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Abstract-Natural convection in a cylindrical cell was investigated exactly using two different 
fluids heated from below. On the whole, good agreement was obtained with many theoretical predictions. 
In silicone oil, the physical properties of which are relatively insensitive to temperature, the fiow pattern 
was found to consist of concentric rolls in tiu case of buoyancy-driven convection, and of hexagonal cells 
for surface-tension-driven flow. These observations am consistent with those reported recently by 
Koschmieder. With Aroclor, the viscosity of which is highly temperature dependent, rolls appeared for 
liquid depths 2 6 mm and hexagons for depths < 5 mm. Rather than transform into rolls as some theories 
would have predicted, them hexagons, which were somewhat smaller than expected, were found to remain 
stable over a range of temperature differences extending up to at least three times the critical. This suggests 
that presently available non-linear analyses should not be extrapolated much beyond the critical point, 

where in fact they are meant to apply. 

1. INTRODUCTION 

A LARGE nun&~ of papers have been published 
on the subject of convection in horizon&I liquid 
layers heated from below. This phenomenon, 
due generally to buoyancy forces within the 
layer and/or to surface-tension-gradients along 
the upper surface, arises whenever the tempera- 
ture gradient across the liquid exceeds a certain 
critical value. The latter can be accurately 
predicted using the classical techniques of linear 
hydrodynamic stability analysis [l-3] but, as is 
well known the possible flows at the point of 
instability form an infinitely degenerate set. 
~nseq~ntly, the very striking and regular flow 
patterns that emerge following the onset of 
convection can only be accounted for on the 
basis of a non-linear theory. 

Some of the recent theoretical results on the 
question of the preferred flow structure near the 
critical point are as follows: 

(a) Motion induced by surface-tension gradi- 
ients leads to a pattern of hexagons [4]. 

*Present address: Marathon Oil Co., Littleton, 
Colorado. 

(b) In buoyancy-driven convection, two- 
dimensional rolls remain the only stable mode 
for fluids having temperature ~~e~~~~ physi- 
cal properties [S]. 

(c) Again in buoyancy-driven convection but 
for fluids having temperature dependent physical 
properties, the motion is of the hexagonal type 
for a range of Rayleigh numbers near the 
critical [G-9]. Upon further increase in the 
Rayleigh number, these hexagons transform 
into rolls [9]. 

Although there exists ample experimental 
evidence in support of the first two theoretical 
predictions [10-131, no experimental test of the 
third prediction appears to have been attempted 
to-date. The present note is intended to supply 
this information. 

Following is a brief description of the ex- 
perimental apparatus and of the results which 
were obtained. 

2. APPARATUS AND EYBZRIMENTAL 
PROCRDURE 

The apparatus was similar to Koschmieder’s 
[ll]. A f in. thick copper plate, &rsi in. in 
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diameter, served as the bottom and was heated 
from below with water impinging on its center 
and spreading to the sides between the copper 
plate and a lucite disk. The lateral wall consisted 
of a $ in. thick lucite ring which was attached to 
the copper plate. A polished glass plate, i in. 
thick and 74 in. in diameter, served as the lid 
and was cooled from above with water impinging 
on its center and spreading to the sides under 
an&& lucite disk. Using a piston type assembly, 
the glass plate could be held to any desired 
position parallel to the copper plate. 

The glass and copper plate temperatures were 
set by circulating the water through constant 
temperature baths, controlled to +O.O5”C. The 
temperature difference was determined with 
thermometers ( f O*OS’C) which measured the 
temperature of the water pumped directly to the 
plates. The cold water temperature was kept 
constant at 22.5”C, and the flow rates were 
approximately 400 cm3/min. 

