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ɉɪɟɞɥɨɠɟɧ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɚɥɝɨɪɢɬɦ  ɪɚɫɩɨɡɧɚɜɚɧɢɹ, ɨɛɴɟɞɢɧɹɸɳɢɣ ɥɢɧɟɣɧɵɟ ɢ 
ɧɟɥɢɧɟɣɧɵɟ ɩɪɢɡɧɚɤɢ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɩɪɢɡɧɚɤɨɜ ɢ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɩɨɧɢɠɟɧɢɹ ɪɚɡ-
ɦɟɪɧɨɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɥɢɧɟɣɧɵɣ ɢ ɧɟɥɢɧɟɣɧɵɣ ɦɟɬɨɞ ɝɥɚɜɧɵɯ ɤɨɦɩɨ-
ɧɟɧɬ. ɉɪɢɡɧɚɤɢ ɨɛɴɟɞɢɧɹɸɬɫɹ ɜ ɤɨɦɩɥɟɤɫɧɨɟ ɱɢɫɥɨ, ɢ ɞɚɥɟɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɫɩɨɡɧɚɜɚ-
ɧɢɟ ɩɨ ɚɥɝɨɪɢɬɦɭ FТЬСОЫПКМОЬ. Ɋɚɫɫɦɨɬɪɟɧɨ ɜɥɢɹɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɧɟɥɢɧɟɣɧɨɝɨ ɦɟɬɨ-
ɞɚ, ɚ ɬɚɤɠɟ ɦɟɬɪɢɤ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɤ ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɤɥɚɫɫɭ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɦɟɬɨɞ, ɦɟɬɨɞ ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬ, ɥɢɧɟɣɧɵɣ ɞɢɫ-
ɤɪɢɦɢɧɚɧɬɧɵɣ ɚɧɚɥɢɡ, ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɦɟɬɨɞ, «ɹɞɟɪɧɵɟ» ɦɟɬɨɞɵ 

ȼɜɟɞɟɧɢɟ 

ɉɪɢ ɫɨɡɞɚɧɢɢ ɫɨɜɪɟɦɟɧɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɧɚ ɨɞɧɨ ɢɡ ɩɟɪɜɵɯ ɦɟɫɬ ɜɵɯɨɞɹɬ ɜɨɩɪɨɫɵ 
ɛɟɡɨɩɚɫɧɨɫɬɢ. ɋɭɳɟɫɬɜɭɸɳɢɟ ɷɥɟɤɬɪɨɧɧɵɟ ɫɢɫɬɟɦɵ ɩɨɡɜɨɥɹɸɬ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɪɚɛɨɬɭ 
ɚɝɪɟɝɚɬɨɜ ɢ ɨɛɥɟɝɱɢɬɶ ɜɨɞɢɬɟɥɸ ɜɨɠɞɟɧɢɟ ɚɜɬɨɦɨɛɢɥɟɦ, ɨɞɧɚɤɨ, ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ 
ɫɢɫɬɟɦ, ɛɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɸɬ ɫɢɫɬɟɦɚɦ, ɤɨɬɨɪɵɟ ɛɵ, ɚɧɚɥɢɡɢɪɭɹ ɫɢɬɭɚɰɢɸ ɜ ɚɜ-
ɬɨɦɨɛɢɥɟ ɢ ɜɨɤɪɭɝ ɧɟɝɨ, ɜɵɫɬɭɩɚɥɢ ɜ ɪɨɥɢ ɫɨɜɟɬɱɢɤɚ ɩɪɢ ɩɪɢɧɹɬɢɢ ɪɟɲɟɧɢɹ ɜɨɞɢɬɟɥɟɦ 
Д1Ж.  

ɉɪɢ ɞɜɢɠɟɧɢɢ ɜ ɫɥɨɠɧɵɯ ɩɨɝɨɞɧɵɯ ɭɫɥɨɜɢɹɯ ɬɚɤɢɟ ɫɢɫɬɟɦɵ ɦɨɝɥɢ ɛɵ ɩɪɟɞɭɩɪɟ-
ɠɞɚɬɶ ɜɨɞɢɬɟɥɹ ɨ ɫɨɫɬɨɹɧɢɢ ɞɨɪɨɝɢ, ɨ ɞɜɢɠɟɧɢɢ ɜɩɟɪɟɞɢ ɢɞɭɳɟɣ ɦɚɲɢɧɵ, ɨ ɞɨɪɨɠɧɵɯ 
ɡɧɚɤɚɯ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɚ ɞɨɪɨɝɟ ɢ ɬ.ɩ. ɉɨɜɵɲɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɜɵɱɢɫɥɢɬɟɥɶ-
ɧɨɣ ɬɟɯɧɢɤɢ ɩɨɡɜɨɥɹɟɬ ɚɤɬɢɜɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɢɫɬɟɦɵ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɞɥɹ ɪɚɫɩɨ-
ɡɧɚɜɚɧɢɹ ɞɜɭɦɟɪɧɵɯ ɨɛɪɚɡɨɜ. ɇɚɩɪɢɦɟɪ, ɫɢɫɬɟɦɵ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɞɨɪɨɠɧɵɯ ɡɧɚɤɨɜ 
(ɋɊȾɁ) ɦɨɝɭɬ ɩɪɟɞɭɩɪɟɞɢɬɶ ɜɨɞɢɬɟɥɹ ɜɨ ɜɪɟɦɹ ɞɜɢɠɟɧɢɹ ɨ ɞɟɣɫɬɜɭɸɳɢɯ ɨɝɪɚɧɢɱɟɧɢɹɯ 
ɢɥɢ ɢɧɵɯ ɫɢɬɭɚɰɢɹɯ ɡɚ ɫɱɟɬ ɫɱɢɬɵɜɚɧɢɹ ɞɨɪɨɠɧɵɯ ɡɧɚɤɨɜ Д2Ж. 

