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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 1.
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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 b Gmag Tesr R L GAIA ID T Gmag Terr R L

[mas] [mag] [K] [RSun] [LSun] [mas] [mag] [K] [RSun] [LSun]

3420722996343786496 | 1.8659 | 13.04 [ 4649.38 | 1.93 | 1.575 |3404213726175547776| 0.7416 | 15.65 | 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 | 1.1686 | 14.95 | 4228.92 | 1.70 | 0.832 [3404189944938309120 | 0.7505 | 12.80 | 7058.25 | 2.10 | 9.884
473906008546567168 --- 1593 | 403989 [ --- -—-  |241766668329744896 | 0.3486 | 16.98 [ 4904.71 | --- ---

473706893862387328 | 0.1217 | 15.33 | 4687.15 --- - |241771856649828992 -—- 17.75 -—- --- ---
473712872456844544 | 0.5673 | 14.24 | 7031.00 | 1.45 | 4.597 [229267969902029696 | 1.9891 | 13.52 | 4866.05 | 1.29 | 0.841
473900304830038144 | 0.4015 | 15.49 | 4855.50 | 2.59 | 3.368 [277089853758788352 | 0.2152| 16.94 | 4832.62 | --- ---
2000667342122793472 | 0.4200 | 13.91 | 7111.67 | 2.22 | 11.311 [277091262508123264 | 0.9893 | 13.03 | 4374.00 | 4.39 | 6.352

2000668544713613952 | 0.4973 | 13.65 [ 6519.50 | 2.51 |[10.268 |277091739248814208 | 0.4404 [ 16.71 | 437425 [ --- ---

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 | 15.71 | 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 [ 1.75 | 2.204
2000685758942457728 [ 0.2795 | 13.98 | 7179.25 | 3.17 |24.013 [3433368376498172160  0.7081 | 16.00 [ 4593.60 | 1.35 | 0.733
2000686239978998400 [ 0.3612 | 14.46 | 7812.50 | 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: Ter = 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.MGO0, s.BPRP0, 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.l,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 Terrvalue.




ISSN 1991-346X

Series physico-mathematical. 3. 2020

Table 2 - Parameters of the detected variable stars from the StarHorse catalog

GAIA ID Tefr [Fe/H] M GAIA ID Terr | [Fe/H] M
K] [Msun] [K] [Msun]
420722996343786496 8088 | -0.24 1.57 |3404217746264940032 6476 | -0.12 1.64
473900064311871488 7519 | -0.59 1.27 |3404189944938309120 7338 | -0.33 1.58
473706893862387328 12996 | -0.14 3.66 |241766668329744896 5903 | 0.47 1.21
473712872456844544 5263 | -0.39 0.90 |229267969902029696 5800 | 0.15 1.03
473900304830038144 7831 | -0.19 1.72 |277091262508123264 9658 | -0.14 | 2.45
2000667342122793472 7660 | -0.21 1.75 |277091739248814208 6562 | -0.19 1.21
2000680742420926976 6058 | -0.29 1.84 |277092155861283712 5575 | 0.46 1.05
2000684586402884864 6669 | -0.09 1.80 |3342732093967192576 6265 | -0.59 1.02

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.

CMD: Field 16-1

__CMD:Field 181

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: Field 18-4

CMD; Fichd 185

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: Field 18-8

CMEY: Field 18-7

CMD: Field 18-6

Mg

'I- 1 [
Eap

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 (IT) 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 (Ter 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: IT; = 0.08410+0.00004 (d),

A1 =0.0096+0.0009 mag, I1> = 0.08934+0.00004, A, = 0.0081+0.0008.
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Figure 4 - Light curve of the star 473900304830038144
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Figure 5 - Periodograms for the star 473900304830038144 with indication of found periods
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473906008546567168 (field 16-3): the light curve (figure 6) 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: I1;=0.13885+0.00002 (d), A;=0.112+0.003 mag,
[1,=0.06488+0.00003 (d), A>=0.021+0.002 mag, I3 = 0.1213+0.0001 (d), A3 = 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).
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Figure 6 - Light curve of the star 473906008546567168
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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 (Terr was used). The light curve is shown in figure 8. 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. If 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: 11;=0.0811+0.0004 d,
A;=0.0103+0.0007 mag, I1,=0.0599+0.0003 d, A=0.0057+0.0006 mag, II; = 0.0445+0.0002 d,

= 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.
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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: Terr= 7338K, [Fe/H] = -0.33, M= = 1.58 Mgun. Based on
these parameters, synthesized spectra were constructed with the spectral resolution corresponding to our
observations for two values of Ter — 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.

