< JUU d. <UUrRUMrANRU3ULN ULYUL P3NRPUYULN UUSAUANSUNUL

ULHEUU3UL <UUUPY HNRPELH

«GMhSUUUNY EPNRMShd UUSOENh NRUNRUTLUUDMNRG3NRL»

uguuahr
U. 03. 02-«Uuwinnwdhghlw, nwnhnwuwnnwghwnnipniu»

dwutwghwnipjudp $hghwdwpbidwnhlulwu ghwneniuubiph
ptiluwsénth ghinwlwu wuinhdwuh hwygdwt winbuwfununiejwu

P3NRNPUYUL - 2021

NAS RA BYURAKAN ASTROPHYSICAL OBSERVATORY AFTER V. AMBARTSUMIAN

ANDREASYAN HASMIK

THE INVESTIGATION OF YOUNG ERUPTIVE STARS

SYNOPSIS
A thesis submitted in fulfillment of the requirements for the degree of

Doctor of Philosophy in specialization
01.03.02 - Astrophysics and Radioastronomy

BYURAKAN - 2021



Uwnbuwiununipjut pbdwu hwunwnyt b Y. <wdpwpédnudjwuh
wujwu Rynipwlwuh wunnunhunwpwuh (FU) ghnwlwu funphpnnud:
Shunwywu nEywdwp' $. 4. g. . Uwnwpjwu Shgpwu 3niphh
Mwounnuwlwl punnhdwfunutubp'
$dagn Uwhwpjwu Upwd Uquwnh
bdagp Shgnywu Ywdn Ukpindwjh
Unwowwnwp Yuqdwlbpynipiniu' Sinbnupbipgh wudwu
wunnughnwlwu huunhwnun, Unuywih yhnwlwt hwdwjuwpwu:
Muiaunuwunieiniup Yujwuwnt £ 2021 e. hnihuh 27-hu dwdp 13:00-hu,
<L GUU Ajnipuwuh wunnunhwnwpwunw gnpdnn <& PNY-h
«Uunnughwnnipiniu» 048 dwutuwghwmwywu funphpnh thunnw (0213,
Fnipwlywu, Upwgwdninuh dwng):
Uwnbuwununipjwup Yupbih £ dwunpwuw| << FUU Rnipwlwuhp
wunnwnhnwpwuh gpunwpwuntd:
Utindwghpu wnwpyws £ 2021 p. hnihup 14-hu:

Uwutwghwnwwu funphpnh ghnwlwu pwpuiniup'

$. 0. q p. - b. < Uhynnnujw

The subject of the dissertation is approved by the scientific council of the
Byurakan Astrophysical Observatory

Scientific advisor: Dr. Tigran Yu. Magakian
Official opponents: Prof. Aram Saharyan
Dr. Kamo Gigoyan

Leading Organization is the Sternberg Astronomical Institute, Moscow
State University (GAISh).

The defense will take place on 27 of July 2021 at 13:00, at the meeting of
the specialized council of the SCC 048 “Astronomy” of the Byurakan
Astrophysical Observatory named after V. Ambartsumian NAS RA (0213,
Byurakan, Aragatzotn Prov.).

The dissertation can be found at the Byurakan Astrophysical Observatory
library.

The synopsis has been sent out on 14" of June, 2021

Scientific secretary of the special council

Dr. % Elena Nikoghosyan



Relevance and motivation

Young stellar objects (YSOs) having ages typically t=10°~10° yrs are
named as Pre-Main Sequence (PMS) stars. The members of this group
are located above the Main Sequence in Hertzsprung-Russell (HR)
diagram. Based on their masses, PMS stars are divided into two main
classes - the T Tauri (TTS) (M<2Mg) and the Herbig Ae/Be (HAeBe)
(2Mo<M<8M,) type stars and both classes show various types of variability.
More massive stars (M>8Mg) skip the PMS phase, because they evolve
very quickly.

T Tauri stars can be separated into three subclasses: Classical T Tauri

stars (CTTSs), Weak line T Tauri stars (WTTSs) and Early type T Tauri
stars (ETTSs). All these subclasses show moderate fluctuations in
brightness, differing in their periods and amplitudes. There are members
of this group, which, besides of slow variations, demonstrate also powerful
outbursts of up to five magnitudes. These objects are classified into two
main classes of eruptive variables: FUors and EXors (see a review [1]). Let
us discuss an each class separately.
FUors can be found in the regions of star formation and usually are
associated with reflection nebulae, Herbig-Haro (HH) objects and dark
clouds. The name of the group (FUor) was given by V. Ambartsumian [2].
Up to now, only few objects have been generally classified as members of
the class of classical FUors: FU Ori (the prototype of the class), V1057
Cyg, V1515 Cyg and V1735 Cyg. The characteristic feature of all of them is
the strong outburst of 5-6 magnitudes on a timescale of a year, following
by a very slow fading. Moreover, in the case of FU Ori we see that the star
is remaining in high luminosity state for almost 90 years. FUors have non-
emission type spectra, dominated by deep CO overtone absorption, with
broad blue-shifted Balmer lines, P Cygni profiles in Ha and the Na | lines,
which imply a mass-lose rate of about 10° M, yr'. In general, the spectral
type of FUors is attributed to F-G type giants/supergiants in the visible and
M type in the near IR ranges.

