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The article formalises the tasks of routing and allocation of the available transport resource to be solved
by the military command of the National Guard of Ukraine in the course of developing a rational option for
emergency evacuation of a special contingent simultaneously from several penal institutions in the event

of a large-scale accident at a chemical industry facility.

The article formalises the general conditions for the emergency evacuation of a special contingent, the task
of concentrating the necessary vehicle resources on the border of the contamination zone, the task of routing
for the emergency evacuation of a special contingent from the contamination zone and the task of distributing
the special contingent between penal institutions located outside the contamination zone.
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Statement of the problem. For the third year
Ukraine has been suffering from a full-scale
invasion by the russian federation. The military
operations on the territory of the country provoke a
significant number of military and man-made
emergencies. Given the saturation of Ukraine's
territory with potentially hazardous facilities,
primarily in the chemical industry, there is a great
risk of the spread of chemically hazardous
substances over a large part of the country as a result
of accidents and disasters at such facilities.

In article [1], the authors noted the high
saturation of the territory of our country with
penitentiary institutions, which are located at a
relatively short distance from these facilities and
may be affected by the consequences of
emergencies of this nature. In this regard, there is a
high risk of exposure of the staff and special
contingent of penitentiary institutions to chemically
hazardous products and substances.

The state, in accordance with Articles 3 and 27
of the Constitution of Ukraine [2], guarantees the
preservation of the life and health of all its citizens,

© O. Kosiak, V. Batsamut, V. Synytskyi, 2025

S0 a prerequisite for ensuring the safety of prisoners
is their prompt evacuation from the penitentiary
institutions outside the contamination zone (CZ).

To respond to such emergencies and evacuate
special forces, a group of forces and means of the
National Guard of Ukraine (NGU) will be created,
which, according to the final and transitional
provisions of the Law of Ukraine [3], is the main
entity involved in evacuation measures, as it has
the necessary number of trained forces and means
for this purpose.

Thus, there is a multi-stage process of involving
the forces and means of the National Guard
of Ukraine in evacuation measures, concentrating
the forces and means of the NGU on the border of
the contamination zone, inside it and taking the
special contingent outside it. It is worth noting
that evacuation measures in the contamination zone
will be entrusted to the NGU military units for
convoy, extradition and protection of defendants
(VCHKEOP), which are deployed in the immediate
vicinity of the contamination zone. However, at the
same time, the military units for convoy, extradition
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and protection of defendants perform daily planned
convoying tasks, which results in uncertainty for
a certain period of time about the composition of
forces and means (transport resources such as the
CZ truck) ready to perform tasks to evacuate
the special contingent from the unit. In this regard,
additional ECCCs from other regions of Ukraine
may be involved.

In addition, it is necessary to pay attention to the
specific features of the conditions under which the
military command and control bodies of the NGU
will have to develop options for evacuation actions
and make prompt decisions, in particular:

— impossibility to determine the size of the
contamination zone in advance and accurately;

— possible changes in the structure of transport
communications within the administrative units on
the territory of which the penitentiary institutions
are located, as well as in the capacity of these
communications for a certain period of time;

— the territorial dispersion of the CFEECs in
relation to the Penitentiary institutions, which
requires time to march to the respective penitentiary
institutions;

—the possibility of getting into the contamination
zone of penitentiary institutions with different
categories and conditions of detention (juveniles,
women, life prisoners, etc.), which imposes
additional requirements for the evacuation process.

These aspects make it impossible to prepare
evacuation plans for a certain period of time
in advance. Consequently, the EMB will have to
solve evacuation tasks under conditions that will be
relevant for a certain period of time. It should
be noted here that it will be necessary to act
promptly (quickly). Thus, it becomes important to
develop mathematical models to justify and develop
a rational version of the plan for the emergency
evacuation of a special contingent from several
penitentiary institutions simultaneously in the event
of a large-scale accident at a chemical industry
facility.

Analysis of recent research and publications.
Domestic scientists, such as V. Beliaiev [4],
D. Biriukov [5], O. Tarasenko [6] and many other
scholars, have been engaged in research on the
evacuation of civilians in the context of man-made
emergencies.

Thus, article [4] formalises the problem of
finding optimal land evacuation routes for the
population in the event of the spread of the affected
area as a result of natural and technological

et — L —

emergencies. The author notes that there are no
models of evacuation of the population in the event
of a threat from a dynamic area of action of disaster
hazards in the literature, which emphasises the
relevance of the problem of finding optimal
evacuation routes for the population along a road
network with a dynamic topology.