1.9 —— T.p=T250K. logg — 4.0, [H/Fe]--0.5
N T.s=8000K, logg = 4.0, [H Fe|=-0.5
TShAO, slit.spec.
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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 Tesr values
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Table 3 - Detected variable stars from TSO survey

GAIA ID I on A GA Type
3420722996343786496 0.0485 0.00001 0.0033 0.0003 DSCT
0.0925 0.0001 0.0026 0.0003
0.0708 0.0001 0.0023 0.0023
3420726084425443200 --- --- 0.7 0.0001 EB
3420728150304526976 a rich spectrum of pulsations Z7B
473706893862387328 0.0867 ~0.0001 0.05-0.1 ~0.0003 SX Phoenix,
0.0347 BCep(?)
0.0344
473712872456844544 a rich spectrum of pulsations PNCS
473900064311871488 0.3765 ~0.0001 ~0.6 ~0.0003 EV
473900304830038144 0.08410 0.00004 0.0096 0.0009 DSCT
0.08934 0.00004 0.0081 0.0008
473906008546567168 0.13885 0.00002 0.112 0.003 DSCT
0.06488 0.00003 0.021 0.002
0.12130 0.00010 0.020 0.002
2000667342122793472 ~0.05 ~0.01 ~0.025 ~0.001 DSCT
2000668544713613952 >0.15 --- ~0.020 --- DSCT
2000677993641422208 ~0.1 --- ~0.10 --- DSCT
2000680742420926976 >0.15 --- ~0.20 --- DSCT
2000681876292067968 0.060 0.001 0.037 0.002 DSCT
0.042 0.001 0.015 0.001
2000684586402884864 >0.15 --- ~0.03 --- DSCT(?)
2000685758942457728 ~0.12 --- 0.03 --- DSCT(?)
2000686239978998400 0.0363 0.0005 0.0151 0.0008 DSCT
2001434835597456768 >0.2 --- >0.6 --- EV(?)
3404200257158109824 Nonregular, with amplitude ~ 0.01 v
3404213726175547776 >0.2 --- 0.4 0.001 EV
3404217746264940032 Nonregular, with amplitude ~ 0.01 v
3404189944938309120 Nonregular, with amplitude ~ 0.01 DSCT(?)
241766668329744896 >0.12 --- >0.5 --- EV(?)
241771856649828992 >0.15 --- ~0.1 - DSCT(?)
229267969902029696 --- -—- ~0.5 <0.001 EB
277089853758788352 0.0820 0.0003 0.025 0.003 DSCT(?)
277090815831501568 Nonregular, with amplitude ~0.2 (@)
277091262508123264 0.0811 0.0004 0.0103 0.0007 DSCT,
0.0599 0.0003 0.0057 0.0006 roAP(?)
0.0445 0.0002 0.0041 0.0005
277091739248814208 ~0.125 ~0.001 ~0.1 ~0.001 DSCT(?)
277092155861283712 ~0.30 ~0.01 ~0.6 ~0.001 EV
277093014852191616 Nonregular, with amplitude =~ 0.01 ?
3342732093967192576 >0.12 ~0.01 ~0.3 ~0.01 EV(?)
3433368376498172160 >0.12 ~0.01 ~0.3 ~0.01 EV(?)
3433415586778288768 ~0.1 --- ~0.03 --- DSCT(?)




News of the National Academy of sciences of the Republic of Kazakhstan

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: Ter = 9658K,
[Fe/H] = -0.14, M= = 2.45 Msun. It should be noted that for this object, there is a large discrepancy in the
Tesr values between the GAIA and StarHorse data. Therefore, we also consider the parameters of this star
obtained from the LAMOST project: Terr = 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 Ter - 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.

Model: T, jp=T000K, logg = 4.0, [H Fe|-0.0 Mosdcl: T,y =7
Model: T, py=9500K, logz = 4.0, [H Fe|=0.0 1.2 Model: T,y 500K, Jogz -~ 4.0, [H/Fe| 0.0 H
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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 Tetr 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 Tes.

