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Introduction
The global objectives of modeling are the issues of studying the 

nature of systems, the possibilities for their structural development 
and predicting behavior. Development and implementation of methods 
for predicting the dynamics and management of environmental 
safety of the natural-technical system is an urgent scientific task.1-2 
The expediency of the studies is unquestionable, their results enable 
rational planning of the economic development of the region, ensure 
the effective investment of public funds in environmental activities 
and serve as a basis for environmental monitoring.2-3 In the theory 
of modeling the main problems are: the development of universal 
approaches to the construction of models, the accuracy of the 
simulation of the movement of their coordinates, the estimation of 
error values, the adequacy of the results obtained, the identification 
of the systems studied, the synthesis of technical devices and 
hypotheses.1–6 The purpose of the research: forecasting the dynamics 
and management of environmental safety in mountainous areas. 
Objects of research: natural-technical system. 

Methods
The research used generalization and system analysis of experience, 

theoretical research, physical and mathematical modeling, laboratory 
and production experiment, critical understanding of research results 
using methods of mathematical statistics and graphic interpretation of 
the results of ecological and geochemical surveys with analysis of the 
distribution of heavy metals over the area and identification of foci 
chemical pollution of soils by industrial effluents.

Results
Researches of mountainous relief, overgrown with forest have been 

carried out. Conventionally, this relief is displayed as follows, Figure 
1. Having a set of functions, they can be used to depict a mountainous 
relief with a more complex structure of underlying surfaces, thereby 
describing the spread of harmful substances in real conditions. The form 

of the functions y (x) was determined by mathematical experiments 
using the MATCAD17 environment. Studies and experiments were 
conducted to determine the concentration of harmful substances in 
ecosystems with various underlying surfaces. Solutions of equation 
(1) are determined.
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Figure 1 Display of mountain relief covered with forest. 

Studies of the mountain relief, overgrown with forest, were carried 
out. Conditionally, this relief was displayed as follows (Figure 1). 
Having a set of functions
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depict a mountain relief with a more complex structure of underlying 
surfaces, thereby describing the distribution of harmful substances in 
real conditions. The form of the functions y(x) was determined by 
mathematical experiments using the MATCAD17 environment.6–10
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Abstract

Background: Relevance of research. The mathematical model of a singularly perturbed 
system with a heterogeneous morphology of the underlying surface (hilly terrain overgrown 
with shrubs) is considered in the article. The distribution nature of the harmful substances 
in this ecosystem under these infringing factors is determined. Studies using mathematical 
modeling and system analysis are relevant at the present stage of development and 
environmental safety of society. 
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Figure 2 & Figure 3, here
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Figure 2 The display of a hilly relief covered with shrubs. 

Figure 3 Display a hilly relief covered with grass. 

In the course of the studies, the distribution of harmful substances 
in the hilly terrain overgrown with shrubs was determined. To do this, 
initially effective coefficients were found.6–14
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The system for finding Ci (t) 
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To determine the solution of the system (7), we used the program 
EULER , at 8µ =  (Figure 4). 
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During the active experiment, a function was obtained that 
determines the nature of the change in harmful substances in the 
atmosphere with a hilly surface overgrown with shrubs.10–21

Figure 4 Charts of coefficients С1(t), С2(t). 
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Discussion
Mathematical models of the mountain terrain were developed to 

study the environmental safety of the environment. Analyzing the 
complex relief of the mountainous terrain, qualitative and quantitative 
characteristics of environmental indicators were determined. Using 
the information received, it is possible to assess in more detail and 
effectively the ecological situation in mountainous areas. Most of the 
studies were carried out without taking into account the flat terrain, 
therefore, it is necessary to develop a methodology for the analysis 
of environmental indicators for this locality, which goes beyond 
previous studies. Consequently, many issues need to be analyzed 
in the following studies on the environmental safety of different 
territories.18–21 

Research results
A methodology for managing ecosystems in the mountainous 

region has been developed. The possibility of increasing the efficiency 
of ecosystem management in a mountainous region in the conditions 
of a natural and technical system by using the methodology for 
predicting the dynamics and managing environmental safety in 
mountainous areas has been substantiated.

Conclusion
The use of the proposed methodology and the technical means 

developed by the authors using the MATCAD17 environment 
increases the information saturation of environmental monitoring, 
which contributes to the solution of issues related to the effectiveness 
of environmental safety management and a comprehensive assessment 
of the state of the environment. The impact of industrial facilities on 
the surrounding ecosystems of the mining complex.
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