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PREFACE  

 

        In 2019 the 60th anniversary of the Shamakhy Astrophysical Observatory named after 

N.Tusi of the Azerbaijan National Academy of Sciences (ShAO) was celebrated. In this 

regard,the submitted this number of the Azerbaijan Astronomical Journal (AAJ) is dedicated to 

the 60th anniversary of the ShAO. Brief information on the history of the observatory, its main 

scientific-research directions, and significant achievements over 60 years, scientific and 

organizational activities, scientific relations, international grant projects in recent years, human 

resources are the main topics of the publication. It should be noted that the Observatory, 

established in the Soviet period, was developed rapidly in accordance with the requirements of 

that time. Star and solar telescopes with a diameter of 60 cm, 70 cm, and 2-meter, which were 

very relevant at that time, enabled to study modern problems of astrophysics. At the beginning of 

the space age, the measurement of sunspots, flares, and other parameters of solar activity and the 

using of this information for Earth's satellites safety forecas was important step in the early 

stages of formation of specialists at the observatory and its future development. The favorable 

geographical position of the observatory, its astroclimate, the large number of clear nights, and 

the supply of equipment were led to the rapid development 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 main 

research fields were solar physics, physics of solar-terrestrial relations, planetary physics, 

dynamics of small solar system bodies, different types of stars and stellar systems physics, 

galaxies, problems of cosmology, radio-astronomy, astronomical instrumentation et al. Important 

scientific results obtained in different periods have not lost their relevance today too. Here 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 Solar Service program was established at the Observatory, and regular 

observations at the Chromosphere-Photosphere Telescope played a key role in this work 

(R.Huseynov). The results of these observations are included in a number of international 

catalogs. In the following years, important results were obtained in both theoretical and practical 

research on problems of solar physics. The theoretical model of solar flares was developed, and 

the idea that this important event is associated with shock waves was put forward (R.Huseynov). 

The rising curve of solar spectra is constructed.It was shown that the asymmetry in the profiles 

of the weak and middle Fraunhofer lines of the photosphere is complex. In the same line this 

parameter varies very frequently both quantitatively and sign. The mechanisms by which the 

solar corona heating up to a million degrees were studied, including the role of solar spicules in 

this process. The MHD theory of Rossbi-type eigen global vortex oscillations of the Sun was 

developed (N. Dzhalilov). The devoloped theoretical 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 level of "dencity noise" in the plasma around the solar 

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 to 

diagnose physical conditions in the central regions of the Sun; b) Vortices in the central region of 

the Sun affect the rate of nuclear fusion. Also, vortices moving towards the surface can change 

the optical properties of the photosphere. Such effects cause the integral radiation energy of the 

Sun to change quasi-periodically. 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, as 

well as the current global warming, have no clear explanation. Important results were obtained in 

the physical origin of large-scale turbulence in the solar wind, its impact on the earth's 
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ecosystems and biosystems, and in a number of other relevant areas of Solar-Earth physics 

(N.Dzhalilov, E.Babayev). 

         In the field of planetary physics. Under the leadership of N.Ibrahimov, a number of 

optical parameters of the planet's atmosphere were determined by measuring the variations in the 

brightness of the entire disk of Mars. In order to study the chemical composition of the 

atmosphere of 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 show 

that the brightness of the details on the planet's surface is constantly changing, and 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 subsequent Viking 1 and Viking 2 NASA space missions. 

Research on Mars has played an important role in the construction of topographic maps of the 

planet, the study of the problem of transparency of its atmosphere and other problems related to 

the evolution of the planet. 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 spacecraft 

"Venus" confirmed this fact. He was also one of the first to predict the occurrence of active 

(volcanic) processes on Jupiter's satellite Io on the basis of observational materials. This 

conclusion was confirmed in 1979 by the results of the interplanetary spacecraft 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 system. 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 disintegration 

of an object. He argued that the ring 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.Shestopalov) and the origin of comets (A.Guliyev). 

          In the field of stellar physics. In 1960-80, 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 Moscow school and its bright representatives O.Zeldovich and G.Bisnovati-Kogan 

played a important role in the development of theorists working in Azerbaijan. Theoretical 

research has focused on the physical nature of the end products of stellar evolution. It was 

proved that as a result of catastrophic compression of stars, neutrinos and antineutrinos with an 

energy of 50 MeV are formed. The formation of a neutron star in the center of a collapsed star 

leads to an increase in the total energy of the neutrino and at the same time a softer spectrum. 

The results of these studies were used at the Baksan Neutrino Observatory. Within the relativistic 

theory, the parameters of a rotating neutron star were calculated. It was shown that even stars 

with very large masses undergo a pre-collapse stage at the beginning of their evolution. At the 

same time, it is proved that the type I and II flares in the Supernovas differ both in terms of 

energy and mass. For the first time, a catalog of the richest X-ray sources (about 700 objects) 

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 were determined. It was shown that 

pulsars are located in a ring near the center of the galaxy. The thickness of this ring is 8 Kps. For 

the first time, a new scale of distance to Planetary nebulae was determined for radiation. The vast 

majority of scientific results were confirmed in space experiments. 

 Research in the field of practical astrophysics is aimed to study the non-stationary 

processes occurring in various stellar atmospheres, stellar systems, and galaxies by using 
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spectrophotometric methods and modern light receivers made at the ShAO (Kh.Mikayilov). It is 

shown that the internal structures of the stars in the upper and lower parts of the main sequence 

are different (T.Eminzade). It is proven that, unlike red dwarf stars, white dwarf stars have a 

nucleus. Later this result was confirmed by research of world-renowned astronomers. Among the 

studies carried out in the ShAO and currently underway, dense binary stars (S.Azimov, 

B.Rustamov, J.Rustamov), T Taurus-type stars (Z.Ismayilov, N.Ismayilov), magnetic stars 

(S.Aliyev) , important results were obtained in such areas as physics of active nuclear galaxies 

(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 and 

monographs dedicated to the life and work of the scientist were published, presented at 

conferences and symposiums. The book "Tahriri-Oglidis", 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 same time revealed interesting facts about the equipment, library, structure, scientific 

directions, achievements and staff of the Maragha observatory created by him, proved that this 

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 leadership of the Republic of Azerbaijan for 

astronomy, the Observatory was rebuilt, modernized, serious changes were made in the 

instrument park, and as a result, development has resumed at a high pace. At present, it is 

possible to carry out spectrophotometric studies of weak celestial bodies (stars up to -18) with 

the help of modern light receivers with very high transmittance installed in a 2 m telescope. All 

of this and the availability of high-speed 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 of ShAO, 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, some space was allocated 

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 
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SHAMAKHY ASTROPHYSICAL OBSERVATORY – 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, well-known in the world only 

for the extraction of petroleum, consequently became a region where culture, science, 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 place in the 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 ancient astronomers.                 

Famous petroglyphs of Gobustan and Gamigaya, also archaeological sites and excavations are 

clear proof of this truth. The scientific achievements of the Maragha Observatory and its founder 

Nasiraddin Tusi played a significant role in 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 large-scale scope in Azerbaijan, like other 

branches of science. Сreation of the Shamakhy Astrophysical Observatory, its high-altitude 

observation stations, space research institutes, the preparation of dozens of highly qualified 

researchers in the field of astronomy, in a literal sense, the formation of the national astronomical 

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 at 

the beginning of the century in Azerbaijan. Azerbaijani youth studying natural sciences in other 

countries chose astronomy and geography often as their main specialties and studied these 

sciences in depth. Besides, due to the absence of an astronomical institution or observatory in 

Azerbaijan, 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 

same year, a short-term 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. Benashvili. The goal of the expedition was to 

choose a suitable place to create an observatory in Azerbaijan. This expedition got acquainted 

with the astroclimate of Khankendi, Shusha, and Lachin in July-August 1930. Although the 

conditions in the Lachin district were favorable, it was discovered that the number of clear nights 

was not enough. Research results of the expedition were published in 1932 in the bulletin of the 

Institute of Astronomy in Moscow. 

         Regrettably, destructive processes of the 1930s delayed this process. 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 1939-1946, the teaching of 

astronomy began at Azerbaijan State University and other 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 and television 

programs also have played a significant role in popularizing astronomy. The shaping of eminent 

astronomers T. Eminzade, H. Sultanov, R. Huseynov as qualified specialists coincided with these 

years. In the postwar period, again was raised the question of choosing 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 work. The standing astronomical 

expedition was created in 1946 to study the astroclimate in several regions of Azerbaijan. As a 

result of researches carried out in 1953-59, along with astronomical observations, serious work 

was carried out on preparing staff in the field of astronomy, on designing future observatory, on 

supplying 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, approximately 150 

km from Baku (on the eastern slope of Pirqulu mountain, about 1500 m above sea-level 

geographical coordinates 48⁰ 35' 04" E,  40⁰ 46' 20" N).  An optimal place for the creation of the 

observatory by the unanimous decision of specialists was chosen Pirgulu mountain of Shamakhy 

district. Here, the number of clear nights reaches 190-200 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 and far-sighted decision. If the observatory would have been 

constructed in Nagorno-Karabakh or the Kelbajar-Lachin zone, its future would be very tragic. 

Two Refracting telescopes with a diameter of 108 and 120 mm and a focal length of 1620 and 

1630 mm, respectively, 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 out 

in three directions: preparation of staff, the creation of the necessary infrastructure, the purchase 

of telescopes and other equipment. These works were carried out mainly in the Department of 

Astrophysics headed by H. Sultanov, which created in 1954 under the institute of Physics and 

Mathematics of the Academy of Sciences of the Azerbaijan SSR. 

 

 
General view of Shamakhy Astrophysical Observatory 1970s 

 

  
 

Construction of a 2-meter telescope 
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                                                   Construction of a 2-meter 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 125-centimeter reflector, Horizontal Solar Telescope, Vertical 

Solar Telescope, Chromospheric Telescope, Coronagraph to observe the solar corona, Planetary 

telescope with a diameter of 70 cm and Radiotelescope. Besides, it was planned to carry out a 

water supply system, telephone and telegraph communications, and major overhaul of 

Shamakhy-Pirgulu road.     

         Government decision on the establishment of Shamakhy Astrophysical Observatory was 

made in late 1959. On 17 November of the same year, a decree № 975 of the Council of 

Ministers of the Azerbaijan SSR "On the organization of Shamakhy Astrophysical Observatory" 

was signed.     The decision of the Academy of Sciences of the Azerbaijan SSR No. 1 of January 

13, 1960 "On the organization of the Shamakhy Astrophysical Observatory of the Academy of 

Sciences of the Azerbaijan SSR" was made on the basis of this decree. The activity of the ShAO 

as an institution began since that time. Name of the observatory, its structure, academic council, 

director, deputy director for scientific work, scientific secretary, also the establishment of the 

city base was approved in this decision. According to the decision, H.Sultanov, who made a 

great contribution to the creation of the observatory, was approved to the post of director of the 

Observatory.                                       
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Decision on the establishment of the Shamakhy Astrophysical Observatory 
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  Shamakhy Astrophysical Observatory was named after the eminent Azerbaijani astronomer 

Nasraddin Tusi by the decision of the Cabinet of Ministers of the Azerbaijan SSR in 1981.  

 

 
 

 

 

 
                                            Decision to name the observatory after N.Tusi. 
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        Scientific-research 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 successes caused 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 the USSR 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 on 

Piloted Flights of USSR, our compatriot Kerim Kerimov, academician of the USSR Academy of 

Sciences V.V. Sobolev, academician of the USSR Academy of Sciences, Nobel laureate in 

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 the eminent 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 met with scientists. The visit of Haydar 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 State 

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 observatory, a 5-story building 

consisting of 40 apartments had been built by the orders of Haydar Aliyev.  

 

          
 

Haydar Aliyev in the 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 the asteroids 

discovered in 1970-2020 were named after eminent Azerbaijanis: "Azerbaijan", "Nizami", 

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

        Azerbaijani astrophysicist-observer Nadir Ibragimov had made great strides in studying 

planets (Mars, Venus, and the Io satellite of Jupiter) as a result of his observations on the 2-m 

telescope of the ShAO. He made numerous large-scale images of Mars during the opposition of 

Mars (the shortest distance between Earth and Mars) and made a map of the planet. He spoke 

about volcanic processes on the Io satellite of Jupiter and lightning on Venus planet. The General 

Assembly of the International Astronomical Union in the city of Patras, Greece, in October 1982, 

highly appreciated the researches of the Azerbaijani astronomer Nadir Baba oglu Ibrahimov and 

naming in his honor one of the craters of Mars planet. Along with the craters of Copernicus, 

Kepler, Keldish, and Jules Verne, the crater of Ibragimov is on Mars now. Launched in January 

1973, to study the Moon and outer space, Soviet automatic interplanetary station Luna-21, with 

which communication subsequently lost, was reconnected to the station as a result of searching 

on a 2-meter telescope.  

 
 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 eminent 

scientist Nasraddin Tusi. In 1990-97, the crisis was felt in the history of Azerbaijani astronomy, 

as in all areas. However, 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. Ilham Aliyev. Generally, 

caring for the development of science in Azerbaijan, Ilham Aliyev had issued decrees and orders 

in September 2008 and July 2009 on the reconstruction of Shamakhy Astrophysical Observatory 

and the improvement of its material-technical base. 

 

 

www.president.az 
Azərbaycan Prezidenti 
Rəsmi İnternet səhifə 

Azərbaycan Milli Elmlər Akademiyasının Nəsirəddin Tusi adına Şamaxı Astrofizika Rəsədxanası haqqında 

Azərbaycan Respublikası Prezidentinin sərəncamı (05-09-2008 10:25)  

Dünyanın ən böyük rəsədxanalarından biri olan və müasir dövrün prioritet problemləri ilə uzlaşdırılmış elmi 

proqram əsasında fəaliyyət göstərən Şamaxı Astrofizika Rəsədxanasında səma cisimlərinin tədqiqi kimi aktual 

fundamental məsələ ilə yanaşı, seysmik proseslərin proqnozu, ətraf kosmik mühitin, günəş və geomaqnit fəallığının 

yerüstü texnoloji sistemlərin fəaliyyətinə, insan da daxil olmaqla, bioloji orqanizmlərə təsiri öyrənilir.  

Şamaxı Astrofizika Rəsədxanasında əldə olunmuş elmi nəticələr dünya alimləri, Beynəlxalq Astronomiya İttifaqı 

tərəfindən layiqincə qiymətləndirilmiş, rəsədxananın 20-dək əməkdaşı nüfuzlu beynəlxalq elmi təşkilatlara üzv seçilmiş, 

bir sıra kiçik planetlərə, Marsda və Ayda bir neçə kraterə Azərbaycan mütəfəkkirlərinin, elm və mədəniyyət xadimlərinin 

adları verilmişdir.  

Lakin fəaliyyət göstərdiyi müddətdə Şamaxı Astrofizika Rəsədxanasının elmi-texniki avadanlığı fiziki və mənəvi 

aşınmaya məruz qalmış, inzibati binaları, laboratoriyaları, əməkdaşlar üçün yaşayış evləri, yol infrastrukturu, 

kommunikasiya xətləri yararsız vəziyyətə düşmüşdür.  

Strateji kosmik tədqiqatlarda və bütövlükdə Azərbaycan elminin inkişafında, respublikada kosmik sənayenin 

yaranmasında əhəmiyyətini nəzərə alaraq, Şamaxı Astrofizika Rəsədxanasının yenidən qurulmasını təmin etmək məqsədi 

ilə qərara alıram:  

1. Azərbaycan Milli Elmlər Akademiyasının Nəsirəddin Tusi adına Şamaxı Astrofizika Rəsədxanasının maddi-texniki 

bazasının gücləndirilməsi və əsaslı təmir-tikinti işlərinin aparılması məqsədi ilə təxirəsalınmaz tədbirlərin görülməsi üçün 

Azərbaycan Respublikasının 2008-ci ilin dövlət büdcəsində nəzərdə tutulmuş Azərbaycan Respublikası Prezidentinin 

Ehtiyat Fondundan 5,0 milyon (beş milyon) manat vəsait ayrılsın.  

2. Azərbaycan Milli Elmlər Akademiyası Şamaxı Astrofizika Rəsədxanasında aparılacaq əsaslı təmir-tikinti işlərinin 

müasir standartlara uyğun, yüksək keyfiyyətlə həyata keçirilməsini, zəruri avadanlıq və texnikanın alınması üçün müvafiq 

tədbirlərin görülməsini təmin etsin.  

3. “Azərenerji” Açıq Səhmdar Cəmiyyəti, “Azəriqaz” Qapalı Səhmdar Cəmiyyəti və “Azərsu” Açıq Səhmdar Cəmiyyəti 

Şamaxı Astrofizika Rəsədxanasının elektirk enerjisi, təbii qaz və su ilə etibarlı təminatı üçün zəruri tədbirləri həyata 

keçirsinlər.  

4. Azərbaycan Respublikasının Rabitə və İnformasiya Texnologiyaları Nazirliyi Şamaxı Astrofizika Rəsədxanasının 

telefonlaşdırılmasını və sürətli internet şəbəkəsinə qoşulmasını təmin etsin.  

5. Azərbaycan Respublikasının Ekologiya və Təbii Sərvətlər Nazirliyi Şamaxı Rayon İcra Hakimiyyəti və Azərbaycan 

Milli Elmlər Akademiyası ilə birlikdə Şamaxı Astrofizika Rəsədxanasının ətraf ərazilərinin təbii landşaftının qorunması və 

xüsusi mühafizə zolağının yaradılması üçün müvafiq tədbirlər görsün. 

6. Azərbaycan Respublikasının Maliyyə Nazirliyi bu Sərəncamın birinci bəndində göstərilən vəsaitin Azərbaycan Milli 

Elmlər Akademiyasının hesabına köçürülməsini təmin etsin. 

7. Azərbaycan Respublikasının Nazirlər Kabinetinə tapşırılsın ki: 

7.1. 2009-cu ilin dövlət büdcəsində bu Sərəncamın icrası ilə bağlı əlavə maliyyə vəsaitinin nəzərdə tutulmasını təmin 

etsin;  

7.2. bu Sərəncamdan irəli gələn digər məsələləri həll etsin. 

8. Bu Sərəncam imzalandığı gündən qüvvəyə minir.  

 

 İlham Əliyev, 

Azərbaycan Respublikasının Prezidenti. 

Bakı şəhəri, 5 sentyabr 2008-ci il.   
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www.president.az 
Azərbaycan Prezidenti 
Rəsmi İnternet səhifə 

 

Azərbaycan Milli Elmlər Akademiyasının Nəsirəddin Tusi adına Şamaxı Astrofizika Rəsədxanasının 

yenidənqurulması barədə Azərbaycan Respublikası Prezidentinin sərəncamı (21-07-2009 19:03)  

Azərbaycan Milli Elmlər Akademiyasının Nəsirəddin Tusi adına Şamaxı Astrofizika Rəsədxanasının maddi-

texniki bazasının gücləndirilməsi və təmir-tikinti işlərinin aparılması məqsədi ilə ötən ildən etibarən tədbirlərin həyata 

keçirilməsinə başlanılmışdır. Bu sahədə müəyyən işlər görülsə də, obyektin müasir tələblər səviyyəsində tam 

yenidənqurulmasının başa çatdırılması üçün əlavə maliyyə vəsaitinin ayrılmasına zərurət yaranmışdır.  

 

Şamaxı Astrofizika Rəsədxanasının maddi-texniki bazasının gücləndirilməsi, yenidənqurma və təmir-tikinti işlərinin 

davam etdirilməsi məqsədi ilə qərara alıram:  

 

1. Azərbaycan Milli Elmlər Akademiyasının Nəsirəddin Tusi adına Şamaxı Astrofizika Rəsədxanasının maddi-texniki 

bazasının gücləndirilməsi, yenidənqurma və təmir-tikinti işlərinin davam etdirilməsi üçün Azərbaycan Respublikasının 

2009-cu ilin dövlət büdcəsində nəzərdə tutulmuş Azərbaycan Respublikası Prezidentinin Ehtiyat Fondundan 3,0 (üç) 

milyon manat vəsait ayrılsın.  

 

2. Azərbaycan Respublikası Maliyyə Nazirliyi bu Sərəncamın birinci bəndində göstərilən vəsaitin Azərbaycan Milli 

Elmlər Akademiyasının hesabına köçürülməsini təmin etsin.  

 

3. Azərbaycan Respublikası Nazirlər Kabinetinə tapşırılsın ki, bu Sərəncamdan irəli gələn məsələləri həll etsin.  

 

İlham Əliyev, 

Azərbaycan Respublikasının Prezidenti. 

Bakı şəhəri, 21 iyul 2009-cu il. 
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         Based on these orders, the living space of the Shamakhy Astrophysical Observatory was 

renovated, the main building and telescope buildings also were repaired, the control system of 

the 2-meter telescope was completely modernized and automated, new modern light-receivers 

were purchased, and large-scale works on improvement were carried out. New apartments for 

scientists living in the observatory, as well as guest houses that meet high standards for scientists 

coming to the observatory from 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 repair- construction 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, text-books, catalogues, scientific-popular  books have 

been published on different branches of astronomy in ShAO.   

120 issues of “Circular of ShAO” were published within 40 years. Since 2006 “Astronomical 

Journal of Azerbaijan” is  published and there are apperaed 9 volumes untill 2015.   

The employees of ShAO have published more than 2500 articles in local and foreign scientific 

periodicals. 

 

 

 
 

Publication  of the Observatory 
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       In the 1960s, the rapidly developing Shamakhy Observatory needed to establish an 

observation station at higher point. In 1969, the Batabat branch of the ShAO was established in 

the Shahbuz region of the Nakhchivan Autonomous Republic at altitude of 2060 m above sea 

level. In 1974, Solar coronagraph was installed in the Batabat section, and the observation of 

solar spicules begun. This work was led by Russian astronomer G.Nikolsky (IZMIRAN). In 

1990, the Zeiss-600 telescope was installed in the Batabat section with 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 Nakhchivan Autonomous Republic. The 

purpose of the expedition was to create an astronomical station capable of high-precision 

position observations. At this point located at an altitude of about 2100 m above sea level, under 

the leadership of the X.Potter, the expedition was carried out significant work for the creation of 

an astronomical station, and also experimental observations were conducted. Already in the early 

1980s, two important telescopes - astrograph AFR-1 and the lunar-planetary 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 Soviet-American program 

VEGA have a special place among them. Unfortunately, the destructive processes in the region 

in the late 1980s, especially the blockade of Nakhchivan by Armenia, had a very negative impact 

on the activities of the AAS. In 1991, X.Potter and his staff left the station. 
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Directors of Shamakhy Astrophysical Observatory: 

 

 

                        
    07.1956 – 04.1981                  04.1981 – 01.1982                   01.1982 – 03.1985 

  Academician Sultanov G.F.       PhD, Guseynov  O.X.            PhD, Abbasov A.R.   

                   

               
 acting director 

03.1985 – 07.1985                    07.1986 – 12.1988                  12.1988 – 07.1997    

 PhD, İsmayılov Z.A.                PhD, Rustamov K.A.              PhD, Ahmadov Sh.B. 

 

 

 

                                  
07.1997 – 06.2015                                                                06.2015 – 

Correspondent member,                                                 Correspondent member, 

 Guliyev A.S.                                                                     Dzhalilov N.S 
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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 Observatory named after N. Tusi of ANAS 

namigd@mail.ru, elchin.babayev@gmail.com 

 

 

I. Physics of Solar Oscillations 

         The quasi-periodic 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 of 

electromagnetic radiation in modern observations. These motions conventionally 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 them 

mainly for the diagnosis of the solar plasma. The 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 propagation and transformation of adiabatic and non-adiabatic magneto-

acoustic-gravity (MAG) waves in a strongly inhomogeneous plasma, with consideration of 

gravity force and magnetic field, is developed. Obtined analytical solutions of 

magnetohydrodynamic (MHD) equations, 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. Respective 

energy coefficients 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. Applying to the 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 they 

transform to isothermal waves had been analyzed. Formulas for the energy absorption 

coefficients of adiabatic waves in resonance layers are derived and their dependence on wave 

frequency and plasma parameters had been investigated. The interpretation of occurrence of 

propagating waves in the penumbra of sunspots is given [1, 2].  

       Wave interaction with radiation in the inhomogeneous medium is investigated in a series of 

works [3,4,1]. Small amplitude non-adiabatic hydrodynamic perturbations of arbitrary optical 

thickness in the inhomogeneous emitting compressible 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 of non-adiabatic atmospheric (acoustic and 

gravitational) waves are developed based on obtained analytical solution. The developed model 

of non-adiabatic 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 frequency of ν = 3.3 MHz (5-min oscillations). 

Relative values of the amplitude of the flux fluctuations on this frequency turned out about ≈ 10-

5, which accords to observed data of different experiments. It is shown, that acoustic waves 

become strongly-non-adiabatic and occurs mixing of oscillation modes on the photosphere level, 

where the propagation velocities of heat and acoustic waves become comparable. As a result, it 

becomes possible to observe simultaneously acoustic and heat waves at the same frequency. 

Comparison of contributions of acoustic and heat waves as well as to fluctuations of integral 

radiation flux as to motion velocity is carried out. 



 23 

It is found that oscillations observed in the continuous solar spectrum are predominantly 

heat waves, and acoustic-waves make greater contribution to motion velocity, as evidenced by 

Doppler measurements. The theoretical spectrum of phase shift between fluctuations of integral 

emission flux (brightness) and vertical velocity of motion (I-V spectrum) for radial solar 

oscillations is calculated. Comparison of the results with observational data shows good 

accordance in oscillation frequencies range ν=2.4-3.6 MHz. Because 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 between heat and non-adiabatic acoustic waves.  

With consideration of radiative losses, a complete theory of linear transformation, also the 

reflection and absorption of various types of non-adiabatic magneto-acoustic-gravitational 

(MAG) waves in the stratified atmosphere is developed. Impact of magnetic field oblique on 

wave damping is studied. It is found that with increasing of the field oblique, radiative 

absorption of MAG waves sharply increases. Amplitude ratio and phase shift between oscillation 

of motion velocity 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 is 

shown that the most favorable region for observation of oscillations in Doppler 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 is 

shown that 3-min oscillations should be visible 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 magneto-hydrodynamic 

type, in optically thin ideally conducting plasma, 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 exponentially increased, whereas magneto-sonic 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 magneto-sonic waves especially damp 

fastly. Calculated slow-wave 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 nearly collisionless anisotropic plasmas of the solar 

corona and solar wind, the 16-moment anisotropic MHD transfer equations (integral relations of 

the Boltzmann–Vlasov kinetic equation) including the heat flux along the magnetic field, are 

applied. Waves and plasma 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 heat 

flux. Along with classical incompressible firehose modes that do not change with consideration 

of heat flux, new additional compressible modes (heat waves), and analogs of fast and slow 

MHD waves, are found and studied. It is shown that the criterion of mirror instability coincides 

with the relevant condition of occurrence of mirror instability under kinetic consideration. It is 

established that in the presence of heat flux, the phase velocities of all detected modes are 

asymmetric relative to the direction of the external magnetic field, i.e. waves propagate with 

various velocities along and against the magnetic field. Modes coupling occurs under some 

values of plasma parameters. Strong coupling occurs between reverse modes (which propagating 

against the direction of the magnetic field). Instability occurs in the modes interaction region, 

where phase velocities of the waves coincide. Both types of instabilities are possible - aperiodic 

and oscillatory. Under conditions of occurrence of classical firehose instability, a new type of 

instability occurs under resonant interaction of three inverse modes (fast thermal, mirror-thermal 

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 count that the considered 

approximation of anisotropic MHD is correct for describe the large-scale dynamic of 

collisionless anisotropic plasma of heliosphere (solar corona and solar wind, ionospheric-

magnetospheric plasma).  

            MHD instabilities of temperature-anisotropic 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 

magnetic fields (B> 10 G) may arise oscillatory ion-acoustic 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 consideration can play a notable role in 

the energy balance of corona and could be considered as a large-scale energy source of wave 

mechanism of coronal heating [6].  

          Supersonic flows of two semi-infinite anisotropic and homogeneous plasma layers with 

different physical parameters and velocities were considered. For the general case, i.e., when the 

interface between these two flows is a transition layer with a finite thickness, the general linear 

differential equation framework for determining the eigenmodes in the system is derived. 

Furthermore, thoroughly the limiting case of a zero thickness transition zone (contact 

discontinuity) is considered. It is shown that the shear flow excites the Kelvin-Helmholtz (KH) 

type of  instability and “couples” the various branches of the free-plasma oscillations to each 

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 flows with an 

average speed, the KH instability occurs. The growth rates of the KH instability are calculated as 

a function of the parameters, including the degree of plasma anisotropy. The obtained results are 

applied to the plasma conditions in the bimodal solar wind in the vicinity of the contact 

discontinuity between different flow patterns (fast and slow wind) [6].  

        Using the 16-moment equations that take into account heat fluxes in anisotropic 

collisionless bi-Maxwellian plasma, the properties of magnetohydrodynamic (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 mirror 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 

plasma (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 in 

good agreement. The results prove that, in contrast to the familiar CGL (Chew–Goldberger–Low 

) 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, and 

ionospheric and magnetospheric plasmas. 

          Model 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 of the 16-moment 

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 Parker 

model for isotropic solar wind in the case of anisotropic wind. The number of special analytical 

solutions of equations were found, also asymptotic solutions and solutions near the transition 
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point of flow from the subsonic regime to the supersonic regime are obtained, and boundary 

conditions for numerical solutions determined. The main goal is explaining of observational facts 

that could not be described by isotropic Parker model.  

           The theory of magnetic convection in stars and on the sun is developed. The standard 

model of the convective zone does not take into account 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, 

magneto-rotational, and 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 slowing-down of internal layers of 

the Sun. Accepting that angular momentum of rotation is carried out from central regions by 

waves, then what kind of these waves should be, and how should they manifest itself in other 

large-scale dynamic phenomena on the Sun?  Qualitative analysis of the conservation equation of 

potential vortex in the rotating sphere is carried out. There is principled possibility of occurrence 

of a new type of resonant modes, which significantly differ from well-known 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 or 

when the impact of curvature might be neglected. It is shown that rotational modes can become 

unstable due to heat mechanisms of instability. For the beginning the low-frequency wave 

motions within the framework of planar geometry are considered, when the impact of curvature 

of the spherical surface is excluding by using “β-plane” approximation from geophysics. 

Possibility of the capturing of very low-frequency vortex waves in the near-nuclear space of the 

Sun is analysed. It is shown that retrograde waves with frequencies that significantly lower than 

the angular frequency of rotation might be captured in the radiative zone of the Sun. 

Eigenfunctions of compressible non-adiabatic 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 regime (ε-mechanism). A complex integral dispersion 

equation, which is the solution of the boundary-value problem is obtained.  

         Determined resonant modes (named R-modes) fundamentally differ from r-modes, which 

are well known in the theory of pulsations of stars. Frequencies of R-modes, in contrast to r-

modes, are functions of the internal structure, and their origin is not due to geometric effects. The 

instability of the R-modes relative to the ε mechanism is investigated.                

Most unstable are oscillations with periods of ≈ 1-3 years, 18–30 years, and 1500–20000 

years. These three highlighted ranges of periods are well known from solar and geophysical 

experimental data. Characteristic times of amplitude increase of indicated most unstable modes 

correspond to ≈ 102, 103, and 105 years, respectively. The amplitude of the R-mode is increasing 

toward the center of the Sun. The possible role of detected low-frequency 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 surface curvature on the properties of rotational oscillations is investigated. 

The general differential equation of second order in partial derivative describing the adiabatic 

nonradial long-period oscillations of the differential-rotational spherical star is obtained for 

pressure fluctuations. This equation includes high-order gravitational g-modes, all possible 

subclasses of rotational modes, also their interaction and instability. Such an equation derived for 

the first time and enables analyzing the special structures of the solution, which related to the 

spherical geometry of the problem and the presence of rotation. Widely used in geophysics, the 

“traditional” approximation, which assumes nearly horizontal motion, significantly simplifies the 

obtained equation and splits it into two ordinary second-order differential equations. More 
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accurate condition of usability of “traditional” approximation under conditions of star pulsations, 

in the low-frequency range, is obtained. The possibility of the occurrence of critical latitudes is 

shown, around which, the resonant layer is formed. In these layers occurs resonant interaction of 

eigenmodes with inertial oscillations at frequency ω = 2 Ω cosθ (here Ω - the angular frequency 

of rotation of the star, θ - the latitudinal angle from pole). Transformation of global rotational 

modes into inertial ones, which are concentrating in narrow latitudinal zones, is considered as a 

new mechanism of resonant absorption of modes. This mechanism can play a significant role in 

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. This instability is related to the 

latitudinal gradient of rotation velocity of star and, in contrast to ordinary Kelvin-Helmholtz 

instability, is not smoothed by gravity. The appearance of global shear instability depends on the 

Rossby number (ratio of the rotational 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 frequency 

should 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 m = 1 modes 

might become unstable almost at all latitudes. In the radial direction, the region of 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 the Laplace equation in case of low frequencies is 

expressing by Jacobi polynomials. Standard representation of eigenfunctions of modes in form of 

series on functions of spherical harmonics, which have significant difficulties with convergence 

on low frequencies, does not follow from the obtained accurate solutions. It is shown that 

interaction of low-frequency modes with rotation, is describing better by the Jacobi functions, 

which are higher-order polynomials than the Legendre functions. 

