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Abstract-Spatial distribution is found for a molecular beam emerging from a cylindrical channel into a 
vacuum with temperature variation along its surface where heterogeneous processes take place. In the case 
of an evaporating channel surface the behaviour of the functions f(0) (relative number of molecules 
escaping at the angle 0) and x(0) (relative thickness of condensate film on a substrate) are shown to be 
determined by the character of temperature variation. Thus, these functions have maxima with temperature 
increasing towards the exit. The distribution of the concentration of admixture molecules in the film is 
discussed. The results of calculations for a heterogeneous reaction leading to the disappearance of particles 
show that, with any character of temperature change along the surface,f(O) 1s a monotonically decreasing 

function. 

INTRODUCTION sition of thin films is the use of channels with phase 

The problem of molecular beam control is important 
transitions occurring on their internal surface [ 15, 161. 

for both scientific investigations (for example, when 
The present paper is concerned with the analysis of 

studying the interaction of gas particles with a surface) 
the spatial distribution of a molecular beam outgoing 

[I] and different applied areas (the creation of the 
from a channel into vacuum with temperature change 

generators of molecular beams with preset properties, 
along its surface where phase transition or a het- 

deposition of optical coatings, vacuum deposition, 
erogeneous chemical reaction take place. The regime 
of flow is assumed to be free molecular. 

etc.) [2Z4]. 
For the formation of radially symmetric molecular 

The deposition of molecules, outgoing from a chan- 

beams, cylindrical channels with impermeable walls 
nel, on a flat substrate is also considered. The influence 

are often used where angular distribution of emerging 
of the parameters of the problem on the distribution 

particles is determined only by the ratio of the channel 
of the thickness of a forming condensate layer is deter- 

length to its radius [5-lo]. In the case of the dis- 
mined. In the case of the presence of admixture mol- 
ecules in a volume, the behaviour of the concentration 

appearance of gas particles proper on the channel 
walls with a heterogeneous chemical reaction the 

of these molecules in a forming layer is analysed. 

angular distribution depends also on the probability 
of this process [l 11. Here, the control of the spatial ANGULAR DISTRIBUTION OF GAS PARTICLES 

distribution of a molecular beam can be effectuated by EMERGING FROM A CHANNEL WITH AN 

creating conditions under which the above-mentioned EVAPORATING INTERNAL SURFACE 

reaction takes place on a part of the lateral channel Let us analyse the dependence of the spatial dis- 
surface [12]. In sufficiently thin channels the angular tribution of a molecular (or atomic) beam on the 
distribution of escaping particles experiences the effect temperature drop along a cylindrical channel (Fig. l), 
of the surface diffusion of molecules adsorbed on the on the lateral surface and bottom of which evap- 
channel walls [13]. In such a case, this distribution can oration (sublimation)<ondensation processes take 
depend on external fields giving rise to the redis- place, and reveal the role of the parameters that 
tribution of molecules adsorbed on the channel sur- characterize the phase transition. 
face [14]. In the works mentioned the isothermality of The evaporation coefficient is considered to be 
the channel walls was supposed. equal to the condensation coefficient and to be inde- 

One of the ways of controlling the spatial dis- pendent of temperature. The scattering of particles by 
tribution of particles emerging from a channel and, the surface is assumed to be diffuse and the tem- 
consequently, the process of settling in vacuum depo- perature to change linearly along the lateral surface 
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NOMENCLATURE 

relative number of particles escaping 
from a channel at angle 0 
dimensionless distance between 
channel exit section and substrate, 

HIL 
distance between channel exit section 
and substrate 
density of the flux of particles escaping 
from lateral surface of a channel 
dimensionless density of the flux of 
particles escaping from lateral 
surface of a channel 
density of the flux of particles escaping 
from bottom 
density of the flux of particles 
evaporating from surface at x = 0 
Boltzmann constant 
probabilities of arrival of molecules 
from one surface element to another 
dimensionless channel length, L/R 
channel length 
mass of a molecule 
total molecule density in condensate 
number of particles escaping from a 
channel at angle B 
pressure 
density of flux of molecules into 
condensate on substrate 
dimensionless density of the flux of 
molecules into condensate on 
substrate 
heat necessary for evaporation of one 
particle 
heat of heterogeneous reaction 

x 
s 

T 
W 
X 

x0 

x longitudinal coordinate. 

radial coordinate on substrate 
channel radius 

$?mDS~c’~; r 2 and 4, QrWTo 

temperature 
function determined by relation (2) 
dimensionless longitudinal coordinate, 

X/L 
lower limit of integration in equation 

(8) 

Greek symbols 

; 

evaporation coefficient 
coefficient in equation (1) 

Y probability of gas particle 
disappearance 

e angle between direction of particle 
outflow and channel axis 

P dimensionless radial coordinate, r/R 

40 lower limit of integration in equation 

(8) 
X dimensionless thickness of condensate 

film. 

