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Abstract-The heat transfer by combined infrared-radiation and conduction in a layer of water vapor is 
analyzed by using a potential method and measured values of spectral absorption coefficient in the 
t~~ra~m range between 600 and 3OWK. It is found that tbe problem with the t~perature~ep~d~t 
spectrum can be treated, with good approximation, as one with the spectral absorption coefftcient 
evaluated at a constant reference temperature. Thus, an approximate method of solution for the general 
problem is established, at least for water vapor. Calculations are also made for a fictitious gas having a 
very narrow single-band of absorptionemission. Various approximations which have been discussed by 

previous investigators are re-examined. 

NOMENCLATURE 

Green’s functions ; 
3a/c2(2 - E)]; 
directionally averaged spectral in- 
tensity of radiation; 
thermal conductivity ; 
physical thickness ; 
LX&II), optical thickness ; 

~~/(4~T~3L); 
k~u~(~)/4~T~ 3, ; 
inward-drawn normal at surface; 
pressure ; 
total heat flux ; 
q*/tfa4); 
defined by (23); 
temperature ; 
reference temperature ; 

T*/T: ; 
x*/L; 

t This work was sponsored by the National Science 
Foundation, Grant No. GK-1726. Mr. C. S. Kang helped 
in some parts of the computer programming 

yl(,(r*,m)dx*; 

&AT& 0); 
%CP, w)/x,(P) ; 
wave number ; 
emissivity of surface ; 
Stefan-Boltzmann constant ; 
Planck mean coefficient defined by 
(35); 
spectral absorption coefficient ; 
spectral radiation potential, 
alZ/;/a;l;T4; 
radiation potential defined by (15) and 
(28). 

Subscripts 
b, black body radiation ; 

I,& surfaces at x* = 0, L, except stated 
otherwise: 

0, reference. 

THE PROBLW of heat transfer by combined 
conduction and radiation in the infrared range 
has been of great interest in the past few years. 
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Gardon [l] studied the transient and steady 
heat transfer in a plane glass layer for the 
temperature range between 27 and 707°C. The 
problem was formulated step-by-step and cal- 
culated by a method of finite difference. Howell 
and Perlmutter [2] investigated the radiative 
transfer in a hydrogen gas layer by using 
Monte Carlo Method and line-average absorp- 
tion coefficients. Gille and Goody [3] studied 
analytically and experimentally the combined 
conduction and radiation in an ammonia gas 
layer through the use of total gas emittance and 
the method of kernel approximation. Cess et al. 
[4] examined the radiative transfer in a carbon 
monoxide layer with heat generation. Novotny 
and Kelleher [5] analyzed the combined radia- 
tion and conduction in a carbon dioxide layer. 
Analyses in [4] and [5] were made by assuming 
the absorption coefficient as frequency- 
dependent only and by using the kernel approxi- 
mation and total band absorptance correlated 
by Edward and Menard [6] and Tien and 
Lowder [7]. 

It was concluded in [4] and [5] that the grey 
approximation is totally inadequate to predict 
the heat transfer in gases with spectral-dependent 
absorption coefficient. This inadequacy was also 
found in [2] but was not as severe as shown in 
[4] and [5]. Sparrow and Cess [8] concluded 
that this discrepancy was due to the extremely 
wide band of hydrogen gas. 

In this paper the heat transfer by conduction 
and radiation in a water-vapor layer is treated 
as a potential problem [9]. Measured values 
of the line-averaged absorption coefficient 
reported by Ferriso, Ludwig and Thomson [lo] 
are used. The analysis is first made for the 
general case with spectral- and temperature- 
dependent absorption coefficient, and then for a 

simple one with the spectral absorption co- 
efficient evaluated at a given reference tempera- 
ture. If the temperature fields and heat fluxes 
obtained for these two cases are in good 
agreement, then an approximate analysis of the 
general problem is established, at least for 
water vapor, and the potential method can be 
extended for the solution of more complicated 
problems, such as multidimensional heat flow 
in arbitrarily shaped domains, with temperature- 
dependent spectrum and variable boundary 
conditions, as will be discussed later. This is the 
main purpose of this study. 

Calculations are also made for a fictitious gas 
with a narrow, single absorption-emission band 
for the purpose of re-examining the inadequacy 
of the various approximations which were 
discussed in [4] and [5]. 

