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DETERMINATION OF TEMPERATURE FIELD IN THERMALLY
SENSITIVE LAYERED MEDIUM WITH INCLUSIONS

Purpose. Determination of the field of temperature which is caused by the presents of the heat flow thermally
sensitive (thermo-physical parameters which depend on temperature) layered medium which contains through for-
eign inclusions.

Methodology. It is based on the use of generalized functions; this enables us to express the coefficient of heat con-
ductivity for such a structure as something integral, provided the heat contact between conjugated surfaces of the
layers and the inclusion is ideal. In this case, the boundary value problem is reduced to solving a single equation of
heat conduction with discontinuous coefficients under the given boundary conditions at the boundary surfaces of the
medium.

Findings. The heat flux is concentrated at one of the boundary surfaces of the medium, the other boundary surface
is thermally insulated. There exists ideal heat contact at the surfaces of the conjugated layers. To determine tempera-
ture regimes in such a medium, a nonlinear equation of heat conduction with nonlinear boundary conditions is used.
In order to solve the nonlinear boundary value problem of heat conduction, we introduce a linearizing function which
enables us to obtain a partially linearized differential equation and linear boundary conditions to determine this func-
tion. After the piecewise-linear approximation of temperature with respect to spatial coordinates is carried out, a
linear differential equation with discontinuous coefficients in the linearizing function is obtained. An analytical-nu-
merical solution of the obtained linear boundary value problem is found with the use of Fourier integral transforma-
tion which determines the linearizing function and enables us to obtain calculation formulae for calculating tempera-
ture. For a two-layer medium with an inclusion, temperature distribution for a linear temperature dependence of the
coefficient of heat conductivity of the material is found, and a comparative numerical analysis of the distribution of
temperature is made with corresponding distribution for constant coefficients of heat conductivity of the materials of
the layers (materials of the layers are Y12 and 08 steels). Calculation formulae for determining the distribution of
temperature in a two-layer medium with a through inclusion are obtained in the work. Numerical calculations of the
distribution in a layer and in a two-layer medium for constant and for linearly variable with respect to temperature
coefficient of heat conductivity of materials of the layers are performed.

Originality. There has been carried out a partial linearization of nonlinear boundary value problem; due to this, we
have obtained formulae for determination of the distribution of temperature in a thermo-sensitive piece-wise homo-
geneous medium.

Practical value. The practical value consists in the increase in accuracy calculation of temperature fields and in
effectiveness of methods for investigation of thermo-sensitive piece-wise homogeneous media. The precision is
achieved at the expanse of taking into account the piecewise homogeneous structure of the medium and that of the
dependence of the coefficient of heat conductivity of the materials of the medium on temperature (nonlinear model).

Keywords: heat conduction, isotropic, temperature field, inclusion foreign, thermally sensitive layered medium, heat
flux, heat contact
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Introduction. Analysis of the recent research and
publications. Construction of the mathematical models
which describe heat processes mountain ranges, mine
cavities, in building and operations of mining enter-
prises, and others, is an urgent problem. The processes
of heat transfer in layered mountain ranges are de-
scribed by two- and three-dimensional stationary
equations of heat conduction with taking into account
the nonlinear effects in the bulk of the Earth, these
equations are also used as approximated mathematical
model of systems which contain shaft mounting con-
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crete casing, lintels, and other articles of mining enter-
prises.

It is considered that the average temperature of the
Earth’s crust is equal to 15 °C. Surface temperature vari-
ations can penetrate inside the earth, but to a limited
depth. Daily variations vanish at a depth of 1—-2 m, and
annual (seasonal) variations at a depth of 10—40 m (with
the exception of regions of eternal frost). The depth at
which seasonal variations of temperature vanish is called
the neutral level. Experimental investigations indicate
that below the neutral level the temperature field of the
Earth’s crust practically does not vary with time, but just
increase with the increase in the depth, this confirms the
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presence of heat flow from the center of the Earth to its
surface. The Earth’s crust consists of different kinds of
layers, in particular, one of them can be a rock-bed. The
geothermal (natural rock bed) temperature at a certain
depth is determined according to the following relation-
ship

(trb = tO +th))

where £, is the average temperature of the neutral layer
(in the territory of Ukraine #, = 289 K); y is depth which
is measured from the neutral level to the place of the

dt
rock-bed location; G, :d_y is the geothermal gradient.

