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Abstract-Two-dimensional laminar natural convection in horizontal prismatic enclosures of arbitrary 
cross-section is investigated. With the Boussinesq approximation the convection equations are written in 
a curvilinear non-orthogonal coordinate system and are solved by the implicit finite-difference method. 
Transient natural convection is studied in quadrangular regions of non-conventional configurations : (a) 
an isosceles trapezium; (b) a portion of a circle confined between two equal and parallel chords; (c) a 
region with the boundaries formed by the cosine semi-wave and three segments of straight lines. The 
solution of the problems is obtained within the range of Grashof numbers 10’ < Gr C lo6 at different 
geometrical parameters of the enclosures. It is found that the maximum values of the stream function and 
Nusselt number may accomplish damping oscillations about their stationary values. The results obtained 

for the trapezoidal enclosures are in good agreement with the data reported by other authors. 

1. INTRODUCTION 

IN RECENT years there has been a marked upsurge 
of interest shown in the numerical study of natural 
convection within enclosed cavities. The successes 
achieved in the so-called numerical experiment have 
become possible due to the development of effective 
methods for solving the Navier-Stokes equations and 
to the use of large-capacity computers. 

The overwhelming majority of works dealing with 
convection in enclosures is restricted to the cases of 
comparatively simple geometry : rectangular, cylin- 
drical and spherical cavities [l-3]. The configuration 
of actual containers occurring in practice is often far 
from being simple. The investigation in uncon- 
ventional enclosures can be found in refs. [4-141. 

Convective motion of a fluid in rectangular enclo- 
sures with protrusions, partitions or fins is inves- 
tigated in refs. [4,5]. It is noted that a mean heat flux 
through an enclosure decreases with an increase in fin 
size. 

Quite frequently the channels of building con- 
structions, panels of electronic equipment, current 
leads in the electrotechnical industry, and solar energy 
collectors have the shape of triangular prisms. 
Numerical simulation of convective processes in such 
enclosures is performed in refs. [68]. 

Reference [9] considers two-dimensional natural 
convection in a parallelogram-shaped enclosure. The 
vertical walls are assumed to be isothermal (cold and 
hot), while the linear temperature distribution or the 
condition of thermal insulation is given on the other 
two parallel walls. The results of calculations are com- 
pared with the experimental data. In ref. [lo] the same 
problem is solved in a conjugated formulation. 

Convection in a region formed by concentric cir- 

cular arcs and radial straight lines is considered in 
refs. [ 11,121. The computational study of convection 
in a trapezoidal enclosure with thermally insulated 
bases and isothermal walls inclined at an angle of 45” 
is made in ref. [13]. The solution of the problem is 
obtained with the use of stream function-vorticity 
variables in the range lo* < Ra < lo5 at different 
enclosure orientations with respect to the gravity 
vector. 

Finally, ref. [14] deals with laminar and turbulent 
natural convection in a complex geometry region. 
Based on elliptic equations, the generation of a body- 
fitted numerical grid is fulfilled. The problem is solved 
with the use of stream function-vorticity variables. 
Turbulent modes of flow are considered with the aid 
of the two-parametric model of turbulence. As an 
example, natural convection in a region with sinu- 
soidal boundaries is considered. 

Numerical simulation of natural convection heat 
transfer in arbitrary shaped regions imposes special 
requirements on the coordinate system of the 
problem. There are several ways for selecting the 
system. First, it is possible to use a Cartesian rec- 
tangular coordinate system. However, since it is 
necessary that boundary conditions be specified at 
irregular grid points with a corresponding loss in sol- 
ution accuracy, it is impossible to generate body-fitted 
numerical grids, and this makes the system of little 
value. Second, in some cases the use of mixed grids is 
possible (e.g. rectangular Cartesian grids over linear 
segments of the region and polar ones over the sectors 
of a circle, etc.). It goes without saying that not every 
configuration admits this approach. Moreover, some 
difficulties arise with matching solutions at the bound- 
aries of subregions where the Jacobi matrix co- 
efficients may be discontinuous. 
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NOMENCLATURE 

CP coefficient of heat capacity 
ctli, dli grid thickening coefficients 

9 free fall acceleration 

$1 
covariant g-~m~nents 
metric tensor components 

Gr Grashof number, flg(T, - T2)L3/vZ 
H height of cavity 
h ,, hz heights of side walls 
L. characteristic length 
Nu local Nusselt number, (&J/&r), - 
Nu mean Nusselt number 

P pressure 
Pr Prandtl number, ~vc~l~ 
R radius 
Ra Rayleigh number, Gr Pr 
T,, T2 dimensional characteristic 

temperatures 
t time 
24,, u2 Cartesian velocities 

vtr 02 covariant velocity vector components 
l?‘, u2 contrava~ant velocity vector 

components 
x’, x2 curvilinear coordinates 

Y,, Y, Cartesian coordinates 

4 auxiliary variables. 

