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Finite element modeling of heat propagation of a complete rod of
constant cross-section

In this paper, the definition of the temperature distribution field for a rod made of heat-resistangalloy EI48 is
introduced. The authors consider for the study a complete rod of circular cross-section of radius Rg,of limited
length L. Studied body is under the influence of a heat flow q from the surface over the entire cross=sectional
area of the left end, and heat exchange with the environment occurs on the cross-sectionalarea of theéyright
end. The rod is thermally insulated along the side surface. The authors consider two cases: thefifst isithe heat
flow with intensity q can be set on the area of a small circle with radius r <R, the second is the heat flow can

2
be set on its part, that is, on the area R(Ej . During the study, the authors showedythat during the

thermomechanical process, the strength of each section of the load-bearing structural elements is significantly
influenced by the temperature distribution field. The influence @f high temperature on the morphology of
heat-resistant alloys is also shown. This leads to the fact that in” seme pants\of the structural elements the
temperature will be acceptable, and in some — critical. As a result, rapid wear of structural elements and loss
of their physical qualities occur. Therefore, mathematical mo@elihg ofitemperature distribution field for a
body of various configurations is an urgent problem. The'article{presents a method for constructing a
mathematical model and a corresponding computational algorithm that'allows solving a class of problems to
determine the regularities of the temperature distribution field in the elements of rod-shaped structures. To do
this, the authors used the energy-variation principle in combination with the finite element method.

Keywords: mathematical model, complete rod, heatiflow,€ross-section, functional, heat exchange, thermal
insulation, temperature distribution field.

Introduction

The methodology for building agfathematical model and the problem of developing a heat propagation
process in one-dimensional and multi-dimensional structural elements of complex configuration, made of
heat-resistant alloys is importantand relevant.

There are many works_devoted,to the problem of the effect of thermomechanical process on changing
the structure and composition @f the material of any technical unit or structure. From this we can distinguish
the following authors: Segerlind L., Nozdrev V.F., Kudaykulov A K., Pisarenko G.S., Birger [.A., Panovko
Y.G., Khimushin R¥E., Zenkevich O., Critch F., Federov Y.A., Bakulin V.N., Afanasyeva V.V., Oleynikov
A.L, Jordar A., Yakobi A.I."and others. Analyzing the above-mentioned works we encounter some shortcom-
ings. These works take Mmto account influence on body temperature distribution of separate external factors:
either heat,insulation) or heat exchange with environment, or heat flow or temperature, etc. Here we devel-
opedfa mathematieal'model of an insulated rod of constant cross-section under the influence of heat flow and
heat exchiange with the environment.

A 'mathematical model of the temperature distribution field of a rod of different configuration in the
simultaneous presence of heat flow, thermal insulation and heat exchange using minimization of the total
heat energy functional can be successfully applied to solve many scientific and applied problems. Basically,
such problems are encountered in the intensive development of modern technological processes in the field
of metal science. The obtained scientific results are confirmed by solving real test problems, which confirms
the high degree of theoretical and practical importance of the topic.

The objects of the research are load-bearing structural elements in the form of a complete rod made of
heat-resistant alloys.

Subject. A full rod of limited length, constant cross-section, completely insulated along the side surface,
a heat flow is set on the small circle cross-sectional area of the left end, and heat exchange to the
environment takes place through the cross-sectional area of the right end.

94 BecTHuk KaparaHgmHckoro yHmBepcurteTa



Finite element modeling of heat...

The aim and objectives of this paper are to investigate the temperature field distribution based on the
application of the energy principle using finite elements.

The paper presents a method of heat transfer in one-dimensional bodies, with the problem of
temperature distribution over the volume of bodies of various configurations made of heat-resistant alloys
formalized and solved based on minimization of the total heat energy. Numerical solutions of test problems
of steady-state thermal conductivity for one-dimensional structural elements are new approaches for
establishing a pattern of temperature field distribution.

By changing some parameters of the structure of structural elements, such as the radius of the rod cross
section, it will be possible to identify all vulnerable places in the structural elements and protect them from
deformation or fracture. Such predictions and hypotheses greatly reduce the detection of critical temperatures
throughout the body. Therefore, theoretical mathematical modeling of temperature distributiongover the
volume of bodies of different configuration can be implemented to solve problems of optimization of
operation modes of main technological units, turbine units and internal combustion engines.

