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In our research, we studied 9 eclipsing binary stars: AR Lac, U CrB, S Equ, SU Boo, VV UMa, WW
Gem, YY Eri, V0404 Lyr, HP Aur. We collected large sets of moments of minima from BRNO and
observational data from AAVSO databases. Then, we obtained the moments of minima for AAVSO
observations (totally 397 minima) using the method of approximation with symmetric polynomial,
realized in software MAVKA. This software was provided by Kateryna D. Andrych and Ivan L.
Andronov. Then, we combined the obtained moments of minima with the data taken from BRNO
and plotted O—C diagrams. For all the stars, these diagrams represented sinus-like oscillations with
the superposition of a linear trend (for SU Boo, VV UMa, WW Gem, V0404 Lyr and HP Aur) or a
parabolic trend (for AR Lac, U CrB, S Equ and YY Eri). The oscillations could be described as the
presence of the third component, which does not take part in eclipses, but causes the well-known
light-time effect (LTE). That effect could be easily detected using long data series of observations.
However, the oscillations show clear asymmetry, which we interpreted by an elliptical shape of the
third components’ orbit. The parabolic trend is explained by a mass transfer between components of
a binary system. For all the stars, we computed the minimal possible mass of the third component. In
addition, we developed our own code in the computed language Python and, using it, we computed
orbital elements of the third component. For the stars with a parabolic trend, we calculated the
mass transfer rate. For all computed values, the errors (accuracy) were estimated.

Key words: stellar astrophysics, eclipsing binary, mass transfer, third component, orbital
elements, O-C diagram.
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I. INTRODUCTION

of Variable Stars” (GCVS [1]). The masses of the binary

A. General information

For this research, we have chosen 9 eclipsing binaries:
AR Lac, U CrB, S Equ, SU Boo, VV UMa, WW Gem,
YY Eri, V0404 Lyr, HP Aur. All of them are well-known
stellar systems and were observed during a long period of
time (80-150 years). To carry out our research, we took
some general parameters (period, initial epoch, variabili-
ty type etc.) of the systems from the “General Catalogue

systems were taken from previously published articles.
All these parameters are collected in Table 1.

Unfortunately, only for three stellar systems (AR Lac,
WW Gem and HP Aur), the errors of the component
masses were provided. For all other stars, we supposed
that the errors of masses for the primary and secondary
components are equal to 7% of their masses. This value
is equal to the average relative error of the stellar masses
determination. In addition, there is a lot of information
published before in other articles by different authors.

Stellar system |Initial epoch (JD-2400000) |Period (days)| Mi, Mg My, Mg |Ref
AR Lac 41593.7123 1.98319204 1.2640.02 1.1240.02 [2]

U CrB 16747.9718 3.45220133 4.8 1.4 [3]

S Equ 42596.74348 3.4360969 3.24 0.42 [4]

SU Boo 52500.895 1.561258 2.5 0.3 [5]
VV UMa 45815.3365 0.68738 1.93 0.44 [6]
WW Gem 25984.257 1.237811 4.39£0.33 2.114+0.16 | [6]
YY Eri 41581.624 0.32149415 1.54 0.62 [7]
V0404 Lyr 35836.462 0.73094585 1.35 0.51 8]
HP Aur 46353.236 1.4228191 |0.9543+0.0041(0.8094+0.0036| [9]

This work may be used under the terms of the Creative Commons Attribution 4.0 International License. Further distri-

Table 1. General information about investigated stars
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Fig. 1. O-C curve of AR Lac. For each star we plotted O-

C curve and made approximation. Small squares are the

observations from database BRNO, large rhombs are the ones

that we determined from AAVSO observations. The lines

show the approximation and the +1¢ and 20 “error corri-

dors”, where o is a biased estimate of the r.m.s. deviation of
a single point from the approximation.

There are more than 200 articles published before, thus
we analyze only the most important of them. The thi-
rd component was supposed in [10-12]. In all the three
articles, the mass of the third component was estimated.
However, the orbital parameters were not computed. The
mass transfer was assumed in [11], [13-15] and [10]. In
the last four of these articles, the rate of the mass transfer
was computed.