Greek symbols 
fl thermal coefficient of volumetric 

expansion 
A increment of a quantity 
6 correction to the sought-after quantity 
8 relative temperature 
1 coefficient of thermal conductivity 
V kinematic viscosity 

P density 

; 

relaxation time 
angle of inclination 

ti stream function. 

Subscripts 
max maximum value 

Q at the differentiation point Q 
w on the wall 

Yi projection on the Cartesian yraxis 
0 scale of the quantity. 

1 

The most effective system, which would be free from 
the aforemention~ sho~~o~ngs, is regarded to have 
coordinate lines (or surfaces) which coincide with the 
boundaries of the region. In a general case this system 
will be curvilinear and non-orthogonal. 

This paper considers numerical simulation of tran- 
sient natural convection within regions of arbitrary 
configuration on the basis of Navier-Stokes and 
energy equations written in the curvilinear non- 
orthogonal coordinate system. The specific features 
of the solution of such problems can be found else- 
where [15]. 

2. MATHEMATICAL FORMULATION 

Consider a horizontal prismatic container of large 
extension the cross-section of which (a quadrangle 
ABCD with arbitrary curvihnear boundaries) is 
depicted in Fig. 1. The gravity vector is located in the 
plane of this cross-section. 

It will be assumed that in the region ABCD under 
study a laminar natural convection occurs with 
moderate temperature variations for which the 
Boussinesq approximation is valid. The heat gener- 
ation due to viscous dissipation and the work of com- 
pression forces are neglected. 

With the above ass~ptions, the governing equa- 
tions of two-dimensional unsteady-state natural con- 
vection can be written in the Cartesian coordinate 
system (Y,,Y& as 

(1) 

(2) 

auk -_=O 

ah 
, i=l,2; k=1,2. 

Here and hereafter, repeated indices imply the sum- 
mation from I to 2. 

Equations (i)-(3) are presented in dimensionless 
form. The Iinear scale is selected to be the charac- 

I 
v, 

I 
0 4 

FIG. 1. The plane of Cartesian Q ,, yz) and curvilinear (x’, x”) 
coordinates. 
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teristic length L, the time scale is taken to be the 
diffusion time t,, = L’/v, the velocity scale will be the 
quantity u. = L/t, = v/L, and the pressure scale is 
taken to be twice the dynamic head pt$, = pv2/L2. 

Let (x*,x*) be the curvilinear non-orthogonal co- 
ordinate system in the plane of the cross-section 
ABCD the coordinate lines of which coincide with the 
boundaries of the region. Now impose the require- 
ment that the transformations X’ = x’(y,,y,) and 
x2 = x21y1,y,) map the investigated region on the 
canonical region, i.e. a unit square (0 < x’ < 1, 
0 < x2 G 1). 

In the coordinate system (x1,x2) equations (l)-(3) 
have the following tensor form [ 151: 

where 

#‘vku[ = 0, i,k,l= 1,2 (6) 

pz& 
0: Q 

(7) 

The covariant, ui, and contravariant, ui, velocity 
vector components are associated with the Cartesian 
components U, by means of the familiar relationships 
of tensor analysis [ 161 

i,cr = 1,2. (8) 

Expressions analogous to equations (8) may be 
written for tensor components of any rank in tran- 
sition from the Cartesian till y2) to the arbitrary 
curvilinear (x1,x2) coordinate system. These ex- 
pressions can be used to transform equations (4)- 
(6) to a form without tensor derivatives. 

Thus, using expressions (Al)-(AS) (see Appendix), 
it is possible to replace equations (4)-(6) by the fol- 
lowing system of equations which describe transient 
natural convection in an arbitrary non-orthogonal 
coordinate system : 

avi ~(~PGJ 
at+-s-= gi ap a ( > _LI 86 -cr~e-~+~ g -@ (9 

de a(tlke) i a Ak, as -=_- 3i+ a.2 ha2 g ax’ ( ) (10) 

&@%,) = 0, i,k,l= 1,2. (11) 

The symbol f”) denotes the quantities calculated 
with the help of the derivatives an’/&_ and &/ax 
8xed at the ~fferentiatjon point Q 

The system of equations (9)-(11) is augmented with 
the corresponding conditions on all the solid bound- 
aries of the region: the non-slip and non-flow con- 
ditions for the velocity vector components, first- and 
second-kind boundary conditions for the temperature 
0. 

