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Ⱥɧɧɨɬɚɰɢɹ 
ɋɟɝɨɞɧɹ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɠɢɥɵɯ ɤɨɦɩɥɟɤɫɨɜ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɩɪɢɨɪɢɬɟɬɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ 
ɛɵɫɬɪɨɪɚɡɜɢɜɚɸɳɢɯɫɹ ɪɟɝɢɨɧɨɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɜ ɨɫɨɛɟɧɧɨɫɬɢ, ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ 
ɢɧɞɢɜɢɞɭɚɥɶɧɨɟ ɠɢɥɢɳɧɨɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɡɨɜɵɜɚɸɬɫɹ ɢ ɢɧɬɟɧɫɢɜɧɨ 
ɪɚɡɜɢɜɚɸɬɫɹ ɨɫɨɛɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɝɨɪɨɞɫɤɢɯ ɚɝɥɨɦɟɪɚɰɢɣ – ɫɟɥɶɫɤɨ-ɝɨɪɨɞɫɤɢɟ 
ɬɟɪɪɢɬɨɪɢɢ. Ɉɞɧɚɤɨ ɩɥɚɧɢɪɨɜɚɧɢɟ ɢ ɡɚɫɬɪɨɣɤɚ ɩɨɞɨɛɧɵɯ ɬɟɪɪɢɬɨɪɢɣ ɜ ɪɟɝɢɨɧɚɯ Ɋɨɫɫɢɢ ɜ 
ɨɫɧɨɜɧɨɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɛɟɡ ɪɚɫɫɦɨɬɪɟɧɢɹ ɜɨɩɪɨɫɨɜ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɫɟɥɶɫɤɨ-ɝɨɪɨɞɫɤɢɟ ɬɟɪɪɢɬɨɪɢɢ ɱɚɫɬɨ ɩɨɩɚɞɚɸɬ ɜ ɡɨɧɵ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɪɢɫɤɚ. ȼ 
ɫɜɹɡɢ ɫ ɷɬɢɦ ɫɬɚɧɨɜɢɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɚ ɨɛɟɫɩɟɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɢɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 
ɩɥɚɧɢɪɨɜɚɧɢɟɦ, ɡɚɫɬɪɨɣɤɨɣ ɢ ɪɚɡɜɢɬɢɟɦ ɫɟɥɶɫɤɨ-ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢɬɨɪɢɣ ɫ ɭɱɟɬɨɦ ɢɯ 
ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɱɬɨ ɧɟɨɬɴɟɦɥɟɦɨ ɫɜɹɡɚɧɨ ɫ ɪɚɡɪɚɛɨɬɤɨɣ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟɦ 
ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɢ ɦɨɞɟɥɟɣ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɜ ɞɚɧɧɨɣ ɫɮɟɪɟ. Ɉɞɧɢɦ ɢɡ 
ɜɚɠɧɟɣɲɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɢɪɨɞɧɨɣ ɫɪɟɞɵ ɫɟɥɶɫɤɨ-ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢɬɨɪɢɣ ɹɜɥɹɟɬɫɹ ɩɨɱɜɚ, 
ɫɨɫɬɨɹɧɢɟ ɤɨɬɨɪɨɣ ɜɥɢɹɟɬ ɤɚɤ ɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɪɚɳɢɜɚɧɢɹ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ 
ɤɭɥɶɬɭɪ, ɬɚɤ ɢ ɧɚ ɡɞɨɪɨɜɶɟ ɩɪɨɠɢɜɚɸɳɟɝɨ ɧɚɫɟɥɟɧɢɹ. ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ 
ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɨɫɬɨɹɧɢɹ ɩɨɱɜɟɧɧɨɣ ɫɪɟɞɵ ɫɟɥɶɫɤɨ-ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢɬɨɪɢɣ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ ɚɜɬɨɞɨɪɨɝ. Ⱥɜɬɨɪɚɦɢ ɩɪɟɞɥɨɠɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 
ɜ ɜɢɞɟ ɢɫɤɭɫɫɬɜɟɧɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɨɰɟɧɤɭ ɢ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɩɨɱɜɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɩɚɪɚɦɟɬɪɨɜ ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɯ ɩɨɬɨɤɨɜ ɢ ɢɧɠɟɧɟɪɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢɥɟɝɚɸɳɟɣ 
ɚɜɬɨɞɨɪɨɝɢ. Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɪɟɚɥɢɡɨɜɚɧɚ c ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɚɤɟɬɚ ɩɪɢɤɥɚɞɧɵɯ ɩɪɨɝɪɚɦɦ ɢ 
ɮɭɧɤɰɢɣ Neural Network Toolbox ɫɢɫɬɟɦɵ MATLAB. ɉɨɥɭɱɚɟɦɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢɧɮɨɪɦɚɰɢɹ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɩɪɢɧɹɬɢɹ ɪɟɡɭɥɶɬɚɬɢɜɧɵɯ 
ɭɩɪɚɜɥɟɧɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɜ ɫɮɟɪɟ ɩɥɚɧɢɪɨɜɚɧɢɹ, ɨɛɪɚɡɨɜɚɧɢɹ, ɪɚɡɜɢɬɢɹ ɢ ɡɚɫɬɪɨɣɤɢ 
ɞɚɧɧɵɯ ɬɟɪɪɢɬɨɪɢɣ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɟɥɶɫɤɨ-ɝɨɪɨɞɫɤɢɟ ɬɟɪɪɢɬɨɪɢɢ; ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ; ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ 
ɫɨɫɬɨɹɧɢɹ ɩɨɱɜ. 
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Ⱥbstract 
Today, the construction of residential complexes is one of the priority areas of the dynamic 

regions of the Russian Federation, in particular, it should be noted private housing construction. 