There are significant numbers of stars that kind of mimic the FUors, but
in smaller scale. This group of eruptive variable stars is named EXors [3],
after their prototype EX Lupi. The members of this group show occasional
flare-ups like FUors, but during their maximum brightness their
spectroscopic behavior is different. In contrast to FUors, their spectra are
dominated by T Tauri-like emission spectra, with no stellar absorption
lines. In addition, they are less luminous and their outbursts are relatively
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short-term in comparison with FUors, lasting months to year. Typical
values for accretion rate of EXors during the outburst are mac= 102 -10°
Mo yr'. During the outburst the number of emission lines increases and
undergoes striking variations. Many emission lines exhibit asymmetric
profiles. P Cyg profiles at the higher Balmer lines indicate the presence of
strong winds with quite high velocities up to hundreds km/s. During both
quiescence and outburst phases metallic neutral and ionized lines are
detected. Forbidden emission lines ([Ol], [SI], [Fell]) usually exhibit blue-
shifted profiles, which indicate the presence of shocked gas and jets
originating by the star.

But what is the generator of FUor and EXor type outbursts? This
question has triggered different hypotheses and it is still open. Based on
the accredited theory of Hartmann & Kenyon [4,5], outbursts happen
when the circumstellar accretion disk is increasing its surface brightness,
as the external envelope falling onto it, i.e., disk accretion rate greatly
increases.

A small group of PMS stars of intermediate mass showing eruptive
variability are named UXors, after their prototype UX Ori star. Many
objects of this group of irregular variables catalogued as HAeBe stars. The
members of this group from time to time demonstrate Algol-like minima
of two-three magnitudes, which usually last for days or weeks. Their
spectra contain many redshifted absorption metallic lines and the Ha line
is strong and double-peaked. These spectral features are explained by the
infall of gas from the disk material onto the star, just like in the
magnetospheric accretion models proposed for TTSs. One could show
that the accretion rate for UXors is Macex 107 M, yr'. Observations in the
IR and in the millimeter ranges have shown that UXors are surrounded by
optically thick circumstellar disks. It is generally established, that edge-on
disks are responsible for the large variability observed in UXors [6]. The
variations in the brightness are caused by a dust cloud spinning around
the star, in the outer part of stars’ circumstellar disk. So, if the disk is
oriented nearly edge-on with respect to the observer, then the dust cloud
passing in front of the star will obscure the object. As a result we observe
that the star becomes reddened and reduced in brightness for several
magnitudes. Afterwards, when the obscuring cloud passes away from the
line of sight, the star becomes brighter and its color index decreases.
Despite all the great progress made in the field of eruptive variables,
there are still many open questions. Even the origin of the outbursts is a
matter of debate. While the reason of the UXor type variability is more or
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less clear, the mechanism responsible for the FUor and EXor type
outbursts is still a controversial issue. It is uncertain whether the same
mechanism is responsible for both types’ outbursts, or they occur in
different ways. Maybe both classes are presenting the same phenomena in
different evolutionary stages. The undoubted classification of the objects
as FUor, EXor or UXor is another problem. Many recently discovered
examples of eruptive stars somehow filled the gap between long-term
(FUor) and short-term (EXor) outburst manifestations. These newly
discovered objects display a kind of intermediate timescale of outburst
decay and other characteristics in comparison of classical FUors and
EXors. It is not excluded, that the same object in the same time can
represent both, for example FUor and UXor type variability.

Aim of the dissertation

For the further discoveries of probable new types of eruptive YSOs and
PMS objects, firstly, we need a comprehensive, long-term, multi
wavelength monitoring of eruptive variables, including both photometric
and spectroscopic investigations. Nowadays many space-based telescopes
are operating, carrying out surveys in different wavelengths. Indeed,
large-field monitoring facilities enlarge our arsenal of observational data,
but, despite that, we are reliant that the ground-based telescopes still have
great potential. The observational material of the individual objects in this
case is extremely important, particularly if observations are systematic and
include photometry and spectroscopy.

