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FOREWORD

This issue of the “Odessa Astronomical Publications” (V.20, 2007) collects up the articles that were
presented at the International jubilee scientific conference “Modern Problems of Astronomy” that has
been devoted to the 100™ anniversary of the outstanding astronomer Vladimir Platonovich Tsessevich
(1907-1983). The conference was held in Odessa (Ukraine), in that city where V.P.Tsessevich lived in
childhood and worked in 1944-1983. The conference was organized by I.I.Mechnikov Odessa National
University on August 12-18, 2007. The Memorial part of the conference was held on August 13, 2007
and was devoted to the Tsessevich’s life, his scientific, pedagogical and popularization activity.

Together with University the following organizations took part in the conference organization: Euro-
Asian Astronomical Society (Moscow), Ukrainian Astronomical Association (Kiev), Odessa Astronomical
Society, Department of Astronomy, Research Institute “Astronomical Observatory” of I.I.Mechnikov
Odessa National University and Odessa Radioastronomical Observatory of Radioastronomical Institute
of Ukrainian Academy of Sciences.

The scientific program included the following sections: 1. Memorial Meeting. 2. Physically Vari-
able Stars. 3. Interacting Binary Stars. 4. Chemical Composition and Evolution of the Stars and Galax-
ies. 5. Variable Radiosources. 6. Cosmology. 7. Near-Earth Astronomy, Astrometry and Celestial Me-
chanics. 8. Meteoric Astronomy. 9. Telescopes, Registration and Processing of Images and Signals.
10. Astronomical Education, Popularization of Astronomy, New Society.

About 180 scientists from 15 countries of the America, Asia, Australia and Europe participated in
the conference. On the Memorial part there were delivered 10 talks of his pupils and former staff
astronomers. On sections more that 87 scientific talks were delivered (23 of them were the plenary
talks). The total number of the poster presentations was about 45. In the conference resolution it was
noted that the Tsessevich’s conferences was very productive.

According to the SOC decision, the publication of the Tsessevich’s conference proceeding was di-
vided into two parts. The first part consists the talks in English and the second part consists the talks in
Russian. The first part begins with report: “Vladimir Platonovich Tsessevich — Astronomer-Romantic”.
The next talks are given in the alphabetic order on a surname of the first author. The arrangement of the
reports in the second part follows the same principle. The contents and abstracts of both parts are given
in English. In summary, as the editor-in-chif of this journal, I bring deep gratitude to all participants of the
conference “Modern Problems of Astronomy” for performances in memory about V.P.Tsessevich.

V. G. Karetnikov
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VLADIMIR PLATONOVICH TSESSEVICH
ASTRONOMER-ROMANTIC

M.Yu.Volyanska, V.G.Karetnikov, O.E.Mandel

Odessa Astronomical Observatory, Odessa National University
T.G. Shevchenko Park, Odessa 65014 Ukraine

A

Figure 1: V.P.Tsessevich (1907-1983)

October 11, 2007 marks 100th anniversary of the
birthday of the outstanding astronomer, the corre-
sponding member of the Academy of Sciences of the
USSR, Honored Scientist of the USSR, Doctor of phys-
ical and mathematical sciences, Professor Vladimir
Platonovich Tsessevich. Since 1944 till the end of his
days he was Head of the chair of astronomy of the
I.I.Mechnikov Odessa State University and the Direc-
tor of the University’s Observatory.

Vladimir Platonovich was born on October 11, 1907
in Kiev (he was christened in the Cathedral of Saint
Vladimir) in the family of actors: then already known
opera singer Platon Tsessevich, later — the National
actor of Russian Federation, and young opera actress
Elizaveta Kuznetsova, who later worked as a teacher.
Soon family broke up, the son remained with the
mother, together with whom he lived all his life, taking
gentle care of her. The mother imparted in the son the
feeling of deep respect to the father — the man talented
and not ordinary.

In his early years V.P.Tsessevich lived in Odessa and
till 1914 studied at school. Having moved to Petro-
grad, he continued study in a Real school, then at Uni-
form labour school. At the end of 1920 he became
astronomy amateur and a member of the youth sec-
tion of the Russian Society of the amateurs ”Mirove-
denie” and began to observe heaven bodies. In 1922

V.P.Tsessevich, less than 15 years old, entered the
Faculty of Physics and Mathematics of the Leningrad
(then Petrograd) University. He was helped to over-
come the age qualification by the known astronomer
professor S.P.Glazenap (as Vladimir Platonovich him-
self recollected later). When 17 years old, he published
his first scientific work in the best magazine of that
time (Astronomische Nachrichten, B.221, No.14, S.230-
232, 1924). He graduated from the University in 1927
and continued studying in post-graduate in Pulkovo
observatory under supervision of G.A.Tikhov, become
famous later for studies of the physical nature of Mars.
The ways in science of the post-graduate student and
his supervisor parted, V.P.Tsessevich conducted scien-
tific researches independently; however, through all his
life he talked with great respect about G.A.Tikhov.

After finishing post-graduate studies V.P.T'sessevich
worked in the Leningrad University, taught astronomy
and mathematics in a number of other high schools of
the City on Neva. But his basic interests were con-
nected to variable stars, studying which was the sub-
ject of the many of his scientific works. Even when
a young man, he came several times in summer with
a group of the young amateur astronomers to Odessa,
”where the heavens are clear long”. In that time the
outstanding astronomer A.Ya.Orlov managed the Ob-
servatory. Strict and even severe from the outside,
A.Ya.Orlov always patronized the young people, who
were fond of science. He gave tools and accommodation
to Leningrad’s amateurs, was interested in their suc-
cesses and gave to them advices and recommendations.
More than once Vladimir Platonovich recollected the
beneficial influence of A.Ya.Orlov’s personality on the
formation of him as a scientist.

V.P.Tsessevich was the actual founder of Astronomi-
cal Observatory in Stalinabad (nowadays, the Institute
of Astrophysics of the Academy of Science of Tadzhik-
istan) and in 1933-1937 years — its director. In the
same years he worked as a dean of the Physics and
Mathematics Faculty of the Night Pedagogical Insti-
tute in Stalinabad. On returning to Leningrad in
1937-1942 years he was a scientific fellow of the As-
tronomical Institute of the Academy of Sciences of the
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USSR and a professor of N.M. Pokrovsky Pedagogi-
cal Institute. Having begun observing variable stars
in 1922, V.P.Tsessevich already made about 200 thou-
sand only visual estimations of the brightness of the
variable stars, published many scientific articles. And
in 1937 he was given the scientific degree of the Can-
didate of Physical and Mathematical sciences and the
scientific rank of the Professor.

The war of 1941-1945 years found V.P.Tsessevich in
Leningrad, he was blockade-survivor, and in 1942 was
moved to Stalinabad (nowadays, Dushanbe, Tadzhik-
istan). The blockade has left a deep trace in his life, in
Leningrad his daughter Marina died (he dedicated to
her memory the book ”What and how to observe in the
sky?” which sustained 6 lifetime editions). At the same
time his two adopted sons died. Later he brought up
adopted daughter Regina, who lives in Kiev, and the
daughter of his own Anna (mother E.P. Gladun), who
lives in Odessa. From words of the colleagues, who
knew ”the Professor” (he was called that name often
by his students and colleagues) during the first post-
war years, he within several years after war constantly
carried in the voluminous bag a loaf of bread — the
memory of a blockade-survivor did not give him rest.

In Dushanbe V.P.Tsessevich taught in the Odessa
high schools, evacuated there, and together with them,
in 1944, he came back to Odessa, to which he had
grown fond of since young years. He was invited to
the University, where he at first became a head of the
Chair of the Astronomy, and then was appointed the
Director of the University’s Astronomical Observatory.
(In the same year at the Kazan University he defended
a dissertation for the scientific degree of a Doctor of
physical and mathematical sciences). The hard job of
fixing the work of the Chair and the Observatory in
postwar years lay on the shoulders of V.P.Tsessevich.
The publishing was renewed. For several years in 1950s
V.P.Tsessevich was also a dean of physical and math-
ematical faculty of the University. Besides, he taught
in the Odessa Institute of the Engineers of a Marine
Sea Fleet (nowadays Odessa Marine University) and in
the Institute of Refrigerating Industry (nowadays the
Academy of Cold), was one of the founders of Chair
of the Nautical Astronomy in the Odessa High Ma-
rine school (nowadays Odessa Marine academy). In
1948 he was selected the member-correspondent to the
Academy of Sciences of Ukraine — at this time (1948-
1950) combining jobs he worked also as the Director
of the Main Astronomical Observatory of the Ukraine,
where he established the scientific direction of studying
of the variable stars.

In the second half of the 50s of the last century the
period of rapid development of the Odessa Observatory
begins. From July, 1957 till December, 1958 the Inter-
national Geophysical Year (IGY) took place under the
aegis of the international scientific organizations, which
basic task was the all-round research of the influence

of the solar activity on processes in the atmosphere of
the Earth and circumterrestrial space. Participation
in such forum, the process of preparation to it gave
a strong push to the development of the Observatory,
strengthened its scientific authority.

By this time the design of a meteoric patrol with
shutter of the variable section was developed by the sci-
entific employee of the Observatory E.N.Kramer (sub-
sequently by doctor of physical and mathematical sci-
ences, professor) for the research of the atmosphere at
heights of 60-120 km by the methods of the meteor
astronomy. This design allowed with great accuracy
to record the time of the flight of a meteor, taken on
a photo snapshot. Having photos from two spatially
remote points, it is possible to calculate an orbit of a
meteoric particle and characteristics of the atmosphere
on a site of its flight. The design of the meteoric patrol
received an approval of the scientific public, and it was
decided to use such devices in the period of IGY.

It is necessary for the effective work of the patrol,
as a minimum, two observation point. The Observa-
tory in Odessa was hardly a choice as one of them be-
cause of the ambient light illumination of the sky by
the city lights. The question of building the stations
in the country aroused. And the organizational talent
of Vladimir Platonovich showed itself in its full: his
purposefulness, energy, the gift to persuade very differ-
ent people — from Soviet and the Party officials to the
workers, who were carrying out the orders on manufac-
turing the equipment. Already in 1956 the station in
Kryzhanovka in the suburbs of Odessa begins to work,
the observation point in the Botanical Garden of the
University in ”Small Fountain” area is organized. The
building of the last and, probably, the most favorite
child of V.P.Tsessevich starts — the observation station
in the village Mayaki, 40 km from Odessa on the banks
of the river Dnestr.

While preparing to IGY and during the implemen-
tation of its program it became possible to expand
considerable the staff of the Observatory, increasing it
by the graduates from the University. V.P.Tsessevich
managed to unite the team around solving the tasks
of construction and implementation of scientific pro-
grams, to pass to the employees his unquenchable en-
thusiasm. The systematic observations on meteor pa-
trol and seven-camera astrograph began in 1957 on the
Mayaki station. An ex-student of V.P.Tsessevich, the
talented astronomer S.V. Rublev, was appointed the
director of the station, later he was a Deputy Direc-
tor of the Special Astrophysical Observatory (SAO) of
the Academy of Sciences of the USSR in the Northern
Caucasus (near stanitsa Zelenchukskaya).

The Professor was usually very attached to his ex-
students, always was ready to support them, defend
and, if necessary, help financially. Parting with them,
especially their transfer to work in other organizations,
the Professor took it close to heart painfully, often
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the relationship stopped for some time. Unfortunately,
there were some people, who played that string in the
character of V.P.Tsessevich, deepening the pain from
the parting. Although, the employees, who had left the
Observatory, in their majority understood this feature
in V.P.Tsessevich’s nature and in time the relations, as
a rule, mended.

Many employees of the Observatory, students of the
Faculty of Physics and Mathematics of the University,
let alone the students of the Astronomy specialization,
took the direct part in the construction of the Mayaki
station, and all this without and administrative pres-
sure. The Professor together with everybody else took
part in filling the foundations with concrete, building
the walls of the pavilions, designing the garden, plant-
ing the trees and bushes. Vladimir Platonovich tried
by all means to take his guests, often from abroad,
to the Mayaki station, sometimes even violating the
regime, because that area at the time was closed for
the foreigners.

If Mayaki is the favorite child of V.P.Tsessevich,
then seven-camera astrograph is his favorite device in
Mayaki. The professor himself designed its project,
carried out the control over the manufacturing of the
device in the University workshops, patiently watched,
that the device worked regularly and productively, that
the images of the stellar sky, taken on the astrograph
in two parts of spectrum, were used effectively in the
scientific work, gave instructions on the modernization
of the tool. It has to be mentioned, that before this
tool V.P.Tsessevich built an astrograph in the Stalin-
abad Observatory, and in Odessa it was already his
third astrograph. Earlier he created ”2-camera” astro-
graph and then the astrograph ”Hedgehog” that had 3
cameras. At all, before the 7-camera astrograph about
10000 of photo plates with the images of the stellar sky
were collected in Odessa in 1945-1957.

V.P.Tsessevich was the organizer of introduction in
Odessa of electro-photometric observations of variable
stars, and in the Observatory was created second in
the world Depositary of electro-photometric observa-
tions of variable stars. At him in the Observatory has
arisen and the established new direction for Observa-
tory on stellar spectroscopy, very wide themes on the
base of economical agreements on creation spectropho-
tometric standards and positional and photometric ob-
servations of the artificial satellites of the Earth. The
means received from performance of contractual works
essentially have increased opportunities in updating
park of devices and coming into being of new direc-
tions of researches.

To 1980s Mayaki turned into modern observatory,
which allowed conducting scientific researches at a
level, answering to international standards. On the ba-
sis of the Observatory in Mayaki a number of All-Soviet
Union and international programs was carried out, as
within IGY, International Year of Geophysical Coop-

eration (IGCY), International Quiet Sun Year (IQSY),
as according to separate agreed plans (for example, the
plan of cooperative observations of the flare stars to-
gether with British observatory Jodrell Bank).

Giving all himself to work, living for the long peri-
ods of time in his study (I'm the real ”office” scientist,
— joked he on this occasion), being unpretentious in
meals and clothes (though, he knew sense in both),
Vladimir Platonovich could not always understand the
people, who had any household inconveniences. So, he
quite sincerely spoke to the employees, complaining on
constrained housing conditions in Mayaki: ”But you
see you have one more room, which is at your orders
round- the- clock — your office. There it is possible to
read and to work, and to study”.

V.P.Tsessevich loved youth, cared of it, supported
the scientific initiative, trusted. Everyone, whom the
destiny reduced with him, will find in the life episodes
confirming validity of these words. In 1956 there was
a great opposition of Mars. There were not many sci-
entific employees in observatory staff then and in in-
teresting observations V.P.Tsessevich involved the stu-
dents and even of the schoolboys. Sketches of a sur-
face of Mars the young astronomers made, observ-
ing a planet in reflector, created by inhabitant of
Odessa — known optic and designer of astronomical
tools N.G.Ponomarev. Then under the insistence of
V.P.Tsessevich these observations were processed and
are published. It was joyful event for all participants.

By the same unforgettable event was the preparation
for observations and then observations of the first arti-
ficial heavenly body — artificial Earth satellite (AES),
October 4, 1957, started in the USSR. V.P.Tsessevich
himself frequently participated in training employment
of group of the observers, took a keen interest in results
of the further observations. After start first AES was
found out, that their brightness varies. V.P. first has
executed photometric observations of AES, has stated
the basic ideas on use of such observations and then
has transferred the further development of a theme to
the post-graduate student V.M.Grigorevsky. For last
photometry of AES and the problems, connected to
it, have made the basic direction of scientific activity,
became a subject of his candidate and doctor’s disser-
tations.

There are some more facts on memoirs of the authors
describing the attitude V.P.Tsessevich to youth. Per
student’s years the group of three men, among them
one of the authors of the present article (O.E.Mandel),
carried out collective observations of variable stars with
the help Zeiss binocular. At change of the observer at
an eyepiece someone unintentionally has hooked on a
support, binocular has fallen, on a pipe was formed the
dent. We very much worried that happen. However
V.P.Tsessevich, having established, that the incident
took place during work, but not soiling, has not dis-
charged anybody of observations, has disposed and in
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the future to give out to us the tool. One of the authors
(O.E.Mandel) in the period, when V.P.Tsessevich su-
pervised over Chair of High mathematics in the Insti-
tute of the engineers of Marine fleet, conducted there
on conditions of hourly payment practical employment.
Unexpectedly V.P.Tsessevich is directed to long busi-
ness trip in USA. ”Will read instead of me course under
the theory of functions complex variable and theory of
a field”, — the Professor speaks. ”"But I in general yet
did not read rates of lectures”! ” Anything, there is the
abstract of a rate for you, you have some pedagogical
experience, and training others, and yourself will learn
something. So for the post-graduate student it only
will be useful”.

Distinctive feature V.P.Tsessevich was trust to the
employees, belief that by them on forces the decision
of the diversified tasks. This conviction was based that
all material opportunities of observatory were given in
the order to the students, employees. Democracy of
Vladimir Platonovich, his almost constant stay in ob-
servatory provided an opportunity of advices practi-
cally at any time of day. At many astronomical con-
ferences of a delegation from Odessa were one of most
numerous and young on age.

In 1965 to V.P.Tsessevich there has arrived the
deputy Director building S of Academy of Sciences
of the USSR O.B.Vasiliev (director there was a cor-
responding member of AS USSR O.A.Mel'nikov). It
was time already to make sectoring of the base for a
six-meter telescope , and exact coordinates of an in-
stallation site of a telescope (in mountains, at height
2100 ) yet was not appointed. The geodetic organi-
zations were loaded, and not so aspired to determine
astro-point in difficult conditions of high-mountain,
and the matter was urgent. V.P.Tsessevich has offered
to execute work by forces of the Odessa astronomers.
At this time in observatory still worked known as-
trometrist, possessing experience of definition of astro-
points, Boris Vladimirovich Novopashenny. He has
agreed to head expedition, however shortly before de-
parture was found out, that on a condition of health
seven-ten years’ Boris Vladimirovich can not partici-
pate in expedition. Then Vladimir Platonovich charges
performance of work to three young research fellows,
and he becomes at the head of expedition. The astro-
point was determined. The construction works have
begun in time.

V.P.Tsessevich twice flied to town Mineralnye Vody,
reached on mountain roads in stanitsa Zelenchukskaya,
rose on impassability (road only was under construc-
tion) on a mountain. At signing the certificate of
completion of works one of the participants has joked:
”What you, astrophysicist, have trained for a new pro-
fession in astrometry”? ”And I, by the way, professor
of Astronomy also is obliged to have a wide outlook
and skills of work in various areas of a science about
the stellar sky”, — has answered Vladimir Platonovich.

And many witness validity of these words, whether the
business of astronomical instrument making (creation
"firm Zeissevich” on manufacturing telescopes), orga-
nization of a fireball network, radar-tracking observa-
tions of meteors, problems connected with AES,; aster-
oids or wave mode at moorings of seaport in Illichevsk
town near Odessa concerned.

By the way, on investigations of asteroids. The first
work of Vladimir Platonovich on this subject has ap-
peared in 1930 and was devoted to research variation
of brightness asteroid Eros. Further, on an extent al-
most 50-y years V.P.Tsessevich studies of physics of
small planets was published about ten scientific re-
searches and this subjects was handed over his post-
graduate student N.I.Koshkin, which subsequently has
protected the candidate dissertation on a theme ”Pho-
tometric method of definition of orientation of an axis
of rotation and others kinematical and optical char-
acteristics of asteroids with the large amplitudes of
change of brightness”. In this work were concentrated
and the ideas V.P.Tsessevich on application of photo-
metric observations of asteroids for their all-round re-
search are advanced. It may confirm that the works of
V.P.Tsessevich on early researches of photometric fea-
tures of Eros and definition of the period of its rotation
and direction of an axis of rotation became that basis,
which has helped to apply these methods to definition
of the same parameters of the first artificial Earth satel-
lites advanced subsequently by V.M.Grigorevsky.

However, first of all V.P.T'sessevich was all the same
astrophysicist- ”peremenschik”, that is, researcher of
variable stars. Having begun observations somewhere
in 1922, he remained faithful to this matter all life.
Into an orbit of his interests all types of variable stars
got practically. But, being "by the observer at a tele-
scope”, by virtue of the temperament he preferred that
of them, where the change of brightness could be fixed
directly by eye within night. This condition is answered
by stars such as RR Lyrae- type, and also eclipsing vari-
ables. In understanding of a nature of such stars, the
contribution V.P.Tsessevich is most significant. Per
30 years of the last century at active participation of
the Professor in USSR the service of ”antalgols” was
adjusted, as then frequently named stars such as RR
Lyrae variables. The tracking the periods of these stars
and light curves was carried out. This service was re-
newed already at the international level under aegis
of the International Astronomical Union per the six-
tieth years. By the coordinator of the program was
acted the Odessa observatory. The results of researches
were published as the appendix to ”Rochnik Astro-
nomichny” of Krakow observatory (Poland). Results of
the extensive researches of these stars V.P.Tsessevich
has summed up in the monograph ”Stars of RR Lyrae
type”, and also in the multivolume collective mono-
graph ”Non-stationary stars and methods of their re-
search”, where he represented himself as the editor and
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author of a lot of the chapters. The especially impor-
tant results are received by him in the description and
interpretation of effect Blazhko from RR Lyrae vari-
ables.

In the field of study eclipsing variables
V.P.Tsessevich was indisputable authority. He is
the author of the several monographs concerning a
nature of these stars and definition of their orbits, co-
author known fundamental three-volume monograph
”Variable stars”. The tables, made by him for the
resolve of light curve of eclipsing variables some gener-
ations of the astronomers used. They find application
and now. As recognition of merits V.P.Tsessevich his
election a Chairman of Commission 42 on eclipsing
variables of the International Astronomical Union was.

Essential contribution of V.P.Tsessevich in study of
other types of variable stars: Cepheid variables, RV
Tauri stars, Mira Ceti stars, some unique objects. For
the Professors the aspiration was characteristic to tie
up among themselves different directions of astronom-
ical researches. So, classical astrometric works he tried
to sate with the astrophysical contents. Under his man-
agement in Odessa were executed meridian observa-
tions of the catalogues of positions and proper motions
of red-giant stars (B.Novopashenny, M.Volyanska,
L.Suprunets), Cepheid variables (E.Ludchenko), eclips-
ing binaries (M.Volyanska).

V.P.Tsessevich accumulated and in the majority pro-
cessed huge numbers of visual observations of variable
stars and estimations of brightness on photos of the
stellar sky. As the observer, he amazed all virtuosity
of process. He knew and remembered by decades the
positions in the sky of tens, if not hundreds, variable
stars and that allowed him to build optimum transi-
tion from one star to another during observations. He
together with M.S.Kazanasmas issued the atlases of
search cards of vicinities 4512 variable stars. Process
of observations Professor usually finished ”by walk on
the sky”, inducing a telescope on remarkable objects:
ring nebula in Lyra, globular cluster in Hercules, neb-
ula in Orion, nebula in Andromeda, galactic cluster
in Perseus, many-coloured double and multiple stars.
Thus he received the large pleasure, if someone was
near and shared with him delight from seen.

At V.P.Tsessevich there were many pupils. Some of
them from him have apprehended a virus of construc-
tion and organization of new astronomical establish-
ments. We already mentioned S.V.Rublev. The Di-
rector of Pulkovo observatory became V.K.Abalakin.
Reconstructed astronomy in Moldova and built there
observatory V.M.Grigorevsky. The schoolboys of V.P.
have organized observant stations of Odessa observa-
tory on peak Terskol in Caucasus; on a mountain
Dushak-Erekdag in Turkmenistan, on pass Bezimenny
in Armenia, went for observation and creation of astro-
station in Mondy by border with Mongolia, on Pamir
(height 4000 ). The stations were equipped by tools

and devices created in Odessa astronomical observa-
tory. Under the initiative of the Professor were made
40- telescopes for V.I.Lenin’s school in Ulyanovsk, for
All-Union pioneer camp ”” Orlenok” near Novorossiysk,
for the Bolivian station of Astronomical Council USSR,
for Sheged University in Hungary. By the way, last
telescope became a basis for creation astronomical ob-
servatory of Sheged University fruitfully working and
presently. The telescopes for many others observatory
of Union were made. Almost in everyone observatory
in territory former USSR will be the pupils of the Pro-
fessor.

V.P.Tsessevich easily entered the confidential rela-
tions with the representatives of the different peo-
ples, with deep respect concerned to their culture and
language. Among his pupils and post-graduate stu-
dents there were representatives of Azerbaijan, Geor-
gia, Kirghizia, Tadzhikistan, Bulgaria and other coun-
tries. Many from them carried out the researches in
Mayaky. Versatility of interests of V.P., his work, be-
sides university, a head of a chair of High mathematics
in different time in present Academy of a Cold, Ma-
rine Academy, Marine University promoted to that the
Professor had very many pupils and among not of the
astronomers. Many from them under his management
became the candidates and doctors of sciences and suc-
cessfully work in high schools, scientific institutions, at
factories of Odessa both other cities and countries of
the world.

The cooperation with High Marine School was espe-
cially fruitful, as then the Marine academy referred to
as. On the basis of astrometry section of Odessa ob-
servatory on meridian circle, passage, universal tools
carried out researches the post-graduate students and
teachers of chairs of nautical astronomy, navigation,
automation of navigation. At the same time employ-
ees of observatory had an opportunity to make use of
the computer park of a school. On the basis of carried
out in observatory observations by the employees of a
school are defended of more ten candidate dissertations
and one doctor’s, tens scientific articles, star catalogues
are published. And all V.P.Tsessevich has prepared
about 40 candidates of sciences, and his many pupils
have defended the doctor’s dissertations. Remarkable
feature of V.P.Tsessevich was his scientific generosity.
Distributing scientific ideas, giving out results of the
observations, he never applied for the co-authorship,
and quite often he should be persuaded, that he should
have put the signature under article, where the joint
development, and frequently and primary results, re-
ceived by him were used.

Some more words about the attitude of Vladimir
Platonovich to the employees. In heavy times with
habitation (these times in our country unfortunately do
not stop) V.P.Tsessevich used all opportunities, avail-
able at his disposal, to facilitate a situation of the
people. In observatory and observation stations long
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time many employees, frequently together with fami-
lies lived. The professor had to be engaged and pull
the strings for reception of normal habitation for the
employees. Eventually, many from living in observa-
tory collaborators have found habitation in city, and
he has helped some to find and summer residence in
prestigious areas of city.

V.P.Tsessevich, as far as we know, was not specifi-
cally engaged in sports, was not a heated fan, but un-
derstood well the importance of sports, especially for
youth. In the observatory in the city and in Mayaky
there were volleyball fields (Professor himself some-
times stood in a team), there was a table for table
tennis in Mayaky, billiard-table, a boat for rowing on
river Dnestr, in the observatory in the city — cruis-
ing yacht, the competitions among the employees were
carried out. The cultural initiatives of any sort were
also supported. For cultural needs in Mayaky the tape
recorder, TV set (rare in 1950s -1960s) were acquired,
there were newspaper subscriptions, the quite good li-
brary of literature collected. Village children resorted
ran to watch television programs — V.P.T'sessevich wel-
comed that very much. In general, he supposed, that
the Observatory should become the center of culture
in the village. Under his initiative in Mayaky the cycle
of lectures on natural and humanitarian subjects was
read for the villagers. The lecturers from the Univer-
sity were invited and the scientists from the Observa-
tory took part also.

In general, the contribution of V.P.Tsessevich in the
popularization of scientific knowledge deserves a spe-
cial conversation (mention). The perfect lecturer, he
was one of the founders of the Odessa regional orga-
nization of the society ”Znanie” (”Knowledge”), the
permanent Chairman of the Odessa branch of the All-
Union Astronomy and Geodetic Society and the mem-
ber of the Central Council of that. Due to persisting
efforts of the Professor the Regional Planetarium was
open in Odessa in 1963 and the first lecture ” A Walk
along the Stellar Sky” was read by V.P.Tsessevich.
When any outstanding scientists came to Odessa, the
Professor always tried, sometimes contrary to the per-
sonal predilections that they would talk in front of the
astronomers, scientific public, city people. So, though
his relation with the member — correspondent of the
Academy of the Sciences of the USSR I.S.Shklovsky
cannot be named cloudless, when this brilliant scien-
tist came to Odessa together with R.S.Sagdeev and
N.S.Kardashev, the meeting with them was held and
in the Central lecture-hall of the society ”Znanie”, and
in the Observatory. And when well-known American
astrophysicist L.Goldberg was in Odessa, the meetings
with him were organized both in the Observatory, and
at the University, and in the Central lecture-hall, and
part of the fee for the lecture V.P.Tsessevich paid from
his personal savings. And how many of these personal
savings he spent on different needs of the Observatory!

It cannot be counted, but it is safe to tell, that it was
a lot.

Despite his wide scientific interests and big achieve-
ment in many areas of astronomy, in last years of his
life in conversations with the colleagues V.P.Tsessevich
expressed sometimes some dissatisfaction with his ac-
tivity. Probably, it was related to the restriction of
mobility because of illness — that, certainly, had an ef-
fect on his moods, the man, who had got used to a
very active lifestyle. With all his consuming interest
to astronomy he also had a good knowledge of litera-
ture (especially, he loved Rabelais, Mark Twain), mu-
sic, played on a piano, and in 1950 years, it happened,
sang in the company of the employees. The colleagues
certify, that he had quite good dramatic tenor, he loved
romances, especially, ”Ya vstretil vas” ("I met you”).
At the end of his life way it always seemed to him, that
something main in his life he had not yet made. It was
necessary to dissuade him, to remind of the scientific
merits, that now it is necessary to give more attention
to health. But as soon as improvement came, the sad
thoughts left the Professor, and he again developed
energetic activity, so that many young people could
envy his energy. Such active, cheerful he remained in
the memory of people, who knew him. V.P.Tsessevich
died on October 28, 1983 and is buried on the Second
Christian cemetery of Odessa.

In the scientific baggage that V.P.Tsessevich left
to us there is about 400 thousand estimations of the
brightness of about 500 variable stars of different types;
the list of his publications totals more than 730 sci-
entific articles, notes and other publications, among
which 22 monographs. And taking into account his ed-
itorial work, introductions, interviews and comments,
this figure increases considerably. More than 80 pub-
lications are dedicated to V.P.Tsessevich and his biog-
raphy.

The merits of V.P.Tsessevich were marked by the
high governmental awards: by an order of Lenin, order
of the Red Banner of Labor, many medals, and diffi-
cult to count number of honorable and gratitude let-
ters from the governments of different republics of the
USSR. In memory of the Professor on the main build-
ing of the Odessa Astronomical Observatory, where he
lived and worked about 40 years, on October 11, 1990
there was established a memorial board with a bas-
relief, and during the next years 6 scientific conferences
dedicated to him were carried out. The memory about
V.P.Tsessevich remained in centuries — in the depths
of space there goes along its orbit the asteroid 2498
with a name ”T'sessevich”.
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ABSTRACT. We have carried out investigation
of zinc abundance behavior in wide range of stellar
metallicities from 0 to -5. It has been determined zinc
abundance using our Zn atom model and NonLTE
calculation method. It has been shown that dif-
ference between LTE and NonLTE Zn abundances
may reached up to 1.27dex.We have obtained the
dependence of [Zn/H] from [Fe/H]. The first value is
greater as metallicity lower.

Key words: abundances - stars: fundamental param-
eters - stars.

1. Introduction

The well known metallicity index [Fe/H] is close con-
nected with stellar age. The study of relationships of
stellar chemical elements abundances with [Fe/H]| is
the actual astrophysical task. Sneden et al. (1991)
and Mishenina et al. (2002) conducted the determi-
nations of zinc abundance for the wide range of stars
(mainly for AGB type stars). Particularly, they inves-
tigated the correlation between [Zn/H| and [Fe/H]
values. But this correlation were not been found in
range of metallicities from 0 to -3. The Zn abundance
determinations by previous authors was been carried
out in LTE assumption for the stellar atmospheres.

This assumption may lead to great errors in the
abundance estimations. Our study has been carried
out without LTE assumption. For this purpose we
have used MULTI code (Carlsson, 1998) and stellar
atmosphere models of Kurucz (1993).

2. Zn atom model and test calculations

Our Zn atom model consists of 12 Zn I levels and
one Zn IT level. We have used 18 radiative transitions
in detail.

The test calculations has been carried out using our
Zn atom model and solar atmosphere model of Kurucz
(1993). The zinc abundance equals to log(ee) = 4.60

has been taken from Anders and Grevesse (1989).
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Figure 1: Calculated and observed (dot) profiles of
AT722Znl line.

We have used constant micro-turbulence velocity value
equals to 1 km/s. The fig.1 shows observed (dot) and
calculated profiles of A\4722 Znl lines. As it follows
from this figure the good agreement has been reached
between observed and calculated profiles.

We also calculated equivalent widths of
AN4722,4810Znl lines for the solar disc center
and for the whole disc. These values with observed
ones (Moore et al. 1966) are given in table 1. Good
agreement between calculated and observed values has
been achieved again. This is means, that our atom
model as well as Kurucz’s atmosphere models are
useful for the stellar zinc abundance determinations.

Table 1: The calculated and observed equivalent
widths of A\4722,4810Zn1 lines for the solar disc cen-
ter and for the whole disc.

A(4) W(center) W (disc) W(center)Moore et al.
4722.151 75.390  75.143 63
4810.527 86.102 85.504 84
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3. Dependence of stellar [Zn/H| values from
metallicity

As it has been mentioned above, Sneden at al. (1991)
and Mishenina et al. (2002) carried out study of [Zn/H]
dependence from [Fe/H] for the wide range of stellar
metallicities. They not obtained this dependence. We
have restudied this problem using NonLTE Zn abun-
dance determination and stellar list from these works.
The A\4722,4810Znl lines equivalent widths, stellar
effective temperatures, gravities and metallicities have
been adopted according previously mentioned articles.

We have also included two extremely metal poor
stars HR4045 and CS 22949-037. The Zn observed
equivalent widths and stellar parameters for these stars
have been taken from Takeda et al. (2002) and De-
pagne et al. (2002), respectively.

We have plotted Zn abundance differences versus
stellar effective temperatures. The NonLTE effects
in these abundances grow linearly with temperature
rising. We have also investigated dependence of the
NonLTE Zn abundance discrepancies from stellar grav-
ity. These discrepancies have complicated character
and we not discuss these ones now.

Fig.2 shows dependence of [Zn/H| from [Fe/H].
According for our calculations the [Zn/H] values
grow linearly with metallicity decreasing. The slope
of approximation line has value -0.084. This result
contradicts for that one obtained by Sneden et al.
(1991) and Mishenina et al. (2002). We remind, that
according them the [Zn/H]| values are not changed in
wide range of stellar metallicities. For the checking our
conclusion we added two stars not from list of Snaden
et al. (1991)and Mishenina et al. (2002). There are
HR4045 (Takeda et al. (2002)) and CS 22949-037 (
Depagne et al. (2002) with extremely low metallicities
-4.7 and - 3.9 respectively. As it is shown from fig.3
the investigated dependence has now exponential
character. This dependence may be described by

function [Zn/H] = 0.064 + 0.0031 eXp(%).

4. Conclusions

We have carried out investigation of zinc abundance
behavior for wide range of stellar metallicities.

It has been determined zinc abundance using our Zn
atom model and NonLTE calculation method (MULTI
code (Carlsson 1998)). The list of investigated stars
has been chosen from Sneden et al. (1991) and Mishen-
ina et al. (2002). We have also included two extremely
metal pure stars to used stellar list. It has been shown
that difference between LTE and NonLTE Zn abun-
dances may reached up to 1.27 dex (HR4045). NonLTE
deviations grow by rising of stellar effective tempera-
tures.

< Sneden et al.
e Mishenina et al.
Linear fit

[ZniFe]

T
-3,0 -2,5 -2,0 -1,5 -1,0 -0,5 0,0
[Fe/H]

Figure 2: The dependence of [Zn/H] from [Fe/H] for
the Sneden’s et al. and Mishenina et al. stellar lists.
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-0,5
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Figure 3: The dependence of [Zn/H] from [Fe/H]| with
two added metal-poor stars.
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We have obtained the dependence of [Zn/H| from
[Fe/H]. The first value is greater as metallicity lower.
This result contradicts to that one was obtained by
Sneden et al. (1991) and Mishenina et al. (2002).

If our conclusion is true, this is means that zinc abun-
dance values was higher in earlier stages of stellar evo-
lution than this ones in younger stars.

Because the [Zn/H] trend from metallicity is unli-
near, we must include to further investigations wide
set of stars with extremely low metallicities near -4, -5.

Acknowledgements. We wish thank Dr. T. Mishe-
nina for giving us unpublished stellar Zn equivalent
widths.
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”1 talk it to you as variabler about Variabler.”

”Who is variabler?” - the nescient will ask, having
heard this word on astronomic jargon. It is a researcher
of variable stars, if to talk in normal language. But here
is some fineness in understanding, a certain tint. Even
in the "Department of researches of variable stars”,
that was organized by V.P. Tsessevich, being director
of the Astronomical observatory of Odessa State Uni-
versity, and which he headed a few decades, he con-
sidered not all of employees (staff researchers, research
fellows, research assistants) as variablers. Only those,
who themselves observed variable stars in a telescope
by eye or using an equipment (electrophotometer, spec-
torgraph or photocamera), who saw with the eye in
the eyepiece of telescope or guide as a star changed the
brightness, who knew its position on the sky in rela-
tion to other brighter stars, and could quickly point
a telescope at a star. In fact quick changing of the
brightness of short-period star, for example, RR Lyrae
or delta Scuti type, will not wait for observer. A good
time resolution needs for careful research of variable
star, construction of its light curve and determination
of some their specific features in its variations. Espe-
cially, as an observer can follow after a few, and even
tens of variable stars one after another, as more fre-
quent as possible pointing a telescope on each of them.
And life of observer is not easy! It is often necessary
to observe in stuffy summer night, sometimes in an
uncomfortable pose, suffering the bites of mosquitoes,
and in winter at 20 degrees of frost, such that observer
stick to the telescope.

V.P. Tsessevich himself, as the saying goes, felt a
star, knew that it "had gone” from a minimum of
brightness to a maximum one or vice versa. He was
in earnest about observations and their subsequent re-
duction as to the sainted action; had phenomenal mem-
ory and could very quickly find in the sky any of hun-
dreds observed him variable stars, sometimes after a
long time-break (even in tens of years) in observations
of this star. It was sui generis art which many observers
delighted in. V.P. Tsessevich remembered photometric
and physical properties of many stars investigated by

him. Possessing enormous erudition and diligence, he
summarized the results of these long-term researches in
a few monographs on different types of variable stars:
RR Lyrae, RV Taurus, eclipsing variables et cetera. In
these works V.P. Tsessevich proved as prominent sys-
tematizer of knowledge about variable stars. Some his
books were translated into English and other languages
and published in different countries of the world. He
was an outstanding expert in the world on RR Lyrae
type stars and eclipsing variables.

V.P. Tsessevich possessed good mathematical skills,
holding two jobs in different years he was a professor
and even manager by the department of higher math-
ematics in some institutes of Leningrad and Odessa.
He improved the methods of mathematical reduc-
tion of eclipsing variables stars, calculated by hand
(comhuters were absent at that time) the detailed ta-
bles for determination of elements of orbits of these
stars from the analysis of their photometric light
curves. However for fun, he named mathematical
statistics, applied at reduction of observations, by the
third type of lie. V.P. Tsessevich delivered some diffi-
cult theoretical lectures for students: ”Relativistic as-
trophysics”, ” Celestial mechanics”, ” Theory of internal
structure of stars” et cetera. But he admitted to us,
the students and young employees then, that his ”brain
is arranged somehow not in theory”. We thought then,
looking at the top of his position and authority: ”were
evrybody had such brains!” He translated from English
into Russian the future Nobel Prize Laureate S. Chan-
drasekar’s fundamental theoretical book ”Introduction
into the studies of the structure of stars”. But it is
true, V.P. Tsessevich had no such purely theoretical
works. Thirty years ago V.P. Tsessevich admitted to
the author of this article: "P.P. Parenago had ideas
in science, B.V. Kukarkin had ideas, P.N. Kholopov
(which was not a person of the same age as V.P. Tses-
sevich, but fifteen years younger than him - remark by
author) had ideas, too. But Tsessevich did not have
ideas!” After this he struck his hand on the table. Cer-
tainly, he had in view great ideas, leaving substantial
contribution in science. I tried to object something,
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feeling that he was in a bad temper. V.P. Tsessevich
only waved his hand on that. And another time, when
we rode by microbus from the university, V.P. Tsesse-
vich said (being in bad temper after a talk with the
authorities): "How they dare to answer me so! I am
the son of People’s artist and honoured worker my-
self!” (V.P. Tsessevich’s father - Platon Ivanovich was a
prominent opera singer, People’s artist of Russia, sang
on the French stage together with F.I. Shalyapin; V.P.
Tsessevich was a Corresponding Member of Academy
of Sciences and Honoured worker of science of Ukraine).

Vladimir Platonovich had a good English, and not
only read and translated the articles and books in En-
glish, but also spoke fluently. After a half-year stay
in 60-th in Harvard observatory (USA), he was invited
to give a lecture in English at the faculty of foreign
languages of Odessa State University. Organizers ap-
preciated his spoken language.

V.P. Tsessevich was the charming teller of different
life’s histories and anecdotes, he remembered enormous
amount of them. He was acquainted with many fa-
mous people of the time. I remember how we, charmed
students, listened to the professor’s recital about his
congratulation (Symposium of TAU in 1963) of living
classic of science Eynar Herzsprung concerning his 90
years anniversary. V.P. Tsessevich presented to person
whose anniversary was celebrated crystal wineglass.
I remember other case, when we four together (V.P.
Tsessevich, Yu.A. Medvedev, V.V. Dragomireckiy and
me) made a business trip to Moldavia (Kodry), to help
moldavian colleagues to arrange the recently organized
observatory. Telescope in a dome was put in order
for two or three days; then my colleagues left, and I
stayed for a month to share experience of observations
of variable stars and their reduction. Having arrived to
Kodry, we sat in the small hours, speaking on different
(not only astronomic) themes. With the great pleasure

we listened to the stories which V.P. Tsessevich told in-
cluding his witty anecdotes. There I tried to vie with
him in the telling of anecdotes, on what V.P. Tsesse-
vich answered that he would bequeath to me his two
notebooks with anecdotes. But because there were po-
litical anecdotes too, he promised me these notebooks
only after his death. (V.P. Tsessevich was very afraid
of KGB - not for nothing!) Unfortunately, these note-
books from his archive disappeared somewhere. What
a pity! There was a lot of historical and witty things.
And it must be said especially that V.P. Tsessevich
possessed another remarkable talent - it was his ac-
tivity as popularizer of science. He did much for pro-
paganda of astronomic knowledge, delivering lectures
for different audiences, including radio and television.
And his popular scientific books on astronomy, such
as "What and how to observe in the sky?”, ”Lead-
ing lights of the Universe” and ”Variable stars and
methods of their researches” were the table-books of
astronomers-amateurs in the USSR. Due to them many
enthusiasts fell in love with astronomy and devoted
their lives to it, becoming astronomers - professionals.
The name of V.P. Tsessevich forever added a glori-
ous page to history of astronomy. One of asteroids of
the Solar system is named in his honour. And after
30 years many researchers cite his works on variable
stars. Every five years the international anniversary
scientific conferences of astronomers are held in Odessa
in his honour. There were little such enthusiasts - re-
searchers of variables stars as V.P. Tsessevich and an-
other prominent German astronomer Kuno Hofmeister.
They investigated enormous amount of variable stars
and carried out hundreds and thousand observations!
It is titanic labour of high artists - science devotees!

Acknowledgement. The author would like to thank
S.M. Andrievsky for some help with English.
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ABSTRACT. On the base of GCVS sampling has
been carried out the analysis of periods of classical
Cepheids. We have studied the histograms of periods
distributions for the stars with small amplitudes
(DCEPS) and large ones (DCEP) separately. These
two histograms have different sight (amplitudes of the
peaks), but their peaks follow to general sequence. We
have given the modal interpretation of the histograms
on the base of mode identifications.

Key words: Stars: classical Cepheids, histograms of
periods distribution, mode identifications

On the base of the sampling (473 classical Cepheids
with the known periods) taken from the fourth edition
of the General Catalogue of Variable Stars (volumes
1-3, 1985 a, 1985 b, 1987, hereafter GCVS) we have
constructed two preliminary histograms of periods
distribution of these variable stars. The intervals of
periods in these two histograms are 5 and 2 days
respectively. It lets us to distinguish positions and
realities of peaks. The most distinct peaks of periods
distribution are at periods: 3.25, 4.25, 5.25, 7.25, 9.75,
12.75 and 15.5 days in these two histograms.

However we take into account that all classical
Cepheids subdivide into two subclasses. And so, we
have constructed two histograms (see Tab.1, Tab.2 and
Fig.1, Fig.2) of periods distribution of these variable
stars with small amplitudes (DCEPS) and large ones
(DCEP) separately. The intervals of periods in these
two histograms are 2 days. We have studied the his-
tograms of periods distribution for two subclasses (435
and 38 stars respectively) of these variable stars with
the purpose of detection their common characteristics
and particular features.

Comparison of two histograms in Fig.1 and Fig.2
confirms that DCEP and DCEPS stars are different
objects. As we can see (Tab.2 and Fig.2), the main
peak of periods distribution for DCEPS stars is at
the mean period about 3.3 days, and two more clear
peaks are present at 4.4 and 5.5-5.6 days. Less reliable
peaks with small amplitudes are also present at: 1.9,
2.7, 3.1, 6.5, 7.5, 8.4, 9.6, 13.7 and 17.1 days.

Experience shows, that identifications of periods
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Figure 1: Periods distribution (dP=0.2 days) of large
amplitude classical Cepheids (DCEP)

among possible alternatives are easier and more
reliable, if we begin analysis with big periods, even
they have peaks with small amplitudes. At that, a
key to identification is an analysis of periods com-
mensurability (or multiplicity) relations. We take as
hypothesis, that period of 17.1 days is Pg-overtone
and 13.7 days is period Ps. The latter has found by
us in frequency analysis of bimodal Cepheids and RR
Lyrae - type stars (Bezdenezhnyi, 1997a, 1997b). And
a peak at 9.6 days is a half period Pyg/2. So we have
periods relations 9.6/13.7=0.701 and 13.7/17.1=0.801,
near to theoretical values 0.703 and 0.8. It allows to
explain all the set of DCEPS stars’ periods.

Then the rest of periods from the set of DCEPS
stars’ periods will be identified as: 1.9 days = Pop /4,
5.6 days = P./4, 2.8 days = P,/8, 8.4 days = P,/2,
6.5d = Py/2, 33d = P,/4, 43 d = P,;/4, 7.5 d
= P>y /2, 3.1 d = Py/8. Period 3.1 days with the
largest amplitude is the basic one. We adopt it as
fundamental period Py, then new identification will
be obtained from previous by means of multiplication
by a factor of eight. 1.9d = 2Py, 2.8d = P, 3.1d
=P;,33d=2P;,43d=2P;,56d=2P,,65d=
4P, 7.5d = 4Py, 84d =4P,;,9.6 d = 4Py, 13.7d
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Table 1: The histogram of large amplitude classical
Cepheids’ (DCEP) periods distribution (dP=0.2
days, n=435 stars)

AP N AP N AP N
00-10 O 9.6-9.8 4 184-186 O
1.0-12 0 98-100 4 186-188 0
1.2-14 0 100-102 4 188-190 1
14-16 2 102-104 4 19.0-192 1
16-18 1 104-106 0 19.2-194 O
1.8-20 1 106-108 2 194-196 1
20-22 4 108-11.0 4 196-198 1
22-24 5 11.0-11.2 3 19.8-200 1
24-26 3 11.2-114 4 20.0-20.2 2
26-28 7 114-116 1 20.2-204 2
28-30 8 116-11.8 3 204-206 O
30-32 8 11.8-120 O 20.6-20.8 O
32-34 7 120-122 2 208-21.0 1
34-36 6 122-124 3 21.8-22.0 1
36-38 9 124-126 2 226-228 1
3.8-40 14 126-128 3 228-23.0 1
40-42 13 128-13.0 6 23.0-232 3
42-44 16 13.0-132 1 232-234 1
44-46 13 132-134 1 234-236 1
46-48 11 134-136 4 24.0-242 1
48-50 17 13.6-13.8 2 242-244 1
5.0-52 13 138-140 1 254-256 1
5.2-54 18 140-142 2 258-260 1
54-56 11 142-144 1 26.0-262 1
56-58 9 144-146 0 27.0-272 1
5.8-6.0 10 146-148 3 276-278 1
6.0-6.2 10 148-150 0 28.0-282 1
6.2-64 12 150-152 4 28.6-288 1
64-66 6 152-154 1 30.0-302 1
6.6-68 11 154-156 2 31.0-31.2 1
6.8-70 5 156-158 2 33.2-334 2
70-72 10 15.8-16.0 0 34.0-342 1
72-74 6 160-162 0 344-346 1
74-76 10 16.2-164 3 352-354 1
76-78 2 164-16.6 1 354-356 1
78-80 6 166-168 1 386-388 1
80-82 5 168-170 0 41.2-414 1
82-84 4 170-172 4 45.0-452 1
84-86 0 172-174 0 486-488 1
8.6-88 3 174-176 0 494-496 1
88-90 1 176-178 1 49.6-498 1
9.0-92 0 178-180 0 51.0-51.2 1
92-94 3 180-182 4 642-644 1
94-96 4 182-184 0 684-686 1

Table 2: The histogram of small amplitude classical
Cepheids’ (DCEPS) periods distribution (dP=0.2
days, n=38 stars)

AP N AP N AP N
1.8-20 1 38-40 1 5.8 -6.0 0
20-22 0 40-42 1 6.0 - 6.2 0
22-24 1 42-44 3 6.2 -6.4 0
24-26 1 44-46 2 6.4 -6.6 1
26-28 2 46-48 0 6.6 - 7.4 0
28-30 1 48-50 0 74-76 1
30-32 4 50-52 0 8.2-84 1
32-34 6 52-54 1 9.4-9.6 1
34-36 1 b54-56 3 136-138 1
36-38 1 56-58 3 170-172 1

8
N @
- N
-
6_.
4__ o C
i & &
2:— T t T T
rooo ol L d g
- N T T T T 03] @®
O_IIIH\IIII|I\HIHIHIIH'\VIIIIII\lIIIHI\!II
0 5 10 15 P 2(

Figure 2: Periods distribution (dP=0.2 days) of small
amplitude classical Cepheids (DCEPS)

= 8P, 17.1 d = 8F,.

Period Pf specified from correlations of multipleness
(equal 3.15 days) coincides with a value of 3.1528 =
28 Pfund, where Ppyng = 0.1126 d is a fundamental
period of radial pulsations of the Sun. Though the
sampling of DCEPS stars with the known periods
in GCVS is not large, we can identify the primary
peaks in the histogram of periods distribution. The
ratios of periods show that periods are commensurable
(often - multiple ones), as in the case of other types of
pulsating stars.

Overtones P, P., P, and P, were introduced into
practice by the author (Bezdeneznyi, 1994 a, 1994 b,
1997 a, 1997 b) for variable stars RR Lyrae, § Scuti
types and bimodal Cepheids. Overtones P and P,
P, and Py, are related like P3g and Pig: Pig =
3/2P3y, Py = 3/2P;, P. = 3/2P,. Similarly three
pairs of overtones are related like Py and Py: Py =
4/3Pig, P. = 4/3P,, P. = 4/3Py, Py = 4/3P3y.
And by analogy with above we have the following
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multiple relations: Pig = 5/4Psp, Py = 5/4P,, Py =
5/4P;. Hence two new multiple relations take place:
3P, = 4P, = 5P, 4Py = 5P, = 6P, besides relation
known earlier: 3P; = 4Py = 5Py = 6P35. Two
new relations may be combined into one: 8Py = 9P,
= 10P, = 12P;, = 15P,. This relation connects all
new overtones with fundamental period P;. And at
last this relation may be combined with known earlier
one into universal relation: 24Py = 27P, = 30P, =
32Pi g = 36FP,; = 40P>p = 45P, = 48Ps3y.

It appears that identification, made for DCEPS
stars with small amplitudes, fits for large-amplitudes
(DCEP) stars too. As we can see from Fig. 1 and Fig.
2, for every sub-group of variable stars we have its
own distribution of periods, with different maxima of
distribution and different main peaks. But all of these
peaks follow to one general regularity (one general
sequence, determined by P; = 3.15 days). There is
a distinct peak (see Fig. 1) in area of Py = 3.15 day
and a period P, = 2.8 days in its left wing. To the
left of these periods we find out the step with two
periods coincident to the theoretical first overtone
Py = 2.36 days and overtone P, = 2.1 days. More
to the right than these two peaks we have two main
peaks, determining maxima of distribution: at 4.3
and 5.2 days. Each of these peaks consists of a few
near periods: 2P, = 4.2 days, 2P,y = 3.8 days and
2P, =3P; =5.0days, 2P, = 5.6 days, 3P,y = 5.7 days.

Some more to the right is a peak 2Py = 3P, = 6.3
days, a peak of a period 4P; = 6.7 days is next to this
and two more peaks 3Py = 7.1 days and 3P, = 4Py
= 7.6 days are present. A wide peak is visible with
a center about 9.8 days, formed by the periods 4P g
= 5Py = 9.45 days, 4P, = 6P; = 10.1 days, 5P, =
10.5 days. Also a peak of periods 4P, = 11.2 days and
6P>r; = 11.3 days is present. There are some peaks
6P, = 9P, = 15.1 days, 9P,y = 17.0 days, 8P, = 12P;
= 20.1 days and 11P, = 23.1 days.

Thus, for two sub-groups of classical Cepheids
different overtones and their harmonics of the same
period Pf = 3.15 days, typical for all ensemble of
these stars, are present. A period Pf is multiple to the
fundamental period of radial oscillations of the Sun
Pfund = 0.1126 days.
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ABSTRACT. On the base of Preston and Paczyn-
ski’s (1964) simultaneous photoelectric (U, B, V) and
spectroscopic observations (358 U-B and 61 Radial
Velocities from Lick Single-Trail Spectrograms) has
been carried out the analysis of periods of RRab Lyr
star X Arietis. It has been given an interpretation
of the periods of this star. All these periods were
identified as radial overtones of fundamental period
and their harmonics. It was proposed rhat this vari-
able star is an multimodal one according to its mode
identifications. The comparisons with the periods of
AE Bootis, RW Ari, ST CVn, T Sex, BK Dra and
V363 Cas are carried out.

Key words: Stars: RR Lyrae, mode identifications

X Arietis belongs to RRab Lyrae variables - radially
pulsating stars of the galactic halo (Population II).
Depending on their light curves and pulsation charac-
teristics RR Lyrae stars are divided into two different
subclasses (according to Bailey classification): RRab
and RRc Lyrae stars. Suffixes "ab” or ”¢” indicate
asymmetric or symmetric light curves. RRab stars
(with large-amplitude non-sinusoidal light curves)
display the fundamental (F) radial mode. They have
periods from 0.3 to 1.2 days, and amplitudes from
0.5 to 2 mag in V. RRc Lyrae variables (with nearly
symmetric, sometimes sinusoidal, light curves) have
periods from 0.2 to 0.5 days and smaller amplitudes
not greater than 0.8 mag in V. They display the radial
first (1H) overtone. Then classical Bailey classification
was extended with RRd or RR(B) - (bimodal or
double - mode) - RR Lyrae variables showing two si-
multaneously operating pulsation modes (fundamental
F and the first overtone 1H). And at last RRe Lyrae
variables, which are the second (2H)-overtone radial
pulsators, they are discussed recently. RR Lyrae
variables stars often found in globular clusters. Some
of RR Lyrae stars exhibit the Blazhko Effect - periodic
variations in period and light curve.

The author in a series of works (Bezdeneznyi, 1994a,
b; 1997a, b, ¢, d, e; 2001a, b; 2005a, b) has extended
this classification by means of introducing four new
radial overtones P., P., P, and P, for pulsating

variable stars RR Lyrae, § Scuti, § Cep and bimodal
Cepheids (see in detail the paper on classical Cepheids
in this volume).

Earlier the author (Bezdeneznyi, 1988) had made
an analysis of the behaviour of the mean fundamen-
tal pulsation period for X Arietis. The system of
two linear elements (2 and 3) was determined by a
least squares solution. One can see (in Figure 1 in
that work) longtime periodicity (P=4000 days) with
amplitude of 0.4 days. The same was detected by
author (1985) for the star V363 Cas (P=1450 days).
We considered this effect (Bezdenezhnyi, 1985) of the
duplicity among RR Lyraes in detail for some stars.

Frolov (1976) during the analysis of metallic lines
velocities has discovered that velocity amplitudes are
extremely different on different JD. He suspected the
existence of unusual Blazko-effect for X Ari which
influences only U and U-B curves. He sepposed the
existence of some high temperature processes (for
example shortwave recombination radiation produced
by a shock wave in higher layers of stellar atmosphere)
whose effectiveness is modulated with the mean period
of about 31 days. Prof. Kukarkin B.V. proposed to
that idea that the coincidence of unusual Blazko-effect
and the very low metal abundance of X Ari may not
be casual.

In present work we analyzed periods of RRab Lyr
star X Arietis on the base of Preston and Paczynski’s
(1964) simultaneous photoelectric (U, B, V) and
spectroscopic observations (358 U-B and 61 Radial
Velocities from Lick Single-Trail Spectrograms). We
have been carried out the Fourier analysis of periods
of X Arietis for searching for the regularities in its
light curve and identifications of its periods.

The Fourier analysis of periods of X Arietis on
the base of radial velocities give (after substructing
of the fundamental frequency 1.5355 ¢ and its six
harmonics) two new frequencies: f.=1.920 § and 5.761
¢ (this we recognized as the double f,-frequence).
U-B data give the following frequencies: 4f;, 8f;,
fr and 2foi=>5.1067 5. The theoretical ratios for
periods P., Py and Py to Py are 0.(8), 0.5(3) and
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Table 1: Frequency content of multimode RR Lyrae stars

Star Tipe  Amplitude Period D Frequencies

X Ari RRab 0.98 V 0.6511426 13 F, 2F, 3F, 4F, 5F, 6F, 7F, 8F, E, 2S, 2(2H)
BK Dra RRab 1.28V 0.5920815 12 S, 28, 38, 48, 2E, 2(1H), 2(2H)

RW Ari  RRc 0.48 V 0.354341 42 S, S/3, (1H),

AE Boo RRc 0.44 V 0.3148921 45 (1H), F, G, (2H), E, 2R, 2E, 2(1H), 2(2H), S, 2S
T sex RRec 0.51V 0.3246980 42 (1H), 2(1H), 3(1H), 4(1H), 5(1H), 3S, 9(1H)
ST CVn RRec 0.56 V 0.329045 43 (1H)/4, (1H), 2(1H)

0.6, respectively.

Thus, individual values of periods of X Ari confirm
their commensurability with the primary period Py,
its overtones Popy, P. and P,. This star may be
consider as multimodal one.

Frequencies of oscillations, discovered by the author
(Bezdenezhnyi, 1994a, 1997d, 2001b and this paper)
for two RRab type stars (X Ari and BK Dra) and
for four RRc type stars (RW Ari, AE Boo, T Sex,
ST Cvn), are resulted in Table 1. Other information
on these stars is taken from General Catalogue of
Variable Stars (Kholopov et al., 1985a, b, 1987).

Three frequencies resulted by Penicke et al. (1989)
for RRc type star ST Cvn were identified by the
author (Bezdenezhnyi, 1994a): fipg/4, fig and 2f15.
Thus, the largest amplitude is at frequency fip/4.
This star shows (1H)-frequency and its harmonics, but
it isn’t (1H)-pulsator speaking strictly.

The frequency f1p is the main one (with the largest
amplitude) for RRe type star T Sex, a few its har-
monics and the frequency 3fs (with small amplitude)
are present too. This star also can be considered as
(1H)-pulsator.

The frequency f1y is also the main one for RRc type
star AE Boo, fundamental frequency (F) goes after
it (in the order of decreasing of amplitude). Taking
into consideration only these two main frequencies of
AE Boo it is possible to consider this star as bimodal
one, pulsating in (1H) and F modes. But we have the
frequency for and a set of all (!) introduced by us new
overtones: fg, fs, fe, fr (and some their harmonics)
too. Hence, this star is a multimodal one. But the
largest amplitude is at the overtone (1H) that allowed
to add it to RRc stars.

And RRc type star RW Ari has S-mode as the
main frequency, fs/3 and fig-frequencies are present
too. Although the frequency figy is present, but
the frequency fs and its harmonic fs/3 (or period
3P;) prevail. Thereby, among RRc stars not all are
(1H)-pulastors. RW Ari can be named rather as
S-pulsator.

It brings together RW Ari with the RRab type star
BK Dra, at which S-mode and its harmonics prevail,
but the frequencies (with smaller amplitudes) 2fg,

2f1H, 2fog are present too. And X Ari is a pulsator
of fundamental mode (F): except for F-mode and
seven its harmonics three more frequencies (with small
amplitudes) fg, 2fs and 2fo are present too.

Bailey classification requires substantial improve-
ment, offered by the author, even if we take into
consideration its extension with bimodal RRd-
pulsators and pulsators of the second overtone (RRe).
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ABSTRACT. Representations of major semiaxes
of planets and distances of nearby planets by means
of degrees of two and prime numbers are made. We
analyse different formulas for these representations
and give new formulas (3)-(4) and a system of formulas
(6)-(8) which by the best appearance presents all the
planets of the Planetary system, including Neptune
and Pluto. Recommendations are given for the search
of the tenth planet (instead of Pluto) and eleventh
one.

Key words: Solar system: Titius-Bode’s Law, the
Law of planetary distances, its modifications

1. Introduction

The Titius-Bode’s Law is an approximative em-
pirical relationship of the planets distances from the
Sun. It is a simple numerical sequence that basically
predicts the spacing of the planets.
A(AU)=0.440.3*2", (n=-00, 0, 1,2, 3,4, 5,6) (1)
Chechel'nicky (1983) showed, that major semiaxes
of planet orbits (A(i)) and their differences (AA(i)
= A(i+1) - A(i)) for nearby planets normalized on
specially chosen value of A* = 0.0372193 AU (astro-
nomical unit) are near to degrees of two. He gave the
formula (2) as a modification of Titius-Bode’s Law
that reflects regularity of planetary distances of Solar
system for planets (except for Neptune and Pluto)
and for the Belt of asteroids.

A(n)=Ao+2", (Ap=104, n=-0c, 3,4, 5,6, 7) (2)

(Ap = 0,n =28, 9, 10).

Also it was pointed there that all differences of
major semiaxes of nearby orbits (except for the
second) are near to whole numbers.

2. Results

We give all datas from above paper in Table 1,
adding information (Allen, 1964} for the Belt of
asteroids and Pluto. There are representations of
major semiaxes of planets by means of degrees of
two and prime numbers there. Representations of
distances of nearby planets by means of degrees of two
and prime numbers are presented in Table 2.

We notice that the value of A* is equal to eight

Table 2: Representation of distances of nearby planets
by means of degrees of two and prime numbers

planets AA 2" n  prime number
Venus-Mercury 9.034 8 3 7
Earth-Venus 7.434 8 3 7
Mars -Earth 14.072 16 4 13
Belt of aster-Mars 34290 32 5 31
Jupiter-Belt of aster  64.554 64 6 67
Saturn-Jupiter 116.070 128 7 113 (127)
Uranium-Saturn 259.033 256 8 257
Neptune-Uranium  292.999 7 ? 293
Pluto-Neptune 249.996 256 8 251

radiuses of the Sun. As we can see from Table 1,
Anorm (normalized values) for Saturn and Uranium
are near to the values of degrees of two (256 and 512,
respectively). Differences A=A, ,.m-Ag, where Ap is
the normalized major semiaxes of Mercury, are closed
to the values of degrees of two for nearer to the Sun
planets and for Belt of asteroids. However we don’t
see from the Table 2, that all differences of major
semiaxes nearby planets are also near to the values 2.

For example, 116 and 293 are distant from the
degrees of two: 128, 256. It is possible to notice, that
both major semiaxes of planets and differences nearby
ones are near to prime numbers: 7, 11, 13, 19, 29, 41,
73, 97, 113, 139, 257, 293, 509.

The normalized differences (A) of the observed
major semiaxes of planets and calculated ones from
the formulas (2) are presented in the last column of
the Table 1. Evidently, that the difference (A) for
Pluto (+33.882) is very large in comparison with
differences for other planets. Thereby, the formula
(2) badly represents the distance of Pluto. Pluto
was excluded from the list of large planets by the
decision of Congress of International Astronomical
Union (IAU). So nothing frightful will happen, if we
exclude it from the formula (2). Business is worse
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Table 1: Representations of major semiaxes of planet’s orbits by means of degrees of two and prime numbers

planet (AU) Anorm 2m n  prime number A=A, ,.,n,-A(n)
Mercury  0.387097676 10.400 0 -00 11 0
Venus 0.723335194 19.434 8 3 19 +1.034
Earth 1.000007872  26.868 16 4 29 +0.468
Mars 1.523749457 40.940 32 5 41 -1.460
Belt-ast 2.8 75.230 64 6 73 +0.830
Jupiter  5.202655382  139.784 128 7 139 +1.383
Saturn 9.522688738  255.854 256 8 257 -0.146
Uranium  19.16371889  514.887 512 9 509 +2.887
Neptune 30.06894040  807.886 ? ? 809 ?
Pluto 39.37364135 1057.882 1024 10 1061 +33.882

Table 3: Representation of major semiaxes of planets by means of formulas

planet Anorm A1) A(2) A(2b) A(2c)  A(3) A(4)
Mercury 10.400 10.747 10.4 10.400 10.4 10.40 10.400
Venus 19.434 18.807 18.4 18.460 18.4 18.25 18.352
Earth 26.868 26.868 26.4 26.521 26.4 26.10 26.272
Mars 40.940 42.988 42.4 42.641 42.4 41.80 42.081
Belt of aster  75.230 75.229 74.4 74.882 74.4 73.20 73.636
Jupiter 139.784  139.712 1384 139.365 1384  136.0  136.619
Saturn 255.854  268.677 256 268.330  266.4  261.6  262.333
Uranium 514.887  526.606 512 526.259  522.4  512.8  513.257
Neptune 807.886 - - - - - -
Pluto 1057.882 1042.465 1024 1042.118 1034.4 1015.2 1014.103

with Neptune, as it is the major planet of the Solar
system and is not represented with the formulas (1)
and (2). When Titius-Bode’s Law was laid down,
Neptune was not discovered yet. Therefore there was
no misunderstanding. When Neptune was discovered,
its difference (A) of the observed major semiaxes
and calculated ones from Law of planetary distances
was explained (the book of N’etto, 1976) by different
hypotheses. That the orbit of Neptune was strongly
distorted by gravity influence going by an unknown
major planet, or that Neptune was captured by the
Solar system from the planetary system other passing
by star. Anyway, but Neptune is not described by the
formula (2).

One more difficulty for this formula consists in
the facts that orbits of Saturn (n=8) and Uranium
(n=9) are not described by the same formula with
a free member, equal major semiaxes of Mercury,
and require a zero free member. The formula (2),
written in two lines (i. e. with two free members),
actually presents two formulas. That would reflect two
different histories of planets forming of Solar system,
internal (including Jupiter) and external (Saturn and
Uranium). The sum of squares of differences of the

major semiaxes for eight planets calculated on the
formula (2), including Belt of asteroids, from the
observed values is 6(2)=>_ A(i)?=14.380 (without
Neptune and Pluto).

The formula (1), normalized on the value of A* =
0.0372193 AU looks like the folliwing one (2a):
A*(n)=10.747+8.0603*2", (n=-00, 0,1,2,3.4, 5, 6) (2a)
If we replace free member on more exact meaning in
this formula, 10.400, equal to the orbit of Mercury, we
get the formula (2b).

A*(n)=10.400+8.0603*2", (n=-00, 0,1,2,3,4, 5, 6) (2b)
And replacing a coefficient 8.0603 before a degree of
two on integer-valued 8 =23, we get the formula (2c):
A*(n)=10.400+8%2", (n=-00, 0, 1, 2, 3, 4, 5, 6) (2¢)
or, uniting the degrees of two, we get an equivalent
equation (2d):

A*(n)=10.4004+2"*3, (n=-00, 0, 1, 2, 3, 4, 5, 6)
Designating n + 3 through m we get formula (2e).
It coincides with the formula (2), if we write down

it with only one free member Ay=10.4. This formula
is true for all planets, including m=8 and 9 (Saturn
and Uranium):

A*(n)=10.400+2", (n=-00, 3, 4, 5, 6, 7, 8, 9) (2e)
Values of > A(i)? sums of squares of discrepancies

(2d)
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for these formulas are the following: ¢(2a)=306.503,
5(2b)=289.23, §(2¢)=0(2d)= §(2e)=173.687.

The formula (2c) after varying of coefficient at 2™ (a
minimum of parabolic function at a coefficient 7.85)
gives the smallest 0(3)=58.543. Thereby, there can be
an alternative formula (3) to the formula (2):
A*(n)=10.400+7.85*%2", (n=-00, 0, 1, 2, 3, 4, 5, 6) (3)
or the formula (4), which can be obtained from the
formula (2) after varying of degree 2:
A*(n)=10.4004+1.996", (n=-00, 3, 4, 5, 6, 7, 8, 9) (4)
§(4)=60.02 for it, i. e. rather more of the sum of
squares of discrepancies §(3) for the formula (3).

We present representations of major semiaxes of
planets by means of different formulas in Table 3.

So, the formulas (2) give the least sum of squares
of discrepancies (§(2)=>_ A(i)2=14.38), but its im-
perfection is that it consists of two lines, i.e. actually
from two formulas. The first line describs six internal
planets, including Belt of asteroids and Jupiter,
and second one - two external planets (Saturn and
Uranium). Though the formulas (3) and (4), got
by us, have four times greater values of the sum of
squares of discrepancy as compared to the formulas
(2), however they describe uniformly and exactly
enough eight objects of Solar system, from Mercury to
Uranium, including Belt of asteroids.