Fine aluminum powder was suspended in the 
fluid to observe the convective motions. Since 
the flakes align themselves with the flow and 
reflect light, bright areas refer to horizontal 
motions whereas dark areas correspond to 
vertical motions. The flow pattern was recorded 
by taking pictures either through the piston 
assembly whenever the experiment was such 
that the liquid surface touched the glass plate, 
or with the glass plate removed for less than 
10 s if the experiment was performed with an 
air-gap separating the glass plate and the liquid. 
The copper plate was blackened to improve the 
photographic contrast. Finally, the positions of 
the glass and copper plates as well as that of the 
liquid surface were measured to +OGOl cm by 
means of a cathetometer; hence, the depth of 
the fluid layer could be determined to within 
* 0902 cm. 

In order to effect a comparison between the 
theoretical predictions and the experimental 
results it was necessary to determine the 
geometry and dimensions of the “cells”, as well 
as the temperature gradient within the liquid 
layer at the onset of convection. As can be seen 

from the photographs to be discussed shortly, 
the former could be obtained without difficulty. 
However, since a well defined flow pattern did 
not set in until the temperature difference across 
the layer exceeded the critical, usually by about 
10-20 per cent but occasionally by 4&50 per 
cent, values for the cell sizes to be reported are 
not exactly those pertaining to the critical point. 

The determination of the critical temperature 
gradient was also subject to uncertainty. To 
begin with, since it was not possible in the 
present set-up to measure directly the tempera- 
tures of the two plates, the assumption had to 
be made that these were approximately equal to 
those of the appropriate constant temperature 
baths. In addition, as was also done by Kosch- 
mieder [12], account had to be taken of the 
temperature drop across the glass plate and, 
whenever applicable, across the air-gap. For 
example, with AT denoting the temperature 
difference between the baths, the temperature 
drop, AT*, across the liquid layer at the onset 
of convection was calculated using the ex- 
pression 

AT -- = 
AT* 

1 + !$[ + ;l (1) 
1 2 

where k and 1 are, respectively, the thermal con- 
ductivity and thickness of the appropriate sub- 
stance (No subscript refers to the fluid subscript 
1 to the glass and subscript 2 to the air). In the 
presence of an air-gap AT* was often 50 per cent 
or more lower than the measured temperature 
difference AT. 

In computing the theoretical values for the 
critical temperature difference AT* and the 
critical wave-number a, care had to be taken to 
apply the proper boundary conditions. Due to 
the very large thermal conductivity of the copper 
plate, it seemed safe to assume that the lower 
boundary was isothermal and rigid. On the 
other hand, at the upper surface of the liquid, 
the thermal boundary condition was of the 
radiation type 

ae 
az+LB=o 
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where 8 is the temperature fluctuation, suitably 
normalized [3], z is the dimensionless co- 
ordinate in the vertical direction, and 

k,l k,l 

Equations (1) and (3) apply only as long as the 
air layer remains stagnant up to the critical 
point However, since the thickness of the air- 
gap wa%Xlways very small, O(1 mmh this was 
shown theoretically to have been always the 
case. 

Actually, the chief difficulty in comparing the 
theoretical with the experimental results arose 
from the fact that the point at which convection 
set in could not be determined unambiguously. 
To begin with, any visual determination of the 
point of instability is somewhat inaccurate 
because it requires that the fluid motions be of 
sufficient magnitude to be observable. In our 
case, though, the most serious problem occurred 
near the lucite ring forming the lateral wall. 
Apparently, owing to ineffective thermal in- 
sulation, a temperature difference set in between 
this ring and the adjacent fluid which, in turn, 
gave rise to a localized convection motion. Thus, 
a single roll cell frequently appeared at this 
outer rim even though the rest of the fluid 
remained motionless. However, since this phen- 
omenon was clearly due to a wall effect which is 
not accounted for by any theoretical analysis, 
the appearance of this localized motion was not 
taken to indicate the presence of the theoretically 
expected convective flow. Instead, the experi- 
mentally determined point of instability was 
chosen to be that at which motion was observed 
within the liquid layer away from the rim. It is 
evident, though, that the experimentally ob- 
tained values for the critical temperature differ- 
ence AT* are subject to some uncertainty which, 
generally, was found to be O(10 per cent). 

