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UNSTEADY-STATE CONJUGATED HEAT TRANSFER 
BETWEEN A SEMI-INFINITE SURFACE AND 

INCOMING FLOW OF A COMPRESSIBLE FLUID--II. 
DETERMINATION OF A TEMPERATURE FIELD 

AND ANALYSIS OF RESULTS 

T. L. PERELMAN, R. S. LEVITIN, L. B. GDALEVICH and B. M. KHUSID 

Heat and Mass Transfer Institute, Minsk, BSSR, USSR 

(Received 30 December 1971) 

Abstract-The analytical solution of the conjugated unsteady heat transfer problem in a semi-infinite plate 
with the sources in the form of the generalized power series is obtained in the space of the generalized 
functions (in the Sobolev-Schwartz sense). 

The dimensionless parameter B = [(l/Re) . (a&a,)] having physical meaning is obtained which allows 
consideration of the problem as the unsteady or quasi-stationary one depending on the “body-liquid” pair. 

8. SOLUTION OF RECURRENT RELATIONS 

Due to the linearity, further consider the case 
Ri = I$?,,. We shall search for jr), cp:‘), yi”, 
&“, jji2’, @‘, yi2’, cpL2’ in the form respectively 

k-n- I 

jjp = 

c 

d”R, 

‘k!k,s,n &S’ (89) 

s=o 
k-n- 1 

(1) = 
Yk 

c 

1 
k.s,n 

d”R, 
&” ) (W 

s=o 

k-n-3 

-_(I) = 
(Pk 

c 

B k,s,n 

d”R, 

&” ’ (91) 

s=o 
k-n-3 

cpp = 

c 

d”R, 

Yk,s,n dz” (92) 

s=o 
k+l 

Yk 
32) = 

c 

d’j? ‘1 
‘k,s &” ’ (93) 

s=o 

k-l 

(Pk 
-(2) = 

c 

d’J(_ ‘I 
p 

k.s &” ’ 

s=o 

kfl 

(94) 

(95) 
s=o 

k-l 

(Pk 
(2) = 

c 

d’J?, 
Yk,s &.S ’ (96) 

s=o 

The recurrent relations for successive calculation 
of the coefficients entering into formulae (89)- 
(96) are obtained Having substituted (89)-(92) 
into (72)--(75) upon some transformations we 
arrive at: 

B k*svn = j$Io (-B)‘yk-j,s-j,n~‘k”(0), (97) 

M 
Yzm,s,n = - 

T(p + 2m + $) 

X F W + 2i - 3)Q-2,s+i-m,n 
i=il 

(98) 
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where-1 where 

m-s 
i, = 

atsdm-fi,; 
i, = 

m-s at s < m - 1, 
s+n+3-matm-ii,+lds; s+2-matmds, 

j=l 

Y2m-I,%” = - 
x 4q(O) > (105) 

where 

- 
S)‘2i-J,s+i-m.n, (99) 

I k,s = &(lk-2.4 - MP,-,,sj:k = 1,2,... 

m-s at s < m - fi,; 
12 = 
. i s+n+4-matm-A,+lds, 

(106) 

n+4 n+4 

k,s,” =_C[& -;:+ 

i I 

From (93) at k = - 1 it follows: t1i,e = 1. To 
2 ’ fulfil the condition yf) = 0 it is necessary: 

1,,, = 0. (Note that from (105) it follows: 

1-i,o = i%‘i(o)J c? Using these conditions together with recurrent 
j=l relations (97)-(106), it is possible to calculate 

X C(k-j,s-j,nd$J(o) . ww successively all the coefficients, entering into 
formulae (89)-(96). For the quasistationary case 

Using (69) we find: relations (97), (100X (102) and (105) become 

1 lk-2,s-1,” - MBk-,,s,n - SO,s.dk-,,n 
essentially’ simpler and assume the following 

k, s, n = 
(P + 4 (P + k + 1) . 

form : 

(101) B k, s, n = Yk, s, ,~~$f,,(~)> (971 
Similarly, having substituted (93)--(96) into (80), 
(82k(85), we have the following relations: 

bk,s = jio (-BY’yk-j,s-j$:,“‘(o), (lo21 

c(k, s, n = lk, s, d+6::(“), 

Bk, s = Yk, ~d;2k)(~)> 

ixk, s = lk, ~/@k(~). 

