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ABSTRACT. We present the result of the process-
ing of our observations of the FI Sge, the pulsating RR
Lyrae type variable with the Blazhko effect in the R-
band. The data were obtained during 36 nights in 2018
as well as during 13 nights in 2021. We used the pe-
riod and initial epoch obtained from our observations
in V-band. We confirmed the presence of the Blazhko
effect, the bi-cyclicity effect, and also the effect of dis-
crete displacement of the light curves along the phase
curve detected firstly in the V-band. We detect some
differences in the dynamic of the light curve variabil-
ity in different photometrical bands, possibly related
to the Blazhko effect.
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AHOTAIIIYA. Hamu Bukitasieni pesysibratu 00poOKu
criocrepexkeHb vy GinpTpi R mysbeyiodol  3minnOT
zopi tury RR Jlipu 3 edekrom bBuaxkko FI Sge
3a 36 moueit y 2018 pomi Ta 13 moueit y 2021
pori. Mwu BHUKOPHUCTOBYBAJIM TEPiOJl Ta TOYATKOBY
emoxy mjs 1€l 30pi, ski Oyjum BXKe BHU3HAYEHI 3a
criocrepexkenuamu y V dinbrpi. Harri ciocrepeskenmst
y &imerpi R mipgrsepmxkyrors HasBHicTh y FI Sge
JBOX I1€PIOJIiB MOTYJIAII] aMILIITY/ I BCEPEJIMHI ITUKILY
Bnaxkko, BUSBIEHUX 3a CHOCTEPEXKEHHSMEU Y (DLIbTPi
V paninte. Awnajiz 3mimeHb KpuBUX OJIUCKY B3I0BIK
dazosoi kpusoi 3a 2021 pik y dimerpi R npussoguts
JI0 BHCHOBKY, IO 3HAYEHHH BEJUYUHU JIUCKPETHOI'O
amimmenns Js 30pi FI Sge morpibro 3minuTu 3 0,043
dazu nogsiiinoro nepioxy (0,50500%2 nui) ma kparHe
1t 3navenng 0,01075. Hosi cioctepexenns 2021 poky
y dinerpi R m03BOsIsiioTh mipuitycTTH, MO 9ac 3MiHA
HAIPAMKY 3MIMEHb KPUBUX OJIUCKY B3I0BXK (Pa3oBol
KPHUBOI CTAHOBUTH IMIBTOPA POKY, & IPUOIU3HUM TIepios
[UX 3MiH CTAHOBUTH TpHU POKU. llOpiBHSHHS KpUBUX
6mmcky y dinerpi R Ta dinerpi V mokazye, mo icaye
JlesiKe 3AIM3HEHHsT 9aCy MOMEHTIB 3MIIeHb y (MiIbTpi
V 1o Biggomenmio 10 dinsrpy R. Moro smauenns me
MeHte Hixk 12 7i6. 3mina mokasauka xoibopy (V-R)
BKa3y€ Ha HMOBIpHe IiJBUINEHHS TeMIlepaTypu 30pi,
abo B MOMEHT 3MIiIlleHHsI KpUBOI OJincKy, abo Bimgpasy
ITiCJIsT IIBOTO.

Cnocrepexxennss  y dinprpi R miareepmxkyrorn
masBHicTh y 30pi FI Sge edekry Buaxko, edexry
Oi-ruksriaaHocTi  Ta  edeKTy 3MIleHHsS MOMEHTIB
MaKCHUMYMIB JI0 MTOYATKOBOI €IOXW B3J0BXK (Pa30Bol
KPHUBOI.

Kitro4uoBi ciioBa: 30pi: 3minni: RR Lyr: inausinyasnmi:
FI Sge.

1. Introduction

FI Sge is a pulsating variable star of the RR Lyrae
type with the Blazhko effect. In the GCVS (Samus
et al., 2017) this star (RAQOO()‘O = 20h13m16297
Decoggoo = +17°30'37”) is described as RRab type
variable, Sp=A2, the magnitude variations are in the
range from 13.2™ to 14.3™, JDmax = (2428333.441 +
0.5047545E)4, and period of the Blazhko effect
P(BL) = 22.4% Tt is a little studied variable star.
Hoffmeister (1936), based on observations from the
Sonneberg Observatory, noted the star as a variable.
In 2017, Mainz (2017) observed FI Sge over 5 nights.
She studied the information from the literature in de-
tail. Using her observational data, Mainz determined
the FI Sge period to be P=0.50477d. This value is dif-
ferent from that given in the GCVS. Maintz studied the
(O-C) values for the maxima of the light curves based
on data from Richter (1961), Wils et al., (2006), Agerer
and Hubscher (2002). She suggested that the period
of variability changed after J.D. 2452000. She also
noted that the phase curves constructed from NSVS
and ASAS data differ in amplitude and phase. For
NSVS data, the shift of the position of the maxima on
the phase curve from the initial epoch was equal to 0.15
of the period of variability. Mainz did not discover the
Blazhko effect. Skarka and Cagas (2017) also observed
FI Sge in August, September and October 2017. Ob-
servations were made without a filter over 14 nights.
They analyzed their data and determined the Blazhko
effect period to be 22.4 days.

