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Abstract—The normal-mode expansion technique has been used to solve the uncoupled radiative heat

transfer problem for an absorbing, emitting, isotropically scattering, nonisothermal, gray medium con-

fined between specularly reflecting, gray parallel boundaries held at uniform but different temperatures.

Solutions are given for the intensity of radiation, the incident radiation and the net radiation heat flux

for a prescribed inhomogeneous source term, represented by a polynomial expansion, in the medium.

In addition the solution due to an arbitrary inhomogeneous source term is available from the Green's
function developed for the considered problem.

NOMENCLATURE

c, albedo, the ratio of the scattering to
the extinction coefficient ;

E(1), incident radiation;

q(7), radiation flux;

S(z), inhomogeneous source term ;

T, T,, temperatures of the boundary sur-
faces;

X(z), Case’s X-function;

€4, &5, emissivities of the boundary sur-
faces;

i direction cosine;

T, optical variable;

To» optical thickness between the bound-
aries.

1. INTRODUCTION
THE RADIATIVE heat-transfer problem in finite
plane-parallel geometry for absorbing, emitting
gray media has received a great deal of attention.
In one of the earlier works, Usiskin and Sparrow
[1] presented a numerical solution for such a
medium bounded by heated black walls. Heaslet
and Warming [2, 3] considered the case of a
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slab bounded by diffuse reflectors and obtained
an analytical solution by utilizing the methods
and tabulated functions developed by Chandra-
sekhar [4] for astrophysical applications. To
date, however, the treatment of radiative trans-
fer in scattering, absorbing, emitting media
between reflecting, heated parallel surfaces’has
been restricted to numerical techniques. Love
and Grosh [5] examined the case of an iso-
thermal medium with diffusely reflecting bound-
aries, and Hsia and Love [6] extended the
problem to include the effects of nonisothermal
temperature distributions.

In the present paper, Case’s normal-mode
expansion technique [7] is used to obtain
solutions to the radiative transfer problem for
an absorbing, emitting, isotropically scattering,
nonisothermal gray medium bounded by specu-
larly reflecting, diffusely emitting, gray parallel
walls each held at uniform but different tempera-
tures. This method, developed by Case [7] for
treating one-dimensional neutron transport
problems, has been applied only recently in the
field of radiative transfer. Siewert and
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McCormick [8] obtained a rigorous solution
for an absorbing, emitting, anistropically scatter-
ing, semi-infinite medium with a linear source
function and a free boundary.

One of the earlier applications of the singular
eigenfunction expansion technique to problems
in finite geometry was made by McCormick and
Mendelson [9] who treated the slab albedo
problem. Ferziger and Simmons [10] solved
the radiative transfer problem for a non-
absorbing, non-emitting, perfectly scattering
medium (or alternatively for a gray medium in
radiative and local thermodynamic equilibrium)
bounded by black heated parallel walls. Typical
of transport problems with two boundaries, the
results of Ferziger and Simmons were not ex-
pressed in closed forms; however, they have
shown that their analytical approximate solu-
tions were highly accurate. Recently Heaslet
and Warming [ 11] considered non-conservative
radiative transfer in semi-infinite and finite
media.

The method of normal modes provides an
elegant and systematic approach to the solution
of one-dimensional, plane-parallel radiative
transfer problems. Essentially the method pres-
cribes that the desired solution be written as a
linear sum of the eigenfunctions of the homo-
geneous equation and a particular solution
appropriate to the source function of interest.
The solution to the problem is thus reduced to
that of determining the unknown expansion
coefficients appearing in the sum of elementary
solutions. These coefficients are determined by
constraining the solution to meet the given
boundary conditions and by then utilizing the
orthogonality properties of these Case eigen-
functions. This procedure is completely analo-
gous to the classical orthogonal expansion
treatment of boundary value problems.

2. FORMULATION OF THE PROBLEM

Consider an absorbing, emitting, isotropically
scattering, nonisothermal, gray medium bound-
ed by parallel walls of infinite lateral extent and
a finite distance apart. It is assumed that the

gray opaque walls emit isotropically, reflect
specularly and are kept at uniform but different
temperatures. Further it is assumed that radia-
tion is the predominant mode of energy transfer,
that the system is in steady-state, and that the
inhomogeneous source term in the medium,
taken to be either a polynomial in the optical
variable or that appropriate for the Green's
function, is prescribed.

