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Ⱥɧɧɨɬɚɰɢɹ  
ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɞɨɫɬɨɢɧɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ ɚɪɯɢɬɟɤɬɭɪ ɢ ɚɥɝɨɪɢɬɦɨɜ ɨɛɭɱɟɧɢɹ 
ɞɢɫɤɪɟɬɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɚɞɚɩɬɢɜɧɨɣ ɪɟɡɨɧɚɧɫɧɨɣ ɬɟɨɪɢɢ (ȺɊɌ). ɉɪɟɞɥɨɠɟɧɵ ɧɨɜɵɟ 
ɚɪɯɢɬɟɤɬɭɪɵ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ȺɊɌ ɢ ɚɥɝɨɪɢɬɦɵ ɨɛɭɱɟɧɢɹ ɫɟɬɟɣ ȺɊɌ ɛɟɡ ɚɞɚɩɬɚɰɢɢ ɜɟɫɨɜ 
ɫɜɹɡɟɣ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɪɚɫɩɨɡɧɚɸɳɢɯ ɧɟɣɪɨɧɨɜ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɞɢɫɤɪɟɬɧɵɟ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ ɚɞɚɩɬɢɜɧɨɣ ɪɟɡɨɧɚɧɫɧɨɣ ɬɟɨɪɢɢ; 
ɚɥɝɨɪɢɬɦɵ ɨɛɭɱɟɧɢɹ. 
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Abstract 
The article analyzes the advantages and disadvantages of architectures and algorithms of training 
the Adaptive Resonance Theory (ART) to discrete neural networks. The authors propose some 
new architectures of ART neural networks and training algorithms of these networks without 
adaptation of link weights of distributed recognizing neurons.  
Keywords: adaptive resonance theory of discrete neural networks; training algorithms  

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɵ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɋɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɪɚɫɩɨɡɧɚɜɚɧɢɹ, 

ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ, 
ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɧɚ ɨɫɧɨɜɟ ɢɫɤɭɫɫɬɜɟɧɧɵɯ 
ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ (ɇɋ) ɦɧɨɝɢɦɢ ɚɜɬɨɪɚɦɢ 
ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɤɚɤ ɚɥɶɬɟɪɧɚɬɢɜɚ ɤɥɚɫɫɢɱɟɫɤɢɦ 
ɫɢɫɬɟɦɚɦ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡɜɟɫɬɟɧ ɰɟɥɵɣ ɪɹɞ 
ɜɨɡɦɨɠɧɵɯ ɚɪɯɢɬɟɤɬɭɪ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ 
ɧɟɣɪɨɫɟɬɟɜɵɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɫɢɫɬɟɦ 
ɭɩɪɚɜɥɟɧɢɹ, ɝɞɟ ɧɟɣɪɨɪɟɝɭɥɹɬɨɪɵ ɪɚɛɨɬɚɸɬ 
ɩɚɪɚɥɥɟɥɶɧɨ ɨɛɵɱɧɵɦ ɪɟɝɭɥɹɬɨɪɚɦ Д14]. 
Ȼɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɤ ɧɟɣɪɨɫɟɬɟɜɵɦ ɫɢɫɬɟɦɚɦ 
ɭɩɪɚɜɥɟɧɢɹ ɫɜɹɡɚɧ ɫ ɬɟɦ, ɱɬɨ ɨɧɢ ɢɦɟɸɬ ɪɹɞ 
ɩɨɥɟɡɧɵɯ ɫɜɨɣɫɬɜ, ɤɨɬɨɪɵɯ ɬɪɭɞɧɨ ɞɨɛɢɬɶɫɹ ɫ 
ɩɨɦɨɳɶɸ ɞɪɭɝɢɯ ɦɟɬɨɞɨɜ. ȼ ɱɚɫɬɧɨɫɬɢ, ɪɟɱɶ ɢɞɟɬ 
ɨ ɪɨɛɚɫɬɧɨɫɬɢ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ, ɨɛ 

ɨɩɪɟɞɟɥɟɧɢɢ ɭɩɪɚɜɥɟɧɢɣ ɜ ɭɫɥɨɜɢɹɯ, ɤɨɝɞɚ 
ɧɟɬɨɱɧɨ ɢɡɜɟɫɬɧɚ ɦɨɞɟɥɶ ɨɛɴɟɤɬɚ, ɛɨɥɟɟ ɝɢɛɤɨɦ 
ɪɟɚɝɢɪɨɜɚɧɢɢ ɧɚ ɢɡɦɟɧɹɸɳɢɟɫɹ ɜɧɟɲɧɢɟ 
ɭɫɥɨɜɢɹ, ɜɨɡɦɨɠɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ 
ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ. Ɇɨɠɧɨ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
ɞɥɹ ɧɟɣɪɨɫɟɬɟɜɵɯ ɦɨɞɟɥɟɣ ɧɟ ɫɭɳɟɫɬɜɭɟɬ 
ɨɝɪɚɧɢɱɟɧɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɧɟɥɢɧɟɣɧɨɫɬɶɸ 
ɫɢɫɬɟɦɵ, ɟɟ ɩɨɪɹɞɤɨɦ ɢɥɢ ɜɢɞɨɦ ɩɪɢɦɟɧɹɟɦɨɝɨ 
ɮɭɧɤɰɢɨɧɚɥɚ.  

ɂɡɜɟɫɬɟɧ ɢ ɰɟɥɵɣ ɪɹɞ ɇɋ, ɩɪɢɝɨɞɧɵɯ ɞɥɹ 
ɪɚɡɪɚɛɨɬɤɢ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ ɫɢɫɬɟɦ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ, ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ, 
ɢɞɟɧɬɢɮɢɤɚɰɢɢ Д36Ж. Ȼɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɤ 
ɧɟɣɪɨɫɟɬɟɜɵɦ ɫɢɫɬɟɦɚɦ ɪɚɫɩɨɡɧɚɜɚɧɢɹ, 
ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɢ ɬ.ɞ. ɫɜɹɡɚɧ ɫ ɬɟɦ, ɱɬɨ ɨɧɢ ɢɦɟɸɬ 
ɪɹɞ ɩɨɥɟɡɧɵɯ ɫɜɨɣɫɬɜ, ɤɨɬɨɪɵɯ ɱɚɫɬɨ ɬɪɭɞɧɨ 
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ɞɨɛɢɬɶɫɹ ɫ ɩɨɦɨɳɶɸ ɞɪɭɝɢɯ ɦɟɬɨɞɨɜ. ȼ 
ɱɚɫɬɧɨɫɬɢ, ɪɟɱɶ ɢɞɟɬ ɨɛ ɢɯ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɢ, ɨ 
ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɫɬɪɨɟɧɢɹ ɇɋ ɩɨɞ ɡɚɞɚɱɭ, ɨ 
ɜɨɡɦɨɠɧɨɫɬɢ ɨɛɭɱɟɧɢɹ ɧɚ ɩɪɢɦɟɪɚɯ, ɨ 
ɫɚɦɨɨɛɭɱɟɧɢɢ ɢ ɨɛɨɛɳɟɧɢɢ, ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɧɨɜɨɣ 
ɢɧɮɨɪɦɚɰɢɢ, ɨɛ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɫɫɨɰɢɚɰɢɣ, ɨ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɡɚɲɭɦɥɟɧɧɵɯ 
ɢɡɨɛɪɚɠɟɧɢɣ, ɜɨɡɦɨɠɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ 
ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ ɢ ɬ.ɞ. Д57Ж. ȼ ɬɨɠɟ ɜɪɟɦɹ 
ɫɭɳɟɫɬɜɭɸɬ ɢ ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɪɨɛɥɟɦɵ ɩɪɢ 
ɪɚɡɪɚɛɨɬɤɟ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ ɇɋ. 

Ⱦɥɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɢ ɭɩɪɚɜɥɟɧɢɹ ɜ ɪɟɚɥɶɧɨɦ 
ɜɪɟɦɟɧɢ ɞɢɧɚɦɢɱɟɫɤɢɦɢ ɨɛɴɟɤɬɚɦɢ, 
ɫɨɞɟɪɠɚɳɢɦɢ ɜ ɫɜɨɢɯ ɫɬɪɭɤɬɭɪɚɯ "ɱɟɪɧɵɟ" ɢ 
"ɫɟɪɵɟ" ɹɳɢɤɢ ɩɪɢɦɟɧɹɸɬɫɹ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ, 
ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɧɟɥɢɧɟɣɧɨɫɬɟɣ, 
ɧɚɩɪɢɦɟɪ, ɪɹɞɚɦɢ ȼɨɥɶɬɟɪɚ, ȼɢɧɟɪɚ, ɩɨɥɢɧɨɦɚɦɢ 
Ʉɨɥɦɨɝɨɪɨɜɚ-Ƚɚɛɨɪɚ, ɧɟɥɢɧɟɣɧɵɦɢ ɪɚɡɧɨɫɬɧɵɦɢ 
ɭɪɚɜɧɟɧɢɹɦɢ. Ɉɞɧɚɤɨ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ 
ɭɩɪɚɜɥɟɧɢɟ "ɱɟɪɧɵɦ" ɢɥɢ "ɫɟɪɵɦ" ɹɳɢɤɨɦ 
ɞɨɥɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɧɚ ɪɚɫɩɨɡɧɚɜɚɧɢɢ 
ɫɢɬɭɚɰɢɣ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɟɤɨɬɨɪɵɦ 
ɦɧɨɠɟɫɬɜɨɦ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɧɟɫɦɨɬɪɹ 
ɧɚ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɪɚɛɨɬ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ, ɞɨ ɫɢɯ 
ɩɨɪ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ 
ɪɚɡɪɚɛɨɬɚɬɶ ɧɟ ɭɞɚɥɨɫɶ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ 
ɨɫɨɛɟɧɧɨɫɬɶɸ ɨɛɭɱɟɧɢɹ ɇɋ, ɤɨɬɨɪɚɹ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɬɪɟɛɭɟɬ ɧɚɥɢɱɢɹ ɜɫɟɣ ɢɫɯɨɞɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ, ɩɨɫɤɨɥɶɤɭ ɨɛɭɱɟɧɢɟ ɧɨɜɨɦɭ ɨɛɪɚɡɭ 
ɦɟɬɨɞɨɦ ɨɛɪɚɬɧɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɨɲɢɛɤɢ ɢɥɢ 
ɝɟɧɟɬɢɱɟɫɤɢɦɢ ɚɥɝɨɪɢɬɦɚɦɢ, ɢɥɢ ɞɪɭɝɢɦɢ 
ɦɟɬɨɞɚɦɢ ɬɪɟɛɭɟɬ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɨɥɧɨɝɨ 
ɩɟɪɟɨɛɭɱɟɧɢɹ ɫɟɬɢ. ɗɬɨɬ ɠɟ ɧɟɞɨɫɬɚɬɨɤ 
ɯɚɪɚɤɬɟɪɟɧ ɢ ɞɥɹ ɞɪɭɝɢɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ ɇɋ: 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ, ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 
ɢ ɬ.ɞ. ȼɫɟ ɷɬɨ ɬɪɟɛɭɟɬ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ 
ɢɡɜɟɫɬɧɵɯ ɢ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɇɋ, ɩɨɡɜɨɥɹɸɳɢɯ 
ɪɚɫɲɢɪɢɬɶ ɨɛɥɚɫɬɶ ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ 
ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ. 

