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The article presents a transport problem with a threshold change in transportation tariffs, in which the cost of
transportation depends on the volume of cargo between specific suppliers and consumers. The relevance of the
study is due to the spread of flexible tariff mechanisms in modern transport and logistics systems, under which
reduced or wholesale tariffs are applied when a certain volume of transportation is exceeded. Similar
approaches are used in cargo consolidation systems, long-term contracts, multimodal transportation and in
organizing regular deliveries of large batches of products. A mathematical model of the transport problem is
proposed, in which for each “supplier-consumer” pair basic and reduced transportation tariffs are set, as well
as threshold values of cargo volumes, after which the alternative delivery cost is applied. The objective
function of the problem is constructed taking into account the dynamic change in transportation costs
depending on the volume of transport flow and the system of balance constraints of the transport problem. A
modified method for constructing a reference plan based on the classical least cost method has been
developed, which takes into account the possibility of switching to reduced tariffs when reaching
transportation threshold values. A modified potential method has also been proposed for finding the optimal
plan, which provides for repeated updating of the effective cost matrix and recalculation of potentials after
each cargo redistribution. Unlike the classical transport problem, in the proposed model the structure of
transport costs can change directly in the process of forming a transportation plan. The practical significance
of the study lies in the possibility of using the developed model to improve the efficiency of freight
transportation management in the conditions of wholesale tariffs and dynamic changes in the cost of delivery.
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Introduction. Effective management of transport flows is one of the key tasks of modern
logistics systems, as it directly affects the level of costs, delivery speed and overall productivity of
supply chains. The tasks of optimal distribution of goods between suppliers and consumers are
traditionally formalized in the form of a linear programming transport problem, which allows
minimizing the total transportation costs subject to balance constraints.

In the classical formulation of the transport problem, the cost of transporting a unit of cargo
between a specific supplier and a consumer is considered a constant value that does not depend on
the volume of the transport consignment. This approach is sufficient for basic planning models, but
does not take into account important practical features of real transport and logistics systems.

In modern conditions of operation of transport networks, differentiated tariff policies are
increasingly used, which provide for a decrease in the cost of transportation with an increase in the
volume of cargo between individual participants in the logistics process. Such mechanisms are
typical for wholesale transportation, long-term contracts, cargo consolidation systems, as well as for
integrated logistics platforms, where the cost of delivery is a function of the intensity of the
transport flow.

The presence of threshold values of transportation volumes, after which reduced tariffs are
applied, leads to the fact that the structure of transport costs becomes dependent on the
transportation plan itself. This, in turn, significantly complicates the mathematical model of the
problem and makes it nonlinear in nature. Under such conditions, classical methods of constructing
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an optimal plan require significant modification, since the choice of transportation route affects not
only the current cost, but also the future tariff structure in the system.

Thus, there is a need to develop new approaches to modeling transport problems that take
into account the variability of transportation costs depending on the volume of transport flow. Of
particular importance is the construction of algorithms that allow adapting classical optimization
methods, in particular the potential method, to the conditions of threshold tariff functions without
significantly complicating computational procedures.

In this regard, the study of transport problems with a variable transportation cost structure is
a relevant scientific direction that has important applied significance for increasing the efficiency of
management of modern transport and logistics systems.

Analysis of recent achievements and publications. In the work [1], a mathematical-
information model of a special type of transport problem is proposed to increase the economic
efficiency of freight transportation. The main attention is paid to the construction of a modified
transport model and algorithms for determining rational transportation plans. However, the work
does not consider the dependence of the cost of transportation on the size of the cargo and there is
no mechanism for automatic change of tariffs when the specified threshold values are exceeded.

In [2], a modified transportation problem is considered in the case of grouping cargo
suppliers and a method for finding reference and optimal transportation plans is proposed. The
study is focused on the structural features of building a transport model, but it does not take into
account the situation when the cost of transportation varies depending on the volume of transported
cargo between specific suppliers and consumers.

In the study [3], a multi-criteria transportation problem is considered, taking into account
product storage technologies and fuzzy sets. The work takes into account complex decision-making
conditions and the multi-criteria nature of optimization, but it does not investigate the mechanism of
the threshold change in transportation costs when certain transportation volumes are reached.

In the work [4], the problem of optimizing the process of cargo delivery of a gas supply
enterprise was investigated. The main emphasis was placed on minimizing costs and improving the
logistics processes of the enterprise. However, the work did not take into account the possibility of
using different transportation tariffs depending on the size of the transported cargo.