Since in physical variables the pressure p is deter- 
mined from equations (9) accurate to an arbitrary 
constant, an additional condition is used, e.g. p = 0 
at the point x1 = x2 = 0. No other boundary con- 
ditions are used for the pressure. 

In the case of unsteady-state processes, initial con- 
ditions should also be given. When solving actual 
problems, it is supposed that at the initial time instant 
the fluid is quiescent throughout the entire convection 
region and that its temperature is everywhere equal to 
80 = 0.5. 

3. METHOD OF SOLUTION 

When constructing the finite-difference scheme for 
solving equations (9)-(1 l), a non-uniform grid with 
exponential thickening near the solid boundaries is 
used. For this purpose, the auxiliary variables zi 
(i = 1,2) are introduced which vary with a constant 
grid step AZ, and which are associated with the co- 
ordinates x’ (i = 1,2) by 

z, = - ; 1+ 
1 

In (1 -l-d&) In [l +d2i(l -x’)] 

In (1 +d,J - ln (1 + d2J 1 

where 0 < z, < 1, 0 < t2 < 1. The grid thickening 
coefficients were supposed to be equal to du = 
da = IO. 

The unknown grid functions vi, v2, p and 8 are 
determined at the points of grid cells which are shifted 
relative to one another, as is conventional in the MAC 
method [17J The pressure p and temperature 0 are 
specified in the centre of each cell, the function u, 
in the middle of its left- and right-hand sides and the 
function v2 in the middle of the upper and lower bases 
of the cell. The convective terms in equations (9)-( 11) 
are appro~mat~ according to the donor-cell method, 
whereas the remaining terms are approximated with 
conventional central differences. 

The resulting finite-difference equations are solved 
for the corrections au,, 8v2, Sp and 68 to the unknown 
quantities with the aid of an implicit multi-step scheme 
[15] and thorough optimization of its individual 
stages. 

To find the field of the function Sp, continuity equa- 
tion (11) is supplemented with the relaxation time 
derivative a@p)/&, then it is split along the x’- and x2- 
axes and is solved by using the standard tri-diagonal 

“MT 32:6-H 
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FIG. 2. Configurations of convection regions. 
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FIG. 3. The functions &,&) and Nu(t) in a trapezoidal 
enclosure. 

metric algorithm. To speed up the convergence of the 
iterative process, the set of relaxation time steps is 
used At {At,, AZ,, . . . , AZ,}, which ensures a uniform 
damping of the error in the whole spectrum of the 
problem eigenvalues [18]. Note that the finite-differ- 
ence equation for the correction Sp does not require 
any additional boundary conditions. In the vicinity of 
the convection region boundary, the finite-difference 
analogues for partial differential operators are written 
in a form which takes into account only the boundary 
conditions for the velocity vector components and 
temperature. 

The implicit solution of equations (9) and (10) is 
carried out by analogous schemes using the method 
of oriented splitting [ 151. The character of splitting is 
determined by the flow direction and is carried out 
directly in the course of problem solution. The result- 
ing finite-difference scheme acquires a parabolic 
character, it is especially effective in the investigation 
of fluid motions with circulation zones. 

When the second-kind temperature boundary con- 
dition is specified at any of the enclosure walls, then 

it is necessary to take into consideration that (no 
summation over i) 

where n is a normal to the coordinate line xi = const. 
Since the derivative at?/& simultaneously contains the 
derivatives 80/8x’ and 83/8x2, then its finite-difference 
analogue can be realized with the help of the fac- 
torization method along the boundary where this con- 
dition is given. 

All the calculations were made on a non-uniform 
30 x 30 grid. 

4. RESULTS OF COMPUTATIONS 

The above-described procedure was applied to 
numerical simulation of natural convection in regions 
of several configurations. In all the cases it was 
assumed that Pr = 0.7 and that the gravity vector was 
parallel to the Oy,-axis. 

