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ȺЛЬЭЫКМЭ 
The approach realized in the developed mathematical model of the multimodal user authentication 
system, obtaining an estimate of the conditional probabilities of the Bayesian network of trust based 
on the use of non-numerical expert, inaccurate and incomplete information about the user's 
biometric parameters is considered. The averaged estimates of probabilistic parameters and the 
standard deviations corresponding to them are obtained, which make it possible to solve the 
problem of estimating the probability of legitimacy of the user working with the system. 
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ɇɟɭɤɥɨɧɧɵɣ ɪɨɫɬ ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɱɟɥɨɜɟɤɚ ɜ ɩɪɨɰɟɫɫɟ ɢɧɮɨɪɦɚɬɢɡɚɰɢɢ 
ɨɛɳɟɫɬɜɚ ɩɪɟɞɴɹɜɥɹɟɬ ɨɫɨɛɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɜɨɩɪɨɫɚɦ ɨɛɟɫɩɟɱɟɧɢɹ ɡɚɳɢɬɵ ɢ ɤɨɧɮɢɞɟɧɰɢɚɥɶɧɨɫɬɢ 
ɞɚɧɧɵɯ. Ⱥɧɚɥɢɡ Д1Ж ɬɟɯɧɢɱɟɫɤɢɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɫɨɜɪɟɦɟɧɧɵɯ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ ɩɨ 
ɨɛɟɫɩɟɱɟɧɢɸ ɡɚɳɢɬɵ ɨɬ ɧɟɫɚɧɤɰɢɨɧɢɪɨɜɚɧɧɨɝɨ ɞɨɫɬɭɩɚ (ɇɋȾ) ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɞɚɥɟɤɨ 
ɧɟ ɩɨɥɧɨɫɬɶɸ ɪɟɚɥɢɡɨɜɚɧɵ ɜɨɡɦɨɠɧɨɫɬɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɪɚɛɨɱɢɯ ɦɟɫɬ ɩɨɥɶɡɨɜɚɬɟɥɹ ɩɨ 

ɨɫɭɳɟɫɬɜɥɟɧɢɸ ɩɪɨɰɟɞɭɪɵ ɟɝɨ ɚɭɬɟɧɬɢɮɢɤɚɰɢɢ. ɉɨɜɫɟɦɟɫɬɧɨ ɨɬɱɟɬɵ ɪɚɡɥɢɱɧɵɯ ɨɪɝɚɧɢɡɚɰɢɣ ɜ 
ɫɮɟɪɟ ɡɚɳɢɬɵ ɢɧɮɨɪɦɚɰɢɢ ɩɨɤɚɡɵɜɚɸɬ Д2Ж, ɱɬɨ ɡɚɳɢɳɟɧɧɨɫɬɶ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ ɨɬ 
ɜɨɡɞɟɣɫɬɜɢɣ ɤɨɦɩɶɸɬɟɪɧɵɯ ɚɬɚɤ ɢ ɪɚɡɥɢɱɧɵɯ ɩɪɨɝɪɚɦɦ ɫɤɪɵɬɨɝɨ ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ 
ɧɟ ɨɬɜɟɱɚɟɬ ɬɟɤɭɳɢɦ ɭɝɪɨɡɚɦ. ɋɭɳɟɫɬɜɭɸɳɢɟ ɩɨɬɪɟɛɧɨɫɬɢ ɜ ɩɨɜɵɲɟɧɢɢ ɭɪɨɜɧɹ ɤɨɧɬɪɨɥɹ ɞɨɫɬɭɩɚ 
ɤ ɢɧɮɨɪɦɚɰɢɢ ɢ ɷɮɮɟɤɬɢɜɧɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ Д3Ж, ɚ ɬɚɤɠɟ ɪɚɡɜɢɬɢɟ 
ɦɟɬɨɞɨɜ ɩɨɥɭɱɟɧɢɹ ɧɟɥɟɝɚɥɶɧɨɝɨ ɞɨɫɬɭɩɚ ɤ ɢɧɮɨɪɦɚɰɢɢ, ɨɩɪɟɞɟɥɹɸɬ ɨɫɨɛɭɸ ɚɤɬɭɚɥɶɧɨɫɬɶ 
ɧɚɭɱɧɨɝɨ ɩɨɢɫɤɚ ɜ ɨɛɥɚɫɬɢ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɢɤ 
ɚɭɬɟɧɬɢɮɢɤɚɰɢɢ ɩɨɥɶɡɨɜɚɬɟɥɟɣ. 

Ɋɚɡɪɚɛɨɬɤɚ ɷɮɮɟɤɬɢɜɧɨɣ ɦɧɨɝɨɦɨɞɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɚɭɬɟɧɬɢɮɢɤɚɰɢɢ ɩɨɥɶɡɨɜɚɬɟɥɹ, 
ɩɨɡɜɨɥɹɸɳɚɹ ɨɫɭɳɟɫɬɜɥɹɬɶ ɡɚɳɢɬɭ ɨɬ ɇɋȾ ɢ ɤɨɧɬɪɨɥɶ ɞɨɫɬɭɩɚ ɥɟɝɢɬɢɦɧɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɹ ɫ ɭɱɟɬɨɦ 
ɞɚɧɧɵɯ ɧɟɫɤɨɥɶɤɢɯ ɤɚɧɚɥɨɜ ɤɨɦɦɭɧɢɤɚɬɢɜɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨɥɶɡɨɜɚɬɟɥɹ ɢ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ ɜɵɯɨɞɨɦ ɢɡ ɫɥɨɠɢɜɲɟɣɫɹ ɫɢɬɭɚɰɢɢ. ȼ ɨɫɧɨɜɟ 
ɦɨɝɨɦɨɞɚɥɶɧɨɣ ɚɭɬɟɧɬɢɮɢɤɚɰɢɢ ɡɚɥɨɠɟɧɚ ɢɦɟɸɳɚɹɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɭɱɟɬɚ ɢɧɮɨɪɦɚɰɢɢ ɨ 
ɮɭɧɤɰɢɨɧɚɥɶɧɨɦ (ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɦ, ɷɦɨɰɢɨɧɚɥɶɧɨɦ, ɩɫɢɯɨɮɢɡɢɨɥɨɝɢɱɟɫɤɨɦ) ɫɨɫɬɨɹɧɢɢ 
ɩɨɥɶɡɨɜɚɬɟɥɹ Д4Ж, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɨɜɵɲɟɧɢɸ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɪɟɚɥɢɡɭɟɦɨɣ ɩɪɨɰɟɞɭɪɵ. 

ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɦɧɨɝɨɦɨɞɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɚɭɬɟɧɬɢɮɢɤɚɰɢɢ 
ɩɨɥɶɡɨɜɚɬɟɥɹ ɧɚ ɨɫɧɨɜɟ ɛɚɣɟɫɨɜɫɤɨɣ ɫɟɬɢ ɞɨɜɟɪɢɹ (ȻɋȾ) Д5Ж ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɪɚɛɨɬɟ Д6Ж. Ɉɧɚ 

ɩɨɡɜɨɥɹɟɬ ɤɨɦɩɥɟɤɫɧɨ ɭɱɢɬɵɜɚɬɶ ɢɧɮɨɪɦɚɰɢɸ ɨ ɪɚɡɥɢɱɧɵɯ ɛɢɨɦɟɬɪɢɱɟɫɤɢɯ ɩɪɢɡɧɚɤɨɜ 
ɚɭɬɟɧɬɢɮɢɤɚɰɢɢ ɩɨɥɶɡɨɜɚɬɟɥɹ, ɤɨɬɨɪɵɟ ɨɛɴɟɞɢɧɹɸɬɫɹ (ɝɪɭɩɩɢɪɭɸɬɫɹ) ɧɚ ɨɫɧɨɜɟ ɦɟɬɨɞɨɜ 
ɦɧɨɝɨɦɨɞɚɥɶɧɨɝɨ ɨɛɴɟɞɢɧɟɧɢɹ Д4, 7Ж. ȼ ɩɪɨɰɟɫɫɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɫɪɟɞɟ GОNХО Д8Ж ɬɚɤɠɟ ɛɵɥɚ 
ɧɚɣɞɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɞɨɫɬɨɜɟɪɧɨɫɬɢ 
ɚɭɬɟɧɬɢɮɢɤɚɰɢɢ ɩɨɥɶɡɨɜɚɬɟɥɹ ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɨ ɟɝɨ ɛɢɨɦɟɬɪɢɱɟɫɤɢɯ ɩɪɢɡɧɚɤɚɯ. 

ɉɨ ɩɨɥɭɱɚɟɦɨɣ ɢɧɮɨɪɦɚɰɢɢ (ɜ ɩɪɨɰɟɫɫɟ ɚɧɚɥɢɡɚ ɪɚɛɨɬɵ ɩɨɥɶɡɨɜɚɬɟɥɹ) ɫ ɩɨɦɨɳɶɸ 
ɛɚɣɟɫɨɜɫɤɨɝɨ ɦɟɬɨɞɚ ɜ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɨɞɟɥɢ ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ 
ɢɫɬɢɧɧɨɣ ɝɢɩɨɬɟɡɵ (ɥɟɝɢɬɢɦɧɨɫɬɶ ɩɨɥɶɡɨɜɚɬɟɥɹ). ȼɧɨɜɶ ɩɨɥɭɱɚɟɦɚɹ ɢɧɮɨɪɦɚɰɢɹ ɦɧɨɝɨɦɨɞɚɥɶɧɨɣ 
ɫɢɫɬɟɦɨɣ ɚɭɬɟɧɬɢɮɢɤɚɰɢɢ ɜɵɫɬɭɩɚɟɬ ɜ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɦɨɞɢɮɢɤɚɰɢɢ ɚɩɪɢɨɪɧɵɯ 
ɜɟɪɨɹɬɧɨɫɬɟɣ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɵɯ ɜɵɱɢɫɥɹɸɬɫɹ ɚɩɨɫɬɟɪɢɨɪɧɵɟ ɜɟɪɨɹɬɧɨɫɬɢ. Ɍɚɤɠɟ, ɟɳɟ ɨɞɧɢɦ ɟɝɨ 
ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɦɨɦɟɧɬɨɦ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɫɭɛɴɟɤɬɢɜɧɵɯ ɜɟɪɨɹɬɧɨɫɬɧɵɯ ɨɰɟɧɨɤ 
ɚɩɪɢɨɪɧɵɯ ɝɢɩɨɬɟɡ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɷɦɩɢɪɢɱɟɫɤɢɯ ɞɚɧɧɵɯ Д9Ж. 

ɍɬɨɱɧɟɧɢɟ ɬɚɛɥɢɰ ɭɫɥɨɜɧɵɯ ɜɟɪɨɹɬɧɨɫɬɟɣ ɞɥɹ ɦɨɞɟɥɢɪɭɟɦɨɣ ȻɋȾ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɨɫɧɨɜɟ 
ɷɤɫɩɟɪɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɢɦɟɸɳɢɯɫɹ ɞɚɧɧɵɯ ɪɚɡɥɢɱɧɵɯ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɧɚɤɨɩɥɟɧɧɵɯ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɢɦɵ ɜ ɦɧɨɝɨɦɨɞɚɥɶɧɵɯ ɫɢɫɬɟɦɚɯ 
ɚɭɬɟɧɬɢɮɢɤɚɰɢɢ ɩɨɥɶɡɨɜɚɬɟɥɹ. 

