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RESULTS FROM TIEN-SHAN SURVEY TO SEARCH FOR VARIABLE
STARS: OBSERVATIONS, TARGET SELECTION AND DATA PROCESS

Abstract. We present the first results of the photometric survey at Tien-Shan Observatory (TSO) of the fields
around Galactic equator using Zeiss-1000 telescope. Here we report on criteria selection of target fields, observation
strategy and statistics of photometric observations. We also provide description of data process and differential
photometric reduction to extract differential light curves. In total, 23 fields in the range of 40°-210° Galactic
longitude and +5° Galactic latitudes were observed during 2014-2018. Each filed was observed for at least 3 hours
long with cadence range 30-180 sec in Johnson-Cousine filters VV and R, or in integrated light. As a result, long
duration light curves for about 10 000 stars were obtained. A visual inspection of the light curve from each run was
carried out for each star in the field that successfully passed the photometry process in at least 70%-75% of the total
duration of observations, which made it possible to identify stars with unambiguous signs of variability. Analysis of
the light curves of these stars leads to the identification of 33 variable stars. Among them, 31 stars are previously
unknown variables not presented in catalogs of variable stars.

Key words: CCD observations: data analysis; methods: light curve analysis, photometry.

Introduction. The TSO survey was initiated in 2018 as campaign in frame of program BR05236322
aims to search for compact and ultra-compact binary systems (UCB), including interacting binary systems
(AM Cuvn), uncatalogued variable stars of know type, unclassified variables and object with other type of
variability phenomena. The survey initially was motivated by the fact that the observed number of
AM CVn is 12 times less than was predicted [1]. Thus, the refinement of the amount of AM CVn can
provide an opportunity to clarify the models of the formation of such systems and their evolution. Also, it
was realized that survey observations can detect variable stars of other types of variability including those
usable for asteroseismic studies, systems with exoplanets, etc.

Conducting survey observations to search for UCB and AM CVn by one observatory is justified
by the fact that the periods of brightness variation in these objects are about several tens of minutes (the
most interesting are systems with periods of 20-35 minutes or less), and the amplitudes from 1.0 to 0.01 in
magnitudes [2], that is, are within the accuracy of photometry obtained on meter-class telescopes on TSO.

Selection of star fields for TSO survey. The main criteria for selecting star fields of interest for the
survey is optimal star density on CCD frame. On one hand, it should not be too high for successful PSF
photometry, and on the other hand, it should be sufficient for the high efficiency of the survey. Another
criterion is availability ofthe selected field for long-time observations. For the current survey this criterion
is ~3 hours, which is dictated by two the most important factors: 1) ability to observe up to 2-3 fields per
night, 2) to detect periods of brightness variation from 1.5 hours and less, which is one of the main
objectives of the survey. At last but not least, the selected fields should not overlap with targets from other
survey campaigns, such as, for instance, VPHAS+ and OWS. All the above criteria are met by the fields
located at +5 degrees of galactic latitude and from 40 to 210 degrees of galactic longitude. Also, it is
desirable to have relatively bright White Dwarf (WD) candidates as well as the absence of bright stars in
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the selected field to avoid contamination in case of long exposure. The presence of at least one WD
candidate with a magnitude of 17.5 mag or brighter in the field was determined from the catalog analysis
[3]. This choice is due to the combination of a requirement for the accuracy of photometry, exposure time
and duration of observations.

The criterion of WD presence is due to the high scientific interest in the study of these objects. Most
of the WD (25% to 50%) shows the presence of metals in their atmospheres, which is most likely the
result of destruction of the remains of earth-type planets or asteroids in their vicinity. The study of
planetary systems around WD makes it possible to conclude the formation of such systems in Main
Sequence stars (MS), for which direct observations of planets are difficult. Thanks to “Kepler” space
mission, many exoplanets have been discovered, but mostly near relatively cold and dwarf stars. The
question arises-is this fact a reflection of reality, that is, some feature of the formation and evolution of
planetary systems, or it is the result of “bad” statistics due to limitation of observations. Indeed, the most
reliable parameters of exoplanets are determined by radial velocities, and this is difficult for large mass
stars because for such stars the influence of exoplanet is quite weak. The same is true for very hot stars,
which do not have sufficient absorption lines by which radial velocities can be confidently measured.

