɜ ɞɢɚɩɚɡɨɧɟ 
min max2 1p p p N     . 

Ɉɫɧɨɜɧɚɹ ɢɞɟɹ ɦɟɬɨɞɚ X -ɫɪɟɞɧɢɯ 
ɫɨɫɬɨɢɬ ɜ ɦɧɨɝɨɤɪɚɬɧɨɦ, ɩɪɢɦɟɧɟɧɢɢ ɤ 
ɢɫɯɨɞɧɨɦɭ ɦɚɫɫɢɜɭ ɞɚɧɧɵɯ X  ɚɥɝɨɪɢɬɦɚ K -

ɫɪɟɞɧɢɯ ɫ ɪɚɡɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ p  ɢ 
ɨɰɟɧɢɜɚɧɢɢ ɩɨɥɭɱɚɟɦɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫ 
ɩɨɦɨɳɶɸ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɤɪɢɬɟɪɢɹ, 
ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɛɚɣɟɫɨɜɫɤɨɦ ɨɰɟɧɢɜɚɧɢɢ ɢ, 
ɩɪɟɠɞɟ ɜɫɟɝɨ, ɨɰɟɧɤɚɯ Ⱥɤɚɢɤɟ, Ʉɚɫɫɚ-

ȼɚɫɫɟɪɦɚɧɚ, ɒɜɚɪɰɚ Д6-10]. 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɩɪɨɰɟɞɭɪɚ K -ɫɪɟɞɧɢɯ 
ɫɨɫɬɨɢɬ ɢɡ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɞɜɭɯ 
ɱɟɪɟɞɭɸɳɢɯɫɹ ɷɬɚɩɨɜ. ɉɪɢ ɷɬɨɦ ɧɚ ɩɟɪɜɨɦ 
ɷɬɚɩɟ ɞɥɹ ɫɥɭɱɚɣɧɨ ɡɚɞɚɧɧɨɝɨ ɧɚɛɨɪɚ 
ɢɫɯɨɞɧɵɯ ɰɟɧɬɪɨɢɞɨɜ (1),...C , (l),...C ( )C p  

ɢɦɟɸɳɟɟɫɹ ɦɧɨɠɟɫɬɜɨ ɜɫɟɯ ɧɚɛɥɸɞɟɧɢɣ 
( )x k  ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ p  ɝɪɭɩɩ ɬɚɤ, ɱɬɨ 

ɤɚɠɞɨɟ ɧɚɛɥɸɞɟɧɢɟ ( )x k  ɩɪɢɩɢɫɵɜɚɟɬɫɹ ɤ 
ɛɥɢɠɚɣɲɟɦɭ ɜ ɫɦɵɫɥɟ ɪɚɫɫɬɨɹɧɢɟ 

1 2( ( ), C(l)) ( ( ( ) ( ))( ( ) ( )) )T
D x k Sp x k C l x k C l  
 ɰɟɧɬɪɨɢɞɭ, ɚ ɧɚ ɜɬɨɪɨɦ – ɩɪɨɢɫɯɨɞɢɬ 

ɩɟɪɟɪɚɫɱɟɬ ɜɫɟɯ ɰɟɧɬɪɨɢɞɨɜ, ɩɪɢ ɷɬɨɦ ɜ 
ɤɚɱɟɫɬɜɟ ɧɨɜɵɯ ɨɰɟɧɨɤ ɩɪɢɧɢɦɚɸɬɫɹ 
ɫɪɟɞɧɢɟ ɚɪɢɮɦɟɬɢɱɟɫɤɢɟ ɤɨɨɪɞɢɧɚɬ ɜɫɟɯ 
ɧɚɛɥɸɞɟɧɢɣ, ɩɪɢɩɢɫɚɧɧɵɯ ɤ ɤɨɧɤɪɟɬɧɨɦɭ 
ɰɟɧɬɪɨɢɞɭ. ɗɬɚ ɩɪɨɰɟɞɭɪɚ ɩɪɨɞɨɥɠɚɟɬɫɹ ɞɨ 
ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɫɬɚɛɢɥɢɡɢɪɭɸɬɫɹ 
ɤɨɨɪɞɢɧɚɬɵ ɜɫɟɯ ɰɟɧɬɪɨɢɞɨɜ.  

Ɇɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɨɩɢɫɚɧɧɚɹ 
ɩɪɨɰɟɞɭɪɚ ɦɢɧɢɦɢɡɢɪɭɟɬ ɰɟɥɟɜɭɸ ɮɭɧɤɰɢɸ  

 

2

1 1

( ( ), ( )) ( ( ), ( )) ( ( ), ( ))
pN

k l

E x k C l x k C l D x k C l
 

 

T

1 1

( ( ), ( )) ( ( ) ( ))( ( ) C(l))
pN

k l

x k C l Sp x k C l x k
 

  

 

(ɡɞɟɫɶ 
1, ɟɫɥɢ ( ) ,

( ( ), ( ))
0, ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ,

l
x k Cl

x k C l


 


   

 



Ȼɨɝɭɱɚɪɫɤɢɣ  ɋ. ɂ. «ɗɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɟ ɢ ɤɨɦɩɶɸɬɟɪɧɵɟ ɫɢɫɬɟɦɵ» № 20 (96) 2015 106 – 110 

Ʉɨɦɩɶɸɬɟɪɧɵɟ ɫɢɫɬɟɦɵ 

 

108 

 

l
Cl  – ɨɛɨɡɧɚɱɟɧɢɟ l -ɝɨ ɤɥɚɫɬɟɪɚ), ɩɪɢ ɷɬɨɦ 
ɤɨɨɪɞɢɧɚɬɵ ɪɟɡɭɥɶɬɢɪɭɸɳɢɯ ɰɟɧɬɪɨɢɞɨɜ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ 

1

( )

1

( ( ), ( )) ( )
1

( ) ( ) ,

( ( ), ( ))l

N

N
k

N
x k Cll

k

x k C l x k

C l x k
N

x k C l







 








 

 

ɝɞɟ 
l

N  – ɱɢɫɥɨ ɬɨɱɟɤ, ɨɬɧɟɫɟɧɧɵɯ ɤ l -ɦɭ 
ɤɥɚɫɬɟɪɭ. 

ɉɪɨɰɟɞɭɪɚ X -ɫɪɟɞɧɢɯ ɬɚɤɠɟ ɫɨɫɬɨɢɬ ɢɡ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɞɜɭɯ ɷɬɚɩɨɜ, ɨɞɢɧ ɢɡ 
ɤɨɬɨɪɵɯ ɧɚɡɵɜɚɟɬɫɹ «ɍɥɭɱɲɟɧɢɟ 
ɩɚɪɚɦɟɬɪɨɜ», ɚ ɜɬɨɪɨɣ – «ɍɥɭɱɲɟɧɢɟ 
ɫɬɪɭɤɬɭɪɵ» Д6-10Ж. ɉɪɢ ɷɬɨɦ ɩɨɞ 
ɭɥɭɱɲɟɧɢɟɦ ɩɚɪɚɦɟɬɪɨɜ ɩɨɧɢɦɚɟɬɫɹ 
ɧɚɯɨɠɞɟɧɢɟ ɤɨɨɪɞɢɧɚɬ ɰɟɧɬɪɨɢɞɨɜ ɫ 
ɩɨɦɨɳɶɸ ɫɬɚɧɞɚɪɬɧɵɯ K -ɫɪɟɞɧɢɯ ɩɪɢ 
ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɱɢɫɥɟ ɤɥɚɫɬɟɪɨɜ p , ɚ ɩɨɞ 
ɭɥɭɱɲɟɧɢɟɦ ɫɬɪɭɤɬɭɪɵ – ɧɚɪɚɳɢɜɚɧɢɟ ɱɢɫɥɚ 
ɤɥɚɫɬɟɪɨɜ ɞɨ ɞɨɫɬɢɠɟɧɢɹ ɬɪɟɛɭɟɦɨɝɨ 
ɤɚɱɟɫɬɜɚ ɫɟɝɦɟɧɬɚɰɢɢ. 

ɉɪɨɰɟɫɫ ɨɛɪɚɛɨɬɤɢ ɧɚɱɢɧɚɟɬɫɹ ɫ ɡɚɞɚɧɢɹ 
minp p  ɧɚɯɨɠɞɟɧɢɹ minp  ɰɟɧɬɪɨɢɞɨɜ ɫ 

ɩɨɦɨɳɶɸ ɫɬɚɧɞɚɪɬɧɨɝɨ ɚɥɝɨɪɢɬɦɚ K -

ɫɪɟɞɧɢɯ. ɉɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɬɨɝɨ ɷɬɚɩɚ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɰɟɧɤɚ ɩɨɥɭɱɟɧɧɨɝɨ 
ɪɟɡɭɥɶɬɚɬɚ ɢ ɪɟɚɥɢɡɭɟɬɫɹ ɜɬɨɪɨɣ ɷɬɚɩ, 
ɫɨɫɬɨɹɳɢɣ ɜ ɢɡɦɟɧɟɧɢɢ ɱɢɫɥɚ ɤɥɚɫɬɟɪɨɜ 
ɩɭɬɟɦ ɪɚɫɳɟɩɥɟɧɢɟɦ ɭɠɟ ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ 

