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Abstract-A short-time asymptotic solution is developed for the problem of a half-space, part of the 
surface of which is raised to a prescribed temperature. A Green’s function formulation is used to demonstrate 
that the heat flux at the surface can be determined from a one-dimensional analysis of the local heat 
conduction problem, except in the immediate vicinity of the edge of the heated area, where there is a 
boundary layer, the thickness of which grows with time. This boundary layer is then analyzed in more 
detail, using Williams’ asymptotic technique. In particular, the additional total heat flux to the half-space 
due to the boundary layer is determined and hence a two-term asymptotic expression for the transient 
thermal resistance is obtained, which depends only on the area and the perimeter of the heated region. The 
results are compared with existing solutions for the case of a circular heated area and show good agreement 
up to Fourier numbers of the order of 0.3. Errors at large times-including the steady state-are still 

moderate, not exceeding 30% except for heated areas of large aspect ratio. 

1. INTRODUCTION 

THE PROBLEM of heat transfer between two contacting 
bodies has been a subject of extensive theoretical and 
experimental study for many years, because of its 
relevance to the design of heat exchangers and thermal 
machines. The inevitable roughness of the contacting 
bodies causes intimate contact to occur only at a num- 
ber of discrete regions the total area of which is sub- 
stantially less than the nominal contact area. Most of 
the heat flux across the interface is constricted to 
flowing through these ‘actual contact areas’, thus 
causing an effective interface resistance, which has 
been measured experimentally by many authors under 
steady-state conditions [l-3]. 

Theoretical estimates of interface resistance [4, 51 
are mostly based on a statistical analysis of the dis- 
tribution of actual contact areas to be anticipated as 
a function of load and the classical heat conduction 
solution for the temperature field in two half-spaces 
in contact over a circular region of their common 
interface [6]. 

More recently, interest has been focused on the 
corresponding transient problem, in which two 
bodies, initially at different temperatures, make con- 
tact for a finite period of time that is insufficient for a 
steady state to be established [7-lo]. This problem 
finds applications in components of thermal machines 
making intermittent contact, such as the valves of 
internal combustion engines [8], and in the heat ex- 
change between impacting particles in a fluidized bed 
[ 11, 121. An important feature of the transient process 
is that the initial temperature jump at the newly estab- 
lished contact causes an infinite heat flux, which then 

falls continuously towards the steady state. Thus, the 
effective instantaneous resistance is initially zero and 
grows asymptotically towards the steady-state value 
as time progresses. 

The mathematical solution of the corresponding 
transient heat conduction problem presents challenges 
not present in the steady-state analysis, particularly 
at small values of time. Sadhal [lo] and Norminton 
and Blackwell [7] have obtained large-time per- 
turbation solutions for the transient contact of two 
bodies over a circular region, which appear to give 
reasonable accuracy when the Fourier number, Fo, is 
in the range 

Fo~fi>l 
b= 

where b is the radius of the contact area, t the time 
and k the thermal diffusivity. A corresponding short- 
time solution due to Blackwell [13] gives an approxi- 
mation to the temperature field everywhere except at 
the edges of the contact area, where the expressions 
diverge, thus precluding any estimate of total heat flux 
and hence thermal resistance, which are of course the 
quantities of most engineering interest. 

Schneider et al. [9] have developed a finite difference 
solution of the problem which agrees with the large- 
time solutions in Fo > 1, but the results must be re- 
jected at small Fo, since the resistance was found to 
tend to a finite limit instead of zero, as demanded by 
simple physical arguments. This is probably a conse- 
quence of the finite grid size in the vicinity of the 
contact area, since at small times the temperature will 
differ from the initial value only in a very small surface 
layer under the contact area. 
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NOMENCLATURE 