In practical investigations, for Ukraine the value of the
geometric gradient ischosen tobe equal to 2.7 - 102 K/m.
But numerous measurements indicate that its values
change at the depths where oil or gas beds are located,
which causes the change in the temperature of the bed;
and this, in its turn, causes the change in viscosity of
fluids, of capillary forces, of rheological properties of
fluids, of interphase exchange, and others. Therefore, in
order to increase the current debits and in order to in-
crease the oil extraction (especially from beds of oil of
high viscosity) the temperature is to be increased by
means of heat generation or by means of injection of hot
heat agents. In order to determine the power of heat
source, it is necessary to know the distribution of the
temperature ¢ with respect to the depth y, this enable us
to obtain the value of the geothermic gradient G, for dif-
ferent values of the depth y within a bed.

In the monograph [1], mathematical models of heat
and mass transfer in mountain ranges and cavities have
been considered and analyzed as well as the main prin-
ciples of creation of theoretical geothermal physics.
Non-unidimensional models of mine thermos-physics
and methods for solving boundary-value problems of
heat transfer in mountain ranges are presented in the
paper [2]. Analytical method for investigation of heat-
exchange processes under the condition of resource-
saving technologies, under accumulation and withdraw-
al in boneless rocks are considered in [3].

In the paper [4], the external asymptotic expansion
of the solution of the non-stationary problem of heat
conduction for layered anisotropic nonhomogeneous
plates at face surfaces of which second kind boundary
conditions are set has been carried out. The obtained 2D
equations with the help of which we solve the problem
have been analyzed. Asymptotic properties of the solu-
tions of the problem have been investigated. The evalua-
tion of accuracy with which the temperature in a plate
beyond the boundary layer is considered as piece-wise
linearly or piece-wise quadratically distributed with re-
spect to the thickness of the layer structure has been ob-
tained. Physical substantiation of some peculiarities of
asymptotic expansion of temperature has been presen-
ted.

By means of finite differences method, using the
procedure of quasi-linearization, the solution of the
non-linear boundary value problem [5] of heat conduc-
tion has been obtained. The process of heat transfer has
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been investigated in a layered plate whose components
were of different transparency being connected by a thin
intermediate layer under conditions of heat irradiation
from the side of partially transparent layer. Having in-
troduced an effective coefficient of reflection at the sur-
face of the contact, we have found approximated equali-
ties for determination of the field of radiation in the
main and, partially, in the transparent layers.

It was as early as in [6] that some investigation on
temperature fields for thermosensitive elements of
structure which are of piece-wise homogeneous struc-
ture.

Atrticle [7] solved a non-stationary problem on ther-
mal conductivity and thermoelasticity for functional-
gradient thick-wall spheres. Thermal-physical and ther-
moelastic parameters of materials, except for Poisson’s
coefficient, are arbitrary functions of the radial coordi-
nate.

Axisymmetric stationary problem on thermal con-
ductivity and thermoelasticity of the hollow functionally
gradient areas relative to the heat source was considered.
The solutions are obtained as functions from spatial co-
ordinates for temperature, the displacement component
vector and stress tensor by using boundary conditions
for radial and angular coordinates [8].

In paper [9], a thermoelasticity solution for steady
state response of thick cylinders which are subjected to
pressure and external heat flux in inner surface is pre-
sented.

A model of the process of non-linear heat conduc-
tion, the technique of linearization of the boundary
value problem, and the relationships for calculation of
the temperature field in a layered thermo-sensitive me-
dium containing through inclusion and heated by a heat
flow concentrated at one of its surfaces are presented
below.

Mathematical model of the problem. Consider an iso-
tropic infinite layered thermo-sensitive plate whose
thickness is 2c. The plate consists of # heterogeneous
layers of different widths and of different coefficients of
heat conductivity and it is referred to a Cartesian system
of coordinates (x, y, z) the origin of which is located at
one of the boundary surfaces (Fig. 1). The face |z] = § is
thermo-isolated. There is a foreign through inclusion in
the plate. At the boundary surface K, = {(x, 0, 2): | x| < oo,
|z| < d} in the domain Q, = {(x, 0, z): | x| < &, | z| < d} there
is a concentrated heat flow whose surface density is
qo = const. At the surfaces of the layers K; = {(x, y, 2):

|x| <o, |z| <8} (j=1,n—1) and at those of the inclusion
K.={(xh,y,2):0<y<yp,}, |z] <& there is an ideal heat

