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Figure 1: Dependence of the number of dust particles on semi-
major axis

Table 1: Values of
�

(in Kyr), ��� , and ������� (Venus=V,
Earth=E, Venus=V)
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Using the Bulirsh–Stoer method of integration, we investi-
gated the migration of dust particles under the gravitational in-
fluence of all planets, radiation pressure, Poynting–Robertson
drag and solar wind drag for

	
equal to 0.01, 0.05, 0.1, 0.25,

and 0.4. For silicate particles such values of
	

correspond to
diameters equal to about 40, 9, 4, 2, and 1 microns, respec-
tively [1]. The relative error per integration step was taken to
be less than

�!
�')(
. Initial orbits of the particles were close to

the orbits of the first numbered main-belt asteroids. For each	+*
0.05 we considered , =500 particles ( , =250 for

	
=0.01).

In each run we took , =250, because for , * 500 the com-
puter time per calculation for one particle was greater by a
factor of several than that for , =250. In our runs planets were
considered as material points, but, basing on orbital elements
obtained with a step 20 yr, similar to [2] we calculated the
mean probability � = ��-/.%, ( ��- is the probability for all ,
considered particles) of a collision of a particle with a planet
and the mean time

�
=
� - .%, during which perihelion distance0 of a particle was less than a semi-major axis of the planet.

Below ���
��� is ratio of the number of particles collided with
the Sun to the total number of considered particles. The values

of � � = ��
�1 � and
�

are shown in Table 1 for , =250 (for
	

=0.1
we present two runs with different 250 particles), and �2�
���
was obtained for all considered particles.

The less are the particles (i.e., the greater is
	

), the smaller
is ���
��� (i.e., the greater is the portion of the particles which
are blown away by solar wind) and the less is the probability of
collisions of particles with the terrestrial planets. The total time
of the evolution until the last particle collided with the Sun or
reached 2000 AU from the Sun was less than 0.8 Myr in all runs.
Several plots concerning the distribution of migrating particles
in their orbital elements and the distribution of particles with
their distance 3 from the Sun and their height 4 above the
initial plane of the Earth’s orbit are presented in Figs. 1-3.
The number of considered bins in 5 is 1000 for Fig. 1. For
other figures the number of bins in 5 or 3 equals to 100, and
the number of bins in 6 or 4 usually is a little less than 100.
We obtained that the number 798 of migrating particles with
semi-major axis 5 in the interval with a fixed width is greater
for smaller

	
at semi-major axes 5): 3 AU. In Fig. 1 the values

of 7 8 at 5 =2 AU are greater for smaller
	

and those at 5 =20
AU are smaller for smaller

	
. For
	<;

0.1 the values of 798
are much smaller at 5)= 3.5 AU than at

� :>5): 3 AU, they are
usually maximum at 5�? 2.3 AU (for

	
=0.01 the local maxima

of 7 8 at 1.09 and 1.11 AU are almost the same as the main
maximum). For all considered

	
, 798 considerably decreases

with a decrease of 5 at 5): 1 AU and usually decreases with an
increase of 5 at 5)= 5 AU (Fig. 1). Relatively large values of
798 at 5 >40 AU for

	
=0.05 are due to only one particle. For

5@= 5 AU the values of 7@8 are greater by a factor of several at	
=0.25 than at

	
=0.4.

The greater is
	

, the greater are mean eccentricities (Fig.
2). At
	BA 
�� 
��

some particles got into the resonance 1:1 with
Jupiter. For 5)= 10 AU perihelia were usually near Jupiter’s
orbit (for

	
=0.05 and

	
=0.25 also near Saturn’s orbit). In

almost all cases, inclinations CD: ��
�E ; at 5@= 10 AU maximum
C was smaller for smaller

	
. Usually there are no particles

with 4).�3F= 0.7 at 3G: 10 AU, with 4).�3G= 0.25 at 3G= 20 AU
for
	+;

0.1, and with 4).�3G= 0.5 at 3G= 50 AU for
	+*

0.25. For	<*
0.4 at 3G: 1000 AU almost all region with 4H.�3G: 0.3 was

not empty (Fig. 3).
The total time spent by 250 particles in inner-Earth, Aten,

Apollo and Amor orbits was 5.6, 1.4, 4.5, and 7.5 Myr at	
=0.01, and 0.09, 0.08, 0.48, and 0.76 My at

	
=0.4, respec-

tively.
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Figure 2: Distribution of dust particles with semi-major axis
and eccentricity (designations of the number of particles in
one bin are the same for Figs. 2 and 3)
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Figure 3: Distribution of dust particles with distance 3 from
the Sun and height 4 above the initial plane of the Earth’s orbit
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