Аɧɚɥɢɡ ɩɨɫɥɟɞɧɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ 
ɩɭɛɥɢɤɚɰɢɣ 

ɇɟɜɨɡɦɨɠɧɨɫɬɶ ɫ ɩɨɦɨɳɶɸ ɭɠɟ ɢɡɜɟɫɬɧɵɯ 
ɇɋ Д1 − 6Ж ɪɟɲɢɬɶ ɩɪɨɛɥɟɦɭ ɜɨɫɩɪɢɹɬɢɹ ɧɨɜɨɣ 
ɢɧɮɨɪɦɚɰɢɢ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɭɠɟ ɢɦɟɸɳɟɣɫɹ (ɬ.ɟ. 
ɪɟɲɢɬɶ ɩɪɨɛɥɟɦɭ ɫɬɚɛɢɥɶɧɨɫɬɢɩɥɚɫɬɢɱɧɨɫɬɢ) 
ɩɪɢɜɟɥɨ ɤ ɪɚɡɪɚɛɨɬɤɟ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɵɯ 
ɤɨɧɮɢɝɭɪɚɰɢɣ ɇɋ  ɫɟɬɟɣ ɚɞɚɩɬɢɜɧɨɣ ɪɟɡɨ-

ɧɚɧɫɧɨɣ ɬɟɨɪɢɢ (ȺɊɌ). ɗɬɢ ɫɟɬɢ ɜ ɨɩɪɟɞɟɥɟɧɧɨɣ 
ɫɬɟɩɟɧɢ ɪɟɲɚɸɬ ɩɪɨɬɢɜɨɪɟɱɢɜɵɟ ɡɚɞɚɱɢ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ (ɩɥɚɫɬɢɱɧɨɫɬɢ) ɤ ɧɨɜɵɦ 
ɞɚɧɧɵɦ ɢ ɫɨɯɪɚɧɟɧɢɹ ɩɨɥɭɱɟɧɧɨɣ ɪɚɧɟɟ 
ɢɧɮɨɪɦɚɰɢɢ (ɫɬɚɛɢɥɶɧɨɫɬɢ). ɉɨɷɬɨɦɭ ɩɪɨɛɥɟɦɵ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɤɨɧɤɪɟɬɧɵɯ ɪɟɠɢɦɨɜ 

ɞɢɧɚɦɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɢ ɚɞɚɩɬɚɰɢɹ ɫɢɫɬɟɦɵ ɜ 
ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɨɝɭɬ ɪɟɲɚɬɶɫɹ ɧɚ ɨɫɧɨɜɟ 
ɇɋ ȺɊɌ Д59Ж. Ɉɞɧɚɤɨ ɢɡɜɟɫɬɧɵɟ ɞɢɫɤɪɟɬɧɵɟ 
ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ ȺɊɌ ɢɦɟɸɬ ɢ ɫɭɳɟɫɬɜɟɧɧɵɟ 
ɧɟɞɨɫɬɚɬɤɢ, ɟɫɥɢ ɬɪɟɛɭɟɬɫɹ ɡɚɩɨɦɢɧɚɬɶ ɫɨɬɧɢ ɢɥɢ 
ɬɵɫɹɱɢ ɪɟɚɥɢɡɚɰɢɣ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ 
ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɩɨɫɤɨɥɶɤɭ ɦɚɬɪɢɰɚ 
ɜɟɫɨɜ ɫɜɹɡɟɣ ɦɟɠɞɭ S- ɢ Y-ɧɟɣɪɨɧɚɦɢ 
ɪɚɡɦɟɪɧɨɫɬɶɸ nm (n  ɱɢɫɥɨ S-ɧɟɣɪɨɧɨɜ 
ɜɯɨɞɧɨɝɨ ɫɥɨɹ; m  ɱɢɫɥɨ ɪɚɫɩɨɡɧɚɸɳɢɯ 
Y-ɧɟɣɪɨɧɨɜ) ɯɪɚɧɢɬ ɬɨɥɶɤɨ ɨɞɧɨ ɢɡɨɛɪɚɠɟɧɢɟ, 
ɩɨɥɭɱɟɧɧɨɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪɟɫɟɱɟɧɢɹ 
ɡɚɩɨɦɢɧɚɟɦɵɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. ɉɪɢ 
ɦɚɥɵɯ ɡɧɚɱɟɧɢɹɯ ɩɚɪɚɦɟɬɪɚ ɫɯɨɞɫɬɜɚ Д711Ж ɜ 
ɪɟɠɢɦɟ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɩɚɦɹɬɶ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ 
ȺɊɌ ɧɟ ɢɦɟɟɬ ɧɟɨɛɯɨɞɢɦɨɝɨ ɨɛɴɟɦɚ ɢɧɮɨɪɦɚɰɢɢ 
(ɧɚɛɨɪɨɜ ɮɪɚɝɦɟɧɬɨɜ ɢɡɨɛɪɚɠɟɧɢɣ) ɞɥɹ ɩɪɢɧɹɬɢɹ 
ɨɛɨɫɧɨɜɚɧɧɵɯ ɪɟɲɟɧɢɣ, ɚ ɩɪɢ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɹɯ 
ɩɚɪɚɦɟɬɪɚ ɚɧɚɥɨɝɢɱɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ, 
ɨɬɥɢɱɚɸɳɢɟɫɹ ɧɟɛɨɥɶɲɢɦ ɱɢɫɥɨɦ 
ɜɬɨɪɨɫɬɟɩɟɧɧɵɯ ɞɟɬɚɥɟɣ, ɡɚɩɨɦɢɧɚɸɬɫɹ ɤɚɤ 
ɩɪɨɬɨɬɢɩɵ ɪɚɡɧɵɯ ɤɥɚɫɫɨɜ ɢɡɨɛɪɚɠɟɧɢɣ ɫ 
ɩɨɦɨɳɶɸ ɪɚɡɧɵɯ Y-ɧɟɣɪɨɧɨɜ. ɗɬɨ ɞɟɥɚɟɬ 
ɩɪɚɤɬɢɱɟɫɤɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɬɢɯ ɇɋ 
ɫɨɦɧɢɬɟɥɶɧɵɦ ɢɡ-ɡɚ ɱɪɟɡɦɟɪɧɨ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ 
Y-ɷɥɟɦɟɧɬɨɜ ɪɚɫɩɨɡɧɚɸɳɟɝɨ ɫɥɨɹ.  

Ⱦɪɭɝɨɣ ɧɟɞɨɫɬɚɬɨɤ ɫɟɬɟɣ ȺɊɌ  ɫɜɹɡɚɧ ɫ 
ɧɚɥɢɱɢɟɦ ɬɨɥɶɤɨ ɨɞɧɨɝɨ ɫɩɨɫɨɛɚ ɨɛɭɱɟɧɢɹ ɇɋ 
ɩɭɬɟɦ ɚɞɚɩɬɚɰɢɢ ɜɟɫɨɜ ɫɜɹɡɟɣ ɪɚɫɩɨɡɧɚɸɳɢɯ 
ɧɟɣɪɨɧɨɜ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɢɫɤɚɠɟɧɢɸ ɢɥɢ 
ɩɨɬɟɪɟ, ɯɪɚɧɹɳɟɣɫɹ ɜ ɩɚɦɹɬɢ ɫɟɬɢ ɢɧɮɨɪɦɚɰɢɢ, 
ɧɟɪɚɰɢɨɧɚɥɶɧɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɜɯɨɞɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ. ȿɳɟ ɨɞɧɢɦ ɧɟɞɨɫɬɚɬɤɨɦ ɫɟɬɢ ȺɊɌ-1 

ɹɜɥɹɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ ɪɟɠɢɦɨɜ ɨɛɭɱɟɧɢɹ ɫɟɬɢ ɫ 
ɭɱɢɬɟɥɟɦ. Ɇɢɧɭɫɨɦ ɇɋ ȺɊɌ ɹɜɥɹɟɬɫɹ ɢ 
ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɧɟɫɤɨɥɶɤɢɯ ɪɟɲɟɧɢɣ, ɚ 
ɬɚɤɠɟ ɧɚɥɢɱɢɟ ɬɨɥɶɤɨ ɨɞɧɨɝɨ ɩɨɥɹ 
ɨɛɪɚɛɚɬɵɜɚɸɳɢɯ ɧɟɣɪɨɧɨɜ. 

ɐɟɥɶɸ ɫɬɚɬɶɢ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ 
ɚɪɯɢɬɟɤɬɭɪ ɢ ɚɥɝɨɪɢɬɦɨɜ ɨɛɭɱɟɧɢɹ ɞɢɫɤɪɟɬɧɵɯ 
ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ȺɊɌ, ɩɨɡɜɨɥɹɸɳɢɯ ɭɫɬɪɚɧɢɬɶ 
ɫɭɳɟɫɬɜɭɸɳɢɟ ɧɟɞɨɫɬɚɬɤɢ ɷɬɢɯ ɫɟɬɟɣ ɢ 
ɪɚɫɲɢɪɢɬɶ ɨɛɥɚɫɬɶ ɢɯ ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ. 

Аɪɯɢɬɟɤɬɭɪɚ ɢ ɚɥɝɨɪɢɬɦɵ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɟɬɢ АɊɌ-1 

