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Abstract—The thermophysical properties of the fines from the Apollo 12 landing site have been determined
as a function of their relevant parameters. These properties include the thermal conductivity, thermal
diffusivity, directional reflectance and emittance, The density used was the same as that observed from
the returned core-tube samples and so should be close to the true density of the surface layer at the Apollo 12
site. The measured properties are used to calculate the diurnal temperature variation of the moon’s surface
as well as for several depths below the surface. The maximum sugface of 389°K is obtained at lunar noon
while the minimum temperature of 86-1°K is obtained at sunrise. It is shown that the most significant effects
on temperature, as compared with previous calculations, are caused by using the directional reflectance
which controls the amount of solar energy absorption during the day in place of a constant hemispherical
reflectance. The results are compared with previous analyses and remote measurements.

NOMENCLATURE
t time;
P, lunation period ;
x,  depth below surface:
T, temperature;
¢,  specific heat;
k, thermal conductivity:
S,  solar constant;

T,, surface temperature;

r, directional reflectance.
Greek symbols

p, density:

A, lunar latitude;

B, lunar longitude:

&, dimensionless depth x/(4rna*P)!/2;

1,  dimensionless time t/P:

g, emittance ;

o, Stefan-Boltzmann constant;

a, thermal diffusivity, k/pc:

a*  thermal diffusivity evaluated at the

average temperature far below the lunar
surface ;
y,  thermal parameter (kpc) /2.

+ This research was supported in part by the National
Aeronautics and Space Administration under contract
NAS9-8098 and grant NGR 18-001-060.

1. INTRODUCTION

THE PROPER design and operation of systems
or structures which may be constructed for or
on the lunar surface depend to a large degree on
a complete knowledge of the thermal transport
properties of the material in the lunar surface
layer. Accurate data on the local thermal
environment are also needed particularly on
the moon where there are wide extremes of
temperature. However, up to now there have
not been any direct measurements of the tem-
perature field in the surface nor have there been
any reports until recently of the actual properties
of the lunar media.

There have been a number of soft landings on
the moon in the past several years including
five unmanned Surveyor {lights and three
manned Apollo flights by the United States and
several unmanned Lunar flights by the Soviet
Union. None of these missions included pro-
vision for measurement of lunar surface tem-
peratures or heat fluxes. Ironically, the only
flight which included such experiments was the
Apollo 13 flight which was aborted before a
landing could take place. The only actual
measurements of temperature have been remote
measurements from earth in which infrared or
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microwave radiation emitted by the dark moon,
either at lunar nighttime or during an eclipse, is
analyzed to yield an apparent radiation tem-
perature, e.g. [1-5].

There have been numerous attempts in the
past to calculate lunar temperatures using
assumed values of the thermophysical proper-
ties of the lunar surface layer as well as attempts
to infer these temperatures from spacecraft
heat balances. These are summarized in Cremers
et al. [6]. While these analyses lead to lunar
temperatures which are in the proper range, they
do not yield proper temporal variation because
they do not retain the proper time and tempera-
ture dependence of the thermophysical pro-
perties. The only attempts to use the actual
properties of the lunar surface layer in tempera-
ture calculations were done for the Apollo 11
and 12 sites by Cremers et al. [6, 7]. In those
papers the temperature dependent thermal
conductivity and diffusivity were measured for
the respective lunar samples and used along with
a constant value of reflectance and emittance
to calculate surface layer temperatures. It is
shown in the present paper that the assumption
of constant radiative properties leads to a
considerable discrepancy in predicted tem-
peratures.

The successful landings on the moon of the
Apollo flights along with the return of samples
of the surface material have permitted the
measurements of the thermophysical properties
necessary for heat transfer calculations. These
explorations have also proven what was pre-
viously hypothesized, that the iunar surface is
covered to a depth of several meters or more, at
least in the mare regions, with a layer of fine
particulate soil or fines as it has been called.
There is a hard substratum below these fines
and there are many rocks and sometimes
boulders scattered about as well. However,
these occur randomly and may be considered
perturbations in the porous powdery surface
layer.

