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ABSTRACT. In total, about 4,500 asteroid po-sitions sckpaBux, CHOCTepeXKCHHs SKUX Oynu  iHinidoBaHi

were determined from photographic observations conducted
at the MAO NAS of Ukraine in 1952-1996. These are the
early positions of the selected minor planets, mostly bright,
the observations of which were initiated by the founders of
the ORBITA observational program and were made in
1952-1986. The second later positions of asteroids obtained
from digitized plates from photographic observations of the
Northern Sky Survey project in 1981-1996.

Using digital plate processing technologies, 2292
asteroid positions were obtained, the images of which were
fixed during observations and identified during
processing.The new star catalog Gaia DR2 was used to
study changes in determining the accuracy of equatorial
coordinates for various faint objects on plates. For several 8
plates with images of Pluto comets and faint asteroids of
particular interest due to the lack of observations in the past,
new complete processing of scans of these plates was
performed. The Gaia DR2 was used as a reference catalog.

The asteroid positions from early observations of 1952-
1986 were determined in accordance with classical linear
reduction algorithms. These are 1651 positions of minor
planets determined in the PPM catalog system and
obtained from observations with the Double Wide-Angle
Astrograph. The remaining 591 positions were determined
in the systems of old reference catalogs of stars Yale,
SAO, AGKS3, and obtained from observations with the
Double Long-Focus Astrograph. It was for these positions
that the calibration with the Gaia catalog was performed.
The data on the positions of minor planets digitized from
publications and additional data on their reference systems
deposited in previous years at VINITI (now VINITI
Database RAS) were used.

Comparison with JPL ephemeris was performed both
for new determinations of asteroid coordinates with the
Gaia catalog, and for past determinations obtained in
systems of other reference catalogs.
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AHOTALISA. 3aramom 3 pe3ynbrariB (oTorpadigaHmx
cnocrepexenb, BukoHaHnx B 'AO HAHY B 1952-1996
pp., Bm3HaueHo Omm3pko 4500 momoxens actepoinis. Lle
paHHI TOJIOKCHHsST BHOPAaHMX MajuX IUIAHET, IEPEBAKHO

3acHoBHUKamK nporpamu OPBITA i Bukonani y 1952-1986
pp. Inmr, GimbII Mi3HI MOJIOKEHHS acTepoifiB OTpUMaHi 3
odpoBaHUX TUIATIBOK 3a CIIOCTEPEKEHHAMHU
®ororpadiunoro orssiy niBHigHOTO Heba y 1981-1996 pp.

I3 3acrocyBaHHAM UPPOBUX TEXHOJOTIH 0OPOOKH
IJIaTiBOK  oTpuMaHo 2292 TONOXKEeHb  acTepoifiB,
300pakeHHs KX Oynm 3adikcoBaHi Ha (hoTOHETaTHBAX
TIiJT 9ac CIOCTEPEKeHb 1 imeHTrdikoBaHi mix 9ac 0OpoOKH.
3 MeTOI0 BHUBYCHHS 3MiH TIPH BWU3HAYCHHI TOYHOCTI
€KBaTOpiaJIbHUX KOOPJAMHAT ISl PI3HUX CIAOKHUX 00 €KTiB
Ha IJIaTiBKax OyB BUKOPHCTaHWI HOBHH 30pSHHUH KaTauor
Gaia DR2. Tlpu upomy mjis JEKUIBKOX IUIATIBOK 13
300paxenHssMu [ImyToHa, KoMeT i claOKuX acTepoifis,
IO MPEACTAaBISIOTE OCOOJIMBHH IHTEpPEC 3a BiACYTHOCTI
CIIOCTEPEIKEHb Y TMOMepenHi yacu, Oyyio 3iHiCHEHO HOBY
MOBHY 0OpOOKY CKaHiB mux miaTiBok. I[Ipu mpomy Gaia
KaTaJIoI BUKOPHUCTAHO B SIKOCTi OIIOPHOTO.

[TonmoxxeHHsT acTepoimiB paHHIX YaciB CIIOCTEPEKEHb
OOYHCIIOBAIINCE,  BIAMOBIAHO O KIACUYHUX JHHIMHHX
anroputMmiB peaykii. Le 1651 nmonokeHs MauX IJIaHET,
BH3HAUYCHHX B cHUCTeMi Kartaimory PPM i oTpumanux 3a
croctepexxeHHsiMu  Ha teieckomi [IIITA. Pemra 591
MOJIO)KEHb BHU3HA4YEHI B CHCTEMax CTapuX OIOPHHX
kartanoriB 3ipok Yale, SAO, AGK3 i orpumani Ha
teneckori ITJIA. Jlns ix xaniOpyBaHHs 3 kataynorom Gaia
BUKOpHCTaHO ouudpoBani 3 myOmikamiii mani npo
TMOJIOKEHHST MJIMX IUIAHET, 8 TAKOXK J0JATKOBI 1aHi 11010
BiJIMIOBITHIX ONOPHHUX CHCTEM, JIENOHOBaHI y TOMEpenHi
poxu B BIHITI (auni BIHITI PAH).