As a result, special components of urban agglomerations are formed and intensively developed – 

rural-urban areas. However, the planning and development of such territories in the regions of 

Russia is mainly carried out without consideration of environmental security. As a result, rural-

urban areas often fall into environmental risk zones. In this regard, it becomes important to ensure 

effective management of planning and development of rural-urban areas, taking into account their 

environmental safety, which is associated with the research and development of effective methods 

and models for supporting decision-making in this area. One of the most important components of 

the natural environment of rural-urban areas is the soil, the state of which affects both the ability 

to grow crops and the health of the living population. This article examines the results of 

modeling the state of the soil environment of rural-urban areas located in the area of action of 

highways. The authors proposed a mathematical model in the form of an artificial neural network, 

which makes it possible to estimate and predict the concentration of pollutants in the soil, 

depending on the parameters of motor traffic flows and the engineering characteristics of the 

adjacent road. This model is implemented using a package of application programs and functions 

of the Neural Network Toolbox of the MATLAB system. The resulting information can be used 

to make effective management decisions in the planning, education, development and 

development of these territories. 

Keywords: rural-urban territories; neural networks; forecasting of the state of soils. 

ȼȼȿȾȿɇɂȿ 
ɋɟɝɨɞɧɹ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɠɢɥɵɯ ɤɨɦɩɥɟɤɫɨɜ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɩɪɢɨɪɢɬɟɬɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ 

ɛɵɫɬɪɨɪɚɡɜɢɜɚɸɳɢɯɫɹ ɪɟɝɢɨɧɨɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ. Ɉɫɨɛɟɧɧɨ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ 
ɢɧɞɢɜɢɞɭɚɥɶɧɨɟ ɠɢɥɢɳɧɨɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ (ɂɀɋ): ɩɨ ɞɚɧɧɵɦ Ɋɨɫɫɬɚɬɚ, ɧɚɱɢɧɚɹ ɫ 2005ɝ. 
ɟɠɟɝɨɞɧɵɟ ɨɛɴɟɦɵ ɂɀɋ ɩɨɫɬɨɹɧɧɨ ɭɜɟɥɢɱɢɜɚɸɬɫɹ (ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɩɟɪɢɨɞɚ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ 
ɤɪɢɡɢɫɚ 2008-2009ɝɝ.) (ɪɢɫɭɧɨɤ 1). Ⱦɨɥɹ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɠɢɥɵɯ ɞɨɦɨɜ ɜ ɨɛɳɟɦ ɨɛɴɟɦɟ 
ɠɢɥɢɳɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɤ 2017ɝ. ɫɨɫɬɚɜɢɥɚ ɛɨɥɟɟ 40% [1]. ɇɚ ɪɢɫɭɧɤɟ 1 ɨɬɨɛɪɚɠɟɧɚ ɩɥɨɳɚɞɶ 
ɜɜɨɞɢɦɨɝɨ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɠɢɥɶɹ ɡɚ 2005-2016ɝɝ.  

Ɋɢɫ. 1. Ⱦɢɧɚɦɢɤɚ ɩɥɨɳɚɞɢ ɜɜɟɞɟɧɧɨɝɨ ɜ ɞɟɣɫɬɜɢɟ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɠɢɥɶɹ  
ɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɡɚ ɩɟɪɢɨɞ 2005-2016 ɝɝ. 

Fig 1. Dynamics of the area of the constructed individual housing in the Russian Federation 

