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Abstract: The article analyzes the concept and significance of mathematical 

modeling. Particular importance is given to the trends of recent years, which is 

caused by the sharp development of digital technologies. As an example, a 

mathematical model is presented, which can solve the problem of forecasting the 

development of the municipality. In the framework of the work, a number of 

regression equations of the model are presented, which make it possible to forecast 

the key indicators of the socio-economic development of the municipality. 
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1. Introduction The purpose of this study is to study current trends in the 

development of mathematical modeling in the era of digital technology. In the 

framework of this work, it is necessary to identify the main features of the use of 

digital technologies in mathematical modeling, to give an example of the use of 

mathematical modeling to solve certain problems, in particular, the forecast of the 

socio-economic development of a municipality. 

Nowadays, mathematics has a significant impact on human activity. In this 

case, attention should be paid to the fact that the degree of its development depends 

on various factors, and its role has developed historically. These factors include the 

development of mathematical concepts and the mathematical apparatus, as well as the 

degree of development of digital technologies. Note that in the case when the 

description of mathematical processes and phenomena is more accurate, this will lead 

to the appearance of more complex systems, equations, and inequalities that can be 
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solved using conventional analytical methods, which will affect the application of 

computational algorithms with using computer technology, in particular computers. 

Such a direction as mathematical modeling is quite young, and today it can be 

noted that in connection with the development of digital technologies, the 

development of this scientific direction continues. 

The relevance of this topic is determined by the fact that today there is a 

constant development of computer technology and systems, which requires, in turn, a 

reassessment of previously developed algorithms, the study of the possibility of their 

adaptation with new and improved architectures. 

Various researchers paid attention to these issues in their works, in particular, 

A. Abdykarimov. [1], Volkova L.F. [2], Gareeva G.A. [3], Dreisis, Yu.I. [4], Zvyagin 

L.S. [5], Zmeeva Yu.V. [6], Smetanina A.O. [7], Pavel Prazak [8], Vladimir Bures 

[8], Steven R. Dunbar [9], Michael Alder [10], Pavlov Y [11]. 

However, due attention to the development trends of mathematical modeling in 

the digital age is not analyzed in the works of these authors and other works. All this 

confirms the relevance of the topic. 

2. Results and discussions Scientific methodology and use of appropriate 

methods are the basis for the organization and conducting of scientific research. 

Proceeding from this, to solve the above problems, general scientific research 

methods were used, in particular, such as analysis and synthesis of scientific 

literature, comparison and generalization of research materials from various sources. 

In the framework of this work, mathematical methods for solving problems were 

used, in particular mathematical modeling and regression equations. 

In order to examine certain phenomena, build a mathematical model that 

allows us to give an approximate description of the phenomenon under investigation 

[5]. Note the view of Y.I. Dreisis [4] regarding the stages of mathematical modeling 

based on the development of information technology as shown in figure 1. 
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Fig. 1. Stages of mathematical modeling with the development 

of information technology 

 

In the framework of the topic under discussion, the presentation of the scheme 

of the mathematical model itself, which takes place in the digital technologies epoch, 

will be equally important. 

 

 

Fig. 2. Scheme of the mathematical model 
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As noted by G.A. Gareeva [3], the mathematical modeling method has become 

one of the most popular methods. We note the fact that the magnitude of the scale of 

development of modern society, the rate of updating and complication, leads to the 

fact that there is an urgent need for processing large amounts of information that are 

constantly increasing. It became the prerequisite for the development of computers, 

which was also associated, on the one hand, with the development of the electronics 

industry, as well as with the growing needs of physicists, mathematicians, and other 

specialists in the automation of calculations. This led to the fact that for a sufficiently 

long period of time computers were used only as a tool for scientific mathematical 

calculations, A.T. Abdykarimova noted that the processing of large amounts of 

information is characteristic in the process of its production activities for most 

organizations and businesses. This is one of the main reasons for the continuous 

development of digital technologies, which facilitates and accelerates the process of 

mathematical modeling [1]. 

Thus, we note that the continuous development of digital technology makes it 

possible each time to speed up the process of mathematical modeling, which in turn 

has a positive effect on the process of decision-making. 

All of the above allows us to note that today, with the help of information 

technologies and the theory of mathematical modeling, it is possible to solve 

administrative, medical, economic and other problems of varying complexity. In the 

era of digital development, mathematical modeling has particular importance in 

predicting the socio-economic development of the municipality. 

Accordingly, it is necessary to solve the above problems which contributed the 

development of mathematical models, as well as the creation of algorithms for 

solving them. 

Note that the development of digital technologies has provided great 

opportunities for more information processing in various areas of society, which we 

will consider in more detail below. 

 Information technology and theory of mathematical modeling in education. 

In this case, the given possibilities are limitless, with their help, fundamental changes 

can occur in the curriculum and teaching aids. 
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 Using  IT and mathematical modeling in medical practice. This is one of 

the most obvious examples of the application of mathematical modeling with the 

advent of computer technology and software is indispensable for solving complex 

modern medical research. Such studies include computed tomography, 

ultrasonography, studies using isotopes. The data that medical workers obtain from 

these studies are quite massive and without the use of IT and the theory of 

mathematical modeling, an ordinary person can not perceive them and even more so 

process it. 

 Automation of production processes. Today, the development of digital 

technologies is also quite important for managers of various ranks, since the most 

common problem that they have always encountered is the problem of making 

managerial decisions, using mathematical modeling and availability of the necessary 

equipment can significantly speed up and facilitate this process. 