STATEMENT OF PROBLEM 

We consider the steady heat transfer in a 
conducting, absorbing and emitting medium 
bounded by two infinite parallel plane surfaces. 
We assume that (i) local thermodynamic equili- 
brium exists, (ii) scattering of radiation is 
negligible, (iii) refractive index of the medium is 
equal to unity, (iv) the bounding surfaces are 
grey, emit and reflect radiation diffusely, and 
have the same value of emissivity, and (v) the 
surfaces at x* = 0 and L are kept at constant 
temperature q and T$, respectively, with 
T; > T$. 

With the above assumptions, the differential 
equations and boundary conditions of the 
spectral intensity and temperature can be 
obtained in the same manner as those reported 
in [9] for a grey medium. With notations defined 
in the Nomenclature, they are 
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x* = 0 (3) 
absorption, radiation produces a distributed 
heat source and the temperature curve will be 
convex. This will occur in the low temperature 

dx* 
- - hx,(z: - Zh*& x* = L (4) region. Therefore, temperature curves will, in 

general, appear in an S-shape. This holds true 

T* = T: x* = 0 (5) 
both for grey [ 1 l] and for nongrey media. 

T* = T; x* = L (6) 
INTEGRAL EQUATIONS FOR THE GENERAL 

where CASE x,(7”‘, w) 

3s Introducing the new variables x, xm, 4, and T 
h=- 

2(2 - E) 
(7) as defined in the Nomenclature, we obtain from 

(1) through (6) 

and o1 and o2 represent the lower and upper 
wave numbers of the spectrum concerned. An d2& 

x - 34, = -3&u 0 < x, < I, (9) 
alternative form of (2) may be written as 

- The thermal conductivity k is, in general, a 
function of temperature. If we introduce d2T 

k,8* = 
i 

k(T*) dT*, the terms on the left-hand 
-+x) 

dX2 = - N 
* 

side of (2) and (3) become kOV2B* where k, is a 
T= Tl x=0 

constant having the same dimension of k. Thus, T = T, x=1 
there is no difficulty to take the variation of where 
thermal conductivity with temperature into 
account. In the following, however, we shall ‘P(x) = j Lx,(T*, w)(4, - 4bo) do. 
consider k as constant so that results obtained AC0 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

for various cases can be readily compared. Note that the variables x, and x as defined in the 
Equation (2) shows that, whenever emission Nomenclature are related through P(x*). 

(x&&J is larger than absorption (x,Z~), radiation We wish to solve (9) and (12) by the method of 
produces a distributed heat sink in the medium successive approximations. For this purpose, we 
and the temperature curve will be concave. This transform them into integral equations by the 
will occur in high temperature region. Con- use of Green’s functions. The Green’s function 
versely, wherever emission is smaller than associated with 4, is known [ll], 

G(x,lxk,W) = [($bsh($bk, + hsinh&/NJ [($)cosh(,/3)(L, - x,) + hsinh($)(L -x,)1 
(J3) [(3 + h2) sinh (J3) I, + 2(,/3) h cash (43) 1,] 

(16) 
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for x, > XL. For x, < XL the results is the same 
by interchanging x, and XL. The Green’s 
function associated with Tis also known [ 111, 

g(x ( x’) = x(1 - x’) for x < x’. (17) 

The interchange of x and x’ gives the result for 
x > x’. The integral equations of 4, and Tare 

then obtained as follows : 

(bWcL~ 4 = f(x,, 4 

+ 3 1 &Ax:, 0) G(x, 1 xi,, 4 dxb, 

where 

(18) 

f(x,, w) = A(o) sinh (,/3)x, 

+ B(w) cash (,/3)x, (1% 

where q, is the part of radiant enery transmitted 
from one surface to the other through the 
portion or portions of spectra where K, = 0 and 

can be calculated by 

- lo2 G#hJ21 s - hoz) do 
1 

(23) 

WI 

INTEGRAL EQUATIONS FOR THE CASE x,(7-& w) 

If the absorption coefficient is assumed as 
dependent only on the frequency or wave 
number, (1) (8) (3) and (4) become 

d24 
(24) 

2 1 d2Y !E+--_ 
3N dx2 -’ 

O<x<l 

(25) 

B(w) = 
W+,,, [(J3) cash (43) I, + h sinh (43) 1,] + (J3) I&,,, 

(3 + h2) sinh (,/3) I, + 2(J3) h cash (J3) 1, 

and 

1 

T= Tl - (Tl - T,)x + +, Y(x’)g(x\x’)dx’ (21) 
s 
0 

where Y(x) is defined by (15) and 4&x,, w) is 
related to &&x, o) through x,(T, o) and T(x). 

