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Summary. In the conditions of the general flat stress state created by uniformly distributed effects of
tension (compression) at infinity, the mixed contact problem for an infinite isotropic plate with a circular hole,
which contour reinforced by a closed elastic rib in the presence of a symmetrical interfacial section at the
boundary of their connection and the edges of cut in the process of deformation is smoothly contacted, is
considered. The components of the deformation tensor (unit elongation, the angle of rotation of the normal and
the curvature) at the point of the contour of the hole of the plate are represented by integral dependences on the
contact forces. By modeling the reinforcement of a closed elastic rod of a stable rectangular cross of large
curvature and using the basic equations of linear theory of curvilinear rods the mathematical model of problems
is constructed in the form of systems of three singular integral equations with Hilbert cores to find contact forces
between plates and rib. To determine the initial parameters of a closed static indeterminate rod, the conditions of
unambiguous displacement and angles of rotation at the point of its axis and the equilibrium conditions are used.
The approximate solution of the problem is constructed by the method of mechanical quadrature and collocations,
which investigated the influence on the stress state of the plate and the reinforcing rib and on the size of the area
of smooth contact of stiffness factor of rib.

Key words: interphase insection, isotropic plate, reinforcing rib, contact forces, singular integral
equations, smooth contact area.
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Introduction. Plates, weakened by holes, are widely used in modern engineering and
construction. To reduce high concentration of stresses near the holes, their contours are
reinforced with closed or open reinforcing ribs. The stress-strain state of such plates
significantly depends on the model of the reinforcing rib. Such problems are most fully studied
for cases when reinforcement is modeled by an elastic line of constant or variable stiffness
(compression) and bending [1] or a curved rod of constant cross-section, whose line of actual
connection with the plate does not coincide with its geometric axis [2]. In modern scientific
literature, the model of a curvilinear bar of big curvature of constant rectangular cross-section
became widespread [3, 4]. Using this model in [5], a number of problems on the contact
interaction between an infinite isotropic (orthotropic) plate with a curved (elliptical) hole and a
closed elastic rib when they are completely connected by press fit method with guaranteed
tension or by welding.

In the process of production or operation of piecewise homogeneous plate structures,
such defects as interphase cuts (cracks) may occur at the interface of materials, which will cause
high stress concentration and further interphase failure under force or heat load. A systematic
study of such problems for rectilinear and arc cracks was conducted in [6-11].

The case of one or two symmetrical interphase sections, the edges of which do not come
into contact during deformation, between an isotropic (orthotropic) plate with a curved
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(elliptical) hole and a closed elastic rib of large curvature is considered in [5, 12]. The case of
one or two symmetrical interphase sections, the shores of which do not come into contact during
deformation, between an isotropic (orthotropic) plate with a curved (elliptical) hole and a closed
elastic rib of large curvature is considered in [5, 12]. The method of mechanical squaring and
collocation for different loads is used to study the effect of the anisotropy of the plate material,
the hole shape, the size of interfacial section and physical and geometric parameters of the rib
on the stress state of the plate structure. In the presence of smooth contact of the edges of the
interphase section (sections), such tasks remain unexplored.

It is suggested to use numerical-analytical method for solving a mixed contact problem
for an infinite isotropic plate with a circular hole reinforced with a closed elastic rib under
conditions of generalized flat stress state.

Statement of the problem. Supposing, an infinite isotropic plate of thickness 2h is
weakened by a circular hole of unit radius, the contour 5 of which is reinforced by a closed
elastic rib of constant cross-section. The plate structure is in the conditions of the generalized
plane stress state created by evenly distributed on infinity forces p and g acting in two
mutually perpendicular directions.

The common medium plane of the plate and the edge is assigned to the system of
rectangular (x, y)and polar (p, A) coordinates with the pole in the center of the hole. The

reference systems are chosen so that the coordinate axes determine the directions of the external
load action (Fig. 1).
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Figure 1. Design diagram of the plate Figure 2. Design diagram of the reinforcing rib

Assume that on the line connecting the plate and the ribs outside the area [-«ay; o]
there is a symmetrical interfacial section in relation to the axis Ox , the edges of which under
the action of a given load on the area [z — 3;; 7 + /3,] are in smooth contact.