It will be adopted that the upper and lower bases 
of the enclosure are insulated and that the side walls 
are isothermal (hot and cold) 

eAD=l, f&=0, ;.,=g 
I /a 

= 0. (15) 

The calculations were carried out within the range 
lo2 < Gr < 106. The developments in time of stream 
lines, isotherms and maximum values of the stream 
function were constructed, determined in the section 
x’ = const. as 

(o’g*1+Y2g2’) dx2 (16) 

as well as the distribution of the local Nusselt number 
on the side walls of the enclosure. 

4.1. Isosceles trapezium 
Consider natural convection in a two-dimensional 

cavity bounded by an isosceles trapezium (Fig. 2(a)) 
of height H and with the base of length L. The side 
walls form an angle 4 with the vertical. 



Transient natural convection in prismatic enclosures of arbitrary cross-section 

*-cot-&. 8=const. 

FIG. 4. Stream lines and isotherms in a trapezoidal enclosure. 
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FIG. 5. The influence of the angle 4 on the function Nu(Gr) 
in a trapezoidal enclosure. 

The curvilinear coordinate system (x1,x*) will be 
introduced as follows : 

x, = YI -YZ tan 9 
L-2yz tan 4’ 

X2 ,y’ 
H’ (17) 

In this case, the trapezoidal region of motion 

ABCD on the coordinate plane (y ,, yZ) transforms 
into a quadratic one on the plane (x1,x2), so that 
O<x’<l and O<x’<l, and its boundaries 
coincide with the coordinate lines x’ = const. and 
x2 = const. 

Using expressions (17) and the inverse coordinate 
transformations, one can easily find the values of the 
Jacobi matrix elements i_?y,/ax’ and ax’/ay, (i, a = 1,2) 
necessary for calculations. Henceforth it will be 
assumed that L = 1 and H = L/?. 

The solid lines in Fig. 3 show the change with time 
of the maximum value of the stream function in an 
enclosure for the case of 4 = 45” and three Grashof 
numbers: 7.4x 103, 7.4x lo4 and 7.4x 10’ (taking 
into consideration the difference in the choice of 
scales, this corresponds to Ra = 103, lo4 and lo5 in 
ref. [13]). The dashed lines in the same figure show the 
mean Nusselt numbers at the side wall. 

At comparatively small Grashof numbers, Gr < 
104, the maximum value of the stream function, 
which characterizes the intensity of convection 
motion, increases monotonously with time, approach- 
ing a certain limit. The local Nu are great at the begin- 
ning of the process because of high temperature gradi- 
ents near the walls, then they decrease monotonously 
with time, tending to a certain limit. 

When Gr > 104, the functions $_.(t) and Nu(t) are 
no longer monotonous. At a certain time instant the 

quantity IL,,, attains a maximum and then, decreases, 
tending to a steady-state value. The non-monotonous 
behaviour of the functions $,&f) and Nu(t) is also 
typical for cavities of other shapes. Thus, an anal- 



1100 Yu. E. KAKYAKIN 

t =0.002 t -0.009 t =0.072 

FIG. 6. Stream lines and isotherms in the cavity formed by a part of a circle. 
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FIG. 7. The influence of the width L on the function %(Gr) 
for the cavity formed by a part of a circle. 

ogous phenomenon is described in ref. [8] for a tri- 
angular enclosure. 

The governing convection equations (9)-(11) with 
boundary conditions (15) provide the central sym- 
metry of solution in the case when the gravity vector 
is parallel to the side walls of the enclosure. Then 

The change with time of the stream lines and iso- 
therms in the cavity for the case of Gr = 7.4x 10’ 
and 4 = 45” is shown in Fig. 4. The stream lines 
are presented with the step A$/$,_ = 0.2, and the 
isotherms with the step AG/tirnax = 0.1. As follows 
from Fig. 4, at the beginning of convection two cir- 
culation zones are formed near the side walls, with 
clockwise rotation of the fluid. As time goes on, these 
zones merge into a single circulation region. In the 
central part of the enclosure the isotherms acquire 
almost a horizontal position which corresponds to the 
conditions of fluid stratification. - 

u,(x’,x2) = -v,(l -xl, 1 -x2) 

u*(x’,x2) = -o,(l -x1, 1 -x2) 

p(xl,x*) = p(1 --x1, 1 -x*)-(1 -x’)Gr 

B(x’,x2) = 1 -B(1 -x1, 1 -x2). (19) 

However, when applying the difference algorithm, 
conditions (19) are not used. To control the accuracy 
of results, the problem is solved for the entire con- 
vection region ABCD. 