Squares of discrepancies for every the planets are

parabolic functions and have the minimum at the
different coefficients q (base of power) in the vicinity
of two: Venus (at q=2.0827), Earth (2.0144), Mars
(1.9814), Belt of asteroids (2.0043), Jupiter (2.0031),
Saturn (1.9895), Uranium (1.9967), Neptune (1.9506),
Pluto (2.0045). The formula (4) has a minimum value
of sum of squares of discrepancies (60.02) at q=1.996
for n=3-9 (without Pluto), Saturn and Uranium have
the largest discrepancies here. Without these two
planets (n=3-7) the sum of squares of discrepancies
will be far less than (§=15.386), taking on a minimum
value at q=2.003 (6=4.092). That is why Saturn and
Uranium have minima of discrepancies at the values
of q equal 1.9895 and 1.9967, respectively. Including
them in the formula (4) lowers q to the value of
1.996. Oddly enough, but addition of Pluto with its
q=2.0045, again gives the minimum sum of squares
of discrepancies (6=463.56) at the same value of g
equal 2.003, i.e. Pluto compensates the contributions
of Saturn and Uranium. Again the formula (5) is true
with q=2.003:
A*(n)=10.400+2.003", (n=-00,3,4,5,6, 7, 8, 9, 10) (5)
It shows, why the Law of planetary distances has
statistical nature. It is named not a law but a rule
sometimes.

Did not hurry with Pluto, depriving its status of
tenth planet? It has q equal 2.0045 near to the values
of q for Belt of asteroids (2.0043) and Jupiter (2.0031).
Values of this parameter greater than 2 have another
two planets: Earth (2.0144) and Venus (2.0827).

n
11
L Nep tune Pluto
10 - * *
L Uran tum
9 *
- Saturn
8 - *
L Jup tter
7 *
L Belt
6‘ | -
L Mars
5 =
- Earth
4 + *
L Venus
3 - *
2 |-
1 _111111111]111111111]111111111]111111111
1.90 1.95 2.00 2.05 q 2.10

Figure 1: The dependence of a number of planet (n)
from the parameter g

It gives an occasion to unite these five planets in
one group, for which the formula (6) is true giving
a strikingly small sum of squares of discrepancies
5(6)=9.200:

A*(n)=10.400+2.004", (n=3, 4, 6, 7, 10) (6)
Remaining three planets with the parameter q less
than two Mars (1.9814), Saturn (1.9895) and Uranium
(1.9967) give a minimum of sum of squares of discrep-
ancies at the parameter q equal 1.996, as well as in
the formula (4):
A*(n)=10.400+1.996", (n=5, 8, 9) (7)
The sum of squares of discrepancies 4(7) is equal
45.930 for them. Addition of another planets, except
for Pluto, converts the formula (7) into the formula
(4). It gives §(4)=60.020, but addition of Pluto gives
the sum of squares of discrepancies §=1976.62! The
same three planets (n= 5, 8, 9) at q equal 2.004 would
increase the sum of squares of discrepancies §(6)=9.200
in relation to the formula (6) by about 500.748! If we
take a double formula - system (6)-(7) by analogy with
a double formula (2), then §(6-7)=9.200+45.930=
55.130 for eight planets (including Pluto). That is less
than 6(4)=60.020 at the same coefficient q equal 1.996
for all planets (except for Pluto) and considerably
less than §(4)=1976.62, including Pluto. Value of
0(6-7)=55.130 is also much less than §(2)=1162.37,
including Pluto. Thereby, the system (6)-(7) presents
all the planets of the Planetary system (except for
Neptune) in the best way.

In Figure 1 we give the graph of dependence
of number of planet n from the parameter q. One
can see a clear peak, in the top of which is the
point of Uranium (n=9). The point of Pluto (n=10,
q=2.0045) is displaced to the right on 0.0045 from
the integer-valued q=2. If the tenth planet (instead
of eliminated Pluto) is discovered, the ideall value of
q would be equal 2, to be a maximal point on the
graphic. For Neptune q is equal 1.95, it differs by
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about 0.05 from the integer-valued q equal 2. This
difference is more than ones for other planets except
for Venus, for which A q equal 0.08 is outstandingly
large, but only towards the greater value of q equal
2.08 (see Fig. 1). However Neptune follows none the
formulas resulted above. The formula (8) is true for it:
A*(n)=10.400+1.95", (n= 3, 4, 5, 10) (8)
at n=10, as well as for Pluto in the formulas resulted
above. The formula (8) presents the major semiaxes
of another three planets, but with larger discrepancies
than Titius - Bode’s Law: Venus (n=3), Earth (n=4)
and Mars (n=>5). The discrepancies A for them are
equal 1.61, 1.99 and 2.30, respectively. The sums of
squares of discrepancies for the formula (8) and Titius
- Bode’s Law are as following: 11.84 and 4.60. We
will notice that at the value of parameter q equal
2.10 and n=9 the calculated value of major semiax of
Neptune (804.680) will be also near to the observed
one (807.886). The formula (9) with this value of
parameter q presents the major semiaxes not only for
Neptune (A=3.206) but also for Venus (A=-0.227)
and Earths (A=-2.980). Mars follows (A=0.099) to
the same formula but without a free member. Venus
and Neptune are two extreme representatives on the
parameter ¢, they both surprisingly fit the formula (9)
at this parameter q equal 2.10.
A*(n)=10.400+2.10", (n=3, 4, 9) (9)
Following these reasonings, it is possible to suppose
that the graph in the Fig. 1 is periodic with the period
on Aq equal 0.05. The formula (10) corresponds to a
supposed peak (not supported by points) at q equal
2.05:
A*(n)=10.40042.05", (n= 3, 4) (10)
This formula describes the major semiaxes of Venus
(A=0.4189) and Earths (A=-1.193), without a free
member it describes Mars (0=4.735) and Belt of
asteroids (A=1.01). We remind that the formula
(2) also gives smaller discrepancies for Saturn and
Uranium without the free member (10.4).

According to the formula (2e) we have at integer-
valued q=2 for n=10: A*(10) =1034.4 (the normalized
major semiax). Multiplying it by 0.0372193 AU, we
get A(10)=38.5 AU. It is an ideal value of major
semiax for tenth planet. We remind for comparison
that the major semiaxes of Neptune and Pluto are
equal 30.07 and 39.37, respectively. For eleventh
planet following this law strictly, a major semiax
would be equal 76.6 AU. The formula (6) gives the
maximal values of major semiaxes for the prognosis
of planets discovering: A(10)=39.37 AU (equal to the
value for Pluto) and A(11)=78.3 AU. The formula
(7) gives analogical minimum values: A(10)=37.7 AU
and A(11)=75.0 AU. According to the formula (8)
A(10)= 30.07 AU (naturally coincides with the value
for Neptune) and A(11)=>58.1 AU.

3. Conclusions

Thereby, in the Solar planetary system we can see
three sequences of planets for which the major semi-
axes of their orbits are described with three formulas
(6), (7) and (8). System (6)-(7) presents all the planets
by the best appearance, except for Neptune. For the
last the formula (8) is true. These information can
be used for the search of tenth and eleventh planets
and at the calculations of hydrodynamic models of the
planetary system forming.
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ABSTRACT. We discuss factors influencing the
determination of the observed shape of galaxy clusters
when the covariance ellipse method is involved. The
analysis of 377 Abell clusters show that at greater
distances from the cluster center the ellipticity is
rather smooth. There were no statistical differences
among ellipticities when the cluster center was located
at the brightest cluster member, the third brightest
galaxy, the mean as well as the median values of
galaxy coordinates. Moreover, we show that for rich
galaxy clusters the distribution of ellipticities is the
same for two totally different cluster samples.

Key words: galaxy clusters, properties;

1. Introduction

Galaxies form different structures, some are less,
some are more numerous. The shape of the structure
is an important parameter. Various scenarios of galaxy
origin predict different shape of structures. One of
the most popular method of finding the intrinsic,
three dimensional shape of structure is based on the
observed, projected, this is two dimensional shape of
structure. Before going into the problems dealing with
inversion of the distribution of the apparent shape of
galaxy clusters we would like to concentrate on the
first stage of investigation, this is on the determination
of the observed shape of galaxy clusters. There are
several methods of shape determination. The most
popular is fitting the covariance ellipse; inertia tensor
method and Minkowski functionals can be regarded
as some other ones. Our paper is oganised in the
following manner. Section two describes the applied
method of analysis, this is standard covariance ellipse
method, while section three presents our observational
data. The main results of our work are given in section
four, while conclusions ends the paper.

2. The covariance ellipse method

We used covariance ellipse method (Carter & Met-
calfe, 1980) to obtain galaxy cluster ellipticity. The
method is based on first five moments of the observed

distribution: )
Mo = ~ z; T

1
Mo = v zi:yi

(1)

(2)

Moo = - Y - (% Zw) 3)

2
Moy — %Zgﬁ‘ - (% Zy> (4)

My = %szyz_ %Z%Zyi
i i i

where x; and y; are galaxy coordinates. The centroid of
the contour is: x¢9 = Mg, yo = Mo1. The semi - prin-
cipal axes are the solution A, and A\, of the quadratic
equation:

()

(Mao — X?)(Moz — A?) — M7, =0, (6)

the eigenvalues of the matrix of moments of the distri-
bution. The cluster ellipticity is given by:
1—e€
1+e

e=1-—

(7)

where

V (Mzg — Mo2)? + 4M7,
Mag + Mo

€ =
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3. Observational data
We selected all Abell clusters with galactic latitude [on | [0 [ 15|

[b] > 40° and Richness Class> 1. In such way we ob-
tained 1238 clusters. We take all clusters with redshift
z < 0.2 determined by Struble & Rood, (1999). In
such manner our sample contains 377 Abell clusters.
For each of these clusters the area covering 2x2 Mpc
on the sky (h = 0.75, ¢o = 0.5) was extracted from
DSS. A catalogue contains objects within the magni-
tude range mgs, ms + 3 where mg is the brightness of
the third brightest galaxy in the investigated area. The
catalogues were obtained applying FOCAS packages
to DSS. Afterwards, the automatically obtained cata-
logues were visually corrected. Each catalogue contains
information about right ascension, declination of galax-
ies, x and y galaxy positions on the photographic plate,
instrumental magnitude, area of object, ellipticity and
position angle.

The PF Catalogue (Panko & Flin, 2006) served as
a second source of data. The catalogue contains 6188
structures having more than 10 members. These struc-
tures were extracted from Miinster Red Sky Survey
galaxy catalogue (MRSS hereafter). MRSS is the result
of a large-scale galaxy survey in the red spectral region,
covering an area of 5,000 square degrees, and forming
one of the largest coherent data base for cosmological
investigations in the southern hemisphere (Ungruhe et
al., 2003).

We selected the Voronoi tessellation technique (VI'T
hereafter) for cluster detection (Panko and Flin, 2004),
Icke and van de Weygaert (1987), Ramella et al.
(1999, 2001). This technique is completely non-
parametric, and therefore sensitive to both symmet-
ric and elongated clusters, allowing correct studies of
non-spherically symmetric structures with non-uniform
galaxy background (Kim et al., 2002). The search
of over dense region was made using the procedure
kiang, the corn of the VGCF (Voronoi Galaxy Cluster
Finder), an automatic package for the identification of
galaxy clusters in photometric, two-dimensional galaxy
catalogues (Ramella et al., 1999)

For each structure in our catalogue, further analysis
was carried out individually. The structures with at
least 10 galaxies in the considered area were included
to our catalogue. For galaxies in brightness lying
inside the magnitude limits mg, ms + 3™, calculations
were carried out. For each structure, the covariance
ellipse was inscribed, considering only galaxies above
the mentioned magnitude limit. This allows us to
determine the ellipticity and the position angle of the
structure.
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Figure 1: The change of the cluster ellipticity with the
distance from the cluster center.
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Figure 2: The ellipticity distribution for 377 ACO clus-
ters (R = 1.5Mpc), the mean coordinates of galaxy
positions accepted as cluster center and ellipticity dis-
tribution for structures having more than 100 members
in the PF Catalogue.
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Table 1: The statistics of cluster center influence
The A statistcs for K-S test for R = 1.5Mpc
The brightest galaxy third brigtest median  mean
The brightest galaxy X 0.137 0.780 0.876
third brightest 0.137 X 0.932 0.823
median 0.780 0.932 X 0.109
meana 0.876 0.823 0.109 X
The X statistcs for K-S test for R = 1.75Mpc
The brightest galaxy third brigtest median  mean
The brightest galaxy X 0.069 0.151 0.069
third brigtest 0.069 X 0.178 0.082
median 0.151 0.178 X 0.041
mean 0.069 0.082 0.041 X
The A statistcs for K-S test for R = 2.0Mpc
The brightest galaxy third brigtest median  mean
The brightest galaxy X 0.041 0.041 0.041
third brigtest 0.041 X 0.055 0.041
median 0.041 0.055 X 0.000
mean 0.041 0.041 0.000 X
4. Results 5. Conclusions

We used covariance ellipse method (Carter & Met-
calfe, 1980) to obtain galaxy cluster ellipticity. It is
well known that ellipticity depends also on the dis-
tance from the cluster center (e.g. Carter & Metcalfe
(1980), Flin (1984), Trevese et al. (1992), Struble &
Ftaclas (1994)). The influence of this fact was checked
studying the cluster ellipticity at various distances from
the cluster center. We calculated the ellipticity in cir-
cular rings for the distance range from 0.5 Mpc to 2
Mpc with the step 0.25 Mpc. We used four methods
for cluster center determination: the mean position of
all galaxies, the brightest galaxy in the cluster, the
third brightest galaxy in the cluster and the median
of galaxy coordinates. For these four galaxy cluster
center determinations we calculated ellipticities at dis-
tances described above (Fig. 1). For the significance
level @ = 0.01 (the critical value A\g g1 = 1.627) the
Kolmogorov - Smirnow test confirmed the similarity of
the distributions. The Table 1 present the values of
the Kolmogorov - Smirnow test statistics for various
centers at r > 1.5Mpc.

The observed ellipticity distributions for structures
with various number of members, as given in PF
Catalogue are different. Using the Kolmogorov -
Smirnow test we found that the distribution of cluster
ellipticities in the case of 377 ACO clusters and very
rich galaxy clusters, this is containing 100 and more
members in the PF Catalogue are identical at the
confidence level o = 0.01.

The main goal of this work was to check the influence
of different factors to the determined projected ellip-
ticity of galaxy cluster. The ellipticity of projected
galaxy clusters depends on the radial distance from
the cluster center. In projection, close to the center,
clusters are more elongated than at greater distances.
Moreover, the changes of ellipticity nearby the center
are great, the parameter is noisy. At greater distance
from the center the run of ellipticity is usually quite
smooth. Therefore, we decided to use in all analyses
cluster ellipticity determined at 1.5 Mpc. We checked
also the ellipticity distribution at greater radii (r=1.5
Mpe and 2 Mpc), but we do not find statistically sig-
nificant differences. The influence of the adopted clus-
ter center is negligible. This conclusion is based on
the analysis of the ellipticity distributions at greater
distances from the cluster center, when four different
cluster centers were considered, namely: the brightest
cluster galaxy, the third brightest member, the average
and the median of galaxy coordinates. We checked the
distribution of ellipticities for various structures in the
PF Catalogue. These distributions strongly depend on
the structure richness. For rich clusters, the distribu-
tions of ellipticities in both data set were identical.
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ABOUT COMPILED CATALOGUE OF SPECTROSCOPICALLY
DETERMINED a-ELEMENTS ABUNDANCES FOR STARS
WITH ACCURATE PARALLAXES

T.V.Borkova, M.S. Katchieva, B.A. Marsakov, D.M. Pitkina

Southern Federal University
Rostov-on-Don 344090 Russia,
borkova@ip.rsu.ru

ABSTRACT. We present a new version of the
compiled catalogue of nearby stars for which was
published the spectoscopically determined effective
temperatures, surface gravities, and abundances of
iron, magnesium, calcium, silicon, and titanium.
Distances, velocity components, galactic orbital el-
ements, and ages was calculated for all stars. The
atmospheric parameters and iron abundances were
found from 4700 values in 136 publications, while
relative abundances of alpha-elements were found
from 2800 values in 81 publications for ~ 2000 dwarfs
and giants using a three-step iteration averaging
procedure, with weights assigned to each source of
data as well as to each individual determination and
taking into account systematic deviations of each scale
relative to the reduced mean scale. The estimated
assumed completeness for data sources containing
more than five stars, up to late April 2007, exceeds
90 %. For the vast majority of stars in the catalogue,
the spatial-velocity components were derived from
modern high-precision astrometric observations, and
their Galactic orbit elements were computed using
a three-component model of the Galaxy, consisting
of a disk, a bulge, and a massive extended halo.
Ages was determined for dwarfs and subgiants using
Yale isochrones 2004. For this purpose the original
codes was developed, based on interpolation with
the 3D-spline functions of theoretical isochrones,
and with subsequent interpolation in metallicity and
abundances of a-elements.

Key words: Galaxy (Milky Way), stellar chemical
composition, thin disk, Galactic evolution.

The various published abundances of an element for
a given star often differ quite appreciably, even when
the spectra reduced by different authors are of similarly
high quality. If several abundance values are avail-
able for the same star, they can simply be averaged.
However, when an abundance is presented in only one
paper, the possibility of systematic differences must

be considered. We collected all available lists (with
>b5stars) of relative abundance estimates of four a-
elements ([Mg/Fe|, [Ca/Fe|, [Si/Fe|, [Ti/Fe]) for field
stars from high-resolution spectra with high signal-to-
noise ratios published after 1989. We estimate the com-
pleteness of the abundances published for solar-vicinity
stars up through April 2007 to be better than 90 %.
The raw material for this study were 81 publications
containing 2800 a-element-abundance determinations
for ~ 2000 stars.

To derive reliable atmospheric parameters and abun-
dances, we applied three-step iterative technique for
compiling data, which in detail described in the paper
(Borkova, Marsakov, 2005), with awarding of weight
both to each source and to each determination of the
averaged value. Stellar effective temperatures, metal-
licities, and relative abundances of a-elements were
leaded to scales of Edvardsson et al. (1993). The
surface gravities was leaded to scale of Gratton et
al. (2003), where they was determined on the basis of
trigonometric parallaxes. We found it necessary to dif-
ferentiate between the two metallicity groups because
the uncertainties in all the parameters are considerably
larger for the metal-poor stars.

The first step of averaging procedure was a simple
mean. Our analysis shows that the scatter of the de-
viations and the systematic offset of individual atmo-
spheric parameters and abundance determinations rel-
ative to the calculated mean values vary from list to
list and also depend on metallicity. To take these small
but systematic trends into account, we divided each list
into two metallicity ranges at [Fe/H]= —1.0 and cal-
culated the mean deviations for these ranges. We then
corrected all the individual determinations of each pa-
rameter for these biases. These corrections leave the
determined parameter for stars present in several lists
virtually unchanged. However, if a star’s parameter
was determined in a single study only, the correction
will strongly affect the final determined parameter.

The next step after correcting for systematic biases
was to determine weights for the data sources and cal-
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Table 1: Internal accuracy of final atmospheric parameters and relative abundances of a-elements for catalogue

stars
[Fe/H] T.py logg e[Fe/H] ¢e[Mg/Fe] ¢[Ca/Fe] ¢[Si/Fe] e[Ti/Fe]
range K° dex dex dex dex dex
>—-1.0 58 0.12 0.06 0.07 0.07 0.05 0.15
<—-10 137 0.24 0.09 0.09 0.09 0.11 0.15

culate new weighted means. Each source was assigned
a weight that was inversely proportional to the corre-
sponding dispersion for the deviations in each of the
metallicity ranges. In this case one and the same
source could obtain different weight for each deter-
mined parameter. The lowest scatter for the higher
metallicity range was found for the lists of Mashonk-
ina et al. (2003), Edvardsson et al. (1993), and Jehin
et al. (1999), and they were assigned unit weights. At
lower metallicity range, the lowest scatter was shown
by the lists of Nissen & Schuster (1997), Mashonkina et
al. (2003) and Jehin et al. (1999). The lowest weights
assigned to some of the lists were ~ 0.2. We then cal-
culated a new weighted mean each parameter for each
star taking into account the biases and weights assigned
to the lists.

The next step was also a weight-assigning proce-
dure, this time for individual parameter determina-
tions. This procedure was intended to assign lower
weights to initial values showing larger deviations.
Clearly, such a procedure can work only if there are
three or more values for the same star. When assign-
ing the weights, we considered the mean absolute value
of the deviations for all stars in the list containing the
given value. As a result, this procedure assigns the
lowest weights to the least-reliable determinations and
enables us to obtain final values that are close to those
given for most of the sources, with no single measure-
ment rejected.

For all parameters, we estimated the uncertainties
of the averages based on the scatter of the individual
values about the final average for each star; i.e., from
the agreement of the values obtained by the various au-
thors. The corresponding uncertainties are presented
in Table 1. All these estimates are close to the lower
limits of the uncertainties for these parameters claimed
by the authors.

We determined the distances to the stars us-
ing trigonometric parallaxes with uncertainties below
20%. In their absence we adopted the photometric
distances, derived using uvby photometric data. The
uncertainty in photometric distances is usually claimed
to be £13 %.

We took the proper motions from the catalogs Hip-
parcos (1997), in their absence we adopted other back-
ground catalogs. spatial velocities and galactic orbital
elements we computed the U, V', and W components

of the total spatial velocity relative to the Sun for stars
with distances, proper motions, and radial velocities.
The main contribution to the uncertainties in the spa-
tial velocities comes from the uncertainties in the dis-
tances, rather than the uncertainties in the tangential
and radial velocities. For mean distance uncertainties
of 15 % and the mean distance from the Sun of the sam-
ple stars, ~ 60 pc, the mean uncertainty in the spatial
velocity components is ~ +2km/s.

We calculated the Galactic orbital elements by mod-
eling 30 orbits of each star around the Galactic cen-
ter using the multi-component model for the Galaxy
of Allen & Santillan (1991), which consists of a disk,
bulge, and extended massive halo.

Ages were determined on the basis of Yale
isochrones (2004) approximately for 1000 dwarfs and
subgiants. For this purpose was developed the original
procedure of 3D-spline interpolation of published the-
oretical isochrones. Procedure considers not only the
metallicity of star, but also the content of a-elements
in it.

The complete describing of the catalog will be pub-
lished latter in Astronomical Repots.
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ABSTRACT. During last years, some new computer
programs were developed. In this article, will be de-
scribed three of them.

The ”Variable Stars Calculator” was developed for
processing photometrical observations of variable stars.
It helps the observer at each step from converting esti-
mates of brightness into stellar magnitudes to searching
a period of changing brightness, PCA analysis, search-
ing extremums by the polynomial approximation etc.
The program has Ukrainian, Russian an English inter-
face languages and it is possible to add new ones.

The ”PolarObs” was developed for processing polari-
metrical observations, obtained at the 2.6 Shain tele-
scope in the Crimean astrophysical observatory. It was
used either for processing observations of cataclysmic
variable stars, or for comets.

"TrayDog” is a system tool for Windows with more
than 50 functions. Enhanced Task manager, that can
view and edit properties of process, windows, libraries,
threads, network ports and opened files. Other func-
tions are: switching between desktops by hot-key, min-
imize any window to the system tray area, system in-
formation, blocking pop-ups of any kind, view and con-
nect network shared resources, alarm clock and many
other functions. The interface of the current version is
only in Russian.

These and some other programs can be down-
loaded from the pages http://uavso.org.ua/breus,
http://uavso.org.ua/breus

Key words: Software; data reduction; photometric,
polarimetric observations; system tools; BY Cam.

1. Variable Stars Calculator

The program ” Variable Stars Calculator v3 PROFT”
is intended for automatic processing of the observations
of variable stars and other processes. It has the great
set of new functions, useful not only for processing of
the observations of variable stars but also for any other
processes. It is possible by this program:

- to translate estimates of brightness using the Niy-
land - Blazhko method into stellar magnitudes,

- to transform the numbers of plates of plate’s col-

lection in the Julian dates,

- to calculate the barycentric correction,

- to calculate a phase curve,

- to calculate the period of change of brightness,

- to determine ekstrema of brightness of any star,

- to calculate differences between the value of signal
and the fitting polynomial,

- to perform the Principal component analysis,

- to compute partial restoration of signal (filtration),

- to build any graph,

- to look over double-channel diagrams.

- the program works as with single
with multicolumn datafiles (five-colour
and other).
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Figure 1: ”Variable Stars Calulator”: one column

mode. A part of the light curve of the Mira (omicron)
Ceti from the AFOEV database.

The program is multilingual, 3 languages of in-
terface are currently supported: Ukrainian, Russian
and English. Addition of other languages is pos-
sible (see chapter ”Languages”). The program is
published at my Internet page at the site of the
Ukrainian association of variable stars observers
(UAVSO) http://uavso.org.ua/breus and in the inter-
net - catalogues softodrom.ru, softbox.ru, softnew.ru
etc. The program works under the OS Windows.
However, it may also run under Linux using Wine
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(http://www.wine.org), e.g. under the Slax Linux

(http://slax.linux-live.org).

2+ ¥ariable Stars Calculator PROFI - sample.fS
File Data Graph Options Help

| d| =@ B » | SEm variable Stars Calculator v. 3.02 PROFI EE:

+ samplefs

[
1.6340 %
e A
St Iy p L
] o by
st # “re Sapit P a
iy - 5¢ S [s] <
2683 s 768 3 i‘yw"!a ;.“ofﬁ. ‘1'.;
%: 51695 48530000 o ™ Y Y sg - 2| o
00030 ¥ A4 %,‘a\‘fﬁ .}’*jj
1/%.0.00001934 : Eidl W \zi
o ] N %, o ,’&;% ~ ﬁ
- Min ‘ by
e e 4 SN ™
__invet |_ Save | TN,
< un;w Allcuve aiefz» A
0.6
0, Frefi to [768 AY
ool [689 e Y LA W ot
7 _\ﬂ“ e 1M 'Y "AM" "
(&I‘! gt
0.3740
51695.3790 516954372 51635.4355

Figure 2: Variable Stars Calulator: UBVRI photome-
try.

1.1.  Transformation of estimates of brightness to
the stellar magnitudes.

The function is used for reducing visual observa-
tions. The Niyland - Blazhko method is optimal for
determination of stellar magnitudes of variable stars.
It’s description is presented e.g. in the monograph by
Tsessevich (1980). Using the program, it is possible
to convert estimates to stellar magnitudes either
from the paper ”journal of observations”, or from a
file. User should enter estimates and magnitudes of
comparison stars into the wizard-like dialog box. As a
result of these actions, Julian dates (JD) and stellar
magnitudes will be added into a data file.

1.2. Transformation of numbers of plates of plate’s
collection into JD.

The function was made for the observations on
photo-plates of 7-camera astrograph of the Odessa
astronomical observatory. Using the astrograph
database (compiled by A.I.Pikhun), the program reads
the file that contains numbers of plates and stellar
magnitudes and outputs the file that contents Julian
dates and magnitudes.

1.8. Calculation of barycentric correction.

The method is described by Soma et al. (1988). This
algorithm was translated into the Delphi programming
language. The user can enter the coordinates of the
star and the program will apply barycentric correction
to the Julian dates in the datafile.

1.4. Calculation of phase curve.

While processing observations of periodic variable
star, the user can use the option of calculating the
phase curve (dependence of stellar magnitude on
a phase), which are much more ”dense” than the
individual curves, if the interval of observations is
much larger than the period (e.g. Tsessevich 1980).
The phase curve can be viewed either in the Variable
Stars Calculator, or in another viewer that works with
ANSI text files.

1.5. Calculation of period of change of brightness

In this program, the periodogram analysis of variable
signal is realized using the Lafler-Kinman method. The
detailed description of the method and its basic modi-
fications and comparison of their statistical properties,
is presented by Andronov and Chinarova (1997).

The periodogram can be viewed either in the
Variable Stars Calculator, or in another viewer. Then
the user can calculate the phase curves using the
periods that correspond to the minimal values of the
test-function.

1.6. Viewing of the graphs

The program has one big module for graph drawing
that consists of the graph window and panel of
navigation, that can be moved. User can set many
options. Among them - line connection, viewing some
selected columns of the datafile, range files, data
reduction, exporting graph as a picture of different
format and colors (from black and white to 24bit),
viewing double-channel diagrams and many other
functions.

1.7.  Determination of moments of extremums of
brightness using the polynomial approximation

The light curve is approximated by a polynomial (up
to degree 10) and the program calculates extremums
of the polynomial. All moments of extremums
(corresponding to different degrees) are listed in the
dialog box and the user can select them and view
corresponding polynomial, moment and accuracy
estimate.

1.8. The PCA analysis and signal filtering.

This function can be used for multicolumn files.
The detailed description of method and it’s basic
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modifications are described by Andronov (2003). By
choosing the corresponding menu item, the user can
see on the graph the principal components instead
of the light curve. After it, the function of signal
filtering will be allowed. In the dialog box, the user
can unselect that components, which are suggested as
“noise” and then make partial restoration of the signal.

2. PolarObs

Cataclysmic variables are observed, particularly, in
the Crimean Astrophysical observatory using the 2.6
meter Shain telescope with a new polarimeter con-
structed by N.M.Shakhovskoy and D.N.Shakhovskoy.
It contains of the rotating A\/4 phase plate and an im-
mobile analyzer. Data are saved in a file as 8 columns of
counts. Processing of observations requires a software
which would automatize it. A review on polarimetry
is presented in this volume by Kolesnikov (2007). Be-
cause of new 2-channel polarimeter with the /4 phase
plate, the use of old software is impossible. Besides,
the possibilities of the old program (Shakhovskoy et
al. 1998) under MS DOS was limited, as compared
with programs under MS Windows. The new program
”PolarObs” was developed (Breus et al. 2007).

All data files consist of series of observations. Any
series (observations of star, background, comparison
star, standard star) have properties - filter and expo-
sure time. When opening the data file, the program au-
tomatically determines the type of series, at the same
time enabling the user to apply or change it. This style
minimizes the number of keys to be pressed.

After opening a data file, the program shows 2 curves
- the light curve of object at the top, measurings of
background at the bottom of the workspace (for 1 from
8 channels). After smoothing the values of background
by a polynomial, the background values are subtracted
from the signal separately for all channels. User can
smooth the values of the comparison star to determine
the stellar brightness of object.

After it, the program calculates linear combinations
of counts in channels, hereafter named the ”vectors”
S1-S4. The first and second vectors determine the cir-
cular polarization, and the third and fourth - the linear
polarization. After this step, it is possible to save the
"P-file”, containing as photometry as these vectors.

User can save the ”C-file” instead, that contains no
photometry. This function was developed for process-
ing polarimetric observations of comets. This file can
be viewed later. The next step will be to analyze the
diagram of the vectors S2 on S1 and S4 on S3. Under
the graphs, there are the values of polarization, posi-
tion angle and other information.

If user is processing observations of standart of zero
or nonzero polarization, these values are a final result.

While processing the star (object), it is possible to
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Figure 3: PolarObs: P-file mode (potometry, circular
polarization, linear polarization). The observed star -
BY Cam.

turn the diagram of circular polarization for adduction
of axis connecting 0 and center of distribution to the
OX direction and linear polarization to an angle deter-
mined for the standard of nonzero linear polarization.
It is possible to approximate vectors by a polynomial
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Figure 4: PolarObs: vector diagrams. Observations of
BY Cam.

or to determine mean points and their accuracy esti-
mate. To determine the statistically optimal number
of points, we use 3 test functions, which are listed in a
listbox.

Some modules, like approximation by a polynomial
and component for drawing the graphs, which where
developed earlier for our program ”Variable Stars Cal-
culator”, were used in ”PolarObs”.

Many processes, including search of data files on the
user’s disk are automated, that make the work easier.
The program settings allow to change an interface and
some parameters. While processing observations, the
user can save files of different format, that can be used
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by other software as well. The help is made like a
popup transparent window, which also contains all tips
and messages.

The program passed the practical tests. Using Po-
larObs, there were processed observations of different
cataclysmic variable stars - AM Her, BY Cam, V1432
Aql, QQ Vul and comets.

3. TrayDog

TrayDog is a system tool for OS Windows. It has
more than 50 functions. Some brief description of the
main functions of the program (full description can be
viewed on my web-sites (Breus 2007)).

3.1. Enchanced Task manager

With it user can view all launched processes, change
it’s priority, kill process etc. It is possible to view the
windows of the process, threads, used libraries (dll),
the ”parent process” (process that launched current
one). The network and disk activity of the process can
be also viewed. User can see which files and ports are
opened by some program. Sometimes it helps to kill
wrong-working processes, find computer viruses and for
programming purposes like find the classname or han-
dle of some window.
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00000000 1 [System Process) 0[System Process) Gpar
ofbiHbI  System ystem Process| n B
00000004 54 6 B 0(system P eperi.
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Figure 5: TrayDog: Task manager and options dialog.

3.2. System information

TrayDog doesn’t show more system information than a
famous products but some functions are rare and it can
easy save all information for further comparing. The
program shows version and serial number of the oper-
ating system, bios version and date, real frequency of
the CPU, drive list and file systems, find virtual drives
among them, show all dial-up connections with logins,
passwords and phone numbers, environment variables
etc.

3.3. Other functions

Switching between desktops by hot-key

Minimize any window to system tray area

Blocking pop-ups of any kind, listed in a text file

Setting folder or drive icons

Creating virtual drives from any folder

Disabling system shutdown (used for some installa-
tions that can’t ask should computer be restarted now
or later)

View and connect network shared resources

Alarm clock with user specified music file

Launch up to 20 programs from list by one click,
”launch in the past” (for shareware software).

Hiding any process from other software

Hiding all desktop icons, some Start-menu items,
clock, Start button etc.

Saving desktop icons positions for further restoring
after changing screen resolution or system faillure.

Clearing last documents, URLs, searched files and
other history lists

Changing mouse cursor icons

Quick launch of Control-Panel applications

Blocking ANY network access

Quick IP - Name and Name - IP resolving

Blocking and opening any CD Drive

Turning off the monitor

Turning off the system speaker (Win9x)

Quick (2-seconds) shutdown (Win9x)

View kernel driver list (Win9x)

and many other functions. Current version is avail-
able only in Russian. Now we develop a new version
TrayDog-2007.

A complete list of my programs is available from
the WEB site (Breus, 2007).

Author is thankful to Ivan
Nikolay M.

Acknowledgements.
L. Andronov, Sergey V. Kolesnikov,
Shakhovskoy for fruitful discussions.

References

Andronov I.L., 2003, ASP Conf Ser., 292, 391.

Andronov I.L., Chinarova L.L., 1997, Kinematics
and Physics of Celestial Bodies, 13, N6, 67.

Breus V.V., 2007, http://uavso.pochta.ru/breus,
http://uavso.org.ua/breus.

Breus V.V., Andronov I.L., Kolesnikov S.V.,
Shakhovskoy N.M.: 2007, As.Ap.Trans., 26, N4.

Kolesnikov S.V, 2007, Odessa Astron. Publ., 20.

Shakhovskoy N.M., Andronov I.L., Kolesnikov S.V.,
Halevin A.V., 1998, Kinematics and Physics of
Celestial Bodies, 14, 468.

Soma M., Hirayama Th., Kinoshita H.: 1988, Celes-
tial Mechanics. 41, 389.

Tsessevich V.P.: 1980, ”Variable stars and obser-
vations of them”. (in Russian), Moscow, "Nauka”.



36

Odessa Astronomical Publications, vol. 20 (2007)

MODELING OF REGIONS OF ASTEROID POSSIBLE MOTION
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ABSTRACT. Peculiar properties of construction of
initial regions of asteroids’ possible motion from ob-
servational data in the form of probabilistic ellipsoids
are investigated. For the objects which observed only
in one appearance, this problem may be essentially
nonlinear, and the usual method for their construction
with the help of linear estimations of covariance
matrices may became unacceptable. In order to make
possible application of the linear estimation methods
which has been developing in mathematical statistics
the problem of decreasing nonlinearity is discussed.
The solution of this problem with the help of appro-
priate system of initial parameters of asteroid orbits
choice, as well as initial time and weighting matrices
of observational errors is proposed. Efficiency of such
technique had justified by numerical experiments with
the usage of model and real observations.

Key words: asteroid, probabilistic motion, initial
region, weighting matrix, nonlinearity.

The number of asteroids known today (e.g. from
Bowell catalogue) is about 375000. About a quarter of
them is observed only at one appearance, and the sixth
part is observed on small measured intervals (less than
40 days). For such objects, the regions of possible mo-
tion defined with traditional methods of linear estima-
tion, may be inauthentic. Determination of asteroid’s
probabilistic motion contained two basic stages: the
forming of the initial region Cg in space of the motion
parameters ¢ = (¢, ..., ¢ ) and its reflection C’g — C]’;
to space of the parameters p = (p1, ..., ps), on any given
time ¢ (Chernitsov et al., 1998). The display statement
is differential equation system of the asteroid motion,
as well as equations joined with each other spaces {q},
and {p},. The reflection is realized by means compact
ensemble of trajectories from the whole of initial region
or from its boundary surface. The methods of solution
this problem is well developed and so basic our efforts
were turned to the problem of construction of initial
region.

The problem of determination of the initial region
is reduced to finding estimations initial parameters ¢
and their covariance error matrix D for construction of

probabilistic ellipsoids which enveloped the regions of
possible motion of investigated asteroid. For objects,
which were observed only in one appearance, this prob-
lem may be essentially nonlinear, and usage of covari-
ance matrices become impossible. But, if in some way
or other one reduces initial nonlinearity to permissi-
ble level, the application of well-known technique of
linear estimation on basis of using covariance matri-
ces becomes rightful (Chernitsov et al., 2006). With
that end in view we fulfilled great number of numeri-
cal experiments based on real and model observations.
Simulation has been realized in the following way:

1. The initial parameters of the asteroid orbit are
taken as "true”;

2. On basis of these parameters the ”true” values
of measured parameters have been determined on
given times of observations;

3. In these "true” values one introduced errors so
that model observations were not uniformly pre-
cise. For that random number generators and
given weighting matrices of observation errors
have been used;

4. After that nonlinear least squares problem have
been applied for finding estimations of initial pa-
rameters and their covariance error matrix.

For construction of error ellipsoids in nonlinear prob-
lems one use covariance matrices, although that is,
strictly speaking, acceptable only within the framework
of the theory of linear estimation.

The least squares problem is reduced to minimiza-
tion of target function

®(q) = [d— d*]" Pld— d*] = min,

where d is N - dimensional vector function measured
parameters, d* is N - dimensional vector measure-
ments, P is the weighting matrix. In linear formulation
d = Agq, where ¢ is m-dimensional vector defined pa-
rameters, and solution evaluated by relations

g=(ATPA) " ATPd",
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D=02(ATPA)"".
Here o9 = +/®(q)/(N —m) is root-mean-square er-
ror of unit weight. In nonlinear case connection be-
tween measured and defined parameters is nonlinear,
d = d(q), hence the problem may be solved only by
numerical iterative methods (e.g. by method of differ-
ential correction data)

—1 %
¢ = " {[RT@PR)] " B (@)lda) T} .
Here R(q) = (0d/dq) is the matrix of (N x m) - dimen-
sion; n = 0, 1, ... is the number of iteration. Covariance
matrix one calculated by means of the same relation as
in linear case

—1
q=q"

D =0 (R"PR)

These solutions defined probabilistic regions for error’s
dispersion. In linear case their isosurfaces will be ellip-
soidal, while in nonlinear case they will be non ellip-
soidal. Distinction of the level surface from ellipsoidal
ones is given by remainder term A® in expansion of
target function of nonlinear least-squares problem

®(q) = (9) + Aq” (RTR) Aq + AQ.

Subject to value of that term the initial region may
be found either weakly or strongly nonlinear. The de-
gree of nonlinearity is depended on size of the region
probabilistic spread of estimations for initial parame-
ters and on degree of nonlinearity functional connection
between measured and defined parameters. In many
problems of estimation the influence of the last factor
on legitimacy for application of the linear methods is
negligible because of relatively small-sized regions of
probabilistic solution spread (e.g. the problem of po-
sitioning with the help of the satellite system NAVS-
TAR). In the case of asteroids, which have been ob-
served at one appearance, regions of probabilistic solu-
tion spread will be large, and degree of nonlinearity of
the functional connection between measured and de-
fined parameters will produce the strongly nonlinear
initial region.

To obtain how often the strong nonlinearity of esti-
mation problem occurred for such objects, we investi-
gated a few hundred asteroids which were observed in
one appearance. As parameter of nonlinearity we have
used the quantity

_ Omaz — Omin
X - 9
Omin — 00

where 0,42 and opn is maximal and minimal root-
mean-square residuals in vertices of an error ellipsoid.
This quantity gives deviation of the level surface of
probabilistic solution dispersion from ellipsoidal ones.
We have considered the influence of some factors on

value of this parameter. These factors were the space
of used phase variables, disposition of initial time with
respect to measuring interval, the insertion of suitable
weighting matrices in estimation algorithms and possi-
bility of decreasing nonlinearity with the help of screen-
ing observations.

In the table 1 are given asteroids of some hundred
ones, for which the estimations of nonlinearity fac-
tor were obtained by construction of initial domain in
spaces of Cartesian and Keplerian variables. About
one third part of these asteroids has low nonlinearity
in Cartesian variables, whereas in Keplerian variables
the nonlinearity is strong for all objects. In this case
that due to the fact that functional connection between
rectangular coordinates and measured parameters «;, §
is less nonlinear than connection with them Keplerian
elements.

Table 1: The nonlinearity coefficients in spaces of
Cartesian (xdec) and Keplerian (xgep) variables. AT
is the measured interval (in days), N is the number of
observations.

ObjECt AT | N Xdec Xkep
2001XN254 | 48 | 47 | 0.000 0.690
2001XN254 48 | 47 | 0.000 0.690
2004GE2 12 1 94 | 0.000 245.7
2003WN188 | 24 | 75 | 0.009 1805.9
2004RZ164 22 | 15| 0.580 17.13
1998QA62 21 | 44 | 3.584 | 7097.9
2003WV172 | 25 | 09 | 12.56 | 25995.3
2003UN284 31 | 06 | 62.97 | 44194.3
2003XB22 09 | 16 | 168.84 | 20369.0
2003QZ30 49 | 55 | 441.5 | 44288.1
2002PQ142 14 | 18 | 822.0 | 70990.0

The estimations of nonlinearity factor for some as-
teroids from Bowell catalogue, whose initial moments
lie outside of measured observations interval are given
in table 2. One can see that by choice of initial mo-
ments from Bowell catalogue the problem of construc-
tion initial probabilistic regions of motion is strongly
nonlinear. Displacement of initial moment to inside of
measured interval essentially decreases nonlinearity for
all objects and make estimation problem weakly non-
linear for four asteroids.

In the table 3 and figure 1 we presented experimen-
tal results of decreasing nonlinearity of least-squares
problem with the help of appropriate screening obser-
vations. Here n = 0 corresponds to initial sample of
observations and n = 1,2, 3 corresponds to samples of
observations after first, second and third screening.

The insertion of suitable weighting matrix in algo-
rithm of construction of initial domain may signifi-
cantly decrease it, but we do not know for the time
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Table 2: The nonlinearity of initial region by various
choice of initial time. Here yx is nonlinearity factor
where initial moment lie outside of measured interval,
¥ is nonlinearity factor where initial moment is arith-
metical mean of observational moments, At is the value
of initial moment shift (in day).

Object At X X
2003WC168 | +11 | 69.93 | 7.03
2003WU1L72 | +04 | 12.56 | 12.52
2003WX153 | +09 | 44.55 | 3.94
2003XB22 +09 | 168.8 | 13.79
2003XG +02 | 5.07 1.56
2003YQ94 +15 | 515.1 | 4.61
2004X063 -44 1.42 0.05
2004XM130 | +14 | 344.4 | 24.45
2004YA -44 | 158.1 | 0.71
2004YC -43 8.28 0.05
2004YD -43 | 35.83 | 0.24
2004YD5 -40 | 12.52 | 0.01
2004YE -43 | 30.95 | 0.63
2004YG1 +17 | 13.50 | 2.52
2004YR +17 | 371.7 | 15.21
2004Y7Z23 +02 | 50.51 | 45.53
2005AB +11 | 68.96 | 17.80
2005AC +11 | 94.31 | 29.80

present how made that in real case. However, in case
of modeling unequal precise observations we specified
weighting matrix for observational errors, which may
be used later on as exact weighting matrix for solu-
tion of the least-squares problem. Numerical exper-
iments have showed that exact weighting coefficients
distinctly decreases nonlinearity of least-squares prob-
lem and probabilistic region, if there are more than
one group of observations with the same numbers, the
mean accuracy of which differed from each other more
than three times. Such result was received both for ob-
servability of asteroid in one appearance and in several
ones. The last result is especially important, since for
many asteroids which were observed in several appear-
ances in 80 — 90-th of the past century take place just
such distinction in mean accuracy of observations in
different appearances. For example, observational ac-
curacy of asteroid Geographos has been increased from
2”7 up to 0.5”, i.e. about in 4 times. For such cases
of observability of asteroids sufficiently simple method
of weighting matrices construction is realizable. We
named such matrices ”averages”. They represent diag-
onal matrices, whose elements are constant for obser-
vations of single appearance, and they are defined by
the rule

0,2

Pi = —
90

Table 3: The estimations of nonlinearity factors by
screening observations of asteroid 2004XM130. Here
n is the sample number, N is the number of observa-
tions, AT is the measured interval (in days), x is the
nonlinearity factor.

n| N | AT X
036 5 | 20.06
1133 5 | 1842
2130 5 |15.95
3128 5 | 13.42
15000 [
r 3
10000 7/ .
L ~ 2

-10000 — . 3

-15000 ‘ J
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Figure 1: The regions of probabilistic motion of aster-
oid 2004XM130 obtained by successive screening ob-
servations.

where o3; is the mean-square error for representation
of observations of ¢-th appearance.

In the figure 2 we presented the probabilistic disper-
sion of estimations, which were obtained by using ”ex-
act”, "average” and identity weighting matrices. One
can see that utilization of "average” weighting coeffi-
cient in the least-squares problem allows us to reduce
essentially the region of probabilistic displacements of
initial parameter estimations in comparison with gen-
erally accepted variant, when weighting matrix is con-
sidered as identity. Similar picture is for probabilistic
regions defined by means of covariance matrices of ini-
tial parameter estimations (figure 3).

The comparison of domain size supplements the nu-
merical estimations of their volumes (table 4). These
estimations represent the ratio of volumes of proba-
bilistic error ellipsoids, defined with usage of ”average”
(Vo) and "exact” (V) weighting coefficients, to vol-
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Figure 2: The probabilistic dispersion of estimations,
which were obtained with usage of "exact” (light-
grey colour), ”average” (dark-grey colour) and iden-
tity (black colour) weighting matrices. Aa and AJ are
given in second of arc, and represented the deviation
of estimation from the ”true” solution.

AS 0 —

Figure 3: The probabilistic regions defined by means
of covariance matrices of initial parameter estimations
with different weighting matrices.

ume of error ellipsoid obtained under the assumption
of equal precision for all observations (V7). One can see
that usage of ”average” weighting coefficients in case of
observability of asteroid in two appearances with dif-
ferent accuracy, distinguished on average in 4 times,
allows us noticeably to decrease both regions of proba-
bilistic dispersion of initial parameter estimations itself
and computational probabilistic error regions of these
estimations, which are defined by their covariance ma-
trices.

Table 4: The ratio of volumes of probabilistic error
ellipsoids, defined with different weighting coefficients.

min max | average | dispersion
Vpo/Vr | 0.0023 | 0.197 | 0.0377 0.0279
Vpe/Vr | 0.0007 | 0.044 | 0.0055 0.0049

So, the computations carried out allows us to make
conclusions as follow:

1. Utilization of rectangular coordinate system
makes the problem of construction of initial proba-
bilistic region practically linear on numerous occa-
sions. Properties of differential correction method
in space of Cartesian coordinates (convergence do-
main and rate of convergence) are also better than
in spaces of other variables.

2. The estimation problem has the least nonlinearity,
if initial moment is equal to arithmetical mean of
observational moments.

3. In some cases the nonlinearity of problem may be
decreased by means of screening of observations.

4. Insertion of suitable weighting matrix in esti-
mation algorithms also decreases nonlinearity of
problem and size of probabilistic regions. If obser-
vations of asteroid cover more than one appear-
ance, in a number of cases there may be an easy
method of construction of such weighting matri-
ces.
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ABSTRACT. In the paper I present some aspects
of collaboration between Prof. Vladimir Platonovich
Tsessevich and Cracow’s astronomers working in the
field of variables stars.

1. Introduction

Contrary to many papers presented by collaborators
and disciples of Prof. Tsessevich this is the remem-
brance of person who never met him personally. Ac-
cording to my best knowledge he never visited Cracow.
Probably the oldest personal relations were between
Prof. Eugeniusz Rybka (1898 - 1988) and Prof. Tses-
sevich. (After living Lvov in 1945, where he was a
professor (1932-1945) Eugeniusz Rybka have been in
Wroclaw till 1958 and later on became the Director of
the Astronomical Observatory of the Jagiellonian Uni-
versity in Cracow until retirement in 1968). Prof. Kaz-
imierz Kordylewski (1903 -1981) working in the field of
eclipsing variable visited him in Odessa, as well as in
the middle seventies of the previous century Dr ( in
those days) Jerzy M. Kreiner paid a visit in Odessa.

While the personal contacts were rather scarce, the
scientific ones were numerous. My paper is divided into
two sections. In the first I refer to Cracow Yearbook,
in the second one I am giving my personal recollections
referring to Tsessevich’s works.

2. Tsessevich and SAC

Starting from the year 1923 the Director of the Cra-
cow Observatory Prof. Tadeusz Banachiewicz (1882
- 1954) published Rocznik Astronomiczny Obserwato-
rium Krakowskiego, Dodatek Midzynarodowy (Astro-
nomical Yearbook of the Cracow Observatory, Interna-
tional Supplement). The Yearbook itself disappeared
rather quickly, but the Supplement lived his own life,
well known as SAC (Supplemento Internationale de
Anuario Cracoviense).

In each Yearbook the list of eclipsing binaries and
bases of the ephemerides were presented.

The first time the name of Zessewitsch appeared
in SAC No 4 (ephemerides of eclipsing variables for
the year 1926) published in 1925. Observations of

Figure 1: The front page of Supplemento Interna-
tionale de Anuario Cracoviense No 5.

Figure 2:

Front pages of RR Lyrae variable stars
ephemerides.
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S Equ published in Astronomische Nachrichten 5332
were quoted.

In SAC No 5 (published in 1926) his name appeared
several times in connection with published in AN and
BZ data dealing with following stars: WZ And, ZZ
Cas, S Equ, TW Lac, AQ Peg, WX Sgr, XY Sgr, EG
Sgr and T Sex.

Next year, the editor Thadeus Banachiewicz in in-
troduction wrote that some data reported by letters
from Cessewich (Leningrad) were used. Of course, the
previous results incorporated in SAC and quoted in the
list were preserved.

Starting from 1926 till the end of publication of SAC
in the middle of nineties of the previous century the
results obtained by Tsessevich were used.

In SAC No 31 for the Year 1960 (published in 1959)
the following sentence, written by the editor, Prof. Ry-
bka appeared:

"It is the first time that according to the resolution
of Commission 27 of the International Astronomical
Union - ephemerides for RR Lyrae type variables cal-
culated from the data supplied by Prof. V. Tsesevich
of Odessa have been included in the Yearbook.”

Probably calculations of the ephemerides were per-
formed by Dr Aldona Szczepanowska using data sup-
plied by Prof. W. Tsessevich.

This had been explicitly written starting from SAC
No 33 for the Year 1962 till Ephemerides for 1971 (SAC
No 42). After that ephemerides of RR Lyrae stars were
prepared by W.P. Zessewitsch and J.M. Kreiner and
ephemerides from1979 till 1985 were arranged by W.P.
Zessewitsch, B.N. Firmaniuk and J.M. Kreiner. In or-
der to complete this story I have to add that after the
death of Prof. Zessewitsch the ephemerides were pro-
cured by B.N. Firmaniuk and J.M. Kreiner.

3. Observations of Eclipsing Variables

In sixties of the XX century Krakow’s observers of
eclipsing binaries were very active. They were amateur
astronomers. Well known observer of eclipsing vari-
ables Dr Rozalia Szafraniec (1910 - 2001) mentioned
this activity together with Sky and Telescope, Brno
and BAV observers.

They observed visually a lot, mainly in summer. The
main goal was timing minima and they were forced to
prepared the finding charts for stars. This was done
copying on the tracing paper the appearance of sky till
5 or 6 magnitude. After that usually from BD the ap-
propriate region containing the variable star vicinity
was copied. The last element must be the vicinity of
the variable star itself. The maps published by Tses-
sevich among others in Izvestya Odesskoy Observato-
ryi vol. IV were very popular. I have been involved
in preparation of maps and in that time my first ac-
quaintance with works of Prof. Vladimir Platonovich
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Figure 3: The map of V501 Oph.

Tsessevich took place.

This type of work was continued later on too. In Cra-
cow Astronomical Observatory preparing maps of vari-
able stars quite often we used above mentioned source,
as well as Atlas of the vicinity of variable stars and
other maps placed in various books and publications
of Prof. Tsessevich.

3. Conclusions

Prof. Tsessevich observations of eclipsing variable
stars gave him the worldwide reputation. It is obvious
that these observations were incorporated in SAC and
his name was frequently placed among authorities. The
first reference in SAC to his observation published in
leading astronomical journal was when he was under
twenty years old in 1925. His name among authori-
ties can be found in last issue of SAC in 1996. This
means that the results of his observations appeared in
SAC during the period of seventy years. The publica-
tion of maps of vicinities of variable stars helped sev-
eral observers. This influence is quite often not seen
easily, but it is important and cannot be forgot. My
last thoughts are connected with the transcription of
Vladimir Platonovicz name. In Polish is quit simple:
Cesewicz. Sometime it is written Cessewicz, which is
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probably the influence of German transcription. Fol- References
lowing the German transcription in SAC quite often
it is written Zessewitsch. But even in the same issue
of SAC there are several different transcriptions! Offi-
cially, the memorial conference was dedicated to Prof.
Tsessevich, which is English transcription. I dare to
recall your attention to Prof. Rybka statement. He
wrote Prof. Tsesevich, which probably is the most cor-
rect English transcription.

Supplemento Internationale de Anuario Cracoviense
(from 1925 till 1996).
Szafraniec R.: 1970, Vistas in Astronomy, 12, 7.
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ABSTRACT. This work describes some research
results based on the photometric studies on Russian-
Turkish telescope during last five years.  During
2004-2006 observations of minor planets were carried
out within the international collaboration between
Kazan State University, TUBITAK National Obser-
vatory and Nikolaev Astronomical Observatory for
studying the physical parameters and kinematics of
asteroids. As a result the photometric characteristics
of these objects have been obtained; the lightcurves
frequently demonstrating changes of brightness of
these objects caused by their rotation around an
axis are constructed. The variability periods and
amplitudes for asteroids (762) Pulcova, 2000PN9,
(6006) Anaximandros have been found.

Key words: Asteroids: photometry: rotation; as-
teroids: individual: (762) Pulcova, 2000PN9, (6006)
Anaximandros.

1. Introduction

During the last decade in connection with the open-
ing of tens of thousands of new objects, detection of the
large transneptunians bodies and discovery of some as-
teroids binarity the tasks of studying Solar system’s
minor planets were widely extended. The basic tasks
of complex astrometric and photometric asteroids re-
searches are a specification of the characteristics of or-
bits and a definition of the basic physical parameters
(mass, rotation period). These researches are very im-
portant from the point of view of determinations of the
sizes, forms and densities of asteroids, establishment of
correlations between rotation and size, specifying tax-
onomic class of a minor planet (Britt et al., 2002). The
significant information about the asteroids character-
istics can be obtained with the help of results of multi-

color photometric observations of these objects on 1-2
meter telescopes.

Now the rotation characteristics of about 3000
numbered asteroids are known (see the Center of
Minor planets of NASA — NASA, 2006). The rota-
tional periods of asteroids are rather various: from the
hundredth shares of an hour (2001 WV1, 2004 BV18),
up to tens of days (1997 AE12, (288) Glauke), and the
amplitudes of brightness changes reach 1.5™ — 2.0™,
but usually they are about five tenths of a magnitude
in R band. In spite of the fact that many minor planets
near opposition appear rather bright (10™ — 15™), this
precision photometric observations can be possible
only on large telescopes. The characteristics of this
telescope and its receiver equipment enable us to get
the images of asteroids with magnitudes up to 22.

2. Observations

The systematic observations and researches of aster-
oids in the main belt, and near-Earth, and Kuiper-
belt objects have being conducted since 2002 on the
1.5-m Russian-Turkish telescope (RTT150), at the
TUBITAK National observatory (TUBITAK Ulusal
Guzlemevi - TUG) near Antalya (South Turkey), on
the Bakirlitepe mountain, on the altitude of 2500 m
(Aslan et al., 2001). Now the observatory has Mi-
nor Planet Center code A84. At the time of observa-
tions the thermoelectrically cooled CCD camera AN-
DOR (model DW436, 2048 x 2048 with 13.5 x 13.5
m pixels) with an operating temperature of -60 C in-
stalled at the Cassegrain focus was used. Observations
in 1 x 1 and 2 x 2 binned mode of CCD were executed.
Most of observations were carried out in the BVR pho-
tometric system. The SDSS system filters have been
used since December 2006. These equipments of the



44

Odessa Astronomical Publications, vol. 20 (2007)

Asteroid 2005TF49, o

29-30.03.2006, UT: 23:16-0:40
RTT150+ANDOR, V filter

figure 1: The track image of the asteroid 2005TF49,
»bserved on RTT150.

XTT150 allow to conduct the photometric studies with
wn accuracy of about 0.01" at 17 magnitude and about
).05™ at 20 mag in the Cousins Rc-band and fit the
ightcurves of objects with minimal uncertainty (as an
xample see results researches of asteroid 2002NY40
n Uluc et al., 2007). We execute also an absolute
>hotometry of some observed minor planets. Figure
. shows the combined image of positions of asteroid
005TF49, which was observed on RTT150 with CCD
Andor in March, 2006 (field of view 8.2" x 8.2').

During 2004-2007 observations of minor planets
vere carried out within the international project on
tudying the physical parameters and kinematics of
wteroids. This project includes the decision of the
ollowing tasks. 1) Definition of orbits of asteroids,
vhich are brighter than 20™; 2) Specification of the
»osition of the Solar system baricenter; 3) Search for
sinarity and estimation of masses of some main belt
wteroids; 4) Determination of the rotation periods,
orm and density of the fast-rotating asteroids; 5)
Jbservations of Near-Earth asteroids and definition of
heir main parameters. At present more than 20000
ybservations for about 100 various asteroids have
yeen obtained, including chiefly main belt asteroids
for example, (60) Echo, (133) Syrene, (673) Edda
tc.), also more than 10 near-Earth objects (19980X4,
2004XL14, (4179) Toutatis) and the most interesting
ransneptunian objects (Pluto, 2003UB313 — Erida).
some observing information about several asteroids
itudied on RTT150 is shown in Table 1. The columns
f this table include date of observation, name (num-

ber) of the asteroid, exposure times and number of
images for filters indicated in the last column of the
table. The authors have full table with observational
data.

Table 1: The journal of observations of asteroids on
RTT150 in 2004-2007 (fragments).

Date Number Exp. Quantity  Filters
of obs. of aster. times, s  of exp.

23.09.04 846 20 25 R
23.09.04 416 5 50 R
24.09.04 133 20 25 R
24.09.04 718 20 23 R
03.07.05 381 20 9,8 V.R
03.07.05 34 10 3,3 V.R
19.08.05  Erida 30-60 3,3,33 B, VR]I
20.08.05  Erida 60-120 3,3,33 B, VR]I
05.11.06 6006 30-40 45,45 V.R
10.11.06 253 30 1,3,3 B,V.R
13.12.06 965 20-30 55,50,50 r,g,u
15.12.06 6006 30 66,63 g,r
23.07.07 5303 60-120 3,6,6 B,V.R
23.07.07 110 30-90 3,6,6 B,V.R
24.07.07 673 30 6,12,12 B,V.R
25.07.07 209 60-120 3,6,6 B,V.R

3. Photometry of (762) Pulcova

During September 16, 20-23, 2003 in unfiltered light
and in filters B, V, R observations of the main belt
binary asteroid (762) Pulcova were carried out. Each
night observations cover a full 5.8 h variation period.
The differential photometry was made with the help of
nearby stars, among which asteroid was moving during
the observational night. The accuracy of photometri-
cal measurements is in the range 0.01-0.02 magnitude,
which agrees with observational accuracy of other au-
thors. The data of each night were plotted as differen-
tial instrumental magnitude vs UT, and they show two
maxima and two minima. The main minimum is more
sharper than the secondary. Perhaps, peculiarities of
lightcurves for various filters in the phase of growth af-
ter the main minimum and near secondary minimum
can be explained by different albidos of the correspond-
ing areas of Pulcova surface. The minima and maxima
of lightcurves in different filters coincided. The time
interval between maxima after a secondary minimum
was used for estimating the rotational period of the as-
teroid. This have led to values of 5.88 hours in filter
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Figure 2: The lightcurves for (762) Pulcova in three
filters.

B, 5.80 h in V and 5.84 h in red light (see penultimate
column in Table 2), which give the mean period, which
equals 5.839 + 0024 hours. This result confirm the re-
cent observations of Davis (2001). But amplitude of
brightness variations for Pulcova from our lightcurves
is less than in cited work. It was 0.20 magnitudes (Fig-
ure 2).

The deviation between values of main and sec-
ondary minima detected here equal 0.06™. Similar
discrepancy was obtained by Devis in February the
9th, 2000. It is accounted for by the vicinity of phase
angles of asteroid (then it was 5.83 degree). Distinct
from this is that in our lightcurves the intensity of the
main maximum is 0.04 magnitudes more than that of
the secondary. Thus maximal amplitude of variability
of (762) Pulcova in this observational set attains 0.2
magnitudes, and the difference in magnitude between
second maximum and second minimum for this session
was 0.1™. These data for three filters were presented
in table 2.

Table 2: Photometrical data from lightcurves of (762)

Pulcova.
Filter Maximal Minimal  Phase Period,
amplitude amplitude angle  hours
B 0.199 0.100 6.2 5.876
V(20.09) 0.201 0.097 6.8 5.827
V(21.09) 0.196 0.089 6.6 5.812
R 0.192 0.093 6.4 5.841

4. Observations for international project

Last three years positional and photometric observa-
tions for large group of asteroids were carried out in the
international collaboration between Astronomy depart-
ment of Kazan State University, TUBITAK National
Observatory and Nikolaev Astronomical Observatory.
Almost all the internal observational errors for the ob-
served objects up to 17 magnitude are within 0.17,
with a mean value less than 0.05” in both coordinates
(Aslan et al., 2007). Accuracy of asteroid positions
from the observations at RTT150 is good enough for
use in mass determinations by the dynamical method,
based on the analysis of the perturbations of small as-
teroids by big ones (Ivantsov, 2007). The papers of
Aslan et al. (2006, 2007) present the preliminary cal-
culations of mass determinations for 21 asteroids.

As we can see in Table 1 first observations were made
only with one filter (R). Later, the availability of the
filter wheel at the Cassegrain focus provided us with
the opportunity for multi-color observations. For pho-
tometric researches we used long-time (more than 10
images) observations of asteroids. Besides some ob-
jects (for example, (121) Hermione, (253) Mathilde,
(673) Edda, (1042) Amazone etc.) during these three
years were observed scores of times. Also on RTT150
we can observe asteroids with possible short rotation
periods (Pyot < 3 hours). This permits us to determine
and specify the rotation periods of these objects.

In March 29-30, 2006 on RT'T'150 long-time observa-
tions in V-filter for asteroids (846) Lipperta, 2000PN9,
2005TF49 and (673) Edda were carried out. The
asteroid 2000PN9 demonstrated brightness variations
with amplitude of 0.11™ and period of 1.77 hours.
These observations show similar results to the ones got
earlier by Pravec (2003), who obtained P,,; = 2.5325 h
and amplitude 0.15™. At the end of 2006 the basis of
two-color observations in November, 2006 a minimum
in the lightcurve of mail belt asteroid (6006) Anaxi-
mandros was discovered. The special observations of
this asteroid during 2.5 hours in December, 2006 have
confirmed this result. The lightcurves in SDSS filters
¢ and r for this object with respect to a standard star
are shown in Figure 3. Thus (6006) Anaximandros
has the variability with a rotation period of 1.37
hr and amplitudes of 0.32 and 0.30 mag in g and r
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Figure 3: The lightcurves for (6006) Anaximandros in
two filters.

bands, respectively. The lightcurves of this object in
different filters demonstrate obvious asymmetry and
distinctions, which are explained by the features of the
nonspheric form and mineral structure of the asteroid
surface.

5. Results

Last five years the international project for de-
termination of physical characteristics of asteroids
is realized on 1.5-m Russian-Turkish Telescope in
TUBITAK National Observatory. More than 100
different asteroids have been observed and the pho-
tometric characteristics of these objects have been
derived. The lightcurves frequently demonstrating
changes of brightness of these objects caused by their
rotation around an axis are constructed with an
accuracy of 0.01™ — 0.05™. The variability periods
for two asteroids (2000PN9 - 1.77 hours and (6006)
Anaximandros - 1.37 hours) have been found.
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ABSTRACT. The radial motion of a self-graviting
charged dust and stability condition of the static
charged dust spheres are considered. The stability is
possible for the bound states of the weakly charged
layer with abnormal charge with respect to the active
mass.
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1. Introduction

The collapse of a spherically-symmetric charged dust
cloud is the important problem of a General Relativ-
ity. In the papers of Vickers P.A. (1973), Markov M.A.
and Frolov V.P., (1970,1972), Bailyn M. and Eimerl
D. (1972), Ivanenko D.D., Krechet V.G. and Lapchin-
ski V.G. (1973) the solution of the Einstein-Maxwell
equations is reduced to the first integrals. The ex-
act solutions for charged dust spheres are obtained
in the works of Hamoui A. (1969), Bekenstein J.D.
(1971), Bailyn M., Eimer] D. (1972), Shikin I.S. (1974),
Khlestkov Yu.A.(1975), Pavlov N.V. (1976), Ori A.
(1990). The main goal for researches is to find the con-
ditions under which the gravitational collapse of the
charged mediums is impossible. Let us note the prob-
lem of shell crossing, which arises here. In works of Ori
A. (1991) and Goncalves S.M. (2001} it is shown that
shell crossing is inevitable in the gravitational collapse
of weakly charged dust spheres. The important prob-
lem is also to find stability conditions of charged dust
spheres. The equilibrium of a charged dust sphere with
extremal charge distribution was considered by Bonnor
W.B (1965). The similar problem was considered by
Bonnor W.B (1993), Gladush V.D. and Galadgyi M.V.
(2007) for charged particles in the Reissner-Nordstrom
field. In this paper we introduce the classification of
charged spherically-symietric configurations, and fur-
ther we find the stability conditions for them.

2. The equations of motion for spherical layers
of the charged dust

The space-time metric has the form

ds? = yudzdz® — R%2do?

(1)

where do? = df? + sin? 0da?, ~vu = Yap(2z®*) and R =
R(z), z* - time-radial coordinates (a,b =0, 1).

For dynamics description of a charged dust sphere we
shall consider small region without not shell crossing.
The evolution of a spherical layers of Lagrangian radius
r (dr/ds = 0), which bounds of the sphere of the total
mass Mo (1) and charge Q(r), can be described by the
equation (see, for example, Ori A. (1991)).

dR\?
ds

o @
ﬁ .
Here U = U(R, Mo, Q) is an “effective velocity po-
tential”, p and p. are the dust and charge densities,
€0t IS the energy density. In this case the following
relations take place:

2
+ (HPQCZJ\/Itot - PegtotQ)ﬁ - (HPQ - Pg)

a(r) = & — dQ(T) ( ) — Etot _ d]\/[tot(r)
b2~ M) o AM(r)
o Etot Pe Q(T) _ . Q(7)
u pCQ - p? R - H(T) - O[('f) R i

where M(r) is a total rest-mass of a dust.

3. Classification of charged dust spherically-
symmetric configurations

The character of evolution of spheres is determined by
the motion of layers

The regions of the admissible motions of the layers
are defined by the inequality U(R} < 0, the equality
U = 0 gives turning points R,,. The object of our
classification is a sphere with its boundary layer. The
potential U here is not suitable, as it depends on pa-
rameter of classification — the total energy of the sphere
Eot = Mo c?. From the equation (2) it follows that
Mo > Ups. We shall accept this condition as a basis
of classification. Here

1

Uy =—=
M 2kp%c?

((PQC4 o é—?ozf)‘R+
2

(3)
+2pegt0tQ + (Hp2 - Pg) E)
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is the “effective mass potential”. This potential de-
pends both on global magnitudes — the charge @@ and
radius R of the sphere, and on local ones — the
densities p,p. and e4;. Solutions of the equation
Mot = Uy define the turning points R, of the layer.
The asymptotics of the mass potential define the char-
acter of the layers motions. Under R — 0 we have the
following cases:
1.1. Uy — +oo,
charged layer;

1.2. Uy — pecior@Q/Kp%, kp? = p? — the case for the
layer with an extremal density of charge;

1.3. Uy — —o0,kp? < p? — the case for the layer
with an abnormal density of charge. These conditions
define the type of behaviour of a layer depending on
its local electrical characteristics. On the other hand,
under R — oo we have:

2.1. Uy — +o0,if p?ct > €2, — the case for the bound
states of a dust;

2.2. Uy — pegiorQ/rp?,ifp%ct = €2, — the case for
the critical density of a dust;

2.3. Uy — —o00,if p?ct < €2, — the case for the un-
bound states of a dust. These conditions define the
type of behaviour of a layer depending on its local en-
ergy characteristics. Thus there are nine basic types
of behaviour of the mass potential Uy; which are de-
termined by local characteristics of a sphere. Besides,
the sphere of Lagrangian radius is characterized by in-
tegral magnitudes — My, (r) and Q(r). For the given
total charge Q(r) the value of a total mass Mo (1) de-
termines three types of the sphere:

3.1. Mip\/k > |Q] — the weakly charged sphere;

3.2. M;u/k = |Q| — the sphere with an extremal
charge;

3.3 Miot/k < |Q| — the sphere with an abnormal
charge.

kp? > p? — the case for weakly

As a result the charged layers have 27 variants of
motion. In the dimensionless coordinates {Vy; =
UnmvE/Q, © = c>R/Q+\/K}, these cases are illustrated
at Fig. 1-9. The regions of the admissible motions
are determined by segments of an axis z, for which the
line Viy = Mg lays above the curve Vay = Vi (x). The
turning points x,, (R,,) can be found as abscissae of
intersection points of the curve Vy; = Vy(z) and of
the line Vjy = Mg. The segment of the dashed line
Vi = 1 corresponds to the motion of a layer in the
field of the sphere with the extremal charge. The seg-
ments of the dotted lines with Vj; > 1 and Vi < 1
correspond to the motions of the layers in a field of the
weakly and abnormally charged spheres, accordingly.