3. EXPERIMENTAL RESULTS 

The first series of experiments was performed 
with Dow Corning 200 fluid, a silicone oil, 
having kinematic viscosity v = 050 cm2s-’ at 
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2&T, density p = 0963 gem- 3, thermal ex- 
pansion coefficient /I = 0.96 x lo- 30C- I, speck_ 
fit heat C, = 035 cal g-i”C-l, thermal con- 
ductivity k = 037 x 10e3. cd cm-ls-lOC-l 
and slope of the surface tension vs. temperature 
curve -0 = 058 dyn ~rn-‘“C-~. Data were 
taken both with and without an air gap. The 
results of two representative runs are shown in 
Table 1. Here AIST, and AT refer to the tempera- 
ture difference at, respectively, the critical point 
and at the point at which a was measured. 

In all cases, it was found that the flow pattern 
just beyond the critical point was rather 
irregular. For example, in a few experiments it 
consisted of a mixture of concentric rolls near 
the rim and hexagonal cells near the center. 
This is in qualitative agreement with the point 
of view expressed by Koschmieder [ll], by 
Chen and Whitehead [13] and by Davis [14] 
according to which the flow structure near the 
critical point is very sensitive to secondary 
effects, such as the shape of the container, the 
rate of heating small non-uniformities in the 
boundary conditions etc. However, when the 
temperature difference was increased to a value 
30-50 per cent larger than the critical, a regular 
and highly reproducible pattern emerged which, 
as shown in Figs, 1 and 2, consisted of concentric 
rolls in the case of a rigid upper surface, and of 
hexagons whenever the liquid layer was in 
contact with an air-gap. These patterns per- 
sisted up to values of the temperature difference 
as large as three times the critical, beyond which 
the experiments were discontinued. 

Referring to Table 1, we see that there is very 
good agreement between the experimental and 
the theoretical results, the latter having been 
computed from the solutions given by Sparrow 
et al. [15] and by Nield [3] for, respectively, a 
rigid and a free upper surface. In experiment 
no. 1, seventeen rolls were observed at a Ray- 
leigh number R = 2900 thus giving a value for 
the wave number a = 2.78 (eighteen rolls would 
have increased a to 2.94, in almost perfect agree- 
ment with the theoretical value at the critical 
point). As for the results from experiment no. 2, 
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these seem to verify the theoretical prediction Rayleigh number range 1650-2150. It is believed 
by Scalon and Segel [4] that convection driven that this discrepancy may be due to the presence 
by surface-tension gradients leads to hexagonal of secondary effects, such as the shape of the 
flow patterns. To be sure, in the present case container, which, as mentioned earlier, exert a 
convection was due to the combined effect of strong influence on the flow pattern near the 
buoyancy forces and surface-tension gradients ; critical point. Thus, the use of a cylindrical dish 
however, the experimentally determined Ray- may have been responsible for the total absence 
leigh number at the critical point was only about of hexagons beyond the critical point. To be 
l/3 that required theoretically to account for sure, as was the case earlier with the silicone oil, 
convection in the absence of surface-tension a few irregular cells did appear at the onset of 
effects, whereas the Marangoni number was convection, however, following an increase in 
generally about 2/3 that given by Pearson [2] the temperature difference, the flow quickly 
and by Nield [3] as the criterion for surface- developed into a pattern of regular concentric 
tension-driven flow in the absence of buoyancy rolls such as that shown in Fig. 3. In all other 
forces. It would appear therefore that, under the respects, the results from experiment no. 3 were 
conditions of the present experiments with an in accord with the theoretical predictions and 
air-gap, the Row was due primarily to the action were similar to those of experiment no. 1. Rolls 
of surface-tension gradients. were also formed with a liquid depth 1 = 6-O mm. 
All the results discussed above are in essential 

agreement with those reported previously by 
Koschmieder [ 11, 121. 

