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Abstract-A numerical study is presented for natural convection in a two-dimensional, partially-divided, 
rectangular enclosure in which two side walls were maintained at uniform heat flux condition and the top 
and bottom walls were insulated. The modified Rayleigh number ranging from lo4 to lo*, the opening 
ratios of 0, l/4, l/8 and l/2, and the conductivity ratios 0.02, 1 and 50 were investigated for an enclosure 
aspect ratio (length/height) of 2, partition ratio of l/2 and Prandtl number of 7 (for water). Results show 
that the hot fluid flowed to the other side of the enclosure mainly through the bottom of the partition 
when there was no opening in the partition, and a weak circulation zone was present in the upper and left 
quadrant. With an opening in the partition, most of the fluid flowed to the other side through the opening 
and the circulation zone in the upper and left quadrant was reduced in size or disappeared. The effect of 
partition conductivity on the heat transfer rate was found rather small and could be neglected. Correlation 
of the average Nusselt number in terms of the modified Rayleigh number and the opening ratio was 
obtained and discussed. Results also show that an unopened partial obstruction would reduce the heat 

transfer rate by 124% depending on the modified Rayleigh number. 

1. INTRODUCTION 

NATURAL convective motion in simple enclosures with 
differentially heated vertical walls has received con- 
siderable attention in the past, due to its important 
applications relating to the solar collector design, 
cooling of electronic components, fire spread and 
energy transfer in rooms and buildings, cooling of 
nuclear reactors and the growth of single crystals from 
crucible melts. Comprehensive reviews on the heat 
transfer pertaining to the enclosures have been sum- 
marized recently in refs. [l-4]. 

On many occasions, natural convection in complex 
enclosures, such as a partial obstruction extending 
downward from the ceiling or upward from the floor, 
is also important. This geometry corresponds to a 
printed circuit board in an electronic cabinet, or a 
ceiling beam in a room, and has received attention 
recently ; see refs. [5-151. It was found that a weak 
circulation zone in the upper quadrant near the hot 
wall [lo, 1 I] or a weak circulation zone in the lower 
quadrant near the cold wall [12] was responsible for 
reducing the heat transfer across the enclosure. The 
experimental study by Chen et al. [16] showed that if 
there was a slot or an opening in the partition plate 
the weak recirculation zone disappeared and the heat 
transfer rate increased with increasing opening size. 
However, the work described by Chen et al. [16] was 
mainly for an ‘isothermal wall’ condition and a non- 
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conducting partition plate. In addition, it has been 
argued that in many situations the ‘uniform heat flux’ 
condition on the two side walls is a more appropriate 
model for the enclosure convection ; see Kimura and 
Bejan [17]. 

The objective of this study is to document the natu- 
ral convective flow and heat transfer characteristics in 
a two-dimensional rectangular enclosure both with 
and without an opening in the partition plate under 
isoflux condition on the two side walls. The numerical 
simulation was carried out for an enclosure with an 
aspect ratio of A = L/H = 2 and a partition ratio of 
A, = h/H = l/2 with water (Pr = 7) as the working 
fluid. Effects of the opening size, the modified Ray- 
leigh number and the conductivity ratio on the flow 
and heat transfer behaviours are examined and dis- 
cussed. 

2. GOVERNING EQUATIONS AND SOLUTION 
PROCEDURES 

Consider a two-dimensional rectangular enclosure 
filled with fluid, such as is shown in Fig. 1. The uni- 
form heat flux is specified along the two side walls, and 
the top and bottom walls are insulated. The partition 
plate, with a height h = H/2 and a thickness 
w = 0.01 H, is placed in the middle of the top wall and 
protrudes downward into the enclosure. The opening 
with size s is located in the middle of the partition 
plate. Employing the Boussinesq approximation, the 

231 



238 K. S. &EN and P. W. Ko 

NOMENCLATURE 

A aspect ratio, L/H Th local temperature of hot wall 

A0 opening ratio, s/H u horizontal velocity component 

A, partition ratio, h/H u non-dimensional horizontal velocity 

9 gravitational acceleration component, uH/a 

H enclosure height, see Fig. 1 2’ vertical velocity component 
h height of partition plate, see Fig. 1 V non-dimensional vertical velocity 

kr thermal conductivity of the fluid component, ~H/cL 

k, thermal conductivity of the partition X horizontal coordinate 
plate x non-dimensional horizontal coordinate, 

k, conductivity ratio, k,/kf xlff 
L enclosure length, see Fig. 1 I vertical coordinate 
NM average Nusselt number defined in Y non-dimensional vertical coordinate, 

equation (9) JVH. 

