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THE FUNDAMENTAL SOLUTION OF THE PROBLEM OF
THERMOELASTICITY FOR A PIECEWISE HOMOGENEOUS
TRANSVERSELY ISOTROPIC ELASTIC SPACE

The problem of constructing fundamental solutions to the thermoelasticity problem for a
piecewise-homogeneous transversely isotropic space is reduced to the matrix Riemann prob-
lem in the space of generalized slow growth functions. As a result of the solution of which,
were obtained expressions in explicit form for the components of the vector of the funda-
mental solution of the heat conduction problem, as well as simple representations for the
components of the stress tensor and the displacement vector in plane of connection of trans-
versely isotropic elastic half-spaces containing concentrated stationary heat sources. The
temperature distribution is investigated depending on the thermophysical characteristics of
the half-space materials.
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1. INTRODUCTION

The study of stress concentration in the vicinity of interfacial and internal
defects such as cracks or inclusions in thermoelastic fields is of great practical
importance. Many works have been devoted to this problem for various envi-
ronments. In particular, in [1-2], the problems of stationary thermoelasticity
for bodies with a heat-penetrating disc inclusion, between whose surfaces there
is an imperfect thermal contact, as well as problems with a thin heat-active
disc inclusion are considered.

The problem is reduced to hypersingular integral equations of the first and
second kind, for which exact solutions are obtained.In [3-9] non-axisymmetric
problems of elasticity and thermoelasticity for piecewise-homogeneous trans-
versely isotropic spaces containing interfacial stress concentrators, such as
cracks or rigid inclusions, using the method of singular integral relations (SIR)

[10] reduced to systems of two-dimensional singular integral equations (SIR)
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and proposed a method for their solution. A similar approach was applied
in [11-15] to solving problems of interfacial and internal defects in piecewise

homogeneous anisotropic media.

In the mathematical formulation and solution of such problems about de-
fects, it is necessary to set the boundary conditions on the defect itself, such
as stress on the crack edges or displacement at the inclusion.Since in thy phys-
ical formulation of the problems from determining the stress and displacement
fields in the vicinity of the stress concentrators, known the stresses or displace-
ments at the boundary of the region,at some interior points or at infinity (for
unbounded bodies), then the determination of the boundary conditions on the

defect is a separate problem.

Within the framework of the linear theory of thermoelasticity, to solve this
problem, it is necessary to know the distribution of the temperature, stress
and displacement fields in the corresponding piecewise homogeneous bodies
without defects in the presence of volumetric forces and concentrated heat

sources.

In particular, for piecewise homogeneous isotropic and transversally
isotropic spaces, such solutions are given, respectively, in [16] and [17].Green’s
functions for piecewise homogeneous transversally isotropic spaces in the pres-
ence of a concentrated heat source and in the absence of thermal diffusion were
constructed in [18], and in the presence of thermal diffusion — in [19]. In [20,

21], Green’s functions for a layered thermal environment were constructed.

An effective method for solving this problem is the method of fundamen-
tal solutions in the space I/(R?) of generalized functions of slow growth. In
particular, in [14], the problem of constructing fundamental solutions for piece-
wise homogeneous two-dimensional anisotropic media is reduced to the matrix
Riemann problem with respect to some variables in the space 3/(R3) and sug-
gested an approach to its solution. In this work, this approach is general-
ized to construct in an explicit analytical form fundamental solutions to the
problem of heat conduction and thermoelasticity for a piecewise-homogeneous
transversely isotropic space, which made it possible to study the temperature
distribution and obtain how the temperature affects the distribution of stresses

and displacements in the plane of joining materials.
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2. MAIN RESULTS

1. Statement of the problem. Let stationary heat sources, concentrated
in some regions of dimension n (n = 0,1,2,3), act in an inhomogeneous space
composed of two different transversely isotopic half-spaces, completely linked
in the plane z = 0.