Once T(x) and 4,(x,, o) are found, the heat 
flux can be calculated by 

02 

(22) 
wt 

!yLL 
dx - QL(Al - +*w I) x=0 (26) 

d&L 
dx 

- -QW#L - 4ku2) x=1 (27) 

where 
02 

Y(x) = 
s 

pdw. (28) 
0 

01 

The boundary conditions on Tare the same as 
those in (13) and (14). The Green’s function 
associated with c$, for this case is 

G(x,x,,W, = [(&osh(,i3)P,x + hsinh(,/3)Pox’] [(,/3cosh($)P,U - x) + hsinh(&)&,(l - 41 
(J3) 8,[(3 + h2) sinh (J3) B, + 2(,/3) h cash (J3) P,] 
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for x > x’. For x < x’, we simply interchange 
x and x’ in (29). 

The integral equation of 4, is then 

&Lx, 0) = f(x, w) 

+ 3/I: j &,,(x’, o) G(x 1 x’, w) dx’ (30) 
0 

where 

f(x, w) = A(o) sinh (,/3)&,x 

+ B(o) cash (J3) &,x (31) 

each tip. This arbitrarily assigned vahe will 
affect considerably the absolute value of ‘P(x), 
but it will affect very little the value of AY 
which is what we need in the calculation of T(x) 
from (33) and of 4 from (34). This can be easily 
seen by substituting (30) into (28) and setting 
p, + 0. If we wish to know the absolute value 
of ‘P(x), we have to use the energy equation in 
the form of (2) as done in the preceding section, 
but we can no longer obtain the temperature and 

B(w) = WhcDI[(J3) cosh(J3) P, + h sinh (43) &I + (J3)h &,m2 
(3 + hz) sinh (J3) j, + 2(,/3) h cash (,/3)/I, 

(32) 

Integrating (25) twice and using (13) and (14) 
gives the formal solution of (25) for T(x), as 

T(x) = El - (Tl - TJXI - &- P(0) 

- Y(l)] x + & PP(O) - Y(x)] (33) 

where Y(x) is given by (28). The term in the 
first bracket represents the temperature for pure 
conduction and the rest is that due to radiation. 
Once Y(x) has been found, the heat flux can be 
calculated by 

q = 4N(T, - T,) + 3 P(O) - WI + 4. (34) 

where qa is given by (23). 
The advantage of using the energy equation 

(3) can be clearly seen from (33) and (34) which 
are in the same form as those for grey media 
[9,11]. Thus, the various approximate methods 
developed in [9, 111 for the calculation of T(x) 
and q will apply also for nongrey media with 
x, = x,(7$, w). This will be discussed later. 

For band emission, 8, may approach zero 
at band tips In the numerical integration of (28) 
we may assign a small non-zero value of /I, at 

flux equations as simple as (33) and (34) 
respectively. 

CALCULATED RESULTS 

Equations (18) and (21) for the general case 
were numerically solved by the method of 
successive approximations on a CDC-6400 
computer, for c = 3OOO”K, Tz = 6OO”K, 
Tg = 15WK, k = 5.74 x lo3 erg/(s cm”C) with 
N as parameter. The relation between the 
spectral absorption coeflicient x, and w for 
given values of ‘I* was obtained from data 
reported in [lo] and partly plotted in Fig. 1. 
Fifteen unequal increments of w ranging from 
50 to 7500 cm-’ were chosen such that x, goes 
from a trough to a peak or a peak to a trough, 
approximately one-half of an absorption- 
emission band. Note from Tables in [lo] that 
xm( T*, co) is nonzero everywhere in the ranges of 
w and T* that we are concerned. Totally 225 
exact values of xJT*, 0) were stored in the 
machine for later interpolation. A linear tempera- 
ture distribution was taken as the initial 
approximation for the iteration process. The 
iteration was stopped when the maximum error 
of 7(x) was 0.1 per cent of the preceding one. 
For large values of N (say N > O.l), three or four 
iterations were sufficient, requiring about 20 s. 
For small values of N, for instance N = 001, the 
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“r-1-I’ 

- 3000 ‘K 

---- 15ocJ ‘K 

---.-.- 600 ‘K 

Wme number, cm-l 

Frt, 1. Spectrum of water vapor [IO]. 

convergence was slow and took about 100 s. 
Some of the calculated results of the temperature 
distribution and heat flux for T$ = 1500°K are 
shown in Figs. 2 and 4, respectively. 

