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Ⱥɧɧɨɬɚɰɢɹ  
ȼ ɫɜɹɡɢ ɫ ɪɨɫɬɨɦ ɤɨɧɤɭɪɟɧɰɢɢ ɧɚ ɪɵɧɤɟ ɨɫɬɪɨ ɫɬɨɢɬ ɩɪɨɛɥɟɦɚ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɨɛɪɚɛɨɬɤɢ ɧɚ ɫɬɚɧɤɚɯ ɫ ɱɢɫɥɨɜɵɦ ɩɪɨɝɪɚɦɦɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ (ɑɉɍ). Ʉɪɨɦɟ ɬɨɝɨ, ɫɟɝɨɞɧɹ 
ɩɪɟɞɩɪɢɹɬɢɹɦ ɧɚɞɨ ɨɛɟɫɩɟɱɢɬɶ ɫɨɨɬɜɟɬɫɬɜɢɟ ɜɵɩɭɫɤɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ ɬɪɟɛɨɜɚɧɢɹɦ 
ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɫɬɚɧɞɚɪɬɨɜ ISO. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ Ɋɨɫɫɢɢ ɢɞёɬ ɚɤɬɢɜɧɨɟ ɜɧɟɞɪɟɧɢɟ 
ɧɨɜɵɯ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɪɟɞɫɬɜ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɩɨɞɞɟɪɠɤɢ ɢɡɞɟɥɢɣ ɧɚ ɜɫɟɯ ɷɬɚɩɚɯ 
ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ.  
ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɵ ɦɨɞɟɥɢ ɭɩɪɚɜɥɟɧɢɹ ɫɬɚɧɤɚɦɢ ɫ ɱɢɫɥɨɜɵɦ ɩɪɨɝɪɚɦɦɧɵɦ 
ɭɩɪɚɜɥɟɧɢɟɦ. ɋɞɟɥɚɧ ɜɵɜɨɞ, ɨɛ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɞɥɹ ɪɚɛɨɬɵ ɫ 
ɞɚɧɧɵɦ ɬɢɩɨɦ ɫɬɚɧɤɨɜ. ɉɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɫ ɞɜɭɦɹ ɫɤɪɵɬɵɦɢ ɫɥɨɹɦɢ ɫ 3 ɢ 5 
ɧɟɣɪɨɧɚɦɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ; ɭɩɪɚɜɥɟɧɢɟ; ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ; ɱɢɫɥɨɜɨɟ ɩɪɨɝɪɚɦɦɧɨɟ 

ɭɩɪɚɜɥɟɧɢɟ; ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ. 

UDC 621.91.002 

Maltsev D.B.
1
 

Barabanova E.A.
2

 

UTILIZATION OF NEURAL NETWORKS FOR IMPROVEMENT 

OF EFFICIENCY IN THE MANAGEMENT OF COMPUTERIZED 

AND NUMERICALLY CONTROLLED MACHINE TOOLS 

1) Postgraduate Student. Astrakhan State Technical University, 16 Tatishcheva St., Astrakhan, 414056, Russia

e-mail: maltsevdb@mail.ru 

2) Candidate of Technical Sciences, Associate Professor. Astrakhan State Technical University, 16 Tatishcheva St.,

Astrakhan, 414056, Russia. e-mail: ElizavetaAlexB@yandex.ru 

Abstract 

Due to increasing competition in the market, there is an acute problem of increasing efficiency of 

processing on the machines with computerized numerical control (CNC). Besides, enterprises 

nowadays have to ensure compliance of products with the requirements of ISO international 

standards. At present, Russia is going through an active introduction of new automated tools of 

information support of products at all stages of the life cycle.  

The article discusses the model of management of machine tools with numerical control. The 

authors draw a conclusion about the efficiency of utilizing neural networks to operate with this 

type of machines. They also provide an example of a neural network with two hidden layerswith3 

and 5neurons respectively.  