4. The stability conditions for spherically-
symmetric configurations of the charged dust

The stable static state of the layer is possible for bound
states of the weakly charged layer (fig. 3), when
kp? > p?, p?c* > 2. If the layer is at the bottom
of the potential well the conditions of the stationarity

'}
4
3
2
1

- 1

Figure 1: The unbound states of the weakly charged
layer: kp? > p2, p?ct < €2,.

'}
4
3
2
1

1 2 3 4 5

- 1

Figure 2: The weakly charged layer with the critical

2.4 __ 2
C” = Efpt-

density of the dust: xp? > p2, p

Figure 3: The bound states of the weakly charged layer:
rp? > pt, pPct > el
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Figure 6: The bound states of the layer with extremal Figure 9: The bound states of the layer with the
charge density: rp® = pZ, p*c' > ef,,. abnormal charge density: rp? < p2, p?ct > €2,,.
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and equilibrium are satisfied:

(Z—f)z = (H(r) —a(r) Qg)>2 -
@(T)Q(T)) a(r)Q(r)

R R?
r)

= (o

M) | Q)
c2R? AR3

)

Hence we obtain the following equilibrium condition
for the layers

= (1—H*(r)) (k —a?ct) .

(6)

Thus for radius of an equilibrium layer we have

KMo (dM)? — QdQd Mo
a CQ((CZM)Q — (d-Z\/-[tot)2) ’

(7)

that corresponds to the minimum of potential M.
Using integral magnitudes we obtain necessary and suf-
ficient conditions of a stable equilibrium of the charged
dust configuration:

[dM| > [dMyo] . VE|[dM| > [dQ)
KO (dMyoy , dQ) = KQ*(dMyor)? —
—26Q M, dQdM,o + Q*(dQ)* =

=k (Q* — kMZ,) (dM)?.

(®)

9)

Than it follows that

K (QdMyoy — Myod@Q)* =

10

= (Q* — KMy) (k(dM)? —(dQ)?) > 0. 1o
In virtue of (8) one can formulate the following theo-
rem: the stable static states are possible only for the
bound states of the weakly charged layer with the ab-
normal charge @ with respect to the active mass Myy;:

|dM| > |dMyos|, VE|AM| > dQ|, Q* > kM2, . (11)

It follows from here, that for the stable static sphere of
the charged dust the quadratic form ®(dMye, dQ) in
(10) is positively defined ®(dM,, dQ) > 0.

From (10) we obtain one more relation for stable
static states of the charged dust sphere:

\/Ed]\/[tot o \/E-Z\/-[tot +
dQ Q

kM2 r(dM)?
i\/1 Qét\/(dQ)Q

(12)
~1.

This equation is invariant with respect to scale trans-
formation

Mios(r) = aM] ,(r), Q(r) = aQ' (1), M(r) = aM’(r).

Here R = aR’. Thus we have a scaling law. If we
multiply the distribution functions of the charge, total
and proper mass by factor of a the new configuration
remains stable, and its radius will grow by the same
factor a.

As an example, let us consider the particle-
like configuration with parameters of an elec-
tron (mass 1, = 9,109 - 1072®g, charge
e = 4,803 - 107%em??g/2s 1) and with

the geometrodynamical charge ¢, = +Eme =
23,53-107*2ecm?/2g /2571, Since e/qme = 2-10%" > 1,
we deal here with the abnormally charge object. Let
us consider now point object with parameters of an
electron and the exterior gravitational field of the
Reissner-Nordstrom. In virtue of inequality e > /km.
a naked singularity takes place. It contradicts to
the cosmic censorship hypothesis of Penrose (1969),
according to which the singularity should be hidden
by horizon. Thus it follows, that the electron can not
be the point object. If we neglect an intrinsic moment,
the simplest classical model of such object can be
particle-like spherical configuration of the charged
dust with the total mass M;,; = m. and charge Q = e,
which satisfies the indicated stability conditions.
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THE RADIAL MOTIONS OF CHARGED PARTICLES IN THE
FIELD OF THE CHARGED OBJECT IN GENERAL
RELATIVITY AND THEIR CLASSIFICATION
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ABSTRACT. The radial motions of the charged test
particles in the field of a spherically symmetric charged
object in general relativity are considered and their
classification is built. The conditions of equilibrium
for these particles are studied and equilibrium stability
conditions are received. It is shown, that stable states
are only possible for the bound states of the weakly
charged particle in the field of the abnormally charged
central source.

Key words: classification of motions, effective poten-
tial; stability conditions.

1. Introduction

The consideration of motion of the charged particles is
an important part of the general research of the behav-
ior for the charged configurations in general relativity.
The motion of the charged test particles in Reissner-
Nordstrom field was considered by Cohen (1979), the
radial motions was studied by Finley (1974). One of
the main reasons of the researches is the receiving of
the conditions under which the falling on the center
takes no place, and the finding of the stability condi-
tions for the charged particles in the field of the charged
object. Thus, the paper Bonnor (1993) was dedicated
the study of the equilibrium stability conditions for the
charged particles. Note that in his paper this problem
was considered without taking into account the conser-
vation law and has been solved incompletely.

In this paper we carry out the classification of the ra-
dial motions for the charged particles in the spherically
symmetric gravitational and electrical fields of the cen-
tral source by using the energy conservation law. The
research of this problem leads to the equilibrium con-
ditions of stable states of the charged particles in the
Reissner-Nordstrom field.

2. The equation of motion for the charged
particle

The gravitational field of a spherically symmetric
source with mass M and charge @ is described by

Reissner-Notdstrom metric

ds®> = FdT? — F7YdR? — R*(d6? + sin” 0dy?), (1)

where
7YM | 4Q?
F=1- 2R *R%*’ @)
v and ¢ — are the gravitation constant and veloc-

ity of light respectively. In dependence on the rela-
tion between mass and charge it is possible to sepa-
rate following types of the charged relativistic objects:
the charged black hole (\/YM > |Q[), the extremely
charged black hole (/M = |Q|), the abnormally
charged object (\/YM < Q).

Lagrangian of a test particle with mass m and charge
q is given by:

L(R,R) = —meV Fc® — F'R?2 — qQ/R, (3)

where a dot denotes differentiation with respect to 7'
It is easy to see, that the total energy of the charged
particle is conserved and equals to

E:%‘l’ chF. .
\VF —F1R?/c?

From here we have the equation of radial motion:

dR\? Q\’ Q2
2 2 4
@y () 1 .
() = (=) e (- +
(5)
The similar equation for Reissner-Nordstréom-de Sitter
metric has been received by Gongalves (2001} by using

Killing vector. Further, for the particle acceleration we
find:

(4)

2vM
2R

£R 1 s, 1
—= = 3 [(EqQ —m*cyM) =t
o ©)
2 2
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3. Classification of the radial motions

The standard method of the qualitative analysis of the
particle trajectories is based on the study of effective
“velocity potential“ behaviour (mc2dR/ds)2 = -U
(see, for example, Wilkins (1972), Cohen and Gautreau
(1979), Dymnikova (1986), Gongalves (2001)). Let us
rewrite the potential (5) in the form

2

U(Q,M,R) = m*c* — E? — (yMm?*c® — EqQ) =+

2
R%’
The admissible motions are defined by an inequality
U(Q,M,R) < 0 where equality specifies the turning
points. The presence of parameter of classification M
in the potential U is not suitable for particles dynamics
analysis. Therefore, let us introduce the “mass poten-
tial“ U,, which is the solution of the equation U = 0
with respect to M

+ (ym? — q2)

Un(Q,R) = [(m*c' — E*)R + 2EBqQ+
2 (7)

+ (7m2 _ qz) %

2vym2c?

In this case the regions of admissible motions are spec-
ified by an inequality U,,(Q,R) < M. Besides the
potential U, let us introduce one more function U,
which can be find from the equation F' = 0 defining
horizons

1 (R Q% _
M_§<T+ﬁ) =U,(Q,R).

The function U, determines a value of the mass of black
hole having charge @) and radius of horizon R.

The behavior of function U, (Q,R) depends on
the relation between particle parameters defining its
asymptotics. As a result we obtain the following cases:
1. when R — 0 we have

l.a if ym? > ¢, then U,,(Q, R) — +o0,

for the weakly charged particle;

1.b if ym? = ¢2 then U,,(Q, R) — EqQ/ym?c?,

for the extremely charged particle;

1.c if ym? < ¢? then U,,(Q, R) — —oo,

for the abnormally charged particle.

2. when R — oo we have

2.a if E? < m2c* then U,,(Q, R) — +oo,

for the bound states of the particle;

2.b if £2 = m2c* then U,,(Q, R) — EqQ/ym?c?,

for the particle with a critical mass;

2.c if E? > m?c* then U,,(Q, R) — —oo,

for the unbound states of the particle.

For certainty we suppose @ > 0 and M > 0. Thus, the
introduced conditions define 9 types of behavior for po-
tential U,,. Taking into account the sign of a charge
q and type of the central object we obtain 54 types of
behavior.

(®)

To plot and analysis functions U,, and U, suitable
to use the dimensionless variables

~ 1 1
Z/{m s M =5 —&? — 32 —:| 5
(e,8,) 2~[(1 ¥+ 2B+ (1 ﬂ)x ©
u’m(£7ﬂ7x) S M7
~ 1 1
o) =5 (a4 7). (10)
where U, = AUn/Q, U, = AU,/Q, = =
R/ AQ, ¢ = E/mc*, B = q/\/ym, M =
MR
Comparing U, and U,, we come to the relation
2
o) =Tin(e.p.0)+ (vE-2) )

from which it follows that ng (x) > Upp, (e,08,z). From

this it follows that the curve Uy(x) lies always be-
low then the “mass potential“ curve. The reason is
that the turning radiuses do not exist in T-region
where the radial coordinate becomes time-like. The
equality Uy(z) = Up(e,[,z) defines a point of a
contact for these curves iung = (/¢ whence it fol-
lows that Riang = ¢q@Q/E. Let us note, that a par-
ticle with the energy E = ¢Q/R4, where R, =

(7]% +Vy(yM? — QQ)) — is the exterior horizon,
has a turning point on the events horizon exactly
(Chandrasekhar, 1986).

The plots for potentials Z/~Im(5, B, x) and Z]g (z) for all
cases of classification are represented at fig. 1-9.

As an example let us consider fig.1 which corre-
sponds to the bound states of the weakly charged parti-
cles. The curves a and b correspond to the mass poten-
tials U+, and U—,, for the cases ¢ > 0 and ¢ < O re-
spectively. The curve Uy (z) describes a line of horizon.
The segments of horizontal lines define the trajectories
of the motions of particles. The intersections of curves
U+, and U—,, with a line Uy, (e, 3,2) = M give the
turning points. The line 1 describes the motion of a
particle in the field of the weakly charged black hole,
the line 2 — is for the case in the field of the extremely
charged black hole, and the lines 3 and 4 — are for the
motion of the particles with charges ¢ > 0 (a curve a)
and ¢ < 0 (a curve b) in the field of the abnormally
charged object. The character of motion of the parti-
cles for other cases can be consider in a similar way.

3. The stability conditions

The stationary positions R, of a particle are defined
by conditions dR/ds = 0 and d’R/ds*> = 0. Moreover
if d?R/ds?> > 0 when R < Ry, and d?R/ds?> < 0
when R > R, then the position R, will be steady.
From definitions for the “velocity“ and “mass* poten-
tials it follows

Up(@.R) = —2

— M.
2ym2c?

U(Q,M,R)+ (12)
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Figure 1: The bound states (E? < m2c?) of the weakly
charged particle (ym? > ¢?).
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Figure 2: The weakly charged particle (ym? > ¢?) with

a critical mass (E? = m2c?).
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Figure 3: The unbound states (E? > m?2c*) of the
weakly charged particle (ym? > ¢?).

Figure 4: The bound states (E? < m?2c*) of the ex-
tremely charged particle (ym? = ¢2).
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Figure 5: The extremely charged particle (ym? = ¢?)

with a critical mass (E? = m?c?).
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Figure 6: The unbound states (E* > m?2c?) of the
extremely charged particle (ym? = ¢?).
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In a stable point Ry, where U(Reyt) = 0 or
D Un(Rextr) = M, the conditions (OU/OR)|g.,,. = 0
m(E:, :)o: and (90U, /OR)|g,,,, = 0 coincide and give
] ym? — ¢
2557 ....................................... _ RBIW = Q m2c4 _ E2 . (13)
+ Excluding variable R from dR/ds = 0 and d*R/ds? = 0
0.0 =TT Z we receive the relation
1 3 4 5
(m2ct — B2)(ym? — ?)Q* = (m*c* M — FqQ)* (14)
E from which we find two systems of inequalities
507 lg| <my7, |E| <mc, (15)
lg| >my7, |E|>md.
Rewriting (16) in the form
Figure 7: The bound states (E? < m?c*) of the the 5 9
abnormally charged particle (ym? < ¢?). (Q? =AM (ym? — ¢*) =~ (C_2Q _ qM) (16)
~ in a similar way we obtain
Un(e,B,1) |
dl <myA1Ql> MyA, -
] lal >my/7, Q< My/7.
25
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Figure 8: The abnormally charged particle (ym? < ¢?)

with a critical mass (E? = m?c?).
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Figure 9: The unbound states (E? > m?2c?) of the
abnormaly charged particle (ym? < ¢?).

From classification of motions and relations (15) and
(17) we find the following conditions: |E| < mc?,
lg| < my/7,|Q| > M,/v is for stable equilibrium of the
bound states of weakly charged particle in the field of
the abnormally charged object; |E| > mc?, [q| > m\/7,
|Q| < M /v is for instable equilibrium of the unbound
states of the abnormally charged particle in the field of
the charged black hole. The stability conditions (17)
were received by Bonnor (1993) without use of the con-
servation laws. However he did not indicate, which of
the conditions of equilibrium is stably and did not re-
ceive stable point of a particle. Note that in the work
of Markov and Frolov (1972) it is stated that in case of
the abnormally charged object |Q| > M /7 the stable
system is impossible.

Thus, the stable stationary positions are only possi-
ble for the bound states of weakly charged particle in
the field of the abnormally charged central object.
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ABSTRACT. The results of spectroscopic obser-
vations of long-periodic eclipsing binary & Aur are
reported. The observations were carried out during
2 nights in 2007 at 2-meter telescope located at the
peak Terskol, Northern Caucasus (Russia). Here we
present series of £ Aur spectra together with EW
measurements of the most prominent absorption lines.
Key words: Stars: binary: eclipsing; stars: individ-
ual: ¢ Aur.

1. Introduction

e Aur is well-observed long-periodic eclipsing binary,
but still one of the most puzzling star. It is the eclipsing
binary with longest known orbital period — 27.1 year.
The main enigma is considered in the eclipsing object
(it is supposed that the eclipsing body is of gigantic
proportions, on the order of 2,000 solar radii). Its na-
ture discussed for a long time, but still no reasonable
explanation was given.

The eclipsing nature of ¢ Aur was first mentioned by
Fritsch (1824), where he discussed first ever-observed
minimum in 1821. Since that & Aur’ eclipses were
observed each 27.1 years (Ludendorff, 1904) (in 1848,
1875, 1902, 1929, 1956, 1983), the next is expected in
2010 (first contact — Aug, 06, 2009; mid-eclipse — Jul,
09, 2010).

Recently (Carroll et al,, 1991) ¢ Aur secondary
was interpreted as a protoplanetary system. So,
spectroscopic monitoring before and during the eclipse
is of great interest.

2. Observations

Spectroscopic observations were done at the Terskol
Observatory (Russia, Northern Caucasus) during two
nights, particularly at March, 30-31 and March, 31-
April, 1 in 2007. 2-meter Zeiss telescope and coude-
echelle spectrometer was used. The wavelength range

covers from 3660 to 9500 Ain 80 orders. The reciprocal
dispersion ranges from 0.038 to 0.09 A/ pixel. The
spectral resolution was R=45000.

3. Discussion

Our research was focused on searching for the short-
time variations of Ha line profile. H« line was detected
in absorption together with prominent blue and red
emission wings symimetrical one to another, which is
quite exciting (see Fig. 1 for the plot of Ha region of
e Aur spectrum).

€ Aur (Ha)

6561

Wavelength

Figure 1: Ha region of ¢ Aur spectrum during March,
30-31, 2007 observations

The value variations of equivalent widths (EW) of
the blue wing, the red wing and the absorption core
of the Ha line profiles were calculated (F/Fe > 1 —
emission, F'/Fc¢ < 1 - absorption) and given in Table 1.

EW was calculated by direct numerical integration
over the area under the line profile.

As could be seen from Fig. 1, the blue wing of Ha
line underwent a changes during the course of observa-
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Table 1: List of spectra and equivalent widths of components of ¢ Aur Ha line.
No. Exp. time, min S/N EW of blue wing, A EW of central absorption, A EW of red wing, A
30.03.-31.03.2007
1 6 170 -0.145 0.647 -0.204
2 6 200 -0.154 0.645 -0.209
3 6 220 -0.155 0.642 -0.212
4 6 250 -0.155 0.644 -0.211
5 6 250 -0.151 0.645 -0.207
6 6 220 -0.155 0.643 -0.210
7 6 250 -0.158 0.640 -0.213
8 6 220 -0.156 0.641 -0.208
9 6 200 -0.157 0.64 -0.214
10 6 230 -0.155 0.642 -0.213
11 6 220 -0.155 0.644 -0.211
12 6 200 -0.154 0.642 -0.212
13 6 200 -0.156 0.642 -0.211
14 6 220 -0.154 0.642 -0.214
15 6 200 -0.151 0.644 -0.209
16 6 200 -0.153 0.645 -0.211
17 6 220 -0.148 0.646 -0.210
18 6 200 -0.154 0.644 -0.214
19 6 200 -0.152 0.645 -0.211
20 6 200 -0.145 0.645 -0.193
21 6 200 -0.147 0.645 -0.194
31.03.-01.04.2007
1 5 200 -0.157 0.648 -0.212
2 5 200 -0.156 0.645 -0.208
3 5 200 -0.155 0.649 -0.206
4 5 200 -0.157 0.647 -0.207
5 5 200 -0.154 0.645 -0.207
6 5 220 -0.155 0.648 -0.206
7 5 220 -0.155 0.647 -0.208
8 5 200 -0.156 0.646 -0.205
9 5 200 -0.155 0.645 -0.210
10 6 180 -0.156 0.646 -0.208
11 6 170 -0.155 0.648 -0.206
12 6 180 -0.153 0.649 -0.200
13 6 200 -0.160 0.643 -0.214
14 5 200 -0.155 0.650 -0.201
15 6 200 -0.152 0.653 -0.205
16 6 220 -0.157 0.650 -0.212
17 7 220 -0.152 0.654 -0.206
18 7 200 -0.149 0.655 -0.204
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Figure 2: EW variability of Ha during March, 30-31,
2007 observations

tions at March, 30-31, 2007. This changes reach up to
8%, that could be considered to be significant. During
the next night no changes were detected, reaching 5%
limit (see fig. 2 and 3 for plot of EW changes in %
during both nights).

Schanne, L. (2007) interpreted emission components
of Ha as evidence of gas behind the star (for red-shifted
component) and radial outward flows, attributed to in-
stabilities in the star (blue-shifted component).

Cha et al. (1994), Cha et al. (1995) attributed blue
wing emission source to region region which contains
an HII cloud with a short time scale variation.

Also EW of the following absorption lines all of
which exhibit long-term variability (Thompson et al.
1987) were mesured: Fel (3922.9 A), TiIl (4028.0 A),
Till (4443.85 A), Till (4468.48 A), HB3 (4861.5 A),
Na DI (5889.953 A), Na DII (5895.923 A), OT (7772 A).
No short-time variability, reaching 5% limit, were de-
tected.

Fig. 4 illustrates several portions of ¢ Aur average
spectra, with the most prominent lines being identified
and denoted.

Further photometrical and spectroscopical moni-
toring of this object is critically important for under-
standing ¢ Aur — the most puzzling eclipsing binary.
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ABSTRACT. We present the results of identifica-
tions of the Th IT lines in the spectra of four stars in
the Small Magellanic Cloud: PMMR 23, PMMR 39,
PMMR144, and PMMR 145. We report about detec-
tion of the lines of Th II in the visible part of spectra
of K-supergiants. Thorium lines in the spectra of these
stars are stronger than the thorium lines in the spectra
of HD221170 and Arcturus. The thorium abundances
in the atmospheres of four SMC stars are scattered
from 40.05 to -0.69 in the scale where logN(H)=12.

Key words: stars: abundances; stars: individ-
ual (PMMR23, PMMR39, PMMR144, PMMR145);
nucleosynthesis; galaxies: stellar content; galaxies:
individual (Small Magellanic Cloud).

1. Introduction

Investigation of the thorium abundance in the at-
mospheres of different stars in our Galaxy has a long
history. Only strongest line of Th II A 4019.129 A was
used before. But new values of oscillator strength of
the thorium lines (Nilsson et al, 2002.) permit us to in-
crease significantly the list of measurable thorium lines
in stellar spectra. For example, thorium halo star HD
221170 has the thorium lines in the visible part of its
spectrum (Yushchenko et al. 2005).

Determination of the elemental abundances in SMC
stars is very usefull for construction of the theory of
evolution of this galaxy. It is very important to in-
vestigate the heavy elements. Surveys of the heavy
element abundances were made by Russell and Bessel
(1989) and Spite et al. (1991). It was shown that
the heavy neutron-capture elements in the Magellanic
Clouds were formed similarly to the formation of these
elements in the Galactic halo, but not in the Sun (Rus-
sell, 1991).

The apparent overabundances of the neutron-
capture elements heavier than Ba in the atmospheres

of supergiants, that was found earlier in several inves-
tigations, permits us to suppose that the search for
thorium lines in these stars can be fruitful.

We used high-resolution CCD-spectra of SMC red
K-supergiants, obtained by V. Hill from 1989 to 1993
at ESO (La Silla, Chile), using the New Technology
Telescope equipped with the ESO Multi-Mode Image
EMMI and the 3.6 meter telescope with the CASPEC
spectrograph. (Hill, 1997).

2. Investigation of thorium lines

The underabundance of elements heavier than bar-
ium was found in F-supergiants of both Magellanic
Clouds by Russel and Bessell (1989). Russell (1991)
outlined that one of the important areas of futher re-
searches can be the acquiring the data about spectral
lines of heavy neutron-capture elements in these stars.

The distribution of the abundances of these elements
indicates that they were produced by the r-process
(Russell, 1991). Hill (1997) and Hill et al., (1997)
analysed the chemical compositions of K-supergiants
in Magellanic Clouds and found that in all investi-
gated stars, except PMMRI144, s- and r-process ele-
ments heavier than Ba are enhanced by +0.4 dex. The
abundances of 35 and 20 chemical elements in the at-
mospheres of PMMR23 and PMMR39 were obtained
by Gopka et al. (2005).

For elements with atomic numbers less than 56 we
found the underabundances with respect to the Sun
near -0.7 dex. The abundances of elements heavier
than barium are similar to the solar abundances of
these elements.

The main goal of this investigation is the identifi-
cation of all lines of ionized thorium in visible part of
the spectra of K-supergiant stars in the Small Mag-
ellanic Cloud: PMMR23, PMMR39, PMMR144, and
PMMR145.
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Figure 1: Spectrum of HD221170 near A 5989.045 A.
Circles - observed spectrum, lines - synthetic spectra
calculated with different thorium abundances.

We compared the lines of Th II in the spectra of
SMC stars with these lines in the spectra of halo star of
our Galaxy HD221170 and Arcturus. Observed spectra
were taken from Yushchenko et all. (2005) and from
Hinkle et al. (2000) for HD221170 and for Arcturus
respectively. Thorium line A 5898.045 A in the spectra
of HD221170, Arcturus and SMC supergiant stars is
shown in Figures 1-3. Thorium line A 6044.433 A in
the spectra of PMMR23, PMMR39, and PMMR144
can be found in Fig. 4.

We can see that thorium lines in the spectra of SMC
supergiants (Fig. 3) are stronger that the lines in the
spectra HD221170 and Arcturus (Fig. 1-2). It should
be noted that line A 5898.045 A is blended by Nd II
line. In the case of PMMR144 the blending is not sig-
nificant since the Nd is underabundant with respect to
the Sun approximately by -1 dex.

Other thorium lines are not so strong in the spectra
of SMC stars, but they are still strong in comparison
with the spectra of HD221170 and Arcturus. It seems
reasonable to search for thorium lines in the spectra of
K-supergiants of our Galaxy with similar to SMC stars
temperatures and gravities.

The equivalent widths of thorium lines were esti-
mated by fitting their profiles with a Gaussian func-
tion. The thorium abundance was calculated using the
model atmosphere method on the basis of the Kurucz
(1995) WIDTH9 program. Parameters of atmosphere
models were taken from prevoius investigations of these
stars. The results for individual lines can be found in
Table 1, where for all used lines we pointed the wave-
length, the oscillator strength, and the pairs (equiva-
lent width — abundance) for four program stars.

The mean abundances of thorium in the atmospheres
of PMMR23, PMMR39, PMRR144, and PMMR145
are found to be equal to ~ —0.10 £ 0.13,—-0.63 +

5986

5991 5992

Figure 2: Spectrum of Arcturus near A 5989.045 A.
Thin line is synthetic spectrum, filled circles - observed
one.
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Figure 3: Spectra of PMMR23, and PMMRI144 in
vicinity of A 5989.045 A.

Table 1: Thorium lines and the abundances of tho-
rium in the atmospheres of PMMR23, PMMR39,
PMMR144, and PMMR145.

A loggf Equivalent widths and abundances
23 39 144 145

5488.630 -2.61 18 -0.16 12 -0.80

5989.045 -1.41 130 0.07 102 -0.56

6044.433 -1.87 16 -0.30 16 -0.76 20 -0.76

6112.837 -1.83 50 -0.15 30 -0.50 49 0.05
6619.944 -1.81 29 -0.10 11 -0.65

6993.037 -1.57 26 0.06

0.13,-0.69 + 0.09, and +0.05 dex (in the scale
logN(H)=12), using 6, 2, 4, and 1 thorium lines re-
spectively.

The blend of A 5989.045 of Th II line with line of
Nd II at A 5989.378 A has equivalent width which
exceeds 100 mA in the spectra of SMC K-supergiants.
It is better to use synthetic spectra method to find the
precise abundances of thorium (Gopka et al. 2005).
The weaker thorium lines shows similar values of
abundances, the scattering is smaller than 0.2.
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and

3. Discussion

We hope that the discovery of strong thorim lines
in the visible part of the spectrum permits to investi-
gate the abundance of thorium in supergiant stars of
our Galaxy, Magellanic Clouds and dwarf satellites of
the Galaxy. As it was pointed here before, only the
strongest line of ionized thorium A 4019.1290 A  was
used in numerous investigations of thorium abundance
in galactic stars. It was the base of all important re-
sults concerned the evolution of the Galaxy, ecspesially
its halo stars.

The brief overview of the best investigations of halo
stars was made by Yushchenko et al. (2005). It
was pointed out that only five galactic r—process-rich
halo stars (GS31082-001, GS22892-052, HD115444,
BD+17°3248, and HD221170) have detailed abun-
dance patterns that permit to have some imagination
about the history of formation of the heavy elements
in these stars.

The ratio of thorium and europium abundances in
three of these stars is close to -0.6, while in two stars
(GS31082-001 and HD221170) it is near -0.2. Later,
Ivans et al. (2006) using the spectra of HD221170 ob-
tained at KECK telescope reanalysed the abundance
pattern of HD221170. It was found that the mean dif-
ference between the abundances of chemical elements
found by Yushchenko et al. (2005) using 2-m Terskol
Observatory telescope and Ivans et al. (2006) using
10-m KECK telescope and 2.7-m Mc-Donald Observa-
tory telescope is as small as +0.0440.19 dex, but the
difference in Th/Eu ratio is significant, and this ratio
is close to -0.6 for HD221170.

It permitted Ivans et al. (2006) to claim that the pro-
duction of r—process elements in different supernova
explosions is similar. The only exception is GS31082-
001. Ivans et al. (2006) proposed that anomalous
Th/Eu ratio for this star can be explained by a contam-
ination from a nearby SN II event, sufficiently nearby,
like in the binary system.

In accordance with Ivans et al. (2006) there are 5
r—process-rich halo stars with detailed abundance pat-
ters, and the peculiarity of one of these stars should
be explined by close supernova event.This explanations
was first proposed by Qian & Wasseburg (2001) to ex-
plain the chemical composition of GS 31082-001 only.

But can we expect that 20 percents of this type of
stars have been influenced by the nearby explosions? Is
it really possible that all the stars with a non-standard
Th/Eu ratio suffered close SNe event?

Honda et al. (2004) investigated 22 very metal-poor
stars with [Fe/H]<-2.5 and found that Th/Eu abun-
dance ratios log(Th/Eu) are distributed over the range
—0.10 to —0.59 with typical error of 0.10 to 0.15 dex.
It seems that this result indicates real star-to-star



Odessa Astronomical Publications, vol. 20 (2007) 61
scatter, not contamination by close SN event. We References
hope that thorium lines in the red part of spectrum Nilsson H., Zang Z.G. Lundberg H., Johansson

will be useful to resolve this and other problems of
stellar evolution.

4. Conclusion

The main results of our investigation are:

1. The lines of Th II in the spectra of PMMR23,
PMMR39, PMRR144, and PMMRI145 are stronger
than thorium lines in the spectra of other stars that
were investigated earlier. We obtained, that the inten-
sity of Th IT line A 5898.045 A in the spectra of these
stars are also stronger than in the spectra of halo star
HD221170 and Arcturus (Fig. 1-6).

2. The abundances of thorium in the atmospheres
of PMMR23, PMMR39, PMMR144, and PMMR145
are scattered from 40.05 to —0.69 in the scale where
logN(H)=12.

3. Six thorium lines were identified in the spectrum
of PMMR23. Equivalent widths of these lines are in
the range from 16 to 130 mA.

4. Detection of of thorium lines in the visible part
of the spectrum is very important for the future
investigations of r—, s—process elements and for the
cosmochronology. These identifications can give a
possibility to investigate the thorium abundances in
other stars of Magellanic Clouds, our Galaxy, dwarf
satellites of the Galaxy.
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ABSTRACT. We have proposed the new expla-
nation of some magnetic chemically peculiar (MCP)
stars anomalies, which is based on assumption that
such stars can be the close binary systems with a
secondary component being neutron star. Within this
hypothesis one can naturally explain the main anoma-
lous features of MCP stars: first of all, an existence of
the short-lived radioactive isotopes detected in some
stars (like Przybylski’s star and HR465), and some
others peculiarities (e.g. the behavior of CU Vir in
radio range, the phenomenon of the roAp stars).

Key words: Przybylski’s star, HR465, close binary
system, roAp star, neutron star, pulsar, magnetar.

1. Introduction

It is known that about 10-15% of upper main se-
quence stars have atmospheres with anomalies in el-
emental abundance (Bagnulo, 2002). These stars are
often classified as magnetic chemically peculiar stars
(MCP, or Bp-Ap stars) and nonmagnetic (Hg-Mn and
Am-Fm) stars. Hg-Mn stars have a higher tempera-
ture than MCP stars and overlap with MCP stars in
the region of the higher temperatures, while Am-Fm
stars have the lower temperatures than MCP stars.

Among the MCP stars one can select the following
subclasses (Kurtz & Martinez, 2000):

1. SrCrEu stars (spectral classes A3-FO0).
2. Si stars(B8-A2).

3. He-weak, Si, SrTi stars (B3-B7).

4. He-strong stars (B1-B2).

Some of the peculiarities seen in the chemically pe-
culiar stars can be explained by considering different
non-nuclear processes first proposed by Michaud (1970)
and then elaborated in a series of the subsequent papers
(Turcotte et al., 1998; Turcotte et al., 2000; Richard et
al., 2002).

2. MCP stars: the main features

The main characteristics of MCP stars are the fol-
lowing:

1. MCP stars show periodic variations of the light,
spectrum and magnetic field. It is believed that these
variations are due to the rotation of the star. MCP
stars has been regarded as rigid magnetic dipoles with
respect to the rotation axis (Babcock, 1949; Stibss,
1950). In the later works it was obtained that MCP
stars can be stars with a multi-pole magnetic field
(Landstreet, 1990; Mathys, 1991).

2. Some MCP stars are the source of radio emission
(Drake et al., 1987). The flat spectra and variability of
radio emission on time scales as short as a few hours, as
well as the well known strong magnetic field indicate
a nontermal gyrosynchrotron emission process (Lyn-
sky et al.; 1989). Later Lynsky (Lynsky et al., 1992)
remarked, that all observed properties of radio emis-
sion from these stars may be understood as optically
thick gyrosynchrotron emission from a nonthermal dis-
tribution of electron emitters. The radio luminosities
of MCP stars are correlated with effective temperature
and magnetic field strength (Drake et al., 1994).

3. Some MCP stars are detected as X-ray sources
(Drake et al., 1994). They have been investigated dur-
ing the ROSAT All-Sky Survey. Drake (1998) empha-
sized that only 10 X-ray sources detected at the posi-
tions of 100 magnetic Bp-Ap stars.

4. Shore & Brown (1990) showed that MCP are char-
acterized by an anisotropic stellar wind. MCP stars
have been known to have moderate circular polariza-
tion (Drake et al., 2002). Trigilio et al. (2000} showed
that only CU Vir (Si-star) have a strong 1.4 GHz flux
enhancement around phases 0.4 and 0.8, with a right
circular polarization of almost 100%. Leto et al., (2007)
remarked that only MCP star with a high photospheric
temperature develop a radiative-driven stellar wind,
which is the cause of the radio emission.
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5. Among MCP stars there is known the phe-
nomenon of roAp-stars. roAp stars are the main se-
quence SrCrEu chemically peculiar stars from mid-A
to early-F, which pulsate with periods in the range
of 5-16 min and amplitudes < 0.016 mag (Kurtz &
Martinez, 2000). The mechanisms responsible for an
existent of the roAp star pulsations remain unknown.
HD101065 is the first Ap star where pulsations were
detected. Kurtz & Wegner (1979) detected the well-
defined pulsations with a peak-to-peak amplitude of
0.012 mag and a period of 12.14 min (Kurtz & Weg-
ner, 1979).

6. The most unusual feature is the chemical
composition of MCP stars. The first studies of the
abundance anomalies in magnetic stars a2 CVn,
HD133029, HD151199 showed that there can be the
certain nuclear reactions in the star (Burbidge et
al., 1958). Now it is accepted that detected over-
and/or under-abundance of some elements do not
reflect the chemical composition of the entire star, but
only its photosphere. There are the most extremal
cases among the MCP stars. For example HD101065
with its chemical composition is the most unusual
roAp star. The star HD101065 in fact is the unique
astrophysical laboratory for understanding and explor-
ing the extreme phenomena of the stellar evolution.
This stars shows the high lithium abundance, as well
as unusual isotopic lithium ratio (Shavrina et all.,
2000). The presence of the short-lived lanthanide
promethium Z = 61 was noted by Wagner & Petford
(1973), Cowley et al. (2004), Fivet et al. (2007). The
lines of some short-lived transbismuth isotopes were
detected by Gopka et al. (2004), Gopka et al. (2005),
Bidelman (2005), Quinet et al. (2007). Cowley &
Hubrig (2002), Cowley et al. (2007) found anomalous
isotopic ratio of Ca in the HD101065 atmosphere.

3. About nucleosynthesis on the stellar
atmosphere

The idea about the possibility of the nucleosynthesis
in the stellar atmosphere is not new. In the mid of
past century the first papers concerning the chemical
composition of Ap stars showed that overabundance
of heavy elements really exist. In some cases over-
abundance of some elements can reach 6 dex and more
comparing to the solar abundance. E.M. Burbidge and
G.R. Burbidge wrote: ”The list of elements with the
increased content led us to the thought, that in this
case we deal with the nuclear, not with atomic pro-
cesses and that somewhere and somehow the neutrons
take part in them.” (Burbidge & Burbidge, 1996).

Nevertheless, the mechanism responsible for such un-
common processes was not identified at that time. Re-
cently, Goriely (2007) showed that nucleosynthesis of
heavy (including radioactive) elements can occur in the

star’s atmosphere due to the high-energy particles en-
tering the atmosphere of the star. At the same time,
the origin of such particles was not clearly specified.
This idea was also discussed in Arnold et al. (2007).

The r-process has been frequently mentioned in
relation to the abundance anomalies observed in Ap
stars (Cowley et al., 1973). In particular, Burbidge
(1965) indicates the fact that the explosion remnants
of a more massive star can be possible explanation of
the origin of the peculiarity. For instance, a supernova
explosion in the binary system and following contami-
nation of its companion star with freshly synthesized
material could, in principle, explain the peculiarity,
observed in HD101065. The only problem is that
in this case one has to suppose that such an event
should have happened not very long ago, since we are
observing now the signs of the short-lived isotopes in
atmosphere of this star.

4. Possible origin of roAp stars HD101065
and HR465

In order to explain several anomalous features of
some MCP stars, and especially their extremely pecu-
liar chemical composition (an existence in atmosphere
the short-lived radioactive elements) we propose the
following hypothesis. Let us consider an example of
HD101065 (Przybylski’s star, PS), and assume that PS
is a close binary system with a non-seen companion be-
ing the neutron star (NS). For this system an orbital
plane is near perpendicular to the line of sight (Fig.
1). The rapid wind, generated by NS, which consists
of the electron-positron plasma, is accelerated almost
to the speed of light and hit the PS atmosphere. The
electron-positron plasma falling on the PS must be ul-
trarelativistic, so that their kinetic energy E > m.c?.
The estimations show that the gamma-factor of the
"fast” electrons/positrons, which is necessary for start-
ing the photonuclear reactions, must exceed 20. This
estimation is completely realistic, since gamma-factors
of the electron-positron plasma in the upper magneto-
sphere of a radio pulsar can be within 10-10000 (Rud-
erman & Sutherland, 1975). In the spectrum of one of
the most studied pulsar PSR B0531+21 (Crab Nebula
pulsar) there really exist the gamma quanta within the
required range of energies (Fig. 2).

The high-energy electrons from electron-positron
plasma can also generate free neutrons via the direct
interaction with hydrogen nuclei in the PS atmosphere
(p+e~ — n+v). Such free neutrons are necessary for
the r-process to occur in the considered medium.

Thus, the nuclei of heavy elements (including the
radioactive isotopes) in the PS atmosphere can be syn-
thesized as a result of two processes: the photonuclear
reaction and neutron capture by the seed nuclei of the
lighter element. In both cases the source of the en-
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Figure 1: Geometry of the binary system containing
Przybylsky’s star and neutron star.
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Figure 3: Parameters of a close binary system Ap star
- neutron star.

ergetic particles, that trigger the nuclear reactions in
the PS atmosphere, is associated with the NS magne-
tosphere.

Let us show why the binary system PS-NS must be
the close one. At present there exist a large uncertainty
in the mass estimations of the PS. Thus, if we take
one extreme estimate of its effective temperature as
6600° K, and consider another one (spectral class B5,
Perryman et al., 1997), then from the spectral class-
luminosity relation we obtain that mass of this star
falls in the range Mpg ~ 1.5 — 8- M. For the further
estimates we assume that masses of the PS and NS
are Mpg = (1.5 — 8)Mg and Myg = (0.7 — 1.4) Mg
respectively.

It is possible to estimate the parabolic velocity for
this system from the main integral of energy: Vpar =

\/ QG(M%iRjLMN“) (were R is the distance from the cen-

ter of mass to the NS). Taking into account that
the range of characteristic tangential velocities for the
known radio-pulsars is Vpgsgs € {100 — 500} km/s,
and the fact that these velocities must not exceed the
parabolic velocity of the considered system, we obtain
the range of the most probable parameters (distance,
the center of mass of the PS-NS system, the orbital pe-
riod, the corresponding masses of components). This
range is show in Fig. 3. It can be seen that the dis-
tances, estimated in that way, ranges from 0.035 AU
for a minimum mass Mpg to 1.0 AU (for maximum
mass). Knowing the parallax of PS m ~ 7.95 4+ 1.07
mas (Perryman et al., 1997), one can estimate its dis-
tance (D = 125.84+15.7) pc and angular size (0.17 mas
for minimum mass and 14 mas for maximum mass).

With parameters listed above, the orbital period of
PS ranges from 261 days up to 0.7 days. Note that
HR465, which has invisible companion (but orbital
plane is parallel to the line of sight) has rotation pe-
riod of 273 days (Scholz, 1978; Fig. 4). At the same
time, the spectroscopic, photometrical data and mag-
netic field measurements could be well represented with
a period of 22-23 years (Fuhrhmann, 1989).

Such a long-term variation can be caused by some
active region on the stellar surface that changes its
position because of the weak precession. In 1996 the
magnetic field of this star was 5000 Gs, and the lines
of CrlIl were extremely strong. In 2004 the strong
lines of lanthanides and actinides (ThIII, UIII) were
seen in the visible part of spectra (Gopka et al.,
2007). Magnetic field at that time was 1300-1500 Gs
(the estimate of Shavrina). Chromium abundance
changed by about 0.7 dex during the period of 8 years.
Within our model (MCP star + NS) active region (i.e.
local increase of the temperature, in particular) can
be formed on the surface of MCP stars as a result
of a localized interaction of atmosphere gas with
relativistic plasma ejected by NS. To estimate the
local temperature increase one can use the value of
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Figure 4: Geometry of HR465 binary system. The
position of active area changes with period of 23 years.
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Figure 5: The energy distribution of kinematic losses
of 1627 pulsars.

kinematic losses for known pulsars (Fig. 5) Resulting
value is close to 3000°- 6000° K. The short-term light
variation (roAp phenomenon) can be also explained
by such kind of interactions.

5. Conclusions

The proposed hypothesis, which consists in the
supposition that some MCP stars can be the binary
stellar systems containing as a secondary component
neutron star, can be capable in natural explaining of
some peculiarities associated with these stars. Among
them: anomalous chemical composition, an existence
of the short-lived radioactive isotopes, short-time and
long-period variations of the light and magnetic field,
X-ray and radio-emission detected for some MCP
stars.
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ABSTRACT. The theory of spiral structure of
rotationally supported disk-shaped galaxies has a long
history, but is not yet complete. Even though no
definitive answer can be given at the present time, the
majority of experts in the field is yielded to opinion
that the study of the stability of gravity perturbations
(e.g., those produced by spontaneous disturbances)
in disk galaxies of stars is the first step towards an
understanding of the phenomenon. We analyse the
reaction between almost aperiodically growing Jeans-
unstable gravity perturbations and stars of a rotating
and spatially inhomogeneous disk of highly flattened
galaxies. A mathematical formalism in the approxi-
mation of weak turbulence (a quasi-linearization of the
Boltzmann collisionless kinetic equation) is developed,
which is a direct analogy with the plasma quasi-linear
(weakly nonlinear) formalism. A diffusion equation
in configuration space is derived which describes the
change in the main body of equilibrium distribution
of stars. The distortion in phase space resulting from
such a wave-star interaction is studied. The theory,
applied to the Solar neighborhood, accounts for the
increase in the random stellar velocities with age and
the essential radial spread of the Galaxy’s disk. We
argue that the Sun has migrated from its birth-place
at the galactocentric radius r = 6 — 7 kpc in the inner
part of the Galaxy outwards by ARs = 2 — 3 kpc
during its lifetime of t ~ 4.5 x 10° yr. This ARy
is in fair agreement with the estimate of Wielen et
al. (1996) ARs ~ 1.9 kpc based on a radial galactic
gradient in metallicity.

Key words: Galaxies: spiral; stars: individual: Sun.

1. Introduction

The bulk of the total optical mass in the Milky Way
and other flat galaxies is in stars. In the spirit of Lin et
al. (1969) and Shu (1970), we regard spiral structure
in most galaxies of stars as a wave pattern, which does
not remain stationary in a frame of reference rotating

around the center of the galaxy at a proper speed,
excited as a result of the gravitational Jeans-type
instability. The instability is set in when the destabi-
lizing effect of the self-gravity in the disk exceeds the
combined restoring action of the pressure and Coriolis
forces. The wave propagation is a process of rotation
as a solid about the center of the galaxy at a fixed
phase velocity, despite the general differential rotation
of the system. The instability is driven by a strong
nonresonant interaction of the gravity fluctuations
with the bulk of the particle population, and the
dynamics of Jeans perturbations can be characterized
as a fluidlike wave-particle interaction. The instability
represents the ability of a self-gravitating disk to relax
from a nonthermal (or an almost nonthermal) state by
collective collisionless processes in much less time than
the binary collision time. It is our purpose to extend
the investigation by studying the natural nonlinear
effects. The problem is formulated in the same way as
in plasma kinetic theory (Krall & Trivelpiece 1986).

2. Basic Equations

A thin rotating disk is taken as a model of the flat
galaxy in many papers for analysis of the gravity per-
turbations. Following Morozov (1981), Griv & Peter
(1996), and Griv et al. (2000, 2001, 2002), we solve
the system of the collisionless Boltzmann equation and
the Poisson equation describing the motion of a self-
gravitating ensemble of stars in such a system within
an accuracy of up two orders of magnitude with re-
spect to small parameters 1/|k.|r and ¢./rQ for the
radial wavenumber k,, the dispersion of radial pecu-
liar velocities ¢,, and the angular velocity 2, looking
for waves which propagate in a two-dimensional galac-
tic disk. This approximation of an infinitesimally thin
disk is a valid approximation if one considers pertur-
bations with a radial wavelength A = 27 /k, that is
greater than the typical disk thickness.

In configuration space we introduce cylindrical coor-
dinates 7, ¢, z, and 0z axis directed along the axis of
rotation. The projections of the peculiar velocity of a
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star on the coordinate axis is designated by v;., vy, v,
respectively. Let us assume that the stars move in the
disk plane so that v, = 0. This allows us to use the two-
dimensional distribution function f(r, ¢, v,, vy,,t) such
that f = f6(2)8(v,), f = [ fdzdv,, and [ fdv.dv, =
o, where o(r,t) is the surface density. In galaxies the
function f(r, v,t) must satisfy the Boltzmann collision-
less equation of continuity

of | Of 9% 9f _

Vi— — ——

ot or  or ov (1)

In Eq. (1), ®(r,t) is the total gravitational potential
(including a dark matter, if it exists at all) determined
self-consistently from the Poisson equation
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+ Frche drGod(z),
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where §(z) is the Dirac delta-function with respect to
the spatial coordinate z. The Boltzmann and Poisson
equations with appropriate boundary conditions give a
complete description of the problem for disk modes of
collective oscillations. The relationship between the
frequency of the oscillations and the wave vector is
found by equating the solutions of Eqs. (1) and (2).

Suppose that up to the time ¢ = 0 the disk remains
in a stationary state, i.e., for t < 0

f=re

where fo and @, are the equilibrium distribution func-
tion and the equilibrium gravitation potential, respec-
tively. At ¢t = 0 the disk is perturbed in some manner,
so that for t > 0

f=f+h

The quantities f; and ®; characterize the deviations,
or perturbations, of the distribution function and the
field from the corresponding equilibrium values. We
are interested in the time dependence of the perturba-
tions, which we will assume are small.

We proceed by applying the procedure of the quasi-
linear approach. In the quasi-linear theory, one may
follow the standard procedure of linearization by writ-
ing f = folr,v,ut) + fi(r,v,t) and & = Dg(r, ut) +
@4 (r,t) with |f1/fo] < 1 and |®1/P¢| < 1 for all r
and t. The functions f; and ®; are functions oscillat-
ing rapidly in space and time, while the functions fy
and @, describe the slowly developing “background”
against which small perturbations develop; u < 1;
fo(t = 0) = fe and ®o(t = 0) = ®.. The distribu-
tion fop continues to distort as long as the distribution
is unstable. Linearizing Eq. (1) and separating fast and
slow varying variables one obtains the equation for the
fast developing distribution function

An 0B 0% 1080
dt — Or Ov. 1 Op Ov,’

and ® =,

and & =&, + dq.

where d/d¢ means total derivative along the star or-
bit and fy is a given equilibrium distribution function
determined from the following equation (see Eq. (1)):

dfo 0% Ifo

v or or Ov

The equation for the slow part of the distribution
function is

9fo _
out

B <3‘1>1 df1

90,06, , 100 011y
or Ov, ’

4

T O Ovy )
where (...) denotes a time average over the fast oscil-
lations,

T
fo=tfr = [ it and () = (@) =0,

and 7 is the characteristic time of the quasi-linear re-
laxation, i.e., the time during which the oscillations
influence the equilibrium state.

It is useful to define a generalized entropy function
(Krall & Trivelpiece 1986, p. 364)

Sgen = — /fo In fodrdv. (5)
Contrary to the case of the true entropy
Strwe = — [ fIn fdrdv, which is constant in the
absence of collisions, with this definition the “entropy”
is not constant, and can be used to measure the
increase of disorder (e.g., temperature) of the system.
It is, incidentally, just such a coarse-grained single-
particle distribution function fy that is determined in
practice, particularly in stellar dynamics, where it is
determined in a fairly large region of phase space.

3. Perturbation

In the familiar Wentzel-Kramers-Brillouin (WKB)
approximation in Egs. (3) and (4), assuming the weakly
inhomogeneous disk, each perturbation of equilibrium
parameters is selected in the form of a plane wave (in
the circular rotating frame)

Xi(r,v,t) = Z Xyelhrrtime—ivawt ycc (6)
k

In Eq. (6), Xx is an amplitude that is a constant in
space and time, m is the nonnegative azimuthal mode
number (= number of spiral arms), w, k = wik — ML is
the Doppler-shifted wavefrequency, r ~ R, |k.|r > 1,
|dInk,/dInr| < 1, suffixes k denote the kth Fourier
component, and “c.c.” means the complex conjugate.
Evidently, in Eq. (6) X; is a periodic function of ¢,
and hence m must be an integer. The criteria for sta-
bility differ for each m, and must be determined by
a detailed analysis. The assumption that Xy has a
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weak spatial dependence corresponds to the quasiclas-
sical approximation in quantum mechanics and to the
approximation of geometrical optics in the propagation
of light in an inhomogeneous medium. It is convenient
to write the eigenfrequency w, x in a form of the sum
of the real part Rw, x and the imaginary part iSwy .
The imaginary part of w,x corresponds to a growth
(Swsx > 0) or decay (Swsk < 0) of the components
in time, f1,®; x exp(Sw.kt), and the real part to a
rotation with angular velocity

§Rw*,k

Qp = (7)

m
Thus, when Qw, x > 0, the medium transfers its energy
to the growing wave and oscillation buildup occurs.
A galaxy is considered as a superposition of different
oscillation modes. A disturbance in the disk will grow
until it is limited by some nonlinear effect.

In the linear theory, one can select one of the Fourier
harmonics:

X (r,v,t) = Xyehrrtime—iod Lo (8)
The solution in such a form represents a spiral wave
with m arms (or a ring, m = 0) whose shape ®; in the

plane is determined by the relation

kr(r —1o) = —m(p — ¢o) .

With ¢ increasing in the rotation direction, we have
k, > 0 for trailing spiral patters, which are the most
frequently observed among spiral galaxies. A change
of the sign of k,. corresponds to changing the sense of
winding of the spirals, i.e., leading ones. With m = 0,
we have the density waves in the form of concentric
rings that propagate away from the center when £, > 0
or toward the center when k, < 0.

Paralleling the analysis leading to Eq. (13) of Griv &
Peter (1996), from Egs. (3) and (8) it is straightforward
to show that the perturbed distribution function is

fl= -, Z Z expli o _)l(j 9)

l=—00 n=—00

9fo
where J;(x) is the Bessel function of the first kind
of order | with its argument x = kv /K, k. is the
effective wavenumber, vi = v} + (2Q/k)*vZ, and
Kk ~ Q is the epicyclic frequency. In Eq. (9) the
denominators vanish when w, — [k = 0. This occurs
near corotation and other resonances. The above
resonances take place where the frequency with which
a star crosses the peaks and dips of the wave potential,
|w—mQ, is either zero (i.e., the star is always in phase
with the wave) or equal to the oscillation frequency
of the star about a circular orbit. The corotation

2mQ dfo
T2 Or

» (9)

resonance occurs at a radius where | = 0 in Eq. (9).
The Lindblad resonances occur at radii where the field
(0/0r)®; resonates approximately with the harmonics
[ = —1 (inner resonance) and [ = 1 (outer resonance)
of the epicyclic (radial) frequency of equilibrium
oscillations of stars k(r). Clearly, the location of these
most important resonances depends on the rotation
curve and the spiral pattern speed €2; the higher
the m value, the closer in radius the resonances are
located (Lin et al. 1969). Resonances are places where
linearized equations describing the motion of particles
do not apply. In the vicinity of the resonances it is
necessary to use nonlinear equations, or to include
terms of higher orders into the approximate form of
the equations (Griv et al. 2000). In this work only
the main part of the disk is considered, which lies
sufficiently far from the resonances: in all equations
Rw. — Ik # 0 (Lin et al. 1969; Griv et al. 2002).
The distortion of the wave packet due to the disk
inhomogeneity is included through the second term in
the brackets on the right-hand side in Eq. (9).

4. Diffusion Equations

We anticipate that the fluidlike Jeans-unstable oscil-
lations must influence the distribution function of the
main part of stars in such a way as to hinder the wave
excitation, i.e., to increase the peculiar velocity spread
ultimately at the expense of circular motion and grav-
itational energy. This is because the Jeans instability,
being essentially a gravitational one, tends to be sta-
bilized by chaotic motions of stars. Simultaneously,
unstable perturbations effectively transfer angular mo-
mentum outward to the outer parts of the system, as
mass flows both inward to the growing center mass con-
centration and outward to the outer regions through
gravitational torques. Eventually the disk evolves to-
ward a quasi-stationary Jeans-stable distribution.

Let us suppose that the nonlinear effects in galactic
disks are small, so that the linear theory is a good first
approximation. Next, we substitute the solution (9)
into Eq. (4) and average the latter over time. After av-
eraging over ¢ = arctan(2€}/k)v, /vy, the equation for
the slow part of the distribution function is obtained:

%Nz aa ks RO, Ofo

Out vy vix K2 “OuL i
k K Jl )(\ 8f0 +
I{Q 8 vl
29@&@@‘]2( ), 9o (10)
— K2 T OrR* T K o’
where & = 87|®y|? exp(2Sw.t), and we considered

both w, = Rw, + iSw, and the complex conjugate fre-
quency of excited waves w} = Rw, — iSwy.
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As usual in the quasi-linear theory, in order to close
the system one must engage an equation for . Aver-
aging over the fast oscillations, we obtain

(0/0t)Ek = 2Fw.Ex . (11)
Equations (10) and (11) form the closed system of
quasi-linear equations for Jeans oscillations of the

rotating inhomogeneous disk of stars, and describe a
diffusion in both velocity and coordinate space.

4.1 Velocity Diffusion

Growing density waves (spiral arms) excite random
motions parallel to the equatorial plane. According to
Eq. (10), the heating efficiency of unstable density wave
features depends on their spatial and temporal form.
Let us evaluate the law for the age-velocity dispersion
rate (v? )(t) and the heating Av, for a realistic model
of the disk of the Galaxy in the Solar neighborhood
((v?) is the averaged squared velocity dispersion in the
z = 0 equatorial plane). In accordance with the theory
as developed above, we consider the fastest growing
mode with Sw, &~ Q. According observations, in the
Solar vicinity &/®2 ~ 1072 (Lin et al. 1969), &g ~
0.57%92, re ~ 8.5 kpe, ¢.(t = 0) ~ 10 km s7!, and
k=~ 1.5Q. From Eq. (10), one easily obtains

(v1)oct, (12)
and Av; = 20 — 30 km s™!, where t = 10° yr (Griv
et al. 2001, 2002). These values of (v) and Avy
are in agreement with both estimates based on the
observed stellar velocities (Wielen 1977; Grivnev &
Fridman 1990; Dehnen & Binney 1998) and N-body
simulations (e.g., Liverts et al. 2003). Thus already in
the first 3-4 galactic revolutions, in say about 10° yr,
the stellar populations see their epicyclic energy vary
by a factor of ten. de Souza & Teixeira (2007) have
detected such a velocity variation in 10° yr by con-
sidering the kinematic segregation of nearby disk stars.

4.2 Migration of the Sun’s Guiding Center

As we have mentioned above, the amplification
of spiral gravitational instabilities produces not only
heating but also redistribution of matter in the disk.
In this connection, there is considerable scatter in the
metallicities of stars that have a common guiding cen-
ter and age (Edvardsson et al. 1993). On the other
hand, it is widely believed that all interstellar material
at a given time and radius has a common metallicity.
The paradox can be resolved if one assumes that these
stars were born at different radii and then migrated to
its present locations as a result of a series of uncorre-
lated scattering events (Wielen et al. 1996).

The migration may be explained naturally by
“collisions” of stars with the Jeans-unstable density
waves. Let us estimate the scale of radial migration
AR of the Sun’s guiding center. According to ob-
servations, we adopt the ratio Ek/(bg ~ 1072, m ~ 1,
re = 8.5 kpe, and Sw, & Q. Then from Eq. (10)
we obtain AR; = 2 — 3 kpc (Griv et al. 2002).
This AR is in fair agreement with the estimate of
Wielen et al. (1996) AR ~ 1.9 kpc based on a radial
galactic gradient in metallicity. We conclude that
the Sun has migrated from its birth-place at r ~ 7
kpc in the inner part of the Galaxy outwards by ap-
proximately 2 kpc during its lifetime of ¢ ~ 4.5x 10 yr.

5. Summary

With passage of time as the perturbation energy
increases, the initial distribution spreads (fo(v})
becomes less peaked) and the temperature grows
(Eq. (12)). In other words, the relaxation of the stars
takes place. Formally, the relaxation corresponds to
the presence of the collision integral on the right-hand
side of Eq. (10). In addition, the radial spread of the
disk is increased. The diffusion in configuration space
is due entirely to the growth of the Jeans-unstable
modes (Sw, > 0) in a self-gravitating collisionless
system subject to a time-dependent potential.
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ABSTRACT. In this paper we analyse capabilities
of eclipse mapping technique, based on genetic algo-
rithm optimization. To model of accretion disk we
used the “fire-flies” conception. This model allows us
to reconstruct the distribution of radiating medium in
the disk using less number of free parameters than in
other methods. Test models show that we can achieve
good approximation without optimizing techniques.

Key words: methods: numerical - stars: novae,
cataclysmic variables - accretion, accretion disks

1. Introduction

Eclipse mapping (EM) techniques are used for re-
construction of accretion disks structure in cataclysmic
variables. Eclipse mapping was developed by Horne
(1985). One of the most important possibilities of EM
is reconstruction of the radial temperature distribution
inside accretion disk. It allows to test the different
accretion disk models. EM has now many modifica-
tions, such as flickering mapping (Bortoletto & Bap-
tista 2004), 3D eclipse mapping (Rutten 1998), stream
eclipse mapping with “fire-flies” (Hakala 2002), genetic
algorithm EM (Bobinger 1999) and Physical Parame-
ters Mapping by Vrielmann (1997).

In this paper we propose extension of the EM with
fire-flies for reconstruction of radiating medium in
the systems with flat and optically thin accretion disks.

Z axis

0,5 2,0

X axis

0,0 1,0 1,5

Figure 1: Model scheme.

2. The fire-flies conception and the algorithm.

The idea of fire-flies mapping was developed by
Hakala (2002) to reconstruct the structure of accretion
flows in eclipsing polars. In this method radiation is
modeled by a set of points with angle-dependent emis-
sion. Using genetic algorithm techniques it is possible
to evolve of fire-flies spatial distribution to fit eclipse
light curve by summing the brightness of the fire-flies
visible at each phase. The distribution of fire-flies gives
us an emission volume. The mostly luminous parts of
accretion stream are visible as a larger number of fire-
flies placed in a smaller volume.

To model of accretion disk we used the fire-flies with
isotropic emission, which reduce the number of vari-
ables, associated with single fire-fly to only two plane
coordinates. So, in the frame of this conception, we can
calculate of emission of accretion disk with formula

Np

Fi
Fdisk - _0 E(Qf)),
ny

(D)

Here Fy is uncovered total accretion disk flux, n, is a
number of fire-flies, F(¢) is an eclipse function, which
equal to 0 if fire-fly is eclipsed and equal to 1 if fire-fly
is visible (Fig.1).

As a fitting-function we used y? model parameter
with some extension:

2e+9

2e+9

1e+9 1

8e+8

mean fitting parameter

400 600 800 1000 1200
iteration number

0 200 1400

Figure 2: Mean fitting parameter evolution.
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Figure 3: Distribution of individuals in offspring by the
fitting parameter.
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Figure 4: Initial model of accretion disk with hot spot.
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where e; is an entropy parameter, which we calculate
as a mean value of first 100 minimal distances between
pairs of particles. A is some constant which controls
the importance of the smoothness for the quality de-
termination.

As a fitting algorithm we have used a Genetic algo-
rithm (Charbonneau 1995) with 100 genes, crossover
operations and variable mutation rate. Also we used
such additional modes as conservation of the fittest
individuals (so-called elitism) and catastrophic and
Black Sheep regimes (Bobinger 2000). It takes about
10002000 generations to achieve a good result (Fig.2).
During calculations we control the fitting distribution
of different individuals (Fig.3), to avoid degeneracy in
the offspring.

As a free parameters in our models are used the total
disk flux Fj, constant non-eclipsed component and
n X 2 parameters of fire-flies coordinates. As usually, in
our models we have used n = 300 + 400 to achieve rea-
sonable computational time. Each unknown variable
has 6-digits precision. Initial population is generated
as a set of points, randomly distributed inside Roche

07
0.6 1
0,5 1 Y

0,4

intensity
J"’

0,3 A

0,1 T T T T T
0,15 -0,10 -0,05 0,00 0,05 0,10
orbital phase

0,15

Figure 5: Artificial light curve and fit for hot spot
model.

-06 -04 -02 00 02 04 06 08 10 12 14
X axis

Figure 6: Distribution of fire-flies for hot spot model.

lobe of the compact star. Actually, we have two
heterogeneous sets of parameters: main constants
which describe system luminosity and coordinates of
the points. To achieve a faster convergence, during
first iterations we used increased mutation rate for the
first set of parameters.

3. Test models

To test of our method we have made several artificial
configurations of accretion disks. The most typical sit-
uation for low luminosity states is the presence of three
main radiation sources: the accretion disk, hot spot
where accretion stream couples with disk and filled its
Roche lobe secondary star (Fig.4). In the Fig.5 one can
see resulted light curve with added noise and the best
fit (Fig.6) represents eclipse map, which have found
with eclipse mapping method. One can see that main
radiation sources are traced very well. Distortions of
the image are typical for eclipse mapping techniques
(see Horne 1985). So this method allows resolve com-
pact sources in accretion disk.

Several cataclysmic variables show significant asym-
metry of their disks which arise due to tidal effects.
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Figure 7: Model of elliptical accretion disk. Figure 9: Reconstructed fire-flies distribution for ellip-
tical accretion disk model.
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Figure 8: Artificial light curve and fit for elliptical ac-
cretion disk model.

This feature is shown as so called superhumps on light
curves. To test such situation we modeled elliptical
accretion disk with radiation concentrated near white
dwarf (Fig.7). Eclipsing profile and model fit for such
configuration one can see in the Fig.8. Resulted dis-
tribution of fire-flies in the Fig.9 shows very close to
initial distribution picture. There is also some distor-
tion along x-axis.

Sometimes in accretion disk we can observe spiral
arms, which are also product of tidal forces. This
feature is traced only by emission lines. We tried to
test reconstruction of such configuration using our
modification of eclipse mapping. Light curve with
fit and initial emission distribution are in Fig.10
and Fig.11. Fig.12 shows that we can determine the
presence of this feature.

4. Discussion

Here we see that the fire-flies based eclipse mapping

06 -04 02 00 02 04 06 08 10 12 14

Figure 10: Model of spiral arms structure in accretion
disk.

allows reconstruct of accretion disk structure with some
x-axis distortions, which are typical for this class of
methods. It is interesting that we do not used any
regularization techniques to achieve appropriate result.
We must say that our method has good convergence
because several consecutive calculations for the same
light curve gave the same results. The only one im-
portant restriction for such approach is demand to ac-
cretion disk to be optically thin. Significant opacity in
accretion disk is observed as non-eclipse mid-time scale
variability because short time scale variability, so called
flickering, is the consequence of unstable processes in
active regions of accretion disk. Previous investiga-
tors in their works used de-trending of eclipsing part
of light curve to avoid an influence of covering effects
in the disk. So, we can reconstruct only visible directly
before and after the eclipse parts of accretion disk. It is
obvious that we can see source which are mainly close
to the secondary star due to opacity effect.

So the most adequate model could be the combina-
tion of radiating fire-flies with some opaque medium.
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Figure 11: Artificial light curve and fit for model of
spiral arms in accretion disk.
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Figure 12: Reconstruction of spiral arms in accretion
disk.

The main problem is how we must model of this
opaque medium. If we use it distribution as a free
parameter the model will be poorly conditioned. If we
use some predetermined configuration of an opaque
medium it dramatically simplifies the model. In our
next papers we are going to use some models for
opaque medium to fit also non-eclipsing parts of light
curves.

5. Conclusions

Using several artificial configurations typical for
accretion disks of cataclysmic variables we tested
fire-flies conception based eclipse mapping technique.
Our results show that we can use it successfully
to reconstruct of radiating medium distribution in
optically thin flat accretion disks.
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ABSTRACT. As the result of a longer innovation
of a few Hungarian opto-mechanical and electronic
small companies, a concept of fully robotic mounts
has been formed some years ago. There are lots of
Hungarian Automated Telescopes over the world (in
Arizona, South Korea, Izrael and atop Mauna Kea,
just below the famous Keck domes). These are cited
as HAT telescopes (Bakos et al. 2002), and served
thousands of large-frame time-series CCD images
since 2004, and the working team found already 6
exoplanets, and a number of new variable stars, etc...
The newest idea was to build a more robust robotic
mount, hosting larger optics (D > 50 c¢cm) for achieving
much fainter celestial objects, than the HAT series
(they are operating with Nikon teleobjective lenses)
on a still relatively wide celestial area. The very first
sample model is the BART-1, a 50cm {/6 telescope.

The Baja Observatory and the Robotic
Telescope System:

The observatory is located in south of Hungary,
close to the Serbian-Croatian common border, at the
Danube. Geographical coordinates are: N 46 10 48.6 E
19 00 39 (in WGS-84 system). We operated here a 40
cm Classical Cassegrain Telescope made in the Odessa
Astronomical Observatory, between 1985-1991. Since
1995, the main telescope was a 50 cm f/8.4 Ritchey-
Chrétien type equatorial fork mount telescope (made
by OGS, US). The latest development was the de-
sign and built of a fully robotized 50 ¢cm /6 modified-
Cassegrain type telescope (made by Fornax 2002 Ltd.
and theirs collaborators in 2004-2005, Hungary). This
project has been supported by the Hungarian National
Fund of Development, grant no.: MFC-03 0501 04. The
full cost of the project were about 74,400 EUR, includ-
ing some important sub-systems (an all-sky night cam-
era, an automatic meteorological station, and the main
CCD detector) as well as all the necessary bricklayer
works at the site. The development of the telescope
is partly underlying the existing scientific-technology
cooperation between our observatory and the Stern-
berg Astronomical Institute of Moscow State Univer-

sity. The main technical details of the mount:

e The control system is running under Real-Time Linux
on an industrial PC (there were not any frozening dur-
ing the continuous operation in the last 1 year!)

e Drivers and the graphical environment and the official
web site are written in Hungary (by Mr. Lézar, J. in
C++, Mr. Kiss, Z. in IDL, and Jager, Z. respectively)

e The robust mount is driven by 3-phases stepper motors
e The resolution of the motors are 0.25” /step

e The maximum speed of the telescope (in GOTO
mode): about 3°/sec

e The periodical error of the RA axe: about +5” (valid
for the base model)

e An existing optional upgrade: closed-loop PEC - with
this < £+1" (1)

Figure 1: BART.
A R L T e —
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e The focusing of the optical tube is not done by the
movement of any of the optical elements (as usually
worldwide), but by a stepper-motor controlled special-
design modified Crayford-type focuser

e The optical system is re-modelled by Dr. Bir6 (Baja
Observatory) by OSLO software

e There were a subsequent refinements in the original
design (calculated and built by Baja staff and of the
Physical Institute of Pécs University).

e The automated large-format filter selector system is
also Hungarian-made

The imaging capabilities of BART-1:

The relatively large (flat-corrected) field of view,
together with a large-scale CCD chip are the insepara-
ble parts of the "BART” series concept. The present
optical system is an 50 cm /6 modified Cassegrainian.
The main CCD detector is an Alta U 16 (made by
Apogee Inc., US) uses Grade 2 KAF16801E front-
illuminated chip (4096x4096 9u x 9u format pixels).
This combination yields an about 42x42" wide field of
view. This is presently the largest in Hungary, and also
in CESE region (see the example single shot on Fig. 2).

The main technical details of the camera:

e imaging area: 36.86 x 36.86 mm (typical)

e digitization rate: 5 MHz (in 12 bit mode) 1 MHz (in
16 bit mode)

e Quantum Efficiency at the peak: 66% (at 580 nm)
e Linear Full Well capacity: about 100,000 e~
e nominal dark current: 1 e~ /pixel / sec (at -20°C)

e cooling: Peltier, max. 40°C below ambient (water cir-
culating is an option)

e read-out noise: about 15 e~ RMS typical (at 1 MHz)

e control: USB 2 interface (average download time of
1x1 bin: 11 secretary)

e programmable on-chip binning: from 1x1 to 10x4096

The present plans, scientific and educational
programs:

BART robotic telescope system is specially de-
signed for small observatories and universities of
Central-East-South Europe, since it is a low cost,
widely utilizable complete instrument. It can be

Figure 2: h and y Persei.

started from as low as 37,200 EUR, which has no
competing telescope at this range and at this level of
automatization (of course, this lowest level of price
is valid without any extras, CCD detector, etc., i.e.
simply the base model, complete with the optical tube
and of the control system, too).

