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PREFACE

In 2019 he 60th anniversary of the Shamakhy Astrophysical Observatory named after
N.Tusi of the Azerbaijan National Academy of ScienceShAO) was celebrated. In this
regard,thesubmitted this numbesf the Azerbaijan Astronomical Journal (AAJ) is dedicated to
the 60th anniversary of the ShAO. Brief information on the history of the observatanairts
scientificresearch directions, and significant achievements over 60 years, scientific and
organizational activities, scientific relations, international grant projects in recent years, human
resourcesare the maintopics of the publication. It shouldbe noted that the Observatory,
established in the Soviet periostasdeveloped rapidly in accordance with the requirements of
that time.Starand solar telescopes with a diameter of 60 cm, 70 cm, -ane€t&, which were
very relevant at that time, enabledstudy modern problems of astrophysics. At the beginning of
the space age, the measurement of sunspots, flares, and other parameters of solar activity and
using of this information for Earth's satelliteafety forecasvas importantstepin the early
stages of formation of specialists at the observatoryitarfdture development. The favorable
geographical position of the observatory, its astroclimate, the large number of clear nights, anc
the supply of equipment were led to the rapidal@ment of its international relations and the
formation of future astrophysical schools. Although the priority scientific research directions was
naturally changed over the years, they have covered a very wide range as a whole. The ma
research fieldswere solar physics, physics of setarrestrial relations, planetary physics,
dynamics of small solar system bodies, different types of stars and stellar spbigsits
galaxies, problems of cosmology, ra@distronomy, astronomical instrumentatetral Important
scientific results obtained in different periods have not lost their relevance tmadyere we
will present some of them.

In the field of solar physics. Studies on solar physics at the ShAO dates back to 1957.
In the same year, the Solarriee program was established at the Observatory, and regular
observations at the Chromosphé&igotosphere Telescope played a key role in this work
(R.Huseynov). The results of these observations are included in a number of internationa
catalogs. In thedllowing years, important results were obtained in both theoretical and practical
research on problems of solar physics. The theoretical model of solar flares was developed, ar
the idea that this important event is associated with shock waves was pudf@RiHuseynov).
The rising curve of solar spectra is construdteslas shown that the asymmetry in the profiles
of the weak and middle Fraunhofer lines of the photosphere is complex. In the sathésline
parameter varies very frequently both quantiti and sign. The mechanisms by which the
solar corona heating up to a million degrees were studied, including the role of solar spicules ir
this process. The MHD theory of Ros#igpe eigen global vorterscillationsof the Sun was
developed (N. Dzhali. The devolopedtheoretical model aims to solve two important
problems: a) Depending on the configuration and intensity of the central relic magnetic field, the
considered waves can create the necessary levaen€itynoise” in the plasma around thaas
core which in turn causes the oscillation of the active solar neutrinos from the nucleus (MSW
mechanism ). Measured data and theoretical results of solar neutrino deficiency could be used 1
diagnose physical conditions in the central regions oSthe b) Vortices in the central region of
the Sun affect the rate of nuclear fusion. Also, vortices moving towards the surface can chang
the optical properties of thehotosphereSuch effects cause the integral radiation energy of the
Sun to change quapkriodically. These changes could lead to global climate change on Earth.
For example, the sharp warming that lasted for several thousand years during the last ice age,
well as the current global warming, have no clear explanation. Important reswdtslwained in
the physical origin of largecale turbulence in the solar wind, its impact on the earth's



ecosystems and biosystems, and in a number of other relevant areas dfafblgshysics
(N.Dzhalilov, E.Babayev).

In the field of planetary physics. Under the leadership of N.lbrahimov, a number of
optical parameters of the planet's atmosphere were determined by measuring the variations in tt
brightness of the entire disk of Mars. In order to study the chemical composition of the
atmosphereof Mars, its highly dispersed spectra were obtained, and more than two thousand
photographs of the planet were taken in various filters. The results of all these observations sho
that the brightness of the details on the planet's surface is constanmtfyinchaand that dust
particles are forming and disappearing in its atmosphere. It was shown that the molecule of nitric
oxide in the atmosphere of Mars is insignificantly small. These results were completely
consistent with the results of the subsequerkingi 1 and Viking 2 NASA space missions.
Research on Mars has played an important role in the construction of topographic maps of th
planet, the study of the problem of transparency of its atmosphere and other problems related t
the evolution of the plaet. N.Ibrahimov took the spectrum of the dark side of the planet Venus
and discovered radiation lines. He explained the formation of these lines of radiation by the
presence of lightning in the planet's atmosphere. Later, the Soviet interplanetary $ipacecra
"Venus" confirmed this fact. He was also one of the first to predict the occurrence of active
(volcanic) processes on Jupiter's satellite 1o on the basis of observational materials. This
conclusion was confirmed in 1979 by the results of the inter@aneipacecraft Voyager 2,
which passed close to Jupiter. Currently, research is underway in the field of giant planetary
physics, and important results were obtained in this area (A.Atai).

In the field of research of small bodies of the solar steam. Pioneer works belong to
Hajibey Sultanov. As early as the 1950s, he studied the distribution of invariant elements of
asteroids statistically and refuted Olbers theory that they formed as a result of the disintegratiot
of an object. He argued that thimg of asteroids was formed as a result of the successive
disintegration of several relatively large primordial objects moving between Mars and Jupiter.
Interesting results were obtained in the direction of the chemical composition of asteroids
(D.Shestpalov) and the origin of comets (A.Guliyev).

In the field of stellar physics.In 196080, theoretical research had a special place in the
scientific topics of the ShAO. Pioneer research in this area belongs to O.Huseynov and his
group. The Moscovechool and itdright representatives O.Zeldovich and G.Bisnowaigan
played aimportantrole in the development of theorists working in Azerbaijan. Theoretical
research has focused on the physical nature of the end products of stellar evolution. It wa
proved that as a result of catastrophic compression of stars, neutrinos and antineutrinos with a
energy of 50 MeV are formed. The formation of a neutron star in the center of a collapsed stal
leads to an increase in the total energy of the neutrino tatie @ame time a softer spectrum.
The results of these studies were used at the Baksan Neutrino Observatory. Within the relativisti
theory, the parameters of a rotating neutron star were calculated. It was shown that even sta
with very large masses uadjo a precollapse stage at the beginning of their evolution. At the
same time, it is proved that the type | and Il flares in the Supernovas differ both in terms of
energy and mass. For the first time, a catalog of the richeay Xources (about 700 elos)
was prepared and published in the United States. In addition, for the first time, a method for
determining the electron concentration in 331 pulsars in the galaxy was given. Based on it, the
distance to the pulsars and a number of its parameters deezemined. ltwas shown that
pulsars are located in a ring near the center of the galaxy. The thickness of this ring is 8 Kps. Fc
the first time, a new scale of distance to Planetary nebulae was determined for radiation. The va
majority of scientificresults were confirmed in space experiments.

Research in the field of practical astrophysics is aimed to study thetatonary
processes occurring in various stellar atmospheres, stellar systems, and galaxies by usir



spectrophotometric methods and raodlight receiversnadeat the ShAO (Kh.Mikayilov). It is
shown that the internal structures of the stars in the upper and lower parts of the main sequenc
are different (T.Eminzade). It is proven that, unlike red dwarf stars, white dwarf stars have a
nudeus. Later this result was confirmed by research of wemdwned astronomers. Among the
studies carried out in the ShAO and currently underway, dense binary stars (S.Azimov,
B.Rustamov, J.Rustamov), T Tautype stars (Z.Ismayilov, N.Ismayilov), magitetstars
(S.Aliyev) , important results were obtained in such areas as physics of active nuclear galaxie
(N.Huseynov, I.Salmanov), determination of chemical composition of stars (S.Zeynalov).

In the field of history of astronomy. The scientific heritage of the medieval Azerbaijani
scientist Nasreddin Tusi was studied (H. Mammadbeyli). Dozens of Tusi's works were studied,
commented on and discussed by the scientific community. Numerous articles, books anc
monographs dedicated toethife and work of the scientist were published, presented at
conferences and symposiums. The book "Takygiidis”, which is considered to be the largest
work of N.Tusi, was translated into Azerbaijani. H.Mammadbeyli studied N.Tusi's works and at
the sam time revealed interesting facts about the equipment, library, structure, scientific
directions, achievements and staff of the Maragha observatory created by him, proved that thi
scientific center has an important place in the world scientific history.

ShAO has risen twice in its history. At the beginning of the independence of the Republic
of Azerbaijan after the Soviet era, there was a period of stagnation in the life of the observatory
Over the last ten years, as a result of the care of the leg@efghie Republic of Azerbaijan for
astronomy, the Observatory was rebuilt, modernized, serious changes were made in th
instrument park, and as a result, development has resumed at a high pace. At present, it
possible to carry out spectrophotometricdsés of weak celestial bodies (stars up1®) with
the help of modern light receivers with very high transmittance installed in a 2 m telescope. All
of this and the availability of highpeed Internet, as well as the modern level of infrastructure
make ShAO attractive for international projects. ShAO participation in EU projects FP7,
HORIZON 2020, GRANDMA, GAIA, etc. can be an example of this.

This issue provides a brief overview of a number of selected topics to give the reader a
better idea oShAQO, about the research that is done and is currently carried out in ShAO, the
important scientific findings and publications on these topics. More information could be found
in the publications at the end of each review. At the end of the issue, soreensgmallocated
for scientific and organizational events. In providing all the information, the data of recent years
were given more priority.

Editor-in-Chief of Azerbaijan Astronomical Journal,
Director of Shamakhy Astrophysical Observatory of ANAS
Professor Namig Dzhalilov



SHAMAKHY ASTROPHYSICAL OBSERVATORY 1 THE MAIN
HISTORICAL MOMENTS

The 20th century was a period of dramatic and memorable events in the life of the
Azerbaijani people. At the beginning of the century, this region,-kvelivn in the world only
for the extraction of petroleum, consequently became a region whiugeciscience, and
technology developed rapidly. At this period, our people had given scores of eminent poets
writers, scientists, artists, singers to world culture, and in turn, tried to derive benefit on world
culture. Azerbaijan held a special placethe former Soviet Union, where fundamental science
reached a high level of development, and its educational and scientific institutions differed by
high professional level and rating.

As is well known, Azerbaijan is considered the country of ancienbrasters.
Famous petroglyphs of Gobustan and Gamigaya, also archaeological sites and excavations &
clear proof of this truth. The scientific achievements of the Maragha Observatory and its founder
Nasraddin Tusi played a significant roie the development of world astronomy. Interest in the
universe and astronomy had always been the focus of attention on this land.

In the 20th century, astronomy was received l@gge scope in Azerbaijan, like other
branches o fatiorsaf the Sharmakhy Astraphysical Observatory, its -aigtude
observation stations, space research institutes, the preparation of dozens of highly qualifie
researchers in the field of astronomy, in a literal sense, the formation of the natiomalrastad
school, coincide with this period.

Astronomy held an important place along with all the natural sciences, which were
studied and taught in secondary and high schools and other educational institutions, created
the beginning of the century in Admijan. Azerbaijani youth studying natural sciences in other
countries chose astronomy and geography often as their main specialties and studied the:
sciences in depth. Besides, due to the absence of an astronomical institution or observatory |
Azerbaipn, such young people, like other amateur astronomers, could not seriously study this
science, and therefore a professional school of astronomy not formed.

The issue of creating an astronomical observatory in Azerbaijan was raised in 1927. In the
sane year, a shoterm expedition of the Leningrad Astronomical Institute (A.V. Markov and V.

B. Nikonov) had visited Azerbaijan and got acquainted with the climate and relief of several
zones with the participation of local expert I.A. Benashiilie goalof the expedition was to
choose a suitable place to create an observatory in Azerbaijan. This expedition got acquainte
with the astroclimate of Khankendi, Shusha, and Lachin in-August 1930. Although the
conditions in the Lachin district were favolapit was discovered that the number of clear nights
was not enough. Research results of the expedition were published in 1932 in the bulletin of th
Institute of Astronomy in Moscow.

Regrettably, destructive processes of the 1930s delayedrtuesg. However, with the
return of the graduate of Leningrad State University H. Mammadbeyli to his homeland in 1938,
significant progress in the field of astronomy was begun. In -193®, the teaching of
astronomy began at Azerbaijan State University ather higher educational institutions. The
astronomical laboratory was founded at Azerbaijan State University, and the area for
observations was allocated.

Besides that, astronomical calendars were publishing at the university. Radio anddtelevisi
programs also have played a significant role in popularizing astronomy. The shaping of eminen
astronomers T. Eminzade, H. Sultanov, R. Huseynov as qualified specialists coincided with thes
years. In the postwar perigdagain was raised the question dfioosing a place for the
construction of the observatory, and organized the expedition in several regions of the country
Astronomers from Leningrad and Moscow also took part in this Widrk.standing astronomical
expedition was created in 1946 to studg astroclimate in several regions of Azerbaijan. As a
result of researches carried out in 1988 along with astronomical observations, serious work
was carried out on preparing staff in the field of astronomy, on designing future observatory, on
supplyng the observatory with telescopes and equipment, the structure of the observatory, etc
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Academicians Yusif Mammadaliyev and Hajibey Sultanov had made a significant contribution
to the establishment of the Shamakhy Astrophysical Observatory.

In 1963 the place of the future observatory was accurately determined. Observatory,
created on the initiative of the eminent Azerbaijani scientists Hasan Aliyev and Yusif
Mammadaliyev, is located in the northeast of the Great Caucasus Mountains, apglgxXis@t
km from Baku (on the eastern slope of Pirqulu mountain, about 1500 m abolevedea
geographical coordinatés88 35 04" E, 40 46 20" N). An optimal place for the creation of the
observatory by the unanimous decision of specialists was cRaggriu mountain of Shamakhy
district. Here, the number of clear nights reaches-2(8D per year. Subsequent social and
political events in the region showed that the selection of a place for the construction of the
observatory at that time was a wise &adsighted decision. If the observatory would have been
constructed in NagoraKarabakh or the Kelbajdrachin zone, its future would be very tragic.
Two Refracting telescopes with a diameter of 108 and 120 mm and a focal length of 1620 anc
1630 mm, respwively, were installed to measure the astroclimate indicators in the Pirqulu
settlement. On the other hand, works on the creation of observatory at that time were carried ot
in three directions: preparation of staff, the creation of the necessaryrindtast, the purchase
of telescopes and other equipment. These works were carried out mainly in the Department c
Astrophysics headed by H. Sultanov, which created in 1954 under the institute of Physics anc
Mathematics of the Academy of Sciences of therBaigan SSR.

Construction of a 2neter telescope



Construction of a 2neter telescope

Finally, in November 1959 the relevant decision on the establishment of the observatory
was made on the basis of the Astrophysical sector. According to preliminary projects, at the
ShAO should have been installed i&mtimeter reflector, Horizontal Sol&elescope, Vertical
Solar Telescope, Chromospheric Telescope, Coronagraph to observe the solar corona, Planetz
telescope with a diameter of 70 cm and Radiotelescope. Besides, it was planned to carry out
water supply system, telephone and telegraph asmuations, and major overhaul of
ShamakhyPirgulu road.

Government decision on the establishment of Shamakhy Astrophysical Observatory was
made in | ate 19509. On 17 November of t he
Ministers of the &erbaijan SSR "On the organization of Shamakhy Astrophysical Observatory"
was signed.  The decision of the Academy of Sciences of the Azerbaijan SSR No. 1 of Januar
13, 1960 "On the organization of the Shamakhy Astrophysical Observatory of the Acaflemy
Sciences of the Azerbaijan SSR" was made on the basis of this decree. The activity of the ShA(
as an institution began since that time. Name of the observatory, its structure, academic counci
director, deputy director for scientific work, scientifiecsetary, also the establishment of the
city base was approved in this decision. According to the decision, H.Sultanov, who made &
great contribution to the creation of the observatory, was approved to the post of director of the
Observatory.

10



COBET MHHHCTPOB A3EPBAMHDKAHCKOH CCP

MIOCTAHOBJIEHHE
or 17 mostpx 1959 roma N 975
0% opraxnaznex [leaamoxoil actpodmmecxo
obcepmaropant  Axazesamt Hayx AsepSaitzsamcxos CCP
Coser Mmncrpos Asepbaitaxancxoit CCP [IOCTAHOBJIAET:

1. Tpmasry npexnoxenne Axazesom Hayx Asepbaipxancxot CCP ob
opramtsanm sa Sase Cextopa actpodunman n Ilenwamcxoi

Axazgexant Hayx Asepbaitvaancxoit CCP » mpexesax smcaenmocts 1 $omza
sapabommoit maamy cextopa actpodmuna n lllemaxmscxoit acTpomosarzecxoil
CTaEmE.

[Tpeacesarems Conera Mmoscrpos
Asepbairxancxol CCP M Hexerpnepor

Yapasanounrit aeana Cosera
Mmunctpor Asepbaitpxancxoit CCP H Hospysor

Decision on the establishment of the Shamakhy Astrophysical Observatory
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Shamakhy Astrophysical Observatory was named after the eminent Azerbaijani astronome
Nasraddin Tusi by the decision of the Cabinet of Ministers of the Azerbaijan SSR in 1981.

CoBerT Mg aEHEHCTOPpPOREB
Asepbainxxkanckon CCP

IIOCTOHOBI EHHE

Ne 406
oT 8 cerTabpa 1981 r., rop. Baky

O npucsoennn amern Myxamvenza Hacupsaauuna Tycn
IITemaxnHCKOIT acTpodH3HYeCcKoiT oGcepBaTOpHE

Coser MarncTpoB Asepbaiimxanckoi CCP nmocraHoBasIET:

IIpaceorTe BMZ Myxamvena Hacmpsggmra Tycm Illemaxmrckom
Actpodnmsmrueckoi obcepBaTopEH Axagemmrn Hayk  AsepOaimxanckod CCP
H BOpemp HMeHoBaTh ee IllemaxmHckad acTpodH3HWecKad oOcepBaToOpHA
aMeEE Myxammeza Hacmpsgmmmea Tycm

ITpencenarens Coeera MEHECTPOB

Asepbaimxanckoi CCP I .Cengos

Vopasnsomait Jenama Coeera MuEEHCTPOB
Asepbafimxanckoii CCP A AxyHznos

Decision to name thebservatory after N.Tusi.
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Scientificresearch works carried out at the Shamakhy Astrophysical Observatory, since its
establishment, has been followed with great interest not only in our republic but abroad.
Namely, these successeaused the visit of the President of the USSR Academy of Sciences
Academician M.V. Keldysh to the observatory during his visit to Azerbaijan in 1974.

President of th&JSSR Academy of Sciences Academician M.V. Keldysh in 2 meters telescope

World-renowned scientists came to our observatory and got acquainted with the scientific
research carried out here. Among them, we can list names of Chairman of State Commission @
Piloted Flights of USSR, our compatriot Kerim Kerimov, academician of 8®RJAcademy of
Sciences V.V. Sobolev, academician of the USSR Academy of Sciences, Nobel laureate ir
physics V.L.Ginzburg, academician of the USSR Academy of Sciences Yu .B. Zeldovich, Soviet
cosmonauts V.F.Bykovsky, V.N.Kubasov, N.N. Rukavishnikov.

Academician V.V. Sobolev, Academician V.L. Ginzburg and the staff of the observatory
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The leadership of Azerbaijan in the last thirty years of the XX century and at the beginning
of the XXI century is directly related to the name of theremt statesman and politician Haydar
Aliyev. Haydar Aliyev, who has always kept in the center of attention the activities of the
Shamakhy Astrophysical Observatory, during his leadership in Azerbaijan, had visited this
scientific center and metith scienists. The visit of Hgdar Aliyev to the observatory in 1974,
and the orders he gave in due time, are bearing fruit till now. Most of the scientists working at
the observatory today are graduates of the Department of Astrophysics at the current Baku Sta
University, which was created by his decree. It should be noted that to improve the living
conditions of scientists carrying out scientific research at the observatorgtoaySbuilding
consisting of 40 apartmentschheen built by the orders of iidar Aliyev.

Haydar Aliyev inthe observatory

Since its establishment, the development of astronomy in Azerbaijan had always been in the
center of attention of international scientific structures, as a result of which theidsstero
discovered in19702020 were named after eminent Azerbaijanis: "AzerbaijaiiNizami",

"Javid", "Muslim Magomayev, "Tusi", "Nasimi" and others.

Azerbaijani asbphysicistobserver Nadir Ibragnov had made great strides in studying
planets (Mars, Venus, and the lo satellite of Jupiter) as a result of his observations an the 2
telescope of the ShAO. He made numerous laogde images of Mars during the opposition of
Mars (the shortest distamdetween Earth and Mars) and made a map of the planet. He spoke
about volcanic processes on the lo satellite of Jupiter and lightning on Venus planet. The Gener:
Assembly of the International Astronomical Union in the city of Patras, Greece, in Ocd@zer 1
highly appreciated the researches of the Azerbaijani astronomer Nadir Baba oglu Ibrahimov an
naming in his honor one of the craters of Mars planet. Along with the craters of Copernicus,
Kepler, Keldish, andules Verne, the crater of Ibragv is onMars now. Launched in January
1973, to study the Moon and outer space, Soviet automatic interplanetary statieill with
which communication subsequently lost, was reconnected to the station as a result of searchir
on a 2meter telescope.

It/)ragimov

is: 25°42'0"S,89°42'0" W (-26.7°,-69.7%) Type: landmark

Ibragimov crater
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left, N. Ibragimov

One of the craters on the Moon, only natural satellite of the Earth, is named after the eminen
scientist Nasraddin Tusi. In 19907, the crisis was felt in the history of Azerbaijani astronomy,
as in all areasHowever, in subsequent years, the crisis was resolved, and the activity of the
observatory was returned to their normal course.

N.Tusi crater
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The attention and care of Heydar Aliyev to Observatory in Soviet times is continued by
his worthy successor, the President of the Republic of Azerbaijan, Mr. lIlham Aliyev. Generally,
caring for the development of science in Azerbaijan, llham Aliyev had issued decrees and order:
in September 2008 and July 2009 on the reconstruction of ShgrAskiophysical Observatory
and the improvement of its materialchnical base.

www.president.az
Azerbaycan Prezidenti
Res mi Kn telefg n ¢

Azorbaycan Milli ElImlor Akademiyashén Npsirpddin Tusi adéa kamaxéAstrofizika Rosbdxanasghaggéda
Azorbaycan RespublikasPrezidentinin sorbncamé(05-09-2008 10:23

D¢nyar bn b°y¢k rosodxanalaéhdan biri olan vb measir d°vrgn prioritet problembri ilp uzlakd@dmeé elmi
program psaghda foaliyypt g°stron kamax Astrofizika Rbsbdxanaghda sbma cisimiorinin todgigi kimi - aktual
fundamentalmpsolp il yana éseysmik prosestrin prognozy trab kosmik m¢hitin, g¢ndb kb geomagnitfoallé hae
yeréste, texnoloji sistembrin fpaliyyotinb insandadaxil olmagla bioloji organizmbrp tosiri © yronilir.

kamaxe Astrofizika Rosbdxanagndapldp olunmw elmi noticolor d¢nya alimlori, Beyrplxalg AstronomiyaKtifage
torofindon layiginco giymotlondirilmik rosbdxana@ 20-dok bmpkdak 8¢ fuzlu beyrpixalg elmi to kilatlara ¢zv se ilmik
bir sga ki-ik planetbro Marsdavp Ayda bir ne- ratep Azprbaycanmg¢tofpkkirl orinin, elm vb mpdpniyyot xadimliprinin
adlaeverilmikdir.

Lakin foaliyyot g°stordiyi m¢ddotdo ampaxé Astrofizika Rospdxanagné elmi-texniki avadang jfigki vb mpnovi
aKkrénaya moruz galmé kinzibati binalae ,laboratoriyalag , mokdadar ¢ -n¢ yakaye kevlori, yol infrastruktury
kommunikasiyaotlori yararg voziyyptb d¢, ¢, @¢r.

Strateji kosmik todgigatlardavp b¢tevl¢kdp Azorbaycan elminin inkikaféndg respublikadakosmik sbnayenin
yaranmaédaphobmiyyotini nozorp alaraq anmkaxé Astrofizika Rosbdxanagé yenidon qurulmagnétomin etnbk mpgsodi
ilpDgorara aleéam:

1. AzorbaycanMilli Elmlor Akademiyagé Npsiroddin Tusi adha kamaxé Astrofizika Rospdxanagén madditexniki
bazaga g¢clondiriimpsi vb  sasétomir-tikinti iklbrinin apagmasempqsodi il b toxirbsaBhmaztodbirlorin g°rélmosi ¢ -n¢,
AzorbaycanRespublikagmé 2008ci ilin d°vipt b¢deosindd nbzordd tutulmuk Azorbaycan Respublikag Prezidentinin
Ehtiyat Fondundarb,0 milyon (bex milyon) manatvpsaitayrdsan.

2. AzorbaycanMilli Elmlor Akademiyag arkaé Astrofizika Rosbdxanaghda apadacaq psase tomir-tikinti ikDrinin
m¢asir standartlaraiyj un, ygksok keyfiyyotlp hoyatake- irilmbpsini, zoruri avadandy vb texnikaren aléhmag g m¢gafiq
todbirlorin g° r¢lmpsini tomin etsin

3 . Azofenerjd A- ggSphmdarComiyynti, Azirigazd Qapaé SphmdarComiyyoti vb AZbrsud A- g@Sphmdar Comiyyoti
kamaxe Astrofizika Rosbdxanagé elektirk enerjisi tobii gaz vb su ilp etibarE tominagé @ zorgri todbirlori hoyata
ke-irsinlor.

4. Azorbaycan Respublika@é@ Rabib vb nfétmasiya Texnologiyalaé Nazirliyi kamaxé Astrofizika Rpsbdxanagan
telefonlad@dmasnévp s¢rotli internetk lmkpsinb gokulmashétbmin etsin

5. AzorbaycanRespublikagé Ekologiya vb Tobii Sorvotlor Nazirliyi kamaxé Rayon Kera Hakimiyynti vb Azorbaycan
Milli EImlor Akademiyagil b birlikdp amaxAstrofizika Rosbdxanagé ptraf brazilorinin tobii landkaftéé gorunmagvo
x¢susimghafizp zold r@n yaradimass g meyalfiq todbirlor gorsgn.

6. AzorbaycanRespublikaga Maliyyp Nazirliyi bu Soroncanm@n birinci bondinddb g storil bn vbsaitin AzorbaycanMilli
Elmlor Akademiyaghé hesalak® -rgmosini tomin etsin

7. AzorbaycanRespublikage Nazirlor Kabinetirp tapk résén ki:

7.1. 2009cu ilin d°vipt b¢dcosindd bu Soroncan@ icrailp bg 1€ laww maliyyp vbsaitinin nozordb tutulmasné tomin
etsin

7.2.bu Soroncamdarirpli golon digor mosolplori holl etsin

8. Bu Soroncamimzalancg jgéndbn g¢vvbyD minir.

KI'ham clivyev,
Azprbaycan Respublikasénén Prezidenti.
Baké kbphbori,cilb sentyabr 2008
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Azerbaycan Milli Elmler Akademiyas eéé Nesireddin Tusi adéa kamax €Astrofizika Resedxanas één
yenid enqurulmas €ébarede Azerbaycan Respublikas éPrezidentinin  serencam é(21-07-2009 19:03)

AzorbaycanMilli EImlor Akademiyagné Nosiroddin Tusi adhakamayéAstrofizika Rosbdxanagé maddi
texniki bazagé g¢clondirilmosi vo tomir-tikinti ikdorinin apa@masmpgsodi ilp  toA ildbn etibaon todbirlorin hoyata
ke-irilm psinb badandmeé d&. Bu salpbdp m¢, wyon iklor g°r¢lsb dp pbyektinmgasirtolbblor spviyypsindd tam
yenicbnqurulmagné baka -atdgé@mas  p blayp maliyyp vbsaitininayr@mashazorurot yaranné déa.

kamaxAstrofizika Rospdxanagé madditexniki bazagé g¢clondirilmosi, yenidonqurmavp tbmir-tikinti ikiorinin
davametdirilmpsi mpqsodi il gorara aléam:

1. AzorbaycanMilli EImlor Akademiyagné Nosirpddin Tusi adnakamaxAstrofizika Rospdxanagé madditexniki
bazasen g¢clondirilmpsi, yenidbnqurmavp tomir-tikinti iklorinin davametdirilmpsi ¢, -n@AzorbaycanRespublikagén
2009-cuilin d°vlot b¢dcosindd nozordp tutulmwk AzorbaycanRespublikag8PrezidentinirEhtiyatFondundar8 , 0 ( ¢ - )
milyon manatvosaitayrdsan.

2. AzorbaycanRespublikagdMaliyyp Nazirliyi bu Soroncan@ birinci bondindb g storil bn vbsaitin AzorbaycanMilli
Elmlor Akademiyagé hesalak® -rgmosini tomin etsin

3. AzorbaycanRespublikagNazirlor Kabinetirp tapk résen ki, bu Soroncamdarirpli golbn mosolplori holl etsin
Khamc liyev,

AzorbaycanRespublikagmen Prezidenti
Baké herip2liyul 2009-cuil.
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Based on these orders, the living space of the Shamakhy Astrophysical Observatory wa
renovated, the main building and telescope buildings also were repaired, the control system ¢
the 2meter telescope was completely modernized andmated, new modern ligtgceivers
were purchased, and largeale works on improvement were carried out. New apartments for
scientists living in the observatory, as well as guest houses that meet high standards for scientis
coming to the observatofyom abroad, were built on the territory of the observatory. Besides,
new communication lines that meet modern standards were laid (gas, water, electricity,
telephone, etc.)The President of the Republic, who regularly kept the repairstruction work
at the center of attention, visited observatory several times during this period.

President of the Republic of Azerbaijan mister Ilham Aliyev at the Observatory
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More than 50 monographs, books, tbrbks, catalogues, scientdgopular books have
been published on different branches of astronomy in ShAO.
120 issues of ACircular of ShAOO0 were pu
Journal of Azerbaijano is published and
The employees of ShAO have published more than 2500 articles in local and &mieigfific
periodicals.
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In the 1960s, the rapidly developing Shamakhy Observatory needed to establish ar
observation station at higher point. In 1969, the Batabat branch of the ShAO was established i
the Shahbuz region of the Nakhchivan Autonomous Republic at altitude of 2@®0va sea
level. In 1974, Solar coronagraph was installed in the Batabat section, and the observation c
solar spicules begun. This work was led by Russian astronomer G.Nikolsky (IZMIRAN). In
1990, the Zeis$00 telescope was installed in the Batabat seatiith participation of the staff
of the Crimean Astrophysics Observatory V. Lyuti and others.

Since 1969, the permanent expedition of the Pulkovo Observatory was operating in the
Aghdara settlement of the Ordubad region of the NakhchAatonomous Republic. The
purpose of the expedition was to create an astronomical station capable -girduigion
position observations. At this point located at an altitude of about 2100 m above sea level, unde
the leadership of the X.Potter, the expiedi was carried out significant work for the creation of
an astronomical station, and also experimental observations were conducted. Already in the ear
1980s, two important telescopesstrograph AFRL and the lunaplanetary telescope with a
long-focus meniscus, were put into operation in the Aghdara Astronomical Station (AAS).

In the 1980s, Leningrad astronomers made valuable position observations at the AAS.
Surface observations of Halley's Comet in the framework of the joint S&metican pogram
VEGA have a special place among them. Unfortunately, the destructive processes in the regio
in the late 1980s, especially the blockade of Nakhchivan by Armenia, had a very negative impac
on the activities of the AAS. In 1991, X.Potter and his sgdiffthe station.
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STUDIES ON SOLAR PHYSICS IN SHAMAKHY ASTROPHYSICAL
OBSERVATORY WITHIN THE PERIOD 1959 -2019

Dzhalilov N.S. Babaev E.S.
Shamakhy Astrophysical Observatogmed after N. Tusi &NAS
namigd@mail.ru, elchin.babayev@gmail.com

I.  Physics of Solar Oscillations

The quasperiodic motion of plasma is the most important class of dynamic phenomena
observed in stars and in the Sun. Oscillations and waves are visible almost in the entire range ¢
electromagnetic radiation in modern observations. These motiongentionally might be
divided into local, atmospheric, and global eigen oscillations of the star. Experimental and
theoretical researches of these phenomena are complementing each other, and allow using the
mainly for the diagnosis of the solar plasiiae series of works in this direction were carried
out jointly with colleges from Russia and Germany and significant scientific results are obtained.

Theory of the propgation and transformation of adiabatic and 4admbatic magneto

acoustiegravity (MAG) waves in a stronglynhomogeneous plasma, with consideration of
gravity force and magnetic field, is developed. Obtined analytical solutions of
magnetohydrodynamic (MHDequations, expressed through generalized Meyer hypergeometric
functions, allowed to be constructed the complete theory of transformation due to the
inhomogeneity of plasma and magnetic field of some types of waves into other types. Respectiv:
energy codfcients of wave transformation and reflection are calculated. It is shown that
resonance layers (cusp and Alfven) occur in regions with the almost horizontal magnetic field, in
which part of the energy flux of waves falling on them, is captured. Applgnthe solar
conditions reflection and absorption of atmospheric waves during their propagation from deep
layers of the photosphere, where waves are practically adiabatic, to upper layers, where the
transform to isothermal waves had been analyZesrmulas for the energy absorption
coefficients of adiabatic waves in resonance layers are derived and their dependence on wa
frequency and plasma parameters had been investigated. The interpretation of occurrence
propagating waves in the penumbra of sursgogiven [1, 2].

Wave interaction with radiation in the inhomogeneous medium is investigated in a series of
works [3,4,1]. Small amplitude nesdiabatic hydrodynamic perturbations of arbitrary optical
thickness in the inhomogeneous emitting caespible medium with stratified heat exchange is
analyzed with consideration of radiation losses. The equation describing the oscillations of
fluctuation of radiation intensity is derived. Analytical solution for the isothermal atmosphere in
Milne-Eddington approximation for energy loss function was found for the first time. The
general theory of propagation and radiative damping ofatbabatic atmospheric (acoustic and
gravitational) waves are developed based on obtained analytical solution. The devebojeéd
of nonadiabatic oscillations with taking into account the interaction of heat and acoustic modes
and their transformation allowed us to explain the observed maximum in the distribution of
fluctuations in integral solar emission flux at the freqyenco f 3 = -nBn.o&cillakbAs). ( 5
Rel ative values of the amplitude of the f1l1
5, which accords to observed data of different experiments. It is shown, that acoustic waves
become stronghonadiabaic and occurs mixing of oscillation modes on the photosphere level,
where the propagation velocities of heat and acoustic waves become comparable. As a result,
becomes possible to observe simultaneously acoustic and heat waves at the same frequens
Comparison of contributions of acoustic and heat waves as well as to fluctuations of integral
radiation flux as to motion velocity is carried out.
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It is foundthat oscillations observed in the continuous solar spectrum are predominantly
heat waves, and acoustiaves make greater contribution to motion velocity, as evidenced by
Doppler measurements. The theoretical spectrum of phase shift between fluctUuategral
emission flux (brightness) and vertical velocity of motiorV(Ispectrum) for radial solar
oscillations is calculated. Comparison of the results with observational data shows good
accordance in oscillation frequencies rang2.4-3.6 MHz. Becaus of the contribution of heat
oscillations dominates in the fluctuations of integrated radiation flux, and the contribution of
acoustic oscillations dominates in motion velocity, it is alleging that the obtained phase shift is
the phase difference betwelesat and nomdiabatic acoustic waves.

With consideration of radiative losses, a complete theory of linear transformation, also the
reflection and absorption of various types of famliabatic magnetacoustiegravitational
(MAG) waves in the stratified atosphere is developed. Impact of magnetic field oblique on
wave damping is studied. It i®und that with increasing of the field oblique, radiative
absorption of MAG waves sharply increases. Amplitude ratio and phase shift between oscillation
of motion véocity and fluctuation of temperature of plasma on the photosphere of sunspot are
calculated. It was determined that near the edge of the spot, the phase shift increases sharply. It
shown that the most favorable region for observation of oscillatioB®ppler shifts is umbra
the spot, and in intensity of radiation is the penumbra. Furthermore, velocity and intensity are
separating in phase for any given frequency of observed oscillations. Based on analysis it i
shown that dnin oscillations should beisible better in brightness oscillation in the penumbra
of spots, where the magnetic field is strongly oblique [3,4,1].

The problem of the instability of small amplitude perturbations of magmgtoodynamic
type, in optically thin ideally conducting @iaa, with the cosmic abundance of elements is
solved in the linear approximation. Electron heat conductivity along the magnetic field and
proton heat conductivity across the field is taken into account. It is shown that entropy wave
amplitude may exponeatiy increased, whereas magnstmic waves damp in a wide range of
physical conditions, maximum approximated to conditions in the corona of stars and the Sun
with a relevant consideration of radiative losses. Slow magsuetic waves especially damp
fasly. Calculated slowwvave damping coefficient for solar corona, accords well with the
averaged damping coefficient in 11 quasiperiodic events observed from satellite "TRACE" in
hard ultraviolet radiation [5].

In the series of works [6] to describe of ngambllisionless anisotropic plasmas of the solar
corona and solar wind, the -bBoment anisotropic MHD transfer equations (integral relations of
the BoltzmannVlasov kinetic equation) including the heat flux along the magnetic field, are
applied.Waves anglasma instabilities with anisotropic pressure along and across the magnetic
field are analyzed in the frame of this approximation, also is studied the effects related to hea
flux. Along with classical incompressible firehose modes that do not changeamigideration
of heat flux, new additional compressible modes (heat waves), and analogs of fast and slov
MHD waves, are found and studied. It is shown that the criterion of mirror instability coincides
with the relevant condition of occurrence of mirrpstability under kinetic consideration. It is
established that in the presence of heat flux, the phase velocities of all detected modes at
asymmetric relative to the direction of the external magnetic field, i.e. waves propagate with
various velocities ang and against the magnetic field. Modes coupling occurs under some
values of plasma parameters. Strong coupling occurs between reverse modes (which propagatil
against the direction of the magnetic field). Instability occurs in the modes interaction, regi
where phase velocities of the waves coincide. Both types of instabilities are pesgibteodic
and oscillatory. Under conditions of occurrence of classical firehose instability, a new type of
instability occurs under resonant interaction of threeise modes (fast thermal, mintbermal
and slow thermal).
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This instability has a maximum increment under oblique propagation and exceeds the
maximum increment of classical firehose instability. Detected instability is due to compressible
plasma perturbations in contrast to classical firehose instability. Density perturbations are
calculated in detected modes. Obtained solutions of anisotropic MHD are in close fit with the
low-frequency limit of kinetic description, which gives reason to cdbat the considered
approximation of anisotropic MHD is correct for describe the lagde dynamic of
collisionless anisotropic plasmaf heliosphere (solar corona and solar wind, ionospheric
magnetospheric plasma).

MHD instabilities of tempratureanisotropic coronal plasma are considered based on the
developed theory. It is shown that under conditions of the solar corona for weak magnetic fields
(B < 1 G) can develop aperiodic mirror instabilities of slow MHD waves, and for strong
magneticfields (B> 10 G) may arise oscillatory i@atoustic instabilities. Increments of growth
of instabilities are found, and time and spatial scales of development and decay of oscillatory
instability estimated. It is shown that instabilities under considerathn play a notable role in
the energy balance of corona and could be considered as @dalgesnergy source of wave
mechanism of coronal heating [6].

Supersonic flows of two senmfinite anisotropic and homogeneous plasma layers with
different physical parameters and velocities were considered. For the general case, i.e., when tl
interface between these two flows is a transition layer with a finite thickness, the general linear
differential equation framework for determining the eigenmsode the system is derived.
Furthermore, thoroughly the limiting case of a zero thickness transition zone (contact
discontinuity is consideredit is shown that the shear flow excites telvin-Helmholtz (KH)
type of instabilityand fAcoupl eso t he v gladma assillations doneach e s
other. It is found that the region of mode interaction is determined by the resonance regions
when the longitudinal phase velocities of the waves match. In the resonance flonasnwith
average speed, the KH instability occurs. The growth rates of the KH instability are calculated ac
a function of the parameters, including the degree of plasma anisotropy. The obtained results at
applied to the plasma conditions in the bimodal solardwin the vicinity of the contact
discontinuity between different flow patterns (fast and slow wind) [6].

Using the l1lémoment equations that take into account heat fluxes in anisotropic
collisionlesshi-Maxwellianplasma, the properties of magolegdrodynamic (MHD) instabilities
are investigated. For all instabilities occurring in the MHD approach (the usual incompressible
firehose instability, the second type of compressible almost longitudinal firehose instability, and
the almost transverse norr instability of slow magnetosonic modes, as well as thermal
instability caused by the heat flux directed along the magnetic field), their kinetic analogs are
considered. Also the general MHD dispersion equation taking into account two components of
plasna (electrons and protons) and heat fluxes along the magnetic field is obtained. The
thresholds and instability growth rates obtained in the MHD and kinetic approaches are found ir
good agreement. The results prove that, in contrast to the familiar CGWi(Gb&lbergeiLow
) approximate model, the anisotropic MHD approach provides a correct description of the large
scale dynamics of collisionless anisotropic plasmas, such as solar corona, solar wind, an
ionospheric and magnetospheric plasmas.

Modd equations of solar wind are obtained in anisotropic plasma conditions.

These equations are describing stationary flows along the magnetic field in the radial direction
from the Sun on the equatorial plane. These equations obtained on the base anhtmeeb®

MHD transport equation with consideration of plasma anisotropy and heat flow along the
magnetic field. The obtained system of nonlinear equations is a generalization of the Parke
model for isotropic solar wind in the case of anisotropic wind. Tmebeu of special analytical
solutions of equations were found, also asymptotic solutionssalutions near the transition
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point of flow from the subsonic regime to the supersonic regimelataned, and boundary
conditions for numerical solutions determth The main goal is explaining of observational facts
that could not be described by isotropiarker model.

The theory of magnetic convection in stars and on the sun is developed. The standar
model of the convective zone does not take imimoant the presence of a magnetic field. The
convection model is building up with consideration of the magnetic field, rotation, and large
scale flow with gradient. Criteria of occurrence of shear instability, baroclinic instability,
magneterotational, ad other type of instabilities in tachocline with the strong magnetic field are
investigated.

It is tasked in work [7] on finding the cause of rotation slowdlogvn of internal layers of
the Sun. Accepting that angular momentum of rotation is carriedront ¢entral regions by
waves, then what kind of these waves should be, and how should they manifest itself in othe
largescale dynamic phenomena on the Sun? Qualitative analysis of the conservation equation ¢
potential vortex in the rotating sphere @&med out. There is principled possibility of occurrence
of a new type of resonant modes, which significantly differ from-ediwn inertial rotational
modes in the theory of stars pulsation with consideration of differential rotation in latitudes. It is
concluded that these new modes could be detected only in case, when they become unstable
when the impact of curvature might be neglected. It is shown that rotational modes can becom
unstable due to heat mechanisms of instability. For the beginningpwh&equency wave
motions within the framework of planar geometry are considered, when the impact of curvature
o f the spherical sur fband@anes aeappfaxdi mgt iboyn
Possibility of the capturing of very leWvequency vorx waves in the nearuclear space of the
Sun is analysed. It is shown that retrograde waves with frequencies that significantly lower thar
the angular frequency of rotation might be captured in the radiative zone of the Sun.
Eigenfunctions of compressibfenadiabatic vortex modes of Rossby type are found by using
analytical methods for the case of small latitudinal gradients of the angular velocity of rotation.
Nonadiabaticity of wave motions is providing by consideration of the energy input from nuclear
burning and radiative transfer in diffuse regintémechanism). A complex integral dispersion
equation, which is the solution of the boundague problem is obtained.

Determined resonant modes (namethBdes) fundamentally differ frommodes, which
are well known in the theory of pulsations of stars. Frequenciesmbdes, in contrast to r
modes, are functions of the internal structure, and their origin is not deenaetric effects. The
instability of the Rmodes relative to themechanism is investigated.

Most wunstabl e ar e o0s c3iykarsalB30 gears, and 15300000 e r i
years. These three highlighted ranges of periods arekweln from solar and geophysical
experimental data. Characteristic times of amplitude increase of indicated most unstable mode
cor r es p o’nl@ andald y&arslr@spectively. The amplitude of themRde is increasing
toward the center of the Sunhd& possible role of detected ldvequency vortex modes in
dynamics of magnetic fields, in the observed fluctuations of solar rotational velocity, also in
long-period climate changes on Earth, is discussed.

The impact of sdace curvature on the properties of rotational OSC|IIat|ons is investigated.
The general differential equation of second order in partial derivative describing the adiabatic
nonradial longperiod oscillations of the differentiabtational spherical starsiobtained for
pressure fluctuations. This equation includes {ugker gravitationalg-modes, all possible
subclasses of rotational modes, also their interaction and instability. Such an equation derived fc
the first time and enables analyzing the spestiaictures of the solution, which related to the
spherical geometry of the problem and the presence of rotation. Widely used in geophysics, th
Atraditional 0o approximation, which assumes
obtained eqation and splitsit into two ordinary secondrder differential equations. More
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accurate condition of wusability of Atradit.i
in the lowfrequency range, is obtained. The possibility of the occurrehcatical latitudes is
shown, around which, the resonant layer is formed. In these layers occurs resonant interaction
ei genmodes with inertial 0s ci |-thadanguamfrequemdty f r
of rot at i ontheldtiudindl englesftora poje). Transformation of global rotational
modes into inertial ones, which are concentrating in narrow latitudinal zones, is considered as
new mechanism of resonant absorption of modes. This mechanism can play a significant role i
the redistribution of angular momentum of rotation. The obtained equation is a generalized
Laplace's equation in case of differential rotation. The condition of the occurrence of global
instability is found from a qualitative analysis of this equation. Trssalility is related to the
latitudinal gradient of rotation velocity of star and, in contrast to ordinary kKéleimholtz
instability, is not smoothed by gravity. The appearance of global shear instability depends on the
Rossby number (ratio of the ratatal period to oscillation period), azimuthal wave number and
rotation gradient. It is shown that the rotation gradient has a lower limit, below which the
instability disappears. Primarily, those modes whose frequencies are close to inertial frequenc
shaild become unstable. The obtained results on shear instability are applied to real
helioseismological data on the rotation profile of the Sun. It is shown that global modes
might become unstable almost at all latitudes. In the radial directionegienrof instability
becomes the upper part of the tachocline (a region with a strong radial gradient of rotation
velocity, which located on the base of the convective zone), the convective zone, and the
photosphere of the Sun. The exact solution of th@dce equation in case of low frequencies is
expressing by Jacobi polynomials. Standauesentation of eigenfunctions of modes in form of
series on functions of spherical harmonics, which have significant difficulties with convergence
on low frequenciesdoes not follow from the obtaineaccurate solutions. It is shown that
interaction of lowfrequency modes with rotation, is describing better by the Jacobi functions,
which are higheorder polynomials than the Legendre functions.

It is established thah low-frequency limit (when Rossby number is small and the effects
of shear instability might be neglected), only retrograde oscillations become eigenmodes. Thes
modes are separating into two subclasses: fast and slow. In the azimuthal plane, the grou
velocity of fast modes is directed against rotation, and slow modes are transferred energy on th
direction of rotation. I't is shown that Mfnac
the basic wave energy occur on the spherical surfaceeThesds are located closer to the
equator for slow modes, but closer to the pole for fast modes. Location and width of these band
of latitudes depend on permitted values of horizontal wavenumbheny (amount of nodal
points in meritbnal and azimuthaplanes).All possible pairs of I( m) for both slow and fast
modes, are found for 2Zar solar oscillations. It is shown that for the scales of the oscillation
modes similar to spatial scales of sunspots, active latitudes fpeét2slow modes occurs at
latitudes of 3040 degrees. Discussion took place on possible connections of detected modes ir
the generation of magnetic solar cyclicity [7, 1].

In the work [8] it is shown that if turbulent motions, which &rebserved in coronal lines
arise due to Alfven waves, then in contours of the majority of coronal lines in the center of the
disk would be a central dip, which is not observed. This suggests that corona is unlikely heating
by direct dissipation of Alfvenszillations. Basing on more accurate calculation of the resonant
absorption of Alfven waves in structures of corona, it was shown that this mechanism could not
be the major one in corona heating. The method is proposed for the determination of values c
temperature and neh h e r ma | velocities in coronal l oop
and | 6374 . Cal cul ation of contours of <cor
torsional oscillations, is carried out. It is found that cakadacontours are singleertex and
sufficiently approximated by Doppler profiles. Since observed coronal lines have a Doppler
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form, it is concluded that coronal lines were expanded by motions on torsion waves. Based or
this, it concluded that in the heagionf corona, the role of torsion waves is significant. Besides, it

is concluded that the Moreton wave might propagate to photosphere heights based on th
analysis of observed data in th&khe.

[I. Study of dynamic phenomena in the atmosphere of the &

Observations of solar dynamic phenomena in the ShAO were started since the installatior
of first solar telescopes (AFR, AFR-3). These observations were carried out within the frame
of fASun Ser vi ce o0 erpsevergl in@ressing experimehts weee tcarried_oaittand
the next main scientific results were obtained.

New method for observing the region of the surface of the Sun (active rspioule, etc)
is developed and applied, which allowed to obtain the image in cuts with the preservation of the
contour of the spectral line. The obtained data under this method of observation contains muc
more scientific information than under ordinayp e ct r a l and filter obs
for the Ha line, is developed and applied in observations, which is flattening intensity inside this
line; observations by using this mask gives more accurate images than under ordinary spectr:
observatios. A new camera is constructed and applied in observations, and a new method of
observation of active regions of the Sun developed. The large-caigidra spectrograph is
designed for the horizontal solar telescope of the ShAO.

This multichannel spectrograph differs from other existing multichannel spectrographs in
that each camera of this spectrograph has an individual gate, which allow to obtain spectrograrm
of the standard density in all chanmelmultaneously, which is impossible under observations on
conventional multichannel spectrographs [9, 10].

Various determination methods of optical thickness of flares and other solar formations at
frequencies of consideredpbectral lines, with consideration of absorption of photospheric
emission in layers of chromospheric flare, are developed. The proposed simple methoc
determines the maximum possible value of the optical thickness of flares in the lines of the
Balmer seriesf hydrogen. A new determination method of optical thickness in the H and K Call
lines on the ratio of their equivalent widths and a multilayer flare is proposed.

It is shown that calculational contours of lines in the flares spectrumiby tree found
values according to proposed methods, consistent well with the observed ones.
It is found that contrary to previous determinations of other authors, the opticalabsckf
flares in thg b line is ty b < 1 [9]. Equations of stationarity for hydrogen and calcium are drawn
up, and results of solutions depending on values of various physical parameters, are tabulatec
These tables allow us to determine both values of physical quantities (by using observed value
of atomic populations), and effective geometric thicknesses ofieadtirmations. It is
determined, that effective geometric thickness of flares i0ID times less than visible
geometric thickness. It was obtained that due to emission of Lb quanta via distant wings, surviva
coefficient of] a-quanta becomes less thare thnit, and this significantly affects theoretical
calculational contour. A close relation of brightness variations of neighboring calcic flocculi with
flares is found.

It is shown that the filamentary structuré solar active formations decreases optical
thickness compared to the uniform distribution of emitting plasma. It is managed for the first
time to observe wavkke motions on the unperturbed surface of the Sun with lifetime from two
to several tens of mutes and wave motion velocities up to 30 km/s, by using the spectral mask
for they a, line.