The study of planetary systems around WD allows us to extend the time scale of studies of the
evolution of planetary systems to several billion years and, therefore, to impose additional restrictions on
the theory of their formation and evolution. Statistics of observations of such systems will shed light on
the problem of survival of planets at evolution period when the parent star passes the stage of the “red
giant” and multiple events of expelling outer layers. The conclusions ofthe modern theories describing the
process of survival of the planets are quite controversial. Besides, there are suggestions that the expelled
envelope of a “red giant” can be a source of formation of new planets.

Moreover, observations of oscillating WD are of great interest for fundamental science, because the
period changes in DAV-type WD can be caused by their cooling rates which provide an upper limit on the
masses of axions that are considered as one of the candidates in components of “dark matter”. Variation of
oscillation periods of the DV-type WD allows us to test the nature of the interaction of leptons in the
framework of some unified theories of electroweak interaction in the low energy regime.

Analysis of GAIA and OWS catalogs. As a result ofthe analysis of GAIA and SVO catalogs [3] the
list of high-priority star fields satisfied the above-mentioned criteria is compiled and present in table 1
The fields location on the celestial sphere relative to the plane of the Galaxy is shown in figure 1, where
the dotted line is depict Galactic equator, empty squares are the fields planned for observation, orange
shows the fields with a single epoch of observations, blue squares are the fields observed in two epochs
and green squares are the fields with several epochs of observations.

Figure 1 - The star fields locations, selected for TSO survey relative to galactic plane

Table 1- The list of the high-priority fields selected for TSO survey

FieldNo.  RA [hims] DEC Field No. RA DEC Field No. RA DEC
[d:m:s] [h:m:s] [d:m:s] [him:s] [d:ms]
1 2 3 4 5 6 7 8 9
192 19:59:33 +24:54:46 195 20:00:39 +20:32:39 21-9 05:56:39 +35:09:33
186 04:22:18 +42:53:42 193 20:50:37 +36:14:14 21-6 06:02:28 +27:56:24
191 19:38:23 +26:39:56 194 01.:26:48 +57:42:23 21-8 06:45:55 +08:36:52
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Continuation ofthe table 1
1 2 3 4 5 6 7 8 9
19-6 19:57:57 +33:55.05 19-7 19:39:02  +26:55:38 21-7 06:44:16  +09:24:55
199 01:35:36 +57:31:29 198 00:17:14  +60:13:43 188 06:03:50  +12:22:19
20-1 22:16:59 +59:51:09 20-2 192322 +20:21.00 18-7 04:33:40  +55:26:33
204 04:54:49 +39:52:35 20-3 04:34:49 +44:11:20 184 053806  +22:32:49
20-7 19:44:12 +13:50:32 20-5 05:04:18  +37:31:18 189 06:14:59  +28:05:49
20-8 05:08:09 +44:50:38 20-6 20:37:16  +32:42:00 18-10 06:15:38  +27:50:00
21-1 05:20:41 +46:03:34 20-9 04:58:14  +51:06:56 161 05:16:36  +26:07:25
21-3 00:50:58 +60:31:17 21-2 21:47:42  +50:26:20 162 07:25:41 +29:27:18
21-5 06:28:32 +00:38:54 21-4 06:04:06  +17:07:31 16-3 04:07:06  +60:55:28
181 22:29:20 +52:10:38 182 05:38.35  +22:39:10 1811 06:15:19  +28:13:03

183 23.01:15 +54:37:04 185 03:33:07  +45:25:44

Observations and archive data. Observations were carried out at the TSO (76°58'18".5E,
43°03'26".3N, altitude is 2723 meters, international Observatory code is N42) on the meter class telescope
Zeiss-1000 “Vostochny”, equipped with Apogee Alta U16M CCD having Kodak KAF-16803 chip with
physical pixel size of 9 “m and dimension of 409674096 pixels. A field corrector/focus reducer which
reduces equivalent focal length to 6665 mm, is installed, which gives the telescope FOV of 19'x19' and a
spatial resolution of 0".56/pixel. For observations in 2016, the Zeiss-1000 “Vostochny” telescope
equipped with Apogee Alta U9000 CCD camera having a Kodak KAF-09000 chip with the dimension of
3056x3056 pixels and physical pixel size of 12 *m was used. The telescope's FOV was the same as for
observations in 2018-2019, but with scale of 0".37/pixel. To improve the signal-to-noise ratio,
observations were made in the second binning. In total, 12 fields were observed in 2019. Information on
observations is given in Table 2, it can be seen that some fields were observed for several epochs.

