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ABSTRACT 
The e v o l u t i o n of o r b i t a l e l e m e n t s of a growing p l a n e t 

d u r i n g t h e a c c u m u l a t i o n p r o c e s s i s c o n s i d e r e d . The p l a n e t a r y 
o r b i t u n d e r g o e s p e r t u r b a t i o n s because of random e n c o u n t e r s 
and c o l l i s i o n s wi th b o d i e s of i t s a c c r e t i o n zone and a l s o b e 
c a u s e of g r a v i t a t i o n a l i n t e r a c t i o n w i t h a n a l r e a d y formed m a 
s s i v e p l a n e t ( " J u p i t e r " ) . The m a s s and v e l o c i t y d i s t r i b u t i o n s 
of t h e swarm b o d i e s a r e assumed t o be g i v e n t ime -dependen t 
f u n c t i o n s . The F o k k e r - P l a n c k e q u a t i o n d e s c r i b i n g t h e behaviour 
of t h e d i s t r i b u t i o n f u n c t i o n of o r b i t a l e l e m e n t s of t h e g r o w 
ing p l a n e t i s worked o u t and s o l v e d . The p r e s e n t mean v a l u e s 
of t h e e c c e n t r i c i t i e s and i n c l i n a t i o n s of o r b i t s of t h e t e r 
r e s t r i a l p l a n e t s c a n be exp l a ined i n t h e c a s e of t h e i r a c c u 
m u l a t i o n from a s i n g l e swarm of b o d i e s w i t h mean mass ^ 1 0 - 2 

M and wi th mean e c c e n t r i c i t i e s and i n c l i n a t i o n s ^ 0 . 2 . 
9 

! • INTRODUCTION 
Nea r ly c i r c u l a r and c o p l a n a r o r b i t s of t h e p l a n e t s a r e 

one of t h e main r e g u l a r i t i e s of t h e Solar sys tem. In Z i g l 
i n a , Safronov (197 6 ) , Z i g l i n a (1976), P e c h e r n i t o v a , V i t j a z e v 
(1 98 0 ) , Z i g l i n a (1985) t h e p a r a m e t e r s of t h e p l a n e t a r y or b i t s 

to be expec ted i n t h e model of a c c u m u l a t i o n of t h e p l a n e t s 
from a swarm of s o l i d b o d i e s have been e v a l u a t e d . These p a r a -
m e t e r s a r e t h e " i n i t i a l c o n d i t i o n s " f o r t h e i r f u r t h e r e v o l u 
t i o n t o t h e p r e s e n t s t a t e . VJe i n v e s t i g a t e he re t h e s t o c h a s t i c 
behaviour of t h e p l a n e t a r y o r b i t a t t h e l a s t s t a g e of accumu
l a t i o n . From a n a l y t i c a l e v a l u a t i o n s (Safronov, 1972) and 
numerical s i m u l a t i o n s ( W e t h e r i l l , 1978) i t i s known t h a t t h e 
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dura t ion of the l a t e stage of the t e r r e s t r i a l p l ane t s forma
t ion i s a few t e n s of m i l l i o n s of years . On the other hand, 
the a s t rop hie a 1 data r e s t r i c t the growth time of the gaseous 
g ian t p l ane t s < 107 yr (Strom e t a l . , 196 9) . In the present 
paper, besides c o l l i s i o n s and encounters with the swarm bod
i e s the secular pe r tu rba t ions of an a l r eady formed massive 
planet a r e included a d d i t i o n a l l y . 