Several studies on the physics of solar spicules are carried out [9]. Radial velocities of the
spicules on the entire height and their variation, with the timenassured.
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The constructed radial velocity curves show that these velocities are due to spicules motior
as the whole, and not by plasma motion in the magnetic tube of the spicule, as is generall
accepted. Histogram of spicules distribution on radial velocitiesiis upy which showed the
existence of their grouping at velocities
using obtained observational data, which showed that if the observed radial velocities are due t
plasma motion in the magnetic tubey@na mass balance would be disturbed within one hour.
This is a serious argument in favor of the condensational theory of the occurrence of spicules
Sudden changes in length, a crssstion of spicules and halfidths of thg a, line profile, and
sudd@ emergence of some spicules over whole height, are detected from observations. All thes
facts evidenced in favor of the condensation theory of spicules occurrence. Spatial groupings c
spicules on radial velocities are detected. For the first time,radtal and tangential velocities
of spicules over whole height are measured simultaneously. Therefore, it is concluded tha
tangential and radial velocities are components of spicules motion. Theoretical calculation of the
process of condensation of corbigas is carried out, as a result are occurring chromospheric
spicules. The presence of the MHD wave in spicules is determined. The idea of corona heatin
caused by spicules motion is put forward, the presence of such motions proved and thei
velocities masured. The motion of spicules along the limb is studied, and their tangential
velocities are determined [11]. The contour of the line in the spectrum of coronal
prominences is obtained by using the developed new observation methodology. Corona
prominences were observed on the disk of Sun. Managed to observe the K Call line in the
spectrum of coronal prominences, which was turned to be in emission [10, 12].

Dynamics of loogtype prominences, also ejections are investigated by filter \cdigsTs.
Average velocities method is developed, which allows the accurate determination of the laws o
motion of nodesEstimates of temperature at trajectories of nodes are dgagtimation of the
relation of densities in nodes, and surrounding theidiome is made. It is determined that the
formation of looptype prominences arglrgesare interrelated. Structure of the magnetic field
of active region accords to the model of t|
type prominences with period- 5 min are detectedRotational motions are detected in surges
[13].

It is shown that calcium floccules are not always a direct continuation of photospheric
faculae into the chromosphere, although in most cases, they repeat eaah twibdayers of the
solar atmosphereBased on the analysis of humerous spectrophotometric observed data, also
photographic photometry, it is obtained, that the law of changes of the curfeciwée
depending on the heliocentric distance, could not bsidered as credible without consideration
of the selection of observddculael t i s necessary to divide co
Aweako when constructing a curve of a cont
difference between h gr oups of Astrongd and fAweak?o
decrease of the difference -pohfotosphelremt i wn
atmosphere, is determined. The value of 88 degrees, is obtained for the slope angle of the torch
normal of the surface of the Surhe maximum values of the heights of calcium floccules equal to
approximately 7040000 km are determinedhe a4077.71 Sr Il line in the spectra of torches,
floccules, and flares, is investigatdtlis determined, that compared to the contour of the line of
the unperturbed photosphere, a small emission (~2%) is observed in the center of the line of th
spectra of torches, and its wings are expanded and lowed. Wings of the line are expanded ar
lowered, in the band of torch emission without calcium flocculus. The contour of the line does
not differ from the contour of the unperturbed photosphere in the floccule region, without torch
emission.In the center of the line of the flare spectrum, nobtea@mission (~10%) is observed,
and wings of the line are expanded and lowered, moreover this effect is more significant than ir
the torch.Various structural peculiarities in torch fields were detecienches show a cellular
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structure like a supergralation cell. The radius of torch rings, on average ~ 20,000 km. Large
scale structures are observed. Deformations of sides of torch cells indicate the existence c
dynamic cell interaction [14].

Theoretical reseahes of dynamic processes occurring in flares and coronal condensations
are carried out in a series of works [15]. The applied model of the initial phase of chromospheric
flare within the theory of powerful gatynamic explosion with consideration of baprocesses
and volume emitting has led to interesting results, confirmed in observations. It is shown that the
development of initiat up to the optical phase of chromospheric flare is accompanied by the
emerging and enhancement of heat instability bethiedshock front. This instability generates
turbulence and causes plasma bifurcation, which in turn leads to the fibrous structure of flares
Mechanism of expansion of emission lines in the spectrum of solar flares with consideration of
the existence of anagnetic field, which controls the direction of motion of plasma jets are
investigated. Determination method of physical parameters of the flare, their peculiarities of
variation, both with time and with depth are improved. Calculations of all posséteeetary
processes in solar flares, with consideration of complete deviation from local thermodynamic
equilibrium and nosstationarity of processes, are carried out. Physical causes of overexcitation
of upper energy levels of hydrogen atoms are investig®teasons for asymmetry of contours
of emission lines, which are observed in the spectrum of flares, both on the disk and limb are
found out. Distribution of flares on height in the solar atmosphere, which allowed to explain the
observable differences @iires of chromospheric and coronal origin are studied. Calculations on
ascertainment of the role of accelerated electron flows, in the mechanisms of flare glow are
carried out. Causes of losigrm energyrelease during flare are studied in the opticaioregnd
low-energy protons, and in roentgen. It is shown that the generation of flares artkdoop
prominences could be considered as the effect of the shock waves [15, 16].

The Spatietemporal dependency of the polarity sign of the lagde solar magnetic
field is analyzed. The existence of two activity waves with periods #3lyears and-3 years
is confirmed. It is shown that drift begins from the equatorial zone to the [Rtasstical
analysis of a largscale magnetic field aWeed determining the sector structure of the
interplanetary magnetic field for the period 191982 [17].

The new version of the polynomial approximation method is developed and applied for
processing the brightness field of the unpdd photosphere, for magnetograms of the active
region, also velocity fields in a flare, and for maps of solar radigces, to detect the nature of
largescale and smalicale solar fielddt is obtained that on the limb of the solar disk elements
in sze 3"5 are 1.4 times larger than in the center. It is impossible to talk on the predominant
elongation of the granules in any direction. The probability of contrast distribution for bright and
dark elements relative to mean, is almost symmetrical, wipiebks in favor of the absence of
expressed lightlark asymmetry of the brightness field. The topology of the radiation field does
not differ from the topology of the cooling field. Contours of small elements are inside large
scales contoursRegular changef ridges and troughs of the intensity gradient indicates the
existence of wave motionglare activity of the vector field of velocities is restoring with a
period of about six minutes. Energy releasing in flare occurs as a pulsed mechanism of the surg
It is found that before flare activity, the value of the modulus of the gradient of solaf radio
emission intensity has an oscillatory character wittag period under displacement of the local
source from the east to the west edge. Maximum of the ityegrsidient accords to the day of
flares then damps monotonously [18].

In work [19], investigations of the fine structure of photospheric absorption lines are
carried out. For this purpose number of new methods were proposed: 1) method for determinin
the local continuous background of the spectrum by Voigt analysis of the profiles of weak
Fraunhofer lines. 2) Method for determining the mechanism of broadening of strong Fraunhofer
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lines in the photosphere of the Sun and stars; 3) quantitative methodafsuinmg and analyzing

the fine structure of the profiles of weak Fraunhofer lines. Based on these methods, the mos
accurate profiles of strong resonant and subordinate ones, i.e. almost resonant Fraunhofer lines
and K Call; D d D2 Nal; by, b» d bs of the Mgl triplet and the first four lines of the Balmer
hydrogen series & Ho, Hg andHad in the resolved and unresolved solar spectrum are obtained.
Basic parameters characterizing the line profiles (equivalent widths Wyvitklfs, quarter
widths, and central residual intensities) are determined with high accuracy. Positions of violet
and rel emission components of the H and K Call lines and the distances between them in the
resolved and unresolved solar spectrum were clarified. It could be useful in clarifying the
empirical formula of the WilsoiBappu effect.

New method was develogethat allows to determine the level of the local continuous
background of the solar spectrum on the Voigt analysis of the profiles of weak Fraunhofer lines.
The advantage of this method, compared with the method based on the profiles of strong
Fraunhofelines, is that weak lines are in all spectral regions. A new quantitative and physically
substantiated method was developed for measuring and analyzing the asymmetry of the profile
of weak and moderate Fraunhofer lines in the spectrum of the Sun and\&argphysical
quantities (differential, integral, residual, and relative asymmetries) were introduced, which
enables a more detailed investigation of the asymmetry of the profiles of weak and moderatse
Fraunhofer lines and their dependence on microscapienic) and macroscopic (photospheric)
guantities. It is found that the asymmetry of the profiles of weak and average Fraunhofer lines is
complex, and within the same line can repeatedly change by magnitude and sign. Growth curve
for the resolved and urselved solar spectrum are built up based on the newest digital spectral
materials and the most accurate forces of oscillators of lines in the absolute scale. It is shown th:
the physical characteristics of the photosphere by the lines ofoedband odeeven transitions
differ significantly. In this sense, the excitation temperature is especially sensitive, which turned
out to be significantly higher for odelven transitions [19].

Objective method for the determination of continuum level in fhextsa of stars (Sun)
with hydrogen lines is proposed, which consists of the theoretical drawing of the form of the
Stark wing of hydrogen lines [20]. It is shown that atmospheric absorption lines that consider
"ideal" reference turns out to be not "idehlit change their position depending on the zenith
distance of the observation of the Sun, which should be taken into account when studying line
shifts in the spectrum of Sun by introducing respective corrections. The method of observing the
spectrum of Sm by using the fact of the imposition of various orders of the spectrum was
proposed. The method allows us to expand significantly the wavelength range under the
investigations of the Fraunhofer line shifts. Rational scheme for fast calculating of cmisdoti
measured radial velocities due to diurnal and annual rotation of the Earth at the moment o
observation was proposed.t was determined more accurat
dispersion of fluctuations of the horizontal component of the vgldielld on the surface of the
Sun.Quasiperi odi c wave motions in the atmospher
1.0 to 6.5 min for U = 0.005 were invest:i
assumption is put forward on qugmgriodicty or cyclicality of the observed phenomena. More
accurate curve for the "Edge effect" of Fraunhofer lines in the spectrum of the Sun was obtainec
It is found that it is not physical processes are lead to the "edge effect” of Fraunhofer lines, bu
the eroneous system of wavelengths of the Fraunhofer spectrum, both in the center and at th
Solar limb.Redundant wavelengths of lines at the limb are the result of "deficit" of lengths at the
center of the solar disk due to the entrance of incorrect "deficitections in the wavelength
systeminSRRT[20).t i s shown that there is a signif
and the intensity of torch areas on the solar disk-&ast "asymmetry” of the solar disk both in
the shifts and in the ceatrresidual intensities of Fraunhofer lines was detected, which should be
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taken into account when calculating atmospheric models. Based on theoretical calculations of th
absorption line contours by small parameter methogradient of rotation velocity,tiis
concluded that the eastest asymmetry of Fraunhofer lines is caused by differential rotation of
the solar photosphere [16].

The new universal formula was derived for determining the optical depths of formation of
Fraunhofer lines in the solatmosphere (equitable for any formation mechanisms), both by
calculation and on the basis of accurate observations (with high spatial resolution) of the line
contours at different angular distances from the center of the disk. Formulas for determining the
optical depth of formation of the radiant
are also derived. The elementary methdanction approximation method for the numerical
solution of the integral equation for the source function, waggs®d. Several new recurrence
relations, widely used in radiative transfer theory in the atmospheres of stars and planets, wer
obtained. Catalog of optical depths and the corresponding geometric altitudes of formation of Fe
I lines (2600 lines) and Tilill, Crl, Mnl lines (150 lines) in the solar atmospheretfoe center
(1) and for the | i mb ofa8000e80i s kwd O=d20mDi5I

Red shift and asymmetry of Fraunhofer lines in the solar spectrum were investigated
detail. It is shown that Freundlich hypothesis on the red shift of lines in the solar spectrum does
not contradict the general relativity theory (GR), but it is a development of general relativity
theory with consideration of the current level of depehent of the quantum nature of light.
Based on theoretical calculations it is alleged that Druzhkin's "new hypothesis" on the solar
redshift has no real ground. New ratio connecting Newton's gravity constant G with other
fundamental constants of physissobtained. It is shown that the low accuracy of the magnitude
of the constant of gravitation, which is found in experimental measurements, is related to the
seasonal change of G. It is shown that variations of rotation velocity of the Sun with degth in th
photosphere are significantly lower than that previously obtained by other authors. The systen
of energy levels and wavelengths of 26757 lines of neutral iron at thegage2 2 0 9 9 4 ¢
was calculated again. Large group of spectral lines were idehtihd classified both in the
laboratory and in the solar spectrum [21].

Methods of scientific photography, filming, and television were used to investigate the fine
structure of the solar surface, as well as processes in the terrestrial aradsph shown that
"switching" waves of Landau are possible in the photosphere. Jet flows in the atmosphere of th
Sun and the Earth are investigated. The existence of these flows and their stability is caused &
the feeding of large "gravitational" drsmaltscale waves under néimear resonant interactions.

It is shown that feeding of both small waves by large ones and conversely, lead to the stability o
large vortexes (wavesBesides, for observation of bright photospheric "tracks", new television
system with a high spatial resolution (~ 0."4), as well as its appearance mechanism, was propose
It is assumed that "tracks" are arised because of the rupture of the lines of force of the magnet
field, and the particles propagate moving with accdtemanf ~ ~ 16 km/se@, which leads to
energy release 10*erg [22].

[l . Participation of ShAO in international programs on solar physics.

Shamakhy Astrophysical Observatory, while still the Sector of Astrophysics within the
Academy of Sciences of the Azerbaijan SSR, year after its establishment, actively participated ir
the international programs "Sun Service." In parallel with other astrimad institutions of the
USSR, ShAO was equipped with a photosphehimmospheric solar telescope to participate in
the IGY program (International Geophysical Year, ¥3989). The employee of the Main
Astronomical Observatory of NAS of the Ukrainian S$Rofessor E.A.Gurtavenko, was invited
to ShAO to prepare the telescope for observations. With his participation, the telescope wa:
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prepared for observations by the staff of the Department of Solar Physics. Observations withir
the IGY program began in 185The photosphere tube was used for regular photography of the
Solar photosphere. Coordinates and areas of the observed spots were determined by the obtair
photoheliograms; the quality of the obtained heliograms was estimated goiatSscale. The

data obtained by this way was sent to the coordination centers: the KrAO of the Academy of
Sciences of the USSR and the bulletin "Solar data" of the PAO AS USSR.

An image of the solar chromosphere was obtained in the chromospheric tube by using
interferene-polarized Ufilters (IPF). During the time intervals allotted for observations,
filming was carried out. The latitudinal and longitudinal coordinates of both ends of the
hydrogen fibers were determined by using obtained photographic tapes, as thellitetime,
coordinates, and brightness (by points) of the observed chromospheric flares. The resull
were sent to three coordination centers: KrAO AS USSR, GAO AS USSR (bulletin "Solar
data"), and to the Kislovodsk Mountain Astronomical StationOGAS USSR. The first
scientific article, based on the materials obtained within the IGY progvamwritten at ShAO
in 1959 [23. The article is devoted to the microphotometric research of the chromospheric flare.
MF-2 microphotometer of the Institute Bhysics of the Academy of Sciences of the Azerbaijan
SSR was used to carry out this work.

In 1963, the ATsU5 horizontal solar telescope (HST) was installed on the territory of the
Observatory. After putting into operation the H&TsUS5, special equipant for mounting on
this telescope was manufactured in KrAO to carry out visual measurements of the magnetic
fields of sunspots. It was installed in ShAO in front of the spectrograph2@SP

Further, after the installation of GSACUS5, employees of the &partment of Solar
Physics took part in two international programs for observing the magnetic fields of sunspots: a,
measuring the maximum intensity of magnetic fields of sunspots; b) rapid changes in the
magnetic fields of the Sun. The last program wasraposite part of the common international
program of the Commonwealth of the Academy of Sciences of the Socialist Countries (the
KAPG program). Observations within this program were carried out at four observatories: the
Potsdam Observatory of the GDReth Ond Sej ov Observatory of
Observatory of the USSR, and the Shamakhy Astrophysical Observatory of the Academy of
Sciences of the Azerbaijan SSR. Data on magnetic fields on the first program were sent on th
same day via a coded tetagis. The next day, prints were sent with photoheliograms and copies
of cards for each group of spots with a drawing of all the spots and pores with the drawing of
magnetic fields. Materials were sent to the KRAO of the USSR Academy of Sciences.

Accordingto the second program, unlike the first (the coordination center was located in
Tashkent), observations were carried out by specified coordinates and numbers of groups c
spots, and the start and end times of spot observations were recorded. Accdrdsgragram,
the magnetic fields of selected spots were measured during the day, and graphs of the magne
field dependence from the time were constructed based on the obtained materials. Determine
reports about the results of the observations weretsethie center located in Pulkovo. After
several series of such observations, final results were presented in regular conferences held
Pulkovo.

Several scientific articles were published based on these materials jointly with the
observatory staff who pcipated in this program. In 1980, in the year of the Solar Maximum, a
new task was receivedo observe i-lare in the line. The coordinates of the flare region were
informed by telegram. This work was carried out at a high level, and obtained taaismna
thoroughly processed and sent to the coordination center.

During the development of space flights, especially when there was a man on board of
spacecraft, interest in active formations on the surface of the Sun increased greatly. At this time
a rew program was developed in the Soviet Union, theadled "Nothern- Sinop" program.
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The employees of the Department of Solar Physics of the ShAO took an active part in this
program. Special attention was paid to tracing possible changes in flare ragibascenter of

the HUlines. According to the objectives of this program, the magnetic fields of the spots were
systematically measured, and their coordinates were determined. All data on active formation:
observed on the solar disk were sent to thedtoation center.

In the 1970s, a second photosphehcomospheric telescope on the north tower of the
main building was put into operation at the observatory. Preparation for work and adjustment
procedures were carried out by M. Musaev, an employdedd¢épartment of Solar Physics.

Observations on this telescope were carried out within the "Sun Service" program and the
obtained heliograms were systematically sent to the Mountain Astronomical Station of the Main
Astronomical Observatory of Academgf Sciences of USSR in Kislovodsk. This work
continued until the dissolution of the Soviet Union. Several studies on the structure of torch area
were carried out using the heliograms obtained on this telescope-qtiidjty heliograms
allowed to reveal thtorch fields of a ringhaped cellular structure. The measured sizes of these
cells corresponded to the sizes of supergranulation cells. A very interesting structure was found
hexagonal dark cell, on which pores (small spots) localized. The sizbss afetl are slightly
smaller than the bright cells. Active formations of spots, pores, dark paths, flares arising in torch
areas of the cellular structure were traced.

It was concluded that these areas are especially-dtaree. Viewing heliograms
accunulated over many years and visual observations on the GST made it possible to conclud
that, depending on the value of the intensity of the magnetic field that accumulates at the
boundary of supegranules, can appear in the forfrboth bright and dark ds [23].

It should be noted that the results of observations within the "Sun Service" program and
their interpretation [15] were included in the catalog of eruptive protuberance published in
Czechoslovakia (J. Klechek. Bullf thj Astr. Inst.[ f Chech. B64. V.15. 2), and were used in
calculating the time of reaching the earth's surface of cosmic and {anmission of the Sun.
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INVESTIGATIONS OF THE SOLAR RADIOEMISSION
IN THE SHAMAKHY ASTROPHYSICAL OBSERVATORY
WITHIN THE PERIOD 1965 -2019

Huseynov Sh.Sh., Huseynov S.Sh.
Shamakhi Astrophysical Observatory named after N. Tusi of ANAS
shirin.guseyn@gmail.cosedihuseynov@mail.ru

Studies of the radio emission of the Sun and its fluctuations are one of the main sources o
information about dynamic phenomena that occur in the outerdayf the solar atmosphere.
Together with other research institutes of Russia and employees of the Institute of the lonospher
of the Republic of Kazakhstan, a number of studies were carried out in the Shamakhi
Astrophysical Observatory of the Nationalaslemy of Sciences of Azerbaijan and the following
scientific results were obtained.

[. On the relationship of solar radio emission bursts in the centimeter wave range with

particle fluxes and some characteristics of the slowdghanging component of the
solar radio emission.

In recent years, interest in phenomena related to the activity of solar activity has increased
The main problem is finding out the reasons leading to solar activity. In [1], the relationships
between the solar radio emission bsirgt the cm range and particle fluxes, and the main
characteristics of the slowly varying components of the solar radio emission were studied. The
bursts of radio emission from the Sun are the result of the appearance and emission of a protc
flux (PP) with high energy. These bursts make it possible to "trace" from the Earth the
phenomena occurring behind the limb at high altitude. Separate radio emission spectra of activ
regions on the Sun were obtained, and it turned out that the form of the spectingtystr
depends on the nature of the data used to obtain it. The spectra obtained as a result of statistic
processing of the results of routine observations of solar radio emission have a maxisQm at
10 cm, which can be explained by the fact that they relate fully to the radiation of regions above
the spots. It was shown that the radio emission of spot groups depends not only on thiharea of
spots, but also on the strength of the magnetic.fieibas found that when the group of spots
transitions to the invisible hemisphere of the Sun, a sharp change in the spectrum occurs
associated with the group of the local source of radio emisgiom maximum of the spectrum
from the centimeter wavelgth range shifts to the longavelength region. This shift allows us
to estimate the heights of local sources. It was shown that the nature of the frequency spectrul
of the intensity of radio emission from active regions associated with sunspot groiffesestd
for different regions of the group. The radio spectrum of the main spot remains constast up to
~ 10 cm, and then decreases. It was found that a few days before the outbreak, the amplitude
the oscillations of the radiation flux greatly increasThis was confirmed in 25 cases from 30
isolated proton flares.

At the Shamakhi Astrophysical Observatory of the Azerbaijan National Academy of
Sciences, which have made great efforts ir
participaked in the training of personnel potential in this area, one may remember a lot of respect
for the collaborator of the St. Petersburg State UniversiBoctor of Technical Sciences,
Professor A.P. Molchanov and for many years leading the Department af Rstdbnomy in
ShAO- Ph.D., associate professor A. R. Abbasov.

[I. Microwave radiometric equipment (MWRE), methods and features of spectral
measurements of thermal radio emission from astronomical and geophysical
objects in the range of 14 GHz.

The mcrowave radiometric method is based on the measurement of the natural thermal
radio emission of the bodies caused by electrodynamic processes in atoms and molecules ¢
matter. At present, along with the use of radio thermal location in radio astronomei, i&h
widely used to study thermal radio emission from various physical, natural, and biological
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objects. Until now, studies of thermal radio emission from the above objects have mainly beer
carried out at fixed frequencies, and only the cogragmed fatures of the objects have been
determined. At the same time, the need aros
and individual structures of emitted objects. In [2], the problems of radiometric equipment in the
microwave range were studi, methods and features of spectral measurements of thermal radio
emission in the range of4 GHz. For the first time in domestic practice, a radio spectrograph of
sequential analysis in the range o2 and 24 GHz with a high frequency resolution (30

MHz) was developed and created. The features of the antenna device are analyzed whe
measuring the spectrum of a local source on the solar disk in the range@ifi1, the optimal
antenna size is determined, which is necessary for measuring the spetctsath the integral

radio emission of the Sun and for measuring the radio emission spectrum of local sources on th
solar disk. For the first time, by spectral measurements, the episodic existence of the 2n
maximum of the frequency spectrum of the@nponent of the solar radio emission in the range

of 1.61.9 GHz is proved. The possibility of measuring the spectrum of thermal radio emission of
various natural objects developed by microwave radiometric equipment in the rangeGHA

is evaluated. It &ws shown that using this equipment, radio brightness contrasts of such natural
objects as temperature anomalies of the water surfac® &€, variations in salinity ~ 2%, soll
moisture 0.75 1 g /A | can be determined. In the sharavelength part of # range under
consideration, the radio brightness contrasts of powerful cumulus clouds significantly exceed the
fluctuation threshold sensitivity of the created equipment.

Collaborator of the Nizhny Novgorod Research Institute Radiophysics, wikernpee his
valuable advice in the field of "Radiophysics”, Doctor of Technical Sciences , Professor M. M.
Kobrin and leading specialist in the creation of these complex objects, a hardworking and
principled researcher at the observatocandidate of teatical sciences, associate professor A.

M. Huseynov designed sensitive technical equipment at the Shamakhy Astrophysical
Observatory radio spectrographs operating on the principle of sequential analysis in the ranges
f=1-2 GHz and f = 24 GHz.We will always be thread about them.

[l On the solar and atmospheric nature of fluctuations of the centimeter radio
emission of the Sun

Currently, grounebased recording of fluctuations in the solar radio emission is one of the
methods for studying wave and turbulent processes associated with various types of instabilitie
of the solar plasma (pfrni aof¢che o solaroradmtioralevel). If & . 1
series of works [3], the solar and atmospheric nature of fluctuations of the centimeter radio
emission of the Sun was studied. In order to separate the fluctuations recorded on Earth int
fluctuations of solar and terrestriarigin, it is necessary to have lotgrm recordings of
fluctuations of the solar radio emission, their processing algorithms, study the nature of the
propagation of radio radiation in a perturbed atmosphere, evaluate the degree of modulation c
radio waves by these disturbances, and compare its value with experimentally recorded size. As
the initial data, we used the observational materials from 1982 to 1984 obtained with-Zhe RT
RT-12, and R¥64 radio telescopes. Based on measurements oftcbenSonat in the range f =
2-4 GHz and fluctuations at the waves= 5.2 and 8.1 cm, power spectra are constructed.
Modification of the methods of correlation and spectral analysis, in particular, the method of
maximum entropy (MME) and spectit@mporal analysi§$SWAN) for the statistical processing
of fluctuations in the radio emission of a quiet Sun, has been performed. A method is propose
for determining the relative fluctuations of the radio emission of a calm Sun, based on
measurements of the daily courdeadio emission. It was found that the relative level of purely
solar fluctuations in the observed radio emission of the St i 4 & p 1 if a significant
fraction of the mass of matter is concentrated in unresolved-soadd structures. It is stvn
that in the solar radiation spectrum at a wavelength=08 cm there are harmonics with periods
of 5 to 20 minutes, the origin of whi ch i
atmosphere.
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It is proved that fluctuations of the spladio emission in the centimeter range, recorded at
sea level during the eclipse, are largely due to the acayrstuitational waves of the atmosphere
generated by the moving eclipse spot. A method is proposed for separating regular fluctuation.
of thesolar radio emission into fluctuations of solar and atmospheric origin.

V. Some features of the characteristics of chaotic oscillations, and shderm
guantitative forecast of solar flare.

The problem of turbulence in hydrodynamics is common to plasma physics, the theory of
planets and stars, radiophysics, and many other sciences. The theory of determinate chaos F
not yet been used to analyze nonlinear processes in the solar atmospaelarhic mode can
be characterized using Fourier analysis, but Fourier analysis does not allow to distinguish
between deterministic chaos and white noise. All living and nonliving things on Earth are
dependent on the processes taking place on the Surefdiee the task of studying the Sun in
order to predict powerful solar flares is of great scientific and applied value. In the 438t 20
years, for forecasting solar flares, their mplirameter modeling is mainly used. Simultaneously
with the method oimulti-parameter modeling, a technique was also developed based on the
search for several opti mal parameters (1 &
solar flares. Among the most important unresolved unambiguously problems, one shodkl inclu
the question of the relative role of the contribution of instrumental errors and absorption in the
earth's atmosphere to the recorded fluctuations of radio emission. This problem is of fundamente
importance both from the point of view of the physicshaf Sun, and in the applied problems of
studying the Earth's atmosphere by the method of transmission. The work [4] is devoted tc
applied methods of the theory of determinate chaos and the processing of fluctuations of the
centimeter radio emission of tifgun associated with the application of these methods. The
results can be used to solve the problem of forecasting solar flares. It is known that wher
studying preflare states in activity centers, studying the structure of the frequency spectrum o
the Scomponent radio emission and its changes provide information on the physical conditions
for the appearance of a powerful flash in the solar atmosphere. When processing time serie:
spectral and fractal analysis was used. The application of fractal analytkis processing of
chaotic signals makes it possible to some extent improve the accuracy of predicting powerfu
solar flares. In particular, the following results were obtained. Using the Takens algorithm for the
simultaneous implementation of a dynansgstem, its multidimensional phase portrait is
constructed. The power spectrum, constructed from-ieng observational data on fluctuations
of the centimeter radio emission of the Sun, mainly has a wide frequency band, and the
autocorrelation function days with time. It was found that with approaching the outbreak-(in 2
3 days) the turbulent process gradually transfers to a deterministic chaotic process with ar
average period of about 20 or 30 minutes. It was found tHaitd&ys before the outbreaketh
fract al di mension reaches a valwue of D O1.
decreases and the spectrum becomesfhggfuency. In the initial phase of the flare, the entropy
of the dynamic system gradually increases, and at the end qfhése, the spectrum becomes
low-frequency. Thus, we can conclude that the exact calculation of the fractal dimension D anc
the estimation of the entropy of the dynamical system is an effective criterion for quantitative
forecasting of solar flares with powe r of -Q2ayspbefora the outBreak. For a
quantitative analysis of the system, a more convenient integral equation is obtained that relate
the radio emission characteristics of a calm Sun with the parameters of its atmosphere. A mode
of the Poisson random process is considered as a universal mechanism for the formation of th
observed fluctuation power spectra. The level of solar fluctuations can be an order of magnituds
lower than the observella/TA° 102 on large paraboloids without any ¢aadiction with the
experiment, up ta@iTa/Ta°10* due to the spectral indistinguishability of true solar fluctuations
and interference. As a result of the analysis of the dynamics of the radio emission spectra o
active regions with their flare activity,ldock diagram of the probabilistic method algorithms is
devel oped, which all ows predi eayng t he powe

It is known that the main drawback of modern forecasting of solar flares and the low level
of reliability of forecasts is the insufficient use of physical knowledge about the mechanism of
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flares. Note that at present an adequate probabilistic method for predicting solar flares has nc
been developed.

V. On the possibility of predicting plasma turbulence in the solaatmosphere.
The sun, like a volcano, explodes from time to time with sudden fodiscrete phenomena
occur, called solar flares. A solar flare occurs in the corona above a group of active sunspots; it
geometry and dynamics are determined by magnetdsfi#he observational data from 1982
and 1989 were used as initial data. The material was obtained on th2 Rdio telescope of
the lonosphere Institute of the Academy of Sciences of the Republic of Kazakhstan. Radic
spectrographs operating in th& IGHz and 24 GHz bands were developed by A.M. Huseynov,
respectively, 1975 and 1978, the Analysis shows that the radio emission of the active regions &
frequencies of 14 GHz, begins to be observed approximatel® tlays before the release of the
corresponding group of spots on the solar disk and ceases to be re@deyg after the arrival
of the group of spots over the edge of the disk. The increase in the radio visibility of bursts is due
to the fact that themost powerful bursts are generated in the deeper layers of the solar
atmosphere.

Based on the above considerations and the obtained quantitative estimates, we propose tr
in the case when spots develop (the areas of individual spots and the péisgass increase), a
power spectrum is observed in which many periods of oscillations disappear in the range from &
to 15 minutes and longer periods ®25 minutes. We propose that the reason for the
disappearance of a certain part of the short ordepsileations is the new oscillations that arise
in the activated areas of the spots and contribute to the damping of the previous fluctuations. Du
to this attenuation, peaks corresponding to oscillations corresponding to 25 min are observed i
the power spera. Longterm intensive research (over 40 years) in the optical and radio bands
has confirmed that the atmosphere of the Sun is substantially heterogeneous. This heterogene
has both stationary and ngtationary components. Among the processes df fasivity - are
among the most turbulent and powerful events occurring in the atmosphere of the Sun. A flash i
a rather fast@ m p 1 sec) release of a large amount of energyrt( p 1T erg) in a
relatively small volumeg 1 p 1A | ). Researchers in thiarea focused on the analysis of
the regular component, in particular, as a result of-teng studies, a great deal of material has
been accumul ated on the existence of quasi|
regions of the Sun. Althgh there have been a number of mechanisms to explain this
phenomenon to date, the nature of the transmission has not yet been established. In these wol
on the analysis of time series, they were obtained at a fixed frequency;dhkesioradiometric
metod. The main difficulty is that the amplitude of the fluctuations i$*(10**) from the level
of the total radio emission of the Sun. In other words, for spectral analysis, the level of compiled
time series (signeb-noise ratio) is very low. Therefgréhe results obtained in these studies
contradict each other. Chromospheric flare on the Sun is an extensive complex of phenomen
with extremely complex development in space and time. It follows from the foregoing that for a
more adequate solution of theoblem posed, the determination of the characteristic parameters
of turbulence, i.e. its forecasting.

In [5], the spectratemporal method (STM), maximum entropy method (MEM) and fractal
analysis were used to process turbulence in time seriesg & modified method based on the
theory of deterministic chaos, the entropy of the analyzed time series is estimated.

As a result of the studies and quantitative estimates obtained, the following main conclusions
were made:
1. Based on longerm statistical observational materials, it was confirmed that the
frequency spectrum of the-Somponent of the solar radiation in the f2 GHz and f =
224 GHz bands has a df i nEO MHzrandclOR00 Wz, wi t
respectively.
2. Anincreag in solar activity has the most distinct connection with the shave part of
the radio spectrae= 8.5- 12fn).
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3. Of the 15 powerful solar flares in 13 (~ 87%) cases, the flux ratio of theoSiponent

F7sFisL @ 3 days before solar flares with@af c e of O 2 points,
monthly.

4. 1t was established that for flares with
spectral] increases frona@1.7° 0.3 toa@2.7° 0.4 in 1. 3 days before the appearance of
flashes.

5. Based on the radio spectrographic measurements in the range fGHz and f = 24
GHz, the time series were constructed using the flow ratibsc@mponent & g ¥& .
Basically, the series contain pulsations with a characteristic time greatdy @25 min.

1-3 days before a flash with a | evel of

6. It was found that -B days before the outbreak, the turbulent process gradually switches

to deterministic chaotic processes with an average parjodd  (° 2)5min].

Thus, we can congtle that the observed pulsations in the radio spectra of the centimeter
radio emission of the SuRO 25 mi nut e changes anafroma@l.Vncr
° 0.3toa@2.7° 0.4 is an effective criterion for quantitative forecasting of solar flares with a
power of -3@ayshefqreothiemutbseakl

VI. Some aspects of predicting weak and powerful solar flares from radioptical
data.

The problem of manifestations of flare activity of spot groups in the optical and microwave
ranges of radiation has long attracted the attention of researchers. The evolution of these ever
covers a large volume of the atmosphere of the Sun, startimgtfre lower chromosphere and
ending with the corona. From the foregoing, it follows that for the exact solution of the problem
posed, of definite interest is the determination of the characteristic parameters -of non
stationarity, i.e. its prediction. Thena of this work is to identify the prognostic parameter of
solar activity. In [6], they continued by the example of more than 50 isolated solar flares with a
power of O 2 poiiB2and 16996 e theeRT12 radio telleScop@ of the
Institute of the lonosphere of the Republic of Kazakhstan aneRRDf the Radio Astronomy
Station of the Physical Institute of the Russian Academy of Sciences. The modulations-of the S
component of the solar microwave radiation at frequencies-2€Hz and f = 24 GHz were
studied. It is shown that under certain conditions, as the flare approaches, the turbulent proce:
gradually transfers to deterministic chaot:i
If relative fluctuations of the calm atmosphefdle Sun are known, then, by performing radio
spectrographic measurements in active regions in a wide range, it becomes possible to study lov
frequency pulsations with a characteristic timé t -7/ min. When studying priiare states in
activity centerswith developing sunspot groups, also on selected days according to the Solar
Data Bulletin, solar optical maps were visually analyzed and the number of sunspots in eacl
group was calculatedd days before the out br eafounavthat h a
the observed pulsations in the radio spectra of the centimeter radio emission of th@®©Sua 5
minute changes, increase and decrease in the number of spots in groups, is an effective criteric
for predicting power fetheoutbreak.ar f |l ares 1063 da

|t is proved that the behavior of the Ea
associated with the activity of the Sun. Therefore, the study of their laws is of great theoretical
and applied value. In this work, we ustdte spectratemporal (STAM), maximum entropy
(MME) method and fractal analysis to handle the-stationarity in time series. Using the
modified method based on the theory of determinate chaos, the entropy and fractal dimension c
the analyzed time sedare estimated. This series was obtained due to fluctuations of microwave
radiation by us, fluctuations of the radio emission of the@ponent, and the ratio of the S
component fluxes& g & , which are indicators of the solar flare activity. In dltlee 50 flare
events considered, we could not make accurate estimates for the six events. The article presel
histograms reflecting the dependence of the frequency of the appearance of the pulsation on i
characteristic time tx for two subrangesl® mn and 2065 min. Also, the averaged relative
spectra of the $omponent of the solar radio emission in the rangebfzHz are shown, which
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reflect the devel opment of active r e-§gdagsns
before the outbreak he graphs show that the largest changes in the spectrum occur in the range
3.103.6 GHz. Il n other words, U-speitravaries from5 a c |
to 10 percent compared to signals obtained at a calm level (on an undevetagedfgpots) in
the solar atmosphere.

Based on the studies (in the radio and optical ranges) and the quantitative estimate
obtained, the following conclusions were made:
1. Based on extensive observational materials, it is confirmed that therfi@gspectrum of the
S-component of the solar radio emission in the ranges-2£5Hz and f = 24 GHz has a "Fine
structure” with dimensions, respectively-¥80 MHz and 10200 MHz.
2. The constructed time series for the flow ratios of twi8ponentX: 3 7& - mainly contain
pulsations with a characteristic time of more tha®@t 2 5 -Bdays.befdre the flash with a
|l evel of O 2 points.
3. Of the 50 powerful solar flares in 44 (~ 90%) cases on the surface of the Sun, the number c
spotsinthegrups decreases3 (daya30 b&@fbo®) the f | ar e
points.
4 . On flashes with a -Bdaysimgroods, th® nuthber of spotsdis 2
approximately stable or increases (JHD%).
5. It was found that after powerfalo | ar f |l ares with a power of
the groups increases ~ 1.3 times.
Summarizing the above, we can conclude that the observed pulsations in the radio spectra of tt
centimeter radio emission of the SunQ 25 mi nas,tircreasehaac decrease in the
number of spots in groups, is an effective
points in 13 days before the outbreak .

VII. The study of the characteristics of the parameters of solar radio bursts as an

effective criterion for predicting space weather.

About 25 years ago insotarer r est r i al physics a new tert
The concept of fAspace weathero includes a r
in nearEarth pace, characterizing a change in the Sun. It is known that solar flares, ejections of
the coronal masses of the sun and coronal

space weather, when a large flux of solar energy from the sun is releades fiormh of
electromagnetic radiation and clouds behind magnetized plasma. Today, the fact of the influenc:
of solar activity on the sphere of human life is considered established. However, in many cases
these relationships are statistical in nature ardttysicochemical mechanism of such an effect
has not been resolved. Currently, much attention is paid to the study efesmdatrial relations

and space weather forecasting. Despite this, a comparison of solar phenomena with geomagne
disturbancesshws t hat the prediction efficiency dc
In this regard, the analysis of solar data and the identification of new characteristics suitable fol
forecasting that should increase the reliability of the forecast are of particular interest.

The bursts of radio emission from the Sun in various wavelength ranges can serve a:
predictors of disturbances in the vicinity of the Earth, due to the difference in the speeds of
electromagnetic and particle emission of the Sun. The data onbnadits are very important
both for studying the physics of the Sun, and in the applied aspect for predicting space weathe
The forecast of geoeffective solar phenomena is understood as the totality of all types of
forecasts (on the Sun, the solar wind andearEarth space) at a given time or for a certain time
interval.

In [7], a study was made of the fluctuations of the solar radio emission at frequencies f=1
GHz and f=3 GHz. The data (polarized) of radio emissions at frequencies f = 114G}z,
obtained using the Nobeiama solar radio polarimeter (Japan) were analyzed.
The data on radio bursts are very important both for studying the physics of the Sun and in the
applied aspect for diagnosing and predicting space weather. Backgroundflewsrathermal
and energetic charged particles on the Sun and in the heliosphere always exist. Especially stror
acceleration of protons and other ions can take place during flares on the Sun, as well as on tf
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front of a propagating shock wave in theama of the Sun and in the interplanetary medium.
Proton events are one of the most important and dangerous cosmic weather phenomena tr
needs to be carefully studied.

Based on the studies and quantitative estimates obtained, the followingscamslwere
made:

1. It was found that the observed pulsations with characteristic ti@®8 & mi n i n
centimeter range of solar radiation, it can be a parameter for predicting powerful solar
flares ( 64dayd O thdavents.

2. It was revealed tht 1604 days before the outbreak
D=3064 attached toward t bsere meahshthatedaté&rministicc r
chaos exists in the time series under study.

3. For five |l arge proton ev e,nhesritefion 8s/F4>1,day
Fz5/F10>1 R g/F15>1 similar to the TanakBnome criterion #FsO 1 wi | | al so b

Thus, it was foundhat out of 25 isolated solar bursts, 17 outbreaks have a score of
6. 50M08. 7 points. To i nternefaesast @ dags) of selér flaseb,i | i
it is necessary to use information on the state of solar and heliospheric activitgiingaata
from a network of neutron monitors. This in turn enables us to double the time interval for
predicting the state of space weather.

VIIl.  Modern problems of statistical and dynamic modeling of centimeter decimeter

time sequences of solar radio emigs.

Towards the end of the 20th century, Russian radiophysicist O.l. Yudin, who studied solar
radio emission, confirmed the existence of fluctuations associated with the physical processe
occurring on the Sun during these radio emissions. Resgaattihe Radiophysical Research
Institute, located in Nizhny Novgorod in the 70s of the same century, prof. M.M. Kobrin
(together with his collaborators) began to publish scientific results confirming that the dynamics
of these fluctuations is associateith solar flares. Despite the fact that these observations are
carried out on radio astronomy telescopes
frequencies f = 18617 GHz in the territorie
contradict one another.

The application of the Fourier transformation and its various modifications based on
fluctuations of solar radio emission is the most important of these reasons, although thes
classical methods allow obtaining more realisisults in the study of stationary processes. Over
the past few decades, researchers have discovered that there are a number of important eve
and processes in the world that cannot be interpreted only by the theory of oscillations anc
waves. tbesroe ,i sAicihmpl i ed as an indicator of
evolutionary processes. Thus, in order to understand the essence of complex events ar
processes, it is necessary to accept the nonlinearity and dissipativity of dynamic sysems.
theory of dissipative structure is understood as a complex of concepts of open physical systen
and nonlinear dynamics. These are the main indicators for describiniinean events that
occur in the world. The causes of changes in action and emol@ccording to this theory, are
created by matter itself. Thus, regularity should be sought in their particular development.
Various dynamic and statistical methods are used to study time series reflecting stationary an
nonstationary random processésh e fichaoso defined in the ti
met hods, and the fAnoised is used in statist
and disadvantages. Over the past 30 years, specialists and experts in various fields of scien:
have developed valuable scientific proposals and methods for studying the causes and evolutic
of processes occurring in living and nliving objects in the world. Some of them are widely
covered in monographs and textbooks. The study of time serie traseir observations in any
open systems consists in determining its structure and studying the future based on past dat
Based on the above scientific works, in the proposed work [8], by applying fractal analysis
methods to time series obtained fromioaastronomical observations of the Sun, an attempt was
made to establish a forecast and diagnose a
In other words, by controlling the fAchaosdc¢
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methods Fractal analysis, Wavelet and the Empirical model), the existence of deterministic
randomness and its dynamics is investigated.

As observational dat a, 12 isolated sol ar
observations were carriedtoon a 12meter radio telescope at frequencies f =1 GHz and f = 3
GHz at the Institute of the lonosphere of the Republic of Kazakhstan in1Z)X0Dbservations
of the Sun continued regularly, from 08:00 to 18:00 (local time) at wavelengths of 10.7 &nd 27.
cm. Given that the discrete amount of dat a
7-8 hours is N = 5406700. It also allows you to observe the dynamics of long characteristic
fluctuations, ranging from 5 to 70 minutes. The estimatet ri@res and their observational
data around them were processed using the dynamic Fourier transform (DFT) method and th
fractal analysis method (MPA). On the 24th cycle of solar activity, thanks to joint research, in
addition to the proton events thabk place on May 17 and January 6, 2014, three proton events
were confirmed January 27, March 7 and March 13, 2012. During these proton events, there
was an increase in solar radiation on Earth. Proton evenbne of the most important and
dangerous rnifestations of space weather and requires careful and comprehensive study. Ir
addition, we also used the data of radio polarimeters operating at frequencies of 1.2.3 and 4 GH.
obtained in 20145 at the Nobeyama Radio Observatory (Japan). Informatromdthematical
processing was taken from the site "httpsolar.nro.ac. jp ". Time series are based on discret
valuesag = 1 min. We studied time series associated with flare processes, which, in turn, were
associated with the evolution of spots (field s, increase in intensity) and variations in the
range 5.5 O M O 8.7. At present, the inten
on a fivepoint scale from R1 (for a Moint flash) to R5 (M12.5) for the brightest flash.

The regarch presented in this work gives us the opportunity to draw the following scientific
conclusions:

1. It was establishedthat3 days before an outbreak wit
pulsations with a characteristic changetime® 35 min prevail

2. It was found that the time series of fluctuations of solar radio emission, in accordance
with a certain fractal value I3x<1.5 are continuous (inertial) time series. In other words,
with the approach of flare processes, randomness is replaced by a rotklgmefined
randomness.

3. The study of 5 proton events showed that the value of the calculated degree of fracta
dimension is inversely proportional to the power of the proton event. More precisely, 1
days before the proton evets B  tBefcOnditionsy <y «» - <[« g+ g€ Preserved.

4. It is established that when using the dynamic method of fractal analysis in radio
astronomy time series, the control of the restrained randomness of the physical state
caused by the processes occurring o@a thSun and its i nterac
atmosphere is taken into account. This allows us to qualitatively and quantitatively
evaluate the energy balance of the object we are studying.
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STUDIES ON PHYSICS OF SOLAR SYSTEM PLANETS
IN SHAMAKHY ASTROPHYSICAL OBSERVATORY

Atai A.A.
Shamakhy Astrophysical Observatory named after N.oFUSNAS
ataiS1@mail.ru

I. Planets of the solar system

The twentieth century brought many achievements in the study of the planets of the solal
system using terrestrial and space means. About 30 astronomical observatories and stations
the territory of the former Soviet Union, including Azerbaijan, wereteteand restored in this
century; on the eastern side of Mount Pirkuli, a place was chosen for the present Shamakh
Astrophysical Observatory named after N. Tusi (ShAO).

The aim of this work is to describe the main scientific results of planetary stidased
by the staff of the ShAO NAS of Azerbaijan.

At the beginning of the 60s of the last century, to the west of the ShAO, on the spurs of
Mount Kartdag, at an altitude of about 2000 m above sea level, one of the observatory
employees was [B. Ibragimov, whose name was subsequently named one of the craters on map
of Mars, made observations of the planet Mars. It was during these years that the foundations ¢
planetary research in the ShAO and N.B. Ibragimov, working under the supervision of the
academi@n of the Ukrainian National Academy of Sciences Barabashev N.P. from the Kharkiv
State University, conducted the integral spectrophotometry of Mars.

As is known, the method of integrated spectrophotometry allows one to study changes in
the amount of reéicted energy from the visible surface of a celestial body in different parts of
the spectrum under different lighting conditions. As a result of such observations, conclusions
can be drawn about the geometric, optical and physical properties of the susfade
atmospheres of the planets.

Mars
Based on spectrophotometric observations of Mars during the confrontation 19650
N.B. Ibragimov determined the phase coefficients, spherical albedo and stellar magnitudes of th

planet at 20 wavelengthin the range 501 140506 3 6 0 [ 1] . The resu
geometric albedo of Mars monotonically increases with the wavelength, while the phase
coefficient decreases with increasindgwasave!

found that the intensity distribution of the reflected radiation over the Mars spectrum is well
represented by the valuesf t he spectrophotometric gradi ¢
40505 1 0 0 j and3d® {51 @0 d al smceintheceusse d tthe gaadiafdis f f e
(o> -BD60; ). amadd - 83600; ) with a change in the
that the nature of the change in gradients is not the same. In addition, it was found that the colc
index of Mars with an inease in the phase angle somewhat increases. For the g@aditrre
is @ minimum neald = 24, and for the gradier®,, the maximum is a)= 34, i.e. changes in
the gradient&; and G2 are of a different nature [1]. It should be nthed this data was of great
importance for subsequent research of the Red Planet.

Based on the data obtained, it was found that in the-alamelength part of the spectrum
in the Martian atmosphere, the true absorption plays a significantrel® 65 fora4 050 | a'l
¥=060forae4 250 | ,¥isthé sngle scattering albedo), light scattering does not obey the
law Rayleigh, and the scattering indicatrix ggetched forward [2]. It was assumed that a
significant role in the shofvavelemth region of the spectrum in the atmosphere of Mars is
played by large particles.
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In July-August 1971, during the great confrontation of Mars, photographic observations of
the Red Planet were carried out and it was found:

- an unexpected increase in thentrasts of certain details on the Mars disk can be
explained by the assumption that at the time of observation above these regions there wer
purple clouds;

- contrasts "seamainland” had a different course along the spectrum for different objects.
A slight change and a gradual increase in contrasts to the red end of the spectrum were als
revealed;

- the contrast "seapolar cap" is progressively decreasing from the blue region to the IR
region, which is consistent with [4,5];

- the obtained data shodi¢hat the reflectivity curves of polar caps are very different from
each other. This fact suggests that dust particles (raised by winds from the surface of the
continents) float in the atmosphere of Mars, which give color caps to polar caps (as wet)as se
[6]. Subsequently, this result was confirmed by the data of the spacecraft that investigated Mar:
in the early 90s.

Mars was also studied by the spectral method.

On the spectrograms of the planet, theba6d2 0 0 | ( wi t ha6c200mip opn eannt
6216 ) was sharply distinguished [7].

In the planetdos atmesPph@2emmaA apmewas i fmg

It was found that the violet cl ouds are
present in the Martian atmosphere and crd@damous violet haze effect [9].

The causes of a dust storm in the atmosphere of this planet were studied, and the spectr
properties of specially selected terrestrial rocks as probable analogues of matter on the surface
Mars were investigated [10].

It should be noted that the results of studies by N.B. Ibragimov were highly evaluated by
scientists [11, 12] and this was described in [13].

Venus
In 1967, the Cassegrain focus of the 2nd ShAO reflector using a prism spectrograph
(di sper si onr HoByielded abouni2® speabrograms of the night side of Vienna.

Emission lines (the most intense of them wa®@9 03 a3 &N& | ) , det ect ec
spectrograms [ 14], were interpreted by the
Closest to them are the Gbandsa-3 8 9 02-3ij9,04 . 5 | , a Sz banéal318 98s | t.
However, only one of these bands at 3904.5

The spectrograms of Venus investigated the dark and light details of the planet terminatol
and studied the energy distribution in the spectrum of these parts, as well as the brightnes:
distribution along the terminator at different wavelengh8400-4 4 00 | ) [ 16] . |
time, it was found that the bright parts of the terminator are ddumgehe clouds of the upper
tier, il luminated by the rays of the sun. /
the cloud layer), or clouds with other sizes and particle properties (the latest results were als
confirmed by further studs of this planet with the help of the spacecraft "Venus").

