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FOREWORD

This issue of the “Odessa Astronomical Publications™ (V.21, 2008) contains a collection of material
presented at the International Conference “Chemical and dynamic evolution of stars and galaxies” that
was held in the framework of working group “Stellar atmospheres™”. This Conference was dedicated
to the 70th anniversary of the professor Nikolay Sergeyevich Komarov (1938-2003), it was held in
Odessa (Ukraine), Chernomorka, on August 25-29, 2008.

59 participants from Ukraine, Russia, Kazakhstan and Estonia attended Conference. The Memorial
part of the conference and the first talk were devoted to the Komarov’s life, his scientific, pedagogical
and popularization activity. The scientific part of the Conference was presented in 45 contributions.

T. V. Mishenina



Odessa Astronomical Publications, vol. 21 (2008) 3

CONTENTS
Foreword
TLVIMISRNEINING .oiiiiiiiiiiicee e ettt e ettt e e e et e e et e e e eetaaeeeeateeeeaaeeeeeaseeeeensseeeeesreeean 2
COMEEIIES ....uviiiiiie e eeeeiie e e e eect et e e e e ettt e e e e e e e e ataaeeeeeeeeeatasseeaeeeaassasssaeaeeeaasssassseaeeaaassssaeaeeeaassssssseeeeansssssseeaeanns 3

NIKOLAY SERGEYEVICH KOMAROV AND THE DEVELOPMENT OF THE SPECTROSCOPIC
RESEARCHES IN ODESSA ASTRONOMICAL OBSERVATORY

T.V.Mishenina, A.V.DIAGUNOVA ........c.cccuereiiriiirienieiieeieeteetestesstestesssesssesssesssessseassesssesssesssesssesssensseanns 5
PECULIARITIES OF THE NUCLEOSINTHESIS OF HEAVY ELEMENTS IN A DISK OF SPIRAL
GALAXY

[LA.Acharova, Yu.N.Mishurov, J.LR.DIEPINE .........cceecieiiiiiiiieiieie ettt 9
HIGH PRECISE EFFECTIVE TEMPERATURES OF 182 MAIN SEQUENCE STARS

S.I.Belik, V.V.Kovtyukh, M.P.YaSINSKAYA .......ccccieciiiiiiiiiiieiicte ettt 13
IS PZ MON A RED DWARF OR A RED GIANT?

N.LBONAAr’, S.G.SEIZEEV ...ttt sttt ettt e st e s st e s atesbtesbeesaeesaeesseesneesseesaeens 17

ROTATIONAL VARIATION OF THE MAGNETIC FIELD OF 3 CrB IN DIFFERENT SPECTRAL LINES
V.Butkovskaya, D.Baklanova, [.Han, K.M.Kim, D.Lyashko, D.Mkrtichian, S.Plachinda, G.Valyavin,

VUTSYIMDAL ...ttt ettt ettt e bt e bt e bt e bt et e et e e bt e bt enbeenbeenbeebeebeenee 19
MAGNETIZATION OF STARS VS. THE EFFECTIVE TEMPERATURE

V.D.Bychkov, L.V.BYchKova, J.IMAdE] ........cceecuiriiiiiiiiiieeie ettt sttt 22
MAGNETIC FIELDS OF STARS

V.D.Bychkov, L.V.BychKova, J.MadE] ......c.cccieuiriiiiiieieeseeee ettt 24
ADAPTIVE MODE OF THE MSS BTA

G.A.ChountonoV, LD.INaJAENOV ........cociiiiiiiiiiiiteeeee ettt st be et 26
PECULIARITIES OF MIXING METALS IN INTERGALACTIC AND INTERSTELLAR MEDIA

S.Yu.Dedikov, Yu.A.ShcheKinov, E.O.VASIIIEV .......ccccccooviiiiiiiiiiiieiie et 29
MIXING METALS UNDER STRIPPING GALACTIC GASEOUS HALOES: RADIATIVE LOSSES

S.Yu.Dedikov, Yu.A.ShcheKinov, E.O.VASIIIEV .........coooviiiiiiiiiiieiiee et 33
HD 158450: A MAGNETIC CHEMICALLY PECULIAR STAR IN A YOUNG STELLAR GROUP

N.A.Drake, E.G.Jilinski, V.G.Ortega, R. de la Reza, B.Bazzanella ...........c.cccoooveviinienieniinieienieene 35
ABUNDANCES OF COPPER AND ZINC IN STARS OF THE GALACTIC THIN AND THICK DISKS

T.I.Gorbaneva, T.V.Mishenina, N.Yu.Basak, C.Soubiran, V.V.Kovtyukh ..........c.ccccoiviniiininnnnnnn. 37

ESTIMATION OF THE MASS AND THE SPECIFIC MOMENT OF ROTATION OF A BLACK HOLE IN
THE CENTER OF SPHERICAL CLUSTER M15

A.A Kisselev, Yu.N.Gnedin, N.A.Shakht, E.A.Grosheva, M.Yu.Piotrovich, T.M.Natsvlishvili ............ 39
Non-LTE LINE FORMATION FOR S |
SLALKOTOUIN ettt e e e e ettt e e e e e e et eeeeeeseasaaa et eessesaaaseseeeesssnnsaseeeeessanseaeeeeesssannnes 42

EVOLUTIONARY CHANGES OF THE KINEMATICS OF THE GALACTIC THIN DISK STARS IN
THE SOLAR NEIGHBOURHOOD

V.V.Koval, T.V.Borkova, V.AIMArSAKOV ........cooiiiiiiiiiiiiiiieeceeeeee ettt eeataae e e senaaaeeeee s 45
SPECTRAL LUMINOSITY INDICATORS FOR FGK SUPERGIANTS AND CLASSICAL CEPHEIDS

V.V.Kovtyukh, F.A.CheKhonadsKikh ............c.cccciriiiiiiiiiiiiieiieeee e 48
HANSKY ALEKSEY PAVLOVITCH

Lemeshchenko N.D., Shevehyuk T.V. ..ot 53
CHEMICAL COMPOSITION AND EVOLUTIONARY STATUS OF SPECTRAL BINARY STAR 12 PER

V.V.Leushin, M.KLKUZNEESOV ......uuveiiiiiiiiiieeiieie ettt ettt ettt e e e e e eaate e e e e s eseaaaaeeessessnaaaeeeeeeas 57
POPULATION OF THE Be STARS IN THE YOUNG OPEN CLUSTERS

S.L. IMAICKENKO ..ottt e et e ettt e et e e et e e e e e ta e e e etreeeeetreeeenraeeeenes 60
OMEGA CENTAURI: GLOBULAR CLUSTER, STELLAR STREAM — DWARF GALAXY

V.AMArsakov, T.V.BOTKOVA .....ccuviiiiiiiiiiiiie ettt ettt s st e e s et e e e eanes 64
FORMATION OF SMALL-SCALE STRUCTURES IN THE INTERSTELLAR MEDIUM

E.E.Matvienko, E.O.Vasiliev, YU.A.SKChEKINOV ..........oooiiiiiiiiiiiiiiiiiee et 70

DESTRUCTION OF THE INTERSTELLAR CLOUDS BY THE SHOCK WAVES
E.E.Matvienko, YU.A.SNCHEKINOV ......cooovviiiiiiiiiiiiie ettt et eaee e saaeeeeans 74



4 Odessa Astronomical Publications, vol. 21 (2008)

THE LOCAL DWARF GALAXIES:BUILDING BLOCKS OF MASSIVE ONES?
I.THE FORNAX DWARF GALAXY

TV INYKYEYUK ettt et et ettt ettt e et e b e et et e enteeneeeateeaee 76
ON THE CORRELATION OF IR AND OPTICAL VARIABILITY IN NGC 4151

V.L.Oknyanskij, V.M.Lyuty, O.G.Taranova, E.A.Koptelova, V.I.Shenavrin ...........c.cccceevvecrverreeneennnne. 79
CTAHOBIJIEHUME U PASBUTUE HABEMHOM CITEKTPOCKOITUU

TIAHUYK BLE. ..ottt ettt e bt et e s bt e sab e e e bt eeabee ettt enbeeenbbeenareenas 81
O TOJIB3E HEKJIACCUYECKHUX IMTPEJICTABJIEHUM ACTPOHOMWYECKHX CITEKTPOB

[Tanuyk B.E., CaukoB ML.E., SIKOTIOB M.B. ....cccciiiiiiiiiiiice e 85
THE ROLE OF PURE GALAXY CLUSTERS FOR STUDYING SUPERCLUSTER STRUCTURE

EL A PANKO ...ttt b e et e bt e e bt e e bt e e tbeeatbaeerbeeebeeenbeeetaeensbeeanraeans 88
MODEL ATMOSPHERES OF PECULAR CARBON GIANTS

Ya. V. PavIENnKO, L. A YAKOVING ...cceeveiiiiiiiieeee et ettt e e e et e ee e e e e seaaaeeeeeens 92

GENERAL MAGNETIC FIELD OF THE SUN AS A STAR AS INDICATOR OF MASSIVE STREAMS
FLOWING ON THE SUN

S.Plachinda, D.Baklanova, [.Han, K.-M.Kim, P.Reegen, G.Valyavin, W.Weiss ..........ccccceecerrrrrrvennnnnen. 94
ACTIVIVE PHENOMENA OBSERVED IN ATMOSPHERIC LINES OF THE HERBIG AE STAR HD163296
M.A.Pogodin, M.M.Guimaraes, S.H.P.Alencar, W.J.B.Corradi, S.L.A.Vieira ........c.c.ccceevrrrrrvrrerreenrnnn. 97

THE MODELLING OF THE MASS—METALLICITY RELATION FOR THE LOCAL GROUP DWARF
GALAXIES

M.V.Ryabova, YU.A.SKCheKINOV ........coiiiiiiiiiiieiei e 100
THE SEQUENTIAL STAR FORMATION IN GLOBULAR CLUSTERS

M.V.Ryabova, YU.A.SKChEKINOV ........ooiiiiiieee et 102
THE LARGE SKY LENS

R.B.Shatsova, G.B.ANISIIMOVA .........coouviiiiiieieieieee et eeee e eeeeee e eetee e et e e eeaeeeeeiareeeeeareeeeeareeeeareeeeennes 106
RADIO LOOPS IN ZONE OF AVOIDING OF OPEN CLUSTERS

R.B.ShatSova, ML.L.GOZNA .........cccvviiiiiiiiiiiiiie ettt ettt e s e eaaa e e s eareesenaes 109
LITHIUM SPOTS IN THE NORTHERN roAP STAR HD 12098

A.V.Shavrina, Yu.V.Glagolevskij, N.A.Drake, N.S.Polosukhina, Ya.V.Pavlenko, D.O.Kudryavtsev ....... 111

SPOTS STRUCTURE AND STRATIFICATION OF SOME CHEMICAL ELEMENTS IN THE
ATMOSPHERE OF He-WEAK STAR HD 21699

A.V.Shavrina, Yu.V.Glagolevskij, J.Silvester, G.A. Chuntonov, Ya.V.Pavlenko, V.R. Khalack ............... 115
SPECTROSCOPIC MONITORING OF NOVA VULPECULAE 2007 (V458 Vul)

TUNLTATASOVA .eiieviiiieiiiie ettt ettt e ettt e e et e e e e ata e e e e sabe e e e saaeeesssseeeansssaaeassseeeanssaeeeanssaeeansseeaeanssens 120
QUASISYNTHETIC PHOTOMETRY

TSYMDBAL V. ettt e h et b et e bt e bt e bt e bt e bt e bt e bt e bt e bt e bt enbeenbeenbeenbeenee 124
STELLAR INVESTIGATION IN THE OPEN CLUSTER OF POLARIS

[.A.Usenko, A.S.Miroshnichenko, V.G.Klochkova, V.E.Panchuk .........cccccccceiiiimiiiiiiiiiiiiiiieeeeee 127
NEW ASPECT OF SMALL-AMPLITUDE CEPHEID SU CAS

[.A.Usenko, V.G.Klochkova, N.S. Tavolzhanskaya ............ccceceiiiiiiiiiiiiiiieeee e 131
FIRST SUPERNOVAE IN DWARF PROTOGALAXIES

E.O.Vasiliev, E.I.Vorobyov, YU.A.ShCheKinOV ..........ccceoiiiiiiiiiriieiieieece et 135
CRITICAL METALLICITY FOR POPULATION II STARS

E.O.VasilieV, YU.A.SHCHEKINOV .......ovviiiiiiieiieee ettt e e e e 139
Non-LTE LINE FORMATION FOR Zr I/Il IN COOL STARS

A.B.Vinogradova, L.I.MashONKING ..........ccceriiiiiriiiieiesieseese ettt s snee 141

ANALYSIS OF THE SPECTRAL ENERGY DISTRIBUTION OF THE COOLEST RCrB TYPE CARBON
STAR DY Per

L.A.Yakovina, A.V.Shavrina, Ya.V.Pavlenko, A.F.Pugach ..........c..cccociviiiniiiiiiniiice e 146
p PUPPIS: THE POSSIBILITY OF NON-RADIAL PULSATIONS
A.V.Yushchenko, T.N.Dorokhova, V.F.Gopka, C.KIm .......ccceeiiiiiiiiiiiiieieeeeee e 150

ATMOSPHERIC PARAMETERS AND CHEMICAL COMPOSITION OF PECULIAR STARS HR465,
HD91375, and HD25354

V.Yushchenko, V.Gopka, A.Yushchenko, A.Shavrina, S.Hubrig, F.Musaev ...........cccccevveevvevienvieeiiennenn, 153
THE INFLUENCE OF ATMOSPHERIC ABSORPTION ON VISIBILITY OF GALAXIES

M.Biernacka, M.Chudy, P.Flin, M.Michniak, E.Panko ............cccecceeiiiriiniiniiiiiit et 158



Odessa Astronomical Publications, vol. 21 (2008) 5

NIKOLAY SERGEYEVICH KOMAROV AND THE
DEVELOPMENT OF THE SPECTROSCOPIC RESEARCHES IN
ODESSA ASTRONOMICAL OBSERVATORY

T.V.Mishenina, A.V.Dragunova

Astronomical Observatory of Odessa National University,
Marazlievskaya, 1v, 65014 Odessa, Ukraine, astro@paco.odessa.ua

Figure 1: N.S.Komarov (1938-2003)

Komarov Nikolay Sergeyevich was born on June,
16th, 1938 in Sestroretsk Leningrad region in the fam-
ily of navy officer. Two years after the family moved
to Odessa where in 1955 Nikolay graduated from the
school and entered the University, the mathematical
branch of the Faculty of Physics and Mathematics. Af-
ter the launch of the first artificial satellite of the Earth
he has been moved to astronomical specialisation of the
physics branch of the Faculty. In 1955-1960 he made a
number of marks of the artificial satellite passing and
became a champion in the number of marks. Neverthe-
less he has a great interest in spectroscopy. His master
thesis was devoted to the spectra of meteors. This was
made despite that fact that the main activity of the
Observatory was in an area of the visual observation
of variable stars and a photometrical research of the
meteors and comets using the photo-plates. Having
graduated University in 1960, Nikolay Sergeyevich be-
gan his work at the Odessa Astronomical Observatory
(OAO). During a year he was engaged in the visual ob-
servations of variable stars on a 19-inch clock-workless
telescope installed at the open platform in Mayaki ob-
servational station without any pavilion.

In 1961 N.S.Komarov was a post-graduate student.

Prominent Odessa astronomer Sergey Vladimirovich
Rublyov considerably influenced the further choice of
the scientific interests of Nikolay Sergeyevich. Rublyov
sent him to the Crimean Astrophysical Observatory
(CrAO) where N.S.Komarov was engaged in the spec-
tral observations on a 50-inch reflector with the pur-
pose to obtain and collect the observational material
for his PhD thesis. In CrAO another prominent as-
tronomer Ivan Miheyevich Kopylov proposed to Ko-
marov to start dealing with phenomenon of ”"metal”
stars. The thesis ”Kinematic and morphological char-
acteristics of the "metal” stars” was successfully de-
fended by Komarov in 1968, and he obtained the sci-
entific degree of the Candidate of Physical and Math-
ematical sciences (PhD equivalent). Shortly after, he
was appointed at the position of the head of depart-
ment of astrophysics (the largest in Observatory at
that time). Then, in 1970, N.S.Komarov headed the
research sector, and later the department of astrospec-
troscopy (later this department of the physics of stars
and galaxies became again the largest department in
Observatory).

Nikolay Sergeyevich was the leader by his nature, he
had good mathematical education, and he always has
an intuition where the interesting and perspective line
of investigation can be found. In 1967 V.A.Pozigun
and N.S.Komarov constructed an infra-red (IR) — elec-
trospectrophotometer (ESPM) and they started in the
Soviet Union pioneer observations of the stars in the
near IR region. With an advent of ESPM, the new
epoch of spectroscopic investigations in OAO started.
ESPM was attached to 177 telescope. As a detec-
tor the photomultiplier tube RCA7102 was used (it
was brought by prof. V.P.Tsessevich from USA). The
cooling was made by frozen carbon dioxide; the spec-
tra were registered on a data tape. In September
1966 the observations of Vega and x Cyg were ob-
tained. At that time the military-industrial establish-
ment of the USSR was very interested in spectral ob-
servation in the near IR region. To get the military
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contracts on the determination of the energy distri-
butions in the IR spectra of some stars it was nec-
essary to establish the new observational stations in
the sites with a good astronomical climate. The first
observational station has been founded in Vannovsky
(near Ashgabat, Turkmenistan). The 17" telescope
with IR spectrometer was installed at that station,
and it was in operation from 1970 to 1975. In 1970
two new spectrometers of the Seya-Namioka type were
constructed with the aim of a signal registration in a
visible spectral region, and one spectrometer with the
discrete scanning for IR region. First the thermosta-
bilization was made using the frozen carbon dioxide,
and then by thermoelectric cooler created on the basis
of the Komarov’s technical project. The new equip-
ment was used for observations at the peak Terskol
in the North Caucasus (telescope AZT-7 and 80-cm
telescope built in OAO). Then the spectrometer of the
Seya-Namioka type was attached to the telescopes in
the Abastumani Observatory (Georgia) in 1973-1974,
and at Mondy (Sayan Mountains, at the Solar Ob-
servatory of Siberian branch Academy of Sciences of
USSR). The telescopes were constructed by the Odessa
Observatory engineers and astronomers L.S.Paulin,
N.N.Fashchevskij, V.N.Ivanov, and equipped with the
spectrometers and photometers that were constructed
also in OAO. The telescopes were installed at the
stations of MAO AS USSR (Pulkovo) at the pass
Bezymyannyy (Caucasus), Armenia, and at Murghab
(Pamir Mountains). In 1970, Nikolay Sergeyevich de-
veloped the project ”Extinction Service” to investigate
the atmospheric extinction by photometric methods.
He involved Odessa astronomer N.I.Dorohov to this
program in 1972. In 1976 N.I.Dorohov together with
engineer V.Egorov elaborated the new EPM for pho-
tometric system WBVR. This photometer was used
for observations at Mayaki station and Terskol station.
In 1986 Odessa astronomer A.F.Pereverzentsev under
the supervisory of N.S.Komarov made an electropho-
tometer for the photometric system UBVRI. Later it
was installed on the pass Bezymyannyy (Armenia).
In 1991 N.S.Komarov initiated creation of the two-
channel EPM for 80-cm Odessa telescope on the Mnt.
Dushak — Erekdag (Turkmenistan), and similar pho-
tometer for the 1m Odessa telescope installed in the
Vyhorlat Observatory (Slovakia). Photometers were
made by N.I.Dorokhov. All the works on automation of
the observational process was initiated and supervised
directly by N.S.Komarov. Nikolay Sergeyevich person-
ally took part in the observations at all the Odessa
Observatory stations. In addition he participated in
the observations of solar eclipses and zodiacal light at
the following places: Chukotka, Kamchatka, Sakhalin,
mountains of Hindu Kush. In 1968 N.S.Komarov to-
gether with V.A.Pozigun decided to start the Observa-
tory’s computerization. The first computer ” Promin™
was bought using the money from the military con-

tracts gained by the Komarov’s department. The spec-
troscopic investigations by N.S.Komarov were not lim-
ited only by simply obtaining the energy distributions
in spectra. The study of the stellar fundamental pa-
rameters, spectroscopic analysis of the stellar atmo-
spheres, the determination of the chemical composition
and synthetic spectra calculations were carried out by
his group, and then these works were continued in the
department of spectroscopy (”Komarov’s department”
as it is now called in Observatory).

Creation by  N.S.Komarov  together  with
N.A.Sahibullin, A.Sapar and Y.Straume the workshop
”Stellar atmospheres” favoured to the coordination of
all the works carried out in USSR on the observation
and interpretation of the high resolution spectra, and
the modelling of the stellar atmospheres. In 1976,
the first big meeting of this group was held in the
Tartu Observatory (Tyravere, Estonia). In fact, the
group continues its work up to now. In 2002 Komarov
decided to enlarge the format of the existing workshop
”Stellar atmospheres” to the International Conference
”Chemical and dynamic evolution of the stars and
galaxies”.

In 1989, in the Special Astrophysical Observatory
of the Russian Academy of Sciences N.S.Komarov de-
fended his ScD thesis ”Structure of the atmospheres of
the cool giant stars”, and then he gained the profes-
sor title. He published about 160 scientific papers and
3 monographs. He also prepared 56 scientific reports
about the Observatory’s works on contracts. Atmo-
spheres of stars, especially cool stars, were interesting
to N.S.Komarov. The presence of a large number of
atomic and molecular absorption lines is the charac-
teristic feature of spectra of these objects. And this is
puzzling, intriguing, and at the same time attracting
essence of this problem. In his monograph ”Cool giant
stars” N.S.Komarov generalised the main results ob-
tained by him personally and under his supervisory. It
should be noted that this book he devoted to the mem-
ory of his teacher S.V.Rublyov. In this work he sum-
marized the results on absolute energy distributions
in stellar spectra; spectral classification of giant stars;
the analysis of the radiation blocking factor in stellar
spectra by the atomic and molecular absorption lines;
fundamental characteristics of stars (the scale of effec-
tive temperatures, absolute star sizes, bolometric mag-
nitudes, surface gravities); structure of atmospheres of
the cool stars (thermochemical equilibrium, synthetic
spectrum calculations with an account of the molec-
ular absorption; abundances of chemical elements). It
should be also noted that N.S.Komarov supported such
works at the Odessa Observatory as NLTE analysis of
the stellar spectra; an investigation of the metallicity
gradient in galactic disk using the calibrations ”[Fe/H]
— CN” for open clusters, the determination of the iso-
topic abundances; formation of the dust in the upper
layers of atmospheres of giants etc.
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Figure 2: log pag/log Tr

Now let us turn to some concrete results obtained by
N.S.Komarov. Taking into account the effective depths
of the absorption line formation for a differential meth-
ods based on a curve of growth N.S.Komarov succeeded
in determination the relative abundances of elements
with a good accuracy of the order of 0.1dex (in 70-
s!). Having based on the study of 12 open clusters he
also showed that the matter in galactic spiral arms is
distributed non-uniformly, and this non-uniformity is
reflected in its chemical composition. As a result, it
was possible to estimate the value of the radial metal-
licity gradient in a galactic disk: d[Fe/H]/dR = — (0.07
+ 0.03).

The most favourite plot of Nikolay Sergeyevich (that
he always demonstrated, see Fig. 1) shows the par-
tial pressure of the molecules in atmospheres of the
cool stars as a result of thermochemical equilibrium
(these calculations were made in the beginning of 80-
s). In fact, this result is actual up to now. Idea about
the temeperature inversion in the upper layers of the
cool stars for many years was actively supported by
N.S.Komarov was confirmed recently by the existence
of chromospheres in K — M — giants.

More than ten PhD theses were prepared under
his supervisory, and also due to his initiative. He
was a member of a specialized councils on (both ScD
and PhD) theses defence on astrophysics and radio-
astronomy, a member of professional astronomical so-
cieties, including International and European societies,
a member of editorial boards of many scientific and
popular scientific Journals and magazines. Nikolay
Sergeyevich delivered a course of astrospectroscopy to
the students of Odessa University, as well he delivered

lectures to the participants of International Gamow’s
Summer Astronomical School, to auditorium of the for-
mer society ”Znanie” and in ”"Planetarium”. Nikolay
Sergeyevich was also one of the organizers of workshops
on spectrophotometric and photometric standards. He
was the active participant of many international sci-
entific conferences on the problems of spectroscopy,
stellar atmospheres, cool stars, chemical evolutions of
the Galaxy. Now the spectroscopic researches in OAO
are continued, but the accent of these investigations
is somewhat displaced — from energy distributions to
the analysis of the high resolution spectra using the so-
phisticated astrophysical methods. Cool and hot stars,
supergiants, giants and dwarfs, variable stars of the
various types, pulsing and eclipsing binary stars, the
stars belonging to the open and globular clusters are
the subject of spectroscopic investigations. The cal-
culations of synthetic spectra are now carried out us-
ing the NLTE approximation, the study of the chem-
ical and dynamic evolution of the Galaxy and other
galaxies is performed. Obtained results are published
in the high-level international astronomical journals.
There are many articles published by the followers of
N.S.Komarov.

Besides of astronomy, N.S.Komarov had a great in-
terest in yachting, he participated in the large yachting
contests of the Black and Azov Sea. He has the daugh-
ter Natalia and the grandson — Nikolay Komarov Jr.
He was the well-known astronomer, and the astronom-
ical world respects him.

With this Conference, devoted to his memory, we
with gratitude pay a tribute to him for his energy,
work and merits.
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ABSTRACT. The goal of paper to see that different
models for spiral pattern of galactic disks lead to
distinguishable radial distribution of heavy elements.
Moreover it will be explained why the distributions,
demonstrated different chemical elements show dif-
ferent pattern. This fact has extremely importance
for understanding of the processes, which occur in a
galactic disk and allows to narrow down the possible
class of their models.

Key words: Galaxy:abundances; Galaxy:structure

1. Introduction

The work is devoted research of influence of galactic
spiral arms on formation of radial distribution of heavy
elements abundance. It is widely believed that the ra-
dial distribution of heavy elements in the galactic disk
retains important information about its structure and
evolution.

Earlier, it was assumed that the radial distribution
of metallicity in the Galaxy could be described by a
simple linear function.In the last decade pupleshed ob-
servations, which demonstrate different peculiarities on
this distribution [1-12]. Moreover, in these article was
demonstrated that the radial abundance distributions
for different chemical elements show different pattern.

We have to bear in mind that sources of heavy el-
ements are different objects,which space distribution
also different. As believed, the main source of oxygen,
supernovae Type II (SNTI). These stars are known to
be concentrated in the spiral arms [13]. Moreover, the
progenitors of stars of this type have very short life-
times, implying that SN II have not moved significantly
from their birth places. On the other hand, the pro-
genitors of the sources of most of the iron (~ 70 %) —
type Ia supernovae (SNTa) — may be several billions
years old [14]. Even if they were born inside an arm,
they have had enough time to move far from their birth
place. Thus conserns other elements, distinction in

yilds proportion from supernovaes reach up to several
times.

The enrichment of the any volume of interstellar gas
take place only when its located near its sources, so
spatial distribution of heavy elements in young objects
must repeat spatial distribution of its sources.

First of all, we mention the bimodal radial abun-
dance pattern,i.e. rather steep gradient in the inner
part of the galactic disc for galactocentric distances
r < 7.5 kpc and a plateau up to 11 kpc for oxygen.

Of course, researches of thin structure of radial dis-
tribution of heavy elements are still far from the end,
and we are only in the beginning of the way. Probably,
future observations will be more informative. However
as show our calculations, peculiarities in the radial
distribution of heavy elements may be formed under
the influence of galactic spiral arms. Thus different
models of spiral structure lead to distinguishable
pictures of the radial abundance distributions.

2. Basic ideas and equations

For research of chemical evolution of a galaxy tradi-
tionally use the equations formulated by Tinsley [15]
and specified by Lacey & Fall [16]. We also use their
approach, but with two essential additions: 1) the in-
fluence of spiral arms will be considered and 2) the ef-
fect of diffusion of elements will be taken into account.

The corresponding equations:

Ops
g /
L= (- R+, (2)
YA 10 oz
gy =Pz + f(Zy=2)+ ;a(T'MgDE)’ (3)

where Z is the oxygen content, u, and pg4 are the sur-
face densities for the stellar and gaseous disks corre-
spondingly, ¥ is the star formation rate (SFR; we use
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the instantaneous recycling approximation), f is the
in fall rate of matter onto the galactic disk, Z; is its
abundance (we adopt Zy = 0.17Zg), R is the stellar
mass fraction returned into interstellar medium (ISM),
Py is the part of the stellar mass ejected into ISM as
a newly synthesized element (oxygen in our case), r is
the galactocentric distance, ¢ is time. The last term
in equation (3) describes the heavy element diffusion
due to turbulent motions in ISM. Let us now discuss
the influence of spiral arms on radial oxygen distribu-
tion. SNII, according to observations, accurately con-
centrate in spiral arms. SN Ia do not show such close
communication with spiral arms, they can be present
out of arms and even out of a disk [13]. Therefore,
first of all, influence of spiral arms will affect oxygen
distribution. Here sees two possible channels.

The first is caused by that rate nucleosinthesis of
oxygen is connected with rate of birth SNII. Rate of
birth SN IT depends on star formation rate, which is de-
fined, according to Roberts [17], intensity of the galac-
tic shock wave arising in interstellar gas at its flowing
in a spiral arms. Such idea of influence of spiral arms
on nucleosinthesis has been done by Oort 1974 [18].

Here it is necessary to tell, that there are different
opinions concerning that, whether or not galactic shock
waves influence on star formation rate. There are re-
searches with arguments both for and against this as-
sumption. As a whole, for today it is definitely may
to speak, that the most massive stars (SNII, stars of
classes O,B) really concentrate to spiral arms. At the
same time the equations of chemical evolution include
SFR % of stars all masses, including low masses. Thus,
this problem still waits for the unambiguous decision.

Therefore we will pass to discussion of other effect
which is connected by that enrichment of some volume
of interstellar gas by oxygen will occur only when the
volume appears close its sources, SNII, i.e. in spiral
arms. Therefore rate of enrichment on the given radius
is defined, it is obvious, frequency of occurrence of the
considered volume of gas in arms.

The matter is that a spiral pattern as the density
wave, rotates as a solid body, i.e. its angular velocity
Q(r) is constant. The galactic disk rotates differen-
tially, its angular velocity Qp is function of radius. It
is visible, that frequency of occurrence of an element
of gas in arms is defined by a difference of rotation
velocity of a disk matter and wave pattern velocity
Q(r) — Qp. Therefore quantity Pz which is interpreted
as the part of the stellar mass ejected into interstel-
lar medium on the given radius in the form of new
synthesised oxygen not be a constant as in previous re-
searches, but proportional to the above difference. So
we can write

P; ~ [9(r) = Qpl, (4)

Area where Dboth these velocities coincide

[O/H]

Figure 1: Evolution of the radial oxygen distribution
in the model of a stationary long-lived spiral pattern
with corotation resonance at solar position r¢ = rg.
The Sun is at 75 = 8.5 kpc. Time is in Gyrs.

Q(re) = Qp, is called the corotation. Frequency
of entering into spiral arms the volume of ISM is close
to zero near corotation, so here there is a feature:
oxygen injection into interstellar medium will be
suppressed. Competing process is turbulent diffusion
of elements. With influence corotation and diffusion
we connect the mechanism of occurrence of features in
radial distribution of oxygen in a galactic disk.

3. Results and discussion

In what follows, we will examine the oxygen radial
abundance patterns, predicted by various models for
the spiral pattern, because it is the most sensitive in-
dicator of the influence of spiral arms on galactic en-
richment by heavy elements.

Results of research show, that different models of
density waves pattern differ from each other in the oxy-
gen radial distribution and evolution.

In models with long-lived (or quasi-stationary) spi-
ral structure, the location of corotation resonance is
crucial for the final pattern oxygen abundance. Only
for a case with corotation radius being situated in the
intermediate region of the galactic disc (it is close to
solar position) the structure of such distribution like
bimodal.Example of calculation in the frame of this
model are presented on Fig. 1.

As to models with corotation resonance on the very
end of a galactic disk or close to its centre, they do not
show any features on radial distribution of an abun-
dance in the area accessible to observations, it mono-
tonic. In the first case, the gradient close to those
which is traditionally resulted in observant works. If
the corotation radius is located near the centre of
Galaxy the oxygen gradient is too steep, that is not
supported by any observations.These results are pre-
sented on Fig. 2 and Fig. 3.

Very interesting result are obtained in the model in
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Figure 2: The same as in Fig.1 but for a model with
corotation resonance at rc = 15 kpc
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Figure 3: The same as in Fig.1 but for a model with
corotation resonance at rc = 3.5 kpc

which corotation radius drifts along r in time: abun-
dance distribution depends on a direction and the re-
gion of the corotation resonance drift.

As to model in which corotation radius wanders over
a large galactic radius (from outskirts to the inner
part), abundance distribution linear (Fig. 4).

In the cases when the corotation resonance drifts
from 9 to 7 kpc during the galactic disk life and in
the opposite direction from 7 to 9 kpc we have similar
pictures with a bimodal-like structure (Fig. 5).

The concept in which the spiral structure is a suc-
cession of transient (or short-lived) spiral waves, irre-
spective of time of existence of each private pattern,
the resulting gradient appears too steep (Fig. 6).

Thus, our work strongly suggests that models of the
chemical evolution of the Galactic disc must take into
account the effect of the spiral pattern.

[OMH]

[OMH]

r (kpc)

Figure 4: The same as in Fig. 1 but the pattern rota-
tion velocity 2p changes so as the corotation resonance
drifts between 15 kpc and 4 kpc
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Figure 5: The same as in Fig. 1 but for the corotation
resonance driftshetween 7 kpc and 9 kpc
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HIGH PRECISE EFFECTIVE TEMPERATURES OF 182 MAIN
SEQUENCE STARS
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ABSTRACT. High precise temperatures
(0 = 10 — 15 K) have been determined from line
depth ratios for a set of 182 F-K field dwarfs of about
solar metallicity (0.5 < [Fe/H] < +0.4), based on
high resolution (R=42000), high S/N echelle spectra.

Key words: Stars: fundamental parameters; stars:
effective temperatures; stars: dwarfs.

1. Introduction

The key to our analysis of the stellar spectra is the
line-depth ratio technique, pioneered by Gray (1994)
and successively improved by our group. This tech-
nique allows the determination of T,y with an excep-
tional precision. It relies on the ratio of the central
depths of two lines that have very different functional
dependences on Tog. The method is independent of the
interstellar reddening and only marginally dependent
on individual characteristics of stars, such as rotation,
microturbulence and metallicity.

Briefly, a set of 105 line ratio — Tog relations was
obtained in Kovtyukh et al. (2003), with the mean
random error of a single calibration being 60-70 K (40—
45 K in most cases and 90-95 K in the least accurate
cases). The use of ~70-100 calibrations per spectrum
reduces the uncertainty to 5-7 K. These 105 relations
use 92 lines, 45 with low (x <2.77 V) and 47 with high
(x >4.08 eV) excitation potentials, and have been cal-
ibrated with the 45 reference stars in common with
Alonso et al. (1996), Blackwell & Lynas-Gray (1998)
and di Benedetto (1998). The zero-point of the temper-
ature scale was directly adjusted to the Sun (T,g=5777
K is adopted for the Sun), based on 11 solar reflection
spectra taken with ELODIE, leading to an uncertainty
in the zero-point of about 1 K. The application range
for the calibrations is —0.5 <[Fe/H]< +0.4.

In the present study we add 182 new spectra to the
sample, increasing the total number of dwarfs with
precisely determined Teg to 550.

2. Observations

The spectra used in this paper were extracted from
the most recent version of the library of stellar spec-
tra collected with the ELODIE echelle spectrograph at
the Observatoire de Haute-Provence by Soubiran et al.
(1998) and Prugniel & Soubiran (2001). The descrip-
tion of the instrument mounted on the 1.93 m telescope
can be found in Baranne et al (1996).

The spectral range of the spectra is 4400-6800 AA
and the resolution is R=42000. The signal to noise
ratio (S/N) of the spectra range from 40 to 680, with
the large majority having S/N > 100. Spectrum
extraction, wavelength calibration and radial velocity
measurement were performed at the telescope with
the on-line data reduction software while straightening
of the orders, removing of cosmic ray hits, bad pixels
and telluric lines were performed as described in
Katz et al (1998). Further processing of the spectra
(continuum placement, measuring equivalent widths,
etc.) was carried out by us using the DECH20 software
(Galazutdinov, 1992). Equivalent widths and depths
Ry of lines were measured manually by means of a
Gaussian fitting. The Gaussian height was taken as a
measure of the line depth. This method produces line
depth values that agree with the parabola technique
used by Gray (1994).

3. Results

In Table 1 for each star we report the mean T,
the mean square deviation for each determination (),
number of the calibrations used (N), and the standard
error of the mean (o(mean}). For comparison, we also
provide Tog as determined in Masana, Jordi and Ribas
(2006). For the majority of stars we get an error which
is smaller than 10 K.

Masana, Jordi and Ribas (2006) present a method
to determine effective temperatures, angular semi-
diameters and bolometric corrections for population I
and IT FGK type stars based on V and 2MASS IR pho-
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Table 1: The computed Teg for MS-stars.

HD T o N o Te HD Tes o N o Tes
K (mean) (Masana) K (mean) (Masana)
000330 6042 49 68 5.9 5764 044966 6237 103 58 13.5 -
000739 6491 62 40 9.8 - 045654 6385 271 43 41.3 -
001461 5728 35 121 3.1 - 046871 6087 53 62 6.7 5992
001497 5859 72 112 6.8 5776 048410 5899 69 79 7.7 5946
001581 5954 62 65 7.7 - 048591 5784 201 52 27.9 -
001832 5799 107 107 10.4 5747 048684 5955 88 95 9.1 5907
002330 5991 78 91 8.2 6178 049932 6507 38 20 8.6 -
003229 6478 44 47 6.4 - 049933 6674 131 18 30.8 -
003268 6263 82 53 11.2 6221 050039 6332 73 45 10.8 6377
003801 6115 48 85 5.2 6259 059360 5908 129 52 17.8 5799
004813 6211 46 72 5.5 - 059468 5570 65 105 6.3 -
005600 6209 163 43 24.8 6454 059967 5781 63 100 6.3 -
007228 6150 165 34 28.3 6127 059984 6166 154 47 22.5 -
007476 6549 78 35 13.2 - 061421 6662 53 24 10.7 -
007570 6054 42 94 4.3 - 063077 6057 107 67 13.0 5814
008997 4655 282 48 40.7 - 064235 6325 185 36 30.8 -
009966 5844 81 107 7.9 5845 064606 5340 129 102 12.8 -
010126 5554 73 109 7.0 5539 065430 5227 64 111 6.1 5157
010132 5382 59 115 5.5 - 067230 6698 123 10 38.8 -
010556 6003 58 93 6.0 6073 067827 6081 66 92 6.9 5942
010647 6163 49 62 6.3 - 068168 5707 47 119 4.4 -
013555 6551 47 28 9.0 6509 068284 5901 127 64 15.9 5843
014214 6035 44 110 4.2 - 068380 6491 75 31 13.5 6739
014802 5960 74 99 7.4 - 069056 5594 60 111 5.7 5598
015632 5761 41 122 3.7 5728 070937 6291 322 15 83.0 6495
016673 6292 31 35 5.2 6224 070958 6639 1 6458
016895 6364 64 57 8.5 - 071595 6569 93 33 16.2 6679
019902 5595 51 119 4.7 5531 072659 5907 63 65 7.8 5998
020367 6022 46 112 4.3 6019 072945 6310 60 65 74 -
020807 5855 96 97 9.8 - 075880 5683 59 92 6.2 -
022556 6183 96 62 12.2 5954 075935 5434 40 111 3.8 -
023596 5931 74 100 7.4 - 076932 6089 139 55 18.7 -
025069 5119 96 97 9.7 - 078660 5684 66 92 6.9 5710
025444 5828 52 104 5.1 - 079126 5987 66 58 8.6 5885
025457 6374 96 16 24.0 6403 083870 5688 275 40 43.5 -
025825 5982 44 108 4.2 5974 085533 5659 68 109 6.5 5547
026756 5638 75 112 7.1 5642 089744 6253 70 73 8.2 6149
026767 5815 38 114 3.6 - 097503 4538 47 73 5.5 4496
026784 6190 80 31 14.3 6221 100563 6407 70 57 9.3 6489
027406 6013 86 48 12.5 - 101013 5262 74 100 7.4 -
027857 5750 58 91 6.1 5965 103432 5622 47 111 4.4 5608
028344 5947 28 110 2.7 5939 104956 6102 68 52 9.4 6112
028821 5650 89 90 9.4 5800 105113 5986 61 101 6.1 -
028992 5875 35 99 3.6 6021 105755 6173 1 5854
029419 6034 35 112 3.3 5987 107213 6194 76 49 10.9 6254
029587 5754 80 91 8.4 5722 108019 5973 110 80 12.3 5938
030376 5529 68 114 6.4 5519 108863 5181 94 110 9.0 -
030708 5740 55 123 4.9 5936 109098 5841 79 111 7.5 5828
032070 5611 89 89 9.5 5565 109247 5765 147 39 23.6 -
032963 5741 34 112 3.2 - 110223 6119 143 25 28.6 6163
033256 6572 42 19 9.5 - 111513 5796 54 111 5.1 -
033636 5935 74 53 10.1 5930 112914 4898 7 98 7.8 -
034445 5815 51 104 5.0 5867 114642 6453 73 22 15.5 -
034745 6109 T 57 10.2 6136 114762 6255 20 2 14.3 5919
037495 6650 47 4 23.3 - 115617 5509 74 108 7.1 -
038309 5776 253 53 34.8 - 115954 5818 68 106 6.6 5870
038393 6388 26 29 4.8 - 116091 5876 83 82 9.2 -
042548 6708 49 10 15.6 6661 117635 5239 65 87 7.0 -
043042 6514 75 25 15.1 - 118096 4305 105 76 12.1 -
043318 6340 46 55 6.2 - 120136 6337 78 27 15.0 -

043856 6227 50 43 7.6 6092 120510 6467 71 37 11.6 6372
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Table 1 (Continued)

HD Test o N o Test HD/BD Tesr o N o Tegr
K (mean) (Masana) K (mean) (Masana)

120567 5184 89 111 8.4 - 174457 5831 99 116 9.2 5875
122518 5893 85 96 8.7 5919 175806 6047 100 84 10.9 6150
122727 5702 80 111 7.6 5699 180945 6474 85 21 18.5 6374
124115 6472 116 5 51.9 6458 181096 6126 158 32 27.9 -
124425 6441 58 3 33.3 6435 182274 6427 163 19 37.4 6330
125706 5849 86 92 9.0 5793 186226 6305 125 54 16.9 -
128429 6569 108 9 36.0 6388 189259 6726 76 11 229 6768
129171 5860 63 107 6.1 5893 190360 5564 47 116 4.4 -
134044 6164 48 T 5.5 6545 190437 6121 100 59 13.1 -
140209 5742 75 112 7.1 - 191533 6251 45 60 5.8 -
140901 5553 55 107 5.4 - 197967 6322 70 71 8.4 6176
140913 5902 58 93 6.0 5951 198023 6551 131 19 30.1 6567
142860 6334 88 30 16.0 - 198343 4555 204 24 41.6 -
147887 5833 141 80 15.8 5946 201191 4334 44 62 5.6 -
148049 6105 105 64 13.1 6058 203608 6235 96 32 17.1 -
150177 6171 89 2 63.1 6107 209458 6098 39 97 4.0 6051
157881 4146 165 6 67.6 - 211976 6376 81 61 10.3 6493
160693 6075 2 2 1.3 5788 211998 5599 205 49 29.2 -
161797 5602 56 112 5.2 - 215648 6291 68 46 10.1 -
163714 6021 84 66 10.4 - 216435 5921 39 107 3.8 -
165670 6355 52 40 8.2 - 217107 5585 54 119 5.0 -
165908 6098 21 2 14.7 - 218059 6352 79 43 12.0 6342
166073 6380 117 36 19.4 6399 219420 6267 44 65 5.4 -
166183 6283 116 43 17.7 6317 220221 4892 46 89 4.8 -
167407 5957 89 91 9.3 5988 222368 6270 59 76 6.7 -
168151 6652 69 15 17.7 - 283704 5499 49 121 4.4 -
170291 6311 86 49 12.3 6299 +11 9332 5230 40 100 4.0 -
170579 6280 171 43 26.0 6346 +26 2461 6014 149 38 24.3 -
171888 6167 70 81 7.8 6207 +52 2815 4325 134 33 23.3 -
171951 6124 66 72 7.8 - SUN 5777 31 100 3.1 -
172675 6295 82 38 13.4 -
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IS PZ MON A RED DWARF OR A RED GIANT?
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ABSTRACT. Hipparcos data (ESA 1997) give for
PZ Mon a parallax 7 = 0.71 +1.17 mas that is not
in agreement with earlier estimations of distance to
the star of 15-30 ps and with its status of K- dwarf.
There are presented spectra of PZ Mon in the region
3750-6150 A with resolution of ~7 A, which were
carried out in the Nasmith focus of 2.6 m reflector in
the Crimean Astrophysical observatory. Intensities
of molecular absorptions in this spectral range are
determined relative a mnearby continuum and their
relations between absolute magnitudes are considered.
The calculated M,=6.74 and =29 ps correspond to
an earlier classification of PZ Mon as a red dwarf.

Key words: Stars:
individual: PZ Mon.

stellar spectra, red dwarfs;

Spectral and photometric features of PZ Mon indi-
cate that the star belongs to flare red dwarfs. Different
authors estimated of distance to the star as 16-30 ps
(Munch L., Munch G. 1955, Gliese 1982; Stobie et al.
1989; Gershberg et al. 1999). The value of X-ray lumi-
nosity measured by Einstein is logL,=28.1. According
relation between X-ray luminosity and a distance ob-
tained for red dwarfs by Metanomski et al. (1998) the
star is not far than 30 ps. But Hipparcos measure-
ments given a parallax of 0.71 £ 1.17 mas. According
this value and taking into account that the brightness
of the star V=9.03 Saar (1998) found that a distance is
not less than 500 ps. He studied high resolution spec-
tra in the range of 6170 + 20 A for a red dwarf and
a red giant. Basing on the obtained result and photo-
metric features of PZ Mon he suggests that the star is
K1 - giant in a RS CVn system.

In March 2008 two CCC-spectra of PZ Mon were
carried out in the Nasmith focus of 2.6 m reflector at
the Crimean Astrophysical Observatory. The range of
3700-6100 A are covered, a spectral resolution was ~
7 A. A low spectral resolution did not allow to use
such indicator of an absolute stellar magnitude as the
ratio Iyoe3/ 1077 (Martynov 1976). Pettersen and Haw-
ley (1989) presented results of a spectral survey of red
dwarfs where using low resolution spectra in the region
of 3600 — 9000 Athey found empirical relations between
absolute magnitudes and intensity of diatomic and tri-
atomic molecules.

relative intensity
(=]
[++]
T
1

0.4 1 1 1

1
4800 4900 5000 5100

1.0 q

0.8

0.6 |- B

P R R
5300 5400

wavelength

0.4

- P P R R
5200 5500 58600

Figure 1: Spectrum of PZ Mon in the visual region

Basing on these relations for estimation of M, we
chosen in the PZ Mon spectra bands of TiO (4760,
4950, 5450 A) and band of CaOH (5550 A). The bands
intensities were determined relative a nearby peaks to-
wards the blue. Measurements in TiO-bands given
M,=5-7.2, intensity of the CaOH (5550 A) absorption
corresponds to M,=9.1, and the mean value of M, is
6.74. Then a distance to PZ Mon is not more than
29 ps, that is in agreement with values M, =6.97 and
r=25.7 ps, obtained by Pettersen and Hawley (1989).
So, photospheric properties, intensities of molecular
absorptions in the visual range, indicate that PZ Mon
is a red dwarf. But we suggest that for red dwarfs
and red giants there is needed a comparative analysis
of high resolution spectra in wide region to take obvi-
ously evidences in this question.

Acknowledgements. We are very thankful to Dr.
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ABSTRACT. The results of spectropolarimetic
study of one of the coolest Ap-stars G CrB are
presented. It was shown that effective magnetic fields
measured in different spectral lines and folded in phase
with the rotational period of the star significantly
differ from each other in amplitudes and mean values
of the magnetic field curves.

Key words: Stars: magnetic fields; stars: peculiar;
stars: individual: g CrB

1. Introduction

An unexplained effect on some chemically peculiar
magnetic stars is that the values of effective magnetic
field of the same star measured by different authors
are significantly different from each other in shapes,
amplitudes and mean values (see, for example, Leone
and Catanzano 2001). This effect is illustrated in the
Fig. 1, where the effective magnetic fields of one of the
coolest Ap-stars 3 CrB obtained from data of different
authors are folded in phase with the 18.478-day rota-
tion period of the star. One can see that while mag-
netic fields measured by Wade et al. (2000) and our
data vary sinusoidally with stellar spin period, mag-
netic field curve obtained from the measurements of
Borra and Landstreet (1980) exhibits secondary bump
in the phase of the field minima.

It should be noted, that different researchers use dif-
ferent bulks of spectral lines for stellar effective mag-
netic field measurement. For example, Borra and
Landstreet (1980) measured magnetic field of § CrB
in the line Hg, Wade et al. (2000) used bulk of lines
in the spectral range of 4500-6000 A and we used nine
spectral lines in the range of 6136-6162 A (see Fig. 1).
Plachinda and Tarasova (1999) noted that systematic
differences exist in the mean longitudinal magnetic field
of 3 CrB measured in the two lines of Fe I and singe
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Figure 1: Effective magnetic field of 3 CrB obtained
from data of Borra and Landstreet (1980) (crosses) and
Wade et al. (2000) (open circles) and our data: CrAO
(field circles) and BOAO (open triangles).

line of Ca I. One can suppose that the differences in
magnetic field curves can be the result of non-uniform
distribution of chemical elements (Wade and Smolkin
2004) and temperature inhomoheneties existing on the
surface of 8 CrB (Plachinda and Tarasova 1999). Le.
magnetic field curves obtained in spectral lines of dif-
ferent chemical elements correspond to different parts
of stellar surface and therefore, in assumption of dipole
field configuration, corresponds to different magnetic
field strength.

Studying effective magnetic field of § CrB in the
individual spectral lines we paid attention to the fact
that not only magnetic fields measured in spectral lines
of different chemical elements but also magnetic fields
measured in different spectral lines of the same chem-
ical element exhibit systematic difference. The results
of the initial study are presented in this paper.
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1.0 2. Observations

An intensive spectropolarimetric study of the g CrB
has been performed in the nine individual lines (Fig. 2)
during 32 nights from 1993 to 2004 using coude spec-
trograph of the 2.6-m Shajn telescope at the Crimean
. Astrophysical Observatory and during 4 nights in 2007
and 2008 using eshelle spectrograph BOES at the
Bohyunsan Optical Astronomy Observatory (BOAO,
g South Korea). Signal-to-noise ratios of a single spec-
trum were 150-350 with resolving power of spectra ap-
proximately 30000 (CrAO) and 45000 (BOAO). The
study of the magnetic field of the star was carried out
with the same equipment and ’Flip-Flop’ procedure
that have been discussed in detail by Butkovskaya &
Figure 2: Spectral lines used for effective magnetic field Plachinda (2007).
of # CrB measurements.
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3. Results

The rotational variations of the effective magnetic
field of # CrB measured using individual spectral lines
are presented in Fig. 3. One can see that all the mag-
netic field curves are well fitted by sinusoids, but these
sinusoids significantly differ in amplitude and mean
value from each other. The amplitudes and the mean
values of the magnetic field curves are given in Table
1. In the first, second and third columns the chemical
elements, wavelength and excitation potential are pre-
sented, in the two last columns the amplitudes B, and
the mean magnetic fields By are given in Gauss.

Table 1: Parameters of the magnetic field curves.

Elem. A (A)  Excit Amplitude Mean

(V) B.(G) By (G)
Fel 6136.615  2.453 582 % 36 23 £ 26
Fel 6137.692  2.588 821 £24 137 £ 17
Crll 6138.721 6.484 1250 £49 159 £ 36
Ba Il 6141.713 0.704 1158 £38 459 £ 28
Ce Il 6143.376  1.696 1221 £ 63 -448 £ 45
Nd III 6145.070 1273 £ 74 -261 £ 53
Fe II 6147.741  3.889 998 £ 28 177 £ 20
Crl 6152.439 4.207 1100 + 41 -11 + 30
Cal 6162.173  1.899 774+ 18 -224 £ 13
All lines 855 £ 29 14 £ 21

Table 1 shows that amplitudes and mean values of in-
dividual magnetic field curves significantly differ from
each other. The parameters of magnetic curves ob-
tained using different lines of the same chemical ele-
ment (Cr I6152.439 and Cr IT 6138.721; Fe I 6136.615,
Fe I 6137.692 and Fe II 6147.741) show systematic

differences. Moreover, the parameters of magnetic
curves obtained using spectral lines of the same chem-
ical element with the same ionization state and almost
equal excitation potentials (Fe I 6136.615 and Fe I
6137.692) show systematic differences also. Strongly
negative mean magnetic fields exhibit Ce II 6143.376,
Nd IIT 6145.070, and Ca I 6162.173. We can expect
that Ca as well as Fe are uniformly distributed on the
stellar surface, therefore, the magnetic field obtained
using the spectral lines of these elements would be
equal within the measurement errors. Nevertheless, in
the case of § CrB we see significant shift in the mean
magnetic fields from 137 4+ 17 Gs (Fe I 6137.692) to
negative value -224 + 13 (Ca I 6162.173).

Acknowledgements. V. Butkovskaya, D. Bak-
lanova, D. Lyashko, S. Plachinda and V. Tsymbal
acknowledge support from the Ukrainian Fundamental
Research State Fund (25.2/074, M/364). D. Lyashko,
S.Plachinda and V. Tsymbal acknowledges support in
part from the Austrian Science Fund (P17890).
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ABSTRACT. Using all published magnetic measure-
ments there were detected some dependences of frequency
of occurrence of magnetic field value for all types of pecu-

and “strong” - magnetic (SrCrEu, Sr, Si, He-w and He-r 12
stars). “Strong” - magnetic group outnumbers “weak’ -
magnetic group on magnetic activity on average 5-10 times
more, as shown in Fig. 3. This is mathematical expression IIIIII Her
of well-known observing fact. One of the most important 10000 15000 20000 25000 30000
and simpliciter measurable physical characteristic of stars T eff

atmospheres is effective temperature. This paper is devoted

to the dependence of “magnetization” on T¢¢y.

liarity (Bychkov et al., 2003a, 2008). On the basis of it we BE ' ' ' SrCrEu' 3

normalized these dependences for the most “non-magnetic” o Z_-Ill__ E
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Key words: Stars: magnetic fields of stars: fundamental
parameters Figure 1: Quantity of stars for each type vs. Ty

1. Starting data and dependences

Fig. 1 shows T, distribution of “magnetic” Ap-stars T T T T T
and Fig. 2 shows the same distribution of “non-magnetic” 10 HgMn §
Ap-stars. These distributions base on the same extracts,
which were used for construction of dependences (Bychkov
et al.,, 2003a, 2008). Effective temperatures were taken 9

o
T
1

T T T

from Hauk & North (1993), Glagolevskij (1994, 2002), g of HgMn only ]
Sokolov (1998) or were counted up on dependences from 2 3F 8
Paunzen et al. (2005). In Fig. 1 one can clearly see ' T T
the dependence of stars distribution for different types of Am ]
peculiarity. The T, ;¢ dependence of relative MA is shown ]
in Fig. 3. : : : -
10000 15000 20000 25000 30000

T eff
2. Discussion

As shown in Fig. 3 MA for “strong” - magnetic stars ' '
group distinctly decrease with increasing of Terp. As Figure 2: Quantity of stars for each type vs. Tes s
all members of “strong” - magnetic Ap-stars locate on
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Figure 3: Magnetization MA vs. T, s

the main sequence, one can see with 7T, s increasing the
increasing of stars mass and the decreasing of stars age.
For example, He-r stars are almost two orders younger and
6 times more massive then SrCrEu stars on average. All of
these contrary to hypothesis of “relic mechanism” of mag-
netic field origin (Moss 1989, 2001; Landstreet & Mathys
2000). If relic mechanism would work, the situation would
be opposite: the younger and more massive the stars will
have the strong magnetic fields. Haiashi phase, in which
convective destroys relic magnetic field, is most strong in
low-massive stars with strong magnetic fields. Arguably,
“relic mechanism” gives only initial, inoculating magnetic
field. There are two unsolved problems:

1. Why strong magnetic fields are observed solely in
some types of chemically peculiar stars?

2. Does common mechanism for origin of magnetic
fields exist for all these stars?
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ABSTRACT. Now it is known about 1212 stars of
the main sequence and giants (from them 610 stars —
it is chemically peculiarity (CP) stars) for which direct
measurements of magnetic fields were spent (Bychkov
et al.,2008). Let’s consider, what representations were
generated about magnetic fields (MT) of stars on the basis
of available observations data.

Key words: Stars: magnetic fields of stars: basic properties

N stars

1. The store observations data about measurements
of magnetic fields of stars

For all 1212 stars have been received in the sum of 15240
estimations of a magnetic field. Observers investigated ba-
sically Ap stars as the most interesting objects. Magnetic
field it was measured at the others basically with survey ob-
jective no more than 5 times.

Dependence of quantity of stars in from number of mea-
surements for them made on Fig.1 is represented. Stars are
divided on bins by quantity of measurements with step 5.
The first bin contains stars with number of measurements
from 1 up to 5, the second from 6 up to 10 and etc. In
the first bin (no more than 5 measurements) 1061 star that
makes 88% from total namber (on fig.1 the first bin is cut [

off from above). In figure also not put 5 stars the magnetic o
field for which was measured more than 200 times. All 5 i . °
stars are magnetic CP stars with very well studied magnetic 60 - . o A
behaviour. - e
Distribution is represented on fig.2 for the measured stars on WL ° % .
visible star sizes. Apparently from this figure, bright stars
approximately up to m, 6m, have been rather in regular 20 o
intervals investigated. | * %

0 50 100 150 200
N individual measurements

Figure 1: N stars vs. N individual measurements.

On fig.3 show quantity of individual measurements of a ol egeee®’ %00,
magnetic field (MF) received in current of each year since L
the moment of the first measurements of MT on stars. It 2 0 2 46 8 10 2 M6
is necessary to pay attention that for construction of the
histogram the published estimations were used only. And
as not all the estimations received last years are published,
it is necessary to expect increase in number of estimations
for last years. Figure testifies that stable, escalating interest
to research of stars magnetism is observed.

Figure 2: N stars vs.m,, of stars.
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Figure 3: N measurements vs. years.

2. Magnetic field of stars

Accessible data of observations have allowed to generate
the next representations about magnetic fields of stars:

1. Strong magnetic global fields has some part CP of
stars.

2. Exponent the law is observed in distribution of inten-
sity of magnetic fields CP of stars (Bychkov et al.,
2003, 2008). As an example such distributions we
will show on fig.4 distribution for SrCrEu (strontium-
chromium-europium) CP of stars.

3. Magnetic variability for 157 stars is studied (Bychkov
et al., 2005).

4. Variability of magnetic field for 86% CP stars looks
like a simple harmonic. Hence MF has simple dipolar
structure for these stars. For 14% stars —changeability
carries complex, more often two-componental charac-
ter, and, possibly, MT has multipolar structure (By-
chkov et al., 2005). It is possible influence dissimilar
distributions of a chemical composition on a surface
(Lebedev et al., 2006).

5. Changeability of MT with small amplitude (up to sev-
eral tens G) is known for 6 stars of solar type and 3
early supergiants.

