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Hα PROFILE VARIATIONS IN THE SPECTRA OF

EARLY SUPERGIANT HD198478 (55 CYG)

Y. M. Maharramov
*

Shamakhy Astrophysical Observatory named after N.Tusi,

Azerbaijan National Academy of Sciences, Baku, Azerbaijan

Pro�le variations in the Hα lines in the spectra of the star HD198478 are inves-

tigated from observations acquired in 2010-2011, 2013-2015 at the Cassegrain

focus of the 2-m telescope at the Shamakhy Astrophysical Observatory. The

spectral resolution is approximately 15000. The emission and absorption

components of the Hα pro�le are found to disappear on some observational

days and one of the spectrograms exhibits an inverse P Cyg pro�le of Hα in

the spectra of the star. It is suggested that these events may be manifes-

tation of a non-stationary atmosphere of the star or a non-spherical stellar wind.

Keywords: Supergiants - the Hα line pro�le - HD198478

1. INTRODUCTION

The study of supergiants, the most luminous stars, is of great interest in terms
of the stellar and chemical evolution of galaxies. Almost all of the early super-
giants are observed to show spectral and photometric variability. Due to the
variable stellar wind and mass-loss rate, the spectra of the supergiants exhibit
variations in the intensity, radial velocities, and P Cyg pro�les of the lines of
hydrogen, helium, and ions with a high degree of ionization.

In addition, a signi�cant mass-loss rate is typical of the highest luminosity
stars. In the optical region of the spectra, a particularly sensitive indicator of the
rate of out�ow of matter is the emission line Hα. The Hα line in the spectra of
these supergiants has a clear P Cyg type pro�le.

The supergiant HD198478 belongs to the CygOB7 associations [1]. By an-
alyzing spectroscopic observations of the star HD198478, Underhill discovered
large-scale irregular motions in its atmosphere [2]. By exploring the spectra ob-

* E-mail: y_meherremov@rambler.ru
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tained in 1937-1959, she found evidence of the rapid variability of the Hα pro�les
in the spectrum of this star.

On the basis of spectroscopic observations for 15 consecutive nights, Granes
reported a variable pattern of the Hα pro�le [3]. The time curves of the radial
velocities of the hydrogen lines gave evidence of repetitive motions of the atmo-
sphere inside the stellar envelope. The author came to the conclusion that, apart
from the 15-day variability cycles, the stellar atmosphere exhibits repetitive 4 to
5-day periodic changes.

Kraus et al. (2015) point out that 55 Cyg pulsates in pressure, gravity and
strange modes [4]. The pulsation periods lie in the range between 2.7 hours and
22.5 days. These authors also claim that the pulsations of 55 Cyg are associated
with episodes of enhanced mass loss and derive an estimate for the mass-loss rate.

We note that the main characteristic feature of the star HD198478 is the sig-
ni�cant variability of the spectra. The main purpose of this paper is to study the
observed components of the Hα pro�les in the spectra of the star.

We believe our results will be of interest for further studies of these remarkable
stars.

2. OBSERVATIONS AND DATA REDUCTION

Spectral observations of the supergiant HD198478 in 2010-2011 and 2013-2015
were carried out using a CCD detector in the echelle spectrometer mounted at
the Cassegrain focus of the 2-m telescope of the Shamakhy Astrophysical Ob-
servatory [5]. The spectral resolution was R = 15000 and the spectral range is
λλ4700− 6700 Å.

Two to three spectra of the target stars were obtained on each night. The
signal-to-noise ratio was S/N = 150−200. The average exposure was 600−900s,
depending on the weather conditions.

The preliminary reduction of the CCD images of our echelle spectra (removal
of cosmic rays, background subtraction, wavelength calibration, and extraction of
the spectral orders) was performed. The �nal reduction (continuum normaliza-
tion, measurements of radial velocities and equivalent widths for various spectral
features) was done using the DECH20 program package [6].

3. RESULTS AND DISCUSSIONS

55 Cyg shows both long- and short-term variability in its spectroscopic data.
The Hα line displace time variations in both intensity and shape, showing various
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types of pro�les: normal PCyg, inverse PCyg, pure absorption, pure emission,
complete absence and double or multiple peaked.

Pro�le variations in the Hα line in the spectra of the star HD198478 are in-
vestigated from spectroscopic observations acquired in 2010-2011, 2013-2015. We
note an interesting event of enhanced mass-loss, observed on 2015 August 10-
12, when the Hα line shows an unusual P Cyg pro�le with a deep absorption
component and a small emission feature (see Fig.1)

We revealed that on June 27-30, 2010, the Hα line has an ordinary P Cyg-
type pro�le in the spectra. But more interesting spectra were obtained on July
2-4, 2010 (Fig.2). They appear to have no Hα line, with no spectral components
apart from weak atmospheric lines and noises being observed at its wavelength
(λ = 6562.816 Å). At the same time, in the vicinity of theHα line at λλ6400−6600

Å, there are two visible carbon lines CII (λ6578.05 Å, λ6582.88 Å) and weak stel-
lar and atmospheric lines [7].

Interestingly, in these same spectra, all other lines typical for hot supergiants
such as HD198478, apart from Hα, are observed, including Hβ [7]. Note that at
this time, the Hβ line was shifted to longer wavelength relatively.

On July 5 and 6, 2010, the emission component increases, completely outshin-
ing the absorption component. Therefore, theHα pro�les of these dates display no
absorption component. On July 18, 2010, the Hα line shows an ordinary normal
P Cyg-type pro�le again.

In addition, on October 10, 2010, we discovered inversion of P Cyg-type pro�le
of Hα line [7]. Formation of this inversion may be explained by the high-velocity
motion of the stellar wind matter from the observer. At this time a large shift of
Hβ toward the red is observed simultaneously.

On July 07, 13, 2011, and on August 17, 2011, we observed that the intensities
of absorption and emission components of the Hα line became weaker (rν ∼ 0.96

and rν ∼ 1.04).
In 2013 and 2015 all shapes of the Hα pro�le in the spectra of this star show

classical P-Cyg-pro�le.
But on September 07, 2014, the pro�le of the Hα line is absent from the spec-

trum again (Fig.2). At this time, the Hβ line was shifted to longer wavelength
relatively again.

Further, on September 08-11, 2014, vice versa, �rst the absorption component
became stronger unlike than in 2010 (see Fig.2). Some nights later we already
observed the emission component of the Hα line.

The analysis of the emission and absorption components of the Hα lines
showed that the radial velocities change rapidly with time. These changes may
be an indication of complex motions in the atmosphere of the star HD198478.
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Fig. 1. Pro�les of the Hα and CII lines in the spectra of HD198478 observed in

2015.

A possible explanation is that when the stellar wind matter is moving away
from the observer, the central frequencies of the emission and absorption com-
ponents can be the same and compensate for each other, which may lead to the
disappearance of the Hα pro�les. The Hβ line is known to form in deeper at-
mospheric layers than Hα. The radial velocity measurements showed that when
the Hα line disappears, the Hβ line is redshifted. These observational facts could
be an argument for the possible movement of stellar wind matter away from the
observer up to the Hβ line formation layers at the time of the disappearance of
the Hα lines.

The discovered observational evidence suggests that the non-stationary atmo-
sphere of the star HD198478 may partly be due to the non-spherical stellar wind
[8].

4. CONCLUSION

Hα shows variations in strength in both the absorption and emission compo-
nents of the P Cyg pro�le. First time a P Cyg type pro�le of the Hα line has
been found to occasionally disappear in the spectra of this supergiant star in 2010.
This behavior has repeated in 2014 again.

This event may be a manifestation of a non-stationary atmosphere of the star
or a non-spherical stellar wind [8]. It is the result of the interaction of the variable
stellar wind with the �ux of material directed away from the observer. This time

7



Y. M. Maharramov AJAz: 2016, 11(3), 4-9

Fig. 2. Pro�les of the Hα and CII lines in the spectra of HD198478 observed in 2010

and 2014.

the emission line is compensated by the shifted toward the red side absorption
line in the Hα pro�le.

When the Hα line disappears or becomes faint the Hβ line is displaced to
the relatively redshift.The discovery of the formation of inverse-P Cyg Hα pro-
�les in the spectrum of 55 Cyg is a new and interesting observational fact. It is
accompanied by a large redshift of the Hβ line pro�les.
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ÑÏÅÊÒÐÎÑÊÎÏÈ×ÅÑÊÈÅ ÈÑÑËÅÄÎÂÀÍÈß

ÇÂÅÇÄÛ HD 206 267

Ä. Í. Ðóñòàìîâ*, À. Ô. Àáäóëêåðèìîâà

Shamakhy Astrophysical Observatory named after N.Tusi,

Azerbaijan National Academy of Sciences, Baku, Azerbaijan

Ïðèâåäåíû ðåçóëüòàòû ñïåêòðàëüíûõ èññëåäîâàíèé çâåçäû HD 206267.

Ñïåêòðàëüíûå íàáëþäåíèÿ áûëè ïðîâåäåíû íà êàññåãðåíîâñêîì ôîêóñå

2-ì òåëåñêîïà Øàìàõèíñêîé Àñòðîôèçè÷åñêîé Îáñåðâàòîðèè èì. Í.Òóñè,

ÍÀÍ Àçåðáàéäæàíà, ñ èñïîëüçîâàíèåì ýøåëëå-ñïåêòðîìåòðà. Âûÿâëåíî

äèñêðåòíûå àáñîðáöèîííûå êîìïîíåíòû â ÿäðå ëèíèè Íα. Ïîñòðîåíû

êðèâûå ëó÷åâûõ ñêîðîñòåé ïî ëèíèÿì Íα, Íβ , HeI 5875 è HeII 5411, à

òàêæå çàâèñèìîñòü ýêâèâàëåíòíûõ øèðèí ýòèõ ëèíèé îò ôàçû îðáèòàëü-

íîãî ïåðèîäà. Îáíàðóæåíî, ÷òî ëó÷åâàÿ ñêîðîñòü è ýêâèâàëåíòíàÿ øèðèíà

ëèíèè Íα èçìåíÿåòñÿ â ïðîòèâîôàçå. Ýêâèâàëåíòíàÿ øèðèíà ëèíèé

Íβ è HeI 5875 íå çàâèñèò îò ôàçû îðáèòàëüíîãî ïåðèîäà. Íå íàéäåí

ñïåêòðàëüíûé ïðèçíàê (íàïðèìåð, ñèëüíàÿ ýìèññèÿ) ñîãëàñíî êîòîðîìó

çâåçäó HD 206267 ìîæíî îòîæäåñòâèòü ñ èñòî÷íèêîì ðåíòãåíîâñêîãî

èçëó÷åíèÿ Cep X-4.

Êëþ÷åâûå ñëîâà: çâåçäà HD 206267 � ðåíòãåíîâñêèé èñòî÷íèê Cep X-4 �

òåñíûå äâîéíûå ñèñòåìû � ëèíèÿ Hα

1. ÂÂÅÄÅÍÈÅ

Ñïåêòðàëüíàÿ äâîéíàÿ çâåçäà HD206267 (HR 8281, O6.5V +O9V , V = 5.6)

ÿâëÿåòñÿ îäíîé èç çâåçä èç íàøåé ïðîãðàììû èññëåäîâàíèÿ ìàññèâíûõ òåñ-

íûõ äâîéíûõ ñèñòåì (ÌÒÄÑ), íàõîäÿùèõñÿ íà ðàçëè÷íûõ ñòàäèÿõ ýâîëþöèè.

Çâåçäà HD206267 ÿâëÿåòñÿ ÿðêèì êîìïîíåíòîì À (V= 5.6) òðàïåöèè Trap

857 è â íàó÷íîé ëèòåðàòóðå ýòà çâåçäà ÷àñòî îáîçíà÷àåòñÿ êàê HD 206267À.

Îñòàëüíûå òðè êîìïîíåíòû ýòîé òðàïåöèè áîëåå ñëàáûå: Â (V = 13.6, ñïåê-

òðàëüíûé êëàññ íåèçâåñòåí), Ñ (V = 8.1, BIV), D (V = 8.0, B2IV). Êîìïîíåíòû

B, C è D íàõîäÿòñÿ íà ðàññòîÿíèÿõ 1”.6, 11”.7 è 19”.9 îò êîìïîíåíòû À ñî-

îòâåòñòâåííî. Êîìïîíåíòà À èçâåñòíà êàê ñïåêòðàëüíî-äâîéíàÿ è â öåëîì

* E-mail: janmamed@yahoo.com
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êëàññèôèöèðóåòñÿ êàê Î6.5 V. Ñîãëàñíî ðåçóëüòàòàì ñïåêòðàëüíûõ èññëåäî-

âàíèé â îïòè÷åñêîì è óëüòðàôèîëåòîâîì äèàïàçîíàõ êîìïîíåíòà A ñîñòîèò

èç òðåõ çâåçä: A1 (O6.5V), À2 (O9V) è A3 (O7V èëè O8V) [1]. Çâåçäû A1 è

A2 îáðàçóþò ñïåêòðàëüíî- äâîéíóþ ñèñòåìó ñ 3.709784 äíåâíûì ïåðèîäîì.

Îäíàêî ãðàâèòàöèîííàÿ ñâÿçü òðåòüåé çâåçäû A3 ñî çâåçäàìè A1 è A2 ïîêà

îêîí÷àòåëüíî íå óñòàíîâëåíà [1].

Ñïåêòðàëüíûå èññëåäîâàíèÿ ýòîé çâåçäû áûëè ïðîâåäåíû â ðàáîòàõ [2-4].

Îñíîâíîé öåëüþ ýòèõ ðàáîò áûëè ïîèñê ïðèçíàêîâ â ïîëüçó îòîæäåñòâëåíèÿ

ýòîé çâåçäû ñ ðåíòãåíîâñêèì èñòî÷íèêîì Ñåð Õ-4, íàïðèìåð ïîèñê âîçìîæ-

íûõ ñèëüíûõ ýìèññèîííûõ ëèíèé êàê ïðèçíàê èíòåíñèâíîé ïîòåðè ìàññû.

Îäíàêî â ýòèõ ðàáîòàõ â îáëàñòè äëèí âîëí λλ 3750-6680 �A�Aíèêàêèõ

ýìèññèîííûõ ëèíèé íå áûëè îáíàðóæåíû. Òàêæå íå íàéäåíû ïðèçíàêè áûñò-

ðîãî ïåðåíîñà ìàññû èëè äðóãèõ ýôôåêòîâ, êîòîðûå ìîãëè áû äàòü ðåíòãå-

íîâñêîå èçëó÷åíèå. Ñïåêòð çâåçäû HD 206267 îõâàòûâàþùèé ñïåêòðàëüíóþ

îáëàñòü λλ 3650-4950 �A�Aèññëåäîâàí âñåñòîðîííå â ðàáîòå [4]. Àâòîð [4] ïîëà-

ãàåò, ÷òî âîêðóã ãëàâíîé êîìïîíåíòû ïðèñóòñòâóåò ïðîòÿæåííàÿ îáîëî÷êà ñ

íåðàâíîìåðíîé ïëîòíîñòüþ.

