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ABSTRACT. Observations of 20 open clusters at the
Maidanak Observatory were performed using the Zeiss-
1000 telescope in the winter of 2018. As the light receiver, a
CCD camera Apogee Alta U9000 (3K x 3K, FOV
19.5'x19.5") was used. All observations were performed
using BVRI light filters. The exposure time, depending on
the filter was from 60 to 150 seconds. Due to the instability
of the telescope, images of the stars are slightly elongated.
For each observation night, calibration images were ob-
tained. Astrometric processing was carried out after filtering
hot pixels. For testing purposes, we used two methods of
reduction: by the Astrometrica program and the author's set
of programs with primary processing in the MIDAS envi-
ronment. The reduction of 280 frames was performed using
a polynomial of the third degree. As reference stars in dif-
ferent processing options, the Tycho2, UCAC4 and Gaia
DR2 catalogs were used. Due to the small field and the
small number of reference stars, the processing in Tycho2
showed the worst result. The results obtained by author pro-
grams with reference catalogs UCAC4 and Gaia, showed
good convergence. Integrated catalog of 18 thousand stars
upto 18.5™ was obtained. The accuracy of the catalog is
ora=0.011" and opgc=0.013", the accuracy of single obser-
vation on RA (0.030 - 0.032)" and DEC (0.035 - 0.037)". At
the same time, the accuracy of intraframe processing with
the Gaia reference catalog turned out to be 2-3 times better
than the analogous one with the UCAC4 catalog. The accu-
racy of processing clongated star images by the Astromet-
rica program is on the average 3-4 times worse than by the
author's programs. Also a systematic dependence of the
pixel scale on the using filter was found. Based on the re-
sults of the test photometric processing of NGC869 cluster a
photometric estimate of the accuracy of the observations
was obtained. The internal errors of one measurement of the
stellar magnitude in the instrumental system bvr have the
values oy, = (0.03-0.05)™. After the reduction of instrumen-
tal stellar magnitudes to the Johnson BVR system, the errors
of one measurement are gyg = (0.05-0.08)™. The processing
of observations showed the possibility of carrying out dif-
ferential observations on the telescope Zeiss-1000 with an

