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 Abstract 

The work analyzes the possibilities of economic and 

mathematical modeling of the production resource 

management in the region. The economic and 

mathematical model of production resource 

management is presented in the article. 
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1 Introduction 
Currently, the main direction of the 

development of economic and mathematical models is 

to improve the principles of building systems for the 

optimal development of social production at both the 

national and regional levels, and managing these 

processes. When building models of social production 

the technological connections and financial flows are 

used as initial data, and the methods and structure of 

their management are considered to be required and 

must be improved in accordance with the introduction 

of economic and mathematical methods based on 

modern information and analytical technologies [1]. 

In this particular area, the main purpose of 

modeling economic systems at the level of social 

formation development reveals in satisfying the 

material needs of the society. Therefore, the system of 

models should rely, first of all, on a system of 

indicators characterizing the amount of resource 

produced and spent [2]. 

 

2 Modeling the regional 

production resource management  
There are various ways of realizing production, 

characterized by certain standards of costs and the 

release of resources (raw materials and products) per 

unit of time. Each of the methods is also characterized 

by the use of capacity and labor costs – time spent 

working for one or more types of equipment and 

workers of one or more types of qualifications. To 

simplify the calculations, this type of model introduces 

the principle of abstracting from the impact of costs of 

resources such as soil and other natural resources. 

Although in most cases they can also be considered [3]. 

The next condition is that some resources are 

considered external with respect to the object of 

modeling (input or output), and others - internal (the 

use of which in other production complexes is 

impossible or inadvisable). If we take into account the 

factor that the model of regional production 

development is comparable to a sufficiently long period 

of its functioning, then the use of resources and the 

mismatch between costs and output (the duration of 

the production cycle) are factors that can be neglected. 

Under such conditions, the model can be formalized in 

general terms as follows: 

 

(1) 

where x = (x1,… xn) is the intensity vector of 

production methods; 

a = (aij) - the output matrix (or costs, if the 

corresponding element is negative) of external 

resources per unit intensity of different production 

methods; 

b = (bij) - the matrix of output (and costs) of 

intermediate products; 

c = (cij) - the matrix of the operating time of 

various types of equipment and labor costs of workers 

in the given production complex (various 

qualifications); 

m = (m1,… mn) - labor resources and 

equipment operating time. In general, we will refer to 

the third group (b) of restrictions (1) as limitations on 

production capacities; 
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y = (y1,… yn) - is the vector of the total output 

and costs (depending on the sign of the corresponding 

component y) of the external resources. 

In this case, the values of a, b, c, m are 

assumed to be given and not depending on the 

intensities x (required) and final output and costs y. 

The existence of a sign of the inequality between 

vectors is confirmed only by the componentwise 

inequality of the indicated expressions (1). 

Thus, the model for managing the use of 

productive resources in the aggregate form of a 

regional level contains three groups of restrictions: 

1) in terms of capacity; 

2) with regard to balances of intermediate 

products (semi-finished products); 

3) the level of dependence of input and output 

products on the intensity of production methods. 

At the same time, restrictions on capacity, the 

matrix of labor costs and the time of use of capacities, 

costs, and release of resources and products are 

considered to be given and not dependent on the 

intensity of costs and the release of external (required) 

resources. These limitations are called technological 

limitations or an admissible set. They can not be 

changed during a short period of regulation of the 

corresponding level of production. The criterion of 

optimality is a certain function of the input and 

output, which depends in general on the state of all 

the subsystems associated with the given one. 

The general approach is based on the fact that 

solving a problem for an optimum, one or another 

approximation of this function is adopted, which is 

then refined in the iteration process [4]. Usually, such 

approaches to its approximation turn out to be 

sufficient. Some external resources are considered to 

be constrained (the term "limited" is used). For them, 

restrictions (in the form of limits on the use of natural 

resources or minimum tasks for the production) are 

mentioned (and then specified). For external 

("unlimited") resources the estimates (prices) that are 

used to construct a linear criterion (profit 

maximization) are mentioned (and then specified). The 

unlimited resources are those resources, the supply or 

demand of which can vary significantly with relatively 

small price changes (elastic demand), limited 

resources are resources with inelastic demand 

(supply). It is convenient to consider the setting of 

limits on the use and tasks for the output of external 

resources (with their subsequent refinement in the 

iterative process of successive improvement in the 

development of regional production) as the formation 

of the criterion elements. These restrictions are 

conditional and not determined by the internal 

conditions of the economic system, which is modeled. 