A extent of the contact area R ri JW) 
b radius of the circular contact area s minimum distance to boundary 
c specific heat S perimeter of the contact area 

ci coefficients of Fourier series T(x, y, t) temperature 
representation, see equation (25) TO prescribed uniform temperature in the 

c numerical constant, see equation (31) contact area 
F(x, y, t) prescribed surface temperature x, y, z Cartesian coordinates 
Fo Fourier number r, 0 polar coordinates. 
G(R, t) exp (- R’)/Rz 

k thermal diffusivity 
K thermal conductivity 

Greek symbol 

heat flux per unit area P density. 
4 
e total heat flux 

AQ heat flux per unit length due to the Superscript 
boundary layer Abel transform, see equations (7) and 

r* thickness of boundary layer (8). 

In this paper we restrict attention to the problem temperature T(x, y, z, t) is also required to satisfy the 
of contact between half-spaces of similar materials, in 
which case conditions of symmetry dictate that the 
contact region(s) adopt a constant uniform tem- 
perature equal to the mean of the initial temperatures 
of the half-spaces. The problem can therefore be 
reduced to that of a single half-space, initially at zero 
temperature, part of the boundary of which is raised 
to a constant uniform temperature at time t = 0. 

We first use a Green’s function formulation of the 
problem which, like Blackwell’s solution [13], can be 
used to develop a formal asymptotic solution for the 
temperature field, except in the immediate vicinity 
of the edge of the heated region, where the iterative 
method diverges. We then concentrate on the local 
asymptotic field at this edge, where the heat flux first 
deviates from the initial uniform value. This enables 
us to obtain a two-term approximation to the total 
heat flux and hence the effective transient thermal 
resistance at small values of t. Both methods can be 
applied to problems involving a heated region of arbi- 
trary shape. 

2. GREEN’S FUNCTION FORMULATION 

We consider the problem of the half-space, z > 0. 
initially at zero temperature, with the boundary 
conditions 

T(x, y, 0, t) = F(x, y, t) ; x 1 A, t > 0 (2) 

qz(x, Y, 0, t) = 

--Kg(x,y,O,t)=O; x32, t>o (3) 

where A is some region of the surface z = 0, 2 com- 
prises all points of the surface not included in A and 
F(x, y, t) is a prescribed surface temperature. The 

heat conduction equation 

1 aT 
V2T= kat. 

Suitable solutions of equation (4) can be obtained 
by superposition, using the classical solution for an 
instantaneous point source of heat (see Section 10.2 
in ref. [14]). Thus, if the heat flux, qz, in the heated 
region A is denoted by q(x, y, t), the corresponding 
surface temperature distribution can be written in the 
form 

%,Y, t) = 
q(x’,y’, t’) eeR’dt’dA 

(t-t’)W ; 

x 2 A (5) 

where 

r2 

RZ = 4k(t-t’)’ 
p. r2 = (x-x’)‘+(y-y’)*. (6) 

Equation (5) is a multiple integral equation which 
can in principle be solved for the unknown heat flux, 
q, from which the temperature field in the entire half- 
space could then be recovered. 

A more convenient form of equation (5) can be 
obtained by taking the Abel transform of each side, 
defined by the relation 

f(t) = &$ (7) 

the inverse of which is (see, e.g. Section 5.7 of ref. [ 11) 

(8) 
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Applying this operation to equation (5) gives 

F(x, Y, 0 = 
1 

4pc(rtk) 3’2 

, 
X 

sss 

’ q(x’, y’,t’)e-RZdtfdAds 
; x I A (9) 

0 A 0 (S-t’)3’2(t--S)“2 one-dimensional 

1 

SI 

’ W, ~‘;;)te-l; dA dt’ 

4pcnk312 ,, 
(1o) 

--- 
A 

on changing the order of integration and performing 
the inner integral. FIG. 1. At small times, conduction is one-dimensional except 

Now the function in a thin boundary layer at the edge of the heated area, A. 