Equations (30) and (33) for the case of 
x,(T& w) were also solved by the method of 
successive appro~mations for T$ = 1500°K. 
For the evaluation of X&T& of, the selection of 
n = 1500% was made on the following basis. 
When all data of x,(T*, w) given in [lo] were 
plotted vs. o with T* as parameter it was found 
that %,(I 5OO”K, w) represents approximately 
the mean value of X&r”, w) in the tem~rature 
range between 600% and 3000% The calcuia- 
tion for this case is much simpler than that for 
the general case, and requires much less machine 
time. Some of the calculated results of the 
temperature fields and heat fluxes are plotted 
in Figs 3 and 4, respectively, 

Calculations were also made for a fictitious 
gas having a constant thermal conductivity and 
a narrow single-band of absorption-emission 

which depends only on wave number and 
pressure, as sketched in the upper feft corner 
of Fig. 5. The purpose of this calculation is to 
reexamine the inadequacy of the various 
approximations which were discussed in [4, 51. 
For this purpose, we define as in [4] a Planck 
mean coefficient on the basis of the temperature 
at the wall x* = 4 

As will be seen soon, it is convenient to express 
equations (24x34) in terms of the optical 
coordinate, z = ~J.pf x These equations remain 
in the same forms provided that x, N and & are 
replaced, respectively, by T, N’ and ym, and the 
domain 0 6 x < 1 is changed to 0 6 T G 1. 
Calculations were made for two cases: one of 
fixed optical sickest I, and the other of fixed 
physical thickness, & with various values of N 
which depends on pressure. Note that ya, does 
not vary with pressure and it explains why we 
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2, 

I 

r 

I 

0 

0 I I I I I I I 1 I 
0.2 Q4 0.6 0.6 

x 

FIG. 2. Temperature distributions in H,O for x, = x,(T*, w), 
q = 3OOO”K, Tl = 600°K and T$ = 1500°K. 

have changed the coordinate from x to r. 
Moreover, calculated results for grey cases were 
mostly reported in terms of the optical co- 
ordinate r. Some calculated results for 
q = c = 3OO”K,q = 30”Kandk= 1.8 x lo3 
erg/(s cm°C) are shown in Figs. 5 and 6. Calcula- 
tions were made for three, arbitrarily assigned, 
small values of x,(p, w) at band tips and results 
of AYJ, Tand q remained essentially the same. 

DISCUSSIONS AND CONCLUDING REMARKS 

Temperature curves in Figs. 2 and 3 exhibit 
the same general feature as those for grey media 
[ 111. Thus, similar discussions as given in [ 1 l] 
for grey cases can be made in regard to the 
interaction between radiation and conduction 
and the relative importance between absorption 

2 

I 

r 

I 

0 

0 

I 
I 0.6 0.6 0.4 0.2 

I 1 I I I I I I I 

I I I I I I I I I 
0.2 0.4 x 06 0.6 0 

FIG. 3. Temperature distributions in Hz0 for x, = %,(+I$, w), 
q = 3OOO”K, T: = 600°K and c = 1500°K. 

and emission. As N increases, the S-shape of 
temperature curves becomes less pronounced. 
For N + co, the temperature distribution 
approaches to that of pure conduction and the 
heat flux can be calculated by superposition of 
pure conduction and optically thin radiation, 

q = 4N(T, - T,) + &(G - 7% 

In fact, this equation gives good approximation 
for N > 0.1, as shown by dots in Fig 4. This can 
be easily seen from the physical point of view: 
the larger the value of N the smaller is the value 
of L and hence the gas layer becomes more 
transparent. 

It is interesting to note from Fig. 4 that heat 
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3,0p$-?&y 
2.51 1 1 1 I 1 1 I I 

O-01 0.03 0.05 0.07 0.1 
Iv 

FIG. 4. Heat fluxes in Hz0 for x,(T*, o) and x,(T& o) with 
n = 3OOO”K, T: = 600°K and TS = 15000°K. 

fluxes obtained for the two cases, xJT*, w) and 
x,(15OO”K) are in excellent agreement In fact, 
good agreement persists for values of c in the 
range from 1500 to 1800°K. The temperature 
fields as shown in Figs. 2 and 3 are also in 
reasonable good agreement, with maximum 
error of 4.2 per cent. When x,(18OO”K, o) was 
used, nearly the same results were obtained ; the 
accuracy of temperature fields was somewhat 
improved, but that of the heat flux slightly 
reduced. This finding is of great importance in 
view of the following facts. 