C. UCrB
uCrB
0.15
0.10
2
Z 005
9
© 0.00
-0.05
-0.10 .
0 10000 20000 30000 40000 50000 60000
BJD-2400000

Fig. 2. O-C curve of U CrB

The mass transfer was supposed in [16-25]. The rate
of the mass transfer was computed in [16], [18], [21], [26]
and [24]. The third component as the reason for cyclic
period changes was supposed in [16], [26-30]. The third
component’s mass was computed in [16], [29-31]. Orbital
elements were estimated in [27] and [29]. Moreover, in
[26] the fourth component was supposed and its mass
was computed.
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Fig. 3. O-C curve of S Equ

The mass transfer was supposed and its rate was
determined in [31-36]. The third component was
assumed and its mass was computed in [34-35].
Moreover, in [34] parameters of the third component’s
orbit were calculated.

E. SU Boo
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Fig. 4. O-C curve of SU Boo

In [37], a complex analysis of the third component
and the mass transfer hypothesis were made. The rate
of the mass transfer was computed, as well as the third
component’s mass and the parameters of its orbit.
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Fig. 5. O-C curve of VV UMa
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In [37], the hypothesis of the presence of the third
component was proposed; the parameters of the orbit
and the mass were calculated.
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Fig. 6. O-C curve of WW Gem

The analysis of the third component and the mass
transfer was made in [38]. The mass, orbital elements
and the mass transfer rate were determined.

H. YY Eri
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Fig. 7. O-C curve of YY Eri

In [39], the third component was supposed and its mass
was computed.

I. V0404 Lyr
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Fig. 8. O-C curve of V0404 Lyr

In [40], both the third and the fourth components were
supposed and their masses obtained. The mass transfer
rate was computed as well.

J. HP Aur
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Fig. 9. O-C curve of HP Aur

No analysis of either the mass transfer, or of the
presence of the third component was made in any article.

II. METHODS AND ALGORITHMS

One of the methods of detection of the third
components in eclipsing binary systems, is the O-C
analysis. The O—C curve is the dependence on time of the
deviations of the observed moment of minimum from the
calculated one. This method is one of the simplest, when
the third component is neither visible, nor taking part
in the eclipses. It is appropriate for any possible mass
of the third component, if this mass is enough to make
O-C oscillations larger then the noise. In this case, we
can suggest the presence of the third component without
spectroscopic observations, and even can estimate some
of its orbital parameters. On the other hand, the third
components usually have a long orbital period. That is
why several decades of regular observations are needed.
This is called LTE (the Light-Time Effect).

If the O—C curve has sinus-like oscillations, we can
sugest the presence of the third component, which makes
the binary system to rotate around common barycenter
in a circular orbit. This motion causes a delay (either
positive or negative) of the minimal brightness moment.
If we plot the dependence of the delay on time we get
a sinusoid-like O—C curve. After calculating the ampli-
tude and the period of such changes, we can estimate the
minimal possible mass of the third component. Though
sometimes the oscillations have clear asymmetry but stay
periodic, which might be caused by the elliptical shape
of the third component’s orbit. Parameters of such an
orbit could be estimated by special algorithms.

In the case of a parabolic shape of O—C or a parabolic
trend with the superposition of cyclic period changes,
we suppose the presence of a mass transfer between
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components of a binary system. If O—C is linear, it could
be caused by an error in the initial period determination.

We estimated the minimal possible mass of the third
component using the third Kepler’s law and the formula
of the barycenter position. Then we supposed that the

J

c- At 27
W=z |1

orbit of the third component is perpendicular to the pi-
cture plane (thus we get the minimal possible value).
After simplifications, we got, the formula for the minimal
possible mass of the third component:

3

(My + My + Ms)| . (1)

The real mass of the third component is not less than this minimal value. The maximal value is formally not limited.
The minimal value depends on the semi-majour axis of the third component’s orbit, that could be slightly different

for various models.

To compute the masses of the third components, it is necessary to use this formula with several iterations. The

error of the minimal possible mass also was estimated:

My = (L 2\ (gAY A (M (oM (T
o=\ My 3M At 9 [\ M, M, T) |

(2)

The next stage is the consideration of the mass transfer rate:

. 1P MM,
M=-—_"1"2
3P M, — M,

Error of the mass transfer rate:

=y () () -

Here:
e My, M5, M3 are the masses of the components;

e M is the sum of the components masses;

P is the period of variability;

P is the rate of the period change (days per day);

M is the rate of the mass transfer (solar masses per
year);

¢ is the speed of light in vacuum;

G is the gravitational constant;

e T, At are the period and amplitude of the O-C
oscillations;

e 0P, 0P, oMy, oM, cAt, oT are the errors of the
period, rate of the period changes, masses of the
binary system’s components, amplitude and period
of the O—C oscillations.