6. The stars of main sequence G, K, M spectral classes
have local magnetic field spots structures.

SrCrEu stars

Fraction (in %)

100 | ~

50 B

N stars

0 = e

!
T T
0 2000 4000 6000

Magnetic field in G

Figure 4: Integrated distribution function N;,;(B) in per-
cent (upper panel), and the number distribution function
N(B) (lower panel) for StCrEu stars vs. magnetic field in
G.
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ABSTRACT. The study of instability of the Main
stellar spectrograph of the 6-m Telescope together with
system of registration of a spectrum by means of the
CCD shows that there is a drift of a spectrum along a
dispersion, corresponding to the tenth of a pixel (the
hundredth part of A) in an hour. To eliminate this
drift, i.e. to keep a spectrum from displacement, the
plane-parallel glass plate was installed behind a slit
of the spectrograph. The angle of inclination of this
plate changes depending on a mismatch of positions
of the current and comparison basic spectra. A lamp
of hollow cathode is used. The scheme of this device
is described. The results of tests are presented. The
time of correction takes about one minute that allows
to keep the position of the ThAr spectrum within
+0.0006 A.

Key words: Stars: high precision spectral measure-
ments

Introduction

The Main stellar spectrograph (MSS) equipped by
the analyzer of polarization with double slicer, serves
as one of the main tools for the measurements of stel-
lar magnetic fields on the 6-m Telescope [Vasiliev et al.,
1977, Chountonov, 2004]. Besides the measurements of
magnetic fields, the MSS is used also for the chemical
abundance studies and the precise registration of the
profiles of the hydrogen lines used for the determina-
tion of atmospheric models. It is possible to distinguish
two types of instabilities of any spectrograph causing
the shift of a stellar spectrum during its registration:

— the shift of a spectrum connected with the
movement of the center of gravity of a stellar image at
the slit of spectrograph,

— the shift caused actually by spectrograph and the
CCD system.

Instability of the MSS and CCD

This work is devoted to the second type of insta-
bility. After studying behaviour of the ThAr spectrum

Figure 1: The ThAr spectrum registered with slicer.

with time, we have developed and created a system of a
current spectrum stabilisation by means of comparison
of its position with that of the comparison spectrum.
There is an analogue of the image stabilizer applied in
digital cameras. Other variants of containment, for ex-
ample, by moving a slit of spectrograph or the CCD
are also possible. However, they seems to us more
difficult in realization. The MSS was investigated by
means of visual and photographic plate methods in 70-
th during commissioning time (see, review [Panchuck
et al., 2007]). The both, long- and short-term drifts
of a spectrum were revealed. We have carried out the
instability measurements using the equipment for mea-
surements of magnetic fields of stars: the analyzer of
circular polarization with double images slicer and the
CCD (2Kx2K) developed in SAO. In Figure 1 we show
a typical ThAr spectrum.

In Figure 2 (a, b, ¢) we present the results of spectra
shift measurements with time (number of exposition
is on an abscissa axis and a difference of positions of
current and comparison spectra is on axis of ordinates)
on l-st (a) and 14-th (b) slicers and their difference
(c). A spectrum of the hollow cathode ThAr lamp was
used. The light from this lamp was passed through the
analyzer of polarization with double images slicer. One
hundred expositions of spectra were registered with
one minute exposition. The readout time of each frame
was 20 sec. We can see a good correlation of spectra
shifts of these two cuts which means the reliability of
results. The software package in MIDAS environment,
created in SAO [Najdenov et al., 2008] was used for
reduction of spectra and definition of shifts. As it can
be seen from the Figures, the short-term (minute)
instability and drift are observed. To exclude influence
of failures caused by cosmic particles, the opportunity
of accumulation of several frames with the subsequent
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Figure 2: The position of ThAr spectrum for 1-st slice
(a), 14-th slice (b) and their difference (c¢) with time.

clearing of cosmic particles traces was used. The MSS
has won to itself glory unpromising that is located
on load-bearing elements of the 6-m Telescope. Its
elements are on large distances from each other and in
different temperature conditions.

Main parameters of the MSS spectrum stabilizer

— a range of stabilization is about +1 pix from the
mean position of a plane-parallel plate, that is +£0.12 A
at 4500 A

— a step of stabilization is 0.0011 pixels or 0.00014 A

— time of correction is about one minute. For this

time the spectrum drifts on 0.0006 A.

Testing of the MSS spectrum stabilizer

The block diagram of the device for stabilization of
a spectrum position for the MSS is represented on
Figure 3. The computer 1 (PC1l under Windows)
operates the CCD. After registration of a spectrum
it copies a file with the image to the computer 2
(PC2 under LINUX). PC2 carries out an extraction
of spectrum, calculates the difference of positions of
current and comparison spectra, translates it into
number of steps of the step motor and sends this value

Figure 3: The block diagram of the device for stabi-
lization of the spectrum position: 1 - ThAr lamp, 2 -
slit of the MSS, 3 - plane-parallel plate, 4 - the step
motor, 5 - the controller, 6 - PC3, 7 - CCD, 8 - PC1, 9
- PC2.

to computer 3 (PC3 under LINUX). PC3 turns a
plane-parallel plate 3 on a necessary angle through the
controller 5 and the step motor with a reducer 4. PC1
and PC2 are located in an management room, other
elements on Nesmyth focus balcony. All procedure of
correction can be repeated, if noncompensated value
exceeds admissible value. The comparison spectrum
is created preliminary in position of a plate of +1000
steps from the end contact. In this position the plate
is almost perpendicular to the optical axis of the
spectrograph. The relation ”step/pixels” has to be
about 0.0011. A plate thickness 6 mm are provided
with displacement of a spectrum within the limits of
not less than +1 pix. The pixel size is 13 microns.
One step corresponds to 0.00014 A in the blue part of
a spectrum.

Results of tests of the device for stabilization
of a spectrum position

To check the work of the device, we have installed
the additional inclined glass plate in a beam of light
after the slicer. This plate causes artificial shift of a
spectrum. In this condition of the device the compari-
son spectrum was created. On Figure 4 it corresponds
to a point 1 on an abscissa axis. Then we have re-
moved an additional plate. The position of a spectrum
changed noticeably, approximately on 1.1 pixels (point
2). After that the program of shift compensation was
started and the shift was compensated for three cycles.

It is possible to see from Figure 2¢ that a dispersion
of a spectrum position about 0.005 pixels on one
minute exposition. The drift during the exposition of
2 hours corresponds to 0.04 pixels. It is possible to
explain that the spectrum turns with time also.
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Figure 4: The compensation of an artificial shift of the
spectrum.

Conclusions

The device for the MSS spectrum stabilization was
created and is in trial operation on the 6-m Telescope.
It allows, with an interval of one minute or often
less, to carry out the correction of ThAr spectrum
position with an accuracy of about 0.0006 A. The
device can be used for increasing the accuracy of radial
velocity measurements of stars. It can be advanced
by a principle stated in the work [Chountonov et al.,
2000], by carrying out of a part of the electronic image
containing a comparison spectrum, for calculation of
the corrections, returning of a spectrum in a starting
position and, thus, corrections of a spectrum of a
star during accumulation without interruption an
exposition. In the future, a fast photodetector with
internal amplification EM CCD can be used for
electronic correction of the image by simultaneous
or consecutive registration of a star spectrum and a
comparison spectrum.

Najdenov I.D. et al.: 2008, SAO report N 315.

Chountonov G.A. et al.: 2000, Proceedings of Interna-
tional Conference on Magnetic Fields of Chemically
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ABSTRACT. We review the current status of the
problem of metal mixing in the intergalactic and
interstellar media. We give simple argnments for
inefficiency of mixing metals because of a saturation of
hydrodynamic (Rayleigh-Taylor and Kelvin-Helmholz)
instabilities. ~ We describe mixing in two typical
processes: stripping of a galactic gaseous halo and
cloud-cloud collision. We show that statistical features
of metal distribution observed in the intergalactic
medium is close to those obtained in our numerical
simulations.

Key words: interstellar and intergalactic medium,
metals, enrichment, mixing. hydrodynamic instabilities

1. Observations vs. simulations

After the reionization the metallicty of the inter-
galactic medium (IGM) reaches a value [Z]~ —3 and
is kept at this level during a very long time, at least
between redshifts z = 2 — 5 (Songaila 2001). This fact
contradicts to the conventional theoretical models of
the enrichment of the IGM with metals, which pre-
dict the increase of metallicity with age of the universe
(Nath & Trentham 1997, Ferrara et al 2000). A pos-
sible solution can be connected with a strong and fast
enrichment of the IGM by first stellar systems at z ~ 10
(Madau et al 2001). The spatial distribution of metals
in this model appears to be more or less homogeneous.
Moreover, the assumption of homogeneity is very often
utilized in the estimates of metal budget in the IGM
(Songaila 2001, Ferrara et al 2005). However, recent
observations of metal absorptions in the intergalactic
medinm show extremely inhomogeneous distribution
of metals on wide spatial scales (Simcoe et al 20006,
Schaye et al 2007, Hao et al 2007). Inhomogeneons
distribution of metals in the IGM was predicted theo-
retically by Dedikov & Shchekinov (2004) on the basis

of numerical simulations of stripping of galactic gaseous
haloes. In general this result can be obtained from a
simple analisys of hydrodynamic (Rayleigh-Taylor and
Kelvin-Helmholtz) instabilities, which are mainly re-
sponsible for metal mixing in the IGM (Dedikov &
Shehekinov 2004).

The distribution of metals in the interstellar medinm
(ISM) is believed to be homogeneous due to multiple
actions from stellar winds, supernovae explosions and
other dynamic processes. However, recent observations
suggest that the distribution of species such as deu-
terium (Jenkins et al. 1999) and oxygen (Meyer et al
1998) in the ISM are far from being homogeneous. De
Avillez & MacLow (2002) have numerically simulated
mixing of metals in a mono-phase ISM. They concluded
that the timescale for complete mixing is quite long,
~ 350 Myr, and the mixing efficiency strongly changes
with spatial scales. Moreover, in realistic coinditions
of a multi-phase ISM mixing time obviously increases.

In this paper we briefly describe general properties
of mixing process and how they manifest themself in

the IGM and ISM.

2. Instabilities and mixing of metals

Mixing or erasing of chemical inhomogeneites
in the IGM and ISM acts under irregular gaseous
motions, which in turn are often supported by hydro-
dynamic instabilities, such as Rayleigh-Taylor (RT)
and Kelvin-Helmholtz (KH) instabilites, developed
when an enriched gas clump moves through diffuse
medium. During the motion of a cloud through the
intercloud medium the development of KH instability
begins from a characteristic scale equal initially to
the cloud radius (Klein et al 1994, Vietri et al 1997).
Further on such large scale vortices cascade to produce
inhomogeneities of smaller scales. As a result the
cloud surface increases and the dynamic friction
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Figure 1: Schematic description of the saturation of
instabilities: upper graph shows the interrelation be-
tween the characteristic times: the dynamic friction
time tg4, the time scales of KH and RT instabilities ficpn
and tpr — in the initial state; lower graph shows this
interrelation after a few KH time scales when the cloud
surface increases due to progressive cascading of vor-
tices (Dedikov & Shchekinov 2004, Shchekinov et al
2008).

time shortens. The cloud decelerates progressively,
its velocity gradually decreases, v. — 0, and KH
instability slows down proportionally. This process
manifests as a saturation of the instability. Once the
saturation is reached the mixing freezes out. As KH
and dynamic friction time scales are usunally close to
each other, as schematically shown in Figure 1. the
instability saturates quickly.

3. Mixing in the IGM

General features of metal mixing in the intergalac-
tic medium under stripping of a galactic gaseous halo
are presented in Figures 2 and 3, where the metallic-
ity, density and temperature maps at times 1.27 and
2.54 Gyr are shown for an adiabatic (nonradiative)
case. Note that although radiative losses by hydrogen
and metals change the maps qualitatively, statistical
properties of the metal distribution remain essentially
unchanged (see Dedikov ef al., this volume).

Figure 4 demonstrates the metallicity histogamm for
stripping of a galactic gaseous halo. The resulted dis-
tributon of metals differs substantially from that pro-
duced by turbulent diffusion (the distribution corre-
sponding to mixing by turbulent diffusion is depicted
as dash line in Figure 4, the details can be found in

Dedikov & Shchekinov 2004). This reflects the fact
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Figure 2: Metallicity, density and temperature distri-
butions for stripping of a galactic gaseous halo at time
t =1.27 Gyr.
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Figure 4: Metallicity histogamm for stripping of a
galactic gaseous halo. The corresponding distribution
produced by turbulent diffusion is depicted by dash
line.

that metals mixed by cascading vortices remain con-
fined into restricted pockets contrary to a diffusion
model where they are redistributed homogeneously
through the whole computational zone. Such pock-
ets are surrounded by the background low-metallicity
medium. This picture resembles an intermittent distri-
bution (Dedikov & Shchekinov 2004).

Overall, asymptotically a highly inhomogeneous
spacial metal distribution establishes with a numerous
spots of low and high metallicity. From intuitive
arguments one can expect an interrelation between
the metallicity in such spots and their size. In order
to determine this interrelation we applied a procedure
similar to the cluster analysis: the metal distribution
is presented as a relief map, which then is cutted at
a given metallicity level Zj, so that the regions with
the metallicity Z > Z, isolate each other, and their
surfaces can be explicitly calculated. If one assumes
that the size of a given region is a square root of its
surface, the “metallicity-size” relation in the form
shown in Figures 5 and 6 can be found (Dedikov &
Shchekinov 2004, Dedikov et al., 2009): Figures 5
presents the “metallicity-size” relation for stripping of
a galactic gaseous halo at time 1.27 Gyr, while Figure

Figure 5: “Metallicity-size” (left panel) and number of
fragments-metallicity (right) distributions for stripping
of a galactic gaseous halo at time ¢t = 1.27 Gyr. The
metallicity and size for each isolated region is depicted
by open symbols. Filled symbols present the mean size
for a given metallicity.
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Figure 6: Same as in Figure 5 at time ¢t = 2.54 Gyr.
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Figure 7: Metallicity, density and temperature distri-
butions for cloud-cloud collision at time t = 4.76 Myr.
The contours in the middle panel correspond to the
initial positions of the clouds.
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Figure 8: “Metallicity-size” (left panel) and number
of fragments-metallicity (right) distributions for cloud-
cloud collision at time ¢ = 4.76 Myr.

6 — at 2.54 Gyr. Right panels in Figures 5 and 6 rep-
resent the number of fragments-metallicity relations.
It is clearly seen from here that more metallic regions
are smaller in size and more numerous. Thus, the
detection of such regions in the IGM can be difficult
and the metal bugdet in the IGM is underestimated.

4. Mixing in the ISM

Mixing of chemical species in the ISM obviously
takes shorter characteristic time in comparison with
that in the IGM, mainly because of highly developed
turbulent motions supported by numerous shock waves
from supernovae explosions and stellar winds. How-
ever, mixing still remains quite slow (de Avillez & Mac
Low 2002), which is determined by the rate of shock
waves passing through a given volume of the ISM. An-
other reason is connected with the enrichment from
newly formed stellar clusters. Thus, one can expect
that metal distribution in the ISM reveals strong spa-
cial variations as it oceurs in the IGM.

Another possible mixing process in the ISM is
connected with cloud-cloud collisions. Here we present
results for collisions of nearly equal clouds (5%
difference in radius) with n = 10 em™3, T = 100 K,
with metallicities [Z] = 107! and 1072, and equal
velocities v = 5 km s~ (Vasiliev et al., in preparation).
We apply the same statistical procedure to analyze
the distribution of metals resulting in this process.
Figure 7 presents the maps of metallicity, density
and temperature for this model, while Figure 8 shows
the corresponding “metallicity-size” and number of
fragments-metallicity diagramms. One shoud note
that the dependence of “metallicity-size” looks similar
to that for stripping of gaseous halos (Figures 5 and 6).

5. Conclusion

In this paper we briefly reviewed properties of metal
mixing in the intergalactic (IGM) and interstellar
(ISM) media, which can be summarized as follows

e slowing down relative gas motions leads to satura-
tion of hydrodynamic instabilites and results in a
freezing of chemical inhomogeneities:

e mixing of metals remains therefore incomplete,
and the distribution of metals is kept highly inho-
mogenious on small scales, so that the most metal-
rich material is confined into small-sized pockets.

Recent observations confirm indeed fairly inhomoge-
neous distribution of metals in the IGM and ISM. We
found that statistical characteristics of metal distribu-
tion oberved in the intergalactic medium looks similar
to those obtained in the numerical simulations, and
show the features usual for gaseous flows with satura-
tion of hydrodynamic instabilities.
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ABSTRACT. We present two-dimensional numer-
ical model for mixing of metals in the intergalactic
medium under stripping of a galactic gaseous halo
both in adiabatic and radiative cases. A particular
attention is paid to influence of radiative losses on
mixing efficiency. We conclude that the statistical
features of metal distribution are quite similar to those
in adiabatic case.

Key words: intergalactic medium, metals, enrich-
ment, mixing.

1. Introduction

It was recognized during last several years that the
intergalactic medium (IGM) at redshift z < 5.5 is
already polluted with metals, as seen from observa-
tions of CIV and SilV absorptions in Lya forest sys-
tems in quasar spectra. The metallicity Z of the
IGM averaged over a wide interval of column densi-
ties (10'2 < N(CIV) < 10'® em™2) is Z = —3, while in
the interval 10'3 < N(CIV) < 10" cm~2 metallicity is
substantially lower, which shows that metals are dis-
tributed in the IGM inhomogeneously. The averaged
metallicities in both column density intervals remain
nearly independent on z up to z ~ 5.5, and show de-
cline at larger z (Songaila 2001). This fact, together
with observations of Gunn-Peterson effect at redshift
z ~ 6 (Songaila & Cowie 2002), possibly indicate that
after an initial pollution of metals from the first objects
their content and the degree of the inhomogeneity in
the IGM remained invariant at later epochs.

Recent observations of absoption systems in the
spectra of distant quasars (Schaye et al 2007) and
envirounments of galaxies at z = 2 — 3 (Simcoe et
al 2006) present new arguments for strong inhomo-

geneity of the intergalactic medium in wide range of
spatial scales. Earlier the similar conclusion about
inhomogeneous distribution of metals in the IGM
was numerically obtained by Dedikov & Shchekinov
(2004). In adiabatic conditions they have simulated
the mixing mechanism connected with stripping of
a metal enriched envelope around a galaxy by ram
pressure of the outflowing intergalactic gas. Here we
present the similar model with radiative losses.

2. Model

We consider the following simple model (more de-
tails can be found in Dedikov & Shchekinov 2004): a
metal-enriched gas is ejected from a galaxy by an ex-
plosive mechanism and, therefore, forms a sufficiently
thin shell. We simulate numerically in 2D description
dynamics of such a metal enriched thin shell with the
outer radius R = 31 kpc and thickness AR = 1 kpc
moving through the IGM with the velocity u = 100
km s~!. We neglect the effects of gravitational field
of a parent galaxy on the shell. For the sake of sim-
plicity the shell is assumed to be in hydrostatic equi-
librium at the initial moment. These simplifications
are justified, because we consider a mixing of metals
in the IGM inrespective to the properties of a parent
galaxy. Gas densities in the shell, outside the shell and
inside the shell are assumed equal to ng, = 4.4 x 10~*
em™, nigm = 4.4 x 1076 em™2 and ny, = 4.4 x 1076
em™?, respectively. The corresponding temperatures
are Ty, = 10* K, Tjg = 10° K, T}, = 10° K and metal-
licities (i.e. the ratio of metal density to gas density)
are Zsp, = 1073, Zigm =0, Z, = 0.

We use the Zeus-2D hydrodynamics code (Stone
& Norman 1992) in the cylindrical coordinates (r, z).
The computational area of Ar x Az = 125 x 300 kpc is
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Figure 1: Metallicity distribution in the whole compu-
tational area and in the selected region. The initial
position of the shell is marked by the dashed lines.

divided into 1000 x 2400 grid points. The intergalactic
gas flows with velocity u = 100 km s~! at z direction.
Metallicity as a passive scalar variable is accounted for
by adding the transfer equation to the Zeus-2D code.
The cooling term include Lye losses from hydrogen
and cooling in the fine structure of single ionized
carbon, atomic oxygen and metastable lines of CII and
OI (Penston 1970, Hollenbach & McKee 1989). We
solve the energy equation using the Newton-Raphson
iterative procedure.

3. Results and conclusions

General features of metal mixing are demonstrated
in Figure 1, where is presented a metallicity distribu-
tion at time + = 2.85 Gyr for the adiabatic case. It
is clearly seen that enrichment is extremely inhomo-
geneous in the regions of non-zero metallicity. Aver-
age metallicity in this region (Z) = 4.6 x 10~*, but
a major contribution is due to high-metallicity spots
Z > 6.0 x 10~*, which volume fraction is 12.5% in
all. In the model with radiative losses the cooling is
important in regions with greatest metal abundance,
because they cool faster and therefore collapse faster.
This is displayed in more extended metal distribution
along z-axis while along radial direction. Another dis-
tinction consist with the time of mixing: for the case
with radiative losses this value is greater.

Figure 2 presents histograms of the number of cells
with metallicity at a given interval (since the number of
intervals is large, the histogram practically corresponds
to the metallicity distribution function) for both adia-
batic and radiative cases. One can find a statistically
insignificant difference between two cases.

The resulted distributon of metals essentially differs
from that of a diffusion process. In particular, this

nq.«.

5 G

Figure 2: Metallicity distribution for adiabatic (upper)
and radiative (lower) cases.

reflects the fact that metals in our numerical model
are spread over a larger number of numerical cells
with high metallicity than in a simple diffusion model.
Moreover, the sufficient scatter in number of cells with
near values of metallicities is observed in regions with
high metallicities. It argues that on the small scales
metals are distributed in well isolated spots and ex-
change between them is limited. Such properties of
the mixing process correspond to the process with in-
termittency (Dedikov & Shchekinov 2004).
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ABSTRACT. We report on the discovery of the Zee-
man resolved spectral lines, corresponding to the very
large magnetic field modulus (H) = 11.1 kG, in the
spectrum of the chemically peculiar star HD 158450
belonging to the recently discovered Mamajek 2 stellar
group. We determined fundamental parameters and
projected rotation velocity of the star. Dynamical 3D
mean orbit calculations showed that Mamajek 2 stellar
group has an age of 135+ 5 Myr. Based on this age, we
estimate that HD 158450 has completed about 12% of
its main-sequence life. The importance of the detailed
study of HD 158450, a member of a stellar group
with a well determined age, for understanding the ori-
gin and evolution of stellar magnetic fields is discussed.

Key words: Stars: magnetic fields; stars: individ-
ual: HD 158450, HD 66318

1. Introduction

The new stellar group, named Mamajek 2, was dis-
covered by Mamajek (2006) on the basis of common
parallel motions and similar trigonometric parallaxes
of the stars. It contains the bright B8 giant ;1 Oph and
eight further B and A-type stars. In his work Mamajek
(2006) proposes the coevality of this group located at
a present distance of 170 pc from the Sun with an age
of 120+ 25 Myr. This author suggests that the Mama-
jek 2 group may have formed in the same star forming
region as the Pleiades, NGC 2516 and « Persei cluster
and the AB Dor stellar group.

The dynamical age of this group calculated under a
modeled Galactic potential was determined in Jilinski
et al. (2008) as the time elapsed since the NGC 2516
and Mamajek 2 orbital convergence. This dynamical
results showed that Mamajek 2 group and the open
cluster NGC 2516 may have had a common origin
at the age of 135 £ 5 Myr. On the other hand the
calculation showed that the « Persei cluster has a

completely different past dynamical evolution when
compared with Mamajek 2 group.

2. The star HD 158450

One of the stars of Mamajek 2 group, HD 158450,
shows a highly peculiar spectrumm. This star was
included in the list of “the brighter stars of astro-
physical interest in the southern sky” by Bidelman
& MacConnell (1973) as a peculiar A star of the
Sr-Cr-Eu type.

2.1. Observations

We have one high-resolution spectrum of this star
obtained at June 2, 2007 (MJD = 54253.31316)
with the FEROS spectrograph attached to the 2.2 m
telescope of ESO at La Silla, Chile, with a resolution
R = 48000 and a spectral range coverage from 3800
to 8800 A.

2.2. The Magnetic Field

The analysis of this spectrum indicates the presence
of a strong magnetic field resulting in the magnetic
splitting of some spectral lines. The most prominent
spectral feature is the Felr 6149.258 A line (see Fig-
ure 1), commonly used for magnetic field strength de-
termination (Mathys 1997). In unpolarized light the
profile of this line in the presence of a magnetic field
is a simple doublet. The mean magnetic field modu-
lus (the line-intensity weighted average over the visible
stellar hemisphere of the modulus of the magnetic vec-
tor) can be estimated by the well known formula:

1
5 A\z =467 10717 - gegg - A? - (H),

where A)y is the measured Zeeman splitting in A,
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Figure 1: Spectrum of the Ap star HD 158450 showing
the lines of Cr11 6147.154 A, Fe11 6147.741 A, and Fe 1l
6149.258 A. Note the direct magnetic splitting of the
Fell 6149.258 A line.

gef = 1.35 - the effective Landé factor, \ - the cen-
tral wavelength of the unshifted line in A, and (H) -
the mean magnetic field modulus in Gauss. Thus, the
measured mean magnetic field modulus of HD 158450
turns out to be (H) = 11.1 kG.

The presence of a magnetic field on the surface of
this star was recently discovered by Kudryavtsev et
al. (2006) from the spectropolarimetric observations
of a sample of chemically peculiar stars at the 6-m
telescope of the SAO RAS, Russia. These authors
found the mean longitudinal component of the mag-

1
netic field to be <Blz>5 = 1570 + 180 G, whereas
the individual values of the longitudinal magnetic
field vary for different dates from —2920 + 200 to
+810 + 240 G, indicating strong variation of the
magnetic field strength with stellar rotation.

2.3. The Stellar Parameters

We used the B2 — G Geneva index (Rufener 1988) to
estimate the effective temperature of HD 158450. Es-
timating the reddening of the star as E(B — V) = 0.31
(Mamajek 2006) and employing the relation E(B2 —
G) ~ E(B — V) we find the dereddened index (B2 —
G)g = —0.477 which gives, with the calibration of
Hauck & North (1993), an effective temperature of
Ter = 8880 K. Placing the star on the isochrone for
a cluster age of 135 Myr (Lejeune et al. 2001), we
determine stellar mass M = 1.96 M.

Based on the Schaller et al. (1992) evolution tracks,
we estimate that HD 158450 has completed only about
12% of its main-sequence life.

The approximation of the Fe1r 6149.258 A magnet-
ically splitted line by a synthetic spectrum showed
that this star has the low projected rotational velocity

of vsini = 9 £ 1 kms~!. The radial velocity of

HD 158450 measured by us is vyaq = —17.3 kms™!.

3. Discussion and Conclusions

The origin and evolution of the strong magnetic
fields of upper- and middle-main-sequence stars con-
tinue to be the subject of long debates. Two differ-
ent theories have been suggested: according to one of
them, the stars would acquire their fields at the time of
their formation — this is the fossil field theory; accord-
ing to the other theory, the fields would be generated
and maintained by a dynamo mechanism acting inside
the star.

The study of the evolution of magnetic fields across
the main sequence will provide important observational
constraints for testing theoretical predictions. Mag-
netic field measurements for stars, members of stel-
lar clusters or groups having well-determined ages, are
very important. Recent discoveries of stars with strong
magnetic fields close to ZAMS may be seen as an ar-
gument in favour of the fossil-field theory. Photo-
metric and longitudinal magnetic field monitoring of
HD 158450 is needed to determine its rotational pe-
riod.

It is interesting to mention that Bagnulo et al.
(2003) discovered a very strong magnetic field on the
surface of the star HD 66318 belonging to the open
cluster NGC 2516 which has, as it was shown in Jilinski
et al. (2008), a common origin with Mamajek 2 group:
the mean field modulus of HD 66318 is (H) = 14.5 kG.
With Tog = 9200 + 200 K, M = 2.1 + 0.1 My, the
star HD 66318 is quite similar to HD 158450 in the
Mamajek 2 group.
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ABSTRACT. The spectra of studied stars were
obtained with the ELODIE spectrograph at the 1.93-
m telescope of the Observatoire de Haute Provence
(France). The determination of Cu and Zn abun-
dances was carried out in LTE assumption by model
atmosphere method, for Cu the hyperfine structure
was taken into account. Cu and Zn abundance trends
for thin and thick disk’s stars are presented.

Key words: Stars: fundamental parameters; stars:
Cu, Zn abundances.

1. Introduction

The nucleosynthesis mechanisms and the relative
contributions of different sources by Cu and Zn en-
richment are still uncertain. The probable sources of
enrichment by Cu and Zn are different objects, such as
the massive stars, type II and type la supernovae and
low- and intermediate-mass stars — stars AGB. These
sources can give different contribution to enrichment
by these elements for thick and thin disks. Therefore,
the dependences of elemental abundances [El/Fe| vs.
metallicity [Fe/H] for thin and thick disks can differ.
In this paper we present the determination of Cu and
Zn abundance and the dependences of [El/Fe| vs.
[Fe/H] for thin and thick disk’s stars for which the
separation according to kinematic criteria has been
made earlier.

2. Observations and stellar parameters

The spectra of studied stars were obtained on
1.93 m telescope of the Observatoire Haute Provence
(France) equiped with echelle-spectrograph ELODIE.
A resolving power is 42000, the wavelength range
4400-6800 AA has used. Spectrum extraction, wave-
length calibration and radial velocity measurement
have been performed at the telescope with the on-line
data reduction software while straightening of the
orders, removing of cosmic ray hits, bad pixels and

telluric lines were performed as described in Kats et
al. (1998). The spectra processing was done through
the DECH20 code (Galazutdinov, 1992). Equivalent
widths of lines were measured by Gaussian function
fitting. The temperatures were determined with the
very high level of accuracy using the line depth ratios.
The surface gravity log g was determined using the
iron ionization equilibrium assumption, where the
average iron abundance determined from Fel lines and
Fe II lines must be identical. Microturbulent velocities
Viwere determined by forcing the abundances deter-
mined from individual Fel lines to be independent of
equivalent width. The parameter’s determination and
the separation of thin and thick stars on kinematic
criterion was made earlier (Mishenina, 2004).

3. Elemental abundances

Elemental abundances were determined from LTE
analysis basing on the atmosphere models by Kurucz
(1993). Copper. Cu abundance was determined for
171 dwarfs by line profile fitting of the synthetic to stel-
lar spectra using the lines 5105.54, 5218.20, 5782.12
AA and the STARSP code developed by Tsymbal,
1996. We have taken hyperfine structure of Cu I (Stef-
fen, 1985) into account for the profile calculations.
Zinc. Zn abundance for 65 dwarfs was determined
with equivalent width measurements. The log gf-values
for these lines were taken from (Kovtyukh, Andrievsky,
1999) and WIDTHY code developed by (Kurucz, 1993)
was used. [Zn/Fe], [Cu/Fe] and [Cu/Zn] vs. [Fe/H] for
different populations are shown in Fig.1, Fig.2. and
Fig.3. Thick disk stars are marked as filled circles, and
thin disk stars as open circles.

4. Results and conclusions

We have determined Cu and Zn abundances for
171 and 65 stars, correspondingly. The metallicities
of study stars is in the range -1.2 < [Fe/H] < 40.4.
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Figure 1: The run of [Cu/Fe] with [Fe/H]. Thick disk stars
are marked as filled circles, and thin disk stars as open
circles.
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Figure 2: The run of [Zn/Fe] with [Fe/H]. The notation is
the same as in Fig.1.

Among them 33 stars belong to thick disk populations
according to their kinematics. As see from Fig.1, 2,
the Zn abundance shows the higher dispersion than
Cu abundance. The dependences of Cu and Zn abun-
dances vs. [Fe/H] are also differ for these elements,
that may be evidence of the various mechanisms
responsible for production of these elements.
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-14 -1.2 -1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4
[Fe/H]

Figure 3: The run of [Cu/Fe] with [Zn/Fe]. The notation
is the same as in Fig.1.
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OF ROTATION OF A BLACK HOLE IN THE CENTER OF
SPHERICAL CLUSTER M15
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ABSTRACT. Using dispersions of radial velocities
of stars, being near to the center of spherical cluster
M15, and having applied integral of energy, we have
estimated the minimal mass of the central body as
2 x 10% masses of the Sun. The estimation of kinetic
energy of outflow of substance of the area surrounding
a black hole in M15 also is fulfilled, and the size of the
specific angular moment of rotation of a black hole
a/Mpy is determined.

1. Introduction

Astrometric observations of double and multiple
stars and stars with invisible satellites are conducted
in Pulkovo observatory for many years on a Zeiss re-
fractor (D = 65 cm, F = 10.4 m).

Using a technique of determination of orbits and
masses of double stars we have taken part in an es-
timation of mass of the central object in the center of
our Galaxy (Kisselev et al., 2007), using those data of
observations of stars near to the center which were ac-
cessible from publications. The observations of ESO,
(VLT) (Genzel et al. (2003) and Keck (Ghez et al.,
2005) are available in view.

We managed to show, that with knowing of precise
parameters of movement is possible to determine or-
bital elements and to estimate the mass having not on
all visible ellipse, but by means of a small part of an
arc. Also using the solution of a problem of two bodies
we applied our methods to the estimation of mass of a
supermassive black hole in the center of our Galaxy.

In the further in work (Kisselev et al., 2008) we have
estimated mass of the central object of spherical cluster
M15 by means of astrometric method using the energy
integral which has been applied to the value of average
space velocity, and also by means of astrophysical data.

2. Determination of mass of central object
M15

For the astrometric approach we used radial veloc-
ities of 13 stars nearest to the dynamic center of a
cluster in the field of r < 1” (see fig.2 in work Kisse-
lev, 2008) which have been received by means of Space
Telescope Imaging Spectrograph (STIS) and are pub-
lished in the article by Gerssen et al. (2002).

We have considered stars with a negative and posi-
tive dispersion of radial velocities from the list [5]. The
dynamic analysis of these velocities has been carried
out on the basis of a problem of two bodies as there
were concrete objects with individual velocities for this
solution.

We were limited to consideration of movements of
stars only in small central area of a cluster (r < 1”),
because the distribution of stars velocities has come to
light in this area appeared not casual.

In the distribution of residual radial velocities

A‘Z“:‘/;“fvr (1)

there is a rotational movement of this group of stars rel-
atively of an axis, whose projection on a picture plane
is the axis with positional angle near to 130°.

For more general case (accidental distribution of ve-
locities) we had been used also statistical properties of
distribution of movements of stars according to theo-
rem of Kleiber.

In our work (Kisselev, 2008), we used estimations
of average distance up to a cluster: Cox et al.(1983);
Harris (1996), MacNamara et al. (2004), which give on
the average 10 kps.

Recently the study by Lugo et al. (2007) has been
published, where the distance is determined by means
of V and R photometry on stars RR Lirae available in
a cluster. It has appeared equal 8.67 4+ 0.41 kps.

Thus, at the account of new distance the area consid-
ered by us r < 1” in the center of a cluster was reduced
in the linear sizes from 10* a.u. up to 8.67 x 103 a.u.
Radial velocities and their dispersion have not changed.
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Accordingly, we receive following estimations of mass
of a black hole in the center of a cluster.

Table 1: Data about spherical cluster M15.

@(2000.0) (5(2000.0) 1(2000.0) 5(2000.0) Size
21727m .6 +12°10' 65°05° —27°00" 19'x19’

In the case when the observed dispersions of veloci-
ties of stars near the center of a cluster we consider as
a projection of the circular movements in a plane, par-
allel to a line of sight with velocity V,. = 3.0 a.u./year,
the mass (M) of the central body in the field of r = 1”
(r = 8.67x 10 a.u.) is estimated according to integral
of energy:

(2)

2 1
V2 =4n*M <— - —)
T a

rv?

ifr=aand V=V, M = — = 1.98 x 10°M;
472

if p=0."5 M; = 10°>M, (3)

In the second case, if observed velocities of stars
one can consider as a projection to a line of sight of
velocities of stars chaotically moving about the cen-
ter of a cluster, then according to theorem Kleiber:
V| =1/2V, V = 6 a.u./year.

The mass My determined by us for the second case
will be equal:

My =789 x 103Mg, if p = 1"

and

My = 3.95 x 103M,, if p = 0.”5.

Thus, our former estimations of mass of the central
body (a black hole) in the center of the cluster M15
received in Kisselev et al. (2008):

1) My =2.28 x 10>Mg, and M; = 1.14 x 103M,

2) My =9.11 x 103M, and M2 = 4.56 x 103 M,

have changed only proportionally to change of dis-
tance, because the basic observational data for re-
search, namely, the relative radial velocities of stars,
expressed in an absolute measure - have not changed.

Thus, if the dispersion of radial velocities {AV,.},
is real, but it is not consequence of mistakes of mea-
surements, then this dispersion is possible to explain
an attraction of a supermassive star in the center of a
cluster which mass is estimated according to integral
of energy and makes from 1000 up to 8000 masses of
the Sun.

It is necessary to notice also, that, the given
estimations take place only in the event that observed
stars of the central area really belong to cluster M15,
but are not projected to a cluster, being placed, thus,
on uncertain distance from the observer.

3. Astrophysical analysis

In the given work also we consider the specific an-
gular moment of rotation of a black hole, which is key
parameter and criterion of an belonging of an object or
to metrics Kerr (if this object is a rotating black hole),
or to metrics Schwarzschild (if rotation is absent).

The analysis of available black holes has shown, that
the most probable value for a rotating black hole is
a/Mpy = 0.5, however it is accepted to account, that
if a/Mpg > 0 the object also corresponds to metrics
Kerr.

Discovery of some supermassive black holes on
greater cosmological distances has allowed to consider
black holes of intermediate masses as initial stage of
supermassive black holes.

Such objects at which mass M is in following limits:
10My < M < 10°Mg, are considered as black holes
of intermediate masses. According to new data such
objects can be in the central areas of spherical clusters.

Astrophysical research of M15 gives a weak incon-
sistent results concerning mass of the central object.
However authors of these researches recognize, that the
black hole can exist in the center of a cluster.

It is revealed now, that in M15 there is no essential
X-ray flux, which it would be possible to expect as a
result accretion of gas on a black hole. But it does not
contradict the possibility of existence of other mech-
anisms of extraction of energy from a rotating black
hole.

The scientific explanation of process of extraction of
energy from a black hole is one of the central problems
of modern astrophysics.

Straumann (2007) and Blanford (1977) have sug-
gested electromagnetic process of energy extraction
from a rotating black hole. Here the essential role plays
the magnetic field captured by a black hole amplified
by rotation of a black hole near to horizon of being
events. As a result of such process from a vicinity of a
black hole there is a strong expiration of plasma both
in the form of magnetic wind, and in the form of rela-
tivistic jet.

Other variant of this process is process of magnetic
coupling between the central rotating black hole and a
accretion disk surrounding it (see, for example, Blan-
ford, 1999). In this case energy and the angular mo-
ment are taken from accretion on a black hole of sub-
stance.

We have stopped on last variant. At first the power
of energy Lpy from a rotating black hole in view of
metrics Kerr has been obtained. Then the strength of
magnetic field By near to horizon of events according
to a relation between the strength of magnetic field
By on horizon of events and magnitude of mass of
central massive black hole Mgy by means of following
formulas has been obtained:
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L= Lpy = (1/32)w%B% R%c(a/M)? (4)

wi = Qp(Qy — QF) /0% (5)

Here L is the power of energy, Qg and Qg are angular
velocity of rotation of a black hole and magnetic power
lines accordingly, w? = 1/2.

1 o\’
AN

Following step was determination of the angular mo-
ment of rotation a/Mpy with use of equality of kinetic
energy Ly, and L.

It has appeared that a/Mpy = 0.08. Thus, it is
possible to make the conclusion of that the given
object can be considered within the limits of Kerr
metric.

GMpy
- 2

Ry = (6)

4. Conclusions

For small sample inside of a cluster (r < 1”) distri-
bution of radial velocities which can be interpreted as
reflection of rotary movement of the given subsystem as
the whole is revealed. Having accepted average veloc-
ity of the rotation as 14 km/s, (3 a.u./year), the mass
of the central kernel of a cluster at the assumptions
mentioned above cannot be less than 2.0 x 10% masses
of the Sun. The size of the specific angular moment of
rotation of a black hole a/Mpy in view of value of the
mass received by an astrometric method is determined.
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ABSTRACT. A comprehensive model atom for
non-LTE line formation calculations for neutral sulfur
in the spectra of F-K stars is presented. All the
calculations were made using the 65-level atomic
model of S I and Kurucz’'s atmosphere models
with Teg = 5000 <+ 6500 K, log ¢ = 2 + 4 and
[Fe/H] = —4 =+ 0. It was found that the lines of
different multiplets are differently sensitive to the
NLTE effects. The NLTE corrections themselves are
quite small (about —0.1 dex) for the lines 6543-6557
A, they increase up to —0.26 dex for 8694 A line,
and achieve —1.1 dex for IR triplet 9212-9237 A. The
atomic model adequacy was checked by modeling
of the sulfur lines that belong to the investigated
multiplets in the solar spectrum, as well as in the
spectra of two main sequence and two giant stars.
Good fit between calculated and observed profiles is
obtained. It was showed that the rather high sulfur
overabundance found in some metal-deficient stars
can be explained as a result of neglecting of the strong
NLTE effects.

Key words:
abundances

atomic data - line: formation - star:

1. Introduction

At present time it is not clear whether we have cor-
rect knowledge about the sulfur abundance in galactic
halo stars. In some works (Nissen et al. 2004, 2007,
Ryde and Lambert 2004) it was reported that the stars
with metallicity —3 <[Fe/H]< —1 sulfur shows system-
atical overabundance at the level of 0.3 dex, and this
is in a good agreement with predictions of the galac-
tic chemodynamical models. The main source of the
metals in early Galaxy is SNell. The ration [S/Fe| de-
creases at [Fe/H]>-1 because of the iron abundance
increase due to SNela, At the same time some investi-
gators (Israelian and Rebolo 2001) find the larger sul-
fur overabundances (up to 4+0.8 dex) in the stars with
[Fe/H]=-2. There is an attempt to explain such over-
abundances by the shorter time of the mixing, or by
the hypernovae explosions.

The sulfur abundance in metal-poor stars is based
on an analysis of 8694 A and 9212-9237 A lines. As it
was showed by Takeda et al. (2005) all these lines are

40000

30000

20000

10000

1 1P 1P" 1D 1D' 1F

3s' 3P 3P 3D 3D' 3F 3F 58" 5P 5D 5F

Figure 1: Grotrian diagrams for S I.

subject of NLTE effects. Authors used photoionization
cross sections found in hydrogen-like approximation.
Oscillator strengths were taken from incomplete list of
Kurucz.

2. The S I model atom

In our calculations we used modified program
MULTI (Carlsson 1986). The sulfur atomic model
consists of 64 lower singlet, triplet and quintet sys-
tems of SI and the ground level of SII (Fig. 1). The
radiative photoionization rates for all considered lev-
els were calculated using the detailed photoionization
cross-sections listed in OP TopBASE. The detailed
consideration comprises 137 radiative b-b transitions
(allowed and inter-combination transitions). The ra-
diative rates of the other 200 very weak radiative tran-
sitions were adopted to be constant and they were cal-
culated in LTE. Oscillator strengths are from OP Top-
BASE.

In the visual and near IR parts of the spectrum
of metal-poor stars there are only a few sulfur lines
which are appropriate for the abundance determina-
tion. Among them there multiplet 1 (9212-9237 A), 6
(8694 A) and 8 (6743-6757 A). The rest of the lines are
very weak or blended.

To check the model we calculated the line profiles for
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Figure 2: Comparison of the calculated and observed
profiles of sulfur lines in a spectrum the Sun. The
dotted lines show the LTE and solid lines - nonL.TE
profiles.
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Figure 3: Comparison of the calculated and observed
profiles of sulfur lines for Procion.

the different multiplets in the solar spectrum. For the
lines of 1st multiplets that are situated in the wing of
the hydrogen line we have first calculated with MULTT
b-factors and then used these factors in the LTE syn-
thetic spectrum code STARSP (Tsymbal 1996). Thus
we calculated LTE synthetic spectrum in vicinity of
the sulfur lines, while their own profiles were calculated
with NLTE source function.

There is a goof agreement with observed profiles
(Fig. 2). The dashed line represents LTE profiles.
It is seen that there is significant difference between
LTE and NLTE profiles for the lines of 1st multiplet,
while the lines of 6" and 8" multiplets are not
suffered from NLTE effects. The same test has been
performed for the two main sequence stars and two
supergiants. Again, a good agreement is seen in Fig. 3.

3. NLTE effects for sulfur lines

We have calculated profiles and equivalent widths of
the spectral lines for the grid of the atmosphere models
in the range of effective temperatures 5000-6000 K with
[Fe/H] from 0.0 to —4.0 and log ¢ from 2 to 4. For the
metal-poor stars we have performed calculations with
[S/Fe] = +0.3, since in these stars some the alpha-
elements have increased abundance. In all the cases
LTE abundances of sulfur were larger than those found
within the NLTE approximation (Fig 4.).

Table 1: Atomic data of used spectral lines.

A (A) log gf | Trad | Two
8694.626 0.08 7.62 | -6.98
9212.863 0.42 7.47 | -7.37
9228.093 0.26 7.46 | -7.37
9237.538 0.04 7.46 | -7.37
6743.440 | -1.200 | 7.58 | -7.12
6743.531 | -0.850 | 7.58 | -7.12
6743.640 | -0.950 | 7.58 | -7.12
6748.573 | -1.320 | 7.58 | -7.12
6748.682 | -0.730 | 7.58 | -7.12
6748.837 | -0.530 | 7.58 | -7.12
6756.851 | -1.670 | 7.59 | -7.12
6757.007 | -0.830 | 7.59 | -7.12
6757.171 | -0.240 | 7.59 | -7.12

As one can see the lines of 8" multiplet practically
are not affected by NLTE effects, but these lines be-
come very weak to be used at [Fe/H] < —1.5. The
same picture is seen for 8694 A, but this line is much
more sensitive to the departure from LTE.

The lines of the 1%¢ multiplet are strongly influenced.
There is significant dependence of the NLTE correc-
tions upon log g and Te. Corrections become larger
with metallicity increase, achieving maximum value of
about 1.1 dex at [Fe/H] = -2, then corrections de-
crease.

NLTE corrections for the lines of considered multi-
plets are qualitatively the same but with different val-
ues. Fig. 5 shows this difference as a function of Teg
for log g = 2 and 4, and [Fe/H] = —2. Fig. 6 shows
a dependence of the NLTE corrections as a function of
V, for 1% and 6** multiplets. One can note apparently
complicated form of this dependence.

Summarizing one can make a conclusion that cal-
culated grid of the NLTE corrections should be used
with a caution, taking into account an influence from
the microturbulent velocity, metallicity, temperature,
luminosity and individual characteristics of the certain
sulfur line. For the more precise determination one
needs to perform a direct NLTE calculation of the sul-
fur line profiles.

References

M. Carlsson: 1986, Uppsala Obs. Rep. 33, 1.

Israelian G., Rebolo R.: 2001, Astrophys.J. 557, 43.

Nissen P.E., Chen Y.Q., Asplund M., Pettini M.:
2004, Astron. Astrophys., 415, 993.

Nissen P.E., Akerman C., Asplund M. et al.: 2007,
Astron. Astrophys., 469, 319.

Ryde N., Lambert D.L.: 2004, Astron. Astrophys., 415, 559.

Takeda Y., Hashimoto O., Taguchi H.,
PASJ, 57, 751.
Tsymbal V.V.: 1996, ASP Conf. Ser., 108, 198.

et al.: 2005,



44

Odessa Astronomical Publications, vol. 21 (2008)

0.0
-0.2
log g=2]
0.4} -0.4}
w w
: : 0.6 log g=4
1-0.6 = e 1
'I.I;l log g=3 E
z z
0.8 D -0.8
log g=2 log g=3
[Fe/H] = 0.0 4.0} [FeH]=-1.0
1.0+
- logg=2
5000 5500 6000 6500 5000 5500 6000 6500
Tesr (K) T« (K)
0.0 — . . . 0.0
0.2 s 02|
Iog g=4
log g=:
0.4} 0403
= Tloggma{ P[99
- -
1 .0.6 ' -0.6
w w
= =
2 ]2
-0.8 log g=3{ -0.8
[FelH] = 2.0 [Fe/H] = -3.0
4.0} .0}
Iog‘rg=2
5000 5500 6000 6500 5000 5500 6000 6500
Teff (K) eff (K)

Figure 4: NLTE corrections computed as a function of the temperature and the metallicity of the model. NLTE
corrections for lines 9212 A show dashed lines; for lines 8694 A - solid lines; and for lines of the eighth multiplets
- dotted lines.

0.0 — : . . 0.0 — , . . .

- FeM]=0

1 02f —

[Fe/H] = -2

228 A 0.4+ ]
w w

ar 5

0.6} 1 ' 0.6 [Fe/H] = -2]
1] w
= =

0.8} 1 0.8} [Fe/H] = 0

FelH] = -2.
1.0} (Fe/l =20 o212A 40of legg=30 ]
5000 5500 6000 6500 2 4 6 8 10
eff (K) V, (km/s)

Figure 6: NLTE corrections computed as a function
of the V for lines of the first and the sixth multiplets
(Ter = 6000 K, log g =3, [Fe/H] = —2.0).

Figure 5: NLTE corrections for three lines of the first
multiplets for model atmospheres with log ¢ = 2 and
4 and [Fe/H|= —2.
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ABSTRACT. According to the data of Nordstrém
et al. (2004) catalog is carried out the comparative
analysis of the velocity ellipsoid parameters of the
galactic disk stars of different metallicity and the
character of their change from the age is investigated.
It is shown, that dispersions of all three components
of spatial velocities increase with age, submitting to
the power law o; ~ t%26 i e., exponent proved to
be beyond the ranges of errors less than previously
usually obtained It is discovered a difference in the
values of the semiaxes of velocity ellipsoids between
stars with the metallicity more and less [Fe/H] ~ —0.3,
which can evidences about a difference in the dynamic
state of the matter, from which they were formed. It
is established that the form of the velocity ellipsoids
of the stars of different metallicity in the course of
time does not change — ellipsoid simply increases in
the sizes and is turned. After exception of the stars
of the moving groups the character of dependences on
the age of the velocity ellipsoids parameters did not
undergo the significant changes.

Key words: Galactic disk, velocity ellipsoid, moving
groups.

Introduction

The observable morphological structure of the thin
disk of our Galaxy, as well as any its other subsystem,
is obliged to exclusively instantaneous shapes of orbits
of the stars entering into it. Therefore the ”external”
form of the Galaxy can be recreated on the total three-
dimensional velocities of the stars located even in the
nearest vicinity of the Sun. It is simultaneously pos-
sible to attempt to trace the dynamic evolution of the
thin disk subsystem on the stars of different age. A
research of the dependences of the velocity ellipsoid
parameters of nearest stars on the age is the classical
method of the extraction of such information.

The properties of velocity ellipsoids can serve as a
key for solving of both the problem of stationarity and
the relaxation, and also they can shed light to the most
important questions of star formation. If in the Galaxy
effective relaxation mechanism acts, thus it should lead
system to the steady state, in which the form of veloc-
ity ellipsoid depends only on rotation curve. But if the
relaxation is insufficiently effective, then the relations
of the semiaxes of ellipsoid can differ from steady-state
values and should depend on the mechanism of relax-
ation.

Character of dependences between the age and the
velocity dispersions in close field stars was investigated
in many works on the basis of contemporary astro-
metric and spectroscopic measurements. In this case
the exponent on the different samples of stars occurred
within the limits from v ~ 0.33 (Binney et al., 2000),
to v~ 0.5 (Funch et al., 2001; Holmberg et al., 2007).
Unfortunately, in all these works the dependence was
built on all close field stars, among which is present a
noticeable quantity of stars of the thick disk.

For obtaining the correct results it is necessary to
remove stars of so-called Eggen moving groups from
the sample of thin disk stars also. It is known, that
in the Solar vicinity about third of stars it is possible
to identify by members of various moving group. All
these streams distort the velocity field of field stars of
different age and hamper the extraction of the infor-
mation, necessary for restoration of dynamic evolution
of the Galaxy.

In order to verify, they do have an effect on the val-
ues of dispersions existence of the moving groups in
the disk, we calculated the values of velocity ellipsoids
both according to all field stars and after excluding the
stars of the moving groups. In connection with much
discussed recently existence of very old and simultane-
ously metal rich stars we traced also a change in the
parameters of ellipsoids for the stars of the thin disk of
different metallicity.

As the basic source the Geneva-Copenhagen catalog,
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which contains ages, metallicity and kinematics for
14000 F-K- dwarfs (Norstrém et al., 2004) was used.
This catalog contains the stars not only of the thin disk
subsystem, but also of the thick disk of the Galaxy.
To select the stars of the thin disk it is necessary to
use any criterion, however the unique and sufficient
criterion there does not exist. The criterion used by
us calculates the probabilities of a belonging of star
to the thin disk subsystem against the alternative
of belonging of it to the thick disk. Procedure of
the calculation of the corresponding probabilities,
which are based on the values of the dispersions of
the components of the three-dimensional velocities
(ov,ov,ow) and the average rotational velocities
of a subsystems (Visym), is developed in Bensby, et
al. (2003). As a result we receive the sample, for
which probability of a belonging of stars to the thin
disk above probability of their belonging to the thick
disk subsystem. Then from the sample were removed
the noted in the catalog binary stars, far evolutionized
stars (0My > 3™) and star uncertainly obtained ages
(et > £3 Gyr), as a result in the our sample remained
5116 single stars of the thin disk. For the account
of influence of stars of moving groups on integrated
kinematic parameters of stars of the thin disk we have
counted sufficient to exclude from the sample of a
star of the largest known streams. Such proved to be
about 12 % of stars from the entire sample.

Results and discussions

Special interest was caused always the dependence
of the velocity dispersion of starry populations on their
age oy (t) , since by the character of this connection it is
possible to judge whether there was a relaxation in the
galactic disk and even to specify the mechanism, which
increases in this case the peculiar velocities of stars.
From the size of an exponent it is possible to judge
the character of the heterogeneities of the gravitational
potential of the Galaxy, which lead to a continuous
increase in the velocity dispersion of the stars which
have born simultaneously, that is to their ”warming
up”.

On the panel (a) of Figure ?? are given the depen-
dences of o; ~ (t) for all close stars, while on the panel
(b) — for the selected stars of the thin disk. All de-
pendences by the method of least squares are approxi-
mated by the power law of the form of o; ~ ¢t7. One can
see well, that although the character of dependences
was kept, but sizes of all exponents ~ for the similar
dispersions have noticeably decreased. And if for all
close stars the values of exponents have turned out co-
incided with obtained usually by other authors and are
equal on the average (y) = 0.32 +0.04 , then for the
correctly selected stars of the thin disk all indices be-
came somewhat less () = 0.29 4+ 0.03 . An additional
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Figure 1: Relation semiaxes values of the stellar veloc-
ity ellipsoids (1la,1b,1c) and relationship of semiaxes
values (1d,1i,1j) of age.

research showed that the application of a less strict cri-
terion leads only to the small overstating in the oldest
groups only of value of major semiaxis, whereas aver-
age and minor semiaxes remain in them constant. The
exponents of all dependences within the limits of errors
also did not change. In Fig. 7?7 ¢ the age-semiaxes dia-
gram for the thin disk stars without the moving groups
are given. From the figure one can see that the excep-
tion of star streams has in turn led to the small (again
within the ranges of errors) decrease of the values of all
semiaxes of the star subgroups of each age — all depen-
dences were simply displaced downward to themselves.
As a result the exponents of all dependences still de-
creased up to the average value () = 0.26 & 0.03 and
began to differ already beyond the ranges of errors from
those receiving on all close stars.

Interest causes also the relation of semiaxes, mainly
the ratio of average axis to the large one. In the sec-
ond row of Figure?? the dependences on the age of
the values of the relations of semiaxes for all close field
stars, for the stars of the thin disk and for the thin
disk stars without the moving groups are consistently
given. From the figure one can see that the values of
the relations of semiaxes in the appropriate subgroups
of different age practically did not change. Approxima-
tion by the direct regressions of variation on the age of
these relations did not reveal the statistical significant
trend. As a result it is possible to conclude that the
form of the velocity ellipsoid of the stars of the thin
disk does not depend on age.
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Figure 2: Relationship between the semiaxes values of
the stellar velocity ellipsoids of different metallicity and
age.

On (Fig. ??) changes in the values of the semiaxes of
the velocity ellipsoids of the stars of different metallic-
ity from age are shown. It is evident from the figures
that the behavior of all semiaxes is approximately iden-
tical. As well as generally, this change is described by
power law with the same exponent () = 0.26 + 0.06 .

We will note that most metal poor stars demonstrate
the greatest sizes of semiaxes at any age. It seems
that metal poor stars are formed from the matter of
that falling into the galactic plane from the external
parts of the Galaxy.

Conclusions

The properties of the velocity ellipsoid parameters
of the thin disk stars in the dependence on the age
and the metallicity are investigated. It is shown that a
change in the course of time in the values of all ellipsoid
semiaxes of star of different metallicity, are described
by power law with the approximately identical expo-
nent () = 0.26 £ 0.02 . This result contradicts the

results, obtained in other works, where the index is lo-
cated in the range (0.33 — 0.50). It is discovered, that
the semiaxes size of the thin disk stars with metallic-
ity [Fe/H] < —0.30 at any age have more than ones of
more metal rich stars. Investigating chemical compo-
sition in the thin disk, we have found out that among
so metal poor stars appears much with the anoma-
lously high relative contents of magnesium (Marsakov,
Borkova, 2006). Presence of the metal poor stars with
different kinematics and the relative content of magne-
sium testifies in favor that these stars could be formed
from the matter, which fell into the thin disk as a result
of accretion from the regions with another history of
chemical evolution. In this case the parameters of the
velocity ellipsoids of the stars of different metallicity
can reflect the state of interstellar medium at the mo-
ment of their generation. It is finally shown that the
velocity ellipsoids of the thin disk stars are far from on
state of equilibrium and depend neither from the age
nor from the metallicity — ellipsoids simply vary in the
sizes and are turned.

The full text of this report will be published in
"Pis’ma v Astronomicheskii Zhurnal”.
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ABSTRACT. We have determined 28 relations
between My, Ter and line depths ratios Ryi/Rae.
These relations have been used for the estimation of
the absolute magnitudes M, of 56 FGK supergiants
with an error 0.05-0.30 mag (Table 1). The application
range is FO-KO, luminosity classes I and II.

Key words: Stars: fundamental parameters; stars:
absolute magnitudes; stars: supergiants.

1. Introduction

FGK-supergiants are very luminous stars and can be
seen to large distances. However, being rare stars and
residing in the galactic plane, they are are normally
severely reddened. This fact presents a serious prob-
lem for studying supergiants, in particular when trying
to infer their intrinsic luminosities. Cepheid Period—
Luminosity (PL) relation remains the primary tool for
determination of the distances within the Local Group
and to the nearby galaxies. The absolute calibration of
this relation relies on the accurate estimates of the dis-
tance of the calibrating Cepheids and their interstellar
extinction and reddening. For non-periodic variable
supergiants, obviously, PL relation is not applicable.
Other techniques need to be developed for determina-
tion of the absolute stellar magnitudes and luminosities
for a wide range of supergiants. In this work we turn
to spectroscopy to search for the luminosity-sensitive
features.

Calibrations of absolute magnitude from OI 7774 A
data are derived from narrow-band photometry and
low dispersion spectroscopy for A0-G2 stars were pre-
sented by Arellano Ferro (1993). These calibrations al-
lowed to estimate absolute magnitude with accuracies
of 0.6 mag, they were improved (Arellano Ferro, Girid-
har & Rojo Arellano, 2002) and then it was achieved
accuracies of 0.38-1.5 mag for non-periodic supergiants
and 0.42-0.43 mag for Cepheids. But the disadvantage
of this method is the difficulty of observing and mea-
suring the equivalent width of the OI 7774 A feature
in faint distant stars.

A further reaching approach is the calibration of the
stellar absolute magnitude in terms of the photomet-
ric color indices. Arellano Ferro & Parrao (1990) were
offered an independent calibration of the uvbys pho-
tometric system to determine absolute magnitudes for
luminous F-G supergiants, using as calibrators non-
periodic yellow supergiants whose reddenings and ab-
solute magnitudes are believed to be known. The simi-
lar and parallel research was presented by Gray (1991).