The thermoelastic state of space is described by the vector

vV = {Uk(x7y> Z)}k:1,9 = {U$7Jya 027Ty27TI27T$y7u>v7w} (1)

Based on the equilibrium equations and the generalized Hooke’s law, and
also taking into account the Duhamel-Neumann relation with respect to the
components of the vector v, in the space of generalized functions of slow growth

Q’(R3) we write the following boundary value problem

D[z,01,00,3)v =F, v, Fc Y (R?), (2)
’Uk?(x7 y7 +0) = ,Uk'(x’ y? _0)7 k :m7 k # ]‘7276 (3)
’Uk(l‘, y’ $)|(ajjy7z)—)oo = 07 (k = 17 9)’ (4)

Here we use the notation

Dy O S O
D = 0 3;3 7FT = ||O7O70761762>53a0a070”aS = ! 5 )
-S D} 3x3 S
31 0 0 0 83 82 S11 S12  S13 S44 0 0
Do=(0 9 0 95 0 01|,S1=|s21 su si3/[:82=|0 saa 0],
0 0 83 82 81 0 S$13 S13 S33 0 0 S66

=2, 0, = 8%, O3 = 2, sp = H(Z)SZ]. +0(—2)sy;, 85" — the coefficients
of the generalized Hooke’s law, respectively, for the upper z > 0 and lower
z < 0 half-spaces; O3zx3— zero matrix of dimension 3 x 3, 8 = 9(2)6; +
0(—2)B; , cht— thermal expansion coefficients , T— temperature concentrated
heat source.

2. Construction of the fundamental solution of the heat conduc-

tion problem.
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We introduce the following notation w = {wy},_77, where functions
wi(z,y,2) € F'(R3) there are components of the system of fundamental so-
lutions, that is, solutions that satisfy the following system of boundary value
problems

D[z,01,0,05lw =£°,  w;, £° € §'(R?), (5)

w4(x, Y, +O) = w4($> Y, _0)7 )\;;83’[1}4(.%, Y, +0) = )\?:83104(.%', Y, _O) (6)
where

MNP0 0 o
0 X' 0 o
0 0 N' &
81 82 83 0

D= 0 = {=6ka0(x — 20,y — Y0, 2 — 20) bpe1 s

Sj-Kronecker symbol, \; = A0 (z3) + \; 0 (—x3), i = 1,3, )\Zi—thermal con-
ductivity coefficients for the upper z > 0 and lower z < 0 half-spaces, respec-
tively.

Vector components w represented aswy, = 0(z)wy, + 0(—2)wy, = w +w_,
ae wE € §'(RY), RL = R? x Ry and apply to the matrix equation (5) the
operator of the three-dimensional Fourier transform F3 from $(R3). Then,
considering the conditions (6) and results of works [10-13,26,27], relatively

Wi (1,00, a3) = Falw¥] € '(R?) we obtain the following matrix equation

B'W' =B W™ +F W} F)e (R, j=T14 (7)

+ +4 + . . .
W= ={W; }i—1, B* =DI[+0, —ioy, — i, —iasg],
F? = {5/,43461'111360—&-1'042?40-&-iacs,m}i:l7

AL 0 0 (—iov)
0 AL 0 —i
D0, —ion, — iy, —iaz] = | Bi st E 2323
3,4 —ia3

(—ial) (—iag) (—ia3) 0
+
kj
variable ag, therefore, matrix equation (1.7) is a boundary condition for the

Function w® € ¥/(R3) admit an analytical representation [22,26,27] on the

matrix Riemann problem in the variable «s.
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Given the properties of generalized functions and applying the methodology
of [10-14,26,27|, the boundary conditions (1.7) can be written as

BfW* = F*f W*, F* ¢ §/(R?), (8)
where
1
F;t = {f]j:}k:ﬂv f]j: = 9(:&20)66‘:5]64 + §Xk‘>
X = {xs}re1z € S'(R?), xk=0, k=12

Xx(a1,az)— unknown functions from ’(R?) for determine of which, we use
conditions (7) in Fourier transforms.
Directly from equations (1.8) we obtain W* = BLI'F* where B! =

{b*’i}k . After applying the inverse Fourier transform, the components of
the Vectors wt = {w btz =F3 L'W*] will be presented as:
wt = @) gy mh bzl T mbere )
. (& le—zol /13 +(EF l=20)”) (&5 [e+20l4+y/r3+(E] (4+20))°)
+0(—20) mify (r3+(6g 2063 2)") )
(&5 20—€3 2| +\/r2+(5 z0—€8 2)%)
wr = @) oy matitEalemaD) T miphE Gzt
o (& |20l +1/r3+(&x l2—20)°) (&g 1=+0l+ r3+(& (54+20))")
—1/2
—0(z0) mfg(”(Q)‘F(EO_Z—ES'ZO)Q) 1,
(& 26 20|+ 73+ (& 25 20)°)
wif = =) gy ) (—mhtieeao) T e ) )
(&5 [e=20l+ /T8 +(EF [=20)") (65 =20+ /7B H(E (+20))")
+6(—20) mi 8+ (& z0=632)") }
(&5 20—€ 2| +\/r2+(5 20— 2)°)
wy = G500 o) (—mnCEHE o) mg ez