for the period 2005-2016 
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɡɨɜɵɜɚɸɬɫɹ ɢ ɢɧɬɟɧɫɢɜɧɨ ɪɚɡɜɢɜɚɸɬɫɹ ɨɫɨɛɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɝɨɪɨɞɫɤɢɯ 
ɚɝɥɨɦɟɪɚɰɢɣ – ɫɟɥɶɫɤɨ-ɝɨɪɨɞɫɤɢɟ ɬɟɪɪɢɬɨɪɢɢ, ɧɚɫɟɥɟɧɢɟ ɤɨɬɨɪɵɯ ɬɪɭɞɧɨ ɨɬɧɟɫɬɢ ɤ ɫɭɝɭɛɨ 
ɝɨɪɨɞɫɤɨɦɭ ɢɥɢ ɫɟɥɶɫɤɨɦɭ, ɜ ɱɚɫɬɧɨɫɬɢ, ɷɬɨ ɬɟɪɪɢɬɨɪɢɢ ɂɀɋ, ɪɚɛɨɱɢɟ ɩɨɫɟɥɤɢ, ɫɟɥɶɫɤɢɟ 
ɩɨɫɟɥɟɧɢɹ ɜ ɱɟɪɬɟ ɝɨɪɨɞɚ, ɩɪɢɝɨɪɨɞɧɵɟ ɬɟɪɪɢɬɨɪɢɢ ɢ ɬ.ɩ.[2] 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɥɚɧɢɪɨɜɚɧɢɟ ɢ ɡɚɫɬɪɨɣɤɚ ɩɨɞɨɛɧɵɯ ɬɟɪɪɢɬɨɪɢɣ ɜ ɪɟɝɢɨɧɚɯ Ɋɨɫɫɢɢ ɜ 
ɨɫɧɨɜɧɨɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɛɟɡ ɪɚɫɫɦɨɬɪɟɧɢɹ ɜɨɩɪɨɫɨɜ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɫɟɥɶɫɤɨ-ɝɨɪɨɞɫɤɢɟ ɬɟɪɪɢɬɨɪɢɢ ɱɚɫɬɨ ɩɨɩɚɞɚɸɬ ɜ ɡɨɧɵ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɪɢɫɤɚ, ɝɞɟ ɧɚɛɥɸɞɚɟɬɫɹ 
ɧɚɪɭɲɟɧɢɟ ɫɚɧɢɬɚɪɧɵɯ ɧɨɪɦ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɢɪɨɞɧɨɣ ɫɪɟɞɵ, ɢɦɟɸɳɢɟ ɜɚɠɧɨɟ 
ɡɧɚɱɟɧɢɟ ɞɥɹ ɡɞɨɪɨɜɶɹ ɢ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɧɚɫɟɥɟɧɢɹ. 

ɇɚɩɪɢɦɟɪ, ɜ 2009 ɝ. ɜ ɝ. Ȼɟɥɝɨɪɨɞɟ ɛɵɥɚ ɜɜɟɞɟɧɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɚɜɬɨɦɚɝɢɫɬɪɚɥɶ «ɋɩɭɬɧɢɤ – 

ɋɭɦɫɤɚɹ – ɑɢɱɟɪɢɧɚ – ɪɨɬɨɧɞɚ». ɐɟɥɶɸ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɚɜɬɨɦɚɝɢɫɬɪɚɥɢ ɛɵɥɨ ɫɧɢɠɟɧɢɟ ɧɚɝɪɭɡɤɢ ɧɚ 
ɰɟɧɬɪɚɥɶɧɭɸ ɭɥɢɰɭ ɝɨɪɨɞɚ – ɩɪɨɫɩɟɤɬ Ȼ. ɏɦɟɥɶɧɢɰɤɨɝɨ, ɭɥɭɱɲɟɧɢɟ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɨɛɫɬɚɧɨɜɤɢ ɢ 
ɫɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɞɨɪɨɠɧɨ-ɬɪɚɧɫɩɨɪɬɧɵɯ ɩɪɨɢɫɲɟɫɬɜɢɣ, ɚ ɬɚɤɠɟ ɨɛɟɫɩɟɱɟɧɢɟ ɜɵɯɨɞɚ ɬɪɚɧɡɢɬɧɨɝɨ 
ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ ɤ ɩɪɢɝɪɚɧɢɱɧɵɦ ɫ ɍɤɪɚɢɧɨɣ ɪɚɣɨɧɚɦ. Ɉɞɧɚɤɨ ɫɟɝɨɞɧɹ ɡɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ 
ɚɜɬɨɦɚɝɢɫɬɪɚɥɢ ɩɪɨɥɟɝɚɟɬ ɱɟɪɟɡ ɪɚɣɨɧɵ ɂɀɋ. ɉɪɢɱɟɦ ɧɚ ɧɟɤɨɬɨɪɵɯ ɭɱɚɫɬɤɚɯ ɪɚɫɫɬɨɹɧɢɟ ɞɨ 
ɝɪɚɧɢɰ ɠɢɥɵɯ ɞɨɦɨɜ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɛɨɥɟɟ 2 ɦ. Ʉɚɪɬɚ ɫ ɭɤɚɡɚɧɢɟɦ ɞɚɧɧɨɣ ɚɜɬɨɦɚɝɢɫɬɪɚɥɢ ɩɨɤɚɡɚɧɚ 

ɧɚ ɪɢɫɭɧɤɟ 2, ɠɟɥɬɵɦɢ ɦɧɨɝɨɭɝɨɥɶɧɢɤɚɦɢ ɜɵɞɟɥɟɧɵ ɭɱɚɫɬɤɢ ɂɀɋ.  

Ɋɢɫ. 2. ɋɯɟɦɚ ɚɜɬɨɦɚɝɢɫɬɪɚɥɢ «ɋɩɭɬɧɢɤ – ɋɭɦɫɤɚɹ – ɑɢɱɟɪɢɧɚ – ɪɨɬɨɧɞɚ» ɝ. Ȼɟɥɝɨɪɨɞ 

Fig 2. Scheme of the motorway "Sputnik – Sumskaya – Chicherina – rotonda" Belgorod 

