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THERMOELASTIC STATE OF A HALF-SPACE WITH AN EDGE CRACK
UNDER LOCAL HEATING CONDITIONS

Purpose. To determine the two-dimensional thermoelastic state in semi-infinite solids (half-space), weakened by
an edge crack by the actions of local heating. Heat flow due to frictional heating on the local area of the body, causes
changes in temperature and stress in the body, which significantly affects its strength, as it can lead to crack growth
and local destruction. Therefore, the study of the problem of frictional heat is of practical interest. This paper pro-
poses to investigate thermoelectromotive force intensity in the vicinity of the crack tip, depending on the local heat
flux placement and orientation of cracks.

Methodology. The methods for studying two-dimensional thermoelastic state of a body with crack as stress con-
centrators are based on the method of complex variable function by which the problem of stationary heat conduction
and thermoelasticity are reduced to singular integral equations (SIE) of the first kind, whose numerical solution was
obtained by mechanical quadrature.

Findings. In this paper there are obtained graphic dependences of stress intensity factors (SIF) at the crack tip on
the angle of orientation, the relative position of cracks and local region heating, the width of the region, that later on
can be used to determine the critical value of the intensity of the local heat flux from equations of limit equilibrium at
which crack growth and the local destruction of the body occur.

Originality. It lies in the fact that the solutions of the new two-dimensional problems of heat conduction and ther-
moelasticity for half-space containing an arbitrary oriented boundary crack.

Practical value. The practical value is the ability to more fully take into account the real situation in the thermo-
static elements of engineering structures with cracks that operate under conditions of heat stress (frictional heat) in
various industries, particularly in mining. The results of specific values of SIF at the crack tip in graphs may be useful
in the development of sustainable modes of structural elements in terms of preventing the growth of cracks.

Keywords: edge crack, heat flow, thermoelasticity, frictional heating, stress intensity factor, singular integral equation

1 — Lviv Polytechnic National University, Lviv, Ukraine, e-
mail: kolyasa.lubov@gmail.com
2 — Lviv State University of Life Safety, Lviv, Ukraine

Introduction. Analysis of the recent research and pub-
lications. In the course of operation, elements of numer-
ous structures often work under conditions of nonuni-
form heating, which leads to the appearance of internal
temperature stresses. In the case of piecewise homoge-
neous bodies, even a uniform temperature distribution
may lead to the appearance of these stresses due to the
unequal coefficients of linear thermal expansion of
components of the body. In some cases, the temperature
stresses themselves or in combination with external me-
chanical stresses may lead to the formation of new cracks
and to the propagation of the already existing cracks,
i.e., cause the local or final fracture of structures or their
elements. Therefore, the investigations of the distribu-
tions of temperature stresses near the crack tips in solid
bodies are of high theoretical and practical significance.
The results of these investigations are used for the
strength analysis from the viewpoint of fracture me-
chanics as well as for the analyses of the serviceability
and durability of structural elements with cracks. The
realization of these investigations under conditions of
plane problem of thermoelasticity was significantly sim-
plified by the development of the method of singular in-
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tegral equations (SIE), which proves to be one of the
most convenient approaches for practical realization.

Singular integral equations are often applied in
studying the stressed state of bodies with cracks. First,
they were used only for very simple rectilinear and arc-
wise cuts. The construction of equations of this kind for
systems of rectilinear cracks arbitrarily located in the
elastic plane became a substantial step forward in this
direction. The results obtained enabled the researchers
to find the numerical and analytic solutions of the plane
and antiplane problems of the theory of elasticity, the
steady-state problems of heat conduction and thermo-
elasticity, and the problems of bending of thin plates and
gently sloping shells for domains with cuts. Later, these
results were generalized to the case of curvilinear cuts
(cracks) and multiply connected domains with holes
and cuts of any configuration. However, for homoge-
neous bodies with edge cracks (cuts), the problems of
thermoelasticity remain poorly investigated.