Andrievsky (1998ab) suggested to use the lines of the
Ball to calibrate absolute magnitudes of non-periodic
supergiants and low-amplitude Cepheids.

Apart from OI 7771-4 A and Ba II, other lines in
photospheric spectra of supergiants seem to evolve with
luminosity. The ion lines behave similar to Ball, and
the S T trough is strongest for supergiants with higher
luminosity (if Teg is constant). In particular, the ratio
of the strengths of the Fe I and Fe II lines, was sug-
gested as a potential luminosity indicator (for example,
see Fig.1,2). The ratio Fe II/Fe I depends essentially
on the strength of Fe II line, because Fe I line is about
constant. In more luminous objects, Fe II is stronger
because of a rapidly increasing Fe 1I/Fe I ratio. Thus,
the correlation between Fel /Fell ratio and luminosity
is the effect of ionisation balance and NLTE effects.

Similar correlations are observed between luminosity
and others ion line depths (for a given temperature).
As example, Fig. 3 shows our measurements of depth
of the Fe IT 6129.69 A and SiT6155.14 A lines. While
the depths clearly increase with decreasing tempera-
ture, Rx1/Ra2 is approximately constant in all mea-
surements. The resulting ratio 6129.69 Fell/6155.14
Sil vs Mv as shown in Fig. 4. The value increases
towards higher luminosities.

The accuracy of spectroscopic luminosity determi-
nation could be improved if additional luminosity in-
dicators were found that rely on species other than Fe.
A number of such quantities has already been inves-
tigated (Till/Fel, SI/Fel, Fell/Nil, Scll/Fel, YII/Fel
etc). We selected in priority lines belonging to the iron-
peak elements (such as Si, Ti, V, Cr, Fe, Ni) because
they have a negligible star to star variation in element
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Figure 1: Calibration of the ratio 6129.69 Fell/6055.99 Fel
in terms of the absolute magnitude M, and temperature
T (calibration 167).

abundances.

The aim of this paper is to determine M, for F, G
and K supergiant stars and Classical Cepheids from
these new spectroscopic indicators.

2. Observations

The spectra of the FGK supergiants were obtained
using the 1.93m telescope of the Haute-Provence Ob-
servatoire (France) equipped with the echelle spectro-
graph ELODIE (Baranne et al. 1996) and retrieved
from its online archive of spectra (Moultaka et al.
2004). The resolving power was R = 42000 over the
wavelength interval 4400-6800 AA, with a signal-to-
noise ratio for each spectrum of S/N>100 (at 5500
AA). Initial processing of the spectra (image extrac-
tion, cosmic ray removal, flat-fielding, etc.) was carried
out as described by Katz et al. (1998).

We also made use of spectra obtained with the
Ultraviolet-Visual Echelle Spectrograph (UVES) in-
strument at the Very Large Telescope (VLT) Unit 2
Kueyen (Bagnulo et al. 2003). All supergiants were
observed in two instrumental modes, Dichroicl (DIC1)
and Dichroic2 (DIC2), in order to provide almost com-
plete coverage of the wave-length interval 3000-10 000
A. The spectral resolution is about 80 000, and for most
of the spectra the typical S/N ratio is 300-500 in the
V band.

For Classical Cepheids we have used our published
results (see Kovtyukh et al (2008) and references
therein). We have used only phases of maximum ra-
dius (radial velocity V,.q=0 km s_l) because at the
phases of maximum radius (and close phases) an in-
fluence from the ”dynamical” term on the luminosity
indicators should be negligible. During the maximal
compression of the Cepheid envelope the strong ther-
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Figure 2: Comparison of our M, with estimates from the
literature for 6129.69 Fell/6055.99 Fel ratio (calibration
167).
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Figure 4: Comparison of our M, with estimates from the
literature for calibration 713 (see Fig.3).

mal and dynamical effects (like shock waves) are ex-
pected, while the phases at the maximum radius may
be considered as the rather ”quiet” ones enabling one
to search for some dependencies between the Cepheids’
M, and their spectral luminosity indicators.

The further processing of spectra (continuum level
location, measuring of line depths and equivalent
widths) was carried out by us using the DECH20
software (Galazutdinov 1992). Line depths Ry were
measured by means of a Gaussian fitting.

3. Results

The next step was to choose the initial M, for su-
pergiants. This is a very important procedure since
it affects the accuracy of the final luminosity scale,
namely, the run of the systematic error with M, and
Ter. For 25 supergiants from our sample (see Table
1) we based the initial M, estimates on the follow-
ing 4 papers: Arellano Ferro & Parrao (1990), Gray
(1991), Arellano Ferro (1993), Arellano Ferro, Giridhar
& Rojo Arellano (2002). The effective temperature for
supergiants has been determined using the calibrating
relations from Kovtyukh (2007). These relations com-
bine the effective temperature with a set of spectral
line depth ratios. The internal accuracy of the effec-
tive temperature determined in this way is rather high
in the temperature range 5000 K to 6500 K: typically
150 K or less (standard deviation or 10 to 20 K for the
standard error). Another very important advantage of
this method (or any spectroscopic method) is that it
produces the reddening-free Tog estimates. For 10 clas-
sical Cepheids we have used our previously published
results (M, and Tog).

Using the least-square method we have obtained 28

relations of the form:

M, = a+ b(logTeg) + c(Rx1/Ra2) + d(Ry1/Ra2)?,

where a,b,c,d — constants. Starting with an pub-
lished value M,, the relations are then self calibrated
by an iterative process. Our final estimates have been
compared to published M, and show a good agreement,
(Fig. 5). In Table 1 we report M, for 56 supergiants
derived from our calibrations. Each entry includes the
name of the star, Tog, mean M, error (o), number of
calibrations used, and the error of the mean (o eqn)-

The averaging of M, obtained from 10-25 line
ratios significantly reduces the uncertainty from a
single calibration. The final precision we achieve is
0.05-0.30 mag (1 sigma), for the spectra of R=42000,
S/N=100-150. This can be further improved with
higher resolution and larger S/N. We note that this
error budget does not include the possible uncer-
tainties that arise from the individual properties of
stars, like rotation, chemical composition, binarity, etc.

4. Discussion

Having clarified the behaviour of observed Fel/Fell
values, we now briefly discuss the use of line strengths
ratios as luminosity indicators. We have shown that
Fell/Fel correlates with luminosity. Thus, Fell/Fel
should be the most direct and meaningful luminosity
indicator. There are, however, uncertainties even in
Fell/Fel as a spectroscopic luminosity indicator. First,
the trend in the line is due to the combination of trends
that are nonlinear in temperature, luminosity and also
in [Fe/H] in the relevant ranges. In order to obtain
luminosities from spectra, one has to choose an ap-
propriate functional form (e.g. linear, second or third
order) to fit the relation between line strength ratio,
temperature and luminosity. Inaccuracies introduced
by the use of such a functional form can easily be over-
looked or misinterpreted as scatter. Second, intrinsic
variations in the supergiants and their spectra limit the
precision of spectroscopic luminosity indicators. Differ-
ences in the abundance distributions (e.g. He, C, N,
0O) among equally luminous supergiants are a possible
reason for this.

One way to reduce the error would be to use a num-
ber of spectroscopic luminosity indicators, because dif-
ferent indicators respond differently to spectral pecu-
liarities. Besides ratios like SilI/Sil, YII/Fel is also
worth considering. Supergiants for which spectroscopic
luminosity determination is unreliable could be identi-
fied if different indicators gave inconsistent luminosi-
ties.

Interesting trends have been found for SI 6046.00
A and SI 6052.68 A: SI/Fel and SI/Sil ratio corre-
lates with luminosity like FeIl/Fel. Sulphur has differ-
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Table 1: The computed M, for 56 supergiants.
HD Te M, o N o HD/BD T M, o N o
K mag (mean) K mag (mean)
000611 5431 -2.69 0.38 18 0.09 109379 5117 -1.81 0.58 10 0.19
003421 5302 -1.75 047 17 0.12 125809 4837 -3.92 0.67 6 0.28
004362 5325 -3.26 043 19 0.10 136537 4960 -3.60 0.56 11 0.17
008890 6050 -3.06 0.16 18 0.04 159181 5220 -2.84 0.41 7 0.16
009973 6654 -7.13 0.30 10 0.09 174104 5657 -3.44 0.23 2 0.17
011544 5126 -3.54 0.33 4 0.17 179784 4956 -3.23 0.63 5 0.29
016901 5555 -2.91 0.18 21 0.04 182296 5072 -3.52 039 6 0.16
018391 5871 -6.47 0.37 12 0.11 183864 5323 —-3.05 0.33 10 0.11
020123 5165 -2.28 0.37 9 0.13 185758 5390 -1.58 0.34 9 0.12
020902 6541 -4.96 0.08 3 0.05 187203 5710 -3.07 0.68 6 0.28
025056 5752 -3.31 054 6 0.22 187428 5911 -1.89 0.33 4 0.17
026630 5337 -3.12 030 9 0.10 188650 5669 -0.66 0.83 10 0.26
034248 6101 -4.41 047 13 0.13 190403 4894 —-3.16 0.88 18 0.21
038808 5112 —-2.43 042 10 0.13 191010 5269 —-2.09 0.52 11 0.16
039949 5248 -2.76 0.38 20 0.09 192713 5028 -3.72 0.54 5 0.25
042454 5277 -3.67 0.24 17 0.06 194093 6202 -6.19 0.60 9 0.20
042456 4754 —-4.44 042 13 0.12 195432 5872 -2.19 0.78 7 0.29
047731 4989 -3.77 0.39 4 0.20 202109 4976 197 0.43 9 0.15
050372 4794 -4.02 0.74 15 0.19 204022 5375 -3.78 0.23 22 0.05
052220 5661 -2.90 0.29 20 0.07 204075 5287 -2.05 0.63 10 0.20
053003 5540 -2.89 0.31 11 0.09 204867 5466 -3.24 0.20 19 0.05
054605 6443 -7.83 024 7 0.09 205114 5224 -3.14 0.40 10 0.13
057146 5134 -3.47 0.21 21 0.05 209750 5210 -3.63 0.31 12 0.09
074395 5264 -2.94 0.24 21 0.05 214714 5424 -1.16 0.70 18 0.17
077912 4957 -3.05 0.85 12 0.25 216206 5003 -3.17 0.53 10 0.17
084441 5296 -1.62 0.15 5 0.07 219135 5479 -291 0.30 20 0.07
090452 6688 -7.24 0.65 10 0.21 249750 5475 -3.38 045 15 0.12
092125 5354 -2.15 0.27 12 0.08 +60 2532 6268 -4.30 0.74 3 0.43
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Figure 5: Comparison of our final M, with estimates from
the literature. The supergiant HD 11544 deviates from the
least square fit found for FGK supergiants.

ent level structures and a higher ionisation potential
than iron and silicon.

As noted by Andrievsky (1998ab), the Ba IT 5853.6 A
and 6141.7 A strengths could be used as a luminosity
indicators for s-Cepheids. However, the relations be-
tween luminosity and Ball/Fel line ratios show large
scatter.

However, the validity of these potential luminosity
indicators still needs to be critically assessed in terms
of the physical differences among supergiants with
different abundances.

5. Conclusion

We showed that the ratio of the depths of Fell and
Fel lines is larger for luminous supergiants (for a given
temperature). Accordingly, Fell/Fel ratio could be
used as a distance-independent spectroscopic luminos-
ity indicator. Other spectral features (for example,
Fell/Nil ratios) have subsequently been suggested as
possible luminosity indicators. The Ball/Fel, YII/Fel
ratios itself may be the best spectroscopic luminosity
indicators for supergiants, but all these indicators
show scatter which may be related to abundance
distributions. As a result, we found that star HD
11544 can not be a member of a x and h Per cluster.

Acknowledgements. This work is based on spectra col-
lected with the 1.93-m telescope of the OHP (France)
and the ESO Telescopes at the Paranal Observatory
under programme 1D266.D-5655. Drs. C. Soubiran
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spectral material.

sical Cepheid § Cep: filled squares — observations; open
circles — calculations (showed are the individual phases for
the Cepheid).
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HANSKY ALEKSEY PAVLOVITCH

Lemeshchenko N.D., Shevchyuk T.V.

Astronomical Observatory of Odessa National University

ABSTRACT. An essay devoted to A.P.Hansky,
a famous astronomer, a graduate of Novorossiysk
(Odessa) University.

On 11th August 2008 was a centenary since the
tragic death Aleksey Pavlovitch Hansky. He was an
outstanding Pulkov astronomer, one of the founders of
the Simeiz department of the above observatory, later
on becoming the Crimean Astrophysical Observatory.

A.P.Hansky was born on 20th July (on 8th July old
style) (Backlund, 1908) 1870 in the family belonging
to the gentlefolk’s, in Odessa. After graduating from
the physical-mathematical faculty of the Novorossiysk
(Odessa) University he stayed there preparing for pro-
fessorship. At that time Professor A.K.Kononovich,
an energetic, progressive scientist and a talented edu-
cationalist that was the first in Russia to be engaged in
studying astrophysics, headed the Odessa Astronomi-
cal Observatory. Under his leadership throughout 1894
— 1896 A.P.Hansky was mainly busy with taking the
Sun’s photographs for the sake of studving the spots.
He could not afford to use the most modern instru-
ments; nevertheless he was able to obtain excellent
photos by using modest instrumental mean (a 6.5-inch
refractor).

In May 1896 the Odessa Observatory was visited by
Academician O.A.Backlund - Director of the Main As-
tronomical Observatory of Russia, and soon Hansky
came to Pulkov for further perfection in astrophotog-
raphy.

An summer of the very year he was invited to the sci-
entific expedition of the Pulkov Observatory for observ-
ing the total solar eclipse on the Novaja Zemlja on the
ninth of August. This expedition proved to be a suc-
cess in all respects, and the best possible observational
material was obtained. Furthermore, A.P. collected
photographs and sketches of the total solar eclipses ob-
tained in different years by many astronomers. After
analyzing all the material collected he came to impor-
tant conclusions about the dependence of the corona
form on the quantity of spots on the Sun. When there
is a maximum of the solar spots. the corona forms an
entire radiance around the Sun. When there is a min-
imum, the corona stretches more and more along the
solar equator, and its brilliance weakens respectively
(Hansky. 1897: Perel, 1958). Thus Hansky discovered

Figure 1: A.P.Hansky

the change of the solar corona form with the phase of
the 11-year cycle of the solar activity (Sobolev, 1989).
His prediction of the corona form for the total solar
eclipse 1900 (Hansky & Kostinsky, 1897) was brilliantly
corroborated further on by many astronomers. A.P.
was the first to accentuate the universality of the 11-
vear cycle for active physical phenomena taking place
in all the layers of the solar atmosphere.

After finishing the expedition work, at the beginning
of 1897 Hansky left for Paris. He became a listener of
Sorbonne lectures on mathematics, physics and astron-
omy, at the same time he was busy with taking photos
of the Moon under competent direction of Levi. Later
on he began working at the Meudon Observatory which
was well-known all over the world with their classic
methods of taking the Sun’s photos. From 1876 the
leader of this Observatory was one of the most out-
standing French astronomers — P.J.5.Janssen — a pio-
neer in using photography and spectroscopy in astron-
omy, when studying the Sun, in particular.

An order to solve the problems of astrophysics, the
physics of the Earth and meteorology. he, with the help
of his own allocations built in 1893 an observatory at
the Mont Blanc summit, the highest mountain of Eu-
rope. The work at this Observatory was very compli-
cated because of very hard ascending the mountain and
poor climatic conditions at its summit.

With an exceptional persistence A.P.Hansky over-
comes these difficulties. All in all he made 9 ascents
to Mont Blanc in different vears, and staying there for
rather a long time he used to make the most valuable
observations (Perel, 1958). According to Janssen’s er-
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Figure 2: On the Mont Blanc

rands he studied the Sun’s constant with the help of
André Crova actinometer (Hansky, 1900). At was here
on the Mont Blanc that Hansky carried out great work
on finding the methods of taking photos of the solar
corona without eclipses. He observed Venus too. made
estimations of its period, made gravimetric measure-
ments which also refer to important results obtained
on Mont Blanec.

A.P. succeeded with mountaineering, and this fact
was noticed in Odessa where the Crimean-Caucasian
Mountaineering club, the first in Russia. had already
been functioning for 10 years. Hansky took the most
active part in the club’s life, one of its tasks being the
collection of means for teaching excursions. Whit this
aim in view it was not once that Aleksey Pavlovitch
made reports which were of great interest, narrated
the history of conquering Mont Blanc, of creating
and working at the Alpine observatory, showed pho-
tographs and figures, mainly, made by him self. A 1900
he was been accepted a member of this club. In the
same year according to the A.P.Hansky's suggestion,
Jules Janssen was accepted as an honorary member of
the club. The French scientist had already ascended
Mont Blanc three times.

While working in Paris A.P.Hansky did not stop
writing his friends from his native town and those from
the astronomical society. When answering his letters
they expressed their "hope for his not forgetting their
farther friends henceforth in spite of the friendship with
K.Flammarion, Janssen, Nansen and other luminar-
ies of science and civilization (March 1897) (Archiv,
N8O0)”.

A summer 1899 and 1901 Aleksey Pavlovith took
part in the Russian-Swedish expedition on the degree’s
measurement in Spitsbergen. Nearly all the trigono-
metric and astronomical determinations in the Russian
part of the arc were carried out by Pulkov astronomers
at the head of Observatory Director O.A.Backlund.

Figure 3: Russian-Swedish expedition in Spitsbergen

Hansky A.P. determined gravities in these expeditions
that are he was mainly busy with gravimetry: however
he worked as a geodesist, astronomer and photogra-
pher too. For his work in the last expedition he was
awarded with the Tsar’s premium handed on behalf of
Russian astronomical society in which he participated
from 1896.Further on he will be elected Vice-President
of Russian astronomical society.

Her, we see the photo by Hansky in 1899 (Archiv,
N59). From the left to the right there stand geode-
sists judging by his inscription: I.I.Sikora (Derpt Ob-
servatory). Then the second — V.V.Akhmatov (AO
Petersburg University), the third in the one row
stands D.D.Sergieffsky — Expedition Chief, later on
Professor. the Academy of General Staff, then Di-
rector of Pulkov Observatory O.A.Backlund, Hansky
AP, and A.SVasilyev — from Pulkov as will. It is
of Novorossiysk University in different years, and in
spite of the most modest interest to note that Orbin-
sky, Hansky and Vasilyev are graduates of the means
and resources of the University Observatory Professor
A.K.Kononovich and his colleagnes — talented lecturers
—used to prepare excellent specialists for the astronom-
ical science in the Fatherland.

The end of the XIX-th and the beginning of the XX-
th centuries was the period of searching for new ways,
methods and technical possibilities in the observational
astronomy. French scientists, Janssen and Flammar-
ion, were enthusiasts of astronomical observations from
the air balloons. and it happened many times that thev
themselves flew up in the balloons. Hansky A.P. two
times in Paris and one time in Petersburg flew air balls
with scientific purposes.

A 1900, all the year round he was in Potsdam work-
ing in the astrophysics laboratory belonging to Vogel,
one of founders of spectral classification of stars. It
was there that he mastered Hartman new method of
investigating telescope optics (Hansky, 1904). At the
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same tune 1t was at the Potsdam geodesie lostitute
that Hansky studied the methods which the German
scientists used in the gravimetry,

It 1903 A.P.Hansky began to investigate solar gran-
ulations, and he continued them throughout his last
life years. There were only three astronomers at the
beginning of the XXth century, and namely Janssen,
Hansky and Chevalier who proved to be unprecedented
masters of obtaining the Sun’s photographs imprinting
the finest details of the solar spots and granulations
(Bray & Lowhed, 1966).

The quality of the Sun's photographs and those of
formations in it which were taken by Aleksey Pavlovith
remained unprecedented till 1959 when the Sun’s photo
was taken by means of telescopes within the air balls
raised up to the stratosphere. Other ohservers’ in abil-
ity of repeating such high ¢quality photographs resulted
in their doubts about some conclusions drawn hy Han-
sky A.P. from his photographs, for example, on the
granules’ fragmentation velocity. But life puts every-
thing in its order, and nowadays we can read a note
(Kandrashov): "He took the best quality photographs
with "a night” instrument - Normal astrograph in-
stalled in the Western tower of the Observatory build-
ing during the afternoon heat, the photos of such a
quality which the Pulkov astronomers failed to ob-
tain even with the specialized solar telescopes equipped
with automatics and an electronic analyzer for the im-
age quality sixty years later. Besides Hansky obtained
not separate “record” photographs but steady series
of photos upon which one could follow the biography
of each granule. For the analogous work in the 70-
ies of the XX-th century it was necessary to set up
The Stratosphere Solar Ohservatory, with the weight
as high as 8 tons, heaved with a helimm balloon to the
20.5 km altitude™.

An 1905 A P.Hansky ascertained that the average
longevity of separate granules equals to 2 — 5 minutes,
thereafter they disintegrate and are substituted by the
new ones. These results were published in Pulkov
and Paris (Hansky, 1905, 1906 and 1908). Nowadays
these data are published in all the text-books an as-
trophysics, unfortunately, without any reference to his
works.

On the 23-rd of September 1904, in Saint Luis
(at USA), a constituent Congress of the International
Union on the Sun investigation took place under the
chairmanship of George E.Hale who became its first
President. The striving for cooperation was caunsed
by practical importance of constant and comprehen-
sive research of the Sun. The Director of the Pulkov
Observatory O.A.Backlund was a delegate from the Pe-
tersburg Academy of Science. And on the third of Jan-
uary 1905 The Russian Department of this union was
based and named Commission on the Sun's investiga-
tion with A A Belopolsky as a head. AP Hansky was
clected a Secretary (Gnevychev, 1984). On the day of

creating Lhie Kussian Department, Aleksey Pavioviteh
made a very important report in which he suggested
creating Alpine solar observatory (Gnevychev, 1984).
Hansky was the first astronomer in Russia to realize
the necessity of organizing the Heliophysical Observa-
tory in the sonth. He himself worked out the project,
made up estimates of building the future observatory,
and in his articles of that time he noted the possibility
of building it in the Crimea, the Caucasus or even in
the Pamir (Hansky, 1905).

An 1904 A P.Hansky was awarded with the medal
after P.J.S.Janssen by the Paris Academy of Sci-
elces. The second of the Russian astronomers
who was awarded with the very medal in 1907 was
A A Belopolsky.

Figure 4: The medal after P.J.S.Janssen

Oun the 8th of April (old style) 1905 he began to work
on the staff of the Pulkov Observatory as the adjunct-
astronomer. Two expeditions were sent off by Pulkov
Observatory to observe the total solar eclipse on the
30th of Augnst in 1905 — one to Spain under the compe-
tent direction of Hansky A.P. and another to Egypt un-
der the leadership of Okulich. Hansky's elder brother
Peter, a famous painter helped the astronomer to draw
this eclipse, by the way Peter painted J.Janssen's por-
trait for the Pulkov Observatory in 1904. A.P.Hansky
arrived at important conclusions from the results of
this expedition, and namely, that the forms and direc-
tions of the solar corona rays depend upon the forms
and directions of protuberances. Thus, once more, the
interaction of diverse physical phenomena oceurring in
the Sun was convincingly grounded (Hansky, 1907).

An May 1906 A.P.Hansky and G.A.Tikhov appealed
to the Academy Of Sciences with a proposition of ar-
ranging an expedition to the Crimea in order to inves-
tigate the zodiacal light and to study the qualities of
images. The scientific results from this trip were in-
significant (Tikhov, 1959) but it was in Simeis wherein
Hansky A.P. came across the N.S. Maltsev's private Ob-
servatory, and it might be its best luck. It is a well-
known history of this observatory becoming the Simeiz
department of the Pulkov Observatory.

At the beginning of 1907 Hansky A.P. left for his
last expedition for observing the total solar eclipse in
Turkestan. The Pulkov astronomers were unlucky be-
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cause of the bad weather on the eclipse day, however
Hansky A.P. succeeded in observing the zodiacal light.

On the 20th of January (the old style) in 1907
A P.Hansky and Slovak astronomer Milan Stefanic
after returning together from the expedition visited
L.N.Tolstoy in Yasnaya Polyana. The great writer after
talking with them wrote in his diary:” The astronomers
are interesting”.

During the last two years A.P.Hansky made a num-
ber of observations of the Jupiter’s surface. And his tal-
ents for drawing did him a good turn in this case. How-
ever, the results of these observations are not treated
completely.

At the beginning of summer 1908 A.P.Hansky left
Odessa for Simeiz for installing telescopes and setting
at the Observatory. After a month’s active work on
setting the Tseiss astrograph and after obtaining the
first test photos A.P.Hansky perished tragically.

G.A.Tikhov (Tikhov, 1959) and G.N.Neuimin, two
astronomers, have noted the fact of obtaining the
first astronomical photos in the Simeiz Observatory by
A.P.Hansky. Thus, we are given the right of calling
Hansky the first astronomer — observer of the Simeiz,
later on, the Crimean Observatory.

The astronomers in commemoration of the outstand-
ing investigator Hansky gave his name to:

The year 1928 — minor planet 1118 (discovered by
Belyavsky S.I.)

The year 1970 — crater on the far side of the Moon
(selenographics coordinates — + 97°, -10°)

The glacier on the Spitsbergen is called after his
Its coordinates are 78°40° of northern
In Simeiz

name too.
latitude and 20°30° of eastern longitude.
there is a street of a name A.P.Hansky.
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ABSTRACT. The star 12 Per is known as a spectro-
scopic and interferometeric binary. The high resolution
spectra in 3700—8000 A band were obtained with the
2 m telescope at Peak Terskol. A detailed analysis of
the atmosphere of system’s components was carried
out using the collected data.

Key words: stars: binary: spectroscopic and inter-
ferometric binary; stars: individual: 12 Per.

1. Introduction

The study of binary systems with large orbital
eccentricity (e>0.6-0.7) is a topical problem in the
formation and evolution of multiple stars. In general
evolutionary status of components and systems can be
obtained if we have accurate parameters of stars in the
system, including the abundance of their atmospheres.
It is important for the stars with chemical features
which star 12 Per has, as its components have height-
ened metallicity. (Barlow et al., 1998, Gardiner et al.,
1999). System 12 Per (HD 16739; HIP 12623; HR
788) is the spectral and speckle-interferometric binary.
Star of the systems are on the main sequence. Their
spectral classes are estimated as F8 V and G1.5 V.
There is one notable feature of this star: it has relative
small period (P=330.998) when its eccentricity is big
enough (e=0.663). And the system often can be ob-
served with separated spectral liens of the components.

2. The general parameters of components
and characteristics of atmospheres

The luminosity of each component and the system

as a whole is determined by the distance to it and,
consequently, the value of parallax. We used the value
of parallax from the work Bagnuolo et al., (2006):
7=41.19 mas, which corresponds with the distance to
the system at 24.28 pc. Effective temperature of the
stars according to Barlow et al., (1998) are as follows:
6125+80K and 5800+70K. Estimates of temperature
from photometric measurements confirm these values.
The values of photometric measurements are taken
from SIMBAD. On the other hand, the study of
hydrogen lines and the full flow of radiation (Smalli et
al., 2002) leads to a temperature of the components:
Terr(A)=6371£176K, T.;r(B)=6000+£143K. Our cal-
culations for the ionization equilibrium Iron show that
the temperature of components are within these limits
and Teyp(A) = 6195+200K, T.;y(B)=6000+£200K.
Total luminosity of the system is L/Lg=>5.15. Based
on analysis of studies made by other authors we
have chosen m=0.51 (Bagnuolo et al., 2006). Then,
L(A)/Ly =3.17 and L(B)/Ly=1.98. These luminosi-
ties and effective temperatures component led to radii:
R(A)=1.55 Ry and R(B)=1.31 Ry . Calcunlated radii
and masses of component of M(A)=1.382+0.019 Mg
and M(B)=1.240+0.017 Mg (Bagnulo et al., 2006)
provide an acceleration of gravity on surfaces:

log g(A)=4.20--0.10 and log g(B)=4.30+0.10.

3. Observations

Spectral observations of 12 Per were occured in
2005-2007 with eshelle spectrometr in kude’s focus
2-m telescope TF INASAN on the mount Terskol.
Fig.1 shows a part of the spectrum near H, lines
for different phases. The lines of metals are well
separated, and it is allowing to examine each compo-
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nent separately. However, the relative radial velocity
of components for each of the observed phases is
insufficient to deform the contour lines H, signif-
icantly. As light detector was used CCD camera
1242x1152 pixels from the company Write (Great
Britain). The spectra were obtained in the spectral
range 3500-8000 A with a spectral resolution R=45000.
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Figure 1: Spectrum 12 Per near H,, for different phases.

4. Models of atmospheres

For further analysis of component, we calculated sev-
eral models of atmospheres with temperature range
Terr (A)=6371£176 K and T.ss (B)=6000+£143K. For
each temperature, based on the values of luminosity
and mass written above, their value acceleration of
gravity on the surface was determined. For 6195K and
6000K log g was 4.20 and 4.30 respectively. The cal-
culations were carried out on the program LLmodels
(Shuliak et al. 2004), taking into account all the ab-
sorption lines.

Table 1: Parameters of models of atmospheres for com-
ponents 12 Per

Component TessK  logg Vikm/s Vg).km/s
A 6195  4.20 1.6 8.0
B 6000  4.30 2.3 8.0

These models were used for calculating the contours
of hydrogen lines on the program SintVA (Tsimbal,

2002), then contours for the first and the second com-
ponent were summarized and compared with observed.
Parameters of the model with the best match of the-
oretical and observed spectra are shown in the table. 1.

5. The content of iron and microturbulences
in the atmospheres of components 12 Per

To the determine the iron content in the atmosphere
of components of the system we measured the equiva-
lent width of lines Fel and Fell in the summary spec-
trum of the system. Equivalent width of the spectra
of components with its full division, are determined
with the help of the observed values of the equiva-
lent width and equation: W(A)=W,s(A)(1-1/n) and
W(B)=W,4s(B)(1-n). Here: W(A) and W(B) - equiv-
alent width of the absorption lines in the spectra of
the first and the second component. Wps(A) and
Wps(B) - observed values of equivalent width of lines
of the first and the second components, n=L(A)/L(B)
- ratio of luminosity of relation component. In our
case, m=0.51, n=1.6. The calculations were carring
out using the program KONTUR (Leushin, Topilskaya.
1985). According to the results of determine logN (Fe)
for different values microturbulences Vs give linear
regression were constructed logN(Fe)=IgN(Fe)o+k W
,which allow you to set Vi, for atmospheres of stars
(by k=0). Obtained coefficients suggest that microtur-
bulences in the atmospheres of components 12 Per are
equal Virp(A)=1.60 km/s and Vi,(B)=2.30 km/s
for the first and the second components, respectively.
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Figure 2: The dependence of the content of Fe I from
equivalent width component A and component B

Lines Fel with these values of velocity give the
content of iron in the atmospheres of components
equal: A logN(Fe)=7.79+0.15, B logN(Fe)=7.73+0.15.
The average value of iron content received with help
of the lines of Fell, for each of the components are: A
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logN(Fe)=7.7940.15, B logN(Fe)=7.78+0.15.

6. The contours of lines of iron

Fig. 3 shows a comparison of some theoretical and
observed contours of lines Fel and Fell. Synthetic con-
tours were constructed for three different contents (so-
lar content, the content of the sun - 1 dex and so-
lar content + 1 dex). Microturbulent velocity are
Viurs(A)=1.60 km/s and Vi (B)=2.30 km/s, re-
spectively, for the first and the second component.
The rotational velocity of stars in the models were
taken V,,;=8 km/s for both components. Synthetic
spectrum built using KONTUR (Leushin, Topilskaya,
1985).
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Figure 3: Comparison of synthetic and observed the
spectrum of 12 Per for different phases. Points - ob-
served spectra, lines - synthetic spectra for different
content Fe.

Analysis of the contours of spectral lines Fel and
Fell shows significant excess of iron in the atmosphere
of component, is comparison with the solar content.
This confirms the results obtained by equivalent width.

7. Conclusions

A detailed analysis of the chemical composition of
the atmosphere of each component of the system 12
Per was carried out. The fundamental parameters of
stars were precised. Received data on the content of
iron in the atmosphere components 12 Per indicate
high metallicity system: the value of [Fe]>0.35. Using
refined luminosities (L(A)=3.02Ls and L(B)=1.86L¢)
and effective temperature improved (T¢sr(A)=6195K
and T.;;(B)=6000K) of the components, we calcu-
lated the evolutionary status of the system. In our
opinion, its age is 1.12 billion years. The components
are are being in the process hydrogen’s burning near
the main sequence.
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ABSTRACT. Both high and medium resolution
spectroscopy of the Be stars and binary stellar systems
in the young open clusters (e.g., NGC 869 & 884,
NGC 6913, NGC 6871, NGC 7160 and NGC 7419)
were carried out. High resolution spectroscopy of
100 stars in the Ha region and 42 stars in the region
of 4400-4960 A with the medium resolution were
obtained. The spectra of 52 B and 48 Be stars were
studied. Tecyrr, logg and Vsini were determined by
using the medium resolution spectra. One new Be
star was found, one star showed complex variability
of the Ha line profile, which is characterized as a
close binary system. A few demonstrate long - term
V/R variability of the emission peaks that can be
easy described by the one arm oscillations in theirs
envelopes. Our clusters survey approved that classical
Be stars mostly appeared at age of 10 Myr, and
reached the maximum abundance in the age of interval
12-20 Myr.

Key words: Clusters: yuong open clusters: individ-
ual clusters: NGC 869 & 884, NGC 6913, NGC 6871,
NGC 7160 and NGC 7419; Stars: Be stars.

1. Introduction

The phenomenon of Be stars has been known for over
a century. The fact that at least 20% of B stars have
an emission spectrum supports that the definition that
this phenomenon is not special but it is rather typ-
ical from a large group of objects at a certain stage
of evolution. The vagueness of the concept of the Be
phenomenon suggests that this definition encompasses
a broad group of objects near the main sequence that
includes binary systems with different rate of mass ex-
change. Thus, the hypothesis that all Be stars are the
consequence of the evolution of binary systems is still
current. On the other hand, most classical Be stars
are probably individual objects and the formation, at
rotational velocities far from critical of the disks sur-
rounding them requires a separate explanation.

One way of solving this problem might be to study
the properties of Be stars in young open stellar clus-

ters. In the 1980’s a number of photometric (Mermil-
liod, 1982) and spectral (Slettebak, 1985) studies were
undertaken which showed that clusters with ages of 14-
25 millions years contain the maximum number of Be
stars. Fabregat et. al (2000) interpreted their results
in a sense that the Be phenomenon is an evolutionary
effect and proposed that it could be related to the main
the structural changes that had been happing at this
evolutionary phase.

In this paper we study and compare population
of Be stars in some young open stellar clusters (e.g.,
NGC 869 & NGC 884, NGC 6871, NGC 6913, NGC
7160 and NGC 7419), which have differentness but
have similarities because of close age. The goal of this
work is to find new Be stars with a faint emission in
the Ha line and a binary star in these clusters. To
study long-term spectral variability of the emission
spectrum of the Be stars and possible binary some
of them, was used the high resolution spectroscopic
observations.

2. Observation

Spectral observations of the B and the Be stars in
all of the open stellar clusters were carried out at the
Crimean Astrophysical Observatory from 1997 to 2007
by using the Coudé focus of the 2.6-m ZTSh telescope.
The spectral resolution was about 30000. The signal-
to-noise ratio for most of the spectra was about 100. A
total of 125 spectra were obtained for 52 B and 48 Be
stars in the Ha line region from six young open stellar
clusters (e.g., NGC 869 & 884, NGC 6871, NGC 6913,
NGC 7160 and NGC 7419).

In 2000 - 2002 years spectral observations of the B
and Be stars were made over wavelengths of 4400-4960
A | in addition to the Ha observations. These spectra
were obtained at the Nesmith focus of the 2.6-m ZTSh
telescope with a moderate resolution of 2.5 A and a
signal /noise ratio of about 100. The Hf line, a number
of the Hel lines, and several metal lines lie within this
spectral range. In all, 32 spectra were obtained for 27
Be stars and 15 spectra for 12 B stars in the region of
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4400-4960 A .
3. h/x Per

The binary open cluster h/x Per (NGC 869 and
NGC 884) has been well studied by many authors.
The distance to the cluster is about 2.3 kpc with a
distance modulus of 11™.4 - 12™.0. Stréomgren pho-
tometry yields different estimates for the ages of h and
x Per, logt = 7.0 and 7.3, respectively, which slightly
differe from ages of the clusters remains an open ques-
tion to this day. The clusters are rich in Be stars,
context of Be stars in young clusters are variously esti-
mated form 25 to 50% of the overall number of B stars
(Fabregat et. al 2000).

From 1997 to 2002 we obtained 90 spectra for 48
stars in the early spectral class B0-B3 which are mem-
bers of the h/x Per cluster. We found no traces of
emission in the Ha line in the spectra of 28 of the
stars. Several objects which were previously identified
as or suspected of being Be stars showed no traces of
the emission in the Ha line profile during our observa-
tions. These include the stars 00146, 00566, Oo717,
00922, and 001268. (Here and in the following the
numbers stars for the h/y Per follow the Oosterhoff
catalog (1937).)

An emission Ha line profile was obtained for 20 stars
in the h/x Per cluster. In addition, one new Be star,
002296, was observed and it is possible that 00992
also has a faint emission in the wings of the absorption
profile (fig. 1). It can be seen there that faint emission
is definitely present in the wings of the photospheric
Ha line of 002296. The presence of the faint emission
in the Ha line is less evident in 00992 as can be seen
in Fig. 1, the Ha line profile for this star is asymmetric
and varies in time.

Three Be stars, Oo1161, 002242, and 002371, man-
ifested significant variability in the emission profile of
the Ha line during the time of our observations. The
variability in the Ha profile for Ool161 (fig. 2) and
002242 are similar and show up as a change in both
the intensities of the blue and red emission compo-
nents with a characteristic time of hundreds of days
and in slow variations in the equivalent width of the
line. This type of variability in the emission spectrum
is fairly widespread among Be stars and is customarily
explained by the one arm oscillations in the circumstel-
lar disk.

002371 (BD +58°578, V622 Per) was observed in
more details during 1997-2002 the spectra revealed a
regular variability in the Ha line profile (fig. 3). This
variability indicates that the star is a binary with an
orbital period of about 5.2 days. Both components can
be seen in their spectrum. This star appears to have
passed through the phase of active mass exchange and
little emission in the Ha line wich is been currently
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Figure 1: Profiles of the Ha line for the stars 002296
and 00992, from the cluster h/x per. (The Julian date
of the observation is indicated for each star.)
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Figure 2: The variability in the Ha profile for O01161,
member of the cluster h/x Per.

observing.

In addition to the spectral observations of the Ha
line, the moderate resolution spectra were obtained
in the range of 4400-4960 A for a number of the B
and Be stars. The Hf line falls in this range together
with the Ha line it manifests signs of emission in
most Be stars. In some of the Be stars that were
observed the Hf line profile is in absorption (e.g.,
001268, 002262, 002371, and 002649). Other stars
manifested a weak emission in the HS line, e.g.,
002402, 002242, 002088, 002138, or a bright single
component structure (e.g., 00309, 001261, 001926,
002284, 002563). Probably, the last group of objects
has more extended and optically thicker disks, unlike
the first group, which disks are optically thin, so that
emission does not show up in the HJ line.

4. NGC 6913

This young open cluster in the Cyg OB1 association,
is also know as M29, contains a large number of lumi-
nous stars with spectral types around B0. An extreme
variation of extinction is found by Wang et. al (2000)
across the young open cluster NGC 6913, extinction in
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Figure 3: Selected Ha profiles for the Be star 002371,
the member of the cluster h/x per.

the cluster center is relatively homogeneous, but very
large. The north and south of this cluster have the
largest extinction. The eastern and western parts are
seem to be low reddening region. The average value of
the E(B-V) is 0.71+1.82. A mean distance modulus of
10.1740.14 mag is derived for the cluster by Wang et.
al (2000), which corresponds to a distance of 1.08 kpc.
From the UBV photoelectric photometry, Joshi et. at
(1983) obtained distance modulus as 10.85+0.15 mag.
The estimated ages of a stars in the cluster span from
0.3 - 1.75 Myr (Joshi et.al, 1983) and 10 Myr.

We observed 10 spectra for 7 B stars and one known
Be star in the blue region. The spectra of the two stars
(1 and 9 (named from Hoag A.A. et. al 1961)) have
characteristically the profiles of a more cool star and
probably they do not the members of the cluster, but
Boeche (2004) these stars found as binaries. For the Be
star V1322Cyg (HD 229221) obtain tree spectra in the
Ha region. The star has a stronger emission in the Ha
and Hf lines, there are some variability of the profiles
from the Ha line. T'wo spectra in the Ha region were
taken for the B star HD 229227, which was determined
as a possible Be star; however there are no traces of an
emission in the Ha line in time of the our observations.

5. NGC 6871

NGC 6871 is a rather extended open cluster, which
boundaries are not well defined. It is believed to be the
core of the Cyg OB3 association. The estimates of its
distance and age vary relatively from the large amounts
to different authors. From isochrone fitting by Massey
et. all (1995) was derived from ages of 2-5 Myr for the
stars with M < 25Mg, Reimann (1989) estimated an
age of 12 Myr and distance modulus 11.9 mag. The
difference between two ages suggests that a large age
spreads among the cluster numbers, the contamination
of the nearby stars in the local spiral arm, or the large
uncertainties in the ages approximately derived from
optical photometry. Massey et. al (1995) notes that
the cluster contains 15Mg, stars with main sequence of

the lifetimes of 11 Myr.

The brightest star in the cluster is the O9.5I+WN4
binary HD190918. Recent searches of emission - line
stars by Bernabei et. al (2001) and Balog et. al (2002)
detected several faint Be stars and some pre-main-
sequence objects. In the period from 1998 to 2002 years
were observed a 11 spectra for 7 B stars and 6 spectra
for two Be stars in the region of the line Ha. It was
also observed a binary V1676Cyg (HD190918). HD
227611 is known as a Be star with strong emission in
the Ha line, from period of the our observation profiles
of the Hey, it was not shown a variability. The sec-
ond Be star, which had been obtained, BD +35°3956
has changed from the single absorption to the duplicity
emission profile of the Ha line in about 10 days (fig.4).
For the stars HD227586 and HD227621 were obtained
some spectra, but profile changes of the Ha did not
found (see fig.4). Other stars have the clear absorption
profiles.

The moderate resolution spectra were obtained in
the region 4400-4960 A for 5 the B and 2 Be stars.
The Be star V1676Cyg has a strong emission in the
Hp line and in the other lines such as Hel4471 A and
Hel4712 A . Line profile of the H3 for BD +35°3956
is absorption, all lines from this region for the star
are broad and this is likely to be group due to the
fast rotation. However, the shape of the metallic lines
strongly suggests that it is a double-lined spectroscopy
binary star (Negueruela, 2008). The star HD 227630
from this region, which is also as in the region of the
Ha line, has typically the spectra for cool stars and it
is not a member of the cluster.

6. NGC 7419

NGC 7419 is a small, young open cluster in the
Cepheus, with unusual presence of gigant and super
giants. Form a photometric observation by Bhatt et.
al (1993) was found a differential reddening of 1.54 to
1.88 mag with a mean value of 1.71 mag, a cluster dis-
tance of 2.0 kpc and the age about 40 Myr. Beauchamp
(1994) estimated a younger age of 14+2 Myr and a dis-
tance of 2.3 + 0.3 kps.

Based on a CCD photometric observation of 327
stars in UBV passabands Subramaniam et. al (2006)
estimated the cluster parameters as a reddening (E(B-
V)) = 1.65 £ 0.15 mag and the distance 2.9 kpc. The
turn-off age of the cluster was estimated as 25 + 5Myr
by using isochrones fits. The isochrones fits to pre-MS
stars in the optical color-magnitude diagram showed
that the turn-on age of the cluster is 0.3 - 3 Myr. This
indicates that there has been a recent episode of star
formation in the vicinity of the cluster.

From CCD photometry in narrow Ha band, R and
I filters, were identified 31 Be stars, that constitute
36 £ 7 % (Pigulski et. al, 2000). With Nesmith
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Figure 5: Dustribution of the Be stars as a function of
age

spectrograph were observed 30 spectra for 25 Be
stars and 11 spectra for 10 B stars in the Ha region.
All spectra were taken with a low resolution (about
6-8 A). The four stars (e.g., 290, 318, 451, 458 and
967, numerous for the stars from NCG 7419 as in
Beauchamp et. al (1994)), which previously identified
as Be stars, showed weak emission in the profile of the
Ha line or absorption profiles of the Ha line during
our observations. In the blue region were taken 11
spectra for ten Be stars and one for B star. In the
same nights spectra for 7 stars were obtained in both
regions. It allows us to see the spectra into the region
3700 - 7850 A, and to study the emission in the Ha,
Hp and for few stars in the H~ lines.

7. Results and conclusion

In total, we studied about 140 profiles of the He line
and 47 spectra in the region of the H3 for more than
100 stars in the young open stellar clusters. One (pos-
sibly two) new Be stars were discovered by mean of
the high resolution spectra. The finding of the study
especially a small number of new Be stars with faint
emission, was unexpected. Given that, up to now this
clusters has been observed with a much lower resolu-

tion. Some stars manifested a significant long-term
variability in the Ha line. It was found that the binary
Be star V622Per, which previously had been suspected
of being a Be star, is indeed that, with an orbital period
of 5.2 days.

The Ha and Hf lines demonstrated a weak emission
or a bright single component structure for the Be stars
and a completely absorption profile for some of them.

We used data from the both our observations and
literature in order to determine the distribution of the
relative fraction of a Be stars in a clusters with an age.
This distribution has been show on the fig.5. Data
for the clusters, which we studied are marked on fig.5.
We can conclude, that the classical Be stars appear in
the clusters with age 10 Myr and they are absent or
appear very rare in the clusters with age more than
100 Myr. As it seens from fig.5 the maximum content
of Be stars are in clusters with age 12-20 Myr. The
decrease of the Be abundance with the age after 25
Myr is underlined the dependence of the Be stars
abundance from the spectral type. Zorec et. al (1997)
found that the maximum abundance occurs in the
spectral type of B1-B2. Clusters that are older than
25 Myr have their turnoff at type B3 or late.
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ABSTRACT. Data from our compiled catalogs of
the spectroscopic determinations of the abundances of
a-elements in the stars of field and globular clusters
of the Milky Way are used to investigate the chemical
evolution of the w Cen globular cluster and of the
same name moving group. It is established that the
dependences of the relative abundances of a-elements
on the metallicity for the stars of both the w Cen
moving group and the globular cluster coincide, which
with the great probability testifies as genetic con-
nected and belonging both to dwarf galaxy-satellite
galaxy, the decomposed under the action of tidal
forces of the Galaxy. It is simultaneously discovered
that the metallicity functions of the stream and
globular cluster demonstrate identical spread, but
the positions of the maximums of distributions are
spread to A[Fe/H]~ —0.5 (with the peak on the
smaller metallicity in globular cluster). The following
conclusions are made: 1. The descending branch
of the "[Fe/H] — [a/Fe]” dependence of the w Cen
globular cluster is formed by the young metal-rich
stars, which was captured from the parental dwarf
galaxy. 2. The stars of the w Cen globular cluster are
absent in the same name moving group — are there
located only the stars of their parental galaxy. 3. The
star formation rate in the w Cen dwarf galaxy was
always considerably lower than in the our Galaxy,
about which they testify the small metallicity of
characteristic knee (”break point”) to [Fe/H]~ —1.3
and steeply incidence in the relation [o/Fe] with
further increase in the metallicity.

Key words: stellar chemical composition, the w Cen
globular cluster, the Centauri stellar stream, dwarf
galaxy evolution.

The present situation

The w Cen globular cluster is the most massive
(=~ 5-10% Mg) and the most uncommon cluster from
approximately hundred sixty ones, which belong at
present to our Galaxy. It occupies the area consid-
erably more than lunar disk — a tidal radius is equal

to 57’. This cluster proves to be sufficiently old dy-
namically (value of central concentration ¢ = 1.61),
although with so large mass and sizes the time of two-
body relaxation in it is one of the large for the globular
clusters and is compared with Hubble time. The dis-
tributions of star density and velocities of stars along
cluster radius cluster testify about the high probabil-
ity of existence in its nucleus of such exotic object as
black hole with a mass on the order of 4-10* M,, char-
acteristic, faster, for the nuclei of galaxies. All these
qualities, and also described below chemical and kine-
matical properties, make to assume that this cluster
was in the past the nucleus of dwarf galaxy-satellite,
captured by our Galaxy and destroyed by the action of
its tidal forces.

In system with the large initial mass, such as is ob-
served in the w Cen globular cluster, it is possible to
assume sufficiently prolonged chemical evolution. And
actually, the distribution of cluster stars on the pho-
tometric metallicity revealed not only the clearly ex-
pressed peak near [Fe/H|a~ —1.6 but also the long tail,
which is stretched up to [Fe/H]~ —0.5 with the pos-
sible peak in the environment [Fe/H]~ —1.2. Studies
showed that the stars of metal rich tail occur ~ 20 %,
moreover they more strongly are concentrated to the
cluster center and prove to be kinematically colder,
than the bulk of more metal-poor stars. Simultane-
ously, the most metal-poor population demonstrates
well known anomalously high ellipticity in the direc-
tion East-West, while more metal-rich stars, on the
contrary, occupy the volume, elongated in the direction
North-South. Moreover, if star with [Fe/H] < —1.2 re-
veal the distinctly observed rotation, the more metal-
rich stars is not noted rotation. The proper motions of
more metal-rich stars also indicate the dynamics differ-
ent from the bulk of the cluster stars. The described
shape and kinematic differences difficult to pack in the
framework of hypothesis about the formation of all
stars of this system from united isolated proto-cloud.
Therefore, became completely popular hypothesis as-
suming that the extremely metal-rich ([Fe/H] > —0.8)
population, which comprises is less than 5% all stars
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of cluster, completely it can prove to be the separate
captured cluster. From other side, some authors as-
sume that the model of heterogeneous chemical evolu-
tion with three flashes of star formation can explain
a variation in the chemical composition in the cluster
also.

Photometric data for more than 220 000 w Cen stars
demonstrate the very wide red giant branch, which in-
dicates the significant spread of ages among the clus-
ter stars. The ages of the chosen on metallicity stellar
groups (([Fe/H]) ~ —1.6, —1.2 and < —0.5) proved
to be equal to 15+ 3, 13 £ 3 and 8.5 + 2 Gyr, respec-
tively. The spread of ages can come out, in particular,
as a result of indicated above scenario of the capture of
the small metal-rich cluster (however then it becomes
obscure — as where it could be formed so metal-rich
globular cluster), so also as a result the prolonged evo-
lution of the united isolated system.

The analysis of the detailed chemical composition
of cluster stars gives additional information. At the
present time the different authors determined the
abundances of different chemical elements (as a whole
of approximately 20) more than for two and one-half
hundred red giants of the w Cen. The greatest num-
ber of determinations is obtained for a-elements, since
precisely they contain the most significant informa-
tion about the early stages of formation and evolu-
tion of stellar system. In particular, it is shown that
the relative a-elements abundances among the w Cen
stars do not change with an increase in the metallic-
ity up to [Fe/H|~ —1.0 and are equal to [a/Fe]~ 0.3.
Then is observed the ”characteristic break” of the de-
pendence and the [a/Fe| relations begin to system-
atically decrease approximately to the solar value up
to [Fe/H]~ —0.5. Specifically, this dependence must
come out in the case of the closed model of chemical
evolution. Actually, according to contemporary ideas
the a-elements are formed practically exclusively in the
stars with masses > 8 Mg, being exploded after char-
acteristic time on the order of 30 Myr as a second type
supernovas. With the explosions the same stars eject
a small quantity of iron atoms. However, the basic
mass of the elements of iron peak is produced with
the flashes of the close pairs of the smaller mass stars,
which are exploded as supernovas of the type SNela af-
ter the characteristic time ~ 1 Gyr. When an epoch of
this type supernova explosion begins in the system, the
relative abundance of a-elements begins to decrease in
the interstellar medium (and in the young stars). The
presence of the characteristic knee ("break point”) in
the dependence [a/Fe| — [Fe/H] among the w Cen stars
evidences about the sufficiently large duration of the
evolution of this system.

The Omega Centauri globular cluster not is lonely in
its orbital motion around the Galactic center — the Cen-
tauri moving group, which consists of the field stars,
accompanies it. As now they assume, there are several

types of the moving group, which are distinguished by
their origin. In particular, the results of the numer-
ical simulation showed that the orbits of sufficiently
massive satellite galaxies constantly decrease in the
sizes and are moved into the Galactic plane by dy-
namic friction (Abadi et al., 2003). In the course of
time such galaxies, after acquiring very eccentric or-
bits, the practically parallel to the Galactic disk, be-
gin be intensively destroyed with the tidal forces of
the Galaxy with their each passage of peri-galaktic
distance, losing stars with the clearly determined or-
bital energies and the angular momentum. Therefore,
if observer is located between apo-galaktic and peri-
galaktic radii of this orbit, then tidal "tail” from the
destroyed galaxy will be observed as a stellar ”mov-
ing group” with the small vertical velocity compo-
nents and the wide, symmetrical and frequently bi-
modal distribution of the radial velocities. In our re-
cent work we (Marsakov and Borkova, 2006) isolated
the stars of the Centauri moving group from the au-
thor’s compiled catalog of the spectroscopic determina-
tions of the magnesium abundances (representative of
a-elements) in ~ 800 close field F-K-dwarfs (Borkova
and Marsakov, 2005). It turned out that revealed
18 stars of moving group actually demonstrate the suf-
ficiently narrow sequence [Mg/Fe] — [Fe/H], character-
istic for the genetically connected stars. Moreover the
position of the ”break point” of the relative magnesium
abundance to [Fe/H]~ —1.3 indicate that star forma-
tion rate in their parental galaxy was lower than in the
Milky Way. Moreover star formation in this galaxy
continued so for long, that its most metal-rich stars
reached the value of the relation [Mg/Fe|] < 0.0, i.e.,
even are less than in the Sun.

Thus, the variation of the relative magnesium
abundances on the metallicity in the stars of globular
cluster and moving group w Cen is sufficiently similar,
but to make the statistically significant conclusion
about their genetic connection is impossible because
of the low statistics for the stars of the moving group
and small number for them of uniform determinations
of the abundances of other a-elements, except mag-
nesium. Furthermore the question remains open: are
the moving group stars the remainders of the dwarf
galaxy or only its nucleus, i. e., w Cen globular cluster?
Therefore the purpose of this work is the refinement
of fine structure of both diagrams and fulfillments
their comparative analysis on the basis of the created
summary catalogs of the spectroscopic determinations
of the abundances of four a-elements separately for
the stars of the cluster and the moving group.

The observational data

To investigate the moving group we used the yet
not published new version of our compiled catalog of
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Figure 1: Distributions of stars of the Omega Cen-
tauri globular cluster grey column and the Centauri
moving group (shaded column) according to the iron
abundance.

the spectroscopic determinations of a-elements (mag-
nesium, silicon, calcium and titanium) abundances, ob-
tained by the different authors for the close field stars.
In the work is used the three-pass iterative averaging
procedure of the reduction of the atmospheric parame-
ters, abundances of iron and elements of a-process with
assignment of a weight both to each primary source and
to each individual determination. As a result the great-
est weight obtained determinations in the best way
coincided with the majority of other determinations.
With the determination of the atmospheric parameters
and abundances of iron are used about 4700 determina-
tions from 136 publications. The relative abundances
of a-elements were obtained for ~ 2000 stars on the
basis of approximately 2800 determinations for each el-
ement from 81 publications. The estimated complete-
ness for data sources with the volume is more than
5 stars to April 2008 exceeds 90 %. The internal er-
rors in determination of the parameters the following:
eTess = 60° K and 140° K; e(log g) = 0.12 and 0.24;
e[Fe/H] = 0.06 and 0.09 for the stars with the metal-
licity [Fe/H] is more and less than —1.0, respectively.
For the relative abundances of magnesium, calcium
and silicon the corresponding values are equal to 0.07
and 0.10, whereas for titanium error in entire range
of metallicity is equal to 0.15. Distances and compo-
nents of space velocities for all stars are determined
according to the data of contemporary high-precision
astrometric and spectroscopic observations. Further-
more, for the catalog stars are calculated the elements
of galactic orbits on the basis of the three-component
model of the Galaxy, which consists of the disk, bulge
and the massive extended halo.

For investigating the chemical composition of

globular clusters we composed the compiled catalog,
which uses all published spectroscopic determinations
of the abundances of different chemical elements in
the accessible globular clusters stars. The abundances
of four a-elements and iron for more than two and
one-half hundred giants of the w Cen globular cluster
were published in 4 papers. For each investigated
star the atmospheric parameters and abundances of
chemical elements are determined, as a rule, only
once; therefore almost all given in our final list
data are initial, i.e., undergone no correction. The
internal accuracy of the determination of the relative
abundance of each a-element we estimated by equal
to &~ 0.18, and the average relative abundances of all
measured a-elements — ~ 0.12.

Analysis of stellar chemical composition of
the Centauri flow and of the Omega Centauri
globular cluster

Let us compare the metallicity functions of Omega
Centauri globular cluster and Centauri moving group,
which arose by the hypothesis from the same destroyed
dwarf galaxy. We isolates the stars of the Centauri
moving group, being based on recommendations Mesa
et. al., (2004), from our compiled catalog of spec-
troscopic determinations of a-elements abundances in
field stars on the azimuthal and vertical components
of their space velocities (=50 < © < 0 kms 1 |W| <
65 kms ~!, respectively). In our catalog such stars
was located with 19. From the [Fe/H| — [a/Fe] dia-
gram (Fig. 3) it is evident that all stars were arranged
along the sufficiently narrow strip, which with the small
metallicity ([Fe/H] < —1.3) demonstrates the approxi-
mately constant quantity of the relation [a/Fe] ~ 0.35,
but then, with an increase in the metallicity begin-
ning from this point, is observed a sharp drop in the
relative abundance of a-elements up to the Solar one
(more detail see below). This behavior is very simi-
lar to the expected dependence of the [a/Fe] on [Fe/H]
relation, obtained in the closed model of chemical evo-
lution, what is the independent evidence in favor of the
genetic connection of the chosen stars. The distribu-
tion of the w Cen globular cluster stars according to the
spectroscopic determinations of the iron abundances
into them and analogous distribution for the moving
group stars are given in Fig. 1, where for convenience
in the comparison of the distributions of different num-
ber scale along the Y-axis is given in the percentages
of the total number of stars in the appropriate sample.
From the comparison of distributions it is evident that
the metallicity function of one object is the mirror im-
age of another. In this case the ranges of metallicity
completely coincide, whereas the maximums of distri-
butions are spread according to the [Fe/H] scale almost
by an order, i.e., far beyond the ranges of the errors in
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Figure 2: Metallicity — relative abundances of a-elements diagrams for magnesium (a), silicon (b), calcium (c)
and titanium (g), where the star of the Centauri stream — filled circles, the w Cen globular cluster — filled
asterisk and the genetically connected field stars of the Galaxy — small crosses.

determination of this value.

The diagrams of a change in the relative abundances
of four a-elements (magnesium, silicon, calcium and
titanium) with an increase of the metallicity in the
moving group stars and globular cluster stars are con-
secutively given on the panels of Fig.2. For the com-
parison on all diagrams the genetically connected (i. e.,
formed from the matter of the united proto-galactic
cloud) stars of our Galaxy are also substituted. They
are selected from our compiled catalog on the local
standard of rest velocity (Vi gr < 240 kms™'). Stars
with the higher velocities possess very high orbital en-
ergies, besides most of them demonstrates retrograde
orbits, whereas precisely opposite direction of the rota-
tion of objects around the Galactic center appears, as
they assume, by the most convincing evidence against
their formation from the united proto-galactic cloud.
This selected stars of the Galaxy on the diagrams
[Fe/H] — [a;/Fe] of Fig. 2 for each investigated chemi-
cal element demonstrate the distinct and very similar
sequences, identical special feature of which is the pres-
ence of characteristic knee in one and the same place —
in the environment [Fe/H]~ —1.0.