It is established that in low-frequency limit (when Rossby number is small and the effects 

of shear instability might be neglected), only retrograde oscillations become eigenmodes. These 

modes are separating into two subclasses: fast and slow. In the azimuthal plane, the group 

velocity of fast modes is directed against rotation, and slow modes are transferred energy on the 

direction of rotation. It is shown that “active” narrow bands of latitudes in which is concentrating 

the basic wave energy occur on the spherical surface. These bands are located closer to the 

equator for slow modes, but closer to the pole for fast modes. Location and width of these bands 

of latitudes depend on permitted values of horizontal wavenumbers (l, m) (amount of nodal 

points in meridional and azimuthal planes). All possible pairs of (l, m) for both slow and fast 

modes, are found for 22-year solar oscillations. It is shown that for the scales of the oscillation 

modes similar to spatial scales of sunspots, active latitudes for 22-year slow modes occurs at 

latitudes of 30–40 degrees. Discussion took place on possible connections of detected modes in 

the generation of magnetic solar cyclicity [7, 1]. 

In the work [8] it is shown that if turbulent motions, which are is observed 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 Alfven oscillations. 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 of 

temperature and non-thermal velocities in coronal loops on the ratio of line intensities l5303 Å 

and l6374 Å. Calculation of contours of coronal spectral lines, with consideration of motions on 

torsional oscillations, is carried out. It is found that calculated contours are single-vertex 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 on 

this, it concluded that in the heating of corona, the role of torsion waves is significant. Besides, it 

is concluded that the Moreton wave might propagate to photosphere heights based on the 

analysis of observed data in the Hα line.   

 

II. Study of dynamic phenomena in the atmosphere of the Sun                     

 

         Observations of solar dynamic phenomena in the ShAO were started since the installation 

of first solar telescopes (AFR-2, AFR-3). These observations were carried out within the frame 

of “Sun Service” programs, at first. Later, several interesting experiments were carried out and 

the next main scientific results were obtained.                                                                            

New method for observing the region of the surface of the Sun (active region, spicule, 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 much 

more scientific information than under ordinary spectral and filter observations. Spectral “mask” 

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 spectral 

observations. A new camera is constructed and applied in observations, and a new method of 

observation of active regions of the Sun developed. The large eight-camera 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 spectrograms 

of the standard density in all channels simultaneously, 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 considered spectral lines, with consideration of absorption of photospheric 

emission in layers of chromospheric flare, are developed. The proposed simple method 

determines the maximum possible value of the optical thickness of flares in the lines of the 

Balmer series of hydrogen. A new determination method of optical thickness in the H and K CaII 

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 spectrum by using the found 

values according to proposed methods, consistent well with the observed ones.                                                                             

It is found that contrary to previous determinations of other authors, the optical thickness of 

flares in the Нb line is  Н  1 [9]. Equations of stationarity for hydrogen and calcium are drawn 

up, and results of solutions depending on values of various physical parameters, are tabulated. 

These tables allow us to determine both values of physical quantities (by using observed values 

of atomic populations), and effective geometric thicknesses of active formations. It is 

determined, that effective geometric thickness of flares is 10-100 times less than visible 

geometric thickness. It was obtained that due to emission of Lb quanta via distant wings, survival 

coefficient of Н-quanta becomes less than the unit, 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 structure of solar active formations decreases optical 

thickness compared to the uniform distribution of emitting plasma. It is managed for the first 

time to observe wave-like motions on the unperturbed surface of the Sun with lifetime from two 

to several tens of minutes and wave motion velocities up to 30 km/s, by using the spectral mask 

for the Н, 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 time, are measured.   
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The constructed radial velocity curves show that these velocities are due to spicules motion 

as the whole, and not by plasma motion in the magnetic tube of the spicule, as is generally 

accepted. Histogram of spicules distribution on radial velocities is built up, which showed the 

existence of their grouping at velocities up to ± 30 km/s. Corona mass balance is calculated by 

using obtained observational data, which showed that if the observed radial velocities are due to 

plasma motion in the magnetic tube, corona 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 cross-section of spicules and half- widths of the Н, line profile, and 

sudden emergence of some spicules over whole height, are detected from observations. All these 

facts evidenced in favor of the condensation theory of spicules occurrence. Spatial groupings of 

spicules on radial velocities are detected. For the first time, both radial and tangential velocities 

of spicules over whole height are measured simultaneously. Therefore, it is concluded that 

tangential and radial velocities are components of spicules motion. Theoretical calculation of the 

process of condensation of coronal gas is carried out, as a result are occurring chromospheric 

spicules. The presence of the MHD wave in spicules is determined. The idea of corona heating 

caused by spicules motion is put forward, the presence of such motions proved and their 

velocities measured. The motion of spicules along the limb is studied, and their tangential 

velocities are determined [11]. The contour of the Н line in the spectrum of coronal 

prominences is obtained by using the developed new observation methodology. Coronal 

prominences were observed on the disk of Sun. Managed to observe the K CaII line in the 

spectrum of coronal prominences, which was turned to be in emission [10, 12].                

Dynamics of loop-type prominences, also ejections are investigated by filter observations. 

Average velocities method is developed, which allows the accurate determination of the laws of 

motion of nodes. Estimates of temperature at trajectories of nodes are given. Estimation of the 

relation of densities in nodes, and surrounding their medium is made. It is determined that the 

formation of loop-type prominences and surges are interrelated. Structure of the magnetic field 

of active region accords to the model of the “magnetic tree” of Piddington. Oscillations in loop-

type prominences with a period - 5 min are detected. Rotational 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 each other in two layers of the 

solar atmosphere. Based on the analysis of numerous spectrophotometric observed data, also 

photographic photometry, it is obtained, that the law of changes of the curve of faculae 

depending on the heliocentric distance, could not be considered as credible without consideration 

of the selection of observed faculae. It is necessary to divide considered faculae into “strong” and 

“weak” when constructing a curve of a contrast of the “average” facula.     For temperature 

difference between the groups of “strong” and “weak” torches, are obtained ~ 94° K. The 

decrease of the difference of turbulent velocities of the “torch-photosphere” in the upper 

atmosphere, is determined. The value of 88 degrees, is obtained for the slope angle of the torch to 

normal of the surface of the Sun. The maximum values of the heights of calcium floccules equal to 

approximately 700-1000 km are determined. The λ4077.71 Sr II line in the spectra of torches, 

floccules, and flares, is investigated. It is 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 the 

spectra of torches, and its wings are expanded and lowed. Wings of the line are expanded and 

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, noticeable emission (~10%) is observed, 

and wings of the line are expanded and lowered, moreover this effect is more significant than in 

the torch. Various structural peculiarities in torch fields were detected. Torches show a cellular 
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structure like a supergranulation 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 of 

dynamic cell interaction [14].                                  

          Theoretical researches 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 gas-dynamic explosion with consideration of basic processes 

and volume emitting has led to interesting results, confirmed in observations. It is shown that the 

development of initial - up to the optical phase of chromospheric flare is accompanied by the 

emerging and enhancement of heat instability behind the shock 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 a magnetic 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 possible elementary 

processes in solar flares, with consideration of complete deviation from local thermodynamic 

equilibrium and non-stationarity of processes, are carried out. Physical causes of overexcitation 

of upper energy levels of hydrogen atoms are investigated. Reasons 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 of flares 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 long-term energy-release during flare are studied in the optical region and 

low-energy protons, and in roentgen. It is shown that the generation of flares and loop-like 

prominences could be considered as the effect of the shock waves [15, 16].  

            The Spatio-temporal dependency of the polarity sign of the large-scale solar magnetic 

field is analyzed. The existence of two activity waves with periods of 17-23 years and 3-5 years 

is confirmed. It is shown that drift begins from the equatorial zone to the poles. Statistical 

analysis of a large-scale magnetic field allowed determining the sector structure of the 

interplanetary magnetic field for the period 1915-1982 [17].                      

The new version of the polynomial approximation method is developed and applied for 

processing the brightness field of the unperturbed photosphere, for magnetograms of the active 

region, also velocity fields in a flare, and for maps of solar radio-sources, to detect the nature of 

large-scale and small-scale solar fields. It is obtained that on the limb of the solar disk elements 

in size 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, which speaks in favor of the absence of 

expressed light-dark 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 contours. Regular change of ridges and troughs of the intensity gradient indicates the 

existence of wave motions. Flare 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 surge. 

It is found that before flare activity, the value of the modulus of the gradient of solar radio-

emission intensity has an oscillatory character with 2-day period under displacement of the local 

source from the east to the west edge. Maximum of the intensity gradient 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 determining 

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 method for measuring and analyzing 

the fine structure of the profiles of weak Fraunhofer lines. Based on these methods, the most 

accurate profiles of strong resonant and subordinate ones, i.e. almost resonant Fraunhofer lines H 

and K CaII; D1 и D2 NaI; b1, b2 и b4  of the MgI triplet and the first four lines of the Balmer 

hydrogen series H, ,  and   in the resolved and unresolved solar spectrum are obtained. 

Basic parameters characterizing the line profiles (equivalent widths W, half-widths, quarter-

widths, and central residual intensities) are determined with high accuracy. Positions of violet 

and red emission components of the H and K CaII 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 Wilson-Bappu effect. 

         New method was developed that 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 

Fraunhofer lines, 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 profiles 

of weak and moderate Fraunhofer lines in the spectrum of the Sun and stars. New physical 

quantities (differential, integral, residual, and relative asymmetries) were introduced, which 

enables a more detailed investigation of the asymmetry of the profiles of weak and moderate 

Fraunhofer lines and their dependence on microscopic (atomic) and macroscopic (photospheric) 

quantities. 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 curves 

for the resolved and unresolved 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 that 

the physical characteristics of the photosphere by the lines of even-odd and odd-even transitions 

differ significantly. In this sense, the excitation temperature is especially sensitive, which turned 

out to be significantly higher for odd-even transitions [19]. 

         Objective method for the determination of continuum level in the spectra 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 "ideal" but 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 Sun 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 corrections to 

measured radial velocities due to diurnal and annual rotation of the Earth at the moment of 

observation was proposed. It was determined more accurate value (± 0.100 km / s) of the 

dispersion of fluctuations of the horizontal component of the velocity field on the surface of the 

Sun. Quasi-periodic wave motions in the atmosphere of the Sun, changing from 5.8 min for τ = 

1.0 to 6.5 min for τ = 0.005 were investigated by direct spectrometric measurements. The 

assumption is put forward on quasi-periodicity or cyclicality of the observed phenomena. More 

accurate curve for the "Edge effect" of Fraunhofer lines in the spectrum of the Sun was obtained. 

It is found that it is not physical processes are lead to the "edge effect" of Fraunhofer lines, but 

the erroneous system of wavelengths of the Fraunhofer spectrum, both in the center and at the 

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 "deficit" corrections in the wavelength 

system in SRRT [20]. It is shown that there is a significant correlation between the “edge effect” 

and the intensity of torch areas on the solar disk. East-west "asymmetry" of the solar disk both in 

the shifts and in the central residual 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 the 

absorption line contours by small parameter method - gradient of rotation velocity, it is 

concluded that the east-west 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 solar atmosphere (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 flux from the star (Sun), for approximate estimates of τ 

are also derived. The elementary method - function approximation method for the numerical 

solution of the integral equation for the source function, was proposed.  Several new recurrence 

relations, widely used in radiative transfer theory in the atmospheres of stars and planets, were 

obtained. Catalog of optical depths and the corresponding geometric altitudes of formation of Fe 

I lines (2600 lines) and TiI, TiII, CrI, MnI lines (150 lines) in the solar atmosphere for the center 

(µ=1) and for the limb of the disk (µ= 0.05 ), in the range λλ3000 — 8000 ÅÅ was compiled [20].  

Red shift and asymmetry of Fraunhofer lines in the solar spectrum were investigated in 

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 development 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 physics is obtained. 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 depth in the 

photosphere are significantly lower than that previously obtained by other authors.  The system 

of energy levels and wavelengths of 26757 lines of neutral iron at the range λλ1622 ÷ 9948 ÅÅ 

was calculated again. Large group of spectral lines were identified and 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 atmosphere. It is shown that 

"switching" waves of Landau are possible in the photosphere.  Jet flows in the atmosphere of the 

Sun and the Earth are investigated. The existence of these flows and their stability is caused by 

the feeding of large "gravitational" and small-scale waves under non-linear resonant interactions. 

It is shown that feeding of both small waves by large ones and conversely, lead to the stability of 

large vortexes (waves). Besides, for observation of bright photospheric "tracks", new television 

system with a high spatial resolution (~ 0."4), as well as its appearance mechanism, was proposed. 

It is assumed that "tracks" are arised because of the rupture of the lines of force of the magnetic 

field, and the particles propagate moving with acceleration of ~ ~ 106 km/sec2, which leads to 

energy release – 104 erg [22].         

 

III. 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 in 

the international programs "Sun Service." In parallel with other astronomical institutions of the 

USSR, ShAO was equipped with a photospheric-chromospheric solar telescope to participate in 

the IGY program (International Geophysical Year, 1957-1959). The employee of the Main 

Astronomical Observatory of NAS of the Ukrainian SSR, Professor E.A.Gurtavenko, was invited 

to ShAO to prepare the telescope for observations. With his participation, the telescope was 
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prepared for observations by the staff of the Department of Solar Physics. Observations within 

the IGY program began in 1957. The photosphere tube was used for regular photography of the 

Solar photosphere. Coordinates and areas of the observed spots were determined by the obtained 

photo-heliograms; the quality of the obtained heliograms was estimated on a 5-point scale. 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 

interference-polarized Нα filters (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 well as the lifetime, 

coordinates, and brightness (by points) of the observed chromospheric flares.       The results 

were sent to three coordination centers: KrAO AS USSR, GAO AS USSR (bulletin "Solar 

data"), and to the Kislovodsk Mountain Astronomical Station GAO AS USSR. The first 

scientific article, based on the materials obtained within the IGY program, was written at ShAO 

in 1959 [23]. The article is devoted to the microphotometric research of the chromospheric flare. 

MF-2 microphotometer of the Institute of Physics of the Academy of Sciences of the Azerbaijan 

SSR was used to carry out this work.  

  In 1963, the ATsU -5 horizontal solar telescope (HST) was installed on the territory of the 

Observatory. After putting into operation the HST-ATsU5, special equipment 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 spectrograph ASP-20.  

 Further, after the installation of GST-ACU5, employees of the Department 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 was a composite 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 GDR, the Ondřejov Observatory of Czechoslovakia, Pulkovo 

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 the 

same day via a coded telegrams. 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.  

According to the second program, unlike the first (the coordination center was located in 

Tashkent), observations were carried out by specified coordinates and numbers of groups of 

spots, and the start and end times of spot observations were recorded. According to this program, 

the magnetic fields of selected spots were measured during the day, and graphs of the magnetic 

field dependence from the time were constructed based on the obtained materials. Determined 

reports about the results of the observations were sent to the center located in Pulkovo. After 

several series of such observations, final results were presented in regular conferences held in 

Pulkovo. 

Several scientific articles were published based on these materials jointly with the 

observatory staff who participated in this program. In 1980, in the year of the Solar Maximum, a 

new task was received - to observe Hα-flare in the line. The coordinates of the flare region were 

informed by telegram. This work was carried out at a high level, and obtained materials were 

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 new program was developed in the Soviet Union, the so-called "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 regions at the center of 

the Hα lines. 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 formations 

observed on the solar disk were sent to the coordination center.  

In the 1970s, a second photospheric-chromospheric 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 employee of the Department 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 Academy of Sciences of USSR in Kislovodsk. This work 

continued until the dissolution of the Soviet Union. Several studies on the structure of torch areas 

were carried out using the heliograms obtained on this telescope. High-quality heliograms 

allowed to reveal the torch fields of a ring-shaped 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 sizes of this cell 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 flare-active. Viewing heliograms 

accumulated over many years and visual observations on the GST made it possible to conclude 

that, depending on the value of the intensity of the magnetic field that accumulates at the 

boundary of super-granules, can appear in the form of both bright and dark cells [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. Bull. Оf thе Astr. Inst. Оf Chech. 1964. V.15. 2), and were used in 

calculating the time of reaching the earth's surface of cosmic and proton-emission of the Sun. 
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        Studies of the radio emission of the Sun and its fluctuations are one of the main sources of 

information about dynamic phenomena that occur in the outer layers of the solar atmosphere. 

Together with other research institutes of Russia and employees of the Institute of the Ionosphere 

of the Republic of Kazakhstan, a number of studies were carried out in the Shamakhi 

Astrophysical Observatory of the National Academy of Sciences of Azerbaijan and the following 

scientific results were obtained. 

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

particle fluxes and some characteristics of the slowly-changing 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 bursts in 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 proton 

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 active 

regions on the Sun were obtained, and it turned out that the form of the spectrum strongly 

depends on the nature of the data used to obtain it. The spectra obtained as a result of statistical 

processing of the results of routine observations of solar radio emission have a maximum at λ ≥ 

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 the area of the 

spots, but also on the strength of the magnetic field. It was 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 emission - the maximum of the spectrum 

from the centimeter wavelength range shifts to the long-wavelength region. This shift allows us 

to estimate the heights of local sources. It was shown that the nature of the frequency spectrum 

of the intensity of radio emission from active regions associated with sunspot groups is different 

for different regions of the group. The radio spectrum of the main spot remains constant up to λ 

~ 10 cm, and then decreases. It was found that a few days before the outbreak, the amplitude of 

the oscillations of the radiation flux greatly increases. This 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 in developing the field of “Radio Astronomy” and 

participated in the training of personnel potential in this area, one may remember a lot of respect 

for the collaborator of the St. Petersburg State University - Doctor of Technical Sciences, 

Professor A.P. Molchanov and for many years leading the Department of Radio Astronomy in 

ShAO - Ph.D., associate professor A. R. Abbasov. 

 

II. Microwave radiometric equipment (MWRE), methods and features of spectral 

measurements of thermal radio emission from astronomical and geophysical 

objects in the range of 1-4 GHz. 

       The microwave radiometric method is based on the measurement of the natural thermal 

radio emission of the bodies caused by electrodynamic processes in atoms and molecules of 

matter. At present, along with the use of radio thermal location in radio astronomy, which is 

widely used to study thermal radio emission from various physical, natural, and biological 

mailto:shirin.guseyn@gmail.com
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objects. Until now, studies of thermal radio emission from the above objects have mainly been 

carried out at fixed frequencies, and only the coarse-grained features of the objects have been 

determined. At the same time, the need arose for a more “subtle” study of the details of processes 

and individual structures of emitted objects. In [2], the problems of radiometric equipment in the 

microwave range were studied, methods and features of spectral measurements of thermal radio 

emission in the range of 1-4 GHz. For the first time in domestic practice, a radio spectrograph of 

sequential analysis in the range of 1-2 and 2-4 GHz with a high frequency resolution (20-50 

MHz) was developed and created. The features of the antenna device are analyzed when 

measuring the spectrum of a local source on the solar disk in the range of 1-4 GHz, the optimal 

antenna size is determined, which is necessary for measuring the spectrum of both the integral 

radio emission of the Sun and for measuring the radio emission spectrum of local sources on the 

solar disk. For the first time, by spectral measurements, the episodic existence of the 2nd 

maximum of the frequency spectrum of the S-component of the solar radio emission in the range 

of 1.6-1.9 GHz is proved. The possibility of measuring the spectrum of thermal radio emission of 

various natural objects developed by microwave radiometric equipment in the range of 1-4 GHz 

is evaluated. It was shown that using this equipment, radio brightness contrasts of such natural 

objects as temperature anomalies of the water surface of 1-2 K, variations in salinity ~ 2%, soil 

moisture 0.75 - 1 g / dm3 can be determined. In the short-wavelength part of the 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, who presented 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 observatory - candidate of technical 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 = 2-4 GHz. We will always be thread about them. 

  

III. On the solar and atmospheric nature of fluctuations of the centimeter radio 

emission of the Sun. 

      Currently, ground-based recording of fluctuations in the solar radio emission is one of the 

methods for studying wave and turbulent processes associated with various types of instabilities 

of the solar plasma (fluctuations are (0.1 ÷ 0.5) × 10−3 of the total solar radiation level). In a 

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 into 

fluctuations of solar and terrestrial origin, it is necessary to have long-term 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 of 

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 the RT-2, 

RT-12, and RT-64 radio telescopes. Based on measurements of the S-component in the range f = 

2-4 GHz and fluctuations at the waves λ = 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 spectral-temporal analysis (SWAN) for the statistical processing 

of fluctuations in the radio emission of a quiet Sun, has been performed. A method is proposed 

for determining the relative fluctuations of the radio emission of a calm Sun, based on 

measurements of the daily course of radio emission. It was found that the relative level of purely 

solar fluctuations in the observed radio emission of the Sun is δTA / TA ≈ 10−4  if a significant 

fraction of the mass of matter is concentrated in unresolved small-scale structures. It is shown 

that in the solar radiation spectrum at a wavelength of λ = 3 cm there are harmonics with periods 

of 5 to 20 minutes, the origin of which is associated with wave disturbances in the Earth’s 

atmosphere. 
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        It is proved that fluctuations of the solar radio emission in the centimeter range, recorded at 

sea level during the eclipse, are largely due to the acoustic-gravitational waves of the atmosphere 

generated by the moving eclipse spot. A method is proposed for separating regular fluctuations 

of the solar radio emission into fluctuations of solar and atmospheric origin. 

IV. Some features of the characteristics of chaotic oscillations, and short-term 

quantitative 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 has 

not yet been used to analyze nonlinear processes in the solar atmosphere. The dynamic 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 Sun. Therefore, the task of studying the Sun in 

order to predict powerful solar flares is of great scientific and applied value. In the last 20-30 

years, for forecasting solar flares, their multi-parameter modeling is mainly used. Simultaneously 

with the method of multi-parameter modeling, a technique was also developed based on the 

search for several optimal parameters (1 ÷ 3), which would reflect the development of powerful 

solar flares. Among the most important unresolved unambiguously problems, one should include 

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 fundamental 

importance both from the point of view of the physics of the Sun, and in the applied problems of 

studying the Earth's atmosphere by the method of transmission. The work [4] is devoted to 

applied methods of the theory of determinate chaos and the processing of fluctuations of the 

centimeter radio emission of the Sun associated with the application of these methods. The 

results can be used to solve the problem of forecasting solar flares. It is known that when 

studying preflare states in activity centers, studying the structure of the frequency spectrum of 

the S-component 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 series, 

spectral and fractal analysis was used. The application of fractal analysis to the processing of 

chaotic signals makes it possible to some extent improve the accuracy of predicting powerful 

solar flares. In particular, the following results were obtained. Using the Takens algorithm for the 

simultaneous implementation of a dynamic system, its multidimensional phase portrait is 

constructed. The power spectrum, constructed from long-term observational data on fluctuations 

of the centimeter radio emission of the Sun, mainly has a wide frequency band, and the 

autocorrelation function decays 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 an 

average period of about 20 or 30 minutes. It was found that, 2-3 days before the outbreak, the 

fractal dimension reaches a value of D ≥1.65 ± 0.16, and the entropy of the dynamic system 

decreases and the spectrum becomes high-frequency. In the initial phase of the flare, the entropy 

of the dynamic system gradually increases, and at the end of this phase, the spectrum becomes 

low-frequency. Thus, we can conclude that the exact calculation of the fractal dimension D and 

the estimation of the entropy of the dynamical system is an effective criterion for quantitative 

forecasting of solar flares with a power of ≥2 points 2-3 days before the outbreak. For a 

quantitative analysis of the system, a more convenient integral equation is obtained that relates 

the radio emission characteristics of a calm Sun with the parameters of its atmosphere. A model 

of the Poisson random process is considered as a universal mechanism for the formation of the 

observed fluctuation power spectra. The level of solar fluctuations can be an order of magnitude 

lower than the observed δTA/TA10-3 on large paraboloids without any contradiction with the 

experiment, up to δTA/TA10-4 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 of 

active regions with their flare activity, a block diagram of the probabilistic method algorithms is 

developed, which allows predicting the power of flashes (≥2 points) in 1-3 days. 

        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 not 

been developed. 

V. On the possibility of predicting plasma turbulence in the solar atmosphere. 

The sun, like a volcano, explodes from time to time with sudden force - discrete phenomena 

occur, called solar flares. A solar flare occurs in the corona above a group of active sunspots; its 

geometry and dynamics are determined by magnetic fields. The observational data from 1981-82 

and 1989 were used as initial data. The material was obtained on the RT-12 radio telescope of 

the Ionosphere Institute of the Academy of Sciences of the Republic of Kazakhstan. Radio 

spectrographs operating in the 1-2 GHz and 2-4 GHz bands were developed by A.M. Huseynov, 

respectively, 1975 and 1978, the Analysis shows that the radio emission of the active regions at 

frequencies of 14 GHz, begins to be observed approximately 12 days before the release of the 

corresponding group of spots on the solar disk and ceases to be received 2 days 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 the most powerful bursts are generated in the deeper layers of the solar 

atmosphere. 

       Based on the above considerations and the obtained quantitative estimates, we propose that 

in the case when spots develop (the areas of individual spots and the number of spots increase), a 

power spectrum is observed in which many periods of oscillations disappear in the range from 5 

to 15 minutes and longer periods of 25 minutes. We propose that the reason for the 

disappearance of a certain part of the short orders of pulsations is the new oscillations that arise 

in the activated areas of the spots and contribute to the damping of the previous fluctuations. Due 

to this attenuation, peaks corresponding to oscillations corresponding to 25 min are observed in 

the power spectra. Long-term intensive research (over 40 years) in the optical and radio bands 

has confirmed that the atmosphere of the Sun is substantially heterogeneous. This heterogeneity 

has both stationary and non-stationary components. Among the processes of flash activity - are 

among the most turbulent and powerful events occurring in the atmosphere of the Sun. A flash is 

a rather fast (102 − 103 sec) release of a large amount of energy (1032 − 1034 erg) in a 

relatively small volume (1026 − 1027cm3). Researchers in this area focused on the analysis of 

the regular component, in particular, as a result of long-term studies, a great deal of material has 

been accumulated on the existence of quasiperiodic pulsations (CPP) in the “active” and “calm” 

regions of the Sun. Although 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 works 

on the analysis of time series, they were obtained at a fixed frequency, the so-called radiometric 

method. The main difficulty is that the amplitude of the fluctuations is (10-310-4) from the level 

of the total radio emission of the Sun. In other words, for spectral analysis, the level of compiled 

time series (signal-to-noise ratio) is very low. Therefore, the results obtained in these studies 

contradict each other. Chromospheric flare on the Sun is an extensive complex of phenomena 

with extremely complex development in space and time. It follows from the foregoing that for a 

more adequate solution of the problem posed, the determination of the characteristic parameters 

of turbulence, i.e. its forecasting. 

        In [5], the spectral-temporal method (STM), maximum entropy method (MEM) and fractal 

analysis were used to process turbulence in time series. Using the 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 long-term statistical observational materials, it was confirmed that the 

frequency spectrum of the S - component of the solar radiation in the f = 1-2 GHz and f = 

2-4 GHz bands has a “fine structure” with sizes of 70-120 MHz and 100-200 MHz, 

respectively. 

2. An increase in solar activity has the most distinct connection with the short-wave part of 

the radio spectra (λ = 8.5  12 сm). 
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3. Of the 15 powerful solar flares in 13 (~ 87%) cases, the flux ratio of the S - component 

F7.5/F15 за 13 days before solar flares with a force of  ≥ 2 points, i.e. more than average 

monthly. 

4. It was established that for flares with a power of ≥ 2 points, the degree of tilt of the radio 

spectra  increases from  1.70.3 to  2.70.4 in 13 days before the appearance of 

flashes. 

5. Based on the radio spectrographic measurements in the ranges f = 1-2 GHz and f = 2-4 

GHz, the time series were constructed using the flow ratios S – component  F7.5/F15. 

Basically, the series contain pulsations with a characteristic time greater than tx ≥ 25 min.  

13  days before a flash with a level of ≥ 2 points. 

6. It was found that 1-3 days before the outbreak, the turbulent process gradually switches 

to deterministic chaotic processes with an average period Т [Т ≥ (25  2) min]. 

       Thus, we can conclude that the observed pulsations in the radio spectra of the centimeter 

radio emission of the Sun tx ≥ 25 minute changes and an increase in the degree of  from  1.7 

 0.3 to  2.7  0.4 is an effective criterion for quantitative forecasting of solar flares with a 

power of  ≥ 2 points 1-3 days before the outbreak. 

 

VI. Some aspects of predicting weak and powerful solar flares from radio-optical 

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 events 

covers a large volume of the atmosphere of the Sun, starting from the 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. The aim 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 ≥ 2 points observed in 1979–82 and 1989-90 on the RT-12 radio telescope of the 

Institute of the Ionosphere of the Republic of Kazakhstan and RT-22 of 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 f = 1-2 GHz and f = 2-4 GHz were 

studied. It is shown that under certain conditions, as the flare approaches, the turbulent process 

gradually transfers to deterministic chaotic processes with an average period of T ≥ 25 ± 2 min. 

If relative fluctuations of the calm atmosphere of the Sun are known, then, by performing radio-

spectrographic measurements in active regions in a wide range, it becomes possible to study low-

frequency pulsations with a characteristic time tx ≡ 5-70 min. When studying pre-flare states in 

activity centers with 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 each 

group was calculated 1-3 days before the outbreak with a force of  ≥ 2 points. It was found that 

the observed pulsations in the radio spectra of the centimeter radio emission of the Sun tx ≥ 25 

minute changes, increase and decrease in the number of spots in groups, is an effective criterion 

for predicting powerful solar flares 1÷3 days before the outbreak. 

       It is proved that the behavior of the Earth’s atmosphere, animal and plant life on Earth is 

associated with the activity of the Sun. Therefore, the study of their laws is of great theoretical 

and applied value. In this work, we used the spectral-temporal (STAM), maximum entropy 

(MME) method and fractal analysis to handle the non-stationarity in time series. Using the 

modified method based on the theory of determinate chaos, the entropy and fractal dimension of 

the analyzed time series are estimated. This series was obtained due to fluctuations of microwave 

radiation by us, fluctuations of the radio emission of the S-component, and the ratio of the S-

component fluxes  F7.5/F15, which are indicators of the solar flare activity. In all of the 50 flare 

events considered, we could not make accurate estimates for the six events. The article presents 

histograms reflecting the dependence of the frequency of the appearance of the pulsation on its 

characteristic time tx for two subranges: 5-15 min and 20-65 min. Also, the averaged relative 

spectra of the S-component of the solar radio emission in the range of 2-4 GHz are shown, which 
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reflect the development of active regions and give a flash with a power of ≥ 2 points 1-3 days 

before the outbreak. The graphs show that the largest changes in the spectrum occur in the range 

3.1÷3.6 GHz. In other words, during the active period, the slope of the α - spectra varies from 5 

to 10 percent compared to signals obtained at a calm level (on an undeveloped group of spots) in 

the solar atmosphere. 

        Based on the studies (in the radio and optical ranges) and the quantitative estimates 

obtained, the following conclusions were made: 

1. Based on extensive observational materials, it is confirmed that the frequency spectrum of the 

S-component of the solar radio emission in the ranges f = 1-2 GHz and f = 2-4 GHz has a "Fine 

structure" with dimensions, respectively, 70-120 MHz and 100-200 MHz. 

2. The constructed time series for the flow ratios of the S-components F7.5/F15- mainly contain 

pulsations with a characteristic time of more than tx ≥ 25 min. 1-3 days before the flash with a 

level of  ≥ 2 points. 

3. Of the 50 powerful solar flares in 44 (~ 90%) cases on the surface of the Sun, the number of 

spots in the groups decreases (~ 20 ÷ 50%) 1-3 days before the flare with a power of  ≥ 2n 

points. 