The rate of the period change could be obtained by the
approximation of the parabolic trend. The formula of
parabola is well-known:

O0-C=at? + Bt +1. (5)
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Here parameter

(6)

P

o= —
2
is proportional to the rate of the period changes; S is
an error of the period in the moment ¢t = 0; « is the
vertical shift (error of the initial epoch). Finally, we
considered the elliptic shape of the orbit. There are 6
main orbital elements which completely describe the thi-
rd component’s motion:

e semi-major axis (a);

e eccentricity (e);

three angles of inclination
— argument of the pericenter (€2);
— inclination (i);

— longitude of pericenter (w);

orbital period (T');

moment of the pericenter transit (to).
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III. DATA PROCESSING

There were several stages in our research:

1. Collecting moments of minima from the database
BRNO [41];

2. Collecting amateur observations from the AAVSO
database [42];

3. Processing AAVSO observations

MAVKA software [43];

using the

(a) Splitting data onto separate minima;

(6) Cutting out extraeclipsing part of the minima
(if necessary);

(8) Processing each individual minimum using
symmetrical polynomial of statistically opti-
mal order.

4. Combination of AAVSO and BRNO minima;

5. Plotting the O—C curve and estimation of the ini-
tial values of orbital parameters by eye *;

6. Correction of the orbital parameters by a modelling
program;

7. Making plots of O—C curve and deviations for vi-
sual control;

8. Calculation of the third component’s mass;
9. Calculation of the mass transfer rate;
10. Estimation of the errors.

*Note: The Levenberg-Marquardt algorithm, which we
used for the calculation of orbital parameters, needs an

initial estimation. It could be done either using approxi-
mation with a simpler function or just by eye. The
accuracy of the estimation is not really important, the
coincidence in the order of value is enough. The accuracy
of the final computation does not depend significantly
on the initial estimation. Fluctuations for different initi-
al conditions usually are smaller than errors of the final
calculation.

All results of the calculations are provided in the
Appendix section in tables and pictures.

IV. AAVSO OBSERVATIONS PROCESSING

We took all avaliable data from the AAVSO database.
There are observations in different filters made by
various observers during several decades. For eclipsi-
ng binaries, the filter does not affect the moment of
extremum. Firstly, we made the barycentric correction in
the program MCV [44]. Then, we sorted the observations
onto separate blocks. In each block there is only one filter
and a single observer. That was done to split correctly
the observations made at the same time. Finally, we split
all data arrays onto separate minima and processed all
of them with MAVKA.

We used only three of the nine MAVKA methods:
WSP (wall-supported parabola), WSL (wall-supported
line) and WSAP (wall-supported asymptotic parabola).
These methods were created for the approximation of
eclipsing binaries’ minima. Software MAVKA automati-
cally chooses the best of these three methods indivi-
dually for each minimum by the least error of the moment
of extremum. The algorithms, added to the subsequent
versions of MAVKA, were described in detail in articles
by Ivan L. Andronov and Kateryna D. Andrych [45-47].

V. DISCUSSION AND CONCLUSIONS

Parameter AR Lac U CrB S Equ SU Boo VV UMa
o, 10712 days—!| —425+8 7748 38245
3,107 391+7 ~299+2 | —336+4 |-46.9+0.3|—58.6+0.2
~v,1073 days | —957+15 343 75149 25242 261+1
asini, 10 km 1420430 914415 548412 216+7 41949
e, 1073 470427 389430 137+41 264+47 325430
w, rad —6.63+0.04 | 4.79+0.06 | 3.27+£0.23 | 0.35+0.23 | 3.514+0.07
to, JD-2400000 |—21390£610|—19430 £ 590| 3210 &+ 790 | 4070200 | 6120 + 220
T, days 19000+140 | 309304+280 | 17380+180 | 308849 8750£30
M, 107022 | 133427 | 1.5540.16 | 1.90+£0.15
Ms, Mg 1.746+0.067 | 1.20440.089 |0.750+0.057 [4.795+0.523|0.820+£0.069

Table 2 (Part 1). Orbital elements, masses of the third components and mass transfer rates for all 9 stars

