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In today's conditions of globalization and dynamic changes in international markets, enterprises face a
number of challenges that require the application of effective management strategies. The constant increase in
the stochastic nature of the underlying processes that determine the functioning of enterprisesin the international
market necessitates the search for and testing of innovative methods for modeling strategic actions. Particular
importance is attached to tools that enable enterprises to develop optimal action plans, taking into account the
influence of numerous factors. Therefore, the purpose of this article is to substantiate the feasibility of using
linear programming methodology for modeling all possible strategic actions of enterprises in the international
market and to determine the main approaches to its implementation. The study confirms that the advantages
of modeling the strategic actions of enterprises in the international market using linear programming tasks lie
in the informativeness regarding the optimization of a series of sequential actions, decisions, or operations that
the enterprise applies or plans to apply to achieve its strategic goals.

Keywords: sustainable development, linear programming tasks, objective function, cost optimization,
enterprise's reserve capabilities.

Y cy4dacHuX ymoBax rnobanizaujii Ta AMHaMIbYHMX 3MiH Ha MiXXHApPOAHUX PUHKaX NiANPUEMCTBA CTUKAKTLCS
3 HMU3KOK BUK/MKIB, L0 BUMaratTb 3aCTOCyBaHHsS eeKTUBHMX CTpaTeriii ynpaBniHHA. MoCTiiiHe NigBULLEHHS
CTOXaCTUYHOCTiI OCHOBHMX NPOLECIB, L0 BU3HAYa0Tb 3acaay PYHKLiOHYBaHHS NigNPUEMCTB Ha MiXXKHapOLHOMY
PVIHKY, 3yMOB/IHOE HEOOXIAHICTb NOLIYKY Ta anpobyBaHHsA IHHOBaLiHUX METOAIB MOAE/IIOBAHHS CTpaTeriyHmnx
Aii. Oco6/MBOro 3HaYeHHs HabyBaloTb IHCTPYMEHTH, LLIO A03BOMATL MNiANPUEMCTBAM PO3POONSATY ONTUMASIbHI
naaHun Aii 3 ypaxyBaHHAM YiCIeHHUX (DaKTOpPIB. BiATak METOH0 L€l cTaTTi € 06r'pyHTYBaHHS AOLINIBHOCTI 3aCTO-
CYBaHHS METOANKM MiHIAHOIO NPorpamyBaHHs 4151 MOAENH0BaHHS BCIX MOX/TMBUX CTPATErYHUX Ail NiANPUEMCTB
Ha MDKHapPOAHOMY PUHKY Ta BU3HAYeHHsS OCHOBHMX MiAXoAiB Ao ii peanizauii. Y Mexax AOCAIAKEHHS KOH-
CTaToBaHoO, L0 nepeBaramy MOAE/HOBAHHSA CTpaTeriyHnX Al NignpremMcTB Ha MiXHApPOAHOMY PUHKY 3a 3a-
Javamy niHinHoro nporpamyBaHHs (3/1M) € iHhopMaTMBHICTb LWOAO ONTMMI3aLii CyKynHOCTI NOCAIAOBHMX
3axofiB, piweHb abo onepauiii, Ak NiANPUEMCTBO 3acTOCOBYE abo MjaHye 3acTocyBaTu ANS1 AOCATHEHHS
CBOIX cTpareriyHmx yisieit. OCHOBOK MOAE/THOBaHHS € ONTUMI3aLiiiHe NepeTBOPeHHS Yepes metoan 3/1M HU3KK
cyobmogenei ons KOXKHOI CTpaTeriyHoi 3afadi 3 ypaxyBaHHAM UyT/IMBOCTI TX BXiAHUX YMOB A0 Ail KHUHOBUX
(hakTopiB. [ieBICTb NiHINHOrO NporpamMmyBaHHSA 3yMOB/IEHA TUM, LLIO KOXEH i3 BU3HAYEHMX HAbOopIiB CTpaTerivyHmnx
[ili 3aBXAu Bignosigae BMMoramM i 06MexeHHsAM prHKY. KOHCTaToBaHo, L0 3a Takmx YMOB MOX/IMBO Nodyay-
BaTV a/ITOPUTMUN KEPYBaHHS, pesieBaHTHI 3MICTY 30BHILLIHLOEKOHOMIYHOT Aif/IbHOCTI NigNPUEMCTB — Bif BUPO6-
HMLTBa Ta JIOTICTUKN A0 MapKeTUHry i npogaxis. ABTOpamy NpOIOCTPOBAHO, L0 HaBiTb KOPEKTHWI 3anuc
cybmozeni KOXKHOT foC/TiAKyBaHOI CTpaTeriyHoi 3a4adi Jonomarae KepiBHULTBY NiANPUEMCTBA LUBMAKO OLIHUTY
T epekTUBHICTb Ta, 3a NOTPeOu, BiAKOPUryBaTK 3 ypaxyBaHHSIM YyT/IMBOCTI A0 3MiH Y pi3HMX napameTpax (Ha-
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npvknag, LiHu Ha CUPOBUHY, KypCy BasltoT, NoAatkiB Towo). KopekTHMi 3annc cybmogeni Hagae MOXNBICTb
nporpamysatu 1i MOBEAIHKY Ta YiTKO KOHTPO/IOBATU KOXEeH eTan peasiisauil cTpareriyHoil il nignpuemMcTs Ha