(100’) 

(102’) 

(105’) 

M m 
Yzm,s = - 

r(2m + 4) c 
r(2i - $)a2i-2,s+i-m, 

i=il 
(103) 9. SOLUTION OF INTEGRAL RELATION 

where To study integral relation (88), apply the 

ii = 
m-s ats < m - 1, Laplace transform to it [l]. If it is taken into 
s+l-matmds account, that 

M 
Yzm-1,s = - 

Q2m + *) c r(2i - 4) + p-+ exp { -p+z}, 

i=i2 

' C(2i-3,s+i-m5 (104) _?!Zf [.f..eWprdr, 

t {a} denotes the fractional part of a. then from (88) we have: 
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obtain: 
Z_&P2:(p) = M w+ JQp) 

JZ a? 1 
e-JP" 

x ;Pdz- (107) 

PAP) = 8, (P). R”(P). (113) 

Passing in (113) to the inverted transform and 
taking into account that R,(r) E K. We have 
jr”\(r) = Q,(r) *R,,(r) = (&(I’), R,(s - r’)) E C” 

(114) 

(see IN). 

After taking into account (79) and that 

expression (107) assumes the form: 

t- ,,i$%Pf 
m 

=M 

k=l 

00 

+ 

c 
1=3 

m 

* 
+ 

c c 
&2’W 

k=-I 1=1 

r(l + 1) 

$’ + 2’12 

n=O 

kfl T 

jjp, = 
I (115) 

s=O 0 

k-l I 

4c2’ = 

c s 

dR(t’) 
Pk,S fur - f) dr,s 

dr, 
(116) 

s=o 0 

k-t1 z 

Yii” = 
d”R (I’) 

(117f 

s=o J 

Q,(r - t’) -&-- dr’, 
-_ 

0 

k-l T 

(2’ = 
(?k 

cs 

Yk 
,s * (118) 

s=o 0 

Thus, yi2), cp&“, ji”, @iip) and, consequently, 0 (‘I 

uw are found (see (43~5~)). 

Pass to the Laplace transform in (89), (91), (93) 
and (94) 

W(P) = P:(P) :;; Pr, SP”. (112) 

Having substituted (1~~112) into (108) we 

Since s2,( r) is the regular generalized function, 
then after substitution of (114) into (93>-(96) we 
have: 

10. APPROXIMATE CALCULATION OF fila(r) 

Approximation will be carried out by the 
number of the terms in the series O(‘) and G2’, 
Assuming that y’?: (T) is unknown, choose for OC2’ 
the N successive terms, starting from the first 
non-vanishing term (k = 1,2,. . . , N; 1 = 1,2, 
. . . , N). With regard for (111) and (112) we have: 

N 

c 
k=-I 

Ni.2 

X 
7. 

i&pm’2, (119) 
u m=-N 
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where t 
l(N+*)/Zl 

CT* = c z2s_m,s r(2s - m + 3); 
S=S, 

i 

Oatm < 1, 
si = 

m-latm 2 1. 

where 

W + W/2 
6, = C BzS-m,Sr(2s - m + 1); 

S=SZ 

i 

m+latm>-1, 
s2 = 

0 atm < - 1. 