[opiBusHasa 3 epemepunamu JPL mposemeHo gk mms
HOBUX BH3HAUYCHb KOOPIHMHAT acTepoigiB 3 KaTaJorom
Gaia, Tak 1 AU MUHYJINX BH3HA4YCHb, OTPUMAHHX B
cHCTeMax IHIIMX ONIOPHHUX KaTaJIOTIB.

KurouoBi citoBa: onopHuii Karasor, oJI0KeHHs aCTepOiiB.

1. Introduction

Old astrometric observations are still in use in the as-
tronomical research and collected in different databases.
Observations made on a long interval of time are neces-
sary to model the evolution of these objects and dynamical
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study of Solar System objects. The recent availability of
the Gaia Data Release 2 allows us to make a new reduc-
tion of old data and to get observations of the past with
today’s accuracy. Old observations have been reduced
using reference star catalogs accurate from 100 up to 1000
mas. Besides, these catalogs were built with different ref-
erence frames. The Gaia reference star catalog can provide
star positions accurate to one mas at the beginning of the
XX-th century, allowing us to make a new and precise
astrometric reduction of old observations. Moreover, these
old observations will be reduced in the same reference
frame than current ones. In the same way, photometric
calibrations based on catalogs dating back by several dec-
ades, had a very low accuracy by modern standards. The
Gaia photometric data will allow a new photometric re-
duction of old photographic plates.

To increase the accuracy of the coordinates of aster-
oids, comets, planets, and their satellites, we used the new
star catalog Gaia DR2 for a new reduction of old photo-
graphic observations.

The influence of the various catalog reference system
on the positions of asteroids obtained from photographic
observations has been studied previously (Maigurova et
al., 2017; Major et al., 1996; Protsyuk et al., 2016). Ac-
cording to these results the new processing of digitized
images of some selected minor planets using modern ref-
erence catalogs of stars has led to a significant increase in
positional accuracy compared to previous results.

2. Results

In total, about 4,500 asteroid positions were determined
from photographic observations conducted at the MAO
NAS of Ukraine in 1952-1996. These are the early posi-
tions of the selected minor planets, mostly bright, the ob-
servations of which were initiated by the founders of the
ORBITA observational program and were made in 1949-
1996 (Golovnya et al., 2001; Major et al., 1984; Onegina
etal., 1970; Vasilenko et al., 1979). The second later posi-
tions of asteroids obtained from digitized photographic
observations of the Northern Sky Survey project in 1981-
1996 (Shatokhina et al., 2018).

Fig. 1 shows the time distribution for all positions of as-
teroids obtained from photographic observations at the
MAO NASU. All early observations were made using two
telescopes: the Double Long-Focus Astrograph (DLFA,
400/5500) in 1952-1986 and the Double Wide-Angle As-
trograph (DWA, 400/2000) in 1976-1996. As a result of
processing these observations using classical linear reduc-
tion algorithms, the positions of selected minor planets were
determined. Various reference catalogs of stars were used.

591 positions of selected minor planets from observa-
tions on DLFA were determined in reference systems of
catalogs Yale, SAO, AGK3. And 1651 positions of these
planets from observations on DWA were determined in
the PPM catalog system.

On the contrary, the later 2292 positions of asteroids
obtained from the digitized observations of the FON pro-
ject in 1981-1996 were determined using the modern Ty-
cho-2 reference catalog of stars and non-linear algorithms
for reduction calculations.
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Figure 1: The distribution on time for all positions of aste-
roids received from photographic observations at the MAO
NASU with DLFA and DWA (including FON observations).

Therefore, we examined two approaches to the re-pro-
cessing of old observations using the Gaia catalog: 1) for
digitized photographic plates of the FON project; 2) for
non-digitized and previously processed oldest photograph-
ic observations in 1952-1986. The first results from that
processing were presented.

2.1 New full processing of digitized images of plates
with Gaia DR2 catalog

The first approach was a new full reprocessing of scans
accumulated in the Joint Digital Archive of the Ukrainian
Virtual Observatory. The Gaia catalog was used as a ref-
erence for obtaining optimal solutions in reduction algo-
rithms. From the collection of observations of the FON
project, plates with images of faint asteroids (7676) and
(25467) of the particular interest for us were selected. In
addition, 2 plates with images of comet 65P and 3 plates
with images of Pluto were selected too. Their scans were
obtained previously with the Epson commercial scanner
with 1200 dpi resolution. The previous processing results
of these scans with the Tycho-2 reference catalog were
available too. Additionally, the scan of each plate was
processed three times with the reference catalog of Gaia.
Reference stars in each case were limited in magnitude to
the 13™, 14™, and 17™. As a model of coordinate reduction
was a sixth-order polynomial.