minp  ɫɟɝɦɟɧɬɨɜ. 
ɇɚ ɷɬɨɦ ɷɬɚɩɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɜɚ 

ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɚ: ɪɚɫɳɟɩɥɟɧɢɟ ɨɞɧɨɝɨ 
ɫɥɭɱɚɣɧɨ ɜɵɛɪɚɧɧɨɝɨ ɤɥɚɫɬɟɪɚ ɧɚ ɞɜɚ ɫ 
ɧɚɱɚɥɶɧɵɦɢ ɰɟɧɬɪɨɢɞɚɦɢ, ɫɨɜɩɚɞɚɸɳɢɦɢ ɫ 
ɞɜɭɦɹ ɩɪɨɢɡɜɨɥɶɧɨ ɜɵɛɪɚɧɧɵɦɢ ɬɨɱɤɚɦɢ ɢɡ 
ɢɫɯɨɞɧɨɝɨ ɤɥɚɫɬɟɪɚ, ɢ ɪɚɫɳɟɩɥɟɧɢɟ 
ɩɨɥɨɜɢɧɵ ɢɡ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ 
ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ ɫɟɝɦɟɧɬɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɨɛɪɚɡɭɟɬɫɹ 

min 1p   ɤɥɚɫɬɟɪɨɜ, ɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɬɨɪɨɝɨ 

min1,5p  ɫɟɝɦɟɧɬɨɜ. Ʉ ɜɧɨɜɶ ɫɮɨɪɦɢɪɨɜɚɧɧɵɦ 
ɤɥɚɫɫɚɦ ɩɪɢɦɟɧɹɟɬɫɹ ɬɚ ɠɟ ɩɪɨɰɟɞɭɪɚ K -

ɫɪɟɞɧɢɯ ɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɰɟɧɤɚ ɤɚɱɟɫɬɜɚ 
ɩɨɥɭɱɟɧɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ. ɉɪɨɰɟɫɫ 
ɪɚɫɳɟɩɥɟɧɢɹ-ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɩɪɨɞɨɥɠɚɟɬɫɹ 
ɞɨ ɞɨɫɬɢɠɟɧɢɹ maxp p . Ⱦɚɥɟɟ ɢɡ ɦɧɨɠɟɫɬɜɚ 

ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɛɢɪɚɟɬɫɹ 
ɧɚɢɥɭɱɲɢɣ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɪɢɧɹɬɨɝɨ 
ɤɪɢɬɟɪɢɹ. 

Ʉɚɠɞɵɣ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫ 
ɩɨɡɢɰɢɢ ɛɚɣɟɫɨɜɫɤɨɝɨ ɨɰɟɧɢɜɚɧɢɹ 
ɬɪɚɤɬɭɟɬɫɹ ɤɚɤ ɚɥɶɬɟɪɧɚɬɢɜɧɚɹ ɤɥɚɫɬɟɪɧɚɹ 
ɦɨɞɟɥɶ 

l
M , 1, 2,...l  , 

maxp , ɫɪɟɞɢ ɧɚɛɨɪɚ 
ɤɨɬɨɪɵɯ ɞɨɥɠɧɚ ɛɵɬɶ ɜɵɛɪɚɧɚ ɧɚɢɥɭɱɲɚɹ, 
ɞɥɹ ɱɟɝɨ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɤɪɢɬɟɪɢɣ ɒɜɚɪɰɚ Д3, 6Ж ɜ ɮɨɪɦɟ 

 

( )
( ) ( ) log

2
l

h l
BIC M L l N  , 

 

ɝɞɟ ( )L l  – ɥɨɝɚɪɢɮɦɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ 
ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɞɥɹ l -ɬɨɣ ɦɨɞɟɥɢ, ( )h l  – 

ɱɢɫɥɨ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ ɤɥɚɫɬɟɪɚ 
l

M . 