ȼ ɨɛɥɚɫɬɢ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ ɫɥɨɠɢɥɫɹ ɨɛɳɟɩɪɢɧɹɬɵɣ ɩɨɞɯɨɞ ɤ ɨɛɪɚɛɨɬɤɟ 
ɞɜɭɦɟɪɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɜ ɜɢɞɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɚɥɝɨɪɢɬɦɨɜ Д3Ж: 

 ɚɥɝɨɪɢɬɦ ɥɨɤɚɥɢɡɚɰɢɢ ɡɧɚɤɚ ɧɚ ɜɢɞɟɨɢɡɨɛɪɚɠɟɧɢɢ; 
 ɚɥɝɨɪɢɬɦ ɨɩɪɟɞɟɥɟɧɢɹ ɮɨɪɦɵ ɢ ɰɜɟɬɚ, ɩɨɡɜɨɥɹɸɳɢɣ ɩɪɨɢɡɜɟɫɬɢ ɩɟɪɜɢɱɧɭɸ 

ɤɥɚɫɫɢɮɢɤɚɰɢɸ ɢɡɨɛɪɚɠɟɧɢɹ; 
 ɚɥɝɨɪɢɬɦ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ; 
 ɚɥɝɨɪɢɬɦ ɮɨɪɦɢɪɨɜɚɧɢɹ ɪɟɲɟɧɢɣ. 
Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɫɥɨɠɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɹɜɥɹɟɬɫɹ ɚɥɝɨɪɢɬɦ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢɡɨ-

ɛɪɚɠɟɧɢɹ. ɒɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɦɟɬɨɞɚɦɢ ɞɥɹ ɪɟɲɟɧɢɹ ɩɨɞɨɛɧɵɯ ɡɚɞɚɱ (ɜ ɱɚɫɬɧɨ-
ɫɬɢ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɥɢɰ) ɹɜɥɹɸɬɫɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ. ɋɟɦɟɣɫɬɜɨ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ 
ɦɟɬɨɞɨɜ ɩɪɟɞɩɨɥɚɝɚɟɬ ɧɚɥɢɱɢɟ ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɢ, ɩɨ ɤɨɬɨɪɨɣ ɫɬɪɨɹɬɫɹ ɜɫɟ ɜɨɡɦɨɠ-
ɧɵɟ ɜɚɪɢɚɧɬɵ ɢ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨ ɪɚɫɩɨɡɧɚɜɚɟɦɵɯ ɨɛɴɟɤɬɚɯ. Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɨɩɢɫɚɧɢɹ 
ɨɛɪɚɛɨɬɤɢ ɜɜɨɞɢɬɫɹ ɩɨɧɹɬɢɟ ɦɧɨɝɨɦɟɪɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɡɚ ɫɱɟɬ ɪɚɡɜɨɪɚɱɢɜɚɧɢɹ ɢɡɨ-
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ɛɪɚɠɟɧɢɹ ɜ ɜɟɤɬɨɪ mnT 


, ɝɞɟ n  ɢ m  ɲɢɪɢɧɚ ɢ ɜɵɫɨɬɚ ɢɡɨɛɪɚɠɟɧɢɹ. Ɍɨɝɞɚ, ɤɚɠɞɨɟ 
ɢɡɨɛɪɚɠɟɧɢɟ x  ɟɫɬɶ ɬɨɱɤɚ ɜ ɦɧɨɝɨɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ R  ɪɚɡɦɟɪɧɨɫɬɶɸ N , NRx  
(ɪɢɫ. 1).  

ȼ ɤɚɠɞɨɦ ɦɟɬɨɞɟ ɢɦɟɸɬɫɹ ɫɜɨɢ ɩɪɚɜɢɥɚ ɜɵɛɨɪɚ ɛɚɡɢɫɚ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɧɨ 
ɨɛɳɢɦ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɧɢ ɩɨɡɜɨɥɹɸɬ ɭɦɟɧɶɲɢɬɶ ɪɚɡɦɟɪɧɨɫɬɶ ɛɚɡɢɫɚ, ɨɫɬɚɜɢɜ ɬɨɥɶɤɨ 
ɧɚɢɛɨɥɟɟ ɡɧɚɱɢɦɵɟ ɤɨɦɩɨɧɟɧɬɵ. ɉɨɷɬɨɦɭ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɜɟɤɬɨɪ 
ɯɚɪɚɤɬɟɪɧɵɯ ɩɪɢɡɧɚɤɨɜ ɜ ɜɵɛɪɚɧɧɨɦ ɛɚɡɢɫɟ. 

 

 
Ɋɢɫ.1. ɉɨɧɹɬɢɟ ɦɧɨɝɨɦɟɪɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ 
 

ɉɪɢ ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɥɢɧɟɣɧɵɟ ɢ ɧɟɥɢɧɟɣɧɵɟ 
ɦɟɬɨɞɵ. ɂɫɩɨɥɶɡɭɹ ɢɯ ɢɥɢ ɢɯ ɫɨɱɟɬɚɧɢɟ, ɦɨɠɧɨ ɩɨɜɵɫɢɬɶ ɫɬɟɩɟɧɶ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢɡɨ-
ɛɪɚɠɟɧɢɣ. Ʉ ɥɢɧɟɣɧɵɦ ɦɟɬɨɞɚɦ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɚɥɝɨɪɢɬɦɵ Eigenfaces (ɧɚ ɨɫɧɨɜɟ ɦɟ-
ɬɨɞɚ ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬ – PCA) ɢ Fisherfaces (ɧɚ ɨɫɧɨɜɟ ɥɢɧɟɣɧɨɝɨ ɞɢɫɤɪɢɦɢɧɚɧɬɧɨɝɨ 
ɚɧɚɥɢɡɚ – LDA) Д4Ж. ɉɪɢɦɟɧɹɹ ɤ ɷɬɢɦ ɚɥɝɨɪɢɬɦɚɦ ɧɟɥɢɧɟɣɧɵɟ ɹɞɪɚ, ɩɨɥɭɱɢɦ ɹɞɟɪɧɵɣ 
ɦɟɬɨɞ ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬ (KОЫЧОХ PCA ɢɥɢ KPCA) ɢ ɹɞɟɪɧɵɣ ɞɢɫɤɪɢɦɢɧɚɧɬ Ɏɢɲɟɪɚ 
(KFD ɢɥɢ KLDA). ɇɚ ɢɯ ɨɫɧɨɜɟ ɫɨɡɞɚɧɵ ɚɥɝɨɪɢɬɦɵ Kernel Eigenfaces ɢ Kernel 
Fisherfaces Д5, 6Ж.  