4. On flashes with a power of ≥ 2 f and 2 b for 1-2 days in groups, the number of spots is 

approximately stable or increases (30 - 50%). 

5. It was found that after powerful solar flares with a power of ≥ 2 points, the number of spots in 

the groups increases ~ 1.5 - 2 times. 

Summarizing the above, we can conclude that the observed pulsations in the radio spectra of the 

centimeter radio emission of the Sun tx ≥ 25 minute changes, increase and decrease in the 

number of spots in groups, is an effective criterion for predicting solar flares with a power of  ≥ 2 

points in 1-3 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 in solar-terrestrial physics a new term “space weather“ was appeared. 

The concept of “space weather” includes a number of phenomena that are observed on Earth and 

in near-Earth space, characterizing a change in the Sun. It is known that solar flares, ejections of 

the coronal masses of the sun and coronal “holes” have the greatest influence on changes in 

space weather, when a large flux of solar energy from the sun is released in the form of 

electromagnetic radiation and clouds behind magnetized plasma. Today, the fact of the influence 

of solar activity on the sphere of human life is considered established. However, in many cases, 

these relationships are statistical in nature and the physicochemical mechanism of such an effect 

has not been resolved. Currently, much attention is paid to the study of solar-terrestrial relations 

and space weather forecasting. Despite this, a comparison of solar phenomena with geomagnetic 

disturbances shows that the prediction efficiency does not exceed 40 ÷ 50%. 

In this regard, the analysis of solar data and the identification of new characteristics suitable for 

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 as 

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 on radio bursts are very important 

both for studying the physics of the Sun, and in the applied aspect for predicting space weather. 

The forecast of geoeffective solar phenomena is understood as the totality of all types of 

forecasts (on the Sun, the solar wind and in near-Earth 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 = 1, 4, 9, 17 GHz, 

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. Background flows of suprathermal 

and energetic charged particles on the Sun and in the heliosphere always exist. Especially strong 

acceleration of protons and other ions can take place during flares on the Sun, as well as on the 
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front of a propagating shock wave in the corona of the Sun and in the interplanetary medium. 

Proton events are one of the most important and dangerous cosmic weather phenomena that 

needs to be carefully studied. 

         Based on the studies and quantitative estimates obtained, the following conclusions were 

made: 

1. It was found that the observed pulsations with characteristic times tx≥35 min in the 

centimeter range of solar radiation, it can be a parameter for predicting powerful solar 

flares (6.5≤M≤8.7) 1-4 days before the events. 

2. It was revealed that 1÷4 days before the outbreak, the dimension of the attractor is 

D=3÷4 attached toward the outbreak increases. A low D-score means that deterministic 

chaos exists in the time series under study. 

3. For five large proton events 1 ÷ 4 days before the outbreak, the criterion F3,5/F7,5>1, 

F3,5/F10>1 F3,5/F15>1 similar to the Tanaka-Enome criterion F3/F8≥1 will also be fulfilled. 

       Thus, it was found that out of 25 isolated solar bursts, 17 outbreaks have a score of 

6.5≤M≤8.7 points. To increase the reliability of the short-term forecast (1-4 days) of solar flares, 

it is necessary to use information on the state of solar and heliospheric activity, including data 

from a network of neutron monitors. This in turn enables us to double the time interval for 

predicting the state of space weather. 

VIII. Modern problems of statistical and dynamic modeling of centimeter - decimeter 

time sequences of solar radio emission. 

       Towards the end of the 20th century, Russian radiophysicist O.I. Yudin, who studied solar 

radio emission, confirmed the existence of fluctuations associated with the physical processes 

occurring on the Sun during these radio emissions. Researcher at the 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 associated with solar flares. Despite the fact that these observations are 

carried out on radio astronomy telescopes with a diameter of 2÷100 meters and operating at 

frequencies f = 1÷17 GHz in the territories of different countries, the results obtained currently 

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 these 

classical methods allow obtaining more realistic results in the study of stationary processes. Over 

the past few decades, researchers have discovered that there are a number of important events 

and processes in the world that cannot be interpreted only by the theory of oscillations and 

waves. Here, “chaos” is implied as an indicator of the transition to nonlinear systems in real 

evolutionary processes. Thus, in order to understand the essence of complex events and 

processes, it is necessary to accept the nonlinearity and dissipativity of dynamic systems. The 

theory of dissipative structure is understood as a complex of concepts of open physical systems 

and nonlinear dynamics. These are the main indicators for describing non-linear events that 

occur in the world. The causes of changes in action and evolution, according 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 and 

non-stationary random processes. The “chaos” defined in the time series is intended for dynamic 

methods, and the “noise” is used in statistical methods. Each of these methods has its advantages 

and disadvantages. Over the past 30 years, specialists and experts in various fields of science 

have developed valuable scientific proposals and methods for studying the causes and evolution 

of processes occurring in living and non-living objects in the world. Some of them are widely 

covered in monographs and textbooks. The study of time series based on our observations in any 

open systems consists in determining its structure and studying the future based on past data. 

Based on the above scientific works, in the proposed work [8], by applying fractal analysis 

methods to time series obtained from radio astronomical observations of the Sun, an attempt was 

made to establish a forecast and diagnose a flare process and its effect on the Earth’s atmosphere. 

In other words, by controlling the “chaos” of the process that we are exploring in dynamic 
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methods (Fractal analysis, Wavelet and the Empirical model), the existence of deterministic 

randomness and its dynamics is investigated. 

         As observational data, 12 isolated solar radio bursts with a power of 2≤K≤3 were used. The 

observations were carried out on a 12-meter radio telescope at frequencies f = 1 GHz and f = 3 

GHz at the Institute of the Ionosphere of the Republic of Kazakhstan in 2010-15. Observations 

of the Sun continued regularly, from 08:00 to 18:00 (local time) at wavelengths of 10.7 and 27.8 

cm. Given that the discrete amount of data received is ∆t = 5 seconds, the amount of daily data is 

7-8 hours is N = 5400-5700. It also allows you to observe the dynamics of long characteristic 

fluctuations, ranging from 5 to 70 minutes. The estimated radio flares and their observational 

data around them were processed using the dynamic Fourier transform (DFT) method and the 

fractal analysis method (MPA). On the 24th cycle of solar activity, thanks to joint research, in 

addition to the proton events that took 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 event - is one of the most important and 

dangerous manifestations of space weather and requires careful and comprehensive study. In 

addition, we also used the data of radio polarimeters operating at frequencies of 1.2.3 and 4 GHz, 

obtained in 2010-15 at the Nobeyama Radio Observatory (Japan). Information for mathematical 

processing was taken from the site "httpsolar.nro.ac. jp ". Time series are based on discrete 

values ∆t = 1 min. We studied time series associated with flare processes, which, in turn, were 

associated with the evolution of spots (field changes, increase in intensity) and variations in the 

range 5.5 ≤ M ≤ 8.7. At present, the intensity of perturbations during proton events is estimated 

on a five-point scale from R1 (for a M-point flash) to R5 (M-12.5) for the brightest flash. 

        The research presented in this work gives us the opportunity to draw the following scientific 

conclusions: 

1. It was established that 1-3 days before an outbreak with a power of 2 ≤ K ≤ 3 points, 

pulsations with a characteristic change time  𝑡𝑥 ≥ 35 min prevail. 

2. It was found that the time series of fluctuations of solar radio emission, in accordance 

with a certain fractal value 1<𝐷𝑡<1.5 are continuous (inertial) time series. In other words, 

with the approach of flare processes, randomness is replaced by a more smoothly defined 

randomness. 

3. The study of 5 proton events showed that the value of the calculated degree of fractal 

dimension is inversely proportional to the power of the proton event. More precisely, 1-3 

days before the proton event события the conditions 𝑫𝒕(𝒔𝒕𝒓𝒐𝒏𝒈)<𝑫𝒕(𝒘𝒆𝒂𝒌) are 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 on the Sun and its interaction with the Earth’s 

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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I. Planets of the solar system 

 

The twentieth century brought many achievements in the study of the planets of the solar 

system using terrestrial and space means. About 30 astronomical observatories and stations in 

the territory of the former Soviet Union, including Azerbaijan, were created and restored in this 

century; on the eastern side of Mount Pirkuli, a place was chosen for the present Shamakhy 

Astrophysical Observatory named after N. Tusi (ShAO). 

 The aim of this work is to describe the main scientific results of planetary studies obtained 

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 N.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 of 

planetary research in the ShAO and N.B. Ibragimov, working under the supervision of the 

academician 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 reflected 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 surfaces and 

atmospheres of the planets. 

 

Mars 

        Based on spectrophotometric observations of Mars during the confrontation in 1960-1961, 

N.B. Ibragimov determined the phase coefficients, spherical albedo and stellar magnitudes of the 

planet at 20 wavelengths in the range 50    4050–6360 Å [1]. The results showed that the 

geometric albedo of Mars monotonically increases with the wavelength, while the phase 

coefficient decreases with increasing wavelength and has a minimum near λ = 5050 Å. It was 

found that the intensity distribution of the reflected radiation over the Mars spectrum is well 

represented by the values of the spectrophotometric gradient in two parts of the spectrum: λλ 

4050-5100Å and λλ 5100-6360Å; and also revealed a difference in the course of the gradients G1 

(λλ 4050-5100Å) and G2  (λλ 5100-6360Å) with a change in the phase angle α and it was found 

that the nature of the change in gradients is not the same. In addition, it was found that the color 

index of Mars with an increase in the phase angle somewhat increases. For the gradient G1, there 

is a minimum near α = 240, and for the gradient G2, the maximum is at α = 340, i.e. changes in 

the gradients G1 and G2 are of a different nature [1]. It should be noted that this data was of great 

importance for subsequent research of the Red Planet. 

Based on the data obtained, it was found that in the short-wavelength part of the spectrum 

in the Martian atmosphere, the true absorption plays a significant role (ω = 0.55 for λ 4050 Å and 

ω = 0.60 for λ 4250 Å, where ω is the single scattering albedo), light scattering does not obey the 

law Rayleigh, and the scattering indicatrix is stretched forward [2]. It was assumed that a 

significant role in the short-wavelength region of the spectrum in the atmosphere of Mars is 

played by large particles. 

mailto:atai51@mail.ru
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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 the contrasts of certain details on the Mars disk can be 

explained by the assumption that at the time of observation above these regions there were 

purple clouds; 

- contrasts "sea - mainland" 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 also 

revealed; 

- the contrast "sea - polar cap" is progressively decreasing from the blue region to the IR 

region, which is consistent with [4,5]; 

- the obtained data showed that 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 well as seas) 

[6]. Subsequently, this result was confirmed by the data of the spacecraft that investigated Mars 

in the early 90s. 

Mars was also studied by the spectral method. 

On the spectrograms of the planet, the band λ 6200 Å (with components at λ 6201 Å and λ 

6216 Å) was sharply distinguished [7]. 

In the planet’s atmosphere, an upper limit of NO2 ~ 0.02 mm ∙ atm was found. [8]. 

It was found that the violet clouds are “clumps” of aerosol particles that are constantly 

present in the Martian atmosphere and create the famous violet haze effect [9]. 

The causes of a dust storm in the atmosphere of this planet were studied, and the spectral 

properties of specially selected terrestrial rocks as probable analogues of matter on the surface of 

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 

(dispersion 93 Å / mm for Hγ) yielded about 20 spectrograms of the night side of Vienna. 

Emission lines (the most intense of them were λ 3903 Å and λ 3898 Å), detected on one of the 

spectrograms [14], were interpreted by the presence of lightning in the planet’s atmosphere. 

Closest to them are the CO2 bands λ 3890 Å, λ 3904.5 Å, as well as the CO2 band λ 3893 Å. 

However, only one of these bands at 3904.5 Å was noted by N.A. Kozyrev [15]. 

The spectrograms of Venus investigated the dark and light details of the planet terminator 

and studied the energy distribution in the spectrum of these parts, as well as the brightness 

distribution along the terminator at different wavelengths (λ 3900 - 4400 Å) [16]. For the first 

time, it was found that the bright parts of the terminator are caused by the clouds of the upper 

tier, illuminated by the rays of the sun. As for the dark details, this can be either “holes” (dips in 

the cloud layer), or clouds with other sizes and particle properties (the latest results were also 

confirmed by further studies 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 bands CH4 λ 6190Å, 

NH3 λ 6475Å in the Jupiter spectrum and CH4 λ 6190Å, CH4 λ 6800Å in the Saturn spectrum 

was studied. Based on the measured half-widths 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 of NH3 λ 6475Å, the 

pressure values were estimated: PH2
= 0.6 atm., PHe= 0.3 atm.  And along the lines of the strip of 

CH4 λ 6190Å – PH2= 2.2 atm., PHe= 4 atm.  

 N.B. Ibragimov [18] reliably recorded the components of R and P-branches of the 

absorption band of CH4 λ 6800 Å in the Saturn spectrum; from the same lines of this band, he 

determined the pressure values PH2 = 1.3 atm., PHe = 2.3 atm. for the atmosphere of this planet. 

 Due to the lower temperature of Saturn’s atmosphere, a certain part of the gaseous 

ammonia 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 band 

of  NH3 λ 6475Å  and its intensity will be different at different points of the Saturn disk [19]. 

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 the 

NH3 λ 6475Å region. It was found that the intensity of the depressions in the region of λ 6445 Å 

and λ 6475 Å varies markedly from date to date. Based on the results of these observations, some 

characteristics of Saturn’s atmosphere were determined: rotational temperature, pressure, and 

volume concentration of ammonia Tвр =129±8К, P =1.7±0.14 atm, n(NH3)=(6.7±1.2)·1012smsm-3, 

respectively. It was found that n(NH3)/n(CH4)=(0.76±0.13)·10-2 is 5÷9 times lower compared to 

Jupiter [19, 20]. 

  The intensities of the absorption bands of CH4 λλ 5430, 6190, 7020, 7250, 7980+7820Å 

in the Saturn spectrum and CH4 λλ7020, 7250, CH4 7980+NH37920 +CH4 7820Å  in the Jupiter 

spectrum were studied [17]. 

Based on lengthy studies of the absorption lines of NH3 λ 6475Å from the Jupiter disk, the 

ammonia content ((17±4) m·atm) in the planet's atmosphere was determined [21]. It has been 

established that the effect of center-edge to the western and eastern limbs is of a different nature. 

This is due to the fact that the atmosphere of Jupiter is vertically heterogeneous; such 

heterogeneity in itself is unstable. 

Temperature inhomogeneity, a change in aerosol concentration, the course of gas 

absorption in different regions of the disk, and the dependence of such properties on time are 

important factors in studies of the atmospheres of giant planets. 

We also note that the rotational temperatures in the Jupiter cloud layer in GRS, EZ, and 

SEB correspond to the following values: 162±25К, 145±31К and 150±46К,, respectively. These 

values were obtained according to the 1970 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. The thermal conditions in the details of GRS, EZ, and SEB on Jupiter’s disk are not the 

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 for NH3), 

2. In the cloud layer of the equatorial 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 properties and even the BKP 

becomes indistinguishable from the neighboring STrZ surrounding it [22]. 

 

}An increase in absorption in the NH3 λ 6475Å  by  2÷3 times, revealed in 1970-71, 

suggests a large spatial expansion of the ammonia cloud layers of Jupiter. This fact was 

confirmed by computer images of Jupiter obtained using the Galileo space probe in 1998 and the 

Habble orbital telescope [23,24]. As a result of lightning detected by “Galileo”, crystalline 

ammonia sublimating can transfer to a gas state, which can lead to an increase in the intensity of 
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absorption bands of ammonia by 2-3 times. 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, can lead 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 the 

Jupiter disk merge [25]. 

We studied the distribution of the intensities of the quadrupole lines линий S(1) 

λ6367.76Å over the Jupiter disk and the lines S(0) λ 6435.03Å and S(1) λ 6367.76Å, belonging 

to the Н2 (4-0) band on the disk of Saturn. Within the framework of a two-layer model of the 

atmosphere, the hydrogen content in the above-cloudy atmosphere of these planets was 

determined. On Jupiter, these values are 7.6 ÷ 9.6 km·amag, on Saturn 11÷17 km·amag. 

Estimates of the rotational temperature of different portions of the Saturn disk lying along the 

intensity equator (99-115K) [26] are in good agreement with the results of measurements 

obtained from the NH3 λ 6450Å absorption lines in the spectrum of this planet [19 , 20] . 

An analysis of observational and calculated data showed that at the depth at which the S(1) 

H2 λ 6367.76Å  line is formed, the physical conditions in GRS, SEB, and EZ are not the same, 

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 hydrogen in the above-cloudy 

atmosphere is U(H2)=5.4÷8.8 km·amag; 2) the amount of absorbing gas per average mean free 

path of photons between two scattering events in the cloud layer AL=2.7÷4.5 (km·amag) and 3) 

the specific gas content per unit length free path wS=(2.7÷4.5)·10-6 ((km·amag)·sm-1) at a 

pressure of PH2 =0.12÷0.19 атм [27]. 

The atmosphere of Jupiter in the absorption bands of molecular gases in the visible region 

of the spectrum was also studied by the method of integrated spectrophotometry. Observations of 

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 changes by 1.5–2 

times, and the intensity of the CH4 λ 7250Å на 25-30%. by 25-30%. Since weak absorption  

bands are formed in the deeper layers of the atmosphere, it can be assumed that significant 

changes in the intensity of molecular bands occur mainly due to changes in physical conditions 

in the cloud layer. Based on the results of these observations, a new technique was used to 

determine the physical parameters of the atmosphere of Jupiter in the absence of data on the 

darkening to the edge of the planet’s disk. 

An analysis of the observational and calculated results, as well as a comparison with the 

results of previous works, show that for the methane absorption band λ 7250 Å, the quantity τν 

(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 of methane and ammonia, respectively (λ 7020 Å and 

λ 6450 Å). 

From the found values of τν for the CH4 λ 7250Å band, the methane content in the upper 

pure gas atmosphere of Jupiter was determined, which varies from 13.6 to 37.4 m·atm. And the 

content of methane and ammonia along the mean free path of the photons between the two 

scattering events in the Jupiter cloud layer for CH4 λ 7020Å and λ 7250Å varies from 4.25 to 8.5 

m·atm, while for NH3 λ 6450Å from 0.2 to 0.30  m·atm. If for the absorption bands CH4 

λ 6190Å and NH3 λ 6450Å, the volume scattering coefficients can be considered approximately 

the same, then we obtain (CL)NH3/(CL)CH4= (4.8÷3.5)·10-2 [29]. 

 To clarify the values of the monochromic absorption coefficient obtained under laboratory 

conditions in the absorption bands λ 5520 Å and λ 6475 Å ammonia, we proposed a simple 

method based on analysis the observed spectrum of the planets and the laboratory spectrum of 

this band of molecular gas [30]. 

The calculation results show that under the atmospheric conditions of Jupiter and Saturn in 

the far wings of the NH3 λ 6475Å absorption band, the values of kν are comparable to laboratory 

measurements, and in the central parts of this band the deviation increases even to ~2.8 times. 
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The spectral behavior of the ratio of the calculated values of the monochromatic absorption 

coefficient to laboratory measurements has a complex form and resembles the absorption 

behavior along the NH3 λ 6475Å band for both planets. The curve describing the ratio of the 

calculated monochromatic absorption coefficients of Jupiter to Saturn is consistent with the 

peculiarities of the absorption path of NH3 λ 6475Å. Similar calculations were performed for 

Jupiter in the weak absorption band of NH3 λ 5520Å. 

According to laboratory measurements, the band 6ν1 (λ 5520Å) is weaker than the band 5ν1 

(λ 6475Å) by approximately 6.5 times. The calculated integral absorption coefficients for the 

bands NH3  λ 6475Å and λ 5520Å in the Jupiter spectrum differ by ~ 8 times. The values of the 

calculated integral absorption coefficient for Jupiter are ~ 1.65 and ~ 2.1 times different from 

laboratory values for the bands λ 5520 Å and λ 6475 Å, and for the absorption band of NH3 

λ 6475Å under Saturn conditions differ from laboratory values by ~ 1.65 times. Compared with 

Jupiter in Saturn, the temperature decreases, as a result of which the pressure of saturated vapors 

sharply decreases. Maybe this is due to the fact that part of the ammonia gas on Saturn is 

condensed, forming a crystalline 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 pressure-

induced hydrogen line H2– S(0) (4 - 0) λ 6420Å [31] is studied. In the spectrum of Uranus in the 

region λλ6500-6750Å, 45 intense lines were detected. In addition, methane absorption bands λλ 

5340, 5840, 6140, 6560, and 6620 Å were clearly recorded on the spectrogram of Uranus. Based 

on these data, it was found that the absorption band of 6190Å methane consists of three bands. 

Using two spectral programs of Uranus, we studied the variations in the intensity of the 

absorption bands of methane upon transition from the center to the edge and found that the 

intensity across the planetary disk does not change. The height of the spectrum was about 0.4 

mm. According to visual estimates during the observation period, the diameter of the image of 

the disk of a star located at the same zenith distance as the planet was d=0.3"-0.5", and the 

ephemeral diameter of Uranus 3.8". With this ratio between d and the ephemeral diameter of the 

planet, it is possible to conduct, at least roughly, surface spectrophotometry of Uranus [32]. 

Namely, by these spectrograms the absorption bands CH4 λλ 5430, 5570, 5970 and 6190Å 

were studied and some optical parameters (σα ,τν, λν, L(CH4) 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 

atmosphere τ<0.1, self-centered mainly in absorption [31]. And in the work of Pilcher [34], 

published several years later, it is assumed that this over-cloud layer can play a significant role in 

increasing the albedo in the centers of strong absorption bands [31]. 

Further studies [35,36,37, 38] 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 [40] 

confirmed the existence of three more absorption bands in the spectra of Uranus and Neptune, 

identifying them with methane, which were previously discovered in our works [35,36,37 ] and 

published on the pages of central editions. These absorption bands correspond to λ 4060 Å (4070 

Å in [37]) 4200 Å, 4656 Å. 

We established that in the central part of the absorption band of methane CH4 λ 6190Å, the 

monochromatic absorption in the Uranus  spectrum was greater than that in Neptune [35, 41]. In 

weak and moderate absorption bands, Neptune is darker than Uranus. In the central parts of 

strong absorption bands, Neptune becomes brighter. Sometimes this brightening disappears in 

moderate absorption bands and is observed only in sufficiently strong methane absorption bands. 

This fact was also revealed from the records of the spectrum of Uranus and Neptune, obtained by 

other authors [34]. It can be assumed that Neptune has an aerosol density in the upper 
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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 bands are formed mainly near the 

upper boundary of clouds or haze, while weak bands in deeper layers of the atmosphere. This 

important fact, indicating a difference in the degree of vertical inhomogeneity of the cloud cover 

of Uravan and Neptune, was again mentioned 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 models, models with a homogeneous scattering semi-infinite aerosol layer and 

models with a homogeneous semi-infinite р Rayleigh atmosphere (σ~λ4). The latter model shows 

the best agreement with the geometric albedo of Uranus both in the centers of weak and 

moderate absorption bands of СН4, and in a continuous spectrum between the bands. 

It was found that the calculated values of Ag(λ)for Neptune in the framework of the two-

layer model and for the scattering model, unlike Uranus, do not correspond to the observed 

values even for weak and moderate bands [43]. An analysis of the observed data on the intensity 

of the absorption bands in the Neptune spectrum showed that there is some correlation between 

the short-wavelength absorption in the continuous spectrum and 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 satellites of Jupiter and the satellite of Saturn - Titan 

[31]. A high porosity of the surface layers of the satellites was revealed. 

In addition, it was unequivocally established that the color of Io changes sharply with the 

phase of rotation, reaching in the U-V values of about 0.m65 0.m65 (~0.m2  in B-V и ~0.m45 in 

U-B). This means that the magnitude of the longitudinal effect in the brightness of Io increases 

from V to U. In other words, the contrast of dark formations on the surface of the satellite with 

respect to their surroundings increases to the violet end of the spectrum. Such an effect that is 

observed in Io could be caused by an atmosphere in which the true absorption prevails over 

scattering, and the optical thickness grows toward the violet end of the spectrum [44]. 

A particular attention was paid to the study of Io, the satellite of Jupiter in 1975-77. [45]. 

The IO spectrograms obtained on the 2nd ShAO reflector with a dispersion of 12 and 15 Å / mm 

were used to study the emission line profiles of NaI, FeI, MgI, CaI. It was found that the 

contours of these lines are asymmetrical in shape. It was shown that variations in the intensity 

ratio D2 / D1 in the Io spectrum are real and vary within 1.6±0.3. The intensity of sodium D-

lines at Ф=900 is approximately 40% higher than at Ф=2700. 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 magnitude are ·1011, 2·1012,  

5·1010  atoms·sm-2, respectively. The results obtained in ShAO, i.e. estimates of the number of 

radiating atoms along the line of sight (2÷4)∙1011 atoms·sm-2 are in good agreement with 

estimates of other authors [46, 47]. 

The characteristic lines of metal radiation we studied by us in the Io spectrum already 

proved the existence of active processes on the surface of this satellite of Jupiter, but before the 

Voyager 1 flight such a conclusion would, at that time, still not be proved. After the discovery of 

volcanoes on the Io KA USA “Voyager-1”, our observations were repeatedly mentioned in 

various works [48, 49]. 

Further, the intensity of the absorption band of СН4 λ 6190Å in the Titan spectrum was 

determined, but careful measurements of the spectrograms of the Jupiter satellites did not show 

any trace of this band. 



 51 

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 Callisto no emission lines 

are detected, 

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

- in the spectrum of Titanium there are no absorption bands of methane λ 4860Å and  

λ 5430Å. 

Note that we cited the results of the most important studies on the planets of the solar 

system obtained by ShAO staff; most of these works were published on the pages of the central 

journals, and were also reflected in the monograph [52]. For example, in [53], to observe the 

weak absorption bands of methane in the 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 of planetary atmospheres in the ShAO continues today. Further study of the 

physical properties and dynamic processes in the upper layers of the atmospheres of Jupiter, 

Saturn, Uranus and Neptune, as well as a study of the features of the formation of absorption 

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 in 

general. Research of N.B. Ibragimov in the field of physics of planetary atmospheres, 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 - "Ibragimov" is a crater on Mars. Diameter - 87 km; located in the 

east of the plateau of Tavmasia (center coordinates - 25.43° S lat 59.57° W lon). 

 

 

Ibragimov is a crater on Mars. Diameter - 87 km; It is located in the east of the Tavmasia plateau 

(the coordinates of the center are 25.43° S lat. 59.57° W lon 

 

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 particular, Mars, and received valuable data on its surface and 

atmosphere. 

 

II. Research on origin and evolution of the minor planets  

                                      (supervised by G.F.Sultanov) 

 

       For more than 200 years, astronomers from around the world have been solving the issue of 

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 planets (asteroids) 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 a 

detailed analysis, a number of researchers 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 first 

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 first 

determined. 

         The specific values of the maxima and minima that occur in the distributions of asteroids 

over the accepted elements have shown that primary large bodies moved between the orbits of 

Mars and Jupiter before decay. 

        It was established that the decay of one planet cannot explain the observed distribution 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 magnitudes 

and directions of their relative velocities. 

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 maxima and minima and the numerical values of the accepted 

invariant elements corresponding to these maxima and minima are almost the same for each 

population and it is concluded that these patterns remain unchanged with annual increases in 

discovered asteroids. 

           In conclusion, we can assume that the revealed lows in the distributions of asteroids and 

fragments of primary large bodies by elements, characterizing their physical and orbital features, 

and a comparison of these patterns offer great opportunities for further studies of the origin of 

small planets and the cosmogony of the solar system as a whole . Note: Some results of 

completed and published works were reported at the All-Union Conference on the Study of 

Minor Planets and Comets and at a number of annual scientific sessions of the Academy of 

Sciences of the Azerbaijan SSR, and are also included and discussed in the following 

monographs and periodicals (In the References II). 

 

III. Research on obtaining all possible solutions for the problems of multy   

actively graving material centers   (Supervisor G.T. Arazov) 

 

          Using the Hamilton-Jacobi 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 method is 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 satellite - Amalthea - Jupiter is built. 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 centers are obtained. It was suggested that the fixed centers are located on 

the axis of the applicate so that the passively gravitating point moves in the x-y plane. 

The generalized plane problem of three fixed centers is solved. It is shown that the generalized 

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 external 

version of the generalized plane problem of three fixed centers 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 intermediate (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 were obtained 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 problem of three fixed centers, the analytical theory of the 5th satellite of Jupiter - 

Amalthea is constructed. It is shown that the main properties of the power function of the 

external version of the generalized problem of three fixed centers make it possible to widely use 

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 internal version of the 

generalized planar problem of three fixed centers, the evolutions of the orbits of diurnal Earth 

satellites such as AirlieBird, Sinkom-2 and Sinkom-3 are determined. 

      All possible orbits are found in the generalized plane problem of three fixed centers. 

Moreover, all types of motions are constructed for any masses of fixed centers, in particular, 

negative and complex, corresponding to the real potential (In the References III) . 

 

IV. Investigaton of the theory of determining the orbits of artificial satellites of the 

earth by complete and incomplete optical observations 

(Supervised by R.A. Zeynalov) 

The determination of the orbits of both natural (planets and comets) and artificial celestial bodies 

is one of the important tasks of celestial mechanics 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 satisfy 

the entire set of available observations. 

Note that to determine the orbits of celestial bodies from observations, there are many different 

both classical and 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, the 

error in fixing the observation time, sometimes reaching up to several minutes, did not play 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 after the appearance of satellites, the movement of which in 

the celestial sphere is so fast that their movements relative to the observer reach 2°.5 in 1 sec. 

time, which is 10" in 0.001 seconds. Therefore, the obtained satellite observations can have low 

accuracy. We called such observations incomplete. 

Accurate determination of time moments during observations is possible only at first-class 

observatories and stations equipped with special equipment for storing and measuring time. 

Thus, the task of determining 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 

III. 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 stations 

from satellite observations with inaccurate time 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 on 

optical observations of satellites with time errors. 
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In the future, based on these results, it is supposed to investigate the possibility of determining 

the elements of the orbits, station coordinates, parameters of the gravitational field and the 

Earth’s figure, atmospheric drag, effects of light pressure, pole coordinates, universal time, etc. 

using conditional equations free of time errors and use the results for processing real 

observations of satellites and other objects (minor planets and comets). (In the References IV) 
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        The works performed in this direction can be classified as follows: theory of motion of the 

satellites of planets, comets and asteroids; the origin of asteroids and comets; physics of comets 

and asteroids; physics of the planets. The study of small bodies of the solar system (satellites of 

planets, comets and asteroids) is one of the main scientific directions of the Shamakhy 

Astrophysical Observatory. For a long time, the department “Dynamics and Physics of the Solar 

System Bodies”, headed by academicians G.F. Sultanov, functioned at the observatory. 

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. The 

ultimate goal of theoretical work was mainly reduced to cosmogonic constructions. 

Observational work covered mainly planets - giants and their satellites, and asteroids. To conduct 

these studies, all the main telescopes of the observatory were used, including at 2-m telescope. 

  Theoretical work was mainly based on 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 stable 

family groups. Further, the author considered the theoretical aspects of the Olber’s hypothesis 

about the origin of asteroids by the collapse of a large planet that once moved in the Mars-Jupiter 

zone. At first, he managed to prove that the mentioned hypothesis in its original 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 repeated 

decay. Approaching the problem completely unbiased, 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. 

   Comparing a 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 large bodies, taking 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 this assumption, 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 fragments 

to the ecliptic, are determined. It turned out that the obtained functions are generalizations of the 

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 out that it has a certain similarity. 

    In the 1960-70s, 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 and 

its satellites. The motion of the same hypothetical comets was investigated under the 

gravitational influence of Jupiter until then, when it can be neglected. Further, a comparison was 

made between model and real families of periodic comets. It turned out that basically, many 

periodic comets, 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 the 

surface of giant planets. In our century, the hypothesis was developed by the Soviet 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 of long-period comets, on the 
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contrary, contradict it. The dynamic characteristics of the motion of long-period hypothetical 

comets with semi-major 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 to 

Jupiter and find themselves in its sphere of action. Losing mechanical energy, they are 

transformed into short-period comets. Of the 300,000 hypothetical studied - initially almost 

parabolic comets - about 2,000 cases of capture occur. Of these captured comets, after leaving 

Jupiter, 301 turned out to be hyperbolic. The rest switch to elliptical (1600) and even meet 80 

cases when their circulation periods are less than 80 years. Thus, in fact, it was once again 

unlikely that the capture of comets into short-period orbits was 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 an 

unambiguous answer to the question of their origin. These studies have once again shown that to 

solve the problem of the origin of comets, celestial-mechanical premises alone are clearly not 

enough. Other criteria are required, which are most likely related to the astrophysical parameters 

of comets. Along with hypothetical comets, objects of research of ShAO employees also became 

real comets of their classification. 

