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Abstract

Purpose. Defined the influence of starspots and pulsation of eclipsing binary components on the possibility
of the third body determination in eclipsing binary systems and estimation of orbital parameters errors
caused by such factors.

Methods. In this paper method of O-C diagrams was used to detect the eclipsing binary system period
change caused by the presence of the third body. Monte Carlo simulations were used to estimate values
of third body orbital parameters that correspond to obtained O-C diagrams. This method is compiled in
“OCFit” software.

Results. Different cases of starspots and pulsation are considered. The precision of orbital parameters calculated
for these cases.

Conclusions. Detached EB systems with spot are not sophisticated objects for 3" body detection. Contact
EB systems with migrated spots are more complicated systems to search third bodies and detect their orbital
parameters. In the case of EB system pulsation most precise results can be obtained with a long period of
pulsations. Resolution of the light curve is very important to make good O-C diagram.
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Introduction
Eclipsing binary (EB) systems are objects of re-
search in different aspects of astronomy, one of
them is searching of third bodies in EB systems.
For these purposes O-C diagram method is com-
monly used. In this paper, we will describe some
factors that have an influence on the light curve
minima shape of EB systems, and therefore on
shape of O-C diagram too. Such factors are: pres-
ents of spots on EB component, or on both com-
ponents and pulsations of EB system.

Our simulations are based on a light curves
(LC) generated by PHOEBE software [1] based on
well-known Wilson & Devinney code described
in work [2]. These LC will be extended for needed
number of cycles, usually 5 or 10 years. Time shifts
in LC caused by presence of 3" body will be added
based on computation made in work[3; 4]. On the
final stage other distortion factors mentioned
above are also added to LC. Orbital elements of
3" body will be determined from O-C diagrams
using Monte Carlo simulations by “OCFit” soft-
ware described in [5]. In our simulation we use
EB stars that are located near the north pole to
get maximum data coverage.

Spots in EB Systems
In this section we will try to simulate O-C diagrams
in ideal terrestrial conditions but under the in-
fluence of other non-terrestrial factors like star-
spots. As we know the formation of starspots
depends on the age of a host star, that’s why we
should separate our simulation for detached
and contact EB systems. But before we start to
simulate we need to know some general spot
parameters for this EB systems. Its a radius of
star spot, its temperature, and life cycle. Do the
spot disappear after some short time or can be
present on a host star for a relatively long time
like 5-10 years? The spots migrate or not?

In work [6] authors have shown that in-
tensity variations resulting from star-spots (not
taking into account Wilson depressions) can

introduce disturbances of up to ~ 0.01 day in
the O-C residuals of contact binaries. Given the
rapid evolutionary time-scales of spots (of the
order of days) seen in recent Doppler images
of the contact binary AE Phe [7] this may lead
to explaining some of the observed jitter in the
O-C curves of these objects. But in work [8], the
effects of a Wilson depression seem to result in a
scatter of only a few seconds in the O-C residu-
als, it seems unlikely that the Wilson depression
will be a significant source of jitter for contact
binaries. Such changes resulting from star-spots
would be distinguishable from other mecha-
nisms that cause period changes and it should
still be possible to determine the orbital period
accurately [8].

Several studies have indicated that spot on
close binaries can have angular diameters from
10° to 40° which means that they will cover from
5 to 25% of the whole photosphere of the active
components (e.g. [9; 10]). In most cases, active
component can have one or two giant spots. It is
also argued that such spots can remain on a sur-
face from a few years to even ten years [6]. For a
estimation of maximum effect caused by the star
spot, it is assumed that in our simulations spots
are located on equator of each component. Ac-
cording to [6] spots with angular diameter less
then 10" cause negligible shifts of the light min-
imum of the primary eclipse. Therefore we will
not consider with spots smaller then 10" (Fig. 1).
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Figure 1. Phase shift 6¢(0) of the primary eclipse of
a contact binary similar to AB And. Curves labelled
by “P” correspond to a spot on the primary, while “S”
refers to a spot on the secondary component [6]
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Furthermore, the spots on secondary com-
ponent always remain visible during the primary
eclipse, while the spots on primary do not. As a
result, the spots on primary cause a significantly
greater photometric perturbation to the light curve
than the spots on secondary component. In pa-
per [6] authors also showed that unlike real orbital
period changes, non-migrating star spots cannot
cause permanent slopes in the O-C diagrams.
But the O-C differences caused by long-lived
migrating spots can be expected to be periodic.

