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THE SPECTRAL ENERGY DISTRIBUTION OF
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The method used in this work for carrying out the spectral energy distribution
of stars from the data of broadband photometric values in the spectral
range of 0.36-100 µm is described.For this, we used the results of multicolor
photometric observations in the UBVRIJHK system, as well as data from the
WISE and IRAS catalogs. Data from different catalogs are transformed into
fluxes in the CGS system of units. In an accessible form for the catalogs under
consideration, the values of the photometric zero point fluxes are given. This
technique was applied for testing standard stars, as well as for stars that have
a gas or gas-dust disks: the Herbig Ae/Be stars, Be, α Lyr type, as well as for
a pair of stars from the Orion Nebula Ori OB1. It is shown that stars from the
Ori1 complex HD 33917 and HD 36629 have significant excesses of radiation
in the far-IR range. It is assumed that such an excess of radiation perhaps is
formed in the dusty of the remnant circumstellar discs.

Keywords: Optical and IR photometry–stellar energy distribution–circumstellar
disks–IR excess of radiation.
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1. INTRODUCTION

The spectral energy distribution (SED) of stars is one of the most important
characteristics of their radiation. Determination of the main physical parameters
of stellar atmospheres, such as temperatures, gravitational acceleration, agents
that absorb radiation or excess radiation in the continuous spectrum, chemical
composition, is carried out by using the energy distribution. The anomalous dis-
tribution of energy in certain parts of the star’s spectrum can be revealed by
comparing it with the models of photospheres built for normal stars. This makes
it possible to establish the physical phenomena due to which such anomalies are
occurred.

Infrared (IR) radiation is a very important part of the radiation spectrum of
stars. Infrared studies allow viewing the contents and structure of the Galaxy,
the structure of star-forming regions and the circumstellar environment. It is
relatively free of interstellar extinction, which makes it difficult to measure at
shorter wavelengths. Since the nature of the brightest sources in the sky varies
with the wavelength of infrared radiation, and most of them are variable objects,
for complete information it is necessary to study the radiation of objects at a long
wavelength.

It is known that, for example, stars with a circumstellar gas and dust disk
have significant infrared (IR) radiation in the near and far IR spectral regions.
Such examples are T Tauri and Ae/Be Herbig type stars, Be stars, Vega stars,
etc. [1, 2]. The nature of the emission of the circumstellar disk in the IR part
of the spectrum can provide comprehensive information about the physics and
structure of the circumstellar disks in these objects. This makes it possible to
estimate their physical parameters and study the stages of planet formation in
circumstellar disks at different stages of stellar evolution.

In this paper, we describe a technique for plotting the SED curves of different
stars based on the data of broadband photometric observations.

2. APPLIED PROCEDURE

One of the methods for plotting the SED curves in a wide spectral range is
based on the use of observational data of multicolor photometry. In this work,
we will describe in detail the method for plotting the SED curves of stars based
on the data of the international broadband UBVRIJHKLM photometry. In ad-
dition, data from the Wide-field Infrared Survey Explorer (WISE) [3], Infrared
Astronomical Satellite (IRAS) [4] catalogs, and Diffuse Infrared Background Ex-
periment (DIRBE / COBE) [5] about which we will write below. In conclusion,
we give examples of the constructed SED curves for different test stars.

6
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2.1. Multi-color photometric system

The multicolor photometric system UBVRIJHKLM was formed on the basis
of the classic UBV Johnson system [6], and then, with the development of tech-
nology for the production of light detectors in the IR part of the spectrum, it
was supplemented with different filters that allow covering the wavelength range
λ ∼ 0.36− 34µm [7]. We will not describe in detail on this characteristics of this
photometric system and will only present the methodology by which we plotted
the SED curves. Table 1 shows the effective wavelengths of different bands in
microns and the adapted absolute radiation fluxes of a zero-magnitude star of
spectral type A0V, given in [7]. As you can see, with the use of these bands it is
possible to cover the spectral range of 0.36 - 34 µm. In addition, depending on
the task of the study, with the involvement of archival observational data from
different space missions, this range can be significantly expanded.

The principle of plotting the SED curves for different objects based on the
magnitudes obtained in different bands of broadband photometry consists in con-
verting the magnitudes of mλ into absolute fluxes Fλ according to the well-known
expression

Fλ = F0 · 10−0.4(mλ−m0) (1)

Here F0 is the adapted radiation flux for the zero-point of the system, when m0 is
taken equal to zero. The referencing is usually performed to the adapted absolute
flux radiation of a standard zero-magnitude star A0V in all emission bands [7].
The star Vega can be such a standard with a certain approximation. Table 1.
Radiation fluxes from the star A0V of zero magnitude in different bands in the
extended Johnson system. Below is presented the transformational characteristics
of WISE systems.

Table 1: Radiation fluxes from the star A0V of zero magnitude in different bands
in the extended Johnson system. Below is presented the transformational char-
acteristics of WISE systems.

λ0(µm)Fλ (ergs−1sm−2 Å−1) λ0(µm)Fλ (ergs−1sm−2 Å−1)
U 0.36 4.22 · 10−9 L 3.5 7.1·10−12

B 0.44 6.40·10−9 M 5.0 .0 · 10−12

V 0.55 3.75 · 10−9 N’ 8.4 2.4 · 10−13

R 0.71 1.75 · 10−9 N 10.4 1.1 · 10−13
I 0.97 8.4 · 10−10 N" 10.7 9.8 · 10−14

J 1.25 3.1 · 10−10 O 11.0 8.5 · 10−14

H 1.62 1.2 · 10−10 P 12.2 6.6 · 10−14

K 2.2 3.3 · 10−11 Z 34.0 8.8 · 10−16

W13.4 8.178 · 10−12 W311.6 6.515 · 10−14

W24.6 2.415 · 10−12 W422.1 5.09·10−15
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Before converting stellar magnitudes into fluxes, it is necessary to know the
interstellar reddening coefficient for each star and the available stellar magnitudes
for each photometric bands must be cleared of interstellar reddening. In catalogs,
you can often find the reddening factor in the V-band Av, or the so-called color
excess index E (B-V). Color excess E (B-V) is determined by the ratio

E(B − V ) = B − V (B − V )0 (2)

Here B-V is the observed color index of the star, and (B − V )0 is the color
index of a standard star free from interstellar reddening with the same spectral
and luminosity classes. There are special tables compiled from numerous empir-
ical data and consistent with theories of stellar atmospheres, which give normal
color indexes for different spectral classes of stars (see, for example, [7, 8]). The
interstellar extinction Av is determined by the expression.

Aν = R · E(B − V ) (3)

For the normal interstellar reddening law, the coefficient is R ∼ 3.1. Within the
wavelength range less than 3.5 mm, the interstellar reddening law is basically
the same [9]. To determine the value of interstellar absorption for any other
wavelength Aλ, one can apply the formula

Aλ/E(B − V ) = E(λ− V )/E(B − V ) +R (4)

In the regions of about 3.5 mm and at long wavelengths, silicate absorption in-
creases, and the character of the interstellar reddening distribution law becomes
more complicated. Table 2 shows the value of interstellar extinction for different
wavelengths in a multicolor system for the interval 0.36–13 µm [10]. Knowing the
value of Av, we can determine A for any other wavelength, with respect to the
ratio Aλ/Av from Table 2. The table was compiled according to the review data
of the authors [11–13].As can be seen from Table2, already at λ ≤ 1µm, the value
of Aλ becomes much less.

2.2. WISE catalogue data

Table 1. shows the effective wavelengths of the photometric bands of the WISE
catalog system (NASA). The effective wavelengths of the filters are 3.4, 4.6, 12
and 22 µm (W1, W2, W3, W4). For point sources in undistorted sky regions of
galactic dust, the sensitivity of individual bands at the 5 level is 0.08, 0.11, 1, and
6 mJy, respectively. In the WISE catalog, data are given in magnitudes, so we
need to transform these magnitudes into to fluxes.

To calibrate the zero point of this system to absolute flux, the mission website
(https://wise2.ipac.caltech.edu/docs/release/allsky/e.psup/sec4_4h.htmlWISEZMA)
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Table 2: Interstellar reddening law

λ E(λ-V)/E(B-V) Aλ/Aν Van de Hulst
No15

1.64 1.531 1.555
1.00 1.324 1.329
0.0 1.000 1.000
-0.78 0.748 0.738
-1.6 0.482 0.469

-2.22±0.02 0.282 0.246
-2.55±0.03 0.175 0.155
-2.744±0.024 0.112 0.0885
-2.91±0.03 0.058 0.045
-3.02±0.03 0.023 0.033

-2.93 0.052 0.013
8 -3.03 0.020±0.003
8.5 -2.96 0.043±0.006
9.0 -2.87 0.074±0.011
9.5 -2.83 0.087±0.013
10.0 -2.86 0.083±0.012
10.5 -2.87 0.074±0.011
11 -2.91 0.060±0.009
11.5 -2.95 0.047±0.007
12 -2.98 0.037±0.006
12.5 -3.00 0.030±0.004
13 -3.01 0.027±0.004

provides the following coefficients for bands 3.4, 4.6, 12 and 22 µm:
8.178·10−15Wsm−2µm−1, 2.4 15·10−15Wsm−2µm−1, 6.515·10−17Wsm−2µm−1and

5.09 · 10−18Wsm−2µm−1, respectively. It is easy to express these flows in
angstroms, and then we get the necessary zero-point coefficients for the transition
to absolute fluxes:

(FWW)0 = 8.178 · 10−12 erg s−1 sm−2 A−1

(FW2)0 = 2.415 · 10−12 erg s−1 sm−2A−1

(FW3)0 = 6.515 · 10−14 erg s−1 sm−2 A−1

(FW)0 = 5.09 · 10−15 erg s−1 sm−2 A−1

(5)
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These values are also shown in Table 1. Thus, knowing the transformation ratios
(4), one can easily transform the stellar magnitudes listed in the WISE catalog
into absolute fluxes.

2.3. Data’s of catalogs IRAS and DIRBE

To supplement the SED curves of program stars in the far IR range of the spec-
trum, we used the photometric data from the IRAS mission catalogue (USA, Eng-
land, and the Netherlands) (https://irsa.ipac.caltech.edu/IRASdocs/iras.html)
given in the following effective lengths waves: 12, 25, 60 and 100 microns, re-
spectively. The flux densities radiation in these bands are given in the off-system
unit Jansky (Jy), so we have to translate them into the more popular and familiar
flux unit in the CGS system in erg s−1sm−2 Å−1.
To carry out such a transfer, we need to calculate the transformation ratios for
each of the four bands. Since the unit Jy in the CGS system is expressed in
frequency by the following ratio, 1Jy = 10− 23 ergs−1sm−2Hz−1, to convert to
wavelengths in Å, we must to calculate the flux corresponding to the per unit of
frequency. From the known relation for the elementary range of wavelengths δλ

and frequency δν, one can write

v =
c

λ
, ∂v = − c

λ2
∂λ ⇒ δλ

δv
= −λ2

c
(6)

After calculating the value
2

c from expression (5), the reduced flux density in Jy
must be divided by this value.The minus sign means that as the wavelength
increases, the frequency decreases. For example, for the band λ = 120, 000

Å= 2µmwe can get Then for this band we can get relation.

1Jy = 10−23 erg s−1sm−2 Hz−1/0.48·1018 A·Hz−1 = 2.08·10−15 erg s−1 sm−2 A−1

(7)
Similarly, we can calculate coefficient for the transformation 1 Jy for the rest of
the bands. Table 3 gives this value for magnitudes given in different bands.
As is known, the near-IR survey was first carried out in the Two Micron Sky Sur-
vey (TMSS [14]), and later, by the Two Micron All Sky Survey (2MASS [15]) and
DENIS [16] missions. The IRAS survey covered the 12-100 µm interval [17]. The
intermediate spectral interval was covered by the Midcourse Space Experiment
(MSX) [18] and Air Force Geophysical Laboratory (AFGL) Infrared Sky Survey
[19] missions. Observations of these missions differ in sensitivity and scale of sky

10
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coverage.
There is another unused infrared database suitable for cataloging point sources
of infrared radiation: archived data from the Diffuse Infrared Background Exper-
iment (DIRBE [20]) on the Space Background Explorer (COBE [21]). DIRBE
operated at cryogenic temperatures for 10 months in 1989-1990, providing full
sky coverage at 10 infrared wavelengths (1.25, 2.2, 3.5, 4.9, 12, 25, 60, 100, 140
and 240µm).
Although DIRBE was developed to search for cosmic infrared background, the
data is also used to study point sources (see, for example, [22]), despite the fact
that it has a relatively low spatial resolution (0.7◦). Since the data of the DIRBE
catalog are given in units of Jy, similarly to the transformation of the IRAS data,
these data must be converted to erg s−1sm−2 Å−1. We carried out such a transla-
tion for all DIRBE bands; the results are also shown in Table 2. Since the DIRBE
catalog does not contain data on the bands of 140 and 240 µm (which would be
very useful for our work) for our program stars, we did not use these data in our
diagrams. The description here of this catalogues is purely methodical.

Table 3: Coefficients of transformation of the off-system flux radiation unit of
Jansky into the CGS system for IRAS and DIRBE / COBE data.

IRAS and DIRBE/COBE (transformation coefficients from Jy to erg s−1sm−2Å−1)

λ0(mkm)Fλ(erg s
−1sm−2 Å−1) λ0 (mkm)Fλ (ergs−1sm−2 Å−1)

[1.25] 1.25 1.92 · 10−13 [25] 25 4.81 · 10−16

[2.2] 2.2 1.20 · 10−14 [60] 60 8, 33 · 10−17

[3.5] 3.5 2.44 · 10−14 [100] 100 3.00 · 10−17

[4.9] 4.9 1.25 · 10−14 [140] 140 1.53 · 10−17

[12] 12 2.08 · 10−15 [240] 240 5.21 · 10−18

Since many bands of the part of the Johnson system modified for the IR [6]
also cover the intermediate range of the IR region, for homogeneity in what fol-
lows we will use only the data of the UBVRIJHK [3], WISE [29] and IRAS [28]
systems, which allow us to cover the spectral range from 0.36 µm to 100 µm.

Note that there are sites that online can convert flaxes into the de-
sired unit form (see, for example, https://www.gemini.edu/sciops / instru-
ments / midir-resources / imaging-calibrations / flu.-conversion-tool, and also
https://www.nebulousresearch.org/codes/flu.units). In the latter site, you can
check your calculations to make sure that the units are converted correctly.