2 . THE MODEL 
The following model i s considered: : a growing p lanet m 

undergoes random encounters and c o l l i s i o n s (with merging) with 
the bodies of i t s feeding zone m" << m and i n t e r a c t s g r a v i t a 
t ional l y with a p lane t m* >> m, where m* = cons t . For simp
l i c i t y we suppose t h a t the masses and v e l o c i t i e s of the swarm 
bodies a r e d i s t r i b u t e d independently. We assume the Maxwell 
v e l o c i t y d i s t r i b u t i o n 

f (v') = ( - ^ ) 3 / 2 e x p ( - 3 v ' 2 / 2 j 2 ) , (1) 
2TTT 

where v ' i s v e l o c i t y r e l a t i v e to the mean v e l o c i t y of the bo
d i e s , which i s approximately equal to the c i r c u l a r Keplerian 
v e l o c i t y in the c e n t r a l plane, v = /GM /R, where G i s the 

c o 
g r a v i t a t i o n a l cons tant , M i s the Sun mass, R i s the d i s t a n c e 
from the Sun to the pro jec t ion of the considered point on 
the^cent ra l plane (Fig. 1 ) . The mean square of random v e l o 
c i t y j 2 i s u s u a l l y wr i t ten in the form 

6T 

where m and t a r e the mass and r ad ius of the growing p lane t , 
6 i s the Safronov number. In t h i s paper, we assume t h a t & i s 
of the order of a few u n i t s ( 6 = 1 *- 5 ) . The mass d i s t r i b u 
t ion i s described by some function n ( m ' , t ) , where n t n ' , t ) d m ' 
i s number of bodies in u n i t volume with masses in the range 
(m', m ' + dm ' ) . 

The encounters of the swarm bodies with the p lane t a r e 
taken in to account according to the two-body problem when 
the i r mutual d i s t ance i s < S, where S i s u s u a l l y taken equal 
to the ha l f - th ickness of the swarm. The frequencies of en
counters a r e c o l l i s i o n s a r e defined a s in a "pa r t i c l e - i n - a -
box " scheme, i . e . a s a product of number of i bodies in u n i t 
volume, c o l l i s i o n (encounter) c r o s s - s e c t i o n and the r e l a t i v e 
v e l o c i t y . I t i s a l so assumed t h a t the p lane t i s growing in 
an average manner, i . e . , increase of p lane ta ry mass during 
the time At i s equal to i t s mathematical expecta t ion. 
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The orbit of the perturbing planet l ies in the central 
plane and i t s eccentricity e* = const. Our consideration 
involves only secular perturbations. Let us denote 

u, = e cos u, u_ - sin i cos ft, 

u, = e sin _, u- = sin i sin ft, 

where u is the longitude of perihelion, ft longitude of the 
ascending node, axis x (see Fig. 1) is directed to the peri
helion of orbit of the planet m*. Then to the f i rs t order in 
eccentricity and inclination the equations for secular vari
ations read 

d^/dt = - x1u2 , du3/dt = x1u4 , 

du2/dt = x1u1 - x2e*, du4/dt = -x-]^ , 

GM 
a r, nm-a _ 

4M 
, nm*a _ 

where xn = , M El 
o 

x 2 = 4M. *_ n = 7* 

(3) 

are the mean 

motions of m,a is the semi-major axis of i t s orbit. 

The values B, and EL can be expressed in terms of comp

lete integrals of the f i rs t and second kind (Charlier, 1927), 
-5 -1 For the Earth-Jupiter system x, = 3.6.10 yr , x0 = 1.03. 

- 5 - 1 10 3 yr 1 . 
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Figure 1: Geometry of the problem. The notations are in the 
text. 
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3 - DETERMINATION OF THE DISTRIBUTION FUNCTION OF ORBITAL 
ELEMENTS FROM THE FOKKER-PLANCK EQUATION 