3904-5



D. E. TVARDOVSKYI, V. . MARSAKOVA, I. L. ANDRONOV

Parameter WW Gem YY Eri V0404 Lyr | HP Aur
a, 10712 days—! 21242
B,1077 12.0+0.7 | —109.1+£1.4| 11.17£0.05 | 4.2640.1
v, 1073 days | —4144 8543 | —75.040.3 | —21.2+£0.5
asini, 10 km 2077 27142 56.75+0.06 | 56.9+0.6
e, 1073 262+64 416+12 7942 153+20
w, rad -1.0840.26 | 0.8440.03 | 2.7840.03 | —7.384+0.13
to, JD-2400000 | 3010+£300 | 4610+190 | 4980+20 | 10560480
T, days 2783+15 | 16230460 640+0.2 1590+3
M, 107052 25931
Ms, Mg 0.714+0.056 |0.530+0.040|0.260+0.130|0.4574+0.033
Table 2 (Part 2)
HP Aur »
V0404 Lyr -
YY Eri 1 o
WW Gem H —e—i
VV UMa . -
SU Boo ot
S Equ oo
U CrB * jo-m
AR Lac ¢ . - .
0.0 0.5 1.0 15 2.0 2.5 3.0

Fig. 10. Computed masses of the third components (squares) in comparison with previous results (dots)

For V0404 Lyr, U CrB, YY Eri and SU Boo, the values
of the third components’ masses are in good agreement
with other authors’ results. For HP Aur the third body’s
mass was computed for the first time. For VV UMa and
S Equ, our values of the masses are significantly larger
than previous results and for WW Gem our mass is much
smaller than the published one. For AR Lac there exist
both much smaller and much larger previous estimations.
All these differences could be offributed to different data
sets and models used by various authors.

Generally, our results should be more accurate than
those in the previous publications, because we had a
longer time scale of observations and obtained additi-
onal O—C points from the AAVSO observations. In addi-
tion, we used a more precise model which consider non-
circular orbits. Unfortunately, only several authors provi-
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ded errors of their calculations. Thus, a detailed compari-
son of the accuracy is not possible.

VI. ACKNOWLEDGMENTS

We sincerely thank the AAVSO and BRNO associ-
ations of variable stars observers for their work that
has made this research possible. In addition, we are
grateful to Kateryna Andrych et al. who provided their
software MAVKA for obtaining the moments of minima
[45-47]. This research was done as part of the projects
“Inter-Longitude Astronomy” (ILA) [51], Ukrainian Vi-
rtual Observatory (UkrVO) [52] and AstroInformatics
[53], as well as previous research [54-55]. We express
special gratitude to Leonid Shakun for the constructive
discussion about the algorithm of the Python program.



THIRD COMPONENTS WITH ELLIPTICAL ORBITS IN THE ECLIPSING BINARIES

[1] N. N. Samus, E. V. Kazarovets, O. V. Durlevich,
N. N. Kireeva, E. N. Pastukhova, Astron. Rep. 61,
80 (2017); https://doi.org/10.1134/51063772917010
085.

[2] M. Zboril, J. M. Oliveira, S. Messina, G. Djurasevic,
P. J. Amado, Contrib. Astron. Obs. Skalnate Pleso 35,
23 (2005).

[3] E. Raumer, Mon. Not. R. Astron. Soc. 427, 1702 (2012).

[4] J. P. De Greve, N. Mennekens, W. Van Rensbergen,
L. Yungelson, Astron. Soc. Pacif. Conf. Ser. 404, 204
(2009).

[6] F. Mardirossian, M. Mezzetti, G. Giuricin, Astron.
Astrophys. Suppl. Ser. 40, 57 (1980).

[6] C. Lazaro, M. J. Arévalo, A. Claret, E. Rodriguez, I. Oli-
vares, Mon. Not. R. Astron. Soc. 325, 617 (2001); https:
//doi.org/10.1046/j.1365-8711.2001.04437.x.

[7] Y.-G. Yang, Y. Yang, H.-F. Dai, X.-G. Yin, Astron. J.
148, 90 (2014); https://doi.org/10.1088/0004-6256/
148/5/90.

[8] R. Nesci, C. Maceroni, L. Milano, G. Russo, Astron.
Astrophys. 159, 142 (1986).

[9] Jae Woo Lee, Astron. J. 148, 37 (2014).

[10] D. S. Hall, J. M. Kreiner, Acta Astron. 30, 387 (1980).

[11] Chun-Hwey Kim, Astron. J. 102, 1784 (1991).