Ɉɞɧɚɤɨ, ɩɪɢ ɚɧɚɥɢɡɟ ɪɚɡɥɢɱɧɵɯ ɦɨɞɚɥɶɧɨɫɬɟɣ ɢɦɟɟɬ ɦɟɫɬɨ ɞɟɮɢɰɢɬ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɱɢɫɥɨɜɨɣ 
ɢɧɮɨɪɦɚɰɢɢ, ɩɪɢɜɨɞɹɳɢɣ ɤ ɫɭɳɟɫɬɜɟɧɧɵɦ ɬɪɭɞɧɨɫɬɹɦ ɜ ɭɫɩɟɲɧɨɣ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɨɛɴɟɤɬɨɜ, 
ɨɩɢɫɵɜɚɟɦɵɯ ɧɚɛɨɪɚɦɢ ɪɚɡɥɢɱɧɵɯ ɛɢɨɦɟɬɪɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɞɚɧɧɨɝɨ 
ɧɟɞɨɫɬɚɬɤɚ ɤ ɨɰɟɧɤɟ ɭɫɥɨɜɧɵɯ ȻɋȾ ɩɪɢ ɞɟɮɢɰɢɬɟ ɢɧɮɨɪɦɚɰɢɢ ɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɯ ɦɟɠɞɭ ɭɡɥɚɦɢ 
ɩɪɢɜɥɟɤɚɸɬ ɷɤɫɩɟɪɬɨɜ. ɗɤɫɩɟɪɬɧɚɹ ɨɰɟɧɤɚ, ɤ ɫɨɠɚɥɟɧɢɸ, ɧɟ ɦɨɠɟɬ ɩɪɟɞɨɫɬɚɜɢɬɶ ɬɨɱɧɭɸ ɱɢɫɥɨɜɭɸ 
ɨɰɟɧɤɭ ɷɬɢɯ ɜɟɪɨɹɬɧɨɫɬɟɣ, ɚ ɦɧɟɧɢɹ ɷɤɫɩɟɪɬɨɜ ɨɝɪɚɧɢɱɟɧɵ ɪɹɞɨɦ ɫɪɚɜɧɢɬɟɥɶɧɵɯ ɫɭɠɞɟɧɢɣ ɨ 
ɩɪɟɜɨɫɯɨɞɫɬɜɟ ɢɥɢ ɪɚɜɟɧɫɬɜɟ ɜɟɪɨɹɬɧɨɫɬɟɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɨɛɴɟɤɬɚ ɤ ɪɚɡɥɢɱɧɵɦ ɤɚɬɟɝɨɪɢɹɦ. 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɦɧɨɝɨɦɨɞɚɥɶɧɨɣ ɚɭɬɟɧɬɢɮɢɤɚɰɢɢ ɩɨɥɶɡɨɜɚɬɟɥɹ ɹɜɥɹɟɬɫɹ ɭɱɟɬ ɢɧɮɨɪɦɚɰɢɢ, 
ɩɨɥɭɱɚɟɦɭɸ ɢɡ ɪɚɡɧɵɯ ɤɚɧɚɥɨɜ (ɢɫɬɨɱɧɢɤɨɜ) ɢ ɨɛɥɚɞɚɸɳɭɸ ɪɚɡɥɢɱɧɨɣ ɡɧɚɱɢɦɨɫɬɶɸ (ɩɨ ɪɚɡɧɵɦ 
ɩɚɪɚɦɟɬɪɚɦ – ɜɚɠɧɨɫɬɢ, ɢɧɮɨɪɦɚɬɢɜɧɨɫɬɢ, ɧɚɞɟɠɧɨɫɬɢ ɢ ɬ.ɩ.). ȼ ɷɬɨɦ ɫɥɭɱɚɟ, ɨɰɟɧɤɚ 
ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɡɧɚɱɢɦɨɫɬɢ ɢɫɬɨɱɧɢɤɨɜ ɢɧɮɨɪɦɚɰɢɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɟɫɨɜɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ  
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ɡɚɬɪɭɞɧɢɬɟɥɶɧɚ, ɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɨɥɶɤɨ ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɫɭɠɞɟɧɢɹ ɨ ɡɧɚɱɟɧɢɹɯ ɜɟɫɨɜɵɯ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɨɩɨɫɬɚɜɢɦɵɯ ɫɪɚɜɧɢɬɟɥɶɧɵɦ ɫɭɠɞɟɧɢɹɦ ɨ ɜɟɪɨɹɬɧɨɫɬɹɯ.  

ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɥɹ ɷɤɫɩɟɪɬɨɜ, ɩɪɢɜɥɟɤɚɟɦɵɯ ɤ ɨɰɟɧɤɟ, ɢɦɟɧɧɨ ɬɚɤɚɹ ɧɟɱɢɫɥɨɜɚɹ 
(ɨɪɞɢɧɚɥɶɧɚɹ) ɮɨɪɦɚ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɨ ɜɟɪɨɹɬɧɨɫɬɹɯ ɢ ɜɟɫɨɜɵɯ ɤɨɷɮɮɢɰɢɟɧɬɚɯ 
ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɩɪɢɟɦɥɟɦɨɣ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɸɬ ɪɚɡɥɢɱɧɵɟ ɩɫɢɯɨɥɨɝɢɱɟɫɤɢɟ ɷɤɫɩɟɪɢɦɟɧɬɵ  
Д10, 11Ж, ɚ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɷɤɫɩɟɪɬɧɵɯ ɡɧɚɧɢɣ ɜ ɬɨɱɧɨɣ ɱɢɫɥɨɜɨɣ ɮɨɪɦɟ ɜɵɡɵɜɚɸɬ ɩɨɹɜɥɟɧɢɟ 
ɫɦɟɳɟɧɧɵɯ ɨɰɟɧɨɤ, ɢ ɤɚɤ ɢɬɨɝ – ɧɟɜɟɪɧɵɟ ɜɵɜɨɞɵ Д12Ж. 