Elements of many modern structures are often de-
signed for their operation under conditions of thermal
heating, such conditions contribute to emergence of
thermal stresses in them. This is characteristic of tools
and structures in mining industry. Their operability, to a
great extent, is determined by the level of concentration
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and intensity of these stresses on some regions, for ex-
ample, in a neighbourhood of non-homogeneities of
technological nature (cracks, inclusions). With this, the
fracture of materials is caused by the presence of sharp
concentrators of stresses such as cracks. Therefore, the
study of thermoelastic state near a crack is necessary for
calculations of strength from the point of view of frac-
ture mechanics, which is especially important for struc-
tures with highly strong and of low plastic materials
which are under the action of different kinds of heat
loadings.

The stationary problem of heat conduction and ther-
moelasticity for an infinite body with two identical co-
planar thermally active circular cracks is solved. By us-
ing harmonic potentials of a simple and double layer,
the problem to singular integral equations with regular
kernels is reduced [1].

This paper [2] deals with the thermoelasticity prob-
lem of bonded dissimilar half-planes with a functionally
graded interlayer, weakened by a pair of two offset inter-
facial cracks. The cracks are assumed to be thermally
insulated disturbing a steady-state uniform heat flow,
and the solution is obtained within the framework of
linear plane thermoelasticity. The Fourier integral
transform method is employed, and the formulation of
the current nonisothermal crack problem is reduced to
two sets of Cauchy-type singular integral equations for
temperature and thermal stress fields in the bonded sys-
tem. In the numerical results, parametric studies are
conducted so that the variations in mixed-mode thermal
stress intensity factors are presented as a function of off-
set crack distance for various geometric and material
combinations of the dissimilar homogeneous media
bonded through the thermoelastically graded interlayer,
elaborating thermally induced singular interaction of
the two neighbouring interfacial cracks.

Dynamic steady-state growth in 3D of a semi-infi-
nite plane brittle crack in a coupled thermoelastic solid
is considered. Compressive loads cause growth by trans-
lating on the crack surfaces at constant, subcritical
speed. An asymptotic solution is obtained in an analytic
form and subjected to a criterion of the Griffith type for
the case of a compressive point force. The exact solution
to a nonlinear differential equation indicates a rectilin-
ear crack edge deformed by a bulge near the point force.
Temperature change near the crack edge is examined in
terms of a mathematical norm [3].

The multiple cracks problem in an elastic half-plane
is formulated into a singular integral equation using the
modified complex potential with free traction boundary
condition. A system of singular integral equations is ob-
tained with the distribution dislocation function as un-
known, and the traction applied on the crack faces as
the right hand terms in the paper [4].

In the paper [5] the problem of the stress concentra-
tion in the vicinity of the crack tips for a crack of finite
length located perpendicular to the interface of two elas-
tic bodies — a half-plane and a strip is considered. Using
the method of generalized integral transforms, the prob-
lem reduces to solution of a singular integral equation
with a Cauchy kernel. Limit cases of the problem are
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considered when the thickness of the strip is relatively
small, equal to zero (free boundary of the half-plane), or
indefinitely large (a composite plane). The solution of
the integral equation is constructed by the collocation
method and the small parameter method. With the aim
of increasing the efficiency of the numerical method, an
approximation of the regular part of the kernel in a spe-
cial form is used. Values of the stress intensity factors of
the normal stresses in the vicinity of crack tips are ob-
tained for different combinations of the geometrical and
physical parameters of the problem.

The cracks which are formed in the course of sliding
contact are one of the most widespread causes of frac-
ture of solids in mechanical gearing structure which are
used in different branches of industry, in particular, in
mining industry. It is known, that one of the factors of
initiation and propagation of contact cracks is tempera-
ture and its gradients due to frictional heat generation at
the sliding contact.

In the paper [6] the solutions of the thermoelasticity
problem for a plane with a crack and a graded interphase
zone in the connected materials are presented. The
thermal influence on the growth of a crack with different
thermal and mechanical conditions on the basis of the
edge method (ES-FEM) was studied; this method is
more precise than the standard finite element method
(FEM).

The two-dimensional problems of thermoelasticity
for semiinfinite bodies with cracks have already been in-
vestigated in literature. Thus, in particular, the method
of SIE was used for the analysis of the plane thermoelas-
tic state in a half space locally heated over a part of its
free surface by a heat flow and containing an internal
rectilinear crack [7].

Local frictional heating of surface of a half-space
containing a curvilinear crack in stationary state was in-
vestigated in the paper [8], and that with an inclusion
and a crack was studied in [9—11]. In this paper, a ther-
mal problem of friction for elastic half-space weakened
by a single edge crack is considered.