Research methodology

It is known from the general course of thermophysics that the established proces$ of heatidistribution in
one-dimensional structural elements is described by the differential equation of the‘quasi-harmonic form of
the parabolic type [1]:

0 oT
a(KxxajﬁLQ—Oa (H

where the following boundary conditions take place:
Bt
h=6 [m], on Sl,

T =T,2)

Bt
h=6 [m], on Sz, (3)

Here is K — is the heat transfer coefficientiof the rod) material, the dimension of which is [ W }
C

o
cm -

B . . . L B .
[—T], O — internal heat source, the dimension of which is [ w }[—T], T,: — ambient surface
(cm- °C) o (cm- °C)
cm- C
temperature S, , the dimensionality ofawhich 1SY€];T; — surface temperature S, , which is considered to be a

given and the dimension of which[%C]; ¢ ¢ — the guide cosines of the considered cross-sectional surface of

. ! . . . L B
the rod; ¢g— a given heat flux_on a“¢ertain surface of the rod, the dimensionality of which is { W }[CHTZ] In
2
cm
addition, if the heat flux 1§ybrought to some surface of the rod, it is taken with a minus sign, and if it is
removed from the'ted, it is taken with a plus sign; #— is the value of the coefficient of heat exchange of the

w
em? ° C
surrouinded\by water, soil, sand, ice, etc. In each case, the values of the heat transfer coefficient of the rod
withits eavironment will be different.

Here it should be noted that the boundary condition (3) cannot simultaneously set ¢ and 4. If g is given
on some surface of the rod, then on that surface the value of h will be zero, and vice versa, i.e. where h is
given, then there the value of g=0.

It is known from the course of calculus of variations that the solution of equation (1), which satisfies
boundary conditions (2) and (3) gives a minimum of the following functional:

2
r- L Kxx(aT) _207 dV+é|:qT+z(T—Tat)2:|dS. @

o : : . S B .
rod with its environment, the dimensionality of which is { } [Cé] Certain parts of the rod can be

V2 ox

Then if we find a function 7 = 7'(x), which will give a minimum to the functional (4), then it is a
solution of equation (1) and will simultaneously satisfy boundary conditions (2) and (3).
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This classical theory is applied to a particular applied problem. Consider a complete rod of bounded
length L and divide it into 7 —1 parts. In this case we have n nodes. Next, for each individual finite element,
taking into account the real conditions, let us write down the functional expressions for each finite element in

detail 1 1Lyt [2-6]. Let's compose the sum of the functionals
I’lil
I=3X1 6]
k=1 k

Minimizing the I- functional by the temperature nodal values, we obtain the following solving system
of algebraic equations:

ol
R

aTl

ol

8T2

(6)

ol

or,
n
Here it should be noted that when integrating over the volume and'Surfaee integrals in the expression of

the functionals /,, /,, ..., I,_, there are a lot of peculiar problemsyconnected with specificity of structural

elements such as full and gentle rods, variable cross-section, presence of mternal cavities in some elements,
presence of heat flows on local surface of elements of interndl sourcesy and also given temperature values in
some nodes. Depending on these data, the number ofialgebraic equations in system (6) may be less than n.
Therefore, we will show these features on each speeificexample with corresponding physical and
mathematical comments. In doing so, we will proceed from the real formulation of problems regardless of
their complexity in the sense of physical and mathematical formulation.

ReSults and Discussion

In order to test this theory, considerfaycomplete rod of limited length L, the cross section of which is a
circle with radius R. This rod is completely insulated along its lateral surface. On the full cross-sectional area
of the left end a heat flux of intensity q iS given (though the heat flux can be given on the area of a small
circle of radius » < R ). On the efoss-Sectional area of the right end there is a heat transfer to the environment
(heat transfer can take place on a‘small area). In this case, the values of the heat transfer coefficient denote
by h, and the values of the @mbient temperature denote by T, (Fig. 1) [1, 7-11].