Table 1. Comparison of heat fluxes obtained from (34), (36) 
and (37) 

N’ h Equation (36) Equation (37) Equation (34) 

The change .of the coordinate from x* to 
x,(T*, w) is possible only for one-dimensional 
problems in steady state. In other words, for 
temperature dependent spectrum, the potential 
method is restricted only to the solution of 
steady, one-dimensional problems. However, 
the change of coordinate from x* to X, as used 
in the case of 1c, = x,(7$, w), applies as well for 
multidimensional problems with temperature- 
dependent spectrum by using the spectrum of a 
chosen reference temperature, x,( 7?& w). 

00266 
0.5 
1.5 

00662 
@S 
1.5 

01325 
0.5 
1.5 

01986 
0.5 
1.5 

00266 
0.5 
1.5 

00662 
@S 
1.5 

0.1325 
0.5 
1.5 

0.1986 
0.5 

Results of grey approximation are also plotted 
1.5 

in Figs. 5 and 6 for the fictitious gas. The 
inadequacy of the grey approximation is clearly 
shown, but is not as severe as reported in [5]. 
The total heat flux is underestimated about 
16 per cent for I = 1 and h = 1.5, and over- 
estimated about 12.4 per cent for 1 = 1 and 
h = 0.5. For L= 5.08 cm and h = 1.5, the under 
estimation increases with the increase of N and 
hence of pressure, but the difference is consi- 
derably less than that found in [S]. The tempera- 
ture is over-estimated everywhere except in a 
thin layer near the hotter surface. For the non- 
grey case, xco(p, w), the temperature curve takes 
on an unpronounced S-shape which shows that 
the interaction between radiation and 
conduction is small. Thus, the total heat flux 
may be calculated by the superposition of pure 
conduction and radiation. 

4= 
4N’(T, - Tz) 

1 

+ s (4 - haa)d~ 
2,eb? 1 + 3x,L/4 + qO. 

(36) 

AC0 

1 = 1.0 

@3910 03888 
08513 0.9119 
05336 05314 
0.9939 1.0545 
6.7723 07700 
1.2325 1.2931 
1.0102 lQO80 
1.4705 1.5311 

L = 5.08 cm 

04101 
0.9230 
05517 
1.0669 
07899 
1.3073 
1.0268 
1.5441 

0.5253 0.5193 @5399 
1.0666 1.0721 1.0855 
0.5017 05009 05202 
0.9484 1~0200 1.0330 
04751 04877 05044 
08515 @9852 09968 
04564 04802 04994 
0.8008 09644 0.9779 
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If the Planck mean coefficient defined by (35) is 
used in (36) we obtain 

4N’(T, - T,) 1 
4= 

1 + 2/E - 1 i- 3114 

x btho* c - hw,J do + qa. (37) 

This is essentially a box model differing from 
that conventionally defined only by the change 
of the average absorption coefficient. Calculated 
results from (36), (37) and (34) are shown in 
Table 1. It is seen that results obtained from (36) 
and (37) are in reasonable agreement with those 
obtained from (34). The inadequacy of grey 
approximation found from the present study 
for a narrow single-band of absorption-emission 
seems to support that reported in [2], but not 
that in [5]. 

Calculated results of the radiation-potential 
drop, i.e. [Y(O) - Y(L)] not shown in this paper, 
are essentially independent of N(or N’) for a 
large range of values of N(or N’). Therefore, the 
total heat fluxes for a large range of values of 
N(or N’) can be calculated by using the potential 
drop of any value of N(or N’) say N,(or N’,J. 

q(N) = 4NT, - T,) + 4[VOJ,) 

or 

- w.m1 + 4. (38) 

q(N’) = 4WY - T,) 
1 

+ 4[‘p(O? NJ - VL, WI + 
31 

q 
(I’ 

This conclusion which has been obtained for 
grey case [9, 111, holds true also for all nongrey 
cases investigated here. 