G(R, t-t’) = exp(-R*)/R(t-t’) 

behaves like a delta function as (t-t’) + 0, in the senting q(x, y, t) in discretized form and using a suit- 
sense that G(R, 0) = 0, r > 0 and able quadrature to evaluate the integral term, equa- 

s 

m tion (13) will yield an explicit algorithm for q(x, y, t,,) 

lim 
I-t,’ 0 

G(R, t - t’)2nr dr = 4z312k. (11) in terms of q(x, y, ti), i = 1, n - 1. This approach will 
not be pursued in this paper. 

Thus, if we differentiate equation (10) with respect 
to t, we obtain 

q(x’, y’, t’)(2R2 - 1) ewR’ dA dt’ 

r(t- t’)312 

which can be written as a Volterra equation for the unknown function, q, in the form 

q(x, y, t) = PC 
q(x’, y’, t’)(2R2 - 1) eeRZ dAdt’ 

R(t- t’)* 

The integrand in the last term of equation (13) is 
only significantly different from zero if R is less than 
some critical value R*, which might be taken to be 
about 3 for reasonable computational accuracy. 
Furthermore, when (t-t’) is small, this corresponds 
to a small range of values of r (<R*,/(4k(t- t’))). 
This of course is merely a statement of the physical 
principle that after a short period of time, a heat input 
only significantly affects the temperature in a local 
region. However, it can also be shown that the total 
value of the integral term is vanishingly small if q is 
uniform (not necessarily zero) throughout this small 
region of influence. 

It follows that equation (13) can be used to develop 
a formal asymptotic solution for the heat flux, q, at 
small times, using the conventional iterative solution 
method for integral equations. The first approxi- 
mation is obtained by deleting the integral term, after 
which the current approximation is successively 
updated by substituting it into the right-hand side 
of the equation. Convergence is likely to be rapid 
wherever q is relatively uniform and this condition 
will be satisfied everywhere except in the immediate 
vicinity of the edge of the heated region, provided the 
function F(x, y, t) varies only gradually across the 
heated area. 

We also note that the kernel of the integral term in 
equation (13) is identically zero when t’ = t for all r. 
Thus, if we generate a numerical solution by repre- 

(12) 

(13) 

3. TEMPERATURE FIELD NEAR THE EDGE 

The iterative solution of equation (13) will not con- 
verge in the immediate vicinity of the edge of the 
heated region and hence this method, like that of 
Blackwell [13], cannot be used to obtain an approxi- 
mation to the total heat flux into the body or the 
transient thermal resistance. To resolve this difficulty. 
we must investigate in more detail the local thermal 
field at the edge. 

For this purpose, it is convenient to restrict atten- 
tion to the case where the prescribed temperature 
F(x, y, t) is a constant To, in which case we conclude 
from equation (13) that the flux q will be given by 

dx, Y, t) = - 
J2t) 

(14) 

at all points in the heated region, A, the minimum 
distance of which, s, from the edge satisfies 

s > r* = R*,f(4kt). (15) 

Equation (15) defines the thickness of a ‘boundary 
layer’ adjacent to the edge in which the heat flux differs 
from the constant value, equation (14). This layer 
grows inwards with the passage of time. We shall show 
below (Section 3.2 and Fig. 3) that the thickness of 
the boundary layer corresponds approximately to the 
value R* = 1. 

At very small times, when r* is small in comparison 
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FIG. 2. Section through the boundary layer at BB in Fig. 1, 
defining the geometry for the asymptotic problem. 

with the linear dimensions and the radius of curvature 
of the boundary of the heated region (see Fig. 1), 
the local temperature field will be essentially two- 4 

0 05 I.0 
dimensional and can be determined using the asymp- R 

totic method pioneered by Williams [16] in related FIG. 3. Heat flux to the half-space in the boundary layer. 

problems of linear elasticity. 