Thekmalinsulation

L s

A

Figurel. Thermally insulated full rod
For convenience, we first discretize the rod in question using three finite elements of equal length
l= § (Fig. 2). This will allow us to perform all calculations manually. It should be noted here that it is not
necessary to discretize the rod with the same element lengths. The length of each element can be different,

iel, #l,# /1, etc.
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{O‘; 2FE {O‘: 3FE h, Ta
<—f=L/3—J <—f=L/3—J

Figure 2 .Three discrete finite elements.

In the considered problem there is no internal heat source, i.e.0=0. For the Ist finite element the

expression of the form function is as follows
3
Xy =X

(pl(x)= ’
! > whenx1SxSx2;x -x =1 ‘\
X=X 2 1 1

) (x) =

I J
The temperature values at any point within the length of the first ﬁmte clement are determined by the
temperature values of the nodes 7, and T according to the formula

*—Q 7
l
Then the functional expression for the first ﬁmte elem &Ws [1,2,12-16]:
2
1
Ilz [ - ()( a’V+IqT1dS
y(D2 Ox S

1

T=(01(X)T1 +¢2(X)T2 =

M

the cross-sectional area of the left end o

where K ./ — is the value of the heat trangfer coefficient of the material of the first finite element, S} —

, which corresponds to the first node. This functional takes
into account the presence of heat floy ity ¢ on the cross-sectional area Sl , which corresponds to

the first node. From (7) we define t @ >ssion for the temperature gradient within the length of the first
finite element
ar de (x) T1

| it has the following form

2 POJUES

v + qudS_— { (T, ~ 1) dx + qT, 4, =
X
]

1=
$ 203

2
S GRS

)

where A1 = S, is the cross-sectional area of the left end of the rod, where the heat flux with intensity g, 4" "~

is applied, are the values of the cross-sectional area of the first finite element. Thus, for the first finite ele-
ment we have:

OO

i~ N
11 = 0 (T2 Tl) +quA1’ )
1
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T1 , T ,— are the nodal temperature values at nodes 1 and 2, respectively. Similarly, let us write the functional

expression for the second (inner) finite element:
2

2 (2
Ky A

R P P R g
V(z)z zz 20,

But, for the third finite element, the functional expression / ymust be written taking into account the

heat exchange process of the rod with the environment through the cross-sectional area of the right end of the
rod. Where are the values of the heat transfer coefficient 4, and the ambient temperature T,;. Then

2
1 T, -T h 2
Iy= | e = A A
y(3)2 A S, 2
where S — s the cross-sectional area of the right end of the rod, which correspondsfto h node, and
along which there is heat exchange with the environment. After integrating the essl ¢ have:
3) ,6)
K )(ch 2 hA4 2
]3= y (T4—T3) +7(T4_Tat) ’
3
(10)
where A, = S Thus, for the considered rod, taking into acc\ ecificity and formulation of the
problem, the full expression of the functional will be:
I1=1 1+ 1 5t 1 3=
k1 , k2,0 ) ,
(T2—T1) T1A1+—(T3 T B —T3) +—T -7, )
211 212 2
Then minimizing the functional / oyer thé,nodal values of temperature 7|, 7, , T3 u T, and obtain the
following basic system of solving quations with respect to the desired nodal values of
temperature:
ol K4
—=0=-—
oT, [,
I)A
an
1 2
KOy () 46
= (T3_T2)_ xxl (T4_T3):O
3
K(3) A®
y (T, -T,)+h4,(T, -T,)=0
3

In order to obtain numerical results, let us set specific application problems for the parameters in the
system (15). Assume that the considered rod is homogeneous and of constant cross-section. Then for the
numerical solution we assume the following initial data [1, 2, 17-22]:

K@C =1<)(fx)=1<)@ =100[L0}; I =1, =1 —£=1—5=5[C'"]; R =2len]
cm C 3

A =4,=4" = 4? = 40 = 2R* = 4z]en*]
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Values of the coefficient of heat exchange with the environment /=6 h = 6 [ﬁ],of the available
heat flow (supply flow) g=-180 q = -180 [%],ambient temperatures of the cross section of the right end

(4th node) T, :16["6‘]Tat =16 [ °C]. Now using the system of equations (11) we find the temperature

values atnodes 1,2,3 and 4,ie. 1}, T, , Ty u 1.
Based on the initial data we have:
Ky A 100-47
¢ s

The obtained numerical data are substituted into the system of equations (11) and we qobtain the
following system of algebraic equations, relative to the temperature nodal values:

~807(T, —T;) = 7207 =0,

=807,q A =—180-47 ==T7207, h. 4, T, =6-47 16 =384x

4

< 807(T, —T;) - 807(Ty —T,) =0,

807(Ty —T,) - 807(Ty —T3) =0,

807(Ty — Ty) + 247(T, ~16) = 0.