Consequently in 2015 our group started new observational program on
the 2.6m. and 1m. telescopes of Byurakan Astrophysical Observatory
(BAO). The program was devoted to optical investigation of young eruptive
objects. The aim was to re-observe selected young stars, which
traditionally show odd and peculiar variations, thus obtaining new
observational material on them. Also we were intended to find new
possible candidates of different classes of eruptive variables.

The novelty of the work

The proper investigation of the eruptive variables is very important.
These stars are among the most intriguing PMS objects, since the
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identification of their origin could potentially lead to the consistent picture
of the early phases of stellar evolution. They could be used in studies of
the evolutionary processes of a circumstellar disks.

Just from the beginning of our observational program several objects
showing a peculiar outbursting activity were found. Simultaneous spectral
and photometric observations of these objects were conducted. Moreover,
for some of the studied objects we managed to track the whole period of
the activity, beginning from the quiescent phase -> outburst -> quiescent
phase, which is very important in order to understand the complete
picture of the phenomenon.

Practical value

The systematic study of the described groups of eruptive variables began
relatively lately. Thus there are many open questions in the theory, as well
as a lack of observational data for individual stars.

This thesis encompasses the systematic monitoring (both-spectroscopy and
photometry) of five stars during 2015 Sept. to 2020 Dec. The results of
this thesis can be helpful for theoreticians for development of disk models
of PMS stars. It can lead to further discoveries in the field of young
eruptive variables. One can take our data into account, when planning a
new observational program.

Summary

Here | outline the main results of the thesis.

e We discovered the powerful outburst for more than 5
magnitudes of V1318 Cyg binary PMS star. Regular observations
of this object for almost two years, and subsequent studies show
that it remains at this brightness level until nowadays. This star is
probably evolving into FUor type star.

e The whole period of the outburst for almost 3 magnitudes of the
V1686 Cyg is traced, due to the spectral and photometric
combined observations. The analysis of the historical light curve
of V1686 Cyg shows that the outburst detected by us is atypical
for this star.



e The little studied variable V565 Mon is observed. Besides of
other spectral characteristics, we detected two A6141.71 and
A6496.89 Ba Il absorption lines. Their presence in the spectrum
of PMS star is surprising and nowhere before was stressed the
peculiarity of barium overabundance in such a young star.

e The whole period of the new outburst of PV Cep, which generally
lasted from 2011 to 2019, is examined. The possible reason of
the multicomponent structure of the forbidden lines is given.
PV Cep can be classified as an intermediate object between
FUors and EXors.

e New observational data, obtained by us, show that V350 Cep
constantly keeps its high brightness level and does not
undergone significant changes for more than 40 years. We
conclude that V350 Cep is gradually develops towards typical
FUors.

Content

The dissertation consists of six chapters and references.
Chapter 1 is an introduction to the problems addressed in the thesis. In
Chapter 2 the observational process and the main methods of a data
reduction are described. In Chapter 3 and Chapter 4 the new outbursts of
V1318 Cyg and V1686 stars are discussed. In Chapter 5 the new
observations of V565 Mon are presented. Chapter 6 concerns to the new
spectral observations of V350 Cep and the new outburst of PV Cep.

Chapter 1

This chapter is an introduction of the thesis. Here | present the theory of
young eruptive stars and their classification. The origin of the main open
questions in this field is presented.



Chapter 2

The chapter is mainly introducing our new observational program,
dedicated to the investigation of young eruptive variables. The
observations from 2015 to 2017 were conducted on 2.6m., while from
2017 to 2020 - on 1m Schmidt type telescopes in (BAO). In addition some
spectra of the PV Cep star were obtained with the 6m. telescope of the
Special Astrophysical Observatory (SAO) in 2020. Besides, the data from
the various virtual observatories and large surveys (e.g. Gaia, Pan-
STARRS, WISE, 2MASS) are used. The data reduction has been done
using IRAF and MIDAS software packages.

Chapter 3

The variable star V1318 Cyg belongs to a small young cluster around the
bright BD+40°4124 Herbig Be star. The V1318 Cyg fluctuated near the
certain main brightness level (V=17.0), sometimes demonstrating deep
minima. After the deep decline in the brightness (in 1990s), it became
obvious that this object actually consists of two stars- V1318 Cyg N and
V1318 Cyg S and a nebulous knot between them.
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Fig. 3.1 BVRI light curve of V1318 Cyg S for the period of 1991-2017.
Filled symbols show our measurements for IPHAS and Byurakan images;
open symbols show data from the older observations; half-open symbols
show mean estimates for the four-year period of time from PanSTARRS
survey (see text); and the line bounded by asterisks shows the level in G
magnitude and time period of observations from Gaia DR2.



