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ABSTRACT. The paper discusses the construction of
characteristic curves for various astronegatives with a
single exposure. Particular attention is paid to the question
of extrapolation of the characteristic curve for the region
of the weakest stars in the absence of standards. A new
method for constructing an individual characteristic curve
for digitized films and plates in the UBVR system has
been proposed and implemented. The processing of
frames of digitized plates and films with sky areas is car-
ried out using LINUX/MIDAS/ROMAFOT software
tools. ROMAFOT application allows us to extract astro-
metric rectangular coordinates X,Y and photometric char-
acteristics such as instrumental photometric magnitudes
m, FWHM, and the intensity in the center of the star im-
age I for all fixed objects on each astronegative. For all
frames, the connection between instrumental photometric
values m with stellar magnitudes in any system (Johnson
UBVR, Tycho-2 or GAIA catalogs, etc.) is not linear and
multipurpose. It is presented as the characteristic curve for
each astronegative. In general, the characteristic curve is
approximated by a 5-degree polynomial and should take
into account the color equation and the photometric field
error. In practice, the most and the sometimes unsolvable
problem is the lack of photometric standards for the flat
part of the characteristic curve (the region of faint and
extremely faint stars). As a rule, the photometric standards
for characteristic curve restoration from astronegatives,
exposed in Johnson U, B, V or R bands (hereafter U, B, V,
R), are photoelectric data of stars in the same system. The
present work concentrates on the issue of a correct defini-
tion of stellar U, B, V, R magnitudes from astronegatives
obtained with a single exposition in the case when photo-
metric standards are absent for the flat part of the charac-
teristic curve. Currently, the determination of U, B, V, R
magnitudes of stars and other space objects is in progress
for astronegatives with the single exposure obtained in the
frameworks of selected observational projects.

Keywords: stellar catalogs, digitized plate processing,
photometry, UBV system.

