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Abstract—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 within 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
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boundary coefficient func-
tions defined on §,:
constant boundary co-
efficients defined on x =
X'

m 1° Km. 2° Km. 3 Klll,"
constant boundary coeffi-
cients defined on S, or
X =Xy

initial distribution func-
tionsin V:
one-dimensional  initial
distribution functions in
X,

source functions on S,
respectively on x = x,:
source functions on S,
respectively on x = x,;
prescribed functions de-
fined in ¥, for which
k,(N,)are constant;
prescribed function de-
finedin x:

point in V:

N, N,
n,

P,(M,1),
P (x,7),
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T.{M, 7). T}M. ),

X,
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w, (M), w_(x),

PmM), p,(x),

Z M, Fo),
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39,
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points on S, and S, re-
spectively:
outward normal of §, 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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My eigenvalues:
Y . {M), eigenfunctions in M-space:
W (), cigenfunctions in x-space:
div( ), divergence operator in M-
space:
grad( ), gradient vector in M-
space.
Dimensionless criteria
x,T .
Fo = -k’; Fourier number:
Lu = %, Luikov number:
q
= EE—(M, Kossovitch number;
¢ty — ty)
Pn = M, Posnov number:
ca(0, — 0.
£, phase change criterion,
Ko* = ¢Ko:
8,(M, Fo) = i — tto, dimensionless tempera-
s 0 ture:
0,(M, Fo) = 0, — 9’ dimensionless rAno.isture
8, — 6. transfer potential:
where f, temperature [°C]:
f. moisture potential [°M]:
1. time [T]:
dp thermal diffusivity coeffi-
cient [L*T~']:
a,s diffusion coefficient of
moisture in the material
[L*T-']:
r, specific heat of evapora-
tion [L*T~?]:
o, thermal gradient coeffi-
cient [°C~']:
Cops specific isothermal mass
capacity of the material
™M™ 17:
Cp specific heat capacity of
the material
[L*T-2°C™']:
R, characteristic body di-
mension.
Subscripts
i, 1,2.3,4....:

J- lor2:
m, lor2:
0. initial value:
* in equilibrium with sur-
rounding air:
s, surrounding.
INTRODUCTION

THE DRYING theory is based on the phenomenon
of thermodiffusion found by A. V. Luikov about
30 years ago [1]. 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 [5].

Independently O. Krischer also proposed a
system of differential equations for temperature-
moisture distribution in a capillary porous
body [6, 7]. As we showed in [8] this system is
practically identical to that of Luikov. The
system defined by de Vries [9] for the case of
constant thermophysical parameters [10] 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 [11] followed later by
J. Krank [12] and M. Smirnov [13] 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, 15] R. Stein introduced the two-
region one-dimensional Sturm-Liouville 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 [ 16] 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[14-16].

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 SOLUTION OF THE PROBLEM

In the present study the following equations
will be examined

cT (M 7)

W, (M) = div[k, (M) grad T, (M, 1)]

— pu(M)T (M, 7) + P,(M, 1),
m=12MeV,120 ()
with the initial condition
T.(M,0) = /(M)
and boundary conditions
L, T(N,t+ L,,,.ZTZ(Nl’r)

eTy(N,,7) 8Ty(N, 7)
+ Ly L,

= ¢@,(N,, 1) NS, (3)
0T (N, 1)
én

2)

B (N,)T(N,.7) + A,(N,)

= ¢,(N,, 1), N,eS,. 4)
It is supposed that the solution of the problem
can be represented by the expansions

T.(M,7) = .; Cab,, (M) 5

where ¥, (M) are eigenfunctions of the two-
region Sturm-Liouville problem
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wiw, (MW, (M) = p (MW, (M)

— div [k,(M) grad y,, (M)] 6)
Lm. lwl.i(Nl) + Lm, sz.i(Nl)

+ Lm. 3 awla;:Nl) + Lm.4 éw/zéir(lNl) = 0 (7)
BN Wy (V) + A, Xt g g

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 coefficient C, it is appropriate to derive an
integral condition to replace the well-estab-
lished orthogonality relation.