It should be noted that the IRAS catalogue data are distorted
by certain factors that significantly affect the results of observations
(https://irsa.ipac.caltech.edu/applications/DUST/).The data on the inter-
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stellar dust of the galaxy are especially strongly distorted, due to which the
measurement errors in different coordinates can exceed by 100% the value itself.
For example, for one of our stars, HD 33917, using a special IRAS server, we
determined that the distortions in 1998 in individual bands reached from 0.0877
to 0.0935 Jy (see also [23]), and in 2011 from 0.27 to 0.32 Jy (see also [24]), which
are practically equal to the measured value itself.

3. PLOTTED EXAMPLES OF SED CURVES

To check the correctness of the applied method and the performed calcula-
tions, we plotted the SED curves of standard stars for test and for stars with
different circumstellar characteristics. In [25], it is shown that the star Vega has
a faint envelope, or a dust ring, which is revealed only at 60–100 µm. The au-
thors attributed this radiation to dust particles over a millimeter in size and a
temperature of about 85 K.

In [26], a list of stars that are located at a distance of 25 pc from the Sun is
given. Among them, the authors found 12 Vega-like stars out of 36, and all 12
stars have excess radiation in the bands of 60 and 100 µm, which, like Vega, is
explained by the presence of a dust envelope.

As test stars, we used standard stars, which are given in [25, 26]. Figure 1
shows examples of the SED curves for standard stars α Car and α Leo. Here,
and in the following figures, the dotted line shows the black body (BB) radiation
curve corresponding to the effective temperature of the star, determined from
the spectral type. The solid curve shows the approximation in the wavelength
range of 0.36-20 µm according to the Kurucz models [27]. For the values of the
flux densities, both in the Kurucz model and in the blackbody radiation, only
those flux values were used that were corresponding to the wavelengths of the
used photometric bands. The lower panels in Fig.1. is shown the dependence of log
F ∗/F0 on the wavelength, where F ∗ is the observed radiation flux from the star, F0 is
the radiation flux according to the Kurucz model at the same wavelength. Since we could
apply the model only up to a wavelength of 20 µm [27], the BB radiation curve with the
corresponding temperature was used for approximation the rest of the spectrum to 100
µm. As can be seen from the lower panels in Fig. 1, no excess emission is observed in
the tested standard stars, and therefore the value of log F ∗/F0 with a certain scatter ±σ

is close to zero. In the lower parts of each panel, dashed lines show the approximation
error of ±3σ for each distribution at σ = ±0.07.
Fig. 2 shows the SED curves of the Herbig Ae/Be star HD 179218 (upper right panel) and
typical star Be γ Cas (upper left panel). As is known, Be stars have gaseous disks, which
give excess radiation in the IR range. In Ae/Be Herbig stars, the excess radiation can be
explained by the gas and dust disk radiation. It can be seen that the far IR excesses in
Ae/Be H stars can be approximated by the emission of matter with temperatures from
50K to 1000K (lower panels in Fig. 2).

12
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Fig. 1: Examples of SED curves for test stars α Car (top left) and α Leo (top
right). Solid curves - Kurucz model, dashed lines - blackbody radiation. In the
lower parts of each panel, dashed lines show the mean approximation error of ±3σ

for each distribution at σ = ±0.07.

Fig. 2: Examples of SED curves for the Be star γ Cas (top left) and the Herbig
AeBe star HD179218 (top right). The solid line indicates the approximation ac-
cording to the Kurucz model, the dotted line indicates the BB radiation. In the
lower panels of figure, the area of excess radiation is showed, which in case HD
179218 was approximated by the blackbody radiation of different temperatures
indicated in the figure.

In the Figure 3. is shown the SED curve for the stars α Lyr and AB Aur. The
obtained SED curve for α Lyr confirms the result of the authors of [25], who found an
insignificant excess in the far IR range. The young star Ae Herbig AB Aur has an ex-
tensive disk of gas and dust, which is in good agreement with the literature data (see,
for example, [30]).
On the Figure 4. is demonstrated the SED curves for two stars HD 33917 (sp A0V)
and HD36629 (sp B2V) from the list given in [31]. The stars are pleased in the young

13
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Fig. 3: Examples of SED curves for test stars α Lyr (top left) and AB Aur (top
right). Solid curves - Kurucz model, dashed lines - blackbody radiation. The
lower parts of each panel show the dependence of log F ∗/F0 on the wavelength.
The curves show the approximation corresponding to the blackbody radiation at
different temperatures.

Fig. 4: Examples of SED curves of stars from Orion starformation region. The
designations are the same as in Figures 2-4.

star-forming complex Ori OB1 in the Orion Nebula. As can be seen, these stars showed a
significant deviation from the model distribution, mainly in the region of 60-100 microns.
The maximum IR radiation is achieved in the 100 µm band. It can be seen in the lower
panels in Fig 3. that the observed IR excesses can be approximated with the emissions
from the blackbody with a temperature of about 50K-80K.

4. CONCLUSIONS

Thus, in this work, we described in detail the method for plotting the SED curves of
stars in the spectral range from 0.36 to 100 µm from the data of observations of broad-

14
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band photometry. The technique also allows us to study the distribution of the radiation
flux of various space objects, stars, galaxies, etc. The plotted SED curves for a group of
test stars showed consistent results with those obtained earlier for these stars.

For two BA stars from the Orion Nebula Ori OB1 star formation complex, it was
shown that these stars exhibit excess of IR radiation in the 25-100 µm region, which
indicates the existence of dust around these stars with a temperature of about 80-100K.
The belonging of these two stars to the Orion complex Ori OB1 is beyond doubt. This
means that these stars from the Ori OB1 complex have passed a significant evolutionary
path and are at the final stage of dissipation of the circumstellar disks. It is known
that the ages of the stellar population of the Ori OB1 complex should be in the order
of 105 − 106 years. The detection of cold circumstellar dust in BA stars is also one of
the main common features of Ae/Be Herbig stars. Therefore, it can be assumed that
the stars from the Ori OB1 complex HD 33917 and HD36629 are at an older stage of
evolution than the Herbig Ae/Be stars. At the same time, it can be assumed that young
stars of intermediate mass at a certain stage of evolution can be turn into α Lyr type
stars. To clarify the validity of this hypothesis, additional studies of the characteristics
of individual BA stars located in young star-forming complexes are required.
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The atmospheres of giants of the F and G HR8718 (F5II), HR8304(G8II),
HR8179(G5II), HR8778 (G8IV) are investigated. Having compared the ob-
served and theoretical value of the photometric indices β, [c1], Q and resing the
parallax method, the effective temperatures and the surface gravity of the stars
are determined. The following values of the effective temperature and surface
gravity Teff = 6800 ± 100K, logg=4.0±0.1(HR8718); Teff = 5010 ± 100K,
logg=2.1±0.1(HR8304); Teff = 5200 ± 150K, logg=2.7±0.2 (HR8179);
Teff = 5300± 100 K, logg=3.2± 0.1(HR8778).

The parameter (velocity) of microturbulence was investigated along
the lines of Fe(II). It is found that, ξt = 3.0 km/s (HR8718); ξt = 3.2

km/s (HR8304); ξt = 2.0 km/s (HR8179); ξt = 1.8 km/s (HR8778).The
abundance of the iron element of stars is determined.The iron abundance
is determined on the basis of comparison of the calculated and observed
intensity of the spectral lines Fe (II). Calculations of the intensity of the
spectral lines were carried out with the help of a program DASA, developed
by CrAO. The determined abundance of Fe (II) in the atmospheres of the
stars is compared with its contents in the Sun. The abundance of the iron
element of the considered giants is close to the Solar one. This means that
these giants were formed from a substance with the same metallicity as the Sun.

Keywords: stars–fundamental parameters–chemical composition
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1. INTRODUCTION

In this study, the atmospheres of giants HR8718 (F5II), HR8304 (G8II),
HR8179 (G5II), HR8778 (G8IV) have been studied using method of atmosphere
and parallax models. The effective temperature, surface gravity, microturbulence
velocity and iron abundance in stellar atmospheres have been determined.

According to the modern stellar evolution concepts, changes in the abundances
of C, N and O should occur in the surface layers of supergiants of classes A, F and
O arising as a result of complete mixing of the star’s matter and bringing of the
CNO cycle products to its surface. In the atmospheres of supergiants of classes
A, F, G, a deficit of carbon, an excess of nitrogen and probably a slight oxygen
deficit should be observed. In the atmospheres of supergiants, anomalies in the
C, N and O abundances [1,2] predicted by theory are indeed observed. Boyarchuk
and Lyubimkov [2] paid attention to the fact that, in addition to deviations in
the C, N and O abundances in the atmospheres of supergiants of classes A, F, G,
an excess content of Na is apparently observed, an excess of Na increases as g de-
creases. It has been hypothesized [2] that the excess Na content can be explained
by the conversion of a certain amount of neon into sodium in the reactions of the
Ne Na-cycle. This excess Na must be vented to the atmosphere as a result of deep
mixing. Therefore, the study of the chemical composition of the atmospheres of
supergiants is urgent from an evolutionary point of view.

The purpose of our work is to determine the parameters of the stars HR8718
(F5II), HR8304 (G8II), HR8179 (G5II), HR8778 (G8IV) using more accurate
methods and the iron abundance in their atmospheres. A detailed description
of the method we used is given in the book by L.S. Lyubimkov [4]. In following
publications, we plan to perform a chemical composition analysis by paying par-
ticular attention to those elements (C, N, Na), of which abundance are subject to
evolutionary changes.

2. SOME INFORMATION ON SELECTED STARS AND THEIR
OBSERVATIONS.

Some characteristics of selected stars are given in Table 1. Their numbers HR
and HD, spectral class Sp, visiual magnitude mν [11], parallax π Hipparcos [15],
distance d have been specified. As known, the distance is d = 1

π , where π is
expressed in arc seconds and d- in parsecs.

The star spectra have been obtained with 2-m telescope of the Shamakhy
Observatory of ANAS, using the echelle spectrograph with a CCD matrix. The
spectra have been processed by using the DECH-20 program [3].Equivalent widths
of the spectral lines widths have been measured.
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Table 1. Some information about the stars.
HR HD Sp mν π, " d, pk

8718 216756 F5II 5m.91 0".02563 38

8304 206731 8II 6m.09 0".00321 311

8179 203574 G5III 6m.11 0".00804 124

8778 217944 G8IV 6m.43 0".01347 74

3. ATMOSPHERE PARAMETERS. EFFECTIVE TEMPERATURE AND
SURFACE GRAVITY

Determination of the effective temperature Teff of stars and the surface grav-
ity force on their surfaces logg has been performed using method of atmospheric
models and based on the application of parallaxes described in [19]. In the atmo-
spheric models method, the following criteria are being considered:

a). Comparison of the observed and theoretically calculated values of the β

index.
b). Comparison of the observed and theoretical values of the index [c1].
c). Comparison of the observed and theoretical values of the Q index.
In the narrow-band four-color uvby photometric system and the UBV pho-

tometric system, the indices [c1] and Q are determined by the formulas [c1] =
c1-0.2 (b-y) and Q = (U-B) - 0.72 (B-V), respectively.The uvby system has been
supplemented with a β value to measure intensity of the Hβ lines. By comparing
the values of the above indices found from observations with theoretical values,
the Teff and logg values have been determined. The observed values of [c1], Q
and β are found using a catalog [10].

Calculations of the color indices in the UBV and uvby systems, required for
the calculation of the Q and [c1] indices, have been performed by Castelli and
Kurucz [8]. The theoretical values of the β-index are taken from Castelli and
Kurucz [9].

In addition to the above criteria, the parallax method is used to determine
Teff and logg.

d). Application of parallaxes.
This method does not depend on atmospheric models and can significantly

improve the accuracy of determining g. The method is new and is described in
detail in the article by L.S. Lyubimkov et.al. [19]. The diagram for determining
Teff and logg is given in Fig1.

Based on fig.1, the following values of atmospheric parameters have been
taken: Teff = 6800 ± 100K, logg = 4.0 ± 0.1 (HR8718);Teff = 5010± 100
K, logg = 2.1 ± 0.1 (HR8304);Teff = 5200± 150K, logg = 2.7 ± 0.2 (HR8179);
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Fig. 1. Diagram for determining the parameters Teff and logg of the stars HR8718
(F5II), HR8304 (G8II), HR8179 (G5II), HR8778 (G8IV).

Teff = 5300 ± 100K, logg = 3.2 ± 0.1 (HR8778). As shown in the catalogs, the
star 8718 is not of luminosity class II but IV-V, in accordance with the parameters
set for this star. The method that we are using is widely described in [4, 19] and
the accuracy of this method is justified. Therefore, we believe that the results we
have identified are preferable.

Fundamental parameters Teff and logg of the stars HR8718 and HR8304 have
been determined by other authors [2, 6, 7, 16] and the following values have been
obtained: for the star HR8718 Teff = 6860K,
logg = 4.11 [7], Teff = 6725K, logg = 3.9 [16]; for the star HR8304, Teff = 5000
K, logg = 2.0 [6], Teff = 5030K [12]. The previous estimates of Teff and logg are
well coherent with our results.

4. MICROTURBULENT VELOCITY AND IRON ABUNDANCE

Knowledge of one more value-the microturbulence velocity ξt is required to
analyze the chemical composition. As shown in [4], you must have a list of lines
of any atom or ion in a wide range of equivalent widths Wλ to determine the
microturbulence velocity ξt. The microturbulence velocity ξt is selected so that
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Fig. 2. Determination of the microturbulence parameter ξt.

the determined element contents do not display the course as Wλ increases. The
most numerous in the spectra of the stars under study were the lines of neutral
iron FeI, further the lines of ionized iron FeII. However, the lines of neutral iron
FeI can be subject to significant deviations from LTE. If we neglect deviations
from, this will lead to underestimation of the determined iron abundance logϵ

(Fe Interestingly, unlike the FeI lines,) the FeII lines turned out to be insensitive
to non-LTE effects. In determining microturbulence velocity in the atmosphere
of stars (stellar atmosphere ) we have used ξt values found by ionized iron lines.

As shown by Lyubimkov and Samedov [5], the microturbulence parameter ξt
in the atmospheres of F-supergiants can grow with height. The stronger the line,
the more noticeable the action of this effect. However, for relatively weak lines,
this dependence can be neglected and the parameter ξt in the atmosphere can be
considered constant. Therefore, in determining ξt, we use only fairly weak lines.
These lines are formed in deep layers, which can be considered as plane-parallel
layers in the LTE state.