Table 2 - Statistics of observations conducted in 2019

Field Date Duration \% Rc Exposure  Field Date Duration \Y Rc Exposure

No. [d/mly] h] [frames]  [frames] [sec] No. [d/m/ly] h] [frames]  [frames] [sec]
182 22/02/2019 35 161 60 189 27/02/2019 30 141 60
184 29/01/2019 38 155 60 189  12/03/2019 31 106 0
185 27/01/2019 33 100 60/120 189 08/02/2019 36 120 60
186  01/02/2019 35 153 60 18-10 13/03/2019 30 102 %0
187  02/02/2019 41 178 60 1811 20/03/2019 35 116 0
187  23/02/2019 47 220 60 18-8  05/03/2019 29 224 60

To search for variable stars using the technique of pipeline analysis [4], we also analyzed archival
data of observations with the desired duration carried out in the period of 2016-2018. The statistics of
these observations are given in table 3.

Table 3 - Statistics of archival data used for purpose of the survey

Field Date Duration No filter \ Rc Exposure Field Date Duration VvV Exposure
No.  [d/miy] h]  [frames] [frames] [frames]  [sec] ~ No.  [d/mAy] ] [frames]  [sec]
1 2 3 4 5 6 7 8 9 10 n iV
161 15/01/2016 7.2 732 20 163 01112016 82 280 ]
161 24/01/2016 7.7 762 20 163 04/11/2016 56 191 ]
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Continuation ofthe table 3
1 2 3 4 5 6 7 8 9 10 u 1
161 25/01/2016 86 857 20 163 07/11/2016 51 174 R
162 20/01/2016 6.9 800 20 163 09/11/2016 6.6 219 ]
163 26/10/2016 81 254 Q 181 05/12/2018 29 21 0
16-3  27/10/2016 85 277 0 182 05/12/2018 2.8 31 60
183 15/12/2018 11 55 60

Data analysis. As the main tool for preliminary analysis of the data we use IRAF
(http://ast.noao.edu/data/software) package. Averaged CCD frame of bias (Master Bias) is obtained by
“zerocombine” task (iraf.iraf.ccdred) and dark current (Master Dark) is obtained by “darkcombine” task
(iraf.imred.ccdred). Master Bias and Master Dark are additive sources of noise and must be subtracted
from CCD image of the target (with Master Bias first subtracted from Master Dark). The heterogeneity of
the sensitivity ofthe CCD (flat-field frame) is a multiplicative component, so the CCD image of the target
should be divided by the flat-field. An averaged CCD flat-field frame (Master Flat) was obtained for each
filter in which the object was observed and corrected for the dark current of corresponding exposure. To
obtain Master Flat we use the ‘flatcombine” task (iraf.imrad.ccdred). The object frames were processed
with “ccdproc” (iraf.iraf.ccdred) task using appropriate Master Dark and Master Flat frames.

To carry out PSF photometry of sources on pre-processed CCD frames, a software package
implemented on Python utilizing such libraries as ‘pyraf’; “astropy” [5], “scamp” [6], “astroquery” is
used. More details can be found in [4]. Photometric parameters were determined as follows. Assuming
that the PSF profile of the star is close to the Gauss function we have opsf = FWHMpSF/2*(2In2)"1/2
Preliminary estimation of FWHM of the PSF was determined from observation conditions, i.e. from
seeing parameter, which for TSO is ~2".5. The radius of the aperture to determine the total flux is set by
the criterion of “five sigmas” Aph = 5*opsf. The sky background level was determined within aperture
Asky = 6*opsf, in 5 pixels wide ring. The size ofthe PSF profile used for approximation is Riw = 5*opsf - 1
The saturation level was assumed to be 60000 ADU.