The particulate nature of the lunar surface
complicates the problem as compared to the
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case of a solid surface. Considerations of energy
transfer in an evacuated porous medium show
that there will not only be conduction through
the particles and their contact areas but also
radiation which is scattered in the voids and
also absorbed and reemitted by the particle
surfaces.

The purpose of this paper is to present
measured data on the thermophysical pro-
perties of the Apollo 12 fines sample. These are
presented as a function of the relevant para-
meters that are important for the calculation of
the temperature field in the surface layer at the
Apollo 12 landing site. These properties are then
introduced into the one-dimensional transient
energy equation which is solved for the tempera-
ture as a function of depth and time during a
lunar day. The results are compared with
calculations for the Apollo 11 site which,
however, are not as valid since the surface
radiation properties were held for that analysis.

2. ANALYTICAL CONSIDERATIONS
2.1 Energy equation

The Apollo 12 Lunar Excursion Module
landed in the Ocean of Storms at 3-2° south
latitude and 23-4° west longitude [8]. The
surface here is relatively flat and smooth but
there is a cluster of craters ranging in diameter
from 50 to 400 m in the neighborhood. These
could possibly be associated with thermal
anomalies, although none have yet been detected
in this region. Consequently, one would not
expect to find horizontal variations in tempera-
ture at this site.

Photographs of the Apollo 12 landing area
[8] show that there are few rocks or boulders
present. The regolith or surface layer is made up
of particles which vary in size from the occasional
centimeter sized rock on down to the submicron
range. An analysis of the particle size distribu-
tion by Gold and co-workers {9] showed that
the Apollo 12 sample is somewhat coarser than
is the Apollo 11 sample. However, the sample
contains particles with effective diameters down
to below 0-1 um which is the limit of measure-
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ment. It is apparent that the surface layer is
primarily particulate in nature and that the
particles are present in a random distribution of
sizes. The heat transfer problem is then one
involving an evacuated porous matrix.

The thermal energy transport problem for a
porous evacuated medium is one involving
both conduction and radiation heat transfer.
These can be combined so that the total heat
flux may be considered as an entity. Fourier’s
heat conduction law can then be used to de-
scribe the heat flux as long as it is recognized
that the thermal conductivity so defined is an
effective one rather than a basic property of the
porous medium itself. Elementary theory [10-
12] shows that the effective conductivity of
such a medium is given by a constant plus a
term proportional to the temperature cubed.
Studies on lunar fines [6, 13] as well as on
powdered terrestrial basalt [14], which is
similar to the lunar fines, show that this tempera-
ture dependence describes the data quite well.
These studies by Cremers [13] showed that
below environmental pressures of about 103
torr, there is no effect of gaseous conduction or
convection in the voids.

These considerations make it possible to
establish a rather straightforward model for
energy transfer in the lunar surface layer. Be-
cause of the excellent insulating qualities of
evacuated rock powders, the depth to which
there will be significant daily temperature
variation is on the order of a meter whereas the
moon’s diameter is on the order of 3 x 10° m.
Therefore, the heat flow can be considered as
one dimensional in a cartesian coordinate
system. The energy equation is then expressed as

or o . oT
PC(T)E{=g(k(7)'5;)- (1)

In equation (1) it is assumed that the specific
heat is an explicit function of temperature as
has been demonstrated for the Apollo 11 fines
[15] and that the density is a constant with
depth. The latter assumption is borne out by
observations made by the Apolio 12 astronauts

[8].
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It is convenient to express equation (1) in terms
of dimensionless variables. Because the problem
is periodic, it is convenient to make the time
dimensionless with the period of lunation P
which is 2-55143 x 10° seconds so that 7 =
t/P. The length variable x is made dimensionless
with the wavelength of the first fundamental
wave of the constant property solution of
equation (1). That is, ¢ = x/(4na*P)t. Here a*
is the thermal diffusivity evaluated at the aver-
age lunar temperature, that is, the temperature
far below the moon’s surface. The dimensionless
equation can then be expanded and written as

or _ a [Ldk Ty 17
ot Adna*|kdT \o¢ ae?

where k and o are both functions of temperature.