Detached EB Systems

Tidal interactions force most of these stars to
rotate synchronously with their orbital motions.
The rapid rotation combined with deep convec-
tion envelopes produces a variety of magnetic
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activity phenomena including starspots in these
stars. Brightness variations due to starspots can
be observed in detached EB only during primary
total eclipses when the luminous hot components
are hidden. Therefore, because of synchronized
rotation, only one hemisphere of the cool stars can
be observed and the photometric data collected are
less detailed than for other spotted binaries [11].
For detached eclipsing binary systems spots
with radius from 5° to 25° are usually typical, we
can find such systems in many publications like
e.g. [12] or in publications about spots in RSCVn
binaries systems (e.g. [13-15]). Objects with spots
migrations are very rarely observed, so we will
not consider such a case. Model of detached EB
system is presented on Figure 2, the main pa-
rameters of this system are listed in the Table 1.
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Figure 2. Model of detached EB system with spot (colat=90°, colon=0") in plane of sky
view at phase 0.15

Table 1. Basic parameters of detached binary system presented on Figure 2. HJDO is a origin of the
ephemeris; P — orbital period of EB system; SMA — semi-major axis; RM — mass ratio; VGA — centre
of mass velocity, INCL — inclination

HJDO(day) 2451852,3783
P(day) 1,42834
SMA (Ro) 1,000
RM 0,432
VGA (km/s) 0
INCL (*) 77,690

As we mentioned above, spots with a radius
less then 10° do not have a big influence on O-C
diagram. So, we will consider how starspot located

on stars equator (colat=90", lon=0") with ra-
dius rspot=15° and rspot=25" affect the O-C dia-
gram. There is also a difference in a hot and cold
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spot. The hot spot will have T,.=12, where T, T,=08 OnFigure3wecansee how hot and cold
is the ratio between the temperature of the spot  spots affect the shape of the minima. Mainly pri-
and the local temperature of the underlying mary minima are changing their shape under the

photosphere, the cold spot will be defined as influence of spots.
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Figure 3. Spot on primary component with different temperature and radius. Blue line - spot radius 25°
red line — spot radius 15°

B

The final O-C diagrams for all four cases when we fit these O-C diagrams by MCMC
are presented in Figure 4. Looking only on O-C  method results are getting clearer. Final solu-
diagram we can’t clearly see the difference. Only tions of fitting are presented in Table 2.
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Figure 4. O-C diagram for EB system with different I, and T_ . Red line — fit with MCMC method,
correspond to values in Table 2. Filled circles are primary minima, not filled circles — secondary minima



Analysing x* value of 4 cases we can state

that case of spot with parameters T =1.2 and
pot

r =25 is fitted the best. The precision of fit

spot
depends on the accuracy of minima determina-

tion that can vary depending on the method we
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used. In case of a spot with parameters Tspot=1.2
and I =25 precision of minima determination
was almost the same for primary and secondary

minima.

Table 2. Orbital parameters of 3" body for detached EB system with different spot parameters rspot and
T, .- P —orbital period of eclipsing pair, T, - initial minimum, P, - orbital period of the 3“body, t,, -
pericenter passage, a sin i, — projected semi-major axis of the orbit, e, — eccentricity, w,— the longitude of
the periastron, f (M,) — the mass function, x* — sum of squares of the best fit, x>/n — reduced sum of squares

(n — number of data points), errors are given in parenthesis

Solution Original
P[days] 1,42834 fixed fixed fixed fixed
T,[HJD] 2451852,3783 fixed fixed fixed fixed
P3 [days] 1000 1000(1) 1000,0(7) 1000(1) 1000,8(9)
ts [HJD] 2451400 2451397(3) 2451397(1) 2451396(2) 2451396(2)
a sin i3 [AU] 0.797 0.801(2) 0.803(3) 0.806(4) 0.802(3)
e, 0.54 0.552(3) 0.559(4) 0.572(5) 0.563(3)
w,[] 288 287,2(8) 287,1(6) 286,9(8) 286,9(7)
f(MB) [MO] - 0,0685(7) 0.0690(7) 0.0697(10) 0.0691(7)
X2 - 7,326 35,990 30,227 39,209
xX2/n - 0.0127 0.0654 0.0767 0.0993

It was mentioned above that spot on sec-
ondary component do not have a big influence
on minima shape, so we will not consider here
this option. As a conclusion we can say that de-
tached EB systems with spot are not sophisticated
objects for 3" body detection. In case of bigger
then 25° spots on the surface it is advisable to
cut off from the top the height of primary (or
secondary) minima to get better fit and to deter-
mine the time of minima more precisely.

