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GENERAL SOLUTIONS OF THE DIFFUSION EQUATIONS 

COUPLED AT BOUNDARY CONDITIONS 
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(Received 14 October 1972 and in revised form 30 March 1973) 

Abatraet-New finite integral transform and the corresponding inversion formula are introduced for the 
solution of the diffusion equations in a finite region of arbitrary geometry and initial conditions with 
general coupling boundary conditions. The resulting eigenvalue problem does not fall withtn the range of 
the conventional Sturm-Liouville system and therefore a new integral condition was devised which serves 
as an orthogonality relation. The solutions obtained permit the studying of many new problems, such as 
heat transfer coefficients in concurrent flow double pipe heat exchangers, simultaneous heat and mass 
transfer in internal gas flows in a duct whose walls are coated with a sublimable material and elsewhere. In 
addition the Luikov system of equations of a simultaneous mass and heat transfer in a finite capillary porous 
body of arbitrary geometry are rearranged to the pure diffusion equations coupled only at boundary 

conditions and consequently to a special case of the problem studied here. 

NOMENCLATURE 
N,, N,, 

&(N,), 4,,W,)~ boundary coefficient func- n, 
tions defined on S, : 

B,, A,, constant boundary co- P,(M, rX 
efficients defined on x = P,(x, r), 

L m. 1’ L 2’ L. 3’ L4:“k 1, Km 2, Km 3’ K” 41 

constant boundary coeffi- 
S, and S,, 

TAM, r). C(M. r), 
cients defined on S, or 
x=x * 13 
initial distribution func- 
tions in K x, 
one-dimensional initial r, 
distribution functions in w,(M), w,(x), 
x; 
source functions on S, 
respectively on x = x1 : P,,,(W, P,CG 
source functions on S, 
respectively on x = xc ; 
prescribed functions de- Zi(M,Fo), 

fined in K for which 
k,,,(N,) are constant ; 

prescribed function de- 
a,, iv k‘, J3 

finedinx; s* 
point in K 

2155 

points on S, and S, re- 
spectively; 
outward normal of S, and 
S,: 
internal source functions: 
one-dimensional source 
functions: 
boundary of V; 
unsteady potential dis- 
tributions defined in 
equations (15) and (25) 
respectively; 
co-ordinate; 
time variable; 
prescribed functions de- 
fined in V and x respec- 
tively : 
prescribed functions 
defined in V and x respec- 
tively : 
potentials defined by 
equations (38): 
constants defined by 
equations (45): 
constant defined by 
equation (40): 
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$1 i(M), 

eigenvalues : 

$,: if% 

eigenfunctions in itl-space: 
eigenfunctions in .u-space: 

divf 1, divergence operator in M- 
space : 

g=U ), gradient vector in M- 
space. 

Dimensionless criteria 

Fo= $ Fourier number: 

Lu = $, Luikov number: 

Ko = rL(e, - k) 

C&S - 43) ’ 
Kossovitch number; 

pn = w - to) 
c,(& - 0.) 

Posnov number; 
. . . _ 

& phase change criterion, 
KO* = EKO: 

O,(M, Fo) = 2, dimensionless tempera- 

i0 

0 ture: 

e,(M, Fol 
- 8 dimensionless moisture 

= 8, transfer potential : 
where f, temperature [“Cl : 

t?. moisture potential [“Ml : 

t. time [T] : 
11 q’ thermal diffusivity coefli- 

cient [L2T- ‘1: 
a rn’ diffusion coefficient of 

moisture in the material 
[L?‘]: 

r, specific heat of evapora- 
tion [L2TW2]: 

6, thermal gradient coeffi- 
cient [“C- ‘1: 

c??G specific isothermal mass 
capacity of the material 
[“M-‘I: 

c 4’ specific heat capacity of 
the material 
[L’T- 2 ‘C- ‘I: 

R characteristic body di- 
mension. 

Subscripts 
i, 1,2,3,4,. . : 

j. 

:’ 
* 

s. 

1 or2: 
1 or2: 
initial value : 
in equilibrium with sur- 
rounding air: 
surrounding. 

INTRODUCTION 

THE DRYING theory is based on the phenomenon 
of thermodiffusion found by A. V. Luikov about 
30 years ago [l]. It was Luikov who proved 
experimentally and explained theoretically the 
moisture migration caused by the temperature 
gradient [2]. His results have been published 
in due time in English [3]. Luikov’s discovery 
enabled him on the base of thermodynamics of 
irreversible processes to define a system 
of coupled differential equations described in 
[4]. The majority of the investigations of 
Luikov’s school are reviewed by Fulford [S]. 