2.2 Boundary and temporal conditions

There are several schools of thought regarding
the thermal status of the moon in geological
time. These can be grouped, for our purposes,
into “cold” moon and “hot” moon theories.
If the moon is “hot” then it is slowly cooling as is
the earth and the maximum expected time
average heat flux at the surface is only about
7 x 1078 W/m? [16]. If it is cold, then it has
long ago reached some time averaged steady
state and is at some constant average tempera-
ture. In either case, then, it is obvious that the net
flux from the surface over one solar day is
negligible and so the spatial condition far below
the surface where the periodic fluctuations are
damped out is that the heat flux is zero. That is,
for large values of &, 0T/0¢ = 0.

The condition at the surface is expressed by a
heat balance between the incoming solar radia-
tion and the energy which is emitted to space
plus that which is conducted into the surface
layer. As the sun’s angle with respect to the
normal varies during the day the fraction of
incoming radiation which is absorbed also
changes. These conditions are written as

oT

&=0,1I1)=e0T§ — k(T)EE'

3)
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The insolation term H1) is
Hoy=8I1 — v}l cos Acos {f + 2nt] {4
during the half period of daytime and
1(t) = 0 (5)

during the half period of nighttime. In equation
(3), ¢ is the total hemispherical emittance which is
a functional of temperature and in equation (4},
{1} is the directional reflectance which will vary
with the sun’s angle of incidence and so it can
be expressed as a function of the time variable
7. A is the latitude and § is longitude of the
lunar site in question. S is the solar constant.

3. THERMOPHYSICAL PROPERTIES

The properties needed for solution of equation
(2) subject to the above conditions have been
measured in our laboratory. The samples used
for the tests were Apollo 12 samples number
12001 and 12070 as cataloged by the Lunar
Receiving Laboratory of the National Aero-
nantics and Space Admunistration, Houston,
Texas. The density used was 1970 kg/m* which
is the density obtained from analysis of the upper
half of the core tube sample {8] and so shouid be
close to the true surface-layer density at the
Apollo 12 site. Only about 10 g of sample was
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made available for analysis and there isno record
of how far below the surface it came from or how
representative of the overall regolith it is.

3.1 Thermal conductivity and diffusivity

The thermal conductivity of sample 12001
for a density of 1970 kg/m> was measured over a
temperature range of 104-425°K which corres-
ponds approximately to the range of tempera-
tures experienced on the moon. The method used
was the line heat-source technique. The method
and apparatus used are described in a previous
paper {17]. In brief, this approach utilizes about
6 g of lupar material. The sample, with a fine
wire imbedded in it, is allowed to come to an
equilibrium temperature. Then the wire is
heated slightly by a constant current and for a
limited period of time the heat transfer from the
wire to the medium is a good approximation to
heat transfer from an infinitely long heat-
source in a medium of infinite extent. The equa-
tion describing the time-temperature history of
such a model can be solved for the thermal
conduciivity once the actual time-temperature
history of the sample is known.

The data are shown in Fig. 1 along with a
cubic least-squares curve fitted to the data in
accordance with elementary theory as mentioned
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Fic. 1 Thermal conductivity and diffusivity of funar fines.
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previously. The curve is given by
k=0115 x 1072 + 0:159 x 10712 T3 (6)

The units of k here are W/m°K. Other data
for the same sample at a density of 1300 kg/m?
are given in an earlier paper [18] and fitted
curves are shown for comparison.

It has not yet been possible to measure the
thermal diffusivity of the small evacuated
samples with a sufficient degree of accuracy and
reproducibility. Consequently, this property is
calculated as o = k/pc for use in the present
analysis. Therefore knowledge of the tempera-
ture dependent specific heat is also required.