ɂɧɬɟɪɜɚɥɵ ɜɨɡɦɨɠɧɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɬɚɤɠɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɪɚɛɨɬɟ 
ɷɤɫɩɟɪɬɨɜ ɞɥɹ ɨɰɟɧɨɤ ɜɟɪɨɹɬɧɨɫɬɟɣ Д13Ж. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɴɟɞɢɧɟɧɢɹ 
ɞɚɧɧɨɣ  ɢɧɬɟɪɜɚɥɶɧɨɣ (ɧɟɬɨɱɧɨɣ) ɫ ɧɟɱɢɫɥɨɜɨɣ ɢɧɮɨɪɦɚɰɢɟɣ. Ɉɞɧɚɤɨ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɱɢɫɥɨɜɵɯ 
ɡɧɚɱɟɧɢɣ ɜɫɟɯ ɜɟɪɨɹɬɧɨɫɬɟɣ, ɩɨɪɨɣ ɢ ɭɤɚɡɚɧɧɚɹ ɨɛɴɟɞɢɧɟɧɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɨɤɚɡɵɜɚɟɬɫɹ 
ɧɟɞɨɫɬɚɬɨɱɧɨ ɩɨɥɧɨɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɚɥɟɟ ɤɚɠɞɵɣ ɩɪɢɜɥɟɤɚɟɦɵɣ ɷɤɫɩɟɪɬ ɢɦɟɟɬ ɧɟɱɢɫɥɨɜɭɸ 
ɷɤɫɩɟɪɬɧɭɸ, ɧɟɬɨɱɧɭɸ ɢ ɧɟɩɨɥɧɭɸ (ɇɇɇ) ɢɧɮɨɪɦɚɰɢɸ ɩɨ ɨɰɟɧɢɜɚɟɦ ɜɟɪɨɹɬɧɨɫɬɹɦ, ɚ «ɫɭɩɟɪ»-

ɷɤɫɩɟɪɬɨɦ ɜɵɫɬɭɩɚɟɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɚɦ ɢɫɫɥɟɞɨɜɚɬɟɥɶ, ɤɨɬɨɪɵɣ ɨɛɥɚɞɚɟɬ ɇɇɇ-ɢɧɮɨɪɦɚɰɢɟɣ ɩɨ 
ɜɟɫɨɜɵɦ ɤɨɷɮɮɢɰɢɟɧɬɚɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɷɤɫɩɟɪɬɧɵɯ ɦɧɟɧɢɣ.  

Ɋɚɫɫɦɨɬɪɢɦ ɞɚɧɧɵɣ ɫɥɭɱɚɣ ɛɨɥɟɟ ɞɟɬɚɥɶɧɨ, ɤɨɝɞɚ ɢɦɟɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜɵɱɢɫɥɟɧɢɹ ɨɰɟɧɤɢ 
ɜɟɪɨɹɬɧɨɫɬɢ 

i
p , ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ ɤ ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɤɥɚɫɫɭ 

i
A  ɢɡ ɫɨɜɨɤɭɩɧɨɫɬɢ r  ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɤɥɚɫɫɨɜ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɧɮɨɪɦɚɰɢɢ I . Ⱦɚɧɧɚɹ 

ɢɧɮɨɪɦɚɰɢɢ ( I ), ɢɫɯɨɞɢɬ ɨɬ ɧɟɤɨɬɨɪɨɝɨ ɷɤɫɩɟɪɬɚ (ɮɨɪɦɢɪɭɟɬɫɹ ɢɡ ɧɟɤɨɬɨɪɨɝɨ ɢɫɬɨɱɧɢɤɚ), ɢ 
ɫɨɝɥɚɫɧɨ ɨɩɢɫɚɧɢɸ ɜɵɲɟ, ɩɨɞɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɞɜɟ ɤɚɬɟɝɨɪɢɢ – ɧɟɱɢɫɥɨɜɚɹ OI , (ɧɚɩɪɢɦɟɪ, 
«ɜɟɪɨɹɬɧɨɫɬɶ ɚɥɶɬɟɪɧɚɬɢɜɵ 

i
A  ɦɟɧɶɲɟ, ɱɟɦ ɜɟɪɨɹɬɧɨɫɬɶ ɚɥɶɬɟɪɧɚɬɢɜɵ sA » ɢ ɬ.ɩ.), ɢ ɢɧɬɟɪɜɚɥɶɧɚɹ 

ɢɧɮɨɪɦɚɰɢɹ II  (ɧɚɩɪɢɦɟɪ, ɞɢɚɩɚɡɨɧɵ ],[
ii

ba , 10 
ii

ba , ri ,...,1 , ɜɨɡɦɨɠɧɨɝɨ ɜɚɪɶɢɪɨɜɚɧɢɹ 
ɜɟɪɨɹɬɧɨɫɬɟɣ 

r
pp ,...,

1
). 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɨɛɴɟɞɢɧɟɧɧɚɹ ɧɟɱɢɫɥɨɜɚɹ ɢ ɧɟɬɨɱɧɚɹ ɢɧɮɨɪɦɚɰɢɹ IIOII  ɨɩɢɫɵɜɚɟɬɫɹ 
ɫɥɟɞɭɸɳɟɣ ɫɢɫɬɟɦɨɣ ɧɟɪɚɜɟɧɫɬɜ ɢ ɪɚɜɟɧɫɬɜ ɞɥɹ ɜɟɪɨɹɬɧɨɫɬɟɣ 