The authors of the article [5] proposed the
formulation of an optimization problem, which
consists in determining the plan for transporting
people during the evacuation of the population by
road vehicles from settlements located in the
affected area in the event of an emergency.

Publication [6] presents a procedure for finding
the optimal evacuation route for the population
along the existing network of public roads in the
event of a threat of exposure to chemically
hazardous substances with the possibility of
implementing such a procedure using geographic
information systems (if electronic maps of the area
are available).

The regulatory framework of Ukraine [7, 8, 9]
defines the mechanisms of involvement and the
procedure for performing escort tasks of the NGU,
in particular: during the performance of planned
tasks under normal conditions, in case of
introduction of the legal regime of martial law and
in case of threat or occurrence of emergencies
of various nature. An analysis of the current legal
framework leads to the conclusion that it is overly
declarative, in particular in cases where an
operational sequence of coordinated actions is
required, interaction between several law
enforcement agencies is established, and the
required number of forces and means to ensure
effective and emergency evacuation is determined.
Thus, it can be stated that currently there are
normative acts that only in general terms define the
procedure for evacuation of special contingent from
Penitentiary institutions that got into the ICA, and
that it should be implemented according to a
separate plan.

The analysis of the above and some other
sources showed that considerable attention is paid
to the issues of routing and distribution of transport
resources during the emergency evacuation
of civilians in emergency situations, in particular,
accidents at chemically hazardous facilities. In view
of this, it is impossible to obtain recommendations
on the procedure for performing the task of
evacuating special forces simultaneously from
several penitentiary institutions that have been
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placed in the Zone of Confinement as a result of an
accident at a chemical facility.

The purpose of the article is to formalise the
tasks of finding the optimal (fastest) evacuation
routes and allocating the available transport
resources for emergency evacuation of a special
contingent simultaneously from several penal
institutions in the event of a large-scale accident at
a chemical industry facility.

Summary of the main material. As part of the
study, a formalised formulation of the tasks of
routing and distribution of the available transport
resource of the ECCCPE for the emergency
evacuation of special forces from the zone of
hostilities was carried out. In addition, during the
calculations, indicators and criteria [10] were used
that meet the needs for input (initial) data and
characterise the evacuation measures. In view of
this, the formalisation of the process of evacuation
of special forces will involve solving the following
tasks.

Task 1. Formalise the general conditions for the
emergency evacuation of special forces.

The essence of the task is to model the boundary
of the SZ, form a set of entry (exit) points to (from)
the SZ, determine the need for a transport resource
such as a "AZ" vehicle for the evacuation of a
special contingent and its specific distribution
across all penitentiary institutions within the SZ.

Let the area ® with a critical level of
concentration of a chemically hazardous substance

(CHS) has a certain area S, . The level (value) of
concentration Q at any point of the area ® is
described by the regression modelQ = f (X, y,t),
where X and y are the coordinates of the point,
t is the current time.

The boundary of ® area is set according to the
following criterion:

Qx,y) = Q7, @)

where Q°" is the critical value of a chemically
hazardous substance in the air.

The intersection of the transport network
(highways and dirt roads) inside and outside the
® area defines the set of H ={h} - entry

(exit) points to (from) this area.
The transport network within the region & is
modelled by a weighted undirected graphG = (P, E),

where P ={p;} . is the set containing the graph

nodes (modelling road intersections), and H c P
E={e2}_: e is the set containing the graph

edges. Weighting t(eij) of some edge ¢€;

.

quantifies the time t = —- of movement along the
Vi;

corresponding road section.

Several penitentiary institutions, modelled by

the set U ={u;} ;. are simultaneously inside

the region ©. In each U ;, which differ in the
contingent of detainees (r. =13; 1 — juveniles;

]

2 —women; 3 —men), N _ persons of the special
uj

contingent serve their sentences respectively.
Outside the area @® there are penitentiary
institutions modelled by the set U =4u:}. ,
y U={ui} i

and p, >> p,. Each of them at a certain moment of

time T is characterised by the volume 4 = of the

uj

special contingent that can be additionally
accommodated in this penitentiary institutions, and

2.7, > 2N,
J J J J
Military units for convoying, extraditing and

guarding defendants are geographically deployed
outside the region ® and are modelled by a set

of v Z{Vi}i=1,7 . Eachv; at a certain moment of

time t can allocate A, vehicles of the "AZ" type

(not involved in the performance of planned tasks)
for the transportation of defendants and convicts

with an average number of seats & in each of them.