For O(i) choose k = n + 1,. . . , n + N; 

I= n + 3,..., n + N + 2. Using (109) and (1 lo), 
we arrive at 

UP) 
= p(P+n+i)/2 

N-2 

c %&nPm’27 (121) 
m=-N 

(D,(x) is the function of the parabolic cylinder). 
Let 

where n(u) = l,,O (24 - r,)m’, . . . ) (u - r,Jme, 

I(N + W/21 

cJ m,n = c %-m+n,s,n 
S=SZ 

r(2s - m + n + p + f). 

where ntN+2 r(p + 1 + 1) 

P @+1+2)/2 = (p+n+4)/2 
P 

N-2 

where 

(122) 

[(N+m)/21 

6 In,” = .;, 82s-m+n+2,s,n 

f(2s - m + n + 3 + p). 

Replacing in (108) the infinite sums by the finite 
sums (119x122) we obtain approximately 

UP’) 
52” (P) = p(p+n+ ;, 2 fl@%) (123) 

t [a] denotes the integral part of the number a. 

where 

N-2 

T”(U) = 1 Ma,,“U2’“+N’+3 

In= -N 

N-2 

+ c Mhn,. U2(m+N) + r(p + n + 1)UZN+4, 
m=-N 

(124) 
N+2 

H(u) = l_I,oU2N+5 - mF_N M~,,,u~(~+~ 

N-2 

- c M~,,,u~(“+~‘+~. (125) 
m=-N 

Pass to the inverted transform in (123). In 
calculations use twice the formula from ([2], 
Chapter V) : 

0 

(126) 

g,(x) dx S G,(r) 
Q&) = n-* p+n+w2 t(P+n+t)/2 

(127) 

cc 

s ,-(X2/87) D (128) 
0 

In Appendix III it is shown that Q,(z) is repre- 
sented by the power series converging at any r 
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where 

11. ANALYSIS OF RESULTS 

So, to the N-th approximation the plate 
temperature and the heat flux through it has the 
form : n+N 

T,(z, 4 = T, 1 yp’(z) zp+k+ l 

k=n+l 

n+N+2 N ..- 
+ 1 qp(z)zp+~+* + 1 yjr2’(T)Zk+l 

I=nf3 k=-1 

N 1 

+ c qpzl++ + N(O) J , (129) 
1=1 

from (115)--(118), (129) and (130) we have: 

k+l 

jji*' 2 d, 1 uk,$$ 

s=o 
(131) 

k-l 

@p’ 2 8, 1 fik,,s, (132) 
s=o 
k+ 1 

YP’ 
d”s2 

2~ & 1 lk,s $9 (133) 
s=o 

(134) 

N 

T,(z, 4 = T’m ,F_, Yi2'b)Zk+' + 

+ i (Jlj*'(T)Z'++ + N(o) 
1 

, (135) 
I=1 

nfN+2 

+ ,=;+, @'(T)Zp+' + ,;_, fi2'bbk+* 

N 1 

+ 1 ‘pj*‘(T)z’ I . (130) 
I=1 

It is easy to calculate the Nusselt number 

L 4sk T) 
N”(z’T) = - (T,(z,T) - TJA, * 

For small z from (129) and (130) with the use of 
formula (II. 24) we have 

4s(Z> r) & Iz CRe * L?_ 
T,(O, 5) - T&J(O) = - L ( > 

1 

2 Z?: {F) 

Consider in detail the behaviour of K(z, T) and 
qs(z, T) at T > T where T is the moment of the 
end of operation of a quick-response source. 
By a quick-response source is understood such 
a source, whose coefficients Rk(~) satisfy the 
following condition: at any L(T) t (k) and L,(T) 

+ 5 i)?!” (T)t . 
1 

(136) 
l=I 

From (133), (135) and (11.24) we find T,(O, r) z 
T,(N(O) - &I!!\ (F} Q,,(r)) i.e. Q,(T) has simple 
physical meaning It determines the dependence 
of a temperature at the leading edge upon time 
after switching off a quick-response source. 