Ɋɚɫɫɦɨɬɪɢɦ ɡɚɞɚɱɭ ɩɨɜɵɲɟɧɢɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɥɢɧɟɣɧɵɯ ɢ 
ɧɟɥɢɧɟɣɧɵɯ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ.  

Ɇɟɬɨɞ ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬ 

ɉɭɫɬɶ M  ɧɚɛɨɪ ɨɛɪɚɡɰɨɜ Mxxx ,,, 21   ɜ nR , ɬɨɝɞɚ ɨɛɳɚɹ ɤɨɜɚɪɢɚɰɢɨɧɧɚɹ ɦɚɬɪɢɰɚ 
ɧɚɛɨɪɚ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɤɚɤ 
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1 , (1) 

ɝɞɟ x  – ɜɟɤɬɨɪ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ ɩɨ ɜɫɟɦ ɨɛɪɚɡɰɚɦ. 
Ɉɪɬɨɧɨɪɦɢɪɨɜɚɧɧɵɣ ɜɟɤɬɨɪ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ mwww ,,, 21   ɦɚɬɪɢɰɵ C , ɫɨ-

ɨɬɜɟɬɫɬɜɭɸɳɢɣ m  ɧɚɢɛɨɥɶɲɢɦ ɫɨɛɫɬɜɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ, ɩɨɡɜɨɥɹɟɬ ɜɵɛɪɚɬɶ ɢɯ ɤɚɤ ɨɫɢ 
ɩɪɨɟɤɰɢɢ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɨɧ ɦɨɠɟɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ. Ɉɞɧɚɤɨ, ɩɪɢ 
ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɨɛɪɚɡɨɜ ɪɚɡɦɟɪɧɨɫɬɶ ɨɛɪɚɡɰɚ (ɜɟɤɬɨɪɚ ɢɡɨɛɪɚɠɟɧɢɹ) ɜɫɟɝɞɚ ɜɟɥɢɤɚ (ɧɚ-
ɩɪɢɦɟɪ, ɞɥɹ ɢɡɨɛɪɚɠɟɧɢɹ 50б50 ɷɬɨ 2500 ɩɢɤɫɟɥɟɣ) ɢ ɟɝɨ ɜɵɱɢɫɥɟɧɢɟ ɡɚɧɢɦɚɟɬ ɦɧɨɝɨ 
ɜɪɟɦɟɧɢ. Ⱦɥɹ ɫɨɤɪɚɳɟɧɢɹ ɜɪɟɦɟɧɢ ɜɵɱɢɫɥɟɧɢɣ ɫɨɛɫɬɜɟɧɧɵɯ ɜɟɤɬɨɪɨɜ ɜɨɫɩɨɥɶɡɭɟɦɫɹ 
ɫɢɧɝɭɥɹɪɧɵɦ ɪɚɡɥɨɠɟɧɢɟɦ. 

ɉɭɫɬɶ  xxxxQ M  ,,1  , ɬɨɝɞɚ ɤɨɜɚɪɢɚɰɢɨɧɧɚɹ ɦɚɬɪɢɰɚ ɩɪɟɞɫɬɚɜɢɬɫɹ ɜ ɜɢɞɟ 
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TQQ
M

C 1
 , 

ɚ ɦɚɬɪɢɰɚ QQR T  ɛɭɞɟɬ ɪɚɡɦɟɪɨɦ MM  . Ɍɚɤ ɤɚɤ ɱɢɫɥɨ ɨɛɪɚɡɰɨɜ ɦɧɨɝɨ ɦɟɧɶɲɟ 
ɱɢɫɥɚ ɩɢɤɫɟɥɟɣ ɜ ɢɡɨɛɪɚɠɟɧɢɢ ɨɛɪɚɡɰɚ, ɬɨ ɪɚɡɦɟɪɧɨɫɬɶ ɦɚɬɪɢɰɵ R  ɦɧɨɝɨ ɦɟɧɶɲɟ ɪɚɡ-
ɦɟɪɧɨɫɬɢ ɦɚɬɪɢɰɵ C , ɩɨɷɬɨɦɭ ɜɵɱɢɫɥɢɬɶ ɟɟ ɫɨɛɫɬɜɟɧɧɵɣ ɜɟɤɬɨɪ ɛɭɞɟɬ ɩɪɨɳɟ. ȼ ɫɨɨɬ-
ɜɟɬɫɬɜɢɢ ɫ ɫɢɧɝɭɥɹɪɧɵɦ ɪɚɡɥɨɠɟɧɢɟɦ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ Д7Ж 

mjQuw j
j

j ,...,1,1



, (2) 

ɝɞɟ muuu ,,, 21   ɫɨɛɫɬɜɟɧɧɵɟ ɜɟɤɬɨɪɚ ɜ ɩɨɪɹɞɤɟ ɫɨɨɬɜɟɬɫɬɜɢɹ m  ɧɚɢɛɨɥɶɲɢɦ ɫɨɛɫɬɜɟɧ-
ɧɵɦ ɡɧɚɱɟɧɢɹɦ m  ...21  ɦɚɬɪɢɰɵ R . 

Ɍɨɝɞɚ ɞɥɹ ɩɪɨɟɤɰɢɢ ɨɛɪɚɡɰɚ ɧɚ ɜɵɱɢɫɥɟɧɧɵɣ ɧɚɦɢ ɛɚɡɢɫ ɫɨɛɫɬɜɟɧɧɵɯ ɜɟɤɬɨɪɨɜ 
jw  ɩɨɥɭɱɢɦ 

mjxuQxwy T
j

T

j

T
jj ,...,1,1




. (3) 

ȼɵɱɢɫɥɟɧɧɵɟ ɩɪɢɡɧɚɤɢ ɤɚɠɞɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ myyy ,...,, 21  ɮɨɪɦɢɪɭɸɬ ɜɟɤɬɨɪ–

ɫɬɨɥɛɟɰ ɥɢɧɟɣɧɵɯ (PCA) ɩɪɢɡɧɚɤɨɜ  TmyyyY ,...,, 21  ɞɥɹ ɨɛɪɚɡɰɚ x . 

