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ABSTRACT. In Research Institute: Mykolaiv
Astronomical  Observatory (RI  MAO) regularly
observations of fields with open clusters on the KT50
telescope (D = 500 mm, F=3000 mm) with an Alta
U9000 CCD camera (3kx3k, FOV 42.6'x42.6") in drift
scan mode are carried out. For this observation mode, we
investigated the dependence of the differences between
observed minus calculated (O—C) angular coordinates of
reference stars in depending on X coordinate (direction
perpendicular to the direction of charge transfer) in the
CCD coordinate system. The data of observations of open
clusters obtained in the RI MAO in 2011-2017 were used
for the study. The data array used to obtain the distribution
(O-C) for right ascension (RA) and declination (DEC),
depending on X, contains 62 million single observations
of stars. The processing of the original data was carried
out using the Astrometrica program with the reference
catalogue UCACA4. The distribution of the (O—C) value as
a function of X according to RA and DEC was obtained
by the method of least squares. For the solution is a 10th-
degree polynomial of X and a third degree from the
integral intensity of the object in the image was used. The
study showed the presence of significant (0.01-0.02)"
systematic errors in the field of the matrix for bright stars
(10-12)™. For faint stars, the amplitude of the constant part
decreases significantly while maintaining the periodic
component. Similar studies have also been carried out for
a lot of CCD frames obtained from astronomical databases
for other instruments. The results will be used to improve
the accuracy of astrometric catalogues obtained with the
KT50 telescope and to improve the accuracy of the proper
motions of stars in the vicinity of open clusters.
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ABCTPAKT. B  HaykoBO-IOCHiZHOMY  iHCTHTYTI
"MuxonaiBchka acTpoHomiuHa obcepparopis” (HAI MAO)
MIPOBOAATECS PETYISAPHI CIOCTEPEKEHHS IIIOIMAN0K 3 PO3-
cisHUMH cKymueHHAMH Ha Teneckorni KT50 (D = 500 mm, F
= 3000 mm) 3 II33 kameporo Alta U9000 (3xx3k, FOV
42,6'<42,6") B pe:KiMi CHHXPOHHOTO TIepeHOCY 3apsy. s
IbOTO PEXUMY CIIOCTEPEKEHHS MH  JOCIIJDKYBAJIN
sanexHicTh pisHULI (O-C) KyTOBHX KOOPIMHAT OMOPHHX
3IpOK 3aJIeXHO Bil KoopAuHATH X (HANpsIMKy, HEpIIeHIN-
KyJISIPHOTO HAamNpsIMKY IIEpEHOCY 3apsay) B CHCTEMi KOOp-
nuHat 1133 matpuri. s mociimKeHHsT BUKOPUCTOBYBA-
JIUCh JJaHI CIIOCTEPEeKEHb POCCITHUX CKYITYeHb, OTPUMaHI B
HIAI MAO B 20112017 poxax. MacuB qaHuX, SIKHI BUKO-

pHucToBYBaBcs A oTpuMaHHA posnoainy (O-C) ans nps-
moro minHeceHHA (RA) ta cxmnenns (DEC), 3anexHo Bix
X, MICTUTh 62 MiTBHOHHM OJUHUYHHX CIIOCTEPEKEHD 3iPOK.
O0poOka BUXITHUX JAHUX 3AIACHIOBANACS 32 JOMOMOTOIO
nporpamu Astrometrica 3 omopauM Karamorom UCACA4.
Posnonin 3Hagens (O—C) sk ¢pynkmii X BiamoBigHo 10 RA
ta DEC 0yB oTpuMaHuii MeTojoM HaliMEHIINX KBa/paTiB.
Jliist pilieHAsT BUKOPUCTOBYBATUCH TOiHOME 10-r0 cTytie-
Hi Bix X Ta TpPEThOrO CTYNCHA BiJ IHTETPAIBHOI
IHTEHCHBHOCTI 00'ekTa Ha 300pakeHHi. JlOCTiIKEeHHS I0-
kazano HasBHICTh 3HauHMX (0,01-0,02)" cucremaTuuHMX
MOMUIIOK T10 TOJIF0 MATPULi s sicKpaBuXx 3ipok (10-12)".
Jlnsa cnabkux 3ipoK aMILTITyAa MOCTIHHOI YaCTHHH 3HAYHO
3MEHIIYETHCS TpU 30€pe EeHHI NepioAndHOi CKIIaI0BOI.
Jlocnimkenns Oynu TakoX mpoBeneHi aus Oaratbox [133-
KaJpiB, OTPUMaHUX 3 aCTPOHOMIUHUX 0a3 JaHUX JUIS 1HIITHX
iHcTpyMeHTiB. PesympraTtéi poGoTH OyIyTh BHKOPHCTOBY-
BaTucs I8 TiJBHLICHHS TOYHOCTI ACTPOMETPHYHHUX
KaTaJIoTiB, OTPHMaHHX 3a JormoMororo tereckona KT50, ta
IUIA  TIIBUINCHHS TOYHOCTI BJACHHX pPYXiB 3ipOK B
PO3CISIHUX CYIMUYEHHSIX Ta IX OKOJIHUIISX.