Based on the Kurucz atmosphere model [14], corresponding to the found pa-
rameters Teff and logg, we have calculated the abundance logϵ (FeII) for several
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values of ξt. The iron abundance content has been determined based on compar-
ison of the calculated and observed equivalent widths of the FeII spectral lines.
Calculations of the equivalent widths of spectral lines have been made using the
DASA program developed by Kr.AO. We have used atomic data from the VALD-2
database for spectral lines [13]. As is seen from Fig.2 on which the abundance of
log (FeII) is plotted depending on the equivalent widths, there is no correlation
between log and Wλ at ξt = 3.0 km/s (HR8718); ξt = 3.2 km/s (HR8304); ξt =
2.0 km/s (HR8179); ξt = 1.8 km /s (HR8778).

When analyzing the microturbulence velocity from the FeII lines, the iron
content logε (Fe) is being determined simultaneously. Table 2. shows [Fe/H] =
∆logε = logϵ∗(Fe)− logε∗(Fe).logϵ (Fe) = 7.45 obtained in [20].

Fundamental parameters of the investigation stars are given in Table 2.

Table 2. Fundamental parameters of the investigation stars

Stars Teff , K logg ξt, km/slogε∗∆logε= logε∗ − logε

HR87186800±1004.0±0.1 3.0 7.47 0.02

HR83045010±1002.1±0.1 3.2 7.56 0.11

HR81795200±1502.7±0.2 2.0 7.32 -0.13

HR87785300±1003.2±0.1 1.8 7.51 0.06

It should be noted that the [Fe/H] value is often used as an indicator of the
metallicity of a star. This value can be considered to be as one more fundamental
parameter, since it features the abundance of metals in the substance from which
the star was formed. It is seen that the metallicity of stars considered is close to
that of the Sun. This means that the stars considered were formed from matter
with the same metallicity as the Sun. Note that the considered stars are located
in the solar region (in the vicinity of the Sun).

In [7,16], the iron abundance in the atmosphere of the star HR8718 has been
determined and in comparison with the solar one, the difference has been found:
∆logϵ (Fe) = - 0.08, [7] and ∆logϵ (Fe) = - 0.05 [16]. The iron abundance in the
atmospheres of giants and supergiants in the solar region (in the vicinity of the
Sun) has been determined by many authors (for example [17–19]) and it has been
shown that metallicity of these stars is close to that of the Sun. This conclusion
is interesting from the point of view of the galactic chemical evolution models.

5. SUMMARY

Let us list the main results obtained in this study.
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1.Effective temperature and surface gravity of the stars HR8718 (F5II),
HR8304 (G8II), HR8179 (G5II), HR8778 (G8IV) have been determined using
methods of atmosphere and parallax models. The following values of the effective
temperature and surface gravity have been found: Teff = 6800 ± 100K, logg =
4.0 ± 0.1 (HR8718); Teff = 5010 ± 100K, logg = 2.1 ± 0.1 (HR8304); Teff =
5200 ± 150K, logg = 2.7 ± 0.2 (HR8179); Teff = 5300± 100K, logg = 3.2 ± 0.1
(HR8778). The star HR8718, as shown in the catalogs, is not of luminosity class
II, but IV-V.

2. Parameter of microturbulence velocity has been investigated by FeII lines.
Found, ξt = 3.0 km / s (HR8718); ξt = 3.2 km / s (HR8304); ξt = 2.0 km / s
(HR8179); ξt = 1.8 km / s (HR8778).

3. Iron abundance in the atmosphere of the giants under study has been de-
termined and compared with its abundance in the Sun. It has been found that the
iron abundance of the considered giants is close to that of the Sun. This means
that the considered giants were formed from matter with the same metallicity as
the Sun.
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The Herbig Ae/Be type stars (HAeBe) are pre-main sequence (PMS) objects
of intermediate mass 2 − 10M⊙ and are considered to be the progenitors of
Vega type stars, which are surrounded with a residual protoplanetary disks.
Spectral monitoring of individual objects has shown that in the spectra of these
stars are observed variable emission and absorption lines.The same features
are also characteristic of classical T Tauri stars (CTTS). HD 179218 (MWC
614, Sp B9-A2) is an isolated HAe/Be type star. Our previous observations
were discovered 40 days’ timescale quasiperiodic variations of the hydrogen
lines Hα and Hβ. In this report we have presented results of analysis of
spectral variation of the disc reemission spectral lines He I, Si II, D NaI, [OI].
According to our spectra, the D1 and D2 NaI lines are shown an inverse –P
Cyg profile. Line parameters also show a synchronous change with a change
in the hydrogen lines. It also shows a wave-like variation of parameters with
a characteristic time of 10-20 days.The ratio of the values of the equivalent
widths of the EW(D2)/EW(D1) lines showed a monotonic de-crease from 1.7
to 0.5, which indicates a smooth variation of the physical condition in the star’s
disk.The absorption spectral lines SiII λ 6347 and 6371 Å show the absence
of synchronous changes with changes in the hydrogen and sodium doublet
lines.The existence of stratification in the distribution of radial velocities for
different spectral lines was found. Lines with a high ionization potential show
positive rates (for example, HeI, SiII), while lines with a low ionization potential
have negative velocities (for example, D NaI).This suggests that lines with
high ionization potential can form in the accretion zone of the disk. Possible
mechanisms of the observed variability of the star are discussed.

Keywords: stars–variables–Herbig Ae/Be– stars– circumstellar matter – stars–
individual – HD179218 .
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1. INTRODUCTION

The Herbig Ae/Be type stars (HAe/Be) are pre-main sequence (PMS) objects of in-
termediate mass 2-10 M⊙ and are considered to be the progenitors of Vega type stars,
which are surrounded with a residual protoplanetary disks. Spectral monitoring of indi-
vidual objects has shown that in the spectra of these stars are observed variable emission
and absorption lines (see, for example, [16–18]). The same features are also characteristic
of classical T Tauri stars (CTTS) (see, for example, [5,19] and references the rein). It is
known that in young stars, emission lines, as well as some absorption lines, are formed
in the circumstellar disks or in the envelopes of the stars. Such circumstellar matter can
often participate in accretion, polar outflows, winds and other forms of disk interaction
with the central star. Tracking the variation in the observed spectral lines makes it pos-
sible to perform diagnostics of the physical processes that are occurring in the stellar
atmosphere and in the circumstellar environment. In young stars, in particularly, these
processes can directly affect the formation of the planets and their evolution. Conse-
quently, one of the important problems in the study of the early stage of evolution of
stars is the study of the characteristics of the circumstellar structure and the processes
of interaction of the central star with the surrounding matter.
HD 179218 (MWC 614, Sp B9-A2) is an isolated HAe/Be type star. Despite the fact
that the star is relatively bright comparatively to other HAe stars, it has been studied
less. Only when the star was included in the catalog of The et al. (1994), it became the
subject of active research. The circumstellar surroundings of the star were studied by IR
photometry and speckle interferometry by [12, 15], which did not reveal closely spaced
components. Spectral studies of the star were performed by [6, 7, 13].
According to the classification of [12], the spectral energy distribution (SED) of the star
belongs to group I, i.e. starting with the infrared band K and further there is an excess
of radiation excited in the dust.On the [10] the profile of the line Hα is consisting of a
stable single-peak structure.Perhaps the star has a close companion, about 2.5 arc sec
apart [2, 21] showed that the star has two dust rings at distances of 1 AU and 20 AU,
and the space between from 1 to 6 AU from the star filled with gas. The magnetic field
of the star was measured by [4] where on the data 2008 they have got about 51 ± 30 G.
The purpose of this work is to carry out monitoring of the spectral variability of the star
on spectral lines obtained in the visual range of spectrum.

2. OBSERVATIONS AND RESULTS

Spectral observations of the star were performed at the Cassegrain focus of the 2
m Karl Zayss telescope of ShAO of Azerbaijan NAS by using an Echelle spectrometer
ShAFES. As a light detector we have used a CCD with 4000x4000 elements. Observa-
tions were performed in the range λ 3700-9000 Å. The spectral resolution is R = 28000.
Reduction and calibration of the spectrograms is performed in the DECH programs [3].
The observational devices, method of observations were described in more detail in the
work [11].
In the Table 1 shown the log of observations, where in columns are respectively presented

the spectrum signatures, the Gregorian and Julian dates, the signal accumulation time
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Table 1. The log of observations of the star HD 179218.
Spektr Date JD 2450000+t (sec)S|N

KF 1296-97 06.07.2017 7940.5256 1800 94
KF 1443-44 21.07.2017 7954.5798 1800 89
KF 1471-72 29.07.2017 7963.3909 1800 103

KF 1483-148430.07.2017 7964.4166 2000 90
KF 1495-96 31.07.2017 7964.85 2000 93
KF 1538-39 02.08.2018 7966.5562 2400 89
KF 1554-55 03.08.2017 7967.5715 2400 99
KF 1565-66 05.08.2017 7970.4041 2000 91
KF 1762-63 14.08.2017 7979.3965 2400 97

KF 1859 27.08.2017 7992.402 1800 87
KF 1990-91 02.09.2017 7997.5645 2000 91

KF 2069 10.09.2017 8006.2347 1800 96
KF 2070-207113.09.2017 8009.3791 1800 98

and the signal-to-noise ratio in the region of the line Hα. Observations were conducted
for the season May-September 2017. In total, 13 pairs of spectrograms were obtained for
13 nights of observations. For to control of instrument stability and position measure-
ments the spectra of standard stars HR 7300 and HR 7734 for each night were obtained.
The equivalent widths EW, the bisector radial velocities Vbis, the radial velocities at the
peak of the line Vp, the half-widths FWHM (full width at half maximum), the central
depths Rλ (intensities) of lines HeI λ 5876 Å, D1, D2 NaI, SiII λ 6347, 6371 Å, [OI] λ
6300, 6363 Å were measured.
The average error in the intensity measurements as a function of the S/N level was up
to 30% for [OI] λ 6300, 6363 Å lines. The average error in measuring the radial velocities
for individual spectral lines in the spectra of standard stars does not exceed ± 1.0-1.5
km/s.

2.1. Line HeI 5876

In the Figure 1 have shown the spectral region containing the lines HeI λ5876Åand
the sodium doublet D1, D2 NaI. This section presents the results of the analysis for the
helium line.As can be seen, this line has blue and red emission components separated
by a central absorption. This is the line in which only a saddle-like two peak emission
profile is observed. The average half-width of the absorption is 1.5Å with a scatter of up
to 1.0 Å. The total width of the line at the continuum level is more than 20 Å. As can be
seen, the profile of the HeI line λ 5876 Å stably keeps the structure from night to night,
does not show any noticeable variations. In the Figure 2 have shown the superimposed
each to other and mean for 13 nights profile of lines He I, Na D2, NaD1 for the season
May-September 2017.
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Fig. 1. A spectral range of spectra is containing lines of HeI 5876 Å and doublet
D1,D2 NaI.Individual sky (atmospheric) lines are indicated.

Fig. 2. Superimposed each to other (in left) and mean profile (in right) of 13 nights
of lines HeI, Na D2, NaD1

The average value of the shift of the emission peaks in the HeI line of 5876 Å
corresponds to approximately -150 and +150 km/s, for the blue and red components,
respectively. The radial velocities of individual emission peaks is showing a variability of
about an average value 50 km/s. The central absorption is displaced about +20 km/s.

Figure 4 is presentded diagrams of variations in the equivalent widths of the central
absorption of EWa, the radial velocities of the absorption vertex Vp, the ratio of the
equivalent widths of the blue component to the red EW1/EW2, and the half-width of
the FWHM absorption in the line HeI 5876. As can be seen, while parameters of the
hydrogen lines are decreased, the parameters of the absorption component of the line HeI
5876 is showing a certain variation: EWa tends to increase, Vp is shifted to the red part
of the spectrum by about 20 km/s, the ratio EW1/EW2 is increased by 5-7 times, and
the parameter FWHM is also increased. A decrease in the FWHM of the absorption is
observed between two waves of parameter reduction.
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Fig. 3. Profiles HeI, Na I D of individual ranges of the star’s spectrum, averaged over
13 nights of observations for the 2017 data

2.2. Lines D NaI

Figure 1 shows that the profiles of the D1, D2 NaI lines represent narrow blue-wing
absorption lines in which they will have a weak emission (inverse P Cyg). Such structure
is a sign of matter accretion.Interestingly, according to [7], the profiles of these lines have
an emission component on the red wings. This indicates that in these lines in different
seasons both the matter outflow and its accretion can be observed. Perhaps this depends
on the orientation of the direction of motion of the circumstellar gas to the observer.

The Fig.4 shows diagrams of time variations for the parameters of D1, D2 NaI lines.
As can be seen, in general, the radial velocities of the peak of lines Vp show a radial
velocity of -15 km/s with a mean scatter ± 10 km/s. The shift of the radial velocity of
the peak Vp to the blue part of the spectrum is observed with a decrease in the intensity
of the hydrogen lines.

The intensities Rλ of the D1, D2 NaI lines show a wavy-like variation with a small
amplitude.A similar character of the variations is shown also by the FWHM of lines
(Fig.4).The characteristic time of variations in individual waves is about 10-20 days.The
last line of the panels below shows the variation in the intensity ratios and the equivalent
widths of the lines D2 to D1. As can be seen from this, in general, the intensities and
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equivalent widths of these lines are varied from night to night. This is especially right
for equivalent widths of the line, which are continuously decreasing with time.

Fig. 4. The time variation of the spectral parameters of the HeI, D1, D2 NaI line for the
whole observation season in 2017.The top panels are from left to EW-equivalent width
of the absorption component, Vp is the radial velocity of the absorption peak.

2.3. Si II lines

The lines Si II λ6347, 6371 Å are observed in the absorption without signs of the
presence of the emission components.The mean value of FWHM of the lines Si II λ6347,
6371 Å was obtained 2.37 ± 0.05 Å with the mean-square deviation from the mean value
± 0.37 Å and ± 0.50 Å, respectively. In the Fig 5. have shown the overlap and mean
profile of 13 nights of lines SiII and [OI] for the season May-September 2017.

In the Fig.6 was shown fragments of the star’s spectrum section containing Si II lines
of λ6347, 6371 Å, as well as the [OI] λ6363 Å line. As can be seen, the general structure
of Si II line profiles varies considerably from night to night. This is also seen from the
variation in the parameters of the spectral lines.In the Fig.1 is given, for example, dia-
grams of the dependence of the radial velocities and equivalent widths of the Si II λ6347
Å line, as well as the ratio of the half-widths of the mentioned silicon lines.As can be seen,
the average value of the radial velocity of these lines has positive values of +12 and +18
km/s with a scatter of 7-8 km/s at the mean. The values of the equivalent widths show
a significant variation after the first wave of variations observed in the parameters of the
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hydrogen lines. The ratio of the half-widths of the lines also shows a smooth variation,
reaching a maximum between the first and second minima of the variations.In addition,
the forbidden lines [OI] λ6300, 6363 Å are observed in the spectrum of the star in a weak
form.