əɞɟɪɧɵɣ ɦɟɬɨɞ ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬ 

ȿɫɥɢ ɧɟɥɢɧɟɣɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ   (ɹɞɪɨ) ɩɪɨɟɰɢɪɭɟɬ ɩɪɨɫɬɪɚɧɫɬɜɨ ɜɯɨɞɧɵɯ 
ɞɚɧɧɵɯ nR  ɜ ɩɪɨɫɬɪɚɧɫɬɜɨ ɩɪɢɡɧɚɤɨɜ   

 xx
Rn


 : , (4) 

ɬɨ ɢɞɟɹ ɹɞɟɪɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ (KPCA) ɩɨɡɜɨɥɹɟɬ ɜɵɩɨɥɧɢɬɶ ɚɥɝɨɪɢɬɦ PCA ɜ ɩɪɨ-
ɫɬɪɚɧɫɬɜɟ ɩɪɢɡɧɚɤɨɜ  , ɜ ɤɨɬɨɪɨɟ ɞɚɧɧɵɟ ɩɪɨɟɰɢɪɭɸɬɫɹ ɩɨ ɧɟɥɢɧɟɣɧɨɦɭ ɡɚɤɨɧɭ  . 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ   ɦɚɬɪɢɰɚ ɤɨɜɚɪɢɚɰɢɢ ɛɭɞɟɬ ɜɵɝɥɹɞɟɬɶ ɤɚɤ 

     Tj

M

j
j xx

M
C  

1

1 , (5) 

ɝɞɟ  



M

j
jx

M 1

1 . 

Ɉɞɧɚɤɨ, ɰɟɧɬɪɢɪɨɜɚɬɶ ɞɚɧɧɵɟ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɪɢɡɧɚɤɨɜ   ɢɡ-ɡɚ ɛɨɥɶɲɨɝɨ ɨɛɴɟ-
ɦɚ ɜɵɱɢɫɥɟɧɢɣ ɫɥɨɠɧɨ. ɉɨɷɬɨɦɭ ɪɚɫɫɦɨɬɪɢɦ ɧɟ ɰɟɧɬɪɢɪɨɜɚɧɧɭɸ ɦɚɬɪɢɰɭ ɤɨɜɚɪɢɚɰɢɢ 

   Tj

M

j
j xx

M
C  

1

з 1 , (6) 
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ȼ ɚɥɝɨɪɢɬɦɟ KPCA ɜɜɨɞɢɬɫɹ ɩɨɧɹɬɢɟ ɹɞɪɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɡɛɟɠɚɬɶ ɫɥɨɠɧɵɯ ɜɵ-
ɱɢɫɥɟɧɢɣ ɫɤɚɥɹɪɧɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ Д3Ж 

      ji xxyxk , . (7) 

Ɍɨɝɞɚ, ɟɫɥɢ     MxxQ  ,,1  , ɬɨ ɜɵɪɚɠɟɧɢɟ (6) ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ 

TQQ
M

C 1з
 . 

ɋɮɨɪɦɢɪɭɟɦ ɦɚɬɪɢɰɭ QQR T
з

, ɢɫɩɨɥɶɡɭɹ ɜɵɪɚɠɟɧɢɟ (7) 

          jijij
T

j yxkxxxxR ,з
 . (8) 

ȼɵɱɢɫɥɹɹ ɫɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ muuu ,,, 21   ɫɨɛɫɬɜɟɧɧɵɯ ɜɟɤɬɨɪɨɜ ɜ ɩɨɪɹɞɤɟ ɫɨ-

ɨɬɜɟɬɫɬɜɢɹ m  ɧɚɢɛɨɥɶɲɢɦ ɫɨɛɫɬɜɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ m  ...21  ɦɚɬɪɢɰɵ Rз  ɦɨɠɧɨ 

ɩɨɤɚɡɚɬɶ, ɱɬɨ ɫɨɛɫɬɜɟɧɧɵɟ ɜɟɤɬɨɪɚ ɦɚɬɪɢɰɵ Cз  ɧɚ ɨɫɧɨɜɟ ɫɢɧɝɭɥɹɪɧɨɝɨ ɪɚɡɥɨɠɟɧɢɹɦ 
ɛɭɞɭɬ ɢɦɟɬɶ ɜɢɞ 

mjQuw j
j

j ,...,1,1



, (9) 

ɝɞɟ mwww ,,, 21   – ɫɨɛɫɬɜɟɧɧɵɟ ɜɟɤɬɨɪɚ Cз . 
Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɢ ɜɟɤɬɨɪɚ ɦɚɬɪɢɰɵ ɤɨɜɚɪɢɚɰɢɢ C  (5), ɧɚ 

ɨɫɧɨɜɟ ɦɚɬɪɢɰɵ Rз , ɧɟɨɛɯɨɞɢɦɨ ɟɟ ɰɟɧɬɪɢɪɨɜɚɬɶ ɢ ɩɪɨɢɡɜɟɫɬɢ ɪɚɫɱɟɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
(9). Ⱦɥɹ ɰɟɧɬɪɢɪɨɜɚɧɢɹ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɜɵɪɚɠɟɧɢɟɦ 

MMMM RRRRR 1з11зз1з  , (10) 

ɝɞɟ M1  – ɦɚɬɪɢɰɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɟɞɢɧɢɰ. 
Ɍɨɝɞɚ ɞɥɹ ɩɪɨɟɤɰɢɢ ɨɛɪɚɡɰɚ ɧɚ ɜɵɱɢɫɥɟɧɧɵɣ ɛɚɡɢɫ ɫɨɛɫɬɜɟɧɧɵɯ ɜɟɤɬɨɪɨɜ jw  ɡɚ-

ɩɢɲɟɦ 

         

mj

xxkxxkxxkuxuQxwy M
T
j

j

T
j

T

j

T
jj

,...,1

Ж,,,...,,,,Д11
21




  (11) 

ȼɵɱɢɫɥɟɧɧɵɟ ɩɪɢɡɧɚɤɢ ɤɚɠɞɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ myyy ,...,, 21  ɮɨɪɦɢɪɭɸɬ ɜɟɤɬɨɪ–

ɫɬɨɥɛɟɰ ɧɟɥɢɧɟɣɧɵɯ ɩɪɢɡɧɚɤɨɜ  TmyyyY ,...,, 21  ɞɥɹ ɨɛɪɚɡɰɚ x . 