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 of the light curves of these 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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EXIIC «B.I'. ®ecenkoB atbiHAarbl ACTpo(hH3MKa HHCTUTYThD)

TAHb-ITAHBJA O3TEPMEJII XKYJABI3AAPABI I3BAEYJETT
OOTOMETPUAJBIK 3EPTTEYIIH AJIFAIIIKbI HOTH/XKEJIEPI:
KAPBIK KUCBIKTAPBIH TAJIJIAY KOHE O3I'EPMEJII KYJIIBI3JAPABIH KIKTEJIYI

AHHOTanMs. ARHBIMAJbBI XYJIIBI3AAP/BI 131€yTe apHalFaH KeNTereH HayKaHJapFra KapaMmacTaH, OapibIK jkaHa
alfHRIMANTBIIAPABIH, COHBIH imIiHAEe OYphIH Oenrici3 OoxFaH KiacTapIblH ambUIybl jkanracyna. COHBIMEH KaTap,
epekie Hpicanmap 6ap. Meicansr, WD1145 + 017 — xa3ipri ke3eri 3K30IIIaHeTalbIK JKyHenepaiH 0y3y GpeHoMeHiHIH
Gap OGomysIHBIH nonenzaeyi Oap Oenrimi »kamFbl3 ak eprexeiini. Kpicka mep3iMal alHBIMaNbl KYIABI3AAPABI 137€y
ywie TIIOA-na ¢oToMeTpusinblk HayKaH Oactanran 0omaTeiH. OHBIH MakKcaTTapbIHBIH Oipi — ©3apa 9peKeTTeceTiH
yIbTpa-bIKImIaM ekimik xyhenepai (AM CVn) xoca amranzia, ekiitik bikmam xyidenepai (UCB) izmey. Mynnpait
KyHenepai 6ip 00cepBaTOPUSHBIH KYIIIMEH 13/Iey OJIap/IbIH KapBIKTHIK BApUALUSICHIHBIH OipHEIlIe OHaraH MHUHYTKa
CO3BUIATHIHBIFBIMEH, Q)1 XKAapbIK BapUAlMSCHIHBIH aMIUTUTYIAchl Kyabi3ablk mamameH 0,01-gen 1,0-re newiHri
apanblKTa e3repeTiHiirimer axranraH. COHBIMEH KaTap, MyHzIail 3epTrey Oacka ayblchalbl S>KYJIIBI3AapAbIH
TYpPJIEpiH, COHBIH iIiH/IE aCTPOCEHCMOJIOTHSTFA KBI3BIFYIIBUIBIK TYABIPAThIH OOBEKTIIEPi, SK30IUIaHEeTAIaphl Oap
JKyHenepai )kaHe T.0. i37ey YIIiH naijaJaHblTybl MYMKIH.

Tanap-1llans o6cepBaropusiceiaaa (TAO) Zeiss-1000 TeaecKONBIHBIH KOMETIMEH KYPTi3ireH (pOTOMETPHSIBIK
3epTTey OapbIChIHAA aHBIKTAFAH ©3repPMEIi KYIABI3AaPbIH KapbIK KUCHIKTAPhIH TAJIAAYIBIH aJIFaIlIKbl HOTHXKEIepi
YCBHIHBUIABL. MyHIa 6i3 33 >KoFaphl aMIUIMTYJalbl aybICHANbl KYIABI3AAP Typaibl OasHIaMbI3, ONapAblH imIiHIe
31 OypBIH alHBIMAJIBI KYIABI3AP KAaTAIOThIHA EHOETEH.

Kynnei3napaplH alHBIMATBUIBIK TYPIH aHBIKTAY YIIIH OJNIAPABIH KAPBIK KUCHIKTAPbIH TajJall, aMIUINTYAAchl
MEH MEPUOJTAPbIH aHBIKTAY KEPEK, COHBIMEH KaTap JKYJIABI3/IbIH IBOJIOLMIIBIK KYHIH JKoHE erep MyMKIiHAIK OoJica,
OHBIH CIIEKTPJIIK CUIaTTaMallapblH Jla aHbIKTay Kepek (Sp). byit skyMbIcTa jkapblK KMCBIKTapbIH TaJAyIbIH HEri3ri
Kypaibl —  Tepbemic  CHOEKTpiH  «arapTy»  Ti30ekTi  Kamamaapel  0ap  PyAstronomy  makerti
(https://github.com/sczesla/PyAstronomy) sxone GATSPY maker anropurmi  KeMmeriMeH OpBIHIAJIFaH
neproporpammanapasl Kypy. biz tepbenicrepnin nepuoarapsin 0.003-ten 0.15 xyHre neiiHri apanblkTa i3Jelik.
Makanaa Mbicai peTinae OipHele XKyJIIbI3AapFa apHallFaH KapblK KUCBIKTaphl KEJITipiireH.

StarHorse karamorsiHOarsl gepextepai, congai-axk MIST »xo0achHBIH HOTIDKENEPiH KOJJaHa OTHIPHII, COHKeC
METaIIIBUIBIKKA JKOHE aHBIKTAJIFaH ©3repMeIi XYJIIbI3apIblH MacCachlHa SBOIIOLMSIIBIK KOJIIAp TYCTi-)KaPbIKTBIFbI
JarpaMMaIapbIHAA allbIH/IBL.