In the period of 2015-2017 we obtained fourteen spectra and 7 direct
images of V1318 Cyg. From the first observations we immediately found
that the star underwent a powerful outburst for more than 5 magnitudes.
We conclude that V1318 Cyg S is the outbursting star.

As it is shown in the lightcurve (see fig. 3.1) in the period between 2006
and 2010 the brightness of V1318 Cyg S started to rise. It reached its
maximum by the second half of 2015 (V=14.3), when we first observed
this star. Moreover V1318 Cyg S remains at this brightness level until now
(2021). Therefore all our spectrograms of V1318 Cyg are presenting the
star at the maximal brightness, without prominent changes (see fig. 3.2).
We estimated the equivalent widths and radial velocities of all main lines,
thus assigning its spectral type as early A. We evaluate the extinction value
as A=7.2, and using the newly estimated distance of the star we derive
Mv=-2.36 and L=7500L, for V1318 Cyg S at the maximum in the optical
range.
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Fig. 3.2 Red part of V1318 Cyg spectrum. The spectrum was obtained
with the 2.6m telescope. P Cyg profile of Ha line and strong Nal D
absorptions are prominent.

The possible classification of the V1318 Cyg S to known types of eruptive
variables is discussed in detail.

Combining our observations with the recent data [namely very large
brightness amplitude in the optical range (more than 5 mags.), very long
duration of minimum (10 years or more) and the long duration of the
recent outburst, which is still in progress, with corresponding spectral
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changes]|, we conclude that V1318 Cyg S is developing towards FUor type
star.

Chapter 4

In the vicinity of bright BD+40°4124 star LkHa 224 is situated. lIts
photometric variability was detected in 1980 and as the variable this star
received V1686 Cyg designation. According to photometric data, the star
fluctuates near the mean brightness level, sometimes (usually one time
per year) demonstrating irregular Algol-like minima, which lasts one-two
months. V1686 Cyg was the subject of many spectral studies, but
prominent variations of absorption features make its spectral classification
very problematic. Estimates of its spectral type vary from B2 to F9.

Since 2015 Sept. to 2017 Jul. we obtained fourteen spectra and seven
directed images.
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Fig. 4.1 BVRI light curve of V1686 Cyg for the period 2015-2017

During our systematic observations of this field the unusual and
unsuspected brightening of V1686 Cyg up to almost 3 mags. was found
and traced (Fig. 4.1). Photometric estimations demonstrate that the
brightening lasted probably several months and then the brightness of the
star returned to its previous level.

10



The spectral variations, observed by us during the 2016 brightening
event, are important. Moreover first significant changes we have noticed
in the spectra, when photometric variations were not detected yet. We
noticed that the central absorption in Ha became much stronger, nearly
dividing the emission line into two almost equal components. The
existence of the blue-shifted absorption component in the Ha line profile
shows the presence of an expanding envelope. Estimated equivalent
widths of the most typical emission and absorption lines show that the
strength of emission lines relative to continuum significantly lowered
during the maximal brightness period. All measurable absorption lines
demonstrate negative radial velocity.

Our combined data confirm that V1686 Cyg is one of the most
photometrically and spectrally variable HAeBe star. Moreover, at least in
this present case, the spectral and photometric variations of V1686 Cyg
are directly related. The observed short-time brightening is not typical for
V1686 Cyg. It can be considered as an outburst, because its
accompanying spectral changes could be interpreted as the formation of
dense expanding envelope around the star, with its subsequent dissipation
during several months.

Chapter 5

The variable star V565 Mon belongs to a little studied star formation
region. It is the illuminating star of the Parsamian 17 reflection cometary
nebula, in which it is deeply embedded. The observational data about the
star are scarce. The spectrum of the star was roughly estimated as G, with
Ha emission line and very strong Ba Il lines in the red part. V565 Mon is
an extremely bright in the mid-IR range. Near the symmetry axis of P17 a
group of HH 947 A/B objects were discovered. Logically, V565 Mon can
be considered as a source of this flow.

Observations of V565 Mon were carried out on 2018 February 15.