By conventional manipulations [18], we
obtain

'f, WMWY, (MW, (M)dV =

OYm AN 4)
1 Yo, AN) T

2k m(N 4 ou (N ds
b o) Had )

.ui _,uj

oy (N
bty ol

+ |k (N,) N N as¢.
dlm, j(Nl) ——m_é.nu

S

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

AR TUE
e (N =0. (10)
Y, AN;) =I5

From the condmons (7) Y,(N,) and
OI'y(Ny)n are determined as linear combina-
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tions of ¥ (N,) and &y ,(N,)on. A further
application of the results yields for

W (N )
2 mx‘Nl) n
Y Om (11)
m=1 (? N
U ,(N)‘y:'gl{——)
where
Ll 3 Ll 1 Ll 2 Ll 4
g, = ’ o, g, = ’ e
' L2,3 Lz.l z Lz.z L2.4
(12)

After multiplying the equation (9) for m = 1
and m = 2 with k,__(N,).s,, respectively, add-
ing and integrating into ¥ the results obtained,
taking into account that k,(N,) are constants,
one finds

2
Zl aka-m(Nl) iwm(M)'l’rn. AM)'I’,..,(M) d V=

1
- “2 kl(fvl)kz(Nx)“ Z T
f]

L
M

—}liz

b, 1) Ym0

ds
v () aw,,,[(Nl)
m, 1

on
: b 1) il

+ Zamks_m(Nl) dsp.

ow_ {N
m=1T ll/m,J{NZ) wmars 2
53

(13)

The right-hand side of equation (13) has the
same expressions as in relations (10) and (11).

Therefore for j # i one gets

2
Z‘f’”k3 ~mlN ) if, W MW, AMWs,, (M)V =0.

(14)
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Equation (14) will serve as an orthogonality
relation. Multiplying equation (6) for m = 1
and 2 with o k,_ (N w (MW, (M) respec-
tively, adding and integrating into V the
resulting expressions, one finds the expression
for C,. Then (5) may be written as follows

M) = 3 G (MT®) (19
where
G7' = 3 ouks (N [ (MW2 (M)A V (16
and
70 = 3 oukso)

x fw (MW, (M)T(M,7)d V. (17
v
Let us carry out the transition to boundary
H; — 4 in equations (13). For (16) the following
expression is obtained:

o2
G, = 2u;<k (N )k, (N,) Zam
m=1
S
(3‘1',.(1\’ ,)) (52 YN J)
ou B= ondu =p F
X 0 (N id s
m, i 1
' tllm‘i(Nl) _én—‘”
z Iad
+20,,k3-,,w,) J V)
m=1
52
(W,.,(N z)) (52%,(1"’ 2)) .
y ou ) ondu ; y=n ds} .
W (N,
‘/’m. i(Nz) —'5';'_”

(18)
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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 o,k;_,(NW, (M) and
Opks_n(N)T,(M,7) respectively, adding and
integrating into V the four results obtained will
be
dT(r)

2
ar + “;27:(7) = k;(N)ky(N,) zam
m=1

wm‘ E(Nl) a.l/mé;le)

0T (N,7) ds
T
Tm(NpT) __'"an_l
S

+ Z Opks (NS | ku(N2)

m=1
S2

0 N
by HmilD

X ds

¢éT (N, t
(N, 1) —'"272——)

+ wm, i(M)Pm(M’ t) dV . (19)

|

From (3) and (7), ¥ ,(N,), 0y (N ,)/0n, T(N, , 1)
and éT,(N,, 1)/0n are determined. The combina-
tion and rearrangement of results obtained
yields to

N AN
s Ny etV
=t [T, (N, 1) E-_g;l’_t)
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0 N
@y(Ny,t) Ly ¥, {N)+ L, _w’l‘g:(;"l_)

Oy (N
on

(20)