contact #;=1;,,A (t)%sz(t)at

J+l
IRy for y = y

oy

N o, o, . —
(G=Ln=1); t, :tj,XO(t)ﬁ—;C’:?»j(t)a—; (j=Ln) for
|x| =& (0 for the inclusion, j for the j" layer of the plate).
The boundary surface K, = {(x, y,, 2): K, = |x]| < o,
|z| < 8} of the plate is heat-insulated. The distribution of
temperature #(x, y) with respect to space coordinates is
determined by means of solving the non-linear equation
of heat conduction
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with boundary conditions

th e =0 a _a =0;
ox o0 oy V=Y,
(2)
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M| =-4,S (h=|x],
oy =0

where
x(x,y,r)=i{x,-a)+[xo(r)—xj(t>1S,(h—|x|>}N(y,y,»,1)
Jj=1

is the coefficient of heat conductivity of the non-homo-

geneous plate; A7), Ay(¢) are the coefficients of heat

conductivity of the materials of the j™ layer of the plate

and that of the foreign inclusion, respectively; y, = 0;

Ny, y o) =80 -y 1) - Sy -y SO =
1, >0

=40,550,5, =0 are the asymmetric unit functions.
0, <0

Let us introduce linearizing functions

#(x,y)

$=SUNGY) | A (QdC+

Jj=1

t(x,y)0
+S (x+DING) [ Oy(@)=2,(©))dE~

t(=h,y)

1(x,y:) ’

=S,r=y) [ O©-1, Q) S, (y-y; )+
t(=hy; )
1(x,y;)

+5.(=) [ (©-2,(0)dc]-

1(=h,y;) (3)
1(x,y)
—S.(x=MINGy) | (=), (©))dG-
1(h.y)
t(x,yj,,)
=S,r=y) [ ((©-2,©)dG+
1(hy;,)
1(x,y;)
+8,r-3) [ O(@-2,(@)dS]-
1(hy;)

1(x,y;,) 1(x,,)

=S, -y | 1Qde+S, (v-y) | 1,(0dg).
0

0

Having differentiated it with respect to the variables
x and y, we obtain

ot 09
X(X,y,t)—:—_E(X,J’);
ox Ox

“4)
ot 09
Mx,p,t)—=—+F(x,y),
oy oy
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where

F(x,y)=58.(

x|—h)§{[<xo<r)—x,-<r»§—j

Y=y,

xS+<y—y,»_1>—[(>»o<r)—>m,<r»§—ﬂ S+<y—y,>};

y=y;

F(x,y)=5_(h-|x])x

XZ”:{(XO(I)—KJ-(I‘))S—;} N,y ).
Jj=1

et

Taking into account the relations (4, 3) the initial
problem (1—2) takes the following form

0’8 0 0
e UGS CS) UG

The boundary conditions with the use of the relation
(3) are written the following way

ohsn=0, B 29 g, ©)
O s OV,
03
=g, (h-x).
27

Thus, the non-linear equation of heat conduction
(1) has been reduced to the partially linearized equation
(5) for the linearizing function (3) with discontinuous
coefficients, and the non-linear boundary conditions
(2) to the completely linearized boundary conditions
(6).

Analytical-numerical solution. Let us approximate
the function t(x4, y), #(x, y;) in terms of expression

HV

n

Vy

Fig. 1. Isotropic multilayered thermo-sensitive plate with
through foreign inclusion by the plane 7=0
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m—1
1(£h,y) =t + " () - 1S _(y—y");
"=p‘ (7)
(3 =1+ S WD S (-,
/=1
where

(j)*

ye ()

e ly, sy, Ly <y <L <yP;
x, € I xl;x < x, S S

m, p are the number of subintervals of the intervals | -1 syl

and )4; x| respectively; t(’h)(k—l m), t,‘f)(l_l p) are
unknown approximately values of temperature; x, is the
value of the coordinate the temperature in which is
practically equal to zero (determined from the equal
corresponding linear boundary condition).

Let us substitute the relations (7) into (5) and obtain
the partial linear differential equation for determination
of the linearizing function ¥

19=3| S EOGS (x-x)-S (- |x|)zF<k><y>} ®)

j=1L =1

where

FO() =8 =1 D () =2, (I8 (=)
Fj(l)(y):(t[(flfl)_tl(/*l))[ O(t(/ 1))_
=M, (v =y, -

— (W =) g (D) =1, (EDIS, (v =y ));

o 02
A=—+— is the Laplacian operator in Cartesian
ox? oy 4s.(0)
rectangular coordinate system; &, (C) :d;C are the

asymmetric Dirack delta functions [10].