Îòìåòèì, ÷òî ê íàñòîÿùåìó âðåìåíè íå íàéäåíî óáåäèòåëüíûõ ïðèçíàêîâ

â ïîëüçó îòîæäåñòâëåíèÿ çâåçäû HD 206267 ñ ðåíòãåíîâñêèì èñòî÷íèêîì Ñåð

Õ-4 è ýòîò âîïðîñ íà ñåãîäíÿøíèé äåíü îñòàåòñÿ îòêðûòûì.

2. ÍÀÁËÞÄÅÍÈß È ÎÁÐÀÁÎÒÊÀ ÄÀÍÍÛÕ

Ñïåêòðàëüíûå íàáëþäåíèÿ çâåçäû HD 206267 áûëè ïðîâåäåíû â 2011-2014

ãã. â êàññåãðåíîâñêîì ôîêóñå 2-ì òåëåñêîïà Øàìàõèíñêîé Àñòðîôèçè÷åñêîé

Îáñåðâàòîðèè (ØÀÎ) èì. Í.Òóñè ÍÀÍ Àçåðáàéäæàíà. Ñïåêòðîãðàììû áû-

ëè ïîëó÷åíû è îáðàáîòàíû ñ èñïîëüçîâàíèåì ïàêåòîâ ïðîãðàìì DECH20 è

DECH20T [5]. Áûëè ïîëó÷åíû 50 ýøåëëå-ñïåêòðîãðàìì çâåçäû HD 206267.

Âðåìÿ ýêñïîçèöèè ñîñòàâëÿåò 15 ìèíóò äëÿ âñåõ ýøåëëå-ñïåêòðîãðàìì. Ñïåê-

òðàëüíûé äèàïàçîí λλ 4000-7000 �A�A ñïåêòðàëüíîå ðàçðåøåíèå R = 13600,

îòíîøåíèå ñèãíàëà ê øóìó S/N ∼ 100. Àïïàðàòóðà íàáëþäåíèé ïîäðîáíî

îïèñàíà â [6]. Áûëè ïîëó÷åíû ïî äâå ýøåëëå-ñïåêòðîãðàììû â êàæäóþ íî÷ü.

Ñ ïîìîùüþ óñðåäíåíèÿ äâóõ ýøåëëå-ñïåêòðîãðàìì, ïîëó÷åííûõ îäíà çà äðó-

ãîé â òå÷åíèå êàæäîé íî÷è áûëè óäàëåíû ñëåäû êîñìè÷åñêèõ ëó÷åé. Ïîìè-

ìî ñïåêòðîâ èññëåäóåìîé çâåçäû áûëè ïîëó÷åíû ñïåêòð äíåâíîãî èçëó÷åíèÿ,

ñïåêòðû ïëîñêîãî ïîëÿ è ñïåêòðû ñðàâíåíèÿ. Íàõîæäåíèå òðåõ òåëëóðè÷å-

ñêèõ ëèíèé (λ6547.693 �A λ548.622 �Aλ6552.627 �A ) â ïåðâîì ïîðÿäêå ïîçâîëè-

ëî îïðåäåëèòü ëó÷åâóþ ñêîðîñòü ëèíèè Hαñ âûñîêîé òî÷íîñòüþ, òàê êàê ýòà

ëèíèÿ òàêæå íàõîäèòñÿ â ïåðâîì ïîðÿäêå. Áûëè îòîæäåñòâëåíû ñëåäóþùèå
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ñïåêòðàëüíûå ëèíèè: Hα, Hβ HeII 5411 HeI 5875, NaI (5889,953 �Aè 5895,923
�A ).

Öåëüþ äàííîé ðàáîòû ÿâëÿåòñÿ èññëåäîâàíèå ïåðåìåííîñòè ñïåêòðàëü-

íûõ ëèíèé, îïðåäåëåíèå ïàðàìåòðîâ (ýêâèâàëåíòíûõ øèðèí è ëó÷åâûõ ñêî-

ðîñòåé) ýòèõ ëèíèé, ïîñòðîåíèå êðèâîé ëó÷åâîé ñêîðîñòè. Ëó÷åâûå ñêî-

ðîñòè ëèíèé Hβ , HeII5411, HeI5875 è Hα îïðåäåëåíû ñòàíäàðòíîé ìå-

òîäèêîé, à ëàáîðàòîðíûå äëèíû âîëí ýòèõ ëèíèé ïðèíèìàëèñü ðàâíûìè,

λ4861.337�A λ5411.52�A è λ5875.618�Aèλ6562.816�A ñîîòâåòñòâåííî.

Ñðåäíåêâàäðàòè÷íûå îøèáêè äëÿ ïîçèöèîííûõ èçìåðåíèé 3 êì/ñ, äëÿ

ýêâèâàëåíòíûõ øèðèí 10%.

Ðåçóëüòàòû èçìåðåíèÿ ýêâèâàëåíòíûõ øèðèí è ëó÷åâîé ñêîðîñòè îòîæ-

äåñòâëÿåìûõ ñïåêòðàëüíûõ ëèíèé ïðèâåäåíû â òàáë.1. Â ïåðâîì è âòîðîì

ñòîëáöàõ òàáëèöû 1 ïðèâåäåíû þëèàíñêèå äàòû íàáëþäåíèÿ (ñåðåäèíà ýêñïî-

çèöèè) è ôàçû îðáèòàëüíîãî ïåðèîäà P = 3d.709784, à â îñòàëüíûõ ñòîëáöàõ

îïðåäåëåííûå íàìè ïàðàìåòðû (ýêâèâàëåíòíàÿ øèðèíà è ëó÷åâàÿ ñêîðîñòü)

ðàçëè÷íûõ ñïåêòðàëüíûõ ëèíèé. Ïðè âû÷èñëåíèè ôàçû äëÿ íà÷àëüíîé ýïîõè

ïðèíèìàëîñü çíà÷åíèå JD0 = 2441818.64, êàê â ðàáîòå [7].

3. ÐÅÇÓËÜÒÀÒÛ È ÎÁÑÓÆÄÅÍÈß

Ïåðåìåííîñòü ñïåêòðàëüíûõ ëèíèé.Îäíîé èç çàäà÷ äàííîé ðàáîòû

áûëî èññëåäîâàíèå ïåðåìåííîñòè ñïåêòðàëüíûõ ëèíèé. Ñ ýòîé öåëüþ áûëè

ïîñòðîåíû ïðîôèëè ëèíèé, ïîëó÷åííûå â ðàçëè÷íûå íî÷è, è âûÿâèëè ïåðå-

ìåííîñòü ýòèõ ïðîôèëåé. Âûÿâëåíî, ÷òî ïðîôèëè ëèíèé Hα ïîëó÷åííûå â

ðàçíûå íî÷è îòëè÷àþòñÿ äðóã îò äðóãà. Ïðîôèëü ýòîé ëèíèè äîâîëüíî ñëîæ-

íûé. Â íåêîòîðûõ ñëó÷àÿõ íàáëþäàþòñÿ óçêèå àáñîðáöèîííûå êîìïîíåíòû â

ÿäðå ýòîé ëèíèè. Ïðèñóòñòâèå ýòèõ ëèíèé â ñïåêòðå äàííîé çâåçäû, ñêîðåå

âñåãî, îáóñëîâëåíî íàëè÷èåì îáîëî÷êè âîêðóã ãëàâíîé êîìïîíåíòû. Êðûëüÿ

ëèíèé Hα è Hβ ÿâëÿþòñÿ àñèììåòðè÷íûìè.

Ñ öåëüþ âûÿñíåíèÿ õàðàêòåðà ïåðåìåííîñòè ïðîôèëåé ëèíèè áûëî ïî-

ëó÷åíî 10 ýøåëëå-ñïåêòðîãðàìì â òå÷åíèå äâóõ íî÷åé (21/22.07.2011 è 03

/04.09.2011, ïî 5 ýøåëëå-ñïåêòðîãðàìì â êàæäóþ íî÷ü) èññëåäóåìîé çâåçäû,

ïðè ôàçå îðáèòàëüíîãî ïåðèîäà îò 0.002 äî 0.173. Â òå÷åíèå ïåðâîé íî÷è

(21/22.07.2011) íàìè îáíàðóæåíî ïîÿâëåíèå äèñêðåòíûõ àáñîðáöèîííûõ êîì-

ïîíåíò (ÄÀÊ) â ÿäðå ëèíèè Hα, (ðèñ.1) îòìå÷åííûå ñòðåëêàìè íà ðèñ.1.

Ëèíèè ÄÀÊ êàê îáû÷íî â áîëüøèíñòâå ñëó÷àÿõ íàáëþäàþòñÿ â ÓÔ ñïåê-

òðàõ ãîðÿ÷èõ çâåçä [8, 9]. Îòìåòèì, ÷òî ëèíè ÄÀÊ ÿâëÿþòñÿ äîñòàòî÷íî óç-

êèìè è â ñïåêòðàõ çâåçä ñ íèçêèì ñïåêòðàëüíûì ðàçðåøåíèåì ìîãóò áûòü íå

îáíàðóæåíû. Ëèíèè ÄÀÊ èíîãäà íàáëþäàþòñÿ â ëèíèÿõ ñ íèçêèìè è ñðåä-

íèìè ïîòåíöèàëàìè èîíèçàöèè â îïòè÷åñêîé [10] è ÓÔ îáëàñòè ñïåêòðà [11].

12



AJAz: 2016, 11(3), 10-19 Ñïåêòðîñêîïè÷åñêèå èññëåäîâàíèÿ HD 206 267

Òàáëèöà 1. Îïðåäåëåííûå íàìè ëó÷åâûå ñêîðîñòè è ýêâèâàëåíòíûå øèðèíû

ëèíèé ïî ýøåëëå-ñïåêòðî-ãðàììàì çâåçäû HD 206267.

JD2450000+.. φ
Hα Hβ HeI 5875.618 HeII 5411.52

Vr km/s
Wλ

�A
Vr km/s

Wλ

�A
Vr km/s

Wλ

�A
Vr km/s

Wλ

�A

5745.388 0.06 −66.12 2.00 −42.99 1.55 10.71 0.76 −62.58 5745.388

5749.379 0.14 −42.15 2.29 −13.42 1.57 12.34 0.72 −14.96 5749.379

5757.342 0.28 19.63 1.80 59.96 1.28 30.66 0.73 58.44 5757.342

5762.360 0.63 −65.99 2.26 −49.62 1.71 3.89 0.62 −26.59 5762.360

5764.319 0.16 −49.31 1.95 −21.56 1.45 4.60 0.65 7.98 5764.319

5764.340 0.17 −41.47 2.09 −34.16 1.50 2.52 0.70 5.85 5764.340

5764.366 0.17 −46.85 1.94 −23.53 1.31 5.42 0.64 20.50 5764.366

5768.409 0.26 9.89 1.76 22.91 1.43 24.48 0.60 55.09 5768.409

5769.416 0.54 −29.11 2.30 10.82 1.29 18.42 0.61 48.68 5769.416

5771.341 0.06 −62.53 2.22 −42.99 1.31 14.27 0.58 −61.97 5771.341

5771.364 0.06 −65.39 1.99 −50.49 1.21 5.10 0.61 −52.42 5771.364

5807.228 0.73 −95.02 2.07 −88.28 1.26 −1.77 0.56 −90.64 5807.228

5807.251 0.74 −97.23 2.10 −74.90 1.15 −8.48 0.67 −93.05 5807.251

5807.262 0.74 −91.72 2.21 −75.67 1.29 −7.94 0.62 −76.10 5807.262

6850.318 0.90 −116.48 1.76 −113.86 1.39 5.88 0.67 −80.29 6850.318

6855.154 0.21 −10.04 1.85 16.44 1.60 22.06 0.64 67.31 6855.154

6874.157 0.33 54.64 1.87 65.01 1.61 30.01 0.69 78.13 6874.157

6874.179 0.33 51.26 1.80 69.08 1.41 30.75 0.67 74.66 6874.179

6874.201 0.34 58.18 1.88 58.92 1.50 25.22 0.69 75.49 6874.201

6875.167 0.60 −70.95 2.42 42.35 1.6 10.31 0.83 −59.09 6875.167

6876.185 0.87 −121.93 1.96 −128.66 1.42 −8.94 0.72 −82.43 6876.185

6877.165 0.14 −28.76 2.25 −27.16 1.68 10.44 0.62 −17.65 6877.165

6878.192 0.41 51.36 1.86 55.43 1.53 23.63 0.69 82.37 6878.192

6891.130 0.90 −109.09 1.95 −102.64 1.29 15.46 0.90 −75.41 6891.130

6892.152 0.18 −43.32 2.16 18.11 1.50 25.23 0.85 25.57 6892.152

6893.162 0.45 29.75 2.10 64.07 1.64 29.85 0.90 70.37 6893.162
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Ðèñ. 1. Ëèíè ÄÀÊ â ÿäðå ëèíèè Hα, îòìå÷åííûå ñòðåëêîé.

Ýòè ëèíèè îáû÷íî íàáëþäàþòñÿ â ëèíèÿõ Áàëüìåðîâñêîé ñåðèè âîäîðîäà ñ

áîëüøèìè íîìåðàìè (9 < n < 15). Âïåðâûå â ðàáîòå [12] ñîîáùåíî îá îáíàðó-

æåíèè ëèíèé ÄÀÊ â ëèíè Íα. Àâòîðû ðàáîòû [13] ñîîáùèëè îá îáíàðóæåíèè

ëèíèé ÄÀÊ â ëèíèè Íα â ñïåêòðå çâåçäû HD 922207.

Ñîãëàñíî ñîâðåìåííûì òåîðåòè÷åñêèì ïðåäñòàâëåíèÿì ïîÿâëåíèå ëèíèé

ÄÀÊ â ñïåêòðå çâåçäû ìîæåò áûòü îáúÿñíåíî îáðàçîâàíèåì è äâèæåíèåì

òàê íàçûâàåìûõ CIR (co rotating interacting regions) â îáîëî÷êå îêðóæàþùåé

ãëàâíóþ çâåçäó.

Àñèììåòðèÿ ïðîôèëåé ëèíèé Hα è Hβ. Èññëåäîâàëè àñèììåòðèþ ëè-

íèé Hα è Hβ ïî ïÿòè ýùåëëå-ñïåêòðîãðàììàì, ïîëó÷åííûå â ïåðâóþ íî÷ü

(21/22.07.2011). Ïðè÷èíîé âûáîðà ýòîé íî÷è ÿâëÿåòñÿ ôàêò îáíàðóæåíèÿ

ÄÀÊ â ÿäðå ëèíèè Hα â òå÷åíèå ýòîé íî÷è. Äëÿ íàñ áûëî èíòåðåñíî âîç-

ìîæíîå îòðàæåíèå ýòîãî ôàêòà â ïðîôèëÿõ ëèíèé Hα è Hβ . Ñ öåëüþ èñ-

ñëåäîâàíèÿ àñèììåòðèè ëèíèé Hα è Hβ ïîñòðîåíû áèññåêòðèñû ýòèõ ëèíèé.

Íà ðèñ.2 è ðèñ.3 ïîêàçàíû ïîñòðîåííûå íàìè áèññåêòðèñû ëèíèé Hα è Hβ .

