
 

 

 

 

 

Strategic management of agricultural and industrial 

enterprises based on economic and mathematical modeling 
 

Iraida Nikolaevna Romanova1, Julia Alexandrovna Romanova2,3, Olga Ivanovna Zhukova2,  

Natalia Fyodorovna Soldatova2 
1 Smolensk State Agricultural Academy, 214000, Russian Federation, Smolensk, Bolshaya Sovetskaya street, 10/2 

2Financial University under the Government of the Russian Federation, 

125993, Russian Federation, Moscow, Leningradsky prospect, 49 
3 Institute of Market Problems of the Russian Academy of Sciences (IPR RAS),  

117418, Russian Federation, Moscow, Nakhimovsky Ave., 47 

 

 Abstract 

The paper analyzes the problems of strategic 

management of agricultural and industrial 

enterprises on the basis of economic and 

mathematical modeling. The authors build an 

economic and mathematical model of enterprise 

resource management. 
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1 Introduction 
The problem of increasing the efficiency of 

enterprises in the dynamic market economic 

environment is particularly urgent. To achieve 

positive results, it is important to use new approaches 

to the strategic management of enterprises being a 

crucial condition for their development. Therefore, 

domestic enterprises need to develop an effective tool 

for strategic management, which is connected with the 

process of forming an evidence-based economic 

strategy. 

The choice of a strategy for achieving the 

desired goal of an enterprise is the final stage of the 

process of its formation. Development of the effective 

and flexible strategy and its efficient implementation 

is a prerequisite for the successful development of any 

enterprise in tough market conditions. We consider 

the company's strategy is: a sustainable system of 

consistent actions and activities aimed at achieving 

the goal; the way to achieve the goal taking into 

account the tendency of the level change. 

The successful achievement of the desired 

result is facilitated by the successful implementation 

of a strategy that will improve the efficiency of the 

enterprise and its competitiveness. Implementation of 

the strategic plan causes additional costs. Therefore, it 

is relevant to provide economic and mathematical 

modeling of the use of existing production resources, 

which will help minimize the production costs by 

increasing the profit maximization of the enterprise. 

Strategic management of production resources 

is one of the main functions of the overall system of 

strategic production management. It plays a crucial 

role in the management of production processes at all 

levels of the hierarchy of the management system of 

agricultural and industrial enterprises. 

To ensure the function, it is necessary to solve 

a set of tasks of direct use of production resources of 

agricultural and industrial enterprises in the 

production process in order to provide indicators of 

effectiveness of their use (maximizing profits, 

minimizing total costs, maximizing total output, 

minimizing labor costs and resource saving). 

Production processes as the processes of 

transformation (use) of production resources are 

inseparably linked with the problem of using of those 

part of stocks (resources) that due to certain reasons 

(factors) was not used in the previous production 

period, or is not used in the current period and directly 

affects the increase in total costs. So when managing 

the use of productive resources (in particular their 

reserves), there are two common problems: 

- search for immediate ways of using them in 

the current production period in order to improve the 

economic performance of this period; 

- verification of the possibility for preserving a 

certain part of the resources (stocks) for the 

continuation of the production process in the next 

production period with the aim of improving its 

economic performance in comparison with the previous 

period. [1, 2] 

Solving these problems through the use of 

production resource management provides for: an 

analysis of the factors affecting the efficiency of 

resource use; economic-mathematical modeling of the 

tasks of managing the use of production resources; 

creation of information and technical base for practical 

implementation of task models; analysis of the results 

of the implementation of tasks. 
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2 Existing models of resource 

management 
Economic and mathematical modeling of 

production resource management is a subsystem of a 

general system for modeling the management of 

production processes, which in turn represents the 

most economical process of converting resources into 

products. The general principle of its modeling is 

based, as noted by a number of authors [3, 4] on the 

representation of this process as a certain vector 

function 

Y = f (Х), 
which is called the operations function, where 

where Х = {Хі} is the resource cost vector, Y = {Yј} is 

the production volume vector. 

The set of technological conditions 

(technologies) of production is formally described as 

the set of Z pairs of vectors (X, Y). Since the 

manufactured means of production simultaneously act 

as products and resources, all kinds of resources can 

be divided into two subsets: X1 - produced resources 

(they are also products); X2 - non-produced (natural) 

resources, which volumes at each given time are 

limited to X2 ≤ R. 