W local Nusselt number defined in equation 

(8) Greek symbols 
P non-dimensional pressure, thermal diffusivity of the fluid 

(P-A.JI(P~*IH~) ;5 thermal expansion coefficient of the fluid 

P local fluid pressure A difference 
Pr Prandtl number of the fluid, v/a 0 non-dimensional temperature difference, 

P?S ambient pressure (T- TJkWkJ 
4 uniform wall heat flux on the side wall p dynamic viscosity of the fluid 
Ra Rayleigh number, g/I(T,, - Tc)H3/(va) V kinematic viscosity of the fluid, p/p 
Ra* modified Rayleigh number, gflqH4/(vetk,) p fluid density. 
S opening size, see Fig. 1 
T temperature Subscript 

TC local temperature of cold wall ‘Cc ambient condition. 

non-dimensional equations describing the steady and 
laminar flow are 

de de aze aze 
uz+v,y=$Z+sy2. (4) 

The temperature distribution inside the plate is given 

(1) by 

y+ fz! -ax I’ ay- ax '-'[ax ay* > 

2128 aze 
(2) 

iiX'+p=o. (5) 

The boundary conditions along the four walls are 

+Pr(?j$+g)+Ra*PrO (3) 

where n is a unit vector normal to the interface surface. 

FIG. 1. Partially divided enclosure with an opening in the In this study the enclosure aspect ratio A( = 2), the 
partition plate and isoflux condition on the side walls. partition ratio AP( = f/2), the partition width 

x=0: (i=v=o, g-1 (64 

x=1: u=v=o, ;;=_1 (6b) 

y=o: u=v=o, Fy=o (6~) 

se 
Y=l: u=v=o, -=o. 

-_, 8Y 
(6d) 

---_, The no-slip conditions are also satisfied on the 

-a partition plate, and the energy balance at the fluid- _ , 
partition interface requires 

-_, 
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FIG. 2. Comparison of velocity profiles : -, calculation ; x , from ref. [ 161. 

w/H( = 0.01) and the Prandtl number Pr( = 7) were 
kept constant. Numerical simulations were carried 
out for the modified Rayleigh number (Ra*) ranging 
from lo4 to lo*, the opening ratios (A, = s/h) of 0, 
l/8, l/4 and l/2, and the conductivity ratios 
(k, = kp/kf) of 0.02, 1 and 50. 

Equations (l)-(7) were solved by a control volume 
based finite difference formulation and by the SIM- 
PLE calculation procedures, as described in detail 
by Patankar [18] and Le Quere et al. [19]. Detailed 
descriptions on the grid system and validation tests 
for the present study are given in ref. [20]. Conse- 
quently, only brief remarks are summarized below. 

A non-uniform grid system was employed in the 
calculation domain. The grid system was, respectively, 
57x36, 57x44, 57x47 and 57 x50 for opening 
ratios (A,) of 0, l/8, l/4 and l/2. Checks were made 
by comparing the results from a 57 x 36 grid system 
with those from a 81 x 60 grid system, and agreements 
were very satisfactory. The presence of the partition 
plate in the calculation domain was accounted for 
by the strategy suggested by Patankar [21], in which 
equations (l)-(7) were solved for the entire domain 
and the partition plate was characterized by a region 
of very high viscosity (say, v = 103” m2 SK’) and a 
dimensionless partition conductivity k,. The con- 
vergence criterion for each control volume was that 
the maximum residual of the mass, momentum and 
energy was less than 3.5 x lo-‘. 

Prior to the calculations, checks were conducted to 
validate the calculation procedures by reference to the 
flow generated by differentially heating the side walls 
of a simple rectangular enclosure while keeping the 
top and bottom walls adiabatic. The results were in 
very good agreement with the benchmark solution of 
de Vahl Davis [22]. The accuracy of the calculation 
was also checked for an enclosure convection with 

an opening in the partition plate under differently 
uniform temperatures on the two side walls. The 
results, together with the measurement data of Chen 
et al. [16], are presented in Figs. 2 and 3, respectively, 
for the velocity and temperature profiles at various 
x-planes. It is seen that calculations predicted the 
thermal and fluid behaviours very well. For the present 
study, the computation time was approximately 
200&6000 s on a CDC CYBER 170/815 when 
Ra* = 104-106, and was about 7000-9000 s when 
Ra* = 107-10’. 

