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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 V 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 Cvn), 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 of the 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 of the 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 of the 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

Field No. | RA [h:m:s] DEC Field No. RA DEC Field No. RA DEC
[d:m:s] [h:m:s] [d:m:s] [h:m:s] [d:m:s]

1 2 3 4 5 6 7 8 9
19-2 19:59:33 +24:54:46 19-5 20:00:39 +20:32:39 21-9 05:56:39 +35:09:33
18-6 04:22:18 +42:53:42 19-3 20:50:37 +36:14:14 21-6 06:02:28 +27:56:24
19-1 19:38:23 +26:39:56 19-4 01:26:48 +57:42:23 21-8 06:45:55 +08:36:52

— 7y ——
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Continuation of the 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
19-9 01:35:36 +57:31:29 19-8 00:17:14 +60:13:43 18-8 06:03:50 +12:22:19
20-1 22:16:59 +59:51:09 20-2 19:23:22 +20:21:00 18-7 04:33:40 +55:26:33
20-4 04:54:49 +39:52:35 20-3 04:34:49 +44:11:20 18-4 05:38:06 +22:32:49
20-7 19:44:12 +13:50:32 20-5 05:04:18 +37:31:18 18-9 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 16-1 05:16:36 +26:07:25
21-3 00:50:58 +60:31:17 21-2 21:47:42 +50:26:20 16-2 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
18-1 22:29:20 +52:10:38 18-2 05:38:35 +22:39:10 18-11 06:15:19 +28:13:03
18-3 23:01:15 +54:37:04 18-5 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 um and dimension of 4096x4096 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 um 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 v Re Exposure | Field Date Duration v Re Exposure
No. [d/m/y] [h.] [frames] | [frames] [sec] No. [d/m/y] [h.] [frames] | [frames] [sec]
18-2 122/02/2019 3.5 161 --- 60 18-9 [27/02/2019 3.0 141 - 60
18-4 (29/01/2019 3.8 155 - 60 18-9 |112/03/2019 3.1 106 - 90
18-5 (27/01/2019 33 - 100 60/120 18-9 108/02/2019 3.6 120 - 60
18-6 (01/02/2019 35 153 - 60 18-10 [ 13/03/2019 3.0 102 - 90
18-7 [02/02/2019 4.1 178 - 60 18-11 (20/03/2019 35 116 - 90
18-7 [23/02/2019 4.7 220 - 60 18-8 105/03/2019 2.9 224 - 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 A% Re Exposure | Field Date Duration v Exposure
No. [d/m/y] [h.] [frames] | [frames] | [frames] [sec] No. [d/m/y] [h.] [frames] [sec]
1 2 3 4 5 6 7 8 9 10 11 12
16-1 | 15/01/2016 7.2 732 --- --- 20 16-3 [ 01/11/2016 8.2 280 90
16-1 | 24/01/2016 7.7 762 --- --- 20 16-3 | 04/11/2016 5.6 191 90
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Continuation of the table 3

1 2 3 4 5 6 7 8 9 10 11 12
16-1 | 25/01/2016 8.6 857 - - 20 16-3 [ 07/11/2016 5.1 174 90
16-2 | 20/01/2016 6.9 - - 800 20 16-3 | 09/11/2016 6.6 219 90
16-3 | 26/10/2016 8.1 - 254 --- 90 18-1 | 05/12/2018 2.9 221 30
16-3 | 27/10/2016 8.5 - 277 --- 90 18-2 | 05/12/2018 2.8 131 60

18-3 | 15/12/2018 1.1 55 60

Data analysis. As the main tool for preliminary analysis of the data we wuse 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 of the 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” (irafiraf.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 opsg = FWHMpsp/2x(2In2) 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” Apn = 5xopsr. The sky background level was determined within aperture
Agy = 6XGpsr, in 5 pixels wide ring. The size of the PSF profile used for approximation is R™pse = 5xops - 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 of the order of hundredths of a magnitude.
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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 of the 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 GAIA ID RAJ2000 | DECJ2000 | Field GAIA ID RAJ2000 | DECJ2000
No. [h:m:s] [d:m:s] No. [h:m:s] [d:m:s]
16-1 3420722996343786496 05:16:09.7 [+26:02:45.3 [18-1 [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 |22:29:14.5 |+52:03:02.4
16-3 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
18-2 3404213726175547776 05:38:27.3 [+22:38:11.4 2001434835597456768 |22:28:45.8 | +52:17:00.5

