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CALCULATIGNS OF THE MOOH’S HEAT HISTORE AT DIbFERENT LUNLQN”nLTI)Nu
OF RADIOACTIVE ELEMENTS TAKING ACCOUNT QF THE MATERIAL DIFFERHNTLATTON

WITH MELPING -- o @

OOIQOrnatskaya,IaoIaAl'ber;InLgRyazantsevath

Ialntrodgctioh

Papers by G. Urey, oMacDonald,aea Lublmova,B Yulevin, S.hoMaevas
P, Friker,R.Reynolds ‘and A¢Summers Je Irlyama and Jauchlmazu D.Anderson

andR, Phinerey,Toﬁanku and D. Anderson R MacConnel H.Toksoz and S.Solomon,
et al [2 4 5,6 8-I17,26 29-31] are devoited to the investigation of _
the Moonfs heat history based on the solutlon of the neat conductivity
equation with the given values of the Moon's materldl parameters, the
' 1n1t1a1 and boundary condibions and witn the heat sources- radioactive
elementa with the given concenrrationsg Qur paperq [20 ZI]are devoved
to the same problem. Up to 196667 the homogengous and laminated
Moon models were consideréd,separatelya Then in 1966«67 we and.irregm
pective of us PoEriker'RoReynolds and A. Smmmérs ook iuto account in
the calculation the differentiation of the Moon's material and conmeoo"
tion of the zadioactive elements to the surfaLe with melting. The con-
sideration of continuous differentiation in the calculatlon peraltd to
investigate the Moon's heat bistory in more detail. In 19/1 the dif-
ferentiation waa also taken inte account im the paper by b,V.Maeva{iﬁ]
and in I973 in the paper by HoToksoz and 5.50lomon [26]

Thus, presently, the calculation scheme of the Moon's hea+ hwi
tory is sufflciently full developed by the computer and much new Ta--
sults are obtainado Yet this problem is of interest so far and this

interest still'igcreaseso This associated with the larg g€ uncertalnby
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in the koon's parameters values entering in the equation of the heat
conductivity. This relers also to the uﬁcertaint.y in the given wvalues
of the density, the heat capacity and the heat conductivity and their
dependence on the Moon's material state (for example, when melting)
and to the uncertainty in the given curve of melting and to .the initi-
al conditions (in particular, to the initisl tenperlM) and to the
Moon's age related to its origin. However, the determiunative in the
iloon's heat histary is the accepted concentration of radioacﬁu ch-
ments in the Moon's material and their redistribution in the Moon
interior in time. | _

In the above paper except fo f20,21] the concentration of radio-
active elements is tasken according to their contents in chondrite me-
teorites (for example, Ursy and MacDonald), or in the Barth (Levin,
Maeva),or in the "Earth mixture”. The valua.a of ths heat flux through
the Loon's surface were obtained to be of the order of (0.3=0.6) I0™°
cal.cm~2sec”L.

At the same time the results of radio astronomicel investigations
by V.S.Troitsky and V.D.Krotikev [27,28) give the £1vx value equal
to 0.85-0.95 I0~° cal cm?sec™! which wes considered for & long time
to be ratber doubtful but was confirmed by the resent iuvestigations

=]

of the lunar material from Appolo=I5 f'?]. .Ls.a result it 1s necessary
to calculate the Moon's heat history at different variants of the
radioactive elements contents which nasy account for so large heat
flux.

The first attempt of this calculation was hde in our papers in
1966-1967 {20,21] ‘. We use four variants of radioactive elementa con-
i:ents two of which corresponds to concentrations accepted by V.Atu.
Levin,S.V.Maeva [9] (variant "C™ mean co:itenta in the Barth) and |

G.Urey and G.Mac Donald, and the rest two give relatively large con-

centrations with the flux value close to the radio aatrononica.:l. da_t:a.‘
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The assumption was used on the exponential differentiation (when
melting) of radioactive slements. Since radiocactive elements with
large concentration were close to the surface of the Moon (in I0-20km)
they weakly influence fm tha temperature of the main lunar mass which
quickly cooled. As & result the thickness of the hard cover in this
variants was equal to 600-700km, i.a. largar‘than'at the mean (by 5.
Yu.Levin) and at the small (by Uray,MacDonald) ‘c’oncentmtionﬁ where '
the thicknesa of the cover was 250km and 400 km.