3.1. Asymptotic analysis Of these expressions, those withp = (i- l/2), where 

We consider the two-dimensional problem of the i is an integer, give T = 0 on the boundary 6 = n, and 

half-plane r > 0, 0 < 0 c n, with the boundary and hence a general solution satisfying boundary con- 

initial conditions (see Fig. 2) ditions (20) and (21) can be constructed in the form 

T(r, n, t) = To ; t > 0 (16) T(R, 0) = T, + f c,R’- ‘I2 
I= I 

8T 
ae(r,O,t)=O; t>O (17) xQ(i/2-1/4,i+l/2; -R’)cos(i-l/2)0. (25) 

T(r, 8,O) = 0 ; 0 < 0 < II (18) 
It remains to determine the coefficients, c,, from 

condition (23). For this purpose, we use the asymp- 
which describes the local behavior in a slice normal totic form of the hypergeometric functions [17] 
to the edge of the heated region such as section BB in 9.211.1, to obtain 
Fig. 1. The temperature is also required to satisfy the 
heat conduction equation (4). We anticipate that the 
heat flux, qO, will tend to the value given by equation 

+ &. 
1-(i+ l/2) 

(14) for r > r*, 19 = II, but this is not imposed as a ’ W/2 + 3/4) 
cos (i- l/2)6; R -+ co. (26) 

i= , 
boundary condition. 

The problem is self-similar and hence the dimen- Thus, on equating (23) and (26), multiplying by cos 

sionality can be reduced by defining the new variable (j- l/2)0 and integrating in 0 < 0 < A, one obtains 

R=L (19) 
2T,, (- l)jT(i/2+3/4) 

c/ = T (j- 1/2)r(j+ l/2)’ (27) 
JWO 

in which case the boundary conditions become 3.2. Heat flux into the half-plane 

T(R, z) = To (20) We are particularly concerned with the heat flux 

;(R,O) = 0 

into the half-plane at the surface 0 = 71, which is given 

(21) by 

and equation (4) requires 

Equation (19) shows that as t + 0, R -+ co for r # 0 
and hence the initial condition (18) translates into a 

x@(j/2-1/4,j+l/2; -R*) (29) 

condition at infinity from equations (19), (25), and (27). This expression 

T(R,6)-+0, R+co. (23) 
is shown graphically in Fig. 3. 

We note that q has a square root singularity at 
Solutions of equation (22) which also satisfy equa- r + 0, corresponding to the term j = 1 in equation 

tion (21) can be found in the separated variable form (29). This is predictable from asymptotic analysis of 

T(R, 0) = Rp@(p/2,p+ 1; -R2) cos (~0) (24) 
the corresponding steady-state problem, since a given 
small value of the dimensionless coordinate, R, could 

where @ is a degenerate (confluent) hypergeometric correspond either to small r and moderate t or to 
function (see Section 9.2 of ref. [17]). An alternative moderate r and large t. As R -+ oc, q tends to a 
method of deriving solution (24) is given by Carslaw constant, which can be found by summing the series 
and Jaeger (15.11, VIII of ref. [14]). (28). using the convergent series definition for the 
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hypergeometric functions. The value obtained agreed 
with equation (14) to seven significant digits, thus 
confirming the numerical accuracy and efficiency of 
the procedure. We also note that q has essentially 
converged on this limit at R = 1, thus justifying the 
use of R* = 1 to define the thickness of the boundary 
layer in equation (15). 

The total heat flux into the half-plane is clearly 
unbounded, but the difference between the total flux 
and that which would be obtained on the assumption 
that q is everywhere given by equation (14) is bounded 
and given by 

q(r, r) - (30) 

2KT,C 

7l 

where C is a numerical constant corresponding to the 
shaded area in Fig. 3. This area can be obtained by 
numerical integration and is found to be 0.785398, 
which is equal to 7c/4 to six significant digits. The 
author believes this agreement to be beyond the 
bounds of coincidence, but has as yet been unable to 
obtain an analytical proof, which is therefore left as 
a challenge to the reader! 

