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ABSTRACT. Photographic observations of XX century ABCTPAKT. ®ororpadiuni cmocrepexeHHs XX

contained numerous and varied information about all ob-
jects and events of the Universe fixed on the astronega-
tives. The original and interesting observations of small
bodies of the Solar system in previous years can be se-
lected and used for various scientific tasks. Existing data-
bases and online services can help make such selection
easily and quickly.

The observations of chronologically earlier oppositions,
photometric evaluation of brightness for long periods of
time allow refining the orbits of asteroids and identifying
various non-stationarities.

Photographic observations of the Northern Sky Survey
project (FON project) were used for global search for
small bodies of Solar system. About 2,000 photographic
plates of Kitab part of the FON project were made using
Double Wide Angle Astrograph at the Kitab observatory
(Uzbekistan) during 1981-1989. Early, using that digitized
observations the catalogue of equatorial coordinates and
stellar magnitudes for more than 13 million stars and gal-

axies up to B=17.5" was compiled. At present, we ana-
lyzed all processing results for the search of asteroids and
compiled the catalogue of equatorial coordinates and stel-
lar magnitudes of them.

As a result more than 4,500 asteroids and comets with
visual magnitude from 7.7 to 17™.5 were identified now.
All positions of asteroids were compared with ephemeris.
A preliminary analysis of O-C differences was carried out.

New and interesting are that the moments of official
discovery of some identified asteroids much later than
their moments of Kitab's observation. In addition, some of
them are the earliest observations of these asteroids in the
world among all known observations. More than 915 ob-
servations of such asteroids have been found on the plates
of Kitab part of the FON project.
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CTOJITTS MICTSITh YHCIICHHY Ta PI3HOMaHITHY 1H(pOpMAIito
mpo Bci oO'exktm Ta mmoxii BceecBity, 3adikcoBaHi Ha
actpoHeraruBax. OpuUTiHaJbHI Ta IiKaBl CHOCTEPEKEHHS
Manux Til COHAYHOI CUCTEMH B TMOTIEPEIHI POKH MOYKHA
BUOpaTH Ta BUKOPUCTOBYBATHU JUIS Pi3HUX HAYKOBUX 3aB-
naHb. IcHyroui 0a3u JaHWX Ta OHJIAMH-CEPBICH MOXYTh
JIOTIOMOTTH 3pOOUTH TaKHi BUOIp JIETKO 1 IIBUIKO.

CroctepexeHHs] XpOHOJOTIYHO OiTBI paHHIX OIMO3HU-
uifi, goToMeTpuYHA OIiHKA ONHCKY MpPOTATOM IOBIHX
MEepioiB  4Yacy  JO3BOJSIOTH  YTOYHIOBAaTH  OpOiTH
acTepoiiB i BUABIATH Pi3HI HECTAIIOHAPHOCTI.

®dororpadivni cnoctepexxeHHs DororpadigHoro orus-
ny miBHiYHOTO Heba (mpoexkt ®OH) Oynm BUKOpHCTaHi
JUTsl TI00ANTBHOTO MOMIYKY MaiuX Til COHSAYHOI CHCTEMH.
bausbko 2000 dororpadiynnx mnariBok Kitadbepkoi wac-
TuHN npoekty @OH oTpumaHi 3a JOIOMOT0I0 MOJIBIHHOTO
IIMPOKOKYTHOTO acTporpada obcepraropii Kitab, Y36e-
kuctaH y nepiox 3 1981 mo 1989 poku. CrouaTky, BUKO-
pHUCTOBYIOYM 1ii ONU(POBaHi CIOCTEpEKEHHs, OyB CKia-
JIEHUH KaTaloT eKBAaTOpialbHUX KOOPAWHAT 1 30pSHHUX
BEJIMYUH Ui OimbIl HDK 13 MJIH 3ipOK 1 TaNakTHK OO
B=17.5". Ha pmanuit yac Mu MpOoaHaNi3yBaJld yCi pe3yib-
TaTd 3 METOIO TMOIIYKY acTepoiiB Ta CKJIAM KaTalor ix
€KBATOPIAJIbHUX KOOPJIUHAT Ta 30PSHUX BEJIHYHH.

B pesynpraTi Oyno imentudikorano 6imemre 4500 30-
OpakeHb acTepoiNiB i KOMET i3 Bi3yaJbHOIO 30pPSHOIO Be-
nmauHO Bix 7.7 1o 17™.5. Bei monoseHHs acTepoimis
nopiBHIOBaNKCS 3 ehemepuaamu. [IpoBeeHO MOnepeaHii
anami3 pizHuIp O-C.