[12] L. Jetsu et al., Astron. Astrophys. 326, 698 (1997).

[13] J. D. Needham, J. P. Phillips, M. J. Selby, C. Sanchez-
Margo, Astron. Astrophys. 83, 370 (1980).

[14] R. K. Srivastava, Acta Astron. 34, 291 (1984).

[15] Ye Lu, Fu-Yuan Xiang, Xiao-Min Shi, Publ. Astron. Soc.
Jpn. 64, 84 (2012).

[16] A. I. Khaliullina, Astron. Rep. 62, 264 (2018); https:
//doi.org/10.1134/51063772918040030.

[17] M. T. Richards, A. S. Cocking, Proc. IAU Symp. 290,
301 (2012).

[18] E. Raymer, Mon. Not. R. Astron. Soc. 427, 1702-
1712 (2012); https://doi.org/10.1111/3j.1365-2966.
2012.22090.x.

[19] M. T. Richards, Proc. Int. Astron. Union Symp. 282,
167 (2012).

[20] M. I. Agafonov, O. I Sharova, M. T. Richards,
Astrophys. J. 690, 1730 (2009); https://doi.org/10.1
088/0004-637X/690/2/1730.

[21] S. K. Yerli et al., Mon. Not. R. Astron. Soc. 342,
1349 (2003); https://doi.org/10.1046/j.1365-8711.
2003.06644.x.

[22] G. J. Peters, R. S. Polidan, Bull. Am. Astron. Soc. 29,
835 (1997).

[23] G. E. Albright, M. T. Richards, Astrophys. Space Sci.
224, 415 (1995); https://doi.org/10.1007/BF006678
83.

[24] M. T. Richards, G. E. Albright, L. M. Bowles, Astrophys.
J. 438, L103 (1995).

[25] J. Tomkin, D. L. Lambert, M. Lemke, Mon. Not. R.
Astron. Soc. 265, 581 (1993); https://doi.org/10.108
6/187726.

[26] T. Borkovits, T. Hegedus, Odessa Astron. Publ. 7, 126
(1994); https://doi.org/10.1093/mnras/265.3.581.

[27] P. Mayer, M. Wolf, J. Tremko, P. G. Niarchos, Publ.
House Czechoslovak Acad. Sci. 42, 4 (1991).

[28] J. R. W. Heintze, J. Am. Assoc. Var. Star Observers 19,
23 (1990).

[29] R. H. van Gent, Astron. Astrophys. Suppl. Ser. 77, 471

(1989).

[30] H. Forbes-Conde, T. Hertczeg, Astron. Astrophys.
Suppl. Ser. 12, 1 (1973).

[31] G. A. Bakos, J. Tremko, Roy. Astron. Soc. Canada 75,
124 (1981).

[32] N. Mennekens, J.-P. De Greve, W. Van Rensbergen,
L. R. Yungelson, Astron. Astrophys. 486, 919 (2008);
https://doi.org/10.1051/0004-6361:200809530.

[33] F. Soydugan et al., Mon. Not. R. Astron. Soc. 379,
1533 (2007); https://doi.org/10.1111/j.1365-2966.
2007.12065.x.

[34] F. Soydugan, O. Demircan, E. Soydugan, C. Ibanoglu,
Astron. J. 126, 393 (2003); https://doi.org/10.1086/
375643.

[35] S. B. Qian, L.Y. Zhu, Astrophys. J. Suppl. Ser. 142, 139
(2002); https://doi.org/10.1086/341253.

[36] Jae Woo Lee, Seung-Lee Kim, Kyeongsoo Hong, Chung-
Uk Lee, Jae-Rim Koo, Astron. J. 148, 37 (2014).

[37] Brno Regional Network of Observers; http://var2.ast
ro.cz/EN/.

[38] American Association of Variable Stars Observers; http
s://wuw.aavso.org.

[39] K .D. Andrych, I. L. Andronov, Open Eur. J. Var. Stars
197, 65 (2019).

[40] M. T. Richards, G. E. Albright, Astrophys. J. Suppl. Ser.
123, 537 (1999); https://doi.org/10.1086/313242.

[41] P. Zasche, M. Wolf, R. Uhlar, H. Kucakova, Astron. J.
147, 130 (2014); https://doi.org/10.1088/0004- 625
6/147/6/130.

[42] V. Simon, Astron. Astrophys. 311, 915 (1996).

