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Abstract 
Based on artificial neural networks are developed and investigated predictive models for different stages of 

making bread. This gives an opportunity to start technical operations predict the possible deviation of 

technological parameters of the regulated values. Can make recommendations for changes in technological 

regimes, which should support management system for high-quality products 
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ȼɜɟɞɟɧɢɟ 

ɇɟɫɦɨɬɪɹ ɧɚ ɩɪɨɫɬɭɸ ɦɚɲɢɧɧɨ-

ɚɩɩɚɪɚɬɭɪɧɭɸ ɫɯɟɦɭ ɢ ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɭɸ 
ɬɟɯɧɨɥɨɝɢɸ ɢɡɝɨɬɨɜɥɟɧɢɹ ɯɥɟɛɨɛɭɥɨɱɧɵɯ 
ɢɡɞɟɥɢɣ, ɩɪɨɰɟɫɫ ɜɵɩɟɱɤɢ ɯɥɟɛɚ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤ 
ɫɪɟɞɧɟɦɭ ɭɪɨɜɧɸ ɫɥɨɠɧɨɫɬɢ, ɚ ɩɨ ɩɪɢɪɨɞɟ 
ɹɜɥɟɧɢɣ, ɤɨɬɨɪɵɟ ɩɪɨɢɫɯɨɞɹɬ ɜ ɫɵɪɶɟ, 
ɩɨɥɭɮɚɛɪɢɤɚɬɚɯ ɢ ɩɪɨɞɭɤɰɢɢ, ɤ ɞɨɜɨɥɶɧɨ 
ɫɥɨɠɧɵɦ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɢɦ, ɛɢɨɯɢɦɢɱɟɫɤɢɦ, 
ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦ, ɦɚɫɫɨɨɛɦɟɧɧɵɦ, 
ɬɟɩɥɨɨɛɦɟɧɧɵɦ ɢ ɦɟɯɚɧɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɚɦ. 

В ɩɪɨɰɟɫɫɟ ɢɡɝɨɬɨɜɥɟɧɢɹ ɯɥɟɛɚ ɦɨɠɧɨ 
ɜɵɞɟɥɢɬɶ ɨɬɞɟɥɶɧɵɟ ɫɬɚɞɢɢ (ɩɨɞɝɨɬɨɜɤɚ ɫɵɪɶɹ, 
ɩɪɢɝɨɬɨɜɥɟɧɢɟ ɨɩɚɪɵ, ɩɪɢɝɨɬɨɜɥɟɧɢɟ ɬɟɫɬɚ, 
ɪɚɡɫɬɨɣɤɚ ɬɟɫɬɚ ɢ ɟɝɨ ɜɵɩɟɱɤɚ), ɞɥɹ ɤɚɠɞɨɣ ɢɡ 
ɤɨɬɨɪɵɯ ɪɟɝɥɚɦɟɧɬɨɦ ɭɫɬɚɧɨɜɥɟɧɵ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ, ɤɨɬɨɪɵɟ 
ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɨɞɞɟɪɠɢɜɚɬɶ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ. Ɂɚɞɚɱɭ 
ɩɨɞɞɟɪɠɚɧɢɹ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɦ 
ɭɪɨɜɧɟ ɞɨɥɠɧɚ ɪɟɲɚɬɶ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢ. 
ɇɨ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɧɟɲɧɢɯ ɜɨɡɦɭɳɟɧɢɣ, ɚ ɬɚɤɠɟ 
ɧɟɩɪɟɞɜɢɞɟɧɧɨɝɨ ɪɚɡɜɢɬɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɚ ɧɟ ɜɫɟɝɞɚ ɩɨɫɥɟ ɤɨɧɤɪɟɬɧɨɣ ɫɬɚɞɢɢ 
ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɠɟɥɚɟɦɵɟ ɪɟɡɭɥɶɬɚɬɵ. Эɬɨ 
ɨɡɧɚɱɚɟɬ, ɱɬɨ ɤɚɠɞɚɹ ɩɨɫɥɟɞɭɸɳɚɹ ɫɬɚɞɢɹ 
ɧɚɱɧɟɬɫɹ ɩɪɢ ɞɪɭɝɢɯ ɧɟɩɪɟɞɫɤɚɡɭɟɦɵɯ ɭɫɥɨɜɢɹɯ 
ɢ ɨɩɪɟɞɟɥɟɧɧɵɟ ɪɚɧɟɟ ɡɧɚɱɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ ɧɟ ɛɭɞɭɬ ɷɮɮɟɤɬɢɜɧɵɦɢ. 