Objective of the research ids to determine the component of stress state on the contour
y in the plate, reinforcing rib and to find out their dependence on size of the interphase section,

the size of smooth contact area and the external load.
Main equations of the problem. Stress-strain state of the plate is determined by contact

forces T, S, on the area [—a,; a,], contact forces T, on the area [z — ,; 7+ 3,] applied
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to the contour » from the side of reinforcing rib, and external load on infinity.
At given load, the deformation parameters at the points of contour » are determined
from the relations [12], which can be represented as

gﬂ(’l):z_llzh{(l_ ——IT t)dt+— I S ctg—/lz_tdt—
17z+ﬂ0 B
T f T,(t)dt+(p+0g)—2(p-q)cos24 |;
-
1
V(4)= 1- —= [ To(t)ct —dt— (1)
& 2Eh{( V) I t)etg

7+ fy .
1 j fp (t)ctg%dHZ(p—q)sin 2/1}
T

k(/l)zl—gl(/l)ﬁtd\;—(iﬂ); Ae[-ay; 27 —ay).

Here the nomenclature is introduced: E, v are Young's modulus and Poisson's ratio of the
plate material; ¢,, V , k are relative elongation at the points of the hole contour, the rotation
angle of normal to it and the curvature;

T?, le[—ao;ao]; SO/I, le[—ao;ao];
T = S, p
r Tp, ﬁe[ﬁ—ﬁo;ﬁ+ﬁ0]; a 0, ﬂe[ﬂ—ﬁo;ﬂ'+ﬂo].

If the contact forces become known, the ring forces on » can be determined by the
formula

T, (xl)szp (A)+2Ehg, (A). (2)

Closed reinforcing rib is in elastic equilibrium under the action of contact forces
To Sﬁi, Tp transmitted to its outer side surface from the plate. It is modeled by a closed

curved rod of large curvature with rectangular cross-section [4].
According to the accepted model, the stress state of the reinforcement is determined
by the longitudinal N and cross-sectional Q forces and bending moment L, which act in

the cross-sections of the rod and are related to its axis. Deformations of the longitudinal
fibers of the reinforcing rib are characterized by relative elongation £{”, angle of rotation
of the normal 6, and curvature k.

The problem of calculating a closed rib is statically indeterminate. Using the
idea of the method of forces [4], we conventionally cut the edge with a plane 4 = —¢,, and to
the ends of the section apply statically balanced forces N, Q,and bending moments L, (Fig.
2). As a result, we obtain a statically determinate open rod, which is in equilibrium under the
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action of the load on the ends and the contact forces transmitted to it from the plate.
From the conditions of equilibrium of the part of the rib between the cross-sections

A=-a,and A=21 find

N(A) = N, cos(A+a,) —Q, sin(4 +¢,) + f,(1)cos A+ f,(A)sin 4;
Q(A) =N, sin(A+a,) +Q, cos(A+ )+ f,(4)sinA— f,(1)cos 4;

2 @)
L,(2) =L +(1=n)Ny = [ S, (t)dt-(1-n)N(2), Ae[-am27-a),
where h
—.[ [Tpo(t)sinHSf% (t)cost}dt, Ae[-aya,];
f,(1) = 0, ﬂe[ao;ﬂ—ﬂo];
—I Np(t)sintdt, ﬂe[ﬁ—ﬂoﬁﬁ—ﬂo];
=B
_[ [Tpo (t)cost—S?, (t)sint]dt, Ae[-agia,]; (4)
f,(1) =1 2(N,sina, +Q, cosa,), Aelay, - B,

2(N,sina, +Q, cosa,) - J' T (t)costdt, Ae[z-pByiz+p,];
7=y
fi(tog)=f(7£5)=0; f,(-a)="f,(7+5)=0;
f,(a)=T,(7—B,)=2(Nysina, +Q, cosa,).