From (4) and (8), A4,(N,) and B, (N,) are

determined. After summing up the results
obtained, one finds

(Dz(Nv 1) Lz, 1'1’1. i(Nl) + Lz, 3

0 (N
b ) oD
T,(Ny 1) a—-——ngv 9
oy, (N,
= o, (N, 5 Vm i) = =5

A (N,) + B,(N,)
@1n

Substituting (20) and (21) in (19), for Ti(z) 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

2
T(r) = e~ #{ ; ks - m(N,)
X [Wo( MW, (M) M)AV + ge“*‘g(t)dt} (22)

where
g(t) = k(N )k, (N,)

0, N
@,(N,7) Ly ¥, {N)+L,, wla'fl )

W, (N
?2(Ny, 1) Ly ¥y AN+ Ly 5 Illlai:t !
S

2
+ ;1 amks-m(Nl){J'km(Nz)(pm(Nz, T)

2

U, (N2) — [, AN ,)/0n]
A,(N,) + B,(N))

+ '!'lﬁ,,_ {M)P (M, 1) dV} . (23)
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Using this solution in the inversion formulae
(17) the desired solutions of the problem are
obtained.

IfBN;)=0 L, ,.L,,-L,,-L, ;=0
and p, (M) =0, then p =0 is also eigenvalue
of the two-region Sturm-Liouville problem
and the corresponding eigenfunctions y, , and
¥, o must satisfy the equations

Ly ¥y 0+ Ly s 0=0.

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

T*M, 1)

2
= '//,..,o{mgl"mwi,oks

(24)

_,“(Nl)i[wm(M)dV}"1

2 '
X { Zlam‘/’m. oks - m(N ) | wa(M)f (M) dV

Y
vV

o,(N,7) L,
(N 1d
- J[ U OJ 9,(N,7) Ly, ]
r N,
+ 21 Umks—m(Nl)wm. 0{§km(N )%;jlds

+ f P (M, ‘c)dV}]dr + S G, M)
i=1

72(1)} :

(25)

For faster convergence of the series the time
integral contained is integrated by parts
J‘ g(r)e*t dr =

[¢)

1
Y3

" {g(r) et — g(0)

- J 57-‘{—(-’—) ert dr} .
it
0

Then the general solution of the problem
becomes

(26)

T M,1) = TYM,1) + i m (M) e He

M. D. MIKHAILOV

X {mg 1amk_,,

LI . f 9D i g % 27)

Ny J MY, (M)f,(M)dV

u; w) ot
where

Gt )22

i

T%M, 1) =

i=1

(28)

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 T9(M, 1)] — p (M)T%M.1)

+ P M, 1)=0 (29)
at boundary conditions
L TN, o+ L, ,THN .1

éTYUN ) ¢TUN 1)
s L PASEES
T Lm. 3 (‘;n + m. 4 c’n

=@, (N,.T) (30
TN, 1)
cn

= @ (N,.1)

B, (N)TY(N,. 1) + A, (N,)

{31)

As a matter of fact, after multiplying the
systems (29) and (6) for m=1 and 2 by
ky_ (N W, (M) and o,k;_.(N)ToM, 1)
respectively, adding and integrating into V the

four results obtained, as in (20), one gets
() = L—llgg(m. (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 @_{N,, 7), ®,(N,, 7). P (M, 1)
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are not functions of the time. If the latter func-
tions are polynomials or exponentials of the
time, the convergence of the series in solutions
could be improved in the same way as in [18].

TEMPERATURE AND MOISTURE
DISTRIBUTION IN FINITE CAPILLARY POROUS
BODY

The transfer processes in a finite capillary
porous body of arbitrary geometry is described
by Luikov’s system [4]

VZGI(M, FO) = aol(M’ FO) + KO* aGZ(M’ Fo)
¢Fo ¢Fo
(33)
06.(M, Fo)
V20,(M, Fo) = Pn 222" 7
2 °) " dFo
00,(M, Fo)
* ——————-———
<Ko Pn +Lu) Fo (34)

The initial potentials are prescribed functions
defined in V

6,(M,0) = 6,(M). (35

The boundary conditions on point N, and N,
on the surface S, and S, respectively are