ɋ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɜɧɭɬɪɢɤɥɚɫɬɟɪɧɨɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɞɚɧɧɵɯ ɩɨɥɚɝɚɟɬɫɹ 
ɩɨɞɱɢɧɟɧɧɵɦ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɢ ɩɪɢ 
ɷɬɨɦ ɜɟɫɶ ɦɚɫɫɢɜ ɞɚɧɧɵɯ «ɪɚɡɛɢɬ» ɧɚ p  

ɤɥɚɫɬɟɪɨɜ, ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜɵɪɚɠɟɧɢɟ ɞɥɹ 
ɜɧɭɬɪɢɤɥɚɫɬɟɪɧɨɣ ɞɢɫɩɟɪɫɢɢ 

 

2 T

( )

1
( ( ) ( ))( ( ) ( ))

l

l

x k Cl

Sp x k C l x k C l
N p 

  
  , 

ɭɫɥɨɜɧɨɣ ɜɟɪɨɹɬɧɨɫɬɢ 

T

2

1
( ( ) | ( ) )

2

1
exp( ( ( ) ( ))( ( ) ( ))) )

2

l
l mn

l

l

N
P x k x k Cl

N

Sp x k C l x k C l

  

  





, 

 

ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ ɩɪɚɜɞɨɩɨɞɨɛɢɹ 

 

11

T

2

1
( ) log ( ( ) (log

2

1
exp( ( ( ) ( ))( ( ) ( )) ) log ),

2

N N

mn
kk l

l

l

L l P x k

N
Sp x k C l x k C l

N



  

   

 


ɩɪɢ ɷɬɨɦ ( ) ph l  . 

 

Ʉɥɚɫɬɟɪɧɚɹ ɦɨɞɟɥɶ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ 
ɡɧɚɱɟɧɢɟɦ ɤɪɢɬɟɪɢɹ ɒɜɚɪɰɚ ɩɨɥɚɝɚɟɬɫɹ 
ɧɚɢɥɭɱɲɟɣ, ɚ ɱɢɫɥɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɟɣ 
ɤɥɚɫɬɟɪɨɜ – ɨɩɬɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ 
ɤɨɥɢɱɟɫɬɜɚ ɫɟɝɦɟɧɬɨɜ ɜ ɨɛɪɚɛɚɬɵɜɚɟɦɨɦ 
ɢɡɨɛɪɚɠɟɧɢɢ. 
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ȼɦɟɫɬɟ ɫ ɬɟɦ, ɤɚɤ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ ɜɵɲɟ, 
ɫɭɳɟɫɬɜɟɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ ɷɬɨɝɨ ɩɨɞɯɨɞɚ, 
ɫɜɹɡɚɧɧɵɟ ɩɪɟɠɞɟ ɜɫɟɝɨ, ɫ ɞɨɫɬɚɬɨɱɧɨ 
ɠɟɫɬɤɢɦɢ ɜɟɪɨɹɬɧɨɫɬɧɵɦɢ 
ɩɪɟɞɩɨɥɨɠɟɧɢɹɦɢ, ɨɝɪɚɧɢɱɢɜɚɸɬ ɟɝɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɡɚɞɚɱɚɯ ɨɛɪɚɛɨɬɤɢ 
ɢɡɨɛɪɚɠɟɧɢɣ. 

Ɇɚɬɪɢɱɧɚɹ ɦɨɞɢɮɢɤɚɰɢɹ X -ɫɪɟɞɧɢɯ 
ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ. ɋɪɟɞɢ 
ɤɪɢɬɟɪɢɟɜ ɤɚɱɟɫɬɜɚ ɤɥɚɫɬɟɪɢɡɚɰɢɢ, ɧɟ 
ɨɩɢɪɚɸɳɢɯɫɹ ɧɚ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ 
ɩɪɟɞɥɨɠɟɧɢɹ ɢ ɩɪɢɝɨɞɧɵɯ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ 
ɤɨɥɢɱɟɫɬɜɚ ɤɥɚɫɬɟɪɨɜ ɜ ɦɚɫɫɢɜɟ ɞɚɧɧɵɯ, ɜ 
ɤɚɱɟɫɬɜɟ ɜɟɫɶɦɚ ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɨɤɚɡɚɥ ɫɟɛɹ 
ɤɪɢɬɟɪɢɣ ɐɚɥɢɧɶɫɤɨɝɨ-ɏɚɪɚɛɚɲɚ Д2Ж, 
ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɚɞɚɩɬɢɪɨɜɚɧ ɧɚ ɫɥɭɱɚɣ 
ɦɚɬɪɢɱɧɵɯ ɨɛɴɟɤɬɨɜ. 

