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Preliminary report

MUTUAL PERTURBING EFFECTS OF MINOR PLANETS
IN THEIR ORBITAL ELEMENTS
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SUMMARY: Mutual perturbing effects in: orbital elements are computad for 8
chosen pairs of minor planets with mutual close encounters. “For two pairs, the resp.-
perturbing masses are known, whereas for the remaifiing pairs: the computstion has
been performed w:ﬁh assumed masses. It has been obtained that orbital elements
of some perturbed minor planets show meastrable perturbatmné

1. INTRODUCTION

The cinematical datafor minor planéts we dis-
pose with, allow a more or less good knowledge of
their motion. However, in general, the gravitational
influences of these small bodies’ are negligible; :and

so are the possibilities of the .dynamical determina-

tion of their masses. ‘\Ieverthelegs some p0531b111t1es
exist for large minor planets, offered by the' study
of their perturbing eflects on: ather minor planets on
the occasion of close encounters.. The repetition of
close encounters of a pair of minor planets; with 'sim-

ilar geometrical characteristic§:(léatding to'a cuinu-
lative of gravitational effects), .can be only: tempo-
rary ( temporary resonance
temporary resonances the masses of three largest mi-
nor planets have been determined { Schubart and

Matson, 1979; Landgraff, 1988 ). For other minor

planets the prospect in that sense is practically im-
possible, so that attempt at the determination of
masses must be looked for among single close en-

ence. was short,.

Simovljévitch (i.tj'z a; 1979b,'1979¢, 1979d, 1981a,

). On the basées of siich’ --f‘iQBlb) has glven Sll‘nple and expédltlve methods of

¢ountérs. From-such a single encounter of the minor
planet 829 Agademia with 10. Hygiea the mass of
The ‘question is ‘which: gravitational effects could be
expected for other mutual close encounters of mu-

nor. planets. Lazovi¢ .and Kuzmanoski (1979,1980,
1981 ,1983) have studied similated very close encouii-

tets of riinor’ ‘planets,” assutnirig them at the mini-
mal distances.of ;their respective .orbits.. They have
shown, that nnporta.nt perturbmg effects of their or-
bital elements ¢ould-have beén éxpected, even in the
¢ases when the; ‘pencxd of mutual: gra\rltatlonal influ-
such shont-tlme perturbations,

calculation.

In this paper, the gravitation influences of one
minor planet on the other have been computed for
8 pairs, with a purpose of the determination of per-
turbing effects between minor planets in cases of real
close encounters.
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Moment of
elements close enc.
. Dj _ JD ' p JD Viet _
523  2446040.5 0.01191  2446038.6  10.85
501 24484355 0.01058  2448433.3  8.21
244 24453355 0.00546  2445334.0  4.54
215 24502155 0.00211  2450217.1  2.30
214 2448115.5 0.00338  2448116.7  2.55
245  2445875.5 . 0.00593  2445876.0  3.33
124  2446095.5 0.00060  2446095.9  4.57
132 2446405.5  0.00261  2446402.9  3.09
- Bjoss ‘Ei901 Eigeo
101.13367  3.42720 257.65008  257.65087
8577431  86.93549  86.25222  86.25976
147.48167  147.35530  147.35807  147.35814
6.60164 6.61077 6.60720 6.60723
0829974  .0802935  .0807798  .0807717
21978486 - .21963320  .21930955 21930921
27193860  2.7206378  2.7233138  2.7233166
218.36780  122.10541  16.15671  15.51474
248.03528  234.77229  239.45968  240.10144
226.66684  226.50899  226.58852  226.58862
087648  2.87382  2.87267  2.87277
0120241 . .0122297.  .0126038 . .0126812
20885218  .20880489  .20844963  .20844980
'2.8134770  2.8139018  2.8170980
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2. RESULTS AND CONCLUSIONS