K, 0,(N,,Fo)+ K, ,0,(N,,Fo)

+ K 00,(N, Fo) + k. 90N, Fo)
m, 3 ——a“n_ m. 4 an
- QN,Fo) (36)
and
00 _(N,, F
) P2 T | vy N, Fo)
= Q,(N,Fo. (37

Making the transformation [11-13]
2 —
Z (M, Fo) = 6,(M, Fo) + §J'—E-IG)Z(M, Fo) (38)

the system (33) and (34) can be transformed into
the decoupled equations

2161
0Z (M, Fo)
2 2
9; —J——aFO V4Z (M, Fo) (39)
where
9 l 1+ KO*P +~1—
=3 " L
1 ! 1+ KO*P 1y_4
+ (- )\/l:( + n+ E) -—L—u]} (40)
From equations (38) it follows
1
6,(M,Fo) = 9—2-——-9—2{('9§ - 1Z,(M, Fo)
2~ Y1
— (83 - DZ,(M,Fol}t  (41)
1
6,(M,Fo) = T 92{ Z,(M, Fo)
+ Z,(M, Fo)}. 42)

Substituting (35) into (38) we obtain the
initial potentials

92

Z{M,0) = 6,(M) + —-’——— 0,(M). (43)

Using (41) and (42) and the fact that
(92 — 1)(82 — 1) = — Ko*Pn the boundary
condition (36) can be rearranged as

0Z (N, Fo
(83 - 1){°‘m. 1Z,(N,,Fo) + B, , —L(gnl‘—‘) }

- % - 1){0:,,, 2Z,(N,,Fo)

8Z,(N,, Fo)

thn 5, } = (93 - ) Q,(N,, Fo)

(44)
where
2
94 -1

o, =K |+ Ko

mj

Km. 2

2
9 -1
Ko*
If equation (37) for m =1 and the

ﬂmj = Km, 3 + Km, 4 (45)

same
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equation (37)form = 2multiplied by (87 — 1)/ Pn
are added we obtain the boundary conditions
on the surface S,

A(N, )QEM + BIN)ZN,, Fo)

= Q,(N,, Fo) + gLFTl Q,(N,, Fo).

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,

(46)

T,(M, 1) = Z,(M, Fo), Ty(M, ©) = Z,(M, Fo),
w(M) = 92, wyM)= 95, P M, 1) =0,
pnM) =0, k(M)=1, ,,, L= (92 = 1y,
Lm. 2= ('9% - 1)am. 20 m 3 (92 )ﬂm 1
Lm. 4 = (9% - l)ﬁm. 2 q’m(Nl’ t) (93 9%)

x Q.(N,, Fo), A{N,)=A(N;), B.(N2)=B(N,),
qu(Nz. T.') = QI(NZ’ FO) +

9z -1

Q,(N,, Fo)

ONE-DIMENSIONAL SOLUTIONS

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

[17]:
W(X) ——

oT(x,7) @ oT (x, 1)
ot ox {k () ox }

— P X)T (%, T) + P (x,7), m= 1,2

x<x,t20 (47

{48)

X, &
T(x, 0) = f(x)

0T (x4, 7)
™ ox
L,  Tix,,7) + L, ,T)x,,7)

0T,(x,,7) ‘L 0T,(x,, 1:)
dx e Ox

A + B, T(xy,7) = @,(x0.7) (49)

+L, ;

m, QX5 T)
(50)

Equations (6)8) giving the eigenvalues and
eigenfunctions become

M. D. MIKHAILOV

i{km(x) dlﬁm(x)} + {#Zwm(x)

dx dx
— P XN W fx) = (31)
A Wn(xo) + B(x,) =0 (52)
L, W,(xy) + Ly o¥a(x) + Ly 53 (x
+ L,... Malxy) = (53)

