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Abstract. In this paper we consider a problem about finding of temperature approximation
within a thin material sheet involved in conductive-radiative heat transfer. As result, we found
that temperature within the sheet can be approximated in L, norm by solution of a simple
nonlinear operator equation.
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1. Introduction

Mathematical models for description of conductive-radiative heat transfer are con-
sidered in [5]. As a result, complicated integro-differential boundary value problems
are derived that models, heat propagation within a physical system.

In [3] a mathematical model is given for the description of process of the oil
burn-out from glass fabric sheets. There a glass fabric sheet is pulled with a constant
speed through a furnace. As conductive—radiative heat transfer occurs in the heaters-
fabric sheet system, when the glass fabric is heated up in the furnace. If temperature
raises up to the critical level, oil from the fabric starts to burn out. In this paper
we neglect oil burn-out process from the fabric and therefore. If we take into account
only conductive-radiative heat transfer, then the resulting temperature distribution T’s
in the glass fabric sheet (2; of thickness 26 can be found after solving the following
elliptic boundary value problem:;
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k1 ATs — kg% =0 in (25, (1.1)
8331
T,
k1 —aj = —G5(|ITs*T5) + G3(|T"PT") — ks(T5 — TY) on £ C 0925, (1.2)
. ) T .
Ty =T¢ on X% C 025\ X%, kl% =0 on 802\(Z5 U Xh). (1.3)

Here linear operators
G5 Lss(55) = Lsja(Z3), G3:Lsa(Z") v Ls/a(X3)

are given in the implicit form and they describe radiative heat propagation within X3,
Xh system, where X’ is active surface of £2; and X" s active surface of the furnace.
Both surfaces can emit, absorb and reflect radiation. 7" is temperature distribution
on X", whereas 77 is temperature of the surrounding air.

Unfortunately, it is very hard to carry out any numerical calculations for the
boundary value problem (1.1) — (1.3) with standard numerical methods. The main
reason is the fact that the sheet geometry is strongly degenerated in this situation.

Thickness-width ratio for the sheet can achieve the value W%OO.

In this paper we have analyzed the dependence of the weak solutions 7’5 of the
boundary value problem (1.1) — (1.3) on the thickness 24 and found, that, as § — 0,
the weak solutions T can be approximated in Lo (§25) norm by solutions of a simple
nonlinear operator equation.

2. Preiminaries

In this section we give the formulation of the full integro-differential boundary value
problem and list some preliminary results. It is important to note that we widely use
the methodology from paper [5], which deals with similar mathematical models of
conductive-radiative heat transfer. Let

Qg = (—ll,ll) X (—lg,lg) X (—57 (5)

be a glass fabric sheet of thickness 26 (I; > 0,12 > 0,13 > 0,0 < § < I3) pulled in
x1 axis direction through a furnace. Let us denote faces of {25 by:

i ={redNs: a3 =105}, Xy :={x€ds:ay=—0},
Y= {x €00 a9 = —lo}, X :={xe€ds:xy =1},
Yi={recds w1 =11}, Y9 ={xcoNs:a1 =1}
We assume that only one part of 025 is involved in radiative heat exchange:
=Y U uSu Yy,

Let the furnace is formed from finite set of heaters {2, C R3 : i = 1,..,n}.
For mathematical reasons we assume that each heater is a bounded Lipschitz do-
main with piecewise Lyapunov boundary and it lies at a positive distance from other
heaters and from (2. Let us denote the overall heater surface of the furnace by
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yh= U 052;.
i€{l,..,n}
Let us also denote
Qi=[=li,h] x [<la,bo], Tp:=Xjux", Q5= |J 2)us
i€{l,..,n}

In what follows ¢ and M with subscripts will denote nonnegative constants that
do not depend on 4.

We denote by £(X,Y") a space of the linear bounded operators that maps a Ba-
nach space X into a Banach space Y. Let I be an identity operator.

