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ABSTRACT. The UkrVO Joint Digital Archive of astro-
plates and the newest digitized data processing services al-
lowed us to form a new approach for the creation of catalogs
of astrometric and photometric characteristics of the Solar
System bodies. Given this, the main goal of this approach
was not only to complete the processing with the best possi-
ble accuracy of high-quality and unprocessed earlier photo-
graphic observations of the Solar System bodies but also to
find new original data from these observations.

As a result, more than 6,500 new astrometric positions
and stellar magnitudes of asteroids, and 3,036 positions of
outer planets (Pluto, Uranus, Neptune, Saturn, Jupiter) and
their satellites have been determined. Most of the posi-
tions obtained from observations of large stellar surveys
of the northern sky FON (Kyiv and Kitab parts) and other
surveys (MEGA, Equatorial Catalog).

The number of new obtained positions of asteroids is
comparable to the total number of all positions of aster-
oids obtained at the Main Astronomical Observatory of
the NAS of Ukraine in 1949-1996. The accuracy of new
positions is higher than in traditional determinations from
photographic observations, but it cannot be comparable to
the accuracy of modern CCD observations.

Contrary to traditional classic definitions, digitized im-
ages of plates have produced a large number of faint aster-
oids down to 17.5 magnitudes, which were discovered in
the early 21st century. For some of them, observations are
either completely absent or not enough over the certain time
interval preceding the moments of their official discoveries.
These data can be obtained from photographic observations
only. Based on our observations, about 300 such asteroids
were found. The collection of missing data on positions
over certain time intervals and their analysis can be useful
not only for modern ephemeris calculations but also for
studying the evolution of asteroid orbits over time.

The cooperation between UkrVVO and the observatory in
Baldone of the University in Latvia, astronomical and astro-

physical institutes of Uzbekistan and Tajikistan make it pos-
sible to expand this work by involving numerous additional
archives of digitized observations and processing services
and thus obtaining new original data about the Universe.

Keywords: archives, catalog, positions, Solar System
bodies

AHOTAIIA. O6'ennannit nudposuit apxis ¢ororpa-
¢iunnx nnariBok YkpBO Ta HOBiTHI 1udpoBi cepBicu
00pOOKM JaHWX MO3BOJMIM CHOPMYBAaTH HOBHH MiAXin
II10/I0 CTBOPEHHS KAaTaJIOTiB aCTPOMETPUYHKX Ta (oToMe-
TPUYHHUX XapaKTePUCTHUK TiJ1 COHIIHOT CHCTEMH. 3 OTIALY
Ha 116 OCHOBHOIO METOIO TaKOTO MiAXOAY € He TUIBKH 3a-
BEpILIEHHS OIPALIOBaHHS AKICHUX i HEOOpOOJIeHHX paHi-
e poTorpadivHmX crnocTepekeHs Tir COHSIHOI CHCTEMH
3 MaKCHMaJbHO KPaIlOK TOYHICTIO, ajie i 3HaXOIKCHHS
HOBHIX OPHTIHAJIBHUX JaHUX 3 LUX CIIOCTEPEKEHb.

B pesynbrarti onudpyBaHHs (HOTOIUIATIBOK Ta Cy4acHOT
00poOKku ckaHiB Oyi0 BU3HA4YeHO moHa 6500 HOBUX acT-
POMETPUYHUX MOJIOKEHD Ta 30PSHUX BEJIMYUH acTEpOIiB,
3036 nonoxens 30BHIMHIX ianet (Ilnmyron, Ypan, Hen-
TyH, CatypH, IOmnitep) Ta ix cynyTHuKiB. binmbmicts 3 HUX
OTpPHMaHi i3 JOBrOTPHUBAIHX MPOTPaAM CIIOCTEPEKEHb Be-
JIMKUX 30pAHUX oryraniB miBHITHOTO HeOa @OH (KmiBcrka
ta Kitabcpka gactuan) ta inmux orsaaie (MEI'A, ExBa-
TOpiaNbHUH KaTajor).

KinbkicT OTpUMaHHX HOBHUX IOJIOXKEHb acTEPOiiB MOXKeE
OyTH TIOpiBHSHA i3 3arajilbHOIO KUTBKICTIO BCIX ITOJIOKCHB
acTepoiniB, oTpuMaHnx y ['onoBHiil acTpoHOMIYHIHi oOcep-
Baropii HAH VYxpainn y 1949-1996 pokax. TouHicTh HOBHX
TIOJIOXKEHb BHUIIA, HDK TOYHICTh KIIACHYHUX BH3HAYEHb KOOP-
JMHAT 3 GoTOrpadiyHUX CIIOCTEPEIKEHb, ajle BOHA HE MOXKE
OyTH TIOpiBHsHA 3 TOYHICTIO cyyacHuX [133 criocTepexeHs.