The random p r o c e s s , i n which t h e e l e m e n t s of o r b i t of 
t h e growing p l a n e t a r e formed, i s d e f i n e d by u s c o m p l e t e l y , 
because t h e p r o b a b i l i t i e s of e n c o u n t e r s and c o l l i s i o n s a r e 
de t e rmined fo r g i v e n v a l u e s of o r b i t a l e l e m e n t s of t h e p l a n e t . 
93 i t i s e x p e c t e d , a t l e a s t i n p r i n c i p l e , t h a t t h e d i s t r i b u 
t i o n f u n c t i o n of t h e p l a n e t a r y e l e m e n t s c o u l d be found d e p e n 
d ing on t i m e . In r e s u l t of e n c o u n t e r s and c o l l i s i o n s , t h e o r 
b i t a l e l e m e n t s undergo random walks o c c u r r i n g m a i n l y by s n a i l 
p o r t i o n s . Vfe can suppose in such s i t u a t i o n t h a t t h e behav
iour of t h e d i s t r i b u t i o n f u n c t i o n i s d e s c r i b e d by d i f f u s i o n 
e q u a t i o n named t h e F o k k e r - P l a n c k e q u a t i o n (Chandra sekhar,1.913a) 

3f 3 < M i > 3 2 < ( M i ) 2 > 

1 1 1 d u • 

. 2 < Au . Au .> 

• ^ - H ^ « - 2 H 1 - > 

where At i s t h e t ime s c a l e such t h a t t h e i n c r e m e n t s of v a l 
u e s u . i s s n a i l i n s p i t e of t h e l a r g e number of f l u c t u a t i o n s . 
In t h e problem under c o n s i d e r a t i o n A t >> T, where T i s t h e 
pe r iod of r o t a t i o n of t h e p l a n e t around t h e Sun. That i s why 
we a v e r a g e over t h e o r b i t of t h e p l a n e t wh i l e f i n d i n g t h e 
c o e f f i c i e n t s of t h e e q u a t i o n . G e n e r a l l y speak ing , e q u a t i o n 
(4) i s t o be c o n s i d e r e d f o r t h e v a l u e s u , , . . . , u . , u 5 = a s i 

m u l t a n e o u s l y . To s i m p l i f y t h e problem we n e g l e c t s n a i l t e r m s 
and p u t i n t h e c o e f f i c i e n t s a = c o n s t a n t . I t i s shown i n 
Z i g l i n a (1986) t h a t fo r t h e E a r t h t h e c h a r a c t e r i s t i c change 
i n sen i -major a x i s i s of o r d e r 0.1 AU. Itote t h a t i n Z i g l i n a 
(198 5 ) , where t h e p e r t u r b a t i o n s of m* were no t c o n s i d e r e d , t h e 

Fokke r -P l anck e q u a t i o n was a p p l i e d to t h e v a r i a b l e s e , i . 

3 . 1 E v a l u a t i o n of C o e f f i c i e n t s of t h e Fokke r -P l anck Equat ion 

In o r d e r t o c a l c u l a t e t h e c o e f f i c i e n t s of e q u a t i o n (4) , 
a t f i r s t we f i n d t h e i n c r e m e n t s Au^ (i = 1 , . . . , 4 ) d u e to one 
encoun te r ( c o l l i s i o n ) . Then we e x p r e s s t h e eva lua t ed c o e f f i 
c i e n t s i n t e r m s of t h e i n c r e m e n t s due to many e n c o u n t e r s and 
c o l l i s i o n s d u r i n g t i m e At and a v e r a g e over t h e random v a r i a - . 
b l e s a r e : m ' , t h e mass ; v ' t h e random v e l o c i t y and v t r u e a n 
omaly of t h e p l a n e t . The encoun te r i s c h a r a c t e r i s e d a d d i t i o 
n a l l y by t h e encoun te r pa ramete r D and by t h e a n g l e between 
t h e p l a n e of r e l a t i v e o r b i t of t h e body and t h e p l a n e t and 
t h e c e n t r a l p l a n e x - To a c c o u n t f o r t h e s e c u l a r p e r t u r b a t i o n s 
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by the planet m*, we must add the right parts of the equat
ions (3) to the values <Au.> /At caused by the encounters 
and col l is ions . 

In our calculations, we start with the following formu
las expressing u- in terms of the coordinates and random ve
locity components in the cylindrical coordinate system with 
the centre a t the Sun, z axis perpendicular to the central 
plane and angle f calculated from the same axis as the node 
longitude. 