In the article [5], a model of integrated design of a transport network and supply chain for
perishable products using a fuzzy two-level decision support system is proposed. The work covers
the issue of optimization of transport costs, but does not consider the transport problem with
variable tariffs depending on threshold values of transport volumes.

In [6], a model of the transport problem in the case of cargo delivery by two different types
of vehicles is considered. The study takes into account the features of the use of different types of
transport and the corresponding tariffs, but the change in the cost of transportation depending on the
quantity of cargo for a specific cell of the transport table is not considered.

The study [7] considers the problem of sustainable transport planning taking into account
congestion and uncertain conditions. The main emphasis is on the adaptability of the transport
system and taking into account external factors. However, the work does not propose mechanisms
for changing the cost of transportation depending on the size of the transported cargo.

In [8], approaches to modeling transportation processes under variable system parameters
and adaptive redistribution of freight flows are considered; however, the dependence of
transportation tariffs on shipment volume and the mechanism of threshold-based cost changes for
individual supplier—consumer pairs are not taken into account.

In the article [9] the problem of vehicle routing for combined passenger and freight
transportation is considered. The main attention is paid to routing and coordination of
transportation, however, there is no model of the change in the cost of delivery depending on the
amount of cargo transported.

The paper [10] provides an overview of the use of artificial intelligence in logistics
optimization problems. The study covers a wide range of modern methods for optimizing transport
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processes, but the issue of constructing a transport problem with variable threshold tariffs is not
considered separately.

In the article [11], optimization of freight transport routes in dynamic networks with carbon
emissions in mind is investigated. The authors take into account environmental criteria and variable
traffic conditions, but the mechanism of dependence of the transport tariff on the size of the cargo is
absent in the work.

In [12], a multi-criteria multi-period routing problem for the delivery of perishable goods is
considered. The proposed approach takes into account the level of consumer satisfaction and
delivery time parameters, but does not take into account the change in transportation costs
depending on the volume of transportation.

In [13], a comparative analysis of routing optimization algorithms in pharmaceutical supply
chains is conducted. The main emphasis is on the efficiency of routing algorithms, but the transport
problem with variable tariffs when threshold values are exceeded is not investigated.

In [14], a hybrid intelligent transport system for optimizing transportation routes is
proposed. The study focuses on the use of intelligent decision-making methods, but the issue of the
threshold change in transport costs depending on the volume of transportation is not considered.

The article [15] provides an overview of vehicle routing problems and corresponding
algorithms for logistics systems. The work systematizes modern approaches to transport
optimization, but does not contain models of the transport problem with variable tariffs depending
on the size of the cargo between suppliers and consumers.

A comparative analysis of the reviewed studies has shown that most existing transportation
models are based on the assumption of fixed transportation tariffs or take into account additional
factors in the form of fuzzy parameters, multicriteria optimization, fixed costs, or routing
constraints. In contrast to these approaches, the proposed study considers a transportation problem
in which the transportation cost directly depends on the volume of the transport flow and changes
when predetermined threshold values are reached. Such an approach makes it possible to model
wholesale tariff mechanisms and discount systems that are practically not considered in existing
transportation models and are not taken into account in classical transportation problem
formulations.

Thus, the analysis of modern scientific research has shown that, despite the significant
development of transportation models and optimization methods, insufficient attention has been
paid to transportation problems in which transportation costs depend on cargo volumes and change
when predetermined threshold values are reached. In addition, existing studies do not propose
approaches for constructing initial feasible and optimal transportation plans under conditions of
dynamic tariff changes during cargo redistribution. This creates the need for developing appropriate
mathematical models and solution methods adapted to threshold tariff mechanisms.

The scientific novelty lies in the development of a transportation problem with a variable
structure of transportation tariffs, in which the effective transportation cost matrix is iteratively
dependent on the current transportation plan and is updated during its construction. Additionally, a
modified method for constructing an initial feasible solution is developed, and the potential method
is improved, both involving dynamic recalculation of effective costs and potentials at each step of
the solution process.

Goal and problem statement. In modern transport and logistics systems, flexible tariff
mechanisms are increasingly used, in which the cost of transportation depends on the volume of the
transport consignment. In the practice of freight transportation, situations are common when, when
a certain volume of delivery is exceeded, reduced or preferential tariffs are applied for individual
routes. Similar approaches are used in wholesale transportation systems, long-term contracts, cargo
consolidation, multimodal transport schemes and in organizing regular deliveries of large volumes
of products.