Prediction of the net radiation heat transfer
to the walls in such a medium is an important
engineering problem. It should be noted that in
the absence of participating matter between the
walls, the net radiative heat transfer is a function
of the temperature and emissivity of the walls,
and its determination is a simple matter;
however, with the presence of participating
matter, the problem requires the solution of the
equation of radiative transfer subject to appro-
priate boundary conditions.

The equation of radiative transfer for one-
dimensional, plane-parallel, emitting, absorbing,
isotropically scattering, gray media can be
written in the form [4]

ol(z,
p OB 4 e = (1 - o) 140

1

+5 S I, W), (1)

where the 7 is the optical variable and u is the
cosine of the angle between the directed intensity
and the positive 7 axis. The constant ¢ is the
single-scattering albedo, which is the ratio of
the scattering coefficient to the extinction co-
efficient, and [,(r) is the integrated Planck’s
function.

The bounding surfaces are positioned at
7 = 0 and t = 74, are kept at uniform tempera-
tures T; and T, and have emissivities ¢, and &,
respectively. The boundary conditions for equa-
tion (1) are then given in the forms

4
10, p) = &, (i) + (1 — &) 10, — p),

1
T
ue(0, 1), (2a)
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and
aT?
I(to, — ) = &, — )+ (1 ~ &) I(z, ),

40, 1).

Here & is the Stefan—Boltzmann constant.

Once the intensity of radiation is determined,
the incident radiation E(z} and the net radiation
flux g(z) are easily obtained, i.e.

(2b)

E() = 2n i I, ) dy (3a)

and

1
g =2n | Mo ppds ()

3. GENERAL ANALYSIS

In this section we use the method of normal
modes to construct the solution of the radiative
transfer problem described previously. For
convenience in the analysis, equations (1) and
(2) are written more compactly as

51 (r, ol(, p)

+ Iz, ) = S(t) + I(‘f, wydy, @)

N!
‘!._,1:—-

10, p) = a; + b,1(0, —p),
and
I{tg, — p) = a; + byI(tq, p),

Here we have defined

1e0,1), (5a)

1e0,1). (5b)

S() = (1 = ¢) I(7), (6a)
a, = ¢ (&3:4) i=1lor2,  (6b)

and
b=(1—¢) i=1lor2 (6¢)

In equation (4), S(r) represents the inhomo-
geneous source term the form of which, at this
point, is left arbitrary. In the following section
we specialize our results for several explicit
sources of interest and give the corresponding
particular solutions to equation (4).
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We proceed then to write the desired solution
as a linear sum of the normal modes introduced
by Case [ 7] and a particular solution ; the former
solutions all satisfy the homogeneous version of
equation (4), whereas the particular solution
I,(z, p) cannot be given until the function S(z)
is specified. Thus

I(T, f—‘) = A(’?O) ¢‘(ﬂo, j,t) e—'tﬁm
+ A(—10) $(— 110, s2) €7
1
+~§1 Aln) dln, e~ dy + Lfz, p), 7
where
cno 1
¢(+ nO’ Il) VIO ¢ 'ua (83)
P
oln, p) = ———ﬂ- + An)oln — p),  (8D)
AMn) =1 — entanh™* (n), (9a)

and the discrete eigenvalues +#, are the two
zeros of the dispersion function

1
d
A(z)=1+cES H =1—-cztanh“1(1>.
2l u—z z

-1

(9b)

Here P is a mnemonic symbol used to denote
the Cauchy principal-value function, and &(x)
denotes the Dirac delta function ; the continuum
eigenfunctions ¢(n, ), n &(— 1, 1), are generalized
functions.

The functions A(ny), A(—ne) and Ay,
y &(—1, 1), are arbitrary expansion coefficients
which must be determined such that the solution
given by equation (7) meets the boundary con-
ditions of the problem. Before pursuing this,
however, we note that the incident radiation and
the flux may be obtained trivially from equations

() and (7):
E(t) = 2n[A(no)e ™™ + A(—no) e

1 1
+ le(n)e"’”dn+ _fllp(f,#)dﬂ], (10a)
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and
q(t) = 2n(1 — ¢) [Alno) no e~ "™

— A(—ng)ng €™ + jl A(myne ""dny

+(1-o7! _51 1 (%) pdu (10b)

Here we have used the fact

1
_fl ol wdp=[1 -], a=0orl,
¢=gmoore(—=1,1.  (11)