Science with BART-1:

e supernova search (in cooperation with Szeged Univer-
sitly team)

e systematic crowded-field long-time-series photometry
of selected fields (in cooperation with Konkoly Obser-
vatory)

e minor planets and comets (cooperation with Szeged
& Modra Observatories)

Education with BART-1:

e the 7deep sky in the classroom” initiative (remote
observation by students)
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ABSTRACT. Central-East-South European Binary
star study group - CESEB - is an international research
team focused on the study of binary stars through
combined spectral and photometric observations that
can be made using the Bulgarian NAO 2m telescope
and several smaller telescopes located at various places
in the Central East South European region. This
paper is a report on our activities and results.

Key words: Stars: binaries: eclipsing - stars: bi-
naries: spectroscopic - stars: radial velocity curve -
stars: individual: HS Her, EP And

1. Introduction

Several eclipsing binary systems have been selected
for combined spectral and photometric observations
using the Bulgarian NAO 2m telescope and several
smaller telescopes located at various places in the
Cental-East-South European (hereafter CESE) region.
A pilot study were started in 2001, about radial
velocity and light curve variations of the active W
UMa system LS Del, which has been presented in
2005 (Hegeds et al., 2006). After that, the continuous
photometry and simultaneous spectroscopy has been
started for the selected list of targets. The present
paper is a temporary status report of our international
working group.

2. CESEB Spectroscopy

Spectroscopic observations in the frame of CESEB
collaboration have been made at National Astronomi-
cal Observatory Rozhen, Bulgaria, in the period form
2002 to 2007, with the 2-m Ritchey-Chretien telescope
and the Coude horizontal spectrograph, with wave-

lenght range of approximately 200 A centered on two
areas of interest: around Na I D1/D2 (5889.95/5895.92
A) lines, and around Mg IT (4481.15 A) line.

Data reduction for all the observations has been done
at Astronomical Observatory of Belgrade, Serbia, us-
ing standard IRAF packages for CCD reduction; im-
ages were bias and flatfield corrected, cleaned from
cosmic rays, and wavelength calibrated using reference
spectra of a ThAr lamp. The extracted spectra were
continuum-normalized, and image headers were supple-
mented by the calculated corrections for radial velocity
of Earth’s motion. The reduction process was carefully
standardized in the hope of future automatization.

So far radial velocities have been measured from
Doppler shifts of spectral lines; this method is suitable
for single-lined binaries and systems with relatively few
lines in the selected spectral regions, but fails, for in-
stance, in the case of V994 Her (which is a suspected
hierarchical 4-body system) although this object hase
the best phase coverage, or in the case of RX Her which,
on the other side, prooved to have too few prominent
lines. However, preparations are underway to measure
radial velocities of all objects using the more advanced
cross-correlation and spectral disentangling techniques.

In the following section we present the preliminary
results of radial velocity measurements for HS Her.

2.1. HS Her

HS Herculis is a bright (m, = 8.61) detached binary
system with a blue giant primary (Sp. B6III + A4); it
has been a target of many photometric measurements
due to the its apsidal motion and a suspected third
body in the system (Wolf & al. 2002). However, the
only previos spectroscopic measurements were made by
Cesco & Sahade (1945).

We have obtained a single-lined radial velocity curve
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Radial Velocity Curve for HS Her
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Figure 1: Radial velocity curve for HS Her.

for HS Her (Figure 1) from 35 observations. We used
lines of neutral helium and ionized magnesium (He I at
5875.62, 4387.93 and 4471.48 A and Mg II at 4481.23
A) to calculate Doppler shifts of observed spectra, in
which we measured the central wavelengths by fitting
Gaussians to the lines.

Fitting the radial velocity curve to the data was
done using PHOEBE (Prsa & Zwitter 2005), a
modelling facility based on Wilson-Devinney code.
The free parameters of the fit were the system’s
semi-major axis, center of mass radial velocity, mass
ratio, eccentricity, and the argument of perriastron,
while we fixed the values of period to P = 1.63743125
days (from Wolf & al. 2002) and the inclination to
i = 88°.5 (Martynov et al. 1988). The results are
given in Table 2.

Table 1: Results of radial velocity curve fitting for HS
Her.

Parameter Value
Ky [Em] 90+ 5
S.m.a[Rg)] T+1
5] ~7+2
wldeg] 25 + 20
g="2 | 06402
1
e 0.08 +0.03

3. CESEB Photometry

We made numerous BVR measurements of the
target systems of CESEB cooperation during 2001-
2007 at the Baja Observatory, using the Apogee
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Figure 2: Figure 2. The sample photometric data from
BART-1

AP7 CCD of the 50 cm f/8.4 RC telescope, and
V measurements using the new 4k2 Apogee Alta
U16 CCD on the brand-new 50cm f/6 MC robotic
telescope. Large part of these data are mainly served
as exact timing of one or both minima of the target
systems for having good phases for construction of
the RV curves. Some complete light curves were also
obtained, good enough for light curve analysis - see e.g.
Figure 2. The analysis of these data sets are under way.

Acknowledgements. The authors wish to acknowl-
edge the support of Ministry of Science of Republic
of Serbia, that supports this research through project
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ABSTRACT. We present offset guide of 2-m-Zeiss-
RCC telescope of the Terskol observatory. The main
goal of the device is to help in the observations of the
faint or moving objects and made the process as much
as possible automatic. The device is equiped with the
optical system, CCD cameras and controller to connect
the device to the computer. Hardware is controlled
with the software written in our team. That software is
working unger Windows operation system and is based
upon the system level hooks which allow us to catch
the messages from the mouse and keyboard and react
accordingly. Second part of the software manages the
messages sent to and received from the stepping motors
microprocessor controller which are used to manipulate
with the position of the optical system of the device.

There are two different setup mode of the offset
guide: guiding of the inmovable objects and guiding of
the moving objects like comet or asteroid. The man-
agement of the optical subsystem and CCD cameras is
doing in both cases by software only.

First results of the observations with the new off-
set guide show us that the device is quite usefull in
the automatization of the observation on 2-meter-RCC
telescope.

Key words: Observations: telescopes: appliances;
guiding: automatic systems: offset guide.

1. Introduction

During the observations of the faint objects, long time
exposures and guiding of the objects with the apparent
motions it is necessary to guide the telescope with high
precision. Offset guiding allows us make quality obser-
vations as offset guide works in the same conditions as
the other receivers on the telescope does, and take the
light beams from the main telescope mirror. It means
that geometry of the offset guide is very close to the
geometry of any other receivers.

Offset guide doesn’t use any of personal features.
Equipped with the CCD camera it cancels a possible
personal errors and helps us to save the observation
time. Wasting the time during the observation caused
with the list of the reasons. These are:

- slow movement of the platform with the observer;
very often it is impossibe to place the platform in the
position where the observer can reach the current po-
sition of the eyepieces of the guide and finder;

- long time for the selection of the appropriate guidance
star;

- in the observation of the moving objects it is neces-
sary to extrapolate the direction and possible cruising
rate of the guide until its physical limits; the situations
when the exposure still continues but there is no place
to move should be totally avoided;

- sometimes the guide may move to the unreacheable
position and it will cause the observer to finish the
guidance, somehow in the middle of the exposure;

- we should be really carefull when manipulate the
platform with the observer in the vicinity of the
telescope or attached devices.

2. Hardware

Offet guide is placed in the telescope mounting zone
behind the main mirror and the image is build with the
optical system which may undergo some movements
with the help of micrometer screws in the Cassegrain
focal plane.

Focusing features of the offset guide itself allows ad-
ditional focusing in the range of 12 mm. General field
of view is 125 x 125 mm. Output part of the offset
guide have the possibility to switch the viewfield and
to set up different light filters.

General internal view of the offset guide is shown
on the Figure 1. Numbers on the picture mean 1 -
Y-coordinate carriage, 2 - collimator, 3 - mirrors, 4 -
X-coordinate carriage, 5 - final switches.

Figure 2 shows the viewfields of CCD cameras in-
stalled with the offset guide. Field of view of the tele-
scope 1°10/ occupied with two central cameras 1,2 (red
and blue channels), wide field camera 3, special pur-
pose camera 4 and offset guide camera 5. Part of the
field of view (11’) is directed to the CCD5 with the
system of mirrors, shown as part 3 on the fig.1.

Overall architecture of the offset guide and its con-
nections shown on the next Figure 3.
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Figure 1: Offset guide internals.

One of the main parts of the offset guide is stepping
motor controller C10, produced in Germany by the
[SEL. The named controller has build in programmable
memory to store programs. With the RC-232 interface
it may be connected to the PC and programmed with
the special set of the commands. It may manage up to
three stepping motors with the different speeds up to
10000 steps per second.

We use only two motors to presicely move the prism
of the CCD camera. Precision of the movement is
nearly 0.0005 mm/step. Movement of the prism is pos-
sible in the square 125 x 125 mm. In-field testing of the
mechanics set upper limit for the speed of movement
in 4000 steps/second. Controller automatically inter-
polate the movements so the movement in any suitable
direction is possible simultaneously in two directions.

The last point allows steering movement of the prism
with the wide range of speeds and directions. In the
real world it means the possibility to follow the most of
the astronomical objects in the sky, excluding, possibly,
only the fastest comets and asteroids.

Movement of the prism is doing quite pecisely. The
scale factors in the hour angle and declination are near
154.10 and 153.00 steps per second of arc. Used CCD
camera have 0.11” /pixel, so 15 steps move the mirror
for the one second in coordinate.

ST-4 Star Tracker Imaging Camera was assigned for

1 degree 10 minutes

32 min x 21 min

8 min x 8 min

10 min x 12 min

1 min x 1 min
CCD 5

1
ot

Figure 2: Viewfields of CCD cameras.

Table 1: CCD cameras used in the offset guide.

camera pixels seconds
ST-4 192 x 165 32 x 28
ST-7 768 x 510 76 x 51
SAO 600 x 400 75 x 41

the guiding the telescopes. It has outlets to attach to
the hand control device of the telescope. By the way,
Zeiss-2000 is guided with the controlling unit through
the sequence of the codes via wires and/or infrared
channels. The controlling unit don’t allow two or more
movement commands in the same time.

The ciphering chip SAA1050 was added to the cam-
era controller to resolve this difficulty. Afterwards the
list of testing observations with automatic guiding was
done and that observations showed us that continuous
guiding with such the unit is quite difficult task.

There are near 15 parameters which should be esti-
mated for every observation night and for the object
coordinates. These are: allowed errors in the coordi-
nates, sizes and rates of the object center recalculation,
rate of the corrections, mechanical histeresises in the
telescope systems e.g.

That is why without offset guide we still use visual
guiding with the help of the operator.

3. Software

The guiding process is controlled with the software.
First of all we use Guide 8.0 as a source of the object
coordinates and an overall view of the eyefield. Oper-
ator can select the stars on the screen by inserting the
preliminary coordinates into Guide search fields. The
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most interesting for the guiding process is that Guide
8.0 presents all necessary information in the legend,
when requested. In standard case that legend is placed
in the left bottom corner of the screen (See figure 4).

Controller

ISEL C-10

display

System of telescope
control

(e =)
terminal \—¢ =

Figure 3: Schematic view of the system in general.

The Guide 8.0 is used as a binary module (unfortu-
nately, the source code is not accessible). Taking the
information from the screen of another program was
our first problem. We wrote system level hook library
(Hooker) which analyses any movements of the mouse
pointer and pressings of the keyboard keys of Guide
8.0. This software component has only very little icon
in the lower right screen corner and absolutely don’t
disturbs the process. Then our logic was added to the
message passing process in the system.

After selection of the object operator must set up the
appropriate coordinates in Guide and move the tele-
scope to the final position. Then operator should press
A button on the keyboad and click left mouse button
on Guide screen in the vicinity of the telescope field
center. Now the A button must be relesed. The op-
erator repeat the explained procedure for the guiding
star keeping D button pressed.

After releasing key (A or D) the Hooker reads the
part of the screen with the legend and recognize the

coordinates of the mouse (in this case that coordinates
will be spherical right ascension and declination). The
two pair of the coordinates (center of the field and guid-
ing star) are packed and sent to Stepper component to
manipulate with the offset guide mechanics.

8h11mb5.1s J2000.5
+3108'57" Cnc

Yposenb 7: 2 rpan.
6 Ok 2007 9:54:55

[..-.._.—_

Figure 4: Legend field of Guide 8.0.

Hooker is universal component which may be used in
any case when one want to read some numbers or text
from the window of another program. Hooker uses only
low-level Windows API functions and may work on any
existing Windows versions, even on 3.1. To make the
recognition it uses neural network approach. At cur-
rent moment it can recognize numbers and some sub-
set of the latin alphabet. When used in the situation,
showed in figure 4, Hooker produce 811551, 310857 and
J as an result. That last symbol J give the informa-
tion about coordinate system epoch. Be sent to the
Stepper component these three strings cause Stepper
to recalculate all necessary numbers and generate the
commands to the stepping motors controller.

The Stepper component of the software is used to
analyse the data from Hooker and to prepare the com-
mands for the stepping motors. Main window of the
Stepper presented on the Figure 5.

Standard ISEL controller attached to the COM port.
But in most of the modern computers COM port ab-
sent or exists as an addidtional part. Most of the mod-
ern devices are controlled via USB ports. On the fig.5
one can see COM15 which is unbelievably huge number
of the COM port. That is why it is really not a COM
but emulation of the COM on USB. This is done with
special COM to USB converter. Stepper, as we can see
now may work on COM port or USB.

Before we start the observation we must first of all
open the port. The buttons become to be "live” and we
may manipulate with the software. Next step - homing
the motors (Home button) and reloading (if necessary)
the previous session parameters. (On the fig.5 we have
the example with the port closed).

The white square, which occupied the most of the
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window is allowed tield to move the guidance mirror.
Clean red and blue lines with the little square near the
intersection point shows us the future position of the
carriage with the guidance prism. Another little square
shows current position of the prism. There are many
possibilities to manipulate of the prism position: by
pressing the buttons, surrounded the white square, by
using the mouse pointer inside the white square, by in-
serting the numbers into ”Future pos” or ”Difference”
fields. All that numbers are steps.

] X
Start at port I [com1s | | Stop I Go | Home
Writer Reader I Incremental
| il
|
U
u
li
D
Currentpos 0| 0| 101.03
Future pos 36089} 198818} OFF
Difference 36089=] 198818} I~ Follow
Limits 250000| x 250000 Exposure
Diff velocity 100 100| 0.00

Figure 5: Overall view of the Stepper window.

There are two main setup modes of the Stepper: ab-
solute and incremental movements. In the first case
the movements are calculated from the home position
of the motors. In the second - from its current position.

Another interesting possibility of the Stepper - auto-
matic guidance with the given velocities. In this case
we must insert proper numbers in the ”Diff velocity”
fields, setup exposure time and check ”Follow” box.
Stepper is quite intelligent and it allows movement of
the carriage only within the specified limits (250000
steps in our case). Exposure time will be changed ac-
cordingly if with the given exposure that limits may be
overcomed.

I'he  Guide-Hooker-Stepper-Controller  sottware
works in very straightforward way - run Guide and
Stepper, open port and home the motors, run Hooker.
Hooker searches for that two software and if Guide
and Stepper already run, the software system become
ready.

All offset field is accessible with changing the angle
of the telescope rotator. Stepper automatically takes
the rotator angle into account. Stepper may correct
the star positions for the precession and nutation if
necessary. Refraction is taking into account by the
telescope controller.

Review them and if all things are Ok, just press Go
in Stepper window. Estimated time for carriage move-
ment is shown in the toppest window in the rightmost
window stack of the Stepper. All commands are con-
trolled with the ISL answer. The answers are sent back
to the Stepper after the finishing of the command. Un-
til the answer is not received, the interface of the Step-
per are "dead”.

The Stepper is quite robust. It means that most of
the operator errors are treated and the inserted num-
bers are just rejected. There is no possibility to move
the carriage out of the physical limits. In the worst
case, intermediate Home and then Go will repair the
situation.

The Stepper options are managed with the special
Option dialog. The information about home velocities
and different shifts of the coordinate systems are
presented and edithed there.
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ABSTRACT. Problems of reconstruction of a local
plumb variations from long sets of astrooptical obser-
vations are considered. The attempt of its practical
realization on the data of latitude observations in
Poltava with 3 astrometrical instruments is under-
taken.

Key words: Astrometry: latitude variation, zenith-
telescope, astrolabe; geodynamic: local plumb, the
Earth figure evolution.

1. Introduction

Long-term sets of astrometrical observations of
coordinates of station contain diverse information
about processes in all geo-stratums. Most important
for geodynamic is information about variations of
local plumb (Gozhy, Tyshchuk,1995). Available
data about local plumb are contained in slow zenith
variations which are caused by many factors. There
are the reasons to solve this problem now. The
pure local vertical variations may be obtained after
excluding such factors from zenith variations. 1)
Polar component, by using C04 solution for EOP. 2)
Errors of coordinates and proper motions of stars, by
using new catalogues (HC, ARIHIP, FK6, Thycho-2).
3)Inexactitude of Earth rotation model, by using
TAU2000 precession-nutation model. 4) Influences of
tectonics of lithosphere plates, by basing on NUVEL-1
NNR model. 5) Local shifts of Earth crust, by geodetic
monitoring. 6) Long-term instability of instrumental
system should be researched specially. 7) Possible
long-term influences of atmospheric states. The last
two items are problematic. The use of the observations
results obtained with several instruments at the same
station gives opportunity to avoid the problems.
There is the opportunity in Poltava gravimetrical
observatory (PGO) where the regular observations
of latitude have been conducted with 3 instruments
(2 zenith-telescopes (Z-t) and prismatic astrolabe)
during 30-40 years.

2. Initial data

For preliminary attempt to obtain local plumb vari-
ations, 3 latitude sets had been used. There is short
information about them in Table 1.

Table 1: Set characteristics.

Instrument Observational — Duration  Short
method marking

Astrolabe equal height 1962-2007 FA

Z-t Zeiss Talkot pairs 1949-1987 FZ

7Z-t Zeiss zenith stars 1939-1967 FB

Z-t ZTL-180 zenith stars  1968-2007 FB

The set FA and fragment of FZ (1962-1987) are
reprocessed in reference to the ICRS catalogues (HC,
ARIHIP, Thycho-2) and with use of the TAU2000
precession-nutation model. The combined series of
bright zenithal stars observations FB were kindly
given to us for analysis by colleagues A.Gozhy and
M.Tyshchuk. The common analysis for three series
is conducted beginning with 1962.0. The sets were
reduced to single origin, which coincides with astro-
labe point, by using the geodetic determining (Popov,
Budz’ko,1980; Samoilenko et al.,1999). The geodetic
measurements do’t show relative displacements of
instruments during twenty years. GPS observations,
that began in PGO in 2001, also reveal the absence of
horizontal moving. The change of latitude due to move
of Eurasian plate is taken into account. Non-polar
components of latitude are obtained by excluding of
the polar ones, by using C04 EOP solution. Long-term
instrumental instability are determined most carefully
for astrolabe (Khalyavina et al., 2001). So the result-
ing series are refined from factors 1-6.We mark them
as ZAZ7,7B, respectively. Due to some uncertainty
of instrumental errors for FZ set the common analysis
of three series have shortened up to 1981.0.
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Figure 1: Slow zenithal variations in meridian

observations with 3 instruments.

3. The reconstruction variances

In order to obtain slow zenith variations
the series ZA,77,7B was smoothed by movin;
method with Gauss window with 1,5 year w
high-frequency variations of zenith in meric
cut down. The smoothed curves are presentec

During of 1964-1972y. all curves were locat:
ridor with width less then 0,05” and correlati
cients between them approached to 0,9. Thi
may be one of the basic segments for recon
of local plumb. Since 1972 the curves diw
bly up to 0,12”. Similar results had been
in the earlier analysis (Popova et al.,1983). T
ble reason of the divergences may be due to «
of non-modeling refraction on diverse obsery
stars (zenithal, meridional, at equal heights).
that discrepancies of real conditions of ati
from its standard model differ considerable
case. Indirectly it is confirmed by degree of cc
between the short-periodic components for
ZB sets: corr(ZA®,27°)=0,11; corr(ZA® 7t
corr(Z7°,ZB%)=0,37. The components depen
on refractions.

Obviously, refractional and plumb effect
be separated for the middle-term variations
(1.5 < T < 6.0). As the atmospheric influ
more instable comparing the slow variations «
we have increased the smoothing window to
So refractional influences on resulting curves s
diminished considerably. In Fig.2 new versio
ations of meridional component of zenith for
and ZB is presented on 44-year interval (1962

The divergences between two curves do nc
0.055” now. For long-term intervals they
in bounds of 0.01”. These segments are
ones, which are cleaned from refractional i
to a marked degree. We suppose that they
the supported data for local plumb recons
The average meanings of ZA and ZB dat
corresponding intervals can be seen as a first

1985

0.05 I

ZAl;

7B,
----- -0.05

| | | |
0.1
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Figure 2: Slow zenithal variations from observations
with astrolabe and zenith-telescope ZTL-180.
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Figure 3: Fragments of reconstructed plumb variations
in Poltava.

Derived fragments of curve ZM show: 1)non-linear
character of changes; 2)the negative trend with rate
about -0.0006” /y. on interval 1962-2006y. The results
should be thoroughly checked and compared with data
of other geophysical sciences.
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new version of data of zenith bright stars observations.
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THE INTERNATIONAL HELIOPHYSICAL YEAR 2007-2009 AND
IMMEDIATE TASKS OF MODERN METEOR SCIENCE
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14 Lenin ave., Kharkiv, 61166, Ukraine
s.kolomiyets@gmail.com

The IGY had given impetus to the development of
meteor research all over the world and first of all in the
republics of the former Soviet Union in Russian lan-
guage. Meteors have appeared extremely important in
numerous aspects for IGY1957 taking into account the
incoming space era and revolutionary implementation
of radar methods in scientific researches. Meteor parti-
cles in the terrestrial atmosphere together with the Sun
influence on the conditions in the ionosphere. Geophys-
ical aspects (turbulence, composition, etc.) and meteor
activity were in the ranks of meteor research tasks of
the IGY. Meteor researches were included into the sec-
tion V "The Ionosphere. Meteors” in the IGY 1957
Program (Fig. 1, 2).

The THY Conveners had included the meteor re-
searches into the IHY program under the title ”Me-
teors, Meteoroids and an Interplanetary Dust”. This
title emphasizes the widening of area of meteor research
in new Heliophysical year http://ihy2007.org. During
the Geophysical year 1957 the phenomena caused by
meteor particles (the meteors) were studied directly
in the terrestrial atmosphere (Kolomiyets & Sidorov,
2007). During the incoming Heliophysical year meteor
particles (meteoroids) will be an object of study on all
an extent from the Sun up to borders of Solar system
will be studied, actually on all an extent of a helio-
sphere (Kolomiyets & Slipchenko, 2007). Using me-
teor monitoring in the frame of the International Year
Planet Earth (IYPE) together with preserving orbital
data in the frame of the Electronics Geophysic Year
(eGY) is discussed. The coordinated investigation pro-
gram CIP at number 65 ”Meteors in the Earth atmo-
sphere and Meteoroids in the Solar system” in the list
of the IHY is presented http://www.ukssdc.ac.uk/cgi-
bin/ihy/cip-filter.pl.
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Tabl 1. Participants of program IGY 1957 on meteor research in the USSR

N | City

71 Amhkimbad‘3?° 58 °

.172 ‘Mn

3 | Kiev

4 | Odessa

5 | Stalinabad
Dushanbe

6 | Famsk

7 | Eharlov

R - radar, Ph - photographic, V - visual

P A
56° | 24
55° | 40
47' | 07
a0 ° 3ne
27" 3n!
%° | 3p°
29 X 46 1
38° | 68°
4 | 46"
56° | g4°
0 | 59
s0° | 36°

oo 14"

Addresses of the organizations coordinating meteor researches in
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Figure 1:

the USSR during time IGY (as of 1957):

1) Moscow, B. Gruzinskaja 10, Astronomical Council AS of the
USSR, the Commission on Comets and Meteors.

2) 0dessa, Park named Shevchenko, Astronomical observatory of

the Odessa University (parent organization of meteor service of

the USSR during period IGY).

0On organizational questions also:

3) Moscow, the Kaluga highway 71, Interdepartmental Committee

on carrying out IGY at Presidium AS of the USSR, working
group on studying meteors.

Materials should be sent to the address:

4) the Moscow area, post Vatutenki, the Scientific
research Institute of Terrestrial Magnetism,
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THE OBJECT MWC 137

L.N. Kondratyeva
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ABSTRACT. The main results of the long-term
spectral observations of MWC 137 are presented.
Variability of the profiles and equivalent widths of He,
Hp and Hel, 5876 is shown and discussed.

Key words: Stars: Ae/Be Herbig stars: individual:
MWC 137

1. Introduction

MWC 137 is the central star of the extended HII
region Sh2-266. An active study of MWC 137 began at
the end of 80th years, and it has been included in the
various programs of Be, Ble] and Ae/Be Herbig stars
researching. In the Fessenkov Astrophysical Institute
the first spectrograms of Sh2-266 and MWC 137 have
been received in 1971. Some low-excitation emission
lines: HI, [NII], [OI] and [SII] have been revealed in
the spectrum of the nebula. The spectrum of the
central star showed the faint emissions of Fell, Hel
and the broad emission lines of HI: FWHM (Ha)=5.6+
0.3A (Kondratyeva, 1975). Here we present the main
spectral results, obtained in 1971-2007.

2. Observations

Observations were carried out with the slit spec-
trograph mounted at the 70 cm telescope AZT-8. A
three-cascade image tube was used as a detector until
1998, and ST-8 CCD since 1999. Spectrograms with
a dispersion 70-150 Amm~' (or 0.5-1.0 A pixel ')
covered a spectral range about 1000-2000A. In ad-
dition spectrograms with a dispersion 0.18A pixel™!
were received for study of emission line profiles.All
spectrograms were reduced following the standard
procedure consisting of bias subtraction and flat-field
normalization and then all counts were corrected
from atmospheric extinction and calibrated from
instrumental chromatic response through observations
of standard stars from the Catalogue of Kharitonov et
al. (1988). Wavelength calibration was done using a
laboratory source of Hel, Nel and Arl emission lines.

3. Results

Our values of equivalent widths EW(Ha) and
EW(Hp) are compiled in the Table 1 together with
the results of the other authors. As a rule, values EW
were determined by measure of 2 or 3 spectrograms.
We estimate the errors to be about 10%, the less pre-
cision (20-30%) arose because of overexposed Hav im-
ages (when the image-tube was used) or if a level of
measured continuum was too low (with CCD matrix).
Observable variations of EW (Ha) (from 130 up to 550
A) considerably exceed a range of possible errors and
probably reflect the real changes of ionized mass in the
circumstellar envelope.The emission profile of Ha, pre-
sented in Fig. 1, consists of a red shifted single peak.
The values of FWHM (Ha) and V,. — heliocentric radial
velocities are listed in the Table 2.

300

—— 15.12.1993
21.01.2007
— 30.12.1972

500 750
Vr km/s

Figure 1: The profile of Ha line for different dates. The
Y axes is expressed in the relative intensities.

Our earlier measurements of V, are in agreement
with the data from the other sources (Table 2),
However in 2007 V,. (Ha) has considerably decreased,
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Table 1: Equivalent widths of the hydrogen lines in the
spectrum of MWC 137

Date EW(HA)(A) EW(Ha)(A)
21.02.1971 362+35
10.02.1972 288+48
29.12.1972 180440
21.02.1974 44.6+4.2 205£15
02.03.1978 32.4+3.2
31.03.1978 34.5+6.0
03.04.1978 210+£11
04.04.1978 203+29
06.04.1978 49.6+2.4
07.03.1981 316+23
09.1981 133 (Finkenzeller, 1984)
09.1987 395 (Zickgraf, 2006)
15.02.1988 53.5
07.11.1988 44+18
10.11.1988 4548
30.01.1989 377
14.01.1991 330+40
27.02.1993 48.1 318+11
15.12.1993 360£40
10.1994 2544+17(Esteban, 1998)
31.12.1996 550 (Oudmaijer, 1999)
26.02.1998 213416
20.12.1999 404 (Vink, 2002)
01.2000 54.4 394(Hernandez, 2004)
02.2002 464 (Zickgraf, 2006)
21.01.2007 530170

and became closer to V,. (5876) = +29.7+8.0 km s~!
and V,.(6678)= 427 +9.0 km s~! for the same date.
By the way, almost the same value V, (5876) = 32
km s~!, has been received in 2002 (Zickgraf, 2006). It
is appreciably, that profiles of Ha, presented in Fig.
1, are not absolutely similar, the most ”smooth” and
narrow profile was received in 2007. Emission lines
Hel,5876, 6678 and 7065 A are presented on all our
spectrograms of MWC 137. In the paper of Zickgraf,
(2006) the author mentioned, that in September,
1987 the line Hel, 5876 was observed in absorption.
Probably, this phenomenon was short-term as on our
spectrograms, received in February 1988, this line was

Table 2: Characteristics of Ha profile

Date FWHM(Ha)  Vr (Ha)
km sec™! km sec™!
29.12.1972 255+18 +43.7£9.0
21.02.1974 +47.4+10
15.12.1993 258+18 +42.3+9.0
21.01.2007 222412 +28.61+8.0
09.1987(Zickgraf, 2006) 197 +42
10.1994(Esteban, 1998) 210
02.2002(Zickgraf, 2006) 196 +43

15

-400 -200 0 400

Vr km/s

Figure 2: The profile of Hel,5876 line, obtained on Jan-
uary,21 2007. The Y axes is expressed in the relative
intensities.

again in emission. A modern profile of this line is
given in Fig. 2. Its form is asymmetric, probably, a
"blue” wing is disturbed by a weak absorption. The
value of FWHM (5876) = 234415 km s~! is more
than FWHM (Ha)= 222+12km s~!. In other words
the widths of lines increase with potential of ionization
and decrease with the distance from the star. Thus
we confirm a conclusion of Zickgraf, (2006), that the
main mechanism of line broadening is rotation. From
the other hand, decreasing of FWHM (Ha) and an
asymmetry of Hel profile observed in 2007, testify
probably, that outflow mechanism is being activated.
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DE SITTER METRIC WITH MAGNETIC FIELD
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ABSTRACT. De Sitter model with magnetic field
was considered. The exact solution was obtained. The
properties of the model in comparison with empty de
Sitter model were analyzed.

Key words: de Sitter, model; vacuum; magnetic,
field; anisotropic, Universe.

1. Introduction

There is the considerable interest arose in
cosmological models describing magnetic field in
the Universe (Illukun, 1966; Vajk and Eltgroth, 1970;
Banerjee and Sanyal, 1986; Giovannini, 2000). At the
initial stage of evolution of the Universe such magnetic
field was much strong and played the important
role in expansion of the Universe. According to the
present observations (Riess, 2004; Virey J.-M., 2005)
the Universe expands with acceleration. Accelerated
expansion of the Universe now is explained by presence
of cosmological vacuum with a state equation:

(1)

where €y = const. The vacuum energy density
dominates over energy densities of all other matter
(Perlmutter S., 1998). De Sitter model describes the
Universe with matter with the state equation (1). From
Einstein equations we obtain de Sitter metric in the
form:

en +pa =0,

2 d 2
ds* = (1 — r—)dtQ - % —rido?, (2)
an (1=
where do? = d6® + sin® 0de?, af = G- Let us

take for simplicity system of units in which Newton
gravitational constant G = 1 and light velocity
¢ = 1. This metric contains R and T-regions. There is
T-solution under r < ax. Under r» > ap this solution
describes R-region of the manifold. Recently many
original papers and reviews have been devoted to the
cosmological vacuum (Sahni and Starobinsky, 1999;
Carrol M., 2000; Yepuun, 2001; Sahni, 2004). In this
article we propose to consider de Sitter model with a
frozed magnetic field for the early Universe.

2. Solution

Let’s consider the homogeneous but anisotropic
magnetic field which depends on time only and
choose an axis along magnetic field. In synchronous
coordinate system we consider the spherically
symmetric metric in the form:

ds? = dt* — erVdR? — r2(t)do?. (3)

The nonzero components of Maxwell tensor for the
frozed magnetic field are Fo3 = —F35 = Hy where H; is
magnetic field strength. Than from Maxwell equations
it follows that 8(51 = 0 (Kopkuna, MaprbiHeHKo,
1977). Therefore stress-energy tensor of magnetic field
can be written in the following form:

H}(9)
Amr2sin26’

(4)

0 _ml _ 2 _ 73 —
TOmag - Tlmag - _T2mag - TBmag -

Cosmological vacuum has constant energy density

and pressure. For the chosen metric nonzero
components of stress-energy tensor are:
0 1 2 3
Ty =en Ty =13 = T3 = pa- (5)

We assume the independence of the dust and
magnetic field. Then from conservation equation

145, =0 (6)
for magnetic field it follows that:
Hy = gsind, (7)

where ¢ = const. Than we take the stress-energy
tensor as a sum of stress-energy tensors of vacuum and
magnetic field.

2
q 3
STy = 8nT} = oy + x and 87T§ = —a +—. (8)
Then taking (8) into account we obtain Einstein field
equations in the form:

NP1 2 3
2l S 9)

r r2 o r2 ot oy



Odessa Astronomical Publications, vol. 20 (2007) 89
2F 2 1 ¢ 3
— - ==+ — 10
roorz 2 gt + ap’ (10)
PV D WD T ¢ 3
A = 11
2 + 2 + 4 + rt o ap’ (11)
where a dot ~ denotes differentiation with respect to ¢.
Integrating the equation (9) on time, we obtain:
2 2
»=_1-L,c (12)
ax r
Without a magnetic field we must obtain de Sitter
solution. We take an integration constant C' = 0. Than
integrating (12) under ¢ = 0 we obtain 7 = axch(t/ay).
The metric coefficient e* we find from (9):
e* = sh%(t/an). (13)
The obtained metric is the de Sitter solution in
synchronous coordinates:
ds® = dt? — sh®(t/ap)dz® — adch®(t/ap)do®. (14) O t

Integrating the equation (12) for case ¢ # 0 we
obtain:

ﬁ_l_ky ﬁ _l_ﬁzclem/a,\
ai 2 a% 4 a3 ’

where C; is an integration constant. As far as the
obtained solution (15) must turn into de Sitter one,
thus C; = %. Finally we have for r2(t):

(15)

r2(t) = adch?(t/ap) + ¢?e~ 2/, (16)

After integration of (9) we obtain the metric
coefficient e*® in the form:

2 2
A_ T q
= —1-= 1
€ (112\ T2’ ( 7)
E ti (16) d@7ndt i d Sitt 1 ti

with magnetic field. In expression (16) the magnetic
field contribution gives an item ¢?e~2!/%r therefore
influence of a magnetic field on expansion in a radial
direction weakens exponentially Dependences r(t) and
e in comparison with de Sitter metric are shown at
figures 1 2 Under t — oo the obtained solution turns
into de Sitter solution.

As for as 7 = 0 corresponds to a minimum 7(¢) than
metric coefficient e* = 72 turn into zero under r =

Tmin = QA4 /% + %, /1+ %’; . However energy densities
A
of a magnetic field and vacuum are finite, the obtained
critical point is not the space-time singularity.
In curvature coordinates obtained metric have the
form:

ds* = e’dt? — e dR? — etdo?, (18)

Puc. 1: Dependence 72(t). Dash curve is for 72(t) for de
Sutter metric, Solid curve is for de Sitter metric with
magnetic field.

t

Puc. 2: Dependence e (t). Dash curve is for e*(t) for de
Sutter metric, Solid curve is for de Sitter metric with
magnetic field.
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A= e et = z2. The

A
event horizon between R- and T-regions is determined
by expression:

v 172 q2
where e :l—a—2+?,e

Ai? = i, (19)

where an [ denotes differentiation with respect to
x. For the obtained solution from (19) we have an
equation:

2 2
T q
1-—+==0. 20
a% + x2 (20)
This equation has one positive solution:
1 1 4q2
= Ry R = 21
1 QA$2+2 +a% (21)

Under = > xz; there is T-solution, under z <
there is R-solution. As far as constant ¢ characterizes
a magnetic field, than the presence of a magnetic field
changes boundary between R- and T-regions of de
Sitter metric

3. Conclusion

magnetic field has been obtained and the properties
of the model have been analysed. R- and T-region of
the model have been considered. It was shown, that
the influence of magnetic field decreases with time and
when t — oo de Sitter solution take place.
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ABSTRACT. We derive accurate, homogeneous at-
mospheric parameters (Teg, logg, Vi, [Fe/H]) for 74
FGK non-variable supergiants and for 30 classical
cepheids in 302 pulsation phases based on the high-
resolution, high signal-to-noise echelle spectra. The
extremely high precision of the effective temperature
determination (10-30 K) is achieved by using the line-
depth ratio method. These parameters are correlated
with unreddened B-V colour index compiled from the
literature for investigated stars to obtain an empirical
relationship of the form

(B —V)o = 57.984 — 10.3587(logTegt ) >+
+1.67572(logTeg)® — 3.356l0gg + 0.0321V,+
+0.2615[Fe/H] + 0.8833(logg) (logTen)

This expression have been used for the estimation
of the colour excesses E(B-V) of individual super-
giants and classical cepheids with an error 0.05 mag,
which matches precision of the most sophisticated
photometric techniques. The application range is
F0-KO, luminosity classes I and II. Considering the
large distances of supergiants, this method opens up
a possibility for the large-scale extinction mapping of
the Galaxy, with sensitivity down to 0.1-0.2 mag.

Key words: Stars: fundamental parameters; stars:
colour excesses; stars: supergiants; stars: classical
cepheids.

1. Introduction

The Cepheid period-luminosity (P-L) relation has
played a key role in the determination of distances
within Local Group and to nearby galaxies. The abso-
lute calibration of the P-L relation requires not only
accurate distance measurements but also appropriate
accounting for the effects of interstellar extinction
and reddening because Galactic Cepheids are heavily

obscured with an average E(B-V) of order 0.5 mag.
We propose a new method of an accurate E(B-V)
determination which relies on the spectroscopically
determined stellar parameters.

2. Observations

The spectra of the supergiants were obtained us-
ing facilities of the 1.93m telescope of the Haute-
Provence Observatoire (France) equipped with échelle-
spectrograph ELODIE (Soubiran et al. 1998). The re-
solving power was R =42 000, wavelengths range 4400—
6800 AA, and S/N>100 (at 5500 A). The initial pro-
cessing of the spectra (image extraction, cosmic ray
removal, flatfielding, etc) was carried out as described
in Katz et al. (1998).

In addition we employed spectra obtained with
UVES at the VLT unit Kueyen (Bagnulo et al. 2003).
All supergiants were observed with two instrumental
modes Dichroicl and Dichroic2, in order to cover al-
most completely the wavelength interval from 3000 to
10000 A. The spectral resolution is about 80000, 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 (Andrievsky, Luck & Kovtyukh 2005, Kovtyukh
et al. 2005).

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. Atmosphere parameters of supergiants
and Classical Cepheids

We used Kurucz’s WIDTH9 code with an atmo-
spheric model for each star interpolated from a grid
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Table 1: The computed colour excesses for Classical Cepheids

Name P, day E(B-V) emror N EB-V)rc Name P, day E(B-V) emror N EB-V)rc
nAql 7.177  0.103  0.010 13 0.138 SV Mon 15.233  0.203  0.036 11 0.214
SZ Aql  17.141  0.590  0.024 9 0.531 Y Oph 17.127 0.694 0.011 14 0.668
TT Aql  13.755  0.473  0.025 7 0.432 VX Per 10.889  0.503  0.030 8 0.477
YZ Aur 18.193  0.648  0.030 3 - X Pup 25961 0463 0.015 6 0.399
RW Cam 16.415  0.449  0.083 14 0.659 S Sge 8382  0.111  0.014 9 0.099
RX Cam 7912 0545 0.034 9 0.553 U Sgr 6.745 0402 0.020 9 0.421
SU Cas  1.949  0.299  0.019 12 0.282 W Sgr  7.595  0.087 0.017 8 0.108
DL Cas  8.001  0.500 0.024 14 0.499 Y Segr 5773  0.192  0.020 12 0.195
0 Cep 5366 0046 0.015 16 0.087 WZ Sgr  21.850  0.435  0.023 10 0.467
X Cyg 16.386  0.242  0.027 24 0.208 YZ Sgr  9.554  0.288  0.014 8 0.298
SU Cyg  3.845  0.085  0.020 12 0.091 S Vul 68.464  0.972  0.054 6 0.674
CD Cyg 17.074  0.454  0.024 14 0.513 T Vul 4435  0.076  0.014 20 0.054
Y Lac  4.324  0.152  0.012 9 0.195 UWVal 7991 0.665 0.016 7 0.640
Z Lac 10.886  0.426  0.032 7 0.368 XVul 6320 0.800 0.021 6 0.702
T Mon 27.025  0.175  0.023 18 0.188 SV Vul 44.995  0.528  0.020 23 0.412

Remark: E(B-V) ¢ values are from Laney & Caldwell (2007, BELRED values).

of models calculated with microturbulent velocity of 4
kms™'. At some phases Cepheids can have microtur-
bulent velocities significantly deviating from this model
value; however, our previous test calculations showed
that changes in the model microturbulence over a range
of several kilometers per second have an insignificant
impact on the resulting elemental abundances.

The effective temperature for each Cepheid at each
pulsational phase and for supergiants has been deter-
mined using the calibrating relations from Kovtyukh
(2007). These relations combine the effective tempera-
ture with a set of spectral line depth ratios. The inter-
nal accuracy of the effective 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 spectro-
scopic method) is that it produces the reddening-free
Tegestimates. The effective temperature obtained from
this new technique gives currently one of the most pre-
cisely determined fundamental stellar parameters — the
relative precision is of the order of 0.1 percent.

The method used for gravity and microturbulent ve-
locity determination in a supergiant star such as these
Cepheids is described in detail by Kovtyukh & An-
drievsky (1999). This method determines the micro-
turbulent velocity using Fe II lines: the dominant ion-
ization species of iron and hence less susceptible to any
NLTE effects which might be in play in supergiant at-
mospheres. The gravity value is found by enforcing
the ionization balance condition (the mean iron abun-
dance from Fe II lines equals the iron abundance which
results from the Fe I - EW relation extrapolated to zero
equivalent width). This method resolves some previous
problems within the abundance analysis of supergiant
stars. Note that in these analyses we have used no lines

stronger than 175 mA.

The uncertainty in the microturbulent velocity and
the gravity is more difficult to assess. For the micro-
turbulence a variation of 0.5 kms™! from the adopted
velocity causes a significant slope in the relation be-
tween Fe II line abundance and equivalent width. We
therefore adopt 0.5 kms™' as the uncertainty in the
microturbulence. For log gwe adopt 0.1 dex as the for-
mal uncertainty based on the numerical result that a
change in gravity at that level will result in a differ-
ence of 0.05 dex between the total iron abundance as
computed from the Fe I and Fe II lines. Since we have
forced an ionization balance we do not allow a spread
larger than 0.05 dex in the total abundance of iron as
derived from the two ions and thus our uncertainty es-
timate (Andrievsky, Luck & Kovtyukh 2005, Kovtyukh
et al. 2005).

The final results of the determinations of Teg, log g,
V; and [Fe/H] for supergiants are given in Table 2.

4. Colours excesses

The Tox, logg, Vi and [Fe/H] obtained in the man-
ner described above can be used for determining the
intrinsic colours of the target Cepheids and FGK super-
giants. From Bersier (1996) and from Laney & Cald-
well (2007) we take the unreddened B-V colour index
for these stars. With the lack of simultaneous photom-
etry, the instantaneous ”observed” B-V color index is
determined from Berdnikov’s (2007) extensive data set
of Cepheids. The latter contains multicolour photo-
electric observations for all of our 30 Cepheids. The
light curves were subjected to Fourier analysis and the
coefficients determined up to the third to fifth order.
Thus a pair of reddened and unreddened B—V values
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Table 2: The computed colour excesses for supergiants. The negative E(B-V) have been set to zero.

HD T logyg Vi, [Fe/H] E(B-V) HD/BD T.gx logg V. [Fe/H] E(B-V)
000725 7053 2.1 6.3 -0.04 0.271 171635 6151 2.15 52  —0.04 0.051
001457 7636 2.3 4.8  -0.04 0.394 172365 6196 2.5 75  -0.07 0.180
004362 5301 1.6 4.4  -0.15 0.219 173638 7444 2.4 4.7 0.11 0.302
007927 7341 1.0 87 -0.24 0.425 174104 5657 3.1 4.8  -0.02 0.045
008890 6008 2.2 4.35 0.07  -0.007 179784 4956 2.0 2.5 0.08 0.394
008906 6710 2.2 4.8  -0.07 0.350 180028 6307 1.9 4.0 0.10 0.320
009900 4529 1.7: 2.7 0.10 0.073 182296 5072 2.1 3.6 0.17 0.321
009973 6654 2.0 57  -0.05 0.434 182835 6969 1.6 4.9 0.00 0.268
010494 6672 1.25 75  -0.20 0.813 183864 5323 1.8 3.5  -0.02 0.425
011544 5126 1.4 3.5 0.01 0.174 185758 5367 2.4 2.1 -0.03 0.037
016901 5505 1.7 4.3  -0.03 0.110 187203 5710 2.2 5.1 0.05 0.222
017971 6822 1.3 8.7 -0.20 0.644 187299 4566 1.2 3.5 0.03 0.257
018391 5756 1.2 11.5 0.02 0.991 187428 5892 2.4: 2.9 0.02 0.177
020902 6541 2.0 4.8  -0.01 0.039 190113 4784 1.9 3.5 0.05 0.360
025056 5752 2.1 5.6 0.15 0.437 190403 4894 2.0 2.5 0.09 0.133
025291 7497 2.65 4.1 0.00 0.241 191010 5253  2.1: 1.9 0.05 0.171
026630 5309 1.8 3.7 0.02 0.085 194093 6244 1.7 6.1 0.05 0.087
032655 6755 2.7 50  -0.12 0.059 195295 6572 2.4 3.5 0.01 0.001
032655 6653 2.5 50  -0.13 0.044 200102 5364 1.6 3.3  -0.13 0.250
036673 7500 2.3 44 0.07  —0.046 200805 6865 2.2 4.6  -0.03 0.455
036891 5089 1.7 3.3  -0.06 0.081 202314 5004 2.1 3.2 0.12 0.082
039949 5239 2.0: 3.3  -0.05 0.233 202618 6541 2.8 4.0 -0.16 0.053
044391 4599 1.6 34 0.03 0.119 204022 5337 1.5 3.9 0.01 0.602
045348 7557 2.2 2.7 -0.10 0.016 204075 5262 2.0 26  —0.08 0.186
047731 4989 2.0 3.2 0.02 0.092 204867 5431 1.6 4.15  -0.04 0.006
048329 4583 1.2 3.7 0.16 0.021 206859 4912 1.2 2.5 0.04 0.065
052497 5090 2.45 3.6  -0.02 0.033 207489 6350 2.85 5.6 0.13 0.119
054605 6364 1.5 10.2  -0.03 0.085 208606 4702 1.4 4.0 0.11 0.323
057146 5126 1.9 3.6 0.17  -0.019 209750 5199 14 3.55 0.02 0.022
061227 7433 2.5 55  -0.16 0.284 210848 6238 3.0 3.2 0.08 0.001
074395 5247 1.8 3.0 -0.01 -0.028 216206 5003 2.1 3.2 0.02 0.158
077912 4975 2.0 2.4 0.01 0.061 218600 7458 2.4: 4.8  -0.07 0.653
084441 5281 2.15 2.15 -0.01 0.006 219135 5430 1.75 3.6 -0.01 0.296
092125 5336 2.4 2.7 0.05 0.020 220102 6832 2.5 58  —0.23 0.262
159181 5214 2.2 34 0.04 0.087 223047 4864 1.7 34 0.07  -0.005
164136 6483 3.1 4.5  -0.37 0.018 224165 4804 1.9 2.5 0.08 0.064
171237 6792 2.6 4.4 -0.09 0.175 460 2532 6268 1.8 52  -0.01 0.597
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Figure 1: Comparison of our colour excesses with esti-
mates from the literature: filled squares — Bersier (1996)
for supergiants; open circles — Laney & Caldwell (2007) for
Classical Cepheids (showed are the individual phases for
each cepheid).

was generated for each moment of spectral observa-
tion. The colour excess should not vary during a pul-
sational cycle. Using the least-square method we have
obtained the following relation (based on 376 individ-
ual equations between (B —V)g and Teg, logg, Vi, and
[Fe/H]):

(B —V)o = 57.984 — 10.3587(logTeg )+
+1.67572(logTeg)® — 3.356logg + 0.0321V;+
+0.2615[Fe/H] 4 0.8833(logg) (logT.s)

Using this relation the colour excesses E(B-
V)=(B-V)-(B-V)y for 30 Classical Cepheids and
74 supergiants are determined in Tables 1, 2. The
final precision of (B — V)( is 0.05 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 uncertainties that arise from the
individual properties of stars, like rotation, chemical
composition, binarity, etc.

5. Results and summary

Tables 1 and 2 list the results for Classical Cepheids
and supergiants, respectively. For Cepheids the name
and P (period) are given in columns (1) and (2) respec-
tively; the average color excess determined as described
above is in column (3); the standard error of the mean
is in column (4); the number of determinations used to
calculate the mean is in column (5). The average E(B—
V) was obtained by averaging the values of E(B-V)

over the pulsational cycle. Individual reddenings esti-
mates from Laney & Caldwell (2007) are also listed in
Table 1, and comparisons with our estimates are shown
in Figure 1.

In Table 2 we report colour excesses for 74 super-
giants derived from our calibration. FEach entry in-
cludes the name of the star, mean Teg, log g, Vi, [Fe/H]
and E(B-V).

Fig. 1 compares for 104 objects our colour excesses
with estimates from the literature.

Summarizing, supergiant colour excesses determined
in this work using our expression, have been demon-
strated to be of extremally high internal precision and
agree well with the most accurate estimates from the
literature.
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HD 152786: A LITHIUM GIANT?

T. Krétks, V. Stefl

Department of Theoretical Physics and Astrophysics, Faculty of Science, Masaryk University
Kotlarska 2, CZ-611-37 Brno, Czech Republic, terka@physics.muni.cz

ABSTRACT. We were presented poster about
interpretation of spectrum of the late-type lithium
star HD 152786 acquired within UVES Paranal Ob-
servatory Project. Using the Synspec code for syn-
thetic spectrum calculations we obtained some physical
characteristics of the star and chemical abundances of
some elements including Fe and Li.

We concluded that HD 152786 appears to be super-
giant of spectral class K3II or K3Ib with effective
temperature Tog = 4500 K, surface gravity log g = 0.5,
metallicity of [Fe/H] = —0.41 and lithium abundance
of Ar; = 1.15. From H-R diagram with evolutionary
tracks we estimated mass of the star of (6-9) Me.

Key words: star HD 152786, luminosity class,
chemical composition, lithium

1. HD 152786 in present publications

The star lies near the Galactic plane and it is clas-
sified as young star of population I. In Astronomical
Database Simbad are presented some basic data of the
star: beside others parallax (5.68 4+ 0.91) mas, mag-
nitude in filter V: 3.13mag, colour index B —V =
+1.60 mag and U — B = 4+1.96 mag and spectral type
of K31II.

A parallax of the star obtained by Hipparcos astro-
metric satellite is nearly an order of magnitude smaller
then its earlier values. Therefore, the luminosity of
the star as well as the luminosity class determined be-
fore Hipparcos are not in agreement with the Hipparcos
measurement. According to the Hipparcos mission, a
distance of the star is 176 pc and absolute magnitude
in filter V is —3.95mag. The luminosity of HD 152786
can be estimated as about 6310Lg. As you can see
in Fig. 1, position of the star in the H-R diagram is
different.

Based on the new measurements, the star should be
classified as a bright giant or a supergiant, with the
luminosity class of II or Ib.

+
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i
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15 L L L L
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Figure 1: The position of the star in the H-R diagram
(figure from Perryman et al., 1997) has been dramati-
cally changed after the Hipparcos measurements were
done (blue and red crosses denote the position prior
and after the Hipparcos, respectively).

2. Spectral analysis

Using the Synspec code we calculated synthetic
spectra for several parameters of star atmosphere. The
parameters of the star atmosphere can be considered to
be the same as that of the calculated spectrum with the
best fit to normalized measured data. Four different
regions of the matching spectra are presented in Fig. 2.

3. Results

By means of comparing synthetic and measured
spectra we determined the effective temperature as
Teg = 4500 K, surface gravity logg = 0.5 and abun-
dances of some chemical elements for the star listed in
Tab. 1.
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10 H - ] Table 1: Obtained abundances of some elements.
A (element) Aa [A/H|
» osf Li .15 0.10
5 Al 5.60 —0.77
3 °°r Ca 5.90 —0.41
£ Ti 5.90 +1.00
g or 1 v 4.95 +0.95
i ! Fe 7.04 —0.41
02 @
“ ca ) ‘ Co 4.78 —0.14
Ca Feshi Ni 5.30 —0.93
0‘2160 61‘62 61‘64 6166 6168 61‘70 61‘72 6174
wavelength [A]
: : : ; : The value of surface gravity confirms assigning the
star to the supergiants class.

From the physical parameters the star can be placed
2z into the H-R diagram with evolutionary tracks and
;‘; than its mass and approximate evolutionary state
% could be estimated (see Conclusion).
£

normalized intensity

normalized intensity

sure 2: Different regions of the matching spectra (red
e — calculated spectrum, black line — measured spec-

m).
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4. Conclusion

According to the research HD 152786 appears to be
supergiant of spectral class K3II or K3Ib with
effective temperature Teg = 4500K, surface gravity
logg = 0.5 and metallicity of [Fe/H] = —0.41, which
confirms that HD 152786 is a metal-rich population I
star. Obtained lithium abundance A;; = 1.15 does
not correspond to values of lithium stars. The mass
estimated from H-R diagram is (6-9) M. Therefore,
the evolutionary state must be close to the point where
the energy source in the star’s interior is changing. As
consistent with current theories, the measured value
of lithium abundance is in a good agreement with the
guessed state of the star.
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AMATEUR ASTRONOMY MOVEMENT IN SLOVAKIA
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ABSTRACT. We present brief history of astronom-
ical education in Slovakia. The actual state of public
observatories network is described as well. We also give
an example of educational project supported by state
agency " Slovak Research and Development Agency”.

Key words: History of astronomy; Telescopes.

1. History

Popularization of astronomy has an old tradition
in Slovakia. The first information has appeared
in the 15th century and is bind with ACADEMIA-
ISTROPOLITANA (1467). Two famous astronomers
also  worked there: JOHANNES MULLER-
REGIOMONTANUS and MARTIN BYLICA. In the
16th century JAKUB PRIBICER, rector of CATINA
school in Banskd Bystrica wrote a very inter-
esting publication about the comet TRACTATUS
de COMETA qui sub anni and also CHRISTO
1577, which is the first book about the astron-
omy subject on the area of contemporary Slovakia.

In the 17th century, in 1661 the first astronomi-
cal observatory has been established in Slovak town
Presov, thanks to IZRAEL HIEBNER. In 1680 MAR-
TIN SZENTIVANYT established the observing place
in Trnava, which was reconstructed by plan of Slo-
vak astronomer MAXIMILIAN HELL in 1756 to as-
tronomical observatory of TRNAVA university. The
Observatory served for pedagogical and educational
purposes. FRANTISEK KERY, ANTON REVICKY,
ONDREJ JASLINSKY, JAN BAPTISTA HORVATH,
are representatives of heliocentrism lectured there.

In the 19th century together with the peoples move-
ment for national renascence increases also the re-
nascence of science and popularization of astronomy
information. Astronomy observatory of The 1st Slo-
vak Grammar school in Banskd Bystrica also per-
formed an important role, which had been established
by VACLAV KAROL ZENGER and later JOZEF
SZAKMARY continued in that work. In 1871 in Hur-
banovo, dr. MIKULAS KONKOLY THEGE estab-
lished a new astronomical observatory in the end of
the 19th century. At the beginning of the 20th cen-
tury this observatory belonged to the most famous

astro-physical observatories in the Central Europe. In
addition to expert activity in the field of spectral
analysis, photometry and photography, the important
place in observatory activity has the popularization.
The period before the world war the first is con-
nected with dr. MILAN RASTISLAV STEFANIK
and his astronomy activity. He is the first world fa-
mous Slovak astronomer. He worked in Paris ob-
servatory in MEUDONE, he was the director of
mountain observatory on MONT BLANC and he
made several expeditions for eclipses of sun. He
was also a famous statesman, general of France
army and the founder of the Czechoslovak state
in 1918 together with another important statesmen.
Amateur astronomy movement was formed very
slowly. Astronomical circles, unions, and astronomi-
cal societies helped it very much. The total result of
these activities in the period between two world wars
was the rise of the private observatory, which belonged
to dr. ALEXANDER DUCHON in PRESOV (1932)
and astronomical observatory in Bratislava (1936).
Closely to the world war the second the private obser-
vatory of ANTONIN BECVAR was also established in
STRBSKE PLESO (1937) and in SKALNATE PLESO
the astronomical observatory was established in 1943.
Development of amateur astronomy after the world
war the second on the Slovak territory we can divide
into the two stages:
The 1-st: from 1945 to 1969 it is a stage of astronomical
amateur institutions and social organizations network
formation.
The 2-nd: 1969 up to these days it is a stage from
the 1-st Slovak Conference regarded to amateur as-
tronomy and the stage of constructing national ob-
servatories, astronomical cabinets and planetariums.
At the first stage activities of astronomical societies
culminated by a developing of national observatories in
Presov (1948), in Humenné (1952), in Levice (1956),
in Hlohovec (1958). In 1961 activity of observatory in
Hurbanovo was renovated, and another observatories
in Banské Bystrica, Zilina, Ziar nad Hronom, Roziava
and Bratislava were established.
In 1969-1970 Slovak Amateur Astronomy Central

Office was founded in Hurbanovo and it started to
coordinate a growth of astronomical amateur move-
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Table 1: Public observatories East Slovakia

Name Locality Mazin instrument Main scientific pro-
gram (if any)

Observatory and | Presov Planetarium ZKP 2, 10
Planetarium m, 68 seats
Observatory Roztoky 40 cm Cassegrain Variable stars
Vihorlat Observatory Humenné 25 ¢cm Cassegrain Sun
AO Kolonické sedlo Kolonica 100 cm VNT Variable stars
Observatory Michalovce 20 cm Cassegrain
STM Kosgice Planetarium ZKP 2, 8 m,

41 seats
cve Kosgice Planetarium ZKP 2, 10

m, 78 seats

Table 2: Public observatories Middle Slovakia

Name Locality Main instrument Main scientific pro-

gram (if any)

Observatory and Plane-
tarium M. Hell

Ziar nad Hronom

Planetarium ZKP 2P, 10
m, 54 seats

Gemer Observatory

Rimavska Sobota

35,5 cm Cassegrain

Occultations

Observatory Vartovka

B. Bystrica

35 c¢cm Cassegrain

Meteor showers

Observatory Maly diel

Zilina

25 ¢cm Newton

Occultations

Observatory Kysuce

Kysucké n. mesto

20 c¢m refractor

Sun, occultations

Table 3: Public observatories West Slovakia

Name Locality Main instrument Main scientific pro-
gram (if any)
Slovak National | Hurbanovo Solar spectrograph Sun
Observatory
Observatory and | Hlohovec 60 cm Cassegrain, Plane- | Variable stars
Planetarium tarium ZKP 2, 10 m, 64
seats
Hornonitrianska Partizanske 15 cm Coudé refractor
Observatory
Astronomical Sobotiste 40 cm Newton - Dobson | Variable stars
Observatory
Table 4: Scientific observatories
Name Locality Main instrument Main scientific pro-

gram

Astronomical Institute of
Slovak ~ Academy  of
Science

Lomnicky peak (2632 m
a.s.l.)

20 cm coronograph 2x

Solar corona

Skalnaté Pleso (1786 m
a.s.l.)

61 cm Newton, 60 cm
Cassegrain

Asteroids, Variable

stars

Stara Lesnd (785 m a.s.l.)

60 cm Cassegrain, 50 cm
Newton, Solar
spectrograph

Variable stars, Sun

Faculty of mathematics,
physics and informatics
UK Bratislava

Modra (531 m a. s. L)

60 cm Newton

Asteroids
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ment. Simultaneous network of national observa-
tories was connected with the Ministry of Culture
of SR, which supported them. In 1970 Slovak
Union of Amateur Astronomers as a social organi-
zation coordinated amateur astronomy was founded.
Today it has 312 members in 24 local societies.

In the second stage new observatories were built in
R. Sobota, Svidnik, Michalovce, Kysuce, Trebisov, Par-
tizdnske.

Today there are in Slovakia 15 public observatories,
3 planetaries, 6 astronomical cabinets and various in-
dividual observers stations.

2. List of public observatories in Slovakia

Astronomical institutions dedicated to amateur as-
tronomers in Slovakia we presents in three tables di-
vided geographically. For comparison in Table 4 we
presets scientific observatories of Slovak academy of
Sciences and Comenius University.

3. Educational project Universe Live

Nice example of educational activity in Slovakia is
our project Universe Live supported by the Slovak Re-
search and Development Agency. Main goal of the
project is to mediate the most modern astronomical
research methods to talented students from secondary
schools. We want to achieve this goal during 3 years
of realization of the project. The main activity of the
project is Practical astronomical exercise. It is
weekend movement for twenty people, organized at As-
tronomical Observatory in Kolonica Saddle. It lasts
from Friday evening to Sunday morning. Participants
are chosen by the school coordinator. The program
is organized by the project manager in cooperation
with a responsible organizer. One lecturer attends
the exercise and analyzes chosen topic its theoreti-
cal and practical aspects. During the project there
will be implemented three series of practical astro-
nomical exercises concentrated on variable stars, in-
terplanetary matter and the occultations. Practical
astronomical exercises are the foundation stone of the
project. Groups of students are created here and these
groups will participate in the next activities. Another
activities are: Expeditions, Astronomical research
fellowships, The KOLOS course, The KOLOFOTA
course and Informational days at regional high schools.

Expected outcomes and results of the project:

Forty-two activities are going to be realized in the
Astronomical Observatory in the Kolonica Sad-
dle during the project (total participant number
about 800).

About hundred and fifty students from the secondary
schools are going to participate at least in one ac-
tivity.

Directly during the project activities the participants
will obtain observational data: photoelectric pho-
tometry (7 10000 integrations), CCD photometry
(" 10000 measurements), meteors (~ 5000 records),
lunar occultations (7 10 timings).

During the project we are going to address about 1500
students (during twelve informational days)

We expect there will be at least three new regular
amateur observers of variable stars who will pro-
duce at least 3000 photometric measurements dur-
ing the project.

At least one of the participants will break into the
national round of physics or mathematic olympiad
and at least three into county rounds.

4. Conlcusions

We believe, structural changes in our society
wouldn’t break favorable conditions for the develop-
ment of amateur astronomy in Slovakia. We hope,
that a flow of information, exchange of experiences and
knowledge will enrich our observatories. You can re-
gard this walk throw the history of Slovak amateur
astronomical movement like an invitation for visiting
territory of Slovakia, where you can find beautiful na-
ture, historical sightseeing, but also a lot of people con-
nected by love with sky and stars.

Acknowledgements. Grant of Slovak Research and De-
velopment Agency LPP-0049-06.
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ABSTRACT. There is presented a brief report of
the actual equipments in the Astronomical Observa-
tory at the Kolonické Sedlo. Description of Vihorlat
National Telescope of 1 meter diameter equipped with
the two-star high-speed photoelectric photometer and
autoguiding system as well as various small telescopes
capabilities are included. The results of CCD and
PMT observations are presented. The future observa-
tional programs are presented as well.

Key words: Instrumentation: PMT photometer,
CCD cameras; site testing; telescopes.

1. Introduction

Astronomical Observatory of Odessa National Uni-
versity (AO ONU, Ukraine) and Vihorlat Astronom-
ical Observatory (VAO, Humenne, Slovakia) are co-
operatively developing the new Observatory at the
Kolonické Sedlo (VAO KS), which is located at north-
east of Slovakia, in Vyhorlat mountains, in 40 km from
Humenne: latitude=48° 57’N, longitude=22° 16’E,
alt=465m. Atmospheric conditions are relatively good
for the central Europe, in spite of low altitude. About
100 nights per a year are usable for a photometry. The
average seeing is about 2.5 arcsec in the best nights.

The observing station at Kolonické Sedlo was
launched in 1987. The observations were done dur-
ing observing stages and expeditions.

A very important step in the development of the ob-
servatory was done in 1999 when the main building
of new observatory was finished. During the opening
ceremony the Treaty between AO ONU and VAO on
the technical assistance and collaboration was signed.
According to this treaty the 1 meter telescope manufac-
tured in AO ONU should be installed at the Kolonické
Sedlo. Installation has been done in six stages and the
telescope was officially inaugurated in 2002. Thereby,

the VAO KS have acquired on the cooperative basis the
telescope of the primary mirror 1 m diameter, named
the Vihorlat National Telescope (VNT). At present the
VNT is the biggest astronomical instrument in Slo-
vakia.

Some small telescopes, Newton 11 inch, Newton 14
inch, etc., were also installed at the observatory and are
used for a visual and CCD observations. The experts
of AO ONU assisted actively in the adjustment of all
instruments.

This set of instruments allow carrying out a wide
spectrum of astronomical researches for several ob-
servers at once. The VAO KS became a featured astro-
nomical complex having a complete infrastructure with
the working rooms and accommodation in its area for
about 20-30 persons.

The Observatory is adapted in the high level for
educational purposes covering numerous excursions
for pupils and students, winter and summer schools
for young astronomers from local region and practical
exercises for astronomy students of the AO ONU
and of the Saférik University Kosice. The principal
observing program of the VAO KS is pointed to
variable stars researches.

2. Instrumentation

The VNT is placed in 5 m dome (see Fig.2, which
motion is synchronized with the motion of the telescope
tube. The optical layout of the VNT is shown in Fig.
1 and main characteristics are given in Table 1.

Observational instruments could be installed in two
focuses, Cassegrain and Nasmyth. For the work in the
Cassegrain focus the optical system of the VNT is cor-
rected by two lenses situated in front of the secondary
mirror.

In 2005 the Cassegrain focus of the telescope was
equipped by the high speed two-star photometer, which
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Figure 1: The optical layout of VN'T

Table 1: Main characteristics of VNT

Optical system Modified Argunov-
Fashchevskyi

Main mirror shape spherical

Diameter of the main | 1 m

mirror

Diameter of the sec- | 0.3 m

ondary mirror

Effective focal length 9m

Length from the main | 2.03 m

mirror to secondary

Field of view FOV 0.5 arcmin

FOV diameter in focal | 78 mm

plane

Scale of FOV 0.043 mm/arcsec

was constructed in AO ONU. The design and observ-
ing performance are similar to the previous photome-
ter, which was applied with the Odessa 0.8 m telescope
at the Mt. Dushak-Erekdag Observatory in Turk-
menistan (Dorokhov & Dorokhova, 1994).

Some improvements were brought into the optical
scheme (Fig. 3):

1 - diaphragm (5 different diameters), 1’- diaphragm for
sky measurement, 2 - cover automatically uncover di-
aphragm 1 and 1’; 3 - mirrors reflecting the light to the
photomultiplier, 4 - filter wheel, 5 - Fabry lens, 6 - pho-
tomultiplier, 7 - simultaneous turning of filter wheels,
3 - neutral filter, 9 - photomultiplier cooling, 10- me-
chanical displacement of mirrors 3, 11- microscope.

The main problem for the multichannel PMT-
photometers is the accurate verification of the
channels’ sensitivity (Breger & Handler, 1993). For
this reason there are provided calibrations with using
the artificial emission sources (Dorokhov, 1999).

Figure 2: The VNT in the dome
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Figure 3: The optical scheme of the PMT two-star
photometer

The Nasmyth focus is preparing now for CCD multi-
color photometry and/or for spectroscopy. The switch-
ing from the Cassegrain focus detector to the Nasmyth
focus one could be done by insertion of the flat mirror
located inside the telescope tube.

Since the telescope and photometer were manufac-
tured recently they both required the detail investiga-
tions and improvements. Specially, there were many
telescope’s problems: a right installation, an optic
alignment, an adjustment of the hourly motion, etc.
Particularly important for the time series of observa-
tions there is clearing the telescope hourly motion from
the periodic components which are arisen due to an ir-
regular rotation of the driving gears. There was not
succeed completely removing this problem. Thus the
telescope is needed in the automatic guiding.
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The automatic guiding of the telescope was de-
veloped by Martin Myslivec by using Mintron CCD
camera CCD initially through the 30 c¢m Ritchey-
Chretien pointer.

3. The test of two-stars photoelectric pho-
tometer

Initially, the photometer was used for the VNT test-
ing. At first we selected the pairs of constant stars
of the same magnitudes and colors frequently in open
clusters. On such observations we revealed that the
pointer changed a little its direction in respect to the
main telescopes as a result of bents during the move-
ment of the VNT. Then the stars left the diaphragms
sometimes during a night. The problem was removed
when CCD-autoguide was directly installed on the pho-
tometer’s eyepiece.

After that we examined the dual-channel advantages
in a windy cloudy night. In Fig. 4 there are shown the
simultaneous observations of pair of the stars:
HD161677 ( V: 7.14, B-V:-0.02, sp:B6V);

HD161603 (V: 7.34, B-V:-0.00, sp:B5V)

in Johnson’s B filter with 10 sec integration time. It is
seen that even when accounts in each channel are de-
creased on about 100% the average line on the bottom
panel have deviations less than 3%.

