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ABSTRACT. Equations of celestial bodies’ motion
in coordinates are solved by numerical Runge-Kutt
method.  The coefficients of Runge-Kutt method
in the 10th order are obtained. The solutions are
compared by methods of different order, for this
purpose Runge-Kutt methods of the 4th, 5th and 10th
orders have been realized in programs.
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The Runge-Kutt method (hereafter R-K) is the high-
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est order for the developed explicit R-K methods for
solving differential equations. This 17-staged method
was constructed by Hairer (1978). The method pro-
vides accuracy not worse than 10715, As is seen from

Table 2: The coeflicients a;;

the general scheme of R-K methods, it is necessary to a
know a;j;, b, c; coefficients to construct an integration | ¢2.1 0.500000000000000000
algorithm. In the general case these can be obtained | @31 | 0.249297267442865990
from system solutions of linear equations with matrices | @32 | 0.277211835845136990
of Wandermond type and free parameters. Hairer was | ¢4,1 | 0.197440913733001120
thee first to obtain the above systems of linear equa- | @43 | 0.592322741199003350
tions. The analytical solution of these equation sys- | @51 | 0.197320549901158990
tems has been performed by us. At first coefficients ¢i | @5,3 | 0.295083336687500560
and bi are determined from independent formulae with | @54 | -0.098480313369871490
free parameters. Then nonzero coefficients a;; are cal- | 46.1 0.131313418369284120
culated. All in all the calculation of 119 coefficients | @64 | 0.110154448085213840
@i, by, ¢; for the R-K method of the 10th with the | %65 0.525186133545502040
accuracy of 16 significant figures. arzy | 0.134200343335776690
a7 | 0.696089003913604790
ars | 0.250497724903820550
are | -0.791023417221197550
as,;1 | 0.072218277827166180
ass | -0.058336331150054700
Table 1: The coefficients ¢ and b ag | 0.003047557905261750
C b ag,7 | 0.091548192928783030
0.00000000000000000 | 0.03333333333333333 ag1 | 0.031255012451346830
0.50000000000000000 | -0.03333333333333333 ag¢ | 0.000109123767407210
0.52650910328800298 | -0.12000000000000000 ag7 | 0.156725749578665400
0.78976365493200447 | 0.00000000000000000 ags | 0.169294355962258020
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Figure 1: Accumultion of errors in integrating the motion:
system of the Sun-Jupiter.

To illustrate the accuracy if R-K method of the 10th
order (Kara, 2006), we have compared his solution
with the accurate analytical one, and with a numerical
solution by R-K method of the 4th order of a prob-
lem with 2 bodies in a pointwise approximation of the
Sun-Jupiter and the Sun-Mercury system. The dis-
tance growth between analytical and numerical orbits
is given in Fig.1 and Fig.2.

In case of the problem with N bodies there is not
any analytical solution. Therefore the accuracy is esti-
mated by Richardson method. The idea consists in our
comparing simultaneosly two orbits in the node: orbits
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Figure 2: Accumultion of errors in integrating the motion:
system of the Sun-Mercury.
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Orbits of bodies

Figure 3: The orbit of Shoemaker - Levy 9 comet in jovio-
centric coordinate system (07.07.1990).

obtained with the whole and half-whole step of integra-
tion. The curve obtained like this is characterized by
the growth of local itegration error. The comparison of
error curves obtained by using the analytical method
and a curve obtained by Richardson method demon-
strates the growth of curves to be similar. The accu-
racy estimation by Richardson method can be obtained
for the system with an arbitrary number of bodies. We
have obtained the curves of integration error accumu-
lation for the system the Sun - the Jupiter - the Saturn.
These curves are similar to those in Fig.1 and Fig.2.

We can illustrate the use of R-K method of the 10th
order for modeling motion in the solar system, as an ex-
ample, consider the motion of comet Shoemacer-Levy
9. This well-known comet was captured by Jupiter in
july 1992, and in july 1994 it collided with the planet.
To determine initial conditions we took advantage of
orbital element for the comet borrowing them from the
paper by G. Sitarsky.

Two problems were set. The first problem by 29th
of January the initial parameters for major planets of
the solar system well have been obtained and equation
of motions integrated. The second problem. Using the
initial conditions obtained it is necessary to integrate
the motion system approximately 200 years back for
investigations the comet orbit evolution.

To solve the first problem the coordinates and ve-
locities of major planets for 29th of January 1990 were
borrowed from Astronomical Year - book 1990. In cal-
culations the mass planets were used from the theory of
DE405/LE405. The motion equations were integrated
up to the moment of the 8th of July 1992. As a result
of integration it was found that the moment of the first
approximation was on the 7th of July 1992 at 18:36 of
Universal Time, minimum distance between the comet
and Jupiter amounted to 11000km (Fig.3).

This date differs from that shown in the paper by G.
Sitarsky in 3.5 hours. Further integration within the
frame of point model is impossible. At small reciprocal
distances the tidal forces and perturbations arising be-
cause of nonsphericity of mass distribution in Jupiter
are getting essential. Besides, we have not taken into
account Jupiter’s satellites influence.

To solve the second problem we took advantage of
the same initial conditions. As a result of integration
we have got a set of trajectories indicating the comet
orbit evolution in the past. The comet orbit has not
practically changed for the last 50 years of its existence.

As is seen from calculations, the comet orbit was
more distant from the Sun before close approach
Jupiter in January 1945. As a result of calculation
the orbits lying between Jupiter and Saturn have been
obtained. The outcome of this work is calculation of
coefficients for the algorithm by R-K method 10 as
accurate as 16 signs. This method can be successfully
used for integration of celestial bodies motion in
coordinates.
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