ȼ 2016 ɝ. ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɥɚɛɨɪɚɬɨɪɢɟɣ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ 
ɫɢɫɬɟɦ ɇɂɍ «ȻɟɥɝȽɍ» ɩɨ ɨɛɪɚɳɟɧɢɸ ɠɢɬɟɥɟɣ ɧɚ ɨɞɧɨɦ ɢɡ ɬɚɤɢɯ ɭɱɚɫɬɤɨɜ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɫɬɨɹɧɢɹ ɪɚɡɥɢɱɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɢɪɨɞɧɨɣ ɫɪɟɞɵ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɩɨɤɚɡɚɥɢ ɩɨɜɵɲɟɧɢɟ ɡɧɚɱɟɧɢɣ ɉȾɄ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ (1,8 ɉȾɄ), ɬɨɥɭɨɥɚ 
(1,42 ɉȾɄ), ɛɟɧɡɨɥɚ (1,43 ɉȾɄ) ɜ ɚɬɦɨɫɮɟɪɧɨɦ ɜɨɡɞɭɯɟ, ɩɨɜɵɲɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɫɜɢɧɰɚ 
(1,56 ɉȾɄ), ɰɢɧɤɚ (1,1 ɉȾɄ) ɢ ɦɟɞɢ (1,06 ɉȾɄ) ɜ ɩɨɱɜɚɯ, ɚ ɬɚɤɠɟ ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɲɭɦɚ 
(72 ɞȻȺ ɩɪɢ ɧɨɪɦɚɬɢɜɟ 55 ɞȻȺ). Ⱦɚɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɧɚ ɞɚɧɧɨɣ ɬɟɪɪɢɬɨɪɢɢ 
ɧɟɠɟɥɚɬɟɥɶɧɨ, ɤɚɤ ɞɥɢɬɟɥɶɧɨɟ ɩɪɨɠɢɜɚɧɢɟ, ɬɚɤ ɢ ɜɟɞɟɧɢɟ ɥɢɱɧɨɝɨ ɩɨɞɫɨɛɧɨɝɨ ɯɨɡɹɣɫɬɜɚ. 
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ɈɋɇɈȼɇȺə ɑȺɋɌɖ 
ȼ ɫɜɹɡɢ ɫ ɜɵɲɟɫɤɚɡɚɧɧɵɦ, ɫɬɚɧɨɜɢɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɚ ɨɛɟɫɩɟɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɢɜɧɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɩɥɚɧɢɪɨɜɚɧɢɟɦ, ɡɚɫɬɪɨɣɤɨɣ ɢ ɪɚɡɜɢɬɢɟɦ ɫɟɥɶɫɤɨ-ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢɬɨɪɢɣ ɫ ɭɱɟɬɨɦ ɢɯ 
ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɱɬɨ ɧɟɨɬɴɟɦɥɟɦɨ ɫɜɹɡɚɧɨ ɫ ɪɚɡɪɚɛɨɬɤɨɣ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟɦ 
ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɢ ɦɨɞɟɥɟɣ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɜ ɞɚɧɧɨɣ ɫɮɟɪɟ, ɦɟɯɚɧɢɡɦɨɜ ɟɝɨ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɞɨɥɠɧɵ ɭɱɢɬɵɜɚɸɬɫɹ ɨɫɨɛɟɧɧɨɫɬɢ ɫɟɥɶɫɤɨ-ɝɨɪɨɞɫɤɢɯ 
ɬɟɪɪɢɬɨɪɢɣ, ɚ ɢɦɟɧɧɨ: 

 ɩɪɟɨɛɥɚɞɚɧɢɟ ɦɚɥɨɷɬɚɠɧɨɣ ɠɢɥɨɣ ɡɚɫɬɪɨɣɤɢ;

 ɚɤɬɢɜɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɡɟɦɟɥɶɧɵɯ ɭɱɚɫɬɤɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɜɟɞɟɧɢɟ ɥɢɱɧɨ ɩɨɞɫɨɛɧɨɝɨ
ɯɨɡɹɣɫɬɜɚ, ɱɬɨ ɨɩɪɟɞɟɥɹɟɬ ɨɫɨɛɨɟ ɡɧɚɱɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɩɨɱɜɟɧɧɨɣ ɫɪɟɞɵ. 

ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɩɪɟɨɛɥɚɞɚɧɢɟ ɦɚɥɨɷɬɚɠɧɨɣ ɡɚɫɬɪɨɣɤɢ ɫɟɥɶɫɤɨ-ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢɬɨɪɢɣ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɫɫɟɢɜɚɧɢɹ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ, ɱɬɨ ɫɧɢɠɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɢɯ 
ɧɚɤɨɩɥɟɧɢɹ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɨɛɪɚɡɨɜɚɧɢɹ ɭɫɬɨɣɱɢɜɵɯ ɡɨɧ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ.  ɋ 
ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɨɬɫɭɬɫɬɜɢɟ ɦɟɯɚɧɢɡɦɨɜ ɷɮɮɟɤɬɢɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɫ ɭɱɟɬɨɦ ɪɚɡɜɢɬɢɹ 
ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɫɢɬɭɚɰɢɢ ɩɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ, ɨɛɪɚɡɨɜɚɧɢɢ, ɡɚɫɬɪɨɣɤɟ ɢ ɪɚɡɜɢɬɢɢ ɩɨɞɨɛɧɵɯ 
ɬɟɪɪɢɬɨɪɢɣ ɩɪɢɜɨɞɢɬ ɤ ɬɚɤɨɣ ɢɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɫɬɪɭɤɬɭɪɟ (ɪɚɫɩɨɥɨɠɟɧɢɸ ɠɢɥɵɯ, 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɢ ɢɧɮɪɚɫɬɪɭɤɬɭɪɧɵɯ ɨɛɴɟɤɬɨɜ), ɩɪɢ ɤɨɬɨɪɨɣ ɜɨɡɧɢɤɚɟɬ ɧɟɩɪɟɪɵɜɧɨɟ ɚɝɪɟɫɫɢɜɧɨɟ 
ɬɟɯɧɨɝɟɧɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɧɚɫɟɥɟɧɢɟ, ɠɢɜɨɬɧɵɣ ɢ ɪɚɫɬɢɬɟɥɶɧɵɣ ɦɢɪ. 

Ɉɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɢɪɨɞɧɨɣ ɫɪɟɞɵ ɫɟɥɶɫɤɨ-ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢɬɨɪɢɣ 
ɹɜɥɹɟɬɫɹ ɩɨɱɜɚ, ɜ ɤɨɬɨɪɨɣ ɫɤɚɩɥɢɜɚɸɬɫɹ ɫɬɨɣɤɢɟ ɯɢɦɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɩɨɫɬɭɩɚɸɳɢɟ ɢɡ 
ɪɚɡɥɢɱɧɵɯ ɢɫɬɨɱɧɢɤɨɜ (ɡɚɝɪɹɡɧɟɧɧɵɟ ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ, ɨɫɚɞɤɢ, ɫɬɨɱɧɵɟ ɜɨɞɵ, ɛɵɬɨɜɵɟ 
ɨɬɯɨɞɵ, ɭɞɨɛɪɟɧɢɹ ɢ ɬ.ɞ.) Ɂɚɝɪɹɡɧɹɸɳɢɟ ɜɟɳɟɫɬɜɚ ɦɨɝɭɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɫɹ ɩɨ ɩɨɱɜɟɧɧɨɦɭ 
ɩɪɨɮɢɥɸ ɢ ɧɚɤɚɩɥɢɜɚɬɶɫɹ ɜ ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɜ ɜɟɪɯɧɢɯ ɝɨɪɢɡɨɧɬɚɯ. Ⱦɚɧɧɵɟ ɩɪɨɰɟɫɫɵ 
ɜɥɢɹɸɬ ɤɚɤ ɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɪɚɳɢɜɚɧɢɹ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɤɭɥɶɬɭɪ, ɬɚɤ ɢ ɧɚ ɡɚɝɪɹɡɧɟɧɢɟ 
ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ ɫɪɟɞ (ɜɨɞɚ, ɜɨɡɞɭɯ), ɡɧɚɱɢɬɟɥɶɧɨ ɜɨɡɞɟɣɫɬɜɭɹ ɧɚ ɡɞɨɪɨɜɶɟ ɢ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɶ 
ɧɚɫɟɥɟɧɢɹ. Ⱦɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɟɪɪɢɬɨɪɢɢ ɨɞɧɢɦ ɢɡ ɩɪɢɨɪɢɬɟɬɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɡɚɝɪɹɡɧɟɧɢɹ 
ɩɨɱɜ ɹɜɥɹɸɬɫɹ ɚɜɬɨɞɨɪɨɝɢ.  

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɨɫɬɨɹɧɢɹ ɩɨɱɜɟɧɧɨɣ ɫɪɟɞɵ 
ɫɟɥɶɫɤɨ-ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢɬɨɪɢɣ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ ɚɜɬɨɞɨɪɨɝ. Ⱥɜɬɨɪɚɦɢ ɩɪɟɞɥɨɠɟɧɚ 
ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɜ ɜɢɞɟ ɢɫɤɭɫɫɬɜɟɧɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ (ɂɇɋ), ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ 
ɩɪɨɜɨɞɢɬɶ ɨɰɟɧɤɭ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɩɨɱɜɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 
ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɯ ɩɨɬɨɤɨɜ, ɢɧɠɟɧɟɪɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢɥɟɝɚɸɳɟɣ ɚɜɬɨɞɨɪɨɝɢ ɢ 
ɪɚɫɫɬɨɹɧɢɸ ɞɨ ɂɀɋ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɧɟɣɪɨɫɟɬɟɜɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢɦɟɧɹɥɫɹ ɚɜɬɨɪɚɦɢ ɪɚɧɟɟ 
ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɪɚɡɥɢɱɧɵɯ ɦɨɞɟɥɟɣ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɫɨɫɬɨɹɧɢɹ ɩɪɢɪɨɞɧɵɯ ɢ 
ɩɪɢɪɨɞɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ [3-5]. 