The novel feature of the present work in- 
volved experiments with Aroclor 1248, an 
aromatic hydrocarbon, the viscosity of which is 
highly temperature dependent Its properties 
are as follows: k = 0.23 x lop3 cal cm-‘s-’ 
‘C-i, p = 1.45 g cme3, /I = 0.70 x 10-3”C-‘, 
u,, = 0.275 call ‘“C- ‘, and a kinematic viscosity 
v which, in the temperature range 2&5o”C, can 
be represented by 

When the depth was decreased to 364 mm, 
the flow pattern was found to consist of regular 
hexagons, shown in Fig. 4, which formed as soon 
as convection set in and which persisted until 
the end of the experiment at a temperature 
difference approximately twice the critical. A 
similar result was obtained in the case of a 
4G mm depth where the hexagons remained 
stable up until the very end of the experiment, 
13 h after the onset of the convection, when the 
temperature difference had reached a value 
approximately three times the critical. Stable 
hexagons were also formed with I = 5.0 mm. 
Since it is known that the use of large rates of 
heating may also lead to hexagons even in a 
fluid having constant physical properties [16], 
care was taken to employ a rate of heating no 
greater than 1~5°C h- ’ which according to the 
criterion developed by Krishnamurti [16], is 
much too small to account for the appearance 
of any hexagons in the present experiments. 

v = 2.21 x low3 exp 

tz T-22 
10 (4) 

with T being the temperature in “C. Thus 
v = 3.0, 0.87 and 0.38 cm2se1 at, respectively, 
20°C 30°C and 40°C. 

Again experiments were performed with and 
without an air-gap. 

As shown in Table 1, convection in a 6.97 mm 
deep layer in contact with the glass top led to 
rolls. This is in disagreement with the criterion 
developed by Palm et al. [9] according to which 
hexagons should have been observed within the 

The existence of these hexagons is of course 
in agreement with the theoretical predictions, 
however, their failure to transform into rolls at 
R z 3000 (for I = 364 mm) or at R z 2500 (for 
1 = 4G mm) runs counter to the theory given by 
Palm et al. [9]. This is not too surprising, though, 
since Palm’s analysis, which applies only close 



FIG. 1. Convection in silicone oil. Upper surface in contact with glass. I = 4.95 mm, AT/AT, = 1-53. 
FIG. 2. Convection in silicone oil. Upper surface in contact with an air gap. I = S-05 r&n, 1~ = 0.99 mm, 

AT/ATc = 1.48. 
FIG. 3. Convection in Aroclor. Upper surface in contact with glass. 1 = 6.97 mm, AT/ATc = l-51. 
FIG. 4. Convection in Aroclor. Upper surface in contact with glass. I= 3.64 mm, AT/ATc = 1.26. 
FIG. 5. Convection in Aroclor. Upper surface in contact with air. I = 6.92mm, 12 = 1.01 mm, AT/ATc = 1.09. 
FIG. 6. Convection in Aroclor. Upper surface in contact with air. I = 3.99 mm,lz = 1.01 mm,AT,/AT, = l-15. 
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to the critical point, should not be invoked to 
predict the flow structure at values of the 
Rayleigh number substantially larger than the 
critical. At any rate, it would appear that the 
effect of the temperature dependent viscosity 
which, as shown by Pahn et al., increases as 
l-‘j, is sufficiently pronounced at these small 
depths to overcome the influence of the cylindri- 
cal geometry and thus produce hexagons. Also, 
as can be seen from Table 1, there is good agree- 
ment between the experimentally determined 
conditions at the point of instability and the 
theoretical predictions obtained by Liang [17] 
by a numerical solution of the appropriate 
linear stability equations, although the corres- 
ponding wave numbers differ by about 10 per 
cent. 