The “scamp” package [6] is used for the astrometric plate solution and “SExtractor” [7] is used to
search for objects on the CCD frame. An example of the accuracy of the obtained photometric estimates is
shown in figure 2. Analysis of photometric results was carried out only for those stars whose photometric
errors did not exceed 0.05 mag. This choice is due to the aim of finding variable stars with an amplitude of
brightness variation ofthe order of hundredths of a magnitude.
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000
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Figure 2 - Dependence of photometric precision (mag error) on stellar magnitude (mag G)
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To obtain the light curves ofthe differential magnitudes of each of the stars in the CCD frame, we use
the method of constructing a synthesized reference light curve utilizing all the stars in the field. This
choice is mainly dictated by the following factors: 1) the construction of a synthesized reference curve for
all stars in the field can significantly reduce the impact of inaccurate photometry for each star, 2) one may
not knows the spectral class of the target star, and therefore cannot adequately choose the comparison star
for each target with suspected variability. Since the total number of stars in a CCD image ranges from
several hundred to several thousand, we can assume that the photometric accuracy of the reference light
curve is much higher than that of the analyzed star and does not take into account errors of referent light
curve in further analysis.

A total of 23 fields were analyzed using the pipeline procedure. Photometric measurements were
obtained for ~10 000 stars with duration of observations of at least 3 hours for each run. A visual
inspection of the light curve from each run was carried out for each star in the field that successfully
passed the photometry process in at least 70%-75% of the total duration of observations, which made it
possible to identify stars with unambiguous signs of variability. The full list of suspected variable stars is
presented in table 4.

Table 4 - The list of suspected variable stars

Field GAIAID RAJ2000 DECJ2000 Field GAIAID RAJ2000  DECJ2000
No. [h:m:s] [d:m:s] No. [h:m:s] [d:m:s]
161 3420722996343786496  05:16:09.7 +26:02:453 181 2000667342122793472 22:30:15.9 +52:00:02.7
3420728150304526976  05:16:27.8 +26:08:37.2 2000668544713613952 22:30:12.2 +52:03:22.5
(KUV 05134+2605, ZZB)
3420726084425443200  05:15:59.1 +26:03:25.9 2000677993641422208 22:29:145 +52:03:02.4
163 473900064311871488 04:06:19.7 +60:56:30.6 2000680742420926976 22:30:27.8 +52:06:18.4
473906008546567168 04:06:18.6 +61:03:08.5 2000681876292067968 22:30:10.9 +52:08:57.1
473706893862387328 04:07:13.0 +60:47:18.3 2000684586402884864 22:29:54.1 +52:08:48.6
473712872456844544 04:06:59.4 +60:55:14.4 2000685758942457728 22:29:44.1 +52:12:16.6
(NGC 1501, RPHS)
473900304830038144 04:06:13.4 +60:57:13.4 2000686239978998400 22:30:08.0 +52:14:34.3
182 3404213726175547776  05:38:27.3 +22:38:11.4 2001434835597456768 22:28:45.8 +52:17:00.5
3404200257158109824  05:38:54.1 +22:32:084 187 277089853758788352 04:34:22.1 +55:31:36.5
3404217746264940032  05:38:10.8 +22:41:01.7 277091262508123264  04:33:06.3 +55:28:02.3
184 3404189944938309120  05:37:264 +22:30:51.7 277091739248814208  04:33:13.7 +55:31:56.6
185 241766668329744896 03:33:41.1 +45:23:50.6 277092155861283712  04:33:24.6 +55:33:07.3
(TYC 3736-373-1)
241771856649828992 03:32:58.5 +45:21:07.0 277093014852191616  04:34:25.9 +55:34:13.0
186 229267969902029696 04:23:13.9 +42:49:37.7 277091911047501568  04:33:36.4 +55:31:42.7

18-10  3433368376498172160  06:15:21.9 +27:50:33.0 188 3342732093967192576 06:03:46.4 +12:28:08.8
1811  3433415586778288768  06:15:55.7 +28:12:34.7