The stars of the Centauri moving group in the same
figure along all four a-elements also demonstrate suf-
ficiently narrow dependences, with the clear tendency
of the decrease of the relative abundance of each el-

ement with an increase in metallicity, confirming the
conclusion about their genetic link. Moreover in the
[Fe/H]~ —1.0 environment [o;/Fe| relations in the
stars of moving group they occur on the average no-
ticeably lower than in the stars of the Galaxy - means
moving group ”break point” is located on the smaller
metallicity. Because of a small quantity of chosen stars
of the moving group and completely natural spread in
the stars of the abundance of each element, is more re-
liable the ”break point” position of group to determine
an averaged abundance of all measured a- elements.
In spite of the sufficiently large number of the chem-
ical elements abundance determinations in the atmo-
sphere of the stars of the globular cluster w Cen, each
element on the diagrams of Figure2 demonstrate not
only disproportionately large spread, but also system-
atic displacement relative to the abundances of the
same element in the stars of both the Galaxy and the
moving group. We assume that this, it is most likely,
caused by the very large distance to the cluster and by
the impossibility to build the adequate models of the
atmosphere for its giant stars. In favor this conclusion
testifies the systematic differences in the relative abun-
dance of titanium, obtained along the lines of ionized
and neutral titanium. In order somewhat to get rid
of this uncertainty, further analysis of the behavior of
the dependences [a/Fe| — [Fe/H]| of moving group and
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cluster is carried out in the averaged abundances of
a-elements in their stars, moreover only three — mag-
nesium, silicon and calcium, after excluding the abun-
dances of titanium, the error in determination of which,
as we see, much more.

In Fig.3 different marks represented the
[Fe/H] — [(Mg, Si, Ca)/Fe| diagrams for the stars
of moving group, globular cluster and genetically
connected stars of the Galaxy. Averaging over three
chemical elements noticeably decreased the thicknesses
of all three sequences, which increased the justifiability
of assumption about the genetic connection of stars
inside each object. Now it is distinctly evident that
the characteristic ”knee” for the stars of moving group
begins somewhere in the environment [Fe/]~ —1.3,
i.e., much earlier than in the Galaxy, where it is
located at the point [Fe/H]~ —1.0. In this case the
descending section of the sequence completely proved
to be lying in the range with the smaller metallicity,
where the genetically connected stars of the Galaxy
practically be absent. This will agree with our result
(Marsakov, Borkova, 2006), obtained on the basis of a
study of the distribution only of one representative of
a-elements — magnesium.

The picture is not so clear for the stars of globular
cluster. Group of intermediate metallicity 11 stars
with the anomalously high relative abundances of
the a-elements (they are marked out in the figure
with the being differed marks) mixes the uniqueness
of interpretation. Such high relations ([a/Fe] > 0.4)
for the stars of this metallicity are uncharacteristic.
The analysis of the determinations of the chemical
elements abundances in these stars did not reveal
the systematic preferences, which facilitate their
unjustified overstating; therefore status of these stars
for us remains incomprehensible. It is not possible
to exclude the probability that this group of stars
has another origin, in any event additional studies
be required for them. The remaining stars of cluster
on the diagram can be conditionally divided into
two parts. The first - this bulk of metal-poor stars
with the high relations of ([a/Fe]) =~ 0.33, and the
second demonstrates the systematic decrease of this
relation with an increase in the metallicity, beginning
from [Fe/]~ —1.3. As a result, if we do not take
into consideration of 13 stars with anomalously high
relative abundances of «-elements, it is possible
to note the very good agreement of all components
of the discussed sequences of moving group and cluster.

Discussion

Thus, the behavior of the [a/Fe] — [Fe/H] depen-
dence for the w Cen globular cluster indicates that with
the great probability both most metal-poor and most
metal-rich stars can prove to be genetically connected.
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Figure 3: Metallicity — average relative a-element

abundances (Mg, Si, Ca) diagram for the stars of the
Centauri moving group, the w Cen globular cluster and
genetically connected field stars of the Galaxy. Desig-
nations are as in Fig.2. Stars of globular cluster with
the anomalously high relations [(Mg, Si, Ca)/Fe] are
additionally isolated.

Hardly the stars of high metallicity could in it appear
as a result the captured of small cluster, since then it is
very difficult to explain in them the trend of the rela-
tion [a/Fe| from the metallicity. Actually, according to
contemporary ideas this trend can arise only as a result
of continuous star formation in the a starry-gas sys-
tem, when begin to predominate the supernova explo-
sions of the la type, which enrich interstellar medium
exclusively with the elements of iron peak and there-
fore relative abundances of a-elements systematically
reducing in it. To more natural assume this process
in the massive stellar system (such it is w Cen globu-
lar cluster), than in the cluster twenty times, as they
assume, smaller mass. However, here apparently pos-
sibly and another explanation - precipitation to the
center of the dwarf galaxy of its younger stars, irregu-
larly caused by the tidal forces of our Galaxy. In this
case it is possible to explain not only the being differed
kinematics of metal-rich stars, but also another three-
dimensional configuration of the volume occupied by
them. (By the way, last observant fact cannot be un-
derstood within the framework the hypothesis of the
formation of all stars of cluster from one proto-cloud —
already only existence of correlation between the veloc-
ities dispersion and the metallicity inside the globular
cluster (Norris et al., 1996; Sollima et al., 2005) some
authors (Ferraro et al., 2002; Panchino et al., 2003) in-
terpret as evidence of the accretion events, proceeding
inside the parental system w Cen.) In this case only
stars of metal-poor bulk are strictly the initial popula-
tion of globular cluster, which, as in all known globular
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clusters, it does not reveal the noticeable dispersion of
chemical composition, which exceeds the errors of its
determination.

The conclusion about the genetic link of the stars of
moving group means that they all in the past belonged
dwarf galaxy-satellite, center of which was the globular
cluster w Cen. Moreover to precisely parental galaxy,
but not to globular cluster, since the cluster first of
all must delegate into the stellar stream its very high
velocity stars, but such, as show observations, appear
most metal-poor. In the stream, as can be seen from
Fig.1c, vice versa — are the surplus of most metal-
rich stars. Observed in Fig. 3 very good agreement of
the descending branches of the sequences [a/Fe] from
[Fe/H] of stream and cluster, beginning from the point
7knee”, assumes the identical star formation rate both
in the parental galaxy and in the cluster, which is
highly improbable. This surprising agreement is ad-
ditional evidence of in favor expressed above hypothe-
sis about the possible capture by the central globular
cluster of stars of the parental dwarf galaxy. (Certainly,
for an increase in the ponderability of this assumption
one should fulfill the numerical simulation of the dy-
namic processes, proceeding with interaction of galax-
ies.) The observed on the metallicity function of the
moving group significant scarcity of metal-poor stars
most likely could come out as a result the sufficiently
continuance of interaction of the galaxy-satellite with
our Galaxy, during which in the initial stages of this in-
teraction it lost first of all its oldest, kinematically hot,
i.e. metal-poor stars, which we do not observe from
the Earth as a stellar stream because of a change in
the course of time in its orbit. And only the slow stars
of the dwarf galaxy is most gravitationally attached to
the central globular cluster in essence proved to be the
components of the moving group, observed now in the
environments of the Sun. However, the stars of very
globular cluster in this stellar stream most likely thus
far be absent.

Proposing now that the united sequence [a/Fe] from
[Fe/H] of stream and cluster reflects the chemical evolu-
tion of their parental galaxy, let us try to restore some
of its moments. In particular, judging by the agree-
ment of the average relative abundances of a-elements
in the metal-poor stars of the Galaxy and the w Cen
dwarf galaxy, the parameters of the ejections of sec-
ond type massive supernovas in these objects were not
differed from each other. Further, the ”break point”
position of the dependence [a/Fe] on [Fe/H] with the
smaller than in the Galaxy metallicity testifies that the
initial star formation rate in it was substantially lower
than in our Galaxy. Completely rapid reduction in the
relation [o/Fe] after the ”break point” evidences, that
subsequently the star formation rate remained in it suf-
ficiently low. The linearity of this drop indicates the
invariability of this low star formation rate; therefore
hardly correctly to speak about several flashes in it of

star formation (as, however, and in the cluster itself).
And finally the absence in it of stars with the metal-
licity [Fe/H] > —0.5 testify about the early exhaustion
in it of interstellar gas, most probably because of the
loss it as a result of interaction with our Galaxy.

The full text of this report will be published in
”Pis'ma v Astronomicheskii Zhurnal”.
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ABSTRACT. We consider formation of small
scale structures in the process of interstellar cloud
destruction by shock waves. We calculate statistical
properties of HI column densities, optical depth and
brightness temperature in 21 cm line. We discuss
possible relation of the small-scale structures found in
numerical models to the so called “low-N(HI)” clouds
observed recently in the interstellar medium.

Key words: interstellar medium, neutral hydrogen,
shock waves.

1. Introduction

Physical properties of the neutral atomic gas are of
great importance for the star formation and overall dy-
namics of the interstellar medium (ISM). The sizes of
structures in the neutral component of the ISM vary
from several AU (tiny scale atomic structures) to sev-
eral parsecs (standard HI clouds) (Kulkarni & Heiles
1987, Dickey & Lockman 1990, Heiles & Troland 2003,
2005). Recently a possibly new population of HI clouds
has been discovered (Braun & Kanekar 2005, Stan-
imirovié & Heiles 2005). Such structures have HI col-
umn densities among the lowest ever detected for cold
neutral medium, ~ 10'® cm™2; these structures are
called “low-N(HI)” clouds (Stanimirovi¢ et al 2007).

Formation of “low-N(HI)” clouds can be associated
with various dynamical processes taking place in the
interstellar medium. For instance, Hennebelle & Audit
(2007) have described turbulent atomic gas formed by
colliding flows, which reproduce observational features
of turbulent HI flows resonably well. Such dynami-
cal processes as destruction of interstellar HI clouds by
shock waves, stellar wind, or cloud collisions seem to
produce similar structures. During the interaction of

shock wave with a cloud its external layers become tur-
bulent due to Kelvin-Helmholtz instability, form vor-
tices and filaments which finally leave the cloud (Klein
et al 1994, Vietri et al 1997);such filaments can appear
as isolated HI structures. Their size depends on the
size of a detroyed cloud and in general varies in a wide
range.

Here we consider a possibility of formation of small
scale HI structures in the process of interstellar cloud
destruction by shock waves.

2. Model

In our model a spherical homogeneous cloud of the
density n = 1 em™2 and the radius ¢ = 2 pc is im-
mersed under pressure equilibrium into a homogeneous
intercloud medium with the temperature T = 10* K
and the density n = 0.1 cm™3. At initial time, ¢t = 0,
a planar shock wave (assumingly from a distant su-
pernova) encounters the cloud with the Mach number
M = 10. The computational zone of size 60 x 10 pc
is a cylinder with 1200 grids in z-direction, and 200
radial grid points. Numerical simulations were per-
formed with using ZEUS-2D code (Stone & Norman
1992). Energy losses include the cooling by collisional
exitation of atomic hydrogen, CII and OI fine-structure
transitions (Hollenbach & McKee 1989).

To compare our simulations with observational fea-
tures of interstellar structures we calculate synthetic
spectrum and optical depth of the 21 cm line. We find
the spin temperature for each elememt of neutral gas
(T < 10* K). We consider only collisional excitation of
the 21lcm line by HI atoms and electrons (Field 1958).
Collisional de-excitation rates by hydrogen atoms
and electrons are taken from Kuhlen et al (2005)
and Liszt (2001). We take the electron fraction in
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Figure 1: Density disribution in the computational do-
main for time 8 x 10'3 s.
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Figure 2: Temperature, density, pressure and velocity
distributions for time 8 x 10 between 5 and 20 pc
along lines of sight at the distance from the axis of
symmetry 1, 3 and 5 pc are depicted by solid, dashed
and dotted lines, correspondingly.

neutral gas 1073, however, the influence of electrons
on the brightness temperature is negligible.  The
velocity resolution of the spectra calculated here is
1 km s™!. To calculate the total spin temperature
along line of sight we find average harmonic value
for each velocity interval (e.g. Kaplan, Pikel'ner 1963).

3. Results

Figure 1 presents the distribution of density at ¢ =
8 x 10'? after the shock wave encounters the cloud.
The cloud is destroyed onto many filaments stretched
along the axis of symmetry. In most dense filaments n
reaches ~ 1 cm™3.

Figure 2 shows the disributions of temperature, den-
sity, pressure and velocity along three lines of sight
(LOS) at distance 1, 3 and 5 pc from the axis of symme-
try. The first LOS is rather close to the symmerty axis
and crosses many filaments including cold and dense
clumps. One can find a region with minimum temper-
ature ~ 500 K and density ~ 1 cm™. The pressure
in the region is quite low, so that this clump will be
further contracted in the direction of the line of sight.
The more distant LOS passes through the postshocked
medium with a small fraction or even without material
from cloud, therefore we can distinguish features of the
disrupted cloud from the postshock gas.

Figures 3 and 4 depict the 21 cm syntethic spec-
tra and optical depth for the three lines of sight. For
time ¢t = 8 x 10'® s the brightness temperature and
optical depth have clear maximum only for the first
LOS. Indeed, this line crosses a group of clumps seen
around z = 10 pc in Fig. 2. The velocity of the
group is close to 3 km s™'. Although the group re-
veals a complexity of the structure, the spectral fea-
tures are relatively smooth. The largest parameters of
spectral lines are: the brightness temperature is about
9 K, the extinction is ~ 0.006, the width of the line is
~ 5km s~'. These numbers are very similar to typical
numbers for the so called “low-N(HI)” clouds (Braun
& Kanekar 2005, Stanimirovi¢ & Heiles 2005). At later
time ¢t = 1.2 x 10" s the brightness temperature and
the extinction value decrease about half, while the line
becomes wider, ~ 10 km s~!. For the other two LOS
the line is sufficiently broad without obvious spectral
features. These LOS represent the postshock gas with
a limited number of filaments.

We calculate column densities along one hundred
lines of sight parallel to the axis of symmetry, with the
velocity resolution 1 km s~!. Figure 5 presents the
simulated distributions for N(HI) along the whole set
of lines of sight in all velocity intervals. The sample of
the LOS is sufficiently complete in the sense that this
distribution is stable against variations of the number
of LOS. For t = 8 x 10'2 s the number of spectral
features decreases with column density sharply, so that
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Figure 3: Brightness temperature along lines of sight
at the distance from the axis of symmetry 1, 3 and 5
pc is depicted by solid, dashed and dotted lines, corre-
spondingly. Upper panel is for t = 8 x 10'® s , lower —
fort=1.2x10"s.

the most probable column density is ~ 10'® cm™2.
At later time one can observe two well pronounced
peaks in the N(HI) distribution; the average column
density remains still close to the value at earlier times.
This value almost coincides with the typical column
density for “low-N(HI)” clouds Stanimirovi¢ & Heiles
2005. It is worth noting that the average column
density weakly grows in time, however the increase
over several cloud disruption times is rather small.

4. Conclusion

In this contribution we considered the physical and
statistical properties of filaments formed during de-
struction of an interstellar homogenious cloud by a
shock wave. We found that:

e small scale structures form during disruption of
interstellar clouds by shock waves;

Figure 4: Optical depth along the same lines as in Fig-
ure 3.

e the 21 cm line profiles of small scale structures are
close to the observed in the ISM at the lower end
of column densities;

e the simulated column densities at intermediate
times (a few dynamical times) are very close to the
observed HI column densities in low-N (HI) clouds.

We can assume thus that the formation of small scale
structures is a common feature of dynamical processes
in the interstellar medium, and recently observed
low-N(HI) clouds may be attributed to interstellar
cloud destruction by shock waves from SNe.
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ABSTRACT. We study the influence of the inter-
stellar cloud structure irregularity on the dynamics of
its destruction by a supernova shock wave. It is shown
that irregular clouds are destroyed twice quickly as
the spherical ones. Subject to that the fragments of
the clouds sustain high-density and do not mix with
the intercloud gas.

Key words: interstellar medium, shock wave,

cloud destruction.

1. Introduction

The issue of the interaction of the shock waves
with the interstellar clouds is one of the fundamental
ones in the space gas dynamics. Usually the phase
homogeneity of the medium is implicitly assumed
in ISM dynamic processes considerations. However,
recently there were performed several studies, where
the effects of the multiphase ISM are explicitly taken
into account. The system of the clouds is treated in
several ways: a) a dynamically constant background
(Hartquist et al 1986, Shchekinov 1996, Lizano et al
1996), b) as a dynamically independent component
described as a set of the point objects (Cowie et al
1981), ¢) as an independent gas dynamic subsystem
(Kamaya & Shchekinov 1997). In all cases the
functions describing the exchange of the mass, the mo-
mentum and the energy between the phases are based
on the simplified estimates of the dynamic destruction
afficacy of the clouds, or on the calculations of the
spherically symmetric vapour of the clouds by the
heat transfer from the surrounding hot gas. We study
destruction dynamics of the clouds by a shock wave
from the point of view of chaotic movements excited
in it and in terms of the conversion efficacy of a part
of the shock wave energy to the kinetic energy of the
fragments of a cloud. We especially pay attention to
the influence of the cloud surface structure irregularity
on the dynamics of destruction.

) .‘_i—J L4

o~ BN

Figure 1: Density distribution after the interaction
with the shock wave (left panel — spherical cloud, right
— irregular cloud).

2. Description of the model

We consider the dynamics of the spherical and quasi-
spherical clouds after the interaction with shock wave.
Initially the clouds are in dynamic equilibrium with
the background gas. In our main model, we study the
temperature of the intercloud medinm -~ T; = 10* K,
the density n; = 0.1 ecm™?; in the cloud at undisturbed
state T = 10® K, n. = 1 em~2. We examine two cases
for cloud: cloud with spherical surface of the radius
agp = 2.5 pc and quasispherical cloud with irregular
surface and average radius ap. In the calculations we
neglect gravity, the effects of the heat conduction and
radiation losses taking the ideal gas state equation with
a factor of an adiabatic v = 5/3.

The calculations were conducted on a fixed cylin-
drical grid [z,7] = 1200 x 200 of cells with a spatial
resolution of 0.05 pc that corresponds to the physical
size of the entire computational zone 60 pc x 10 pc.
The detailed desription of the model can be found in
(Matvienko & Shchekinov 2007).

3. Results

Fig. 2 shows with the mosaics the distribution of the
cloud density contrasts by the mass depending on time;
it is shown with the shades of the gray tones the mass
of the calculated cells with a density contrast (with re-
spect to the background value) at a given interval with
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Figure 2: Histograms of the density distribution (left
panel — spherical cloud, right — irregular cloud).
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Figure 3: Average kinetic energy of the cloud fragments
to the original gravitational energy per unit of volume
(left — spherical cloud, right — irregular cloud).

darker areas corresponding to the larger mass involved
in the computational zones. It should be noted that
a cloud with an irregular border shows faster evolu-

Figure 4: The velocity correlation functions in z (left

tion, it overcomes a smaller number of oscillations of column) and r (right column) directions for several

the cells number with the high contrast of the density
and it disappears.

Fig. 3 shows the ratio of kinetic energy per unit of
volume of the cloud fragments chaotic motions (for the
spherical and quasispherical cases) with different values
of the density contrasts to the original gravitational
anergy per unit of volume of the spherical cloud.

Another quanity characterized the random motions
of cloud fragments is the wvelocity autocorrelation
function. Fig. 4 shows the autocorrelation functions
for several time moments. The autocorrelation
function for velocities of the chaotic motions shows
the coherence of the motions in z direction and
in perpendicular direction to it. The autocorrela-
tion function for velocities of the chaotic motions
shows the coherence of the motions in direction of the
initial blast spread and in perpendicular direction to it.

4. Conclusions

In this paper we examined the dynamics of destruc-
tion of the interstellar clouds with an irregular border.
We have shown that:

e The destruction of the clouds with irregular shape
by the shock waves is more effective - such clouds
are destroyed with the time twice less than the
time of a spherical cloud.

e The proportion of the energy of a shock wave that
falls on the cloud and converts to the kinetic en-
ergy of the chaotic movements of the fragments

time moments.

in case of the irregular cloud is half times more.
Stimulation of the starburst by the action of the
shock waves on the clouds is difficult, particularly
if we take into consideration that fact that the real
clouds have irregular shape.

e The autocorrelation function for velocities of the
chaotic motions shows the coherence of the mo-
tions in direction of the initial blast spread and in
perpendicular direction to it.
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THE LOCAL DWARF GALAXIES:BUILDING BLOCKS OF
MASSIVE ONES? LTHE FORNAX DWARF GALAXY
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ABSTRACT. A chemical evolution of the Local
Group dwarf galaxy Fornax is considered in the frame-
work of the merger scenario. We suppose a galactic
stellar halo to be formed as separate fragments which
then merge; thus, we can calculate the set of such
the fragments to reproduce the observed metallicity
distribution function of a galaxy. Accordingly, if dwarf
galaxies were such the systems, which, once merged,
have formed massive galaxies, we need to obtain only
one fragment to reproduce the observed metallicity
distribution function of a dwarf galaxy. To test
this assumption, the stellar metallicity distribution
functions of Fornax was calculated in the framework of
the merger scenario. The more than one fragment was
obtained for galaxy under consideration; thus, it is
unlikely the systems similar to Fornax to be building
blocks of massive galaxies.

Key words: galaxies: merger; galaxies: Local dwarfs;
Fornax: metallicity distribution function.

1. Introduction

The theory of hierarchical clustering of galaxies con-
siders the formation of massive galaxies by merger of
smaller ones. As it shown in our previes works (Nyky-
tyuk, 2004; 2008), massive spiral galaxies in Local
Group could be formed by merger of individual frag-
ments; two of them (M31 and M33) were formed by
merger of 2 fragments only. It is natural to suppose
the systems like Local dwarf galaxies to be building
blocks of massive ones.

The Fornax dwarf galaxy is one of the most mas-
sive and luminous of the dwarf galaxy satellites of our
Galaxy. The Fornax stellar population is quite metal-
rich as for a dwarf galaxy; Pont et al. (2004) found a
metallicity distribution of Fornax centered at [Fe/H] =
- 0.9 with metal-rich population reaching [Fe/H]=-0.4.
Thus, the system like Fornax galaxy could be building
blocks for M31 and M33 galaxy formation.

Our goal is to analyze a possibility for Fornax dSph
to be a fragment for formation of more massive galaxies
and to study the chemical evolution of this galaxy.

2. The merger scenario

We suppose that the halo stellar population is com-
posed of a mixture of stars that were formed in frag-
ments originally evolving independently from the main
protogalactic cloud and/or from each other. Hence,
there should be a set of fragments whose total stellar
populations reproduce the observed stellar halo metal-
licity distribution.

The mass of fragments from which the halo is
formed, to equal the sum of the masses of their stellar
population and the gas fallen onto the disk up to the
present epoch. The star formation process in differ-
ent fragments can begin at different times. A fragment
can evolve up to a given astration level s before falling
onto a protogalaxy. The stars formed up to this mo-
ment replenish the halo stellar population, and the gas
falls onto the galactic disk. Fragments can be captured
by a protogalaxy before a stellar population is formed,
i.e. fragments composed completely by gas can be cap-
tured.

Let a; - number of stars finding in a range of metal-
licities Z;, Z; + AZ; in a fragment with mass m. Then
an observable amount of halo stars finding in a range
of metallicities Z;, Z; + AZ will be represent an total
amount of stars Nz, = a; S m; of a given metallic-
ity Z; from all fragments whose the maximum metal-
licity exceeds Z;. For given set of metallicities we have

a1-my+ay-mo+a-ms+... +a;-m, =andNy
a2 -mo+az-ms+... +az-my, =andNy,
Gp My = andNyg,

(1)

Thus, the fragment with the high astration level s de-
termines a number of stars a, with the greatest value
of a metallicity Z,,. Having solved a set of equations
(1), it is possible to obtaine masses of fragments with
maximum metallicities of stars from Z; up to Z, (i.e.
number of fragments falling on given Z; and respon-
sible for halo stars with such metallicity). Thus, us-
ing observed metallicity distribution of halo stars and
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Figure 1: The masses and metallicities of merging frag-
ments(top panel); the comparison of observed (solid
line, Battaglia et al. 2006) and modelled (dashed line)
halo metallicity distribution functions of Fornax (bot-
tom panel).

model of evolution of a single fragment we shall obtaine
a value of an total mass of all fragments evolved up to
each given value of astration level s. The chemical evo-
lution of a fragment is described in details in the paper
of Nykytyuk (2008).

In order to compare the calculated and observed
metallicity distribution functions, we have used the
Kolmogorov - Smirnov criterion of convergence of two
distributions. The significance level o denotes the
coincidence level of two distribution: a small values
of ¢ indicates that the data samples have different
probability distributions.

3. The results: merger vs. monolitic evolution

We suppose that the halo stellar population is the
sum of stellar populations of separate fragments. If us-
ing the observed metallicity function for Fornax under
solving the set of equations (1) we would obtain one
fragment only, this means that the systems like For-
nax could be building blocks of Local Group massive
spirals.

But our results show that the Fornax metallicity
distribution function can be reproduced by merger of
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Figure 3: The star formation rates: the case of merger
(top panel) and monolithic evolution (bottom panel).
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twelve fragments, Fig.1; metallicity dispersion of the
obtained set of fragments rather high. The shape of the
metallicity distribution function of a halo stellar popu-
lation depends on the characteristics of the fragments
which have formed the halo of Fornax. The evolution
of fragments before merger is considered in the frame-
work of closed model of chemical evolution with SNIa
yields. The star formation history in a single fragment
before merger is shown in Fig.3. In the case of merger
scenario the criterion of convergence ~ 0.93.

For comparison, we have investigated monolithic
evolution of the Fornax dwarf galaxy, Fig.2. The
metallicity distribution function have been obtained
in the framework of closed chemical evolution model
without SNIa yields. In this case we have no need to
use the SNIa yields in our model because the star for-
mation passes during 3 Gyr only; thus, SNIa has no
enough time to contribute the main mass of iron into
interstellar medium of Fornax. The star formation his-
tory in the case of monolitic evolution is shown in Fig.3.
In this case the criterion of convergence ~ 0.74.

Thus, one can see that the merger scenario better
reproduces the observed metallicity distribution func-
tion of Fornax than the monolitic scenario; the using
of the latter don’t allow to reproduce the central part
of the observed metallicity distribution function quite
well, Fig.2. Battaglia et al. (2006) found a different
kinematic behavior of metal-rich and metal-poor stars.
They interpreted this fact as recent capture of external
material by Fornax. Authors argue that part of the
object accreted by Fornax must have been dominated
by stars more metal poor than [Fe/H] < -1.3.

4. Main results

The Fornax metallicity distribution function can be
reproduced by merger of more than one fragment; L.e.
the systems like Fornax could not be building blocks of
massive galaxies. Probably, the merger did play role in
the formation of the Fornax dwarf galaxy; the merger
scenario represents the observed metallicity distribu-
tion function better than the monolitic scenario. To
reproduce the observed metallicity function of the
Fornax, it need the twelve fragments evolved as closed
systems. To reproduce the metallicity distribution
function in the framework of monolitic scenario, it’s
enough to use the closed box model as in the merger
scenario.
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ABSTRACT. We combine all published and new
unpublished yet NIR (near infrared) photometrical
observations of NGC 4151 which can be used for
determination of time delays between optical and NIR
variations. In previous study we have found that the
values of time delay in NIR filters are not the same
for different states of the luminosity. Here we consider
the new photometrical data for the deep minimum in
2003-2007 following the very high state of the nucleus.
We conclude that after sublimation in high state of
nucleus the dust particles were recovering during at
least several years.

Key words: galaxies: AGNs: dust: IR: variabilty;
AGNs: individual: NGC 4151.

1. Light curves

Our past results about NIR time delay in NGC4151
as well as other AGNs were published mostly at
Oknyanskij (1993) [1], Oknyanskij et. al. (1999, 2006)
[2, 3], Oknyanskij and Horn (2001) [4]. Here we take
into account new photometrical data for NGC 4151 ob-
taned during 2003-2007. The combined light curves at
filters K and U presented at Fig.1. See details in [1-4].

2. Cross-correlation analysis

We are using the same method for time delay
determination MCCF as in the past papers. The
cross-correlation function for new data in 2003-2006
time interval is presented at Fig.2 As it is seen the
time delay between the variations in U and K is about
40 days.

3. Results and summary

We combine all, published [1-4] and new results
about the NIR time delay determinations at the Tab.1.
It was found before for a sample of 10 AGNs with
z < 0.165 that the distance from the central source to

Table 1: Results of NIR-to-Optical time delay deter-
minations.

Time delay filter 1(2)
in days
(1 from 2)

Time interval References

18 +6
24 +6
35 £8

8 +4

97 +£10
104 +10
94 £10
105 +10
41 £5
41 £5
105 +5
94 +£10
37 £5

1968-1980
1968-1980
1985-1998

N

1998-2003  [3]

2003-2006 this paper

RocmArRR o ERER
cogdedgedgegse

2003-2007

the NIR (dust) regions increases with UV luminosity
as Lyy®® [4]. Our investigations of NGC 4151 during
more than 30 years show that the time delay in filter K
is variable but not following exactly to the relation de-
lay ~ Lyv®® . Possible explanation of this result may
be connected with sublimation of the graphite grains
during high level of UV continuum. According to our
result the dust recovering or recreation time should be
at least several years.

One of the possibilities is that the dust particles
(graphite grains) can survive during the powerful out-
bursts in deep places of gas clouds and then need some
time to move closer to cloud’s surfaces can be needed.

Alternative explanations can be anisotropy of
radiation field, shielding of the central source on
the light of sight and also special orientation of
the dust region, as well as real physical changes in
the NIR emission region during the period of our study.
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Figure 1: Observed light curves of the nucleus of NGC
4151 over 1968-2007 in relative intensities. Dashed line
intensity in K, boxes - new data for 2003-2007, solid
line intensity in U.
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Figure 2: Cross-correlation of K and U flux variations
of NGC 4151 over 2003-2006.
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CTAHOBIJIEHUE U PASBUTUE HAZEMHOM CIIEKTPOCKOITIN

[Tanuyk B.E.

CrnenmanpHas actpodusndeckas oobceparopust PAH

PE3IOME. IlepeuncieHbl OCHOBHbIE 3Tambl Pa3BUTHA
TEXHUYECKHUX CPEICTB MUPOBON M OTEUECTBEHHOM
aCTPOHOMUYECKOM CIIEKTPOCKOIINH.

IlepBble CTO JIET ACTPOHOMHUYECKOIT CHIEKTPOCKONUHU
O3HAaMEHOBaHbl cleayrmuMu 3TanamMu. B 1802 1.
B.I'BonnacToH, Mcmonab3ys Weab U Npu3My (3TOT
IKCMEPUMEHT  MOXXHO  CYUTATh  3apOXKIEHUEM
CMEKTPOCKOMUYECKOro MpUOOPOCTPOEHNUS), OOHAPYK U B
crektpe CoJiHIA ceMb TEMHBIX JIMHHI, KOTOpbIE cyel
TpaHHIIAMU CTECTBEHHBIX I1BeTOB. B 1814 1. . ®paynrodep
HaOmonan yxe okosno 600 NHHUIA, MOJOBUHY U3 KOTOPBIX
HaHec Ha Kapty criektpa. Haunnas ¢ 1817 ., ®paynrodep
BH3YyaJIbHO CpaBHMBaJ crieKTpbl CONTHIIA, MIAHET U SPKUX
3Be3], B 1823 1. yGenuics, 4To CeKTphl 3B€311 pa3anyHbl. B
1842 1. X.Jlomiep BbICKa3all MpeanoiokeHne, YT XapaKkTep
CBETOBOTO JTy4a U3MEHSETCSI B 3aBUCHMOCTH OT CKOPOCTH
nepeMelleHnss KMCTOYHHWKA CBeTa OTHOCHTEIbHO
Habmonarens. B 1859 r. I'P.Kupxro¢ ycraHoBmiI 3akoHO-
MEpPHOCTH TOBEJEeHHs JIMHeHuaToro (aGCopOLIMOHHOTO U
SMHCCHOHHOTO) W HENPEPHIBHOTO CHEKTPOB (3apokaeHHe
CHeKTpajbHOro aHanu3a). [1epBblii COTHEUHBIH CIEKTpP ObLT
onyonukoBan Kupxrodom B 1861 . B 1868 1. B criekTpe
Xpomocdepsl 00HapyKeHa KeNTast TMHHS, OTOKIECTBICHHAST
¢ nuHUel renus, oTkpbIToro Ha 3emuie B 1895 . B 1868 .
Jlokbep 0OHaApYXHJ CMEUICHWS] U MCKPUBJICHUS JIMHUN
XpoMOc(pEepHOTO CTHEeKTpa, YTO MHTEPIPETHPOBAJ KaK
nposiBnenne apdexra Tomnepa. B 1863 . Cekkn Hauan
MCTOJIb30BaTh MPU3MY MpsAMOTo 3peHus, u B 1868 r.
OTTyOJIMKOBAJT Pe3yJIbTaThl MEPBBIX MOTBITOK CHIEKTPATBLHOM
kyiaccupuKanuy 3Be3a (YeThbipe THUIA: BOLOPOIHbIE,
MeTaJIMYeCcKre W J1Ba TUMa MOJeKyJspHbIX). B 1886 ., B
namaTte [.Jlpenepa, ocHoBaresls «KOHBEHEPHOTO
MPOU3BOJICTBAa» B ACTPOCMEKTPOCKONMUU — METola C
MpenoObeKTUBHOM MPU3MOiA, — ObIIO HAYaTO COCTaBlIEHUE
0030pa CHEKTPOB 3BE3/ CEBEPHOro Heba (PyKOBOAMI —
[Tukepunr, paboTrana, B OCHOBHOM, A.K2HHOH,
BBITTOJTHUBINAS KITACCH(MKALMIO CTIEKTPOB 11 360 ThICSY
3Be3n). B 1890 1. Kunep (JIvkckas o06cepBaTopuisi) BbIMOTHIIT
TepBble HaJe)KHble BU3yallbHbIe W3MEPEHUs JTydeBOi
ckopocTH 1o criekTpy Apkrypa. B 1888 . @orens (ITorcaam)
Havai (oTorpadudeckre N3MepeHUs JIy4eBbIX CKOPOCTEH,
MeTOoAMKy M3yuunu u passuBanu ®poct (Mepkckas
obcepraropusi) u A.A.benononbckuii (ITynkoo). Ha Jluke
(oTorpaduieckyro crieKTpockonuro passusai Kammoemnt. B

1897 . A.C.Mopu omy6iauKoBaia pa3iuyus B IIMPUHAX U
WHTEHCUBHOCTAX JINHWI, KoTopble B 1905 r. I'epummpyHr
npouHTepnpeTHpoBal kak 3ddextsl ceTumocTr. B 1900 T
Besnononbckuii sKCNepuMEHTaIbHO MOATBEPAMI MPUHLINI
Honunepa. Mtak, 3a nepBoe cTOJeTHE COCTABJEH aTiiac
criektpa CoIHIIa, B CTIEKTPax BbIIeNIeHbI OCHOBHBIE () (eKThI
(amuccus, abcopOUMsl, CABUT JIMHUIA), CO3AaHbI METOIbI
(hoTorpadryeckoii CIEKTPOCKOMHH, TPOBEIEHO HAKOTUICHHE
3BE3IHBIX CIIEKTPOB € TMOceayromuieil kiaccupukammei,
HavyaThl MAacCOBblEe M3MEpPEHHWs AeTaneil B CIeKTpax
(MHTEHCHUBHOCTH, IIMPHHBI U CABUTH TMHUI). B koHLe XIX
BEKa CTMEKTPOCKOIUS BBICOKOTO pa3pelieHus (JocTuras
R=30000), Obuia cBsizaHa C MPUMEHEHHUEM KPyMHEWITNX
TENIeCKOTIOB TOTO BPEMEHH.

CraHoBJieHHe acTpocnekTpockonun B Poccuu
00YyCIOBIIEHO CIIEIYIOIIIMH 00CTOATEILCTBAMU. ACTpOH3NKa
3apoiach Ha aCTPOHOMIYECKNX 00CepBaTOPHSX, MOCIEIHNE
MOYKHO Pa3[eNUTh Ha JIBA THTIA: IPHIMOPCKUE W MPHABOPHEIE.
Kaxnas npuasopHas obcepBaropus (PpaHums, AHDINA,
Poccust) paccmarpuBanachk, Mpex/ae BCero, kak MoIUTHIECKHi
nipoekT (Harpumep: «[TymKoBo HOKHO 00TanaTh JTydIIuMA B
MHUpe MHCTPYMEHTaMMU»), KIMMaTHYeCKne CO0OpakeHUs
OTCTyMaJIM Ha BTOpPOH TaH. Kimar 10KHBIX MPUMOPCKHX
oOcepBaTopHii ObLT He HAMHOTO Jiydlie. [TepBble oncToneTus
crparerust passutus [lynkoBa onpesesnsiiach HHOCTPaHHBIMU
yueHbIMU. AcTpodusnueckre HaOmoneHus B Poccun Obim
HavyaThl HA YHUBEPCUTETCKMX 00CEpBaTOPUSIX, CKPOMHOE
o0opynoBaHHWEe KOTOPBIX YCTyMajo MPEBOCXOAHOM
ocHameHHOCTH [lynkoBa. OCOOEHHOCTH 3TOTO 3Tama
CTIEKTPOCKOTIY OBUTH TIEPCOHU(DUIMPOBAHEI, T.K. padoTaio
BCETO OKOJIO JTFOKUHBI CTIeIMAICTOB. TeMITbl pa3BUTHS ObLITH
BBICOKHMH, HarpuMep, [1j1st OOJTBIIOTO MyJIKOBCKOTO pedpakTopa
(ctommocTsro 300 ThIC.py0.), 3 2 TONIa OBLT U3TOTOBTIEH 76-CM
00BEKTHB (CTOMMOCTEIO 32 THIC. MOJUTApOB). B meproit mexame
XX Beka yxe Bce 14 obcepBaropuii Poccuu (Jlepnt, Xapbkos,
Huxonaes, Mockaa, [TynkoBo, Kue, Onecca, Tawkent, CaHkT-
[MetepOypr, Kazans (2), JIeBoB, Jlyboccapsl, Cumens), —
obnmamgamy 000pyIOBaHWEM, TIPUTOMHBIM ISl BBITTOTHEHUS
acTpou3MIECcKnX HccnenoBanmii. Poccriickux odcepsartopuii
6b110 B 10 pa3 meHsblue, yeM B 3anaaHoil EBporne, u B 3 paza
MmeHbine, yuem B CoenmHeHHbIX IllTaTtax. Ho mo cremenu
OCHAIIEHHOCTH 000pyIOBaHNEM, MpeAHA3HAYEHHBIM LIS
actpodu3nyecknx paboT WM TPUTOAHBIM UISl TAKOBBIX, —
Poccus Haxonunack B UucIie JIMAEPOB.
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BTopoe cTojieTHe acTPOCHEKTPOCKONMUH MOXKHO
XapaKkTepHu30BaTh CIEAYIOIUMH TEXHUYECKUMH 3TaramMu:
1) cozmanwe mepBoii actpodusndeckoii tadbopatopun (X3iin);
2) co3manwue criekrporpada dokyca kymd, R=70000 (Amamc,
1911); 3) coBepuIeHCTBOBAHME TEXHUKHU WM3TOTOBJIEHMUS
T(paKkMOHHBIX pEelIeToK, IUTMHA Hape3aHHo# 9acTh oT 110
MM B 1935 1. 1o 304 mm B 1952 1. (Byn); 4) uzobpetenue
KaTaauoNTpHUUEeCKNX cBeTocHIbHBIX Kamep (ILImunr,
MakcyToB); 5) yBeJIMUYeHHE YIIIOBOI TUCTIEPCUM PELLETKHY 3a
cueT rnepexona B BbICOKMe nopsaku audpakuuy (I"'apprcoH,
I'epacumoB, KonblioB, CTeleHKo); 6) MaccoBOe MPUMEHEHUE
MaJoOWyMSIIUX CBETONPHUEMHHUKOB, 7) cO31aHUe
CTeNaTN3UPOBAHHBIX CTIEKTPOCKOTMUECKHIX TEJIECKOTIOB.

B 1935 r. nosoBuHa Bcex myOnukauuit B ApJ Oblia
TIOCBSIIIIEHA MCCIIEIOBAHMIO 3BE3HBIX CIIEKTPOB, a K 1975 1,
KOTJ1a MPaKTUIECKN BCE CIIEKTPOTpadbl HETOIBIKHOTO (hOKyca
KyZd OBbLIM TIOCTPOEHBI, 3Ta NOJIA CHU3WIach a0 1/7.
OOHapyxeHHe 00beKTOB HOBOI MPUPOJIBI, UJTM HOBBIX CBOMCTB
Y M3BECTHBIX OOBEKTOB, TMPHBEJIO K CMEHE TPHOPUTETOB B
acTpou3uKe, 9YT0 HEeM30eKHO OTPA3MIIOCh HA Pa3BUTHUHU
TEXHHUKH 3BE3/IHOM CMIEKTPOCKOITMHU BO BTOPOii MOJIOBUHE XX
BeKa. «30J10TO BEK» 3BE3HOM CIIEKTPOCKOMH 3aBEPIINIICS.

BeineniM KoHIENTyal bHbIe MPUOOPBI ATOTO CTOJIETHS.
A) VHuBepcallbHBIM TpU3MeHHBIN criekTporpad 1.8-M
peduexropa, Bukropusa, konen 20-x. JImH30Bas
¢oTorpaduueckas kamMmepa ycTaHaBIMBaJach MOCJE OHOM,
NBYX WJIM TpeX MPHU3M, YTO PacIIMpsI0 HAOOp BapHaHTOB
Haomonenwii. B) Criekrporpad hokyca kymd 2.5-M Teeckona
MayHT BuicoH, HeHHOCTh KOTOPOTO MOIYepPKUBACTCS
BbIcKa3biBaHueM Mak-Jlagnuna, 1956: «Ecnu naxe c
nomo1bio 200-110HMOBOTO TeJIECKOMNa U He CeTAal0T HOBBIX
OTKpBITUH, OH TM0JIe3eH TeM, 4To 0cBoO60aAUT 100-mr0iiMOBBIit
TENEeCKOI ISl pelieHuss MHOTUX 3amau». B) Crnekrporpad
dhokyca kymd 1.9 m pedekropa obcepatopun BepxHero
[poBaHca, — mienb, KOJTMMATOpP, N(PPaAKLIMOHHAS PelIeTKa,
n 4 kamepsl criektporpada ObUIH 3aKJIIOYeHBI B 00beM
MOCTOSIHHOTO aBlieHus v Temrnepatypsl. ') KoppensaimoHHsit
(hoTOo3NMEKTpUUECKNN M3MEPUTENb JIY4eBbIX CKOpPOCTEH
CORAVEL. J1) Dmenne crniekrporpad 1.4-M Teneckona
EIOO — mepBblii mpubop BBICOKOTO pa3pelleHus,
paboTaBIIMii KaXKIyto SICHYIO HOYb B T€UEHHUE MOYTH IBYX
NEeCSTKOB JIET, B T.4. U B peXHUMe IUCTaHUMOHHBIX
HaoOroneHmid. E) Dimene cniekrporpad gokyca kymd 3.9-m
teneckona AAT, rue sddexTMBHO BHEApEHBI pe3aTesin
n300pakeHnus W MPUHIUN Tepe3anolHeHs dIIee.
2K) Drerte cniekTporpad ¢ ONTOBOJIOKOHHBIM COUETaHHEM
ELODIE, onHa 13 mepBbIX cXeM 0esoro 3pauka.

INamMsITHBIE 1aTHI 0TE4YECTBEHHO ACTPOCIIEKTPOCKOIUH
TOJIE3HO CPAaBHUTH C COOTBETCTBYIOLIMMU 3apyOeKHBIMHU
BexamH (yKa3aHbl B ckoOkax). [Ipr3MeHHslii ciekTporpad Ha
pedpakrope — 1891, bemononbckuit. [nudpakiimoHHBII
criekTporpad Ha pedpakrope — 1897, Benomonbckuii.
[MpusmenHslit cnektporpad Ha peduextope — 1926,
Anpounkuit, aitn. ConHeuHslit ciektporpad — 1924,
Benononbckuit, (1908, Xoaitn). MaTepdepomerp @adpu-Ilepo
—1960, (1937, ®panmms). Criekrporpad dhokyca kymd — 1962,
3T, (1919, Maynt Buncon). HeGymspHslit criektporpad

19552, KpAO, (1939, Mak JloHasb). 3Be3iHbIi criekTporpad
¢ swemte 1963, KpAO, (1967, CIIA). KoppensaiuoHHbIH
n3meputens ckopoct 1984, TAULL, (1967, I'puddun).
KapTuHy nomoHsIeT MouTH MOJTyBEeKOBOE Hallle OTCTaBAHKE B
npuMeHeHnn Pypbe-criekTpomeTpa (Hadaso 60-x, KoHH), u
OTCYTCTBHE y Hac CMeKTporpad)oB ¢ ONTOBOJOKOHHBIM
coderaHueMm, (1986, CIIIA).

B ronpl cTaHOBIEHUS! CIIEKTPOCKONUY HAllle OTCTaBaHUE
OTIPENIEJISIOCh: OTCYTCTBHEM OTEYECTBEHHOTO TOUHOTO
MPUOOPOCTPOCHUS; COCPENOTOUYEHHEM OCHOBHBIX CPE/ICTB
HaOJNfoNeHnii B MecTaxX, MaJONPUTOAHBIX IS
actTpou3nUecKrx padoT; 0eTHOCTHIO YHUBEPCHTETOB. 3aTeM
Hayaju CKa3blBaThCs YacCTbie MOCIEPEBOIIOLMOHHbBIE
pedopMbl cucTeMbl 00pa30BaHUS U pe3KUil POCT yucia
Hay4HBIX OpraHn3alyii (MocyieiHee yBeTMIUiIo Harpy3Ky Ha
OTEUECTBEHHYIO ONTHKO-MEXaHNIECKYIO MPOMBIIIIIEHHOCTD).
B 1nociieBOCHHBIN MEpUO OTCTaBaHUE OIPEAEIIsIOCH, B
OCHOBHOM, COCTOSIHMEM TEXHOJOTHH MPOU3BOJICTBA
MPUEMHHKOB U3JTyYEHUsL.

CTaHoOBJ/IeHHe ONMTHYECKOH MPOMBIIIJIEHHOCTH B
JI0OBOEHHbIi nepuoa. B JleHnHrpaae akTMBHO pa3BUBAINCH
Hay4HbIE OCHOBBI TEXHOJIOTMH BApKH OINTHYECKOTO CTEKIa,
KOHTpPOJIS €70 OJHOPOJHOCTH W W3MEPEHMUS] ONTHYECKUX
XapakrepucTrk. B ['ocynapcTBeHHOM ONTHUYECKOM MHCTHTYTE
(I'ON) 3a KOpOTKHIi CPOK yNaoCh OCBOUTH MPOMBILIIEHHOE
MPOU3BOJACTBO ONTUYECKOIO CTEKNA, U B 1927 . mpekpaTtuThb
ero nMrnopt. Hannuue cTeksia 0OCHOBHBIX MApOK TO3BOJIMIIO
pa3BepHyTb paboThl MO pacyeTaM ONMTHYECKUX CHUCTEM U
pazpaboTke MPUOOPOB pa3nMIHOTO Ha3HauYeHws. C co3naHneM
HEOoOXOIMMOM TPOMBITIIIEHHON 0a3bl ONTHUKH M WHXKEHEPHI
A.A Yuxun, II.C.PoxnectBeHckuii, JI.J[.MakcyTos,
H.I'TToHomapes, B.I1.JIunnuk, I.I.Citocapes, — npucty nuin
K Pa3BUTHIO OTEUYECTBEHHOTO TEJIECKOMOCTPOCHUS U
npubopoctpoenus. Hanpumep, [I.J[.MakcyToBy ObLIO
TIOPYYeHO M3TOTOBIIEHNE 00beKTHBa IS 82-cM pedpakTopa.
[Tocie MOATOTOBUTENBHBIX pabOT JIBe Tapbl 3aroTOBOK
OTJIMYHOTO KauecTBa OBbLIM YCTIEIIHO OTIIUTHI M OTOXKEHbI B
1934 rony. M3rotoeneHue napbl CTEKOJ XOPOLIErO KauecTBa
JUTSL aXpOMaTHIeCKOro 00bEKTHBA TAKOTO pasMepa OCTaeTCst
0 HACTOALIEr0 BPEMEHU OJHOW M3 TPyAHEUIINX 3a1ad
OTITHYECKOTO CcTekyioBapeHus. [Ipn HemocpencTBEeHHOM
yuactun H.I'TloHoMapeBa Ha 3aBoie ONTHYECKOTO CTEKIa
OBIIM TIPOBEJEHBI OMBITHI MO W3TOTOBIEHHIO 3€pKal
o0nieryeHHol (COTOBOI) KOHCTPYKIIMM METOIOM CHEKaHUs
OTIEIBHBIX MPECCOBAHHBIX M 00pabOTaHHBIX 3eMeHTOB. OTHa
W3 TaKUX 3arOTOBOK OuameTpoMm 98 cm Obima oOpadoraHa
CITyCTsl MHOTO JIET. PeryisipHblif BBITYCK aCTPOHOMHYECKHX
npudopoB Hauat Ha TOM3 B 1935 roay, noa pyKkoBOICTBOM
H.T'TTonomapesa. JIo 1941 . cpenu BbIMycKaeMbIX 3aBOJIOM
I'OM3 acTpoHOMUYECKUX MPUOOPOB [FIABHOE MECTO 3aHUMANN
nipubopsI 11t HabmroneHnst CoHIIa.

Conueunsiit Teneckon [lynkoBckoii oGcepBaTopuu
(1941r.), mmen 50-cMm 1enocTaT M 65-CM OTIOTHATEITFHOE
3epkano. ['maBHoe mapaboinyeckoe 3epKajio UMeJNo
(hokycHoe paccrostare 17 M 1 otBepceTre 50 cM. [To poekTam
H.I'TToHomapeBa ObLJT1 cO30aHbI peieKTop ¢ 3epKajioM 33 cM
st AbacTyMaHCKo# oOcepBaTopuy, crieKTporenuorpad
XapbKOBCKOI 00cepBaTOpuu U Ipyrie IPUOOPHI.
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Pa3BuTHe cHCTEeMbI aCTPOHOMHYECKHX OPraHU3aLMii.
B noBoennsiii ieprion 8 CCCP 6bu10 OpraHn3oBaHO MIeCTh
obcepBaropuit u cranuwmii: I[onraBckas, Kurabckas,
HUpkyTckas, AOGactymanckas, CranuHabanckas,
CBepJIoBCKasi, M pacIliMpeHbl BO3MOXKHOCTH CYLIECTBYIOLIMX
ob6cepparopuil. JlesTeNbHOCTh BEAYIIMX acTPO(U3NKOB
(B.B.CrparoHos, B.I.®eceHkoB), 1o opranuzauuu [ 1aBHoi
Poccuiickoii Actpo®usnueckoii O6ceparopun (I'PADO),
3aBepIIniach JHUMb OObEeIMHEHNEM CTOJWYHBIX
ACTPOHOMHMYECKMX YUpEeXKIEHUH W OCHOBAHUEM
AbacTyMaHCKO#M acTpodusnueckoil oOcepBaTOpHH,
TIOCTIeTHSAS CBOEH paboTOi MOATBEpAMIIA [IeJIeCO00Pa3HOCTh
yCTpO#CTBa acTpopU3NIECKUX YUPEKACHUN B Topax.
Co3nanne Abactymanckoii 1 CtannHabanckoit odcepBaTopmii
SBUJIOCH TaKKe MIEPBbIM 3BEHOM B MOJIUTHKE (POPMUPOBAHUS
HaLMOHAJIbHBIX aCTPOHOMHUYECKHX YUPEKAECHHH.

Urtorm BOiiHBI M NOCIEBOEHHOH H30JSALHUU.
Ob6opynoBaHue, Moy4eHHOE U3 [ epMaHiy 1Mo pernapanysm,
MOCITYXWI0 sl pa3BuTusi KpeiMckoii acTpoduzndeckoit
obcepratopui (1.2-m Teneckon), [TynkoBckoit o6cepBaropun
(6ombImoii pedpaktop) u bropakanckoit oocepBatopuu (1-M
LImunar), coznanus Kucnosoackoit ['opHoii cranuuu [AO u
pazBuTHS ACTpO(PU3NIECKOTO MHCTUTYyTa B Anma-ATe
(BHE3aTMEHHBIE KOpoHOTpadbl). B ycrnoBusax HaunHaromeiics
XOJIOTHOW BOWHBI OBLT MOCTABIEH W PEIIeH BOMpPoc 00
OCHaleHNN 00cepBaToOpHii NCKITIOUNTETLHO OTEYECTBEHHBIM
obopynoBanuemM. Ha TeppuTOpun BHOBb MOCTPOEHHOM
ITynkoBckoii o6cepBaTOpK ObLIO YCTAHOBJIEHO BA IeCATKA
TelecKonoB. PelreHne 0 CTPOUTENBCTBE KPYMHEWIINX
OTNITHYECKUX TEJECKOTOB TOCIYKMIO OCHOBAHUEM IS
CO3IaHMsI HOBBIX MPOMBIIIIIEHHBIX MOIIHOCTEH.

Co3naHue OTeuyeCTBEHHBIX cmnekTporpados. B
noBoeHHbIi niepro B CCCP ObUTH TIOCTPOEHBI CONTHEYHBII
criekrporpad (IToHomMapeB) 1 CBETOCHITbHBIE CIIEKTPOTpadbl ¢
kamepamu [lImunra (JleontoBckwmii). Ha 1-M cumensckom
pedaexTope MCmoNb30BaANICA TMPU3MEHHBIN CrieKTporpad
IIBEUIIAPCKOTO MPOM3BOACTBA. OMHONPI3MEHHBIH crieKTporpad)
KOHCTPYKLIMM AJTLOUIIKOTO UCTIONB30BasICs Ha 1.2-M peduiektope
Kpbimvckoii acTpodusmueckoit odcepBatopun. KpynHeiiimmii u3
ceMelicTBa MEHHCKOBBIX TEJIECKOMOB cucTeMbl MakcyToBa,
70-cm AC-32, (Ab6actymanu, 1955), Obl1 ocHalleH
npenoObeKTUBHONW mnpu3Moi. JInd CcHeKTpoCKONmuu
MPOTSIKEHHBIX  O00BEKTOB CTPOWJIHCH HeOyJIsipHBIE
crieKTporpadbl ¢ KaMepaMH CBEPXBBICOKOM CBeTOCHITHI (OT 1:1
1o 1:0.6), pabotaromue 6e3 Teneckora. B TOW 1 Ha TOM3
ObITM pazpaboTaHbl 1Ba THMA HEOYJAPHBIX CIIEKTpOrpados, B
T.4. HeOyIsipHbIit criekTporpad ACH-1. B 1948 . 61 co3man
cepuiiHbIii OecmieneBoii criekrporpad ACH-5, cocrosmmii u3
napadommaeckoro 25-cMm pedrexropa, npumbl KopHio u
kBapueBoro oobektuBa F:6. B 1960 r. Ha BropakaHckoii
actpousmieckoii odcepBatopuu 6611 cMoHTUpoBaH A3T-10
(mmametp otBepctus 100 cM, okycHoe paccrosiHue 2.13 M,
JMaMeTp IIaBHOTO 3epkaia 125 cMm, ceetocuna 1:2.3, yroBoe
nosie Mo CTopoHe (oToracTiHKU 4°10"). DTOT Teneckomn
cuctembl 1lIMuara, co3nanre KOTOpOro ObUIO HA4YaTo emie B
¢amucrtckoii 'epmannn, cHaOXeH TpeMs CMEHHBIMH
00BEKTUBHBIMH MPH3MAMH — W3 KPOHA C MPETOMIISIOIIMH
yoamu 1.5° n 3°, nm3 dmaTa ¢ yrmom 4°. J{st 1.25-m Teneckora
3T3 AU 6summ w3roToBnenst: 1) ACII-3 — nByXTipi3MEeHHBIH
criektporpad ¢okyca Kaccerpena. Konnmmarop ¢ otBepctriem

o0bexTBa 60 MM, OBE MPU3MBI U3 JIETKOTO (DIUHTA C
TNPEJIOMIISIOIIMMA YIllaMu 63°, 1Be Kamepbl ¢ (OKYCHBIMH
paccrostHusivi 175 1 520 mm. ucniepewst 59 u 19 A /mm mipu
4341 A cootsetcTBeHHO. 2) KBapLeBbIii OXHONPU3MEHHBIH
crnekrporpa¢ c aucnepcueit 240 A/mm npu 4046 A,
ycTaHaB/MBaeMblii B pokyce Kaccerpena. 3) OnHonpu3MeHHbIi
OeciesieBoii criektporpad mis cucteMbl HproToHa. JIiis
TIPOBEPKM MPHHLITIOB PabOThI TIPU TEPEMEHHBIX 3HAYEHHUSX
OKpY’KatolIeil TemMIieparypbl U TOJOKeHNH B TIPOCTPAHCTBE,
pa3paboTaH 3KCIEepUMEHTANbHBIN OU(pPaKITHOHHBIN
criektporpad), ycraHoBneHHbIH Ha 1.2-M Teneckorie KpAO.
Crnexrtporpad uMeeT 3epKalbHBIM KOJJIMMATOp THIMA
Kaccerpena, mudpaxumonsyto pemetky 140x150mm (1200
wrp/mm), kamepy Llmuara (F=185mm). [lucnepens 36 u 15
A/Mm (B 1 1 2-oM mopsiakax criektpa). Mmeercs jqnH30Bast
KaMepa ¥ cMeHHas AudpakupronHas pemertka (300 mwTp/mMm),
1ist padotel B MK-nmanasone. B kommekT 2.6-M peduiexropa
3THUI Bxoamnu paBa OecmieieBbIX AUPPAKIMOHHBIX
criekTporpada ¢ IMH30Bo# onTrdeckoii cuctemoit: CI179 nmeer
TIOJIOKUTEITBHBIA KOJLUTUMATOP, M IPE/IHA3HAYEH /1A Inana3oHa
3300-4000A, mucriepeus 180 A /mm, ceTockia kamepbi — 1:4.7.
CI180, mis mmamazona 4000-6500A, muctiepenst 250 A /M,
MMeeT OTPHLATEIbHBIN KOJUTMMATOp ¥ KaMepy CO CBETOCHIION
1:3.8. [one omHOBpEMEHHO MCCIETYEeMBIX 00BEKTOB y 000MX
criekTporpag)oB paBHO MPUMEPHO NECATH MUHYTaM HyTH.
Crnexrporpad CI172 ycranarnusacs B pokyce Hacmura 3TLLL
OnTnueckas cxeMa BKIJIFOYAET 3epKaIbHbIN KOJUTMMATOp THIA
Kaccerpena, nudpaximonnyto pemetky (90x100 mm, 600
LWITPUXOB/MM), ¥ 1B Kamepbl LImuara, ceetocuoi 1:1 n1:2.
Oo6patHas nuHeiHas aucriepcust 160 A/MM 1 80 A/Mm
cootBeTcTBeHHO. ACII-14, criektporpad dokyca kymd 3TILI,
OBLT OCHAIIICH pereTKol, m3rotoBneHHoi B [OU, (600 tmrp/
MM Ha miomraan 280x300mm). KonuenTpauws sHeprun (Ha
4400 A B 3-eM nopsiaxe), coctanisiia 40%. Coznanve nonoOHoH
pemeTKN MpeAcTaBIsuIo0 pekopa ana Hadana 60-x. (B
criektporpade Kymd 5-M peduekropa Xaiina Oblia yCTaHOBICHA
]eILeTKa [OYTH TAKOT0 e pa3Mepa, HO COCTABJICHHAS 13 YEThIPEX
OTIEeNbHBIX 15-cM peleTok, coOpaHHBIX B OOILEH ompase).
Kawmepsr ACTI-14: F=0.7, 1.35 1 3.35 m (BHeoceBast), IMHeHHbIE
AMCTIEPCHH COOTBETCTBEHHO 12, 6 12.4 A /MM BO 2-0M Topsijike
n8,4n1.6 A/Mm—B3-eM. J[imHa hoTorpaduaeckoro criekTpa
coctapysiia 12,22 u 53 cM, cooTBeTCTBeHHO. MTak, k Hadany
60-X B ONTHUKO-MEXaHWYECKON MPOMBIIIIEHHOCTH OBIIH
pa3paboTaHbl 1 BBITTYCKaIMCh aCTPOHOMUYECKHE CTIEKTPOTpadbl
BCEX THUIIOB, MPUYEM YacTh U3 HUX — HEOOBIINMH CEPHSIMHL
CepbesHast  3arpy3ka  ONTHKO-MeXaHHWYECKO
MPOMBIIIEHHOCTH APYTMMH 3aKa3aMH, HE TO3BOJIsIa
(HaumHast ¢ koHHma 70-X), pa3BUBaTh aCTPOHOMHUYECKOE
MpUOOPOCTPOCHNE MO KOHLENTYAIbHO HOBBIM MAESAM. YiKe ¢
60-x B psoe acTPOHOMHUYECKUX YUpEKAECHUil
acTpOHOMMUYECKHE  crekTporpadsl  co3laBajiiCh
camocToATeNbHO. PacnipocTpanenue nomyuyuna cxema Ceids-
Hammoxa, B KOTOpOii yros Mex 1y JIMHUSMH, COETUHSIFOIME
BOTHYTYIO PEIETKY M LIEJNH, a TAK)KE PACCTOSTHHUS JIO LIeTIeH,
— TOCTOSIHHBI. B KkadecTBe mpuMepa MNpHUBEAEM
cniekrpoorometp Ha 50cM pedrekrope [epma (1:22) AOU
AH Kazaxckoit CCP. Mcrionp3oBanach pemierka 600mTp/mm,
46x50 MM, R=500 mwm, pe3ynbTarsl HaOMIOZEHUI
3aMMChIBAJIMCh HA MAarHUTHYIO JIeHTy. B Onecce Ha ocHOBe
43cm (F:10) xaramuonTpUIECKOTO TeJIeCKOTa CUCTEMBI
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ApryHoBa OBl CO3JaH OPUTMHAJbHBII CKaHep C
NpenoObEKTUBHON 7-rpamxycHO# mpm3Moit. CkaHupOoBaHNE
CMeKTpa OCYWECTBIAJIOCh MyTeM HeOOoJbIIOro
paccorniacoBaHus peKUMa COMPOBOKAEHHS 00bEKTa.

