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HPEAUCJIOBUE PEJAKTOPA

B 2011 r. HukonaeBckasi acTpoHOMHUYECKasi 00CepBaTOpusi OTMe-
gaet cBoii 190-yieTHuit robmieli. OHa npoliia ciaaBHbIA myTh 0T Mop-
ckoii oocepBaropun Uepnomopckoro diora no KOxxHoro otneneHus
3HameHuToi [lynkoBckoit o6cepBaropun, a Ha mopore XXI Beka mo-
Jy4WJ1a CTaTyC CaMOCTOSITEIbHOTO HAYYHOTO YUPEXKJIEeHUS YKpPauHBbI.
OnHUM W3 IIaBHBIX COOBITUH B paMKax Mpa3qHOBAHUS HBIHELTHETO
100ues 06cepBaTOpUM CTAJIO MPOBEICHUE MEXIYHAPOIHOM KoHpe-
peHLUH ““ACTPOHOMHUYECKUE UCCICAOBAHNUS: OT OMKHETO KOCMOCa J10
lanakruxu” (HAO190), koropas mpoxomwia ¢ 26 mo 29 ceHTsa0ps
2011 r. B Huxonaese (Ykpauna) B HayuHo-uccienoBaTeabckoM HHCTH-
tyte ‘“HukomaeBckasi actpoHoMudeckas oocepsaropus’”. Kondepen-
1Sl cocTosulach MpH mojaepxkke ['ocyrapcTBEHHOro areHTcTBa Mo
BOIPOCaM HayKH, MHHOBAIMH 1 HHQOpMaTH3alluy YKpauHbl, YKpauH-
CKOM aCTpOHOMHYECKON accOoLUalluu, NMPU COAECHCTBUM U IOMOILU
O0nrocaAMUHUCTPALIUU B TOPOICKOH Mapuu I. Hukomnaesa. B konge-
peHLuH NpuHsUK ydacTue Oojee 50 cnennanucTos u3 14 actpoHoMu-
YEeCKHX yupexaeHui u odcepBaropuil Ykpaunsl, Poccun, @panunu n
Kuras.

B nacTosimii cOOpHUK BOIIIH 0030pHBIE CTAaThU 10 HATIPaBJICHUSIM
Hay4HBIX HccllefioBaHui, poBoauMbIX B HAO B TeueHue nociaeqHux
20 net, KoTopble OBLTH MPEACTABICHBI B JOKIaAaX Ha KOH(pEpEeHINN
HAO190. Onu BkJIro4aroT u3y4deHne o0beKTOB OIMKHEr0 KOCMOoca, pe-
3yJbTaThl HaOMoAeHNH ManbIx Tel COTHEUHOW CUCTEMBI, CO31aHHe Ka-
TaJOrOB TOJIOKEHUH 3BE3, HMCIIOIb30BaHHE WHPOPMALUOHHBIX H
BUPTYAJIbHBIX TEXHOJOTHH B aCTPOHOMHH, aCTPOHOMHUUYECKOE PUoo-
poctpoenue. [1Inpokoe ocBeleHNEe MOTyYHIA BOIIPOCHI MEKAYHAPOI-
HOT'O COTPYAHHYECTBa, MpoBoanMoro HukonaeBckoil odcepBaropueit
B IIOCJIE/IHNE IecATUIeTHs ¢ Koyuieramu U3 [llanxaiickoi acTpoHOMU-
yeckoii oocepsaropun (Kuraiickas Haponnas PecryOnuka), a Takxe
B paMKax MeXJIyHapOJIHOI0 IPOEKTa 10 Ha3eMHOMY COIPOBOXKIEHHUIO
kocmuueckoro anmnapara GAIA ¢ actponomamu n3 ®panuuu, Typuun
u Poccun. B psane crareii oTpakeHbl HCTOPUKO-aCTPOHOMHUYECKHE UC-
crnenoBanus, mposogumsie B HAO, B yacTHOCTH, 0 MHOTOJIETHEH CBA3U
JIByX M3BECTHBIX acTpoHoMudeckux auHactuil Ctpyse u KHoppe Ha



ocHoBe apxuBoB IlynkoBckoii 1 Hukonaesckoii oOcepBaTopuii, apxu-
BoB PAH 1 BM®, a Takxe nuuHbIX apxuBoB moroMxoB B.S. Ctpyse n
K.X. Knoppe.