By opening the brackets and reducing both parts of the equations, after slight\simplifications, we obtain
the following final solving system of algebraic equations:

80T1 - 80T2 =720

- 807, +1607, — 807, =0

1 2 3 (12)

- 80T2 + 160T3 - 80T4 =0

— 80T3 + 104T4 =384
From the first equation of the original system (12)we have:
807) =80T, + 720 =T, =T, +9. (13)
Substituting 80T1 , into the secondsequation of the system (12) we find that
T,=T; +9 (14)
Substituting the found yalue T2 into the third equation of the system (12) we obtain that

Finally, substituting the found values into the last equation of the system (12) we find that
80T, — 80T4 — 720 + 24T4 =384 . From this we get that

4
24T4=384+720:>1;:%=46 ‘C.

Substituting the value T4 into equation (15) we find the temperature in the inner 3rd node

T3:T4+9=46+9:55 C.

Substituting 7, into equation (14) let's find the temperature in the inner second node

T2:T3+9:55+9:64 C.

Finally, by substituting the value of T, into equation (13), we find the temperature value in the 1st node
on the cross-sectional area of which the heat flux of intensity is given g=-180 q = -180 [%],

T,=T,+9=64+9=73 °C.
Here we consider the first case, which heat flux intensity ¢ is given on the area of a small circle of a rod

with radius r<R.
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Now consider the second case, when the heat flux with intensity ¢ is applied not to the full area of the

2
R
left end, but to a part of it, that is, to the area ﬂ(—j (Fig. 3) [1-6, 22-23]:
2

Thermal insulation

h, Tat

Heat exchange < L

Figure 3. Calculation scheme

At the same time on the remaining cross-sectional area of the on the
RY 3m? 2 (R)> _3nR* -
% - ﬂ[—j oM 2 MRE-T (5) =—, m there is a heat exchange wi ment 7;=6 h =

A\ 4
4

4

Bt _ 0
6 [—(sz . C)],h1 =6 [ C)] there is a heat exchange with the envyir =20"C, T,=16"C.

The area to which the heat flow is brought
2 4
_ Bt R 7R
q=-180 [m] denote by Sll - ﬂ{_ J: om’ - \

s of the left end of the rod by

Then we denote the remaining cross-sectio

2 R 37ZR2 2 2 2 .
S12 =aR" —-n| —| = em” .S, = MR*-— cm* Over the total area of the right end of the
2 4
rod there is a heat exchange with the enVi nt =6 h =6 [ o ] As in the previous problem, we
discretize the rod in question with , using three finite elements lengths of which are respectively

L
L 1= L )= l 3= (Fig. 2). T onsidered problem for the first finite element the expression of the
3

functional / instead of (8 s follows:

i 2
1
av + [ qTds,, + | —(T—T ) s, =
5, It D at, 12

)
(Tz _Tl) AT Syt

Thus, for the first finite element we have

&40 2 LS ’

1
We leave the functionals for the remaining elements (2-3) the same as (9) and (10):

_ ),
Iy=| L K)(c%c) 5702 Ly - K <T3‘T2)2’
(2]2 12 212
,
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2
_ 6),06) hd
ettt A, S R e W (R
1y V[j3]2 Kxx[ 13 J dV+£2(T Tm)zds 2}3 (T4 T3) + N (T4 Tm).

