
We note that the required number of terms of the series in (ii) to attain a relative 
error of 10 -4 varies from 2 to a maximum of 4, depending on the input values. 

As an example, we show in Fig. 2 the dependence of the speed of sound in a two-phase 
medium on pressure, taking into account the compliance of the walls of the channel and the 
surface tension. The different curves refer to different initial values of the gas content 
for "industrial 20" oil. In the calculations o = 0.03 N/m, R 0 = 0.3 ~m (taken from the data 
of [2]), and the rest of the data were taken from [i]. The calculations were performed on 
the SM-4 computer. 

NOTATION 

, gas content; V, Vg, volume of the gas-liquid mixture and the undissolved gas, respec- 
tively; o, surface tension; c, pressure wave propagation velocity; E, modulus of elasticity; 
p, density; E0, A, empirical constants; n, polytropic index; Vb, volume of a bubble; m, number 
of bubbles; g, relative error, in %; subscripts: ~, liquid; g, gas; 0, initial state. 
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TIME-OF-FLIGHT MASS-SPECTROMETER WITH DUST-IMPACT ION SOURCE 

S. B. Zhitenev, N. A. Inogamov, UDC 533.6.011.72:533.95+621.384.8 
and A. B. Konstantinov 

The processes occurring in a dust-impact mass analyzer, the ion source in which 
a plasmoid is formed in the impact of a high-velocity dust particle on the anode 
of the device, are studied. 

i. A dust-impact mass analyzer (DIMA) is a combination of a time-of-flight mass spec- 
trometer with a dust-impact ion source (see Fig. i; a detailed diagram is presented in [i]). 
The device was developed in connection with the VEGA and Jotto expeditions to Haley's Comet 
[2]. The source of high-velocity particles is the dust cloud around the comet, moving toward 
the VEGA space probe with a velocity of v 0 = 78 km/sec. The scientific goal of the project 
is the determination of the chemical and isotopic compositions of the comet material, which 
is important for the theory of evolution of the solar system. The device can also be used 
for mass-spectrometric analysis under terrestrial conditions [3]. 

The theory reveals two basic drawbacks of the device. The first one is the drop in the 
throughput capacity C of the device in the case of dust particles with low density Pd and mass 
M, where C = Nc/N. The question of the magnitude of C in the case of small dust particles is 
important, since for small Nc the limited sensitivity of the collector can cause the mass spec- 
trum to be lost. 

The drop in C is determined by the fact that the plasmoid formed in an oblique collision 
of the dust particle with the anode (see Fig. I) moves at some angle to the normal, and as 
a result most of the ions fly past the collector. The problem of determining C involves the 
calculation of the angular distributions. This work is concerned with the problems arising here. 

L. D. Landau Institute of Theoretical Physics, Academy of Sciences of the USSR, Moscow. 
Institute of Solid-State Physics, Academy of Sciences of the USSR, Chernogolovka. Translated 
from Inzhenerno-Fizicheskii Zhurnal, Vol. 50, No. 5, pp. 751-760, May, 1986. Original article 
submitted February 18, 1985. 
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Fig. i. Diagram of the DIMA device: block I is the ionization- 
accelerating chamber: 1-5) variants of block I; the dot-dash 
straight line corresponds to the axis of the input tube; block 
II: T) tubes; R) reflector; C) collector; P) photocell. 

The second drawback of the device is the drop in the resolution p = tT/At in the case 
of large particles because of effects associated with the screening of the plasmoid by the 
electrostatic self-consistent field of the space charge (see [4]). 

Two types of problems arise in connection with the use of DIMA: improvement of the de- 
vice (optimization problems) and interpretation of the mass spectra (calibration problems). 

The improvement of the device must proceed along two relatively independent paths: in- 
creasing the throughput capacity C in the case of small dust particles and increasing the 
resolution in the case of large dust particles. In this work we study the questions linked 
with increasing the value of C by controlling the direction of emergence of the plasmoid. 

A great deal of experimental work has now been carried out on the solution of the prob- 
lems of optimization and calibration of the device. The experiments were performed on a van 
de Graaf accelerator with a voltage of up to 2 mV [5, 6]. 

The acceleration of condensed particles up to high velocities v0 ~ 102 km/secis avery dif- 
ficult technical problem [7]. Record high velocities of v 0 = 112 km/sec can be achieved on 
a van de Graaf accelerator for submicron-size particles [8]. 