As an example, for plate 56, the standard errors ¢ of de-
termining the coordinates of stars for 4 independent pro-
cessing options shown in Table 1. When the total number of
reference stars on the plate was increased by faint stars up
to 17 magnitudes, the mean square errors in determining the
coordinates of the stars increased by more than 3 times
compared to similar other processing options of this plate.

Table 1: The comparison results of scan processing with
Tycho-2 and Gaia catalogs for plate GUA040C000056A

PI=56, N ORA, ODec;, 0B,
Reference | reference | arc arc mag
catalog stars sec sec
stars

Tycho-2 1198 13 10 11
Gaia 13-m 1958 27 .25 12
Gaia 14-m 3615 14 13 11
Gaial7-m| 11301 .50 49 12
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Figure 2: Distribution of 17 552 identified stars from Gaia
DR2 (blue bars) and 1320 from Tycho-2 (rose bars) along
B magnitudes on the plate Ne 56.
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The coordinates of 17,552 stars from 7 to 18 magnitude
obtained from plate processing were identified with the
corresponding coordinates of the stars of the Gaia catalog
(Fig. 2). For comparison, the same figure shows the number
of stars identified with the stars of the Tycho-2 catalog.

Stars with absent proper motions and stellar magnitudes
of the Gaia catalog were excluded from further analysis,
as well as visually binary and triple stars. For the remain-
ing 16,031 stars, individual differences O-C on both coor-
dinates were formed, where the "O" values are the coordi-
nates of the stars obtained from the plate, and the "C" val-
ues are their corresponding coordinates from the Gaia
catalog at the observational moment. The mean O-C val-
ues and their root-mean-square (RMS) errors on both co-
ordinates for B magnitudes intervals were determined and
shown in Fig.3 (a,b,c,d).

In processing with Gaia 17-m the smallest mean O-C
values (Fig.3a, Fig.3b) for all stars in each magnitudes
interval were obtained. Besides, these values are most
stable over the entire range of stellar magnitudes. In other
processing options, mean O-C values differ systematically
and randomly from the previous one. The trend line of the
mean O-C difference values is especially pronounced in
the RA coordinate.

Fig.3c, Fig.3d shows the RMS errors of the O-C values.
Only processing from Gaia 17-m leads to the smallest and
constant values of RMS errors of O-C on a wide range of
magnitudes from 9 to 14. The results from processing from
Gaia 14-m are the closest to similar results from Gaia 17-m.
A large increase in RMS errors for all processing options is
observed for stars fainter than 14-15 magnitudes.

Table 2: The O-C values for asteroids identified on plate

In addition to studying the accuracy of determining the co-
ordinates of stars for different stellar magnitudes intervals, we
compared the coordinates of asteroids identified on this plate
for four plate processing options. To determine the O-C of
asteroids, comets and Pluto we used ephemeris from JPL
NASA (https://ssd.jpl.nasa.gov/?horizons). The results for nine
asteroids identified on plate 56 and processed with Tycho-2
and Gaia 17-m catalogs presented in Table 2. The O-C values
have changed but remained still large for faint asteroids with
asteroid’s apparent visual magnitudes Mv equal to15™.
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56 and processed with Tycho-2 and Gaia 17-m catalogs. g .
Aster | Mv Tycho-2 Gaia g
oid (0-C), | (0-C), | (0-0C), | (0-0), 8451
RA, Dec, RA, Dec, 3
arcsec | arcsec | arcsec | arcsec ® .
6 9.87 .61 .36 -.08 31
87 12.49 -.61 45 -.50 .76
414 | 14.76 -.20 -.35 .23 .00 051
521 | 13.10 .04 1.08 -.39 1.40
567 | 13.31 -.59 44 .30 31 0 ;
859 | 14.83 .05 1.05 -.07 a7 6 8 10 12 14 16 % g
3754 | 14.53 | -1.19 15 -2.21 .52 Figure 3(a,b,c,d): Mean O-C coordinate differences for
6325 | 15.72 | -3.24 .06 -3.16 45 16,031 stars and their RMS errors in RA, Dec plotted
7676 | 15.84 -3.20 2.16 -3.02 2.57 against B magnitudes intervals for four processing op-

tions: Tycho-2, Gaia 13-m, Gaia 14-m, Gaia 17-m.