We use tn~[20,2f]the exponential model of radiocactive eieman&s
covection to the surface at differemtiation correspbnds to a certain
degree to the so=colled “guddep differentiation”. This model permits
to find out the main physical peculiarities of the heat bistory rels-
ted to dif:erentiation yet it limits the nuﬁber of variateddparame-
ters. In this case laminated differemtiation proposed by Friker,et al
[5] 1 provea to be evidently close to the real processes. That is why.
we used in the pregent paper the laminated differﬁntiation of radio-
actifa elements when melting with different portions of elements
(from I00% up to 20%) convacted from layer to layer. The variants of
concentration pf radicactive elements were taken the same as in féo,
a1}

It should be noted that we are mot specialists in geophysik and
we havé no'rishts to discuss questions of the Moén origin and its
' chemical composition. For this reasom for the calculation we take
parameters either from the expected values of’the heat fluxes (a£
the given concentration of rsdiocactive elements)or from the fundemen~
tal papers by other authors. Thus the initial temperatures (273%
and 900°K) were takem om the ba-sis of papers[é,ﬁ] y the heat capaci=-
ty = on the basis of ths paper by S.V.Maeva EIB,IRJ' where a sharp
change of the heat capacity at the time of melting is considered.



-4 -

Remarks by JTubimova [IE] are taken into account on the possibility
of the flux increasinr~ at the reasonable concentrations of radioactive
elemnts considering the contribution from exciton compuacnt of the
hest conductivaty and {from the amplification of the efficiasncy of the
radiational component.

Consideration carried out involves significant idealization ref-
fered first of all to the process of lamination. That is why the re
sults obtaines are rightful only in the limits of our mathematical

model.

Z. The statement of the problem

As a rule the lMoon is assumed to be ar sphere with the radius
fe=I735 km, with homogeneous density § =3.34g/cm’, with the heat
capacity € and the heat conductivity K, defined according to
Lubimova [I2] (heat conductivity ) and Maeva [I3,34)] (heat capacity)
by the following relatioms: ' |

The hedt capacity

=025 2% , T¢Tum; T2 TumraT,

F
- YL
C|T.r(M] = C,.*ﬁ,”'ﬁu.n:.),%%{ 1 Tam 4 T<Tameslo,
e L ,

L, =100cal/em is the heat of melt':l.ng; aT =200 K;
P = in cm, T = in k.
Fintbmals, = 1575 + 500 (1= "7h2)  ia the begiming of the mate-
rial melting,of the silica = (Urey {291 ).

We consider in (I ) gradual absorption of melting heat in the
ipterval of melting temperature al (the effective heat capacity in

the interval BT firgt increases linear and then decreases).



The heat conductivity

K=4§(T) + 8260 a2 ((Ev2)z] e ™ ()

i}l""s

In (2) the grid(phonon), radigtional (photon) and exciton components

of the heat conduct}vity [121 are takenlinto,account. '
Phonon heat conductivity outside the 1nta£va1 of melting changes

inversly proparticnal to the temperature and during melting it shaply

increases+) and remains constant:

0= Y% A=10310" 25, T<Tium | T2 Tinm+aT;

o 'S ’m

£{(T) = 0,04 fa’--‘?-ﬁ’-‘i-- = conet,  Tiam < '._r ¢ (Tinm +6T).

y‘ﬂ 2

Photon and exciton components of the heat conductivity are defined
by the well known relations where n??=3 is the refractive index,
6 =4,27 10"5 .cal/cm2 grad4 year 1is Stephan-Boltzmann constant,

& =25 em™ is the abgorptiof coefficient of the material; £ =5,I7x

210"®cal 1ia the energy of exciton activatioh®) .
In the assumption of isotropic distribution of the heat'sourcas“
and when the beginning of coordinate is im tbe'centre of the sphere

the heat conductivity equation is written in the form:

| °T . A
po 3t T e ar (K ER)H,
| (3)

where f{ is the heat sources - long lived radioactive elements =

uranium, thorium, kalium-40.