Jupiter and Saturn
At the 2nd reflector of the ShAO, the fine structure of the absorption bande-€H 9 0 j
NHz 26 4 75 i n the JupdstedmP 0s pod®&®BIOYy M i an speri@bh S at
was studied. Based on the measured-Wwalths of the lines in these bands, the gas pressure in
the atmospheres of these planets was estimated [17].
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In the spectrum of Jupiter, along the lines of the absorption band efoléHt 7 5 j t
pressure Maeswere estimated: 8= 0.6 atm., Re= 0.3 atm. And along the lines of the strip of

CHza6 1 9 DRuo= 2.2 atm., Re= 4 atm.
N.B. lbragimov [18] reliably recorded the components of R andrdhches of the

absorption band of CH46 8 0 0 | in the Saturn spectrum,; |
determined the pressure valid2 = 1.3 atm., PHe = 2.3 atm. for the atmosphere of this planet.
Due to the | ower temperature of Sat ur n¢

ammaia should freeze out, turning into crystals, thus forming a visible cloud layer of the planet.
Therefore, in the visible part of the spectrum of Saturn, one can observe only the absorption ban
of NHza6 4 7 5 j and i ts i nt e mentpoints ofwhelSdturnidisk [ID]i f f e r

In the spectrograms of Saturn, obtained in 1969, 1971 and 1974, in the visible region of the
spectrum of the planet, more than 40 weak depressions of absorption lines were detected in tt
NHz26 475 regfiomnd Ithatast he intensity of the
and & 6475 | varies markedly from date to d
characteristics of Saturnds atmospherandwer
volume concentration of ammonia & 1 2 §,%& 1. 7NO. 143 af 6, 7 NGNP) L1
respectively. It was found that n(NY¥h(CHs) = ( 0. 76 Ri0s 1839 2 10i mes | owe
Jupiter [19, 20].

The intensities of the absorption bands ofs@H& 4 3 0 6190
in the Saturn spectrum and &t 3020, 7250, CH7980+NH7920 +CH 7 8 2
spectrum were studied [17].

Based on lengthy studies of the absorption linesof®614 75 from t he Ju
ammoniaont ent ((17KN4) mLat m) in the planet's
established that the effect of ceréglge to the western and eastern limbs is of a different nature.
This is due to the fact that the atmosphere of Jupiter is verticalgrdgeineous; such
heterogeneity in itself is unstable.

Temperature inhomogeneity, a change in aerosol concentration, the course of ga:
absorption in different regions of the disk, and the dependence of such properties on time ar
important factors in studseof the atmospheres of giant planets.

We also note that the rotational temperatures in the Jupiter cloud layer in GRS, EZ, anc
SEB correspond to the flo$saNwdli hd,0epkdively Shesel 6 :
values were obtained according to 180 data, which had a slightly higher value compared to
the values of 1971.

Comparative spectrophotometry of the details on the Jovian disk along the lines and
absorption bands of molecular gases allows us to draw the following conclusions:

1. Thethermalondi ti ons in the details of GRS,
same and vary with time. This is reflected in their color (or color contrasts) and in the
change in gas content (this is especially true fog)NH

2. In the cloud layer of thequatorial zone, the relative concentration of aerosol over the
depth of the atmosphere of Jupiter is not stable.

3. Details of EZ, SEB, and GRS on the Jovian disk at the depth at which weak ammonia
lines are formed do not differ much in their optical prdpsrtand even the BKP
becomes indistinguishable from the neighboring STrZ surrounding it [22].

, 7020, 7
0 j i n th

An increase in absorption in the Bl6 4 7 5 j by 203 ti-mhe s,
suggests a large spatial expansion of the ammonia cloud layers of Jupiterfadthiwas
confirmed by computer images of Jupiter obtained using the Galileo space probe in 1998 and th
Habble orbital telescope [23,24]. As a r1 e:
ammonia sublimating can transfer to a gas state, wilaicHead to an increase in the intensity of
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absorption bands of ammonia by82imes. The existence of such powerful lightnings inherent in
Jupiter does not exclude the possibility of convection or powerful solitons in its atmosphere. And
this, in turn, caead to a change in contrast on his disk. In this case, the penetration depth of the
sun's rays decreases and the differences observed in different parts of the equatorial part of tl
Jupiter disk merge [25].

We studied the distribution of the intensitie$ the quadrupole linesizd dzdS@L)
6367. 76 over the Jupbtdb. dBphk@aa@id.Staie, |ben
to they 2 (4-0) band on the disk of Saturn. Within the framework of a-tayer model of the
atmosphere, the hydrogen content the aboveloudy atmosphere of these planets was
determined. On Jupiter, these values e 7.6 6 9.6 kmkLamag, on
Estimates of the rotational temperature of different portions of the Saturn disk lying along the
intensity equator (9915K) [26] are in good agreement with the results of measurements

obtained fromtheNkle6 4 50j absorption | ines in the spe
An analysis of observational and calculated data showed that at the depth at which the S(1
H,2636 7. 7 6 | l'ine is formed, the physical co

and also vary significantly with time, and this greatly acts on the formation of molecular lines.
Further calculations showed that 1) the content of molecular hydrogére iabovecloudy
atmosphereis Ul =5. 468. 8 kmLamag; 2) the amount o
path of photons between two scattering events in the cloud layeRA 76 4. 5 ( kmL am
the specific gas content per unit length free pats(®. 76 4° G() khibDa mMaa pl s m
pressureof =0. 1 20 1B[AFL 9

The atmosphere of Jupiter in the absorption bands of molecular gases in the visible regior
of the spectrum was also studied by the method of integrated spectrophotometry. Obs@ifvations
Sh.M. Namazov [28] showed that the intensity of the weak bands for the 28 "diaphragm is 10
15% lower than for the 3.5" diaphragm. However, the intensity of weak bands changeis2by 1.5
times, and the intensity of the GB7 2 5 G225-30%. by 2530%. Shce weak absorption
bands are formed in the deeper layers of the atmosphere, it can be assumed that significa
changes in the intensity of molecular bands occur mainly due to changes in physical condition:
in the cloud layer. Based on the results of ¢hebservations, a new technique was used to
determine the physical parameters of the atmosphere of Jupiter in the absence of data on tt
darkening to the edge of the planetdés di sk.

An analysis of the observational and calculated results, as well as arsompagith the

results of previous worKks, show that for t
(optical thickness of the atmosphere) varies from 0.50 to 0.138, i.e. almost 3 times. This ratio is
also preserved for weak absorption bands dflneane and ammoni a, resp

> 6450 ).

From the found valuesf { for the CH &7 2 5 0 band, the met hane
pure gas atmosphere of Jupiter was deter mi:
content of methasm and ammonia along the mean free path of the photons between the two

scattering events in the Jupiter cloud layer fou@&Hd 0 2 0 ja7a2bddj vari es fro
mLat m, whi d6e4d 50gr fMEEM 0.2 to 0. 30 mL ast m.
26190 a #6d4 5NOH the volume scattering coeff

the same, then we obtain (8Hs/(CL)CHs= ( 4. 86[29].5) L10

To clarify the value®f the monochromic absorption coefficient obtained under laboratory
conditiors in the absorption bands5 520 64 W8 | ammoni a, we p
method based on analysis the observed spectrum of the planets and the laboratory spectrum
this band of molecular gas [30].

The calculation results show that under the atmasphenditions of Jupiter and Saturn in
the far wings of the Nkb-6475 absor pt i on oftkaaredgmparableto labaratore s
measurements, and in the central parts of this band the deviation increases even to ~2.8 time
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The spectral behavioof the ratio of the calculated value$ the monochromatic absorption
coefficient to laboratory measurements has a complex form and resembles the absorptiol
behavior along the N&-6475 band for both planets. The
calculated monochromatic absorption coefficients of Jupiter to Saturn is consistent with the

peculiarities of the absorption path of B#6475 . Similar calcul ati or
Jupiter in the weak absorption band of 552G .

According tolaboratory measurements, theband(65 52 0j ) i s weakser t
@6 475i) by approximately 6.5 times. The ca
bands NH 26475 ax5820 i n the Jupiter spectr whhedi f f
calculated integral absorption coefficient for Jupiter are ~ 1.65 and ~ 2.1 times different from
laboratory valuedor the band5520 pP64wn8 | , and for t heg ab

26475 under Saturn condi t lueshys- 1.65 tinds.eQomphredomth | &
Jupiter in Saturn, the temperature decreases, as a result of which the pressure of saturated vap
sharply decreases. Maybe this is due to the fact that part of the ammonia gas on Saturn |
condensed, forming a cryfitae cover of the planet, and thereby shields the inner cloud layer of
the planet, which is responsible for gas absorption.

Uranus and Neptune
By the spectrogramms of Uranus the absorption bands of methane and the fressure

induced hydrogen line# S(0) (4-0)a6 420 [ 31] is studied. I n
regiona-65006 750, 45 intense |ines were detesxt e
5340, 5840, 6140, 6560, and 6620 | nuseBesed c | €
on these dat a, it was found that the absor

Using two spectral programs of Uranus, we studied the variations in the intensity of the
absorption bands of methane upon transition from the center tod¢fee aad found that the
intensity across the planetary disk does not change. The height of the spectrum was about 0
mm. According to visual estimates during the observation period, the diameter of the image of
the disk of a star located at the same zedittance as the planet was d=6035", and the
ephemeral diameter of Uranus 3.8". With this ratio between d and the ephemeral diameter of th
planet, it is possible to conduct, at least roughly, surface spectrophotometry of Uranus [32].

Namely, by thesspectrograms the absorption bandss&@Hs 4 30, 5570, 597
were studied and some optical parametés,@, a, L(CHs) etc.) of the atmosphere of this
planet were determined [33]. The results of the work of Yu.D. Daudovud and N.B. Ibragimov
[32] were confirmed, which indicated the existence of an optically thin supercloud layer of the
atmospherd 0.1, selfcentered maiy in absorption [31]. And in the work of Pilcher [34],
published several years later, it is assumed that thisabwed layer can play a significant role in
increasing the albedo in the centers of strong absorption bands [31].

Further studies [35,36,338] showed that in the visible region of the spectrum of Uranus
and Neptune there are many depressions that are not on the list [39]. Later, E. Karkoshka [4C
confirmed the existence of three more absorption bands in the spectra of Uranus and Neptun:
idertifying them with methane, which were previously discovered in our works [35,36,37 ] and

published on the pages of central editions. These absorption bands correspdénd ®0 | ( 4
i in [37]) 4200 j, 4656 .
We established that in the central parthef absorption band of methane&6 1 90§ , t

monochromatic absorption in the Wres spectrum was greater than that in Neptune [35, 41]. In
weak and moderate absorption bands, Neptune is darker than Uranus. In the central parts
strong absorption banddleptune becomes brighter. Sometimes this brightening disappears in
moderate absorption bands and is observed only in sufficiently strong methane absorption band
This fact was also revealed from the records of the spectrum of Uranus and Neptunej blgtaine
other authors [34]. It can be assumed that Neptune has an aerosol density in the uppe
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atmosphere proposed in [31, 32, 34] higher than that of Uranus, which is why the residual in
strong bands the intensity is increasing. It is clear that strong baadermed mainly near the
upper boundary of clouds or haze, while weak bands in deeper layers of the atmosphere. Th
important fact, indicating a difference in the degree of vertical inhomogeneity of the cloud cover
of Uravan and Neptune, was again ni@med in the literature after more than ten years [42].

The observed spectral behavior of the geometrical albedo of Uranus is compared with
theoretical calculations for the three simplest models for the formation of absorption bands:
simple reflection mode, models with a homogeneous scattering sefmite aerosol layer and
models with a homogeneous senfinite tcRayleigh atmospheréi{a?). The latter model shows
the best agreement with the geometric albedo of Uranus both in the centers of weak an
moderate absorption bandsfi4, and in a continuous spectrum between the bands.

It was found that the calculated valusEsAg(e)for Neptune in the framework of the two
layer model and for the scattering model, unlike Uranus, do not correspond dbsthired
valueseven for weak and moderate bands [43]. An analysis of the observed data on the intensit
of the absorption bands in the Neptune spectrum showed that there is some correlation betwes
the shorwavelength absorption in the continuous spentand the absorption in the methane
absorption bands [38].

Bright satellites of the giant planets

At the beginning of the 70s, the spectral features of the bright satellites of the giant planets
were also studied in the ShAO: the Galilean satellitekipiter and the satellite of Saturfiitan
[31]. A high porosity of the surface layers of the satellites was revealed.

In addition, it was unequivocally established that the color of lo changes sharply with the
phase of rotation, reaching in theWvalues of about 0.m65 065 (~0™2 in BV d ~0.45 in
U-B). This means that the magnitude of the longitudinal effect in the brightness of o increases
from V to U. In other words, the contrast of dark formations on the surface of the satellite with
respectto their surroundings increases to the violet end of the spectrum. Such an effect that ic
observed in lo could be caused by an atmosphere in which the true absorption prevails ove
scattering, and the optical thickness grows toward the violet end ofdbesp [44].

A particular attention was paid to the study of lo, the satellite of Jupiter inZ2R7&5].

The 1 O spectrograms obtained on the 2nd Sht/
were used to study the emission line profiles of Nall, Mgl, Cal. It was found that the
contours of these lines are asymmetrical in shape. It was shown that variations in the intensit
ratio D2 [/ D1 in the |l o spectrum are r-eal
lines ata =9 is approximatet 40% higher than at =270. In addition, the numbers of emitting
neutral sodium atoms and the lower limit of the number of emitting atoms of iron, magnesium,
calcium along the line of sight were calculated, which in order of magnitud&@Gte 23- 1 0
5L%® @t oms, kespactively. The results obtained in ShAO, i.e. estimates of the number of
radiating atoms al ond!at loend &ré im goododgreemengvith  (
estimates of other authors [46, 47].

The characteristic lines of meteddiation we studied by us in the lo spectrum already
proved the existence of active processes on the surface of this satellite of Jupiter, but before tt
Voyager 1 flight such a conclusion would, at that time, still not be proved. After the discovery of
vol canoes on the HO,KAuUSAbsS¥Yoyagemowmns wer e
various works [48, 49].

Further, the intensity of the absorption bandigfs 6 1 9 O j in the Tita
determined, but careful measurements of the spectrograthe dtipiter satellites did not show
any trace of this band.
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Based on spectrophotometric studies of bright satellites of giant planets, the following
results were obtained [50, 51]:

- in the visible region of the spectrum in Europe, Ganymede and Calligmission lines
are detected,

- the search for ammonia lines in the lo spectrum yielded a negative result,

- in the spectrum of Titanium there are no absorption bands of metérg& 6 O j an
254 30

Note that we cited the results of the most importdatlies on the planets of the solar
system obtained by ShAO staff; most of these works were published on the pages of the centr:
journals, and were also reflected in the monograph [52]. For example, in [53], to observe the
weak absorption bands of methanehe rigorous theory of the spectra of planets with a two
layer atmosphere, the observable data obtained by N.B. Ibragimov in the spectrum of Jupiter
The value of the above results is also confirmed by references to these works [54,55, 56].

The study © planetary atmospheres in the ShAO continues today. Further study of the
physical properties and dynamic processes in the upper layers of the atmospheres of Jupite
Saturn, Uranus and Neptune, as well as a study of the features of the formation dfcebsorp
bands in the spectra of planet giants, will contribute to the development of metrology of the
planets, in solving the problems of evolving the atmospheres of planets and cosmogony ir
general. Research of N.B. Ibragimov in the field of physics of plap@tmospheres, especially
according to Mars, was highly appreciated at the meeting of the General Assembly of the
International Astronomical Union, held in August 1982 and it was decided to name one of the
craters on the map of Mars'lbragimov" is a cater on Mars. Diameter87 km; located in the

east of the plateau of Tavmasia (center coordind2e5 . 43 A S | at 59.57A W

Ibragimov is a crater on Mars. Diamete87 km; It is located in the east of the Tavmasia plateau
(the coordinates ofthee nt er are 25.43A S lat. 59.5

Named in August 1982 at the General Assembly of the International Astronomical Union
in honor of the Azerbaijani and Soviet astrophysicists Nadir Ibragimov, engaged in
spectrophotometry of planets, in particullsiars, and received valuable data on its surface and
atmosphere.

II. Research on origin and evolution of the minor planets
(supervised byG.F.Sultanov)

For more than 200 years, astronomers from around the world have been solving the issue c
the origin of small bodies of the solar system. However, there is still no consensus on their
origin. Supporters of the first group believe that small plafestteroids) are the remains of
protoplanetary matter from which the planets of the solar system were formed. According to
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others, they are the products of successive decays of primary large bodies. Without resorting to
detailed analysis, a number of rasghers support the view that asteroids occur as a result of
successive decays of a few larger bodies, which are unaccumulated bodies that arose at the fi
stage of evolution of protoplanetary matter.

Comparing a number of characteristics that take place in the statistical distributions of
asteroids, the shape of the orbit of primary large bodies and their position in space are firs
determined.

The specific values of the maxima andhmma that occur in the distributions of asteroids
over the accepted elements have shown that primary large bodies moved between the orbits
Mars and Jupiter before decay.

It was established that the decay of one planet cannot explain the obdistxibdtion of
asteroids.

1. The laws of the distribution of fragments of primary large bodies over selected elements
of their orbits and their systems are drawn up under various assumptions about the magnitude
and directions of their relative veloctie
2. It is shown that by compiling the distribution functions of several primary large bodies,
we obtain the distribution function of fragments with several maxima and minima that are in the
distribution of asteroids.
3. Besides, that the number of maxirand minima and the numerical values of the accepted
invariant elements corresponding to these maxima and minima are almost the same for eac
population and it is concluded that these patterns remain unchanged with annual increases |
discovered asteroids

In conclusion, we can assume that the revealed lows in the distributions of asteroids anc
fragments of primary large bodies by elements, characterizing their physical and orbital features
and a comparison of these patterns offer great oppbets for further studies of the origin of
small planets and the cosmogony of the solmtesn as a whole Note: Some results of
completed and published works were reported at théJAlbn Conference on the Study of
Minor Planets and Comets and at a bemof annual scientific sessions of the Academy of
Sciences of the Azerbaijan SSR, and are also included and discussed in thwndollo
monographs and periodicdls the Referencedl).

Il. Research on obtaining all possible solutions for the problems of multy
actively graving material centers (Supervisor G.T. Arazov)

Using the Hamiltonlacobi method, a solution is obtained to the generalized problem of
two fixed centers in a coordinate system rigidly connected with a planet, i.e. The relative satellite
motion of a spheroidal planet is investigated.

One methods proposed for constructing an analytical theory of the motion of a satellite of
a spheroidal planet in the case of small eccentricity and low inclination. Using this method, an
analytical theory of the motion of the V satellitémalthea- Jupiter is but. According to the
obtained working formulas, calculations are made. Comparison of theoretical calculations with
observations.

The problem of n fixed centers is solved. In other words, particular solutions of one case of
the problem of n fixed a#ers are obtained. It was suggested that the fixed centers are located on
the axis of the applicate so that the passively gravitating point moves irythlane.

The generalized plane problem of three fixed centers is sdlvisdshown that the gendized

plane problem of three fixed centers is divided into three: real, external and internal variants.
The real version of the generalized plane problem of three fixed centers is solved.The externe
version of the generalized plane problem of three foesders is solved.

The internal version of the generalized plane problem of three fixed centers has been solved
Working formulas are obtained for all three variants of the generalized plane problem of three
fixed centers, which can be used as miediate (unperturbed) orbits in solving a number of
problems of celestial mechanics and astrodynamics.
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The generalized spatial problem of three fixed centers for the case of a small inclination of
the orbit is solved. In this case, solutions wertinled separately that correspond to the real,
external, and internal versions of the generalized plane problem of three fixed centers.

Based on the spatial solution corresponding to the orbits of the external version of the
generalized problemfdhree fixed centers, the analytical theory of the 5th satellite of Jupiter
Amalthea is constructedt is shown that the main properties of the power function of the
external version of the generalized problem of three fixed centers make it possiidelijouse
its solution to solve various problems related to the study of the motion of artificial satellites, the
study of the gravitational field and the figure of the Earth.

Based on the planar solution corresponding to the orbits of the integngibn of the
generalized planar problem of three fixed centers, the evolutions of the orbits of diurnal Earth
satellites such as AirlieBird, Sinkeghand Sinkon8 are determined.

All possible orbits are found in the generalized plane problem @k tlixed centers.
Moreover, all types of motions are constructed for any masses of fixed centers, in particular,
negative and complex, corresponding to the real potdiri#he Referencesll) .

V. Investigaton of the theory of determining the orbits ofartificial satellites of the
earth by complete and incomplete optical observations
(Supervised byR.A. Zeynaloy)
The determination of the orbits of both natural (planets and comets) and artificial celestial bodies
is one of the important tasks of celesti@chanics and is of great theoretical and practical inte
rest. It is known that it consists of two parts, first, the preliminary (initial) orbit is determined by
the minimum number of observations, and then the resulting orbit is improved by many -observa
tions. The latter consists in determining a system of elements of the orbit that would best satisf
the entire set of available observations.
Note that to determine the orbits of celestial bodies from observations, there are many differen
both classicalrad modern methods, the diversity of which is due to the choice of unknown coor
dinate systems.Since the average daily movements of the planets and comets are very small, t
error in fixing the observation time, sometimes reaching up to several minatemtdilay any
role. Therefore, before the advent of artificial earth satellites (AES), the development of methods
for determining the orbits of these bodies did not take into account observation time errors at all.
The situation changed significantly afthe appearance of satellites, the movement of which in
the celestial sphere is so fast that their
time, which is 10" in 0.001 seconds. Therefore, the obtained satellite observations can have loy
acairacy. We called such observations incomplete.
Accurate determination of time moments during observations is possible only aflafst
observatories and stations equipped with special equipment for storing and measuring time.
Thus, the task of determmg satellite orbits using incomplete optical observations has become
urgent. The solution to this problem was carried out according to the following points:
I. Determination of the initial satellite orbits from complete and incomplete optical observations
II. Improvement of the satellite orbits according to observations with approximate
time moments
[ll. On the determination of zero points and systematic errors of fundamental stellar catalogs
from satellite observations with inaccurate time instants.
IV. On the determination of satellite orbits and station coordinates from optical observations
with inaccurate time recording.
V. On determination of fundamental stellar catalogs and coordinates of observational station:
from satellite observations with inacctedime instants.
Conclusion
Detailed calculations carried out according to the developed programs for various cases show
the full possibility of solving the basic problems of satellite astronomy and geodesy based or
optical observations of satellites witime errors.
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In the future, based on these results, it is supposed to investigate the possibility of determinin
the elements of the orbits, station coordinates, parameters of the gravitational field and the
Earthoés figure, a t mglot presbuesy pole coatdinates, universd tane, tets. ¢
using conditional equations free of time errors and use the results for processing real
observations of satellites and other objects (minor planets and cohetéle ReferencesV)
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The works performed in this direction can be classifisdollows: theory of motion of the
satellites of planets, comets and asteroids; the origin of asteroids and comets; physics of come
and asteroids; physics of the planets. The study of small bodies of the solar system (satellites ¢
planets, comets andsteroids) is one of the main scientific directions of the Shamakhy
Astrophysical Observatory. For a |l ong ti me,
System Bodi eso, headed by academicians G.
Currently, the department is called "Planets and small celestial bodies." For more than fifty
years, both theoretical and observational studies have been carried out in this direction. Th
ultimate goal of theoretical work was mainly reduced to cosmogonic comstiict
Observational work covered mainly planetgants and their satelliteandasteroids. To conduct
these studies, all the main telescopes of the observatory were used, incluemdged¢ope.

Theoretical work was mainly based observational data. The pioneering work in the field
of asteroid research in the ShAO belongs to G.F. Sultanov [1]. He performed a statistical
analysis of the distribution of asteroids over some invariant elements and revealed several stab
family grou p s . Further, the author considered th
about the origin of asteroids by the collapse of a large planet that once moved in Hieiitars
zone. At first, he managed to prove that the mentioned hypothetssonginal form is not able
to explain the division of minor planets into separate families. Further, the author took the
position of a more promising version of the hypothesis and considered the version of repeate:
decay. Approaching the problem complgtenbiased, the author derived the basic formulas for
the elements of the orbits of the decay fragments under various initial conditions. By varying
them, certain distributions of asteroids over individual invariant parameters were obtained.

Comparinga number of characteristics that occur in the statistical distributions of asteroids,
the orbits of primary large bodies and their positions in space were first determined. Next,
various tasks were examined to study the decay mechanism of primary laigg beddng into
account the variability of the laws of distribution of the magnitudes and directions of the relative
velocity vectors of their fragments. The magnitudes and directions of the relative velocity
vectors are taken as arbitrary. Under thisiagstion, the functions of the joint distribution of the
semimajor axis and eccentricity of the orbits of the fragments of primary large bodies, as well as
the longitude of the ascending node and the inclination of the plane of the orbits of the fragment:
to the ecliptic, are determined. It turned out that the obtained functions are generalizations of th
results of previous works of the author. In a similar way, the possibilities of the origin of various
groups of comets were also studied. It turned outitles a certain similarity.

In the 196070s, a series of works [2] were conducted in the ShAO, dedicated to the search
for the characteristics of hypothetical comets that begin to move from the surface of Jupiter anc
its satellites. The motion of ¢h same hypothetical comets was investigated under the
gravitational influence of Jupiter until then, when it can be neglected. Further, a comparison wa:s
made between model and real families of periodic comets. It turned out that basically, many
periodic canets, judging by the main characteristics, are very similar to real ones. Thus, had
been studied the classical Lagrange hypothesis about the origin of comets by an explosion on tt
surface of giant planets. In our century, the hypothesis was developkd Bgviet astronomer
S.K. Vsekhsvyatsky. The result of the work was that the characteristics of periodic comets fit
into the framework of this hypothesis, and the characteristics ofderigd comets, on the

58


mailto:quliyevayyub@gmail.com

contrary, contradict it. The dynamic charactcs of the motion of longeriod hypothetical
comets with semimajor axes (~ 10,000 AU) were studied on a computer under the assumption
that, as a result of their multiple passage through the solar system, they ultimately come closer t
Jupiter and findthemselves in its sphere of action. Losing mechanical energy, they are
transformed into shogeriod comets. Of the 300,000 hypothetical studieditially almost
parabolic comets about 2,000 cases of capture occur. Of these captured comets, aftey leavi
Jupiter, 301 turned out to be hyperbolic. The rest switch to elliptical (1600) and even meet 8C
cases when their circulation periods are less than 80 years. Thus, in fact, it was once agali
unlikely that the capture of comets into shpetiod orbits wa proved. But on the other hand, a
comparison of the main characteristics of the two categories (real and hypothetical) comets
revealed a certain similarity. Consequently, the orbital features of periodic comets do not give ar
unambiguous answer to the gtien of their origin. These studies have once again shown that to
solve the problem of the origin of comets, celestiachanical premises alone are clearly not
enough. Other criteria are required, which are most likely related to the astrophysicat@arame

of comets. Along with hypothetical comets, objects of research of ShAO employees also becam
real comets of their classification.

The analysis of individual comet families was carried out, their structural features and
interactions were studied.eBearch was conducted through the prism of cometary cosmogony.
Clarity has been clarified on the discussion of the division of periodic comets into separate
families. The question of the possibility of forming comet families of large planets was
consideredn detail [3]. Particular attention was paid to the criterion for the classification of
periodic comets by individual families.

The question of the possibility of forming comet families of large planets is examined in
detail. Particular attention is jplato the Uranus family [4,5]. On the other hand, it has been
proven that the ANeptune familyodo does not
qguestion of the secular decrease in the brightness of comets is considered and it is establish:
that theage of active residence of periodic comets does not exceed 1000 years.

For the first time, data on the spectral characteristics of comets were used in cosmogoni
analysis [6].

The duality of the structure of the cometary family of Jupiter has bedablisked [7].
According to the advanced versibomr,noomre met
absolute majority in the family, and the s
from long-period comets associated with giant planets.

For the first time, the spectrum of values of the constant Tisserand for periodic comets was
examined in detail and the methodology for their use in cosmogonic arguments was determine:
[8]. A qualitatively new interpretation of the irregularity of theipelion of longperiod comets
in the celestial sphere is given [9].

New ways of using cometary data in solving the problem of unknown planets and their
prediction have been revealed [10]. In total, in these works more than fifty laws were
established, bbtfor the entire system of comets and for their individual groups.

In addition, a number of works have been analyzed related to existing cosmogonic theories
and hypotheses [11, etc.].

One of the directions in the study of small bodies of the solar systéne iproblem of the
origin of shortperihelion comets. Often they are called comets that scratch the Sun or as
sungrazers. Such comets are clearly concentrated in separate groups bearing the names
scientists who identified the corresponding groups (igreMeyer, Marsden, Kracht). According
to 2011 data, their number exceeds 2000. There are several hypotheses in the scientific literatu
explaining the origin of such cometary groups, but they are not always able to explain the natur
and number of the emtioned groups. Since 2010, the ShAO has been developing a qualitatively
new theory [12], according to which these cometary groups are formed as a result of the collisior
of proto-comet bodies with meteor showers. In the cited source, the distancesiaes \where
the alleged collisions occur are calculated. In addition, it was possible to identify another group
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of sungrazers [13] and a number of twin comets. In general, the developed theory is free from
internal contradictions and is promising.

A new approach to the smlled "hyperbolic" comets has been developed and is being
developed in the ShAO [14, 15]. There are 37 known cases when the initial 1/a turns out to be
negative, i.e. the corresponding comets are hyperbolic (hereinafter HC)ndlgsi® shows that
the proportion of HC in the total set of comets is gradually growing. Initially, 4 versions of the
existence of HC were considered: 1. a hyperbolic excess of the heliocentric velocity of the
comet's nucleus arises as a result of theipalygrocesses occurring on it; 2. hyperbolic excesses
of eccentricities are the result of errors either in the determination of orbits, or in the
determination of Ainitial o orbits; 3. HCs
eccentricitis is the result of unknown and unaccounted factors. The absence of a concentratiot
of HC perihelion near the apex of the peculiar motion of the Sun, as well as regularities in the 1/¢
distribution, exclude the version of interstellar origin of the HC. Gihaotic nature of the 1/a
time distribution contradicts the second version. It was found that the HCs practically do not
differ from other longperiod comets in the parameters L, q, i. The absence of a difference in the
HC from the total population withespect to the parameter q creates difficulties for the version
about the nogravitational nature of the hyperbolic excess of the velocity of HC, since in this
case the | atter should have extremely smal
influence of dwarf and unknown planets. Indeed, the orbits of some HCs are located so that it
the recent past they could receive some gravitational acceleration from dwarf planets. The authc
of this work in his earlier works assumed the existence of 4 unkptamets and, based on some
calculations, gave the planes of their motion and average distances. A large role in this sens
could be played by a large traNeptune body moving in a plane with parametgrs 273; | =
86° and at a distance of 2BM0AU. Indeed, a noticeable concentration of HA is observed near
the indicated plane with respect to parameters B and i. Further, a series of new evidence we
found in favor of the assumption of the role of TNO in the formation of hyperbolic cometary
orbits [16]. In particular, some aspects of the hypothesis about the connection of hyperbolic
comets with large Kuiper bodies with a diameter of more than 200 km, as well as with unknown
planets, the existence of which is assumed in the-Mapsune zone, were consied.

For 37 hyperbolic comets and 91 traveptune planetary bodies, the MOID values are
calculated. Hyperbolic comets have been shown to be very close to TNO compared to others
The same problem has been solved with respect to hyperbolic comets andmuplareets. The
calculation results show that hyperbolic comets can play a significant role in the search for suct
planets.

The observatory pays much attention to the search and detailed study of many cometar
groups. In particular, the possibility of theresence of periodic and loqpgriod comets
dynamically or evolutionarily associated with Pluto was considered in [17, 20]. As a result of the
analysis of the distant nodes of the orbits of i{pegod comets relative to the plane of motion of
Pluto, a grap of 51 comets was distinguished (currently this number has doubled). A
comparison with other planes showed a redundancy in the number of such comets. It is
especially noticeable in comets with e<1 and in comets discovered after 1950. The results
obtainedshow that the assumption of the presence of a cometary family of the planet is quite
realistic. It was also found that comets in this category have a number of distinctive properties
I n particular, ¢plutonice coml.s are rel ati

From a similar point of view, the question of the relationship of cometary groups with other
TNOs, in particular with Eris [22], as well as unknown planets [23], the existence of which is
supposed by the observatory staff, was studied.

The search fotwin comets among thenown longperiod comets has also become an object
of study in the ShAO [24]. In the cited source, the closeness of the following parameters was
considered as the selection of comet pairs: perihelion distance; perihelion argumeent; t
longitude of the ascending node and the inclination of the orbit. In total, 33 conditional cometary
Apairso were distinguished. T h e probabk fragments a s
of decaying comet ar y n uctrteeces;of thie Baane comséi in diffeent t |
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eras; APairso are of interest for identif
the proximity of the parameters of the ¢
permissible fluctugons in the distribution of cometary parameters.

As is known, many comet experts recognize only the existence of a family of periodic
comets of Jupiter. As a result of multivariate analysis, it was established in [25, 26] that the
families of Saturn and fdnus also exist, and in percentage terms they grow faster than the
families of Jupiter.

During the analysis of the system of lepgriod comets, ShAO employees found a number
of patterns. Among them, the detected concentration of aphelion near the exfaeedpcular to
the ecliptic and the local maximum in the distribution of nodal distances in the range from 250 to
400AU. It is very important that a similar maximum exists in the distribution of aphelion
distances of longeriod comets. The combinationtbese two patterns, according to the authors
of [27], indicates the presence of a very large titdeptune body on the periphery of the solar
system.

In general, according to calculations of ShAO employees [28] in the solar system at distance:
of 35, 53,80, 110, and 165AUklrge Kuiper bodies move, being the sources of a significant part
of the observed comets.

The problem of the origin of comets is a priority in the activities of ShAO. The results
obtained in this direction can be classified as follows:

- the dual structure of the family of periodic comets of Jupiter;

- patterns in the distribution of perihelion of comets of the family of Saturn and Uranus;

- patterns indicating the connection of a certain part of comets withNigpisine bodies;

- pattens in the secular fall of the brightness of comets; assessment of their age;

- Patterns in the distribution of the valusghe Tisserand constant for periodic comets

-critical analysis of the Oort hypothesis

-critical analysis of the interstellanncept of comets

- Analysis of the spectral characteristics of lgregiod comets

-modified version of the eruptive concept of the origin of comets

In the ShAOQ, the light curve of the famous Halley's comets (1P) was studied in detail before
and after thecomet passed through the perihelion in 1986, taking into account factors such as
phase angles, elongation, solar activity level, etc. [28,29,30] In the analysis of about 4400 come
brightness estimates, a number of periodicities were established coinwithindpe periods on
the Sun.

The light curve of the famous Schwassrvdachmann comet (29P) was studied in a similar
manner. Recall that such an analysis is possible only if the observation of the comet covers a
extended interval of distancesegeral AU)and a large period of time (several years). In
addition, the number of observations should be in the hundreds and thousands.

The observatory constructed and studied in detail the light curves of 120 periodic comets (e
total of 502 occurrences), taking anaccount the elongation of perihelion [31]. As a result, the
fact of the secular loss of brightness of periodic comets was confirmed, and it was also prove
that comet families of giant planets also differ in the characteristics of the parameters of light
curves.

From a similar point of view, the light curves of about 150 {pagod comets were studied
[32,33]. As a result of this analysis, 40 previously unknown outbursts of brightness were
identified. Later it was proved that meteor showers play a &gnifrole in the flare activity of
comets [32,33,34]. When comets pass through meteor showers, the received impacts not on
lead to the decay of comets, but also provoke a-$&ort increase in brightness due to exposure
of part of the surface of comeyanuclei. A number of consequences follow from this hypothesis
regarding the dynamic par ameters of Afl as
descending nodes of their orbits. An analysis of the available material on the outbursts of the
C 0 me lirighthess and a comparison with the data on meteor showers show that these
consequences receive real confirmation. From a similar point of view, the phenomenon of the
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disintegration of cometary nuclei was also studied [35,36,37]. Calculations showexftéhat
comets that pass through meteor showers are often exposed to decay.

As we have already noted, among the works carried out in the ShAO on comet physics, ther:
Is a series of articles devoted to the influence of solar activity on the distributiometary
parameters. In these works, it was established thatderigd and sho#wperiod comets react
differently to changes in solar activity. The brightness of the former increases during the ups anc
downs of activity, while the latter are more activeidgrthe period of maximum and pest
maximum era. If the bimodal distribution of lopgriod comets was known even earlier, then
the singlevertex distribution inherent in shgperiod comets was established for the first time.
The idea that this differen@an be used in comet cosmogony has been grounded on [38]

As you know, comeasteroid hazard is one of the urgent problems that humanity can face.
This topic is also the subject of a number of works [39,40] by the observatory specialists. In
particular, thecalculations performed by our astronomers show that the frequency of collisions
of comets with the Earth is about 960 years. The book [37hutlwored with Ukrainian
astronomers, details various aspects of this problem.

In the period 1992013 on 2m telecope obtained the echellgestra of two bright comets
C/1999 S4 (LINEAR) and C/2004 Q2 (Machholz). In this case, the second was observed
precisely at the moment of disintegration. As a result of the analysis of these spectrograms, man
known and unknow molecular lines [41, 42] in the atmosphere of two comets were identified.

The photometric features of comet West (1975), one of the brightest comets of the 20th
century [43], were also studied. Some physical parameters, the expansion rate of individua
fragments of the nucleus, the instantaneous mass of the atmosphere, etc., are determined.

Among the works on the physics of comets, the new statistical approach to the study of theil
brightness drop should also be noted [44]. This approach, in addititwe tiinte factor, also
takes into account the change in the elongation of periodic comets from appearance (t
appearance.

Period 20142019

1. A hypothesis was created about a large planet that exists at a distance4ff02%Dand
transfers observable cometdieThypothesis is based on the regularities of the motion of
comets from distant regions of the solar system. It has been proved that there is a plan
around which comet perihelion are concentrated. Its parameters: fp2:@p = 272.7
This plane might be the result of the influence of a planet that exists at a distance of
339AU As a result of the analysis of comets, the elements of the planet's orbit were
estimated as follows: a = 339AU; e = 0.%6= 57, q = 272.7; | = 8@. It is assumed
that its mass is around1D Earth masses [62,63,67,69].

2. The effect of 11 years of solar activity on the detection of different classes of comets has
been studied on the basis of new data. It has been confirmed that the comet family Jupite
and longperiod comets show different views in this sense. In the first group, two
maximum distributions were obtained in emaximum and longeriod comets. The
extremes of these distributions do not overlap. It is shown that this difference is not
rooted in exernal factors (comet visibility, differences in orbits, etc.). The study of this
factor has provided additional indirect evidence for the existence of the Saturn comet
family.

3. On the occasion of the 650th anniversary of Nasimi, in accordance with tkiantele
decree of the President of the Republic of Azerbaijan, we submitted a request to the
International Astronomical Union to name a small planet after the poet. The catalogue
number of the asteroid Nasimi is 32939, and the zone of motion is the asteltoid b
between the planets Mars and Jupiter. The planet was discovered by Czech astronomel
at the Klet Observatory on October 24, 1995 and has long been known as 1995 UN2.

4. The parameters of the luminosity curves of 319 comets belonging to different classes
were calculated, and their absolute stellar dimensions were determined. Several article:
have been published in this direction [60.65 et al.]
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5. The dependence of the physical properties of FNetune Objects on their orbital
parameters is studied. The fadtthe matter is that TNOs exhibit dual features at very
small inclination angles. Thus, when their inclination®islarge, the color properties
shift to the blue region, and when i%§ small, they shift to the red region. That is, the
price of ¥ for the trend plays the role of a "red" line. In the initial approximation, it was
found that the inclination parameters of all classes of TNOs form a very strong
correlation with the blueed (B-R) color differences of their spectra. The reliability
coefficients of these correlations are also quite high. The existence of such a connectior
suggests that many of the TNOs settled in the Neptune zone as a result of the collision
Studies have shown that the angle of inclination shifts to blue. To prove tlratlthien
hypothesis is true, it is necessary to study the dynamic dependence of color difference or
other parameters. No such significant dependence was found on the establishec
modelling. Instead, a new theory has been put forward to explain this. theugason
for the color shift is not the mechanism of the collision, but the scattering of sunlight
from dust particles, as in the Earth's atmosphere. The size of these dust particles shoul
be in such a range that relay scattering occurs in that r@ugecalculations assume that
this region is in the order of 10nm <d<400nm. Light from the sun is scattered when it
reaches the surface of the Trans Neptune Object, so those with a relatively large angle o
inclination (i>50) are blue and those with a longke of inclination (i <50) are red. In
other words, the idea of a strip of dust or mipasticles in the TranBleptune zone is put
forward, and it should be noted that this is the first time such a provision has been
submitted to the scientific arena. U$) our final conclusion is that all this colour
difference is observed by the scattering of the sun's rays both on the surfaces of the TNC
and on the gadust particles surrounding it. This is easily explained by the popular relay
scattering. The reasonhy TNOs show different properties is not only due to their
surface composition, but also due to the optical refraction of the sun's rays [53].

6. The calculation of the Tisseran constant for about 1,200pengd comets relatively to
largemass transnepturteodies (their number is 159) has been completed. A statistical
relationship was found between the constants in th& 2amge and the parameter a of
the TNOs, and other types of relationships were identified [52,57,59,66].

7. Longterm studies have shownathmeteor showers play a special role in the formation of
hyperbolic comets [72]. Statistical analysis of the dynamic parameters of these two
groups of celestial bodies: 300 lepgriod comets and 112 meteor showers gives us
reason to say that there isteoag enough dynamic connection between these objects. As
a result of the collision of longeriod comets with these meteor showers, the parameters
of comets, especially the price of eccentrics, approach the unit, and thus comets with
parabolic orbits begito move along the hyperbola.

8. The study of the effect of large meteorites that may exist in known meteor showers on the
fragmentation and increase of brightness of comets, the formation of hyperbolic comet
orbits was continued [46,49,50,51,54,58,68,72,73Je distribution of fractions at a
certain distance from the orbit of meteor showers (0.001, 0.005, 0.01, 0.05, 0.1AU) was
considered. The parameters of 114 fragmented comets and up to 120 confirmed metec
showers were used to solve the problem. It lenlzonfirmed that the number of comet
faults has increased in some floods. The distribution of the angles of collision is currently
being studied. Such a distribution is likely to be dominated by-teehdad collisions.
Spectral study of one of the fragnted comets (C/1999 S4 (LINEAR)) was performed
[64].

9. For the first time, with the help of modern integrators, a close convergence between
several comets and largeass TNOs was discovered [55,56,71]. This new fact proves
once again that TNOs play a role the transfer of comets from the Kuiper belt. The
dynamic evolution of newly discovered small objeectdamacloids has been studied
[47,48].
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10. For the first time, meteor bodies with hyperbolic orbits were studied on a new basis [45].
It has been shown th#te hyperbolic increase in their eccentricities cannot be explained
only by errors in measurements and the gravitational influence of giant planets. It has
been proven that distant planetary bodies, especially Kuiper bodies, play a role in their
formation.

11.The 5,000year orbital evolution of the 55P periodic comet has been studied. It has been
shown that during that period, the comet was not occupied by either the Kuiper belt or the
long-period comet clas§74].

REFERENCES

1. Sultanov G.F., Reports of tliecademy of Sciences of the Azerbaijan SSR, 1952, Vol.8,

p.12.

Mamedov M.A., Trans. of AS of Azerb. SSR, ser. phys. and mat. sci., 1969, Vol.3.

Guliyev A.S., Features of cometary families of large planets, Ph.D. dissertations. 1982,

Kiev, p.15.

4. Vsexksvyatkiy S.K., Guliyev A.S., Uranus comet systenan example of the eruptive
evolution of planetary satellites, Astron. J., 1981, Vol.59, No.3,, pg830

5. Vsekhsvyatskiy S.K., Guliyev A.S., Comme
ofUranusandte erupti on hypothesiso, -3Astron. )

6. Guliyev A.S., Analysis of the spectral characteristics of {pagod comets, Kinematics
and physics of celestial bodies, 1992, Vol.8, No.6, pf30

7. Guliyev A.S., On the existence of two gpsuof periodic comets, Kinematics and Physics
of Celestial Bodies, 1988, Vol.4, No.5, pp-79.

8. Guliyev A.S., Analysis of the valuesf the Tisserand constant for periodic comets,
Kinematics and physics of celestial bodies. 1992, Vol.8, No.2, p{¥40

9. Guliyev A.S., Results of the study of nodal distances of4oaigod comets, Kinematics
and physics of celestial bodies, 1999, Vol.15, No.1, pp385

10.Guliyev A.S., Dadashov A.S., About transplutonic comet families, Astron. Vestnik,
1989, Vol.23, No.1, pp®8B95.

11.Guliyev A.S., Dadashov A.S., On the Oort hypothesis, Kinematics and physics of
celestial bodies. 1985, Vol.1, No.6, pp-82.

12.Guliyev A.S., Origin of shofperihelion comets, EIm, 2010, Baku, 151p.

13.Guliyev A.S., On one possible group and some pdishortperihelion comets, A.A.J.,
2009, Vol.4, No.34, pp.58.

14.Guliyev A.S., On hyperbolic comets, Proceedings of the International Astronomical
Union, August 2009, Vol.5, Symposium S263, pp33il

15.Guliyev A.S., doi: 10.1017 / S1743921310001535 (About,d8iblished Online by
Cambridge University Press 06 Apr 2010.

16.Guliyev A.S., Nabiev Sh.A., On hyperbolic cometary orbits, A.A.J., 2012, Vol.7, No.4,
pp. 59.

17.Guliyev A.S., On the existence of the cometary family of Pluto, Circular of ShAO, 1983,
No.70, pp.D-26.

18.Guliyev A.S., Nabiev Sh.A., Pluto and comets, Kinematics and physics of celestial
bodies, 2001, Vol.18, No.6. pp.5831.

19.Guliyev A.S., Nabiev Sh.A., Kinematics and physics of celestial bodies, 2004, Vol.20,
No0.3, pp.283288.

20.Guliyev A.S., Nabiev SK\.., Kinematics and physics of celestial bodies, 2005, Vol.21,
No.1. pp.5359.

21.Abbasov G.G., Kakhramanov G.M., Absolutely weak l@egiod comets, Circular of
ShAOQO, 2005, No.109, pp.588.

w N

64



22.Guliyev A.S., TrandNeptune object 2003 UB 313 as a sourcecofmets, Astron.
Bulletin, 2007, Vol.41, No.1, pp.5@0.

23.Guliyev A.S., On the possibility of the existence of an unknown planet in the Neptune
Pluto zone, Kinematics and physics of Celestial Bodies, 1987, Vol.3, No.2;33. 28

24.Guliyev A.S., Nabiev Sh.A.Twin comets, Astronomical Journal of Azerbaijan, 2006,
Vol.1, No.22, pp.59.

25.Guliyev A.S., On the reality of the family of periodic comets of Saturn, Astronomical
Journal of Azerbaijan, 2008, Vol.3, Ne2l pp.513.

26.Guliyev A.S., Guliyev R.A. On the rapl of the families of periodic and longeriod
comets of Uranus, Kinematics and Physics of Celestial Bodies, 2013, No.2

27.Guliyev AS, Dadashov AS, On one feature of the distribution of the semimajor axes of
the orbits of longperiod comets, Astronomical Jmal of Azerbaijan, 2007, Vol.2, Nc.1
2, pp. 59.

28.Guliyev A.S., Comets and traideptune planets, Azerbaijan Astronomical Journal,
Vol.6, No.2, pp.313.

29.Guliyev A.S., Mustafa F.R., Babayev E.S., Shustarev P.N., An Influence of Solar
Activity on The Charaer of Brightness Changes of Periodic Comets 29P /
SchwassmankVachmann and 1P / Halley, Romanian A.J., 2007, Vol.17

30.Guliyev AS, Bayramov A.Sh., Churyumov Kl, The fine structure of the light curve of
Halley's comet for the 1980s, Astronomical Journal ofrBagan, 2006, Vol.1, No.-3,
pp.511.

31.Bayramov A.Sh., Light curves of periodic comets, Abstract of Ph.D. Thesis, Baku, 2009,
15p.

32.Guliyev A.S., Rustamova U.D., Physical valuek long-period comets (1992004)
taking into account the conditions of theisibility, Circular of ShAO, 2005, No0.110,
pp.2331

33.Guliyev A.S., Poladova U.D., Determination of physical quantities of 100-pemnigpd
comets taking into account the condition of their visibility (1:2804), Astronomical
Journal of Azerbaijan, 200Y,0l.2, No.34, pp.1016.

34.Guliyev A.S., Churyumov K.l., Poladova U.D., Chubko L.S., Catalog of physical
parameters of 100 longeriod comets 198@004 taking into account their elongation
from the Sun, Bulletin of the Astronomical School, Kiev, 2011, V@pi227

35.Guliyev A.S., Kokhirova G.I., Poladova U.D., On the possible role of meteor showers in
the flare activity of comets, Astronomical Journal of Azerbaijan, 2013, Vol.8, No.1, p.5.

36.Guliyev A.S., Kokhirova G. 1., Poladova U.D., Comets outbursts anchéteor showers,
Proceedings of International Conference METEORHED& 3, 2013, Poznan, Poland, (in
press).

37.Guliyev A.S., Kokhirova G. I., Poladova U.D., The meteor showers and splitting of
Comets, Astronomical Journal of Azerbaijan, 2013, Vol.8

38.Guliyev A.S, On the distribution of cometary parameters over the elggancycle of
solar activity, Kinematics and Physics of Celestial Bodies, 1990, Vol.6, No.4-pp.68

39.Guliyev A.S., Nabiev Sh.A., Some aspects of problems of comet hazard for the Earth,
Materids Int. Simp., Cyclicity and problems of cosmology, 2003, Pirkuli.

40.Churyumov K.l., Guliyev A.S., Kruchinenko V.G., Churyumova T.K., Coasteroid
hazard, reality and fiction, EIm, 2012, KiBaku, 179 p.

41.Guliyev A.S., Mikailov Kh., Churyumov K.I., ChubKoS., Lukyanyk 1.V., Churyumova
T.K., datalogue of emission |ines in 6
(Machholz), Astronomical Journal of Azerbaijan, 2009, N&.1

42.Churyumov K.I., Mikailov H.M., Alekberov I.A., Observation of the cometdan 1999
S4 on Mount Pirkuli, Transactions of Int. conf. initiation 95th anniversary of S.K.
Vsekhsvyatsky, 2000, Kiev, p.81.

43.Churyumov K.I. Guliyev A.S., Photometric and structural features of the comet West,
Circular ShAO, 1981, Kiev, Vol.69, p.24.

65



44.Guliyev A.S., Bayramov A. Sh., A new statistical approach to studying the brightness
drop of comets, Kinematics and Physics of Celestial Bodies, 1988, Vol.4, No.1:34p.30

45.A.S. Guliyev. Features of the hyperbolic sporadic meteors observed ir2R007
A.AJ., 2013, Vol.9, No.1, pp-56.

46.A.S. Guliyev, G. I. Kokhirova, U.D. Poladova. Comets outbursts and the meteor showers.
Proceedings of the International Conference held at the Adam Mickiewicz University in
Poznan, Poland, 2013, p.2887, 2013.

47.Kovalerko N., Guliyev R.A. Churyumov K.I. The dynamic evolution of 93 Damocloids
Besnik Astronomical School, Kiyev, 2013, Vol.9, No.2, p-1154..

48.Kovalenko N., Guliyev R.A. Churyumov K.l. The evolution of domocloids over a long
period of time, Bulletin of th&niversity of Kiev, 2013.

49.U. Poladova. To the problem of the fragmentation of cometary nuclei. A.A.J., 2014,
No.2.

50.A.S. Guliyey Nabiyev Sh.AThe Possible Interrelation of Trandleptunian Objects and
Long - Period Comets with the HigRrecision OrbitsAmerican Journal of Astronomy
and Astrophysics 23, 201#,38-41.

51.A.S.Guliyev, G.1.Kokhirova, U.J.Poladova, On the possible role of meteoroid streams in

splitting of cometary nucleuslET-I JENS, 2014 6L 14, ~ 4, pp.5
52Gul i yev A.S., G udlatiogshiy betReer lorgeriad Cometd amcelarge
transNept uni an planetary bodieso, Astroinf

Astronomical Union, IAU Symposium, Volume 325, pp. 285, 2016.

53.Nabiyev, Shaig, and Irakli Simonia. The statistiaadlgsis of the coleprbit parameters
and color- inclination distributions of TNOs. Astrophysics and Space Science 361.10
(2016): 323.