We denote by L, (-) ithe standard Lebesgue spaces (1 < p < o) and by W3 (-),
WL (-) the standard Sobolev spaces. Let Vx(£25), Vs (£25) be Banach spaces:

Vs(825) := {u € Wy (£25) : u
Vs(025) := {u € Vs(£25) : u

w3:€ Ls(Z5)},

If we make substitution T5 — us + ¢5, then we can rewrite the boundary value
problem (1.1) — (1.3) in the weak form:

/Qa (kl (V(u5 + ¢s) - Vw) + ko (us + ¢5)r1¢) dv

—|—/ G(lg(|ug+¢5|3(ug+¢§))¢d8+ ks(us 4+ ¢s)t ds
R2H

3

= G§(|Th|3Th)wds+/ ksTdwds, Vi € Vs(2s),  (2.1)
X3 X3

where us € Vs (£25) is unknown variable and
ki >0, ko >0, k3 >0, ¢s5 € V5(92s), s = Tt a.e.on L%,
Tie WL(XE), 0<Ti< M, ae onXi,
TV € Loo(E™), 0<T" < M ae on%"
Ty € Loo(X3), 0<TjJ <M ae.onXy,
G} € £(Ls/a(X5), Lsja(55)), Gi € £(Lsja(Z"), Lsja(55)).

Further we assume that T}/ |+, T} |- do not depend on 6. We also assume
that 777 |2;, s |2;/ depend only on variable x4, 7} depend only on variable x5 and
there exists a constant M such that

(T3 1) € Woo (), I(TF ) lwy () < Mo,

if 2 is one of the surfaces X, X5, X5 and X5 .
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Originally mathematical formalization of conductive-radiative heat exchange
process in the furnace-fabric sheet system gives us the following system:

(k1 (T s+ 05) - V) + (s + 65),0) o [ s+ 6 ds

3
+ /
DA

ps(x) — (1 - ea(w))/ ks(z,y)ps(y) ds(y)

2

gt ds = /2 KsTIwds Vi € V(05), (22)

= es(z)olgs(x)*qs(x) ae.x € Xf,  (2.3)

9s5(x) = ps(x) — i ks(z,y)ps(y) ds(y) ae. x € Xf, (2.4)
5
s |zs=us + s, g5 [sn="T", (2.5)
where

0>0, >0, €5 € Loo(X5), €0 < €5 <1lae.onlty.

However, under some assumptions this system can be transformed into the boundary
value problem (2.1) ((1.1) — (1.3)).
Further we assume that the functions €5 [y, €5 [y do not depend on & and

let us denote , them as et and e~ respectively. We also assume that e |2;- €5 |2;’
depend only on variable z; and there exits a constant M3 such that

(€5 |x) € W (D), l(es |2)lwa ) < Ms,

if 2 is one of the surfaces X, X5, X5 and X5 .
The kernel k5 : X5 x X% — R from (2.3), (2.4) is defined as

ks(z,y) = ws(x,y)05(x,y),

cos (v(2), (y — x)) cos (V(y), (x —y))
|z — y|?

1, if{zeR3:z=7m2+(1—-1)y,0<7< 1IN =0,
95 (33, y) — { . ( )y } 5
0, otherwise,
where v(-) denotes the outward normal of the surface X5 (v(-) exists almost every-
where on X7, as it is Lipschitz surface).
The analytical properties of the function k;(x, y) and the fact that 5 is Lipschitz
surface allow us by involving the Gauss’s formula to get the following estimate:

0< / ko (2, ) ds(y) = lim ks (z,y) ds(y)
Pois =0 £\ B(z,7)

. cos (vla). (y ~ )

70 Jgr 72 <laexzelXj, (2.6)
(I,T)ﬂQ(:p;r)
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where
B(z,7):={z€R>: |z —z| <7},
St(x,7):={zeR®: |z—z| =1, (v(z) (2 —1x)) >0},
Qz,7):={2€R®: z=x+ty, ye€ X;\B(z,7), t > 0}.

Cylindrical shape of the domain {25 and positive distance between the surfaces X3,
Xh guaranty that there exists a constant 0 < ¢; < 1 such that for every 7 > 0 and
fora.e. x € X§ the following estimate holds:

meas(S™ (x,7) N Q(x, 7)) < 2¢172.