-1 2 2 
u, = v (vR sin \\> + 2v. cos \\i ) + 0 (e , e i ), 

-1 2 2 
u2 = v (-vR cos \\>+ 2v. sin <|>) + 0(e , e i ), 

u, = v~ v cos \p + zR sin it+ 0 (ei, i ), 
J C Z 

u4 = v" v2 sin i() - zR~ cosiji + 0 (ei, i ). (5) 

We admit that during an encounter the coordinates of the p l 
anet do not change and i t s velocity increment i s as in the 
two-body problem. This approximation i s valid when the re la 
tive velocity i s not too small. Note that our calculations 
are carried out on assumption v << j , where v i s random ve
locity of the planet, as far asm >> m'. The resul ts obtai
ned here agree with th i s assumption. Calculated in th i s way 
coefficients are as follows: 

- 6 u . i = 1,2 

i = 3 ,4 

(6) 
5 m' m j . 5 - _ - . -1 ~ -1 -2 • _ , _ -i-j- + 7- f Gm 'm T v. m = p i= 1,2 

i = 3 ,4 

Au. Au. . > < (Au . )2> 2 
l k' _ i ' „ , v AT " 2At ° t V > * ° *•** 

where m = |5L ^ 4 ( | ^ ) 1 / 2 ^ 2 p 6 j , (7) 
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n = 2(6TT)1/2 G2 mpfj"3 , (8) 

m' is the mean mass of the bodies with the weight function 
m'n(m',t),p is the spatial density of the bodies in the cen
tral plane, 

f = 2 en ( 2 S , . ) , (9) 
n 3y 6T 

y = 1.781... is the Euler constant, f = 1-0 * 4 for the terre
strial planets at & = 1. 

In formulas (6), the terms caused by encounters are 
^ ©f times larger than one caused by collisions. 

It can be shown that in every point of the planetary or
bit the encounters of the planet with the swarm bodies r e s 
ult in 

•*• 

y - nv (10) 
At ^ 

Here At << T . A c c o r d i n g t o C h a n d r a s e k h a r ' s (1943 b) d e f i n i 
t i o n ^ i s t h e c o e f f i c i e n t o f d y n a m i c a l f r i c t i o n . C o r r e s p o n d 
i n g l y , t h e v a l u e n = T , i s t h e r e l a x a t i o n t i m e o f t h e 

p l a n e t a r y v e l o c t y . From (7) and (8) i t f o l l o w s t h a t t h e r e l 
a x a t i o n t i m e o f t h e p l a n e t i s 8f t i m e s l e s s t h a n t h e c h a r a c 
t e r i s t i c g r o w t h t i m e o f t h e p l a n e t m/m, i . e . m o r e t h a n a n 
o r d e r . 

3 . 2 The S o l u t i o n of t h e F o k k e r - P l a n c k E q u a t i o n 

Itow we s u b s t i t u t e t h e c o e f f i c i e n t s (6) i n t o t h e e q u a t i o n 
(4 ) . T h e n t h e d i s t r i b u t i o n f u n c t i o n f (u, , . . . , u . , t ) = f, (u, , 

U j , t ) . f _ ( U o , u . , t ) , w h e r e f, a n d f2 s a t i s f y t h e e q u a t i o n s 

a i r - - b ^ f i H * i - * i u 2 > 3 - 9 -u7 c f i ( - e u 2^ i u i - x 2 e * ) ] 

3 2 ( f 1 p ) 9 2 ( f 1 p ) 
+ T~2 + ~~T~2 ' (11) 

3 ^ 3 u 2 

3f 

xr= -3"u7Cf2(- r u 3 + x i u
4

) ] - I u 7 c f 2 ( - r u 4 - x i u 3 n 

32 (f2 p/5) 32 (f2p/5) 