(& lz=20l+\/r2+(En l2=20)%) (&) =420+ r3+(& (2+20))°)
—1/2
B(zy) b =)
(&5 2—€F 20| +\/r3+ (€5 2—€8 20)%)

+ o+

wT = {9(20)(m+ sign(z—z0)&f |20 mae€g (Z+zo)f )—
’ e ) gl )

_9(_ 0) m23|5oz &q #ol

2.3/2 J»

(r 0+(50Z &g & 20)")




The fundamental solution of the problem of thermoelasticity 21

_ _ sign(z—=20)&, |z—= mI,&F (z+20)
wy = {0(—20) (my, S0 20l maty )
’ (21— s (o)D)
+9(—z0) mos|€g 20—E 72|

(24—t
wif = {B(z0) (i — )
Vi€l 1= \JraHEd (+20))°

M33

\/r8+(€0+z—§am)2 7

+0(—20)

M3y M39

+ —
B le—20l)® (/124 (s+20))°

wy = {9(—20)(\/

—9 20 33 y
( )\/r3+(£azf§gz(])2}

where
\E mT m¥
+ N R s 2 + _ yEEoF 2
my =g, Mp=A (A3my £ e ), miz = AT (A\ym] * - )s
o 0 0
£y + +y+
+ + AN AY + 4+ + N AY o+ + F
my =1, moy = I T EAzmy, moyz = —m] £ A\3mgy
o €0
+ ¥
1 m m
+ + oyt 4+ 2 + _ \E _F 2
M31 = Y EE mgy = Agmy £ —£, mgg=Agmi + —¢
360 €0 0

Sought temperature T" we get like this T' = wy * Q.

3. Construction of a fundamental solution to the problem of
thermoelasticity. We apply to the matrix equation (2) the operator of the
three-dimensional Fourier transform F3 iz $/(R3), given the following repre-

sentation for vector components v: vy, = 0(2)vp + 0(—=2)v, = vF + v, were

vE € §'(RL), RE = R? x Ry. Then, considering the conditions (3) and the
results of [10-14,26,27], with respect to Vi (a1,as,a3) = Fi[vr] € ¥'(R?)
and also that the functions V;t € §/(RY) admit an analytical representation

[22,26,27] in the variable a3 we obtain the following matrix equation
M.V*E = F* W F* € §/(R?), (9)
where

My = D[£0, —ion, —iaz, —icg], Fj = {f;},_11

1 -
,;t:q:§Xk, k=1,9, k#3,4,5,

1
f];t = IBI:gthT:t + §Xk> k= 3747 57

X ={Xthetz € Y(R?), Xk =0, k=459
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Xx (a1, a2)— unknown functions from 3/(IR?) for determine which, we need to

use conditions (3) after the Fourier-transformed.

We represent the sought functions as

Vi, = —(—iog) Uy, — (—ion) W55, Vi, = (—ion) U3, — (—iag) W55, (10)

Vi, = —(—ia) Y1, — (—ion) Y5, Vi = (—ien) Y5, — (—iee) Y3, (11)

where \I/f,'rf (k = 1,2) new unknown functions, then matrix equation (9)

can be separated into two independent equations
L VWE = FE G v+ = FF (12)
where we use the notation

_ {Ti \I]i}

D+ _ vD=E
ViE = vy 1

v~ {Vk }k; 1,4 {W?%J?Ti”l’?iwwi}
P = {(—iaa) 5 — (—ion) 55, (—iw) f55 — (—ion) & } % = o + o,
Fh = {135, (mian) f5 + (—iaw) f55, (—iaa) fi + (—ian) f55, S5 }
Gt = {g]:gtj}k’jzﬂ7glil = 911 = (—ia3), giz = . 935 = 933 = (—iaz)r?,

G =9 =0, k=12 j=34,
+ +2

+ _ C3 o+ + _ 013+C13 4 o+ [t
921 = —"1 912> Y923 = I Ty 932 = ——x 912
C33 C33 044
1 et
.+ + _ + 13+
934 = 79120 9n =~ 1> 9437 “x Y12 {lk]}k 1,2’
c c J=
33 33
+ . -2 + . 2 + 2 & + 4
Iy = (miag)r™=, Iy = (—iag)r®, ly =—r"/cyy, I3 = —ceer”,