Keywords: industry; management; neural network; numerical control; automated systems. 
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Вɜɟɞɟɧɢɟ 
ȼ ɫɜɹɡɢ ɫ ɪɨɫɬɨɦ ɤɨɧɤɭɪɟɧɰɢɢ ɧɚ ɪɵɧɤɟ 

ɨɫɬɪɨ ɫɬɨɢɬ ɩɪɨɛɥɟɦɚ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɨɛɪɚɛɨɬɤɢ ɧɚ ɫɬɚɧɤɚɯ ɫ ɱɢɫɥɨɜɵɦ ɩɪɨɝɪɚɦɦɧɵɦ 
ɭɩɪɚɜɥɟɧɢɟɦ (ɑɉɍ). Ʉɪɨɦɟ ɬɨɝɨ, ɫɟɝɨɞɧɹ 
ɩɪɟɞɩɪɢɹɬɢɹɦ ɧɚɞɨ ɨɛɟɫɩɟɱɢɬɶ ɫɨɨɬɜɟɬɫɬɜɢɟ 
ɜɵɩɭɫɤɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ ɬɪɟɛɨɜɚɧɢɹɦ 
ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɫɬɚɧɞɚɪɬɨɜ ISO. ȼ ɧɚɫɬɨɹɳɟɟ 
ɜɪɟɦɹ ɜ Ɋɨɫɫɢɢ ɢɞёɬ ɚɤɬɢɜɧɨɟ ɜɧɟɞɪɟɧɢɟ ɧɨɜɵɯ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɪɟɞɫɬɜ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ 
ɩɨɞɞɟɪɠɤɢ ɢɡɞɟɥɢɣ ɧɚ ɜɫɟɯ ɷɬɚɩɚɯ ɠɢɡɧɟɧɧɨɝɨ 
ɰɢɤɥɚ. ɇɚ ɦɧɨɝɢɯ ɩɪɟɞɩɪɢɹɬɢɹ ɩɪɟɨɛɥɚɞɚɟɬ 
ɦɟɥɤɨɫɟɪɢɣɧɨɟ ɢ ɟɞɢɧɢɱɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɞɟɬɚɥɟɣ ɫ ɮɨɪɦɨɨɛɪɚɡɭɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 
ɫɥɨɠɧɨɣ ɮɨɪɦɵ. ɉɪɢ ɷɬɨɦ ɨɛɪɚɛɨɬɤɚ ɜɟɞɟɬɫɹ ɧɚ 
ɜɵɫɨɤɢɯ ɫɤɨɪɨɫɬɹɯ ɫ ɛɨɥɶɲɢɦɢ ɩɨɞɚɱɚɦɢ 
ɞɟɬɚɥɟɣ. Ȼɨɥɶɲɢɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ 
ɨɛɪɚɛɚɬɵɜɚɸɳɢɯ ɰɟɧɬɪɨɜ ɫ ɑɉɍ, ɹɜɥɹɟɬɫɹ 
ɫɧɢɠɟɧɢɟ ɬɪɟɛɨɜɚɧɢɣ ɤ ɤɜɚɥɢɮɢɤɚɰɢɢ 
ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ.  Ɉɞɧɚɤɨ, ɨɛɳɢɦ 
ɧɟɞɨɫɬɚɬɤɨɦ ɫɢɫɬɟɦ ɫ ɑɉɍ ɹɜɥɹɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶ 
ɟɝɨ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɬɚɤɢɯ ɤɚɤ 
ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɲɩɢɧɞɟɥɹ ɢ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ, 
ɨɬ ɩɪɨɝɪɚɦɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɜɧɨɫɢɦɨɣ 
ɩɪɨɝɪɚɦɦɢɫɬɨɦ ɢɥɢ ɩɨɫɬɨɹɧɧɨɣ ɛɚɡɵ ɩɚɪɚɦɟɬɪɨɜ. 
ȼ ɪɟɡɭɥɶɬɚɬɟ, ɦɧɨɝɢɟ ɫɢɫɬɟɦɵ ɫ ɑɉɍ ɪɚɛɨɬɚɸɬ 
ɧɟɷɮɮɟɤɬɢɜɧɨ. 

Мɟɬɨɞɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɵɦ 
ɨɛɨɪɭɞɨɜɚɧɢɟɦ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɡɚɞɚɱɚ ɩɨɜɵɲɟɧɢɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɞɟɬɚɥɟɣ ɪɟɲɚɟɬɫɹ 
ɦɟɬɨɞɚɦɢ ɚɞɚɩɬɢɜɧɨɝɨ ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 
ɫ ɛɨɥɶɲɢɦ ɞɨɩɭɳɟɧɢɟɦ, ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ 
ɩɨɫɬɨɹɧɫɬɜɨ ɜɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢɡɞɟɥɢɹ. Ɍɟɨɪɢɹ 
ɚɞɚɩɬɢɜɧɨɝɨ, ɨɩɬɢɦɚɥɶɧɨɝɨ ɢ ɤɥɚɫɫɢɱɟɫɤɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ ɛɚɡɢɪɨɜɚɥɢɫɶ, ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ 
ɫɬɟɩɟɧɢ, ɧɚ ɢɞɟɟ ɥɢɧɟɚɪɢɡɚɰɢɢ ɫɢɫɬɟɦ. Ⱦɥɹ ɢɯ 
ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɬɪɟɛɨɜɚɥɚɫɶ 
ɪɚɡɪɚɛɨɬɤɚ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ. ȼ 
ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɠɟ ɟɫɥɢ ɢ ɭɞɚɟɬɫɹ ɩɨɫɬɪɨɢɬɶ 
ɦɨɞɟɥɶ ɬɨɱɧɨ ɨɬɪɚɠɚɸɳɭɸ ɫɜɹɡɶ ɦɟɠɞɭ ɜɵɯɨɞɨɦ 
ɢ ɜɯɨɞɨɦ ɫɢɫɬɟɦɵ, ɬɨ ɨɧɚ ɱɚɫɬɨ ɨɤɚɡɵɜɚɟɬɫɹ 
ɧɟɩɪɢɝɨɞɧɨɣ ɞɥɹ ɰɟɥɟɣ ɭɩɪɚɜɥɟɧɢɹ. ɉɪɚɤɬɢɱɟɫɤɢ 
ɩɪɢɟɦɥɟɦɵɦɢ ɦɨɝɭɬ ɛɵɬɶ ɬɨɥɶɤɨ ɦɨɞɟɥɢ ɫ ɧɢɡɤɨɣ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɩɨ ɩɚɪɚɦɟɬɪɚɦ Д2, 3Ж, ɱɬɨ 
ɫɥɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɞɥɹ ɧɟɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ. 

ɋɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɭɩɪɚɜɥɟɧɢɹ 
ɩɨɥɭɱɢɥɢ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ 
ɫɨɜɪɟɦɟɧɧɵɯ ɫɢɫɬɟɦɚɯ. ɋɬɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ 
ɩɨɡɜɨɥɹɸɬ ɩɪɨɜɟɫɬɢ ɩɪɨɜɟɪɤɭ ɧɚ ɚɞɟɤɜɚɬɧɨɫɬɶ 
ɩɭɬɟɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɱɚɫɬɨɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ Ɍɚɤ ɠɟ 
ɨɧɢ ɹɜɥɹɸɬɫɹ ɛɨɥɟɟ ɩɪɨɫɬɵɦɢ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɞɪɭɝɢɦɢ ɦɨɞɟɥɹɦɢ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ. ɉɪɢ 
ɩɨɦɨɳɢ ɬɚɤɨɝɨ ɦɟɬɨɞɚ ɦɨɠɧɨ ɢɫɫɥɟɞɨɜɚɬɶ 
ɩɨɜɟɞɟɧɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ 
ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ ɩɭɬɟɦ ɚɧɚɥɢɡɚ ɱɚɫɬɨɬɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɟɬɨɞɚɦɢ ɤɥɚɫɫɢɱɟɫɤɨɣ ɬɟɨɪɢɢ 
ɭɩɪɚɜɥɟɧɢɹ. Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɨɬɧɨɫɹɬɫɹ: 
ɧɟɞɨɫɬɚɬɨɱɧɚɹ ɬɨɱɧɨɫɬɶ ɢ ɨɬɫɭɬɫɬɜɢɟ ɭ 
ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɟɪɟɦɟɧɧɵɯ ɢ ɩɚɪɚɦɟɬɪɨɜ 
ɮɢɡɢɱɟɫɤɨɝɨ ɫɦɵɫɥɚ. 

Ⱥɞɚɩɬɢɜɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɹɯ, ɨɩɢɫɵɜɚɸɳɢɯ 
ɮɢɡɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɢ ɹɜɥɟɧɢɹ. ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ 
ɭɩɪɚɜɥɹɟɦɵɣ ɩɪɨɰɟɫɫ ɜɟɞɟɬɫɹ ɫɨɝɥɚɫɧɨ ɰɟɥɟɜɨɣ 
ɮɭɧɤɰɢɢ – ɡɚɤɨɧɚ ɭɩɪɚɜɥɟɧɢɹ, ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɧɚ 
ɞɨɫɬɢɠɟɧɢɟ ɢ ɩɨɞɞɟɪɠɚɧɢɟ ɧɚɢɛɨɥɟɟ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɡɧɚɱɟɧɢɹ ɤɚɤɨɝɨ–ɥɢɛɨ ɩɚɪɚɦɟɬɪɚ 
[1, 5, 6]. 