Functions f (1), f,(A4)that determine the projections on the coordinate axes Ox and
Oy, according to the external force load applied to the rib on the area [—«,; 4]. In the case of

balanced load, these functions are one-valued.
Deformations of the outer longitudinal fiber of the rib in contact with the plate are

determined by the formulas [4]

@y L 1n+1, . dg(4) 1 L, (4) ].
W= N(2)+ ” Lb(/i)}, o _EOFO{N(A)+ |
k(c)(ﬂ):l—gic)(l)‘i'%’ ie[—ao;ﬁnLﬂo], (5)

inwhich 2h,, 27 are the height and width of reinforcing rib; E,is Young's modulus of the rib
material; F, =2h,x2n is the cross-section area; E,F, is stiffness of the rib in tension
(compression); 7. is the distance from the axis of the rib to the neutral for pure bending
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longitudinal fiber with a radius of curvature r, =1-7-7,.

The initial parameters N,, Q,, L, are determined from the equilibrium condition of
reinforcing rib as a rigid whole

% 7+ f,
[ [T)(t)cost—sp, (t)sint ]dt+ [ T, (t)costdt=0 ©6)
o e

and the conditions of unambiguity of the displacement vector components of the points of
contour » and the angle of rotation of the normal to it

j L, (t)costdt =0; 4, (r)=0. (7)

Normal stresses in the external and internal fibers of the rib and the highest tangential
stresses in the axial fiber are determined by the formulas [4, 5, 12]

- L
0(1)(/1):i N(/l)+77+77c Lb(l)} a(z)(l)zi{N(i)+n° n b(ﬂ’) :
Fo 1. F, n, 1-2p

Q(4)

I:0

7, (A) =

N w

: (8)

Relations (3)—(8) form a complete system of equations for determining the stress-
strain state of statically indeterminate rib of large curvature.

Mathematical model of the problem. Boundary conditions of compatible
deformation of the plate and the reinforcing rib at the area of their connection are formulated
as the conditions of ideal mechanical contact in differential form

g,(N)=2(A); VIA=6,(1), Ae[-aya], 9)
and in the area of smooth contact as the equality of curves
k (1) =k©(1). (10)

Absence of contact forces of lag of the rib from the plate is taken into account when
writing relations (1), (3), (4).

Substituting (1), (5) taking into account (3), (4) in boundary conditions (9), (10),
after certain transformations, we obtain a system of three singular integral equations with

Hilbert nuclei to determine the functions T7, S°,, T,
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1% 1% A—t
(1—V)T;(/1)—; j Tp°(t)dt+; j s, (t)cthdt—

—Q —Q

7+ 5
1 | fp(t)dt+(p+q)—2(p—q)cosZﬂ}—Z—Eh[ (2)+ me(z)};
T 2 p E.F n
0 1% g - s
(1-v)s,, (ﬂ)—;:[OTp (t)c ”J'ﬂ ctg—dt+
. 2Eh
+2(p—Qq)sin24 =—— { } Ae[—ao;ao]; (11)
EO 0
dt 0 A’_t
‘ao —0‘0 Sln _0‘0
. 175 1d "% A-t
~1-v)T, (z)+;ﬁjﬂo T, (t )dt—;d—”jﬁoT (t)otg = —dt-
2Eh .
—(p+q)+6(p—0q)cos2i= I:(1—77)r0N(/”L), Ael[n— P+ B

0" 0

We supplement system (11) with conditions (6), (7), which are used to determine
constants N, Q,, L;.

Relations (11), (6), (7) determine the mathematical model of the formulated problem.
Note that the magnitude of the contact area of the edges of the interphase section (24,) is

unknown in advance and needs to be determined.
Approximate solution of the problem. The exact solution of the system (11), (6), (7)
cannot be found. To find an approximate solution, it is necessary to determine the structure of

the required functions at the ends of the sections [-a,;a, ] and [z — By; 7+ f3,].
In the area of smooth contact of the plate and the rib, function T, (1) is limited and

continuous, and equals zero at its ends (T, (7 £ 3,)=0).
Since the problem under consideration belongs to the mixed contact problems of the
theory of elasticity, the contact forces Tpo, Sfji at the ends A =+, of the junction of the plate

and the reinforcement have a root feature with local oscillation. Neglecting its influence, the
approximate solution of the system (11), (6), (7) can be constructed by a combined method of
mechanical squaring and collocation. Quadrature formulas of this method for the case of
absence of contact of the interphase section edges are given in [5].

In the numerical implementation of the problem, the size of the area of smooth contact
was determined by the method of half-division of the segment proposed in [5].