MDKHAPOAHOMY PUHKY.

KntouoBi cnoBa: ctannii po3BUTOK, 3aBAaHHs /iHINHOrO NporpaMyBaHHs, LisiboBa (PYHKLIA, onTumi3aLis

BUTPAT, pe3epBHi MOXNBOCTI NigNPUEMCTBA.

Problem statement. In the modern context
of globalization and dynamic changes in
international markets, enterprises face a number
of challenges that require the application of
effective management strategies. The constant
increase in the stochasticity of fundamental
processes that determine the principles of
enterprise operations in the international
market necessitates the search for and testing
of innovative methods for modeling strategic
actions. Globalization processes, increasing
competition, and the instability of internal
and external operating environments compel
business entities to adapt their strategies
and management methods to meet changing
requirements.

In this regard, tools that enable enterprises
to develop optimal action plans considering
numerous internal and external factors become
particularly important. The most optimal approach
for this is the linear programming method. Its
application allows solving optimization problems
characterized by linear relationships between
variables, as well as developing effective
methods for solving such problems. Considering
the complexity and multifactorial nature of the
international environment, the use of linear
programming becomes particularly relevant for
ensuring the competitiveness of enterprises in
global markets.

Analysis of recent research and
publications. Modern issues of strategic
management of enterprise activities,

including in the international market, are quite
comprehensively covered by Krasnyak O.P.,
Kurylo N. F., Lisenyi Ye., Vynnychenko L., and
Raikovska I. T. These researchers, in particular,
study aspects such as: the development and
implementation of enterprise development
strategies in a dynamic market environment;
competitiveness analysis and identification
of key success factors; formation of effective
control systems and evaluation of results.
Highlighting previously unresolved parts
of the overall problem. At the same time, the
methodology for modeling strategic actions of
enterprises in the international market remains
largely overlooked by researchers due to the
overall complexity of this process. Many strategic

actions must be developed considering internal
aspects of enterprises, such as optimizing
production processes or making financial
decisions. However, there are also specific
strategic actions in the international market
that require consideration of an external set of
factors.

Formation of the objectives of the article
(task statement). The purpose of this article
is to substantiate the feasibility of applying the
linear programming method for modeling all
possible strategic actions of enterprises in the
international market and to determine the main
approaches to its implementation.

Summary of the main research material.
Within the study, the authors draw attention
to the fact that an enterprise operating in
multiple countries may face the problem of
low effectiveness of strategic actions if their
content does not ensure the optimal distribution
of production capacities and resources among
different segments of the international market
(which  may include various geographical
regions, countries, consumer groups, or industry
niches) [3—4; 6].