Ʉɨɦɩɥɟɤɫɧɵɣ LDA 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɩɨɥɭɱɟɧɨ ɞɜɚ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɪɢɡɧɚɤɨɜ 
– ɥɢɧɟɣɧɨɟ (PCA) ɢ ɧɟɥɢɧɟɣɧɨɟ (KPCA), ɨɛɨɡɧɚɱɢɦ ɢɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤɚɤ A  ɢ B . 
ɉɭɫɬɶ ɧɚɲɢ ɨɛɪɚɡɰɵ ɩɪɢɧɚɞɥɟɠɚɬ ɩɪɨɫɬɪɚɧɫɬɜɭ  . ɉɨɥɭɱɢɜ ɢɯ ɪɚɡɥɨɠɟɧɢɹ ɧɚ ɥɢɧɟɣ-
ɧɨɦ ɧɚɛɨɪɟ ɩɪɢɡɧɚɤɨɜ A  ɢ ɧɟɥɢɧɟɣɧɨɦ ɧɚɛɨɪɟ ɩɪɢɡɧɚɤɨɜ B , ɨɛɴɟɞɢɧɢɦ ɢɯ ɜ 
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ɧɟɤɨɬɨɪɵɣ ɤɨɦɩɥɟɤɫɧɵɣ ɜɟɤɬɨɪ Ci   . ȼɟɤɬɨɪɚ   ɢ   ɞɨɥɠɧɵ ɛɵɬɶ ɨɞɢɧɚɤɨ-
ɜɨɣ ɪɚɡɦɟɪɧɨɫɬɢ, ɥɢɛɨ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɢɜɟɞɟɧɵ ɤ ɷɬɨɦɭ, ɪɢɫɭɧɨɤ 2.  

 

 
 

Ɋɢɫ.2. Ʉɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɚɥɝɨɪɢɬɦ 
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɧɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɦɟɠɞɭ ɤɥɚɫɫɨɜɚɹ, ɜɧɭɬɪɢ ɤɥɚɫɫɨɜɚɹ ɢ ɨɛɳɚɹ 
ɦɚɬɪɢɰɵ ɪɚɡɛɪɨɫɚ ɛɭɞɭɬ ɢɦɟɬɶ ɫɥɟɞɭɸɳɢɣ ɜɢɞ 

  H
i

c

i
iib mmmmNS 0

1
0 



, (12) 

   жед
1

00 i

c

i

H
w wmXmXS  



 , (13) 

    H
wbt mXmXSSS 00 , (14) 

ɝɞɟ iN  – ɱɢɫɥɨ ɨɛɪɚɡɰɨɜ ɤɥɚɫɫɚ i , im  – ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɩɨ ɤɥɚɫɫɭ i , 0m  – ɫɪɟɞɧɟɟ ɡɧɚ-
ɱɟɧɢɟ ɩɨ ɜɫɟɣ ɜɵɛɨɪɤɟ. 

ɂɡ ɜɵɪɚɠɟɧɢɣ (12)-(14) ɫɥɟɞɭɟɬ, ɱɬɨ ɜɫɟ ɬɪɢ ɦɚɬɪɢɰɵ wb SS ,  ɢ tS  ɹɜɥɹɸɬɫɹ ɩɨɥɭ-
ɩɨɥɨɠɢɬɟɥɶɧɨ ɨɩɪɟɞɟɥёɧɧɵɦɢ ɷɪɦɢɬɨɜɵɦɢ ɦɚɬɪɢɰɚɦɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɦɚɬɪɢɰɵ wS  ɢ tS  
ɹɜɥɹɸɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɨ ɨɩɪɟɞɟɥёɧɧɵɦɢ ɜ ɫɥɭɱɚɟ ɟɫɥɢ wS  ɧɟɫɢɧɝɭɥɹɪɧɚ. ɉɭɫɬɶ ɦɚɬɪɢ-
ɰɚ wS  ɧɟɫɢɧɭɥɹɪɧɚ. 

Ɏɭɧɤɰɢɸ ɞɢɫɤɪɢɦɢɧɚɧɬɧɨɝɨ ɤɪɢɬɟɪɢɹ Ɏɢɲɟɪɚ ɨɛɴɹɜɢɦ ɤɚɤ: 





w

H
b

H

S
SJ )( , (15) 

ɝɞɟ   – n-ɪɚɡɦɟɪɧɵɣ ɧɟɧɭɥɟɜɨɣ ɜɟɤɬɨɪ. 
Ⱦɥɹ ɩɨɥɨɠɢɬɟɥɶɧɨ ɨɩɪɟɞɟɥёɧɧɨɣ ɦɚɬɪɢɰɵ wS  ɢ ɩɨɥɭɩɨɥɨɠɢɬɟɥɶɧɨ ɨɩɪɟɞɟɥёɧɧɨɣ 

ɦɚɬɪɢɰɵ bS , ɞɥɹ ɥɸɛɨɝɨ  , ɢɦɟɟɦ 0 b
H S  ɢ 0 w

H S . ɗɬɨ ɨɡɧɚɱɚɟɬ ɱɬɨ ɡɧɚɱɟɧɢɹ 
ɞɢɫɤɪɢɦɢɧɚɧɬɧɨɝɨ ɤɪɢɬɟɪɢɹ  J  ɹɜɥɹɸɬɫɹ ɧɟɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɞɟɣɫɬɜɢɬɟɥɶɧɵɦɢ ɱɢɫ-
ɥɚɦɢ. ȼ ɮɢɡɢɱɟɫɤɨɦ ɩɨɧɢɦɚɧɢɢ ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɤɪɢɬɟɪɢɣ Ɏɢɲɟɪɚ ɜ ɤɨɦɩɥɟɤɫɧɨɦ 
ɩɪɨɫɬɪɚɧɫɬɜɟ ɚɧɚɥɨɝɢɱɟɧ ɤɪɢɬɟɪɢɸ ɜ ɟɜɤɥɢɞɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. 

