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ABSTRACT

At the SBG telescope of the Kourovka Astronomical Ob-
servatory of the Ural Federal University is carried out
the astrometric and photometric observations of the near-
Earth objects. The accuracy of the astrometric observa-
tions is from 0.5” to 1.0” for the near-Earth objects. The
photometric observations have the accuracy from 0.05
to 0.15 mag. The software for observations processing,
orbit improving, and orbital evolution modeling are de-
scribed. The results of the astrometric and photometric
observations for the near-Earth objects are presented. The
research topics on the future are given.
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vations; near-Earth objects; potentially hazardous aster-
oids.

1. INTRODUCTION

The research programme of the Kourovka Astronomical
Observatory of the Ural Federal University (AO UrFU)
includes the observations of the small Solar System bod-
ies traditionally. The astrometric and photometric obser-
vations of the near-Earth objects (NEO) is a part of this
programme.

The paper outline follows. We describe the telescopes
and detectors in Section 2. We discuss the astrometric
and photometric observations accuracy in Section 3. We
describe the software for observations processing, orbit
improving, and orbital evolution modeling in Section 4.
The results of the astrometric and photometric observa-
tions are presented in Section 5. We formulate the re-
search topics on the future in Section 6.

2. SBG TELESCOPE

The SBG telescope (see Figure 1) of AO UrFU is the
four-axis telescope with a 0.8 m focal length is equipped

Figure 1. The SBG telescope of the Kourovka Astronomi-
cal Observatory of the Ural Federal University.

with a Schmidt optical system and a 0.4 m diameter pri-
mary mirror.

The telescope was upgraded in 2005-2006 years [2]. An
Alta U32 CCD camera with a KAF-3200ME-1 CCD
matrix containing 2184 x 1472 elements, each of size
6.8 x 6.8 pm is mounted at the main telescope focus. The
scale of the CCD image is 1.8 arcsec/pixel. The field of
view of the system is 65’ x 44’. Limiting magnitude is 19
mag. Observations with filters of the wideband UBVRI
system are available.

The precision timing system uses a 12-channel GPS re-
ceiver Acutime 2000 GPS Smart Antenna.

3. OBSERVATIONS

Astrometric and photometric observations of asteroids
have been made with the filter R.

The accuracy of astrometric observations is analyzed in
papers [5] and [7]. The astrometry root-mean-square
(RMS) residuals (O-C) for equatorial coordinates consist
of 0.01” — 0.3” for bright objects when the magnitude is
less than 18.5 mag and 0.5” — 0.7” for faint objects with
magnitude from 18.5 to 19 mag.

Proc. 1st NEO and Debris Detection Conference, Darmstadt, Germany, 22-24 January 2019, published by the ESA Space Safety Programme Office
Ed. T. Flohrer, R. Jehn, F. Schmitz (http://neo-sst-conference.sdo.esoc.esa.int, January 2019)
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Figure 2. The RMS residuals (O-C),, versus the magni-
tude for NEA and PHA. Additional labels are the angular
velocities of NEO in arcsec/min.
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Figure 3. The RMS residuals (O-C)s versus the magni-
tude for NEA and PHA. Additional labels are the angular
velocities of NEO in arcsec/min.

The RMS residuals (O-C) for equatorial coordinates is
increased for the NEO and potentially hazardous aster-
oids (PHA) (see Figures 2—7). In case of the angular
velocity of NEO is less than 0.5”/min, the astrometry
RMS residuals (O—C) comprised of 0.1” —0.5"” for bright
NEO when the magnitude is less than 16.5 mag, and
0.9” —1.0"” for faint objects with magnitude from 16.5 to
18 mag. The astrometry RMS residuals (O—C) consist of
0.5"”—0.6" for NEO with magnitude from 9.5 to 11.5 mag
and angular velocity from 20" to 40” per minute.

