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1 Equations of motion

In this paper the translational-rotational motion of two non-stationary bodies, namely,
a spherical body and a triaxial body, is investigated. It is assumed that the initial
dynamic shapes of bodies are preserved but their masses and sizes change in time [1],
Besides, the reactive forces and additional torques will be considered negligible and
therefore they are equal to zero. An approximate expression for the force function
of the Newtonian interaction accurate up to the second zonal harmonics is accepted.

The equations of translational-rotational motion of two bodies in the absolute
coordinate system may be written in the form (see [1-5])
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where m; = m,(t) are the masses of the bodies, A; = Ai(t), By = Bi(t),C; = C’;(t) -
are their principle moments of inertia, and the potential function U is given by -~
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Here G is & gravity constant, a distance between the centers of mass of the bodies is
R=(G-&6+m-m)+ (G- i i (7)

and I = I(t) is the moment of inertia of the non-stationary triaxial body given by
I = A0 + B + Co?, (8)

where a, 3,7 are the cosines of the angles formed by a straight line, connecting the
centers of mass of the bodies, with the principal axes of inertia of the non-stationary
triaxial body.

Projections of angular velocity of the bodies on the axes of their own coordinate
systems are described by the kinematic Euler equations

pi= 1[),— sin 8; sin ; + Qi COS ;, §; = d)z sin 6; cos ©; — Qi sin;, i = 1/;3 cosf; + @i, (9)

where (;, ¥;, 0; are the Euler angles (see, for example, (2], [4]).

Equations (1)-(9) completely characterize the translational-rotational motion
of the system but their general solution cannot be found even with the modern
computer algebra systems. So the perturbation theory is applied here to their in-
vestigation, and the aperiodic motion of the triaxial body msg on quasi-canonical
section around the body m; is considered as the unperturbed one (see [1]).

The main purpose of the present paper is to compute the disturbing functions
for the system and to obtain differential equations describing secular perturbations
of translational-rotational motion of the non-stationary triaxial body ma in the
gravitational field of the spherical body m;. Solving this problem includes several
steps which involve quite cumbersome symbolic calculation. At first, we rewrite the
equations of motion in the relative coordinate system in which the center of mass of
the non-stationary spherical body m; is located at the origin, and rotational motion
is described in Euler variables.

Then equations of translational-rotational motion in osculating analogues of De-
launay L,1,G, g, H, h and Andoyer L',I',G',¢', H ' K elements are derived (see [1-5]).
Note that the unperturbed translational motion is described by the aperiodic motion
on quasi-conic section [1], while the unperturbed rotational motion is characterized
by the Eulerian motion of non-stationary axisymmetric body (1], (2], [4]. The cor-
responding equations of motion are written in the Hamiltonian form:
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5 In these equations the expressions for the disturbing functions K, F R
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algebra systoms, Doing necessary calculations, we obtain analytical expressiong f,
the disturbing functions F,F” in analogues of the Delaunay-Andoyer variables whic},
may be written in the form

ol 1y Loutoy) }
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In the absence of resonances, the equations of secular perturbations are obtained
by double averaging the calculated disturbing functions over the mean longitudes
and ', Solutions of the obtained equations of secular perturbations can be found by
Picard’s method in the first approximation but a detailed analysis of the equation
of secular perturbations is performed by a numerical method. Time-consuming,
cumbersome, analytical calculations in the expansion of the perturbation function
are performed in the computer algebra system Mathematica [6,7].

Further development of this work involves the study of the obtained equations
for secular perturbations of translational-rotational motion of the triaxial body of
constant dynamic shape and variable size, and mass, using various analytical and
numerical methods.
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