r
pp ,...,

1
 ɪɚɡɥɢɱɧɵɯ ɚɥɶɬɟɪɧɚɬɢɜ 

r
AA ,...,

1
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ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɞɚɠɟ ɨɛɴɟɞɢɧɟɧɧɚɹ ɢɧɮɨɪɦɚɰɢɹ I  (1) ɧɟ ɩɨɡɜɨɥɹɟɬ ɧɚɣɬɢ ɱɢɫɥɨɜɵɟ ɡɧɚɱɟɧɢɹ 
ɜɟɪɨɹɬɧɨɫɬɟɣ 

r
pp ,...,

1
, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɢɧɮɨɪɦɚɰɢɹ I  – ɧɟɩɨɥɧɚ, ɚ ɷɤɫɩɟɪɬ ɨɛɥɚɞɚɟɬ  

ɇɇɇ-ɢɧɮɨɪɦɚɰɢɟɣ I  ɨ ɜɟɪɨɹɬɧɨɫɬɹɯ 
r

pp ,...,
1

 ɚɥɶɬɟɪɧɚɬɢɜ 
r

AA ,...,
1

.  

Ʉɨɦɩɥɟɤɫɧɵɣ ɭɱɟɬ ɇɇɇ-ɢɧɮɨɪɦɚɰɢɢ I  ɮɨɪɦɢɪɭɟɬ ɦɧɨɠɟɫɬɜɨ );( IrP  ɜɫɟɯ ɜɟɤɬɨɪɨɜ 
ɜɟɪɨɹɬɧɨɫɬɟɣ, ɤɨɬɨɪɵɟ ɫ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ )1( r -ɦɟɪɧɵɣ ɩɨɥɢɷɞɪ 

);( IrP . ɋɚɦɚ ɇɇɇ-ɢɧɮɨɪɦɚɰɢɹ I  ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɦɧɨɠɟɫɬɜɚ );( IrP  ɤɚɤ ɪɚɡ ɢ ɨɩɪɟɞɟɥɹɟɬ ɜɟɤɬɨɪ 
ɜɟɪɨɹɬɧɨɫɬɟɣ ),...,(

1 r
ppp  .  

ɉɨɥɭɱɢɬɶ ɫɥɭɱɚɣɧɵɣ ɜɟɤɬɨɪ, ɪɚɫɩɪɟɞɟɥɟɧɧɵɣ ɧɚ ɩɨɥɢɷɞɪɟ );( IrP : 

))(),...,(~()(~
1

IpIpIp
r

 , 

0)(~ Ip
i

,                        (2) 

1)(~...)(~
1

 IpIp
r

, 

ɦɨɠɧɨ ɩɭɬɟɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɜɵɛɨɪɚ ɜɟɤɬɨɪɚ ɜɟɪɨɹɬɧɨɫɬɟɣ ),...,(
1 r

ppp   ɢɡ 
ɦɧɨɠɟɫɬɜɚ );( IrP  ɫɨɝɥɚɫɧɨ Д14Ж. 
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INFORMATION TECHNOLOGIES  

Ɋɚɫɫɦɨɬɪɢɦ ɟɝɨ ɛɨɥɟɟ ɞɟɬɚɥɶɧɨ: ɫɬɨɯɚɫɬɢɱɟɫɤɨɣ ɨɰɟɧɤɨɣ ɜɟɪɨɹɬɧɨɫɬɢ ɚɥɶɬɟɪɧɚɬɢɜɵ iA , 

ɭɱɢɬɵɜɚɸɳɟɣ ɇɇɇ-ɢɧɮɨɪɦɚɰɢɸ I  ɹɜɥɹɟɬɫɹ ɤɨɦɩɨɧɟɧɬɚ )(~ Ip
i

 ɫɥɭɱɚɣɧɨɝɨ ɜɟɤɬɨɪɚ )(~ Ip , ɚ 
ɩɨɥɭɱɚɟɦɵɟ ɩɪɢ ɷɬɨɦ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɨɠɢɞɚɧɢɹ: 

)(~)(
jiji

IpEIp              (3) 

ɜɵɫɬɭɩɚɸɬ ɜ ɤɚɱɟɫɬɜɟ ɭɫɪɟɞɧɟɧɧɵɯ ɨɰɟɧɨɤ ɜɟɪɨɹɬɧɨɫɬɟɣ ip , ri ,...,1 .  

ɋɬɚɧɞɚɪɬɧɵɟ ɨɬɤɥɨɧɟɧɢɹ, ɪɚɫɫɱɢɬɵɜɚɟɦɵɟ ɤɚɤ:  
)(~)( IpDI

ii
              (4) 

ɡɚɞɚɸɬ ɦɟɪɭ ɪɚɡɛɪɨɫɚ ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɨɰɟɧɨɤ )(~ Ip
i

 ɨɬ ɫɨɝɥɚɫɨɜɚɧɧɵɯ ɫ ɧɢɦɢ ɭɫɪɟɞɧɟɧɧɵɯ ɡɧɚɱɟɧɢɣ  
)(Ip

i
. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɟɤɬɨɪ:  

))(),...,(()(
1

IpIpIp
n

             (5) 

ɭɫɪɟɞɧɟɧɧɵɯ ɨɰɟɧɨɤ ɜɟɪɨɹɬɧɨɫɬɟɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɱɢɫɥɨɜɨɣ ɨɛɪɚɡ ɇɇɇ-ɢɧɮɨɪɦɚɰɢɢ I . 