Êàê âèäíî èç ýòèõ ðèñóíêîâ äëÿ ëèíèé Hα è Hβ íàáëþäàåòñÿ ïðîòèâîïîëîæ-

íàÿ àñèììåòðèÿ, ò.å. êîãäà ëèíèÿ Hα àñèììåòðè÷íà ñ ôèîëåòîâîé ñòîðîíû,

òî ëèíèÿ Hβ àñèììåòðè÷íà ñ êðàñíîé ñòîðîíû è íàîáîðîò. Àñèììåòðèÿ îáî-

èõ ëèíèé â îñíîâíîì íàáëþäàåòñÿ ïðè çíà÷åíèÿõ îñòàòî÷íîé èíòåíñèâíîñòè

áîëüøå 0.90 (êðûëüÿ ëèíèé). Íèæå çíà÷åíèé îñòàòî÷íîé èíòåíñèâíîñòè 0.90

(ÿäðî ëèíèé) ïðîôèëè îáîèõ ëèíèé ïðèáëèçèòåëüíî ñèììåòðè÷íû.
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Ðèñ. 2. Áèññåêòðèñû ëèíèè Hα. Äëÿ êàæäîãî ïðîôèëÿ óêàçàíû ñîîòâåòñòâóþ-

ùèå ôàçû îðáèòàëüíîãî P = 3.709784 äíåâíîãî ïåðèîäà.

Ðèñ. 3. Áèññåêòðèñû ëèíèè Hβ . Äëÿ êàæäîãî ïðîôèëÿ óêàçàíû ñîîòâåòñòâóþ-

ùèå ôàçû îðáèòàëüíîãî P = 3.709784 äíåâíîãî ïåðèîäà.
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Êðèâûå ëó÷åâûõ ñêîðîñòåé. Èñïîëüçóÿ èçìåðåííûå íàìè ëó÷åâûå ñêî-

ðîñòè (òàáë.1) ïîñòðîèëè êðèâûå ëó÷åâûõ ñêîðîñòåé ïî ëèíèÿì Hα, Hβ , HeI

5875.618, HeII 5411.52, ò.å. çàâèñèìîñòü ëó÷åâûõ ñêîðîñòåé ýòèõ ëèíèé îò ôà-

çû 3.709784 äíåâíîãî îðáòàëüíîãî ïåðèîäà (ðèñ.4). Íà÷àëüíîé ýïîõîé ïðè-

íÿëè ðàâíîé JD0 = 2441818.64 êàê â ðàáîòå [7]. Íà ðèñ.5 ïîêàçàíû çàâè-

ñèìîñòè ýêâèâàëåíòíûõ øèðèí ëèíèé Hα, Hβ , HeI 5875.618, HeII 5411.52, îò

ôàçû 3.709784 äíåâíîãî îðáèòàëüíîãî ïåðèîäà. Ñîãëàñíî [4] ëó÷åâàÿ ñêîðîñòü

ãëàâíîé êîìïîíåíòû èçìåíÿåòñÿ â ïðåäåëàõ ±80êì/ñ ïî âîäîðîäíûì è HeII

ëèíèÿì. Íà ðèñ.6 âèäíî, ÷òî ëó÷åâàÿ ñêîðîñòü ãëàâíîé êîìïîíåíòû èçìåíÿ-

åòñÿ ïðèáëèçèòåëüíî îò +80 êì/ñ äî −110 êì/ñ ïî ëèíèÿì Hα, Hβ , îò +60

êì/ñ äî −100 êì/ñ ïî ëèíèè HeII 5411.52 è îò +30 êì/ñ äî −10 êì/ñ ïî ëè-

íèè HeI 5875.618. Ñëåäîâàòåëüíî, àìïëèòóäà èçìåíåíèé ëó÷åâûõ ñêîðîñòåé

ãëàâíîé êîìïîíåíòû íå î÷åíü ñèëüíî îòëè÷àåòñÿ ïî ëèíèÿì Hα, Hβ , HeII

5411.52, îäíàêî ïî ëèíèè HeI 5875.618 ïîëó÷àåòñÿ çíà÷èòåëüíî ìåíüøàÿ àì-

ïëèòóäà.Ýòîò íàáëþäàòåëüíûé ôàêò ìîæåò áûòü ñâÿçàíî ñ òåì, ÷òî ðàçëè÷-

íûå ëèíèè ôîðìèðóþòñÿ â ðàçíûõ îáëàñòÿõ îáîëî÷êè îêðóæàþùåé ãëàâíóþ

çâåçäó. Èç ñðàâíåíèÿ ðèñ.4 è ðèñ.5 ìîæåì çàêëþ÷èòü: ëó÷åâàÿ ñêîðîñòü è

ýêâèâàëåíòíàÿ øèðèíà ëèíèè Hα èçìåíÿþòñÿ â ïðîòèâîôàçå, ýêâèâàëåíòíàÿ

øèðèíà ëèíèé Hβ è HeI 5875.618 íå çàâèñèò îò ôàçû îðáèòàëüíîãî ïåðèî-

äà, ëó÷åâàÿ ñêîðîñòü è ýêâèâàëåíòíàÿ øèðèíà ëèíèè HeII 5411.52 ìåíÿþòñÿ

ñèíõðîííî.

4. ÎÑÍÎÂÍÛÅ ÂÛÂÎÄÛ

Èç íàøèõ ñïåêòðàëüíûõ èññëåäîâàíèé ñïåêòðàëüíî-äâîéíîé çâåçäû

HD206267 âïåðâûå áûëè ïîëó÷åíû ñëåäóþùèå ðåçóëüòàòû:

1. Âûÿâëåíî ëèíèè ÄÀÊ â ÿäðå ëèíèè Hα. Îòìåòèì, ÷òî ëèíèè ÄÀÊ êàê

îáû÷íî íàáëþäàþòñÿ â ÓÔ ñïåêòðàõ ãîðÿ÷èõ çâåçä. Òîëüêî ó íåñêîëü-

êèõ çâåçä ëèíèè ÄÀÊ îáíàðóæåíû â ëèíèè Hα. Ëèíèè ÄÀÊ â ÿäðå

ëèíèè Hα â ñïåêòðå çâåçäû HD 206267 îáíàðóæåíà íàìè âïåðâûå.

2. Ïî íàøèì èññëåäîâàíèÿì íå íàéäåí ñïåêòðàëüíûé ïðèçíàê (íàïðèìåð

ñèëüíàÿ ýìèññèÿ) ñîãëàñíî êîòîðîìó ýòó çâåçäó ìîæíî îòîæäåñòâèòü ñ

èñòî÷íèêîì ðåíòãåíîâñêîãî èçëó÷åíèÿ Cep X-4.

3. Âûÿâëåíà àñèììåòðèÿ ëèíèé Hα è Hβ è èçìåíåíèå ýòèõ àñèììåòðèé ñ

òå÷åíèåì âðåìåíè (ïðèìåðíî îäíîãî ÷àñà). Îòìåòèì, ÷òî äëÿ ëèíèé Hα

è Hβ îáíàðóæåíà ïðîòèâîïîëîæíàÿ àñèììåòðèÿ, ò.å. êîãäà ëèíèÿ Hα

àñèììåòðè÷íà ñ ôèîëåòîâîé ñòîðîíû, ëèíèÿ Hβ àñèììåòðè÷íà ñ êðàñ-

íîé ñòîðîíû è íàîáîðîò.
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Ðèñ. 4. Êðèâûå ëó÷åâûõ ñêîðîñòåé, ïîñòðîåííûå ïî ëèíèÿì Hα (à), Hβ (â), HeI

5875.618 (c) è HeII 5411.52(d).

Ðèñ. 5. Çàâèñèìîñòü ýêâèâàëåíòíûõ øèðèí ëèíèé Hα (à), Hβ (â), HeI 5875.618

(c), HeII 5411.52 (d) îò ôàçû îðáèòàëüíîãî Ð=3.709784 äíåâíîãî ïåðèîäà.

4. Ëó÷åâàÿ ñêîðîñòü ãëàâíîé êîìïîíåíòû èçìåíÿåòñÿ ïðèáëèçèòåëüíî îò

+80 êì/ñ äî -110 êì/ñ ïî ëèíèÿì Hα, Hβ , îò +60 êì/ñ äî -100 êì/ñ ïî

ëèíèè HeII 5411.52 è îò +30 êì/ñ äî -10 êì/ñ ïî ëèíèè HeI 5875.618.

Àìïëèòóäà èçìåíåíèé ëó÷åâûõ ñêîðîñòåé ãëàâíîé êîìïîíåíòû íå î÷åíü

ñèëüíî îòëè÷àåòñÿ ïî ëèíèÿì Hα, Hβ , HeII 5411.52, îäíàêî ïî ëèíèè HeI

5875.618 ïîëó÷àåòñÿ çíà÷èòåëüíî ìåíüøàÿ àìïëèòóäà. Ýòîãî íàáëþäà-
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òåëüíîãî ôàêòà ìîæíî èíòåðïðåòèðîâàòü ôîðìèðîâàíèåì ðàçëè÷íûõ

ëèíèé â ðàçíûõ îáëàñòÿõ îáîëî÷êè, îêðóæàþùåé ãëàâíóþ çâåçäó.

5. Ëó÷åâàÿ ñêîðîñòü è ýêâèâàëåíòíàÿ øèðèíà ëèíèèHα èçìåíÿþòñÿ â ïðî-

òèâîôàçå, ýêâèâàëåíòíàÿ øèðèíà ëèíèé Hβ è HeI 5875.618 íå çàâèñèò îò

ôàçû îðáèòàëüíîãî ïåðèîäà, ëó÷åâàÿ ñêîðîñòü è ýêâèâàëåíòíàÿ øèðèíà

ëèíèè HeII 5411.52 ìåíÿþòñÿ ñèíõðîííî.

6. Îòìåòèì, ÷òî ôîòîìåòðè÷åñêèå íàáëþäåíèÿ ýòîé çâåçäû ê íàñòîÿùåìó

âðåìåíè íå ïðîâåäåíû. Ïðîâåäåíèå ýòèõ íàáëþäåíèé ÿâëÿåòñÿ êðàéíå

íåîáõîäèìûì äëÿ óòî÷íåíèÿ çíà÷åíèé ïàðàìåòðîâ îðáèò ýòîé äâîéíîé

ñèñòåìû.
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ÐÎËÜ ÌÀÃÍÈÒÍÎÃÎ ÏÎËß Â ÀÒÌÎÑÔÅÐÀÕ

ÑÐ ÇÂÅÇÄ

Ñ. Ã. Àëèåâ*, Â. Ì. Õàëèëîâ

Shamakhy Astrophysical Observatory named after N.Tusi,

Azerbaijan National Academy of Sciences, Baku, Azerbaijan

Ðåçþìå. Èçó÷åíû âëèÿíèÿ ìàãíèòíîãî ïîëÿ íà âîçíèêàþùèå íàáëþäà-

åìûå àíîìàëèè â àòìîñôåðàõ ìàãíèòíûõ õèìè÷åñêè ïåêóëÿðíûõ çâåçä

(ÌÑÐ- çâåçä). Âûÿâëåíî, ÷òî ìàãíèòíîå ïîëå ïîñðåäñòâîì çååìàíîâñêèõ

ðàñùåïëåíèé ëèíèé óâåëè÷èâàåò íåïðîçðà÷íîñòü àòìîñôåðû. Ïîëó÷åíî,

÷òî ìàãíèòíîå ïîëå èçìåíÿåò ñòðóêòóðó àòìîñôåðû, âñëåäñòâèå ÷åãî

èçìåíÿåòñÿ ðàñïðåäåëåíèå ôèçè÷åñêèõ ïàðàìåòðîâ ñ ãëóáèíîé. Ñ ðîñòîì

íàïðÿæåííîñòè ìàãíèòíîãî ïîëÿ èçìåíÿåòñÿ íåïðåðûâíûé ñïåêòð è óìåíü-

øàåòñÿ çíà÷åíèå áàëüìåðîâñêîãî ñêà÷êà ïî ñðàâíåíèþ ñ íîðìàëüíûìè

çâåçäàìè òîé æå òåìïåðàòóðû.

Êëþ÷åâûå ñëîâà: Ìàãíèòíûå çâåçäû � Ñòðóêòóðà àòìîñôåðû ÌÑÐ-çâåçä

� Ìàãíèòíîå ïîëå

Èçâåñòíî, ÷òî ìàãíèòíîå ïîëå âî Âñåëåííîé ñóùåñòâóåò âåçäå è â îïðåäå-

ëåííîé ñòåïåíè îïðåäåëÿåò ìíîãèå ôèçè÷åñêèå ïðîöåññû è èãðàåò â íèõ î÷åíü

âàæíóþ ðîëü. Ðåçóëüòàòû ìíîãî÷èñëåííûõ ðàáîò ïîêàçûâàþò, ÷òî ñèëüíûå

óïîðÿäî÷åííûå ìàãíèòíûå ïîëÿ áûëè îáíàðóæåíû â îñíîâíîì, ó õèìè÷åñêè

ïåêóëÿðíûõ (ÑÐ) çâåçä. Ïî ñîâðåìåííûì ïðåäñòàâëåíèÿì ÑÐ - çâåçäû ìî-

ãóò áûòü ðàçäåëåíû íà äâå ãðóïïû: çâåçäû ñ ñèëüíûìè ìàãíèòíûìè ïîëÿìè

è çâåçäû ñî ñëàáûìè ìàãíèòíûìè ïîëÿìè (Âå ≤ 200Ãñ). Â äàííîé ðàáîòå

ïðåäñòàâëåíû èññëåäîâàíèÿ çâåçä, ïðèíàäëåæàùèõ ê ïåðâîé ãðóïïå çâåçä,

ò.å. çâåçäàì ñ ñèëüíûìè ìàãíèòíûìè ïîëÿìè.

Íåñìîòðÿ íà íàáëþäàåìûå ïåêóëÿðíûå îñîáåííîñòè, ãëîáàëüíûå õàðàê-

òåðèñòèêè ÌÑÐ- çâåçä, òàêèå êàê ðàñïðåäåëåíèå ýíåðãèè â ñïåêòðå, ôîòî-

ìåòðè÷åñêèå èíäåêñû, èíòåíñèâíîñòè ëèíèè âîäîðîäà è íåêîòîðûõ õèìè÷å-

ñêèõ ýëåìåíòîâ íå ñèëüíî îòëè÷àþòñÿ îò ñîîòâåòñòâóþùèõ õàðàêòåðèñòèê

íîðìàëüíûõ çâåçä òîãî æå ñïåêòðàëüíîãî êëàññà. Ýòî îáñòîÿòåëüñòâî ïðèâå-

ëî ê òîìó, ÷òî â áîëüøèíñòâå ðàáîò áûëè èñïîëüçîâàíû õîðîøî èçâåñòíûå

* E-mail: sabirshao5@gmail.com
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ìåòîäû, ðàçðàáîòàííûå äëÿ àòìîñôåð íîðìàëüíûõ çâåçä - áåç ó÷åòà ýôôåêòà

ïåêóëÿðíîñòè.