Having applied Fourier integral transformation with
respect to the spatial coordinate x for the boundary val-
ue problem (8, 6), we obtain the ordinary second order
differential equation with constant coefficients

——52 \/27ZPsmEﬁZF(,()(J})+

TC/] é k=1

+ i?';ze*"@x’ F (J/)},
[

(€))

the boundary conditions for which are of the form
as| . s
dy y=y, dy y=0

2 Dgnen (10
T &

)

1 ,
where 9= F _[ €~93dx is Fourier image-function
T

V(x, y); € is the parameter of Fourier transformation;
P2=-1.

Having solved the boundary value problem (9, 10)
and having applied the inverse Fourier integral transfor-
mation to the obtained solution, we obtain
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The unknown approximation values t,({jh) (k=1,m)

and t,” ) (I=1,p) of the temperature field of the medi-
um are determined from the system of linear equations
which is obtained by means of substitution of the spe-
cific expressions of the coefficients of heat conductivity
of materials of the layers of the plate and those the in-
clusion, which are dependent on temperature, into (3,
11).

Results of numerical calculations. As is indicated by
investigations in many practical problems, the coeffi-
cients of heat conductivity are linearly dependent on
temperature

by =M (1=k,0), (12)

where A%,k are the reference and the temperature coef-
ficients of heat conductivity of the materials of the in-
clusion (s = 0) and of the ;" layers of the plate (s =),

J=1,n. From the expressions (3, 11) we obtain the for-
mulae for determination of the temperature ¢ for the
double-layer plate (n = 2) in the domains

1- /1—2%(\%91)

k, ’

Q :{(X:J’)3|X|>h,03y<yl}_f:

Q, ={(x,y):[x|> by <y < yb-t=

/ k
_1— 1—2@(9%}2). (14)

_ A :
Q, ={(x,0):[x|<hO<y <y}~

/ k
1- 1‘273(9”3) (15)
t= 0 .

_ . :
Q, ={(x.y):[x|<hy <y <y )-

[k
1- 1—273(9+94) (16)
= 0 )

= a
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temperature #(x, 0) is such which is equal to the ambient
temperature; #(x A, y), #(x, y;) we calculate according to
the formula (13) .

The relations (13—16) completely describe the distri-
bution of temperature in an infinite double-layer ther-
mo-sensitive plate which contains a through foreign in-
clusion (Fig. 1).

For a monolayer plate of 2/ width which contains a
through inclusion, there has been carried out numerical
analysis of the dimensionless temperature " = Ayt/(goh)
for the following initial data: the material of the plate
was BK94—1 ceramics, that of the inclusion was silver;
the number of subintervals of the interval |-/, /[ was
n=10; //h = 1. The aforesaid materials in the tempera-
ture interval [20 °C; 1230 °C] are described by the fol-
lowing dependencies of the coefficient of heat conduc-
tivity on temperature

w
Km

Ao(t) = 422.54K(1 —-0.0003 llt],
Km K

A (1) =13.67 (1—0.00064itj;

A7)

which is a particular case of the relationship (12).

The number of subintervals of the interval |-/, /] is
n = 10 for aforesaid thermo-physical (reference and
temperature coefficients of heat conductivity) and geo-
metrical (length of inclusion and width of plate) param-
eters of the structure enable us to carry out calculation
with an accuracy within € = 107,

Let us consider a double-layer plate with uniformly
distributed sources of heat at the surfaces of conjugated
layers (Fig. 2). Let us assume that at the boundary sur-
faces y =—y,, y =y, of the plate the values of temperature
are t; = 0 °C, 1, = 700 °C, respectively. The materials of
the layers of the plate are Y12 steel and 08 steel.

In the temperature interval [0 °C; 700 °C], the afore-
said materials are described by the following dependenc-
es of coefficient of heat conductivity on temperature

Y1

(=)

V2

yV
Fig. 2. Double layer plate
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M@= 47.5K(1 —0.00037itj;
Km

(13)
w 1
A,y (1) =64.5——( 1-0.00049—1 |.
Km K
Numerical calculations of temperature field for a lin-
ear model (constant coefficient of heat conductivity of
materials of layers of the plate; A, = 38.7W/(Km), L, =
=48.7W/(Km)) (Fig. 3, curve 1) have been carried out.
The distribution of temperature for the nonlinear model
(linearly variable coefficient of heat conductivity of ma-
terials of layers of the plate is expressed by the relation
(18)) is depicted in Fig. 3 (curve 2); y;=y,=1m.