3. RESULTS AND DISCUSSIONS 

3.1. Velocity and temperaturejelds 
Figure 4 shows the vector velocity field and the 

isotherms for Ra* = 104, lo6 and 10’ at k, = 1 and 
A, = 0 (no opening). It is seen from Fig. 4(a) that 
there is a clockwise recirculation zone in each half of 
the enclosure for Ra* = 104, and the isotherms shown 
are nearly conduction like. Because the boundary 
layer has not developed at Ra* = 104, so the fluid 
along the hot wall does not separate from the side 
wall and there appears no entrapment of the hot fluid. 
However, as Ra* increases as shown in Figs. 4(b) and 
(c), the fluid along the hot wall separates at a height 
y/H = 0.5, while some fluid is trapped in the weak 
circulation zone in the upper and left quadrant. The 
separated fluid flows almost horizontally and turns 
around the bottom of the partition. It then flows along 
the partition plate to the top wall, makes a turn along 
the cold and bottom walls, and recirculates back to 
the hot wall. The flow patterns depicted for Ra* = lo6 
and 10’ are basically the same as those observed by 
Nansteel and Greif [lo, 111. It is also shown in Figs. 
4(b) and (c) that as Ra* increases, thermal boundary 
layers develop along the side walls and the thermal 
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FIG. 3. Comparison of temperature profiles; -, calculation; 0, from ref. [16]. 

field away from the solid boundaries is essentially 
stratified. Because the conductivity ratio k, is equal to 
unity (i.e. kf = k,, so the isotherms cross the partition 
plate smoothly. 

The velocity vector field and the isotherms for 
A, = l/8, l/4 and l/2 are shown in Figs. 5(a)-(c) for 
Ra* = IO4 and k, = 1. It is seen that with an opening 
in the partition plate, most of the hot fluid in the left 

quadrant flows through the opening ; the remainder 
flows towards the bottom of the partition and makes 
a turn there. There still exists a clockwise circulation 
cell in each half of the enclosure, but its size is reduced. 
In addition, the isotherms (say, f3 = 0.0) elongate to 
the right-hand half of the enclosure and the heat trans- 
fer between the two halfs would be more effective. 
Figure 6 shows the velocity field and the isotherms for 
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FIG. 4. Velocity vector field and isotherms for different Ra* at A,, = 0 and k, = I 
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A, = l/8, l/4 and l/2 at Ra* = IO6 and k, = 1. It is 
seen that at higher Ra* the circulation cell in the 
upper and left quadrant disappeared, and the fluid 
recirculated back mainly along the thin layers adjacent 
to the cold and bottom walls. These flow patterns are 
similar to the visualization results of ref. [16]. The 
isotherms (Figs. 5(a)-(c)) show clearly that the ther- 
mal field is essentially stratified with the thin boundary 
layers along the two side walls. That is, convection is 
the dominant heat transfer mechanism at high Ra*. 

The effect of the thermal conductivity of the par- 
tition plate on the thermal field is illustrated in Fig. 7 
for three sets of conductivity ratios at Ra* = IO7 and 
A, = l/S. It is seen that for the case of an adiabatic 
partition (say, k, = 0.02) some of the isotherms can- 
not reach out to the other side of the partition plate ; 
but otherwise there does not seem to be any appreci- 
able difference in the isotherm patterns. It was found 
numerically [20] that the effect of the partition con- 
ductivity was small and decreased as the opening ratio 
A, increased. 

(a) kr=o.o2 

(b) k,=l 

cc) k,=so 
FIG. 7. Isotherms for different k, at Ra* = 10’ and A, = l/8. 

The vertical velocity profiles at the partition plane 
where x/H = 1.0 are shown in Figs. 8(a)-(d) for vari- 
ous Ra* and A, at k, = 1. It is seen that the hot fluid 
flows to the right-hand side of the enclosure mainly 
through the bottom of the partition when A, = 0 (no 
opening), but mainly through the opening when 
A, > 0. The peak velocity of the right-moving flow is 
below the bottom of the partition when A, = 0 and is 
in the middle of the opening when A, > 0. However, 
the opening seems to have little effect on the velocity 
profiles of the left-moving flow near the bottom walls. 
Because convection is dominant at high Ra*, so there 
appears a left-moving, boundary-type flow along the 
bottom wall for A, 3 l/4 and Ra* = 1 Ox. 