There have not yet been any published
measurements of the specific heat of the Apollo
12 fines. However, there are some data available
for the Apollo 11 samples [15] and it is expected

1049

3.2 Radiation properties

It has been mentioned that the sample used
for analysis was of undetermined origin in
reference to the surface. That is, the sample was
scooped up, placed in a bag and the sample
used for the present analysis was taken from the
bag. Consequently, there is no possibility of
making surface property measurements on the
actual lunar surface material. This is unfortun-
ate because it has been noted [8] that there are
distinct changes in sample coloring with depth.
However, one might expect that these effects
are most pronounced considered as functions of
wavelength. The properties used in the present
analysis are integrated over wavelength and so
the uncertainties caused by sample mixing
should not be severe and should give an average
representation of the upper soil.

100 T T T T
098
096
094
092
090
088 | i 1 L

Emittance

Apollo sample 12070 |
Density <1910 kg/m3

T T T T

1 1 1 |

80 120

Temperature,

160 200 240 280 320 360 400 440

°K

F1G. 2. Hemispherical emittance of lunar fines.

that for the Apollo 12 fines the specific heat will
be much the same because of the chemical
and mineralogical similarity of the samples [19].
The data in [15] were used on a point by point
basis with the conductivity from the least
squares curve in Fig. 1. A fourth degree poly-
nomial was then fitted to the resultant diffusivi-
ties. As the specific heat was given in [15] only
up to a temperature of 360°K, the curve was
extrapolated to cover the full range of lunar
temperatures. The diffusivity is also shown in
Fig. 1 and it is given by
a = 0586 x 1078 — 0610 x 1071°T
+ 0293 x 1071272 — 0:635 x 10~ 1373
x 0-531 x 1071874,

The units of « in equation (7) are m?/s.

(M

The total hemispherical emittance was cal-
culated from measured spectral emittance values
[20] and was found to vary with temperature.
These results are presented in Fig, 2.

The directional reflectance of lunar fines in
the visible region of the spectrum was obtained
using the center-mounted sample integrating
sphere reflectometer [33]. The reflectance is a
function of wavelength and of the angle of
incidence of the incoming radiation and the
spectral reflectance of the Apollo 12 fines for an
angle of incidence of 10° is shown in Fig. 3. The
curve is a smooth fit through points recorded at
0-02 um intervals. The total directional reflec-
tance is obtained by multiplying the spectral
reflectance on a point by point basis with the
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FiG. 3. Directional reflectance of lunar fines.

solar spectrum [21] integrating and dividing
by the total solar input. Results for other angles
of incidence show similar characteristics to
those of Fig. 3. The angular distribution of the
total solar directional reflectance is presented
in Table 1. For the temperature calculations it

Table 1. Solar reflectance of Apollo sample 12070

Angle of illumination Directional
(degrees) reflectance

10 0120

20 0126

30 0131

45 0138

was assumed that the reflectance went to unity
at 90° as it does for all dielectrics.

The density used for the determination of the
reflectance was 1800 kg/m® and for the emit-
tance, 1910 kg/m?>, which is somewhat less than
that used in the analysis (1970.kg/m?). It was not

possible to achieve densities greater than this
without disturbing the surface of the sample in
the holder. This should be of no consequence,
however, because as shown by Birkebak et al.
[22] there is no noticeable effect of density on
the radiation properties above densities of
1600 kg/m*.

4. RESULTS

Equation (2) was solved on the IBM 360-65
digital computer using a modified Runge-
Kutta scheme. The results for the lunar surface
and several depths below the surface are given
in Fig. 4. The maximum temperature which
occurs at lunar noon is 389°K and the minimum
temperature which occurs at lunar sunrise is
86'1°K.