The need for transport resources of the NGU
to evacuate the special forces from the area ®
determines a certain distribution of resources across
all penitentiary institutions by the expression:

R, =AUAU.UA . |A >0 (@
AU uy u, Up, uj i1
with restrictions:
E-A =N, , j=1p, (3)
uj uj
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N,
A - -
Ay, =121 5 & q009% J=LP @)
A,
where (A, | is the number of "AZ" vehicles to be
uj

concentrated in U penitentiary institutions for
evacuation from the region ® of a special
contingent of N people;

uj

A, s the percentage of the transport resource

reserve set by the policy.

Task 2. Concentrate the required vehicle
resource on the border of the pollution zone.

The specificity of the task is the selection of
routes that will ensure the minimum time of arrival
of special vehicles from the NGU military units to
the border of the EZ. The totality of such routes will
constitute a route plan for the concentration of the
NGU's vehicle resource on the border of the EZ.
This concentration will determine a certain
distribution of transport resources between the entry
points to the EZ.

Due to the different remoteness of the elements
of theset V ={V.}. — from the area ®, only

those v, for which the criterion is met will be
involved in the evacuation process

T <T% i=1k, (5)

Vi -0

i=1k

where T, ., 1is an estimate of the time of

movement of a convoy of vehicles of the "AZ" type
from the permanent deployment point of a certain

military unit Vv, to the region ©;

T 9" is the time set by the policy.

Thus, the basic problem of concentrating
the required vehicle resource on the border of the
pollution zone is written in a certain way. For all

v, find the following routes P which achieve

v;—h; ?

T =min T, , (6)

N (7N D R

where Thi is an estimate of the time to travel from a

military unit v, to some h, entry point to the
region ®;
P(v;,h,) is the set of all traffic routes from the

military unit v; toall h; entry points on the border

of the region® .

It should be noted here that, by virtue of
expression (5), there may well be situations where
condition (3) is not met. In such cases, the process
of evacuation of the special forces will be carried
out in conditions of lack of transport resources,
which will complicate the planning and conduct
of evacuation measures and affect their progress.

The total number of v; that will participate in
the evacuation, the number of A, vehicles of the

"AZ" type allocated to each of them, and the
shortest routes to the respective entry points h, will

constitute the plan for concentrating the NGU's
vehicle resource on the border of the region ®,
namely:

PI‘conc,H :{j“vi }i:ﬂ W{hi}i:ﬁ’ /’l\/l >0 (7)
As a result of solving the considered basic

problem, a certain distribution of the transport

resource allocated from the set v ={v, }i:rk of

military units of the NGU CEOP is formed
(determined) between the entry points from the set
H={h} .. located on the border of the

contamination zone, according to the expression

20, (8)

Er

RA,H = Ahl U Ath"“’UAhm ! Ahi

where ‘Ahi ‘ is the number of vehicles of the "AZ"

type that will be concentrated at the h; entry point

to the ® region;

M is the number of such points.

Task 3. Routing for the emergency evacuation of
the special contingent from the contamination zone.

The essence of the task is to select an evacuation
route for each penitentiary institutions that ensures
the minimum evacuation time.

After the necessary transport resources are
concentrated on the border of the region ©,
the question arises of the fastest possible removal
(evacuation) of the entire mass of the special forces
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geographically distributed in this region outside
of it. Procedurally, such an operation is divided into
two stages: stage 1 — concentration of the required
amount of transport resources in each penitentiary

N
institutions {U j}jzl—p located within the region® ;

stage 2 — removal of the entire mass of the
penitentiary institutions special contingent outside
the region ® .