Conclusion. Survey observations of 15 selected fields were carried out on TSO using Zeiss-1000
telescope in 2019. Photometric pipeline data analysis conducted for 23 fields, including observations for
2016 and 2018. As a result, light curves for about 10 000 stars with the duration of observations at least
3 hours were obtained. Analysis of the light curves of these stars leads to the identification of 33 variable
stars. Among them, 31 stars are previously unknown variables. To determine the type of detected variable
stars, it is necessary to investigate the amplitude-period parameters of these candidates, their location on
color-magnitude diagram and to carry out spectral analysis. These results will be presented in the separate

paper.
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1EXKLLUC «B.I. ®eceHKOB aTblHAarbl ACTPOMU3MNKA MHCTUTYThbI», AMaTbl Ka3akcTaH;
23n-Papabu atbiHgarbl Kas¥y, Anmartsl, KazaxcraH

ANHBIMAbI XX¥NAbI3AAPAbI 130EY BOMbIHLIA TAHb-LUAHb/bLL
®OTOMETPUANBIK; LUOMY AbIL, HOTUXKENEPL: BAKBINAY AP,
HbICAHLAPAbI TALUAAY X3HE MINIMETTEPAL TANLAY

AHHOoTauwms. 2018 xbinbl TaHb-LUaHb 06cepBaTopusceiHga BR05236322 6argapnamachiH icKe acbipy ascbiHAg,
bIKLLAM >K3He YNIbTpa blaM ekinik xYWenepre (UCB) YMiTkepnepai i34ey/i, COHbIH illiHAe e3apa 3peKeTTeceTiH
ekinik xYWenepai (AM Cvn) isgeyre apHanrad 6Gaiikay HayKaHbl, 6pbiH 6enricis aybicnanbl >"nabi3aap,
esrepmeniniri 6ennas Tunti X \ngbi3gap. bn wony AM CVn menwwepi 6omkaHraHHaH 12 ece a3 60nraHbIrbiMeH
HerispenreH [1]. Ocklnaiiia, AM CVn HeMmipiH KaiiTa Kapay M/Hfaii XY/lenep MeH onapfblH 3BOMIOLMACHIHbIL]
MoZeNbAepiH XapblKTaH4bIpyra Kemektecefi. COHbIMEH KaTap, 3epTTey X"“MbICTapblH 6akbliay 6apbicbiHa 6acka
aybicnasbl XX \1AbI34apabl, OHbIH iLiHAEe aCTPOCEN3MIe KbI3bIMyLUbIIbIK TaHbITATbIH 00BEKTIIEpai, 3K30M1aHeTanaphb!
6ap Y leneppi xaHe T.6. 3epTTeyre 601aTbIHAbIMbI AHLIKTABI.

Zeiss-1000 TeneckonTapbl kemeriMeH TaHb-LLlaHb o6cepeaTopuscbiHAa (TSAQO) ManakTuka XasblKTbIrbIHAA
TaHAIraH aiiMakTapdbl 3epTTeyAiH alralKbl H3TVKenepi kKennpwreH. Makanaga KYTINETiH epicTepai TaHgay
afroTeMea, Gakblnaynap MeH m~paraTtairaH fepektep CTaTUCTUKAChl, AuddepeHUManibl XapKbipay KUCbIKTapbIH
any MakcaTblHAa KOMAaHbINraH Aepektepai Tangay MeH auddepeHumanisl (hoToMeTpus npoLecTepi cunaTtanraH.
2014-2019 > apanbirbiHAarbl 6akbinay MaycbiMaapbl kesiHge 40° -gaH 210° -Ka feLlHN ranakTuKaabliK 60iAbIK MeH
+ 5° ranakTuKanbIK eH/L 60iibIHLA 23 06/bIC aHbIKTaNAbI.

Baiikay Zeiss-1000 «BocTouHblii» MeTpAiK KnacTbl TeneckonbiHAa, Apogee Alta U16M CCD CCD
KamepacbimMeH xababiktanraH, Kodak KAF-16803 uunTi npoueccopbl 6ap, NUKCeNb enlemi 9 MKM X3He >Xanbl
ynnTL, enwemi 4096 x 4096 nukcens. Bprcn TY3eTkiw (POKyCTbl TEMEHAETKIL) 3KBUBANEHT (OKYCTbl 6665 MM-
re AeLH TeMeHAeTyre MYMKIHZIK 6epgi, on eproTwy, enwemiH 19'x 19' x3aHe kewcnknk 0" 56 nukcen/nnkcens 6epgi.
2016 xbinbl 6akbinaynap Zeiss-1000 «BocTouHbIVi» TeneckonbiHAa Aa Xypn3wa” 6ipak Apogee Alta U9000 CCD
CCD kamepacbiveH Kodak KAF-09000 unT 6ap, enwemi 3056 x 3056 NuKcesnb X3aHe (r3nKabiK enwemi 12 MKm.
CoHbImeH 6ipre, TeneckonTeiH epici 2018-2019 xbingapaarbl 6aksinaynapmeH 6ipgein 6ongpl, 6ipak macwtabbl 0.
37/nukcens. CurHangap/wy feHreiiHiH XxorapbiiaybiHa Ko KeTw3y YiiH YWiHWi 6MHHWHITE 6akbinay XY prisingi.