accuracy of one observation, not worse than 0.04", and near
0.02" after improving telescope management.
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ABCTPAKT. CnocrepesxxeHHst 20 pO3CISIHUX 30PSHHUX
CKymmueHb Ha MalimaHakchkiii obcepBaTopii BUKOHAHI Ha
MeTpoBoMy Tefeckomi Zeiss -1000 B3umky 2018 poxy. Sx
npuiiMad BHIIPOMIHIOBaHHS BHKOpHCTOByBasacs 1133 ka-
mepa Apogee Alta U9000 (3K x 3K, FOV 19,5'x19,5"). Bei
CIIOCTEPEKECHHSI BUKOHAHI 3 BHKOPHCTAHHAM CBITJIIOBHX
¢ineTpiB BVRI B cuctemi beccens. TpuBanicTh eKCIO3HITIT
B 3aJIC)KHOCTI Bif QimpTpa craHoBmima Bim 60 mo 150 ce-
KyHO. Yepe3 HecTaOUTBHICTH BENEHHs Telieckoma 300pa-
JKEHHS 31pOK TPOXH BHUTATHYTI. JJIs1 KOXKHOI CIIOCTEPEKHOT
HOYi OTPUMaHi KamiOpyBajbHI 300pakeHHA. ACTPOMETPH-
yHa 00poOKa MpOBOMIACS Micis (QUIbTpalii rapsyux miK-
CelliB 3a JBOMa METOAMKAaMH: NporpaMoro Astrometrica i
aBTOPCHKUM HaOOpPOM IIporpam 3 MEPBUHHOIO 0OPOOKOIO B
cepenosumi MIDAS. Pexykiiist BUKOHyBajiacs 3 BUKOPHC-
TaHHSM TOJIiHOMa 3-T0 CTymneHs. B sSKoCTi omopHUX 3ipoK B
pi3HEX BapiaHTax 0OpoOKHM OyTM BHKOpPHCTaHI KaTaJOTH
Tycho2, UCAC4 i Gaia DR2. Yepe3 manuii po3mip mouns i
Maly KUTBKICTh OHOPHUX 3ipok 00poOka B Tycho2 mokasa-
Ja Halripmuii pe3ynbTar. Pe3ynbraTn, oTpuMaHi aBTOpCh-
KAMU TporpamaMiu 3 omopHuMH Katamoramun UCAC4 i
Gaia, MoOKa3aiay X0opoIry 301KHICTb. TOUHICTb IHTErpaIbHO-
ro karasory 18 tucsu 3ipok mo 18.5", orpumanoro 3 280
Kajpis, ckiana mo RA - 0.011" i DEC - 0.013". Tounicts
OMHUYHOTO criocTepekeHHsa ckimana mo RA (0.030 -
0.032)" i DEC (0.035 - 0.037)". IIpu 11sOMy TOYHICTH BHY-
TPIIIHBO KaJapoBOI 0OpoOKHM 3 omopHMM KaTajorom Gaia
BUSBIJIacA B 2-3 pa3M Kpallle aHAJIOTIYHOI 3 KaTaJorom
UCACA4. Tounicte 00poOKH BHUTSATHYTHX 300pa’keHb IPO-
rpamoro Astrometrica B cepeIHROMY B 3-4 pasu ripIie, Hix
ABTOPCHKUMHK TIporpamMamMu. Takok B Tporeci 0OpoOKu
BUSIBJICHA CHCTEMATHYHA 3aJIeXKHICTh BEJIMUYMHN MaclTaly
MiKCeJIs BiJl 32CTOCOBYBAHOTO CBITJIOMUIBTPY. 3a pe3yibTa-
TaMH TeCTOBOi 00poOKu criocTepeskeHs Bix 21 ciunsa 2018 p
ckymaeHHI NGC869 orpumana ¢GoTOMETpHYHA OIiHKA
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TOYHOCTI CIOCTEpEKECHb. BHYTpINIHI MOMIIKH OJHOTO
BUMIpPY 30pSHOI BEIMYHHU B IHCTPYMEHTAJBHIH CHCTEMI
bvr MarTh 3HaueHHA Gy, = (0.03-0.05)". Ilicna penykuii
IHCTpYMEHTANBHUX 30pSHUX BEIUYMH B cucTteMy BVR
JI>KOHCOHA TTOMWJIKA OJHOTO BUMIpY piBHI ogyr = (0.05-
0.08)™. OOpobKa CHOCTEPEKEHb TOKA3ala MOKIUBICTH
MIPOBOJUTH JAUQepeHIriaabHi CIOCTEPEKESHHS Ha TEJIECKOT
Zeiss-1000 3 TOUHICTIO OAHOTO CIIOCTEPE)KCHHS HE TipIie
0."04, a mpu moutinIIeHH] BeneHHs Teneckomna, To 1 0.02".

Karouosi ciioBa: Actpomerpis — @oromerpis — PoscisHi
cKymueHHs — AHaui3 qanux — Karaixoru

1. Introduction

Observations of 20 open clusters (NGC869, NGC884,
NGC957, NGC1039, NGC1245, NGC1444, NGC1496,
NGC1528, NGC1545, NGC1907, NGC2099, NGC2168,
NGC2281, NGC2331, NGC2335, NGC2420, NGC2632,
NGC2682, Berkeleyl0O, Berkeley67) at the Maidanak
Observatory(http://www.academy.uz/en/site/slideview/20)
were performed using the Zeiss-1000 telescope in the
winter of 2018. As the light receiver, a CCD camera
Apogee Alta U9000 was used. New CCD Camera was
installed at 2017 after repairing of the telescope. Camera
has 3K x 3K size with FOV 19.5'x19.5" and pixel size 12 x
12 microns or 0.388"/pixel. All observations were
performed using BVRI light filters with three exposures
each. The exposure time, depending on the filter was from
60 to 150 seconds with CCD chip temperature near -20°C.
Due to the instability of the telescope, images of the stars
are slightly elongated. For each observation night,
calibration images were obtained. Astrometric processing
was carried out after filtering hot pixels. For testing
purposes, we used two methods of reduction: by the
Astrometrica program (Raab, 2018) and the author's set of
programs with primary processing in the MIDAS
environment (Andruk et al., 2005; 2017; Protsyuk et al.,
2014a, 2014b). This software was created to process images
that are part of the Ukrainian Virtual Observatory
(Vavilova et al., 2012; 2017).