t,°C
600 / /
o

200

-1 -0,6 -0,2 0,2 0,6 y,m

Fig. 3. Dependence of temperature t on coordinate y for
constant (curve 1) and for linearly variables (curve 2)
of coefficient of heat conductivity of materials of lay-
ers of the plate

The behavior of the curves indicates the correspon-
dence between the mathematical model and the real
physical process since at the surfaces (x = 0) of conju-
gated layers the satisfaction of conditions of ideal heat
contact (no jump in temperature) is observed. The ob-
tained results for the chosen materials under linear de-
pendence of their coefficient of heat conductivity on
temperature differ from the results which were obtained
for constant coefficient of heat conductivity by 15 %.

Conclusion. The introduced linearizing function has
enabled us to partially linearize the initial nonlinear
equation of heat conduction and to completely linearize
the boundary conditions; and the suggested piece-wise
linear approximation of temperature at boundary sur-
faces of the inclusion and of foreign layers has enabled
us to completely linearize the differential equation. This
allowed us to apply Fourier integral transformation to
the obtained linear problem with respect to the linear-
izing function and to construct its analytical numerical
solution. Linear temperature dependence of the coeffi-
cient of heat conductivity for materials of inclusion and
of the double layer plate was considered. On the basis of
this, calculational formulae for calculation of tempera-
ture values in the considered structure have been de-
rived. The results obtained for the chosen materials un-
der linear dependence of coefficient of heat conductivity
on temperature differ from the results which were ob-
tained for constant coefficient of heat conductivity [10],
by 7 %. Their inconsiderable divergence is accounted for
by the fact that the real values of the temperature coef-
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ficient of heat conductivity for the considered materials
are small.

The results obtained in the work can be used for fur-
ther modeling of temperature states in non-uniform
rocks with the aim to prognosticate operational and de-
signing peculiarities of the operations of structures of
mining.
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Meta. BuzHaueHHSs TeMIIepaTypHOTO OIS, 3yMOB-
JICHOTO TEIUIOBUM MOTOKOM, y TEPMOUYTJIMBOMY (Te-
wiodizuyHi mapaMeTpu 3ajexaTb Bill TeMmIepaTypu)
IapyBaTOMYy CEPEIOBUIII 3 HACKPI3ZHUM YYKOPiTHUM
BKJTIOUCHHSIM.

Metoauka. basyeTbcsl HA BUKOPUCTAHHI y3arajib-
HeHUX (PYHKIIIN, 110 Ja€ MOXJIUBICTh KOCMIIIEHT Te-
IUIOTIPOBIAHOCTI MJISI TaKOi CTPYKTYPU BMPA3UTU SIK
€JIMHE 11iJIe 32 YMOBH iIcaJIbHOTO TEILJIOBOIO KOHTAKTY
MiX TIOBEpPXHSIMU CIPSIKEHHST 1apiB i BKIIIOYEHHS.
VY 1poMy BUIaAKy KpaiioBa 3amaya 3BOAUTHCS 10 PO3-
B’I3yBaHHSI OJHOIO PIiBHSHHS TEIJIONPOBITHOCTI 3
pO3pUMBHUMM KoedillieHTaM1 3a 3aJaHUX KpanoBHX
YMOB Ha MEXOBHUX MMOBEPXHSIX CEPEAOBUILA.