20000 —
&
h.'..n"“ oot
"” 4 T P
e S .
2 # . LI S e A
* ‘. . & ¥ e A 2 * i
GO NS ST
% o *,x,'. *
g ’w.'** e
-
16000 Tl
~ 0.44 .
Q
I . & ¥
o " Q.'..‘ L . o WO . -. i 5 = - - . *
042 WOt | o o—tO g OO
.. .t ed O _..' . .
L * L
271.476 271.480 271.484 271.488
JD2454000+

Figure 4: Simultaneous measurements of constant stars
HD161677 and HD161603 with the two-star photome-
ter in the windy cloudy night. There are presented:
the data of each channel in the top panel and the ratio
of these data in the bottom panel. The solid line with
empty circles indicates the 2 min. averages of the data.

For achieving a high photometric quality we followed
the standards and techniques of the global asteroseis-
mology networks: DSN, Delta Scuti Network (see, e.g.,
Breger & Handler, 1993} and WET, Whole Earth Tele-
scope((Nather et al., 1990; Kalytis et al., 1993). For
accounting an atmospheric influence we focused on the
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Figure 5: Light curve of EW/KW star TZ Boo ob-
tained with the VNT + PMT photometer + V filter in
24.06.2007

Figure 6: One of the small telescope, ” Pupava” of 280
mm mirror diameter.
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Figure 7: The flickering and irregular variations of
the brightness at the minutes’ time scale of cata-
clysmic variable star GK Per obtained in 15.12.2006
with Pointer + SBIG ST-9XE camera.

factors described in the paper of Pakstiene & Solheim
(2003).

In June-July 2007 we tested the system of VNT-
photometer on the recently discovered low amplitudes
Lambda Boo star V2314 Oph (Kim et al., 2007) in
the frames of the multi-site campaign. These observa-
tions showed the accuracy of the continuous photom-
etry sometimes more then 0.™01. Nevertheless, the
VAO KS data are coincident in a phase with the light
curve obtained in the Sierra-Nevada Observatory (Mar-
tin Ruiz, 2007).

We detected that the photomultiplier of the
channel 2 has a low sensitivity and we re-
placed it by another FEUT79. After that the
the accuracy was improved till 0.7°002-0."003
under the good  atmospheric transparency.

Now the instrument is regularly observing the
program stars. The eclipse of well known EW/KW
binary TZ Boo (V= 10.41, Sp G2V) is presented in
Fig. 5.

4. CCD photometry at VAO KS

The CCD photometry was also helpful as for an ex-
amination of the VNT as well the PMT two-star pho-
tometer. We registered the deflections of the images
at both coordinates, thus cleared the reasons of the
periodic deflections of the VNT tube. We also tested
the photometer’s sensitivity when the target star pass
through the diaphragm. Simultaneous observations of
the same object with the VNT+PMT photometer and
with some of other telescopes+CCD camera gave an
opportunity excluding the possible bugs in programmes
and/or construction.

As it was mentioned already, some small telescopes
work in the Observatory. Every of them has own
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Figure 8: The minimun of W UMa type star CW
Cas observed with Hugo+ Meade DSI Pro+V filter in
02.08.2007

task and own name, in according with its charac-
ter. One is shown in Fig. 6. It was supplied by
the name ”"Pupava” ("dandelion”) to for the cheer-
ful yellow colour. The Meade DSI Pro cameras with
Sony ExView HAD Monochrome CCD Sensor with 510
x 492 pixels are usually used with these telescopes.

In Table 2 we give descriptions of these telescopes
including the pointer of the VNT.

CCD observations were started after arrival of the
permanent observer (PAD) to the VAO KS in March
2006. First CCD measurement was made on 07 April
2006 with the camera Meade DSI Pro mounted on Lich-
tenckencker telescope of 150 mm. Actually, 3 CCD
cameras worked with Hugo, Pupava telescopes and 400
mm telephoto lense. The observations were acquired
mainly during the summer campaigns and astronomi-
cal practical exercises for young astronomers. During
197 observational nights from 07 April to 31 July 2007
we have obtained 338 light curves of 87 stars. We have
collected 141 times of minima in 53 eclipsing binaries.
Totally, we have acquired 101737 images.

A large data base of 2581 measurements in 10 nights
of 2006-07 was acquired with SBIG ST-9XE for GK
Per, symbiotic binary: sdBE + K2IVp, the nova of
1901.

This very interesting cataclismic variable has varies
types of activity: rapid irregular variations Am 0™.1
in several minutes), irregular fluctuations from night
to night Am  0™.3), slow irregular variations and
bursts. Flickering and variations of the brightness at
the minutes’ time scale are presented in Fig.7.

5. Observing program of VAO KS
So, the main observational program is focused on the

researches of pulsating stars, eclipsing binaries, spe-
cially, cataclysmic and symbiotic stars.
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Table 2: Characteristics of some small telescopes in the VAO KS

Pointer Chermelin Hugo Pupava
Optical system Ritchey-Chretien Newton Newton Newton /
Cassegrain
Diameter [mm] 300 300 265 280
Focal lenghth [mm] | 2400 1500 1360 1500/3500
Mount Fork equatorial Alt/Az German equatorial | German equatorial
Constructor (tele- | AO Odessa AO  Odessa /| AO Odessa / Uniw- | Uniwersal Poland /
scope/mount) CVUT Prague ersal Poland AO Odessa
Exploitation Autoguiding of | Automated mon- | CCD photometry | Time series color
VNT itoring of cata- | times of minima of | CCD photometry
clysmic variable | eclipsing variable | of cataclysmic
stars (future) stars variable stars

Table 3: Observing program of the VAO KS

Observed objects

Equipment

Actual situation

Astroseismology, Flickering in Cvs, fine ef-
fects on light curves of EBs

1 meter VNT + photome-
ter

Testing observations with
photometer

Four color photometry of CVs (Polars)

100 ecm VNT + CCD

Nasmyth focus of VNT (in
preparation)

Monitoring of faint CVs

30 cm Chermelin + CCD

In preparation of alt-

azimuthal mount

CCD

High speed photometry of CVs 28 cm Pupava + CCD Observing
Times of minima of EBs with strange O-C 26,5 cm Hugo + CCD Observing
Times of minima of bright EBs 400 mm telephoto lens + | Observing

Monitoring of bright CVs

Visually with Newton 30
cm

Until now using 30 cm
Chermelin telescope

Semi regular variables, Be stars, Symbiotic
variables, EBs without known elements

Newton 30cm  visually,
Somet and DB binocular

Observing

Table 4: Observing program for the VNT, according the KOLOS-2006

Object type Observational

pur-

Targets

Researchers

poses

Interacting binaries

Flickering in symbiotic
binaries

V694 Mon, T CrB, RS
Oph, V404 Cyg, V627
Cas

Hric, Parimucha, Do-
brotka

tions

Cas, V635 Cas, T'T Ari

Interacting binaries Pulsations of cold com- | IU Per, TW Dra Hric, Zejda
ponents
Chemically peculiar stars | Multicolor photometry AR Aur, V624 Her, HD | Zverko, Ziiﬁovsky,
37776 Mikulasek
Algol type EB Rotation velocity BW Boo Glazunova
Pulsating variables Asteroseismology V2314 Oph, VW Ari Dorokhova
Be stars, Novalike, X ray | Outbursts, rapid varia- | V725 Tau, X Per, V831 | Dorokhova, Dorokhov

Eclipsing binaries

The shape of light curve,
fine effects

AK Her, RV Oph, V729
Cyg, EE Peg, BM Ori,
AW UMa, BH UMa,
V577 Oph, KP And, FF
Cnc

Kudzej
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Initially, there were visual estimates of the minima
times of eclipsing binaries. Afterwards, this directions
were transformed to the CCD photometry of contact
systems of the W UMa type, with ellipsoidal compo-
nents of FO-K spectral type. Before mentioned CW
Cas and TZ Boo are related to this type of variabil-
ity. For these systems is typical that depths of minima
are vary significantly from year to year, sometimes Min
IT become deeper than Min I. The light curves’ shape
and parameters are also usually variable. We are seek-
ing to acquire such amount of light curves which make
possible the unambiguous theoretical conclusions con-
cerning the processes in these key objects.

We also take part in the campaigns of global pho-
tometry on Nova-like stars V603 Aql and V Sge. The
basic work was made for superoutbursts’ observations
of SU UMa type stars [Y UMa, MR UMa, V419 Lyr, CI
UMa, RXSJ053234, VY Aqr, V844 Her. Till present
time by using these CCD-observations two papers have
published in OEJV (Parimucha& Dubovsky, 2006), one
in IBVS (Parimucha et al. 2007) and a few papers are
in preparation.

Later, with adoption of the PMT photometry, the
pulsating variables were attached and are dynamically
investigated.

The observational activity is mainly done according
to the international cooperation of four institutions:

Vihorlat Astronomical Observatory, Humenné

Astronomical Observatory of Odessa National
University, Odessa

Astronomical Institute of Slovak Academy of Sci-
ence, T. Lomnica

Institute of Physics, Saférik University, Kogice.
The future development of observing activities is
scheduled in the Table 3.

6. Conclusion

Observing strategy (see Table 4) is arranged within
the international seminar KOLOS, which is regularly
holds in early December from 2003. The experts of
different institutions and different directions of the
science, engineers, amateurs and students have an
opportunity for a discussion, uniting their efforts
for a development of astronomy in Slovakia and,
particularly, for an enhancement of the research scope
in the VAO KS .

More detailed description of the VAO KS, as well as
the astronomical tools are available at the Observatory
website:

http://www.astrokolonica.sk.
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SPECTROSCOPY AND PHOTOMETRY OF BE STAR MWC340
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ABSTRACT. The spectroscopic and photometric
observations of Be star MWC 340 made at Fesenkov
Astrophysical institute during 2001-2006 are pre-
sented.

Key words: HAEBE stars: spectroscopy, photome-
try.

1. Introduction

Investigated by us MWC 340 (BD+440°4124 =
V1685 Cyg) star is embedded into diffuse gas nebula
of inhomogeneous structure. At distance of 2 arc
minutes from star in south-east direction is extended
the thin rim (length near 7 arc minutes), passed in
south-west direction into diffuse envelope, separated
from star by dark most likely absorbed envelope.
The molecular coma-like cloud (Hillebrand, Meyer,
Strom et al. 1995), extended from south to north, is
overlapped on all that. Firstly about small aggregate
of stars with emission lines, connected with MWC 340,
was reported by Herbig G.H. (1960). The MWC 340
region consist of few tens very young stars attributed
to HAEBE stars. The data about 33 stars of isolated
association of stars up to main consequence, related
with two HAEBE stars MWC 340 and V1686 Cyg,
are given in (Hillenbrand at al, 1995). Only eleven
of them are seen in visual. Our observations includes
the spectral and photometric data for MWC 340 and
photometric ones in V band for N2, N3 and N6 (V1686
Cyg = LkHa 224) stars from Table 1 of Hillenbrand,
Meyer, Strom et al (1995). The spectroscopic and
photometric observations were carried out at the
Assy-Turgen highmountain observatory 1-m telescope
of the Fesenkov Astrophysical Institute of National
Academy of sciences of Kazakhstan Republic during
2001 September - 2006 September.

2. Observations

The spectral observations were made with the
spectrograph UAGS and CCD camera ST-8 with 1530
1020 pixels. The inverse dispersion was 0.5 A on pixel.
The spectral investigations of MWC 340 were mainly
carried out in the regions of Ho and H lines. The flat

field for spectrophotometry was received from dome,
illuminated by usual tungsten lamp. The reductions
for instrumental contour were not made. The equiv-
alent width of Ha line was defined without taking
into account the blending them by absorption lines.
All spectra have the resolution R=6000. The S/N
ratio reaches about 25 and 12 in region of Ha and HS
lines, respectively. The photometric BVRI data were
received with CCD camera ST-7 and filters of SBIG
firm. In spite of that the R and I filters most likely
gives the magnitudes in Johnson-Cousiens system, we
reduced the our observations to the standard Johnson
system. All photometric observations were corrected
for flat field, received from twilight sky. The variety of
Ha lines intensity relatively to continuum (from 13 to
21) is observed. For this time the He line equivalent
width EW is changed in the limits 110 - 160 A, the
brightness in range V= 10.70 - 10.m85; (B-V)=
0.m84 - 0.M94; (V-R)= 0.m95 - 1.™02. Herewith it
should be noted that the measuring error of equivalent
width determining at different taking into account of
continuum is near 2%. The photometric measuring
error of magnitude determining is less than 0.”01.

3. Results and discussion

The optical spectrum of MWC 340 shows the strong
emission of Ho and Hf lines, the forbidden oxygen [OI]
A 6300; 6363 and numerous Fell emission lines. Ha
and Hg lines have the clear cut double-peaked profiles
with practically non-shifted central absorption, and the
ratio of red and blue intensities is changed with time.
Ha profiles received in different observational dates are
shown as example on Fig.1. Ha profile with minimum
value for blue component (received 2005 October 1) is
given off by thick solid line. The nonsymmetrical pro-
file of Ha line may be explained by three models:

-a model, in which the shape of gas envelope is deviate
from spherical one;

-a model of rotating and extending envelope;

-a model with relatively small inclination of circum-
stellar discs to the observer, so that a disc material is
closed the line of sight.

However, the third model will always provide for
Tpiwe 1 eq, what is inconsistent with our observations.
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Figure 1: The observed profiles of Ha lines.
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Figure 2: The light curve of MWC340

The first and second models best satisfy to our
observations. But in case of third model we must have
the some displacement of emission line in spectrum
violent region. And if the displacement is little, this is
difficult to observe on our spectrograms, taking into
account the low resolution (R=6000). The problem
may be only solved after theoretical calculations with
provision for value Ipye / Lieq. On our observations
the MWC 340 star has the practically symmetric and
non-shifted [OI] A 6300.31 emission relatively the lab-
oratory wavelength. Herewith there are observed the
variations both the equivalent width (from 0.8 to 1.7
A - on our observations; 1.10 - the work (Corcoran and
Ray 1997); 1.5 - the work (Finkenzeller 1985)) and the
maximum intensity of line relatively to the continuum.
In generally, as it assumes, the stars having such
profile structure of forbidden lines may be regarded
as more evolved than stars, in which the emission are

shifted in blue region of spectrum (Finkenzeller, 1985).
Any distinct correlation’s of Har line equal width EW
with brightness V and color indexes of star were not
observed on our observations. Herewith it should
be marked that in observed period the amplitude of
changing both the brightness V and color indexes of
MWC 340 was lower (Fig.2, where filled circles - the
Maidanak’s data in V band (Herbst and Shevchenko
1999), filled triangles - our measurements), than on
data of Maidanak observatory (V=10™.37-10.96,
(B-V)=0m.68-0m.93, (V-R)=0™.91-1™.27). Our
photometric measurements in V band for N2, N3
and N6 stars from Table 1 of Hillenbrand, Meyer,
Strom et al (1995) showed the variability of N2
(V=13m.64-14"™.01) and N6 (V=14".21-15™.31) stars
and practically brightness constancy of N3 ( 12™.08)
star, what most likely give evidence about no belonging
of this star to the association, but about its projection
on given region. The stars in MWC 340 region are
significantly younger than those in the surrounded
OB associations with the low- and the high-mass
stars having formed nearly simultaneously, what lead
some authors to the assumption that star formation
in this association might have been induced by the
propagation of external shock wave into the cloud core.
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ABSTRACT. Physical experiments play crucial role in
exact sciences. We test our theories which we try give
account of the world by experiments. On the one hand,
themselves are an inexorable judge which one judge
our conceptions about function of the world and on
the other side physical experiments can demonstrate
a beauty of laws of nature. The Nicholas Copernicus
Observatory and Planetarium in Brno (the Czech
Republic — EU) has a longtime experience with it.

Key words: education: popularization
1. Introduction

Education plays important role in our civilisation,
therefore we need to pay attention to it. In addition
to formal school education an informal education take
place outside the system, where knowledge gained can
be put in a use in entertaining way.

2. The Nicholas Copernicus Observatory and
Planetarium

The Nicholas Copernicus Observatory and Planetar-
ium is in Brno in the southeast of the Czech Republic.
It is almost inn the centre of the city, which makes it
easily accesible for tourists, school trips and members
of the public.

Our main focus is on educating and informing the
public about astronomy. We stage astronomical obser-
vations, audiovisual performance for schools and gen-
eral public, exhibitions and give lectures on optics for
elementary and high schools. I was deputed originate
a new conception of lessons on optics.

On the list of the multi-visual performances for the
public you will find programmes aimed at a modern
survey of the solar system structure and a study of re-
mote areas of the universe at the observation satellites,
the ancient history of Brno, etc. We must not forget
to mention our foreign language programmes, produc-
tions and performances for people with visual impair-

ment. The pleasant environment of the main plane-
tarium, which includes top audio-visual technologies,
is also very convenient for various commercial presen-
tations, seminars and formal events.

At the Brno observatory we have several types of
telescopes on disposal, beginning with portable appa-
ratuses up to lenses of 15 or 20 centimetres in diame-
ter. The attractions of the evening sky can be exam-
ined with assistance from staff at the observatory. Our
visitors will be able to see the moon, some of the plan-
ets and, naturally, also distant objects in the universe,
such as double stars, star clusters, nebulae and galax-
ies. One can also observe the actual Sun in detail by
means of a projection of the Sun onto a large screen
by specially adapted telescopes. For foreign visitors
we have prepared an audiovisual performance called
‘People and Stars’. On the photographic shots, the au-
dience will be shown all the attractive parts of Brno.
They will also see the star sky the brightest stars and
distinctive constellations and for a finale, they will hear
a dramatic story about the explosion of a supernova,
which occurred in 1987. The presentation, which is a
commentary with slides combined with a projection on
the sky dome, lasts approximately one hour. Visitors
can also take a look at the exhibition in the planetar-
ium foyer and can buy astronomy books. More about
us (www.hvezdarna.cz).

We have not made only audio-visual performances,
observation of sky and exhibitions but we have orga-
nized professional as well as popular lectures too.

3. The Adventure Science

We have a long time and rich experience in astronom-
ical education, see (Pokorny, 2001; Mikulasek, 2001).
For general public we have prepared special series The
Advanture Science. The series Adventure Science in-
cludes two special shows: The Adventure Physics (Tyc,
2006) and The Adventure Chemistry (Pisala, 2006) for
general public. The Adventure Optics is third part of
series The Adventure Science, this once for students
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of elementary and middle schools. These shows show
Physics and Chemistry as attractive natuaral sciences
for everyone.

3.1.1 The Adventure Physics

The Adventure Physics is a special show. The lec-
turer is showman with excellent knowledge of physics
and other natural sciences. The lecturer shows some
amusing experiments from mechanics, thermodynam-
ics, acoustics, optics and electromagnetism.

For example:

e mechanics: squeak of door, law of conserva-
tion angular momentum with revolving chair,
Archimedes’ cannon, swimming of picayune on
water level

e acoustics: Lissajous figures, blow out of the candle
e thermodynamics: hot-flue balloon, liquid nitrogen

e optics: reflection, diffraction and scattering of

light

e electromagnetism: eddy currents, experiments
with microwave oven and CD disc

3.1.2 The Adventure Chemistry

The Adventure Chemistry is second part of the series
The Adventure Science. The lecturer demonstrates
nontraditional chemical experiments (e.g.  colored
acido-basics reactions, explosives reactions with hy-
drogen and oxygen, fast crystallization) and explains
fundamentals of chemistry, which we can watch every
day around us in common life.

3.1.3 The Adventure Optics
Structure of lectures:

e Trailer: Advertising trailer (it is manly for the
teachers and students to have some idea what the
(optics) lecture is about). We have prepared two
trailers, for geometrical optics ’Autopsy of the eye’
and for wave optics 'Blue sky — Scattering of the
light’.)

e Lecture

1. An introduction into the basic terms and jar-
gon used in the field of physics (it can serve to
refresh memory of those who has some previ-
ous knowledge and introduce new words and
concepts to fresh students)

2. Application, explanation about the use of the
optics in the arts, technology and military
use, also in the nature. We show them appli-
cations of laws of optics in everyday life.

3. Reinforcing the gained theoretical knowledge
by short but spectacular experiments, un-
derline the use of the optics in everyday life

events. For example, to show the boundary
of geometrical optics an experiment with the
use of two polarised filters and optically ac-
tive substance (in this case my glasses with
the hardened plastic lenses and cellophane,
which has mysterious influence on students
because they could not understand yet the
laws and phenomenon of the optics and they
are lost to explain the observed experiment.
Similarly, in the wave optics, the observation
of fluorescence in the glass with the tonic il-
luminated by UV LED diode and comparison
with the same glass filled only with the water
(Ledvinka, 2007).

e After lecture. The printed materials will remind
student of the experiments they witnessed and in
addition, it will point into everyday application
of the optics. Those printed materials follow the
structure of the lecture, using the appropriate and
correct terms and jargons, then the application
and evaluation. However, those materials do not
attempt to replace any textbooks or lessons. I
am preparing the file of all experiments for my
co-workers which ones are used.

4. Conclusion

Our experience evince interest of general public
about natural sciences. School children can be cap-
ture by science too but they need an attractive form of
natural sciences.

This text did not pass stylistic revision and grammar
check.

Acknowledgements. The authors are thankful to
anybody who has read this contribution to the end.
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ABSTRACT. The astronomy can be an ideal
vehicle for extending the informal education. The
planetariums can be the appropriate choice for an
extended education. The science of astronomy has a
great advantage over other disciplines and all those
attributes can be fully utilised in creation of an
educational programs for students and general public.
The following article will describe how The Nicholas
Copernicus Observatory and Planetarium in Brno
dealt with some aspects of the astronomical education.
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1. Introduction

Welcome to the world of dreams, of stars, of planets
— welcome to The Nicholas Copernicus Observatory
and Planetarium in Brno, Czech Republic — European
Union.

2. Astronomy as Instrument of Populariza-
tion

The astronomy can be an ideal vehicle for extend-
ing the informal education. The planetariums or mu-
seums can be the appropriate choice for an extended
education. The science of astronomy has a great ad-
vantage over other disciplines; the starry sky is familiar
to every human. Even blinds can see stars in our in-
stitution because we have got a haptic planetarium.
As humans, we are deeply moved by sunrise and sun-
set or the dark heavens with twinkling stars. Sun and
Moon eclipses, despite our education can have a pro-
found effect on us humans as it has on the builders of
the Stonehenge. Therefore, the astronomy combines
the poetic emotional side with the natural science. In
addition, astronomy is a good example of the inter-

disciplinary science. All those attributes can be fully
utilised in creation of an educational programs for stu-
dent and public at large. The following article will de-
scribe how The Nicholas Copernicus Observatory and
Planetarium in Brno dealt with some aspects of the
popularization of science. Most of our activities are
not only about creating programs about astronomy or
observations, but also, for example, additional educa-
tional programs about the experiments in the field of
optics. Where else can students find a better practical
application about the optics, then here, at the plan-
etarium! Astronomy can be, in this case, an instru-
mental tool helping to explain the laws of the optics
(generally physics) to the students (Ledvinka, 2005a).

The Nicholas Copernicus Observatory and Planetar-
ium is in Brno in the southeast of the Czech Republic.
It is almost inn the centre of the city, which makes it
easily accesible for tourists, school trips and members
of the public.

Our main focus is on educating and informing the
public about astronomy. We stage astronomical obser-
vations, audiovisual performance for schools and gen-
eral public, exhibitions and give lectures on optics for
elementary and high schools.

On the list of the multi-visual performances for the
public you will find programmes aimed at a modern
survey of the solar system structure and a study of re-
mote areas of the universe at the observation satellites,
the ancient history of Brno, etc. We must not forget
to mention our foreign language programmes, produc-
tions and performances for people with visual impair-
ment. The pleasant environment of the main plane-
tarium, which includes top audio-visual technologies,
is also very convenient for various commercial presen-
tations, seminars and formal events.

At the Brno observatory we have several types
of telescopes on disposal, beginning with portable
apparatuses up to lenses of 15 or 20 centimetres
in diameter. The attractions of the evening sky
can be examined with assistance from staff at the
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observatory. Our visitors will be able to see the
moon, some of the planets and, naturally, also distant
objects in the universe, such as double stars, star
clusters, nebulae and galaxies. One can also observe
the actual sun in detail by means of a projection of the
sun onto a large screen by specially adapted telescopes.

2.1. Astronomical Education

We offer a lot of astronomical shows for general pub-
lic in planetarium dome. People can see the sky at day
and at night. Visitors can come along observe Sun at
day and they can see planet, nebulas, stars and con-
stellations in the evening. The Advanture Science is a
special serie of science show. The lecturer is showman
with excellent knowledge of physics and other natural
sciences. These shows show Physics and Chemistry as
attractive natuaral sciences for everyone.

e The Adventure Physics (Tyc, 2006) is first part
of the series The Adventure Science. The lecturer
shows some amusing experiments from mechan-
ics, thermodynamics, acoustics, optics and elec-
tromagnetism.

e The Adventure Chemistry (Pisala, 2006) is sec-
ond part of the series. The lecturer shows some
amusing experiments from chemistry.

We had a great success with those programs (The
Adventure Physics and The Adventure Chem-
istry), which during its fourteen performances
were visited by 3000 visitors (Pokorny, 2001; Led-
vinka, 2005a).

2.1.1 Astronomical Education For the Schoolable
Public

For pupils we have prepared a lot of audio-
visual performaces with astromomical themes
(www.hvezdarna.cz) (e.g. Sun forgotten star, Rare
Earth, Moon hoax, etc).

The Adventure Optics is special lecture for students
of elementary and high schools. This physical show
demonstrate elementary laws of optics in amusing way.
This show the great response from the schoolabele
public. The Adventure Optics was visited by 3400
pupils in last year (Ledvinka, 2007).

2.1.2 E-learning For Everyone

Astronomical courses was prepared for a long time
but the attendance became fall down recently. Hence
we have prepared Internet astronomical course for
everyone (Pokorny, 2006). Name of this course is
Vademecum — The Guide of the Universe. Participants
of the course graduate ten lessons from astronomy.
Their knowledge are test. The participants can use
consult of our staffers.

3. Conclusion

e Our experience evince interest of general public
about natural sciences especially astronomy:.

e School children can be capture by science too but
they want an attractive form of natural sciences.

e And this is our duty.
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ABSTRACT. We present photometry of the asyn-
chronous polar Nova Cygni 1975 = V1500 Cyg in
2005-2006. The brightness of star in R in the 2006
was increased on 0.53™ in comparison with 2005. We
constructed and analyzed the light curves of V1500
Cyg in the all intervals of phases of the cynodical
cycle. Based on the photometric observations during
2005-2006 yrs, we confirmed that a modulation with
the beat period is present (amplitude = 0.3™). The
orbital O-C shown of dependence from phases of beat
period in minima and maxima, that point to existence
of additional asymmetric irradiation. At the beat
phase 0.73 we found that the profile of the ”orbital”
light curve of V1500 Cyg differs from the ordinary
profile of orbital light curve caused by the reflection
effect.

Key words: Stars:
individual: V1500Cyg.

binary: cataclysmic; stars:

1. Introduction

Nova Cygni 1975 (V1500 Cyg) is the fast nova.
V1500 Cyg is the only recognized Nova and asyn-
chronous polar. In its post-nova state (R = 17.5™ -
20™) V1500 Cyg displays two prominent photomet-
rical periods: the orbital period P1 = 0.1396129 day
(Semeniuk et al., 1995) and the beat (synodical) period
P2 = 8.4 day (Pavlenko et al, 2002). The orbital light
modulation is caused by the strong reflection effect
from the heated side of secondary arising as a result
of the irradiation by the hot white dwarf. The early
investigations of the asynchronous polar V1500Cyg
(Pavlenko, 2003) shown that amplitude of the beat
modulation has been changed from 0,5™ to vanishing
small in 2000 - 2002. The beat profile also varied from
one-humped to the two-humped shape for different
years, pointing to the one-pole or two-pole accretion
onto the white dwarf. We considered the pequliarities
of V1500 Cyg behavior in 2005-2006 yrs in different
beat phases.

2. Observations

The present CCD R observations of V1500 Cyg
have been carried out in the Crimean astrophysical
observatory in the primary focus of the 2.6-m Shajn
telescope and with the 1.25 meter ZTE telescope of the
Crimean Laboratory of the Sternberg Astronomical
Institute in 2005 - 2006.

3. Results

3.1. Beat period

For all data we calculated the phases of beat period
using ephemeris:  HJD=2452370.30+8.438E. The
original data folded on the beat period are presented
in Fig.1 (upper panel). The scattering is caused by
the orbital light modulation. Some of the nightly
observations of 2005 are on the identical beat phases
with data of 2006 but are systematically brighter
on 0.53™, possibly caused by the mean brightness
increase. It is clearly seen in the middle panel of Fig.1,
where the averaged data are given. Suggesting this,
we shifted data of 2006 on the 0.53™. The all data
normalized to the mean for 2005 year level are shown
in Fig.1 (the lower panel). Despite the some scattering
we have seen that the beat modulations is present but
with respectively small amplitude 0.3™ similarly to
the beat amplitude detected in 2002. The observations
are in the agreement with one-hump model.

3.2. Atypical orbital light curve

The typical orbital light curves of V1500 Cyg resem-
ble the curves caused by reflection effect. However the
times of maxima and minima could be slightly shifted.
Sometimes the deviation from the typical profile could
be observed. In Fig.2 we show the example of the
orbital light curve (21 October 2006) with a 0.4™ -
bump in the vicinity of minimum. This light curve we
observed at the beat phase 0.73.
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3.3. O-C

We calculated the times of minima and maxima of
the V1500 Cyg brightness variations in R using the
Pogson’s method of chords. They age given in Table
1. The O-C was calculated using the ephemeris:

HJD (min) = 2453534.430+0.139613«E

HJID (max) = 2453534.369+40.139613%E

The dependence of orbital O-C on the phase of beat
period is presented in Fig.3. One could see that O-C
display the same sine-like dependence on the beat
phase. The times of maxima are of the better accuracy.
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Figure 3: The dependence of orbital O-C on the phase
of beat period. Minima are marked by open circles and
maxima - by filled.

Table 1: Timings of Maxima and Minima for V1500
Cyg in 2005-2006

JDHel(max) JDHel(min)
53534,369 53534,430
53560,479 53560,428
53562,438 53585,400
53585,471 53587,500
53612,418 53612,350
53613,365 53654,368
53615,320 53683,260
53683,191 54062,320
54062,383 54063,150
54064,200 54064,720
54065,169 54065,400

0,01 N

0,14 A A

°,®

202 00 02 04 06 08 10 12 14 16 18 20 22

Beat Phase

Figure 1: The 2005-2006 R-band data folded on the
current 8.438 day beat period. Data of 2005 are marked
by black squares and data of 2006 - open triangles.
Upper panel: original data; middle panel: averaged
data; lower panel: normalized averaged data.
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Figure 2: The orbital light curve showing strong dis-
crepancy with reflection effect.

3. Conclusion

We have shown that the orbital light curve some-

times appears in the form differ from the pure reflec-
tion effect. The O-C residuals display the dependence
on the beat phase.

There could be two reasons, which promote appear-
ance of the O-C variations:

1. The asymmetric and beat pase-depending heating
of the red dwarf by the asynchronously rotating source
of irradiation (accretion columns)

2. The "orbiting debris” around white dwarf may
absorb an ultra-violet radiation of the white dwarf and
reduces its heating effect on the secondary.
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ABSTRACT. On the base of the combined method,
consisting of the Sasao, Okubo, Saito (1980) approach
with the iteration procedure, allowing couple finite
element method with the solution of the Laplace
equation, it have evaluated the influence of outer
core viscosity on the components of the earth forced
nutation. It was derived, that outer core viscosity
actually doesn’t have influence on the in phase nuta-
tion components, but this influence can reach some
percents for out of phase nutation components, if
we suggest the average value of the outer liquid core
viscosity is the order of 10'0 Pas.

Key words: Nutation: viscosity of outer core: finite
element method.

1. Introduction

Still, it is absent certain opinion about the value of
outer core viscosity and it’s distribution. The eval-
uations of the average outer core dynamic viscosity,
detected by different methods: astro-geodesic, seismic,
geomagnetic, methods of melting metals, have scatter-
ing from 10~! to 10'* Pas. Probably, this scattering
have place due to different approaches. But analysis
of the approaches permits pick out the order of the
most coordinated average viscosity value about 10'°
Pas. As for law of outer core viscosity distribution, in
present time dominates conception: outer core consists
on melting metal of the high-viscosity from 10* near
mantle boundary to 10'# Pas into inner core boundary
layer of 100 km width [1]. In the Sasao, Okubo,
Saito (1980) [2] generalization the tidal variations
of the moments of inertia of the elastic mantle and
of the fluid core are accounted being parameterized
with the help of so called compliances k¢,e,Oec-
This compliances may be expressed in terms of the
static and dynamic Love numbers k of the second
order for the earth and the outer core respectively.
Such parametrization also permits to calculate the
dissipative effects of the outer core by using imaginary
parts of the compliances [3]. In this paper on the base
of the combined method [4-6] we have detected the
forced nutation of the rotating, self gravitating earth,

which consists on elastic mantle, viscosity outer core
and solid inner, without calculation of the ocean and
atmosphere loadings.

2. Formulation of the problem

In the common case, the molecular liquid viscosity
be quit of the shear viscosity 75 and volume viscosity
7,. Because the shear viscosity n, plays the main role
in the dissipative processes in the case of the toroidal
oscillations of the liquid core due to precession-nutation
movements of the earth, so we shall consider only this
viscosity component. As the influences of the inner
core dynamics on the Love number k of the second or-
der are vanishing small, so using of the SOS (1980)
approach for detecting of the nutation parameters is
enough. Following this approach, we shall define the
complex compliances of the earth, consisting on elastic
mantle, viscous liquid outer core and inner solid core in
the spherical quasi-statical approximation. In this case
we have two quasi-statical equations for elastic mantle
and viscous liquid core, presented in the Tisserand ref-
erence system (X, Y, Z):

0 = grad(Ve + ¢n + Viurg(R)) —

1
—divigradW + ;divPlg

1
0=grad(Ve + ¢n + ¢pc+ V1) + ;ding. (1)

Where @ - displacement vector; V, = vQ?(zzcosot +
yzsinot) - tesseral part of tidal wave potential, v - it’s
amplitude; ¢,, = —eQ?(xzcosot + yzsinot) - changing
of centrifugal potential due to nutation; € - polar mo-
tion radius of tidal wave; Vi = v Qz(zzcosat—l—yzsinat)
- changing of gravitation potential due to earth deform-
ing, 71 - it’s amplitude; ¢. = —B3Q?(xzcosot+yzsinot)
- changing of centrifugal potential due to earth core
rotation; (3 - polar motion radius of core rotation; €2
- angle earth velocity; W - self gravitation potential;
p - density; o - frequency of the tidal wave; R - earth
point radius; up - radial displacement; g(R) - gravity
acceleration; Pp, P> - changing of stress tensors in the
elastic mantle and viscous liquid core respectively. Let
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us suggest, that oscillations into the liquid core are go-
ing with the tidal wave frequency o, also suggest the
absence of the earth surface loads, make up Lagrange
functionals. Those functionals express the full energy
of the elastic mantle and liquid core in the cylindric
coordinate system (z, r, ), here axis r coincide with
the Tisserand axis Z:

E, = 7r/ [Ci(e2, + &}, +ely,) +4Cael, +
Fy
+ 2C5(e228rr + €2280p + ErrEyy)|rdzdr —

- 7r/ [2(y — € +71)Q%rw + w(a—wcosa +
F, 0z

+ 2%31’7104)9(1%) + 2w(wcosa +
ow
0z

ou 9
+ Z(E))g(R)cosa +2(y —e+71)Q%zu+

+ 2usina)gpcosa — 2w(— +

0 0
+ u(2—wcosa + a—zsina)g(R) + 2u(2wecosa +

ar
0
+ usina)gpsina — 2u(2a—z§ +
0
+ a—:t + %)g(R)sina}prdzdr; (2)

E, = 7T/ [Cy(e?, + €2 + E?w) +4C5e2, +
F

s

+ 2C6(€ 226 + €22€pp + ErrEypy)|rdzdr —
—7r/ [2(7—6—5+71)§22rw+
Fy

+2(y — € — B+ 1) Q%2uprdzdr. (3)

Here C} = K + %,Cg =pu,Cs =K — 2?“ - real coeffi-
cients; Cy = Ky + 4i§"5,05 =ions,Cs = Ky — 2’%’7 -
complex coefficients; u, K - shear and compress mod-
ules of the elastic mantle; Ky - compressibility of the
liquid core; ms - shear dynamic viscosity of the lig-
uid core; 7 - imaginary unit; €;; - deformation com-
ponents; w, u - displacement components along z, r re-
spectively; Fy - meridional cross section area of the
earth; cosa = %, sina = . For resolving the system
equations (1), without calculation of the surface loads,
the finite element method is using. This method is
based on the variational Lagrange principal, express-
ing the minimum of the full system energy, tends to
resolving system of variational equations, such as:

SEy = 0;0Ey = 0. (4)

The detailed description of the finite element resolving
problem is presented in the publications [4,5]. But
the finite element only, doesn’t permit to calculate the
earth gravity field relaxation due to it’s deforming.
For resolving this problem we will use Wu (2004)
approach [7]. As earth deforming potential V; is

harmonic function, so it must satisfy to Laplace equa-
tion. Another hand, exactly resolving of the Laplace
equation can be defined from the radial displacements
u, on the heterogeneity layer boundaries of the earth.
The radial displacements can be detected by the finite
element method [4]. The combined resolving of the
problem is realizing during for iteration process:

1)firstly, the finite element problem is realizing for
Vi = 0, as a result, the radial displacements w, are
defined;

2)the meanings of the earth deforming potential V3
are defining from the detected radial displacements ..
on the base of the Wu formalism [7];

3)then, presented here procedure repeats with the
calculation of the defined meanings of the potential
Vi

4)the iteration process is continuing till of the con-
vergence of the results of the resolving problem; as
calculation shows, the convergence have been gained
after 4 - 6 iterations.

3. The definition of the earth forced nutation
with the calculation of the outer core viscosity

The retrograde and prograde circular nutation com-
ponents in phase and out-of-phase are detected by for-
mulas [8]:

1 . * .
7]"' = —5(67« + \Ilrslneo)(ZT) = BE - ZB?; (5)
r
o N
n :_5(67’_\1’7‘87’”60)(__):BR_ZBI’ (6)
M

Where ¢ - ecliptic obliquity; BE, B and B?‘, B} - are
retrograde and prograde circular nutation components
in phase and out-of-phase respectively; the meanings
of nutation for rigid earth in the obliquity €, and in
the longitude ¥, were took from Kinoshita (1977) the-

ory [9]. The relative amplitudes of the retrograde %

and prograde Z; circular nutation components were
defined on the base of the combined method [4-6] with
the calculation of the crossing from polar motion to
nutation coordinates:

Ag eQ? Yo o Ye— Keo +
= — ]_ = Jge 0 ®
(o) A 0(0—00)[ e + e Q I+

eN? Ke)
_ 7
+[0'(O'+Q) cr]’ (™

A

aoz—A—(ef—ﬁc)Q—Q; (8)

kRSO KR30? KRS0

o= 36a e a4, T 3aa, Y
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Here e, ey - ellipticities of the earth and outer core
respectively; A, A,,, Ay - the main moments of inertia
of the earth, mantle and outer liquid core; o - the near
diurnal resonance of the liquid core frequency; R., Ry
- radiuses of the earth and liquid core respectively;
G - gravitation constant. The complex, due to liquid
core viscosity, static Love numbers of the second order
for the earth and liquid core: kg, k/ were defined on
the base of above presented iteration procedure under
static conditions: v — e = 1,0 = 0, from the formulas:
ko = m(Re),k] = 7 (Ry). There vi(Re),71(Ry) -
are complex amplitudes of the gravitating potential
Vi on the earth and liquid core surfaces respec-
tively. The complex dynamic Love numbers: khklf
were defined analogically under dynamic conditions:
v—¢€=0,0=1. Then complex compliances: k., Y., ¢
were detected by the formulas (9). As for typical liquid
core viscosity values the imaginary part of the 3. pa-
rameter become vanishing small, so we have neglected
by one and have considered only real part of the liquid
core resonance frequency g (8). At the detection iter-
ation process ten layer earth model, obtaining on the
base of the standard earth "PREM” - model, was used.
The obliquity and longitude nutation components in
phase and out-of-phase can be defined by the formulas:

€r = —Bp — BE;\IIRsinEO = By — BE;

€1 = By — B} ;U sineg = By + B . (10)

The meanings of the retrograde and prograde circle
nutation components in phase and out-of-phase for:
18.6 - year, annual, semiannual and fortnightly terms
in milliseconds are presented in the Table 1. The
meanings were obtained by combined method for
rotating, self gravitating earth, consisting on the
elastic mantle, viscosity outer liquid core and rigid
inner core, without calculation of the ocean and
atmosphere loadings. It was considered 2 variants:

a)the variant of the homogeneous viscosity liquid
core with the characteristic shear dynamic viscosity
equaled 10'° Pas;

b)the variant, which calculates the outer-inner core
boundary layer of 100 km width, with the viscosity
value of the order 10 Pas, in the rest part of the
liquid core we choose the average viscosity value of
the 10% Pas.

For comparison, there are respective meanings of
the nutation components, presented by modern
nutation theory - MHB (2000) [10], at this table.
The comparison shows, that viscosity effect of the
liquid core actually doesn’t have influence on the
in phase nutation components, another hand this
influence may reach some percents for the out-of-
phase nutation components if we suggest the average

liquid core viscosity value is equal 10' Pas. Also
the comparison of the results, obtaining on the
base of two above considering variants (a) and (b),
tends to suggestion, that value of the order 10'° Pas
is the top boundary of the average liquid core viscosity.

Table 1: The retrograde and prograde -circu-
lar nutations in phase and out-of-phase, pre-
sented for main nutation terms in milliseconds.
Parameters (a) (b) MHB-2000
phase in in in

out of out of out of
18.6-year

nt -1181.1903 -1181.1903 -1180.3727

-0.0028 -0.0005 -0.1035

n- -8021.8201 -8021.8201 -8024.8023

0.0223 0.0037 1.4295
annual

nt -31.3005  -31.3005  -33.0475

0.0047 0.0008 0.3395

n- 25.6561 25.6561 25.6475

0.0005 0.0001 0.1365
semiannual

nt -24.5802  -24.5802  -24.5590

-0.0014 -0.0002 -0.0453

n- -549.0812  -549.0812  -548.5020

-0.0151 -0.0025 -0.5043
fortnightly

nt -3.6401 -3.6401 -3.6417

-0.0001 -0.0000 -0.0153

n- -94.0103  -94.0103  -94.1722

0.0047 0.0008 0.1477
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ABOUT INFLUENCE OF LATERAL HETEROGENEITIES IN
THE EARTH UPPER MANTLE ON THE LOVE NUMBERS FOR
DIURNAL TIDES

M.V. Lubkov
Poltava Gravimetrical Observatory of NASU, Poltava 36029 Ukraine, pgo@poltava.ukrtel.net

ABSTRACT. On the base of the combined method,
consisting of the Sasao, Okubo, Saito approach with
the iteration procedure, allowing the coupling of the
finite element method with the solution of the Laplace
equation, it was defined the influence of the horizontal
heterogeneities in the upper mantle on the diurnal
Love and Shida numbers of the second order. It
was determined, that maximum deviations due to
such heterogeneities can reach 0.5 percent for Love
numbers k and h, for Shida number - 1 the deviations
don’t depend from the tidal wave frequency and
approximately make up 0.2 percent. For evaluation of
the accuracy of the suggested method it was carried
out the comparison of the Love numbers k for the
main diurnal tides, obtained on the base of the PREM
- earth model, with respective results of Mathews,
Buffet, Shapiro (1995) and Dehant (1987).

Key words: Diurnal Love numbers : lateral hetero-
geneities of the upper mantle: finite element method.

1. Introduction

It is known about availability of the lateral het-
erogeneities in the earth upper mantle for a long
time. The investigations of the earth surface wave
propagation, started at the beginning of the last
century, had permitted to discover horizontal het-
erogeneities of the upper mantle. The existence of
this heterogeneities is the main factor, which makes
difficulty on the detailed study of the upper part of the
earth structure by the surface wave methods. So it’s
not wonder, that so far quantitative investigations of
the horizontal heterogeneities of the earth upper part,
so it’s rest part, are on the initial state. The grave
seismic investigation of horizontal heterogeneities of
the upper mantle in the Tibet plate region was made
by Woodward, Molnar (1995) [1]. The authors went to
conclusion, that Tibet plate is the most significant by
the depth and stretch of the horizontal heterogeneities
of the upper mantle. At this region the width of
continental lithosphere approximately two ones large

then normal continental lithosphere width, stretches
out more then 2000 km. It tends to the forming of
the lateral heterogeneities with depth from 250 to 300
km in the upper mantle. It’s arise the question, how
much similar anomalies influence on the such earth
global characteristics, as the Love and Shida numbers.
Because it’s very difficult to give strict answer on
this question, so we have modeled the influence of
horizontal upper mantle heterogeneities similar that,
described in the work [1], on the diurnal Love and
Shida numbers of the second order. For the evaluation
of the accuracy of the suggested method it was carried
out the comparison of the Love numbers k for the
main diurnal waves, obtained on the base of spherical
symmetric earth model PREM, with respective results
of Mathews, Buffet, Shapiro (1995) [2] and Dehant
(1987) [3].

2. Combined method resolving of the prob-
lem

As in further we shall consider the Love and Shida
numbers of the second order in the diurnal range of
tidal waves, so we can neglect by influences of the in-
ner core dynamics [2] and use the approximate Saso,
Okubo, Saito (1980) approach [4]. Following this ap-
proach, we shall define the complex compliances of the
earth, consisting on the elastic lateral heterogeneity up-
per mantle, liquid outer core and inner solid core in the
spherical quasi-statical approximation. In this case, we
have two quasi-statical equations for elastic mantle and
liquid core, presented in the Tisserand reference system
(X,Y,Z):

0 = grad(Ve + ¢, + Viurg(R)) —

1 ”
—divtigradW, 4+ —divPy;
P

1 ~
0=grad(Ve + ¢n + ¢+ V1) + ;diva. (1)

Here @ - displacement vector; V, = vQ%(wzcosat +
yzsinot) - tesseral part of tidal wave potential, v - it’s
amplitude; ¢,, = —eQ?(zzcosot + yzsinot) - changing
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of centrifugal potential due to nutation; € - polar mo-
tion radius of tidal wave; Vi = v,Q2(zzcosot+yzsinat)
- changing of gravitation potential due to earth deform-
ing, 71 - it’s amplitude; ¢, = —BQ?(xzcosot+yzsinat)
- changing of centrifugal potential due to earth core
rotation; 3 - polar motion radius of core rotation; €
- angle earth velocity; W, - self gravitation potential;
p - density; o - frequency of the tidal wave; R - earth
point radius; ug - radial displacement; g(R) - gravity
acceleration; 151, 152 - changing of stress tensors in the
elastic mantle and liquid core respectively. Suggest-
ing, that oscillations into the liquid core are happening
with the tidal wave frequency o, also suggesting the
absence of the earth surface loads, make up Lagrange
functionals. The functionals express the full energy of
the elastic mantle and liquid core in the cylindric co-
ordinate system (z, r, ¢), here axis r coincide with the
Tisserand axis Z:

E, = 7r/ [Bi(e2, + €2, + 539«9) + 4Bye?, +
F

s

+ 2B3(€,26rr + €22E0p + ErrEpy)|rdzdr —

0
— 7r/ [2(y — € +71)Q%rw + w(a—lzucosa +

s

0
+ 2—usina)g(R) + 2w(wcosa +

0z
+ 2usina)gpcosa — Qw(a—w +
0z
ou 9
+ 2(5))9(]%)00504 +2(y —e+ 1) zu+
+ u(Q?:)—q:cosa + %sina)g(R) + 2u(2wcosa +
+ usina)gpsina — 2u(28—w +
0z
ou u .
+ o + ;)g(R)sma]prdzdr, (2)

Ef = 7"/ [B4(5§z + E?T + €i¢) + 234(5zz5'rr +
F.

s

+ €2280p + ErrEpy)|rdzdr —

—7T/ [2(y — € — B+ m)Prw +

s

+2(y — € — B+ 7)) zulprdzdr.  (3)

Where By = K +2£; By = ji; B3 = K — 2, By = K3
1, K - shear and compress modules of the elastic man-
tle; Ky - compressibility of the liquid core; ;5 - defor-
mation components; w,u - displacement components
along z,r respectively; Fys - meridional cross section
area of the earth; cosa = %, sina = 5. For resolving
the system equations (1), without calculation of the
surface loads, the finite element method is using. This
method is based on the variational Lagrange princi-
pal, expressing the minimum of the full system energy,
tends to resolving system of the variational equations:

§Ep = 0;6E; = 0. (4)

The detailed description of the finite element resolving
problem is presented in the publications [5,6]. An-
other hand, the finite element only, doesn’t allow to
calculate the earth gravity field relaxation due to tidal
earth deformations. For resolving this problem we
will use Wu (2004) approach [7]. As earth deforming
potential V7 is harmonic function, so it must satisfy
to Laplace equation. Another hand, exactly resolving
of the Laplace equation can be derived from the
radial displacements wu, on the heterogeneity layer
boundaries of the earth. The radial displacements can
be detected by the finite element method [5]. The
combined resolving of the problem is realizing during
for iteration process:

1)firstly, the finite element problem is realizing for
Vi = 0, as a result, the radial displacements u, are
defined;

2)the meanings of the earth deforming potential V;
are defining from the detected radial displacements wu,
by the Wu formalism [7];

3)then, presented here procedure repeats with the
calculation of the derived meanings of the potential
Vs

4)the iteration process is going on till of the con-
vergence of the results of the resolving problem; as
calculation shows, the convergence have been reached
after 4 - 6 iterations.

3. The detection of the diurnal Love and
Shida numbers with the calculation of the
upper mantle heterogeneities

The diurnal Love and Shida numbers of the second
order, following to the SOS (1980) approach [4], were
detected by formulas:

k h l
kot 20—y Oy DO
—€ v —€ v —€
Ke T A n
= 1——— r —_— ;
e LA P gt
A Q—n Ye Ye — Re N
= 1= 5)ers
p Amn—no( e + e Q)e
e)
Gr—Q n’Y;no ——m(ef—ﬁc)Q» (6)
ko R3O k§ R5Q?
Ke = — 3 Ve = .
3GA 3GA;
[ lBO? . REGOT (7)
© 3GA 7Y 3GA;

Where G - gravitation constant; €, - polar motion
radius for rigid earth; e, ey - ellipticities of the earth
and outer core respectively; A, A,,,A; - the main
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moments of inertia of the earth, mantle and outer
liquid core; m, n, - the circle nutation frequency
and resonance of the liquid core frequency; R., Ry -
radiuses of the earth and liquid core respectively. The
static parameters: ko, k(f; , ho, lp - were defined on the
base of above presented iteration procedure under the
static conditions: v —e = 1,3 = 0, from the formulas:
ko = F1(Re), k§ = 71(Ry),ho = ir(Re),lo = iir(Re).
There 41 (Re),71(Ry) - are undimensioned amplitudes
of the gravitating potential V7 on the earth and
liquid core surfaces respectively; ur(R.), i, (R.) - are
undimensioned amplitudes of the radial and tangential
displacement on the earth surface respectively. The
dynamic parameters: kq, k{ ,h1,ly - were defined ana-
logically under dynamic conditions: v —e = 0,3 = 1.
Then compliances: k¢, Ve, (e, B were detected by the
formulas (7). At the detection iteration process ten
layer earth model was used. For the counting out of
modeling of the lateral upper mantle heterogeneities
the spherical symmetric earth model PREM was chose.
Following to conclusions of the work [1], it was made
suggestion, that power of the continental lithosphere
in the region of the horizontal anomaly reaches 250
km. As horizontal dimensions of the upper mantle
anomaly, the values: 1000 and 3000 km were took.
In the Table 2. the meanings of the Love and Shida
numbers of the second order for the main diurnal
tidal waves, obtained on the base of the PREM model
and with calculation of considering above horizontal
anomalies, are presented. The comparison of the table
data shows, that maximum deviations of such upper
mantle heterogeneities for the Love number k change
from 0.07 percent for the waves, distant from the
liquid core resonance frequency ng, to 0.5 percent for
the tidal wave ¥y, for the Love number h from 0.03 to
0.5 percent. For the Shida number 1 - the deviations
don’t depend from the tidal wave frequency and
approximately equal 0.2 percent. For the evaluation of
the accuracy of suggested above combined method, the
comparison of the Love numbers k of the second order
for the main tidal waves, obtained by this method
on the base of PREM model, with respective results
of Mathews, Buffet, Shapiro (1995) [2] and Dehant
(1987) [3] are presented in the Table 1.

Table 1: The Love numbers k of the second order for
main tidal waves, obtained by the combined method
for the PREM model, also analogical results of
Mathews, Buffet, Shapiro (1995) and Dehant (1987).

Tidal waves Comb. method MBS  Dehant
O, 0.2951 0.2962 0.2958
My 0.2940 0.2950 0.2945
Py 0.2841 0.2848 0.2850
S1 0.2773  0.2766 0.2783
K 0.2535  0.2537  0.2547
0y 0.4667 0.4662 0.4667
004 0.2977  0.2989 0.2985

Table 2: The Love and Shida numbers of the
second order for main tidal waves, obtained by
the combined method on the base of the spher-

ical symmetric earth model PREM, also with
calculation of the upper mantle heterogeneities
of the order 1000 and 3000 km respectively.
Tidal waves PREM 1000 km 3000 km
O,

k 0.295093  0.295160  0.295293
h 0.597420  0.597486  0.597619
1 0.0837803  0.0838468 0.0839797
Py

k 0.284098  0.284167  0.284305
h 0.575715  0.575783  0.575919
1 0.0844556  0.0845203  0.0846498
Sy

k 0.277294  0.277367  0.277513
h 0.562282  0.562357  0.562507
1 0.0848735  0.0849370  0.0850640
165.545

k 0.256157  0.256257  0.256457
h 0.520556  0.520679  0.520926
1 0.0861716  0.0862304 0.0863481
K,

k 0.253455  0.253560  0.253770
h 0.515221  0.515354  0.515619
| 0.0863376  0.0863957  0.0865120
165.565

k 0.250363  0.250474  0.250696
h 0.509117  0.509261  0.509549
1 0.0865275  0.865848  0.0866995
U,y

k 0.466626  0.467409  0.468975
h 0.936045  0.937565  0.940606
1 0.0732452  0.0732927 0.0733877
D,

k 0.324854  0.324943  0.325122
h 0.656171  0.656289  0.656525
1 0.0819524 0.0820218 0.0821606
00,

k 0.297658  0.297725  0.297859
h 0.602483  0.602550  0.602685
| 0.0836228 0.0836896 0.0838232
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ABSTRACT. On high-resolution spectra, obtained
in the Ha region and medium resolution spectra
obtained in the region 4420-4960A together with
radial velocities, which was taken from other pub-
lished sources we analyzed the radial velocities and
calculate orbital parameters of the massive binary
system V622 Per. It is shown that the system has an
orbital period 5.2 days and is a post mass transfer
binary. Temperature of components and an inclination
angle of the system were obtained from light curve
analysis of the ellipsoidal wvariability.  Luminosity
ration of components was found of about 4:1. Ty
and log g for each of components was estimated. It
is shown that primary, less massive but brighter star
is an evolved object that has lost a large part of the
mass during its evolution. Estimations of the primary
chemical composition showed a noticeable enrichment
of products of the CNO cycles such as He/H reach
0.18, the nitrogen is in excess of about 0.5 dex, the
carbon has lower abundances (by 2-3 dex lower) and
the oxygen has 1 dex lower than solar abundance. The
possible evolution of the binary with the known age
17 Myear is discussed.

Key words: Stars: binaries: spectroscopic - stars:
individual: V622 Per; Galaxy: cluster: x Per.

1. Introduction

Presence of massive interacting binaries in open stel-
lar clusters is the useful tool for understanding short-
lived phases of their evolution. Such stars are rare and
each of them requires detail analyses.

Close binaries are powerful tools for testing the stel-

lar structure and evolution models, since the funda-
mental properties of the components (e.g masses, radii,
luminosities) can be accurately determined from the
observation. These systems in young open clusters
provide a way of finding the age, distance, accurate
masses, radii and chemical composition, and show the
way of making a good discriminating test of the phys-
ical ingredients of theoretical models.

During the studying of the hot B stars in young
open clusters h/y Per we found and analyzed the bi-
nary system V622 Per/BD 456°578/ 002371 (Ooster-
hoff, 1937). The star may be a good indicator of veri-
fying the theory of the evolution.

Early spectral type of the star B2III Strom et al.
2005, relatively short orbital period ~5.2¢ (Krzesinsl;i
& Pigulski 1997), presence of emission details in the
spectrum and unusual chemical composition of the
atmosphere (Vranken et al. 2000) mean that the star
is an interacting binary with unknown evolutional
status, but locate in the open stellar cluster y Per of
the known age.

2. Observations and data reduction

Spectroscopic observations of V622 Per took place
over four years from 1997 to 2000 as a part of studying
emission spectrum of the Be stars in the young double
open cluster h and x Per (NGC 869 and NGC 884).
We used the Coudé focus of the 2.6-m telescope of the
Crimean Astrophysical Observatory. The spectral res-
olution was about 30000. The signal-to-noise ratio was
~100. A total of 8 spectra was obtained in the Ha line
and one in the region of the Hel A 6678 A line.

Additionally, as a part of program of studying B and
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Figure 1: Ha line profiles of V622 Per. On the left side
of each spectrum JD and phase of the orbital period is
presented. Intensities of each next spectrum are shifted by
0.25.

Be stars in the open stellar clusters, two medium 2.5A
resolutions of spectra were obtained in the Nesmith
focus of the same telescope. They cover spectral region
between 4420-4960 A. The signal-to-noise ratio of these
spectra was about 100.

The Ha line has complex and it is variable in the
time domain (Fig.1). The most pronounced compo-
nent is a sharp absorption line with large amplitude of
RV variation. Signatures of the broad absorption com-
ponent are also seen on the most part of our spectra.
Additionally, some faint emission line is presented in
the red or blue wings of the line, but some spectra have
no noticeable emission or they are hidden inside of the
absorption profile. Gaussian fitting by three functions
were used to deblend the Ha line profile.

The HeIA6678 A line profile can be seen in Fig.2. Tt
has a single-component line profile without noticeable
emission and some faint signatures of the additional ab-
sorption component in the blue wing of the line. Radial
velocity was measured by fitting of two Gaussian func-
tions with r.m.s. errors 1 and 5 km s~ 'respectively for
strong and hidden components of the line.

The observed blue region of the spectra is presented
in Fig.4. The Hf line profile has no signs of the emis-
sion component on the both of our spectra. The weak
absorption from the secondary is seen in the blue wing
of the line. Radial velocities for the primary compo-
nent, obtained by individual lines deblending and by
cross-correlation methods, have the same radial veloc-

T T T T T T T T T
5}
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Q
§
k|
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Wavelength, kms -1
Figure 2: Line profile of the HeIA6678 A line, obtained

at JDh = 2451094.577

ities.

As it shows at Fig.4, the red wing of the HS line
has broad depression. It was found on all the spectra
of other members of h/y Per cluster, but absent in the
spectra of the standard stars from the list Lybimkov
et al. (2000). It is associated with the interstellar
absorption band with unknown identification (Herbig
1975) and it has a very broad, asymmetric feature.
According to Herbig (1975) wings of the line extend
shortward edge to at least 4870 A and longward to
4909 A . The deepest point is about 4882 A .

3. Radial velocities analysis and orbital
solution

According to the rich BV photometry from
Krzesinski & Pigulski (1997), V622 Per is an ellip-
soidal double system with the orbital period P,., =
5.213240.003%. The large fraction of our RV measure-
ments were obtained from the emission Ha line. Prac-
tically the same velocities of the He I and sharp compo-
nent of the He lines, is obtained in the same night, and
”in phase” variability of the radial velocities, which is
obtained from the Nesmith spectra, allow us to con-
clude that the sharp component of the Ha line mostly
appears in the photosphere of the bright star and can
be used with some caution in solving orbit of V622 Per.

To confirm the value of orbital period derived from
Krzesinski & Pigulski (1997), we used our RV measure-
ments together with the data, which was obtained by
Liu et al. (1989, 1991). Periodogram analyses based on
nonparametric statistics were used for searching pos-
sible orbital period from radial velocities observations.
Only one significant period, close to the value proposed
in the work Krzesinski & Pigulski (1997), was found.

In order to solve spectroscopic orbit we used the FO-
TEL code (Hadrava 1990). Obtained orbit solution is
presented in the Table 1 and its graphical equivalent
is present in Fig.3. As it seen from orbital solution,
V622 Per is an evolved massive system with the less
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Figure 3: Radial velocity variability with the phase of or-
bital period. The filled symbols — orbital velocities of the
primary component, open symbols — RVs of the secondary
component. Filled circles — sharp component of the Ha and
the HeIA6678 A lines. Circles — RVs derived from the Ha
line profile; squares — RVs, obtained from the two Nesmith
spectra and the HeI\6678 A line; triangles — RVs estima-
tions from Liu et al. (1989, 1991) open triangle — ommited
observation Liu et al. (1991)

massive, but more bright primary component. It has
near circular orbit and low value of mass exchange.

We also used the rich BV photometry from
Krzesinski & Pigulski (1997) to perform light curve
analysis. According to the light curve analysis
V622 Per is an ellipsoidal double system, with colder
primary component (73=21000K) and hotter sec-
ondary (75=24000K). The inclination angle of the
system i=43.7° + 2.9.

4. Physical parameters and chemical compo-
sition of the components

Radial velocities and photometrical variability due
to ellipsoidality of the components allowed us to ob-
tain most of the main physical parameters of the double
system with exception of the radius of the components.
The next step of our analysis was to constrain a model
of atmosphere of the components with the goal to es-
timate chemical composition at least more luminous
star.

Temperatures Tcsr of the components were found
from the light curve analysis. Next pair of parameters
log g1 and log g5 of the components can be found from
the equivalent width of the HS line, but only in as-
sumption that gravity one of the components is taken
elsewhere. We should accept that the less luminous
component is still an undeveloped star which position
on H-R diagram is close to the main sequence with
log g=4.0. Then, using luminosity ratio of the com-
ponents 4:1 and photometry index [cl] and [ (took
from Fabregat et al. (1996) and Capilla and Fabregat
(2002)), we found that observed EW of the HS line
satisfied approximation with log g1=3.0 £ 0.5.

Since we had only one high resolution observa-

Table 1: Orbital parameters of V622 Per based on radial
velocity variability

Element Orbital solution
P (days) 5.214294-0.00008
Teonj1 2450661.41+0.2
K (kms™1) 139+6
K5 (kms™h) 99+11
q 1.4040.13
e 0.05+0.04
w® 236+36
v (kms™1) -44+3
72 (kms™1) 12411
Faur (M) 1.46
My sin®i (Mg) 3.0
Mysin®i (Mg) 4.3
aysini (Rg) 14.3
assini (Rg) 10.2

No. of spectra 11 spectrograms

and 3 velocities by Liu (1989, 1990)

tion of the photosphere line HeIA 6678 A this line of
the secondary was heavy blended with the primary
one, we were only able to estimate their rotational
velocities. We obtained Vjsini=60+10kms~! and
Vosini=80+20kms~! for the primary and secondary
components respectively. Rotation velocity of the sec-
ondary seems to be close to synchronization with the
orbital velocity that is in agreement with the relatively
short, less than 1 Myear, time of synchronization after
an active mass transfer (Langer et al.2003)

The last step of our analyses was to determine the
abundance of the elements of CNO cycle. We used
the LTE line blanketing model Kurucz (1993) for solar
abundances with the line formation problem solved by
Tsymbal (1996) in the program SynthV for finding the
basic parameters of the atmosphere of the cold compo-
nent of V622 Per and the estimation of the chemical
composition.

The synthetic spectra were calculate with the pa-
rameters of atmosphere each of the component taken
from our data (Ty = 21000K, log g1=3.0, T5 = 24000K
log g2=4.0, Vsini=60kms~!, Vj,,;,=10kms~!). From
analysis of synthetic spectrum we have found that CNO
abundances of V622Per are far from solar. Nitrogen
lines demonstrate overabundance in comparing to the
normal solar abundance. The oxygen abundance is
noticeable lower to compare to solar. And even on
height-resolution spectra in the Ha region we can not
see the presence of the CII doublet at the A6578 A and
6582 A . The deficiency of the carbon is presented in
the atmosphere of the both of components and should
be et least 2-3 dex.

The quality of our data allowed us to obtain only
estimations of the chemical composition. Abundance
of helium He/H is 0.18, excess of the nitrogen is near
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Figure 4: Medium resolution spectra of V622 Per, obtained in the spectral region 4420-4960 A together with the spectra
of two comparison stars HR6787 from list Lybimkov (2000) and member of h/x Per cluster 002262. The calculated
synthetic spectrum is also shown. Positions of stellar spectral lines with estimated abundances is present together with
interstellar lines (IS). The dashed lines in the region of the blue wing of the Hj line are removed interstellar band.

0.5 dex and deficiency of the oxygen is about 1 dex in
comparison to solar abundances.

5. Evolution status of the system

From our data we can conclude that the less massive
component is evolved, it has left the TAMS which is in
good agreement with those reported in literature, the
more massive one is located between the ZAMS and
TAMS. As it seen from our analysis, V622 Per is Algol
type massive interacting binary with the masses of the
component Mi= 9.0Mg and Ms= 12.8Mg . The less
massive evolved the primary leave of main sequence
and it is on the way to the red gianr stars. Presence
product of the CNO cycle in the atmosphere of the
primary means that it has lost noticeable part of its
outer layers and the part of its possible seen on surface
of the secondary component.

The chemical composition of V622Per is similar with
the composition of 3 Lyr - is well know massive in-
teracting binary with P,p= 12.9 days. Balachandran
et al. (1986) obtained large He enrichment, extreme
nitrogen overabundant and very under abundant the
oxygen and the carbon. Carbon lines are the same as
in case of V622 Per were not found in the atmosphere
of the primary component.
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HOMOGENIZATION OF STELLAR CATALOGUES THROUGH
DATA INTERCOMPARISON
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ABSTRACT. The accuracies of some selected stellar
catalogues of T,g values have been estimated through
data intercomparison. The technique of such esti-
mating developed earlier for triples of catalogues has
been adapted to a set of catalogues. A homogenized
catalogue of Teg values has been produced by weighted
data averaging and compared with some available
data.

Key words: Catalogues; stars: fundamental parame-
ters.

1. Introduction

Catalogues of astrophysical parameters (APs:
Terr,log g, [Fe/H], etc.) provide important information
about the detailed physical properties of each star
observed, which encode the structure, star formation
and chemical enrichment history of the Galaxy. To
make the appropriate stellar samples more represen-
tative, different classification methods are used where
the APs from some selected catalogues are involved to
calibrate spectral or photometric data in large scale
surveys. However the available catalogues are rather
heterogeneous:  there are systematical differences
between the data, the estimates of accuracies of cata-
logues are differing and may be uncertain. The rapidly
growing number of catalogues has imposed a need for
refining procedures of merging catalogues of a kind of
stellar data (APs, photometry etc.) into a respective
mean data homogenized catalogue. A problem is
being considered how to homogenize available stellar
catalogues of APs published by different authors.
Underlying procedures of merging catalogues should
be a statistical weighting of data according to their
statistical accuracies. For homogenization we use the
published internal errors as well as the external errors
of catalogues (the later values may be determined
from data intercomparison). We treat only T.g¢ values
in the present paper.

2. General principles

We try the following approach: to take one chosen
catalogue (both extensive and precise) as a basic cat-
alogue, to combine some selected catalogues into one
scale and to average all data with the weights inversely
proportional to the external errors of catalogues, their
published internal errors are weighted too. The exter-
nal errors of catalogues are determined from data inter-
comparison for triples of catalogues. If there are inde-
pendent catalogues 1, 2, 3 having the stars in common
(the systematical differences are removed), we may cal-
culate the variances of data differences 0%, 675, 635 and
determine the errors of catalogues 01,092,053 from the
variances.

In the present approach we treat the published rms
errors of Tog values from different catalogues as inter-
nal errors (o;,;), the errors of T,g obtained from data
intercomparision are treated as external errors (cey).
To obtain the final Teg for every star (where n cata-
logues are available) we calculate

Z?:l(l/ai)2(Teff,i)
Yie(Lfo)?

With these data a homogenized catalogue of Teg
values may be created.

2 _ 2 2 o
i Uemt,i + Uint,z‘ ) Teff,fznal =

g

3. Selected catalogues and data analysis

Short description of the selected catalogues used in
the present analysis is given in Table 1. The oTcg val-
ues are the published errors which characterize the cat-
alogues; their means (with their standard deviations)
or the presentative o1.g values are given for every cat-
alogue. To deal with more homogeneous o7eg, we in-
troduce some appropriate subsamples of the catalogues
whose published oT.g are within certain intervals of
these estimates (given in the first column of Table 1),
the means of o7.g for the catalogues and for their ap-
propriate subsamples are about the same.

All possible comparisons of the T.g values in these
catalogues by pairs for the stars in common have been
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Table 1: Catalogues of the Tog values with their subsamples used in the present analysis

Reference™®/Subsample N Type of data Method  mean oT.q(K)
1. 10999 V4+2MASS photometry SEDF Method 64 + 14
70 > oTeg > 50 6486 - - 6146
2. 754 17 photometric colors IRFM 67+ 19
80 > oleg > 60 421 - - 70+ 4
3. 420 JHK L photometry IRFM 50 + 16
60 > oTeg > 40 235 - - 47+ 5
4. 189 uvby — 3 photometry synthetic photometry 25
5. 950 R, I, K photometry calibration 46 + 23
70 > 0T > 30 498 - - 544+ 8
6. 1039 spectroscopy, Keck+Lick synthetic spectra 44
7. 465  spectroscopy, H.-Provence line-depth ratios 7T+3
10> 0Ty >4 407 - - 6+2

* 1. Masana et al. (

2006); 2. Ramirez, Melendez (2005); 3. Blackwell, Lynas-Gray (1997);

4. Edvardsson et al. (1993); 5. Taylor (2003a); 6. Valenti, Fisher (2005);

7. Kovtyukh et al. (2004, 2006).

Table 2: External errors of Teg with their deviations for 7 referenced catalogues (their description is given in
Table 1). The last line contains the mean published internal o7 g for the subsamples (or catalogues) taken from

the last column of Table 1.