The total time of concentration of the transport
resource in the respective POCs within the ®
region will be determined (limited) by the longest
time of concentration of the required resource for

A

some uj, i.e:

IPEL T ©)

conc,U uj

Since there is a certain concentration (Q) of

EDCs inside the region & that negatively affects
the human body, and there is a certain transport
network G =(P,E), on which a set of paths

|5(hi ><UA,-) is defined, the following basic task

arises — to find a plan for concentrating the transport
resource in {G,—}. - in accordance with the
1=1,p,

distribution (2), for which the total time 7 will

conc,U
be minimal, that is
T A:max{tA} — min - (10)
i=1p;

conec,U uj

Taking into account the contingent of detainees,
the desired plan for the concentration of transport
resources is formally written in the form of the
following expression:

PL =A@
conc,U tli=l,m [rTﬁLMn i=Lp,
with restrictions:
m P
YlAl=2 A (12)
i=1 j=1] Y
v AA >0 (13)

u o
Hi=lp,

A,

uj

where ‘Ah‘ and are the amount of transport

resources concentrated in the respective locations.

In order to reduce the time of exposure of
prisoners chemically hazardous substances, the
removal (evacuation) of the special contingent from
the penitentiary institutions (from the region ®)
will be carried out by the shortest route. Thus, the

following basic task arises for each u; €U to
find such routes P, , that achieve

uj—h;

T =minT,./ (14)

Uil By

where T, is an estimate of the time required to

travel from u; penitentiary institutions to some h,
exit point from the @ region;

P (uAj ,h) is the set of all traffic routes fromu;

penitentiary institutions to all h, exit points from

the & area.
As arule, it is necessary to plan (allocate) such
a volume of transport resources that the evacuation

of the special contingent from each u; penitentiary
institutions is carried out in one flight. If condition

(3) is not met for some U penitentiary institutions,
its special contingent will be evacuated in groups of
g A,
uj

which is determined by the following expression:

persons in a certain number of flights,

Yj . (15)

Each flight will take place within 2T, units

uj—h

of time (actually T, units of time for the

uj—h;

removal of the special contingent outside the region

®, and the same time for the return tou;
penitentiary institutions for the next group of
prisoners). Taking into account the limitation that
the speed v;; of convoys in the region @& during

evacuation will remain constant, it becomes clear
that it will take time equal to
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Ti =2T. -p.-T. . (16

uj—h; u; uj—h;

The plan to withdraw the special forces from the
region ® will take shape

PLuy =IN35~y - @0

The implementation of the mentioned plan will
result in a certain distribution of the special
contingent of all Penitentiary institutions by h, exit

points from the area & in the following form:

Run =N, UN,U..UN, » |N,| >0 (18)
for restrictions:
Py m
SN=YN, (19)
j=1 Y i=1

Where‘Nhi‘ is the number of prisoners being

transported (evacuated) from the region ® through
h, exit point from this region.

Task 4. Distribute the special contingent between
penal institutions located outside the contamination
zone.

The problem is reduced to solving the classical
Monge-Kontarovich transport problem [11], which
will determine the distribution of prisoners to
penitentiary institutions located outside the SZ.

Having received the distribution (18) of the
special contingent by exit points from the region
®, the question arises of its distribution among
penitentiary institutions located outside this region,
with further delivery of the special contingent to
their destinations. Since the prisoners at this stage
are out of reach of chemically hazardous substances,
it is advisable to carry out their further evacuation
according to a certain option that will ensure the
lowest total expenditure of public funds. This leads
to the following task. For the entire population of
special forces evacuated from the region ® and

distributed to h; exit points from this region, find a
plan of transportation to {le,-}. ___ penitentiary
i=1,p,

institutions that will satisfy the objective function:

F(x) = iic” - X; = min, (20)

i=1 j=1

with restrictions:

Jd=1..m, (21)

P2
D %= ‘Nh.
=1

inj =x.,1=1...,p,, Xij >0, (22

i=1 u

i\Nhi\:zzv , @3)

where c;;is the transport costs (tariff) for the

transportation of one prisoner by a certain type of
transport from the i-th point of departure (exit point
from the oblast ®) to the j-th destination
(penitentiary institutions outside the oblast® );
X;; 1s the number of prisoners transferred from
the i-th point of departure (exit point from the region
® ) to the j-th destination (penitentiary institutions
outside the region ® );

‘Nhi‘ is the number of prisoners being

transported (evacuated) from the region ® through
h. exit point from this region.

Task (20)—(23) is a classical transport problem
[11], which is an optimisation problem. Based on
the results of its solution, the expedient distribution
of prisoners to penitentiary institutions located
outside the region @ is determined (obtained) by
the expression:

>0, (24)

i=1L.p,

N,

u

R .=N,UNU..UN.,
U Uy U uj

N

i

where [N, | is the number of special forces planned

uj

to be relocated to uvj penitentiary institutions

located outside ® .