Ⱥɪɯɢɬɟɤɬɭɪɚ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ȺɊɌ-1 

ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 1 ɜ ɩɪɹɦɨɭɝɨɥɶɧɢɤɟ, 
ɧɚɪɢɫɨɜɚɧɧɨɦ ɩɭɧɤɬɢɪɧɨɣ ɥɢɧɢɟɣ. ɗɬɚ ɫɟɬɶ 
ɨɬɧɨɫɢɬ ɩɪɟɞɴɹɜɥɟɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɤ ɨɞɧɨɦɭ ɢɡ 
ɡɚɩɨɦɧɟɧɧɵɯ ɤɥɚɫɫɨɜ ɬɨɥɶɤɨ ɜ ɫɥɭɱɚɟ, ɟɫɥɢ ɨɧɨ 
ɞɨɫɬɚɬɨɱɧɨ ɩɨɯɨɠɟ ɧɚ ɩɪɨɬɨɬɢɩ ɷɬɨɝɨ ɤɥɚɫɫɚ, ɬɨ 
ɟɫɬɶ ɧɚ ɢɡɨɛɪɚɠɟɧɢɟ, ɯɪɚɧɹɳɟɟɫɹ ɜ ɜɟɫɚɯ ɫɜɹɡɟɣ 
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ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. ȿɫɥɢ ɬɚɤɨɟ ɫɜɨɣɫɬɜɨ, 
ɭɫɬɚɧɨɜɥɟɧɧɨɟ ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɨɝɨ 
ɩɚɪɚɦɟɬɪɚ ɫɯɨɞɫɬɜɚ ɦɟɠɞɭ ɞɜɭɦɹ ɢɡɨɛɪɚɠɟɧɢɹɦɢ 
[7–11Ж, ɢɦɟɟɬ ɦɟɫɬɨ ɜ ɪɟɠɢɦɟ ɨɛɭɱɟɧɢɹ, ɬɨ 
ɧɚɣɞɟɧɧɵɣ ɩɪɨɬɨɬɢɩ ɦɨɞɢɮɢɰɢɪɭɟɬɫɹ, ɱɬɨɛɵ 
ɫɬɚɬɶ ɛɨɥɟɟ ɩɨɯɨɠɢɦ ɧɚ ɩɪɟɞɴɹɜɥɟɧɧɨɟ ɫɟɬɢ 
ɜɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ. ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ 
ɞɨɫɬɚɬɨɱɧɨɝɨ ɫɯɨɞɫɬɜɚ ɦɟɠɞɭ ɩɪɟɞɴɹɜɥɟɧɧɵɦ 
ɢɡɨɛɪɚɠɟɧɢɟɦ ɢ ɩɪɨɬɨɬɢɩɚɦɢ ɜɫɟɯ ɢɦɟɸɳɢɯɫɹ 
ɤɥɚɫɫɨɜ, ɨɧɨ ɡɚɩɨɦɢɧɚɟɬɫɹ ɫɟɬɶɸ ɤɚɤ ɩɪɨɬɨɬɢɩ 
ɧɨɜɨɝɨ ɤɥɚɫɫɚ. ɗɬɨ ɜɨɡɦɨɠɧɨ ɛɥɚɝɨɞɚɪɹ ɬɨɦɭ, ɱɬɨ 
ɢɧɮɨɪɦɚɰɢɹ ɨɛ ɢɡɨɛɪɚɠɟɧɢɹɯ-ɩɪɨɬɨɬɢɩɚɯ 
ɯɪɚɧɢɬɫɹ ɥɨɤɚɥɶɧɨ, ɬɨɥɶɤɨ ɜ ɜɟɫɚɯ ɫɜɹɡɟɣ ɨɞɧɨɝɨ 
ɪɚɫɩɨɡɧɚɸɳɟɝɨ ɧɟɣɪɨɧɚ, ɢ ɫɟɬɶ ɢɦɟɟɬ 
ɡɧɚɱɢɬɟɥɶɧɨɟ ɱɢɫɥɨ ɧɟɢɫɩɨɥɶɡɭɟɦɵɯ 
ɪɚɫɩɨɡɧɚɸɳɢɯ ɧɟɣɪɨɧɨɜ, ɢɡɛɵɬɨɤ ɤɨɬɨɪɵɯ 
ɭɦɟɧɶɲɚɟɬɫɹ ɩɨ ɦɟɪɟ ɩɨɫɬɭɩɥɟɧɢɹ ɧɨɜɨɣ ɜɯɨɞɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ. ɇɚɥɢɱɢɟ ɢɡɛɵɬɨɱɧɵɯ 
ɪɚɫɩɨɡɧɚɸɳɢɯ ɧɟɣɪɨɧɨɜ ɹɜɥɹɟɬɫɹ 
ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɇɋ ȺɊɌ, 
ɩɨɫɤɨɥɶɤɭ ɩɪɢ ɢɯ ɨɬɫɭɬɫɬɜɢɢ ɧɨɜɵɟ ɜɯɨɞɧɵɟ 
ɢɡɨɛɪɚɠɟɧɢɹ ɩɪɨɫɬɨ ɬɟɪɹɸɬɫɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɥɨɤɚɥɶɧɨɟ ɯɪɚɧɟɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɢ ɧɚɥɢɱɢɟ 
ɢɡɛɵɬɨɱɧɵɯ ɪɚɫɩɨɡɧɚɸɳɢɯ ɧɟɣɪɨɧɨɜ ɩɨɡɜɨɥɹɟɬ 
ɡɚɩɨɦɢɧɚɬɶ ɧɨɜɭɸ ɢɧɮɨɪɦɚɰɢɸ (ɧɨɜɵɟ ɨɛɪɚɡɵ), 
ɧɟ ɢɫɤɚɠɚɹ ɢɥɢ ɬɟɪɹɹ ɭɠɟ ɢɦɟɸɳɭɸɫɹ Д7–10]. 

Ɉɫɧɨɜɭ ɚɪɯɢɬɟɤɬɭɪɵ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ 
ɫɨɫɬɚɜɥɹɸɬ ɬɪɢ ɫɥɨɹ ɧɟɣɪɨɧɨɜ: ɫɥɨɣ 
ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ S-ɧɟɣɪɨɧɨɜ, ɜɨɫɩɪɢɧɢɦɚɸɳɢɯ 
ɜɯɨɞɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɜ ɜɢɞɟ ɱɟɪɧɨ-ɛɟɥɵɯ 
ɢɡɨɛɪɚɠɟɧɢɣ ɢɥɢ ɛɢɧɚɪɧɵɯ ɜɯɨɞɧɵɯ ɜɟɤɬɨɪɨɜ; 
ɫɥɨɣ ɛɢɧɚɪɧɵɯ ɢɧɬɟɪɮɟɣɫɧɵɯ Z- ɧɟɣɪɨɧɨɜ; ɫɥɨɣ 
ɪɚɫɩɨɡɧɚɸɳɢɯ Y-ɧɟɣɪɨɧɨɜ. Z- ɢ S-ɷɥɟɦɟɧɬɵ 
ɨɛɴɟɞɢɧɹɸɬɫɹ ɜ ɩɨɥɟ F1 ɜɯɨɞɧɵɯ 
ɨɛɪɚɛɚɬɵɜɚɸɳɢɯ ɧɟɣɪɨɧɨɜ. Ʉɪɨɦɟ ɷɬɨɝɨ, 
ɢɦɟɸɬɫɹ ɟɳɟ ɬɪɢ ɭɩɪɚɜɥɹɸɳɢɯ ɧɟɣɪɨɧɚ: R, G1 ɢ 
G2 . 

ȼɵɯɨɞ ɤɚɠɞɨɝɨ ɛɢɧɚɪɧɨɝɨ ɧɟɣɪɨɧɚ iS

( ni ,1 ) ɜɯɨɞɧɨɝɨ ɫɥɨɹ ɫɜɹɡɚɧ ɨɞɧɨɣ 
ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɨɣ ɫɜɹɡɶɸ ɫ ɟɞɢɧɢɱɧɵɦ ɜɟɫɨɜɵɦ 
ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɫ ɛɢɧɚɪɧɵɦ ɧɟɣɪɨɧɨɦ iZ

( ni ,1 ) ɢɧɬɟɪɮɟɣɫɧɨɝɨ ɫɥɨɹ. ȼɵɯɨɞɧɵɟ ɫɢɝɧɚɥɵ 
ɜɫɟɯ ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɨɫɬɭɩɚɸɬ ɬɚɤɠɟ 
ɩɨ ɫɜɹɡɹɦ ɫ ɟɞɢɧɢɱɧɵɦɢ ɜɟɫɨɜɵɦɢ 
ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɧɚ ɜɯɨɞɵ ɭɩɪɚɜɥɹɸɳɢɯ 
ɧɟɣɪɨɧɨɜ R, G1 ɢ G2. Ʉɚɠɞɵɣ ɢɧɬɟɪɮɟɣɫɧɵɣ 
ɧɟɣɪɨɧ iZ  ( ni ,1 ) ɫɜɹɡɚɧ ɫɨ ɜɫɟɦɢ ɷɥɟɦɟɧɬɚɦɢ 

) ,1(  mjY j   ɪɚɫɩɨɡɧɚɸɳɟɝɨ ɫɥɨɹ ɢ ɫ 
ɭɩɪɚɜɥɹɸɳɢɦ ɧɟɣɪɨɧɨɦ R. ɋɜɹɡɢ ɫ ɜɟɫɨɜɵɦɢ 
ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ  ), ,1  ;  ,1(  1

mjniWij 

1   0 1  ijW  ɩɟɪɟɞɚɸɬ ɫɢɝɧɚɥɵ ɫ ɜɵɯɨɞɚ ɤɚɠɞɨɝɨ 
Z-ɷɥɟɦɟɧɬɚ ɧɚ ɜɯɨɞɵ ɤɚɠɞɨɝɨ Y-ɧɟɣɪɨɧɚ. 
Ȼɢɧɚɪɧɵɟ ɫɜɹɡɢ ɫ ɜɟɫɨɜɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ 

)  ,1  ;  ,1(  2
nimjW ji  ɫɜɹɡɵɜɚɸɬ ɜɵɯɨɞ 

ɤɚɠɞɨɝɨ ɪɚɫɩɨɡɧɚɸɳɟɝɨ ɧɟɣɪɨɧɚ ɫ ɜɯɨɞɨɦ 
ɤɚɠɞɨɝɨ ɢɧɬɟɪɮɟɣɫɧɨɝɨ ɧɟɣɪɨɧɚ. ɇɚ ɜɯɨɞɵ 
ɤɚɠɞɨɝɨ Z-ɷɥɟɦɟɧɬɚ ɩɨ ɫɜɹɡɹɦ ɫ ɟɞɢɧɢɱɧɵɦɢ 
ɜɟɫɨɜɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɩɨɫɬɭɩɚɟɬ ɬɚɤɠɟ 
ɫɢɝɧɚɥ ɫ ɜɵɯɨɞɚ ɛɢɧɚɪɧɨɝɨ ɭɩɪɚɜɥɹɸɳɟɝɨ 
ɧɟɣɪɨɧɚ 1G . ɋɢɝɧɚɥɵ ɫ ɜɵɯɨɞɨɜ ɜɫɟɯ Z-ɷɥɟɦɟɧɬɨɜ 
ɩɨ ɫɜɹɡɹɦ ɫ ɟɞɢɧɢɱɧɵɦɢ ɜɟɫɨɜɵɦɢ 
ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɩɨɫɬɭɩɚɸɬ ɧɚ ɜɯɨɞɵ 
ɭɩɪɚɜɥɹɸɳɟɝɨ ɧɟɣɪɨɧɚ R. Ɍɚɤɢɦɢ ɠɟ ɫɜɹɡɹɦɢ 
ɜɵɯɨɞɵ ɜɫɟɯ ɪɚɫɩɨɡɧɚɸɳɢɯ ɧɟɣɪɨɧɨɜ ɫɨɟɞɢɧɟɧɵ 
ɫɨ ɜɯɨɞɚɦɢ ɧɟɣɪɨɧɚ G1, ɚ ɢɯ ɜɯɨɞɵ  ɫ ɜɵɯɨɞɚɦɢ 
ɭɩɪɚɜɥɹɸɳɢɯ ɧɟɣɪɨɧɨɜ 

2G  ɢ R. ȼ ɥɸɛɨɣ ɦɨɦɟɧɬ 

ɜɪɟɦɟɧɢ ɧɟɣɪɨɧɵ iS  ɢ iZ  ( ni ,1 ), 1G  ɢ 2G

ɧɚɯɨɞɹɬɫɹ ɜ ɨɞɧɨɦ ɢɡ ɞɜɭɯ ɫɨɫɬɨɹɧɢɣ: 0 ɢɥɢ 1. 
ɇɟɣɪɨɧɵ Y-ɫɥɨɹ ɫ ɩɨɦɨɳɶɸ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ 

ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ, ɧɚ ɪɢɫ. 1 ɧɟ ɩɨɤɚɡɚɧɧɨɣ, 
ɨɛɪɚɡɭɸɬ ɫɥɨɣ ɤɨɧɤɭɪɢɪɭɸɳɢɯ ɧɟɣɪɨɧɨɜ. 
Ʉɚɠɞɵɣ ɷɥɟɦɟɧɬ ) ,1(  mjYj  ɪɚɫɩɨɡɧɚɸɳɟɝɨ 
ɫɥɨɹ ɦɨɠɟɬ ɧɚɯɨɞɢɬɶɫɹ ɜ ɨɞɧɨɦ ɢɡ ɱɟɬɵɪɟɯ 
ɫɨɫɬɨɹɧɢɣ: 