Â ñâÿçè ñ öåëüþ äàííîé ðàáîòû íàìè áûëè îïðåäåëåíû ïÿòíèñòûå ñòðóê-

òóðû íà ïîâåðõíîñòè èññëåäóåìûõ ÌÑÐ- çâåçä. Äëÿ ýòîãî áûëè ïîñòðîåíû

ôàçîâûå çàâèñèìîñòè ëó÷åâûõ ñêîðîñòåé, èíòåíñèâíîñòåé ëèíèè ïåêóëÿðíûõ

ýëåìåíòîâ, ìàãíèòíîãî ïîëÿ è áëåñêà. Ñ ïîìîùüþ ñîïîñòàâëåíèÿ ôàçîâûõ

êðèâûõ è ñîãëàñíî òåîðèè íàêëîííîãî ðîòàòîðà áûëè îïðåäåëåíû ôàçû, êî-

òîðûå ñîîòâåòñòâóþò íàèáîëåå ïåêóëÿðíûì (Ð) è îòíîñèòåëüíî íîðìàëüíûì

(N) îáëàñòÿì íà ïîâåðõíîñòè ìàãíèòíûõ çâåçä. Áëàãîäàðÿ ýòîìó íàì óäàëîñü

îïðåäåëèòü ýôôåêòèâíûå òåìïåðàòóðû (Òå) äëÿ ïåêóëÿðíîé è íîðìàëüíîé

îáëàñòè ïî íàáëþäàåìûì ïðîôèëÿì âîäîðîäíûõ ëèíèé, êîòîðûå áûëè ïî-

ëó÷åíû â ôàçàõ ñîîòâåòñòâóþùèõ ïåêóëÿðíûì è íîðìàëüíûì îáëàñòÿì íà

ïîâåðõíîñòè ÌÑÐ- çâåçä.

Ñðåäè ìíîãèõ àíîìàëüíûõ ÿâëåíèé íàèáîëåå îáùèìè è îñíîâíûìè óäè-

âèòåëüíûìè (ïåêóëÿðíûìè) ñâîéñòâàìè ìàãíèòíûõ õèìè÷åñêè ïåêóëÿðíûõ

(ÌÑÐ) çâåçä ÿâëÿþòñÿ íàëè÷èå ìîùíîãî ìàãíèòíîãî ïîëÿ (íåñêîëüêî êÃñ),

ñèëüíûå àíîìàëèè õèìè÷åñêîãî ñîñòàâà è îòíîñèòåëüíî ìàëûå (â 2-4 ðàçà)

ñêîðîñòè îñåâîãî âðàùåíèÿ. Ïðàêòè÷åñêè âñå ÌÑÐ- çâåçäû ÿâëÿþòñÿ ôîòî-

ìåòðè÷åñêèìè, ñïåêòðàëüíûìè è ìàãíèòíûìè ïåðåìåííûìè ñ îäíèì è òåì

æå ïåðèîäîì, êîòîðûé ÿâëÿåòñÿ ïåðèîäîì âðàùåíèå çâåçäû.

Ðàñïðåäåëåíèå õèìè÷åñêèõ àíîìàëèé è ìàãíèòíîãî ïîëÿ ïî ïîâåðõíîñòè

è ïî ãëóáèíå àòìîñôåðû ÿâëÿåòñÿ íå ðàâíîìåðíî è íîñèò ëîêàëüíûé õàðàê-

òåð (â âèäå ïÿòíà) [1]. Ðåçóëüòàòû êîìïëåêñíûõ � ñïåêòðàëüíûõ, ìàãíèòíûõ

è ôîòîìåòðè÷åñêèõ èññëåäîâàíèé ïîêàçàëè, ÷òî íàëè÷èå ñèëüíûõ àíîìàëèé

õèìè÷åñêîãî ñîñòàâà è ìîùíîãî ìàãíèòíîãî ïîëÿ (íåñêîëüêî êÃñ) - ýôôåê-

òà ïåêóëÿðíîñòè, ïðèâîäÿò ê èçìåíåíèþ ñòðóêòóðû è ôèçè÷åñêèõ óñëîâèé â

àòìîñôåðàõ ìàãíèòíûõ çâåçä.

Ïîíÿòèå ýôôåêòà ïåêóëÿðíîñòè ðàíåå óïîòðåáëÿëîñü êàê ýôôåêò ïÿòíè-

ñòîñòè. Äåëî â òîì, ÷òî ðàñïðåäåëåíèÿ õèìè÷åñêèõ àíîìàëèé è ìàãíèòíîãî

ïîëÿ ïî ïîâåðõíîñòè ÌÑÐ- çâåçä íîñÿò ïÿòíèñòûé (ëîêàëüíûé) õàðàêòåð. Îä-

íàêî ýòè ïÿòíèñòûå îáëàñòè ñóùåñòâåííî îòëè÷àþòñÿ îò Ñîëíå÷íûõ ïÿòåí.

Â îòëè÷èå îò Cîëíå÷íûõ ïÿòåí, ðàçìåð ïÿòíèñòîé îáëàñòè íà ïîâåðõíîñòè

ÌÑÐ- çâåçäû ñîñòàâëÿåò ïðèìåðíî 15 − 20%-ïîâåðõíîñòè çâåçäû. Òåìïåðà-

òóðû â ïÿòíàõ â ñðåäíåì íà 1000Ê è ñîäåðæàíèå ïåêóëÿðíûõ ýëåìåíòîâ íà

2-4 ïîðÿäêà áîëüøå ÷åì â îêðóæàþùåé îáëàñòè àòìîñôåðû çâåçäû, ñîîòâåò-

ñòâåííî. ×òîáû îòëè÷èòü çâåçäíûå ïÿòíà îò ñîëíå÷íûõ, âìåñòî ýôôåêòà ïÿò-

íèñòîñòè öåëåñîîáðàçíî óïîòðåáëÿòü òåðìèí ýôôåêò ïåêóëÿðíîñòè- ýôôåêò

êîòîðûé âîçíèêàåò èç - çà ìàãíèòíîãî ïîëÿ è àíîìàëèé õèìè÷åñêîãî ñîñòàâà,

êîòîðûå õàðàêòåðíû â ïÿòíèñòîé îáëàñòè íà ïîâåðõíîñòè ÌÑÐ- çâåçä.
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Ó ìàãíèòíûõ ÑÐ- çâåçä íàáëþäàþòñÿ áîëüøîå êîëè÷åñòâî ðàçëè÷íûõ àíî-

ìàëèé, êîòîðûå âûçâàíû ìíîãèìè ïðè÷èíàìè [1,2] â òîì ÷èñëå è ýôôåêòîì

ïåêóëÿðíîñòè. Ñðåäè îáùèõ è òèïè÷íûõ àíîìàëèè - óìåíüøåííûé áàëüìå-

ðîâñêèé ñêà÷îê, óâåëè÷åíèå ýôôåêòèâíûõ òåìïåðàòóð èç-çà ýôôåêòà áëàí-

êåòèðîâàíèå â ïÿòíèñòûõ îáëàñòÿõ, íàëè÷èå â íåïðåðûâíûõ ñïåêòðàõ øèðî-

êèõ äåïðåññèé (àáñîðáöèîííûõ ïîëîñ) â îáëàñòè λ5200À, ìàãíèòíîå óñèëåíèå

ðàçëè÷íûõ õèìè÷åñêèõ (ïåêóëÿðíûõ) ýëåìåíòîâ (Ìn, Si, Cr, Sr, Eu è äð.).

Ýôôåêò ïåêóëÿðíîñòè (ïÿòíèñòîñòè) íåïîñðåäñòâåííî âëèÿåò íà ôèçè÷åñêèå

ïðîöåññû, ôîðìèðîâàíèÿ ñïåêòðàëüíûõ ëèíèé è íåïðåðûâíûõ ñïåêòðîâ

Ðåçóëüòàòû âûøå óêàçàííûõ íàáëþäàòåëüíûõ ôàêòîâ è áîëüøîãî êîëè÷å-

ñòâà ðàáîò, â òîì ÷èñëå è [2-4] ïîêàçûâàþò, ÷òî èìåþòñÿ áîëüøèå ðàçëè÷èÿ â

ñòðóêòóðå àòìîñôåð ìàãíèòíûõ è íåìàãíèòíûõ çâåçä. Íèæå ïðèâîäÿòñÿ íåêî-

òîðûå îñíîâíûå àíîìàëüíûå ýôôåêòû, êîòîðûå âîçíèêàþò íåïîñðåäñòâåííî

èç-çà ñèëüíîãî ìàãíèòíîãî ïîëÿ â àòìîñôåðàõ ìàãíèòíûõ ÑÐ-çâåçä.

1. Ìàãíèòíîå ïîëå ïîñðåäñòâîì çååìàíîâñêîãî ðàñùåïëåíèÿ ìíîãî÷èñëåí-

íûõ ëèíèé, îñîáåííî ëèíèé ñ áîëüøèì ôàêòîðîì Ëàíäå, óâåëè÷èâàåò

íåïðîçðà÷íîñòü àòìîñôåðû. Ýòî ïðèâîäèò ê äîïîëíèòåëüíîìó ïîãëî-

ùåíèþ ýíåðãèè, êàê â ÷àñòîòàõ êîíòèíóóìà òàê è â ëèíèÿõ, âñëåäñòâèå

÷åãî âîçíèêàåò äîïîëíèòåëüíûé ýôôåêò áëàíêåòèðîâàíèÿ, ïðèìåðíî íà

15-20

2. Ìàãíèòíîå ïîëå èçìåíÿåòñÿ ñ âûñîòîé àòìîñôåðû è ñîîòâåòñòâåííî èç-

ìåíÿåòñÿ ãèäðîñòàòè÷åñêîå ðàâíîâåñèå, âñëåäñòâèå ÷åãî èçìåíÿåòñÿ ðàñ-

ïðåäåëåíèå òåìïåðàòóðû, äàâëåíèÿ è ïëîòíîñòè ñ ãëóáèíîé. Â ðàáîòå

[4] óêàçàíî, ÷òî ïðè îäèíàêîâîé òåìïåðàòóðå â ìàãíèòíûõ çâåçäàõ ãàçî-

âîå äàâëåíèå ìåíüøå, òàê êàê ìàãíèòíîå ïîëå ïîäàâëÿåò êîíâåêöèþ è

äîïîëíèòåëüíî ïîääåðæèâàåò ñëîè àòìîñôåðû, îñîáåííî, â ïÿòíèñòûõ

(ïåêóëÿðíûõ) îáëàñòÿõ. Îäíàêî, âäîëü ñèëîâûõ ëèíèé ìàãíèòíîå ïîëå

(Âå) óâåëè÷èâàåò ìèêðîòóðáóëåíòíûå ñêîðîñòè ñîãëàñíî ôîðìóëå Vt =

1.4õ10-4 Âå, ãäå âåëè÷èíà Z- ôàêòîð Ëàíäå, à äëèíà âîëíû.

3. Ñ ðîñòîì ìàãíèòíîãî ïîëÿ è èç- çà ýôôåêòà Äîïëåðà íàñòóïàåò áëàíê-

òèðîâàíèå ãðóïïû êîìïîíåíò ìåæäó ñîáîé, ÷òî ïðèâîäèò ê ðàñøèðåíèþ

ëèíèè. Ñ íàñûùåíèåì ïîÿâëÿåòñÿ óâåëè÷åíèå åå èíòåíñèâíîñòè è øè-

ðèíû - ïðîèñõîäèò ìàãíèòíîå óñèëåíèå. Ìàãíèòíîå óñèëåíèå- ýòî óâå-

ëè÷åíèå øèðèíû è èíòåíñèâíîñòè ëèíèé â çàâèñèìîñòè îò õàðàêòåðà

ðàñùåïëåíèÿ (Z- ôàêòîð), îò âåëè÷èíû è íàïðàâëåíèÿ ìàãíèòíîãî ïîëÿ

è îò ïàðàìåòðîâ àòìîñôåðû çâåçäû.

4. Ðåçóëüòàòû ôîòîìåòðè÷åñêèõ íàáëþäåíèé ïîêàçàëè, ÷òî ðàñïðåäåëåíèå

ýíåðãèè â íåïðåðûâíîì ñïåêòðå ìàãíèòíûõ çâåçä àíîìàëüíî ïî ñðàâíå-
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íèþ ñ íîðìàëüíûìè çâåçäàìè. Ñ öåëüþ âûÿâëåíèå âëèÿíèå ìàãíèòíîãî

ïîëÿ íà àíîìàëüíîñòè íåïðåðûâíîãî ñïåêòðà è, ñëåäîâàòåëüíî íà áàëü-

ìåðîâñêîãî ñêà÷êà (D) íàìè áûëè îïðåäåëåíû âåëè÷èíû D äëÿ ìàãíèò-

íûõ è íåìàãíèòíûõ (íîðìàëüíûõ) çâåçä. Äëÿ ýòîãî áûëè èñïîëüçîâà-

íû êîëîð-èíäåêñû (Â-V) è (U-B) â øèðîêîïîëîñíîé ñèñòåìå Äæîíñîíà

(UBV), ñ ïîìîùüþ êîòîðûõ áûëè âû÷èñëåíû çíà÷åíèÿ áàëüìåðîâñêèõ

ñêà÷êîâ äëÿ êàæäîé èç èññëåäóåìûõ çâåçä. Çàòåì áûëè âû÷èñëåíû ðàç-

íîñòü áàëüìåðîâñêîãî ñêà÷êà δD = Dn −Dm äëÿ íîðìàëüíûõ ( Dn) è

ìàãíèòíûõ ( Dm) çâåçä òîé æå òåìïåðàòóðû ( êàê ìåðà àíîìàëüíîñòè).

Áûëè ïîëó÷åíî, ÷òî áàëüìåðîâñêèå ñêà÷êè ó ìàãíèòíûõ çâåçä óìåíüøå-

íû ïðèìåðíî íà δD ≤ 0.06 ïî ñðàâíåíèþ ñ íîðìàëüíûìè çâåçäàìè òåõ

æå ñïåêòðàëüíûõ êëàññîâ.

Íà îñíîâàíèè âûøå óêàçàííûõ ôàêòîâ ìîæíî ñäåëàòü ñëåäóþùèå îñíîâ-

íûå âûâîäû:

1. Èç-çà ñèëüíîãî ìàãíèòíîãî ïîëÿ èçìåíÿåòñÿ ñòðóêòóðû àòìîñôåð â ïå-

êóëÿðíûõ (ïÿòíèñòûõ) îáëàñòÿõ íà ïîâåðõíîñòè ìàãíèòíûõ çâåçä.

2. Ìàãíèòíîå ïîëå ïîñðåäñòâîì çååìàíîâñêîãî ðàñùåïëåíèÿ ìíîãî÷èñëåí-

íûõ ëèíèé, îñîáåííî ëèíèé ñ áîëüøèì ôàêòîðîì Ëàíäå, óâåëè÷èâàåò

íåïðîçðà÷íîñòü àòìîñôåðû.

3. Èçìåíåíèå ìàãíèòíîãî ïîëÿ ñ âûñîòîé àòìîñôåðû ïðèâîäèò ê èçìå-

íåíèþ ãèäðîñòàòè÷åñêîãî ðàâíîâåñèÿ, âñëåäñòâèå ÷åãî èçìåíÿåòñÿ ðàñ-

ïðåäåëåíèå ïàðàìåòðîâ òåìïåðàòóðû, äàâëåíèÿ è ïëîòíîñòè (Ðg+Ðå) ñ

ãëóáèíîé.

4. Ìàãíèòíîå ïîëå ïðèâîäèò ê óìåíüøåíèþ áàëüìåðîâñêîãî ñêà÷êà, èç-çà

÷åãî âîçíèêàþò àíîìàëèè (δD ≤ 0.06 ) âåëè÷èí D â ïåêóëÿðíîé îáëàñòè

àòìîñôåðû ÌÑÐ- çâåçä.

