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Abstract. The paper presents the relevance of developing new methodological approaches for 

application of duality theory for more in-depth analysis of linear production planning problems. The 

theory of duality allows to find solutions to a dual problem in several ways, one of which is based on 

the construction of an inverse matrix. This matrix is obtained either from a simplex table involving 

the optimal plan or by algebraic methods from a matrix constructed on the basic vectors 

(corresponding variables are included in the basic of the optimal solution). In practice, finding an 

optimal solution to a linear programming problem by the iterative simplex method is a cumbersome 

process, the application of duality theory is possible only for problems in a small number of variables 

and constraints. In this paper we propose an algorithm that avoids routine calculations and finds an 

inverse matrix for further study of the production planning process. The algorithm is based on the 

reports of solving a linear programming problem built in MS Excel using the "Solver" add-in and the 

properties of the simplex method for solving linear programming problems. Studies have shown that 

this algorithm allows us to analyze the optimal production plan for linear problems in a large number 

of products, given production and demand constraints. The presented algorithm has a number of 

drawbacks, which in general do not significantly affect the process of finding the inverse matrix. 

Scientific research has shown that it is possible to further develop such methodological approaches 

to getting more complete information about the optimal solution of problems by the simplex method. 
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Introduction. Linear programming methods allow to obtain not only optimal values of 

variables. Any business entity is primarily interested in studying dynamic changes in economic 

systems, which may affect the development and functioning of companies. Changes in the conditions 

under which the model was built lead to a loss of its relevance. Сompanies face and overcome a 

constant set of challenges such as: changes in resource inventory, introduction of new technologies 

or equipment replacement, changes of pricing policy, a new product launch and/or termination of 

unprofitable type of products, etc. In these situations the optimal production plan will become either 

suboptimal or not applicable at all in a new environment. To study the impact of such economic 

situations on the optimal plan, experts use such mathematical tool as the theory of duality. It makes 

possible to determine the status of resources and the stability intervals of dual variables due to changes 

in scarce resources or the replacement of one scarce resource to another. The dual variables provide 

the opportunity to measure product profitability. Also, during mathematical modeling and sensitivity 

analysis, it will possible to identify changes in the parameters of the original model on the previously 

obtained optimal feasible solution in linear programming problem. 

The development of new algorithms for solving the optimization problems based on the 

duality theory is considered in the paper (Auslender & Teboulle, 2003). The authors (Daskalakis, 

mailto:lenlysstar@gmail.com


88 
Selected Papers of the V International Conference on  

European Dimensions of Sustainable Development, Kyiv 2023 
 

Deckelbaum & Tzamos, 2015) apply a duality-based framework for revenue maximization in a 

multiple-good monopoly. Elements of duality theory in game theory are used by the authors (Bagan, 

Calsamiglia, Bergou, & Phys, 2018).  

In the paper (Gozlan, Roberto, Paul-Marie & Tetali,, 2017) the researchers prove a 

Kantorovich type duality theorem to minimize the overall transport costs. Khrushch L. (2018) 

provided economic and ecological production functions investigating the appropriate dual problems 

explicity to the deduced one-criterion problems. The group of researchers (Chernova, Titov, Chernov, 

Kolesnikova, Chernova & Gogunskii, 2019) focused attention on the generalization of the operations 

of conversion of the primal problem to the dual problem. In the paper (Vybrani pytannia 

kompiuternoho modeliuvannia protsesiv i yavyshch, 2022) the authors consider the application of 

mathematical modeling in different fields of science, social and economic relationship and the use of 

computer mathematics and digital applications to solve practice-oriented problems. 

In the paper (Moroz, Zahorianskyi, Haikova & Kuziev, 2022) the researchers formulated a 

defect algorithm for a special transportation problem applying optimality conditions from the theory 

of duality in linear programming. In the paper (Kuzmychov, Chernetska & Shestakov, 2022) the 

researchers investigate two tools of sensitivity analysis for the solution of a transportation problem, 

determining the advantages of the SolverTable in comparison with the Solver add-in in MS Excel. 

The scientists Blaga N. and Priyamak I. (2019) noted the application of the dual simplex 

method and elements of the duality theory to select an effective strategy for the development of an 

enterprise. Yushchenko N. (2021) conducts a study of the network to solve linear problems of 

minimizing the total cost of the project and applies elements of the duality theory to define dual 

variables as flows in a network with limited bandwidth.  