The general model of industrial planning is 

given in the literature in the form of a vector 

optimization problem: 

Y → max 
given that: 

(Х, Y) є Z 
Х2 ≤ R,  

where the first condition describes the 

restriction of a set of effective technologies; and the 

second condition is limit on the volumes of non-

produced resources of agricultural and industrial 

enterprises.  

The system of production processes modeling, 

and in particular the modeling of management of the 

use of production resources, contains both static 

models in which the resource and technological 

capabilities are considered unchanged during the time 

period under consideration, as well as more complex 

dynamic models that contain static models as their 

constructive elements. Obviously, the above mentioned 

general model is a static model that optimizes the 

production function Y for a selected planning period. 

Some works [5, 6, 7, 8, 9, 10] give particular static 

models of the tasks of interchangeable resources 

optimal use. In particular, for the following tasks: 

- profit maximization at given prices for 

products and resources; 

- minimization of total production costs of 

specified volumes of products; 

- minimization of the total output with limited 

resources; 

- minimization of labor costs for the production 

of given volumes of products. 

These models are industry-wide and use the 

general indicators of production efficiency as a 

criterion of optimization, and therefore characterize 

the efficiency of the use of resources in general. 

In a number of scientific papers, different 

variants of economic and mathematical models of 

strategic planning and production management are 

considered. Particularly, the models for optimization of 

technical and economic planning in the industry, 

models for the development and location of production, 

matrix models of production planning, operational 

planning models, which include restrictions on 

resources of a particular type. The result of 

implementing these models is, as a rule, a vector-plan 

that optimizes the corresponding criterial function. 

The post-optimization analysis of implementation 

results of such models usually reveals the degree of 

use of the corresponding resources included in these 

models and reveals the amount of resource stocks of a 

particular type for the production of an additional 

product or the necessary demand for the types of 

resources for the task result. If the criterion function 

in the model calculates the cost of production or the 

bare cost of production, then the optimal vector-plan 

for the implementation of this task determines the 

optimal use of resource costs. Therefore, the above 

variants of models for planning and managing 

production of agricultural and industrial enterprises 

can be also considered as models of optimal 

employment of resources. 

It should be noted that the practical and 

operational implementation of such models for large 

enterprises causes some difficulties due to the 

matrices dimension of input data. In addition, 

inflation processes in the financial system determine 

the probabilistic nature of the dependence of the 

normative indicators (costs per unit of output, price) 

on time, which leads to the need for constant updating 

of information support for models. And, finally, market 

relations at the present stage put forward the 

requirement of constant changes in both the 

nomenclature and the output, which in turn leads to a 

constant change in the cost of resources, and to some 

extent also determines the probabilistic nature of the 

dependence of economic indicators on the time periods. 

Therefore, the question of introducing new 

concepts and progressive approaches to the system of 

production organization and management arises. 

 

3 Economic and mathematical 

model of production resource 

management of agricultural and 

industrial enterprises 
The research suggests the economic and 

mathematical model of optimization of the use of 

production resources of agricultural and industrial 

enterprises, taking into account the limits on the costs 

of resources in terms of technology options, an 

organization of production and of management: 

 
(1) 

 
(2) 

 

(3) 
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(5) 

 
(6) 

 
(7) 

where j – index of a product type ( ); 

i – index of a resource type ( );  

k – index of a technology type ( );  

n – index of a production management type 

( );  

Р – index of a management organization type 

( );  

XiJ – the output volume of the j-th type of 

products in the n-th version of the production 

organization;  

Pjk – profit from the sale of a unit of the j-th 

type of products produced with the k-th technology;  

aijk – rates of consumption of the i-th type of 

resource per unit of a j-th product with the k-th 

technology;  

Zjk, mjn, Vjp – the costs of all resources per unit 

of the j-th product with each technology version, 

production and management organization version; 

Аi – the limit of the i-th type of resources for 

the production planning period;  

Zk, Mn, Vp – cost limits for each technology 

version, production, and management, respectively. 

Expression (1) is a criterial function that 

represents the profit from the total output of 

agricultural and industrial enterprises and reaches its 

maximum value under the constraint system (2) - (7). 

The system of inequalities (2) denotes a 

restriction on the use of the limit for each type of 

resource. 

The system of inequalities (3), (4) and (5) 

denotes a restriction on the output cost limits in 

technology versions, production, and management 

organization, respectively. 

The system of inequalities (6) denotes a 

restriction in ensuring minimum output volumes of 

certain types of products determined by market 

demand. 

