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FIRST RESULTS FROM TIEN-SHAN SURVEY TO SEARCH
FOR VARIABLE STARS: LIGHTCURVE ANALYSIS
AND VARIABLE STAR CLASSIFICATION

Abstract. We present the first results of the light curve analysis of variable stars identified in Tien-Shan survey
conducted on Tien-Shan Observatory (TSO) using Zeiss-1000 telescope. Here we report on 33 high amplitude
variable stars among which 31 is previously uncatalogued variables. Using data from the StarHorse catalog, as well
as results from the MIST project, Color-Magnitude Diagram and appropriate evolutionary tracks were constructed
for each field and individual variable star, corresponding to the star's mass and metallicity. For two objects, we
performed spectral observations on the Zeiss-1000 “Zapadny" telescope using a slit spectrograph. The obtained
spectra were compared with synthesized spectra. The preliminary identification of variability type of each star is
based on parameters of variability (amplitudes and periods) determined from periodograms analysis, evolution stage
based on evolutionary track on Color-Magnitude Diagram and, for some targets, on spectral information.
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Introduction. Stellar variability plays crucial role in understanding many aspects of stellar structure,
galaxy evolution, cosmology, formation and evolution of binary systems and in many other astrophysical
problems [1, 2]. Light curve analysis of variable stars is main instrument in discovery of extra-solar
planets [3,4,5].

Despite many different campaigns and surveys aimed on variable star discovery and analysis there are
many new phenomenon and variability type discoveries still going on. Also, there are several examples of
variable stars which is the only object of their kind. For example WD1145+017 is the only known white
dwarf with evidence of disintegration phenomenon. To search for variable stars with short period
variability the survey was initiated at TSO. One of the goals for TSO survey is search for ultra-compact
binary systems (UCB), including interacting ultra-compact binary systems (AM CVn). Searching for UCB
and AM CVn conducted by means of single observatory is justified by the fact that the periods of
brightness variation in these objects are about several tens of minutes and the amplitudes from 1.0 to 0.01
in magnitudes [6], that is, are within the accuracy of photometry obtained by the telescopes in the TSO.

Additionally, TSO survey can detect variable stars of other types of variability including those
intentionally valuable for asteroseismic studies, systems with exoplanets, etc. Project description, strategy
for field selection and data reduction process is presented in separate paper in this volume (Paper I). There
we reported on discovery of new variables stars from visual inspection of individual light curves. In this
part we present detailed analysis of light curve of suspected variable stars using periodorgam analysis,
inspecting their evolution stage and spectra.

Stellar parameters, CMD and evolutionary tracks. A visual inspection of the light curves was
carried out for each star in each 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 evidence
of change in brightness. The full list of stars with detected variability is presented in table 5 of paper I.
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To determine the type of detected variable stars, it is necessary to investigate the amplitude-period
characteristics of the light curves, as well as the evolutionary status of the stars and, if possible, spectral
characteristics (Sp). To clarify the evolutionary status of the stars, we found their physical characteristics
from the GAIA catalog and constructed color-magnitude diagram (CMD) with superimposed theoretical
evolutionary tracks obtained from the MIST project [7,8]. The physical parameters of the detected
variables, according to the GAIA catalog, are given in table 1, where n is the parallax, Gmag is the
magnitude in GAIA G filter.

Table 1 - Parameters of identified variable stars

GAIA ID n Gmag Teff R L GAIA ID n Gmag Teff R L
[mas]  [mag] [K] [Rs] LS [mas]  [mag] [K] [Ran]  [Lan]
3420722996343786496 1.8659  13.04 4649.38 1.93 1575 3404213726175547776 0.7416 1565 4855.00 1.30 0.847
3420728150304526976 6.7595 16.77 8868.67 - - 3404200257158109824 0.7620 12.54 5926.25 3.33 12.294