Ha BinmiHy BijJ TpanumiiiHUX KJIaCHYHUX BH3HAYCHB, 32
m(pPOBIMH 300pKCHHAMH IUIATiIBOK OTPHMAaHO BEIHKY
KUTBKICTh TOJIOXKEHb CIAa0KuX acTepoimiB mo 17.5 3opsHOi
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BEJIMYMHM, SKi OyITH BiIKpuTi Ha odatky 21 cromitts. s
JIeTKAX 3 HUX CIIOCTEPEXKEHHsI 30BCIM BiJICYyTHI abo iX 3a-
MaJIo y TIEBHUI1 9acOBHH 1HTEepBaJI, MOIepenHii 10 ix odi-
HiitHuX BinkpwTTiB. IHpOpMAITo po 116 MOXKHA OTPUMATH
TUTBKK 3 (QoTOTpadidHMX CHOCTEPEkKEHb. 3a JAaHUMH Ha-
IIUX CIIOCTepeXkeHb Oymno 3HaWaeHo Oura 300 Takwmx acre-
poini. HakonmueHHS 1aHUX MPO MOJIOKEHHS aCTepOidiB y
TNIEBHI YacOBi MPOMDKKH Ta 1X aHajli3 MOKe OyTH KOPHCHUM
He TUIBKH JUISl CyJacHHX pO3paxyHKiB edemepun, ane i s
BUBYCHHS CBOJIIOLIT OPOIT acTepOiiB.

Koomepamniss mix UkrVO i O6cepBaropieto B banmone
VYuiBepcutery B Jlatsii, actpoHOMiuHMME Ta acTpodizny-
HUMH IHCTHTyTaMH Y30ekucrany i Ta/uKMKUCTaHy NaloTh
MOJIJTUBICTH PO3IIMPHUTH IIO POOOTY, JOAAI0YH HOBI apXiBU
onn(ppoOBaHMX CHOCTEPEKEHB 1 CEPBICH X 00pPOOKH 1 OTpH-
MYIOYH, TAKAM YHHOM, HOBI OpHTiHANIBHI JaHi Ipo BeecBiT.

KuarouoBi cjoBa: apxiBu, KaTajor, MOJOXXEHHS, Tilla
CoHsAYHOI cCUCTEMH

1. Introduction

The existing world databases of positional observations
of the small bodies of the Solar System have a large number
of photographic, modern CCD and satellite observations for
these objects. Modern observations far exceed the previous
ones in the accuracy of coordinates and number of posi-
tions, where new mathematical methods for the automated
CCD images processing, positional frame-to-frame guid-
ance and discovery of Solar system small bodies have a
crucial role (see, for example, Savanevych et al., 2015; Sa-
vanevych et al., 2015; Savanevych et al., 2018).

However, we hope to find from digitized photographic
archives those original observations that could be used in
the solutions of modern kinematic and dynamic problems.
By applying the methods of digitization of astronegatives
developed by us, the subsequent processing of scans using
the latest reference catalogs and methods, we can achieve
the maximum accuracy of coordinates and magnitudes of
objects. Using online Internet services, we can search,
identify the necessary objects and perform a preliminary
analysis of their obtained characteristics.

2. Main results

2.1. Catalogs of asteroid positions based on observa-
tions of the FON project

The results of processing of digitized plates from the
Photographic Survey of the Northern Sky (the FON pro-
ject) (Andruk et al., 2016; Pakuliak et al., 2016;
Yuldoshev et al., 2017) contain not only the coordinates
and magnitudes of stars, but also all objects that were
fixed on these plates at the time of observations. They
were used for a global search for small bodies of the Solar
System on these plates (Golovnia et al, 2017; Kazantseva
et al, 2015; Shatokhina et al, 2017; Vavilova et al, 2014).
The identification is performed according to the coordi-
nates and stellar magnitudes of asteroids, and the diameter
and maximum intensity of the central pixel of the asteroid
image are also taken into account. Ephemeris support of
asteroids and comets at the moments of observation was

made by used from the online Internet service
https://ssd.jpl.nasa.gov/sbfind. After identification the
corresponding equatorial coordinates and B-magnitudes of
asteroids from astronegatives of Kyiv and Kitab parts of
the FON project were collected in catalogs (Shatokhina et
al., 2018a; Shatokhina et al., 2018b). Earlier, in coopera-
tion with the observatory of the University of Latvia in
Baldone, the catalog of 89 positions and stellar magni-
tudes of asteroids and comets was obtained from pro-
cessing observations of clusters in the UBVR spectral
bands in 1967-1996 (Eglitis et al., 2016).