+)See the paper by Tikhonova,Lubimova,Vliasova 34

+"')The values are taken for the pyrolit (the mixture of basalt and
peridotit) lloon's composition similar to the Barth mantle - see

Ringwood ({25] .
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H =J§ H; e Fir&)pe , | (4)

where the function F(7}¢)defines the distribution of radicsctive ele.
ments depending on the radius &f different time. Indexes J =1,2,3
refer to uranium, thorium and kalium-ﬂ-ﬂ,respectivaly,.11:1.54 IO"ﬁar'f
-)z =5 10~id year_"I1 A,y =5.7 IO”IO year"I, the heat release of one
gramm of the radicactive element is oy ~.0.805 cal gizyear-I,

&y =0.193, «,=0.224 and values of H ; - the concentration at the
beginning of consideration -~ are defined based on the expected presen=-
tly concentration of Hf"' over the formula H jo = ij'o e“",t °
where to=4a7 109 years is the Moon age. We consider four variants
of values of radioactive elements concentration given in table TI.
Radiocactive elements concentrations are chosen based on the stationary
heat fluxes equal to I.35 and 0.9I cal r.'.xn"“asvm:"'I for variants I and
II** and corresponding to radio astronomical data by Proitsky and
Krotikov (27] and to the Appolo-I5 {2} , and 0.6I and C.236 cal.cm™2

-1
sec

for variants II and III coinsided with one of the variants by
Levin and Maeva F9] (II) and close to concentrations accepted by

| Urey and MacDomald (III). The relstion of thorium comcembtration to
uranium one is taken to be equal to 4 (sae-f9]‘), uranium concentra-
tion is taken in variants I,I**,II based on the pyrolit Moon compo-
sition and chondrite composition in variant III. This aggumption on
the pyrolit Moon composition is founded on the similarity of ths
Moon composition and the Earth mantle noted by Anderson [1] ﬁfor-
example, the mean atomic weight of the Barth mantle M =22.4 which
refers to ejected rocks,coaly,ordinary and enstative chondrices. The
same atomic weight has the Moon's,ﬁaterial 22.0) and also on the
data by Sorveyer ~ V and on the paper by MacCrea [iQLReynolds,Summers
(24] et al! From all these data it follows that the Moon consists of

silicate (for example,basalt) similar to those at the Earth
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nantle The table gives uranium concentrations and the relation

of K-40 and uranium concentrations for different rocks.

-
Rocks: Granite: Bagalt: Aklogite: Peridotit: Dunit: Chondrite:

u.10™® 400 80 443 0.6 0.1 I.I.
K40 /U 1.05 I.I3 .44 T2 I.2 9

From this table and the siven stationary fluxes we choose the above
variants I,I*" and IT with the content of basalt equal to I4%,I0% -
and 5%, peridotit -73%,77% and 82% and lron = I3% (Reynolds,Summers
{24) ) with impoverished content of radidactive‘elements (iron, has
U=0.1-I0"%g/g, Th=0.4-10~2, K =0) and the relation K*0/u=1.13
and I.6 (see Levin (I0)and Lubimova [I2] ). We teke also variant III

- chondrite model (Urey and MacDonsald). '

Note that variant II corresponds to variant "C" of the mean con-
tant of radioactive.elements in the Earth (see Starkova (33}and Iu-
bimova [I2) +¢). | 7 .

' As the initial condition we take two variants of thé "Cold"
and the "hot" Moon's model at the moment of its fbrmstionlaccordins
to initial temperatures 2?39K and 9009K. Thesa are the same initial
condition taken by Urey, Macnonald,Irijama,Schimazu,rrxker**+) based

*)From this it is not necessary followed that The hypothesis is true

on the Moon formation by the way of tearing off the Earth since evexn
" interstellar material contains grains of high melting silicates

(Mac Crea [I9] ). :

++)Running ahead we note that just this varlant gives the flux corres-
ponding to Appolo-15 data and the radio astronomical ones,i.e. eviden-
tly, the terrestrial composition of the Mcon is rather probable.