– ɚɤɬɢɜɟɧ, ɫɟɬɶ ȺɊɌ-1 ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɜ
ɪɟɠɢɦɟ ɨɩɪɟɞɟɥɟɧɢɹ ɜɵɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ 
ɧɟɣɪɨɧɨɜ ɪɚɫɩɨɡɧɚɸɳɟɝɨ ɫɥɨɹ, ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ 

jYU ɜɵɯ  ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ 20 ɜɵɯ 
jYU ɢ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɯɨɞɧɵɦɢ ɫɢɝɧɚɥɚɦɢ Z-ɷɥɟɦɟɧɬɨɜ: 





n

i

ZijYY ijj
UWUU

1

ɜɵɯ
1

ɜɯɜɵɯ ;  

– ɚɤɬɢɜɟɧ, 1ɜɵɯ 
jYU , ɧɟɣɪɨɧ  jY  ɹɜɥɹɟɬɫɹ 

ɩɨɛɟɞɢɬɟɥɟɦ ɩɪɢ ɬɟɤɭɳɟɦ ɩɪɟɞɴɹɜɥɟɧɢɢ 
ɜɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ; 

– ɧɟɚɤɬɢɜɟɧ, 0ɜɵɯ 
jYU , ɧɟɣɪɨɧ ɭɫɬɚɧɨɜɥɟɧ ɜ 

ɧɚɱɚɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟ ɢɥɢ ɩɪɨɢɝɪɚɥ ɫɨɪɟɜɧɨɜɚɧɢɟ 
ɫ ɞɪɭɝɢɦɢ ɧɟɣɪɨɧɚɦɢ ɩɪɢ ɬɟɤɭɳɟɦ ɩɪɟɞɴɹɜɥɟɧɢɢ 
ɜɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ; 

– ɡɚɬɨɪɦɨɠɟɧ, 1ɜɵɯ 
jYU , ɢɧɮɨɪɦɚɰɢɹ, 

ɯɪɚɧɹɳɚɹɫɹ ɜ ɜɟɫɚɯ ɫɜɹɡɟɣ ɧɟɣɪɨɧɚ, ɧɟ 
ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɟɤɭɳɟɦɭ ɜɯɨɞɧɨɦɭ ɢɡɨɛɪɚɠɟɧɢɸ 
ɩɨ ɜɟɥɢɱɢɧɟ ɩɚɪɚɦɟɬɪɚ ɫɯɨɞɫɬɜɚ, ɩɨɷɬɨɦɭ ɧɟɣɪɨɧ 
ɢɫɤɥɸɱɟɧ ɢɡ ɫɨɪɟɜɧɨɜɚɧɢɹ. 

ȼɫɟ ɫɜɹɡɢ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ȺɊɌ-1 ɹɜɥɹɸɬɫɹ 
ɜɨɡɛɭɠɞɚɸɳɢɦɢ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɫɜɹɡɟɣ ɨɬ 
Y-ɷɥɟɦɟɧɬɨɜ ɤ ɧɟɣɪɨɧɭ G1 ɢ ɨɬ ɢɧɬɟɪɮɟɣɫɧɵɯ 
Z-ɷɥɟɦɟɧɬɨɜ ɤ ɧɟɣɪɨɧɭ R, ɤɨɬɨɪɵɟ ɩɟɪɟɞɚɸɬ 
ɬɨɪɦɨɡɹɳɢɟ ɫɢɝɧɚɥɵ. 



Zаkˑvˑrˑtniy A.Yu. New architectures and algoritms of training the adaptive resonance theory 

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

INFORMATION TECHNOLOGIES Series 

Z- ɢ Y-ɧɟɣɪɨɧɵ ɩɨɥɭɱɚɸɬ ɫɢɝɧɚɥɵ ɢɡ ɬɪɟɯ 
ɢɫɬɨɱɧɢɤɨɜ: Z-ɧɟɣɪɨɧɵ  ɨɬ ɭɩɪɚɜɥɹɸɳɟɝɨ 
ɧɟɣɪɨɧɚ 1G  ɢ ɨɬ ɧɟɣɪɨɧɨɜ ɫɥɨɟɜ S ɢ Y; Y-ɧɟɣɪɨɧɵ 
 ɨɬ ɭɩɪɚɜɥɹɸɳɢɯ ɧɟɣɪɨɧɨɜ 2G , R ɢ ɨɬ Z-

ɧɟɣɪɨɧɨɜ. Z- ɢ Y-ɷɥɟɦɟɧɬɵ ɩɟɪɟɯɨɞɹɬ ɜ ɚɤɬɢɜɧɨɟ 
ɫɨɫɬɨɹɧɢɟ ɩɨ ɩɪɚɜɢɥɭ "ɞɜɚ ɢɡ ɬɪɟɯ", ɬɨ ɟɫɬɶ 
ɬɨɥɶɤɨ ɩɪɢ ɧɚɥɢɱɢɢ ɫɢɝɧɚɥɨɜ ɢɡ ɞɜɭɯ ɪɚɡɥɢɱɧɵɯ 
ɢɫɬɨɱɧɢɤɨɜ. ɇɚɩɪɢɦɟɪ, ɟɫɥɢ Y-ɧɟɣɪɨɧ ɩɨɥɭɱɚɟɬ 
ɬɨɥɶɤɨ n ɟɞɢɧɢɱɧɵɯ ɫɢɝɧɚɥɨɜ ɫ ɜɵɯɨɞɨɜ ɜɫɟɯ Z-

ɷɥɟɦɟɧɬɨɜ, ɧɨ ɧɟɬ ɜɨɡɛɭɠɞɚɸɳɟɝɨ ɫɢɝɧɚɥɚ ɨɬ 
ɭɩɪɚɜɥɹɸɳɟɝɨ ɧɟɣɪɨɧɚ 2G , ɬɨ ɩɟɪɟɣɬɢ ɜ 
ɚɤɬɢɜɧɨɟ ɫɨɫɬɨɹɧɢɟ ɨɧ ɧɟ ɦɨɠɟɬ. 

Ⱦɥɹ ɨɛɭɱɟɧɢɹ ɞɢɫɤɪɟɬɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ 
ȺɊɌ-1 ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ ɛɵɫɬɪɨɝɨ 
ɨɛɭɱɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɪɚɜɧɨɜɟɫɧɵɟ ɜɟɫɚ ɫɜɹɡɟɣ 
ɧɟɣɪɨɧɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ ɡɚ ɨɞɧɨ ɩɪɟɞɴɹɜɥɟɧɢɟ 
ɜɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ Д811]. 

ɇɟɞɨɫɬɚɬɤɢ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ АɊɌ-1 

ɉɨɹɫɧɢɦ ɨɞɢɧ ɢɡ ɧɟɞɨɫɬɚɬɤɨɜ ɫɟɬɢ ȺɊɌ-1 ɫ 
ɩɨɦɨɳɶɸ ɫɥɟɞɭɸɳɟɝɨ ɩɪɢɦɟɪɚ. 

ɉɪɢɦɟɪ 1. ɉɭɫɬɶ ɬɪɟɛɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɫɟɬɢ 
ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɚ ɤɥɚɫɫɚ ɫɥɟɞɭɸɳɟɟ ɦɧɨɠɟɫɬɜɨ 
ɜɟɤɬɨɪɨɜ: 

),0,0,0,0,1,1,1,1(1 S  ),0 0, 0, 0, 1, 1, 1, ,0(2 S

),0 0, 0, 0, 1, 1, 0, ,1(3 S

),0 0, 0, 0, 1, 0, 1, ,1(4 S  

),0 0, 0, 0, 0, 1, 1, ,1(5 S  

),1 1, 1, 1, 0, 0, 0, ,0(6 S  

),1 1, 1, 0, 0, 0, 0, ,0(7 S  

),1 1, 0, 1, 0, 0, 0, ,0(8 S

),1 0, 1, 1, 0, 0, 0, ,0(9 S  

).0 1, 1, 1, 0, 0, 0, ,0(10 S  

Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɩɪɢɜɟɞɟɧɧɵɯ ɜɟɤɬɨɪɨɜ ɦɨɠɟɬ 
ɛɵɬɶ ɜɵɩɨɥɧɟɧɚ ɦɧɨɝɢɦɢ ɫɩɨɫɨɛɚɦɢ. Ɉɞɢɧ ɢɡ 
ɧɚɢɛɨɥɟɟ ɧɚɩɪɚɲɢɜɚɸɳɢɯɫɹ  ɨɬɧɟɫɬɢ ɤ ɩɟɪɜɨɦɭ 
ɤɥɚɫɫɭ ɜɟɤɬɨɪɚ 521   ...,  ,  , SSS , ɚ ɤɨ ɜɬɨɪɨɦɭ 
ɤɥɚɫɫɭ  ɜɟɤɬɨɪɚ ,  ...,  ,  , 1076

SSS  ɬɨ ɟɫɬɶ 
ɫɮɨɪɦɢɪɨɜɚɬɶ ɤɥɚɫɫɵ ɜɟɤɬɨɪɨɜ, ɨɬɥɢɱɚɸɳɢɟɫɹ ɨɬ 
ɜɟɤɬɨɪɨɜ 1

S  ɢ 6
S  ɧɟ ɛɨɥɟɟ, ɱɟɦ ɨɞɧɢɦ 

ɤɨɦɩɨɧɟɧɬɨɦ.  
ȼɨɡɶɦɟɦ ɫɟɬɶ ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ: 

m = 6 – ɱɢɫɥɨ Y-ɧɟɣɪɨɧɨɜ ɜ ɪɚɫɩɨɡɧɚɸɳɟɦ ɫɥɨɟ 
ɫɟɬɢ; n = 8 – ɱɢɫɥɨ ɧɟɣɪɨɧɨɜ ɜɨ ɜɯɨɞɧɨɦ ɫɥɨɟ 
ɫɟɬɢ; ɪ = 0,5 – ɩɚɪɚɦɟɬɪ ɫɯɨɞɫɬɜɚ; ɜɵɛɢɪɚɟɬɫɹ 
ɬɚɤɨɟ ɱɢɫɥɨɜɨɟ ɡɧɚɱɟɧɢɹ ɢɫɯɨɞɹ ɢɡ ɬɨɝɨ, ɱɬɨ 
ɜɟɤɬɨɪɵ 521   ...,  ,  , SSS ɢ 1076   ...,  ,  , SSS ɜ 

ɤɚɠɞɨɦ ɤɥɚɫɫɟ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɧɟ 
ɛɨɥɟɟ, ɱɟɦ ɞɜɭɦɹ ɤɨɦɩɨɧɟɧɬɚɦɢ; 

111,0)81/(1)1/(11  nWij
  ɧɚɱɚɥɶɧɵɟ 

ɡɧɚɱɟɧɢɹ ɜɟɫɨɜ ɫɜɹɡɟɣ 1

ijW  )6 ,1  ;8  ,1(  ji ; 2

jiW

=1  ɧɚɱɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɜɟɫɨɜ ɫɜɹɡɟɣ 2

jiW

 ;8  ,1( i )6 ,1j ; L = 2 – ɤɨɧɫɬɚɧɬɚ, ɞɥɹ 

ɤɨɪɪɟɤɰɢɢ ɜɟɫɨɜ ɫɜɹɡɟɣ  ;8  ,1(  1 iWij )6 ,1 j  ɜ 
ɩɪɨɰɟɫɫɟ ɨɛɭɱɟɧɢɹ; q=10 – ɱɢɫɥɨ
ɤɥɚɫɫɢɮɢɰɢɪɭɟɦɵɯ ɜɯɨɞɧɵɯ ɛɢɧɚɪɧɵɯ ɜɟɤɬɨɪɨɜ. 