3.2. Local Nusselt number distributions 
The local Nusselt number on the side walls is 

defined by 

qH 
Nuv = k,(T, - TJ 

where T,, and T, are, respectively, the temperatures of 
the hot (where x/H = 0) and cold (where x/H = 2) 
walls at location y. Since 19 = (T- T,)/(qH/k,). it 
follows that 

Nu,. = $&. 
h ‘ 

That is, Nu,. is inversely proportional to the wall tem- 
perature difference at height y. The results of local 
Nusselt number distributions are shown in Figs. 9(a)- 
(d) for lo4 < Ra* < IO8 and A, = 0, l/4, l/8 and l/2. 
It is seen that for all opening ratios Nu, increases 
with increasing Ra*. When the modified Rayleigh 
number is small (say, Ra* = 104), local Nusselt num- 
ber is nearly constant. When A,, = 0, the maximum 
value of NM,. is at _rlH = 0.33 - 0.4 depending on 
Ra* ; and Nuy at y/H = 0 is greater than that at 
y/H = 1 and is especially noticeable when Ra* 2 106. 

With an opening in the partition plate as shown in 
Figs. 9(b)-(d), Nu, distributions appear as parabolic 
lines with the maximum values at y/H = 0.5 - 0.57. 
However, at high Ra*, the value of Nu,. in the middle 
portion changes little. For example, Nu,, E 22 for 
0.3 5 y/H N 0.7 when Ra* = lo8 and A, = l/2 (Fig. 

9(d)). 

3.3. Average Nusselt number Nu 
The average Nusselt number is determined by 

Na=;[$+=I’Nu,dY (10) 

The results of the calculated Nu for lo4 d Ra* i 108, 
A, = 0, l/S, l/4 and l/2, and k, = 0.02, 1 and 50 are 
listed in Table 1. It is seen from Table 1 that Nu 
increases with increasing Ra* and A,. Although Nu 
also increases with increasing k,, the effect is rather 
small as compared to the variation of k,. For example, 
at Ra* = lo6 and A,, = l/S, Nu is equal to 7.90 for 
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FIG. 8. Vertical velocity distributions at the partition plane (x/H = 1 .O) at k, = 1 .O. 

1.0 

Table 1. Values of averaged Nusselt number, Nu 

K 
A, = 0 A, = l/8 A, = l/4 A, = l/2 

Ra* 0.02 1 50 0.02 1 50 0.02 1 50 0.02 1 50 
to4 1.4 1.44 1.48 1.52 1.57 1.61 1.66 1.68 1.69 1.83 1.88 1.90 
lo5 3.59 3.97 3.97 3.90 3.99 4.03 4.49 4.70 4.76 5.12 5.31 5.51 
IO6 6.72 7.32 7.49 7.75 7.90 8.00 8.51 8.60 8.66 9.15 9.20 9.25 
IO’ 10.43 11.62 12.04 13.59 13.60 13.68 14.00 14.02 14.06 14.24 14.30 14.31 
10s 13.90 15.90 16.73 18.65 18.87 18.96 19.00 19.12 19.18 19.50 19.55 19.58 
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distributions at k, = 1. 

k, = 1.0, but is equal to 7.75 for k, = 0.02 (adiabatic 
partition) and 8.0 for k, = 50 (conducting partition) ; 
the variation is within +2% of the value of Nu at 
k, = 1 while for a 50 times variation of k,. The neg- 
ligible effect of k, within the range of 0.02 < k, < 50 
may be due to the fact that the partition thickness 
ratio is very small (w/H = 0.01) in this work. 