Researchers (Martynova & Shevchenko, 2022). prove that any matrix game can be 

transformed to the dual linear programming problems, which allows to obtain an optimal solution to 

a direct problem for one player, and the solution of the dual problem will be the optimal strategy for 

the second player.  

Stepanova (2019) uses elements of the duality theory to identify bottlenecks in the combined 

production flows of metallurgical production. The authors (Aloshyn, Panchenko & Prykhodko, 2021) 

show that the principle of duality can be used to reduce the time of analysis and calculation of an 

information-measuring system. The researchers (Zhurbenko & Chumakov, 2021) use the dual 

simplex method to solve a problem related to planning the modernization of the transport system. 

Thus, having studied the papers of domestic and foreign scholars, we determine the relevance 

of further development of new algorithms based on the duality theory in order to use them for a deeper 

analysis of economic models. Simplex method is suitable for solving linear programming problem. 

It is possible to obtain the optimal solution using tabular form. However, in practice, specialists must 

take into account more than a dozen different types of products. Usually, the solving of a linear 

programming problem is carried out according to the following scheme (Fig. 1). The implementation 

of the algorithm shown in Fig. 1, even using formulas in  MS Excel, is quite cumbersome, since the 

algorithm is iterative in nature and requires a large amount of calculations and computations. This 

paper proposes an algorithm developed by the authors that avoids the drawbacks of solving a linear 

programming problem by the simplex method, but provides an opportunity to conduct an economic 

and mathematical analysis of the impact of objectively determined estimates on the optimal plan using 

only the built-in "Solver" in MS Excel.  
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Fig. 1 Flow Chart of Simplex Algorithm 

Source: (Sharma, 2017, p. 113) 
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The capabilities of the built-in functions of MS Excel spreadsheet application allow to conduct 

only an initial analysis of optimization problems and their results. Application of the duality theory 

with the capabilities of MS Excel allows to conduct an analysis that determines the impact of all 

hidden factors on the economic process under study, and as a result, to identify its negative aspects 

and develop ways to solve them. 

Materials and Methods. Each linear programming problem can be compared to some other 

linear programming problem, called a dual. A dual problem is composed in accordance with the 

following rules: 

- if the primal problem is a maximization problem, the dual to it is a minimization problem; 

- the number of variables of the primal problem is equal to the number of constraint solutions 

of systems of inequities; 

- the constraint system of the maximization problem has all inequalities of the type «  », 

the minimization problem has inequalities of the type «  »; 

- matrix of the coefficients with unknowns in an inequality of both problems are transposed 

(the rows of one matrix correspond to the other columns);  

- inequalities of primal problem are equal to the coefficients of the objective function of 

other problem. With a pair of symmetric dual problems, we have n + m related pairs of conditions. 

If the constraint system of a problem contains an equality (one or more), then the dual problem 

to it also exists and is solved according to the same rules with one difference (Ladohubets & 

Finohenov, 2019). 

In the duality theory, there are several ways to obtain solutions to a dual problem if there is a 

solution to a primal problem, one of them is: the vector of the optimal solution of the dual problem 

(Y*) is calculated due to the duality relation using first theorem as follows (Vitlinskyi, Tereshchenko. 

& Savina, 2016, р. 73): 

𝑌 ∗ =  𝐶𝑏̅𝐷−1,                               (1) 

 

where 𝐶𝑏̅ – a row vector, which consists of the coefficients of the objective function of the 

primal problem with the variables that are basic in the optimal solution; 

𝐷−1 – matrix inversed to matrix D, consists of the basis vectors of the optimal solution, the 

components of which are taken from the initial plan of the problem. 

This inverse matrix 𝐷−1 allows us to analyze the impact of changes in resources on 

production. In other words, an economist does not need to implement a rather cumbersome iterative 

process of the simplex method in order to find a simplex table, containing an optimal solution of a 

linear production planning problem with a large amount of initial data and given resource constraints. 

In Fig. 2 shows a block scheme of the algorithm for obtaining the inverse matrix, which eliminates 

the cumbersome process of solving a linear programming problem by the simplex method. According 

to the flowchart above (Fig. 2), the researcher must perform the following steps: 

1. Find the solution of a linear model in MS Excel using the Solver add-in and generate 

Answer report and Sensitivity report. 