Thus, FI Sge is an RR Lyrae star that has the
Blazhko effect. In addition to the Blazhko effect, the
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star has a bicyclicity effect. The star also demonstrates
the effect of shifting light curves along the phase curve.
All these effects introduce changes in our final picture
of its brightness fluctuations. Our task was to separate
these changes and determine the contribution of each
of them.

Blazhko modulation changes the shape of the light
curve. Here, modulation of the amplitude of the light
curve leads to the phase modulation. When light max-
imum increases, the period becomes longer. Accord-
ingly, when light maximum decreases, the period be-
comes shorter. As a result, light maximum is slightly
shifted in phase (0.1 cycle). Negative phase shifts al-
ways occur for fainter maxima, positive phase shifts for
brighter maxima.

The next effect is the bi-cyclical effect. This is a
conditional name, since there is no established name.
The effect was described in 2010 by Smolek (2016).
It consists in the fact that for some stars of the
RR Lyrae type with the Blazhko effect, neighboring
pulsation cycles differ significantly in amplitude.
The modulation of the maxima also differs for these
cycles. We consider these cycles to be distinct and
construct a phase curve using a double period. This
technique allows you to separate cycles with differ-
ent types of pulsation activity on the phase curve.
This method is described in more detail in Keir (2023).

2. Observations

Our observations were carried out at the AZT-3 tele-
scope in the Astronomical Observatory Odesa National
University, located at the observational station N583
in Mayaki village. The AZT-3 telescope has a pri-
mary mirror diameter of 480 mm and a focal length
of the Newton optical scheme F = 2024 mm, the ex-
posure time was 90 sec. The images were registered
with CCD Sony ICX429ALL (~600x800 pixels) with
the Peltier cooling, in the V, R photometric system.
The registration complex was developed and installed
by Udovichenko (2012).

The photometry of the original frames was made
with Muniwin software (Motl, 2009). The compar-
ison star was UCAC4-538-127214 (Jago00 : RA
20M13™14.876° Dec : +17°33'39.95", V = 13.36™),
and the control star was UCAC4-538-127074 (J2000.0 :
RA : 20"12759.405°, Dec : +17°33'49.42", V =
13.73™). We determined the Julian Date with the cor-
rection to the barycenter of the Solar and instrumental
magnitudes for the variable star (V), comparison star
(C), and control star (K) for each frame.

Fig. 1 shows observations in the R filter of the star
FI Sge in 2018. They confirm the effect of shifting light
curves along the phase curve to the initial epoch, dis-
covered from observations in the V filter. The distance
between the October maxima and the July maxima
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Figure 1: Observations FI Sge 2018 in the upper figure.
The phase curve is plotted with a period of 0.50500*2
days. In the bottom figure, the light curve of October
10, 2018 (blue) is shifted to the right by one discrete
shift (0.0430 phase value).

corresponds to one discrete shift (0.043 phases of the
double period). This is confirmed in the bottom pic-
ture. The divergence of the maxima in phase in July
is not a consequence of the Blazhko effect, since the
higher maxima (July 12, 13) are located to the left of
the weaker maximum (July 6). We consider only a
small discrepancy in the light curves in each individual
set of observations to be a manifestation of the Blazhko
effect. This slight discrepancy is also proof that we
have correctly determined the period of variability. We
did not obtain maxima for the adjacent pulsation cycle
in these observations. However, the descending part of
the light curve on the left is flatter than in the cycle
on the right. This means that the maximum of the left
cycle will be fainter than the maximum of the right
one. The difference in the amplitudes of the maxima
of two neighboring cycles confirms the bicyclicity effect
in this star. The amplitudes and moments of the max-
ima were determined by polynomials up to the seventh
degree using the MCV program, which was created by
Andronov and Baklanov(2004). Analysis of the ampli-
tudes of the maxima in October 2018 shows that, as
in the V filter, there is a statistically significant divi-
sion of maxima on those whose numbers of cycles are
multiples and those whose numbers of cycles are not a
multiple of four. This means that within the Blazhko
period there are at least two independent periods of
oscillation.
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Figure 2: Observations of FI Sge 2021 (the upper fig-
ure). In the bottom figure, the light curve of 01 August
(blue) is shifted to the right by 0.01075 phases. The
light curves for August 14 and 15 (red) are shifted to
the right by 1/2 discrete shift. All later light curves
are shifted to the right by the amount of one discrete
shift (0.0430 phase).