The classical transport problem involves the use of a constant matrix of transportation costs,
in which the tariff for each “supplier-consumer” pair does not depend on the volume of the transport
flow. This formulation is effective for problems with fixed transport tariffs, but it does not allow
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taking into account the change in the cost of transportation with an increase in the volume of
delivery. As a result, the optimal plan obtained by classical methods may not correspond to the real
economic conditions of the transport system, since it does not take into account the possibility of
reducing costs through the use of wholesale tariffs.

In this regard, there is a need to develop a mathematical model of the transport problem, in
which the cost of transportation is determined not only by the transportation route, but also by the
amount of cargo transported. A feature of such a problem is that the structure of transport costs can
change directly in the process of forming a transportation plan depending on the achievement of
threshold values of transport flows.

The aim of the study is to develop a mathematical model of the transportation problem with
a variable structure of transportation tariffs, in which the effective transportation cost matrix is
iteratively dependent on the current transportation plan and is updated during its formation, as well
as to develop methods for finding an initial feasible solution and an optimal plan based on
modifications of the least cost method and the potential method.

To achieve the set goal, it is planned to:

— formalize the dependence of transport costs on the volume of transportation;

— construct the objective function of the problem taking into account the threshold change in
tariffs;

— develop a modified method for constructing a reference transportation plan;

—to improve the potential method for problems with a variable structure of transport costs;

— to form an algorithm for iterative improvement of the transportation plan, taking into
account the dynamic change in tariffs in the process of redistribution of cargo flows.

Thus, the problem statement consists in determining a transportation plan that satisfies the
balance constraints of the transport system and ensures the minimization of total transportation
costs under the conditions of applying threshold tariffs and changing the cost of transportation
depending on the volume of transport flow.

The proposed model is intended for freight transportation planning problems in logistics
systems with wholesale or contract-based tariffs, particularly for distribution of homogeneous
goods between suppliers and consumers in centralized supply systems, logistics hubs, and
distribution networks where discounted tariffs are applied when shipment volumes exceed
predefined thresholds on individual routes.

Presentation of the main research material. Let there be given m cargo suppliers
A A, .. A, ..., Ay, Which have cargo stocks concentrated in the quantities a4, a,, ..., a,, of units,
respectively. This cargo must be transported to n consumers By, B, ..., Bj, ..., By, Whose needs are
in by, by, ..., by, the units, respectively.

Unlike the classical transportation problem, in the proposed model the cost of transportation
depends not only on the transportation route, but also on the volume of cargo transported between
the corresponding supplier and consumer.

For each supplier-consumer pair, the following values are set:

1) the basic cost of transporting a unit of cargo;

2) reduced (preferential) transportation cost;

3) the threshold value of the transportation volume, after which a reduced tariff is applied.

The basic transportation costs are given by the matrix:

C11 C12 en Cln
C = Cy1 Gy o Cop , (1)
Cr1i Cnz - Cun

where c;; — the cost of transporting a unit of cargo from the cargo supplier Ai to the consumer of the
cargo Bj (i = 1,m; j = 1,n).
Reduced transportation costs are given by the matrix:
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! ! !
C11 C12 ClTL
! ! !
C’ — C21 622 e CZ?’L . (2)
! 4 !
Cm1i Cm2 o Cimn

Moreover, the following condition is met:
Vi,j Cl,] < Cij'

The threshold values of transportation volumes are given by the matrix:

hiy hiz o hip
H=(ha1 haz o hom 3)
hmi hma - hpn

where h;; — the minimum transportation volume, after which (i; j) a reduced tariff is applied for the

route.
Let us denote the transportation plan by:

X = {X11; X125 oo} X1} X215 X225 wers Xop) oo Xmas Xm2s -3 Xmnts 4)

where x;; — the amount of cargo transported from supplier Ai to consumer B;.

Then the actual cost of transporting a unit of cargo for the route (i;j)is determined by the
relationship:

i Cijy  Xij < hyj
Cij(xij) = {c{j, xy > hy. (5)

In this case, when the threshold value h;; is exceeded, the reduced tariff c;; is applied to the
entire transportation volume x;; for the corresponding supplier—-consumer pair, i.e., the tariff switch
has a full (non-marginal) effect.

Thus, when the established threshold value is exceeded, an alternative (reduced)
transportation tariff is used for the corresponding route.

It is necessary to find a transportation plan (4) that:

1) ensures full removal of cargo from all suppliers;

2) satisfies the needs of all consumers;

3) minimizes the total cost of transportation taking into account the threshold change in

tariffs.