2. Identify the unprofitable types of products, in the optimal solution such types of products 

have zero values (Answer report). Identify inequalities in the model as a separate type of constraints 

on the admissibility of the solution for the unprofitable products and take them into account when 

building the canonical form.  

3. Represent the canonical form of the linear programming problem. 
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Fig. 2 Block scheme of the algorithm for finding the inverse matrix 

Source: created by the authors 
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5. Determine the basic variables of the simplex table that include the optimal plan (the order 

doesn't matter if the model is linear): 

5.1. Identify additional variables that correspond to scarce resources, unprofitable products in 

the constraints with artificial variables. Identify additional variables that correspond to the types of 

products that are produced at the upper bound on demand (the most profitable products for the 

enterprise). The identified variables will not be the basic in the simplex table containing the optimal 

solution and will be equal to zero. 

5.2. The artificial variables are replaced by the corresponding basic variables of the problem 

that have non-zero values in the equations of the canonical form. 

5.3. Identify additional variables that correspond to non-scarce resources and types of products 

whose production does not equal the upper bound on demands. The variables will remain basic. 

5.4. The basic will also include the basic variables of the problem that have non-zero values 

and are not defined in the previous stages of the algorithm. 

6. Write the matrix D of the column vectors from the initial simplex table in accordance with 

the system of basic variables. 

7. Find the inverse matrix 𝐷−1. 

8. Check if an inverse matrix is correct by calculating the system of objectively determined 

estimates using formula (1) and comparing it with the shadow prices in the Sensitivity report. 

9. Analyze the impact of objectively determined estimates on the value of objective function 

and the impact of simultaneous changes in multiple constraints. 

The proposed algorithm can be applied only to non-degenerate dual linear programming 

problems that have a nonempty set of feasible solutions. 

Results and Discussion. Authors implement the proposed algorithm to the different types of 

production planning regarding resource limitation and existing demand. 

Suppose it is required to make a production plan of four types of products (P1, P2, P3, P4) 

regarding the existence of three types of raw materials (RM1, RM2, RM3) in order to maximize the 

product revenue (Table 1). 

Table 1 

Data for a linear production planning problem 

Types of resources 
Raw materials usage per unit  Raw materials 

inventory, 

conventional units P1 P2 P3 P4 

RM1 2 3 4 3 220 

RM2 3 2 2 2 250 

RM3 4 3 1 2 270 

Product revenue, monetary units 17 16 15 12  

Source: created by the authors 

 

Suppose that there is 11 units per pre-order for the fourth type of product. Construct the 

economic-mathematical model of this problem. 

Firstly, introduce the notation:  

xi - the amount of products of the i-type, i = 1,2,3,4.  

Then the objective function that expresses the maximization of revenue will be as follows: 

Z = 17х1 + 16х2 + 15х3 + 12х4 → max 



93 
Selected Papers of the V International Conference on  

European Dimensions of Sustainable Development, Kyiv 2023 
 

Subject to the constraints: 

{

2𝑥1 + 3𝑥2 + 4𝑥3 + 3𝑥4 ≤ 220 − 𝑟𝑎𝑤 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑅𝑀1

3𝑥1 + 2𝑥2 + 2𝑥3 + 2𝑥4 ≤ 250 −  𝑟𝑎𝑤 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑅𝑀2

4𝑥1 + 3𝑥2 + 𝑥3 + 2𝑥4 ≤ 270 − 𝑟𝑎𝑤 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑅𝑀3

𝑥4 ≥ 11 − 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑝𝑙𝑎𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑜𝑢𝑟𝑡ℎ 𝑡𝑦𝑝𝑒 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡

 

хі  0, і = 1, 2, 3, 4. 

Firstly, according to the algorithm, we find the solution of the linear model in MS Excel using 

the built-in "Solver" and generate Answer report (Fig. 3) and Sensitivity report (Fig. 4). 