Subscripts 
0 bottom 
b substrate 
e saturated vapour 
i isothermal case 
m maximum number of escaping 

particles 
S internal channel surface. 

t ‘L”“$ L H 

Fig. 1. Geometric diagram of the problem. 

. 

relatively high thermal conductivity) due to the com- 
bination of end and ring heaters being in contact with 
the channel walls [17]. Moreover, it is assumed that 
/I<< 1. 

Consider such a stage of the process at which the 
change in the channel geometry due to phase tran- 
sitions on its internal surface can be neglected. 

The quantity which characterizes the angular dis- 
tribution of the beam is the ratio of the number of 
particles, leaving the channel at the angle 0 to its axis, 

(1) 
to the number of particles, outgoing in the direction 
of the axis [S] 

Such a character of the dependence T(X) can be f(e) = g = w(e) cos 8, 
attained, for example, in the case of sufficiently thin 
walls of a channel furnishing a source of a film- where by analogy with ref. [6] the function W(e) is 
forming substance (which is usually characterized by a expressed as 
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w(e) = $ s tan 012 

0 0 
z(.x)(l-zz~z)“2d~+l-~ 

x [arcsin II + u( 1 - ~4~)‘/*] 
2 

for 0 < arctan - 
1 

1(x)1:1 -1*5*)“* d5 

for 0 > arctan +. (2) 

Here x = X/L is the dimensionless coordinate 
reckoned from the bottom assumed to be flat, I = L/R, 
Z and IO are the densities of the fluxes of particles 
escaping from the channel lateral surface and bottom, 
respectively. The quantities 5 and u are defined as 
5 = (1 -x) tan e/2 and u = I tan e/2. The terms out- 
side the integral correspond to straight-transit mol- 
ecules traversing the distance from the bottom to the 
channel exit without collisions with the walls. 

Thus, to determine the angular distribution of mol- 
ecules emerging from a channel, it is necessary to 
know the function z(x). 

For the dimensionless density of the flux of particles 
escaping from the lateral surface, when the dimen- 
sional density is related to the flux density j, of par- 
ticles evaporating from the surface at x = 0, 
io = crp,(~o)l(2~~~lb) > ‘I2 the following equation can 
be written (further the heat of evaporation is assumed 
to be uniform along the whole channel length) [18] 

Pm To Ii2 T(x) = ___ - ( > P,Vo) T 

+(1-a) @‘)K,(]x-x’])dx’+&K(x) 
I 

(3) 

where K and K1 are the functions characterizing the 
probabilities of the arrival of molecules from one sur- 
face element to another, & is defined by the relation 

IO = 1+2/(1-cc) 
s 

’ qx)K(x)dx. (4) 
0 

When p << 1, the quantity Pe( T) can be presented as 

P,(T) = Pe(To) exp {=J 

where s = Qb/kT,. Further, for simplicity, in the first 
right-hand term of equation (3) only the exponential 
factor is considered to change with temperature, there- 
fore it has the form exp {sx). In such a case, the use 
of exponential approximation of the functions K, K, 
[S], two-fold differentiation of equation (3) and the 
combination of the relation obtained with the initial 
equation yield a differential equation, the solution of 
which allows one to find an approximate analytical 
expression for 1(x) depending on the dimensionless 
parameters s, I and evaporation (condensation) 
coefficient E. In accordance with equation (2), the 

angular distribution of outgoing particles is deter- 
mined by the same parameters. 

At CI = 1 there is no need to solve integral equation 
(3), and & = 1 according to equation (4). Here, when 
Is] << 1, equation (2) gives 

w(e) = 

( 
l+t u(l-u2)~~2+arcsinu+~{(l-u2)3~2-l} 

[ 1 
fore < arctan 5 

1+s 1-G 
i > 

for e > arctan f . 
From equation (5) it follows that in the isothermal 

case (s = 0), when tl = 1, W(e) = 1 for all of the angles 
8. This corresponds to the satisfaction of the cosine 
law for the particles escaping from a channel. 