The objective function of the problem has the form:

F=¢110x11)  xq1 + C1a(x12) X950 + -+ E1n(X1p) * X1y + E21(X21) * Xpq + Cap(x22) “ X35 +
ot Eppn (X)X + o+ Cpa (1) * Xma + Ena (Xm2) * Xma + o + En (nn) * Xmn =

= X% Z}lﬂ 5ij(xij) " Xij = min (6)

Taking into account expression (5), the objective function (6) can be written in expanded
form:

Cl'jxl'j, xij Shl]

- min 7
xij > h’l] ( )

F=Yn" "
Zl—lzj—l{cl{jxi

jP

It should be noted that due to the dependence of transportation costs on the volume of the
transport flow x;;, the proposed model belongs to the class of piecewise-linear transportation
problems. The objective function contains threshold points of tariff changes, at which a transition

from the basic transportation cost to a reduced (discounted) cost occurs. Thus, unlike the classical
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linear transportation problem, the proposed model is characterized by a piecewise-linear cost
function whose parameters change depending on transportation volumes.
Optimization is performed under the balance constraints of the transport problem:

m

Z. Xij = bj, j=1,m, ®)
i=1
xij = 0.

Thus, the proposed mathematical model of the transport problem takes into account the
change in transportation tariffs depending on the volume of transport flow between individual
suppliers and consumers. Unlike the classical transport problem, in which the cost matrix is
constant, in the proposed model the structure of transport costs changes in the process of forming a
transport plan depending on the achievement of threshold values of supply volumes. This allows
formalizing transport planning problems in the conditions of applying wholesale tariffs, discount
systems or contractual terms of transport.

Based on the formulated mathematical model of the transport problem with threshold values
of the transportation cost, we will consider the procedure for constructing a reference plan, which is
an adaptation of the classical least cost method to the conditions of variable (threshold) tariffs.

Method and algorithm for finding the reference plan of a modified transportation problem.

To build the reference plan, a modified least cost method is used, which takes into account
the change in transportation costs depending on the volume of cargo between a specific supplier-
consumer pair.

In each cell of the transport table, the possible volume of transportation is defined as:

xii™ = min(4;, B)). 9)

The rule for determining the cost of transportation. We enter the following parameter ¢;; -
the effective cost of transportation, which will be determined under the condition of the following
threshold transition:

N {Cij' Xir}lax < hij’
Cij =

, 10
Cij’ xg'lax > hl] ( )

Thus, the transportation cost for each cell is dynamic and depends on the possible load
volume.

Algorithm for constructing a reference plan.

Step 1. Initial analysis of the transport table. For all free cells, the possible volume of
transportation is determined x;;**and the threshold condition is checked h;;. Based on this, the
current matrix of effective costs is formed ¢;;.

Step 2. Selecting the minimum value. Among all free cells (iy;j,), a cell is selected for

which:

Ciyj, = min Cyj.
Step 3. Destination of transportation. The volume is recorded in the selected cell:
= min(4,; ,B; ).

X lo’ “Jo

loJo
After that, an adjustment is made to the inventory and demand balances, and the corresponding row
or column is excluded from further consideration (in case of complete exhaustion).

Step 4. Update values. After each step, all remaining cells are rechecked:

1) the possible volume of transportation is calculated;

2) the fulfillment of the threshold condition is checked,;
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3) the effective cost is updated ¢;;.

Step 5. Iterative process. Steps 2—4 are repeated until all consumer needs are fully satisfied
and suppliers’ stocks are exhausted.

The proposed algorithm differs from the classical least cost method in that the choice is
based not on static cost values, but on a dynamically changing matrix of effective costs, which takes
into account the possible transition to a reduced (wholesale) price when a threshold transportation
volume is reached.

The next stage after building a reference plan and taking into account threshold changes in
transportation costs is the procedure for improving it in order to achieve optimal distribution of
cargo flows.

Method for finding the optimal plan (modified potential method).

After constructing the reference plan, its improvement is performed based on the modified
potential method, adapted to the conditions of variable (threshold) transportation costs.

Step 1. Checking the reference plan for degeneracy . The following condition is checked for
the constructed reference plan:

N=m+n-1,

where N — the number of occupied cells.

In case of violation of this condition, zero (fictitious) transportations are entered into the
corresponding cells without violating the structure of the plan.

Step 2. Calculation of potentials. A system of potential equations is constructed for all
occupied cells:

Uu; + Uj = 5”‘,
where ¢;;is the effective cost of transportation, which is determined taking into account the
threshold rule.