 

Fig. 3. Answer report 

Source: compiled by author's calculations 

 

Secondly, we determine from the data in Figs. 3 and 4, that according to the optimization 

result, the second type of product is unprofitable and its forced inclusion in the production plan will 

lead to a decrease in total revenue by 1,36 monetary units per unit. The fourth type of product is 

unprofitable for the enterprise, since it is produced in amount of minimum bound of the production 

plan and the growth of its production volume will also lead to a decrease in total revenue of the 

enterprise by 2,64 monetary units per additional unit. Raw materials of the first and third types are 

scarce under this production plan and a further increase in their volumes per unit can lead to an 

increase in revenue by 3,1 and 2,7 monetary units. In this case, these volumes will vary between [157; 

274,6] for raw materials of the first type and [68,75; 304,125] for raw materials of the third type. 
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Fig. 4. Sensitivity report 

Source: compiled by author's calculations 

 

Thirdly, we construct the canonical form for the written model, where we forcefully add an 

inequality of an admissible solution for the second unprofitable product. Thus, 

2х1 + 3х2 + 4х3 + 3х4 + х5 = 220  

3х1 + 2х2 + 2х3 + 2х4 + х6 = 250 

4х1 + 3х2 + х3 + 2х4 + х7 = 270 

х4 – х8 + у1 = 11 

х2 – х9 + у2 = 0 

хі  0, і =  1, 9̅̅ ̅̅̅; у1, у2 ≥ 0. 

Z – 17х1 – 16х2 – 15х3 – 12х4 – М (у1 + у2) = 0. 

Fourthly, we write down the initial simplex table (Table 2). 

Table 2 

The initial simplex table of the resource utilization problem 

Basic variables х1 х2 х3 х4 х5 х6 х7 х8 х9 

х5 2 3 4 3 1     

х6 3 2 2 2 0 1    

х7 4 3 1 2 0 0 1   

у1 0 0 0 1 0 0 0 -1 0 

у2 0 1 0 0 0 0 0 0 -1 

Z –17 –16 –15 –12 0 0 0 0 0 

–М 0 –М 0 –М 0 0 0 М М 

Source: compiled by author's calculations 

 

The constructed basic of the initial simplex table contains five variables: х5, х6, х7, у1, у2.  

Fifthly, we determine the basic variables that will be in the optimal solution. The additional 

variables х5, х7, corresponding to the scarce resources RM1 and RM3, will be removed from the basic 

variables and will have values equal to zero. The variables х8 and х9, which demonstrate how more 
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than the minimum output is produced, are also equal to zero and will not be included in the basic. 

The artificial variables у1 and у2 will be replaced by the corresponding variables that remain in the 

canonical form equations and will become the basic variables, i.e. у1  х4 and у2  х2. The variable 

х6 will remain basic, as it corresponds to a non-scarce resource. And the basic variables will also 

include the two main variables that have non-zero values in the optimal solution. Thus, the basic 

variables will be as follows: х1, х2, х3, х4, х6.  

Sixthly, we build the matrix D from the vectors of the initial simplex table (Table 2) 

corresponding to the basic variables of the optimal solution (Table 3). 

Table 3 

The matrix D 

D = 

х1 х2 х3 х4 х6 

2 3 4 3 0 

3 2 2 2 1 

4 3 1 2 0 

0 0 0 1 0 

0 1 0 0 0 

Source: compiled by author's calculations 

 

Accordingly, the inverse matrix will be presented in Table 4.  

Table 4 

The inverse matrix 𝑫−𝟏 

D-1 = 

–1/14 0 2/7 –5/14 –9/14 

0 0 0 0 1 

2/7 0 –1/7 –4/7 –3/7 

0 0 0 1 0 

–5/14 1 –4/7 3/14 11/14 

Source: compiled by author's calculations 

 

Multiplying the row vector (17; 16; 15; 12; 0), which consists of the coefficients of the 

objective function of the direct problem with the set of basic variables that we found in the optimal 

plan, we obtain the solution to the dual problem: Y* = (53/14; 0; 19/7; –37/14; –19/14) or convert to 

decimals (3,071; 0; 2,714; –2,643; –1,357), which completely coincides with the shadow prices given 

in sensitivity report (Fig. 4). The columns of a matrix correspond to additional variables х5, х6, х7, х8, 

х9. Thus, the matrix is obtained, which can be used for a more detailed analysis of the impact of 

changes on the optimal solution of the linear planning problem. 