The system of inequalities (7) denotes the 

mathematical content of the inalienability of the 

numerical values of the variable Хјк (output volumes of 

agricultural and industrial enterprises). 

In the above-mentioned model of criterial 

function quality (1), it is possible to apply the total cost 

of resources, which should reach a minimum 

  
under the limits (2) - (7), where Gjk is the cost 

per unit of the j-th type of product using the k-th 

version of the technology. 

The considered economic and mathematical 

model of industrial enterprise resources' use is typical 

for the enterprises of all branches and can be applied 

to creating the strategy of production development. 

In terms of the implementation, this model 

belongs to the class of linear programming tasks (or 

linear integer programming) with a large dimension of 

the matrix of input data. Therefore the successful 

implementation of it requires the use of modern 

software for linear programming (linear integer 

programming). 

The analysis of the functional structure of 

strategic management of the production resource use 

highlights the specifics and features of tasks of the 

strategic management subsystem of the production 

resource use. The implementation of it makes it 

possible to identify factors that have a positive effect 

on the efficiency of resource use, a reduction in their 

unjustified stocks, reducing the total costs for 

production. 

 

4 Conclusion 
Thus, the modern system of strategic 

management has made significant changes in the 

system of strategic planning of enterprises. The most 

important one is the requirement to have reliable 

input data for strategic planning, processed using 

modern mathematical methods and computer 

technologies. 

These data increase the validity of plans and 

forecasts and at the same time allow compiling their 

different versions. 

 

References 
[1] Goremykin V. A. (2004). Strategiya razvitiya 

predpriyatiya: ucheb. posobie [The strategy of 

enterprise development: textbook] Second edition, 

revised. Moscow: Dashko i Ko, pp. 594. 

[2] Paramonov P. F. (2014). Effektivnost 

ispolzovaniya proizvodstvennykh resursov v selskom 

hozyajstve: kollektiv. monografiya [Efficiency of the 

use of productive resources in agriculture: collective 

monograph]. Krasnodar: KubGAU, pp. 244. 

[3] Korobov P.N. (2003). Matematicheskoe 

programmirovanie i modelirovanie ekonomicheskikh 

protsessov [Mathematical Programming and Modeling 

of Economic Processes]. Saint-Petersburg: DNK, pp. 

376. 

[4] Kundius V.A., Mochalova L.A., Kegelev V.A. 

and Sidorov G.S. (2001). Matematicheskie metody v 

ekonomike i modelirovanii socialno- ekonomicheskikh 

protsessov v APK [Mathematical methods in 

economics and modeling of socio-economic processes in 

the agroindustrial complex] Second edition, revised 

and enlarged. Moscow: Kolos, pp. 288. 

[5] Dudov S. I., Vygodchikova I. Yu. and Kuptsov 

S. N. (2014). Matematicheskie metody v ekonomike 

[Mathematical methods in economics]. Saratov: 

Izdatel'skij centr "Nauka", pp. 93. 

[6] Korobov P.N. (2006). Matematicheskoe 

programmirovanie i modelirovanie ekonomicheskikh 

protsessov [Mathematical programming and modeling 

of economic processes]. Moscow: DNK, pp. 376. 

[7] Pochet Y. and Wolsey L.A. (2006). Production 

Planning by Mixed Integer Programming. New-York: 

Business Media, Inc., pp. 499. 

[8] Sekerin V.D., Dudin M.N., Gorokhova A.E., 

Shevchenko D.A. and Kondrashova A.V. (2018). 

International Journal of Pure and Applied Mathematics Special Issue

2595



Economic and mathematical modeling of the impact of 

affiliate marketing activities on the growth of the 

company's business efficiency in the FMCG sector. 

International Journal of Pure and Applied 

Mathematics, 118(18), pp. 3747-3750 

[9] Dudin M.N., et. al. (2017). The role of the 

economic and mathematical modeling in the 

sustainable development of the foreign trade policy of 

modern countries. International Journal of Applied 

Business and Economic Research, 15(8), pp. 43-51 

[10] Hu, Z., Legeza, V.P., Dychka, I.A. and Legeza, 

D.V. (2017). "Mathematical Modeling of the Process of 

Vibration Protection in a System with two-mass 

Damper Pendulum”. International Journal of 

Intelligent Systems and Applications(IJISA), 9(3), 

pp.18-25. 

International Journal of Pure and Applied Mathematics Special Issue

2596



2597



2598