[TepBoe nokomneHue CreKTPOCKOMMYECKOro 000pyI0BaHHUS
6-meTpoBoro Teyieckona BTA, opueHTUpOBaHHOE Ha
npuMeHeHue (oTorpaduyeckoil perucTpalyu U 3MeKTPOHHO-
onTtudeckux npeobpazosareneii (DOII), 6bT0 co3mano
MPOMBITIIIEHHBIM 00pa3oMm. [Tocenyromnine 1Ba MOKOJIEHUS
cnekTpockonuueckoii anmnapatypsl BTA co3panbl
HenocpencTBeHHo acTpoHoMaMu CAO, a NpOMbILLIEHHOCTH
3aKa3blBAJUCh TOJbKO NU(PPAKUMOHHBIE PEIIeTKH U
HEKOTOpble€ KOMIOHEHThbI CBETONMPHEMHBIX KOMIJIEKCOB.
Jletanu 3TOTO MpoIiecca MOKHO HaiTH B MoHOTpadun « CAO
PAH. 40 net». Hwxnuii Apxsiz, 2006.

I deKTHBHOCTB NCTIO/IL30BAHUS CTIEKTPOCKONUYECKOi
anmapatypsl B 3HAUMTEJIbHOH Mepe ompeaensercs
ACTPOKJIMMATHYECKUMH XapaKTepUCTHKaMU. TeMITbI
MOCJIEBOEHHOTO CO3JaHMUA HOBBIX 00cCepBaTOpHii ObIIU
BBICOKHMH, OTIepekast BBITIOITHEHHE MPOrpaMM MOHCKa MECT ISt
YCTaHOBKHM HOBOro obopynoBanus. B 40-x Oblio co3naHo 7
obcepBaropwmii ¥ ctanimid, B 50-x — 10, B 60-x — 8, u B 70-x — 4.
CraHOBIIEHHE ACTPOKJINMATa Kak 3KCIEPUMEHTAIBHOTO
Hay4HOTO HarpaBJIeHUs MPOXOAMIIO B KoHLe 60-x — Hayase 70-
X, TaK YTO OOJIBIIMHCTBO HOBBIX MYHKTOB HaOMIOAEHUI ObLIO
BBIOpaHO 0e3 MTUTENTbHBIX TPEIBAPUTEITHHBIX UCCIICTOBAHMIIA.
ITocne co3gaHus oOcepBaTOpuUM CHCTEMATUYECKUE
MCCIIEIOBAHNS acTPOKIINMATA, KaK MPaBHIIo, MPEKpPaLAIKCh.

Hdpyrum ¢akTopom, MOBIUSIBIIUM Ha pa3BHUTHE
ACTPOHOMMYECKOM CTIEKTPOCKOTIHH, SABUJIACH
MHEPLMOHHOCTb CUCTEMbI MOATOTOBKH CHIELIMATICTOB. YKe
B 70-e 0003HAYMINCH IPU3HAKH KPHU3KCA B OTEUECTBEHHOU

MpakTHYeCcKoi acTpodusmke. OOOCTPUITUCEH MPOOIEMBI
OCHAIIIEHUs] YHUBEPCUTETCKUX oOcepBaTopuil U kadeap
COBPEMEHHBIM JIAOOPATOPHBIM U HAYYHBIM 000PYIOBAaHHEM,
BBIYMCIIUTENILHOM TEXHUKOH. Y4eOHUKH 1 yueOHble TocoOus
Mo MpaKkTUYeCKoW acTpodHU3MKe Takke He OoTpakaiu
pa3HooOpasre HOBBIX HAYTHO-TEXHIUUECKUX METOIOB. B 310
JKe BpeMs MPOMCXOIMIT PAaCIBET TEOPETHUECKUX IIKOJ,
3HAUUTEJbHASA YacTh MOJIOAEKH yCTpeMUJach B HOBBIE
actpoduzmdeckme HalnpaBJCHMUSA. ExeromHo
yHuBepcuteramu CCCP Beinyckajoch 6ojiee COTHU
ACTPOHOMOB, HO BaKaHCUIl B MHCTUTyTaX M Ha
oOcepBaTopusaxX ObUIO Ha MOPSIOK MEHBIIIE.

CucteMHblii Kpu3suc, 3aBepluuBiniics pacnagom CCCP,
HaHeC YpOH Hay9HBIM HccrienoBaHusiM. OCOOSHHO MOCTpaaaii
HanpaBJeHUs, NeITeIbHOCTh KOTOPBIX OMpeaessiach
TepPUTOPUATILHBIM pacipenesieHUeM dKCIIepUMEHTANIbHbBIX U
TEeXHUUECKHX 0a3: 00cepBaTOpHii, MOJIUTOHOB, 3aMTOBETHUKOB,
CpEICTB CPEIICTB 3aMyCcka KOCMUYECKHX arnapaToB U KOHTPOJIS
KOCMHUECKOT0 MPOCTPaHCTBA. bblla cBepHyTa AESTENLHOCTD
KOHCTPYKTOPCKUX Oropo, paboTaBmux B oOjacTu
ACTPOHOMUYECKOTO CTIEKTPOCKOITIIECKOTO MPHOOPOCTPOSHHSI.

IlyTu pa3BuTHSI aCTPOHOMHYECKOIl CMIEKTPOCKONMUH
B Halleli cTpaHe — He IPOCMAaTPUBAIOTCS, XOTSI ObI TOTOMY,
YTO CETOIHS HET BHATHO C(HOPMYITHPOBAHHOM MPOTPaAMMBI
pa3BUTHS HA3eMHOT aCTPOHOMUU OTITHYECKOTO Hara3oHa.
MHorue Topl B KOHIETIIINHY HAIIETO Pa3BUTHA MPeodIazat
COpEBHOBATENbHBIH TE3UC: «I0CTUYb TOTO, YETO IPYTHe eIl
He nocTuriny. CerofHs CUTyalus TakoBa, YTO MbI YK€ He B
COCTOSTHIM COPEBHOBATHLCS, HO €11le B COCTOSTHUM TOHUMATh
TO, YTO CETOIHS MPOMCXOAUT B aCTPOHOMHUYECKOM
MPUOOPOCTPOCHUN 32 PyOEIKOM.
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O TIOJIB3E HEKJIACCUYECKUX TTPEJICTABJIEHUI
ACTPOHOMMNYECKHUX CIIEKTPOB

[Tanuyk B.E., CauxoB M.E., fIxonoB M.B.

HNuctutyt actponomun PAH

PE3IOME. PaccMOoTpeHbl HEKOTOPbIE MMy TH MOBBILLIEHUS
3P PeKTHBHOCTH aCTPOHOMHUUYECKONW CMEKTPOCKOMUU
BBICOKOTO pa3pelleHus Ha KPYMHbIX ONTHUYECKHX
TeJIeCKOoMax.

1. Tpu cnoco6a MoayJISILUM CHIEKTpa

B kitaccuueckom cniektporpade AeTeKTUpyeMblii CUTHA
MpOMOpPUMOHAIeH UHTEHCUBHOCTH CBETA B JaHHOM
WHTEpBaJe JJIMH BOJH. B mpr3aMeHHBIX 1 1(paKIMOHHBIX
cnekTporpadax KaimmOpoBKa MIKaJbl IJIMH BOJH
OCYIIECTBISETCS B OTIENBHBIX TOYKAX, COOTBETCTBYIOIINX
MOJIOKEHWIO JTUHUW creKkTpa cpaBHeHUsA. [IpuHONN
neificTBUS TakWUX NPUOOPOB aHAJOTHMYEH CHOCO0Y
AMIUTATYIHON MOLYJISALMN B PAIHOIIEKTPOHHKE.

YacTtora konebaHWii curHaia Ha Beixone Dypbe-
CIIEKTpOMeTpa 00paTHO MPOMOPLUUOHATbHA JITHHE BOJHBI.
MeTon crieKTPOCKONUH, OCHOBAHHBIN Ha Mpeodpa3oBaHUN
dypbe, aHANOTHYEH cMoco0y YaCTOTHON MORYISLMH B
pasnosNIeKTpOHNKe. 3ara3/ibiBaHue BHEIPEHHS MEeToaa
OTIPENeNISIIOCH €r0 3aBUCUMOCTBIO OT Pa3BUTHS LI(POBBIX
BBIYHCIIMTENBHBIX CPENCTB, (TOTAA KaK B KJIACCHYECKHUX
crmekTporpagax Hojroe BpeMs JAOCTATOYHBIM OBLIO
aHaJoroBOe TMpeacTaBlieHWe CUTHala, — Hampumep,
(dororpadupopanue criektpa). [loaToMy crieKTpoMeTpus ¢
npeobpazoBanneM Dypbe cUUTATIACH «BEChMA TPYLOSMKUM
KOCGeHHbIM METOJIOM U3ydeHus crekTpoBy» (Mertz, 1965).

Ecnn n3nydeHne o0bekTa HCKYCCTBEHHO MOJIAPU30BaTh M0
U3BECTHOMY 3aKOHY, TO MOSBIAETCS BO3MOXKHOCTD
MCTIOJIb30BATh MOJAPUMETPHUUYECKYIO KATMOPOBKY 1O IJTMHAM
BOJIH, YTO aHAJIOTMYHO crocoly (a3oBoil MOIYISALMHU B
paauoanexTpoHuke. [Ipy onsipuMeTprudecKoii KatnopoBKe
criekTpa (paza cHHyCONAANLHOM MOIYIISIMM HHTEHCUBHOCTH
CUrHajia Ha BBIXO/le — 00paTHO MPOTIOPLUMOHAIbHA JJTHHE
BOJTHBI ICKYCCTBEHHO TIOJISIPU30BAaHHOTO CBETA.

B smoXy omHOKaHaJIbHBIX NMPUEMHHWKOB JIHUIEPHI
MPaKTHYECKOit acTpO(M3NKK MHOTIA NCTIONTb30Basl Dypbe-
CTIEKTPOMETPHI U JaKe MONAPU3ALMOHHbBIE CTIEKTPOMETPBI
(Serkowski, 1972). BHenpeHme MHOTOKaHaJbHBIX
NPUEMHHUKOB TTIOPOANIIO MHEHHE, YTO O MYJIbTHILUIEKCHBIX
MeTonax MOXHO 3a0bITh. CeromaHs, Korma TeXHUYECKHe
pecypchbl AuppakUMOHHBIX cleKTporpadoB mpencras-
JSFOTCA HaM «BbIPa0OTaHHBIMMY, HEJMLIHE BCIIOMHUTb
HEKOTOpble MOMEHTHI MCTOPUU CHEKTPOCKOTHH C
OITHOKaHaJIbHBIMU MPUEMHUKAMH.

2. Ilpeaesnnbl AM(ppaKUMOHHON CIEKTPOCKONUHN

HecmoTpst Ha TO, 4TO B (ypbe- W MOJISPU3ALUOHHBIX
CTeKTpOMeTpax KaJluOpoBKa TO [JIMHAM  BOJH

ocyIllecTBIsIeTCs 1Jd KaXAOW TOYKM CIEKTpa, B
ACTPOHOMHUUYECKOW CMEKTPOCKOMUU MO-TpPeKHEMY
MOMYJISPeH MepBbIi U3 TPeX COocO00B MOLYIALUU — T.C.
npejcTaBieHNe CUTHalla B popMe KMHTEHCUBHOCTH B
(hyHKIMU JJTMHBI BOJIHBI (4ACTOTHI)». DTOT KOHCEPBaTH3M B
U3BECTHON Mepe 0OyC/IOBJIE€H OTHOCUTENbHOIM
JOCTYTTHOCTBIO M TPAANLMSMH U3TOTOBJIEHHS CTICKTPATbHOM
anmnapaTypsl, a Takke HamISIHOCTHIO COOTBETCTBYIOIINX
METO/IOB CHEKTPaJbHOTO aHayin3a. OmnpenesaeHHylo poib
CHITPAJI0O U TO OOCTOATENBCTBO, YTO KJIACCHUYECKUMH
crmekTporpad TO3BOJNWIJI  BBISIBUTH  CTPYKTYDY
9HEepPreTUYeCKNX YPOBHEH aTOMOB 1 MOJIEKYJI paHblle, YeM
9TO OBIIO CceNaHO MPHU MOMOIIN MHTEp(EepeHINOHHBIX
MeTono0B. Briocnencteun natepdepomerpuieckre MeToabl
ChITpaii OCHOBHYIO pOJIb B JlabopaTopHOi aTOMHOM
CMEKTPOCKOMUHN, KOrAa MmoTpedoBanoch H3MEPSTh
TIOJIO’KEHUST CMIEKTPATIBHBIX JUHUI C BBICOKOH TOYHOCTBIO
N(MM) CO CHEKTPaJbHBIM pa3pelieHneM, HeJI0CTYTHBIMU
11 AM(PpaKLMOHHBIX ceKTporpados.

B actpoHOMHYeckoil ceKTpOCKONMHUU MPEUMYILIECTBO
uHTEp(hepOMeTpoB Nepe ] IUpPaKIIMOHHBIMU CTIEKTporpadamu
(BbIUTpBILT JKaKMHO), B 3HAYUTENHHOM Mepe CKOMIIEHCUPOBAHO
(Panchuk et al., 2007), mOoCTUXEHUIMHU TEXHOJOTUH
W3TOTOBJEHUS AU(PPAKUMOHHBIX PEIIeTOK ¢ OOJbIIOi
3aLUTPUXOBAHHOM TUIOLIAABIO. [l KpyTHEMIINX TENeCKONoB
MIOCTPOEHBI IECATKU CMEKTPOrpadoB BHICOKOTO pa3peLieHus,
HO OJMH M3 OCHOBHBIX MapaMeTpoB 3TUX MPUOOPOB —
reoMeTpuyeckas cBetocwna L=Aw® — yxxe O30k K Tpeaey.
(3mech A — muouane 3padka CHCTEMBbI, 3aroyiHsgeMas Mof
TeJIECHbIM YIIOM o). Hampumep, y ABYX cambIX KpPYHMHBIX
SIIENBHBIX crieKTporpagoB Beicokoro paszpeuenus (HIRES
Keck u HDS Subaru), quametp KOIUIMMHPOBAHHOTO ITy4YKa
d=30cm, y HOC BTA —d=24cwm, elie okoIlo ecsiTka MprOOpoB
nmeroT d=20cM. YeenuyeHue d o3BoJIsieT MPONOPIMOHATEHO
YMEHBILINUTb yrojl ®, MUHUMaJIbHOE 3Ha4E€HHE MOCJIETHETO
OrpaHUIMBAETCSI COCTOSTHIEM aTMOC(epbl M Ka4eCTBOM ONTHKH
Teseckona. CreKTPOCKOIHsI BBICOKOTO pa3pelleH s Ha O0MbIInX
TeJlecKomax sIBIISIETCs! ClTydaeM, Korna AMamMeTp H300paskeHNst
3Be3/bl 3 Ooblle MUpHHBI eau ®. [To3ToMy BbIMTpBILI B
MPOHULIAIOIIEH CTOCOOHOCTH HAOMIOAEHHUI MPOMOPLUHOHATICH
He KBaJIpary, a epBoii crenenu anamerpa D 3pauka Teneckona.
CrnieioBaresibHO, HEOOXOIMMO HCKaTh METOIbI, AJIsTEPHATHBHbBIE
yBenuueHuto D. TlepcrekTUBHBIM SIBIsSIETCSI cOUETaHUE
IU(PaKIMOHHOTO CHeKTporpada ¢ aJanTUBHON ONTUKON
Tesneckona, (cM., Hanpumep, Ge et al., 2002), HO 3TOT MOIXOA HE
SBIISIETCSI NOCTKEHNEM COOCTBEHHO CMEKTPOCKOITHHL.
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3. JudpakunoHHble MpUGOPHI ¢ pUAbTpaLHUeii
MPOCTPAHCTBEHHBIX YaCTOT

B paamoTexHWKe M3BECTHO, UTO IJI TOJYUYeHUs
MaKCUMaJIbHOM BETMIMHBI OTHOIIEHHUS CUTHAJI/LITyM CIIETyeT
MPOBOANTH ONTUMANIbHYIO COTIIACOBAHHYIO (DMIIBTPALIMIO
CHTHaJIa, TIPUYEM JI0 yCTPONCTBA, MPUHUMAIOILETO pellieHne
0 HallMYUU WIN OTCYTCTBUM CHrHaja. B onTtuueckom
JranasoHe coracoBaHHast (priTbTpanysi BpeMEHHBIX 4acTOT
CUTHaJla HeBO3MOXKHA, ¥ 3aMeHsieTcsl puibTparmeil 4acToT
MOIYJISALNN CUTHANA. B ogHOKaHAIbHOM CKaHUPYIOIIEM
CHEKTPOMETpE peaau30BaH NPOCTEHINUHA ciyudai
(GuUIbTPAMKM YACTOT aMIUIUTYJHOW MOAynsiuuu (Ha
BBIXOJHYIO IIEJIb MOCJIEeI0BATEIbHO MPOCUUPYIOTCS
COCEeIHNE yYacTKH criekTpa). s yBeTmdeHNs: CBETOCHIIBI
MeTOo/Ia MOXXHO IPUMEHSTh CUCTEMbI BXOIHBIX M BBIXOIHBIX
mieneit (wm 6osee CIIOKHBIE TBYMEpHbIE KOH(DUTYpaIny,
T.H. PacTpsbl), T.0. JIOTIONIHUTENBHO K (PMIBTPALNH YaCTOTHI
MOIYJISILIAH UCTIONB3YeTCs (PMITBTPALHs IPOCTPAHCTBEHHBIX
4acTOT B m300paxeHWH. B pacTpoBom crnekTpomeTpe
MOJYJIMPYETCs Ta JIMHA BOJHBI, 111 KOTOPO# B MaHHBIN
MOMEHT BpeMeHHW M300pakeHue BXOJIHOTO pacTpa B
TOYHOCTH COBMAAaeT C BBIXOAHBIM pacTpoM. TpeboBaHue
N/IeaJbHOTO COBIAAEHUS M300pakeHNsT BXOIHOTO pacTpa ¢
BBIXOJHBIM pacTpOM OTPaHWYMBAIOT WHTEpPBal
CKaHMPOBAHWS IJIMH BOJIH. IHTEpBas CKaHNPOBAHUSA MOXKET
OBITH YBEIMYEH B HECKOJIBKO pa3 3a cYeT BbIOOpa 3aKoHa
moayiasuuu (cM., Hanpumep, lopckuii u np., 1970).
[Inpoxast cocTaBisrOmas anmapaTHoil QyHKIK Mprudopa
¢ pacTpoM (YHKUMOHAJIBHOTO THUIAa OTpaHWUYMBAlIa
NpUMeHEeHNe TIPUEMHUKOB, IIyMbl KOTOPBIX 3aBUCETH OT
YpOBHS cUrHaja. bbuin nmpeanokeHbl pa3iTuuHbIe METOIbI
yueta (yCTpaHeHHsI) Mapa3uTHOW 3aCBETKHM NMPHUEMHHKA,
TEXHUYECKHU POCTHIM OKA3aJICsl METOJ MOIYJISIMU MOTOKA
U3JTy4YeHUs MyTeM MEePUOJUYECKOTO TMepeMelleHns
BXOJHOTO pacTpa Ha BEJIMUHHY, ONpeesieMyio Hanboee
Y3KHUM 3JIEMEHTOM pacTpa. B actpodusnke criekTpoMeTpbl
¢ pactpamu JXupapa NpUMEHSUINCH MPEUMYIIECTBEHHO B
nH(ppaKpacHOM auamnazoHe, Tie LIIYMbl MpUeMHUKa He
3aBHUCENN OT YPOBHS curHajna. [lpuHumn nBoiiHOTrO
MYJIbTUINIEKCHPOBAaHUS (HAa BXOJAE W Ha BBIXOHE
CTIEKTPOMETpa) MO3BOJISIET PeasTM30BaTh BRIMTPHILT DernkeTa
W, OOHOBPEMEHHO, MNPHOIM3UTH  CBETOCHIY
InGpakIMOHHOTO CMEKTpOMEeTpa K TaKOBOW i
nHTepdepenunonnoro. buino nokazano (Harwit et al.,
1970), uTo, MO CBETOCHUJIE U IIYMOBBIM XapaKTePUCTHKAM,
cXxeMa JBOWHOTO MYJbTHUIUIEKCHPOBAHUSA C OMHAPHBIM
UUKJIMYEeCKUM KOAMPOBAHWUEM, — TMPHUONMIKAETCS C
nHTeppepoMeTpy MaiikenbcoHa. OHAKO TEXHUYECKH
CIIEKTPOMETpP € KOAMPYIOIIMMHU Mackamu (Hampumep,
CTpokaMW MaTpuusl Apamapa), H3TOTOBHTb W
9KCIIIyaTUPOBATh rOpa3ao MpoIle, YeM CKaHUPYHOUINi
uHTepPepomeTpuueckuil mpudop. CIeKTpoOMeTphl ¢
npeobpa3zoBaHueM Ajamapa NpPUMEHSIIUCh B OOPTOBBIX
acTpopM3MIECKNX dKcrepuMeHTax. MeTon KOOupOBaHUs
crmekTpa ObIT pacnmpocTpaHeH WM Ha MAHOPAMHYIO
CTIEKTPOCKOTINIO, MyTeM KOAMPOBAHMS M300pakeHU
(Harwit, 1971; 1973). ImaBHBI HEOOCTATOK pacTpOBOi
CTEKTPOCKOTIMU COCTOUT B BBICOKMX TPEOOBAHMIX K

KauecTBY M300paKeHMs! CIIEKTpa M K HEM3MEHHOCTH 3TOTO
n300pakeHus TPU CKAaHUPOBAHUU CTIEKTpa. DTa mpoobiema,
Kak 1 mpoOiieMa M3TOTOBJIEHUsS MEJKHX PacTpOB, MOKET
OBITH pellieHa, eclii B Ka4eCTBE PAacTPOB HCIOJIb30BaTh
kosbla uaTepdepenyu (Girard, 1960), B padote (Tapacos
& T'yn, 1974) mns 3Toii HeTW UCTONB30BAIUCH TATOHBI
Dabpu-Tlepo. [lpumeHenne nHTEpPEPEHIIMOHHBIX PACTPOB
TMO3BOJIUT YBEJIMUUTh Pa3pelIeHHe U CBETOCHITY (IocieiHee
13-32 TOTO, YTO B KAUECTBE KOJIJIMMATOPa M 00bEKTHBA MOTYT
MCIIOIb30BaThCS CBETOCHITbHBIE 00BbeKTHBHI). [IprMeHeHme
MHOTO3JIEMEHTHBIX MPUEMHUKOB, IIyMbl KOTOPBIX HE
3aBUCAT OT YPOBHS CHUTrHaja, OTKPbIBAET HOBBIE
BO3MOXKHOCTH JIJIsI CXeM C (pHIIbTpaLyei MpocTpaHCTBEHHBIX
yacToT. Ha Oosbmux Tesieckonmax, riae IUaMeTp
TypOyJE€HTHOTO AKMCKA 3BE€3[bl HAMHOTO MPEBOCXOTUT
MIWPHUHY LIeJH CHeKTporpada BHICOKOTO pa3penieHws,
MpUMEHEHNEe KOAUPYIOUINX MacOK MOXET 00ecrneuuThb
MHOTOKPATHBIH BBIUTPBILI B CBETOCHIIE.

4. UnTerpajibHble XapaKTePUCTUKHU CIEKTpa

CriekTp 3Be3/1bl 001aJaeT XapaKTepUCTUKAMH IBYX THITOB.
[TepBbIit T OTHOCHTCS MPEMMYIIECTBEHHO K CBOWCTBAM
aTOMOB, MOHOB ¥ MOJIEKYI]l — 3TO YMCJIO ¥ UHTEHCHBHOCTb
JUHUI pa3IMyHBIX XUMUYECKHUX JIEeMEHTOB. BTopoii Tum
XapaKTepu3yeT MaKpOCKOMMUeCKHe CBOICTBA Cpelbl, B
KOTOPOIi 3TH 3JIEMEHTBI HaXOMSTCS — 3TO TEMIlEparypa,
MUIOTHOCTb, U pa3jinuyHble (OPMbl ABUKEHUS: O0CEBOE
BpalieHne, TypOylIeHTHOCTb, painalibHble 1 HepaaraibHble
nmyJbCalluy, TepeMelleHne 3Be3/ibl B TpocTpaHcTBe. B
ONTUYECKOM AMaNa3oHe CHEeKTp aTMoc(epbl XOJ0IHO
3BE3/Ibl TMPEJCTABIEH MPEUMYIIECTBEHHO JHUHUAMHU
3JIEMEHTOB JKEJIE3HOTO MUKa, TaK YTO Pa3iNy¥s BO BIUSHUN
aTOMHOTrO Beca Ha MapameTpbl TEMJIOBOr0 YIIHUPEHHUs
«CpenHecTaTUCTUUECKOH» JIMHUM HEe3HAYUTEJbHBI.
H3mepeHre MakpoOCKOTIMYECKUX CBOWCTB Cpeabl MpH
KJIACCHYECKOM CIOoCco0e MOIYNALNN — WHTEHCUBHOCTh B
(yHKUMM AJWHBI BOJIHBI — SABJSAETCS TPYNOEMKOM
npolueaypoil. B crnekrporpamMmme HEOOXOAMMO HU3MEPUTh
XapakTepucTuku (mojoxeHus, ¢Gopmy mnpodunei,
TIOJTYIIUPUHBI, ACUMMETPHIO ) OOJTBIIIOTO YHCIIA JIMHINA, 9TOOBI
3aTeM OMpeAeNnuTh cpeaHue (A OONbIIMHCTBA JTUHUI)
XapakTeprcTHKH. Hanpumep, ¢ LieIblo TOUHOTO ONpeIesieHNs
cpemHeil JydeBOi CKOPOCTH HEOOXOOUMO U3MEPUTH
nojoxenus 2004300 nuuuit. [Tpu 3TOM AN U3MepeHus
(¢hoTorpaduuecKkux CHEKTPOB MHOTIAA MPHUMEHSIUCH
OCIWIIOCKOMIYECKIE KOMMapaTopsl (AHTpoOIIOB, 1972), T.e.
MOJIOKEHUST OTHEbHBIX JTUHUN M3MEpSINCh METOIOM
aBTOKOppessiimu. Takum o0pazoM, Mo GpparMeHTy crekTpa
BBITIOJIHSJIOCH HEeoOXoanmMoe (GyHKIIMOHABHOE
npeobpazoBaHre. DTOT K& METOI MOXKET ObITh MPUMEHEH
HEMOCPEICTBEHHO MpU HAOMOACHUAX, 0e3 perucTpauuu
COOCTBEHHO CTEKTpa Wik ero ¢parmeHTOB. Tak, eciam B
criekTporpade B (pOKalIbHO MIIOCKOCTH YCTAHOBUTS IIIElTb,
a U300pakeHne CreKTpa MepeMelarb nonepex ey, To
(oTosneKkTpUUeCKUil MPHUEMHHUK 3aperucTpupyeT
KOPPEJSIIIMOHHYIO (hyHKIIMIO, TIOJIOXKEHHE M IITUPHHA KOTOPOiA
OXapaKTepU3YIOT CMEKTPAIbHYIO JINHUIO, HAXOASILYIOCs
BONM3M menu. CBETOCHIy METOAa MOXKHO YBEJIHYHTD,
YCTaHOBHWB CHCTEMY IIelieil, MOJO0XKEHHUS KOTOPBIX



Odessa Astronomical Publications, vol. 21 (2008)

&7

CONIACOBAHBI € TIOJIOKEHUEM CIIEKTPAJIbHBIX JIMHUIA. MeTon
(hOTOINEKTPUUECKOTO KOPPENSILIHOHHOTO U3MEpEeHUs
Jy4eBbIX cKopoctelt, obocHoBaHHbIH B (Fellgett, 1955) u
BIiepBbIe peann3oBanHblii B (Griffin, 1967), sumncs nepBsiM
MpUMEpPOM CO3JaHMs aHaln3aropa, OCYIIECTBISIOLIEro
TMpe/ICTaBICHNE M3Ty4YeH!s B BUe yI0OHOTO (hyHKIMOHANA,
rapaMeTpbl KOTOPOTO COZIEPKAT UCKOMBIE XapaKTEePUCTUKHI
crieKkTpa. DTOT MOAX0/, KOraa HeoOX0ANMOe MHTErpajibHOe
npeoOpa3oBaHne OCYIIECTRIIAETCS HETOCPEICTBEHHO B CXEMe
mpubopa, okazaics A0CTaTOYHO 3(PPEKTUBHBIM B ITOXY
OJIHOKAHAJbHBIX MPHUEMHMKOB W  MaJOMOUIHBIX
BIUKCIMTENEI. B HacTosIiee Bpemsl, Koraa KoppessiinoHHas
(GYHKIMS MOKeT OBbITh BBIYMCIEHA HEMOCPEINCTBEHHO MO
CMEKTPY, 3aperucTpUpoOBaHHOMY MHOTOKaHaJbHBIM
MPUEMHHUKOM, TTpeo0naiaeT TOUKa 3pEHHs], YTO €CTECTBEHHBI I
MyTh OINpEIeNeHNs] WHTETPAIbHBIX XapaKTepUCTHK — 3TO
BBIYHCJIEHHE UX T10 KJIACCUUECKOMY CHEKTpY.

B (oToanekTpuueckom m3MepuTenie IydeBbIX CKOPOCTeH,
omepanus pasJoXKeHHUs] M3Ty4YeHUs B CIEKTP BCe Ke
BBITIOJHAETCS, U BBIUTPBILI COCTOUT TOJILKO B pean3aluu
NPUHLOMNA MHOTOKAaHAJbHOW CMEKTPOCKONHM Ha
OJTHOKaHAILHOM NPUEMHHKe, 00J1a1al0 MM OTHOCUTEIBHO
BBICOKMM KBAHTOBBIM BBIXOJOM, HO MMEIOLINM LIYMBI
«HeynoOHOW mpuponsl. B @yphe-crekTpoMeTpe BEIUTPhITI
demxkera pealin3yeTcs TOJIbBKO MPH MCIOIb30BaHUH
NpUEeMHHKA C IIyMaM¥ TEIJIOBON MPUPOABI, a MPHU
UCTIONB30BAHNH MPUEMHHKA C ITyMaM1 KBAaHTOBO# MPUPOIBI
— He peanusyetcs BoooO1ie. [Tokazano (JIebenes, 1978), uto
€CJIM MOCTPOUTh MMITOTETHYECKUH CHeLnaTn3npOBaHHbII
npudop, B KOTOPOM Ofepanusi onpeaesieHusi nmepBoro
MOMEHTa KOHTYpa JIMHWH BBITIONTHSAETCS aBTOMaTHUECKH, B
peajbHOM BpeMEHH, TO BMECTO Bhiurpbiina demkera (N2
IUTSL TETIOBOTO TIPWEeMHUKa), OymeT peann3oBaH Oojee
BbICOKHH BbIMpbiIi (N 17151 TermnoBoro U N'2 1jist GOTOHHOTO
npueMHukoB). TakuM oOpa3oMm, MHTErpaibHbIi cIOCO0
n3MepeHnss 0000MEeHHBIX XapaKTEePUCTUK CIIEKTPOB
okazbiBaeTcs 3(h(heKTHBHEE KITACCUUECKOTO, CMIEKTPAIBHOTO
crnoco6a. BHUMaHue MpPUBIEKIN ONTUYECKHE CXEMBI,
OCYIECTBJSAIONINE MHTErpajlibHOE MpeoOpa3zoBaHue
crieKkTpa, 0e3 paszJoKeHHs CIIeKTpa 1o UIMHAM BOJIH.

5. Untepdepomerpnl

OCHOBHBIM CHIOCOOOM TpPENCTABICHUS CIydalHbIX
MPOIIECCOB, MOMUMO (DYHKLHUI pacrpeneeHusl, sBIseTcs
OITIICAaHKE TIPH MOMOLIY CPEAHUX ¥ MOMEHTOB. CylllecTBYeT U
JPYTOi IOAXON — ONMCAHKE CITyYaifHbIX BEJIMYHH U MPOLIECCOB
C MOMOILIBIO KyMYJISIHTOB (CeMUMHBAPHUAHTOB) M KYMYJISTHTHBIX
¢byHkunit. [TpenmyiecTBa Takoro ornucaHus OTMEUYEHBI B
(Manaxos, 1978). [IpoBonst aHAJIOTHIO MEXKIY KOHTYPOM
CIEKTpaNbHON JMHUM W CTaTHCTHUECKOW (GyHKUIHei
pacnpenenenus, apropsl (Koxkesatos u 1p., 1995) nokazanmy,
YTO KYMYJISIHTBl (CEMHUHMHBAPHAHTBI) CMEKTPaIbHOTO
pacrnpeneneHnss MOXKHO TOJNYYUTh B WHTeppepoMeTpe
MaiikenbCcoHa, peanu3yroleM Kak BeIMrpblii deskera, Tak 1
Beiurphin JKakumHo. B (KokeBator u mp., 1995) Takke
OTMEUEeHO, YTO YyBCTBUTEIHHOCTh MHTEp(EpOrpaMmbl K
CEMHMUHBapHaHTaM pa3HbIX HOMEPOB 3aBUCHT OT Pa3HOCTH XOzia
uHTepdepupyrommx gydeit. [Toatomy aist onTumManbHOTO
M3MEpeHNsl I30paHHBIX CEMUMHBAPHAHTOB ObIJIO MPEIOXKEHO

MPUMEHSTh HHTEp(EpOMETPUUECKIE CXEMbI C PA3ITMIHOM
pazHOCTBIO X0na. MeTon ObUT pea30BaH Mpu HAOMIOAEHUAX
JIy4eBBIX CKOpOCTeli Ha moBepxHOCcTH ConHia (JIuakoBckuit u
Ip., 1986), 3arem 114 n3MepeHust YeThIPEX CEMUMHBAPHAHTOB,
(TpM M3 KOTOPBIX MAEHTHYHBI TMEPBbIM TPEM LEHTPaJIbHbIM
MOMEHTaM), ObUIH WCTIOJIb30BAaHbI Ba WHTepdepoMeTpa
MaiikenbcoHa, ¢ ONTUMAJILHO MOA0OPaHHOM Pa3HOCTBIO Xona
(KoxepatoB, 1983). CoueTraHue KJacCHUYECKUX
NHTEP(EPEHUNOHHBIX CXEeM C MHOTO3JIEeMEHTHBIMHU
MpUEeMHUKaMH TMO3BOJsIeT 000UTH MPOOIEeMy TOUHOTO
nepeMeleHnss  ONTUYECKUX DIIEMEHTOB, MPUMEpPBI
COOTBETCTBYIOIIMX perneHuii npuBenensl B (Panchuk et al.,
2007). V3MepeHust MpOCTPAHCTBEHHO (UKCUPOBAHHOMN
nHTEep(eporpaMMbl MO3BOJISIET OMPENETUTh MHTErpaJIbHbIE
XapakTepUCTUKH CIEeKTpa B Mpudope, HE HMMEIOIIEeM
riepeMelaeMbIX JIEMEHTOB.

6. BuiBoabl

3Be3Has CMEKTPOCKONHNS CTAHOBHUTCSA Bce Oojee
MaccoOBOH, B CMBICJIE CTAaTUCTUKU OOBEKTOB. ACTPOHOMBI
y2Ke ONEPUPYIOT ThICAYaMU U3MEPEHUI JTy4EBBIX CKOPOCTEN,
ouepenb 3a MAacCOBBIMU M3MEPEHUSIMH TypOyJleHTHBIX
XapaKTEepPHUCTHUK W NPYTHX IBWKEHUI B aTMOoc(epax. 31ech
MOTYT CBhITPaTh CBOK POJIb KaK METOIAbI KOLUPOBKU
n300pakeHNH, TaK ¥ WHTETpajbHbIE METOIbI, PUUEM
MoCJieHUEe He CBOAATCS TOJBKO K JABYXJIYUEBBIM
UHTEphEepoMeTpam.
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ABSTRACT. The distribution of galaxy clusters
is analyzed in regions of 6 galaxy superclusters with
both measured and estimated redshifts. The positions
of ACO and APM galaxy clusters in the regions are
compared with the positions of galaxy clusters and
groups from a new catalogue based on the Muenster
Red Sky Survey. The locations of galaxy clusters and
groups are shown on 10° x 10° maps of the fields. A
comparison is made between maps that include all
galaxy clusters and groups, rich and poor clusters, and
only rich clusters. The resulting large-scale structure
in the regions is described in detail on the basis of
both rich and poor clusters, and a new catalogue is
produced that is convenient for further study of galaxy
superclusters.

Key words: large-scale structure; galaxy superclus-
ter; galaxy clusters: individual: SCI 16, 37¢, 38c, 190,
199, 212¢.

1. Introduction

The large-scale distribution of galaxy clusters as a
reflection of initial density variations in the universe
has attracted considerable attention during the past
decade. Shapley (1933) used the term ”supercluster”
in his research into galaxy distributions, and identified
the first 25 galaxy clusters. At present the study of
networks of supercluster-voids is based upon observa-
tions in both visual and other spectral regions. Einasto
et al. (1997, 2001, 2002) created catalogues of super-
clusters of galaxies using visual data samples from the
ACO (Abell, Corwin & Olowin, 1989) catalogue of
rich clusters of galaxies and from APM rich clusters
of galaxies (Dalton et al., 1997). The main goal of
this paper is to compare the distribution of ACO and
APM clusters of galaxies with a new catalogue of
galaxy clusters and groups compiled by Panko & Flin
(2006, hereafter PF), and to demonstrate its usefulness
for studying the supercluster-void network. We also
quantify cluster richness, which is needed for future

research. Note, Einasto et al. (2002) provided a list of
additional superclusters of non-Abell X-ray clusters;
the PF catalogue can include useful information in the
optical range for such superclusters.

2. Input data

The PF catalogue of galaxy clusters and groups was
based on the analysis of a homogeneous portion of the
Muenster Red Sky Survey (MRSS, Ungruhe, Seitter
& Duerbeck, 2003). Tt includes 6188 structures, both
clusters and groups, with at least ten galaxies in the
field of each structure. Moreover, the additional listing
of galaxies in each structure field provided an opportu-
nity to construct detailed galaxy cluster maps. A com-
parison of the PF catalogue with the ACO and APM
catalogues made it possible to calibrate distances for
the PF structures using the z — myg relation, where
mqg is the brightness of the tenth brightest galaxy in
the structure. The maximal redshift z for this calibra-
tion is 0.18. We selected 6 regions (listed in the Table
1) for this work, using such criteria as:

1. The region does not oincide with a large super-
cluster.

2. Superclusters are present in the ACO supercluster
list, but are absent in the APM catalogue.

3. Superclusters must have both measured and
estimated redshifts.

3. Large-scale structures in the 6 regions

The large-scale galaxy cluster distribution is show in
Fig. 1. The size of each identified field was 10°x10°. In
all cases, excluding SCI 199, long elongated structures
were interpreted as superclusters. PF catalogue clus-
ters and groups contain both filaments, as chains of PF
objects, and voids. The positions of such groups in the
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Table 1: Selected regions parameters.

RAJ2000 DEJ2000  SCI  Npempers Dist, (b= Mpc) Zest
00" 52m 63°.9 16 4 207 (204) 0.07
02 00 (02 16) -36.3 (-40.1)  37c 2(5) 318 (296) 0.11 0.10)
02 02 -26.3 38¢ 4 330 0.11
21 57 (21 54) -30.4 (-30.6) 190 5 256 (252) 0.09
22 40 (22 37) -33.9 (-34.2) 199 3 174 0.06
2335 (23 33) -68.7 (-69.1) 212c 3 296 (285) 0.10

where:

RAJ2000, DEJ2000 are coordinates (J2000) of the supercluster centers;
SCI - is the supercluster number (Einasto et al., 1997), ”¢” denotes superclusters with estimated z;
Niembers - 18 the number of ACO clusters in the supercluster;

Dist - is the distance in A~ 'Mpc;

Zest - 1s the estimated z according to the preceding column;
Bracketed data were obtained from Einasto et al.(2002).

ACO an APM catalogues are frequently not congruous,
although we find a significant number of cluster con-
gruities from both catalogues with the positions of the
PF catalogue objects. For example, SCI 37c¢ has three
ACO clusters of five supercluster members with ana-
logues in the APM and PF, one supercluster member
has an analogue only in the PF catalogue, and one does
not have analogues in either the APM or PF. However,
for SCI 16, all four ACO clusters form a chain with
analogues only in the PF. At the same time, at least
three ACO clusters and one PF structure can belong
to the same chain. For the PF catalogue we can esti-
mate z, so PF0097-6680 and its ACO cluster analogue
S112 may also be a member of SCI 16. PF0097-6680
R.A.=0."97621, Dec.= —66°.79035) is a rich cluster
with 190 galaxies in the cluster field, 73 in the magni-
tude range ms, mg + 3™. The estimated redshift z is
0.062, while S112 has z = 0.066500 according to NED.
Both values show good agreement with the estimated z
for SCI 16 in Table 1 and this cluster can superslucter
member too.

Additional maps were constructed for supercluster
16 (Fig.2). In this map only PF galaxy clusters with
N > 30 (upper panel) and with N > 50 (lower panel)
are shown. In the upper panel of Fig. 2 some details
are lost, but a common type of large-scale structure
remains. As in Fig 1, we can see the usual forms in
detail, such as chains along filaments. The lower panel
map displays significant differences relative to the Fig.
1 map: three ACO supercluster members do not have
corresponding PF structures. The PF structures con-
tain 29, 35, and 45 galaxies in the magnitude range
ms, ms3 + 3™. At the same time we see a chain of five
PF clusters with estimated redshifts z from 0.07 to
0.12, crossing the supercluster 16 chain.

Table 2: Tne number of galaxy cluster in six regions

SCl ACO APM PF PF PF
(all) (N >30) (N >50)

16 46 15 113 60 34
37c 43 22 123 70 28
38¢ 51 4 134 70 32
190 22 15 98 56 26
199 39 19 95 51 29
212c¢ 58 12 118 66 32

The other 5 fields display similar results. The
number of ACO, APM, and PF galaxy clusters in
every region is listed in Table 2. As one can see from
Table 2 and Fig 2, poor galaxy clusters are important
in the reconstruction of large-scale structure. It is
obligatory to take into consideration PF structures
with N > 30 in our future work.

4. Conclusions

The present paper studies the large-scale distri-
bution of galaxies in six supercluster regions. The
distribution of galaxy clusters from three catalogues
(ACO, APM, PF) are different; the PF clusters of
galaxies trace compact high-density regions - the skele-
ton of the large-scale structure - in detail. Poor PF
objects with N > 30 must be included in supercluster
structure reconstruction.
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Figure 1: The distribution of galaxy clusters in the studied supercluster region. White regions represent PF
structures; the number of ACO and APM clusters for each field is noted in brackets.
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Figure 2: The distribution of PF galaxy clusters with
N > 30 (upper panel) and with N > 50 (lower panel)
along with ACO supercluster members in the SCI 16
region.
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ABSTRACT. We calculated 240 model atmospheres
f carbon giants of high carbon abundances (2800
CTesr < 3400 K, 0.06 < log(C/0O) < 2.7). The set
f models was calculated in process of analysis by
pectral synthesis of spectral energy distribution of
ne evolved carbon star DY Per shown photometric
atures of R CrB type stars. The majority of these
1dels are metal deficient (-3.5 < [Fe/H] < 0), part
f them are calculated with hydrogen deficiency (1/9
T H/He < 9/1). Model atmosphere calculations were
arried out in the framework of classical approaches
rith account of the relevant opacity sources in carbon
tars. The opacity sampling method was used to
alculate the opacity due to atomic and molecular line
bsorption.

Introduction

Recently Yakovina et al. (2009) using spectral
ynthesis technique determined the atmosphere
arameters of DY Per - carbon giant shown some
hotometric features of R CrB type stars. We
t computed fluxes calculated with high carbon
bundances, metal deficient and hydrogen deficient
10del atmospheres to the observed SED of DY Per.
yur model atmospheres are outside the known and
ccessible grids of model atmospheres for carbon
tars (Johnson, 1982; Eriksson et al., 1984; Harris
t al., 2003). Model atmospheres of carbon giants
iith such high values C/O, [N/Fe|, low [Fe/H| and
rith the deficiency of H were not calculated by other
uthors at all. We consider that they can be useful to
ther researchers of carbon stars for the similar studies.

Model atmosphere calculations

We calculated model atmospheres of carbon giants
1 the classic assumptions by the program SAMI12
Pavlenko, 2003) which is a modification of the AT-
AS12 (Kurucz, 1999). SAMI2 allows to calculate
10del atmospheres for stars with the peculiar chem-

ical compositions. Bound-free absorption by CI, NI
and OI (Pavlenko & Zhukovskaya, 2003) is added to
the sources of continuous absorption included in AT-
LAS12. We account CIA (Collisional-Induced Absorp-
tion) - the absorption by the molecular complexes He-
H, and Hs-Hs induced by collisions. It becomes the
important source of opacity in the atmospheres of cool
metal deficient stars (Borysow et al., 1997). The opac-
ity sampling method was used to calculate the opacity
due to atomic and molecular line absorption.

For most models we set “non solar” abundances not
only of C but of H, He and N too. We vary parameters
C/0O, H/He and [N/Fe]. We set solar abundances from
(Gurtovenko & Kostik, 1998) for other elements and
adopt the microturbulent velocity V; =3 km/s.

Results

We present 240 model atmospheres of carbon-rich
red giants of the effective temperatures 2800 < Teg <
3400 K and carbon abundances 0.06 < log(C/0) <
2.7. Majority of model atmospheres were computed for
log g = 0.0, but 32 models were calculated for log g=
-1, -0.5, 0.5 or 1. Some calculated model atmospheres
are metal deficient (-3.5 < [Fe/H] < 0), 83 models
are hydrogen deficient (1/9 < H/He < 9/1). All our
model atmospheres are given in the ATLASI2-like
format. Models and short description are available on
the web:

ftp://ftp.mao.kiev.ua/pub/users/yp/Cmod/cmod.pdf
(description),
ftp://ftp.mao.kiev.ua/pub/users/yp/Cmod/hsol.htm
(models of "solar” H/He),
ftp://ftp.mao.kiev.ua/pub/users/yp/Cmod/hdef htm
(models of "not solar” H/He).

The model columns contain the next parameters:

RHOX - p, = [ p(z) *dz (g/cm?) is mass of matter
above 1 cm? of atmosphere on the geometrical depth
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z, p(z) is a density of matter on the depth z;

T - T, electronic temperature of level (K);

P - P,, gas pressure (dyne/cm?);

XNE - n,, electronic density (1/cm?);

ABROSS - Kyoss, Tosseland opacity (cm? /g);

ACCRAD - a,.q, acceleration due to radial pressure
(cm/s?);

VTURB - Viub, turbulent velocity (km/s);

FLXCNV - F.ony, energy flux that bear a convection
(erg/cm?/s);

VCONYV - Viony, convective velocity (km/s);

Tauross - Tyogss, rosseland optical depth;

FluxErr - AF, difference of fluxes in two last itera-
tions (in percents from a flux in last but one iteration);

DELTAT - AT, correction to the temperature after
last iteration;

DeltaRx - Ap,, correction to p, after last iteration;

FluxRatio - Feony/Fiotal, relation of convective flux
to the total one.

The convergence of models can be seen in the col-
umn FluxErr. For most our models FluxErr < 1 %
at all depth levels. It is evidence of good convergence.
Sometimes we assumed the small exceeding above 1 %
in the deepest layers of model and consider it possi-
ble because these layers show very little impact on the
calculated stellar spectra.

As a example, we show a fit of the computed spec-
trum for model atmosphere with Teg/log g/[Fe/H] =
3000/0/-1.5, H/He=5/5, log(C/O) =0.8, [N/Fe]=0.5
to the observed fluxes of DY Per. We computed
synthetic spectrum by the program WITAG6 (Pavlenko,
1997). The same continuum opacity sources and
V, were used as in model atmosphere calculations.
We account atomic lines from VALD (Kupka et al.,
1999) and molecular lines from database (Kurucz,
1993-1994), CD-ROM N18.

Discussion and conclusions

Our model atmospheres of C-giants were computed
in the framework of the classical assumptions. We be-
lieve that they are suitable for qualitative and quan-
titative analysis of the spectra of C-giants. Moreover,
we obtain a good fit of the theoretical spectra com-
puted with our subgrid of model atmospheres to ob-
served SED of the peculiar C-giant DY Per.

At one hand, our models can be used at least for
investigation of the peculiar DY Per-like stars.

On the second hand, they can be used as a starting
model atmospheres to be improved in the future.
No doubt, we need more sophisticated procedures
accounting more complete sets of opacity sources, 3D
convection, stellar wind and dusty phenomena, etc.

3.5 T T T T T | T

Obs. DY Per
3 | 3000/0/-1.5, HHe=55, log(C/0)=0.8, [N/Fe]=0.5 -~ |8 -

Abs.Flux F

ol 1 v L 1 1 1 1
450 500 550 600 650 700

Wavelength (nm)

Figure 1: Fit of the theoretical spectral energy distri-
bution of DY Per to the observed one for the model
atmosphere {3000/0/-1.5, H/He=5/5, log(C/O) =0.8,
[N/Fe]=0.5}.
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ABSTRACT. The behaviour of the General
Magnetic Field of the Sun as a Star (GMFSS) is
characterized by the change of amplitude of oscil-
lations with the eleven-year cycle of activity. In
maximum of activity GMFSS reaches its maximal
values, and in a minimum reaches minimal values.
The values of active frequencies vary from cycle to
cycle of sunspots activity. Each peak of GMFSS
power spectrum is widened by the number of active
frequencies. From observations of GMFSS the velocity
of solar photosphere movements deviates from the
speed of the differential rotation of the Sun more
than 5 ms~! as it follows from gelioseismology. For
40 years of direct observations (two solar magnetic
cycles) resulting magnetic field of GMFSS is non equal
to zero. GMFSS demonstrates properties of a real
large-scale field because there is a balance of positive
and negative magnetic fluxes, i.e. the magnetic tubes
are closed.

Key words: Sun: magnetic fields

1. Introduction

The first results of the magnetic field measurements
of the Sun as a star were published by Severny (1969).
It is the General Magnetic Field of the Sun as a
Star (GMFSS). The General Magnetic Field (GMF)
is averaged value of the longitudinal component of
magnetic structures and weighted by stellar surface
brightness distribution.  Observations of the Suns
GMF were obtained mainly at four observatories:
Crimean Astrophysical Observatory (CrAO), since
1968 on the present time; Mount Wilson Observatory
(MWO), since 1970 until 1982; Wilcox Solar Obser-
vatory of Stanford University (WSO), since 1975 on
the present time (see Solar Geophysical Data); and
the Sayan Observatory (Russia), since 1982 on the
present time. GMF as the large-scale magnetic field is
absent in the Babcock and Leighton phenomenological

magneto-kinematic model of the solar cycle and in
terms of standard o — 0 dynamo theory. There are
only two main components of large-scale magnetic field
on the Sun: toroidal magnetic field and axisymmetric
poloidal field. Both toroidal (strong) and poloidal
(weak) fields change its polarity with the period of 22
ys.

The main properties of GMFSS are:

1. The strength of GMF versus rotational period
shows both sign and shape variations. Both dipole, as
dominant, and quadrupole components of the field are
detected in the observations.

2). The amplitude of variations of GMF varies with
the period of sunspots cycle: GMF is strongest during
peaks in spot activity, reaching values of about 1 - 2
G (see Fig. 1).

3). During four decades of direct observations, for
mean GMFSS excess of the positive magnetic flux is
concentrated on the one side of the Sun, and excess
of the negative flux is concentrated on the opposite
side (Plachinda and Tarasova, 2000; Haneychuk et
al., 2003). Therefore, GMF of the Sun as a star not
reverses its polarity with the 22 yr of the solar cycle
period.

4). The ratio of the positive to negative magnetic flux
of GMF A, /A_ ~ 1.0 in agreement with Maxwell
equation Ve B =0 (the tubes of the induction B are
closed in the atmosphere of the Sun) (Plachinda &
Tarasova, 2000; Plachinda et al., 2008).

What do we know about GMF on solar-like stars?

The presence of weak GMF (up to some dozen
Gausses) for 21 convective stars (F9-M3 spectral types
and I-V luminosity classes) is detected (Plachinda,
2004a). For two solar-like stars variations of GMF as
a function of the stellar rotation has been determined
for more active and more young star than the Sun
¢ Boo A (G8 V) with P,y ~ 6.2 days, and for old
solar-like star 61 Cyg A (K5 V) with P, ~ 36.6 days
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GMFSS: 1968 - 2007
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Figure 1: Scatter-plot diagrams for individual GMFSS
measurements during the last 40 years. Picture rep-
resents combined data for three observatories - CrAO,
MWO and WSO. CrAO and MWO data were normal-
ized to WSO data (Kotov et al., 1998).

(Plachinda & Tarasova, 2000; Plachinda, 2004b; Petit
et al., 2005).

What the nature of GMFSS phenomenon?

1. The first point of view: we measure magnetic
disequilibrium of the Sun. (Haneychuk et al., 2003).
2. Plachinda & Tarasova (2000) have come to a con-
clusion that GMFSS together with known toroidal and
poloidal fields can be the third large-scale component
of a magnetic field of the Sun formed as a result of
penetration on a surface of a global magnetic field
from a radiative zone.

3. Livshits & Obridko (2006), analyzing the time
series of GMFSS and surface magnetograms of the
Sun, have come to a conclusion that GMFSS it is a
product of a dynamo mechanism operations.

This article presents some aspects of the frequency
analysis of GMFSS with using softwares ‘SigCpec’
(Reegen, 2007) and ‘Period04’ (Lenz, & Breger, 2005).

2. General magnetic field of the Sun as a star

As it was above mentioned the amplitude of GMFSS
varies with the eleven year sunspots cycle. In addition,
in the upper layers of the Sun the differential rotation
and torsion fluctuations of the solar plasma are present.
Furthermore, the picture of the distribution of the ve-
locities of torsional oscillations depends on the phase
of the cycle of the activity (Howe et al., 2004).

Therefore, due to the frozenness of the magnetic field
lines into the plasma, the obtained measurements of
the GMFSS must include modulation by the differen-
tial rotation, whose rate depends on latitude and falls
to the pole of rotation, and to contain modulation as
a result of existence of torsional oscillations, i.e., to

contain modulation by surface flows with the different
speed of the motion of plasma relative to the smooth
curve of differential rotation. From the aforesaid it fol-
lows that the observed variability of GMFSS must be
described by the large set of active frequencies.

We calculated power spectrum of the all Stanford
data (N = 9664 dates during the last 33 years) for the
wide frequency range using software SigSpec (Reegen,
2007). In the range of periods (synodic) from 25.7 to
30.8 days the observed picture of GMFSS variability
is satisfactorily described by beating the collection of
50 frequencies the alarm probability of which does not
exceed 1075 (see Fig. 2).

In Fig. 3 we show the region of the power spectrum
with highest peak, which corresponds to the Sun’s ro-
tation with a value at 26.88596 + 0.00086 days. The
half-width of peak (0.0759 days) by two orders exceeds
the period error (0.00086 days) as this is marked in
the figure. It is obvious that the series of observations
GMFSS contains the large number of active frequen-
cies, and each of the peaks is composite and is widened
by the collection of frequencies.

The values of active frequencies of prominent peaks
of power spectrum significantly vary from the cycle to
the cycle of activity. Thus, for the cycle of activity
since 1975 until 1986, which is overlapped by Stanford
observations, for two most powerful peaks in the spec-
trum of power Ppypim = 26.8715 + 0.0022 and Pse. =
27.0800 4 0.0027 days, for the observations of the cycle
of the activity since 1987 until 1997 Py, = 26.9169 +
0.0025 and Pge. = 27.1426 £+ 0.0031 days, and for the
observations of the cycle of the activity since 1998 until
2008 Pprim = 26.5770 £ 0.0030 and P, = 27.1888 +
0.0027 days.

Fig. 4 demonstrates the decrease of the value of pe-
riods calculated according to the GMFSS observations
with respect to the smooth fitting curve of differential
rotation. In this figure the closed marks show the
synodic (triangles) and sidereal (circles) periods of
the maximum peaks of the power spectrum under
conditional envelope, which was carried out on the
tops of peaks in the selected frequency range (see Fig.
3). Dashed line and open triangles are helioseismology
periods of the differential rotation of the Sun surface
in synodic reference frame (left Y axis, sun latitudes).
Solid line and closed triangles are magnetic field
periods in synodic reference frame (right Y axis, power
spectrun amplitudes). Dashed line and open circles
are helioseismology periods of the differential rotation
of the Sun surface in sideral reference frame (left Y
axis). Solid line and closed circles are magnetic field
periods in sideral reference frame (right Y axis). The
above mentioned facts convince us that:
first, both the differential rotation of the Sun and
torsion fluctuations as well as the dependence of
behavior GMFSS and torsion fluctuations on the
phase of solar activity actually makes the picture of
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Figure 2: Example of GMFSS behavior in the maxi-
mum of solar activity.
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Figure 3: Power spectra.

the behavior GMFSS of complex;

second, an additional shortward displacement between
the observed and calculated periods for the smooth
curve of differential rotation is presented.

The expected shift between the observed periods and
those calculated for the smooth curve of differential
rotation, according to the data of helioseismology,
must be ~ 5 ms~!. This corresponds to the difference
in the periods of ~ 0.1 days for the solar equator.
One can see from Fig. 4 that the difference between
the obtained periods and expected values noticeably
greater than 0.1 days. Ie., in the case of GMFSS
observations we record additional to the differencial
rotation speed of plasma motions in the photosphere
of the Sun large than 5 ms™!.
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Figure 4: Period diagram
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ABSTRACT. We present new results of a high-
resolution spectroscopic investigation of the young Ae
Herbig star HD 163296. Nineteen spectra of this object
had been obtained on May 8 - 10, 2002 at the ESO
with the FEROS high-resolution echelle spectrometer
(R=48000) installed at the 1.52m telescope. We have
revealed a variability in a number of atmospheric lines
of some ionized metals. This variability correlates
with spectral parameters connected with the accretion
process. In the night on May 8 a correlation of the at-
mospheric activity with the intensity of the outflowing
matter was also observed. An interpretation of these
phenomena is considered in the framework of several
model.