Contact EB Systems

Contact binary stars occur relatively often among
binaries (95% of eclipsing binary variables in the
solar neighbourhood) [16]. A contact binary system
consists of two dwarf stars, most often from the
F, G, and K spectral classes, that are surrounded
by a common convective envelope. The orbital
period distribution peaks in the 8 to 12 hour range.

Most systems, though not all, have orbital periods
between 0.2 and 1.0 days [17; 18]. While the masses
of the two component stars of a contact binary
are typically unequal, the two stars usually have
approximately equal surface temperatures due
to the effects of mass and energy transfer be-
tween the components via a common convec-
tive envelope [19]. Eclipsing contact binaries are
often referred to as W UMa systems in honor of
the prototype [20].

The components of such a contact binary
rotate very rapidly in spite of their old ages (v
sin i ~ 100-200 km s™') as a result of spin-orbit
synchronisation due to strong tidal interactions
between the stars [11]. Many contact binaries
show signs of stellar activity, presumably because
the component stars are rapid rotators with deep
convective zones. A study of the contact binaries
with Doppler imaging technique reveals that both
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components can be covered by cool starspots,
with a tendency for the primary to be more active
than the secondary [7; 21; 22].

This makes contact binaries excellent labo-
ratories in which to investigate the temporal vari-
ations and evolution of stellar spots, in part be-
cause the timescales of the variations are shorter
than in other types of binary and single stars.
However, the shortest among these timescales
can be problematic to study using groundbased

observatories because they are comparable to
the length of an Earth night. In [6] authors noted
that the migration of starspots on the surface(s)
of the constituent stars in short-period binaries,
especially contact binaries, could affect mea-
surements of eclipse times and thereby mimic
changes in the orbital period [20]. Model of con-
tact EB system with spot is presented on Figure 5,
orbital parameters can be found in Table 3.
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Figure 5. Model of contact EB system with spot (colat=45", colon=0") in plane of sky view
at phase 0.15

Table 3. Baisic parameters of contact binary system presented on Figure 5. HJDO is a origin of the
ephemeris; P — orbital period of EB system; SMA — semi-major axis; RM — mass ratio; VGA — centre of mass
velocity, INCL - inclination

HJDO(day) 2451852,3783
P(day) 1,42834
SMA (R) 1.76
RM 0.67
VGA (km/s) 4.70
INCL (") 79.50

Light curve from such EB system will be
subjected to changes depending on the position
of the spot, such changes are partially presented
on Figure 6, 7. Analyzing these data we can con-
clude that the most noticeable changes in LC are
caused by changes of position in longitude of a
starspot on the primary component of contact
binary EB system. If we change spot position
only in colatitude and leave longitude equal

to 0, we will observe only variation of primary
minima shape and depth. On the other hand if
we make colatitude constant (colatitude=45",
Figs. 6, 7) and change longitude of spot then in
addition to the primary minimum part of the LC
between two minima will vary too. As it can be
expected “hot” spot has a greater contribution
to changes in LC than “cold” spot (Fig. 6b vs 7b).
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From previous results with detached EB
system, we already know that smaller and colder
spot adds more uncertainty to the definition of or-
bital elements of 3" body available in EB system.
We can expect the same results with contact EB
systems. So let us define an influence of the spot
presence on primary and secondary EB compo-
nents and spot migration. This two aspects can be
often found in contact and overcontact systems.

For simulation of O-C diagram with two
spots in EB system we locate the spot on second-
ary component at lon=180", colat=45" to make
it visible to the observer. Radius of the spot on
secondary component is L )=35°, temperature
isT ,=08T . The results of orbital parameters
of 3 body determination for this case are pre-
sented in third column of Table 4.

Table 4.0rbital parameters of 3" body for contact EB system with two spots and migrated spot. Spot
parameters rspot=35 °, TSpo

t

=0.8 T_ . For description of parameters see Table 2

Solution Original Two spots Migrated spot
P[days] 1,42834 fixed fixed fixed
T, [HJD] 2451852,3783 fixed fixed fixed
P, [days] 1000 999,7(8) 999(1) 1000(1)
t,, (HJD] 2451400 2451400(2) 2451402(2) 2451398(4)
asin i, [AU] 0.797 0.799(3) 0.799(3) 0.764(3)
e, 0.54 0,541(4) 0.532(5) 0.541(2)
w,[] 288 288,1(7) 288,5(8) 287(1)
fM)M,] - 0.0681(8) 0.0683(9) 0.0666(7)
X2 - 0.614 6,547 2478,629
X2/n - 0.0283 0.0719 6,1200
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For simulation of O-C diagram with mi-
grated spot over primary component of EB sys-
tem we should define a parameters of the spot
migration. According to [6] rotation period of
starspot differs from P, by (1):