Fig. 5. Superimposed each to other (top) and mean profile (bottom) of 13 nights of
lines SiII and [OI].

3. DISCUSION AND CONCLUSIONS

The rotation velocity of HD 179218 by the data Bernacca Perinotto (1970) is 60
km/s, and Guimaraes et al. (2006) gives the value νsin i = 72± 5 km/s. According to
Dent et al. (2005), the angle of inclination to the axis of rotation of the star is about
40◦. Then, if we consider the observable minimum characteristic time equal to 10 days,
for the projection of rotation velocity of the star we obtain ν = 112± 8 km/s and for the
star radius - about 22 R⊙, which is not reasonable and differs significantly from the data
of [2] ( 4.8 R⊙). An even greater discrepancy is obtained for the radius if we take the
angle i = 20◦, as suggested by [8]. This means that the observed cycle of about 10 days
can not be a period of axial rotation of the star. Recall that the characteristic time of 10
days is obtained from the variation in the radial velocities of the peak of the dominant
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Fig. 6. The segment of the spectrum of star HD 179218 containing lines Si II λ6347,
6371 Å, and [OI] λ6363 Å. Dotted lines indicate the continuum level.

Fig. 7. Profiles SiII, O[I] of individual ranges of the star’s spectrum, averaged over
13 nights of observations using the 2017 data

emission component and the intensity of the line. Therefore, it should be assumed that it
arises in the outer parts of the disk. However, if the observed 10-day activity is related to
the axial rotation of the disk, it can be assumed that such a variation could occur at the
boundary between the accretion and outflow streams. Then one of the assumptions of
the cause of the observed variations in the emission lines of the star may be the existence
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Fig. 8. Time variation in the parameters of the Si II lines λ6347, 6371 Å. The top
panels from left to right are the ratio of half-widths FWHM (6347/6371), RV-radial

velocities, and below EW-equivalent line widths of Si II λ 6347 Å

of a stellar magnetosphere. In favor of the possibility of the existence of magnetospheric
accretion, the star is also proposed in the work of [9]. The dispersion of velocities found
in our work along different lines indicates that lines with a higher ionization potential
can form in the accretion zone. The main indicator of the existence of the magnetosphere
of a star is the magnitude of the magnetic field.In classical T Tauri stars, for which the
presence of the magnetosphere is assumed, the magnitude of the magnetic field is several
kilogauss (see, for example, [1]).However, the results of measuring the magnetic field of
star HD 179218 shows the existence of a weak magnetic field [4].

It is also possible that a star can be a spectral-double or multiple system. In fact, it
is difficult to explain the observed wave-like variation of the radial velocities and other
parameters of the Hα line. Kozlova & Alekseev (2017) showed that the dependence of
the brightness V on the color index V-I has two separate distributions. This fact is ac-
cepted by the authors in favor of the duality of a star. The time of our observations from
May to September 2015 corresponds to the minimum of the 4000-day cycle of variability
found in [6]. Therefore, the observed features of the variation in the spectrum of a star
in the H line can be related to the moment of the star’s stay at the minimum of the
4000-day cycle. Then the results obtained by us, perhaps, are a kind of unique event and
can be observed only in the minima of the 4000-day cycle. Our observations have shown
that in order to elucidate these questions it is necessary to perform a more dense series
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of photometric and spectral observations of the star.
Our results showed that perhaps, accretion and outflow processes are occurred in

the magnetosphere of this star. So we conclude that Ae/Be Herbig type star MWC
614, just as its low mass counterparts - T Tauri type stars may be possessed the stellar
magnetosphere.

Based on the results obtained in this paper, we can draw the following conclusions:
1.Our results for spectral monitoring of the reemitted lines are confirmed our pre-

vious results, obtained for the star, where we had discovered two wave-like variations
lasting about 40 days each, in the parameters of the emission component of the Hα line
in the spectrum of the star HD 179218. For considered lines D NaI, [OI] in this work we
have obtained variability in time scale at 40 days.

2.Obtained spectral parameters and profiles of lines SiII, HeI etc. are demonstrated
variability in time. Profiles of these lines often were demonstrated complex structure
with 2-3 components. It is indicated that some additional components of emission lines
can be formed in the region at the star and disc boundary layers.

3.Observed properties of the spectral lines HeI 5876 and D NaI showed that we have
some indicators of the matter accretion and outflow in the star atmosphere. These are:

• Observed invers-P Cyg and P Cyg profiles in lines D NaI;
• Observed emission component in the red wing of the line HeI 5876;
• Possible cyclic wave like variability of spectral line parameters with characteristic

time ∼40 days.
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Using the AAVSO database of photometric observations, the light curve of the
symbiotic star CH Cyg was constructed for 1963-2021. Analysis of the light
curve showed that all minima correspond to variations of ∼750 days, excluding
the period of the outburst of stars.Periodic analysis of the brightness and
radial velocities of absorption lines was carried out using the Fourier scargle
analysis.The light curves for 1966-1976 and 2000-2005 revealed a period of
750 days, corresponding to the relatively quiet state of the star, and 751 days
for the velocities of the absorption lines of the red giant. The radial-velocity
curve is ahead of the light curve by 0.30 phases.

Keywords: symbiotic stars–CH Cyg–photometry– radial velocity–period.

1. INTRODUCTION

Symbiotic stars are interacting binary systems consisting of red giant and
white dwarf cover surrounding it. The material source of the cloud is red gi-
ant which loses its substance by star wind and pulsation, the energy source is
the hot white dwarf. CH Cyg is the brightest symbiotic stars and is situated
in 270.66 parsecs distance [1]. For many years it was considered to be a simple
red giant pulsating in 100 days of periodicity. Until 1963, no sign of a symbiotic
system - ultraviolet continuum and hydrogen emission lines – were observed in its
spectrum.

CH Cyg is one of the most studied symbiotic stars. Its properties, however, are
still not well known.Two main periods, about 15 years and 750 days, are known
in the photometric and spectroscopic variations, and two models are proposed for

* E-mail: mikailov.kh@gmail.com
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these origins. One is a binary system with an orbital period of 15 years consisting
of a hot component and pulsating red giant with a 750-day period.

The other is a triple system consisting of an inner symbiotic binary with an
orbital period of about 750 days and third component with an orbital period of
15 years. Yamashita Maehara [2] found a periodic variation by 15 years in radial
velocities of absorption lines of the M-type giant.This period was confirmed in
following publications [3, 4].Hinkle et al. [5], Mikailov [6] measured radial veloci-
ties of absorption lines of the M-type giant in the infrared region and found that
another periodic variation by about 750 days was superimposed on the period of
15 years. They proposed a triple system model consisting of a symbiotic binary
system with an orbital period of about 750 days and third component, probably
G-type dwarf, with an orbital period of 15 years. Hinkle et al. [7], however, pro-
posed another model with additional observations, where the orbital period of the
symbiotic binary system was 15 years and the period of about 750 days was due
to a pulsation of the M-type giant. Iijima et al. [8] analyzed the spectra obtained
for the period from 1995 to 2004, which covers the active stage in 1998-2000, and
confirmed the model of the ternary system.

In this work, our goal is to first construct a light curve of the symbiotic star
CH Cyg based on the AAVSO photometric database for a long period (58 years)
1963-2021 and then to detect possible periodic changes, and then to conduct anal-
ysis by comparing the absorption line radial velocity curve with the light curve
(we have conducted the analysis).

2. ANALYSIS OF THE LIGHT CURVE

Figure 1 shows the light curve constructed in the visual and V filters of the CH
Cyg symbiotic star for the period 1963-2021 using the photometric observations
database of the American Association of Variable Star Observers (AAVSO). As
can be seen from the figure, the CH Cyg symbiotic star showed different charac-
ter changes at different times. There were several active stages during the years
1977–1985, 1992–1995, and 1998–2000. During the most prolonged active phase
(1977-1986) there was a sudden drop in the brightness to V ∼ 10m.

Since 1976, the star has undergone significant changes. Since 1978, the CH
Cyg ni symbiotic system has undergone the largest ignition in terms of star size
and time. This ignition peaked in 1984. In 1984, the star was even visible to the
naked eye, reaching a magnitude of 5.4. From mid-1984, when the star reached
its pre-ignition size, the star’s light began to decline sharply. After igniting in
1986, the star’s light dropped to 2.5m.

Usually cooling goes slowly after ignition in classic symbiotic stars. In the
CH Cyg symbiotic system, on the other hand, the size of the star began to fall
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sharply. The star has been weakening since 1986, reaching its lowest minimum in
mid-1996. The analysis of the light curve shows that the visual star size of the
symbiotic star CH Cyg was 5.4m at maximum and 10.5m at minimum. As can be

Fig. 1. Light curve of the symbiotic star CH Cyg for the period 1963-2021, according
to AAVSO.

seen from figure1, stable periodic changes in the light curve of the star are best
detected in the relatively quiet state of the star.

We have divided the light curve in Figure 1 into two parts to better see the pe-
riodic changes in the light curve. The first part covers the period 1963-1988, and
the second part covers the period 1988-2021 (Figure 2). As can be seen from the
figure, all minima on the light curves (except in extreme cases) best match with
a 750-day periodic change. The period of vertical lines is 750 days. It is evident
that there were 29 750-day periods between 1963 and 2021 (figure 2). To assess

Fig. 2. Light curve for the period 1963-2021, according to AAVSO. a) 1963-1988, b)
1988-2021.

the periodicity of changes in star light, we selected a relatively quiet state of the
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star and looked at two (1966-1976 and 2000-2005) different periods (figure3). To

Fig. 3. Light curve of the symbiotic star CH Cyg (based on AAVSO observations) for
the periods 1966-1976 and 2000-2005.

investigate the periodicity, we applied statistical spectral Fourier analysis using
the windows version of Scargle. We evaluated the period for both periods. Figure
4 shows the power spectra for V values for 1966-1976 and 2000-2005. The highest
peak (maximum) corresponds to the value of the frequency in the power spectrum
0.001332. From this value of the frequency, it gives that the period is 750.8 days
(P = 750.8d).

Fig. 4. Power spectrum built in the frequency range 0-0.01 for the V value array.

3. ANALYSIS OF THE RADIAL VELOCITY CURVE.

Figure 5 shows the time dependence curve of the absorption lines of the symbi-
otic star CH Cyg based on the literature data [5,8]. The figure shows two curves.
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The smooth large curve corresponds to a period of 5650 days [6] and the small-
curved curve corresponds to a period of 750 days. The period of each vertical line
is 750 days. To estimate the period in the radial velocity curve, we subtracted the

Fig. 5. JD-dependent curve of the general view of the radial velocity curve of the
absorption line of the symbiotic star CH Cyg. (In the figure 2438240-2441990 is
the result of Deutsch measurements, 2443490-2448740 period Hinkle measurements,
2448490-2452490 period Ijima and Mikayilov measurements, 2453990- 2454740 pe-

riod Mikailov measurements).

value of the radial velocities corresponding to the points on the small-curved lo-
cations in the 5650-day period for the corresponding date. We received scattered
values as shown in figure 6. We have been looking for periods in these scattered
prices. Again, using the windows version of Scargle, the period estimates for the

Fig. 6. Long-term velocity is subtracted from each observed velocity.

radial velocity curves of the absorption lines was discussed. Figure 7 shows the
power spectra for the radial velocities. The highest peak (maximum) corresponds
to a value of 0.00133 of the frequency in the power spectrum. From this value of
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the frequency, it gives that period is 751.8 days (P = 751.8d). As it is seen, we

Fig. 7. Power spectrum built in frequency ranges 0-0.01 for the V value array.

have a period of 750.8 days on the light curve and a period of 751.8 days on the
radial velocity curve. The two values almost coincide. It means, we have taken
the minimum of the wrinkled curve for the beginning of the phase. Figure 8 shows
a phase diagram of the radial velocities. JD = 2439400 + 751.8 × E.
Due to the very strong scattering in the luminosity curve, the value obtained for
the period was taken as the value obtained for the radial velocities (751.8 days).
Figure ?? shows the phase diagrams of luminosity and radial velocities. a Vis-1
belongs to the 1960 s, b Vis-2 to the 2000 s, c V-filter to the years 1999-2005, and
d to the radial velocities of the absorption lines. Although they cover different
periods, the minimums and maximums on the light curve (a, b, c) completely
overlap. The radial velocity curve (figure ??d) is 0.3 ahead of the light curve. It
is difficult to answer the question of whether this is the result of pulsation or a
third star issue.

4. CONCLUSION

The radial velocity curve of the light and absorption lines of the red giant
CH Cyg symbiotic star for a period of 60 years was constructed and the period
estimation was considered. For the period, 750.8d for the light curve and 751.8d

for the radial velocities were found. A comparison of the phase diagrams showed
that the radial velocity curve preceded the light curve by 0.3 phase.

We acknowledge with thanks the variable star observations from the AAVSO
International Database contributed by observers worldwide and used in this re-
search.
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Fig. 8. Phase diagram of star size and radial velocities of absorption lines.
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In this report we have presented the results of spectral observations of the
supergiant star HD 187982 (SpA1 Iab) for 2016-2018.Our measurements for
2017 data showed that variability for hydrogen lines higher than the other
spectral lines. In this report we have presented results of studies of the time
variability of the Hα line parameters.In JD 24557971.340 an ejection of
matter from the star with velocity of 7-12 km/s was observed, and after this,
smooth increase in the equivalent width was found. All independently observed
processes unambiguously indicate that the stellar wind near the supergiant
sometimes throws out portions, i.e. outflow of the matter does not always
occurred as stationary.

Keywords: supergiant-stars–spectral variability– atmofpheres–stellar wind–
indivisual: HD 187982

1. INTRODUCTION

The bright supergiants of the OBA spectral class play an important role in the
evolution of the galaxy and its chemical composition. These stars show variabil-
ity in both spectrum and brightness on a time scale from several days to several
tens of days. Despite numerous studies in this area, to date there are few works
devoted to the study of A-supergiants. These stars occupy the region of the HR
diagram where evolution is faster and therefore there are few such stars.