3420726084425443200 0.7500 15.72 3854.00 2.51 1.252 3404217746264940032 0.3361 15.06 4837.26 - -
473900064311871488 11686 14.95 422892 170 0.832 3404189944938309120 0.7505 12.80 7058.25 2.10 9.884
473906008546567168 - 15.93  4039.89 - - 241766668329744896  0.3486  16.98 4904.71 - -
473706893862387328  0.1217 1533 4687.15 - - 241771856649828992 - 17.75 - - -
473712872456844544  0.5673 14.24 7031.00 145 4597 229267969902029696  1.9891 1352 4866.05 1.29  0.841
473900304830038144  0.4015 1549 485550 259  3.368 277089853758788352 0.2152 16.94 4832.62 - -
2000667342122793472 0.4200 1391 7111.67 222 11.311 277091262508123264 0.9893 13.03 4374.00 4.39 6.352
2000668544713613952 0.4973  13.65 6519.50 251  10.268 277091739248814208 0.4404 16.71 4374.25 - -

2000677993641422208 0.1093 16.14 6582.00 - - 277092155861283712  0.9312 16.49 4315.86 0.98  0.303
2000680742420926976 0.3075  13.13 5983.00 - - 277093014852191616  0.1927 1571  5008.72 - -
2000681876292067968 0.2046  15.32 6940.00 - - 277091911047501568  0.1641  16.34  4740.56 - -

2000684586402884864 0.2592  14.03 6413.50 4.18 26.626 3342732093967192576 0.5688 15.09 5324.00 175 2.204
2000685758942457728 0.2795 1398 7179.25 3.17 24.013 3433368376498172160 0.7081 16.00 4593.60 135 0.733
2000686239978998400 0.3612 1446 781250 1.69  9.560 3433415586778288768 0.2012 15.24 4895.75 - -
2001434835597456768 1.0201  16.65 4896.07 0.59  0.178

There is no data in GAIA catalog for the star 241771856649828992, but we identified this object in
the SDSS catalog as J033258.00+452113.5 and find the following parameters: Teff = 5440.0 K,
[Fe/H;: = 0.042 [9]. It should be noted here that GAIA data for extinction in the G band and “reddening”
E(BP-RP) should be used with caution since their accuracy is such that the values for individual star are
unreliable and therefore it makes sense to work only with an ensemble of values. Much work to refine
GAIA data for individual stars were done in the StarHorse project [10]. From the StarHorse catalog, we
selected only those stars for which reliable estimates were obtained. An example of a database query on
the project website (https://gaia.aip.de/query/) in our case might look as follows:

SELECT g.source_id, s.MGO, s.BPRPO, s.TEFF50, s.MET50, s.MASS50

FROM gdr2.gaia_source AS g, gdr2_contrib.starhorse AS s

WHERE g.source_id = s.source_id AND s.SH_OUTFLAG LIKE '00000'

AND s.SH_GAIAFLAG LIKE '000' AND 1=CONTAINS(POINT('GALACTIC',g.1,g.b),
CIRCLE('GALACTIC'196.37,-4.64,1.))

Table 2 shows the parameters of some of the variable stars for which data is available in the
StarHorse catalog. A comparative analysis of the data from table 1 and table 2 shows a significant
discrepancy of values for some stellar parameters. In further analysis, especially for determining the type
of variability of a star, in the case where the parameters of the star cannot be determined from the
StarHorse catalog we use the parameters from the GAIA catalog, except for the Teffvalue.
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Table 2 - Parameters of the detected variable stars from the StarHorse catalog

GAIAID Teff  [FeH] M GAIAID Teff  [FeH] M
4 My X VR
420722996343786496 8088 -0.24 157 3404217746264940032 6476  -0.12 164
473900064311871488 7519  -059 127 3404189944938309120 7338 -0.33 158
473706893862387328 129%6 -0.14 3.66 241766668329744896 5003 047 121
473712872456844544 5263 -0.39 090 229267969902029696 5800 0.15 103
473900304830038144 7831 -0.19 172 277091262508123264 9658 -0.14 245
2000667342122793472 7660 -0.21 175 277091739248814208 6562 -0.19 121
2000680742420926976 6058 -0.29 184 277092155861283712 5575  0.46 105
2000684586402884864 6669  -0.09 180 3342732093967192576 6265 -0.59 102

Using data from the StarHorse catalog, as well as results from the MIST project, CMD and
appropriate evolutionary tracks were constructed for each field and individual variable star, corresponding
to the star's mass and metallicity. These diagrams are shown in figures 1-3. GAIA ID of the stars is given
in legends to the figures.