Ⱦɥɹ ɩɪɨɰɟɫɫɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɯɥɟɛɚ ɯɚɪɚɤɬɟɪɧɨ 
ɬɨ, ɱɬɨ ɧɚ ɤɚɠɞɨɣ ɫɬɚɞɢɢ ɩɪɨɢɫɯɨɞɹɬ ɩɪɨɰɟɫɫɵ 
ɫɜɹɡɚɧɧɵɟ ɫ ɢɡɦɟɧɟɧɢɹɦɢ, ɤɨɬɨɪɵɟ ɧɨɫɹɬ 
ɧɟɨɛɪɚɬɢɦɵɣ ɯɚɪɚɤɬɟɪ. Ɍɨ ɟɫɬɶ ɟɫɥɢ ɩɪɨɰɟɫɫ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɯɥɟɛɚ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɤɚɤ 
ɨɩɪɟɞɟɥɟɧɧɭɸ ɬɪɚɟɤɬɨɪɢɸ ɩɟɪɟɯɨɞɚ ɨɬ ɨɞɧɨɣ 
ɫɬɚɞɢɢ ɤ ɞɪɭɝɨɣ, ɬɨ ɩɪɢ ɨɬɤɥɨɧɟɧɢɢ ɨɬ ɧɟɟ ɧɚ 
ɨɞɧɨɦ ɢɡ ɷɬɚɩɨɜ ɧɟɜɨɡɦɨɠɧɨ ɜɟɪɧɭɬɶɫɹ ɧɚ 
ɡɚɞɚɧɧɭɸ ɬɪɚɟɤɬɨɪɢɸ, ɚ ɜɨɡɦɨɠɧɨ ɡɚ ɫɱɟɬ 
ɨɩɪɟɞɟɥɟɧɧɵɯ ɞɟɣɫɬɜɢɣ ɦɚɤɫɢɦɚɥɶɧɨ 
ɩɪɢɛɥɢɡɢɬɫɹ ɤ ɧɟɣ. 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ 
ɯɥɟɛɨɩɟɤɚɪɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ: 
ɪɚɡɧɨɨɛɪɚɡɢɟɦ ɩɪɨɰɟɫɫɨɜ ɧɚ ɜɫɟɯ ɫɬɚɞɢɹɯ ɟɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ; ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ 
ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɧɚ ɪɚɡɧɵɯ ɫɬɚɞɢɹɯ ɩɪɨɰɟɫɫɚ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɯɥɟɛɚ; ɧɟɥɢɧɟɣɧɵɦɢ 
ɡɚɜɢɫɢɦɨɫɬɹɦɢ ɦɟɠɞɭ ɩɚɪɚɦɟɬɪɚɦɢ; ɨɬɫɭɬɫɬɜɢɟɦ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɦɧɨɝɢɯ ɹɜɥɟɧɢɣ, 
ɤɨɬɨɪɵɟ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɫɵɪɶɹ ɢ 
ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɜ ɝɨɬɨɜɭɸ ɩɪɨɞɭɤɰɢɸ, ɚ ɬɚɤɠɟ 
ɨɬɫɭɬɫɬɜɢɟɦ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ ɦɟɬɨɞɨɜ 
ɤɨɧɬɪɨɥɹ ɧɟɤɨɬɨɪɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ, ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɬɚɛɢɥɶɧɨ ɜɵɫɨɤɢɯ 
ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ, 
ɫɭɳɟɫɬɜɭɸɳɢɟ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɞɨɩɨɥɧɢɬɶ ɩɨɞɫɢɫɬɟɦɨɣ 
ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ. 
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Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