+ = + 2 2 
3u^ 3u* 
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At the i n i t i a l moment t = 0; u, = U , Q , . . . , u 4 = u.- . . Sb the 
i n i t i a l cond i t ions are : f , (u , ,u 2 , 0) = (u^-u, 0)L6 (u2~ u 2 Q ) , 
f 2 ( u , , u 4 , 0 ) = 6 (u3 - u , 0b5 (u4 = U . Q ) . The so lu t ions can be 
e a s i l y found because the equat ions a r e l i n e a r . The complex 
e c c e n t r i c i t y z = u-, + r/'-i.u- i s a sum of the "forced" eccen t -

_ x-ĵ Xje* - 7-1 gx2 
r i c i t y a+ / - I f = = * and the "free" e c c e n t r i c -

fT + x£ 
i t y , which moves along the c i r c l e with the frequency x, a t 
time sca l e s At << T , . At time t ^ T , r e l a t i o n the 

r e l , r e i 
i n i t i a l va lues a r e "forgot ten" and the d i s t r i b u t i o n of the 
components of the f ree e c c e n t r i c i t y tends to the Gaussian 
d i s t r i b u t i o n symmetric r e l a t i v e 0 and with d i spe r s ion 

- t - / * 26 dx 
c = 4 / J>e v dy (12) 

0 
The va lue z, = u , + / T u . c i r c u l a t e s in r e t rog rade d i r e c t i o n 

2 2 2 
with the same frequency. Since sin i = u , + u . the i n c l i n a 
t ion i s cons tant during time in te rva l At << T . . A t time 
t >> T w f2 tends to the Gaussian d i s t r i b u t i o n with d i s p e 
r s ion 

t 
o , t - / 6 dx 

d = \ f P e v dy (13) 
s 0 

3.3 The D i s t r i b u t i o n Function of e and i 
The d i s t r i b u t i o n s f (e , t ) and f . ( i , t ) can be expressed 

in terms of the j o i n t d i s t r i b u t i o n s f, (u-.,u.),t) and f 2 (u,, 
u« , t ) since e = /u? + u~ and i ^ sin i = / u | + u? . 4 1 2 ^ 3 4 

f e ( e , t ) = / [ f j ^ u ^ / e 2 - u j , t ) + f 2 ( u 1 , - / e 2 - u 1
2 , t ) ] 

-e 
ed u-, 

x x , . (14) 

The formula for f . ( i , t ) i s analogous. The complete express 
ions for f and f . a r e r a the r cumbersome, so we d o n ' t c i t e 
them here . The dependence of the d i s t r i b u t i o n funct ions up 
on the i n i t i a l va lues i s damped quickly because of the a c t 
ion of dynamical f r i c t i o n . All d i s t r i b u t i o n s of e c c e n t r i c i t y 
a t t >> T , appear to be c lo se to the d i s t r i b u t i o n 
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2 2 2 2 2 
Z ia t. \ _ 2 e „ .. e + a + b -. T , 2e / a + b > ,, ,- > f ( e , t ) = - j - exp[ - ^ J I ( ^ ) (15) 

c c c 
wi th t h e r o o t mean squa re v a l u e 

„ 2 1/2 , 2 . , 2 . 2 
< e > ' = / a 

/ a + b + c (16) 

I (z) i s t h e Easse l f u n c t i o n of imag ina ry argument of zero 
o r d e r . For i n c l i n a t i o n a t t >> T , a l l s o l u t i o n s tend t o t h e 
R a y l e i g h d i s t r i b u t i o n .o 2 

f . ( i , t ) = ^ i | (17) 
1 d 

The c h a r a c t e r i s t i c wid th of t h i s c u r v e ^ d . Ki th p r o b a b i l i t y 
0.8 t h e i n c l i n a t i o n i s enc losed i n t h e i n t e r v a l 0.3d <_ i <_ 
1 .5d . The d i s t r i b u t i o n f g ( e , t ) i s shown i n F i g . 2a fo r some 
v a l u e s of p a r a m e t e r s . 