Experiments were also performed in which 
the Aroclor was separated from the glass plate 
by a 1.0 mm thick air-gap. Off hand, one might 
expect that the onset of convection would be 
caused here primarily by surface-tension gradi- 
ents, as was the case in experiment no. 2. How- 
ever, since the surface of Aroclor is easily con- 
taminated by impurities (the surface tension of 
pure Aroclor was 44.4 dyn cm- i, that of Aroclor 
contaminated with aluminum powder was 39.6 
dyn cm-‘) it can be shown on theoretical 
grounds [18] that their presence here serves to 
dampen convection due to surface-tension 
effects. (In the case of silicone oil the addition of 
impurities had no measurable effect on its 
surface tension.) Hence, the experiments were 
interpreted on the assumption that the motion 
was due to buoyancy forces alone. 

Two liquid depths were investigated. In the 
first case, with 1 = 6.92 mm concentric rolls 
were produced such as those shown in Fig. 5 ; 
with a smaller liquid depth, 1 = 3.99 mm, 
stable hexagons were formed seen in Fig. 6. 
These experimental results were, in all respects, 
very similar to those discussed previously in 
which the liquid touched the glass plate. Also, 
as seen in Table 1, these again compare reason- 
ably well with the theoretically predictions when 
1 = 6.92 mm. At the lower depth, however, there 

appears to be a definite disagreement not only 
in the wave number which, as in experiment no. 
4, was somewhat larger than expected, but 
especially in the measured critical Rayleigh 
number which was smaller than the theoretical 
value by a factor of 2.5. This last discrepancy is 
probably due to the fact that the theoretical 
value for R was estimated on the assumption 
that, owing to the accumulation of surface 
active agents, the air-liquid interface was stag- 
nant and that surface-tension gradients did not 
contribute to the convection Clearly, lower 
critical Rayleigh and wave numbers would have 
resulted had these assumptions been relaxed. 
This particular point, though, deserves further 
study. Also, it is not clear why the observed size 
of the hexagons in experiments 4 and 6 was, in 
both cases, consistently smaller than that pre- 
dicted theoretically. 

4. CONCLUSIONS 

The existence of a hexagonal flow pattern in 
thin layers of a liquid having a temperature 
sensitive viscosity and undergoing buoyancy- 
driven convection has been verified experi- 
mentally. In contrast to some theoretical pre- 
dictions, these hexagonal cells, which were 
somewhat smaller than expected, were found to 
remain stable over a range of temperature 
differences extending to at least three times the 
critical, thus suggesting that the analysis by 
Palm et al. [9] may not remain valid much 
beyond the critical point where, in fact, it is 
meant to be applied For relatively thick layers, 
the pattern was observed to consist of concentric 
rolls. Thus, depending on the liquid depth, 
either hexagons or rolls, but not both, were 
generally found to form throughout the range 
of temperature differences investigated. This, 
again, runs counter to recent theoretical results 
[6-S], according to which, in such cases, the 
motion should always consist of hexagons 
rather than rolls in the immediate neighborhood 
of the critical point. It is suggested that this 
discrepancy may be due to secondary factors, 
such as the shape of the container, which, near 
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Experiment 

Table 1. Comparison between experimental results and theoretical predictions 

Fluid 
Thickness of LI1 3 GAP’ 

Depth of liquid 
layer, I (mm) 

air-gap. lz (mm) L critical ter 
-l__- , 

A T* ---erimental 
R*, experimental 

nperaturc 
critical Rayleigh 

~10~ across 
number, 

. . ,--; aB AT*13uc~.. 