Figure 1- CMD and evolution tracks for selected variable stars
on the field 16-1 (on the left), 16-3 (in the middle) and 18-1 on the right

CMD; Fk+l 18-5

- 05 00 05 w@S 2.0 25

Figure 2 - CMD and evolution tracks for selected variable stars
on the field 18-2 (on the left), 18-4 (in the middle) and 18-5 on the right
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CMD: fVkI 18-7

Figure 3- CMD and evolution tracks for selected variable stars
on the field 18-6 (on the left), 18-7 (in the middle) and 18-8 on the right

Light curve analysis, amplitude-period parameters

The main tool of the light curves analysis utilized in this work is periodogram using two algorithms
implemented in the project GATSPY [11] and PyAstronomy (https://github.com/sczesla/PyAstronomy)
with successive steps of the ”pre-whitening”, that is, subtracting the detected period of the light curve
followed by computing “cleaned” periodogram. The search for oscillation periods was carried out in the
range of periods (M) from 0.003 d to 0.15 d. As an example, and due to pages limit here we show the
results for selected stars.

473900304830038144 (field 16-1): the physical parameters (Teff and MSun), its position on the CMD
diagram, and the period of variability (~1.8 - 2.3 hours) indicate that this star belongs to the DSCT type.
The light curve is shown in figure 4. Periodograms with an indication of reliable peaks are shown in figure 5.
Analysis of the light curve gives the following parameters of pulsation: M: = 0.08410+0.00004 (d),
A1=0.0096+0.0009 mag, M- = 0.08934+0.00004, A. = 0.0081+0.0008.

Figure 4 - Light curve of the star 473900304830038144

------ FAP  100-O
------ FAP  1.Q*05
------ FAP  1.0tvI0
0.00 0.02 0.01 0.06 0.08 0.10 0.12 0.14 0.00 0.02 0.01 0.0G 0.08 0.10 0.12 0.14
Prriod (cl.) Period (d.)

Figure 5 - Periodograms for the star 473900304830038144 with indication of found periods
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473906008546567168 (field 16-3): the light curve (figure ) shows the changes in brightness
from minimum to maximum with an amplitude of about 0.3 magnitude and a period of ~0.1 days. The
analysis reveals three modes of oscillations: [M1=0.13885+0.00002 (d), A1=0.112+0.003 mag,
M2=0.06488+0.00003 (d), A2=0.021%0.002 mag, MNMs = 0.1213+0.0001 (d), As = 0.020+0.002 mag. The
corresponding periodograms are shown in figure 7. The nature of the pulsations suggests that this star
belongs to the HADS (high amplitude DSCT).

Figure 6 - Light curve of the star 473906008546567168

Figure 7 - Periodograms for the star 473906008546567168 with indication of found periods

277091262508123264 (field 18-7): the analysis of the CMD diagram (figure 3) shows that it is the
Main Sequence star of spectral type A (Teff was used). The light curve is shown in figure s . Despite the
short duration of the light curve, the star shows the presence of a rich spectrum of pulsations, which may
be due to the irregular variability. 1f we exclude the possible periods 0.2 d and to limit the periods search
within the duration of one epoch (~3 hours), we reliably detect three modes: M1=0.0811+0.0004 d,
A:=0.0103+£0.0007 mag, LL=0.0599+0.0003 d, A2=0.0057+0.0006 mag, s = 0.0445+0.0002 d,
As = 0.0041+0.0005 mag (figure 9). The nature of the oscillations shows that this variable may belong to
the DSCT, but it may be of roAp type. The object is of particular interest for subsequent observations and
possibly asteroseismic analysis.