TaHganraH 06/bicTapAblH 3pKaicbickl Johnson-Cousin V x3He R keH »onakTsl CY3riniepiHge, CoHAal-aK ToNbIK
apblkTa 30 cekyHATaH 180 cekyHAKa AeiliH, kem gereHge 3 carat Y3AiKci3 6akbliaHabl.

doTomeTpuaAnbIK Tasigay y Mk 6i3 Python optacbiHga xaHe “pyraf’; “astropy” [5], “scamp” [6], “astroquery”
LTanxaHanapblHAa >kacanraH 6argapnamasiblK >KacakTamaHbl KonfgaHa oOTbipbin, PSF  (oTomMeTpus 3giciH
KongaHgblk. Tokenein aundipepeHUManabl XapblK KWCLITBIH - any  YWiH epicTeri  6apnbik XMAbI3gapabiH
(hOTOMETPUANBIK aKnapaTtbiH KOM4aHA OTbIPbIM, CUHTE3LEeNreH aHbIKTaMaslblK >KapblK KUCbITbIH K¥pYy 3fiCiH
KongaHablk. BAn cTpaTerusHbl TaHgay Keneci aktopnapra 6ainaHbiCTbl 604bl: 1) CUHTe3AenreH canbiCTbipy
XapblK KUCbIrbl Bip CanbICTbipy XAbI3bIHbIH LIy [AeHreiiH aiTapnbikTali TemeHaeTedi 2) 6i3 3epTTenred
X NAbI3ABIH CMEKTPAIK KAAChIH XKL BINMENTIHAIKTEH, CIMKEC KEeNEeTiH X Nabi3abl AMpbIC TaH4ad anmaimels. CCD
Kagpbl LWeHOepiHAeri X abI3LapabiH XKanmbl caHbl XY3[ereH HemMece TLUM MbIHIa XeTyi MYMKIH 60/raHAbIKTaH,
(hOTOMETPUAHBIH J3NAIrT 3epTTenin XaTkaH X 1AbI3LblH XKapblK KUCbIrbIHAArbl Ly feHreiii raHa 6onagsl fen
60omkayra 6onagpl.

HaTuxeaHge, 6akbinayfbliH 3p >XMbIHTbIrbl YiiH wamvameH 10 000 »x™ngbi3 YiWiH y3aKk Mep3imAi XapblK
KWUCbIKTapbl a/ibIHAbI XK3He 3p yyacke YLLUiH 6akbliayablH Xannbl y3aKTbIrbIHbIH 75% -AaH KeM eMec (hoTOMEeTpUALaH
ETKEH 3D XeKe epro X Abl3fapblHbIH XKapblK KUCLIKTapbiHAH BU3yanibl Tekcepy XYprisingi, 670 " ngbi3gapap
6ipKenKi aHblKTayra esreprilTik 6enrinepi MYMKiHGIK 6epgi. Ocbl XapblK KUCbIKTapbIHbIH Tangaybl 60libIHLWa
esrepeTwt 33 X" nAbi3 aHbikTanabl. OnapgbiH Wwiae 31 X abi3 earepMeni X\ gbi3gap KataiorbiHga KepiHGenTiH
»KaHa 60/1bIn Tabblnadbl.