There were fewer observations in 2021 than in 2018.
We can see that in Figure 2 above. In the bottom
graph of Fig. 2 we have combined all the light curves
into one common phase curve. To do this, we shifted
the light curve on August 1 to the right of the initial
epoch by 0.01075 phase of the double period. This
value is equal to the discrete shift (0.043 double
period phase) divided by four. The light curves of
August 14 and 15 are shifted to the right of the initial
epoch by the same amount. All other light curves on
August 26,28,30,31, September 2,3, October 29,30 and
November 3 are shifted to the right from the initial
epoch by one discrete shift (0.043 phases of the double
period). In this way we combined them with earlier
light curves. The figure shows that in this phase curve
the period between maxima is exactly equal to the
period of variability. We made fractional shifts from
the discrete one for the first time, since there was no
need for such shifts for V-filter observations, or so we
thought. But, as we noted above, the light curve of
July 6, 2018, falls out of the general picture of discrete
shifts. However, if we shift it to the left toward the
initial epoch by 0.01075 from the double period phase,
it fits well with the light curves of July 12 and 13,
2018. Thus, in 2021 we observe discrete shifts of the
light curves toward the initial epoch. In their meaning
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Figure 3: Observations of FI Sge 2018 (red) and 2021
(black) in the upper figure. The light curve for October
10, 2018 (blue) is shifted by two discrete shifts to the
right (bottom figure).

and direction, they are similar to the shift of the light
curves in 2018.

3. Analysis of observations

The overall phase curve for all light curves is shown
in Fig. 3 in the top graph. Here we see that the ar-
rangement of the light curves of 2021 follows the light
curves of 2018 with a slight shift in time. So the light
curve of August 1, 2021 falls on the light curve of July
6, 2018. The bottom graph shows that the light curve
of October 10, 2018, shifted by two discrete shifts to
the right, complements the light curve of July 17, 2021,
and the light curves of June 2018. To check, we shifted
the light curve of October 9, 2018 to the left by four
discrete shifts. As evident in Figure 3, the peak of light
maximum coincides with zero phase..

For the data in the V filter, we were unable to esti-
mate the period of change in the direction of displace-
ments movements. A long break in observations from
2014 to 2017 prevented this. New observations in the
R filter for 2021 help reconcile this uncertainty. The di-
rection of displacement changes every year and a half.
That is, every three years the direction of movement
of the displacements is repeated. This agrees well with
observations in both filters.

Next, we looked at whether there was a difference in
the dynamics of the shifts of the light curves in the R
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Figure 4: 2018 FI Sge observations in the V(upper)
and R(bottom) filters.
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Figure 5: Value of the V-R color index on June 21,
2018 (a), and on June 23, 2018 (b).

filter and the V filter. In Fig. 4, the observations for
2018 in the V filter are shown at the top, and the ob-
servations in the R filter are below. As we can see, the
shift of the light curves, which in the filter V occurred
approximately on June 22, in the R filter it could occur
no later than June 10. It was not possible to establish
a more precise date. The lag of the shifts in the light
curves in the V filter from the shifts in the R filter
is at least 12 days. The given time interval is typical
for changes associated with the Blazhko cycle. We can
assume that the shifts of the light curves themselves
along the phase curve are associated with the mecha-
nism of the Blazhko effect.

We calculated the color index (V-R) for all data.
It is believed to better reflect changes of the star’s
temperature. This figure varies greatly depending on

what part of the light curve we are observing. The
value (V-R) behaves in a mirror manner with respect
to changes in the light curve. We show in Fig. 5 the
value of (V-R) before the shift in the light curves
on June 21, 2018 (top), and immediately after the
shift for the date June 23, 2018 (bottom). As we can
see from the figure, the index (V-R) has dropped
significantly. We infer that the surfase temperature
of the star increased during or immediately after the
light curve shift.

4. Conclusions

Our observations of the star FI Sge in the R filter
confirm the presence of a bicyclicity effect and an effect
of shifting the moments of maxima along the phase
curve in this star.

Observations in the R filter also confirm the presence
of at least two periods of amplitude modulation within
the Blazhko cycle, detected from observations in the V
filter.

An analysis of the shifts in light curves for 2021 in
the R filter leads to the conclusion that the value of the
discrete shift for the star FI Sge needs to be changed
from 0.0430 double period phase to a multiple of it
0.01075.

New observations from 2021 in the R filter suggest
that the time of change in the direction of the light
curves shifts is one and a half years, and the approxi-
mate period of these changes is three years.

A comparison of the light curves in the R filter and
the V filter indicates that there is some delay in the
time of the displacements in the V filter relative to the
R filter. This delay is at least 12 days.

A change in the color index (V-R) indicates a likely
increase in the temperature of the star, either at the
moment the light curve shifts, or immediately after
this shift.
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