Ñëåäóåò îòìåòèòü, ÷òî ïîëó÷åííûå àíîìàëüíûå ýôôåêòû âûçâàíû íå

òîëüêî ñ âëèÿíèåì ìàãíèòíîãî ïîëÿ, íî îíè ñâÿçàíû è ñ àíîìàëèÿìè õèìè-

÷åñêîãî ñîñòàâà íà ïîâåðõíîñòè ìàãíèòíûõ ÑÐ-çâåçä. Âëèÿíèå õèìè÷åñêîé

àíîìàëèè íà àòìîñôåðû çâåçäû è î âîçìîæíîé ñâÿçè ñ ìàãíèòíûì ïîëåì

áóäóò ïðåäñòàâëåíû â îòäåëüíîñòè.
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ÈÑÑËÅÄÎÂÀÍÈÅ ÑÏÅÊÒÐÀËÜÍÛÕ ËÈÍÈÉ
ÄÓÁËÅÒÀ ÍÀÒÐÈß NAD Â ÑÏÅÊÒÐÅ ÇÂÅÇÄÛ

HD161796 (F3 IB)

À. Ð. Ãàñàíîâà, À. Ì. Õàëèëîâ*, Ã. Ì. Ãàäæèåâà

Shamakhy Astrophysical Observatory named after N.Tusi,

Azerbaijan National Academy of Sciences, Baku, Azerbaijan

Íà îñíîâå ñïåêòðîãðàìì, ïîëó÷åííûõ íà 2-ì òåëåñêîïå Øàìàõèíñêîé

Àñòðîôèçè÷åñêîé Îáñåðâàòîðèè (ØÀÎ), èññëåäîâàíû èçìåíåíèÿ ïðîôè-

ëÿ ëèíèè äóáëåòà íàòðèÿ NaD â ñïåêòðå çâåçäû HD161796 (F3 Ib). Íàøè

èññëåäîâàíèÿ ïîêàçàëè, ÷òî çíà÷åíèÿ ëó÷åâîé ñêîðîñòè è ýêâèâàëåíòíàÿ

øèðèíà ïðîôèëÿ ëèíèè äóáëåòà íàòðèÿ NaD, ìåíÿþòñÿ ñî âðåìåíåì.

Èçìåíåíèÿ ëó÷åâîé ñêîðîñòè (Vr) ëèíèè D2 äóáëåòà íàòðèÿ (NaI, 5889.953
�A) ïðîèñõîäÿò â ïðîòèâîôàçå ñ èçìåíåíèÿìè âåëè÷èíû àìïëèòóäû êðè-

âîé áëåñêà V, êîòîðûå ïðîèñõîäÿò ñ ïåðèîäîì P=62 äíÿ, îáíàðóæåííûì

ðàíåå äðóãèì àâòîðîì. À èçìåíåíèå ýêâèâàëåíòíîé øèðèíà ïðîèñõîäèò

ñèíõðîííî ñ èçìåíåíèÿìè êðèâîé áëåñêà V.

Êëþ÷åâûå ñëîâà: Ðàäèàëüíûå ñêîðîñòè � Ëèíèé äóáëåòà íàòðèÿ � Ýêâè-

âàëåíòíûå øèðèíû.

1. ÂÂÅÄÅÍÈÅ

Êàê ïîêàçûâàþò íàáëþäåíèÿ, ñâåðõãèãàíòû, êëàññîâ ñâåòèìîñòè Ia � Ib,

îáíàðóæèâàþò ïåðåìåííîñòü áëåñêà, ëó÷åâûõ ñêîðîñòåé, äèôôåðåíöèàëüíûå

ñèñòåìàòè÷åñêèå ñìåùåíèÿ ëèíèé ðàçëè÷íûõ àòîìîâ è èîíîâ â èõ ñïåêòðàõ è

ïåðåìåííîñòü èíòåíñèâíîñòåé è êîíòóðîâ ñïåêòðàëüíûõ ëèíèé. Â ÷àñòíîñòè,

íåäîñòàòîê ñèñòåìàòè÷åñêèõ íàáëþäàòåëüíûõ äàííûõ íå ïîçâîëÿåò âûáðàòü

òîò èëè èíîé ìåõàíèçì ãåíåðàöèè ïóëüñàöèé è íåñòàöèîíàðíîñòè àòìîñôåð.

Â ñâÿçè ñ ýòèì ïðåäñòàâëÿåò áîëüøîé èíòåðåñ äåòàëüíîå èññëåäîâàíèå ïåðå-

ìåííîñòè ïðîôèëåé ëèíèé äóáëåòà íàòðèÿ NaD â ñïåêòðå ñâåðõãèãàíòà HD

161796, êàê ñî âðåìåíåì, òàê è ñ ãëóáèíîé.

* E-mail: xalilov1955@gmail.com
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Çâåçäà HD 161796 = V 8144 Her, ïî äàííûì èç Ôåðíè [1], ñïåêòðàëüíûé

êëàññ F3 Ib, mv = 7m.01, ÿâëÿåòñÿ ñàìûì ÿðêèì ïðèìåðîì çâåçäû òèïà UU

Herculis [2,3]. Àáñîëþòíàÿ çâåçäíàÿ âåëè÷èíà, ïî îöåíêàì ðàçíûõ àâòîðîâ,

íàõîäèòñÿ â èíòåðâàëå ìåæäó � 6m.3÷ � 9m4 [4]. Çâåçäà ðàñïîëîæåíà íà ãà-

ëàêòè÷åñêîé øèðîòå b = +30◦.66, ãàëàêòè÷åñêîé äîëãîòå l = 77◦.13 [5] è

íà ðàññòîÿíèè îò ãàëàêòè÷åñêîé ïëîñêîñòè z = 3.9êïê [6]. Âûñîêîøèðîòíûå

ñâåðõãèãàíòû èíòåðåñíû òåì, ÷òî íå ÿñíî, ÿâëÿþòñÿ ëè îíè ìîëîäûìè ìàñ-

ñèâíûìè ñâåðõãèãàíòàìè, êîòîðûå êàêèì-òî îáðàçîì äîñòèãëè áîëüøîãî ðàñ-

ñòîÿíèÿ îò Ãàëàêòè÷åñêîé ïëîñêîñòè, èëè ýòî ñòàðûå çâåçäû ìàëîé ìàññû.

HD161796 âåäåò ñåáÿ êàê ïóëüñèðóþùàÿ ïåðåìåííàÿ çâåçäà. Çâåçäà ñ íåðåãó-

ëÿðíîé è î÷åíü ìàëåíüêîé àìïëèòóäîé ìåíÿåò áëåñê, çíà÷åíèÿ ëó÷åâîé ñêîðî-

ñòè, èíòåíñèâíîñòü è âèä êîíòóðîâ ñïåêòðàëüíûõ ëèíèé è íåêîòîðûå äðóãèå

ïàðàìåòðû.

Â ðàáîòå Óåòà [7], íà îñíîâå ìàòåðèàëà IRAS äëÿ 100µm äèàïàçîíà è

êàðòû IRAS, ïîêàçûâàåòñÿ, ÷òî âîêðóã HD161796 èìååòñÿ îêîëîçâ¼çäíàÿ

ñôåðè÷åñêè-ñèììåòðè÷íàÿ îáîëî÷êà. Ýòà îáîëî÷êà ðàñïðîñòðàíÿåòñÿ ïðè-

áëèçèòåëüíî íà 400′′. Íà îñíîâå èçîáðàæåíèÿ îïðåäåëåíà ïîëíàÿ ñòðóêòóðà

îáîëî÷êè â ðàçëè÷íûå ýïîõè è ïîñòðîåíà ìîäåëü, â êîòîðîé îáîëî÷êà ñîñòîèò

èç òðåõ ñëîåâ, ïðåäñòàâëÿþùèõ ðàçëè÷íûå ýïîõè ïîòåðè ìàññû.

Íàèáîëåå óäàëåííûé ñëîé õîëîäíîé ïûëè (∼ 20K) ñîîòâåòñòâóåò ÷àñòè

îáîëî÷êè, ñîçäàííîé íà ñàìîé ðàííåé ñòàäèè ïîòåðè ìàññû AGB, êîãäà çâåçä-

íûé âåòåð áûë ñôåðè÷åñêè-ñèììåòðè÷íûì. Ýòà õîëîäíàÿ ñôåðè÷åñêàÿ îêî-

ëîçâ¼çäíàÿ îáîëî÷êà îáðàçîâàëàñü â ðåçóëüòàòå ïîòåðè ìàññû çâåçäû â ôàçå

AGB, ïðèìåðíî 2 × 105 ëåò íàçàä. Ñàìûé âíóòðåííèé ñëîé ïûëè - òåïëûé

è ñîîòâåòñòâóåò òîé ÷àñòè îáîëî÷êè, êîòîðàÿ îáðàçîâàëàñü â ðåçóëüòàòå ïðî-

èçîøåäøåé â ýêâàòîðèàëüíîé îáëàñòè îñåñèììåòðè÷íîé èëè òîðîèäàëüíîé

ïîòåðè ìàññû â êîíöå ôàçû AGB. Êðîìå òîãî, ñåðåäèíà ñëîÿ, çàìå÷åííîãî

â ïûëè, ñîîòâåòñòâóåò îäíîé ñïåöèôè÷íîé ýïîõå, âî âðåìÿ êîòîðîé ãåîìåò-

ðèÿ îáîëî÷êè ïðåîáðàçîâûâàåòñÿ îò ñôåðè÷åñêîé äî îñåñèììåòðè÷íîé (òîðî-

èäàëüíîé) ñèììåòðèè. Â ðàáîòå Ìåéêñíåð [8] ïîêàçûâàåòñÿ, ÷òî âíóòðåííÿÿ

ñòðóêòóðà îáîëî÷êè íåñôåðè÷åñêàÿ, ïðåäïîëàãàåòñÿ, ÷òî îíà ðàçâèëàñü â òå-

÷åíèå ïîñëåäíèõ 500 ëåò ïåðåä ïîòåðåé ìàññû è áûëà çàêîí÷åíà ïî÷òè 300

ëåò íàçàä.

Â ðàáîòå Ïàðòàñàðàòè [9], íà îñíîâå ôîòîìåòðè÷åñêèõ íàáëþäåíèé, ïî-

ëó÷åííûõ íà ÈÑÇ IRÀS íà äëèíàõ âîëí 12, 25, 60 è 100 ìêì, îáíàðóæåíû

çíà÷èòåëüíûå ÈÊ-èçáûòêè â äàëüíåì ÈÊ-äèàïàçîíå, ñâèäåòåëüñòâóþùèå î

ñóùåñòâîâàíèè ïûëåâûõ îáîëî÷åê âîêðóã ýòîé çâåçäû, ìàññîé ≥ 10−3M⊙.

Îòìå÷àåòñÿ, ÷òî HD 161796 äîñòàòî÷íî äàëåêî ïðîäâèíóëàñü ïî àñèìïòîòè-

÷åñêîé âåòâè ãèãàíòîâ íåïîñðåäñòâåííî ïåðåä îáðàçîâàíèåì ÏÏÒ (ïðîòîïëà-

íåòàðíîé òóìàííîñòè).
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Ïàðòàñàðàòè è äð. [10], íà îñíîâå ñïåêòðîãðàìì, ïîëó÷åííûõ ñ ïîìîùüþ

ÈÑÇ IUE (äèàïàçîí λλ1150−3200 �A, ðàçðåøåíèå, 6 �A), íå îáíàðóæèëè èçáûò-

êà ÓÔ - èçëó÷åíèÿ, óêàçûâàþùåãî íà ïðèñóòñòâèå ãîðÿ÷åãî âûðîæäåííîãî

êîìïîíåíòà.

Â ðàáîòå Ôåððî [11], â 1980-1981ãã. ïðîàíàëèçèðîâàíû ýëåêòðîôîòîìåòðè-

÷åñêèå íàáëþäåíèÿ ñâåðõãèãàíòà HD161796 â ïîëîñàõ UBVRI. Îäíîâðåìåííî,

ïî ñïåêòðîãðàììàì ñ äèñïåðñèÿìè 12, 15 è 16 �A/ìì, áûëè èçìåðåíû ëó÷å-

âûå ñêîðîñòè Vr = (-47 ÷ −58) êì/ñ, ñ òî÷íîñòüþ ±(1 ÷ 1.5) êì/ñ. Îïðåäå-

ëåíû: Mv = −7.2 ÷ −9, ýìïèðè÷åñêèå ìàññû M = (14 ÷ 24) M⊙, ðàäèóñû

R= (144 ÷ 329) R⊙è ïóëüñàöèîííûå êîíñòàíòû Qρ = 0.041 ÷ 0.054, õàðàê-

òåðíûå âðåìåíà ïåðåìåííîñòè. Îòìå÷àåòñÿ, ÷òî èçìåíåíèÿ ïðîèñõîäÿò èç-çà

ðàäèàëüíûõ ïóëüñàöèé. Îáíàðóæåíî èçìåíåíèå ïåðèîäà ïóëüñàöèé HD161796

oò 43d â 1981, äo 62d â1982ã.

Â 1980ã., íà îñíîâå ôîòîýëåêòðè÷åñêèõ UBVRI íàáëþäåíèé ÍD161796,

áûëà îáíàðóæåíà ìàëîàìïëèòóäíàÿ (∆V = 0m.08) ñèíóñîèäàëüíàÿ ïåðå-

ìåííîñòü ñ ïåðèîäîì 43d [12]. Êðîìå òîãî, áûëè ïîëó÷åíû: R = 246R⊙,

Teff = 6300Ê, logL/L⊙ = 4.93, Mbol = −7m.6 è ðàññòîÿíèå äî ýòîé çâåçäû

r = 8.3 êïê.

Â ðàáîòå Ìàíòåãàççà [12] áûë îïðåäåëåí ñðåäíèé ïåðèîä êðèâîé áëåñêà

Ð = 43d.37. Îáíàðóæåíà âåðîÿòíàÿ ïåðåìåííîñòü áëåñêà V814 Her ñ õàðàê-

òåðíûì âðåìåíåì áîëåå 4000d, ñ àìïëèòóäîé ∆V = 0m.1. Óêàçûâàåòñÿ íà

âîçìîæíûé èñòî÷íèê äîëãîâðåìåííîé ïåðåìåííîñòè � îáîëî÷êó. Âàåëêåíñ et

al. [13] äëÿ ðàäèàëüíîé ñêîðîñòè HD161796 íàøëè 55- äíåâíûå ïåðèîäè÷åñêèå

èçìåíåíèÿ.

Â ðàáîòå Ðàäêîâà [14], ïðèâîäÿòñÿ êà÷åñòâåííûå ñîîáðàæåíèÿ, ïîêàçûâà-

þùèå, ÷òî æåëòûå ñâåðõãèãàíòû ñ ïåðåìåííîñòüþ òèïà UU Her, íàáëþäàåìûå

íà áîëüøèõ ãàëàêòè÷åñêèõ øèðîòàõ, îáðàçîâàëèñü â ãàëàêòè÷åñêîì äèñêå è

ïåðåøëè â ãàëî â ðåçóëüòàòå ïðîõîæäåíèÿ ÷åðåç äèñê øàðîâûõ ñêîïëåíèé

ïðè èõ äâèæåíèè âîêðóã öåíòðà Ãàëàêòèêè. Îöåíèâàåòñÿ îáùåå ÷èñëî òàêèõ

çâåçä â ãàëî (∼ 108).