TYWin cespep: CCD 6akbinaynapbl: AepeKTepai Tanjay; AicTep: XapKblpay KUCbIrbIH Tangay, OTOMeTpus.
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1ATOO «AcTpothusnyeckunii MHCTUTYT um. B.I". deceHkosa», AnmaTbl, KasaxcraH;
2KasHY uwm. ans-dapabu, Anmartsl, KasaxcTtaH

PE3Y/NIbTATbI TAHb-LUAHCKOIO ®OTOMETPUYECKOIO OBE30PA
MO NMNONCKY NEPEMEHHbLIX 3BE3[: HABAO AEHWA,
BbIBEOP OBBEKTOB N AHANN3 OAHHbBIX

AHHoTaumua. B 2018 rogy, B pamkax BbINonHeHus nporpammbl BR05236322 Ha TsaHb-LlaHckoi
o6cepsaTopv, 6blna MHULMMPOBaHA KaMnaHWA MO MPOBELEHMIO MOUCKOBbLIX HaboAeHUIA And NOMCKa KaHAUAATOB
B KOMMNaKTHbIE U yNbTPa-KOMMaKTHbIE ABOVHbIE cucTeMbl (UCB), BKIOYas B3aMOLelicTBYOLLME ABOHbIE CUCTEMbI
(AM Cvn), paHee Hen3BECTHbIE NepPeMEHHbIE 3Be3fbl, 3Be3/bl C HEM3BECTHLIM TMMOM NepeMeHHOCTU. [aHHbIin 0630p
Obln MOTMBMPOBaH TeM (hakTOM, YTO KonmuecTBO AM CVn B 12 pa3 oKa3asiocb MeHblUe, YeM rpefckasaHo [1].
Takum o6pasom, nepecmoTtp uncna AM CVn nomor 6bl NPOUTL CBET HA MOAENU (OPMUPOBAHUSA TaKUX CUCTEM U
nx asonwoumio. Kpome TOro, 6b10 BbIACHEHO, 4TO B npouecce 0630pHbIX HAbGMOAEHWIA npeAcTaBnseTcs
BO3MOXXHOCTb MCCef0BaTh ApYrvie nepeMeHHble 3Be34pl, BK/IKOYas 06bEKTbl MHTEPECHbIE A7 aCTPOCeCMOorum,
CUCTEMbI C 3K30M1aHeTaMu 1 ap.

B paHHOI cTaTbe NpefcTaB/eHbl NepBble pe3ynbTaTbl 0630pa 136paHHLIX NAOLWAA0K B NAOCKOCTY [ManakTukm,
BbIMO/IHEHHble Ha o6cepsaTopun TsaHb-LaHb (TLUAO) ¢ wcnonb3oBaHuem Teneckonos Lleiicc-1000, onwmcaHa
MeTO/AVKa Bbl60pa NepCcrneKTUBHbIX Nonel 418 0630pa, CTaTUCTMKA NOAYUEHHbIX HABMIOAEHNI N apXMBHbBIX LaHHbIX,
npouecc aHanusa faHHbIX U audiepeHLnancHoi (OTOMETPUM C LeNbio MonyyeHns anddepeHLanbHbIX KprBbIX
6necka. B o00weli cnoxHocTM 6binv NpoBedeHbl HabnwogeHws 23 NAOWafoK B AuanasoHe oT 40° go 210°
ranaKkTMYeckomn JONroThbl U +5° rafakTMUecKoi LWMPOTbI B TeUeHUn HabntogatenbHbix ce3oHoB 2014-2019 rogos.

HabntogeHus Obinn BbIMOSHEHbI Ha Teneckone MeTpoBoro knacca Lleiicc-1000 “BOCTOUHBINA”, OCHALLEHHbI
M3C-kamepoin Apogee Alta U16M CCD c umnoc Kodak KAF-16803, ¢ pasmMepoMm Kaxaoro nukcens 9 Mk, a
MoNHbIA pasmep umna 4096x4096 nmkceneidi. Koppektop nons (OH ke pefabtocep (hOKyca) MO3BOMMI COKPATUTh
3KBMBa/IEHTHbIA (hoKyc A0 6665 MM, 4TO fasio mone pasmepom 19'x19' M MPOCTPaHCTBEHHbIM pa3peLLleHneM
0".56/nukcenb. Habntogenus B 2016 6biau BbIMOHEHbI Takoke Ha Teneckone Lleiicc-1000 “BOCTOYHBIN", HO yxe ¢
M3C kamepoii Apogee Alta U9000 CCD c¢ umnom Kodak KAF-09000 pasmepom 3056x3056 nukceneid u
(OM3NYECKMM Pa3MepPoM KaxAoro nukcens 12 Mkm. [pu 3TOM nofe Teneckona O6blio TakuMm e, Kak W 4fis
HabmogeHnin B 2018-2019, Ho ¢ macwTabom 0".37/nukcenb. s AocTdkeHUs 6onee BbICOKOMO OTHOLUEHMA
CurHan/LLIym Hab1t04eHNsA BbINONHANNUCH B TPETLEM BUHHUHTE.