Stellar winds are a characteristic feature of such stars. Moreover, the stellar
wind indicators in A supergiants are much weaker than in OB supergiants. In
addition, from a few works it is known that the structure of the stellar wind of
A-supergiants, for some unknown reason, differs from other types of supergiants
[1]. This paper traces the nature of the variability of one of the bright supergiants.

* E-mail: ismailovnshao@gmail.com
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The star HD 187982 (SpA1-A2Iab,α2000 = 19h52m02s, δ2000 = +24◦59′32”)

is a bright A supergiant and is brightest stars of the cluster Vul OB4. Despite
the fact that individual parameters of the star are given in different catalogs and
review papers on A supergiants, there has been no detailed study of the optical
spectrum for variability. The spectrum of the star contains the spectral lines
Hα,Hγ, MgII (4481 Å), and FeII (4924 Å, 5018 Å, 5169 Å) [1–4]. The follow-
ing parameters of the star were obtained - the radial velocities of the center of
mass RV = -2.9 km/s [5], Teff = 9300K, log g = 1.60 [6], vsini = 54 km/s [7].
According to different authors data, significantly different values of trigonometric
parallaxes are obtained (Table1). This makes it difficult to determine the exact
distance, and thus the exact physical parameters of the star.

Table 1. Trigonometric parallaxes of the star on the literature data.

No plx (mas) reference

1
2
3
4
5

1.83 ± 0.76
0.4667 ± 0.0853

5.3 ± 7.2
1.93 ± 0.39

0.6566 ± 0.1339

1997A&A...323L..49P
2018yCat.1345....0G
1995GCTP..C......0V
2007A&A...474..653V

https://gea.esac.esa.int/archive/

2. OBSERVATIONS

Our observations were carried out on a 2 m telescope of ShAO using a fiber
echelle spectrograph ShAFES with a spectral resolution R = 28000 in the spec-
tral range λ3800-8000 Å. The liquid nitrogen cooled CCD STA4150A was used.
A detailed description of the complex is given in [8].

Table 2 lists the observation log for the star HD 187982. The object was
observed in three different seasons of 2016-2018. The longest observation season
was obtained in 2017 with 14 observation nights for about 80 days.

The spectrograms were processed using the DECH 20 softwere and its lat-
est modifications, which was developed at the SAO RAS by Galazutdinov [9].
Spectrophotometric parameters (equivalent widths EW, depths Rλ) and radial
velocities RV were measured, and profiles of different lines were plotted. The
measurement errors for radial velocities are no more than ± 1 km/s, for the pa-
rameters EW ∼ 3-4% and Rλ ∼ 0.5%, respectively. A more detailed description
of the material processing technique is described in our works [8, 10]. A total of
24 nights of observations were obtained, in which each night 2 spectrograms of
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Table 2. Short log of observation of the star HD 187982.

Observation dates JD 2400000+ Days in the run N S/N texp (sec)

————————————————

2016 June 16 –August 25 57562.359 - 57626.453 7 14 200 1100

2017 July 7–September 25 57946.337- 58014.276 14 30 250 900

2018 June 28–August 16 58298.258- 58347.363 3 23 230 750

the star and the standard were obtained. In 2016 and 2018. only 7 and 3 nights
of observations were obtained, respectively. Therefore, in this report, we present
the results of studies of the spectrophotometric parameters and profiles of the
hydrogen Hα lines based on the data of 14 nights of observations in 2017.

3. RESULTS

In the Table 1 was shown the results of measurements of the spectral param-
eters of the α line for different years of observations. From left to right, columns
show the spectrum number, date in JD, line depth, equivalent width and helio-
centric radial velocity.

Fig. 1. Radial velocity variations in 2017 of the line Hα. For the date JD 2457971.340
some displacement with amplitude ∼7 km/s is observed. Dashed line is show the mass

center velocity of the star..

46



AJAz: 2021, 16(2), 44-51 SPECTRAL VARIABILITY OF THE ...

Fig. 2. Time variations of equivalent widths EW of the absorption line Hα in 2017.

In the Figure 1. the time variation of the heliocentric radial velocities of the
α line is presented. As you can see, on the night of JD 24557971.340, a significant
displacement of RV by about -12 km/s relative to the star’s mass center velocity
and a gradual return to its usual position was observed. Starting from the same
night, a gradual increase in EW is observed until the end of the season (Fig.2).
The shift to the blue part occurs with a characteristic time of about 9 days. At
the same time, a slow drift of the RV parameter with a characteristic time of
about 24-29 days is observed.

In our spectra, the Hα line is observed in the form of absorption; weak emis-
sion components are superimposed on the photospheric wings. Often, the blue
emission component is practically not detected, while the red component shows
the change in intensity over different dates. Figure 3 shows the Hα line profiles
according to the 2017 observational data. The numbers indicated on the spectra
correspond to the numbers of the spectrum in Table 1. As can be seen from Fig
3., emission components on the wings of the α line gradually became noticeable
in profile 14. This is the same date JD 24557971.340 at which a sudden blue shift
of the RV and a smooth increase in the EW parameter were detected. Further,
the emission components are gradually increased.

We averaged the line profile over 14 observation nights and determined the
root mean square deviation from the mean in intensity at each wavelength along
the line (Figure 3). This method makes it possible to determine the wavelength
at which the intensity is varied in the spectral line. In the middle profile of the
line, the blue and red components of the emission in the α line correspond to
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Table 3. Results of measurements of the line Hα
№ 2400000+ Rλ EW (Å) RV(km/s)
1 57562.359 0.46 2.0 -7.7
2 57567.363 0.47 2.2 -9.7
3 57615.311 0.37 2.2 -17.3
4 57621.425 0.35 2.1 -15.9
5 57622.460 0.35 2.1 -21.7
6 57623.254 0.29 1.4 -20.0
7 57626.453 0.36 2.2 -17.7
8 57946.337 0.22 0.8 -7.9
9 57953.309 0.24 0.9 -10.2
10 57954.417 0.24 0.9 -10.5
11 57964.365 0.24 1.0 -9.9
12 57967.243 0.26 1.0 -11.2
13 57968.266 0.26 1.0 -9.6
14 57971.340 0.26 1.2 -15.5
15 57977.392 0.31 1.5 -9.7
16 57978.367 0.31 1.5 -9.2
17 57993.366 0.37 2.0 -10.9
18 57998.345 0.37 1.7 -11.0
19 58001.329 0.38 1.9 -11.5
20 58010.316 0.40 1.9 -8.7
21 58014.276 0.43 1.9 -9.1
22 58298.258 0.39 1.9 -20.3
23 58318.410 0.43 2.2 -18.9
24 58347.363 0.32 1.6 -4.7

velocities of –65.6 km/s and +76.5 km/s, and the top of the absorption peak is
–13.5 km/s. At the same time, the greatest variation in the line was obtained on
the red wing at the velocity of +45.4 km/s.

4. DISCUSSION AND CONCLUSIONS

So, in this work, we considered the time variation in the spectrophotometric
parameters of the Hα line, as well as in the profile variation according to the
data of spectral observations in 2016-2018. It was shown that the variation in the
parameters of the Hα line occurs smoothly, with a characteristic time of 25-29
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Fig. 3. Profiles of the Hα line in 2017 season.

days. The α line shows displacement the radial velocity relative to the star mass
center at -10 km/s (Fig. 1). This rate is in good agreement with the shift of the
deep absorption peak of the Hα line.

On the night of JD 2457971.340, a sudden blue displacement of the velocity
at -12 km/s was detected, and further, returning to its original position. On the
same date, an increase in the equivalent line width and its smooth increase until
the end of the observation season were found. Simultaneously with these phenom-
ena, at the indicated date and further, appearance of emission components of the
α line are observed, which become stronger at the end of the observation season.
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These variations indicate that the stellar wind around the star is not stationary,
but at times occurs in the form of ejections from the star’s surface. This leads to
an increase in emitting atoms and an increase in EW. The enhancement of the
intensities of the emission components on the blue and red wings of the line shows
that the suddenly ejected mass accumulates in the circumstellar environment and
creates a gaseous disk that over time can gradually dissipate or return to the
star’s surface.

As can be seen from Table1, completely different values of the star parallaxes
were obtained from the literature. The latest data from the Gaia DR2 archive
gives a value of 0.6566 ± 0.1339 mas, which gives a distance of 1522 ± 300 pc.
The closest measurement is obtained in the second reference 0.4667 ± 0.0853 mas,
which is equivalent to a distance of 2142 ± 200 pc. If we take the Gaia DR2 data
as a more accurate value, then using the standard expression for the absolute
luminosity of the star, we can get

Mv = m+ 5− 5logr −Av = 5.57 + 5− 53.182− 2.04 = −7.38mag,

When bolometric correction is mBC = −0.45 mag, for bolometric absolute mag-
nitude Mvbol = −7.83 mag Then for luminocity we can get

L = L⊙ 100.4(Mb⊙−Mvbol) = 106659 L⊙ ≈ 106 L⊙

and for the radius of the star

R = R⊙ 103( T⊙ /T) = 400R⊙

The parameters obtained here shows that, possible the star HD 187982 is one
of the brightest A type supergiants.
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ON PARTICULAR SOLUTIONS OF MHD
EQUATIONS FOR A SINGLE-FLUID COLLISIONLESS

PLASMA OF ANISOTROPIC SOLAR WIND

M. M. Bashirov *
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In this work the MHD theory of the solar wind is considered, taking into account
the anisotropy of the heat flux and the thermal pressure of the plasma.The
resulting equations have singularities. The dependence of the solar wind speed
on the radial distance is complex and depends on the thermal velocities of
plasma particles.In this study, special solutions for different comparable cases
of the components of the solar wind speed and the thermal velocity of the
plasma are considered. As a result, the expressions depending on the speed
of the solar wind for different distances from the sun and the radial distance
for the Mach number were obtained. Found formulas are particular solutions.
The obtained expressions play an important role in determining of the speed
of the solar wind on the whole heliosphere. The radial dependences of the so-
lar wind velocity and thermal velocities are investigated for several special cases.

Keywords: Magnetohydrodynamics (MHD)–sun–solar wind (SW)–corona–
heliosphere

1. INTRODUCTION

The solar wind (SW) as a physical phenomenon that is not only of academic
interest, with the study of processes in plasma, which is in the natural conditions
of outer space, but is also a factor that must be taken into account when study-
ing the processes occurring in the vicinity of the Earth and affecting our a life.
Solar wind streams strongly affect the Earth’s magnetosphere, its structure, and
non-stationary processes on the Sun can lead to magnetic storms, disrupting radio
communications, also affects weather-sensitive people. The solar wind parameters
strongly depend on latitude, plasma anisotropy and on the solar magnetic field.
The solar magnetic field is the main cause of anisotropy in SW plasma.

* E-mail: mbashirov01@mail.ru

52



AJAz: 2021, 16(2), 52-61 ON PARTICULAR SOLUTIONS...

CW is highly variable and a wide variety of variations in its physical properties
are observed in a wide range of amplitudes, spatial and temporal scales.The pres-
ence of these variations shows that the expansion of the corona is a much more
complex process than the stationary outflow of a uniform plasma flow, as Parker
originally assumed.The characteristic time scales of the phenomena in this case
vary over a wide range from fractions of a second (plasma waves and "noises") to
tens of hours and days (variations associated with the inhomogeneity of the solar
corona and large-scale changes in its structure).

First the fluid description of SW in a collisionless plasma was undertaken with
certain assumptions in the framework of the CGL MHD approximation, which
has known limitations as when studying shock waves in this approximation, heat
fluxes were not taken into account, which can significantly change the properties
of linear and shock waves [1–4]. The radial and stationary outflow of plasma
from the Sun was simulated on the basis of usual isotropic MHD equations.It was
recognized that the complete disregard for parallel heat fluxes for a collisionless
plasma is not entirely justified [5].In real situations during plasma flow from the
sun – there appears an anisotropy in the solar wind rare collisional plasma, and
the heat fluxes along the magnetic field in the solar wind become important.

A system of equations for a collisionless plasma, including heat fluxes along the
magnetic field, was proposed in [5,6]. Heat fluxes are the result of an asymmetric
distribution function of particles in the plasma, which, according to measure-
ments, more realistically reflects the conditions in the SW [7]. When studying the
radial spherical expansion of a stationary SW, the problem is reduced to solving
a system of three nonlinear ordinary differential equations. Early some particular
solutions of these MHD equations for one-liquid fluid collisionless plasma of the
anisotropic solar wind have been found, which can be used to find global solutions
[8–10].