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɩɨɞɨɛɧɵɯ ɂɇɋ ɬɪɟɛɭɟɬɫɹ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 
 ɨɩɪɟɞɟɥɟɧɢɟ ɜɯɨɞɧɵɯ ɢ ɜɵɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ
 ɫɛɨɪ ɞɚɧɧɵɯ ɞɥɹ ɨɛɭɱɟɧɢɹ;
 ɜɵɛɨɪ ɬɨɩɨɥɨɝɢɢ ɫɟɬɢ;
 ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɩɨɞɛɨɪ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɟɬɢ;
 ɨɰɟɧɤɚ ɚɞɟɤɜɚɬɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɨɞɟɥɢ.
ȼ ɤɚɱɟɫɬɜɟ ɜɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ ɛɵɥɢ ɜɵɛɪɚɧɵ ɩɨɤɚɡɚɬɟɥɢ ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ

ɬɪɚɧɫɩɨɪɬɧɵɣ ɩɨɬɨɤ ɧɚ ɜɵɛɪɚɧɧɨɣ ɚɜɬɨɦɚɝɢɫɬɪɚɥɢ: ɫɪɟɞɧɟɫɭɬɨɱɧɚɹ ɫɤɨɪɨɫɬɶ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɩɨɬɨɤɚ (ɤɦ/ɱ), ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ ɚɜɬɨɞɨɪɨɝɢ (ɞɧɟɣ), ɫɪɟɞɧɟɫɭɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ 
ɬɢɩɨɜ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ (ɥɟɝɤɨɜɵɟ, ɝɪɭɡɨɜɵɟ ɞɨ 5 ɬ., ɝɪɭɡɨɜɵɟ ɛɨɥɟɟ 5 ɬ., ɚɜɬɨɛɭɫɵ, 
ɦɨɬɨɰɢɤɥɵ) (ɲɬ.), ɚ ɬɚɤɠɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɚɜɬɨɞɨɪɨɝɢ ɞɨ ɂɀɋ (ɦ). 

ȼɵɯɨɞɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɦɨɞɟɥɢ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɡɥɢɱɧɵɯ ɡɚɝɪɹɡɧɹɸɳɢɯ 
ɜɟɳɟɫɬɜ (ɦɝ/ɤɝ): ɫɜɢɧɰɚ, ɰɢɧɤɚ, ɯɪɨɦɚ, ɤɚɞɦɢɹ, ɛɟɧɡɚɩɢɪɟɧɚ, ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ. ȼɵɛɨɪ ɞɚɧɧɵɯ 
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ɜɟɳɟɫɬɜ ɨɛɭɫɥɨɜɥɟɧ ɬɟɦ, ɱɬɨ ɢɦɟɧɧɨ ɨɧɢ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɤɚɱɟɫɬɜɚ ɩɨɱɜ ɞɥɹ 
ɬɟɪɪɢɬɨɪɢɣ ɞɚɧɧɨɝɨ ɜɢɞɚ [6]. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɨɛɭɱɚɸɳɢɯ ɞɚɧɧɵɯ ɇɂɅ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ 
ɭɩɪɚɜɥɟɧɢɹ ɫɨɜɦɟɫɬɧɨ ɫ ɰɟɧɬɪɨɦ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɇɂɍ «ȻɟɥȽɍ» ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ 
ɥɚɛɨɪɚɬɨɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɛ ɩɨɱɜ ɨɬɨɛɪɚɧɧɵɯ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɂɀɋ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɡɨɧɟ 
ɞɟɣɫɬɜɢɹ ɪɚɡɥɢɱɧɵɯ ɚɜɬɨɞɨɪɨɝ Ȼɟɥɝɨɪɨɞɫɤɨɣ ɚɝɥɨɦɟɪɚɰɢɣ (ɜɫɟɝɨ 200 ɩɪɨɛ ɜ ɬɪɟɯɤɪɚɬɧɨɦ 
ɩɨɜɬɨɪɟɧɢɢ ɧɚ ɤɚɠɞɨɦ ɭɱɚɫɬɤɟ). Ɋɟɡɭɥɶɬɚɬɵ ɞɚɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɪɚɡɞɟɥɟɧɵ ɧɚ ɨɛɭɱɚɸɳɭɸ 
(ɩɨ 150-ɬɢ ɩɪɨɛɚɦ) ɢ ɩɪɨɜɟɪɨɱɧɭɸ ɜɵɛɨɪɤɢ (ɩɨ 50-ɬɢ ɩɪɨɛɚɦ). 

ɋɥɟɞɭɸɳɢɦ ɷɬɚɩɨɦ ɪɚɡɪɚɛɨɬɤɢ ɦɨɞɟɥɢ ɧɚ ɨɫɧɨɜɟ ɂɇɋ ɹɜɥɹɟɬɫɹ ɜɵɛɨɪ ɬɨɩɨɥɨɝɢɢ ɧɟɣɪɨɧɧɨɣ 
ɫɟɬɢ. Ɍɨɩɨɥɨɝɢɹ ɞɨɥɠɧɚ ɜɵɛɢɪɚɬɶɫɹ ɢɫɯɨɞɹ ɢɡ ɡɚɞɚɱ ɪɟɲɚɟɦɵɯ ɞɚɧɧɨɣ ɦɨɞɟɥɶɸ. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ 
ɩɨɫɬɪɨɟɧɢɟ ɦɨɞɟɥɢ ɫɜɨɞɢɬɶɫɹ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ ɚɩɩɪɨɤɫɢɦɚɰɢɢ, ɞɥɹ ɱɟɝɨ ɜ ɨɫɧɨɜɧɨɦ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɂɇɋ ɫɥɟɞɭɸɳɢɯ ɬɨɩɨɥɨɝɢɣ: ɦɧɨɝɨɫɥɨɣɧɵɣ ɩɟɪɫɟɩɬɪɨɧ ɢ ɫɟɬɢ ɫ ɪɚɞɢɚɥɶɧɨ-

