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DYNAMICS OF TWO INTERACTING OBJECTS ORBITING THE SUN
S.L Ipatov. Institute of Applied Mathematics, Moscow, Russia

The investigations of orbits of two %ravitationally interac—
ting objects moving around the Sun in one plane were made basin

+on the results of numerical integration of the equations o

motion of the J)lanar three—body problem. Regions of 1nitial data
corresponding to different types of evolution were considered.

Several types of evolution of orbital elements of two inte-
racting close planets are known 9}1—6[;[. Below these types are
denoted by letters N, M, A, C, and P. For N- and M-types, graphs
of the time dependence of the semimajor axes are "N” and "M"-sha-
ped, respectively. If one of the axes of synodic coordinates
coincides with the direction from the Sun to the first object,
then for these tzpes we have tadpole and horseshoe synodic orbits
of the second of]ect. One triangular point of libration is inside
the synodic orbit for N-type, and two {triangular points are
inside = this orbit for M-type. Close encounters of objects and
their collisions can take place only for A-type. Semimajor axes
of objects cross each other during the evolution. Orbits of
objects often become resonant for a rather long time if the mass
of the larger object exceeds that of the Earth [1]. Variations in
orbital elements are chaotic for A- and C-types, but for C-type
there are no close encounters and semimajor axes are not
crossing.  P-type corresponds to such periodic variations in
orbital elements when the Sun is inside the synodic orbit.

The aim of our investigations was to determine regions of
e=|ay-a7|/a] and ¢_ corresponding to various types, where a‘l’ and
a; are initial values of semimajor axes of objects and ¢_ is the
initial value of the angle ¢ with the apice in the Sun between
directions to the objects. For one series of computer runs we ha-
ve W =H,, and uz=0.01u1 for another series of runs, where My and

M, are the mass ratios of the two objects to the Sun (10'95;115
510_3). The considered time span Nc exceeds 25,000 revolutions of

objects around the Sun. Let «, B, ¥, 8 be the values of € corres—
ponding to boundaries between N—, M-, A-, C—, and P-regions, res—
ectively. ~The case of initially circular orbifs is considered
elow. Earlier it was obtained that d=2.1p at ¢ =0 [2],

5=2.4u'° at ¢ =180° [3,4], and y=1.494>"" [5], where p=p -+,

The values of o =a/p'’2, B"B/p'’3 ¥*=y/pu'’3 and & =5/4?
obtained by wus are presented in Figs. a—d. The values of J at
go°=60° are, as a rule, greater than those at ¢ =0 and q)o=180°

(Fig. d). For most of runs at ¢ =60° and ps2+10™%, we obtained

that o~1.63-1.64, B %0.77-0.81, 7 ~2.1-2.45, and & ~1.45-1.64.
For the considered time spans, a small P-region wusually was
obtained inside the C-region and several small C-regions might be
located inside the A-region. The value of ¢_ corresponding to the
boundary between M- and A-regions at aj=a] is denoted by ¢, The
values of ¢;=¢M/u1/3z3.9—4.4 are presented in Fig. e If K Ou,
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5 than  e?~e,2-Su((1-cosp)+[2(1-cosp)]"V/2-1.5),  where €, is the
value of € at ¢=60° [1]. By analyzing this equation we obtained

that o is maximum at go—60° and this maximum value is equal to
v8/3~1.633. This value is presented in Fig.a by a solid line.
The dashed and solid lines in Fig. e correspond to the values of

go; obtained from the above equation for ,,,--0.8111/3 and for the

values of ¢€,=B presented in Fig b, respectively. If u1510'5,
then €€ rax /ul/ 3 usually does not exceed 7-8 at M OH,, and 4-6 at
K=K, for A—type, and 4-6 at Ky DM, and 4 at M =M, for C-type,
where e is the maximum eccentricity during the evolution. For

A~ and C—types and aZ>al, the values of Ara-—(max{r} aj)/ald are

about 3, 6.5, 2, and 3.5 at p =10, p=10"su, ul—uz =107%,
and p.1=p.2=10'5, respectively, where max{r} is the maximum value

of the distance r from the Sun to the second object. For C-type
and poyp,, it is obtained that min{r}-aj~0.4ya]." For three ob—

jects orbiting the Sun € .y Can be several tens times larger than

that for two objects [7} For initially eccentric orbits, the va-
lues of a« and B are smaller and the values of 6 and ¥ may be con-
siderably larger than those obtained for initially circular or-
bits. The values of € ay are greater for greater initial eccentricities.
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