Directly from equations (12) we obtain V(1):+ = LilF]il, AVACIEE G;leiQ,

were L;l = {ZZ’ji }k 12 G;l = {g;;’ji }l T Further, using representations
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(11), (12) after applying the inverse Fourier transform, we obtain:

3
_ R - Win
" h (Wo Tl Vi + <2nz+20zo>2>
2 3
i Z Z a1.n,m _ ’

n=tm=l \/7“3 + (€02 + Em20)?
04—<y—yo>{i RS (rd + (6 |2 — =0])?)
o7 (6l = 20l + /18 + (6l — 0]

3 - 2 —1/2
_ wan (13 + (fnz+5ozo) )

171 (0 l21+ €ola0l + /72 + (€07 + Eo20)?)

—1/2
2 3 - e 2 ~V/

Sy o (Eazt o)) }
n=1m=1 (€n|z|—{—§m|20|+ r%+(§nz+£mzo)2)
3 2\—1/2
o R, (8 + (&, |z = )
0-5_(‘% xO){nZ:l (én’Z—ZO|+\/7”0 €n|Z_ZO|) )
wan(rg + (é-nz + 502’0) 2)=1/2

(€ 2]+ Eo Lol + /72 + (Enz + E020)?)

2 3

Ty 020 (18 + (£02 + Ep20)?) "2 }
2)

—1/2

3

n=1m=1 (£n|z’+£m|20’+ T%+(£nz+§m20 2

3
R3n
(@ - 20)
e mo{;(sm—zowm Tl - )

. 5 Ww3,n
w71 (€, 121+ &o Lol + /73 + (€2 + E020)2)
2 3
_ a3.n,m }
AT (€, 2]+ €0l /78 4 (€07 + Eo)?)
3
R
uQZ(yyo){Z =
n=1

(6 — 20l + /73 + (602 — 20])?)
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W3 n
_Z ~ 7 - )
= 1( n|Z|+€o|ZO|+ + (§nz + €o020) )
a3 nm
3y e |
n=lm= 1( n|Z’+§m|Z0’+ (5n2+§mzo) )
ZR4n(ln +1n<‘z_20‘§n + 7"0 (gn’z_z0|) )>
C ~ . ~ - 2
+ZW4,n(ln2+ln(<£n\z| b Bl + 73+ Gt + o) )
n=1
2 3 c = _ . _ 9
#3001+ 10((E 2]+ € in) + Vrtd (6t B0 )
n=1m=1
were

(g, ) = (—1'043)/\;)rmiF — rm;,T*Jr(ag, r) = (—iag))\gmf’ —rmsy,

+—- Q1+(_7;£7—7~,_’ 1)T+_(_i£’r—l_’ )

,+ .+ . T
q; (as,r) = g3 (a3, )7 + g5y (as,r)y,j = 1,4

gf (Zi&, DT (60 1) oy _ 0l (060, DT (g 1)
& ot e & oy

Ry =
+
¢ (&5, D)7 (ig, 1)
&b
¢ (—igE 1)t (=ig,, 1)

)

™ (a3,7) = (—z’ag)/\}fml_ - er_,Bi: =

2 2+ _ 1 A
In — gh;{ 7/B]n ;{h;{ 7j_1)4-
& 2 2
hy =TT (@) = (&) 7 (as.r) = (miaz)Agmy —rmy,
I=1,l#n
— . . 2 3
—— _ 401 (Zé.;v 1)7-__(257:7 1) + ++
Pin = e he R = D R B = D B
noon n=1 n=1

3
+ + * S
BT =D Bl A ={aidy o Ao = {ak s = N7+ N7,

n=1

=R}, Z“kRkn’ Z“kka’