The general expression of the functional for the full rod is as follows

W, 2 g2,
KA 2 h1S12 KA ( 2
1:11+12+13:—(T2—T1) +qT1S11+— T1_Tat + T3—T2) +
21 2 1 21
5,6 | 2 1o
3) 13
KA 2 hA4 2
+ y (T4—T3) +T(T4_Tat) .
3

Now minimize the obtained functional I (16) by the nodal values of temperature 17 W5, 4 and
. . . . o L 2
obtain the following solving system of algebraic equations:

0 Kl
—=0= —l—(T2 —Tl)+ 45, +h1S12(T1 —Tatlj =0

(17

6),6)
;TIALZO:KX;: (T4‘T3)+hA4(T4_T"’) " Q

Calculating the values at R=2 cm. e e S11 =—=7 ; S12 = =3r;

hl -S12 =637 =18rx; h-A4 =6-4r =
Substituting the coefficients into the f equations (17) we obtain
—807r(T2 —Tl)—180ﬂ+18 0)=0,

807(Ty - T}) - 807 (T )

p
fortry 1) @) o
807(T, — ~16) = 0.
Reducin@4 the equation by and after a slight simplification we have:
—80T. 0,

160T2 - 80T3 =0,

(18)
, +160T; —80T, =0,

- 80T3 + 104T4 =384.

From the first equation of the original system:

270 40
T ==—+—T), (19)
49 49

Substituting the found value Tl into the second equation of the system (18) we obtain that
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=22 20)
58 58 )

Substituting the found 7, in the third equation of the system (18) we find

T3=@+§-T4 21
67 67

Substituting the obtained value T} into the last equation of the system (18), we find the temperature

value of the 4th node, which corresponds to the cross-sectional surface of the right end of the full rod, where
the heat exchange takes place:

270 58

—80| —— + T, |+104T, =384.

67 67

From this we have
47328 °

Ty=—""—~2033 C,
2328

then substituting 7, in (21) we obtain the temperature values in the 3-node.

270 58 o

T3 =—+—-20.33=21.63 C.
67 67

From (20) the value 7. , will be:
270 49 o

T, =—+—-21.63~2293 C.
58 58

From (19) we find the temperature value of'the first node, which corresponds to the cross section of the
left end of the rod, where part of the area is subjected todheat flow and the right part is subjected to heat
exchange:

270 40 o
T, =—+4+—-2293~2423 C

49 49
Conclusions

It should be noted that three types of boundary conditions have been set in this problem:

1) The surface of the gross=sectional area of the left end of the full rod is given a heat flux and two cases
are considered:

a) a given heapflux of intémAsity q can be set on the area of a small circle of radius »<R;

2
R
b) the heat fluxiean be set on its part, i.e. on the area ﬁ(—j .
2
2) Thedateral'surface area along the entire length of the rod is insulated.
The cross=sectional area of the right end is open. It is surrounded by some medium (water, oil, ground,

etc.), temperature of which is T4 =16 °C. Values of the coefficient of heat exchange of the rod with this

. Bt . Bt
environment #=6 h = 6 [m],, heat transfer coefficienth = 6 [m

exchange of the rod with the environment T, = 16°C is determined experimentally and in all problems

], and the coefficient of heat

considered by us are considered to be set. Values of heat flux and internal heat source are also set.
As a result, the initial data for both cases are the same, but for the first case, when the heat flux is set on

the area of a small circle of radius #<R the temperature values at the nodal points are as follows: T, = 73°C,

T.

, =64 C, T, =55C, T, =46 CT; =73 C.
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2

Now for the second case, when the heat flux is set on its part, that is, on the area 7| — | the
2

temperature values at the nodal points are as follows: T =2423°C, T, =2293°C, Ty =21.63"C,

T, = 2033°CcT, =73°C.

On the basis of the above-stated, practical significance of the conducted research can be determined.
The proposed computational algorithm can be used to determine the regularities of the temperature distribu-
tion field in rod-type structural elements. Furthermore, the presented method of transferring heat to one-
dimensional bodies based on minimizing integral thermal energy allows formalizing and solving ghe prob-
lems of temperature distribution over the volume of bodies of various configurations made of heatstesistant
alloys.
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KesgzeHeHn KumMachl TYPaKThl 0ipTYTAC CHIPBIKTHIH Y3bIHA 0O BIHA
JKBLIY Tapajly epiciH mIeKTi 31eMeHTTep diciMeH filllliHaey