Silicone Oil 4.95 0 8.3 I.5 1600 

Silicone 011 5.05 0.99 0.73 I~05 220 

Aroclor 6-97 0 I8 6.5 1670 

Aroclor 3.64 0 9.6 18.7 1400 

Aroclor 6.92 1.01 1.6 4.7 1 too 

Aroclor 3.99 101 0.93 9.2 520 

(a) Ref. [ 15) ; (b) Ref. [3] ; (c) Ref. [ 171; (d) estimated value. 

the point of instability, may be sufficiently 
important to prevent the formation of the 
hexagons whenever the liquid layer is deep 
enough so as to render the effects of the variable 
viscosity less pronounced. 
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B*, experimental 
critical Marangoni R, theoretical B, theoretical a theoretical 

number, critical critical a*, experimental 
wave number Experimentally Theoretically 

o AT% Rayleigh Marangoni wave number at the observed flow expected flow 

d number number critical point pattern pattern 

vk 

218 
- 

58 

- 

- 

- 

- 

1591)‘“’ 

275tb’ 70Cb’ 

16qg’d’ _ 

1350’4 - 

14OO’d’ - 

13OJP’ - 

(at AT = 1.8 AT,) 
229 
(at AT = 1.5 AT,) 
291 
(at AT - 1.8 AT,) 
315 
(at AT = 1.25ATJ 
274 
(at AT = 1.15 AT,) 
2.9 
(at AT = l-15AT,) 

3.01’“’ 

2.25tb’ 

3.06(d’ 

2.80”’ 

2.8(d) 

2.jM’ 

rolls 

hexagons 

rolls 

hexagons 

rolls 

hexagons 

rolls 

hexagons 
hexagons, 
then rolls 
hexagons, 
then rolls 
hexagons, 
then rolls 
hexagons, 
then rolls 

EXPERIENCES SUR LA STRUCTURE CELLULAIRE DANS LA CONVECTION 
DE BENARD 

RGsm&-La convection naturelle dans une cellule cylindrique a et4 &udi&e exp&imentalement par en- 
dessous en employant deux fluides di%rents. Dam l’ensemble, un bon accord a et6 obtenu avec de nom- 
breuses previsions theoriques. Dans l’huile de silicone, dont les proprietes physiques sent relativement 
insensibles a la temperature, on a trouve que la configuration de l’ecoulement consistait en rouleaux 
concentriques dam le cas de la convection due a la pesanteur, et de celhdes hexagonales pour l’ecoulement 
dfi a la tension supertlcielle. Ces observations sont compatibles avec celles publiees r(xemment par 
Koschmieder. Avec de l’Aroclor, dont la viscositf! depend fortement de la ~rn~ratu~, lea rouleaux 
apparaissent pour des profondeurs de liquide de 6 mm et des hexagones pour des profondeurs de 5 mm. 
PlutGt que de se transformer en rouleaux comme certaines theories l’avaient predit, ces hexagones, qui 
Ctaient quelque peu plus petits qu’attendu, restaient stables dans une gamme de diff&nces de temperatures 
s’etendant jusqu’au moins trois fois la valeur critique. Ceci suggere que les analyses non-lineaires disponibles 
actuellement ne devraient pas &re extrapolk beaucoup plus loin que le point critique, ou en fait elles 

doivent s’appliquer. 

vERsucHE OBER DIE ZELLULARSTRUKTUR BEI BENARDKONVEKTION 

zusammenfassung-Die nattiliche Konvektion in einer xylindrischen Belle wurde experimentell unter- 
sucht an zwei verschiedenen Fliissigkeiten. Insgesamt wurde gute ~~in~i~~g mit vielen theoretischen 
Vorhersagen gefmtden. In Silikor@l, dessen Stoffwerte relativ unemp~n~ich gegen TemperaturHnderung 
sind, zeig-te sich, dass das Strbmungsmuster im Fall der auftreibsbedingten Konvektion aus konxentrischen 
Rollen bestand und im Fall da oberfl&chenspammngsbedintten StrGmung aus hexagonalen Ellen, Diese 
Beobachtungen stimmen mit den kthxlich von Koschmieder beschriehenen ilberein. Bei Aroclor, dessen 
ZHhigkeit stark tern~~turab~~g ist, erschienen Rollen t%r ~~i~ei~~h~ von 6 mm und Sechsecke 
t’Rr H6hen von 5 mm Statt in Rollen ilberxugelren, wie einige Theorien verlangen, bleiben diese Sechsecke 
die etwas kleiner sind ala erwartet, stabil tlber einen Bereieh von Temperaturdifferenzen, der sich auf 
mindestens dreimal den kritischen erstreckt. Diese Beobachtung verbietet die Extrapolation von gegen- 
w&t& verftlgbaren nicht-linearen Analysen weiter fiber den kritischen Punkt hinaus, wofiir SK eigentlich 