For c( # 1 and s = O(1) the angular distribution is 
found by numerical integration in equation (2) with 
the use of an approximate analytical solution of equa- 
tion (3). For the case when evaporation occurs only 
on the channel bottom, W(0) is determined by the 
relation presented in ref. [5]. 

The results of calculations for the angular dis- 
tribution of a molecular beam escaping from a channel 
with an evaporating surface at I = 5, s = 0 and 1 are 
presented in Fig. 2. Curve 2 corresponding to the 
isothermal case complies with the cosine law. Figure 
2 shows that for the fixed values of c( and 0 the quantity 
f(0) increases with s (for tl = 1, Is] << 1 such a charac- 

Fig. 2. Spatial distribution of a molecular beam escaping 
from a channel with evaporation on the surface for I = 5. 
Solid curves correspond to a = 1, dashed curves to G( = 0.1 : 
1, s = 1; 2, s = 0; 3, s = - 1, dasheddotted curve 4 cor- 

responds to the case of evaporation on the bottom. 
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ter of the dependence follows from the second relation 
in set (5)) i.e. for any fixed value of c( with s > 0 
(when temperature increases from the channel bottom 
to the exit) the relative number of particles leaving the 
channel at a certain angle 0 exceeds their number in the 
isothermal casef;(Q), whereas with s < O,f’(t?) <f;(0). 

Let us clarify the relationship betweenf(8) andA 
for s < 0 by taking as an example the simplest case 
u = 1. The farther the part of the surface from the exit 
section of the channel, the more particles evaporate 
from it (because of its higher temperature). At the 
same time, these molecules, escaping at large enough 
angles, condense on the channel walls, and only the 
particles emerging at small angles leave the channel. 
As to the molecules that evaporate from the part of 
the internal surface of the channel adjacent to its exit 
section, their quantity here is smaller than in the sec- 
tions far removed from the exit because of the lower 
temperature in the exit region. Consequently, for s < 0 
the ratio of the number of particles escaping at large 
and small angles, respectively, is smaller than in the 
case of s = 0. 

It follows from calculations that for s < 0 the func- 
tion f(6) is monotonically decreasing, whereas for 
s > 0, starting from a certain value of a, it becomes 
nonmonotonic. The explanation is that in the latter 
case the number of molecules leaving the channel at 
large angles increases (due to both the increase of c( 
and the higher temperature of the surface parts adjac- 
ent to the exit). It will be noted that the angle 0, 
corresponding to the maximum number of escaping 
molecules increases with a, as well as with s at a fixed 
c(. Here, when both a and s increase, the value off(&) 
also increases. 

Calculations show that as the evaporation 
coefficient a decreases, the nonisothermality of the 
surface becomes less noticeable because of the mul- 
tiple collisions with it of molecules, and the value of 
f(0) approaches that ofJ;(Q) [16]. 

For comparison, Fig. 2 also contains the function 
fO(0) describing the distribution of emerging particles 
in the case when evaporation occurs only on the chan- 
nel bottom. As seen from the figure,f,(B) <f;(S) for 
whole range of angles being attributable to the 
decrease in the evaporation surface area. 

As regards the dependence of the spatial dis- 
tribution on the channel length, then for a = 1 and 
s = 0, f (0) = cos 0 in accordance with the foregoing, 
i.e. such a dependence is absent. When a + 1, in an 
isothermal case an increase in the channel length 
exerts a collimating effect on the flow of emerging 
molecules resulting in a decrease off (0) [16]. For 
s > 0 with an increasing I the number of molecules, 
leaving warmer surface parts closer to the exit, 
increases due to the opposite effect. Thus, for s < 4 
both the increase in the channel length and the pres- 
ence of the temperature gradient lead to a decrease of 
f(O), while for s > 0 these factors exert the opposite 
effects, therefore here when 1 increases the function f 
can both increase and decrease depending on a and s. 

As noted in ref. [19], the character of the angular 
distribution of molecules emerging from capillaries 
influences the conditions above a capillary-porous 
body. Moreover, according to the foregoing, the 
recession of the bottom of the channel (i.e. increase 
of r) with the rise in the temperature of the surface 
receding in the course of evaporation (S < 0 and IsI 
increases) leads to the narrowing of a molecular beam. 
Note that problems considered can be extended to 
the calculation of the spatial distribution of radiation 
emerging from a channel with geometric dimensions 
substantially exceeding the radiation wavelength [ 121. 
This is possible because of the well-known analogy 
between a free molecular gas flow and radiation 
transfer [20]. 