54.Guliyev, A. (2016). Meteoroid streams and comet disintegration. In: Proc. of the IMC,
Egmond, Holland, 2016, pp.®56.

55.Guliyev A.S., Guliyev R.A. On the possible role of selected tNgtune planetary
bodies in the dynamic evolution of lopgriod comets. Astronomical Circular, 1637,
pp.15, 2017.

56.Guliyev A.S., Guliyev R.A. On the relationship of lopgriod comets witharge trans
Neptune planetary bodies. Astronomical Circular. September, 2016, 8p.

57.A. S. Guliyev About of one possible mect
International Meteor Conference, 2017, Petnica, Serbia.

58.Guliyev A.S., Guliyev R.A. On theetationship between loAgeriod comets and large
transNeptunian planetary bodies. IAU, Astroinformatics, Vol.12, N0.S325, p2B63
2017.

5.Gul iyev A.S., Pol adova U.D., AnThe brigh
into account the conditions af h e i r visibility and apert
ANAS, 2017, Vol.XXXIll, No.2, pp.175180.

60.A.S. Guliyev, G. Gasimov, T. Farkhadova. On the distribution of the parameters of long
period comets over the phases of they&ar cycle of solar activityProceedings of Baku
Engineering University, 2017.

61.A.S. Guliyev, R.A. Guliyev. The hypothesis of a large planetary body on the periphery of
the solar system. Reports of the Russian section of the International Academy of Science
(ecology and health), Mosw, 2018, No.1.

62.A.S. Guliyev, R.A. Guliyev. Distribution specificities of lomgriod comets' perihelia.
Hypothesis of the large planetary body on the periphery of the Solar System. Arxiv.org,
2018.

63.Vladimir Busarev, Anna Zimanova, Ayyub Guliyev, and KhidViikayilov. Re
processing and new interpretation of spectroscopic data on C /1999 S4 (LINEAR) and C
/ 2001 Q4 (NEAT) obtained in Shamakhy Observat@yen Astronomy, 2018.

64.Guliyev A.S., Poladova U.D. The absolute brightness of a number ofplemgd canets
19902015. Bulletin of the Kiev National University (astronomy series), 2018, 5p.

66



65.A.S. Guliyev, R.A. Guliyev. Analysis of the Tisserand's parameter for-pengpd
comets relatively transeptunian planetary bodies. Reports of AN2818, No.2.

66.A.S. Guliyev and R.A. Guliyev. System of LotReriod Comets as Indicator of the Large
Planetary Body on the Periphery of the Solar Systéata Astronomiig, 2019, vol.69,

T 2 p.177-203.

67.A.S. Guliyev and R.A. GuliyevOn the role of collisions witimeteoroids in splitting and
acceleration of heliocentric velocity of come®pen Astronomy2019.

68.A.S. Guliyev and R.A. GuliyevOn the possible relationship between lgregiodcomets
and the Planet X. Astronomical Journal of Azerbaijan, 2020.

69.A.S. Guliyev, G.A. Gasimov. On the effect of solar activity on the discovery of comets of
various classes. Kinematics and physics of celestial bodies, 2@R20,
https://doi.org/10.15407/kfnt2019.04.035

70.Kovalenko N.S., Guliyev R.A., Kleshchonok V.V. Dynamical evolution of Damocloids
family, Planetary Spase Scien2820.

71.Guliyev A.S., NabiyevSh.A. Collisions with meteoroid streams as one possible
mechanism for the formation of hyperbolic cometary orbits, Adea in Space
Research, Vol.60, No.1, pp.1293.

72.Guliyev, A. S., Collision with meteoroids as one of the possible mechanisms for the
splitting of comet nuclei, Kinematics and Physics of Celestial Bodies, Vol.33, No.4,
pp.191198.

73.Guliyev R. On theevolution of the orbit of the comet TempBlttle (55r). Astronomical
Journal of Azerbaijan, 2014, Vol.9, No.3.

67


https://doi.org/10.15407/kfnt2019.04.035

STUDIES OF THE PHYSICAL PROPERTIES OF SMALL BODIES OF THE
SOLAR SYSTEM IN THE SHAMAKHY ASTROPHYSICAL OBSERVATORY

Golubeval.F., Shestopalo\D.I.
Shamakhy Astrophysic@lbservatory named after N. Tusi of ANAS
lara_golubeva@mail.ry shestopalov_d@mail.ru

1. Introduction

One of the traditional areas of scientific research at the Shamakhy Astrophysical
Observatory (ShAO) is the problem of the origin and evolution of minor planets (or asteroids),
whose orbits form a belt in the space between the orbits of Mars and Jupttex.dioneering
works of G.F. Sultanov (later the first director of ShAO, academician of the Azerbaijan National
Academy of Sciences), performed in the 50s of the last century, it was shown that asteroid:
could not form due to the catastrophic collaps¢hefhypothetical planet Phaeton, as predicted
by the popular Olbers hypothesis. After several decades, these ideas were brilliantly confirmec
as a result of the growth of information on the physical properties of asteroids (i.e., on the albedc
and their grface spectra, diameters, rotation periods and body shape).

At the turn of the 80s, the first spectral observations of asteroids in our country began in the
ShAO. In the reflection spectra of asteroids of various optical types, we managed for the first
time to detect weak absorption bands of ferrous iroff&ed trivalent chromium (&), which
played a significant role in understanding the composition of the substance composing theit
surface. Weak Fé& bands were also identified in the reflection spedf V asteroids, making it
possible to substantially refine the mineral composition of the surface of these objects. From the
reflection spectra of fasteroids, optically active centers of titanium were detected in the
structure of their surface materialhis finding led to conclusion about a strongly reducing
environment essential to form minerals composing these asteroids.

According to the observations of the Hubble Space Telescope, a remote mineralogical
analysis of certain areas on the surface oéra&t 4 Vesta was carried out. Based on this
analysis, we came to conclusion that a primary chontkgesubstance, of which other Vesta's
rocks and minerals subsequently originated, still persists on the surface of this asteroid.

In the monograph "Optad effects of space weathering in the main belt of asteroids” [1],
the influence of exogenous factors (primarily the solar wind) on the findings of remote
mineralogical analysis of the surface of small planets was studied. -8btekted movements
of regdith particles counteract the speed of optical maturation of asteroid surfaces. Impact
Arejuvenationodo of the asteroid surfaces duece
determines the adequacy of the spectral analysis of asteroid maten@dsition.

Based on a comparison of the spectral properties of asteroids and interstellar dust, it wa
concludedthat the original material of the protoplanetary nebula, from which the planets of the
solar system originated, has been preserved to our time in the form of exotic D asteroids.

The results of our work for more than 30 years were summarized in the f[@Yiaad the
monograph AComposition of the substance of
review of the results of our research in recent years is given below.

2. Polarimetric properties of asteroids
By analogy with the twgparameter Hgphoometric function, which according to the MAS
solution is used to calculate the stellar magnitudes of asteroids, K. Lumme and K. Muinonen in
1993 proposed a simple empirical formula for calculating the linear polarization of asteroids,
comets, and planet tedlites [4]. The proposed formula, according to the authors, was able not
only to successfully approximate the observed dependences of the linear polarization of smal
bodies of the solar system on the phase angle, but also correctly predict the degree c
polarization for those phase angles ranges that are not available for observations from the Eart
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This approach to the interpretation of polarimetric data also makes sense at the present tims
since there is no generally accepted theory of polarizatidiglt diffusely scattered by the
rough surface of planets. In addition, polarimetric observations, as a rule, do not cover the phas
angle interval necessary for calculating all polarimetric parameters. For example, the asteroids c
the main belt are naccessible for grounbdased observations at phase angles of more than 30
degrees, i.e. in the region where the degree of polarization reaches its maximum. In addition
comets and asteroids approaching the Earth often do not have measurements of tlee extrer
valuesof polarization degree, which characterize polarimetric functions at the corresponding
phase angles.

As the observational material accumulated, the shortcomings and limitations of formula [4]
began to appear both in approximating the obsenadtidata and in the task of predicting
polarization values[5, 6, 7]. Therefore, we have applied another approximating formula
proposed by D. Shestopalov [8] to study the polarimetric properties of asteroids and tomets.
the course of these studies, have repeatedly been convinced that the formula [8] allows us to
calculate the phase curves of polarization of asteroids and comets with accuracy comparable 1
measurement errors. This circumstance contributed to obtaining a number of interesting result
in the study of the photometric and polarimetric properties of asteroids and comets.

2.1.Relations between the polarimetric and photometric characteristics of asteroids

Since the theory of polarization of light scattered by the rough surface of planetst has no
yet been created, the question "what are the characteristic features of the surface of asteroids tf
determine their polarimetric properties?" remains relevant today. Therefore, it is of interest to
study the relationships between the polarimetric ahdtgmetric characteristics of asteroids
based on higiprecision observations collected in planetary databases on the NASA PDS
website. To calculate the analytical polarimetric functions from the results of discrete
observations of asteroids, we used thmmBameter formula proposed in [8]:

(a-ai))(l_ e-l(a-p))

-ma -Nn
P(a) = h(l- e )1- e | ’
n1- e M- ¢ @R,
where the polarimetric slopk for the inversion angld], as well asm, nand | are free
parameters. This formula approximates the observational data with accuracy comparable to th
observation errors and allows us to estimate the extrema of the phase curve of the degree
polarization, i.e.Pmax and Pmin at the corresponding phas@glesUnax and Unin. In turn, the
photometric function of asteroids in the interval of phase angles accessible to observations fron

the Earth can be approximated using a simple formula proposed by V. G. Shevchenko [9]:

DV(a)=-apell+a)+bd a,
whereq is the change in the apparent magnitude of the astexgids the amplitude of the
opposition effect (i.e., the excess of the magnitude with respect to the linear part of the
photometric function), the phase coefficidmtmeasures the slope of the linear part of the
photometric function in the range of phase aagromU ; to U° 305 Using the same formula,
we can determine the width of the opposition brightness peak at half its maximum, FWHM, and
the phase anglaoe at which a nonlinear brightness begins to increase with decreasing the phase
angle.

The total nmmber of asteroids for which it was possible to calculate fairly accurate
photometric and polarimetric functions turned out to be small, therefore, a search for correlation:
between photo and polarimetric parameters was carried out for average data rhapEteS,

M, andC-type asteroids. In other words, we searched for correlations between the average value
of the polarimetric If, Pmin, U, Unir) and photometric parametersg ¢, b, U, FWHM) that
characterize these optical types of main asteroids.

Such a way led to the discovery of statistically significant correlation dependences betweer
the phase coefficiert and the above polarimetric parameters of the negative branch of asteroid
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polarimetric curves [10, 16]. In addition, a correlatiwas found between the photometric
parametersy [ and the inversion angld for a number of asteroids from the indicated optical
types [11]. No other statistically significant correlations between the remaining pairs of
photometric and polarimetric paraters were found.

We also confirmed that there is a close correlation between the phase codifeehthe
geometric albedo of asteroigg. According to the widespread opinioli,pv interconnection
arises due to the shadow effect when lightifSusely reflected by the surface with a very
complex microstructure of the uppermost layer, which directly interacts with incident radiation.
The latter may mean that the correlations between the phase coefficient and the parameters of t
negative brach of the polarimetric curve can also be caused by the shadow effect and,
consequently, the surface roughness of the asteroids.

2.2.Negative branch of polarimetric curves of asteroids and surface roughness factor

The statistically significant correlatiorsetween the polarimetric parametérsPmin, U,
Uhin Of the asteroids and the surface roughness faaplicitly confirm the assumption that the
irregularities of the lightcattering surfacat the scale of wavelength of the incident ligkay
an important role in the formation of the negative branch of the phase curve polarization of
asteroids [12]. In [13], the following formula is proposed for describingstiniace photometric
roughness: )

c= (H/L) (1-e?,

where H is the average height of the irregularities of the microrelief of the-$ighttering
surface,L is the average distance between them, @isl the optical density of the surface
material.

The joint use of this formula and thelationshiph i c allows us to conclude that th#/L
ratio decreases with decreasing albedo of the surface of the asteroids (i.e., in the directiol
E>S>M>C). Such a trend arisdmecause with increasing surface albedoitbensity of mutual
illumination of some particles by others also increases. As a result, shadows from surface
irregularities are highlighted by neighboring particles, and the contribution of the shadow effect
to reflected radiation decreases.

2.3. The degree of surface roughness and the albegwolarization ratio

I n accordance with Umovds | aw, the | ower
polarization of light diffusely reflected by this surface. In asteroid physics, this principle is used
to determine the geometric and spherahledo of asteroids based on the obtained correlation
equations between the surface albedo and its polarimetric paramatet®min. Despite the fact
that these empirical relationships are statistically significant, the scattering of points on the plots
"pv T h" or "pv T Pmin" Iis significantly larger than the measurement errors. Moreover, the
scattering of points with respect to the regression lines does not depend either on the sample si
or on the choice of observational data sources. This inteygstoperty of the relationgv 1 (h,

Pmin)" was the subject of our analysis in [14, 16].

The optical characteristics under consideration depend on the surface roughness factor
(Section 2.2); therefore, the contribution of this parameter to the obsabexib- polarization
relationships can be estimated. We have shown that random variations of the roughness factor
asteroid surfaces not only lead to the observed correlations of the "dld#dand "albed®
Pmin', but also explain the data scatterimigh respect to the regression lines. Since the structural
properties of the asteroid surfaces randomly vary from one body to another, an increase in th
observational data on al bedo and pol ari zat
"albedoi (h, Pmin)" ratios and to an increase in the accuracy of estimating asteroid albedo from
polarimetric data.
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2.4.Estimation of Pmaxand Unax for main belt asteroids

The range of phase angles, where the polarization degree reaches its maximum (i.e.,
100 7 13(@), remains unavailable for the groubdsedobservations of the main belt asteroids.
The measurements of the parameters of the positive branch of the polarimetric function of the
main belt asteroids are possible only from the spacecraft. The prabfiepredicting the
maximum degree of polarization for asteroids, when the polarimetric curve is known only for

phase angles |l ess than 30A, was investigate
our experience of approximating polarimetric dtions for neaiEarth asteroids (NES) in the
range of phase angles of <1800 A, we <can expect the foll owi

of the polarization maximum:
Cﬂ:)max/ Pmax"‘o.l andcpjnax"‘ 5G .

A detailed study of the issue shows [15, 16] that the calculated vafliagx and Unax for
E, S and M asteroids using the approximating formula [8] are close to the vatagsed for
lunar soil. This kind of identity can arise due to the similaritgomposition and microstructure
of the surface of the Moon and asteroids from these optical types. In turaldedo C asteroids
show a relationship betwe@®maxandUnax, Which is not typicafor the lunar soil. Now we cannot
determine with certaintwhether these differences are caused by our extrapolation or due to the
properties of the dark surface of C asteroids.

As the first experience, we positively evaluate the ability of the formula [8] to predict the
parameters of the polarimetric functiororin measurements of the polarization of asteroids at
small phase angles. However, this conclusion needs additional verification from observations o
asteroids approaching the Earth, which are visible in a wider range of phase angles as compar
with the astroids of the main belt.

2.5.Dependence of polarimetric parameters on wavelength

The analysis of the polarimetric and photometric properties of asteroids in the visible
spectrum is limited, as a rylby the data obtained in the V bandpass. Thergibi®of interest
to ask whether the correlations between the pharid polarimetric characteristics of asteroids
differ in different spectral ranges. For this purpose, we used the databases available on th
NASA PDS website and containing the correspondigdy-precision measurements of asteroids
in the Johnson system UBVRI bandwidths. An analysis of the obtained dependences between tt
optical characteristics of asteroids leads to the following conclusions [17].

The close relationship between the surface moegs factofi{fs) and the phase coefficient
b(a helps to understand the physical meaning of the latter. Variations in the slope of the lineat
part of the asteroid photometric function in the visible and near infrared spectral regions are
caused by varians in the surface roughness factor ofdbteroid surfaces.

The regression equations betwegs) and spectral geometric albeggs), as well as
betweenfr{a) and Pmin(8), do not differ within the statistical error from the same equations
obtained earlier in the V band. Thigeans that the interpretation of these dependences, obtained
for the V band, remains valid for multispectral data.

An analysis of the diagramxa) i Pmin(® andp(d) 1 h(s), constructed from multispectral
data, allowsus to conclude that, in general, Umov's law is fulfiled when moving from low
albedo asteroids to high albedo ones. However, this law is b&teged within individual
groups of asteroids united by spectral albedo (i.e., for asteroids with high, inteeretd low
albedo values). In other words, the inverse proportionality between the spectral ) esind
the parameter®min(® and h(e may be violated for some asteroids. We came to the same
conclusion by studying the differences in the polarimdininctions of asteroids obtained in
different spectral regions [18].

In [19, 20], we tried to explain the spectral dependence of the paraPwit€| which is
observed for a number of asteroids. In the first of these works, we admitted the poskdiility t
the average slope of the microrelief of asteroid surfaces varies with the wavelength. Moreover
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this slope correlates with the gradient of the spectral curve and spectral albedo: with increasin
the spectral gradient and spectral albedo of the surtheeaverage slope of the microrelief
irregularities also increases. We later discovered that such an approach could lead to a conflic
with another optical effect known in pl ane
increasing phase angle.

In [20], we again investigated the spectral behavioPafi(g)| for asteroids with high
precision measurements of polarization degree in the different banttpass. shown that the
ratio Pmin(8)|/[Pmin(as)| = Pmin(aas), which can be called a polarimetrcolor index, depends on
the spectral color indeR(8)/R(as) = R(alew) according to the formula

Pmin(/ / /0) =a+b/IR(/ I /0),

wherea + b = 1, anda takes fairly close, but different values for individual asteroids. Thus, the
only reason causing the changePFinn(® with the wavelength is the spectral variations of the
color indexR(///0) and not the spectral albedg/). It follows that the spectranalogue of
Umov bds | aw tlietpblaizatppm degréeethe leasl bedo 6 may not b
individual asteroids, in any case, in the region of phase angles at which a negative degree ¢
polarization is observed.

2.6.Photopolarimetric asteroid g/stem

Applying the approximating formula [8] to the polarimetric observations of asteroids
collected in the corresponding databases, we calculated 153 phase polarization curves i
different spectral ranges ftine asteroids of various optical types.tA¢ next stage of the work,
we undertook a search for the relationship between the photometric and polarimetric parametet
that determine the phase functions of brightness and the polarization aégesteroids.
Statistically significant relationships we found between the phase coefficidntand the
parameters of the polarimetric function. In particular, we confirmed the relationship bdiween
and the maximum degree of negative polarizatim|| which was first discovered by us for
asteroids in 198321]. New relationships were also found betwderand the remaining
parameters of the negative branch of the polarization curve, namely, the inversion phase ang!
ai, the phase anglamin at which the minimum polarizatio®min occurs, and the slope paraeret
h of the polarization curvat the inversion angle. Moreover, it is possible to determine the
spherical albedo of asteroids if their phase coefficients are known [23].

So knowing only the phase coefficient of the asteroid allows us to estimate with
reasonable accuracy its geometric and spherical albedo, as well as all the parameters of the phe
branch of negative polarization and, as a nice bonus, the diameter of ¢heidasthis
remarkable property of regolith of minor planets we called the photopolarimetric system of
asteroids [22, 23, 24]. The optical properties of asteroid regolith, which determine the
photopolarimetric system, can be summarized as follows. Ther lthweealbedo of the rough
granular surface of asteroids with a complex "open" relief, the greater the shadow density tha
surface irregularities casthis in turn leads to increasing the phase coefficient, the amplitude of
the negative polarization brandmnd the slope parameter at the point of inversion of polarization
degree.

3. Polarimetric properties of cometary atmospheres

As in the case of asteroids, polarimetric observations of comets, as a rule, do not provide
the necessary coverage of phase angles in order to calculate with good accuracy the paramett
of the polarization phase curve. From the comet polarimetric capaesgented on the Planet
Data System website (NASA PDS), we selected 20 comets with a low level of activity in order
to calculate regular polarimetric curves for them using the formula [8] and the least squares
method. A total of 82 polarimetric curves wemdculated in different spectreandpassed.hen
we performed studies of the polarimetric properties of thedgasatmospheres of these comets
[24, 25, 26].
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3.1.Negative branch of the degree of linear polarization of comets

Using the calculated values the polarimetric parametehs Pmin, U, Uhin for the individual
comets at different wavelengths, we found that the variatiof®ig®), U(8) andUnin(d) in the
spectral range 38827 903U are comparable with the err.
that the shape of the negative branch of the comet polarization phase function weakly depends ¢
the spectral region in which observations are made.h®@rcontrary, the polarimetric slope h
increases with the wavelength of the observations, and the correlation is statistically significant.
This pattern, apparently, reflects the fact that the positive polarization of cometary atmospheres
as a rule, increses with the wavelength.

3.2.The systematization of comets in accordance with their
maximum degree of polarization

The observations of most comets presented in modern databases were thadehate
angles that, as a r u kfere, thedpmsitionoot the enaxaneira degrée A
positive polarization (i.e Pmax and Unay remains undefined. To extract more information from
the source data, we selected comets with a known val®a-efind obtained the relationship
between this parameter and the slope of the polarimetric ciifPves (509 7 1 (309 in the range
of phase-mhAyll es 30A

P*max: 2.88UP ° 2%.

SincelP is known for all comets in our sample, we can estimate the maximum polarization
for those comets that could not be observed in the desired interval of phase angles. It turned o
that the deviations betwed?max and extrapolatedPmax values, which are taulated by the
formula [8], lie in the range of-3%. That is, the approximating formula [8] is able to predict
with good accuracy the value of the maximum degree of polarization, which for one reason or
another was not obtained by observation.

Then we eamined the problem of classifying comets by the valug.afwhich has a long
history of discussions in the literature on comet physics. This problem, in fact, boils down to two
guestions:

- Can the observed set of comets decay into two or more populations differing in
magnitude oPmax?

- if the answer is yes, is this separation caused by the physical properties of the dust itsel
and/or the relative content of the dust component in commetspheres?

Considering the first question, we applied Studdrtiiteria to test the hypothesis that the
average valuesf the maximum degree of polarization are equal for two comet populations. We
repeated this procedure twice, examinifgax valuescorresponding to the red and blue spectral
ranges. In both cases, the value-sfdtistics was significantly larger than the theoretical value of
tq at a confidence level of 0.95. Therefore, the null hypothesis of equality of mean staduds
be rgected with a probability of 95%.

Thus, statistical analysis leads to the conclusion that there are at least two groups of comet
that differ in the parameter of the maximum degree of polarization.

3.3.The maximum degree of polarization and the dust/gas ratio in the
atmospheres of the comets

The relative content of dust and gas in the shells of comets was estimated using the ratio
Afp/Q(H20), Afi /Q(CN), andAf; /Q(C>). The parametehf} estimates the rate of dust production
by the nucleus into the cometary shell (A is the albedo of dust parficgtethe fraction of the
aperture of the telescope filled with cometary partigles, the angular radius of the aperture),
Q( A) i s ctibnhage ofpargived gas molecule, which is calculated from measurements in the
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emission bands of this molecule. These parameters were taken from spectrophotometric an
broadband photometric catalogs of comets available in the Planetary Data System.

A comparison ofP*max obtained both in the CN andz@mission bands and in the
continuum of cometary spectra with tid /Q( A) ratios for water, C
molecules leads to statistically significant correlations. Moreover, the largeustigak ratio in
comets, the greater their maximum degree of polarization.

Thus, we come to the following conclusions:

- such a basic characteristic of cometary shells as the dust/gas ratio makes a significar
contribution to changing the degree of postpolarization of comets;

- the dust/gas ratio may be one of the factors that determines the separation of comets int
two groups with high and low positive polarization;

- in order to correctly interpret the physical properties of cometary dust, thempailae
effect of resonance fluorescence of gas molecules should be completely excluded from the phas
curve of the degree of polarization.
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The study of stars at the stage of evolution to the Main Sequence (MS) in the seventies of th:
last century was of particular importance. At that time, studies were concticteer the world
of of the young solar type emission stars, genetically related to the gas and dust regions of stz
formation of the Galaxy. These objects in the years 1®4P were identified by Joy [1] as a
separate group of variable stars, herearafalled T Tauri stars (TTS). It was later shown that
these stars are observed in the form of groups in the regions-déigiasomplexes in the stellar
associations of the Galaxy. Judging by the spectral and photometric characteristics, by thei
positionin the HertzsprundrRussell (HR) diagram, this group of stars is at an early stage of
evolution [2]. Studies have shown that these stars are the forerunners of our Sun, and reflect i
state at a very early stage of evolution.

In the 6070 years of the lascentury throughout the world, for example, in the USA,
Mexico, Italy, Germany, including in the former USERstronomers of CrAO (Ukraine), in the
SAIl of Moscow State University (Moscow), in Abastumani (Georgia), in BAO (Armenia) and in
the Al of the A@ademy of Sciences of Uzbekistanspectral, photometric and polarimetric
observations of these stars were carried out, and their new properties were studied. Note that tt
vast majority of T Tauri stars are weaker thar",18nd their spectral observationsquire
medium and large telescopes.

At this stage, when the 2 m ShAO telescope came into operation, due to the high quality of
the telescope optics and spectrographs in the Cassegrain focus, it was possible to obta
spectrograms of relatively bright T Ta i stars on a c¢Canberrace
di spersi on ofb f® 3015 rhimates, dr @r a diffraction spectrograph with a
di sper si on 0-80 mhbtes pxpasition. it was 2 @cord for those times in the USSR,
despite the fact thaboth telescopes of a larger aperture of domestic produétioB.6 m
telescopesd worked in both the CrAO and BAO. Therefore, the study of T Tauri stars and
related objects in ShAO was considered very relevant and timely.

In the early seventies of thestacentury, most of the research of young stars was aimed at
studying the spectral and photometric characteristics of these objects in the optical range. Th
spectra of T Tauri stars themselves seemed unusual at that time: the fuzzy (veiled) absorptio
phaosphere spectrum corresponds to the late spectral claggesdu@inosity class W, and
there is wide emission in the hydrogen lines of the Balmer and H and K Call lines. Stars of
earlier spectral classes-B were later called Ae/Be Herbig type (HAeB&8)he first most
I mportant <criteriabs in the spectra of sta
Herbig in 1962 [2]. Then it was already known about a small group of young stars discovered by
Joy in 19471949 [1]. At that time, researctsenf young stars faced the following important
tasks:

1. To study the features of the spectrum of the T Tauri type stars and related objects.

2. Investigate the photometric characteristics, variations in gloss and colour over time.

3. To study a locationneindividual groups of young stars on the MS diagram.

4. To distinguish individual varieties among the young stan®ups of stars with common

properties.

5. In theoretical studies, it was necessary to explain the cause of the activity of young star:

andthe anomalies in their spectra.
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As you can see, during the formation of ShAO, the researchers of young stars was challenge
an important new taskto study the nature of young stars to understand the processes of star
formation and the initial stage of@ution of stars of small and moderate masses.

Undoubtedly,Z.A. Ismayilovcan be considered a pioneer in the research of young stars in
ShAO. Even before the installation of a 2 m ShAO telescope, he performed spectral observation
of several T Tauri staron the 70 cm meniscus telescope with an objective prism of the
Abastumani Astrophysical Observatory in Georgia. Soon, on the 2 m telescope of ShAO, he
made a large number of spectral observations of the following classical stars of the T Tauri type
T Tau, RW Aur, GW Ori, RY Tau, etc. In addition, he managed to obtain spectrograms of a
large number of eruptive stars, including, symbiotic stars AG Dra, AG Peg, flashing BY Dra and
others. He wrote more than 20 scientific papers on T Tauri stars included MASA ADS
archive [316, 19, 60, 61].

According to Z.A. |l smayil ovds the worKks
variability of the contours of emission lines and their splitting in the T Tauri typed steiwW
Aur for a recorebreaking sha observation time ofLO minutes was firstly established. In 1974,
under the supervision of academician V. Krat, he defended his thesis on the topic
"Spectrophotometric studies of T Tauri type stars". For many years he was the head of the
variable starglepartment and supervised the work of the 2 m ShAO telescope. Later, he held the
post of deputy director for science, organized the installation of the 60 cm telescope, and did «
lot to organize observational work in ShAO.

Under the leadership of Ismayil&.A. for the first time in observations of 198888 an
¢ Al c-ohigiepower electroroptical converter was used. In combination with the UAGS
spectrograph, this image intensifier was used to obtain the spectra of stars with very short
second exposureSpectra of young stars were obtained with exposures-80X&conds in the
region of the Wline.

The next researcher in ShAO in the field of young starsSedmanov I.RHe managed to
conduct synchronous photometric and spectral observations of Tstarsriand related objects
such as SU Aur, V380 Ori, RY Tau, FU Ori. Photometric observations Salmanov |.R. performed
synchronously, on a cassette device installed in the focus of 30 cm of the refractor guide, 2 m o
ShAO telescope. The results of his stigc research have been published in more than 20
works [1736].

In 1975, Sal manov | . R. the Ph. D. thesi s
photometric studies of T Tauri type starso
brightness of the star RW Aur, the signs of the envelope spectrum of the star intensify. For the
first time, a variation in the radial velocity of the RW Aur emission spectrum {8ihto +80
km/s over a month was detected, which indicates the presence ottonegemd fall of matter in
this star. Based on the analysis, he concluded that rapid variations can be the result of activ
processes in the atmospheres of young stars.

With the replenishment of the observatory with young personnel, under the direcdon of
Ismayilov, the research of T Tauri stars and related objects began to be carried out by
Timoshenko L.V., Rustamov B.N., Guliev N.Kh., Ismayilov N.Z., Bayazitov Ulisparticular,
in the works of L.V. Timoshenko, spectral observations of Herbig Ast&es were performed.

He managed to obtain the spectra of the WW Vul star, both in the normal state and in the
weakening of the brightness. He showed that the spectral class of a star variations with
decrease in brightness towards a later type. Accorirgpectral observations of the stars SV
Cep, UX Ori, and DD Ser, Timoshenko L.V. determined the spectral classes and luminosity
classes of these stars, showed the boundaries of the variations in the spectral class from night
night. Under the directioof Dr. R.E. Gershberg, he defended his thesis on the topic: "Spectral
and photometric research of fast variables with-penodic light attenuation.” He has published
more than 25 scientific articles [B].

In order to further determine the spectraldaluminosity classes of young stars, L.
Timoshenko developed a twbhmensional spectral classification scheme for the spectra of 42
standard stars for the spectrum intervaltf3-V [45]. To perform a twedimensional spectral
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classification of stars accamg) to spectrograms obtained on a Canberra 2x2 prism spectrograph,
equivalent widths and their ratios for selected spectral lines were used as criteria.

At the beginning of the 80s of the last century, Ismayilov N.Z. joined in the research of
young starsln the works ofismayilov N.Z.attention was paid to such varieties of young stars as
orion variablesd Herbig Ae/Be star® and research on T Tauri stars was continued. His
objects of research at that time were the binary system in the trap€id- BM Ori, V1016
Ori, as well as Ae/Be Herbig type stars'Ori D, EY Ori, T Ori, AB Aur, HD200775,
HD216623, and stars T Tauri typ&U Aur, T Tau, DI Cep, GW Ori, RY Tau, DR Tau, BP Tau,
etc. In recent years, a spectral study of intermedietes tars, such as Herbig Ae/Be type {59
111], was performed by N.Z. Ismayilov.

In addition to longterm spectral observations made with a 2 m telescope, for the first time in
ShAO, Ismayilov N.Z. applied the photoelectric UBVR arldriethod of TTS photometrgnd
carried out synchronous photoelectric and spectral observations of the T Tauri type star DI Ceg
He performed photoelectric UBVR observations as well as observations with a-amdw{
interference filter using a singkhannel photometer mounted tine Cassegrain focus of the
Zeiss600 telescope. N.Z. Ismayilov also made part of the photometric observations of a group of
T Tauri stars in the Crimean Station of the ShAI of MSU using the Zeiss 600 telescope [75]. Par
of the results of photometric arwvations of Ismayilov N.Z. included in the US Wesleyan
University databasenMww.astro.wesleyan.edu)

Furthemore, Ismayilov N.Z. received more than 500 spectrograms of the studied objects, ant
also actively paicipated in the study of observational techniques and radiation detectors, took
part in tests to launch an echelle spectrometer and a CCD detector, installed in the Coude focl
of ShAO 2 m telescope, and then applied the system in observations otspgeiis.

The most important results were obtained by Ismayilov N.Z on the structure, dynamics, and
physics of the dislshaped shells of a large group of T Tauri stars and related objects. Under the
guidance of academician A.M. Cherepashchuk (ShAI M$U1990 he defended a dissertation
on the topic ASearch and research of binar
di ssertation on the topic fASpectr al and phc
on the results of scientifiwork, N.Z. Ismayilov wrote a monograph and more than 250 scientific
articles and reports, more than half of which were published in referred publications. Some of
these articles were published in journals with a high impact factor. A list of only ptuese
publications is given under the numbers-[835] in the list of references.

The following researchers later connected to the topic of research of young stars under th
supervisors of N.Z. Ismayilov Shustarev PN, Alieva A.A., Guliev N.Kh., Alimardara F.N.,
Khalilov O.V., Bakhaddinova G.R., Adygezalzade A.N., Bashirova U.Z., Alyshov S.A., Vidadi
Z. and others.

P.N.Shustarev, together with-aoithors, developed a methodology for analyzing combined
long-term observational data of T Tauri and Ae/Be Wiigrstars. Using the spectral Fourier
analysis, synthetic light curves of a number of young stars were constructed under the
assumption that there are additional bodies around the central star in Keplerian orbits with
different periods of rotation (seerfexample, [62]).

AlievaAA.def ended her thesis on the topic ASt
a strong emission spectrumo. Here are the n

It was showrthat for the star DI Cep, the equivalent widths of the hydrogen emission lines
have a direct correlation with the brightness of the star, and the emission spectrum intensifie:
with increasing brightness [64].

For the first time, such a unique fact wasetved that in this star simultaneously on the
same spectrograms, weak emission components were found on the emission Wargs Hf
shifted to the red and blue parts of t he
variability of the B and H, emission lines was detected for the star DI Cep.

A variation in the radial velocity of the mass centre of the system was detected, which made
it possible to suspect the DI Cep star in duality. It was shown that the previously detected perioc
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of variationin the spectrum and brightness, P = 9.24 days, most likely refers not to the surface of
this star itself, but to the upper, more slowly rotating parts of the stellar disc [72, 73].

For the first time on the basis of the theory of magnetospheric accfetiyn the magnetic
field intensity on the surface of the DI Cep star was estimated to be in the rangel60608s.

Within 1-2.5 hours of continuous observations over individual nights in 2004, no significant
rapid variations were revealed in the prdfilend spectral parameters of individual components
of the H: line for the star MWC 361 [69].

A smooth shift to the shewavelength part of the spectrum of individual components of the
Ha line was detected for the star MWC 361 for about 10 days. A significariations in the
spectral parameters of individual components of thérté for different nights was revealed.

Spectrograms with high spectral resolution revealed a fragmentation structure in the shells o
Herbig Ae/Be star8 AB Aur and MWC 361.

For WTTS stars, a significant correlation was found for the first time between radiation in
the near UV and IR spectral regions. Classical T Tauri stars have practically no dependenc
between the excess radiation in the near UV and IR spectral regions.

Guliev N.Kh. studied the spectrum of the star T Tau based on spectral material obtained ovel
a long observation period. He, in 2008, de
phases of T Tauri activity based onlengger m spectr al arb some ofdhe i o r
scientific results obtained in the work of Guliev N.Kh. together with Ismayilov N.Z. E7l.

1. For the first time, a rapid variations in the khe profile with a characteristic time scale

of 6/ 8 minutes was obtained, as well as a variations in the parameters of the emissior
spectral lines of hydrogen and H and K Call with a characteristic time scalé 1®0
minutes.

2. Was shown thatthe statto t he emi ssi on spectrum can b
state, the intensities of the emission lines are decreased, the absorption spectrum i
clearly expressed. In the active state, emission lines are to be stronger; the absorptio
spectrumseemso be fAveil edo.

3. A long transition from a quiet to an active stage of emission activity of the emission
spectrum has been found. A quasicyclic period is traced in different phases of the
radiation in the emission spectrum of the star with a characteiisgcdcale of 280
days.

4. A variation in the equivalent widths of emission from 2 to 5 times is observed,
respectively, with a weak and bright state of the total brightness of the star. The spectral
activity of the system in different years of observatisrifferent, and, possibly, has a
long-term cyclic character.

5. Despite the fact that within eachy6e a r cycle the starés br
constant amplitude of'02 in the V band, the activity of the emission spectrum of the star
in this case sbws an independent variability from brightness variations within such a
cycle.

6. It was established that the level of variation in the total brightness does not coincide with
the level of variations in the emission lines equivalent widths. This indicates the
existence of an additional source of radiation in the spectral lines in a bright state. Such
source may be hot spots which are formed due to disk accretion.

7. In a quiet state of emission of the emission spectrum, the equivalent widths of the
absorption lies of metals did not show a rapid variation during the night of observation.
In this state, a variation in absorption lines is observed only at different nights or seasons.

8. With the active state of the emission spectrum, a rapid variation in the absorption
spectrum of the star is observed with a characteristic time from 1 to several hours.

9. A synchronous variation was observed in the equivalent widths of the emission and
absorption spectr a, as wel | as i n tohee V
6-year cycle. With increasing brightness, an increase in the equivalent widths of
absorption and emission lines is observed simultaneously.
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Further, the scientific results obtained in the work of F.N. Alimardanov together with a group
of researcherare presented [106]:

1.

Based on synchronous photometric and spectral observations, it was shown that the
degree of activity of the emission spectrum of a classical T Tauri type star DI Cep,
depends on the brightness. With an increase in optical brightness, an increase in th
equivalent widths of emission lines is observed.

Observations of the DI Cep star over the past 30 years have shown that since 1990, th
average brightness level has beeonotonously decreasing, and currently the brightness

of the star is at an absolute minimum; at the same time, average values of equivalen
widths of emission lines also showed a monotonic decrease.

An analysis of the UBV photometric observations of DpCer eveal ed 2020
time quasiperiodic brightness variations. This variability is explained by an additional
component which is placed at the central star environment.

A new method was applied for to interpretation of the complex light curves ofjybun
Tauri stars. To do this, we used the3 2Znost probable periods of variability in the
brightness of the star, obtained on the basis of statistical spectral analysis, and it wa:
shown that a combination of these periods in young stars DI Cep, T TaBUafdr can
explain the observed average annual light curves. This result confirms the assumptior
that protoplanets and/or protostars exist in the environment of young stars.

In the UV - spectrum of a classical T Tauri staBP Tau, a periodic variabilitpf the
emission line intensities with a period of 8.275 days was found. During yiar
observations, two groups of emission lines were detected in the BP Tau spectrum. The
first group of lines for 10 years showed a monotonic decrease, and the secqndfgrou
lines showed a chaotic variation in intensities.

Using grounebased broadband photometric data, as well as IRAS archive data in the
range 0.36L00em, the spectral energy distribution curves (SED) for 87 young stars were
built. It was shown that acading to the types of curves, SED can be divided not into 3,
as previously assumed, but into 5 types. Two more additional subclasses were added t
the classification scheme of SED curves of young stars. An updated classification scheme
explains the differenstages of the evolutionary path of young stars.

It was shown that in the -¥ay diffraction curves of young stars, in addition to the main
maximum, 23 regions of excess radiation are often observed, which are in the infrared
part of the spectrum. The t@eratures of such maxima very often correspond to-2500
3000 K and 9€1.00 K.

The temperatures of thermal radiation obtained for the second radiation source from the
SEDs of young stars have a high degree of correlation with the temperatures of stars
correspnding to their spectral classes. When taking into account theterapsrature
relation for stars, it can be assumed that the larger the mass of the central star, the great
the likelihood to formation of more massive protostar at the system.

Here ae the scientific results obtained in the work of H.N. Adygezalzade togsitier

other researchers [999]:

1. For the first time it was shown that the spectral parameters of the group of lines of the
emission spectrum of RY Tau, both in the UV (Mgll, HeTllV, etc.), and in the
optical part of the spectrum (331 ands Cal 1) is varied with
0.06 days.

2. According to the combined light curve of RY Tau in the time interval of 12834
the two most probable loAgrm periods of the RY Tastar brightness variation were
revealed- 14 and 6 years. In a combination of these periods, we constructed a
synthetic light curve that satisfactorily describes the average annual light curve of the
star.
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. Variations in the V values of the brightness dinel emission doublet Mgle2 8 0 0

for RY Tau over time have shown that it is impossible to unequivocally talk about any
correlation of the brightness and the emission spectrum of the star. This suggests tha
the variability of the emission spectrum ame trightness of the star are a different
nature.

. It is shown that in the period from 1983 to 2004 the variation in the brightness of the

star RY Tau is periodic, but sometimes deviations are observed. The perod 7 7 K
10 days with an amplitude odv ~ 1" was found. The phase shift of the found period
after 1983 and after 1995 was suspected. The presence of periodic variations in
brightness according to seasonal observations with a periog=of PL 4 6 N 3 d ¢
also suspected.

. According to the SED obrogram stars RY Tau and DR Tau, the temperatures of all

sources that create additional radiation excess in the energy distribution are
determined. It is shown that the highest temperature of IR sources K8@80K, and

the lowest is about 9000 K. Thre temperature of 90 K, apparently, corresponds to the
emission of the dust component of circumstellar matter, while the IR source with a
temperature of 2500 K, possible is a protostar.

. Measurement of the intensities of both the absorption and emissgmnsiows that

the spectrum of the star DR Tau is highly variable. The spectral class of the star
according to the UV absorption spectrum was determined agl(K5At least three
groups of absorption spectral lines with a similar nature of variability wiergified.
This shows that in the stardéds atmosphe
observed.

. It was shown that, according to the photometric V values of the DR Tau brightness,

two significant periods are detected, 5.8 and P= 7.4 days. Tiese periods were
found from several seasons of observation. The search for periodic variations in the
parameters of individual spectral lines from the UV spectrum of the star was
unsuccessful.

. For DR Tau, the Fourier spectral analysis showed that thetgvarsignificant reliable

periods- 2 and 6 years, taking into account which it is possible to satisfactorily explain
the observed average annual combined light curve and the color index variation
curves.

The results obtained by the workKihalilov O.V. together with ceauthors [61,102,105]:

1.

According to longterm spectral observations in the optical range, the -qyac

period of a variation in the equivalent widths of theathd H and K Call emission lines

in the spectrum of the T Tau star with arpeod of 33 N 1.5 dz
discovered.

According to IUE spectrograms for 1971994 a periodic variability of the emission
lines was detected in the UV spectrum of T Tau with the same-pedsd, which was

also found for emission lines in thetmal range. It is shown that the quasiperiodic
variability can be associated with the
For the first time, it was established that for the star AB Aur, the profiles of the emission
lines of hydrogen Uand] bshowactive variability in the blue wing, while in the line
1425876 U the main variability occurs or

. The AB Aur star revealed a synchronous variability of the blue wing in the hydrogen

lines HJ and Hb. The full cycle of the event from occuren to disappearance of
emission on this wing has a characteristic time scale of 3 days. The structure and
intensities of individual components of the Hee5 8 7 6 | and D1, D2
night to night and in separate years were also found to be leariab

For the first time in the UV spectra of the star AB Aur, obtained for 21982 it was
shown that the intensities of some absorption lines, including of Mg Il, Fell, and others,
are varied with a period of 6. lityNfthe. 1
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equivalent emission widths was found for the hydrogen and helium lines, and the radial
velocities of these lines variation in antiphase with a period of 6.1 days. Taking into
account the rotation velocity of the star, it is shown that the megiocactive helium

formation should be at a distance of no more than $5fRm the surface of the
photosphere.

6. The results of joint spectral observations of AB Aur with a group of employees from the
GAO RAS (Pulkovo) showed that there is a noticeableetation of variations in the
equivalent widths of the Bland Hela5 8 7 6 | emi ssion | ines
coefficient r = +0.6 8 N 0.14 and a-n in
0.674 N 0.14 and for thed §&8mé&l Dinés res

7. A periodogram analysis of all measured equivalent widths for all spectra was carried out
in the AB Aur spectrum for three lines4U (60 values in total) and He | and D Na | (36
values in total) since 1986 (all data from CrAO, GAa@d ShAQO) according to the
Lafler-Kinman method showed the presence of a period of variability with a period of P
= 123.7 N 0.3 days.

8. It was found for the first time that the star IL Cep for 200BL1 different spectral
parameters of the hydrogen emissiimes HJand Hb and absorption in the helium line
He lab 8 7 6 j show sl ow variations with ti me
was reached in 2009010. Lines D1, D2 Na | in a weak form repeat the variation in
radial velocities in the line |l It is assumed that the detected variability in the spectrum
of a star can be related to the presence of additional bodies in the system.

Listed below are some of the most important scientific results obtaynetZ. Ismayilov,

together with a group of eauthors:

1. A new radial velocity curve of the individual components was carried out, and the
spectroscopic elements of the orbit of the trapezium memfbedri - BM Ori were
determined. The variability of thesidual intensities of the spectral lines of the BM Ori
components at the nodes of the orbit was revealed. It is shown for the first time that a
system in hydrogen lines has its own emission.

2. For the BM Ori system, the -\ight curve was analysed for all piished photoelectric
measurements. It is concluded that the figure of the cold component in this eclipsing
system cannot be described in the framework of the Roche model. A satisfactory solution
to the light curve is obtained in a model with a secondphem®idal component. The
absolute parameters of the individual components of the system are redefined.

3. The atmospheric models were used to determine the fundamental parameters, as well ¢
the abundance of helium and the microturbulent velocity of the tbcimponents BM
Ori, V1016 Ori,g* OriD - three members of the trapezajtiOri. It was shown that the
stars BM Ori andg'OriD have normal helium composition, while V1016 Ori has an
excess of the helium.

4. Using all the data available in the literature,indi ng t he aut hor 6s
value of the period of the spectral orbit is refined and the spectroscopic elements of the
orbit of the T Ori system are calculated. This star revealed periodic variability of the line
profiles of hydrogen and K Call.

5. For the first time, a flare lasting about 9 days was recorded with the star DI Cep. Spectral
observations made before and after the flare allowed us to conclude that the substanc
was ejected from the star during the flare. This star revealed a fast htgriabthe
intensity of they a line, with an amplitude of 0.15 mag in 30 seconds and with an
amplitude of 0.25 mag in 1.5 minutésast variability is also found in UBVR bands.

6. Over along period of observations, the limits of variations in the spectral class of stars DI
Cep, T Tau, GW Ori., SU Aur were determined. It is shown that the intervals of spectrum
variability for different stars differ. According to statistical diagratmaas shown that
these stars show the largest number of identical spectral states for the latest class
spectrum (the Acol d di po effect) . It i
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10.

11.

12.

13.

photometric valuegor the stars GW Ori, SU Aur can be satistaity described by a
variation in surface temperature up to 1000 K, with a variation in the relative spot area to
25%.

For the first time, a periodic fading of T Tau with a period of 6 years with an average
amplitude of 0.2 mag was detected in filter V.eThmost likely explanation for the
periodic fading is the existence of at least one protoplanetary formation at a distance of
4.5 AU from the central star.

The results of longerm homogeneous spectral observations of classical T Tauri type
starsd DI Cep,GW Ori, and T Tau, collected during 192390, are analyzed. A weak
correlation is found between the equivalent width of the emission lines and the spectral
class determined by the equivalent width of the absorption lines. The spectral classes o
the starsshow variability spanning different ranges. The maximum range of spectrum
variations is observed for DI Cepg-4-K5V, for GW Ori- F2-G5V, for T Tau- G1-KOV.
Statistical diagrams show that for all TTSs, the most frequently observed state of the
absorptiom spectrum corresponds to a later spectral class. All TTS spectral classes are no
observed later than their most probable state. The variation in the spectral class from the
most frequently observed state to earlier spectra occurs smoothly. Takingcouotate
photometric characteristics, the observational results can be explained by the formation
of hot (in the case of DI Cep) and cold (in the case of T Tau and GW Ori) spots on the
surface of stars. The variability of the last two stars may be pduiyto the variable
extinction of the circumstellar envelope.

It has been shown that from 1997 to the present, the spectral parameters of the sts
HD200775 monotonously decreased, and according to the data of 2000, there is &
tendency to increase them.whs established that the main variations in the profiles of
thel a, and Hb lines show that the greatest variability is observed in the upper layers of
the star's atmosphere.

It was first established that the star HD 200775 is spectrally binary wpriad of

1180 60 days. The spectroscopic elements of the orbit are determined. It is assumed tha
the secondary component of the system3slebM,, low-mass protostar, and the eclipse

Is a translucent, extended circumstellar envelope. According totliterdata, the light
curve of the HD200775 system is obtained, which confirms the duality of the star. The
shell of the system is transparent to the light of the bright component and therefore doe:s
not eclipse the second component.

A periodic brightness ahspectrum variability was detected with a period of 9.24 days of

a star of the Tauri type TDI Cep. Subsequently, this result was confirmed by Crimean
astronomers to the nearest hundredth of a period. It is shown that in order to explain the
physical claracteristics of this star, it must be assumed that there is a hot spot on the
surface of the star with a temperature
photosphere.

A master light curves is analysed for 28 classical T Tauri stars. bédws shown that

only 5 types of light curves are found in such young stars. A high degree of correlation
was found between the amplitudes of the brightness variability in the active and quiet
states of brightness. A new classification scheme for the digivies of young stars has
been developed.

A new technique has been developed for cleaning the spectrum of emission objects fron
telluric lines of the earth's atmosphere. The technique was applied to the spectra of
Herbig Ae / Be starsAB Aur and HD 20073.

14.The energy distribution curves in the spectrum of about 90 T Tauri stars and related

objects were constructed. An analysis of thea¥( curves of young stars revealed only 5
types of Xray curves. The distinguished types expand the classification sdietreay
diffraction curves in young stars and can describe the evolutionary picture of the
circumstellar primary matter during the time when the object reaches to the MS.

83



15. According to the signs of SED curves, program stars are divided into differemisgrou
Only 5 of the following types of SED curves have been distinguished: 1) objects with
several broad maxima located in the near and far IR spectral regions. Similar curves
showed mainly IR radiation sources. There are only 9 in our list of such olfgcts;
objects with only one broad maximum in the SED curve. This peak can occasionally be
located in the optical part, but was mainly detected in the IR part of the spectruni at 1.25
1.62em. Our list contains 14 such objects; 3) objects with at least 2 maxitha SED
curves, and the second maximum is greater than the others. Most of these objects hav

the strongest maximum at .25, whi ch corresponds to a
4) objects are the same as type 3, with only one distinguishing feattne first

maxi mum is stronger than the others. Hi
Om, which correspond to temperatures of
maxi mum | ocated in the optical part of

very smooth curve of the SED. Most of these objects belong to Herbig Ae/Be stars.

16.A high degree of correlation between the obtained temperatures of the thermal radiation
of the circumstellar matter, determined by the excess radiation on-thg eurvesn
different parts of the spectrum, was found. The analysis showed that the most probable
temperature valuder the spectrum of excess radiation are 2500, 1500, aii@@&. A
high degree of correlation between the temperaturesand T (the first, hidest
temperatures corresponding to excess radiation by SED) can indicate that during the
condensation of the circumstellar envelope the heat sources formed in the circumstellal
environment of different stars appear to be collected masses that are depenttent
mass of the central star.