Key words: Stars: pre-main sequence: circumstel-
lar matter; stars: spectroscopy; stars: individual:
HD 163296

1. Introduction

A study of active phenomena in the Herbig Ae star
HD 163296 was carried out using new data obtained
with the high-resolution FEROS echelle-spectrometer
installed at the 1.52m telescope of ESO (La Silla,
Chile). Nineteen spectra of the object have been reg-
istered on 8 - 10 May, 2002.

We addressed the following questions:  a) spatial
structure of the stellar wind; b) existence of interrela-
tion between the accretion onto the star and the matter
outflow, and c¢) existence of atmospheric activity in
HD 163296.

The first stage of our investigation was devoted to
solving the first two problem. The results of this inves-
tigation was published in Pogodin et al. (2007), where
the used instrument was described and the collection
of all spectra was presented. Nineteen high-resolution
(R=48000) spectra have been obtained on May 8-10,
2002 with the echelle-spectrometer FEROS installed at
the 1.52m telescope ESO (La Silla, Chile).

As it has been concluded in Pogodin et al. (2007):
a) the model of the disk stellar wind is the most appro-

priate for HD 163296; b) it is likely, that the stellar
wind zone contains layers of preferential generation of
dense outflowing gas, and  ¢) noticeable correlation
exists between processes of accretion and stellar wind.

The study presented here was aimed at an investi-

gation of active phenomena observed in atmospheric
lines of HD 163296.

2. Results

Fig.1 displays a fragment of the spectrum of
HD 163296 containing a number of atmospheric lines.
The synthetic spectrum is also given for comparison,
which was calculated using the SYNTH+ROTATE
code (Piskunov 1992) and model parameters taken
from Guimaraes et al. (2006): T.;; = 9400 K, logg =
4.1, [Fe/H| = 0.5, and Vsini = 130 kms!.

Some blends are in good agreement with the model
fit, but several lines of ionized metals demonstrate no-
table discrepacies. Moreover, depth and velocity posi-
tions of these lines at minimum intensity were different
in different dates (bottom box of Fig. 1).

In contrast to the absorption line Hel 4471, originat-
ing in the accreted flow and demonstrating in all cases
only positive positional shift, the ionized metal lines
were shifted toward both negative and positive radial
velocities.

Therefore, a source of these variations cannot be
placed directly in the infalling gas. It cannot be situ-
ated in the stellar wind either, because of rather small
radial velocity shefts of Mgll, Till anf Fell lines in com-
parison with velocities observed in the wind. Accord-
ing to Pogodin et al. (2007), all features, originating
in the outflowing gas, are observed at V, < -25kms~!
(Fig.3 in Pogodin et al., 2007), and the wind cannot
be responsible for distorting atmospheric line profiles
at smaller negative velocities.

We tried to investigate a character of the variability
observed in the metal lines and constructed the residual
spectra by subtraction of the mean spectrum from each
individual one (Fig. 2).
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Figure 1: Top: Atmospheric lines in the spectrum of
HD 163296 in comparison with the synthetic spectrum.
Bottom: Variability of atmospheric lines of ionized
metals.

One can see that the character of variability is
rather complex. Sometimes the neighboring spectra
are rather similar, sometimes the changes are very sig-
nificant and rapid.

In late 80’s Baade & Stahl (1989) revealed a short-
term variability of some atmospheric lines in the spec-
trum of HD 163296. They tried to establish periodicity
of these variations, but had no success and assumed
that a multi-harmonious non-radial pulsations (NRP)
could take place in the stellar atmosphere. But actu-
ally, the question on a nature of the variations remains
an unresolved one.

We tried to find a possible relation between the ac-
tivity, observed in atmospheric lines and the processes
in the circumstellar (CS) matter: accretion and stellar
wind. With this aim, we chose several parameters, con-
nected with these three processes, which could serve
as their quantitative characteristics. These parame-
ters are as follows: a) intensity in the red wing of the
Hel 5876 line profile at radial velocity, corresponding
to its maximum (or minimum) is a characteristic of
the rate of accretion onto the star and designated as
“Hel(red)”; b) the same intensity, but in the red wing
of the Call K line profile after subtracting the synthetic
atmosphere component — “Call(CS,red)”; c¢) the same
as b), but for the blue wing, as a parameter, connected
with the rate of gas outflow — “CalI(CS,blue”; d) an-
other parameter of the rate of wind — the asymmetry

F/Fc

Figure 2: Residual spectra in the region of atmospheric
lines. Shift between neighboring spectra is propor-
tional to the time interval between expositions (time
increases from top to bottom).

index of the emission Ha profile “Q(Ha”, determined
as the relation of (EW4 - EW_) and (EW, + EW_),
where EW, = EW (V,. > 0) and EW, = EW (V, <
0). This index Q is zero for a symmetric profile and
becomes close to 1 for a classical PCygII-type profile
with a deep blue absorption.

The bisector radial velocity of an atmospheric line at
the 0.7 F. level (V,.) was accepted as a characteristic
of the atmospheric activity.

Fig. 3 presents the temporal run of radial velocities of
atmospheric lines MglI 4481 and Fell 4508 in compari-
son with temporal variations of the Q index for the Ha
line (upper boxes). One can see, that a correlation be-
tween these parameters and the Q index was observed
only during the first night (on May 8). This fact is
well illustrated by the diagram in the bottom box, con-
structed using data, obtained for the MgII line. Points
for different nights, marked by different symbols, are
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divided into three separate groups.
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Figure 3: Correlation between the radial velocities of
atmospheric lines and the index Q(Ha), characterising
the rate of stellar wind (all designations are explained
in the text).

A quite different relation is observed between the ra-
dial velocity of the MglII 4481 line and two parameters,
chosen as characteristics of the accrertion process. One
can see, that points in the diagrams, corresponding to
different nights, are not separated into different groups,
but form a common single dependence with noticeable
correlation coefficient, which is very similar for these
two parameters. This fact allows us to assume, that
a real physical relation exists between the atmospheric
activity and the process of accretion onto the star.

We assume, that a cause of this relation can be pro-
cesses in the internal part of the accretion disk, partly
screening the sellar limb, provided the disk is situated
close to the star.

We cannot also exclude a possibility, that the ac-
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Figure 4: Correlation between the radial velocity of the
atmospheric MgllI line and parameters, characterising
the rate of accretion (all designations are the same as
in Fig.3).

creted streams, exciting equatorial region of the stellar
surface, stimulate the observed atmospheric activity.

Forthcoming collecting the observational data as
well as a development of theoretical models will allow
to construct a rigorous theory of this interrelation.
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ABSTRACT. We present results of modelling of the
mass-metallicity relation for the Local Group dwarf
spheroidal (dSph) galaxies. In this work, we use a
single-zone chemo-dynamical model. Our model is
based on the scheme suggested by C. Firmani and
A. Tutukov (1992). The behaviour of the dark-to-
visible mass ratio has been taken from M.-M. Mac Low
& A. Ferrara (1998). We have considered two classes
of models: open and closed. The obtained mass-
metallicity relation for the open model shows that the
galaxies can be divided into two distinct classes: low-
mass (Myo; < 103Mg) and high-mass (M, > 108M)
groups which agrees with observation data.

Key words: Dwarf galaxy, local group, mass—
metallicity relation.

1. Introduction

One of the fundamental problems, connected with
chemical evolution of stellar systems including globu-
lar clusters and galaxies, is the problem of dependence
of stellar system average metallicity on its mass. The
solution of this problem is not trivial because the mass-
metallicity relation can be determined by many factors,
in particular, by exchange of material with an environ-
ment. It seems that the more massive self-enriched
systems should have more metals. For low-mass sys-
tems the situation can change, because only those sys-
tems where the total energy from SNe is smaller than
their binding gravitational energy can survive, other-
wise they are destroyed and cannot be observed as sep-
arate stellar units.

To investigate this problem we carried out the
modelling of the mass-metallicity relation for low-mass
stellar systems — dwarf galaxies.

2. The model

We have applied a standard set of the integro-
differential equations describing an exchange of mass

between the stellar and gas components, the elemen-
tal abundances, and also the dynamic equation con-
necting the supernovae (SNe) explosion energy and
dynamic characteristics of the system (Firmani & Tu-
tukov 1992).

It is known that dwarf galaxies contain dark matter
determining the gravitational potential of the system.
In our calculations we used the empirical dark-to-
visible mass ratio My /M, = 34.7 - (M,/107 M) =229
where Mj, is the total halo mass, M, is the baryon
mass (Mac Low & Ferrara 1999).

3. Mass—metallicity relation

Two classes of models have been considered: the
open and closed. In open model the fraction of mass
which can be ejected from galaxy as a function of the
total number of SNe is given by

5— { 1, Ny < 100

| 1.76 — 0.1651n(Ny), N; > 100
The ejection is inhibited for galaxy’s mass above cer-
tain value 109 Mg, (Ferrara et al. 2000).

Two important issues have to be mentioned: first,
the increase of the total galactic mass increases its grav-
itation potential. Second, while the galactic mass in-
creases star formation becomes less coherent through
the galactic area and the energy from SNe dissipates
in the surrounding interstellar gas.

The results of calculations for closed and open mod-
els are shown on Fig. 1. For closed models, we have
obtained an obvious result: the metallicity reaches con-
stant value when the galactic mass increases. For open
models a nonmonotonous dependence in the range of
mass from 5-10% to 10° is observed. The obtained
mass-metallicity dependence allows to distinguish the
whole range of masses on to two intervals with a
completely different behaviour: M;,; < 108Mg and
Mtot > 108]\/.[@

In the work by Tamura et al. (2001) the massmetal-
licity relation among the Local Group dSph galaxies
has been examined. It was noticed that dSph galaxies
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Figure 1: The mass-metallicity relation for closed and
open models. Circles are the observed mass-metallicity
relation for the Local Group dSph galaxies (Tamura
et al. 2001).

can be divided by mass on to two groups: low mass
and high mass galaxies (vertical dash line on Fig. 1
indicates the boundary between the groups).

It is easy to see that the modelled mass-metallicity
relation for the open model is in a quite good agreement
with the observed dependence.

The numerical calculation within the frameworks
of a single-zone scheme depends on several free pa-
rameters. Omne of such a parameter is the dissipa-
tion time estimated phenomenologically. The depen-
dence of the mass-metallicity relation on dissipation
time has been investigated. The results of calculations
for the open model are shown on Fig. 2. As can be
seen that the mass-metallicity relation for small dis-
sipation time greatly differs from all other obtained
dependencies (especially by its anticorrelation for low
masses M;,; < 103M). In the range M;,; > 103Mg,
the metallicity grows with the galactic mass indepen-
dently of dissipation time. Such a behaviour is ob-
served in dSph galaxies, which still remains unex-
plained. Our simulations allow to conclude that it is
determined by the mass exchange with an environment
and by the corresponding metal losses. The decrease
of metallicity with mass in the range of low masses can
be explained by that the gravitational potential in this
case is small in comparison with SNe explosion energy.
The subsequent increase of galactic mass leads, on the
one hand, to increase of the gravitational binding en-
ergy, and on the other hand, to desynchronization of
SNe explosions followed by considerable energy loss in
the interstellar gas.

We also have investigated the dependence of the
mass—metallicity relation on the age of system. It
was found that in the low mass range the metallicity
decreases when the age decrease. In the high mass
range the metallicity values are independent of the age.

0,0 T : T
0 7=10%yr z, =0
05] O =310°yr t_=15Myr 1
® =510°yr
10 * =107 yr § %
TN v =310 yr § Xo ]
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Figure 2: The mass-metallicity relation for open mod-
els with variations of dissipation time.

3. Summary

The obtained results allow to draw the following con-
clusions:

e The gravitational potential (dark matter) essen-
tially influences on the mass-metallicity relation.

e The observed nonmonotonous behaviour of mass-
metallicity relation for low-mass dwarf galaxies
represents a transition from the systems with weak
gravitational potential to the systems with high
potential.

e The observed mass-metallicity relation in the low
mass end can be described by the dissipation time
107 yr, while in the high mass range by the dissi-
pation time > 107 yr.

e In high mass galaxies My,; > 103M, enrichment
takes place on a short timescale.
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ABSTRACT. The results of [O/Na] abundance mod-
elling in globular clusters NGC 2808 and NGC 6752
are presented. The evolutionary scenario allowing to
reproduce characteristic observed features of [O/Na]
distribution function has been suggested. Slow winds
from massive rotating stars are assumed as a producer
of chemical anomalies. It is shown, that the abundance
pattern in globular clusters can be explained within a
model with a limited mixing of stellar wind and sur-
rounding interstellar gas. This means in other words
that the second generation stars are born in a vicinity
of individual massive stars of the first generation from
the heterogeneously distributed material ejected by
these stars.

Key words: Globular clusters: individual (NGC 2808,
NGC 6752), stars: abundances.

1. Introduction

Usually it is considered, that stars of the globular
clusters (GCs) are formed simultaneously from chemi-
cally homogeneous material. In other words, GCs are
considered as “simple stellar population”.

However, there is a growing number of observational
facts which challenge this traditional view. Since the
eighties we know that GCs show a peculiar pattern in
their chemical abundances (Gratton el al. 2004 for a
review). While they are generally homogeneous inso-
far Fe-peak elements are considered, they often exhibit
large anticorrelations between the abundances of C and
N, Na and O, Mg and Al. Moreover, there are direct
observational evidences of the presence of more than
one stellar population in some GCs.

At present the several hypotheses are suggested for
interpretation of chemical anomalies observed in GCs.
Most of them are based on the assumption that stars
of GCs are originated from material, enriched at pre-
vious stages of stellar evolution inside GCs — it is the
self-enrichment hypothesis. Arguments for the self-
enrichment hypothesis are based on observational O-
Na anticorrelation. Indeed, the necessary high tem-
perature (> 107 K) for CNO-cycle and NeNa-chains is

not reached in stars near a turnoff and a subgiants
branch for which O-Na anticorrelation is observed.
This means, that the Na, O and He abundance anoma-
lies was already present in the material the observed
stars have formed from. However, the assumption that
Na and O were already present in GCs material be-
fore formation of its stars, can be refused, because it
means highly efficient mixing of elements of CNO-cycle,
on the one hand, and elements of NeNa-chain on the
other. It is worth noting that the self-enrichment sce-
nario in modern understanding differs from “classical”
self-enrichment scenario, where GCs are assumed to
form from pristine gas (Fall & Ress 1989).

At present there is no physically proved self-
consistent evolutionary scheme of GCs which would
allow to explain the observed abundance pattern.
In the present work we are attempting to construct
the evolutionary scheme able to reproduce this pattern.

2. Numerical model

For the computing we used a single-zone model based
on the standard system of equations describing evolu-
tion of the gases mass and the elemental abundances
of star forming system (Matteuchi et al. 1989, Fir-
mani et al. 1992, Shustov et al. 1997). In the present
work the evolution of GCs is considered within the
framework of self-enrichiment scenario.

Following Decressin et al. (2007), we consider the
slow wind from massive rotating stars as a producer
of chemical anomalies in GCs.

2.1 Model 1

A detailed description used single-zone model of
chemical evolution is given in previous works (Kas-
janova & Shchekinov 2005, Ryabova & Shchekinov
2008). In all considered models we assume varia-
tions of the initial mass function (IMF) (Kasjanova &
Shchekinov 2005).

In the assumption, that all material injected by
stars is fully mixed with the interstellar medium, it



Odessa Astronomical Publications, vol. 21 (2008)

103

is not possible to reach the high helium abundance in
gas before formation of next stellar generation even
if only the massive rotating stars (the main source
of helium) are born at the first episode of star for-
mation (SF). At full mixing of the injected material
with the gas primordially contained in the protocluster
the helium fraction in gas will increase only by AY =
(AMpe —Y - AM)/(AM + (M — M,)) ~2-1073.

In order to avoid full mixing, we will consider that
the slow wind material ejected by massive rotating
stars is redistributed not over the whole volume of the
system, but only over its part where further SF takes
place — the area of active SF. Technically realization
of such a model is carried out by the control of gaseous
mass in this area. Initially this mass coincides with the
total mass of the system since the first generation stars
are assumed to born through the whole volume of the
system. By the moment when the second generation
stars are formed this mass should become essentially
small, so that its helium abundance would be appre-
ciable. For this purpose in the equation for gaseous
mass in active SF area we add the term —(M, in com-
parison with the equation for the total mass of the
system. The value of ( is considered distinct from zero
over time interval At. As a result the gas mass in-
volved in further SF, decreases by factor e$??, which
can correspond, e.g., to mass loss forced by energy in-
jection from SNe explosions or stellar wind; ¢ and At
are considered as free parameters. Actually this means,
that at (At >> 1 the next generations of stars are
born mostly from the material injected by slow wind of
massive stars while the gas primordially filled the pro-
tocluster leaves the area of active SF. This prescription
allows to formalize partial mixing (where the enriched
material is mixed with the limited mass of primordial
matter) in a single-zone scheme.

Transformation of gas in active area is described by
the equation

V-
]L'/[; =T+ (t—7ar) (M, t—Tar) Megd M — My,
Mpin

(1)

while for the whole volume the transformation rate of
gas is equal to

Myppan
My= U+ [ U(t—7mar)p(M,t —7ar)MegdM. (2)

Mpin

Here star formation rate is
U = fp’v,

where p=M,/V the gas density and
v = M;V/M, — the volume of active SF area.
An example of calculation of such a model is

presented on Fig. 1. From Fig. 1 one can see, that the
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Figure 1: An example of He and [O/Na] distributions
in model 1 (solid line). Dash line shows the observed
[O/Na] distribution function in NGC 2808.

suggested model with partial mixing really describes
formation of the stellar population with a high helium
abundance. However, within the framework of such
a model it is not possible to reproduce observed
behaviour of [O/Na] function. The distribution shows
a failure in the interval of —0.3jO/Naj< 0.4. The
variation of free parameters of model, such as SF
efficiency, the minimal mass of forming stars in the
first episode, parameter (, changes only the number
of stars in the vicinity of peaks. It is caused by the
fact that the ejected matter from stars of different
mass with various O and Na abundance is mixed in
the active area and new stars are born from material
with the average abundance of chemical elements.
Apparently, it is possible to prove, that observed
[O/Na] distribution function evidences of the absence
of mixing in the area of active SF.

2.2 Model 2

In order to exclude mixing of chemical elements in-
jected by stars of different masses into the SF area, it is
necessary to assume the presence in system of several
active areas disconnected with each other. Each such
an area should include chemical elements from individ-
ual stars or stars in some mass interval.

The description of mixing process within the frame-
works of a single-zone models is always schematic, and
can be carried out “by hands” only. Technically re-
alization of such a scenario of the partial mixing was
carried out as follows. Stars with mass from 20 to
100M¢ which produce anomalies, have been divided
onto groups by mass with an interval AM. For each
interval of stellar masses which are born in the first
episode, the independent set of equations (1) — (2) was
solved. The transition time to standard IMF within
the frameworks of this model was equal for each group
to the life time of a star of the greatest mass (i.e. to
minimal time that stars stay on the main sequence for
a given group). The obtained abundance distributions
for each independent case were summed taking into
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Figure 2: An example of calculations in model 2 (solid
line). On right panels dash line shows the observed
[O/Na] distribution function in NGC 2808.

account the fraction in the IMF from 20 to 10010
occupied by the given group of stars.

An example of calculations in model 2 with mass
spacing AM = 2Mg is presented on Fig. 2 (the top
panel). It is easy to see, that the model with a lim-
ited mixing allows to reproduce the observed distri-
bution function in the range of [O/Na]> —1, limited
by the minimal value of [O/Na] available in a used
database(Decressin et al. 2007). On the middle panel
the [O/Na] distribution for [Z]=—1.75 is shown. This
value of metallicity allows to obtain the stars with low
value of [O/Na]. However, it is evident, that in the
range of [O/Na|< —1 the number of stars obviously
smaller than the observed. Using a more flat IMF cor-
rects this situation: on the bottom panel of Fig. 2 the
distribution is presented for the same parameters of
model as on the middle panel, but for the slope of the
IMF equal to —0.35 .

2.3 Model 3

The results obtained in models 1 and 2 allow to draw
a conclusion that the pattern chemical abundances in
GCs can be explained by assumption of the limited
mixing of metals injected from stars. More specifically
this means, that stars of the next generation are born
from material, enriched by an individual (i.e. isolated)
star. In such a scenario the [O/Na] distribution re-
flects the contribution of regions, enriched by all set of
massive stars with metals ejected into their local inter-
stellar medium. One of the opportunities of realization
of such a scenario is the mechanism of stimulated SF.
Further development would be the model in which the
degree of mixing of the metals ejected even by an in-
dividual star turns to be incomplete, i.e. metals can
be distributed inhomogeneously in a vicinity of an iso-

lated star. Below we describe model in which such a
scenario is realized.

Technically this scenario is carried out as follows:
it is supposed, that up to the time 2.6 - 105yr (corre-
sponding to the first SN explosions) the massive rotat-
ing stars with masses from 20 to 1000, are born. The
star formation rate is described by a Schmidt law with
aconstant f = 6 - 107 %pc3 M 'yr 1. This value of the
SF efficiency is by two orders less than the one accepted
normally for spiral galaxies (Shustov et al. 1997). The
necessity of a variation of parameter f in evolution of
GCs was shown in (Kasjanova & Shchekinov 2005).

For each interval of time At ~ 10* (0 < t <
2.6 - 105yr) and the mass interval AM ~ 0.01M in the
whole range 20 < M < 100Mg the number of the born
massive stars AN = U(t)p(M)AMAt is calculated.
Further on stars of small masses (0.1Mg < M < 1Mg)
are born from the material ejected by slow wind in the
vicinity of each star of the first generation. The chemi-
cal abundance of second generation stars is determined
not only by the ejected material from massive stars,
but also by its mixing with the primordial protocluster
gas. Note that here we understand mixing as a dilution
of the material injected by massive stars with the sur-
rounding primordial gas. The matter ejected by mas-
sive star is mixed inhomogeneously with the primordial
gas, which leads to variations of the [O/Na] abundance
in the second generation stars born in the vicinity of a
parent massive star.

Let MSW is the mass of matter injected by one mas-
sive rotating star. This matter is redistributed through
over an area of a given mass with the initial chemical
composition. Let Mo,q is the cloud mass per one star
where the injected material is redistributed. The mass
transformed into stars of the second generation is equal
to n(MSW 4 Mjoua), where n < 1 is the SF efficiency.

In the model 3 we characterize the degree of mix-
ing 0 < ¢ <1 such that matter with the mass M,; +
EM jouq contains homogeneously distributed products
of stellar nucleosynthesis, while the remained cloud
mass (1 — &)M_jouq has the initial abundance. Masses
of ith chemical element confined into stars of the sec-
ond generation in these two regions are determined as
DM +E2Z;My1040) and (1 — €) Z; M1 correspond-
ingly. The value £ = 0 corresponds to the absence of
mixing, while & = 1 described full mixing of the in-
jected material through over the part of the cloud be-
longing to the star.

For each individual star the parameter £ takes a fixed
value, however for the whole stellar system we treat this
parameter as a random variable. In such an approach
we introduce the function p(€) which characterizes the
probability that in the vicinity of a star the degree of
mixing lies in the interval [¢, € + A].

On Fig. 3a the resulting [O/Na] distribution is pre-
sented for the following parameters of the model:
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[Z]:_1'57 Mcioua = QOOA‘/[O and p(é.) ~ 1/(€+C),
C = 0.001. The dash line corresponds to the observed
distribution function for NGC 2808. It is readily seen,
that the modelled distribution is in a good agreement
with observation for [O/Na]> —1. However, as well as
in the model 2 the interval [O/Na]< —1 contains no
stars.

The value of initial metallicity [Z]=—1.75 allows
to obtain stars with low [O/Na] (Fig. 3b). For the
normal slope of the IMF the number of such stars
remains still smaller than found in observations.
However, for a more flat IMF (the slope equal to
—0.35) the similarity of the modelled distribution and
the observed one is obvious (Fig. 3c). On Fig. 3d the
observed [O/Na] distribution function in NGC 6752
is shown by dash line. Despite the fact that this
cluster and NGC 2808 have similar metallicity, they
present distinct shapes for their [O/Na] distribution
function. In order to reproduce the behaviour of
the [O/Na] distribution function for NGC 6752 we
have assumed the following parameters of the model:
[Z]:_1'75a Meoua = 40A{® and p(é.) ~ 1/(€+C),
C = 0.003, and in addition we assumed that stars
do not form from the remaining mass of the cloud
with the chemical composition. The result is pre-
sented on Fig. 3d by solid line. It is easy to see
that the obtained distribution looks similar to the ob-
served one not only qualitative, but also quantitatively.

3 Conclusions

The results of modelling of chemical evolution of GCs
within the frameworks of a single-zone models allow to
draw the following conclusions:

1) The excess of helium abundance in GCs NGC 2808
and NGC 6752 can be reached assuming that the first
generation stars remove out of the protocluster an es-
sential part (~ 90%) of its baryon mass.

2) The [O/Na] distribution functions in GCs
NGC 2808 and NGC 6752 reflect incomplete mixing of
the stellar wind and the surrounding interstellar gas.
In other words, the [O/Na] function indicates that the
next stellar generation is born in the vicinity of an
individual parental star. It can be understood as a
stimulation of SF by stellar wind.
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Figure 3: Examples of calculation of model 3 for prob-
ability density law p(&) ~ 1/(£ + C) (solid line). Dash
line shows the observed [O/Na] distribution function
in NGC 2808 (a,b,c) and NGC 6752 (d). Parameters
of model: ) [Z]=—1.5, M¢joua = 100My, C = 0.001;
b) [Z]=—1.75, Myouq = 100Ms, C' = 0.001; c) the
same as on the Fig. 3b, but the slope of the IMF equals
to —1.35; d) [Z]=—1.75, Meoua = 40M, C = 0.003.
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ABSTRACT. The attention is paid to the lens be-
tween the radioloop II and IIT and to the peculiarities
in the disposition of the objects, observed through this
lens.
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galaxy evolution.

The sky region between the spur shells (radi-
oloops) IT and IIT (I ~ 90 — 15°), having the diameter
about 60° and small axis twice and a half smaller, we
name the Lens (L) (Fig.1). Apparently, the shells’ in-
tersection also takes place in the space (Fig.1 in the
article Shatsova and Gozha in this volume) at the dis-
tances about 100 — 250 pc. L is turned to us by its
edge, located in the Gould belt (GB). The centre of
the L-equator proved to be the ascending node of GB
on the Milky Way (MW). The spur circle S’, connect-
ing the radioloops I — IV centres and perpendicular to
GB, according to Shatsova and Anisimova (2002), also
passes nearby. A and B vertexes in Fig.1 are the an-
tipodes of the Loop I centre and the point of its shell,
that is the nearest one to the Doradus shell (over GB).
The main planes of Perseus and Virgo supergalaxies
pass through the same points.

So, L connects the structures of the Galaxy, the Lo-
cal System and the system of spurs.

The cosmic Lens is irregular. It consists schemati-
cally of two spherical layers (of II and III shells), three
almost flat intersecting layers (of GB, MW and S’) and
the gaps between them. The thickness of each layer is
several degrees. The layers are filled in by the electron
gas, the neutral and ionized hydrogen, natrium, etc,
the dust and the stars. One can see it over the radi-
ation and polarization in many frequencies from v to
radio diapasons.

The theoretical examination of the optical features
of such conglomerate would be of great interest, if the
lensing is effective. It seems to us, it really takes place
for the system of objects, observed through L. Here are
the examples:

1. The Perseus arm has only one bright region at
[ = 90° — 150°. The light absorption here is even

larger, then in the neighbouring regions: Ay = 0.7
and 1.2 mkpc™! in comparison to 0.5 and 0.6 accord-
ing to Efremov (1989). The mean density of stars,
having V' < 9™ and point IRAS sources at A = 100u
and 60u is also 1.5 times larger according to Shatsova
and Anisimova (2001). The outlines of the arm region
and L coincide in the celestial projection.

2. Near the L centre the supernova Tycho is sur-
rounded by the ring of 10° in radius, consisting of 4 SN,
burst out in 369, 902, 1181 and 1667. It means, that 5
from 12 historical SN found themselves near the projec-
tion of L centre at the area < 0.7% of the sky. At the
same time, the chain, consisting of SN 902 and SN 1181
together with the supernova remnants (SNR) HB3 and
G110.3411.3, is stretched along the upper edge of L,
according to Green (2006). Light passes through the
diameter of the lens (nearby 150 pc) for 500 years. The
interval between dates of registration of flares at pairs
(SN 369 — SN 902) and (SN 1181 — SN 1667), and
also (SN 1054 — SN 1572) and at a number of others
is approximately same. Probably not flares and their
reflections by the lens are observed. SNR G 292.0+1.8
and SN 1667 are antipodes on the sky and analogues
by the toroidal structure of the escape matter, and also
by prevalence of oxygen and neon lines in their spectra
(Lozinskaya, 1986).

3. The centres of four OB-associations (Cep OB 3,
Cas OB 2, Cas OB 6, Cas OB 8) are situated at the same
ring between SN, and four else (CasOB1, CasOB4,
Cas OB 5, Cas OB 7) are inside the ring. The number
of stars in six of them is about 20, Humphreys (1978).
The most rich complex is Per OB1 at the side of A
vertex, and some smaller is the number of stars in Cepl
together with Cep2, near vertex B.

4. The remote open clusters also demonstrate the
symmetry elements in a sector of inclined L, according
to Dias, Alessi et al. (2002): the ring around the centre
and the chains along the projection of shells IT and III.

5. The attention was paid to the cepheids — the
"twins” on coordinates, periods and velocities (Efre-
mov, 1989).

6. The group of large molecular clouds over Huang,
Thaddeus (1986) inscribes into L.

7. The three peak distributions of both 21 cm line
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Figure 1: The SN ring around SN Tycho and other
objects, observed through the lens L

profiles and the stellar velocity are similar inside L and
different outside it, Humphreys (1970).

8. The chain consisting of 8 sources of WMAP cat-
alogue and galaxies of local group NGC 6789, And VII
and the pairs (NGC 147 and 185), (And V and X) is
stretched along the lower L edge. There is only IC 10
near the centre on the whole L area. The tens of -
bursts were observed along the whole L perimeter and
4 were inside SN ring, according to Lipunov (2005).
Their distances are unknown.

9. Only one extragalactic supernova is near the L
centre and about 20 are situated along the perimeter,
the majority of them are near A and B points. The
lens is projecting on the avoidance zone of galaxies,
this only intensify the situation. It is also interesting,
that A and B points are situated on the intersection
of the zone’s border and the main planes of Virgo (B)
and Perseus (A) supergalaxies. By the way, the most
powerful SN burst was near A point in 2006.

10. The sky cells (3°, 3°), having the largest number
of point TRAS sources at the latitude b are situated
along the same SR ring, in the centre and along the L
perimeter. It shows the places of dust concentration,
having the 1.5 — 3 times contrast.

Perhaps, the number of almost symmetrical images
in the mentioned above examples exceeds the number
of real objects. It may be the result of the light reflec-
tion and refraction in the lens L.

One can also see the other lenses in the sky.

Many notions, based on the observations, can be
cardinally changed if we’ll take into consideration the
lensing in such great scales.
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ABSTRACT. New catalogues have confirmed the
existence of open clusters avoiding zone in the Sun’s
vicinity. Originally the zone has been found out by
Shatsova & Anisimova in 1990. The zone is filled with
the radio loops I - IV, the loops opened later and
HI areas. Probably the system of open clusters forms
a spatial lattice of the density waves. Internal parts of
the loops are inside its cells. Shells are limited by the
crests of waves.

Introduction

Distribution of open clusters (OC) is used for study-
ing of Galaxy structure and kinematics for a long time.
Areas of the increased density of OC are notable. So
Platais et al. (1998) studying distribution of 93 OC ac-
cording to Hipparcos at r < 0.5 kpc have noted a layer
of ~ 0.1 kpc thickness inclined to the galactic plane like
the Gould Belt. Areas of the lowest density represent
not smaller interest. In article of Platais et al. (1998)
in a projection (z,y) round the Sun almost empty area
of 0.5 x 0.25 kpc? is visible. It is a lot of OC on bor-
ders of this area. Authors have not noticed this fact
for some reason.

But in 1990 Shatsova & Anisimova have paid atten-
tion to this area when there were 52 OC in the same
volume at their disposal. Here there would be tens
OC at uniform distribution in a layer. It is impossi-
ble to explain this emptiness by neither casual fluctu-
ations, nor errors of distances and absorption of light
around the Sun, nor any selection. Shatsova & Anisi-
mova (1990a, 1990b) have assumed that anticorrelation
of OC with known radio loops I — I'V in the same area
can clear the situation. The physical and dynamic fac-
tors connected with high energy loops could create the
avoiding zone of OC.

Several years ago we have checked up and have
confirmed the results of works of 1990 with 104 OC
from Dias et al. (2002) catalogue. The studied area
has been expanded to r < 0.6 kpc. 80 OC are closer
than 0.5 kpc. But there are no clusters in the space of
the loops. This result has not been published.

600
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Figure 1: The projections of OC and loops I — IV on
the galactic plane

Zone of avoiding of OC

New, more detailed, examination is passed under
Kharchenko et al. (2005) catalogues. They contain
148 OC in area with r < 0.6 kpc. Fig.1 represents
distribution of projections of OC on the galactic plane
in coordinates (z,y), where x coordinate is directed
towards the galactic centre, y — to galactic rotation.
Projections of four radio loops according to Berkhui-
jsen (1973) are also shown. Similar representations
of this system were given by Landecker & Wielebin-
ski (1970) and Spoelstra (1972). 8 OC are ouly pro-
jected on the loops, their z-coordinates are out the
loops. Ounly one of them — Platais 3 (x = —144,
y = 127, r = 161 — 200 pc) as possible, but the yet
not confirmed cluster, is in the Loop III (a triangle in
Fig. 1).

Fig.1 confirms a reality of OC avoiding zone near
the Sun and specifies its borders: on |x| and |y| to
200 — 300 pc, on |z| — in tens pc. All large loops,
small shells according to Hu (1981) and infrared loops
from Konyves et al. (2007) catalogue are in this vol-
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Figure 2: The (x,y)-projections of OC, the loops I —
IV, HI shells and a variant of the density waves net
(dashed lines)

ume. Fig.1 confirms the anticorrelation OC — radio
loops. However the avoiding zone is essentially larger
than total volume of the loops. HI shells according to
Davelaar et al. (1980) (basically in the fourth quad-
rant, including the Loops I and IV) and according to
Olano (1982) or Lindblad ring (2000) (in the others
quadrants, mainly in the second, with the Loops II
and IIT) have the sizes greater than the loops.

Projections (z, z) and (y, z) show that OC fill rather
thin layer (~ 0.1 kpc) inclined to the galactic plane
at angle typical for the Gould Belt (~ 20°). But the
avoiding zone is not visible on these projections and
on a projection to celestial sphere because of forward
and far background.

The net of density waves in OC distribution

Long chains of OC in the Gould Belt layer serve
as opposite display of non-uniformity of distribution.
They also can be link to the system of loops. Shatsova
& Anisimova (2002) have shown that the centers of four
loops are located on a small circle of sky S’ (dotted line
in Fig. 2). Circle S’ is the middle line of the Spur Belt.
S’ is perpendicular to one of axes of Local system - ZZ’
(longitudes of poles | = 48°, 228°; latitudes b = +21°).

Narrow chains of OC are stretched along meridians
of axis ZZ’. One of them passes as ”corridor” between
the Loops I and II. Two other chains touch with these
loops outside. One more chain (at y > 0) passes on
border of large HI area of Lindblad ring. The chain
symmetric to it (at y < 0), probably, too outlines HI
area, but greater than Davelaar et al. (1980) consider.
Wide chains (or ridges) of OC are stretched along par-
allels of axis ZZ’. One pair covers from both sides of the

Spur Belt. Another one is more close to poles Z and
7’. But drawing of such chains is less precisely because
of ridge width and the greater errors of distances. The
greatest OC density near 7’ links to Eridanus complex.

The length of the chains is limited by the sizes of
area. In total they form the net from two aggregates of
the density waves with approximately identical wave-
length equal to diameter of the loops (~ 200 pc). Prob-
ably, the density waves of smaller length are available in
the third direction — perpendicular to the Gould Belt.
Then it will be a spatial wave lattice.

So the crests of waves coincide with contours of some
structures in the Sun vicinities: with loops, HI clouds,
areas around poles. The troughs of cells coincide with
their internal parts. Anticorrelation OC — loops is rep-
resented as a combination of the crests and the troughs
of the net (lattice) of the density waves.

The geometrical picture of Fig. 2 is clearer than the
physical one. But other interpretations of the loops
(supernovae, stellar wind and collisions of clouds) are
not clearer.

Table 1: Approximate parameters of the elements of
the density waves net and the examples of projections
of peculiar velocity of OC belonging to these elements.

Units: x;, ¥; in pc; vg, vy in kms~T.

) | T | Y | N l OC Name | Uy l Uy
Meridians
1| -460 | 430 | 10-15 | NGC 752 -2.0 | -5.3
Stock 2 -13.6 | -11.6
2| -330 | 240 | 10-15 | Platais 2 2.2 3.5
31 30 -30 | 10-15 | NGC 1977 | -8.5 | -2.6
1C 4665 8.7 0.9
4 | 330 | -240 | 5-10 | Platais 10 -22.3 | -1.6
Alessi 21 -25.1 | -4.0
51 460 | -430 | 10-15 | Alessi 5 -12.1 | -5.4
Vel OB 2 -12.4 2.5
Parallels
1| -70 | -170 | 10-15 | Melotte 22 | 3.8 | -11.6
NGC 1901 -0.6 | -19.1
2| 170 | 220 | 10-15 | Platais 12 | -11.7 | 12.7
3| 430 | 530 | 10-15 | Roslund 5 4.4 -3.8
NGC 6281 | -7.2 7.4

Parameters of the elements of the density waves net
and the examples of projections of peculiar velocity of
OC belonging to these elements are given in Table 1.
Here z;, y; are coordinates of intersections of the
meridians and the parallels with coordinate axes,
N — number of OC in the net element. There is an
uncertainty in calculation of OC for which there is
no data for v, in areas near to intersection of the
meridians and the parallels. Examples of projections
v, and v, of peculiar velocity of OC belonging to the
corresponding elements of the net are given in two last
columns. Names of these OC are shown in the fifth
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Figure 3: The (z,y)-projections of spatial peculiar ve-
locity vectors of OC

column.

Kinematics of OC

The density waves net would be short-lived if pecu-
liar motions of OC are chaotic. Therefore it is impor-
tant to know their real motions. Platais et al. (1998)
have offered motions relative to the Sun, basically re-
flecting motion of the Sun towards the apex. Shatsova
& Anisimova (2002) have shown that the solar apex
coincides with the Local system pole Z.

The Fig. 3 gives picture of peculiar motions in the
(z,y)-plane for 2/3 of OC with known Vr. Primary mo-
tions along narrow meridian chains have greater values
than in wide chains along parallels, where the disorder
of velocity directions is more. It is difficult to separate
the general expansion suspected in a number of articles
from these features.

So the kinematics is compatible to wave structure
of OC system. They should be considered together at
the decision of all problems connected both with radio
loops and with star clusters.
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1. Introduction

The realization of the international project ”Li
in magnetic CP stars” (Polosukhina et al. 2005)
permitted us to discover the variability in intensity
and position of the Li I 6708 A line in the spectra of
some chemically peculiar A-type stars (Ap-CP stars):
HD 83368, HD 60435, and HD 3980. These variations
can be interpreted as the existence of two lithium
spots on the surfaces of these stars (Polosukhina et al.
1999, Shavrina et al. 2001, Kochukhov et al. 2004,
Drake et al. 2004). The synchronism of the variations
of the Li I line profile, light curve and magnetic field
strength can be explained in terms of the oblique
magnetic rotator model.

2. The star HD 12098

Spectral observations of a number of chemically
peculiar stars with the echelle-spectrometer NES and
the 6 m BTA telescope of SAO RAS allowed us to
discover several Ap stars with abnormally high lithium
abundance. Among these stars special interest de-
serves the star HD 12098 - the first rapidly oscillating
(roAp) star found on the northern hemisphere (Girish
et al., 2001). The rotational period of this star, P =
5.460 +/- 0.001 d, was obtained by Ryabchikova et al.
(2005) by determining the mean longitudinal magnetic
field.

3. Observation data and treatment

The spectra used in this study are obtained with
6-m telescope of Special Astrophysical Observatory
of Russian Academy of Sciences (SAO RAS) and the
Nasmyth Echelle Spectrometer (NES, Panchuk et al.

2002) with the resolution of about 42000 in the range
5550-7035 A.  The signal /noise ratio for this spectra
was 110-190. The SAO spectra were reduced using
REDUCE package of Piskunov and Valenti (2002).

4. The atmospheric parameters and magnetic
field modelling

The atmospheric parameters of HD 12098 were esti-
mated in Ryabchikova et al. (2004) who found Tey =
7800 K, log g = 4.3, vsin vsiné = 10+ 2 km/s , and
magnetic field modulus B; = 6.5 kG. We checked these
stellar parameters by means of spectral synthesis in the
spectral region 6135 - 6152 A that contains the Fe I
and Fe II lines. The rotational velocity estimate is
a difficult task because of the spotted distribution of
chemical elements on the surfaces of roAp stars. At
the same time, the value of By , derived from magnetic
lines, dramatically depends on the adopted vsin i value.

For the analysis of HD 12098 spectra we used the
code ROTATE of Tsymbal (1996), which permits
to calculate synthetic spectra taking into account a
spot structure at the stellar surface for different ro-
tation phases, and the code SYNTHM (Khan, 2004)
which takes into account the splitting of spectral lines
in the magnetic field. The calculation of the non-
magnetic Fe I line at 5576.090 A results in the value
of vsini = 13+ 1 kim/s. Using this parameter we cal-
culated spectral synthesis in the region 6135 - 6152 A
with the set of model atmospheres of Kurucz (1993)
and the VALD atomic line list (Kupka et al., 1999).
The comparison of model spectra with observed spec-
trum reveals many absorption lines in observed spec-
trum, which are not included in VALD list, therefore
we calculated additional to VALD lines of rare earth
elements (REE) on the base of NIST energy levels
(http://physics.nist.gov). These additional REE line
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Figure 1: Measurements of effective magnetic field

(Ryabchikova et al. 2005) and central dipole model val-
ues B (upper figure) and By (lower figure) for i=55° .

permitted us to fit better model and observed spectra.
The best model was 7750/4.0 with Bs; =2700 G. Using
this Teg =7750 K and evolutionary tracks from Shaller
et al. (1992) we determined mass of star as 1.7 Mg and
log L/Lg =0.978. Using the formulas from the paper
Bagnulo and Kochukhov (2003), we have got the ra-
dius of star R = 1.71R, and log g = 4.2. From the for-
mula R = 50.613 * V., / P.o; with value P,,; = 5.460 d
(Ryabchikova et al., 2005) we estimated the value V.o
= 15.85 km/s, that results in the angle of inclination of
rotational axis to the line of sight i=55° (with vsini=13
km/s).

For the study of the surface magnetic field of
the star we used a model of spatially distributed
magnetic charges (Gerth & Glagolevskij, 2000) and
measurements of effective (longitudinal) magnetic
field from the work of Ryabchikova et al. (2005). A
central dipole model for surface magnetic field has
been assumed which permit us to fit sufficiently well
model values of longitudinal magnetic field B, to
measured ones with i=55° and the inclination angle of
dipole axis to rotational axis 8 = 65° . We obtained
the values of magnetic field on the poles +- 4050
G and the mean surface magnetic field 2720 G,
which were used for calculation of synthetic spectra
taking magnetic splitting of spectral lines (SYNTHM
code) into account in the range of lithium line 6708
A(assuming location of Li spots on the magnetic poles,
i.e. Bs = 4050 G) and for the range of Fe I and Fe

Fell Fell
| |

residual intensity, r

obs, phase=0.152
mod 7750/4.2, vald+ree -------
rno.d 775044,2, only vald o )

'
6136 6138 6140 6142 6144 6146

' '
6148 6150 6152
wavelength, A

Figure 2: Observed and synthetic spectra of HD 12098
in the 6135 - 6152 AA spectral region. The additional
to VALD lines of the rare-earth elements (REE) per-
mitted us to fit calculated spectrum to observed one
rather well.

Table 1: Li spot parameters

| N | Longitude | Latitude | R | e(Li) |
1 10° 25° | 70° | 4.0

2 175° -25° 90° 0.8

IT lines 6135-6152 A(assuming concentration of Fe I
and Fe IT between polar areas, By = 2720). For final
calculations we used the model 7750/4.2, which was
calculated by the code SAM12 (Pavlenko, 2003) with
abundances of Przybylski’s star (Shavrina et al., 2003).

5. Lithium spots on the surface of HD 12098

The modelling of magnetic field based on measure-
ments of longitudinal field of Ryabchikiva et al (2005)
specified the location of poles of magnetic dipole on
the surface of star: 353° of longitude and 25° of lat-
itude for one spot, 173° of longitude and -25° of lat-
itude for another spot. The location of lithium spots
on the surface of HD12098 and abundance of lithium in
these spots were found with the help of Tsymbal’s code
ROTATE which makes it possible to calculate spectra
taking a spotted surface structure of a star into ac-
count for different rotational phases. We obtained the
lithium abundances in the photosphere €(Li) =3.05 dex
for all phases and the values of ¢(Li) = 4.0 and 0.8 dex
for two lithium spots (see Table 1).
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Figure 3: Spectra of HD 12098 in the 6705.5 - 6708.5
AA spectral range obtained at the phases 0.018, 0.082,
0.113, 0.152, 0.505, and 0.573 and modeled with RO-

TATE code spectra for parameters of Table 1. Note
the strong variations of the Li I 6708 A line.
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Figure 4: Location of lithium spots on Mercator’s
map of modelled surface magnetic field for HD 12098
note,the Li abundance in the big spot around 180° of
longitude on 3.dex lower then in the smaller spot
around 0° .

6. Discussion and Conclusions

HD 12098 is a new roAp star with the lithium
spots on the surface. For available rotation phases,
including phases of maximal and minimal intensities
of the Li I 6708 Aline, we calculated synthetic spectra
and determined the lithium abundance in the spots
and the photosphere, which revealing an anomalously
high Li abundance in comparison with the ”cosmic”
Li abundance (the lithium abundance in T Tau stars
is ¢(Li) = 3.20 4+/- 0.2 dex). Our modelling of the
Li distribution on the stellar surface points to the
existence of two spots located close to magnetic poles
of the modeled dipole (see fig.4). A considerable
difference, of more than 3 dex, in lithium abundance
in two opposite rotational phases (0.018 and 0.573)
corresponding to different two spots on the star surface
was found. For future analysis we need new spectra of
HD 12098 corresponding to the phases 0.2 - 0.4 and
0.7 - 0.9 in order to obtain better phase coverage.
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1.Introduction

HD 21699 (HR 1063) was initially classified by Ro-
man and Morgan (1950) as BS8IIIvar star. Molnar
(1972) has performed analysis of its spectra and deter-
mined that helium was extremely deficient (by factor
of 5). Therefore, he classified this star as a He-weak
type. Shore et al. (1987) refer to HD 21699 as He-
weak silicon star (sn class - with broad and diffuse He
I lines).

Extremely reduced helium abundance in HD 21699
results in the incorrect spectral classification. The MK
classification gives Sp = B8. Abt et al. (2002) suggest
a spectral class B8IIIpMn, that corresponds to Teg =
12000 K, while Glagolevskij (2002) has derived Teg =
16100 K from the analysis of color indices. Using the
spectra obtained with 6-m telescope, the parameters
Terr = 16000 K, 1g g = 4.15, V; = 0.8 km/s are derived
by Glagolevskij et al. (2005) from analysis of the Hy
line.

Period of the axial rotation for HD 21699 is P =
29.4765 (Brawn et al. 1985). The relation between
the equatorial velocity, period and stellar radius (V' =
50.613 « R/P) and the measured value of v sin = 35
km/s yields the inclination angle i = 32° (Glagolevskij
& Chuntonov, 2007). The positive maximum of effec-
tive magnetic field occurs at the phase ¢ = 0, and the
negative extremum occurs at ¢ = 0.4 according to the
ephemerides of Glagolevskij & Chuntonov (2007) for
initial phase:

JD = 2445595.529 + 27.49246

2. Magnetic field model

A one-spot model for helium and silicon surface dis-
tribution has been shown by the work of Stateva (1995)
to fit observed periodic variations of equivalent widths
of He I lines and Si II lines. One large He-weak spot
is situated around the positive magnetic pole, while
Si IT spot is located at the negative pole. A central
dipole model for surface magnetic field has been as-
sumed in this work. Analysis of the equivalent widths
of helium and silicon lines shows that the peaks of their
plots do not coincide in phase, rather they are opposite.
Usually, in a case of central magnetic dipole the abun-
dances of the same element are equal in the vicinity of
both magnetic poles.

UBV photometry (Percy, 1985) shows only a single
wave of the light curve during the rotational period,
while stars with a magnetic field of centered dipole al-
ways have a double wave. In the work of Shore et
al. (1987) it is mentioned that a similar behavior in
the photometric data is seen in two other He-weak sn
stars: HD 5737 and HD 79158.

Brown et al. (1985) has reported discovery of mag-
netically controlled stellar mass outflow in HD 21699
basing on IUE observations of the C IV resonance dou-
blet, which is variable on the rotational time-scale of
about 2.5 days. He has found only one jet from the
only one magnetic pole.

An additional study of the surface magnetic field
for this star has been performed by Glagolevskij &
Chuntonov (2007) using a model of the spatially
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distributed magnetic charges (Gerth & Glagolevskij,
2000) . The measurements of Hg line with the Zeeman
polarimeter (Brown et al., 1985) have been employed
to reconstruct the magnetic field model.

It is shown that a better agreement between the ob-
served and calculated curves of the equivalent widths of
He I and SiII lines for HD 21699 can be reached with a
model where the dipole is displaced across its magnetic
axis from the stellar center by a factor a = 0.4 + 0.1
of stellar radius. Therefore, the magnetic poles appear
to be close to one another on the stellar surface (they
are separated by 55°, not by 180° as it would be in a
case of central dipole). The big "strong” helium spot
coincides with the average position of the two magnetic
poles, while the ”weak” spot is located in the opposite
side of the star (Glagolevskij & Chuntonov, 2007).

Phase dependence of the equivalent widths of He I
and Si IT lines shows extreme values at phases that cor-
respond to the passage through visible meridian of zero
magnetic field between the magnetic poles. The inten-
sity of helium lines reaches its maximum at the mag-
netic poles, while the intensity of silicon lines reaches
here its minimum. Silicon abundance is maximal in the
regions where magnetic field is predominantly tangen-
tial to the stellar surface.

The behavior of atomic diffusion does not depend
on the sign of magnetic field nor does the abundance
of chemical species in a magnetic spot depend on
the field’ sign. Observed data show that despite
of the intensities of helium lines are weakened in
all rotational phases, they still are unmistakably
increased in the magnetic spot. On the contrary,
silicon lines are more weak in the spot than on the
opposite part of stellar surface. Due to averaging
over the visible hemisphere and owing to the close
location of both magnetic poles to each other, the
only one wave of intensity variation in spectral lines
is observed for the investigated chemical species. For
the same reason we observe the only one wave for the
variability of photometric light curve and of average
surface magnetic field Bs. Respectively, only one jet
of stellar wind, common from both poles, is observed.

3. Variability of He I and Si II line’s intensity
with rotational phases

HD 21699 is a unique star due to the nature of the
surface magnetic field distribution. Due to close loca-
tion of positive and negative magnetic poles to each
other, the common ”magnetic spot” are situated on
one-half of stellar surface with predominantly vertical
magnetic field lines (Glagolevskij & Chuntonov, 2007).
Meanwhile, on the other hemisphere the magnetic field
lines are horizontal. Such a configuration of the mag-
netic field is convenient to perform analysis of abun-
dance surface distribution for those chemical species

which are concentrated around the magnetic poles (He
I and others) and those which are concentrated in
the area with the horizontal magnetic field lines (Si
IT and others). It provides also a unique opportunity
to study the variability of mean abundances with ro-
tational phase and the vertical distribution (stratifica-
tion) of chemical species in stellar atmosphere depend-
ing on the structure of magnetic field.

HD 21699 is very suitable star for studying the
atomic diffusion of chemical species in the atmospheres
of CP stars because its surface can be simply divided
on two parts: one where the magnetic field lines are
horizontal to the stellar surface and another where
they are predominantly vertical.

4. Observation data and treatment

The spectra used in this study are obtained with
the 6-m telescope of Special Astrophysical Observatory
of Russian Academy of Sciences (SAO RAS) with the
main stellar spectrograph (MSS) equipped by slicer of
14 cuts and have spectral resolution R = 15000. The
signal-to-noise ratio is 2000. Ten spectra in the region
3900-4300 A cover uniformly the whole rotational pe-
riod. One more spectrum has been registered with Nas-
myth Echelle Spectrometer (NES) for the resolution
of 40000 in the range 4500-5900 A (the phase=0.687).
The signal-to-noise ratio for this spectrum is 400. SAO
spectra are reduced using MIDAS procedures.

Additionally we used spectra obtained with the Mu-
SiCoS spectropolarimeter which is installed on the 2-m
Bernard Lyot telescope at the Pic du Midi Observa-
tory in France. MuSiCoS is a table-top cross-dispersed
echelle spectrograph which is fed by two optical fibres
from the polarimeter, mounted in the cassegrain focus,
with resolution R = 35000 and wavelength coverage
from 4500 to 6600 A (phases=0.118, 0.322, 0.525). For
the MuSiCoS spectra signal-to-noise ratio is about 400
per pixel.

A complete Stokes V exposure is made up of 4
subexposures in which the retarder is rotated by 90
degrees and back. By switching the beams within
the instrument, in principle any first order spurious
polarization signatures are suppressed to an acceptable
level. The MuSiCoS spectra are reduced using the
ESPRIT data reduction package (Donati et al., 1997).

5. The spectra modeling and results

Synthetic spectra for HD 21699 are calculated with
the code SYNTHM of S.Khan (2004) and SYNTHV
of V.Tsymbal (1996). We use Kurucz’ model at-
mosphere with parameters Teg =16000 K and logg
=4.0 as well as Pavlenko’ model atmosphere with re-
duced He abundance. The atomic lists of VALD and
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Figure 1: Variability of the helium abundance (log
N(He)/N(H)) with rotational phase.  The circles
present averaged abundance deduced from analysis of
He T lines (see Table 1), while the squares stand for
abundance deduced from analysis of He I line 4026A.
Mean error for all abundance estimates is about +
0.1dex.

Castelli (http://wwwuser.oat.ts.astro.it/castelli/) are
employed to simulate the spectra. Average abundance
of chemical species (assuming no vertical stratification)
is determined with the help of SYNTHYV code (no mag-
netic splitting) and SYNTHM code (Version-04, that
takes into account magnetic splitting of lines). Stratifi-
cation of elements is determined from the best fit of cal-
culated by SYNTHM (Version-05) line profiles (wings
and cores) to observed ones. Previously, we have de-
termined the contribution function for each line using
the code WITA (Pavlenko, 1997).

HELIUM: The helium lines are weakened in the
spectra of HD 21699. Osmer and Peterson (1974) and
Vauclair (1975) have shown that formation of He-weak
or He-rich stars depends on the wind power in their
atmospheres. If we define that VW is a velocity of flux
relative to wind and VD is the velocity of diffusion in-
side a star, then He-weak stars are formed when VD >
VW. It is clear from Fig. 1 that on the whole surface of
HD 21699 helium appears to be deficit. Nevertheless,
in the area of "magnetic spot” the helium abundance
is comparatively higher, than that derived for the op-
posite side.

For those parts of stellar surface, where magnetic
lines are horizontal, only He I (not He II) vertical dif-
fusion can be efficient. There the abundance of helium
must be higher than on the magnetic poles, where the
field lines are vertical, because there is no resistance
to the diffusion of He I and He II atoms. The fact
that intensity of He I lines on the magnetic poles is
higher than on the opposite side supports the idea of
a sufficiently strong wind on the magnetic poles. The
observed data justify presence of a powerful wind from
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Figure 2: Helium vertical stratification (in the frame of
two-step model) from the analysis of He I 4026A line
for various rotational phases (in phases 0.928, 0.023,
0.116, 0.195, 0.314 helium abundance is close to its
maximum, while in phases 0.393, 0.410, 0.470, 0.543,
0.682 helium abundance is close to its minimum).

the "magnetic spot” of HD 21699 (magnetically struc-
tured jets, Brown et al. 1985).

We have assumed the two-step approximation for
vertical stratification of chemical species in the atmo-
sphere of HD 21699 (see, for example, Ryabchikova et
al., 2005). In Fig. 2 we show vertical stratification of
helium for 10 phases, derived from analysis of He I 4026
A line profiles (for the lower layers the abundance is de-
rived from line wings, while for the upper layers it is
derived from line cores).
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Figure 3: Optical depth 75000 of the abundance jump
versus rotational phase for the line He I 4026 A.

The results shown at Fig. 2 confirm theoretical pre-
diction of Vauclair et al. (1991) about enhancement of
helium abundance towards the deeper optical depth.
We can see in Fig. 3 that optical depth 75000 of the
abundance jump does not vary with the rotational
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Table 1: Variation of Si IT mean abundance with rota-
tional phase (MuSiCoS and NES spectra)

line (A) | E” log N(Si)/N(H)
phase | 0.118 | 0.322 | 0.525 | 0.687 |

6347 8.12 | -5.12 | -4.92 | -4.02 -
6371 8.12 | -5.12 | -4.92 | -4.12 -
5041 10.07 | -4.87 | -4.67 | -4.02 | -4.25
5055 10.07 | -5.15 | -4.99 | -4.55 | -4.50
4673 12.84 | -3.87 | -3.82 | -3.52 | -3.70
5669 14.21 | -4.15 | -4.05 | -3.55 | -3.75
5202 16.35 | -3.75 | -3.80 | -3.20 | -3.70

phase.

SILICON: In Table 2 we show estimates of silicon
abundance derived from MuSiCoS and NES spectra for
seven Si IT lines with various excitation energies (in the
range of 8-16 eV) of the lower transition level for 4 ro-
tation phases. It is easy to track an apparent increase
of the derived silicon abundance with the rise of excita-
tion energy (i.e. towards the deeper atmosphere). This
tendency supports the idea of vertical stratification of
silicon abundance, which was announced by Vauclair
et al. (1979).
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Figure 4: Vertical stratification of silicon for the phase
0.525, where Bs reaches its minimum and Si IT abun-
dance rise to its maximum.

Table 2 shows combination of the aforementioned
data with the silicon abundances derived from Si II
lines 4128 A and 4130 A for ten rotational phases us-
ing the MSS spectra. Taking into account the level
-4.49 dex of solar abundance for silicon (Grevesse et al
2007), it appears that the lines with low excitation en-
ergies show abundance deficit, while the lines with high
excitation energy show excess of silicon for phases with
maximal Bs (0.118 and 0.322). It is remarkable that
the abundance estimates derived from analysis of the

Table 2: Variation of mean silicon abundance log
N(Si)/N(H) (without stratification) with rotational
phase (including MSS spectra): * 8-10 eV - lines 6347,
6371, 5041, 5055 A are taken from MuSiCoS spectra
lines 5041, 5055 A - from NES SAO spectra; ** 12-
16eV - lines 4673, 5202 and 5669 A are taken from
NES spectrum (phase 0.682).

Phase | mean 4128, | mean eshelle (MuSiCoS & NES)
4130A | 9.837 eV | 8-10eV* | 12-16eV** |

0.023 -4.90

0.116 -4.95 0.118 -5.06 -3.92
0.195 -5.15

0.314 -4.80 0.322 -4.88 -3.87
0.393 -4.50

0.410 -4.35

0.470 -4.35

0.543 -4.35 0.525 -4.16 -3.42
0.682 -4.15 0.687 -4.37 -3.72
0.928 -4.70

lines with low excitation energies are in good agreement
between themselves for all available spectra (MuSiCoS,
NES and MSS). For the phases with minimal Bs (0.525
and 0.687) all the lines show an excess of silicon. Nev-
ertheless, the lines with higher excitation energies still
result in higher abundance.