The only previously published analysis of
lunar surface temperatures using actual pro-
perties of the lunar surface material did not take
into account the directional characteristics of
the reflectance. This is significant because if a
constant reflectance is assumed, the surface
immediately begins absorbing a given fraction
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of radiation at sunrise and continues absorbing
this fraction until sunset. In the real case, how-
ever, at grazing angles the reflectance is near
unity and so there is no absorption. Inclusion
of the directional dependence of the reflectance
has the important effect of moderating changes
between night and day temperatures in periods
near sunset and sunrise. A comparison between
temperatures from the present study and the
results of an analysis in which the reflectance
and emittance are Beld constant at mean values
[23] is given in Table 2 and by the dashed
line in Fig 4. Note that at noon there is practic-

Table 2. Comparison of temperatures for case of variable
surface properties with that of constant surface properties

Temperatures (K)

Variable Constant r, ¢
* o) &) [23]
0 (noon) 389-3 3894
024 1612 2049
025 (sunset) 1344 1475
050 {midnight) 947 96'8
075 (sunrise) 861 878
076 1254 1895

ally no difference because the sun is directly
overhead and the normal reflectance was that
used in the constant surface property analysis.
The only difference then in the two calculations
is in the emittance. The really significant
differences in the two models are just before
sunset and just after sunrise. The maximum
differences occur at ¢ = 0-24 where the tempera-
ture is lower by 43-7°K in the variable property
case and at t = 0-76 when the temperature is
lower by 64-1 K in the variable property case.
The temperatures at the Apollo 12 site are
compared with those calculated for the Apollo
11 site in Table 3. It should be reemphasized
that there were no total directional reflectances
or temperature dependent emittances available
when the latter calculations were made and so
constant radiative properties were assumed. The
generally lower temperatures in the Apollo 12
case are due primarily to the lesser amount of
energy calculated to be absorbed during the day.
This difference is caused by taking the directional
dependence of reflectance into account. The
most significant differences occur again just
before sunset and just after sunrise when the
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Table 3. Comparison of measwred and calculated lunar
surface temperatures

Source Noon Sunset Midnight  Sunrise
{K) {K) {K} (K}

Apollo 11186] 395 152 101 929
Apollo 12

(this study) 389 134 95 861
Wesselink [24] 370 144 98 90
Jaeger [25] 368 178 97 89
Linsky [26} 98 89
Pettit and

Nicholson [27] 374 120
Sinton [28] 389 181 122 109
Saari [29] 104
Low [30] '
Ingrao er al. [31] 393
Stimpson and

Lucas [32] 386-390 140-200  100-112

constant surface property model deviates the
most from the actual situation. The differences in
conductivity and diffusivity become most ap-
parent beneath the surface. The amplitude of the
diurnal variation at depths of 20 and 30 mm is
on the order of 20°K greater in the Apollo 11
case.

It is of historical interest to compare the

400 T T T
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present results with some prior calculations of
lunar temperatures which were based on as-
sumed properties. This is also done in Table 3.
These calculations were usually made in terms
of the thermal parameter defined as 7=
(kpc)~'2. For the present study the value of y
based on the reference properties is y = 1025,
For comparison, temperatures calculated by
Wesselink [24] (y = 119), Jaeger [25] {7 =
1000), and Linsky [26] (y = 1000) are shown.
Wesselink and Jaeger assumed constant pro-
perties throughout and the numbers taken from
Linsky were calculated for an assumed medium
with temperature dependent specific heat and
thermal conductivity.

Also shown in Table 3 are the results of re-
mote measurements of lunar surface tempera-
tures. These include measurements of infrared
or microwave radiation during lunar nighttimes
or during eclipses, from which temperatures are
inferred, by Pettit and Nicholson [27]. Sinton
[28], Saari [29]. Low [30], Ingrao et al, {31].
and Stimpson and Lucas [32]. In the latter
paper several separate determinations are made
of each temperature and the resuits are presented
here as a range. Considering the assumptions

350

300

- Midnight

¥ 280 i
&
5 200 _
k<l
2 5
£ |50 - Bunrise B
&
100 —
S0 -
o i i i i i { i i I
o] O gz 03 o4 05 06 07 o8 09 £e]
Dimensionless degth, x/2V T F

F1G. 3. Temperature variation with depth in surfuce layer.
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required to deduce temperatures from the data
and the wide area from which the measured
radiation originates, the agreement is quite
good.