Correlation of Nu as a function of Ra* and A, based N” 
on the values of Nu at k, = 1 is given by 

Nu = 0.176Ra*0~258(1 -A,)-0.32” (11) 

for 10’ d Ra* < 10’. 0 < A, d l/2, 0.02 d k, < 50 
and Pr = 7. The above equation is shown as the solid 
lines in Fig. 10 for four different values of A,. The 
r.m.s. deviation between the correlation equation and 
the calculated data is within 22%. It is obvious that 
the effect of k, on Nu is negligible as compared with 
the scatter of the data. The dashed line in Fig. 10 is the 
correlation equation for a non-partitioned enclosure 

I 
-- _- NusO.!,g Ra’02’5 

Nuz0.176 Ro*0258 (l-A,,)-0328 

D Act-l/z 

lo2 0 Ao=l/a + A,=0 

FIG. 10. Correlation of average Nusselt number. 
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(A, = 0) obtained in this study and is given by 

Nu = 0.49Ra*0.2’5 (12) 

for lo4 < Ra* < lo*, A = 2 and Pr = 7. It is seen that 
an unopened partial obstruction would reduce the 
heat transfer rate by an amount of 1244% depending 
on Ra*. 

4. SUMMARY 

A numerical study is presented for natural con- 
vection in a two-dimensional, partially-divided, rec- 
tangular enclosure in which two side walls were main- 
tained at uniform heat flux condition and the top and 

bottom walls were insulated. Results show that an 
unopened partial obstruction would reduce the heat 
transfer rate by an amount of 12-44% depending on 
Ra*. An opening in the partition plate would increase 
the heat transfer rate by allowing the flow of the 
entrapped hot fluid (that would exist in an unopened, 
partially-divided, enclosure) through the opening. For 

the range studied in this work, the effect of partition 
conductivity on the heat transfer rate was rather small 
and could be neglected. A correlation of the Nusselt 
number is given which shows that the heat transfer 
rate increases with increasing modified Rayleigh num- 
ber and opening ratio. It should be noticed that the 
effects of A, and the partition width on the thermal 
and fluid characteristics need further study. 
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CONVECTION NATURELLE DANS UNE ENCEINTE RECTANGULAIRE 
PARTIELLEMENT DIVISEE AVEC UNE OUVERTURE DANS LA PLAQUE DE PARTITION 

ET LES PAROIS LATERALES ISOFLUX 

R&nn6+On presente une etude numerique de la convection naturelle dans une enceinte bidimensionnelle. 
rectangulaire, partiellement divisee dans laquelle deux parois laterales sont soumises a une condition de 
flux uniforme et les parois supbrieure et inferieure sont isolees. Le nombre de Rayleigh modifie varie de 
IO4 a IO’; les rapports d’ouverture 0, l/4. l/S et l/2 et les rapports de conductivite 0,02, I et 50 sont choisis 
pour un rapport de forme (longueur/hauteur) de 2, un rapport de partition de l/2 et un nombre de Prandtl 
de 7 (eau). Les resultats montrent que le fluide chaud se d&place vers l’autre coti de la cavite. principalement 
par le bas de la partition quand il n’y a pas d’ouverture dans la cloison, et une zone de faible circulation 
est presente dans le quadrant superieur gauche. Avec une ouverture dans la partition, la plupart du fluide 
s’bcoule vers I’autre coti a travers l’ouverture et la zone de circulation dans le cadrant superieur gauche 
est reduite en taille ou disparait. L’effet de la conductivite de la partition sur le transiert de chaleur est 
plutot faible et ii peut ttre neglige. On obtient et discute une formule du nombre de Nusselt moyen en 
fonction du nombre de Rayleigh modifie et du rapport d’ouverture. Les rtsultats montrent aussi qu’une 
obstruction partielle peut reduire le transfert de chaleur de 1244% selon le nombre de Rayleigh modifie. 