The calculations were made for R = 1 and two 
widths of the enclosure: L = 1 and 1.5. When Gr > - 
10 ‘, the functions Jl,,& t) and Nu (t) tend to stationary 
values accomnlishine a sort of damnine oscillation. 

In Fig. 5 the function Nu(Gr) is given for different 
angles (b of side wall inclination. The data of ref. [13] _._~ ~_ ~~ _ I I 

designated as crosses are given for comparison. The 
coincidence between the results should be regarded 
as satisfactory. As is seen, the rate of heat transfer 
processes on the side walls of the enclosure increases 
noticeably with the angle 4. 

4.2. A part of a circle 
Now consider natural convection in a horizontal 

cylindrical enclosure the cross-section of which is a 
part of a circle with radius R disposed between two 
equal and parallel chords at a distance L form one 
another (Fig. 2(b)). The curvilinear coordinate system 
(xl, x’) will be introduced in the following manner : 

XI =;(y,-R+;) 

x2 =y,-R+J(R*-L*(x’-0.5)*). (18) 

2&R’- L*(x’ -0.5)‘) 
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FIG. 8. Stream lines and isotherms in the cavity with a cosinusoidal boundary. 

FIG. 9. Temperature distribution on the lower wall of the 
cavity with a cosinusoidal boundary. 

The change with time of the transient convection 
process in the cavity at L = 1 and Gr = lo6 is shown 
in Fig. 6. In the central part of the enclosure the 
isotherms shift from the vertical into the horizontal 
position which corresponds to the conditions of fluid 
stratification. Gradient regions appear on the solid 
walls which resemble dynamic and temperature 
boundary layers. 

In Fig. 7 the variation of the mean Nusselt number 
with Grashof number is given for two types of enclo- 
sures : with L = 1 and 1 S. At small Grashof numbers 
(Gr < 10’) the processes which take place in the 
enclosure are mainly determined by heat conduction. 
In the steady-state convection regime, the isotherms - 
are almost vertical, the greater number Nu cor- 
responds to the smaller distance L between the side 
walls. At large Gr, the convection processes taking 
place in the enclosure dominate fully over heat con- 

duction. The growth of the distance L between the 
side walls promotes the involvement of the greater 
portion of fluid into the main circulation motion and 
its better mixing, and this leads to the growth of Nu. 

4.3. A region with a cosinusoidal boundary 
At last, consider natural convection in a cylindrical 

enclosure the cross-section of which is formed by three 
segments of straight lines and by the cosine semi-wave 
(Fig. 2(c)). If L is the width of the enclosure base, h, 
and h2 are the heights of the left- and right-hand 
side wall, respectively, then the curvilinear system of 
coordinates (x’, x’) can be introduced as follows : 

x1 ,y1 x2 = 2Y2 
L’ hl+h2-(h2-h,)cos (nx’)’ (20) 

The calculations were made for L = 1, h, = 0.5 
and h2 = 1. In Fig. 8(a) the stream lines in the devel- 
oped convective regime are given with the step 
A$&,,= = 0.2. The dashed lines characterize the case 
of Gr = IO*, the solid lines the case with Gr = 106. 
The isotherms corresponding to these cases are given 
in Fig. 8(b) with the step AtI = 0.1. As Gr increases, 
the intensity of convective processes grows, and pro- 
nounced temperature boundary layer regions are 
formed on the side walls. In the central part of the 
enclosure, the isotherms shift from the vertical into the 
horizontal position. Figure 9 shows the distribution of 
the temperature 0 along the enclosure base AB at 
different Grashof numbers in the steady-state con- 
vection regime. 

When at Gr = lo* the distribution is close to linear, 
then at Gr = lo6 the temperature is practically con- 
stant over the greatest portion of the insulated base, 
and only near the side wall the temperature gradients 
are appreciable. 
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The derivatives of equation (5) are transformed in an 
analogous way 

(A4) 

(A3) 

where @’ is detined from expression (14). 
W) 