Independently 0. Krischer also proposed a 
system of differential equations for temperature- 
moisture distribution in a capillary porous 
body [6, 71. As we showed in [S] this system is 
practically identical to that of Luikov. The 
system defined by de Vries [9] for the case of 
constant thermophysical parameters [lo] is of 
the Luikov type. Therefore, the results obtained 
in the present paper captioned with Luikov’s 
nomenclature can be useful to a number of 
investigators. 

It is well known that the coupled system of 
partial differential equations can be reduced to 
decoupled of the pure heat conduction, where 
the potentials are presented by combined 
variables being a linear combination of output 
variables. P. S. Henry Cl l] followed later by 
J. Krank [12] and M. Smirnov [ 131 applied 
this method for the case of monotype boundary 
conditions. Its application in the general case 
suggests solutions of the diffusion equations 
coupled at boundary conditions to be known. 

In [14, 151 R. Stein introduced the two- 
region one-dimensional Sturm-Linuville prob- 
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lem at coupling boundary conditions and found 
series eigenfunction solutions for heat transfer 
in concurrent flow, double pipe heat exchanger. 
E. M. Sparrow and E. C. Spalding [ 161 developed 
independently a similar method. Using a new 
finite integral transform the authors presented 
a general one-dimensional solution [17] which 
includes as very special cases the results obtained 
in [l&16]. 

The present paper’s object is to generalize 
further this solution for an arbitrary finite 
geometry, making it applicable for analytical 
study of unsteady temperature-moisture dis- 
tribution in capillary-porous bodies. 

STATEMENT AND SOLL’TION OF THE PROBLEM 

In the present study the following equations 
will be examined 

q,(w 4 
w&w a* = div[k,(M) grad TJM, r)] 

- p,W)~,W, 4 + P,WT 4, 
m = 1,2,McKr 2 0 (1) 

with the initial condition 

T,(M, 0) = f,(W (2) 

and boundary conditions 

L,, 1 T,w,, 4 + L,, 2qw1 r) . 

+ L q(h7) + L ’ %W,.~) 
m. 3 an 

m. 4 
dn 

= q,,,(N,, 3, N,ES,. (4) 

It is supposed that the solution of the problem 
can be represented by the expansions 

where tk,,,, JM) are eigenfunctions of 
region Sturm-Liouville problem 

(5) 

the two- 

PfWmtM)J/,, <CM) = Pm(Wbm, i@@ 

- div [k,(M) grad $,, i(M)] 

L,. l+~.i(~l) + Lm, 2ti2.LNl) 

(6) 

+ L 
m. 3 

a+l.i(N1) + L 
an m. 4 

‘$2,XNl) = 0 (7) 
an 

&,0’2)ti,.i(N2) + ‘JN2) 
wm, l(N2) = () 

an (8) 

their solution being granted for known. 
The governing equations (6) and boundary 

conditions (7) and (8) lead to an eigenvalue 
problem having a common set of eigenvalues, 
but different eigenfunctions. The problem does 
not belong to the conventional Sturm-Liouville 
family and therefore, for the determination of 
the coefIicient Ci it is appropriate to derive an 
integral condition to replace the well-estab- 
lished orthogonality relation. 

By conventional manipulations [18], we 
obtain 

,,, 
m, 

AN) ah”,j(N,) ds 
1 

an 

! 
W, i(N,) 

IcIm,i(%) in 

+ k,W,) (9) 

From the boundary conditions (8) for i # j, 
it follows that 

(N ) %I, itN2) 
m,i 2 

an 

W,,pJ,) = 
0. (10) 

dn _.. 
From the conditions (7) t,k2(N1) and 

W2(Nl)n are determined as linear combina- 
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tions of $r(NJ and a$r(N,)@r. A further Equation (14) will serve as an orthogonahty 
application of the results yields for relation. Multiplying equation (6) for pn = 1 

$T” 
m=l 

where 

and 2 with ~~~~_~(N~~w~(~~~ ,(M) respec- 
tively, adding and integrating ‘into V the 

(11) 
resulting expressions, one finds the expression 
for Ci. Then (5) may be written as follows 

(1.5) 

(12) 
After multiplying the equation (9) for m = 1 

and m = 2 with k, _ ,(N J. c,,, respectively, add- 
ing and integrating into V the results obtained, 
taking into account that k,(N,) are constants, 
one finds 

(13) 
The right-hand side of equation (13) has the 

same expressions as in relations (10) and (11). 
Therefore for j # i one gets 

where 

Let us carry out the transition to boundary 
pi +p, in equations (13). For (16) the following 
expression is obtained : 

X 
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Vl(Nl,7) Ll, lJ/l, AN,) + Ll, 3 
ah, XNl) 

an 

= 

To solve equation (1) at the conditions 
(2)-(4) the new finite integral transform (17) is 
to be used. The expressions (15) is sometimes 
called the inversion formula for (17). 