4
ph=>"auB = Zajkﬁk B =Bt B B =8+ B
k=1
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4
=+ ko ++ — o+
o m ZRﬂm O s O ZRJM%,W% DL DS
k=1
+— _ - _
Him = Zngn“w”—LZ“j,n—Ov" Ojmm ZRakn Vi
4 4 4
7+ — *,— + - *,— - 7+ J— *,— JF J—
ot = 2 kO i = D Byt 10 = D By n =12,
k=1 k=1 k=1
-—_ _ ++ ~+F _ 3k +
Hijn ,u]n—On—3w B ~ Hjn JTT B',;F_”NT’
—~0,+ ot o 20 0 o
R;, =0(z— Zo)ij +0(z0 — z)ij R, =0(z— zo)ij +0(z0 — z)ij
_ ++ ~— -
wjn = —0(z, ZO)W1 +0(z, —20)@7,, +0(—2, ZO)WL:{ —0(—z, —z20)w1,
_ ++ — —+
ajnm = 0(z, Zo)aj,m,n —0(z, —z0)a ST 0(—=z O)Ozj?m n— 0(=2,20)c A,

—

én = 0(2’, ZO)&J{ - 9(27 _20)6: + 0(_27 _20)67: - 9(_Z7 ZO)&:;

€0 = 0(2, 2006 — 0(z, —20)E5 +6(—2, —20)&5 — (2, 20)&5 ;

gm - 9(27 ZO)STJ’I’_L - 9(2’ _Zo)é-;z + 6(_Z7 _20>£T:L - (9(—2, Zo)f;vtb;

~0,+ —0,—
g’n - 9(2’)6(,20){:{ + 9(_2)9(_20)5777 R?,n = 0(2’7 ZO)Rl,n + 9(_27 _ZU)Rl,na

4. Stress and displacement fields in the plane of connection of
half-spaces. Putting z = 0 in the fundamental solutions, we obtain the
distribution of normal and tangential stresses and displacements in the plane

of connection of half-spaces in the presence of heat sources.

3

R, w o
o3(,y) = — L 4 L +27;7
n=1 \/r0+(£nz0) \/r%-l-(fozo) n=1 7’3+(§nzo)2
—-1/2
S P )2>‘”2 F(Egm))
ou(,y) = (y — yo){ 3 —2x om0 _ _wa(r3+(£920))

2 2
it Gl 60D B )
9 —1/2

3 2 -
Oé21n(7‘ +(€n20) )
— Zl - 0 — - }7
n= <sn\zo|+\/r3+<snzo))
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- —-1/2
_ 3 R 03HE ) wnB(Eem))
75(@y) = (@ = ){Z énlon\/ro +(6020)%)
2 —1/2

N Z Oé2nr0+(£ 20) ) }
n=1(g, \Zol+\/7‘3+(€ 20))

2

<EO|ZO\+%§+<ZOzO> )

0
R3 n

(Enlz0l VB (Enz0)®)

w3

uy(2,y) = (z — ){E

2

<EO|ZO\+\/r3+<Eozo> )
3

-2 e —}
n=1 2
(E ool 7+ (E o))

uy(,y) = (4 — mHZ B - I

-~ — -
Enlsol VB0l g E o))

- Z P =}
n=1 2
(€, \20|+\/7"o+(€ Zo) )

3
us(@y) = = 3 R (g +In(lzo] € + /78 + (&n20) )+

an(in g+ In((Eo ol) + "2 4 (E970) )+
- - 2
+ZGM@-+W@MMH'%+@M®»

oy}

5. Discussion and numerical results. Numerical investigations of
the temperature distribution were carried out depending on the thermophysi-
cal properties of materials. Figures 1-4 show the temperature distribution in

the Z0Y plane depending on for some combinations of transversely isotropic

materials. In particular, for zinc Zn : (\] = 115,\ = 117,/%) - ma-
terial m1; Cadmium Cd : (A} = 93,A\; = 94, /%) - material m2; alu-
minum oxide AlbO3 : (A = 250\] = 30/°) - m3 material; magnesium

Mg:(A\] = 156,A; = 157, /%) - material m4, and in the presence of two heat

sources of the same power Q = 10°

3. CONCLUSION

The problem of constructing fundamental solutions to the thermoelasticity
problem for a piecewise-homogeneous transversely isotropic space is reduced
to the matrix Riemann problem in the space of generalized slow growth func-

tions.As a result of the solution of which, were obtained expressions in explicit
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iR
‘*,::f.'.'.'.w\
D)

) ,\‘\\ N S

\
A

: Y
“1:‘\ \ QRGN

Fig.3 m2-m3 Fig.4 m1-m3

form for the components of the vector of the fundamental solution of the heat
conduction problem, as well as simple representations for the components of
the stress tensor and the displacement vector in plane of connection of trans-
versely isotropic elastic half-spaces containing concentrated stationary heat
sources. The temperature distribution is investigated depending on the ther-

mophysical characteristics of the half-space materials.