ɇɟɬɪɭɞɧɨ ɩɪɨɜɟɪɢɬɶ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ 
ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɢɫɯɨɞɧɨɟ ɦɧɨɠɟɫɬɜɨ 
ɜɟɤɬɨɪɨɜ ɛɭɞɟɬ ɪɚɡɛɢɬɨ ɧɚ ɤɥɚɫɫɵ: 

},  ,  ,{  },  ,{  },  ,  ,{ 87654321
SSSSSSSS  

},  ,{ 109
SS  ɟɫɥɢ ɜɟɤɬɨɪɚ ɛɭɞɭɬ ɩɨɞɚɜɚɬɶɫɹ ɧɚ 

ɜɯɨɞ ɫɟɬɢ ɜ ɩɨɪɹɞɤɟ ɜɨɡɪɚɫɬɚɧɢɹ ɢɯ ɧɨɦɟɪɨɜ. 
Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ 
ɪɚɡɛɢɟɧɢɟ ɜɟɤɬɨɪɨɜ 1021   ...,  ,  , SSS ɧɚ ɤɥɚɫɫɵ 
ɩɪɢ ɡɚɞɚɧɧɨɣ ɜɟɥɢɱɢɧɟ ɩɚɪɚɦɟɬɪɚ ɫɯɨɞɫɬɜɚ 
ɡɚɜɢɫɢɬ ɢ ɨɬ ɩɨɪɹɞɤɚ ɢɯ ɩɪɟɞɴɹɜɥɟɧɢɹ ɜ 
ɨɛɭɱɚɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. ɇɚɩɪɢɦɟɪ, 
ɧɟɬɪɭɞɧɨ ɩɨɥɭɱɢɬɶ ɫɥɟɞɭɸɳɢɟ ɤɥɚɫɫɢɮɢɤɚɰɢɢ 

r
K ɜɟɤɬɨɪɨɜ 521   ...,  ,  , SSS : 

 }}  ,{ },  ,  ,{{ 543211
SSSSSK  (ɩɨɥɭɱɟɧɚ 

ɜɵɲɟ); }}  ,{ },  ,  ,{{ 534212
SSSSSK  ; 

}}  ,{ },  ,  ,{{ 435213
SSSSSK  ; 

},  ,  ,{{ 5314
SSSK   }}  ,{ 42

SS  ɢ ɬ.ɞ. 
ɇɟɭɞɚɱɚ ɫ ɪɟɲɟɧɢɟɦ ɡɚɞɚɱɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ 

ɭɤɚɡɚɧɧɨɝɨ ɦɧɨɠɟɫɬɜɚ ɜɟɤɬɨɪɨɜ ɫɜɹɡɚɧɚ ɫ 
ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɚɪɯɢɬɟɤɬɭɪɵ ɢ ɚɥɝɨɪɢɬɦɚ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ȺɊɌ-1. ȼɨ-

ɩɟɪɜɵɯ, ɫɟɬɶ ɜ ɜɟɫɚɯ ɫɜɹɡɟɣ ɪɚɫɩɨɡɧɚɸɳɟɝɨ 
ɧɟɣɪɨɧɚ ɡɚɩɨɦɢɧɚɟɬ ɩɟɪɟɫɟɱɟɧɢɟ ɛɢɧɚɪɧɵɯ 
ɜɯɨɞɧɵɯ ɜɟɤɬɨɪɨɜ. ȼɨ-ɜɬɨɪɵɯ, ɛɥɢɡɨɫɬɶ 
ɛɢɧɚɪɧɵɯ ɜɟɤɬɨɪɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɩɚɪɚɦɟɬɪɚ ɫɯɨɞɫɬɜɚ, ɭɱɢɬɵɜɚɸɳɟɝɨ ɬɨɥɶɤɨ 
ɟɞɢɧɢɱɧɵɟ ɷɥɟɦɟɧɬɵ ɫɪɚɜɧɢɜɚɟɦɵɯ ɜɟɤɬɨɪɨɜ. ȼ 
ɚɧɚɥɢɡɢɪɭɟɦɨɦ ɩɪɢɦɟɪɟ ɩɟɪɟɫɟɱɟɧɢɟɦ ɛɢɧɚɪɧɵɯ 
ɜɟɤɬɨɪɨɜ 521   ...,  ,  , SSS (ɚ ɬɚɤɠɟ ɜɟɤɬɨɪɨɜ 

 ...,  ,  , 76
SS 10 S ) ɹɜɥɹɟɬɫɹ ɜɟɤɬɨɪ ɫɨ ɜɫɟɦɢ 

ɧɭɥɟɜɵɦɢ ɤɨɦɩɨɧɟɧɬɚ: 0
S )0 ,0 ,0 ,0 ,0 ,0 ,0 ,0( . 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɩɟɪɟɫɟɱɟɧɢɢ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɦɧɨɠɟɫɬɜ ɜɟɤɬɨɪɨɜ ɩɨɥɧɨɫɬɶɸ 
ɭɬɟɪɹɧɚ ɢɧɮɨɪɦɚɰɢɹ ɨɛ ɟɞɢɧɢɱɧɵɯ ɤɨɦɩɨɧɟɧɬɚɯ 
ɛɢɧɚɪɧɵɯ ɜɟɤɬɨɪɨɜ. Ɂɚɩɨɦɢɧɚɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɜ 
ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɜ ɜɢɞɟ ɩɟɪɟɫɟɱɟɧɢɹ ɜɯɨɞɧɵɯ 
ɜɟɤɬɨɪɨɜ ɢɥɢ ɢɡɨɛɪɚɠɟɧɢɣ ɜɫɟɝɞɚ ɩɪɢɜɨɞɢɬ ɤ 



Zаkˑvˑrˑtniy A.Yu. New architectures and algoritms of training the adaptive resonance theory 

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

INFORMATION TECHNOLOGIES Series 

ɩɨɬɟɪɟ ɢɧɮɨɪɦɚɰɢɢ. ɉɪɢ ɦɚɥɵɯ ɡɧɚɱɟɧɢɹɯ 
ɩɚɪɚɦɟɬɪɚ ɫɯɨɞɫɬɜɚ ɦɨɠɟɬ ɬɟɪɹɬɶɫɹ ɨɫɧɨɜɧɚɹ 
ɱɚɫɬɶ ɢɧɮɨɪɦɚɰɢɢ ɩɨ ɤɥɚɫɫɢɮɢɰɢɪɭɟɦɵɦ ɢɥɢ 
ɪɚɫɩɨɡɧɚɜɚɟɦɵɦ ɢɡɨɛɪɚɠɟɧɢɹɦ.  

ɉɪɢ ɡɚɩɨɦɢɧɚɧɢɢ ɦɧɨɠɟɫɬɜ ɪɟɚɥɢɡɚɰɢɣ 
ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɤɨɝɞɚ 
ɤɚɠɞɚɹ ɪɟɚɥɢɡɚɰɢɹ ɜɧɨɫɢɬ ɱɬɨ-ɬɨ ɧɨɜɨɟ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɪɟɚɥɢɡɚɰɢɹɦɢ ɢ ɤɨɝɞɚ 
ɡɚɩɨɦɧɢɬɶ ɤɚɠɞɭɸ ɪɟɚɥɢɡɚɰɢɸ ɩɪɚɤɬɢɱɟɫɤɢ 
ɧɟɜɨɡɦɨɠɧɨ ɢɡ-ɡɚ ɢɯ ɫɥɢɲɤɨɦ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ, ɜ 
ɩɚɦɹɬɢ ɫɟɬɢ ɧɟɨɛɯɨɞɢɦɨ ɯɪɚɧɢɬɶ ɧɟ ɩɟɪɟɫɟɱɟɧɢɹ 
ɨɛɭɱɚɸɳɢɯ ɢɡɨɛɪɚɠɟɧɢɣ, ɚ ɤɨɦɩɥɟɤɫɧɵɟ 
ɢɡɨɛɪɚɠɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɢɫɯɨɞɧɵɯ ɫ 
ɩɨɦɨɳɶɸ ɥɨɝɢɱɟɫɤɨɣ ɨɩɟɪɚɰɢɢ "ɂɅɂ", ɞɪɭɝɢɯ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ, ɷɜɪɢɫɬɢɤ ɢɥɢ 
ɤɨɦɛɢɧɚɰɢɢ ɭɤɚɡɚɧɧɵɯ ɫɩɨɫɨɛɨɜ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɨɛɭɱɚɸɳɢɯ ɢɡɨɛɪɚɠɟɧɢɣ Д11Ж. ɑɚɫɬɧɵɦ ɫɥɭɱɚɟɦ 
ɹɜɥɹɟɬɫɹ ɡɚɩɨɦɢɧɚɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɜ ɜɢɞɟ 
ɨɛɴɟɞɢɧɟɧɢɹ, ɚ ɧɟ ɩɟɪɟɫɟɱɟɧɢɹ ɛɢɧɚɪɧɵɯ 
ɢɡɨɛɪɚɠɟɧɢɣ ɢɥɢ ɜɟɤɬɨɪɨɜ. ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ 
ɩɪɢɦɟɪɟ ɢɦɟɟɦ .154321

SSSSSS   

Ɂɚɩɨɦɢɧɚɧɢɟ ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɜɟɤɬɨɪɚ 1
S  ɩɪɢɜɨɞɢɬ 

ɤ ɩɨɥɭɱɟɧɢɸ ɦɚɬɪɢɰ ɜɟɫɨɜ ɫɜɹɡɟɣ ,1
W 2

W , ɫ 
ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɦɨɝɥɢ ɛɵ ɩɪɚɜɢɥɶɧɨ 
ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶɫɹ ɩɟɪɜɵɟ ɩɹɬɶ ɜɯɨɞɧɵɯ 
ɜɟɤɬɨɪɨɜ, ɟɫɥɢ ɛɵ ɩɨɫɥɟ ɩɪɟɞɴɹɜɥɟɧɢɹ ɜɯɨɞɧɵɯ 
ɜɟɤɬɨɪɨɜ ɧɟ ɛɵɥɨ, ɩɪɢ ɧɚɫɬɭɩɥɟɧɢɢ ɪɟɡɨɧɚɧɫɚ, 
ɚɞɚɩɬɚɰɢɢ ɜɟɫɨɜ ɫɜɹɡɟɣ, ɦɟɧɹɸɳɟɣ ɩɚɦɹɬɶ ɫɟɬɢ.  

Ɉɛɭɱɟɧɢɟ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɛɟɡ ɚɞɚɩɬɚɰɢɢ 
ɜɟɫɨɜ ɫɜɹɡɟɣ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɪɚɫɩɨɡɧɚɸɳɢɯ Y-

ɧɟɣɪɨɧɨɜ ɩɪɢ ɧɚɫɬɭɩɥɟɧɢɢ ɪɟɡɨɧɚɧɫɚ, ɤɨɝɞɚ 
ɩɟɪɜɵɦɢ ɜɨ ɜɯɨɞɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɜɟɤɬɨɪɚ 61   , SS , ɩɪɢɜɨɞɢɬ ɤ 
ɪɚɡɛɢɟɧɢɸ ɜɟɤɬɨɪɨɜ 1021   ...,  ,  , SSS ɧɚ ɞɜɚ 
ɟɫɬɟɫɬɜɟɧɧɵɯ ɤɥɚɫɫɚ },  ,  ,  ,  ,{ 54321

SSSSS

}  ,  ,  ,  ,{ 109876
SSSSS . 