Pe3ynbTatu. TeruioBuii MOTIK 30Cepe’keHO Ha
HIDKHIN MEXOBIiil TTOBEpXHi 1IbOTO CepeaoBUILA, iHIlIa
MEXXOBa IMOBEPXHSI € TEIUI0i30JboBaHOI0. Ha moBepx-
HSIX CHpPSDKEHHSI IIApiB iCHYE igeaJbHUI TEIUIOBUIA
KOHTaKT. TeMrmepaTypHi peXKMH B TAKOMY CEPEIOBH-
111i OMUCYIOTHCSI HeJIIHIHHUM PiBHSIHHSIM TETLIONPOBI/I-
HOCTI 32 HeJIiHIMHUX KpailoBUX yMOB. 17151 po3B’A3aHHS
HeJliHilfHO1 KpaiioBo1 3a1a4i TeIIONMPOBiTHOCTI BBEAC-
HO JliHeapu3ytouy (pyHKIIi0, 1110 Aaja 3MOTY OTPUMATU
4acTKOBO JliHeapu3oBaHe IU@epeHlialibHe PiBHSIHHS
Ta JIiHiliHI KpailoBi yMOBU JJTsI BUSHAYEHHS 1€l (DyHK-
1ii. 3a 1OMOMOro KyCKOBO-JIiHiliHO1 anmpoKcumalii
(yHK1IiT TEeMnepaTypu 3a TPOCTOPOBUMU KOOPAUHATA-
MM OTpUMaHe JiHiliHe 1udepeHLiabHe PiIBHSIHHS Bil-
HOCHO JliHeapu30BaHO1 (PYHKILii, KOe(DiliEHTU SIKOTO €
PO3PUBHUMU. 3 BUKOPUCTAHHSIM iHTETPaJIBHOTO TIepe-
TBOopeHHsT Dyp’e 3HANNEHO aHATITUIHO-YUCIOBUN
PO3B’S130K JIiHEapU30BaHOI KpalioBoi 3agadi — JiiHea-
pu3oBaHa (PYHKILis, 1110 TO3BOJUIIO OTPUMATH CITiBBiI-
HOILIEHHS JUIS BU3HAYEHHSI TeMIIepaTypHOIO MOJisS B
cepenoBulli. 151 ABOILIAPOBOTO cepeaOBUILA, 1110 MicC-
TUTh BKJIIOYEHHs, 3HAHIEHO PO3IOALT TeMIlepaTypu
IUJIST BUTIAAKY JiHIHOI TeMITepaTypHOi 3aJ1eXKHOCTi KO-
edilieHTa TeMIONPOBIIHOCTI MaTepialliB i MPOBEAECHO
MOPiBHSJIBHUI YMCJIOBUI aHali3 OTPUMAHOIo PO3Io-
JITY TEMIEPaTypy 3 BiAITOBITHUM PO3MOIIJIOM IS CTa-
JIMX KoeilieHTIB TEIIOMPOBIAHOCTI MaTepialiB 11apiB
(Marepianmu mrapiB — cranb Y12 i 08). BusnaueHo Tta
MMPOAHAaIi30BaHO PO3IIOAT TeMIIepaTypyu IJIs Iapy,
BUTOTOBJICHOTO 3 KepaMiku BK94—I, Ta HackpiszHoro
BKJIFOUEHHSI, BUTOTOBJIEHOTO 3i cpibia. Y pobdoTi oTpu-
MaHi CITiBBiIHOIIEHHSI IJisS BU3HAYEHHS PO3MOIiNY
TeMrepaTypu y IBOIIAPOBOMY CEpedOBMII, IO Mic-
TUTb HACKpi3He BKIIIoYeHHs. [IpoBeneHi unceabHi po3-
paxyHKH 1IIbOTO PO3MOMALTY y IIapi Ta JBOIIAPOBOMY
CepeloBUILI MPU CTAJIOMY il JIiHIHHO 3MiHHOMY Bif-
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HOCHO TeMIlepaTypu KoedillieHTi TeTuIonpoBimHOCTI
marepiaJiB 1I1apiB.

Hayxkosa HoBu3Ha. [losisirae B Tomy, 1110 BBEeIeHA JIi-
Heapusyroda (yHKIIisI, 32 JOTIOMOTI'0OI0 SIKO1 IIPOBEICHO
YacTKOBY JliHeapu3allilo HesiHiliHOI KpalioBoi 3amadi
TEIUIONPOBiIIHOCTI, Jaja 3MOTY OTPMMATH CIiBBiIHO-
IIeHHS i BU3HAYEHHS PO3IMOMAiNy TeMmIepaTypu B
TEPMOUYTJIMBOMY KYCKOBO-OJHOPiIHOMY CepeIOBUILIi.

IIpakTnyna 3HaummicTh. Ilosnsirae B migBUILIEHHI
TOYHOCTI PO3PaxXyHKy TeMIepaTypHUX MOJIB i edek-
TUBHOCTI METO/iB AOCHIIKEHHSI TEPMOUYYTIUBUX KYyC-
KOBO-OTHOPITHNUX CepeHOBUIN. TOUHICTH TOCITAETHCS
3a paXyHOK ypaxXyBaHHSI KyCKOBO-OTHOPITHOI CTPYKTY-
pU cepeoBUILIA I 3aJIEXKHOCTI Bif Temreparypu Koedi-
LIEHTIB TEIUIOMPOBIAHOCTI MartepiajiB cepeaoBuIlA
(HenmiHiliTHA MOJIEIID).