    The analysis of individual comet families was carried out, their structural features and 

interactions were studied. Research 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 

considered in 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 paid to the Uranus family [4,5]. On the other hand, it has been 

proven that the “Neptune family” does not actually exist. In the cosmogonic context, the 

question of the secular decrease in the brightness of comets is considered and it is established 

that the age 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 cosmogonic 

analysis [6]. 

  The duality of the structure of the cometary family of Jupiter has been established [7]. 

According to the advanced version, one of the groups consists of “home-born” comets, their 

absolute majority in the family, and the second contains “newcomer” comets, which are captured 

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 determined 

[8]. A qualitatively new interpretation of the irregularity of the perihelion of long-period 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, both for 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 system is the problem of the 

origin of short-perihelion comets. Often they are called comets that scratch the Sun or as 

sungrazers. Such comets are clearly concentrated in separate groups bearing the names of 

scientists who identified the corresponding groups (Kreutz, Meyer, Marsden, Kracht). According 

to 2011 data, their number exceeds 2000. There are several hypotheses in the scientific literature 

explaining the origin of such cometary groups, but they are not always able to explain the nature 

and number of the mentioned 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 collision 

of proto-comet bodies with meteor showers. In the cited source, the distances and planes 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 so-called "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). The analysis 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 the physical processes occurring on it; 2. hyperbolic excesses 

of eccentricities are the result of errors either in the determination of orbits, or in the 

determination of “initial” orbits; 3. HCs are of interstellar origin; 4. hyperbolic excesses of 

eccentricities is the result of unknown and unaccounted factors. The absence of a concentration 

of HC perihelion near the apex of the peculiar motion of the Sun, as well as regularities in the 1/a 

distribution, exclude the version of interstellar origin of the HC. The chaotic nature of the 1/a 

time distribution contradicts the second version. It was found that the HCs practically do not 

differ from other long-period comets in the parameters L, q, i.  The absence of a difference in the 

HC from the total population with respect to the parameter q creates difficulties for the version 

about the non-gravitational nature of the hyperbolic excess of the velocity of HC, since in this 

case the latter should have extremely small q. By “unaccounted for” factors, we can mean the 

influence of dwarf and unknown planets. Indeed, the orbits of some HCs are located so that in 

the recent past they could receive some gravitational acceleration from dwarf planets. The author 

of this work in his earlier works assumed the existence of 4 unknown planets and, based on some 

calculations, gave the planes of their motion and average distances. A large role in this sense 

could be played by a large trans-Neptune body moving in a plane with parameters Ω = 2730; I = 

860 and at a distance of 250-400 AU. 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 was 

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 trans-Neptune zone, were considered. 

For 37 hyperbolic comets and 91 trans-Neptune 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 and unknown planets. The 

calculation results show that hyperbolic comets can play a significant role in the search for such 

planets. 

The observatory pays much attention to the search and detailed study of many cometary 

groups. In particular, the possibility of the presence of periodic and long-period 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 long-period comets relative to the plane of motion of 

Pluto, a group 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 

obtained show 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. 

In particular, «plutonic» comets are relatively weak compared to others [21]. 

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 for twin comets among the known long-period 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 argument; the 

longitude of the ascending node and the inclination of the orbit. In total, 33 conditional cometary 

“pairs” were distinguished. They were classified into 3 categories: “pairs” - probable fragments 

of decaying cometary nuclei; “Pairs” are the possible occurrences of the same comet in different 
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eras; “Pairs” are of interest for identifying cometary appearances. It was statistically proved that 

the proximity of the parameters of the corresponding “pairs” is practically not explainable by 

permissible fluctuations 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 Uranus also exist, and in percentage terms they grow faster than the 

families of Jupiter. 

During the analysis of the system of long-period comets, ShAO employees found a number 

of patterns. Among them, the detected concentration of aphelion near the plane perpendicular 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 long-period comets. The combination of these two patterns, according to the authors 

of [27], indicates the presence of a very large trans-Neptune body on the periphery of the solar 

system. 

In general, according to calculations of ShAO employees [28] in the solar system at distances 

of 35, 53, 80, 110, and 165AU large 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 with trans-Neptune bodies; 

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

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

-critical analysis of the Oort hypothesis 

-critical analysis of the interstellar concept of comets 

- Analysis of the spectral characteristics of long-period comets 

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

In the ShAO, the light curve of the famous Halley's comets (1P) was studied in detail before 

and after the comet 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 comet 

brightness estimates, a number of periodicities were established coinciding with the periods on 

the Sun. 

The light curve of the famous Schwassman-Wachmann comet (29P) was studied in a similar 

manner. Recall that such an analysis is possible only if the observation of the comet covers an 

extended interval of distances (several 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 (a 

total of 502 occurrences), taking into account 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 proved 

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 long-period 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 significant role in the flare activity of 

comets [32,33,34]. When comets pass through meteor showers, the received impacts not only 

lead to the decay of comets, but also provoke a short-term increase in brightness due to exposure 

of part of the surface of cometary nuclei. A number of consequences follow from this hypothesis 

regarding the dynamic parameters of “flashing” comets, in particular, the ascending and 

descending nodes of their orbits. An analysis of the available material on the outbursts of the 

comet’s brightness 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 showed that often 

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, there 

is a series of articles devoted to the influence of solar activity on the distribution of cometary 

parameters. In these works, it was established that long-period and short-period comets react 

differently to changes in solar activity. The brightness of the former increases during the ups and 

downs of activity, while the latter are more active during the period of maximum and post-

maximum era. If the bimodal distribution of long-period comets was known even earlier, then 

the single-vertex distribution inherent in short-period comets was established for the first time. 

The idea that this difference can be used in comet cosmogony has been grounded on [38] 

As you know, comet-asteroid 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, the calculations performed by our astronomers show that the frequency of collisions 

of comets with the Earth is about 960 years. The book [37], co-authored with Ukrainian 

astronomers, details various aspects of this problem. 

In the period 1999-2013 on 2m telescope obtained the echelle spectra 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, many 

known and unknown 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 individual 

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 their 

brightness drop should also be noted [44]. This approach, in addition to the time factor, also 

takes into account the change in the elongation of periodic comets from appearance to 

appearance. 

Period 2014-2019 

1. A hypothesis was created about a large planet that exists at a distance of  250-400AU and 

transfers observable comets. The hypothesis 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 plane 

around which comet perihelion are concentrated. Its parameters: Ip = 860.2; Ωp = 2720.7 

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 = 0.16; ω = 570; Ω = 2720.7; I = 860. It is assumed 

that its mass is around 1-10 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 Jupiter 

and long-period comets show different views in this sense. In the first group, two-

maximum distributions were obtained in one-maximum and long-period comets. The 

extremes of these distributions do not overlap. It is shown that this difference is not 

rooted in external 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 the relevant 

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 asteroid belt 

between the planets Mars and Jupiter. The planet was discovered by Czech astronomers 

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 articles 

have been published in this direction [60.65 et al.] 
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5. The dependence of the physical properties of Trans-Neptune Objects on their orbital 

parameters is studied. The fact of the matter is that TNOs exhibit dual features at very 

small inclination angles. Thus, when their inclination i>50 is large, the color properties 

shift to the blue region, and when i <50 is small, they shift to the red region. That is, the 

price of 50 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 blue-red (B-R) color differences of their spectra. The reliability 

coefficients of these correlations are also quite high. The existence of such a connection 

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 that the collision 

hypothesis is true, it is necessary to study the dynamic dependence of color difference on 

other parameters. No such significant dependence was found on the established 

modelling. Instead, a new theory has been put forward to explain this. Thus, the reason 

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 should 

be in such a range that relay scattering occurs in that range. Our calculations 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 of 

inclination (i>50) are blue and those with a low angle of inclination (i <50) are red. In 

other words, the idea of a strip of dust or micro-particles in the Trans-Neptune 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. Thus, 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 TNO 

and on the gas-dust particles surrounding it. This is easily explained by the popular relay 

scattering. The reason why 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 1,200 long-period comets relatively to 

large-mass transneptune bodies (their number is 159) has been completed. A statistical 

relationship was found between the constants in the 2.5-3 range and the parameter a of 

the TNOs, and other types of relationships were identified [52,57,59,66]. 

7. Long-term studies have shown that meteor 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 long-period comets and 112 meteor showers gives us 

reason to say that there is a strong enough dynamic connection between these objects. As 

a result of the collision of long-period comets with these meteor showers, the parameters 

of comets, especially the price of eccentrics, approach the unit, and thus comets with 

parabolic orbits begin to 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 [46,49,50,51,54,58,68,72,73]. The 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 meteor 

showers were used to solve the problem. It has been confirmed 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 head-to-head collisions. 

Spectral study of one of the fragmented 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 large-mass TNOs was discovered [55,56,71]. This new fact proves 

once again that TNOs play a role in the transfer of comets from the Kuiper belt. The 

dynamic evolution of newly discovered small objects - damacloids 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 that the 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 5,000-year 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 class. [74]. 
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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 Jupiter. In the pioneering 

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 asteroids 

could not form due to the catastrophic collapse of the hypothetical planet Phaeton, as predicted 

by the popular Olbers hypothesis. After several decades, these ideas were brilliantly confirmed 

as a result of the growth of information on the physical properties of asteroids (i.e., on the albedo 

and their surface 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 iron (Fe2+) and trivalent chromium (Cr3+), which 

played a significant role in understanding the composition of the substance composing their 

surface. Weak Fe2+ bands were also identified in the reflection spectra of V asteroids, making it 

possible to substantially refine the mineral composition of the surface of these objects. From the 

reflection spectra of E-asteroids, optically active centers of titanium were detected in the 

structure of their surface material. This 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 of asteroid 4 Vesta was carried out. Based on this 

analysis, we came to conclusion that a primary chondrite-like substance, of which other Vesta's 

rocks and minerals subsequently originated, still persists on the surface of this asteroid. 

In the monograph "Optical 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. Shock-activated movements 

of regolith particles counteract the speed of optical maturation of asteroid surfaces. Impact 

“rejuvenation” of the asteroid surfaces due to the constant removal of fresh matter to the surface 

determines the adequacy of the spectral analysis of asteroid material composition. 

    Based on a comparison of the spectral properties of asteroids and interstellar dust, it was 

concluded that 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 review [2] and the 

monograph “Composition of the substance of asteroids by their reflection spectra” [3]. A brief 

review of the results of our research in recent years is given below. 

 

2. Polarimetric properties of asteroids 

By analogy with the two-parameter HG-photometric 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 satellites [4]. The proposed formula, according to the authors, was able not 

only to successfully approximate the observed dependences of the linear polarization of small 

bodies of the solar system on the phase angle, but also correctly predict the degree of 

polarization for those phase angles ranges that are not available for observations from the Earth. 

mailto:lara_golubeva@mail.ru
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This approach to the interpretation of polarimetric data also makes sense at the present time, 

since there is no generally accepted theory of polarization of light diffusely scattered by the 

rough surface of planets. In addition, polarimetric observations, as a rule, do not cover the phase 

angle interval necessary for calculating all polarimetric parameters. For example, the asteroids of 

the main belt are not accessible for ground-based 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 the extreme 

values of 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 observational data 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 comets. In 

the course of these studies, we have repeatedly been convinced that the formula [8] allows us to 

calculate the phase curves of polarization of asteroids and comets with accuracy comparable to 

measurement errors. This circumstance contributed to obtaining a number of interesting results 

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 planets has not 

yet been created, the question "what are the characteristic features of the surface of asteroids that 

determine their polarimetric properties?" remains relevant today. Therefore, it is of interest to 

study the relationships between the polarimetric and photometric characteristics of asteroids 

based on high-precision 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 the 5-parameter formula proposed in [8]: 
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where the polarimetric slope h for the inversion angle αi, as well as m, n and l are free 

parameters. This formula approximates the observational data with accuracy comparable to the 

observation errors and allows us to estimate the extrema of the phase curve of the degree of 

polarization, i.e. Pmax and Pmin at the corresponding phase angles αmax and αmin. In turn, the 

photometric function of asteroids in the interval of phase angles accessible to observations from 

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

 

                                                     baV OE )1/()( ,  

where ΔV is the change in the apparent magnitude of the asteroid, aOE is 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 coefficient b measures the slope of the linear part of the 

photometric function in the range of phase angles from αОЕ to α  30о. Using the same formula, 

we can determine the width of the opposition brightness peak at half its maximum, FWHM, and 

the phase angle aOE at which a nonlinear brightness begins to increase with decreasing the phase 

angle. 

The total number of asteroids for which it was possible to calculate fairly accurate 

photometric and polarimetric functions turned out to be small, therefore, a search for correlations 

between photo and polarimetric parameters was carried out for average data characterizing E, S, 

M, and C-type asteroids. In other words, we searched for correlations between the average values 

of the polarimetric (h, Pmin, αi, αmin) and photometric parameters (aОЕ, b, αОЕ, FWHM) that 

characterize these optical types of main belt asteroids. 

Such a way led to the discovery of statistically significant correlation dependences between 

the phase coefficient b and the above polarimetric parameters of the negative branch of asteroid 
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polarimetric curves [10, 16]. In addition, a correlation was found between the photometric 

parameters aОЕ and the inversion angle αi for a number of asteroids from the indicated optical 

types [11]. No other statistically significant correlations between the remaining pairs of 

photometric and polarimetric parameters were found. 

       We also confirmed that there is a close correlation between the phase coefficient b and the 

geometric albedo of asteroids pV. According to the widespread opinion, b–pV   interconnection 

arises due to the shadow effect when light is diffusely 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 the 

negative branch 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 correlations between the polarimetric parameters h, Pmin, αi, 

αmin of the asteroids and the surface roughness factor c explicitly confirm the assumption that the 

irregularities of the light-scattering surface at the scale of wavelength of the incident light play 

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 describing the surface photometric 

roughness: 

                                               c = (H/L)(1-e-2τ), 

where H is the average height of the irregularities of the microrelief of the light-scattering 

surface, L is the average distance between them, and τ is the optical density of the surface 

material. 

The joint use of this formula and the relationship h – c allows us to conclude that the H/L 

ratio decreases with decreasing albedo of the surface of the asteroids (i.e., in the direction 

E>S>M>C). Such a trend arises because with increasing surface albedo the intensity 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 albedo-polarization ratio 
 

In accordance with Umov’s law, the lower the albedo of a surface, the greater the degree of 

polarization of light diffusely reflected by this surface. In asteroid physics, this principle is used 

to determine the geometric and spherical albedo of asteroids based on the obtained correlation 

equations between the surface albedo and its polarimetric parameters h and Pmin. Despite the fact 

that these empirical relationships are statistically significant, the scattering of points on the plots 

"pV – h" or "pV – Pmin"  is significantly larger than the measurement errors. Moreover, the 

scattering of points with respect to the regression lines does not depend either on the sample size 

or on the choice of observational data sources. This interesting property of the relations "pV – (h, 

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

The optical characteristics under consideration depend on the surface roughness factor c 

(Section 2.2); therefore, the contribution of this parameter to the observed albedo - polarization 

relationships can be estimated. We have shown that random variations of the roughness factor of 

asteroid surfaces not only lead to the observed correlations of the "albedo – h" and "albedo–

Pmin",  but also explain the data scattering with respect to the regression lines. Since the structural 

properties of the asteroid surfaces randomly vary from one body to another, an increase in the 

observational data on albedo and polarization is unlikely to lead to an “improvement” of the 

"albedo – (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 Pmax and  αmax for main belt asteroids 

 

The range of phase angles, where the polarization degree reaches its maximum (i.e., α  

100o – 130o), remains unavailable for the ground-based observations 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 problem of predicting the 

maximum degree of polarization for asteroids, when the polarimetric curve is known only for 

phase angles less than 30°, was investigated from a mathematical point of view in [5]. Based on 

our experience of approximating polarimetric functions for near-Earth asteroids (NES) in the 

range of phase angles of ~ 40–80°, we can expect the following errors in predicting the position 

of the polarization maximum: 

ΔPmax / Pmax ~0.1 and  Δαmax ~ 5ο . 

A detailed study of the issue shows [15, 16] that the calculated values of Pmax and αmax for 

E, S and M asteroids using the approximating formula [8] are close to the values obtained for 

lunar soil. This kind of identity can arise due to the similarity in composition and microstructure 

of the surface of the Moon and asteroids from these optical types. In turn, low-albedo C asteroids 

show a relationship between Pmax and αmax, which is not typical for the lunar soil. Now we cannot 

determine with certainty whether 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 function from measurements of the polarization of asteroids at 

small phase angles. However, this conclusion needs additional verification from observations of 

asteroids approaching the Earth, which are visible in a wider range of phase angles as compared 

with the asteroids 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 rule, by the data obtained in the V bandpass. Therefore, it is of interest 

to ask whether the correlations between the photo- and polarimetric characteristics of asteroids 

differ in different spectral ranges. For this purpose, we used the databases available on the 

NASA PDS website and containing the corresponding high-precision measurements of asteroids 

in the Johnson system UBVRI bandwidths. An analysis of the obtained dependences between the 

optical characteristics of asteroids leads to the following conclusions [17]. 

The close relationship between the surface roughness factor с(λ) and the phase coefficient 

b(λ)  helps to understand the physical meaning of the latter. Variations in the slope of the linear 

part of the asteroid photometric function in the visible and near infrared spectral regions are 

caused by variations in the surface roughness factor of the asteroid surfaces. 

The regression equations between с(λ) and spectral geometric albedo p(λ), as well as 

between с(λ) and Pmin(λ), do not differ within the statistical error from the same equations 

obtained earlier in the V band. This means that the interpretation of these dependences, obtained 

for the V band, remains valid for multispectral data. 

An analysis of the diagrams p(λ) – Pmin(λ) and p(λ) – h(λ), constructed from multispectral 

data, allows us to conclude that, in general, Umov's law is fulfilled when moving from low 

albedo asteroids to high albedo ones. However, this law is being violated within individual 

groups of asteroids united by spectral albedo (i.e., for asteroids with high, intermediate and low 

albedo values). In other words, the inverse proportionality between the spectral albedo p(λ) and 

the parameters Pmin(λ) and h(λ) may be violated for some asteroids. We came to the same 

conclusion by studying the differences in the polarimetric functions of asteroids obtained in 

different spectral regions [18]. 

In [19, 20], we tried to explain the spectral dependence of the parameter |Pmin(λ)| which is 

observed for a number of asteroids. In the first of these works, we admitted the possibility that 

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 increasing 

the spectral gradient and spectral albedo of the surface, the average slope of the microrelief 

irregularities also increases. We later discovered that such an approach could lead to a conflict 

with another optical effect known in planetology as the spectral “reddening” of surface with 

increasing phase angle. 

In [20], we again investigated the spectral behavior of |Pmin(λ)| for asteroids with high-

precision measurements of polarization degree in the different bandpass. It was shown that the 

ratio |Pmin(λ)|/|Pmin(λ0)| = Pmin(λ/λ0), which can be called a polarimetric color index, depends on 

the spectral color index R(λ)/R(λ0) = R(λ/λ0) according to the formula 

                                          Pmin( / 0) = a + b/R ( / 0), 

where a + b = 1, and a takes fairly close, but different values for individual asteroids. Thus, the 

only reason causing the change in Pmin(λ) with the wavelength is the spectral variations of the 

color index R(/0) and not the spectral albedo A().  It follows that the spectral analogue of 

Umov’s law “the greater the polarization degree, the less albedo” may not be satisfied for 

individual asteroids, in any case, in the region of phase angles at which a negative degree of 

polarization is observed. 

 

2.6. Photopolarimetric asteroid system 

 

Applying the approximating formula [8] to the polarimetric observations of asteroids 

collected in the corresponding databases, we calculated 153 phase polarization curves in 

different spectral ranges for the asteroids of various optical types. At the next stage of the work, 

we undertook a search for the relationship between the photometric and polarimetric parameters 

that determine the phase functions of brightness and the polarization degree of asteroids. 

Statistically significant relationships were found between the phase coefficient b and the 

parameters of the polarimetric function. In particular, we confirmed the relationship between b 

and the maximum degree of negative polarization |Pmin|, which was first discovered by us for 

asteroids in 1983 [21]. New relationships were also found between b and the remaining 

parameters of the negative branch of the polarization curve, namely, the inversion phase angle 

i, the phase angle min at which the minimum polarization Pmin occurs, and the slope parameter 

h of the polarization curve at 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 phase 

branch of negative polarization and, as a nice bonus, the diameter of the asteroid. This 

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. The lower the albedo of the rough 

granular surface of asteroids with a complex "open" relief, the greater the shadow density that 

surface irregularities cast. This in turn leads to increasing the phase coefficient, the amplitude of 

the negative polarization branch, and 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 parameters 

of the polarization phase curve. From the comet polarimetric catalog presented 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 were calculated in different spectral bandpasses. Then 

we performed studies of the polarimetric properties of the gas-dust atmospheres 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 of the polarimetric parameters h, Pmin, αi, αmin for the individual 

comets at different wavelengths, we found that the variations of Pmin(λ), αi(λ) and αmin(λ) in the 

spectral range 3882 – 7903Ǻ are comparable with the errors in their determination. This means 

that the shape of the negative branch of the comet polarization phase function weakly depends on 

the spectral region in which observations are made. On the contrary, 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, increases 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 made at the phase 

angles that, as a rule, do not exceed 80° and, therefore, the position of the maximum degree of 

positive polarization (i.e., Pmax and αmax) remains undefined. To extract more information from 

the source data, we selected comets with a known value of Pmax and obtained the relationship 

between this parameter and the slope of the polarimetric curves δP = Р(50о) – Р(30о) in the range 

of phase angles 30° - 50°: 

                                                     P*max = 2.88 δP  2%. 

Since δP 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 out 

that the deviations between P*max and extrapolated Pmax values, which are calculated by the 

formula [8], lie in the range of 2-3%. 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 examined the problem of classifying comets by the value of Pmax which has a long 

history of discussions in the literature on comet physics. This problem, in fact, boils down to two 

questions: 

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

magnitude of Pmax? 

- if the answer is yes, is this separation caused by the physical properties of the dust itself 

and/or the relative content of the dust component in comet atmospheres? 

Considering the first question, we applied Student's t-criteria to test the hypothesis that the 

average values of the maximum degree of polarization are equal for two comet populations. We 

repeated this procedure twice, examining P*max values corresponding to the red and blue spectral 

ranges. In both cases, the value of t-statistics was significantly larger than the theoretical value of 

tq at a confidence level of 0.95. Therefore, the null hypothesis of equality of mean values should 

be rejected with a probability of 95%. 

Thus, statistical analysis leads to the conclusion that there are at least two groups of comets 

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 ratios 

Afρ/Q(H2O), Afρ/Q(CN), and Afρ/Q(C2). The parameter Afρ estimates the rate of dust production 

by the nucleus into the cometary shell (A is the albedo of dust particles, f is the fraction of the 

aperture of the telescope filled with cometary particles, ρ is the angular radius of the aperture), 

Q(∙) is the production rate of a given gas molecule, which is calculated from measurements in the 
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emission bands of this molecule. These parameters were taken from spectrophotometric and 

broadband photometric catalogs of comets available in the Planetary Data System. 

A comparison of P*max obtained both in the CN and C2 emission bands and in the 

continuum of cometary spectra with the Afρ/Q(∙) ratios for water, cyan, and diatomic carbon 

molecules leads to statistically significant correlations. Moreover, the larger the dust/gas 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 significant 

contribution to changing the degree of positive polarization of comets; 

- the dust/gas ratio may be one of the factors that determines the separation of comets into 

two groups with high and low positive polarization; 

- in order to correctly interpret the physical properties of cometary dust, the polarimetric 

effect of resonance fluorescence of gas molecules should be completely excluded from the phase 

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 the 

last century was of particular importance. At that time, studies were conducted all over the world 

of of the young solar type emission stars, genetically related to the gas and dust regions of star 

formation of the Galaxy. These objects in the years 1947-1949 were identified by Joy [1] as a 

separate group of variable stars, hereinafter called T Tauri stars (TTS). It was later shown that 

these stars are observed in the form of groups in the regions of gas-dust complexes in the stellar 

associations of the Galaxy. Judging by the spectral and photometric characteristics, by their 

position in the Hertzsprung-Russell (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 its 

state at a very early stage of evolution. 

In the 60-70 years of the last century throughout the world, for example, in the USA, 

Mexico, Italy, Germany, including in the former USSR – astronomers of CrAO (Ukraine), in the 

SAI of Moscow State University (Moscow), in Abastumani (Georgia), in BAO (Armenia) and in 

the AI of the Academy of Sciences of Uzbekistan - spectral, photometric and polarimetric 

observations of these stars were carried out, and their new properties were studied. Note that the 

vast majority of T Tauri stars are weaker than 10m, and their spectral observations require 

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 obtain 

spectrograms of relatively bright T Tauri stars on a «Canberra» prism spectrograph with a 

dispersion of 93 Å/mm for Hβ for 10-15 minutes, or on a diffraction spectrograph with a 

dispersion of 75 Å/mm in 20-30 minutes exposition. It was a record for those times in the USSR, 

despite the fact that both telescopes of a larger aperture of domestic production — 2.6 m 

telescopes — 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 the last century, most of the research of young stars was aimed at 

studying the spectral and photometric characteristics of these objects in the optical range. The 

spectra of T Tauri stars themselves seemed unusual at that time: the fuzzy (veiled) absorption 

photosphere spectrum corresponds to the late spectral classes G-M, luminosity class IV-V, and 

there is wide emission in the hydrogen lines of the Balmer and H and K CaII lines. Stars of 

earlier spectral classes B-A were later called Ae/Be Herbig type (HAeBe). The first most 

important criteria’s in the spectra of stars indicating their belonging to TTS were put firstly by 

Herbig in 1962 [2]. Then it was already known about a small group of young stars discovered by 

Joy in 1947-1949 [1]. At that time, researchers of 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 location an individual groups of young stars on the MS diagram. 

4. To distinguish individual varieties among the young stars - groups of stars with common 

properties. 

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

and the anomalies in their spectra. 

mailto:ismailovnshao@gmail.com
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As you can see, during the formation of ShAO, the researchers of young stars was challenged 

an important new task - to study the nature of young stars to understand the processes of star 

formation and the initial stage of evolution of stars of small and moderate masses. 

Undoubtedly, Z.A. Ismayilov can 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 observations 

of several T Tauri stars on 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 in the NASA ADS 

archive [3-16, 19, 60, 61]. 

According to Z.A. Ismayilov’s  the works (see, for example, [14]) for the first time, the 

variability of the contours of emission lines and their splitting in the T Tauri type star — RW 

Aur for a record-breaking short observation time of -10 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 stars department 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 a 

lot to organize observational work in ShAO. 

Under the leadership of Ismayilov Z.A. for the first time in observations of 1986-1988 an 

«Alcor» - high-power electron-optical converter was used. In combination with the UAGS 

spectrograph, this image intensifier was used to obtain the spectra of stars with very short - 

second exposures. Spectra of young stars were obtained with exposures of 10-30 seconds in the 

region of the Hα line. 

The next researcher in ShAO in the field of young stars was Salmanov I.R. He managed to 

conduct synchronous photometric and spectral observations of T Tauri stars and related objects 

such as SU Aur, V380 Ori, RY Tau, FU Ori. Photometric observations Salmanov I.R. performed 

synchronously, on a cassette device installed in the focus of 30 cm of the refractor guide, 2 m of 

ShAO telescope. The results of his scientific research have been published in more than 20 

works [17-36]. 

In 1975, Salmanov I.R. the Ph.D. thesis was defended on topic: “Spectrophotometric and 

photometric studies of T Tauri type stars”. He showed that during a significant increase in the 

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 from -80 to +80 

km/s over a month was detected, which indicates the presence of an ejection and fall of matter in 

this star. Based on the analysis, he concluded that rapid variations can be the result of active 

processes in the atmospheres of young stars. 

With the replenishment of the observatory with young personnel, under the direction of Z. 

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 U.Sh. In particular, 

in the works of L.V. Timoshenko, spectral observations of Herbig Ae/Be stars 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 a 

decrease in brightness towards a later type. According to spectral 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 to 

night. Under the direction of Dr. R.E. Gershberg, he defended his thesis on the topic: "Spectral 

and photometric research of fast variables with non-periodic light attenuation." He has published 

more than 25 scientific articles [38-58]. 

In order to further determine the spectral and luminosity classes of young stars, L. 

Timoshenko developed a two-dimensional spectral classification scheme for the spectra of 42 

standard stars for the spectrum interval B9-F8I-V [45]. To perform a two-dimensional spectral 
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classification of stars according 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 stars. In the works of Ismayilov N.Z. attention was paid to such varieties of young stars as 

orion variables — Herbig Ae/Be stars — and research on T Tauri stars was continued. His 

objects of research at that time were the binary system in the trapezoid θ1 Ori - BM Ori, V1016 

Ori, as well as Ae/Be Herbig type stars - θ1Ori D, EY Ori, T Ori, AB Aur, HD200775, 

HD216623, and stars T Tauri type - SU Aur, T Tau, DI Cep, GW Ori, RY Tau, DR Tau, BP Tau, 

etc. In recent years, a spectral study of intermediate-mass stars, such as Herbig Ae/Be type [59-

111], was performed by N.Z. Ismayilov. 

In addition to long-term spectral observations made with a 2 m telescope, for the first time in 

ShAO, Ismayilov N.Z.  applied the photoelectric UBVR and Hα method of TTS photometry and 

carried out synchronous photoelectric and spectral observations of the T Tauri type star DI Cep. 

He performed photoelectric UBVR observations as well as observations with a narrow-band Hα 

interference filter using a single-channel photometer mounted in the Cassegrain focus of the 

Zeiss-600 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]. Part 

of the results of photometric observations of Ismayilov N.Z. included in the US Wesleyan 

University database (www.astro.wesleyan.edu). 

Furthemore, Ismayilov N.Z. received more than 500 spectrograms of the studied objects, and 

also actively participated 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 focus 

of ShAO 2 m telescope, and then applied the system in observations of specific objects. 

    The most important results were obtained by Ismayilov N.Z on the structure, dynamics, and 

physics of the disk-shaped shells of a large group of T Tauri stars and related objects. Under the 

guidance of academician A.M. Cherepashchuk (ShAI MSU), in 1990 he defended a dissertation 

on the topic “Search and research of binaries, among young stars,” and in 2004, his doctoral 

dissertation on the topic “Spectral and photometric studies of young and magnetic stars. " Based 

on the results of scientific work, 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 part of these 

publications is given under the numbers [59-106] in the list of references. 

The following researchers later connected to the topic of research of young stars under the 

supervisors of N.Z. Ismayilov - Shustarev PN, Alieva A.A., Guliev N.Kh., Alimardanova 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 co-authors, developed a methodology for analyzing combined 

long-term observational data of T Tauri and Ae/Be Herbig stars. 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 (see, for example, [62]). 

Alieva A.A. defended her thesis on the topic “Study of T Tauri and Ae/Be Herbig stars with 

a strong emission spectrum”. Here are the most important results obtained by A. Alieva. 

It was shown that 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 intensifies 

with increasing brightness [64].  

For the first time, such a unique fact was observed that in this star simultaneously on the 

same spectrograms, weak emission components were found on the emission wings Hα and Hβ 

shifted to the red and blue parts of the spectrum by ±400 km/s, respectively. The active 

variability of the H 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 period 

http://www.astro.wesleyan.edu)/
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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 stellar disc  [72, 73]. 

For the first time on the basis of the theory of magnetospheric accretion (MA), the magnetic 

field intensity on the surface of the DI Cep star was estimated to be in the range of 600-1000 Gs. 

Within 1-2.5 hours of continuous observations over individual nights in 2004, no significant 

rapid variations were revealed in the profiles and spectral parameters of individual components 

of the H line for the star MWC 361 [69]. 

A smooth shift to the short-wavelength part of the spectrum of individual components of the 

H line was detected for the star MWC 361 for about 10 days. A significant variations in the 

spectral parameters of individual components of the H line for different nights was revealed. 

Spectrograms with high spectral resolution revealed a fragmentation structure in the shells of 

Herbig Ae/Be stars — 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 dependence 

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 over 

a long observation period. He, in 2008, defended his thesis on the subject “Study of different 

phases of T Tauri activity based on long-term spectral observations”. Here are some of the 

scientific results obtained in the work of Guliev N.Kh. together with Ismayilov N.Z. et al. [67]. 