+++ ,
Maeva [15] took the parabolic tenpsgature distribution with the
value in the Moon's centre equal to S500°K. _ _



on the different hypothesis of the Moop origin and the time af its
accunulation and the initial heating we do not give ¢omsideration.

The boundary condition ( =27 ) is defined by relatiou (5)

‘H T’r '

wheref® = C.9 I0 ~cal cm” ~sec consideres the Moon heating by the
solar radiation. This condition leads practica.ly at the calcula*rion
to the same results that the more simple condition T = 273%K =const

does.

The mechanism of differentiation

The metnanism éf differentiation is defined by ihe ;unctian of
distribution of radioactive elementg F (rnt) which is given b;y the
following manner. At first, we consider a homogeneous model uf dis-
tribution of radioactive elements, i.e. FY7°f} =1 (anal?sous to
[éo 21 ) ) is the first stage of calculation. Then, after rea.hing at
the moment ty, at the point 1} , the temperature corresponding to
the beginning of melting Ty..¢ oo the distribution of tempera-
ture obtained to the time of ty=1,+aL (where At is the time of
melting - see below) is tdken for the new initial distribution, and
the distribution of radicactive elements is assumed to be laminated,
namely, radioactive elements from ths layer f’ df' transter to
the adjacent upper laver ( /3 +8”7 ) snd the calculation is carried
out with the poored layer ( /3#4/" ). However, for the time AL de-
fined by the necessity of the layer heatingby by A7 =200% more
deep layers have reached the temperaturg of melting (since Tynit.melt
increases with the depth, i.e. with the decrease of I ). Redioactive
elements from these layers go to the layer /,+4F , i.e. their

content in this layer is equalized and so on, until tae lower layers



stop melving. Such laminated differentiation (similar to thore accep-
ted by Fricker,Roynnlds,Summéra) is defined by five variants differed
by the valus n walch is the poftion of radioactivg elements con-
vection from the layer. We accept N =I (the complete convection),
0.8 (80% of radioactive elements convected from the layer),0.5,0.4,
0.2. In this way after differentiation in each of the melted layer
there remuins from O up to &0% from.the content of radioactiv. elements
in nondifferential material (note that in ths latest ﬁaﬁer by Maevs
[i5] the residue was from 2% up to 20%,i.e. nz0.8),

The present paper doas not consider the possibility of convection
¢f the melted material to the external hard layer as it'waé done in the
paper by Maeva [I5]since the concentration of radicactive elements
in the thin surface-attached layef leading, in reality, to the ore
rapid cooling of the Mon and to‘the'larger thickness ~f the hurd
cover is obtaiﬁed in the model of exponential differentiation which

is considered in detail in [20,21] .

3+ The method of calculation

For the numerical solution of the heat conductivity equation
we use the method of line coordinates where the section L[0,7%] ’
(where f5 is the radius. of the Moon) is divided into I00 layers
and only arbitraries over the spacial coordinate -are rerlayed by the
difference ratio. Thus the solution of the boundary problem is reduced
to the solution of Cauchy problem for the syéﬁem of ordinary differen-
tial equations. It shquld be ﬁdted that the apprcximatioﬁ error the
larger the closer is the layer to the surface. That is why nonuniform

+»rid is used in the calculation: the layer thiékness cloze to the
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surface ( = Skm) ié in several times smal;er;in comparison with ﬁhe
depth layer ( = 18 km). The system obtained is solved by the approé'
ximation method providing the accuracy of temperature calculation
(at each step over the time) of the order of 1073, All calculations
are made by the computer BESM -6 .