Unfortunately, the experiments were performed with dust particles consisting of heavy 
metals with Pd > 8 g/cm 3, velocities of the order of 102 km/sec can rarely be achieved, and 
the reproducibility of the results is poor. Nevertheless, in order to simulate accurately 
the conditions existing in experiments in space, a correspondence is required not only with 
regard to v~ and M, but also with regard to the density Pd. We note that the density of the 
comet dust grains Pd = 0.8-3 g/cm 3 [9] is several times lower than the density of the dust 
grains used in the experiment. 

2. Structure of the Apparatus. The apparatus consisted of two main blocks. Block I 
is an ionization-acceleration chamber (IAC), consisting of a positive electrode (anode, Fig. 
i, I) and a grid which accelerates the ions. Variants 2-5 are intended for obtaining higher 
values of C than can be achieved with variant i. In variants 3-5 this is achieved via the 
component of the field perpendicular to the axis of the input tube (this axis is shown by 
the dot-dashed straight line in Fig. i). Variant 2 with the fluted anode was proposed by 
R. Z. Sagdeev and variant 4 with the wedge-shaped arrangement of the electrodes was proposed 
by J. L. Berto. The variants 1 and 2 are of greatest interest for space experiments being 
planned [2]. In this paper we shall study primarily variant i. 

Block II consists of the flight tubes, reflector, and collector (Fig. i). The main ele- 
ment is the collector. To increase p = tT/At, the collector must have a small area and be 
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placed a large distance away. The much smaller dimensions of block I than those of block 
II enable working with the distribution of the velocities of the ion w, measured in the labor- 
atory coordinate system, in order to describe the motion of the ions in block I. We are in- 
terested in the ion distribution at the "inlet" and "outlet" of the accelerating gap of the 
IAC, which we denote by f(w) and fg(w), respectively: 

f(w)-- a3M/MO~,~a~,~am:. ( I )  

f~ (w) = a~N/Na~a~,.a=.. (2) 

The function f(w) coincides with the mass distribution of the dust particles over velocities 
in inertial flight (see Sec. 3). In calculating f(w) the accelerating field F can be neglected. 
The function fg(w) gives the distribution of ions behind the grid up to the moment when all 
ions from the dust-grain material have flown behind the grid. 

We denote by ~c the solid angle under which the collector is "visible" from the outlet 
of block I (see Fig. la). Because of the smallness of the collector and its remote position, 
the angle ~c is small: ~c/4~ = ~c2/4~ = 6"i0 -s, where ~c = rc/2LT. 

In an oblique collision, the part of the initial component of the momentum of the expand- 
ing material of the dust grain parallel to the plane of the anode is conserved. In variants 
i and 2 this component is perpendicular to the field F and is therefore conserved, which pro- 
duces an asymmetry in fg(w) relative to the z axis. 

We denote by 

gg(O, m) .... a~N/Naeam (3) 

the post-grid angular distribution, calculated up to the moment when all dust grains have 
left the IAC. Here the angles 0, ~ are measured from the z and x axes, respectively, and 
the x, z plane passes through the vectors F and v 0. Let Og, ~g be values of 0, ~, such that 
gg(O, ~) assumes its maximum value. We denote by ~g the solid angle containing the velocity 
vectors of the ions which have moved behind the grid of the IAC. It is clear that C is de- 
termined by the region of intersection of the angles ~c and ~g (Fig. la). The ratio 

K = g~ (o, ~)/gg (eg, ~g) (4)  

can serve as a quantitative measure of the asymmetry. 

For qualitative evaluation we shall assume that the plasmoid is a uniform spherical 
cloud, which expands at a rate vh and drifts as a whole across the field F with the velocity 
ux. We shall calculate the velocities ux and vh: 

(5 )  

It is not difficult to see that when the volume charge is insignificant the ions which 
have moved behind the grid lie inside a cone whose axis forms an angle X with the normal to 
the grid and has a flare angle of 2~, where 

/~ : - Ul----i--t, Ux V ~ - -  ve % . . . . .  2ze (P~ ( 6 ) 
U g 17l i 

The questions associated with the space charge are studied in Sec. 3 (see also [4]). 
With the exception of this section it is everywhere assumed that the self-consistent field 
is weak and does not affect the dynamics of the ions. 