Therefore, modeling strategic actions of
enterprises in the international market should
include [1-2]:

1. Problems of determining the optimal
volume of production for each market,
considering its inherent demand, production
costs, transportation, and customs tariffs.

2. Problems of optimal logistics
organization, including minimizing transportation
costs between countries, taking into account
available transport routes and their costs.

3. Problems of labor resource utilization,
considering different productivity standards,
labor costs, and legal restrictions in various
jurisdictions.

4. Problems of forming an investment
portfolio that allows for the efficient allocation
of financial resources among different projects
or regions, considering risk levels and expected
returns.

At the same time, linear programming
makes it possible to construct a highly sensitive
comprehensive mathematical model that is
represented by sets of submodels for individual
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strategic actions, developed for each strategic
task. In the general case, each such submodel
includes [1-2; 6]:

1. A poly-variant objective function is
a function that needs to be maximized or
minimized (for example, maximizing profit for a
specific market or minimizing logistics costs).
For instance, if the primary goal of the enterprise
is to maximize profit, the poly-variant objective
function of the submodel may take the form:

Maximize Z = pi- xi - > ¢j- Xj , (1)
i=1 j=1

where: pi — the selling price of one unit of
product type i; xi — the quantity of units of product
type i; ¢j — the cost of supplying or producing one
unit of product type j; m — the number of different
types of products.

Algorithm (1) allows within the submodel to
find the optimal resource allocation, determine
the number of units of product required for each
market to achieve maximum profit, and so on [4].

In contrast, if the primary goal of the enterprise
is to minimize costs, the submodel poly-variant
objective function will take the following form:

n m
Minimize Z = > ai- xi - » bj- xj , (2)
i=1 j=1

where: ai — the cost of producing or
supplying one unit of product type ii
Xi — the quantity of units of product type ii; bj —
additional costs, such as storage, logistics, etc.

Through (2), the enterprise can optimize its
costs while maintaining competitiveness in the
international market [4].

2. The system of constraints, which consists
of a set of linear inequalities or equations. It is
important to note that the constraints in linear
programming problems (LPP) are conditions that
define the possible solution options for available
strategic actions.

Specifically, if we have a linear programming
problem with multiple variables, the system of
constraints can be written as follows:

1. allx1+al2x2+...+alnxn<bl
2. a21x1+a22x2+...+a2nxn<h2 (3
... N. amlx1l+am2x2+...+amnxn<bm

where: x1,x2,....xn — variables (e.g.,
production volumes of different product types);
aij — coefficients corresponding to resource
costs; bl,b2,....om — resource constraints
(e.g., maximum available materials or time).

3. Non-negative variables, or variables
representing the quantity of resources or
production/sales volumes, which cannot take
negative values (i.e., their values are bounded

below by zero). These variables are represented
by the condition:
xi=0,

where xi — the variable representing the
guantity of units of a product, resource, or other
guantity, and must be no less than zero.

It should be noted that the outlined modeling
methodology is carried out through the solution
of linear programming problems (hereafter
referred to as LPP), which employ a wide range of
methods chosen depending on the user's needs.

Among the methods that are frequently used
in strategic management of enterprise operations
in international markets are:

1. The Simplex method, which is effective
in determining the paths for the sequential
improvement of enterprise actions in the
international market, as it allows, within a limited
number of steps with known function estimates,
to obtain the optimal plan for its long-term
actions.

2. The Dual Simplex Method (or P-method)
is effective in determining ways to improve the
strategic actions of enterprises in the international
market under conditions where the initial solution
is not feasible or may be ineffective.

The Simplex method, in fact, refers to an
iterative process aimed at solving a system of
balanced steps, starting from a basic feasible
solution and moving along the corner points of the
feasible region in search of a better alternative,
improving the value of the objective function until
it reaches the optimal value. It should be noted
that the solution of linear programming problems
using this method is possible in the following
forms of representation:

1. Simplex table (or Jordan transformation
submethod), which involves constructing a table
where the rows correspond to the constraints
of the problem, and the columns represent the
variables.

