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SUMMARY: Mutual perturbing effects between (1) Ceres and (2) Pallas are

presented by using differences in their right ascensions and declinations.

These

differences are obtained as the result of two integrations—with and without the
mass of the perturbing body. For each body are performed two backward and two
forward integrations and obtained results are analysed.

1. INTRODUCTION

Asis well known (1) Ceres and (2) Pallas are in
a 1:1 temporary resonance and every 4.6 years these
two largest asteroids mutually approach. Between

1802 and 1839 all close encounters were within 0.25
AU ( the closest encounter, 0.18 AU, was in 1820).

As can be seen from Fig.1, the last close encounter
between these two objects was in 1996, but at the
minimum distance of 1.38 AU, when the mutual in-
fluences are practically neglegible.

From the consideration of the perturbations
on Pallas by Ceres, Schubart (1970) derived the mass
of Ceres and found the value (6.7+0.4)107 M. By
using a slightly different set of Pallas observations,
Schubart (1974) obtained a new value for mass of
Ceres, Mc=(5.940.3)10"°M. From the observa-
tions of Ceres in the period 1801-1970, Schubart
(1974, 1975) determined the mass of Pallas and found
the value (1.14+0.22)10719My. Later, again con-
sidering perturbations by Ceres on Pallas, Landgraf
(1988) obtained a new value for the mass of Ceres:
(5.04£0.3)107 M. The last determination of the
mass of Ceres from Pallas observations was done by
Viateau and Rapaport (1995). The obtained value is
(5.04£0.2)10710M,.

2. RESULTS

It is well known that the mutual perturbing
effects between (1) Ceres and (2) Pallas are not neg-
ligible, and this fact is used for the determination
of their masses. It is also obvious that perturb-
ing interactions between these two asteroids exist
during the close approaches only, when their orbits
slightly change. Having in mind the 1:1 resonance
in the mean motions of (1) Ceres and (2) Pallas, the
changes increase due to the cumulative effect. But,
the changes of their orbits constantly increase due to
the perturbing effects by major planets, which act in
a different way. On account of this fact, very impor-
tant is the procedure of the numerical integration. In
this case it is best to start with a forward integration
from the epoch prior to the closest encounter.

Asteroids (1) Ceres and (2) Pallas are the most
observed— the interval of about 200 years is covered
by observations, so we would expect their orbits to be
known with a high precision. Their orbital elements
are determined by using observations from 1839. In
our calculus used were the orbital elements published
in EMP by ITA in Sankt-Peterburg. By the use of a
Radau integrator of order 15 developed by Everhart
(1985), the orbital elements were calculated for two
epochs: JD 2451500.5 for backward integration and
JD 2378500.5 for forward integration.
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Further we have calculated the residuals in the
geocentric right ascensions and declinations, as in-
ferred from two numerical integrations, one with and
the other without taking into account the effects of
the perturbing asteroid, by using convential masses—
5.9x10719M, for Ceres and 1.1x1070M, for Pal-
las.

In Figs 2-3 are given so obtained residuals in
right ascension and declination of Pallas, as result
from two backward integrations. The corresponding
residuals for Ceres are given in Figs 4-5 (here Pallas
is the perturbing body).

The same residuals, but as the result of two
forward inegrations are presented in Figs 6-7 (for Pal-
las) and Figs 8-9 (for Ceres).
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Fig. 1. Mutual distance between (1) Ceres and (2) Pallas from 1800 to 2000.
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Fig. 2.

Differences of the geocentric right ascensions of the perturbed body (2) Pallas, as inferred from

two backward numerical integrations, one with and the other without taking into account the effects of the

perturbing body (1) Ceres.
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Having in mind that such residuals in right as-
censions and declinations of Ceres and Pallas have to
be used as a tool for mass determinations, one can
conclude that by the procedure with forward integra-
tion a better result will be obtained. By backward
integrations, the results are based on old observa-

tions; all observations after 1950 practically are not
influential. Cenversely, by forward integrations, the
results will be based on the observations after 1900,
as can be seen in Figs 6-9. Further, all future obser-

vations also can be included for new determinations
of the masses of (1) Ceres and (2) Pallas.
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Fig. 3. Differences of the geocentric declinations of the perturbed body (2) Pallas, as inferred from two back-
ward numerical integrations, one with and the other without taking into account the effects of the perturbing

body (1) Ceres.
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Fig. 4. Differences of the geocentric right ascensions of the perturbed body (1) Ceres, as inferred from

two backward numerical integrations, one with and the other without taking into account the effects of the

perturbing body (2) Pallas.
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Fig. 5. Differences of the geocentric declinations of the perturbed body (1) Ceres, as inferred from two back-
ward numerical integrations, one with and the other without taking into account the effects of the perturbing
body (2) Pallas.
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Fig. 6. Same as Fig. 2., but from two forward integrations.
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Fig. 7. Same as Fig. 3., but from two forward integrations.
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Fig. 8. Same as Fig. 4., but from two forward integrations.
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Fig. 9. Same as Fig. 5., but from two forward integrations.
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O NHTEPAKIINJAMA N3MEDBY (1) HEPECA U (2) ITAJIACA

M. Ky3mMmaHOCKn

Mamemamuuxy paxyamem, Kamedpa 3a acmponomugy, Cmydenmcexu mpe 16,
11000 Beozpao, Jyzocaasuja

YK 523.44—-32
IIpemxzoono caonwmeme

IIpesentupanu cy mebhycobuu mopemeha-
juu edpertu mamebhy (1) Ilepeca u (2) IMaznaca
kopumhemeM pasiuka y HUXOBUM PEKTACIEH3U-
jama m merauuamujama. OBe pasiuke nobujene
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Cy Kao pe3yJITaT JBe MHTerpamnuje — ca u 0e3 mace
nopemehajHOr Tema. 3a CBAKO TEJIO U3BPIICHE Cy
IO [Be MHTerpaluje yHa3al U [ABE€ UHTErpalyje
VHAIIpeO U aHAJIU3UPAHU Cy OOOUjeHU Pe3yJITaTH.