The heat problem of friction is reduced to finding the
temperature and the stress fields in the solid caused by
the given heat flux of the intensity ¢ on the contact re-
gion of its boundary. The heat flux ¢ is assumed to be
proportional to the frictional work. Using Amonton’s
law the friction work is defined as a product of friction
coefficient f, sliding speed V, and contact pressure p,
where the distribution of the contact pressure is assumed
to be known from the solution of the corresponding iso-
thermal problem. According to Johnson’s remark, the
distribution of contact pressure is often taken as a con-
stant. Thus, the thermoelastic half-space with an edge
crack is assumed to be heated by a heat flux of constant
intensity in the contact region. The edge crack of the
length 2b is inclined at the angle ® to the boundary
plane. The dependencies of stress intensity factors on
the geometrical parameters (angle of crack orientation
o, half-length of crack b, half-width of heating zone a,
distance d from the centre of heating region to the axes
Oy which passes the centre of the crack) are investiga-
ted. The results are presented in the form of graphs.
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Formulation of the problem. In the section the prob-
lem of single edge crack in the elastic half-space sub-
jected to the frictional heating is formulated.

An elastic half-space containing a single edge crack is
assumed to be subjected to sliding contact by a rigid
punch with a constant speed V. The geometry and coor-
dinate system of the considered problem is shown in
Fig. 1. The semi-infinite body is referred to the rectangu-
lar-coordinate system (x, y). The coordinates x' = x + d,
y =y are fixed to the centre of the contact region. The
supplementary rectangular coordinate system (x;, y,),
whose origin O is located at the centre of crack will be
also applied. The relation between the two coordinate
systems (x, y) and (x;, y,) is given by

z1 = (z+ ih) exp (-iw),

where z=x+iy,z,=x,+iy;, h=bsinw.

Assuming that the total work done by the friction is
transformed into the thermal energy, the part |x'| < a of
the bounding plane )’ = 0, is subjected to a frictional
heat input

q=x1fVp, (1)

where A is the coefficient of heat flux separation.

The remaining region |x'| > a, y' = 0 is assumed to be
thermally insulated and the temperature gradients at in-
finity equals zero.

The stress field ; in the presented problem is given
as the sum of two stress fields

el st
c; =0;+0,,

where 02 denotes the total stresses in the half-space
without crack subjected to the sliding contact loading
with the heat flux ¢ given by equation (1) in the contact
region. The stresses 0; denote the disturbances induced
by the edge crack. The stress field 02- results from the
mechanical contact pressure and from the thermal
stresses arising from frictional heating caused by thermal
distortion of the surface profiles of the contacting bodies.

The boundary conditions on the boundary plane of
the half-space are the following:

- thermal

or
o',

—q, for |x’| <a
= ;
=0 0, for |x’| >a

Fig. 1. Schematic diagram of the frictional heating of
half-space with the edge crack [12]

74

- mechanical

G)(x,0)=0; o,(x,0)=0, |x|<eo.

Assuming that the surfaces of the crack are ther-
moinsulated and the friction on the crack surfaces is ne-
glected, the boundary conditions on the crack may be
written in the form:

- thermal
T T
al g, 9T, | <b; 0))
6y1 »=0" ayl »=0"
- mechanical

Gy (x,0)=0; o, (x,00)=0, |x|<b.
Moreover, the conditions at the infinity

T—0; o;—0,for {x>+y> >,

are satisfied. The subscripts denote the limit values of
the corresponding quantities from the left and from the
right of the positive direction of the crack axis.

Temperature distribution. The section contains an
analysis of temperature field in the body. The tempera-
ture distribution is determined by the derivative of tem-
perature jump on the crack surfaces, which has to be
found from the derived singular integral equation. The
temperature field 7'(x, y) in the half-space is also divid-
ed into two temperature fields as follows

Tx, y) = Tox, ») + T"(x, y),

where Ty(x, y) denotes the temperature in the uncracked
half-space caused by the frictional heat flux ¢g. The tem-
perature 7*(x, y) determines the perturbated tempera-
ture field induced by the edge crack.