3 .4 The Root Mean Square V a l u e s of t h e E c c e n t r i c i t y and 
I n c l i n a t i o n 

The p l a n e t ' s mass i s an i n c r e a s i n g f u n c t i o n of t ime t . 
The re fo re i n i n t e g r a l s (12) and (13), we c a n p a s s from t h e 
i n t e g r a t i o n v a r i a b l e t t o m. Neg lec t ing i n e x p r e s s i o n s (6) 
fo r 6 and F q u a n t i t i e s r e s u l t i n g from c o l l i s i o n s i n c o m p a r i 
son wi th o n e s r e s u l t i n g from e n c o u n t e r s , we o b t a i n 

c 2 = / ^j- Gfm"7"*'?_1 vc"
2 e x p ( - 7 2 « f T - 1 dT)dx , 

mQ x 

2 m 2 i -1 - 2 - 1 
d = / | -Gfm'T x v z e x p ( - / 8f T dx )dx , 

m x 
o 

where m i s t h e p l a n e t ' s mass a t t h e i n i t i a l moment. From 
t h e s e f o r m u l a s f o r t >> T , , 8 = c o n s t . , m'/m = c o n s t , 
f o l l o w s 

_ 5 Gm -r 
c = ™— ( 1 + Od/f lff)) , 

3 © Z v 2 m 

c (19) 

d 2 = _2_Gm m l ( x + 0 a /Of )) 
3©Tv2 m 

c 
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These r e l a t i o n s a r e approximately va l id a l s o for va r i ab l e 
r a t i o m'/m = I(m). The r e l a t i v e error i s of order d l m / T f l J ; 

r—- m / 1WJ • 
For the Maxwell v e l o c i t y d i s t r i b u t i o n of the swarm bod

i e s we find 

< e'2> = f - 4 - 2 , <i'2> = 3 ? - 4 (20) 
vc 

Therefore, neglect ing the v a l u e s of the order 1/-&J, we can r e 
wri te the r e l a t i o n s (19) in the form 

2 ^ ,2^ itP" ,2 ^ . .2^ m' ,_, . c = < e ' > -— , d = < I ' > — (21) m m 

These r e l a t i o n s correspond to e q u i p a r t i t i o n of " f ree" 
random energy between the p lane t and the bodies with mean 
massm"^. I t can be shown t h a t t he va lues (21); a r e quasi-equ-
i l ibr ium meansings of < e2 > and <i2> , where ef n i s the 

f r ee t r e e 
modulus of f r ee e c c e n t r i c i t y . 
4 - CONCLUSION 

In the present paper the d i s t r i b u t i o n function of the 
o r b i t a l elements u, , . . . , u . and e, i have been found and t h e i r 
p r o p e r t i e s examined. In the course of the c a l c u l a t i o n s , the 
expression for the c o e f f i c i e n t of dynamical f r i c t i o n , which 
a c t s on the p lane t during the accumulation, i s found. For c o 
ncre te r e s u l t s , we need to def ine the funct ions i i f t t ) , 6 ( t ) 
and m ( t ) . These va lues can be taken from the other works d e 
voted to accumulation of the p l a n e t s . According to Wetherill 
0.978,1 98 0) ,Vit jazev and Pechernikova a 981 ) a t t he l a s t s t a 

ge of formation of the t e r r e s t r i a l p l ane t s © ^ 1 and the mean 
mass of the swarm bodies m"1" ^ 1 0~2 M«. The e c c e n t r i c i t i e s 
and i n c l i n a t i o n s of the p l a n e t s obtained in r e s u l t of numeri
ca l s imulat ions (Wetherill 1978,198 0) a r e of order of the mo
dern v a l u e s . Our work ag rees with t h i s r e s u l t . Actual ly , sub
s t i t u t i n g the above mentioned q u a n t i t i e s fend m ^ M ) in the 
formulas (21) we find c = 0.034, d = 0.021. At e* equals to 
i t s maximum value per Jup i t e r ( £ 0.06), e , . = val + bk 