The reduced spectrum of V565 Mon is presented in Fig. 5.1. Taking into
account all the characteristics of this star, the spectral range of V565 Mon
can be from late F to early G. We estimated the EWs and heliocentric
radial velocities of the most prominent absorption and emission lines. One
can see that negative radial velocities are observed only for forbidden
lines, which indicates that these lines are related to HH outflow. The
general strength of emission lines is not high. Even for Ha emission, the
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total EW is ~-7A. The mean radial velocity of V565 Mon, computed by the
six strongest absorption lines, is +34+14 kms™.
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Fig. 5.1 Spectrum of V565 Mon in absolute intensities

We estimated the distance of V565 Mon as 1150pc (+91pc), based directly
on the newly obtained Gaia parallaxes. We built the Spectral Energy
Distribution (SED) of the star, which shows that V565 Mon emits in the
mid and far IR ranges at least the same amount of energy, as in the
optical range. By integrating the SED curve of V565 Mon we obtained
Lvses~130 Lo for its bolometric luminosity. Using general equations

Mbol,* - Moo = -2.5logio(L+/Lo) (5.1
and
m - M = 5logd-5+A (5.2)

for the main parameters of V565 Mon we obtained Mv=-0.55, A.=2.86.
It is not easy to classify the V565 Mon star, because its significant
luminosity suggests that it has intermediate mass and consequently,
belongs to the HAeBe class. On the other hand, its spectrum corresponds
to T Tau stars.

The most unusual feature of V565 Mon is the presence of two strong
A6141.71 and A6496.89 Ba |l absorption lines in its spectrum. Nowhere is
stressed the peculiarity of barium overabundance in such a young star
(the age of V565 Mon do not exceed several million years). We considered

12



the possibility that V565 Mon can be a FUor-like object. There are
circumstances that speak for, as well as against this. Anyway V565 Mon
can represent non typical case of FUor-like stars, or its spectral
characteristics can be due to its orientation with respect to the line of
sight. The subsequent study of this somewhat neglected object could be
an important step in understanding the nucleosynthesis problems in
young stars.

Chapter 6

In this chapter, we present the new spectra of PV Cep and V350 Cep
obtained over the past five years and compares these results with available
data.

The variability of PV Cep and the nebula GMI1-29 (RNO 125), connected
with the star, was discovered in 1977. It is the source of the extended
Herbig-Haro flow and of the bipolar molecular outflow. Despite the
considerable number of subsequent studies the classification of PV Cep is
still uncertain.

The variable star V350 Cep, located in a cluster within the NGC 7129
nebula, was first noticed in 1977 when it reached 16.5 magnitudes (in the
V band). The increase in the brightness of V350 Cep had began
approximately in 1972 and since 1978 this star mainly remains at the same
level of brightness (e.g. almost 50 years).

Although the historical light curve of V350 Cep resembles FUor type star,
however the first spectral observations have shown very developed
emission spectrum. On the other hand V350 Cep can hardly be attributed
to EXors, since it does not show outbursts characteristic for the latter
ones, but it is almost constantly at the maximal brightness level. The
spectral type of V350 Cep was assessed as M2.

Since 2015 Sept. to 2018 June seven spectra with different resolutions,
were obtained for PV Cep, with 2.6m telescope in BAO. In additional, one
spectrum of PV Cep was obtained with 6m telescope in SAO. For V350
Cep one spectrum was obtained on 2015 September with 2.6m telescope
in BAO.

Analysis of the light curve of PV Cep show that from the beginning of
2011, the star began gradually and almost continuously rise in brightness,
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reaching almost its maximum (R=~13.6) by the end of 2016. After that, a
rapid decline in brightness had begun. Our observations correspond to
almost all brightness levels of the star, from the rise to the subsequent
decline in brightness.
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Fig. 6.1 Sections of the PV Cep spectrum normalized to the continuum
corresponding to different observational dates. Strong changes in the
profiles and intensities of the Ha and of the [O I] lines are seen, while the
Fe Il emissions remain unchanged.

From the very first observations, it became apparent that the PV Cep was
surrounded by an expanding envelope. In addition, it gradually became
clear that this star is the source of bipolar outflow. We measured the
radial velocities of all main lines. We obtained the average velocity of five
Fe Il and Fe | lines to be -15£11 km s (see fig. 6.1).

From Fig. 6.2 it is easy to see, that EWs of the forbidden lines
unambiguously increase with decreasing brightness, while the EW of one
of the strongest permitted emissions (A6516 A Fe ) practically does not
change.

Strong and wide forbidden lines [Ol] and [SII] were found in the spectrum
of PV Cep immediately after its discovery. They have multicomponent
structure. These phenomena are especially pronounced for the [S Il] lines.
Often, with the sufficient resolution, four components can be
distinguished in each of the lines of the doublet.
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Fig. 6.2 The equivalent widths of some lines in the PV Cep spectrum as a
function of time. For the Ha line, the total emission EW was measured;
for the [SII] lines, the total EW of both lines of the doublet is given.