At last, note that using the asymptotic 
expressions for t,@ (q), ~$2 (q) at small and large 
r~ it is not difficult to obtain simple asymptotic 
expressions for a temperature field near and far 
from a plate 

where E is some small number. fik = P,(T) dr is 

the impulse of the source coefficient. Then, 
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when s = k Et) dgf Ff), and when s = 1 Ej’) dzf fl? 
B’” 

ll,$)a3 
m, 8 z-----+ 

Pr~?(l$‘~ - l)(l + 3Prlc) 

40320 1920 

A’” gc 1 + &pl, 
m m (1.2) 

Further, we need the expansion 

1 2(P(‘)+l++) djrpj” j t 

x j!~l”~ (P} dzJ 10 1 

(1.3) 

Study the behaviour of q:‘(q) at large 1. It is known [3] that 

at large r) 

f(q) = n - h + 0 $ exp { - &I - b 1”) 
i 
, b = 1,2168.. , 

0.4) t 0 
Z(p(')+k+I) It may be proved that equation (44) has the solutions which 

i 
> are of infinite continuation to the right. These solutions are 

stable and represented by the asymptotic series 

AI’), CfJ are determined when matching series 
(137)and(138). q:‘(q) = q + ‘c” r$ “f “, (9 * W). (1.5) n-0 
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APPENDIX I 

Having substituted (1.4) and (1.5) into (44) we have rz’ o = - b, 
(il 

rm. 1 = 2&‘/Pr. Calculate the remainder of the coefficients 

we have the recurrent formulae 

n - l (i, 
6) 

rUl 
m,n+, = - prL.“-l -+=1,2.3 ,..,, (1.6) 

where 

( I$!‘, 

Note that for large q 

atn =0 

The solution of equation (44) where for small 1 [3] 

27837a5~qi4 f(n)+~+~-~““+_-_ 
14! 

where /,$. = - (rz!.+,/n)(n = 1,2,. .)and l,$e is deter- 

mined by matching series (1.3) and (1.7). 

is sought in the form c( = 0, 4696.. , 
Using the method of quasilinearization, the solution of 

(44) may be reduced to the solution of the following problem: 

q,!?(v) = “+g2 B;!.rl”> 

Upon substitution of (1.1) into (44) we have 
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where 

f$(d = (1 + Z/-&f’(n) + ;/z(rj). 

This problem may be solved by successive approximations 
on the computer. Here are the recurrent relations 

where $& is the convenient initial approximation. These 
successive approximations possess two important properties 
which are rather powerful from the computational and 
analytical viewpoint: (1) quadratic convergence, (2) uniform 
monotonic convergence at any section [0, 0’1. 

APPENDIX II 

(a) Approximate calculation of#f\(OA 2${(O). Upon solving 
the system (53), (54) by the constant variation method we 
have 

Substituting (11.6) and expansion qt)(r/X Q:)(q) (see formulae 
(Il), (1.3) from Appendix I) into (11.5) we find? 

Zj.n.t = - (I - bOj)zj-l,m-i,0;zj,ne3 = - (l - &O$ 

x Zj-l,m-l,l;zj,~,4 = - f+hWj,,,, - (1 - Soj) 

x Zj-l,m-1.2~Zj,n,5 = - 3PAazj,,,2 - (1 - SOj) 

x (Zj-l,n-1.3 - 2Prazj-,,,-,,d (11.7) 

Now find the iive terms in the expansion 

zj-l.m-i 
,UW)@- I +Qn! = “z. jj,, n, nrt” (11.8) 

B j.n* = =j-l.m-I,Oi J.m.1 = 8. zi-1.;;1.1,~j,,2 _ ri-I;-I.2 

Zj-t,n-1,3 

Bj.=,3 = 3, + zj-~,fn-l,O~* 

Bj.m,,i = Zj-l,m-1,4 + Zj-bm-l.iL,3a 

4! 3! ’ 