ANGULAR DISTRIBUTION OF GAS PARTICLES 
EMERGING FROM A CHANNEL WITH A 

HETEROGENEOUS REACTION OCCURRING ON 
ITS INTERNAL SURFACE 

Let us find the spatial distribution of particles for a 
molecular beam passing through a cylindrical channel 
when a first-order heterogeneous reaction occurs on 
its internal surface and the surface temperature chan- 
ges in accordance with equation (1). By analogy with 
ref. [1 11, the above-mentioned reaction is understood 
to be any process with the participation of a wall 
resulting in a change of the essential properties of the 
particles with the probability y independent of the 
impinging flow (for example, the absorption of par- 
ticles by the wall, variation in the chemical state of 
the particles, and so on). 

For the first-order reaction the value of y is pro- 
portional to the reaction rate constant [5], therefore 
the dependence of y on temperature can be presented 
as 

Y = y. exp { - Q,W> 
where the pre-exponential factor y0 may be considered 
constant due to a weak dependence on temperature. 

The spatial distribution is determined by relation 
(2) in which the dimensionless density of flux of initial 
particles leaving the internal surface (the dimensional 
density is related to the flux density of particles enter- 
ing the channel) can be found from the following 
equation 

1(x) = (1 --yO exp {sx}) 

[S 
1 

X f(x’)K, (Ix - x’l) dx’ + K(x) 1 (6) 0 
where s = Q,P/kT,. It should be noted that the equa- 
tion for the flux density of particles impinging on the 
unit length of the channel surface in a isothermal case, 
i.e. for constant y, was solved in refs. [ll] and [21]. 

In contrast to equation (3), equation (6) includes a 
multiplier which stands in front of the expression in 
the square brackets and depends on the coordinate, 
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while there is a constant multiplier, (1 - LY), in equation 
(3). Therefore, in an isothermal case (s = 0) an 
approximate analytical solution of equation (6) can 
be obtained as a particular case of the solution of 
equation (3). However, in the case of a nonisothermal 
surface of the channel, equation (6) is solved numeri- 
cally with the use of exact expressions for the functions 
K and K,. For s =: 0 the results of the solution of 
this equation obtamed by the two above-mentioned 
methods agree with a good accuracy. The results of the 
calculations of the spatial distribution for a molecular 
beam emerging from a channel in the case of a first- 
order heterogeneous reaction are plotted in Fig. 3. 
They relate to the case of I = 10 and y,, = 0.1, with 
the values of s being so selected that the value of y 
undergoes a 5- and IO-fold increase (decrease) with 
an increase of x from 0 to 1. The figure also contains 
a curve which corresponds to the absence of reaction. 
From Fig. 3 it is seen that, as is to be expected, the 
presence of reaction narrows the emerging molecular 
beam, with the collimating effect of the reaction being 
the greater, the larger the value of s, so that the gre- 
atest narrowing of the beam is observed in the case 
when the temperature, and consequently the prob- 
ability for a molecule to disappear, increase towards 
the channel exit. Comparison of Figs. 2 and 3 shows 
that in the presence of reaction the magnitude of the 
temperature drop along the channel exerts a much 
smaller effect on t’he character of the angular dis- 
tribution of emerging molecules than in the case of 
phase transition. 

DEPOSITION OF SUBSTANCE FROM A GAS 
PHASE ON ESCAPE OF MOLECULES FROM A 
CHANNEL WITH AN EVAPORATING INTERNAL 

SURFACE 

Let us consider the deposition of substance, escap- 
ing from a cylindrical channel, on the internal surface 
and the bottom of which evaporation-condensation 
processes take place. Suppose that at the distance H 
from the exit section of the channel there is a flat 
substrate, which is, located perpendicularly to the 
channel axis and on which condensation of emerging 
molecules occurs (Fig. 1). For simplicity, the reevap- 
oration of molecules from the substrate is neglected 
(this is valid at a fairly low surface temperature). The 
wall temperature i;s assumed to change linearly in 
accordance with equation (1). 

Replacing, by analogy with ref. [lo], the particle 
source formed by the channel with phase transitions 
on the internal surface by an infinitely small source 
with the above-given spatial distribution (2), which is 
possible when I%>> R, it is possible to write the fol- 
lowing expression for the relative film thickness (i.e. 
the thickness of the film related to its value at 0 = 0) 

x(e) = v’(e) cos e =f@) cos3 8. (7) 

* 
0.5 

Fig. 3. Spatial distribution of a molecular beam escaping 
from a channel with heterogeneous reaction on the surface 
for 1= 10, y0 = 0.1: 1, y(l)/yO = 10; 2, y(l)/yO = 5; 3, 
y(l)/yO = 1 ; 4, y(l)/y,, = 0.2; 5, y(l)/yO = 0.1, dashed curve 6 

corresponds to the absence of reaction. 

