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The combination of metal and composite in threaded couplings in-
creases the reliability of the structure operating under conditions of
intensive internal pressure. Strength analysis of threaded metal —
composite couplings based on the application of modern finite ele-
ment modeling methods at the stage of design documentation devel-
opment allows to create more efficient structures that better meet the
operational requirements. The strength of threaded couplings of cy-
lindrical shells made of composite material and metal under the ac-
tion of gas-dynamic internal pressure is analyzed in this paper. A
methodology for numerical study of the problem in Ansys/ Explicit
Dynamics software package is proposed. Detailed modeling of
threaded couplings is used. The developed model takes into account
the following: dependence of material properties on ambient temper-
ature; nonlinear relations between the components of stress and
strain tensors in metal elements, orthotropic properties of composite
materials; peculiarities of contact interaction in the zones of thread-
ed couplings of prefabricated shell elements made of different mate-
rials. The stress state of a cylindrical structure with a central shell
made of carbon fiber-reinforced plastic or fiberglass and with steel
shells at the edges, loaded with gas-dynamic internal pressure with a
maximum value of 20 MPa at a maximum ambient temperature of
100 °C was studied. It was obtained that plastic deformations are
concentrated on the edges of the threaded couplings of steel shells.
At the same time, the magnitude of plastic coupling deformations
with the inner metal shell is an order of magnitude higher than for
couplings with the outer metal shell. The magnitude of plastic defor-
mations in couplings with an inner metal shell is twice less when
using fiberglass than when using carbon fiber reinforced plastic.
Localization of critical stresses was observed only in metal shells at
threaded couplings. In this case, in the thread zone they are within
the elasticity limits, and the stress state of the FRP shell is not criti-
cal. No local material failure was observed in the structure.

Keywords: threaded coupling, load distribution, cylindrical shell
construction, friction, FEM.

In modern industry, individual elements of hull structures are increasingly made of composite materials:

carbon fiber, fiberglass, or multilayer with honeycomb structure made of polylactic acid [1-3]. These elements
often have the form of cylindrical shells: tubular structures in the power and automotive industries, rocket bodies
in the aerospace industry. The replacement of load-bearing parts of the metal hull with composite shells is due to
a number of key factors: a significant reduction in the weight of structures, resistance to corrosion, aggressive
environments, and thermal influences [4]. This creates the need for high-quality and reliable connection of metal
and composite parts in the structure with threaded couplings. In view of the above, the assessment of the strength
of threaded couplings for shells loaded with rapidly changing internal pressure operating at high temperatures
becomes particularly relevant. In this case, the use of an adhesive coupling does not always ensure the integrity
of the structure in conditions of high ambient temperature under intense internal loading [S]. At the same time,
the combination of metal and composite in threaded couplings increases the reliability of structures operating
under conditions of intense internal pressure. Analysis of the strength of threaded metal — composite couplings
based on the use of modern finite element modeling methods at the stage of developing design documentation
allows to create more effective structures that better meet operational requirements.

This work is licensed under a Creative Commons Attribution 4.0 International License.
© Kostiantyn V. Avramov, Maryna V. Chernobryvko, Volodymyr V. Kombarov,
Yevgen V. Tsegelnyk, 2024

Sergiy 1. Plankovskyy,

ISSN 2709-2984. Ipobnemu mawunobyoyeanns. 2024. T. 27. Ne 4 31



DYNAMICS AND STRENGTH OF MACHINES

Due to the high relevance of this topic, there are a sufficient number of diverse publications on the is-
sue of threaded metal — composite couplings today. Experimental work is mainly aimed at studying the me-
chanical properties of materials of composite structures. Thus, the results of studying the characteristics of en-
ergy consumption and behavior during the destruction of hybrid structures made of metal and composite mate-
rials is presented in the paper [6]. The metal part is an aluminum alloy, and the composite part consists of car-
bon and fiberglass materials reinforced with epoxy resin. In the paper [7], the impact resistance characteristics
of hybrid metal — carbon reinforced polymer CFRP tubes were experimentally studied. In the paper [8], the
characteristics of carbon fiber are given based on experimental data. It is shown that the mechanical characteris-
tics of the material are orthotropic. The mechanical characteristics of elastic-plastic flow and local fracture of
steel under the action of internal gas-dynamic pressure are given in the paper [9].