The stationary solution in the uncracked half-space
under the frictional heat flux ¢ given in equation (1) is
presented in the form

To(x,y)=—nLKfqln\/(x’—é)2 +y2dE =

=%{(x+d—a)ln (x+a’—a)2+y2 -

—(x+d+a)1n (x+d+a)2+y2 +

{ (x+d—a] [x+d+aﬂ }
+y| arctg| ——— |—arctg| —— | [+ 2a ¢ +c,
y y

where c is an arbitrary constant.

To determine the perturbated temperature 7°(x, y)
caused by the crack, the complex potential 6(z) of tem-
perature function related with the temperature 7*(x, y)
by the following relation

T"(x,y) = Reb(z), C))

will be applied.
The derivative of the potential 6'(z) is taken into ac-
count in the form
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]v'(tl)dt]; (5)

T -2
T, =1 exp (io) —

where T;, denotes the conjugate value of t,, and y(,) is
the temperature jump at the crack surfaces

2y(x;) = T"(x;, 09) = T"(x;, 0),
and y'(#,) is the derivative of the function y(,).

By substituting the solution (3) and equalities (4, 5)
into the boundary condition (2), the following singular
integral equation for the unknown function y'(x;) is ob-
tained

j L(gm)y(&)de= <1, (6)

where

2 (e 2
L(&’n): 1 . (2+§+n2)sm ® (é’; n);:os ® :
&-n (2+&+7) sin0—(&-7) cos’

Fl=sinoZ2l) oo Thle))
ox - oy oo
E=1/b; m=x/b; y'(&)=v'(bS)b.

We note that the condition of continuity of the tem-
perature 7™ along the crack contour

b
[v(#)d =0,
-b

which holds for the case of subsurface crack is not satis-
fied for the edge crack.

Thermal stresses. In the section the singular integral
equation for jumps of displacement vector on the crack
surfaces is presented. Thus, the considered problem is
reduced to the solution of a system of three singular in-
tegral equations for jumps of temperature and displace-
ments. The temperature 7;, does not produce the stress-
es in the uncracked half-space. For calculation of the

stresses G;» caused by the temperature 7 the following
singular integral equation (SIE) is derived [9]

I R(en)e()+ 5(en) (8) je= Pl

-1

) <L @

where

Ren)-ey {1+n—(1+é)exp(2im)+
. (1+n) +(1+8)(1+n)[ 1~ 4exp(~2ie) + exp(~4io) |
[1+n—(1+&)exp(-2i0)]
{1+ [exp(-2i0)-exo(4io)-exp(sio)] |
[1+m—(1+&)exp(~2iw) |

+
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"3 1-exp(-2io)
2 |[1+n—(1+)exp(~2i0)]
. exp(ziw)[l—exp(zim)]
[1+n—(1+2‘;)exp(2iw)]2

—IBJ Bt

+

S(&n)=

-R(gm) Jv(8)de

=IY )de+C;

(xu(1+v)'

I-v

=g'(g)+iBy(g); B=
g©)=gg) - b;

g(g)= ﬁ&i{ (5.07)-u(2.07)+

A[o(s0)o{eo ]}

and u, v are the displacements in the directions of the
axes Ox;, and Oy, respectively.

It is necessary to note that the condition of the sin-
gle-valuedness of the displacements along the crack
contour

jG(a)m::—iBj &v'(g)de

which takes the place in the case of the subsurface crack
is not satisfied for the edge crack.

Numerical algorithm. The section contains the pre-
sentation of numerical method of solution of the inte-
gral equations and the expression of stress intensity fac-
tors as functions of the jumps of temperature and dis-
placements. The kernels of singular integral equations
(6) and (7) have the singularities of Cauchy type and,
besides, the immovable singularities at the points { =n =

= —1. In this case, the functions y'(§) and g'(§) have a
1

singularity which is different from & 2 at the point
& = —1 (x; = 0). The character of the singularity can be
determined by analysis of the functions L(§, 1), R(§, )
and S(&, n). Next, the singular integral equations (6)
and (7) can be solved by using the numerical method
based on Gauss — Jacobi quadrature rule. However, this
method is complicated. In the paper, a simplified ap-
proach of the numerical solving of equations (6) and (7)
is applied. For this purpose, the functionsy'(€), g'(§) are
taken in the form

Y'(ﬁ)z Vo(8) |

J1-¢€2
where y,(&), vo(&) are the unknown functions. By using
the method of Gauss — Chebyshev quadrature rule,

from the singular integral equations (6) and (7), two sys-
tems of (# — 1) linear algebraic equations, (» — 1) equa-
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tions in each, for n unknown gy(&,), k=1, 2, ..., nis ob-
tained
l n
;;L(ak,nm)vo(ak)= F(n,); )
=l

S R(&ena)0(8)+S(Eon )& (5 | P,): ©)

k=1

m=1,2,...n—1,

(&) r (80);

& :cos[(2k—1)n/(2n)] 5 M :cos%.