For typical values of the parameters Ux, vh, A/z m i0, ~a = 3 kV, we have ~c << ~2. 
Here A and z are the atomic weight and charge state of the ion, respectively. From here it 
follows that for ux > vh the ions move outside the angle ~c and do not reach the collector. 

The numerical experiments performed showed that the quantities K, Ux, and v h depend pri- 
marily on the parameters = and p = Pd/ Pa' where Pa is the initial density of the anode materi- 
al. In the range of values of p the functions Ux(D, ~), vh(p, ~) with a fixed value of a de- 
pend monotonically on p. 
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2~a 
F i g .  2. B r o a d e n i n g  o f  t h e  p o s t - g r i d  a n g u l a r  d i s t r i b u t i o n s  
gg(~) [see (i0)] because of the action of the SEF (a) and 
of the dependences Nc(N) and C(N) (b) in the case when the 
parameters (~, ~) lie in the region D of low values of the 
throughput capacity. Curves 1-3 correspond to the points 
i-3 on curve C(N). 

Remaining within the framework of a simple model of a spherical cloud with a sharp bound- 
ary, the dependence of K and therefore of C also on ~ and ~ can be represented in the follow- 
ing simplified manner. In the (~, ~) plane there exists a neighborhood of the point ~ = D = 
0 which we shall call the region D, where the functions K(~, ~), C(e, ~) vanish. Outside D 
we have K(~, ~)--~ i. Region D is bounded by the curve of the critical values of the parameter 

= Dc(~), on which condition ux(~c, ~) = vh(Dc, ~) holds. 

In reality, the functions C(~, ~), K(~, D) are continuous functions of their arguments, 
and the curve of the critical values ~ = Dc(~) is a transitional strip bounding the region of 
values K(~, ~) << i. The remarks made here clarify the qualitative nature of the dependence 
of C on ~ and ~. 

3. Basic Physical Processes. The complete problem can be divided into a series of 
coupled subproblems: I) the gasdynamic interaction of the dust grain with the anode; II) hard- 
ening of the ion composition; III) action of the external electric field on the expanding plas- 
mold. 

Problem I consists of calculating the asymptotic structure of the plasmoid consisting 
of the dust-particle material. The inertial expansion is established when the plasmoid ex- 
pands to a size of R > Rl = (2-4)R0, where R0 is the initial size of the dust grain. When 
R >> R0, it may be assumed that the expansion occurs from a point. In this case the function 
f(w) (i) is related to the density as follows: f(w) = p(r, t)t3/M. 

The goal of problem II is to calculate the hardened composition. For typica I values R 0 = 
0.i-i ~m and v 0 = 80 km/sec, the hardening occurs when the plasmoid expands to a size of 
R > R 2 = (10-102)R0 [I0, ii]. When R > R 3 (where R 3 is several times larger than R 2) a colli- 
sionless flow state is established [ii]. 

In problem III the action of the field on the dynamics of the plasmoid is calculated. 
This effect becomes important with expansion up to 

R > R~ : Rh -- Eh/zeF : (10 3 -  I0 a) R0, (7 )  

where Eh = mivh2/2. For typical values of the parameters we have Rh ~ 1 mm and Rh << Lg ~ 1 
cm, where Lg is the distance from the anode to the grid. When the plasmoid expands up to 
dimensions ~Rh, the plasma cools substantially: 

Ta = T (R~) = Tz (R2/Ra) 2 ~ E~, ( 8 )  

where T 2 is usually some fraction of the single-ionization potential. 

If the degree of hardened ionization is known, X = N/N0, then problems I and III can be 
solved independently of problem II. Here N and No are, respectively, the number of atoms in 
the dust grain and the number of hardened ions. For parameters which are typical in space 
experiments X ~ 1 [I0, ii]. 

The self-consistent electric field (SEF), associated with the ion space charge, can play 
an important role in the solution of problem III [4]. The strength of SEF is determined by 
the number N. When N < Nh = Eh2/z3e3F, the SEF has no effect on the dynamics of the ions. In 
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this case, the ions in the uniform field F move along parabolic trajectories, which enables 
calculating fg(w) directly from f(w). For N > Nh, the SEF is substantial and N becomes an im- 
portant parameter: C = C(a, D, N). We shall describe, relying on [4], the behavior of C in 
the transitional region N ~ Nh. 