ȼɟɤɬɨɪ * ,ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ ɤɪɢɬɟɪɢɹ  J , ɧɚɡɵɜɚɸɬ 
ɨɩɬɢɦɚɥɶɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɩɪɨɟɤɰɢɢ. ɉɪɢ ɩɪɨɟɤɰɢɢ ɨɛɪɚɡɰɨɜ ɜ *  ɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ 
ɤɥɚɫɫɨɜɨɝɨ ɢ ɜɧɭɬɪɢ ɤɥɚɫɫɨɜɨɝɨ ɪɚɫɫɟɢɜɚɧɢɹ ɛɭɞɟɬ ɦɚɤɫɢɦɚɥɶɧɵɦ. ȼɟɤɬɨɪ *  ɦɨɠɧɨ 
ɜɵɛɪɚɬɶ ɤɚɤ ɨɛɨɛɳɟɧɧɵɣ ɜɟɤɬɨɪ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɜɵɪɚɠɟɧɢɹ XSXS wb  , ɫɨɨɬ-
ɜɟɬɫɬɜɭɸɳɢɣ ɦɚɤɫɢɦɚɥɶɧɵɦ ɨɛɨɛɳɟɧɧɵɦ ɫɨɛɫɬɜɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ. 

Ɉɛɪɚɡɟɰ 

KОЫЧОХ 
PCA 

PCA Ʌɢɧɟɣɧɵɟ 
ɩɪɢɡɧɚɤɢ 

ɇɟɥɢɧɟɣɧɵɟ 
ɩɪɢɡɧɚɤɢ 

Ʉɨɦɩɥɟɤɫɧɵɣ 
LDA 

Ʉɥɚɫɫɢɮɢɤɚɬɨɪ 
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Ʉɚɤ ɩɨɤɚɡɚɧɨ ɜ Д4Ж ɨɩɬɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɨɫɟɣ P = ( d ,...,, 21 ) ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɫɨɨɬ-
ɧɨɲɟɧɢɹ 1 cd , ɝɞɟ c  – ɱɢɫɥɨ ɤɥɚɫɫɨɜ. Ⱦɚɥɟɟ ɛɚɡɢɫ P ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɪɨɟɰɢɪɨɜɚ-
ɧɢɹ ɜ ɤɨɦɩɥɟɤɫɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɩɪɢɡɧɚɤɨɜ. Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɩɪɢɡɧɚɤɨɜ ɩɨ ɤɨɦɩɥɟɤɫ-
ɧɨɦɭ ɚɥɝɨɪɢɬɦɭ LDA ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɨɪɦɭɥɚ 

YPZ H , (16) 

ɝɞɟ Y  – ɩɪɨɟɤɰɢɹ ɢɫɯɨɞɧɨɝɨ ɨɛɪɚɡɰɚ ɜ ɤɨɦɩɥɟɤɫɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ, Z  – ɜɟɤɬɨɪ ɩɪɢɡɧɚ-
ɤɨɜ ɩɨ ɦɟɬɨɞɭ LDA. 

ɉɨɫɬɚɧɨɜɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ 

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 
ɩɪɨɜɟɞɟɧɨ ɬɟɫɬɢɪɨɜɚɧɢɟ, ɞɥɹ ɤɨɬɨɪɨɣ ɫɨɡɞɚɧɚ ɛɚɡɚ ɢɡɨɛɪɚɠɟɧɢɣ ɡɧɚɤɨɜ ɨɝɪɚɧɢɱɟɧɢɹ 
ɫɤɨɪɨɫɬɢ ɨɬ 5, 10, 20 ɢ ɞɚɥɟɟ ɞɨ 120 ɤɦ/ɱ, ɜɫɟɝɨ 13 ɤɥɚɫɫɨɜ ɡɧɚɤɨɜ. Ɉɛɭɱɚɸɳɭɸ ɜɵɛɨɪɤɭ 
ɞɥɹ ɤɚɠɞɨɝɨ ɤɥɚɫɫɚ ɫɨɫɬɚɜɥɹɸɬ 10 ɢɡɨɛɪɚɠɟɧɢɣ, ɤɨɬɨɪɵɟ ɫɞɟɥɚɧɵ ɮɪɨɧɬɚɥɶɧɨ, ɩɨɞ ɭɝ-
ɥɨɦ ɫɥɟɜɚ ɢ ɫɩɪɚɜɚ, ɫɜɟɪɯɭ ɢ ɫɧɢɡɭ ɢ ɜ ɢɯ ɤɨɦɛɢɧɚɰɢɹɯ. Ʉɪɨɦɟ ɬɨɝɨ ɨɞɧɨ ɢɡɨɛɪɚɠɟɧɢɟ ɫ 
ɭɯɭɞɲɟɧɧɵɦ ɨɫɜɟɳɟɧɢɟɦ, ɪɢɫɭɧɨɤ 3. Ʉɚɠɞɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɨɛɪɟɡɚɧɨ ɩɨ ɪɚɡɦɟɪɭ ɡɧɚɤɚ ɢ 
ɩɪɢɜɟɞɟɧɨ ɤ ɪɚɡɪɟɲɟɧɢɸ 50×50 ɩɢɤɫɟɥɟɣ. ɇɚɞ ɤɚɠɞɵɦ ɢɡɨɛɪɚɠɟɧɢɟɦ ɩɪɨɜɟɞɟɧɨ ɚɜɬɨ-
ɦɚɬɢɱɟɫɤɨɟ ɤɨɧɬɪɚɫɬɢɪɨɜɚɧɢɟ. Ⱥɧɚɥɨɝɢɱɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜɵɩɨɥɧɟɧɵ ɞɥɹ ɬɟɫɬɨɜɵɯ 
ɢɡɨɛɪɚɠɟɧɢɣ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɫɧɹɬɵ ɫ ɩɪɨɢɡɜɨɥɶɧɵɯ ɩɨɡɢɰɢɣ. 