It is necessary to ensure that the proposed algorithm allows us to find the correct set of basic 

variables. We present a simplex table (Table 5) which contains the optimal solution to the linear 

resource utilization problem for the developed canonical form. The optimality criterion for the 

simplex method assumes that the last row should contain non-negative numbers. The values in the 

columns correspond to the positive variables that are included in the canonical form with a minus 

sign and should have opposite signs. 
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Table 5 

A simplex table of the optimal solution of a resource utilization problem 

Basic variables х1 х2 х3 х4 х5 х6 х7 х8 х9 

х1 1 0 0 0 –1/14 0 2/7 5/14 9/14 

х2 0 1 0 0 0 0 0 0 –1 

х3 0 0 1 0 2/7 0 –1/7 4/7 3/7 

х4 0 0 0 1 0 0 0 –1 0 

х6 0 0 0 0 –5/14 1 –4/7 –3/14 –11/14 

Z 0 0 0 0 53/14 0 19/7 37/14 19/14 

Y у6 у7 у8 у9 y1 y2 y3 y4 y5 

Source: compiled by author's calculations 

 

This remark should be taken into account when conducting economic analysis of the solution 

of linear programming problems obtained by the simplex method, and implementing the proposed 

algorithm, this situation does not arise. In Table 5 is presented the solution to the dual problem. Given 

the above, we can conduct a more in-depth analysis of the obtained optimal solution to the linear 

programming problem of resource utilization. 

According to the table 5, it can be concluded that an increase in the stocks of raw materials of 

the first type by one unit will cause an increase of revenue by 53/14 monetary units due to (column х5) 

a decrease in the output of the first type by 1/14 units; an increase in the output of the third type by 

2/7 units will lead to a decrease in the stocks of raw materials of the second type by 5/14 units. The 

production of an additional unit of unprofitable second and fourth types of products (for example, an 

additional unit of the fourth type of product (column х8) will lead to a decrease in total sales revenue 

by 37/14 monetary units, while production of the first type of product will decrease by 5/14 units and 

the third type of product by 4/7 units and the unused raw material stocks of the second type will 

increase by 3/14 units. 

Conclusions. The theory of duality is a powerful tool in the study of optimization problems. 

It provides a possibility to design the new algorithms for solving problems.  

It should be noted that given algorithm can be applied only to non-degenerate dual pair of 

coupled linear programming problems that have a nonempty set of feasible solutions. The drawback 

of the algorithm is the implementation of artificial restrictions on the inalienability of unprofitable 

products to the canonical form, which leads to the identification of an additional dual variable and, 

accordingly, the determination of its value. However, such situation may arise if the constructed linear 

programming problem is solved by the simplex method with the calculation of all simplex tables. The 

proposed algorithm does not involve the use of the simplex method, and therefore this situation will 

not affect the economic analysis of the obtained solution. Despite the identified drawback, the 

proposed algorithm can be effectively used to conduct a more in-depth analysis of the solution of 

linear programming problems in order to determine the impact of changes in the given constraints on 

production in general.  

The constructed inverse matrix can also be used to study the overall impact on the optimal 

solution when the right-hand sides of the constraint system are changed, a new type of product is 

included, or a new constraint is imposed on a new type of raw material, etc.  

Thus, a specialist without any additional mathematical tools can conduct a more in-depth 

analysis of the production planning problem applying all the possibilities of the duality theory. 



97 
Selected Papers of the V International Conference on  

European Dimensions of Sustainable Development, Kyiv 2023 
 

References: 

Aloshyn, H., Panchenko, S. & Prykhodko, S. (2021). Efektyvnist separabelnoho 

prohramuvannia v zadachakh optymizatsii informatsiino-vymiriuvalnykh system. Informatsiino-

keruiuchi systemy na zaliznychnomu transporti. 26(1), 3-10. 

Auslender, A. & Teboulle, M. (2003). Duality in Optimization Problems. In: Asymptotic 

Cones and Functions in Optimization and Variational Inequalities. Springer Monographs in 

Mathematics. Springer, New York, NY., 145-182. 

Bagan, E., Calsamiglia, J., Bergou, J. A. & Phys, M. (2018). Duality Games and Operational 

Duality Relations. Physical Review Letters. Vol. 120, January 2018. Available at 

DOI:https://doi.org/10.1103. Retrieved 15 May 2023. 