HoBuM 1 mikaBuM € Te, III0 MOMEHTH CHOCTEpPEKEHHS
JIesIKUX 1IeHTU(]IKOBAaHUX aCTEPOINiB € 3HAUHO PaHIIIUMHU,
HDK MOMEHTH iX BimkpurTsa. Kpim Toro, meski 3 HHX €
HalIepIIuMH CIIOCTEPEKECHHAMH LHX acTepoiliB y CBITI
cepel yCiX BIIOMHX CIOCTepexeHb. bimbme 915 cmocte-
peXEHb TaKUX acTepoimiB Oynu 3HAHICHI Ha IUIATiBKaxX
Kitabcpkoi wactuam npoexty POH.

Kiro4uoBi cioBa: karajor, HOJOXEHHS acTepOimiB, Tpo-
ext DOH
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1. Introduction

In the implementation of the Photographic Survey of
the Northern Sky (the FON project) took part six observa-
tories: Main Astronomical Observatory of Ukraine (Go-
loseevo), Zvenigorod Observatory of Russia, Hissar Ob-
servatory of Tadjikistan, Abastumani Observatory of
Georgia, Zelenchuk Observatory of Russia and Kitab Ob-
servatory of Uzbekistan. (Pakuliak et al., 2016; Andruk et
al., 2017a)

The Kyiv part of the project has been successfully
completed. The final result of this part was the catalogue
of positions and B-magnitudes for more than 19 million
stars and galaxies with B < 16."5 (Andruk et al, 2016b).
In addition, a catalogue of 2293 positions of asteroids was
compiled based on these observations (Shatokhina et al,
2018).

The Kitab part of the project finished by compilation of
the catalogue of equatorial coordinates o, 8, and B-
magnitudes for more than 13 million stars and galaxies up
to B < 17.™5 for the epoch 1984.97 (Yuldoshev et al,
2017). Similar to the previous one, now we used the proc-
essing results of digitized astronegatives for a global
search for small bodies of the Solar system.

The techniques of astroplate digitization and further
processing and determination of coordinates and magni-
tudes of stars are described in the series of publications
(Andruk et al., 2014; 2015; 2016a; 2016b; Protsyuk et al.,
2014a; 2014b). The results of the determination of Solar
system bodies positions are described in others one (Ka-
zantseva et al., 2015; Yizhakevych et al., 2014; 2015; 2016;
2017; Protsyuk et al., 2014a; 2014b; Eglitis et al., 2016a;
2016b; Shatokhina et al., 2016; 2017; 2018). Notice, that
digitizing of astroplates has been performed using Epson
Expression 10000XL commercial scanner, with the resolu-
tion 1200 dpi. All scans of plates accumulated in Joint Digi-
tal Archive of Ukrainian Virtual Observatory (UkrVO).
Standard images were processed using advanced software
complex for MIDAS / ROMAFOT programs in LINUX
environment. The software was developed and imple-
mented in MAO NASU to process the digitized astronomic
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 plates.

The equatorial coordinates o, o and stellar
B-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 photometry of stars for astroplates was
made on the basis of the principles implemented in proc-
essing the plates of the FON project (Andruk et al.,
2017b) using photoelectric measurements of stars to con-
struct the characteristic curves of plates (Relke et al,
2015). Photographic B-magnitudes of objects were cali-
brated with photoelectric standards (Andruk et al., 2016b).

2. Results

We analyzed the results of digital processing 1963 pho-
tographic plates of the Kitab part of the FON project.
Generally, 4529 images of asteroids and 4 images of com-
ets with 8-17.5 magnitudes were found on these plates.

The positions and magnitudes of identified asteroids and
comets were compiled into a catalogue.

The quantitative and qualitative characteristics of the
received catalog are analyzed. Most of identified asteroids
attributed to the Main Belt. Only several of them attrib-
uted to the Hilda and Mars crosser families, potentially
dangerous and unnumbered ones.

The Fig. 1 shows the distribution on equatorial coordi-
nates RA, DEC of all 4533 identified asteroids for all used
plates. Notice, that the plates from Kitab part of the FON
project cover the strip on celestial sphere from 0 to 24
hours in right ascention and from -20° to +02° in declina-
tion. For a comparison, the similar distribution of
asteroids coordinates identified from Kyiv part
observations of the FON project shows on the Fig.1 too.