Kaxxgas 13 BblbpaHHbLIX NAOLAA0K Habnofanach HenpepbiBHO Ha MPOTSHXEHUU, KaK MUHUMYM, 3 4acoB C
akcno3uumeli ot 30 cek go 180 cek C MCMOMb30BaHWEM LUMPOKOMOOCHLIX (rabTpoB V 1 R cucTembl J)KOHCOHa-
Ky3uHa, a TaKke B MHTErpupoBaHHOM CBeTe.

[Ons  QoTomeTpuueckoro aHanusa UCMNoib3oBasach MeToauMka PSF-(hoTOMETpUM € UCMONb30BAHUEM
paspaboTtaHHoOro B cpefe Python nporpammHoro obecneyeHus u 6uénuotek ‘pyraf”, “astropy” [5], “scamp” [6],
“astroquery”. Ang nonyyeHWs HeMocpefCTBEHHO AuUM(epeHUManbHbIX KPUBbIX 61ecka 6bl1 UCNoMb30BaH METOZ
MOCTPOEHMS CMHTE3MPOBaHHON petepeHTHON KPUBOIA 6ecka ¢ MCMOAb30BaHWEM (HOTOMETPUUECKON MH(OpMaLmm
BCEX 3Be3f B nose. Takoli BbI6op cTpaTernn 6bin NPOAMKTOBaH Crefyrowmmy aktopamu: 1) cMHTe3MpoBaHHas
KpuBas Onecka CpaBHEHWS 3HAUYWMTENbHO YMeHblUaeT BK/Iaf LUymMa OT OTAeNbHO B3ATOM 3Be34bl CPaBHEHWS;
2) MOCKOMbKY Mbl 334aCTyt0 He 3HaeM CMeKTpa/bHbIli Knacc UCCNedyemoli 3Be3dbl, Mbl HE MOXEM MpPaBW/bHO
BbIOpaTb COOTBETCTBYIOLLYIO 3Be3fy CpaBHeHWs. OCKONbKY obliee umcno 3se3q B none M3C-kagpa MOXeT
[OCTUraTb COTEH W JaXe ThbICAY, Mbl MOXeM cfenaTtb NnpeanosiaraeM, 4To TOYHOCTb (POTOMETPUM TOMBKO YPOBHEM
LyMa B KpUBOIA 6/1ecka nccneLyeMoi 3se3abl.

B pesynbTaTe 6binn NosyyeHbl NPOAOMKUTENBHbIE KpuBble bBriecka Ana nopagka 10000 3Be3n. 4N KaKA0ro
ceTa HabMIOAEHWA WM ANA KaXKAON Miowanky 6bina BbINOAHEHAa BM3yanbHas NpOBEPKa KPMBbIX 61necka Kaxaoin
OTAeNbHOW 3Be3f4bl MONs, MpoLlefLleli npoueaypy (OTOMETPUM, Kak MUHMMYM, Ha MPOTSHKeHUW 75% OT o6Lieit
MPOAOMKUTENBHOCTY HabMIOAEHWIA, YTO NO3BOAWIO BbISBUTL 3B€34bl C OLHO3HAYHLIMY NPU3HAKaMM NePeMEHHOCTH.
B pesynbTarte aHa/M3a 3TUX KpMBbIX Gnecka 6bIo BbisiBNEHO 33 nepeMeHHble 3Be3gbl. Cpean HUX 31 3Be3fa - 3To
HOBble, He NPefCTaB/eHHbIE B KaTaslorax nepeMeHHbIX 3Be3[.

Kntouesble cnosa: M3C HabMO4eHNS: aHaIM3 AaHHbIX; METOAbI: aHaIM3 KPYBbIX 6/1eCKa, POTOMETPMSA.
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