202

Odessa Astronomical Publications, vol. 32 (2019)

2.2 Processing of non-digitized oldest photographic
observations in 1952-1986 with the Gaia catalog

For the earliest observations of minor planets, plate
measurements and the results of their processing were not
preserved. But, in addition to the positions of minor planets,
detailed information about the reference catalog, reference
stars for reduction calculations, their coordinates and de-
pendences has been preserved. The publication of such ad-
ditional data on the positions of selected minor planets was
envisaged by the founders of the ORBITA observational
program for their repeated reprocessing with other reference
catalogs. But without the availability of these data in digital
formats and the use of online Internet services to search for
stars in catalogs in Strasbourg astronomical Data Center
(http://cdsweb.u-strasbg.fr), this work did not seem real.
Now it can be done quickly and easily.

Therefore, to re-process such observations with the Gaia
catalog, we decided to use another approach. It was as fol-
lows. New positions of minor planets were obtained by
adding the corresponding coordinate differences of the ref-
erence stars in two reference catalogs, weighted by the val-
ues of the dependencies. Note that earlier such observations
of minor planets were processed using linear methods of
reduction calculations. Therefore, our approach to calibrat-
ing the positions with the Gaia catalog data is identical to
the new complete re-processing of these observations.

Comparison with JPL ephemeris was performed both
for new determinations of asteroid coordinates with the
Gaia catalog, and for past determinations obtained in ref-
erence systems of other catalogs.

Fig. 4 shows the comparison results for 60 positions of
Ceres and 57 positions of Pallas. For each from them, the
O-C calculated in reference systems of Gaia, Tycho-2 and
other catalogs (Yale, SAO, AGK3). Differences of the
type “original catalog minus Gaia” and “Tycho-2 catalog
minus Gaia” were formed for each of the two O-C values
calculated from the positions of the asteroid in two refer-
ence catalog systems.

a -
]
20,5- $ ¢ -
Q - $ oo
% n . * * - .
- = = = M
01 lﬁ! 5' LA T B RS
-
.3 o8, : .
- . -
L .
0,5 - . ; .o AR
-
- .
* *> * *
-1 T T T d
1945 1955 1965 1975 Year 1985
o
® -
g0,5- . .. . *
a . s ¢
= . 2
g 0 _q.:! it. H . .i: ; H
g "y . o ¢ o .
o‘ b X3 . ¢
L I 4 . $
-0,5 ° $ . *2 .
3 ¢ .
* -
A . o
- -
-1,5 T T T 1
1945 1955 1965 1975 Year 1985

Figure 4: Individual differences between the two O-C val-
ues for each two asteroid positions that were determined
in two catalog systems: Original catalog and Gaia (black
markers) or Tycho-2 and Gaia (red markers) (top — on
coordinate RA, below — on coordinate Dec).

The values of O-C for the asteroid positions in the Gaia
catalog system are almost identical to the similar values in
the Tycho-2 catalog system. But at the same time, these
values differ significantly from the O-C in the systems of
the previous original catalogs Yale, SAO, AGK3.

3. Conclusion

The main idea was to find ways to improve the accuracy
of coordinates for faint asteroids of 14™-16™ and for obser-
vations of small bodies of the solar system with epoch dif-
ferences of more than 50 years and processed using various
reference catalogs of stars. And as an additional result, a
complete catalog of all the positions of asteroids from pho-
tographic observations at MAO NASU was compiled.

According to the re-processing of digitized images of
several plates with the Gaia DR2 catalog, the most opti-
mal solution was processing with the inclusion of all stars
up to 17 magnitudes in the reference system. The system-
atic component of the error in determining the coordinates
has become minimal and stable over a wide range of stel-
lar magnitudes. For faint objects, the random component
of the coordinate error is still large and amounts to about 1
arc second. A possible reason for this may be, first of all,
insufficient exposure of the plates to reliably determine
the coordinates of faint objects.

According to published data, a catalog of 591 positions
of selected minor planets obtained from observations with
the DLFA telescope in 1952-1986 was collected. It is part
of a complete catalog of all asteroid positions obtained
from photographic observations at the MAO NASU.

Experience in calibrating the positions of the bright se-
lected minor planets in the Gaia and Tycho-2 catalog sys-
tems showed that no significant differences in the coordi-
nates of the asteroids were found. But compared with the
old reference catalogs Yale, SAO, AGK3, the differences
in the coordinates of the asteroids are great both in the
random and in the systematic component. It should be
noted that the reference stars on each plate were bright
stars from only 8 to 11 magnitudes, which could have an
effect on the conclusion obtained.

It is necessary to conduct additional studies on different
observational material about the influence of the use of the
Gaia catalog as a reference on the coordinates of celestial
objects.
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