Cat. 1 Cat. 2 Cat. 3 Cat. 4 Cat. 5 Cat. 6 Cat. 7
external error 5946 7345 5449 454+12 5249 62+10 36410
internal error 61 70 47 25 54 44 6

performed; we have found that the mean differences
are significant in some cases but the dependences of
differences on T, are not significant. We have cal-
culated the sample mean differences and the standard
deviations for every pair of the catalogues (and/or sub-
samples) from Table 1. We use the subsamples instead
of the catalogues when necessary and their data are
treated to calculate the variances of data differences for
each pair of subsamples (or catalogues) for the stars in
common.

With the use of these variances and the technique
presented in Malyuto (1993) we obtain three appropri-
ate external errors of Teg for every triple of catalogues
(all possible triples are analysed). We average the er-
rors obtained with the different riples to obtain the
mean values. The results (the averaged errors with
their deviations) are presented in the first line of Table
2 for all analysed catalogues.

It is interesting to confront the external errors for
stars for the catalogues and the published internal er-
rors (given in the last line of Table 2). These data do
not differ significantly for the photometric data (cata-
logues 1, 2, 3 and 5) but they are rather different in
the cases where we deal with synthetic photometry and
spectral data (catalogues 4, 6 and 7). We underline the
importance to use the external errors in combination
with the published internal errors as some weights in
averaging the Teg values compiled from different cata-
logues.

To produce a homogenized catalogue of the Tog val-
ues, we consider the Masana et al. (2006) data as one
basic catalogue, the averaged data are calculated with
the formulae (1) for the stars which are in common at
least with one other catalogue of Table 1. The results
will be treated in a separate paper.
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ABSTRACT. The history of development of the
Tallinn Public Observatory is described.
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In Estonia, as well as in whole Europe, after the
World War II devastation, few amateur astronomical
data have saved. Since Estonia has lost in this war
10-20 per cent of its population, the amateur astron-
omy needed rebirth. The period just after 1953 may
be considered beeing a time of renascence. Life con-
ditions improved, and the UAGU Tartu Branch (All
Union Astronomical and Geodetical Society) was es-
tablished. Later on its base the Estonian Branch was
created (Estonian Branch of the All Union Astronom-
ical and Geodetical Society).

The triumph of astronomy began at the times when
the first human-mades satellite was launched. Being a
really remarkable achievement, it caused space-related
auphory, so the popularity of astronomy also increased.
A building at Estonia pst 15 (ealier a private observa-
tory) was conferred to amateurs in 1954, and in 1959
(Villmann(1961)) the desicion was made to establish a
new Tallinn Observatory in Hiiu suburb. As strange as
it may seem, the best period in the history of the Ob-
servatory was in 1970-1980. At that time, five research
agsociate positions were available, the time suitable for
observations was used effectively, and a sufficient num-
ber of publications was provided. Amateur astronomy
was also quite popular, and amateurs were participat-
ing actively in research work (Aas and Harvig(2006)).

After desintegration of the Soviet Union and re-
astablishement of the Estonian Republic, financial sup-
port of fundamental studies decreased, as well as the
personnel of the Observatory. At the same time the
value system in the society changed, especially among
the younger people, who’s interests shifted away from
natural sciences. At present moment situation has be-
come more stable and the interest towards astronomy
revives. It is mostly noticeable by organization of pub-
lic astronomical events. Simultaneously, due to eco-
nomical successes of the country, the possibilities to

acquire new equipement are much better now.

Since the need for qualified personnel in exact
sciences increases rapidly, the situation in the public
observatory of Tallinn (which is the Educational
Observatory of the Tallinn University of Technology)
has significantly improved. For example this year

(2007) the university budget for the repair of the
building of the observatory is 300000 €.

Figure 1: Former Edgar Hoppener’s private observtory
as the public observatory in 1955

Figure 2: Ch. Villmann‘s lecture on space exploration
in 1959
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Figure 5: The last picture before reduction of the staft
1992

Figure 4: Observers in 1980
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ABSTRACT. We analyze the relations between the
relative magnesium abundances in stars, [Mg/Fe], and
their metallicities, Galactic orbital elements, and ages.
The relative magnesium abundances in metal-poor
thin-disk stars have been found to systematically
decrease with increasing stellar orbital radii. This
behavior suggests that, first, the star formation rate
decreases with increasing Galactocentric distance and,
second, there was no star formation for some time out-
side the solar circle while this process was continuous
within the solar circle. The decrease in the star for-
mation rate with increasing Galactocentric distance is
responsible for the existence of a negative radial metal-
licity gradient (gradg[Fe/H]=(—0.05 + 0.01) kpc~1)
in the disk. At the same time the relative magnesium
abundance exhibits no radial gradient. We discovered
that in the thin disk there is not only the connection
between age and metallicity, but between age and
relative magnesium abundance also. It is in detail
considered the influence of selective effects on the
form of both age — metallicity and age — relative
magnesium abundance diagrams. It is shown that
the first several billion years of the formation of the
thin disk interstellar medium in it was on the average
sufficiently rich in heavy elements. At the same time
the relative magnesium abundance exhibits no radial
gradient. We discovered that in the thin disk there is
not only the connection between age and metallicity,
but between age and relative magnesium abundance
also. It is in detail considered the influence of selective
effects on the form of both age — metallicity and age —
relative magnesium abundance diagrams. It is shown
that the first several billion years of the formation of
the thin disk interstellar medium in it was on average
sufficiently rich in heavy elements (([Fe/H]) =~ —0.22),
badly mixed (O‘[Fe/H] ~ 0.21), and the average

relative magnesium abundance was comparatively
high (([Mg/Fe]) =~ 0.10). Approximately 5 billion
years ago average metallicity began to systematically
increase, and its dispersion and the average relative
magnesium abundance — to decrease. These properties
may be explained by an increase in star formation rate
with the simultaneous intensification of the processes
of mixing the interstellar medium in the thin disk,

provoke possible by interaction the Galaxy with the
completely massive galaxy-satellite.

Key words: Galaxy (Milky Way), stellar chemical
composition, thin disk, Galactic evolution.

The chemical composition of low-mass main-
sequence stars can be used to estimate the star forma-
tion rate and as the time scale of a chemically evolving
closed system. Thus, for example, the a-elements (O,
Mg, Si, S, Ca and Ti) together with a small number of
iron atoms are currently believed to be synthesized in
the high-mass (M > 10Mg) asymptotic-giant-branch
progenitors of typell supernovae, while the bulk of
the iron-group elements are produced during typela
supernova explosions. Beginning from the paper by
Tinsley (1979), the negative trend in the [a/Fe] ratio
as a function of metallicity observed in the Galaxy has
been assumed to be due to a difference in the evolution
times of these stars. Indeed, the evolution time scale
for typell supernovae is only ~ 30 Myr while low mas-
sive SNe Ia explosions begin only in & (0.5 + 1.5) Gyr.
The higher the star formation rate in the system, the
larger the metallicity at which the knee attributable
to the onset of SNela explosions which result in an
enrichment of the interstellar medium with iron-group
elements, will be observed in the [a/Fe|-[Fe/H] rela-
tion. The lower the star formation rate in the system,
the steeper the further decrease in the [« /Fe] ratio with
increasing total metallicity. If star formation in the sys-
tem is halted altogether then the source of a-elements
(i.e., SNeIl) will vanish and only SNe Ia will enrich the
interstellar medium with iron-group elements; there-
fore the [a/Fe] ratio will decrease suddenly.

Since more than 90% of the stars in the immedi-
ate solar neighborhood belong to the youngest (in the
Galaxy) thin-disk subsystem, the chemical composition
of this subsystem has been studied in greatest detail.
However the sizes of the original samples in all works
were very limited; this is probably the reason why the
results and conclusions are occasionally in conflict with
one another.

Since the published results disagree, analyzing
the relations between the relative abundances of a-
elements and metallicity and other parameters of thin-
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Figure 1: Relation between metallicity and relative
magnesium abundance for the stars of both disk sub-
systems: the crosses and triangles indicate the thin-
disk and thick-disk stars, respectively. The broken
curves represent the median lines of the relations for
the thin (solid line) and thick (dotted line) disks drawn
by eye halfway between the upper and lower envelopes.
The error bars are shown

disk stars based on a much larger statistical material
seems very topical. At the beginning of this work we
analyze the chemical properties of thin-disk stars us-
ing data from our compiled catalog of spectroscopi-
cally determined magnesium abundances (Borkova and
Marsakov 2005). Almost all of the published magne-
sium abundances in dwarfs and subgiants in the so-
lar neighborhood determined by synthetic modeling of
high-dispersion spectra as of December 2003 were gath-
ered in our catalog. This catalog is several times larger
than any homogeneous sample that has been used until
now to analyze the chemical evolution of the Galaxy.

The relative magnesium abundances in the catalog
were derived for 867 stars using a three-pass iterative
averaging procedure with a weight assigned to each pri-
mary source and each individual determination.

Since our main goal is to analyze the relations be-
tween the chemical composition and other parameters
of thin-disk stars, we identified the latter solely accord-
ing to kinematical criteria. The technique for identified
the stars for which the probabilities of belonging to the
thin disk is higher than the probability of belonging to
the thick disk based on the dispersions of the space
velocity components and the mean rotational velocity
of both subsystem at the solar Galactocentric distance
was taken from Bensby et al. (2003).

Figurel shows the [Fe/H]-[Mg/Fe] diagram where
the thin-disk and thick-disk stars are denoted by differ-
ent symbols. We see that the sequence for the thin disk
in the metallicity range (—1.0 < [Fe/H] < —0.4) lies
systematically lower than that for the thick disk. This
suggests that the bulk of the thick-disk stars formed
long before the onset of massive star formation in the
thin disk. The [Mg/Fe] ratio begins to decrease with

a)l

Figure 2: Relation between metallicity and relative
magnesium abundance for the thin-disk stars in two
ranges in mean orbital radii R,, < 8, and > 9.1 kpc.
The broken curves in all panels represent the median
curve for the thin disk. Thin line in panel (b) — straight
regression for stars with [Mg/Fe] < 0.2. Is evident the
decrease of the relative abundance of magnesium in the
metal poor ([Fe/H] < —0.4) stars with an increase in
the radii of the orbits.

increasing metallicity in the thin disk immediately af-
ter the formation of the first stars in it, i.e., from
[Fe/H| ~ —1.0. This is considerably farther to the left
in the diagram than in the thick disk where the point of
a sharp decrease is observed at [Fe/H| ~ 0.5. Hence,
in the metal-poor interstellar matter from which the
first thin-disk stars subsequently began to form, the
enrichment with SNell ejecta was less intense before
this. It is quite probable that such metal-poor matter
with a high relative magnesium abundance came into
the thin disk as a result of accretion from regions with
a different history of chemical evolution. The fast de-
crease in the relative magnesium abundance in the thin
disk as the metallicity increases from ~ —1.0 dex to
~ —0.7 suggests that the star formation rate in it was
initially low but it then suddenly increased, which sub-
sequently led to a attending of the [Fe/H]-[Mg/Fe] rela-
tion. Subsequently when passing to stars with metal-
licities higher than the solar value, the slope of the
[Mg/Fe]-[Fe/H] relation virtually vanishes, which is in-
dicative of a new increase in the star formation rate
and stabilization of the ratio of the contributions from
supernovae (SNII/SNIa) to the enrichment of the in-
terstellar medium in the thin disk since then.

Let us now verify whether the positions of the thin-
disk stars in [Mg/Fe] the [Fe/H]-[Mg/Fe| diagram de-
pend on their mean orbital radii? Figure2 shows two
diagrams for the thin-disk stars with low (R,, < 8 kpc)
and large (R, > 9.1 kpc) orbits. Our median se-
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quence is plotted in both diagrams. We see from
the figure that only the stars with smallest mean or-
bital radii in Fig.2a closely follow our median curve
at [Fe/H] < —0.4 dex. However at the largest dis-
tances, the [Mg/Fe]-[Fe/H] relation is almost linear
(see the dashed line in Fig.2b). In this case, only a
small number of stars with sharply enhanced magne-
sium abundances are observed above the curve. At
the same time, it can be noticed that the metallicity
range for the bulk of the stars with [Mg/Fe] < 0.2 is
displaced from (0.5 < [Fe/H] < 40.3) for the nearest
stars to (—0.7 < [Fe/H] < 40.2) for the farthest stars.
The change in the behavior of the [Mg/Fe|-[Fe/H] rela-
tion with stellar orbital radius shows that the star for-
mation rate closer to the Galactic center is higher than
that on the periphery. Moreover it seems that star for-
mation within the solar circle of the Galaxy has never
been interrupted, but only slowed down before the mas-
sive formation of thin-disk stars. In contrast, the first
thin-disk stars at great Galactocentric distances ap-
peared only after the long phase of star formation de-
lay. This follows from the presence of a distinct jump
in the [Mg/Fe] ratio at metallicities [Fe/H] < —0.4 dex
for stars with large orbital radii. The larger [Mg/Fe]
ratios at high metallicities in the stars within the so-
lar circle suggest that the star formation rate remains
there higher even at present. The clear deficit of stars
with metallicities higher than the solar value there is
also indicative of a lower star formation rate at great
Galactocentric distances.

Our interpretation was constructed on the sugges-
tions that metallicity is good statistical age indicator
in the thin disk. Indeed, lifetime of the thin disk is
compared with the Galactic age, therefore the continu-
ous process of the synthesis of chemical elements must
lead during this period to a noticeable increase in the
general abundance of heavy elements in the younger
stars of subsystem. As a result in the thin disk the
well expressed trend of metallicity from the age must
be observed. However, in spite of the large history of
the study of this question, in regard to this there is
no unanimous opinion. Twarog (1980) was the first
to derive the age—metallicity relation in the Galactic
disk from F2-G2-stars and argued that it was unam-
biguous. However it was subsequently proven that the
relation was by no means unambiguous and there was a
significant spread in metallicity among the stars of any
ages. This gave reason to suggest that there was no
age—metallicity relation in the thin disk. The purpose
of this work is the thorough analysis of possible selec-
tive effects on the age-metallicity diagram with the at-
traction together with photometric data of the spectro-
scopic determinations of the iron and magnesium abun-
dances for the main sequence stars over a wide range
of spectral classes. For investigation we used Geneva-
Copenhagen Surveu (Nordstrém et al. 2004), where on
the data uvby photometry, and Hipparcos parallaxes
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Figure 3: Age — metallicity diagram for the thin-disk
stars from the catalog (Nordstrém et al. 2004) with
(et > £3 Gyr), which lie nearer than 70 pc of the Sun.
Large open circles connected by linear segments are the
average values of the metallicity of stars in the narrow
age ranges; broken lines - upper and lower ten-percent
envelopes; inclined broken lines — theoretical isotherms
for T, = 6800 and 5800 K; the small open circles —
star with the spectroscopic determinations [Fe/H] from
the catalog (Borkova, Marsakov, 2005).

were determined temperature, metallicity, distance,
absolute magnitude, and ages for about 14000 nearest
F-G-K stars. The most probable ages was calculated
on the base of Padova theoretical isochrones, using
the sophisticated interpolation method, and Baysian
computational techniques. After removing of the bi-
nary stars, marked in the catalog, far evolving stars
(0My > 3™), and stars with uncertainly determined
ages (et > £3 Gyr), in the sample remained 5540 sup-
posedly single stars of thin disk. (Total average error in
determination of age for the stars of the received sam-
ple comprised (et) = +1.0 Gyr.) In order to get rid
of the selective effects, connected with a difference in
the depth of survey for the stars of different metallicity
and temperature, we limited sample with the distance
from the Sun equal to 70 pc, within limits of which
our sample can be considered complete for tempera-
ture range (5400 — 7200)K°. In finally formed thus
sample remained 1890 stars of the thin disk.

Figure 3 gives age — metallicity diagram for the thin-
disk stars of our sample. The large opened circles in
the figure put average values of the metallicity of stars
in nine narrow ranges on age. Upper and lower ten-
percent envelopes are also constructed. From the fig-
ure one can see that among the old stars of Galactic
disk is observed large spread in values [Fe/H], whereas
among the young stars the explicit scarcity of metal
poor stars (empty left-hand lower corner on the dia-
gram) is observed. (Nordstrém et al. 2004) explained
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Figure 4: Ti,q — My diagrams for the metal-poor stars
lying within 70 pc from the Sun into narrow ranges on
the metallicity (to the left) and distribution the num-
ber of stars depending on temperature for the same
diagrams (to the right). Broken dotted lines on the
histograms - smoothed on three points trends with the
sliding averages, linear segments emphasize the posi-
tions of sharp fractures on the left boundaries of dis-
tributions. On left panels are substituted theoretical
isochrones from works (Demarque et al., 2004), which
correspond to the positions of fractures on the his-
tograms (for comparison the isochrone of larger age
are substituted more to the right them). The ages of
isochrones are indicated.

this by the effect of the limitation of their catalog from
the high-temperature side on the index (b—y). In this
case, in their opinion, the difference at the ages of the
metal rich and metal poor stars of the same temper-
ature just also provides observed inclination of lower
envelope on the diagram. Let us verify this statement.

In Fig. 4 at the left the T, — My diagrams for the
stars lying within 70 pc from the Sun into three narrow
ranges on the metallicity are given. On the right for the
same diagrams the distributions of number of stars de-
pending on temperature are constructed. Broken lines
on the right panels represent trends, smoothed on three
points, and linear segments schematically designate the
behavior of the left boundaries of distributions. It
is seen that all metal poor groups ([Fe/H] < 0.0)
demonstrate the sharp inflection envelope, when more
to the right "inflection points” the number of stars
abruptly increases. It is interesting that the tempera-
ture value of these points for all metal poor groups are
far from the left edge of the diagrams. This means
that the sharp scarcity of hotter (so also younger)
stars in the metal poor groups is connected not to
high-temperature limitation of sample but with exis-
tence of minimum age for the majority of the stars of
given metallicity in the thin disk, i. e., with existence of
7turnoff points” in the metal poor stars of field. On the

left panels of figure the theoretical isochrones, passing
through those isolated on the right panels ”inflection
points”, are carried out according to the data of work
(Demarkque et al., 2004). For the comparison are more
to the right are everywhere substituted the isochrones
of larger age

The effect of the limitation of sample from the high-
temperature side, which it is discussed in the work (
Nordstrém et al. 2004), also somewhat distorts real
age — metallicity diagram. In figure3 the dash in-
clined line is conducted on the basis of the theoretical
isochrones for ¢ = 5800 K. This line corresponds to
boundary, more to the right of which stars, hotter this
temperature, cannot be — they have left from the main
sequence already. (Let us note that precisely the lim-
itation of sample from the low-temperature side with
approximately Solar value of temperature (see the dash
inclined line in the upper right-hand corner in the dia-
gram) led to the exception of the oldest metal rich stars
from the sample (Twarog, 1980), which caused his con-
clusion about a monotonic increase of the metallicity
with the age in the thin disk.)

However, as can be seen from the diagrams, not
this line, which intercepts an entirely small quantity
of very young metal poor stars, but relative numbers
of stars of different metallicity with the identical age
determine the variation of average metallicity on the
age. Note that lower envelope in Fig.3 in the range
(I < t < 4) Gyr practically coincides with left en-
velope of diagram. This means, that lower envelope
reflects the variation of the ”turnoff points” position
of the stars of this metallicity on the age. As a result
we see that ”turnoff points” of metal poor stars are lo-
cated in the middle of the temperature range, occupied
by the stars of the sample, i. e., they are not connected
with the action boundary selective effect.

To the distortion of the ages of stars can lead also
the effect of their unresolved binary. Actually, the lu-
minosities of the unresolved close binaries, calculated
from the trigonometric parallaxes, are more than true
(Suchkov, 2000). As a result the ages of stars not
yvet reached their turnoff point will be overestimated,
whereas higher than it are located ever younger stars
at an identical temperature. We isolated in our sam-
ple candidates into the dual according to the criterion,
proposed in latter work. Such proved to be about 20 %,
but constructed for the remained single stars age —
metallicity diagram demonstrated that its form practi-
cally did not change.

Despite the fact that the position of a sufficiently
large quantity of stars with the solar metallicity on
the Hertzsprung - Russel diagram indicates their large
ages, in the work (Pont, Eyer, 2004) existence of old
metallic stars undergoes doubt.

Therefore let us verify, actually whether some metal
rich stars are actually old? It is possible to do on the
independent statistical indicator of age — kinematics.
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Figure 5: Distributions on peculiar velocities of metal- 0,22 .
rich and metal-poor stars of different age. The cor- _— |
responding values of average velocities and their dis- £ /
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For this let us compare peculiar velocities distribu- %
tions of metal rich ([Fe/H] > 0.0) and metal poor / |
([Fe/H] < —0.4) thin-disk stars, preliminarily isolate 0,16 % -
among them very young (¢t < 2 Gyr) and very old ]
(t > 8 Gyr) star. The indicated histograms are given in -_—
Fig. 5. Comparison shows that the distributions of the 0 2 4 6 8 10
stellar velocity of identical age, but different metallic- t, Gyr

ity, are very similar. In this case old stars demonstrate
one and a half times higher in both the average values
and dispersions of peculiar velocities than young stars
(see inscription on the appropriate panels). This be-
havior makes it possible to assert that the some metal
rich stars have actually very large age.

We assume that none of the selective effects the
known to us cannot substantially distort the common
form of age — metallicity diagram in Fig. 3 for the sam-
ple of F-G stars in the 70 pc of the Sun. Therefore let us
trace the behavior of the dependences of average value
and dispersion of metallicity from age, constructed on
the basis of these data. From Fig. 6 a, where the corre-
sponding values were calculated in 9 narrow bins from
the age, can be seen that at first average metallicity
noticeably decreases with an increase in the age, and
after ~ 5 Gyr it remains practically constant and equal
to ([Fe/H|) = —0.22. (Local minimum in the environ-
ment of 5 Gyr is most likely connected with the spe-
cial features of the age determination procedure in the
work (Nordstrém et al. 2004).) Dispersion of metallic-
ity, as can be seen from Fig. 6b, always monotonically
increases from 0.16 to 0.21; however, after ~ 5 Gyr this
increase significantly slows down.

Photometric metallicity in some stars can be dis-
torted by the disregarded systematic effects; therefore
it is necessary to investigate age — metallicity depen-
dence, also on the stars of our catalogue with the spec-

Figure 6: Dependences of average value (a) and dis-
persion of metallicity (b) from the age for the stars
of thin disk in the 70 pc of the Sun from the catalog
(Nordstrém et al. 2004). Bars are error in determina-
tion of the corresponding values.

troscopic determinations of [Fe/H] (see the small open
circles in Fig. 3). Let us note that in this sample the
unresolved binaries deliberately be absent — otherwise
they with the great probability would be known as
spectrally binaries. Let us recall that since the number
of stars here is not very great, we left all stars of thin
disk in the sample. It is seen that on this diagram be
absent very metal rich ([Fe/H]| > 0.3) star — the ap-
parently photometric ”super-metallicity” of these stars
actually is explained as an artifact of the deredding
procedure for distant stars as this predicted in the work
(Nordstrém et al. 2004). In other respects the form of
diagram practically did not change. From Fig. 7a we
see that age — metallicity relation, constracted on the
stars of catalog with the spectroscopic determinations
of [Fe/H], demonstrates the same behavior.

For understanding of the reason for such complex
behavior of age — metallicity dependence it is impor-
tant to trace the dependence of the relative content of
magnesium on the age among the disk stars. Age —
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Figure 7: Dependences of average values ([Fe/H]) (a)
and ([Mg/Fe]) (b) from the age for the thin-disk stars
with the spectroscopically specific abundances of iron

and magnesium from (Borkova, Marsakov, 2005). Bars
are error in determination of the corresponding values.

magnesium abundance diagram itself according to the
data of our catalog is given in Fig. ?? [b] in the work
(Marsakov, Borkova, 2006), here in Fig. 7b is repre-
sented only the variation of the relation ([Mg/Fe])
from the age. From the Fig.7b one can also see
that, as in the case the connection between the age
and the metallicity, bend is observed in the middle
of the dependence between relative magnesium abun-
dance and age. Bend evidences that the relative mag-
nesium abundance in the thin-disk stars of being in
the subsystem formation initial stages was sufficiently
high ({[Mg/Fe]) ~ 0.10). About 5 billion years ago it
began to sharply decrease with the approximation to
the present time. Thus, taking into account the un-
certainty of the estimations of average values, we can
assert that an increase in the average metallicity and
the decrease of the average relative magnesium abun-
dance in the stars of thin disk began simultaneously.
Thus components, confidently revealing on both ¢ —
[Fe/H] and t—[Mg/Fe] diagrams, testify that into the

first several billion years of the formation of the thin-
disk subsystem interstellar medium in it was, on av-
erage, sufficiently rich in heavy elements ({([Fe/H]) ~
—0.20) and is badly mixed (o(pe/m) = 0.21), and the
average relative abundance of magnesium was compar-
atively high (([Mg/Fe]) ~ 0.10). Approximately 5 bil-
lion years ago the average metallicity began to increase,
and the dispersion of metallicity and the relative mag-
nesium abundance — to decrease. This occurred as
a result sharply increased rate of star formation and
making more active of the processes of mixing to the
interstellar medium. By the possible reason for this
could be interaction of the Galaxy with the completely
massive satellite galaxy.

Thus, not all stars of the thin disk, which are at
present located in the Solar neighborhood, were formed
from the matter, which experienced united chemical
evolution. We suppose that the difference in the star
formation rate at the different galactocentric distances
and sporadic fall out to the disk of gas from the exte-
riors of the Galaxy led to the ambiguity of dependence
between the age and the metallicity in the so long-life
subsystem.

The complete description of the first part of this
work was published in (Marsakov, Borkova, 2006), but
the second part will be published latter.
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STELLAR OBJECTS OF EXTRAGALACTIC ORIGIN IN THE
GALACTIC HALO
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ABSTRACT. We identified globular clusters and
field stars of extragalactic origin and investigated
their chemical, physical, and kinematical properties.
This objects as supposed was captured by the Galaxy
at different times from debris of the dwarf satellite
galaxies disrupted by its tidal forces. The results
are follows. (1) The majorities of metal-poor stellar
objects in the Galaxy have an extragalactic origin.
(2) The masses of the accreted globular clusters
decrease with the removal from the center and the
plane of the Galaxy. (3) The relative abundances
of chemical elements in the accreted and genetically
connected stars are essentially distinguished. (4) The
accreted field stars demonstrate the decrease of the
relative magnesium abundanses with an increase in
sizes and inclinations of their orbits. (5) The stars
of the Centaurus moving group were born from the
matter, in which star formation rate was considerably
lower than in the early Galaxy. On the base of
these properties was made a conclusion that with the
decrease of the masses of the dwarf galaxies in them
simultaneously decrease the average masses of globular
clusters and the maximum masses of supernova SNe II.
Namely latter fact leads to the decrease of the relative
abundances of a-elements in their metal-poor stars.

Key words: Galaxy (Milky Way), stellar chemical
composition, accreted stellar objects, halo, Galactic
evolution.

Still very recently they assumed that our Galaxy was
formed from the united proto-galactic cloud, and all
its objects are genetically connected together. How-
ever, the numerous observations of the last years
demonstrate to us compelling evidence that the Galaxy
closely interacts with the less massive satellite galax-
ies and gradually destroying them, captured their in-
terstellar matter, separate stars and globular clusters.
In particular, we are currently observing the disrup-
tion of dwarf galaxy Sagittarius by tidal forces from
the Galaxy. About ten globular clusters are associated
with this galaxy. The massive globular cluster M 54
is generally believed to be the nucleus of the system.

The galactic orbital elements of same else clusters also
suggest that they were captured from various satellite
galaxies. There are convincing proofs that even w Cen,
the largest known globular cluster of the Galaxy, which
is close to the Galactic center and has retrograde or-
bit, was the nucleus of a dwarf galaxy in the past. The
theory of dynamical evolution predicts the inevitable
dissipation of clusters through the combined actions of
two-body relaxation, tidal destruction, and collisional
interactions with the Galactic disk and bulge. Indeed,
traces of the tidal interaction with the Galaxy in the
shape of extended deformations (tidal tails) have been
found in all the clusters for which high-quality optical
images were obtained. It is even established for w Cen
that, after the last passage through the plane of the
disk, this cluster lost slightly less than one percent of
its mass in the form of stars. Thus, even in the nearest
solar neighborhood, we may attempt to identify stars of
extragalactic origin. It is interesting to investigate the
distinctive properties of stellar objects of extragalactic
origin and to estimate their relative number.

It turned out that metal rich ([Fe/H] > —1.0) ob-
jects form the rapidly revolving and completely flat-
tened subsystem of the thick disk. But metal-poor ob-
jects are divided into two types of populations also. Is
relied that the metal-poor stars of field with the pecu-
liar velocities are less than the critical value and glob-
ulars with the extremely blue horizontal branches form
the genetically connected with the thick disk spherical,
slowly rotating subsystem of their own halo with the
insignificant, but the different from zero radial and ver-
tical metallicity gradients. The high velocity field stars
and globulars with the horizontal branches of interme-
diate color form the spherical subsystem of external
accreted halo, approximately into two and one-half of
times of larger size than two previous. In this case
the absence in it of the metallicity gradients, the pre-
dominantly elongated orbits, the large number of stars
with retrograde galactic rotation, and often small ages
confirm hypothesis about their extragalactic origin.

Very important for understanding of nature of ac-
creted globulars is one of their properties. They



Odessa Astronomical Publications, vol. 20 (2007)

135

‘b)

log (M/M)
log (M/M )

© r=-03%01 |

7 ® w s wm w6 w
Figure 1: The relationships between the mass and the
observed galactocentric distance (a), and between the
mass and the age (b). The solid circles denote the ge-
netically connected globular clusters, and open circles —
the accreted ones. The solid lines are least square fits
for genetically connected and accreted globulars. The
dotted line in diagram (a) restrict the region of slow
evolution of the globular clasters. The correspond-
ing correlation coefficients are indicated. It is seen the
good correlation for accreted clusters in both diagrams.

demonstrate the dependence of mass on the galacto-
centric distance (Borkova, Masakov, 2000). Solid lines
in the diagram R, — mass (Fig.1a) are the regression
straight lines for genetically connected and accreted
globulars. As we see almost all accreted clusters are
into the region of the slow evolution of globular clus-
ters the existence of which is theoretically grounded.
Therefore they did not undergo the significant action
of dissipation and dynamic friction; i.e., in external
halo their initial mass distribution was preserved al-
most without the change. It is evident that the ge-
netically connected clusters do not reveal a change in
the average mass with an increase in the distance from
the Galactic center. While for the accreted clusters
the observed anticorrelation is different from zero far
beyond ranges of errors. Simultaneously accreted clus-
ters demonstrate the decrease of average mass, also,
with the decrease of age (Fig.1b). The genetically
connected globulars of this effect do not reveal. It
seems that the globulars with small masses frequently
are formed beyond the limits of the Galaxy. Moreover,
the greater the dimensions of their present galactic or-
bit, the less their mass and the ages in average. Hence
the conclusion: the globular clusters with anomalously
small mass and age are formed predominantly in the
such low massive satellite galaxy, which even being lo-
cated at sufficiently great distances from the Galactic
center, lose their globulars under the action of its tidal
forces.

It is unlikely that the interstellar matter from which
the stars of own and accreted halo were formed has
experienced an exactly coincident chemical evolution.
Therefore, it would be interesting to search for subtle
differences between them that could shed light on the
histories of star formation inside and outside the sin-
gle proto-galactic cloud. Owing to the position of the

Sun in the Galactic plane, we have an opportunity to
observe the stars of all its subsystems in the immedi-
ate vicinity of the Sun and to analyze in detail their
chemical composition.

According to current conception the evolution time
of close binary stars that subsequently explode as
SNela is short, ~ 1 Gyr. Exclusively higher-mass
(M > 8Mg) stars exploding as type II supernovae
(SNell) are currently believed to have enriched the
interstellar medium with heavy elements at earlier
stages. Their characteristic evolution time is only
~ 30 Myr. Almost all of the nuclei of a-elements are
formed in SNelIl while the bulk of iron-peak elements
is ejected into the interstellar space during SN Ia ex-
plosions. Calculations show that the yield of the a-
elements depends strongly on the stellar mass. There-
fore, the relative abundances of a-elements ([a/Fe])
in the ejecta of SNell with different mass can differ
markedly. Hence, the variations in the upper boundary
of the initial mass function for stars that exploded in-
side and outside the Galaxy can be estimated from the
relative abundances of various elements in genetically
related and accreted stars. Concurrently because of
the difference between the evolution times of SNe IT and
SNel we can try to trace the star formation rate for this
stellar ensemble by the coordinates of the characteris-
tic knee in its [a/Fe]-[Fe/H] diagram toward the sharp
decrease in the relative abundance of the a-elements
with increasing total heavy-element abundance at the
onset of SNela explosions, i.e., ~ 1 Gyr later.

The best-studied a-element is magnesium because
they exhibit several absorption lines in the visible spec-
tral range. For the analysis, we took data from our
compiled catalog of spectroscopically determined mag-
nesium abundances (Borkova and Marsakov 2005). Al-
most all of the magnesium abundances in nearest stars
determined by synthetic modeling of high-dispersion
spectra and published before January 2004 were gath-
ered in this catalog. The relative magnesium abun-
dances in the catalog were derived from 1412 spectro-
scopic determinations in 31 publications for 867 dwarfs
and subgiants using a three-pass iterative averaging
procedure with a weight assigned to each primary
source and each individual determination. The inter-
nal accuracy of the relative magnesium abundances for
metal-poor ([Fe/H]< —1.0) stars is e[Mg/Fe]==+0.07.

We justified the choice of the peculiar stellar velocity
relative to the local standard of rest V,es = 175 kms™!
as a criterion for separating the nearest thick-disk and
halo stars. In identifying the stars of an extragalactic
origin (which were called here accreted stars), we as-
sumed that the stars born in a monotonically collapsing
single proto-galactic cloud could not be in retrograde
orbits. We included all of the stars with high orbit en-
ergy, i. e. of high peculiar velocities Vs > 240 kms™!,
as have all stars with retrograde orbits, in the group of
presumably accreted stars.
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Figure 2: Metallicity vs. relative magnesium abun-
dance for all of the stars in the catalog. The crosses,
asterisks, and circles indicate thin- and thick-disk stars,
own halo stars, and presumably accreted stars. The
filled circles highlight the members of the Centaurus
moving group among the accreted stars. The dashed
line was drawn through [Mg/Fe] = 0.2.

Figure 2 shows the metallicity — relative magnesium
abundance diagram for our catalog. It is seen that the
accreted objects subsequently formed the bulk of the
Galactic halo. (By this term we mean all of the ob-
jects that were born outside the single proto-galactic
cloud, i.e., in the nearest satellite galaxies or in iso-
lated proto-galactic fragments, and that subsequently
escaped from them under the Galactic tidal forces.) We
see also from the Figure 2 that the relative magnesium
abundances in the own-halo stars are virtually inde-
pendent of metallicity and that all stars of own halo lie
above the dashed line drawn through [Mg/Fe] = 0.2.
This behavior of own-halo stars suggests that, at least
in the initial stage of its formation the interstellar mat-
ter in the early Galaxy either was well mixed or SNe Il
of the same mass exploded in all local volumes. In
contrast, the presumably accreted stars exhibit a large
spread in relative magnesium abundances in Fig. 2 that
extends to negative [Mg/Fe]. The anomalously low rel-
ative magnesium abundances in some of the accreted
stars are usually explained by an extremely low star
formation rate in the dwarf satellite galaxies where
these stars were born. However our analysis of the
relative magnesium and europium abundances in a
small sample of nearby field stars showed that large
portion of the presumably accreted stars exhibited an
[Eu/Mg] ratio that differed sharply from its Galactic
value (Borkova and Marsakov 2004). Since the relative
yield of these elements depends solely on the masses of
the SNII progenitor stars where they are synthesized,
we believe that a more likely mechanism of the mag-

dances in the metal-richest stars of this group resulted
from the SNTIa explosions that began in their parent
proto-galactic cloud and that ejected a large num-
ber of iron atoms into the interstellar medium and
reduced the [Mg/Fe| ratio. The considerably lower
metallicity of the knee point in this diagram than that
in the Galaxy suggests that the stars of the Centau-
rus moving group were formed from matter in which
the star formation rate was considerably lower than
that in the early Galaxy. The high initial relations
[Mg/Fe| evidences that, at least in this, presumably ini-
tially massive (M ~ 10°M,) disrupted satellite galaxy
(Tshuchiya, et al., 2003) the mean masses of the SN II
progenitor stars were the same as those in our Galaxy.
It is known that according to numerical simulations of
dynamical processes during the interaction of galaxies
(Abadi et al. 2003) the satellite galaxies are disrupted
and lose their stars only after dynamical friction re-
duces significantly the sizes of their orbits and drags
them into the Galactic plane. Less massive satellite
galaxies are disrupted even before their orbits change
appreciably under tidal forces. Therefore lost by them
stars as a rule must be in higher and more distant orbit.
Let us verify this theoretical assumption.

From Fig.3 it is evident that only slowly rotating
around the Galactic center stars with the small rela-
tions [Mg/Fe| < 0.2 are observed with [Fe/H] > —1.0.
(Centaurus moving group also have the angular mo-
mentum close to zero with retrograde rotation.) Conse-
quently we may to assume that all slow stars were born
in the sufficiently massive satellite galaxies. Moreover
the star formation rate in them was actually lowered,
in comparison with the Galaxy, since the stars of them
demonstrate less metal rich "knee point”. While the
overwhelming majority magnesium-poor and simulta-
neously metal-poor accreted stars fell within the range
|©] < 50 kms~!.

From the Fig.4a,b, where are substituted only ac-
creted stars, one can see well, that (1) stars with the
low azimuthal velocities and the small orbital inclina-
tions are majority. (This is understandable, because
comparatively massive satellite galaxies lose many
stars.) (2) Only star with small (|©] < 50 kms~!) and
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Figure 3: Relative magnesium abundances vs. metal-
licity. The crosses and circles indicate the genetically
related stars and presumably accreted stars. The filled

circles represent presumably accreted stars with az-
imuthal velocities in the ranges © > 50 kms~!.
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Figure 4: Relative magnesium abundances in accreted
stars vs. their azimuthal velocities (a), Galactic or-

bital inclinations (b), maximum distances of the or-
bital points from the Galactic center (c¢) and plane (d).
The dashed lines represent the envelopes of the points
in the diagrams drawn by eye (upper row). The solid
lines represent the regression lines for accreted halo
stars (lower row).

with small orbit inclinations can have the high relative
abundance of magnesium. (3) In contrast to them, the
stars rapidly rotating around the Galactic center and
stars with the large orbit inclinations, demonstrate in
essence the low relations [Mg/Fe], uncharacteristic for
such metal-poor stars. Further, (Fig4 c,d) the negative
radial and vertical gradients of the relative magnesium
abundance also indicate the small relations [Mg/Fe] in
the accreted stars with the extensive orbits. (These
gradients reflect the sizes of the orbits, being located
on which satellite galaxies lose their stars.)

Thus, sizes and inclinations of orbits in the accreted
stars (and hence in their destroyed parent galaxies) in-
crease with the decrease of the relative abundances of
magnesium in them. The extensive and inclined orbits,
according to the numerical simulation of the hierarchi-
cal formation of the galactic halo, as it was already
said, one should expect in the debris of the low mas-
sive satellite galaxies, which are destroyed earlier than
their orbit noticeably will change under the action of
the tidal forces of the Galaxy. Apparently, low mas-
sive galaxies, intersecting galactic plane, lose not only
stars, but also interstellar gas while crossing the Galac-
tic plane. Star formation in them ends fairly rapidly
because of the loss of interstellar matter. Therefore in
them we barely see any metal rich stars. In view of
this the anomalously low [Mg/Fe] ratios in the lost by
them metal-poor stars are caused by the not so much
low star formation rate in their parental dwarf galax-
ies, as the fact that in the less massive dwarf galaxies
the initial stellar mass function is just truncated at the
high masses. As a result, SNell eject into the inter-
stellar medium a smaller amount of light a-elements
into the interstellar medium and the [Mg/Fe| ratios for
the stars become anomalously low compared the stars
of the same metallicity that are genetically related to
the Galaxy.

Thus, the properties of globular clusters and field
stars discovered in the work are organically fit within
the framework of a single hypothesis. According to
it metal-poor stars with anomalously low a-element
abundances come into our Galaxy from debris of low-
mass satellite galaxies in which the chemical evolution
proceeded not only slowly but also with the absence of
massive SNe II.

So, the results of comprehensive statistic studies tes-
tify that a significant quantity mainly of metal-poor
objects, which belong at present to our Galaxy, were
formed beyond its limits.
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ABSTRACT. In the last few decades both the vol-
ume of high-quality observing data on variable stars
and common access to them have boomed; however the
standard used methods of data processing and inter-
pretation have lagged behind this progress. The most
popular method of data treatment remains for many
decades Linear Regression (LR) based on the princi-
ples of Least Squares Method (LSM) or linearized LSM.
Unfortunately, we have to state that the method of lin-
ear regression is not as a rule used accordingly namely
in the evaluation of uncertainties of the LR parameters
and estimates of the uncertainty of the LR predictions.

We present the matrix version of basic relations of
LR and the true estimate of the uncertainty of the LR
predictions. We define properties of the orthogonal
LR models and show how to transform general LR
models into orthogonal ones. We give relations for
orthogonal models for common polynomial series.

Key words: variable stars, observation, data process-
ing, LSM, linear regression, orthogonal LSM models

1. Introduction

The development in the field of variable stars re-
search from Tsessevichs times is enormous. The num-
ber of known variable stars has arisen by at least two
orders, as well as the number of their observers and in-
terpreters. It has arisen both the volume and common
access to high-quality variable stars observing data and
computational techniques. The number of new efficient
statistical techniques and methods that are available
for everybody thanks to wide spread personal com-
puters have been developed and published. Neverthe-
less, the methods used for processing of variable stars
data mostly have remained the same as those used in
Vladimir Platonovichs era.

Every astrophysicist likes large quantities and better
quality of modern observational data, new methods of
processing are not so popular. Majority of them needs
a good knowledge of matrix calculus, what is in dis-
cordance with a frequent syndrome of variable stars
observers, which could be named Matrizphobia. Very

rarely we are encountering with the opposite syndrome
of Matrixphilia which invades mathematically erudite
theoreticians loving new methods and matrices so much
that they do not use them for real observational data.
Both extremes in the data processing are bad and we
should find our golden mean.

The contemporary statistics shares inexhaustible
quantity of methods. It is necessary to select several of
the most versatile and diverse methods, master them
and to learn to combine them. The method of process-
ing must not be unique, but always must be made-to-
measure of the set problem.

The majority of variable stars data processing tasks
are solved using least square method, strictly speaking
linear regression, where as models serve the most fre-
quently common polynomials or sine/cosine series. It
should be noted that there exist several other meth-
ods which are able to give the same or better re-
sults. One of them is for example the Advanced Prin-
cipal Component Analysis, which is the combination of
LSM and standard Principal Component Analysis (see
Mikuldsek, 2007). The method is optimal for solving
of a lot astrophysics problems as a realistic fitting of
multicolour light curves, the determination of the mo-
ments of extrema of multicolour light curves, modeling
of light multicolour curves which is necessary for the
process of improvement of ephemerides, diagnostics of
light curve (LC) secular changes, and the classification
of LCs. Other methods of modern data treatment are
also mentioned in Andronov, I., these Proceedings.

In the following section we will pay attention to
some details of linear regression procedure which is
very likely the most frequently used tool of variable
stars data processing.

2. The Least Squares Method

The very frequent astrophysical task is to fit a curve
through a series of N observed points described by a
triad {z;, y;, w; }, where x; is an independent (well mea-
sured) quantity like time or a phase, related to the i-th
measurement y; is the dependent, measured quantity
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like magnitude, O—C, and w; is the weight of the mea-
surement, as a rule inversely proportional to the square
of the expected uncertainty of the value y;. Hereafter
we will use normalized weights w; the mean value w of
which is equal to 1.

F(z, ) is so called model function of x described by
the k free parameters (1, Os, ..., Or arranged into the
vector 3. We define a function of this vector S(f):

N 12
S =" v~ Flai, )] wi (1)
i=1

The solution of the LSM minimalization procedure, is
finding of the vector of parameters 5 = b, for which is
the quantity S(4) minimal. The success of the method
in the given situation depends above all on our skill in
the creating of the mathematical model expressed by
the function F(x,3). Then the finding of the best fit
in the range of functions admissible by the pre-selected
model is relatively simple and straightforward. In prin-
ciple it is solution of k£ equations of k£ unknown param-
eters arranged in the vector b:

as - .
i grad [S(ﬂ - b)] =0 = (2
OF (z;,b) ol OF (z;,b)
i i = zab i
;y o5, ;F(w ) 5, (3)

2.1. Linear regression

The LSM procedure of the determination of the solu-
tion will be considerably simplified if we use the linear
model of the found function F(z, 3), assuming:

k
=Y 8 f()
j=1

where f;(x) are arbitrary functions of x. Eq.1 then
can be rewritten in the form:

(4)

2
N

k
(5 :Z Zﬁ Wi«

i=1 Jj=1

()
Eq. 3 then switches to:

N N T k
Zyi fi(zi) w; = Z [pr fp(xi)] fi(zi) wi,  (6)
i=1

i=1 Lp=1
It is advantageous to express all operations in matrix
form. Then

fi(z1)  fa(x) fre(x1)
< fl(:xz) fz(:xz) fk(:$2) o
filey) Falen) o fulen)

Y =(y1ys - yn)' s W = diag (w, wy - -

wn), (8)

H=(X"WX) ', b=HXTWY, Y, =Xb, (9)

R

R=YTWY -b"™XTWY, s=/——
9 8 (N—k)’

(10)

where Y, is the vector of the predictions, w is the mean
value of weights w;, R is the weighted sum of square
deflections, s is the weighted standard deviation of the
fit.

The procedure of linear regression with the explicit
linear model is quick and its solution is unique.
In the general case we may find several solutions
although some of them could be physically unreal.
The most common method of finding of local minima
on the S(f) plane is an iterative gradient method,
where we use the above mentioned apparatus of lin-
ear regression applied on the linearized model function.

2.2. Linearized regression

The linearization of the general model function
F(z, 3) consists in substitution of it by its Taylor ex-
pansion in respect of ﬁ We need to know as good as
possible estimate be of the solution of LSM equations
b, be — b. Then we can write:

s b 8F iabe
Pla ) 2 Flabo) + 3 202 6,1 (1)
N 2
=" | Ayi - ng VAB | wi,  (12)
i=1 Jj=1
where
o ' OF (z,be)
Ayi =Y F(xlabe)v f]( ) aﬁ] 5
AfB = - be. (13)

The equations Eq.5 and Eq.12 are formally iden-
tical, despite the meanings of particular terms in
them are different. We define column vector AY =
[Ay; Ays - - yn], and the column vector of the correc-
tion of the solution estimate be, Ab.

H= (X"WX)', Ab=HX"WAY,

R

R =AYTWAY .
’ (N —k)

S =

(14)

Correcting be by Ab we get the next solution estimate
be and we can repeat the whole procedure several
times. The convergence of accordingly selected LSM
model function is as a rule very swift: after a few steps
we state that Ab — 0, hence b = b,.
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0.5/ — LSM prediction the arbitrarily selected value of x:
- - uncertainty Il
-- , k
0.2 uncertainty | 4 252bj fJQ(CU) _ g(:z:) Hdg gT(I), (16)
—— obs. data errors j=1
0.151 o observed data
where Hg, equals to the matrix H, whose all non-
0.1 diagonal elements has been put zero. g(x) is the row
0.051 vector of the gradient of the solution model function
' F(z,b), g(x) = [fi(x) fa(a) ... u(w)
ol The instructive picture Fig. 1 will show you that this
intuitive relation gives quite inadequate results. Never-
~0.05 theless, it can be shown that it is valid formally rather
similar relation:
-0

-0.2 0 0.2 0.4 0.6

Figure 1: The illustrative figure displays the time de-
pendence of an observed quantity measured with the
accuracy denoted by the abscissa. The continuous line
represents LSM fit by the polynomial of the 3-rd order
(cubic parabola). Expected uncertainties of this pre-
diction calculated by the formula Eq.16 are denoted
by dotted lines, true uncertainties given by Eq. 17 are
signed by dashed lines.

2.8. Uncertainties of parameters and prediction

There are at least three reasons why we should esti-
mate the measure of uncertainty of the found param-
eters. Firstly, errors of parameters tell us a lot about
the reliability of our results, secondly uncertainties of
parameters would enable to calculate the uncertainty
of the prediction done on the basis of our LSM analy-
sis, and last but not least above mentioned errors are
strictly demanded by teachers, scientific editors and
referees. All LSM instructions and codes congruently
get for uncertainty of the j-the parameter db; the fol-
lowing relation:

(5bj = S\/Hjj,

where Hj; is the j-th element in the diagonal of the
matrix H.

(15)

It is a question whether 0b; really expresses the un-
certainty in the common sense. The response is no,
strictly speaking sometimes yes, but very rarely. It can
be demonstrated on the error of the absolute term in
the LSM fit by straight line, which evidently depends
on the choice of the origin of x coordinate.

The suspicion that there is something incorrect in
our comprehension of the true meaning of the quantity
0b; defined by Eq. 15 will be supported by our attempt
use these errors for the evaluating of the expected un-
certainty of the prediction by the model function for

Syp(x) = 1/g(x) Hg' (x).

The matrix H is by the definition (see Eq.9 and
14) a symmetric square k X k matrix with k(k + 1)/2
independent elements. If we want to enable to any-
body to compute the uncertainty of the prediction,
we should publish either the whole matrix H or its
non-trivial part at least. Nevertheless, there is another
(more illustrative) possibility: to transform the model
function into the orthogonal one. Then the matrix H
will change in the diagonal one and the uncertainties
of parameters will acquire its standard meaning. It
will help you among other things expertly examine
importance of individual terms.

(17)

3. Orthogonal LSM models

Let us assume that the functional dependence of ob-
served quantities y on x is well described by the model
function which can be expressed in the form of the
linear combination of k& basic functions of f;(x) with
coefficients b;. The found solution does not change
if we use another set of k functions ¥;(x), which are
created as linear combinations of the basic functions
fj(z). Let us combine them so that the new set of ba-
sic functions ¥;(z) is orthogonal. It means we find the
set of coefficients {a,;}:

k
Up(x) = Zam fj(x), so that, (18)
j=1

N
Up g = Zﬁp(%‘) Vglz))w; =0 if p#£gq

i=1

(19)

The calculation of linear regression parameters and
their uncertainties is then very simple:

N
D m Vi V(@) wi 5b; = S

J = N )
> i1 93 (@) wi

oyp(z) =
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The set of coefficients {ap;} fulfilling constraints
Eq. 19 is not unique as well as the procedures of its
finding. We recommend to use the following procedure
which seems to us the simplest one:

U1 = fi; U2 = fo —agv;
U3 = f3 — aza¥s — az19q;

p—1
Up(x) = fp(z) — Zam Uq(x), (21)
q=1
where
_ oV _ Xl fy(wi) Og(zi) wi
R R > TP P
The first three orthogonalized terms will be:
01(2) = fila)s Oa(a) = fala) - ff:f
i
Da(e) = fola) - L2 gy
f3—fa
| Bh RAfsf — f3 f2) A(2). (23)

3 el o —
B RE-E)
The explicit expression of successive terms of a set
of the orthogonalized functions is more and more
complex, however it is not very complicated to write

an iterative PC code enabling to compute the formulae
for arbitrary number of parameters.

3.1. Orthogonal polynomial model

The most popular linear regression model (not only

-,

in astrophysics) F'(x, () is:

k
F(x,0) =) 82/, (24)
j=1
The model is known to have a lot uncomfortable prop-
erties which complicate both the calculation and the
interpretation of found results. We should never used
it without orthogonalization.

We recommend to put the origin of x-coordinates
into the center of gravity of observations: © — x — T
before the application of the orthogonalization proce-
dure. It will result in the considerable simplification in
the form of regression model. Assuming now Z = 0 the
first four orthogonal polynomials are as follows:

3 _
D1(x) = 1; Da(x) = z; Va(x) = 2° — Sz — 22,
X

[, B— _ [ —
27,3 3 4 2 45
3wt xt+xtrt —atxY
ale) = a® — ———5———a®~
22 3 g2t

——  —=2— —2 —2—  —2—F  —3 . ——
zdad +a? at —at — a3 a? 22 x5 4+ 23 — 228 2t

b

—3 —2 —— —3 — ——
T2 4+ 23 — z2 gt 2 43 —x2z4
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Figure 2: The subsequent approximations of the fit of
observed data by orthogonal polynomial regression.

where,

N

Fig. 2 displays the results of subsequent fitting of the
model situation by constant, linear, quadratic and cu-
bic orthogonal polynomials.

If the data are distributed uniformly in the interval
x; € (—A; A), we can use the transformed Legendre
polynomials (orthogonal on the interval (—1; 1)) as the
orthogonal (or quasiorthogonal) LSM model:

2 2
6 A2 3A4
4 = 2
Vs = 7 ET (26)

3.2. Orthogonal sine, cosine model

The basic tool for the analysis of cyclic and periodic
processes in astrophysics is the linear regression with
the model consisting of simple periodic functions, the
most commonly:

q
F(p,B) = B+ Y, 2 cos(2mjp) + Baji sin(2mjep),
j=1

(27)
where ¢ is the phase as an independent variable, ¢
is the order of set of harmonic functions. The model
need not contain all of functions, it might be limited
e.g. only to even functions etc.

In the case that the observations are spread over the
whole cycle more or less uniformly, it is not needed
to do any orthogonalization, because all functions are
orthogonal itself. In the opposite case we should do
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orthogonalization e.g. by the procedure described by
Eq. 21 and Eq. 22.

4. Conclusions

We displayed the benefits of consequential usage of
orthogonal LSM model functions with the emphasis on
the polynomial regression as the chief tool of astrophys-
ical data processing. Orthogonal models enable to give
the true sense to errors of found parameters and easily
compute estimates for uncertainties of the prediction.
The orthogonality of the models removes the bad con-
ditioning of the solved systems of equations and help
us to obtain results not affected by computational er-
rors. We recommend to use them always, compulsorily
in the case of polynomial regression.

It is demanding to use new methods of variable stars
data processing which enable us better exploit informa-
tion hidden in observations. Endeavor connected with
mastering of them will return in new subtle discoveries
and revealing.

Matrix calculus, true using of weights, advanced
principal component analysis, factor analysis, robust
regression, creation and usage of orthogonal models
and several other processing techniques should ap-
pertain to compulsory outfit of each variable stars
observer of the 21st century.
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ABSTRACT. Atmospheric parameters (T, logg,
[Fe/H], V,), Li, and volatile (O, Na, Al, Zn) and
refractory (Si, Ti, V, Cr, Co and Ni) element abun-
dances in 133 stars belonging to the low part of MS
have been determined. Among them about 30 stars
are the variable stars of BY Dra type, for which the
determination of the chemical composition was made
for the first time. The effective temperatures Ty
were estimated by the line depth ratio method. The
surface gravities log g were determined by two methods
(ionization balance of iron and using parallaxes). The
abundances of lithium and oxygen were determined by
the calculation of synthetic spectrum. The comparison
of wvolatile and refractory element abundances in
variable stars and other stars was made. We have
found that the behaviour of the abundances of the
majority of elements in MS stars and spotted stars
does not differ. The Li is detected in 65 % BY Dra
stars and in 26 % of MS stars. The Li abundance in
variable stars is higher than in MS dwarfs.

Key words: Stars: fundamental parameters; stars:
abundances; stars: main -sequence; stars: BY Dra

type.
1. Introduction

In the cadre of the program of determination by
a uniform technique of parameters and a chemical
composition for the extensive sample of stars we
represent the investigation of 133 stars of the low part
of the Main Sequence (MS). Among the stars selected
by us for this work more than 30 ones are variable stars
belonging to a class of flashing stars, and, basically, to
a subclass of BY Dra type stars. Till now any detailed
spectral investigation of the chemical composition of
this type stars has not been made. As a rule, spectral
researches of these stars were spent for the analysis

of spots on their surface. Thus, there is the unique
opportunity to analyse chemical peculiarities of these
stars for the first time. As all stars studied by us
in the given work belong to solar type, and many
researchers classify the Sun as a star of BY Dra type,
it would be obviously important to investigate: 1)
the general behaviour of various element abundances
with metallicity [Fe/H] , 2) dependences (trends) of
volatile and refractory element abundance with [Fe/H]
which can testify in favour of presence of planetary
systems in dwarfs and variable stars, 3) the lithium
abundance as the indicator of activity and age of stars.
The goals of our work are the determination of the
atmospheric parameters for stars of the low part of
MS, the analysis of the spectral peculiarities and the
chemical composition (abundances of Li and volatile
and refractory elements).

2. Observations and spectral processing

Our target stars were selected upon photometric cri-
terion My, (B-V) as stars belonging to low part of MS,
where My =V + 5 + 2.5log w. The spectral classes Sp,
magnitudes V, color index (B-V) and type of variabil-
ity were taken from SIMBAD database, the parallaxes
7 from Hipparcos catalogue (ESA 1997).

The spectra of 133 stars (F-G-K V) were obtained
using the 1.93m telescope of the Haute-Provence Ob-
servatoire (France) equiped with échelle-spectrograph
ELODIE. The resolving power was 42000, the region
of the wavelengths was 4400 - 6800 AA, the signal-to-
noise ratio was about 130-230 (at 5500 A). The primary
processing of spectra (the image extraction, cosmic
particles removal, flatfielding etc.) was carried out by
following Kats et al. (1998). The further processing
of spectra (continuum level location, measurement
of the equivalent widths etc.) was performed using
the software package DECH20 (Galazutdinov, 1992).
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Figure 1: Location in the H-R diagram of MS (open circles)
and variable (black circles) stars studied in this work.

The equivalent width are measured by gaussian fitting.

3. Peculiarities of spectra

The position of our target stars in the H-R diagram
is given in Fig.1.

Bolometric magnitude My, was determined upon
the dependence: My, = My + BC, where the bolo-
metric corrections BC were taken from Flower (1996).
Among our studied stars there are more than 30 vari-
able flashing or active stars. The big class of flashing
(F1) stars (generally UV Cet type) is divided into sub-
classes, including, the spotted short-amplitude stars of
BY Dra type (Chugainov, 1966) having the spectral
types F — M V and vsini < 20 km s~!, and RS CVn
type stars that are the detached or semi-detached sys-
tems with components which have Sp: F-G V-IV and
G-K IV. The masses of flashing stars are within the
limits of 1.5 to 0.05 M, they have age from 10° to 10°
years, and the period of axial rotation is from about 10
hours to about 10 days. For BY Dra type stars the dif-
ferential rotation of a solar type (equator rotates faster
than poles) and cycles of activity (similar to solar 11
years) were found (Gershbrg, 2002).

Previous photometric and spectral researches of
flashing stars have been directed on study of tempera-
tures and areas of spots. Application of photometric
methods and modelling has allowed to construct the
zonal spottedness model by Alekseev (2006), that was
applied to the Sun, to BY Dra (Alekseev & Gershberg,
1996), to RS CVn (Alekseev & Kozhevnikova, 2005).
Polarization methods show that the magnetic fields
are located on the same active longitudes, as most
spotarea. Some successes have been reached by the
usine of the doppler imaging 4+ zeeman spectroscopy
of the high resolution spectra. Estimations of spots
temperature have been made, basing on calibrations of

the ratios of line intensity. There are in our list some
known stars of BY Dra type: V439 And, V435 And,
V538 Aur, OU Gem, DX Lyn, HP Boo, V1654 Aq],
V1803 Cyg, HN Peg, V453 And, V833 Tau; and of RS
CVn type — SV LMi, V368 Cep, V774 Her (Fl) and
V775 Her. We found that four stars of our list show
H, emission. Unfortunately, spectra do not contain
the region of H and K Ca II lines that are more
reliable indicator of stars chromosphere and spotted
activity. Absence of the obvious attributes of activity
has allowed us to assume, that the spectra have been
received in a quiet stars condition and we can apply
to them standard methods of investigation.

4. Parameter determination

Stars of BY Dra type have, basically, the insignifi-
cant fluctuations in (B-V), that is not exceeding 0.™1.
There are only some stars with changes of (B-V) up
to 0.4. Nevertheless, using of the photometric calibra-
tions to determine T sy leads to significant errors in the
temperature values. For example, d(B-V) = 0.02 gives
the error in T,y is equal to £40 K and d(B-V) = 0.10
gives one about £170 K. In our work the effective tem-
peratures T¢ys were estimated by the line depth ratio
method which provides accuracy A Teyp = +5—10 K.
Thus the received temperature characterizes the given
current condition of an atmosphere that is very impor-
tant in case of variable stars researching. To analyse
the obtained T.;y we have looked on Figs.2,3, where
dependences of o T.ys for obtained T.ys and stellar
magnitude V are given. As can see the scatter does
not exceed +10 K on the average and is increasing up
to 30 K at low temperatures (T.y; < 4400 K) and for
faint stars (V. < 9™), i.e. it is due to lines blending
and the low values of a signal to noise ratio (S/N) in
the spectra of cool and faint stars, but MS stars and
variable stars do not show any distinctions.

The surface gravities log g were determined by two
methods (ionisation balance of iron and using the par-
allaxes), the average difference between two values ob-
tained by these methods is < log grg — log g, > =
-0.06 £0.16 (for Teyy > 5000 K, 80 stars). The results
of these two methods of applications are in the good
agreement. The microturbulent velocity V; was deter-
mined on the independence of the iron abundance log
A(Fe) obtained from given Fe I line from equivalent
width EW of this line. With the purpose of estima-
tion of the parameters reliability and opportunities of
their use in the analysis of variable stars, we have con-
structed also the dependence of turbulent velocity V;
on temperature Tery (Fig.4).

As can see from the Fig.4, five stars show V; values
above 1.6 km s™!, four of them are variables. However,
for other stars, we do not observe distinctions for MS
dwarfs and variable stars. The [Fe/H] metallicity is
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Figure 4: The dependences of V¢ on obtained Ty for our
studied stars, the notation is the same as in Fig.1.

obtained as the iron abundance determined from Fe I
lines. The accuracies of the parameter determination
are: A Tepr =430 K, Alogg = 0.3 dex, A V;, =0.2
+ km s!.

5. Determination of chemical composition

We employ the grid of stellar atmospheres from
Kurucz (1993) to compute abundances of Li, volatile
(O, Zn, Na, Al) and refractory (Si, Ca, Sc, Ti, V,
Cr, Co and Ni) elements. The choice of the model
was made using the standard interpolation on Ty,
and logg. The abundance analysis of Na, Al, Si,
Ti, V, Cr, Co, Ni, and Zn has been done in the
LTE approximation (Kurucz’s WIDTH9 code) using
the measured equivalent widths of these elements’
lines and the solar oscillator strengths (Kovtyukh &
Andrievsky, 1999). The Li abundances in program
stars were obtained by fitting synthetic spectra to the
observational profiles. We used STARSP LTE spectral
synthesis code developed by Tsymbal (1996). Consid-
ering a wide range of temperatures and metallicities
of our sample stars, the special effort was put into
a compilation of a full list of atomic and molecular
lines close to the 7Li 6707 A line (Mishenina &
Tsymbal, 1997). The O abundances by the synyhetic
spectrum method were determined on [OI] 6300.3 A
line, the Ni I line and the CN lines were included in
the final line list. For example, the total uncertainty
due to parameters and EW errors for Fe I, Fe II,
Siland NiI lines is 0.10, 0.12, 0.05, 0.09. correspondly.

6. Results and discussion

As we have not greater number of spectral observa-
tion for each spotted star, received during one period
of a star, we cannot investigate temperature and an
area of spots. But it is not the purpose of our work.
Our target stars have given to us as an opportunity to
consider behaviour of the elements’ abundances with
metallicity of the MS and spotted stars. As well as
the Sun also belongs to BY Dra type stars it seems
interesting to consider separately the behaviour of re-
fractory and volatile elements. The behaviour of these
elements is the key in testing one of hypotheses for
detection of stars with planetary systems. There are
two hypotheses which are based on the study of the
chemical composition: 1) primordial scenario, reflects
of the high metal content of the protoplanetary cloud
from which stars and planets were formed (Santos et
al., 2000), 2) different behavior of refractory (Si, Ca,
Ti, Sc, V, Cr, Mn, Co, Ni) and volatile (C, S, Zn, N, O,
Na, Al, Mg) elements derives from the accretion of a
large amount of rocky planetesimal material on to the
stars (Gonzales, 1997). Let’s note, that in the paper
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on studying the refractory elements’ abundances (Gilli
et al., 2006) for single stars and the stars with extraso-
lar planets the similar trends for these two groups were
found. Also in the paper on the oxygen determination
(it is one of volatile elements) (Ecuvillon et al., 2006)
the appreciable trends distinction for these two groups
of stars is not revealed. To analyse behaviour of the
elemental abundances we have considered dependences
of various element abundances on metallicity. Trends
of the studied elements with [Fe/H] presented in Figs.5-
13 , where MS stars are marked by open circles, and
variable stars are designated by black circles.

We have calculated also the mean abundance val-
ues of different elements in the MS and spotty stars
(Tabl.1).

As can see from Figs. 5-13 the abundance behaviour
of the majority of elemental abundances in MS and
spotted stars does not differ. Trend of the elemental
abundance corresponds to the received earlier results

Figure 7: The trend of aluminium with [Fe/H], the nota-
tion is the same as in Fig.1.
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Table 1: The mean values of the elemetal abundance
in MS stars [EL/Fe] and in variable stars [El/Fe]y

Element <[El/Fe] > o N
<[O/Fe > -0.01 0.18 71
< [O/Fe]y > -0.11 0.15 18

< [Na/Fe] > 0.002 0.15 101

< [Na/Fely > -0.025 0.11 32

< [Al/Fe] > 0.12 0.14 101

< [Al/Fely > 0.076 011 32

< [Si/Fe] > 0.102 0.09 101

< [Si/Fe]y > 0.05 0.06 32

< [Ti/Fe] > 0.07 0.10 101

< [Ti/Fely > 0.05 0.07 32

< [V/Fe] > 0.01 0.08 99

< [V/Fely > 0.03 0.08 31

< [Cr/Fe]y > 0.06 0.08 31

< [Cr/Fe] > 0.07 0.08 99

< [Ni/Fe] > 0.04 0.06 101

< [Ni/Fe]y > 0.00 0.06 32

< [Zn/Fe] > ~0.025 0.10 99

< [Zn/Fely > ~0.12 011 31
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notation is the same as in Fig.1.

and it is in consent with the galactic chemical evolu-
tion. The mean abundance values for MS dwarfs and
spotted stars are differ within the limits of definition
errors (Tabl.1).

And now we shall consider the lithium abundances
in investigated stars. Tracing Li in different types of
stellar and sub-stellar objects helps to study physical
conditions and nuclear processes in their interia. Li
is a very fragile element, destroyed at the tempera-
tures hotter than 2.5 10% K, and this process begins
already in the pre-main sequence stage. In most gen-
eral case, the surface abundance of Li should in prin-
ciple be a function of stellar mass, age, metallicity and
to of somewhat poorly explored physical processes like
rotation,convection, stellar wind, etc. Stars of BY Dra
type belong to young stars, their age is about 108 years
by estimations of Chugainov (1990). In their spectra
the lines of lithium which is the indicator of activity
and age of stars are often observed. However these
lines have different intensity, sometimes they are ab-
sent at all, and their intensity are not always correlates
with other indicators of stellar activity. The obtained
lithium abundances log A(Li) for investigated stars in
functions of effective temperature Ty are presented
in Fig.14 where MS stars are marked by black circles,
and variable stars are marked by the open circles.

The mean value of Li abundance in the BY Dra
type stars is equal to 1.82 +£0.81 and is higher than
one (1.42 +£0.91) for MS dwarfs. Lithium is detected
in 26 stars from 100 MS dwarfs and in 22 from 33 stars
of BY Dra type that there correspond 26 % and 65
%, respectively. Our detailed spectroscopic research of
the stars belonging to the low part of MS has shown
that the lithium is detected more often in the BY Dra
type stars and its average abundance in these stars is
higher than in other MS stars.

7. Conclusion

For the first time the chemical composition of
about 30 BY Dra type stars was found and the
comparison of the lithium abundance in MS stars and
of BY Dra type stars was made. There are obtained:

1. Trend of the elemental abundance corre-
sponds to the received earlier results and it is
in consent with the galactic chemical evolution.

2. The behaviour of the abundance of the majority
elements in MS stars and spotted does not differ.

3. The Li abundance in variable stars is higher
than in MS dwarfs and Li is detected in 65 % BY Dra
stars and in 26 % of other ones.
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ABSTRACT. Abundances of Na, Al, Ca, in the
stars of galactic disks are obtained. The separation of
thin and stars on cinematic criterion was made early.
The behavior of chemical element abundances with
metallicity for studied stars was presented.

Key words: Stars: fundamental parameters; stars:
abundances

1. Introduction

The trend of the elemental abundance [El/Fe]
with metallicity [Fe/H] in the galactic disk is clue to
understand the evolution of the disk and the Galaxy.
The different trend (slope) of [El/Fe] vs. [Fe/H] in the
thin and thick disks of the Galaxy evidences about
different temps and origins of enrichment of the thin
and thick disks, i.e. about different chemical and
dynamical evolution of two galactic substructures.In
this work we show the determination of Na, Al, and
Ca abundances in 55 stars belonging to thin and thick
disks. Two subsamples have been determined early on
the basis of kinematics Mishenina et al. (2004).

2. Observations and 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
is 3850-6800 AA. Spectrum extraction, wavelength
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 continuum level drawing and equivalent width
measurements were carried out by us using DECH20
code Galazutdinov, (1992). Equivalent widths of
lines were measured by Gaussian function fitting. The

L L B B L R L L
Y=-0.01-0.10X, <Na/Fe>= 0.05+0.09 (Thick disk) R
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Figure 1: The run of [Na/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 [Al/Fe| with [Fe/H].The notation is
the same as in Fig.1.
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Figure 3: The run of [Ca/Fe] with [Fe/H].The notation is
the same as in Fig.1.

temperatures were determined with the very high level
of accuracy using the line depth ratios method. 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 Vit
were determined by forcing the abundances deter-
mined from individual Fel lines to be independent of
equivalent width. The parameters are presented in
Mishenina et al. (2004).