BASIC EQUATIONS

For the radial plasma propagation Bϕ = 0 and Vϕ = 0, and if we take into ac-
count that all the parameters of the solar wind depend only on the radial distances
r, then B = Br hr = 1, hϕ = 0, and after solving the basic equations and assuming
the longitudinal propagation of the plasma in the direction magnetic field, which
is chosen perpendicular to the surface of the Sun, six integral constants and three
differential equations [7] were obtained for spherical coordinates,

r2B = C1, r
2ρV = C2 (1)

V 2

2
+

1

ρ

(
P⊥ +

3

2
P∥

)
+

1

ρV

(
S⊥ +

1

2
S∥

)
− GM

r
=

C5

C2
(2)
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r4 (p⊥V+ S⊥) = C1C6 (3)

r4ρ2
d

dr

(
VrP∥

r2ρ2

)
+

d

dr

(
r2S∥

)
− 4rS⊥ = 0 (4)

1

V 2

d

dr

(
S1

V 3

ρ

)
+

3

2

d

dr

(
P∥

ρ

)2

= 0 (5)

d

dr
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r2S⊥

V

ρ

)
+

P

ρ

d

dr

(
r2

P⊥
ρ

)
− 2r

(
P⊥
ρ

)2

= 0 (6)

From expressions (1-3), four constants are obtained and there are still three dif-
ferential equations. Passing over the dimensionless quantities and parameters,
where u|2 = pV ρ and u2⊥ = p⊥/ρ thermal velocities, we obtained [7–9]:(

Y

X
− 1

)
dX(x)

dx
− 2

dY (x)

dx
+

4

x3
Z(x)− 2ḡ

x2
= 0 (7)

(
C̄6 − Z(x)

) dX(x)

dx
+ (Y (x)−X(x))
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dx
− 2

x3
Z2(x) = 0 (8)

(
Y (x)
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− 1

)
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dx
+
4

3
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x
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x2
− 3

4
X(x)− 3

2
Y (x)

)
1

X(x)

dX(x)
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+

2

3x2

(
2C̄6

x
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= 0

(9)

where x = r
R , X = X(x) = v2

v20
, Y = Y (x) =

u2
1

v20
, Z = Z(x) = x2

u2
⊥
v20

, C̄5 =
c5

C2v20

C̄6 =
C1C6

C2Rv20
, ḡ =

GM0

Rv20
(10)

Here ν0 is the characteristic speed for the solar wind (the speed of the solar wind
near the Earth = VE): However, in the case of one-dimensional strictly parallel
plasma motions, the equations for parallel and perpendicular mechanical energy
become independent and can be written in a closed conservative form. In the
spherical coordinate for the system, the equation has:

ρU =
C2

r2
;SII + 3PIIU + ρU3 =

2K1(r)

r2
;S⊥ + P⊥U =

C6C2

r4
;B =
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r2
(11)
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4
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)
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2
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2
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− ḡ
)
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In the posed problem, the induction of the magnetic field of the sun depends
on the distance (11). To study the singularity, we represent the equations in the
form of differentials of each variable. And solving we get from (7) - (9)

3r3
dX(r)

dr
+
f1(r)

f(r)
= 0, 6r3

dY (r)

dr
+
f2(r)

f(r)
= 0, 6r3X(r)

dZ(r)

dr
+

f3(r)

f(r)A(r)
= 0

(13)
where

A(r) =
Y (r)

X(r)
−1, B(r) =

3

4
(K1(r)− 3X(r)), D(r) = 2Z(r)− rg,E(r) = 2C6− rg

(14)

f(r) =
A(r)

2
(A(r)− 4) +

4B(r)

3X(r)
; f1(r) = 3A(r)D(r) + 2E(r) (15)

f2(r) = A(r)f1(r)−6D(r)f(r) f3(r) = f1(r)(D(r)−E(r))−12f(r)Z(r)2 (16)

Approach to the solution:The derived equations (16) are a generaliza-
tion of the Parker problem to the case of anisotropic radial and stationary solar
wind [7, p.10]. Found particular solutions for Y = 2X[8, p.339]. Several more
particular solutions were found with the use of changes of variables [9, p.251, 10,
p.19, 11, p.56]. The difficulty in solving these equations is associated with the
zeros of the functions f(r) and A(r) in the domain of integration 1 ≤ r ≤ ∞. But
these equations contain two more unknown constants C̄5 and C̄6, which make
it possible to make the singularities removable. Let’s study particular solutions.
From (14)

Y (r) = (A(r) + 1)X(r) (17)

When the condition

Z(r) ≪ gr

2
of (14) D(r) = 2Z(r)− rg ≈ −gr

Of (8) considering (16) we get 6r3X(r)dA(r)
dr − (2+A(r))f1(r)f − 6D(r) = 0 of (13)

and (14)

A(r) =
(
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)D∗ − 2
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dr
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]
(18)

X(r)A(r)
dZ(r)

dr
+ (C6 − Z(r))− 2

r3
Z(r)2 = 0

First case
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1) Y (r) ≪ X(r), A(r) ≈ −1, at g = 1 from (13)

1

X(r)
· dX(r)

dr
+

2

3r2
· (4C6 + r)
8
3 (C5r2 + r − C6)− r2X(r)

= 0 (19)
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from (19)
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Second case Y (r) = nX(r)n = const, A(r) = n− 1, n ≥ 0.
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Let’s introduce a new variable. Let’s admit

τ =
1

r
, r ∈ [1,∞], τ ∈ [0, 1]; gn =
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(n+ 1)
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dr
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there C1 = 2C5 +
1
C6

− 3nC5
2C6

− 3n
4C2

6
+ C5

2C6
+ 1

4C2
6
, C2 = 3n
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and at

r → ∞X∞ = (−1)
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2C6
(22)

;

Third case 2Z(r) ≪ r, τ = 1
r .

dA(τ)
dτ + 1

2X(τ) ·
dX(τ)
dτ − 1

X(τ) ≈ 0,

In at X(τ) · dZ(τ)
dτ − 2τZ(τ)2 + (Z(τ)− C6) · dX(τ)
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Find X in form X(τ) = aτ2 + bτ +X∞
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2X∞, B) a = 45

25
1

X∞
, b = 14

5 , C6 = − 49
100

1
X∞

, C5 =
13
28X∞;

And get for A

A(τ) = −1
2 · ln

(
aτ2 + bτ +X∞

)
+ 4g√

4aX∞−b2
· arctanh

(
b+2aτ√
4aX∞−b2

)
+

+
1

CA
· arctanh

(
b+ 2aτ√
4aX∞ − b2

)

A(0) = −1, CA =
1

2
ln (X∞)− 2g√

4aX∞ − b2
· arctanh

(
b+ 2aτ√
4aX∞ − b2

)
− 1

−1 ≤ A(τ) ≤ −0, 5; τ∗ = 2
√
5

√
X∞

7τ + 5X∞
, h1 =

3−
√
2√

2− 1
, h2 =

4−
√
2√

2− 1

Z(τ) =
1

2500F (τ∗) ·X∞
· (2450CzX∞Y (h1, τ∗) + 49J (h2, τ∗)) (23)

F (τ∗) =

√
2− 1

50
· J (h2, τ∗) + (

√
2− 1)CzX∞Y (h2, τ∗)−

−τ∗
2

·
(
CzX∞Y (h1, τ∗) +

1

50
J (h1, τ∗)

)
; Z(1) = Z0 → 0

Fourth case

2Z ≪ r, 2τZ ≪ 1, |A|≪ 1, Y ≪ X

A (τ0) ≈ 0, A ≈ (τ − τ0)
dA

dτ
(τ = τ0) ;A = (τ − τ0)

dA

dτ
(τ = τ0) =>

dX

dτ
=

2 (2C6τ − 1)X

4 (C5 + τ − C6τ2)− 9X ′

dA

dτ
=

1

X
·
(
dX

dτ
− 1

)
, AX

dZ

dτ
+ 2τZ2 + (C6 − Z)

dX

dτ
= 0
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Let us find X in the form

X (τ0) = X0, X0 = aτ20 + bτ0 + c, τ0 =
1

2

(
1±

√
1 + 4C6C5 − 6C6X0

)
A(τ) = ln

(
C5 + τ − C6τ

2

C5 + τ0 − C6τ20

)
+

3

h

(
arctanh

(
1− 2τC6

h

)
− arctanh

(
1− 2τ0C6

h

))
dA

dτ
( at τ = τ0) = −1

2

1 + 4C6τ0
C5 + τ0 − C6τ20

, X0
dA (τ0)

dτ
=

dX (τ0)

dτ
− 1 = −1

3
(1 + 4C6τ0)

X0 (τ − τ0) ·
dA (τ0)

dτ
· dZ
dτ

+ 2τ0Z
2 + (C6 − Z) · (2aτ0 + b) = 0

arctanhx =
1

2
ln

(
1 + x

1− x

)
A(τ) = ln

(
N(h)

C5 + τ − C6τ
2

C5 + τ0 − C6τ20

)
, N(h) =

(
h+ 1− 2τC6

h− 1 + 2τC6
· h− 1 + 2τ0C6

h+ 1− 2τ0C6

) 3
2h

X0 (τ − τ0) ·
dA (τ0)

dτ
· dZ
dτ

+ 2τ0Z
2 + (C6 − Z) · (2aτ0 + b) = 0

(τ − τ0) ·
dZ

dτ
+mZ2 + nZ + p = 0

m = − 6

1 + 4τ0C6
τ0, n = 2

1− 2τ0C6

1 + 4τ0C6
, p = −2C6 ·

1− 2τ0C6

1 + 4τ0C6

Find Z = − p∗
2m

·
(

n

p∗
+ tg

(p∗
2
ln (τ − τ0) +

p∗
2
Cz

))
P∗ =

√
4pm− n2, p2∗ > 0

(24)

mZ2
0 + nZ0 + p = 0, Z (τ0) = Z0 =

1

2m
·
(
−n±

√
n2 − 4np

)
Fifth case at A ≫ 1, Y ≫ X, from(8)

dX

dτ
=

2

A
(2τZ − 1) => A

dX

dτ
= 2(2τZ − 1)

X
dA

dτ
+

1

2
A
dX

dτ
= 1− 2τZ => X

dA

dτ
= 2(1− 2τZ)

XA
dZ

dτ
+ 2τZ2 + (C6 − Z)

dX

dτ
= 0 => X ·A =

const = Y −X

A =
const
X

,
C

X
· dX
dτ

= 2(2τZ − 1)
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X(0) = C∗, ln(X) =
2

c
·
∫ τ

0
(2τZ − 1)dτ + C∗, X∗ · exp

(
2

c
·
∫ τ

0
(2τZ − 1)dτ

)

C

X
· dX
dτ

= 2(2τZ − 1) =>
dX

dτ
=

2C∗
C

(2τZ − 1) exp

(
2

C
·
∫ τ

0
(2τZ − 1)dτ

)
and

C
dZ

dτ
+2τZ2 +(C6 − Z) (2τZ − 1)

2C∗
C

(2τZ − 1) exp

(
2

C
·
∫ τ

0
(2τZ − 1)dτ

)
= 0,

2τZ ≪ 1, X = C∗ · exp
(
− 2τ

Cτ

)
, A =

C

C∗
exp

(
2τ

C

)
≫ 1;

C
dZ

dτ
+ 2τZ2 − 2C∗

C
exp

(
−2τ

C

)
Z0c

= 0;
C∗
C

≫ 1;X(0) = C∗ → 0

, or C → 0.

C
dZ

dτ
+ 2τZ2 ≈ 0, Z (τ∗) = Z0, Z(τ) =

Z0C

(τ2 − τ2∗ ) z0 + C
; 2τZ ≪ 1 => Z0 ≪ 1, τ∗ → 0

(25)
Particular cases can be continued, but with these solutions it is possible to

characterize the dependence of the solar wind speed on the distance from the Sun.
Conclusions- results: The MHD theory of anisotropic solar wind is considered,
taking into account the heat flux and the difference in the thermal pressure com-
ponents. The resulting equations have singularities. Found formulas in the work
are particular solutions. The dependence of the solar wind speed on the radial
distance is complex and depends on the thermal velocities of plasma particles.
The obtained solutions can be used to construct a global solution to the solar
wind equations numerically.
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ATMOSPHERIC PARAMETERS AND
EVOLUTIONARY CP STARS. I.21 COM FROM THE

OLD COMAE BERENICES CLUSTER

S G. Aliev *, Z. M. Alishova

Shamakhy Astrophysical Observatory named after N.Tusi,
Azerbaijan National Academy of Sciences, Shamakhy region, Azerbaijan

On the basis of Hipparcos observations and complex observations carried out
at the Shamakhy Astrophysical Observatory named after N. Tusi of the National
Academy of Sciences of Azerbaijan, the main parameters of the atmosphere and
the evolutionary status of the magnetic CP star 21 Com from the old Comae
Berenices cluster have been determined.Almost all atmospheric parameters are
determined taking into account the peculiarity effect - the presence of large
chemical anomalies and a strong magnetic field (Be≈1000 G). By comparing
the phase curves of the magnetic field (Be), brightness (V), and equivalent
widths (Wλ) of the Sr, Cr, and Eu lines, which are the main peculiar elements
of the star, we determined the phases (0.95) of the maximum peculiar (P) and
normal (0.45) area (N) on the surface of the star.When constructing the phase
curves, we used observational materials obtained at ShAO with the use of data
taken from previously published works.

To determine the absolute magnitude (Mv = 0.565) and the evolutionary
status of the 21 Com star, the parallax value (π) was taken from the Hippar-
cos observations. It was found that it is located closer to the upper boundary
(TAMS) of the MS band, where old pro-evolved magnetic CP stars are located
(17 Com A, HD144897, HD177765, HD 204411, etc.

The paper discusses the question of when (or at what stage of evolution) a
magnetic star acquired its anomalous chemical composition and other peculiar
features (a decrease in the rotation rate and balmer jumps, a strong magnetic
field, etc.)

Keywords: magnetic stars– parameters of the atmosphere–evolutionary sta-
tus.
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1. INTRODUCTION

Most of the published work to date has shown that magnetic chemically pe-
culiar (MCP) stars belong to the Main Sequence (MS). In general, a number of
works note that the main (fundamental) parameters of the atmosphere of these
stars (with the exception of the rotation rate), on the whole, do not differ much
from the atmospheric parameters of normal stars of the same spectral types.
In the 1980s, a large series of studies was carried out under the leadership of IM
Kopylov (for example [1]), in which it was noted that during the life of MSR stars
on the MS, they do not change either the degree of peculiarity or the rotation
rate. In the subsequent series of these works [2], it was found that the magnetic
field at the MS stage does not differ in stars - members of young and old star
clusters.
However, in some works, these results were questioned. For example, in [3], the
evolutionary status of a number of MCP stars was determined. It was found that
stars over 3 (three) solar masses are evenly distributed across the entire MS band,
while stars with less than 2 solar masses tend to concentrate towards the center of
this band. Hubrick et al. [4] noted that MCP stars with masses less than 3 solar
masses in the Hertzsprung – Russell diagram differ in detail from the distribu-
tion of normal stars of the same temperature.There is still no clear picture of the
evolution of the magnetic field and the chemical anomaly during their stay at the
MS.It should be noted that the question of the evolution of magnetic fields has
not yet been supported by sufficiently reliable observational data. The question
of what is the difference between magnetic and nonmagnetic chemically peculiar
(CP) stars and their evolutionary features has not yet been finally resolved. Of
particular interest is the question: Do the peculiar features - the intensity of the
magnetic field and the lines of peculiar elements and, accordingly, the chemical
anomaly of the MCP-star change during their stay at the MS. From the modern
point of view, a more important question is what exactly what basic parameters
of MCP stars undergo changes during their lifetime on the MS. Therefore, it is
natural to consider the problem of studying the atmospheric parameters and evo-
lution of MCP stars belonging to clusters of different ages.
Based on this, we decided to study the main (peculiar) characteristics of two
magnetic CP - stars 17 Com A and 21 Com, belonging to the old (log t = 8.7)
Coma cluster (Veronica’s Hair). In this paper, we present mainly the results of
a study of the magnetically variable star 21 Com. The aim of this work is to
determine the fundamental parameters of the atmosphere and the evolutionary
status of the21 Com MCP star and to compare the data obtained with the results
for MCP of stars of this type of peculiarity of different ages.
The star 21 Com HD = 108945 = HR 4766 = HIP is one of the brightest (mv
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= 5.45) magnetic stars of the A3p spectral class with the Sr,Cr peculiarity type.
Complex observations have shown that it is a photometric, spectrally and mag-
netically variable star with a period of P = 1d.026. [5]

2. OBSERVATION AND PROCESSING

In this work, we used the materials of spectral observations carried out on the
2-m telescope of the ShAO National Academy of Sciences of Azerbaijan. To date,
a large number of high-quality spectra have been obtained in two versions:

1. With the help of traditional photographing of spectra (4 Å/ mm);
2. Using an echelle spectrometer (ShAFES) mounted at the Cassegrain focus.