Makanana D148 xputyFa TO3IMII KyiiMaaaH jKacalfaH CBIPBIKTBIH Y3bIHA OOMBL KBITY {fapaity epiciHiH 3aH-
JBUTBIFBIH QHBIKTAy HETi3JeireH. ABTOpIAp Y3bIH/bIFBI IIEKTEY Tl L-re TeH; y3bIHa O0ibl KeNICHeH KuMana-
PBIHBIH paguycTapbl R-re TeH JOHIeNIeK OipTyTac ChIPBIKTHI KapacThIpFaH. 3@PTTEYTC ajblHFaH JICHEHIH COJ
JKaK KOJIICHeH KMMACBIHBIH TOJIBIK OCTiHIH ay/JaHbIHA ¢ JKbLTy aFblHbL TYCIPIII€H, al OH KaK KeJJCHEeH KuMa-
CBHIHBIH ay/aHbIHaH KOpIIaFraH OPTaMeH JKbLTy anMacy XKypin skatsip. \ChIpBIKTBIH OYifip OCTiHIH aymaHbI KbI-
JyIaH OKIIayJaHFaH. Makanaa aBTOpJIaphl €Ki JKarJaiabl KapaeTbIPEaH: QipiHIIiCi — XBUTY aFbIHBI ¢ KapKbI-
HBIMEH COJI )KaK ayJaHbIHBIH <R paauychIMeH OepiiieH KUMKCeHTal EOHICICK ayJaHblH; eKiHIIICI — JKbLTY

2
aFBIHBI COJI JKaK OCTiHiH ayJaHBIHBIH Oenrini Oip Oesirine Qepinres, sFH n(— aymaHbIH. 3epTTey KopceT-
2

KeHZeH, JKbUTyMEXaHUKAIBIK MPOIECTEe HETi3Ti KYPBUIFB JIEMEHTTEPIiHIH op OemiriHaeri bICTHIKKA TO3IMIi-
JIKKe JKBLTy Tapairy epiciHiH ocepi MaHbI3IEI O0TaIbL)CEHBIMEH KaTap, KOFaphl TeMIepaTypa BICTHIKKA TO-
3iMIi KyiiManapIsiH MOpPQOJIOTHACHHA 9cef, eTEeTIHIIr 3epTTeNreH. byl KypbUIFbl 3JIeMEHTTEpiHIH Kehoip
OeJiKTepiHAe KbUTYy OTIMII, all KelOip OeMKIepiHAe KPUTHKAJBIK JKaFaaiFa *KeTeTiHAiriH kepcereai. OChIH-
Jail KyObUIBICTApABIH HOTIKECIHIe KYPBEILIMABIK JJIEMEHTTEp jKapaMchi3 Kyire (Kupayra) Te3 yIIbIpaijbl
JKoHe (DU3MKAIBIK KaCHETTepiH KoFalEanbl. COBIBIKTaH op TYpJi (opmanarsl AeHE YLIIH TeMIlepaTypaHbIH
Tapally epiciH MaTeMaTHKaJIBIK MOAebARY (TiliHaey) o3ekTi Macee. Makaiaaa ChIpBIK Tpi3aec KYpbUIbIM-
IIBIK 3JIEMEHTTEpAET] Kby, Aapajly epiciHiH 3aHABUIBIKTApBIH aHBIKTAy OaFbITBIHAA €CEeNTep IIBIFapy YIIiH
MaTeMaTHKAaJIBIK MOJe b (T HADIKYPY o1icTeMeci JoHe ColiKecTi ecentey aropTMaepi kenripinreH. by
YILIIH aBTOpJIap YHEPreTHKAIbK=BAPUAIIMSUIBIK IIPUHINIT HET131H/e MEeKTi 2JIeMEHTTep 9IiCiH KOJIaH bl

Kinm ce30ep: mareMarukansii§ Moens (imiH) O6ipTyTac CHIPHIK, XKBUTY aFbIHBI, KOJJICHEH KuMa, (GyHKIHo-
HaJI, )KbITy, anMagy, *KBULyIaH OKIIayiay, )KbLTy Tapairy epici.