The radial velocities of the [S II] components in the spectra (see fig. 6.3),
considered in this work, can be estimated by the following values: -230, -
170, -50, and +70 km s (moreover, the component with a positive
velocity changes especially noticeably and often is completely absent).
Such phenomenon is explained by the fact that emitted components with a
high absolute velocity belong to a collimated outflow from PV Cep, while
the components with low absolute velocity are concentrated around the
star. Besides, such a multicomponent profiles of forbidden lines can be
connected to a miniature jet, originating from the PV Cep. If so, in the
coming years it will become possible to observe this jet directly. Similar
observations of the formation of new jets after bursts are extremely rare.
As an object experiencing fairly frequent and powerful outbursts, PV Cep
offers a good opportunity to test and explore the mechanism of
occurrence of jets.
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In contrast with PV Cep, V350 Cep keeps its maximal brightness for more
than 40 years, without any significant variations.
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Fig. 6.3 Appearance of [S Il] lines and its changes in the spectrum of PV
Cep from 2016-2018. The wavelength values corresponding to the zero
radial velocity are shown by the dotted line. The limits for the FWZI lines
are also indicated.

Some fragments of its spectrum, obtained by us, are shown in Fig. 6.4. A
comparison of the available literature data on the Ha line profile leads us
to an interesting and previously unmentioned conclusion. Namely, from
the moment of the first observations in 1978 to July 1985 inclusively, the P
Cyg profile in the Ha line was not observed, while since October 1986 it
has been constantly present. These facts indicate that V350 Cep is
surrounded by an accreting disk.
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Fig. 6.4 Fragments of the V350 Cep spectrum normalized to the
continuum: the P Cyg profile of Ha line, forbidden lines [Ol] and [S 1],

and Fe | fluorescent lines are presented.
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Estimates of the main parameters (e.g. distance, luminosity, extinction
value) of PV Cep and V350 Cep led us to some conclusions about the
classification of these stars.

V350 Cep shows the impressive stability of its brightness and the
spectral characteristics. If subsequent observations confirm the further
development of the P Cyg component in the Ha line, it can be assumed
that V350 Cep gradually develops towards a typical FUor state.

In contrary to V350 Cep, PV Cep shows repeated outbursts. But it
cannot be attributed to EXors or FUors in classical terms, for a number of
reasons. Thus, PV Cep resembles V1647 Ori star, which is an
intermediate object between FUors and EXors. The number of such
“intermediate” objects has been growing in recent years.

Conclusion

This thesis is dedicated to the proper investigation of diverse
manifestations of phenomena of the eruptive variability of YSO’s, such as
FUors, EXors, intermediate objects and UXors. Here | will bring the
general remarks, as conclusions for separately taken objects are
presented in Summary and Chapters 3-6.

On the example of aforementioned five stars: V1318 Cyg, V1686 Cyg,
V565 Mon, PV Cep and V350 Cep we demonstrated a difficulty of the
definite classification of YSO’s. In course of time, some previously
identified EXor turns out to be a FUor, and vice versa, FUor-like object
turns to be an EXor. Or, it happens, that a certain classification is clarified
by observations performed over several, maybe even decades after.
Consequently, a regular update of the lists of various classes of eruptive
young variables is indeed necessary. For that reason the whole scientific
community, including our group, constantly emphasize the importance of
monitoring programs on individual objects, showing eruptive variations.
The studies of intermediate type objects can bring more light on the
nature and the origin of this, still not well understood phenomenon.
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Udthnthnd

Uwnbuwfununggniund  nwnwitwuppdly Gu - Gphunwuwpn Epnugunpy
wuwnnbiph thnthnfuwlwungjwu wwpptp npulinpnuiubpp: Lwywwwyu
En oquwgnpdbing Anipwlwuh wunnunhunwpwuh (PU) nhwnwyubpp
htiinub) ywwdwywunpbu wwpophuwy thnihnfuwywu Jwpp niutignn
wuwnnbipht b hwjwnuwpbpt) unpbipp: Ujnw Yuplinp hwugqwdwupu b
thnpatp  Ywuwwpbp  nwnwuwuppdwd  opjywubph  Gogphuin
nwuwwnpgnw:  “Hhwnwdubpp uuwpdlp Bu 2015-2020  pp-h
pupwgpnwd, oguwgnpdting 2.6d. L 1d. nhunwlubpp (PU): b
hwybinwu, nwnwuwuhpdwsd optiywnubphg dbyp uwl nhundbp k
Mnwwuwnwup hwuwnny wuwnnwnhwnwpwup 64. nhwnwyny:
Uwnbuwfununiygjwu hpdp Gu hwunhuwunt® V1318 Cyg, V1686 Cyg,
V565 Mon, PV Cep L V350 Cep wuwnbipp:

Uwnwgyt| bu htwnlyw| hpduwlywu wpryniupubpp'