According to equation (7) the distribution of the 
film thickness is determined by the behaviour of the 
function f (0). Thus, for s < 0, when f is a mono- 
tonically decreasing function of 0, the quantity x(0) 
behaves in the same manner. For s > 0, when, begin- 
ning from a certain value of u, the function f(0) is 
characterized by a maximum, intervals of relatively 
uniform distribution of the film thickness x(0) can be 
observed. Note that to an infinitely small flat source 
there corresponds the function x0(Q) = cos40. Thus, 
for s > 0 a nonisothermal channel with phase tran- 
sitions on its internal surface at certain values of the 
parameters can be characterized by a more uniform 
distribution of film thickness than an infinitely small 
flat source. The approximation of an infinitely small 
source is inapplicable if the substrate is located fairly 
close to the channel exit. Here, a more general method 
of calculation should be used when the film thickness 
distribution is determined not only by the angle at 
which particles emerge from the channel, but also by 
the coordinate of the lateral surface element from 
which they escape. Such an approach was applied in 
refs. [13] and [22] to calculate the spatial distribution 
of particles emerging from a channel with an imper- 
meable internal surface, where it was assumed that 
R -cc H. This assumption made it possible to some- 
what simplify calculations, but, as shown above, a 
different method of determining the condensate film 
thickness can be used in such situations, i.e. relation 
(7). The results of calculations given below are valid 
for an arbitrary relation between R and H. 

For a dimensionless density of the flux of molecules 
arriving at a substrate from the internal surface of a 
cylindrical channel the following expression can be 
written [22] 
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q,=!!t ’ n 
71 SI (l-pcos$)T(x) 

0 $0 

(l+h-x)d4dx 

X[I~(1+h-X)~+1+~~-2pcos~]~ 
(8) 

where h = H/L, p = r/R. The values of the lower limits 
of integration in equation (8) depend on the interval 
in which the angle 8 is located which corresponds to 
the considered portion of the substrate [ 13, 22, 231. 

The total density of the flux of molecules is deter- 
mined from the relation 

4 = 4s+qo (9) 

where the density of the flux of particles &, arriving at 
the substrate from the channel bottom for the arbi- 
trary ratio H/R was calculated in ref. [23]. The relative 
film thickness is equal to 

x(p) = 4(p) 
46’) . 

(10) 

Thus, with both the methods of describing the pro- 
cess of deposition of molecules, their distribution over 
the substrate depends on the distribution of the flux 
density of particles emerging from the lateral channel 
surface. 

As shown in ref. [18], when CI = 1, the flux of par- 
ticles emerging in an isothermal channel is equal to 
the flux of molecules evaporating from the bottom. 
As concerns the distribution of substance over the 
substrate surface in this case, calculation according to 
equation (9) shows that it coincides with the dis- 
tribution for the evaporation of molecules from a 
circular disk of radius R located at the place of the 
channel exit section. 

Numerical calculations were performed for various 
values of 1, s, h and CI by the above-mentioned 
methods, i.e. according to expressions (2), (7) and 
proceeding from equations (9) and (10). They have 
demonstrated that when s < 0, the film thickness dis- 
tribution decreases monotonically with increase of the 
angle B, but when s > 0, then, beginning from certain 
values of E and h, it is characterized by a maximum. 
The results of calculations for c( = 1 are presented 
in Fig. 4, where curves 1 and 5 correspond to the 
approximation of an infinitely small flat source and 
the remaining curves are found from equations (9) 
and (10). This figure shows that, as is to be expected, 
with an increase in h the difference between the values 
obtained for the relative film thickness by different 
methods decreases. Here, for a fixed value of h this 
difference is smaller for s < 0 than for s > 0 (thus, 
when h = 20 for s = - 1 the curves calculated by both 
the methods practically coincide, and for s = 1 such a 
coincidence is observed beginning from h w 40). Note 
that where the distributions of x corresponding to 
positive and negative values of s (i.e. to the cases when 
the temperature increases or decreases towards the 
channel exit) differ the greater, the larger the value of 
CL For a fixed c( the functions ~(0) corresponding to 