From physical assumption it follows that yy(-1) =0,
go(—1) = 0, since the functions yy(§), y,(&) at the point
& = —1 (corresponds to the crack tip x; = —b) must have

where P(nm)z iBZn:[S(F;k,nm)—R
k=1

1
a singularity of lower order than (1 +E_.) 2. For yy(-1),
1o(=1), the following algebraic equations are obtained

S wle e )

k=1

S a7

k=1

0; (10)

0. (11)

From the solution of the system of # linear algebraic
equations (8) and (10) we obtain the functions v,(§;),
k=1,2,..., n. The function y,(&) can be presented in the
form of interpolated polynomial

10(0)=23 S cor{ 22

N yZom=1

kn}yo(a )T (€).

where T,(&) is the Chebyshev polynom of the first kind
of the order £.

The determinate of the temperature jump y(&;) from
the solution of the system of equation (8) and (10) en-
ables us to solve the system of # linear algebraic equa-
tions (9) and (11). Then, the stress intensity factors
(SIFs) at the point & = 1, x; = b being the crack tip can be
given in the form

k-1 J
T |
n

k, —ik, —\/7 go E,~/c)‘3tg[24

Analysis of the problem. The final remarks and con-
clusions are presented in this section and the next sec-
tion. From the point of view of the fracture mechanics,
the determination of the stress intensity factors k, and k,
is a fundamental problem for a prognosis of the crack
propagation. As a result of the carried out calculations,
it was shown that the SIFs satisfy the inequality k| < k,,
so a fundamental numerical consideration is devoted to

the dimensionless stress intensity factor k; described by

. nkk,
quf
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The independent input data of the considered prob-
lem are the values w, d*=d/h, a*=a/h and b* = b/h. The
parameter b* is fixed, and it is assumed that " = 1. The
SIF k,, which characterizes the intensity of shear stress-
es at the crack tip x, = b, increases when the crack tip
x; = b tends to the boundary plane of the half-space
(Fig. 2). For every distance d* of the crack centre from
the centre of heating region there exists the angle »* for
which &5 =0.

The dependence of »* with respect of the parameter
d” is shown in Fig. 3 (solid curve). These results are ap-
proximated by the following function

o =13d*? - 41.5d* + 90, 12)

and it is presented as the dashed curve in Fig. 3. It is seen
that with the increase in the distance from the crack to the
contact region, the value of the angle »* decreases, Fig. 3.

Ifthe inclination angle is fixed, then the behaviour of
k, for increasing of d* is dependent on the parameter o,
Fig. 4. For 0° < ® < 90°, the increase in d* leads to both

. . . * o o
an increase in and a decrease in |k2 | For 90° < w < 170°,

it can be observed that |k; | decreases monotonely with
the increase in d”.

k, 10
8.
6__

50 90 130 170
,grad

Fig. 2. Dependence of dimensionless SIF k5 on crack orien-
tation angle at different values of d” and a* = 0.25 [12]

90
o' ,grad

751

60+

numerical

1 approxlmate
45 o =13d" —41,5d +90

30 } + + }
0,0 0,2 0,4 0,6 0,8

g 0

Fig. 3. Dependence of crack orientation angle on param-
eter d” and a* = 0.25 under which k = 0 (continuous
curve represents the numerical solutions, dashed
curve represents the approximated equation (12))

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 4



GEOTECHNICAL AND MINING MECHANICAL ENGINEERING, MACHINE BUILDING

It is see that the increase in the width of the heating
region (parameter ¢*) leads to a linear increase in k,,
Fig. 5. Moreover, for each fixed inclination angle of
crack there exists a critical value of a* such that further

increasing of a* does not lead to changing of k; .