3404200257158109824 05:38:54.1 [+22:32:08.4 | 18-7 [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
18-4 3404189944938309120 05:37:26.4 [+22:30:51.7 277091739248814208 | 04:33:13.7 |+55:31:56.6
18-5 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
18-6 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 | 18-8 [3342732093967192576 |06:03:46.4 | +12:28:08.8
18-11 [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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AVHBIMAJIBI )KYJIBI3IAP/BI I3/IEY BOMBIHIIA TSAHb-IIIAHB/IBIK
OOTOMETPUSIBIK IIOJIY IbIH HOTH/KEJIEPI: BAKBIUIAYJIAP,
HBICAHJAPABI TAHJAY ’KOHE MOJIMETTEPAI TAJIIAY

Annoranust. 2018 xbuibl Tsup-11lans o6cepBaTopusiceirga BR05236322 6armapiamMachiH iCKe achIpy asChIHIA,
BIKIIIAM JKOHE yJbTpa bIKLIaM ekinik xyihenepre (UCB) ymitkepnepai i31eyai, COHBIH ilIiHIE ©3apa SpeKeTTeceTiH
eximik >xydenepai (AM Cvn) i3meyre apHanraH Oalikay HayKaHbl, OypbIH Oenrici3 aybiCHaibl KyJIABI3zap,
e3repmerniiri 6enriciz TunTi kynaeiaap. by mony AM CVn menmiepi 6oipkanraHHaH 12 ece a3 O0sFaHABIFBIMEH
Herizgenred [1]. Ocputaiimia, AM CVn HeMipiH KaiiTa Kapay MyHIai yiierep MeH OJIapblH 3BOJIOLUSICHIHBIH
MOJIENBIePiH JKaphIKTaHABIpyFa KeMekreceni. COHBIMEH KaTap, 3epTTey KYMBICTAphIH OaKplIay OaphICBIHAA Oacka
aybICHIalIbl XKYJIABI3AAP/bI, OHBIH IIIIHAE ACTPOCEU3MIe KbI3BIFYIIBUIBIK TAaHBITATHIH OOBEKTIIEP i, K30IIaHETaIaphl
Oap xyitenepai xoHe T.0. 3epTTeyre OONATHIHABIFE AHBIKTAIIHL.

Zeiss-1000 Teneckonrapsl kemerimeH Tsiab-Illanp oOcepBaropusiceinga (TSAO) amakTrka Ka3bIKTHIFBIHIA
TaHJAFaH aiMakTap/bl 3epPTTEyAiH alFalllKbl HOTHXKeNepi KenTipiireH. Makanana KyTUIeTiH epicTepil TaHaay
oxicremeci, OakpuIaynap MEH MyparaTTalfaH JIepeKTep CTaTUCTHKACHI, U depeHnnanisl )KapKelpay KUCHIKTapbIH
ajly MaKcaThIHIA KOJIJAHBUIFaH JepekTepai Tangaay MeH auddepeniuanapl GOTOMETpHs MPOLECTepPl CHITATTAIFaH.
2014-2019 ¢ apanbiFbiHIaFel 0aKbUIAYy MaychiMaapsl kesinae 40° -aan 210° -ka JACHiHT1 TaTaKTUKAIBIK OOUJIBIK ITeH
+ 5° rajakTUKaJIBIK €HIIK OOMbIHIIA 23 00JIBIC aHBIKTAJIbI.

Baiikay Zeiss-1000 «BocTouHblit» MeTpiik KiacTel TelieckonbiHaa, Apogee Alta Ul6M CCD CCD
kamepacbiMeH sxa0apikTanrad, Kodak KAF-16803 uunri npoueccops! 0ap, mukcens oameMi 9 MKM JKOHE KallIbl
guntig emmemi 4096 x 4096 mukcens. OpicTi Ty3eTKim (POKYCTH TOMEHAETKIIT) SKBUBAICHTTI (POKYCTHI 6665 MM-
re neiiiH TeMeHAeTyre MyMKIHAIK Oepi, o epicTiH enmeMiH 19'%19' xone keHicTikTik 0" 56 nmukcen/muKcenb Oepmi.
2016 xputel Oakputaynap Zeiss-1000 «BocTouHsIi) TeECKOMBIHAA A XKYPTi3inmi, 6ipak Apogee Alta U9000 CCD
CCD kamepacbeiven Kodak KAF-09000 ywumi 6ap, esmemi 3056 x 3056 nukcens xoHe GU3MKAIBIK oeMi 12 MKM.
ConbiMeH 0ipre, Teseckontsiy opici 2018-2019 xburnapaarsl OakeiIaynapMer Oipaei 6ossl, 6ipak Macuiradsr 0"
37/mukcens. CurHangap/iy AeHreiiniy *KorapbuiayblHa KOJI )KETKI3y YIUIH YIIiHII OMHHUHITE 0aKbLIay Xypri3iiii.