4. APPLICATION TO THREE-DIMENSIONAL 

PROBLEMS 

The above results can be used to obtain a two-term 
asymptotic approximation for the local heat flux and 
the total heat exchange when a region of the boundary 
is raised to a constant uniform temperature, TO, for a 
short period of time. The local heat flux will be given 
by equation (14) at all points the minimum distance 
of which, s, from the boundary of the heated area 
satisfies 

s > r* (32) 

where r* is given by equation (15). In the boundary 
layer, 0 < s < r* the heat flux is given by equation 
(28) with R = s/,,/(4kt). 

The approximation will remain valid as long as the 
local temperature field in the boundary layer can be 
taken to be two-dimensional and this in turn requires 
that the boundary layer thickness be small in com- 
parison with the smallest radius, of curvature, r,,,!,,, of 
the heated region, i.e. 

1 rmin ’ 
*vk R* . ( > 

This criterion implicitly demands that A should 
have a smoothly turning boundary, but the error in 
problems where there are a limited number of comers 
will probably be moderate as long as 

BMT 32/5-K 

-- -f.r.m. rduflon (Schneldw) 

- equation (39) 
. . . . . . . . . . me_+*rm 

Fo 

FIG. 4. Comparison of the present solution with the finite 
element results of Schneider et al. [9] for a circular heated 
area. The dotted line is obtained if the effect of the boundary 

layer is neglected. 

(34) 

where d is a representative minimum ‘diameter’ of A. 
The total heat flux is then obtained by integrating 

these expressions over the heated region, A. Clearly, 
the first approximation (14) to the local heat flux gives 
a term proportional to the total area of the heated 
region and each element, dS, of the perimeter S con- 
tributes a further term proportional to equation (30). 
Thus, a two-term approximation to the total heat flux 
is obtained in the form 

Q = &)A+(+. (35) 

4.1. Comparison with other solutions 
The only transient three-dimensional thermal con- 

tact problem which has received significant attention 
in the literature concerns the contact of two half- 
spaces over a circular area of radius b. The 
corresponding steady-state problem has a classical 
closed form solution [6], in which the total heat flux 
is 

Q = 4KT,b (36) 

where T,, is now half the difference between the initial 
temperatures of the half-spaces. We can also define a 
corresponding steady-state thermal resistance 

To 1 
R,, =Q=4Kb. (37) 

Schneider et al. [9] give a finite element solution of 
the corresponding transient problem and conclude 
from their numerical results that the transient thermal 
resistance, R(= TO/Q(t), where Q(t) is the instan- 
taneous total heat flux) can be approximated by the 
expression 

R 
- = 0.43 tanh [0.37 In (~Fo)] +0.57 
RSS 

(38) 

where Fo is given by equation (1). This expression is 
shown in Fig. 4 in comparison with the result of the 
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present analysis, which from equations (35) and (37) 
is 

R 4 
-= 
& rr + J(a/Fo) ’ 

The figure also shows the corresponding one-term 
approximation R/R,, = 4J(Fo/n). We note that the 
addition of the second term in equation (35) extends 
the useful range of the approximation by two orders 
of magnitude. 

The asymptotic solution agrees closely with 
Schneider’s results in an intermediate range 0.03 < 
Fo < 0.3, but diverges both at large and small values 
of Fo. For Fo < 0.03, the convergence conditions 
for the present asymptotic solution are clearly abun- 
dantly satisfied and hence the difference must be 
attributed to numerical inaccuracy in Schneider’s 
solution, probably due to inadequate resolution of the 
finite element grid when the penetration of the thermal 
disturbance into the half-space is small. 

