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Relevance and motivation

Young stellar objects (YSOs) having ages typically t=105~106 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<2M©) and the Herbig Ae/Be (HAeBe) 
(2M0<M<8M0) type stars and both classes show various types of variability. 
More massive stars (M>8M.) 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 I lines, 
which imply a mass-lose rate of about 105 M0 y r1. 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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Aim of the dissertation

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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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 I outline the main results of the thesis.

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.
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.
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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 I present the theory of 
young eruptive stars and their classification. The origin of the main open 
questions in this field is presented.
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Chapter 2

Chapter 3

The variable star V1318 Cyg belongs to a small young cluster around the 
bright BD+4CT4124 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.

Fig. 3.1 BVRI light curve of V1318 Cyg S for the period of 1991-2017. 
Filled symbols show our measurements for IPFHAS 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.
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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+4CT4124 star LkHa 224 is situated. Its 
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.

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.
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Chapter 5
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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՜'.

Fig. 5.1 Spectrum of V565 Mon in absolute intensities

We estimated the distance of V565 Mon as 1150pc (±91 pc), 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 
Lv565«130 Lq for its bolometric luminosity. Using general equations

Mboi,* - M b o i.o  = -2.5/ogio(L՝/Lo)
and

(5.1)

(5.2)

for the main parameters of V565 Mon we obtained Mv=-0.55, Av=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 
76141.71 and 76496.89 Ba II 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
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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 

step in understanding the nucleosynthesis problems inan important 
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 GM1-29 (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.

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 [0 I] lines are seen, while the 
Fe II emissions remain unchanged.
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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 Fla line, the total emission EW was measured; 
for the [SI I] 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~1 (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.

Fig. 6.3 Appearance of [S II] 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.

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 II], 
and Fe I 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 I will bring the 
general remarks, as conclusions for separately taken objects are 
presented in Summary and Chapters 3-6.
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Ամփոփում

Ատենախոսությունում ուսումնասիրվել են երիտասարդ էրուպտիվ 
աստղերի փոփոխականության տարբեր դրսևորումները: Նպատակն 
էր օգտագործելով Բյուրականի աստղադիտարանի (ԲԱ) դիտակները 
հետևել պատմականորեն տարօրինակ փոփոխական վարք ունեցող 
աստղերին և հայտնաբերել նորերը: Մյուս կարևոր հանգամանքն է 
փորձել կատարել ուսումնասիրված օբյեկտների ճշգրիտ 
դասակարգում: Դիտումները կատարվել 
ընթացքում, օգտագործելով 2.6մ. և 1մ. 
հավելումն, ուսումնասիրված օբյեկտներից 
Ռուսաստանի հատուկ աստղադիտարանի 6մ. դիտակով: 
Ատենախոսության հիմք են հանդիսանում' V1318 Cyg, V1686 Cyg, 
V565 Mon, PV Cep և V350 Cep աստղերը:

են 2015-2020 թթ-ի 
դիտակները (ԲԱ): Ի 
մեկը նաև դիտվել է

Ստացվելեն հետևյալ հիմնական արդյունքները'

1.
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В диссертации исследованы различные проявления переменности 
молодых эруптивных звезд. Главная идея состояла в том, чтобы с 
использованием телескопов Бюраканской астрофизической 
обсерватории (БАО) пронаблюдать звезды, которые исторически 
показывали необычную переменность, а так же обнаружить схожие 
новые объекты. Следующей целью была точная классификация 
изучаемых эруптивных объектов, которая во многих случаях является 
очень трудной задачей. Наблюдения проводились в течение 2015
2020 гг. на 2.6 м. и 1 м. телескопах (БАО). Кроме того, один из 
исследуемых объектов в том числе наблюдался с помощью 6м. 
телескопа Специальной астрофизической обсерватории (САО) 
Российской Федерации. В основе диссертации лежит подробное 
исследование пяти звезд: VI318 Cyg, VI686 Cyg, У565 Моп, РУ Сер и 
У350 Сер.

Резюме

1 .

3 .
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линий [01] и [БИ], обсуждены механизмы их возникновения. 
Звезду РУ Сер можно классифицировать как промежуточный 
объект между Р11ог-ами и ЕХ(Ж-ами. В последние годы этот 
класс "промежуточных объектов" становится все 
многочисленее.

5. Проведенные нами новые наблюдения звезды У350 Сер 
показывают, что эта звезда не претерпевает каких-либо 
существенных изменений с момента ее обнаружения в 1977
79 гг. Спектр звезды изучен подробно. Учитывая 
спектральные особенности и тот факт, что звезда сохраняет 
свою яркость на том же уровне в течение последних сорока 
лет позволяет нам предположить, что У350 Сер постепенно 
эволюционирует в сторону звезды типа Р11оп.

<ш1д1|т1| Ш|црЬши]ш1|/На5гтпк Апбгеаэуап/Асмик Андреасян
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