2. ÍÀÁËÞÄÅÍÈß È ÈÕ ÎÁÐÀÁÎÒÊÀ

Ñïåêòðàëüíûå íàáëþäåíèÿ çâåçäû HD161796 áûëè âûïîëíåíû â êàññå-

ãðåíîâñêîì ôîêóñå 2ì òåëåñêîïà ØÀÎ ÍÀÍ Àçåðáàéäæàíà ñ ïðèìåíåíèåì

ýøåëëå-ñïåêòðîìåòðà, ñîáðàííîãî íà áàçå ñïåêòðîãðàôà UAGS [15]. Â êà÷å-

ñòâå ïðèåìíèêà èçëó÷åíèÿ áûëà èñïîëüçîâàíà ÏÇÑ-ìàòðèöà ñ 530õ580 ýëå-

ìåíòàìè (1 ïèêñåë=18x24 ìèê.). Áûë èñïîëüçîâàí ñïåêòðàëüíûé äèàïàçîí

λλ4800 − 6600 �A. Ñïåêòðàëüíîå ðàçðåøåíèå ñîñòàâëÿëî R=14000. Â êàæäóþ

íàáëþäàòåëüíóþ íî÷ü áûëî ïîëó÷åíî 2-3 ñïåêòðà çâåçäû. Ïðè ñîîòíîøåíèè
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ñèãíàëà ê øóìó S/N =150, ñðåäíÿÿ ýêñïîçèöèÿ ñîñòàâèëà 15-20 ìèíóò â çà-

âèñèìîñòè îò êà÷åñòâà èçîáðàæåíèÿ. Áûñòðûå èçìåíåíèÿ â òå÷åíèå íî÷è íå

áûëè îáíàðóæåíû. Ïîýòîìó ïðîôèëè, ïîëó÷åííûå â îäíó èëè ïîñëåäîâàòåëü-

íûå íî÷è, íî íå ïîêàçûâàþùèå èçìåíåíèÿ, óñðåäíÿëèñü.

Äëÿ ïîñòðîåíèÿ äèñïåðñèîííûõ êðèâûõ áûë èñïîëüçîâàí ñïåêòð äíåâíîãî

ñâåòà. Äëÿ åæåäíåâíîãî êîíòðîëÿ çà ñìåùåíèåì íóëü-ïóíêòà â ñïåêòðîìåòðå

áûëè ïîëó÷åíû ñïåêòðû ñòàíäàðòíûõ çâåçä. Ïîñëå ïåðâè÷íîé ñòàíäàðòíîé

îáðàáîòêè *.fts - èçîáðàæåíèé, ôàéëû ïðèâîäÿòñÿ â *.100 - ôîðìàò, è âûïîë-

íÿåòñÿ èçìåðåíèå ñïåêòðàëüíûõ ïàðàìåòðîâ îòäåëüíûõ ëèíèé.

Áûëè èçìåðåíû ýêâèâàëåíòíûå øèðèíû, ëó÷åâûå ñêîðîñòè è îñòàòî÷íûå

èíòåíñèâíîñòè r ñïåêòðàëüíûõ ëèíèé äóáëåòà íàòðèÿ NaI (λ5890�A) è NaI

(λ5896�A). Ðåçóëüòàòû èçìåðåíèé ïðèâåäåíû â òàáëèöàõ 1.

Äóáëåò íàòðèÿ NaI λ 5890 �A(D2) è NaI λ 5896 �A(D1). Â ñïåêòðå çâåçäû

HD161796 êðîìå âîäîðîäíûõ ëèíèé òàêæå áûëè èññëåäîâàíû ëèíèè ïîãëîùå-

íèÿ − äóáëåòà íàòðèÿ NaD. Îáå ëèíèè ðåçîíàíñíîãî äóáëåòà íàòðèÿ, NaI λ

5889.953 �A(D2) è NaI λ 5895.923 �A(D1), â ñïåêòðå HD 161796 èìåþò ñëîæíóþ

ñòðóêòóðó.

Äëÿ âûïîëíåíèÿ íàáëþäåíèé è ðåäóêöèè ïðèìåíÿëñÿ ïàêåò ïðîãðàìì

DECH20t, ðàçðàáîòàííûé â ðàáîòå [16]. Â íàñòîÿùåé ðàáîòå ìû ïðèâîäèì ðå-

çóëüòàòû íàáëþäåíèé, âûïîëíåííûõ â 2004 - 2010 ã. Ñðåäíÿÿ îøèáêà îïðåäå-

ëåíèÿ ýêâèâàëåíòíûõ øèðèí ñîñòàâèëà 5%. Îøèáêà èçìåðåíèÿ ëó÷åâîé ñêî-

ðîñòè íå ïðåâûøàåò ±2 êì/ñåê. Âñå ëó÷åâûå ñêîðîñòè ïðèâåäåíû ê Ñîëíöó.

Íà ðèñ.1 ïðèâåäåíû ïðîôèëè ëèíèè äóáëåòà íàòðèÿ NaD ïî âñåì ñïåêòðàì.

3. ÐÅÇÓËÜÒÀÒÛ ÍÀÁËÞÄÅÍÈÉ

Èçâåñòíî, ÷òî ëèíèè ïîãëîùåíèÿ NaI λ5890 �Aè NaI λ5896 �A ÿâëÿþòñÿ, â

îñíîâíîì, ìåæçâåçäíûìè ëèíèÿìè, ò.å. ôîðìèðóþòñÿ â ìåæçâåçäíîé ñðåäå.

Ïîýòîìó ïðîôèëè ýòèõ ëèíèé äîëæíû áûòü ñèììåòðè÷íûìè. Àñèììåòðèÿ

ýòèõ ïðîôèëåé ÿâëÿåòñÿ àðãóìåíòîì â ïîëüçó âêëàäà äðóãèõ èñòî÷íèêîâ â

ôîðìèðîâàíèå ýòèõ ëèíèé. Èññëåäîâàíèå ïî îïòè÷åñêèì ñïåêòðàì ýòîé çâåç-

äû, à òàêæå äðóãèõ post-AGB çâåçä ïîëó÷åííûõ ðàçíûìè àâòîðàìè, íàïðèìåð

â ðàáîòå Êëî÷êîâà [17] è Êèïïåðà [18], óêàçûâàþò íà òî, ÷òî â ôîðìèðîâà-

íèè äóáëåòà íàòðèÿ NaD, êðîìå çâåçäû ìîãóò âíîñèòü âêëàä îáîëî÷êà âîêðóã

ýòîé çâåçäû è ìåæçâåçäíàÿ ñðåäà. Ê ñîæàëåíèþ, èç-çà ìàëîãî ðàçðåøåíèÿ â

ñïåêòðå ýòè êîìïîíåíòû ìû íå ñìîãëè âûÿâèòü.

Âî âñåõ ïîëó÷åííûõ íàìè ýøåëëå-ñïåêòðîãðàììàõ íàáëþäàåòñÿ àñèììåò-

ðèÿ êðàñíûõ êðûëüåâ ýòèõ ëèíèé. Ïîýòîìó, äëÿ âûÿâëåíèÿ àñèììåòðèè ìû

ñîâìåñòèëè ôèîëåòîâîå êðûëî ýòèõ ëèíèé ñ ãàóññîâûì ïðîôèëåì. Íà ðèñ.1
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ïóíêòèðíîé ëèíèåé ïîêàçàíî ñîâìåùåíèå êðàñíîãî êðûëà ñ ãàóññîâûì ïðî-

ôèëåì.

Ðèñ. 1. Ïðîôèëè ëèíèè äóáëåòà íàòðèÿ NaI λ5890 �A è NaI λ5896 �A.

Ëó÷åâûå ñêîðîñòè èññëåäóåìûõ ëèíèé îïðåäåëåíû ñîâìåùåíèåì ïðÿìûõ

è çåðêàëüíûõ èçîáðàæåíèé óêàçàííûõ ëèíèé ïîãëîùåíèÿ íà óðîâíå ïîëî-

âèíû ãëóáèíû Vr (R/2), à òàêæå ïî öåíòðàì ïðîôèëåé Vr. Ëàáîðàòîðíûå

äëèíû âîëí D2 è D1 ïðèíèìàëèñü êàê 5889.953 �A è 5895.923 �A ñîîòâåòñòâåí-

íî. Îïðåäåëåííûå íàìè çíà÷åíèÿ ëó÷åâûõ ñêîðîñòåé è ýêâèâàëåíòíûõ øèðèí

(Wλ) ïðèâåäåíû â òàáëèöå 1. Êàê âèäíî èç òàáë.1, îïðåäåëåííûå íàìè çíà÷å-

íèÿ ëó÷åâûõ ñêîðîñòåé è ýêâèâàëåíòíûõ øèðèí ëèíèé ïîãëîùåíèÿ NaI λ5890
�A è NaI λ5896 �A â ñïåêòðå çâåçäû HD 161796 èçìåíÿþòñÿ.

Íà Ðèñ.2 íàøè ðåçóëüòàòû, ïîëó÷åííûå äëÿ ïðîôèëåé ëèíèé äóáëåòà íà-

òðèÿ NaD, ëó÷åâîé ñêîðîñòè è ýêâèâàëåíòíîé øèðèíû, ñðàâíèâàþòñÿ ñ êðè-

âîé áëåñêà V [11].
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Ðèñ. 2. Èçìåíåíèå ëó÷åâîé ñêîðîñòè è ýêâèâàëåíòíîé øèðèíû ëèíèè äóáëåòà

íàòðèÿ NaI λ5889.953 �A ïî ôàçàì. Íà÷àëüíàÿ ýïîõà âûáðàíà JD 2444701.8008,

P = 62d.

Èç ðèñ.2 âèäíî, ÷òî ëó÷åâàÿ ñêîðîñòü è ýêâèâàëåíòíàÿ øèðèíà èçìåíÿþò-

ñÿ. Èçìåíåíèå ýêâèâàëåíòíîé øèðèíà ïðîèñõîäèò ñèíõðîííî ñ èçìåíåíèÿìè

êðèâîé áëåñêà V, êîòîðûå ïðîèñõîäÿò ñ ïåðèîäîì P =62 äíÿ, îáíàðóæåííûì

â Ôåððî [11], (ðèñ.2). Îäíàêî, ïåðèîäè÷åñêîå èçìåíåíèå ýêâèâàëåíòíîé øèðè-

íû P =62 äíÿ ïðîèñõîäèò ñî ñìåùåíèåì â 0.1 ôàçû îòíîñèòåëüíî áëåñêà. À

èçìåíåíèå ëó÷åâîé ñêîðîñòè Vr ëèíèè D2 äóáëåòà íàòðèÿ (NaI, λ5889.953 �A)

ïðîèñõîäèò â ïðîòèâîôàçå ñ èçìåíåíèÿìè êðèâîé áëåñêà V. Îòìåòèì, ÷òî àì-

ïëèòóäà ëó÷åâîé ñêîðîñòè èçìåíÿåòñÿ íà ∆V = ±6.9 êì/ñ, à ýêâèâàëåíòíàÿ

øèðèíà - íà ∆W = ±0.13�A.

4. ÇÀÊËÞ×ÅÍÈÅ

Â ðåçóëüòàòå ñðàâíèòåëüíîãî àíàëèçà ïðîôèëåé ëèíèè ïîãëîùåíèÿ äóá-

ëåòà íàòðèÿ â ñïåêòðå çâåçäû HD161796 íà îñíîâå ïîëó÷åííûõ íàìè ñïåêòðîâ

â 2004 ÷ 2010ã. ìîæíî ïðèéòè ê ñëåäóþùèì âûâîäàì:

1. Âñå èçìåðåííûå ïàðàìåòðû ïðîôèëÿ ëèíèè äóáëåòà íàòðèÿ NaD â ñïåê-

òðå HD161796, ïîêàçûâàþò ïåðåìåííîñòü â òå÷åíèå íåñêîëüêèõ ìåñÿöåâ

30



AJAz: 2016, 11(3), 25-32 Èññëåäîâàíèå ñïåêòðàëüíûõ ëèíèé

è ìåíüøå.

2. Íàéäåíî, ÷òî çíà÷åíèÿ ýêâèâàëåíòíûå øèðèíû ëèíèè äóáëåòà íàòðèÿ

(NaI, λ5889.953 �A) ïðîèñõîäèò ñèíõðîííî ñ èçìåíåíèÿìè êðèâîé áëåñêà

V, êîòîðûå ïðîèñõîäÿò ñ ïåðèîäîì P =62 äíÿ, îáíàðóæåííûì Ôåððî

[11].

3. Èçìåíåíèå ëó÷åâîé ñêîðîñòè Vr ëèíèè D2 äóáëåòà íàòðèÿ, NaI λ5889.953
�A, ïðîèñõîäèò â ïðîòèâîôàçå ñ èçìåíåíèÿìè êðèâîé áëåñêà V .

4. Íà îñíîâå ïîëó÷åííûõ ðåçóëüòàòîâ â ðàáîòå Óåòà [7], ïðåäïîëàãàåì, ÷òî

ýòè èçìåíåíèÿ ìîæåò áûòü ñâÿçàíû ñ îêîëîçâåçäíîé îáîëî÷êîé, à òàêæå

ñ ïóëüñàöèÿìè çâåçäû.

Îòìåòèì, ÷òî àíàëîãè÷íûå èçìåíåíèÿ â ïðîòèâîôàçå ïðîôèëåé ëèíèé

äóáëåòà íàòðèÿ âûÿâëåíû â ðàáîòå [19] äëÿ ñâåðõãèãàíòà Áîëüøîãî Ìàãåëëà-

íîâà Îáëàêà RM1 − 667 . Ïî-âèäèìîìó, ìîæíî ãîâîðèòü î íåêîòîðîé ãðóïïå

çâåçä ñâåðõãèãàíòîâ, ïðîõîäÿùèõ ñõîæèé ïóòü ýâîëþöèè çà ñðàâíèòåëüíî ìà-

ëîå, ñ òî÷êè çðåíèÿ ýâîëþöèè çâåçä, âðåìÿ.
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HD 164136 (F2II) ULDUZUNUN ATMOSFER�N�N
T�DQ�Q�

Z. A. Sºmºdov a*, Ü. R. Qºdirova b**

a N.Tusi ad�na �amax� Astro�zika Rºsºdxanas�,

Azºrbaycan Milli Elmlºr Akademiyas�, Bak�, Azºrbaycan

b Bak� Dövlºt Universiteti

�AR-�n 2-m teleskopunda al�nm�³ spektrlºr vº Kuruçun atmosfer modellºri

ºsas�nda HD164136 (F2II) ulduzu tºdqiq olunmu³dur. Ulduzun e�ektiv tem-

peraturu vº sºthindº sºrbºstdü³mº tºcili üçün a³a§�dak� qiymºtlºr al�nm�³d�r:

Teff = 6670 ± 200K, lgg = 2, 45 ± 0, 2. FeI, FeII vº TiII xºtlºrinº ºsasºn

mikroturbulent hºrºkºt sürºti tºdqiq edilmi³dir. Mikroturbulent hºrºkºt sürºti

üçün FeI, FeII vº TiII xºtlºrinº ºsasºn uy§un olaraq 4.5km/san, 6.5km/san

vº 7.0km/san qiymºtlºri hesablanm�³d�r. Mü³ahidº olunan spektral xºtlºrº

ºsasºn ulduzun atmosferinin kimyºvi tºrkibi tºyin edilmi³dir. Ulduzun kimyºvi

tºrkibi Günº³in kimyºvi tºrkibi ilº müqayisº edilmi³dir.