AP = P, — P, )

where Peq is the equatorial period of rotation
(Peq=PO), and P, is a period of starspot rotation
equal to (2):

Py =Pyg- (1 —k-sin*2)7* (2)

in equation (2) k is a coefficient of differential
rotation. For close binaries observation have in-
dicated a range between k=6x10"* and 0.18 with
mean value k=3x10? [9]. At the end of each or-
bital cycle, a starspot will shift in longitude by (3):

B AP
00 = 27‘[? 3)

O-C (min)
(=}

-6

-8 .
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a) O-C diagram for ideal condition

If we calculate this value for our EB sys-
tem with period P= 1,42834 which has spot on
latitude A=45" and mean value of k=3 X 102, we
will get 660=>5,4798" or 660 ~ 5.5°. So spot with such
parameters will do a full revolution in ~ 65.5 cycles
or in our case this is equal to 93.5 days. To simplify
the process of simulation we take an integer
number of §6=6" in such case the spot will do a
full revolution in 60 cycles or in 85.7 days.

Large spots causing prominent light curve
minima apparently can survive for many years,
despite differential rotation, and form centres
of activity, or active longitudes [11]. Polar spots
are found to have lifetimes of over a decade [23].
Our simulation of 3rd body is made on 5 years
time interval so lets define that our spot lifetime
is also 5 years. Last question that we need to
know is a radius of a spot. Lets consider a case
with a spot radius 35 because a bigger spots are
more typical for this type of EB systems.

O-C (min)
o

51500 5200 52500 53000 53500
Time (JD — 2400000)

54000

b) O-C diagram for EB system with spot

Figure 8. O-C diagram for contact EB system with (b) and without (a) migrated spot. Red line — fit with
MCMC method, correspond to values in Table 4. Filled circles are primary minima, not filled
circles — secondary minima

From Figure 8 we can clearly see how mi-
grated spot reduce precisions of minima exact
time detection and in some cases, we even got
point that does not fit in our O-C diagram. This
means that these points are faults. Migrated
spots are the most difficult cases for precise defi-
nition time of minima, make O-C diagram and
define orbital parameters of 3" body. Fitted pa-
rameters of orbit and x?values of fit are presented
in Table 4.

Pulsations in EB System
Pulsation in eclipsing binary systems can be ob-
served in Algol-type binaries, the so-called oEA
stars (oscillating EA stars). The oEA stars are
mass-accreting main sequence A/F-type com-
ponents in semidetached Algol-type eclipsing
binary systems showing 6 Sct — like pulsation [24].
The period of pulsation in such systems can vary
from 20 to 300 minutes (see e.g [25; 26]).

In work [25] relation for period of pulsation



is given as (4):

Py = 0.031(4) + 0.009(1)P,, 4

This relation is based on observation of
6 Sct stars in all known close binaries systems
(Detached, Semi-detached, unclassified). Coef-
ficient of correlation for this relation is r=0.62.
To determine how the pulsations affect the O-C
diagram and 3" precision of orbital elements we
will consider three cases of detached EB systems
with a different period of pulsations: 30, 150,
300 minutes.

To define the precise time of minima with
pulsation presence it is very important to have a

300 points/LC

600 points/LC
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high rate of observation per some time interval
(or per LC). Until now we use synthetic LC gen-
erated by PHOEBE with sample rate 300 points
per period. That was fully enough to precisely
determine the time of the minima, but such rate
is not enough for pulsations study.

To determine what sample rate should we
use, let us check how the precision of primary
minima is changed in detached EB system with
added pulsations with parameters — period
P =30 min and amplitude A  =0.02. Three
examples of same minima fitted in sample rates
300, 600 and 900 points per LC are presented on
Figure 9.

900 points/LC
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Figure 9. Different sample rate and precision of primary minima determination. Black point are data
from LC, red line - fitted minima

If we have more than 900 points per LC
then the precision of minima determination is
slightly increasing to value 0.001 of a day. With
the increase of sample rate, time of calculation
also greatly increases, therefore the value of

900 points per LC is the best choice.

Third body orbit parameters determined
in detached EB system with pulsation with a pe-
riod of 30, 150 and 300 minutes are presented in
Table 5.