b.3"Kemkerynos, C.b. Kenxerynona, /[.b. Anmubues, A.Ill. Kaxukenosa

KoenegHo-3/1eMeHTHOE MOA€C/IMPOBAHME PACIIPOCTPAHECHHUA TEILJIA
MOJHOI'0 CTEPKHA MOCTOAHHOTO IMOIIEPEYHOI0 CCUCHUSA

B)Crartee BBeneHO ompeneneHue MONA pacHpelesieHHs TeMIEepaTypbl A CTEpP>KHSA, M3TOTOBIEHHOIO W3
KapompodHoro crurasa OVI48. ABropamu Ui MCCIIeXOBaHHS BHEIOpaH IOJHBIN CTEP)KEHb KPYroBOTO IOMeE-
pe4HOro cedeHus paguyca R orpaHudeHHON JUIMHBI L. M3ydaeMoe Teno HaXOQUTCs MOJ BO3ACHCTBHEM Tell-
JIOBOI'O NOTOKA ¢ CO CTOPOHBI IOBEPXHOCTH IO BCEH ILIOIIAAU MONEPEYHOr0 CEUeHMs JICBOIO KOHIA, a Ha
IUIOLIAZM TIONIEPEYHOTO CEUCHUs] MPaBOro KOHLA IPOUCXOAUT TEIUIOOOMEH C OKpYKaromlled cpemoi.
CrepKeHb TEIION30JHPOBaH MO0 OOKOBOW MOBEpXHOCTH. M3ydeHs! 1Ba cirydasi: MepBbIi — TEIUIOBOH MOTOK
HMHTEHCHUBHOCTBIO ¢ MOXET OBbITh 3alaH Ha IUIOLIAJM MAJOr0 Kpyra paanycoM r<R; BTOpOH — TEILIOBOH

2
MOTOK MOXeET OBbITh 3aJlaH Ha €€ 4aCTH, TO €CTh Ha IIJIOUIa/In TE(— . HpI/I HCCIICIOBAHUHN aBTOpaMU IMOKasa-
2
HO, YTO HpU TCPMOMEXAHUYCCKOM IIPOLECCCE Ha MPOYHOCTb KaXXAOI'0 yJaCcTKa HECYIIUX DBJIEMEHTOB KOH-

CTPYKLUH CYLIECTBEHHOE BIIMSHUE OKAa3bIBAaeT II0JIC paclpelielICHUs TeMIepaTypbl. Takike OTMEUEHO BiUs-
HHE BBICOKOI1 TeMIepaTypbl Ha MOP(OJIOTHIO KaPOHIPOUHbIX CILIABOB. DTO MPUBOAUT K TOMY, YTO Ha KaKHX-
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TO ydYacTKaX JIEMEHTOB KOHCTPYKIHM TeMIeparypa OymeT AOIMyCTHMOH, a Ha KaKUX-TO — KPUTHYECKOMH.
BcernencTBue 3TOr0 MpOUCXOIUT OBICTPOE M3HAIIMBAHUE SJIEMCHTOB KOHCTPYKLIMH M IOTEPS MX (PU3MYECKUX
kadecTB. [loaTOMy MaTemMaTndeckoe MOAEIMPOBAHNE PACHPEEICHUS MO TEMIIEPaTypsl Ul Tejla pa3iHd-
HOW KOH(HTypaliH SIBJISIETCS aKTyalbHOH npobiemoii. B cTaThe mpuBeneHa METOIMKa MOCTPOSHUSI MaTeMa-
THYECKOH MOJENN M COOTBETCTBYIOLIETO BBIYUCIUTENIBHOTO aITrOPHTMA, IO3BOJAIONIMX PEIIaTh KIIACC 3a1ad
10 OHPEJIENICHHUIO 3aKOHOMEPHOCTEH HOJIS pacIpeesICHHs] TEMIIEpaTyp B AJIEMEHTaX KOHCTPYKIHUH CTepiKHe-
BOro Buza. Jyist 3TOro aBTOPHI MCIOJIB30BANIM SHEPreTHUECKO-BApUALMOHHBIN PUHIIMI B COYETaHUN METO/a
KOHEYHBIX JIEMEHTOB.

Knrouesvie cnosa: mareMaTuueckas MOJAENb, MOJHBIA CTEPKEHb, TEIIOBOW IOTOK, MOMEPEYHOE CEUYCHUE,
(hyHKIMOHAT, TETII000OMEH, TEIUIOM30JIALHS, TI0JIe PAaCIpeIeICHHS TeMIIEPaTyPhIL.
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