0.06 J U, - —
0.075 0.100 0.125 0.150 0.175 0.200 0.225 21.075 21100 21125 21150 21.175 21.200 21.225 21.250

B.ID + 2458517

Figure 8 - Light curve of the star 277091262508123264
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Figure 9 - Periodograms for the star 277091262508123264 with indication of found periods

Catalog of variable stars and types of variability

The classification of the type of variability was made based on the obtained oscillation parameters
(period and amplitude), the position of the star on the CMD evolutionary track, as well as using an
available spectral data. For two objects, we performed spectral observations on the Zeiss-1000 "Zapadny"
telescope using a slit spectrograph. The obtained spectra were compared with synthesized spectra
computed utilizing the SPECTRUM package [12] and based on grids of atmospheric models from [13].

For the star designated in the GAIA catalog as 3404189944938309120 we found the following
parameters according to the StarHorse project: Teff= 7338K, [Fe/H] = -0.33, M* = 1.58 MSun. Based on
these parameters, synthesized spectra were constructed with the spectral resolution corresponding to our
observations for two values of Teff - 7250K and 8000K, with the parameter logg = 4.0 and [Fe/H] = -0.5.
A comparison of the synthesized spectra with the spectrum obtained at TSO is shown in Figure 10. From
comparison with model spectra, it can be concluded that the data of the StarHorse project correspond to
reality and this variable star can be attributed to the DSCT type with a high probability.

Wavelength |A]

Figure 10-Comparison of spectra obtained at the TSO using a slit spectrograph mounted
on the Zeiss-1000 "Zapadny™ telescope with synthesized spectra for two Teff values
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GAIAID
3420722996343786496

3420726084425443200
3420728150304526976

473706893862387328

473712872456844544
473900064311871488
473900304830038144

473906008546567168

2000667342122793472
2000668544 713613952
2000677993641422208
2000680742420926976
2000681876292067968

2000684586402884864
2000685758942457728
2000686239978998400
2001434835597456768
3404200257158109824
3404213726175547776
3404217746264940032
3404189944938309120
241766668329744896
241771856649828992
229267969902029696
277089853758788352
277090815831501568
277091262508123264

277091739248814208
277092155861283712
277093014852191616
3342732093967192576
3433368376498172160
3433415586778288768
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Table 3 - Detected variable stars from TSO survey

n

0.0485
0.0925
0.0708

0.0867
0.0347
0.0344

0.3765

0.08410
0.08934

0.13885
0.06488
0.12130

=0.05
>0.15
=01

>0.15

0.060
0.042

>0.15
=0.12

0.0363
>0.2

>0.2

>0.12
>0.15

0.0820

0.0811
0.0599
0.0445

=0.125
=0.30

>0.12
>0.12
=01

an A an
0.00001 0.0033 0.0003
0.0001 0.0026 0.0003
0.0001 0.0023 0.0023
0.7 0.0001
arich spectrum of pulsations
=0.0001 0.05-0.1 =0.0003
a rich spectrum of pulsations
=0.0001 =0.6 =0.0003
0.00004 0.0096 0.0009
0.00004 0.0081 0.0008
0.00002 0.112 0.003
0.00003 0.021 0.002
0.00010 0.020 0.002
=001 =0.025 =0.001
=0.020
=0.10
=0.20
0.001 0.037 0.002
0.001 0.015 0.001
=0.03
0.0005 0.0151 0.0008
>0.6
Nonregular, with amplitude = 0.01
04 0.001
Nonregular, with amplitude = 0.01
Nonregular, with amplitude = 0.01
>0.5
=01
=05 <0.001
0.0003 0.025 0.003
Nonregular, with amplitude =0.2
0.0004 0.0103 0.0007
0.0003 0.0057 0.0006
0.0002 0.0041 0.0005
=0.001 =0.1 =0.001
=001 =0.6 =0.001
Nonregular, with amplitude = 0.01
=0.01 =0.3 =0.01
=001 =03 =001
=0.03
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Type
DSCT

EB
77B

SX Phoenix,
PCep(?)