KmouoBi cioBa: menaonpogionicms, i3omponHicms,
memnepamypHe noje, menio08uil NOMIK, 6KAHOUEHHS Yy-
JcopidHe, mepmouymauge uiapysame cepedoguiye, me-
NA0i301b08aHI AULUEBI NOBEPXHI, MENA0BUI KOHMAKM

Onpenesnenne TeMnepaTypHoro noJisi
B T€PMOYYBCTBHUTE/ILHOM CJIOUCTOM cpele
¢ BKJIIOYECHHEM

B. Y. Tnspviu', JI. U. Konsca', O. M. Yxanckas',
B. B. Jloux?
1 — HanmoHanbHbI YHUBEPCUTET ,,JIbBOBCKAsI TTOJIUTEXHU -
ka“, 1. JIbBoB, YKpauHa, e-mail: kolyasa.lubov@gmail.com
2 — JIbBOBCKMIT TOCYIapCTBEHHBIN YHUBEPCUTET OE30TacHO-
CTH XXM3HEAESTeJIbHOCTH, T. JIbBOB, YKpauHa

Heas. OnpeneneHue TemriepaTypHOro mossi, ooy-
CJIOBJIGHHOTO TEIUJIOBBIM MOTOKOM, B TEPMOUYYBCTBU-
TeJIbHOW (Teruiopu3nyeckre napaMeTpbl 3aBUCSAT OT
TeMIIepaTyphbl) CJIOUCTON Cpelie CO CKBO3HBIM MHOPO/I-
HBIM BKJIIOUEHUEM.

Metomuka. basupyeTcs Ha UCMoJb30BaHUM 0000-
LIEHHBIX (PYHKLMI, 1a€T BO3MOXKXHOCTb KO3(PDUIIUEHT
TEIUIONPOBOJHOCTHU [JIs1 TAKOW CTPYKTYPbl BbIPA3UThb
KaK €IMHOE 1LIEJI0e TIPU YCIOBUU UAECATBHOTO TEIJIOBO-
ro KOHTAaKTa MEXAY IOBEPXHOCTSIMU COINPSIKEHUS
cJ0oeB U BKIOYeHMs. B aToM ciyyae kpaeBasi 3amaya
CBOJIMTCS K PELIEHUIO OJHOTO YPAaBHEHWUS TETLIOIPO-
BOJHOCTU C pa3pbIBHBIMU KO3(M@PULIMEHTAMU TIPU 3a-
JIAHHBIX KPaeBbIX YCIOBUSIX HAa IPAHUYHBIX TTOBEPXHO-
CTSIX CPEJIbI.