That yields the existence of a much stronger local estimate on the surface X'§ than

(2.6). Respectively, there exists a constant co < 1 such that:
0< / ks(x,y)ds(y) < cpae xz e X (2.7)

5
The estimate (2.6) implies that the operator Ks(u) := [, ks(z,y)u(y) ds(y)
s

maps L,(X5) into L,(X5), K5 € £(L,(X5), L,(X5)) and
1K)l (L, (7). Lpmm)) <1 (2.8)
for every 1 < p < oo ([4]). For a fixed measurable set X C X' we define operators

Py (2) € £(Lsya(X), Lsa(X5)), P§(X) € £(Ls4(X5), Lsja(X)),

Ej € L£(Ls5/4(X5), Ls/a(X5)), E;(X) € L£(Ls/a(X), Lsa(X5)),
Fs € £(Ls/a(X5), Ls/a(X5)),

where

-
Il
=]

As estimate (2.8) holds, then it allows us to exclude the variables gs, ps, gs from
system (2.2)—(2.5) and to obtain the integral equality (2.1). Then operators G}, G?
from (2.1) will have the following form ([5]):

Gs = PY(Z35)(I — F5)E§(%3), Gi = Fj(X5)FEf (2")
and for Xy, ¥y C X%, then the following will hold ([5]):

P} (55)FsE3 (£1) € £(Ly(£1), Ly(X2)) forall 5/4 < p < oo,
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P2(X9)FsE2(XM) € £(Ly(2M), Ly(Xy)) forall 5/4 < p < oo,
PZ(52)FsPi(21) € £(Ly(X1), Ly(Xs)) forall 5/4 < p < oo,

15 (22) Fs P (Z1) | 21, (51), L, (52)) < €3 < 1forall 5/4 < p < oo,

ifu € Ls/(X") andu > 0 ae.on ", then PZ(Z5)F5sE3(X")(u) > 0 ae.on 2y,
ifu € Ls/4(21)and u > 0ae. on Xy, then Py (%) Fs E5(X1)(u) > 0 a.e. on Xo.

Moreover, one can show that, if u; € Loo(X), [uillp (z) < My, up €
Loo(E5), luallzo(zs) < My, uz € Loo(E"), |lusllp(sny < My and £ is one
of the X, 257, 575, 75, then there exists a constant M, > 0, such that

PY(D)F5E3(X)(ur) € WL (X), [|PF(2)F5E5 () (u1)llwy (x) < Ma,
P (X)FsE5(53)(u2) € Wi (X), B3 (2)FE;(23) (u2)llwa () < Ma,
P} (2)FsE3(£")(us) € Wi (E), ||PF(X)F5E5 (") (us)llwy (s) < Ma.

If we adapt results from [1], [2], then we can get existence and uniform bound-
edness of solutions for the boundary value problem (2.1). As the form

((us, ) € V5(£25) x V5(£25))

/Q (k1(V(us + ¢5) - V) + ka(us + ¢5)z, ) dv + / ks(us + ¢5)0 ds

3

defines a monotone operator Q; : Vs (£25) — (Vs (£25))*, the form

((us, 1) € V5(925) x V5(£25)) - G5 (lus + ¢s* (us + ¢5))1 ds

defines a weakly continuous operator Qs : V5(£25) — (V5(£25))* and the estimate
(2.7) guarantees that the operator Q1 + Q2 is coercive, then the boundary value
problem (2.1) will have at least one weak solution us € 1'/5(!25). Even more, the
following estimate will hold:

0 < (us + ¢s) < My a.e.on £s. (2.9)
Let:
hy o= (GHIT"PT") + ksT + PF(Z5) Fs B3 (25) (Jus + 651 (us + ¢5))) 15+
hy = (GR(T"PT") + ksTy + B (Z3)FsEF(Z5)(Jus + 5| (us + ¢5))) |-

hs = (GFT"PT") + ks T§ + P§(23) Fs B3 (33) (|us + 651> (us + 66))) |1

h = (G(IT"PT") + ksTy + P} (Z5) Fs B3 (25) (Jus + ¢s1* (us + ¢5))) |,
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>
St

= (GR(T"PT") + ks Ty + PY(Z5) Fs B3 (55 (Jus + 66l (us + ¢5))) 5+

9

hy = (G3(|IT"PT") + ksT{ + P3(X3)Fs E3 (25 ) (Jus + ¢s/*(us + ¢5))) SRR
hs = G3(IT"PT") + ksT{ + P (X3)Fs E3(£5)(|lus + s/ (us + ¢s)),
[ = (G3(T"PT") + ksTY) s+, f5 = (G3(T™PT™) + ksT§) SR

Then (2.9) and properties of involved operators imply existence of a constant M
such that:

hi € W (EH), hy € Wh(E5), hs € Wh(5), hs € Wh(%y),

hi e WL(Eh), hy e WL(Zy), £ e WL(Z)), f; e WL(Zy),

hi >0, hf>0, f>0ae onX],

hy >0, hy >0, f; >0ae.onX;,

hs>0ae.onXs, h;>0ae onXy,

||h(JerWalo(2;f) < Ms, ||h(J$rHWalo(2;r) < Ms, hs llwy 57y < Ms,

125 w5y < Mss sl sty < Mss 15 Dl ) < Ms.
. Moreover, the boundary value problem (2.1) can be rewritten in the following
orm:

/Q (k1 (V(ué + os) - Vw) + ko (us + ¢6)111/1) dv

+ /2 oes|us + o5l (us + ds) ds + k3(us + ¢s5)1 ds

s s
) 25

= [ hspds Y e Vs(£2s). (2.10)
2

3. Estimatefor Gradients

Let us choose a function n; : {25 — R defined as

o dist{ X 2}z
ns(z) = mm{%,l}

for some fixed 0 < r < 1. Then it is easy to verify that

|Vns|? dv < s, (3.1)

Al3l,
25 1

If we define a function v5 := (us + ¢5)n2, then v € Vi (£25).
As functions us + ¢s, hs, 1s are uniformly bounded with respect to §, then
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|/ oeslus + ¢s|° (us + ¢s)1s ds|
S
+\/ kg(u5+¢5)¢5ds|+\/ hotos ds| < cs. (3.2)
3 3

For every chosen 7 > 0 it follows that

[ kaus + é5)ey s dv] = | / (15 + b5, (115 + b5 )2 o]
s 25

k
< kgr/ (us + ¢s)2,ms dv + 22 / (us + ¢s)°n3 dv
25 47— 25

and, therefore, if we put 7 = 4% then, after taking into account uniform bounded-
2

ness of ug + ¢ with respect to 4, we obtain

k
[ ka(us + 6s)e s dol < - | [ V(us +é5)Pnfdv e (33)
25 25

Again, for every chosen 7 > 0 it follows that

/Q k1(V(us + ¢5) - Vips) dv > ky , IV (us + ¢s)|°n3 dv

k
~ar [ (Vs -+ o0 o= 3 [ 1905l us + 65 do
o 4t Ja,
and, if we put = = 1/4, then after taking into account uniform boundedness of
us + ¢s With respect to ¢ and (3.1), we will have

3k
k1 (V(us + ¢s) - Vibs) dv > Tl IV (us + ¢5)|*n2 dv —cg.  (3.4)
25 s

Combining (2.10), (3.2) — (3.4), we finally get

IV (us + ¢5)|?n2 dv < cr. (3.5)
025

4, Main Estimate
Let us choose functions hs : 25 — R, é5 : 25 — R defined as:

| b (@1,@5) + by (1,
hs(x1,x2,x3) 1= 5(x1 xZ); 5(551 ng)’

. et(x1,w2) + € (z1, 22
65($1,$2,$3) = ( ) 2 ( )

Again, if we define a function
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Vs = (05 (us + ¢s)* + ks (us + ¢5) — hs)nZ,

then 5 € Vs (£25). .
As |lésllwr ;) < Ms, |hsllwe (o) < Ms and functions us + ¢s, hs are
uniformly bounded with respect to 9, then, if we take into account (3.1), (3.5), then:

|Vaps|? dv < / 48(0és(us + ¢5)° + k3)*ni|V (us + ¢s)|* dv

.95 95
+/ 1202 (us + ¢s)3n3|Veés|? dv +/ 1203 Vhs|? dv
Q(s in
+ / 24(cés(us + (;55)4 + ks(us + ¢5) — h5)2n§|V775|2 dv <cg (4.1)
25
and
ot (V (g + 05) - V) do = kl/ (Aorés (s -+ b5)® + k)2 |V (s -+ 69) % dv
25 025
+ ky / (o(us + 65) 02 (V(us + ¢s) - Vés) — 3 (V(us + b5) - Vhs)) dv
25
+ k1 / 2(0é5(U5 + ¢§)4 + ks(us + ¢s5) — hg)n,;(V(ug + ¢s) - Vn,;) dv
25
1/2 1/2
>t [ 0w+ onluilVesP o) ([ Vs -+ 00) o)
25 025
. 1/2 1/2
([ sl an) ([ Vs + as) P o)
25 025
. 4 ] 2 2 1/2
— kl(/ (oés(us + ¢5)* + ks(us + d5) — hs)*|Vns| dv)
(9]
’ 1/2
X ( IV (ug + 5) |22 dv) > cgd(171/2 (4.2)
025
In addition
/ ka(us + ¢s)a, s dv
025