Ɂɚɞɚɧɢɟɦ ɷɬɨɣ ɫɢɫɬɟɦɵ ɟɫɬɶ ɜɵɪɚɛɨɬɤɚ 
ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɪɨ ɢɡɦɟɧɟɧɢɟ ɡɧɚɱɟɧɢɣ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɤɚɠɞɨɣ 
ɩɨɫɥɟɞɭɸɳɟɣ ɫɬɚɞɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɧɢɬɨɪɢɧɝɚ 
ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɟɞɵɞɭɳɟɣ. ɉɪɢ ɷɬɨɦ ɩɨɧɹɬɧɨ, ɱɬɨ 
ɪɟɡɭɥɶɬɚɬɵ ɩɪɟɞɵɞɭɳɟɣ ɫɬɚɞɢɢ ɧɟɜɨɡɦɨɠɧɨ 
ɢɡɦɟɧɢɬɶ, ɧɨ ɢɯ ɜɨɡɦɨɠɧɨ ɢ ɧɟɨɛɯɨɞɢɦɨ 
ɭɱɢɬɵɜɚɬɶ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɫɥɟɞɭɸɳɟɣ. 

Ɉɞɧɢɦ ɢɡ ɜɚɪɢɚɧɬɨɜ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ 
ɟɫɬɶ ɫɨɡɞɚɧɢɟ ɜ ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɯɥɟɛɚ ɩɨɞɫɢɫɬɟɦɵ ɨɩɟɪɚɬɢɜɧɨɣ 
ɤɨɪɪɟɤɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɧɚ ɨɫɧɨɜɟ 
ɩɪɨɝɧɨɡɢɪɭɸɳɟɣ ɦɨɞɟɥɢ. 

Ɉɫɧɨɜɧɚɹ ɢɞɟɹ ɪɨɛɨɬɵ ɬɚɤɨɣ ɫɢɫɬɟɦɵ 
ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ.1. 

ȿɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɯɥɟɛɚ ɤɚɤ ɫɨɜɨɤɭɩɧɨɫɬɶ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɷɬɚɩɨɜ ɬɨ ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, 
ɱɬɨ ɧɚ ɤɚɠɞɨɣ ɫɬɚɞɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 
ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɩɨɥɭɱɟɧɢɟ ɩɨɥɭɩɪɨɞɭɤɬɚ ɫ 
ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɵɦɢ 
ɩɨɤɚɡɚɬɟɥɹɦɢ Х={x1,x2,x3….xn}. Эɬɢ ɩɨɤɚɡɚɬɟɥɢ 
ɡɚɜɢɫɹɬ ɨɬ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ, ɩɪɢ ɤɨɬɨɪɵɯ 
ɧɚɱɢɧɚɟɬɫɹ ɜɵɩɨɥɧɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɚ ɧɚ ɷɬɨɣ ɫɬɚɞɢɢ Yi={y1y2,y3….вn}. ɇɚ 
ɩɟɪɜɨɦ ɷɬɚɩɟ ɷɬɨ ɩɨɤɚɡɚɬɟɥɢ ɫɵɪɶɹ, ɚ ɧɚ ɤɚɠɞɨɦ 
ɩɨɫɥɟɞɭɸɳɟɦ ɷɬɨ ɩɨɤɚɡɚɬɟɥɢ, ɤɨɬɨɪɵɟ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɫɨɫɬɨɹɧɢɟ ɩɪɟɞɵɞɭɳɟɣ ɫɬɚɞɢɢ. 
ɂɦɟɧɧɨ ɨɬ ɢɯ ɡɧɚɱɟɧɢɣ ɡɚɜɢɫɢɬ ɫɨɨɬɜɟɬɫɬɜɢɟ 
ɩɪɨɰɟɫɫɨɜ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɩɪɨɢɫɯɨɞɢɬɶ ɧɚ ɷɬɨɣ 
ɫɬɚɞɢɢ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦɭ ɪɟɝɥɚɦɟɧɬɭ. Вɵɯɨɞɧɵɟ 
ɡɧɚɱɟɧɢɹ ɩɪɟɞɵɞɭɳɟɣ ɫɬɚɞɢɢ ɛɭɞɭɬ ɜɯɨɞɧɵɦɢ 
ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɣ Yi+1 = Хi.  ɫɬɚɞɢɢ. 
Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɧɚ ɤɚɠɞɨɣ ɫɬɚɞɢɢ 
ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɩɪɚɜɥɹɸɳɢɯ 
ɜɨɡɞɟɣɫɬɜɢɹɯ Ui