[43] L. F. Snyder, in 32nd Annual Symposium on Telescope
Science (Society for Astronomical Sciences, 2013),
p- 179.

[44] I. L. Andronov, A. V. Baklanov, Astron. School Rep.
5, 264 (2004); https://doi.org/10.18372/2411-6602
.05.1264.

[45] K. D. Andrych, I. L. Andronov, L. L. Chinarova, Odessa
Astron. Publ. 30, 57 (2017); https://doi.org/10.185
24/1810-4215.2017.30.118521.

[46] K. D. Andrych, I. L. Andronov, L. L. Chinarova,
V. L. Marsakova, Odessa Astron. Publ. 28, 158 (2015).

[47] K. D. Andrych, I. L. Andronov, L. L. Chinarova, J. Phys.
Stud. 24, 1902 (2020); https://doi.org/10.30970/ jps
.24.1902.

[48] J. B. Tatum, Physics topics. Celestial Mechanics; http:
//astrowww.phys.uvic.ca/~tatum/celmechs/.

[49] Scipy library; https://www.scipy.org.

[50] Python; http://www.python.org.

[51] I. L. Andronov et al., Astron. Soc. Pacif. Conf. Ser. 511,
43 (2017).

[62] I. B.Vavilova et al., Proc. IAU Symp. No. 325,
361 (2017); https://doi.org/10.1017/517439213170
01661.

[53] I. B. Vavilova et al., Kinem. Phys. Celest. Bodies 28,
85 (2012); https://doi.org/10.3103/50884591312020
067.

[54] D. E. Tvardovskyi, V. I. Marsakova, I. L. Andronov,
Odessa Astron. Publ. 30, 135 (2017); https://doi.or
g/10.18524/1810-4215.2017.30.115463.

[55] D. E. Tvardovskyi, V. I. Marsakova, I. L. Andronov,
L. S. Shakun, Odessa Astron. Publ. 31, 103 (2018); ht
tps://doi.org/10.18524/1810-4215.2018.31.145280.

3904-7


https://doi.org/10.1134/S1063772917010085
https://doi.org/10.1134/S1063772917010085
https://doi.org/10.1046/j.1365-8711.2001.04437.x
https://doi.org/10.1046/j.1365-8711.2001.04437.x
https://doi.org/10.1088/0004-6256/148/5/90
https://doi.org/10.1088/0004-6256/148/5/90
https://doi.org/10.1134/S1063772918040030
https://doi.org/10.1134/S1063772918040030
https://doi.org/10.1111/j.1365-2966.2012.22090.x
https://doi.org/10.1111/j.1365-2966.2012.22090.x
https://doi.org/10.1088/0004-637X/690/2/1730
https://doi.org/10.1088/0004-637X/690/2/1730
https://doi.org/10.1046/j.1365-8711.2003.06644.x
https://doi.org/10.1046/j.1365-8711.2003.06644.x
https://doi.org/10.1007/BF00667883
https://doi.org/10.1007/BF00667883
https://doi.org/10.1086/187726
https://doi.org/10.1086/187726
https://doi.org/10.1093/mnras/265.3.581
https://doi.org/10.1051/0004-6361:200809530
https://doi.org/10.1111/j.1365-2966.2007.12065.x
https://doi.org/10.1111/j.1365-2966.2007.12065.x
https://doi.org/10.1086/375643
https://doi.org/10.1086/375643
https://doi.org/10.1086/341253
http://var2.astro.cz/EN/
http://var2.astro.cz/EN/
https://www.aavso.org
https://www.aavso.org
https://doi.org/10.1086/313242
https://doi.org/10.1088/0004-6256/147/6/130
https://doi.org/10.1088/0004-6256/147/6/130
https://doi.org/10.18372/2411-6602.05.1264
https://doi.org/10.18372/2411-6602.05.1264
https://doi.org/10.18524/1810-4215.2017.30.118521
https://doi.org/10.18524/1810-4215.2017.30.118521
https://doi.org/10.30970/jps.24.1902
https://doi.org/10.30970/jps.24.1902
http://astrowww.phys.uvic.ca/~tatum/celmechs/
http://astrowww.phys.uvic.ca/~tatum/celmechs/
https://www.scipy.org
http://www.python.org
https://doi.org/10.1017/S1743921317001661
https://doi.org/10.1017/S1743921317001661
https://doi.org/10.3103/S0884591312020067
https://doi.org/10.3103/S0884591312020067
https://doi.org/10.18524/1810-4215.2017.30.115463
https://doi.org/10.18524/1810-4215.2017.30.115463
https://doi.org/10.18524/1810-4215.2018.31.145280
https://doi.org/10.18524/1810-4215.2018.31.145280