> —ky |(us 4 ¢5) e, (05 (us + ds)* + ks(us + ¢s) — hs)|n? dv
25

. /
> —kg(/g (s (us + ds)t + ks (us + b5) — hs)2n2 dv)l ’

1/2

x( |V(u5+¢5)|277§dv)) > 02, (43)
25

Now, let us estimate the integral

~ [ oeslus + o5l (us + 65)s s,

&2
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By using the Gauss formula

- / ] oes|us + o5l (us + ds)vs ds

5

:—U/Q{; ((u5+¢6)4¢5(%63:3+€+;€7))z3dv

- / ceslus + s1*(us + ¢s)is ds (4.4)
ziusy
and
. .
/ ((U5 + (;55)41#5(%55&3 + £ 2 ¢ ))wg dv (4.5)
25
. .
= [ s+ 05)* (s + ds)ugis( B + ) o
25
. + _ —_
+ﬂJw+ww%w»4%m+‘ 26)M+%[%QWw+%V%du

If we now take into account uniform boundedness of the functions us + ¢s, hs
with respect to ¢ and (3.5), then we get:

et —e

[ atus + 651 s + 0s)aatio( o +
25

. | /
z _(/Q 16(%%)2(“6 + ¢5)%(0és(us + ds)* + ks(us + ¢s) — hs)*n} dv)l ’

1/2
< ([ 19(us +65) 03 dv)
25

et —e” 2 6/ - 4 b \2..2 1/2
— (/Q 16( 5 ) (us + ¢5)° (0és(us + ¢s)* + ks(us + ¢s) — hs)“n; dv)

1/2
X ( ; IV (us + ¢5)|°n3 dv) > —¢116'2, (4.6)
5

+_
!)dv

/05 (us + ¢5)* (105)as (%6333 +—5

> ([ Gaaptus+orar) ([ 1vusan)”

- (/Qé (= 3 <) s + ¢5)8dv)1/2(/96|v¢5|2dv)1/2 > eppdl/? (47)

/ oes|us + ds|> (us + ¢s)bs > —c130. (4.8)

Ziusy
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If we put (4.4) — (4.8) together, then

/,
Using similar techniques, we can also get the following estimates:
/2‘3

J,

Now, if we finally take into account (2.10), (4.2), (4.3), (4.9) — (4.11), then we
get

1 )
oes|us+os|* (us+ds)s ds < —5/ oés(us+ds)tbs dvtciad'/?. (4.9)
25

s
)

1 .
hstos ds < ~ / hsis dv + 1502, (4.10)
25

1
ks(us + ¢5)tbs ds < -3 / ks (us + ¢s)ibs dv + c166/2. (4.11)
25

s
)

1 : .
—e176U1/2 < 5 / (hs — €5 (us + ¢5)* — ka(us + ¢5)) s dv
2s

or

[ (Gestus + 6s)* + kalus + é9) — haPudo < ird® 2 @12)
25
If we choose a set 25 := {x € 25 : ns(x) = 1}, then (4.12) implies

/ (o€s(us + 05)* + ks(us + ¢s) — hs)? dv < 170B77/2, (4.13)

)

Since we have 25\ £2; = (0, %) x (—la,13) x (—8,8), and functions us + ¢s, hs
are uniformly bounded with respect to §, then

/ (¢s(us + ¢s)* + ks(us + ¢s) — hs)? dv < ¢80T (4.14)
25\ 92
If we choose r = % then estimates (4.13), (4.14) imply

/ (0és(us + ¢s)* + k3(us + ¢5) — hs)? dv < c196%/3. (4.15)
25

5. Final Result

Let us choose functionsé : Q — R, a: Q x R — R, f5: Q — R defined as:

6+($1,$2) + 67($1,$2)
2

é(xl,xg) = R a((El,{EQ,T) = O’é($1,$2)|7’|37'+ ks,

fs(z1,m0) = f‘;r(gcl’@);f(;@h@)
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and an operator Is € £(L2(Q), Lo2(Q)) defined as

_ PREDFPI(ES) + PRI ) Fs Py ()

Eys -
d 2

As a,(x1,22,7) > 0 forevery (z1,x2,7) € Q X R, then the theorem of implicit
function guarantees, that there exists a function b : Q x R — R, such that

b(xla T2, Cl(ﬂfl, x2, T)) =T,

when (z1,x2,7) € @ x R. But then we can define a new functionc: @ x R — R
by a mapping

c(x1,12,7) = gé(x1, 22)|b(21, T2, T)Pb(21, 22, T).