2. Astrometric investigations

The reduction of 280 frames was performed using a
polynomial of the third degree. As reference stars in
different processing options, the Tycho2, UCAC4
(Zacharias et al., 2013) and Gaia DR2 (Gaia
Collaboration, 2018) catalogs were used. Due to the small
field and the small number of reference stars, the
processing in Tycho2 showed the worst result. The results
obtained by author programs with reference catalogs
UCAC4 and Gaia DR2, showed good convergence
(Fig.1). Integrated catalog of 18 thousand stars upto 18.5™
was obtained. The accuracy of the catalog is ora=0.011"
and oppc=0.013", the accuracy of single observation on
RA (0.030 - 0.032)" and DEC (0.035 — 0.037)" (Fig. 2).
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Figure 1: Scale values distribution for all CCD frames
depending on the reference catalog Tycho2, UCAC4, Gaia
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At the same time, the accuracy of intraframe
processing with the Gaia DR2 reference catalog turned out
to be 2-3 times better than the analogous one with the
UCAC4 catalog (Fig. 3). The accuracy of processing
elongated star images by the Astrometrica program is on
the average 3-4 times worse than by the author's programs
(Table 1). Also a systematic dependence of the pixel scale
on the using filter was found (Fig. 4).
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Figure 3: Distribution of RA/DEC accuracy in arcsec of
intraframe processing with the reference catalogs UCAC4
(left) and Gaia DR2 (right)
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Figure 4: Systematic dependence of the pixel scale on the
using filters BVRI for the reference catalogs UCAC4
(left) and Gaia DR2 (right)
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Table 1: Comparison of the accuracy of single observation
with different reductions

Software Ref.cat | Nref. N RA, DEC,
stars stars | mas | mas

Astrometrica  UCAC4 | 15516 128293 96.7 164.9
Author's UCAC4 12771 18288 31.2  37.0
Author's Gaia 13295 18192 29.8 | 34.8

Table 1 show the number of reference stars, number of
stars in received catalogs and accuracy of single
observation for this catalogs. Astrometrica finded more
objects but overall accuracy worse. Despite the greater
accuracy of intraframe processing with Gaia reference
catalog (Fig. 3) we received approximate equality of the
accuracy of the resulting catalogs for both reference
catalogs. This is associated with the worsing of the final
result due to the instability of the telescope from frame to
frame and a rather large random error.

3. Photometric investigations

CCD observations of open clusters are made by
consecutive exposures in each of the Johnson BVRI
filters. The duration of one exposure are 60, 90, 120 and
150 seconds for I, R, V and B filters respectively. The
processing of raw CCD frames with B, V, R filters was
made according to the method of processing digitized
images of star fields, which is described by Andruk et
al.(2005; 2017). The demonstration of the evaluation of
the photometric accuracy of processing CCD frames is
considered on the example of observations from January
21, 2018 of the NGC 869 cluster. Figure 5 shows the
distribution over the stellar magnitudes of the internal
errors of a single measurement of the magnitude in the bvr
instrumental system. The figure shows that the internal
errors of one measurement of the magnitude in the bvr
instrumental system have the values oy,, = (0.03-0.05)™.
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Figure 5: The distributions over the stellar magnitudes of
the internal errors of a single measurement of the
magnitude in the bvr instrumental system

Also in the figure for each band b, v, r show the number
of stars n on frames. The procedure for reducing the
instrumental stellar b, v, r to the Johnson system B, V, R
is shown in Fig. 6. For searching an functional connection
of Johnson's B, V, and R values with instrumental
photometric values of b, v, and r we used photoelectric
measurements of stars from the Relke et al. (2015)
catalog. After the reduction of instrumental stellar
influences in the Johnson BVR system, the errors of one
dimension are ogyg = (0.05-0.08)". These results are
presented in Fig. 7.
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Figure 6: Connection of instrumental stellar magnitudes
bvr with a system of stellar magnitudes BVR Johnson
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Figure 7: The distributions over the stellar magnitudes of
the internal errors of a single measurement of the stellar
magnitude after reduction into the Johnson BVR system
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4. Conclusion

The processing of observations showed the possibility
of carrying out differential observations on the telescope
Zeiss-1000 with an accuracy of one observation, not
worse than 0.04", and near 0.02" after improving tele-
scope management.

Photometric estimate of the accuracy of the observa-
tions was obtained. The internal errors of one measure-
ment of the stellar magnitude in the instrumental system
bvr have the values oy, = (0.03-0.05)". After the reduc-
tion of instrumental stellar magnitudes to the Johnson
BVR system, the errors of one measurement are Ggyr =
(0.05-0.08)™.

Astrometric and photometric studies of CCD
observation of clusters on Maidanak observatory continue.
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