Heasley [ 181 gave an approximate treatment of the 
transient problem in which it was assumed that a 
sphere of material of radius b centered on the contact 
circle was perfectly conducting. With this approxi- 
mation, the temperature depends only on the distance 
from the origin and a solution can be obtained in 
closed form, giving a resistance equation which is 
exactly one half of that given by equation (39), for all 
values of Fo. This difference is attributable to the fact 
that the area of effective contact between the bodies 
is increased from the area of a circle (~6’) to the 
surface area of a hemisphere of the same radius (2xb’). 
Thus, Heasley’s apparently reasonable approxi- 
mation leads to very large errors, particularly at small 
values of time. 

4.2. Behavior at large values of time 

For Fo > 0.3, criteria (33) and (34) are violated 
and hence the present short-time solution is strictly 
inapplicable. However, we note that the approximate 
curve has the correct general shape and even when 
Fo + co, corresponding to the steady-state thermal 
contact problem, the maximum error never exceeds 
28%. Thus the present solution can also be used to 
obtain a rough estimate of the transient resistance 
over the whole range of Fourier numbers. 

It is interesting to speculate as to whether the 
approximation would be equally good in large-time 
problems for other geometries. Various approximate 
methods have been developed for the corresponding 
steady-state problem and are discussed and compared 
in the context of the mathematically analogous elastic 
indentation problem by Fabrikant [19]. Equation (35) 
is not the most accurate of these-in view of its deri- 
vation as a short-time asymptotic series it would be 
surprising if it were-but for all the examples dis- 
cussed by Fabrikant, the error never exceeds 30%, 
except for long thin contact areas of aspect ratios 
exceeding IO. 

5. CONCLUSIONS 

The present solution demonstrates that, at small 
times, the instantaneous contact resistance depends 
only upon the area and perimeter of the contact 
region, through the simple relation 

(40) 

The method can therefore be readily applied to a 
contact area of any shape. 

Reasonable accuracy (better than 1%) is main- 
tained up to Fourier numbers of the order of 0.3, but 

the error at longer times--even including the steady 
state (Fo -+ co-is still moderate for most geometries. 
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UNE SOLUTION ASYMPTOTIQUE POUR LA CONDUCTION BREVE ENTRE DEUX 
CORPS SEMBLABLES EN CONTACT 

R&mm&-On dCveloppe une solution asymptotique brive pour le demi-espace d’un c8tk de la surface dont 
la temp&rature croit $ un niveau prescrit. Une formulation selon Green est utiliste pour montrer que le 
flux thermique B la surface peut Btre determint $ partir d’une analyse unidirectionnelle du probleme de 
conduction thermique, except& au voisinage immidiat de la surface chauffke, od il existe une couche limite 
dont l’kpaisseur croit avec le temps. Cette couche est Btudik plus en d&tail en utilisant la technique 
asymptotique de William. En particulier, le flux de chaleur total additionnel dti ii la couche limite est 
dCtermint, et on obtient une expression asymptotique $ deux termes pour la rksistance thermique variable 
qui d&end seulement de l’aire et du p&rim&tre de la &on chauffbe. Les rbultats sont cornpar& aux 
solutions existantes dans le cas d’une aire chaude circulaire et ils montrent un bon accord pour des nombres 
de Fourier allant jusqu’g 0,3 environ. Des erreurs pour les grands temps, allant jusqu’au rtgime permanent, 

restent mod&es et ne dbpassent pas 30% sauf pour des aires chaudes B grand rapport de forme. 