Ɉɛɨɛɳɚɹ ɪɚɫɫɦɨɬɪɟɧɧɵɣ ɩɪɢɦɟɪ, ɦɨɠɧɨ 
ɩɪɟɞɥɨɠɢɬɶ ɨɛɳɢɣ ɦɟɬɨɞ ɨɛɭɱɟɧɢɹ ɇɋ ȺɊɌ-1 ɛɟɡ 
ɚɞɚɩɬɚɰɢɢ ɜɟɫɨɜ ɫɜɹɡɟɣ ɩɪɢ ɧɚɫɬɭɩɥɟɧɢɢ 
ɪɟɡɨɧɚɧɫɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɜɯɨɞɧɵɯ 
ɢɡɨɛɪɚɠɟɧɢɣ: ,  ,  ...,  ,  ,  , 121 qqkkk

SSSSS


ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɩɨ ɭɛɵɜɚɧɢɸ ɜɟɥɢɱɢɧɵ ɧɨɪɦɵ 
ɜɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, ɬɨ ɟɫɬɶ 

qqkkk
SSSSS   121  ... . Ɍɚɤɨɣ 

ɦɟɬɨɞ ɨɛɭɱɟɧɢɹ ɪɚɡɛɢɜɚɟɬ ɢɫɯɨɞɧɨɟ ɦɧɨɠɟɫɬɜɨ 
ɨɛɭɱɚɸɳɢɯ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɦɢɧɢɦɚɥɶɧɨɟ ɱɢɫɥɨ 
ɤɥɚɫɫɨɜ.  

ɉɪɢ ɭɩɨɪɹɞɨɱɢɜɚɧɢɢ ɩɪɟɞɴɹɜɥɹɟɦɵɯ 
ɢɡɨɛɪɚɠɟɧɢɣ ɩɨ ɜɨɡɪɚɫɬɚɧɢɸ ɜɟɥɢɱɢɧɵ ɧɨɪɦɵ 
ɜɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, ɬɨ ɟɫɬɶ 

qqkkk
SSSSS   121  ... , ɱɢɫɥɨ 

ɤɥɚɫɫɨɜ ɢɡɨɛɪɚɠɟɧɢɣ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜɨɡɪɚɫɬɚɟɬ. 
ȿɫɥɢ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɩɪɢɦɟɪɟ ɜɯɨɞɧɵɟ 
ɜɟɤɬɨɪɚ ɩɪɟɞɴɹɜɥɹɬɶ ɫɟɬɢ ɜ ɩɨɪɹɞɤɟ 

,  ,  ,  ,  ,  ,  ,  ,  ,  , 61109875432
SSSSSSSSSS  ɬɨ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɨɛɭɱɟɧɢɹ ɫɟɬɢ ɩɪɢ ɩɚɪɚɦɟɬɪɟ 
ɫɯɨɞɫɬɜɚ, ɪɚɜɧɨɦ 0,5, ɛɭɞɟɬ ɩɨɥɭɱɟɧɨ ɲɟɫɬɶ 
ɤɥɚɫɫɨɜ: }{  },{  },  ,{  },  ,{  },  ,{  },  ,{ 61109875432

SSSSSSSSSS . 

ɍɫɩɟɲɧɨɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɩɪɟɞɥɨɠɟɧɧɵɯ 
ɚɥɝɨɪɢɬɦɨɜ ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɭɤɚɡɵɜɚɟɬ 
ɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɚɥɝɨɪɢɬɦɨɜ ɨɛɭɱɟɧɢɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ ɢɡɨɛɪɚɠɟɧɢɣ, 
ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɭɱɢɬɟɥɟɦ ɩɨ ɜɟɥɢɱɢɧɟ ɢɯ ɧɨɪɦɵ, 
ɩɪɢɱɟɦ ɜ ɨɛɭɱɚɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɦɨɝɭɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɩɨɞɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɤɚɤ ɫ 
ɜɨɡɪɚɫɬɚɧɢɟɦ, ɬɚɤ ɢ ɫ ɭɛɵɜɚɧɢɟɦ ɧɨɪɦɵ ɜɯɨɞɧɵɯ 
ɢɡɨɛɪɚɠɟɧɢɣ. ȼɨɡɦɨɠɧɨ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɨ 
ɜɯɨɞɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɤɨɦɩɥɟɤɫɧɵɯ 
ɢɡɨɛɪɚɠɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɭɱɢɬɟɥɟɦ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɩɪɢɦɟɧɟɧɢɹ ɤ ɢɡɨɛɪɚɠɟɧɢɹɦ ɜɯɨɞɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɟɤɨɬɨɪɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 
ɨɩɟɪɚɰɢɣ, ɷɜɪɢɫɬɢɤ ɢɥɢ ɤɨɦɛɢɧɚɰɢɢ ɭɤɚɡɚɧɧɵɯ 
ɫɩɨɫɨɛɨɜ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɛɭɱɚɸɳɢɯ 
ɢɡɨɛɪɚɠɟɧɢɣ. ɉɪɢ ɪɟɲɟɧɢɢ ɪɟɚɥɶɧɵɯ ɡɚɞɚɱ 
ɷɮɮɟɤɬɢɜɧɨ ɬɚɤɠɟ ɡɚɩɪɟɳɟɧɢɟ ɚɞɚɩɬɚɰɢɢ ɜɟɫɨɜ 
ɫɜɹɡɟɣ ɩɪɢ ɧɚɫɬɭɩɥɟɧɢɢ ɪɟɡɨɧɚɧɫɚ ɬɨɥɶɤɨ ɱɚɫɬɢ 
ɪɚɫɩɨɡɧɚɸɳɢɯ ɧɟɣɪɨɧɨɜ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ 
ɜɵɞɟɥɟɧɵ ɜ ɨɬɞɟɥɶɧɵɣ ɫɥɨɣ Д11Ж.  

Дɢɫɤɪɟɬɧɵɟ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ АɊɌ, 
ɨɩɪɟɞɟɥɹɸɳɢɟ ɦɧɨɠɟɫɬɜɚ ɪɚɜɧɨɰɟɧɧɵɯ 
ɪɟɲɟɧɢɣ 

ȿɳɟ ɨɞɢɧ ɧɟɞɨɫɬɚɬɨɤ ɫɢɫɬɟɦ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 
ɧɚ ɨɫɧɨɜɟ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ȺɊɌ  ɩɨɥɭɱɟɧɢɟ 
ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɞɚɠɟ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ 
ɢɦɟɟɬɫɹ ɞɜɚ ɢɥɢ ɛɨɥɟɟ ɪɚɜɧɨɰɟɧɧɵɯ ɪɟɲɟɧɢɹ. 
ɉɨɹɫɧɢɦ ɷɬɨ ɫ ɩɨɦɨɳɶɸ ɫɥɟɞɭɸɳɟɝɨ ɩɪɢɦɟɪɚ. 

ɉɭɫɬɶ ,8n  ɩɚɪɚɦɟɬɪ ɫɯɨɞɫɬɜɚ p 

ɢɡɨɛɪɚɠɟɧɢɣ ɪɚɜɟɧ 0,8 ɢ ɜ ɜɟɫɚɯ ɫɜɹɡɟɣ ɧɟɣɪɨɧɨɜ 
1Y  ɢ 2Y  ɩɨɫɥɟ ɪɟɠɢɦɚ ɛɵɫɬɪɨɝɨ ɨɛɭɱɟɧɢɹ 

ɯɪɚɧɹɬɫɹ ɢɡɨɛɪɚɠɟɧɢɹ 1
S (1,1,1,1,0,0,0,1), 2

S

(0,1,1,1,1,0,1,0), ɚ ɜɟɫɚ ɫɜɹɡɟɣ ɫɟɬɢ ɢɦɟɸɬ 
ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ: 111,0)1/(11  nWij

 

( mji  ,3  ;8 ,1  ); 333,01

1 iW  

 8); 4, 3, 2, ,1( i 01

1 iW 7); 6, ,5( i  

333,01

2 iW  7); 5, 4, 3, 2, ( i  01

2 iW

8); 6, ,1( i  12

1 iW  8); 4, 3, 2, ,1( i 02

1 iW  
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 7 ); 6 , ,5( i  12

2 iW   7); 5, 4, 3, 2,( i 02

2 iW  

 ( i  8). 6, ,1

ɉɪɢ ɩɨɞɚɱɟ ɧɚ ɜɯɨɞ ɫɟɬɢ ɢɡɨɛɪɚɠɟɧɢɹ 3
S

(1,1,1,1,0,0,1,0) ɧɚ ɜɯɨɞɚɯ ɪɚɫɩɨɡɧɚɸɳɢɯ 
ɧɟɣɪɨɧɨɜ ɛɭɞɭɬ ɫɥɟɞɭɸɳɢɟ ɫɢɝɧɚɥɵ: 

,665,15333,0
21 ɜɯɜɯ  YY UU

 ...
43 ɜɯɜɯ YY UU  .555,05111,0ɜɯ 

mYU  

ȼ ɫɢɥɭ ɚɥɝɨɪɢɬɦɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɟɬɢ 
ɩɨɛɟɞɢɬɟɥɟɦ ɫɬɚɧɟɬ ɧɟɣɪɨɧ 1Y , ɩɪɢ ɷɬɨɦ 
ɩɚɪɚɦɟɬɪ ɫɯɨɞɫɬɜɚ p  ɛɭɞɟɬ ɢɦɟɬɶ ɡɧɚɱɟɧɢɟ 

,8,05/43

ɜɵɯ  SUp Z  ɝɞɟ 
ZU ɜɵɯ  

ɧɨɪɦɚ ɜɟɤɬɨɪɚ ɜɵɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ ɧɟɣɪɨɧɨɜ ɫɥɨɹ 
;Z  

3
S   ɧɨɪɦɚ ɜɟɤɬɨɪɚ .3

S  ɇɨ ɬɨɱɧɨ ɬɚɤɨɣ ɠɟ 
ɩɚɪɚɦɟɬɪ ɫɯɨɞɫɬɜɚ ɛɵɥ ɛɵ ɩɨɥɭɱɟɧ ɢ ɜ ɫɥɭɱɚɟ, 
ɟɫɥɢ ɛɵ ɧɟɣɪɨɧɨɦ-ɩɨɛɟɞɢɬɟɥɟɦ ɫɬɚɥ 
ɪɚɫɩɨɡɧɚɸɳɢɣ ɷɥɟɦɟɧɬ .2Y  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɩɪɟɞɴɹɜɥɟɧɢɢ ɜɯɨɞɧɨɝɨ 
ɢɡɨɛɪɚɠɟɧɢɹ ɫɟɬɶ ɨɬɧɨɫɢɬ ɷɬɨ ɢɡɨɛɪɚɠɟɧɢɟ ɤ 
ɩɟɪɜɨɦɭ ɛɥɢɡɤɨɦɭ ɢɡɨɛɪɚɠɟɧɢɸ, ɯɪɚɧɹɳɟɦɭɫɹ ɜ 
ɜɟɫɚɯ ɫɜɹɡɟɣ ɪɚɫɩɨɡɧɚɸɳɢɯ Y-ɧɟɣɪɨɧɨɜ, ɢ ɬɟɦ 
ɫɚɦɵɦ ɨɩɪɟɞɟɥɹɟɬ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɜɯɨɞɧɨɝɨ 
ɢɡɨɛɪɚɠɟɧɢɹ ɤ ɨɞɧɨɦɭ ɢɡ ɤɥɚɫɫɨɜ. Ɉɫɬɚɥɶɧɵɟ 
ɜɨɡɦɨɠɧɵɟ ɜɚɪɢɚɧɬɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɬɟɪɹɸɬɫɹ. Ⱦɥɹ ɪɚɫɲɢɪɟɧɢɹ 
ɜɨɡɦɨɠɧɨɫɬɟɣ ɞɢɫɤɪɟɬɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ȺɊɌ ɢ 
ɩɨɥɭɱɟɧɢɹ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɨɜ ɪɟɲɟɧɢɹ 
ɡɚɞɚɱɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɞɨɛɚɜɢɦ ɤ ɛɚɡɨɜɨɣ 
ɚɪɯɢɬɟɤɬɭɪɟ ȺɊɌ-1 ɟɳɟ ɨɞɢɧ ɭɩɪɚɜɥɹɸɳɢɣ 
ɧɟɣɪɨɧ ,1