Ʉ ɚɞɚɩɬɢɜɧɨɦɭ ɭɩɪɚɜɥɟɧɢɸ ɨɬɧɨɫɹɬɫɹ 
ɭɩɪɚɜɥɟɧɢɟ ɧɚ ɨɫɧɨɜɟ ɧɟɱɟɬɤɨɣ ɥɨɝɢɤɢ, ɫ 
ɫɚɦɨɧɚɫɬɪɨɣɤɨɣ, ɨɛɨɛɳɟɧɧɨ–ɩɪɨɝɧɨɡɢɪɭɸɳɟɟ 
ɭɩɪɚɜɥɟɧɢɟ Д1Ж.  

ȼɫɟ ɷɬɢ ɫɩɨɫɨɛɵ ɭɩɪɚɜɥɟɧɢɹ ɧɟ ɩɨɥɭɱɢɥɢ 
ɲɢɪɨɤɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ. ɇɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ 
ɪɚɡɥɢɱɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ. Ɉɫɧɨɜɧɵɦɢ 
ɧɟɞɨɫɬɚɬɤɚɦɢ ɞɚɧɧɨɝɨ ɬɢɩɚ ɭɩɪɚɜɥɟɧɢɹ ɹɜɥɹɟɬɫɹ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨɫɬɨɹɧɧɨ ɨɩɪɟɞɟɥɹɬɶ 
ɚɞɟɤɜɚɬɧɨɫɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. ɇɟ 
ɫɭɳɟɫɬɜɭɟɬ ɦɟɬɨɞɨɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɞɚɧɧɨɝɨ 
ɩɪɨɰɟɫɫɚ.  Ɉɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɚɞɚɩɬɢɜɧɨɝɨ 
ɬɢɩɚ ɭɩɪɚɜɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɟɝɨ ɦɚɥɚɹ ɝɢɛɤɨɫɬɶ. 
ɉɪɢ ɢɡɦɟɧɟɧɢɹɯ ɜ ɨɛɴɟɤɬɟ ɭɩɪɚɜɥɟɧɢɹ ɢɥɢ ɜɨ 
ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɹɯ ɬɪɟɛɭɟɬɫɹ ɩɟɪɟɫɬɪɚɢɜɚɬɶ 
ɦɨɞɟɥɶ ɢ ɨɩɪɟɞɟɥɹɬɶ ɞɥɹ ɧɟɟ ɧɨɜɵɣ ɡɚɤɨɧ 
ɭɩɪɚɜɥɟɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɪɟɛɭɟɬɫɹ ɩɨɫɬɨɹɧɧɨ 
«ɜɪɭɱɧɭɸ» ɨɩɪɟɞɟɥɹɬɶ ɚɞɟɤɜɚɬɧɨɫɬɶ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. 

ɉɪɢɦɟɧɟɧɢɟ ɫɢɫɬɟɦ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ 
ɢɧɬɟɥɥɟɤɬɚ ɧɚ ɬɨɤɚɪɧɵɯ ɫɬɚɧɤɚɯ ɫ Чɉɍ 

Ɉɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ 
ɢɡɝɨɬɨɜɥɹɟɦɵɯ ɜɵɫɨɤɨɬɨɱɧɵɯ ɞɟɬɚɥɟɣ ɧɚ 
ɬɨɤɚɪɧɵɯ ɫɬɚɧɤɚɯ ɫ ɑɉɍ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɨ-ɡɚɞɚɧɧɵɯ ɡɧɚɱɟɧɢɣ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɨɬɤɥɨɧɟɧɢɣ ɨɬ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ 
ɮɨɪɦɵ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɡɚɝɨɬɨɜɨɤ ɩɨ ɞɥɢɧɟ 
ɨɛɪɚɛɨɬɤɢ. 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɩɨɹɜɢɥɢɫɶ ɧɨɜɵɟ ɫɩɨɫɨɛɵ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɬɚɤɢɟ ɤɚɤ  ɧɟɣɪɨɪɟɝɭɥɢɪɨɜɚɧɢɟ ɢ 
ɧɟɱɟɬɤɚɹ ɥɨɝɢɤɚ. ɗɬɢ ɫɩɨɫɨɛɵ ɨɬɧɨɫɹɬɫɹ ɤ 
ɤɚɬɟɝɨɪɢɢ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɢ ɩɨɡɜɨɥɹɸɬ 
ɪɟɚɥɢɡɨɜɚɬɶ ɥɸɛɨɣ ɬɪɟɛɭɟɦɵɣ ɞɥɹ ɩɪɨɰɟɫɫɚ 
ɧɟɥɢɧɟɣɧɵɣ ɚɥɝɨɪɢɬɦ ɭɩɪɚɜɥɟɧɢɹ, ɩɪɢ ɧɟɩɨɥɧɨɦ, 
ɧɟɬɨɱɧɨɦ ɨɩɢɫɚɧɢɢ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ. 
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Ɉɞɧɢɦ ɢɡ ɧɚɩɪɚɜɥɟɧɢɣ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ 
ɩɪɨɰɟɫɫɚ ɨɛɪɚɛɨɬɤɢ ɧɚ ɫɬɚɧɤɚɯ ɑɉɍ, 
ɩɪɢɦɟɧɹɟɦɵɦ ɤɚɤ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ, ɬɚɤ ɢ ɡɚ 
ɪɭɛɟɠɨɦ, ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɫɢɫɬɟɦ 
ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ. ȼ ɤɚɱɟɫɬɜɟ ɷɥɟɦɟɧɬɨɜ 
ɫɢɫɬɟɦ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ ɩɪɟɞɥɚɝɚɟɬɫɹ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ.  

ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɪɟɲɟɧɢɹ ɫɥɟɞɭɸɳɢɯ ɡɚɞɚɱ: 

 ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɨɛɪɚɡɨɜ – ɭɤɚɡɚɧɢɟ ɧɚ
ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɜɯɨɞɧɨɝɨ ɨɛɪɚɡɚ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɜɟɤɬɨɪɨɦ ɩɪɢɡɧɚɤɨɜ, ɨɞɧɨɦɭ ɢɥɢ 
ɧɟɫɤɨɥɶɤɢɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɩɪɟɞɟɥɟɧɧɵɦ 
ɤɥɚɫɫɚɦ; 

 ɤɥɚɫɬɟɪɢɡɚɰɢɹ – ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɨɛɪɚɡɨɜ
ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɭɱɟɛɧɨɣ ɜɵɛɨɪɤɢ ɫ ɦɟɬɤɚɦɢ 
ɤɥɚɫɫɨɜ; 

 ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ – ɩɪɟɞɭɫɦɨɬɪɟɧɢɟ
ɡɧɚɱɟɧɢɹ в(ЭЧ+1) ɩɪɢ ɢɡɜɟɫɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ в(Э1), y(t2) ... y(tn); 

 ɨɩɬɢɦɢɡɚɰɢɹ – ɨɛɧɚɪɭɠɟɧɢɟ ɪɟɲɟɧɢɹ,
ɤɨɬɨɪɨɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɫɢɫɬɟɦɭ ɨɝɪɚɧɢɱɟɧɢɣ ɢ 
ɦɚɤɫɢɦɢɡɢɪɭɟɬ ɢɥɢ ɦɢɧɢɦɢɡɢɪɭɟɬ ɰɟɥɟɜɭɸ 
ɮɭɧɤɰɢɸ. ɉɚɦɹɬɶ, ɤɨɬɨɪɚɹ ɚɞɪɟɫɭɟɬɫɹ ɩɨ ɫɦɵɫɥɭ 
(ɚɫɫɨɰɢɚɬɢɜɧɚɹ ɩɚɦɹɬɶ) – ɩɚɦɹɬɶ, ɞɨɫɬɭɩɧɚɹ ɩɪɢ 
ɭɤɚɡɚɧɢɢ ɡɚɞɚɧɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ; 

 ɭɩɪɚɜɥɟɧɢɟ – ɪɚɫɱɟɬ ɬɚɤɨɝɨ ɜɯɨɞɧɨɝɨ
ɜɥɢɹɧɢɹ ɧɚ ɫɢɫɬɟɦɭ, ɡɚ ɤɨɬɨɪɵɣ ɫɢɫɬɟɦɚ ɪɚɛɨɬɚɟɬ 
ɩɨ ɠɟɥɚɬɟɥɶɧɨɣ ɬɪɚɟɤɬɨɪɢɢ. 