anwendbar sein so&en. 
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~~HHO~~~Jr-;~I~C~~e~~l~e~IT~JIb~~O LlCGIe:(OKIJL~Cb eCTCCTBeHHafl tiOHBeliLJMR IS ~L~~HH~~II~I~C~~O~ 

fwetirre npM I4CILOJIb30BaHHIJ AByX pa3nwf~brx IKMflIiocTeB. H IIenoM, IronyYerro xopouxer 

Cor~acosaHLle c MHO~~MI~ TeopeTwiecwlklIl pacqeTawl1. npcl IIcnoJIb30BaHwI CLlJIOKCaHOBOrO 

MaCJIa, @kI:GlYeCIiCle CBOtiCTBa KOTOpOrO ZlNLO 3aBMCIIT OT KlMeHeHId TeMIIepaTypbI, IIafiRerIO, 

‘IT0 IiapTMHa TeqeHIIR COCTOMT M3 ~iOHI(eHTpMYeCICLlX HaJOB B CJIysae KOHBeHIJHH, BbI3BaHHOfi 

CllJLaMPi IIJIaByqeCTM, M M3 LIIeCI’IIyrOJIbHbIx WfWIi rIpH TeYeHHM, BbL3BaHHOM CHJIaMIl IIOBepX- 

HOCTHOrO HaTFIWeHIlFI. aTM Il&IIO~eHIlJl HaxOAFITCSl R COOTBeTCTRLlIl (’ HakTIIO~eH~lRM&I> 

~OJIO~eIIHbI?dLl IrenaBILo KoIIIMH~epoM. IlPl’ ~i~Iro.~nb:10BaillI~I apoxJropa, BHIDHOCTb KoToporo 

CLlJIbHO 3aBBCLlT OT TeMIlepaTypbI, K131bI IIOFJll.7fIJMCh TIpll TOJIIQLlHe CJIOfI WHJ(ICOCTLI 6 VM ~ 
a LUeCT~yrO~bH~Km-npa TOJIWMHe l’<lIOR iKII,?IiOCTIl 5 UM HatixeIro, YTO l~e~‘Pll\~I‘O~~b~~~ll~~~. 

pasixep KOTOpbIX 6bIJI HeCICOJIbHO MeHLIlIe, t1e51 Ilpe,llro;lar3:Iocb, Iie nperrpawa:ulcb B Baj16I, 

liElIE 3~0 npeficlta3bIBaeTcFr rI0 HewTopbLv Tf’OpHHM , 3 OCT~IVAIILfCI, CTa6IlnbHbIaH II ~llaFW?OHt’ 

pa3HocTsi TeninepaTyp, LIpeBbIukaroLuIix, II~ IEpatiHeii ~t’pt~. fl TpI1 paaa KpHTLIqeCKOe :waveHw 

TeMILepaTypbI. 3TO CBH;leTeJIbC’I%yeT 0 TOM, ~TO anferoqmvx B HacTonwee RpewI IrenwetHbIe 

aH&TIM3bI IIeJIb311 :,f;CTp~IIOJIL4poH~Tb :~H~‘lHTe;IbliO IlbIIIIC’ I~pMT”‘ieC”Oti TO’IKM, r’;l1’ rIpe~nO- 

.rIilI-;ItYTCIl MS I@X4T1VIPCKOC lll’lIO.~l,:~Ol1~~IIMC, 