Let the parameters a and ~ lie outside the region D. .Then [4], 

~zue%~Eh, N < Nh, 

II ~ t]i~ (N/Nh)-2/5 ~ a~LgFa/5 (zeEh)-l/SN-2/5, N ~ Nh, 
(9)  

where ~a is the accelerating voltage difference. 

Let ~ and ~ belong to D, where C is small. Then SEF increases C in the transitional re- 
gion N ~ Nh (see Fig. 2). This is determined by the fact that because of the appearance of 
the x component of the field associated with the SEF the angular distribution becomes wider; 
the degree of broadening increases with N. The post-grid angular distribution 

(10) 

is restructured, in this case, in the manner shown in Fig. 2. For ux ~ vh the restructuring 
of C(N) with increasing N occurs rapidly in the sense that the value of N= at which C(N) as- 
sumes its maximum value is of the order of Nh. When N > N 2, C(N) is determined by formula (9). 

4. Numerical Model of the DIMA. The throughput capacity is a function of the following 
parameters: 

I~]; [8, c0, %,  {r}]; [{~}] (11) 

P a r a m e t e r s  (11)  a r e  g rouped  by t h e  b r a c k e t s  i n t o  t h e  f o l l o w i n g  t h r e e  g r o u p s :  i n e r t i a l ,  geo-  
m e t r i c ,  and t he rmodynamic .  The n o t a t i o n  ~ = Pd/Pa and t h e  a n g l e s  ~ and ~ a r e  d e f i n e d  in  F i g .  
1 ( v a r i a n t  2 ) ,  and t h e  p a r a m e t e r  n r = 2Dp, 2Da, 3D, which  c o r r e s p o n d s  to  p l a n a r ,  c y l i n d r i c a l ,  
and t h r e e - d i m e n s i o n a l ' g e o m e t r i e s ,  r e s p e c t i v e l y .  {F} and {y} a r e  c o l l e c t i o n s  o f  p a r a m e t e r s  
which d e t e r m i n e ,  r e s p e c t i v e l y ,  t he  shape  (and o r i e n t a t i o n )  o f  the  d u s t  g r a i n s  and the  e q u a t i o n  
o f  t he  the rmodynamic  s t a t e  o f  t h e  m a t e r i a l s  of  t he  d u s t  g r a i n  and of  the  anode .  

I n  t he  c a s e  o f  t h e  g e o m e t r y  n r  = 2Dp, t h e  mo t ion  o c c u r s  in  t h e  x,  z p l a n e  ( s e e  F i g .  1 ) .  
I n  t h i s  c a s e  t h e  f u n c t i o n s  f ( w ) ,  fg(w)  depend o n l y  on t h e  v e l o c i t y  components  Wx and wz. The 
p o s t - g r i d  a n g u l a r  d i s t r i b u t i o n  i s  g i v e n  by t h e  f u n c t i o n  gg(~)  [ s e e  ( 1 0 ) ] .  