Finally, it may be remarked that the potential 
method has been applied with great facility for 
the solution of combined heat conduction and 
radiation in arbitrarily shaped domains by 

using generalized potentials, or heat potentials 
[12] and also of heat conduction with change of 
phase through the use of elementary Green’s 
functions, or fundamental source functions [ 131. 
These results will be reported in the near future. 
The convergence and uniqueness of solutions 
(including those in [9, 111 and this paper) will 
also be discussed then. 
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UN TRAITEMENT POTENTIEL DE CONDUCTION DE CHALEUR DANS DE LA VAPEUR 
D’EAU AVEC UN SPECTRE DEPENDANT DE LA TEMPERATURE 

Rburn~Le transfert de chaleur par radiation infra-rouge combinee a Ia conduction darts une couche de 
vapeur d’eau est analyst en utihsant la methode potentielle et des valeurs mesurees du coefficient d’absorp- 
tion spectral dans le domaine de temperature compris entre 400°K et 3ooO”K. On trouve que le probleme 
avec le spectre d&pendant de la temperature peut &tre trait6 avec une bonne approximation, comme avec 
un coefficient d’absorption spectral Bvalut a une temperature constante de reference. Ainsi, on etablit 
une methode approchte de resolution du problbme general, au moins pour la vapeur d’eau. Les calculs 
sont aussi faits pour un gaz fictif ayant une bande unique trbs Ctroite d’absorption-emission. De nombreuses 

approximations discutees par des chercheurs anterieurs sont reexaminees ici. 

BEHANDLUNG DER WARMELEITUNG IN WASSERDAMPF MIT EINER 
POTENTIALMETHODE MIT TEMPERATURABHjiNGIGEM SPEKTRUM 

Zusammenfassung-Es wird der Wlrmetibergang durch kombinierte infrarote Strahlung und Leitung 
in einer Wasserdampfschicht untersucht, indem eine Potentialmethode und gemessene spektrale Absorp- 
tionskoeffizienten in dem Temperaturbereich zwischen 600°K und 3000°K verwendet werden 

Es ergibt sich, dass das Problem mit dem tem~raturabh~ngigen spektrum in guter Niiherung so 
behandeh werden kann, als ob der spektrale Absorptionskoe~~ent bei einer konstanten ~zugstem~ratur 
ermittelt wurde. So wurde, zumindest fur Wasserdampf, eine N~herungsmethode zur L&sung des all- 
gemeinen Problemes entwickelt Es wurden such Rechnungen fiir ein tiktives Gas mit einem einzigen sehr 
engen Absorptions-Emissionsband durchgeftihrt Verschiedene Nlherungen, die von friiheren Autoren 

diskutiert wurden, werden nochmals untersucht 

HO~EHI~~A~bHbI~ ~ETO~ ~CC~E~O~AH~~H T~~“~O~POBO~H~CT~ 
BOJHIHOIO IIAPA C 3AB~CH~~M OT TEMIIEPA4TYPbI CIIEKTPOM 

AHHOT~~USI-C noMombio IIOTeH~I'laJIbHOrO MeTOga aHaJIH3HpyeTCl? COBMeCTHbIii IIepeHOC 

Tenna EHIjjpaHpaCHbIM a3nyserraeM M TeIIJIOIIpOBO~IIOCTbIo B GIOe BOARHOrO Ilapa IIpIl 

wxIonb30BaHw!f ~oa~@~lqI~eIITa cneKTpa~bIIor0 nornorqerrcffl f3 nIfana3oHe TehlnepaTyp OT 

600 go NOO"~. HaftAeHo, 9~0 3aAarra 3aBfwwero 0T Bpeiifew cnesTpa MoifCeT paccr+IaT- 

p~fBaTbC~ C XOpOIII3fM ~pII6~~f~eHIIe~f KaH 3aAarla C ~03~~iiq~e?iT~~ CIIe~TpabIIOrO IlOfJlO- 

IQeHIuI, O~peAe~eH~~~f ripI IIOCTO~HHO~ IlCXORHOit TexnepaTj'pe. Tatrlfhf 06pa3OM, paa- 

pa6oTaIi npIdJIHxeHHbI8 hfero,z peurefinn 06x@ :3aixawf, no irpaiirleii Mepe, arm no~n~oro 

napa. PacqeTbI TaIwe cnenaIIbI 2x1 I$IIKTI~BHO~~ raaa c oqeflb y3KOil noz~ocoii norno~eawI- 

kl3JIyqeHHR. IkpeCMOTpeHbI p33JIl1'4IIbIe aIIIIpOKCIfMaIUlL1, KoTopbIe paccnlaTprIsanmcf, paHee 

,~pyr~~~wc~~e~o~aTens~~~. 