Theoretical studies on this topic are usually based on finite element modeling. In [10], a comprehensive
model that takes into account the tension-torsion relation for a threaded coupling is proposed. In [11], a finite
element model is presented for evaluating the failure behavior of point couplings of aluminum alloy and carbon
fiber reinforced by polyphenylene sulfide, developed on the basis of the finite element method. A cohesive sur-
face model is used to model the behavior of the coupling between aluminum and a composite. In [12], the au-
thors consider the issue of fracture of threaded metal — composite couplings. Based on the analysis of the frac-
ture mechanism, methods for extending the couplings durability are proposed, and in [13], special attention is
paid to methods for connecting structural elements made of metal and composite, including threaded couplings.
The subject of study of the authors of the paper [14] was the bearing capacity of threaded metal — composite
couplings. In turn, the authors of the paper [15] propose a method for numerical analysis of the strength of pre-
fabricated structures under the action of operational loads, taking into account the ambient temperature.

In this study, the strength of threaded couplings of cylindrical shells made of composite material and
metal, which are under the action of gas-dynamic internal pressure, is analyzed. A method for numerical study
of the problem in the Ansys / Explicit Dynamics software package is proposed. The developed finite element
model takes into account: the dependence of material properties on ambient temperature; nonlinear relation be-
tween components of stress and strain tensors in metal elements; orthotropic properties of composite materials;
features of contact interaction in the zones of threaded couplings of elements of a prefabricated shell made of
different materials.

Problem statement

A folded cylindrical shell is considered (Fig. 1), the
elements of which are the central composite shell 1 and two
metal shells at the edges 2 and 3. The case when the metal
shells are made of 30KhGSA steel, and the composite shell
is made of carbon fiber or fiberglass is studied. The metal
shells are rigidly fixed at the free edges. The parts of the
structure are interconnected by threaded couplings.

Fig. 1. Sketch of a prefabricated cylindrical
structure with threaded couplings at the edges:
1 — composite shell; 2, 3 — metal shells
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Fig. 2. Change in internal pressure over time Fig. 3. Temperature change over time
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The structure is loaded with non-stationary internal pressure. The change in internal pressure over
time is shown in Fig. 2. The deformation process occurs under the temperature regime shown in Fig. 3. Since
the mechanical loading of structures begins only when the temperature reaches its stable maximum value of
100 °C, the effect of thermal shock is modeled by a decrease in the mechanical properties of the metal shell
material. It is assumed that the increase in temperature does not significantly affect the heat-resistant material
of the composite shell and its mechanical properties do not change. The contact in the threaded coupling at
the beginning of deformation is modeled as a fit with full contact, which ensures a tight fit of the thread be-
tween the two coupling elements, but without loading the material.

The stressed state of the structure under the ac- Table 1. Mechanical properties of 30KhGSA steel
tion of internal non-stationary pressure is studied, tak- depending on temperature
ing into account the effect of temperature on the me- T, on . L. 5. | a109,
chanical characteristics of materials. The problem is | oc | mpa | MPa | GPa % oC-1 v

solved in a nonlinear formulation. Large deviations |~ 29 | 1080.0 | 932.0 | 1962 | 13.5 | 124 |03
during deformation are taken into account, as well as | 100 | 1062.6 | 878.6 | 1893 | 13.4| 125 |03
the plastic flow of 30KhGSA steel. 250 | 1030.0 | 843.0 | 176.4 | 13.0 | 13.0 | 0.3

When modeling the stress state of prefabricated structural elements made of 30KhGSA steel, the
change in the elastic-plastic properties of the material depending on the temperature is taken into account.
Table 1 shows the experimental data obtained at temperatures of 20 °C and 250°C, as well as the mechanical
properties of the material for the intermediate temperature of 100 °°C, obtained by linear interpolation.

To simulate the plastic flow of steel, a bilinear isotropic hardening model is used. During plastic de-
formation, the relation between stresses and strains is given by [16]:

—o,()+H| 5, - 2D !
Geq_cy( )+ 8eq_ E(T) s ()

Ocq

de,,

Both fiberglass and carbon fiber core are heat-resistant materials. Temperature changes from 20 °C
to 100 °C do not significantly affect their mechanical properties.