Conclusions. The presented analysis enables us to
conclude that the variation of the SIF k, in the case of
edge crack has different character from that for the SIF
k, in the case of subsurface crack:

- |k2 | for the edge crack is considerably greater than

|k2| for the subsurface crack;
- there exists a critical value of the width of heating
region such that its further increase does not lead to the

increase in k,;
- for the case of single edge crack, the SIF &, is

significantly less than the SIF &;, i.e. k; < k,. This in-
equality is not satisfied in the case of the problem of sub-
surface crack.

Moreover, for the subsurface crack it is shown that
for fixed parameters d* and a* there exists a value of in-

clination angle of crack for which k, =0. In this case,
the frictional heating does not cause stresses in the body
with crack.

20 s 25

0,0 05 10 15

Fig. 4. Dependence of SIF k; on parameter d” for differ-
ent values of angle o and at a* = 0.25 [12]

12
k;
101

gl 45

60’

75°

0 ' - : '
0,0 0,2 0,4 0,6 0,8 , 1,0

Fig. 5. Dependence of SIF k’on parameter a* for sym-
metric heating d* =0 and different values of ® [12]
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1 — HamionanbHuit yHiBepcurer ,,JIbBiBCbKa IMoOJiTEXHIKa™,
M. JIbBiB, YKpaiHa, e-mail: kolyasa.lubov@gmail.com

2 — JIbBIBCbKUIA Iep>KaBHUI YHiBEPCUTET OE3IMEeKU KUTTEIi-
siIbHOCTI, M. JIBBiB, YKpaiHa

Mera. BusHaueHHs TBOBUMipHOTO TEPMOIIPYXKHOTO
CTaHy B HaMiBHECKiHYEHHOMY TBEpAOMY TiJli (MiBMpoO-
cTOpi), Toc1abjieHOMY KpaloBOO TPILLIMHOO 3a il J10-
KaJIbHOTO HarpiBaHHsI. TerioBuii MoTik, 00yMOBJIEHUI
(puKILIITHIM HarpiBaHHSIM Ha JOKaJbHIll DiISHII TiNa,
CIIPUYMHSIE 3MiHY TeMIIEpaTypU i HaMpyKeHb y TiJli, 110
3HAYHO BIUIMBAE€ Ha IOro MIiIHICTb, OCKUIBKM MOXE
MPU3BECTH IO POCTY TPILLIMHU i JJOKATbHOTO PyHHYBaH-
Hs1. ToMy BUBYEHHS ITpo0ieMu (PpUKILIAHOTO HarpiBaH-
HSI Ma€ MPaKTUYHUI iHTepec. Y 1iii poOOTi MPOMOHYETh-
Csl IOC/TiUTH IHTEHCUBHICTh TEPMOHAIPYKEHb B OKOJTi
BEPLUVHU TPILLIMHU B 3aJIEXKHOCTI Bifl JOKATbHOTO PO3-
MillIEHHS TETUIOBOTO MOTOKY Ta OPi€HTALlii TPIllIMHU.

Meromuka. MeTonuka BUBYEHHSI IBOBMMIipHOIO
TEPMOIIPYKHOTO CTaHY TiJla 3 TPIIMHOIO, STK KOHIICH-
TPAaTOPOM HaIpyKeHb, 0a3yEThCSI HAa METOAI (PyHKIIil
KOMILUIEKCHOI 3MiHHOI, 3a JIOTIOMOIOI SIKOTO 3ajadi
CTallioHapHOI TETUIONPOBITHOCTI M TEPMOIMPYXKHOCTI
3BEJICHO J0 CUHTYJISIPHUX iHTerpanbHuX piBHSAHD (CIP)
MepIIoro poay, YMCIOBUI PO3B’SI30K SIKUX OAEpP>KaHO
METOJO0M MeXaHiUHUX KBaapaTyp.