ɛɚɡɢɫɧɨɣ ɮɭɧɤɰɢɟɣ(RBF). [7-10] Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɢɥɭɱɲɟɣ ɬɨɩɨɥɨɝɢɢ ɢ ɫɬɪɭɤɬɭɪɵ ɫɟɬɢ ɛɵɥɢ 
ɩɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɵ ɫ ɞɚɧɧɵɦɢ ɬɨɩɨɥɨɝɢɹɦɢ, ɜ ɤɨɬɨɪɵɯ ɢɡɦɟɧɹɥɨɫɶ ɤɨɥɢɱɟɫɬɜɨ ɫɤɪɵɬɵɯ 
ɫɥɨɟɜ, ɤɨɥɢɱɟɫɬɜɨ ɧɟɣɪɨɧɨɜ ɜ ɫɥɨɹɯ, ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɪɚɡɥɢɱɧɵɟ ɮɭɧɤɰɢɢ ɚɤɬɢɜɚɰɢɢ ɢ ɚɥɝɨɪɢɬɦɵ 
ɨɛɭɱɟɧɢɹ. Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɂɇɋ ɢ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɩɚɤɟɬ ɩɪɢɤɥɚɞɧɵɯ 
ɩɪɨɝɪɚɦɦ ɢ ɮɭɧɤɰɢɣ Neural Network Toolbox ɫɢɫɬɟɦɵ MATLAB, ɩɨɡɜɨɥɹɸɳɢɣ ɪɟɚɥɢɡɨɜɵɜɚɬɶ 
ɂɇɋ ɪɚɡɥɢɱɧɵɯ ɬɨɩɨɥɨɝɢɣ. Ⱦɥɹ ɨɰɟɧɤɢ ɚɞɟɤɜɚɬɧɨɫɬɢ ɩɨɫɬɪɨɟɧɧɵɯ ɦɨɞɟɥɟɣ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ 
ɫɥɟɞɭɸɳɢɟ ɤɪɢɬɟɪɢɢ: mse – cɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɚɹ ɨɲɢɛɤɚ, ɦɢɧɢɦɢɡɢɪɭɟɦɫɹ ɜ ɩɪɨɰɟɫɫɟ ɨɛɭɱɟɧɢɹ; 
R2 – ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ; .ɨɛȺ  ɢ .ɩɪɨɝȺ  – ɫɪɟɞɧɢɟ ɨɲɢɛɤɢ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɧɚ ɨɛɭɱɚɸɳɟɣ ɢ 
ɬɟɫɬɨɜɨɣ ɜɵɛɨɪɤɚɯ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɪɨɱɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɥɚ ɫɟɬɶ 
ɫ ɬɨɩɨɥɨɝɢɟɣ ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɩɟɪɫɟɩɬɪɨɧɚ ɫ 2 ɫɤɪɵɬɵɦɢ ɫɥɨɹɦɢ (10 ɢ 15 ɧɟɣɪɨɧɨɜ ɜ ɤɚɠɞɨɦ ɫɥɨɟ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) ɢ ɫɢɝɦɨɜɢɞɧɵɦɢ ɮɭɧɤɰɢɹɦɢ ɚɤɬɢɜɚɰɢɢ. Ⱦɥɹ ɞɚɧɧɨɣ ɦɨɞɟɥɢ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɚɹ 
ɨɲɢɛɤɚ ɨɛɭɱɟɧɢɹ ɫɨɫɬɚɜɢɥɚ mse = 0,3∙10-5; ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ R2 = 99,73; ɫɪɟɞɧɢɟ ɨɲɢɛɤɢ 
ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɧɚ ɨɛɭɱɚɸɳɟɣ ɢ ɬɟɫɬɨɜɨɣ ɜɵɛɨɪɤɚɯ: .ɨɛȺ =0,98 %, .ɩɪɨɝȺ  = 0,92 %. ɋɬɪɭɤɬɭɪɚ 
ɞɚɧɧɨɣ ɫɟɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3. 

Ɋɢɫ. 3. ɋɬɪɭɤɬɭɪɚ ɩɨɥɭɱɟɧɧɨɝɨ ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɩɟɪɫɟɩɬɪɨɧɚ, ɪɟɚɥɢɡɨɜɚɧɧɚɹ ɜ ɫɢɫɬɟɦɟ MATLAB 

Fig. 3. The structure of the developed multilayer perceptron, implemented in the MATLAB system 

Ⱦɥɹ ɞɟɦɨɧɫɬɪɚɰɢɢ ɪɚɛɨɬɵ ɦɨɞɟɥɢ ɩɪɨɜɟɞɟɧ ɷɤɫɩɟɪɢɦɟɧɬ ɞɥɹ ɨɞɧɨɣ ɢɡ ɢɫɫɥɟɞɭɟɦɵɯ 
ɚɜɬɨɞɨɪɨɝ (ɜɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɞɚɧɧɭɸ ɚɜɬɨɞɨɪɨɝɭ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 1). Ɋɟɡɭɥɶɬɚɬ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2. 