The following fiberglass characteristics were used in this research: density p=1800 kg/m®, Young's
modulus £=6 GPa, shear modulus G=0.6 GPa, Poisson's ratio v=0.3. At the same time, carbon fiber as an
orthotropic material has the following mechanical characteristics: Young's moduli E.=2.25 GPa,
E¢=2.96 GPa, E..=2.41 GPa, shear moduli G,—=0.667 GPa, G,,~=0.889 GPa, G..=0.829 GPa, Poisson's ratios
Vip=0.31, v¢:=0.26, v:.=0.33, density p=1267 kg/m’. The materials are elastic and not subject to plastic flow.
The stress limits for carbon fiber are as follows: 6,=56.5 MPa, 64,=47.0 MPa, 6,,=30.0 MPa; and for fiber-
glass, the tensile strength is equal to 150 MPa. The given values are obtained experimentally. The methods
of experimental studies and their numerical processing are described in [8, 17]. The relation between stresses
and strains is given in the form of Hooke’s law

Sap = Copys “Eys > @
where Cypys are coefficients of the tensor of elastic moduli.

The problem is solved in a dynamic formulation under internal pressure
P=P(¢), shown in Fig. 2. Static solution at internal pressure P=20 MPa is used to verify the obtained results.

where o,(7) is the yield strength for a given temperature; H = is the strengthening module.

Methodology for solving the problem using the FEM method

The numerical solution of the problem was implemented in the Ansys / Explicit Dynamics software
package based on the finite element method. A nonlinear dynamic model with explicit integration methods
within the framework of direct dynamic analysis was applied.

In the general case, internal gas-dynamic pressure can cause deformation of the composite shell in a
wide range of deformation rates. At high deformation rates, the dependence of stresses on deformations and
their rates must be taken into account. It is assumed that damping is small, so it is not taken into account.
Thus, the classical equation of motion [16] can be presented in a modified form

[M iy +[K (e, 8){u) = 1F75 3)
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where [M] is the finite element model mass matrix; {u} is the vector of generalized nodal displacements of the
finite element model; [K] is the stiffness matrix of the finite element model; {F} is the vector of forces reduced
to nodes.
In this study, due to the low speed of the deformation process occurring due to mechanical loading
(Fig. 2), the deformation speed is not taken into account in equation (3), and the plastic flow of metal shells
is modeled according to (1).
Time discretization is performed according to the central differential scheme of second-order inte-
gration [16]
i}, =[MT({(F} =K (e, ({u, 1), (e, )i, 3 5
b =i A = e, ) A
2 2 2

For this system to be stable, the conditions for the time integration step must be met [16]

At, < 2 ,
®

max
where ®max 1s the maximum natural frequency of this system.
The maximum natural frequency should be equal to [16]
2c
max ~ A_x
where c is the speed of sound in a material; Axmin is the minimum characteristic element size.
Thus, to ensure the convergence of the problem solution, it is sufficient to choose the appropriate
characteristic element size.
The mass matrix [M] of equation (3) is determined from the expression for the kinetic energy during
deformation. In finite element discretization, it has the form [16]

r=] H jpv'TNTNv'dV - %v'TMev‘,

()

b
min

2
where V' is the body volume; p is the material density; u=v-N is the displacements; v is the vector component
of nodal displacements; N is a matrix of shape functions that determines the position of nodal elements;

M,= I J' I pN!N,dV is the element mass matrix.
v,

Stiffness matrix [K] of equation (3) is determined from the expression for internal virtual work. The
modeling of geometric nonlinearities is carried out by the Lagrange method. At the time ¢, all variables (co-
ordinates x;, displacements u;, deformations g, stresses o, speeds vi, volume ¥, etc.) are known. The prob-
lem is solved for a set of linearized synchronous equations with displacements as input data to obtain a solu-
tion to the problem at time #+Az [16]

80 = [o,86,dV = f,"5u,dV + [ f°5u,ds ,
Vv Vv N

. . . o Ou; .
where W is the internal virtual work; o;; are components of the Cauchy stress tensor; €, = l[%-‘r—]] is

2\ ox; O
the strain tensor; u; are displacements; x; is the current coordinate; f* are components of solid bodies; /° are
components of surface forces; V' is the volume of a deformed body; S is the surface of a deformed body on
which the load acts.

Now, the relation (2) for an orthotropic material is considered. They have a well-known form [8]. On
their basis, the increments for direct stress are determined. The increase in deformation Ag; is expressed
through the growth of volumetric Ae~ej;+entes; and deviant Ag;? deformation components as follows:

Ag, = %Aav + Agg“ . The differential linear relations between the increments of direct stress and the increase in
L Jij

strain for an orthotropic material have the form:
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1
Aoy | [C Gy G 0 0] Agfﬁ_EAgv
Acy, Cp G Cy 0 0 | Aed, + lAsv
Acs, _ Cs Cy G 0 0 0 4 % .
Aoy | |0 0 0 ¢, 0 o0 [Aut3he
Acs, 0 0 0 Cys O Agy,
A, | [0 0 0 0 Cgxl A&a

Ag, |

The contact interaction between bodies in the area of threaded couplings is described by the frictional
contact model. The friction force is calculated based on the normal contact force and the friction coefficient
Fp=pF,
where F7is the friction force; p is the coefficient of friction between surfaces; F, is the normal contact force,
which is calculated using the penetration method
F,=k,3,
where k, is the contact stiffness coefficient; o is the penetration of one surface into another.