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

T, (x,7) = To(x.7) + i e

upie
-

O s i) f W (W (X)) dx

1 1
- ;l—zg(O) b j g?e”ﬁ dr} (54)
i i 3

where

2

Gi—l = zul{kl(xl)kz(xl)

m=1
( Yl 1)> (azlﬁm(xl)) !
X 5[1 ®= axaﬂ n=py =
¥, %) Ui, d%1)
2
- Z Gmkm(xO)k3—m(xl)
m=1
) (%) é”w,.(xo)) !
X du y= 0xcu P
Y, {X0) Yo, dX0) |

{55)
and
gl = k,(x,)k,{(x,)

@y(xy, 1) Ly ¥y x) + Ly, W0, dxy)
Paxy,7) Ly, 1¢1.;(x1) + L, ¥ (x))
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- Z amk3—m(xl){km(x0)‘pm(x0’ 7)
m=1
‘l,m ;(xo) ‘ll:n l(xO)
A, + B,

X1

- J ¥, {X)P (%, ) d.x} (56)

X0

and the pseudo-steady solution of zero-order
TO(x, ) can be obtained by solving directly

0
é {k () 2 Lm%: ) oT (x,r)}

-~ p,,,(x)Tg,(x, )+ P x7)=0 (57

at boundary conditions

OT%(x4, 7)

Am ox

+ B, TOx0. 1) = @p{xq7)  (58)

dT(x,)
Ox

L, 1T(1)(x1) + L, 2Tg(x1) + L, ;

+L,,

0
T _ Pp(x1,7) (59)
ox

The last terms in equation (55) are not to be
found in [17] which could be explained by some
author’s error.

The solution (25) valid for B, = B, =0,
L,,.L,,~-L, ,.L,, =0, p,(x)=0, for
the one-dimensional case becomes

T ¥(x,1)

2 x

= WM,O{MEI O’mllli‘ 0k3—m(x1).[ W,,,(X) dx}_l
2

X { y

m=1

am‘#m. 0k3 -m(xl) fw m(x)fm(x) dx
‘Pl(xp 1) Ll, 1
| @y(xy,7) L,

+ J.l:kllxl)kz(xl)‘lﬁ, [\]

[
2

- Z Ok 0610501 ) ﬁ

m=1

2163

X

Z K3 —mlX1 W, 0 J~ P, (x, T)dx:Id't}

X0

+ iil G ¥ T().  (60)

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
Op(Xes TV =0, @ (x;, 1)=0, 4, =1, B, =0,
xo =0, x; =1, f,(x) = const are made, from
(60) one derives a narrower class of problems to
which belong the problems discussed in [14-16].

Forthecase f, =0,f/,=1,L, , =0,L; ,=0,

L ;=K L ,=1 L, =1, L“—-l
L,;=K,, L, ,=0, wl(x) =xTg,(x) (T'=0

1 for duct or pipe respectively), w,(x)=
xTg,(x), T(x, T) = £.(x, z) the solution of [14,
15] is obtained.

Forthecasef, = 1,f, =1L, , =0,L, ,=0,
Lis=L L ,=-1 L,,=K, L,,=1,
L,;=0L,  =0Tx,1)= 0 1), T,x,7)=
o, x), kx)=1, wix)=1 and wy(x) =
follows the solution given in [16].
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SOLUTIONS GENERALES DES EQUATIONS DE DIFFUSION COUPLEES AUX
CONDITIONS AUX LIMITES

Résumé—Une nouvelle transformation intégrale finic et la formule d'inversion correspondante sont
introduits pour résoudre les équations de diffusion dans un domaine fini de géométrie arbitraire avec des
conditions initiales et aux limites. Le probiéme résultant ne se situe pas dans le systéme classique de
Sturm-Liouville et par suite une nouvelle condition intégrale a été utilisée comme une relation d’ortho-
gonalité. Les solutions obtenues permettent I'étude de hombreux problémes nouveaux tels que les co-
efficients de transfert thermique dans les échangeurs & contre-courant avec deux tubes concentriques, les
transferts simultanés de chaleur et de masse pour 1'écoulement de gaz 4 I'intérieur d’un tube dont la paroi
est recouverte d’une matiére sublimable. En outre le systéme déquations de Luikov relatif au transfert
simultané de chaleur et de masse dans un matériau microporeux de géométrie arbitraire, a été adapté
aux équations de diffusion pure couplées aux conditions aux limites et 4 un cas spécial du probléme

étudié ici.