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

of 6–8 minutes was obtained, as well as a variations in the parameters of the emission 

spectral lines of hydrogen and H and K CaII with a characteristic time scale of 90–120 

minutes. 

2. Was shown that the state of the emission spectrum can be “active” and “quite”. In a quite 

state, the intensities of the emission lines are decreased, the absorption spectrum is 

clearly expressed. In the active state, emission lines are to be stronger; the absorption 

spectrum seems to be “veiled”. 

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 characteristic time scale of 28-30 

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 observation is different, and, possibly, has a 

long-term cyclic character. 

5. Despite the fact that within each 6-year cycle the star’s brightness variations with a 

constant amplitude of 0m.2 in the V band, the activity of the emission spectrum of the star 

in this case shows 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 lines 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 spectra, as well as in the V values of the star’s brightness, at least within one 

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 researchers are 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 the 

equivalent widths of emission lines is observed. 

2. Observations of the DI Cep star over the past 30 years have shown that since 1990, the 

average brightness level has been monotonously decreasing, and currently the brightness 

of the star is at an absolute minimum; at the same time, average values of equivalent 

widths of emission lines also showed a monotonic decrease. 

3. An analysis of the UBV photometric observations of DI Cep revealed 2020 ± 200 day-

time quasiperiodic brightness variations. This variability is explained by an additional 

component which is placed at the central star environment. 

4. A new method was applied for to interpretation of the complex light curves of young T 

Tauri stars. To do this, we used the 2-3 most probable periods of variability in the 

brightness of the star, obtained on the basis of statistical spectral analysis, and it was 

shown that a combination of these periods in young stars DI Cep, T Tau, and SU Aur can 

explain the observed average annual light curves. This result confirms the assumption 

that protoplanets and/or protostars exist in the environment of young stars. 

5. In the UV - spectrum of a classical T Tauri star - BP Tau, a periodic variability of the 

emission line intensities with a period of 8.275 days was found. During 10 - year 

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 second group of 

lines showed a chaotic variation in intensities. 

6. Using ground-based broadband photometric data, as well as IRAS archive data in the 

range 0.36-100 μm, the spectral energy distribution curves (SED) for 87 young stars were 

built. It was shown that according 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 to 

the classification scheme of SED curves of young stars. An updated classification scheme 

explains the different stages of the evolutionary path of young stars. 

7. It was shown that in the X-ray diffraction curves of young stars, in addition to the main 

maximum, 2-3 regions of excess radiation are often observed, which are in the infrared 

part of the spectrum. The temperatures of such maxima very often correspond to 2500-

3000 K and 90-100 K. 

8. 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 

corresponding to their spectral classes. When taking into account the mass-temperature 

relation for stars, it can be assumed that the larger the mass of the central star, the greater 

the likelihood to formation of more massive protostar at the system. 

 

    Here are the scientific results obtained in the work of H.N. Adygezalzade together with 

other researchers [97-99]: 

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 (MgII, HeII, CIV, etc.), and in the 

optical part of the spectrum (Нε + Н and К CaII) is varied with a period of P = 23.26 ± 

0.06 days. 

2. According to the combined light curve of RY Tau in the time interval of 1983–2004 

the two most probable long-term periods of the RY Tau star 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. 



 81 

3. Variations in the V values of the brightness and the emission doublet MgII  λ2800 Å 

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 that 

the variability of the emission spectrum and the brightness of the star are a different 

nature. 

4. 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 period P1 = 377 ± 

10 days with an amplitude of ΔV ~ 1m 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 period of P2 = 146 ± 3 days was 

also suspected. 

5. According to the SED of program 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 is 2500-3000 K, and 

the lowest is about 90-100 K. The 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.  

6. Measurement of the intensities of both the absorption and emission lines shows 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 as K5-M0. At least three 

groups of absorption spectral lines with a similar nature of variability were identified. 

This shows that in the star’s atmosphere, regions with local physical conditions are 

observed. 

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

two significant periods are detected, P1 = 5.8 and P2 = 7.4 days. These 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. 

8. For DR Tau, the Fourier spectral analysis showed that there are two significant 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 work of Khalilov O.V. together with co-authors [61,102,105]: 

1. According to long-term spectral observations in the optical range, the quasi-cyclic 

period of a variation in the equivalent widths of the Hβ and H and K CaII emission lines 

in the spectrum of the T Tau star with a period of 33 ± 1.5 days first time was 

discovered. 

2. According to IUE spectrograms for 1979-1994 a periodic variability of the emission 

lines was detected in the UV spectrum of T Tau with the same quasi-period, which was 

also found for emission lines in the optical range. It is shown that the quasiperiodic 

variability can be associated with the active region located on the star’s disk. 

3. For the first time, it was established that for the star AB Aur, the profiles of the emission 

lines of hydrogen Нα and Нβ show active variability in the blue wing, while in the line 

Не I λ 5876 Ǻ the main variability occurs on the red wing. 

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

lines Hα and Hβ. The full cycle of the event from occurrence to disappearance of 

emission on this wing has a characteristic time scale of 3 days. The structure and 

intensities of individual components of the He I λ 5876 Å and D1, D2 Na I lines from 

night to night and in separate years were also found to be variable. 

5. For the first time in the UV spectra of the star AB Aur, obtained for 1978-1992 it was 

shown that the intensities of some absorption lines, including of Mg II, FeII, and others, 

are varied with a period of 6.1 ± 0.1 days. A synchronous periodic variability of the 
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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 region of active helium 

formation should be at a distance of no more than 15 Rⵙ from 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 noticeable correlation of variations in the 

equivalent widths of the Hα and HeI λ 5876Å emission lines with a correlation 

coefficient r = +0.6 8 ± 0.14 and an inverse correlation for He I and D Na I with r = -

0.674 ± 0.14 and for the same lines r = + 0.59 ± 0.14, r = - 0.73 ± 0.10, respectively. 

7. A periodogram analysis of all measured equivalent widths for all spectra was carried out 

in the AB Aur spectrum for three lines - Hα (60 values in total) and He I and D Na I (36 

values in total) since 1986 (all data from CrAO, GAO and ShAO) according to the 

Lafler-Kinman method showed the presence of a period of variability with a period of P 

= 123.7 ± 0.3 days. 

8. It was found for the first time that the star IL Cep for 2006–2011 different spectral 

parameters of the hydrogen emission lines Hα and Hβ and absorption in the helium line 

He I λ5876Å show slow variations with time; the extremum of the spectral parameters 

was reached in 2009–2010. Lines D1, D2 Na I in a weak form repeat the variation in 

radial velocities in the line Hα. 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 obtained by N.Z. Ismayilov, 

together with a group of co-authors: 

1. A new radial velocity curve of the individual components was carried out, and the 

spectroscopic elements of the orbit of the trapezium member θ1 Ori - BM Ori were 

determined. The variability of the residual 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 V-light curve was analysed for all published 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 secondary spheroidal 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 as 

the abundance of helium and the microturbulent velocity of the bright components BM 

Ori, V1016 Ori, 1 OriD - three members of the trapezoid 1 Ori. It was shown that the 

stars BM Ori and 1OriD have normal helium composition, while V1016 Ori has an 

excess of the helium. 

4. Using all the data available in the literature, including the author’s measurements, the 

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 CaII. 

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 substance 

was ejected from the star during the flare. This star revealed a fast variability in the 

intensity of the Н line, with an amplitude of 0.15 mag in 30 seconds and with an 

amplitude of 0.25 mag in 1.5 minutes. Fast variability is also found in UBVR bands. 

6. Over a long 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 diagrams it was shown that 

these stars show the largest number of identical spectral states for the latest class of 

spectrum (the “cold dip” effect). It is shown that the range of variations in the 
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photometric values for the stars GW Ori, SU Aur can be satisfactorily described by a 

variation in surface temperature up to 1000 K, with a variation in the relative spot area to 

25%. 

7. 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. The most 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. 

8. The results of long-term homogeneous spectral observations of classical T Tauri type 

stars — DI Cep, GW Ori, and T Tau, collected during 1972–1990, 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 of 

the stars show variability spanning different ranges. The maximum range of spectrum 

variations is observed for DI Cep - F4-K5V, for GW Ori - F2-G5V, for T Tau - G1-K0V. 

Statistical diagrams show that for all TTSs, the most frequently observed state of the 

absorption spectrum corresponds to a later spectral class. All TTS spectral classes are not 

observed later than their most probable state. The variation in the spectral class from the 

most frequently observed state to earlier spectra occurs smoothly. Taking into account the 

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 partly due to the variable 

extinction of the circumstellar envelope. 

9. It has been shown that from 1997 to the present, the spectral parameters of the star 

HD200775 monotonously decreased, and according to the data of 2000, there is a 

tendency to increase them. It was established that the main variations in the profiles of 

the Н, and Hβ lines show that the greatest variability is observed in the upper layers of 

the star's atmosphere. 

10. It was first established that the star HD 200775 is spectrally binary with a period of 

118060 days. The spectroscopic elements of the orbit are determined. It is assumed that 

the secondary component of the system is a  0.5M low-mass protostar, and the eclipse 

is a translucent, extended circumstellar envelope. According to literature data, 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 does 

not eclipse the second component. 

11. A periodic brightness and spectrum variability was detected with a period of 9.24 days of 

a star of the Tauri type T - DI 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 characteristics of this star, it must be assumed that there is a hot spot on the 

surface of the star with a temperature higher by 3000 K than the temperature of the star’s 

photosphere. 

12. A master light curves is analysed for 28 classical T Tauri stars. It has been 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 light curves of young stars has 

been developed. 

13. A new technique has been developed for cleaning the spectrum of emission objects from 

telluric lines of the earth's atmosphere. The technique was applied to the spectra of 

Herbig Ae / Be stars - AB Aur and HD 200775. 

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

objects were constructed. An analysis of the X-ray curves of young stars revealed only 5 

types of X-ray curves. The distinguished types expand the classification scheme of X-ray 

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. 
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15. According to the signs of SED curves, program stars are divided into different groups. 

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 objects; 2) 

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 spectrum at 1.25–

1.62 μm. Our list contains 14 such objects; 3) objects with at least 2 maxima in the SED 

curves, and the second maximum is greater than the others. Most of these objects have 

the strongest maximum at 1.25 μm, which corresponds to a temperature of T = 2500 ° K; 

4) objects are the same as type 3, with only one distinguishing feature - the first 

maximum is stronger than the others. Highs are often found around 0.56 µm and 1.25 

µm, which correspond to temperatures of 5000 K and 2500 K; 5) objects with one 

maximum located in the optical part of the spectrum corresponding to ≥5000 K and a 

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 the X-ray curves in 

different parts of the spectrum, was found. The analysis showed that the most probable 

temperature values for the spectrum of excess radiation are 2500, 1500, and 90-120 K. A 

high degree of correlation between the temperatures T1 and T2 (the first, highest 

temperatures corresponding to excess radiation by SED) can indicate that during the 

condensation of the circumstellar envelope the heat sources formed in the circumstellar 

environment of different stars appear to be collected masses that are dependent on the 

mass of the central star. 

17. The comparison showed that most typical young late-type stars show a systematically 

elevated temperature (T1), approximately 1000 K higher than the effective temperatures 

of the stars (Teff) on the SED curve. Certain temperatures of heat sources have 

characteristic values- most often 1500-2500 K and 90-150 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 can form. 

18. It 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 unique fact was 

observed that in this star simultaneously on the same spectrograms, weak emission 

components were found on the emission wings Hα and Hβ shifted to the red and blue 

parts of the spectrum by 400 km /sec, respectively. 

19. It was shown that the previously detected 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 star’s shell. For the first time on the basis of the 

theory of magnetospheric accretion, the magnetic field intensity on the surface of the DI 

Cep star was estimated to be in the range of 600-1000 G. 

20. The periodicity of the DI Cep star according to the V-values of brightness can be 

revealed only by highlighting individual observation seasons. The values of the 

equivalent widths of the emission spectrum along the lines of hydrogen and of H and K 

of CaII are well correlated with the phases of the found period. According to various 

authors, a shift in the initial epoch of periodic 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 Hα, Hβ, D1, D2 NaI, and HeI 

5876 emission lines was detected. A positive correlation between the brightness and the 
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equivalent width of the Hα and Hβ hydrogen emission lines was detected with 

confidence. The star is suspected of duality. 

22. Spectrograms with high spectral resolution revealed the fragmentation structure of the 

shells of star type Ae/Be Herbig - AB Aur and MWC 361. 

23. 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 

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 

method was used to distinguish long-period components from the observed light curve. A 

statistical spectral analysis of the annual average light curves of the selected stars was 

carried out, and synthetic light curves were constructed for each star from the most 

reliable periods. The result obtained, to a first approximation, indicates 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 formations 

quite reliable. An analysis of the energy distributions of the stars under study in the 

region of 0.36–20 μm 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 environment. 

25. Despite the fact that within each 6-year cycle the brightness of the star T Tau varies with 

an approximately constant amplitude of - 0.2 mag in the V band, the activity of the 

emission spectrum of the star in this case shows an independent variation from brightness 

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. 

26. The level of variation in the total brightness T Tau does not coincide with the level 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 may 

be a hot spot formed as a result of disk accretion. A variation in the 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 of 

the emission spectrum. 

27. From long-term spectral observations in the optical range of the T Tau star, a period of 

variation in the equivalent widths of the Hβ and H and K CaII emission lines in the T Tau 

spectrum with a period of 33 ± 1.5 days was first discovered. The emission spectrum in 

the UV range, as 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 comet-shaped 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. 

28. A study of the ultraviolet spectrum from the IUE archive of the classic T Tauri star - BP 

Tau. The spectral parameters of the strongest emission lines were measured. The most 

comprehensive array of measurements of the emission of the MgII doublet λ2800 Å 

confidently revealed a variation in the line intensity with a period of P = 8.275 ± 0.005 

days. Although the variability is cyclical in two dense series of observations, the 

frequency for many lines is not observed across the entire array of measurements. It is 

shown that a group of emission lines is distinguished in which the line intensities show a 

monotonic decrease over more than 10 years of observation. 

29. It was shown that the absorption component of the Hα line in the star AB Aur has a 

negative variable shift on different days, reaching up to -280 km/s. On August 17, 2009, 

an additional emission peak was observed superimposed on the red 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 19, 2009, 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 the Hβ line, the structure of which is a complete analogue 

with the Hα line. 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 at 

high speeds. Based on the results of this work, it was 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 a 

characteristic time scale of one day. 

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 1983-1996 the brightness of the 

star in band V is cyclical. Data analysis by the method of frequency analysis Fourier 

makes it possible to isolate a period of 377 ± 10 days with an amplitude ΔV ~ 1m. 

Statistical analysis of the brightness distribution showed that the brightness variability 

cannot be described by a normal distribution. The colour indices of U-B and B-V are 

weakly dependent on the brightness variations of V. The amplitudes of the brightness 

variation in individual bands were 3.66 mag in U (9.47-13.13 mag), 3.10 mag in B (9.5-

12.6 mag) and 2.29 mag in V (9.35-11. 64 mag) bands, respectively. 

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 addition, 

each of these brightness distributions for individual filters has an asymmetric appearance, 

which may be the result of non-random processes. 

33. According to the SED, the temperature of the main star of the RY Tau system was 

determined, which turned out to be equal to 6000 ± 200 K, which corresponds to the 

spectral class G1-G2. The temperature of 90 K corresponds to the radiation of the dust 

component of circumstellar matter. The second temperature, corresponding to 3000 K, 

detected by an excess of radiation of about 1 μm, indicates that the system has an 

additional radiation source. 

 

Currently, under the supervision of N.Z. Ismayilov group of researchers 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 range 0.36-100 µm. 

3. Investigation of the UV spectrum from observations of IUE and HST satellites. 

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 scientific papers 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 spectrograms 

were obtained, photometric observations 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 with the results obtained so far 

around the world, our studies have a certain weight in the field of studies of the spectral and 

photometric characteristics of individual stars over a long observation period. For young stars, 

this is of particular importance, because 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 so 

far in world science in the field of research of T Tauri, HAeBe stars and 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 optical 

range has been studied. It was shown that the emission spectrum of 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 in spectrum and brightness. The periods can 

be both short (several days) and long-term (5-10 years). It is shown that periods of 2-10 

days can be the result of the axial rotation of the star in the presence of active formations 

on the surface. The long-term periodic 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 11-year cycle of solar activity. 

4. In a number of cases, a synchronous variation in the brightness and spectrum of young 

stars was studied. It has been shown that for different stars, the dependence of the 

equivalent widths of the emission lines on the brightness is ambiguous and can show both 

positive and negative correlations. In some cases, an independent variability of brightness 

and spectrum was established. This shows that the shell spectrum of young stars can be 

excited due to the activity of the inner parts of the disk (for example, photospheric flares, 

magnetic activity), and also external factors (for example, accretion of matter from the 

circumstellar disk, multiplicity systems). 

5. The varieties of young stars are established - CTTS, WTTS, NTTS, fuors. More massive 

related objects are allocated to a group of Herbig Ae/Be stars. The basic properties of 

these groups are established. The characteristics of young stars at different stages of 

activity, as well as over the entire range of electromagnetic radiation, were studied. It was 

shown that NTTS type stars possess the highest x-ray radiation, but this 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 been discovered 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 light 

curves are classified. The classification of light curves proposed by Parenago in 1953 has 

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 stage of such objects. 

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 been achieved 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 explaining UV 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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            Introduction 

        The study of noтstationary stars is one of the main scientific directions 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 spectral 

observations were carried out with the telescope AST-452 of ShAO. Since 1966, the spectral 

observations of stars were started at 2-m telescope by using classical spectrographs. In 1999, the 

Kude focus, and in 2005, the Cassegrain focus of the 2-m telescope, was equipped with an 

echelle-spectrometer equipped with modern high-sensitiv 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 supergiants, Wolf-Rayet 

(WR) type stars, novae and some important scientific results obtained by the astronomers of 

ShAO during 60 years. Note that these studies were carried out in close collaboration with the 

astronomers from Sternberg Astronomical Institute (SAI) at Moscow 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 Observatory of 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 high luminosity. Among these stars the WR type 

and hot supergiants are more interesting. Supergiant and WR stars are young ( 106 years old) 

population I stars of our Galaxy. 

According to modern view, supergiants are more evolved stars. In the center of these stars, 

hydrogen has already burned out; the burning of helium and heavier elements has begun. It is 

known that at the certain stage of evolution — during the transition from the main sequence 

(MS) to giants and supergiants, almost complete mixing of matter occurs in stars. As a result of 

this, the products of nuclear reactions occurring in the center of these stars can also appear on 

their surface. Studies of the atmospheres of normal stars showed that their chemical composition 

is not noticeably different from 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 due 

mainly to the appearance of nuclear reaction products on their surface. Therefore, the study of 

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 lowest 

luminosity (Ib) and supergiants of the highest luminosity (Iab, Ia, and Ia +). Their absolute 

magnitudes and temperatures range from -3m to -8m, 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 contain lines 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; 

mailto:janmamed@yahoo.com
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b) large turbulent and radial velocities of the absorption and emission lines of various 

elements; 

c) chemical composition anomalies. 

Many observational features of the spectra of supergiants do not yet find a sufficient and 

clear physical explanation. In particular, the lack of systematic observational data does not allow 

us to reveal district pulsation of these stars. 

At our observatory the chemical composition of selected supergiants was studied and their 

physical parameters were determined, the spectral variability of the profiles of various spectral 

lines was revealed. A study of the radial velocity variations of the Hα line in the spectra of 

supergiants allow revealing the structure and dynamics of the envelopes of these stars, as well as 

helps to the development of the theory of stellar radial and nonradial pulsations.  

The study of supergiants in the ShAO was begun in 1965 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 supergiant stars were carried out at various telescopes: at 2-m 

telescope of ShAO, at 6-m telescope of BTA of SAO, at 2.6-m telescope of KrAO. 

According to the joint scientific research program between the SAO and ShAO, during 1980-

1990 years the systematic observations of O-F supergiants and “runaway” stars were carried out 

in order to clarify the reason of the uninstability of their atmospheres. For some of these stars, 

long-period (Р ≥ 30d) and short-period (Р  1d) changes in radial velocities and differential line 

shifts were detected [3]. 

For “runaway” stars: α Cam, HD 188209 and 68 Cyg, short-period variations (Р ~ 1d - 5d)  of 

radial velocities were revealed, which are interpreted with the non-radial pulsations of their 

atmospheres. For the “runaway” star HD 12323, with an excess of nitrogen and a high z-

coordinate, the presence of a low-mass satellite is confirmed. Studies have shown that the star HD 

12323 can be a massive close binary system (CBS) located at the stage of before X-ray phase of 

evolution [4, 5]. 

The frequency spectrum analysis of long series of spectral observations (from 1976 to 1988) 

showed that the radial velocity of white supergiants HD 21389 and HD 21291 could be related to 

the pulsation of these stars [6-9]. It was found that in the atmospheres of these stars there is a 

stratification of radial velocity. Variation of parameters, i.e. values of the period, amplitude and 

average value of the radial velocity of the lines differ for different layers. All these parameters 

increase from the 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 focus 

of 2-m telescope of ShAO during 1998-2000 years, the radial velocity and profile of the Hα line 

in the spectrum of the α 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 

parts of 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 towards the wing of the line, and for the 

blue half we observe the opposite, i.e. decrease. On the blue half of the absorption profile, the 

additional absorption details are observed. The appearance and disappearance of additional 

absorption details, as well as their 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 due to nonradial 

pulsations. Therefore, the variability of the stellar wind could be partially due to non-radial 

pulsations of the underlying atmosphere. 

By using the spectrograms obtained with the 2-m telescope of ShAO, the variability of the 

Hα line profile in the spectrum of star 89 Her (F2 Ibe), high-latitude supergiant, were studied. 

Investigations have shown that the Hα absorption line, depending on the phase of instability of 

the star’s atmosphere, consists of one, two, or three blue-shifted components. One emission 

component is constantly observed on the red wing of line Hα [13]. 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 Hα line profile and the brightness of star 89 Her change synchronously with 

the period of 283 days [14, 15]. These studies revealed that the values of the 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 during the period 1955-2005 years in the spectrum of 89 Her star, the shift of 

the emission component (Vem) and the first component of |V1
ab|, absorption of the Hα line (|V1

ab|), 

occurs synchronously. The correlation between variations of Vem and (|V1
ab|) of line Hα were 

observed. It was supposed that these changes takes place with the common mechanism. 

By using spectrograms obtained with the 2-m telescope of ShAO, as well as by analyzing 

the published works of other authors during the period 1955-2005 years the change the Hα line 

profile into a P Cyg type profile, a change in the number of absorption components from one to 

three, and also the presence of a gradient in the radial velocity of the absorption component of 

the Hα line in the spectrum of 89 Her were revealed. The sudden repeated mass loss of this star 

over the last fifty years have been revealed, which is very consistent with the hypothesis about 

the binary nature of the star 89 Her [16, 17]. 

The analysis of the chemical composition of supergiant stars is one 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 gradual transition from the method known as growth curves 

to a new, more exact method, the method of atmospheric models. In ShAO, the transition to a 

method of atmospheric models began in the middle of eighties. Currently the high dispersion 

spectra of many population I 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 to study the chemical composition 

of some supergiants, and UU Her type stars by using atmospheric models. On the basis of 

homogeneous, high-quality spectrograms obtained with the Kude spectrograph of 2-m telescope 

of ShAO and the 2.6-m telescope of KrAO, the atmospheric parameters and chemical 

composition of star α Lyr (A0 V) and γ Gem (A0 IV) were determined [18, 19] . It has been 

established that anomalies in the chemical composition of these stars caused by the different 

mechanism. 

For the star α Lyr, by using the Kuruc’s atmospheres models determined the parameters Тeff 

= 9650 ºК, lg g = 3.9 and the value of the micro turbulent velocity ξt = (2.0±0.5) km/s. The 

content of 14 chemical elements was determined. It was revealed that the content of silicon, 

calcium, scandium, 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 rare-earth elements in the spectrum of α Lyr is 

assumed to be a moderate λ Voo type star. By using the results of evolutionary calculations, the 

authors found the values of relative mass M/M⊙ = 2.35 ± 0.30, radius R/R⊙ = 2.9, as well as 

relative luminosity L/L⊙ = 66 and age t = (470 ±1.41)×106 years for the star α Lyr. These 

parameters within the error agree very well with the data obtained from the measurements of 

parallax, angular diameter, and absolute energy distribution [18]. 

As a result of studying the atmosphere of the star γ Gem by using the atmospheric model 

method [18], the following atmospheric parameters were found: Тeff = (9300±100)º К, lg g 

=3.40±0.15 and micro turbulent velocity ξt =(2.0±0.5) km/s. The content of 20 chemical 

elements was determined. It was revealed that the γ Gem star has an anomalous chemical 

composition similar to metallic Am stars, since for Am stars and γ Gem there is a tendency to 

increase the chemical composition anomaly with increasing atomic weight. However, the excess 

of chemical elements increases with the increase in atomic weight more moderate than that of a 

typical metallic star 68 Tau. Its evolutionary status and moderate metallicity can lead us to the 

following alternative – the star γ Gem is either massive early Am star with the more moderate 

metallicity effect, or the star with the shorter time chemical anomalies.  

By using the results of evolutionary calculations, we found the mass ratio M/M⊙ =3.5±0.30, 

radius R/R⊙ = 6.2±1.4, luminosity L/L⊙=260±2.10 and age t = (200 ±1.17)×106  of the star γ 
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Gem. Within the error, these parameters 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 the 2-m telescope of ShAO with the 

spectral resolution of 0.3 Å and a dispersion of 8-12 Ǻ/mm, the spectra of φ Cas and 45 Dra 

stars were studied. About 400 absorption lines were identified in the wavelength region λλ3700-

6900 ǺǺ, equivalent widths (Wλ) and central depths (Rλ) of these spectral lines were determined 

[20 - 22]. 

The parameters of the atmosphere and the chemical composition of the supergiant φ Cas 

were determined [21]: effective temperature Тeff =7200 ºК and micro turbulent velocity ξt = 4.5 

km/s. The content of 22 chemical elements in the atmosphere φ Cas was determined and are 

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 reduced relative to 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 under 

study is three times higher than in the sun. 

By using echele spectrograms and based on Kuruc’s models of atmospheres, the giant star ν 

Her was studied [23]. About 200 lines were identified in the wavelength range  4760-6600 

ÅÅ, and the equivalent widths (Wλ) of the spectral lines were determined. The following values 

were obtained for the stellar atmosphere parameters: Teff  = 5900 200 ºК, lg g = 1.9 0.2, and 

micro turbulent velocity ξt = 4.5 km/s for the Fe I 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 average by Δ lg ε (El) = - 0.6 dex relative to the solar. 

In [24], by using the method 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: Teff = (6300 ± 150) ºК, lg g = 0.5 ± 0.2 and ξt = 7.5 km/s. 

The content of 23 chemical elements in the atmosphere of the star 89 Her was determined. It 

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 been 

revealed. An excess of sodium was revealed. The contents of Ca, Sc, Mn, Fe, Co, Zr, Ba, La, Ce, 

Nd, Sm, and Gd are reduced on average by Δ log ε (El) = -1.0 dex relative to solar values. This 

star has a chemical composition different from the chemical composition of normal massive 

supergiants of I type of population. 

It is known that the existence of bright supergiants at high distances from the galactic plane 

does not yet have a generally accepted explanation. According to modern view, by their 

luminosity, these objects must be very young and massive, on the other hand, young and massive 

stars are located near the galactic plane. From this point of view, a comparative study of the 

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, high-latitude supergiants occupy a special position. Despite the fact that 

more than 50 years have passed since the discovery, the evolutionary status of high-latitude 

supergiants remains unclear. According to the location on the GR diagram, it is difficult to 

belong these stars to I type of population. Several hypotheses have been proposed to explain the 

evolutionary status of high-latitude supergiants. For example these stars could be 1) young, 

massive stars that have recently formed and “escaped” a large distance from the galactic plane; 

2) old, low-mass 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 Her, our results are 

compared [25], with the results obtained for other F supergiants (φ Cas, α Umi, γ Cyg and ρ Cas) 

[26, 27] located at low distances from the galactic plane. The comparison show that the content 

of chemical elements in 89 Her decreases on average with an increase in atomic weight 

compared with the aforementioned F supergiants. However, the carbon content shows an 
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increased average value of 0.15 dex. There is a deficit of rare-earth elements in the atmosphere 

of star 89 Her compared to the atmospheres of other F supergiants. Anomaly chemical 

composition of star 89 Her star relative to the Sun and other F supergiants once again proves that 

this star differs from normal massive supergiants of I type of population. 

It is assumed that high-latitude 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 Vω, which is considered as an analog of the usual microturbulent 

velocity ξt, 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 of 

the theory and the microturbulent velocity determined from the observations. 

In works [28-31], 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 composition of the atmospheres of F and A supergiants. 

By using modern values of the oscillator strengths, the microturbulence in the atmospheres 

of F supergiants, γ Cyg (F8 Ib), α UMi (F8 Ib-II), ρ Cas (F8 Iap), and α Car (F0 Ib), was studied 

for the Fe I lines, and for the lines Fe II, Ti II in the atmosphere of the supergiant star α Cyg (A2 

Ia). It was shown that there is a strong dependence of the microturbulent velocity ξt on the 

observed equivalent width, indicating a rapid increase in ξt with heigh in the atmosphere. The 

distributions ξt (τ) are plotted. It was found that in the upper atmosphere ρ Cas and α Cyg, there 

are supersonic ξt values, while for other supergiants (γ Cyg, α UMi, α Car), these values do not 

exceed the velocity of sound. 

The obtained distributions ξt (τ) 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, the lines of Fe II, Ti II and 

Cr II ions produce a higher microturbulence velocity than lines Fe I. 

In [28–31], the atmospheric temperature method was used to determine the effective 

temperature Teff and gravity acceleration g of the stars l´Sco, θ Sco, δ CMa and α Cyg. By using 

relatively weak lines, the chemical composition of these stars was determined. The metal content 

in the atmospheres of the investigated supergiants was on average close to the solar; some carbon 

deficiency found. An excess of sodium [Na/Fe]=0.6 was detected in the atmosphere of θ Sco, 

and an excess of nitrogen [N / Fe] = 1.3 in the atmosphere of α Cyg. By comparing Teff  and log g 

with the results of evolutionary calculations, we estimated the masses, radii, luminosities, and 

age of stars l´Sco, θ Sco, δ CMa and α Cyg. 

It seems relevant to study the supergiants in binary systems. When real binary stars do not 

manifest themselves either as visually binary stars or as spectrally binary stars and, therefore, 

when analyzing the chemical composition, they are interpreted as single stars. Such an 

interpretation can lead to errors in the determined content of chemical elements and even to 

fictitious anomalies of the chemical composition. 

In [29, 30], a new method was developed for studying binary systems such as π Sgr and υ 

Car stars. The spectrum of π Sgr, as a single star, was analyzed: the effective temperature and 

gravity acceleration were found, microturbulence was studied, and the chemical composition was 

determined. The metal content showed a general deficit, and especially low Ca and Sc contents 

were obtained. For a detailed analysis of the total spectrum of the components of the π Sgr 

binary system, a new method was applied [29, 30] and the fundamental parameters and chemical 

composition of the components of this system were determined. A and B components themselves 

have a chemical content close to normal. Estimates of the distance to π Sgr and the lower limit of 

the orbital period in this binary system are obtained. It was shown that the separation of the lines 

of components A and B in the total spectrum, if it is detectable in separate phases, should not 

exceed 0.4 Å. The observed spectroscopic and photometric data in the case of π Sgr related to the 
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total radiation of both components. Unlike π Sgr, υ Car is only a photometrically unresolved 

binary system. A new method is applied in this case. The fundamental parameters of the 

components of the υ Car binary system are determined. A higher microturbulence rate was 

obtained from the ion lines than from the Fe I 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 different stages 

of evolution. By analyzing of echelle-spectrograms of a WR type star WR 136, obtained at the 

Cassegrain focus of 2-m telescope ShAO, revealed the asymmetry of the interstellar lines NaI 

5890 and NaI 5896 in the spectrum of this star. The revealed asymmetry was 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 various stages of evolution. By using echelle 

spectrograms of this star obtained at 2-m telescope the following spectral properties have been 

revealed [33-38]: 

1. A stable weak emission was detected in the violet wing of the Hα line; 

2. The Discrete Absorption Components (DAC) lines in the core of the H  line were 

revealed. Note that the DAC lines are usually observed in the UV spectra of hot stars. 