MemopuanbHasi 4acThb KHUTH MOCBSIIEHA BHICOKOIIMPOTHON Ha-
yuHOH skcnequunu HukonaeBckoil oOcepBaropuu Ha OCTpOB 3amaj-
ueiid Lnunbepren, kotopast paborana B 1974-77 rr. B Helt coOpanbl
BOCIIOMHHAHUS U THEBHUKOBBIE 3alIMCH YYACTHUKOB, KOTOPbIE paHbIlIe
HE MyOJIMKOBAIUCE.

[Ipeanaraemplii BHUMAaHUIO YUTaTEIeH COOPHUK SIBISIETCS JIOTHYe-
CKUM IPOIOJKEeHUEM Bhimeiiero B 1998 1. coopuuka “HukonaeBckas
acTpoHOMHYECKas 00cepBaTopyst. 3Be3IHBIN My Th ATHHOW0 B 175 netr”,
B KOTOPOM BIIEPBBIE 32 HCTOPHIO OOCEpBATOPUU OBUIM OMHCAHBI
paszIuYHbIE CTOPOHBI €€ JAEATEeIbHOCTH Ha NpOTshKeHuu 175 mer.
Briocnencteum aTa TemMaruka Oblia paciiupeHna cepueid Onoouonmo-
rpaduiecknx cCOOPHUKOB, MOCBAIIEHHBIX AUPEKTOPAM U BBLAAIOIINMCS
muaHoCTAM B uctopun HAO, koTopas B HaCTOSIIIUIT MOMEHT HAaCUUTHI-
BaeT CeMb KHUT Ha YEThIpEX sA3bIKaX.

MBpl HageeMmcsl, 9TO JTaHHOE W3AaHue OyAeT HHTEPECHBIM IS YATa-
Tenel 1 3aliMeT JOCTONHOE MECTO CPEU KHUT, OCBAIIEHHBIX HCTOPUU
HukonaeBckoit acTpoOHOMUYECKOH 00CepBaTOPUU.

I'N. TInunurun, aupextop HUM HAO



The Maintenance of Optical Reference Frame and
their Extension on Faint Magnitudes

G. Pinigin, N. Maigurova

Introduction

Reference frames in astronomy are usually defined by the positions of ob-
jects on the celestial sphere. The modern reference system is the International
Celestial Reference System adopted by the IAU in August, 1997. Originally
it was realized by the International Celestial Refence Frame (ICRF) [10] and
extensions ICRF-ext1 [11], ICRF-ext2 [6] and ICRF2 were later issued. Last
realization ICRF2 contain 3414 extragalactic radiosources most of which
show submilliarcsecond accuracy in radio wavelengths. The space catalog
Hipparcos was adopted as primary realization of the ICRS in optics. The link
between the optical (Hipparcos Celestial Reference Frame — HCRF) and radio
(ICRF) reference frames was realised in position within = 0.6 mas at the mean
epoch 1991.25 and in rotation within + 0.25 mas per year [8]. There are two
problems for ground-based astronomy:

1) By reason of the accuracy of the HCRF-ICRF link degrades over time
due to the errors of proper motions, there is a need for verification and refine-
ment of the two frames’ link by different methods and telescopes;

2) The primary realization of the ICRS in optics — space catalog Hipparcos —
was not good for direct application in positional astronomy by reason of its
very small stars density for small fields of the CCD-astronomy. There was the
problem of propagating Hipparcos Frame on fainter magnitudes.