ALLGEMEINE LOSUNGEN DER MIT RANDBEDINGUNGEN GEKOPPELTEN
DIFFUSIONSGLEICHUNGEN

Zusammenfassung—Zur Losung von Diffusionsgleichungen in einem begrenzten Gebiet beliebiger
Geometrie und Anfangsbedingungen mit aligemein gekoppelten Randbedingungen wurden eine theoretisch
neue endliche Integraltransformation und die dazugehérigen inversen Gleichungen eingefiihrt.

Das sich ergebende Eigenwertproblem fallt nicht in das Gebiet des {iblichen Sturm-Liouville’sche
Systems. Daher wurde eine neue umfassende Bedingung gefunden, die als Orthogonalitits-Beziehung
dient. Die Losungen gestatten die Behandlung vieler neuer Probleme wie das der Warmetransport-
Koeffizienten in gegenliufigen Zweirohr-Wirmetauschern, des gleichzeitigen Wirme- und Stoffitbergangs
im Innern von Gasstrémen in Rohren, deren Winde mit sublimierenden Stoffen versehen sind u.a.m.
Ausserdem wurde das Luikov’sche Gleichungssystem fiir gleichzeitigen Stoff- und Warmeiibergang n
pordsen Kapillargefdssen mit beliebiger Form, zuriickgefiihrt auf die reinen, nur mit Randbedingungen

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

OBIIUE PEMIEHHUA YPABHEHUN AU®OY3UMU, CONPAREHHBIX C
NMOMOWIBIO 'PAHUYHBIX YCJIOBUN

Annoranua-—IIpHBOJIATCA HOBEIE MeTOXHl HOHEYHBIX HHTErpajJbHHX MpeodpasoBaHMuE i
dopmyasl oOpaTHHIX mnpeo0pa3oBaHull, NpHUMeHNMMble TNA peuleHUA IndPepeHIHANBHEIX
VpaBHeHHIl B KOHEeYHHX 00JaCTAX MPOM3BOJIBHON FeOMeTPHH W MPM HAYATbHBIX YCIOBHAX
¢ TpPaHMYHBIMYU YCJIOBHAMH conpmmeHun obwero Buga. Tak Kak MOJy4YeHHYIO B peayiapTare
3ajJavy Ha coGCTBeHHRBIE 3HAYEHHA HEJb3A cBecTH k 3agadve lHrypma-JInysuaa, paspadorano
HOBOEe HHTErpaibHOE YCIOBUe, ABIAIONEECA COOTHOUIEHNEM opToroHadbHocT. [Tonxyyennsle
pelieHNA OPUMEHUME JJIA IIMPOKOro Kpyra sajfad4, HampuMmep, JJIA ONpegeleHUs Koaddu-
HOHTOB Temjioo6MeHa B MNPOTUBOTOMHHIX TpyOwaThIX TerI0OOMeHHMKaxX, IA pacyeTa
TIpOLeCCOB COBMECTHOTO TeIlTO- 1 MaccooGMeHa MpH TeueHHH rasa B KaHaJaX CO CTEHKAMH M3
cybanMupynomeroca MaTepnaja M B JIpYyrux 3agadax. Hpome Ttoro, cuerema ypaBHeHMit
JIBIKOBa AJIA COBMECTHOTO TeNJ0- M MAacCOOOMEHH B KOHEVHOM KAMUWIIAPHO-MOPCTOM Tele
MPOU3BOIBHOII TeOMeTPHH HpecOpasyeTca K YNCTO TUPDY3HOHHLIM YPABHEHUAM , COMAKEHHEIM
TOJIBKO € [IOMOWIBI0 TPAHNYHBIX yCaoBmil. YacTHHIt cayvyall TAaKOro pemIeHMA paccMaTpi-
BAeTCH B JaHHOI cTaThe.