We continued this work and performed the search for as-
teroids based on the results of processing the remaining
plates observed in U, V bands. 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.

These catalogs contain 6958 positions of asteroids and 14
positions of comets in total (see Tabl.1). To detect ambiguous
identifications, all positions of asteroids were compared with
the coordinates of stars in the Gaia DR2 stellar catalog.

The quantitative and qualitative characteristics of the
compiled catalogs are analyzed. Fig.1 shows the distribu-
tion of all identified asteroids by equatorial coordinates
RA, Dec for all used plates from Kyiv and Kitab parts of
the FON project. Most of the identified asteroids attribut-
ed to the Main Belt. Only several of them attributed to the
Hilda and Mars crosser families, potentially dangerous
and unnumbered ones.

Table 1: The number of identified positions of asteroids
and comets in catalogs

Photogra- Number | Number of [Number of asteroids

phic of used | identified [fhat have no position

Survey astrone- | positions of arlier 1982-1996
gatives | asteroids  |(or these positions

\comets  fare single)

FON-Kyiv 2260 2282/10 4(10)

(1981-1994)

FON-Kitab 1963 4589/2 ~280

(1981-1989)

Baldone 1760 1700/3 >40

(1967-1996)

70
Dec,

degrees|
50

30

3é0 3(;0 2:10 RA, d1§;0 120 66 0
egrees

Figure 1: Distribution of coordinates RA, DEC for 4533

identified asteroids of the Kitab part (dark points) and for

2293 asteroids in the Kyiv part (light points) of the FON

project.
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Figure 2: Time distribution of global observations of 7
asteroids according to MPC database as compared with
observations of these asteroids from FON-Kyiv, FON-
Kitab (red markers).

The unique fact is that we found 300 asteroids, which
have the positions at that observational date only on the
UkrVO astroplates. These observations of asteroids
belong to those early oppositions of these asteroids which
have insufficient or completely absent observational data.
As an example, Fig.2 schematically shows the distribution
of all known world observations of asteroids (7676),
(7897), (9865), (12402), (16774), (25467) and (79165).
They were discovered later and had no other observations
earlier 1991. Observation of these asteroids in 1981-1991
from the FON project is shown with red markers.

Soon, we plan to continue the global search for small
bodies of the Solar System based on the results of
processing observations from Dushanbe part of the FON
project and observations in the U, V spectral bands of the
Observatory of the University of Latvia in Baldone. Using
processing observations from the Dushanbe part of the
FON project the first results of asteroids identification
were obtained (Yizhakevych et al., 2018).

The catalog of asteroids from Kyiv part of the FON project
is placed on the website of UkrVO (http://gua.db.ukr-
vo.org/starcatalogs.php) and in Strashourg astronomical Data
Center (http://cdsweb.u-strasbg.fr).

2.2. Catalog of positions and B-values of Pluto

A catalog of 90 positions and magnitudes of Pluto for the
period 1961-1996 was obtained from digitized photographic
observations from the Joint Digital Archive of UkrvVO and
the Observatory of the University of Latvia. Pluto observa-
tions were made using telescopes of the Main Astronomical
Observatory of the National Academy of Sciences of Ukraine
(MAO NASU), Astronomical Observatory of the Taras
Shevchenko National University of Kyiv, Research Institute
“Mykolaiv Astronomical Observatory” (RI MAO) and Bal-
done Observatory of the University of Latvia.

Previously, 59 digitized astronegatives covering the pe-
riod 1961-1990 were processed and obtained a catalog of
astrometric positions and photometric values of the planet
has been obtained (Kazantseva et al., 2015).