Numerical analysis results

The stress state of the prefabricated structure shown in Fig. 1, loaded with unsteady internal pres-
sure, the change in time of which is shown in Fig. 2, at an ambient temperature of 100 °C, is studied. De-
tailed modeling of threaded couplings is used. To break the shell structure into finite elements, a volumetric
finite element TET10 is used — a tetrahedron with 10 nodes, which has three degrees of freedom each. The
use of this element makes it possible to model plasticity and large deflections during deformation, therefore
the computational model of the problem includes the option of large deflections, known as Large Deflection,
and Bilinear Isotropic Hardening model for 30KhGSA steel. The composite is specified as an orthotropic
material with elastic properties, and the plastic flow of this material is not foreseen. To match the directions
of the coordinate axes to the orthotropic properties of the composite in the central shell, the orientation of the
finite elements "Element Orientation" is specified as follows: axis Ox is directed along the generating cylin-
drical shell, axis Oz — normal to its outer surface, the third axis defines a right triple.

Solving the problem in a dynamic Table 2. Simulation results for different sizes of finite elements

formulation is time-consuming in terms of "Element Size" Parameter 12 mmt | 6 mmy | 3 mm
calculations. To reduce the time at the ini- Maximum displacements, mm 331 579 579

tial stage of design, it is advisable to per- Maximum plastic deformations | 0.077 | 0.076 | 0.076
form a number of auxiliary calculations in | | Maximum equivalent stresses, MPa | 1168.1 | 1167.2 | 1 167.1

the static analysis module [9].

The convergence of the numerical solution of the problem is studied. Calculations are carried out at
internal pressure P=20 MPa for a structure with a central shell made of carbon fiber. The convergence study
was carried out by the traditional method of successively reducing the mesh size. The convergence of dis-
placements, plastic deformations and Von Mises equivalent stresses was analyzed. Table 2 shows the results
of this analysis for the maximum values of the quantities. The mesh size was set by determining the size of
the finite element by the parameter "Element Size". As a result of test studies, a finite element model of the
problem with the parameter "Element Size", which is equal to 6 mm, was selected.

Rapidly increasing gas-dynamic pressure in the structure leads to an uneven distribution of stresses
in the thread, since steel and composites have different elasticity and sensitivity to the loading rate. In this
regard, uneven load distribution in the contact zone can lead to the occurrence of plastic flow of steel and, as
a result, to a local violation of the integrity of the threaded coupling. To avoid this, at the stage of design
documentation development, it is advisable to analyze the presence of plastic deformations in metal —
composite pairs at maximum operational loads.

The stress state in a structure with a central shell made of carbon fiber and fiberglass was studied. Nu-
merical modeling was carried out to determine the zones of occurrence of plastic deformations in the structure
at maximum internal pressure P=20 MPa and at a temperature of 100 °C. Calculations were performed in the
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Static Structural static analysis module. Fig. 4 shows plastic deformations in the steel parts of the prefabricated
structure with a central shell made of carbon fiber.

It should be noted that in the area of
the left threaded coupling, the pressure acts
on the steel shell, and in the area of the right
one — on the composite shell. Plastic defor-
mations are concentrated on the edges of the
threaded couplings of the steel shells. In this
case, the magnitude of the plastic defor-
mations of the coupling with the inner metal
shell is an order of magnitude higher than
for the coupling with the outer metal shell.

Fig.5 shows the plastic defor-
mations in the steel parts of the prefabricat-
ed structure with the central fiberglass
shell.

Plastic deformations, as before, are
concentrated on the edges of the threaded
couplings of the steel shells. In this case, the
width of the annular layer of plastic flow of
the metal decreases compared to the previ-
ous case. The maximum value of plastic
deformations in the coupling with the inner
metal shell is half as small when using fi-
berglass, not carbon fiber.

Thus, the use of fiberglass as the
material of the central shell for a given
loading mode is preferable.