After multiplying the systems (1) and (6) for 
m = 1 and 2 by a,R,_,(N,)$,. i(M) and 
o,,,k3 _,(N,)T,(M, z) respectively, adding and 
integrating into I/ the four results obtained will 

(PAA’l, 7) L2,1*1, Pl) + L2,3 

w, 0’1) . 

in 

(20) 
From (4) and (8), A,(N,) and B,(N,) are 

determined. After summing up the results 
obtained, one finds 

w, itN2) 

J/m. iCN2) & 
be 

2 
dill(r) 
--&-- + $q(r) = k,(N,)k,(N,) 

c 
a,,, 

m=l 

JI (N ) atim,i(Nl) 
m,i 1 an 

X ds 
aT,(N,r) 

X 

~T’,W,, 7) 

Tm(&,7) an 

= (P,(N2, 7) k”, kN2) - “m$;2) 

A,(N,) + B,(N,) * 

(21) 

$ (N ) %,kN2) 
m,i 2 an 

ds 
K,(N,, r) 

UN,, r) an 

Substituting (20) and (21) in (19X for T(7) an 

ordinary first order linear differential equation 
is obtained, which is easily solved using the 
transformed initial condition (2) according to 
(17). The solution is 

Q;(z) = e -pYmg *mk3-mW1) 

x w,(M)~,, i(M)f,(M)d’+ ~gt’)“} (22) 6 
where 

g(r) = k,(N,)k,(N,) 

From (3) and (7), $JN,), Ws(N#k T,(Nr v 7) 
and llT,(N, ,7)/h are determined. The combina- 
tion and rearrangement of results obtained 
yields to 

2 

c 

,j (N ) akf(N1) 
: 1 

*In 

m=l T:, :(N,, 7) aTmi19 ‘) 

(19) c~l(Nl, 7) Ll, ld’l,i(Nl) + Ll.3 a’1iy1) 
X 

i ~2(N,,7) L2, lk,ifN1) + L2. 3 

8th XN,) 
b 

s 
SI 

in 

+ f *,k3-,Wl) 
m=l u k,,,W,k,,W,~ 7) 

2 

$,. JN,) - w,. XN2)lanl 

X ds 
4&N,) + 4,P,) 

ICI,, XW’,W, 7)dV . (23) 

t: 
I 
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Using this solution in the inversion formulae 
(17) the desired solutions of the problem are 
obtained. 

If B,(N,) = 0, L,. 1 . L,, 2 - L,, 2. L,, 1 = 0 
and P,(M) = 0, then p = 0 is also eigenvalue 
of the two-region Sturm-Liouville problem 
and the corresponding eigenfunctions +i. ,, and 

* 2, 0 must satisfy the equations 

Lln. A. 0 + &I, 2q2.0 = 0. (24) 

Therefore, in this case, additional terms 
corresponding to the zero-eigenvalue appear in 
the solutions and it takes the form 

T*(M, r) 

(25) 

For faster convergence of the series the time 
integral contained is integrated by parts 

s g(W+ - g(0) 

0 

- /FeJ”‘drj. (26) 

0 

Then the general solution of the problem 
becomes 

7’,‘,(M, r) = Tz(M, T) + 2 G,$,,,. JM) ebrfr 
i= 1 

where 

CC 

T;(M, T) = 
c 

Gill/,, i(M) y ’ (28) 

I 
i= 1 

are called pseudo-steady zero-order solutions. 
It is easy to show, that the expression (28) is 

the solution of the differential equation 

div [k,(M) grad TL(M, r)] - p,(M)T~(M. r) 

+ P,(M, t) = u (29) 

at boundary conditions 

&. ,Ty(N,, r) + L,,,. 2T$N,, si 

+ Lln. 3 

ZT:(N,, r) 
+ L4 

V&V,. t) 

?n Sn 

= ‘P&V,. 5) (30) 

B,(N2)T;(N2, TJ -r &WJ ZT$V,, 5) 
c’n 

= ‘p,wp z). (31) 

As a matter of fact, after multiplying the 
systems (29) and (6) for m = 1 and 2 by 
~,,,k3-,,,(~V,)~,,,~ i(M) and ~mk,-,(~~IIT~(M. r) 
respectively, adding and integrating into I/ the 
four results obtained, as in (20) one gets 

T;(t) = &J(O). (32) 

Substituting (32) in the inversion formula (16) 
we come to the expression (28). 