1. Ubkup wnwohup nhwnbtighup V1318 Cyg UplYuwlyh wuwnh
wybih pwu hhug dGdnigywdp pnulynwip: Udkh pwu bpyne
wnwpyw  hwdwygwd  uwblyupw) nt nuwswhwywu
nhunuwubph pupwgpnd wju  wuwnp  thnthnfunygyniubp
syntig: dbipoht wmwphubiph nhwnnwiubipp hwuwnwunbight, np
V1318 Cyg wuwnnp wwhwwunw £ hp wwjdwnnigjwu pwnpdnp
dwywpnwlu wnujwqu ybgp wmwph: Uunnp nwuwlunpgyby
E npwbu FUor-h whwh thnihnfjuwlywuh Sdwuwwwphpu
guuynn optiyun:  “twuwlhwnpgbijhu  hwodh  Bu wnuyby
wwdwnnipjwu  Yuyniu dwlwpnuyp b uwblupuyg
wnwuduwhwwnynyejniuubpp:

2. UwbYunpwp b ppuwswihwywu  hwdwlygyws nhnnwubph
pupwgpnd hwynuwpbpytp £ V1686 Cyg wuwnh gnbpeb
tptip dbongywdp pnuynudp: <wonnyby £ hbwnub) wuwnh
pnuydwt wdpnn9 pupwgpp: Nwunwiuwuhpbing wwwndwywu
(nuwwnynipjwu Ynpp, wwpq £ nwnund np dbp Ynndhg
nhunywsd pnuynwdp ng wnhwhy £ wyu wuwnnp hwdwp:

3. %hwyb) £ pwwn phs nunwduwuhpwé V565 Mon wuwinp: b
phyu Uinw  wnwuduwhwwynyenibubph, wpu  wuwnh
uybywpnud hwpnuwpbpgtp Gu hgnp A6141.71 L A6496.89
Ba Il Ywudwu qgdbipp: Wu qdtiph wnlwjnipgniup udwu
Gppunwuwpn (PMS) wuwnnh uyblwpnud gwn wuuwwubh b
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wuhwulywuwph b LRuuwpyybp Gu pwphnuh wnwowgdwu
dbfuwuhquubpp: Uju wuwnnp Yupnn § jnipuhwnnty ophuwly
hwunhuwuwy, bphwwuwpn wuwnnbpnWd  uniytinuhuebkgh
wnngbutbph nwunwtwuppnipjwu hwdwn:

Uwupwdwut uwyblunpw) nunwiuwuppnipjwt b Gupwnyyb)
PV Cep wuwnnh unp pnuydwtu wdpnny pupwgpp: Loyt Gu
wpgbwd  [OI] L [SH] gdtph pwqiwyndwnubuwn
wpndhubipp, U putwpydl  npwig  wnwowgdwl
dbjuwuhquubpp Gppwnwuwpn wunnbpnud: PV Cep wuwnp
Ywpbh £ nwubp  FUor-ubph W EXor-ubph dhol gunuynn
dhowuyjwy opjtiinubiph owpphu: Ybipohu mwphubiphu owwn
unp opywubp Gu pungpyynud wpu nwu  (Jhowuyjwy
opjtiyuinubin):

V350 Cep wuwnnh dbtip Ynnihg Yuwwwnpywsd unp nhinnwubpp
gnyg bu wwhu, np wu wunnp 1977-79  ppE. -hu
wwjdwnwuwinig htwn, ng dh bwywu thnthnfunyeniuttip sh
Ypnud: Uwupwdwut nwnduwuppdb) £ wunnp uwblupp:
Lwpyh wnubing uwblyinpw| wnwuduwhwwnynyeniuubpp L
wju hwugqwdwupp, np ybipght pwnwuntt wmwpnid wunnp
wwhwwunw £ php wwjdwnnipjutu dwlwpnwlyp, pnyp
wmwijhu  Gupwnpbp np V350 Cep-p  wuwmhbwuwpwp
qupgwunud £ nbwh FUor-h wnhwh wuwnn:
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Pesiome