If we now define two functions (considered
known),

fiw) = ay + by 10, —p) — 1,00, ), pe(0, 1),

(12a)
and
fi#) 2 a + by Lvo, 1) — Ifwo, — o), 0, 1),
(12b)

and introduce equation (7) into equations (5),
the boundary conditions can be cast in the forms

fiw) + [b1A(ne) — A(—n0)] d(—1o, 1)
+ [ [b1AGn) — A(=m)] @(=n. 1) dn
= [A(no) — b A(=no)] P, 1)

1
+ (§)[A(n) — by A(—n)] ¢, p)dn,  pe(0, 1),
(13a)
and

Fo(p) + [bA(=n,) g/

1
— Alng) e ™) ¢(—no, 1) + g [b,A(—n)ew

—A(m) e "} $(—1, p)dn
= [A(—1no) e™/™ — b,A(no) e~ *"] d(n, p)

+ g [A(=n)e™™ — b,A(n) e~ ¢(y, u) dn,
1e(0,1).  (13b)

In order to determine the four unknown
expansion coefficients, A(y,), A(—no), A() and
A(—n), we must solve equations (13). The

M. N. §ZISIK and C. E. SIEWERT

half-range completeness theorem, proved by
Case [7] and reviewed briefly in the Appendix
of this paper, states that ¢(ng, ) and (1, p),
ne(0, 1), form a complete basis set for the ex-
pansion of arbitrary functions defined for
ue(0, 1), The right-hand sides of equations (13)
are two such expansions. These two equations
are coupled singular integral equations; they
may, however, be reduced to coupled, non-
singular, Fredholm-type, integral equations by
following the methods of Muskhelishvili [12].
We prefer to use, as an alternative method,
the half-range orthogonality theorem proved by
Kuscer, McCormick and Summerfield [13].
This theorem and the results for the scalar
products of interest here are recorded in the
Appendix for reference.

In order to isolate the discrete coefficient
[A(no) — byA(—no)] on the right-hand side of
equation (13a), we multiply that equation by
W(u) ¢(no, 1) and integrate over u from zero to
one. Similarly the discrete coefficient
[A(—no) €™ — b, A(n,) e~™/™] is isolated by
applying this same operation to equation (13b).
We utilize the half-range orthogonality theorem
and the various normalization integrals given
in the Appendix to obtain

- (%) X(10) [4(10) — b1 A(=110)] = Fi(no)

Mo 2
N (7> X(=110) [b1A(10) — A(=1,)]

2
+ %ﬂog nX(—n)[byAln) — A(—n)) dn(14a)

and

2
<%Q> X(no) [b2A(no) e ™™™ — A(—15) em/"o]

= Fy(no) — (c_gg) X (—n0) |:1‘1("Io)e_m/"0

— by A(—ne)™™]
c? \
—z Mo S nX(—n)[A@m)e ™"

0

—b,A(—n)e™] dn. (14b)
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Here we have defined

1
FiO = W ¢ 0 fwdp,  a=1and2
(15)
Further, the weight function W(yu) is given by

cu
201 = o) (no + w) X(—py
and X(z) is Case’s X-function [7], viz.

pe(0, 1),
(16)

Wy =

1

1 1 -1 cnu
X@)= 1= P {nS tan [2(1 — cutanh™! ,u):|

x d"}.
u—z

In addition to being well tabulated for the
variables of interest [14], the X-function is
related to Chandrasekhar’s H-function [4] by

Hiz) = [Jd - )@ + 2 X(=2)]7", (18)
and thus W(u) may be written as

(17)

W =50 -9 pHE. (19)

Similarly, we now project equations (13) on to
the continuum eigenfunctions by multiplying
those equations by W(u) ¢(n', p), #'¢(0, 1), and
integrating over the half-range, ue(0,1). Again
we utilize the orthogonality theorem to obtain
(after interchanging n and ")

W A* () A~(n) [A(n) — b1 A(—n)] = Fy(n)
+ cnon X(—no) §(—n0,1) [b1A(no) — A(—1,)]