To detect and use this property, it is enough to weaken 

the rigidity of these restrictions, allowing a certain 

violation, while simultaneously establishing 

significant penalties for such a violation. Another 

scheme for approximating the criterion for unlimited 

resources is to introduce the proportions of output (the 

criterion for maximizing output). When the criterion is 

approximated, combinations of these approaches are 

possible. At the same time, as modern research shows, 

it is inappropriate to limit the optimality criterion to a 

single form (for example, linear - to maximize profits) 

when constructing computational models. The type of 

optimality criterion, as well as other elements of the 

model, should be chosen considering the requirement 

of ensuring the greatest autonomy of the model, which 

depends on the stability of its output data. 

The formalized form of the general model of 

the system, namely, the model of a higher level of the 

hierarchy, taking into account the limitations of the 

models of the lowest level of the hierarchy in general, 

can be implemented by the method of uniting models 
[5]. In general, the model can be represented as a set of 

indicators and constraints on capacities and balances 

of intermediate resources, entering at least one model 

of the subsystem. Part of the product resources are the 

inputs and outputs of the subsystems, which become 

intermediate resources in the system, so that balances 

on these resources make additional constraints in the 

system model in comparison with the constraints in 

the subsystem models. The form of the optimality 

criteria in the models of subsystems is determined in 

accordance with the principle of ensuring their 

greatest autonomy according to the algorithm for 

calculating the model of the entire system and is 

corrected in the process of solving it. The operation of 

combining models makes it possible to move from 

lower-level models of hierarchy to higher ones and 

finally to construct a general model for managing the 

use of productive resources, whose external resources 

are only items of accumulating non-productive 

consumption, export and import and the benefits (the 

final product). 

This scheme is more suitable for solving 

problems of situational regulation of regional 

production resources use in certain time periods 

(quarterly, annually). When moving to a shorter period 

of operational management of production resources, 

such scheme requires certain adjustments. 

Therefore, the main approach to solving 

operational management problems is to develop 

models with stochastic factors [6]. 

  

3 Economic and mathematical 

model of management of 

production resources in the region 
One of the directions of modern economic 

research is the problem of long-term regulation of the 

rational level of production and formalization of their 

respective models associated with investment 

processes. In practice, it is considered that each 

investment option (for example, the construction of 

new enterprises or the reconstruction of old ones) let 

us know the costs of various resources for individual 

work and their distribution in time after construction 

commences (or even from the moment the project 

starts), as well as the timing and the commissioning of 

individual components (for example, workshops, 

processing lines, etc.) and their withdrawal to design 

capacity. If a list of enterprises for the construction 

and the dates for the start of construction have been 

determined, limitations on the production capabilities 

and the necessary costs have also been determined, 

which can be used as constraints for constructing the 

appropriate model type for a specific region for the 
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entire construction period (year or quarter of the 

period under consideration). After the development of 

the optimality criterion as a corresponding function of 

consumption, the problem solution is reduced to 

developing the dynamic problem of forecasting 

production, consisting of models of the appropriate 

type for each period, linked by a common criterion of 

optimality and balance constraints, taking into 

account the balances that pass from period to period. 

However, the solution of such a problem does 

not give the grounds for regulating the rational level of 

production, because the choice of the optimal options 

for investment and the timing of their implementation 

(the timing of the beginning of construction) has not 

been carried out. To include in the optimization the 

investment options choice and the timing of their 

implementation, it is necessary to schematically 

describe the general model. We will assume that the j-

th version of the investment is characterized by the 

moment φj of the beginning of the implementation and 

the time vector mj(ω), which is defined by the vector 

function, characterizing the power gain in time, which 

is counted from the moment of the beginning of the 

implemented version. For ω <0, it is assumed that 

mj(ω) = 0. In this case, the constraint vector for 

production capacities at time t can be written as 

 
(2) 

where λj is a value that takes on a value 1 if 

the variant is accepted for implementation, and 0 if 

not.  