B Aucceprauum wuccnepoBaHbl pasnvuHble NPOABNEHWA NEPEMEHHOCTM
MONOAbIX 3PYNTMBHbIX 3B€3f. [naBHas wpesa coctoAna B TOM, 4TOObl C
UCMonb3oBaHeM TENecKornos BropakaHckoii acTpocpusnyecKoii
obcepsatopun  (BAO) npoHabniopaTb 3Be3dbl, KOTOpble WUCTOPUYECKM
MOKasblBa HEOObIYHYIO NMEPEMEHHOCTb, a TaKk e ODHapyMWUTb CXOMMue
HoBble 0bbekTbl. Cnepylolieil uenbto Obina TouHaA KnaccudpmKauma
U3y4aeMblx 3PYNTUBHbIX OOBLEKTOB, KOTOpas BO MHOTMX Cly4asAxX ABMAETCA
oyeHb TpyAHOW 3ajaveil. Habmopenua nposopunuce B TeuveHue 2015-
2020 rr. Ha 2.6 m. u 1 m. Teneckonax (BAO). Kpome Toro, oguH u3
uccnepfyemMblx OObEKTOB B TOM uucie Habniopanca ¢ MoMolblo 6Mm.
Teneckona CneumanbHoii  acTpodpmsmyeckoir  obcepeatopun  (CAO)
Poccuiickoii Pepepaumn. B ocHoe pucceptaumu nexut noppobHoe
uccneposanue natu 3eesn; V1318 Cyg, V1686 Cyg, V565 Mon, PV Cep u
V350 Cep.

1. Mbl nepBbiMM 3aperMcTpyMpoBaan MOLLHYIO BCMbILLKY OXHOMO
KomnoHeHTa fABoiiHoii 3Be3gbl V1318 Cyg BennuumHoili Gonee 5
3Be3fHbIx BenuunH. PerynapHble Habntopenua atoro obbekta B
TeueHMe TMOYTU [ABYX JeT, W MocCneaylolime UcCnefoBaHua
MOKa3blBalOT, YTO OH OCTAaeTCA Ha 3TOM YPOBHE APKOCTU O CUX
nop (2021r.). V1318 Cyg S moxeT okasaTbCA  3Be3[01
pasBuBatoLLelicA K nepemeHHbIM Tuna FUori.

2. C nomolbto  KOMOWMHUPOBAHHBIX  CMEKTPOPOTOMETPUYECKUX
HabnopeHnii B TeyeHune ABYX neT Obin MpocnemeH Becb Nepuog,
Benblwkn V1686 Cyg noutm Ha Tpu 3Be3fHble BENUYMHDI.
Ananu3 uctopuueckoii kpusoii bnecka V1686 Cyg nokasbisaer,
4TO ObHapyMEeHHaA HamMu BCTbILLIKA HETUMWYHA ANA 3TON 3BE3AbI.

3. Habniopanace manousyueHHas 3sesga V565 Mon. Cpegu apyrux
ocobeHHOCTeli B CrnekTpe 3Toii 3Be3bl OOHapyMeHbl MOLLHble
A6141.71 n A6496.89 nuHum nornowerua Ba Il. Hannune atux
AMHUWIA B cnekTpe Takoli Monogoii (PMS) 3Be3gbl oyeHb
HeOXMJaHHO U HenoHaTHo.  ObcympeHbl  MeXaHW3Mbl
obpasoBaHua bapua B Monogapix 3Be3gax. V565 Mon moxeT 6bITh
YHUKaNbHbIM OObEKTOM ANA U3YYEeHWUA MPOLLECCOB HYKNEOCUHTE3a
B MOJIOfbIX 3B€3/aX.

4. [leTanbHO u3y4eH Becb MpPOLECC HOBOW BCMbIWKK 3Be3gbl PV
Cep. OTMeueHbl MHOrOKOMMOHEHTHbIE MPOUAN 3arpeLLLEeHHbIX
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mmnnin [O1] n [SIl], obcymaeHbl MexaHU3Mbl UX BO3HUKHOBEHMA.
3eesgy PV Cep MomHO KnaccudpmumposaTb Kak NMpoMeKyTOUHbIi
obbekT mexay FUor-amm u EXOR-amu. B nocnegHve rogbl stot
Knacc "MpoMeMyTOYHbIX obbekToB" CTaHOBUTCA BCE
MHOro4YmncneHee.

5. [lpoBepeHHble Hamu HoBble Habntopenua 3eesgbl V350 Cep
MOKasblBalOT, 4YTO 3Ta 3BeE3h4a He MNpeTeprieBaeT Kakux-nmbo
CYLLLECTBEHHbIX U3MEHEHUI C MOMeHTa ee obHapymeHua B 1977-
79 rr. CnekTp 3Be3gbl Wu3yyeH noApobHO. YuuTbiBas
CMeKTpaibHble OCOBEHHOCTU U TOT PaKT, 4TO 3BE3ja COXpaHAeT
CBOIO APKOCTb Ha TOM }Ke YPOBHE B Te4YeHue MOCNefHNX COpoKa
neT no3BonAeT Ham npepnonoxutb, 4to V350 Cep nmocteneHHo
3BOJIOLMOHMPYET B CTOPOHY 3Be3abl Tna FUori.

Cwudhy Uunpbiwujwu/Hasmik Andreasyan/Acmuk AHppeacaH
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