Pesyabrat. Y poOoTi oTpuMaHi rpadiuHi 3anex-
HocTi KoedilieHTiB iHTeHcuBHOCTI HanpyxeHb (KIH) y
BEpLIMHI TPILLIMHU Bil KyTa il Opi€eHTallil, Bil B3BAEMHOTO
PO3MillleHHS TPIllIMHU i JIOKAJIBHOIL AUTTHKY HarpiBaH-
HSI, Bi IIMPUHMU 1Ii€] AUISTHKY, 110 B OAAIBIIOMY MOXK-
Ha BUKOPWCTATH IUTSI BUBHAYCHHS KPUTUIHOTO 3HAYCH-
HsI IHTEHCUBHOCTI JIOKQJILHOTO TEIUIOBOIO MOTOKY i3
PiBHSIHb TPAHUYHOI PiBHOBAru, 3a SIKOro NOYMHAEThCS
3pOCTaHHS TPILIMHY ¥ JTIOKaJbHE PyHHYBaHHS Tila.

HaykoBa HoBusHa. [lojisirae B ToMy 110 OTpMMaHi
PO3B’SI3KM HOBUX IBOBUMIpHUX 3aJay TeTJIONpPOBiI-
HOCTi i TEpMOMPYXKHOCTi JJIS MiBIPOCTOPY, 1O Mic-
TUTH JOBiJIbHY OPiEHTOBAHY KPailOBY TPIiLLIMHY.

IIpakTnyna 3Haummicte. Ilossirae B MOXKJIMBOCTI
TMOBHIIIIOTO BPAaXyBaHHS PEAJIbHOTO TEPMOIPYXKHOIO
CTaHy B eJIeMEeHTaX iHXEHEPHUX KOHCTPYKIIIH i3 Tpi-
IIMHAMM, 110 TIPAITIOIOTh 32 YMOB TEILIOBUX HaBaHTAa-
XKeHb ((PPUKIIIAHOTO TEIUIOYTBOPEHHS ) B Pi3HUX Taly-
351X TIPOMUCJIOBOCTI, 30KpeMa i y ripHuyopyaHiii. Pe-
3yJIbTaTU KOHKpeTHuUX 3HadyeHb KIH y BepuiuHi Tpi-
IIWHU Y BUTJSAI rpadikiB MOXYTh OYTH KOPUCHUMU
npu po3poOlli palioHaJbHUX PEXMMIB POOOTHU elie-
MEHTIB KOHCTPYKIIiii 3 MOMISIAY HEOOIYyIIeHHST 3pOC-
TaHHS TPILIMH.

KmouoBi cnoBa: kpaiiosa mpiwuna, menaioguii no-
miK, mepmMonpyjcHicms, Qpukyiilne HaepieanHs, Koepi-
YieHmM [HMEHCUBHOCMI HANDPYICEHb, CUHYASAPHE I[Hme-
2panvHe PIGHAHHA

Tepmoynpyroe cocTosinue NMOJYNPOCTPAHCTBA
C KpaeBoi TPelMHOM B YCJIOBUSAX JIOKAJIBbHOTO
Harpesa
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2 — JIbBOBCKMIA rOCY/1IapCTBEHHBII YHUBEPCUTET O€30IMacHO-
CTU XKU3HENeSITeIbHOCTH, T. JIbBOB, YKpanHa

Hemb. OmpeneneHue IBYMEPHOTO TEPMOYIIPYTOTrO
COCTOSIHUSI B TIOTyOECKOHEYHOM TBEpIOM Tejie (TIomy-
MPOCTPAHCTBE), OCIA0JIEHHOM KPaeBO TPEIIMHON TTpu
JIeMCTBUY JIOKAJIbLHOTO Harpesa. TeruioBoii oTok, o0y-
CJIOBJICHHbI! (DPUKIIMOHHBIM HAarpeBOM Ha JIOKAJIbHOM
y4acTKe TeJla, BbI3bIBAET U3MEHEHME TeMIIepaTyphl U Ha-
MPSDKEHU B Tejie, YTO 3HAUYMTENIbHO BIUSIET Ha €ro
MPOYHOCTh, TTOCKOJIBKY MOXET MPUBECTU K POCTY Tpe-
IIMHbBI U JIOKAJIbHOMY pa3pyliueHuio. [Toatomy usyueHue
MpodaeMbl (PPUKIIMOHHOTO HarpeBa MMEET IMpakThye-
ckuii uHTepec. B aTOi paboTte mpemiaraeTcss Uccaeno-
BaTh MHTEHCUBHOCTH TEPMOHAIPSIKEHU I B OKPECTHOCTH
BEPILMHBI TPEIIMHBI B 3aBUCIMOCTH OT JIOKATBHOTO pa3-
MEIIIeHUSI TETUTOBOTO TTOTOKA ¥ OPUEHTAIINY TPEIIIUHBI.