Tanpanran oOnbIcTapbIH SpKarchichl Johnson-Cousin V jxoHe R KeH jk0nakThl cy3riiepinjie, COHAal-aK TONbIK
xapboikta 30 cekynarad 180 cexyHIka aAeiiH, KeM JAereH e 3 caraT y3diKci3 OaKbUIaH b,

doroMeTpusIIBbIK Tanaay yuriH 6i3 Python opraceinna xoue “pyraf’, “astropy” [5], “scamp” [6], “astroquery”
KiTallXaHAJIApbIHAA >KacalfaH OarjapiaManblK JkacaKkTaMaHbl KoijgaHa oOTeIpen, PSF  dortomerpust omicin
KogaHnelK. Tikened muddepeHIUanabl KAaphlK KUCBIFBIH ally VIIH epicTeri OapiblK KYJIIBI3IapAbIH
(hOTOMETPHSNIBIK aKMapaThlH KOJIaHa OTBIPHIN, CHUHTE3ZIEITeH aHBIKTaMaJbIK JKapblK KUCBIFBIH KYpy omiciH
KONOaHOBIK. bynr cTpatermstHbl TaHmay keneci (hakropriapra OaimaHbICTBI OONIbl: 1) CHHTE3AENTeH CalBICTHIPY
JKapblK KHCBIFBI Oip CaJBICTBIPY JKYIOBI3BIHBIH NIy ICHTeWiH alTapipIKTaii TemeHaereni 2) 0i3 3epTTenreH
JKYIIBI3ABIH CIIEKTPIIIK KIACHIH Wi OUIMEHTIHIIKTEeH, Coiikec KeJeTiH KYIOBI3ABI AyphIc TaHmai ammaimMeiz. CCD
KaJpbl MIEHOEPIHACTT KYJIIbI3AAP/IbIH KAl CaHbI JKY3lereH HeMece TINTI MbIHFA JKeTyl MYMKIH OOJIFaH/IBIKTaH,
(OTOMETPHSHBIH IONAIr 3epTTENiN >KaTKaH >KYIABI3ABIH JKapblK KUCHIFBIHAAFBl Iy JIeHreili raHa Oonambl zem
6omxkayra Oosabl.

Hotmxecinge, OakpiiaynblH op KHUBIHTBIFEI YUIH 1mamamer 10 000 >xyiabl3 yHIiH y3aK Mep3imji JKapbikK
KHCBIKTaphl aJIbIH/IbI )KOHE 9 yuacKe YILIIH OaKblUIayAbIH KalIlbl Y3aKTHIFBIHBIH 75% -1aH keM eMec (OTOMETpHsIaH
OTKEH 9P JKeKe epic >KYJIIbI3JapbIHBIH JKapblK KUCBHIKTAPBbIHAH BU3YaJJIbl TEKCEPY >KYPTi3uni, Oy *KyJIapI3aapasl
OipKelsiKi aHBIKTayFa e3repriluTik Oenrimepi MyMKiHIIK Oepai. OCBl XapblK KHCBIKTapbIHBIH Tajliaybl OOWbIHINIA
e3repeTiH 33 >kyiabi3 aHbIKTabl. Onapasly imriage 31 Kyiap3 e3repMelti KYJIIbI3aap KaTallorbiHia KepiHOeHTiH
’KaHa OOJBIN TaOBLIAIEL.