Table 4.0rbital parameters of 3™ body for detached EB system with pulsations. For description
of parameters see Table 2

Solution Original = PulsationsP = =150 min PulsationsP_
P[days] 1,42834 fixed fixed fixed
T,[HJD] 2451852,3783 fixed fixed fixed
P, [days] 1000 1000(7) 1002(8) 1000(7)
t,, (HJD] 2451400 2451408(16) 2451390(19) 2451399(19)

asin i, [AU] 0,797 0,778(19) 0,813(19) 0,807(19)

e, 0.54 0,431(29) 0,600(28) 0,569(30)
w,["] 288 291(5) 285(5) 288(5)

f,) M] - 0,0628(47) 0,0715(52) 0,0700(52)
X - 8,519 2,778 0,802
xA/n - 0,0184 0,0069 0,0019
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Aswe can see from a table, the most precise
determination of orbit parameters corresponds
to pulsation with the longest period. Vice versa
most inaccurate parameters of orbit determina-
tion correspond to the shortest period. A short
period of pulsations can’t make it impossible to
determine the precise time of minima, and as we
show above it is also very important what reso-
lution of LC do we have.

Conclusion

We made a review of starspots and pulsation in-
fluence on determination of 3" body orbital pa-
rameters. In case of starpsot presence on the sur-
face of EB system components we separate our
simulation for detached and contact binary sys-
tems. First case is not so sophisticated systems
for 3" body detection, even when spot is avail-
able on the components of EB high precision of
detected orbital elements can be achieved. For

References

these case we also compare how hot and cold
spots affect on the precision of 3" body deter-
mination. As the result the hot spots have less
influence on 3" body orbit determination.

Second case with contact EB can represent
more sophisticated examples of bigger starspots
of EB components and several starspots at the
time. This case more complicated and precision
of orbital elements is reduces. Pulsation of EB
systems is the most complicated case for 3“*body
detection. In this situation is very important to
achieve high sample rate to determine exact time
of minima from light curve. As it can be seen from
Table 5 biggest differences with original orbital
elements of 3" body are observed in case of short
period pulsations. Such results are expected, but
in this paper we made orbital elements accuracy
analysis. Also larger samples studies are needed
to statistically confirm our results.

[1] Prsa A, Zwitter T. Computational guide to physics of eclipsing binaries. I. Demonstrations and

perspectives. Astrophys. J. 2005;(628):426-38.

[2] Wilson RE, Devinney EJ. Realization of accurate close-binary light curves: Application to MR cygni.

Astrophys. J. 1971;(166):605-19.

[3] Irwin JB. The determination of a light-time orbit. Astrophys. J. 1952;(116):211.
[4] Irwin JB. Standard light-time curves. Astrophys. J. 1959;(64):149-155.
[5] Gajdos P, Parimucha S. New tool with GUI for fitting OC diagrams. Proceedings of the 50" Conference

on Variable Stars Research. 2018;(197):71-77.

[6] Kalimeris A, Rovithis-Livaniou H, Rovithis P. Starspots and photometric noise on observed minus
calculated (O-C) diagrams. Astron. Astrophys. 2002;(387):969-76.

[7] Barnes JR, Lister TA, Hilditch RW, Collier Cameron A. High-resolution Doppler images of the
spotted contact binary AE Phe. Mon. Not. of the Royal Ast. Soc. 2004;(348):1321-31.

[8] Watson CA, Dhillon VS. The effect of star-spots on eclipse timings of binary stars. Mon. Notices

Royal Astron. Soc. 2004;351(1):110-116.

[9] Hall DS, Busby MR. Starspot lifetimes. In: Ibanoglu C, editor. Proceedings of the NATO Advanced
Study Institute on Active Close Binaries; 1990 Sept. 11-22; Kusadasi. Turkey, September 11-22, 1989.
Netherlands: Kluwer Academic Publishers; 1990. P. 377.

[10] Guinan EF, Giménez A. Magnetic activity in close binarie. Netherlands: Springer; 1993. The realm

of interacting binary stars; pp. 51-110.

[11] Berdyugina SV. Starspots: A key to the stellar Dynamo. Living Rev. Sol. Phys. 2005;2(1):8.
[12] Liakos A, Zasche P, Niarchos P. A comprehensive study of six Algol type binaries. New Astron.

2011;16(8):530-38.

[13] Roettenbacher RM, Harmon RO, Vutisalchavakul N, Henry GW. A study of differential rotation on
IT Pegasi via photometric starspot imaging. Astron. J. 2011;141(4):138.



Influence of starspots and pulsations on determination of third body orbital...