ɋɬɪɭɤɬɭɪɧɨɣ ɨɫɧɨɜɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ 
ɹɜɥɹɟɬɫɹ ɮɨɪɦɚɥɶɧɵɣ ɧɟɣɪɨɧ. ɇɟɣɪɨɧɧɵɟ ɫɟɬɢ 
ɜɨɡɧɢɤɥɢ ɢɡ ɩɨɩɵɬɨɤ ɜɨɫɫɨɡɞɚɬɶ ɫɩɨɫɨɛɧɨɫɬɶ 
ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɭɱɢɬɶɫɹ, ɦɨɞɟɥɢɪɭɹ 
ɧɢɡɤɨɤɨɪɧɟɜɭɸ ɫɬɪɭɤɬɭɪɭ ɦɨɡɝɚ. Ⱦɥɹ ɷɬɨɝɨ ɜ 
ɨɫɧɨɜɭ ɧɟɣɪɨɫɟɬɟɜɨɣ ɦɨɞɟɥɢ ɥɨɠɢɬɫɹ ɷɥɟɦɟɧɬ, 
ɤɨɬɨɪɵɣ ɢɦɢɬɢɪɭɟɬ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ 
ɫɜɨɣɫɬɜɚ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɧɟɣɪɨɧɚ – ɮɨɪɦɚɥɶɧɵɣ 
ɧɟɣɪɨɧ(ɞɚɥɟɟ ɩɪɨɫɬɨ ɧɟɣɪɨɧ). ȼ ɨɪɝɚɧɢɡɦɟ 
ɱɟɥɨɜɟɤɚ ɧɟɣɪɨɧɵ ɷɬɨ ɨɫɨɛɵɟ ɤɥɟɬɤɢ, ɫɩɨɫɨɛɧɵ 
ɪɚɫɩɪɨɫɬɪɚɧɹɬɶ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɫɢɝɧɚɥɵ. 

ɉɪɟɢɦɭɳɟɫɬɜɚɦɢ ɇɋ ɩɟɪɟɞ ɬɪɚɞɢɰɢɨɧɧɵɦɢ 
ɫɢɫɬɟɦɚɦɢ ɭɩɪɚɜɥɟɧɢɹ ɹɜɥɹɟɬɫɹ: 

1. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɥɢɧɟɣɧɵɯ ɮɭɧɤɰɢɣ 
ɚɤɬɢɜɚɰɢɢ ɜ ɧɟɣɪɨɧɧɵɯ ɫɟɬɹɯ ɩɨɡɜɨɥɹɟɬ 
ɪɟɚɥɢɡɨɜɚɬɶ ɡɚɞɚɱɢ ɫ ɫɭɳɟɫɬɜɟɧɧɵɦɢ 
ɧɟɥɢɧɟɣɧɨɫɬɹɦɢ; 

2. ɇɋ ɦɨɝɭɬ ɨɛɭɱɚɬɶɫɹ ɥɸɛɵɦ ɮɭɧɤɰɢɹɦ,
ɜɚɠɟɧ ɬɨɥɶɤɨ ɨɛɴɟɦ ɩɪɟɞɨɫɬɚɜɥɟɧɧɵɯ ɞɚɧɧɵɯ ɢ 
ɜɵɛɨɪ ɩɪɚɜɢɥɶɧɨɣ ɧɟɣɪɨɧɧɨɣ ɦɨɞɟɥɢ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ ɇɋ ɩɨɡɜɨɥɹɸɬ ɢɡɛɟɠɚɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɫɥɨɠɧɨɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ; 

3. ɇɋ ɹɜɥɹɸɬɫɹ ɫɚɦɨɨɛɭɱɚɟɦɵɦɢ ɫɢɫɬɟɦɚɦɢ.
ɗɬɨ ɨɡɧɚɱɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɫɭɳɟɫɬɜɥɹɬɶ 
ɭɩɪɚɜɥɟɧɢɟ ɜ ɭɫɥɨɜɢɹɯ ɫɭɳɟɫɬɜɟɧɧɵɯ 
ɧɟɥɢɧɟɣɧɨɫɬɟɣ; 

4. ȼɵɫɨɤɚɹ ɫɬɟɩɟɧɶ ɩɚɪɚɥɥɟɥɶɧɨɫɬɢ ɇɋ
ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɜɵɱɢɫɥɟɧɢɣ; 

5. Ⱥɪɯɢɬɟɤɬɭɪɚ ɩɚɪɚɥɥɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ 
ɩɨɡɜɨɥɹɟɬ ɇɋ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɞɚɠɟ ɩɪɢ 
ɩɨɜɪɟɠɞɟɧɢɢ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫɟɬɢ Д8-10]. 

ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ ɢɦɟɸɬ 
ɛɨɥɶɲɢɟ ɩɟɪɫɩɟɤɬɢɜɵ ɜ ɨɛɥɚɫɬɢ ɭɩɪɚɜɥɟɧɢɹ 
ɫɥɨɠɧɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ. 

ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɦɟɬɨɞɚɦɢ 
ɭɩɪɚɜɥɟɧɢɹ, ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɧɟɣɪɨɧɧɵɯ ɫɢɫɬɟɦ, 
ɧɟ ɧɭɠɧɨ ɫɨɡɞɚɜɚɬɶ ɬɨɱɧɭɸ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ 
ɦɨɞɟɥɶ, ɬɨɥɶɤɨ ɦɨɞɟɥɶ ɭɩɪɚɜɥɟɧɢɹ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨ ɩɨɫɬɚɜɥɟɧɧɵɦ ɭɫɥɨɜɢɹɦ. 
Ɉɩɬɢɦɚɥɶɧɵɟ ɜɵɯɨɞɧɵɟ ɡɧɚɱɟɧɢɹ ɮɨɪɦɢɪɭɸɬɫɹ 
ɩɨ ɨɬɤɥɨɧɟɧɢɸ ɢ ɫɤɨɪɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɨɬɤɥɨɧɟɧɢɹ 
ɢɡɦɟɪɹɟɦɨɣ ɜɟɥɢɱɢɧɵ ɢ ɡɚɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ. 
Ɋɟɡɭɥɶɬɚɬ ɩɨɥɭɱɚɟɬɫɹ ɛɨɥɟɟ ɞɨɫɬɨɜɟɪɧɵɦ, 
ɨɫɨɛɟɧɧɨ  ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɧɟɨɩɪɟɞɟɥɟɧɧɨɣ ɢ 
ɧɟɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɚɦɢ ɭɩɪɚɜɥɟɧɢɹ. ȼ ɫɜɹɡɢ ɫ 
ɧɟɥɢɧɟɣɧɵɦɢ ɢ ɢɡɦɟɧɹɸɳɢɦɢɫɹ ɜɨ ɜɪɟɦɟɧɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɨɛɪɚɛɨɬɤɢ 
ɞɟɬɚɥɢ, ɬɪɭɞɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ 
ɦɨɞɟɥɶ ɞɥɹ ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫɫɚ ɨɛɪɚɛɨɬɤɢ, 
ɩɨɷɬɨɦɭ ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɪɢɦɟɧɢɬɶ  ɧɟɣɪɨɧɧɭɸ ɫɟɬɶ 
ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɮɪɟɡɟɪɨɜɚɧɢɹ, ɞɥɹ 
ɭɫɬɚɧɨɜɥɟɧɢɹ ɧɟɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ 
ɩɚɪɚɦɟɬɪɚɦɢ ɨɛɪɚɛɨɬɤɢ ɢ ɫɢɥɵ ɪɟɡɚɧɢɹ. 

ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɧɚ ɫɬɚɧɤɟ ɧɟɨɛɯɨɞɢɦɵɟ 
ɞɚɧɧɵɟ ɨ ɮɚɤɬɢɱɟɫɤɢ ɩɨɥɭɱɚɟɦɵɯ ɪɚɡɦɟɪɚɯ 
ɞɟɬɚɥɟɣ ɞɥɹ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɦɨɠɧɨ ɩɨɥɭɱɚɬɶ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫ ɩɨɦɨɳɶɸ ɥɚɡɟɪɧɵɯ 
ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɢɥɢ ɜɜɨɞɢɬɶ ɜɪɭɱɧɭɸ. 
ɉɨɥɭɱɚɹ ɞɚɧɧɵɟ ɢ ɨɬɫɥɟɠɢɜɚɹ ɢɯ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ 
ɛɭɞɟɬ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɩɪɢɧɢɦɚɬɶ ɪɟɲɟɧɢɟ ɨ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɪɚɡɦɟɪɧɨɣ ɢ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ 
ɩɨɞɧɚɫɬɪɨɣɤɢ ɫɬɚɧɤɚ ɢ ɩɪɨɢɡɜɨɞɢɬɶ ɧɟɨɛɯɨɞɢɦɵɟ 
ɤɨɪɪɟɤɰɢɢ ɭɩɪɚɜɥɹɸɳɢɯ ɩɪɨɝɪɚɦɦ ɞɥɹ ɫɬɚɧɤɨɜ ɫ 
ɑɉɍ.  