 Experiment management. Using of information technology and 

mathematical modeling in this case is undeniable, since during the experiment, a 

situation is recreated that naturally observed either difficult or not possible. Methods 

of mathematical modeling using computer technology are used in this case in order to 

simulate such situations. 

 Application of game theory, note that the mathematical model of a real 

conflict situation is characterized by an analysis based on specific rules of a game. 

 Mathematical modeling has particular importance in solving problems in 

the economy, in particular forecasting socio-economic development. the forecasting 

process in the municipality with the advent of digital technologies has become more 

efficient and making government decisions takes time less  than before. 

We directly introduce a mathematical model that allows us to solve a problem 

as effective forecasting of the socio-economic development of municipality, therefore 

the economic and mathematical modeling of the process represents aspecific system. 
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Fig. 3. System for the development of economic 

and mathematical model of municipal formation 

 

The development trend of the environment the macroeconomic situation are 

considered in the modeling due to the high degree of open municipal systems. To 

develope a mathematical model, it is necessary to take into account some indicators 

such as the consumer price index and the growth rate of the gross regional product, in 

which the municipality is located, the standard of living in neighboring municipalities 

and the whole region , parameters of budgetary  tax system etc. e basis of the 

mathematical model is the development of a set of balance and regression equations 

that ensure a logical relationship of parameters, that allows to predict socio-economic 

development. Noted that with the help of the developed model tools, it becomes 

possible to justify the main parameters related to the socio-economic development of 

the municipality and will allow further assessment of the consequences after the 

implementation of measures, as well as to establish the influence of environmental 

factors. 
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Note that the basis of the mathematical model will be the regression equation: 

                                          (1) 

where X – factorial indicator 

Yx – effective indicator 

a0 – free parameter of the equation that characterizes the level of the productive 

attribute (X=0) 

ai – regression coefficient. It shows how much the effective trait will change if 

the factor increases by one. 

We presented the main indicators that must be used in constructing a 

mathematical model that can effectively predict the socio-economic development of 

the municipality as shown in figure 4, It list of indicators that allow us to analyze the 

development of the city in such blocks as: the social sphere, the city’s economy, and 

municipal finance. When the logical model of the municipality is formed, it is 

necessary to move on mathematical formalization.  Based on this, the most suitable is 

the use of economic. 

 

 

Fig. 4. Indicators for mathematical modeling 

in predicting socio-economic development 
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In this case, the main task of the software will be to assess the quality of the 

equations that will be obtained, and the integration of individual equations into a 

single computational scheme. Linear models will be most preferred. 

Next, we present as an example of mathematical model that allows us to 

predict the formation of cash incomes of the population, which include incomes from 

wages, property, social transfers, entrepreneurial activity and other incomes. 

Each of the selected sources are calculated strictly by a formula model which 

depending on certain factors. 

Suppose that ( ) wages parameters, were obtained the following regression 

equation model: 

                                     (2) 

where – the average of employees of enterprises and organizations;  

 – average monthly salary 

In favor of the quality of the model indicate values of Fisher's statistics F= 

23,45, t(a) = 3,08 , t(b)=4,84 with variable ,  coefficient of determination R2 = 

0,82. 

For the property income parameter ( ) the following regression model was 

obtained: 

 

                                               (3) 

In favor of the quality of the model indicate values of Fisher's statistics F= 

48,64, t(a) = 5,68  t(b)=2,21 with variable , coefficient of determination R2 = 

0,75. 

The next parameter which it is necessary to present the regression equation of 

the social transfers model: 

                                (4) 

where – the number of pensioners;  

– the average size of accrued pension. 

 

In favor of the quality of the model indicate values of Fisher's statistics F= 

991,48, t(a) = 2,01  t(b)=31,49 with variable ,  coefficient of determination R2 = 

0,99. 

An important parameter is an indicator as income from business activities, this 

indicator will be in the following form: 
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                                       (5) 

where  – retail trade turnover. 

In favor of the quality of this model indicate values of Fisher's statistics F= 

35,71, t (a) = 17,33  t(b)=1,88 with variable ,  coefficient of determination R2 = 

0,76. 

The regression equation model (5), which will be specified by us in the 

framework of an equation for such a parameter as the incomes of the population (Y): 

                  (6) 

The quality of this model is confirmed by the values of Fisher statistics F= 

541,17, t (a) = 2,18 and  t(b)=23,26 with variable ,  coefficient of determination R2 

= 0,99. 

Based on the fact that the parameters of the economic system are probabilistic, 

unstable, and there is also the possibility of various risks, when forecasting socio-

economic development, it is imperative to carry out the calculation based on the 

possible three scenarios: conservative, basic and target. 

The parameters of the socio-economic development of the municipality are 

external parameters. The dynamics of investment in fixed assets, the growth rate of 

wages and the budget policy of the municipality are internal factors.  

Based on this forecast, it is assumed that the economy will focus on an 

investment development model while maintaining external conditions at the level of 

the base case, therefore, the presented mathematical model and the forecast that will 

be obtained as a result of its decision is one of the most effective tools that supports 

managerial decision-making, but do not forget that the use of the model should be 

used directly by the person who will interpret the decisions made. 

3. Conclusions. 

Mathematical modeling, which was previously used in most engineering fields, 

has changed significantly over the past decades. The main reason for this is the 

development of digital technology. Therefore, mathematical modeling is currently 

used in areas such as economics, education, medicine, etc., within the framework of 

the work, a mathematical model is presented that allows solving such a problem as 

effective forecasting of the socio-economic development of a municipality. 

For сonstruction a mathematical model used regression equations, the solution 

of which with the help of software allowed to make the right managerial decisions 
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regarding the forecast for the development of the municipality according to three 

scenarios: conservative, basic and target. 
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