Figure 5 shows the variation of temperature
with depth for several times during the lunar day.
It is seen that the temperature wave damps out
rapidly with distance because of the excellent
insulating characteristics of the lunar surface
material. In both the Apollo 11 and 12 cases, the
daily variation in temperature drops to about
one degree at about ¢ = (-85 which corresponds
toadepthof x = 0-172 mm. The steady tempera-
ture of the moon below this depth is 225°K. The
reference diffusivity evaluated at this tempera-
tureisa* = 0-110 x 1078 m?/sand the reference
conductivity k* = 0-135 x 107*W/m°K.

5. CONCLUSIONS

The thermophysical properties of the lunar
fines returned from the Apollo 12 site have been
determined as a function of the relevant para-
meters for conditions as they exist at the landing
site. Utilization of these variable transport
properties in the solution of the differential
energy equation for the case of a lunation should
give an accurate description of the daily
temperature variation on the surface of the
moon, or at least on the mare regions where the
surface material, or regolith, is definitely pow-
dered (rather than solid) rock. Comparison of
these results with those of earlier studies shows
that the various assumptions made previously
{properties constant with temperature or
direction) had significant effects on the predicted
temperature at sunset and sunrise but the
differences on the predicted peak, minimum and
average temperatures were only a few degrees.

The temperature distribution presented in this
report should be close to the true surface
temperatures at the Apollo 12 site unless there
are significant variations of density or com-
position within the first meter of depth. The
results should apply to other mare regions on
the lunar equator as well because it was found
that the materials returned from the Apollo 11
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and 12 flights did not differ significantly in
properties that might effect heat transfer. Only
when projecting the results to uplands regions
should there be any difficulty. Here the larger
number of rocks with their higher conductivities
(by about a factor of 100) would make the present
analysis less applicable.

In closing it should be mentioned that the
radiative properties used in this paper are for a
randomly procured sample. That is, there is no
way that a true surface can be obtained and
analyzed. The samples are scooped up by the
astronauts and placed in bags where they be-
come mixed. The core tube sample is sufficiently
disturbed that the true surface is destroyed.
This is unfortunate because studies on powdered
terrestrial basalts which are similar chemically
and mineralogically to the lunar fines show
bleaching effects upon exposure to proton
beams similar to the solar wind. However, these
are spectral effects and one might find that the
total reflectance, integrated over all wave-
lengths, would not be strongly affected.
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CARACTERISTIQUES THERMIQUES DE LA COUCHE SUPERFICIELLE LUNAIRE

Résumé—Les propriétés thermophysiques des poussiéres provenant du site d’alunissage d'Apollo 12 ont
été déterminées pour dégager les paramétres utilisables. Ces propriétés comprennent la conductivité
thermique, la diffusivité thermique, la réflectance et I'émittance directionnelles. La densité utilisée était la
méme que celle observée avec les échantillons prélevés et proche ainsi de la vraie densité de la couche
superficielle du site Apollo 12. Les propriétés mesurées sont utilisées afin de calculer la variation de tempéra-
ture diurne de la surface lunaire aussi bien qu’au-dessous de cette surface. La température superficielle
maximale de 398°K est obtenue au midi lunaire tandis que la température minimale de 86.1°K est obtenue
au lever du soleil. On montre que les effets les plus significatifs sur la température quand ils sont comparés
avec les calculs antérieurs sont dus & P'utilisation de la réflectance directionnelle qui contrdle Pintensité
de P'absorption d’énergie solaire durant le jour plutdt qu'd une réflectance hémisphérique constante.
Les résultats sont comparés aux analyses et mesures précédentes.



THERMAL CHARACTERISTICS OF THE LUNAR SURFACE LAYER

THERMISCHE EIGENSCHAFTEN DER OBERFLACHENSCHICHT DES MONDES.