Both previously processed and unused astronegatives
were included in the new processing. The identical type of
re-scan of all astronegatives and the subsequent pro-
cessing of scans were performed. Additionally, the posi-
tions of Pluto from astronegatives with multiple exposures

40 -

30

20 A

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
year

Figure 3: The number of positions of Pluto observed in the
world in 1914-2015, according to the MPC data (UkrvVO
astroplate collection - dark blue, all - blue).

were obtained. (Previously, only one exposure from these
astronegatives was processed.) The improvement of the
software for digital image processing allowed us to extract
all closely located Pluto images of multiple exposures.
Besides, 8 images of Pluto from the archives of observa-
tions of large photographic sky surveys of the FON,
MEGA, “Equatorial catalog” were found and processed.
As a result we obtained additionally 31 new positions and
magnitudes of Pluto and included them in our catalog.

A comparison of all resulting positions of Pluto with the
JPL PLUOS5 / DE431 ephemeris was performed. As a result
of the comparison, mean values (O-C) for all positions were
obtained, which are -0.09 and -0.15 arcsec for RA and DEC,
respectively. Their standard errors are 0.58 and 0.55 arcsec.

Fig. 3 shows 90 observations of Pluto, obtained by us in
1910-2015 during the most active period of Pluto’s obser-
vations in the world. Pluto's observations in 1950-1990
years are a few in the world in comparison with the obser-
vations of the periods of planet discovery and the begin-
ning of the 21st century. Our observations were made ex-
actly at that time. The rotation period of Pluto around the
Sun is 249 years. Since the discovery and till our time
only a small part of one revolution of Pluto on its orbit
around the Sun covered with observations.

This catalog is placed on the website of UkrvO
(http://gua.db.ukr-vo.org/starcatalogs.php) and in Strasbourg
astronomical Data Center (http://cdsweb.u-strasbg.fr).

2.3. Positional catalogs of Uranus, Neptune and satellites
of Jupiter, Saturn, Uranus, and Neptune based on obser-
vations at the MAO NASU and RI MAO

The glass photographic collection of UkrVO contains
plates of several observational projects with images of celes-
tial objects of different nature including external planets and
their satellites. These plates were digitized using flatbed
commercial Epson scanners and processed using the software
developed for image processing of digitized FON photo-
graphic plates. The software has been modified to meet the
requirements of the new task and takes into account the pecu-
liarities of the observations of planets and their satellites.

Firstly, satellites of the major planets cover the wide
range of stellar magnitudes and they are the dynamic ob-
jects of the Solar System. To take the photographic images
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Table 2: Some statistic characteristics as the results of the
processing of archive photographic observations of major
planets’ satellites.

a0 T T T T T T T ™
B b -
LN IR
i - S i
(LU
L LKW
T - -
Tl

Nirmber of panitions

(o (h oL iTe (L ke ] (3] (1] [R50 [EE L]
Vears

Object B, n | (0-C | (0-C)s | 64 | o5
mag

U1 Ariel 121 ] 2 -.95 .64 43 | .64
U2 Umbriel | 144 | 9 -12 27 .63 | .46
U3 Titania 132 (33| -.09 A4 A2 | 44
U4 Oberon 132|133 | .06 51 A7 1 .35
N1 Triton 130 9 .65 .38 57| .46
J6 Himalia 152 | 27 A7 -.18 .36 | .50
J7 Elara 157 | 7 | -10 -.09 27 17
J8 Pasiphae | 159 | 1 .58 .08 - -

S2 Enceladus | 11.7 | 12 | .48 .16 .68 | .48

S3 Tethys 103 | 20| -01 .10 .62 | .45
S4 Dione 104 | 40 | .07 .07 44 | 43
S5 Rhea 9.7 | 57| .15 .07 41| .38
S6 Titan 83 [ 84| .09 -.03 35| .37
S7 Hiperion | 142 | 8 | -.04 .10 01| .46

S8 Japetus 12 |78 | .11 .04 41| .38

S9 Phoebe 164 | 1 44 =27 - -

of such faint objects like distant Jupiter’s satellites, one
should apply long expositions. During the exposure, the
satellite can tangibly shift against stars. To hold the pro-
jection of the expected satellite image at the same point on
the plate, it is necessary to compensate for the movement
of the satellite by shifting the plate in the direction of its
displacement (Medkof method).

Secondly, the constant movement of satellites along
their orbits often causes the merger of satellite images
with the image of the planet or the image of the other
moon. To avoid it, every plate was exposed several times
with various exposures. The split of the plate image into
separate frames was made by the program algorithm.

The accuracy of the photographic plate reduction de-
pends on telescope parameters, plate field dimensions, and
a number of reference stars on the plate. The more refer-
ence stars on the plate the more accurate the connection of
the rectangular coordinate system of the plain plate with
the spherical star coordinate system can be established.