Fig. 4 shows enhancement of silicon abundance to-
wards the deeper atmospheric layers, as it was pre-
dicted by Vauclair et al. (1979). In the Fig. 5 we
can see dependence of optical depth 75000 at the Si
IT abundance jump from rotational phase. The case
of non-uniform silicon distribution on the surface of
magnetic stars is discussed in the works of Vauclair et
al. (1979), Alecian and Vauclair (1981) and Megessier
(1984). Silicon is usually accumulated in the places
where magnetic field lines are predominantly horizon-
tal and they oppose the gravitational settling of ionized
silicon. In the case of a shifted magnetic dipole, as for
HD 21699, the side opposite to the magnetic poles has
a large area with horizontal magnetic field lines, where
silicon should be concentrated. Meanwhile, it has to
be weakened around the magnetic poles.

From the Tabl. 1, 2 and Fig. 4 it appears that our
results confirm the predictions of Vauclair et al. (1979),
Alecian and Vauclair (1981) and Megessier (1984). In
the atmosphere of HD 21699 silicon is enhanced in the
area where the field lines are horizontal to stellar sur-
face. The optical depth of abundance’ jump for silicon
(as for helium) is approximately the same for the all
rotational phases (75000 = 1, see Fig. 5).

Abundance stratification due to diffusion processes
acting in the atmospheres of chemically peculiar stars
is studied in the recent work of Monin & LeBlanc
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Figure 5: Optical depth 75000 of the abundance jump
versus rotational phase for the Si IT lines 4128 A and
4130 A.

(2007). Their self-consisting models show that ele-
ments such as Fe, Cr, Si and Ca indeed accumulate at
large optical depths, while they are dramatically un-
derabundant in the upper atmosphere. The transition
zone for iron in their models is located around optical
depth 75000 — 1.

7. Basic conclusions

— For the first time the chemical element abundances
in the atmosphere of HD 21699 are obtained during the
whole rotational period, not only for a one phase.

— Silicon is accumulated in the part of star, where
the magnetic field lines are predominantly horizontal,
as it was predicted by Vauclair et al. 1979, Alecian &
Vouclair 1981 and Meggessier 1984.

— Silicon abundance determined from lines with low
excitation energies (8-10eV) appears to be lower in the
area of magnetic poles and is approximately solar in the
region with horizontal magnetic lines. The lines with
high excitation energies (12-16eV) also show enhance-
ment of silicon abundance for the region with horizon-
tal magnetic lines, but this abundance is everywhere
significantly higher than the solar one.

— Silicon abundance is lower in the outer parts of the
atmosphere and higher in the deeper layers.

— Helium abundance is weakened on the whole stel-
lar surface, which is usual for He-weak stars. Never-
theless, helium has higher abundance in the region of
"magnetic spot” due to the influence of stellar wind,
which elevates it to the outer layers of stellar atmo-
sphere (Vauclair et al. 1991).

— The optical depth of abundance’ jump (in two-
steps model) is approximately 75000 = 1.

— The optical depth of abundance’ jump for He and
Si does not change during the period of stellar rota-
tional.

— Our results support theoretical prediction of
Vauclair et al. (1991) that helium abundance should
increase with optical depth in the atmospheres of
He-weak stars.
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VULPECULAE 2007 (V458 Vul)
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ABSTRACT. We present results of the spectroscopic
monitoring of the peculiar nova V458 Vul during eleven
months. At the early decline of the brightness the nova
transformed from Fe II to the He/N type. The pro-
files of the HI and the Hel lines showed the variability
connected with the rebrightening. At the final decline
of the brightness the nova displays a fast variability
(within a day) of the forbidden iron line profiles. The
spectral features of V458 Vul allow classifying it as a
hybrid "neon” nova.

From the AAVSO light curve we obtained some
photometric parameters, the mass of 458 Vul and the
distance to the object. The nova showed a fast decline
of the brightness (to=7, t3=18 days). It reached
M, = -9.0 mag at the maximum of the brightness. The
distance to the nova is in the range d=10.1-12.8 kpc.
The reddening E(B-V)=0.59 towards the star is
derived using the colour index of the nova at the
maximum and the Balmer decrements. The white
dwarf mass was derived about 1.1-1.2 Mg

Key words: Stars: binary: novae; stars: individual:
V458 Vul.

1. Introduction

Nova Vulpeculae 2007 was discovered by Hiroshi Abe
on 2007 August 8.54 UT (Nakano, 2007). A progen-
itor B=18.2 was found by Henden & Munari (2007).
The nova was named V458 Vul (Samus, 2007). After
the rapid decline during a day more then by one mag-
nitudes, the nova underwent two abrupt increasing of
brightness about 1.5 mag. The spectra acquired near
the maximum showed the Balmer and the Fell (multi-
plet 42) lines in a emission with the P Cyg profile and
the Hel lines in the absorption. The nova was classified
as Fell type (Williams, 1991; Williams, 1992). After
the rapid decline of the brightness the nova spectrum
changed towards the He/N type. Therefore it was clas-
sified by us as a hybrid nova (Tarasova, 2007).

In the time of the principal and the second maxima
the Balmer, the Fell and the Hel lines had the P Cyg
type profiles. Just after the decline of the brightness

the intensity and the profiles of the Balmer and the
Hel lines changed: the Hel profiles became a saddle
shape and the Balmer lines were seen as a complex
P Cyg profile. After the rebrightening the profiles of
the HI and the He I lines demonstrated an almost flat
topped form. The early spectral evolution of V458 Vul
was described by Tarasova (2007) and Poggiani (2008).
In this work we analysed the subsequent spectral evo-
lution of the V458 Vul and also derived the distance
to the nova, the reddening and the Balmer decrement.

2. Spectral evolution

2.1. Observations

The spectral observation was carried out at the
Crimean Astrophysical Observatory with the 2.6m
Shajn telescope. The low resolution spectra with the
dispersion of 2 A /Dix, were observed in the wavelength
ranges 3700-6190 A and 5600-7600 A. The medium
resolution spectrum, obtained on Aug 17", had the
dispersion of 0.75 A/ pix and covers the spectral range
4200-5300 A. In Fig.1 we presented all our spectral ob-
servation.

2.2. Early decline phase: 925" day after the out-
burst

17.8, 18.8 Aug 2007 (t=479, 10). The broad emission
HI, Fell (27, 28, 37, 38, 42, 49, 74 multiplets) lines and
the Hel 5876, 6678, 7065 lines dominate in the nova
spectrum . The expansion velocity (FWHM) is about
2700 kms~" for the HI and about 3100 kms~"' for the
Hel lines.

21.8 Aug 2007 (t=+13). The spectra have been
obtained after second rebrightening. Spectra show
that V458 Vul evolved towards the He/N class. The
N IIT 4640 and the He IT 4686 lines form the broad
blend centered at 4670 A. The line profiles differ notice-
ably from the previous observation. The HI, Fell lines
have a complex P Cyg type profile, while the Hel line
profiles have an asymmetric saddle shaped form. The
flux of the Balmer lines sharply decreased, while the



Odessa Astronomical Publications, vol. 21 (2008)

Y

-10-]: -
=

07/08/18
9th

Fell (37, 38)
Hp
Hel+Fell (42)

12+ J
07/08/19
10th
07/08/22
2 13th
_14} J
07/08/01
23th
i 07/09/03 |
-16 25th
07/09/27
49th
-18}+ J
07/10/11
th
07/10/24
76th
204 J

07/11/21
104th

08/03/28 |
232th

log(Flux, )
Y
N

08/04/08
243th |

08/04/22
257th

08/05/16

26t 281th |
08/05/17
82th
08/06/10
28l 306th |
5 08/06/11
= 307th
=30+ 08/07/07
333th
08/07/08
334th
08/07/09
32k 335th |
08/07/09
335th
08/07/11
34 ¢ 337th
3000 4000 5000 6000 7000 8000

Wavelength (A)
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Figure 2: The variability of the HI and Hel line fluxes.

flux of the Hel lines either continues to increase (Hel
5876 (11 multiplet), 7065 (10 multiplet)) or reaches
the maximum (Hel 6678 (46 multiplet), 7281 (45 mul-
tiplet)) (Fig.2). The noticeable increasing of the ve-
locity of the HI and the Hel lines occurs after the re-
brightening. The distance between emission peak of
the HI lines is about 3300kms~!, of the Hel lines is
about 3500 kms~!. The line profiles exhibit the com-
plex structure indicating at the asymmetric outburst.
The profiles of the various potential ionization lines are
diverse.

31.8 Aug, 2.8 Sept 2007 (t=+23, 25). The Fell lines
faded, while the HI and the Hel lines intensified. The
Hel lines (with exception for the H, lines) dominate
in the nova spectrum. The width (FWHM) of the HI,
Hel lines diminished and became about 2700 kms™!,
3000 kms~! respectively.

2.8.
outburst

27.4 Sept, 10.8, 23.7 Oct 2007, 20.6 Nov (t=+49,
+63, +76, +104). The reduction of the flux in the HI
and the Hel lines by one order of a value is observed.
The Fell lines disappeared, but the Hell lines became
stronger. The width (FWHM) of the HI lines was not
changed, but the Hel lines decreased by one third. The
HI and Hel lines have the weak P Cyg components
on the 49t" day and on the 63! day after outburst.
They disappeared on the 76" day. The brightness on
the light curve oscillated at this time and besides the
nova was detected as a supersoft X-ray source (SSS)
by Swift XRT on Oktober 17 (Drake, 2008). On of
the explanation of that is a outflow of the matter from

Transition phase: 49" -104" day after the
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Figure 3: The profile variability of the [FeVII] 5159,
5721, 6086 and [FeXIV] 5303 lines

a surface of the white dwarf. It is provided by the
continued thermonuclear reactions on a white dwarf
surface.

2.4. Nebular phase: 232" -337" day after the out-
burst

28.1 Mar, 8.1, 22.0 Apr, 16.0, 17.0 May, 11.0 Jun, 7.0,
7.9, 8.8, 10.9 Jul (t=-+232, 243, 257, 282, 307, 333, 334,
335, 337). The spectrum is rich with the [FeVII] (3586,
3759, 5159, 5721, 6086) lines and the Hell (4542, 4686,
5412, 6311) lines. There are [FeXIV] 5303, [CaVII]
5619, [ArV] 6435 and 7006, [NelII] 3869, 3968, [NeV]
3426, 3346 lines. The [NeV] 3346, 3426 lines stand out
against the other lines in the spectra. The strength
of these lines qualifies V458 Vul as a “neon” nova.
The profiles of the high ionization forbidden iron lines
demonstrate a fast variability. The noticeable changes
occur within a day (see Fig. 3).

3. Light curve

The light curve has been constructed using the ob-
servation of the AAVSO group (Henden, 2007) and the
observation published in the IAU Circulars. The light
curve of V458 Vul is shown in Fig.4. The striking fea-
tures of the light curve of V458 Vul are the presence

300 350 400 450 500 550 600 650 700
1D (2454000+)

Figure 4: Light curve of V458 Vul based on the AAVSO
data. The vertical bars indicate the time of our spectral
observations.

of two strong post maximum peaks with the amplitude
of about 1.5 mag. The duration of the first and the
second peaks is about 3 and 4 days, respectively, and
the time between them is about 3 days. The oscilla-
tions of a brightness are also seen during the transi-
tion phase. The light curve indicates that the max-
imum V,,,,=8.14 was reached on JD,,,,=2454321.9.
A smooth fit of the light curve gives the following: i)
the magnitude on the 15" day after the maximum is
V15=10.87; ii) the time of the decline through 2 mag
is to=7 days; iii) the time of the decline through
3 mag is t3=18 days. Thus V458 Vul is a fast nova
according to Payne-Gaposchkin classification (Payne-
Gaposchkin, 1957).

The absolute magnitude of the nova at the maximum
was estimated using the various My ez, tn (R=2,3) -
relations (Schmidt 1957; de Vaucouleurs 1978; Cohen
1988; DellaValle 1985; Downes & Duerbeck 2000). The
absolute magnitude ranges from M,=-8.8 to M,=-9.2.

4. Reddening, distance and mass

The reddening towards the nova is calculated us-
ing the colour index of a nova at the maximum and
2 mag below the maximum (Van Den Berg & Younger
1987). We defined (B-V)q=0.76 and (B-V),=0.65
from the photometric data of AAVSO group (Hen-
den, 2007). This leads to E(B-V)=0.53 mag and
E(B-V)=0.65 mag, respectively.

The reddening was derived also using the flux of
the H,/Hp ratio (Fig.5). During our observations the
H,/Hp ratio varied between 3.3 and 15. The theoreti-
cal H, /Hp ratio was found to be in the range of 2.8-3.0.
To calculate the reddening we took the Balmer decre-
ment close to the theoretical. The color excess E(B-V)
calculated from the H, /Hgz ratio is 0.42. The average
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Figure 5: H, /Hp ratio versus time after maximum (in
days)

reddening E(B-V) was found to be 0.59.
The mass of a white dwarf M,,4 in a nova is given
by Livio(1992):

8.3 101g Muwd

]\/[gw,x ~ M(}lax — g ]\/[@

(1)

The white dwarf mass is about 1.1-1.2 M. Using the
relation:

my — M, =5lgd — 5+ A, (2)

and the absolute magnitude on the 15" day after the
initial maximum (Buscombe & de Vaucouleurs 1955;
Cohen 1985a; van den Berg & Younger 1987; Capacci-
oli et al. 1989; Downes & Duerbeck 2000) we estimated
the distance to a nova in the range d=10.1-12.8 kpc.

5. Conclusions

The spectral evolution of the V458 Vul allows to clas-
sified it as a hybrid “neon” nova according to Williams
classification. The general picture of the spectrum evo-
lution is similar to that of V2214 Oph (Nova 1988)
(Williams, 1991). But in contrast to Nova Oph 1988
the spectra of V458 Vul exhibit a dramatic change in
the early decline phase of the brightness connected with
the rebrightening and a fast variability of the forbidden
lines on the final decline.

We calculated the fluxes and the widths (FWHM)
of the HI and Hel lines and showed that in the time
of the rebrightening change not only the profile but
also the flux and the width of this lines. At the same
time the flux of the Hel lines increased and the HI
lines diminished. The width (FWHM) of the HI and
the Hel lines rised in the time of the rebrightening and
then declined at the following phases.

We revealed the fast variability (within days) of the
forbidden iron profiles of the high ionization potential
lines during the nebular stage. We believe, that the
cause of this variability can be a variable flux of a ra-
diation triggered by the continued thermonuclear re-
actions on a surface of the white dwarf. Indeed the

nova was detected as a supersoft X-ray source (SSS)
by Swift XRT in this time (Drake, 2008).

Using the light curve of the V458 Vul we get the
parameters to=7 d and t3=18 d and conclude that it
is a fast nova according to Payne-Gaposchkin (1957)
classification. We estimated the absolute magnitude
at the maximum with the various MMRD relations.
We believe that the values of M, range from -8.8 to
-9.2. The reddening E(B-V)=0.59 is derived using the
colour index of a nova at the maximum and 2 mag
below the maximum and the H,/Hg ratio. The nova
distance is in the range d=10.1-12.8 kpc. The white
dwarf mass is about 1.1-1.2 M.
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ABSTRACT. The brief description of new ideas for
the flux calibration of stellar spectra are presented.
Described approach lets us to produce a lot of reference
stars both for ground and space observations. The
metodology also opens possibilities to determine the
angular diameters from high resolution stellar spectra
and analyze the interstellar medium in the direction
of a star.

Key words: Stars: absolute spectrophotometry:
angular diameters; stars: individual: Vega, Procyon.

1. Introduction

One of the problems in stellar observational astro-
physics is the calibration of observed quantities into
physical energy units. The usual approach to make
this is to choose the set of the reference stars, calibrate
their magnitudes or spectra and use these quantities
for calibration of other observed stars. The main prob-
lem here is a calibration of reference stars. For the first
time this was done using Vega as a primary reference
star for ground-based observations while observing the
secondary reference stars. But such way is impossible
in preparation of the set of reference stars for GAIA
project, for instance, because the satellite cannot ob-
serve stars brighter than magnitude 10. To calibrate
the observed stellear spectra from the ground with high
resolution we need to have the flux spectra with same
one. The basic idea of the proposal is not totally new.
Similar approach is being used in so-called Synthetic
Photometry (see, for example, Colina et.al., 1996). In
this approach one can use the synthetic spectra for
given stellar atmosphere model with calibrational pur-
poses. But in this case we have a lot of problems with
accuracy of this data: atmosphere models differ from
the real stellar atmospheres, the spectral lines data are
incomplete and not accurate either etc.

In this article I propose a simple way to eliminate
all those problems: 1) we use the high dispersion,
continuum normalized spectra of reference stars; 2)
in a usual way we determine for these spectra Te;y,

log g and [A]; 3) using stellar atmosphere model we
calculate the continuum flux spectrum; 4) multiplying
a theoretical flux spectrum by the observed normal-
ized one we receive the energy flux spectrum coming
from the stellar surface; 5) using this spectrum we
calculate the photometric colors, compare them with
so-named zero-point observed colors and receive the
stellar angular diameter. Comparison of the angular
diameters at different colors can help us to estimate
the effect of reddening and find the dependence of
the radius on wavelengths (for cool giants); 6) having
the angular diameters we can tie (move) energy flux
spectrum to the orbit of Earth. This proposal based
on that we know: 1) the depth of stellar continuum
formation differs negligibly for different atmosphere
models; 2) in visible spectral region continuum fluxes
depend practically only on effective temperature; 3)
in visible region the theoretical description of stellar
continuum (opacity sources) is well-studied; 4) all this
cannot be said about usual Synthetic Photometry.

2. Approach testing

Recently I have tried to perform this procedure for
two stars: Vega (HD 172167) and Procyon (HD 61421).

2.1. Vega

For the basic observations I used normilized high res-
olution Vega atlas (Takeda et.al., 2007). This spec-
trum was multipled by the theoretical continuum of a
synthetic spectrum, computed using Kurucz’s model
atmosphere for Vega (http : //kurucz.harvard.edu/).
After this I have calculated the B color from surface
flux spectrum that comes from the Vega and compared
it to the observed B magnitude, using zero-point from
(Colina et.al., 1996). In this way I received the angular
diameter of Vega 6 = 3.24 mas, what number is close to
the observed value 6 = 3.202 mas (Absil et.al., 2008).
Using calculated value, I reduced quasi-synthetic spec-
trum to the orbit of Earth and compared with Vega en-
ergy flux spectrum, compiled by Hayes (Hayes, 1985).
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Figure 1: Quasi-synthetic spectrum of Vega, compared
with flux spectrum from (Hayes, 1985).

For comparision purposes Vega’s quasi-synthetic spec-
trum was convolved with Gaussian of resolution R =
110. The result is shown on Fig.1.

As we can see, agreement of both flux spectra is
perfect, excluding the cores of Hydrogen lines. This is
caused by the rough description with the instrumental
profile. The small features in the red part of QS
spectrum are blends of telluric lines in Vega atlas.

2.2. Procyon

For this star I took the famous Procyon atlas of Grif-
fin (Griffin, 1979), did all what is described above and
compared obtained highly dispersed flux energy spec-
trum of Procyon, convolved with the Gaussian instru-
mental profile (R=52) with observed flux spectrum
from (Komarov et.al., 1979) catalogue. Results are
presented on Fig.2 below. The error bar indicates the
authors estimated accuracy of observed flux spectrum
in region V (5%). This estimated accuracy is degrad-
ing (up to 10%) towards the end of the spectrum. The
same will happen if one tries to compare the data from
different catalogues. There is one distinction in proce-
dure: comparision of Griffin atlas with synthetic spec-
trum of Procyon shows that continuum normalization
of atlas in Hydrogen lines regions, especially in a re-
gion of the Balmer jump, was done badly. More than,
since the wavelength region of high resolved spectrum
of atlas is wide, the telluric spectrum starts influecing
strongly the results in a red part of the spectrum. I
have roughly corrected the Procyon atlas both for con-
tinuum and telluric lines.

For this star the agreement between QS and
observed flux spectra still inside error bars. The
difference is caused by continuum normalization of
atlas and telluric features, which was not removed

Figure 2: Quasisynthetic spectrum of Procyon, com-
pared with flux spectrum from (Komarov et.al., 1979).

completely. The angular diameter of Procyon,
found from comparision the QS and observed V
magnitudes - 6§ = 5.18 mas is close to the values
from interferometric measurements (see table in
article Kervella et.al.,2003). For example, the angular
diameter at wavelength 7400 A is: § = 5.19 +0.04 mas.

3. Discussion

The idea of proposed method is very simple and
can be realized very easy. But possible results look
very promissing. Let me briefly describe the possible
projects. 1) The catalogue of flux spectra for reference
stars in visible region both for space and ground-based
observations. Practically all stars for which we have
high resolution spectra can be used. 2) The measure-
ment of angular diameteres for all stars observed with
high resolution. In combination with known parallaxes
we can even determine the radii of these stars. 3)
From comparison of the QS and observed colors at
different wavelengths we can analyze the structure
of interstellar medium. 4) The flux calibrated high
dispersion spectra open new horizons in the field of
stellar atmospheres analysis. For example, we can
develop new approaches, based on the Vertical Inverse
Problem (VIP) solutions. The reason is that we can
directly use the formal solution of transfer equation
instead of the LSQ technique that is being used now.
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ABSTRACT. We present the results of our anal-
ysis of high-resolution spectroscopic observations of
Cepheid o« UMi (Polaris A), and main-sequence type
stars Polaris B, and HD 5914, an optical companion
and a member of Polaris open cluster. The last ones
are objects with high projected rotational velocities
v sini = 110 km s~ and 100 km s~!, respectively.
The derived atmosphere parameters are: Polaris A:
Terr=6020 K; logg=2.2; V;=4.2 km s~1; Polaris B:
Terp=6900 K; log g=4.3; V;=2.5 km s~'; HD 5914:
Terr=8800 K; log g=4.0; V;=2.0 km s~!. C, Na and
Mg content in last two stars is close to solar, whereas
for Polaris A these values are typical for Cepheid after
the first dredge-up stage. The distances to Polaris B
and HD 5914 are 109.5 and 108 pc, respectively. The
RV pulsational amplitude of Polaris A increased to
7.5 km s~! in 2003, decreased to 0.6 km s~! in 2005
and increased anew to 2.5 s~! in 2007.

Key words: Stars: abundances — Stars: distances -
Stars: Cepheids — Stars: main-sequence stars — Stars:
individual - « UMi (Polaris A), Polaris B, HD 5914

1. Introduction

S-Cepheid (DCEPS) a UMi named Polaris is an
unique object for astrophysical research due to the fol-
lowing:

1. It is the nearest (d = 99 (Turner, 2005) — 132 pc
(ESA, 1997)) yellow supergiant and Cepheid in the
Galaxy.

2. Polaris is a well-known multiple system with three
visual components (Polaris B (BD+88°9), C and
D) that are main-sequence stars (Fernie, 1966),
and the spectroscopic one (Polaris Ab) with an
orbital period 29.71 yrs (Turner et al., 2006).

3. Polaris is a member of an anonymous open cluster,
which contains late A-type and early F-type main
sequence stars.

4. Polaris is one from four nearest Cepheid with the
radius, 46+3 R, determined by means of optical
interferometry (Nordgren et al., 1999).

5. CNO-abundances analysis data for Cepheid agree
well with theoretically predicted ones for 3rd (or
5th) crossing of the Cepheids instability strip:
[C/H]=-0.17 (predicted -0.18 dex), [N/H]=+0.42
(predicted +0.40 dex), [O/H]=-0.00 (predicted
-0.02 dex) for evolutionary mass in ranges of 4.9
— 5.2 Mg, (Usenko et al, 2005).

Thus, the main task consist in:

1. To obtain the high-resolutioned spectra of Polaris
(F6 — F8I), its the nearest visual companion Po-
laris B (F'3V), and the brightest main-sequence
member of Polaris cluster HR 5914 (A3V) to
determine its atmospheric parameters, chemical
composition (for the key evolutional elements), ab-
solute magnitudes, masses and distances, respec-
tively.

2. To measure the radial velocities of Polaris A
during the lond observational period (1999-2007)
to determine its pulsational amplitude changes.

2. Observations

Observations of these objects have been realized us-
ing:

1. 1m telescope — Ritter Observatory, University of
Toledo (Toledo, OH, USA) — fiberfed echelle spectro-
graph (AX 5800-6800 AA).
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Table 1: Observational data of Polaris cluster’s objects

Objoct HID NS Ters Tog g v,
o UM 2449513-0649 (1994) G 50681290 2.2 2.35
2451240-2192 (1999) 4 5973+15 2.1 4.30
2452416-2515 (2002) 9 6011+25 2.2 4.60
2452782-2986 (2003) 11 6018425 2.2 4.30
2453005-3367 (2004) 10 6027415 2.2 4.30
2453686-3693 (2005) 6 6063+10 2.3 4.00
2453751-4169 (2006) 7 605530 2.2 4.00
2454169-4426 (2007) 4 6043+10 2.2 4.00
Moan 57 6020£20 2.2 1.20
Polaris B T 6900£50 13 3.50
HD 5914 1 8800150 2.0 3.00

Table 2: Radial velocity data of @ UMi during 2005-
2007

HJD Number of RV o NL
2400000+ orders  (kms™1)
53686.615 20 -17.68 1.05 198
53687.614 27 -17.82 1.00 616
53689.647 27 -18.24 1.20 589
53690.109 27 -17.80 1.13 566
53691.633 27 -17.82 1.06 550
53693.124 27 -17.93 1.06 549
53751.121 27 -16.83 1.21 581
53808.277 27 -18.78 1.55 933
53904.350 27 -17.87 1.09 506
53980.589 27 -17.40 1.29 569
54073.589 27 -18.43 1.15 579
54077.651 27 -17.58 1.21 406
54169.638 27 -19.18 1.09 415
54225.228 27 -18.92 1.25 592
54344.551 27 -19.41 1.04 464
54426.183 27 -16.65 1.19 603

2. 2.1m Otto Struve telescope — McDonald Observa-
tory (Texas, USA) — SANDIFORD spectrograph (AA
5500-7000 AA).

3. 6m telescope BTA — SAO RAS (Russia) — LYNX,
PFES and NES spectrometers (AX 5050-7100 AA).

The reduction was made using IRAF, MIDAS
and DECH20 software (Galazutdinov, 1992). The
observational log is given in Table 1. In Table 2 we
present new radial velocity data of Polaris A, obtained
during 2005-2007.

3. Atmosphere parameters and chemical
composition

Atmosphere parametrs were determined:

1) Effective temperature T.¢s: by line depth ratio
(Kovtyukh & Gorlova, 2000) for Polaris (accuracy: 15—
70 K); (B —V)-Tesy, logg and SYNTH for Polaris B
and HD 5914 (accuracy: 50 K);

2) Surface gravity logg: by adopting the same iron
abundance for Fe I and Fe II lines. (accuracy: 0.15
dex) for Polaris; (B — V)-Teyy, logg and SYNTH for
Polaris B (Hp); see Figure 1) and HD 5914 (H,; see
Figure 2)(accuracy: 0.15 dex );

3) Microturbulent velocity V;: by assuming abun-
dances of the Fe II lines independent of the W for
Polaris (accuracy: 0.25 km/s). For Polaris B and HD
5914 these V; data were selected using SYNTH.

Table 3: Average abundances for Polaris cluster’s ob-

jects
Elements Polaris Polaris B HD 5914
C/H] -0.17£0.10 -0.00£0.05 -0.01
N/H] +0.424+0.00  40.00 +0.00
O/H] -0.00+0.15 -0.00 -0.024+0.09
Na/H] +0.09+0.11  40.03 -0.02
Mg/H] -0.21£0.12  +0.04+0.12 -
Fe/H] +0.07+£0.10 +0.07+0.15 +0.05+0.15

The mean atmosphere parametrs are given in Table
1. It is necessary to note that Polaris B and HD 5914
are high-rotating objects with v siné = 110 km s~! and
100 km s, respectively (see Figures 1 and 2).

As seen from Table 3, a comparison of chemical
abundances (CNO-elements, sodium, magnesium
and iron) for Cepheid, its visual companion and
main-sequence star from open cluster reveals some
interesting features. All three stars display essentially
identical abundances of iron, whereas Polaris B and
HD 5914 appears to have a solar carbon content.
The same fact noticeable for sodium and manganise
content for these stars. On the other hand Cepheid
Polaris A exhibits an obvious deficit of carbon, over-
abundance of nitrogen, small overabundance of sodium
and noticeable deficit of manganese. These features
agrees well with theoretically predicted abundances
for 5 Mg star after 3rd or 5th crossing of the Cepheid
instability strip (Usenko et al., 2005).

4. Colour-Excess and Reddening

Knowing the average T.ry and (B — V) for the
Cepheid and using the Gray’s (1992) (B — V) vs.
T,y relationship, we can calculate the intrinsic colour
(B — V), colour-excess Ep_y, and reddening Ay .
For the mean T.;y = 6020 K we have Eg_y = 0.034
mag; Ay = 0.102 mag, R = 3.0 (Arellano Ferro, 1984)
BC=0.01 mag (Bessell, Castelli & Plez, 1998).

5. Distances, Luminocities, Radii and Masses

The distance determination for Polaris system is
problematical (Usenko et al. 2005), because the dif-
ferent methods give unequal estimates, from 99 pc
(Turner, 2005) to 132 pc (ESA 1997; Norgren et al.,
1999). Known that Polaris B is F'3V main-sequence
star, then its radius is near 1.38 R,q.: (Straizys, 1982).
Using our mean T, value we can obtain its luminos-
ity of 3.868 Ly, equivalent to an absolute magnitude
My = +3.30 mag. Using our Ay = 0.102 mag we have
obtained a distance d = 109.5 pc. This result coincide
with Kamper’s (1996) one of 110 pc, determined by
astrometrical methods.

As known, for main-sequence stars log(L/Lg) =
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Figure 1: Fragment of Polaris B spectrum in the range
4930-4943 AAwith synthetic spectrum (dashed line).
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Figure 2: Fragment of HD 5914 spectrum in the range
6500-6620 A Awith synthetic spectrum (dashed line).

4log(M/Mg). Using our gravity and radius values for
Polaris B, we can obtain its mass of 1.39 Mg, that
agrees well with Polaris Ab F4V type spectroscopic
companion, — 1.38+0.61 Mg (Evans et al., 2007).

In the case of HD 5914 we have obtained its radius
of 2.14 Rg, My = +1.3 mag, d = 108 pc, and M =
1.66 M, respectively. Therefore, for Polaris A, in the
case of distance d = 109.5 pc and Ty = 6020 K, we
have: My = -3.31 mag, log(L/Lg) = 3.232, R = 38
Rq, and M =5 Mg, respectively.

6. RV Pulsational Amplitude Changes

As seen from Figures 3-8 RV pulsational amplitude
of Polaris during 2002-2007 undergoes the changes. It
is interesting that it increased from 3 to 7.5 km s~!
during 2002-2003, after that we can see a decreasing
from 2 to 0.6 km s~! during 2004-2005, and new in-
creasing to 2 km s~! in 2006 and to 2.5 km s~! in 2007.

7. Conclusions

We can summarize the results of our investigations
as follows.
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1. A large projected rotational velocity v sini = 110
km s~! for Polaris B is an evidence that Polaris
system is young and Polaris B is likely to be sin-
gle, since most binaries of A — F' types have slow
rotation, the angular momentum being tied up in
orbital motion. Moreover, the rapid rotation’s ob-
servation could be mean that we see the star nearly
equator-on. Atmosphere parameters, obtaines for
Polaris B are typical for F3V star.

2. The same conclusions we can sum up for HD 5914
with its projected rotational velocity v sini = 100
km s~! and typical A3V spectral type.

3. The majority of Polaris B and HD 5914 chemi-
cal elements shows abundances, equal to Polaris
A and close to solar one. But carbon, sodium and
magnesium in these stars close to solar content,
therefore Polaris A demonstrates a typical for the
first dredge-up yellow supergiants deficit of C and
Mg and overabundance of N and Na (Usenko et
al., 2005). Therefore we are eye-witnesses of evo-
lutional history of three stars with different masses
in the same stellar system.

4. Absolute magnitude +3.30 mag for Polaris B is
equal to one from Fernie (1966). Spectroscopically
determined T.yy = 6900 K combinating with ra-
dius of 1.38 R, give the distance near 109.5 pc, —
a fine agreement with Kamper’s (1996) one near
110 pc. This result is quite unexpected, because
Turner (2005) denoted 10143 pc to this object and
Polaris system as a whole. Whereas HIPPARCOS
parallax (ESA 1997) and optical interferometry
(Nordgren et al., 1999) results give 13249 pc to
the Polaris A.

5. For HD 5914 we have the absolute magnitude
+1.30 mag and for spectroscopically determined
Terp = 8800 K and radius of 2.14 R the desired
value of distance come to 108 pc. It is a real confir-
mation that this star is a member of Polaris open
cluster.

6. The obtained mass of Polaris B near 1.39 M, has
been founded as unexpected close to one of Po-
laris Ab spectroscopic companion, -1.38+0.61 M
(Evans et al., 2007), which is a main-sequence star
of earlier than F4V spectral type (Evans et al.,
2002). The mass of HD 5914 near 1.66 Mg is a
typical for main-sequence early A— type stars.

7. If the distance to Polaris A of 109.5 pc is true,
then in case of mean T.;y = 6020 K its absolute
magnitude is -3.31 mag, radius is near 38 R and
mass is equal to 5 Mg, respectively.

8. RV pulsational amplitude of Polaris A during last
years undergoes sporadical changes minimized to
0.6 km s~! in 2005 and culminated to 7.5 km s~!
(like before 1950) in 2003. In last year we can see
its new increasing to 2.5 km s~ !.
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ABSTRACT. New 17 high-resolutional spectra of
small-amplitude Cepheid SU Cas have been obtained
to determine its atmosphere parameters (T.;;=6353
K; log g=2.38; V;=3.25 km s7!) and to measure its
radial velocities. The last ones were added to the total
RV list (378 values) and using the {requency analysis
we can specify the pulsational and orbital periods of
this Cepheid. With the well-known main pulsational
period of 1.9493 days, classified as fundamental tone,
we can detect the presence of two equidistant periods
at a distance of +0.003 ¢/d from it, and the secondary
(possible first overtone) one of 2.0405 day. Their
ratio P1/Py = 0.96 supposed about an existence of
non-radial pulsations in the Cepheid’s atmosphere.
Changes of the mean colour-index, effective temper-
ature and ~-velocity confirmed the presence of one
or more companions with possible periods of 463.7 —
483.8, 1738.8 and 7490.3 days.

Key words: Stars: Pulsational periods — Stars:
Orbital periods — Stars: Cepheids — Stars: individual
- SU Cas

1. Introduction

S-Cepheid (DCEPS) SU Cas is an interest object for
astrophysical research due to the following aspects:

1. It is one of the nearest (d = 258 pc (Turner &
Evans, 1984) Cepheid in the Galaxy.

2. SU Cas is a member of Cas OB2 association
(Racine, 1968).

3. CNO-abundances analysis data for Cepheid agree
well with theoretically predicted ones for 3rd cross-
ing of the Cepheids instability strip in case if it
mass is close to 3.7 Mg (Usenko et al., 2001).

4. SU Cas has a close companion B9.5 — —A5V
(Turner & Evans, 1984; Usenko, 1990; Evans,
1991) with possible orbital periods of 462.5, 928,
1375 and 1682 days, respectively (Szabados, 1991).

1308
,,,,,,,,,,,

Figure 1: Variations of the mean effective temperature
and colour-index during the last fourty years. Six-point
stars, — the photometrical data from Mitchell et al. (1964),
Wisniewski & Johnson (1968), Milone (1970), Sudzius
(1969), Feltz & McNamara (1980), Szabados (1977), Niva &
Schmidt (1979), Moffett & Barnes (1984); five-point stars,
— the data obtained from spectroscopy (Usenko et al. 2001,
Luck 2001, and this work).

Nevertheless there are some problems connected
with unusual character of this Cepheid, namely:

1. Identification of its pulsational mode:

a) Fundamental mode: R = 18.2 Rq; Tepy =
6328 K; d = 258 pc (Turner & Evans 1984); log g
= 2.35 (Usenko et al., 2001);

b) First overtone: R =29 Rq; T.rp = 6600 K; d
= 407 pe; Mo, = 4.3 Mg, (Gieren, 1976);

¢) Second overtone: R = 33.8 Rg; Tepp = 6300
K; d = 433 pc; (ESA 1997; Evans, 1991).

2. Noticeable variations of the mean (B — V') during
last decades (see Figure 1).

3. Relatively small number of radial velocity mea-
surements (349 estimates from 1918 to 1999 in 20
observational sets).
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Table 1: Observations and radial velocities of SU Cas

Spectrum HJD RV o
2400000+ (kms™') (kms™1!)
s482013 54074.392 1.52 1.3 512
s484026  54076.583 -7.41 1.3 463
s485017  54077.315 -8.72 1.2 559
s490017  54137.430 -13.79 1.4 599
$492002 54139.142 -14.76 1.6 471
s493012  54139.595 -15.91 1.2 472
s494020  54169.542 0.43 1.3 594
s495015  54170.449 -16.43 1.3 492
s497015  54225.247 -13.14 1.3 535
s498013 54226.241 2.53 1.3 518
s500036  54305.546 -5.89 1.3 571
s514035  54481.655 -10.32 1.4 538
s515022 54483.148 -2.15 1.1 599
s516012  54518.359 -0.38 1.2 580

Thus, the main task consist in:

1. To obtain the high-resolutioned spectra set of
SU Cas (F6IIb — —F8IIb), to determine its
atmospheric parameters and to compare its with
the same from other authors.

2. To measure the radial velocities of SU Cas from
this set.

3. To add these radial velocities to the tolal list,
obtained during the long observational period
(1918-2008).

4. To make more exact of SU Cas pulsational and
possible orbital periods using Fourier analysis.

2. Observations

Observations of these objects have been realized us-
ing 6m telescope BTA — SAO RAS (Russia) equiped
by LYNX (Panchuk et al., 1999), PFES (Panchuk et
al., 1998), NES (Panchuk et al., 2002) spectrometers
(AX 4800-6600 AA.)

The reduction was made using IRAF software, the
MIDAS context ECHELLE modified for extraction of
echelle spectra obtained with an image slicer (Yushkin
& Klochkova, 2005), DECH20 software (Galazutdinov,
1992). The observational log is given in Table 1.

3. Atmosphere parameters and chemical
composition

Atmosphere parametrs were determined:

Table 2: Atmosphere parameters of SU Cas

Spectrum Teys logg Vi
(K) (kms?)

s482013  6298+11 2.30 3.00
s484026  6485+65  2.50 3.30
s485017  6256+38  2.25 2.70
s490017  6514+13  2.40 3.15
s492002  6548+38  2.55 4.30
s493012  6427+62  2.55 4.00
s494020  6162+17  2.30 2.85
s495015  6502+85  2.50 4.20
s497015 6502+9  2.40 3.00
s498013  6207+10 2.30 3.00
s500036  6250+11 2.30 2.80
s514035 6388+9  2.40 2.90
s615022  6272+15  2.40 3.20
s516012 612748  2.20 3.10

Mean 6353+£28  2.38 3.25

1) Effective temperature Tcs¢: by the line deph ratio
(Kovtyukh & Gorlova, 2000).

2) Surface gravity log g: by adopting the same iron
abundance for Fe I and Fe II lines. (accuracy: 0.15
dex).

3) Microturbulent velocity V;: by assuming abun-
dances of the Fe II lines independent of the W) for
Polaris (accuracy: 0.25 km s™1).

The mean atmosphere parametrs are given in Table
2.

4. Frequency analysis

Frequency analysis have been completed for SU
Cas radial velocity data using PERIOD 98 software
(Sperl, 1998). PERIOD 98 allows to search for and
to fit sinusoidal patterns within the time series of data
containing huge gaps. It used techniques of Fourier
and Fast Fourier analysis with residuals minimization
of sinusoidal fits to the data.

For calculations we have 378 radial velocities totally,
obtained during the period of 1918-2008 (364 values
from other authors and 14 our ones). The Fourier
amplitude spectra were obtained over the frequency
range 0-1 c¢/d at a resolution of 0.00002 c¢/d. These
calculations were based on the original data (pulsa-
tional periods search), and the residuals at original
(orbital periods search).

4a. Pulsational periods

As seen from Figure 2, we can observe the main
pulsational period of 1.949329 days with two equidis-
tant ones +0.003 ¢/d (1.939059 days and 1.959787
days, respectively). And, the presence of secondary
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Figure 2: Fragment of Fourier amplitude spectrum of
SU Cas over a narrow frequency range corresponding
to pulsational periods with calculations based on the
original data.

pulsational period is visible well too, — 2.040461 days.
Their ratio consists 0.96 what is typical for non-radial
pulsations. It is interesting that Stobie’s model 9e for
5 My, star gives the period of 2.07 days in case of first
harmonic (Stobie, 1969).

4b. Orbital periods

An existence of SU Cas hot companion is a notori-
ous fact. Turner & Evans (1984), Usenko (1990) and
Evans (1991) have predicted its spectral type within
the limits of B9.5 — A5 V. Szabados (1991) has esti-
mated its orbital period of 462.5, 928, 1375 and 1682
days, at that he has gave preference to the first value.
In Table 3 we represented the y — velocities, estimated
for different observational sets. As seen from Figure
3, these changes show an evidence of SU Cas system
orbital motion, at that the mean ~ velocity is equal to
-6.46 kms~1!.

To confirm Szabados’ conclusions, we have began a
search of peaks on the Fourier amplitude spectrum,
which could be correspond to his orbital periods, men-
tioned above (see Figure 4). Evidently, these peaks
are very slight and insignificant in case of calculations
based on the original data. To improve this situation
we calculated the Fourier amplitude spectrum based
on the residuals at original ones (see Figure 5). As
seen from this figure, the highest amplitude corre-
sponds to 7490.3, 1738.8, 483.8 and 463.7 days, at that
last two values are very close to Szabados’ (1991) data.

5. Conclusions

1. According to our determination of T¢sy and (B —
V)o data, SU Cas demonstrates their sporadic
changes with unestablished period.

Table 3: 7—ve1001t1es of SU Cas

HJD o Reference
24000004 (km s 1) (km s 1)
20229 -6.3 1.2 4 Adams & Shapley (1918)
21252 -8.0 1.2 4 Adams & Shapley (1918)
34307 -8.0 0.6 4 Abt (1959)
34621 -8.5 0.3 14 Abt (1959)
35051 -8.2 0.7 3 Abt (1959)
36451 -9.6 1.0 1 Abt (1959)
40943 -3.8 0.3 7 Niva & Schmidt (1979)
41962 -8.9 0.1 63 Gieren (1976)
43421 -7.2 0.4 39 Niva & Schmidt (1979)+
+Wilson et al. (1989)
43889 5.6 0.3 72 Beawers & Eitter (1986)-+
+Barnes et al. (1987)
44570 6.4 0.2 15 Haupl (1988)+
+Barnes et al. (1987)
44895 3.4 0.3 12 Haupl (1988)+
+Barnes et al. (1987)
46866 -4.9 0.4 2 Gorynya et al. (1992)
47126 -6.3 0.2 19 Bersier et al. (1994)
48630 -4.9 0.2 18 Gorynya et al. (1992, 1996)
49563 -7.0 0.3 14 Gorynya et al. (1996)
50035 -5.9 0.2 16 Sachkov et al. (1998)
50318 -5.4 0.3 9 Sachkov et al. (1998)
50741 -5.0 0.3 27 Sachkov et al. (1998) +
Luck (2001)4+SAO (2001)
54296 6.5 0.3 14 This work

Reference: SAO (2001) — two spectra from Usenko et al.
(2001) with radial velocities, measured by author.
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Figure 3: v — velocity values of SU Cas during 1918 —
2008.
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SU Cas over a narrow frequency range corresponding to
orbital periods with calculations based on the residuals
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2. In case of mean gravity value 2.35 — 2.40 we can
consider SU Cas as fundamental mode pulsator
with period of 1.949329 days.

3. The presence of two equidistant periods at a dis-
tance of £0.003 ¢/d from the main pulsational pe-
riod and possible first overtone period of 2.040461
days, and P /Py = 0.96 suggest an idea to an ex-
istence of non-radial pulsations in the Cepheid’s
atmosphere.

4. Szabados’(1991) 462.5 days orbital period need to
be improved. Its value could be consist with in
the limits of 463.7 — 483.8 days. We need as much
as possible new radial velocity data to make it.

5. It is possible that SU Cas has one more compan-
ion(s) with long orbital periods near 7490.3 and
1738.8 days.
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ABSTRACT. Using a two-dimensional hydrody-
namics code with axial symmetry we explore the
chemical, thermal, and dynamical evolution of a
shell formed by a high-energy supernova explosion
(10°% erg) in dwarf protogalaxies with a total (dark
matter plus baryonic) mass 107 My at a redshift
z = 12. We consider two initial configurations for the
baryonic matter, one without rotation and the other
having the ratio of rotational to gravitational energy
[ = 0.17. The (non-rotating) dark matter halo is
described by a quasi-isothermal sphere. We find that
the dynamics of the shell is different in protogalaxies
with and those without rotation. For instance, the
Rayleigh-Taylor instability in the shell develops faster
in protogalaxies without rotation. The fraction of a
blown-away baryonic mass is approximately twice as
high in models with rotation than in models without
rotation. We argue that these differences are caused
by different initial gas density profiles in non-rotating
and rotating protogalaxies. On the other hand, the
chemical evolution of gas in protogalaxies with and
without rotation is found to be similar. The relative
number densities of molecular hydrogen and HD
molecules in the cold gas (T' < 10° K) saturate at
typical values of 1072 and 1077, respectively. The
clumps formed in the fragmented shell move with
velocities that are at least twice as high as the escape
velocity. The mass of the clumps is ~ 0.1 — 10 Mg,
which is lower than the Jeans mass.

Key words: cosmology, galaxies, ISM, molecules,
stars, shock waves.

1. Introduction

The detection of extremely metal-poor stars in
our Galaxy with an iron abundance equal to or less
than 1073 of the solar value (Beers et al., 1992,

Christlieb et al., 2002) has motivated scientists to
put forward possible scenarios for the formation of
such stars. According to Tsujimoto et al., (1999),
extremely metal-poor (EMP) stars form in a dense
shell produced by Type II supernova explosions
of the first stars and accrete metals from the sur-
rounding medium during the subsequent evolution.
The formation of EMP stars is made possible by
fragmentation of the primordial gas in a supernova
shell due to efficient cooling by molecular hydrogen
and HD molecules (see review by Nishi & Susa (1999),
Salvaterra et al., (2004), Greif et al., (2007)). It now
becomes evident that the formation of EMP stars
due to fragmentation of supernova driven shells is a
complicated phenomenon that depends on a variety of
physical conditions in a host protogalaxy, which may
vary from allowing star formation to shutting it off
completely. In such circumstances, the construction
of increasingly more sophisticated numerical models
is justified. Here we perform axially symmetric
numerical hydrodynamics simulations of high-energy
supernova explosions (10°® erg) in a model dwarf
protogalaxy with total mass 107 Ms. We seek to
determine the effect of galactic rotation on the dynam-
ical and chemical evolution of a supernova-driven shell.

2. Model protogalaxy

Our model protogalaxy consists of a baryonic compo-
nent surrounded by a spherical dark matter halo. We
assume that the dark matter halo profile is spherically
symmetric and is determined by a modified isothermal
sphere. The dark halo mass (M},) in our numerical
simulations is set to 107 Mg, which, at a redshift of
z = 12, corresponds to 3¢ perturbations in the ACDM
model for the parameters determined from the third
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year WMAP data.' The virial radius of our model
protogalaxy is ry = 520 pc (Ciardi & Ferrara 2004).

gas density, cm™

velocity, kms”  temperature, K

r(z), kpc

Figure 1: Profiles for the gas density (top panel), tem-
perature (middle panel), and infall velocity (bottom
panel) in the non-rotation model 1 (solid line) and ro-
tating model 2 (dashed and dotted lines). In particu-
lar, the dashed and dotted lines show the radial and
vertical profiles in model 2, respectively.

The initial distribution of the total gas density (pg)
is found by solving numerically the steady-state mo-
mentum equations in eylindrical coordinates (z,r). We
introduce a parameter 3 < 1, which is the ratio of ro-
tational to gravitational energy. In the following text,
we consider two models: model 1 without rotation,
[ = 0 and model 2 with rotation, for which we choose
3 = 0.17. The gas is assumed to be initially isothermal
at a virial temperature Ty;, = 5900 K.

The dynamics of the gaseous component is followed
by numerically solving a usual set of hydrodynamic
equations in cylindrical coordinates (z,r,¢) using a
finite-difference operator-split code (Stone & Norman
1992). The computational domain has a size of 750 pc
in both the vertical (z) and horizontal (r) directions.
The numerical resolution is 780 x 780 grid zones.

Once the equilibrinum gas density distribution is con-
structed, we let our model galaxies evolve out of equi-
librium. We stop this process when the temperature in
the centre drops below 500 K. The resulted distribu-
tions are shown in Fig. 1. After we release 10%? erg of
thermal energy in the central sphere with radius 5 pc.
Such energetic supernovae are expected to result from

1We assume a ACDM cosmology with the parameters
(Q0, 24, 2m, Q. h) = (1.0, 0.76, 0.24, 0.041, 0.73), and deu-
terium abundance 2.78 x 107° (Spergel et al., 2007).

explosion of massive metal-free stars (Heger & Woosley

2002).

Figure 2: Distribution of density (in cm™3) at t =
1, 4, 8, 12 Myr after SN explosion with EFgy =
10°% erg in halo M = 107 M for the spin parame-
ter 3 =0 — upper and 3 = 0.17 — low row of panels.

height (kpe)

radial distance (kpc)

The gas component of our model protogalaxy
consists of a standard set of species: H, He, HT,
H~. Hs, H;‘, D, D*, HD. The cooling rates are
computed separately for temperatures below and
above 2 x 10* K. In the low-temperature regime, the
cooling rate includes cooling due to recombination and
collisional excitation of atomic hydrogen (Cen 1992),
Hs (Galli & Palla 1998) and HD molecules (Lipovka et
al., 2005). In the high-temperature regime, the cooling
rates for zero metallicity are taken from (Sutherland
& Dopita 1993). The list of chemical reactions and
other details of solving chemical kinetics can be found
in (Vasiliev et al 2008).

3. Results

Fig. 2 presents snapshots of the gas density distri-
bution at four consecutive times after the supernova
explosion.  When the characteristic cooling time
becomes shorter than the dynamical time (the age of
a supernova remnant), an expanding shell becomes
unstable to the Rayleigh-Taylor (RT) instability (Gull
1973). As a result, small ripples that distort a spherical
shape of the shell appear in model 1 at t = 1 Myr. The
subsequent evolution of the shell is governed by the
RT instability, which acts mostly in the compressed
gas of the shell outside the interface between hot
supernova ejecta and the shell of compressed material.
The characteristic time for the development of the
RT instability is shorter for steeper initial gas density
profiles and vice versa. Fig. 1 indicates that both the
gas density distribution in model 1 and the vertical gas
density distribution in model 2 have profiles similar
to r22, where r, = (r? + 22)//2 is the distance from
the galactic centre. On the other hand, the radial gas
density distribution in model 2 is noticeably shallower
and follows an 7 '*7 profile. Hence, we expect the RT
instability to grow faster in the non-rotating model 1.



Odessa Astronomical Publications, vol. 21 (2008)

‘1'his is indeed seen in the top row ot Fig. 2 — the
shell has lost its spherical shape by t = 4 Myr and
prominent spurs (or fingers) start to grow into the
unperturbed medium. Model 2 shows little spurs
at the same evolutionary time, though the shell has
already started to show first signs of instability.

Figure 3: Fraction of the baryonic mass blown away
by a supernova energy release of 10°3 ergs in model 1
(solid) and in model 2 (dash).

£

height (kpc)
height (kpe)

rodial distance :-:};:]‘. .I.;d;l riilsr;.l;c:-:h;;::; radial distance [k;rl-

Figure 4: Logarithmic distribution of temperature
(left), Hy (middle) and HD (right) abundances at time
t = 12 Myr after the explosion of SN with energy
Egn = 10°3 erg in halo with mass M = 107 Mg and

the parameter § = 0 (upper) and § = 0.17 (lower).

Figure 2 shows that at £ = 12 Myr some spurs are
found outside the virial radius (520 pc) in the both
models. This implies that a fraction of the baryonic
mass is blown away by the supernova explosion (Fig. 3).
We find that the spurs are characterized by mean mass-
weighted velocities of the order of 26 km s~! in model 1
and 22 km s~! in model 2, whereas the escape velocity
at the virial radius in both models is v, &~ 13 km s~!.

Fig. 4 shows the distribution of gas temperature, rel-
ative number densities of molecular hydrogen and HD
molecules at ¢+ = 12 Myr. It is evident that low gas
temperatures (below 10? K) are found in the shell and
the spurs, where cooling takes place due to Hy and
HD molecules. In particular, the lowest temperatures
found in the spur cores are of the order of 500 K and
the relative number densities of Hy and HD are approx-
imately 10~% and 1077, respectively.

T T T T T T I —————— ]
R R N 10° F /’__-‘—:‘_‘ -
E . — L § //
wh [ ] m‘i/ F T
s F / 2"/ / ]
=2 10° II'.. E =z w0l / E
E | 3 R
b - s b
1U‘F1l/. E 10’;/ E
=/' 1 I I L 1 1 Ed 1 1 1 | It
0 2 4 & 8 10 12 0 2 4 6 8 10 12
t, Myr t, Myr

Figure 5: The total mass of gas in computational
domain for model 1 with Hy abundance higher than
z[Ha] = 5 x 10~ (filled circles), z[Hs] = 1072 (open
circles), with temperature lower than 7" < 10% K (filled
triangles), T < 500 K (open triagles). The line with
filled squares represents the total Hy mass. The dashed
line shows the gas mass contained in fragments with
density log n > —0.25 and temperature T < 5 x 103 K.

Figs. 5 present the temporal evolution of different
molecular hydrogen tracers in model 1 and model 2.
The comparison of those figures shows that the Ho
traces saturate during the evolution. The saturation
is explained by the fact that we consider the gas
evolution behind strong shock waves. The saturation
times in model 2 are systematically longer than in
model 1. This can be attributed to longer cooling times
in model 2 due to a shallower initial gas density profile.

4. Evolution of fragments

One can see from Figs. 2 that the typical radial
length of the most cold and dense regions is several
parsecs. The clumps form due to desintegration of the
shock wave under Rayleigh-Taylor instability which de-
velops when gas behind the shock front starts cooling
rapidly and the front decelerates. A typical size of
fragments is expected to be close to the thickness of
the compresses gas behind the front at the moment,
when it becomes unstable.

Among possible mechanisms of cloud destruction
stripping of the external layers of clouds seems the
most efficient under the conditions of interest. This
process operates mostly by Kelvin-Helmholtz instabil-
ity. The stripping time for typical conditions in the
case considered here equals ~ 3 Myr. This is short
compared to the dynamical time, and from this point
of view dense clumps should be destroyed quickly.
However, the radiative cooling time is of the same
order t. ~ 1 — 3 Myr, which means that the density
increase always connected with the radiative cooling
can inhibite the destruction through stripping, so that
the clumps can survive on longer dynamical time.
The clumps however asymptotically are destroyed,
which is seen from the fact that the mass contained in



138

Odessa Astronomical Publications, vol. 21 (2008)

relatively dense (n > 0.56 cm™?) and cold (T < 5 x 103
K) fragments decreases at ¢ > 3 Myr as shown in
Fig. 5 by dashed lines. Moreover, a typical mass of the
most dense (n > 1.8 cm™?) clumps M ~ 0.1 — 10 M
(see Fig. 6) is much smaller than the Jeans mass
for the corresponding conditions (n < 1.8 em™* and
T ~ 0.5 -1 x 10% K). All this means that protostellar
clouds do not form in the shell unless the clumps merge.

:Hﬂ.

Nurmber of fragments
]

Figure 6: Number of fragments in the expanding shell
at t = 12 Myr for a protogalaxy without (left) and
with (right) rotation; panels from the uppermost to the
lowermost correspond to the fragments with log n >
—0.25, 0, 0.25, respectively; the mass of the fragments
was calculated as pS®/2, where S is the area of a fil-
amentary fragment on the “radius-height” plane, p is
the mean density in it; note, the fragments of low den-
sity do look more filamentary and irregularly shaped
than the dense ones, what therefore explains a higher
spread of masses of fragments with lower density limit.

5. Conclusions

We have considered numerically the effect of ener-
getic supernovae explosions (10°% erg) in non-rotating
and rotating protogalaxies with the total mass 107 M,
at a redshift of z = 12. We find the following:

e the process of the shell destruction is different for
non-rotating and rotating protogalaxies;

e the supernova evacuates about 10% and 20% of the
initial gas mass for models without and with rota-
tion, respectively, to radial distances larger than
the virial radius;

e the relative number densities of molecular hydro-
gen and HD molecules in the fingers and spurs are
found to be quite large, approximately 1072 and
1077, respectively. The typical temperature in the

spur cores is of the order of 500 K at £ > 8 Myr
after the supernova explosion;

e the total gas mass with x[Hp] > 1073 saturates
at 2 x 10° My, which corresponds to approxi-
mately 10% of the total baryonic mass in our
model galaxy.

Finally, we would like to note that the typical
masses of most fragments are ~ 0.1 — 10 M,. For the
typical densities and temperatures in the fragments to
be ~ 0.5~ 1 cm™3 and (0.5 — 1) x 103 K, respectively,
these masses are strongly sub-Jeans and the fragments
are expected to be pressure-supported. Their further
evolution depends on both the efficiency of cooling and
destruction due to the Kelvin-Helmholtz instability.
We do not expect that the low-mass stars can be
formed in such conditions as suggested by Salvaterra
et al. 2004. In our opinion, a more feasible mechanism
for low-mass, metal-poor star formation is related with
the re-collapse of a supernova bubble in protogalaxies,
whose total gravitational binding energy is much
larger than supernova energy.
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ABSTRACT. We present simple arguments about
metallicity of transition from first stellar generation
(population III) to the second one. We consider
the efficiency of fragmentation in gas induced by
thermal instability in cold gas layers and filaments
(T < 10" K), and in the shells formed by supernovae
explosions from first stars. We estimate the metal-
licity at which the gas behind shock waves becomes
unstable against thermal instability. We argue that
this metallicity is inherited by population II stars and
can be thus treated as the critical metallicity.

Key words: early universe, shock waves, mixing,
heavy elements, supernovae, stars (Population III,
Population II).

1. What determines the metallicity of stars

First stars formed at redshifts 20-30 and after a short
(a few million years) lifetime exploded as a supernovae
to enrich surrounding gas with heavy elements (met-
als). It is well known that cooling rate in metal lines
is more efficient than in primordial molecular lines (H2
and HD). Metals thus favour fragmentation in gas and
formation low mass stars. The metallicity of gas, when
metals become a dominant cooling agent, is called the
critical metallicity. This value can be defined variously:
a) this is the metallicity when cooling rates by met-
als and primordial molecules are equal to each other
(Bromm & Loeb 2003), b) or the metallicity when cool-
ing by metals is predominated over the gravitational
heating during protostellar cloud collapse (Bromm et
al 2001), ¢) or when cooling by metals and dust leads to
fragmentation of gas in the process of protostellar col-
lapse (Omukai et al 2005). Such defined critical metal-
licity is found to range between 107° — 3 x 10~

In these estimates it is assumed implicitly that the
metallicity increases gradually until it reaches the
critical value. However, initially the metals locate
in the supernovae ejecta and further mix with a

swept-away supernovae shell. The shell fragments
onto filaments due to Raileigh-Taylor and/or thermal
instabilities, so that the filaments can contain different
fractions of metals depending on how metals are mixed
through the shell and where a fragment has formed.
In other words the metallicity of filaments can vary in
a wide range. In subsequent evolution the filaments
may fragment onto smaller ones and merge with other
filaments to form larger clumps. In the process of
fragmentation and merging mixing efficiency depends
on many factors (as density contrast between mergers,
their sizes, relative velocities and so on), and in general
is far from being complete (Vasiliev et al 2008). This
means that filaments, clumps and clouds preceding
formation of next generation of stars can have widely
varying metallicity, above and below the critical
value as defined earlier. In general, birth of stellar
objects depends on thermal and dynamical evolution
of protostellar clumps. The former is governed by
cooling efficiency and self-gravitation, while the latter
is determined by external influence, e.g. shock waves
and collisions. Obviously, clouds with supercritical
metallicity cool efficiently and form stellar objects,
whereas evolution of clouds with subcritical metallicity
is less clear: external shock waves can either compress
or destroy clouds, however in first case under certain
conditions clumps may form stars with subcritical
metallicity. Since the metallicity of protostellar
clouds can in principle be higher than the critical
value in the sense defined above, we can meet among
post-PoplIl no stars belonging to the intermediate
stellar population according to their metallicity level,
rather misinterpreting them as Popll stars.