Tyiiin ce3nep: CCD Gakpuiaymapsl: IepeKTepi Talaay; dicTep: XKapKbIpay KUCHIFBIH Talnay, (POTOMETpPH.
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PE3YJIBTATBI TAHB-INAHCKOI'O ®OTOMETPUYECKOT' O OB30PA
IO NOUCKY NNEPEMEHHBIX 3BE3/l: HABJIIOJEHUS,
BbIBOP OBBEKTOB U AHAJIN3 JAHHBIX

Annoranusi. B 2018 romy, B pamkax BemonHeHusi mnporpammbl BR05236322 wa Taub-lllanckoit
oOcepBaropuH, ObUIa HHULMMPOBAHA KaMITaHUS 110 TPOBEACHHIO TIOMCKOBBIX HAOIIOACHHUH IS ITONCKa KaHIUAATOB
B KOMIIAKTHEIC U YIbTpa-KOMIaKkTHEIE qBoKHBIE crcTeMbl (UCB), BKITIO9ast B3anMOICHCTBYIOIINE TBOHHEBIE CHCTEMBI
(AM Cvn), paHee HEM3BECTHBIEC TIEPEMEHHBIE 3BE3/IBI, 3BE3/IbI C HEM3BECTHBIM THUIIOM NIEPEMEHHOCTH. JlaHHBII 0030p
OpUT MOTHBHpPOBaH TeM (pakTom, urto kKommdectBo AM CVn B 12 pa3 oka3aioch MEHbIIE, YeM Tpeackazano [1].
Takxum o6paszom, mepecmotp urcaa AM CVn momor OB IPOJUTH CBET HAa MOJAENH (OPMHUPOBAHUS TaKUX CHUCTEM U
nx osBomonuio. Kpome Ttoro, ObUIO BBIACHEHO, YTO B TMpoIlecce OO30pHBIX HAOMIONEHWH TpencTaBiseTcs
BO3MOXKHOCTH HCCIIEIOBATh JIPyTHe NMEPEMEHHBIE 3BE3/Ibl, BKIIOYast OOBEKTHI HHTEPECHBIE JUI ACTPOCEHCMOJIOTHH,
CHCTEMBI C 3K30IUIaHETaMH H JIp.

B manHOI1 cTaThe MpenCTaBIECHBI MEPBEIE Pe3yIbTaThl 0030pa M30PAHHBIX IJIOIAA0K B TIIOCKOCTH | allakTHKH,
BEITOTHEeHHBIe Ha oOcepBatopun Tsaap-llans (TLIAO) ¢ ucmomp3oBanuem TenmeckornoB lleiicc-1000, ommcana
METO/IMKa BBIOOpA MEPCHEKTUBHBIX MOJIEH 11 0030pa, CTATUCTHKA TTOJMYyYECHHBIX HAOMIOJCHUI U apXUBHBIX JaHHBIX,
MpoIlecCc aHaNM3a NAaHHBIX U U GepeHIaTbHON (OTOMETPHH C HETbI0 MOMYYCHUS OU(QPEepeHINATBHBIX KPUBBIX
Omecka. B oOmieil crokxHOCTH OBITH TPOBeACHHI HaOMromeHWs 23 Twiomanok B auamasoHe ot 40° mo 210°
TaJIAKTUIECKOM JOATOTHI U £5° rallakKTHIeCKOH IMIMPOTH B TEUCHUN HaOIronaTenbHbIX ce30H0B 2014-2019 romos.

Habmonenns ObUTH BBIMTOMTHEHBI Ha TellecKore meTpoBoro kiacca Lleiicc-1000 “BocTodHsiii”, OCHAICHHBIH
IM3C-kamepoit Apogee Alta U1I6M CCD c¢ unmoc Kodak KAF-16803, ¢ pa3smMepoMm Kakgoro mUKcens 9 MKM, a
moyHBIN pasMep gumna 4096x4096 mukceneit. Koppextop momst (oH ke penptocep (pokyca) MO3BONMIT COKPATHTH
SKBUBAICHTHBINH (OKyc M0 6665 MM, 49to mamo moie pasmepoM 19'%19' m mpocTpaHCTBEHHBIM pa3penicHueM
0".56/mmukcens. Habmonerns B 2016 Oputn BITOMHEHHI Takke Ha Teneckore Leficc-1000 “BocTounsnii”, HO yxke ¢
IM3C xamepoit Apogee Alta U9000 CCD c¢ ummom Kodak KAF-09000 pasmepom 3056%3056 mnukcemeit u
¢u3mueckuM pasMepoM Kaxkgoro mukcens 12 mMxm. IIpu 3TOM mose Teneckona OBIIO TAKUM JKe, Kak M IS
HaOmonennidn B 2018-2019, Ho ¢ macmradom 0".37/mukcens. Jns mocTrkeHUss 0Oojiee BBICOKOTO OTHOIICHUS
Curnan/lllym HaOIrOIeHISI BEITIONHSIINCE B TPETHeM OMHHUHTE.