3. Elemental abundances

Using the derived stellar parameters and the atmo-
sphere models of Kurucz (1993) we determined the
elemental abundances Na, Al, and Ca from an LTE
analysis of equivalent widths using the WIDTH9 code.
Oscillator strengths for lines have been taken from
Kovtyukh & Andrievsky (1999).

4. Results and conclusions

The dependences of [El/Fe] vs. [Fe/H] were pre-
sented on figures 1-3. Thick disk stars are marked as
filled circles, and thin disk stars as open circles. Linear
least-squares fits to both samples, the equations and
mean values of Na, Al and Ca abundances are given
in the same place. In thick disk stars the mean values
of Al and Ca abundances are higher than those in
thin disk stars. The thin and thick disk stars clearly
show similar abundance trends for Al and Ca. The
small inclination is observed for these elements. The
inclination for Ca is typical for the al - elements and it
is according with results on the magnesium obtained
by Mishenina et al. (2004). For Na we observed the
reverse inclination.
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ABSTRACT. Abundances of neutron-capture (n-
capture) elements in the stars belonging to thin and
thick disks are obtained. The separation of thin and
thick stars on kinematic criterion was made early. The
spectra were obtained with the ELODIE spectrograph
at the 1.93-m telescope of the Observatoire de Haute
Provence (France). The determination of elemental
abundances was carried out in LTE assumption by
model atmosphere method, for Ba and Eu taken into
account the hyperfine structure. The dependences of
n-capture element abundances on metallicity for thin
and thick disks are presented.

Key words: Stars: fundamental parameters; stars:
abundances abundances:n-capture elements, r-, s-
process

1. Introduction

The behavior of n-capture elemental abundances
in the thin and thick is very important for the
investigation of the galactic disks evolution. The
different sources of r-, s- process brings the different
contribution in enrichment of ISM by these elements.
The change of the slope of [El/Fe| vs. [Fe/H] in
the thin relatively TO thick disk may characterize
the change of contribution (in %, for example) from
different sources to the two substructures. In this
paper we present the abundance determination of Y,
Zr, Ba, La, Ce, Nd, Sm, and Eu and the analysis of
abundance trends.

2. Observations and 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

is 3850-6800 AA. Spectrum extraction, wavelength
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 continuum level drawing and
equivalent width measurements were carried out by us
using 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 parameters determination and
the separation of thin and thick stars on kinematic
criterion was made early (Mishenina, 2004).

3. Elemental abundances

Using the derived stellar parameters and the atmo-
sphere models of Kurucz (1993) we determined the
elemental abundances of Y, Zr, La, Ce, Nd, and Sm
from an LTE analysis of equivalent widths using the
WIDTHY code. Oscillator strengths for lines have
been taken from Kovtyukh & Andrievsky (1999). Ba
and Eu abundances are determined from the Ball
resonance line 4555 A, and from the Eull subordinate
line 6645 A, by line profile fitting of the stellar spectra
calculated spectra by the STARSP code (Tsymbal,
1996). Ball and Eull ions considered here have
the lines that show appreciable hyperfine structure
(hfs). The atomic data for these lines were taken
from Mashonkina & Gehren (2000). Recent NLTE
calculation for Ball and Eull have been carried out
by Mashonkina & Gehren (2000) and Mashonkina
et al (1999). They have shown that for the line Ba
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Figure 9: The run of [Ba/Fe] with [Fe/H].

and Eu abundances are higher in the thick disk stars
than those of thin disk; the mean values of Ce abun-
dance for two subsamples are similar within determina-
tion errors. The thin and thick disk stars clearly show
similar abundance trends for Y, Ba, La, Ce, Sm, Eu.
However, the Eu abundance shows remarkable declina-
tion, the La, Sm show some declination, the Nd shows
one only for thin disk stars, and Zr shows one for thick
disk stars. The Ce abundance do not show any decli-
nation. Break on metallicity close to -0,4 is observed
for Ba, the increase of the Ba abundances for thin disk
stars is observed.

We observe in our sample of stars the trend of
[Ba/Fe| and [Eu/Fe] vs. [Fe/H] similar to the those
for disk stars studied in the works Edvardsson (1993)
and Mashonkina (2000) (see, Fig.9).
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ABSTRACT. The present paper continues our work
on numerical modelling of formation of the accretion
disc in CBS g Lyrae taking into account the stellar
wind of the accretor. On having used methods of
additional reduction of numerical viscosity, as well as
different variants of the stellar wind and terms of its
displacement out of the orbital plane while forming
a disc, we defined the disc parameters close to the
observational ones, and also jet like structures, where
gas velocity equals to the velocity of the accretor’s
stellar wind.

Key words: Stars: binary: hydrodynamical model-
ing: individual: 3 Lyr.

1. Introduction

(B Lyrae is a well investigated binary system at stage
of rapid mass transfer with complex structure of gas
envelope. Many parameters of this binary are received
quite precisely and presented in the summarizing ar-
ticle of Harmanec et al. (1996): P=12.9d, Sp=B6-
8II+B0-3V, P =19/year, M = 3 x 10~°M, /year,
A = 58Ry M, = 12My, R, = 6Rg,T = 30000K,
Maon = 2.9M¢), Taon, = 13000K, vsinige, = 55km/s,
where index a means the accretor, and index don is the
donor.

But parameters of the donor were defined not so ac-
curately as it is closed for observing with a thick ac-
cretion disc. The complex structure of gas envelope
was specified on the results of observations for dif-
ferent waves length ranges. Modelling of light curve
of this binary for the waves of length from 3000 to
10000 A, Linnell (2000) received parameters of opti-
cally and geometrically thick cylindrical accretion disc
with Rqy = 30Rg, hg = 8 + 12Rg, T, = 9000K,
My = 3.6 x 1076 + 3.4 x 107*My, vsinig = 180km/s,
where the index d means a disk. To explain a Balmer
jump in the observing energy distribution in the spec-
trum of this binary Linnell (2000, 2003) assumed that

there was a dispersing envelope (corona) above the disc
with particles concentration N, = 10'em ™2 in height
h = 14Rs and temperature 30000 K. As assumption
of Harmanec et al (1996) the basic part of emission in
lines H, and Hel A6678A the given system is formed in
the bipolar jet-like structures, moving perpendicularly
to the orbital plane; moreover, it is possible that en-
velope absorption lines are also generated there. Gas
velocity at such structures at the angle of orbit slope
to the vision ray 83° is about 700-1000 km/sec. shells
absorption lines are formed in the same place too. The
observation in a radio range have allowed to find out
the extended environment surrounding this system and
reaching to distance near 40 AU with temperature of
11000 K. The given environment is connected to a stel-
lar wind of the donor that is estimated to be equal
M = 6 x 107" My, /year.

The main goal of our first work on three-dimensional
hydro dynamical modelling of forming an accretion
disc in CBS 3 Lyrae with the regard for the accretor’s
stellar wind Nazarenko, Glazunova (2006) was to
simulate an accretor’s stellar wind with the velocity
profile close to the model by Castor et al. (1975),
to compute a disc model with different velocities
of the stellar wind (700 and 1200 km/sec) and to
determine the disc’s parameters and possible jet like
structures. In the mentioned paper the term of wind
displacement by the stream was a linear decrease of
the wind velocity to zero in the set field of compu-
tation at co-ordinate z +0.04. The following results
were received: while interacting the stream displace
the wind out of the space fields, near to the orbital
plane, where the disc with Ry = 25R® hg = 6Rg
T, = 15000 = 20000 K N, = 10'2 = 10em =3 is
formed; interaction of the stellar wind from the
accretor’s polar areas with the envelope above the
disc results in generating jet like structures, where
gas moves from the accretor with the velocities close
to the accretor’s stellar wind velocity. The densest
part of the structure locates at co-ordinate y=-0.15
with the particles concentration 102 + 10'*¢m =3 and



155

Odessa Astronomical Publications, vol. 20 (2007)

VA A G G )

VAN A A AP

L L S s - . . . OO

L S - . . . . . - - O

Fig.1la Isolines of equal density and current lines at Fig.2b Isolines of equal density and velocity field at

area z-y (variant 1-1).

the orbital plane (variant 1-1).

Fig.3a Isolines of equal density and velocity field at

area z-x (variant 1-10).

Fig.1b Isolines of equal temperature at the orbital

plane (variant 1-1).

PP P NN NN NN
e P S AN S N Y

brorocrr e 2 7 P ANN NS ] O

:xx,..r;z
NS ® & — © ~ o ™ <
# 8w " gy

- o

W\l A X
S AP
P ]

//,ﬁ\\f
R R  A
N

Fig.2a Isolines of equal density and velocity field at Fig.3b Isolines of equal density and velocity field at

area z-y (variant 1-10).

area z-x (variant 1-1).



156

Odessa Astronomical Publications, vol. 20 (2007)

(A T
\ ey
L\ Ny
VAV IR AN NN

o iy

.
I

-~
s
/
/
/
/
/
/

e

SNy

Nl iaNT

N CCaa N e
XU/ ANNT
I
n

o
o
©

Fig.4a Isolines of equal density and velocity field at
area z-x (variant 1-0.1).

- : . v ——
0-4'//////“2 ;;;"\//7 3
LT s s TN
08rv v 7 / / /7 X i, [
NNy N A RN 2

02t/ 4 4 4 | 17NN\ ! ~/ 0 I
bt | AN TR« N
0.1 o g P !
. o 0
“0rT T T AU\ ——
SR 2T N -
“02Fv vV NV VAN 2 Vol P T
AT A NEA RN
I 1 NN N N N N NN 2
\\\\\\_?} ii\,;'\\
| By vy
L ININININANINE Y A NN T E
-06 -04 02 0 0.2 0.4 06y

Fig.4b Isolines of equal
area z-y (variant 1-0.1).

density and velocity field at

|

G PETR RN

NN Semaaa]

-2

s arar e
s~ e e

R PN

sl
]

Fig.5a Isolines of equal density and velocity field at
area z-x (variant 10-0.1)

: N
045 N~ i§§5/1/112
N R A A
03K \/ ~ s
Y ) \}/////
02p N P VA
N i I A AN 4
0.1R MY B VAN
Baiie N o s
0 ;. =
(- S e
-015 7 7 o\ }\\\\\\";
7 . NN NN AN -1
02y s\ \ | N N
s\ ¥ [ SN
-03¢ 7\ 2 AU 2
N \;;{“:\\\\
Vv 7N NN N VY
-04f 7, 5 AN Y B NN NN
06 -04 02 0 0.2 0.4 06y

Fig.5b Isolines of equal density and velocity field at
area z-x (variant 10-0.1)

temperature of 35000 + 45000 K; interaction of jet like
structure and the disc evokes a strong shock wave, in
which observation emission lines of the system can be
generated; the mass transfer in the binary becomes
non conservative - 50Lq (M 1) out of the system.
Thus, in the present model we succeeded in getting the
observing jet like structures with gas velocity about
700 km/sec; however, such disc parameters as Ry
and hg turned to be much less than the observing ones.

2. Features of three-dimensional hydrody-
namical modelling of of mass transfer with an
accretor wind.

Our approach to calculation of mass transfer in sys-
tem [ Lyrae, both initial boundary conditions and
model of binary system are similar to the first part
of article (Nazarenko, Glazunova 2006 I). The param-
eters of binary system and a degree of the overflow by
the donor of its Roche-lobe is the same to the article
I. We also resolve the nonstationary Euler hydrody-
namics equations using the same version of the large-
particle method by Belotserkovskii and Davydov 1982
in the same variant, as in the first article.

The area of calculations in the given work is lim-
ited accretors Poche-lobe with the sizes of a numerical
grid 160*160*70. In the present work to reduce nu-
merical viscosity we apply the method of regulariza-
tion of the velocity field, using the procedure of divi-
sion on physical processes, admissible for the numerical
method of large particles (Nazarenko 2007). The vis-
cosity for our computations equals to 0.01 in units of a
standard alpha-disc viscosity. The model of the accre-
tor’s radiating wind, used in this paper, was built as
follows. To simulate the stellar wind from the accretor
initially we build the accretor’s atmosphere, which is to
be steady for the whole computation period. Then we
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Table 1:
Pw/ Paw 1-1 1-10  1-0.1 10-1 0.1-1 10-0.1 Observ par
Par gas str
R4(Ro) 30 23 26 23 25 15-17 30
Hy(Ro) 68 46 35 46 4-6 3-4 8-12
Pjerl M sm =3 0.1-1 1 001 0.1 0.01-0.1 0.01 1
form tor cyli tor  cylin cylin cylin cylin
hshen1011sm =3 18 18 12 15 10 18 14
Pshen 10 sm—3 0.1-1 0.1-1 0.1 1-10 0.1 1-10 1
vzsh km/c (0.8,0.3) 75 -250 -19 -310 240 78 700

define its radiating pressure in approximation of opti-
cally thin layer (P, = aocT*/c ,where « is the Thomp-
son scattering coefficient,o is the constant of Stephan-
Boltsmann, and c¢ is the speed of light) and of optically
thick layer (P, = 4roT? /c ). On practice we select
the smaller radiating pressure of two to make the cal-
culations steadier for the whole computation period.
To avoid unreal high accelerations for low densities we
equate radiating acceleration to zero for the density
less than 4 x 108cm =3,

Gas acceleration in the upper layer of the accretor’s
atmosphere is determined by the forces balance: gravi-
tational force, Coriolis force, radiant pressure in contin-
uous spectrum and in the lines of Layman series. Gas
acceleration is given for the field between 1 and 2 star’s
radii. As a result we obtain the velocity profile close
to the profile of the stellar wind model by Castor et al.
(1975). To make the mechanism of wind displacement
by the stream out of the orbital plane more correct and
to select such parameters, which ensure the disc’s form
to be similar to its observational characteristics, when
jet like structures are generating, we input two free pa-
rameters p,,: if the density in the set cell is higher than
that signature, the wind velocity linearly falls to zero,
and pgq is initial density of the stellar wind.

As it is shown in our previous calculations
(Nazarenko, Glazunova 2006 II) to form jet like
structures with observational velocity 700 km/sec, we
must set the same signature of accretor’s stellar wind
velocity. That is why in the present paper the wind
velocity at infinity is to be equal 700 km /sec, although
such velocity is a bit low for the stellar wind of the
dwarf of BO spectral class, which might be the accretor.

3. Results of calculations.

The general results of computations are presented on
Fig. 1-5 and Table 1. Main differences of those compu-
tations from the results of article I are the following: a
round disc with low numerical viscosity, as well as cor-
rect calculation of the stellar wind displacement out
of the orbital plane let us receive a cylindrical thicker

disc. Such disc is more common to the disc, obtained
by analysis of the light curves (Linnell 2000).

Fig. 1 shows density and temperature division in
the orbital plane for the signatures of parameters p,,
and pgq 1-1. The radius of a disk is 25 R, density
is of 10'2 = 10"sm™3, temperature is 20000-40000
K. Density and temperature signatures for the disc
remain the same for all variants of our computations,
but radius and heights of the disc vary. Fig. 2-5
presents density division at areas z-x and z-y for
different signatures of parameters p,, and pg,,. Table 1
show signatures of the main parameters of the disc and
different types of envelopes for all variants p,, and pg..
From all figures and table it is clear that signatures 1-1
and 0.1-1 are the closest to the observational param-
eters of the disc. For displacement density 10''c¢m =3
and initial density of a star wind of 10'%sm ™3 (the
variant 1-1) the sizes and height of a disk are maximal
and are close to observable, however, the disc form
is close to torus and the envelope expands 18R
high, that contradicts the observations. Among all
variants with the disc form close to cylindrical variant
0.1-1 is the closest to the observational disc parameters.
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ABSTRACT. Analysis of the UV and optic spectra
of the active galaxy 3C 390.3 shows that the observed
line ratios for the broad components of lines: CIV/Le,
La/HB and Ha/HS can be accounted by two system of
clouds. One corresponds to the region with an electron
density 1057 1%m 3, located above an accretion disk -
probably in jets. This region emits the high ionization
lines La and CIV at the distance ~ 40-60 days and
low ionization lines HZ and Ha at the distance ~ 80
days. The other system corresponds to the zone which
is probably part of an accretion disk and has a higher
electron density 102 13¢m 3.

1. Introduction

3C390.3 is the prototype of the class of AGN
showing complex broad-line profiles with displaced
distributions and/or an anisotropic illumination of
the broad-line region (BLR). The double-peaked
emission lines often used as a strong indication of
the disk presence (Chen et al.1989;Eracleous and
Halpern2003).The outflowing biconical gas stream
(Veilleux et al. 1991; Zheng et al. 1991:Gaskell
(1996) as a mechanism producing the double-peaked
structure of emission line. More complex disk models
such as : a localized hot spot in accretion disk (Zheng
et al. 1991: two-armed spiral waves in accretion disk
(Eracleous at al.1995) or disklike configuration of
clouds (Sergeev et al. 2000) have been developed for
expending the variable flux ratio of the profile wings.
However the double-peaked profiles in optic differ from
single-peaked profiles in some galaxies.

2. Analysis of Line Profiles

The UV and optical spectra of 3C390.3 were taken
from the AGN Watch database for the period January
1995 — January 1996.. We took the UV and optic
spetra at times of maximum and minimum luminosity
during the taken period. The profiles of the CIV, La,
Hp3 and Ha lines have been divided into seven parts,
the width of each part being equal to 2000 km s—!.
The core of the lines is measured between -1000 and

+1000 km s~!. The blue in the low-ionization lines
Ha and Hb is stronger than in the high ionization
lines CIV and La at the maximum of nuclear activity.
However the blue peak in the high ionization lines
is more prominent at maximum of nuclear activity.
The CIV/Lya ratio is low in the low-velocity regions
of the line profile, but becomes higher in the blue
wing, particularly when 3C 390.3 is more active. The
asymmetry in the line ratios between the blue and red
wings could be real, since the blue peak was stronger
at this time, but it could also be an artifact of the
extreme difficulty in removing NV 1240 emission
from the wing of Lya in an object with line profiles
as complex as 3C 390.3. The observed Lya/HfS ratio
is high at low velocity and decreases in the wings for
both high and low states of the nuclear activity. This
velocity dependence is the opposite of what is seen for
most AGNs (see Snedden & Gaskell 2004), where Ly«
is usually broader than the Balmer lines.

3. Photoionization Models

The modeling of the observed line ratios CIV/Le,
La/HB and Ha/Hf has been done with the photoion-
ization code CLOUDY, in its plan parallel version, and
assuming solar abundances. The computed line ratios
of CIV/La, La/Hb and Ha/Hb for a given luminosities
(at maximum and minimum states) were calculated for
different distances from the center- (20, 40, 60 and 80)
days.

The comparison of the observed and the computed
line ratios show that the ratios varies along the line
profiles. The ratio CIV/La varies in range (0.2-1.8).
According to the UV study, the lag of CIV and L«
are equal to 37414 days and 60+24 days respectively
(O’Brien 1998). Therefore the theoretical line ratio
at the distance from the center may corresponds
107cm ™ in the center to 10'°cm™3 in the wings or
10'2 cm™2 in the center of line ratio to the 10'°cm—3
in the wings. However the electron density in the
wings usually higher than in the center because
the center of lines get the contribution from low
density narrow line regions. The observed line ratio

Lo corresponds to the electron density 10'%cm™3 in
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the center of line and 10" c¢cm™2 in the wings for

the distance from the center 60-80 days. Similar
electron density corresponds to the observed line ra-
tio Ha/Hp for the distance from the center 60-80 days.

4. Discussion

The study of the optical spectra of 3C390.3 for
period 1992-2000 (Sergeev et al. 2002) found the lag
between continuum and HS emission line variation to
be 89411 days. The difference with time lag obtained
by Deitrich et al. (1998) and equals 2048 days is prob-
ably due to sampling effects. Sapovalova et al.(2001)
give a double value: 100 and 35 days. Arshakian
et al. (2006) found that there is the observational
evidance for the link between variability of the radio
emission of the relativistic jet and optical continium
emission in 3C390.3. It indicates that the source of
varibility non-thermal continium radiation is located
in the innermost part of the relativistic jet. This
emission from jet forming the conocal region whith
broad emission lines. Therefore it seems resonable
to suggest that there are two broad regions: one is
localized at the disk and another is forming by the jet
with the electron density 1057'° cm —3 and localized
at the distance from the center about 60-80 days.
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ABSTRACT. We present historical light curve of
NGC 4151 (Fig.1.) for 1906-2007. The light curve
include mostly our published photoelectric (taken
during the years 1968-2007 ~ 1040 mean per night
measurements) and photographic (mostly Odessa’s
and Moscow’s plates taken during the years 1906-1982,
~ 352 measurements) points. Additionally we include
all published by other authors data obtained before
1968 (de Vaucouleurs and de Vaucouleurs, 1968;
Sandage, 1966; Wisniewski and Kleinmann 1967;
Fitch et al.1967; Barness 1967) (19 measurements
taken during the years 1958-1967) as well as photo-
graphic data of Pacholczyc et al.(1983) (Harward’s
and Steward’s patrol plates taken during the years
1910-1968, ~ 209 measurements). Look the references
about the used data at Luytyi and Oknyanskii (1987)
and see also Lyuty (2005,2006). All this data are
reduced to the one photometrical system. Applying
Fourier (CLEAN algorithm) we have found periodic
component 15.4 years in the 100 years light curve. 30
years ago about the same ”"period” was firstly reviled
from Odessa’s photometrical data (Oknyanskij, 1977,
1978). There is strong correlation between spectral
type and brightness. 14-16 years circles seen in the
light curve probably correspond to some accretion
dynamic time.

Key words: AGNs: individual: NGC 4151
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INFLUENCE OF SPIRAL PATTERNS ON DYNAMICAL
EVOLUTION OF GALACTIC DISC
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ABSTRACT. This paper reports on the theoretical
investigation of evolution of the Galactic disc, taking
in account the influence of spiral patterns. The
spiral patterns can be considered as some kind of
indicators of the dynamical processes in the disc. We
investigate influence of spiral patterns on the surface
density of gas, stars and metallicity in time at the
solar neighbourhood. We consider the models in the
approximation of instantaneous recycling of material.
Results of models are compared with observational
data, that give possibility to predict correct model
for evolution of the Galactic disc. The results of the
model predictions differ significantly comparing to the
case of the standard Galactic evolutionary model.

Key words: Galaxy:dynamics:spiral pattern.
1. Introduction

At present the very important problem is an inves-
tigation of the gas, stars distributions and metallicity
in the Galactic disc with an account of the spiral
arms. These arms can be considered as some kind
of indicators of the dynamical processes in the disc.
The dynamics of stars affected by perturbations
from both spiral structure and the Milky Way bar
(Quillen,2002). The main criteria of the model reli-
ability is a comparison with some observational data
(Boulares, 1989; Gilmoreet.al., 1990 and others). It is
known that spiral arm affect significant the star forma-
tion processes. The star formation rate is proportional
to parameter k, it is adopted 1 and 1.4 at the solar
neighbourhood (see, for example, Kennicut,1998).
As a rule, for the angular velocity of the arm rotation
is adopted to be 20 km s~! kpc~! (sometimes the
value 27 km s~! kpc~! is used, or 21 km s~! kpe!
is used (see Vorobyov,2006)), while corotation radius
is 9 kpc. There are also two specific regions of the
Lindblad resonances in the disc at 2.8 and 12.8 kpc
(Andrievskyetal.2004; Amaral& Lepine, 1997).

2. Spiral patterns

Spiral patterns — are prominent feature of spiral

galaxies, to which our Galaxy is belonged also.

Occurrence of a wave can be connected either with
external indignation or with instability of the disc. Be-
sides waves can be generated by a bar, and also emis-
sions of weights of gas from the central area of the
Galaxy.

In difference from stars, braking of gas on the in-
ternal party of a pattern occurs not gradually, and
jump. Gas of a disk runs to more dense gas in the
pattern, stops almost and compressed. If speed of the
gas concerning the pattern was more, than full speed
of a sound in the gas and amplitude of the spiral wave
of density is not too small, there is a shock wave.

The amplitude of the shock wave depends from speed
from which gas catches up with the spiral pattern.
With removal from the center angular speed of rotation
of the Galaxy falls, and for spiral patterns it remains
constant. Therefore with removal from the center of
the Galaxy relative speed of the gas and a pattern de-
crease, the amplitude of the wave decreases, on some
distance it ceases to be shock. When speed of rotation
becomes nearer to speed of the pattern, the pattern
comes to an end also.

Compression of the gas in the shock wave and its
transition in more dense phase promotes formation
of stars. In spiral galaxies the formation of stars
occurs not in all galactic plane where interstellar gas is
concentrated, and mainly there, where the amplitude
of a shock wave in it is great enough.

3. Main assumptions and basic equations

In order to determine the evolutionary model param-
eters of the Galactic disk (or its selected part) let us
consider one element of the disc surface (1 pc?). For
this element we can define the surface gas density, sur-
face stars density and the gas metallicity normalized to
the yield of primary elements in the approximation of
instantaneous recycling of material. Then the system
of equations that describe the evolution of this selected
area is the following (all the parameters are adopted for
the solar neighbourhood):

s, Mg pc=2 — is the surface density of stars;
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Table 1: Various parameters of the models and computed predictions, t = 15 Gyr, C = 0.15
T | k| o€ Hg Hs % ko | g Hs i
55 1 [ 0.1 ] 141 | 68.2 | 1.42 | 14 | 44| 779 | 14
3511 [02] 6.9 | 754|202 |14]21]| 80.2 | 1.7
65 1 [ 02| 116 | 70.7 | 1.43 | 1.4 | 4.2 | 78.03 | 1.27
Hgs Mg pe=? — is the surface density of gas; ) .
2 — is the gas metallicity normalized to the yield of Table 2: Observational data
the primary elements; Authors data
v, ]VI@pc—2Gyr—l —is t}'le star. formation rate; g | Gordon, Burton, 1976 6.5
F(£), Mo pe2 Gyr=1 — s the infall rate; w | Haywood, Robin, 1997 | 10
« — is an inverse characteristic distance for the infall Ly Dickey, 1993 75
rate in the disc, pg | Kuijken,Gilmore,1991 | 12.7
é = 4300 pc ; Ibg Boulares, 1989 14
7, Gyr — is the characteristic time of infall; I Gilmore, 1990 3545
M,, — is the present-day mass of the galactic disc, s Andrievsky, 2004 54.8
6-10"My; Mg — is the mass of Sun; Z | Andrievskyet.al.,2002b | 1.122

(1 = R) C — is the part of the matter that is created
after the SNe explosions, C' — const, (1 — R) C = 0.15;

t, — is the age of the Galaxy, t, = 15 Gyr;

R¢ — is the galactocentric radius;

Rs = 7.9 kpc — is the radius of Sun, which is
adopted.

Let us write the following differential equations for
the gas, stars surface densities and metallicity (the sys-
tem of differential equations was decided by numerical
method of Runge — Kutta of fourth order).

dps

dt
dug _
dt

Hog = (=BT f(5)

—(1-R)¥

—1-R)¥+f(t)

As it was showed by Andrievsky et al. (2004) some
characteristics can be written as follows:

\IJ:C’;/gf

~ @®Myexp (—aRg — 1)

8= 27T (1 — exp (—%”))

Rather like test was
H.Meusinger, 1998.

If we consider the spiral arms, then the function of
the star formation rate can be modified:

(2)

considered in R.Thon,

U =Cuf (1+4)

Op—0p|

A =
<0 c.

€ — is the factor which define an efficiency of the star
formation;

6 — is the cut-off factor, it is required, because the
self-sustained Galactic density waves are known to ex-
ist only in so-called wave zone between inner Lindblad
resonance, and outer Lindblad resonance. 6 = 0 for
Rg < 3 kpe, § =1 for 3 < Rg < 13 kpe, 8 = 0 for
Rea > 13 kpc;

Qp — angular speed of rotation of disc of the Galaxy,
Qp = Qp (Rg), hence (see Andrievskyet.al.,2004):

R \? R \?

b 447 [ ——

1000) +0 7(1000) +
—) + 181.844kms™ !

5.601 ( R

1000

Qp — angular speed of the rotation of the spiral pat-
tern, which determines the range of the spiral modes
and fixes the location of resonances. Determinations
of Qp from observations using different methods have
given values of Qp around 20 — 30 km s~ kpc—!. We
adopt Qp = 20 km s~! kpc™! (recall that the spi-
ral pattern rotates as a solid body, i.e. Qp = const,
whereas the Galactic disk rotates differentially).

Cy — is the speed of the sound in the interstellar
environment, Cy = 20 km s~ 1.

Below we give the set of parameters of our mod-
els and computed results of models taking into ac-
count the spiral arms (Table 1), and more over then
we give the comparative table with observational data
(Table 2) (Dickey,1993; Kuijken&Gilmore,1991;
Boulares, 1989; Gordon& Burton, 1976 and so forth).

Qp = —0.069 (



Odessa Astronomical Publications, vol. 20 (2007)

163

3. Conclusions

It is showed that:

1. the given research comprises construction of the
theoretical models describing dynamic evolution of a
disk of the Galaxy with different variations of parame-
ters, which are included into the system of differential
equations;

2. models consider influence of spiral patterns on
surface density of stars, gas and the gas metallicity
normalized to the yield of primary elements;

3. comparison of results of numerical modelling with
results of observational data shows, that the certain
models give good agreement with observational data.
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OBSERVATIONS OF CATACLYSMIC VARIABLES
AT KOLONICA OBSERVATORY
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ABSTRACT. We present a small sample of our
observations of cataclysmic variable stars obtained
at Kolonica Observatory, The presented data for
CI UMa, MR UMa and SW UM were obtained in 2006
and 2007. Our observations demonstrate that also the
small telescopes with low cost CCD camera could be
used for a serious and useful observations.

Key words: Stars: binary: cataclysmic; stars:

individual: CI UMa, MR UMa, SW UMa.

1. Introduction

Observation of cataclysmic variable stars is a part of
observing program of Kolonica Observatory, which is
a part of the Vihorlat Observatory in Humenné. It is
located on the east-north part of Slovakia near borders
with Ukraine. The largest telescope at observatory is
an 1m Vihorlat National Telescope equipped with 2
channel photoelectric photometer. Another smaller
telescopes are used mainly for CCD photometric ob-
servations of cataclysmic variable stars and for minima
times determinations of the selected eclipsing binaries.
All our observations could be found at the web page
of observatory: http://www.astrokolonica.sk/ and
data could be obtained from authors by request.

2. Used instruments

Our observations of cataclysmic binaries are ob-
tained by two telescopes. The first one, called HUGO,
is a Newton type telescope with 265mm diameter of
the primary mirror and focus length 1360mm. The
second one, called PUPAVA is also a Newton type
280/1500mm telescope. The both instruments are
placed on German equatorial mounts in the areal of
the Kolonica Observatory.

The observations were performed by MEADE
DSI Pro CCD camera with Sony’s ExView HAD
Monochrome CCD Image Sensor. The resolution of
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0.36 0.38 040 042 044 046 048 050 052 0.54 0.56
HJD of observation (2453936 + )
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Figure 1: Light curves of CI UMa.

this camera is 508 x 489 pixels. The observations were
obtained with no filters and were not transformed into
the international system.

The photometric reduction (dark and bias sub-

straction, flat-field correction) of the obtained
CCD images, as well as photometric measure-
ments were performed by C-Munipack package

(http://integral.physics.muni.cz/cmunipack/)
and SPHOTOM package developed by the first author.

3. Observed objects
3.1. CI UMa

CI UMa was observed in 3 nights from July 19 to
22, 2006 with HUGO telescope just after alert from
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Figure 2: Light curves of MR UMa.

30s exposure time was used
for all observations. Superhumps were detected in
two nights, as depicted in Figure 1. Observations
from the last night were strongly influenced by clouds
and was not usable for another analysis. Analysis
of the obtained data was published by Parimucha &
Dubovsky (2006).

the visual observers.

3.2. MR UMa

MR UMa was observed in 2 nights, April 21 and 22,
2007. HUGO telescope was used for these observations
and 30s exposure time was used. Light curves created
from our data are shown in Fig. 2. During the first
night, nice superhumps with complex structure were
detected. The amplitude of light changes was about
~0.2 mag. The end of the second night was messed by
the bad weather conditions.

3.8. SW UMa

Well known cataclysmic variable SW UMa was
observed in 3 nights from September 22 to 25, 2006
with HUGO telescope. 30s exposure time was used as
well. Light curves from all three nights are shown in
Fig. 3. During all nights, superhumps were detected
with amplitude about 0.15 mag.
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Figure 3: Light curves of SW UMa

3. Conclusion

Photometric observations of cataclysmic variables
(e.g superhumps detection) are very important for
the models of these objects. Our observations can
demonstrate that small telescopes with low cost CCD
cameras at small observatories could be also used
for a serious and useful observations. The greatest
advantage of such a instruments could be systematic
observations of selected objects.

Acknowledgements. This work was supported by
VEGA grant No. 7011, internal grant of Safarik
University No. 9/07-08, APVV grant LPP-0049-06
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KOROAPS — SYSTEM FOR A LARGE SCALE MONITORING
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ABSTRACT. We give an introduction information
about the KOROAPS (KOsice ROztoky Automatic
Photometry System). It is a system for a large scale
automatic multicolor monitoring and variable stars
searching. It is in a development at Saférik University
in KoSice in cooperation with Roztoky Observatory.
The system is now in a test operation at Roztoky
Observatory. System consists of Nikkor photolense
2/200 equipped with SBIG ST8 CCD camera and
set of the standard VRI photometric filters. It is
placed on Celestron’s CG-5 Advanced mount. We give
description of the basic properties of the instrument,
data reduction pipeline and operational modes of the
instrument.

Key words: Instrumentation: miscellaneous, Meth-
ods: data analysis, Techniques: photometric

1. Basic Properties of the System
1.1 Optics

The optical part of the system consists of Nikkor
photographic photolense 2/200. The diameter of the
input aperture is 100mm and focal length is 200mm.
The focal plane is optimized for the field with classical
dimension of 24 x 36 mm. It gives us a possibil-
ity to use a CCD camera with larger chip in the future.

1.2 CCD camera

The Nikkor photolense is at present time equipped
by SBIG ST-8 CCD camera. The chip dimension is
1530 x 1020 pixels with 9 pm pixel. We use set of
standard Johnson V RI filters. The field of view of
the camera at used optics is 4 x 2.5° with pixel scale
9.5” /pixel. We use exposure times typically from 30
seconds up to 2 minutes. The limiting magnitude in V'
filter for 1 minute exposure is ~16.5 mag.

1.3 Mount

Optics with CCD camera are placed on Celestron
CG-5 Advanced Mount with GoTo system. This
mount is LX200 compatible mount, which enables us
to use an open protocol for its control. Maximum
slew speed of the mount is 3°/second. The pointing
accuracy is <1’, but strongly depends on quality
of calibration of the mount (north pole setting and
calibration stars selection and alignment). The mount
enables to use an autoguiding system using the second
camera chip with accuracy better then 10”.

1.4 Software

CCD camera and mount control as well as data
reduction pipeline are realized by Python scripts,
which used corresponding programs depending on
operational mode. Data archiving (CCD images, light
curves) are performed by MySQL and PHP scripts.
We plan to put data on-line on the web page.

2. Data Reduction Pipeline

The reduction and analysis of the obtained CCD im-
ages can be summarized to the following steps:

1. standart photometric reduction using master bias
and dark frame and flat-field. Masters are created
every night, if it is permitted by weather condi-
tions.

2. sorting of the CCD images considering to opera-
tional mode and used filter.

3. object detection and their photometry. In non-
crowded fields we use SEXTRATOR code (Bertin
& Arnouts, 1996). For the crowded fields we plan
to implement ISIS package (Alard and Lupton,
1998)
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Table 1: Operational modes of KOROAPS system and
types of observed objects.

Mode
1 — one region

Description

multicolor photometry of
the selected field,

typically all night

light curves of eclipsing
binaries and CVs
photometry of 2, 4 or 9
partially overlapping fields
variable stars and/or
exoplanets searching,
monitoring of variable stars
photometry of maximum 16
fields one after another
multicolor monitoring of CVs
minima times of eclipsing
binaries

2 — region scan

3 — multiregion

4. cross identification between detected list of objects
and catalogs (Tycho2 or USNOA). World Coor-
dinate System (WCS) transformations are calcu-
lated and WCS is written to FITS image header.

5. calculation of all necessary corrections (e.g helio-
centric correction).

6. calculation of instrumental differential magnitudes
with respect to selected comparison stars

7. transformation of magnitudes to international sys-
tem.

8. final light curves generation and data archiving.

3. Operational Modes

KOROAPS can operate in 3 operational modes as
listed in Table 1. These modes can be easily changed
during night depending on observational conditions as
well as types of observed objects.

4. Conclusion

KOROAPS is now in a test operation at Roztoky
Observatory. We plan to put it to regular work during
2008. We also plan to use new CCD camera with a
large chip to maximize field of view. It will be nec-
essary to improve our software and implement other
photometric packages.

We have found that KOROAPS could be very useful
for the observations of the objects that we want to
study, like cataclysmic variables and eclipsing binary
stars.

Acknowledgements. This project was supported by
VEGA grant No.7011 and internal grant of Safarik
University No. 9/07-08 and partially by the private
sources.
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ABSTRACT. The WZ Sge type stars is a rare sub-
class of the cataclysmic variables (CVs). It possesses
the properties of both dwarf novae and recurrent
novae. The WZ Sge stars have the shortest orbital
periods (typically 80 - 90 minutes) known among the
dwarf novae, and the long (decades) recurrent time of
outbursts never displayed by the dwarf novae but that
is typical for the recurrent novae. At the same time
the WZ Sge stars show their own unique peculiarities
and are the promising objects for search for the brown
dwarfs in close binaries. The brief review of the
main characters of the known WZ Sge stars is given
including the last results of the newly discovered and
investigated binaries of this type.

Key words: Stars: binary: cataclysmic; stars:
individual: WZ Sge, SDSS J0804, V455 And, ASAS
J0025114-1217.2

1. Introduction

The cataclysmic variable stars (CVs) are the close bi-
naries suffering the late stage of their evolution. They
consist from the late type star filling its Roshe Lobe
and loosing material through the inner Lagrangian
point onto the compact primary (white dwarf/neutron
star/Black Hole). This class of variables displays the
outbursts of different amplitudes and different recur-
rent time. Basing on the variety of these parameters,
the CVs are divided onto several subclass: 1) classi-
cal novae: the recurrent time of outbursts presumably
is 10* - 10° years, amplitude - more than 6™ (in the
case of the Nova V1500 Cyg (1975) the amplitude of
the outburst was 19 mag!), 2) dwarf novae: The re-
current time of the outbursts is weeks and amplitude
is mostly less than 6 magnitudes (Warner, 1995); 3)
recurrent novae: time between outbursts is decades of
years. The last subclass however covers both close and
wide binaries (one could find recurrent novae among
symbiotic stars).

WZ Sge stars were extracted into separate subclass
last time because of the large (~ 8™) amplitudes (Bai-
ley, 1979; Downes, Margon, 1981; Patterson et al.,
1981; O’Donoghue et al., 1991; Kato et al., 2001a) and

specyfic combination of the orbital periods and recur-
rent time of the outburst: the shortest orbital periods
(80 - 90 min.), that is typical to the SU UMa type
subclass of the dwarf novae, but contrary to them, the
long recurrent time of the outbursts (decades). It is
possible to consider the WZ Sge stars as recurrent no-
vae as well. Furthermore, while the symbiotic stars
bound the recurrent novae at the longest orbital peri-
ods (years or decades) among interacting binaries, the
WZ Sge type stars bound this subclass at the shortest
orbital periods.

The physics of the classical novae and dwarf novae
is principally different. While the nature of the clas-
sical nova explosion according to the morden concep-
tions, is the thermonuclear event in the upper layers
of the white dwarf, the nature of the dwarf novae is
the thermal-viscous instability that occurs in accre-
tion disc in which the viscosity is given by the alpha-
prescription (Warner, 1995; Shakura & Sunyaev, 1973).
The outburst in the dwarf novae starts happens when
the disc becomes partially ionized and the opacities
vary steeply with temperature; this occurs when the
disk material reaches temperatures of order of 8000 K
(Lasota, 2001). The origin of the WZ Sge type binaries
outbursts means also the termal instability of accretion
disc.

There is a tendency of growing of the WZ Sge stars
number last time not only due to the developed net
of the amator monitoring of the outbursts, but, also,
due to the possibility to select some candidates aside
the outburst on the base of the modern surveys (for
example, such as the SDSS, HS, ASAS).

2. Types of the outbursts

It is possible to distingwish four types of the out-
bursts among the WZ Sge type stars.

1. Perhaps the majority of the WZ Sge stars shows
single outburst. The examples are: HV Vir(Kato et
al., 2001b), WX Cet (Kato et al., 2001a).

2. Outburst with one rebrightening. That is typi-
cal to the normal (but not to alll) SU UMa type of
the dwarf nova. For example: RZ Leo (Ishioka et al.,
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Figure 1: Light curve of the ASAS J002511+1217.2
outburst with single rebrightening (from Golovin et al.,
2005).
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Figure 2: Left: Light curve of the J0804 outburst
(from Pavlenko et al., 2007a) with eleven rebrighten-
ings. Right: Detail view of rebrightenings.

2001); ASAS J00251141217.2 (Golovin et al., 2005).
For illustration of such type of the outbursts the light
curve of the ASAS J002511+1217.2 is given in Fig.1.

3. The outburst with series of rebrightenings (one
could find in literature also another sinonima: re-
flares, or echo-outbursts). That is a unique fenom-
ena that was observed ONLY in WZ Sge type stars,
namely WZ Sge itself -12 rebrightenings (Patterson et
al., 2002), SDSS J0804 -11 rebrightenings (Pavlenko et
al., 2007), and EG Cnc - 6 rebrightenings (Patterson
et al., 1998a). Fig. 2 shows the light curve of SDSS
JO804. Several competing points of view try to explain
the phenomenon of rebrightenings, for example:

The rebrightenings are triggered while the mass
transfer rate is still high after the superoutburst (Buat-
Menard and Hameury, 2002).

The heating waves reflected from the cooling waves

J102146.444-234926.3 outburst with dip (from Uemura
et al., 2007.)

accompanying the decline from the last outburst (Pat-
terson et al., 1998a).

4. Outburst with no rebrightenings but with 1.5™ -
2™ dip that lasts a few days. Such kind of the outburst
could also be called as the outbursts with long-lived
plateau (Uemura et al., 2007): AL Com (Nogami et
al., 1997), CG CMa (Kato et al., 1999); Leo06 =
SDSS J102146.444-234926.3 (Golovin et al., 2007);
TSS J0222 (Imada et al., 2006b); V2176 Cyg (Novak
et al., 2001). The example of the Leo06 outburst light
curve is given in Fig. 3.

3. Superhumps and ”early” superhumps

Similar to the SU UMa dwarf novae, the WZ Sge
binaries also display during the outburst the light vari-
ations (superhumps) that a few minutes differ from the
orbital period. these variations often appear at the ~
10th day of the superoutburst (main outburst). The
basic origin of the superhump light is the extra heating
associated with periodic deformation of the disk shape
(Lubow 1992; Murray 1996 etc.): An eccentric insta-
bility grows at the 3:1 resonance in the accretion disk,
and perturbation by the secondary forces it to precess
(Whitehust 1988, Hirose and Osaki 1990, Lubow 1991).

The ordinary superhumps display the one-peaked
profile that could be slightly distorted through the
course of the outburst. The ¢ = Ms/M; plays a key
role: superhumps produced only below a critical ra-
tio, qerit ~ 0.3.  During the cource of the main out-
burst, O-C for the superhumps maxima display the
parabolic change that is consistent with period increase
for the WZ Sge (Andronov et al., 2002; Patterson et
al., 2002), RZ Leo (Ishioka et al., 2001), EG Cnc (Kato
et al., 2006), V592 Her (Kato et al., 2007), ASAS
J002511+1217.2 (Templeton et al., 2006), AL Com
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on the rebrightening profile and correspondent O-C
minimum. For clarity data are plotted twice.

(Nogami et al., 1997), SDSS J0804 (Pavlenko et al.,
2006).

Among the WZ Sge stars only 8 binaries show
the double-peaked humps (”early superhumps”), that
could appear even on the rising branch of the outburst
(Andronov et al., 2002). Contrary to the superhumps,
the early superhumps profile shows the strong two-
picked humps modulated by orbital period.

These binaries are:

ASAS 160048-4846.2 (Imada et al., 2007); AL Com
(Patterson etal., 1996); EG Cnc (Patterson et al.,
1996); RZ Leo (Ishioka et al., 2001); HV Vir (Ishioka
et al., 2003); Var Her 04 (Price 2004); WZ Sge (An-
dronov et al., 2002; Patterson et al., 2002; Kato et al.,
2004); V455 And = HS 233143905 (newly discovered
in September, 2007 (AAVSO alert, 2007). The nightly
light curve that relates to the early part of the out-
burst is presented in Fig.4. It demonstrates the clear
double-peacked humps wich repeat with known orbital
periodicity found by Araujo-Betancor et al. (2007) in
minimum.

The nature of the two-humped orbital profile is still
unclear. Several suggestions connect such profile with:

a) enhanced hot spot caused by a sudden increase of
the mass-transfer (Patterson et al., 1981; Patterson et



Odessa Astronomical Publications, vol. 20 (2007)

171

al., 2002);

b) excitation of the 2:1 tidal resonance in the ex-
panding accretion disc (Osaki and Meyer, 2002; Kato,
2002);

c) geometrical effect with a two-arm spiral wave

modifying our view of the inner accretion disc (Wheat-
ley and Mauche, 2004).

4. Superhumps during rebrightenings

It was shown that during the rebrightenings (re-
flares, echo-outbursts) superhumps are still present.
The O-C of the superhumps display the parabolic
change that is consistent with period decrease for
the WZ Sge (Patterson et al., 2002), EG Cnc (Kato
et al., 2006), SDSS J0804 (Pavlenko et al., 2006).
For the JO804 it was first found the complex O-C
variations (Pavlenko et al., 2008). In addition to the
parabolic change corresponding to the superhump
period decrease, the O-C show more frequent cyclic
variations (Fig. 5). These variations strongly correlate
with rebrightening phase: The O-C reach the minimal
values twice the rebrightening cycle (see Fig. 6). The
first O-C minimum coincides with rebrightening max-
imum, and the second minimum happens at the small
and not prominent bump on the ascending branch of
the rebrightening profile. The O-C variations reflect
the complex precession phenomenon of the accretion
disc. Despite of the overall decay of precession, it
tends to enhance from one rebrightening to another.

5. Orbital humps

While the superhumps are observing during the out-
burst plateau and rebrightenings, the orbital humps
begin to appear already soon after rebrightenings finish
during the long-term return to the pre-outburst state.
It could be seen in Fig. 7, where the dependence of
the photometrical period on time for the SDSS J0804
is shown (Pavlenko et al., 2007). The orbital profile
in minimum of some WZ Sge type stars is also two-
peaked. For example in Fig. 8 the nightly light curve
of the SDSS J0804 obtained approximately in a year
after the outburst is presented. Araujo-Betancor et
al. (2004) suggested for the case of V455 And as ex-
planation that we are seeing some sort of symmetrical
structure, such as two bright spots existence.

6. White dwarf

The white dwarfs of some WZ Sge type stars
exibit the fast light variability in the range of tens -
hundreds seconds that could be connected with white
dwarf: either with ZZ Ceti-like pulsations or with
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0,0605 (averaging within 2-3 nights) |
__ 0,0600 % g
g 0,059 D .
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Figure 7: Dependence of photometrical period on time
for the SDSS J0804 during the cource of the outburst
(Pavlenko et al., 2007b). The dramatical change of
the period correspond to the end of the main outburst
and rebrightenings era. Later - at least in ~ 150 days
after the end of rebrightenings - the photometrical light
modulation is close to the orbital period (marked by
dotted line) known from spectroscopy of Szcody et al.
(2006) in minimum.
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Figure 8: The nightly light curve of the SDSS J0804
obtained with high time resolution with 2.6-m mirrow
Shajn telescope of CrAO. The two-peaked structure of
the orbital hump with mean amplitude 0.25™ is clearly
seen. Note the additional splitting of the maxima with
less amplitude.
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Figure 9: Periodogram for the SDSS J0804 obtained
for the data at the main outburst. The most signifi-
cant peak points to the 0.00541 d light variations (from
Pavlenko et al., 2007a).

white dwarf spin period. The WZ Sge itself displays
the 27.9-sec optical and X-ray light variations that
believed to be the white dwarf spin period (Patterson,
1998), that, however, is not detecting all the time.
The photometric variations with period 72 sec. were
recently found by Araujo-Betancor et al.(2007)in
V455 And = HS 233143905 during its low state and
interpreted as its rotational period. This period was
not confirmed by Gansicke (2007), instead he found
another spin period 67.62 sec. Araujo-Betancor et al.
also suggested that there are 5 - 6 min white dwarf
nonradial pulsations of V455 And. Gansicke (2007)
confirmed the existence of these pulsations. Evidence
of probably nonradial pulsations with period 8-9 min.
and amplitude ~ 0.02™ were found for SDSS J0804
during one night in the outburst by Pavlenko et al.,
2007a (see Fig. 9 and Fig. 10) and were not found
by Szkody et al. (2005) in qiiescence. The fast white
dwarf rotation could be explain within the model of
the magnetic rotator Patterson (1998b). He suggested
that a weak magnetic field can allow the very long
outburst times by carving out a central cavity in the
accretion disc. However this model meets difficulties in
specific cases. Also not all quasy-periodical oscillations
could be explained as the nonradial pulsations. For
example, the white dwarf temperature in V455 And in
minimum was 11 000K (Araujo-Betancor et al., 2004)
that is well within the instability strip for ZZ Ceti
pulsators, so observed 5 - 6 min light oscillations could
be the white dwarf pulsations, while the 15-sec light
oscillations of WZ Sge during outburst decline could’t,
because of the current dwarf temperature ~ 25 000K
that is far beyond the blue end of the instability strip.

-0,2 0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8 2,0 2,2
Phase of P = 0,00541 d

Figure 10: The data of the SDSS J0804 from one night
for the main outburst folded on the 0.00541 d period.,
probably connected with non-radial pulsation of the
white dwarf (from Pavlenko et al., 2007a). For clarity
data are plotted twice.

7. Red dwarf

According to the current standard model of cata-
clysmic variable evolution (King 1988) the close binary
evolvs to the shorter orbital periods, reach the shortest
(~ 70 min) period and then evolve back to longer or-
bital periods. These "bouced” systems are these with
brown dwarf. Practically the brown dwarf could be
found by several ways. The direct way is the radial
velocities measure or modeling the spectral-energy dis-
tribution. However the white dwarf and accretion disc
contribution make the process highly uncertain. The
indirect way demands knoledge of the orbital and su-
perhump periods, that could be measured photometri-
cally during the superoutburst (superhump light mod-
ulation) and in quiescence (orbital light modulation).
The knowledge of these periods leads to the secondary
component mass estimation due to the empirical re-
lationship between mass ratio and superhump period
excess (Patterson, 1998)

e =0.23 x ¢/(14+0.27 x q)
where the superhump period excess

€ = (Psh *Porb)/Porb

Together with assumed (or measured) value of the pri-
mary mass, this relationship allows one to calculate
the mass of secondary star for eny system with known
superhump and orbital period.

As far as WS Sge stars have the orbital period
close to the period minimum, they are very promiss-
ing candidates to the white dwarf + red dwarf bi-
naries. These binaries with brown dwarfs show the
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"bounce” on the "g-Porb” diagramme. While cata-
clysmic variables approaches the minimum period, the
mass of the secondary component - the red dwarf -
decreases until it can no longer sustain hydrogen burn-
ing. Such secondary becomes increasingly degenerate,
entering the browm dwarf regime. Kolb (1993) esti-
mated that 70% of all cataclysmic variables should in-
clude such ”substellar” secondaries. Despite this theo-
retical prediction only a few cataclysmic variables (or
7stars-bouncers” following the Patterson’s terminol-
ogy) with mass of secondary less than 0.08 of Sollar
masses (brown dwarfs) are known. The best candi-
dates are WZ Sge, EG Cnc, EF Eri, DI UMa (Little-
fair et al., 2003, Patterson et al., 1998b, Buermann et
al., 2000). The first two are the WZ Sge type stars.
The descripency of the theory and observations may
be caused by both the selection effect (the rarity of the
outbursts and faitness of binaries in minimum) or by
the incorrectness of theory.
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ABSTRACT. The behavior of the dwarf nova V1504
Cyg during 2007 superoutburst and during several
normal outbursts is considered. The binary during
normal outbursts shows loop-like tracks on the V, V-R
diagram, where prior the superoutburst the loop is
steep and narrow while after the superoutburst the
loop is mildly sloping and wider. The loop of the
superoutburst resembles those of normal outbursts
precedings the superoutburst. V1504 Cyg displays
the early superhumps phenomenon during the ricing
branch and first few days of the superoutburst.

Key words: Stars: binary: cataclysmic; stars:
individual: V1504 Cyg

1. Introduction

V1504 Cyg is a SU UMa-type dwarf nova. The

kind of this subclass of the cataclysmic variables is
the presence of two types of outbursts (normal ones
and superoutbursts) and orbital periods that are less
then 2 h (Warner, 1995). In 1981 V.P. Tsesevich first
pointed attention on this non-classified for that time
variable star. Later on Raykov & Yuschenko (1988)
suggested this star to be the SU UMa type nova,
Nogami and Masuda (1997) confirmed this suggestion
and found that superhump period is 0.07 day. As
the dwarf nova, V1504 Cyg shows two type of the
outbursts: the ~ 3-day so-called normal outbursts
and ~ 14-day superoutbursts. Pavlenko and Dudka
(2002) studied the outburst activity of V1504 Cyg and
suggested the two types of the outbursts.

2. Observations and results

Observations of V1504 Cyg have been carried out
with Cassegrain K-380 telescope in the Crimean as-
trophysical observatory in VR Johnson photometrical
system in 2007, June — September during 31 nights, in-
cluding superoutburst and two normal outbursts prior
and after the superoutburst. The overall light curve is
shown in Fig.1. It is seen that the normal outbursts
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Figure 1: The long-term light curve of the V1504 Cyg.
The open circles denote V data and the filled circles —
R data. The normal outbursts are numbered.
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Figure 2: The nightly light curves displaying ”early
superhumps”.
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Figure 3: Left: The V, V-R dependence for the 1st
(filled circles) and 2nd (open circles) normal outbursts.
Right: the same for the 3nd and 4th normal outbursts.

have mean amplitude 3™ while the superoutburst —
3.5™. The normal outbursts prior the superoutburst
are brighter than those after superoutburst. All normal
outbursts occured in 11 days. We do not discuss there
the superhumps evolution during the course of the su-
peroutburst, but note the appearence of the ”early su-
perhumps” on the ricing branch and during the first
days of the superoutburst (Fig. 2). The amplitude of
this light variations is variable and could reach 0.5™,
and the profile of the light curve is one-humped.

We constructed the magnitude — color diagrams
separately for the normal outbursts before and after
superoutburst and for the superoutburst itself (see
Fig. 3). To supress the nightly magnitude and color
variations, the data within time corresponded to the
superhump cycle are averaged. It is seen that binary
is bluer when brighter. In the outburst peak it shows
the average V — R ~ —0.2™. loop: the star is slightly
bluer after passing the outburst peak. Contrary to
this behavior, the 3d and 4th outbursts exibit more
wide loop. At the same 16™ level the width of the
first pair of loops is ~ 0.1™, while those for the second
pair — ~ 0.4™. Also the first pair behaves steeper then
the second one. The behavior of the superoutburst on
the magnitude — color diagram resembles those of the
1st and 2nd normal outbursts (Fig. 4).

3. Discussion

We have revield that both the normal outbursts
and superoutburst have practically the same blue
color in maximum. During the outburst the accretion
disk or accretion disk + hot belt + boundary layer

Figure 4: The V, V-R dependence for the superout-
burst.

could be the major contributors to the total light.
The observing colors in maximum light correspond
to the black-body temperature of order 50 000 K or
higher. During the superoutbursts plateau duration
the temperature of the hot radiation decreases up
to 18 000 K — 19 000 K, and during the phase of
rapid brightness decline decreases up to 10 000 K. If
this radiation is produced by the accretion disk only,
that means the disk is still in the hot stable state
(Smak, 1984). In minimum the contributors to the
total light are the accretion disk, hot spot on the disk,
white dwarf and red dwarf. Just after the end of the
superoutburst the mass of the accretion disk is the
much smaller than prior the next superoutburst. One
could expect that the normal outbursts behavior prior
and after the superoutburst also may be different.
Indeed, comparing the outbursts 1 and 2 with out-
bursts 3 and 4, one could see such difference. Before
the superoutburst the narrow loop in Fig. 3 (left)
corresponds to the ”inside-out” propagation of the
outburst, while after the superoutburst (Fig. 3, right)
the instability is of the ”outside — in” type (Smak,
1984).
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ABSTRACT. The procedure and results of mod-
elling atmospheres, spectral energy distributions and
spectra of peculiar stars are discussed. A special
attention is drawn to the consideration of the partic-
ular problems encountered for peculiar and hydrogen
deficient stars on the later stages of evolution. We
present some results obtained by fits to observed
optical and IR spectra of Sakurai’s object, V838 Mon,
and RS Oph.

Key words: Stars: evolution: cataclysmic; stars:
individual: V838 Mon, V4334 Sgr, RS Oph

1. Introduction

Life of a star is long. Still sometimes one becomes
very bright and evolves in the very short time scales.
Stellar spectra demonstrate the drastic changes due to
the variation of physical conditions in atmospheres and
envelopes. The majority of the observed events occur
on the latest stages of evolution. The peculiar stars
provide the real challenge for observers and theoreti-
cians.

Abundances of at least light elements, i.e. H, He, Li,
C, and N, in the atmospheres of evolved stars of the in-
termediate mases can significantly differ from the solar
abundance ratios. The reason for this is because con-
vection and other mixing processes dredge up the prod-
ucts of the nucleosynthesis from the stellar interior.
Naturally, the temperature structure of their model
atmospheres and computed spectra response on any
change of abundances (see Pavlenko & Yakovina 1994).
Strictly speaking we cannot use for analysis of stel-
lar spectra of the evolved stars the model atmospheres
from the extended grids computed recently for fixed
abundances (see Kurucz (1993, 1999), Hauschildt et
al. (1999). Moreover, in most of the computations the
solar abundances (Anders & Grevesse 1989) or solar
abundances scaled by the metallicity factor [Fe/H] are
used which is grude enough approximation of the abun-
dances distribution in the atmospheres of the evolved
stars.

Mdelling spectra of the most evolved stars require
much more complicate approach. Their atmospheres
are hydrogen deficient but helium and carbon rich.

The opacity due to H™ absorption is not as important
for them. The menagery of opacity sources in their
atmospheres differ from the solar case (Asplund et al.
1999).

2. Procedure

The plane-parallel model atmospheres of the evolved
stars in LTE, with no energy divergence were com-
puted by SAM12 program (Pavlenko 2003). The pro-
gram is a modification of ATLAS12 (Kurucz 1999).
SAM12 uses the standard set of continuum opacities
from ATLAS12. The adopted opacity sources account
for changes in the opacity as a function of tempera-
ture and element abundance. We add some opacities
sources which are of importance in the atmospheres
of carbon-rich, hydrogen-deficient stars (see Pavlenko
2003 for more details).

Chemical equilibrium is computed for the differ-
ent sets of molecular species, by assuming LTE. The
nomenclatures of molecules accounted for are different
in stellar atmospheres atmospheres of C/O > 1 and
C/O0 < 1.

The opacity sampling approach (Sneden et al. 1976)
is used to account for atomic and molecular line ab-
sorption. We account mainly for the molecules which
are the most abundant or most important sources of
opacities. In the case of atmospheres with C/O < 1 we
account absorption of VO, TiO, HoO and molecules
from the Kurucz (1993) CDs.

In atmospheres with C/O > 1 rich models of Teg<
5000 K diatomic molecules contained carbon atoms are
main contributors of the opacity. In the atmospheres
of Ter< 3000 K HCN, NHC, C3 and other polyatomic
carbon molecules contribute to the opacity in the IR
part of the spectra (see Harrison at al. 2006 and refs
therein).

Synthetic spectra are calculated with the WITA6
program (Pavlenko 1997), using the same approxima-
tions and opacities as SAM12.

2.1. Fits to observed spectra

To determine the best fit parameters, we compare
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V4334 S'gr on Jlljly 13 ——
5250/0, log N(C) = -1.62 -------
log N(C) = -1.05 -------- .

Normalised flux F,

1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8
Wavelength in microns

Figure 1: fits to observed spectrum of of Sakurai’s Ob-
ject on 1997 July 13, see Pavlenko et al. (2002) for
more details.

the observed fluxes F), with the computed fluxes fol-
lowing the scheme of Jones et al (2002) and Pavlenko
& Jones (2003). We let

Ff:/F,}’xG(x—y)*dy,

where r¥ and G(x — y) are respectively the fluxes com-
puted by WITAG6 and the broadening profile. We adopt
a gaussian + rotation profile for the latter. We then
find the minima of the 3D function

S(for frr fe) = D (Fops — F*)?

where f, fs, fo are the wavelength shift, the normal-
isation factor, and the profile broadening parameter,
respectively. The parameters fs, f and f, are de-
termined by the minimisation procedure for every
computed spectrum. Then, From the grid of the
better solutions for the given abundances and/or
other parameters (microrurbulent velocity, effective
temperature, isotopic ratios, etc), we choose the
best-fitting solution.

3. Results

3.1. Sakurai’s object

V4334 Sgr (Sakurai’s Object) discovered by Y. Saku-
rai on February 20, 1996 (Nakano et al. 1996) is a very
rare example of extremely fast evolution of a star dur-
ing a very late final helium-burning event (Duerbeck &
Benetti 1996).

Theoretical spectral energy distributions computed
for a grid of hydrogen-deficient and carbon-rich model
atmospheres have been compared with the observed
optical (0.35 - 0.97 pm ) and infrared (1-2.5 pm) spec-
tra of V4334 Sgr (Sakurai’s Object) on 1997 - 1998

1.05 T T T

15 1o V4334 Sqr
5250/0.0, log N(C)=-1.62, '°C/'®C=5, £g=2.0 -

0.95 Ll

0.9

0.85 |-

Normalised Flux £,

0.7 1 1 ! 1 I !
2.33 2.34 2.35 2.36 2.37 2.38

Wavelength (micron)

Figure 2: Best fit to 1998 July spectrum found by
the minimisation procedure outlined in the text, for
log N(C) = —1.05, see Pavlenko et al. (2005) for more
details.

(Pablenko et al. 2000, Pavlenko & Duerbeck 2001,
Pavlenko & Geballe 2002). We showed that the main
features in the observed spectra are strong bands of
CN, and Cy in the optical spectra and C, and CO
bands in the IR. Hot dust produces significant excess
continuum at the long wavelength ends of the 1997
spectra.

Fits to the IR spectra yield an effective temperature
of Teg= 5500 £+ 200 K for the April date and Teg=
5250 + 200 K for July.

Fits of our theoretical spectra to the '2CO and
13CO bands in Sakurai’s spectrum at 2.3 um observed
in 1997 allows us to determine the 2C/'*C ratio
120/13C =~ 4 £ 1 (Pavlenko et al. 2005). It is
worth noting that we account here a contribution of
some additional flux provided by the hot dust on the
wavelengths of the first overtone CO bands. The low
ratio of 12C/13C is consistent with the interpretation
of V4334 Sgr as an object that has undergone a very
late thermal pulse.

3.2. V838 Mon

The peculiar variable star V838 Mon was discov-
ered during an outburst in the beginning of 2002 Jan-
uary (Brown 2002). Two further outbursts were then
observed in 2002 February (Munari et al. 2002a;
Kimeswenger et al. 2002; Crause et al.2003) and in
general the optical brightness in V-band of the star in-
creased by 9 mag. Since 2002 March, a gradual fall
in V-magnitude began which, by 2003 January, was
reduced by 8 mag.

Kaminsky & Pavlenko (2005) obtained Teg= 5330 +
300 K, 5540 + 270 K and 4960 + 190 K, for February
25, March 2, and March 26, respectively. The iron
abundance log N (Fe)=—4.7 does not appear to change
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Figure 3: The fit to the observed V838 Mon spectrum
on November 6, 2002 , see Pavlenko et al. (2006) for
more details.

in the atmosphere of V838 Mon from February 25 to
March 26, 2002. Our results agree well with Kipper et
al (2005).

Up until November 2002 both effective temperature
and luminosity of V838 Mon drop significantly with
time (see also Tylenda 2005). Evans et al. (2002)
classified one as an L-supergiant (see also Tylenda
2005). The infrared spectrum of V838 Mon shows
deep absorption bands of HoO . In the optical spectra
there are strong TiO bands as well as bands of a few
diatomic molecules witch can be fitted by theoretical
spectrum computed with Teg= 2000 K (Pavlenko et
al. 2005). Then, at A < 0.5 pm Desidera & Munari
(2002) discovered spectroscopically a hot companion
later confirmrd by Wagner & Starrfield (2002) and
classified as B3V star by Munari et al.  (2005).
Modelling combined B2 V + M9 III spectrum allows
us to determine radius of V838 Mon in November 2002
R ~ 6000 R®, if both stars form the binary system
(Pavlenko et al. 2007).

9.3. RS Oph

Recurrent nova (RNe) provide another class of the
extremely evolutionary changes. The best studied re-
current RNe RS Oph forms the binary system (WD
+red giant M2 IIT). RS Oph is known to have under-
gone at least five eruptions, in 1898, 1933, 1958, 1967
and 1985; eruptions in 1907 and 1945, perhaps, were
missed.

Recently Pavlenko et al. (2007) carried out detailed
study of the IR spectra of RS Oph to better understand
the effect of the giant secondary on the recurrent nova
eruption. Both the progress of the eruption, and its af-
termath, depend on the poorly known yet composition
of the red giant in the RS Oph system.

Synthetic spectra were computed for a grid of M-

Wavelength (micron)

Figure 4: The best fit to the observed spectrum for the
cases veiling-free and ‘veiled’ models, see Pavlenko et
al. (2007) for more details.

giant model atmospheres having a range of effective
temperatures 4000 < Teg< 3000 K, gravities 0 < log g
< 1, and abundances -1 < [Fe/H] < + 0.5, and fitted to
infrared spectra of RS Oph as it returned to quiescence
after its 2006 eruption. Pavlenko et al (2007) modelled
the infrared spectrum in the range 1.4 — 2.5um to
determine metallicity and effective temperature of the
red giant. This allows us to refine both parameters
from analysis of the best fits of the synthetic spectra
to the observed spectrum of RS Oph .

We found, that the slopes of the spectral energy dis-

tribution (SED) and the intensity of molecular bands in
the modelled spectra depend on both Teg and [Fe/H].
This allows us to determine T,z = 3800 + 100 K,
logg = 1.0 £ 0.5, [Fe/H] = 0.0+ 0.5, [C] = —0.4,
[N] = +40.9 in the atmosphere of the secondary,
together with a degree of ‘veiling’ in the observed
spectra; it is not clear at this stage whether the ‘veil-
ing’ is due to dust in the environment of RS Oph or
to inadequate atmospheric cancellation (see Pavlenko
et al 2007 for more details).
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ABSTRACT. We researched the characteristic time
scales and amplitudes of the variability of Ha emission
and intrinsic polarization of Be Herbig stars: VY Mon,
LkHa215 and HD 259431. The change of Ha profiles
as PCyg - PCyglII - single-peaked was revealed in the
spectrum of VY Mon. Such transformation is widely
accepted to be formed in stellar wind. The double
Ha profiles of LkHa215 and HD 259431 reflect the
presence of the rotating disk-like envelope with signs
of outflow and infall of matter.

Key words: Stars: Be Herbig stars: individual: VY
Mon, LkHa215 and HD 259431

1. Introduction

The high resolution studies of emission line profiles of
young AeBe Herbig (HAeBe) stars offer the possibility
to understand the structure and the physical conditions
in the line-emitting regions. The strongest evidence
for a disk-like structure around HAeBe comes from the
near-IR and millimeter interferometry. The Ha spec-
tropolarimetric observations show traces of dust at the
distances of tens of stellar radii (Vinc et al., 2002).
Emission line intensities and continuum excesses in the
UV may be connected with a level of accretion activity,
NIR excesses - with the hot inner disk, millimeter and
sub-millimeter excesses - with cold dust in an outer
disk. The long-term study of the profile variations can
provide a definition of a nature of young stars and the
structure of their envelopes.

The emission profiles of Ha can be classified as dou-
ble, single or P Cyg. It is known that in spectra of some
stars Ha profiles can change from one type to another,
but a moment of such transformation is unpredictable
because of irregularity of these events.

Variability is mainly revealed in change of the bluer
wing and the central peak. A scale of variability is
from a few hours up to an year. The presence of P
Cyg profile of Ha is widely accepted to be the result
of the stellar wind. The double profile is explained by
the presence of a rotating disk-like envelope with signs
of outflow and infall matter of envelope.

We researched the characteristic time scales and
amplitudes of Ha variability and the intrinsic polar-

ization of the following stars: VY Mon, LkHa215 and
HD 259431.

2. Individual objects

VY Mon - the very young star (O9e -B8e) with a
large IR excess, (A,=8.7Tmag, P=10%). It’s Ha profile
changes from PCyg to PCyglIl and to single-peaked
type. When star is seen as bright, it shows a PCyg
profile, when it becomes weaker, an additional blue
emission appears, forming a PCygIII profile. And then
it turns into a single peak. We received, that PCyg
velocity can vary from -62km/s up to -340km/s dur-
ing 8 months. We have derived the systematic shifts
of the main emission centre as: +62km/s, +120km/s,
+140km/s for the profiles PCyg, PCyglII and single-
peaked, correspondingly. The last observations showed
the change of Ha profile type from PCyglIl (Decem-
ber, 2006) to PCyg (January, 2007). But variations of
the central peak intensity relatively to continuum and
fluctuations of the red edge of the line were weak.