2. Basic form of representation, where the
solution is expressed through basic and non-
basic variables, using matrix operations.

3. Modified Simplex method, where part of
the problem is changed, for example, by adding
or modifying constraints.

4. In column form. In this form, the solution
is presented in terms of column vectors, which
are either in the basis or not.

5. Inrow form. This form of representation is
similar to the column form, but uses row vectors.

More detailed modern approaches to
the forms of recording solutions to linear
programming problems using the Simplex
method are presented in Table 1.
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Table 1

Modern approaches to forms of recording solutions to linear programming problems (LPP)
using the simplex method

Forms of
recording
solutions to
problems using
the simplex
method

Content of recording
solutions to problems using
the simplex method

Conditions for Applying the
Recording of Solutions

to Problems Using the Simplex
Method

Features

of the simplex
method
solution

Simplex table
(or jordan
transformation
submethod)

Involves constructing a table
where rows correspond

to the constraints of the
problem, and columns
represent the variables.

It is used when it is important

to gradually change the

basic variables using Jordan
transformations until the optimal
value of the objective function
is reached.

Basic form of

The solution is expressed
through basic and

The notation is convenient
for programming the Simplex

simplex method

changes, such as when
a constraint is added
or modified.

representation Egi?l-g?r?;r\i/fggglrg?ibns method algorithm on a computer.
The solution is applied -
It allows making changes
Modified when part of the problem to the current solution without

the need to recalculate from
scratch.

Column form

The solution is presented

in terms of column vectors,
which are either in the basis
or not in the basis.

The notation is convenient

for solving large problems where
the number of variables may
significantly exceed the number

The selection
of the number
of variables
that affect
strategic
actions in the
international
market and the
number of rows
(the number

of constraints).
At the

same time,
constraints of
the type xi=0x_|i
\geq 0 should

of constraints.

be ignored.

The solution is presented
similarly to the column form
but using row vectors.

Row form

The notation is especially
convenient for problems where
the number of constraints greatly
exceeds the number of variables.

Note:

* |If there are no constraints for some xix_i in the tasks, the LPP must be transformed into a canonical linear
programming problem, or this service should be used. The solution automatically determines the use of the
M-method (Simplex method with an artificial basis) and the two-phase Simplex method.

Source: created by the authors based on [6]

It should be noted that the algorithm for
solving linear programming problems (LPP)
using the Simplex method within the submodels
of strategic actions is classical and includes the
following stages [1]:

Stage 1. Developing the initial reference
strategic action plan for the international
market. Regardless of the form of the problem's
representation, it must be transformed into
canonical form. This is done by introducing non-
negative auxiliary variables, which allow the
transition from inequalities to equalities.

Stage 2. Checking the strategic action plan
for the international market for optimality. In
this stage, the index row of the Simplex table is
analyzed. If all the coefficients are non-negative,
the plan is optimal. If there are negative

coefficients, the plan is not optimal and requires
improvement.

Stage 3. Among the negative coefficients in
the index row, the one with the largest absolute
value is selected. After this, the elements in
the right-hand column of the Simplex table are
divided by the corresponding positive elements
of the same key column.

Stage 4. Constructing a new strategic action
plan for the international market. The transition
to a new reference plan is made by recalculating
the Simplex table using the Jordan-Gauss
method.

It should be noted that the Simplex method
allows finding both the minimum value (F(x) —
min) and the maximum value (F(x) - max) of the
objective function. This depends on the problem
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set in the submodel and the objective function. In
such problems, the optimal (extremal) solution is
always found:

1. Atone ofthe vertex points of the polygonal
region of feasible solutions.

2. On the segment between two adjacent
vertices (when the objective function is parallel
to some side of the polygon).

Regarding the dual Simplex method, it
involves an iterative process of forming the
submodel. It is based on the application of duality
theory, specifically solving the dual problem to
find optimal solutions for the strategic actions
of enterprises in the international market over
several balanced steps. In this process, the free
members in the problem can take any values,
and the system of given constraints can have
values of "<", ">", or an equality sign "=".