1

+ 52'15(»10 + 1) X(=n) $—1,m)

bl e~ 2%o/m _ 1
A
M=

(b2 _ e-ZZo/no) e~ tolmo

x [biA(n') — A(—n')] dn, (20a)

and

Win) A™ () A™(n) [A(—1) € — b A(m)e™ "]
= F,(n) + cnonX(=no) ¢(—10, 1)
X [bZA(_ﬂo) eto/’lo _ A(no) e—to/qo]
- %’7— S (’10 + 7”) X(—?]') d)(—n’, n) [A(ﬂ)e_m/"

0

n&(0, 1),

— bA(—nm)e*dr’,  7e(0,1).  (20b)
Here
2
A*(r) A™(n) = 2 + (“’7”) . (la)
or alternatively
AM(m) A™(n) = g(c, n), (21b)

where g(c, ) is a function well tabulated by Case,
de Hoffmann and Plazcek [15].

Equations (14) and (20) are the four basic
equations from which the unknown expansion
coefficients A(n,), A(—ne), A(n) and A(—pn),
n¢(0, 1), must be determined. These equations
can be written considerably more concisely in

matrix notation :
1

MA(no) = G(no) + e[B(n') A7) Ko(n')dn' (22a)
and
M(n) A(n) = G(n) + B(no) Alno) Ky(n)

1
+ (I) B(n)A(') K(n' - n)dn’, &0, 1),
(22b)
where

A =

A
A(=¢)

In order to obtain equations (22), we have
simply rearranged equations (14) and (20),
invoked several of the previously given defini-
tions, and introduced

, & = nq or &0, 1). (23)

b1 _ e—2zo/no
, (24a)

(b2 e 2%/mo _ 1) eo/mo



616 M. N. OZISIK and C. E. SIEWERT
1 —b,
M(n) = , (24b)
_ b2 e—to/n eto/n
and
. by —1
B(¢) = , ¢ =1 or &0, 1). (25)
_ e ofE bt

In addition G(S) is a vector whose two
components are the following :

A 2\ 1
g.no) = <Z'l_o) < F.no),

a=1and2;
X(no)

(26a)

Mméﬁﬁu—m%+mwm
c

x X(—=n)F,(n), oa=1and2  (26b)
Finally
nX(—n)
K ) = ——, 27
olm) o X ) @7

K(n) = c(l — c)nd gle, n) X(—n) X(—no), (28)

cl—-o7n

K —»n) = 3

y (o + 1) (no + 1)
n+1

gle,m) X(—n) X(—n") (29)
and
el = — X(no)/ X(—1o) (30)

where z, is the Milne problem extrapolation
distance,

2
_ o CU 1 H .
Zo="5" S [1 + 12 ﬂ2:| g(c, ) tanh <'70> du;
)]

(1)

this quantity also has been tabulated for various
values of c¢. (See Case, de Hoffmann, and
Placzek [15 p. 136]).

Up to this point our analysis has been
mathematically rigorous; clearly, however,
approximations must now be made, for it is
highly unlikely that analytical solutions to
equations (22) exist. It follows that the degree of
precision with which we can complete the
desired solution will be measured by how
accurately we determine A(n,) and A(n) from
equations (22). Although these equations are
formidable analytically, they certainly pose no
problem for existing computing facilities. Thus
if highly accurate “bench mark” solutions are
sought, an iterative numerical procedure could
be used to solve these equations to any desired
degree of accuracy. Bond and Siewert [16] have
solved numerically a set of equations similar
to equations (22) for a lattice problem in neutron
transport theory. Their work illustrates the
merits of iterative solutions.

Fortunately analytical approximations can
be obtained from equations (22) which should
yield solutions of sufficient accuracy. Ferziger
and Simmons [10] obtained two different
approximate solutions to a related problem;
they showed that the lowest-order solution was
better than classical diffusion theory, whereas
the second-order solution was highly accurate.

In the present analysis, the lowest-order
solution is obtained by neglecting the continuum
coefficients entirely; the discrete solutions are
thus readily available from equation (22a):

A =0; Aino) = M_IG(WO)- (32

The second-order continuum solution is found
by neglecting the contribution from the kernel
K(n' - n) in equation (22b) and by using in that
equation the lowest-order A(y,). Finally A,(n)



RADIATIVE HEAT TRANSFER

is substituted into equation (22a) to yield
A,(n0) Thus

A,(n) = M7 (1) [G(n) + Blo) A;(0) K(n)]
and (33a)

1
A(no) = M™[G(no) + (5) B(7') As(n)
x Kotr)dn'].  (33b)

Having completed the general analysis for this
problem, we proceed to determine explicitly
the particular solutions and the vectors G(z,)
and G(n) for several inhomogeneous source
terms.

