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Abstract. A future Russian astrometric satellite (Struve) is aimed at an
extension of the fundamental coordinate system down to 18-th magni-
tude stars. The positional accuracy of observations is planned to be about
0.6 mas. Many of the Solar System objects will be observed by the Struve
satellite. Problems of registration and reduction of these observations are
discussed.

1. Introduction

The future Russian astrometric satellite Struve (Yershov, Kanayev 1994)
will be able to detect many of asteroids, comets, planets and their satellites
as well as more than 4 million program stars. The limiting magnitude of
two on-board telescopes is estimated to be V = 18 and positional accuracy
0.6 mas of observations is expected. A 40-cm catadioptric Schmidt tele-
scope scheme (2.5 m focal length) is chosen for the Struve satellite. Charge
coupled devices are considered as the basic detectors for the focal plain
assembly. Microchannel plates are also under consideration which are more
suitable for detection of moving objects such as close asteroids or space
debris.

2. Scheme of observations

The Struve satellite will produce observations in a scanning mode inertially
rotating with a frequency of about 10 turns per day. Four viewing direc-
tions are organized by the use of two beam-combiners placed in front of the
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Figure 1. The Vlasov scanning law. After completing half of the current great circle the
spin axis is to be switched back to the previous trajectory great circle. The aspect angle
varies from 55° to 60°, and the spin axis passes three great circles each year.

entrance pupils of two on-board telescopes. 62° and 74° basic angles have
been chosen for the measurements. Two scanning laws are under consider-
ation: the Hipparcos-like rotational scanning with 55° aspect angle and the
Vlasov scanning mode, when the spin axis moves along three intersected
orthogonal great circles from one intersection point to another (Fig.1).

Solar System objects at their oppositions are not available for observa-
tions but all planets except Mercury are visible within elongations £35° —
145°.

As most Solar System objects concentrate close to the ecliptic, it is
interesting to analyze the distribution of scans there. Fig.2 and Fig.3 show
this distribution for the Vlasov and the Hipparcos-like scanning modes,
respectively. The Vlasov scanning mode provides more uniform coverage of
the ecliptic zone.

3. Detection

Computer simulations of CCD detection of bright planets show relatively
poor accuracy (for example, a single transit of Mars gives 50 — 80 mas).

https://doi.org/10.1017/5S0074180900127767 Published online by Cambridge University Press


https://doi.org/10.1017/S0074180900127767

OBSERVATION OF SOLAR SYSTEM BODIES 417

Density of
observations Vlasov sceme

100 (distribution
along ecliptics)

A
| } =
0° 180° 360°

Figure 2. Distribution of density of observations along the ecliptic for the Vlasov scan-
ning law (one year of observations).
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Figure 8. Distribution of density of observations along the ecliptic for the rotational
scanning law (one year of observations).

Much better accuracy one may achieve by observing natural satellites of
the planets. Practically, all main satellites of major planets are available
for observation (except Charon, Pluto’s satellite). Table 1 shows the accu-
racy of a single observation (in milliarcseconds) for different Solar System
objects.

4. Identification of objects

Four observations during one scan are separated by time intervals 29.6™,
42.4™ 24.8™, and 47.2™ (corresponding to the viewing directions). Each
object is available for observations within three consecutive scans.

The Solar System objects move noticeably even within a single tran-
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TABLE 1. Accuracy of observations of So-
lar System objects (a single observation, 5%
integration time).

Object (magnitude, V) 01, mas
Pluto (15™) 11
10-km asteroid (16™) 13
Triton (17™) 41

1-km asteroid near Mars (18™) 95

sit time (24 seconds, one viewing direction). Pluto, for example, moves on
20 mas. Completing the scan, one may calculate the image velocity and
acceleration. Then one may pre-calculate positions of the object for future
scans. Using the Pulkovo Observatory technique of “apparent motion pa-
rameters” (Kisselev, Bykov 1976) one may estimate a preliminary orbit of
the object and then identify the object 2 — 4 months later.

A simulation of Struve observations of two minor planets (451 Patientia
and 1993 M F') shows rather big errors of (O — C) values (up to 1°) for 4
months prediction time interval. But derivatives of the coordinates are in
good correspondence with those calculated from the object’s real orbit. This
is very important for identification of unknown asteroids.

5. Conclusions

The Struve astrometric satellite will be an efficient instrument for investi-
gation of the Solar System objects. The use of the Vlasov scheme of ob-
servations gives a uniform coverage of the ecliptic zone of the sky. A great
number of new asteroids is expected to be discovered. The total number of
moving objects to be detected by the Struve satellite is estimated as 50 to
80 thousands after 3 years of observations.
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