Link between optical and radio reference frame

The underlying assumption is that the centers of emission of radio sources
and the optical counterpart images are coincident at the accuracy level of the
optical observations. A total of about 300 optical counterparts of the ICRF
radio sources were observed mostly during 2000-2003 based on Joint Project
(JP) between astronomical observatories from China, Turkey, Russia, and
Ukraine (RI MAO) [1]. Observations were carried out with two telescopes
equipped with CCD cameras: Russian-Turkish Telescope (RTT150), the fully
automated Cassegrain telescope located at the TUBITAK National Observa-
tory (TUG), Turkey, and the 1m telescope located at YAO, China. In addition,
there are 8 fields around ERS (Extragalactic Radio Sources) obtained on
RTT150 with CCD AP-47p of size 1024 x 1024 pixels (FoV =4' x 4"), and
6 fields around ERS obtained on 2.16 m telescope of NAO with a CCD of
size 2048 x 2048 pixels (FoV = 10.5' x 10.5"). The observations were made
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Figure 1. Distribution of the observed optical counterpart of ERS
in the JP over the celestial sphere

in declination range of (—40°) <= § <= 80° and with uniform distribution over
right ascension. Fig. 1 plots the final distribution of the observed ERS in the
celestial sphere.

One of the main problem in astrometric reductions by reason their small
fields of view is the absence of reference catalogues with precise positions
and proper motions. In small CCD fields, one can not use such well-known
catalogues with low star density as Hipparcos, TYCHO, or TYCHO2. The
first reduction of our observational data was made with USNO catalogues
(version USNO A2.0 and USNO B1.0) as reference catalogues. Results of the
reduction with reference stars from USNO B1.0 catalogue show large system-
atic errors of about 200 mas in declination. Due to their low precision, the op-
tical stellar positions from these catalogues can not be used to refine the link
parameters between the radio and optical systems. The catalogs UCAC2,
UCAC3 and 2MASS [4,16,17] are more accurate catalogues, which have
made possible to partly re-process the available observational data.

The optical positions of the 126 ERS in the declination zone
(-30°) <= & <= 50° were measured with respect to the UCAC2 as reference
catalogue and positions of 171 ERS in the declination zone (-40°) <= § <= 80°
were measured wit respect to the UCAC3 and 2MASS. The mean accuracies
of the measured positions are 38 mas in right ascension and 35 mas in decli-
nation. A comparison between the measured optical positions referred to ref-
erence stars from UCAC2 catalog and the radio positions from the current
ICRF has shown that the overall offsets (optical position minus radio position)
are 3 and 14 mas in right ascension and declination, respectively. The formal
internal errors of these mean offsets are 4 mas.
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Comparative analysis of the results obtained with different catalogs are
given in the tabl. 1. The data were calculated with using 113 common ERS.

Table 1
Optical-radio rotational parameters
Plate Solution
Catalog Aacosd, A9, N N
mas mas oy o5 stars
UCAC2 | -7+4(46) | 13+4(42) | 113 39 38 11
UCAC3 -9+5(48) | 15+4(43) | 113 57 57 16
2MASS -8+6(68) | 33+7(76) | 113 87 88 33

Determination of Angles between Optical and Radio References Frames

The obtained values of differences were used for calculation of rotation an-
gles between radio and optical systems of coordinates. Values of the angles
between optical and radio reference frames were calculated by known formu-
las in accordance with available observations:

A0 _RC0OSO = wysindcosa + wysindsina - m,c08d (1)

y

Ad(_R=-0ysina + ®y,COS0L

where: (Ao_R =0 - ar) and (AS_R = - OR) are ERS coordinate dif-
ferences in optical and radio reference frames; oy, ®,,, ®, — rotation angles
about the x,y,z axes, respectively, where wy is a rotation around the axis
(RA = 0" DEC = 0°), Oy — around (RA = 6", DEC = 0°), ®, — around
DEC = 90° direction.

The two variants of the solution are given in tabl. 2. The first one was cal-
culated from the differences (O - R), which had been obtained within the proj-
ect (142 sources). The second one was calculated from the joint compiled data,
both by the ours and optical positions, obtained by Brazilian astronomers [3].

The estimation of the link between optical and radio reference frames has
shown that orientation angles are near zero within their accuracy about
5 mas.

The link accuracy becomes 3 mas when the observations are combined with
other studies [2].
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Table 2
Optical-radio rotational parameters, where: oy y,z are rotation
angles with their standard errors; 6 is error of unit weight

Oy oy 0,
Source (mas) (mas) (mas) N

Joint Project,

UCAC2 -02+£58 | 72+£55 | 7045 | 130

Joint Project,

UCAC3 -0,1+£6,1 | 64+£58 |-1,8+3.5| 171

Data from Assafin M., et al.