The potentials u;, v;are determined in the classical way with one of them fixed (for example,
u1 = 0)

Step 3. Checking the optimality conditions. For all free cells, the score is calculated:

Aij = El] - (ui + Uj)

—If A;; = Ofor all free cells, the plan is optimal.
— If there are cells with A;; < 0—the plan needs to be improved.

Step 4. Selecting a cell to improve the plan. In case of violation of optimality, a set of cells
is considered for which:

For each such cell, a closed load redistribution cycle is built.
A feature of the modified approach is that the assessment A;;is determined taking into
account the current effective cost ¢;;, which may change in the process of cargo redistribution.

Step 5. Construction of a cycle and redistribution of the load. For the selected cell, a cycle is
constructed in which the vertices are alternately marked with the signs “+” and “—".
It is further defined:

6 = min(x;; in cells with a "-"),

after which redistribution is performed:

—in cells with a "+" sign: x;; = x;; + 6,

—in cells with a "—" sign: x;; = x;; — 6.

Step 6. Update transportation costs. After each redistribution, a threshold condition check is
performed:
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— if after increasing or decreasing the volume the condition is met x;; > h;;, then the

reduced value is applied c;;;

— if the condition is not met, the base value is used c;;.

As a result, the effective value matrix changes ¢;;, which requires recalculation of the
potentials.

Step 7. Repeated iteration. After updating the plan, the algorithm returns to the stage of
calculating potentials and checking optimality.

The procedure is repeated until the condition is met for all free cells:

ijo

Thus, the proposed method is a modification of the classical method of potentials for the case when
the cost of transportation depends on the volume of cargo and can change when the specified
threshold values are reached. Unlike the classical approach, during each iteration, dynamic updating
of individual elements of the cost matrix is possible due to the transition between regular and
wholesale tariffs. This, in turn, leads to the need to recalculate the potentials and re-check the
optimality conditions after each redistribution of cargo in the cycle. This approach allows you to
take into account the impact of variable tariffs on the total cost of transportation and provides the
opportunity to find a more cost-effective transportation plan under threshold pricing conditions.

Conclusions. Thus, the paper considers a modified transport problem in which the cost of
transportation depends on the volume of cargo between specific suppliers and consumers. The
proposed model takes into account the threshold effect of tariff changes, which allows formalizing
situations of wholesale transportation using reduced (discounted) costs.

It has been shown that the introduction of threshold tariff values leads to the formation of a
piecewise-linear transportation problem model in which the structure of the cost function changes
depending on transportation volumes. This makes it possible to describe more adequately the real
operating conditions of transportation and logistics systems that apply wholesale and preferential
tariff schemes.

A modified method for constructing a reference plan has been developed, which is based on
the classical least cost approach, but supplemented by a procedure for preliminary verification of
the possible volume of transportation and appropriate cost adjustment. This ensures a more correct
choice of transport routes at the initial stage of solving the problem.

A modified potential method is also proposed for finding the optimal plan, which takes into
account the dynamic change of the cost matrix in the process of iterative redistribution of loads. It is
shown that this feature leads to the need to recalculate the potentials and check the optimality
conditions after each cycle.

The proposed model allows taking into account threshold values of transportation volume
and correctly describing the economic conditions of transport processes, expanding the capabilities
of classical transport optimization methods.

The developed model can be applied in freight transportation practice to simulate real
logistics systems with wholesale discounts and restrictions on transportation volumes.

Prospects for further research. Further research should be directed at expanding the
proposed model by introducing stochastic or fuzzy parameters of transportation costs and threshold
values of cargo volumes. This will allow taking into account the uncertainty of real logistics
processes and increasing the adequacy of the model in practical application.

A separate direction of further research is the software implementation of the proposed
algorithm and conducting numerical experiments to analyze the behavior of the model for different
structures of transport problems and different values of threshold levels. This will allow assessing
the stability of the algorithm and the features of the formation of an optimal plan in conditions of
dynamic changes in transportation costs.
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Cunasuu B. I1., Adonin M. O., Pycapebka O. O. MOJIEJIb 1 METO/] PO3B’I3AHHS TPAHCITOPTHOI
3AJIAUI 3 ITOPOT"'OBOIO 3MIHOIO TAPU®IB ITEPEBE3EHHA