ɂɬɚɤ, ɩɭɫɬɶ ɡɚɞɚɧ ɦɚɫɫɢɜ ɞɚɧɧɵɯ 
X { (1),... ( )}x x N , 

1 2
( ) { ( )} m n

i i
x k x k R

  , 

1, 2,... ,k N , ɤɨɬɨɪɵɣ ɧɟɤɨɬɨɪɵɦ ɨɛɪɚɡɨɦ 
ɪɚɡɛɢɬ ɧɚ p  ɤɥɚɫɬɟɪɨɜ ɫ ɧɚɛɨɪɨɦ 
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C C C C p R
  . 
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ɤɪɢɬɟɪɢɣ ɐɚɥɢɧɶɫɤɨɝɨ-ɏɚɪɚɛɚɲɚ ɦɨɠɟɬ 
ɛɵɬɶ ɡɚɩɢɫɚɧ ɜ ɜɢɞɟ  
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   – ɦɚɬɪɢɱɧɵɣ ɰɟɧɬɪ ɬɹɠɟɫɬɢ 

ɦɚɫɫɢɜɚ X . 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɥɚɝɚɟɦɚɹ 
ɦɨɞɢɮɢɤɚɰɢɹ ɦɟɬɨɞɚ X -ɫɪɟɞɧɢɯ ɞɥɹ 
ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɨɫɧɨɜɟ K -

ɫɪɟɞɧɢɯ ɢ ɤɪɢɬɟɪɢɹ ɐɚɥɢɧɶɫɤɨɝɨ-ɏɚɪɚɛɚɲɚ 
ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɚ ɜ ɜɢɞɟ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɷɬɚɩɨɜ: 

– ɡɚɞɚɧɢɟ 
minp p , ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɫ 

ɩɨɦɨɳɶɸ K -ɫɪɟɞɧɢɯ ɢ ɪɚɫɱɟɬ 
min( )CH p ; 

– ɪɚɫɳɟɩɥɟɧɢɟ ɥɸɛɨɝɨ ɢɡ ɤɥɚɫɬɟɪɨɜ, 
ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɫ ɩɨɦɨɳɶɸ K -ɫɪɟɞɧɢɯ ɢ 
ɪɚɫɱɟɬ 

min( 1)CH p  ; 

– ɩɪɢ ( 1) ( )CH p CH p   ɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ 
p  ɟɫɬɶ ɧɚɢɥɭɱɲɚɹ ɨɰɟɧɤɚ ɤɨɥɢɱɟɫɬɜɚ 

ɤɥɚɫɬɟɪɨɜ ɜ ɦɚɫɫɢɜɟ X . 

Ɂɚɤɥɸɱɟɧɢɟ. ȼ ɫɬɚɬɶɟ ɩɪɟɞɥɨɠɟɧ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɦɟɬɨɞ ɤɥɚɫɬɟɪɢɡɚɰɢɢ 
X -ɫɪɟɞɧɢɯ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɫɟɝɦɟɧɬɚɰɢɢ 
ɢɡɨɛɪɚɠɟɧɢɣ. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɩɪɟɞɥɨɠɟɧɧɨɣ 
ɦɨɞɢɮɢɤɚɰɢɢ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 
ɨɛɪɚɛɨɬɤɢ ɦɚɬɪɢɱɧɵɯ ɫɢɝɧɚɥɨɜ ɜ ɨɬɫɭɬɫɬɜɢɢ 
ɢɧɮɨɪɦɚɰɢɢ ɨ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɷɬɢɯ ɫɢɝɧɚɥɨɜ ɢ ɱɢɫɥɚ 
ɤɥɚɫɬɟɪɨɜ, ɤɨɬɨɪɨɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɚɧɚɥɢɡɚ ɢɫɯɨɞɧɨɝɨ 
ɦɚɫɫɢɜɚ ɞɚɧɧɵɯ. Ⱥɥɝɨɪɢɬɦɢɱɟɫɤɚɹ 
ɪɟɚɥɢɡɚɰɢɹ ɦɟɬɨɞɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɩɪɨɫɬɨɬɨɣ ɢ ɜɵɫɨɤɢɦ 
ɛɵɫɬɪɨɞɟɣɫɬɜɢɟɦ. 
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