[14] Kévari Zs, Korhonen H, Kriskovics L, Vida K, Donati J-F, Le Coroller H, et al. Measuring differential
rotation of the K-giant { Andromedae. Astron. Astrophys. 2012;(539):A50.

[15] Kozhevnikova AV, Alekseev IY. Long-term spottedness variations of 16 RS CVn stars. Astron. Rep.
2015;(59):937-51.

[16] Rucinski SM. Contact binaries of the galactic disk: Comparison of the baade’s window and open
cluster samples. Astron. J. 1998;116(6):2998-3017.

[17] Maceroni C, van’t Veer, F. The properties of W Ursae Majoris contact binaries: New results and old
problems. Astron. Astrophys. 1996;(331):523-31.

[18] Paczynski B, Szczygiel DM, Pilecki B, Pojmanski G. Eclipsing binaries in the all sky automated
survey catalogue. Mon. Not. of the Royal Ast. Soc. 2006;(368):131-18.

[19] Lucy LB. The structure of contact binaries. Astrophys. J. 1968;(151):1123.

[20] Tran K, Levine A, Rappaport S, Borkovits T, Csizmadia Sz, Kalomeni B. The anticorrelated nature
of the primary and secondary eclipse timing variations for the kepler contact binaries. Astrophys.
J. 2013;(774):81.

[21] Maceroni C, Vilhu O, van't Veer F, van Hamme W. Surface imaging of late-type contact binaries I:
AE Phoenicis and YY Eridani. Astron. Astrophys. 1994;(288):529-37.

[22] Hendry PD. Doppler imaging of VW cephei: Distribution and evolution of starspots on a contact
binary. Astrophys. J. 2000;(531):467-93.

[23] Hussain GAJ. Starspot lifetimes. Astron. Nachrichten. 2002;(323):349-56.

[24] Rodriguez E, Garcia JM, Costa V, Lampens P, van Cauteren P, Mkrtichian DE, et al. § Sct-type
pulsations in eclipsing binary systems: Y Cam. Mon. Not. of the Royal Ast. Soc. 2010;(408):2149-162.

[25] Liakos A, Niarchos P. Catalogue and properties of § Scuti stars in binaries. Mon. Not. of the Royal
Ast. Soc. 2017;(465):1181-200.

[26] Mkrtichian DE, Kim S-L, Rodriguez E, Olson EC, Nazarenko V, Gamarova AYu, et al. The oEA stars.
Solar and Stellar Physics Through Eclipses. 2007;(370):194-200.

Cnucok BUKOPUCTaHO1 JiTepaTypu

[1] Prsa A, Zwitter T. Computational guide to physics of eclipsing binaries. I. Demonstrations and
perspectives. Astrophys. J. 2005;(628):426-38.

[2] Wilson RE, Devinney EJ. Realization of accurate close-binary light curves: Application to MR cygni.
Astrophys. J. 1971;(166):605-19.

[3] Irwin JB. The determination of a light-time orbit. Astrophys. J. 1952;(116):211.

[4] Irwin JB. Standard light-time curves. Astrophys. J. 1959;(64):149-155.

[5] Gajdos P, Parimucha S. New tool with GUI for fitting OC diagrams. Proceedings of the 50" Conference
on Variable Stars Research. 2018;(197):71-77.

[6] Kalimeris A, Rovithis-Livaniou H, Rovithis P. Starspots and photometric noise on observed minus
calculated (O-C) diagrams. Astron. Astrophys. 2002;(387):969-76.

[7] Barnes JR, Lister TA, Hilditch RW, Collier Cameron A. High-resolution Doppler images of the
spotted contact binary AE Phe. Mon. Not. of the Royal Ast. Soc. 2004;(348):1321-31.

[8] Watson CA, Dhillon VS. The effect of star-spots on eclipse timings of binary stars. Mon. Notices
Royal Astron. Soc. 2004;351(1):110-116.



Scientific Herald of Uzhhorod University. Series “Physics”. 2020;(48):78-91

[9] Hall DS, Busby MR. Starspot lifetimes. In: Ibanoglu C, editor. Proceedings of the NATO Advanced
Study Institute on Active Close Binaries; 1990 Sept. 11-22; Kusadasi. Turkey, September 11-22, 1989.
Netherlands: Kluwer Academic Publishers; 1990. P. 377.

[10] Guinan EF, Giménez A. Magnetic activity in close binarie. Netherlands: Springer; 1993. The realm
of interacting binary stars; pp. 51-110.

[11 Berdyugina SV. Starspots: A key to the stellar Dynamo. Living Rev. Sol. Phys. 2005;2(1):8.