AHOTALIA. B craTti 00roBOpIOIOTECS MUTAHHS MOOY-
JIOBU XapaKTEPHCTUYHNX KPHBUX I aCTPOHETATHBIB 3 Of-
Hieto ekcriozuuiero. OcoOauBy yBary HPHAUICHO NMHTaHHIO
eKCTPaNoJsILii XapaKTepUCTUYHOI KPHBOi Ha IUISHKY Haiic-
JIa0KIimix 3ip 3a BiJCYTHOCTI (POTOMETPHYHHX CTaHJApPTIB.
3anponoHOBaHUI HOBUI METOJ| MOOYIOBH 1HIUBITyaJIbHOI
XapaKTepUCTUYHOI KPUBOT /I OLM(POBAHUX IUTIBOK 1 IU1ac-
THHOK, oTpuMaHux B UBVR cucremi. Meron BukopucTanui
B HU3II CIOCTEPEKHUX TMPOeKTiB. OOpoOKa KampiB yIs
OIM(pPOBaHUX TUIATIBOK 1 TUTIBOK 3 300paKEHHAMU JIIISTHOK
30psiHOTO Heb0a pOOMTBCS B MPOTPAMHOMY CEPEHOBHIII
LINUX/MIDAS/ROMAFOT. BakopucTaHHs Takera Mpo-
rpam ROMAFOT no3Boise OTpHMYBAaTH acTpPOMETPHUHI
(mpstMokyTHI KoopanHaTH X,Y) Ta (oTOMEeTprdHi XapakTe-
pUCTUKH (IHCTpYMEHTaJIbHI (POTOMETPUYHI BEIWYMHH m,
FWHM, iHTeHCHBHICTh B LIEHTpi 300pakeHHs Ic) mst BCix
3apeECTPOBAHUX HA KOHKPETHOMY ACTPOHETATHBI OO'€KTIB.
Jns actpoHeraTuBiB (IUIaTiBKH, IUTIBKH) 3B'SI30K iIHCTPYMEH-
TaJbHUX (POTOMETPUYHUX BEMYMH M 3 30PSHUMHU BEIUYH-
HaMH B siKiiick cuctemi (Hanpukiagx UBVR Jlxoncona, ka-
tasioris Tycho-2, Gaia DR2 Tormio) He € iHiifHOO Ta yHiBEp-
CaJIGHOIO 1 33/1a€ThCS B BUILAI XapaKTEPUCTHIHOI KPUBOI
JUIsT KOHKPETHOTO aCTpPOHETaTHBAa. B 3aranpHOMY BHNAIKy
XapaKTePHCTUYHA KPHBA AIPOKCHMYETHCS TTOJTIHOMOM IT'SITOT
CTeTIeHi 1 TOBMHHA BPaxXOBYBATH PIBHSHHSA KOJIBHOPY Ta (o-
TOMETPUYHY NMOXUOKY ToJ1s1. Ha mpakTuiii BelmKoro 1 iHKoIM
HE BapillyBaHOIO MPOOJIEMOIO € BIJCYTHICTH ()OTOMETpHY-
HUX CTaHIAPTIB JUIS MOJOTOl YAaCTHHH XapaKTepPUCTHUIHOT
KpHBOi (00MacTh ClIabKKX 1 TpaHUYHO ciabkuX 3ip). Sk mpa-
BIJIO, (POTOMETPUYHMMH CTaHIApTaMH Ul MOOYIOBU Xa-
PaKTEPUCTHYHHUX KPUBHX IS ACTPOHEraTHBIB, €KCIIOHOBA-
mux B U, B, V un R cmyrax cucremn [I>xoHCOHa € (oTo-
eNEeKTPUYIHI BUMIpH 3ip B i ke kK cucteMi. [lutaHHIO KO-
pexTHOro BH3HaueHHs 3opsHux U, B, V, R Bemmuun mis
ACTPOHETATHBIB 3 OHICI0 CKCIIO3UIIIEI0 32 BIACYTHOCTI (o-
TOMETPUYHHX CTAHIAPTIB VI MOJIOTOl YaCTHHH XapaKTepH-
CTUYHOI KpWBOI 1 MpHCBsSYeHa AaHa podorta. Ha manwmii wac
BUKOHYIOTECSI po60TH 1o BuzHaueHHto U, B, V, R Benmuunn
3ip Ta iHIIKX O0'€KTIB IS aCTPOHEraTUBIB, EKCIIOHOBAHKX 3
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OJIHIEFO EKCTIO3MIIEI0 32 BUOPAaHUMH CIIOCTEPEIKHUMH TIPO-
rpaMamu 3 pi3HHX oOcepBaTopii.

KurouoBi cioBa: 3opsiHi katanorn, o6podka omudpona-
HUX 300paXkeHs, poromerpis, cucrema UBV.

1. Introduction

The processing of frames for digitized plates and films
with  sky areas in the software  package
LINUX/MIDAS/ROMAFQOT.  The  application  of
ROMAFOT allows obtaining the astrometric (rectangular
coordinates X, Y) and photometric characteristics (instru-
mental photometric magnitudes m, FWHM, intensities in
the center of the image Ic) for all registered objects on the
individual astronegative. As a rule, for faint objects, the
limit of their formation and registration is set by the relation
signal/noise s > 3. The related problems and their solutions
have been considered in (Andruk, 2010; Andruk, 2017). For
astronegatives (plates, films), the relation between instru-
mental photometric magnitudes m and stellar magnitudes in
some photometric system (for example, Johnson UBVR,
Tycho-2, Gaia DR2 catalogs, etc) is not linear. It is set as a
characteristic curve for every negative.

In general, the characteristic curve is approximated by a
5-degree polynomial and should take into account the color
equation and the photometric field error. In practice, the
most and the sometimes unsolvable problem is the lack of
photometric standards for the flat part of the characteristic
curve (the region of faint and extremely faint stars). As a
rule, the photometric standards for characteristic curve res-
toration from astronegatives, exposed in Johnson U, B, V or
R bands (hereafter U, B, V, R ), are photoelectric data of
stars in the same system (Relke, 2015). If the negative was
obtained with two exposures — long and short ones (An-
druk, 2012), the problem of the whole characteristic curve
restoration is simplified and successfully solved in practice
as it was done when FON project had been realizing
(Akhmetov, 2018; Andruk, 2015; Andruk, 2016a; Andruk,
2016b; Andruk, 2017; Pakuliak, 2016; Yuldoshev, 2016;
Yuldoshev, 2017a; Yuldoshev, 2017b) or for other pro-
grams as it presented in (Protsyuk, 2017; Yizhakevych,
2015; Yizhakevych, 2017; Shatokhina, 2018).