Heticc-1000 «batpicy TIIAO TemeckomblHIA €Ki HBICAaHAA CHEKTPIIK Oakpuiay >KYpri3ingi. AJBIHFaH
CHEKTpJep MOJENB/I CIIEKTPICPMEH CANBICTHIPBUIABL. OpOip KYIABI3ABIH ©3TeprillTiK TYpPiH alIblH-ajla aHBIKTAY
MepHUoIoTpaMMalIapMEH aHBIKTAJIATHIH TepOeric peKUMIEPiHiH napamMeTpiiepine (aMIUIMTYIachl MEH MEPUOITapHI),
TYCTI KapbIKTBUIBIK JuarpamMmainapbsiia (CMD) HerizzenreH 3BOJIOLMSI CaThIChIHA JKOHE KEWOIp JKyJinbl3napra
CIEKTPJIIK aKmapar Heri3iH/e Kacaiabl.

Hotmxkecinae afHBIMAIBUIBIK KJIAcTaphl jKOHE ©3TEPrillTiK mapamMeTpiepi 0ap 33 >KyiabI3ablH Ti3iMi maiima
6omnpr: 17 DSCT >xynasizel, 2 EB (TyThutran exunik), 7 EV (ammnctik aitneivasst), 2 IV (nypsic emec aiHbIMAIIbI),
1 PNCS (mnanHeTrapiblK TYMaHIBUIBIKTBIH OpPTalbIK >KYIIb3bl), 1 ZZB (ak eprexeitni) >xone 2 Oenrici3
aHBIMAITBIIBIK THITI Oap >KYJIIBI3.

Tyiiin ce3aep: oxictep, )kapblK KUCHIKTAPBIH TalAay, GOTOMETPUS, KYJIIBI3AAP, aybICTIANIBI XKYJIABI3AAD.

A. Cepeopsinckuid, I'. AlimanoBa, JI. KonaparbeBa, 4. Omapos
ATOO «Actpodusnueckuit HHCTUTYT uM. B.I". ®ecenkoBa»

HEPBBIE PE3YJIBTATBI TAHB-ITAHCKOI'O ®OTOMETPUYECKOI'O OB30PA
IO NOUCKY NNEPEMEHHBIX 3BE3/l: AHAJIN3 KPUBbIX BJIECKA
N KIIACCUDPUKAIUA MTEPEMEHHBIX 3BE3 /]

Annoranusi. HecMoTpst Ha 00JIbIIIOE KOJMYECTBO PA3HBIX KAMITAHUHN 110 TOUCKY NEPEMEHHBIX 3BE€3J1, OTKPHITHE
BCE HOBBIX IMEPEMEHHbBIX, BKIIOYAsh HEU3BECTHBIX paHee KIACCOB, MpojoinkaeTcs. Kpome Toro, BCTpedaroTcs
yHHUKanbHBIE 00beKThl. Hanpumep, WD1145+017 — ennHCTBEHHBI N3BECTHBIN B HACTOSAIINN MOMEHT OEJBI KapiIuK
C JIOKa3aTelbCTBOM CYIECTBOBAHUsI (DEHOMEHA pa3pylLICHHs 3K30IUIAaHETHBIX cucTeM. J[JIsi MoKMcKa nepeMeHHbBIX
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3Be3]] ¢ KOPOTKHMH IepHoJamMu OblIa mpeanpuHaTa poromerpudeckas kamnanus Ha TIIOA. OnHoli U3 ee 1ebio
ABISIETCSl TOMCK ABOMHBIX KoMHakTHeIX cucreM (UCB), Bkirouas B3aMMOJEHCTBYIOIIUE YJIbTPa-KOMIIAKTHBIC
nBoiiHble cucteMbl (AM CVn). [louck Takux cucteM CHiIaMH OJJHOHM oOcepBaTOpHM OIpaBAaH TEM, YTO BapHalUU
Osiecka y HUX HMEIOT MEpPHOJbl HECKOJIIBKO JI€CATKOB MHUHYT, a aMIUIMTYyAbl Bapuanuu Onecka — ot 0.01 no
1.0 3Be3nnoil BemuuuHbl. Kpome Toro, takod 0030p MOXET OBITh HCIOJIb30BAaH JUIs ITOMCKa JPYTHUX THUIIOB
NIepEeMEHHBIX 3Be3/1, BKIIOYast 0OBEKTHI, UMEIOIINE MHTEPEC AJISl aCTPOCEHCMOIIOTHH, CHCTEMbI C HK30IUIAaHETAaMH U
ap.