The pairs of minor planets with close ‘eridoim-
ters, for which the perturbing effects have'bebti Borii-
puted, were taken from Kuzmanoski’s list (1992) ha-
ving In mind minimal close encaunter distances, rel-
dtive! vélocities -and diammeters: Besides; we have in-
Xludéd :the pairs g 313 1i:and (4,413) hecause: of kn-
6w asses:of 2 Pallas and 4 Veskay despite-the: fact
that. their.iclosest.-distanced:slightlyexeed 0.0} AU
and their relative velocities are great. On Table 1.
the considered pairs are given; the first (large) mi-
nor planet being the perturbing, the second one per-
turbed,the diameter D; of the perturbing one, the
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epoch of orbital elements, the mutual distance p at
the:moment of clogest encounser, that moment t, the
relative velocity and tlie mutual inclination of orbital
planes. The pair (45,673) is particularly Interesting
as, its.close encounter happended in 1990. As the cal-
culs of the perturbation resulting from the action
of major planets, when looking for close encounters,
has been performed with the osculatory elements for
the epocli-JD:2447400.5,  wheréas we dispose now
with ‘'orbitél; elemints: foriJD:12448600.5: (vwhich in-
clude neW!obsetvations); wekigve verified: theicore-
sponding changesiéfithe results: *:On Table 2.
Elements F1933 and E)g9; are given for these two os-

culating epochs, the elements El,,, (computed with

E1988), Efggo (computed with E)gg;) and the residu-

-I
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als AE = Elq99— Efgg;. Residuals are largest for the
mean anomalie an iagr the argument of perihelion
wers ,which are the consequence of the exceptionally
fast changes of that element. The closest distance p

increased from 0.00338 to 0.00368, for the moment

JD 2448116.9 (0.2 days later).

The perturbations, resulting from the action
of large minor planets, of the orbital elements of cor-

responding planets in pairs, are calculated by means

of the Gauss-Encke method. For the first two pairs

the perturbations have been calculated with known

masses for 2 Pallas and 4 Vesta, whereas for other
pairs it was done with two optimistically assumed
perturbing masses. On Table 3. are given obtained
results; the values of perturbations up to the mo-

ment of closest encounter in the first row, and their

final values in the second one. There have been no
perturbations in the mean daily motions, whereas
the angles of eccentricity and the inclinations have
shown either very small perturbations or not at all.
The values of perturbations are greatest in the lon-
gitudes of perihelia and mean anomalies and, 1n gen-
eral rule, with opposite signs. Perturbations in lon-
gitudes of accendig nodes have different values and
the largest are for the pair (81,767), probably be-
cause that pair has the smallest close encounter dis-
tance. It can be noted that the perturbations result-
ing from the action of pallas are greater then those
originated by Vesta in despite of the fact that Vesta’s
mass is slightly greater, and the respective distance
and relative veloecity are smaller. Such cases can be
expected for other close encounters as well, the per-
turbing effects depending on the geometric relation-
ship of the orbits. In general, such changes in the or-
bital elements can provoke measurable effects, when
expressed in the spherical coordinates of perturbed

 minor planets, of the same order as the perturbations

of orbital elements themselves.
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MEBYCOBHU NMOPEMERAJHY YTUILAJU MAJIMIX IUIAHLE LA
Y BHUXOBUM IYTAILCKUM EJIEMEHTHIMA _

M. KysmaHocku

Hiem umym 3a acmpoHomujy, Cmydenmcxu mpe 16, Eeoepaa, Jyeocaasuja

YIK 521.44-32.
~ IIpemxodno caonwmerse

3a 8 omaGpaHMX lapoBa MajiX IUIAHETa Ca Me-
hycoGHMM. OTUCKVM IIpUJIasMa, M3paviyHaTh cy Me-
BhycoOHM. rtopeMeha jHY: ePeKTH y ITyTAHCKUM eJIEMEH-
TUMaA. 3a JBa rapa mace riopeMeha jHHX MaJIMX IJIaH-
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eTa Ccy IMo3HaTe, a 3a npeocTalie rMmapose paiyH jc U3Be-
leH ca MpeTnocTaBlkkHUM MacaMa. llokasaHo je na
[0Ja3U OO MEPJBUBUX NPOMEHa& Y HEKMM NYTaHCKHUM
eNeMCHTMA NopeMeNeHUX MaJIMX TUIaHCTa.