ɪ
={u1,u2,u3,u4}.   

ɉɨɞ ɞɟɣɫɬɜɢɟɦ ɜɧɟɲɧɢɯ ɜɨɡɦɭɳɟɧɢɣ, ɚ ɬɚɤɠɟ 
ɡɚ ɫɱɟɬ ɧɟɩɪɟɞɜɢɞɟɧɧɨɝɨ ɜɵɩɨɥɧɟɧɢɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɧɟ ɜɫɟɝɞɚ ɩɨɫɥɟ 
ɤɨɧɤɪɟɬɧɨɣ ɫɬɚɞɢɢ, ɜɨɡɦɨɠɧɨ, ɩɨɥɭɱɢɬɶ 
ɠɟɥɚɟɦɵɟ ɩɨɤɚɡɚɬɟɥɢ. Ɍɚɤ ɤɚɤ ɪɟɡɭɥɶɬɚɬɵ 
ɩɨɫɥɟɞɭɸɳɟɣ ɫɬɚɞɢɢ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɹɬ ɨɬ 
ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɟɞɵɞɭɳɟɣ ɬɨ ɧɚ ɩɨɫɥɟɞɭɸɳɟɣ 
ɫɬɚɞɢɢ ɠɟɥɚɬɟɥɶɧɨ ɫɤɨɪɪɟɤɬɢɪɨɜɚɬɶ 
ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɵɟ ɭɩɪɚɜɥɹɸɳɢɟ ɞɟɣɫɬɜɢɹ Ui

ɪ
 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɞɟɣɫɬɜɢɬɟɥɶɧɵɦ ɡɧɚɱɟɧɢɹɦ 
Yi={y1y2,y3….вn}. Ɍɨ ɟɫɬɶ ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɟɞɭɫɦɨɬɪɟɬɶ ɨɩɟɪɚɬɢɜɧɭɸ ɤɨɪɪɟɤɰɢɸ 
ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɧɚ ɤɚɠɞɨɣ ɫɬɚɞɢɢ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɡɭɥɶɬɚɬɨɜ, 
ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɩɪɟɞɵɞɭɳɟɣ ɫɬɚɞɢɢ. 

 
Риɫ.1. ɋɬɪɭɤɬɭɪɧая ɫхɟɦа ɫиɫɬɟɦɵ 
ɭɩɪавɥɟɧия ɫ ɩɪɨɝɧɨɡиɪɭɸщɟɣ ɦɨɞɟɥьɸ 

 

ɇɚɩɪɢɦɟɪ, ɧɚ ɪɢɫ.2 ɩɨɤɚɡɚɧɚ 
ɩɚɪɚɦɟɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɫɬɚɞɢɢ ɩɪɨɰɟɫɫɚ 
ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɬɟɫɬɚ. 

Вɯɨɞɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɷɬɨɝɨ ɷɬɚɩɚ ɟɫɬɶ 
ɜɵɯɨɞɵ ɩɪɟɞɵɞɭɳɟɝɨ ɷɬɚɩɚ: ɤɢɫɥɨɬɧɨɫɬɶ  (Кɨɩ), 

ɩɨɞɴɟɦɧɚɹ ɫɢɥɚ (ɉɋɨɩ), ɬɟɦɩɟɪɚɬɭɪɚ (tɨɩ) ɢ 
ɜɥɚɠɧɨɫɬɶ ɨɩɚɪɵ (Wɨɩ).  Кɚɱɟɫɬɜɨ ɜɵɩɨɥɧɟɧɢɹ 
ɬɟɤɭɳɟɝɨ ɷɬɚɩɚ ɨɰɟɧɢɜɚɸɬ ɩɨ ɫɥɟɞɭɸɳɢɦ 
ɩɨɤɚɡɚɬɟɥɹɦ ɩɨɥɭɮɚɛɪɢɤɚɬɚ (ɬɟɫɬɚ): ɤɢɫɥɨɬɧɨɫɬɶ 
(Кɬ), ɩɨɞɴɟɦɧɚɹ ɫɢɥɚ (ɉɋɬ), ɬɟɦɩɟɪɚɬɭɪɚ (tɬ) ɢ 
ɜɥɚɠɧɨɫɬɶ ɬɟɫɬɚ (Wɬ). 

ɋɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɷɬɢ ɩɨɤɚɡɚɬɟɥɢ ɦɨɠɧɨ 
ɢɡɦɟɧɹɹ: ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɞɵ (tɜ), 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɡɚɦɟɫɚ ɬɟɫɬɚ ( ò ) ɢ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɛɪɨɠɟɧɢɹ ɬɟɫɬɚ ( ò ). 

 
Риɫ.2. ɉаɪаɦɟɬɪичɟɫɤая ɫхɟɦа ɩɪɨɰɟɫɫа 
ɩɪиɝɨɬɨвɥɟɧия ɬɟɫɬа 

 

Ⱦɥɹ ɷɬɨɝɨ ɜ ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ 
ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɨɝɧɨɡɢɪɭɸɳɟɣ 
ɦɨɞɟɥɢ, ɧɚ ɤɨɬɨɪɭɸ ɩɨɞɚɟɬɫɹ ɢɧɮɨɪɦɚɰɢɹ ɩɪɨ 
ɞɟɣɫɬɜɢɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɤ ɞɥɹ 
ɬɟɤɭɳɟɣ ɬɚɤ ɢ ɩɪɟɞɵɞɭɳɟɣ ɫɬɚɞɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ 

(ɪɢɫ.3). ɉɨ ɷɬɨɣ ɢɧɮɨɪɦɚɰɢɢ ɩɪɨɝɧɨɡɢɪɭɸɳɚɹ 
ɦɨɞɟɥɶ ɞɨɥɠɧɚ ɨɩɪɟɞɟɥɢɬɶ ɡɧɚɱɟɧɢɹ 
ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ Ui

ɩ
, ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ 

ɤɨɬɨɪɵɯ ɜɵɯɨɞɧɵɟ ɡɧɚɱɟɧɢɹ ɬɟɤɭɳɟɣ ɫɬɚɞɢɢ 
ɞɨɥɠɧɵ (ɩɨ ɩɪɨɝɧɨɡɭ) ɦɚɤɫɢɦɚɥɶɧɨ 
ɩɪɢɛɥɢɠɚɬɶɫɹ ɤ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɵɦ ɡɧɚɱɟɧɢɹɦ. 
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Риɫ.3. ɋɬɪɭɤɬɭɪɧая ɫхɟɦа ɫиɫɬɟɦɵ 
ɭɩɪавɥɟɧия ɫ ɧɟɣɪɨɧɧɨɣ ɩɪɨɝɧɨɡиɪɭɸщɟɣ 
ɦɨɞɟɥьɸ 

 

ɋɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ ɩɨɫɬɪɨɟɧɢɹ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ. Ɉɞɧɚɤɨ, ɭɱɢɬɵɜɚɹ 
ɫɜɨɣɫɬɜɚ ɨɛɴɟɤɬɚ, ɩɪɟɞɥɚɝɚɟɬɫɹ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ 
ɩɪɨɝɧɨɡɢɪɭɸɳɟɣ ɦɨɞɟɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɢɫɤɭɫɫɬɜɟɧɧɵɟ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ, ɤɨɬɨɪɵɟ ɯɨɪɨɲɨ 
ɡɚɪɟɤɨɦɟɧɞɨɜɚɥɢ ɫɟɛɹ ɩɪɢ ɪɨɛɨɬɟ ɫ 
ɞɢɧɚɦɢɱɟɫɤɢɦɢ ɫɢɫɬɟɦɚɦɢ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ 
ɛɨɥɶɲɭɸ ɫɬɟɩɟɧɶ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɢ ɹɜɥɹɸɬɫɹ 
ɫɥɚɛɨ ɮɨɪɦɚɥɢɡɨɜɚɧɧɵɦɢ [1]. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ 
ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɫ ɧɟɣɪɨɧɧɨɣ 
ɩɪɨɝɧɨɡɢɪɭɸɳɟɣ ɦɨɞɟɥɶɸ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ.3. 

Кɚɤ ɢɡɜɟɫɬɧɨ, ɩɪɨɰɟɫɫ ɪɚɡɪɚɛɨɬɤɢ ɧɟɣɪɨɧɧɵɯ 
ɫɟɬɟɣ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɫɬɚɞɢɣ: ɨɛɭɱɟɧɢɹ ɢ 
ɪɚɛɨɱɟɝɨ ɪɟɠɢɦɚ. 

ɇɚ ɷɬɚɩɟ ɨɛɭɱɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɜɵɱɢɫɥɟɧɢɟ 
ɫɢɧɚɩɬɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜ ɩɪɨɰɟɫɫɟ 
ɪɟɲɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɶɸ ɡɚɞɚɱ, ɜ ɤɨɬɨɪɵɯ 
ɢɫɤɨɦɵɣ ɨɬɜɟɬ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɟ ɩɨ ɩɪɚɜɢɥɚɦ, ɚ ɫ 
ɩɨɦɨɳɶɸ ɩɪɢɦɟɪɨɜ, ɤɨɬɨɪɵɟ ɫɝɪɭɩɩɢɪɨɜɚɧɵ ɜ 
ɨɛɭɱɚɸɳɢɟ ɦɧɨɠɟɫɬɜɚ. Ɍɨ ɟɫɬɶ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ 
ɧɚ ɫɬɚɞɢɢ ɨɛɭɱɟɧɢɹ ɫɚɦɚ ɜɵɩɨɥɧɹɟɬ ɪɨɥɶ 
ɷɤɫɩɟɪɬɚ ɜ ɩɪɨɰɟɫɫɟ ɩɨɞɝɨɬɨɜɤɢ ɞɚɧɧɵɯ ɞɥɹ 
ɩɨɫɬɪɨɟɧɢɹ ɷɤɫɩɟɪɬɧɨɣ ɫɢɫɬɟɦɵ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ  

Ⱦɥɹ ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɢɫɩɨɥɶɡɨɜɚɥɫɹ 
ɚɥɝɨɪɢɬɦ ɨɛɭɱɟɧɢɹ «ɫ ɭɱɢɬɟɥɟɦ», ɤɨɬɨɪɵɣ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɹɞɚ ɩɪɢɦɟɪɨɜ, ɜ 
ɤɨɬɨɪɵɯ ɟɫɬɶ ɡɧɚɱɟɧɢɹ ɤɚɤ ɜɯɨɞɧɵɯ ɩɟɪɟɦɟɧɧɵɯ 
Х={x1,x2,x3….xn} ɢ Yi={y1y2,y3….вn}, ɬɚɤ ɢ 
ɜɵɯɨɞɧɵɯ ɩɟɪɟɦɟɧɧɵɯ, ɜ ɤɚɱɟɫɬɜɟ ɤɨɬɨɪɵɯ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɭɩɪɚɜɥɹɸɳɢɟ ɜɨɡɞɟɣɫɬɜɢɹ 
Ui