PNCS
EV
DSCT

DSCT

DSCT
DSCT
DSCT
DSCT
DSCT

DSCT(?)
DSCT(?)
DSCT
EV(?)
IV(?)
EV
IV(?)
DSCT(?)
EV(?)
DSCT(?)
EB
DSCT(?)
©

DSCT,
roAP(?)

DSCT(?)
EV
o)

EV(?)
EV(?)
DSCT(?)
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For a star with the number 277091262508123264 according to the GAIA catalog classification, we
found the following parameters of this star according to the StarHorse project: Teff = 9658K,
[Fe/H] = -0.14, M* = 2.45 MSun. It should be noted that for this object, there is a large discrepancy in the
Teff values between the GAIA and StarHorse data. Therefore, we also consider the parameters of this star
obtained from the LAMOST project: Teff = 7088 K, [Fe/H] = 0.043. Based on these parameters,
synthesized spectra were constructed with a spectral resolution corresponding to our observations and
those of the LAMOST project for two values of Teff - 7000K and 9500K, with the logg = 4.0 and
[Fe/H] = 0.0. A comparison of synthesized spectra with the spectra obtained at TSO and in the LAMOST
project is shown in figure 11. From figure 11, we can conclude that the data from the StarHorse project
does not seem to be correct and LAMOST gives more accurate value. From the obtained comparison, we
can conclude that this star also likely belongs to the DSCT variable type.

Figure 11-Comparison of the spectra obtained in the LAMOST project (left) and at the TSO (right)
on a slit spectrograph mounted on the Zeiss-1000 “Zapadny” telescope with synthesized spectra for two Teff values

More accurate spectral characteristics can be obtained from iterative approximation (or MCMC
method) of model spectra to the observed ones, using a grid of models with a certain step in the values of
[Fe/H], logg and Teff.

Conclusion

Survey observations of 15 selected fields were carried out. Photometric pipeline data analysis
conducted for 23 fields, including observations for 2016 and 2018. As a result, light curves for 9836 stars
with the duration of observations at least 3 hours were obtained. Analysis ofthe light curves ofthese stars
leads to the identification of 33 variable stars. Among them, 31 stars are previously unknown variables.
The amplitude-period analysis of the light curves of the identified variables was carried out, which
allowed us to give a preliminary classification of their type of variability. Where possible, we analyzed the
color-magnitude diagrams and constructed the corresponding evolutionary tracks. Table 8 presents the
main information obtained on the detected variable stars.
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A. CepebpsHckuia, I'. AiimaHoBa, J1. KoHgpaTtbeBa, Y. Omapos

EXLLC «B.I". ®eceHKoB atbiHAarbl ACTpohn3nKa UHCTUTYTbI»

TAHb-LWWAHBbAA 03rEPMENL X¥N1AObISAAPABI 13AEYAEN
®OTOMETPUASbLL 3EPTTEY AL, ANTALILBI HOTUXXENEP1:
XAPBL UNCBLWTAPBIH TANTOAY XX3HE 03rEPMENL X¥NMAbISAAPAbLLL XX1KTENMY1

AHHoTauus. AliHbIManbl XXynabl3aapabl i3aeyre apHanraH KenTereH HaykaHgapra kapamacTtaH, 6ap/bik >xaHa
aliHbIMasibITapabLl, COHbIH iWiHAe 6ypbiH 6Genrici3 60nTaH KnacTapAbly awbinybl Xanracyga. COHbIMEH KaTap,
epeKiLe HbicaHaap 6ap. Mbicanbl, WD1145 + 017 - ka3ipri ke3fen ak3onnaHeTanbik Y enepai 6y3y (heHOMEHiHiH
6ap 6onybliHbIL, f3nengeyi 6ap Genrini >xxanrbi3 ak eprexeiinl. Kpbicka mep3imai aviHbIMasibl Xyngabi3fapabl igey
Yuwid TLLOA-ga hoTOMeTpusbIK HaykaH 6actanraH 6onartbiH. OHbIH MakcaTTapblHbIH 6ipi - e3apa 3peKeTTeceTiH
ynbTpa-blkWam ekinik xYWenepgi (AM CVn) koca anranga, ekLilk bikwam xYWenepai (UCB) isgey. MyHaaii
XYWeneppi 6ip 06cepBaToOpUAHBIL, KYLLIMEH i34y 0ap/bIH XapbIKTbIK BapUaLMaChIHbIL, GipHeLLe OHAaraH MUHYTKa
CO3bIIaTbIHAbIHBIMEH, a1 XapblK BapuauusaCbIHbIH aMNAUTYackl XYnabl3ablk wamameH 0,01-geH 1,0-re AediHri
apa/blkTa e3repenHATMeH aktairaH. COHbIMEH KaTap, MyHAall 3epTTey 6acka aybiCnasibl Ky/Abl3aapabiH
TYpAepiH, COHbIH ilWiHAe acTPOCeiCMONOrMAITa KbI3bIrYLUbIIbIK TyAblpaTblH 06beKTLLepa” 3K3onaaHeTanapbl 6ap
XYW eneppi xaHe T.6. i3gey YLiH naiigananbinybl MyMKIH.