4, Regsults of calculation

Results of calculation are given in Figs I-I4 sri in Tables 2
and 30 '

The proce of 1t and differentiation

Figs I=-4 shows the time temperafura dependence in-difrerent.'
Moon layers (along the radius beginning from the centre O ) for all
variants at N =I . Here also temperatures are plotted of the begimning.
of melting corresponding to each layer and the t;ne dependence of
the beginning of melting in different layers. From Figs I-4 it is
claer that melting in all variants begins in the layer g0*) near
1500 km from the centre (i.e. at the depfh.fﬁ'aso‘km under the sur-
face) at the time périod from O.4 up té 1.5 millierd years from the
beginning of the Moon history) and rapidly (for 0.I =0.3 milliard
of years) the region of melting propsgates to the centre and to
the Moon's surface. At the same layer where mélting bégins fof the
first time, in 0.2 0.5 milliard of years the differentiation of

+)A1together there are IO0 layers.
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the material begins for the first time. The region of welting at the
nmoment of the beginning of differentiation ¥init.dif. reaches I600km
and at the same time a sharp temperature increase odgurs in the
layers close to the surface. As a result the temperature in these
layers is -close to or exceeds Tinit. m;lt.‘ « It is clear since
‘melted radicactive elements convected to these layers from the more
deep layers. The deep lasyers (the depth more 500-600 km,i.e.
I =II00-1200 km)} to the moment of differentiafion turn to be heated
higher than Tinit.melt and slowly cooliﬁg due to the convection
of radioactive elemmnts tc the upper 1ayers+). From Figs 5=7 it is
seen that in this way almost gimultaneous heating of the Moon mate-
rial occurs up to the depth of 200-250 km under the surface. Layers
which are closer to the surface heating slower and the depth of these
layers increases es time goes by. Numerical data are given in

Table 2 and 3.

x

The beginning and the durstion of the maximum melting of the interior,

Figs 8—Ii give time dependence of the radius of melting. From
these Figures it 1s clear that in all variants the period of the
maximum melting is observed continued I-2 milliard of vears (deven-
ding on the variant — see table 2 and 3 ) and begirning in the inter-
val 0,.7~2.3 milliard of years from the.beginning af_the Moon history.
It is paturally that for large concentrations and "hot" models the
maximum melting begins earlier than for the concentrations of smali

end "cold" models.So for the varisnts I and I** the maximum melting

+z?iff§§entiation°gccug§ intill variants except for IITI (cold model)
where the energy radloactive elements is not suificient for the
beginning of differentiation. ‘

[
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begins approximately 3.5 = 4 milliard of years zgo and continues
auring I.5 = I milliard of years and in the case rf small (variant 1II’
sud mean concentrations and the large convection (N2 0.8) of radio~
active elements (variantII) the maximum melting begins. 2.5 = 3 mid-
liard of years ago and continues I.,5 - 2 milliard of yesrs, i.e. it
begins later end continues longer ae should be axpected™) . The pecu-

liar case is variant II (“cold™ model) at the sm.ll convection of ra-
diocactive aelements ( N&0.6) where the period of maxinum melti g be-
ginning 2.5 milliard of years ago and continues at the pre.ent time.

Here the specific combinution of c.ond'itions 1s realized. The concen-
tration of radioact‘ve clements is not so large ¢ad +he process of '
differentiastion is not so effective that a fast convection of radir-
active elements to the surface occurs when thelr influence on tae
‘further history turns to be small but not surficlently small for the
natural cooling of the Mnon material.

Thus, in all variants ex¢ept for the mentioned II ( R£0.6) the
cooling of the loon tekes p.ace présently.

The tbickness of the hard cover

As it 'is seen from Figs 8~-I1I1 and Tables 2 and 3 the thicknessl of the
hard cover at the period of‘ maximum melting ranges in variants I',I""-',
II,III I5-20 km,25~30 km,35-45 km and I00-200 xn » respectively,i.e.
up to I - 2.5 milliard of years ago the Moon was almost completely
melted (in variants Il with N%0.6 the Moon even now should be mel-
ted up to the depth = 45 km under the surface), then cooling began -
and presently the thickness of the hard cover in all variants is
I150-250 km (except¢ for the mentioned “peculiar case").- The same is

+) The smaller concebtration is the more quite are the precess passed.



followed from Figs I3-I2 where thz distribution of the temperature

in the Moon at the present time is given.