About 10 spectra were obtained with a resolution of R = 55000 and two spectra
with a resolution of R = 27500. Detailed information about the equipment and
processing technique is presented in [6].

Photometric observations of the 21 Com star were carried out by Wolff et al.
[7] over 12 nights in 1970, February - March. Observations were made in the
Y, B, V and U system which are close in the Kitt Peek system. The phases of
the period (P = 1d.026) were determined by the ephemeris JD = 2440630.03 +
1d.026E. The value of this period was obtained even earlier by Dautsh A. (1955)
from the change in the intensity of the KCaII line.

In April - July 1971,23 photographic spectrograms of dispersions of 4 Å/mm
in the wavelength range λλ3700 - 4700 ÅÅ were obtained at the focus of the
Kude 2-meter telescope of the National Academy of Sciences of Azerbaijan. All
spectrograms are evenly spaced in the phase of the rotation period (P = 1d.026).
Hydrogen lines were processed, the equivalent widths of which show synchronous
changes in phase [8].

3. DETERMINATION OF ATMOSPHERIC PARAMETERS TAKING
INTO ACCOUNT THE PECULIARITY EFFECT

The parameters of the atmosphere, determined using observational data ob-
tained from a star inhomogeneous over the disk, do not correspond to the real
values of these parameters either in the peculiar (spotted) or normal (outside
the spotted) regions. Consequently, when determining the parameters of the at-
mosphere of MCP stars, it is necessary to take into account the effect of the
peculiarity (inhomogeneity over the surface) of these stars. For this necessary to
determine the phases corresponding to the most peculiar (spotted) (P) and rela-
tively normal (N) regions on the surface of the star. For this, the phase curves of
the brightness variation (V) and equivalent widths (Wλ) of the Ca, Sr, Cr, and
Eu lines, which are peculiar elements of the 21 Com star, were compared.
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Fig. 1. Phase curves of the equivalent widths of the CaII and Sr II.

As an example the phase curves of the equivalent widths of the CaII (λ3933)Å,
Sr II (λ4215 Å) lines (Fig.1) and phase curves of the light (UVBY) (fig.2) are pre-
sented. It can be seen from these figures that the phases of the extreme for all
plotted dependencies almost coincide (∆ϕ ≈ ± 0.05).

By comparing the constructed phase curves, we were able to determine the
phases of the extrema of the constructed dependences. According to the oblique
rotator model, the phase of the maximum (ϕ = 0.0-0.01) of these values corre-
sponds to the most peculiar (P) region, and the phase of the minimum (ϕ = 0.45
- 0.55) relative to the normal (N) region on the surface of the 21 Com star (see
Table 1).

Almost all the parameters of the atmosphere, indicated in Table 1, were de-
termined, taking into account the peculiarity effect, on the basis of observational
materials obtained at the of the National Academy of Sciences of Azerbaijan with
the use of literature data [7]. The effective temperature Teff and the acceleration
of gravity g were determined from the hydrogen line profiles (α, δ) and photomet-
ric indices in the Johnson and Stromgren systems (UVBY). The found values for
the Teff and (lg g) values are presented in Table 1.

The radius of the star were calculated from the found effective temperatures
(for T (P) and T (N)) according to the formula logR = 8.46 − logTeff0.2Mbol

where Mbol is the bolometric magnitude Mbol = V + ∆Mbol. Bolometric correc-
tion ∆Mbol was determined by extrapolation using Straizys data [9].It is known
that the average rotation speed vsini of MCP stars is 2-4 times lower than vsin i of
normal stars of the same spectral types. It is still unclear for what reason and at
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Table 1. The main parameters for the peculiar and normal atmospheric region of the
magnetic star 21 Com.

Parameters P N
Phases corresponding to the peculiar (P) and
normal regions of the atmosphere. 0.05-0.15 0.5-0.6
Fundamental parameters atmosphere Teff 9200 8400
and log g found from hydrogen line profiles 4,91 4,77
Fundamental parameters atmosphere found 9000 8200
by photometric indices. 4.04 3.88
Radius found by Tef(P) and Tef(N) 2.23 2,67
Projection rotation speed onto the line of
sight-VeSin i. (km/s) 78 60
Effectiv magnetic field (Be) obtained with the
help of the Zeeman analyzer(G) -400 +537
Spectral Peculiarity indexes P(E) for peculiar 2.70, 4.80, 2.20, 4.45
elements Cr, Sr, Eu. 2.85 2.50
Luminosity Log L*/ L0 1.73

Fig. 2. Phase curves of the light (UVBY) for the 21Com.

what stage of the evolution of MCP - stars lose most of their angular momentum.
Therefore, we considered it expedient to determine the projection of the rotation
velocity on the line of sight (vsini) for the 21 Com A, star, taking into account
the peculiarity effect.The rotation rates for this star were determined (see table1)

66



AJAz: 2021, 16(2), 62-69 ATMOSPHERIC PARAMETERS AND...

from the half-widths of the MgII λ4481 Å and FeI λ4476 Å lines for which the
Lande factor is less than unity (g ≤1.05).

The longitudinal component of the magnetic field for 21 Com varies from
-350G to + 440G [10]. The work [11] also presents the extreme values of the
effective magnetic field Be = -400/+ 537G.
To quantitatively characterize the anomalous chemical composition of the 21
Com star’s atmosphere, we used the spectral peculiarity indices P(E) [12].
The index P(E) =W(P)/W(N) characterizes the quantitative measures of the
enhancement of the line of a peculiar element in the MCP spectrum of the star.
In the atmosphere of the star under study, the main peculiar elements are Sr, Cr
and Eu. Therefore, the P(E) values were determined for these elements and the
found values are shown in Table 1.

Fig. 3. Establishing and Evolutionary status of 17 Com and 21 Com stars on the
Hertzsprung-Russell diagram.

To determine the evolutionary status of the 21 Com A star, its luminosity was
calculated using standard relationships. Lg(L∗/L0) = 0.4(M- M∗), where M is
the absolute stellar magnitude of the Sun equal to 4m.8 and ∆ bol =-0m.1. The
absolute stellar magnitude is v = 0.82, and its luminosity is log L/L0 = 1.725 ±
0.15.

Using the found values of luminosity and effective temperature, the location
of the 21 Com star on the Hertzsprung-Russell diagram was established and this
its evolutionary status was determined. It was found that it is located closer
to the upper boundary (TAMS) of the MS band (Fig.3). In this diagram, the
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black square with an arrow marks the position of the 17 ComA and 21Com stars,
where the evolved MCPs are located - the stars marked with black circles. This
group also includes a number of old stars, such as HD8441, HD5797, HD40711,
HD103498, HD204411, etc.

This group of stars is characterized by strong and numerous lines of the iron
peak elements in the spectra. However, the lines of rare earth elements are some-
what weakened in comparison with others. In the diagram, asterisks indicate
stars with strong magnetic fields (HD66318 and HD144897).These young stars
have a strong magnetic field, in the spectra of which there is a high abundance of
both the elements of the iron peak and rare earth elements. They were selected
by the authors of [13] for comparison with the evolved MCP stars. Open circles
indicate classical pulsating magnetic stars. The position of these stars on the
MS near the zero age line indicates that they are young MCP stars. The results
of determining the spectral index of the peculiarity of these stars show a strong
excess of the abundance of silicon, iron, and especially rare earth elements (Eu,
Nd, etc.). When constructing the diagram, the data from work [13] were used.

4. CONCLUSION

According to the above facts, the following conclusion can be made.
1. It has been found that 21 Com magnetic stars are evolved stars that are

approaching the end of their life on the MS2.
2. In the spectra of this star, the intensity of the magnetic field

(∆Be ≈ 1000G) and the lines of rare-earth elements are approximately two times
weakened in comparison with young magnetic CP-stars.
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ECLIPSING EVENT IN BINARY CTTS TYPE STAR
AS 205N
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The results of new photometric observations of the classic T Tauri type star AS
205N, carried out in the 60 cm ShAO telescope, are presented. It was shown
that the existence of a period of 24 days is confirmed for individual observation
seasons, but this period has stochastic components. We have constructed the
spectral energy distribution of the star in the range 0.36-100 µm. Significant
infrared radiation is detected in the near and far infrared spectral regions.
The excess is also observed in the UV range of the spectrum. The results of
the analysis show that, apparently, AS 205N has a cooler component - a star
with spectral type M or a low mass brown dwarf, with a temperature of about
2000±500 K.

Keywords: dwarf stars – infared regions – instrumentation system

1. INTRODUCTION

AS 205A = AS205N (V866 Sco) is a young late K5 type dwarf star with an
average brightness V = 12.4 mag belongs to a hierarchical triple system. At an
angular distance of 1.3" (≈180 AU at 140 ps) from AS 205N, there is a low-mass
K7/M0 spectroscopic binary star [1–3]. According to [4], there are two stable pe-
riods (P1 = 6.78 and P2 = 24.78 days) on the master light curve of AS205N. The
P1 period is a typical CTTS rotation period that can occur due to the presence
of cold spots on the star’s surface. In this case, U-B color variability in anticor-
relation may be a sign of chromospheric emission and a cold spot. The phase
diagram of the P2 period shows the modulation of brightness and red colors,
which is an indication of the presence of a cold source. Since AS 205N is about

* E-mail: ismailovnshao@gmail.com
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2 magnitudes brighter than AS 205S [5] in the V band, the observed brightness
modulation (V = 0.25 mag) belongs to the primary star, or its envelope. The
mass of the star AS205N, obtained from the relation between temperature and
bolometric luminosity [6], and from the evolutionary tracks of Baraffe et al. [7]
expected to be 0.9 M. According to Artemenko et al. [4] Period P2 must belong
to the unknown close component AS205N, which is disturbing the accretion disk
with dense waves. According to IR interferometry data [3], [6], the semi-axis of
the orbit was predicted to be about 0.18 AU, which is close to the inner radius
Rin = 0.14 AU. Artemenko et al. [4] explained the brightness variability with the
period P2 due to the effect of scattering or extinction of the disturbing disk at
the radius of dust sublimation.

In this paper, we present the results of an analysis of photometric observations
of the star obtained in the data archive and partly at the ShAO.

2. OBSERVATIONS

Photometric BVRcIc observations of the star were carried out with the Zeiss-
600 telescope of the Shamakhy Astrophysical Observatory named after N. Tusi of
the Azerbaijan National Academy of Sciences. A detailed description of the tele-
scope together with the photometer was presented in [8,9]. After that, the equip-
ment of radiation was changed. The photometer is now equipped with a CCD
FLI 4000×4000 camera. The aperture of the telescope is 1: 12.5, the Cassegrain
focus is F = 7500 mm. In this case, the scale on the focal plane of the camera
was 27.5"/mm. Taking into account the size of one pixel 9 µm = 0.009 mm, for
the per pixel resolution we have get 0.247". During observation, depending on
the image quality, we used the binarity of the pixels 2×2 and 4×4, which for the
resolution, respectively, allow to get 0.49" and 0.99". The total field covered by
the camera was about 30’, and the effective linear area in the focal plane was
17’×17’. The whole process of observation and processing of the material was
carried out using the MaxDel program. Typical average measurement errors for
individual bands were ± 0.008 mag for V and Rc, ± 0.03 mag for B, ± 0.04 mag
for Ic bands.

For reference to the Johnson international system, star fields of a group of
standards from the Landolt list were observed in 2019 [10]. Figure1 shows trans-
forming plots from instrumental system to the standard the system. The formulas
for transformation of our instrumental system to the international BVRcIc system
are as follows:
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Fig. 1. Transformation of the ShAO instrumental system to the international BVRcIc
system. Straight lines were drawn by linear regression with the coefficient of reliability

R2 = 0.998 ± 0.001..

B = 0.996b + 0.0827,
V = 0.9607v + 0.5599,

Rc = 0.9886r_c + 0.1563,
Ic = 1.0096i_c – 0.0852

Here, lowercase letters indicate the data of the instrumentation system. When
approximated by linear regression, the coefficient of reliability of the straight line
was obtained about R2 = 0.998± 0.001 (Fig.1).The star AS 205N was observed
at this complex in 2018-2021. Figure2 shows the search map of the star.

Table 1 has presented the observational data we obtained in different pho-
tometric bands. The dash in Table1 shows the absence of data in this band.
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Fig. 2. Searching card of the star AS 205N. O-object, S-standard, C1 and C2 check
stars.

3. ANALYSIS OF OBSERVATIONS

Valiyev and Ismailov [11] analyzed in detail the long-term light curve of the
star AS 205N. For the analysis, the archived UBV data, which were taken from the
archive using CDS photometric data base (anonymous ftp to cdsarc.u-strasbg.fr
(130.79.128.5)) were also used. In this work, it is shown that, in different obser-
vation seasons, three probable periods of variations in the brightness of the star
are found: P1 = 6.51 ± 0.6, P2 = 14.6 ± 1.03, and P3 = 24.71 ± 0.9 days. The
periods P1 and P3 with a slight difference in the values of the period were first
discovered in [14], and the period P2 was discovered by us for the first time. As
shown in [12], the P1 period can be a consequence of the axial rotation of the star.
Period P3, these authors explained by the binarity of the star AS 205N, where
one of the components is a cooler star, or protoplanet. Our analysis showed that
despite numerous photometric observations, none of the observed periods is sta-
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Table 1. The results of our photometric observations of the star AS 205.
JD2450000+ Rc B V I

8667.271
8668.230
8669.223
8670.381
8672.334
8687.228
8688.219
8695.267
8700.269
8712.190
8998.376
9000.316
9012.347
9013.314
9014.225
9017.231
9019.283
9024.231
9047.346
9049.228
9349.340
9351.351
9352.351
9367.220
9368.228
9382.334
9385.367
9386.380
9399.266
9400.260
9401.224
9407.224
9411.306
9412.341
9413.266

10.675
10.889
11.303
10.979
10.803
10.415
10.497
10.309
9.768
10.274
10.537
10.438
10.537
10.833
10.833
10.833
10.635
10.932
10.537
11.426
12.020
12.217
11.723
11.130
10.932
10.932
10.833
10.734
10.734
10.339
10.339
10.240
10. 339
10. 833
10. 635

12.205
12.747

-
-
-

13.276
12.136
12.144

-
-

12.070
12.035
11.935

-
12.533

-
12.533
12.632
12.035
13.429
13.828
14.326
13.728
12.832
12.931
12.632
12.533
12.433
12.433
11.836
12.035
11.836
11.935

-
12. 433

11.125
11.546
11.951

-
-

10.983
11.007
10.846
10.186
10.747
11.032
10.935

-
11.320
11.224
11.416
11.032
11.512
10.935
12.088
12.665
12.953
12.377
11.608
11.800
11.512
11.416
11.320
11.320
10.839
10.839
10.743
10. 935
11. 416
11.224

9.217
9.411
9.663

-
-

8.931
8.839
8.795
8.389
8.906
9.102
9.001

-
-
-
-
-

9.405
9.001
9.809
10.415
10.617
10.314
9.405
9.405
9.405
9.304
9.304
9.203
8.799
8.799
8.698
8.900
9.304
9.102

ble. This indicates that both components of the system are young objects with
not yet stable characteristics.
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In [12], based on spectral observations in the near-IR region, the authors
showed that the star is a spectroscopic binary with a period close to the period
P3 (24.84 days), slightly exceeding the photometric period P3 = 24.78 days and
the period P = 24.71 days. To refine these results, additional high-precision
spectral observations in the IR part of the spectrum are needed.