Only in a few stars, DAC lines were found in the Hα line. The DAC lines in the core of 

the Hα line in the spectrum of the star HD 206267 were first revealed by us; 

3. According to our studies, no spectral feature was found (for example, strong emission) 

according to which this star can be identified with the X-ray source CepX-4; 

4. The asymmetry of the H and H lines and the variation these asymmetries over the time 

(approximately one hour) were revealed. It was revealed that when the H  line is 

asymmetric on the violet side, the H  line is asymmetric on the red side and vice versa; 

5. In those cases where there is no discrete absorption component, the H line width does 

not change with time, however, the H line widths undergo significant changes, there is 

no correlation between changes in the H and H lines widths; 

6. In cases where the DAC lines are observed, a significant variability 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 of 

the Hα and Hβ lines are observed at residual intensity levels of 0.90-0.95, i.e. on the 

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/s to -110 km/s for the lines H and 

H, from +60 km/s to -100 km/s for the line HeII 5411 and from +30 km/s to -10 km/s 

for the line HeI 5875.618. The amplitude of changes in radial velocities of the main 

component does not differ very much for the H  and H, HeII 5411 lines, however, a 

significantly smaller amplitude is obtained for the line HeI 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 radial velocity and the equivalent width of the Hα line change in antiphase, the 

equivalent width of the H  and HeI lines 5875.618 does not depend on the phase of the 

orbital period, the radial velocity and the equivalent width of the HeII line 5411.52 

changes synchronously. 

 

The appearance of discrete absorption components and their displacement was explained 

by the appearance and motion of a dense formation (clump) in the shell of the star HD 206267 

[33–38]. 
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Note that the photometric observations of the star HD 206267 have not yet been carried 

out. Carrying out these observations is necessary to determine the orbital parameters of this 

binary system. 

A spectral study of the star LZ Cep = HD 209481 = 14 Cep (O9 III + ON9.7V, V = 5.54), 

an eclipsing-binary (half-divided) system with a 3.070507 day period, in the spectrum of which 

the lines of both 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 Н 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 the phase  = 0.00 

we studied the variability of the line parameters. It was shown that the equivalent width 

of this line does not show rapid variability. Despite the fact that the radial velocity, 

determined at the half-width level, varies in a chaotic manner, the radial velocity, 

determined from the red component of line H, better reflects the orbital motion; 

3. In the radial velocity curve near the phase  = 0.25 (when the low-mass component is 

between us and the massive component), a jump (the rapid variation of radial velocity) is 

detected; 

4. In the star spectrum, at certain phases, the profile of the HeI 5875 line doubles, and with a 

phase near  = 0.00 the secondary component of this line appears in the violet side of the 

HeI 5875 line, and with a phase near  = 0.00  the secondary component of this line 

appears in the red side. In the remaining phases, the profiles of this line are strongly 

distorted by the presence of a secondary component; 

5. The profile of the line Нβ does not double, however, at certain phases, a component is 

detected at the H line, moreover, at a phase near  = 0.00 the secondary component of 

this line appears on the violet side of line Нβ, and at a phase near  = 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 binary star β Lyr (HD 174638, HR 7106), which 

is a bright (Vmax = 3m.4, B−V = 0m.0) semi-divided eclipsing closely binary system with an 

orbital period of P =12d.943296 days [40] have been carried out. According to modern view, the 

close binary star β Lyr consists of a bright giant (B6-8 II), 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 mass ( 3 M⊙) than the secondary ( 13M⊙). 

This fact is explained by the fact that the main component is intensively losing mass. The rate of 

mass loss for the main component is 20 × 10-6 M⊙ per year. 

        As a result of these studies for the star β Lyr, the following main results were obtained [40]: 

1. By measuring the radial velocities of the SiII 6347, SiII 6371, and Mg II 4481 lines, the 

radial velocity curves of the main component were constructed. Using these radial 

velocity curves, the orbital period of the star β Lyr for the our observation period (2016 

year) was determined to be 12.941428 days. It is known that due to the strong loss of 

mass, the value of the orbital period of this star increases, by 19 sec, every year. The 

value of the orbital period of the star β 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 the H and HeI 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 star  Lyr [41]. Consequently, our studies 

confirm the reality of the physical model of this star proposed by Skulsky [41]. 

3. The radial velocity of the S-component of line H from the phase of the orbital period 

varies approximately synchronously with the variations of radial velocity curve of  the 

main component with a small amplitude. In works [42, 43] reported recently spectral, 

photometric, polarimetric, etc. observational facts concerning to the Wolf-Rayet stars. 
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     Spectral studies of some supergiants (φ Cas, HD161796, 89 Her, etc.) were performed [44-

57]. By analyzing echelle spectrograms of star φ Cas obtained at 2-m telescope of ShAO, 

determined the physical parameters and chemical composition of this star: Teff=7300±200K, 

lgg=0.25±0.2  [44, 45]. By using the FeI lines, the value of microturbulent velocity was 

determined as ξt = 14 km/s. The content of 22 chemical elements have been determined. The 

resulting chemical composition is compared with the chemical composition of the Sun. It was 

revealed that the content of chemical elements Mg, S, Sc, Ti, V, Cr, Ni, Y, Zr, Ba, La, Ce, Pr is 

closer to the solar one, the content of Na is higher, and the content of chemical elements C, Si, 

Ca, Fe, Mn is less than solar [45, 46]. 

By the comparison of the profiles of the Нα absorption line in the spectrum of the star 

HD161796 obtained at the 2-m telescope of ShAO during 2004-2010 years and published before 

1980 year scientific results, the following features were found [46]: 

1. All measured parameters of lines Нα, Нβ, and D2 NaI 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 line Нα, as well as the equivalent widths of line 

Hα line and the sodium doublet line (NaI 5890) is variable. These variations  occur 

synchronously with the variations of V light curve, with the period of P= 62 days [48]; 

3. The variations of radial velocity of line sodium doublet (NaI 5890) are in antiphase 

with the variations of V light curve and the radial velocity of the Hα line, as well as 

the equivalent widths of Нα and sodium doublet (NaI λ5890); 

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

shell, as well as pulsation of the star. 

 

Note that the antiphase variation of the radial velocities of line Нα and the sodium doublet 

(NaI λ5890) were revealed by the authors of [48] for the supergiant RM_1-667, located in the 

Large Magellanic Cloud. 

By analyzing echelle spectrograms obtained at 2-m telescope of ShAO, the physical 

parameters of the star HD161796 (F3Ib) have been determined: Teff = 6550±200 К, log g = 

0.75±0.2 [49]. By using the lines  FeI, FeII, TiII, VII, and CrII, the microturbulent velocities 

were determined: ξt =6.0 km/sec (FeI), ξt =6.5 km/s (FeII), ξt = 5.5 m/s (TiII), ξt =6.0 km/s (VII) 

and ξt =6.0 km/s (CrII). The content of 25 chemical elements in the atmosphere of the star 

HD161796 was determined. The content of chemical elements is compared with the solar 

chemical composition. It was revealed that the content of the chemical elements Ca, Sc, Mn, Zn, 

Y, Zr, Ba, and Sm in the atmosphere of the star HD161796 is significantly underestimated in 

comparison with the solar one. 

By analyzing echelle spectrograms obtained at 2-m telescope of the 89 Her star during 

1975-2017 years the variability of the NaI D lines in the spectrum of this star was studied [50]. It 

was revealed that along with the revealed short-term changes for this star, there are long-term 

variations. The radial velocities of the lines NaI D vary with an approximately 5,000 day period. 

The orbital parameters of this star were determined for the first time. 

A spectral study of the supergiant HD 208501 was carried out and some interesting 

scientific results were obtained [51]. It was revealed that, depending on the activity of the 

atmosphere, the profiles of line Hα could be: 

1. Fully absorption profile; 

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 velocities and equivalent widths of lines Hα and NaI D 

varies with a characteristic time of one week or even less. It was believed that these changes can 

be due to pulsation and processes occurring in the circumstellar envelope. 
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The determined value of log g = 4.0 for the star HR 8718 (F5II) indicates that the 

luminosity class of this star is IV, and not II as indicated in star catalogs. Therefore, the star HR 

8718 (F5II) belongs to the luminosity class IV [52]. The dependence “effective temperature - 

spectral class” is plotted for all stars belonging to all classes of luminosity. The method of 

atmospheric models is used to determine the physical parameters of supergiants. 

It was revealed that the microturbulent velocity in the atmospheres of stars depends on the 

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 on 

the galactic plane, metallicity is closer to solar. This fact was 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 II type of population, i.e. the medium in which the Sun was 

formed was enriched with heavy chemical elements. These heavy chemical elements were 

synthesized in stars of the previous generation. Consequently, the stars located in the galactic 

plane belong to the II type of population, like the Sun.  

It was revealed that in the atmospheres of giants and 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, i.e. stars located at high distances 

from the galactic plane are smaller than solar. It is assumed that these stars are in phase after the 

asymptotic branch of giants (after AGB). The metal content in the atmospheres of these stars was 

originally normal (closer 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 decreased. 

So, F supergiants located at high distances from the galactic plane are young objects that formed 

in the galactic plane and then moved away from this plane [51]. The physical parameters and 

chemical composition of some supergiants were determined [54–61]. 

Spectral study of the star HD21389 (A0Ia) 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 star’s atmosphere, this line is observed as an inverse P Cyg profile. The 

appearance and disappearance of emission lines in the red and violet wings of line H were 

revealed. All parameters of line H varies with the time. It is assumed that these changes 

can be associated with the variability of the star’s atmosphere, with the outflow of matter 

and pulsation instability; 

2. The appearance and disappearance of asymmetry of profile NaID line, and also 

simultaneously appearance the inverse P Cyg profile of line H, can be caused by 

macroscopic radial motions in the atmosphere of this star and irregular pulsation; 

3. Studies have shown that the radial velocity of line FeII 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 similar of H and H 

line variations. These variations occur within approximately 90-100 days. In various 

observational seasons, the radial velocities of the absorption lines vary within 1.5-5 

km/sec; 

2. The greatest variations are found for the HeI and Na D lines. The Si II and Ca II lines 

show almost no variability and the radial velocity of these lines is equal to the velocity of 

the star’s centers of mass (-12 km / sec); 

3. In different observational seasons, equivalent widths and radial velocities vary 

synchronously, but the nature of these changes is not the same in different observational 

seasons. 

4. In 2011 year, when the so-called high velocity absorption (HVA) effect was detected, the 

dynamic characteristics of the absorption lines showed compression and an increase in 
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equivalent widths was detected at that time. Only CaII lines showed expansion. This fact 

is interpreted as the fact that the effect of pulsations in the lines formed in different 

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 equal to (-12) - (-15) km/s. These 

variations occurred within 26 days. 

 

2. Investıgatıon of the Wolf- Rayet type stars  

 

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, HD192103 = WR 135, HD 192641 = WR 137 [62]. After that, stars with such features 

were named Wolf-Rayet (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 massive single stars and close binary stars (CBS); 

2. the formation of neutron stars and black holes, because WR stars are potential progenitors 

of neutron stars and black holes, the study of which is the central problem of modern 

science about the Universe; 

3. generation of the cosmic gamma-ray 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) show WR-like spectra: novae after 

some time of outburst, P Cyg stars, symbiotic stars, Оf stars, etc. WR stars are radically different 

from ordinary stars of the Sun type in that their radiation in emission lines of helium, nitrogen, 

carbon and oxygen is comparable to the radiation emitted in the continuous spectrum. In 

addition, WR stars also differ from stars of the Sun type in chemical composition: they mainly 

consist of helium and contain very little hydrogen, the proportion of which in ordinary stars 

reaches 75% by mass.  

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

of this type have been discovered in our Galaxy. The theoretically expected number of WR stars 

in our Galaxy is ~103. 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 [66-68] and about 10 in the Andromeda galaxy [69]. 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 [70]. Problems and topical issues of the study of 

WR stars were widely discussed in reviews [71–73]. Several International Symposiums were 

dedicated to the investigation of these stars [74-78]. 

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

concentrated to the Galactic plane. It should be noted that low-mass hot stars of the II type of 

population of our Galaxy, the nuclei of planetary nebulae, also possess the characteristics of WR 

stars [78, 79]. To distinguish WR stars of I type of population from the nuclei of planetary 

nebulae, the latter are denoted as [WR]. Note that I type of population WR stars are more 

massive and bright than [WR] stars. In addition, the I population WR type stars are younger 

(average age about 106 years) compared to [WR] stars.  

Currently, the following main observational properties of I 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 II - NV, C II - CIV, OIV-OVI, 

HeI, HeII). 
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2. The widths of the emission lines reach to 50-100 Ǻ, and the intensities in the center of the 

lines are sometimes 10-20 times higher than the intensities of neighboring continuous 

spectrum. 

3. The peculiarity of the spectra of WR stars is explained by the presence a hot “core” and 

an extending envelope at speeds of 1000-3000 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 ions with high (up to 160 eV) ionization 

potentials. 

5. The main observational feature of WR stars is the simultaneous existence in the spectrum 

of lines with very different excitation potentials and ions with very different ionization 

potentials (10-160 eV). This observational 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 WR stars 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. The spectra of all types of WR stars contain helium and 

hydrogen lines, but the hydrogen lines are weak, the hydrogen atoms in the shells of these 

stars are several times smaller than the helium atoms, and in some subtypes of stars WR 

hydrogen is absent. For comparison, 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 about 20 М⊙, although most WR stars 

in WR + OB systems have masses close to 10 М⊙ and the mass ratio of the components 

(q = MWR/MOB) lies in the range 0.3-1. According to [81], the mass of the star WR 22 is 

about 55 М⊙. The star WR 20a has a record mass of 83 М⊙ [82]. The masses of WC 

stars are on average no less than the masses of WN star, although statistics are still 

insufficient for reliable conclusions. The masses of WR stars determined from binary 

stars are in the range from 10 М⊙ to 83 М⊙. 

8. Spectroscopic data indicate that a powerful outflow of matter occurs from WR stars. The 

widths of the emission lines correspond to the flow velocities of 1000-3000 m/s, which 

exceeds the parabolic speed, i.e., the star loses matter. Some emission lines have violet 

absorption components, which is in favor of a model of the radial outflow of matter. The 

average mass loss rate of WR stars, found from the analysis of spectroscopic data, is M  

0.3 ∙ 10-5.  

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 for 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 discovered: V444 Cyg, CX Cep, CV Ser, CQ Cep, WR 22. 

10. In the Hertzsprung-Russell diagram, WR stars lie in the region between the main 

sequence and the sequence of homogeneous helium stars. This indicates that the WR 

stars are at a late stage of stellar evolution and have already passed the stage in which 

hydrogen “burned out”.  

11. The average height z for stars WR above the galactic plane is ~ 85 pc. Being absolutely 

young objects (average age about 106 years), they are at the final stage of their evolution, 

at the stage 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 I WR stars are hot stars of very high luminosity: L  105 - 106 L⊙. The 

absolute magnitudes of WR stars are in the range from  -4m to - 7m. 

13. According to modern view, the I 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 either 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 I b/c 

supernovae (in their spectra there are no hydrogen lines, but only helium -Ib and 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 research 

was performed during 1962-2005 years. At this stage of investigation, a photographic plate or 

photo electronic amplifiers was used as a light вуеусещк. After 2005, at the 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 [83-85] in the seventies of the last century under the supervision of 

Dr.Nikonov. He studied the possible variability of the parameters (equivalent width, half-width 

etc.) of the HeII4686 and HeII5411 emission lines in the spectra of WR type stars, V 444 Cyg, 

and CQ Cep. 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 

HeII4686 in the spectra of V 444 Cyg and CQ Cep stars changed 2.1 and 1.9 times, respectively. 

From these investigations made a conclusion concerning on the variability of the shells and gas 

outflow in binary systems V 444 Cyg and CQ Cep. To explain the variations revealed during the 

night, the presence of ejection of matter from these 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 Cep 

were obtained for the first time and was very important for the construction of physical models 

of these stars. Dr.A.Huseynzade also performed photometric observations of V 444 Cyg and CQ 

Cep stars 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 night. The significant 

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 with an 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 at a critical rate. 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.Babaev [86-89] in the 

seventies of the last century. In the works of Dr.M.B.Babaev the rapid spectral variability of 

some emission lines (NIII 4640, HeII 4686, CIII 5696, etc.) in spectra of WR type stars, HD 

16523, HD 186943, HD 192103, HD 192163, HD 191765 was revealed. It was concluded that 

short-term spectral variability is characteristic for 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 [90-100]. The WR stars in the spectra of which the emission doublet 

OVI 3811, 3834 is present have been investigated. These stars are named as WR-OVI stars and a 

catalog of these stars has been compiled. The spectral and photometric studies of two WR-OVI 

stars from this catalog, HD 16523 and HD 17638, have begun. In addition to these, one unique 

WN+WC star, WR145=AS 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 that 

these objects are in an intermediate evolutionary phase between WN and WC stars. The 

following results were obtained for WR-OVI stars: 

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

revealed (i.e. catalog of WR-OVI stars) was compiled; 

2. The periodic variability (P = 2d4096) of brightness and radial velocities was revealed for 

the WR-OVI 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 WR-OVI stars HD 16523 and HD 17638 and the variability of the emission 

band λλ3680-3780 Å in the spectrum of WR-OVI star HD 16523 have been revealed; 

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 (WC4-6) and late WO (WO3-4) types. The classification 

criteria are given for determining the WO5 subtype; 

5. The similarity was found between the distributions over the galactic high z of the WR-

OVI stars and WR stars with the stars with probable 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 (WC7-8) subtypes; the intensity 

of this emission doublet gradually 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 from 

2005 year by using of modern high sensitive light detectors - CCD matrices by Dr. 

J.N.Rustamov [95-100]. The spectral observations of WR type stars were carried out at the 

Cassegrain focus of 2-m telescope of ShAO by using an echelle spectrometer [2], and 

photometric observations on the Zeiss-600 telescope with an Apogee Alta U-47 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 of the 2-m telescope during 

2005-2011 years. The profiles of five strongest emission lines were studied: HeII 4859, HeII 

5411, CIV 5808, HeI 5875, (HeII+H) 6560. The studied stars of the WR type (HD 191765, HD 

192163, HD 193077 HD) were previously considered WR stars with the probable relativistic 

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, which 

were previously considered as WR + C stars, could be CBS containing low-mass “normal” stars 

as components. The main argument for this hypothesis was that currently a large number of low-

mass X-ray binary systems are observed. These X-ray binary systems consists of a low-mass 

optical A-M star and an accreting neutron star or black hole. According to modern theory of 

evolution of CBS, the progenitors of such low-mass X-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 shell. The next explosion as a supernova WR formed after the initial 

mass exchange leads to the formation of a low-mass X-ray binary system. Thus, should be 

existence of WR stars with the “normal” low-mass stars components. The author of [103] 

proposed that WR stars, which were previously considered as WR + C stars (for example, HD 

191765, HD 192163, HD 193077 stars), can be CBS containing low-mass “normal” stars as 

component. In order to search for signs of the presence of a compact component or a low-mass 

A-M star, the spectral observations of the aforementioned WR stars at 2-m  telescope of ShAO 

and photometric observations of HD 191765 star at 60-sm telescope of ShAO were carried out.  

The following interesting results were obtained: 

1. Comparison of the shape of the profiles of the emission band (HeII+H)6560 in the 

spectrum of star HD 192163, obtained for different dates, showed that the violet wing (region 

from λ  6496 Å to λ  6532 Å) of this profile is variable. Narrow emission details sometimes 

appear in this region (mainly at a wavelength of λ  6496 Å). It is possible that the appearance of 

narrow emission components in the violet emission wing of (HeII+H)6560 in the spectrum of 

star HD 192163 is due to the interaction of a low-mass satellite with the 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 (HeII+H)6560 in 

the spectrum of the star HD 192163 revealed that the series under consideration contains 
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a peak at  1% level at a frequency of  = 0.195 day-1, which corresponds to Р = 5.128d. 

The period we found is very close to the value of the period Р = 4.57d, found in [104] for 

the star HD 192163; 

3. By using the modern classification scheme, 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 the 

spectral subtypes of these stars are 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 (HeII+H)6560 that we studied 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 various 

degrees was observed. It was revealed that the variability in these 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 changes (by 0m.05 

and even, in one case, by  0 m.1 during a short time); 

6. By applying statistical methods for studying periodicity to an values obtained by us from 

photometric observations of star HD 191765 at 60-sm telescope, a peak was detected at a 

frequency of  = 0.530 d-1, which turned out to be significant at a 1% level. This 

frequency corresponds to the period Р = 1d.887. Therefore, we found the photometric 

variability of the star HD 191765 with a period of Р=1d.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 periods Р = 5 d.128 

and Р = 1d.887, correspondingly, supports the assumption that these stars can be the 

precursors of a low-mass X-ray binary system consisting of a relativistic object and K-M 

stars. 

All of the above mentioned results are presented in [97-100]. Studies carried out by Dr. 

J.N.Rustamov of the WR type stars were carried out under the supervision of the academician of 

the Russian Academy of Sciences, professor, Dr. A.M.Cherepashuk, and these studies currently 

continues. 

 

2. Investigation of Novae 
 

One of the directions of research of ShAO was the study of the Novae performed by 

Dr.M.B.Babayev during 1967-2001 years [106-112]. The spectrum of five Novae (HR Del, LV 

Vul, FH Ser, V 1229 Aql, V 1500 Cyg) obtained at 2-m telescope have been investigated.  

In 1572, a “super bright” star suddenly appeared in the constellation Cassiopeia, and this star 

was called the New Star. The accumulated collections of photographs showed that in fact the so-

called “new” star actually existed before, but suddenly flared up, as a result of which its 

brightness increased tens of thousands of times in a short time. Later the stars such type was 

called novae. At maximum brightness, their absolute magnitude varies from -6m to -9m. Bright 

novae, whose maximum brightness reached the first 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 by 

fluctuations in brightness. At the moment of maximum brightness, the diameter of the novae is 

larger than the diameter of the Earth’s orbit, the outer layer breaks off the star, and this layer 

expands at a velocity of about 1000 km/s. According to modern view, the explosion of novae is 

connected with their binary nature. It was assumed that the system consists of a very hot star 

(white dwarf) and a cold component, which at some stage of evolution fills its critical Roche 

lobe. After filling the critical Roche lobe, through the 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 occurs, which is observed as an explosion. In this outburst, a matter with a 

mass of 0.0001 М⊙ ejects from novae and an oval-shaped 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 (m1/m2 

≫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 at 

least twice. Repeated Novae have powerful flares with intervals of several tens of years. Many 

works of Dr.M.B. Babayev are devoted to the Novae HR Del. This star was discovered as a 

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 group of ultra-slow Novae. Six months before the 

outbreak, Stephenson observed this star. At that time the photographic magnitude of HR Del was 

11m.80m.3, and the spectral class was defined as O or B. The star was discovered as Novae on 

June 15, 1967. Observations revealed that all phases of the flare proceeded very slowly. Only 

after four weeks (in July) it reached a magnitude of 5m, then during five months its brightness 

remained almost constant, and only on December 6-13 of 1967 it unexpectedly increased its 

brightness to 3m.5.  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 brightness at HR Del, two more secondary flashes were observed, which were 

comparable in intensity to the main flash. Interestingly, the second and third outbreaks occurred 

after fluctuations in the HR Del brightness relative to a certain average level. The reason for the 

repeated outbreaks of this kind in the Novae is still unexplained. 

By using the images of HR Del obtained with the aid of ACT-452 telescope of ShAO during 

1978-1981 years the variability of the photographic stellar magnitude of this star with a period of 

0.177125 days was revealed. 

By using obtained spectrograms at 2-m telescope of ShAO, the hydrogen line profiles were 

studied. A pre-maximal spectrum was obtained. After the pre-maximum, lines with a complex 

structure appear in the spectrum. At the beginning of the maximum, each line consists of three 

components. One of them is emission, and the other two are absorption, which belong to the 

main (Vr=-400 km/s) and diffuse-spark spectrum (Vr = -1050 km/sec). After the third flare, two 

more components are formed with radial velocities Vr = -323 km/s and Vr = -800 km/s, 

respectively. A component with the radial velocity Vr = -400 km/s appears after the main flare 

and forms in the main shell. The component with the radial velocity Vr= -1050 km/s appears 

after the maximum brightness, it belongs to the diffuse-spark spectrum. The component with 

radial velocity Vr= -323 km/s is connected with the shell, which was formed after the third 

outbreak. Interestingly, exactly the same structure was observed in the spectrum of the fast 

Novae - LV Vol, in the post-maximum phase of the flare. Subsequently, the absorption 

components disappear, leaving an emission line having a four-component structure. These 

components form in separate parts of the shell that formed after the outbreak of Novae. For a 

long time, a change in the structure of emission lines was observed. In the HR Del spectrum at a 

very late nebular stage (since 1984), absorption components were found for hydrogen lines 

belonging to the photosphere of the star itself, 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 components 

of these lines, all emission lines had a four-component 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 absorption 

components, at the nebular stage, they became four component . This structure persists after the 

nebular stage. These observational facts were interpreted by the possible four-component shell 

structure of the HR Del star. Another interesting feature of the HR Del star is that, with further 

evolution, this star has features concerning to the Polars. Polars are binary systems consisting of 
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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 field is 106 G, and in Polars - 107 G. In the works of Dr. M.B. 

Babayev, it is assumed that there is an evolutionary connection between the Novae and the 

Polars, i.e. Novae evolves into Polars. It is known that the Polars have a sudden drop in 

brightness. A similar sudden drop in brightness was also observed in HR Del in the minimum 

phase of brightness. It has been revealed that at the post-new stage, the brightness attenuation 

occurs spasmodically. 

From the analysis of long-term observations, Dr.M.B. Babayev concluded that the star HR 

Del may be a triple system, and not a binary system, as was previously thought. For this star, 

periods of 0.14 and 0.19 days were found. According to Dr.M.B. Babaev, in this triple system 

two stars flashed - one after the other. 

 

3. Theoretical investigations 

 

     For 60 years in the ShAO the theoretical studies of stars in various directions have been 

carried out by Dr.O.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 performed by Dr. J.S.Aliyev. Since 

1977, he has performed theoretical research in the following areas [113-124]:  

1. Radiation transfer in spectral lines, taking into account incoherence and anisotropy in 

optically semi-infinite and finite media; 

2. The problem of stability of self-gravitating gas. Possible solutions and the existence of 

short-wave 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 radiation 

transfer in spectral lines with partial frequency redistribution. At the same time, in parallel, 

purely mathematical studies of the integro-differential transport equation were carried out by 

using spectral methods. The need to obtain the results of analytical studies on the one hand and 

the development of methods for 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 the 

integro-differential transfer equation as a differential equation with an operator coefficient. 

However, the methods were developed and applied exclusively to equations arising in the theory 

of neutron transfer and gas kinetics. Moreover, the energy dependence in the studied transport 

equations was not taken into account. The problems of astrophysics have remained outside these 

studies. At the same time, in the late seventies and early eighties, a new operator method was 

applied to the radiation transfer equation that takes into account the partial frequency 

redistribution, which allowed solving this complex problem analytically. The problem of 

radiation transfer in the spectral line during anisotropic and incoherent scattering in optically 

semi-infinite and finite media was considered. The boundary-value problem for this problem was 

solved and explicit forms 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 self-gravitating gas has a long history and 

goes back to the works by Jeans. This old problem was again considered in order to reveal a new 

quality in the simplest setting. It turned out that historically the solutions of the equation of 

motion of a self-gravitating gas were 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 of the solar atmosphere, such as sunspots, torches, prominences, flares, etc. The effect of 
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solar activity on the Earth occurs mainly by two types of radiation: electromagnetic and 

corpuscular. Impacts on the upper atmosphere, i.e., the ionosphere, lead to the appearance of 

geomagnetic storms, northern lights, and radio communication breaks. Global climate changes 

occur in the troposphere, cyclones and anticyclones intensify variations in meteorological 

parameters such as pressure, temperature, humidity, etc. In the 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 Caspian. 

Dates of volcanic eruptions and the appearance of catastrophic earthquakes also fall on years of 

solar activity, which indicates the influence of the solar cycle on active geophysical processes in 

the earth's crust. In the biosphere, epidemics of cholera, plague, encephalitis, and flu are 

spreading. The number of sudden deaths, cases of exacerbation of diseases of the cardiovascular 

system, neurosis is growing. 

Earth collision warning with celestial bodies is part of space security. This program consists 

of two parts: detection 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 package CBM (Celestial Body Motion) was created, with 

the help of which it calculates the “time and distance of the closest approximation”, builds a 

graph of the distance between two objects at a given time interval, and finally creates an 

animation of the motion of celestial bodies. Program has many different versions. 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 time 

during its discovery, while the program itself is not subject to any changes. 
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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 become 

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 processes, or plays 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 stars (Be200 G) were first measured 

by Babcock in 1947 using the Zeeman Effect. Stars with a strong common magnetic field have a 

number of interesting features, the most surprising of which are strong anomalies in the chemical 

composition of the atmospheres of these stars. Subsequently, such stars were called magnetic 

chemically peculiar (MCP) stars. This 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 2-meter ShAO telescope (1966) and the Coude focus in 1969 

(spectrographs with a dispersion of 4-8 Å/mm) made it possible to expand the range of tasks in 

the field of astronomy. The Cassegrain focus of the 2-meter telescope was mainly used to study 

faint brightness of variable stars and galaxies. And in the Coude focus, with the help of a high-

resolution spectrograph, observations of supergiant stars, solar-type stars, magnetic stars, planets 

and other objects were started. 

Since 1969, at the proposal of the Chairman of the Astronomical Council of the USSR 

Academy of Sciences, Academician E.R. Mustel’s topic included ShAO topics on the study of 

magnetic stars in 1970-1979 formed the basis of the Coude focus observational program of the 2-

meter ShAO telescope. To conduct comprehensive research of magnetic stars in 1970, at the 

initiative and proposal of the leaders of the Astronomical Council of the USSR Academy of 

Sciences, E.R. Mustel and A.G. Masevich’s consent was obtained for the establishment of an 

observational station at the Central Institute of Astronomy of the Academy of Sciences of the 

GDR (TsIA 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 colours ( 3400-8000 

Å). An agreement was signed on cooperation between the Academies 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 magnetic AR- stars begins, which is 

carried out at the 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 magnetic AR 

stars, and in June 1976, on the physics of magnetic stars, Subcommission No. 4 of the problem 

commission “Physics and Evolution of Stars” of multilateral cooperation of the academies of 

sciences of socialist countries summed up the ongoing research on this 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. 1969-1998, 

1998-2019. Below are some of the most important results of research on MCP - 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 1967-69 the observations of two magnetic stars    And   and  Boo were started on 

telescopes of the Crimean Astrophysical Observatory (ZTSh and AZT-11 KrAO)  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 stars in the ShAO corresponded to the summer of 1969. 

A large number of high-quality 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 2-

meter telescope, on III camera of a diffraction spectrograph (dispersion 4 Å/mm). The excellent 

image quality (0.7 seconds) and the high quality of the telescope optics made it possible to obtain 

the spectra of the studied objects with an exposure of 20–30 min [2]. 

To carry out 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 their 

comparison stars, is being compiled. 

Since 1970, a large number of MCP spectra of stars have been obtained by the working 

group [2]. listed in table 1, evenly covering 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.), To the 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 

spectrograms. This problem was partially solved by the programs developed at that time for 

automatic processing of spectrograms using a computer (BESM-4) by employees of the ShAO 

and the Astrosovet of the USSR Academy of Sciences [3,4]. 

To automate the processing processes in the workshops of ShAO, a three-channel two-beam 

microphotometer was manufactured, which significantly reduced the processing time of 

spectrograms [5]. 

In parallel with spectral observations, the TsIA AN GDR conducted 10 colour photometric 

observations using a 35cm photometric telescope. Using these observations, we studied changes 

in brightness and colour in the wavelength range λλ3400-8000 Å and determined (or refined) the 

values of the periods of a number of magnetic stars, which were included 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 analyzer 

manufactured in the workshops of TsIA AN GDR was installed in the Coude focus of a 2-m 

telescope. The λ / 4 plates used in the construction made it possible to operate in the short-wave 

portion of the spectrum from 4200 A to 5500A. In front of the analyzer, an instrumental 

polarization compensator was installed, similar to a Bowen compensator. In June 1973, a second 

analyzer was installed, which differs from the first in that instead of the λ/4 plate, two λ/8 plates 

were installed, rotating relative to each other, as in the Bowen compensator. As a result, the 

scope of the analyzer was expanded from 3900 to 6300 Å [8]. 