The desired plan for the delivery of prisoners to
the relevant (designated) penitentiary institutions
will be formally written in the form of the following
expression:

PL_ :|Nhi |rm —suid g, (@)
where W is the total expenditure of state funds on
the delivery of prisoners to their designated
penitentiary institutions.
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Therefore, the set of plans represented by
expressions (7), (11), (17), (25) will constitute the
content of the general plan for the evacuation of
the penitentiary institutions special contingent
from the contamination zone ® , which in formal
form will look like this:

PLevac = (PLconc,H 1 PL n 1 I:)I—Wd,H 1 PL M j ' (26)
conc,U oel U

Based on the results of solving the above tasks,
the officials of the NGU's MDU draw up a rational
(expedient) version of the plan for the evacuation
of the special forces.

Conclusions

The formalisation of the tasks of evacuating
special forces from penitentiary institutions allows
the military command and control bodies of the
National Guard of Ukraine to determine, in the
course of planning activities the optimal (fastest)
evacuation routes, the boundaries and perimeter of
the contamination zone, the set of entry (exit) points
to (from) the contamination zone, the need for
transport resources for the evacuation of the special
contingent and its rational distribution between the
entry points to the contamination zone, all penal
institutions within the zone, the exit points from the
contamination zone, and then between penal
institutions located outside the contamination zone.

The proposed approach makes it possible to
obtain a general plan for the evacuation of the
special contingent of penitentiary institutions from
the contamination zone in a formalised form in
the conditions of limited time for decision-making.

Areas for further research should include
the development of a methodology for
developenitentiary institutionsng an evacuation
plan for special contingent from several penal
institutions that have fallen into a chemical
contamination zone with a non-stationary transport
network.
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O.T. Kocsik, B. M. Banamyt, B. M. Cununbkuii

®OPMAJII30BAHA TIOCTAHOBKA 3AJTAY MAPIIPYTHU3AII TA PO3INOALTY
HASIBHOT'O TPAHCIIOPTHOT' O PECYPCY JIJISA TPOBEJAEHHS EKCTPEHOI EBAKY AIIIN
CIIEHKOHTUHI'EHTY OJHOYACHO 3 KVIbBKOX YCTAHOB BUKOHAHHS IIOKAPAHb
YV PA31 BAHUKHEHHS MACIITABHOI ABAPII HA OB’€EKTI XIMIYHOI ITIPOMUCJIOBOCTI

QDopmanizosano 3a0ayi mapwpymusayii ma po3nooily HAAGHUX MPAHCNOPMHUX pecypcie, aKi
PO38 A3VI0MbCA Op2aHamu 8ilicbkoozo ynpaeninnsa Hayionanenoi 2eapoii Ykpainu y npoyeci po3pooaenns
PAYIOHAILHO20 8APIAHMA eKCMPEHOI e8aKyayii cneyKoHmuHeeHmy 3 0a2amooimHux UNPAGHUX KOAOHIU Y pa3i
Macumabnoi agapii na 06’ exmi XiMiuHOI NPOMUCTOBOCHII.

Y cmammi ¢opmanizosano 3aeanbHi yM08U eKCmMpeHOi esaxkyayii chneyKkoHmuueeHmy, 3a0auy
30cepeddcentsi HeoOXIOHUX a8MOMPAHCHOPMHUX 3AC00I8 HA MedICi 30HU PAOIOAKMUEHO20 YVDAICEHHS,
3a0ayy Mapuwpymy eKCmpeHoi eakyayii cneyKoHmuHeenmy iz 30Hu padioaKxmueHo20 YPaicenHs ma 3a0ayy
PO3NOJINYy  CHEYKOHMUM2EHMY N0  BUNPAGHUX  VYCMAHOBAX, PO3MAUIOBAHUX 34  MeXNCamMu  30HU
PAadioaKxmueHo20 YPariCeHHsI.