Figure3 shows the phase light curve of the V-light values for the P3 period
obtained in our observations (left panel). For comparison, the right panel of Fig.3
shows the same phase light curve for the archived data from the CDS catalog.
The phases were calculated using the elements Min I = JD2447379.36+ 24.71E.
As you can see, the curve is characterized by a deep minimum, the amplitude of
which exceeds 2 magnitude. At the same time, it can be seen that a stochastic
component is observed in both curves, which significantly distorts the picture of
periodicity In Fig.4, the left panel shows the phase light curve for the period P3 of

Fig. 3. The phase light curve of AS 205N according to our observations (left panel),
as well as archived data (JD 2449138-2449401). The phases were calculated on the

elements Min I = JD 2447379.36 + 24.71E.

the star according to the data of two season from the CDS archive, obtained in the
time interval JD 2448821-2449401 (black points), as well as all our observations
(crosses). The right panel of the figure shows the phase curve averaged with a
step of 0.1P over the same points. Vertical bars show the scatter of points around
the mean with statistical weights. As can be seen, despite the scatter of points,
overall, the average light curve of the star describes well the eclipsing light curve.
Moreover, the main deep minimum in this light curve stands out quite clearly,
although the secondary minimum is not observed.
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Fig. 4. The left panel shows the phase light curve of AS 2015N based on the archived
data of two observation seasons (JD 2448821-2449401) (points) and all our observa-
tions (crosses). The right panel shows the averaged over phases with a step of 0.13,
for the same points. The vertical bars show the deviation of the mean with statistical

weights.

4. SPECTRUM ENERGY DISTRIBUTION (SED)

To plot the SED curve in the wavelength range 0.36–100 µm, we collected all
UBVR [13], IJHK [14] data, as well as data on the near IR region of WISE [15],
and on the far IR region of IRAS [16]. The method for constructing the SED
curve was described in detail in [17]. Figure5 shows the resulting SED curve. As
can be seen from Fig.5, the star’s SED curve can be represented as a combined
one, in which it is possible that there is a contribution of at least two stars, with
temperatures of 3000 K and 2000 K.

ed curve, radiation of a black body at a temperature of 2000 K. In right panel
is shown the subtraction star-model with temperature 3000 K (right panel). The
dotted straight line is a level of the spectrum without excess radiation.

The spectral class of the star AS 205N corresponds to K5, (Teff = 4250 K)
[2]. As can be seen from Fig.5, the spectral radiation of the star in the optical
range corresponds to a temperature of about 3000 K. This indicates the existence
of additional absorption in this range by circumstellar matter. It can also be seen
from Fig. 5 that the data of different authors show a certain spread in the flux
values both in the optical and in the near-IR part of the spectrum. This indicates
a significant inhomogeneity of the circumstellar disk.

It can be seen from the right panel in Fig.5 that the difference between the
radiation fluxes of the star and the model reveals excess radiation in both the UV
and IR parts of the spectrum. In classical T Tauri stars, the origin of UV excess
radiation can be explained by the process of disk accretion. Excess radiation in
the IR part of the spectrum is detected at λ > 2µm. The excess of radiation in
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Fig. 5. Energy distribution curve of the star AS 205N (left panel), solid curve - radia-
tion of an absolute black body at a temperature of 3000K, a dashed curve, radiation
of a black body at a temperature of 2000 K. In right panel is shown the subtraction
star-model with temperature 3000 K (right panel). The dotted straight line is a level

of the spectrum without excess radiation.

the near-IR part of the spectrum is usually explained by the emission of gas in
the disk, which arises due to the re-emission of energy emitted by the central star.
Excessive radiation in the far IR range occurs due to the radiation of cold dust
with a temperature of no more than 100 K [18].

5. DISCUSSION AND CONCLUSIONS

So, in this paper, we present new photometric observations of a CTTS type
star AS 205N. Our data confirmed the existence of two photometric periods P1

and P3, which were determined in [4]. We also pointed out that both observed
periods have a stochastic component, which in some seasons significantly distorts
the picture of periodicity. As shown in [12], the P1 period arises due to the axial
rotation of the star.

According to our data, the period P3 = 24.71 days is well detected only in
certain seasons. The change in the star’s brightness over this period can be inter-
preted as an eclipse of the main component of the K5 star by a secondary, more
extended object. The temperature of the secondary body can be in the range of
2000 ± 500 K. We have shown that, most likely, the secondary star also has a
circumstellar disk, because a very deep and stable minimum is observed on the
phase light curve. The eclipsing nature of this period also confirms the conclusion
of the authors of [12] that the inclination of the disk plane to the line of sight is
small (i = 15◦ − 25◦). The observation of the stochastic component of the peri-
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odicity can be associated with the nonstationarity of the components included in
the system.

We have plotted the SED curve for the star in the range 0.36-100 µm. It is
shown that the star exhibits excess radiation in both the UV and IR regions of
the spectrum. The UV excess is explained by the presence of disk accretion, while
the IR excess arises from the emission of gas and dust on the disk. The significant
emission of the disk in the IR range was also shown in [6].

Summarizing the data, the following conclusions can be drawn.
1. The detected periodic variability with the P3 period is more likely associ-

ated with the eclipsing nature, observed in the pair AS 205N-AS205S. For different
observation seasons, a significant deviation from the periodicity is revealed, which
is of a random nature.

2. Radiation of a star in the optical range is significantly absorbed by circum-
stellar matter.

3. The spectral distribution of the star’s energy shows that it is possible that
the spectrum in the system is emitted by at least two stars, as well as gas and
dust. The secondary component of the system can be an M star or a brown dwarf
with a temperature of about 2000 K.

To clarify the detailed structure of a young binary system, additional high-
precision spectral observations in the IR part of the spectrum are needed.
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Abstract. The atmosphere of the HD207260 (A2Ia) star is studied by the
atmosphere model. The effective temperature Teff of the star and the sur-
face gravity g are determined by comparing the observational and theoretical
estimates of equivalents widths W the Balmer lines and [c1], Q photometric
indexes: Teff = 9200±200K, logg = 1.4 ± 0.2. Based on FeII lines the micro-
turbulent velocity is determined: ξt = 6km/sec. The abundance of elementsin
the atmosphere of star HD207260 (A2Ia) has been determined. A deficiency in
the content of carbon elements and an excess of sodium was found compared
with the solar chemical composition. The content of other elements is close to
the content of the Sun.
Keywords: fundamental parameters–stars–chemical composition - stars–
individual-HD207260 ( A2Ia) .

1. INTRODUCTION

In this work the atmosphere of the HD207260 (A2Ia) star is studied by the
atmosphere model. The effective temperature Teff of the star, the surface gravity
g in the atmosphere, the microturbulent velocity ξt, iron and carbon abundances
are determined.

The observation material of the star was obtained from the Kasseqren focus
of the 2m telescope ShAO, with the CCD (R=5600,S/N>150). The equivalent
width of the spectral lines was measured.

* E-mail: sevinj_rajabova@mail.ru
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2. ATMOSPHERE PARAMETERS: EFFECTIVE TEMPERATURE,
SURFACE GRAVITY

The effective temperature and the surface gravity of the star is determined by
model method. The following criteria have been used:

1. Comparison of the measured from observation and theoretically calculated
values of the equivalents widths W the Balmer lines Hβ, Hγ , Hδ;

2. Comparison of the measured from observation and theoretically calculated
values of the [c1] index;

3. Comparison of the measured from observation and theoretically calculated
values of the Q index.

In the uvbyβ photometric system the index [c1] is determined by the expres-
sion [c1] = c10.2(by). In the UBV photometric system the Q is determined by
the expression Q = (UB)0.72(BV ). The parameters [c1] , β, Q are exempt from
the effects of the interstellar space. The observing values of these parameters
are determined from catalog [1] (Hauck Mermilliod 1998). For calculation of
the theoretical values of the parameters [c1] , Q the work (Castelli et al. 2003)
are used [2]. The logg T_eff diagram is constructed on the base of above men-
tioned criteria (Figure1). From this diagram the star’s parameters are defined:

Fig. 1. A diagram determined the Teff and logg parameters of the HD 207260
star.

Teff = 9200 ± 200K, logg = 1.4 ± 0.2. In [3] (Lyubimkov 2009) the applying
method is described in detail and the accuracy of thismethod is justified. There-
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fore, the determined values in this paper is perfect from the results obtained of
other authors.

3. MICROTURBULENT VELOCITY

To determine the microturbulent velocity t it must be a plurality of lines
that contain a wide equivalent widths W range of the atoms or ions of any given
element. The microturbulent velocity ξt is chosen such that the abundance of
elements determined by the different lines does not change with the increasing
of the equivalent widths W. The most lines in the studied spectrum are the FeI
and then the FeII lines. However, the effect of the LTE extremes to the neutral
iron lines is significant. If the calculations are carried out in LTE, the abundance
determined on the FeI lines is less than the abundance when refused from LTE
[4,5] (Boyarchuk et al. 1985; Thevenin Idiart 1999). Unlike FeI lines there is no
effect of the LTT extremesto the the FeII lines. Therefore, in the atmosphere of
the star, the microturbulent velocity ξt and the iron abundance are determined
on FeII lines.

As is shown in Lyubimkov and Samedov (Lyubimkov Samedov 1990) [6] that
the velocity ξt increases with the altitude of the height in the the atmosphere of
spectral classes stars F. The effect is more effective if the line is stronger. For
weak lines, this dependence is not taken into account and it is assumed that the
microturbulent velocity ξt is constant in the atmosphere of star. Only the weak
lines are used when determining the microturbulent velocity ξt. These lines are
formed in deep layers of the atmosphere, these layers are parallel and in LTE
form.

The iron abundance logε(FeII) is calculated by giving different values to the
microturbulent velocity ξt based on the Kurucz model [7] (Kurucz 1993) with
the parameter Teff = 9200K, logg = 1.4 The iron abundance is determined on
the basis of comparison of the values measured from observation and theoreti-
cally calculated equivalent width of lines FeII. The atomic data of the spectral
lines were taken from the database VALD-3(http://vald.astro.uu.se). There is no
correlation between logε(FeII) and W, when ξt = 6km/sec (Figure2).

Thus, in the the atmosphere of star the value for the microturbulent velocity
ξt = 6km/sec is determined. At the same time, the iron abundance is determined
too: logε(Fe) = 7.54. The parameter [Fe/H] = ∆logε = logε(Fe)logε⊙(Fe) is
called the metallicity indicator of the star. Here logε⊙(Fe) = 7.47 is the iron
abundance in the Sun [8] (Scott et al. 2015). The parameters of the star are:
Teff = 9200±200K, logg = 1.4±0.2, ξt = 6km/sec, logε(Fe) = 7.54, [Fe/H] = 0.07.

The abundance of metals in the star is almost equal to the abundance in the Sun.
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Fig. 2. Determination of the microturbulent velocity ξt

The HR8334 (A2Ia) star and the Sun have the same chemical composition. This
result is an important in the point of view of the Galactic chemical evolution.

4. CHEMICAL COMPOSITION

Chemical composition of the HD 207260 (A2Ia) star has been determined us-
ing model method. The determination of the chemical composition using model
method is based on the comparison of observationally measured and theoretically
calculated values of the equivalent widths of the spectral lines of the elements.

Based on Kuruch model [7] with Teff = 9200K, logg = 1.4 parameters,
the abundance of elements is calculated by assigning ξt = 6.0km/s to mi-
croturbulent velocity.Atomic data of spectral lines are taken from the VALD-3
(http://vald.astro.uu.se) database. The abundance of elements is given on a log-
arithmic scale. logε⊙ values are taken from [8,9].

Difference in the number of elements in the star and the Sun
[el/H] = logε(el) − logε⊙(el) is given in Figure 3. According to reference
(literature) data the elements subject to non-LTE adjustments in the amount
have been shown with open circles. The arrow indicates the direction of such ad-
justments.According to [10], these lines are significantly affected by the non-LTE
(deviation from LTT) effect, the amount of log (N) should be adjusted around
-1.0 dex.According to [11], non-LTE analysis of CI lines adjusts the amount of log
(C) around -0.3 dex.Therefore, it is necessary to calculate the amount of elements
C and N in the atmosphere of the Cep star in the case of non-LTE (Figure3).
As is seen, in the atmosphere of the HD207260 (A2Ia) star, the lack of element
C and the excess of element N has been revealed. The amount of other elements
is close to those of the Sun. Thus, the considerations of the Theory of Evolution
are confirmed based on the observations. So, HD207260 (A2Ia) star and the Sun
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Fig. 3. Chemical composition HD207260 (A2Ia).

have been created of the same chemical substance. There was an evolutionary
variability in the initial amounts of the carbon and nitrogen elements, while the
initial amount of the other elements remained constant.

5. MAIN RESULTS

1.Using the model method the effective temperature Teff of the
HD207260 (A2Ia) star and and the surface gravity g are determined:
Teff = 9200± 200K, logg = 1.4± 0.2.

2.Based on the FeII lines the microturbulent velocity ξt is determined:
ξt = 6km/sec.

3. The content of the elements was determined by comparing the observed and
therotically calculated eqvivalent width of spectral lines of elements. A deficiency
in the content of carbon elements and an excess of sodium was found compared
with the solar chemical composition. The content of other elements is close to the
content of the Sun.
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