B aT0i1 cTatbe npencTaBiIeHb! NepBbIe pe3yiIbTaThl aHaN3a KPUBBIX OJiecKa MEpEeMEHHBIX 3BE€371, BBISBICHHBIX B
xome (ortomerpuueckoro o0630pa, mpoBeaeHHoro Ha Tsubp-Illanbpckoit obceparopun (TILIAO) ¢ momomrsio
teneckona Lleiicc-1000. 3mech MbI coobmiaeM o 33 BBICOKOAMIUIUTYAHBIX TTEPEMEHHBIX 3BE3/1aX, CPEeAH KOTOPBIX
31 — paHee He BOMICIIINE B KATAJIOTH IIEPEMEHHBIX 3BE3].

Jns onpeneneHuss TWIa IMEPEMEHHOCTH Y 3Be€3J HEOOXOAMMO MPOAHATM3HPOBAaTh HX KpUBBIC Ollecka u
ONPENEINTh AMIUIMTYIbl U TEPHOJBI, a TAKXKE OMNPENEIUTH 3BOJIONMOHHBIN CTAaTyC 3BE3/bI M, €CIH €CTh TaKas
BO3MOXXHOCTb, €€ CIIeKTpalibHble XapakTepucTuku (Sp). OCHOBHBIM MHCTPYMEHTOM aHaiu3a KPUBBIX Oliecka B
JTAHHOH paboTe SBISACTCS MOCTPOCHHUE MIEPUOIOTPAMM, PEaTU30BaHHOE ¢ IpUMEHEeHHEeM anroputMa nakera GATSPY
u nakera PyAstronomy (https://github.com/sczesla/PyAstronomy) ¢ mocieqoBaTeIbHBIMU IIaraMu “‘0TOCIMBaHUA"
cnekrpa kosiebanuii. [loumck mnepuonoB KoyieOaHMH NPOBOIWICS HamMM B auanazone nepuogoB ot 0.003 no
0.15 cyrok. B craTtbe B kauecTBe mpuMepa NpUBEICHBI KpUBBIE OJ1€CKa JIMIIb ISl HECKOIBKUX 3BE3]I.

HWcnonesys nannsle katanora StarHorse, a taxoke pesynbrarsl npoekrta MIST, ObutH TOJTydeHBI 1 HAaHECEHBI Ha
muarpaMMel L{BeT-CBETHMOCTE 3BOJIIOIMOHHBIE TPEKH AJISI COOTBETCTBYIOUIEH CTENEHH METAIMYHOCTH W MacChl
00Hapy KEHHBIX IEPEMEHHBIX 3BE3]I.

Jus nByX oOBEKTOB OBUIM MPOBEACHBI CHEKTpaNbHBIE HaOmromeHus Ha Ttenmeckore Lledicc-1000 “3amamnbrit”
TIIAO c wucnonb3oBaHMEM MIeneBoro crekrporpada. IlomydeHHbIE CHEKTpbI CPaBHUBAINCH C MOJEIbHBIMU
cnexktpamu. IIpenBapurensHas MICHTU(QUKALMS THIIA U3MEHYUBOCTH KaXKIOH 3BE3Zbl OCYLIECTBIISICTCS HAa OCHOBE
apaMeTpoB MoJ KoneOaHui (aMIUTUTY L U IEPUOJIOB), ONIPEAEIISIEMBIX [0 IEPHOAOTPAMMaM, CTa X BOJIIOLUH — Ha
OCHOBE JiMarpamm 1per-ceeTuMocTh (CMD) 1 1 HEKOTOPBIX 3BE3]] — HA OCHOBE CIIEKTPaIbHON HH(pOPMALIHH.

B pesynbrare Obu1 monyueH cnucok M3 33 3Be3a ¢ mapameTpamMM OCUMIUIALMHA M KJIacCOM NEepeMEHHOCTH:
17 3Be3n DSCT, 2 EB (3atmenHble nBoinble), 7 EV (snunruueckue nepemenHsie), 2 1V (HempaBuibHBIC
nepemennsie), | PNCS (ueHtpanbHas 3Be3na IuraHeTapHOW TyMaHHOCTH), | ZZB (OGenblit kapinuk) u 2 3Be3fbl C
HEHM3BECTHBIM THIIOM ITEPEMEHHOCTH.

Ki1roueBble cj10Ba: METOIbI, aHAIN3 KPUBBIX OJiecKa, JOTOMETpPHS, 3BE3/Ibl, IEPEMEHHbIE 3BE3IbI.
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