Bi,stn,s = 
zj-I,.+1.5 

+ 
zj-l,~-l,ttm 3a --.!-.- 

S! 2! 3! ’ 
(11.9) 

(11.1) 

From (11.1) and (11.2) it is seen that the problem of calculating where 
$$(O), #i(O) is reduced to calculating the integral form: 

I 18.3 = tPrfS, + A,- 1). 
eO'r/2'tQ%' - I +QW d,,‘) e-P%%‘fSl &,, Hence it is easy to find the first terms of the expansion 

(11.3) 

l;‘{Q} = 7 e-rtiM)@,) dr,, (11.4) cP,n(‘?) = arj- I,~- I(q)e(P’~z~(Qn-t+QnJ dn = “g, bj,,&‘. 
0 

where the functions Zj!)&) satisfy the system 

dzzt” 
--$$ + Prq$(?) 

dz”’ 
-J_.E = - (1 - 6oj)z~~,,~_l()l) 

dn 

It is obvious that 

(11.10) 

(II. 11) 
e’Pr/2~‘QW- I(S)-Q(K(W 

II 

(11.5) 
Pass to the approximate calculation of the integral 

We shag search for the first five terms expanding into series 
for .z$(tl) 

m fj, I)( = 4 pJ, ,,,(n) e-r**(‘a dn. (11.12) 

$(q) = 
zi” 

c 

&!” 0 
_yrl”,zy*n = -..A!!! _ 

W’ 
(11.6) 

ii=0 
n=O t Later on the subscript i is omitted (except the final results). 
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Let us use the ideas of one of the variants of the steepest 
descend method [3]. Let us make the replacement in (11.12) 

t 
c m,r = -Bm,r+z. 

tl+3 

(iI. 14) 

For rather small r the expansions are valid [3] 

(11.16) 

r=O 

A,,,, is the coefficient at ‘I’ in the expression 

(C,,, f c,, $ls + c,,,@ -t . . .)- Hr+ “, (11.17) 

d, *. r is equal to 4 of the coefficient at rf in the expression 

(C,,@ + c,*grfJ + C,,,# + . ..)-++‘I 

(Bj,,, 1’1 + Bj,,,rq’ + Bj,mn,+13 + .“) (11.18) 

Expanding expressions (11.17) and (II.18) into series gives: 

A m. 0 = C,j, A,, , = 0, A,, 2 = 0, A,,,% 3 = - $C, ;C,. 3r 

A ,,,, 4 = 0, A,,,* 5 = 0, 

A 3 (11.19) 

i 
7 cl%, (11.20) 

x Bj,,,e-- -4.n.s 
3 cm.0 

, 

Thus, upon substitution of (11.16) into (11.12) with regard for 
(11.9) (II.1 I), (11.14) and (II.20), we have 

Similarly, substituting (11.15) into (11.4) with regard for 
(11.14) and (11.19) gives 

where 

(11.22) 

d 

d 
. 

Apply the general formulae obtained for calculating $& (0). 
Let 

ii) 
d”JI”’ 

% k, I z--.X 
W 

(11.23) 
ll=o 

Substituting (11.21) into (11.1) and using (11.7) with regard 
for I/Q! (0) = 6,. j give 

r’!’ J.Y.O = - c$,~I~‘(F} + (1 - c&,~) yd:‘:‘I,, 
r-1 

p++ 1113 (11.24) 
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f’,,k- 1.4 = - a Pr A$?, &,_ 1 + (1 - ~5,,~__, - ~5,,~_,) 

x r:‘l art-3.0, 

’ (l - 60,j- I) 

x r? , 2,k-2,o * 

l’jfL,,k_,,, = aPr(1 - 6,,j_,)(2 + 3$%,) 