It should be noted that solving linear
programming problems using this method is
possible in the basic form of the Simplex method,
in the form of a Simplex table, or with the modified
Simplex method. In this case, constraints of the
type xi=0x are not considered in these solutions.

The optimal strategic action plan for
enterprises in the international market within
this method is formed by moving through
pseudo-plans. A pseudo-plan is a plan that
satisfies the conditions of optimality but contains
negative values among the basic variables xix_i.

The algorithm of the dual Simplex method
consists of the following stages [1-2]:

Stage 1. Constructing a pseudo-plan for
the strategic actions of an enterprise in the
international market. Initially, the system of
constraints is transformed into a system of
inequalities of the "<" type, which allows the
formation of an initial pseudo-plan according to
the specifications provided in Table 2. This stage
aims to bring the problem into a form that, within
the submodel of strategic actions, defines the
direction for further improvement of the solution.

Stage 2. Checking the strategic actions
of enterprises in the international market for
optimality. If the obtained basic plan does not
satisfy the optimality condition, the problem is
solved using the simplex method.

Stage 3. Selecting the pivot row and column.
The most negative values of the basic variables
are selected as the largest in absolute value.
The row corresponding to this value is the
pivot row.

Stage 4. Calculation of a new basic plan
of strategic actions for enterprises in the
international market or solving a specific
strategic task. The new plan is obtained by
recalculating the simplex table using the Jordan-
Gauss method.

In the submodel, the dual simplex method
is required to build an optimal infeasible plan,

Table 2

Features of constructing a pseudo-plan for the submodel of strategic actions
of an enterprise in the international market.

Sequence
of constructing
a pseudo-plan

Features of pseudoplan construction

Transform_ation
of constraints

into inequalities into —alx1l-a2x2<-b.

All constraints must be converted to inequalities of the type "<".
This can be achieved by adding artificial variables or free variables:
If the constraint is of the form alx1+a2x2=b, it is transformed

of the type If the constraint is alx1+a2x2=b, it is left as an equation, but additional
«<» variables are introduced to convert it into the appropriate form for the simplex
method.
The pseudoplan is formed through transformed inequalities.
This means that:
Formation * Artificial variables are introduced for those constraints that cannot be
of the initial represented as non-negative variables (in the case of equations
pseudoplan or inequalities of the type "="). ' _
« All variable values xix_i in the pseudoplan can be non-negative, but basic
variables may have negative values at the initial stage
(this is one of the characteristics of a pseudoplan).
Note:

*In linear programming problems (LPP), constraints can be written in various forms, such as “>", “<”, or as

equations.

Source: created by the authors based on [1; 6]
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followed by its transformation into a feasible one
without violating optimality.

For example, the company LLC Fischer
Ukraine, for the vyears 2025-2027, within
the framework of its strategic action plan in
the international market, needs to solve the
following strategic task — selecting an approach
for the production of three different types of
cross-country skis: Sbound 112 Crown / Dual-
Skin Xtralite, Speedmax 3D Double Polling IFP,
and Sbound 98 Crown / Dual-Skin Xtralite, in
volumes of 500 units, 300 units, and 450 units,
respectively. Each type of product can be
supplied to two countries — Germany and
Austria. Considering the need to determine how
to distribute work in external markets so that
the overall costs of implementing actions are
minimized, we propose to present the submodel
of the studied strategic task in a form that allows
the use of the P-method (Table 3).