R  ɢɧɜɟɪɬɢɪɭɸɳɢɣ ɜɵɯɨɞɧɵɟ ɫɢɝɧɚɥɵ 

ɧɟɣɪɨɧɚ R (ɪɢɫ. 1), ɢ ɫɥɨɣ ɪɟɝɢɫɬɪɢɪɭɸɳɢɯ 
ɧɟɣɪɨɧɨɜ 1

jY ). ,1( mj   Ʉɚɠɞɵɣ ɧɟɣɪɨɧ 1

jY

ɫɜɹɡɚɧ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɨɣ ɛɢɧɚɪɧɨɣ ɫɜɹɡɶɸ ɫ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɧɟɣɪɨɧɨɦ .jY  ɉɟɪɟɞ ɧɚɱɚɥɨɦ 

ɪɟɠɢɦɚ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɧɟɣɪɨɧɵ 1

jY  ), ,1( mj   

ɤɚɤ ɢ ɞɪɭɝɢɟ ɧɟɣɪɨɧɵ ɫɟɬɢ, ɩɟɪɟɜɨɞɹɬɫɹ ɜ 
ɩɚɫɫɢɜɧɨɟ ɫɨɫɬɨɹɧɢɟ ɩɨ ɰɟɩɹɦ ɫɜɹɡɟɣ, ɧɚ ɪɢɫɭɧɤɟ 
ɧɟ ɩɨɤɚɡɚɧɧɵɦ. ɇɟɣɪɨɧɵ 1

jY ) ,1( mj 
ɩɟɪɟɯɨɞɹɬ ɜ ɚɤɬɢɜɧɨɟ ɫɨɫɬɨɹɧɢɟ ɩɨ ɩɪɚɜɢɥɭ "ɞɜɚ 
ɢɡ ɬɪɟɯ"  ɩɪɢ ɧɚɥɢɱɢɢ ɟɞɢɧɢɱɧɵɯ ɫɢɝɧɚɥɨɜ ɧɚ 
ɜɵɯɨɞɟ ɧɟɣɪɨɧɨɜ 

jY  ɢ ɭɩɪɚɜɥɹɸɳɟɝɨ ɧɟɣɪɨɧɚ 

.1
R  ȿɞɢɧɢɱɧɵɣ ɫɢɝɧɚɥ ɫ ɜɵɯɨɞɚ ɧɟɣɪɨɧɚ 1

jY  ɩɨ 
ɰɟɩɢ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɮɢɤɫɢɪɭɟɬ ɟɞɢɧɢɱɧɵɣ 
ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ ɷɥɟɦɟɧɬɚ 1

jY  ɢ ɡɚɬɨɪɦɚɠɢɜɚɟɬ 

ɧɟɣɪɨɧ-ɩɨɛɟɞɢɬɟɥɶ .jY  ɉɨɫɥɟ ɷɬɨɝɨ ɜ ɫɟɬɢ 
ɧɚɱɢɧɚɟɬɫɹ ɩɨɢɫɤ ɧɨɜɨɝɨ ɧɟɣɪɨɧɚ-ɩɨɛɟɞɢɬɟɥɹ. 
ɉɪɨɰɟɫɫ ɩɨɢɫɤɚ ɩɪɨɞɨɥɠɚɟɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ 
ɜɫɟ ɪɚɫɩɨɡɧɚɸɳɢɟ ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ ɧɟɣɪɨɧɵ ɧɟ 
ɨɤɚɠɭɬɫɹ ɡɚɬɨɪɦɨɠɟɧɧɵɦɢ. ɉɪɢ ɷɬɨɦ ɧɚ ɜɵɯɨɞɚɯ 
ɧɟɣɪɨɧɨɜ ɫɥɨɹ 1

Y  ɦɨɠɟɬ ɧɟ ɨɤɚɡɚɬɶɫɹ ɧɢ ɨɞɧɨɝɨ 
ɟɞɢɧɢɱɧɨɝɨ ɫɢɝɧɚɥɚ, ɬɚɤ ɤɚɤ ɜɯɨɞɧɨɟ 
ɢɡɨɛɪɚɠɟɧɢɟ ɧɟ ɩɨɯɨɠɟ ɧɢ ɧɚ ɨɞɧɨ ɢɡ 
ɢɡɨɛɪɚɠɟɧɢɣ, ɯɪɚɧɹɳɢɯɫɹ ɜ ɜɟɫɚɯ ɫɜɹɡɟɣ ɫɟɬɢ, 
ɥɢɛɨ ɧɚ ɜɵɯɨɞɚɯ 1

Y -ɧɟɣɪɨɧɨɜ ɦɨɠɟɬ ɛɵɬɶ ɨɞɢɧ 
ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɟɞɢɧɢɱɧɵɯ ɫɢɝɧɚɥɨɜ, 
ɭɤɚɡɵɜɚɸɳɢɯ ɧɚ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɜɯɨɞɧɨɝɨ 
ɢɡɨɛɪɚɠɟɧɢɹ ɤ ɨɞɧɨɦɭ ɢɥɢ ɧɟɫɤɨɥɶɤɢɦ ɤɥɚɫɫɚɦ 
ɢɡɨɛɪɚɠɟɧɢɣ. 

Ɋɢɫ. 1. Ⱥɪɯɢɬɟɤɬɭɪɚ ɞɢɫɤɪɟɬɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ȺɊɌ  
Fig. 1. The architecture of the discrete neural network of ART 
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ɟщɟ ɨɞɢɧ ɧɟɞɨɫɬɚɬɨɤ ɞɢɫɤɪɟɬɧɵɯ ɇɋ АɊɌ-1 − 

ɧɚɥɢɱɢɟ ɬɨɥɶɤɨ ɨɞɧɨɝɨ ɩɨɥɹ ɨɛɪɚɛɚɬɵɜɚɸщɢɯ 
ɧɟɣɪɨɧɨɜ, ɩɨɫɤɨɥɶɤɭ ɷɬɨ ɧɟ ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɹɬɶ 
ɷɬɢ ɫɟɬɢ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɫɢɫɬɟɦ ɪɚɫɩɨɡɧɚɜɚɧɢɹ, 
ɝɞɟ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɡɧɨɪɨɞɧɭɸ 

ɢɧɮɨɪɦɚɰɢɸ ɨ ɩɪɨɰɟɫɫɚɯ, ɫɭщɟɫɬɜɟɧɧɨ 

ɨɬɥɢɱɚɸщɭɸɫɹ ɡɧɚɱɟɧɢɹɦɢ ɩɚɪɚɦɟɬɪɚ ɫɯɨɞɫɬɜɚ 
[11]. Ⱦɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɥɨɠɧɵɯ ɞɢɧɚɦɢɱɟɫɤɢɯ 
ɪɟɠɢɦɨɜ ɧɟɨɛɯɨɞɢɦɚ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɫ 
ɧɟɫɤɨɥɶɤɢɦɢ ɩɨɥɹɦɢ ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸщɢɯ ɢɦ ɩɨɥɟɣ Z-ɧɟɣɪɨɧɨɜ. Эɬɚ ɫɟɬɶ 
ɞɨɥɠɧɚ ɤɚɤ ɜɨɫɩɪɢɧɢɦɚɬɶ ɢ ɪɚɫɩɨɡɧɚɜɚɬɶ 
ɨɬɞɟɥɶɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɜɯɨɞɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɬɚɤ 
ɢ ɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɜɟɫɚ ɫɜɹɡɟɣ ɪɚɫɩɨɡɧɚɸщɢɯ 

ɧɟɣɪɨɧɨɜ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɜɫɟ ɪɚɫɩɨɡɧɚɧɧɵɟ 
ɤɨɦɩɨɧɟɧɬɵ ɫ ɡɚɞɚɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɩɚɪɚɦɟɬɪɨɜ 
ɫɯɨɞɫɬɜɚ ɫɨɝɥɚɫɨɜɵɜɚɸɬɫɹ ɜ ɨɞɧɨɦ ɤɨɦɩɥɟɤɫɧɨɦ 

ɢɡɨɛɪɚɠɟɧɢɢ. ɇɚ ɪɢɫ. 2 ɩɪɢɜɟɞɟɧɚ ɚɪɯɢɬɟɤɬɭɪɚ 
ɫɟɬɢ АɊɌ ɫ d ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸщɢɦɢ ɩɨɥɹɦɢ 

ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɢ ɢɧɬɟɪɮɟɣɫɧɵɯ ɧɟɣɪɨɧɨɜ. ɋɟɬɶ 
ɢɦɟɟɬ ɬɚɤɠɟ ɢ d ɝɪɭɩɩ ɭɩɪɚɜɥɹɸщɢɯ ɧɟɣɪɨɧɨɜ: 

1R , 
1

1G , 
1

2G , …, 
dR , 

dG1 , 
dG2 . ȼɯɨɞɵ 

ɭɩɪɚɜɥɹɸщɢɯ ɧɟɣɪɨɧɨɜ   , 2 RG  ɫɜɹɡɚɧɵ ɫ 

ɜɵɯɨɞɚɦɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɟɣɪɨɧɨɜ ) ,1( 2 dqG q
=

ɢ ) ,1( dqRq
= .  

Рис. 2. Ⱦɢɫɤɪɟɬɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ АɊɌ ɫ d ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸщɢɦɢ ɩɨɥɹɦɢ ɨɛɪɚɛɚɬɵɜɚɸщɢɯ ɧɟɣɪɨɧɨɜ 
Fig. 2. Discrete neural network in parallel with ART d working fields of processing neurons 

ɇɟɣɪɨɧ  2G  ɩɟɪɟɯɨɞɢɬ ɜ ɚɤɬɢɜɧɨɟ ɫɨɫɬɨɹɧɢɟ, 
ɨɛɟɫɩɟɱɢɜɚɹ ɪɚɛɨɬɭ ɪɚɫɩɨɡɧɚɸщɢɯ ɧɟɣɪɨɧɨɜ ɩɨ 
ɩɪɚɜɢɥɭ "ɞɜɚ ɢɡ ɬɪɟɯ", ɬɨɥɶɤɨ ɩɪɢ ɚɤɬɢɜɧɨɦ 

ɫɨɫɬɨɹɧɢɢ ɜɫɟɯ ɭɩɪɚɜɥɹɸщɢɯ ɧɟɣɪɨɧɨɜ 
) ,1( 2 dqG q

= . ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɧɟɣɪɨɧɚ-
ɩɨɛɟɞɢɬɟɥɹ ɜ ɪɚɫɩɨɡɧɚɸщɟɦ ɫɥɨɟ R-ɷɥɟɦɟɧɬ ɧɟ 
ɜɵɞɚɟɬ ɡɚɩɪɟщɚɸщɟɝɨ ɟɞɢɧɢɱɧɨɝɨ ɫɢɝɧɚɥɚ 
ɧɟɣɪɨɧɭ-ɩɨɛɟɞɢɬɟɥɸ ɬɨɥɶɤɨ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɧɚ ɟɝɨ 
ɜɯɨɞ ɧɟ ɩɨɫɬɭɩɚɟɬ ɧɢ ɨɞɧɨɝɨ ɟɞɢɧɢɱɧɨɝɨ ɫɢɝɧɚɥɚ ɫ 
ɜɵɯɨɞɚ ɧɟɣɪɨɧɨɜ ) ,1( dqRq

= . Эɬɨ ɜɨɡɦɨɠɧɨ 
ɬɨɥɶɤɨ ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɢɢ ɜɫɟɯ ɤɨɦɩɨɧɟɧɬ ɜɯɨɞɧɨɝɨ 
ɢɡɨɛɪɚɠɟɧɢɹ ɤɨɦɩɨɧɟɧɬɚɦ ɢɡɨɛɪɚɠɟɧɢɹ, 
ɯɪɚɧɹщɟɝɨɫɹ ɜ ɩɚɦɹɬɢ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. 