D. E. TVARDOVSKYI, V. . MARSAKOVA, I. L. ANDRONOV

TPETI KOMIIOHEHTH 3 EJIIMITUYHUMU OPBITAMU B 3ATEMHIOBAHUX
IMOABIMHUX CUCTEMAX

JI. E. Teapuoscekuii™?, B. I. Mapcakosa?, I. JI. Auaponos?
L Odecoruti nayionaavnutl mopevrut yrisepcumem, xapedpa MaMeMAmMuUKy Gi3ury @ acmpoHomii
2 . . . . . . Lo .
Odecvruti nayionanvrul ynieepcumem iment I. 1. Mewnukosa, kapedpa meopemuywnoi Pizuku ¢ acmporomii

Y wamomy jgociimkenni Mu BuBumian 9 3aremuioBanux nozsiiiaux 3ip: AR Lac, U CrB, S Equ, SU
Boo, VV UMa, WW Gem, YY Eri, V0404 Lyr, HP Aur. 3i6payu Beauki Macusu MiHIMyMiB i3 6a3u JaHux
BRNO ra criocrepeskens i3 6a3u mannx AAVSO. Bigrak oTpuMalin MOMEHTH MiHIMYMIB [IJIsT CIOCTEPEYKEHD
AAVSO (ycvoro — 397 minimMymiB) 3a JOIOMOIOK METOZY AIPOKCUMAIIl 3 CUMETPUYHUM MOJIHOMOM,
peasizoBanoro B nporpami MAVKA. Ile nporpamue 3abe3nevenns naganu Karepuna Awugpud ta IBan
Angponos. ITicist TOro MU MOEIHAIN OTPUMAHI MOMEHTHM MiHIMyMIB i3 manumwu, omepxanumu 3 BRNO,
ta nobynysamm miarpamu O—C. [ljaa Bcix 3ip mi miarpamu gBjsijaun cODOI0 MOAIOHI 10 CHHYCOITAJIBHUX
KosiuBaHHs 3 cynepnosutieo giniitnoro (mis SU Boo, VV UMa, WW Gem, V0404 Lyr ta HP Aur)
abo napabosaiunoro rpenay (s AR Lac, U CrB, S Equ ta YY Eri). KosuBauus moxuna onmcaru sik
HasSBHICTH TPETHOTO KOMIIOHEHTA, IO HE Depe ydJacTi B 3aTeMHEHHSX, ajieé BUKJIUKAE Bimomwmii light-time
effect (LTE). Ileit edekT MOXKHa JIErKO BUSIBUTU, BUKOPUCTOBYIOUH Z0BTi cepil ganux. OaHaK KOJMBaHHS
MalOTh YiTKY aCHMeTpifo, Ky MH iHTepIPeTYBATIH K eTINTUYIHY (opMy OpOITH TPEThboro KOMIIOHEHTA.
[Tapabomivauit TPEeH I MU MOACHUIN SK MEPETIKAHHS PEYOBHHHU MiK KOMIIOHEHTAMH IOABIfiHOI cucTemu.
s BCix 3ip MU OOYHUCTHIN MiHIMAJIBHO MOXKJIMBY MACy TPEThOrO KOMMOHEeHTa. Kpim Toro, po3pobusian
BJIACHUI KOJT MOBOIO TIporpaMmyBants Python Ta 3a itoro momomororo o0uuncinim ejieMeHTH OpoiTH TPETHOro
rommoHenTa. 1Tlobinbime, a1 3ip i3 mapaboiIHAM TPEHIOM MU PO3PAXOBYBAJH MIBHAIKICTH IT€PETiKAHHS
pedoBuHuU. Y pemri-pemT, Jjid BCiX 00YMC/IeHNX 3HAYeHb MU OLIHUJIN IIOXUOKH.

KurouoBi cjioBa: 30psina acTpodi3nKa, 3aTeMHIOBAHO-3MIHHI 30pi, MepeTiKaHHA PEYOBUHH, TPETI KOM-
MOHEHTH, ejleMenTu opbitu, miarpama O—C.
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