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ABSTRACT. The work on the mass search for asteroids
on astroplate images and the determination of their coordi-
nates was begun in 2016. The basis for current search was
the processing results of digitized photographic plates and
films obtained at the observatory in Baldone in 1967-1993.

Observations with a single exposure in different spectral
bands were carried out using the 1.2m Schmidt telescope in
Baldone. We used all observations in the U Johnson's spec-
tral band (on plates) and significant part of them in V band
(on films). Photometric band U was realized by combining
emulsion ORWO Zul (Zu2 or Zu2l or Kodak 103a0 or
1a0) with UG1 filter. For films with A600 emulsion and
filter ZS17 a photometric band V was implemented.

Based on the results of digital processing about 300 U-
plates and more than 1460 V-films, a preliminary catalog
of 1700 asteroid positions was compiled. Among the ob-
jects in this catalog are asteroids of particular interest.
These include the distant objects (136108) Haumea and
(136472) Makemake and some Main belt asteroids, the
positions of which were fixed on the plates many years
before their own discoveries.

All observed positions of asteroids were compared with
ephemeris DE431. An analysis of the convergence of the
observed positions with their theoretical data for different
spectral bands showed that the observations on V-films
are better consistent with theory.

However, the internal accuracy of determining coordi-
nates from U-plates, on the contrary, is higher than from
V-films. This discrepancy is especially noticeable for right
ascension, when the root-mean-square errors on V-films
can reach values exceeding 1.8 arc seconds. These signifi-
cant errors are a consequence of the curvature unevenness
of the film surface during scanning.
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AHOTALISA. PoboTta 3 MacoBoro momIyky 300pa)keHb
acTepoiniB Ta KoMeT Ha QoTorpadidyHUX IIACTHHKAX MU-
HYJIMX POKIB Ta BH3HAYCHHS iX KOOPAMHAT pO3INOYaTa y
2016 poui. OCHOBOO Ay IEOTO OYIHM pe3yapTaTH 00pOOKH
omngppoBaHux (poTorpadivHNX IUIACTHHOK Ta IUTIBOK,
oTpuMaHHX B 00cepBaTopii B banmone B 1967-1993 pokax.

CrnocTepekeHHsI 3 OJHIEI0 EKCIIO3MIIEI0 B PI3HUX
CHEKTpaJbHUX CMyrax cucreMu JI)KOHCOHa MpoBeneHi 3a

noromororo 1,2-metpoBoro Teneckona IlIminra B banmo-
He. BukopmcraHi BCi CHOCTEpe)XKeHHS Y CHEKTpalbHIid
cmy3i U (tmactuHkM) Ta 3Ha4yHa iX dactTmHa y V cMy3i
(mmiBkn). Dotomerpuuny cmyry U Oyno peanizoBaHO
nUIsIXoM moeaHanus emyibeii ORWO Zul (Zu2 abo Zu2l
abo Kodak 103a0 a6o 11a0) 3 UG1 dinsrpom. s
WIBoK 3 emynbciero A600 ta QimpTpom ZS17 Oyma
peaiizoBana poTomMeTpuyHa cmyra V.

Ha ocnoBi pe3ynbrariB 1u¢ppoBoi 00poOKH OJIM3BKO
300 U-mnactuHok Ta monan 1460 V-miiBok Oyno
ckiaseHo  momepeaHiii  karamor 1700 monoxxeHs
acrepoiniB. Cepen 00’€KTIB LbOTO KaTalory € acTepoiny,
SIKi TTPEICTaBISIOTh 0COOMMBHUH iHTEpec. Jlo HUX BimHece-
ui Bigmaneni o6’extu (136108) Haumea i (136472)
Makemake Tta pmesiki acrepoimm TomoBHOTO —MOSCY,
MTOJIOKEHHS SIKUX Oyino 3aikcoBaHO Ha IMX IUIACTHHKAX
3a 6arato poKiB 70 iX BiAKPHTTSI.

Yeci  cnocTepexxyBaHi  TOJOXKEHHS  acTEpOiliB
nopiBHioOBau 3 epemepumoro DE431. Ananiz 306i1kHOCTI
CIIOCTEPE)KYBAHUX MOJ0XKEHD 3 IX TEOPETUUHHMHU JTaHUMHU

JUIL  PI3HUX  CHOCKTPAJIBHUX CMYT  [OKa3aB, IO
CIOCTepeXKEHHS Ha V-IUTBKaX Kpaiie BiIMOBITAIOTh
Teopii.