Therefore, the pseudo-steady zero-order 
solution can be obtained by solving directly, 
equation (29) at the boundary conditions (30) 
and (31). The solutions of (29) are particularly 
convenient when P,(N Ir t), P&V,, 5). P,(M, 7) 
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are not functions of the time. If the latter func- 
tions are polynomials or exponentials of the s2 azA;;oFo’ I V2ZI(M, Fo) i (39) 
time, the convergence of the series in solutions 
could be improved in the same way as in [18]. where 

TEMPERATURE AND MOISTURE 
DISTRIBUTION IN FINITE CAPILLARY POROUS 

BODY 2 

The transfer processes in a finite capillary + (- 1)’ l+KO*Pn+ -!- 
porous body of arbitrary geometry is described JK > II -Q 

Lu Lu * WV 

by Luikov’s system [4] From equations (38) it follows 

V2&(M, Fo) = ‘%(MY F”) + Ko* Je,(M9Fo) 19l(M, Fo) - l)=,(M, Fo) 
2Fo 2Fo 

(33) 
- (9: - l)Z,(M, Fo\? (41) 

V28,(M, Fo) = Pn ae,(M, Fo) 
r?‘Fo 

9,M Fo) 92 = 5 { - =,(M, Fo) 
1 

+ z2(M’ F”)‘* (42) (34) initial pbteitials 

Substrtutmg (35) into (38) we obtain the 

The initial notentials are Drescribed functions 
defined in V 1 

1 

~,W, 0) = q&w. (35) 

ZjM,O) = e,(M) + “‘p, l 8,(M). (43) 

The boundary conditions -- -- 
on the surface S, am’ c -- 

, VU eint N, and N, Using (41) and (42) and the fact that 

I a2 icspectively are (9: - l)@ - 1) = - Ko*Pn the boundary 
condition (36) can be rearranged as 

K,, ,er(N,, Fo) + K,, #AN,, Fo) 

ae,W,,Fo) + K %W,, F$ 
($1 - 1) 

I 
a,,,. ,Z,(N,&) + 8,. 1 

&(N,, Fo) 
+ K an 

m, 3 
an 

m. 4 
an I 

= Q,(N,, F4 (36) 
- (8: - 1) a,, 2Z2Wly F4 ‘I 

and a=,(N,, Fo) 
+ fL2 an = ($3 - 9:) Q,(Nl, Fo) 

A(N 
2 

) a%,(N2, FO) 

an 
+ B(N,P,(N,, f’o) 

(W 

= Q,,(N,, Fo). (37) where 

Making the transformation [ 1 l-131 
= K,* 1 + 

+lK 
ln. 23 

ZLM, Fo) = e,(M, Fo) + 
9: - 1 

'mj Ko* 
lPn 6,(M, Fo) (38) 

B .= 

the system (33) and (34) can be transformed into 
ml K,, 3 + 9i;* l Kn, 4’ (45) 

the decoupled equations If equation (37) for m = 1 and the same 
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equation (37)for m = 2 multiplied by (3; - l)/Pn 
are added we obtain the boundary conditions 
on the surface S, 

‘4N2) 
az m2, Fo) 

’ an + B( .V,)Zj(N,, Fo) 

= SZ,(N,, Fo) + $,; ’ C$(N,, Fo). (46) 

It is evident, that the solution of the system 
(39) with the initial conditions (43) and the 
boundary conditions (44~(46) is a special case 
of the general problem studied here. To obtain 
the desired solution it is sufficient to let: t = Fo, 
T,(M, ?) = Z,(M, Fo), T*(M, 5) = Z,(M, Fo), 
w,(M) = $;, wJM) = $5, PJM, t) = 0, 
p,(M) = 0, k,,,(M) = 1, L,, 1 = (8; - lb,,,, I, 
L m, 2 = - (8: - mm.27 L,,, = @: - l)B, ,' 

L In. 4 = - 0: - w-L,2, rpp,, 7) = (8: - 4:) 

x%@',, Fo), A,,P2)=-4W2X &W,)=B(N2)7 

qn,(Np t) = Q#,, f'o) + 

9; - 1 

Pn Q2W2, Fo) 

ONEDIMElr3SIONAL SOLUTIONS 

As an application of the general theory let us 
consider the one-dimensional case studied in 
[17]: 

- p,(x)~,(x, T) + PJ-y, T), m = 1.2 

x0 < x c xi, r > 0 (47) 

T,(& 0) = s,(x) (48) 

A xw,, T) 
m 

C?X 
+ B,T(x,, t) = (Pm@,, 5) (49) 

+Lln,3 
aTl(x,,d + L aT,(x,, t) 

8x 
m, 4 

ax 
= (PJXIY~). 