T w o - d i m e n s i o n a l  f l ow a p p e a r s  w i t h  a c o l l i s i o n  o f  a f i l a m e n t a r y  d u s t  g r a i n ,  whose a x i s  
i s  o r i e n t e d  p e r p e n d i c u l a r  t o  t h e  x,  z a x i s  and whose l e n g t h  s e x c e e d s  s e v e r a l f o l d  R z = ( 2 - 4 ) R 0 ,  
c h a r a c t e r i z i n g  t h e  e x p a n s i o n  o f  t h e  c l o u d  w i t h  which  t h e  i n e r t i a l  e x p a n s i o n  o f  t h e  d u s t  g r a i n  
i s  o b s e r v e d  ( s e e  Sec .  3 ) .  Here R0 i s  t h e  c h a r a c t e r i s t i c  s i z e  in  t h e  t r a n s v e r s e  s e c t i o n  o f  
t h e  f i l a m e n t .  I n  t h e  c a s e  o f  a c o l l i s i o n  which  p r o d u c e s  an a s y m m e t r i c a l  f l o w ,  t h e  c a l c u l a t i o n  
must  be c a r r i e d  ou t  in  t h e  3D g e o m e t r y .  We n o t e  t h a t  b e c a u s e  o f  t h e  w ide r  a n g u l a r  d i s t r i b u -  
t i o n s  in  t h e  3D g e o m e t r y  and in  2Dp g e o m e t r y ,  t h e  v a l u e s  Ch (Ch ~ C f o r  N < Nh),  o b t a i n e d  w i t h  
n r  = 2Dp, a r e  h i g h e r  t h a n  t h e  v a l u e s  o f  Ch w i t h  nF = 3D. C a l c u l a t i o n s  o f  t h e  n r  = 3D c a s e  were 
c a r r i e d  ou t  w i t h  p = 0 and a r e  a p p l i c a b l e  f o r  ~ ~ 0 . 0 1 .  These  c a l c u l a t i o n s  a r e  based  on t h e  
f o l l o w i n g  d e v i c e s .  For  ~ = 0, t h e  p e n e t r a t i o n  o f  t h e  b a r r i e r  can be n e g l e c t e d  and t h e  p r o b -  
lem of  t he  i n t e r a c t i o n  o f  t h e  d u s t  g r a i n  w i t h  a r i g i d  w a l l  can be s t u d i e d .  An o b l i q u e  c o l l i -  
s i o n  w i t h  a r i g i d  w a l l  admi t s  a d e c o m p o s i t i o n  i n t o  a normal  impac t  w i t h  a v e l o c i t y  v 0 s i n  a 
and d r i f t  o f  t h e  c l o u d  as a whole  a l o n g  t h e  s u r f a c e  o f  t h e  b a r r i e r  w i t h  t h e  v e l o c i t y  vo c o s a .  
The normal  impac t  was c a l c u l a t e d  in  t h e  2D a g e o m e t r y .  The r e s u l t s  o f  t h e  c a l c u l a t i o n s  in  t h e  
3D g e o m e t r y  a r e  p r e s e n t e d  in  F i g s .  3b and 4b and in  t h e  t a b l e s .  F i g u r e  3b shows t h e  c o n t o u r  
l i n e s  o f  t h e  f u n c t i o n  gg(wx, wy),  d e t e r m i n e d  by t h e  f o l l o w i n g  f o r m u l a :  

% 
gg (w x, my) :-: 02N/NO~xO~'y :-: j [g (w) d~ z. ( 12) 

The f u n c t i o n  gg(wx,  Wy) i s  i n v a r i a n t  under  t h e  t r a n s f o r m a t i o n  Wy § -Wy, so t h a t  o n l y  h a l f  t h e  
picture is shown in the figure. 

The studies show that the dependence of C on the parameters p, ~, and w is most important. 
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TABLE i. Dependence of Ch on the Angles $ and p with m = 
0 ~ and F = 1 

ltl, 

0 0 , 0 3 7  O,1 l  0 , 3 7  0 , 5  

30 

45 

60 

90 

1,1 (o) 

o (o), 
1,3 (3,9.10 -2 ) 

1,17 (3,2-10-~) 
2,66 (5,4.10-2) 

2,40 (5,8.10 --~) 
2,71 [9,0.I0-2] 

 o,25; 

2-t-1 1,1• 

I4 

38 

81 

11 

The graphs and tables presented in this work were constructed for the following charac- 
teristic values of the parameters: ~a = 3 kV, ~c = 1 ~ v0= 80 km/sec, A/z = 28, and A is the 
atomic weight. 

In the columns of the tables corresponding to the value p = 0 there are four numbers. 
The top pair of numbers correspond to calculations with the adiabatic index y = 3 and the bot- 
tom pair corresponds to ~ = 5/3. In these calculations we used the equation of state of a 
perfect gas. The parentheses enclose the results of calculations in the 3D geometry and the 
brackets enclose the results for the 2D a geometry. It was found that as the "rigidity" of 
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TABLE 2. Dependence of C on the Fluting Angle 
with ~ = 30 ~ , r = i, [C] = % 

~o 

0 0 ,1 !  0,37 

t5 

30 

1,1 (o) 

o (o) 
1,25 (0,042) 

0,89 (0,078) 
1,76 (0,05) 

1,54 (0,04) 

1,1+_o,5 

17 

24 19 

the equation of state increases (i.e., the adiabatic index increases) the angular diagrams 
become broader. For an oblique collision this increases C; for a normal collision it decreases 
C. Calculations with p # 0 were carried out using the semiempirical equation of state of 
aluminum [12]. 