17.The comparison showed that most typical young-tigbe stars show a systematically
elevated temperature (T1), approximately 1000 K higher than the effective temperatures
of the stars (Teff) on the SED curve. Certain terapges of heat sources have
characteristic valuesmost often 1502500 K and 94150 K. This may be a
characteristic feature of circumstellar shells in young stars: when condensation occurs,
basically only objects of a certain mass and temperature aan for

18.1t was shown that for the DI Cep star, the equivalent widths of the hydrogen emission
lines have a direct correlation with the brightness of the star, and with increasing
brightness the emission spectrum is enhanced. For the first time, such a udiguasfa
observed that in this star simultaneously on the same spectrograms, weak emissiol
components were found on the emission wingsadd H shifted to the red and blue
parts of the spectrum Y100 km /sec, respectively.

19.1t was shown that the previoushjetected period of variation in the spectrum and
brightness, P = 9.24 days, most likely refers not to the surface of this star itself, but to the
upper, more slowly rotating parts of the
theory of magn®spheric accretion, the magnetic field intensity on the surface of the DI
Cep star was estimated to be in the range of G0 G.

20.The periodicity of the DI Cep star according to thevalues of brightness can be
revealed only by highlighting individual bservation seasons. The values of the
equivalent widths of the emission spectrum along the lines of hydrogen and of H and K
of Call are well correlated with the phases of the found period. According to various
authors, a shift in the initial epoch of pefio variations in the spectrum and brightness
of the star is observed, which can be explained by the instability of accretion from the
circumstellar disk. The value of the angle of inclination of the axis of rotation to the line
of sight is 27° 2 5.

21.A synchronous spectral and photometric observation of one of the classical of the T Tauri
type stars(CTTS), DI Cep, was performed. Variability of the equivalent widths and radial
velocities of individual components and profiles of the, Hb, D1, D2 Nal, ad Hel
5876 emission lines was detected. A positive correlation between the brightness and the
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22.

23.

equivalent width of the H and Hb hydrogen emission lines was detected with
confidenceThe star is suspected of duality.

Spectrograms with high spectral resmaotrevealed the fragmentation structure of the
shells of star type Ae/Be HerbigAB Aur and MWC 361.

For WTTS stars, a significant correlation was found for the first time between radiation
in the near UV and IR spectral regions. Classical T Tauri $tave practically no
dependence between the excess radiation in the near UV and IR spectral regions.

24.To search for protostellar or protoplanetary formations surrounded by young stars, a

25.

26.

27.

28.

29.

method was used to distinguish lepgriod components from the obsenVigiht curve. A
statistical spectral analysis of the annual average light curves of the selected stars wa
carried out, and synthetic light curves were constructed for each star from the most
reliable periods. The result obtained, to a first approximainoicates a good agreement
between the obtained synthetic curves and the initial light curves, which makes the
hypothesis that the systems of these stars have protostellar or protoplanetary formation
quite reliable. An analysis of the energy distribusionf the stars under study in the
region of 0.3620 em also led us to conclude that the observed anomalies in the infrared
part of the spectrum in young stars are most likely related to the thermal radiation of
unformed satellites in a circumstellar envineent.

Despite the fact that within eachy&ar cycle the brightness of the star T Tau varies with

an approximately constant amplitude -00.2 mag in the V band, the activity of the
emission spectrum of the star in this case shows an independent vdraatidsrightness
variations within such a cycle. An increase in the activity of the emission spectrum with
an increase in the total average brightness of the star is observed.

The level of variation in the total brightness T Tau does not coincide witleke of
variations in the equivalent emission widths. This indicates the existence of an additional
emission source in the spectral lines with a bright state of brightness. Such a source ma
be a hot spot formed as a result of disk accretion. A variatitime equivalent emission
widths from 2 to 5 times is observed, respectively, with a weak and bright state of the
total brightness of the star. This phenomenon can be called as a variation in the activity o
the emission spectrum.

From longterm spectrabbservations in the optical range of the T Tau star, a period of
variation in the equivalent widths of thébldnd H and K Call emission lines in the T Tau
spectrum with a period of 33 N 1.5 days
the UV rangeas well as polarization observations independently confirm the existence of
this period. The calculation showed that, apparently, the detected periodicity is the result
of rotation of an additional comshaped component with the disk, as a result of which
rotation of the active zone of the component in the disk results in modulation of the
equivalent widths of the emission lines.

A study of the ultraviolet spectrum from the IUE archive of the classic T Taur BRar

Tau. The spectral parameters of thermsgest emission lines were measured. The most
comprehensive array of measurements of the emission of the Mgll da2b&t0 0 |
confidently revealed a variation in the
days. Although the variability is cycll in two dense series of observations, the
frequency for many lines is not observed across the entire array of measurements. It i
shown that a group of emission lines is distinguished in which the line intensities show a
monotonic decrease over morerth years of observation.

It was shown that the absorption component of thklire in the star AB Aur has a
negative variable shift on different days, reaching u289 km/s. On August 17, 2009,

an additional emission peak was observed superimpostet asad wing of the line. This

peak is very unstable and with a characteristic time of 1 day can completely disappear. At
the same time, there is an increase in absorption on the red wing of the line. In the
spectrogram obtained every other day, August 289, a significant increase and
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expansion of the blue absorption is observed. In this case, the equivalent width of the
emission component of the line did not show significant fluctuations.

30.We also obtained profiles for thebHine, the structure of whitis a complete analogue
with the HJline. Such variations on the violet wing can be the result of frequent unsteady
release of matter and as a result of an increase in the concentration of luminous gas &
high speeds. Based on the results of this workag concluded that the main variability
in the atmosphere of AB Aur occurs in the lower layers of the shell, in nearby areas to the
surface of the star, where the outflow velocity reaches 300 km/s. Such variations have ¢
characteristic time scale of onayd

31.The analysis of the composite light curve of one of the classical stars of the T Tauri type
RY Tau is carried out. It is first shown that in the interval 22896 the brightness of the
star in band V is cyclical. Data analysis by the method of &eqy analysis Fourier
makes it possible to isolate a gvet1l"od
Statistical analysis of the brightness distribution showed that the brightness variability
cannot be described by a normal distribution. The coloucésdof UB and BV are
weakly dependent on the brightness variations of V. The amplitudes of the brightness
variation in individual bands were 3.66 mag in U (918713 mag), 3.10 mag in B (9.5
12.6 mag) and 2.29 mag in V (9-3%.64 mag) bands, respedatiy.

32.The brightness of the star RY Tau is completely unstable in any of the considered UBV
bands, and the relative number of identical states does not exceed even 10%. In additior
each of these brightness distributions for individual filters has an asyim@yegpearance,
which may be the result of n@andom processes.

33.According to the SED, the temperature of the main star of the RY Tau system was
deter mi ned, which turned out to be equa
spectral class GG2. The temperature of 90 K corresponds to the radiation of the dust
comporent of circumstellar matter. The second temperature, corresponding to 3000 K,
detected by an excess of radiation of abowtni, indicates that the system has an
additional radiation source.

Currently, under the supervision of N.Z. Ismayilov groupredearchers of young stars
continues research in the following areas:

1. The study of the spectrum in the optical range.

2. The study of the spectral energy distribution in the rangeD.660 O m.

3. Investigation of the UV spectrum from observations of IUE and kt3@llites.

4. Photometric activity, the search for periodic processes.

5. Spectral activity of HAeBe type stars

Thus, taking into account the above, it should be noted that in the field of research of objects
at an early stage of evolution, more than 400 sifiepapers were written in ShAO, the results
were reported at many international, regional and republican conferences. One scientific
monograph has been published. On the 2 m telescope, a total of more than 1000 spectrograr
were obtained, photometric sdérvations of individual objects were performed. In cooperation
with CrAO and the SAI, joint scientific work was carried out. On this topic, 10 Ph.D and 1
Science Doctoral thesis were defended.

If we compare the above scientific results on young stars twéhresults obtained so far
around the world, our studies have a certain weight in the field of studies of the spectral anc
photometric characteristics of individual stars over a long observation period. For young stars
this is of particular importancdgecause the same star often shows characteristics related to
different stars of the subgroup.

Below in general terms we list all the main results of observations that have been achieved s
far in world science in the field of research of T Tauri, HAeBesstiad related objects, where
the studies performed in ShAO by our scientists played a significant role.
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1. It was established that the spectra of young stars are variable, the spectrum in the optice
range has been studied. It was shown that the emissiomspeof individual stars varies
from 10 minutes to several days.

2. A two-dimensional spectral classification of individual stars was carried out and the
variability of the spectral class with time was studied.

3. Many young stars show periodic variations irrcpum and brightness. The periods can
be both short (several days) and ldaagn (510 years). It is shown that periods ei@
days can be the result of the axial rotation of the star in the presence of active formation:
on the surface. The lortgrm perodic or quasiperiodic variability of brightness and
spectrum in young stars can be the result of duality or multiplicity, as well as cyclic
activity of the 11year cycle of solar activity.

4. In a number of cases, a synchronous variation in the brightndsspantrum of young
stars was studied. It has been shown that for different stars, the dependence of th
equivalent widths of the emission lines on the brightness is ambiguous and can show bott
positive and negative correlations. In some cases, an indageratiability of brightness
and spectrum was established. This shows that the shell spectrum of young stars can &
excited due to the activity of the inner parts of the disk (for example, photospheric flares,
magnetic activity), and also external fact@ier example, accretion of matter from the
circumstellar disk, multiplicity systems).

5. The varieties of young stars are establish€d TS, WTTS, NTTS, fuors. More massive
related objects are allocated to a group of Herbig Ae/Be stars. The basic pragerties
these groups are established. The characteristics of young stars at different stages ¢
activity, as well as over the entire range of electromagnetic radiation, were studied. It was
shown that NTTS type stars possess the highaal xadiation, but tis radiation is
average for a given cluster of stars.

6. It is shown that duality and multiplicity is a very common event among young stars.
More than half of young stars have an optical or infrared component. Spectral and
eclipsing binary systems have bedscdvered in a number of cases by spectrum and
brightness. To date, only at 100 spectrally and eclipsing binary young systems are
known, many of which have more accurately estimated masses and orbital elements.

7. The photometric properties of many subgroups are established, and the photometric ligh
curves are classified. The classification of light curves proposed by Parenago in 1953 ha:
been improved. It is shown that there are only 5 varieties of light curves.

8. The energy distributions of young stars are classified according to the IR spectrum. This
classification was further improved. It is established that there is a relationship between
the shape of the energy distribution curves and the evolutionary stagehadlgects.

9. The magnetic fields of a group of young stars were measured. It is shown that the typical
magnitude of the magnetic field for T Tauri stars is about 1 kG. Herbig Ae/Be stars were
not found to have strong magnetic fields.

10.Some success has beachieved in interpreting the physical characteristics of young
stars. In particular, it was shown that the application of the magnetospheric accretion
model for classical CTTS stars with a strong circumstellar disk gives satisfactory results
for explainingUV and IR excess radiation, veiling the spectrum in the optical range, and
exciting emission lines with a high excitation potential. To explain the physical properties
of young stars of the WTTS type, magnetic activity models and models of cold spots on
the surface of the star are used.
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I ntroduction

The study of nisstationary stars is one of the main scientdicections of Shamakhy
Astrophysical Observatory (ShAO) named after N. Tusi of the Azerbaijan National Academy of
Sciences and these studies were started in the sixties of the last century. The first spectr
observations were carried out with the telesc#®T-452 of ShAO. Since 1966, the spectral
observations of stars were started -a 2elescope by using classical spectrographs. In 1999, the
Kude focus, and in 2005, the Cassegrain focus of the t2lescope, was equipped with an
echellespectrometer eqoped with modern higisensitiv light detectors CCD matrix [1, 2].
This allowed our astronomers to reach a qualitatively new level in the study of nonstationary
stars.

This paper is a historical overview concerning investigation of supergiaral; R&fyet

(WR) type stars, novae and some important scientific results obtained by the astronomers
ShAO during 60 years. Note that these studies were carried out in close collaboration with the
astronomers from Sternberg Astronomical Institute (SAMascow State University, Crimean
Astrophysical Observatory (KrAO), Special Astrophysical Observatory of the Russian Academy
of Sciences (SAO RAS); The Main (Pulkovo) Astronomical Observatory of the Russian
Academy of Sciences (MAO RAS), the Tartu Obsemyatd Estonia, the Ondrejov Observatory
of the Czech Republic.

1. The investigation of supergiant stars

No another region contains such a variety of stars as the upper part of the Hertzsprung
Russell diagram, where are located the stars of lhiginosity. Among these stars the WR type
and hot supergiants are more interesting. Supergiant and WR stars are-yd@hgears old)
population | stars of our Galaxy.

According to modern view, supergiants are more evolved stars. In the center oftéiese s
hydrogen has already burned out; the burning of helium and heavier elements has begun. It |
known that at the certain stage of evolutidnduring the transition from the main sequence
(MS) to giants and supergiants, almost complete mixing of mattars in stars. As a result of

this, the products of nuclear reactions occurring in the center of these stars can also appear ¢
their surface. Studies of the atmospheres of normal stars showed that their chemical compositic
IS not noticeably differentrébm the sun. It can be reasonable to assume that the observed
differences in the chemical composition of the atmospheres of supergiants and the Sun are dt
mainly to the appearance of nuclear reaction products on their surface. Therefore, the study c
anomalies in the chemical composition of the atmospheres of supergiants is important for the
clarifying their evolutionary features.

By the luminosity supergiants are separated into two group: supergiants of the lowes
luminosity (Ib) and supergiants a@he highest luminosity (lab, la, and la +). Their absolute
magnitudes and temperatures range fre8ft to -8", and from 32 000 K to 3 650 K
correspondingly. These stars are found in spectral subtypes from O8 to K2.

The spectra of supergiants mainly confaes of the following chemical elements: H, He, C, Na,
Mg, Si, Sc, Ti, V, Cr, Mn, Fe, La, Ce, Pr, etc.

In the extended atmospheres of supergiants we observe:

a) change of intensities and profiles of spectral lines;

93


mailto:janmamed@yahoo.com

b) large turbulent and radial velocitied the absorption and emission lines of various

elements;

¢) chemical composition anomalies.

Many observational features of the spectra of supergiants do not yet find a sufficient an
clear physical explanation. In particular, the lack of systematic obsarahtiata does not allow
us to reveal district pulsation of these stars.

At our observatory the chemical composition of selected supergiants was studied and the
physical parameters were determined, the spectral variability of the profiles of vspectsal
lines was revealed. A study of the radial velocity variations of thdime in the spectra of
supergiants allow revealing the structure and dynamics of the envelopes of these stars, as well
helps to the development of the theory of stellar radial and nonradial pulsations.

The study of supergiants in the ShAO was begub9®5 by Dr. S.K. Zeynalov, under the
supervision of Academician A.A. Boyarchuk (KrAO). Further investigations of these stars were
carried out in the works of A.M. Khalilov, E.B. Zverova, A.Kh. Rzayev, F.A. Musaev, A.R.
Hasanov and ets. Observation of ggpnt stars were carried out at various telescopes:nat 2
telescope of ShAO, at® telescope of BTA of SAO, at 218 telescope of KrAO.

According to the joint scientific research program between the SAO and ShAO, during 1980
1990 years the systematicsalovations of & s uper gi ants and fArunaw
in order to clarify the reason of the uninstability of their atmospheres. For some of these star:
long-period ¢ O % &nd shorperiod ( ~ 19 changes in radial velocities and diffeiiahtine
shifts were detected [3].

For Arunawayo stars: U Caenodvaiflions{8-8%2 890of an d
radial velocities were revealed, which are interpreted with theradial pulsations of their
at mospheres. F o r HDt 12323, fWith tam exeeasyob nitregera and a high z
coordinate, the presence of a lovass satellite is confirmed. Studies have shown that the star HD
12323 can be a massive close binary system (CBS) located at the stage of befpphXse of
evolution[4, 5].

The frequency spectrum analysis of long series of spectral observations (from 1976 to 198¢
showed that the radial velocity of white supergiants HD 21389 and HD 21291 could be related t
the pulsation of these stars9§ It was found that in thatmospheres of these stars there is a
stratification of radial velocity. Variation of parameters, i.e. valfethe period, amplitude and
average value of the radial velocity of the lines differ for different layers. All these parameters
increase fromite lower to the upper layers. However, they are constant for each layer over a long
time interval- from 1976 to 1988. [10].

By using the 240 echelle spectrograms obtained with the echelle spectrograph at Kude focu
of 2-m telescope of ShAO during 19280 years, the radial velocity and profile of thé) khe
in the spectrum of th&) Cyg star were studied. The investigations [11, 12] showed that the
pattern of radial velocity variability is due to nonradial pulsations and differs for the blue and red
partsof the absorption profile. For both blue and red parts of the absorption profile, the vibration
parameters differ for different levels of residual intensity. For the red half of the absorption
profile, the amplitude and period increase from the core tsvie wing of the line, and for the
blue half we observe the opposite, i.e. decrease. On the blue half of the absorption profile, thi
additional absorption details are observed. The appearance and disappearance of addition
absorption details, as well #seir minor migrations, are interpreted by the ragged structure of
the star's envelope. The similarity in the nature of the radial velocity variability of the absorption
and emission components indicates that the variability of the latter is also deartdial
pulsations. Therefore, the variability of the stellar wind could be partially due toadad
pulsations of the underlying atmosphere.

By using the spectrograms obtained with thm 2elescope of ShAO, the variability of the

HU | i ne hemspedtrum of star 80 Her (F2 Ibe), higlitude supergiant, were studied.
I nvestigations have shown that the HU abso
the stards atmosphere, c -shiftadi centpsnents.f Onemissen t v

component is constantly observed on the red wing of linglB]. It was found that the radial
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velocity of the absorption component, the equivalent width of the absorption and emission
components of the ddine profile and the brightness of stéd Bler change synchronously with

the period 0f~283 days [14, 15]. These studies revealed that the vafubg equivalent width

of the spectral lines of metals observed in the spectrum of the 89 Her star also change with time
It was received that dumgnthe period 1952005 years in the spectrum of 89 Her star, the shift of
the emission component §J and the first component of 7|, absorption of the tine (|V12?),

occurs synchronously. The correlation between variationsegfavid (M) of line Hy were
observed. It was supposed that these changes takes place with the common mechanism.

By using spectrograms obtained with thenZelescope of ShAO, as well as by analyzing
the published works of other authors during the period P985 yearsh e c hange t he
profile into a P Cyg type profile, a change in the number of absorption components from one tc
three, and also the presence of a gradient in the radial velocity of the absorption component c
the HU | ine in t hereveaed dhesudden repeate MasHess of thig stae
over the last fifty years have been revealed, which is very consistent with the hypothesis abou
the binary nature of the star 89 Her [16, 17].

The analysis of the chemical composition of supergiams ssaone of the most important
research directions of ShAO. After the seventies of the last century, rapid development took
place in the field of modeling stellar atmospheres. In the field of studying the chemical
composition of stars underwent the grdduansition from the method known as growth curves
to a new, more exact method, the method of atmospheric models. In ShAO, the transition to
method of atmospheric models began in the middle of eighties. Currently the high dispersion
spectra of many popation | supergiant stars of our galaxy have been studied by using the
method of atmospheric model.

Together with astronomers of the CrAO (academician A.A. Boyarchuk, Dr. L.S. Lyubimkov
and Dr. I.S. Savanov), a number of research were carried out totkseudigemical composition
of some supergiants, and UU Her type stars by using atmospheric models. On the basis ¢
homogeneous, highuality spectrograms obtained with the Kude spectrographnot@escope
of ShAO and the 2:n telescope of KrAO, the atmdsgric parameters and chemical
composition of stat) Lyr (A0 V) and2 Gem (A0 IV) were determined [18, 19] . It has been
established that anomalies in the chemical composition of these stars caused by the differer
mechanism.

For the statJLyr, by usingte Kur ucds at mospheres moudel s
= 9650($, Ig g = 3.9 and the value of the micro turbulent velogity (2. ONO. 5) Kk
content of 14 chemical elements was determined. It was revealed that the content of silicon
calcium, gandium, and iron is reduced in relation to solar values and possible lack of nickel and
barium. It was not possible to detect the lines of-eamth elements in the spectrumlbiyr is
assumed to be a moderat® 00 type star. By using the results obéwtionary calculations, the
authors found the values relative mass MIM = 2. 35 N 0 .s3@®.9, as well asu s
relative luminosity L/ = 66 and age t°8years fordthe GtatNLyr.. Thekd T 1 0
parameters within the error agree very well with the data obtained from the measurements o
parallax, angular diameter, and absolute energy distribution [18].

As a result of studying the atmospheele o
method [18], the following atmospheric parameters were fousd:= ( 930 GNigg0) U
=3.40N0. 15 and mi ar=o( 2t N THe rdrkemy &f 2@ chéenticyl
el ements was deter mined. It was r exhemitaled
composition similar to metallic Am stars,
increase the chemical composition anomaly with increasing atomic weight. However, the excess
of chemical elements increases with the increase in atemght more moderate than that of a
typical metallic star 68 Tau. Its evolutionary status and moderate metallicity can lead us to the
following alternativeit he st ar o9 Gem is either massive
metallicity effect, or thetar with the shorter time chemical anomalies.

By using the results of evolutionary calculations, we found the mass ratie M/B1. 5 NO . 3
radusRIR = 6. 2N1. 4, sE@®ioMN@silOy abh/dL agtot thd 29¢(

m
9
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Gem. Within the error, thesparameters are in good agreement with the data obtained by
measuring parallax, angular diameter, and absolute energy distribution.

By using of spectra obtained at the Kude focus of tme @lescope of ShAO with the
spectr al resol utpersiomof®f2 0U/3mm, atnhde as pdeicst r a
stars were studied. About 400 absorption 1|
6900 UU, equi ¥andcemral depthsdRofithese epécttral lines were determined
[20 - 22].

The parameters of the atmosphere and the
were determined [21]: effective temperatweg =7200(g and micro turbulent velocitg: = 4.5
km/ s. The content of 22 chemical rmmédamiearet s
compared with the solar content. The content of carbon, silicon, manganese and iron is slightly
less than the sun. A significant deficit is obtained for calcium and barium (about six times). The
content of heavy elements may be reducediveldd the solar. It was found that the sodium
content is higher than that of the Sun. The sulfur content in the atmosphere of the star unde
study is three times higher than in the sun.

By using echele spectrograms aed, btalse dgioa
Her was studied [23]. About 200 lines were identified in the wavelength tdng&606600
ii, and t he e qgdofthadpectmllinesywede tdétesminedNThe following values
were obtained for the stellar atmosphere paramsieTer = 5900° 200($, Ig g = 1.9 0.2, and
micro turbulent velocitya: = 4.5 km/s for the Fe | lines. The content of 10 chemical elements
was determined. It was revealed that the content of Mg, Ca, Sc, Ti, Cr, Mn, Fe, and Ni was
decreased on averagedpy g U - Q.@deX relative to the solar.

In [24], by using the metid of atmospheric models, the effective temperature, the
acceleration of gravity, the micro turbulent velocity, and the chemical composition of the
atmosphere of the high latitude supergiant 89 Her were determined. The following values were
obtained: Tr= (63003, NI O5@) = 30=75knMs. 0. 2 and

The content of 23 chemical elements in the atmosphere of the star 89 Her was determined.
was found that the chemical composition of this star is different from the sun. The deficit of
carbon,magnesium, calcium, scandium, titanium and a number of heavy elements have beel
revealed. An excess of sodium was revealed. The contents of Ca, Sc, Mn, Fe, Co, Zr, Ba, La, C
Nd, Sm, and Gd ar e r educ-2@deorelative Weat ealyes. Thiyy @
star has a chemical composition different from the chemical composition of normal massive
supergiants of | type of population.

It is known that the existence of bright supergiants at high distances from the galactic plane
does not yet have generally accepted explanation. According to modern view, by their
luminosity, these objects must be very young and massive, on the other hand, young and massi
stars are located near the galactic plane. From this point of view, a comparative stoey of t
supergiant 89 Her and other F supergiants is of great interest.

The evolutionary status of the high latitude supergiant 89 Her is discussed in [25]. Here,
attention is drawn to the fact that among F supergiants located at different distances from the
plane of our Galaxy, highatitude supergiants occupy a special position. Despite the fact that
more than 50 years have passed since the discovery, the evolutionary statuslatitidbgh
supergiants remains unclear. According to the location on the GRantiagf is difficult to
belong these stars to | type of population. Several hypotheses have been proposed to explain t
evolutionary status of higlatitude supergiants. For example these stars could be 1) young,
massive stars that have recently formedanfnescapedo a | arge di st a
2) old, lowrmass stars, which at the end of evolution achieve high luminosity; 3) the result of the
evolution of a binary star.

To clarify the evolutionary status of the high latitude supergiant 89 digryesults are
compared [25], with the results obtained for other F supergi@r@sg,UUmi, 20 Cyg and; Cas)

[26, 27] located at low distances from the galactic plane. The comparison show that the conten
of chemical elements in 89 Her decreases oerame with an increase in atomic weight
compared with the aforementioned F supergiants. However, the carbon content shows ar
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increased average value of 0.15 dex. There is a deficit oEeatle elements in the atmosphere

of star 89 Her compared to the aispheres of other F supergiants. Anomaly chemical
composition of star 89 Her star relative to the Sun and other F supergiants once again proves th.
this star differs from normal massive supergiants of | type of population.

It is assumed that higlatitude F-supergiants of small mass are at the stage of withdrawal
from the asymptotic branch of giants, and they do not belong to the young population of the
galactic disk.

The determination of the microturbulent velocity in the atmospheres of supergiants is of
interest to verify the accuracy of the calculations of the theory of acoustic waves. For example,
Edmunds calculations predict that in the atmospheres of yellow supergiants, the rms amplitude
of the vibrational velocity ¥, which is considered as an analofgthe usual microturbulent
velocity 3, determined from observations, increases rapidly with height, and in the highest layers
it can reach supersonic speed. It is important to verify the agreement between the predictions c
the theory and the microturlamt velocity determined from the observations.

In works [2831], together with Dr. L.S. Lyubimkov, the method of atmospheric models
was used to determine the effective temperature, acceleration of gravity, microturbulent velocity
and chemical compositiaof the atmospheres of F and A supergiants.

By using modern valuesf the oscillator strengths, the microturbulence in the atmospheres
of F supergiants, ol ICy,g ) FBad b()F8 Ul aMi, (&r8d
forthe Fellines,ah f or the | ines Fe 11, Ti 1 i n t he
la). It was shown that there is a strong dependence of the microturbulent vejamitythe
observed equivalent width, indicating a rapid increasa wmith heigh in the atmosphere. The
distributionsax( U) are pl otted. It was found that i
are supersoniggv al ues, whil e for other superdganatnt s
exceed the velocity cfound.

The obtained distributions (J are in qualitative agreement with the predictions of the
theory of acoustic waves. The conclusions of academician A.A. Boyarchuk and Dr.L.S.
Lyubimkov are confirmed that, in the atmospheres of F supergiants, éseoliri-e I, Ti Il and
Cr Il'ions produce a higher microturbulence velocity than lines Fe I.

In [28i31], the atmospheric temperature method was used to determine the effective
temperature & and gravity acceleration g of the stai$€o,d Sco,li CMa andUCyg. By using
relatively weak lines, the chemical composition of these stars was determined. The metal conter
in the atmospheres of the investigated supergiants was on average close to the solar; some cark
deficiency found. An excess of sodium [Ngd#E@6 was detected in the atmosphered@co,
and an excess of nitrogen [N / Fe] = 1.3 in the atmosph&’€yiy. By comparing & and log g
with the results of evolutionary calculations, we estimated the masses, radii, luminosities, anc
age of star$fSco,d Sco,ii CMa andUCyg.

It seems relevant to study the supergiants in binary systems. When real binary stars do nc
manifest themselves either as visually binary stars or as spectrally binary stars and, therefore
when analyzing the chemical compasit they are interpreted as single stars. Such an
interpretation can lead to errors in the determined content of chemical elements and even t
fictitious anomalies of the chemical composition.

In [29, 30], a new method was developed for studying binastesys such as Sgr andg
Car stars. The spectrum of " Sgr , as a sin
gravity acceleration were found, microturbulence was studied, and the chemical composition wa:
determined. The metal content showegeaeral deficit, and especially low Ca and Sc contents
were obtained. For a detailed analysis of
binary system, a new method was applied [29, 30] and the fundamental parameters and chemic
composition offhe components of this system were determined. A and B components themselves
have a chemical content close to nor mal. Es
the orbital period in this binary system are obtained. It was shown that timatsepaf the lines
of components A and B in the total spectrum, if it is detectable in separate phases, should nc
exceed 0.4 . The observed spectroscopic an
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total radiation of both components. Unlike Sgr , g Car iI's only a g
binary system. A new method is applied in this case. The fundamental parameters of the
components of the g Car binary system are
obtained from the ion lines @ from the Fe | lines. The content of chemical elements was
determined from relatively weak lines and determined value on average is close to the solar [28
31].

One of the directions of investigation is study of close binary stars (CBS) at differerst stage
of evolution. By analyzing of echellgpectrograms of a WR type star WR 136, obtained at the
Cassegrain focus of-2 telescope ShAO, revealed the asymmetry of the interstellar lines Nal
5890 and Nal 5896 in the spectrum of this star. The revealed asgymmaet explained by the
contribution of nebula NGC 6888 surrounding the star WR 136 to the formation of these lines
[32].

The spectrally binary star HD206267 (HR 8281, O6.5V + O9V, V = 5.6) was one of the
CBS belonging to our research program at varistagjes of evolution. By using echelle
spectrograms of this star obtained anZelescope the following spectral properties have been
revealed [3338]:

1. A stable weak emission was detected in the violet wing dfitHme;

2. The Discrete Absorption ComponentDAC) lines in the core of theaH line were
revealed. Note that the DAC lines are usually observed in the UV spectra of hot stars.
Only in a few stars, DAC |ines were fou
the HU | ine i nstat HD206867 ware firstravealed by ush e

3. According to our studies, no spectral feature was found (for example, strong emission)
according to which this star can be identified with thea}{ source Cep>4;

4. The asymmetry of the 4and H lines and thevariation these asymmetries over the time
(approximately one hour) were revealed. It was revealed that whenathéneél is
asymmetric on the violet side, the Hine is asymmetric on the red side and vice versa;

5. In those cases where there is no discabtsorption component, the, Hine width does
not change with time, however, thea khe widths undergo significant changes, there is
no correlation between changes in theaHd H lines widths;

6. In cases where the DAC lines are observed, a signifiandbility of both lines (H
and H) is detected, the widths of both lines change almost synchronously;

7. In both cases (when DAC lines are observed or not), the largest changes in the width o
the HU and HbD | ines are of6.8009%ik. oathe r e
wings of lines;

8. The radial velocity curve of main component was plotted. The radial velocities of the
main component varies from approximately +80 km/slt® km/s for the lines &and
Hb, from +60 km/s ta100 km/s for the line Bl 5411 and from +30 km/s td0 km/s
for the line Hel 5875.618. The amplitude of changes in radial velocities of the main
component does not differ very much for the &hd H, Hell 5411 lines, however, a
significantly smaller amplitude is obtained tbe line Hel 5875 line. This observational
fact can be interpreted by the formation of various lines in different regions of the
envelope surrounding the main star;

9.The radi al velocity and the equivalent
equivdent width of the i and Hel lines 5875.618 does not depend on the phase of the
orbital period, the radial velocity and the equivalent width of the Hell line 5411.52
changes synchronously.

The appearance of discrete absorption components and theicedmpla was explained

by the appearance and motion of a dense formation (clump) in the shell of the star HD 20626’
[33i 38].
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Note that the photometric observations of the star HD 206267 have not yet been carriec
out. Carrying out these observations is nemgs$o determine the orbital parameters of this
binary system.

A spectral study of the star LZ Cep = HD 209481 = 14 Cep (09 Il + ON9.7V, V = 5.54),
an eclipsingpinary (haltdivided) system with a 3.070507 day period, in the spectrum of which
the lines ofboth components are visible, is carried out. As a result of these studies, the following
main results were obtained for the star LZ Cep [39]:

1. The a line profile is strongly distorted: the core of this line consists of the red and
strongly distorted violet parts;

2. By analyzing the echelle spectrograms obtained during one night near thd ph@<0
we studied the variability of the line parametetsvas shown that the equivalent width
of this line does not show rapid variability. Despite the fact that the radial velocity,
determined at the halfidth level, varies in a chaotic manner, the radial velocity,
determined from the red component of ling Bletter reflects the orbital motion;

3. In the radial velocity curve near the phdse 0.25 (when the lownass component is
between us and the massive component), a jump (the rapid variation of radial velocity) is
detected;

4. In the star spectrum, at certgaghases, the profile of the Hel 5875 line doubles, and with a
phase nealr = 0.00 the secondary component of this line appears in the violet side of the
Hel 5875 line, and with a phase ndar 0.00 the secondary component of this line
appears in the reddg. In the remaining phases, the profiles of this line are strongly
distorted by the presence of a secondary component;

5. The profile of the ling » does not double, however, at certain phases, a component is
detected at the Hine, moreover, at a phaseané = 0.00 the secondary component of
this line appears on the violet side of ljng and at a phase nefar 0.50 the secondary
component of this line appears in red side. In the remaining phases, the profiles of this
line are strongly distorted by the presence of a secondary component.

The spectral study of the mysterious close binaryfstar (HD 174638, HR 7106), which
is a bright Vmax = 3.4, BV = 0M.0) semidivided eclipsing closely binary system with an
orbital period of® =12'.943296days [40] have been carried out. According to modern view, the
close binary stab Lyr consists of a bright giant (B8 1), the main component and a secondary
(invisible) component surrounded by a thick accretion disk. One of the interesting features of this
star is the fact that the main component has less @a&&Ms ) than the secatary (~ 13Ms ).

This fact is explained by the fact that the main component is intensively losing mass. The rate o
mass loss for the main component2s0  ® Mgl p@r year.

As a result of these studies for the §tdauyr, the following main results were obtained [40]:

1. By measuring the radial velocities of the Sill 6347, Sill 6371, and Mg Il 4481 lines, the
radial velocity curves of the main component were constructed. Using these radial
velocity curves, the orbitgderiod of the stab Lyr for the our observation period (2016
year) was determined to be 12.941428 days. It is known that due to the strong loss o
mass, the value of the orbital period of this star increases1®gec, every year. The
value of the orltal period of the stab Lyr that we have determined for the our
observation is important for the study of this star in the future;

2. Depending on the phase of the orbital period, the ratio of the central intensities of the
violet and red components of thk and Hel 6678 lines revealed a maximum at phases
approximately 0.30 and 0.86. These maxima coincide with the phases of the magnetic
poles in the proposed Skulsky model for the btayr [41]. Consequently, our studies
confirm the reality of the physicaladel of this star proposed by Skulsky [41].

3. The radial velocity of the-8omponent of line KHfrom the phase of the orbital period
varies approximately synchronously with the variations of radial velocity curve of the
main component with a small ampiite. In works [42, 43] reported recently spectral,
photometric, polarimetric, etc. observational facts concerning to the Ré&yit stars.
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Spectral studies of some supergiaritsCas, HD161796, 89 Her, etc.) were performed [44
57]. By analyzing echeadl spectrograms of star Cas obtained at-th telescope of ShAO,
determined the physical parameters and chemical composition of thisTgtar7 300 N2 00
| gg=0. 2[&N45]. By using the Fel lines, the value of microturbulent velocity was
determined ast = 14 km/s. The content of 22 chemical elements have been determined. The
resulting chemical composition is compared with the chemical composition of the Swas It w
revealed that the content of chemical elements Mg, S, Sc, Ti, V, Cr, Ni, Y, Zr, Ba, La, Ce, Pris
closer to the solar one, the content of Na is higher, and the content of chemical elements C, S
Ca, Fe, Mn is less than solar [45, 46].
By the comparisorof the profiles of thg g absorption line in the spectrum of the star
HD161796 obtained at therf telescope of ShAO during 20@010 years and published before
1980 year scientific results, the following features were found [46]:
1. All measured parametersf linesy ¢, 1 s and D2 Nal in the spectrum of star
HD161796 show variability with the characteristic time several months or less;

2. It was found that the radial velocity of lipey, as well as the equivalent widths of line
HU | ine and t he (Naldb89D)usnvaridbie uThdse variatlors noccur
synchronously with the variations of V light curve, with the perioBo62 days [48];

3. The variations of radial velocity of line sodium doublet (Nal 5890) are in antiphase
with the variations of V |ight curve a
the equivalent widthsqfgand sodi um doubl et (Nal a&58!

4. It was assumed that the variations could be due to the presence of the circumstellar

shell, as well as pulsation of the star.

Note that the antiphase variationf t he radi al velocities of
( Nal 5890) were r eveal edpergignt RVh-867, boeatechimthes o
Large Magellanic Cloud.

By analyzing echelle spectrograms obtained @ 2elescope of ShAO, the physical
parameters of the star HD161796 (F3Ib) have been deterniliaed: 65502 00 sg= | og
0.75N0.2 [49]. By using the lines Fel, Fell, Till, VII, and Crll, the microturbulent velocities
were determined =6.0 km/sedFel), 3t =6.5 km/s(Fell), 3t = 5.5 m/s(Till), 3t =6.0km/s (VII)
and 3&x =6.0 km/s(Crll). The content of 25 chemical elements in #Hieosphere of the star
HD161796 was determined. The content of chemical elements is compared with the sola
chemical composition. It was revealed that the content of the chemical elements Ca, Sc, Mn, Zr
Y, Zr, Ba, and Sm in the atmosphere of the star 096 is significantly underestimated in
comparison with the solar one.

By analyzing echelle spectrograms obtained -at flescope of the 89 Her star during
19752017 years the variability of the Nal D lines in the spectrum of this star was studieft [50].
was revealed that along with the revealed stesrh changes for this star, there are loegn
variations. The radial velocities of the lines Nal D vary with an approximately 5,000 day period.
The orbital parameters of this star were determined fdirgtd¢ime.

A spectral study of the supergiant HD 208501 was carried out and some interesting
scientific results were obtained [51}. Was revealed that, depending on the activity of the
atmosphere, the profiles of lify could be:

1. Fully absorptiomprofile;

2. Normal P Cyg profile;

3. Inverse P Cyg profile;

4. Weak emission component in both wings and absorption between them;

5. The intensity of the emission components is attenuated to the level of the continuous

spectrum.
It was found out that the radial veltes and equivalent widths of linesyldnd Nal D
varies with a characteristic time of one week or even less. It was believed that these changes c
be due to pulsation and processes occurring in the circumstellar envelope.
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The determined value of log = 4.0 for the star HR 8718 (F5II) indicates that the
luminosity class of this star is IV, and not Il as indicated in star catalogs. Therefore, the star HR
8718 (F511) bel ongs to the | uminosity <I| as
spectralc | asso is plotted for al | stars bel ong
atmospheric models is used to determine the physical parameters of supergiants.

It was revealed that the microturbulent velocity in the atmospheres of stars depengls on th
acceleration of gravity: in stars with dense atmospheres, the value of microturbulent velocity is
less. The determination of the chemical composition showed that for the supergiants located o
the galactic plane, metallicity is closer to solar. This f@as$ interpreted by the fact that these
stars and the Sun were formed in an interstellar medium with the same chemical composition
Note that the Sun belongs to the Il type of population, i.e. the medium in which the Sun was
formed was enriched with heawhemical elements. These heavy chemical elements were
synthesized in stars of the previous generation. Consequently, the stars located in the galact
plane belong to the Il type of population, like the Sun.

It was revealed that in the atmospheres oftgiand supergiants of spectral class A, F, the
carbon content is less and sodium is greater than solar. This result is consistent with the
conclusions of the modern theory of star evolution.

It was found that the metallicity of high latitude F stars,stars located at high distances
from the galactic plane are smaller than solar. It is assumed that these stars are in phase after 1
asymptotic branch of giants (after AGB). The metal content in the atmospheres of these stars we
originally normal (close to the solar). Due to the fact that the atoms of the iron group
participated in the formation of dust particles, the amount of these chemical elements decrease:
So, F supergiants located at high distances from the galactic plane are young objemtséaht f
in the galactic plane and then moved away from this plane T3H.physical parameters and
chemical composition of some supergiants were determiné@1p4

Spectral study of the star HD21389 (AOla) was carried out and the following results were
obtained:

1. The profile of line H in the spectrum of the star HD 21389 is quite complex. In the
active phase of the stardés at mosphere, t
appearance and disappearance of emission lines in the red and wigebWine H were
revealed. All parameters of lineaMaries with the time. It is assumed that these changes
can be associated with the variability o
and pulsation instability;

2. The appearance and disappance of asymmetry of profile NalD line, and also
simultaneously appearance the inverse P Cyg profile of linecdn be caused by
macroscopic radial motions in the atmosphere of this star and irregular pulsation;

3. Studies have shown that the radial véloof line Fell varies with the time. However,
this change does not occur with the 7.7 day period found by other authors earlier.

Spectral studies of the bright supergiant HD 199478 were carried out and the following
results were obtained [61]:

1. The parameters of the absorption lines show quasiperiodic variations sintilaand H
line variations. These variations occur within approximatelyl@0 days. In various
observational seasons, the radial velocities of the absorption lines vary Wik
km/sec;

2. The greatest variations are found for the Hel and Na D lines. The Si Il and Ca Il lines
show almost no variability and the radial velocity of these lines is equal to the velocity of
the stards -t2kmisec);s of mass (

3. In different obsevational seasons, equivalent widths and radial velocities vary
synchronously, but the nature of these changes is not the same in different observatione
seasons.

4. In 2011 year, when the smlled high velocity absorption (HVA) effect was detected, the
dynamic characteristics of the absorption lines showed compression and an increase ir
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equivalent widths was detected at that time. Only Call lines showed expansion. This fact
is interpreted as the fact that the effect of pulsations in the lines formed ireuwliffe
regions of the shell is not the same;

5. In 2014 year, the maximum radial velocity of the line turned out to be equal to 85 km/s,
for the absorption lines the average radial velocity was equ&l2p-((-15) km/s. These
variations occurred within 26 gs.

2. Invest égat éoRayedtype dtanse Wo | f

In 1867, astronomers of the Paris Observatory Wolf C.L.E. and Rayet C. for the first time, in
the constellation Cygnus, observed three stars with strong and wide emission lines: HD191765
WR 134, HD19210% WR 135, HD 192641 = WR 137 [62]. After that, stars with such features
were named WolRayet (WR) stars in honor of their discoverers.

The study of these stars is associated with the following global problems of modern
astrophysics:

1. the evolution of masge single stars and close binary stars (CBS);

2. the formation of neutron stars and black holes, because WR stars are potential progenitor
of neutron stars and black holes, the study of which is the central problem of modern
science about the Universe;

3. geneation of the cosmic gammray bursts;

4. evolution of galaxies, because intensively losing their mass, WR stars enrich galaxies
with heavy elements, which plays an important role in the formation of the next generation
of stars.

The stars actively losing their mass (even temporarily) showli¥éRspectra: novae after

some time of outburst, P Cyg stars, symbiotic sfafstars, etcWR stars are radically different

from ordinary stars of the Sun type in that their radiation irsgion lines of helium, nitrogen,
carbon and oxygen is comparable to the radiation emitted in the continuous spectrum. Ir
addition, WR stars also differ from stars of the Sun type in chemical composition: they mainly
consist of helium and contain very lgthydrogen, the proportion of which in ordinary stars
reaches-75% by mass.

According to the VII catalog of the Galactic WR stars [63] of | type of population, 226 stars

of this type have been discovered in our Galaxy. The theoretically expected rafrierstars

in our Galaxy is ~19 WR stars are also discovered in other galaxies. There are 134 known WR
stars in the Large Magellanic Cloud (LMC) [64], 11 in the Small Magellanic Cloud (SMC) [65],
in M33, M31 [6668] and about 10 in the Andromeda gal§&9]. The presence of WR stars in
other galaxies was revealed. In addition, a special type of galaxies was identified as WR
galaxies, which mainly consist of WR type stars [Fdpblems and topical issues of the study of
WR stars were widely discussed rieviews [7173]. Several International Symposiums were
dedicated to the investigation of these starsq@y

Here we consider only massive WR stars of | type of population of our Galaxy, which are

concentrated to the Galactic plane. It should be noteddhamass hot stars of the Il type of
population of our Galaxy, the nuclei of planetary nebulae, also possess the characteristics of WI
stars [78, 79]. To distinguish WR stars of | type of population from the nuclei of planetary
nebulae, the latter are mied as [WR]. Note that | type of population WR stars are more
massive and bright than [WR] stars. In addition, the | population WR type stars are younger
(average age about®gears) compared to [WR] stars.

Currently, the following main observationadopertiesof | type population WR stars have

been revealed:

1. The spectra of these stars consists of bright and wide emission lines of nitrogen, carbon

oxygen and helium at different stages of ionization (N NV, C II - CIV, OIV-OVI,
Hel, Hell).



2. The widhs of the emission linesreachtoc5B0 0 U, and the intensi
lines are sometimes 12D times higher than the intensities of neighboring continuous
spectrum.

3. The peculiarity of the spectra of WR stars is explained by the presemcé ahfic or e 0
an extending envelope at speeds-b®00-3000 m/s, in which emission lines of various
ions are formed.

4. The most interesting fact is the simultaneous presence in their spectra a relatively low
temperature continuum and lines of atoms and vaitts high (up to 160 eV) ionization
potentials.

5. The main observational feature of WR stars is the simultaneous existence in the spectrun
of lines with very different excitation potentials and ions with very different ionization
potentials (16160 eV). Thisobservational fact could be explained by the presence strong
temperature stratification in the envelopes of these stars.

6. According to the ratios of intensities of the selected lines of nitrogen, carbon and oxygen
ions at different stages of ionization W8Rars are divided into three types: nitrogen
(WN), carbon (WC) and oxygen (WO). The spectra of WN stars mainly contain nitrogen
lines, the spectra of WC stars contain mainly carbon lines, and the spectra of WO stars
contain oxygen and carbon lines. Thectpeof all types of WR stars contain helium and
hydrogen lines, but the hydrogen lines are weak, the hydrogen atoms in the shells of thes
stars are several times smaller than the helium atoms, and in some subtypes of stars W
hydrogen is absent. For coanson, we indicate that there is about 10 times more
hydrogen on the Sun than helium.

7. According to [80] the average mass of WR stars is abofit20although most WR stars
i n WR + OB systems hsaanckthermass sagoof the coompoaents o
(g = Mwr/Mop) lies in the range 0-3. According to [81], the mass of the star WR 22 is
about 55[ ¢ . The star WR 20a has a record mass of 83[82]. The masses of WC
stars are on average no less than the masses of WN star, although statistics are st
insufficient for reliable conclusions. The masses of WR stars determined from binary
stars are in the range from G to 83f s .

8. Spectroscopic data indicate that a powerful outflow of matter occurs from WR stars. The
widths of the emission lines correspotadthe flow velocities of 1068000 m/s which
exceeds the parabolic speed, i.e., the star loses matter. Some emission lines have viol
absorption components, which is in favor of a model of the radial outflow of matter. The
averag% mass loss rate of WHrs, found from the analysis of spectroscopic data, is M
0.3>A 10

9. The most reliable information about the masses, radii, temperatures, and bolometric
luminosities of WR stars is obtained from an analysis of the emission of eclipsing binary
systems dr which the radiation of an extended atmosphere can be separated from the
radiation of the actual star ("core”™) WR and for which the results obtained are
independent of the interstellar absorption. Currently, five eclipsing WR + O systems have
been discoered: V444 Cyg, CX Cep, CV Ser, CQ Cep, WR 22.

10.In the Hertzsprundrussell diagram, WR stars lie in the region between the main
sequence and the sequence of homogeneous helium stars. This indicates that the W
stars are at a late stage of stellar evolutiod have already passed the stage in which
hydrogen fAburned outo.

11.The average height z for stars WR above the galactic plane is ~ 85 pc. Being absolutely
young objects (average age abotft yéars), they are at the final stage of their evolution,
at the sage of exhaustion of nuclear energy reserves, after which the star should collapse
to form a relativistic object (neutron star or black holes depending on the initial mass).

12.The population | WR stars are hot stars of very high luminosity:10° - 10° Ls . The
absolute magnitudes of WR stars are in the range fretfi to - 7™.

13. According to modern view, the | type of population WR stars of our Galaxy are naked
hot helium nuclei of initially massive O stars that have lost their powerful hydrogen
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shells eitler due to the flow of matter in CBS system or as a result of intense mass loss as
stellar wind. At the end of their evolution, WR type stars explode as type | b/c
supernovae (in their spectra there are no hydrogen lines, but only kidiamd carbon

Ic lines) and form neutron stars or black holes.

1.1.The first stage of the study of WR stars in the ShAO

The study of WR stars in ShAO can be divided into two stages. The first stage of researct
was performed during 1962005 years. At this stage of investigation, a photographic plate or
photo electronic amplifiers was used as a lighiz j [z ffAfter¢2005, atthe second stage,
spectral and photometric observations were carried out by using modern high sensitive light
detectors CCD matrices.

The first studies of WR type stars in ShAO carried out by using classical light detectors by
Dr.A.Huseynzade [885] in the seventies of the last century under the supervision of
Dr.Nikonov. He studied the possible variability of the parameters (equivalent widthwyit#if
etc.) of the Hell4686 and Hell5411 emission lines in the spectra of WR type stars, V 444 Cyqg,
and CQCep. The variability of the parameters of the above mentioned emission lines were
revealed, both during the night and from night to night. The equivalent width of emission line
Hell4686 in the spectra of V 444 Cyg and CQ Cep stars changed 2.1 and $,9e¢spectively.

From these investigations made a conclusion concerning on the variability of the shells and ga
outflow in binary systems V 444 Cyg and CQ Cep. To explain the variations revealed during the
night, the presence of ejection of matter fromsth stars was assumed. It was concluded that the
outflow of matter from these stars is unsteady. This result for the stars V 444 Cyg and CQ Cey
were obtained for the first time and was very important for the construction of physical models
of these stardDr.A.Huseynzade also performed photometric observations of V 444 Cyg and CQ
Cepstars in the international photometric system UBV. Unusual variations of brightness of the
star V 444 Cyg were revealed both during the night and from night to nightsigindécant
variations were found in the width of the minima of the light curve. Similar brightness variations
were also revealed for the star CQ Cep.

According to that time generally accepted model, it was believed that WR stars consist of a
hot core withan outflowing shell. However, based on the newly obtained observational facts,
Dr.A.Huseynzade proposed the following model for the WR type stars: a hot active core, from
which takes place frequent ejections of matter, but not all ejections occur tta cate. This
model was confirmed by numerous subsequent observations by other astronomers.

The study of WR stars by classical methods was continued by Dr. V.B.Baba&9][B6the
seventies of the last century. In the works of Dr.M.B.Babaewdh&l spectral variability of
some emission lines (NIl 4640, Hell 4686, ClIll 5696, etc.) in spectra of WR type stars, HD
16523, HD 186943, HD 192103, HD 192163, HD 191765 was revealed. It was concluded that
shortterm spectral variability is charactertstor the WR type stars.

The study of WR stars by classical methods was continued by Dr.J.N.Rustamov in the
eighties of the last century [2AD0]. The WR stars in the spectra of which the emission doublet
OVI 3811, 3834 is present have been ingzdd. These stars are named as®@XR stars and a
catalog of these stars has been compiled. The spectral and photometric studies of@ WR
stars from this catalog, HD 16523 and HD 17638, have begun. In addition to these, one uniqu
WN+WC star, WR145=5& 422, was also studied. This star is unique because it belongs to the
mixed type: WN+WC. There are only several such type stars in our Galaxy. It was assumed tha
these objects are in an intermediate evolutionary phase between WN and WC stars. Th
following results were obtained for WBVI stars:

1. Catalog of WR stars in the spectra of which the emission doublet OVI 3811, 3834 was

revealed (i.e. catalog of WRVI stars) was compiled;

2. The periodic variability (P =4096) of brightness and radial velocitieaswevealed for

the WROVI star HD 16523, which is interpreted as a manifestation of binarity;
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3. The rapid spectral variability of the emission doublet lines OVI 3811, 3834 in the
spectrum of WROVI stars HD 16523 and HD 17638 and the variability of the sioms
band a3a73808 0f i n t heOVsgaeHDt168503rhave heendrealed;

4. The new subtype WO5 was proposed for the first time, for the spectral classification of
some WR stars, which according to spectral characteristics occupy an intermediate
position between early WC (WC4) and late WO (WO3) types. The classification
criteria are given for determining the WOS5 subtype;

5. The similarity was found between the distributions over the galactic high z of the WR
OVI stars and WR stars with the starghavprobable relativistic (neutron star or black
hole) components;

6. It was found that the most intense emission doublet OVI 3811, 3834 is observed in
subtypes WC4, WC5 and with the transition to late WC (V8L 3ubtypes; the intensity
of this emission doubtegradually decreases.