2003, UCAC2 -1.1+£36| 1.3£3.0 | 6.7+£24 | 172

Joint Project & data from
Assafin M., et al. -04+321 35+28 | 6.8+2.3 [ 302
2003, UCAC2

The increasing number of optical positions and accuracy of published po-
sitions, made by other astronomers, allows to improve the accuracy of deter-
mination of link parameters down to 4 mas. The error of the solution is defined
by the accuracy of the reference optical catalogue.

The extension of the Hipparcos reference frame on faint magnitudes

As stated above direct use of high-precision cosmic Hipparcos and Tycho
catalogs for determination of the positions of radio sources is impossible due
to the low density of stars in these catalogs. Therefore the important task in
this direction is to extend the HCRF system on faint stars. In addition, the
proper motions of stars, that were determined with the help of spacecraft in a
short period of observation, showed significant discrepancies with the ground
proper motions determined using distant epochs. The remarkable event of mod-
ern astrometry was the creation of Tycho2 catalog (2539913 stars) — the result
of the combination of positional data of the Tycho experiment and more than
140 ground-based catalogs of the 20" century for the determination of proper
motions [7]. Using the Tycho2 catalog as a reference, such catalogs as UCAC3,
CMC14, 2MASS, etc. expanded HCRF to 17 magnitude in the optical and in-
frared wavelengths on whole sky. The creation of high-level system of faint
reference stars around ICRF extragalactic radio sources is also topical problem.
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There are many papers devoted to the creation of such system of reference stars
around astrometric ERS [5,9,15]. It should be noted such catalogs as ERLCAT,
XC1, KMACI. Their main idea is to give an opportunity to skip multi-step re-
ductions from bright stars to faint stars in optical observations. For astrometric
reductions of optical CCD-observations of extragalactic radio sources (ERS)
the compiled catalogue of 21440 stars of 10-17 magnitude was obtained for
227 fields of size 30' - 40" in declination zone (-17°) to +89° with a center in
ERS. This project is carried out within the frames of international cooperation
between astronomers from Russia (Pulkovo, RAS), Romania and Ukraine [13].
Some differential catalogues of stars around ERS obtained from photographic
and CCD-observations by different observatories were considered. The proper
motion of 10795 stars up +50° in declination was chosen from UCAC2. Com-
parison of positions of stars was made with the UCAC2, CMC13 catalogues.
The average external accuracy is about (0.05-0.15)" for majority of chosen
fields of the compiled catalogue. The internal accuracy of positions on both
coordinates is not worse 0.10". The average positions of stars in the compiled
catalogue are given for stars with chosen from the UCAC proper motions on
the epoch and the equinox of J2000.0, and for another one on the epoch of ob-
servation. The dependence of systematic differences (O-C) in right ascension
and declination versus equatorial coordinate are shown in Fig. 2.

The usage of such high-sensitive light detectors as CCD in meridian instru-
ments allowed us to carry out numerous observations of stars and other celes-
tial objects at modern level of accuracy. The Axial Meridian Circle (AMC) of
Nikolaev Observatory was put into operation in 1995. AMC is a modern ro-
botic telescope having unique design features [12], which correspond to the
best ones of meridian telescopes in the world and some parameters, such as
weight and thermal deformations, even exceed them. Because of the unique
design features, AMC was inscribed in a list of scientific objects that repre-
sents the National Heritage of Ukraine by the Decree #1709 issued by the
Government of Ukraine on December 19, 2001. AMC design consists of a
horizontal rotating telescope in the prime vertical and a motionless long-focal
length autocollimator. CCD camera is installed in the telescope focal plane to
measure the exact moment of the star passage through the meridian plane. The
central optical unit, which consists of reflecting prism and glass limb, is at-
tached to the telescope tube. The reflecting prism has two flat mirrors with
45° between them. Diagonal flat mirror reflects luminous flux from celestial
bodies into the objective of telescope. Another flat mirror is installed perpen-
dicularly to the rotation axis with accuracy of + 20", providing a reflection of
luminous flux from artificial marks back into the objective of autocollimator.
A part of this luminous flux passes into the telescope through a small hole in
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Figure 2. Dependence of systematic differences (O-C) in right ascension
and declination versus equatorial coordinates
(circles — right ascension, crosses - declination)

the center of the reflecting prism. Positions of the marks are measured in the
telescope focal plane. It allows us to determine accurate positions of celestial
bodies taking into consideration instrumental parameters. Systematic instru-
mental errors are from + 0.02" to + 0.03".