’ ry12,t-2,0 + bO,j-j> 

r’;‘: , = 6 I 3 O.j, +j!k.2 = - C1 - 60.j)r~l.l,k-,.,, 

r& = - 6O, j- 19 

$,‘k,4 = - 2PrAf’~5,,~ + (1 -c&~- ~5~.~-,)r~~r,~_~,~, 

fi, j,~,s = aPr(l - s,j)(2 + W)~)‘l,,k-,,, + &j-2, 

np = 1 + 4(p”’ + k + 1). (11.24’) 

Similarly apply the general formulae for calculating #i’(O). 
Let 

Substituting (11.21) into (11.2) and using (11.7) with regard 
for 4’. (0) = c?,,~ give 

2571 

[ 7 

J 
+Pr ~ 

( 12Q - 7 
nc,s + 51”’ I 1 

)I 1 
6j-2 2 

sy,,,_,,* = (1 

(0 
sj.l.O - -6 O.j* 

slf:,3 = - (1 

- 60.j-I - s0,j-2) 

s(jY3,,-s,, + 6,,j_,aPr(2 + 34!,), 

(0 sj.1.2 = - 6i,j-19 

- 6 .) &I _ 
0.J , 1.1 1.1, 

‘0 
sj,l,4 = - aPr#‘s$, + cS,,~_,, 

sy’l,5 = (1 - 6,,j - 60,j_,)s~~i12,,_r,, 
(II.269 

+ 6,. j-, a Pr (2 + 31!“), 

p = 1 + 4(&J”’ + I + ‘) I. 

With the aid of the recurrent formulae (11.24) and (11.26) it is 
possible successively to calculate the desired values r$O = 
#z\(O), ssfi,i = q;“(O) and from (11.24’) and (11.26’) to de- 
termine the first live terms in the expansions $$(a) and 
zfti (q) for small q. 

When calculating sums (11.24) and (11.26) approximately 
in the case of slow series convergence it is necessary to use 
the Euler transformation. 

(b) Asymptotic behauiozu of +$ (q) and 49 (q) nt large n. The 
solution of system (11.5) is sought in the form 

z$,, (rl) = $‘m (rl) exp (- Pr Q,!i’ PI). (11.27) 

Substituting (11.27) into (11.5) gives 

0)” 
uj,m - Pr 4 u!‘) m ,,m 

_ pr q’“’ UI” 

= _ (1 _ 6,. j) ;;L ,,;_, e(Pr/2’(Q2 - Qz- 1). (11.28) 

Let us search for the main term in the asymptotic expansion 
I& at large q in the form 

a’!” ,, II) % CT’., { 2) ‘I=‘. (11.29) 

Substituting (11.29) into (11.28) and taking into account 
(1.5), (1.7) (see Appendix I) give 

cl’:L {z} = 
cyl ,,m_l {z} 
Pr(aj + 1) ’ 

a, = aj-, + 2, 

y = 1,2,... and a,, = - 1. 

With the help of (11.30) it is easy to show that 

(11.30) 

Z:l’m _- 
4m-, 14 F-’ e_p,Q,',(s) 

(2Pryj! m 
(11.31) 

Determine c&, {$} and c& {x} for systems (53) and (54), 
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respectively. From (S3) and (54) it follows that 

Obviously the conditions 

- +s”e- PlF@,‘i?) drl 

1 _ 
ig {P} s e - pr%‘O,, &, 

should be satisfied. Eliminating these uncertainties accord- 
ing to the L.‘Hospital rule we find 

Thus, we have 

Xfil 
p- * exp f - Pr P$ ($1 

,.m .- r$i_, {P) 2jPrj+i i! . 
(11.32) 

APPENDIX IfI 

The Expansion @Q(T) into Series 
In calculating we use that 

” 
f \-F--l 

Rep > 0 (111.1) 

(see [4], Chapters 8 and 9). 
Replacing x = (2r)i x’ in (127) and substituting the series 

expansion y,(r) into (127) we arrive at 

G,(r) = i F f %t.i(r~)~,_,,s~ 

r=ll=,WJ(l_ t)!T 

i 

Replacing x = (~T)*x’ in (128) and substituting 
(III.2) into (128) upon simple transformations give: 

(111.2) 

formula 

(HI.3) 

where 

A”, t, 3 = 
c 

C, I I(rx) C;k-‘<+‘-m* -I 
(I - l)! r[(s + 2(p + n + 2))/4]’ 

t = I* 

1’ = t’ ats>rttm,-l. 