KaruoBi caoBa: Actpomerpiss — AHami3 JaHUX —
ActpoHoMmiuHi 6a3u ganux — Karamnorn.

1. Introduction

During the period from 2011 to 2017 at the KT-50
telescope (D = 500 mm, F =3000 mm) of the Rl MAO
(Shulga et al.,, 2012), equipped with a U-9000 CCD
camera (3kx3k, FOV 42.6'x42.6") (Apogee, 2018), a
regular observations of open star clusters was performed
in the framework of several scientific topics (Protsyuk et
al., 2014; 2017). The U-9000 camera was used in
synchronous charge transfer (drift scan) mode. The
orientation of the camera along the X-axis (row) coincides
with the axis of declination on the celestial sphere, Y
(column), respectively, with the axis of right ascension.
For the entire period, about 62,000,000 single
observations of stars up to 17th magnitude were obtained.
Thus, for each line element (overall 3000 elements for the
U-9000 camera), there is an array of more than 20,000
stars (on average). Processing of observations up to the
(O—C) was performed using the Astrometrica program
(Raab, 2018) in the UCAC4 reference system (Zacharias
et al.,, 2013). Thus, we have a fairly well-statistically
provided material for analyzing the distribution of the
values (O-C) as a function of X (the direction is
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perpendicular to the direction of transfer of charge packets
during the observation process).

2. Investigations

To study the behaviour of the value (O-C) depending
on X, we made samples (O—C) for each X and intensity
interval, and then we calculated the average value (O—C)
for each specific X and the interval of stellar magnitudes.
We performed the calculation in several iterations,
discarding the samples with too large values (O — C) by
the criterion of 36. Thus, we obtained the table values of
the average value (O-C) for each X of the CCD matrix in
a given interval of stellar magnitudes. For example,
consider several graphs that display the resulting table
data. In Fig. 1 shows a graph of the distribution of (O — C)
values depending on declination for stars of the 12th
stellar magnitude. As you can see (O—C) has a certain
constant component at the level of 0.01 mas, and a
variable reaching 0.02 mas at the peak, which is a very
significant value. In Fig. 2 shows smoothed dependences
for different stellar magnitudes, where dependence on
intensity is clearly visible. For stars with 15" (O-C)
values oscillate around zero, for 11™ goes above 0.02 mas.
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Figure 1: The distribution of (O—C) of the declination
from X for stars of the 12th magnitude
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Figure 2: Smoothed distributions of (O-C) of the
declination from X, the stars from the 11th to 15th
magnitude (from top to bottom)
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Figure 3: The distribution (O—C) of the declination from X
for stars of 15™ and fainter
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Figure 4: The distribution (O—C) of the right ascension
from X for stars of 12™

An interesting graph of the distribution (O—C) for low
intensities (stars of 15™ and fainter) is presented in Fig. 3.

As you can see, the average value (O—C) is small, but
on the graph, there is a certain amount of emissions
reaching 0.05 mas and more. Such anomalous behaviour
(O-C) is explained by the presence of CCD matrix
defects, the most significant of them are visible on the
images in the form of light or dark columns. Others are
not visible with the eye, but if the image of the star gets on
them in the process of observations, it adduce to a
significant increase of coordinate errors.

Similar data were obtained for (O—C) of right ascension
and presented in Fig. 4 and 5.

As can be seen from the graphs, the nature of the error
behaviour is different than for the declination axis. This is
explained by the mode of operation of the CCD camera,
namely, the synchronous charge transfer which adduces to
averaging errors across the field exactly on the axis of
right ascension. Also, there are practically no abnormal
jumps in the values of (O—C) on CCD defects; this is also
the effect of synchronous charge transfer.
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0.041 57 ks To construct an analytical dependence, we used the
method of least squares, which is based on the 10th degree

polynomial from the X, and the 3rd degree from the

integral intensity. The coefficients of polynomial were
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Figure 5: Smoothed distributions of (O — C) of the RA
from X, the stars from the 11™ to 15™ (from top to bottom)
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Figure 6: Analytical dependence of distributions of (O—C)
of the declination from X, the stars from the 11th to 15th
magnitude (from top to bottom)
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Figure 7: Analytical dependence of distributions of (O—C)
of the right ascension from X, the stars from the 11th to
15th magnitude (from top to bottom)

samples with too large values (O—C) by the criterion of
3c. The result is in the form of graphs below.

3. Conclusion

As can be seen from the graphs obtained, the system of
(O-C) has a significant value for objects with high
intensity, namely for stars brighter than the 13th
magnitude. Also, an abrupt increase of (O—C) values are
observed for images gets on the CCD columns containing
defects.

Similar studies have also been carried out for a lot of
CCD frames obtained from astronomical databases for
other instruments (Protsyuk et al., 2015). They showed
similar results for some telescopes.

The results of the investigation will be used to improve
the accuracy of astrometric catalogues obtained with the
KT50 telescope and to improve the accuracy of the proper
motions of stars in the vicinity of open clusters.
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