To simplify the calculations, we assume that 

the matrices a, b, c are time independent. In general, 

the data of the matrix can be considered as dependent 

on time, and on the beginning φj of the investment 

project or on the appropriate reconstruction of the 

existing production facilities. If necessary, the model 

can be formalized more widely by introducing such 

restrictions. We denote by νj(ω) the project cost vector 

in the period (year) ω after the moment φj (for ω <0, 

where νj(ω) = 0). Then the total costs for the creation of 

production capacities in the t-th year will be 

 

(3) 

According to the accepted standards, the costs, 

in this case, should include not only the expenses for 

the formation of fixed capital but also the relevant 

working capital. The same principle applies to all 

current fixed costs. They need to be included in the 

vector νj(t - φj), along with investment in the creation 

of production capacities. Obviously, this approach 

should take into account the possibility of liquidation 

of existing enterprises due to bankruptcy or other 

unforeseen development options. 

A model of type (1) relative to the entire 

regional level economic complex in year t can be 

represented by the set of the following equations: 

 

(4) 

where  is the increase in the 

reserves of intermediate and final (external) resources 

for the period (t, t+1), i.e. 

where isare 

the balances at the beginning of the period (t,t +1). 

The costs and output of external resources - the vector 

y(t) - are represented in three parts: the vector v(t) - 

the necessary investment costs for the purpose of 

increasing production capacity, the vector zk(t) and the 

resource vector Λ(t) , external to the entire production 

system (all non-productive consumption and foreign 

trade balance). To simplify the description, we shall 

assume that the system is closed, and accept the 

condition of absence of foreign trade. Then Λ(t) will 

coincide with the resource vector for non-production 

consumption. We assume that the components of the 

vectors νj(ω) do not include labor and natural 

resources. Denote the change in the demand for labor 

resources (of various categories) for the j-th variant 

(object) of investment through the vector lj(ω). Then 

the total demand for labor resources in the t-th year 

will be expressed by the vector 

 
(5) 

where l(0) is the number of labor resources 

(vector) occupied at time 0. If the total number of 

workers in different categories (by different regions) is 

expressed by the vector L(t), then labor resource 

constraints can be represented in the form 

l(t) ≤ L(t)    (6) 

In a similar way, restrictions on land and other 

resources can be considered. 

A model that consists of the constraints (4 - 6) 

for the periods t = 0,1,...,T with the unknown variables 

λj, φj, x(t), Z(t), Λ(t), supplemented by the optimality 

criterion as a functional from the vectors Λ(t), t = 0,1, 

..., T, can theoretically be constructed for any large 

value of T. 

Taking into account that the information field 

of the distant future on the development of any 

system, including the economic one, can be quite 

unpredictable, long-term calculations of the far periods 

in practice cannot influence the decisions taken at the 

moment, with the exception of certain alternatives 

that have no essential significance for the forecast 

periods [7]. To reflect this fact, the development model 

should have the following property: if T is sufficiently 

large, then its further increase practically does not 

affect the development indices and estimates, which 

related to the first periods, for example, for t ≤ T0, 

where T0 is a constant value. 
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4 Conclusion  
Thus, the model described above, built for a 

long period of T, can serve as a schematic diagram for 

calculating the optimal plan. Such model will make it 

possible to obtain an accurate approximation to the 

optimal values of indicators related to the nearest 

years. This is sufficient because calculations for such 

model should repeat regularly to clarify the solutions 

identified earlier, considering new information 

(situational prediction).
 

The model considered gives a real basis for 

predicting the economic situation of the regional 

development, connecting their development with the 

development of the entire national economic complex. 

The presence of the developed and tested powerful 

information, analytical, mathematical software 

provides an opportunity to carry out modeling and 

preliminary calculations of economic growth of 

regions, as well as to master the prediction of target 

situations of development of our society. 
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