Meromuka. MeTonuka U3ydeHUs IByMEPHOTO Tep-
MOYTIPYTOTO COCTOSIHUSI T€JIa C TPEIIMHOM, KaK KOHIICH-
TPaTOPOM HaIpsKeHul, 6asupyercs Ha Metone (hyHK-
LMY KOMILIEKCHOM IIEPEMEHHOI, C TIOMOILBIO KOTOPOIO
3a7a4yu CTAllMOHAPHOW TEIJIONPOBOAHOCTU U TEPMOY-
MPYTOCTU CBENEHbl K CHUHTYISIPHBIM WHTETPAIbHBIM
ypaBHeHusM (CY) nepBoro pona, YMCiI0BOE pelieHUe
KOTOPBIX IMOTy4eHO METOIOM MEXaHUIEeCKUX KBapaTyp.

PesyabTaTbl. B padote nojiydeHbl rpapudyeckue 3a-
BUCUMOCTH KO3((DUIIMEHTOB UHTEHCUBHOCTH HaTIpsi-
xeHuilt (KMH) B BepuivHe TpelIMHBI OT YIJia €€ Opu-
EHTallNM, OT B3aMMHOTO PACTIONIOXEHUST TPEITUHBI 1
JIOKQJIbHOTO Yy4YacTKa HarpeBa, OT UIMPUHBI 3TOTO
y4acTKa, 4To B JaJIbHEHIIIEM MOXHO UCTIOJIb30BATh [IsT
orpeieieHUs] KpUTUYECKOTO 3HAYEHUS UHTEHCUBHO-
CTU JIOKaJIbHOTO TEIJIOBOTO TMOTOKA M3 YpaBHEHUM
MPENETbHOr0 paBHOBECUSI, PU KOTOPOM HAYMHAETCS
POCT TPELIMHBI U TIOKAJIbHOE pa3pyllIeHNE Tea.

Hayunas noBu3Ha. 3aKioyaercsi B TOM, YTO MOJTy-
YeHBI pellIeHUsT HOBBIX IBYMEPHBIX 3a/1a4 TETIONPOBO-
TTHOCTU U TEPMOYIMPYTOCTU IS TOJIYMPOCTPAHCTBA,
KOTOPOE COIAEPXKUT MPOU3BOJBHO OPUEHTUPOBAHHYIO
KpPaeBYIO TPEIINHY.

IIpakTHyecKas 3HAYMMOCTh. 3aKIIFOYACTCS B BO3-
MOXHOCTHU 00Jiee TTOTHOTO yueTa peaqbHOro TepMOy-
TPYTOTO COCTOSIHUS B 2JIEMEHTaX WHXXEHEPHBIX KOH-
CTPYKLUIA C TpelIMHAMU, KOTOpblEe paboTalOT B YCJIO-
BUSIX TETJIOBBIX HATPy30K ((PPUKIIMOHHOTO TEIJI000-
pa3oBaHMs) B Pa3IUUYHbIX OTPACISIX MPOMBIIIJIEHHO-
CTH, B TOM YHUCJI€ U B TOPHOPYIHOM. Pe3ynbTaThl KOH-
kpeTHbIXx 3HayeHuit KMH B BepuivHe TpeumuHbl B
BUIIe TpaKOB MOTYT OBITh IMOJIE3HBIMU TIPU pa3pa-
0OTKe pallMOHAJIBHBIX PEXUMOB PabOTHI JIEMEHTOB
KOHCTPYKUMI C TOYKU 3PEHUS] HEOOMYIIEHUs POCTa
TPEIInH.

KiioueBble ciioBa: kpaesas mpewjuna, menaogoil no-
MOK, mepmMoynpy2ocmos, QPUKUUOHHOU Haepes, Ko3pgu-
YUeHm UHMEHCUBHOCMU HANPAICEHUI, CUHYASIPHOEe UH-
meepanvHoe ypagrerue

Pekxomendosano do nybnixauii dokm. @i3.-mam. HayK
P. C. Myciem. Jlama nadxodxcenns pykonucy 05.06.17.

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 4