Equations (6)-(s) giving the eigenvalues and 
eigenfunctions become 

&{k,,,(x)v] + {c~2w,b4 

-p,(x)} Ii/,(x) = 0 (51) 

4g&-J) + Qf4x,) = 0 152) 

L,,$,(x,) + L,. 2tiAxJ + L,@lW 

+ L,.,~~~x,) = 0. (53) 

The solution (27) for the one-dimensional 
case will be 

T’,(x, T) = Ti(x, t) + i$1 Gill/,, Jx) eePfr 

.x I 

where 

c u m=l 

I rl/m. itxO) 91, itsO) 11 

and 
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x J/m, dxO) - KI. itxO) 
AnI + *m 

and the useudo-steady solution of zero-order 
Ti(x, T) can be obtained by solving directly 

& 
{ 

a TO@, r) 
k,,(x) axm 

1 

- p,(x)T:(x, r) + P&9 r) = 0 

at boundary conditions 

A aQ0, r) 
In 

8X 
+ *,T;(Xo, 7) = (~,,,tXo, 7) 

aq(X,) 
L,, ITY(XJ + Lm, x(X1) + Lln, 3 7 

@(XI) 
+ Lm&----- 

dX 
= %(X11 7) 

(57) 

(58) 

(59) 

The last terms in equation (55) are not to be 
found in [ 173 which could be explained by some 
author’s error. 

The solution (25) valid for B, = B, = 0, 
L . L, z - L, z. L, l = 0, p,(x) = 0, for 
th\ bne-dimensional case becomes 

T:(&r) 

= ~l,~{~~~“.~:,k,_,(x,jrw,(x)dx}- 
+0 

2 

- 

c 
*A3 - 

m=l 

7) 

The above solutions (54) and (60) permit the 
easy solving of any particular case of transfer 
problems in the entrance region of pipes and 
ducts. 

If the substitutions p,(x) = 0, P,,,(x, 7) = 0, 

(P&~, 7) = 0, (pm(X1, 7) = 0, A, = 1, *, = 0, 

x0 = 0, x1 = 1, fm(x) = const are made, from 
(60) one derives a narrower class of problems to 
which belong the problems discussed in [14-163. 

Forthecasef,=0,f2=1,L,~,=0,L,,,=0, 
L 1,3 = K, L,,, = 1, L,,, = 1, L,,, = - 1, 
L = K, L, 4 = 0, WI(X) = xrgl(x) (r = 0 
0,” ‘t for duct ‘or pipe respectively), w2(x) = 

+(xX T,(x, 7) = {,(X, z) the solution of [14, 
15) is obtained. 

Forthecasef, = l,f2 = l,L,,, = O,L,,,=O, 
L 1.3 = L, L,,, = - 1, L,,, = K, L,,, = 1, 

L = 0, L, 4 
&if XA km64 

= 0, T,(x, 7) = w?, XI9 T,(X, 7) = 

= 1, w&c) = 1 and w2(x) = L 
follows the solution given in [la]. 

1. 

2. 
3. 

4. 

5. 

6. 

7. 

8. 

9. 
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SOLUTIONS Gl?N&ALES DES EQUATIONS DE DIFFUSION COUPLl?ES AUX 
CONDITIONS ACJX LIMIT’ES 

R&a*Une nouvelle transformation intkgrale tinie et la formule d-inversion correspondante sont 
introduits pour r&soudre la equations de diffusion dans un domaine fini de gtomCtrie arbitraire avec des 
conditions initiales et aux limites. Le problhme rCsultant ne se situe pas dans le sysdme classique de 
Sturm-Liouville et par suite une nouvelle condition int’tgrale a tte utili.s& comrne une relation d’ortho- 
donalit& Les solutions obtenues permettent 1’8tude de nombrem probltmes nouveaux tels que les co- 
efficients de transfert thennique dans les Changeurs a contre-courant avec deux tubes concentriques, les 
transfers simultanb de chaleur et de masse pour l’&oulement de gaz a I’intbrieur d’un tube dont la paroi 
est recouverte d’une mati& sublimable. En outre le systeme d’kquations de Luikov relatif au transfert 
simultati de chaleur et de masse dans un mat&au microporeux de gkom6trie arbitraire, a itt5 adapt& 
aux Cquations de diffusion pure couples aux conditions aux limites et g un cas sp&cial du problkme 

etudit ici. 