Açar sözlºr: Fundamental parametrlºr � Mikroturbulent hºrºkºt sürºti �

Kimyºvi tºrkib

1. MÜ�AH�D� MATER�ALLARININ ALINMASI V� ��L�N�LM�S�

Bu i³dº model üsulu ilº ν Her = HD164136 = HR6707 ulduzu tºdqiq edil-

mi³dir. Ulduzun spektral sin� F2 II, görünºn ulduz ölçüsü mν = 4m, 48, mütlºq

ulduz ölçüsüMν = −0m, 7-dir. Ulduzun qalaktik enliyi b = 24◦, qalaktik uzunlu§u

l = 56◦ � dir [1]. Ulduzun spektrlºri 16 avqust 2004-cü ildº �amax� Astro�zika

Rºsºdxanas�n�n 2 m teleskopunun Kasseqren fokusunda qoyulmu³ müasir CCD

qºbuledicisinin kömºyi ilº al�nm�³d�r (R = 14000, S/N = 200). Mü³ahidº materi-

allar� λλ4500 − 6800A◦ spektral oblast�n� ºhatº edir. Bu oblast üçün bir gecºdº

ulduzun 3 spektri al�nm�³d�r. Gecº ºrzindº ulduzun spektrindº güclü dºyi³kºnlik

olmad�§� üçün spektrlºr ortala³d�r�lm�³d�r. Spektrdº mü³ahidº olunan xºtlºr ey-

nilº³dirilmi³ vº onlar�n ekvivalent enlºri (Wλ) hesablanm�³d�r. Spektrlºrin tºdqiq

* E-mail: zahir.01@mail.ru
** E-mail: ulkergadirova@gmail.com
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olunmas� [2] tºrº�ndºn tºqdim olunmu³ DECH-20 proqram� vasitºsi ilº hºyata

keçirilmi³dir. Mü³ahidº material� Cºdvºl 1-dº göstºrilmi³dir.

Cºdvºl 1. HD164136 ulduzunun mü³ahidº material�.

λ, Å W, mÅ λ, Å W, mÅ λ, Å W, mÅ λ, Å W, mÅ

CI 4174,07 122 CrI 5429,70 220

4700,00 30 4184,31 154 5345,81 110 5434,53 170

4775, 87 20 4316, 80 69 5348, 32 50 5445, 04 110

4817, 33 28 4330, 24 98 5409, 79 100 5501, 47 90

4932, 00 47 4344, 29 280 CrII 5506, 78 100

5052, 12 105 4350, 84 140 5237, 34 120 5543, 18 60

5380, 24 47 4386, 85 106 5305, 85 60 5543, 93 30

6587, 75 30 4394, 06 178 5308, 44 30 5563, 60 60

NaI 4409, 52 90 5310, 70 30 5569, 62 50

4668, 56 42 4411, 93 77 5313, 59 70 5572, 85 180

5682, 63 101 4418, 34 286 5334, 88 60 5576, 10 170

5688, 20 120 4464, 45 176 5502, 06 40 5586, 76 90

5889, 95 544 4468, 50 288 MnI 5615, 65 180

6154, 22 30 4469, 16 204 6013, 50 60 5624, 55 120

6160, 75 59 4470, 85 188 6016, 64 50 5633, 97 40

MgII 4563, 76 251 6021, 80 40 5638, 27 60

4481, 33 280 4568, 33 36 FeI 5679, 02 10

SiI 4589, 95 167 4930, 33 20 5731, 77 20

5708, 44 60 4708, 67 30 4966, 10 110 5862, 36 110

5772, 25 60 4719, 51 21 4973, 11 60 5905, 67 40

5797, 91 30 4764, 53 58 4994, 13 180 5930, 17 50

SiII 4805, 10 142 5012, 07 140 5934, 66 40

6347, 09 170 4874, 01 92 5049, 82 70 5984, 80 10

SI 4911, 20 110 5051, 64 80 5987, 06 10

6046, 04 40 5129, 16 123 5068, 77 90 6003, 03 30

6052, 66 80 5185, 91 106 5074, 76 70 6020, 17 50
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Cºdvºl 1-in davam�

λ, Å W, mÅ λ, Å W, mÅ λ, Å W, mÅ λ, Å W, mÅ

CaI 5188,70 270 5083,34 100 6024,07 70

5512,98 20 5336,81 120 5090,79 100 6027,16 40

5588,76 90 5381,02 40 5110,41 120 6065,49 120

5857,45 160 6491,57 80 5133,69 130 6137,70 110

6122,22 160 VI 5151,92 40 6157,73 80

6166,43 20 5737,04 6 5162,29 90 6165,36 20

6449,81 70 6216,36 14 5202,34 110 6230,73 130

6462,57 130 6251,82 8 5216,28 130 6252,56 80

6471,66 40 6285,16 6 5217,40 40 6265,14 60

6493,79 130 VII 5229,86 100 6318,02 80

6499,64 40 4002,94 56 5253,48 20 6322,69 20

ScII 4023,39 98 5266,56 30 6335,33 70

5031,02 100 4035,63 126 5339,94 120 6336,83 80

5239,82 50 4234,25 18 5341,03 90 6355,03 50

TiII 4564,59 30 5373,70 30 6358,69 50

4025,13 250 4600,19 70 5379,58 100 6380,75 30

4028,34 173 5047,31 4 5393,17 50 6393,60 90

4053,83 182 5384,89 9 5404,14 120 6419,95 60

4056,19 92 5439,30 6 5410,91 70 6421,36 70

4163,65 211 5928,86 30 5415,20 80 6494,98 130

6436,08 150 6039,74 4 5194,94 190 6213,44 40
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Cºdvºl 1-in davam�

λ, Å W, mÅ λ, Å W, mÅ λ, Å W, mÅ λ, Å W, mÅ

FeII 4620,52 91 NiI LaII

4122,66 238 4635,31 48 5115,40 30 4031,68 154

4124,78 59 4648,93 91 5155,76 70 4123,23 120

4128,74 110 4656,98 162 5176,56 30 4921,80 40

4173,47 280 4663,71 58 YII PrII

4178,86 234 4666,75 141 5473,40 30 4062,82 140

4258,16 250 4670,17 108 5509,91 197 4189,52 46

4296,58 192 4731,47 149 5546,02 40 NdII

4303,05 248 4993,35 80 ZrII 4061,08 49

4369,40 110 5018,45 260 3991,14 134 5092,80 6

4416,82 178 5132,67 30 4029,68 134 5293,17 20

4472,93 123 5197,57 190 4090,52 46 5311,46 8

4489,18 152 5325,56 70 4149,22 144 EuII

4491,40 182 5362,86 140 4208,99 142 6049,51 3

4508,29 218 5534,86 170 5112,98 4

4515,34 197 5991,38 90 5350,09 20

4520,23 198 6113,33 40 BaII

4541,52 231 6149,24 100 4934,09 267

4555,89 292 6239,95 50 5853,68 124

4576,34 130 6316,61 290 6141,72 199

4582,83 129 6432,65 100 6496,90 315

4583,84 293 6456,39 120
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2. EFFEKT�V TEMPERATUR V� A�IRLIQ QÜVV�S� T�C�L�N�N
T�Y�N�

Mºlumdur ki, ulduzlar�n kimyºvi tºrkibini analiz etmºk üçün onlar�n iki fun-

damental parametrlºrini: e�ektiv temperaturunu (Teff ) vº ulduz atmosferlºrindº

a§�rl�q qüvvºsinin tºcilini (g)-ni bilmºk laz�md�r. Hºmçinin Teff vº lgg para-

metrlºrini bilmºklº ulduzlar�n digºr fundamental parametrlºrini: kütlºlºrini M ,

radiuslar�n� R, i³�ql�qlar�n� L vº ya³lar�n� t qiymºtlºndirmºk olar vº logg pa-

rametrlºri atmosfer modellºrini hesablamaq üçün zºruridir vº bu modellºrin

ºsas�nda ulduzun kimyºvi tºrkibi tºyin edilir. Hºmçinin Teff vº lgg parametrlºrini

bilmºklº ulduzlar�n digºr fundamental parametrlºrini: kütlºlºrini M , radiuslar�n�

R, i³�ql�qlar�n� L vº ya³lar�n� t qiymºtlºndirmºk olar.

E�ektiv temperatur vº a§�rl�q qüvvºsi tºcili a³a§�dak� meyarlardan istifadº

edilºrºk tºyin olunmu³dur:

1. [c1] indeksinin mü³ahidºdºn ölçülºn vº nºzºri hesablanm�³ qiymºtlºrinin mü-

qayisºsi. Dörd rºngli, dar zolaql� uvby fotometrik sistemindº [c1] indeksi

[c1] = c1 − 0, 2(b − y) düsturu ilº tºyin edilir. Bu kºmiyyºt ulduzlararas�

fºzada udulman�n tºsirindºn azadd�r. Ona görº dº model üsulu ilº ulduzun

fundamental parametrlºrini tºyin etdikdº bu kºmiyyºtdºn istifadº olunmas�

mºqsºdº uy§undur. Mü³ahidºdºn HD164136 ulduzu üçün b − y = 0, 267,

[c1] = 0, 913 qiymºtlºri ölçülmü³dür [3] vº [c1] = 0, 86 hesablanm�³d�r. [c1]-

nin nºzºri qiymºtlºri Kuruçun modellºrindº [4] hesablanm�³d�r

2. Q indeksinin mü³ahidº vº nºzºri hesablanm�³ qiymºtlºrinin müqayisºsi. Q

indeksi UBV fotometrik sistemindº tºyin olunur:Q = (U−B)−0, 72(B−V ).

Q kºmiyyºti dº [c1] kimi ulduzlararas� fºzada udulman�n tºsirindºn azad

oldu§u üçün çox ºhºmiyyºtlidir. Mü³ahidºdºn HD164136 ulduzu üçün

B − V = 0m, 38, U − B = 0m, 18 qiymºtlºri ölçülmü³ [5] vº Q = −0.094

hesablanm�³d�r. Q-nün nºzºri qiymºtlºri Kuruçun modellºrindº [4] hesab-

lanm�³d�r.

3. β indeksinin mü³ahidºdºn ölçülºn vº nºzºri hesablanm�³ qiymºtlºrinin mü-

qayisºsi. β indeksi hidrogenin Balmer seriyas�n�n Hβ xºttinin intensivliyini

tºyin edir. β indeksinin mü³ahidº qiymºti β = 2, 67 [3], nºzºri qiymºtlºri

isº Kuruçun modellºrindº hesablanm�³d�r [4].

4. Parallaks�n tºtbiqi üsülu. Bu üsul ulduz atmosferi modellºri ilº ba§l� ol-

mayan vº ulduzlar�n fundamental parametrlºrinin lgg, Teff tºyinindº yeni

hesab olunan üsuldur. HD164136 ulduzunun illik parallaks�n�n mü³ahidº

qiymºti π” = 0”, 00379 [6]. Parallaks�n tºtbiqi üsulu [7]-dº ³ºrh olunur.
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�ºkil 1. lgg − Teff diaqram�.

Yuxar�da qeyd olunan üsullarla tºyin olunmu³ lgg, Teff qurulur (�ºkil 1).

Teff - logg diaqram�nda qra�qlºrin kºsi³mº nöqtºlºrinin hºndºsi mºrkºzinº

ºsasºn ulduzun e�ektiv temperaturu vº sºthindº a§�rl�q qüvvºsinin tºcili tºyin

edilir:

Teff = 6670 ± 200K, lgg = 2, 45 ± 0, 2

.

Müqayisº etmºk üçün cºdvºl 2-dº digºr müºlli�ºrin ald�qlar� nºticºlºr

göstºrilmi³dir. Cºdvºl 2-dºn göründüyü kimi e�ektiv temperatur üçün bizim ald�-

§�m�z nºticº xºta daxilindº digºr müºlli�ºrin nºticºlºri ilº uy§undur, yaln�z [8]-dº

al�nan nºticº bizim nºticºdºn fºrqlºnir. logg üçün isº bizim nºticº [11], [13], [15]

nºticºlºrº uy§undur, digºr müºlli�ºrin nºticºlºrindºn isº fºrqlºnir.

3. M�KROTURBULENT H�R�K�T SÜR�T�N�N T�Y�N�

Mikroturbulent hºrºkºt sürºtinin tºyininin ºn müasir vº dºqiq üsulu atmosfer

modellºri üsuludur. Bu üsul hºr hans� elementin atom vº ionunun geni³ ekvivalent

enlikli diapozona malik çoxlu sayda xºtlºrinin tºdqiqinº ºsaslan�r. Mikroturbulent

hºrºkºt sürºtinº ξt müxtºlif qiymºtlºr verºrºk hºr bir xºtt üçün onun ölçülmü³
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Cºdvºl 2. Teff vº lgg üçün tºyin olunmu³ qiymºtlºr

Teff lgg Müºlli�ºr

7140 3,87 Prugniel P. [8]

6575 2.00 Luck R.E. [9]

6803 3.33 Luck R.E. [10]

6799 2.63 Cenarro A.J. [11]

6811 3.40 Kipper T. [12]

6500 2.20 Adelman S.J. [13]

6483 Kovtyukh V.V. [14]

6700 2.50 Alfaro[15]

6465 2.00 Hauck [16]

6670 2.45 Bizim nºticºlºr

ekvivalent eninº Wλ görº uy§un elementin miqdar� lgε hesablan�r vº ξt üçün

müºyyºn qiymºt seçilir, belº ki, ξt-nin seçilmi³ bu qiymºtindº lgε-n�n Wλ-n�n

artmas� ilº sistematik dºyi³mºsi mü³ahidº olunmur. Ba³qa sözlº, ξt-nin seçilmi³

qiymºtindº müxtºlif intensivlikli xºtlºrº görº tºyin olunan miqdar logε eyni olur.

HD164136 ulduzunun spektrindº ºn çox mü³ahidº olunan xºtlºr FeI, FeII,TiII-

º mºxsus xºtlºrdir, hºmçinin bu xºtlºrin osillyator güclºri daha dºqiq tºyin edil-

mi³dir.

HD164136 ulduzu üçün Teff = 6670K, lgg = 2, 45 parametrli model seçilir

vº bu model ºsas�nda mikroturbulent hºrºkºt sürºtinin müxtºlif qiymºtlºrindº

lgε(FeI), lgε(FeII), lgε(TiII) miqdarlar� hesablan�r. Müºyyºn edilmi³dir ki, FeI

üçün ξt = 4 km/s, FeII üçün ξt = 6, 5 km/s, TiII üçün ξt = 7.0 km/s olduqda lgε
ilº Wλ aras�nda korelyasiya olmur (�ºkil 2).