Ɍɚɛɥɢɰɚ 1 

ȼɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

Table 1 

Input parameters used for modeling 

№ ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

1 ɋɪɟɞɧɟɫɭɬɨɱɧɚɹ ɫɤɨɪɨɫɬɶ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɩɨɬɨɤɚ, ɤɦ/ɱ 57 

2 ɉɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ ɚɜɬɨɞɨɪɨɝɢ, ɞɧɟɣ 1460 
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№ ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

3 ɋɪɟɞɧɟɫɭɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɥɟɝɤɨɜɵɯ ɚɜɬɨɦɨɛɢɥɟɣ, ɲɬ. 4480 

4 ɋɪɟɞɧɟɫɭɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɝɪɭɡɨɜɵɯ Ⱥɜɬɨɦɨɛɢɥɟɣ ɞɨ 5 ɬ., ɲɬ. 510 

5 ɋɪɟɞɧɟɫɭɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɝɪɭɡɨɜɵɯ ɚɜɬɨɦɨɛɢɥɟɣ ɛɨɥɟɟ 5 ɬ., ɲɬ. 1860 

6 ɋɪɟɞɧɟɫɭɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɚɜɬɨɛɭɫɨɜ, ɲɬ. 310 

7 ɋɪɟɞɧɟɫɭɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɨɬɨɰɢɤɥɨɜ, ɲɬ. 12 

8 Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɚɜɬɨɞɨɪɨɝɢ, ɦ. 50 

Ɍɚɛɥɢɰɚ 2 

Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

Table 2 

Simulation results 

№ Ɂɚɝɪɹɡɧɹɸɳɟɟ ɜɟɳɟɫɬɜɨ Ʉɨɧɰɟɧɬɪɚɰɢɹ, ɦɝ/ɤɝ 

1 ɋɜɢɧɟɰ 11,5 

2 ɐɢɧɤ 23,3 

3 ɏɪɨɦ 15,1 

4 Ʉɚɞɦɢɣ 1,3 

5 Ȼɟɧɡɚɩɢɪɟɧ 0,01 

6 ɇɟɮɬɟɩɪɨɞɭɤɬɵ 14 

ɁȺɄɅɘɑȿɇɂȿ 
ɇɚ ɨɫɧɨɜɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ ɢ ɜɵɜɨɞɵ: 
 ɜɵɛɪɚɧɵ ɨɫɧɨɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɫɨɫɬɨɹɧɢɹ ɩɨɱɜ ɫɟɥɶɫɤɨ-ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢɬɨɪɢɣ, ɜɥɢɹɸɳɢɟ

ɤɚɤ ɧɚ ɜɵɪɚɳɢɜɚɧɢɟ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɤɭɥɶɬɭɪ, ɬɚɤ ɢ ɧɚ ɡɞɨɪɨɜɶɟ ɩɪɨɠɢɜɚɸɳɟɝɨ ɧɚɫɟɥɟɧɢɹ; 
 ɩɪɨɜɟɞɟɧɵ ɥɚɛɨɪɚɬɨɪɧɵɟ ɚɧɚɥɢɡɵ ɫɨɫɬɨɹɧɢɹ ɩɨɱɜ ɞɜɭɯɫɨɬ ɭɱɚɫɬɤɨɜ ɂɀɋ ɜ ɡɨɧɟ

ɞɟɣɫɬɜɢɹ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ; 
 ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɦɢɬɚɰɢɨɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɨɰɟɧɤɟ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɸ ɫɨɫɬɨɹɧɢɹ

ɩɨɱɜ ɫɟɥɶɫɤɨ-ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢɬɨɪɢɣ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɚ ɢ ɪɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɜ 
ɜɢɞɟ ɂɇɋ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɨɰɟɧɤɭ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɡɚɝɪɹɡɧɹɸɳɢɯ 
ɜɟɳɟɫɬɜ ɜ ɩɨɱɜɚɯ ɫɟɥɶɫɤɨ-ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢɬɨɪɢɣ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ ɚɜɬɨɞɨɪɨɝ. 

Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɩɪɢɧɹɬɢɹ ɪɟɡɭɥɶɬɚɬɢɜɧɵɯ ɭɩɪɚɜɥɟɧɱɟɫɤɢɯ 
ɪɟɲɟɧɢɣ ɜ ɫɮɟɪɟ ɩɥɚɧɢɪɨɜɚɧɢɹ, ɨɛɪɚɡɨɜɚɧɢɹ, ɪɚɡɜɢɬɢɹ ɢ ɡɚɫɬɪɨɣɤɢ ɞɚɧɧɵɯ ɬɟɪɪɢɬɨɪɢɣ. 

ȻɅȺȽɈȾȺɊɇɈɋɌɂ 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

№ 15-48-03163 «ɋɨɡɞɚɧɢɟ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɢ ɩɪɨɬɨɬɢɩɚ ɫɢɫɬɟɦɵ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɝɨ 
ɷɤɨɦɨɧɢɬɨɪɢɧɝɚ, ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɢ ɫɢɬɭɚɰɢɨɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɛɢɨɬɟɯɧɨɫɮɟɪɨɣ ɫɟɥɶɫɤɨ-

ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢɬɨɪɢɣ». 
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