Analysis of numerical results. For an infinite isotropic plate with a circular (p, =1)
hole and a reinforcing rib with physical and geometric parameters

a,=120° h,/h=1, =01

the influence of smooth contact of the relative stiffness of the reinforcement E,/E on their
stress state and the size of the area is investigated.
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Results of numerical calculation of values T, 6=2ho,, S, =2hr,, T, =2ho,,
Fo®, Fio®, Fr) when p=0; q = 0 are shown in Fig. 3-5. Continuous lines are drawn for
the case E,/E =2, dashed for E,/E =5, dot-and-dashed for E,/ E =10.

The values of the angle g, which determines the size of the smooth contact area,
respectively, are equal to

B, =24.067°; 3, =35.600°; 4, =234.964°.

(¢)
2Fotpk

0.5¢

Figure 3. Distribution diagram of contact forces on Figure 4. Distribution diagram of the largest
the contour y in the plate tangential stresses in the rib
and annular forces on the contour y in the plate

Figure 5. Distribution diagram of normal stresses in the extreme longitudinal fibers of the rib
Table 1 shows the results of calculating the maximum values of the components of the

stress state in the plate and rob with contact of the section edges (in the numerator) and without
contact (in the denominator).
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Table 1

Comparative table of maximum values of stress components in the plate and the reinforcing rib

T,(2)  [S,.(A)] T, (4) F,o®(4) Fo®() Rt ()
E, s | 3 5 5 s | 3
S T A - A S AT - T
I} - Il
~< ~ ~ ~< ~ ~ ~ ~ ~ <
5 0.481 |—-0.053| 0.976 | 0.726 | 2.217 | 0.465 |-0.764 | 2.169 | 2.021 | 0.534
0.449 0 0.983 | 0.695 | 2.144 | 0.448 | —0.843| 2.125 | 2.399 | 0.543
5 0.784 | -0.405| 1.050 | 0.374 | 1.948 | 0.279 |—-1.591| 3.585 | 2.928 | 0.631
0.499 0 1.076 | 0.246 | 1.897 | 0.197 |-1.267 | 3.158 | 3.368 | 0.725
10 0.676 | -0.386| 1.043 | 0.145 | 1.518 | -0.231|-2.199 | 4.447 | 4.711 | 0.773
0.435 0 1.039 | 0.079 | 1.750 |-0.202|-1.604 | 3.963 | 4.123 | 0.859

Conclusions. Within the refined theory of curvilinear rods of great curvature
and the basic integral relations of the plane problem of theory of elasticity, the problem is
set, dealing with partial smooth contact of interphase section edges between an
infinite isotropic plate with a circular hole and a closed elastic rib, which are
in the conditions of homogenous ultimate plane stressed state created by forces evenly
distributed on infinity and acting in two mutually perpendicular directions. The boundary
conditions of the problem at the junction of the plate and the rib are formulated
as the conditions of ideal mechanical contact in differential form, and at the smooth
contact as the equality of curves. Using the integral dependences between the deformation
components of the plate (of reinforcing rib) and the contact forces arising at the
interface of materials, the mathematical model of the problem is created as a system
of three singular integral equations with Gilbert nuclei. To determine the initial
parameters of statically indeterminate rib, it is proposed to use the conditions of
unambiguous displacements, the angle of rotation of the normal and the equilibrium
condition of reinforcement. The structure of contact forces at the ends of the joint
of the plate and the ribs as well as at the ends of the section of their smooth contact
is established. Numerical implementation of the problem is carried out by the method
of mechanical squaring and collocation. As a result of numerical experiments, it was
found that the tangential stresses at the junction of the plate and the rib do not depend
on the stiffness of reinforcement and the area of smooth contact. The presence of a
smooth contact area leads to an increase in normal stresses in the center of the joint and a
slight decrease in the ring stresses in the plate. With increasing stiffness, the maximum
values of stresses in the rib increase significantly. In the vicinity of the ends of the
interphase section, the normal stresses in the longitudinal fibers of the rib are limited and
continuous, and the contact and ring stresses in the plate take unlimited values. The
developed approach and obtained results can be transferred to orthotropic plates with a
circular hole and generalized for plates with curved holes other than circular one without
specific changes.