NATURLICHE KONVEKTION IN EINEM PARTIELL UNTERTEILTEN 
RECHTECKIGEN HOHLRAUM MIT EINER OFFNUNG DER TRENNWAND UND 

GLEICHMASSIG BEHEIZTEN SEITENWANDEN 

Zusammenfnssung-Die nattirliche Konvektion in einem zweidimensionalen partiell unterteilten recht- 
eckigen Hohlraum, bei dem zwei Seitenwande gleichformig beheizt werden wahrend die obere und untere 
Deck&he adiabat sind, wird numerisch untersucht. Die modifizierte Rayleigh-Zahl liegt zwischen lo4 
und IO”, die dffnungsverhaltnisse betragen 0: l/4; l/8 und l/2, die Leitfiihigkeitsverhlltnisse 0,021 1 und 
50 wahrend das Seitenverhlltnis (Linge/Hohe) 2, das Fllchenverhlltnis der Unterteilung l/2 und die 
Prandtl-Zah17 (Wasser) betrlgt. Die Ergebnisse zeigen, da13 das beige Fluid vornehmlich durch den unteren 
Teil der Trennwand auf die andere Seite des Hohlraums striimt, wenn keine Offnung in der Trennwand 
ist. Im oberen linken Quadranten ergibt sich eine schwache Zirkulationszone. Befindet sich eine &Bmng 
in der Trennwand, so stromt das meiste Fluid durch diese dffnung auf die andere Seite und die 
Zirkulationszone im oberen linken Quadranten verkleinert sich oder verschwindet glnzlich. Der Einflug 
der Warmeleitfihigkeit der Trennwand auf den Warmeiibergang erweist sich als vernachlassigbar klein. 
Es wird eine Korrelationsgleichung fur die mittlere Nusselt-Zahl in Abhangigkeit von der modifizierten 
Rayleigh-Zahl und vom Offnungsverhlltnis ermittelt und diskutiert. Die Ergebnisse zeigen, dal3 eine nicht- 
geiiffnete partielle Trennwand den Warmetibergang urn 124% reduziert-je nach Hohe der modifizierten 

Rayleigh-Zahl. 

ECTECTBEHHAIi KOHBEKm B 9ACTH9HO IIEPEI-OPOmHHOR 
HP5IMOYrOJIbHOti I-IOJIOCT&i C OTBEPCTkiEM B PA3&BJ’IJilO~E~ IIJIACTklHE M 

H3OTEPMHYECKHMA 6OKOBbIMFi CTEHKAMH 

Ammawa-%ienemio uccnenyercn ecrecrnenna~ ~orinesrm B nnyrbfepriol ~aorsiPH0 neperopoxernro~ 
nprrhfoyroJrbHoa noJlocrH, Ha 6OKOBbIX CTeHKaX ROTOpOti noasepxsinaeTcn onHoponnbtil TenJloBofi 

lIOTO?i,a BepXHHe R HliXHEeCTeHKE Ei3OJlHpOBilHbI.M[CUIe~OEiUiliK npOBOJV?JIlicb ftrrS MOAH&fQEpOBilH- 

HOBO wicna P3neri, n3tbremnourerocn B nsrana30ne lo*-lOs, ornomenun 0TnepcruiL coorannnrotunx 0, 
1/4,1/8,e 1/2,a~aame~o~~ouren~n ~~onpoeo~oc~eft,paa~oro0,02; 1~50 HOTHHOIII~HHII~~HH~I 

IIOnOCTA K BbrcoTe, co~~ann~roxwro 2, ornomemrn pa3brepoe neperopo~, paenoro l/2, 3ria~emrn 
'4HCJI8 HpaWnK, paBEOr0 7 (EOna). Pe3yJlbTaTbI lIOKa3bIB(uoT,yTO HKl-PeTaK XIUWJCTb lIe&WTC?KXT K 

IIpOTHBOIIOnOKWOti CTopoHe nonocTH B OCHOBHOM wpe3 H-IO ¶aCTb neperopow B cnyvae 

o~cy~~~a~Heiio~aepcr~a~~0~Bepx~e~neno~~~aspa~~~~~yeT3o~acna~ol~~namr~. 

Hpa HBTIASBA o~nepcrrm B neperopome 6onbma.a Yacrb yALIm3crri neperexaer x npoTRnononomrof 
cropone nonocrn repe3 Hero, a qaprynmniorniaa 30na n eepxrieM nenoM rnanpanre yMerihutaerca B 
pa3Mep H HCPe3aeT. HaiQexo,YTO BJIEiKHEe TeIUlOnpOBOZ&HOCTH llsS+pWOpOmH Ha EHTeHCIIBHOCTb TelI- 

nonepeHoCa nocraTo¶Ho ~ano H ~oxeT Be ysnuna~bcn. Bbl~~iw~cK H 06Cyx&uxcn o6o6wenHoe 

cooTHo~eHHegn~cpe~ero~H~aHy~nbT~B~~e~~qepe3MO~~EHqapoearnl~ ¶UcnoP3JIe# ii 
ornoutemre pa3hiepoe OTIK~CTH~~. Honyseririve pesynbrarht Tanxe noxa3bIBaror, ST0 ~acrrimias nepe- 
rOpOJIKa 6e3 OTBepCTl& IlpHBOnHT K CHHXCHHIO HHTeHCHBHOCTH Tel-IJlOll~HOCa Ha 12-44% B 3aBHCH- 