In order to measure Zeeman splitting, as well as radial velocities from line profiles in the 

workshops of ShAO, an attachment was made for the coordinate measuring instrument 

«Ascorecord » [9], similar to the Golnov attachment. This made it possible to see the line profile 

on the oscilloscope screen and precisely point to any point and take measurements regardless of 

the width, shape and intensity of the measured lines. The prefix made it possible to measure 

radial velocities and magnetic field strengths with an accuracy of  Vr = 1.5 km / h and H = 

150-200 Gauss, respectively. 
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Table 1. Observation program for selected magnetic stars. 

 

№ 
Number 

HD 
mv Sp 

Type of 

peculiarity 

V 

sini 

km/s 

Be (Gauss) 
Amount 

spectra 

1. 
19832 

56 Ari 
5.65 

AOp 

B8p 
Si, Cr, Sr 

200 

140 

-400/+550 

-340/+380 
13 (4 Å/mm) 

2. 34452 5.39 
B8p 

B4p 
Si, He 

65 

80 
? 18(4 Å/mm) 

3. 
65339 

53 Cam 
6.0 

A2p 

 
  -5000/+4000 12(4 Å/mm) 

4. 
108662 

17 Com 
5.4 A0p Sr, Cr 

35 

40 

-1150/+360 

-1100/+450 
10(4 Å/mm) 

5. 
108945 

21 Com 
5.4 

A2p 

A3p 

Sr 

Cr 

65 

70 
0/+400 23(4 Å/mm) 

6. 
124224 

CU Vir 
5.6 B8p Si, Cr 

130 

118 

-600 

-437/+811 
8(4 Å/mm) 

7. 
133029 
 

6.19 
B9p 
A0p 

Si, Cr, Sr 
20 
40 

+3270/+1150 
+4065/+2900 

19(4 Å/mm) 
5(10 Å/mm) 

8. 
137909 

β CrB 
3.72 F0p 

Sr, Cr ,Eu 

 
 -800/+840 14(4 Å/mm) 

9. 
140160 

 Ser 

5.26 

5.30 
A0p Sr, Eu, Cr 

82 

 
+760/-1840 25(4 Å/mm) 

10 
140728 

 
5.48 

B9p 

A0p 

Sr, Cr 

 

84 

109 
+310/-1080 16(10Å/mm) 

11. 
148112 
ω Her 

 A0p Cr, Eu - - 25 (4 Å/mm) 

12. 
184905 
 

6.5 
B9p 
B7p 

Si 

4200 
51 3000 18(4 Å/mm) 

13. 193722 6.15 
B9p 

B7p 

Si 

4200 

42 

60 
+/- 

20(4 Å/mm) 

10(10Å/mm) 

14. 
220825 

 Psc 
4.90 

A0p 
A2p 

Sr, Cr 
Eu, Si 

48 
38 

-400/+200 
? 

24(4 Å/mm) 

15. 
224801 
GG And 

6.25 B9p 
Cr, Sr 
Si, Eu 

49 
55 

? 12(10Å/mm) 

 

In 1974, the Coude focus (III chamber, dispersion 4-8 Å/mm) was equipped with an electron 

diffraction image converter (EDIC) developed at the All-Union 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 

conventional emulsions [10, 11]. 

The commissioning of the echelle spectrometer for the Coude focus of the 2-m telescope in 

1999 made it possible to expand the range of tasks in the study of magnetic stars (the study of 

weaker objects, fast variability, etc.) [12]. 

 

3. The results of studies of MCP - stars in the period of 1969-1998 

 

Spotting of the surface of a star used to be familiar only to astronomers - solar cells. The 

angular diameter of the Sun is 0.5 degrees, which allows you to observe small details (spots) on 

its surface. And the angular diameters of the closest magnetic stars are approximately 0.001 sec. 

arcs. Since the angular resolutions of modern telescopes, including the 2-meter ShAO telescope, 

do not exceed 0.5 sec. arcs, it is impossible to select individual 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 (hard 

rotation) should lead to variability of the profiles and Doppler shift of the observed spectral lines. 

This effect makes 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 will 

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 Aр stars there are several (n2) spots and lines 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 orientation of the axis of rotation with respect to the 

observer, difficulties arise with the separation of lines into components. It follows that in order to 



 119 

unambiguously separate complex line profiles into components and, based on their research, to 

obtain maps of the distribution of chemical elements over the surface of a star, it is first 

necessary to obtain high-quality spectra with high spectral and temporal resolution. 

The high quality of the obtained spectrograms and the good spectral resolution of the Coude 

spectrograph of the 2-m 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 of the atmospheres of Aр stars [14]. 

The method of localizing peculiar elements on the surface of Aр stars and moving them in 

accordance with the inclined rotator hypothesis was adopted to explain the spectral variability of 

magnetic stars. 

The results of further studies showed that these components are real (not a defect in 

observations and photographs) and are formed in separate local areas - in the “spots” on the 

surface of the Ar - star. After separation of the components, their radial velocities Vr and 

equivalent widths Wλ are measured. Then, using the phase relations Vr and Wλ, the surface 

structure of the star is revealed. Thus, for the first time, observer astronomers were able to 

determine the uneven distribution of chemical (peculiar) elements over the surface of magnetic 

Ap stars. This served as the basis for obtaining a map of the distribution of chemical elements on 

the surface of magnetic Ap stars [15–18]. 

From the spectra of 13 Aр stars 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 Hγ 

and Hδ lines, the number of atoms in the second quantum state (lgN2H) and the electron 

concentration (ne) 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 of 

minimum brightness, the Balmer lines are wider and deeper than at the moment of maximum 

brightness [20]. For some stars, periodic changes in radial velocities and equivalent widths of 

hydrogen lines were found [21, 22]. It was shown that for all the studied stars, the electron 

concentration has a minimum in those 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 of 

the star is responsible for the minimum lg ne. It 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 star НD 220825, differential studies of the contours of 

hydrogen lines were carried out. It was found that the largest changes show the central (nuclear) 

parts of the studied lines. Similar results were obtained for magnetic stars, α2СVn and εUMa 

[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 composition from 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 spectra of MCP 

stars was studied, the composition of which included almost all types of peculiarity with 

different values of the magnetic field and rotation speeds (see Table 1). For each star studied, the 

relative values of the equivalent widths (Wλ/Wλ (media)) of the hydrogen lines (H5 - H14) were 

calculated. The dependences were constructed between the quantities (Wλ/Wλ (cf.)) and the 

wavelength λ for the phases corresponding to the spot regions (maximum) (φР) and normal 

regions (φN) of the atmosphere of the studied stars. As a result, it turned out that all the 

constructed dependency graphs are divided into two groups. For the first group of stars in the 

spot region (φР), the relative values of Wλ increase with wavelength, while the opposite is 

observed for the second group. All the stars belonging to the first group 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 anomalous content (excess) of silicon in the atmospheres of these 

stars. In the case of the second group, the main role is played by other peculiar elements, 

especially rare earths, as a result of which there is an additional absorption (cover effect) in those 



 120 

areas of the atmosphere where on average the higher terms (n≥10) of the Balmer series are 

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 studied stars with their character of variability. 

Particular attention was paid to the study of fast rotators (HD 19832 (56 Ari), HD 124224 (CU 

Vir) and HD 220825 (χ Psc)). It is known that rotation speed, and not a magnetic field, is a 

determining factor for maintaining the field and the atmosphere stability of MCP stars, diffusion 

of chemical elements, leading to anomalies in the chemical composition in the atmospheres of 

these stars. In addition to slow rotation, the magnetic field creates additional atmospheric 

stability. 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 on high-quality 

spectrograms obtained with a 2-meter 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 II, Cr II, Sr II, Fe II, and Eu II were selected. In order to 

reveal the spotted structure of the star’s atmosphere, we constructed phase curves of the 

parameters (Wλ, Δλ, Ro) of the spectral lines, magnetic field, and brightness (in a 10-colour 

photometric system). By comparing the phase curves, we determined the phases that correspond 

to the largest peculiar (φР = 0.25-0.30) and normal region (φN = 0.5-0.55) on the surface of the 

star. In the phase φ = 0.25-0.30, most spectral lines are divided into several components. It was 

shown that all the observed hydrogen lines show synchronous changes, and the amplitude of the 

variations increases with an increase in the number of these lines. The phase of the maximum of 

peculiar elements (Si II and others) and the brightness of the star coincides with the phase of the 

minimum intensity of the H and He lines. It was revealed that a spot with a ten-fold deficit of He 

is located near the positive pole of the magnetic field [26]. 

The spectra of the rapidly rotating star HD 124224 (СU Vir) were studied in a similar way 

[27]. Using a comprehensive study, the phases (φ) corresponding to the largest peculiar (P) and 

relatively normal (N) regions of the atmosphere were determined, where φ(Р) = 0.5-0.6 and φ(N) 

= 0.15-0.25. It was found that the lines of hydrogen and helium change in antiphase with the 

lines of silicon, the brightness of the star, and the magnetic field. It was revealed that in the 

central part of the Hα lines there is a weak emission, which is not typical for stars of the Main 

Sequence [27]. 

Based on a large number (about 30) of high-quality (4 Å/mm) spectrograms, the period 

(Р=0d.583) of the spectral variability of a rapidly rotating magnetic star (χ Psc) was determined. 

This period value differs little from the period value (Р=0d.5803) which was found from 

photometric observations (see [18] and references therein). In the spectra of this star, the lines of 

the molecular band of CH 4310 were detected and changes in their intensities were detected. It 

was shown that changes in the intensity of the molecular band of CH λ4310 in the spectra of the 

χ Psc star occur in antiphase with changes in the intensity of hydrogen lines [28. 

The issues of electron density distribution over the atmosphere depth for MCP stars χ Psc 

were considered. For various magnetic stars (see Table 1), the electron densities were determined 

at various depths (τλ ≈0.24, τλ ≈0.7) of the atmosphere. It was found that the electron densities 

for the normal region hardly differ from the atmosphere of normal stars of the same spectral 

classes. In the upper atmosphere (τ≤0.2), the value of log ne (nm) for the region of spots is less 

than for the normal region of the atmosphere of the studied stars. In the lower atmospheric layers 

(τ = 0.5-0.7) of the studied stars, the electron densities in the region of spots are higher than in 

areas without spots [29, 30]. 

Behavior of the KCa II line from the spectra of 8 Ap stars was investigated by Aslanov and 

others. [31]. It is shown that the calcium lines show variability 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 the absorbing layer in different places of the star’s 

atmosphere and the presence of spots with an anomalous concentration of peculiar elements. 

Lines of heavy elements were found in the spectra of magnetic stars HR465, HD108662 and 

HD224801 [32]. The presence of heavy elements (Pm, Os, W, U, etc.) in the atmospheres of 
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magnetic stars is of 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, especially 

about the occurrence of chemical anomalies in magnetic stars. 

Detailed spectral studies have revealed lines of the elements of the r process in the spectra of 

the MCP star χ Psc [33]. High-resolution spectrograms were used to search for lines of r-process 

elements. The main objective of the study was to identify the presence of lines of lanthanides and 

actinides, as well as lines of other radioactive chemical elements (Z> 57). Using the example of a 

fast-rotating star HD 220825 (χ Psc), identification of spectral lines was carried out. It was 

revealed that the nature of the change in the lines of the r - 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 the r - process in the spectra of 

the studied stars. It is shown that the lines of heavy elements are not observed in all phases of the 

rotation period of this star. It was found that the peculiar regions for heavy and other elements do 

not coincide, which often leads to a disagreement of the results in the identification of lines in 

the spectrum of a magnetic star. 

Stronger lines Pm, Pb, W and U are in the ultraviolet region (λ <3000 Å) of the spectrum. 

The «Astron» space station launched in 1983, on board of which the ultraviolet telescope UVT 

was installed, made observations of a number of Ap stars (HR465, 73Dra and χ Cnc). The UVT 

spectrometer recorded in the range λλ2000-3000 Å with a spectral resolution of 0.4 Å [34]. In 

the UV spectra of the observed Ap stars, lines of heavy elements, Pb II λ2203.53, W IIλ2204.48, 

UII λ2556.19, 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 1974-1976 almost synchronous spectral and photometric observations of the 15 Vul metal 

Am star were carried out with a 2-meter 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 photometric variations 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 (HD40312, 17 Сom, χ 

Psc, etc.) [36]. 

A detailed identification of the spectral lines was carried out for the star χ Psc.  About 2000 

spectral lines were detected and identified in the spectrum of this classical magnetic star in the 

region of 3700-4700 Å and their central depths were measured. At the same time, the lines in the 

spectra of the normal star Leo (A2V) were identified. As a result, it turned out that the number of 

observed lines in the spectrum of the magnetic star χ Psc is approximately eight times larger than 

for the normal Leo star. The identification results for χ Psc can be used to identify lines in the 

spectra of magnetic stars for spectral classes B8-A4 [37]. 

Based on 24 spectrograms with a high spectral resolution (4 Å/ mm), the chemical 

composition of the MCP star HD220825 (χ Psc) was determined. Using the growth curve 

method, it was found that there is 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 accuracy (( =  0.05). However, the results of photometric and 

spectral observations indicate the presence of short-term changes in Ap stars that do not coincide 

with the rotation period. 

For star HD 108945, which is part of a joint research program, brightness changes with an 

amplitude of 0.m015 occurring with a period of 32 minutes were found even earlier, and the 

rotation period of this star is P = 1d.03. The results of the 2-m telescope conducted at the Coude 

focus using EPI and a three-cascade image intensifier UM -92 spectral observations of a number 

of magnetic stars (17 Сom, 21 Сom, HD148112, HD133029, HD224801, etc.) showed the 

complexity and ambiguity of the problem of studying short-term changes in Ap - stars. The 

exposure time of the spectrograms obtained 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 spectrograms 

made it possible to identify a number of features inherent in Ap - stars. The analysis of short-
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term changes showed that fast changes in Ap stars have both periodic (pulsation) and irregular 

(flare) character, which may be caused by pulsation in the upper atmosphere of the star and flare 

activity in areas with a high content of chemical elements (spots) respectively [39]. 

 
                      Table 2. The chemical composition of some magnetic stars. 

 
 

Z 

 

element 

ℓgЕ 

αAnd πBooA HD184905  Psc  Sun 

2 He -1.5 ? - 1.0 ? - 0.85 

6 C -3.3 -3.2 - 3.40 - 3.60 - 3.48 

7 N - - - - 4.26 - 3.99 

8 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 V - - ? - 6.70 - 8.04 

24 Cr -7.5 - 7.9 - 5.40 - 3.80 - 6.77 

25 Mn -4.7 - 4.5 - - 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 II, Sm 

II, etc.). An analysis of the changes led to the conclusion that pulsating shells may exist around 

these stars and that these stars have an active chromosphere. Periodic short-term changes were 

also found in stars HD9996, 17 Сom, 21 Сom, HD224801. The found periods ranged from 36m 

to 6h 41m. Observations of irregular variations associated with emission in some lines of peculiar 

elements indicate that areas with a high content 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 superlattices - stars: HD358, HD129174, HD193722, HD184905, and HD220825 and 

others [1,14,38]. 

Table 2 shows the results of determining the chemical composition for various types of 

magnetic СР - stars α And, π BooA, HD184905, and  Psc stars. Here, in the last column, the 

content of elements in the atmosphere of the Sun is given. Based on the table 2, we can draw the 

following conclusions. In the atmosphere of α And and π BooA, the largest excess is observed 

for P and Mn in the range of 1.5 - 2.5 dex ,whereas for the last two stars, the maximum 

anomalies are found for the elements Sί, Sr, Cr, Eu, Nd, 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 of 

the chemical element). The results of determining the 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 multiplets of FeII, MnII, SίII, CrI, CrII, 

etc. Moreover, the accuracy of determining the temperature varies within ± 500 degrees, 

depending on the selected line [37]. The Tion value was determined from the lines of atoms and 

ions of the above chemical elements, using the parameters obtained in [1.41]. Comparison of the 

obtained Texc and Tion values with the Teff estimates show that the ratio of these values (Teff / Tion / 

Texc = 1: 0.89: 0.82) is the same as that of normal stars of the main sequence of the same spectral 

classes (B8-A2). 

Despite the observed anomalies in the chemical composition, the global characteristics of 

magnetic stars (energy distribution in the spectrum, hydrogen line intensities, photometric 

indices, etc.) are not very different from the corresponding characteristics of normal stars of the 

same spectral class. An analysis of the chemical composition of Ar stars has shown that the 

abnormal (peculiar) elements are an order of magnitude higher than the same elements in the 

solar atmosphere [40]. 

To study the nature and origin of the family of magnetic CP stars, 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 typical representatives of various magnetic 

CP stars: HD 40312, HD 34452, HD 196502, HD 201601, etc. 

Based on 60 photographic spectrograms obtained in 1978-1986 for the star HD 40312 

(θAur), the period P = 3d.6188 was found, which equally satisfied all photometric, spectral, and 

magnetic observations of the star [42]. 

It was found that the amplitudes of changes in the relative values of the equivalent (W / W 

(cf.)) widths of the hydrogen lines increase with the wavelength. This means that in the spotted 

regions the distribution of physical parameters (Teff, P = Pg + Pe, ρ) and the peculiarity effect 

over the depth of the atmosphere are not uniform, as was obtained for most MCP stars. Two 

peculiar regions were found on the Aur surface, which are located at longitudes of 30 and 200 

degrees. The most peculiar region is located at the positive pole (L=200) of the magnetic field 

[43]. 

Magnetic field measurements are of particular importance for the study of chemically 

peculiar stars and other space objects. Using comparisons, it was found that for all magnetic Ap 

stars, the periods of variation of the spectrum, brightness, and magnetic field coincide within the 

measurement accuracy    (  = 0.05) [40]. 

Based on the well-known fact that all magnetic stars have chemical anomalies, we can 

conclude that there is a connection between the presence of a magnetic field and the 

phenomenon of chemical peculiarity. For this purpose, a rich observational material was 

obtained at the Coude focus of the 2nd m telescope of the ShAO using the Zeeman analyzer for 

measuring the magnetic fields of Ap stars. For some of the stars, these observations covered the 

entire period of rotation of the star (βCrB, HD 148112), and for some stars, materials covering 

individual phases were obtained (HD108662, HD108945, HD220825, etc.) [44–47]. 

As a result of the studies, it was found that for these stars, the regions with maximum 

concentrations of chemical (peculiar) elements and the extremum of the magnetic field coincide 

[43, 45]. 

Measurements of the magnetic field of the star β CrB showed that the magnitude of the 

magnetic field along the lines of various chemical elements varies with the rotation period, 

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 possible to measure the magnetic field over wide 

spectral lines with a complex component structure (HD148112) and it was possible to measure 

the magnetic field in individual spots on the surface of the star [46]. 

It was shown that in the spectra of Ap stars HD108662, HD108945, 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 spectrograms 

obtained with a 2 m telescope ShAO, it was shown that β CrB stars have long-term 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 spectrometer with a CCD camera 

on the 2m  telescope ShAO (1998-99). The introduction of a CCD matrix into observations made 

it possible to record more accurate spectral details and increase the accuracy of observations by 

more than an order of magnitude. Using an Echelle spectrometer with a CCD camera, it is 

possible to obtain spectra with high temporal and spectral resolutions that allow one to study 

pulsation and other processes in MCP stars. 

Three relatively bright stars (Psc, γ Equ, θ Aur) were selected in the research program. The 

exposure time for these stars ranged from 3 to 8 minutes, depending on image quality. It was 

found that in the atmosphere of γ Equ there are fast short-term oscillations of the pulsation type 

with a period of about 12 minutes, which are seismic in nature. All measured values (Vr¸ Wλ¸ 

Δλ/2¸ Ro) showed synchronous changes with the pulsation period, which confirms the reality of 

the existence of non-radial 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 short-term oscillations in the studied magnetic stars 

shows that these processes are not radial and are seismic in nature. Multi-periodic oscillations 

occur not at all phases, and not on the entire surface of the star, but arise only in local areas - in 

spots where there are pronounced anomalies of the chemical composition and a strong magnetic 

field (Be ≥200 G) [50]. 

For the first time, fast short-term oscillations were detected in the atmosphere of a magnetic 

Ap star  χ Psc,  with a period of P2 = 0 d.0119 ± 0.0008 (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 velocities and intensities of individual lines vary to varying degrees with the phase both 

for the period  Р1= 0d.583 and Р2 = 17 min, and the largest amplitudes are found for the lines of 

the main peculiar elements SrII, CrII, and EuII [50]. 

Based on a large number of (80) CCD spectrograms, seismicity and pulsation studies were 

performed for the  Aur star. However, the search results for quasiperiodic changes did not yield 

a positive result. It was learned that the magnetic field is clearly variable, but the number of 

observations is insufficient to construct periodic changes [51]. 

In the period from 1998 to 2019, comprehensive studies of various MCP stars were 

continued taking into account the peculiarity effect [52]. 

The effective temperatures 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 B4-F0. To take into account the peculiarity effect, using complex observations 

for the selected stars, the most peculiar (spotted) and normal regions on the surface of each star 

were determined [54]. To determine the effective temperature (Te), the H and H  line profiles 

corresponding to the most peculiar (P) and normal region (N) of the star’s atmosphere were 

selected. At the same time, colour indicators  (B-V) were used. It was found that, depending on 

the type of peculiarity and magnetic field, the values of Te found for the peculiar region are on 

average 500–1500 K larger than in normal regions of the atmosphere studied by MCP stars. 

The radii found from the values of Teff (N) [53] (normal region) better correspond to the 

values obtained by other methods [55]. 

It is concluded that the temperature differences obtained for the peculiar 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 surface of MCP stars [56]. 
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For 30 different magnetic CP stars in the range of the spectral classes B2-A9 (17000 > Te> 

7500), the axial rotation velocities were determined - vesini [57]. For this, high-quality (4 Å/mm) 

spectral materials obtained with a 2 m ShAO telescope were used. Unlike other works, the 

determination of the axial rotation speed was carried out taking into account the peculiarity 

effect. For comparison purposes, vesini values were also determined for normal stars of the same 

spectral classes. As a result, it was found that, on average, the rotation speeds of the studied 

magnetic CP stars are approximately 2–3 times lower than the vesini values for normal stars of 

the same spectral classes. 

1. It was found that the average dependences of vesini on the spectral class are not monotonic, 

and there are noticeable maxima and minima. The main minima fall on the spectral intervals 

A0-A3 and B8-A2, as is the case for normal stars [57]. 

2. There is a general tendency for vesini to decrease with the transition from earlier to later 

spectral classes. Using the results of published works, it is concluded that the process of 

deceleration of rotation of magnetic stars can mainly be completed before the stage of 

quasistatic  compression 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 indices (, z) of these stars [59]. For 

this purpose, for 20 different magnetic CP stars in the range of spectral classes B4-A9 

(16000>Teff >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 

equivalent line widths of these elements were determined for the spot region in the spectra of 

magnetic and normal stars W (N) with the same Teff. The found values of P(E) characterize a 

quantitative measure of the line amplifications of the element in question in the spectrum of an 

MCP star [60]. It was found that the highest peculiarity indices are shown by rare-earth stars, for 

which the value P (Eu) = 4.5-6.0. The found values of the P indices make it possible to compare 

the spectral (P) and photometric (according 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 of 

the relationship between the peculiarity indices (P and ∆α) and the surface magnetic field (Bs). It 

was found that the spectral (P) and photometric (∆α) peculiarity indices increase with increasing 

magnetic field to   5 kQ. Subsequently, an increase in the field sets in, i.e. a further increase in 

the magnetic field no longer affects these parameters [61]. 

For 30 different magnetic CP stars of spectral classes B0-F0, Balmer jumps (D) and their 

relations with effective temperatures were determined. It was shown that the maximum of D 

values for magnetic stars is shifted toward lower temperatures, by about 700-1000 K, in 

comparison with normal stars. The following conclusions are received: 

1. Comparison of the dependences of the Balmer jump D on Teff shows that the behaviour of 

the Balmer jump on temperature is the same for normal and magnetic stars. However, in 

magnetic stars, Balmer jumps are reduced compared to normal stars, as was previously 

noted by Glagolevsky et al. [62]. 

2. It has been revealed that the course of decreasing the Balmer jump in the considered 

temperature range of 7000–25000 K is uneven. The largest anomalies (ΔD = 0.04-0.06) are 

found in the temperature range Теff ≈9000К and Теff=10000-12000К, respectively, which are 

associated with the peculiarity type of MCP stars. 

3. It was found that the decrease 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 class B0-F0, studies 

were conducted on the nature of changes in their brightness [64]. 

 Phase light curves have been building based on photometric materials, obtained in 10 

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 three groups: 
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   1. The brightness of the early (B8-B0) 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 of the spectrum.  

    2. The brightness amplitudes for the second group of the investigated stars change in different 

rays significantly and in the region λλ5000 5500Å decreases to the minimum value. This is 

explaining by the occurring of depression in the continuum at the atmosphere of these stars. 

    3. It was obtained that the brightness variation in antiphase for magnetic A2-F0 stars is due to 

the blocking of lanthanide lines in the visible range of the continuum, particularly in the 

range of depression (λ5200 Å) [64]. 

  On the basis of the materials obtained in the 10-colour photometric system, the light curves 

of more than 30 different (B0-F0) magnetic CP -stars are analyzed.  As a result, the following 

main conclusions were obtained:  

     1.  The shine of the early (B8-B0) 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 

Å , the brightness   amplitude decreases to a minimum value.  

    3. For cold (A2-F0) magnetic CP-stars, the brightness in the short-wave (λ < 5000Å) and long-

wave  ( λ > 5500 Å) rays varies in antiphase due to the blocking energy in the continuous of 

the lines rare-earth elements in visible region.  

     The main cause of various changes in the brightness of magnetic CP-stars during the period 

is apparently the transfer of blocked energy from the ultraviolet region to the visible region of 

the spectrum backwarming (retrothermal) effect, magnetic line blanketing effect and blocking 

energy in the continuous of the lines by rare-earth elements in visible region [65]. 

 

The main, important results obtained in the ShAO on research of MCP stars: 

 

1. For all magnetic CP stars, the hydrogen lines of the Balmer 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 the H-lines 

increases with the wavelength; 

b) for the second group, an inverse relationship is observed. 

2. Using high-quality spectrograms obtained at the Coude focus of 2 m of the ShAO telescope, 

the coordinates (L, φ) 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 differs significantly 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 lines (λ ≥ 0.4 Å). 

5. An analysis of the results of studying short-term changes in some of the studied magnetic 

stars shows that these processes are not radial, but are seismic in nature. 

6. The effective temperatures Teff and the radii of various magnetic stars of class B4-F0 are 

determined, taking into account the peculiarity effect. It was found that, depending on the 

type of peculiarity and intensity of the magnetic field, the value of Teff  in the spot region is 

on average 500–1500 K higher than in normal atmospheric regions of the studied MSC stars. 

7. Using spectra with high spectral resolution (4 Å/mm) for MCP stars of classes B4-A9, 

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 peculiarity indices are shown 

by rare-earth stars, for which the value of P (E) = 4.5-6.0. 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 increase in the field. 
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8. For 27 different magnetic stars, the vesini axial rotation velocities were determined from the 

half-widths of the MgII, FeII, HeII line for the spot region (P) and the normal region of the 

atmosphere. It was revealed that the vesini value for MCP stars is approximately 2–3 times 

smaller than that of normal stars of the same spectral classes. It is concluded that the process 

of deceleration of the axial rotation speed of MCP stars is completed, apparently, before the 

stage of quasi-statistical compression of the star begins. 

9. The Balmer jumps (D) of MCP stars of spectral classes B2-F0 were determined, where it 

was found that the value of D for MCP stars is reduced by approximately D = 0.04-0.06 with 

respect to normal stars of the same spectral classes. It is shown that the decrease in the 

Balmer jump is due to the peculiarity effect in the spotted regions on the surface of these 

stars. 

10. According to 10 colour photometric observations, it was revealed that for some cold MCP 

stars (A2-F0) 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 region λ5200 Å) the 

spectrum is blocked by lines of rare-earth elements, the excess of which reaches 5-6 dex. For 

these stars, the absorbed energy (brightness reduction) in the region λλ5000-5500Å by lines 

of rare-earth elements is not accompanied by its increase due to the retrothermal effect, but 

is reradiated in the red region (λ> 10000 Å) of the spectrum. 

11. The main cause of various changes in the brightness of magnetic CP-stars during the period 

is apparently the transfer of blocked energy from the ultraviolet region to the visible region 

of the spectrum backwarming (retrothermal) effect, magnetic line blanketing effect and 

blocking energy in the continuous of the lines by rare-earth elements in visible region. 
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1. Young stars with low (T Tau Type stars) and intermediate (UX Ori stars) masses 

 

According to modern astrophysical concepts, non-stationary stars of the T Tauri type are the 

youngest stars in the Galaxy (their age is mainly 105-5106 years), are in the early stages of 

evolution. Therefore, the study 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 limitations on 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 emission spectrum) and to study their relationship with other characteristics of 

T Tauri stars, it is necessary to perform homogeneous and long-term spectral observations of these 

stars. 

Rustamov B.N. obtained a uniform systematic series of observations of the spectra of T Tauri 

stars - T Tau, RY Tau and FUORs- FU Ori and V1057 Cyg, in the Cassegrain focus of the 2-m 

telescope of the ShAO NAS of Azerbaijan. Using a 2x2 prism spectrograph with an inverse 

dispersion of 94 Å/mm for H and a standard diffraction spectrograph with an inverse dispersion of 

75 Å/mm. 

Quantitative two-dimensional spectral classification of stars is the most important method for 

studying the physical conditions in their atmospheres, based on spectrograms with moderate 

dispersion. Using this 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: two-dimensional quantitative 

spectral classification of B9-F8 stars, according to spectrograms obtained with a 2-m telescope 

ShAO using a 2x2 prism spectrograph. 

The development of a two-dimensional quantitative spectral classification of stars consists in 

obtaining reduction curves linking the spectral type or absolute magnitude with the equivalent 

width of the selected spectral lines. 

B.N. Rustamov developed a technique: two-dimensional quantitative spectral classification of 

stars, using the same equipment, for stars of spectral class F5-K0 and luminosity classes I-V [2]. 

The error in determining the spectral class by this method is, on average, 0.6 of the spectral class, 

and the absolute magnitude, depending on the chosen criterion, is (0.5m-0.6m). Subsequently, this 

technique was applied to a two-dimensional quantitative spectral classification of various non-

stationary stars (stars of the T Tauri type, FUORs, variable young stars with non-periodic brightness 

decreases) [3-6]. 

The main results obtained from the analysis of spectral observations of T Tauri stars - T Tau, 

RY Tau [5,7-10]: 

1. Based on a uniform, long-term (1972-1979) spectral material in the wavelength range of 

3600-5000 ÅÅ, some features of the emission spectrum of the T Tau star, corresponding to 

different levels of development of the emission spectrum of the star, were studied. A "flash" 

was found in the emission lines of hydrogen and H and KCaII with a characteristic time of 

about 15 days. The approximately tenfold increase in the EW (equivalent width)  hydrogen 

mailto:bayram_rustam@yahoo.com


 131 

lines was not accompanied by the appearance of emission in the lines of other elements. The 

average radial velocities along the lines of hydrogen and H and KCaII were + 60 km/s and 

did not show a noticeable change from night to night. 

2. As a result of a comparative study of the emission and absorption of the T Tau spectra, it 

was found that with the enhancement of the emission in the hydrogen lines, the spectral type 

of the star becomes later. This observational fact indicates a correlation between the 

emission from the active region on the surface of the star. The 15-day quasiperiod found by 

us is apparently the lifetime of active formation. 

3. As a result of a comparative study of the RY Tau spectra before and after the flare 

brightness, which occurred at the end of 1983 and at the beginning of 1984, the following 

features were found: after a flare with an increase in emission in Hα, the equivalent width of 

the H absorption line decreases, H and H before and after the flare did not show 

noticeable changes. The emission in the H and H and KCaII lines changes synchronously. 

The spectral type of RY Tau did not change after the flare; before and after the outbreak, it 

was estimated as G0. 

4. Observations carried out during the period of increased brightness 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 of the dynamic phenomena in the envelope as a whole did 

not change after the RY Tau flare, and the radiation flux in the Hα line increased on 

average. 