All observations of the satellites of the major planets in
MAO NASU were conducted using four telescopes: two
astrographs DLFA  (D/F=400/5500) and DWA
(D/F=400/2000) in Golosiiv (Kyiv, Ukraine), DAZ astro-
graph (D/F=4000/3000) in Kitab (Uzbekistan), and 60 cm
Zeiss reflector 2600 (D= 600, Cassegrain-focus = 7500)
installed on mt. Maidanak (Uzbekistan). Observations of
the major planets in RI MAO was conducted using Zonal
Astrograph (ZA, D/F=120/2040) telescope.

Figure 4: The distribution of observations of Saturn’s sat-
ellites by year.

30 - -

25 | -

Jupiter Uranus

20 - -

15 - .

10 - —
Uranus

Number of positions

5 -

Neptune

0 1 . 1 1 1 1 1
1960 1965 1970 1975 1980 1985 1990 1995
Years

Figure 5: The distribution of observations of Uranus, Nep-
tune, Jupiter, and their families by year.

For the reduction of observations obtained with ZA,
DWA and DAZ, the sixth-order polynomial was applied.
The processing of DLFA plates was made using third-
order polynomial. The Z600 observations were processed
with a linear model. Astronegatives were digitized on the
Epson commercial scanners in 1200 dpi mode. Tycho-2
catalogue was used as reference one. The internal accura-
cy of observations on the four telescopes DLFA, Z600,
ZA and DAZ is almost the same and lies within the limits
+0.08 - +0.19 arcsec. The accuracy of the reduction for
DWA telescope is lower and is approximately equal =0.17
- +0.24 arcsec along both coordinates. Differences in ac-
curacy have accordance to focal length of telescopes and
pixel scale of plate images. All observations have accura-
cy near 0.1 pixel (Protsyuk et al., 2014).

Tabl.2 demonstrates the coherence of determined posi-
tions of satellites and their theoretic values. Columns 4
and 5 of the Table contain the mean values (O-C) for eve-
ry satellite obtained as the result of comparison of calcu-
lated positions with according ephemeris data from
IMCCE (http://nsdb.imcce.fr/multisat/nssephme.htm). The
last two columns contain RMS errors of these differences.

Fig. 4 and Fig. 5 give the quantitative distributions of
obtained positions of Saturn’s, and Jupiter’s, Uranus’s,
and Neptune’s satellites by year along the total period of
their observations in MAO NASU.
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The processing of 750 original plate images with ob-
servations of major planets and their moons conducted in
1961- 1994 resulted in the creation of 4 catalogs:

1) catalog of 1385 topocentric positions of eight Sat-
urn’s satellites S2-S9 (Yizhakevych et al., 2017a);

2) catalog of 750 positions of Uranus and 77 positions
of its satellites U1l-U4 (Protsyuk et al., 2015, 2017
Yizhakevych et al., 2016);

3) catalog of 690 positions of Neptune and 9 positions
of its satellite N1Triton (Protsyuk et al., 2015, 2017;
Yizhakevych et al., 2016);

4) catalog of 35 positions of distant moons of Jupiter J6-
J8 (Yizhakevych et al., 2017b).

These catalogs of outer planets and their satellites are
placed on the website of UkrVO and in Strashourg astro-
nomical Data Center.

3. Conclusion

The use of new digital technologies for processing ob-
servations made it possible to increase the total number of
positions of small bodies of the Solar System by searching
for images from various digitized archives of observa-
tions, as well as to increase their accuracy. To maximize
the accuracy of astrometric positions and increase the
number of original positions of individual asteroids, we
plan to use the Gaia DR2 stellar catalog and digital ar-
chives of the UkrVVO also. The new processing of digit-
ized images of some selected minor planets using modern
reference catalogs of stars, performed at the Rl MAO, has
led to a significant increase in position accuracy compared
to previous results (Protsyuk et al., 2016).

The covering of certain time intervals with missing data
on asteroid positions and their analysis can be useful not
only for modern ephemeris calculations, but also for stud-
ying the evolution of asteroid orbits along time. These
missing data can be obtained from the digital observation-
al archives of UkrVVO and other databases. A global search
of observations of such asteroids in the databases of the
UkrVO (Vavilova et al., 2012; 2016; 2017) with subse-
quent processing of the plates will substantially increase
their number.
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