The heat flux through the Moou surface

Filg I3 gives time dependenca of the heat flux through the lunar
surface. From these curves it is clear that at the period of the
maximum melting of the Moon flux as it could ba expected is also
makimum one exceeding 2-3 times the stationary value at the given
concentration of radioactive elements, Now at all varianss (except
for IT with N£0.6) the flux decrease is observed and its approxima-
tion to the statiomary value dgtat, et even ﬁow the flux excesds
nearly I.5 times Qetat, - Ihe flux value in variants 1,1, 11
(R?0.8) and IIT is equal to I.8:70~° cal cm2sec™l, 1.27.1079,
and 0.9 = 0.95-10° cal.cm™2sec™T, respectively, in veriant ITI
("cold" and "hot" models) -~ 0.28 and 0.55 IO'Gcal cm'asec"'I and in

variant II {Nn.£ 0.6) i8 a.rather large flux equal to I.6 IO"ecal.cm‘2§

sec_I, that assgociated with the melting in this variant extended up

to the depth of 45 km,

Thus fluaxes close to the measured ones by the radio astronomical '

methods and obtained by Appolo-I5 are realized in variants IT* and
I1 (R* 0.8),i.e. at the terrestrial or “mantle" — pyrolit content

of the Moon material.

5. Conclusion

Calcuiations are given where different concehtrations of radio-
active elements are accepted which refered both to the chondrite
composltion (III) and to the terrestrial one (II) an @ to the Farth

mantle —pyrolite composition (I and I**). The material differentis—

tion and the convection of radiocactive elements to che surface cue to

i
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innlting are taken into account at the process of calculatiou over
the scheme close to the scheme by Friéker,ReynoZ@s and Summers.
Calculationd show that the Moon's interior has been'heated up to the
welting during the firct 0.7-2.% milliard of years zfter its formation.
The maximum melting of the Mopn covering practically the entiré N
Moon up to the depth I5-45 km fron its suafabo began 3.5-4 milliard
of years ago in the assumption on the;pyfolite cbmposition of the
Moon or 2.5-3% milliard of Yeurs ago in the assumption on the terres~
trial or ckondrite compesition of the Moon. This maximum melting
continuves during I-2 milliard of years and at present the Moon is
cooling (there is a scarcely probable variant of‘weak differentiation
at the "terrestrial composition of the Moon wher melting is conti-
nueing even now). The present depth of the hard cover is T50-250 kn
and the value of the beat filux approzimately 1.5 tiunes exceeds the
stationary one, and is equal for variants I,I+*,II and‘IIi to 1.8,
1.27,0.9-0.95,and 0.28-0.55 1070 cal cm'asac'I,respectiVGly.

rom Tables 2 and 3 it follows that in the most prpbablu vari-
ants with pyrolite-"mantle" (I™) and terrestrial (II) composition
of the initially "hot"™ Moon the maximum.meltingrof the Moon began
3.3-3.8 milliards of years ago thet corresponds to the age of the
basalt and maskones (3.I6-3.7I milliard of years). This testify to
the vulcanic activity and was completed approximately 2.7-3 milliard -
of years ago that agrees with the absente of the material samples
at the Moon yunger than 3 milliard of years (Papanastéssiou,Wasser-
burg (22,23,32] ) when the activity stops. So, limitations stated
resently by Toksoz and Solomon [26] are satisfied, yet the thick-
ness of the hard cover obtained by us is essentlally small (in [26]
the thickness of the cover is 600 km).

It should be noted that the most close to réality is the vari-

ant of the "terrestrial“.composition of the Moon (composition "C"
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according to Starkova) giving inspite of .moderate concentration

a sufficiently large heat flux+) corresponding to the radio astrono-~
mical measurements and Appolo-I5 data, i.e. to obtain the large

flux observed it is not nicessary large conceutrations of radio ac-

tive elements to be present.

The authors are grateful to Frof.V.S.Troitsky and i1rof.N.I.
Tseitlin for the attention to the present paper and for useful dis-
cussions and to M.V.Ostrovskéya for the help in the construction

of numerous graphics.