[12] Liakos A, Zasche P, Niarchos P. A comprehensive study of six Algol type binaries. New Astron.
2011;16(8):530-38.

[13] Roettenbacher RM, Harmon RO, Vutisalchavakul N, Henry GW. A study of differential rotation on
IT Pegasi via photometric starspot imaging. Astron. J. 2011;141(4):138.

[14] Kévari Zs, Korhonen H, Kriskovics L, Vida K, Donati J-F, Le Coroller H, et al. Measuring differential
rotation of the K-giant { Andromedae. Astron. Astrophys. 2012;(539):A50.

[15] Kozhevnikova AV, Alekseev IY. Long-term spottedness variations of 16 RS CVn stars. Astron. Rep.
2015;(59):937-51.

[16] Rucinski SM. Contact binaries of the galactic disk: Comparison of the baade’s window and open
cluster samples. Astron. J. 1998;116(6):2998-3017.

[17] Maceroni C, van’t Veer, F. The properties of W Ursae Majoris contact binaries: New results and old
problems. Astron. Astrophys. 1996;(331):523-31.

[18] Paczynski B, Szczygiel DM, Pilecki B, Pojmanski G. Eclipsing binaries in the all sky automated
survey catalogue. Mon. Not. of the Royal Ast. Soc. 2006;(368):1311-18.

[19] Lucy LB. The structure of contact binaries. Astrophys. J. 1968;(151):1123.

[20] Tran K, Levine A, Rappaport S, Borkovits T, Csizmadia Sz, Kalomeni B. The anticorrelated nature
of the primary and secondary eclipse timing variations for the kepler contact binaries. Astrophys.
J. 2013;(774):81.

[21] Maceroni C, Vilhu O, van't Veer F, van Hamme W. Surface imaging of late-type contact binaries I:
AE Phoenicis and YY Eridani. Astron. Astrophys. 1994;(288):529-37.

[22] Hendry PD. Doppler imaging of VW cephei: Distribution and evolution of starspots on a contact
binary. Astrophys. J. 2000;(531):467-93.

[23] Hussain GAJ. Starspot lifetimes. Astron. Nachrichten. 2002;(323):349-56.

[24] Rodriguez E, Garcia JM, Costa V, Lampens P, van Cauteren P, Mkrtichian DE, et al. § Sct-type
pulsations in eclipsing binary systems: Y Cam. Mon. Not. of the Royal Ast. Soc. 2010;(408):2149-162.

[25] Liakos A, Niarchos P. Catalogue and properties of § Scuti stars in binaries. Mon. Not. of the Royal
Ast. Soc. 2017;(465):1181-200.

[26] Mkrtichian DE, Kim S-L, Rodriguez E, Olson EC, Nazarenko V, Gamarova AYu, et al. The oEA stars.
Solar and Stellar Physics Through Eclipses. 2007;(370):194-200.



Influence of starspots and pulsations on determination of third body orbital...
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AHorania

Merta. BusHaueHO BIUIMB 30pPSAHUX IUIAM Ta MyJabcallii KOMIIOHEHTIB 3aTeMHIOBAHO-MOABIMHUX CHUCTEM
Ha MOMJIMBICTh BUSIBJIEHHS TPETHOTO Tijla B I[UX CUCTEMAX Ta OIiHKY MOXHOOK OpOiTaThbHUX MapaMeTpiB
TPeThOTO Tijla BUKIUKAHUX TAKUMU YUHHUKAMU.

MeTtoau. Y HaykoBiii po6ori 6ysno Bukopucrano Mmeroz O-C giarpam g BUABJIEHHS 3MiHU Iepiozy
3aTEMHIOBAHO-TIOJBIMHUX CUCTEM, IO BUKJIMKAHI HagBHICTIO TPETHOTO Tilia B cucTeMi. MojentoBaHHA
MomnTe-Kapsio Oyau BUKOPHUCTaHi [ OI[iHKM 3HauYeHb OpOITAThHUX IapaMeTpiB TPeTbOro Tila, SKi
BigmoBizaroTh oTpuManumM O-C miarpamam. Ileit MeToz 3aKIaZieHO B mporpamue 3abe3mnedeHHs «OCFit»,

PesynbTaTH. Y octipkeHHI 6y/10 pO3IVISHYTO Pi3Hi BUMTaJKK 30PSHUX IUIIM Ta IyJibcalliid. Byso o64ucieHo
TOYHICTb OpOIiTAThHUX ITapaMeTPIiB TPETHOI'O Tija IS IIUX BUIAKIB.