ISSN 2522-4433. Bicuux THTY, Ne 3 (103), 2021 https://doi.org/10.33108/visnyk_tNtu2021.03 .........ovvevveeveereeverrerrereeereneee 95



Contact of the edges of the interphase cut on the arc of the circle between the isotropic plate and the closed elastic rib

References

1.

10.

11.

12.

Sulym H. T. Osnovy matematychnoi teorii termopruzhnoi rivnovahy deformivnykh tverdykh til z tonkymy
vkliuchenniamy: monohrafiia. Lviv, Doslidno-vydavnychyi tsentr NTSh, 2007. 715 p. [In Ukrainian].
Bozhydarnik V. V., Andreikiv O. E., Sulym H. T. Mekhanika ruinuvannia, mitsnist i dovhovichnist
neperervno armovanykh kompozytiv: monohrafiia. In 2 Vol. Vol. 2. Matematychni metody v zadachakh
mekhaniky ruinuvannia neperervno armovanykh kompozytiv. Lutsk: Nadstyria, 2007. 424 p. [In Ukrainian].
Shvabiuk V. I. Opir materialiv: pidruchnyk. Kiev: Znannia, 2016. 407 p. [In Ukrainian].

Siaskyi A., Shevtsova N. Zastosuvannia metodu syl dlia statychnoho rozrakhunku zamknenykh
kryvoliniinykh stryzhniv. Visnyk TNTU. 2015. No. 3 (79). P. 24-30. [In Ukrainian].

Deineka O. Yu. Rozrakhunok plastynchastykh elementiv konstruktsii z kryvoliniinymy rebramy zhorstkosti
za naiavnosti mizhfaznykh rozriziv. Dys. kand. tekhn. nauk: 01.02.04. Lutsk, 2021. 140 p. [In Ukrainian].
Hovorukha V. B., Loboda V. V. Modeli ta metody ruinuvannia piezokeramichnykh til z mizhfaznymy
trishchynamy. Dnipro: Vyd-vo Dnipropetr. un-tu, 2013. 252 p. [In Ukrainian].

Martyniak R. M., Serednytska Kh. I. Kontaktni zadachi termopruzhnosti dlia mizhfaznykh trishchyn v
bimaterialnykh tilakh. Lviv: Rastr-7, 2017. 168 p. [In Ukrainian].

Hodes A. Yu., Loboda V. V. Duhova trishchyna v odnoridnomu elektrostryktsiinomu materiali.
Matematychni metody i fizyko-mekhanichni polia. 2015. No. 4 (58). P. 90-102. [In Ukrainian].

Ostryk V. I. Kontakt berehiv mizhfaznoi napivneskinchennoi trishchyny. Matematychni metody i fizyko-
mekhanichni polia. 2020. No. 1 (63). P.106-121. [In Ukrainian].

Kaminskyi A. O., Selivanov M. F., Chornoivan Yu. O. Vyznachennia kontaktnykh napruzhen mizh
berehamy trishchyny normalnoho vidryvu. Dop. NAN Ukrainy. 2016. No. 5. P. 36-42. [In Ukrainian].
Chumak K., Malanchuk N., Martynyak R. Partial slip contact problem for solids with regular surface texture
assuming thermal insulation or thermal permeability of interface gaps (review) Int. J. Mech. Sci. 2014.
No. 84. P.138-146. DOI: https://doi.org/10.1016/j.ijmecsci.2014.04.015

Siaskyi A. O., Shevtsova N. V., Deineka O. Yu. Mizhfaznyi rozriz v ortotropnii plastyntsi z pidsylenym
kruhovym konturom. Visnyk Khmelnytskoho natsionalnoho universytetu. Tekhnichni nauky. 2018. No. 5.
P. 176-181. [In Ukrainian]

CnHCcOK BUKOPHCTAHOI JTiTepaTypu

1.

10.

11.

12.

Cymum I'. T. OcHOBM MaTeMaTH4YHOI TeOpii TEPMOIIPYKHOI piBHOBard Ne(OpMIBHUX TBEPIUX TLT 3
TOHKVMMH BKITFOUEeHHAMH: MoHOTpadis. JIbBiB: JlocmimHo-Bunapamanii neatp HTILL 2007. 715 c.