OpHaK BHYTPIIIHS TOYHICTh BU3HAYCHHS KOOPJHMHAT 3a
U-mracTiHKaMHM, HaBIIAKH, BHINA, HiX 3a V-miiBkaMu. s
PpO30DXKHICTE 0COONMBO TOMITHA Y MPSAMOMY IIiJHECEHHI,
KOJIM 3HAYeHHS CepeIHBbOKBAIPATHYHOI MOXHOKM Ha V-
IUTiIBKaX MOXYTh nepeBuinryBatu 1.8 xyrosux cexynz. Lli
3HaYHI TOXUOKH OOpaxyHKy KOOpAHMHAT € HaCIiJIKOM
HEepIBHOMIPHOCTI BUKPHBJICHHSI ITOBEPXHI ILUTIBKH ITijl 4ac
CKaHyBaHHSL.

Kuio4oBi ciioBa: xaTayor, oJ0KeHHS, aCTepOi[

1. Introduction

The purpose of this work is to search for images of
small bodies of the Solar System from digitized plates of
clusters observations in 1967-1993 at the astronomical
observatory in Baldone. Determining the coordinates and
compiling a catalog of asteroid positions are the main
tasks of this work.

In 1965, a Schmidt SmA camera was installed in Bal-
done on the territory of the Astronomical Observatory of
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the Institute of Astronomy of the University of Latvia with
the following parameters: diameter of the mirror - 120 cm,
diameter of the correction plate - 80 cm, focal length - 240
cm, field of view 446' x 446" min. The first effective ob-
servations were obtained in December 1966.

Over 40 years of photographic observations on various
programs, the Baldone’s collection of astronegatives in-
cluding more than 22,000 direct images in a wide range of
exposures. Among them there are approximately 780 pho-
tographic plates in U spectral band exposed with a UG1
filter, 4600 films in V band exposed with a ZS17 filter
(Eglitis et al., 2016a).

From 2013 the regular digitization and processing of pho-
tographic astroplates started in Baldone observatory. The
plates were digitized using Epson Expression 10000XL and
11000XL commercial scanners with the resolution 1200 dpi.
The further software for scan processing was developed and
implemented in MAO NASU to process the digitized astro-
nomic negative plates as well as to obtain the final product in
the form of a catalogue of positions and stellar magnitudes
for all registered objects on the plate. For detail the tech-
niques of astroplate digitization and further processing and
determination of coordinates and magnitudes of stars are
described in the series of publications (Andruk et al., 2016a;
2016b; Protsyuk et al., 2014). The special modernized pro-
grams were developed at MAO NASU for constructing indi-
vidual characteristic curves and determining stellar U, V val-
ues with a single exposure (Andruk et al., 2019).

The equatorial coordinates o, & and stellar magnitudes
of all objects on the plates were obtained in the reference
system of Tycho-2 at the epoch of exposition of each
plate. The magnitudes of all objects are obtained in the
system of photoelectric standards.

2. Results

The processing results (Eglitis et al., 2016a; 2017;
2018) of digitized photographic observations of star clus-
ters in UBVR bands at the Baldone observatory during
1967-1996 were used for a global search for small bodies
of the Solar system. An online internet service from JPL
was used for this (https://ssd.jpl.nasa.gov/sbfind). The first
stage of this search was begun in 2016. As a result 87 im-
ages of minor planets from 9.8 to 17.1 stellar magnitude
and 2 images of comets were identified on 152 plates
(Eglitis et al., 2016b). Now we continued this work and
carried out the search for asteroids based on the results of
processing the remaining plates observed in U, V bands. A
total of 272 plates were used in the U band and more than
1,400 films in the V band. Asteroids and comets were
detected on 107 plates (361 positions) in U band and 223
films (1401 positions) in V band. Their positions were
compiled into a preliminary catalog.

In addition, in vicinity of each position of the asteroid,
stars from the Gaia DR2 catalog were selected to
determine the possible coverage of the images of stars
with an image of the asteroid on the plate. In these cases,
the coordinates or magnitudes of the asteroid are
determined ambiguously on the plate. Such asteroid
positions were excluded from the compiled catalog.

The quantitative distribution of all used photographic
observations over the years compared to the number of

effective observations for the search for asteroids is pre-
sented in Fig. 1 and Fig. 2.

As a result of reduction processing with the reference cata-
log of Tycho-2, the root-mean-square (RMS) errors ¢ of de-
termining the coordinates of stars on the plates were ob-
tained. For U-plates, the internal accuracy of determining the
coordinates of stars is approximately in the range of 0.05-
0.53 arc seconds. For V-films, the range of RMS errors is
much wider, especially for right ascension, when these values
reach 1.8 arc seconds. This may be due to the uneven curva-
ture of the film surface during scanning (Table 1).
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Figure 1: Distribution on time scale of all observations in
V band in Baldone observatory.
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Figure 2: Distribution on time scale of all observations in
U band in Baldone observatory.