The present work concentrates on the issue of a correct
definition of stellar U, B, V, R magnitudes from astroneg-
atives obtained with a single exposition in the case when
photometric standards are absent for the flat part of the
characteristic curve..

2. Plotting of the empirical characteristic curve from
astronegatives with a single exposure

For creating an empirical characteristic curve, we used
two plates Ne1834 and Ne1809 from the glass collection of
the 1.2-m Schmidt telescope of the Baldone Observatory,
Latvia. Plates have the exposures 40 and 60 minutes in U
color band (ORWO ZU2 emulsion with UG1 filter)
(Eglite, 2016). The digitizing of astronegatives was car-
ried out using the Epson Expression 10000XL commercial
scanner (Eglitis, 2017). Plates cover the sky area with
NGC 7419 cluster (RA=23"01"30™, DEC=60°32").
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Figure 1: Characteristic curves for plates Ne1834 (1") u
Ne1809 (1), exposed in U color on 1.2-m Schmidt telescope
at Baldone (a-panel). Panels b, ¢ and d contain sections of
characteristic curve 1' vs a distance to the center of the
plate, relative to a color index B-V, and vs U magnitudes
respectively. Points and crosses on the plot correspond to
photoelectric and CCD measurements of star images.

The upper panel a of Fig. 1 presents next data: U scale is
along the X-axis, the instrumental scale is along the Y-axis,
points and crosses are the stars with photoelectric and CCD
measurements respectively. The linear part of the charac-
teristic curve 1’ from the astronegative Ne1834 covers the
interval U = 10-15™ and characterizes the image contrast of
y =-0.53, the dispersion of points is oy = 0.189™.

On the flat part of the characteristic curve (from U >
15™ to U < 18M), all the faint and extremely faint stars
down to U=18™ are fixed, which were used as a standard
for the restoration of the curve. Dashed line (below m <
6™) is the region of the extrapolation. Panels b, ¢, d in Fig.
1 show the section of the characteristic curve AU in rela-
tion to the distance from the center of the plate R, color
index B-V, and U magnitude itself. On the right and be-
low the first curve 1° there is the characteristic curve 1 of
the astronegative Nel1809 (y = -0.49). Further, we use the
tabular representation of this curve for the restoration of
individual curves from other negatives.

3. An example of the individual characteristic curve
restoration

The characteristic curve of the shape 1 in Fig.1 was re-
stored from the astronegative exposed in U-band. It is
characterized by a contrast ratio of y =-0.49. In general, if
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Figure 2: Steps of the extraction of a characteristic curve
from the film Ne624 exposed in the V-color on the 1.2-m
Schmidt telescope at Baldone.

the astronegative is not spoiled by a flare and other deteri-
orating factors, the value of the ratio depends on the expo-
sition duration and the sensitivity of the photo emulsion.
That is, the shape of the curve 1 will vary for other emul-
sions and/or exposures of other duration, and in the proce-
dure of curve restoration from other negatives, the im-
portant task is the possibility and necessity of changing
the contrast from the original value of y = -0.49 to the real
one for a particular image.

Consider the extraction of the characteristic curve for the
film exposed in the V-band (Fig. 2). Here, V magnitudes
are along the X-axis, photometric magnitudes m in the in-
strumental system are along the Y-axis. Panel a in Fig. 2
demonstrates next: a solid line 1 represents the empirical
curve for U-plate Ne1809, the sequence of points 0 is a part
of the real characteristic curve for the film (A600 film,
ZS17 filter ) with the flat part absent in the region of un-
derexposure. The film was obtained on 1.2-m Schmidt tele-
scope with 5-minute exposure and the cluster NGC 7063
(RA=21"27™, DEC=37°42") as the object of interest. The
real characteristic curve 0 has a contrast ratio of y = -0.43.