Boxunapuik B. B., Aunpeiikie O. E., Cymum I'. T. MexaHnika pyifHyBaHHS, MIIHICTh 1 TOBrOBIYHICTB
HerepepBHO apMOBaHHUX KOMITO3UTIB: MoHOrpadis y 2-x T. T. 2. MaTemaTi4Hi METO/IU B 3a/1a4aX MEXaHIKH
pYHHYBaHHS HENEpEepPBHO apMOBaHUX KoMmo3uTiB. JIyrek: Hagctup’si, 2007. 424 c.

[IBa6rox B. 1. Omip matepianis: miapyunnk. K.: 3nanns, 2016. 407 c.

Cscokmii A., IleBuoBa H. 3actocyBaHHs MeTONy CHJI JJIsl CTaTHYHOTO PO3PaxyHKY 3aMKHEHUX
KpuBOINiHIHHUX cTprmkHiB. Bicauk THTY. 2015. Ne 3 (79). C. 24-30.

Heitnexka O. HO. Po3paxyHOK TWITAaCTHHYACTHX EIIEMEHTIB KOHCTPYKIIM 3 KPHBOJNIHIMHAME peOpamu
JKOPCTKOCTI 32 HasiBHOCTI Mixk(ha3HUX po3pi3iB: auc. Kaua. TexH. Hayk: 01.02.04. JTyupk, 2021. 140 c.
I'oBopyxa B. b., Jlobona B. B. Mogueni ta MeTonu pyiHyBaHHs I’€30KepaMi4HUX TLT 3 MDK(pa3HUMH
tpimuHamu. [1.: Bun-so JHimponerp. yH-TY, 2013. 252 c.

Maprunsk P. M., Cepenanmnpka X. [. KoHTakTHi 3amadi TepMONpPYKHOCTI Ui MiK(a3HAX TPIMIMH B
OimarepianpHux Tinax. JIeeiB: Pactp-7, 2017. 168 c.

Togec A. 1O., Jloboma B. B. [yroma TpimiHa B OIHOPITHOMY EIIEKTPOCTPHUKIIIITHOMY Marepiaii.
MatematiaHi metonu i dizuko-mexaniuni moms. 2015. Ne 4 (58). C.90-102.

Ocrpuk B. 1. Konrakr 6eperiB Mixkda3Hoi HaliBHECKIHYEHHOI TpilMHU. MaremMaTiuuHi MeTou 1 (i3uko-
mexanigni moist. 2020. Ne 1 (63). C. 106-121.

Kamincekuit A. O., CeniBaHoB M. @., Yopnoisan 0. O. BuzHaueHHs KOHTaKTHUX HalpyXeHb MiX
Oeperamu TpinuHu HOpMaibHOTO BiapuBy. Jom. HAH Vkpaiuu. 2016. Ne 5. C. 36-42.

Chumak K., Malanchuk N., Martynyak R. Partial slip contact problem for solids with regular surface texture
assuming thermal insulation or thermal permeability of interface gaps (review). Int. J. Mech. Sci. 2014. 84.
P. 138-146. DOI: https://doi.org/10.1016/j.ijmecsci.2014.04.015

Cscekuit A. O., IlleBnoBa H. B., [leiineka O. 0. MixdaszHuii po3pi3 B OPTOTPOIHIN MIaCTHHIN 3
MiJCHICHNM KPYTOBHM KOHTYpOM. BicHMK XMENbHHUIIBKOTO HAI[lOHAJIBFHOTO YHIBEpCHTETYy. TexHiuHi
Hayku. 2018. Ne 5. C. 176-181.

....... ISSN 2522-4433. Scientific Journal of the TNTU, No 3 (103), 2021https://doi.org/10.33108/visnyk_tntu2021.03


https://doi.org/10.33108/visnyk_tntu2021.0
https://doi.org/10.1016/j.ijmecsci.2014.04.015
https://doi.org/10.1016/j.ijmecsci.2014.04.015