(nz-sats<m,- 1. 

In the case of the simple polynomial roots II(u) 

Using the d’Alambert sign, it is easy to show that series 
(III.3) converges at any r. 

Numerical calculations for the present work will lx pub 
lished in the Journal ~~~~~~ee~i~g Physics (U.S.S.R.) 

TRANSFERT THERMIQUE CONJUGUE NON PERMANENT ENTRE UNE SURFACE 
SEMI-INFINI~ ET UN ECOULEMENT INCIDENT DE FLUIDE COMPRESSIBLE- I. 

REDUCTION A LA RELATION INTEGRALE 

R&sum& La solution analytique du probleme conjugue du transfert thermique non permanent dans une 
plaque semi-intinie avec sources sous la forme de series entieres generalistes est obtenue dans l’espace 
des fonctions generalisbes (au sens de Sobolev-Schwartz). 
On a trouve le parametre adimensionnel B = (l/Re)(adCa,) ayant un sens physique qui permet de 
considerer le problbme comme non permanent ou quasi-stationnaire dCpendant du couple “obstacle- 

liquide”. 



UNSTEADY-STATE CONJUGATED HEAT TRANSFER 2513 

INSTATIONARE KONJUGIERTE WARMEUBERTRAGUNG ZWISCHEN EINER 
HALBUNENDLICHEN OBERFtiCHE UND EINEM ANSTRdMENDEN KOMPRESSIBLEN 

FLUID 
II. BESTIMMUNG EINES TEMPERATURFELDS UND ANALYSE VON ERGEBNISSEN 

Zusammenfassung-Die analytische Losung des konjugierten instationlren WBrmetibertragungsproblems 
wurde in Form verallgemeinerterPotenzreihen aus dem Raum verallgemeinerter Funktionen (im Sobolew- 
Schwartz’schen Sinne) erhalten. Es wurde ein dimensionsloser Parameter B = [l/Re.aJCn] mit physikal- 
ischer Bedeutung gefunden, der eine Betrachtung des instationlren und quasistationlren Problems 

ermijglicht und nur von der Paarung “K&per-Fhissigkeit” abhangt. 

HECTAHHOHAPHMH COHPH?KEHHbIH TEHJIOOBMEH 
HOJIYBECKOHEYHOH HOBEPXHOCTB C HATEKAIOIJHiM HOTOHOM 
C3fFHMAEMOB ~CBQHOCTB II. OHPE~EJIEHME TEMHEPATYPHOI’O 

J-IOJIH II AHAJIH3 PE3YJIbTATOB 

AEEOTB~HSI-B npocTpaKcTse o606meHHbIx #yHKnKi B CMbuxe CO6OneBa-~BapI&x nonyseH0 

aHanKTKYecKOe penreHIre sagasa ConpK~eKHoro HecTanHoHapHoro TennOO6MeKa nony6ecKo- 
HeVHOt ~JIXTRHJJ C tlCT04HHKaMH B BIlAe o606~eHHoro CTetIeHOrO PRAa. 

BbIAeneK o6nagatomKM (PK3K4eCKKM c~btcno~ 6e3pa3MepHbti napaMeTp 

1 
B= &+-, 

[ 1 
KOTOPbIti Il03BOJlReT pXCMaTpMB3Tb 3aAWIy KaK HeCT3~kiOHapHylO W-G4 KB33EiCT3~UOH3pHyIO 

B 33BHCMMOCTH OT IElpbl dTeJIO+KA~KOCTbH. 