Observational campaigns with the Axial Meridian Circle (AMC) were also
aimed on solution of these problems maintenance and extension of the
ISRF/HIPPARCOS reference system to fainter objects.

In 1996-1998, regular observations of stars in fields around 188 extragalac-
tic radio sources (ERS) were carried out to improve stellar positions and cre-
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ation reference catalog for astrometric reductions of ERS. These observations
in robotic mode using CCD cameras of telescope and autocollimator, photo-
electric system for reading circle, setting system, control computer were the
first ones in Ukraine. As the result, a catalogue of positions for 15000 of stars
was compiled. The catalogue contains stars of 12 to 15 magnitude at epoch of
J2000. Hipparcos and Tycho catalogues were used as input ones. USNO-A2.0
catalogue was used for recognition of stars.

In 2002-2005, the AMC was equipped with CCD camera made in the
RIMAO on the basis of ISD0O17P chip made by Electron-Optronik, St Peters-
burg. Observations of stars in narrow equatorial zone from (-7.5°) to + 7° were
carried out with the AMC to obtain positions of stars 10-15 magnitude and to
compile a reference catalogue for reduction of geostationary satellite obser-
vations. As the result, a catalogue of positions for 11563 stars was compiled
at right ascension zone of 17" - 21", Accuracies of positions are 105 mas and
115 mas in right ascension (RA) and declination (Dec) correspondingly.

In 2003-2005, observations of stars in fields around ERS were carried out
in ecliptical zone. As the result, a catalogue of positions for stars with accuracy
better than 100 mas in 15 calibrated fields around the ERS was compiled.

In 2007, CCD camera S1C was installed at the AMC after reconstruction
of enclosure and observations in ecliptical zone were continued. The program
of observations was extended to 53 fields each with angular sizes of 7.5° x 1°.
The fields are uniformly placed in right ascension in declination zone of + 10°
from ecliptic plane. As the result, a catalogue of positions and proper motions
more than 140000 stars in the system of UCAC2 catalogue was obtained. In-
ternal accuracy of catalogue positions are 40 mas to 125 mas for stars of 9.5 to
15 magnitude.

Despite the fact that the potential accuracy and limiting magnitude which
are achieved by space astrometry cannot be compared with the ground-based
astrometry, the role of ground-based astrometry consists in the edition of these
observations in areas where “space” contribution is negligible or non-existent.
The comparison of the “instant” (obtained with the help of space astrometry)
and “ground” values of stars proper motions gives an additional information
about the physical nature of studied objects, and allows to make a suggestion
of presence or absence of invisible component. As a matter of fact, the high
cost and limited terms of spacecrafts make it impossible to solve problems re-
lated to understanding the kinematics and dynamics of our Galaxy, which re-
quire numerous accurate determinations of the proper motions of stars and
their parallaxes.

Since the 2008 year observations of stars with large proper motions have
also started at axial meridian circle of Nikolaev observatory. Stars with large

32



proper motions represent the specific interest for astronomers. Primarily it is
due to the fact that these stars are relatively close to the Sun. This allows to
use them for tasks such as determination of some parametes of our Galaxy
model and refinement of Sun apex coordinates. A large percentage of stars
with big proper motions are stars of low luminosity (white, red and brown
dwarfs), which allows to use them for searching and studying of stars with
unseen companions. Because of quick change of position of these stars on
the background of more distant stars, they can also act as a lensing objects
during the high-space experiments. Ground observations may help in the
problem of prediction of these phenomena, their probability of occurrence
and duration [14].

Nowadays, in the framework of fundamental research work “Refinement
of the kinematic parameters of stars and stellar subsystems of the Galaxy based
on CCD observations of selected zones” regular observations of stars with
high proper motions are carried out using Nikolaev Axial meridian circle. The
research work on this topic will be held during 2010-2012.
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