Analogically the Fig.2 shows the distribution of visual
magnitudes for all identified asteroids for Kitab part and
Kyiv part observations. Generally, in comparison with
asteroids of the Kyiv part of the project, asteroids of the
Kitab part are identified fainter ones up to 17.5
magnitudes. The number of identified Kitabian asteroids
is significantly greater compared to asteroids of the Kyiv
part of the project. It was achieved by simultaneous
exposure of each pair of plates on two telescope tubes in
Kitab.
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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: Distribution of visual magnitudes Mv (ephem-
eris) of asteroids from Kitab part observations (dark bars)
and Kyiv part (light bars) of the FON project.
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Figure 3: The scatter of individual values O-C for all as-
teroids in coordinate RA (from above) and coordinate
DEC (bottom).

All positions of asteroids were compared with the
ephemeris JPL DE431 (http://ssd.jpl.nasa.gov/horizons).
Identification of asteroids was performed using JPL re-
sources too. The values of O-C differences on both coor-
dinates for all asteroids are presented on Fig.3. The scatter
of these values is greater in right ascension than in decli-
nation for asteroids with different magnitudes. But it in-
creases in both coordinates for asteroids fainter than 15
magnitudes The possible reason for this may be the ab-
sence of faint reference stars in Tycho-2 catalogue or
small exposures for reliable determination of positions of
faint objects.

The brightness of asteroids depends on its geocentric
and heliocentric distances and from the angle of phase. In
addition, all asteroids exhibit short-period fluctuations in
brightness due to their own rotation with periods from
several hours to one day, in most cases. Therefore, the
obtained stellar B-magnitudes of asteroids contain the
results of the influence of all these factors. The amplitude
of short-period fluctuations in brightness for different as-
teroids is different and varies from a few hundredths of a
stellar magnitude to two stellar magnitudes. For each as-
teroid we calculated the difference B-Mv, where Mv is the
visual magnitude calculated by the ephemeris JPL (taking
into account the geocentric and heliocentric distances of
the asteroid and the phase angle functions). This differ-
ence includes the residual short-period variations in
brightness. Fig. 4 presented a scatter of such differences
B-Mv for all identified asteroids.

The accuracy of determination of coordinates and
B-values of asteroids was investigated for the selected 411
pairs of observations performed on both telescope tubes
simultaneously. The standard deviations ¢ from the mean
values in both coordinates and the B values for all posi-
tions of asteroids from these pairs of observations are
shown in Fig. 5.

: The scatter of differences B-Mv for all asteroids.
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Figure 5: The scatter of values of standard deviations ¢ in
coordinates RA (dark points), DEC (light points) (from
above) and B-values (bottom) for asteroids of various stel-
lar magnitudes.

From the preliminary analysis of the catalog data, it
was found that 915 asteroids positions have moments of
observation preceding their discoveries. Besides, these
observations from Kitab part of the FON project are the
earliest observations of corresponding asteroids in the
world among all known observations (according to MPC
data (http://www.minorplanetcenter.net/db_search)). As a
rule, this is small faint asteroids discovered by CCD and
satellites observations from 1990-2005. Most of them
belong to such early oppositions of asteroids, which
because of the lack of data are not involved in the
calculation of ephemerides. Therefore, their differences in
O-C values can be large. Such asteroids are difficult to
identify. Some of these asteroids with O-C less than 2.5
arcsec are included into a present catalog now. Another
part of such asteroids with large O-C will be included
after a critical analysis. The catalog will be presented on
UkrVO web-page.

The global search of observations of similar asteroids
in the databases of the UkrVO (Vavilova et al., 2012;
2016; 2017) followed by the processing of plates, will
increase their number.
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3. Conclusion

Large photographic sky surveys can become a basis not
only for creating a catalogues of stars and galaxies, but
also for compiling a catalogue of the positions of small
bodies of the Solar System. Digital processing of photo-
graphic plates allows to determine with high accuracy the
coordinates and stellar magnitudes for all objects.

From observations of Kitab part of the FON project
more than 4,500 asteroids and comets with visual magni-
tudes from 7.7 to 17".5 were compiled into the cata-
logue. A significant part of asteroids from that catalog
belongs to such early oppositions of asteroids, which be-
cause of the lack of observational data are not involved in
the calculation of ephemerides.

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

Intensive work on the creation of catalogues of stars
and galaxies and small bodies of the Solar System based
on digitized observations of Kiev and Kitab parts of the
FON project were successfully carried out with the active
support of UkrVO.
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