The dynamics of the distribution of
displacement and stress fields in a prefabri-
cated structure with a fiberglass inner shell
under the action of a given non-stationary
internal pressure was studied (Fig. 2). Fig. 6
shows the displacements in the prefabricated
structure. The maximum displacements are
achieved in the central part of the structure,
they do not exceed 2 mm. They reach their
maximum at 0.5 s, and then retain their val-
ues over time. In the zones of threaded cou-
plings, displacements are practically absent.

Fig. 7 shows the Von Mises
equivalent stresses in a prefabricated
structure with a central fiberglass shell.

Analysis of the results shows that
in the thread zone the stresses are distribut-
ed evenly. At the same time, they remain
within the elastic limits. The localization of
critical stresses is observed only at the edg-
es of the metal shells near the threaded
couplings. The stressed state of the fiber-
glass shell is not critical. Local material
failure is not observed.

J: Static Structural P=20MPa

Equivalent Plastic Strain
Type: Equivalent Plastic Strain
Unit: mrmyfrairm
Tirme: 15
0,054576 Max /
0037358 \
0,033541
0.027329
0021117
0,013507
0,0098969
0,0042668
0,00031744
0 Min

Fig. 4. Plastic deformations in steel parts of a prefabricated
structure with a central shell made of carbon fiber

K: Static Structural_P=20MPa

Equivalent Plastic Strain
Type: Equivalent Plastic Strain
Unit; mm/ram
Time: 13

403 fon M -

0,021117

0,021117

0,021117

0021117

0,015507

0,0098369

0,0042868

0,001513

0 Min

Fig. 5. Plastic deformations in steel parts of a prefabricated
structure with a central fiberglass shell

D: Explicit Dynamics
Total Deformation
Type: Total Deformation
Unit: mm

Time: 5,0005e-001 5

1,958 Max
1,7404
1,5229
1,305%
1,0878
087022
065267
043511
021756
0Min

l

Fig. 6. Displacement at time 0.5 s in a prefabricated
structure with a central fiberglass shell

D: Explicit Dynamics
lent Stress

Time: 5,0005e-001 5

914,98 Max
813,33
11,67

610,02
508,37
406,71

305,06

2034

01,75
0,00223 Min

Fig. 7. Von Mises equivalent stresses at time 0.5 s in a prefabricated
structure with a central fiberglass shell
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Conclusions

The process of deformation of threaded couplings of cylindrical shells made of composite material
and metal under the action of gas-dynamic internal pressure is analyzed. A method of numerical study of the
problem in the Ansys software complex is proposed. Detailed modeling of threaded couplings is used. The
developed finite element model takes into account: the dependence of material properties on ambient tem-
perature; nonlinear relation between components of stress and strain tensors in metal elements; orthotropic
properties of composite materials and features of contact interaction in the zones of threaded couplings of
elements of a prefabricated shell made of different materials.

The study of the stress state in a structure with a central shell made of carbon fiber and fiberglass,
loaded with gas-dynamic internal pressure with a maximum value of 20 MPa at an ambient temperature of
100 °C, was carried out. It was found that plastic deformations are concentrated at the edges of threaded
couplings of steel shells. At the same time, the magnitude of plastic deformations of the coupling with the
inner metal shell is an order of magnitude higher than for the coupling with the outer metal shell. The magni-
tude of plastic deformations in the coupling with the inner metal shell when using fiberglass is half as small
as in the case of using carbon fiber. The localization zone of critical stresses was observed only at the edges
of the metal shells in threaded couplings. At the same time, in the thread zone, the stresses are distributed
evenly, and their values are within the limits of elasticity. The stressed state of the fiberglass shell is uniform
and is not critical. Local material failure in the structure was not observed.
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JedopmyBaHHs pi3b00BHX 3’€IHAHb METAJI — KOMIIO3UT i/l Ai€l0 ra30AUHAMIYHUX HABAHTAKEHb
K. B. ABpamos, ' M. B. Uepnoopusko, 2 B. B. Kom6apos, % C. 1. ILiankoBcbKuii, 2 €. B. IlereibHux

' THCTUTYT eHepreTUUHUX MamiuH i cucteM iM. A. M. ITiaropuoro HAH Ykpaiuu,
61046, Ykpaina, M. Xapkis, Bys1. KomynaneHukis, 2/10

2 XapkiBCchKHI HAIIOHATBHMI YHIBEPCUTET MichKOTo rocofapcTsa imeni O. M. bekeTosa,
61002, Ykpaina, M. Xapkis, Bys1. YopHornasiBcbka, 17