Table 1: Ranges of root-mean-square errors of
determining the coordinates of stars for U and V plates.

107 U-plates 223 V-films
ORA, GDec, ou, ORA, GDec, oV ,
arcsec arcsec| mag arcsec arcsec| mag
1 2 3 4 5 6
0.05- 0.05- | 0.01- 0.05- 0.06- | 0.12-
0.53 0.34 | 0.39 1.76 0.63 0.53
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Figure 3: Observational moments for 40 asteroids in Bal-
done and their first observations according to the MPC
database (http://www.minorplanetcenter.net/db_search)
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Using JPL ephemeris, an analysis of O-C differences was
performed for 361 positions of asteroids identified in U-plates.
Of particular interest are the 40 positions of asteroids fixed on
the U-plates in the period 1969-1987. These Main belt aster-
oids have been discovered by automatic telescopes during
1998-2003 in the LINEAR (http://ww.ll.mit.edu/linear),
LONEOS (https://asteroid.lowell.edu/asteroid/lonecs)  and
NEAT projects (http:/neat.jpl.nasa.gov).

The MPC database contains a small number of their po-
sitions obtained from observations no earlier than 10-20
years before the official discoveries of asteroids. There are
no earlier observations of these asteroids.

Figure 3 for each of these 40 asteroids shows the observa-
tional moment of asteroid in 1969-1987 in Baldone (left
side), the first productive moment of its observation in 1977-
1998 in the world (in the center and according to the MPC),
the moment of its official discovery (right side). For many of
these asteroids, their observations in Baldone are the earliest
and over the next 10-25 years, there are no observations of
these asteroids. Using the digitized archives of previous pho-
tographic observations in Baldone, this interval can easily be
filled with new identified and processed observations.

However, such asteroid positions should have high ac-
curacy for further kinematic and dynamic solutions of
asteroid orbits. After comparison with an ephemeris, the
obtained values of the O—C differences for many interest-
ing asteroids have a large scatter and can reach 5 arc sec-
onds. This may be due to great random errors in determin-
ing the coordinates of the asteroids or insufficiently accu-
rate recorded moments of observation. On the one hand,
these are faint (16-18™) objects with low signal/noise lev-
el. For example, for the faint stars (16-18™), the random
error component of the coordinate determination increases
rapidly and reaches 1.5 - 2 arc seconds on plates from the
FON project (Shatokhina et al., 2019).

On the other hand, great O-C values are not always the
result of errors in determining the coordinates of asteroids.
For example, images of asteroid 9414 were identified on
plates obtained in 1982-1985 in Baldone observatory and
in the FON (Kyiv part) project (Shatokhina et al., 2018).
The O-C values for these two positions are approximately
4 arc seconds. However, they are in good agreement with
each other and with the O-C values for the other nearest
MPC positions. In addition, the Baldone archive has about
10-15 unprocessed observations of this asteroid for the
same time period and in different spectral bands of
UBVR. Their processing can significantly supplement the
existing observations of asteroid 9414 with new data.

The work on identifying asteroids by V-films is not fin-
ished. A large range of errors in determining coordinates due

to the curvature unevenness of the film surface during scan-
ning does not always allow this to be done quickly and un-
ambiguously. However, the films contain unique information
in previous years about the locations of TNO and other inter-
esting objects in the Solar system. Therefore, the processing
results will be carefully analyzed and, possible, re-digitized.

3. Conclusion

Long-term sets of photographic observations made in
previous years can become the basis not only for creating
catalogs of coordinates of stars and galaxies but also for
determining precise positions of small bodies of the Solar
system. Using the digitized photographic plates of the
archives of the Baldone Observatory, we can identify faint
moving objects up to 18™ and determine their coordinates
and magnitudes with high accuracy. Among those may be
objects which were discovered much later than were fixed
on those astronegatives, and unique asteroids and comets
including selected trans-Neptunian distant objects.

Using data about precise positions and magnitudes of
asteroids, some tasks of refining ephemeris, studying
changes in asteroid orbits over time, non-gravitational
effects in the evolution of asteroid’s orbits, constructing
light curves and phase dependencies can be solved.

Cooperation with Ukrainian Virtual Observatory (Ukr-
VO) gives the opportunity to expand this work, involving
numerous additional files of digitized observations and
different services and software for modern processing of
observation and, ultimately, to increase the number of new
original data about Universe.

Intensive work on the creation of catalogs of stars and
galaxies and small bodies of the Solar system based on
digitized photographic observations of star clusters of
archives in Baldone was successfully carried out with the
active support of UkrVO [Vavilova et al., 2016; 2017].

The main results of such studies have been previously
reported at different conferences.
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