The dependence of C on p and ~ with ~ = 0 ~ is shown in Table i. As we can see, C in- 
creases with ~ and 6. As ~ increases, the maximum of the distribution gg(~) shifts closer to- 
ward the normal, which increases C. The dependence of C on the shape and orientation of the 
dust grain was studied for the example of a dust grain with a rectangular cross section with 
height H and base d, parallel to the plane of the anode. The value of the parameter F = H/d 
was varied in the calculations. For oblique collisions, C increased with the parameter F. 

We shall study the question of the effect of the fluting of the surface of the anode on 
the throughput capacity (see Fig. i, variant 2). Table 2 summarizes the corresponding re- 
sults. The growth in C is caused by the increase in the region of intersection of the angles 
~c and ~g, defined in Sec. 2, with increasing ~. The latter circumstance is determined by the 
fact that as the angle m increases, the post-grid angular distribution shifts closer to the 
normal to the grid (see Fig. 3). The circle K here separates the region ~rWx2 + Wy 2 ~ Vc = 
acVg, containing the ions hitting the collector. As we can see, the best result is achieved 
with ~ = 30 ~ 

We note that the spacing % of the periodic fluted structure on the surface of the anode 
(see Fig. i, variant 2) must satisfy the conditions R 0 << % < Rh, where R 0 is the initial size 
of the dust grain; Rh is given in (7). The condition ~ < Rh must hold in order that the dis- 
tortions of the electric field associated with the serrated structure be insignificant dur- 
ing the acceleration of the ions. We note that this condition is not necessary. The variant 
of the ionization-accelerating chamber with a nonuniform field in the accelerating gap, for 
example the scheme with a wedge-shaped arrangement of the electrodes (see Fig. i, variant 4), 
is possible. 

We shall study the case of a multicomponent plasma. The distribution f(w) in this case 
is the same for different ionic components, if the hardened plasmoid, as presumed here, has 
a spatially uniform ionic composition. We shall confine our attention to the case when the 
SEF does not affect the ion dynamics. The post-grid distribution fg(w) and, correspondingly, 
the values of Ch, are different for ionic components with different values of the parameter 
A/z. As A/z increases, the deflection of the corresponding plasmoid of ions from the normal 
to the grid increases and the solid angle ~g corresponding to these ions increases (Fig. 4a). 
As a result of this Ch decreases as A/z increases (Fig. 4b). It is not difficult to see that 
if the post-grid angular distributions are approximated by some distributions which are con- 
stant within the corresponding solid angles ~g, then in the cases nF = 2De, 3D we shall have 
C ~ (A/z) -l (the straight line in Fig. 4b) and Ch - (A/z) -I/2 in the casen F= 2Dp (straight line 
2 in Fig. 4b). Figure 4 is constructed in the following manner. Function f(w) is found from the gas- 
dynamic numerical calculation and was assumed to be the same for ions with different values 
of A/z. The numerical calculation for Fig. 4a was carried out for the following values of 
the parameters: p = 0.Ii, ~ = 30 ~ , m = 0 ~ nr = 2Dp, F = i. It was then assumed that the 
plasmoid consists of a mixture of different ions. A separate function fg(w) was calculated 
for each ionic component. An example of this calculation was shown in Fig. 4a. The points 
1-3 in Fig. 4b were obtained by integrating over subintervals of the histograms of the post- 
Brid angular distributions, analogous to those presented in Fig. 3a. 
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The values of C represent the ratio (in %) of the numbers of ions of a given type A/z 
hitting the collector to the total number of ions of this type in the hardened plasma of the 
dust grain material. 

We note that the limit Nh of the region of values of N up to which the effect of the SEF 
on the ion dynamics of a given component can be neglected is different for different compo- 
nents. Calculations based on the perturbation theory give Nhm = (mm/mb)2"SNhb, Nh~ = (m~/mb) 2" 
Nhb, where the index b refers to the base component, and the indices ~ and m refer, respec- 
tively, to the light and heavy impurity ions (m~ < mb < mm). It was assumed that z~ = zb = 
Zm = z. The quantity Nhb = Nh, where Nh is given by (8), if in (8) mb is substituted for m. 
The perturbation theory is applicable when N~ ~ Nb, Nm << Nb, where N~, Nb, and Nm are, re- 
spectively, the number of hardened ~, b, and m ions in the plasmoid. 