4. K�MY�V� T�RK�B�N T�Y�N�

Ulduz atmosferlºrinin kimyºvi tºrkibi dedikdº onun atom tºrkibi, daha dºqiq

desºk müxtºlif elementlºrin atomlar�n�n tam konsentrasiyas�n�n hidrogen atomla-

r�n�n konsentrasiyas�na nisbºtinin tºyini nºzºrdº tutulur. Elementlºrin miqdar� ε

bir qayda olaraq logarifmik ³kalada ifadº olunur:

lgε(el) = lg
(el)

N(H)
+ 12

.
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�ºkil 2. HD 164136 ulduzu atmosferindº FeI, FeII vº TiII xºtlºrinº ºsasºn mikrotur-

bulent hºrºkºt sürºtinin tºyini: ξt = 4, 5km/san(FeI), ξt = 6, 5 km/san (FeII) vº

ξt = 6, 5 km/san (TiII).

burada N(el) verilºn elementin vahid hºcmdº atomlar�n�n bütün ionla³ma

dºrºcºlºri nºzºrº al�naraq tam say�d�r, soyuq ulduzlar hal�nda isº hºmçinin mo-

lekullara daxil olan atomlar�n say� da nºzºrº al�n�r. Qeyd edºk ki, ºksºr ulduzla-

r�n atmosferlºrindº ºn çox miqdar� olan element hidrogendir, odur ki, digºr ele-

mentlºrin miqdar� bir qayda olaraq hidrogenº nisbºtºn ifadº olunur. Model üsulu

ilº ulduz atmosferlºrini tºdqiq etdikdº fundamental parametrlºrin Teff vº lgg-nin

tºyinindºn sonra uy§un model qurulur, mikroturbulent hºrºkºt sürºti ξt tºyin

olunur vº növbºti mºrhºlºdº kimyºvi tºrkib tºyin olunur. Belº ki, bir s�ra xºtlºrº

görº lgε hesablamalar� mikroturbulentliyin tºdqiqi zaman� ºvvºlki mºrhºlºlºrdº

apar�l�r.

Kimyºvi tºrkibin tºyininin ºn dºqiq üsulu sintetik spektrlºrin hesablanma-

s�na ºsaslan�r. Ancaq ºksºr hallarda ulduzlar�n kimyºvi tºrkibi daha sadº üsul

ilº - spektrdº xºtlºrin ekvivalent enliklºrini analiz edºrºk tºyin olunur. Belº ki,

lgε -na müxtºlif qiymºtlºr vermºklº bax�lan xºttin nºzºri ekvivalent enliklºri he-

sablan�r vº mü³ahidº ekvivalent enliklº Wλ müqayisº olunur. Nºzºri hesablanm�³

ekvivalent en mü³ahidºdºn ölçülmü³ ekvivalent enliklº üst-üstº dü³ºn hala uy§un
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�ºkil 3. HD164136 ulduzunun kimyºvi tºrkibinin Günº³in kimyºvi tºrkibi ilº müqa-

yisº.

logε tºyin olunur. Bu mºqsºdlº bir çox rºsºdxanalarda xüsusi kompüter proq-

ramlar� mövcuddur. Mºsºlºn ºn geni³ istifadº olunan proqramlardan biri Kuruç

tºrº�ndºn yarad�lan WIDTH proqram�d�r. Kr�m astro�zika rºsºdxanas�nda onun

analoqu DASA proqram�d�r.

HD164136 ulduzunun hesablanm�³ atmosfer modelinº ºsaslanaraq onun at-

mosferindº elementlºrin miqdar� DASA proqram� ilº hesablanm�³d�r. Mikrotur-

bulent hºrºkºt sürºti üçün _t = 6, 75 km/s qºbul olunmu³dur. Qeyd edºk ki,

mikroturbulent hºrºkºt sürºtinin seçilmºsindº üstünlük ionla³m�³ atomlara verilir.

Al�nm�³ nºticºlºr cºdvºl 3-dº göstºrilir. Elementlºrin miqdar� logarifmik ³kalada

verilir. Cºdvºl 3-dº hºmçinin Günº³ atmosferinin kimyºvi tºrkibi logε� verilmi³-

dir. Hºm lgε� qiymºtlºri, hºm dº osillyator güclºri [17-21]-dºn götürülmü³dür.

Qeyd edºk ki, ºvvºlki i³lºrimizdº oldu§u kimi elementlºrin miqdar� nisbºtºn zºif

xºtlºrº ºsasºn tºyin edilmi³dir. Bu xºtlºr atmosferin nisbºtºn dºrin qatlar�nda

yaran�r, LTT-dan kºnara ç�xman�n, mikroturbulentliyin vº sönmºnin xºtalar�n�n

tºsiri bu xºtlºr üçün zºifdir.

HD164136 ulduzunun kimyºvi tºrkibinin Günº³in kimyºvi tºrkibi ilº mü-

qayisºsi �ºkil 3-dº göstºrilir. HD164136 ulduzunun kimyºvi tºrkibinin Günº³in

kimyºvi tºrkibi ilº müqayisºsi göstºrir ki, Na, S, Mn, Y, Ce, Pr, Nd, Eu ele-

mentlºrinin miqdar� Günº³dº olan miqdara yax�nd�r, digºr elementlºrin miqdar�

isº Günº³lº müqayisºdº azd�r.
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Cºdvºl 3. HD 164136 ulduzunun vº Günº³in kimyºvi tºrkibinin müqayisºsi

Elementlºr N lgε lgε⊙ ∆lgε

CI 9 8.03±0.16 8,61 -0,58

NaI 5 6.32±0.19 6,28 0,04

MgI 2 6.94±0.66 7,36 -0,42

MgII 1 7,09 7,6 -0,51

SiI 3 7.57±0.25 7,65 -0,08

SiII 1 6,99 7,55 -0,56

SI 2 7.39±0.18 7,24 0,15

CaI 7 5.99±0.11 6,36 -0,37

ScII 3 2.11±0.15 3 -0,89

TiII 33 4.32±0.29 4,96 -0,64

VI 6 3.85±0.42 4,06 -0,21

VII 8 3.82±0.31 4,21 -0,39

CrI 3 5.14±0. 5,5 -0,36

CrII 8 4.95±0.27 5,5 -0,55

MnI 2 5.25±0.16 5,35 -0,1

FeI 83 6.97±0.56 7,6 -0,63

FeII 39 7.07±0.39 7,6 -0,53

NiI 6 5.74±0.32 6, -0,47

YII 9 2.06±0.43 2,24 -0,18

ZrII 5 2.50±0.07 2,96 -0,46

BaII 3 1.76±0.41 2,11 -0,35

LaII 7 0.96±0.26 1,3 -0,34

CeII 14 1.36±0.39 1, -0,23

PrII 1 0,7 0,83 -0,13

NdII 5 1.17±0.17 1,26 -0,09

EuII 1 0,62 0,7 -0,08

5. N�T�C�L�R

1. HD164136 ulduzunun fundamental parametrlºri tºyin edilmi³dir:

Teff=6670K, lgg=2.456.
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2. FeI, FeII, TiII xºtlºrinº ºsasºn mikroturbulent hºrºkºt sürºti tºyin edilmi³-

dir: FeI üçün ξt = 4, 5 km/s, FeII üçün ξt = 6, 5 km/s, TiII üçün ξt = 7, 0

km/s qiymºtlºri al�nm�³d�r.

3. Ulduzun atmosferindº elementlºrin miqdar� hesablanm�³d�r vº Günº³dº

olan miqdarla müqayisº edilmi³dir. HD164136 ulduzunun kimyºvi tºrkibinin

Günº³in kimyºvi tºrkibi ilº müqayisºsi göstºrir ki, Na, S, Mn, Y, Ce, Pr,

Nd, Eu elementlºrinin miqdar� Günº³dº olan miqdara yax�nd�r, digºr tºyin

olunmu³ elementlºrin miqdar� isº Günº³lº müqayisºdº azd�r.
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YUP�TER�N ATMOSFER�ND� QEYR�-B�RC�NSL�YIN

T�DQ�Q�

A. B. Mºsimova*, �. �. Hümbºtova**

N.Tusi ad�na �amax� Astro�zika Rºsºdxanas�,

Azºrbaycan Milli Elmlºr Akademiyas�, Bak�, Azºrbaycan

Tºqdim edilºn i³ Günº³ sisteminin ºn böyük planeti olan Yupiterin tempe-

raturunun hesablanmas�na hºsr edilmi³dir. F�rlanma temperaturu spektrdº

mü³ahidº edilºn NH3 xºttinin seçilmi³ cütlºri ºsas�nda hesablanm�³d�r.

Açar sözlºr: Yupiter � Atmosfer � Temperatur.

1. G�R��

Planet atmosferlºrindº �ziki ³ºraiti müºyyºn etmºk üçün temperaturu

qiymºtlºndirmºk çox mühümdür. Do§rudur, temperatura hºssas olan ammonium

qaz�n�n vº aerozolun miqdar�n�n, birqat sºpilmº albedosunu (udulman�) da tºyin

etmºk atmosferin qeyri- bircinsliyi mºsºlºsinin hºllinº ayd�nl�q gºtirir. Lakin mü-

³ahidº nºticºlºrini tºhlil etmºk vº atmosferin qurulu³u haqq�nda dürüst �kir

yürütmºk üçün öncº f�rlanma temperaturunun tºyini üsulunu q�sa ³ºrh etmºk

zºruridir.

Yupiterin diskindº orta temperatur 1924-cü ildºn ba³layaraq Pettit vº Nic-

holson [1] Menzel, Coblentz vº Lampland [2] Zabriskie [3] vº son vaxtlar isº Si-

mon Miller vº ba³qalar� [4] tºrº�ndºn tºyin edilmi³dir. Pettit vº Nicholsonun

ölçmºlºrinº ºsasºn Yupiterin mºxsusi ³üalanmas�n�n onun Günº³dºn ald�§� enerji-

nin 8%-ni tº³kil etdiyi, planetin istilik ³üalanmas�nda bolometrik ulduz ölçüsünün

7m, 68 oldu§u vº ona ºsasºn hesablanm�³ inteqral temperaturunun isº ≈ 1500K

oldu§u qºbul edildi.

Lovell rºsºdxanas�nda Menzel tºrº�ndºn düzºldilmi³ sulu ekrandak� termocüt

vasitºsilº planetin istilik ³üalanmas�n� �kºsºrºk� Günº³ ³üalanmas�n� ay�ran qur§u

vasitºsilº W.Coblentz, C.Lampland iki dºfº radiometrik ölçmºlºr aparm�³lar. Yu-

piterin bütün diski üçün inteqral ³üalanmaya görº onun temperaturu 140v120◦K,

* E-mail: aynura.masimova@mail.ru
** E-mail: emine-enver@rambler.ru
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Cütlºr Dal§a uzunlu§u Temperatur (K)

1. 6445,6 6457,1 138,297

2. 6446,4 6447,2 80,656

3. 6447,2 6452,1 144,528

4. 6447,2 6452,6 81,943

5. 6452,1 6457,1 122,432

6. 6445,6 6452,6 75,766

7. 6446,4 6457,1 70,472

Cºdvºl 1. Yupiter planeti üçün al�nm�³ nºticºlºr

yºni (130 ◦ ±10◦K) olmu³dur. F.R.Zabriskie hidrogenin S(0) vº S(1) kvadrupol

xºtlºrinin intensivliklºrinº ºsasºn onlar�n meydana ç�xd�§� dºrinlikdº temperatur

T = 170− 200◦K aras�nda dºyi³diyini müºyyºnlº³dirdi.

Bu sahºdº çox sayda yerüstü mü³ahidºlºr olmas�na baxmayaraq, �Kassini�

KA-da qura³d�r�lm�³ infraq�rm�z� spektrometrlºrin vº �Voyacer-1�-dº IRIS qur§u-

sunun verdiyi ölçmºlºrin tºhlilindºn planetin daha yüksºk enliklºrindº, stratosfer

vº troposferinin böyük miqyasda temperatur xºritºsi yarad�lm�³d�r. Hºmçinin,

KA-lar�n verdiyi mºlumata ºsasºn al�nan nºticºlºr Yupiterin yerüstü mü³a-

hidºlºrindºn al�nan 20 illik nºticºlºr ilº müqayisº olundu. Mºlum oldu ki, planetin

a³a§� enliklºrdº vº troposferdº temperaturu tºdricºn fºsil dºyi³mºlºri vº yaxud

atmosferdºki q�samüddºtli dºyi³mºlºrlº ºlaqºdar olur. Yupiterin stratosferindº isº

temperaturun dºyi³mºsi daha mürºkkºbdir [4].

Tºdqiqatlar göstºrir ki, planetlºrin öyrºnilmºsindº kosmik uçu³lar zaman� çox

ºhºmiyyºtli kº³�ºr vº ölçmºlºr edilsº dº, uzunmüddºtli yerüstü mü³ahidºlºr za-

man� onlar�n atmosferlºrinin �ziki xüsusiyyºtlºrini vº qanunauy§unluqlar�n� ay-

d�nla³d�rma§a imkan verir. Bu mºqsºdlº �AR-�n 2 metrlik teleskopunun Kasseqren

fokusunda qura³d�r�lm�³ e³ele spektrometrindº [5] mü³ahidºlºr apar�lm�³ vº al�nan

spektrlºrin emal� Galazutdinovun DECH20, DECH20T paket proqram�ndan [6]

istifadº etmºklº i³lºnilmi³dir.

Mºqalº Günº³ sisteminin nºhºng planetlºrinin ºn böyüyü olan Yupiterin tem-

peraturunun hesablanmas�na hºsr olunmu³dur.

Nºhºng planetlºrin temperaturu hºmin planetin spektrinindº mü³ahidº olu-

nan NH3 xºttinin (eyni �ziki ³ºraitdº yaranan) seçilmi³ cütlºri ºsas�nda:

T =
E2 − E1

lnβ1β2 + lnα1
α2

+ lnS2
S1

E2−E1
T0

(1)

düsturu vasitºsilº hesablanm�³d�r.
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Burada E2 vº E1 uy§un olaraq ikinci vº birinci spektral xºttin enerjilºri, β1
vº β2− xºtdº vº kºsilmºz spektrdº bir qat albedolar�n tºrs qiymºtlºri fºrqidir:

βν = (1/ων)− (1/ωc) = SνAL/π aL,

Sν - nisbi inteqral udulma ºmsal�d�r vº laboratoriya ³ºraitindº tºyin olunur,

AL - fotonun iki ard�c�l sºpimºsi aras�ndak� sºrbºst yolda udan qaz�n miqdar�, αL
- xºttin lorens yar�m enidir. ων vº ωc - birqat sºpilmºnin albedosudur. α1 vº α2

- uy§un olaraq birinci vº ikinci spektral xºttin lorens yar�m enlºri, S1 vº S2 - uy-

§un olaraq birinci vº ikinci xºttin nisbi inteqral udulma ºmasl�, k-Bolsman sabiti,

T0 = 296K - otaq temperaturudur. Burada β1, β2 yüksºli³ ºyrisindºn götürülür.

Müxtºlif xºtlºr cütü üçün temperaturun belº dºyi³mºsinº sºbºb hºmin qat-

larda ild�r�mlar�n ba³ vermºsi ola bilºr. Belº ³ºraitdº amoniak qaz�n�n miqdar�

çoxal�r vº yaxud nazik krisrtal amoniak hissºlºrindºn tº³kil olunmu³ örtük qaz

hal�na keçir.

Cºdvºldºn görünür ki, orta temperatur 107± 22K−dir. Temeraturun bu al�n-

m�³ qiymºti "Voyager" kosmik aparatlar�n verdiyi 115K−º yax�nd�r.
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