CONVECTION NATURELLE VARIABLE DANS DES CAVITES PRISMATIQUES AVEC 
SECTION DROITE QUELCONQUE 

RCnn&-On ttudie la convection naturelle bidimensionnelle, laminaire dans des cavitbs prismatiques 
horizontales de section droite quelconque. Avec l’approximation de Boussinesq, les equations de la 
convection sont &c&es dam un sysdme de coordonnees curvilinhires non orthogonales et elles sont 
resolues par une mtthode implicite aux differences finies. La convection naturelle variable est Ctudi&e dans 
des regions quadrangulaires de configurations non conventionnelles : (a) un trapeze iso&le, (b) une portion 
de cercle entre deux cordes paralleles et &gales, (c) une region limit&e par une demi-onde cosinus et trois 
segments rectilignes. La solution des problemes est obtenue dans le domaine de nombre de Grashof 
IO* < Gr Q IO6 pour differents parametres geometriques des cavitbs. On trouve que les valeurs maximales 
des fonctions de courant et du nombre de Nusselt peuvent subir des oscillations autour de leur valeur 
moyenne. Les resultats obtenus pour les cavites trapezoidales sont en bon accord avec les don&es foumies 

par d’autres auteurs. 

INSTATIONARE NATURLICHE KONVEKTION IN PRISMATISCHEN 
EINSCHLIESSUNGEN WILLKURLICHER GESTALT 

Zusannnenfassung-Die zweidimensionale laminare natiirliche Konvektion in horizontalen prismatischen 
Einschlilssen willktirlicher Gestalt wird untersucht. Mit der Niiherung von Boussinesq werden die Kon- 
vektionsgleichungen in einem k6rperangepaDten nicht-orthogonalen Koordinatensystem aufgestellt und 
mit einem impliziten Finite-Differenzen-Verfahren gel&t. Die instatiomire nattirliche Konvektion wird fur 
viereckige Gebiete uniiblicher Gestalt untersucht : (a) ein gleichschenkliges Trapez ; (b) ein Kreisausschnitt 
zwischen zwei gleichen parallelen Sehnen; (c) ein Gebiet, dessert Berandungen eine Kosinus-Halbwelle 
und drei gerade Linien sind. Die Liisung wird fur Grashof-Zahlen lo2 Q Gr Q IO6 bei unterschiedlichen 
geometrischen Abmessungen der Einschliegung hergeleitet. Es zeigt sich, da6 die Maximalwerte der 
Stromfimktion und der Nusselt-Zahl den ged%mpften Schwingungen um die station&n Werte 
zugeordnet werden kiinnen. Die Ergebnisse fIlr die trapezf6rmigen Einschliegungen stimmen gut mit 

Werten anderer Autoren i&rein. 

HECTAHHOHAPHAII ECTECTBEHHAII K0HBEKIJH.g B HPM3MATHYECKHX 
EMKOCTXK HPOH3BOJIbHOFO CEHEHkIII 

Anoor~Pacc~arpa neybrepnaa JmMEnapWaa ecX&?BcEtiaa LOHB+I;IWIl B ~OpE3OHTUE4iblX 
trpasMarsPreoznx emocrax npo~3~o~~oro nonepcnaoro ~~P~KXEX. Ypan~e~an KOFMKUEEI B npa6mxe- 
xmi Eyccnnecxa 3amichma1o~x B rpHB0~~1~eitnoti Heoproromwb~oti cmxe~e roopmr. J&m 
pemeene ypamier& ucrto~yerce aen& ro~emro-pa3nocrnb& Meron. Ho2re~onana necramionap- 
tian ecrecrneri~aa ~oriaeu&ia B %srbtpexyro~nbrx 06naorax HW oiriroti KOH@ypanHn: (a) 
o6nacrb 06pasonana panao6onaoti rpaneqaeft; (n) o6nacra xonneznmr-qacm xpyra, 3axJnoPennaa 
MeXuy nsyMn pammrMn n napaJr.neJmnbtMn xopnahcrr; (c) rpaaasbl: o6Jtacrn o6pasoeanbr noJtyBoJmo~ 
rocmiycosmbt E rpebra orpezzahus npabsbrx jrumdb Pememre 3aqan ria&reno B nnana3one =incen Fpac- 
ro@a lo’< Gr d lo6 npa pamammbrx ana~erinax reo~erpmtec~ux napa~erpon eharocreg. Ycrarios- 
neno, wro Max cm+outbnbte 3ttanemia @ynxmin roxa H pacm Hycce.xbra ~0ry-c coaepmarb zaryxaronnie 
KOJI~~~HW B~JIE~H w cramionapnbrx aensmsm Pwynbrarar, nony9emibre hula rparteneurnurbnbtx 

ehatocreil, xopomo cornacyrorca c ~~eromsmtnca 7 Jlpyllrx aBropoB. 