2. Thermal instability in cooling gas

We consider first the efficiency of fragmentation in
gas induced by thermal instability (Fields, 1965) in
shells formed by supernovae from first stars. The evo-
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Figure 1: Upper left panel: Radial distributions

of density (solid line), temperature (dashed line) at
t = 5x 10* yrs after SN explosion with energy 10°3 egs
in the homogenious medium with n = 10 em™*; Lower
left panel: the ratio of cooling to dynamical time
(solid line) and distribution of metallicity (dashed line)
at t = 5 x 10* yrs after SN explosion. Upper right
panel: Thickness of the unstable shell (dotted line),
maximum (dashed) and minimum (solid line) ther-
mally unstable length in the shell; Lower right panel:
The allowed range of metallicity of fragments.

Intion of supernovae remnant (SNR) can be divided
onto two phases: adiabatic and radiative. The transi-
tion from the former to the latter occurs when dynam-
ical time (the age of SNR) and cooling time equal. At
this moment the SNR shell becomes unstable against
thermal instability, and it is getting destroyed onto
fragments when the size of perturbations turns to be
shorter than the shell thickness.

In our one-dimensional gas dynamics we consider a
simple model of metal mixing in SNR: initially metals
are assumed to be confined in the supernovae ejecta;
further on the fraction (relative density) of metals is
prescribed constant inside the ejecta, whereas it lin-
early decreases in the shell. Figure 1 (left panels)
presents radial distributions of density, temperature,
metallicity and the ratio of cooling to dynamical time
at t = 5 x 10" yrs after SN explosion in a homogenious
medium. Behind the shock wave a region where the
ratio is less than one is readily seen, so this part of the
shell becomes thermally instable. The average metal-
licity in this region is 1072, In the right upper panel
of Figure 2 one can find the time dependence of the
thickness of thermally unstable shell, maximum amd
minimum length of the instability (size of fragments).
On the right lower panel the metallicity range of ther-
mally unstable fragments is shown. Note that the lower
density is in the medium, the larger sizes and the lower
metallicity have fragments.

Cooling of gas below 10* K is governed by Hy and
HD molecules, ionized carbon and neutral oxygen.
Those coolants able to decrease temperature of gas

Figure 2: Thermal instability at various metallicities.
Unstable regions are marked by white.

down to the value of the cosmic microwave background
temperature. Figure 2 shows the temperature-density
range for various metallicities where the gas becomes
thermally unstable. Similar diagrams were obtained
by Smith et al (2007). It is clearly seen that the
criterion of thermal instability is fulfilled only for
high metallicity. Thus, fragments that can become
protostellar clonds have high metallicity.

3. Conclusions

We briefly discussed what determines the transition
from first stars to next stellar generations. The transi-
tion metallicity depends on mixing in SN shell and on
efficiency of thermal instability in cooling gas. In our
simple estimates the metallicity at which gas behind
shock waves becomes unstable againt thermal instabil-
ity and forms fragments vary in a wide range and at
upper level can be higher than the critical metallicity.

Acknowledgements. This work is supported by the
RFBR grant 08-02-91321, the Federal Agency of Ed-
ucation grant RNP 2.1.1.3483. EOV is supported by
the RFBR through the mobility programme grant 08-
02-90706.

References

Bromm V., Ferrara A.. Coppi P.S., Larson R.B.: 2001,
MNRAS. 328, 969.

Glover S.C.0.: 2008, AIP Conf. Proc., 990, 25.

Field G.B.: 1965, ApJ, 142, 531.

Omukai K., Tsuribe T.. Schneider R., Ferrara A.: 2005,
AplJ, 626, 627.

Vasiliev E., Dedikov S., Shchekinov Yu.: in press.

Smith B., Sigurdsson S., Abel T.: 2008, MNRAS, 385,
1443.



Odessa Astronomical Publications, vol. 21 (2008)

141

Non-LTE LINE FORMATION FOR Zr I/IT IN COOL STARS

A.B. Vinogradova, L.I. Mashonkina

Institut of Astronomy of Russian Academy of Sciences
48 Pyatnitskaya st., Moscow 119017 Russia, anna@inasan.ru

ABSTRACT. Non-local thermodynamical equi-
librium (non-LTE) line formation for neutral and
singly-ionized zirconium is considered for the first
time through a range of stellar parameters when the
Zr abundance varies from the solar value down to
[Zr/H] = — 3. The model atom includes 63 combined
energy levels of Zr I, 247 levels of Zr II and the
ground state of Zr III. It is shown that the Zr I levels
are depopulated relative to their thermodynamic
equilibrium populations in the line formation layers
with logrse0p < 0.1 resulting in weakening the Zr I
lines relative to their LTE strengths. The ground
state and low-excitation levels of Zr II keep their LTE
populations throughout the atmosphere, while the
excited levels of Zr II are overpopulated. This leads to
weakening the Zr II lines arising from the ground state
or low-excited levels. The role of inelastic collisions
with hydrogen atoms in the statistical equilibrium
of Zr I/II is estimated empirically from inspection of
their different influences on Zr I and Zr II lines in
the solar spectrum. The mean non-LTE abundance
of zirconium in the solar atmosphere is determined as
logezr,o = 2.61£0.09 from the lines of two ionization
stages, Zr I and Zr II. The dependence of non-LTE
effects on the atmospheric parameters is considered
for a small grid of model atmospheres with Teys
= 5500K, logg = 2.0 and 4.0, [M/H] = -3.0, —2.0,
-1.0, and 0.0. The departures from LTE increase
with increasing the luminosity and decreasing metal
abundance (metallicity).

Key words: Line: formation; Sun: atmosphere; stars:
abundance; line: profiles

1. Introduction

One believes that elements beyond the iron group
are produced by neutron-capture reactions which are
distinguished into slow (s-) and rapid (r-) process de-
pending on the neutron density flux available. In ones
turn, the slow process is subdivided into the main and
the weak components. The weak s-process can run in
the cores of massive (M > 20 M) stars during hy-
drostatic helium-core burning, and the main s-process

occurs in intermediate-mass (2 - 4 M), asymptotic-
giant-branch (AGB) stars during unstable burning in
the double shell source. According to Képpeler et al.
[10], the weak s-process produces nuclei with an atomic
mass A < 90. The r-process is associated with type 11
supernovae (SNell). The different zirconium isotopes
(A=90, 91, 92, 94, 96) can be produced by various
types of n-capture reactions. The current nucleosyn-
thesis models are unable to predict the yields of ele-
ments in the r-process and give only very approximate
estimates for the weak s-process. Therefore, one needs
to reconstruct the history of the heavy-element enrich-
ment of the interstellar medium on an observational
basis and to provide accurate observational constraints
to nucleosynthesis models.

In our recent work [17], the zirconium abundance
was determined at the assumption of local thermody-
namical equilibrium (LTE) in the atmospheres of 52
stars belonging to the Galactic thin disk, thick disk
and halo. In the halo stars, a large overabundance of
zirconium relative to barinm is found up to log(Zr/Ba)
= 1.8 at [Ba/H] = —3.8 (Figure 1). The Zr/Ba ratio
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Figure 1: log(Zr/Ba) abundance ratios as a function of
[Ba/H] plotted based on the data from [4] and [17].

decreases with increasing the barium abundance and
approaches to solar value in the thin disk stars. Ac-
cording to the current conceptions, the heavy elements
in the early Galaxy were synthesized by pure r-process.
Travaglio et al. [21] and Arlandini et al. [2] predict that
the [Zr/Ba] ratio must be constant at [Fe/H] < —1.5.
The observed trend points to the existence in the early
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Galaxy of some additional source of synthesis of zirco-
nium with only little contribution to barium.

The aim of this work is to check whether the
departures from LTE can affect the observational
finding on an evolutionary behavior of the stellar
zirconium abundances.

2. The model atom

Energy levels. In the atmospheres of cool stars with
Teg = 5500 - 6500 K, the major fraction of zirco-
nium is represented by Zr II and a fraction of Zr I
does not exceed several parts in a thousand. Zr II
is a species of our main interest because only Zr II
lines are observed in metal-poor stars. We use all
measured energy levels of Zr II with an excitation
energy up to Feyx. = 8.75 €V available in the NIST
(http://physics.nist.gov/PhysRefData) database and
in Malcheva et al. [16]. However, an ionization en-
ergy of Zr II is 13.13 eV, and we use the predicted
high-excitation levels from calculations of H. Nilsson
[18] in order to provide close coupling to the next ion-
ization stage. The model atom of Zr I includes the
measured levels from the NIST and VALD (Kupka et
al. [11]) databases with Eex. up to 4.25 eV. In total,
the model atom is based on 148 levels of Zr I and 772
levels of Zr II. The levels with small energy differences
were combined into single level. The resulting model
atom consists of 63 levels of Zr I, 247 levels of Zr II,
and the ground state of Zr III. Fine structure is allowed
for low excited levels of Zr II with Fe. < 5 eV.

Radiative bound-bound (b-b) rates. For Zr 11, we take
into account 1070 experimental oscillator strengths
from [14] and 8266 theoretical ones from [18]. For Zr I,
we use only experimental oscillator strengths taken
from the NIST and VALD databases for 247 transi-
tions.

Photoionization cross-sections. We apply hydro-

genic approximation because no accurate data is avail-
able.

Collisional rates. The electron impact excitation is
taken into account using the van Regemorter’s formula
[22] for the allowed transitions and using a line col-
lision strength, €; = 1 for the forbidden transitions.
The electron impact ionization is calculated using the
Drawin’s formula [8]. In the atmospheres of cool stars,
a number of neutral hydrogen atoms is much larger
than a number of electrons. Therefore, one also needs
to take into account collisions with hydrogen atoms.
We use the Steenbock & Holweger’s formula [19]
for allowed transitions and Takeda’s approximation
[20] for forbidden transitions. Since both formulas
provide only an order of magnitude accuracy, we made
test calculations varying a scaling factor to these for-
mulas, kg, between 0 and 1 to determine it empirically.

3. Methods and codes

In our calculations, we use plane-parallel, homoge-
neous, blanketed model atmospheres computed using
the MAFAGS code [9]. We set an a-element enhance-
ment [«/Fe] = 0 for the models with [M/H] > —0.6
and [a/Fe] = 0.4 for the less metallicity models. We
use a revised version of the DETAIL program [7] based
on the accelerated A-iteration in order to solve the
coupled radiative transfer and statistical equilibrium
equations. The departure coefficients obtained from
DETAIL are then applied to compute synthetic line
profiles via the SIU program developed by T. Gehren
and J. Reetz at the University of Munich. The list of
spectral lines includes all atomic and molecular lines
from tables of Kurucz [13].

4. Mechanisms of departure from LTE

Figure 2 shows the departure coefficients,

of the selected levels of Zr I and Zr II as a function
of continuum optical depth 75000 at A = 5000A in the
solar atmosphere. Here, n; and n} are the statistical
equilibrium and LTE (Saha-Boltzmann) number den-
sities, respectively. We find that the ground state and
low-excitation levels of Zr II keep their LTE popula-
tions, but other levels of Zr II are overpopulated due
to radiative pumping from the ground state and low ex-
cited levels. When hydrogenic collisions are neglected
for forbidden transitions, a small depopulation of some
low exited levels is seen at log7sp00 < —2. Oppo-
site, most Zr I levels are depopulated everywhere above
log 5000 = 0 due to ultraviolet overionization.

We find that for every Zr I and Zr II line used in the
zirconium abundance analysis, the upper level is over-
populated relative to the lower level of the transition.
In the visual spectral range, a line source function is

where b; and b; are the departure coefficients of the up-
per and lower levels, respectively, and B,, is the Planck
function. Since the upper level is overpopulated rela-
tive to the lower level,
bi sy
b;
is valid, and, consequently, S, > B,. As a result, the
line is weakened. Thus, in order to fit the observed
profile of the line, one needs to increase an abundance
of the zirconium. The non-LTE effects lead to positive
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Figure 2: Departure coefficients of some Zr I/II levels
as a function of log 75000 in the solar atmosphere.

non-LTE abundance corrections.

5. Analysis of the Zr I and Zr II lines in the
solar spectrum

5.1. The spectral line sample

The abundance of zirconium in the solar atmosphere
was determined in several papers under the LTE as-
sumption. Biémont et al [5] used the equivalent width
method for 34 lines of Zr I and 24 lines of Zr II. They
have obtained the mean abundances derived from the
lines of two ionization stages to be consistent, but with
large abundance errors of up to 0.21 dex.

Ljung et al. [14] use the equivalent widths for 7
most reliable lines of Zr II and determine the solar
Zr abundance with the abundance error of 0.02 dex.
Bogdanovich et al. [6] apply theoretical oscillator
strengths and determine the solar Zr abundance from
21 lines of Zr I and 15 lines of Zr II. Having inspected
the zirconium lines in the solar flux spectrum [12] we
find that many of them are blended and the equivalent
width method cannot provide correct calculations
of the blending lines effect. We conclude that most
lines from the Biémont’s line list cannot be used

in abundance analysis. We find only 6 relatively
unblended lines of Zr I and 10 lines of Zr IT which can
be reliably used to determine the zirconium abundance
in the solar atmosphere.

5.2 The zirconium abundance in the solar atmo-
sphere

We make calculations for a model atmosphere with
Tex = 5780 K, logg = 4.44, microturbulence velocity
Vinie = 0.9 km s~!. Our synthetic flux profiles are con-
volved with a profile that combines a rotational broad-
ening of 1.8 km s~! and broadening by macroturbu-
lence with a radial-tangential profile of Vi, which was
allowed to vary between 2.4 kms~! and 4 kms~! for
different lines. Figure 3 shows the best fits of the se-
lected Zr I and Zr IT lines achieved with the Zr abun-
dance logey, = 2.57 dex for Zr I 4687 A and 2.68 dex
for Zr 1T 4208 A .

100
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4208.90 4208.95 4209.00 4209.05 4209.10

ool

095] - ,
I ‘ \ /° ]
| \, / ‘/ |
090[-* / ]

4687.90

4687.70 4687.75 4687.80 4687.85

Figure 3: Best non-LTE fits of the solar Zr I 4687A
and Zr IT 4208A lines. See text for more details.

The largest uncertainty of our non-LTE calculations
is connected with a treatment of hydrogenic collisions.
According to various investigations, the Steenbock &
Holweger’s formula [19] overestimates Cjj(H). We de-
termine a scaling factor, ky, to this formula from anal-
ysis of the Zr I and Zr II lines in the solar spec-
trum. The test calculations are performed for 8 cases,
namely, LTE, non-LTE neglecting hydrogen collisions,
non-LTE including hydrogen collisions only for allowed
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transitions with kg = 0.1, 0.33, 1.0, and non-LTE in-
cluding hydrogen collisions for both allowed and forbid-
den transitions with kg = 0.1, 0.33, 1.0. For each case,
we determine the average element abundances from the
Zr T lines and from the Zr II lines. The results are
presented in Figure 4. It is evident, every non-LTE
case provides the smaller discrepancy between the ele-
ment abundances from two ionization stages than the
LTE case where the abundance difference is log ey, 11 —
logez,1 = 0.27.

If hydrogen collisions are neglected, the non-LTE ef-
fects are maximal. We prefer the case when hydrogen
collisions are taken into account for both allowed and
forbidden transitions with ki = 0.1. In this case, a well
agreement is simultaneously achieved between the ele-
ment abundances from two ionization stages, logez, 1
— logezr = 0.04, as well as between the solar average
Zr abundance (logez, = 2.61+£0.09) and the meteoritic
value (logez,. = 2.57 [3], 2.60 [15] and 2.61 [1]). We
use an usual abundance scale where logey = 12 for
hydrogen.

abundance

! L I L I L 1 i

! LTE k=0 k=01  kz=01+ k=033 k=033+

k=10 k=1.0+

Anders&Grevesse (1989) 2.61£0.02
Lodders (2003) 2.60+0.02
"""""""" Asplund (2005) 2.57:0.02

Figure 4: Mean abundances determined from the solar
Zr I (circles) and Zr II (triangles) lines for various line
formation treatments compared to the meteoritic Zr
abundance from [1] (continuous line), [3] (dotted line),
and [15] (dashed line). See text for more details.

6. Non-LTE effects as a function of stellar
parameters

We calculate a non-LTE abundance correction,
ANLTE = eNLTE — E€LTE, for the Zr II lines for a
small grid of model atmospheres with an effective
temperature Teg = 5500 K, logg = 2.0 and 4.0,
and [M/H] = -3.0, 2.0, 1.0, and 0.0. The results
are shown in the Figure 5. It can be seen that the
non-LTE effects are small for logg = 4.0: Anyrr
does not exceed 0.06 dex. For logg = 2.0, AnrTE
depends strongly on metallisity and increases from 0
up to 0.6 dex with decreasing [M/H]| from 0 to —2.

07 T T T
| Teff=5500 A
06 \

L 7N

05

—A— logg=2.0
—0— logg=4.0

03+
02|

0,1

non-LTE abundance correction

00

[M/H]

Figure 5: Non-LTE abundance corrections for lines of
Zr 11 3479, 3505, 4208 AA (the values at logg = 2,
triangles), and Zr II 3505, 3714, 4208 AA (the values
at logg = 4, circles) as a function of stellar parameters.

This is due to decreasing the electron number density
and, hence, decreasing collisional rates. The non-LTE
abundance corrections start to decrease with further
decreasing [M/H] due to a shift of the line formation
depth to deeper layers.

7. Conclusions

We have treated the model atom of Zr I/II including
63 combined levels of Zr I, 247 levels of Zr II and
the ground state of Zr III. We show that the excited
levels of Zr IT are overpopulated relative to their LTE
populations, while the Zr I levels are underpopulated.
We deduce from analysis of the Zr I and Zr II lines in
the solar spectrum that one needs to take into account
hydrogenic collisions in SE calculations for both
allowed and forbidden transitions with a scaling factor
kuy = 0.1 to the Steenbock & Holweger’s formula.
In this case, the absolute abundance of zirconium in
the solar atmosphere amounts 2.614+0.09 dex. Test
calculations for the grid of model atmospheres with
Teg = 5500 K show that the non-LTE effects are small
for dwarf stars with logg = 4.0. In giants (logg = 2.0),
the non-LTE abundance corrections depend strongly
on metallicity and increase from 0 up to 0.6 dex with
decreasing [M/H] from 0 to —2. They start to decrease
with further decreasing [M/H].

Acknowledgements.  This research was supported
by the the Russian Foundation for Basic Research
with grant 08-02-00469-a and the Presidium RAS
Programme “Origin and evolution of stars and the
Galaxy”.



Odessa Astronomical Publications, vol. 21 (2008)

145

References

1. Anders E. & Grevesse N.:
& Cosmochim Acta, 53, 197.

2. Arlandini C., Kappeler F., Wisshak K. et al.: 1999,
Astrophys.J, 525, 886

3. Asplund M., Grevesse N. & Sauval A.J.: 2005 ASP
Conf. Ser., 336, 25

4. Barklem P.S., Christlieb N., Beers T.C., et al.: 2005,
Astron. € Astrophys., 439, 129

5. Biémont E. & Grevesse N.: 1981, Astrophys. J.,
248, 867

6. Bogdanovich P., Tautvaisiene G., Rudzikas Z.,
Momkauskaite A.: 1996, MNRAS, 280, 95

7. Butler K. & Giddings J.: 1985, Newsletter on
the analysis of astronomical spectra 9, University of
London

8. Drawin H. W.: 1961, Z. Phys., 164, 513

Fuhrmann K., Pfeiffer M., Frank C., et al.: 1997,

Astron. & Astrophys., 323, 909

10. Képpeler F., Beer H., & Wisshak K.: 1989, Rep.
Prog. Phys, 52, 954

1989, Geoch.

©

11. Kupka F., Piskunov N., Ryabchikova T.A., et al.:
1999, Astron. & Astrophys., 138, 119

12. Kurucez R. L., Furenlid 1., Brault J., & Testerman,
L.: 1984, NSO Atlas No. 1: Solar Fluz Atlas from
296 to 1300 nm, Sunspot, NSO

13. Kurucz R.L.: 1994 CD-Roms No. 18, 19

14. Ljung G., Nilsson H., Asplund M., & Johansson
S.: 2006, Astron. & Astrophys., 456, 1181

15. Lodders K.: 2003, Astrophys.J, 591, 1220

16. Malcheva G., Blagoev K., Mayo R., et al.: 2006,
MNRAS, 367, 754

17. Mashonkina L.I., Vinogradova A.B., Ptitsyn D.A.
et al.: 2007, Astronomy Reports, 51, 11

18. Nilsson H.: 2007 (private communication)

19. Steenbock W. & Holweger H.: 1984, Astron.
Astrophys., 130, 319

20. Takeda Y.: 1994, PASJ, 46, 53

21. Travaglio C., Galli D., Gallino R., et al.: 1999,
Astrophys. J., 521, 691

22. van Regemorter H.: 1962, Astrophys. J., 136, 906



146

Odessa Astronomical Publications, vol. 21 (2008)

ANALYSIS OF THE SPECTRAL ENERGY DISTRIBUTION OF
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ABSTRACT. We analysed the spectral energy
distribution of the evolved carbon star DY Per by
spectral synthesis technique. The red giant shows
the photometric features of R CrB type stars. We
derived the atmosphere parameters of DY Per using
three variants of molecular line lists. The range
of Teg estimations is 2900 < T.g < 3300 K. We
adopted log g = 0. The star can be metal deficient
and hydrogen deficient. The highest value of carbon
abundance [C]=0.94 provides the combination of
atmosphere parameters {T.g =3100 K, [Fe/H] =0,
log(C/0)=0.6, [N/Fe]=0, (H/He)x} with Jorgensen’s
line lists for molecules Cy and CN.

1. Introduction

The red giant DY Per shows photometric properties
of R CrB type stars. Apparently, the star is the coolest
among known stars of this type. DY Per is not typical
R CrB type star and we cannot to classify one as a
member of any known subclasses of C-stars.

Some authors estimate the effective temperature of
DY Per 3500 < Te < 4740 K by indirect methods (see
Keenan & Barnbaum 1997). Yakovina et al. (2009)
firstly determine 2900 < Teg < 3000 K for DY Per
using fit of synthetic spectra to the observed spectral
energy distribution (SED).

Molecular line lists in (Yakovina et al. 2009) were
taken from database (Kurucz 1993-1994). This bank
is the most full, but the accuracy of Kurucz’s line lists
is not always satisfactory. Because for some molecular
systems are widely used data from other sources, it is
possible to refine Kurucz'’s line lists. In this work we
determine the atmosphere parameters of DY Per using
the same observed material as in (Yakovina et al. 2009)
and two other variants of line lists for molecules Co and
CN.

The moderate resolution spectrum of DY Per was
obtained 29.09.2003 with the spectrorgraph SPEM
in Nesmith focus of 2.6-m telescope ZTSh of the
Crimean astrophysical observatory. In the observed
region A\ 400-730 nm the spectral resolution was ~

Table 1: Systems of diatomic molecules accounted in
computations of synthetic spectra. [1] - Urdahl et al.
1991, [2] - Huang et al. 1992, [3] - Tsuji 1973, [4] -
Bernath et al. 1985.

| Molecule | Transition | System | Dg (eV) |
L2¢tzc d*Il, - a311, Swan | 6.297 [1]
120120 | AMI, - XS | Phillips | 6.207 [1]
120UN | B2x+ - X2x* | Violet | 7.738 [2]
20UN | A2IT-X25F | Red | 7.738 [2]
2CH | A?A - X2II 3.47 [3]
2cH | B2% - X2II 3.47 [3]
2CH | C2nt - X200 3.47 [3]
2MgH | A2IT- X250+ 1.27 [4]
1.7 A/px, maximal S/N was about 280. Observed

spectra reduction procedure is described in Yakovina
et al. (2009).

2. Model atmospheres and synthetic spectra
of DY Per

Model atmospheres of different Teg and abundances
(Pavlenko & Yakovina 2009) were calculated by SAM12
program (Pavlenko 2003). Microturbulent velocity
Vi = 3 kmm/s was adopted. A reference set of the “so-
lar” abundances we took from Gurtovenko & Kostik
(1989).

Synthetic spectra were calculated by WITA6 pro-
gram (Pavlenko 1997). Due to the high 12C/13C value
in atmosphere of DY Per (Keenan & Barnbaum 1997),
molecules contained '3C were not accounted in our
computations. We used the atomic line list from VALD
(Kupka et al. 1999). The list of molecular systems
accounted in synthetic spectra calculations we set in
Table 1. Dissociation potentials are shown too.

In work (Yakovina et al. 2009) the line lists of all
molecular systems had been taken from CD-ROM N18
of database (Kurucz 1993-1994). In this work we used
two another versions:
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First, we update line list of the Swan system of
Cy molecule from (Kurucz 1993-1994). For other
molecular band systems we used the original Kurucz’s
line lists. The original Kurucz’s list and modified one
we name K18 and K18n, respectively.

Second, line lists of CN red system and Cy (with-
out dividing into the systems) were taken from Jor-
gensen’s site http://stella.nbi.dk, other lists were taken
from (Kurucz 1993-1994).

Line list of the CN red system on Jorgensen’s site
is well known list from tape SCAN-CN (see Jorgensen
& Larsson 1990). Lists Cy are the lists of Querci, de-
scribed in (F.Querci et al. 1971, F.Querci et al. 1974).
Jorgensen transformed Querci’s lists to the SCAN-CN
format. He updates oscillator strength (gf) when come
new molecular data.

We updated Kurucz (1993-1994) line list of Swan
band system using the Kuznetsova & Shavrina (1996)
data and programs. The new values of gf for Swan sys-
tem were calculated using information from databank
RADEN (Kuznetsova et al. 1993) and the MOLEC
program, developed in the Main astronomical observa-
tory of NASU.

Cs and CN spectra computed with three versions of
molecular line lists are shown in Fig. 1. All theoretical
spectra shown in this paper are convolved by gaussian
of FWHM = 1.2 nm.

3. Results

From the best fits of theoretical SEDs to observed
fluxes of DY Per at A\ 430-730 nm we determined the
atmosphere parameters Teg, [Fe/H|, C/O, [N/Fe] and
H/He.

To compare the observed and synthetic spectra we
follow the next procedure.

First of all, we analyse the fit of synthetic spectrum
to the selected narrow spectral regions of maximums
or minimums in observed SED. Maximums of flux de-
termine the gradient of SED in the investigated region.
We found that gradient of SED is the important indica-
tor of Teg. All selected regions we show on Fig. 2. We
used them for determination of the next parameters:

— Swan bands were the main indicators of carbon
abundance,

— bands of CH A-X system with Av =-1 were the
main indicators of the hydrogen abundance,

— resonance Na I doublet was the main indicator of
atomic spectrum intensity,

— the band 3-0 of CN red system was the main indi-
cator of nitrogen abundance.

In Fig.3 we show some fits of synthetic spectra, com-
puted with different line lists, to the DY Per SED.
These fits are rather similar.

We show in the Table 2 some new results combined
with Yakovina et al. (2009) data.

T T T T T T
30 | Molecule C,, model 2900/0/0, log(C/0)=0.5 i
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Figure 1: Theoretical spectra of Co and CN molecules
computed with different molecular line lists. We com-
puted g f-values for Ca (d-a)meq lines following a pro-
cedure by Kuznetsova & Shavrina (1996)
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Figure 2: The main indicators for determination of at-
mosphere parameters in spectrum of DY Per. Here
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Table 2: Sets of atmosphere parameters that provide the good fits of synthetic spectra to spectrum of DY Per.

We adopt log g=0.0, (H/He)n= 0.911/0.089 ~ 9/1

| Teg | [Fe/H] | log C/O | [N/Fe] | H/He | [C] | Line list |
2900 | -0.5 0.3 0.0 Sun | 4+0.14 K18
2900 | -1.0 0.5 0.2 7/3 | -0.16 K18
2900 | -1.5 0.6 0.4 3/7 | -0.56 K18
2900 | -2.0 0.6 0.5 1/9 | -1.01 K18
3000 | -0.5 04 0.0 Sun | 4+0.24 K18
3000 | -1.0 0.5 0.3 Sun | -0.16 K18
3000 | -1.0 0.5 0.2 8/2 | -0.16 K18
3000 | -1.5 0.8 0.5 5/5 | -0.36 K18
3000 | -2.0 1.0 0.8 3/7 | -0.66 K18
3000 0.0 0.4 0.0 Sun | 40.74 | Jorgensen
3100 0.0 0.6 0.0 Sun | +0.94 | Jorgensen
3100 | -0.5 0.4 0.0 4/6 | 4+0.24 | Jorgensen
3200 | -2.0 1.2 1.5 Sun | -0.46 K18n
3200 | -2.5 1.4 1.8 5/5 | -0.76 K18n
3300 | -2.0 1.6 14 Sun | -0.06 K18n
3300 | -2.5 1.6 1.6 7/3 | -0.56 K18n

Table 2 shows some ambiguousness of our DY Per
parameters estimations. Values of effective tempera-
ture of DY Per are 2900 < Teg < 3000 K if use line
list K18 (Kurucz 1993-1994), 3000 < Tex < 3100 K if
use data of Jorgensen (http://stella.nbi.dk) and 3200
< Teg < 3300 K if use K18n list.

In general, the uncertainty of other atmosphere pa-
rameters estimations - [Fe/H] , log(C/0O), [N/Fe| and
H/He - is considerably higher. We fixed the upper lim-
its of metallicity for every Teg and molecular line list:

[Fe/H] 0= -0.5 for K18 line list,

[Fe/H]nq:= -2.0 for K18n list,

[Fe/H]maz= 0.0 for Jorgensen’s data.

For all [Fe/H],, 4, estimations of H/He are solar. If
[Fe/H]decreases appears hydrogen deficiency, C/O and
[C/Fe] increases but carbon abundance relatively solar
value [C] decreases.

We cannot choose definitely the best variant of
synthetic spectrum in frames of our spectral synthesis
technique only. Qualitative analysis of observations of
DY Per (Keenan & Barnbaum 1997, Zacs et al. 2007)
shows that DY Per is of normal metallicity or slightly
metal deficient star and, possibly, hydrogen deficient.
From another hand, it is obviously that carbon abun-
dance in atmosphere of DY Per is quite high. We see
from Table 2 that only Jorgensen’s molecular line lists
support [C] values close to observed in atmospheres
of R CrB type stars ([C]=1-2). The highest carbon

abundance [C]=0.94 we get for model atmosphere
{Tesr =3100 K, [Fe/H] =0, log(C/0)=0.6, [N/Fe]=0,
(H/He)n}. We note that these values of parameters
are not in contradiction with rough estimations of
other authors. The fit of theoretical fluxes to the ob-
served SED of DY Per for this case is shown on Fig. 3c.

4. Discussion and conclusions

Results of this work and Yakovina et al. (2009) al-
lows make the next conclusions:

o The effective temperature of DY Per is in range
2900 < Teg < 3300 K. Our estimations of T.g are
below of estimations by indirect methods. So we
confirm that DY Per is the coolest R CrB type
star.

For every value of T.g spectral synthesis tech-
nique gives the large ambiguousness in the [Fe/H] ,
log(C/0), [N/Fe], H/He atmosphere parameters
estimations. However, if account the qualitative
analysis provided by some authors and physical
constrains, the most real combination of atmo-
sphere parameters of DY Per is {Tex =3100 K,
[Fe/H] =0, log(C/0)=0.6, [N/Fe]=0, (H/He)a}
with Jorgensen’s line lists for molecules Cy and
CN.



Odessa Astronomical Publications, vol. 21 (2008) 149
3.5 ' - — ' References
2900/0/-2, H/He=1/9, log(C/0)=0.65, [N/Fe]=0.5 -
°r Letkie 1 Bernath P.F., Black J.H., Brault JW.: 1985, ApJ,
25 298, 375.
o Gurtovenko E.A., Kostik R.I.: 1998, The system of
zz L solar oscillator strengths, preprint MAO-98-3E, 63.
= Huang Y., Barts S.A., Halpern J.B.: 1992, J. Phys.
r Chem., 96, 425.
05 Ll , 4 Jorgensen U.G., Larsson M.: 1990, A& A, 238, 424.
o kL i . , , , Keenan P.C., Barnbaum C.: 1997, PASP, 109, 969.
450 800 \fvi‘flelengmefnom) 650 700 Kupka F., Piskunov N., Ryabchikova T.A. et al.:
o5 , 1999, A&AS, 138, 119.
. 3200/0/-2,IgC/O=1.2,[N/IEeT='??5r e i Kurucz R.L.: 1993—1994, Data Bank - CD-ROM
List K18n NN 1—22
zsr Kuznetsova L.A., Shavrina A.V.: 1996, Kinem. &
§ 2 b Phys. of Celest. Bodies, 12, N 6, 75.
% sl Kuznetsova L.A., Pazyuk E.A., Stolyarov A.V.: 1993,
= al in: Proc. TAU Coll., eds P.Thejll, U.G.Jorgensen,
Copenhagen: Niels Bohr Inst., s.a., 146, 63.
05 Pavlenko Ya.V.: 1997, Ap&SS, 253, 43.
0o BT - o~ - L Pavlenko Ya.V.: 2003, Astron. Rept., 47, 59.
Wavelength (nm) Pavlenko Ya.V., Yakovina L.A.: 2009, Kinem. &
35 — . T P— — Phys. of Celest. Bodies, accepted.
5L 3100/0/0, 1g0/0=0.6, [N/Fe]=0 - J Querci F., Querci M., Kunde V.G.: 1971, A&A, 15,
List of Jorgensen 256.
. =T o | Querci F., Querci M., Tsuji T.: 1974, A&A, 31, 265.
3 C Tsuji T.: 1973, A&A, 23, 411.
g 15 Urdahl R.S., Bao Y., Jackson W.M.: 1991, Chem.
1 Phys. Lett., 178, 425.
Yakovina L.A., Pugach A.F., Pavlenko Ya.V.: 2009,
o Astron. Rept., in press.
o B . . . . .

450 500 550 600 650 700
Wavelength (nm)

Figure 3: Fit of synthetic spectra computed with dif-
ferent line lists of Coy and CN to the observed fluxes of
DY Per.

e We believe that new observations of DY Per in
wider spectral region, high resolution spectra of
this star and independent methods of analysis al-
low us to increase a confidence of determination of
atmosphere parameters of DY Per.

Zacs L., Chen W.P., Mondal S. et al.: 2007, A&A,
472, 247.



150

Odessa Astronomical Publications, vol. 21 (2008)

p PUPPIS: THE POSSIBILITY OF NON-RADIAL PULSATIONS

A.V.Yushchenko™?, T.N. Dorokhova?, V.F. Gopka?, C.Kim?

I Astrophysical Research Center for the Structure and Evolution of the Cosmos (ARCSEC),
Sejong University, Seoul, 143-747, Korea, yua@sejong.ac.kr

2 Astronomical Observatory of Odessa National University,
Marazlievskaya, 1v, 65014 Odessa, Ukraine, astro@paco.odessa.ua

3 Department of Earth Science Education, Chonbuk National University, Korea,

chkim@chonbuk.ac.kr

ABSTRACT. The profiles of spectral lines in the
high resolution (R=80,000) and high signal to noise ra-
tio (S/N more than 300) VLT spectrum of p Pup are
not symmetric. Under the assumption that the asym-
metry of the observed profiles is introduced by non-
radial pulsations we estimated the pulsational degree
[=3, the azimuthal order m=1, and amplitude of pul-
sation 15 km s~'. The projected rotational velocity
of the star is near vsini —=3.5 km s~!. The obtained
synthetic spectrum yield the better fit to the observed
one in comparison with earlier known parameters.

Key words: stars: oscillation — stars: variables (p
Pup, ¢ Scuti) — stars: individual (p Pup)

1. Introduction

p Pup (HR 3185, HD 67523) is a prototype of the
group of metallic-line pulsating variables (Rodriguez &
Breger 2001).

The enhanced metal abundance in the atmosphere
of p Pup has been confirmed by Greenstein (1948),
Bessell (1969), Breger (1970) and Kurtz (1976), how-
ever, the chemical composition was not yet determined
in details with the use of a new high resolution and
high signal to noise spectra.

As one of the bright star of the south sky p
Pup (B=3.24, V=2.81, Sp F6 II) was an object of
the first radial velocities surveys. The first radial ve-
locities estimates (Reese 1903) revealed the variability
with the peak-to-peak amplitude of 8.4 km s—1.

The photometric variability of p Pup was detected
considerably latter (Cousins 1951), and the star was
considered as a radial monoperiodic pulsator (Campos
& Smith 1980 and references therein). Only Mathias et
al. (1997) found the evidence for additional two possi-
ble secondary non-radial pulsations (NRPs) at frequen-
cies of 7.8 ¢/d and 6.3 ¢/d at a very low level.

p Pup with the sharp and well-defined lines was
a ”launch pad” for the line profile analysis (Aerts et
al. 2008 and references therein) and a Van Hoof effect
searching (Mathias et al. 1997).

2. Asymmetry of line profiles

For the present investigation we used the spectrum
of p Pup from the VLT archive (Bagnulo et al. 2003)
with the spectral resolving power R=80,000 and the
signal to noise ratio S/N more than 300. Under this
resolution the asymmetry of line’s profiles in the ob-
served spectrum becomes clearly detected. The reason
of this asymmetry is, evidently, the line profile varia-
tions produced by NRP (see, for example, Aerts et al.
1992, Aerts et al. 1993). Yushchenko et al. (2005)
detected this effect in the spectrum of § Sct .

The use of the last version of URAN software
(Yushchenko 1998) allow us to find the appropriate
quantum numbers and amplitudes of the NRP for p
Pup. The disk of the star was divided by several thou-
sands regions. The number of these regions, the profile
of pulsation over the stellar surface and the projected
rotational velocity were selected to adjust the observed
profile.

The synthetic spectra at the different distances from
the center of the disk were calculated by Kurucz (1995)
SYNTHE code. Only the velocity fluctuations have
been taken into account. Integration over the stellar
disk resulted in synthetic profile disturbed by NRP.

The Least Square Decomposition (LSD) profile
(Reiners & Royer 2004) constructed from 34 clean iron
lines was used as a mean observed profile to fit it by
synthetic spectrum disturbed by NRP.

Figure 1 (upper panel) shows the observed profile
of p Pup and the synthetic spectrum disturbed by
NRP with the pulsational degree [=3, the azimuthal
order m=1, the pulsational amplitude of 15 km s,
and additionally broadened by rotation with the pro-
jected rotational velocity vsini =3.5 km s~!. For the
obtained synthetic profile the amplitude of pulsation
occurs somewhat higher than the observed amplitudes
9.5 - 11.5 km s~ found in different investigations by
Yang et al. (1987) and Campos & Smith using Fe I
and Fe II lines.

Mathias et al. (1997) using only the H,,, Fe I A 6393,
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Figure 1: The observed (points) and synthetic (lines)
spectra of p Pup in the vicinity of of Fe I A 4085.005

line. The axes are the wavelength in angstroms
and the relative fluxes. The wavelengths of the spec-
tral lines involved in the calculations are marked at
the foot. For the strongest lines the identifications are
given. The position of the Fe I X 4085.005 A line
is marked by a vertical dotted line. Synthetic spec-
trum is convoluted with two sets of parameters. Upper
panel: (=3, m=1, amplitude of pulsation 15 km s—!,
vsini =3.5 km s~!. Bottom panel: zero amplitude of
pulsation, vsini =15.3 km s—!.

and Ca I A\ 6122 lines found the observed amplitudes
of 8.6 kms~! and theoretical fit with amplitudes of 5.6
km s~! of the radial pulsation (see also Aerts 1996).

However, the model with their value of vsini =15.3
km s~! fits the VLT spectrum too rough: the isolated
lines may be fitted with comparable precision but the
close pairs of lines cannot be reproduced with a rather
high value of rotational velocity (Fig. 1, bottom panel).

The existence of NRP is in a contradiction with the
commonly accepted persuasion that p Pup is a ra-
dial pulsator. However, from radial velocity variations
Mathias et al. (1997) also identified the NRPs of a
low-degree axisymmetric mode (I = 3; m = 0) and the
one which is clearly non-axisymmetric (m # 0) besides
of radial pulsations.

3. Conclusion

We are going to use the VLT spectrum of p Pup for
the investigation of the chemical composition of the
star, the dynamics of the atmosphere can not be found
using the single spectrum. However, the spectrum syn-
thesis method needs in the reliable profiles of spectral
lines, that is why we were forced by high quality ob-
served spectrum to find this profile and to clarify its
physical meaning.

We assumed that the shape of the profile of p
Pup may be explained by NRPs and found the ap-
propriate combination of quantum numbers and am-
plitudes. The additional broadening could be ex-
plained by rotation with the projected rotational veloc-
ity vsini =3.5 km s~!. Our combination of parameters
fits the observed VLT spectrum better than the previ-
ously found projected rotational velocity (vsini =15.3
km s~!: Mathias et al. 1997).
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ABSTRACT. We present the results of determi-
nations of the atmospheric parameters and chemical
composition of three chemically peculiar stars: HR465,
HD91375, and HD25354. We used the observations
made at 1.8 meter Bohuynsan observatory (Korea),
1.88 meter Haute-Provence observatory (France), 2.0
meter Terskol observatory (Russia), and 8.2 meter
ESO telescopes. The effective temperatures of HR465
and HD25354 are higher than the values, found in
earlier investigations. The detailed abundance pattern
of HD91375 is found for the first time, the star is a
typical member of Am or Ap group.

Key words: stars: abundances; stars: individual

(HR465, HD91375, HD25354).
1. Introduction

The chemical composition of peculiar stars of the up-
per main sequence was one of the results which allowed
Burbidge et al. (1957) to finalize the theory of synthe-
sis of the chemical elements in stars. But up to now the
nature of these stars is not fully explained. High reso-
lution spectra allow to investigate the magnetic fields,
the stratification of chemical elements, the spots, the
unidentified lines, the radial and nonradial pulsations
in the atmospheres of these objects. The interplay of
above mentioned and other effects, like the radiative

diffusion and the accretion of interstellar matter results
in a variety of different anomalies.

In this paper we show the results of the determina-
tion of atmospheric parameters of three peculiar stars
of upper main sequence, namely HR465, HD91375,
and HD25354. The next sections of the paper are
devoted to the description of observations, to the
determinations of atmospheric parameters, and to
the first iteration of abundance determinations in the
atmospheres of these stars. For HR465 and HD25354
our values of temperatures are significantly higher,
than it were found in earlier investigations.

2. Observations

HRA465. The star was observed at 1.8 meter tele-
scope of Bohuynsan observatory (Korea) in 2004. Spec-
tral resolving power was R=60000, signal to noise ratio
S/N>100 in red spectral region, the wavelength cover-
age was from A=3800 A to A=9500 A. We used also the
spectrum of the star taken from the archive of Haute-
Provence observatory 1.88 meter telescope. For this
spectrum R=40000, S/N=50-100, the wavelength cov-
erage is 4000-6800 A. The spectrum was observed in
1996.

HD91375. We used the spectra of the star obtained
at 8.2 meter ESO telescope. The wavelength coverage
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is from A=3060 A to A=9460 A, R=80000, S/N is
near 500 in the spectrum region from A=5000 A to
A=6000 A. All spectra were obtained in ten minutes,
the variability of profiles and the asymmetry of spectral
lines were noticed. To find the equivalent widths of
spectral lines the red and the blue wings of the profile
were fitted by different Gauss profiles.

HD25354. Two observations of the spectrum of
this star were made at 2.0 meter telescope of Terskol

observatory. The wavelength coverage is from A=3700
A to A=9400 A, S/N=200, R=60000.

3. Atmosphere parameters

HR465. To find the effective temperature and the
surface gravity of the star we measured the equivalent
widths of 197 lines of neutral iron and 13 lines of ion-
ized iron in 2004 year spectrum. Using the method,
described by Yushchenko et al. (1999, 2005) we found
the following set of parameters: the effective tempera-
ture Tog=11840 K, the surface gravity log g=4.3, the
microturbulent velocity vmicro=1.66 km s~!, the iron
abundance logN(Fe)=8.68 in the scale logN(H)=12.00.

The variability of the spectrum of HR465 with pe-
riod near 23 years is known (Preston 1970), that is why
to check the stability of effective temperature we ana-
lyzed the spectral energy distribution in the ultraviolet
region using IUE spectra and the magnitudes and the
colors using the observations of HIPPARCOS and TY-
CHO satellites. The results are shown in Figures 1-3.
It is clear that no significant variability of the temper-
ature can be expected, but the total flux of the star is
variable. That is why we used the same set of parame-
ters for processing of the observations obtained in 2004
and in 1996 years.

Flux

10 ™'

HR465

IUE fluxes

-12

LI B B B B R BN L B B B L B B L
1000 1500 2000 2500 3000 3500

Figure 1: TUE fluxes of HR465. The axes are the wave-
length in angstroms and the flux in erg/cm?/s. The
mean spectrum was calculated using all observations
obtained during the specified year. Observations of
different years are denoted by different symbols.
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Figure 2: Colors of HR465 observed by TYCHO satel-
lite. The axes are the Julian dates and colors in magni-
tudes. No significant trend can be found during three
years.
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Figure 3: Magnitudes of HR465 observed by HIPPAR-
COS satellite. The axes are the Julian dates and the
magnitudes. The mean flux of the star decreased by at
least 0.02™ in three years.

Table 1 shows the effective temperatures and the sur-
face gravities of HR465 obtained by different investiga-
tors. The majority of previous determinations of the
temperature are lower than our value. It should be
noted that the use of calibrations developed for nor-
mal stars can lead to strange results for peculiar stars.
The metallicity of HR465 is significantly higher than
the solar one, that is why only high dispersion spec-
troscopy and individual atmosphere models can help
to find the reliable set of atmospheric parameters.

HD91375. The effective temperature and the sur-
face gravity of the star were found using the equivalent
widths of 25 lines of neutral iron and 34 lines of ionized
one. The effective temperature appeared to be equal
Teg=9100 K, the surface gravity — log ¢=3.8, the mi-
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Table 1: The determinations of atmospheric parame-
ters of HR465.

Ter logg Reference
10723 3.7 Aller (1972)
10500 Cowley & Aikman (1980)
11500 Floquet (1981)
9450 3.8 Guhtrie (1982)
10600 3.4 Gubhtrie (1982)
9700 Carrier et al. (2002)
11840 4.3  This paper

croturbulent velocity — Vmicro=2.12 km s~', the iron
abundance — logN(Fe)=7.66.

Lemke (1989) found for HD91375 the values
Te5=9300 K, log g=3.65, Umicro=3.0 km s~!, and the
iron abundance logN(Fe)=7.56 in the case of LTE,
These results are in the error boxes of our determi-
nations.

HD25354. Wolff (1967) pointed that the temper-
ature of HD25354 is in the range of 11000-12500 K.
Pyper & Hartoog (1975) pointed that the temperature
of the star is close to Tex=11000 K. Floguet (1982)
derived the effective temperature and the surface grav-
ity of the star to be equal T,x=9050 K, logg=3.5.
Kochukhov & Bagnulo (2006) found T,5=9840 K us-
ing the observations of the star in Geneva photometri-
cal system.

Our attempts to describe the observed spectrum
with by synthetic spectrum caclulated with low (near
9000 K) temperature failed. It was necessary to in-
crease the temperature to 12500-13000 K. These value
was supported also by the investigation of the pro-
files of hydrogen lines. Using the equivalent widths of
83 lines of ionized iron and 8 lines of doubly ionized
iron we found the effective temperature Ter=12900
K, the surface gravity logg=4.5, the microturbu-
lent velocity Umicro=0.23 km s~!, the iron abundance
logN(Fe)=8.44.

It should be noted the the lines of the third spectra of
different chemical elements are present in the spectrum
of HD25354. Aikman et al. (1979) found the lines of
Dy III, Pyper & Hartoog (1975) — the lines of Ce III,
Pr III, YD III. Detectability of the lines of third spectra
confirms the high temperature of the star. The second
spectra of the elements with high ionization potentials,
like Hg, Pt, Ta, Au, were also detected by Pyper &
Hartoog (1975).

3. Chemical composition

Using the parameters, derived here before, we cal-
culated the synthetic spectra of investigated stars in
the whole observed wavelength region. These syn-
thetic spectra allowed to make the reliable identifi-
cation of spectral lines. To find the chemical com-
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Figure 4: Observed spectrum of HD91375 (open

squares) and synthetic spectrum (line) in the vicin-
ity of Zr II line A 3129.763 A. The berillium dublet
is in the right part of the figure. The axes are the
wavelengths in angstroms and the relative fluxes. The
positions of the lines used for calculation of synthetic
spectrum are marked in the bottom part of the fig-
ure. The identification of part of the strong lines are
shown. Synthetic spectrum was calculated with solar
abundances of heavy elements, that is why the depths
of zirconium lines in the synthetic spectrum do not fit
the observed one.

position of the atmospheres we used Kurucz (2000)
programs WIDTH9 and SYNTHE, and Yushchenko
(1998) URAN software. Atmosphere models were in-
terpolated from Kurucz (2000) grid of stellar models.
The full description of used methodic can be found in
Yushchenko et al. (2005).

Figures 4-6 show the examples of observed and calcu-
lated spectra in the vicinities of lines of heavy elements
for HD91375 and HD25354.

Figures 7-9 show the results of our determinations
of the abundances of chemical elements in the atmo-
spheres of HR465, HD91375, and HD25354 with the
parameters, found in the previous section.

HRA465. The variability of the strengths of absorp-
tion lines in the spectrum is clearly observed. It results
in the variation of abundances of chemical elements.
The lines of chromium and the lines of lanthanides and
actinides vary in the opposite phases. The differences
in the lanthanides abundances are as high as 1-2 dex.
The abundance of chromium in 2004 is 0.7 dex lower
than in 1996. (Gopka, Shavrina,Yushchenko, 2007)

The overabundances of lanthanides can reach 6-7 dex
with respect to the solar values. It should be noted that
HR465 is a spectroscopic binary with orbital period
near 273 days (Carrier et al. 2002). The lines of the
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Figure 5: The same as Fig. 4 but in the vicinity of
barium line A 5853.668 A.

secondary component are not detected in the spectrum.
If the unvisible companion is a neutron star (NS), the
chemical composition of HR465 should be influenced
by NS (Gopka et al., 2007, 2008).

HD91375. No detailed investigation of the chem-
ical composition of this star was made earlier. Hol-
weger et al. (1986) compared the relative intensities
absorption lines of iron group elements, helium, car-
bon, magnesium, and barium in the spectra of sev-
eral stars including HD91375. Lemke (1989, 1990) de-
rived the abundances of iron, titanium, carbon, sili-
con, calcium, strontium, and barium. The abundances
of carbon, silicium, and iron were found by Holweger
& Sturenburg (1993), the abundances of sodium and
sulfur — by Rentzsch-Holm (1997). Mathys & Hubrig
(2006) investigated the magnetic field of the star and
found the value 1662 gauss for quadratic magnetic field
using the lines of neutral iron, but only the upper limit
of the strength of magnetig field was found using the
lines of ionized iron (<2681 gauss).

We found the abundances of 34 chemical elements
in the atmosphere of HD91375. The abundance pat-
tern is typical for Ap stars. HD91375 is a member
of Sirius group (Palous & Hauck 1986), so it will be
very interesting to compare the chemical composition
of HD91375 and the chemical composition of Sirius A.
The temperature of Sirius A is only 800 K higher than
the temperature of HD91375, but no detectable mag-
netic field was found for Sirius A.

The chemical composition of HD91375 is typical for
Am stars but the existence of magnetic field (liked o
Peg).

HD25354. The abundances of 18 chemical elements
from oxygen to erbium are found in the atmosphere of
this star. The lines of helium, strontium, gadolinium,

Figure 6: The same as Fig. 5 but for HD25534. The
abundances of heavy elements are enhanced in accor-
dance with our result. Note the line of ionized platinum
in the central part of the figure.

platinum, and several other elements were identified,
but it will be analyzed later, when the new atmosphere
model will be constructed. The abundance pattern
is similar to that of HR465. It is necessary to note
that the intensities of helium lines in the observed
spectrum are significantly weaker than in the synthetic
one. Maybe the star is a helium weak object.

4. Summary

The use of high resolution spectral observations al-
low to find the atmosphere parameters of the investi-
gated stars. For two of them the derived temperatures
appeared to be higher than the earlier determinations.
For HR465 the difference with the highest previously
published value is 340 K, for HD25354 — 400 K.

The detailed abundance pattern of HD91375 is found
for the first time. The star appeared to be a typical
Am or Ap type star. The selection between these two
possibilities needs additional investigation. The chemi-
cal composition of HR465 and HD25354 shows the high
overabundances of heavy elements — up to 6-7 dex.

The obtained results will be used to construct the
individual atmosphere models of these objects. The
models will be used to find more precise chemical
composition.

Work by AY was supported by the Astrophysical
Research Center for the Structure and Evolution of
the Cosmos (ARCSEC, Sejong University) of the
Korea Science and Engineering Foundation (KOSEF)
through the Science Research Center (SRC) program.
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Figure 7: Chemical composition of HR465. The axes
are the atomic numbers of the elements and the chem-
ical composition with respect to the solar one. Circles

and squares denote the observations made in 2004 and
1996 respectively.
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ABCTRACT. We discuss the influence of atmo-
spheric extinction to visibility of galaxies in the visual
region of the spectrum. For this purpose the plates
covering the same, small region of the sky taken
with 2-m telescope, at different zenith distances were
obtained. We investigated the relation between galaxy
counts and the zenith distance. We show that the
influence of the atmospheric mass to the visibility of
galaxies is the same as for stars.

Key words: atmospheric absorption; teaching of
astronomy.

1. Introduction

The quality of astronomical observations strongly
depends on conditions of the Earth atmosphere. There
are several factors influencing the accuracy of obser-
vations. The atmospheric refraction lowers the accu-
racy of astrometry; atmospheric absorption causes sig-
nificant errors in photometric and spectrophotomet-
ric measurements, different for point-like images, i.e.
stars, and extended objects such as nebulae and galax-
ies.

For stars at zenith distances z < 30° secans law de-
scribing the atmospheric mass works well. The zenith
distance is the distance of an object from the zenith of
a observer, equal to 90° minus altitude of an object.
For greater zenith distances the formula with higher
powers of the series expansion of the sec z is applied
(Goley, 1974; Walker, 1987).

For galaxies the atmospheric influence is not the
same for inner and outer parts of a galaxy. The counts

of galaxies can be seriously biased by selection effects,
mainly due to the brightness of the night sky (Disney,
1976). It is even possible that dim external regions
of galaxies can be invisible, causing that galaxy can
appear as star. Such phenomenon obviously changes
galaxy counts. The photometry of galaxies has a num-
ber of features and interpretations directly or indirectly
concern numerous questions of physics of galaxies. Ef-
fect of seeing and its influence on galaxy photometry
has been carefully studied by Saglia et al. (1993). It is
interesting to point out that the first results of the cor-
relation function based on Lick counts (Shane & Vir-
tanen, 1967) as presented by Groth & Peebles (1977)
led to the discussion on the factors influencing galaxy
counts (Geller et al., 1984, Groth & Peebles, 1986a,
1986b; de Lapperent et al., 1986; Brown & Groth,
1989).

In order to check the influence of atmospheric mass
to galaxy counts we obtained the adequate data and
we investigate the relationship between the number of
galaxies seen on the plate and the zenith distance.

2. Observational data

The direct photographs of the one square degree of
the sky were taken using the two-meter telescope of the
Rozhen National Observatory (Bulgaria).

The involved photographic material consists of
30x30 cm plates ORWO ZU-21, in the photometric
system close to I P, obtained at 6 different zenith dis-
tances. Plates were developed in standard manner. All
plates were taken during one non-photometric night,
but with stable seeing. The centre of each negative has
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1000/N

25

20

1.5

1.0

0.5

0.0

Table 1: The number of galaxies for individual plates.

ZO

Galaxy counts

1 2 3 4 5 6 7 8
64 457 567 432 444 416 449 429 456
55 801 904 667 659 672 663 675 720
45 1067 1214 1005 1011 1066 1097 1076 1077
36 1385 1582 1381 1478 1421 1392 1371 1430
28 1697 1777 1741 1728 1732 1738 1746 1737
21 1999 2199 2118 2126 2123 2135 2114 2116
N= 1000 N=1000(1.254-4.135 cos z+
(-1.18024 + 1.5446 secz) 2000 -  +5.369(cos 2))
1500
z
1000 +
500
a)
1.0 1.5 2.0 2.5 04 0.6 0.8
sec z cos z

Figure 1: Dependence of galaxy numbers on cos z (a) and sec z (b).
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coordinates o = 1172107 § = 35°07’30”. We have
accepted the middle time of exposure as observation
time and the zenith distance was calculated for this
moment. The counts of galaxies were performed
using light table and a small magnifier. The used
magnifications were 6* and 10%.

3. The results and discussion

We performed galaxy counts independently on each
plate. Results are presented in Table 1. Columns 1
and 2 give results of galaxy counts made by the same
observer, without and with magnifier accordingly. In
columns 3-7 counts of other observers are presented
and in column 8 the mean of counts is given.

We found the dependence of galaxy number on the
zenith distance. Two different variants of the represen-
tation of the relation are shown in Fig.1la and b.

Correlation coefficient in both cases is equal 0.99.
So, we found a very good correlation among galaxy
counts and the zenith distance. The relation among
investigated parameters can be expressed as:

N =a+bcosz+ccos?zor N=a/(b+ csecz)

It is clear that the atmosphere mass drastically
diminishes the number of seen galaxies. The optical
thickness of the atmosphere decreases with the zenith
distance, so the faint external parts of galaxies are
disappearing, causing the indistinguishability galaxies
and stars. We show that the atmosphere mass dimin-
ishes the number of galaxies in the same manner as
stars.

4. Conclusions or methodical remarks

The presented considerations allow us to prepare a
special exercise for student and pupils. Because we
have in our disposal photographic plates it was very
easy to built a light table. The magnification glass
is also not a problem. It is not very difficult to ob-
tain photographic material even using own equipment,
because this exercise does not need data from 2-m tele-
scope. Smaller aperture can be also useful. From the
methodical point of view this laboratory exercise al-
lows pupils and students to have contact with a part of
real astronomical work. Moreover, the look to objects
registered on the plate permit one to have filling of the
enormous number of shapes of astronomical objects.

Even such simple procedure as counts of objects
leads to discovery of the law describing the influence of
the atmosphere to the visibility of objects. In practical
manner such exercise shows the influence of dark sky
to the visibility of galaxies and well known conclusion
why astronomers prefer clear, moonless nights, without

bright background and observed object at small zenith
distances. Therefore, it can be very instructive for stu-
dents why we should preserve the darkness of the night
sky and to exhibit great efforts to keep the night sky
clear for the next generations.

Of course the present day astronomy is using plates
rather rarely, preferring modern electronic devices, like
e.g. CCD. Nevertheless, the problems occurring in this
exercise are not easy solvable when the modern devices
are in use too. Moreover, the acquaintance with so
great variety of extended structures in astronomy
gives students the filling how complicated are the
problems with pattern recognition, and how difficult
is to construct programmes teaching computer how to
separate and classified images of different structures.
Students will be well informed on the high complexity
of such problems also when possible solution is based
on neural networking.
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