Kaxnast u3 BBIOpaHHBIX IUIOIANOK HAOIIOAANACh HENPEPHIBHO HA NPOTSHKEHHH, KaK MHHHUMYM, 3 4YacoB C
skcnozunueit ot 30 cek mo 180 cek ¢ MCIONB30BaHMEM MIMPOKOMONIOCHBIX (puimbTpoB V u R cucremsr J>xoHCOHA-
KysuHa, a Takke B HHTETPUPOBAHHOM CBETE.

Hdus  ¢doTtomerpuueckoro aHamm3a HCHONb30Bamack wMeroamka PSF-¢otomerpum ¢ umcmonp3oBaHHEM
pa3paboraHHOTO B Ccpene Python mporpaMMHOTro obecrieueHuss u Oudbmuorexk “pyraf’, “astropy” [5], “scamp” [6],
“astroquery”. JIns TONXydeHUS HETIOCPEACTBEHHO IH(depeHInanbHBIX KPUBBIX Oliecka OBUT MCIOJIB30BAH METO
MOCTPOCHHUS CHHTE3UPOBAHHON pe)epeHTHON KPHBOH OJieCKa ¢ MCHOIh30BaHHEM (POTOMETPUIECKON MH(POpPMAITUN
BcexX 3Be3x B mose. Takoil BEIOOp cTparerny OBUT MPOMUKTOBAH CIEAYIOMIMMH (akropaMu: 1) cmHTE3MpoBaHHAs
KpuBasi OJecka CpaBHEHHS 3HAUMTEIbHO YMEHBIIAET BKJIAA IIyMa OT OTAEIBHO B3ATOH 3BE3Abl CPABHCHUS;
2) TOCKOJIBKY MBI 3a4acTyl0 HE 3HA€M CHEKTPAJIbHBIA KIAcC HCCIEIyeMON 3BE3[bl, MBI HE MOXEM IPaBHIILHO
BEIOpPAaTh COOTBETCTBYIOIIYIO 3Be3Iy CpaBHeHMsA. [lockonbpKy oOmiee uucimo 3Be3n B mone [13C-kampa MokeT
JIOCTHTaTh COTE€H M AAXE THICSIY, MBI MOXEM CJIENIaTh MPEAINOIaraeM, YT0 TOYHOCTb (JOTOMETPHUHU TOJIBKO YPOBHEM
IrymMa B KpUBOU OJIECKa HCCIIEAyeMON 3BE3 bl

B pesympraTe ObUIH MONTyYeHBI MPOAOJDKUTENBHBIE KpUBBIE Oiecka i mopsimka 10000 3Be3n. it Kakaoro
cera HAOMIONEHMI W A Ka)KIOM IUIONIAJKM Oblla BBIIOJIHEHA BH3yalbHAs MPOBEPKA KPUBBIX OJECKa KaxIOH
OTAETBHOW 3BE37bI MOJIS, NMPOIIEANIeH mpouenypy (poromeTpun, Kak MHHAMYM, Ha HpPOTsDKeHHH 75% oT obmiel
MIPOJIOJKUTENEHOCTH HAOMIOICHNI, YTO TIO3BOJIMIIO BBISIBUTH 3B€3/bI C OAHO3HAYHBIMH IPU3HAKAMH ITEPEMEHHOCTH.
B pesymnpraTe aHamm3a 3THX KPUBBIX Oilecka OBIIO BBIABICHO 33 mepeMeHHbIe 3Be3nbl. Cpenu HuX 31 3Be3ma — 3To
HOBBIE, HE MPE/ICTABICHHBIC B KATAJIOTaX MIEPEMEHHbIX 3BE3I.

KiroueBsie cioBa: [13C HaOmroieHust: aHATN3 JaHHBIX; METOBI: aHATN3 KPUBBIX OJecKa, (POTOMETpPHSI.
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