4. PARTICULAR SOLUTIONS FOR VARIOUS
SOURCE FUNCTIONS

Basic to the analysis in the previous section is
the need to determine a particular solution to
equation (4) for sources of interest. In addition
we should like to construct the vectors G{r,)
and G(n) required in the solutions for the ex-
pansion coefficients A(n,) and A(y). We examine
two basic types of sources: the first being a
polynomial in the optical variable 7, and the
second defining the Green’s function problem.

Focusing our attention on the first type of
source, we consider

Sty =17, i=0,1,2.... (34)

We investigate only the first three values of i
in the above; however, the procedure used here
is clearly valid for arbitrary i In addition,
particular solutions corresponding to linear
sums of the above sources are obtained by
superposition. If we assume a solution of the
form I(t, p) = 4,511, the following are found
immediately:

ow=1—0 (352)
(1) 1
LYW =g—1[r -4 (35b)
and
IP () = 2~ 2ut + 24 + _x
LA 1—c¢ t-0f
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Particular solutions for an arbitrary poly-
nomial inhomogeneous source term have been
determined by Lundquist and Horak [17].
We now construct the vectors G (n,) and
G'"Y (n) corresponding to i = 1. The results for
other cases are given without proof. We note
from equations (12) that

FO) = ay + I{—c(bl +)p  (36a)

and

1
1-¢

SOW = ay +

[to(b, — 1) — u(b, + D)].
(36b)

In order to construct the G-vectors of interest,
we need the following integrals:
i
a A CC
S W(w) ¢(&, u) p*dp = 5 O(, &),

0

& =1 o0r&0,1), oa=0,1and 2. (37a)
Here
O o=20
O =1y +&—n, a=1y,
PP+ E =)+ a=2
(37b)
where
1
¥ =2 ) wdp (37¢)

In addition, y® = 1, y = I(c) which is tabu-
lated by Case, de Hoffmann and Placzek [15],
and y?) is easily obtained since the X-function
is also well known numerically [14]. Noting
equation (15), we write

cé )
F(e) = E{al + 16, + DO, é} (382)

and
1
FE) = Ezé{az + T2 [tob, — 1)
- (b, + O, é)]}. (38b)
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The G-vectors for the three considered cases
may now be written by inspection :

M. N. OZISIK and C. E. SIEWERT

a b, + 1O
1—-c¢

L o , G = n($) (39b)
a1+1"c(1‘) az‘*‘ll [tolb, — 1)
GO = n(?) (392) ¢
1 — (b, + 1)O(1,
ot 1) (b, + 1)6(1, 8]
l—-c and
b, —1 2
a, + 11_ I:29(2, &+ 3 i :
GP(Q) = n(®) ‘ A,
—_——— — 2 —
a, + == {(b2 1) [2@(2, &+ -0 + ro] by + D27, 0(1, 5, (39%)
where
2
Ao X(1o) =
() = (40)
(1 =)o + mglc,n) X(—n) E=1
As illustrated above, the analysis given in  where
Section 3 is sufficiently general to be able to N(£n) = + n4* () A~ () (43a)
incorporate any inhomogeneous source term - -
represented by a polynomial in the optical and
variable. The solution technique developed here c c 1
requires only that we be able to find a particular N(+n0) = + 3 i [T—_——l - —2] (43b)
solution to equation (4) for a given source. o o

This particular solution can always be obtained ;
if, in fact, we find the particular solution associ-
ated with the source

St ) = 8t — 1) 8w — py), 7,80, 7),

le('- 19 1)1 (41)
then we would have available the particular
solution for any source distribution.

A particular solution associated with equation
(41) is clearly the well known infinite-medium
Green’s function [14]:

IP(TI’ )ul - T, ﬂ)
S [¢(in’o, fy) (Lm0, p)e ¥
B N(+1o)

+ jd,, S(£ 1, p1) S, 1) e*(f—n)/n}

N(+n)

0
thl’

(42)

In order now to complete the solution for the
Green’s function for the considered problem
[equations (4), (5) and (41)], equation (42) is
simply entered into equation (12) to give the
appropriate G-vectors. Since this procedure
yields the Green’s function and thus, in essence,
the complete solution for any source function,
we must expect the corresponding G-vectors
to be reasonably complex. For this reason they
are not given here explicitly; however, to
calculate these vectors is straightforward and
requires no information additional to that
presented here.