ɇɚ ɪɢɫɭɧɤɟ ɩɨɤɚɡɚɧɚ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ, 
ɩɨɡɜɨɥɹɸɳɚɹ ɪɟɝɭɥɢɪɨɜɚɬɶ ɭɫɢɥɢɟ ɪɟɡɤɢ 
ɮɪɟɡɟɪɧɨɝɨ ɫɬɚɧɤɚ. 
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Ɋɢɫ.  ɇɟɣɪɨɧɧɚɹɫɟɬɶ 

Fig.  Neural network 

ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɜɢɞɨɜ ɚɥɝɨɪɢɬɦɨɜ 
ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɧɚ ɨɫɧɨɜɟ ɫɤɨɪɨɫɬɢ 
ɫɯɨɞɢɦɨɫɬɢ ɚɥɝɨɪɢɬɦɚ, ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɚɦɹɬɢ ɢ 
ɬ.ɞ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɮɭɧɤɰɢɹ ɨɛɭɱɟɧɢɹ 
ɜɵɛɢɪɚɟɬɫɹ ɤɚɤ ɮɭɧɤɰɢɹ Ʌɟɜɟɧɛɟɪɝɚ-Ɇɚɪɤɜɚɪɞɬɚ. 
Ʉɨɥɢɱɟɫɬɜɨ ɜɯɨɞɧɵɯ ɧɟɣɪɨɧɨɜ 3, 
ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɵ; ɤɨɥɢɱɟɫɬɜɨ 
ɜɵɯɨɞɧɵɯ ɧɟɣɪɨɧɨɜ ɪɚɜɧɨ 1.  

ɑɢɫɥɨ ɭɡɥɨɜ ɫɤɪɵɬɨɝɨ ɫɥɨɹ ɧɟɣɪɨɧɨɜ ɢɦɟɟɬ 
ɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ, ɫɥɢɲɤɨɦ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɭɡɥɨɜ ɜɵɡɵɜɚɟɬ ɨɲɢɛɤɢ ɜ ɨɛɭɱɟɧɢɢ ɢ 
ɬɟɫɬɢɪɨɜɚɧɢɢ ɫɟɬɢ, ɫɥɢɲɤɨɦ ɦɚɥɨɟ – ɫɧɢɠɟɧɢɟ 
ɨɬɤɚɡɨɭɫɬɨɣɱɢɜɨɫɬɢ ɫɟɬɢ, ɩɪɚɜɢɥɶɧɨɟ 
ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɫɤɨɪɨɫɬɢ ɢ ɜɨɡɦɨɠɧɨɫɬɶ 
ɨɛɨɛɳɟɧɢɹ.  

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɛɵɫɬɪɟɟ ɞɨɫɬɢɱɶ 
ɧɟɨɛɯɨɞɢɦɨɣ ɫɤɨɪɨɫɬɢ ɢ ɩɨɥɭɱɢɬɶ ɜɵɫɨɤɭɸ 
ɬɨɱɧɨɫɬɶ ɢɫɩɵɬɚɧɢɹ, ɱɢɫɥɨ ɫɤɪɵɬɵɯ ɫɥɨɟɜ ɪɚɜɧɨ 
2, ɤɨɥɢɱɟɫɬɜɨ ɧɟɣɪɨɧɨɜ – 3 ɢ 5 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

Вɵɜɨɞɵ 
ɉɪɢɦɟɧɟɧɢɟ ɧɟɣɪɨɫɟɬɟɜɵɯ ɬɟɯɧɨɥɨɝɢɣ 

ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɬɚɧɤɚ ɫ 
ɑɉɍ ɡɚ ɫɱɟɬ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɬɨɤɚɪɧɨɣ 
ɨɛɪɚɛɨɬɤɢ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɢ 
ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɪɟɠɭɳɟɣ ɤɪɨɦɤɢ 
ɢɧɫɬɪɭɦɟɧɬɚ ɫ ɭɱɟɬɨɦ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ 
ɧɟɬɨɱɧɨɫɬɢ ɫɬɚɧɤɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɦɟɧɟɧɢɟ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ 
ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɫɬɚɧɤɨɜ ɫ 

ɑɉɍ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ, ɱɟɦ 
ɬɪɚɞɢɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ. 
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