Zusammenfassung—Die thermophysikalischen Zustandsgrossen der Oberflichenschicht am Landeplatz
von Apollo 12 sind als eine Funktion ihrer relevanten Parameter berechnet worden. Diese Zustands-
grossen sind die Wirmeleitfahigkeit, die Temperaturleitfahigkeit, die direkte Reflexionszahl und die
Emissionszahl. Die dabei beniitzte Dichte war jene, die bei der zuriickgebrachten Probe der Oberflichen-
schicht festgestellt wurde. Sie miisste moglichst nahe an den Wert der tatsiachlichen Dichte der Oberflichen-
schicht am Landeplatz von Apollo 12 herankommen. Die gemessenen Zustandsgrdssen wurden zur
Berechnung der tiglichen Temperaturschwankungen auf der Mondoberflache, sowie der in verschiedenen
Tiefen unterhalb der Oberfliche, verwendet. Die maximale Oberflichentemperatur von 389 K erhielt man
am Mondmittag und die minimale Temperatur von 86,1 K bei Sonnenaufgang. Es wird gezeigt, dass die
meisten charakteristischen Effekte des Temperaturverlaufs, verglichen mit fritheren Berechnungen,
durch die direkte Reflexion verursacht werden, die fiir den Betrag der solaren Energicabsorption wihrend
eines Tages an Orten konstanter hemispharischer Reflexion ausschlaggebend ist. Die Ergebnisse wurden
mit friiheren Berechnungen und Fern-Messungen verglichen.

TENJOOU3NYECKUE XAPAKTEPUCTUKU CJIOSI JIYHHON NOBEPXHOCTU

Ansoranua—B pabore ompemenAauMch TEIIOPU3MYECKME XAPAKTEPUCTUKM (TEIIIONpPOBOJ-
HOCTh, TEMIIEPATYpPONPOBOJHOCTb, HAMpPABIEHHAA OTPAMKATEJbHAA CIOCOGHOCTH M M3IY-
YareqbHaA CMOCOGHOCTH) CHIIYYEro I'pYHTa, B3ATOrO HA MecTe mocajgxu Anojoma 12, B
3aBUCHMOCTH OT COOTBETCTBYIOIUMX [AapaMeTpoB. JICmobp30BainCch Te iKe BSHAYCHUSA
TIJIOTHOCTH TPYHTA, 4TO M Yy 00paslioB, B3ATHIX paHee C NOMOILI0 ABTOMATHYECKH [OCTA-
BJIEHHBIX KAICYJ, KOTOPAafA HO/KHA OHThH GIUBKON K MCTUHHOMY 3HAUYEHUIO NJIOTHOCTH CJIOA
HOBEPXHOCTH B MeCTe MOCANKK Anoniona 12. sMeperHble XapaKTepUCTHRU HCNOIB30BAIMCH
ISl pacuéTa CyTOYHOTO U3MEeHEeHHUs TeMIlepaTyphl MoBepXHocTH JIYHE, 8 TaKKe TeMIePHTY P
HA HEKOTOPOii TIy0uHe OT IOBEPXHOCTH.

HalineHo, u4To MaKCUMaJbHAA TeMIIepaTypa NOBEPXHOCTH B JYHHHI IOJAEHbL paBHA
389°K, a MUHMMAIBLHAA TeMIepaTypa NpM Bocxome coamnna passa 86°K. Ilokaszamo, uto
TeMIepaTypa MaMeHAeTCA Haubosee BHAUUTENHHO, €CIM BMECTO paHee MCIOIb3yeMoil B
pacuerax IMOCTOAHHOM moiycdepnyeckolf OTparKATENLHON CIOCOGHOCTH MCMONBL30BATDH
HATIPABJIEHHYI0 OTPAMATENbHYI0 CIOCOOHOCTB, ONPEENANNIYI0 KOJWYECTBO INOTIIAIIAEM O
B TeYeHHe JJIA COJNHELHOM sHepruu. PesynbpTarsl CpaBHUBAITCA C MPEALAYIUMY AHAIU3AMM

U QUCTAHIIMOHHBIMU UBMEPEHUSMH.
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