The comparison with the Minor Planet Center data shows
that residual differences (O-C) are less than 1” for more
than 95% observations which carried out at the SBG tele-
scope.

Photometry RMS errors consist of 0.05 mag for bright
objects when the magnitude is less than 16.5 mag, and
0.07 — 0.15 mag for faint objects with the magnitudes
from 16.5 to 18 mag.
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Figure 4. The RMS residuals (O-C),, versus the angular
velocities for NEA and PHA. Additional labels are the
magnitudes.
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Figure 5. The RMS residuals (O-C),, versus the angular
velocities for NEA and PHA. Additional labels are the
magnitudes.
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Figure 6. The RMS residuals (O-C)s versus the angular

velocities for NEA and PHA. Additional labels are the
magnitudes.
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Figure 7. The RMS residuals (O-C)s versus the angular
velocities for NEA and PHA. Additional labels are the
magnitudes.

4. SOFTWARE

The SBG telescope and the CCD system are operated by
the SBGControl software [3] developed at AO UrFU.

Astrometric processing of the observations has been
made using [zmCCD [4] and AM:PM [6] Software Pack-
ages.

We used the IDA [1] Software Package to improve the
orbital elements of the asteroids.

We consider the observations of NEA as support of the
theoretical study of the dynamical evolution based on nu-
merical simulation. We have researched the dynamical
evolution of 121 asteroids with Lidov—Kozai effect. The
code known as Orbit9 (OrbFit Software Package [8]) has
been used to research the dynamical evolution of aster-
oids. Initial orbital elements of the asteroids were cho-
sen from AstDyS! database. Initial orbital elements of
planets were chosen from numerical ephemeris DE431.
Equations of motion for asteroids, eight major planets
and dwarf planet Pluto were integrated simultaneously.
The effects of relativity, the Sun oblateness, and the
Yarkovsky effect have considered.

5. RESULTS

From 2007 to 2018 we have observed 327 near-Earth as-
teroids with magnitudes from 9.5 to 19 mag. It consists of
149 Apollo asteroids including 74 potentially hazardous
asteroids, 142 Amor asteroids with 13 PHA, 34 Aton as-
teroids including 12 PHA, as well two Atira asteroids —
(163693) Atira and (367943) Duende.

Thttp://hamilton.dm.unipi.it/astdys/index.php?pc=0

6. DISCUSSION AND CONCLUSIONS

The Yarkovsky effect does not lead to quality changes
of the evolution for most asteroids which have the dy-
namical evolution with the Lidov—Kozai effect. The
Yarkovsky effect has considerable the orbital evolution
effect for the near-Earth asteroids and the asteroids with
the Lidov—Kozai effect. The dynamical evolution of NEA
2010 CU19 without the Yarkovsky effect has a change of
the libration mode of the argument of perihelium. The
libration relatively to the value of the argument of peri-
helium 270 degrees changes to the libration with respect
to 90 degrees after 65 kyr. The libration relatively to the
value of the argument of perihelium 270 degrees is pre-
served over 90 kyr when the rate of the semimajor axis
drift is equal to 0.001 au/Myr due to the Yarkovsky ef-
fect.

Orbit evolution modeling of paired asteroids provides in-
formation about the dynamics of the objects at the mo-
ments of close encounters, an age of pairs, and, per-
haps, the mechanisms of their formation: collision dis-
ruption, YORP-fission, binary or multiple breakups, in-
cidental approach, etc. Accurate evaluation of past ap-
proach conditions between asteroids sharing close orbits
requires precise initial conditions as additional awareness
of their sizes, shapes, spin axes obliquity, surface thermal
properties, etc. Intense positional and photometrical ob-
servations of asteroid pairs are needed for this task. Such
observations could be implemented in Kourovka Astro-
nomical Observatory of the Ural Federal University. We
are planning to improve the estimations of the asteroid
pairs ages using the evaluations of the semimajor axis
drift rates due to the Yarkovsky effect.
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