Dopmanizayis 3a60aHb 3 €6aKYAYii CHEYKOHMUHESEHMIB 3 YCMAHO08 BUKOHAHHS NOKAPAHb 0A€ MONCIUBICTND
opeanam 8ilicbko8020 ynpaeninnsa Hayionanenoi eeapoii Ypainu nio yac nianysanHs 3axo0ié GUHAUAMU:
ONMUMANbHI (HAUWEUOWs) WXy esaxyayii, Medci ma nepumemp 30Hu 3aOPYOHeHHS, HAOIP NYHKMIE 6X00y
(6ux00y) 0o (3) yiei’ 30Hu, nompeby 8 MpAHCNOPMHUX Pecypcax O e8aKyayii CneykoHmuHeenmy ma ix
payionanbHuti po3nooin Midic NYHKMAMU 6X00) 6 30HY 3a0PYOHEHH S, NO 6CIX YCMAHO8AX BUKOHAHHS NOKAPAHb
y Mmexcax yiei 30HU, 6 MICYAX 6UxoOdy i3 30HU 3a0PYOHEHHs, A Oali MIdC YCMAHOBAMU BUKOHAHHS
NOKApamsb, pO3MAUI08AHUX NO3A 30HOI0 3AOPYOHEHHS.

Hns eupiwenns nocmagneno2o 3a60aHHs ma OOCASHEHMS 3A3HAYeHOi Yy cmammi Memu 3acmocO8aHO
KOMIIEKC HAYKOBUX MemO00i8 00CHIONCEeHH, cepeld AKUX:

— aHani3z ma y3a2aibHeHHs OJisl BUBYEHHS 3aKOHO0ABYoI 06a3u Ui 8I0OMUUX HOPMAMUBHO-NPABOGUX AKINIB,
WO pe2nameHmyoms yuacms wacmut i 3’ eonans Hayionanonoi 26apoii Yxpainu 6 3axooax 3 peazyeéants na
HAO038UYANHI CUMYayii MexHO2eHHO020 Ma NPUPOOHO20 XAPaAKmepy, d MaKoic 0Jis AHANIZY HAYKOBUX nyOniKayitl
3 npeomema OOCALIONHCEHHSL,
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chemical industry

— aneopumm [etixcmpu (Ha OCHOGI Kpumepilo MIHIMATIbHO2O Yacy) Osi GU3HAYEHHS HAUKOPOMUUX
Mapuwipymia pyxy 6i0 GiticbKOGUX YacmuH 00 NYHKMIE 6X00)y 8 30HY 3A0pYOHEeHHs, MAPWPYMIE PYXY 8 MeHCax
yiel 30HU, a markodic 6i0 NyHKMI6 uxody i3 30HU 3a0PYOHEHHs. 00 THUUX MICYb V8 S3HEHHS, PO3MAUOBAHUX
y be3neunux pationax Kpainu,

— Memoo nodGiliHoi nepesazu ma mMemoo 3a00POHEHUX KOMIPOK 01 6USHAYEHHS pecypci@ nocaoku ma
MPAHCNOPMHUX 3AC0DI8.

3anpononosanuii nioxio oae 3mozy 6 YyM08ax 00OMENHCEHO20 HaAcy NPUNHAMMS pPiuleHHs po3pooumu
KOMNIEKCHULL NIAH e8aKyayii CneyKOHMUHSeHmy YCmaH08 GUKOHAHHSA NOKAPAHb 13 30HU PAdioaKmMUEHO20
3a0pyOHeHHs Y (POPMANI308AHOMY NOPSIOKY.

Knwuoei cnosa: cneyxomwmuneenm, YCMaHo8ad SUKOHAHHS HOKAPAHb, HAO3GUYALIHA — Ccumyayis
MEXHO2EHHO20 XapaKmepy, MpaHCROPMHULL PECYpPC, 30HA 3a0PYOHEHHS, e8aKyaAYis.

Kosiak Oleksandr — Doctor of Philosophy, Senior Lecturer at the Department of Professional Training,
National Academy of the National Guard of Ukraine
https://orcid.org/0000-0003-1002-9897

Batsamut Volodymyr — Doctor of Military Sciences, Professor, Chief of the Research Centre for Service
and Combat Activities of the National Guard of Ukraine, National Academy of the National Guard of Ukraine
https://orcid.org/0000-0003-2182-6891

Synytskyi Volodymyr — Lecturer at the Department of Professional Training, National Academy of the

National Guard of Ukraine
https://orcid.org/0009-0006-4777-8006

78 ISSN 2078-7480. Yecms i 3axon Ne 1 (92)/2025