ALLGEMEINE Lt)SUNGEN DER MIT RANDBEDINGUNGEN GEKOPPELTEN 
DIFFUSIONSGLEICHUNGEN 

ZBZur L&ung von Diffuslonsgleichungen in einem begrenzten Gelxet behebiger 
Geometrieund Anfangsbedingungen mit allgemein gekoppelten Randbedingungen wurden eine theoretisch 
neue endliche Integraltransformation und die dazugeh&igen inversen Gleichungen eingefiihrt. 

Das sich ergebende Eigenwertproblem fillt nicht in das Gebiet des iiblichen Sturm-Liouville’sche 
Systems. Daher wurde eine neue umfassende Bedingung gefunden, die als Orthogonalit&&-Beziehung 
dient. Die LGsungen gestatten die Behandlung vieler neuer Probleme wie das der WBrmetransport- 
Koeffizienten in gegenlirufigen Zweirohr-WPrmetauschem, des gleichzeitigen W&me- und Stoffiibergangs 
im Innem von Gaastramen in Rohren, deren WHnde mit sublimierenden Stoffen versehen sind u.a.m. 
Ausserdem w-urde das Luikov’sche Gleichungssystem fti gleichzeitigen Stoff- und W;irmeiIbergang m 
poriisen Kapillargefissen mit beliebiger Form, zuriickgefiihrt auf die reinen, nur mit Randbedingungen 

gekoppelten Diffusionsgleichungen und damit auf eine spezielle Form des hier behandelten Problems. 

OBmI?E PELl.IEHIIfi YPABHEHHB AH@@Y3llfl. COiIPHXEHHbIS C 
rIOMOwbI0 l’PAHklgHbIX YUIOBMfl 

&OTa~-npHBO.7fiTCH HOBbIt? MeTORM KOHeqHbIX AHTel’paabHblX npeOdpa3OBaHKfi H 
@OpMy,?b~ 06paTHbIX npeo6paaoBaHK?l, npKMeHnMne xnH perueHuK ~n@epeHurra.~bHbrx 
YpaBHeHElfi B KOHe=lHbiX 06zaCTJix npOki3BOJIbHOti reOMeTpIfK II npK HaqaJlbHMX yC.lOBHUX 
c rpariII%rbIM&i ~C.!IOBHRMEI ConpameHHH o6qero Blr;[a. TaH Iialc nonyqeHrfyw B pezy.?bTaTe 
aanasy Ha co6cTBeHHbre afia~emrr HenbaR mecm I< 3aAaqe IIITypMa-JIKyBKnnK, paspa6oTaKo 
HOBOe HHTerpa.?bHOe yC.?OBUe, XBJIKW~eeCH COoTHOUIeHUeM OpTOI’OHaJIbHOCTII. nOJlyYeHHble 
perueHKH npaMeHKatar ~nfl 111apoKor0 Kpyra aanas, HanpKMep, am 0npeneneHKH ~031#@f- 
qWBHTOB TennOo6meHa B IlpOTMBOTOYHbIX Tpy69aTbIX Tt?nnOO6%lt?HHKKaX, ;I.-IR paCqt?Ta 
npoqeccoe coBMecTHor0 Tenno- M MaCCOO6MeHa npa TeyeHKn ra3a B KaHa;Iax co cTeHKaxz1 ~3 
cy6nurKpywmerocH maTepKana II B zpyrlrx aanarax. KpoMe Tore, cncTeYa ypaBHeHKti 
&IKOBa AJIR COBMeCTHOrO TellnO- K MaCCOO6MeHba B KOHeYHoM KanK~.?HpHO-nOpCTOM Te;Ie 
npOK3BO.?bHOii IYOMeTpKirl npeo6paayeTcH K ‘IACTO ~H@#Q%OHHbIM ypaBHf!HKRM, COnR%eHHbIM 
TOnbKO c noMombw rpaHKsHbrx yc~~osuti. YacTHbxtl czysall TaKoro pemeHsn paccnaTpir- 

BaeTCR B rtaHHOfi CTaTbe. 