Y cmammi npedcmaeneno mpancnopmuy 3a0avy 3 ROPO20BOIO 3MIHOIO MApuqhié nepeeeseHHs, y AKil
sapmicms MPAHCNOPMYBAHHSL 3ANIENCUMb 610 00CA2Y 8AHMANCY MINC KOHKPEMHUMU NOCMAYAIbHUKAMU MA
cnooicugayamu. AKmyanvHicmeb  OOCHIONCEHHS  00YMOBNEHA NOWUPEHHSIM Y  CYYACHUX MPAHCHOPMHO-
JIO2ICMUYHUX CUCMEMAX 2HYYKUX MAPUQHUX MeXaHizMie, 3a AKUX NpU NnepesuiyeHHi nesHo2o obcsazy
nepese3eH s 3aCmoco8yiombcs 3HUdCeHi abo onmogi mapugu. I[100iOHI nioxoou SUKOpPUCHOBYIOMbCA Y
cucmemax KoHCOnioayii 6aHmaicie, 00620CMpPOKOBUX KOHMPAKMAX, MYTbMUMOOAIbHUX NEPese3eHHAX ma npu
opeanizayii pezyiapHux NOCMABOK GeIUKUX Hapmiti Npooykyii. 3anpononogaHo mamemamuiny Mooeisb
MPAHCNOPmMHOI 3a0ayi, y AKI 01 KOHCHOL Napu «NOCMA4aIbHUK—CRONCUBAY» 3A0AI0MbCsL 0A308i MA 3HUNCEHT
mapugu nepese3eHHs, A MAKONC NOPO208i 3HAUEHHA 00CA2I8 6aHMANCY, MNICAsA NEPesUUjeHHA AKUX
3ACMOCO8YEMbCS ANbMEPHAMUBHA apmicms docmasku. I1obydosano yinbosy yHkyiro 3a0aui 3 ypaxyearHHam
OUHAMIYHOI 3MIHU 8apMOCMI Nepese3eHHs 3ANeNHCHO 8i0 elUHUHU MPAHCHOPIMHO20 NOMOKY ma cucmemu
banancosux obmedicenv mpancnopmuoi zadaui. Po3pobneno moougikosanuii memoo nobyoosu OnopHO2o
NIAHY HA OCHOBI KIACUYHO2O MemoOy HAUMEHWOl eapmocmi, SIKU 8PAXo8ye MOJNCIUBICMb Nepexody 00
BHUJICEHUX — mapughie  npu  OOCSCHEHHI NOPO2OGUX 3HAUEHb NEPEeBe3eHHs.  3anponoHO8AHO  MAKOIC
MOOUQIKOGaHUll MemoOd NOMEeHYIANi8 Ol 3HAXOONCEHHs. ONMUMAIbHO20 NIAHY, V SKOMY NnepeddaieHo
NOBMOPHE OHOBNIEHHS. MAMpuyi eQexmusHux eapmocmel i NepepaxyHox NOMEeHYianie RiCis KOICHO2O0
nepeposnodiny eawmadxcy. Ha eiominy 6i0 kiacuunoi mpancnopmuoi 3adaui, y 3anponoHOSaHiu mooeii
CMPYKMypa mMpancROPMHUX SUMPAM MOJce 3MIHIO8amucs 0e3nocepeoHbo 6 npoyeci (opmMy8aHHs NIaAHY
nepegeszens. [lpaxmuune 3HaUeHHs 0OCHIONCEHHS NOIALAE Y MONCIUBOCTI BUKOPUCIMARHS PO3POOIEHOT Mooeri
01 NiOBUUEHHS e(DeKMUBHOCII YNPABLIHHA 8AHMANCHUMU NEPeBe3eHHAMU 8 YMOBAX 3ACMOCYBAHHS ONMOBUX
mapughie i OUHAMIUHOI 3MIHU 8aPMOCMI OOCMABKU.

Knrwuosi cnoea: mpauncnopmua 3adava;, mpaHcnOpmHA NO2ICMUKA, Memo0 NOMeHYianie;, ONOpHULl NIAH;
ONMUMANLHULL NAAH, NOPO20GI mapughu,; 3MIHHA BAPMICTNb NEPEGE3EHHSL, GAHMAIICHI NEPEGe3eHH.

© Slavych V. P., Afonin M. O., Rusavska O. O.

CratTio nipuiiasTo 1o peaakiii 11.05.2026

ISSN-print 2313-4763; ISSN-online 3041-1939 173


http://doi.org/10.1007/s12652-021-03554-6
http://doi.org/10.1007/s12652-021-03554-6