   

 
Ɋɢɫ. 3. Ɉɛɭɱɚɸɳɚɹ ɜɵɛɨɪɤɚ ɞɥɹ ɨɞɧɨɝɨ ɤɥɚɫɫɚ 
 

Ʉɚɠɞɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɫɨɯɪɚɧɟɧɨ ɜ ɮɨɪɦɚɬɟ JPEG ɢ ɟɦɭ ɩɪɢɫɜɨɟɧɨ ɧɚɡɜɚɧɢɟ ɜ ɫɨ-
ɨɬɜɟɬɫɬɜɢɢ ɫ ɦɚɫɤɨɣ <ɤɥɚɫɫ>-<ɧɨɦɟɪ>.УЩР (ɧɚɩɪɢɦɟɪ, 80-2541.УЩР), ɱɬɨ ɜ ɞɚɥɶɧɟɣɲɟɦ 
ɩɨɡɜɨɥɢɥɨ ɩɪɨɜɟɫɬɢ ɩɪɨɜɟɪɤɭ ɩɪɚɜɢɥɶɧɨɫɬɢ, ɩɭɬɟɦ ɫɪɚɜɧɟɧɢɹ ɤɥɚɫɫɨɜ. 

ɉɪɢ ɬɟɫɬɢɪɨɜɚɧɢɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɦɟɬɨɞ ɫɪɚɜɧɢɜɚɥɫɹ ɫ ɦɟɬɨɞɨɦ Eigenfaces, 
Fisherfaces, Kernel Eigenfaces. ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɬɟɫɬɢɪɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ 100 ɝɥɚɜ-
ɧɵɯ ɤɨɦɩɨɧɟɧɬ (ɞɥɹ Eigenfaces ɢ Kernel Eigenfaces), ɜ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ ɦɟɬɨɞɟ ɢ ɦɟ-
ɬɨɞɟ Fisherfaces ɤɨɥɢɱɟɫɬɜɨ ɤɨɦɩɨɧɟɧɬ ɨɝɪɚɧɢɱɟɧɨ ɱɢɫɥɨɦ ɤɥɚɫɫɨɜ ɢ ɪɚɜɧɨ 

121 cd . Ⱦɥɹ ɦɟɬɨɞɚ Kernel Eigenfaces ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɩɨɥɢɧɨɦɢɚɥɶɧɨɟ ɹɞɪɨ ɜɢɞɚ 
   qyxyxk 1,  , ɤɨɬɨɪɨɟ ɞɚɜɚɥɨ ɧɚɢɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ Д5Ж. 

Ɉɰɟɧɢɦ ɨɩɬɢɦɚɥɶɧɭɸ ɫɬɟɩɟɧɶ ɩɨɥɢɧɨɦɢɚɥɶɧɨɝɨ ɹɞɪɚ q . ȼɨɫɩɨɥɶɡɭɟɦɫɹ ɞɥɹ ɷɬɨɝɨ 
ɦɟɬɪɢɤɚ ȿɜɤɥɢɞɨɜɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɢ ɤɨɫɢɧɭɫɚ ɭɝɥɚ ɦɟɠɞɭ ɞɜɭɦɹ ɜɟɤɬɨɪɚɦɢ 

     l
H

ll ZZZg   , (17) 
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  ,
YZ
YZZdl


  (18) 

ɝɞɟ Z  – ɬɟɫɬɨɜɵɣ ɨɛɪɚɡɟɰ, l  – ɜɟɤɬɨɪ ɫɪɟɞɧɟɝɨ ɩɨ ɤɥɚɫɫɭ l , Y  – ɨɛɪɚɡɟɰ ɜ ɨɛɭɱɚɸɳɟɣ 
ɜɵɛɨɪɤɟ. 

ɉɪɢ ɷɬɨɦ, ɟɫɥɢ ɞɥɹ ɨɛɪɚɡɰɚ Z  

    ZgZg llk ЦТЧ  ɢɥɢ     ZdZd llk ЦТЧ , 

ɬɨ ɨɛɪɚɡɟɰ Z  ɩɪɢɧɚɞɥɟɠɢɬ ɤɥɚɫɫɭ k . 
Ɋɟɡɭɥɶɬɚɬɵ ɨɰɟɧɢɜɚɧɢɹ ɫɬɟɩɟɧɢ ɩɨɥɢɧɨɦɢɚɥɶɧɨɝɨ ɹɞɪɚ q , ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 

4. Ʌɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɵ ɩɨ ɮɨɪɦɭɥɟ (18) ɩɪɢ ɩɚɪɚɦɟɬɪɟ 8.2q . Ⱦɥɹ ɟɜɤɥɢɞɨ-
ɜɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɨɩɬɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 8.1q . ȼ ɞɚɥɶɧɟɣɲɟɦ ɜɨ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ 
ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɦɟɬɪɢɤɚ ɩɨ ɤɨɫɢɧɭɫɭ ɭɝɥɚ. 

Ⱥɧɚɥɢɡ ɜɟɪɨɹɬɧɨɫɬɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ ɩɨɤɚɡɚɥ, ɱɬɨ ɱɟɦ ɛɨɥɶɲɟ ɱɢɫɥɨ 
ɢɫɩɨɥɶɡɭɟɦɵɯ ɤɨɦɩɨɧɟɧɬ, ɬɟɦ ɜɵɲɟ ɬɨɱɧɨɫɬɶ ɪɚɫɩɨɡɧɚɜɚɧɢɹ. ȼ ɨɛɳɟɦ ɡɚɜɢɫɢɦɨɫɬɶ 
ɬɨɱɧɨɫɬɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɬ ɱɢɫɥɚ ɤɨɦɩɨɧɟɧɬɨɜ ɛɥɢɡɤɚ ɤ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ ɢ ɩɪɢ ɛɨɥɶ-
ɲɨɦ ɱɢɫɥɟ ɤɨɦɩɨɧɟɧɬɨɜ ɨɧɚ ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ, ɱɬɨ ɧɟɥɶɡɹ ɫɤɚɡɚɬɶ ɨ ɚɥɝɨɪɢɬɦɟ 
Fisherfaces, ɪɢɫɭɧɨɤ 5. 