ɉɪɢ ɦɧɨɝɨɦɨɞɚɥɶɧɨɣ ɚɭɬɟɧɬɢɮɢɤɚɰɢɢ ɇɇɇ-ɢɧɮɨɪɦɚɰɢɸ, ɩɨɥɭɱɚɟɦɭɸ ɩɨ ɤɨɦɦɭɧɢɤɚɬɢɜɧɵɦ 
ɤɚɧɚɥɚɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨɥɶɡɨɜɚɬɟɥɹ ɢ Ⱥɋ, ɭɞɨɛɧɨ ɡɚɞɚɬɶ ɤɨɪɬɟɠɟɦ: 

m
III ,...,

1
 ,              (6) 

ɤɨɦɩɨɧɟɧɬɚ j
I  ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɤɚɤɭɸ-ɥɢɛɨ ɫɢɫɬɟɦɭ ɧɟɪɚɜɟɧɫɬɜ (ɢɥɢ ɪɚɜɟɧɫɬɜ) ɞɥɹ 

ɜɟɪɨɹɬɧɨɫɬɟɣ 
r

pp ,...,
1

, ɨɩɪɟɞɟɥɹɸɳɚɹ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɇɇɇ-ɢɧɮɨɪɦɚɰɢɢ j
I  ɦɧɨɠɟɫɬɜɨ );(

j
IrP  ɜɫɟɯ 

ɞɨɩɭɫɬɢɦɵɯ ɜɟɤɬɨɪɨɜ ),...,(
1 r

ppp   ɜɟɪɨɹɬɧɨɫɬɟɣ ɪɚɡɥɢɱɧɵɯ ɚɥɶɬɟɪɧɚɬɢɜ 
r

AA ,...,
1

.  

ɉɨ ɚɧɚɥɨɝɢɢ ɫ Д14Ж ɩɭɬɟɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɜɵɛɨɪɚ ɜɟɤɬɨɪɚ ),...,(
1 r

ppp   ɢɡ 
ɦɧɨɠɟɫɬɜɚ );(

j
IrP , ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɫɥɭɱɚɣɧɵɣ ɜɟɤɬɨɪ ɜɟɪɨɹɬɧɨɫɬɟɣ: 

))(),...,(~()(~
1 jrjj

IpIpIp  ,  

0)(~ 
ji

Ip ,                          (7) 

1)(~...)(~
1


jrj

IpIp .  

ɉɪɢ ɚɧɚɥɢɡɟ ɟɝɨ ɤɨɦɩɨɧɟɧɬ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɤɚɠɞɚɹ ɢɡ ɧɢɯ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɫɬɨɯɚɫɬɢɱɟɫɤɭɸ ɨɰɟɧɤɭ ɧɟɢɡɜɟɫɬɧɨɣ ɜɟɪɨɹɬɧɨɫɬɢ 

i
p , ɩɨɥɭɱɟɧɧɭɸ ɧɚ ɨɫɧɨɜɟ ɇɇɇ-ɢɧɮɨɪɦɚɰɢɢ j

I  

ɨɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɷɤɫɩɟɪɬɚ.  
ɇɇɇ-ɢɧɮɨɪɦɚɰɢɸ, ɢɦɟɸɳɭɸɫɹ ɭ ɢɫɫɥɟɞɨɜɚɬɟɥɹ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɫɥɟɞɭɸɳɟɣ 

ɫɢɫɬɟɦɵ:  














...

...;

,

lll

vu

ti

BwA

ww

ww

J              (8) 

ɤɨɬɨɪɚɹ ɢɫɩɨɥɶɡɭɟɬ ɜɟɫɨɜɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɨ ɫɪɚɜɧɢɬɟɥɶɧɨɣ ɡɧɚɱɢɦɨɫɬɢ ɨɬɞɟɥɶɧɵɯ ɢɫɬɨɱɧɢɤɨɜ:  
m

ww ,...,
1

,  

0
j

w ,                   (9) 

1...
1


m

ww . 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɞɨɫɬɭɩɧɭɸ ɢɫɫɥɟɞɨɜɚɬɟɥɸ ɜɫɸ ɇɇɇ-ɢɧɮɨɪɦɚɰɢɸ, ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɜ ɜɢɞɟ 
ɫɥɟɞɭɸɳɟɝɨ ɤɨɪɬɟɠɚ:  

JIIJI
m

,,...,,
1

 ,             (10) 

ɩɨɫɥɟɞɧɹɹ ɤɨɦɩɨɧɟɧɬɚ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɩɪɟɞɟɥɟɧɧɭɸ ɫɢɫɬɟɦɭ ɪɚɜɟɧɫɬɜ/ɧɟɪɚɜɟɧɫɬɜ 
ɢɫɩɨɥɶɡɭɟɦɵɯ ɜɟɫɨɜɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 

m
ww ,...,

1
.  

ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɇɇɇ-ɢɧɮɨɪɦɚɰɢɢ, ɜɜɟɞɟɧɧɚɹ ɢɧɮɨɪɦɚɰɢɹ J , ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɦɧɨɠɟɫɬɜɨ 
);( JmW  ɞɨɩɭɫɬɢɦɵɯ ɜɟɤɬɨɪɨɜ ),...,(

1 m
www  ɜɟɫɨɜɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ. ɉɭɬɟɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
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ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɜɵɛɨɪɚ ɜɟɤɬɨɪɚ ),...,(
1 m

www  ɢɡ ɦɧɨɠɟɫɬɜɚ );( JmW  ɫɨɝɥɚɫɧɨ Д14Ж, ɦɨɠɧɨ 
ɨɩɪɟɞɟɥɢɬɶ ɫɥɟɞɭɸɳɢɣ ɫɥɭɱɚɣɧɵɣ ɜɟɤɬɨɪ ɜɟɫɨɜɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ:  

))(~),...,(~()(~
1

JwJwJw
m

 ,  

0)(~ Jw
j ,             (11) 

1)(~...)(~
1

 JwJw
m

,  

ɜ ɤɨɬɨɪɨɦ ɫɬɨɯɚɫɬɢɱɟɫɤɨɣ ɨɰɟɧɤɨɣ ɧɟɤɨɬɨɪɨɝɨ ɜɟɫɨɜɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ j
w , ɧɚ ɨɫɧɨɜɟ ɇɇɇ-

ɢɧɮɨɪɦɚɰɢɢ J  ɜɵɫɬɭɩɚɟɬ ɤɚɠɞɚɹ ɤɨɦɩɨɧɟɧɬɚ )(~ Jw
j . ɉɨɥɭɱɢɬɶ ɢɫɤɨɦɵɟ ɭɫɪɟɞɧɟɧɧɵɟ ɨɰɟɧɤɢ ɜɟɫɨɜ 

j
w , mj ,...,1  ɦɨɠɧɨ ɩɭɬɟɦ ɪɚɫɱɟɬɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ: 

)(~)( JwEJw
jj

            (12) 

Ɋɚɡɛɪɨɫ ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɨɰɟɧɨɤ ɤɨɦɩɨɧɟɧɬ ɜɟɤɬɨɪɚ )(~ Jw
j  ɫɩɪɚɜɚ ɢ ɫɥɟɜɚ ɨɬ ɢɯ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɭɫɪɟɞɧɟɧɧɵɯ ɡɧɚɱɟɧɢɣ )(~)( JwEJw
jj

  ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɬɚɧɞɚɪɬɧɵɦɢ 
ɨɬɤɥɨɧɟɧɢɹɦɢ, ɪɚɫɫɱɢɬɵɜɚɟɦɵɦɢ ɤɚɤ:  

)(~)( JwDJ
jj

              (13) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɇɇɇ-ɢɧɮɨɪɦɚɰɢɢ J  ɜɟɤɬɨɪ ɭɫɪɟɞɧɟɧɧɵɯ ɨɰɟɧɨɤ ɜɟɫɨɜɵɯ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɪɟɞɫɬɚɜɥɹɟɬ ɟɟ ɟɫɬɶ ɱɢɫɥɨɜɨɣ ɨɛɪɚɡ. 

ɉɪɢ ɚɧɚɥɢɡɟ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɦɨɠɧɨ ɫɨɫɬɚɜɢɬɶ ɦɚɬɪɢɰɭ, ɫɬɪɨɤɢ ɤɨɬɨɪɨɣ ɫɮɨɪɦɢɪɨɜɚɧɵ ɢɡ 
ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɨɰɟɧɨɤ ɜɟɪɨɹɬɧɨɫɬɟɣ ɚɥɶɬɟɪɧɚɬɢɜ –  )(~

ji
Ip , ri ,...,1 , mj ,...1 , ɢ ɩɪɟɞɫɬɚɜɥɹɸɬ 

ɫɨɛɨɣ ɫɥɭɱɚɣɧɵɟ ɜɟɤɬɨɪɚ )(~
j

Ip , ɤɨɦɩɨɧɟɧɬɵ ɤɨɬɨɪɵɯ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɨɰɟɧɤɢ ɜɟɪɨɹɬɧɨɫɬɟɣ 
ɚɥɶɬɟɪɧɚɬɢɜ, ɩɨ ɇɇɇ-ɢɧɮɨɪɦɚɰɢɢ j

I  ɢɡ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ.  
Ɇɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɭɸ ɨɰɟɧɤɭ ɜɟɪɨɹɬɧɨɫɬɢ 

i
p  ɚɥɶɬɟɪɧɚɬɢɜɵ 

i
A  ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɩɭɬɟɦ 

ɬɪɚɧɫɩɨɧɢɪɨɜɚɧɢɹ ɫɬɨɥɛɰɚ ɦɚɬɪɢɰɵ  )(~
ji

Ip  ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɨɝɨ ɜɟɤɬɨɪɚ:  
))(~),...,(~(~

1

)(

mii

i IpIpp  .           (14) 

ɋɜɨɞɧɚɹ ɨɰɟɧɤɚ ɜɟɪɨɹɬɧɨɫɬɢ ɚɥɶɬɟɪɧɚɬɢɜɵ 
i

A , ɩɨɫɬɪɨɟɧɧɚɹ ɩɭɬɟɦ ɥɢɧɟɣɧɨɝɨ ɜɡɜɟɲɟɧɧɨɝɨ 
ɫɦɨɞɟɥɢɪɨɜɚɧɧɨɝɨ ɧɟɨɩɪɟɞɟɥɟɧɧɨɝɨ ɜɵɛɨɪɚ ɜɟɤɬɨɪɚ ɚɝɪɟɝɢɪɨɜɚɧɢɹ ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɨɰɟɧɨɤ )(~

ji
Ip  

ɫɨ ɫɥɭɱɚɣɧɵɦɢ ɜɟɫɨɜɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ )(~ Jw
j , mj ,...,1 ,.ɢɦɟɟɬ ɜɢɞ: 





m

j

jiii
JwIpJIp

1

)(~)(~);(
~~            (15) 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɜ ɨɰɟɧɤɟ );(
~~ JIp

i
 ɜɟɪɨɹɬɧɨɫɬɢ ip  ɚɥɶɬɟɪɧɚɬɢɜɵ 

i
A  ɡɚɥɨɠɟɧ ɤɨɦɩɥɟɤɫɧɵɣ ɭɱɟɬ 

ɜɫɟɣ ɇɇɇ-ɢɧɮɨɪɦɚɰɢɢ );,...,();(
1

JIIJI
m

 , ɤɨɬɨɪɚɹ ɢɦɟɟɬɫɹ ɭ ɢɫɫɥɟɞɨɜɚɬɟɥɹ. 
Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɢ ɞɢɫɩɟɪɫɢɸ ɫɜɨɞɧɨɣ ɨɰɟɧɤɢ ɜɟɪɨɹɬɧɨɫɬɢ );(

~~ JIp
i

 ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ 
ɤɚɤ: 





m

j

jjiii
JwIpJIpEJIp

1

)()();(
~~);( ,                                (16) 

,)]()()()()()([

)()()(),(
~~),(

1

222222

1,

2














m

j

jjijjijji

lj

m

lj
lj

lijiii

JIpJwIJI

JIpIpJIpDJIS





                     (17) 

ɝɞɟ ))(~),(~cov( JwJw
ljlj

  – ɤɨɜɚɪɢɚɰɢɹ ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɜɟɫɨɜɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ )(~ Jw
j , )(~ Jw

l
,  

lj  . 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɣɞɟɧɧɵɟ ɭɫɪɟɞɧɟɧɧɵɟ ɨɰɟɧɤɢ ),( JIp
i  ɜɟɪɨɹɬɧɨɫɬɟɣ ɚɥɶɬɟɪɧɚɬɢɜ ɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɦ ɫɬɚɧɞɚɪɬɧɵɟ ɨɬɤɥɨɧɟɧɢɹ );(
~~);(),( 2 JIpDJISJIS

iii
 , ri ,...,1 , ɞɚɸɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɲɢɬɶ ɡɚɞɚɱɭ ɨɰɟɧɤɢ ɜɟɪɨɹɬɧɨɫɬɟɣ 
r

pp ,...,
1

 ɫɨɨɬɜɟɬɫɬɜɢɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ 
ɪɚɡɥɢɱɧɵɦ ɚɥɶɬɟɪɧɚɬɢɜɧɵɦ ɤɥɚɫɫɚɦ 

r
AA ,...,

1
 ɫ ɩɨɦɨɳɶɸ ɚɧɚɥɢɡɚ ɜɫɟɣ ɢɦɟɸɳɟɣɫɹ ɭ ɢɫɫɥɟɞɨɜɚɬɟɥɹ 

ɇɇɇ-ɢɧɮɨɪɦɚɰɢɢ ),,...,(),(
1

JIIJI
m

 , ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɚɤ ɜɟɪɨɹɬɧɨɫɬɟɣ, ɬɚɤ ɢ ɜɟɫɨɜɵɯ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ. 

ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɨɰɟɧɤɟ ɭɫɥɨɜɧɵɯ ɜɟɪɨɹɬɧɨɫɬɟɣ ɜ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɧɚ 
ɨɫɧɨɜɟ ȻɋȾ ɫ ɭɱɟɬɨɦ ɜɫɟɣ ɢɦɟɸɳɟɣɫɹ ɇɇɇ-ɢɧɮɨɪɦɚɰɢɢ ɜɨɡɦɨɠɧɚ ɪɟɚɥɢɡɚɰɢɹ ɢ ɩɨɥɭɱɟɧɢɟ 
ɭɫɪɟɞɧɟɧɧɵɯ ɨɰɟɧɨɤ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɣ ɫɪɟɞɵ APIS (ɪɢɫɭɧɨɤ) [15].  

 

 
Риɫ.  ɉɪɢɦɟɪ ɪɚɫɱɟɬɚ ɜɟɫɨɜɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜ ɫɪɟɞɟ APIS  

ɞɥɹ ɦɧɨɝɨɦɨɞɚɥɶɧɨɣ ɚɭɬɟɧɬɢɮɢɤɚɰɢɢ ɩɨɥɶɡɨɜɚɬɟɥɹ 

Fig.  Example of calculating weights in an APIS environment 

for multimodal user authentication 

 

Ɂɚɥɨɠɟɧɧɵɣ ɮɭɧɤɰɢɨɧɚɥ ɩɪɨɝɪɚɦɦɧɨɣ ɫɪɟɞɵ APIS ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢ ɧɟɱɢɫɥɨɜɭɸ, ɢ 
ɢɧɬɟɪɜɚɥɶɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɩɨ ɨɰɟɧɢɜɚɟɦɵɦ ɩɚɪɚɦɟɬɪɚɦ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɫɩɨɥɶɡɭɟɦɵɯ ɜɯɨɞɧɵɯ 
ɞɚɧɧɵɯ ɧɚɣɞɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɨɰɟɧɤɢ ɭɫɥɨɜɧɵɯ ɜɟɪɨɹɬɧɨɫɬɟɣ ȻɋȾ ɢɫɩɨɥɶɡɭɟɦɨɣ ɦɨɞɟɥɢ 
ɩɪɢ ɚɩɪɢɨɪɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɦɟɠɞɭ ɟɟ ɭɡɥɚɦɢ. 
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