Andrii Siaskyi, Volodymyr Siaskyi, Natalia Shevtsova

VJIK 539.3

KOHTAKT BEPEI'IB MIZK®A3HOI'O PO3PI3Y 11O AY3I KOJIA MI’K
I3OTPOIIHOIO IVIACTUHKOIO I 3BAMKHEHUM ITPY KHUM
PEBPOM

Anapii Csacekuii; Boronumup Cscekuii; Harauis llesuosa

Pignencoxuii deporcasnuii cymanimapnuil ynieepcumem, Pisne, Ykpaina

Pesiome. B ymosax y3a2anvHeH020 NIOCKO20 HANPYICEHO20 CMAHY, CMBOPEHO20 PIEHOMIPHO
PO3NOOINEHUMU 3YCUTIAMY PO3MALY (CTNUCKY) HA HECKIHYeHHOCI, PO32TAHYINO MilUAHY KOHMAKMHY 3a0a4y O
HeCKIHYeHHOI i30MPONHOI NAACMUNKU 3 KPY208UM OMBOPOM, KOHMYP AKO20 NIOCUNEHO 3AMKHEHUM HPYICHUM
PpebpoM, 3a HAAGHOCMI HA MEXC iX CHONYYEHHS CUMEMPUYHO20 Midcha3nozo po3pisy, bepeau aKo20 y npoyeci
Odegpopmayii enaoxko konmaxmyoms. Komnonenmu mensopa oegpopmayii (6i0HOCHe 8UO0BIICEHHS, KYM NOBOPONTY
HOPMAi U KPUBUHA) 8 MOUKAX KOHMYPY OMEOPY NAACTUHKU NPEOCMABIEH] IHMESPANbHUMYU 3ANeHCHOCAMU 8i0
KOHmakxmuux 3sycunv. Mooenowoyuu niocunenmss 3aMKHEHUM NPYICHUM CHIPUICHEM CMANO020 RPAMOKYMHOZO
nonepeuno2o nepepizy 6eIuKoi KpUSUHU mMa BUKOPUCTNOBYIOUU OCHOBHI PIBHAHHA NIHIUHOI Meopii KpUBONIHIIHUX
CIPUDICHIB, MAMeMamuiny Mooeib 3a0ayi no6y006ano y 6u2ia0i cucmemu mpoox CUHSYNIAPHUX IHMESPAIbHUX
pisHanb 3 aopamu linbbepma 01 3HAXOOMNCEHHA KOHMAKMHUX 3YCUNbL MIdC NIACMUHKOW [ pebpom. [[na
BUBHAYEHHS NOYAMKOBUX NAPAMEMPIE 3AMKHEHO20 CMAMUYHO HEGUSHAUEHO20 CIMPUICHS BUKOPUCTHAHO YMOSBU
00HO3HAYHOCMI 3MiUensb | Kymie N08OPOmy 8 mouKkax o2o oci ma ymosy pieHosacu. Bcmanogneno cmpykmypy
WYKAHUX DYHKYIT HA OLISAHYL CROJYYeHHS NIACMUHKU U NIOCUTIO8ANIbHO20 pebpa ma OLISIHYL 21A0K020 KOHMAKMY.
Habnuoicenuii poss’azok 3adaui no6y008ano KOMOIHOBAHUM MEMOOOM MeXAHIYHUX K8AOpamyp i KoIoKayii, aKum
00CNi0JCEHO BNIUB HA HANPYICEHULI CIAH NAACTMUHKU | NIOCUTIOBATbHO20 PeOpa ma 6elUtUHy OLIAHKU 2AA0K020
KOHMAKmMy 8IOHOCHOI dcopcmrkocmi pedpa. Bemarnosneno, wjo 6 okoii mopyie Mixc@aznoeo po3pizy HOPMAibHI
HANPYJICEHHA 8 NO3008MCHIX BOJIOKHAX pebpa obmediceHi Ui HenepepeHi, a KOHMAKMHI U Kintbyesi 3yCuiii
nracmuHyi Habysawoms HeoOMedceHi 3HauenHs. Ompumani pe3yrbmamu HOPIGHIOIOMbCA 3 8I0ON0GIOHUMU
pe3yavmamamu 018 MidchasHozo pospizy, bepeau K020 8 npoyeci depopmayii He KOHMAKMYIOMb.

Knrwuosi cnoea: midxcgasnuii po3pisz, 30mponHa NIACMUHKA, RIOCUNIO8ATbHE pPedpo, KOHMAKMHI
3YCUNLIA, CUHSYNAPHI IHMe2PAaNbHI PIBHANHS, OLUISAHKA 21a0K020 KOHMAKMY.
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