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The restricted three-body problem is a well-known model of celestial mechanics (see, for example, [1]). Recall that in the simplest case it describes a motion
of the point P2 of negligible mass in the gravitational field of two massive points
P0 and P1 , moving in Keplerian orbits about their common center of mass. It is assumed that the masses of points P0 and P1 are given and their orbits are completely
determined by the known solution of the two-body problem. This problem is not
integrable, and so the perturbation theory is usually applied to the analysis of the
point P2 motion. As a general solution of the two-body problem is known, one can
consider in the first approximation that the point P2 moves around the point P0 , for
example, as a satellite and its Keplerian orbit is disturbed by the gravity of point
P1 . Such a model has been used successfully in the study of satellite motion in
the system Earth–Moon or Sun–planet [2, 3]. It was shown that doubly averaged
equations of motion determining the evolution of satellite orbit may become integrable. The corresponding general solution may be found in analytic form, and it
enables investigation of main qualitative features of the orbit parameters (see, for
example, [4]).
We consider here a generalized case of a satellite version of the restricted threebody problem when two points P0 and P1 form a binary system, losing the mass due
to the corpuscular and photon radiation (see [5]). We assume that the points masses
vary isotropically with different rates with the only restriction that their total mass
reduces according to the joint Meshcherskii law
√
m00 + m10
= At 2 + 2Bt + 1 ≡ v(t) ,
m0 (t) + m1 (t)

(1)

where m00 = m0 (0), m10 = m1 (0) are initial values of the points P0 , P1 masses, and
parameters A, B are chosen in such a way that v(t) is an increasing function for
t > 0. In this case equations of the points P0 , P1 relative motion are integrable and
their general solution can be written in symbolic form (see [6]).
We assume further that the point P2 moves around point P0 , being perturbed by
the gravity of point P1 . Besides, a distance between points P0 and P1 is assumed to
be much greater than distance between points P0 and P2 and the Hill approximation [7] may be applied. Then the evolutionary equations determining long-term

1

behaviour of the point P2 orbital parameters become integrable and their solutions
may be found in the analytical form (see [8, 9]).
The purpose of this paper is to present the main stages in the investigation of
the restricted three-body problem with variable masses which requires tedious symbolic computations. Derivation of the evolutionary equations and determination of
a class of functions m0 (t), m1 (t), satisfying equation (1), for which the evolutionary equations are integrable and describe a quasi-elliptic motion of the point P2 ,
is described in detail. All relevant calculation and visualization of the results are
carried out using the Wolfram Mathematica.
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