ɪ
={u1,u2,u3,u4}. Ⱦɥɹ ɪɚɡɪɚɛɨɬɤɢ ɧɟɣɪɨɫɟɬɟɜɵɯ 

ɦɨɞɟɥɟɣ ɜ ɫɢɫɬɟɦɚɯ ɭɩɪɚɜɥɟɧɢɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ ɧɟɨɛɯɨɞɢɦɨ ɛɚɬɶ 
ɭɜɟɪɟɧɧɵɦ ɜ ɚɞɟɤɜɚɬɧɨɫɬɢ ɩɨɥɭɱɟɧɧɨɝɨ 

ɜɵɯɨɞɧɨɝɨ ɡɧɚɱɟɧɢɹ. В ɷɬɨɣ ɫɜɹɡɢ ɞɥɹ ɨɛɭɱɟɧɢɹ 
ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɧɟɨɛɯɨɞɢɦɵ ɨɛɭɱɚɸɳɢɟ 
ɞɚɧɧɵɟ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɨɬɜɟɱɚɬɶ ɫɜɨɣɫɬɜɚɦ 
ɩɪɟɞɫɬɚɜɢɬɟɥɶɧɨɫɬɢ ɢ ɫɥɭɱɚɣɧɨɫɬɢ ɢɥɢ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. 

Ⱦɥɹ ɤɚɠɞɨɣ ɫɬɚɞɢɢ ɩɪɨɰɟɫɫɚ ɪɚɡɪɚɛɨɬɚɧɚ 
ɫɜɨɹ ɩɪɨɝɧɨɡɢɪɭɸɳɚɹ ɦɨɞɟɥɶ. ɉɪɢ ɨɛɭɱɟɧɢɢ 
ɦɨɞɟɥɢ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜɵɛɨɪɤɚ ɞɚɧɧɵɯ, 
ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɥɚ ɜ ɫɟɛɹ ɜɫɟ ɩɨɤɚɡɚɬɟɥɢ, ɤɨɬɨɪɵɟ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɚ ɞɚɧɧɨɣ ɫɬɚɞɢɢ. ɉɪɢ ɷɬɨɦ 
ɜɵɛɨɪɤɚ ɪɚɡɛɢɜɚɥɚɫɶ ɧɚ ɞɜɟ ɱɚɫɬɢ. Ɉɞɧɚ 
ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɦɨɞɟɥɢ, ɜɬɨɪɚɹ - 
ɞɥɹ ɟɟ ɬɟɫɬɢɪɨɜɚɧɢɹ.  

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɢɫɤɭɫɫɬɜɟɧɧɵɯ 
ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɝɧɨɡɢɪɭɸɳɟɣ 
ɦɨɞɟɥɢ, ɩɪɟɠɞɟ ɜɫɟɝɨ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ 
ɚɪɯɢɬɟɤɬɭɪɭ ɫɟɬɢ, ɨɩɪɟɞɟɥɢɬɫɹ ɫ ɤɨɥɢɱɟɫɬɜɨɦ 
ɫɩɪɹɬɚɧɧɵɯ ɫɥɨɟɜ ɢ ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɟɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɢ. Ɇɚɬɪɢɰɵ 
ɜɯɨɞɧɵɯ ɢ ɜɵɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ 
ɞɥɹ ɚɧɚɥɢɡɚ ɬɪɟɯ ɬɢɩɨɜ ɫɟɬɟɣ: ɨɞɧɨɣ ɩɪɹɦɨɝɨ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ  FEED-FORWARD BACKPROP 

ɢ ɞɜɟ ɫɟɬɢ ɪɟɤɭɪɟɧɬɧɨɝɨ ɬɢɩɚ - Elman baМkprop і 
NARX.  