In conclusion we note that the present analysis
may be extended quite easily to include the
effects of linearly anisotropic scattering. This
extension can be realized by utilizing the
methods developed by McCormick and Kuiéer

[18].
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APPENDIX

Completeness and Orthogonality Theorems

Here we simply state the half-range complete-
ness theorem presented initially by Case [7]
and the half-range orthogonality theorem proved
by Kuséer, McCormick and Summerfield [13].
In addition, a summary of the necessary normali-
zation integrals [13] used to develop the results
in the main text is given.

THEOREM 1: The eigenfunctions ¢(n,, 1) and
¢(n, 1) ne(0, 1) are complete on the half-range in
the sense that an arbitrary function ¥(u) defined
for ue(0, 1) can be expanded in the form
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P(w) = Alno) dmo, 1) + g A(n) dn, ) dn,

ue(0, 1).

THEOREM I1: The eigenfunctions ¢(no, 1) and
o, 1) ne(0, 1) are complete on the half-range in
with respect to the weight function W(y), i.e.
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Normalization Integrals
In all of the following formulae, #, n'¢0, 1).
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1 i
g ¢(—1, 1) P10, ) W(p) dp = Zc*nmoX(—n) g d(—n, p) O, W) W (p) dp

(A-7) = gen'(—n,1') (no + 1) X(—n).

Résumé—La technique de développement en mode normal a été employée pour résourdre le probléme
de transport de chaleur par rayonnement non couplé pour un milieu gris absorbant, émetteur, diffusant
isotropiquement et non isotherme confiné entre des limites paralléles grises et réfléchissant de fagon
spéculaire portées 4 des températures uniformes mais différentes. On donne des solutions pour I'intensité
du rayonnement, le rayonnement iricident et le flux de chaleur de rayonnement net pour un terme de source
non homogéne imposé dans le milieu et représenté par un développement polynomial. En outre, la solution
due 4 un terme arbitraire de source non homogeéne est disponible & partir de la fonction de Green exposée
pour le probléme considéré.

Zusammenfassung— Mit Hilfe der “Normal Mode Expansion Technique” wurde die entkoppelte Wirme-
iibertragung durch Strahlung in einem absorbierenden, emittierenden isotrop streuenden, nichtisothermen,
grauen Medium berechnet. Die grauen, parallelen Begrenzungen des Mediums sollen spiegelnd reflektieren
urid konstante aber unterschiedliche Temperaturen haben. Losungen werden fiir die Strahlungsintensitat,
fir die auf die Begrenzungen einfallende Strahlung und fiir den Nettostrahlungsstrom, fiir den Fall ange-
geben, dass ein inhomogener Quellen-Ausdruck in Form eines Polynoms, vorgeschrieben ist.

Zusitzlich ist eine Losung, die auf einen willkiirlichen inhomogenen Quellen-Ausdruck zuriickgeht

mit Hilfe der Green-Funktion verfiigbar, die fiir den betrachteten Fall entwickelt wird.

1

AnHoranua—IIpuBojuTcH pellleHde HECBHABAHHOM 3ajld4u JIYYHCTOrO LEPEHOCa TeIJIA HJIA
NOTAOIAoMe, u3Iyyaomedl u30TPOIHO pacceuBamlell, HEMBOTEPMUUECKO cepoil cpensl,
BAKJIIOUEHHON MemIy 3€PHAIbHO-OTPAMKAILMMHU CePBIMHU T1APATIJIENbHBEIMM IPAHHIAMU ¢
MOCTOAHHBIMU, HO PA3JIMYHBIMU TeMTIepaTypamu. IlpecTaBiensl peneHusA LA HHTEHCHBHOCTY
U3IY4YeHHA NAJAI0NIer0o HM3Jy4YeHUA M pesysIbTUPYIOUIero TEMJIOBOr0 MOTOKA W3jy4velus B
cpefie A 33JAHHOTO HEOIHOPOJHOTO0 MCTOYHHKA, IIPENCTABJIEHHOTO I1OJMHOMUHAJILHBIM
passgomenneM. Kpome TOro 10iy4eHo pelleHMe, onupamwlieeca Ha GyHKUMIO I'puna, pia
JAHHO! 3a7a4u.
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