Blaha, N. & Pryimak, I. (2019). Pobudova modelei vyboru stratehii rozvytku pidpryiemstva 

v umovakh konkurentsii. Formuvannia rynkovoi ekonomiky v Ukraini. (41), 38-49.  

Chernova, Ld., Titov, S., Chernov, S., Kolesnikova, K., Chernova, Lb. & Gogunskii, V. 

(2019). Development of a formal algorithm for the formulation of a dual linear optimization problem. 

Eastern-European Journal of Enterprise Technologies. 4/4(100), 28-34.  

Daskalakis, C., Deckelbaum, A. & Tzamos, C. (2015) Strong Duality for a Multiple-Good 

Monopolist. EC '15: Proceedings of the Sixteenth ACM Conference on Economics and Computation. 

June 2015, 449-450.  

Gozlan, N., Roberto, C. Paul-Marie, S. & Tetali, P. (2017). Kantorovich duality for general 

transport costs and applications. Journal of Functional Analysis. Volume 273, Issue 11, 1 December 

2017, 3327-3405.  

Khrushch, L. (2018). Zastosuvannia teorii dvoistosti do rozviazuvannia dvokryteriinoi 

zadachi liniinoho prohramuvannia dlia ekoloho-ekonomichnoi systemy. Karpatski matematychni 

publikatsii. 10(2), 324-332 

Kuzmychov, A., Chernetska, Yu. & Shestakov V. (2022). Poshuk i analiz chutlyvosti 

chasovykh optymalnykh planiv postachannia enerhetychnykh resursiv iz zastosuvanniam nadbudovy 

SolverTable. Reiestratsiia, zberihannia i obrobka danykh. 24 (2), 62-71. 

Ladohubets, T. & Finohenov, O. (2019) Dvoistist v liniinomu prohramuvanni: praktykum z 

dystsypliny «Metody optymizatsii». navch. posib. Kyiv: KPI im. Ihoria Sikorskoho. 

Martynova, O. & Shevchenko, О. (2022). Naukovi pratsi Mizhrehionalnoi akademii 

upravlinnia personalom. Ekonomichni nauky. 2 (65), 95-101. 

Moroz, M., Zahorianskyi, V., Haikova, T. & Kuziev, I. (2022). Vykorystannia metodiv 

doslidzhennia operatsii dlia optymizatsii avtomobilnykh perevezen masovykh vantazhiv v 

ahropromyslovomu kompleksi. Visnyk Natsionalnoho tekhnichnoho universytetu «KhPI». Seriia: 

Novi rishennia u suchasnykh tekhnolohiiakh, 1(11), 44–50. 

Sharma, J. (2017) Operations research: theory and applications: sixth edition. New Delhi 

(India): Trinity-press. 

Stepanova, О. (2019). Modeliuvannia vyrobnychoi potuzhnosti pidpryiemstva v umovakh 

kombinovanykh vyrobnychykh potokiv metalurhiinoho vyrobnytstva. Adaptive management: theory 

and practice. Series Economy. 6(12). Available at 

https://amtp.org.ua/index.php/journal2/article/view/140. Retrieved 15 May 2023. 

Vitlinskyi, V. Tereshchenko, T. & Savina S. (2016). Ekonomiko-matematychni metody ta 

modeli: optymizatsiia : navch. posibnyk. Kyiv : KNEU. 

https://dl.acm.org/doi/proceedings/10.1145/2764468
https://amtp.org.ua/index.php/journal2/article/view/140


98 
Selected Papers of the V International Conference on  

European Dimensions of Sustainable Development, Kyiv 2023 
 

Vybrani pytannia kompiuternoho modeliuvannia protsesiv i yavyshch (2022). Collective 

monograph. Za red. N. R. Balyk. Ternopil : Pidruchnyky i posibnyky. 

Yushchenko, N. (2021). Vyznachennia kryvoi zalezhnosti vytrat vid tryvalosti proiektu z 

modernizatsii rozpodilchykh truboprovodiv tsentralizovanoho opalennia I hariachoho 

vodopostachannia. Pidpryiemnytstvo ta innovatsii, (16), 106-110.  

Zhurbenko, M. & Chumakov, B. (2021). Do zadachi planuvannia bahatoproduktovykh 

potokiv i modernizatsii transportnoi merezhi. Kibernetyka ta kompiuterni tekhnolohii. (4), 5-11. 

  