Ɉɩɵɬɧɵɦ ɩɭɬɟɦ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɞɥɹ ɪɟɲɟɧɢɹ 
ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɧɚɢɛɨɥɟɟ ɚɞɟɤɜɚɬɧɵɦɢ ɹɜɥɹɸɬɫɹ 
ɦɧɨɝɨɫɥɨɣɧɵɟ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ ɩɪɹɦɨɝɨ 
ɞɟɣɫɬɜɢɹ, ɚ ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɫɤɪɵɬɵɯ 
ɫɥɨɟɜ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɭɥɭɱɲɟɧɢɸ ɫɜɨɣɫɬɜ 
ɨɛɨɛɳɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. Ɉɞɧɨɝɨ ɫɤɪɵɬɨɝɨ 
ɫɥɨɹ ɜɩɨɥɧɟ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɚɞɟɤɜɚɬɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ ɜɯɨɞɧɵɦɢ ɢ 
ɜɵɯɨɞɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. ɉɪɢ ɷɬɨɦ ɤɨɥɢɱɟɫɬɜɨ 
ɪɚɜɧɹɥɚɫɶ ɩɨɥɭɫɭɦɦɟ ɤɨɥɢɱɟɫɬɜɚ ɜɯɨɞɨɜ ɢ 
ɜɵɯɨɞɨɜ.  

ɇɚ ɪɢɫɫ.4-6 ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɨɲɢɛɨɤ 
ɨɛɭɱɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɯ ɞɥɹ ɬɪɟɯ ɬɢɩɨɜ ɫɟɬɟɣ ɞɥɹ 
ɫɬɚɞɢɢ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɬɟɫɬɚ. 

 

 

Риɫ.4. Ɍиɩ ɫɟɬи: FEED-FORWARD BACKPROP 
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Риɫ.5. Ɍиɩ ɫɟɬи: Elman backprop 

 

 

Риɫ.6. Ɍиɩ ɫɟɬи: NARX 

 
Ⱦɥɹ ɜɫɟɯ ɬɢɩɨɜ ɫɟɬɟɣ ɚɧɚɥɢɡɢɪɨɜɚɥɚɫɶ 

ɜɟɥɢɱɢɧɚ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɣ ɨɲɢɛɤɢ 
ɨɬɤɥɨɧɟɧɢɹ ɩɪɨɝɧɨɡɢɪɭɟɦɵɯ ɡɧɚɱɟɧɢɣ ɜɵɯɨɞɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɤɚɠɞɨɣ ɫɬɚɞɢɢ ɨɬ ɢɯ ɪɟɚɥɶɧɵɯ 
ɡɧɚɱɟɧɢɣ. 

 

 

Аɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɨɛɭɱɟɧɢɹ ɢ ɬɟɫɬɢɪɨɜɚɧɢɹ 
ɩɨɤɚɡɚɥ, ɱɬɨ ɞɥɹ ɜɫɟɯ ɫɬɚɞɢɣ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɨɠɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɟɣɪɨɧɧɭɸ ɫɟɬɶ ɬɢɩɚ NARX. Ⱦɥɹ 
ɜɵɛɪɚɧɧɨɣ ɫɟɬɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɛɵɥɢ 
ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɮɭɧɤɰɢɣ ɨɛɭɱɟɧɢɹ 
TRAINLM, LOGSIG ɢ PURELIN ɧɚ ɩɨɤɚɡɚɬɟɥɢ 
ɷɬɨɣ ɫɟɬɢ. 

Ɂɚɤɥючɟɧɢɟ 

В ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɣɪɨɧɧɵɯ 
ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɫɟɬɟɣ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ 
ɩɪɨɝɧɨɡɢɪɭɸɳɢɯ ɦɨɞɟɥɟɣ ɪɚɡɧɵɯ ɫɬɚɞɢɣ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɯɥɟɛɚ. ɉɨɥɭɱɟɧɧɵɟ ɦɨɞɟɥɢ ɦɨɝɭɬ 
ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ ɞɥɹ ɤɨɪɪɟɤɬɢɪɨɜɤɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ 
ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɨɤɚɡɚɬɟɥɟɣ ɧɚ ɤɚɠɞɨɣ ɫɬɚɞɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ, 
ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ ɜɵɫɨɤɨɝɨ 
ɤɚɱɟɫɬɜɚ [2]. 
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