EINE ASYMPTOTISCHE LOSUNG FOR TRANSIENTE KURZZEITWWRMELEITUNG 
ZWISCHEN ZWEI iiHNLICHEN, IN BERUHRUNG STEHENDEN KdRPERN 

Zusammeofassung-Fiir das Problem einer Halbraumes, bei dem ein Teil der Oberfliiche auf eine vor- 
geschriebene Temperatur gebracht wird, lie0 sich eine asymptotische Kurzzeitliisung entwickeln. Mit Hilfe 
einer Green’schen Funktion wird gezeigt, da13 der W&mestrom an der Ober&che aus der eindimensionalen 
Analyse des lokalen Wiirmeleitproblems bestimmt werden kann, mit Ausnahme der unmittelbaren NIhe 
der Ecken der geheizten F&he, wo eine Grenzschicht existiert, deren Dicke mit der Zeit anwlchst. 
Diese Grenzschicht wird unter Benutzung des asymptotischen Verfahrens nach Williams nlher analysiert. 
lnsbesondere wird der Einflul3 der GrenTschicht auf den Gesamtwiirmestrom bestimmt und daraus ein 
asymptotischer Ausdruck mit zwei Termen fiir den transienten Wlrmetransport-Widerstand ermittelt, der 
nur von der Fllche und dem Umfang des geheizten Gebiets abhiingt. Die Ergebnisse werden mit vor- 
handenen Lijsungen fiir den Fall einer kreisrunden beheizten FlZiche verglichen und zeigen bis zu Fourier- 
Zahlen der GriiBenordnung 0,3 gute Ubereinstimmung. Die Fehler fiir llngere Zeiten-einschlieDlich des 
stationlren Falls-sind ertrlglich, sie bleiben unterhalb 30%, mit Ausnahme von geheizten Flgchen von 

grol3em Seitenverhlltnis. 

ACHMI-ITOTMYECKOE PEIIIEHME WCr KOPOTKOBPEMEHHOfi gACTM IIPOqECCA 
HECTAI&iOHAPHOfi TEI-IJIOl-IPOBO~HOCTI4 MEXfiY ABYMR MAEHTH’4HbIMW 

KOHTAKTkiPYIOQBMA TEJIAMH 

-ma nopo~xHx epeMeH nonyqeeo acHbmToTHqecKoe pemeHHe arm nonynpocrpaecrsa, 
YacTb noBepwocrH roTopor0 noasepxHaaeTcn npH 3anaHHok TeMnepaType. ,@n 0npeneneHHn Tenno- 
BOrO nOTOKa Ha IlOBepXHOcTH npH nOMOll&H OAHOMepHOti JlOtZUlbHOfi 3aLIaSH TenJIOnpOBO~OcTH 38 
HcxmoqeHHeM 0rcpecrHocTH rpaHH= HarpeeaeMoZt o6nacra, me Haxomcn norpaHHqHbrk cnofi, 
Tonmmia KOTO~O~O pacreT co epeMeHeM, Hcnonbsyercn MeTon Qy~i~miH TpHHa. 3aTeM norpaHHqHbrfi 
cJIOti aHaJiH3HpycTCn 6OJlee nOJtpo6HO C nOMOlI&bH) aCHMnTOTHYeCKOr0 Me’TOPa BHnbaMca. B YBCTHOCTH, 
onpenennercn nononHHTenb& 06unrB Tennoeofi noToK n nonynpocTpaHcTeo,O6ycJIOBneHHbIil norpa- 
HH’iHbIM UNXM, H OTclOIIa BbIBOJ@iTcII AByX’lJIeHHOe XHMlITOTHWCKOe BblpaXeHHe mJl HCCTarulOHap 
Hero TepMHqecrtoro conpoMnneHHn, 3anHcnmee TonbY 0T nnomami H nepHMmpa HarpeBaeMoii 
o6nacrH. CpiXBHeHHe pe3yJIbTaTOB C HMelolUHMHCIl ~UleHHKhiH &WI CXy’iaK Htll-&XBWMOrO KpjTa o6Ha- 
pyMBaeT xopomee coananeHHe c ToqBocrbtO ~0 wicen @ypbe nopnmra 0,3. ll0rpe111~0C~H arm QnHTe- 
nbHor0 epeMeHH (Bxnmuan crawoHapHblii npouecc) Toace yMepeHHbl, n npenenax 30%. 38 

HcKJllOSeHAeM Hal-lleTbIX o6nacreil C 60JtbmHM OTHOmeHHeM cTOpOH. 