TaHb-LLaHb 06cepBaTopusckiHaa (TAO) Zeiss-1000 TenecKOmMbIHbIH KeMeNMeH XY PrisifireH PoTOMETPUs/bIK
3epTTey 6apbICbiHAA aHbIKTa/IraH e3repmeni XXynabli3aapablH XapblK KACLIKTapbIH TaffayblH arallikbl HITUXeNepi
yCbiHbINAbl. MyHga 6i3 33 orapbl amnauTygansl aybicnasbl Xynabi3gap Typanbl 6asHAaiMbI3, onapabiH iliHae
31 6ypblH aliHbIManbl XYNAbI34ap KaTanorbiHa eHoereH.

XKyngpi3gapablH aiHbIManbiblK TYPIH aHbIKTay YLUIH 0n1apAblH XKapblK KWCbIKTapblH Tangan, aMnauMTyaachl
MeH MepuoATapbIH aHbIKTay KepeK, COHbIMEH Katap Xy/abl3biH 3BOMOLUMANLIK KYVAH XaHe erep MyMLIHAX 60nca,
OHbIH CMEKTPAIK cunaTTaMmanapbiH fa aHbiKTay Kepek (Sp). Byn »yMmbICTa apblK KUCbIKTapbiH TangayAbiH Hen3n
Kypaibl - Tepbenlc  cnekTpiH  «arapTy»  Ti3bekTi  Kagjampapel  6ap  PyAstronomy  nakeT
(https://github.com/sczesla/PyAstronomy) >aHe GATSPY  nakeT  anropwril  KemeriMeH — opblHAanraH
nepuogorpamMmanapgbl Kypy. bi3 Tepbenictepgin nepuograpbiH 0.003-TeH 0.15 KyHre AeiiHri apanbikta isgegik.
Makanaga Mbican peTiHge 6ipHeLLe Xynabi3fapra apHanraH XapblK KUCbIKTapbl KENTIPiNreH.

StarHorse katanorbiHgarbl gepektepa coHfaii-ak MIST »06aCbiHbIH HITVXKENEPIH KongaHa OTbIpbIM, C3MKeC
METaNbINbIKKA YK3He aHbIKTaNnraH e3repmeni Xynabl3aapabiH MaccacbiHa 3BOMHOLUMANBIK Xongap TY CTi-XapbIKTbiFb
AmarpaMmanapbiHia anbIHAbL.

Lleiicc-1000 «Bbatbic» TLUAO TeneckonbiHAa ekl HbiCaHZa ChnekTpaik 6akbinay XYprisingi. AnbiHFaH
CMEKTpAep MoZenbfi CNekTprepMeH CanbICTbipbingbl. 0p6ip >Kynabl3AblH e3repriluTik TYPiH anfblH-ana aHbIKTay
nepuogorpaMmaiapMeH aHblIKTanaTblH Tepbenlc pexxMaepLuL, napaMeTpepiHe (amnauTygacsl MeH nepuograpbl),
TYCTi KapbIKTbIIbIK AnarpaMmmanapbiHa (CMD) HerisgenreH 3BOMKOLMS CaTbICbIHA X3He Kelbip ynabisgapFa
CMEKTP/DK aKnapar HerisiHae Xacanagbl.