= 0.017, e = 0.038. The increase of e o r c d u e to Jup i te r 
*pwi s ^m s 

pe r tu rba t ions i s ^ 10%. In the case c > e„ , (Fig. 2b, 
^ _ forced ^ 

curve 2) the va lue e = (e . + e )/2 = c . According to 
min max 

Brower and Clemence 0.961) the E a r t h ' s e c c e n t r i c i t y v a r i e s 
between 0 and 0^067, the i n c l i n a t i o n v a r i e s between 0 and 
0.051.Sb c and e, d and T turn out to be comparable. The rms 
e c c e n t r i c i t y and i n c l i n a t i o n of the swarm bodies in the Earth 
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zone a t t h e l a s t s t a g e of a c c u m u l a t i o n a t 9 = 1 * 3 a r e 

( f .20) < e ' 2 > 1 / 2 = 0.2 T 0 .34 , < i ' 2 > 1 / 2 = 0.1 * 0.2 

0.6 -

(t>) 

F i g u r e 2: (a) D i s t r i b u t i o n of e c c e n t r i c i t y fe fo r t h r e e v a l u e s 
of t h e fo rced e c c e n t r i c i t y modulus : l - e f o r c e g =0, 
2-e,. . = 0 .7c , 3 - e , , = 4 . 4 e . (b) Complex 

fo rced fo rced 
i n t h e s e t h r e e c a s e s 

b = 0 . The ecc e n t r i c i t y e = | z | . 

e c c e n t r i c i t y z = u-, + vT-u 2 

= 0 ~" a t e f r e e = c 
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At time scale of a few m i l l i o n s of years , the secular 
v a r i a t i o n s of elements of p l ane ta ry o r b i t s a r e described by 
the averaged equa t ions . These v a r i a t i o n s a r e qua s i -per iodic . 
From recen t s t ud i e s i t i s known (Lekar, 198 9) t h a t a t la rger 
time sca les (for the t e r r e s t r i a l p l a n e t s ^ 108 yr) the beha
viour of the p lane ta ry o r b i t s i s s t o c h a s t i c . Ibwever, t h a t 
does not mean t h a t the o r b i t s had undergone d r a s t i c changes 
(Milani,l 98 9) .tte suppose tha t the o r b i t s did not change s i g 

n i f i c a n t l y during the l i f e of the Solar System. Then by a n 
alogy with the above example we can assume tha t t he mean v a l 
ues of e c c e n t r i c i t i e s and i n c l i n a t i o n s of the p l ane t s a r e 
s t ipula ted mainly by the encounters with the bodies during 
the accumulation process , i . e . t h a t e ^ c , f ^ d , where 
T = (i . + i ) / 2 . For the t e r r e s t i r a l p l ane t s the r a t i o min max r 

of t h e mean e c c e n t r i c i t y to the mean i n c l i n a t i o n v a r i e s from 
1.25 (for Venus) to 1.42 (for Mars). These q u a n t i t i e s qu i t e 
wall agree with the r a t i o c/d = 1 . 6 obtained here. Therefore, 
from our poin t of view, the f a c t t h a t the e c c e n t r i c i t i e s and 
i n c l i n a t i o n s of t h e p lane ta ry o r b i t s a r e of the same order i s 
a consequence of the p lane ta ry accumulation from the bodies 
with comparable e c c e n t r i c i t i e s and i n c l i n a t i o n s of o r b i t s . I t 
i s easy to note t h a t the mean (and a l so the maximum) eccen t r 
i c i t i e s and i n c l i n a t i o n s of o r b i t s of the t e r r e s t r i a l p l ane t s 
a re in rough random energy e q u i p a r t i t i o n . This can be a r e s 
u l t of a cons iderab le overlapping of the feeding zones of 
these p l ane t s , which led to approximately the same mean mas
ses of the bodies ( ^ 10~2 M ) and mean e c c e n t r i c i t i e s and 

2 1/2 2 1/2 
i n c l i n a t i o n s of t h e i r o r b i t s ( <e ' > ' ^ < i ' > ' ^ 0 .2 ) . 
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