*) This possibility was noted Ly Lubimova in [12]
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TABLE

I

Concentration of radioactive

Variants elements {g/g J U tat
Uranium Thorium Kalium—40 cal cm~? gec~I

Bagalt  I4% .
Peridotit 73% T 1I1,55-10™8 46,7 108 18,5 -10~8 1,351076
Iron I13%
(K 40/U0) =I.6

(K #0/0)=1,13

Basals 5% ) 5.2.10~8 21108 8,4-1078 0,61-10~°
Variant by Levin}

Chondrite model g -8 5 ,
Variants by Urey Ii1 1,16-10 4,67-10 9435-107 0,23%6-107°

and MacbDonald



REPR(
ORlg ggCIBH’ITY or
Poog
TABLE 2
Flux w2 ] _ A
q FO™™cal cm T sec Time t milliard years Digtance r km
Variant N - o T : ' T P
stat ax o Yinit melft “ini.mel dl 1 r hard) . . r harc
- t ) € r bh.min
ipit. dif | DX melt "max g Thel ini dl max m‘el ' (cover)
bt I 5 {0,4) ] 0,7-2,2 0,8-2 1540 195
Cold.mod. 0.6 lsaclNec val = Az 07T 5718 12200 —d y720 | 186D | 15-20 | 275
’ 1,35 15,5 | 1,8 0,6 1660
0,2 ‘ 0,7-2,2 0,8-2 1715 1540 195
T ! €0, e5) 500 1500 e5
Cold model | 9.8 | ) Tet0~ 1 .. 1520 213>
0,6 0,91 | 2,85| 1,27 1,15 I,4-2 1,4~ 2 1710 I540 | 2530 | I9%5 |
0,4 | L I705. | 1540 15 &
| 0,2 1540 195
I"‘* RN S R CREOA N o P T rmo o] ] ers
Ho* modal 0_15 0,91 2,85 I,?‘? ) 0,8 O. 9 2 0,9-—I,5 IF‘"—#O I‘?OS 1560 25’-30 Ir—rs“
1 [~
‘ I Joig:; 1.2 2,3-3,5 2,3-2,6 1650 I35
1I 0.8 - 2,3-3,5 2.3~2,6 | 1500 : I600 135
Cold model| 736 0,60 | .85 I,B 2,%-4,7 2,3-4,7 | 1530 1695 1690 | 40-45 | 45
0,4 1,6 2,3-4,7 | 2,3-4,7 1690 | I690 85
0,2 2,3-4,7 2,3-4,7 171690 | 145
) I 055 | ) 1500 - 156 75
_ Fi 0,6 0,68 |2,I |0,88 1,2 I,4-2,5 "1,5-2 [16207 7] 1700 - 1548 35.40 | 195
Axl.model 0,2% | 0,47 |n,28 1,55 2,1-3,6 - 1300 I500 | 1480 | 235 255
- 13 ' (7500 -
IIT o ROE . . — ] 1580 155
Rot wod.l | n,n  (00€%|0.T3H055 g 2.33,7 2537 lrsa0 | 1635 1600 |92-100 195




TABLE 3

. ‘[cal cm 2800 I‘] To¥ 6 ﬁnj_l]_iard year.«,j [mll.:.lard years] t Mmelt,inis.dif

H 3 are
.t Al'bard min(kn}: hard(kn]

Variant -
: 1 g q, ' : t : 3
. gtat;.: qmax: © & Yinig, asf. o Ppay Wel.flux {km] : :
I I.35 5.5 I8 0.6 (0.4) 0.7 = 2 o 4 15-20 200-250
. 7 : g .
I** 0,91 2,85 I1.27 0.8 (C.5) @ I-2 1630 4 25-30 180220
Cold ¥230,8 o ~ Cold¥30,8 o Cold ¥£%0,8
| Hot ‘ C Hot - : I35
II 0.61 2 0.9-0.95 I 5(0. 9) I,5~2e 1600 e 3545 Hot 200
: Cold QL0 2¢5=3.5 g Cold N<0.8
1.6 €01d"1L<0.8 : 4S5
. ' ' c 243w 4.7 4
I1I ~ cold hot cold hot  hot - ' hot » cold  hot hot cold
0424 Ol — 0,7 0.28-0.55  I.8(I.I) 2,3-3,7 1500 4 235 10 250 150
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