HaTmxeciHge aiiHbIManbi/IbIK KiacTapbl XX3HE €3repriluTik napameTtpnepi 6ap 33 >Xyngbi3gblH TisiMi naiga
6ongpl: 17 DSCT xyngpisbl, 2 EB (TyTblOTaH ekinik), 7 EV (ananncnk aiiHbiMansl), 2 1V (gypbic eMec aiiHbIMabl),
1 PNCS (nnaHeTapnblK TyMaHAbIMbIKTbIH OPTa/blK >Xynabisbl), 1 ZZB (ak eprexeiin!) xasHe 2 6enricis
aliHbIMabINbIK TULW 6ap Xynabi3.

TYViiH ce3ep: 3aicTep, Xapblk KCLIKTapbIH Tanaay, (hOTOMETPUS, XYN/bI3Aap, aybicnanb Xyabl3aap.

A. CepebpsHckuia, I'. AiimaHoBa, J1. KoHgpaTtbeBa, Y. Omapos
OTOO «ACTpOM3NYECKNA MHCTUTYT UM, B.I". deceHkoBa»

MEPBbLIE PE3YJIbTATbHI TAHb-LULAHCKOIO ®OTOMETPNYECKOI O OB30OPA
MO NMOUNCKY NMEPEMEHHbBIX 3BE3[: AHAJIU3 KPNBbLIX BJTECKA
N KNACCNPUKALUWA MEPEMEHHbBLIX 3BE3/[,

AHHoTauusa. HecmoTpsi Ha 60/1bLIOE KOAMYECTBO Pa3HbIX KammaHuii Mo NOUCKY NepeMeHHbIX 3Be3f, OTKPbITUE
BCE HOBbLIX MEPEMEHHbIX, BKIOYaA HEW3BECTHLIX paHee Knaccos, MNPoLo/kaeTcd. Kpome TOro, BCTpevaroTCcs
YHUKabHble 06bekTbl. Hanpumep, WD1145+017 - eAMHCTBEHHbIA W3BECTHbI B HACTOALLMIA MOMEHT 6€eMblil Kap/InK
C [0Ka3aTeNlbCTBOM CYLLUECTBOBaHWS (DEHOMeHa pa3pyLUeHMs 3K30MJIaHeTHbIX cucTeM. [1F noucka nepemeHHbIX
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3B€3[ C KOPOTKMMW nepuogamu Gbina npeanpuHsaTa oTtomeTpuyeckas kamnanmnsa Ha TLLOA. OfHon 13 ee Lenbio
ABMAETCA MOMCK [BOWHbIX KOMMakTHbIX cuctem (UCB), BkIOuYas B3aMMOAEACTBYHOLME Y/bTPa-KOMMAaKTHbIE
[BoliHble cmucTembl (AM CVn). MNoucK Taknx CUCTEM CufiaMu OAHOI 06CepBaToOpMM ONpaBAaH TeMm, YTO Bapuauuu
6recka y HUX UMEHT Mepurodbl HECKObKO [AECATKOB MWHYT, a amnauTydbl Bapuauum 6necka - oT 0.01 go
1.0 3Be3gHON BenuumHbl. Kpome TOro, Takoil 0630p MOXET ObiTb MCMOMb30BaH A/ MOWCKa APYryX TUNOB
nepeMeHHbIX 3Be3f, BKMOYas 00beKTbl, UMEOLLME VHTEPEC A4/ aCTPOCENCMONOrNM, CUCTEMbI C 3K30MIaHeTaMmn 1
Aap-

B aT0li cTaTbe NpeACcTaBneHbl NepBble pesybTaTbl aHanmn3a KpuBbIX 6/1eCka NepeMeHHbIX 3B€3[, BbISB/IEHHbIX B
xofe (hoTOMeTpMyecKoro 063opa, npoBefeHHOro Ha TsHb-LUaHbckoii o6cepBatopum (TLUAO) ¢ nomousto
Teneckona Lleiicc-1000. 3geck Mbl coobwiaem 0 33 BbICOKOAMMUTYAHbLIX MEPEMEHHbIX 3BE34aX, CPeAn KOTOPbIX
31 - paHee He BOLLEALLINE B KATA/I0rM NepeMeHHbIX 3Be3.