Kpusuii O. @., Moposos 0. O.
DOYHAAMEHTAJIbHI PO3B’SI3KU 3AJAYI TEPMOIIPY>KHOCTI /[IJ151 KYCKOBO-O/IHOPIJTHOT'O
TPAHCBEPCAJIbHO-I30TPOITHOT'O TIPYYKHOI'O POCTOPY

Pesrome
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IIpoGema mobymoBu dyHIaAMEHTAIBHUX PO3B’SI3KIB 3ajadi TEPMOMPYKHOCTI JIJIsT KYCKOBO-
OIHOPITHOTO TPAHCBEPCAIBHO-I30TPOITHOTO IIPOCTOPY 3BeJeHA 10 MAaTpPUYHOI 3a7a4di Pimana
B IIPOCTOPI y3arajibHeHUX (DYHKIIiH ITOBIJILHOTO 3pocTanHs. B pe3yabrari po3s’a3yBaHHs sIKOT
OTPHUMAHO B IBHOMY BHIVISII BUPA3H /Il KOMIIOHEHT BEKTOpa (DYHIAMEHTAIBHOIO PO3B’A3KY
3a7a4i TEIJIONPOBITHOCTI, & TAaKOXK MPOCTi IOJAHHS NI KOMIIOHEHT TE€H30Pa HAIIPY2KEHb 1
BEKTOpA MEPEMIIeHb y IIOMWHI 3’ € HAHHS TPAHCBEPCAIHHO-I30TPOHUX MPYKHUX ITBIPO-
CTOPIB, sIKi MICTATH 30CepeKeHi cTalioHapHi mKepesi Teria. JlociiaKeHo po3momgia TeMmiie-
paTypu B 3aJI€2KHOCTI Bij TeIIoMi3nvIHNX XapaKTEPUCTUK MaTepiasiiB HiBIPOCTOPIB.

Karowosi caosa: gyndamenmanvii pose’asku, mampuywna 3adava Pimara, mpanceepcanrvro-

i3omponrutl, HeOOHOPIOHUT NPOCMIP, Y3a2aibHeHT PYHKYIT.

Kpusoti A. @., Moposos FO. A.
DOVYH/IAMEHTAJIbHBIE PEIIEHUST 3AJAY TEPMOYIIPYTOCTU /1T KYCOYHO-O/IHOPOIHOI
TPAHCBEPCAJIbHO-U30TPOIIHON VIIPYTOT'O TPOCTPAHCTBA

Pesrome

IIpobiema nocTpoenust pyHIaMEHTAIBHBIX PEIIEHUI 3841 TEPMOYIIPYTOCTU JIJIsT KYCOYHO-
OHOPOJHON TPaHCBEPCAJIBHO-U30TPOIIHOIO IPOCTPAHCTBA CBeJeHA K MATPUYHON 3ajadu
Pumana B mpocTpancTBe 000011IEHHBIX (DYHKIINI MEJIEHHOTO pocTa. B pe3ymbraTe permeHust
KOTOPOU IOJIY9IE€HO B SIBHOM BH/JIE BBIPAXKEHUsI JJIs KOMIIOHEHT BEKTOPa (DyHIAMEHTATHLHOTO
pelleHny 3a/1a9u TEIJIONPOBOJHOCTH, & TaKrKe IIPOCTBbIE IIPECTABJIEHUS [JISI KOMIIOHEHT
TEH30pa HAIIPSI>KEHUIl 1 BEKTOpa IlepeMeleHNnil B IJIOCKOCTH COeJUHEHUsI TPAHCBEPCAJILHO-
M30TPONHBIX YIPYTUX IOJYIPOCTPAHCTB, COAEPXKAIIUX COCPEIOTOUYEHHBIE CTAIMOHAPHBIE
WCTOYHMKE Terta. VccireoBaHO pacupeiesieHe TEMIIEPATYPBI B 3aBUCUMOCTH OT TEITOMU-
3UYECKNX XapPAKTEPUCTUK MATEPUAJIOB IIOJIYIIPOCTPAHCTB.

Karoueswie crosa: yrndamenmanvrvie pewenus, mampuunas 3adawa Pumara, mparceepcanvro-

U30MPoOnHoe HeOOHOPOIHOE NPOCMPAHCMB0, 0b0bweHHbe PYHKUUL.
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