All three types of the profile can be explained by the
models of anisotropic stellar wind with a variable ter-
minal velocity. Cidale and Ringuelet, (1993) showed,
that the different velocity gradients at the onset of
the wind can result the transformation of an emission
profile from single-peaked into PCyg and into double-
peaked in order of decreasing velocity gradients.

Polarimetric measurements provided the study of
a nature and geometry of the circumstellar matter.
Stellar radiation will be affected by an intrinsic
polarization only if a distribution of the scattering
matter is not spherically symmetric. The existence
of circumstellar dust is supported by large values of
an intrinsic polarization. We received the polarization
data in the B band for 17 stars in Mon RI (Pavlova,
Rspaev 1985). Following estimations of the interstellar
contribution in this direction were derived: P;3=0.9%,
0,5s=162°. The Stokes parameters U=Psin20 and
Q=Pcos20 for the intrinsic polarization were deter-
mined as U;,= U*U,,, Q;, =Q* - Q;5. The intrinsic
polarization degree P;, and position angle ©;, were
evaluated:



Odessa Astronomical Publications, vol. 20 (2007)

181

1 in
Oin 3 arctan 0.

Then for VY Mon P;,=10.3% and ©;,=22°. A po-
larization vector may be parallel or perpendicular rel-
atively to a disk plane. Thus one may expect a corre-
lation between a polarization angle and a direction of
jets and outflows or disk orientation.

LkHa215 (Ble-B7e) and HD259431 (B6pe) have
very broad double Ha profiles, which reveal a rotat-
ing star/disk configuration. The double-peaked Ha
emissions in spectra of these stars have the constant
separations: 173km/s for LkHa215 and 96 km/s for
HD259431, while the relative intensities of red and
blue peaks are variable. We discovered, that in the
spectrum of HD259431 the bluer peak became smaller
than the red one during 2005, although the earlier ob-
servational data have always shown a reverse picture.
The relative intensities of the red and blue peaks may
change according to an action of the outflow and infall
mechanisms in disk/envelope matter.

The velocities of the central absorptions vary from
-35km/s to +58km/s for LkHa215 and from +18km/s
to +32km/s for HD259431. These variations may be
connected with a variable thickness of an asymmetric
disk-like envelope. The observational data of Fernan-
dez et.al., (1995) show that VV Ser (B5) also has a
constant separation of a double-peaked Ha, about 230
km /s with the variable intensities of the peaks. A deep
central absorption testifies that an equatorial tours of
obscuring material can be thick and close to the line of
sight.

The following estimations of the intrinsic polar-
ization were obtained for LkHa215: are P;,=2.33 -
1.68% ©;,=80 - 78° and for HD259431: P;,=2.09%
0,;,=93°. An orientation of a polarization vector
for an optically thick disk may by parallel to a disk
plane, then orientation of a disk of such an object
is perpendicular to the Galactic plane (04, =165°).
This situation may be consider as a main attribute of
an youth of an object.
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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 echelle spectrometer installed
at the 1.52m telescope. Striking profile variability
has been found in a number of lines originating in
the stellar wind. Analysis of the variability revealed
manifestation of a layered spatial structure of the wind
zone containing layers of preferable generation of local
inhomogeneities in the outflowing gas. Correlation
between different spectral parameters corresponding to
infall and outflow gaseous streams evidence in favour
of the physical interdependence between the accretion
and the mass loss processes in the circumstellar
envelope.

Key words: Stars: pre-main sequence: circumstellar
matter; stars: individual: HD 163296

1. Introduction

The emission line star HD 163296 (B9Ve-A2Ve)
was first classified as a young Herbig Ae/Be star by
Finkenzeller & Mundt (1984). Afterwards it became
a subject of detailed study. The spectrum of the star
demonstrates signatures of an intense stellar wind.
High-resolution spectroscopic investigations have
shown a complex picture of the variability observed in
numerous circumstellar (CS) lines. It was interpreted
in terms of the long-lived spatial inhomogeneities ro-
tating in the CS envelope (Baade & Stahl 1989, Catala
et al. 1989, Pogodin 1994, Beskrovnaya, Pogodin et
al. 1998). The study presented here was aimed at
further investigation of CS peculiarities of HD 163296
using new data obtained with a high-resolution echelle
spectrometer.

2. Observations

Nineteen high-resolution (R=48000) spectra of
HD 163296 were obtained on May 8-10, 2002 with the
FEROS echelle spectrometer installed at the 1.52m
telescope of ESO (La Silla, Chile).

Collection of all spectra is presented in the Table.
The signal-to noise ratio (S/N) at the continuum
level for all spectra was from 100 to 200 depending on
spectral region.

Table 1: The UT of mid-exposure.

May 8 May 9 May 10
027 57 08% 02" 58™ 535 02" 30™ 58°
04" 33™ 08° 03" 57™ 575 031 54™ 41%
08" 25™ 36° 05 08™ 17° 05" 26™ 15°
09" 09™ 20° 06" 23™ 355 06" 40™ 46°
10" 31™ 515 07" 54™ 455 08" 11™ 51°

09" 09™ 08% (09" 21™ 19%
10" 10™ 15° 10" 20™ 00°
3. Results

The results of our investigation are illustrated in
Figs.1-6. The radial velocity scale used in the graphs
is given in the reference frame connected with the
star. The synthetic photospheric profiles calculated
with the use of the Piskunov’s code SYNTH+ROTATE
(Piskunov 1992) are also presented for comparison.
The atmospheric model parameters (Teff = 9400°K,
logg =4.1, Fe/H = 0.5, Vsini = 130 km/s) were taken
from Guimaraes et al. (2006).

The analysis of the obtained results allowed us to
draw the following conclusions:

1. During the first observing night (May 8) the
Balmer lines display emission profiles with the blue
wing overlapped by several local absorptions (Fig.1,
left). In the following nights these features were de-
creasing in deepness, and the profiles became double-
peaked (Figl, right).
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Figure 1: Normalized Ho and Hf profiles obtained at
the beginning of night on May 8 and May 9.
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Figure 2: Rapid variability of Ha profile observed on
May 8 and May 10. Time increases from top to bottom.

T T
0+ %;A _
28 22 setl onk
o %
e 2
2: @‘ g..ng 9‘ ¢
¥y H¥
—100 B
Q
g Oo © e
) N aA as @ v
‘. A 4 AA;A A‘ ‘A
= v 4
v w
-200 |- v, oV .
[m} Et‘vv
o W O
& o
A m}
oo .
o) VV8
-300 |- : o' o — Hgy 4
o —H
8 . ~ s
oL Y
O — Call
v
® — DNal
1 Il 1
3 4 5

ID (2452400 + ...)

Figure 3: The temporal run of radial velocities of all
local absorptions originating in the stellar wind and
observed in different lines.
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Figure 4: Typical profiles of the Hel, DNal and Call
K lines in the spectrum of HD 163296.
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Figure 5: Typical residual profiles of the Call K line
in the spectrum of HD 163296, obtained by subtract-
ing the photospheric component from the entire profile
and demonstrating clearly separated CS profile com-
ponents.

Fig.2 demonstrates the rapid Ha variability observed
during a night. One can see that the lifetime of sepa-
rate local features are of several hours. Such character
of variations is typical for a stellar wind containing spa-
tial inhomogeneities.

2. The analysis of radial velocity temporal runs of all
local absorptions originating in the outflowing matter
and observed in different lines shows that at least four
variable components can be separated with larger am-
plitude of variations seen in a component with larger
negative velocity (Fig.3). The duration of the observ-
ing run was not long enough to conclude with certainty
on periodicity. But it is much longer than the expected
lifetime of separate local absorptions. Therefore, the
observed variability is hardly to be a result of rota-
tional modulation by single long-lived azimuthal inho-
mogeneities. It is more likely to be a consequence of
a layered spatial structure of the stellar wind, which
can contain layers of preferential generation of dense
outflowing gas. Such structure can be connected with
a specific configuration of the global magnetic field in
the region of interaction between the star and the ac-
cretion disk which must control the mass loss process
(Pogodin et al., 2005).

3. The Hel line (at 5876 A) profile displays a two-
component structure with a blue emission peak and
the very variable red part which is observed sometimes
in absorption and sometimes in emission (Fig.4, top).
These components are connected with different CS re-
gions: the base of the stellar wind and the accretion
flow, correspondingly. The optical depth of the wind is
much smaller than one of the infalling gas, and, in con-
trast to the accreted matter, the wind is transparent
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Figure 6: Correlation between the intensity in the vi-
sual extremum of the red local feature of the Hel profile
and of the red absorption in the residual Call K pro-
file (top). The lower graph illustrates the correlation
between the intensity of the blue (at Vr = -140 km/s)
and the red (at Vr = +140 km/s) CS absorption in the
residual Call K profiles.

in the Hel line.

3. These two CS features are also displayed in the
resonance Call K line (Fig.4, bottom). Fig.5 illustrates
typical Call K residual profiles obtained by subtract-
ing the photospheric component from the entire profile.
The blue absorption, corresponding to the outflowing
gas, and the red local feature, forming in the infalling
matter are clearly separated. Additionally, a central
narrow absorptions originating in the remote wind is
also observed. In contrast to the Hel line, the stellar
wind base is not transparent in the Call K line.

4. TFig.6 (top) shows the well-defined correlation
(r = 0.8540.08) between intensities in the red local
features in the Call K and HeIA5876 A profiles,
that confirms their common origin in the accretion
flow. An appreciable correlation (r = -0.57+0.15)
has been also found between the intensity in the
blue (Vr = -140 km/s) and the red (Vr = +140
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km/s) wings of the CS Call K line profile. This Catala C., Simon T., Praderie F., et al.: 1989, A&A
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ON QUASI-PERIODIC INTRINSIC LIGHT VARIABILITY
IN A CLOSE SPECTROSCOPIC BINARY CX DRA

I. Pustylnik!, P. Kalv*?,V. Harvig!? T. Aas?

! Tartu Observatory, Estonia
izold@aai. ee
2 Tallinn Observatory, Tallinn University of Technology

ABSTRACT. Quasi—periodic light variations of
bright spectroscopic emission-line binary CX Draconis
were discovered based on observations at Tallinn
Observatory in 1981-1990.

Key words: Stars: binary; stars: individual: CX Dra.

1. Introduction

CX Draconis is long known as a bright star whose
spectra display bright hydrogen lines (Merrill and Bur-
well 1943).

Lacoarret (1965) found that the star displays varia-
tions of the ratio V/R of the emission lines and varia-
tions of the ratio E/C of the intensity of this emission
to that of the adjacent continuum. The star shows
variations of H, profile with a period of about 7 days,
while the E/C variation has been estimated as having
a cycle of 3 years.

Merlin (1975) found that this star displays variations
in U,B,V larger than 01 but shows no true periodic-
ity. Harmanec et al. (1981} called for systematic obser-
vations of the object. Guinan et al. (1984) discovered
from observations with HEAO 2 Einstein Observatory,
that CX Dra is moderately strong X-ray source. Horn
et al. (1992) found the orbit parameters for both com-
ponents.

Simon (1996) found parameters for both compo-
nents: a detached primary (B2.5V, 7.3Mg, 4Re)
and a secondary (F5III, 1.7Mg) probably filling in
its Roche lobe. The inclination angle ¢§=50°. The
equatorial rotational velocity of the primary 210km/s
is highly asynchronous. FEmission lines of H, and
Hel 6678A, were analysed. The V/R ratio of the
double peaked emission in the original spectra of H,
smoothly varies with the orbital phase. The differ-
ence profiles constructed by subtracting the synthetic
spectra of both components from the observed spec-
tra enabled studying the non—photospheric emission
(presumably originating in the circumstellar matter).

*P.Kalv—Author deceased (1934-2002).

The non—photospheric emission in H, is interpreted
in terms of two distinct components. The broad part
following the RV curve of the primary belongs prob-
ably to the accretion disk while the other component
(narrow peak) cannot be linked with any star. The
velocity field of the narrow peak offers a possibility
that this feature is connected with the mass stream.
The broad double—peaked emission attributed to the
accretion disk around the hot primary is visible also in
Hel 6678A. The temperature of the disk must there-
fore correspond at least to 11000-12000 K and this disk
is significantly hotter than in most other Algol-type
systems. Conspicuous secular changes of the emission
in Hel 6678A, were revealed. The analysis presented
by them led to the conclusion that the Be phenomenon
in CX Dra can be explained by the mass transfer in
the interacting binary. An extensive collection of spec-
troscopic observations of CX Dra spanning a 23 year
interval have been analyzed by Richards et al. (2000).
Their analysis includes a refinement of the orbital so-
lution of CX Dra; equivalent width measurements that
show short-, medium-, and long-term behavior of the
difference profiles; a calculation of the Balmer decre-
ment; velocity maps based on the velocity curves of the
H, and Hel difference emission peaks; trailed spectro-
grams of the H,, Hg, Hel, and SilI lines; and Doppler
tomograms at these four wavelengths. The main con-
clusions by Richards et al. (2000) are:

1. The circumstellar environment in the system
changes in cycles of hundreds of days. The length of
the cycles is variable. These cycles may be part of a
“super” 4000 day cycle.

2. The equivalent widths of the difference H, and
Hel 6678 lines are modulated with the orbital period
of Py = 6.696 days.

Berdyugin and Piirola (2002) find from their
UBVRI polarization measurements that the time
scale of several weeks polarization variations clearly
correlate with the binary orbital motion and long term
changes in polarization are seen in the course of several
months. From analysis of the periodic component of
polarization they found orbital inclination (i~73°)
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which is substantially higher than values previously 0.04 -+ e B
reported. Their two datasets obtained about 9 months
apart reveal significant changes in the distribution
of the scattering material of the circumbinary envelope.

2. Observations

CX Dra was observed with the Tallinn 50-cm tele-
scope (from 1981, up to 1990 in total 112 nights in
UBVR). The root—mean—square errors of the normal
points, as calculated from the measurements of com-
parison and the check stars, are less than 0™004 for V, : -
B-Vand V-R, in U may reach up to 0™006. It took 30- 0.01— ~
40 minutes to get one normal point, depending on the
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All measurements have been reduced to the John-
son’s system and are available in Kalv et al. (2004)
and indicated in Figure 1. The observations were car-
ried out at Tallinn Observatory (former observational
station of Tartu Observatory and now is the educa-
tional observatory of Tallinn University of Technol-
ogy). The photoelctric photometers were attached to
the Cassegrain focus of the 48 cm reflector AZT-14A
(d/f=16).

Photomultiplier Tubes used:

1. EMI 9502B from JD 2439430 to JD 2444000

2. EMI 9502SA
(a) from JD 2444100 to JD 2444317
(b) from JD 2445500 to JD 2450220

3. FEU-79 from JD 2444317 to JD 2445000

Filters:

1. B BG-12 + GG-13 (Ilmm+2mm)
V. GG-11 (2mm)

2. U UG-2 (2mm)
B BG-12 (1mm)
V.  GG-11 (2mm)
R Photographic

3. U UG-2 + SZS-21 (2mm+3mm (for red leak))
B BG-12 + SZS-21 (lmm+3mm)
V  GG-11 + SZS-21 (2mm+3mm)
R Interference Filter H, + 450A
H, Interference Filter H, + 45A

As only differential observations of variable stars rel-
ative to a comparison stars are made in Tallinn, atten-
tion was given to the determination of the mean extinc-
tion coefficients. Among several methods of the deter-
mination of extinction the differential method (Hardie
1962) is the most suitable for our purposes.

The generic formulae for reductions of observations
are:

AU - B) = [A(u—b) —k,_, x AX] x Cy
A(B ) [(1—|—kb X X)X A(b—v)—k, X AX]xCy
AV =Av—Fk, x AX C3 x A(B-YV)
AV —-R) =[Aw—7)—k, . x AX]x C4

And the coefficients in formulae above are:

JD 2439430~ JD 2444100~ JD 2444317
2444000 2444317 2445000
JD 2445500~
2450220
k., 0.26 0.32
Ky, 0.20 0.20 0.18
k., 0.36 0.36 0.24
k., 0.11 0.11
ky 0.05 0.05 0.04
C 1.19 1.12
Cy 1.19 0.94 1.00
Cs 0.07 0.09 0.11
Cy 1.09 1.09

3. Discussion of results

CX Draconis is relatively well observed for tens
of years and the spectral observations of different
investigators are in rather good agreement. At same
time almost every photometric study gives the new
significantly different results. To find period of light
variations we used Roberts et al. (1987) time-series
spectral analysis CLEAN algorithm. In time of our
observation the quasi—period of intrinsic variations of
light was about 665.6 days.

Acknowledgements. Financial support of this inves-
tigation by a Grant No. 5760 of the Estonian Science
Foundation is acknowledged.
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ON THE EVOLUTIONARY HISTORY OF PROGENITORS OF
EHBS AND RELATED BINARY SYSTEMS BASED ON
ANALYSIS OF THEIR OBSERVED PROPERTIES
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ABSTRACT. It has been shown quite recently
(Morales-Rueda et al., 2003) that dB stars, extreme
horisontal branch (EHB) objects in high probability
all belong to binary systems. Assuming that the
progenitors of EHB objects belong to the binaries
with initial separations of a roughly a hundred solar
radii and fill in their critical Roche lobes when being
close to the tip of red giant branch, we have found
in our earlier study that considerable shrinkage of
the orbit can be achieved due to a combined effect
of angular momentum loss from the red giant and
appreciable accretion on its low mass companion on
the hydrodynamical timescale of the donor, resulting
in formation of helium WD with masses roughly equal
to a half solar mass and thus evading the common
envelope stage. Far UV upturn phenomenon discov-
ered in elliptical galaxies and spiral galaxy bulges was
interpreted in terms of predominant contribution from
EHB objects (Dorman, O’Connell, Rood, 1995). This
circumstance can provide a reasonable constraint on
the initial masses of EHB progenitors and thus the
ages of EHB objects.

Key words: Stars: binaries: close.

1. Introduction

Underluminous sdB stars are thought to be helium
burning stars with very low mass hydrogen envelopes.
Effective temperatures (> 25000 K) and surface gravi-
ties (log g > 5) place them on EHB, i.e. they appear in
the same region of Teg — log ¢ plane as evolutionary
tracks for core He burning with core masses of about
0.5 Mg and extremely thin (< 0.02 M) inert hydro-
gen envelopes. It is currently accepted that EHBs
form due to enhanced mass loss on the RGB when

the degenerate helium core loses almost all hydrogen
convective envelope close to the RGB tip but the core
goes on to ignite helium despite dramatic mass loss
and may appear as sdB star. Quite recently it has
been discovered that most of EHBs are components of
binary systems with orbital periods Py, ~ 04.12 + 274
in pair with MS low mass companion. In our earlier
study of evolution of the orbit resulting in formation
of EHBs when the donor star being close to the tip of
RGB fills in its critical Roche lobe and enhanced mass
loss and angular momentum loss ensues we restricted
our analysis for initial donor masses slightly less
than one solar mass (Pustynski & Pustylnik, 2007).
Here we extend our treatment assuming that initial
mass of progenitor can be somewhat higher, up to
My, = 1.25Mg. According to (Dorman, O’Connell,
Rood, 1995) the ages of globular clusters and elliptical
galaxies where EHBs are observed range between 6
and 11 Gyrs. We have found similarly to our earlier
findings that with an enhanced mass loss rate (roughly
by a factor of 2) compared to a standard rate predicted
by Reimers formula during the RGB evolutionary
stage. Evolution of the He burning core proceeds
smoothly being virtually independent of the properties
of an inert low mass hydrogen convective envelope.
Below we briefly describe our method of analysis and
discuss the implications for the evolutionary history of
EHBs.

2. Analysis of mass loss, mass transfer and
angular momentum loss

To clarify the nature of the EHB progenitors, we
have calculated evolution of orbit of a binary assuming
that a progenitor of sdB star filled in its critical Roche
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lobe when the former during its nuclear evolution was
approaching the tip of RGB. We used (Hurley, Pols,
Tout, 2000) computer code sse.f to follow evolution
of the primary until the donor approached its critical
Roche lobe. Once the donor fills in its Roche lobe,
subsequent evolution depends on the relation between
the primary radius Ry and Roche lobe radius Rj. If,
for instance, the donor reacts to mass loss and mass
transfer by further expanding its envelope while the
radius of the critical Roche lobe decreases, a consid-
erable shrinkage of the orbit can be expected even on
the dynamical timescale dt ~ 10* yrs. We computed
period change caused by mass loss from the system,
mass interchange and additional angular moment loss
K = J/.J by matter corotated at the Alfven radius Ry:

M .
M
My My

fiay® )

2 5
K_Bk(d
where k = R4/R;, d is the semi-major axis of orbit
(Tout & Hall, 1991). Mass loss rate by the donor is
defined by the Roche lobe overfilling AR = Ry — Ry,
as
3
L= My (ﬁ) ’ (2)
tup \ R,
tgp ~ Ri/Vs being hydrodynamical timescale. To
avoid typ calculation that requires knowledge of
temperature-dependent sound velocity Vg, we intro-
duce free fall timescale tyf ~ Ry/Ves and, using the
fact that escape velocity Vese > Vi, we set typ ~
100 - \/R}/GM; avoiding unphysically high mass loss
rates; in our case typically tzp ~ (10° —105) sec which
is roughly one order magnitude shorter than donor’s
thermal timescale. Roche lobe radius Ry, is found from
the empirical fit of (Eggleton, 1983). Mass accretion
rate is set by a predefined value of mass transfer effec-
tiveness parameter Q = Mo / M. The increment of the
sellar radius is found from the mass-radius-age relation
for a single star as

Ml _ leng
Mlo KH dt )

Alog Ry = log (3)
txn = GME/Ry LS being Kelvin-Helmholtz timescale,
MY and L are the primary mass and luminosity at the
moment of Roche lobe overfilling. Due to exponential
dependence of AR on the mass loss rate, joint appli-
cation of the Egs. (2) and (3) may result sometimes in
unphysically rapid growth of the donor’s radius. Ac-
tually, the extent of overfilling is limited by the slit
width between the stellar surface and the Roche lobe.
We may estimate the effective size of the neck near
the first Lagrangian point. The neck cross-section is
represented as

VRT R}
S~ 2r—0
T GM,

4)

v = C,/Cy, 1 molar mass. So linear measure of
the neck is [/R; =~ 3V;/Vese. Considering this
diameter as chord to the Roche lobe, one may
estimate the relative height scale by simple ge-
ometry as H/R;, ~ 1 — \/1—12/4R2. Calculus
gives H/Ry, ~ 1%. So, we should restrict the ad-
missible Roche lobe overfilling rates by several percent.

3. Discussion

It was found in our earlier study (Pustynski &
Pustylnik, 2007) that the final orbit of the system is
quite sensitive to the initial separation of the compo-
nents, the ratio of mass transfer rate to the mass loss
rate and the corotation radius. For larger initial sep-
arations the system has time only for moderate orbit
shrinkage, when the primary star contracts again and
its radius ”drops” again below the Roche lobe. Roche
lobe contraction follows the contraction of the orbit,
but the donor, having lost certain amount of its mass,
contracts quicker than the Roche lobe, so its radius
becomes again smaller than R, and the mass transfer
disrupts. However, if the stars are initially close enough
to each other, the timescale of the donor’s contraction
is longer than the timescale of the Roche lobe con-
traction, so the donor overfills its Roche lobe until the
orbit shrinks dramatically. Smaller values of the coro-
tation radius do not enable effective orbit shrinkage.
With high accretion rates (MQ > 0.3M ) the system
loses the angular momentum much more effectively,
and this favors close binary formation. The timescale
for formation of a close binary following the Roche lobe
filling is several millions of years, which is comparable
to the thermal timescale of the low mass companion.
For stars with initial mass M ini = 1.25 Mg and en-
hanced mass loss by the margin given above during
RGB evolutionary stage we confirm the validity of the
basic conclusions concerning the final outcome of evo-
lution of orbit. However for Mjinie = 1.25 M; EHB
object will be formed in roughly 4.8 Gyrs.

The Fig. 1 represents evolution of Roche lobe and
the donor’s radius at two different initial separation
dy. After reaching its Roche lobe, the donor radius
follows Ry. It is seen that for larger initial separa-
tions the system have time only for moderate orbit
shrinkage, when the primary star contracts again and
its radius ”falls” again below the Roche lobe. The ini-
tial masses of the components in Figures 1, 3, 4 are
Mlinit = 095]\4'@7 MQinit = 023MO and in Flg 2
My inig = 1.25 Mo, Maini, = 0.23 M.

The Fig. 2 illustrates influence of the angular mo-
mentum loss parameter k£ on evolution the system.
It follows from the figure that effective angular mo-
mentum loss is necessary for close binary formation:
smaller value of k do not allow the orbit to contract
significantly during the stage of mass interchange.
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Figure 1: Ry, and Ry evolution for different initial semi-
major axis values dg. @ = 0.3, k£ = 6. The time on the
x-axis is counted backwards, so that the zero point is
the final point of the model computation.
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Figure 2: Separation evolution for different initial val-
ues of semi-major axis of orbit and mass of the donor
My = 1.25M.

The Fig. 3 demonstrates semi-major axis evolution
for different initial separations. The biggest value of
do = 1500 R, corresponds to the case when the donor
does not reach its Roche lobe during the time of nuclear
evolution. With dy = 1200 R, the overfilling occurs
at the top of the donor’s evolution as red giant, so
the separation only experiences slight growth due to
mass loss. Only with small initial separations effective
orbital shrinkage may occur.

The Fig. 4 represents thermal mass radius exponent
Cth = (OR2/0Ma)sn, adiabatic mass radius exponent
Cad = (OR9/OMj),q and Roche lobe mass radius
exponent (g, = (0R/OMs). computed for different
momentum loss parameters k and mass transfer
effectiveness parameters Q. We followed (Ritter, 1999)
to adopt a constant value for thermal mass exponent,
so on the Fig. 4 (4, = —0.3. The expression for (g,

Figure 3: Separation d evolution for different initial

semi-major axis values.
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Figure 4: Thermal mass radius exponent (1, adiabatic
exponent (,q and Roche lobe mass radius exponent (g,
as functions of mass ratio, for different k and Q.

was also taken from (Ritter, 1999), (.q was calculated
following (Soberman, Phinney, van den Heuvel, 1997).

4. Conclusions

Our approach enabled us to determine the ranges
of initial parameters of a binary for which effective
mass transfer and angular momentum loss result in
formation of a close binary with properties character-
istic for EHBs. The most important role plays initial
separation, the angular momentum loss parameter
and the mass transfer rate parameter. We conclude
that binarity indeed favors EHB formation. Assuming
that the EHB progenitors belong to the binaries with
initial separations of 100 — 150 Ry and fill in their
Roche lobe while being close to the RGB tip, we have
found that considerable shrinkage of the orbit can
be achieved due to the combined effect of angular
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momentum loss and appreciable accretion on its low
mass companion on the hydrodynamical timescale
of the donor, resulting in formation of HeWD with
masses about 0.5 M.
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ABSTRACT. This paper is a brief account of the
variety of ties between V.P. Tsesevich and the Moscow
variable-star team: publications in co-authorship
(mainly in the form of collective monographs), Tsese-
vich’s work in the Moscow plate stacks, conferences,
Tsesevich’s contribution to the General Catalogue of
Variable Stars, etc.
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1. Introduction. My personal contacts with
Tsesevich

For the Moscow variable-star team, Prof. V.P. Tse-
sevich is a brilliant example of a science enthusiast,
a really independent scientist who respected his well-
known colleagues but was critical and never simply
followed them and thus was able to create a world-
recognized scientific school of his own. Moreover, being
not born in Odessa, he is an excellent example of the
real Odessa spirit in every aspect of his life.

Like many astronomers of my generation, who en-
tered astronomy in the 1960s or 1970s, my first ac-
quaintance with Tsesevich was through his famous
book “What and How to Observe on the Sky”, which
I had first read still being a schoolboy. For me, it
was my first really serious popular-science book on as-
tronomy, not only telling its readers about scientific
achievements but also explaining what they can see
themselves and how they can contribute to astronomy.
With P.G. Kulikovsky’s “Handbook of an Amateur As-
tronomer”, it became my favorite reference book for
many years.

I believe that the first time I saw Tsesevich was over
black-and-white TV, in a live program from Odessa
featuring a local KVN game®, still of the period before

IKVN is a very popular program, still existing, a TV club

the KVN program was closed. Tsesevich was in the
KVN jury, thus officially recognized by Odessa people
as an expert in the most Odessa-like field of activity,
humor.

Then, about 1969, at Sternberg Institute, in the
study of Prof. P.N. Kholopov, my scientific advisor at
that time, I was discussing some problems of my stu-
dent variable-star research when a scientist, a stranger
for me, had appeared, asked Kholopov a question, and
left. I remember quite vividly Kholopov’s very respect-
ful tone: “Do you know who is this? The famous Tse-
sevich!” and my deep impression of the first encounter
with a great scientist.

In 1974, during the Moscow TAU Symposium on
variable stars and stellar evolution, Tsesevich was
very actively helping the organizers, and I, still a post-
graduate student, had a mission, rather important for
a young person, as the head of a team of astronomers
who helped with translation and interpreting during
the conference. My contacts with Tsesevich at the
conference were, for the first time, very close. It has
been a surprise for me when, preparing this paper, I
found that Tsesevich was not in the official list of the
organizing committee. However, he participated in the
inofficial party of the organizers after the symposium,
and it was on that day when I heard my first joke told
by Tsesevich — and, as I learned later, he was famous
for knowing hundreds of jokes and telling them in a
brilliant manner. The joke told in 1974 shows, among
other things, the outstanding Tsesevich’s capability of
self-irony: the joke told of a man who married for the
second time, after divorce, and was punished by God
for foolishness, and Tsesevich, as far as I remember,
was in his third divorce at that time. Since then, I had
many possibilities to see Tsesevich not only in Moscow

featuring young people competing in jokes, songs, funny perfor-
mances. [t was founded more than 40 years ago but was closed
for two decades during the late Soviet era.
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but, luckily, also in Odessa, where his individuality
was best felt by everyone.

2. Tsesevich in Publications with Moscow
Co-authors

After Tsesevich’s death in 1983, I was asked by Dr.
N.B. Grigoryeva to write a paper about Tsesevich for
“Istoriko- Astronomicheskiye Issledovaniya”?. My pa-
per “V.P. Tsesevich, Never to Be Forgotten” was pub-
lished several years later (Samus, 1988). Reading this
paper now, I find it quite incomplete and not free of
mistakes, but I am very proud to be the first author of
a biographic publication about Tsesevich (and, frankly,
feel that I did not deserve the honor at that time). I
mention in the paper that I had an experience of being
Tsesevich’s coauthor only once (Tsesevich et al., 1979),
I was somewhat ashamed of the fact of only a single co-
authorship paper when writing about it. Now I know
that Tsesevich was never active in publishing journal
papers in co-authorship, and a single paper with Tsese-
vich, as in my case, is quite a good result for a Moscow
astronomer. Actually, using ADS? and Russian bib-
liographic journals, I have not been able to find any
other Tsesevich’s journal paper in co-authorship with
Moscow variable-star scientists. His paper with the
brilliant Moscow variable-star researcher who perished
in the Moscow battle of the World War II, Nikolai Flo-
rya, on brightness variations of the minor planet Eros
(Zessewitch and Florja, 1931) is no exception: Florya
worked in Leningrad, not in Moscow, at that time.
Even journal papers with Odessa co-authors are not
numerous. Odessa colleagues tell me that Tsesevich
often refused to become a co-author considering (of-
ten too modestly) his personal contribution minor and
used to recommend his collaborators to publish their
results in single-author papers.

However, searching outside the ADS, we easily find
several major Tsesevich’s publications with Moscow co-
authors. These are very serious books on variable stars
written by Tsesevich together with his Moscow friends.
In such books, each author would write his own chap-
ter, with minimal interaction with the other authors.
An excellent example is Zverev et al. (1947), a multi-
author monograph where Tsesevich was the author of
five chapters (157 book pages, with numerous formulas
and tables) on techniques of studies of eclipsing vari-
able stars. Actually, this is Volume III (the last one)
of the series of books on variable stars, started before
the World War II but finished only after its end. We
do not find Tsesevich’s name among the authors of the

2«Studies in the History of Astronomy”, a Russian edition.

3Tt is not easy to use ADS looking for Tsesevich’s publica-
tions because of numerous versions of Latin-alphabet spelling of
his name (Tsesevich, Tsessevich, Zessevich, Zessewitsch...); some
references can be easily overlooked.

first two volumes.

Some 20 years later, a new, five-volume series
of books on variable stars was initiated, mainly by
Moscow astronomers but with participation of several
well-known Soviet scientists from other cities. The
editorial board of the series, its first volume published
in 1969, contains many famous names (such as the
Moscow scientists B.V. Kukarkin, D.Ya. Martynov,
P.N. Kholopov, and also such prominent figures of our
astronomy as V.A. Ambartsumian, A.A. Boyarchuk
— a Crimean astronomer at that time, and others),
and Tsesevich is one of them. He published several
chapters in different volumes of the series (I would like
to mention a very informative chapter on RR Lyrae
variables in the volume devoted to pulsating stars)
and, most important, was the sole editor of the volume
on eclipsing variable stars (Tsesevich, 1974).

3. Tsesevich and the Moscow Plate Stacks

During the whole period of my personal acquain-
tance with Tsesevich, he would appear in Moscow from
time to time and make many eye estimates of sky pho-
tographs of the Sternberg Institute’s rich plate collec-
tion. Like all of us, he strongly preferred high-quality
plates taken at the “Hoffmeister” 40-cm astrograph.
These plates, 30 by 30 cm in size, cover a 10° x 10° field
and have a typical plate limit of 17 —18™ B. The tele-
scope was made in the 1930s for the Sonneberg Obser-
vatory (Germany), C. Hoffmeister started his deep-sky
studies with it, and eventually became the world’s most
successful variable-star discoverer of the classical pho-
tographic era. After World War II, the astrograph was
taken from Germany (on B.V. Kukarkin’s initiative)
as a part of Soviet reparations, first installed in Simeiz
(Crimea), then moved to the Sternberg Institute’s sta-
tion in Kuchino near Moscow, and finally, to the same
Institute’s Crimean Laboratory in Nauchny; it is still
in a good working condition. Along with many plates
from different observatories he studied, T'sesevich made
several thousand estimates of variable stars on Moscow
plates. Many of his estimates can be found published
in Tsesevich’s books on different types of variable stars
or on variable stars in different selected fields of the sky.

The leaders of the Moscow variable-star team of that
time, B.V. Kukarkin and P.N. Kholopov, were always
glad to greet Tsesevich during such visits to Moscow.
Quite often, he spent days and nights in the plate
collection and slept on a sofa in Kukarkin’s study at
Sternberg Institute. He was the only person whom
Kukarkin permitted to smoke in the rooms of the vari-
able star department. I personally witnessed occasions
when Kukarkin had guessed Tsessevich’s arrival by the
smell of tobacco smoke in the offices.

Not only did Tsesevich use Moscow archival plates
to study stars of his interest. He suggested fields to be
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photographed using different telescopes of the Stern-
berg Institute. The above-cited paper, Tsesevich et al.
(1979), is a result of Tsesevich’s suggestion to use the
Cassegrain focus of the Moscow 70-cm reflector to take
photographs of the dwarf nova EF Peg, with the result
that an outburst was observed at a good angular reso-
lution, proving that a faint star rather than its brighter
close neighbor experienced outbursts.

Rather unusual for active plate users, Tsesevich
was not very interested in variable-star search on
photographic plates. He did make several discoveries
by chance but, as far as I know, never worked on
discoveries of variable stars systematically. I remem-
ber that, on an occasion when he wanted to use the
Sternberg Institute’s Karl Zeiss blink comparator, of
the design most common at Soviet observatories of
that time, Tsesevich asked help from local staff — and
found that the “additional” star he had noticed was
a minor planet. It seems like he felt he already had
enough interesting variable stars to study, a feeling
quite comimon among astronomers today.

4. Tsesevich and Moscow: Conferences and
Dissertations

In my opinion, one of the most important Tsese-
vich’s contributions to the current style of variable-star
research in the countries of the former Soviet Union is
his initiative to organize regular conferences on variable
stars in Odessa. The group photograph from the All-
Union Variable-Star conference in Chernomorka (the
southern suburb of Odessa) in 1980 is well known.
It should be reminded that 1980 was the year of the
Moscow Summer Olympics, with much tumult at that
time and immediately after it, and probably some peo-
ple had different thoughts in September, 1980 than vis-
iting conferences. Nevertheless, I found more than 20
Moscow astronomers on that photograph; the number
of participants from Moscow at our conference in 2007,
though considerable, is much lower. The conference of
1980 was very large, it lasted for almost two weeks. Af-
ter that, our meeting in Odessa became very regular,
and this tradition is still quite alive and useful.

I already mentioned Tsesevich’s great contribution
to the success of the Moscow TAU Symposium of 1974.
My knowledge of his activity at other meetings together
with Moscow variable-star astronomers is too limited
for presenting any additional details here, but I am
sure this was always an important field of contacts and
cooperation.

It was also a tradition that Tsesevich had often
been invited as a reviewer of variable-star dissertations
by Moscow researchers — and the famous Moscow
variable-star experts had been invited to review
dissertations written by Tsesevich’s disciples. In this
field, Tsesevich was always a very responsible and

Figure 1: V. Tsesevich, B. Firmanyuk, Yu. Romanov,
M. Skulsky, V. Oskanyan at the Odessa conference of
1980.

attentive reviewer. If he did not like a dissertation,
the well-known name of its supervisor was no help.

5. Tsesevich and the GCVS

It is well known that the most important project
of the Moscow team of variable-star researchers after
the World War II is the General Catalogue of Vari-
able Stars (GCVS), regularly prepared and published
by astronomers of Moscow University and the Russian
Academy of Science on behalf of the TAU. Tsesevich’s
name is one of those most frequently cited in the GCVS
list of references — the GCVS (fourth edition, 1985—
1995) contains about 150 references to different papers
by Tsesevich. Moreover, one of these references belongs
to those used for the largest numbers of stars: this is
the atlas of finding charts by Tsesevich and Kazanas-
mas (1971). The atlas consists of hand-plotted charts
of different scale and different quality; it is now very
easy to prepare a better chart if you know your star’s
correct coordinates. The main importance of the at-
las follows from the fact that it was, by the time of its
publication, the only reliable source of identification for
many variable stars discovered in the beginning of the
20th century at Harvard Observatory and announced
with rough coordinates and no finding charts provided
by the discoverers. Tsesevich spent a long time at
Harvard Observatory studying discoverers’ notebooks,
original plates with discoverers’ ink marks and was able
to find a large number of old Harvard variables. This
line of study was much later, in 1999-2005, contin-
ued by Martha Hazen (1931-2006) who prepared sev-
eral thousand new finding charts for Harvard variables
upon request from the GCVS team.

Tsesevich’s knowledge of variable stars was vast
and impressive. My friend and colleague M.S. Frolov
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(1937-2006) used to tell me stories about Tsesevich’s
memory concerning his favorite RR Lyrae stars.
Tsesevich was able, from his memory, to answer
questions on period variations (the year and amount
of the abrupt period change) for almost any star. Of
course, the GCVS team used to address Tsesevich
for information in difficult cases. The story of the
eclipsing star YY Dra* was described in detail in
Samus (1988): Tsesevich remembered the field of the
variable nearly 50 years after he had studied it but
died before he could mark the correct star on a good
plate sent him from Moscow.

6. Concluding remarks

Figure 2: The grave of the singer Platon Tsesevich in
Moscow.

I think I have been able to give you an impression,
though definitely incomplete, of the many-sided con-
tacts, cooperation, and friendship (despite unavoid-
able conflicts of brilliant personalities that also hap-
pened and were described by Tsesevich in his reminis-
cences) between V.P. Tsesevich and the Moscow team
of variable-star researchers.

Moscow is also related to Tsesevich’s memory in
another important aspect. The grave of Tsesevich’s
father, the outstanding opera basso, is in Moscow,

1YY Dra was never observed by anyone else after Tsesevich’s
discovery in 1934, no finding chart is available. Almost half a
century later, a much fainter dwarf nova was discovered in the
field, and some authors use to call the dwarf nova YY Dra. The
GCVS uses the name DO Dra for the dwarf nova instead.

at the Novodevichye Cemetery, among graves of the
most well-known actors, writers, artists, politicians.
Another famous Moscow cemetery, Vagankovskoe,
keeps graves of several other Tsesevich’s close relatives.
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ABSTRACT. We present the review of the main
results of more than two decades of the Moscow pro-
gram of Cepheid studies, carried out at the Institute
of Astronomy (INASAN) and Sternberg Astronomical
Institute (SAI). This program consists of extensive
photometry and radial velocity measurements (the
contribution from our team being the largest among
observations of comparable precision), studies of
period variations (permitting identification of the
number of a particular star’s current instability-strip
crossing), detection of spectroscopic binaries among
Cepheids, determinations of Cepheid radii, discoveries
of double-mode Cepheids, studies of galactic structure,
kinematics, and dynamics, etc.

Key words: Stars: variable: Cepheids.

1. Introduction

Our program of Cepheid studies, a joint project of
the Sternberg Astronomical Institute of Moscow Uni-
versity (SAI) and the Institute of Astronomy of Rus-
sian Academy of Sciences (INASAN), is mainly de-
voted to classical Cepheids (DCEP and subtypes in the
GCVS), though some of our results deal with Popula-
tion IT Cepheids (W Vir and BL Her stars, or CWA and
CWB in the GCVS). Classical Cepheids are compara-
tively young stars in the Galaxy’s thin disk, whereas
Population II Cepheids are members of the thick disk
and halo populations. Our team is engaged in Cepheid
studies since the 1970s, the most active period of the
program started in 1980s and is still under way. It is
now time to summarize the most important results of
the program.

Classical Cepheids remain very important in many
fields of astrophysics and galactic research. The
primary reason for their importance is that, thanks
to the famous period—luminosity relation, Cepheids

are objects with the most reliable distance scale.
They are supergiants traceable at large distances
and thus present a link between close objects, with
trigonometric parallaxes, and distant parts of our
Galaxy as well as extragalactic objects. An important
period—age relation allows astronomers to estimate
ages of stellar aggregates containing Cepheids in
a very simple way. Cepheid period variations give
insight into stellar evolution and permit identification
of the number of a Cepheid’s current crossing of the
instability strip. Additional information on stellar
evolution comes from double-mode Cepheids thanks
to co-existence of two pulsation modes, with periods
differently dependent on stellar parameters. Being
radially pulsating stars, Cepheids permit application
of the well-known Baade-Wesselink technique to
their photometry and radial velocity measurements,
so that we are able to determine their radii and to
study the period-radius relation. Many Cepheids are
members of binary systems with long periods (months
or years), so it is possible to derive limits on the
masses of their companions. As typical representatives
of Population I, classical Cepheids are a good tool for
studies of structure, kinematics, and dynamics of our
Galaxy’s thin disk.

2. Photometry and Spectroscopy

Twenty-five years ago L.N. Berdnikov initiated our
program of high-precision Cepheid photometry, which
is being continued till now. Initially, Cepheids were
observed photoelectically, mainly using telescopes at
the excellent conditions of Mt. Maidanak (Uzbek-
istan}. Later on, our observations were continued at
many other observatories in different countries (Rus-
sia, Uzbekistan, Australia, South Africa, Chile). Cur-
rently, we use both principal techniques of accurate
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photometric observations (photoelectric and CCD pho-
tometry).

The total number of our accurate U BV RI measure-
ments collected by now is approximately 75000, for
about 650 Cepheids. Many of these measurements can
be found in numerous publications by our team. A re-
cent version of the catalogue of our measurements is
available in Internet (Berdnikov, 2006). Photoelectric
and CCD measurements were supplemented by a large
number of brightness estimates made in photographic
plate stacks of different observatories, in particular, in
the Sternberg Institute’s and Harvard Observatory’s
plate archives. We collected published information on
visual photometry, including that acquired during time
intervals not covered with our observations. For some
stars, the time span of available observations is up to
150 years or even more. Our photometric observa-
tions and data collected from the literature permitted
us to compile the world’s most complete data bank of
Cepheid photometry.

About 20 years ago, we got access to the ex-
cellent instrument for radial velocity measurements,
the CORAVEL-type correlation spectrometer designed
and built by A.A. Tokovinin, and started regular ob-
servations of Cepheids in Moscow, Crimea (Simeiz and
Nauchny), and at other observatories. Currently, the
instrument is used in Simeiz, almost exclusively for
our Cepheid program. It permits us to measure ra-
dial velocities for stars brighter than 12" — 13™ with
a good productivity, the characteristic accuracy (in
the sense of external agreement) for tenth-magnitude
stars is about 0.3 km s~!. Three catalogues of our
measurements, with the total number of observations
about 6000, were published (cf. Gorynya et al., 1998a,
and references therein), the observations from these
publications are available in the electronic catalogue
I11/229 in VizieR (Gorynya et al., 1998b). Currently,
the number of our radial velocity measurements for 165
Cepheids is about 10 000.

Our photometry as well as our radial velocities
comprise a total of about 60% of all measurements of
comparable precision available in the world.

3. Period Variations

The data bank on Cepheid photometry permits us
to study period variations of Cepheids. The sample we
used for period—variation studies contains about 230
Cepheids with observations covering 100-150 years.
For the oldest known Cepheids, n Aqgl and d Cep,
epochs of maxima usable for period-change studies
span 230 years.

Most Cepheids are rather stable pulsators. However,
small variations of their periods were already noticed
decades ago. The theory predicts quite detectable pe-
riod variations due to stellar evolution. Such variations

are progressive and can be described with a more or
less stable rate of period change. Thus, the O — C di-
agram for evolutionary period variations should be a
parabola, and the parabola’s orientation (branches up-
wards or downwards) will be different for odd and even
numbers of the star’s instability-strip crossing. For dif-
ferent precursor main-sequence luminosities, the the-
ory permits us to expect from 1 to 5 crossings of the
instability strip during the life of a Cepheid. If the
period-variation rate is precisely determined from ob-
servations, we can even hope to specify the particular
number of the odd or even crossing (cf. Turner et al.,
2006). Our analysis of Cepheid period variations is
based on very accurate timings of maxima determined
using a uniform technique, the computer version of the
Hertzsprung method that takes into account the com-
plete light curve, not only the data points immediately
around the maximum (Berdnikov, 1992). This makes
our findings concerning period variations especially re-
liable.

It was, however, noticed quite long ago that the
character of period variations for many Cepheids was
much more complex than the simple pattern of evo-
lutionary variations outlined above. Many Cepheids
demonstrate abrupt period changes or more or less ir-
regular period variations, period increases can be fol-
lowed by period decreases and wice versa, so that the
overall period-variation picture is clearly determined
not only by evolution. The causes of observed non-
evolutionary period changes are still not completely
understood, several mechanisms were suggested. Nev-
ertheless, we find from our data that the evolutionary
period variations, masked with those of different na-
ture, can be detected for 90% of all Cepheids with ob-
servations covering 100 years or more. Figure 1 shows
a typical example of the O — C' diagram revealing an
evolutionary period increase (an odd crossing of the
instability strip), while the O — C diagram in Fig. 2
apparently permits us to identify the period increase
(an odd crossing) also reliably, despite strong overlap-
ping non-evolutionary period variations.

If the number of the particular instability-strip
crossing is known, it should be taken into account
when determining the Cepheid’s distance. Equal
periods can be met for Cepheids of different masses,
at different instability-strip crossings. The period—
luminosity relations for different crossings can differ by
several tenths of a magnitude. Thus, detailed studies
of Cepheid period variations are a tool for consider-
able improvement of the distance scale in the Universe.

4. Binary Cepheids

Cepheids can be members of binary star systems.
Being supergiants, they have characteristic orbital pe-
riods in excess of a year. Though binarity of several
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Figure 1: The O — C diagram for SZ Cas showing an
obvious period increase, corresponding to an odd cross-
ing of the instability strip. The bottom panel shows
residuals after fitting a parabola to the O — C' curve.
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Figure 2: The O — C diagram for S Vul showing a
period increase, corresponding to an odd crossing of the
instability strip, masked with non-evolutionary period
variations.

Cepheids was suspected from possible light-time effect
in their O — C diagrams, the complex character of such
diagrams (Section 3) makes this technique not very re-
liable. According to Szabados (2003), who strongly
relies on the O — C diagrams, the fraction of bina-
ries among bright Cepheids approaches 90%. We are
afraid that this is an overestimate, including wrong de-
tections from O — C diagrams and physically unrelated
neighbors on the sky. In our opinion, to reliably dis-
cover a binary Cepheid, it is necessary to detect its
orbital radial-velocity variations, to separate the star’s
orbital and pulsational velocity curves, and, if possible,
to derive the parameters of the binary’s components.
The latter task is simplified thanks to the mass of the
Cepheid component known from the pulsation theory.
Of course we will be unable to detect some really bi-
nary Cepheids in a case of an unfavorable inclination
of their orbits, but the same is true for the O — C tech-
niques.

Our team has excellent possibilities for studies of
binary Cepheids thanks to our high-quality original
radial velocities. We discovered (or suspected with
good reason) five new spectroscopic-binary Cepheids
(Gorynya et al., 1992, 1994; Samus et al., 1993;
Gorynya et al., 1996) and were able to confirm many
previously known ones. From our data, we estimate
the lower limit on the incidence of spectroscopic bina-
ries among classical Cepheids as 22% (Gorynya et al.,
1996). For 20 Cepheids, including the new binaries, we
were able to determine orbital elements and to estimate
companions’ masses.

During the recent years, several eclipsing Cepheids
were discovered in external galaxies, primarily in the
Magellanic Clouds. However, there were no known
eclipsing Cepheids in our Galaxy. Very recently,
Antipin et al. (2007) found the first Galaxy’s eclipsing
Cepheid, TYC 1031 01262 1. It should be noted that
the star’s position with respect of the Milky Way and
its orbital period, 51 days, which is too short for sizes of
supergiant classical Cepheids, suggest that TYC 1031
01262 1 is a Population II star. Interesting enough,
the star shows strong brightness variations outside
eclipses, also satisfying the orbital period (Fig. 2).
It may indicate that the components of the binary
are non-spherical, which is, however, unfavorable for
stability of pulsations. Further observations of the star
are evidently needed. The new binary resembles the
three short-period Population IT spectroscopic binaries
without eclipses discussed by Harris and Welch (1989):
IX Cas (P = 110%), TX Del (P = 133%), and AU Peg
(P = 53%), but TYC 1031 01262 1 has the shortest
period of them all. TX Del and AU Peg were also in
our program of binary-Cepheid studies from radial
velocities, we detected the spectroscopic binarity of
TX Del before learning about its discovery by Harris
and Welsh. The existence of sufficiently close binaries
among evolved Population II stars is not widely
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recognized and quite interesting for understanding the
Galaxy’s old populations.
TYC 1031 01262 1 5. The Baade—Wesselink Analysis. Identifi-
\ Max = HJD2453196.529 + 4.1523E cation of Cepheid Pulsation Modes.
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Figure 3: The light curves of TYC 1031 01262 1. Top:
observations folded with the pulsation period. Middle:
same, with orbital variations removed. Bottom: obser-
vations with the pulsational variations removed, folded
with the orbital period.

It is well known that radial velocities of radially pul-
sating variable stars combined with their multicolor
photometry can be used to determine their physical
characteristics, in particular radii, using the Baade—
Wesselink technique. In essence, the color information
gives insight into variations of the effective tempera-
ture, the magnitude difference at different phases re-
flects the radius ratio, and the integral of the radial
velocity curve is the difference of the radii at corre-
sponding phases multiplied by a known correction fac-
tor. The particular version of the method we use is the
technique described by Balona (1977) and somewhat
improved by us. The result of the method’s applica-
tion to a particular pulsating star is its mean radius
as well as the curve of the radius variations during the
pulsation cycle. We are now working on new modi-
fications of the method taking into account the most
current understanding of the physics of stellar pulsa-
tions.

The results of our Baade—Wesselink studies of classi-
cal Cepheids using our original photometry and radial
velocities were summarized in Sachkov et al. (1998).
From 62 Cepheids, a period-radius relation for the
fundamental mode was determined. Some Cepheids
clearly deviate from the relation, they should probably
be identified with first-overtone pulsators.

Note that mode identification for our Galaxy’s classi-
cal Cepheids is not straightforward, whereas the data
for different galaxies (like OGLE data for the LMC)
show two different period-luminosity relations, for the
fundamental and first-overtone modes, separated by
about 0.15 in log P (according to the pulsation theory,
Py /Py = 0.71, where Py is the fundamental-mode pe-
riod and Py, that of the first overtone). The mode am-
biguity is an important uncertainty source for Cepheid
distances. If a star is wrongly classified as a first-
overtone pulsator, a lumunosity error of about 0.65™
will be introduced.

Besides the period-radius relation, an important tool
of mode diagnostics is the Fourier analysis of light
curves. We attempted to apply the neural network
technique to V-band light curves of more than 400
galactic Cepheids using OGLE data on LMC Cepheids
as a training sample (Zabolotskikh et al., 2005). As ex-
pected, most Cepheids classified as DCEPS (small am-
plitudes, rather symmetric light curves) in the 4th edi-
tion of the General Catalogue of Variable Stars (GCVS;
Kholopov, 1985-1987) turned out to be first-overtone
pulsators, but we detected 9 stars with GCVS classifi-
cation leading to a wrong mode identification. Zabolot-
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skikh et al. (2005) suggested new Cepheid period—
radius relations, separately for the fundamental-mode
pulsators,

log R = 1.08(£1.01) 4+ 0.74(40.01) log P,
and for the first-overtone pulsators,
log R = 1.19(£1.01) 4+ 0.74(40.01) log P.

They have the same slope but differ in the zero point.
A Fourier analysis of radial velocity curves is also
of interest, the results are easier to interpret from the
point of view of the pulsation theory. Such studies
are also under way in our team (N.A. Gorynya in
cooperation with P. Moskalik, Warsaw). New radial-
velocity observations are arranged to ensure complete
phase coverage of velocity curves, which was already
successfully achieved for most program stars.

6. Double-Mode Cepheids

Double-mode Cepheids are met not very frequently
in our Galaxy and only among Cepheids with com-
paratively short pulsation periods. Most of them ex-
hibit simultaneously excited pulsations in the funda-
mental mode and the first overtone, with rare cases
of the co-excited first and second overtones (the par-
ticular modes are identified by comparison of the ob-
served period ratios to theoretical predictions). Triple-
mode stars (Antipin, 1997) are extremely rare, it is not
clear if they should be analyzed with Cepheids or with
RR Lyrae stars. Studying simultaneous pulsations in
two modes, it is possible to derive masses and radii and
get additional insight into evolution of Cepheids.

Currently, 23 double-mode Cepheids are known in
our Galaxy; five of them were discovered at the SAI.
Whereas the first stars were found photographically
(the first SAI discovery was V367 Sct; Efremov and
Kholopov, 1975), our most recent discovery (ASAS
062726+0111.6; Antipin, 2006) was made in the data
publicly available from the ASAS-3 automatic survey
(Pojmanski, 2002).

7. The Period—Luminosity Relation

It is widely known that the period—luminosity re-
lation is the most important relation for Cepheids, it
is this relation that makes Cepheids so important for
galactic and extragalactic studies. Small revisions of
the period—luminosity relation can have serious conse-
quences for our understanding of many “hot” problems
of astrophysics and even cosmology.

Berdnikov et al. (1996) revised the period-
luminosity relation using the best modern data for
9 Cepheids in 7 open star clusters. The distances to

the open clusters were accurately determined by main-
sequence fitting. They were able to derive the param-
eters (both the zero point and slope) of the consis-
tent period-luminosity relations in the Johnson BV RI,
Cousins (RI)¢, and CIT JHK bands. As an example,
the V-band period-luminosity relation is:

< My >= —3.88 —287(logP — 1).

The near-infrared relations are particularly useful be-
cause of much lower influence of interstellar extinction
at large wavelengths.

The period—luminosity relations from Berdnikov
et al. (1996) agree with our findings from statistical
parallaxes (see next Section).

8. Cepheids and the Structure and Kinemat-
ics of our Galaxy

Being objects with the most accurate distance scale
(in the sense of random errors), Cepheids are very suit-
able objects for studies of the structure and dynamics
of the Galaxy’s disk. These stars are relatively young,
they outline star formation regions and local spiral
arms. By means of cluster analysis in a 5 pcx5 pc
region around the Sun, more than 60 Cepheid com-
plexes, with sizes from 600 pc to 1.4 kpc, have been
revealed (Berdnikov et al., 2006).

It is known that studies in the optical domain are
seriously hindered with large and irregular interstellar
extinction of light, causing observational selection ef-
fects that are strong and difficult to correct for. Selec-
tion effects are not that important if we use kinemat-
ics instead of magnitudes and local densities. For this
reason, kinematical effects due to spiral density waves
are often used to study the local spiral pattern. Pho-
tometric parallaxes of Cepheids, combined with their
precise radial velocities, Hipparcos and Tycho-2 proper
motions are quite usable to analyze such kinematical
effects. We detected a radial periodicity in residual ve-
locities of Cepheids and other young objects, it permit-
ted us to independently estimate the distance between
the spiral arms of our Galaxy as 2 kpc (Mel'nik et al.,
1999).

Using a technique based on the maximum likelihood
principle, it is possible to analyze the field of Cepheid
spatial velocities (Zabolotskikh et al., 2002). The
resulting complete set of kinematical characteristics
(mainly based on the cited paper) contains the ro-
tation curve parameters for the Cepheid subsystem
(the local disk rotation velocity of 206 & 10 km s™!,
the Oort’s constant A = 17.5 km s~ 'kpc™!), the
axes of the residual velocity ellipsoid (14 + 1, 9 + 0.5,
74+ 1 km s71), the perturbation amplitudes (7 + 2
and 2 + 0.5 km s~!), the pitch angle of the spiral
pattern (7° £+ 1°), and the phase angle of the Sun
(85° +£15°). The statistical parallax method applied to
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the 3D velocity field confirms the short distance scale
of Cepheids, corresponding to the distance modulus of
the Large Magellanic Cloud close to 18.3™.
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ABSTRACT. The observations of total solar eclipse
on March 29, 2006 were carried out by forces of united
expedition of Fesenkov Astrophysical institute in
Kazakhstan (settlement Mugalghar, Actobe region).
The main problem was the interferometric observa-
tions of the outer solar corona at distances from 3 to
10 solar radii. The field of radial velocities of dust was
obtained by Doppler shifts of absorption lines.
solar eclipse, F-corona; radial

Key words: Sun:

velocity.

1. Introduction

The problem of observation of field of dust radial
velocities in the outer solar corona in first was set
and realized during total solar eclipse July 31, 1981
(Shcheglov et al., 1987; Shestakova, 1987). At this
moment it was seemed that the performance of
such tasks is principally impossible, insofar as on
elongation, exceeded 4 solar radii, the brightness of
atmosphere background exceeds the corona brightness.

2. Observations

The coronograph with artificial moon, shutting
the inner corona up to 2.5Rg, where Rg - radius of
the Sun, the interference filter with half-width 104
on region of line Mgl A 5173A, Fabry-Perot etalon
and CCD matrix Apogee Alta-10 were used under
making of observations. The field of view of telescope
exceeds 5°, what allowed to receive the information
about radial velocities of dust in outer solar corona for
distances from 3Rg to 10Rg.

The duration of the eclipse totality was 170 sec-
onds at the Sun altitude above horizon 27°.5. The
non-winder weather and completely clear sky with
the low brightness were in the day of eclipse. The
two working images were taken during total phase.
The first image(exposition 130 seconds)contains the
information about radial velocities of dust in the

F-corona. The emission rings of scattered in optics
light of green coronal line A 5303A are seen on second
image (exposition 20 seconds. The two images of daily
sky, received before and after totality, are used as
reference images. The results of both treatments are
coincided in limits +10km/s.

The twenty absorption lines distributed at distances
from 3 to 11 solar radii are taken for processing.
Among them there are all three lines of green triplet
Mg I: A 5184A, X 5173A and X 5167A, and also some
weak lines. The spectral resolution d\; /o = 1A+0.14
was derived on emission lines A5303A. It was car-
ried on the 18 diameter scans with interval of 10°.
The reference point of positional angles is began
from ecliptic north pole counter-clockwise. The
east direction is 90°, and west is 270°. Thus, the to-
tal volume of measurements is 20 lines on 36 directions.

3. Results

The average values of measured radial velocities ver-
sus the distance from the Sun (averaged on all 36 di-
rections) are represented on Fig.l. In such average
method the all velocities corresponding to orbital mo-
tion of dust around the Sun must be compensated.
Thus, Fig.1 mainly reflects the radial motion of dust
relatively the Sun.

On Fig.2 the averaged radial velocities versus the po-
sitional angles are represented. Such average method
allows to allot the influence of orbital motion of dust. If
the orbital motion of dust is like circular, the Doppler
negative velocities must be observed near P = 90°, and
the Doppler positive ones near P = 270°. In first it was
obtained on results of 1981 year observations (Shche-
glov et al.,1987.

Thus, the results of 2006 year observations confirm the
predomination of negative velocities (Fig.1) at near dis-
tances from Sun (r < 4Rg). The averaged radial veloc-
ities on all distances (Fig.2) does not show the presence
of regulate orbital motion of dust as it was observed at
1981 year (Fig.3).
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ecliptic north pole. 90° - east, 180°- south,270° - west.
The solid line - the observation approximation by poly-
nomial of 4-th order.

4. Discussion

Evidence of fast disturbing action of non-
gravitational forces on dust particles is the absence
of clearly seeing orbital motion of dust at near-by
distances from the Sun. Really magnetic field of
the Sun can act on dust grains of small dimension
< Imkm. It seems to be natural the conclusion about
predomination of grains of comet origin rather than
asteroid one, insofar as the sizes of comet particles are
small and the orbits are no practically connected with
ecliptic plane.

Perhaps, in investigated region the composition
of dust grains is changed with time. The results of
action of the Sun magnetic field on these particles
might also be changed in connection with variations of
solar activity (1981-year of maximum, and 2006-year
of solar activity minimum). The new theoretical
approaches should be needed for more careful analysis
of 2006 year observations.
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PN CHEMICAL COMPOSITION ANALY SIS
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ABSTRACT. We report the results of the investiga-
tions of chemical composition of close binaries which
had gone through the stage of common envelope and
which are the remnants of planetary nebular cores.
High resolution spectra for different phases of orbital
period of V471 Tau were taken by RTT-150 telescope
and were investigated by the modified SYNTH-K pro-
gram. It was found that the spectra show noticeable
variability with appearance of emission components de-
pended on the orbital period phase. For chemical com-
position determination the ”solar” oscillator strengths
for 700 lines were taken. It was found that the chemi-
cal content of V471 Tau is composite one and charac-
terized by excess of 7-process elements in the contrast
to small underabundance of iron-peak elements. The
estimation of different elements excesses allows to de-
termine their contents in planetary nebular phase.

Key words: Stars: binary: cataclysmic; stars: indi-
vidual: Sun, V471 Tau

1. Introduction

Modern theory of chemical evolution of our Galaxy
considers several sources of changing of the matter
composition:

1) supernovae SNI and SNII explosions,

2) formation of planetary nebulae (PN),

3) Novae explosions,

4) WR-stars,

5) natural radioactivity,

6) the interaction with cosmic particles.

To check the correctness and the accuracy of this
theory two types of observational criteria may be used.

1) Global - the determination of chemical composi-
tion of the gas and stars of different ages and compar-
ison with theoretical predictions. These criteria allow
to check the theory as whole, but do net give a possi-
bility to improve the models of different objects.

2) Particular - the determination of the nuclear syn-
thesis efficiency for some objects using direct observa-
tions.

Unfortunately the complication of the theory for the
SN and PN radiation formation put a limit on the ac-
curacy 0.5-1.0 dex for chemical determinations. The
chemical content of stellar remnants ( white dwarfs and
blue subdwarfs) is influenced by stratification effects.
As a result we have no reliable direct observational
data of nuclear synthesis at the final stages of stellar
evolution.

In this work we investigate the possibility to get such
data by alternative method of the probe. It is assumed
that this probe should be in deep layers of evolving star.
Then the chemical composition of a matter enriched by
the probe may be investigated by traditional stellar at-
mospheres modeling. The natural realization of such a
probe is close binary systems. These systems are form-
ing from broad stellar pairs with the main component
which after evolution on the main sequence stage is ex-
panding up to the supergaint size. The orbital velocity
of both components is 10 times larger then the rota-
tional velocity of the envelope. As a result the system
begins to loose the angular momentum, to decrease
the large semiaxis and to mix a matter. Finally after
the supergaint envelope loss secondary component (en-
riched by nuclear synthesis products) may be observed.

The accuracy of abundance determination of this
component depends on the conditions of observations.
In cataclysmic variables with bright accretion disc the
radiation input of the secondary component is small,
so the possibilities of investigation are limited. In mas-
sive X-ray binaries the disc luminosity is small, so there
are good conditions to investigate the abundance of
the matter produced by SNII. Precataclysmic variables
gives an optimum possibility for the analysis of the nu-
clear synthesis efficiency during PN formation because
there are no accretion effects. In our work we pot our
attention on the old PN - V471 Tau.

V471Tau was discovered by Nelson and Yuong
(1970) as eclipsing binary system with the orbital pe-
riod P = 0.952118. The brightness of this object
(myp = 10.24™, my = 9.48™) permits to get high reso-
lution spectra which show that red dwarf dominates in
optical radiation. This objects has a variability with
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Figure 1: Theoretical (not broadened) profiles for 1
forming blends and theoretical and observed blend

unstable amplitude coursed by interaction of magn
fields of both components. The full list of fundame:
stellar parameters was taken from the paper by O’B:

at al. (2001). Chemical abundance of the seconaary
component was analyzed by using moderate resolution
spectra (Martin et al., 2001) and X-ray fluxes (Still
et. al, 2003). The accuracy of abundance determi-
nations for 4-5 elements is about 0.4 dex and shows
considerable differences. So we decided to perform the
abundance determination of this object with higher ac-
curacy.

2. Observations and spectra modeling for
V471Tau

Eleven spectra of high resolution (ﬁ = 40000,

S/N =70—90, AX = 3900 — 8800A) were observed by
the RTT telescope during the nights 12/13, 13/14, De-
cember, 2004. Coude—eshelle spectrometer CES and
CDC detector with nitrogen cooling was used. The
data reduction was performed by DECH computer
complex. The comparison of spectra in different phases
showed the emission components in the Balmer lines
which caused by reflection effects. Line profiles for
heavy elements are not changing and may by used for
abundance determination by stellar atmospheres mod-
els.

Spectra modeling was performed by using the
SYNTH program and model atmospheres by Kurucz
(1994). We include in calculations instrumental profile,
macroturbulence (Vigero = 1.8km/sec) and micro-
turbulence (&4 = 1.0km/sec) broadening and stel-
lar rotation. The velocity of the red dwarf rotation
(Vsini=83 km/sec) was estimated from the analysis of
the spectra. For stellar abundance analysis we rede-
termined line parameters by comparison of calculated
solar spectrum with the flux Atlas for the Sun (Kurucz

C O Na Mg Al Si

Ca Sc Ti V Cr Mn Fe Co Ni Zr Ba

Figure 2: The distribution of numbers of abundance
determinations for different elements.

et al., 1984). In result we determined more than 600
solar oscillator strengths and van der Waals damping
constants. The comparison of solar oscillator strengths
log gf with Kurucz data (Kurucz,1994) showed that
the last data in general are overestimated by the factor
0.14 dex independently on the ionization stage, excita-
tion energy and wave lengths. Empirical van der Waals
damping constants overestimate classical Unsold values
by the factor 6. Moreover, there are two groups of lines
with completely different (in 2.5 times) scaled factors
for damping.

3. The analysis of results

The abundance determinations for V471Tau was
performed by their variations to achieve the best agree-
ment of observed and calculated blends as shown on
fig.1. In result we have investigated 113 line blends,
104 blends gave us abundances for 16 Chemical ele-
ments. The iron abundance was based on 83 blends
with the accuracy 0.02 dex. For 5 elements (Si, Ca, Ti,
V, Ni) we had about 10 estimations with average accu-
racy 0.08 dex. For Mg, Cr, Mn, Co and Zr there were
3-5 estimations only. Abundances of other elements we
found using 1-2 estimations and should be improved.

Chemical abundances relative to the solar ones are
shown in fig 3. The analysis of these data allows to
make the next conclusions.

1) The metalicity of V471Tau ([Fe/H])=- 0.2 dex)
indicates that this star belongs to the thin galactic disc.
At the same time it is less (0.3 dex) than the average
stellar metalicity in the Hyada cluster. It is in a good
agreement with suggestion of O’Brien et al. (2001) that
V472Tau does not belong to the cluster.

2) The abundances of odd and iron group elements
(Na, Al, Ca, Ti, Cr, Mn, Co, Ba) corresponds to the
value of the metalicity. According to theoretical pre-
dictions these elements are not producing in stars with
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Figure 3: V471 Tau abundance [X/H] elements relative
to the solar ones.

masses 5-7 M.

3) Large excesses for carbon ([C/H]=1.8 dex) and
oxygen ([O/H]=1.3) are producing by a- process acting
in the final stage of supergaint life. For white dwarfs
with the mass 0.83 My «- process must be ended by
the synthesis of neon and magnesium. So we assume
that these elements must be overabundant.

4) The circonium excess ([Zr/H]=0.73 dex) is ex-
plained by s-process acting simultaneously with a-
process. The same excesses were found by Thevenin et
al. (1997) for others elements of s-process ([Y/H]=0.40,
[Sr/H]=0.80 dex) in the nuclei of PN Abell 35.

5) The deficiency of Mg ([Mg/H]=-0.38 dex) and the
excess for Si ([Si/H]=0.42 dex) contradict to theoretical
predictions mentioned above. We suppose that at the
supergaint stage there were important transformation
of Mg to Si in a process similar to a-process. The
reasonsof such process should be investigated in details.

6) The excess of Sc ([Sc/H]=0.38 is probably coursed
by measurement errors and needs additional analysis.

7) The excess for Ni ([Ni/H|]=0.17) is in a serious
contradictions with modern ideas about nuclear syn-
thesis. This element is producing together with iron in
SNI only. Therefore this result should be checked by
observations and the theory.

Finally we conclude that abundance investigations of
close binaries provide important information about the
efficiency of nuclear synthesis on last stages of stellar
evolution.
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