[ns onpefeneHns Tuna MEPeMEHHOCTM Y 3Be34 HEOOXOAMMO MpoaHanM3MpoBaTb WX KpuBble 6necka v
onpegennTb amnanMTygbl U NEpUOAbl, a TaKkKe ONpefenuTb 3BOMOLMOHHBIA CTaTyC 3Be3fpl W, eC ecTb Takas
BO3MOXHOCTb, €e CMeKTpa/ibHble XapakTepucTUKM (Sp). OCHOBHbIM MHCTPYMEHTOM aHain3a KpusbiX 61ecka B
[aHHOI paboTe ABNAETCSA MOCTPOEHUE NEPUOACTPaMM, peasM3oBaHHOe C NPYMeEHEHMEM anropuTma naketa GATSPY
n naketa PyAstronomy (https://github.com/sczesla/PyAstronomy) ¢ nocnefosatefibHbIMY LWaraMu “oTbenvsaHms”
cnekTpa KonebaHuid. lMouck nepuvogoB KonebaHMiA MPOBOAMACA HaMu B Auana3oHe nepuopoB ot 0.003 go
0.15 cyTok. B cTaTtbe B kayecTBe npumepa NpuBeAeHbI KprBble 611eCKa LWL 4151 HECKO/IbKMX 3BE3[,.

Mcnonb3ys gaHHble katanora StarHorse, a Takke pesynbTaTbl Nnpoekta MIST, Gbiny NONYyYeHbl U HAHECEHbI Ha
AnarpaMmbl LiBeT-CBETUMOCTb 3BOJIIOLMOHHbIE TPEKM A8 COOTBETCTBYHOLLEW CTeNneHW MEeTanIMYHOCTU U Macehl
06HapYXeHHbIX NepeMeHHbIX 3Be34,

[na gByx 06beKTOB OblNM NPOBefEHbI CNeKTpaibHble HabnoaeHns Ha Teneckone Lleiicc-1000 “3anagHblid”
TLIAO c wcnonb3oBaHUEM LUeNeBoro crektporpada. onyyeHHble CMeKTpbl CPaBHUBA/IMCL C MOZLENbHLIMU
cnekTpamu. MNpeasapuTenbHas MAEHTUUKALMSA TUNA U3MEHUMBOCTY KaXKAOM 3Be34bl OCYLLECTBNAETCA HA OCHOBE
napameTpoB MOZ KoniebaHui (amnanTyg v NepuogoB), OnpeaensemMblix Mo neprogorpammam, CTagum 3BOKOLNN - Ha
OCHOBE Auarpamm LBeT-CBeTUMOCTb (CMD) 1 Ans HEKOTOPbIX 3B€3[, - Ha OCHOBE CMEKTPa/IbHOI NH(opMaLuK.

B pesynbTate 6bin1 NofMydeH CAMCOK M3 33 3834 C MapameTpamy OCUMANALMIA WM KacCOM NepeMeHHOCTY:
17 3Be3g DSCT, 2 EB (3aTtmeHHble ABOWHbIE), 7 EV (snunTuyeckvne nepemeHHble), 2 1V (HenpaBusibHbIe
nepemeHHble), 1 PNCS (ueHTpasibHasa 3Be34a MiaHeTapHO TymaHHOCTW), 1 ZZB (6enblii Kapavk) 1 2 3Be3gpbl €
HEN3BeCTHbLIM TUMOM MEepPeMeHHOCTU.

KntoueBble cnosa: MeTofpl, aHaM3 KPUBbIX B/iecka, (DOTOMETPUSA, 3Be34bl, MePEMEHHbIe 3Be3[pbl.
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