Ɋɟɡɭɥɶɬɚɬɵ ɬɟɫɬɢɪɨɜɚɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɞɚɟɬ ɩɪɢɪɨɫɬ ɜɟɪɨɹɬɧɨɫɬɢ 
ɪɚɫɩɨɡɧɚɜɚɧɢɣ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ 2.5%. 

 

 
Ɋɢɫ 4. ɋɪɚɜɧɟɧɢɟ ɦɟɬɪɢɤ ɞɥɹ ɦɟɬɨɞɚ Kernel Eigenfaces ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɚ q  
ɩɨɥɢɧɨɦɢɚɥɶɧɨɝɨ ɹɞɪɚ 
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Ɋɢɫ 5. ɋɪɚɜɧɟɧɢɟ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞɚ ɢ ɦɟɬɨɞɚ Fisherfaces ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɱɢɫɥɚ 
ɤɨɦɩɨɧɟɧɬ 
 

Ɍɚɛɥɢɰɚ 1. 
Ɋɟɡɭɥɶɬɚɬɵ ɬɟɫɬɢɪɨɜɚɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ (%) 

 
Eigenfaces Kernel Eigenfaces Fisherfaces Ʉɨɦɛɢɧɢɪɨɜɚɧɧɵɣ  

ɚɥɝɨɪɢɬɦ 
62.96 72.84 87.65 90.12 

 
ɉɪɟɞɥɨɠɟɧɧɵɣ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ ɦɨɠɧɨ 

ɪɟɤɨɦɟɧɞɨɜɚɬɶ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɫɢɫɬɟɦɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɞɨ-
ɪɨɠɧɵɯ ɡɧɚɤɨɜ. 
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ȼ.ɋ. ɋɢɬɧɿɤɨɜ, Ⱦ.Ɇ. ɒɚɬɨɯɿɧ 
ɄɈɆȻȱɇɈȼȺɇɂɃ ȺɅȽɈɊɂɌɆ ɉȱȾȼɂɓȿɇɇə ȼȱɊɈȽȱȾɇɈɋɌȱ ɊɈɁɉȱɁɇȺȼȺɇɇə 
ȾȼɈȼɂɆȱɊɇɂɏ ɁɈȻɊȺɀȿɇɖ 
 
Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɤɨɦɛɿɧɨɜɚɧɢɣ ɦɟɬɨɞ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɞɜɨɜɢɦɿɪɧɢɯ ɨɛɪɚɡɿɜ ɧɚ ɨɫɧɨɜɿ ɥɿ-
ɧɿɣɧɢɯ ɿ ɧɟɥɿɧɿɣɧɢɯ ɫɬɚɬɢɫɬɢɱɧɢɯ ɦɟɬɨɞɿɜ. Ⱦɥɹ ɨɬɪɢɦɚɧɧɹ ɨɡɧɚɤ ɿ ɩɨɱɚɬɤɨɜɨɝɨ ɡɧɢɠɟɧ-
ɧɹ ɪɨɡɦɿɪɧɨɫɬɿ ɩɪɨɫɬɨɪɭ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɥɿɧɿɣɧɢɣ ɬɚ ɧɟɥɿɧɿɣɧɢɣ ɦɟɬɨɞ ɝɨɥɨɜɧɢɯ ɤɨɦ-
ɩɨɧɟɧɬ. Ɉɡɧɚɤɢ ɨɛ’єɞɧɭɸɬɶɫɹ ɜ ɤɨɦɩɥɟɤɫɧɟ ɱɢɫɥɨ, ɿ ɞɚɥɿ ɩɪɨɜɨɞɢɬɶɫɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɡɚ 
ɚɥɝɨɪɢɬɦɨɦ FТЬСОЫПКМОЬ. Ɋɨɡɝɥɹɧɭɬɨ ɜɩɥɢɜ ɤɨɟɮɿɰɿєɧɬɿɜ ɧɟɥɿɧɿɣɧɨɝɨ ɦɟɬɨɞɭ, ɚ ɬɚɤɨɠ ɦɟ-
ɬɪɢɤ ɞɥɹɜɢɡɧɚɱɟɧɧɹ ɧɚɥɟɠɧɨɫɬɿ ɞɨ ɩɟɜɧɨɝɨ ɤɥɚɫɭ. 
 
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɫɬɚɬɢɫɬɢɱɧɢɣ ɦɟɬɨɞ, ɦɟɬɨɞ ɝɨɥɨɜɧɢɯ ɤɨɦɩɨɧɟɧɬ, ɥɿɧɿɣɧɢɣ ɞɢɫɤɪɢɦɿ-
ɧɚɧɬɧɢɣ ɚɧɚɥɿɡ, ɤɨɦɛɿɧɨɜɚɧɢɣ ɦɟɬɨɞ, «ɹɞɟɪɧɿ» ɦɟɬɨɞɢ 
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PЫШЩШЬОН МШЦЛТЧОН ЫОМШРЧТЭТШЧ КХРШЫТЭСЦ МШЦЛТЧТЧР ХТЧОКЫ КЧН ЧШЧХТЧОКЫ ПОКЭЮЫОЬ. TШ ШЛЭКТЧ 
ЭСО ШЫТРТЧКХ ПОКЭЮЫОЬ КЧН НТЦОЧЬТШЧ ЫОНЮМЭТШЧ ЮЬОН ХТЧОКЫ КЧН ЧШЧХТЧОКЫ ЩЫТЧМТЩКХ МШЦЩШЧОЧЭ 
КЧКХвЬТЬ. TСО ПОКЭЮЫОЬ КЫО МШЦЛТЧОН ТЧЭШ К МШЦЩХОб ЧЮЦЛОЫ, КЧН ЭСОЧ ЦКНО ЫОМШРЧТЭТШЧ 
КХРШЫТЭСЦ FТЬСОЫПКМОЬ. CШЧЬТНОЫОН ТЧПХЮОЧМО ШП МШОППТМТОЧЭЬ ШП ЧШЧХТЧОКЫ ЦОЭСШН, КЧН ЦОЭЫТМЬ 
ПШЫ ЦОЭЫТМЬ ПШЫ НОЭОЫЦТЧТЧР ЭСО ЛОХШЧРТЧР ЭШ ЭСО ЩКЫЭТМЮХКЫ МХКЬЬ. 
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