Fig. 4. Dependence of the relative condensate film thickness 
on the angle with evaporation on the channel surface for 
a = 1, I = 5. Solid curves correspond to s = 1; dashed curves 
to s = - 1 ; 1, approximation of an infinitely small source; 
2, h = 20; 3, h = 5 ; 4, h = 1, dashed-dotted curve 5 cor- 

responds to evaporation on the bottom. 

temperature drops of opposite signs differ more dis- 
tinctly, the larger 1.~1 value. Calculations show that in 
the case of a smaller tl, the results obtained by different 
methods get closer for smaller values of h. Figure 4 
also contains the function ~(6) calculated according 
to equations (2) and (7) for the case when phase 
transition occurs only on the channel bottom. As 
regards the dependence of the character of the dis- 
tribution ~(0) on the dimensionless channel length 1 
for a fixed H/R, it is insignificant here. 

Calculations according to equations (9) and (10) 
show that with B = 0 an increase in s leads to an 
increase in the film thickness. As is seen from Fig. 1, 
the function x(0) can be converted to x(r) by means 
of the relation r = H tan 6. 

Thus, changing the temperature along a channel 
with an evaporating internal surface, it is possible 
to influence the character of the distribution of the 
condensate film thickness over a substrate [ 16, 241. 

Note that the above-considered method of con- 
trolling the process of vacuum deposition makes it 
possible to produce substance layers with various 
kinds of radial nonuniformity, which can be used, for 
example, for manufacturing optical filters. 

In a number of cases not only the law of substance 
deposition over the substrate (film thickness dis- 
tribution) is important, but also the distribution of 
admixture molecules in the substance layer deposited 
from a gas phase. It is well-known that even an 
extremely small concentration of admixture particles 
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significantly changes the physicochemical properties 
of the layers obtained (in particular, these problems 
arise in the producti’on of semiconductor devices). So 
far as the volume where deposition process occurs 
practically always contains the molecules of an admix- 
ture component and during the condensation of basic 
substance the trapping of the admixture molecules 
takes place (including the molecules of the component 
which is noncondensable at the given values of 
thermodynamic parameters [2.5]), it is of interest to 
investigate the distribution of admixture in the con- 
densate forming over the substrate on the emergence 
of depositing molec.ules from a cylindrical channel 
with evaporating walls. For the concentration of 
admixture molecules in a solid condensate it is possible 
to write the following expression [26] 

(11) 

where N, is density of flux of admixture molecules 
impinging on the condensate surface (assumed to be 
independent of r), cc, is sticking coefficient of these 
molecules, J, is determined by the relation 

J, = n(kT&m,)“* exp { - Qa/kTb}. 

In equation (11) the quantitiy J, does not depend 
on the angle fI for constant substrate temperature, 
and the value of q(0) = q(e)j, can be evaluated from 
relation (9). It follows from equation (11) that if 
J, >> q for all the angles 8, the admixture con- 
centration is practically independent of the angle and 
is equal to c,* = cc,Ag/J,. When q(0) >> J,, then in a 
certain range of the angles the admixture con- 
centration can be estimated in accordance with equa- 
tion (11) from the ratio of the particle flux density of 
an admixture to that of the basic component con- 
densing on a substrate. Here, the dependence of c, on 
the angle is determined by the character of the func- 
tion q(8), i.e. for example, in the presence of the 
maximum for this quantity at the angle O,, the admix- 
ture concentration has a minimum value for this angle. 
The value 4 decreases with increase in 8, and the 
admixture concentration tends to c$. 
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14. V. V. Levdansky and Hoang Van Viet, Spatial dis- 
tribution of energy and mass fluxes escaping from a 

becomes nonmonotonic and has maximum beginning 
from a certain value of the evaporation coefficient CI. 

The presence of a heterogeneous reaction resulting 
in the disappearance of particles over the channel 
surface narrows the escaping flux and the largest effect 
is obtained for the case of temperature increase 
towards the exit. 

The thickness of a condensate film forming on a flat 
substrate due to the condensation of particles escaping 
from the channel with an evaporating surface is cal- 
culated. It is found that the maximum in the dis- 
tribution x(Q) with temperature increase towards the 
exit appears as a consequence of the nonmonotonicity 
off(B). In the case of the presence of an admixture 
component in the volume, the character of the con- 
centration distribution of admixture particles in the 
film is analysed, and it is shown that this also can be 
a nonmonotonic function of 8. 
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