A complex of programs, including calculations of the gasdynamics of the interaction of 
the dust grains with the anode, the kinetics of ionization and recombination of the plasma, 
and the effect of the electric field on the dynamics of the plasmoid, was developed for 
studying the DIMA theoretically. The complex contains two gasdynamic codes: programs based 
on the large-particle method [13] and programs based on the particles-in-a-cell (PIC) method 
[14]. 

The PIC method was used to perform calculations of variants with D # 0. Special atten- 
tion was devoted to obtaining an accurate resolution of the contact boundary between the ma- 
terials of the dust grain and the anode. Variants with D = 0 in nF = 2Dp, 2Da, and 3D geom- 
etries were calculated by the large-particle method. These calculations cover the region of 
small values of the parameter ~ ~ 0.01. It should be emphasized that the calculation of Ch 
with D = 0 gives the lowest value of Ch that is possible for the given values of the param- 
eters (8, m, nr, r). The spatial step in the calculations was equal to 1/7-1/20 of the size 
of the dust grain, and the grid consisted of 4-5 thousand nodes. When necessary, the grid 
was enlarged and the working field was adjusted. 

NOTATION 

v 0, velocity of the space probe relative to the dust cloud; C, throughput capacity of 
the device; Nc, number of ions from the dust grain entering the collector; M, mass of the 
dust grain; N, number of "hardened" ions of the dust grain; Pd, density of a dust grain; Pa, 
density of the anode (target); p, resolution of the device; tT, flight time of the dust grain 
ion through the tubes in the device; At, width of the signal on the collector for a dust 
grain; w, velocity of the ion in the laboratory coordinate system; f(w), fg(w), velocity dis- 
tribution functions of the ions at the starting and end points of the ionization-accelerating 
chamber; F, accelerating field; ~c, solid angle under which the collector is "visible" from 
the output of the block I; rc, radius of the collector; LT, total length of the flight tubes; 
0, % angular coordinates of the ion; gg(O, ~ ), angular distribution of the ions behind the 
grid. 
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CROSS SECTION FOR THE INTERACTION OF SLOW NEUTRONS WITH CO 2 

NEAR THE VAPORIZATION CRITICAL POINT 

L. A. Bulavin and Yu. B. Mel'nichenko UDC 539.125.52:536.44 

The results of studies of the temperature dependence of the total cross section 
for the interaction of slow neutrons with CO 2 in a wide temperature range, in- 
cluding the vaporization critical point, are presented. 

The development of atomic energy requires that the technologies for utilizing new cool- 
ants in reactor loops be perfected [i]. To create such technologies it is necessary to know 
the equation of state of the coolant in a wide temperature range, including the critical tem- 
perature. In recent years, the method of transmission of slow neutrons has been used in 
studies of the equation of state near the vaporization critical point for individual substances 
[2] and solutions [3, 4]. In this case, it is assumed that the total cross section for inter- 
action of neutrons with molecules of the substance is independent of the temperature and does 
not have singularities at the point of the liquid-vapor phase transition. At the same time, 
experimental data indicating monotonic growth of the total cross section for the interaction 
of slow neutrons in some hydrogen-containing compounds with increasing temperature and the 
presence of a jump in the cross section at boiling points are presented in [5]. The purpose 
of this work is to study at different temperatures the cross section for the interaction of 
slow neutrons with a substance near its vaporization critical point. 

The temperature dependence of the total cross section for the interaction of slow neutrons 
with a material can be obtained by determining the transmission of the neutrons by the material 
under study with mass m = const at different temperatures. In the slow neutron transmission 
method the well-known relation [6] between the intensity of the neutron before the sample I 0 
and after the sample I is used: 

I = Io exp {--N~x}. (1) 

The solution of this problem is complicated by the fact that near the critical point, because 
of the increase in the compressibility of the sample under the action of the gravitational 
field, there appears a characteristic distribution in the height distribution of the density 
- the gravitational effect [7]. Because of this the quantities N and I in formula (i) are 
functions of the height of the layer under study. 

T. G. Shevchenko Kiev State University. Institute of the Chemistry of High Molecular 
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