As b(z1,22,0) =0, c(z1,22,0) = 0 forevery (z1,z2) € Q and

1
|b-,—(fl']_,.’,f2,7-)| S k_7 |C-,—(.T]_,./,C2,7-)| S]-
3
forevery (z1,z2,7) € @ xR, then, for measurable functionsu : Q — R,v : Q — R
and almost every (z1, z2) € @ the following estimates will hold:

|u(z1, z2) — v(z1, T2)|
ks ’

|b(z1, 22, u(z1, 22)) — b1, 22, 0(21, 22))| <

|C(£U1,CC27U(961,$2)) - 0(95179527@(201,%2)” < |U($17962) - U(5€1,552)|7

lu(z1, 22)|
ks ’

le(@1, 22, u(w1, 22))| < u(2r, 22)].

|b(x1,x2,u(x1, x2))| <

But then we get that the operators
B(u) = b(z1, 22, u(21,72)), C(u) := c(z1, 22, u(71,72))

map L2 (Q) in L2(Q). Moreover, these operators are Lipschitz continuous.
Now let us consider the following equation

v—E5(C(v) = f, (6.1)

where v € Ly(Q) is unknown variable and f € L2(Q). Existence and unity of
solutions for freely chosen right-hand side f € L.(Q) of equation (5.1) easily can
be proved by applying the theorem of contractive operators. Indeed, if we choose
some functions v; € La(Q), v2 € L2(Q), then

| E5(C(v1)) — Fs(C(02)) 2@ < 1F5ll2(La(@), L2t 1C (1) = C(02) ]l 1,0
< esllvy — U2HL2(Q)7

and 0 < c3 < 1.



Temperature Modelling Within a Thin Material Sheet 153

As we know from the theorem of contractive operator, the sequence {v’ €
L2(Q)}ien Will converge to the solution v* of the equation (5.1) (for the fixed
f € La(@)), if itis constructed in the following way:

W= f,
vl = Fs(Co™ D))+ f 1<i< oo

Now, if we choose some f1 € L2(Q), f2 € L2(Q), then we have:

It = v3llLa(@) = I1E5(C(f1) = Fs(C(f2) + fr = fellza@)

< 1Eslleza@. 2@ ICUR) = Cl)la@ + 11 = Follza@)
< (s +DIfr = fallza(@)

[0} — V3] 1y0) = |1 E5(C(0])) — E5(C(v3)) + f1 — falla(@)
< 1Fslle(22(@), L2 IC(01) = C(03)| La@) + I1f1 — follLa(@)
< esllvr = vallLo() + 11 = follLo@) < (65 + s+ DIfi = fall o)

and therefore
o = 03 lza@ < (D) 11 = follzae) = c2ollfi = follzace)-
2

(2

As we found above, there exists an operator (I—Fs(C)) Ly (Q) — La(Q) and
itis Lipschitz continuous. Therefore, we can define an operator B((I — F5(C))~') :
L1(Q) — L2(Q), which is also Lipschitz continuous. Furthermore, it’s Lipschitz
constant is uniformly bounded with respect to J.

The operator B((I — F5(C))~") can be used to transform (4.15) into the follow-
ing estimate

/ (Ts — Ts)? dv = / ((us + ¢s5) — T5)2 dv < ¢218Y3,
25

25
where the function 75 : £25 — R is defined as
Ts(x1, 32, 23) 1= B((I — F5(C)) ") (f5) (w1, z2).

As we see, T can be used as a good approximation of temperature Ts in Ly (£2s).
We even know the rate of T} convergence to T in Lo (£25) norm.

Finally, it is important to note, that T’s is a good temperature approximation even
on the surface X" U X5 (the proof is similar to previously used):

/ (Ts — T5)2 ds < 02251/3.
zuzy
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Temperaturos modeliavimas tarp plony medziagos laksty atsiZzvelgiant j radiacijai laidzios
Silumos perneSima

K. Birgelis

Straipsnyje modeliuojamas temperat™uros pasiskirstymas tarp plony medZiagos laksty atsizvel-
giant j radiacijai laidZios $lumos perneSima. Nustatyta, kad temperat ura tarp laksty gali b uti
aproksimuojama L» normoje paprastos netiesinés operatorines lygties sprendiniais.