As a result of the formulation of the outlined
submodel for the studied strategic task, it

is clear that it is necessary to produce and
supply to the international market: Sbound
112 Crown / Dual-Skin Xtralite — 500 units;
Speedmax 3D Double Polling IFP — 167 units;
Sbound 98 Crown / Dual-Skin Xtralite — 450 units.
Additionally, it is recommended to produce
and supply accessories for the Speedmax 3D
Double Polling IFP, such as the Mounting Plate
Junior short screw — 133 units. The management
of the outlined strategic task should be
implemented through the objective function
F(X)=2500+3167+4133+1450=2483.33euros.
Under these conditions, it is possible to
ensure minimal supply costs to the markets
of Austria and Germany, which will amount to
2483.33 euros.

It should be noted that, considering the
outlined specifics of the submodel for the
studied strategic task, it can be effectively used
for the parallel adjustment of the sustainable
development strategy of the enterprise within
its strategic actions on the international market.

Table 3

Submodel representation of the studied strategic task
in a form allowing the use of the P-method, 2025-2027

Matrix of parameters for the studied strategic task
Types of Products Supply costs
for delivering
Sbound products to Mathematical model
Sbhound 112 | Speedmax consumers, f solvi
. 98 Crown | of solving the
Countries [Crown |/ Dual-| 3D Double . euros : *
g . - Dual-Skin ) strategic task
Skin Xtralite |Polling IFP Xtralite (factor basis
(x1) (x2) 3 of the objective
(x3) function)
**
Germany — 1 2 3 3 1500 2x11+ 3x12+3x13<
ia _ 1500; 5x21+
Austria — 2 5 4 1 1000 4x224x23< 1000;
x11+ x21= 500; x12+
x22= 300; x13+ x23>
Production / _450.
Supply Plan, 500 300 450 In this case, the .
units objective function is:
2x11+ 3x12+3x13+
5x21+ 4x22+x23 -
euros
Note

*xijx_{ij} represents the supply volume (the number of units of product type ii to country jj).

** These are determined based on the conditions for transportation and delivery of products from the
manufacturer to the final consumer (distributor or company store). In the context of mathematical modeling for
optimizing strategic actions in the international market, these costs become the basis for the objective function
that needs to be minimized or optimized.

Source: created by the authors
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In fact, this method allows for clear structuring
and optimization of various aspects of the
company's activities, taking into account
numerous constraints and objectives, which,
according to existing research [3; 5; 7-8],
may change depending on market conditions,
technological changes, or other factors.

Conclusion. Within the study, it has been noted
that the advantages of modeling the strategic
actions of enterprises in the international market
through linear programming tasks (LPT) are the
informativeness regarding the optimization of the
sequence of measures, decisions, or operations
that the enterprise applies or plans to apply to
achieve its strategic goals in the international
market. The foundation of the modeling process
is the transformation of a series of submodels,
ideally formed for each strategic task, and the
determination of the sensitivity of their input
conditions to the influence of key factors. Each
of the sets of strategic actions formed within the
submodel:

1. Corresponds to specific requirements
and constraints in the market. Under these
conditions, it is possible to build a management
algorithm that is relevant for various aspects of
the enterprise's foreign economic activity — from
production and logistics to marketing and sales.

2. Management of various aspects of the
enterprise's activities within the submodel using
LP (Linear Programming) should be implemented
through the objective function, which not only
allows for cost optimization but also enables the
proper allocation of resources, both primary and
reserve capacities, to achieve the desired result.

The authors illustrate that the correct
formulation of the submodel for each studied
strategic task helps the management of the
enterprise quickly assess its effectiveness
and, if necessary, adjust it by considering the
sensitivity to changes in various parameters
(e.g., raw material prices, exchange rates,
taxes, etc.). Given this focus, it is clear that
the use of mathematical modeling provides
the opportunity to clearly control each stage
of the implementation of strategic actions for
enterprises on international markets.

The prospects for future research lie in
expanding the application of linear programming
(LP) methods for modeling complex strategic
tasks, taking into account dynamic changes
in the international market, multi-criteria
assessments, and the integration of machine
learning algorithms to improve forecasting
accuracy and the effectiveness of managerial
decision-making.
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