1.2. The second stage of research on WR stars in ShAO

The second stage of spectral and photometric observations of WR stars begins fron
2005 year by using of modern high sensitive light detector€CD matrices by Dr.
J.N.Rustamo\{95-100]. The spectral observations of WR type stars were carried out at the
Cassegrain focus of-& telescope of ShAO by using an echelle spectrometer [2], and
photometric observations on the ZeG30 telescope with an Apogee Alta4d CCD matrix
(1024x1024 pixels), in the filter V of the international photometric system UBV [101].

The spectral observations of WR type stars (WR134 = HD 191765, WR136 = HD 192163,
WR 138 = HD 193077HD) were carried out at the Cassegrain focus ofrthe2scope during
2005-2011 years. The profiles of five strongest emission lines were studied: Hell 4859, Hell
5411, CIV 5808, Hel 5875, (Hell+H 6560. The studied stars of the WR type (HD 191765, HD
192163, HD 193077 HD) were previously considered WR stars with the profeddieistic
components (WR + C) [102]. However, further studies did not confirm the nature of these
objects as WR + C binary systems. In [103], it was hypothesized that the WR type stars, whict
were previously considered as WR + C stars, could be CB&ioog lowma s s fAnor mal
as components. The main argument for this hypothesis was that currently a large number of low
mass Xray binary systems are observed. TheseyXbinary systems consists of a lowass
optical A-M star and an accreting neutratar or black hole. According to modern theory of
evolution of CBS, the progenitors of such lowass *ray binary systems should be WR stars
with low-mass AM components that formed after the stage of primary mass exchange in the
regime with a common sHelThe next explosion as a supernova WR formed after the initial
mass exchange leads to the formation of a-fe&ss Xray binary system. Thus, should be
exi stence of WR st afmmss starst dompaonénes. Thenawthom af [[103] |
proposed that WRtars, which were previously considered as WR + C stars (for example, HD
191765, HD 192163, HD 193077 stars), can be CBS containingnlaws s fAnor mal 0
component. In order to search for signs of the presence of a compact component-arassow
A-M star, the spectral observations of the aforementioned WR stans atelescope of ShAO
and photometric observations of HD 191765 star egri@elescope of ShAO were carried out.

The following interesting results were obtained:

1. Comparison of thehape of the profiles of the emission band (Hel)&360 in the
spectrum of star HD 192163, obtained for different dates, showed that the violet wing (region
f r o m6466j 6532 ) of this profile i1s wvaria
apper in this region (mainly at a wavelengthee# 6 4 96 ) . 't i s possi bl
narrow emission components in the violet emission wing of (Halg%60 in the spectrum of
star HD 192163 is due to the interaction of a-lmass satellite witlthe stellar wind of the WR
star during its orbital revolution around the WN6 component;

2. The statistical analysis of the radial velocity dates of the emission band (ké56d in
the spectrum of the star HD 192163 revealed that the series underecainsidcontains
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a peak at~1% level at a frequency of = 0.195 day, which corresponds tp = 5.128.
The period we found is very close to the value of the p¢riadt.57, found in [104] for
the star HD 192163;

3. By using the modern classificatiocheme, for the spectral classification of WR stars of
nitrogen sequence, the spectral subtypes of stars HD 191765 and HD 192163 were
determined. Both stars belong to the subtype WN6. Revealed that despite the fact that th
spectral subtypes of these stars the same, the ionization structure of the shells of these
stars is significantly different. This observational fact may be related to the difference in
the initial masses of these stars;

4. From 17 profiles of the emission band (Heli36560 that we sidied in the spectrum of
the star HD 191765 obtained on different dates, a symmetric profile was detected in only
one case, and in the remaining cases a change in the shape of the profiles of variou
degrees was observed. It was revealed that the vayaibilthese profiles is observed
mainly in the of the red wing of the indicated emission band;

5. From photometric observations of the star HD 191765 it was revealed that during some
nights the brightness of the star HD 191765 undergoes significant ch@gnyge8™.05
and even, in one case, bY™.1 during a short time);

6. By applying statistical methods for studying periodicity to an vabisined by us from
photometric observations of star HD 191765 asf0telescope, a peak was detected at a
frequency ofn = 0.530 d!, which turned out to be significant at~-4% level. This
frequency corresponds to the peripd= 19.887. Therefore, we found the photometric
variability of the star HD 191765 with a period {0£19.887, which is very close to the
period found in [105] for this star.

7. The found variability of stars HD 192163 and HD 191765 with the peticel% 9.128
andt = 19.887, correspondingly, supports the assumption that these stars can be the
precursors of a lownass Xray binary system awisting of a relativistic object and-K
stars.

All of the above mentioned results are presented iR1[®}. Studies carried out by Dr.
J.N.Rustamov of the WR type stars were carried out under the supervision of the academician c
the Russian Academy &ciences, professor, Dr. A.M.Cherepashuk, and these studies currently
continues.

2. Investigation ofNovae

One of the directions of research of ShAO was the study of the Novae performed by
Dr.M.B.Babayev during 1962001 years [104.12]. The spectrum of five Novae (HR Del, LV
Vul, FH Ser, V 1229 Aql, V 1500 Cyg) obtained ati2elescope have been investigated.

I n 1572, a Asuper brighto star suddenly a
was called the New Star. The accumulated collections of photographs showed that in fact the sc
call ed fAnewodo star actual | y upe asiasreseltdof vihielf itsr e
brightness increased tens of thousands of times in a short time. Later the stars such type w:
called novae. At maximum brightness, their absolute magnitude varies@fbta -9™. Bright
novae, whose maximum brightness readtedfirst magnitude, were rarely observed, such case
known for 1901, 1918, and 1925 years. An outbreak of novae usually occurs in a few days
catastrophically, and a return to its former brightness lasts for years and is accompanied b
fluctuations in bightness. At the moment of maximum brightness, the diameter of the novae is
| arger than the diameter of the Earthoés or
expands at a velocity of about 1000 kn#scording to modern view, the explosiofnovae is
connected with their binary nature. It was assumed that the system consists of a very hot stz
(white dwarf) and a cold component, which at some stage of evolution fills its critical Roche
lobe. After filling the critical Roche lobe, throughet inner point of Lagrange, underwent a
powerful outflow of matter towards the white dwarf. After a certain time, a white dwarf shell
forms. This shell is strongly heated from below by a white dwarf and, at some point in time, an
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ejection of matter occursyhich is observed as an explosion. In this outburst, a matter with a
mass of~0.0001f s ejects from novae and an osllaped shell forms around the binary
system. The reason for the formation of an oval shell in novae, according to Dr.M.B.Babayev
may be due to the large difference in the masses of the components of the binary system (m

[ 1).

Novae are a subclass of cataclysmic variable stars. For the classical (typical) Novae the
outbreak takes place only once and for the repeated Novae the outbreak could be observed
least twice. Repeated Novae have powerful flares with intervals efaeens of years. Many
works of Dr.M.B. Babayev are devoted to the Novae HR Del. This star was discovered as &
Novae on June 15, 1967. Dr.M.B. Babayev observed this star from October 24, 1967 to
September 1, 2001.

The HR Del star belongs to a small gpoof ultraslow Novae. Six months before the
outbreak, Stephenson observed this star. At that time the photographic magnitude of HR Del wa
11M.8°0™M.3, and the spectral class was defined as O or B. The star was discovered as Novae ¢
June 15, 1967. Obsations revealed that all phases of the flare proceeded very slowly. Only
after four weeks (in July) it reached a magnitude §ftGen during five months its brightness
remained almost constant, and only on Decemb&B 6f 1967 it unexpectedly increased i
brightness to 85. Due to the fact that the outbreak of the HR Del star was very slow, many
were able to observe the development of the outbreak.

Note that the star HR Del has some features that are not found in other Novae. After the
maximum brightnes at HR Del, two more secondary flashes were observed, which were
comparable in intensity to the main flash. Interestingly, the second and third outbreaks occurrec
after fluctuations in the HR Del brightness relative to a certain average level. The feraben
repeated outbreaks of this kind in the Novae is still unexplained.

By using the images of HR Del obtained with the aid of M5P telescope of ShAO during
19781981 years the variability of the photographic stellar magnitude of this star witlod pg
0.177125 days was revealed.

By using obtained spectrograms at2telescope of ShAO, the hydrogen line profiles were
studied. A pranaximal spectrum was obtained. After the-praximum, lines with a complex
structure appear in the spectrum. At beginning of the maximum, each line consists of three
components. One of them is emission, and the other two are absorption, which belong to th
main (V=-400 km/s) and diffusepark spectrum (M= -1050 km/sec). After the third flare, two
more componentsre formed with radial velocities (\& -323 km/s and V= -800 km/s,
respectively. A component with the radial velocity2/-400 km/s appears after the main flare
and forms in the main shell. The component with the radial velogity-3050 km/s appears
after the maximum brightness, it belongs to the diffsigark spectrum. The component with
radial velocity V= -323 km/s is connected with the shell, which was formed after the third
outbreak. Interestingly, exactly the same structure was observed inedtieusp of the fast
Novae - LV Vol, in the postmaximum phase of the flare. Subsequently, the absorption
components disappear, leaving an emission line having acéooponent structure. These
components form in separate parts of the shell that formedthéieyutbreak of Novae. For a
long time, a change in the structure of emission lines was observed. In the HR Del spectrum at
very late nebular stage (since 1984), absorption components were found for hydrogen line:
belonging to the photosphere of the stself, and not of its shell.

The study of the profiles and parameters of the emission lines of hydrogen, helium, nitrogen,
forbidden oxygen lines, etc., showed that after the disappearance of the absorption componen
of these lines, all emission linésd a fouwcomponent structure. At first, at the maximum, all
emission lines had one component, after the maximum they bifurcated, then, during the spark
diffuse stage, they were already three component, and after the disappearance of the absorpti
comporents, at the nebular stage, they became four component . This structure persists after tr
nebular stage. These observational facts were interpreted by the possHaenipanent shell
structure of the HR Del star. Another interesting feature of the HRstBeis that, with further
evolution, this star has features concerning to the Polars. Polars are binary systems consisting
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white and red dwarfs. They differ from the Novae mainly by the presence of strong magnetic
fields. For Novae, the magnetic fiels ~10° G, and in Polars ~10’ G. In the works of Dr. M.B.
Babayev, it is assumed that there is an evolutionary connection between the Novae and th
Polars, i.e. Novae evolves into Polars. It is known that the Polars have a sudden drop ir
brightness. Asimilar sudden drop in brightness was also observed in HR Del in the minimum
phase of brightness. It has been revealed that at then@esstage, the brightness attenuation
occurs spasmodically.

From the analysis of loatgrm observations, Dr.M.B. Babayewencluded that the star HR
Del may be a triple system, and not a binary system, as was previously thought. For this stal
periods of 0.14 and 0.19 days were found. According to Dr.M.B. Babaev, in this triple system
two stars flashedone after the other.

3. Theoretical investigations

For 60 years in the ShAO the theoretical studies of stars in various directions have beer
carried out by Dr.0.Kh. Huseynov, Dr.Z.A. Seidov, Dr.T.A. Eminzade, Dr.J.S.Aliyev and
others. Here we present only the results of theoretical studies perfoynbed bS.Aliyev. Since
1977, he has performed theoretical research in the following areag24]:3

1. Radiation transfer in spectral lines, taking into account incoherence and anisotropy in
optically semiinfinite and finite media;

2. The problem ofstability of selfgravitating gas. Possible solutions and the existence of
shortwave instability;

3. The problem of solar activity and its impact on social disasters;

4. Creation of software packages for describing the motion of bodies in the solar system.

By the beginning of the seventies of the last century, classical methods, mainly integrated
ones, had exhausted their capabilities of analytical study of such complex problems as radiatio
transfer in spectral lines with partial frequency redistidou At the same time, in parallel,
purely mathematical studies of the integlifferential transport equation were carried out by
using spectral methods. The need to obtain the results of analytical studies on the one hand at
the development of methoftsr solving the transfer equation on the basis of a new mathematical
ideology, on the other hand, merged, and a new solution method emerged that considers tf
integrodifferential transfer equation as a differential equation with an operator coefficient.
However, the methods were developed and applied exclusively to equations arising in the theor
of neutron transfer and gas kinetics. Moreover, the energy dependence in the studied transpc
equations was not taken into account. The problems of astrophgsiesemained outside these
studies. At the same time, in the late seventies and early eighties, a new operator method we
applied to the radiation transfer equation that takes into account the partial frequency
redistribution, which allowed solving thisomplex problem analytically. The problem of
radiation transfer in the spectral line during anisotropic and incoherent scattering in optically
semtinfinite and finite media was considered. The boundaiye problem for this problem was
solved and expliciforms of exact analytical solutions were constructed. These were the first
explicit solutions in the theory of radiation transfer taking into account the partial redistribution
in frequency.

Investigation of the sustainability problem of sgtfvitatinggas has a long history and
goes back to the works by Jeans. This old problem was again considered in order to reveal a ne
guality in the simplest setting. It turned out that historically the solutions of the equation of
motion of a seHgravitating gas we missed. Further studies of the stability of the gas state
showed that the instability spectrum is discrete. Moreover, it was proved that there is a short
wave instability, the presence of which until that time was not mentioned in the literature. The
results of these studies were partially published in the works.

The solar activity cycle is a cyclic process of the emergence and development of active
regions on the Sun. By activity is meant a complex of different phenomena occurring in different
layers ofthe solar atmosphere, such as sunspots, torches, prominences, flares, etc. The effect

10¢€



solar activity on the Earth occurs mainly by two types of radiation: electromagnetic and
corpuscular. Impacts on the upper atmosphere, i.e., the ionosphere, leadafmpéarance of
geomagnetic storms, northern lights, and radio communication breaks. Global climate change
occur in the troposphere, cyclones and anticyclones intensify variations in meteorological
parameters such as pressure, temperature, humidityn eétee hydrosphere, activity affects the
freezing of the Arctic seas, fluctuations in the surfaces of the oceans, ripples of the Gulf Stream
changes in the levels of the Scandinavian mountain lakes, as well as the level of the Caspiat
Dates of volcani@ruptions and the appearance of catastrophic earthquakes also fall on years o
solar activity, which indicates the influence of the solar cycle on active geophysical processes ir
the earth's crust. In the biosphere, epidemics of cholera, plague, entephatit flu are
spreading. The number of sudden deaths, cases of exacerbation of diseases of the cardiovasct
system, neurosis is growing.

Earth collision warning with celestial bodies is part of space security. This program consists
of two parts: dete@n by observation of an approaching object and determination of its
coordinates; building programs for fast calculation of the orbit of an object and its possible
collision with the Earth. A program packa@®8M (Celestial Body Motion)wvas created, with
the help of which it calculates the Ati me a
graph of the distance between two objects at a given time interval, and finally creates ar
animation of the motion of celestial bodies. Program has many diffeeggions. The latest
version also includes the movement of satellites (including artificial) of celestial bodies. Another
advantage of the program is that the name and coordinates of the object can be set at any tin
during its discovery, while the progratself is not subject to any changes.
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sabirshao5@gmail.comalilovvm@mail.ru

1. Introduction.

In the sixties of the twentieth century, important discoveries were made in astronomy:
quasars, pulsars, and supernovae of our galaxy were discovered. As it has already becon
known the magnetic field plays a particularly important role in the formation and evolution of
these interesting objects and the universe in general. It is known that the magnetic field in the
universe to one degree or another determines many physical pgaegsiays a noticeable role
in the formation of objects that make up the universe. By this time, a number of stars with strong
magnetic fields were discovered. Strong magnetic fields in stat20BeG) were first measured
by Babcock in 1947 using the &man Effect. Stars with a strong common magnetic field have a
number of interesting features, the most surprising of which are strong anomalies in the chemice
composition of the atmospheres of these stars. Subsequently, such stars were called magne
chamically peculiar (MCP) starg his article focuses on these very stars, the study of which has
become one of the priority areas of astrophysics in the second half of the twentieth century.

The commissioning of the-@eter ShAO telescope (1966) and theuck focus in 1969
(spectrographs with a dispersione84 i / mm) made it possible to
the field of astronomy. The Cassegrain focus of tmeeRer telescope was mainly used to study
faint brightness of variable stars and galaxfgsd in the Coude focus, with the help of a high
resolution spectrograph, observations of supergiant stars;tgotastars, magnetic stars, planets
and other objects were started.

Since 1969, at the proposal of the Chairman of the Astronomical Counttie dSSR
Academy of Sciences, Academician E.R. Must
magnetic stars in 1970979 formed the basis of the Coude focus observational program of the 2
meter ShAO telescope. To conduct comprehensive research okticagtars in 1970, at the
initiative and proposal of the leaders of the Astronomical Council of the USSR Academy of
Sciences, E. R. Must el and A.G. Masevichos
observational station at the Central InstitafeAstronomy of the Academy of Sciences of the
GDR (TslA AN GDR) in the ShAO. A 35 cm photoelectric telescope was installed on the
territory of ShAO to conduct parallel observations of magnetic stars in 10 cdléusg¢@0-8000
i ). An agr e e meccooperatiandbetveeenghe dachdemies of Sciences of the USSR
and the German Democratic Republic in the field of research of magnetic stars. Thus, the
program for the spectroscopic and photometric studies of magkietistars begins, which is
carried out aithe Shamakhy Astrophysical Observatory in cooperation with the Central Institute
of Astronomy of the Academy of Sciences of the GDR and the Astronomical Council of the
USSR Academy of Sciences. In July 1973, a meeting was held on the physics of maBnetic
stars, and in June 1976, on the physics of magnetic stars, Subcommission No. 4 of the proble!
commi ssion APhysics and Evolution of Stars
sciences of socialist countries summed up the ongoing reseatuis topic.

Complex (spectral, photometric and magnetic) studies of magnetic chemically peculiar
(MCP) stars conducted in the ShAO can historically be divided into two periods: 1-19989
19982019. Below are some of the most important results of rdsear@lCP - stars obtained at
different stages of research.
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2. Organization of work and used devices for the study of magnetic stars

In 196769 the observations of two magnetic staas And andp Boo were started on
telescopes of the Crimean Astrophysical Observatory (ZTSh and1AZKrAO) by S.G.
Aliyev together with V.L. Khokhlova (Senior Researcher, Astrosoviet of the Academy of
Sciences of the USSR) [1].

The first observations of magnetic rstan the ShAO corresponded to the summer of 1969.

A large number of higlguality spectrograms of the stars HD 19832 (56 Ari) and HD 220825 (
Psc) were obtained this season. The observations were carried out in the Coude focus of a .
meter telescope, dbl c amer a of a diffraction spectrogr
image quality (0.7 seconds) and the high quality of the telescope optics made it possible to obtai
the spectra of the studied objects with an exposurei&®min [2].

To carry ot the cooperative program, a working group for the study of magnetic stars is
organized in the ShAO, which includes the following ShAO employees: Aslanov I.A. (leader),
Aliev S.G., Glushenko L.O., Rustamov Y.S., Khalilov V.M., Shakirzade A.A. etc. A joint
program of observations and studies of magnetic stars of various types (Table 1), and thei
comparison stars, is being compiled.

Since 1970, a large number BICP spectra of stars have been obtained by the working
group [2]. listed in table 1, evenly cousy their estimated periods of rotation. For joint research,
part of the obtained spectral material for AR stars (HD19832, HD34452, HD65339, HD140160)
was presented to the Astronomical Council of the USSR Academy of Sciences (V. Khokhlova
and others.), Tthe Autonomous Okrug of the USSR Academy of Sciences (Yu.V. Glagolevsky)
and to the Astronomical Observatory of the Bulgarian Academy of Sciences (D. Kolev).

A large amount of the obtained spectral material required automation of the processing of
spectrogams. This problem was partially solved by the programs developed at that time for
automatic processing of spectrograms using a computer (BHSWM employees of the ShAO
and the Astrosovet of the USSR Academy of Sciences [3,4].

To automate the processipgpcesses in the workshops of ShAO, a tlule@nnel twebeam
microphotometer was manufactured, which significantly reduced the processing time of
spectrograms [5].

In parallel with spectral observations, the TslA AN GDR conducted 10 colour photometric
obsevations using a 35cm photometric telescope. Using these observations, we studied change
in brightness and colour in the wavelengthraag@008 000 | and deter mi ne
values of the periods of a number of magnetic stars, which wweleded in the cooperative
program of complex research [6]. In 1972, a double photometric reflector with a diameter of 40
cm was installed in the ShAO. The TsIA AN GDR [7].

In July 1972, in order to measure the magnetic fields of stars, the Zeeman ranalyze
manufactured in the workshops of TsIA AN GDR was installed in the Coude focus-of a 2
telescope. The-/ 4 plates used in the construction made it possible to operate in thevakiert
portion of the spectrum frorh4200 A tol 5500A. In front of the angker, an instrumental
polarization compensator was installed, similar to a Bowen compensator. In June 1973, a secor
analyzer was installed, which differs from the first in that instead oé/thelate, twoef8 plates
were installed, rotating relative tach other, as in the Bowen compensator. As a result, the
scope of the analyzer was expanded ff@800tol 6 300 [ 8] .

In order to measure Zeeman splitting, as well as radial velocities from line profiles in the
workshops of ShAO, an attachment was made the coordinate measuring instrument
cAscorecord e [9], similar to the Golnov at
on the oscilloscope screen and precisely point to any point and take measurements regardless
the width, shape anahtensity of the measured lines. The prefix made it possible to measure
radial velocities and magnetic field strengths with an accuraéy\af= 1.5 km / h andDH =
150-200 Gauss, respectively.



Table 1. Observation program for selected magnetic stars.
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m/s

BT e | sew | B mm s o
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In 1974, the Coude focus (Il chamber, dispersiehi 4 i / mm) was equi pped
diffraction image convertelEDIC) developed at the AlUnion Scientific and Research Institute
of Optical and Physical Measurements to study rapid changes in individual lines of magnetic
stars using nuclear emulsions significantly increasing information content in comparison with
conventonal emulsions [10, 11].

The commissioning of the echelle spectrometer for the Coude focus ointhtel2scope in
1999 made it possible to expand the range of tasks in the study of magnetic stars (the study ¢
weaker objects, fast variability, et¢12].

. The results of studies oMCP - stars in the period of 19691998

Spotting of the surface of a star used to be familiar only to astronensetar cells. The
angular diameter of the Sun is 0.5 degrees, which allows you to observe small detail®fspots)
its surface. And the angular diameters of the closest magnetic stars are approximately 0.001 se
arcs. Since the angular resolutions of modern telescopes, includingrteee2ShAO telescope,
do not exceed 0.5 sec. arcs, it is impossible to selewidodl local areas in the image of a star
as a spot on its surface. However, the movement of the spots due to the rotation of the star (ha
rotation) should lead to variability of the profiles and Doppler shift of the observed spectral lines.
This effectmakes it possible to study local properties and to determine the distribution of
elements over the surface of the star from the observed line profiles.

If a star has a (one) compact spot in which the abundance of a certain (peculiar) element wil
be much(0.5 dex) greater than in the adjacent region, then during the rotation of the star,
periodic changes in the equivalent widths and radial velocities will be observed in its spectrum.

Usually on the surface of thstars there are several>@) spots and lire of appreciable
intensity are not always formed in the spot, the line profiles look much more complicated than in
the above scheme. With low accuracy and resolution of the photographic recording of the
spectrum due to noise and depending on the orientafithe axis of rotation with respect to the
observer, difficulties arise with the separation of lines into components. It follows that in order to
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unambiguously separate complex line profiles into components and, based on their research, 1
obtain maps bthe distribution of chemical elements over the surface of a star, it is first
necessary to obtain higfuality spectra with high spectral and temporal resolution.

The high quality of the obtained spectrograms and the good spectral resolution of the Coudt
spectrograph of the-& telescope [10, 13] made it possible to apply the technique of separating
complex line profiles of various peculiar elements (Si, Sr, Eu, Cr, etc.) into components, and use
this method to analyze the inhomogeneous structure ofrtiespheres of #stars [14].

The method of localizing peculiar elements on the surfacetadtdrs and moving them in
accordance with the inclined rotator hypothesis was adopted to explain the spectral variability of
magnetic stars.

The results of furthestudies showed that these components are real (not a defect in
observations and photographs) and are formed in separate local arees t he fispot
surface of the Ar star. After separation of the components, their radial velocities Vr and
equivaknt widths W-are measured. Then, using the phase relations Vr asdth& surface
structure of the star is revealed. Thus, for the first time, observer astronomers were able t
determine the uneven distribution of chemical (peculiar) elements over faeesof magnetic
Ap stars. This served as the basis for obtaining a map of the distribution of chemical elements o
the surface of magnetic Ap stars [18].

From the spectra of 13téstars uniformly covering the periods of rotation, the behaviour of
the Balmer lines has been studied. It was found that the equivalent widths of hydrogen lines
show periodic changes and are one of their common properties [19]. Determined from the H
and Hi lines, the number of atoms in the second quantum sigieH) and theelectron
concentrationr) in all the studied stars vary with the period of rotation of the star. They are
compared with the available light curves. It was revealed that for these stars at the moment c
minimum brightness, the Balmer lines are wider aadpér than at the moment of maximum
brightness [20]. For some stars, periodic changes in radial velocities and equivalent widths o
hydrogen lines were found [21, 22]. It was shown that for all the studied stars, the electron
concentration has a minimum tinose places where spots with an increased concentration of one
or another element are located and it was concluded that the most intense spot on the surface
the star is responsible for the minimum lg h was noted that in the spectra of some of the
observed stars, the core of the hydrogen lines has a complex profile [22].

For the classical magnetic CP stab 220825, differential studies of the contours of
hydrogen lines were carried out. It was found that the largest changes show the cental) (nucle
parts of the studied lines. Similar results were obtained for magnetic a4 and WWMa
[23]. It is concluded that the change in the central part of the hydrogen lines is mainly caused by
the difference in physical conditions and chemical comiposifrom the normal part of the
atmosphere in the upper atmosphere in the peculiar regions of the studied stars [23, 24].

The nature of the change in the equivalent widths of hydrogen lines in the spa@@® of
stars was studied, the composition of whideluded almost all types of peculiarity with
different valuesof the magnetic field and rotation speeds (see Table 1). For each star studied, the
relative value®f the equivalent widths (&Wa-(media)) of the hydrogen lines (H3114) were
calculated The dependences were constructed between the quantit@g/é/cf.)) and the
wavelengthe-for the phases corresponding to the spot regions (maximiir))and normal
regions (N) of the atmosphere of the studied stars. As a result, it turned out thhte all
constructed dependency graphs are divided into two groups. For the first group of stars in the
spot region { {), the relative value®f Wa-increase with wavelength, while the opposite is
observed for the second group. All the stars belonging térétegroup turned out to be silicon
stars, the second group included other types of stars, mainly Cr, Sr, Eu stars [25].

It was found that for the first group of stars, changes in the relative intensity of hydrogen
lines are mainly due to the anomalousitemt (excess) of silicon in the atmospheres of these
stars. In the case of the second group, the main role is played by other peculiar element:
especially rare earths, as a result of which there is an additional absorption (cover effect) in thos



areas ® t he atmosphere wher e o0n ofadhe Balnemgseriest dnee |
formed[25].

Studies of MCP stars with different rotation periods were carried out in order to find possible
relationships between the rotation speed of the studiedvgitérsheir character of variability.
Particular attention was paid to the study of fast rotators (HD 19832 (56 Ari), HD 124224 (CU
Vir) and HD 220825 ¢ Psc)). It is known that rotation speed, and not a magnetic field, is a
determining factor for maintaing the field and the atmosphere stability of MCP stars, diffusion
of chemical elements, leading to anomalies in the chemical composition in the atmospheres @
these stars. In addition to slow rotation, the magnetic field creates additional atmospheric
stablity. The following are the results of a study of rapidly rotating, MCP stars.

HD 19832 (56 Ari) The rotation period of this star is P = 0.728d. Based onghaghy
spectrograms obtained with anieter ShAO telescope (dispersion 4 A/mm), this star was
studied taking into account the peculiarity effect. For processing, several un banded lines of the
following peculiar elements He I, Si ll, Cr I, Sr I, Fe Il, and Eu Il were selected. In order to
reveal the spotted str uct aenstracted ghase durees eftther 0
parameters (\& a-Ro) of the spectral lines, magnetic field, and brightness (in-eotbdir
photometric system). By comparing the phase curves, we determined the phases that correspo
to the largest peculiafi({= 0.250.30) and normal regioniN = 0.50.55) on the surface of the
star. In the phasé = 0.250.30, most spectral lines are divided into several components. It was
shown that all the observed hydrogen lines show synchronous changes, and the amplitude of t
varidions increases with an increase in the number of these Tihegphase of the maximum of
peculiar elements (Si Il and others) and the brightness of the star coincides with the phase of th
minimum intensity of the H and He lines. It was revealed thabawith a terAfold deficit of He
is located near the positive pole of the magnetic field [26].

The spectra of the rapidly rotating star HD 124224 (Vir) were studied in a similar way
[27]. Using a comprehensive study, the phag¢éxdrresponding to thiargest peculiar (P) and
relatively normal (N) regions of the atmosphere were determined, \iiftere 0.50.6 and(i(N)
= 0.150.25. It was found that the lines of hydrogen and helium change in antiphase with the
lines of silicon, the brightness of theastand the magnetic field. It was revealed that in the
central part of the Hlines there is a weak emission, which is not typical for stars of the Main
Sequence [27].

Based on a large number (about 30) of aghal i ty (4 i/ mm) spec
(t =0°.583) of the spectral variability of a rapidly rotating magnetic stésg) was determined.

This period value differs little from the period valug=0".5803) which was found from
photometric observations (see [18] and references therein). In theaspkethis star, the lines of

the molecular band of CH 4310 were detected and changes in their intensities were detected.
was shown that changes in the intensity of the molecular band e##80 in the spectra of the

G Psc star occur in antiphase with changes in the intensity of hydrogen lihes [28

The issues of electron density distribution over the atmosphere depWCirstarsc Psc
were considered. For various magnetic stars (see Table 1), the electron densities were determin

at vari ouds0.d2e8mt.hts) (o t he atmosphere. |t wa
for the normal region hardly differ from the atmosphefenormal stars of the same spectral
classes. In the upper atmosphé®e Q@ . 2) , t he value of | og ne (

than for the normal region of the atmosphere of the studied stars. In the lower atmospheric layer
(U= 0.50.7) of thestudied stars, the electron densities in the region of spots are higher than in
areas without spots [29, 30].

Behavior of the KCa Il line from the spectra of 8 Ap stars was investigated by Aslanov and
others. [31]. It is shown that the calcium lines sheaviability with a rotation period. The
variability of the calcium lines is explained by a combination of several reasons, the main of
which may be different thicknesses of t he
atmosphere and the presentspmots with an anomalous concentration of peculiar elements.

Lines of heavy elements were found in the spectra of magnetic stars HR465, HD108662 an
HD224801 [32]. The presence of heavy elements (Pm, Os, W, U, etc.) in the atmospheres c
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magnetic stars isf great importance, since the elements of the r process are formed by fast
neutron capture. These results can be of great importance for solving many problems, especial
about the occurrence of chemical anomalies in magnetic stars.

Detailed spectral stlies have revealed lines of the elements of the r process in the spectra of
the MCP stac Psc [33]. Highresolution spectrograms were used to search for linepraicess
elements. The main objective of the study was to identify the presence of llaathahides and
actinides, as well as lines of other radioactive chemical elements (Z> 57). Using the example of
fastrotating star HD 220825G(Psc), identification of spectral lines was carried out. It was
revealed that the nature of the change inities of the  process is significantly different from
those for the lines of other elements for which Z <56. The observed fact is, as it were, an
additional confirmation (argument) of the presence of the lines of-tpeocess in the spectra of
the stidied stars. It is shown that the lines of heavy elements are not observed in all phases of tt
rotation period of this star. It was found that the peculiar regions for heavy and other elements dt
not coincide, which often leads to a disagreement of thdtsein the identification of lines in
the spectrum of a magnetic star.

Stronger lines Pm, Pb, W and U are in the ultraviolet reggogn 8 000 ) of t h
The ¢Astroné space station | aunched in 198
was installed, made observations of a number of Ap stars (HR465, 73DeCaia)l. The UVT
spectrometer recorded in the rarg@0003 000 | with a spectr al r

the UV spectra of the observed Ap stars, lines of heavy elementsaZ208.53, W 1$2204.48,
Ull a2556.19, etc., were detected, which confirmed the conclusions made earlier by ShAO
employees about the presence of heavy elements in the atmospheres of Ap stars.

In 19741976 almost synchronous spectral and photometric oligmrsaf the 15 Vul metal
Am star were carried out with arleter ShAO telescope and a double photometric reflector of
the observation center TsIA AN GDR in ShAO, respectively. Based on these observations, for
the first time, both spectral and photometrariations were found in a representative of the
metallic Am star 15 Vul, with a period of 14 days [35]. It was revealed that the spectral and
photometric behaviour of this star are similar to classical magnetic stars (HD40348ml @

Psc, etc.) [36].

A detailed identification of the spectral lines was carried out for thesfac. About 2000
spectral lines were detected and identified in the spectrum of this classical magnetic star in th
regionof 37064 700  and their central dept hs wer e
spectra of the normal star Leo (A2V) wadentified. As a result, it turned out that the number of
observed lines in the spectrum of the magnetica®st is approximately eight times larger than
for the normal Leo star. The identification results ddPsc can be used to identify lines in the
spectra of magnetic stars for spectral classes887].

Based on 24 spectrogr ams wi t h a high sp
composition of the MCP star HD2208286 Psc) was determined. Using the growth curve
method, it was found that thei®a calcium deficiency in the atmosphere of this star, carbon is
normal, most of the other elements are in excess (see Table 2) [38].

For most Ap stars, the brightness variation coincides with the rotation period of these stars
within the measurement acagy (Dj = ° 0.05. However, the results of photometric and
spectral observations indicate the presence of-$#iomt changes in Ap stars that do not coincide
with the rotation period.

For star HD 108945, which is part of a joint research program, baghtochanges with an
amplitude of 07015 occurring with a period of 32 minutes were found even earlier, and the
rotation period of this star is P £.a3. The results of the-? telescope conducted at the Coude
focus using EPI and a threascade image intsifier UM -92 spectral observations of a number
of magnetic stars (1&om, 21dom, HD148112, HD133029, HD224801, etc.) showed the
complexity and ambiguity of the problem of studying stterin changes in Ap stars. The
exposure time of the spectrograntstaned with EPI (20 min) did not allow us to detect rapid
changes with periods of less than 30 minutes. At the same time, the quality of the spectrogram
made it possible to identify a number of features inherent in gtars. The analysis of short
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term changes showed that fast changes in Ap stars have both periodic (pulsation) and irregule
(flare) character, which may be caused by pulsation in the upper atmosphere of the star and flal
activity in areas with a high content of chemical elements (spedpgctively [39].

Table 2. The chemical composition of some magnetic stars.

agr
z element
UAnd "BooA HD184905 ¢ Psc Sun

2 He -1.5 ? -1.0 ? -0.85
6 C -3.3 -3.2 -3.40 -3.60 -3.48

N -4.26 -3.99

O ? ? - -3.40 -3.11
12 Mg -4.6 -5.8 -3.60 -3.45 -4.46
14 Si -4.5 -4.00 -3.50 -2.46 -4.49
15 P -4.8 -4.70 - -5.35 -6.57
16 S - - ? -3.74 -4.79
20 Ca -5.2 -5.50 -5.40 -6.74 -5.68
21 Se -7.5 -7.50 - -8.30 -8.94
22 Ti - -7.50 -5.34 -6.00 -7.05
23 \ - - ? -6.70 -8.04
24 Cr -7.5 -7.9 -5.40 -3.80 -6.77
25 Mn -4.7 -45 - -5.35 -6.65
26 Fe -6.6 -6.6 -3.02 -3.55 -4.37
27 Co -5.3 -5.3 -6.20 -7.12
28 Ni - - - -4.90 -5.79
38 Sr 07.0 -7.2 -5.80 -6.70 -9.14
39 Y -6.0 -5.9 -7.20 -7.90 -9.80
40 Zr - - - -8.40 -9.44
60 Nd - - - -8.04 -10.54
62 Sm - - - -8.24 -11.04
63 Eu - - -7.2 -8.45 -11.53

Emission components were detected in the nuclei of hydrogen and other lines (K Ca Il, Sm
I, etc.). An analysis of the changes led to the conclusion that pulsating shells may exist arount
these stars and that these stars have an active chromospherec Baodderm changes were
also found in stars HD9996, Hbm, 21aom, HD224801. The found periods ranged fror!' 36
to 6h 41". Observations of irregular variations associated with emission in some lines of peculiar
elements indicate that areas with a higimtent of a chemical element (in spots) show flare
activity [39].

Work has begun in the ShAO to determine the chemical composition of some typical
magnetic superlatticesstars: HD358, HD129174, HD193722, HD184986d HD220825 and
others [1,1438].

Table 2 shows the results of determining the chemical composition for various types of
magneticy t - starsUAnd, ~ BooA, HD184905, an@ Psc stars. Here, in the last column, the
content of elements in the atmosphere of the Sun is given. Based on ti# tadlean draw the
following conclusions. In the atmospherel@And and” BooA, the largest excess is observed
for P and Mn in the range of 152.5 dex ,whereas for the last two stars, the maximum
anomalies are found for the elementsS8, Cr, EuNd, and other lanthanides.

Analysis of the results of the table 2 shows that for all the studied magnetic stars, the
anomalies in the element content increase with increasing atomic weight (or atomic number o
the chemical element). The results of detemngnthe chemical composition of the studied
magnetic stars were used in various monographs [40,41].
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For all these stars, the temperatures of excitation and ionization were determined. The
excitation temperature was determined by the shift of the multipléisil, Mnll, Sdl, Crl, Crll,
et c. Mor eover, the accuracy of determinin
depending on the selected line [37]. The Value was determined from the lines of atoms and
ions of the above chemical elementsnggine parameters obtained in [1.41]. Comparison of the
obtained Excand Ton Valueswith the Tesr estimates show that the ratio of these va({ties/ Tion /

Texc= 1: 0.89: 0.82) is the same as that of normal stars of the main sequence of tkpesziraé
classes (B&2).

Despite the observed anomalies in the chemical composition, the global characteristics o
magnetic stars (energy distribution in the spectrum, hydrogen line intensities, photometric
indices, etc.) are not very different from th@responding characteristics of normal stars of the
same spectral class. An analysis of the chemical composition of Ar stars has shown that th
abnormal (peculiar) elements are an order of magnitude higher than the same elements in tt
solar atmosphere [40

To study the nature and origin of the family of magnétitstars, it is necessary to conduct
comprehensive studies of a fairly large number of typical representatives of MCP stars. For this
purpose, for further research, the program included typipaésentatives of various magnetic
CPstars: HD 40312, HD 34452, HD 196502, HD 201601, etc.

Based on 60 photographic spectrograms obtained in-1988 for the star HD 40312
(dAur), the period P =%6188 was found, which equally satisfied all photomesjectral, and
magnetic observations of the star [42].

It was found that the amplitudes of changes in the relative values of the equivalénit(W
(cf.)) widths of the hydrogen lines increase with the wavelength. This means that in the spottec
regions the distribution of physical parameterst(P = Pg + Pe}) and the peculiarity effect
over the depth of the atmosphere are not uniform, as wamebttfor mostMCP stars. Two
peculiar regions were found on tgAur surface, which are located at longitudes of 30 and 200
degrees. The most peculiar region is located at the positive pole (D=#0e magnetic field
[43].

Magnetic field measurementre of particular importance for the study of chemically
peculiar stars and other space objects. Using comparisons, it was found that for all magnetic A|
stars, the periods of variation of the spectrum, brightness, and magnetic field coincide within the
measurement accuracy Dj( = 0.05) [40].

Based on the weknown fact that all magnetic stars have chemical anomalies, we can
conclude that there is a connection between the presence of a magnetic field and thi
phenomenon of chemical peculiarity. For tlpsrpose, a rich observational material was
obtained at the Coude focus of the 2nd m telescope of the ShAO using the Zeeman analyzer f
measuring the magnetic fields of Ap stars. For some of the stars, these observations covered tl
entire period of rotatin of the starCrB, HD 148112), and for some stars, materials covering
individual phases were obtained (HD108662, HD108945, HD220825, ett4/}4

As a result of the studies, it was found that for these stars, the regions with maximum
concentrations ofthemical (peculiar) elements and the extremum of the magnetic field coincide
[43, 45].

Measurements of the magnetic field of the $iaCrB showed that the magnitude of the
magnetic field along the lines of various chemical elements varies with theomotariod,
however, the magnitudes of the magnetic field vary greatly. It was found that in a fixed phase,
the magnetic field strength depends on the optical depth of spectral line formation [44, 46].

For the first time in world practice, it was possildenieasure the magnetic field over wide
spectral lines with a complex component structure (HD148112) and it was possible to measurt
the magnetic field in individual spots on the surface of the star [46].

It was shown that in the spectra of Ap stars HD1086&2108945, and HD 148112 obtained
using the Zeeman analyzer, the line intensities in the spectra of different polarizations are
different [46, 47].
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According to literature data and magnetic field measurements from Zeeman spectrogram:
obtained with a 2 metescope ShAO, it was shown tHatCrB stars have lonterm periodic
changes in the magnetic field with a period of 350 days [47].

The period from 1998 to 2019

To solve a number of problems, in the second stage of the study, including briefly periodic
changes in Ap stars, observations were started using an Echelle spectrometeZ@Ditamera
on the 2m telescope ShAO (1998). The introduction of &CD matrix into observations made
it possible to record more accurate spectral details and increaaectiracy of observations by
more than an order of magnitude. Using an Echelle spectrometerawt@D camera, it is
possible to obtain spectra with high temporal and spectral resolutions that allow one to study
pulsation and other processeMgP stars.

Three relatively bright star€Psc,o Equ, d Aur) were selected in the research program. The
exposure time for these stars ranged from 3 to 8 minutes, depending on image quality. It wa:
found that in the atmosphere @Equ there are fast shadgrm oscillations of the pulsation type
with a period of about 12 minutes, which are seismic in nature. All measured ya\iesge W
@»2E Ro) showed synchronous changes with t
the existence of neradial pulsations in the atmosphere of this star. The greatest variations are
found for the lines of chromium and Eu, which is the main peculiar element in the atmosphere of
this star [48, 49].

An analysis of the results of studying shterm oscillations in the studied magnetic stars
shows that these processes are not radial and are seismic in naturgekidiic oscillations
occur not at all phases, and not on the entire surface of the star, but arise only in locahareas
spotswhere there are pronounced anomalies of the chemical composition and a strong magneti
field (Be 0200 G) [50].

For the first time, fast shetérm oscillations were detected in the atmosphere of a magnetic
Ap star 6 Psc, with a period of#= 0% 0 1 109008 (17 minutes); Analysis of briefly periodic
oscillations over 1.5 2.0 hours shows a monotonic increase, or complete extinction of the
amplitude of the fast oscillations, depending on the phase of the axial rotation of this star. The
radial velocites and intensities of individual lines vary to varying degrees with the phase both
for the periodf 1= 09.583and{ 2 = 17 min, and the largest amplitudes are found for the lines of
the main peculiar elements Srll, Crll, and Eull [50].

Based on a large number of (80) CCD spectrograms, seismicity and pulsation studies wer
performed for they Aur star. However, the search results for quasiperiodic changes did not yield
a positive result. It was learned that the magnetic field is cleariyahde, but the number of
observations is insufficient to construct periodic changes [51].

In the period from 1998 to 2019, comprehensive studies of vahbQP stars were
continued taking into account the peculiarity effect [52].

The effective temperates and the radii of various magnetic stars were determined based on
the peculiarity (spotting) effect [53]. The program included representatives of various magnetic
CP stars of class BBO. To take into account the peculiarity effect, using complex oligmmga
for the selected stars, the most peculiar (spotted) and normal regions on the surface of each s
were determined [54]. To determine the effective temperature (Te),qgtaedH line profiles
corresponding to the most peculiar (P) and normal regio( N) of the staréo
selected. At the same time, colour indicatorsV(Bwvere used. It was found that, depending on
the type of peculiarity and magnetic field, the valoé3e found for the peculiar region are on
average 5001500 K large than in normal regions of the atmosphere studieBGp stars.

The radii found from the values ofef (N) [53] (normal region) better correspond to the
values obtained by other methods [55].

It is concluded that the temperature differences obtainethéopeculiar and normal regions
are associated not only with magnetic fields, but also with anomalies in chemical composition,
i.e. the peculiarity effect in spotted regions on the surfad&G stars [56].
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For 30 different magnetic CP stars in the ranfjéhe spectral classes B® (17000> Te>
7500), the axial rotation velocities were determinggsini [57]. For this,highgual i ty ( 4
spectral materials obtained with a 2 m ShAO telescope were Usdite other works, the
determination of the axial rotation speed was carried out taking into account the peculiarity
effect. For comparison purposessini valueswere also determined for normal stars of the same
spectral classes. As a result, it was found that, on average, the rotation speeds of the studie
magnetic CP stars are approximateiyd 2imes lower than thesini valuesfor normal stars of
the same spectral classes.

1. It was found that the average dependencesgsaii on the spectral class are not monotonic,
and there are noticeable maxima and minima. The main minima fall on the spectral intervals
AO0-A3 and BB8AZ2, as is the case for normal stars [57].

2. There is a general tendency fasini to decrease with the transition from earlier to later
spectral classes. Using the results of published works, it is concluded that the process @
deceleration of rotation of magnetic stars can mainly be completed before the stage o
quasistatic comgssion of these stars begins [58].

For a statistical study of magnetic CP stars, of particular interest are the definitions of the
quantitative spectral (P (E)) and photometric peculiarity indiBas g) of these stars [59]. For
this purpose, for 2different magnetic CP stars in the range of spectral classeA9B4
(16000>Es >7500K), quantitative spectral indices of peculiarity P = W(P)/W(N) were
determined from the selected lines of the peculiar elements Si, Mn , Cr, Sr and Eu. For this, the
equivdent line widths of these elements were determined for the spot region in the spectra of
magnetic and normal stars W (N) with the sange The found valuesf P(E) characterize a
quantitative measure of the line amplifications of the element in qudstithe spectrum of an
MCP star [60]. It was found that the highest peculiarity indices are shown bgagtestars, for
which the value P (Eu) = 46.0. The found valuesf the P indices make it possible to compare
the spectral (P) and photometrac€ording to Maitsen and Z in the Geneva system) peculiarity
indices in order to detect new magnetic CP stars [60].

In order to detect a possible connection with the magnetic field, graphs were constructed o
the relationship between the peculiarity ingice ( P Uamddhe sarface magnetic field (Bs). It
was found that the s pepeculiaritylindi¢e®ihcreasa with ipcheasing me
magnetic field to 5 kQ. Subsequently, an increase in the field sets in, i.e. a further increase i
themagnetic field no longer affects these parameters [61].

For 30 different magnetic CP stars of spectral classeE(B®Balmer jumps (D) and their
relations with effective temperatures were determined. It was shown that the maximum of D
values for magnetictars is shifted toward lower temperatures, by about-I0ID K, in
comparison with normal starghe following conclusions are received:

1. Comparison of the dependences of the Balmer jump Degishiows that the behaviour of
the Balmer jump on temperature the same for normal and magnetic stars. However, in
magnetic stars, Balmer jumps are reduced compared to normal stars, as was previousl
noted by Glagolevsky et 462].

2. It has been revealed that the course of decreasing the Balmer jump in the cdnsidere
temperature range of 70@b000 K is uneven. The largest anomalgb & 0.040.06) are
found in the temperature ranggrs & 9 0s0a@du#=100001200G , respectively, which are
associated with the peculiarity typeMCP stars.

3. It was found that the desase in the Balmer jump D is mainly due to the peculiarity effect,
which is characteristic of magnetic stars [63].

Based on ten colour photometric observations of various MSC stars of clds¥ Btudies
were conducted on the nature of changes in trgjhtness [64].

Phase light curves have been building based on photometric materials, obtained in 1(
colours for different magnetic CP stars. As a result of the analysis of light curves, it was found
that all phase dependences are divided into thaegr
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1. The brightness of the early (B®) MCP stars in the whole observable region, change in
phase with close in the magnitude of amplitude, which associated with the transfer of
blocked energy from the ultraviolet region to the visible range doflbetrum.

2. The brightness amplitudes for the second group of the investigated stars change in differer
rays significantly and in the regign5000 5500j decreases to t
explaining by the occurring of depression in the canim at the atmosphere of these stars.

3. It was obtained that the brightness variation in antiphase for magnek6 Atrs is due to
the blocking of lanthanide lines in the visible range of the continuum, particularly in the
range of depressio@g20 0 | ) [ 64] .

On the basis of the materials obtained in thedl@ur photometric system, the light curves
of more than 30 different (BBO) magnetic CRstars are analyzed. As a result, the following
main conclusions were obtained:

1. The shine of the early (BBO) stars in the entire observable region varies in phase with a
close amplitude.

2. Amplitudes of light in different rays vary significantly, and in the region of depression 5200
i , the brightaeasesteamnnumpalue.t ude decr

3. For cold (A2F0) magnetic CRtars, the brightness in the shedve &< 5000 )-
wave > 5500 ) rays varies in antiphase
the lines rareearth elements in visiélregion.

The main cause of various changes in the brightness of magnesi@f(GRiuring the period
is apparently the transfer of blocked energy from the ultraviolet region to the visible region of
the spectrum backwarming (retrothermal) effect, meig line blanketing effect and blocking
energy in the continuous of the lines by raegth elements in visible region56

and
du

The main, important results obtained in the ShAO on research d¥ICP stars:

1. For all magnetic CP stars, the hydrogen lines ofBhkner series show periodic changes
and are one of the common properties, regardless of their individual characteristics; All
magnetic CP stars by the nature of the change in the intensity of the H lines with a
wavelength are divided into two groups:

a) for the first group of stars, the amplitude of the change in the intensity of-timedd
increases with the wavelength;
b) for the second group, an inverse relationship is observed.

2. Using highquality spectrograms obtained at the Coude focus of 2 m of the SHés@dpe,
the coordinates (L) of individual spots on the surface of the studied magnetic stars were
determined.

3. The distribution of electron densities over the depth of the atmosphere for all magnetic stars
in the region of spots and without spots d#feignificantly from each other.

4. Using Zeeman spectrograms obtained with the 2m ShAO telescope, magnetic fields were
measured for some (HD108662, HD108945, HD220825, etc.) program stars with wide
spectral linesgO 0. 4 ) .

5. An analysis of the results studying shorterm changes in some of the studied magnetic
stars shows that these processes are not radial, but are seismic in nature.

6. The effective temperaturessTand the radii of various magnetic stars of classFB4are
determined, taking into accouthe peculiarity effect. It was found that, depending on the
type of peculiarity and intensity of the magnetic field, the valueefi the spot region is
on average 50@500 K higher than in normal atmospheric regions of the studied MSC stars.