To extract the characteristic curve throughout its length
from bright to extremely faint stars registered on the film,
first, we cut the empirical curve 1 (b-panel, Fig. 2) in the
region of bright stars and shift it by two steps (curves 2 and
3, Fig. 2) to the right. Then, the contrast of the empirical
curve (y = -0.49) is reduced to the contrast of the film (y =
-0.43). Inthe figure, itis represented by the curve 4. Then
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Figure 3: The assessment of the accuracy of determined
stellar magnitudes for two plates with 20-minutes expo-
sures in B-color on 1.2-m Schmidt telescope.

this line is shifted vertically to the curve 5 shown in c-panel
of the figure. The shift of the curve 5 to the right is the last
step for the restoration of the complete characteristic curve,
which is the sum of curves 0 and 6. The complete curve,
restored from the film Ne624 obtained in V band is shown
in d-panel of Fig. 2. In this panel, crosses a and b indicates
the limiting values of instrumental photometric data for
bright and faint objects fixed on this film.

When restoring the curve from the film, we used both
photoelectric measurements from the catalog (Relke,
2015) (panels e, f, g, h, i, crosses) and values Vj from the
catalog Tycho-2 (points in the same panels). The standard
error of curve restoration o = 0.18™ is shown in the panel i
of Fig. 2. It should be noted that all the shifts of the empir-
ical curve 1 and the changings in its contrast relative to the
real characteristic curve of the film were made based on
the comparative analysis of linear parts of both curves
using data on lower left points of the real characteristic
curve. The algorithm for constructing the individual char-
acteristic curve and determining U, B, V or R stellar mag-
nitudes on its basis for all objects registered on the as-
tronegative allows these processes to be started in auto-
matic mode using the specially developed software.

4. About the errors of stellar magnitude determination.

We evaluated the accuracy of determined stellar magni-
tudes in a case of using the empirical characteristic curve
on the example of two plates obtained with exposure 20
minutes in B color band on 1.2-m Schmidt telescope.
Plates were obtained on two different nights with different
observing conditions. Both plates are covered with the
emulsion ORWO ZU2, the filter used was GG13. The sky
area covered with plates is the region of NGC 1664 cluster
(RA=04"50™ DEC=42°27").

After the determination of stellar magnitudes for all reg-
istered objects on two plates, the number of identified
stars on both plates was n = 75 542. For all of them, the
differences of stellar magnitudes AB were calculated, and
the standard error of one difference was obtained o1 =
0.21™. The trends of differences AB relative to stellar
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magnitude B and values of FWHM are represented in
panels a and b of Fig. 3. The c-panel of the figure shows
the connection of values B and FWHM averaged over
two plates. The d-panel demonstrates the linear connec-
tion between calculated mean values of B with a standard
errors of one measure ¢ = 0.16™ and their photoelectric
counterparts Bpe for k=205 stars.

5. Conclusions

The method outlined in this paper on the determination of
U, B, V stellar magnitudes from astronegatives with a sin-
gle exposure is already widely applied in practice. In par-
ticular, it was used for the determination of B magnitudes
for 387 plates obtained on the fourth tube of 7-camera tele-
scope of Odessa observatory at Mayaki observational site
during 1966-1998 (Kashuba, 2019). It was also applied for
the determination of U and V magnitudes of stars from 300
plates and 2200 films exposed on 1.2m Schmidt telescope
at Baldone observatory (Eglitis, 2019). Analogous works on
the determination of U, B, V, R stellar magnitudes in
frameworks of some current observational projects at dif-
ferent observatories are in their progress.

The work was carried out as a part of the Ukrainian Vir-
tual Observatory (UkrVO) project. (Vavilova, 2012a; Vav-
ilova, 2012b; Vavilova, 2016; Vavilova, 2017).
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