Pe3syabraTbl. TernaoBoil MOTOK COCpPenOTOYEH Ha
HUKHEW rpaHUYHOM MOBEPXHOCTU 3TOM Cpeibl, Ipyrast
rpaHWYHasl IOBEPXHOCTb SIBJISIETCS TETLJIOM30JIMPOBaH-
HoM. Ha moBepXHOCTSIX CONpPSIKEHUS CIOEB CYIIECTBY-
eT UuIeallbHbI TEIUIOBOM KOHTAKT. TemIiepaTypHbIe
PEXMMBI B TaKOI Cpele ONMMCBLIBAIOTCS HEJIMHEWHBIM
YPAaBHEHWEM TEIUIONPOBOAHOCTU C HEJIMHEHHBIMU
KpaeBbIMU yCIOBUSMU. g pelieHus: HeJIUHEeHOo
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KpaeBOU 3aJayyl TEIUIOIPOBOIHOCTH BBEICHA JIMHEA-
pu3ytomast GYHKIIMS, KOTOpast 1ajia BO3MOXHOCTD T10-
JIYIUTh YAaCTUYHO JIMHeapu3oBaHHOe auddepeHIn-
aJIbHOE YpaBHEHME U IMHEWHBIC KpaeBble YCIOBUS IS
omnpeneneHust 3Toil GyHKIUU. C ITOMOIIBIO KyCOYHO-
JIMHEHHO!M anmpoKcuMaluu (YyHKUMU TeMIlepaTypbl
MO TPOCTPAHCTBEHHBIM KOOPAMHATAM IOJYYEHO JIM-
HeitHoe nuddepeHImanbHOe YpaBHEHUE OTHOCUTEb-
HO JIMHeapu3yoliei GyHKIuu, Koad@UIIMeHTb KOTO-
POTO SIBIISIIOTCS pa3pbIBHBIMU. C MCITOTb30BaHUEM WH-
TerpajabHOTO TIpeodpazoBaHust Dypbe HaliIEHO aHATM -
THUYECKHN-YNCIICHHOE pellleHre KpaeBoil 3aMaun — JI-
Heapuayiomasg (QYHKIMS, YTO TO3BOJIMIO ITOJYIUTH
COOTHOIIICHUST [IJISI OMPEIEJICHUS TeMIIepaTypHOTO
noJig B cpeae. s AByXCIOMHOM Cpelibl C BKIIIOYEHUEM
HaliIeHO pachpenejicHUe TeMIepaTypbl IS Ciaydast
JIMHEMHOM TeMIepaTypHOI 3aBUCUMOCTHU KO3(PPUIm-
€HTa TeIIONPOBOAHOCTM MAaTepuaJoB U IIPOBEICH
CPaBHUTEJIbHBIM YMCICHHBI aHaJIU3 TMOJYYEHHOIO
pacripenesieHust TeMIIepaTypbl ¢ COOTBETCTBYIOIIMM
pacnpenenieHueM ISl MOCTOSSHHBIX KO3(pdUIIMEeHTOB
TEIUTONPOBOAHOCT MAaTEpUaIOB CJIOEB (MaTepuaibl
cioeB — ctayib Y12 u 08). PaccuntaHo u npoaHaIU3u-
pOBaHO pacrmpeecHIe TeMIIepaTy Pl IJIsI CJIOsI, U3T0-
ToBJIeHHOTO 13 Kepamuku BK94-1, 1 ckBo3HOTO BKITIO-
YyeHUsl, U3rOTOBJICHHOTro 13 cepedpa. B pabote mosy-
YeHBI COOTHOIICHUS IJISI OMpEedeICHMSI pacipenese-
HUS TEMIIEPATYPHI B IBYXCIOMHOM CPeIe CO CKBO3HBIM
BKJIIoueHueM. [IprBeneHbl YMCIeHHbIE pacYeThl 3TOTO
pacripenesieHus B CJI0€ U B ABYXCIIOMHOM Cpeie LIS I10-
CTOSIHHOTO Y JIMHEWHO TMEePEeMEHHOr0 OTHOCUTEIbHO
TeMITepaTypbl KO3 hUIIMEHTa TEMIOMPOBOIHOCTH Ma-
TEpHaJIOB CJIOEB.

Hayunas HoBu3HA. 3aKit04aeTcsl B TOM, UTO ITPOBe-
JileHa YacTUYHasl IMHeapu3alys HeJIMHEHOW KpaeBoi
3aIa4d TEIIONIPOBOMHOCTH, OIaromaps 4eMy IToJIyde-
HBI (DOPMYIIBI IJIST OTIpEACSICHUS pacIIpeaeIeHUsS] TeM-
IepaTypbl B TEPMOYYBCTBUTEIIHBHONM KyCOYHO-OIHO-
POIHOI cpene.

IIpakTHYecKas 3HAYMMOCTb. 3aKITIOYACTCS B TTOBBI-
IIEHWU TOYHOCTM pacyeTra TeMIlepaTypHBIX MOJIel u
3((HEKTUBHOCTU METOIOB MCCAEAOBAHUSI TEPMOUYB-
CTBUTEJIbHBIX KYCOUYHO-OIHOPOIHBIX cpel. TOYHOCTh
JIOCTUTAeTCsl 3a CYeT ydyeTa KyCOUHO-OTHOPOTHOM
CTPYKTYPBI CPE/Ibl ¥ 3aBUCUMOCTH OT TeMITepaTyphl KO-
addunreHTa TEeIIONPOBOIHOCTH MaTepUAIOB CPEIlbl
(HenUHEWHAs MOJIEJb).

KimoueBble c0Ba: menaonposooHOCHy,  U30MPON-
HOCMb, meMnepamypHoe none, meniosoi NOmMoK, UHOPoO-
HOe GKAHHeHUe, MepMOHY8CMBUMENbHAS CAOUCMAs cpeda,
MennoU30AUPOBAHHbLIE NULesble NOBEPXHOCMU, MEeNA0680i
KOHmMaKm

Pexomendosano do nybaikauyii dokm. ¢hiz.-mam. Hayk
. b. Kypunsxom. [lama naoxodxcernns pykonucy 24.11.17.
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