7. Using spectra with high #8@Rstatsrofaclasses &49p | ut
quantitative spectral indices of peculiarity P (E) were determined from the lines of peculiar
elements Si, Mn, Cr, Sr and Eu. It was found that the highest peculiaritgsnare shown
by rareearth stars, for which the value of P (E) =-8.6. It was found that the value of P
(E) and the photometric indices of peculiarity increase with an increase in the magnetic field
to 5 KG and further saturation occurs in an increasee field.
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10.

11.

hwn

8.

9.

For 27 different magnetic stars, thaini axial rotation velocities were determined from the
half-widths of the Mgll, Fell, Hell line for the spot region (P) and the normal region of the
atmosphere. It wasevealed that theesini value forMCP stars is approximatelyi 3 times
smaller than that of normal stars of the same spectral classes. It is concluded that the proce
of deceleration of the axial rotation speedEP stars is completed, apparently, before the
stage of quasstatistical compression of the star begins.

The Balmer jumps (D) oMCP stars of spectral classesBR were determined, where it

was found that the value of D for MCP stars is reduced by apprtetinia= 0.040.06 with
respect to normal stars of the same spectral classes. It is shown that the decrease in tl
Balmer jump is due to the peculiarity effect in the spotted regions on the surface of these
stars.

According to 10 colour photometric obsetieas, it was revealed that for some cold MCP
stars (A2FO0) of the Sr, Cr, Eu type, the brightness changes in antiphase in different rays.
This is explained by the fact that in the visible region (depression re§idch0 0 | ) t
spectrum is blocked by lines rareearth elements, the excess of which reackh@siéx. For

these stars, the absorbed energy (brightness reduction) in theaegd@®5 500 by |
of rareearth elements is not accompanied by its increase due to the retrothermal effect, bu
is reradiated intheredregioe 10000 ) of the spectr um.
The main cause of various changes in the brightness of magnesit@GRIuring the period

is apparently the transfer of blocked energy from the ultraviolet region to the visible region
of the specum backwarming (retrothermal) effect, magnetic line blanketing effect and
blocking energy in the continuous of the lines by-eaeh elements in visible region.
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SPECTROPHOTOMETRIC STUDIES OF STARS AT THE TRANZITIONAL STAGE
OF THEIR EVOLUTION, IN SHAMAKHY ASTROPHYSICAL OBSERVATORY

RustamovB. N.
Shamakhystrophysical Observatory named after N. TafsANAS
bayram_rustam@yahoo.com

1. Young stars withlow (T Tau Type starg and intermediate (UX Ori stars) masses

According to modern astrophysical concepts,-atationary stars of the T Tauri type are the
youngest stars in the Galaxy (their age is maitl§-5.1(° years), are in the early stages of
evolution. Therefore, thstudy of variable stars of the T Tauri type, with the aim of discovering the
mystery of the birth of stars, is one of the urgent problems of modern astrophysics.

Many works have been devoted to the study of the spectral characteristics of T Tauri stars
However, there is currently no unified model to explain the accumulated observational data. It. is
mainly associated with the complexity and diversity of the very picture of variability. The relatively
low apparent brightness of these stars also puts liontbn systematic spectral observations at
various stages of stellar activity. In this regard, to establish the characteristic features of the
emission spectrum at various stages of photometric activity (and/or at different levels of
development of the egsion spectrum) and to study their relationship with other characteristics of
T Tauri stars, it is necessary to perform homogeneous anddangspectral observations of these
stars.

Rustamov B.N. obtained a uniform systematic series of observatiohe spéctra of T Tauri
stars- T Tau, RY Tau andFUORs FU Ori and V1057 Cyg, in the Cassegrain focus of the 2
telescope of the ShAO NAS of Azerbaijan. Using a 2x2 prism spectrograph with an inverse
dispersion of 94 /mm for Hgand a standard diffractiaspectrograph with an inverse dispersion of
75 i/ mm.

Quantitative twedimensional spectral classification of stars is the most important method for
studying the physical conditions in their atmospheres, based on spectrograms with moderat
dispersion. Usinghis method, the equivalent line widths can be used to determine such important
characteristics of the star as the spectral type and absolute magnitude.

In the work of Timoshenko L.V. [1] developed a technique:-tivoensional quantitative
spectral classifation of B9F8 stars, according to spectrograms obtained withna t2lescope
ShAO using a 2x2 prism spectrograph.

The development of a twdimensional quantitative spectral classification of stars consists in
obtaining reduction curves linking the spatttype or absolute magnitude with the equivalent
width of the selected spectral lines.

B.N. Rustamov developed a technique: «mmensional quantitative spectral classification of

stars, using the same equipment, for stars of spectral clas® BBd luninosity classes-V [2].
The error in determining the spectral class by this method is, on ave@agaf the spectral class,
and the absolute magnitude, depending orchiasen criterionis ° (0.5™-0.6"). Subsequently, this
technique was applied to tavo-dimensional quantitative spectral classification of varioos
stationary stars (stars of the T Tauri tyBgORs variable young stars with ngeriodic brightness
decreases) [8].

The main results obtained from the analysis of spectral observafidn3auri stars T Tau,
RY Tau [5,710]:

1. Based on a uniform, loAgrm (19721979) spectral material in the wavelength range of
36065000 i, some features of the emission
different levels of development di¢ emission spectrum of the star, were studied. A "flash"
was found in the emission lines of hydrogen and H and KCall with a characteristic time of
about 15 days. The approximately tenfold incraaghe EW (equivalent width) hydrogen
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lineswas not accopanied by the appearance of emission in the lines of other elements. The
average radial velocities along the lines of hydrogen and H and KCall were + 60 km/s and
did not show a noticeable change from night to night.

. As a result of a comparative study of the emission and absorption of Tae $pectra, it

was found that with the enhancement of the emission in the hydrogen lines, the spectral typ:
of the star becomes later. This observational fact indicates a camelag¢itween the
emission from the active region on the surface of the star. Hiay §uasiperiod found by

us is apparently the lifetime of active formation.

. As a result of a comparative study of the RY Tau spectra before and after the flare
brightness, with occurred at the end of 1983 and at the beginning of 1984, the following
features were found: after a flare with a
the Ho absorption line decreasesgtdnd Hl before and after the flare did not show
noticeable changes. The emission in treedhd H and KCall lines changes synchronously.
The spectral type of RY Tau did not change after the flare; before and after the outbreak, i
was estimated as GO.

. Observations carried out during the period of increaseghtness of the star, in general
showed the presence of all those types of H emission contours in the RY Tau spectrum
which were observed by different authors earlier, in the state of faint brightness of the star.
It was concluded that the nature b&tdynamic phenomena in the envelope as a whole did
not change after the RY Tau flare, and the radiation flux in theliké increased on
average.

B.N. Rustamov studied the spectral features of such unique young sEORS. These

objects take theiname from the name of the star FU Ori, in which Herbig first discovered an
unusual sharp rise in the brightness curve for 120 day$.at With such an amplitude, only
New stars flare up, but, firstly, unlike novae, the FUORs are located in the regisier of
formation and, secondly, after the outburst, the brightness level &udRscan remain in a
bright state for a long time. To date, only a few representatives of this group and possible
candidates are known.

He managed to obtain the spectra=ofOR V1057 Cyg at its lowest brightness state after

the outburst, for which the exposure time in the Cassegrain focus was dlibhoidrs.

The main results obtained from the analysis of spectral observationsréd@sstars: FU

Ori and V1057 Cyg [4,6,313]:

1. For the first time, on the basis of a homogeneous spectral material, 2D spectral
classification ofFUORs:FU Ori and V1057 Cyg, in the blue region of the spectrum.
Deviations in the direction of changes in theectral type of V1057 Cyg have been
found, which can be explained by fluctuations in the local temperature of the star's
surface. Apparently, changes in the spectral type of FUORs do not correlate with
changes in the star's brightness. The luminositysekaef the FUORs FU Ori and V1057
Cyg during the period of our spectral observations did not change within the error and
were estimated as-ib.

2. Found a difference between spectral and photometric determinations of the absolute
magnitude of V1057 Cyg. Peaips this is due to the fact that V1057 Cyg is not a normal
supergiant of the corresponding spectral type.

3. For the first time, the cover effects in the spectrum of FU Ori in the wavelength region
39064900 . A depressi on o fof RUDd was foumd in n u u
the wavelength range 41202 0 0 j .

4. The results of measurements of the equivalent widths of absorption lnasdy gin
the spectrum of V1057 Cyg according to spectrograms obtained in1B@m8showed
that for the period 1978985 tle average value of the equivalent widths of the indicated
lines decreased by about two times, and for 1B8J0 showed a certain increase. Using
published UBV photometry, it has been shown that since 1983 there has been a

131



correlation between the equivalemidth Hb and thecolourindex U-B, with decreasing
U-B, increasing the W(B) value. Based on spectral and photometric observations of
19781990, it is assumed that, starting from about 18885. V1057 Cyg has entered a
qualitatively new stage of develojmt.

Based on the totality of these worlBN. Rustamov in 2008efended his Ph.D. thesis on the
topic "Spectral study of T Tauri stars aARdORS [6].

At present, under the leadership of B.N. Rustamov is engaged in the study of young star:
SabinaMammadova, Vusala Alieva, Shabnam Agaeva. Sabina Mammadova in 2018 defendec
her Ph.D. thesis on fASpectratypadWwwhdYubmet a

Rustamov B.N., together with colleagues, in recent years have carried out the following
works: on the basis of published data of UBV photometry 49@8. [15,16] and from the
electronic database [17], according to the average data for each season of glossdahlesar
indices, the behaviour of tleloursof FUOR V1057 Cyg was anakyd. Anomalous behaviour
of the dependence of theolour index (UB) on the value of V was revealed [18]. As V
brightness decreases, -8) increases, but, at certain brightness values, begins to decrease. A
similar behaviour of the (AB) versus V dependeneeas found for UX Orion (UXOR) stars [see
eg. 19.20]. Apparently, this observational fact can be considered as an indirect argument ir
favour of the physical "kinship” of UXOR arfelJORs.There is an assumption that UX Orion
stars are evolved T Tauri stdhat have passed the stagd-blORflares [21].

The study of dynamic processes in the immediate vicinity of young stars is a great interest
for understanding the physical phenomena occurring at the early stages of their evolution, sinc
it is in these regins that planets and planetary systems are born from the primary matter of
protoplanetary disks.

To study these processes at tBhamakhy Astrophysical Observatory, spectral and
photometric observations of a group of young stars are carried out, sekedted it is possible
to study the influence of the inclination of the circumstellar (CS) accretion disk to the line of
sight on the character of spectral and photometric variabiltte secalled UX Orion stars
(UXORS).

UX Ori stars are unique naturaldoratories for studying the interaction between a star and a
circumstellar accretion disk. Due to the special orientation of the circumstellar accretion disks,
the UXOR radiation passes through the circumstellar disk before the observer and is partially
absorbed in it. For the purpose of establishing the physics of the phenomenon, it is highly
desirable that spectral observations of these stars be accompanied by photometric observations

One of the distinctive observational features of these stars isothpenodic, algollike
weakening of brightness.

For the period 2006 201Q during 24 observation nights, the spectra of one of the
remarkable representatives of UX Oritype stars WW Vul were obtained, in the wavelength
rangea-24700- 6 8 0 0 i i ,Cassegraintfdtes of therd telescope of th&hamakhy
Observatory, on an echelle spectrometer using a CCD camera 580x530 pixel (with a dispersio
of 10. 5 W/RmM3600j[224]. H

Based on the homogeneous spectral material, the behavior of tieakfeatures of a UX
Ori-WW Vul star in the extreme state of its brightness was studied. During the period of our
spectral observations (2008010), there was a brightness eclipse (20@810) of the star in
the V band (visual)25]. A statisticalanalysis of the behaviour of the intensity ratios (V/R) of
the emission components of th& khe in the WW Vul spectrum was carried out, based on 114
spectra, of which 24 were obtained by us in the period-2006. [23,24,2&8], and using the
publisheddata for the period 1972003 obtained by different authors [20,23)]. In the vast
majority of cases, the intensity of the blue emission peak is less than the intensity of the rec
component (V/IR <1), i n many caseR>1(10proflesV/ R
out of 114). This, apparently, indicates that the regime ofstationary outflow and / or ejection
of matter with variable power in the WW Vul star as a whole persists for almost 40 years and
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occasionally the accretion of gas from thewmstellar disk onto the star's surface is observed
[14, 2628, 36].

At four dates (July 8, 2006, August 17, 2008, June 13, 2010, and August 2, 2010), the secon
emission component was detected on the blue wing qf ttkéne in the spectrum of WW Vul.

The radial velocities of these components, measured using two spectra during the night o
07/08/2006, turned out to be equal-880.05 km/s and290.24 km/s, and for other dates they
had the values256.88,-294.36,-217.5 km / s, respectively [ 23, 24].

2006 - 2008 (before the eclipse) the D1, D2Nal doublet line is a blend consisting of
components: interstellar extinction and strongly variable, predominantly red (sometimes blue)
shifted, weak absorption components of circumstellar origin. In 2010 (aftexctipse), a narrow
interstellar component is clearly distinguished, and the circumstellar absorption is enhanced an
is present on the blue wing of the interstellar absorption [14].

Some correspondences were found between the radial velocities of .t &l line and
the central absorption of the Uline, indicating that the sodium doublet line is formed in a
relatively hot and dense gas, i.e., in the region of formation of théne. According to the
known ratio of equivalent widths [&/(D2/D1)] of the sodium doublet line, a change in the
optical depth of the circumstellar medium is observed. On average, it is about unity, which
indicates optically thick media at the wavelengths of the sodium resonance doublet [14].

In 2006, 2008 and 2010, duringetperiod of our spectral observations, #6876 Hel helium
line has an absorption profile with a complex structure and broad emissions on the blue wing o
the line, and demonstrates rapid variability of both absorption and emission components. Ir
August D07, the line of heliumeb876 Hel is practically not visible in either emission or
absorption. This, apparently, indicates that this line is formed in a limited volume and sometimes
the radiation of this line is screened by the accretion disk. In Auga§t 2fter the abovaoted
eclipse, both absorption and emission components increased [14].

A change in the spectral variability mode (by the lines; Hb, D1, D2Nal, Hela5 8 76 | )
was revealed in the WW Vul spectrum in 2006 (before the eclipse) and inth@tbeginning of
the eclipse) and 2010 (after the eclipse). On August 2, 2010, emission components were found |
one spectrum on the blue wing of th&) econd) and Bllines; blueshifted absorption wind
components appeared in the sodium doublet limete Helab 8 7 6 | l i ne, bot h
and emission components on the blue wing are noticeably enhanced. [14].

Apparently, in August 2006, the dominant role in the behaviour of spectral variability
belongs to the rotation of the accretion diskinathe case of a UX Orietype star RR Tau ([34,

35]), we have a twaomponent M line profile with V/R @1. In the observation seasons 2007
2010. Along with the rotation of the accretion disk, an additional mechanism appears, leading tc
rapid changes irphysical conditions in the region where these lines are formed. Such a
mechanism can be the magndiald in the accretion disk amat on the star's surface, which
determines the nature of the interaction between the star and its environmet, 356

The results of theoretical studies on modelling physical processes occurring in young stars
with small and intermediate masses indicate that the duality factor should be taken into accour
when interpreting observational data. In this regard, the spésatares of selected binary stars
of the UX Orion type are currently being analysed on the basis of the highly dispersive spectre
obtained with the 2n ShAO telescope.
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2. Symbiotic stars: AG Dra and CH Cyg

Symbiotic stars are spectrally resolvieitharies in which one of the components is a red
giant and the other is a white dwarf. At present, more than 200 symbiotic stars are known;
according to some estimates, their number in the Galaxy may reach 30,000. Through the stellz
wind, matter is accretl from a cold star into a hot star and an accretion disk is created around
the compact star. Symbiotic stars reflect one of the stages in the evolution of binary systems.

In symbiotic stars, there are shtetm glow, characteristic of cataclysmic stangdich
disappear immediately after flares. If we take into account that the source of the glow is the
accretion disk, then we can say that symbiotic stars play the role of a transition from a binary
system to a state with an accretion disk.

In the spectrafosymbiotic stars, as in the spectra of planetary nebulae, forbidden lines and
Raman scattering are an evolutionary indicator between these stars and protoplanetary nebule
Symbiotic stars represent the last stage in the evolution of binary systemsnitde: hmumber of
symbiotic stars indicates the short duration of this stage. From this point of view, the study of
symbiotic stars as the last stage of binary systems is of great importance.

In symbiotic systems, a directed eruption of matter (jets) octypscal of young stars,
double Xray stars, and the nuclei of active galaxies. Symbiotic stars are a good natural
laboratory for studying these processes.

Studies of symbiotic stars at the ShAO were starte&tyM. Mikailov, since 1983 [37
39], and sice 1998 [4661], he has been conducting regular spectral observations of symbiotic
stars using modern radiation detecter€CD matrices. Kh. Mikailov obtained a uniform
systematic series of observations of the spectra of symbiotic stars: AG Dra, CA&REgQ,
etc.

The main results were obtained from the analysis of spectral (Zeiss2000) and photometric
observations (Zeiss600) (192B08) of symbiotic stars: AG Dra, CH Cyg [38]:

1. As aresult of observations of the star AG Dra in 12081 on echell¢he spectrometer
at the Coude focus of arfleter telescope revealed changes in the radial velocities of
absorption lines with a period of 756 days in the spectrum, and also refined the long
period found for the radial velocities, equal to 5650 days.

2. Basedon 40 spectra of the symbiotic star AG Dra obtained in 1983, the emission lines
of hydrogen (HJHb Hg) and He Il 4686 were investigated using the classical method on
UAGS and 2x2 two prism astrospectrographs at the Cassegrain focus-wfeter2
telescope iad changes in the equivalent widths of these lines were revealed. On the basis
of published data in a wide spectral range, the energy distribution curve for the star AG
Dra was constructed, and the Balmer decrement was determined taking into accoun
intergellar absorption.

3. Comparison of spectral materials obtained in 19887 at the classical spectrograph of
the 2meter ShAO telescope with photometric observations of the AG Dra star in a wide
spectral range made it possible to propose a phenomenal raptle fAG Dra system.
According to this model, the symbiotic star AG Dra is a binary system consisting of a
calm K3 giant and a white dwarf. Around the white dwarf, there is an accretion disk that
feeds on the stellar wind of the cool star. Both componeihtee spectral line were
observed. The likely system parameters are as follows:

MgK=28M,Ma.c=10M,4 =5 108 M lyear,
a=440 R, Rdisk =6 R, Vorb = 30 km/s.

4. As a result of photometric observations of the symbiotic system AGiIDI3BVR
filters 19941995 on the ZEIS$00 ShAO telescope. In June 1994, a flare was detected
on the star. The flare amplitude of the AG Dra symbiotic system in the UBVR filters
reached magnitudes"®, 2".2, 1".4, and 0.6, respectively. The outburst grew for 18
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days and for about 130 days the star was in a state of maximum activity. The next
outbreak of the AG Dra system was observed in August 1995. Than¥ flare
amplitude was ~" magnitude. During a powerful flasthe ultraviolet radiation flux
increased 15 times. Revealing the largest amplitude change in the U filter proved the
connection of the AG Dra system with the hot component.

5. Analysesof spectral materials obtained in 202d08 on the echelle spectrometétie
2-meter telescope ShAO for the star AG Dra in various extreme states (low activity,
average activity and during an outburst) show that there is a very complex and
ambiguous relationship between the star's brightness and the structure of the emissio
line profiles, as well as its main parameters. During a weak and powerful flash, the
appearance or disappearance of certain lines is explained by a change in the ionizatio
mode.

6. Based on spectral observations of the star CH Cyg carried out ir20993 n the
spectrum of the star, for the radial velocities of théliHe components, as well as the
relative intensities, periodic changes with periods of 1350 and 100 days were detected
These periods are in good agreement with the periods of brightnes didamed by
other authors.

7. The appearance of elements of activity (double peak of deep central absorption of the
HU line, the appearance of the Hel and Fell lines) during a sharp increase in the
brightness of the star CH Cyg.

8. In symbiotic stars, the chga in radial velocities is complex character. The absorption
lines characterize the main component, the cold giant, of the symbiotic system.
Therefore, the study of radial velocities from absorption lines makes it possible to reveal
the orbital motion inHe system. Based on the literature data, as well as the data obtained
from observations at the ShAO, on the basis of -g§e#0 period for the symbiotic star
CH Cyg, a curve of the dependence of the radial velocities of absorption lines on the
Julian date s constructed. Our observations made it possible to clarify the meaning of
the long period and 56%@vas found for this period. In addition, a shorter period was
identified, equal to 756 Thus, the giant star completes 756 diurnal oscillations in its
5650 diurnal orbital period. That is, approximately 7.5 fluctuations are made in one
period. The radiaVelocity curve of emission lines plays an important role in
determining the orbital parameters and mass of the hot component of the system. In the
spectrumof the symbiotic system CH Cyg, emission lines in the optical region are not
always observed; they appear during the period of the star's activity and have a comple
structure (for example, Hel). Relatively low ionized emission lines (lines of oncedonize
metals) under the action of radiation from the hot component appear in the atmosphere
of the red giant, and therefore their radial velocity curves characterize not the hot
component, but as absorption lines orbital motion of the cold component.

9. Radial véocity measurements from absorption lines confirm the presence of two periods
(P1 = 5650 and B = 756, which indicate the triality of the Cygnus CH system. Some
elements of the system's orbits are calculated. The radial velocities and other parameter
of the HJ emission line indicate the presence of ~ 1350 day time changes, which were
indicated by photometric measurements by Mikolaevsky 52l

Based on the totality of these works, Kh.M. Mikailov in 2010 defended his Ph.D. thesis on
the t ogptiicomCafe echell e spectrometers and sp

At present, under the leadership of Kh.M. Mikailov. is engaged in the study of symbiotic
stars Aysel Rustamova, Arzu Orudzheva and Ruslan Mamedov

In spectral and photometribetaviour, quiet and active phases, as well as the revealed sets
of periods for the radial velocities and brightness of the system, CH Cyg is unique and differs
greatly from other classical symbiotic stars. The CH Cyg light curve changes on different time
scdes: from several minutes (blinking during the active phase), hundreds of days (pulsation anc
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rotation of the M giant), and up to tens of years (orbital motion of the components in the system)
[52].

Starting from about 2010, the brightness of the stahé&UW rays gradually and slowly
increases and at the end of 2014 reaches a value of d@b8lit Along with the synchronous
increase in the brightness of the star in the U and V rays, the remarkable photometric anc
spectral changes taking place in 2245 leave no doubt about the entry of CH Cyg into the
next active phase. In the active phases of the symbiotic system, a very complex kinematic:
develops in the circumstellar medium, as a result of the interaction between the binary systen
and the circumstir matter. The variability of the regime of accretion and ejection of matter
manifests itself in the form of various kinds of changes in the profiles of the Balmer lines of
hydrogen.

In the active phase of a star, when a white dwarf emerges from areettlisdistinguished
by high activity in the form of irregular flares, accompanied by outflows of matter at a high
speed; a sudden increase in the brightness of the system in a short period of time is ehserved
flicker of brightness.

At 15.07.2015. in one night for 6 hours, with exposures of 20 min, 14 echelle spectra of the
symbiotic star CH Cyg were obtained at the Cassegrain focus of-mhetekescope of the
Shamakhy Observatory on an echel | $0@gxplevth r on
a disper si onl Odpecttabresslutign /R m ik, 0pRL2].

From the analysis of these spectra, we have established the following provisions [51]:

In a time interval of ~ 6 hours, from spectrum to spectrum (exposure time ofactinum
is 20 minutes), the blue emission component undergoes rapid changes. The intensity ratio of th
blue (V) and red (R) components /®) along the profiles of the Bland Hb lines decreases
synchronously for about 2.5 hours, and then increases dat 8thours andeaches the previous
value.

For the first time, we dund that with changes in the/R/ ratios of the blue emission
component of the Hand H emission lines, the following occurs synchronously:

a) changes in the intensity of the Ha8876 line.The central intensities and equivalent
widths of the Heb5876 line correlate with similar data on the blue emission component
of the Hllines.

b) changes in the equivalent widths of the blue emission component ofttsadHHo
lines.

c) changes in the intengibf high-speed broad absorption components on the blue wing of
the Hb line. During observations, at the beginning for 2.5 hours, with a decrease in VIR
ratios, the intensity of absorption components increases, and for the next 3 hours, with
an increase iV/R ratios, the intensity of absorption components decreases.

High-speed wide absorption features with a complex structure were found in the blue wing

of the1 bemission line, with radial velocities along the absorption centers approximaté:
km/s; - 1250 km/s; and 1900 km/s. Changes in the intensity of absorption components occur
inversely to changes in V/R ratios.

The radial velocity of the Nal D1 abstion component approximately corresponds to the
radial velocity of the blue component ¢200 km/s), and the radial velocity of the emission
component of the Nal D1 line is close to the velocities of the R component ofthadHHH
emission lines.

The raid spectral changes we found in the spectrum of CH Cyg are apparently associatec
with scintillations in the optical brightness of the star, which is characteristic in the active phase
of the system.

One of the observational manifestations of the activityastrophysical objects with a
compact companion is higgpeed jet, the scalled jet (JET) ejections. These highly collimated
jet ejections were found not only for relativistic (active galactic nuclei, microquasars, gayma
sources, radio pulsars, gicbut also fomonrelative (young stars located before MS, Herbig
Haro objects, symbiotic stars, etc.) objects. This, apparently, indicates that we are dealing witt
one of the universal and rather effective mechanisms of energy release of astrophjesitsl o
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from a protostars to black holes and quasars. Therefore, this phenomenon is considered the k
to understanding the essence of the physical processes occurring in the widest class ¢
astrophysical objects with a compact component.

Symbiotic starsare interacting binary stars in which a hot white dwarf (WD) orbits a red
giant star and captures material from the wind of the red giant (RG). Because WD is compac
(roughly the size of Earth, but two hundred thousand times more massive), it has a strong
gravitational field and can capture more wind than would otherwise reach WD directly. As the
wind accretes, material falls towards the WD, it accelerates and heats up, and energy is release
In some symbiotic binaries, accreted material can form a diskdWD.

In the case of symbiotic stars, the material for accretion onto the compact object comes from
the second component, the red giant. However, not every symbiotic star is a source of jets. Thel
are about 200 symbiotic stars known to date, only 4& s$tave jet ejections. What parameters it
depends on is still unknown. The speed in jets of symbiotic stars reaches several thousand km/s

In 1990, at the time of the increase in brightness, the Bulgarian astronomer T. Tomov
detected hydrogen absorptiands in the spectrum of the symbiotic star MWC 560, indicating
the movement of matter at a speed of about 6000 km/s. In terms of the spectrum, thes
absorptions can only belong to a collimated ejection moving along the line of sight and therefore
projectirg onto a hotter source of the continuum, presumably a white dwarf or accretion disk,
due to which the ejection manifested itself in absorption. It is an exceptional case that the
orientation of the jet is exactly along the line of sight and the jet méifeslf not in emission,
but in absorption of radiation.

At present, the structures of nonrelativistic Jet absorptions of the symbioti@si@ygare
being investigated on the basis of homogeneous highly dispersive spectra obtained with the
ShAO 2m tdescope.
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I ntroduction

Study of photometric and spectral variability is an effective method for diagnosing
physical processes occurring in the accreting compact supermassive objects, which are th
majority of the nucleus of active galactic (AGN). Characteristic time of thisility shows
small sizes of regions emitting optical continuum and broad emission linvestigation of the
photometric and spectral variability is necessary to explain the structure of active nuclei, without
which it is impossible to get close to thadion of the problem of theentral energetic source.

To refine AGN models it is very important to have information on the nature of their variability.
In the model of a supermassive black hole with an accretion disk, both periodic and chaotic
brightnessvariability of galactic nuclei could be expected during the same night. Knowing the
properties of optical variability allows us to limit the possible types of models. There are two
most popular models of central energetic source: accreting black holencerabllapsed
magneteplasma body. Observations of a strict periodic brightness variability of galaxies
continuing during several cycles or absence of strict periodicity might be a weighty argument in
favor of one of the two abowaentioned concepts. Reselaes of nuclei of active galaxies
changing spectral and photometric characteristics and spectral type in deshogeriod
because of significant variations of luminosity are certainly actual since they give us important
information for understanding éhgeometry, physical nature and evolution ofrthelei of active
galaxies.The term "nucleus of active galaxies" (AGN) shows that the observed properties of the
central regions of galaxies could not be explained only by the formation and evolution ggocess
of the stellar population of galaxies.

The spectrum of the galaxy consists of the electromagnetic emission of the whole its
constituent objects. The spectrum of the galaxy has two toaglma The emission source of
galaxies- mainly are starsthe maximum emission intensity of most of them is in the optical
range (first maximum). As usual, there is much dust in galaxies, which absorbs radiation in the
optical range and readiate it in the infrared diapason. Because of this, the second maximum
falls in the IR regions of the spectrum.

Galaxies with strong emission spectra in nuclei, as a separate class of objects, for the firs
time were determined by the American astrophysicist S. Seyfert. In 1948blshed a study of
12 such unusual galaxies, later these galaxies named after Sayfert galaxiesA serious
interest in these objects began only in the late 1950s of the last century. Historically, the study o
active nuclei galaxies at the Shamaldstrophysical Observatorgamed after N. Tusipf the
Azerbaijan National Academy of Sciences (ShAO ANAS) was started by N.A. Huseynov in
1987. A number of works were carried out in this direction and very important scientific results
were obtained at SHA ANAS.

Photometric and spectral characteristics of the variability of quasa3C 273

Photometric UBVR observatiorearried outon April 1920, 1988 of the quasar 3C 273
also showed a brightness change over 2.8 hours. Photometric UBVR observations were carrie
out using an electroctrophotometer operating in the photon counting mode, instaile60n
cm reflector of ANAS SHAO. Té amplitude of the brightness variability in the UBVR filters
for one night was 0.23m; 0.10m; 0.14m and 0.13m, respectively [1].

Observations with the space telescope were carried out in19828 253 ultraviolet
(UV) spectra were taken from the IUE daab archive. 142rom theseare SWP specitra,
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coveringtherange of 10000 |, the rest of the L3VBPO Os pje.c
For SWP spectra, the dispersion is 1.515 j/
that the observatianwere carried out for 16 years and in different seasons of the year.

Sometimes in the same night for several hours with interruptiedssgctra of the quasar 3C

273 were obtained. Using these spectral data, we measured the flux in the continuous spectr

and also estimated the intensity (flux) 1n
Silv+0lVv 1399 j, C IV (1549 ) [2].

One of the key questions facing astrophysicists is the question of the energy source of th
activity of compact objectsthe mechanism of their energy release and collimation of the
outflowing matter. According to modern concepts, massive black holes are present in most
galaxies and remain active as long as a sufficient amount of matter falls on them. This limits the
time d their active life. It is usually assumed that the accretion of matter is disk in nature.

The nature of the change in the flux in the continuous spectrum and the intensity in
various lineswereanalyzed. A high degree of correlation is observed betwesefiukes in the
1300 and 1650 continuous spectrum. The <coc
spectrum at 1650 | and the flux in the-C I
61.8). The flux changes in tl@VI, Ly Si IV + OIV and CIV lines have been studied and it has
been established that the variability in the continuous spectrum and in the lines is chaotic. This
gives us a reason to assume that the mechanisms of generation of these emissions are differ
and not related toaeh other [3].

In conclusion, we present the main conclusions we obtained in this work:

1. Obtained in19781994 UV spectra of quasar 3C 273 show chaotic variability of the
flux in the continuous spectrum and in different lines. Stearh and longerm
changps in the spectrum were found.

2. For quasar 3C 273, fluxes in the <cont
bands show a very high degree of correlation: r = 96.8%. This indicates that the fluxes
of radiation in the continuum of relatively close regions fmrmed under the action
of the same physical processes.

3. The fluxes in the continuous spectrum and in emission lines (for example, in the C IV
1550 l i ne) show an i nver s64.8%c dhisrmay at
indicate that the mechanism fibre formation of a continuous spectrum and different
lines is different.

4. The change in the flux amplitude in the continuous spectrum is more than 2.5 times of
the change in the flux amplitude in the lines [2,3].

Spectral and photometric study of the first type seyfert galaxyNGC 3516

Galaxies with active nuclei are subdivided into Seyfert galaxies, quasars, lacertids, and
radio galaxies. According to modern concepts, the activity of galactic nuclei is explaitieel by
presence of supermassive black holes in their nuclei, onto which galactic gas and stars ar
accreted. And the difference in the types of galaxies with active nuclei is explained by the
difference in the angle of inclination of the plane of the galaexglation to the observer.

Observations of the nucleus of the Seyfert typgalaxy NGC 3516 were carried out in
19891994 with the Zeis$00 telescope of the Azerbaijan National Academy of Sciences. Fast
photometric observations were carried out in ffetBntial way, using close comparison stars,
with an aperture of 27n and with a UBVR el
mode. FEU79 was used as a radiation detector [4].

A fast photometry of the nucleus of the Seyfert type 1 galaxy N&® @vas carried out.
The observation was carried out with the Z&66 telescope of ShAO ANAS, with an aperture
of 27". The brightness of the galaxy NGC 3516, according to observations on May 9/10, 1989,
changes during one night with an amplitude of OMN0O9 ( O m. 01 2) , 0. m05 N
(0Om. 009) and 0.m0O5 N (0.m0O05) in the UBVR f{
was 3 hours 10 minutes [5].
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On December 16/17, 1993, the UBVR photometry of the nucleus of the same galaxy was
carried outfor 1 hour 30 minutes. No brightness changes with an amplitude exceeding Om.02
were found. The brightness changes on December 22/23, 1993 within 2 hours 46 minutes wer
found only in filter B and amounted to O0Om,

On January 7/8, 1994,BYR photometry of the nucleus of the galaxy NGC 3516 was
arried out for 2 hours 10 minutes. The br
12); Om, 07 N (Om, 008); Om, 04 N (Om, 009
nd that nigh, a unique delay effect was observed [7].

The nucleus of the galaxy NGC 3516 was observed on January 11/12, 1994 for 2 hour
27 minutes. The brightness changes were O0Om
(Om, 008) in UBYV filters, respectivelyAnd in the R filter, no change in brightness was found.
On January 18/19, 1994, the UBVR photometry of the nucleus of the galaxy NGC 3516 was

C
0
A

carried out for 1 hour 55 minutes, the bri
0Om, 0 6 N in(the B filtedsQ rB8spectively. No changes in brightness were found in VR
filters [8].

The results of the above observati@atisw one to assume thatflare has been detected
in the core of the Seyfert galaxy NGC 3516, with a characteristic time of 200420 minutes.
The brightness changes are not observed every night and are chaotic [6, 7, 9].

Since the speed of light propagation is limited, the size of the region responsible for this
variability can be determined from the characteristic flash tirhes, the brightness variability
is the result of a certain physical process that covers the entire nuclear region of the galaxy
R=CxT=3x10%m/secx 7,6x10°sec= 0, 2%®¥8n = 10

The size of thelomain which is responsible for the brightness change, is determined
from the characteristic variability time and is 0.228 x 16d§10].

In addition, observations in four filters have revealed a unipl@yeffect in brightness
changes, the maxima of whicbhroe from U to R with a delay of about 30 minutes. An effect of
this nature was observed from observations of NGC 3516 on May 9/10, 1989, and January 7/¢
1994. The variability on May 9/10 was Om. 0
(0Om.009)andOm05 N (0. mO0O05) i n t hEelwighnds dhanges of thes ,
core of NGC 3516 on January 7/ 8, 1994 was
(Om, 009); Om, 05 N (Om, 005) in the UBVR f

It should be nted that, in UBVR filters, the brightness of the galaxy NGC 3516 from
1989 to 1994 is increased by about 0-Bm. Considering the fact that the possibility of
observing this object from one geographic point does not allow covering the time range of more
than three to four hours, it is impossible to confidently note the nature of the variability. It would
be desirable to carry out coordinated observations in different observatories in longitudes [11].

It was found that the Seyfert galaxies of the first ti{feC4151 and NGC 3516 show
rapid variability (1,3), while the SyG of the second type NGC 1068 does not show such
variability [6]. It was found for the first time that the amplitude of a burst of rapid variability in
the quasar 3C 273 is twice that in the/f8d type | galaxies NGC 3516 and NGC 4151 [7].

The observations were carried out in 19894. 64 ultraviolet (UV) spectra were taken

from the IUE database archive. SWP spectra cover the region21000 0 | . For SW,
the dispersi amdi ¢ hle. 5%5% ojl /ummm,on i s 6 |/ mm
We measured the flux in the continuous

Also the intensity in the various emission lines. Basically, we have considered only emission
lines in the UV part of the spectrum. We are rhainterested in the nature of the change in
intensity in different spectral ranges, since studying the intensity makes it possible to construct ¢
photoionization model of the surrounding gas cloud. According to this model, the surrounding
gas cloud is ioized by radiation coming from a central source. For this reasonwaxglength
radiation also occurs.

In conclusion, we present the main conclusions we obtained for the Seyfert galaxy of the first
type, NGC 3516.
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1. A flare was discovered in the Sestfgalaxy of the first type NGC 3516 during the
same night, with a characteristic time of 1I®D minutes. According to observations
on May 9/10, 1989, the brightness of the galaxy changes during one night with an
amplitude of Om. 09 mMAOBEDM. OM2P7 O. rH®5n.
(0.m005) in UBVR filters, respectively. On January 7/8, 1994, the brightness changes
were Om, 08 N (Om, 012); Om, 07 N (0m,
005) in UBVR filters, respectively. [7, 8, 9]

2. A unique etlay effect is observed, in other words, brightness changes, the maxima of
which come from U to R with a delay of approximately 30 minutes. The delay of the
long-wavelength radiation of the continuum with respect to the sthavelength
observed at the SHA and foreign observatories may indicate that the glow of most
AGNSs is caused by strong friction and heating of the gas in the accretion disk. But
there is still no reliable proof of this [11, 12, 13].

3. For the Seyfert galaxy of the first type NGC 3516, sige of the region, which is
responsible for the brightness change, is determined from the characteristic variability
time and is 0.228 x 1015 cm [10].

4. The brightness variation of the Seyfert type 1 galaxy NGC 3516 is chaotic. Both
active and passiv&tates of the nucleus are observed [14].

5. According to UV observations on 194894 of the Seyfert galaxy of the first type,
NGC 3516, a chaotic change in the flux of the continuous spectrum, as well as the
intensity of the emission line, was found. There fast (weekly), average (monthly)
and longterm (annual) components of the change in the UV spectrum of this galaxy;

6. In 1980 in NGC 3516 the intensity of various lines was at the maximum, but this year
the flux at the level of the continuous spectrumas observed at the minimum. The
reason for this phenomenon may be that the emission line is formed due te a non
thermal mechanism, and the continuous spectrum is formed due to a thermal
mechanism;

7. In the continuous spectrum at different wavelengths (43@&5 0 § ) , fl uxe
high level (r = 98%) correlate with each other [14].

Spectral and photometric study of the seyfert galaxNGC 2617

In the unification model, two main types of AGN are postulated, with wide emission lines
(type 1) and only with naiow lines (type II), which are the same type of objects, the appearance
of which depends on the visibility to the observer. Type | AGNs have very broad emission lines
and a higher level of continuous emission, while type 1l AGNs lack broad lines, haveeoyl
narrow emission lines and a weaker continuum. The idea behind the unification scheme is the
the central black hole is surrounded by a "dark torus" of gas and dust.

Thus, if broad emission lines are created in a region close to the central biachritbl
narrow lines are emitted at a more distant distance outside the torus, then broad lines may k
hidden depending on the angle at which the AGN is seen. The best evidence for this scenario
the spectropolarimetric observations of some type Il AGiNsyhich broad emission lines are
visible in polarized light, which can happen if the broad line region is indeed hidden and the light
is reflected from the torus towards the observer.

How supermassive black holes form in these galaxies is still a my$tegyfact is that
they are visible even in the early Universe, hundreds of millions of years after the Big Bang, anc
already have a large mass, although according to calculations they should not have time to gain
with such a short history of existendd].

Thus, the abrupt change in the Seyfert spectral type due to flares observed in some
AGNSs, including NGC 2617, can provide us with very important and valuable information for
understanding the geometry, physical nature and evolution of the nuclévefgalaxies.

We also carried out spectral and photometric monitoring of the Seyfert galaxy NGC 2617
in January 2016 in order to find out, how three years after an intense monitoring campaign in
2013, Shappee et al. changed its spectral type back or remains a Segdrigglaxy (Sy 1).
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Our observations covered the region from IR (JHK) and optical (BVRclc) photometry and
spectroscopy. In addition, we used filfeze optical monitoring of the robotic International
MASTER network from 2010 to 2016. We found that thelews of NGC2617 remains in a high
state so far and can still be classified as 4ggel. Observations in the optical and infrared (IR)
ranges showed that NGC 2617 AGN activity continues and that in 2016 in-J&pel he
underwent another series of outbreakhese flares are comparable in level to those when NGC
2617 was observed by Shappee et al. in 2013. We then began observing inrapfan
ultraviolet light with the Swift spacecraft. These observations began in 2016 on May 17, and
continued until 206 on June 23 [15].

Our problem was to examine this object to see if it returned to its normal state of low
activity again? We managed to combine the efforts of colleagues from a number of observatorie:
and countries. We were able to show that the olgestill in an active state and has not returned
to its previous spectral type. We found several bright flares (comparable to those observed i
2013), which were accompanied by spectral variability. According to IR observations obtained
with the new 2.5 SAlelescope, it was found that the variability delay inKhdter increased by
about a factor of 2, which may be due to the partial sublimation of dust over the past three year
[19].

We obtained optical spectra in the range of 42000 0 | u s ism gpectograph 2
and a 4K CCD (spectral resolution73 | ) -m telesaope2of ShAO at four nights in 2016 on
February 2 and 4, March 4 and April 9. From our spectra obtained in the first half of 2016, it can
be seen that the Seyfert galaxy NGC 2617 @al&ssified without any doubt as an NGC of type
Sy 1. I n our spectra one can see the displ
with a relative velocity of about + 2500 km/sec, which is not visible in the spectra obtained by
Shappee et al. iR013. We were unable to verify that this new component is also present in the

HU profile due to the | ow resolution of t
component in the red region cannot |Ilsetronge!l i .
emi ssion in the forbidden |ine [O II11] @& 43

Optical and neainfrared photometry, optical spectroscoppd soft Xray and UV
monitoring of the nucleus of the active galaxy NGC 2617 with a changing appearance show tha
it still looks like a Seyfert type 1 galaxy. In 2016, NGC 2617 revived again to a level of activity
close to the level of 2013. We find variations in all passbands, both in intensities and in broac
Balmer line profiles. A new shifted emission peak appeared in the regioe ébthnes. The
change in the Xay region correlates very well with the UV region and may be delayed by about
~23 days. The K band is delayed relative t
delay in the B + J filters is about ~ 25 days. Thiayle filter J from filter B is approximately 3
days. This may be due to the fact that the change in-tiaad occurs in the outer part of the
accretion disk, and the change in thé#&nd is due to the thermalegection of dust. We assume
that the chages in spectral type are the result of an increase in the central luminosity, causing
the sublimation of the innermost dust region in the biconical outflow field. We will briefly
discuss various other possible causes that could explain the dramaticl g¢gpetchanges in the
Seyfert galaxy NGC 2617 [16].

Having changed its spectral type, the Seyfert galaxy NGC 2617 had approximately the
same brightness in 2012 and in 2016 and in February 2017, and in 2016 it had a type 1 S
spectrum, so we assume thaharp change in the type of NGC 2617 was not associated with the
increase in brightness observed in 2013, occurred between October 2010 and October 2012 [1
19].

CCD photometry on the 5€entimeter telescope AZ3 at the Crimean station of the
Sternberg Asonomical InstituteMoscow State UniversitySAl) conducted on May 7 and 9,
2016 showed that NGC 2617 had B = 14.71 in the filter in-aeb®nd aperture. This is about
0.3 stellar magnitudes brighter thanrA@2 of the same year [15].

CCD photometry performed without a filter with a 15 secongix@l) aperture of the
Global International Robot Network MASTER on May 11, 2016 confirms that NGC 2617
continues to remain bright and continues to change bridiaver time. It is brighter than April
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22 by about 0.1 magnitude. The measurements were carried out using the MAXIM DL package
with an aperture of 10 seconds. Seyfert galaxy NGC 2617 became brighter in the filter was B =
15.1, became B = 14.8 in March, atmén faded to B = 14.99 over the next three weeks. The
amplitude of the Wand brightness variation was approximately half of tHeaBd variability

[17].

We also carried out JHighotometry with the new 2-Beter telescope of the Caucasian
Mountain Obseratory of theSAl using the ASTRONIRCAM instrument operating in the JHK
bands from January to April 2016. The photographs show the light curve in the IR region with a
5 second aperture. The performed crosselation analysis shows that changes in tHeakd
relative to the<band are | agged by 18 N 2 days. Thi
Shappee et al., 2013 IR data. If the delays obtained from observations are real, then this can |
explained by the sublimation of a part of the dust arounddteayver the past three years [19].

All NGC 2617 data converted to International Johr€ouisin value. We measured the
background in a circular radius of -85 seconds. Light curves in BVRclIc fillers are shown in
Fig. 2. The magnitudes correspond to anrtape radius of 5 seconds. From the figure, you can
see how NGC 2617 became brighter by about 0.3 magnitudes in the filter during the month of
March, and then became fainter by 0.1 magnitudes irApid. It became brighter again at the
end of April and paked at about 14.6 in the B filter on May 19, 2016. Another maximum of
such valuesvas reached on June 15, 2016. The amplitude of the changes in the V filter was
approximately half the amplitude in the B filter. VariationdRigand kwere synchronizedith
the B-band variations, but still with smaller amplitudes [17].

The SWIFT telescope observed NGC 2617 both when counting photons and in time
modes in the window, depending on its brightness. The spectra have been scaled down usir
online tools providé by the UK SWIFT Science Data Center; The resulting spectra were
grouped to have at least one count per bin and were set in th6 Re3/ range with the XSPEC
software package using Cash statistics.

The Swift UV and Optical Space Telescope observedrallphwith the XRT telescope,
which allows for broadband coverage from optical tera)¥ range. During our program,
observations were made with a filter of the day. Image analysis was performed according to the
procedure described on the Swift Science websf the British Data Science Center.
Photometry was carried out using the uvotsource procedure with initial aperturesuebfaali
and 10 seconds for the background for all filters.

The previous Xay flux, variations in UVW1 and in filter B icombination with filter
free MASTER optical data (2012015) is very well consistent. The amplitude of the gloss
change is the largest for-bays and decreases as wavelength increases.

We estimated the delays between changes in the continuum in diffarets bsing two
independent methods: MCCF, a modification of traditional ecosselation methods) and
Bayesian analysis using the JAVELIN software [19].

Seyfert galaxy NGC 2617 is a typical example of a JAG with a changing appearance. It
was observed thatetween 2003 and 2013 there were significant changes in brightness and
spectral type from Sy 1.8 to Sy 1. In January 2016, we started spectroscopic and photometri
(IR-JHK and optical BVRI) monitoring of NGC 2617 to make sure that it is still in stafe By
2016 and 2017, NGC 2617 revived again to +#HI3 activity levels. However, from early April
2017 to late May 2018, the object had a very low brightness level and there was little change. Ir
December 2017, according to observations of the Swifte&Spatescope, the flux in the-day
region (Xr ay) was the | owest, since when monit c
0. 03, B = 15.60 N 0.03 (Swift). It shoul d |
April-May 2018 according to optical d@atOur new optical spectra, obtained in Ay 2018,
showed very low intensity of the broth line. We have reported a new outbreak detected by
MASTER (Global Robotic Network) data. This outbreak came after a very long low state during
2017. In early une 2018, NGC 2617 became brighter again and now has a magnitude in the
filter B = 14m, 9 N Om, 05 [20].
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The unification model o ANG, which explains the variety of types only by different
orientations to the observer, is very popular, but it has a nuohipeoblems and, in particular, is
not able to explain cases of rapid changes of the spectral type. We assumed that such changes
not exceptions, but occur regularly in all RAG variables. The differences in the types of RAG are
undoubtedly associated thidifferent levels of absorption in the vicinity of the nuclear region,
but it is obvious that the change in the spectral type cannot be explained by the rapid changes
the orientation of the galaxy to the observer. The example of our galaxy can beedrof this.

Our Galaxy around its axis at a speed of 220 km/sec makes a complete revolution in 230 millior
years. From this statement it can be seen that the change in the orientation of the galaxy to tt
observer occurs over a very long period of tiamel cannot explain the fast, that is, over1®

years, changes in the spectral type of active galaxies.

Taking this into account, we assumed that the absorption changes due to changes in th
accretion rate and variations in the luminosity of the cestratce in theéANG, which leads to
changes in the concentration of dust in clouds along the line of sight. Earlier, a model of the
conical outflow of dust clouds was proposed, which allows one to naturally explain the results of
the independence of IR detagn the wavelength, as well as cases of changes in the spectral type
of ANG. This hypothesis has been published and discussed by us at a number of internatione
conferences, has independent observational confirmation, but needs further verification [19].

We consider it more probable that changes in the spectral tyjld@fare a consequence
of normal processes for Seyfert galaxies. It has also been argued for a long time that the type ¢
ANG depends on the accretion rate and, therefore, changes in thelspge arise due to
changes in the luminosity of the central engine. Our observations froag % infrared regions
of the Seyfert galaxy NGC 2617 support this picture. In order to explain the changes in the
optical attenuation cANG and the associalechanges in the -Xay spectra, it has been proposed
that the damping material has an inhomogeneous distribution.

We have shown using spectral and multiwave photometric observations thaitie Se
galaxy NGC 2617 continues to be in an active state gphrantly, while it is of the spectral
type Sy 1. Remaining in an active state for a long time and the occurringeshontariability
are not always consistent with a change spectral type due to the ongoing tidal disruption in NGC
2617. We assume thatetlspectral type change was the result of increased luminosity causing
dust to sublimate in the interior of the biconical dust outflow. This leads to a much more direct
look at the central regions of the galaxy.

For the first time, we discovered the presencof a vari abl e emi ssi
line profile in the Seyfert galaxy NGC 2617 and noted that similar features are characteristic of
other CL AGNs [19, 21].

We assume that the sharp change in the spectral type of the Seyfert galaxy NGC 261
was rot associated with the increase in brightness observed in 2013, but it is likely that the
change in the spectral type occurred a little earlier, that is, between October 2010 and Februar
2012. This result is confirmed by observations of the internatiardtic network MASTER
carried out in the period 2042D16.

We determined the time delay in the K be
NGC 2617 in 2016 was about 25 days, which coincides with the estimate of the radius at whict
dust sublination should occur. According to Shappee et al in 2013, the delay was about 10 days
We analyzed the data obtained by Shappee et.al. and came to the conclusion that these data
not allow, unfortunately, to reliably determine the delay. It is possible dhanges in the
magnitude of the delay have occurred, but the available data do not allow it to be unambiguousl
determined. [19, 21].

Spectral and photometr éblGXisidy of t he
We plotted the historical light curve for the Seyfert type 1 galaxy NGC 4151 for the
period 19062016. Using the Fourier algorithm (CLEAN algorithm), we found a periodic
component of ~ 16 years in the 1g€ar light curve. 40 years ago, the same periodimtally
obtained from Odessa photometric data. This "period" observed on the light curve was ther
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independently derived from spectral variability and is interpreted as the case of a supermassiv
binary black hole. We interpret these periods as somamgrecretion times.

Relationship between the trial period P and its amplitude (in magnitudes) obtained by the
CLEAN method. The usual period of about 16 years, which was first discovered 40 years ago by
Oknyansky, is still the same period in variabilityeo the past 110 years. The new CCD
photoelectrical data were obtained with a-th@elescope at the Shan of ANAS and amh.0
telescope at the Weihai Observatory of Shandong University in Shandong province. We have
al so added 29 pebaraduced frénr zdonour Systémirg B [22F

Historical light curve plotted by us from observations for the historical period-2006.