Toeonannss memany 1 KOMRO3UMY 8 pi3bOOBUX 3 €OHAHMAX NIOGUWYE HAOTIHICMb KOHCMPYKYIL, W0 npaye 6
YMOBAX GNIUBY IHMEHCUBHO20 BHYMPIUHb020 MUCKY. AHANI3 MiYHOCMI Pi3bO0BUX 3 €OHAHb Memall — KOMIO3UM HA OCHOGI
3aCMOCy8anHA CYYACHUX MemOo0i8 CKIHUEeHHO-eleMeHMH020 MOOeN08AHHA HA CMadii po3pobaeHHA NPOEKMHOI OOKYMeH-
mayii dae 3mo2cy cmeoprogamu Oilbl eqheKmueHi KOHCMPYKYii, K Kpauje 8i0n0Gi0aoms eKCniyamayitinum eumozam. Y
yil nyonikayii npedcmagneno pesyibmamu aHanizy MiyHoCcmi pizb0068uUx 3 €OHAHbL YUTTHOPUUHUX ODOJOHOK i3 KOMNO3UM-
HO20 Mamepiany 1 Memany, wo nepedysaioms nio 0i€lo 2a300UHAMIYHO20 GHYMPIUHLO2O MUCKY. 3anponoHosana memo-
OUKa 4uUCcenbHo20 00CTi0dNCeHHs 3a0adi 6 npoepamuomy Komnaekci Ansys / Explicit Dynamics. Buxopucmosyemucs dema-
J308aHe MOOen08AHHsL Pi3bh0sux 3’ €Onanb. Po3pobiena modenvy 8paxosye: 3anedcHicms 8racmugocmeli Mamepianie 6io
memnepamypu 006K, HEMIHIUHUL 36 SI30K MIJC KOMNOHEHMAMU MEeH30PI8 HANpYdlceHb | deghopmayill y Memaneux
elleMeHmax, OpmompOnHi 61ACMUBOCHI KOMNO3UMHUX Mamepianie, 0coOIu80cmi KOHMAKMHOI 63aeMO0ii 8 30HAX PizbOO-
6UX 3’€OHAHL eleMeHmig 30IipHOI 000NOHKU 3 pi3Ho20 mamepiany. JJoCHiONCeHO HANPYICeHUll CMAH YUTIHOPUYHOT KOHC-
MPYKYIi 3 YeHMPAIbHOI 0O0I0HKOIO 3 8Y2NeNIACMUKY A0 3i CKIONAACMUKY Md 31 CMAe8UMU 000NOHKAMU RO KPAsX, Ha-
BAHMAICEHOT 2A300UHAMIYHUM SHYMPIWIHIM TMUCKOM i3 Makcumanvhum suavennam 20 Mlla 3a maxcumansroi memnepa-
mypu Haskoauunbo2o cepedosuwya 100 °C. Ompumano, wo niacmuyni oegopmayii 30cepeddiceri Ha Kpasx pizbOosux
3’eOnanv cmanesux obononox. Ilpu ybomy eruuuna nAACMuyHux oeopmayii 3’ €OHAHHA 3 GHYMPIUHBLOIO MEMALEB0I0
000JI0HKOI0 HA NOPAOOK BUWA, HIXC 071 3 €OHANHSA 13 306HIUHBOIO MEMANEB0I0 0D0NOHKON. Beruuuna niacmuunux dego-
pmayii y 3’ €OHAHHT 3 BHYMPIUWHBOTO MEMAIe8010 0DOJIOHKOI0 NPU BUKOPUCAHHI CKAONIACMUKY 808i4i MeHa, HIdC Y 6U-
NaoKy BUKOPUCIMAHHA 8yeNlenaacmuKky. Jlokanizayia KpumuyHUx HanpyiceHs CHOCMeEPI2anacs miloKu 8 Memanesux 00o1o-
HKax 6ina pizeb06ux 3’cOHans. Ilpu ybomy 8 30Hi pizedu 60HU 8 MEIHCAX NPYHCHOCMI, A HANPYHCEHUT CTNAH CKAONIACNUKO-
601 00010HKU He € KpUMUYHUM. JIOKAbHO2O PYUHYBANHS MAMeEPIaNy 6 KOHCIMPYKYii He ChOCmepieanocs.

Knrouosi cnosa: pizv6o6e 3’€OHanHs, po3N00il HABAHMAICEHHS, YUTIHOPUYHA 0OOJIOHKOBA KOHCMPYKYIA, me-
pms, MCE.
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