BucHOBKHU. BiZiokpeMyieHi 3aTeMHIOBAHO-TIOZBIMHI CUCTEMU 3 IUIAMOIO HE € CKJIaJHUMH 00’€KTaMU I
BUABJNIEHHs 3-r0 Tia. KOHTaKTHI 3aTeMHIOBAHO-IIO/BIMHI CHCTEMHU 3 MITPYIOUMMH IUIAMaMU € OiIbIl
CKIAAHUMU BUIAZAKAMU JJIS MOIIYKY TPETiX Tl Ta 06YMC/IeHHS iX OpOiTalbHUX IapaMeTpiB. Y BUIIAAKY
MyJibcallili 3aTeMHIOBAHO-TTO/[BIHOT CHCTEMU HaWTOYHIIll TapaMeTpy OpOiTH TPEThOTO Tijia MOXKYTh OyTH
OTpYIMaHi [IpH TPUBAJIOMY IepioZi mynbcaniid. Po3zinpHa 3zaTHICT KPUBOI GJIMCKY € Ay)Ke BaXKIWBA LA
cTBOpeHH: xopoioi O-C aiarpamu

KirouoBi cj1oBa: 3MiHHI 3ipKy, 3aTeMHIOBaHO-TIOABIIHI crcTeMy, Aiarpama O-C, 30psiHi VMU, TTyJIbcarlii



Kudak et al.
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AnHOTaUA

ueJIb. OHPGAEJIEHO BJIMAHHNE 3BE3AHBIX IIATEH U HYJIbcaL[I/Iﬁ KOMIIOHEHTOB SaTMEHHO-ﬂBOfIHbIX CHCTEM
Ha BO3MOXXHOCThH OOHa- PYKEHHA TPETHETO TE/Ia B 3TUX CUCTEMAX U OLIEHKY HOI‘peI.HHOCTeﬁ OP6I/ITaJIBHbIX
ITapaMeTPOB TPETHLETO TE€Jia BI3BAHHBIX TAKMMU d)aKTOpaMI/I.

MeTozasbl. B HayyHO# paboTte ucnonb3oBaH MeTos O-C guarpaMm /sl BBISIBJIEHUS M3MEHEHMS Mepruozia
3aTMEHHO-IBOMHBIX CUCTEM, BBI3BAaHHBIX HAIMYHEM TPeThero Tesa B cructeMe. MozenupoBanue MoHTe-Kapio
OBbLTH MCTIONIB30BAHBI /IS OLIEHKY 3HAYEHU OPOUTANIBHBIX IAPAMETPOB TPETHETO TeNIa, KOTOPhIE COOTBETCTBYIOT
nory4yeH-HbiM O-C iarpaMmmam. DTOT METOZ 3aJI0XKeH B IporpaMMHoe obecriederrie «OCFit»,

PesynbTaThl. BB paboTe paccMaTpUBAIOTCA Pa3iWYHble CJIyYau 3Be3/IHBIX IIATEH U IMyJabcaluid. TOYHOCTD
OpOUTANbHBIX TAPAMETPOB TPETHETO TEJIA ONpeAeTeHa JJIs STUX CTydaeB.

BeiBoABI. OTZieNIeHHBIE 3aTMEHHO-IBOMHEIE CUCTEMEI C MIATHOM HE SIBJISIETCS CJIOXKHBIMHM OOBEKTaMU /IS
ob6Hapy»xeHHA 3-To Tesla. KOHTaKTHBIE 3aTMEHHO-BOMHbIE CUCTEMBI C MUTPUPYIOIINMH IIATHAMU ABJIAIOTCA
6oJee CJIOXKHBIM CJTy9aeM /Ui IIOMCKA TPETHUX TeJl U BEIYUCIEHNA UX OPOUTAIBHBIX ITapaMeTpoB. B ciyyae
My/IbCAlli 3aTMEHHO-IBOMHON CHCTeMbI 60jiee TOUHbIe TapaMeTphl OPOUTH TPETHEro Tejla MOTYT OBITh
IIOJIy9eHb! [IPH AJINTEIbHOM ITepro/e IyIbcannii. PazpemeHrie KpuBo# 6yiecKka O4eHb BaXKHA 1A CO3AAHUA
xopoiueit O-C auarpaMMbl

KiroueBsle ci10Ba: lepeMeHHbIE 3Be3/Ibl, 3aTMEHHO-IBOMHEBIE crcTeMbl, O-C AmarpaMMa, 3Be3/IHbIE MIATHA,
myJIbcaliuu