On the 116year light curve, we can see various variable componentsa fast component,
variability with a characteristitme of about tens of days,-& slow component, changes with a
characteristic time of about several yearsa3very slow component with a time of about tens of
years.

To search for the periodic component, the Fourier analysis algorithm (CLEAN) was
apgied; to the data obtained in the period from 1906 to 2016 (smoothed steps of 100 days), we
found a periodic component of about P ~ 15.7 years in theyddflight curve. This "period"
observed in the light curve was then found independently and in a@peatrability and was
interpreted as the case of a supermassive binary black hole [22].

We present the historical light curve for the Seyfert type 1 galaxy NGC 4151, which
changed its spectral type in 1984 during 12086 which is the longest known lighturve
among the variable Seyfert galaxies. The intebetlveen19061966is mainly represented by
the obtained photographic observations, which were obtained in Moscow, Odessa, Harvard an
Stewart on photographic plates, which are preserved in archawal All these data can be
combined together and reduced to the same system as the photoelectric data in the B filter. Tk
calculations were carried out only using magnitudes obtained from the Odessa Observatory
since these observations overlap with pbktgotric and other photographic data. Pacholczyk
valuesrequire very large scale and zero corrections before plotting them along with other
photometric data. The historical light curve shows various components in variability over 110
years. A very highrd longterm active state in the Seyfert galaxy of the first type, NGC 4151,
was during 1987998 and occurred only once in 110 years. We confirm the presence of a
regular component, with a period of about 16 years. We interpret these cyclical perithas for
Seyfert type 1 galaxy NGC 4151 as a typical dynamic accretion time [22].

Determination of the distance to NGC 4151 based on spectral and photometric
observations of the supernova SN 2018a0q

The supernova SN-P 2018a0q, which exploded in the Seyfatagy NGC 4151, after
the explosion from 2 to 100 days photometric and frora7lldays, spectral observations of this
unique object were carried out. The distance to this object is known with poor accuracy, which
interferes with effective calibration. Esiates of the distance to NGC4151, published in recent
years, range from 4 to 29 Mpc. Significant peculiar velocities make estimates based on rec
mixing very uncertain and therefore, requires distance determination based on other method:
We have determimkthe distance using two methodse II-P supernova SN 2018aoq in the
Seyfert galaxy NGC4151 presents a unique new opportunity to obtain an independent distance t
the galaxy. We used our photometric UBV RI CCD observationsift@nd 56cm telescopes
of the Crimean observatory of the GAISH;-@® and 2ecm of the Moscow observatory of the
GAISH; 1-m telescope of the Simeiz observatory INASAN:®0 telescope of the $%D) and
spectral observations2{n telescope of ShAO). Using the EPM (ExpandiRgotosphere
Met hod) met hod, we found the distance D=2
met hod, we found 16.6N1.1 Mps. 't shoul d be
of very great scientific importance. Since this makes it passibtonstruct distance scales in the
Universe, a very important role will play a role in clarifying the Hubble constant and the age of
the Universe. Other dynamic methods can be calibrated from these measurements [23].



REFERENCES

1. Guseinov N.A. //Violent activity of quasar 3C 27Rinematics and physics of celestial
bodies,No.3,Vol.13, 1997, Kiev.

2. Guseinov N.A. [/ /Photometric andlNoge&/cll0y al
pp.3%£37, 2015

3. Guseinov NA.etal. WUV spectr al var i abi |Joutngl of@Qafgaz h e
University, No.2, Vol.4,2015

4. Guseinov N.A. Electrophotometer study for observing variable s@arsular of ShAO,
N0.96, 1999, Baku.

5. Guseinov N.A. Dptical variability of nuclei of active galaxies NGC 3516 and NGC 4151,
Kinematics and Physics of Celestial Bodigs.3,V0l.13,1997, Kiev.

6. Huseynov N.A., Mikailov Kh.M. On rapid photometric variability of nucleus of seyfert
galaxies NGC 1068 and NGGB6, Circular of ShAON0.95, 1999, Baku.

7. Guseinov N.A. UBVR observations of the Seyfert galaxy of the first type NGC 3516
Kinematics and Physics of Celestial Bodige.6, pp.98101, 2009, Kiev.

8. Guseinov N.A. MDbservations of the Seyfert type 1 galabGC 3516 in 1993994
Materials of the International Conference Dedicated to th® Afniversary of Baku State
University,2 0 0 9, Bakeé.

9. Guseinov N.A. [Lomparative analysis of the variability of Seyfert galaxies and quasars.
I nternationallfuGonfaede Mo e elurie, 20”2 2001pB&kw my 0 ,
10.Guseinov N.A. /I Parameters of the optical variability of the Seyfortov galaxy NGC 3516

AAJ,No.2, Vol.5, ppl3-19, 2010.

11.Guseinov N.A. /I Brightness variability of the Seyfert galaxy NGC 3516 anduasar 3C
273 V | I nternational Conf er Pecanber PG QQLeppIL- Tr e
93, B&u.

12.Guseinov N.Aet al.// Brightness variability of the Seyfert galaxy NGC 3516 and quasar 3C
273 News of Baku State Universityp.3,2011, Baku.

13.Gu=inov N.A. // Photometric and spectral characteristics of the variability of the quasar 3C
273 VI 11 Il nternati onal Conf er 26 decenibd®iBe r n
pp271-274, Baku.

14.Guseinov N.A., Ismailov N, Z., Jafarov A.R., Mansimov A.J.,lieTature of spectral and
photometric variability of the Seyfert galaxy NGC 3526. International Conference
AModern Tr en,sl3X617 Peheynber2@1§ Baku.

15.V. L. Oknyansky, N. A. Huseynov, V. M. Lipunov, et.al. // The chandyme SeyferNGC
2617 brightens again, The Astronomer's Telegram@Ng01, May 20 2016.

16.V. L. Oknyansky, N. A. Huseynov, V. M. Lipunov, et al // Changipge Seyfert NGC
2617 brightens agaiThe Astronomer's Telegramp.930, 7, May, 2016.

17.V. L. Oknyansky, N. A. Huseynov, V. M. Lipunov, et.al // New outburst of NGC 2&h&.
Astronomer's TelegranNo.950, 14, May, 2016.

18.V. L. Oknyansky, N. A. Huseynov, V. M. Lipunov, et.al // The changing look AGNs
monitoring projectOdessa Astronomical Plitations, Vol.29, pp.9295, 2016.

19.0knyansky V.L., Gaskell C.M., Huseynov N.A., et.al.//The curtain remains open: NGC
2617 continues in a high stadonthly Notices of the Royal Astronomical Sogidg7, No.

2, pp.14961504, 2017.

20.V. L. Oknyansky, V. MLipunov, M. Gaskell, N. A. Huseynov et. al // NGC 2617 brightens
again after long very low statE.th e Ast r on o mEalh763, 9 &uhee2P18;a0M22
uT

21.N.A. Huseynov, V.L.Oknyansky, Kh.M.Mikailov, et al // Characteristic features of the
change of th spectral type of the seyfert galaxy NGC 2617,-293,201.International
Conference fAModer,01-03 Moy, 20l Baktn Physi cso

14¢€



22.V.L. Oknyansky, N.V. Metlova, N.A. Huseynov // Optical monitoring of NGC 4151 during
110 yearsOdessa Astronomical Blications,Vol.29, pp.9598, 2016.

23.Yu. Tsvetkov, P. V. Baklanov, M. Sh. Potashov, V. L. Oknyansky, Kh. M. Mikailov, N. A.
Huseynov et al. [/ Supernova 2018 aMathyand
Notices of the Royal Astronomical SocigtyNRAS, Vol.487, No.3, pp.3003006.

14¢



ASTRONOMY EQUIPMENT AND LIGHT RECEIVERS
OF THE SHAMAKHY ASTROPHYSICAL OBSERVATORY

Mikailov Kh.M.
N.Tusi Shamakhy Astrophysical Observatory of ANAS
mikailov.kh@gmail.com

Introduction

The emergence of the cosmic period in human history (the second half of the 1950s) gave
a strong stimul to the development of new ideas, technical means and nuétbpdse research,
in other words, the development of instruments and methods ofeaghr and terrestrial
astronomy. It also accelerated the technical reconstruction of existing observatories. In the aree
with favorable astroclimates of some countnesv observatories and large telescopes have been
built. The Shamakhi Astrophysical Observatory (ShAO) was established in 1959 on the basis o
the Astrophysics Laboratory under the Institute of Physics of the Azerbaijan Academy of
Sciences since 1953 (latdre Astrophysics Sector) and was included in the structure of the
Azerbaijan Academy of Sciences as an independent research institute.

The observatory has been equipped with astronomical instruments and light receivers
since its establishment. In 1957etfirst ChromospherBhotosphere Solar Telescope, was built
at the Pirgulu Astronomical Station and solar patrol observations began. In 1959, a 200 mn
photoelectric telescope was put into operation, which solved the problem of studying the
astroclimate ofthe area. In the following years, Horizontal Solar Telescope (1962);483T
Telescope (1964), AZB Telescope (1970), and Zeis80 Telescope (1980) were put into
operation. The purchase of thenteter telescope manufactured by Carl Zeiss company from
Geaman Democratic Republic and its expluation in September 1966 is of special importance in
equipping the observatory.

2-meter telescope and its devices

The Zeiss2000 Telescope is the second of five such telescopes reflector of which is
manufactured yp Carl Zeiss Jena (Germany). It was brought to the observatory in 1964 and put
into operation in 1966. Geosg'Eaplii cal4R.cTheo rAdb i
telescope was built at an altitude of 1460 m above sea level. The main mirror is parabolic, with
diameter of 2080 mm and a focal length of 9000 mm. On the opposite sides of the main tube o
the 2meter telescope diametrically opposite 1 pair akses (lens diameter110 mm, focal
length- 1130 mm, field of viewl A) and 1 pair of gu308®mt el
focal length- 7500 mm,field of view - 15") fastened. The outer layer of the dome and the
building is covered with aluminumplates for thermal insulation.

General view of the-Bneter telescope. Left image from the outside,
right image from the inside
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The 2meter telescope combines 3 different optical systems and is mainly designed for the
spectral observations [2]:
1. Primary focus. Focal length is F = 9 m, focal ratio is /4.5, useful field of view is 6'x6',

designed for obtaining spectra weak objects. With the help of correction lenses it is
possible to increase the useful field of view to 2¢'421'45 and is designed for the
direct photography of cel esti al bodi es.
2. Cassegrainfocus. Effective focal length is F = 29.5 m, fdcaatio is 714.75, size of
view field 7'"x7 ", scale on the focal p |
3. Coude focus.Effective focal lendt is F = 72 m, focal ratio i936, size of view field
3'"x3'", scale on mhe focal plane is 2.8al

(=
F=29500 mm
7"/mm

Optical scheme of the-i@eter telescope. iLprimary parabolic mirror: effective diameter is D = 2 m, focal
length is F = 9 m; 2,3 cassegrain and coude hyperbolic mirrors: diameter is d = 580 mm, focal lengih#s
3600 mm,dude= -2850 mm; 4 flat mirror with siz&620x400 mm; 5 flat mirror with diameter d = 520 mm; 6 flat

mirror with diameter d = 50 mm., S is the center of gravitgpBnterweight

From the beginning, the telescope was mainly used for spectroscopy. asth&qdak
and ZU photoplate were used as light receivers to obtain spectra. In 1998, electronic detector
began to be used. From 1998 to 2014, Russiade nitrogeftooled 530x580 CCDs were used
for spectral observations, and then CCDs produced by Altagég began to be used for the
photometric observations.

Modernization of the 2-meter telescope

Within the framework of strengthening the material and technical base of the observatory by the
decrees signed by the President of the Republic of Azerbaijan in September 2008 and July 200
the hydraulic and electrical systems of thm@ter telescope werreconstructed in 2012013 by

the Czech company ProjectSoft [3] and the control system was automated [4]. The conventione
industrial control system of Siemens company was used to control the telescope. The integrate
control program works directly omé programed logic controller (PLC). All calculations are
performed on the single processor, which ensures the most reliable control. The telescope |
controlled and visualized by PC. In addition, the telescope can be controlled remotely using the
standardTCP/IP protocol.The correction system (model) was installed on the controller to
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eliminate mechanical errors when the telescope was aimed at the object. The system include
calculation of precession and refraction, correction of aberration and nutatorillethis
increased the speed and accuracy of the telescope's orientation to new coordinates. For examg
the telescope's orientation accuracy has been reduced from the original 300 to the current
arcsec. Equipping the telescope with a control systeah meets the modern requirements of
terrestrial astronomy and new light receivers allows the Observatory to successfully participate
in international cooperation in astronomical research.
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General view control panel of the telescope.

Optical devices of 2meter telescope

Historical spectrographs:

Primary spectrograph. The primary focus is considered for the photographic and spectral
observations of weak celestial bodies.

1. Cassette device for direct photography. When the concealer is used, the useful viewing area
21 NMAB1INj] 45

2. 3chamber 232 spectrograph used to obtain spectra of weak objects with small resolution witt
di spersion diffraction 137; 86; 79; 46; 29



Spherical mirror Cassette for_the
of the Schmidt camera\ photographic plate

#

Collimator

Flat mirror for the
small pointing telescope

General view of the main focus spectrograph.

Optical characteristics of the spectrograph:

Collimator mirror- diameter 75 mm, focal length 337 mm
Diffraction Grating- size- 80x110 mm, Grating constan650 mmt
Schmidt camera 1diameter 125 mm, focal length 150 mm
Dispersion 336100 | / mm

The linear dimension of the spectrurf0 mm

Schmidt camera 2diameter 125 mm, focal length 75 mm
Dispersion 6 76200 j / mm

The size of the photographic plat&1x50 mm

Schmidt camera 3diameter- 125 mm, focal length45 mm
Dispersion 1 3306400 j/ mm

The linear dimension of the spectru®0 mm.

Since the cameras have an internal focus, it is not possible to use modern light receivers (CCl
matrices).

There are 3 spectrographs of Cassegren focus (standard diffraction grating spectrograpf
universal diffraction grating spectrograp?x2 prism spectrograph) and a cassette device for
photography. Standart spectrograph of Cassegren focus 10; 15; 25; 30; 37.5 is a spectrograj
with two Schmidt camera diffraction grids v
of the spectrogph:

Collimator- aperture 1:14.5ut of axis type

Grating- 139x150 mm

Dispersions1 0 &6 30 |/ mm

Schmidt camera-Idiameter 366 mm, focal length 540 mm
The format of the photoplate is 19.5x126 mm

Schmidt camera 2diameter 234 mm, focal length 220 mm
Dispersions3 7. 50675 j/ mm

The format of the photoplate is 12.5x60 mm
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Collimator

General view of the cassegrain spectrograph.

Coude focushas 3 Schmidt camera diffraction grating spectrograph. Optical characteristics of
the spectrograph are as follows:

Collimator- focus out of axis type, f = 5400 mm, diameter d = 150 mm.

Camera 1- Spherical mirror, focus f = 350 mm, diameter d = 352 mm, corrector diameter
226.6 mm, dispersionl 6 ; 24 |/ mm.

Camera 2 Spherical mirror, focus f = 700 mm, diamete- d = 550 mm, corrector diameter
268.9 mm, dispersion8 ; 12 j / mm.

Camera 3 Spherical mirror, focusf = 1400 mm, diameterd = 800 mm, corrector diameter

226 mm, dispersion4 ; 6 i/ mm.

Note:

1. The Cassegrain Echelle Spectrograph was deveio@4 on the basis of UAGS (Universal
Astro Grating Spectrograph)

2. 2x2 prism spectrograph and 2 th UAGS has been modernized and adapted with a modern ligl
receiver (2x2 prism spectrograph + CCD FLI, UAGS + Camera Canon + CCD Andor) and is
currentlyin use.

3. On the basis of the@mera classical kude spectrograph "Ceadéelle spectrometer” with a
resolution of R=30000 (1998) and "Universal coadehele spectrograph with a resolution of
R=100 000 6 500 000" were created.

Modern devices of2-meter telescope
After the commissioning of a-&eter telescope at the Shamakhy Astrophysical Observatory
since 1966, wide opportunities have opened up for spectral observattmngelescope was
equipped with prism and diffraction spectrograplith different resolutions.

Spectr al observations were made in both
which are considered to have a high resolution of various celestial bodies for their period. Ever
Kodak photoplate were used ashligeceivers. At that time, these photoplate were considered
sensitive light receivers. They are no longer in production. Nowadays, multichannel CCDs have
been used as light detectors for several decades, but their size is much smaller than the size of t
spectrum obtained in the focal plane of classical spectrographs. If we apply CCDs to classica
spectrographs as a light detector, we will record a very small part of the spectrum, and the
information content of the spectrograph will be very low. The w&sl and accuracy of
measurements obtained with classical spectrographs do not meet the requirements of mode
astrophysics. The combined use of Eshel spectrographs and CCDs as a detector fully mee
modern requirements. Therefore, they have become wigegt in astrophysics. Such systems
have been used in many of the world's leading observatories since the late 1980s and ear
1990s. The installation of such systems on thaefer SAR telescope has been planned since
1992. However, the failure of the éskcope significantly delayed the implementation of these
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systems. After the restart of therter telescope in 1998, in 2003, echelle spectrographs + CCD

systems were gradually installed at the Coude and Cassegrain focus. These echelle spectrogray
are lased on the optical details of classical spectrographs at a low cost. From 1998 to 2020, mor
than 10,000 spectra of various celestial bodies were captured at the Coude and Cassegrain focl

Coude echelle spectrometer
It was installed andommissioned in 1998 [5,6]. The kude echelle spectrometer is based on
the classical coude spectrograph and does not violate the functions of the classical coud
spectrograph.

Cith czu

Optical layout of the echelle spectrograph Coude. R = 30008- flat mirrors,
2 - slit, 3- collimator, 5- echelle of gratings, 6cross disperseprism, 7- Schmidt corrector,
8 - flat mirror with a central hole, 9camera, 10 CCD.

Optical characteristics of the Coultschelle spectrometer:

Resoluton R=8Ba=3 0000

Collimator- f = 5400 mm, d = 150 mm

Camera- f =350 mm, d = 352 mm

Echelle gratingb | aze angle 2 = 63.5 A, |line density
Crossdisperser2 quartz prisms, refractive (peak) a
Light receiver- CCD camera with &ize of 530x580 pixel, 1 pix = 18x24 mic., cooling liquid
nitrogen.

Dy =4 85 dimm Jy=6781 & k=70
453 |6323
& 425 ' 15933
(ram) 4,00 ! 15559
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340 : 14746

20

H
100
H

H
324 1

1
3081

14315

10 295

"""" T
1

283

:
| 3955

T
13787

1
13651
'

13516

r
13390

Left- format of echellespectra on the focal surface of the cameradibtance between orders,
I- is the length of echelle orders, ik the number of orders,Bis the dispersion in the center of theorder,
& is the central wavelength of the orders. Rectangular dotted line CCD format.
Right-General view of theoude echelle spectrograph.
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The systematic measurement error of the equivalent width doexceed 2% in the less
strong lines of the spectra obtained with a good signal/noise rati® {80\ The measurement
accuracy of the beam velocities determined for telluric lines is around 0.5 km/s. At very strong
and wide emission and very wealisorption lines, it is around 2 km/s.

Observations on the echelle spectrometer installed in the coude focus ofntbter2
telescope of the Shamakhy Astrophysical Observatory showed that the spectrometer fully meet
the modern requirements of $&elspectroscopy. With the help of this spectrometer up to 1,000
qualitative spectra of stars and comets have been obtained. Using the spectra obtained in tF
spectrometer, it is possible to study the fine structure of the spectral lines of the stellar an
interstellar medium. Spectral observations at the observatory were carried out by this
spectrograph for 4 years from 1998 to 2001.

Echelle spectrum of the star U Cyg

$AR 2001-R=30000
2005- R=14000

t 1
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Fibre Optics Cassegrain Echelle Spectrograph (FOCES.
Pfeiffer et al. [1998) on the 2.2 m-telescope at Calar Alto/Spain.

Comparison with the |literature data of

in the spectra of the star U Cyg
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Cassgrain echelle spectrometer

The echelespectrometer of the Cassegrain focus was developed in 2003 on the basis
UAGS (Universal Astro Grating Spectrograph) spectrograph of the peroduced in Germany [7,8].
The spectra obtained with the echelle spectrometer and preliminary research results indicate th
the echelle spectrometer, made for the Cassegrain focus-ofedeltelescope, fully meets the
requirements for modern light detectors. The echelle spectra obtained with the spectrometer at
of good quality and provide photometric and positional accuracy sufficient for astronomical
tasks. In conclusion, we present theaim characteristics of the manufactured echelle
spectrometer:

The resolving power iR = 13 600, which is quite acceptable for this type of receivers.

The spectrometer operates in7G 0 or der s. Di spersion in the
bl ue region of the spectrum ~ 6 |/ mm. The
region is < N 2 km [/ s, the accuracy of m

important properties of the echelle spectrometer is its good stability

[
3

The optical layout of Cassegrain Echelle spectrograpislit, 2 - collimator lens3 - collimator mirror,
4 - flat mirror, 5- cross dif. grating6 -echelle 71 Shmidt correctqr8,9,101 Cassegrain camera
11- CCD camera, 12calibration prism.

Optical characteristics of the spectrograph:
Resoluton R=8Bat=136 00

Collimator mirror- f =1100 mm, d =75 mm
Echelle Gratingb | aze angl e 0
Crossdispersetb | aze angl e o
Schmidt cassegrain camerd = 150 mm, d =
focus 13 mm.

Light receiver- CCD, size 530x580 pixels, 1 pixel = 18x24mic, @éog} liquid nitrogen.

=63.5A, density of | ine
= 4 gridam, sitkd00%100tmyn. of | i ne
105 mm, distance from the back surface to the
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Examples of spectra obtained by cassegren echelle spectrography:
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Standard cassette device + CCD.

In 2007, the standard cassette device was adapted to a CCD for photometric observations
the cassegrain focus of eneter telescope.
Light receiver- Apogee Alta CCD, size 3056 x3056 pixels. 1 pixdl2x12 microns.
Useful fields-4 g x 4 «q

NGC 3351

Examples of imagesaptured with a cassette device

Universal kude-eschele spectrograph with very high resolution.

It was developed in 2009 on the basis of the classical coude spectrograph [9]. The echell
grating was applied without touching the optinachanical details of the classical coude
spectrograph.

The main advantage of the spectrograph is that it is gegsiltlouble the resolution using two
separate (alternating) cameras, and in a short time the spectrograph can be transformed from
echelle into a classic variant. The new echelle spectrograph retains the Z0@ r(ffin) and 3rd
(F=1400mm) cameras of tloéassic kude spectrograph. The parabolic collimator mirror has been
replaced by a spherical mirror with the same focal length. The echelle grating can be used in twi
variant s: a single grating with a blaageef an
80 . This allows to increase the resolution
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In the new modification of the spectrometer, the path of optical light is as followssgherical
collimator mirror- flat mirror with central aperture echelle grating- cross grating Schmidt
camera flat mirror to remove the focus from the optical axSCD.

collimator
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General view and optical scheme of the Universal Coude edpaleirograph with very higtesolution

Optical characteristics of theechelle spectrograph:
Collimator- d =150 mm, f = 5400 mm

Camera d =350 mm, f = 352mm

Camera I+ d =550 mm, f =700 mm

Camera llI- d =800 mm, f = 1400 mm
Echellegratngdo = 63.5 A, N = 37.5 gr/ mm.
Eshele grating 2 nsaics-o = 80 A, N = 37.5 gr/ mm.

The resolutionR=2fkart go/ 2pi x. 1pi x=15 mic.
1. Echellegratngl, o2 = 63.5 A, N = 37.5 gr/ mm
a) Camera Il, F =700 mm, R = 93,000
b) Camera lll, F = 1400 mm, 186,000
2. Echelle grating2Zmosaic, 92 = 80 A, N = 37.5 carto
a) Camera Il, F = 700 mm, R = 265,000
b) Camera lll, F = 1400 mm, R = 530,000
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The output format of the universal Coude Echelle spectrograph R= 530000

2x2 prism spectrograph with CCD matrix of Cassegrain focus of the 2 m telescope
of ShAO [10]

In 2013, the 2x2 prism spectrograph of the Cassegrain focus ofrtiete? telescope was
upgraded using a CCD as a light receivEnis spectrograph issed to obtain lowesolution
spectra of faint celestial bodies (galaxy, comet, asteroid, etc.).

In this spectrograph, it is possible to obtain the spectra of weak stars and galaxies in the
wavelength range 223800869000 i, with inver
near HB and 420 | / mm near HU. SpectHbaland
in dependence of the application of binninl or binning 2 during receiving of the spectrum is 1.7

A and 3.4 |, 2.7 and 5. Buring the obsergation pracesd, 1
the image is transferred to the observatiomre@ monitor for guiding.
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Optical layot of the 2x2 prism spectrograpH. 4lit, 2 - collimator (d = 45 mm, f = 650 mm), 3,-4lisperser two-
prism system F2 and UBK, 5, 6- camera- f = 137.5 mm and f = 82.5 mm,17CCD, 8- prism for calibration
lamp, 97 filters, 107 condeser,11 - calibration lamp, 12 flat mirror, 13- lens for guiding CCD, 14CCD for
guiding, 15- monitor

Optical characteristics of the spectrograph:

Collimator- d =45 mm, f = 650 mm.
Camera d=55mm, f=137.5 mm
Camera 2 d=55mm, f=82.5mm

Light receiver CCD (FLI), 4096x4096 pixels, 1 pixel =9 microns.

The resolution of a spectrograph depends

l ight receiver. | f bihnionfg t=hel iind ettak esn,0.t0m
0. 17mm
The table shows resolution and dispersion foecgpgraph at selected lines.
> D e (i)
i/ mm T ik=0.009mm | 1 pix=0.018mm

Ho 94 1.7 3.4

Hb 148 2.7 5.3

Naj (D1,D2) | 290 5.2 10.4

HU 420 7.6 15.1




Examples of spectra obtained in a spectrograph
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High resolution Shamakhy Fiber Echelle SpectrographSHAFES.

Designed for the Cassegrain focus of them&er telescope. It is very important to equip
telescopes with highesolution spectrographs to solve modern astrophysical problems, as well as
to join international projects (grants). One of the most advanoetthods of improving the
characteristics of spectrographs is the development of echpletrographs with optical fiber
(Fiber) input, which can be applied in practical astrophysics. The spectrograph was developed i
2015 and put into operation in 2016.
The spectrograph consists of 2 main blocks: a heavy stationary part in a separate room unds
the dome and a light hanging part attached to a telescope in the focus of Cassegrain. The bloc
are connected by an optical fiber with a diameter of 2@ans and a length of 20 meters.
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1. Stationary Part.

Statonary Spectrograph part

Optical circuit of the echelle spectrograph. Fibevith a diameter of 206m and a length of 20 m, lens groRp
entrance sliB, collimator4, plane mirrof5 with an aperture 10 mm in diameter, echelle graéingrossdispersion
prism7, Canon objectiv@, and CCD camer@are indicated.

Optical characteristics of the stationary part of SHAFES:

1- Optical fiber- diameter 200 microns, length 20 met&americal aperture N = 0.25

2- Lens system to match the output of the optical fiber with the focal ratio of the collimator, focal
ratio 1:10

3- Entrance slit the normal width of the slit is 75 microns in bining 1x1, 150 microns in bining
2x2. The slitcan be easily rotated around the optical axis.

4- Collimator, focal ratio 1:10, f = 1000 mm, d = 100 mm. The presence of a 10 mm hole in the
middle of the mirror allows you to place the exponometer on the back of the mirror.

5- Plane mirror,d =100 mm,toat ed about 5 A.

6cEchell e grating. The characteristics of tI
grooves/ mm, and blazing angle of 64 A. The
horizontal plane for autocollimating operation. Iterking surface faces downward in order to

prevent the accumul ation of dust on it. T

dispersion to send a beam of light dispersed vertically from the cage to the cross disperser.
7- The crosdlispersion prismwi t h a refraction angle of 45
glass. This element provides horizontal light dispersion needed to separate echelle orders. I
refraction index is 1.6444 in the red spectral region (dense flint) and 1.6852 in the viaet regi
This corresponds to a deflection angle of ~
8- Canon lens objective 8 has an effective focal length of 400 mm and aperture F/2.8.
9- CCD camera cooled with liquid nitrogen, size 4096x4096 pixels, 1 pix = 15x15mic.

1 All details are assembled on aidotable and each detail is provided with adjustment

elements.

1 The spectrograph is covered with a waBulated cover.

1 The room temperature is kept stable by a temperature sensor.

9 A small computer cooler is placed in front of the CCD to prevent sweating.
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2. Suspended part.

From Telescope

Suspended part

Schematic diagram of the suspended spectrograph part. Input agedolianating lenseg, focusing lenses,
fiber 4, movable diagonal mirrds, lens grougb, calibration lampg, diagonal mirroiB, lens groug®, television
cameralO, monitor1l, and focal reducek2 are indicated.

The suspended part features optical elements for matching the stellar image scale with th
fiber size, the adjustment assembly with sources of continuous and discrete sqedtra,
monitoring aids for checking the object position at the fiber input. Figure 2 shows the schematic
diagram of the suspended (prefiber) spectrograph part mounted at the Cassegrain focus. Movak
mirror 5 for calibration lamps of continuous and discrgtectra, the fiber positioning system,
and guiding television camera 10 are installed in this part. The observed image is formed in foca
plane F1, where input aperture 1 is positioned. The relative aperture at the Cassegrain focus
the 2m telescope is/E4.5. The beam from ther@ mirror is collimated using one or two focal
reducers 12 with relative aperture F/9 or F/6 beyond the focal plane by lens group 2 and in foca
plane F2, where the input fiber part is located, by lens group 3. Input apertutte d diameter
of 200 em is positioned on a reflective pl a
and F/ 6, respectivel y. Since typical i mage:
reducer F/6 was chosen to be the basetiesign. The image of the studied star enters the fiber
via aperture 1, and the field reflection from the aperture edges is guided to field viewing camere
10, which is also focused at the front surface of the aperture plate by plane mirror 8 and focusin
lens 9. The image from the field viewing camera is used for guiding and is transmitted to
monitor 11, which is installed in the observation room.

Artificial light sources 7 are mounted at the Cassegrain focus and used for wavelength
calibration (lollow- cathode lamp filled with a mixture of gases) and to produce a flat field
(halogen lamp). Light beams from these sources are focused and guided to the input aperture |
a short fiber section, lenses 6, and mirror 5. The suspended part of the specpdyg i s 50
100 mm in size and has a mass of ~1 kg.
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The output format of the Shamalkhy Fibre Echelle Spectrograph.

Dark Flat ThAr AlphaCygni
Fragments of different types of i mages: d

The penetrating power of the spectrograph
Testobservations demonstrate that the spectrograph is capable of measuring spétmadf 8
11™ stars with a signato-noise ratio of SIN=152 00 at & = Hh&@osuranaiavi t |
3n i mage, and resolution R = 55000 and 2750
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Fragments from the spectrum of Nova Sct 2017
The importance and advantages of this spectrograph are as follows:

1 Allows to obtain higkresolution spectra of celestial bodies in the cassegren focus of the
telescope. The spectrograph operates intwo mages/(&= = 55000 and ~
easily switch from one mode to another in a few seconds.

91 Due to the fact that the spectrograph is stationary and closed, as well as the light of the
object under study and calibration lamps are transmitted to the samelch@meeare no
instrumental shifts and the measurement accuracy of spectral parameters is high (erro
for radial velocity 56100 m/s, equivalent width-3%)

1 The spectrograph uses a large CCD camera cooled with liquid nitrogen with a size of
4000 x 400(pixels as a light receiver, and as a result it is possible to obtain a very wide
wavelength range 8600hge) spaect-hfames § ®m6 00 D n

1 During the spectrograph observation, the process of tracking a starmegeltelescope
is automated and the image is transmitted directly to the monitor in the observation room.



CCD Camera4096x4096 pixel.

The STA4150A CCD camera produced by Semiconductor Technology Associates was used as
photodetector. The camera is a 4096 | 4096
eEmM in size. The CCD sensor i s c obethesdnwithin t h
the interval fromil 1 0 ACL 4t56AC, and the selected temper e
NO. 1AC. The recommended temperia20A€. fdhe t ¢
system has a volume of 3 L and remains operationatfégast 24 h between nitrogen refills.
The CCD camera has an antireflective coating, and its quantum efficiency is maximized in the
300'800 nm range. Figure shows the wavelength dependence of the quantum efficiency of
STA4150A. It follows from these dafaovided by the manufacturer that the quantum efficiency
exceeds 70% in the 30800 nm range. It should be noted that this photodetector has high
quantum efficiency in the near UV range (as high as 90% at 400 nm). The high linearity of the
output signalwhich is maintained through to the level of 65000 counts, also sholud be noted

Key parameters of STA4150A are as foll ows
61. 44 1 61. 44 mm phot o3 mrsdpdrdatingeange.rTheaffilame z e |,
readout time is 6.5, 19, and 40.7 s in the fast (FST), medium (MED), and slow (SLW) modes.
The gain and the readout noise (RON) are 1i2Z&[@U and 3.74 (SLW), 2.24i¢ADU and 4.8
(MED), and 2.0 & ADU and 7.3 (FST). The measured dark current i$ pigi 1 hi 1. A 15m-
long fiber cable is used to control the camera and transfer data to a PC.

CCD control (chip cooling temperature, exposure transfer), image acquisition and

conversion, chip format selection, binning are performed by Owl 3.0.1 progmseges are
taken in .fit (Flexible Image Transport) format.
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General view of 4x4 k CCD camera
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Universal Spectrograph with Variable Diffraction Cage + CCD.

This observational complex was designed for spectral observations at the Cassegrain focus of
2-meter telescope. It is developed on the basis of the UAGS (Universal AstroGrating
Spectrograph) spectrograpm the classical version, such spectrographs used photographic
plates as light receivers. C@batrices have been used as light receivers in astronomy (both
spectral and photographic observations) for several decades. Dudamgthsize of CCDs, it is

not possible to use them as a light receiver in the internal foci of the spectrograph. The UAGS ki
includes 3 cameras, two of which are internal and one is Scitagiegen camera with external
focus. The external focus is onh\8 Inm from the rear surface of the camera. The chip of
professional CCD cameras is mainly |l ocated
Therefore, it is not possible to use CCD cameras in such spectrographs. This system uses
cameras Uranum-9 250 mm /2.5 and Canon EF 200mm f/2.0.

With the help of medium and small telescopes, which dominate the world's observatories,
it is impossible to observe faint astrophysical objects of great scientific importance at critical
stages of stellar evafion on highresolution spectrographs.

Universal spectrographs of the UAGS type with a low resolution in combination with CCDs
are indispensable for mediusized telescopes in the spectral study of faint astrophysical objects
(galaxies, quasarsymbiotic stars, such as /A Herbig, etc.).



From tTescope
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Universal diffraction grating spectrograph.ehtrance slitelescope focal plane: #ns for collimator; 3ollimator;
4-Flat mirror; 5grating; 6spectrograph lens cameraCCD camerag-calibration lamps; Zalibration lens; 10
movable mirror; 14flat mirror for guiding; 12guiding lens; 13Guiding detector

Y ————

Optical characteristics of the spectrograph:
Collimator- focal length f = 1100 mm, diameter d = 75 mm.
Camera k Uranus9, f =250mm, aperture f/ 2.5, efficiency factor 0.65, Optical systlEems 4

7 el ements in the group, angle of view
CCD- FLI ML 6303, 2048 x 3056 pixels, 1 pixel =9 mic.
Spectral regiona a4 070000 0 j , Dilslper i amm, 60 / mm

Camera 2Canon EF 200mm f/ 2.0 L IS USM, efficiency factor 0.90, Optical systems 12

17 elements in the group, Fluorite lerspiece, UD (ultra dispersion@ pieces,

argle, of view-1 2 [ 15] .
CCD - Andor CCD camera, iKon L 936, BEX2DD, 2048x2048 pixels, Spectrograph + The
new version of the CCD system can work in a wide range of wavelengths, in different spectral
resolution modes using separate diffraction grids.vileer i ance i n the wavel
8000 is 144 mm |/ mm, 75 / mm, HBOOvari a
i/ mm, and the variance -8Mm0Q@ hje iwava0 ein/gmm. r a

17C



Examples of spectra obtained in UAGS + Uranidm CCD FLI system:
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Spectrum of the extreme new star SN 2018a0q [16] Spectrum of the galaxy NGC2617

Universal Spectrograph with Variable Diffraction Grating
light receiver Andor CCD camera.
Characteristics of the Andor CCD camera:
o Type-iKon L 936
o Fringe Suppression TechnologBEX2 - DD
0 Sizd 2048x2048, 1 pixel = 13.5 mic. 27.6x27.6 mm
0 RON (Read out noise)2.9 e
o Darkcurrent8 0 -l08©Q6 e/ pixel / sec
o0 5-stage peltier cooling, withaiB 0 U4, wi t-h0OG®iUWu + water

100
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Andor CCD camera + Canon EF 200mm f/ 2.0 Andor cameralikg86-BEX2-DD, Quantum efficiency
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Andor (icon L-:936-BEX2-DD) CCD camera contr@exposure, cooling mode selection, chip
format, etc.) is performed by the software Solis.

Generéliew of the Solis progr'é'm‘ o
The main advantages of the new spectrograph + CCD system are:
0 The Canon lens is completely free of color aberratibasiks to ultrdow dispersion
and fluorite lenses, so the entire spectral region is in focus at the same time.
o In the process of observation, it is possible to switch to different spectral resolution
modes in a short time by changing the diffractpating.
0 Andor (ikonL-936-BEX2-DD) CCD camera has alayer electronic cooling system.
Thechipcanbecooledt8 0 Uu b4 08i UDuabg using air +
o The Andor (icon E936-BEX2-DD) CCD camera has a smooth sensitivity curve over a
verywidewaved n gt h r an8g0eO O 24)00a0nd i s above 90Y
o0 The spectrum is completely free of hot pixels and fringes.

Examples of spectra obtained in UAGS + Canon + CCD Andor system:
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Images from different types of spectra
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Zeiss600 telescope.

Manufactured by the company Carl Zeiss JENA (Germany). It was installed and put into
operation in 1982. The telescope is used for photometric studies of stars and galaxies. Th
telescope's optical system is the classic Kassegren system. It is a compbetalyerration
mirror system consisting of a primary parabolic mirror and a convex hyperbolic cassegren
mirror. The focal length of the primary mirror is F = 2400 mm, the effectiv focal length of the
Cassegrain system is F = 7500 mm. The diameter opringary mirror is D = 600 mm, the
diameter of the Cassegrain mirror is d = 183 mm, the focal length 1€G39 mm. In the focal
plane of the telescope, the scale23.5+mm.

Seyss-600 teleskopu
D=600 mm, F=7500 mm

Fotometr-Polarimetr + CCD
Favdall saha-17 arcmin

Zeiss600

Observations at the telescope have long been carridayaléctrophotometer, and now,
with the financial support of the Science Development Foundation under the President of the
Republic of Azerbaijan, developed in accordance with the optical system of6D@idslescope,
equipped with an international photetric system filter set (B, V, Rc, R, J) multifunction
photometer is carried out by means of a polarimeter (useful area 17 arcmin) [17]. The FLI CCD
camera (electronic cooling) with a size of 4000x4000 pixels (1pix = 9 mic) is used as a light
receiver.

In recent years, the telescope has performed CCD photometry of young stars of mediur
(UX Ori type) and large (WolRaye type) stars and various types of galaxies, taking more than
5,000 multicolor digital images of them.

The telescope can operate in two meof focal ratio f/12.5 and /8. Using a focal length
reducer, the telescope's light output can be increased 1.6 times. This allows photometric
observations of celestial bodies up to 19 m in size in the telescope. The focal reducer can b
easily insertednto the optical axis and removed from the optical axis by means of a special drill
during the observation process.
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CCD FLI 4096x4096 pix.
Chip- KAF -10803, size 4096x4096 pix, 1 pix = 9x9 microns.

Sensor Quantum Efficiency (Absolute)

CCD FLI 4096x4096 pil, Quantum efficiencyCCD FLI

: g . .
Examples from the pictureaken at the Seis800 telescope

Telescope "AZT-8"

The telescope was developed by the Leningrad Ogleahanical Association. The telescope
was installed in 1970. The telescope has two mirrors and the Cassegrain optical system. Th
primary mirror is parabolic and has a diameter of 700 mm and a foc#h 1ehg8820 mm. The

focal length of the first Cassegrain system is 11200 mm anetldie/e aperturés F/16 and the
field of view is 40 ', the scale i1s 18 n/ m
28000 mm, the field of vi ewrelat\se apkr@ure i§/40. Thee s
telescope is equipped with afifer CCD phdometer for photometric observations of stars and
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galaxies (field of view 8 arcmin.), Andan A&P1 s pectrograph with a
to obtain the spectrum of bright stars. The telescope was actively used in photoelectric
photometry, polarimettiand spectrophotometric observations of celestial bodies.
Modernization of the AZ18 telescope can solve a wide range of astronomical problems as:

o regular acquisition of echelle spectra with medium resolution of bright stars

0 observations of space objedfsartificial origin (space debris);

o Observation of gamma rays after ignition;

o Danger of the asteroids approaching the Earth.

Meniscus telescope ASR52

The AST452 meniscus telescope is a Maksutov mileos telescope. Designed for
photographicmbservation and installed in 1964. The optical design is a classic meniscus optical
system. developed by D.D. Maksutov. Since the telescope is very compact and enclosed, th
image is very high quality. The telescope was manufactured at the Kazan Opitical a
Mechanical PlantThe telescope is equipped with a meniscus and field bending lens and
objective prisms with r e'fSineectliey asenmaderogultraviolet o f
glass, spectral and photometric observations can be carried outrinetter ul t r avi ol
region. The diameter of the aperture (meniscus lens) is 350 mm, the diameter of the mirror is 49
mm, the focal length of the telescope is 1200 mm. The scale on the focal surface of the telescor
I's 2. 86N/ mm. 3.4 €he telescopd canrwark in ® focuss prihary and Newtonian.
The field of view in the primary focus i s
Newton focus it is 2A 52 and 60 mm, respec

The telescope is indispensable floe spectral classification and photometry of star clusters,
as well as for the search for new and supernova stars, comets and asteroids.

AZT -8 A&

Azimuth Coelostat Plant ASQ5 (Horisontal solar telescope)

The telescope was installed i n idiBvésBgatiorKt i
of the Sun. The diameter of its coelostat secondary and primary mirrors is 440 mm, the
diameter of Newtonian mirror is 200 mm, the Newtonian focal 3 length is 17 500 mm, and
equivalent focus distance in the Cassegrain system is 60 540 mm. The teleasaupiipped
with two cameras for the direct photography in primary and Cassegrain focus as well. The
Newtonian focus is used for the spectral and magnetic observations. The telescope was equipp
with ASP-20 spectrograph working inautocollimated regiffeeal length is 7000 mm). Rating
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of 150200 square mm ruled area and 600 lines mm. Dispersion in the second working order is
1.12 j/ mm and spectral field is 360 |, di an
of spectrograms of solar flaaefor visual observations of the magnetic fields of sunspots,

studies on the development and dynamics of coronal prominences and spicules, fine structure «

the solar spectral lines.

Horisontal solar telescope

Chromosphere photospheric telescope A3

Kt was installed in 1957. This telescope w
diameter of the photospheric tube objective is 200 mm and the equivalent focal length is 9 00(
mm the diameter of the chromospheric tube is 130 mm arfddhklengths are 6 000 and 2 000

mm the diameter of an image is 100 m. with the help of the polarization interference filter (band
width is 0.5A) the chromospheric patrol and patrol of other active formations on the Sun were
carried out. With the helpf @hotospheric tube the solar photosphere was observed.

Chromosphere photospheric telescope AR



Auxiliary devices for the telescopes

1. Turbomolecular Vacuum Pump CDK 18Q
The functionalunits for generating high and ukhagh vacuums are completely

mounted in a housing. The individual components are perfectly matched to one another.
The SST turbomolecular pump is equipped with-dnyning, solidlubricated hybrid
rolling bearings (ceraim balls) which prevent the vacuum being contaminated by
greases, oils or their decomposition products. This means that the design excludes
residual hydrocarbon gas spectra. CDK turbomolecular pump systems are compact ant
dry running. The automatic shaff system stops the backing pump when the required
final vacuum is reachedllitimate pressures x 10’ mbar

Nasos

Turbomolecular Vacuum Pump CDK 180

2. Liquid Nitrogen Plant LNP -20. Compact nitrogen liquefiers LNP from a w&hown
American manufacturer Cryomech Inc. (USA) for the production of liquid nitrogen
from atmospheric ailLiquid nitrogen production rat®20 liter/day (0.8 liter/hour)

Liquid nitrogen generators operate in automatic mode, do not require constant operatol
presence and are vergliable in operation. The production of liquid nitrogen requires
only air and electricity. Nitrogen gas is produced by compressing, purifying and further
separating air on a nitrogen membrane. After separation on a membrane or PSA unit
nitrogen with a prity of 98% (optionally 99% or 99.99%) enters the Dewar vessel,
where it condenses at a pressure close to atmospheric on a cold heat exchanger of
cryogenic refrigerator. Liquid nitrogen is withdrawn from the Dewar through a flexible
cryogenic hose whein¢ liquid nitrogen supply valve is opened.

T ——

Liquid Nitrogen Plant LNP20.
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VTD VAKUUM TECHNKK DRE-Z4DEN B

The B-240vacuum equipment is made in Germany and was purchased in 1986. It was sent tc
Germany for modernization in 2005 and was installed and put into operation in 2007.

In June 2013, a-Bheter mirror was aluminized on a0 vacuum unit. The last renovation of

the mirror surface was carried out in 1978 in Karl Zeiss Jena (Germany).

Repeated aluminization has significantly increased the efficiency of the optical system of the
22met er tel escope. I't i s now possi blmearidnce ob
near Ho | ine of the Seifert galaxies up to
m star size (R = 28000) in the Kassegren focus.

B-240 Vacuum equiment

Cleaning a Telescope Mirror
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Mirror Alignment
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INTERNATIONAL PROJECTS
OF SHAMAKHY ASTROPHYSICAL OBSERVATORY

SOLSPANET FP7

@ e N

Thi s project has received funding from
Programme for research, technological development and demonstration under grant agreeme
FP7-PEOPLE-2010IRSES-269299

g University of i
%’ St Andrews OAW

AXAEMIR

Thi s project has received funding from
Programme for research, technological development and demonstration under grant agreeme
FP7-PEOPLE-2010IRSES-269299

Solar and Space Weather Network of ExcellenS©LSPANET is the international research
staff exchange network financed by the European Commission. The network consists of 6
European Universities and Research Institutes.

Starting date: 1st Septéer 2011, Ending date: 31st August 2015

The mission of the SOLSPANET is to carry out the collaborative research in the domain of
the solar and space weather studies. The overall goal of the project is to establish operatin
European network and to ddep the operating knowledge base for the monitoring and
forecasting of solar and space weather events. The studies are curried out via short and long tel
exchange visits between the participant research groups.

http://www.solspanet.eu/about



http://www.solspanet.eu/about
http://www.solspanet.eu/
http://www.solspanet.eu/
http://www.kuleuven.be/kuleuven/
http://www.st-andrews.ac.uk/
http://www.oeaw.ac.at/oesterreichische-akademie-der-wissenschaften/
http://www.science.az/en/
http://iliauni.edu.ge/ge/
http://www.nas.gov.ua/en/Pages/default.aspx

HORIZON 2020

In 2019 we were winner of the MarteklodowskaCurie Grant Agreement No. 823734 that
is financed by the European Unionods Fr ame
Horizon 2020 (2014020). The duration of this project was from 01.01.2019 to 31.12.2022.
This project carried out by astronomers from nine countries: Germany, Czech Republic, Estoniz
Republic, Argentina, United Kingdom, Belgium, Brazil, Chile, Azerbaigapublic

The EU Framework Programme
for Research and Innovation

HORIZON 2020

\ y N\
Germany Czech Republic W Estonia
University of Goettingen Astronomical Institute Tartu University

- Stellar atmospheres, clumping - Stellar ejecta and light echos
- Stellar pulsations (theory) - Stellar pulsations (obs) - Stellar pulsations (obs)
= HD modeling = (M)HD, astrospheres, wnds - YHG, BSG, Novae stars
= Numerical simulations = Molecules and dust (theory) « massive binares
- WR, LBV, YHG, and BSG stars - Ble], YHG, BSG and WR stars - Optical spectroscopy, imaging,
= Optical spectroscopy radio observations
. \

( = / i . 2
b "‘!"‘":' i United Kingdom Belgium Brazil
niversidad Naciona University of Leeds Royal Observatory Observatorio Nacional
de La Plata
- Stellar atmospheres and winds = Crcumstellar disks (obs) - Stellar atmospheres and winds ~ Crcumstellar matenal (obs)
= Molecules and dust (obs) - YHG, RSG, Ble], and pre-MS stars = HD modeling = Molecules and dust (theory)
« Stellar pulsations (theory) - Spectroastrometry - Fundamental atomic parameters « Be, Ble) and LBV stars
- Stellar evolution - Optical interferometry - YHG, LBV stars, massive binanes - Massive binaries
- Be, B{e] and BSG stars - Spectropolarmetry - Stellar pulsations (obs) = Speckle and optical interferometry

L Infrared and radio observations | | - Imag:ng and spectroscopy ) @ Spectroscopy and polanmetry

| Chile Chile Azerbaijan
Universidad de Valparaiso Pontificia Universidad Shamakhy Astrophysical

B liar rotation and winds Catolica de Valparaiso Observatory

- HD modeling

* Astrostatistics - Massive binanes
- Stellar pulsation (obs
. axnow:u»g disk vimds) - Wavelet analysis - O supergiants
- Be stars, OBA supergiants - Time-senes analysis = LBVs, and WR stars
: = Markov chains Monte Carlo ~ Optical spectroscopy
= High-cadence spectroscopy
< <

The main purpose of this project is spectral investigation of massive stars. They play an
important role in the evolution of their host galaxies. Via strong stellar winds and supernova
explosion at the end of their life, theyrongly enrich the interstellar medium with chemically
processed material. From this enriched with the heavy elements material forms the new
generation of stars and planets. Despite the great advances in the study of massive stars, ma
problems still rerain unresolvedinvestigation of massive stars is one of important directions of
modern astronomical research.
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GAIA (OPTICON science alerts)

One of the space missions of the European Space Agency GAIA (Global Astrometric
Interferometer for Astrophysics) was launched into Earth's orbit since 2013. Mission has an
extensive research program, and currently, most of the EU research centers aesl @mgag
analyzing GAIA observations. The main goal of the prograno determine the parallax
displacement of billions of stars and construct a tdigeensional structure of the galaxy.
Besides, as a result of the observations is expected to detect timsisdEnds of exoplanets,
transit objects, galaxies, and other unknown objects. Since 2019, Shamakhy Astrophysica
Observatory named after N.Tusi, began cooperation with the OPTIKON research group of the
GAIA mission. The goal of the cooperation programtdsstudy the physical properties of
unusually unknown transit objects detected by GAIA within a long period by gioaset
observations.

GRANDMA (Global Rapid Advanced Network Devoted to the Multrmessenger Addicts)

The purpose to record the transient events that occur in the universe due to gravitationa
waves in a large part of the sky, and to observe the residual events in which they first occurred i
the optical range. The observation and research of such unigsieahyhenomena is of great
importance in astrophysics of binary populations but also for testing physics laws under extreme
conditions. The combination of two neutron stars or a pair of neutron stars and black holes
merger creates strong gravitational wavsignal with possible electromagnetic signature of
matter ejected and across the full electromagnetic spectrum.
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