Ʌɸɛɨɟ ɩɨɥɟ qF1 ) ,1( dq =  ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɫ 
ɩɚɪɚɥɥɟɥɶɧɨ ɮɭɧɤɰɢɨɧɢɪɭɸщɢɦɢ ɩɨɥɹɦɢ 

ɨɛɪɚɛɚɬɵɜɚɸщɢɯ ɧɟɣɪɨɧɨɜ ɜɵɩɨɥɧɹɟɬ ɮɭɧɤɰɢɢ, 

ɚɧɚɥɨɝɢɱɧɵɟ ɮɭɧɤɰɢɹɦ ɩɨɥɹ 1F  ɫɟɬɢ АɊɌ-1 [11]. 

Ʉɚɠɞɵɣ ɪɚɫɩɨɡɧɚɸщɢɣ Y-ɧɟɣɪɨɧ ɷɬɨɣ ɫɟɬɢ, 

ɤɚɤ ɢ ɫɟɬɢ АɊɌ-1, ɫɜɹɡɚɧ ɫɨ ɜɫɟɦɢ 

ɢɧɬɟɪɮɟɣɫɧɵɦɢ ɧɟɣɪɨɧɚɦɢ ɞɜɭɦɹ ɜɢɞɚɦɢ ɫɜɹɡɟɣ, 

ɩɟɪɟɞɚɸщɢɯ ɢɧɮɨɪɦɚɰɢɸ ɤɚɤ ɨɬ ɢɧɬɟɪɮɟɣɫɧɵɯ 
ɧɟɣɪɨɧɨɜ ɤ ɪɚɫɩɨɡɧɚɸщɢɦ, ɬɚɤ ɢ ɧɚɨɛɨɪɨɬ. 
Аɥɝɨɪɢɬɦɵ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɫ 
ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸщɢɦɢ ɩɨɥɹɦɢ 

ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɢ ɢɧɬɟɪɮɟɣɫɧɵɯ ɧɟɣɪɨɧɨɜ 
ɧɟɬɪɭɞɧɨ ɜɨɫɫɬɚɧɨɜɢɬɶ, ɟɫɥɢ ɢɡɜɟɫɬɟɧ ɚɥɝɨɪɢɬɦ 

ɪɚɛɨɬɵ ɫɟɬɢ АɊɌ-1.  

ɉɪɢɧɰɢɩɢɚɥɶɧɨɟ ɨɬɥɢɱɢɟ ɢ ɩɪɟɢɦɭщɟɫɬɜɨ 
ɞɢɫɤɪɟɬɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ АɊɌ ɫ ɩɚɪɚɥɥɟɥɶɧɨ 

ɮɭɧɤɰɢɨɧɢɪɭɸщɢɦɢ ɩɨɥɹɦɢ ɨɛɪɚɛɚɬɵɜɚɸщɢɯ 

ɧɟɣɪɨɧɨɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɟɬɶɸ АɊɌ-1 ɫɨɫɬɨɢɬ ɜ 
ɬɨɦ, ɱɬɨ ɫɥɨɠɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ 
ɪɚɡɞɟɥɟɧɨ ɧɚ ɧɭɠɧɨɟ ɱɢɫɥɨ ɮɪɚɝɦɟɧɬɨɜ, ɢ ɤɚɠɞɵɣ 

ɮɪɚɝɦɟɧɬ ɦɨɠɟɬ ɪɚɫɩɨɡɧɚɜɚɬɶɫɹ ɧɟɡɚɜɢɫɢɦɨ ɫɨ 

ɫɜɨɢɦ ɩɚɪɚɦɟɬɪɨɦ ɫɯɨɞɫɬɜɚ.  
Ɇɟɬɨɞ, ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɞɥɹ ɨɛɭɱɟɧɢɹ 

ɞɢɫɤɪɟɬɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ АɊɌ ɫ ɨɞɧɢɦ ɩɨɥɟɦ 

ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢ ɜɫɟ ɚɥɝɨɪɢɬɦɵ, ɢɡ 
ɧɟɝɨ ɜɵɬɟɤɚɸщɢɟ, ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɢ ɜ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. Ɉɞɧɚɤɨ ɱɢɫɥɨ 
ɤɨɧɤɪɟɬɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɡɞɟɫɶ ɫɭщɟɫɬɜɟɧɧɨ 
ɜɨɡɪɚɫɬɚɟɬ, ɩɨɫɤɨɥɶɤɭ ɜ ɤɚɠɞɨɦ ɩɨɥɟ ɦɨɠɟɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫɜɨɣ ɚɥɝɨɪɢɬɦ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɫɨɜ 
ɫɜɹɡɟɣ ɪɚɫɩɨɡɧɚɸщɢɯ ɧɟɣɪɨɧɨɜ.  

Выводы 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɡɪɚɛɨɬɚɧ ɧɨɜɵɣ ɦɟɬɨɞ 

ɨɛɭɱɟɧɢɹ ɞɢɫɤɪɟɬɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ АɊɌ ɛɟɡ 
ɚɞɚɩɬɚɰɢɢ ɜ ɩɪɨɰɟɫɫɟ ɨɛɭɱɟɧɢɹ ɜɟɫɨɜ ɫɜɹɡɟɣ 

ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɪɚɫɩɨɡɧɚɸщɢɯ ɧɟɣɪɨɧɨɜ ɢ ɧɚ ɟɝɨ 
ɨɫɧɨɜɟ ɩɪɟɞɥɨɠɟɧ ɪɹɞ ɧɨɜɵɯ ɚɥɝɨɪɢɬɦɨɜ 
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ɋɟɪɢɹ ɂɇɎɈɊɆȺɐɂɈɇɇЫȿ ɌȿɏɇɈɅɈȽɂɂ 

INFORMATION TECHNOLOGIES Series 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɡɪɚɛɨɬɚɧ ɧɨɜɵɣ ɦɟɬɨɞ 
ɨɛɭɱɟɧɢɹ ɞɢɫɤɪɟɬɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ȺɊɌ ɛɟɡ 
ɚɞɚɩɬɚɰɢɢ ɜ ɩɪɨɰɟɫɫɟ ɨɛɭɱɟɧɢɹ ɜɟɫɨɜ ɫɜɹɡɟɣ 
ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɪɚɫɩɨɡɧɚɸɳɢɯ ɧɟɣɪɨɧɨɜ ɢ ɧɚ ɟɝɨ 
ɨɫɧɨɜɟ ɩɪɟɞɥɨɠɟɧ ɪɹɞ ɧɨɜɵɯ ɚɥɝɨɪɢɬɦɨɜ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɞɢɫɤɪɟɬɧɵɯ ɇɋ ȺɊɌ ɜ ɪɟɠɢɦɟ 
ɨɛɭɱɟɧɢɹ ɤɚɤ ɫ ɭɱɢɬɟɥɟɦ, ɬɚɤ ɢ ɛɟɡ ɧɟɝɨ. ɗɬɢ 
ɚɥɝɨɪɢɬɦɵ ɨɬɤɪɵɜɚɸɬ ɜɨɡɦɨɠɧɨɫɬɢ ɤɨɦɩɚɤɬɧɨɝɨ 
ɯɪɚɧɟɧɢɹ ɛɨɥɶɲɢɯ ɨɛɴɟɦɨɜ ɢɧɮɨɪɦɚɰɢɢ ɢ 
ɪɚɫɲɢɪɹɸɬ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɞɢɫɤɪɟɬɧɵɯ ɫɟɬɟɣ ȺɊɌ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ 
ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ.  

Ɋɚɡɪɚɛɨɬɚɧɚ ɧɨɜɚɹ ɚɪɯɢɬɟɤɬɭɪɚ ɢ ɚɥɝɨɪɢɬɦɵ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɞɢɫɤɪɟɬɧɨɣ ɇɋ ȺɊɌ, 
ɩɨɡɜɨɥɹɸɳɢɟ ɨɩɪɟɞɟɥɹɬɶ ɞɜɚ ɢɥɢ ɛɨɥɟɟ 
ɪɚɜɧɨɰɟɧɧɵɯ ɪɟɲɟɧɢɹ (ɟɫɥɢ ɨɧɢ ɫɭɳɟɫɬɜɭɸɬ) ɜ 
ɡɚɞɚɱɚɯ ɪɚɫɩɨɡɧɚɜɚɧɢɹ. ɉɪɟɞɥɨɠɟɧɚ ɧɨɜɚɹ 
ɞɢɫɤɪɟɬɧɚɹ ɇɋ ȺɊɌ ɫ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɦɢ 
ɩɨɥɹɦɢ ɨɛɪɚɛɚɬɵɜɚɸɳɢɯ ɧɟɣɪɨɧɨɜ. 
ɉɪɢɧɰɢɩɢɚɥɶɧɨɟ ɨɬɥɢɱɢɟ ɢ ɩɪɟɢɦɭɳɟɫɬɜɨ ɷɬɨɣ 
ɫɟɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɟɬɶɸ ȺɊɌ-1 ɫɨɫɬɨɢɬ ɜ ɬɨɦ, 
ɱɬɨ ɫɥɨɠɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɞɟɥɟɧɨ 
ɧɚ ɧɭɠɧɨɟ ɱɢɫɥɨ ɮɪɚɝɦɟɧɬɨɜ, ɢ ɤɚɠɞɵɣ ɮɪɚɝɦɟɧɬ 
ɦɨɠɟɬ ɪɚɫɩɨɡɧɚɜɚɬɶɫɹ ɧɟɡɚɜɢɫɢɦɨ ɫɨ ɫɜɨɢɦ 
ɩɚɪɚɦɟɬɪɨɦ ɫɯɨɞɫɬɜɚ.  

ɉɟɪɫɩɟɤɬɢɜɨɣ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɧɟɩɪɟɪɵɜɧɵɯ ɇɋ ȺɊɌ, 
ɩɨɡɜɨɥɹɸɳɢɯ ɨɩɪɟɞɟɥɹɬɶ ɞɜɚ ɢɥɢ ɛɨɥɟɟ 
ɪɚɜɧɨɰɟɧɧɵɯ ɪɟɲɟɧɢɹ ɜ ɡɚɞɚɱɚɯ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 
ɢɥɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɢ ɪɚɛɨɬɚɸɳɢɯ ɫ ɧɟɫɤɨɥɶɤɢɦɢ 
ɩɨɥɹɦɢ ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɧɟɣɪɨɧɨɜ.  
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