 

B.N. Rustamov studied the spectral features of such unique young stars as FUORs. These 

objects take their name from the name of the star FU Ori, in which Herbig first discovered an 

unusual sharp rise in the brightness curve for 120 days at 6m.5. With such an amplitude, only 

New stars flare up, but, firstly, unlike novae, the FUORs are located in the regions of star 

formation and, secondly, after the outburst, the brightness level of the FUORs can 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 of FUOR V1057 Cyg at its lowest brightness state after 

the outburst, for which the exposure time in the Cassegrain focus was about 7-10 hours. 

The main results obtained from the analysis of spectral observations of the FUORs stars: FU 

Ori and V1057 Cyg [4,6,11-13]: 

 

1. For the first time, on the basis of a homogeneous spectral material, 2D spectral 

classification of FUORs: FU Ori and V1057 Cyg, in the blue region of the spectrum. 

Deviations in the direction of changes in the spectral 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 luminosity classes of 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-II. 

2. Found a difference between spectral and photometric determinations of the absolute 

magnitude of V1057 Cyg. Perhaps 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 

3900-4900 ÅÅ. A depression of the continuum in the spectrum of FU Ori was found in 

the wavelength range 4100-4200 Å. 

4. The results of measurements of the equivalent widths of absorption lines H and Н in 

the spectrum of V1057 Cyg according to spectrograms obtained in 1978-1990 showed 

that for the period 1978-1985 the average value of the equivalent widths of the indicated 

lines decreased by about two times, and for 1987-1990 showed a certain increase. Using 

published UBV photometry, it has been shown that since 1983 there has been a 
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correlation between the equivalent width Hβ and the colour index U-B, with decreasing 

U-B, increasing the W(Hβ) value. Based on spectral and photometric observations of 

1978-1990, it is assumed that, starting from about 1984-1985. V1057 Cyg has entered a 

qualitatively new stage of development. 

 

Based on the totality of these works, B.N. Rustamov in 2003 defended his Ph.D. thesis on the 

topic "Spectral study of T Tauri stars and FUORs" [6]. 

At present, under the leadership of B.N. Rustamov is engaged in the study of young stars 

Sabina Mammadova, Vusala Alieva, Shabnam Agaeva. Sabina Mammadova in 2018 defended 

her Ph.D. thesis on “Spectral and photometric features of the UX Ori-type WW Vul star” [14]. 

Rustamov B.N., together with colleagues, in recent years have carried out the following 

works: on the basis of published data of UBV photometry 1978-1998. [15,16] and from the 

electronic database [17], according to the average data for each season of gloss values and colour 

indices, the behaviour of the colours of FUOR V1057 Cyg was analysed. Anomalous behaviour 

of the dependence of the colour index (U-B) on the value of V was revealed [18]. As V 

brightness decreases, (U-B) increases, but, at certain brightness values, begins to decrease. A 

similar behaviour of the (U-B) versus V dependence was found for UX Orion (UXOR) stars [see 

eg. 19.20]. Apparently, this observational fact can be considered as an indirect argument in 

favour of the physical "kinship" of UXOR and FUORs. There is an assumption that UX Orion 

stars are evolved T Tauri stars that have passed the stage of FUOR flares [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, since 

it is in these regions that planets and planetary systems are born from the primary matter of 

protoplanetary disks. 

To study these processes at the Shamakhy Astrophysical Observatory, spectral and 

photometric observations of a group of young stars are carried out, selected so that 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 variability - the so-called UX Orion stars 

(UXORs). 

UX Ori stars are unique natural laboratories 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 is the non-periodic, algol-like 

weakening of brightness. 

For the period 2006 – 2010, during 24 observation nights, the spectra of one of the 

remarkable representatives of UX Orion-type stars - WW Vul were obtained, in the wavelength 

range λλ 4700 - 6800 ÅÅ, in the Cassegrain focus of the 2-m telescope of the Shamakhy 

Observatory, on an echelle spectrometer using a CCD camera 580x530 pixel (with a dispersion 

of 10.5 Ǻ/mm, for Hα, R = 13600) [22-24]. 

Based on the homogeneous spectral material, the behavior of the spectral features of a UX 

Ori-WW Vul star in the extreme state of its brightness was studied. During the period of our 

spectral observations (2006 - 2010), there was a brightness eclipse (2008 - 2010) of the star in 

the V band (visual) [25]. A statistical analysis of the behaviour of the intensity ratios (V/R) of 

the emission components of the Hα line in the WW Vul spectrum was carried out, based on 114 

spectra, of which 24 were obtained by us in the period 2006-2010. [23,24,26-28], and using the 

published data for the period 1972-2003 obtained by different authors [20,29-33]. In the vast 

majority of cases, the intensity of the blue emission peak is less than the intensity of the red 

component (V/R <1), in many cases      V/R≈1, and only in isolated cases V/R> 1 (10 profiles 

out of 114). This, apparently, indicates that the regime of non-stationary 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 the circumstellar disk onto the star's surface is observed 

[14, 26-28, 36]. 

At four dates (July 8, 2006, August 17, 2008, June 13, 2010, and August 2, 2010), the second 

emission component was detected on the blue wing of the Нα line in the spectrum of WW Vul. 

The radial velocities of these components, measured using two spectra during the night of 

07/08/2006, turned out to be equal to -280.05 km/s and -290.24 km/s, and for other dates they 

had the values: -256.88, -294.36, -217.5 km / s, respectively [ 23, 24]. 

2006 - 2008 (before the eclipse) the D1, D2NaI 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 (after the eclipse), a narrow 

interstellar component is clearly distinguished, and the circumstellar absorption is enhanced and 

is present on the blue wing of the interstellar absorption [14]. 

Some correspondences were found between the radial velocities of the D1, D2 NaI line and 

the central absorption of the Нα line, indicating that the sodium doublet line is formed in a 

relatively hot and dense gas, i.e., in the region of formation of the Нα line. According to the 

known ratio of equivalent widths [Wλ (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, during the period of our spectral observations, the λ5876 HeI helium 

line has an absorption profile with a complex structure and broad emissions on the blue wing of 

the line, and demonstrates rapid variability of both absorption and emission components. In 

August 2007, the line of helium λ5876 HeI 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 August 2010, after the above-noted 

eclipse, both absorption and emission components increased [14]. 

A change in the spectral variability mode (by the lines: Hα, Hβ, D1, D2 NaI, HeI λ5876 Å) 

was revealed in the WW Vul spectrum in 2006 (before the eclipse) and in 2007 (the beginning of 

the eclipse) and 2010 (after the eclipse). On August 2, 2010, emission components were found in 

one spectrum on the blue wing of the Hα (second) and Hβ lines; blue-shifted absorption wind 

components appeared in the sodium doublet lines; in the HeI λ5876 Å line, both the absorption 

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 disk, as in the case of a UX Orion-type star RR Tau ([34, 

35]), we have a two-component Hα 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 to 

rapid changes in physical conditions in the region where these lines are formed. Such a 

mechanism can be the magnetic field in the accretion disk and/or on the star's surface, which 

determines the nature of the interaction between the star and its environment. [26-27, 36]. 

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 account 

when interpreting observational data. In this regard, the spectral features of selected binary stars 

of the UX Orion type are currently being analysed on the basis of the highly dispersive spectra 

obtained with the 2-m ShAO telescope. 
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2. Symbiotic stars: AG Dra and CH Cyg 

 

Symbiotic stars are spectrally resolved binaries 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 stellar 

wind, matter is accreted 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 short-term glow, characteristic of cataclysmic stars, which 

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 spectra of symbiotic stars, as in the spectra of planetary nebulae, forbidden lines and 

Raman scattering are an evolutionary indicator between these stars and protoplanetary nebulae. 

Symbiotic stars represent the last stage in the evolution of binary systems. The limited number 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) occurs, typical of young stars, 

double X-ray 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 started by Kh. M. Mikailov, since 1983 [37-

39], and since 1998 [40-51], he has been conducting regular spectral observations of symbiotic 

stars using modern radiation detectors - CCD matrices.  Kh. Mikailov obtained a uniform 

systematic series of observations of the spectra of symbiotic stars: AG Dra, CH Cyg, AG Peg, 

etc. 

The main results were obtained from the analysis of spectral (Zeiss2000) and photometric 

observations (Zeiss600) (1983-2008) of symbiotic stars: AG Dra, CH Cyg [37-46]: 

 

1. As a result of observations of the star AG Dra in 1998-2001 on echelle the spectrometer 

at the Coude focus of a 2-meter 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. Based on 40 spectra of the symbiotic star AG Dra obtained in 1983, the emission lines 

of hydrogen (Hα Hβ H) and He II 4686 were investigated using the classical method on 

UAGS and 2x2 two prism astrospectrographs at the Cassegrain focus of a 2-meter 

telescope and 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 account 

interstellar absorption. 

3. Comparison of spectral materials obtained in 1983-1987 at the classical spectrograph of 

the 2-meter ShAO telescope with photometric observations of the AG Dra star in a wide 

spectral range made it possible to propose a phenomenal model for the AG 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 components of the spectral line were 

observed. The likely system parameters are as follows: 

 

     MgK = 2.8 M⊙, Ma.c = 1.0 M⊙, Ṁ = 5 10-8 M⊙/year, 

     a = 440 R⊙, Rdisk = 6 R⊙, Vorb = 30 km/s. 

 

4. As a result of photometric observations of the symbiotic system AG Dra in UBVR 

filters 1994-1995 on the ZEISS-600 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 2m.9, 2m.2, 1m.4, and 0m.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. The V-band flare 

amplitude was ~ 1m magnitude. During a powerful flash, the 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.  Analyses of spectral materials obtained in 2004-2008 on the echelle spectrometer of the 

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 emission 

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 ionization 

mode. 

6. Based on spectral observations of the star CH Cyg carried out in 1998-2001, in the 

spectrum of the star, for the radial velocities of the Hα line 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 brightness change obtained by 

other authors. 

7. The appearance of elements of activity (double peak of deep central absorption of the 

Hα line, the appearance of the HeI and FeII lines) during a sharp increase in the 

brightness of the star CH Cyg. 

8. In symbiotic stars, the change 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 in the system. Based on the literature data, as well as the data obtained 

from observations at the ShAO, on the basis of a 40-year period for the symbiotic star 

CH Cyg, a curve of the dependence of the radial velocities of absorption lines on the 

Julian date was constructed. Our observations made it possible to clarify the meaning of 

the long period and 5650d was found for this period. In addition, a shorter period was 

identified, equal to 756d. 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 radial-velocity curve of emission lines plays an important role in 

determining the orbital parameters and mass of the hot component of the system. In the 

spectrum of 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 complex 

structure (for example, HeI). Relatively low ionized emission lines (lines of once ionized 

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 velocity measurements from absorption lines confirm the presence of two periods 

(P1 = 5650d and P2 = 756d), which indicate the triality of the Cygnus CH system. Some 

elements of the system's orbits are calculated. The radial velocities and other parameters 

of the Hα emission line indicate the presence of ~ 1350 day time changes, which were 

indicated by photometric measurements by Mikolaevsky et al. [52]: 

 

Based on the totality of these works, Kh.M. Mikailov in 2010 defended his Ph.D. thesis on 

the topic “Creation of echelle spectrometers and spectral study of symbiotic stars” [46]. 

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 photometric, behaviour, 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 

scales: from several minutes (blinking during the active phase), hundreds of days (pulsation and 
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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 star in the U rays gradually and slowly 

increases and at the end of 2014 reaches a value of about 7m-8m. Along with the synchronous 

increase in the brightness of the star in the U and V rays, the remarkable photometric and 

spectral changes taking place in 2014-2015. 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 kinematics 

develops in the circumstellar medium, as a result of the interaction between the binary system 

and the circumstellar 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 an eclipse, it is distinguished 

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 observed - a 

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 the 2-m telescope of the 

Shamakhy Observatory on an echelle spectrometer using a CCD camera of 580 × 530 pixels with 

a dispersion of 10.5 Å/mm at Нα (spectral resolution R = 14,000) [42]. 

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 of each spectrum 

is 20 minutes), the blue emission component undergoes rapid changes. The intensity ratio of the 

blue (V) and red (R) components (V/R) along the profiles of the Hα and Hβ lines decreases 

synchronously for about 2.5 hours, and then increases for about 3 hours and reaches the previous 

value. 

For the first time, we found that with changes in the V/R ratios of the blue emission 

component of the Hα and Hβ emission lines, the following occurs synchronously: 

a) changes in the intensity of the HeI λ5876 line. The central intensities and equivalent 

widths of the HeI λ5876 line correlate with similar data on the blue emission component 

of the Hα lines. 

b) changes in the equivalent widths of the blue emission component of the Hα and Hβ 

lines. 

c) changes in the intensity of high-speed broad absorption components on the blue wing of 

the Hβ line. During observations, at the beginning for 2.5 hours, with a decrease in V/R 

ratios, the intensity of absorption components increases, and for the next 3 hours, with 

an increase in V/R ratios, the intensity of absorption components decreases. 

High-speed wide absorption features with a complex structure were found in the blue wing 

of the Нβ emission line, with radial velocities along the absorption centers approximately: - 700 

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 NaI D1 absorption component approximately corresponds to the 

radial velocity of the blue component (~ -100 km/s), and the radial velocity of the emission 

component of the NaI D1 line is close to the velocities of the R component of the Hα and Hβ 

emission lines. 

The rapid spectral changes we found in the spectrum of CH Cyg are apparently associated 

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 activity of astrophysical objects with a 

compact companion is high-speed jet, the so-called jet (JET) ejections. These highly collimated 

jet ejections were found not only for relativistic (active galactic nuclei, microquasars, gamma-ray 

sources, radio pulsars, etc.), but also for non-relative (young stars located before MS, Herbig-

Haro objects, symbiotic stars, etc.) objects. This, apparently, indicates that we are dealing with 

one of the universal and rather effective mechanisms of energy release of astrophysical objects - 



 137 

from a protostars to black holes and quasars. Therefore, this phenomenon is considered the key 

to understanding the essence of the physical processes occurring in the widest class of 

astrophysical objects with a compact component. 

Symbiotic stars are 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 compact 

(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 released. 

In some symbiotic binaries, accreted material can form a disk around WD. 

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. There 

are about 200 symbiotic stars known to date, only 10 stars have 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 absorption lines 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, these 

absorptions can only belong to a collimated ejection moving along the line of sight and therefore 

projecting 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 manifests itself not in emission, 

but in absorption of radiation. 

At present, the structures of nonrelativistic Jet absorptions of the symbiotic star CH Cyg are 

being investigated on the basis of homogeneous highly dispersive spectra obtained with the 

ShAO 2-m telescope. 
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Introduction 
 

          Study of photometric and spectral variability is an effective method for diagnosing 

physical processes occurring in the accreting compact supermassive objects, which are the 

majority of the nucleus of active galactic (AGN). Characteristic time of this variability shows 

small sizes of regions emitting optical continuum and broad emission lines. Investigation of the 

photometric and spectral variability is necessary to explain the structure of active nuclei, without 

which it is impossible to get close to the solution of the problem of the central 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 

brightness variability 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 hole and non-collapsed 

magneto-plasma 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 above-mentioned concepts. Researches of nuclei of active galaxies 

changing spectral and photometric characteristics and spectral type in a short-term period 

because of significant variations of luminosity are certainly actual since they give us important 

information for understanding the geometry, physical nature and evolution of the nuclei 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 processes 

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 local maxima. The emission source of 

galaxies - mainly are stars, the 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 re-radiate 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 first 

time were determined by the American astrophysicist S. Seyfert. In 1943, he published a study of 

12 such unusual galaxies, later these galaxies named after him - Seyfert galaxies. A serious 

interest in these objects began only in the late 1950s of the last century. Historically, the study of 

active nuclei galaxies at the Shamakhy Astrophysical Observatory named after N. Tusi, of 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 ShAO ANAS.                

 

Photometric and spectral characteristics of the variability of quasar 3C 273 

Photometric UBVR observations carried out on April 19-20, 1988 of the quasar 3C 273 

also showed a brightness change over 2.8 hours. Photometric UBVR observations were carried 

out using an electroctrophotometer operating in the photon counting mode, installed on the 60-

cm reflector of ANAS SHAO. The 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 in 1978-1994. 253 ultraviolet 

(UV) spectra were taken from the IUE database archive. 142 from these are SWP spectra, 

mailto:nazimqaramamedli@mail.ru
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covering the range of 1000-2000 Å, the rest of the LWP spectra cover the range of 2000-3300 Å. 

For SWP spectra, the dispersion is 1.515 Å/mm, and the resolution is 6 Å/mm. It should be noted 

that the observations were carried out for 16 years and in different seasons of the year. 

Sometimes in the same night for several hours with interruptions, 3-4 spectra of the quasar 3C 

273 were obtained. Using these spectral data, we measured the flux in the continuous spectrum, 

and also estimated the intensity (flux) in different emission lines (OVI (1033 Å), Lα (1216 Å), 

SiIV+OIV 1399 Å, C IV (1549 Å) [2]. 

One of the key questions facing astrophysicists is the question of the energy source of the 

activity of compact objects, the 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 of 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 lines were analyzed. A high degree of correlation is observed between the fluxes in the 

1300Å and 1650Å continuous spectrum. The correlation is r = 96.8%. The flux in the continuous 

spectrum at 1650 Å and the flux in the C IV line at 1550 Å show an inverse correlation (r = -

61.8). The flux changes in the OVI, Lα, 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 different 

and not related to each other [3]. 

In conclusion, we present the main conclusions we obtained in this work: 

1. Obtained in 1978-1994 UV spectra of quasar 3C 273 show chaotic variability of the 

flux in the continuous spectrum and in different lines. Short-term and long-term 

changes in the spectrum were found. 

2. For quasar 3C 273, fluxes in the continuous spectrum in the 1300 Å and 1650 Å 

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 are formed 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 Å line) show an inverse correlation with each other: r = - 61.8%. This may 

indicate that the mechanism for the 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 galaxy NGC 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 explained by the 

presence of supermassive black holes in their nuclei, onto which galactic gas and stars are 

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 galaxy in relation to the observer. 

 Observations of the nucleus of the Seyfert type-1 galaxy NGC 3516 were carried out in 

1989-1994 with the Zeiss-600 telescope of the Azerbaijan National Academy of Sciences. Fast 

photometric observations were carried out in a differential way, using close comparison stars, 

with an aperture of 27″ and with a UBVR electrophotometer operating in the photon counting 

mode. FEU-79 was used as a radiation detector [4]. 

 A fast photometry of the nucleus of the Seyfert type 1 galaxy NGC 3516 was carried out. 

The observation was carried out with the Zeiss-600 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 0m.09 ± (0m.012), 0.m05 ± (0.m005), 0m.07 ± 

(0m.009) and 0.m05 ± (0.m005) in the UBVR filters, respectively. The duration of observations 

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 out for 1 hour 30 minutes. No brightness changes with an amplitude exceeding 0m.02 

were found. The brightness changes on December 22/23, 1993 within 2 hours 46 minutes were 

found only in filter B and amounted to 0m, 04 ± (0m, 009) [6]. 

 On January 7/8, 1994, UBVR photometry of the nucleus of the galaxy NGC 3516 was 

carried out for 2 hours 10 minutes. The brightness changes of NGC 3516 were 0m, 08 ± (0m, 

012); 0m, 07 ± (0m, 008); 0m, 04 ± (0m, 009); 0m, 05 ± (0m, 005) in UBVR filters, respectively. 

And that night, a unique delay effect was observed [7]. 

 The nucleus of the galaxy NGC 3516 was observed on January 11/12, 1994 for 2 hours 

27 minutes. The brightness changes were 0m, 06 ± (0m, 011); 0m, 05 ± (0m, 009); 0m, 04 ± 

(0m, 008) in UBV filters, respectively. And 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 

carried out for 1 hour 55 minutes, the brightness changes of which were 0m, 04 ± (0m, 011) and 

0m, 06 ± (0m, 008) in the UB filters, respectively. No changes in brightness were found in VR 

filters [8]. 

The results of the above observations allow one to assume that a flare has been detected 

in the core of the Seyfert galaxy NGC 3516, with a characteristic time of about 100-120 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 time. Thus, the brightness variability 

is the result of a certain physical process that covers the entire nuclear region of the galaxy 

R = C x T = 3 x 1010 cm/sec x 7,6 x 103 sec = 0,228 х 1015 cm 

  The size of the domain, which is responsible for the brightness change, is determined 

from the characteristic variability time and is 0.228 x 1015 cm [10]. 

In addition, observations in four filters have revealed a unique delay effect in brightness 

changes, the maxima of which come 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 7/8, 

1994. The variability on May 9/10 was 0m.09 ± (0m.012) and 0.m05 ± (0.m005) and 0m.07 ± 

(0m.009) and 0.m05 ± (0.m005) in the UBVR filters, respectively. The brightness changes of the 

core of NGC 3516 on January 7/8, 1994 was 0m, 08 ± (0m, 012); 0m, 07 ± (0m, 008); 0m, 04 ± 

(0m, 009); 0m, 05 ± (0m, 005) in the UBVR filters, respectively [7]. 

It should be noted that, in UBVR filters, the brightness of the galaxy NGC 3516 from 

1989 to 1994 is increased by about 0.6m-1m. 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 type NGC4151 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 Seyfert type I galaxies NGC 3516 and NGC 4151 [7]. 

 The observations were carried out in 1978-1994. 64 ultraviolet (UV) spectra were taken 

from the IUE database archive. SWP spectra cover the region 1000-2000 Å. For SWP spectra, 

the dispersion is 1.515 Å/mm, and the resolution is 6 Å/mm 

We measured the flux in the continuous spectrum in two bands at 1300 Å and 1650 Å. 

Also the intensity in the various emission lines. Basically, we have considered only emission 

lines in the UV part of the spectrum. We are mainly interested in the nature of the change in 

intensity in different spectral ranges, since studying the intensity makes it possible to construct a 

photoionization model of the surrounding gas cloud. According to this model, the surrounding 

gas cloud is ionized by radiation coming from a central source. For this reason, long-wavelength 

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 Seyfert galaxy of the first type NGC 3516 during the 

same night, with a characteristic time of 100-120 minutes. According to observations 

on May 9/10, 1989, the brightness of the galaxy changes during one night with an 

amplitude of 0m.09 ± (0m.012); 0.m05 ± (0.m005); 0m.07 ± (0m.009) and 0.m05 ± 

(0.m005) in UBVR filters, respectively. On January 7/8, 1994, the brightness changes 

were 0m, 08 ± (0m, 012); 0m, 07 ± (0m, 008); 0m, 04 ± (0m, 009); 0m, 05 ± (0m, 

005) in UBVR filters, respectively. [7, 8, 9] 

2. A unique delay 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 short-wavelength 

observed at the ShAO and foreign observatories may indicate that the glow of most 

AGNs 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, the size 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 passive states of the nucleus are observed [14]. 

5. According to UV observations on 1978-1994 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 are fast (weekly), average (monthly) 

and long-term (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 spectrum is not observed at the minimum. The 

reason for this phenomenon may be that the emission line is formed due to a non-

thermal mechanism, and the continuous spectrum is formed due to a thermal 

mechanism; 

7. In the continuous spectrum at different wavelengths (1300-1650 Å), fluxes at a very 

high level (r = 98%) correlate with each other [14]. 

 

Spectral and photometric study of the seyfert galaxy NGC 2617 
In the unification model, two main types of AGN are postulated, with wide emission lines 

(type I) and only with narrow lines (type II), which are the same type of objects, the appearance 

of which depends on the visibility to the observer. Type I AGNs have very broad emission lines 

and a higher level of continuous emission, while type II AGNs lack broad lines, have only very 

narrow emission lines and a weaker continuum. The idea behind the unification scheme is that 

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 black hole, and 

narrow lines are emitted at a more distant distance outside the torus, then broad lines may be 

hidden depending on the angle at which the AGN is seen. The best evidence for this scenario is 

the spectropolarimetric observations of some type II AGNs, in which 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 mystery. The fact is that 

they are visible even in the early Universe, hundreds of millions of years after the Big Bang, and 

already have a large mass, although according to calculations they should not have time to gain it 

with such a short history of existence [18]. 

Thus, the abrupt change in the Seyfert spectral type due to flares observed in some 

AGNs, including NGC 2617, can provide us with very important and valuable information for 

understanding the geometry, physical nature and evolution of the nuclei of active galaxies. 

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 Seyfert type 1 galaxy (Sy 1). 
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Our observations covered the region from IR (JHK) and optical (BVRcIc) photometry and 

spectroscopy. In addition, we used filter-free optical monitoring of the robotic International 

MASTER network from 2010 to 2016. We found that the nucleus of NGC2617 remains in a high 

state so far and can still be classified as type-Sy 1. Observations in the optical and infrared (IR) 

ranges showed that NGC 2617 AGN activity continues and that in 2016 in April-June he 

underwent another series of outbreaks. These flares are comparable in level to those when NGC 

2617 was observed by Shappee et al. in 2013. We then began observing in soft X-ray and 

ultraviolet light with the Swift spacecraft. These observations began in 2016 on May 17, and 

continued until 2016 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 observatories 

and countries. We were able to show that the object is still in an active state and has not returned 

to its previous spectral type. We found several bright flares (comparable to those observed in 

2013), which were accompanied by spectral variability. According to IR observations obtained 

with the new 2.5 SAI telescope, it was found that the variability delay in the K filter increased by 

about a factor of 2, which may be due to the partial sublimation of dust over the past three years 

[19]. 

We obtained optical spectra in the range of 4100-7000 Å using a 2×2 prism spectrograph 

and a 4K CCD (spectral resolution 3-7 Å) on a 2-m telescope of 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 can be classified without any doubt as an NGC of type 

Sy 1. In our spectra one can see the displaced component of the emission in the red wing Hβ 

with a relative velocity of about + 2500 km/sec, which is not visible in the spectra obtained by 

Shappee et al. in 2013. We were unable to verify that this new component is also present in the 

Hα profile due to the low resolution of the prism spectrograph at long wavelengths. This 

component in the red region cannot be reliably identified in the Hγ profile, since there is strong 

emission in the forbidden line [O III] λ 4363 [19]. 

Optical and near-infrared photometry, optical spectroscopy and soft X-ray and UV 

monitoring of the nucleus of the active galaxy NGC 2617 with a changing appearance show that 

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 broad 

Balmer line profiles. A new shifted emission peak appeared in the region of the Hβ lines. The 

change in the X-ray region correlates very well with the UV region and may be delayed by about 

~ 2-3 days. The K band is delayed relative to the J band by about 21.5 ± 2.5 days and the total 

delay in the B + J filters is about ~ 25 days. The delay in filter J from filter B is approximately 3 

days. This may be due to the fact that the change in the J-band occurs in the outer part of the 

accretion disk, and the change in the K-band is due to the thermal re-ejection of dust. We assume 

that the changes 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 dramatic spectral-type changes 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 Sy 

spectrum, so we assume that a sharp 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 [17, 

19]. 

CCD photometry on the 50-centimeter telescope AZT-5 at the Crimean station of the 

Sternberg Astronomical Institute Moscow State University (SAI) conducted on May 7 and 9, 

2016 showed that NGC 2617 had B = 14.71 in the filter in a 10-second aperture. This is about 

0.3 stellar magnitudes brighter than April 22 of the same year [15]. 

CCD photometry performed without a filter with a 15 second (8-pixel) aperture of the 

Global International Robot Network MASTER on May 11, 2016 confirms that NGC 2617 

continues to remain bright and continues to change brilliance over time. It is brighter than April 

http://www.sai.msu.su/msu.html
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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, and then faded to B = 14.99 over the next three weeks. The 

amplitude of the V-band brightness variation was approximately half of the B-band variability 

[17]. 

We also carried out JHK-photometry with the new 2.5-meter telescope of the Caucasian 

Mountain Observatory of the SAI 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 cross-correlation analysis shows that changes in the K-band 

relative to the J-band are lagged by 18 ± 2 days. This is roughly double that obtained from 

Shappee et al., 2013 IR data. If the delays obtained from observations are real, then this can be 

explained by the sublimation of a part of the dust around the core over the past three years [19]. 

All NGC 2617 data converted to International Johnson-Cousin value. We measured the 

background in a circular radius of 35-45 seconds. Light curves in BVRcIc fillers are shown in 

Fig. 2. The magnitudes correspond to an aperture 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 in mid-April. It became brighter again at the 

end of April and peaked at about 14.6 in the B filter on May 19, 2016. Another maximum of 

such values was reached on June 15, 2016. The amplitude of the changes in the V filter was 

approximately half the amplitude in the B filter. Variations in Rс and Iс were synchronized with 

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 using 

online tools provided by the UK SWIFT Science Data Center; The resulting spectra were 

grouped to have at least one count per bin and were set in the 0.3-10 keV range with the XSPEC 

software package using Cash statistics. 

The Swift UV and Optical Space Telescope observed in parallel with the XRT telescope, 

which allows for broadband coverage from optical to X-ray 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 website of the British Data Science Center. 

Photometry was carried out using the uvotsource procedure with initial apertures of radius of 5 

and 10 seconds for the background for all filters. 

The previous X-ray flux, variations in UVW1 and in filter B in combination with filter-

free MASTER optical data (2010-2015) is very well consistent. The amplitude of the gloss 

change is the largest for X-rays and decreases as wavelength increases. 

We estimated the delays between changes in the continuum in different bands using two 

independent methods: MCCF, a modification of traditional cross-correlation 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 that between 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 photometric 

(IR-JHK and optical BVRI) monitoring of NGC 2617 to make sure that it is still in state Sy 1. In 

2016 and 2017, NGC 2617 revived again to near-2013 activity levels. However, from early April 

2017 to late May 2018, the object had a very low brightness level and there was little change. In 

December 2017, according to observations of the Swift Space Telescope, the flux in the X-ray 

region (X-ray) was the lowest, since when monitoring began in 1982 with UVW1 = 15.16 ± 

0.03, B = 15.60 ± 0.03 (Swift). It should be noted that a similar deep minimum was observed in 

April-May 2018 according to optical data. Our new optical spectra, obtained in April-May 2018, 

showed very low intensity of the broad Hβ 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 June 2018, NGC 2617 became brighter again and now has a magnitude in the 

filter B = 14m, 9 ± 0m, 05 [20]. 
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The unification model of ANG, which explains the variety of types only by different 

orientations to the observer, is very popular, but it has a number of problems and, in particular, is 

not able to explain cases of rapid changes of the spectral type. We assumed that such changes are 

not exceptions, but occur regularly in all RAG variables. The differences in the types of RAG are 

undoubtedly associated with different 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 in 

the orientation of the galaxy to the observer. The example of our galaxy can be convinced of this. 

Our Galaxy around its axis at a speed of 220 km/sec makes a complete revolution in 230 million 

years. From this statement it can be seen that the change in the orientation of the galaxy to the 

observer occurs over a very long period of time and cannot explain the fast, that is, over 5 - 10 

years, changes in the spectral type of active galaxies. 

Taking this into account, we assumed that the absorption changes due to changes in the 

accretion rate and variations in the luminosity of the central source in the ANG, 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 delays on 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 international 

conferences, has independent observational confirmation, but needs further verification [19]. 

We consider it more probable that changes in the spectral type of ANG are a consequence 

of normal processes for Seyfert galaxies. It has also been argued for a long time that the type of 

ANG depends on the accretion rate and, therefore, changes in the spectral type arise due to 

changes in the luminosity of the central engine. Our observations from X-ray to infrared regions 

of the Seyfert galaxy NGC 2617 support this picture. In order to explain the changes in the 

optical attenuation of ANG and the associated changes in the X-ray spectra, it has been proposed 

that the damping material has an inhomogeneous distribution. 

We have shown using spectral and multiwave photometric observations that the Seyfert 

galaxy NGC 2617 continues to be in an active state and, apparently, while it is of the spectral 

type Sy 1. Remaining in an active state for a long time and the occurring short-term variability 

are not always consistent with a change spectral type due to the ongoing tidal disruption in NGC 

2617. We assume that the spectral 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 presence of a variable emission component in the Hβ 

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 2617 

was not 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 February 

2012. This result is confirmed by observations of the international robotic network MASTER 

carried out in the period 2010-2016. 

 We determined the time delay in the K band (2.2 μm) relative to the optical variability in 

NGC 2617 in 2016 was about 25 days, which coincides with the estimate of the radius at which 

dust sublimation 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 do 

not allow, unfortunately, to reliably determine the delay. It is possible that changes in the 

magnitude of the delay have occurred, but the available data do not allow it to be unambiguously 

determined. [19, 21]. 

 

Spectral and photometrıc study of the seyfert galaxy NGC4151 

We plotted the historical light curve for the Seyfert type 1 galaxy NGC 4151 for the 

period 1906-2016. Using the Fourier algorithm (CLEAN algorithm), we found a periodic 

component of ~ 16 years in the 110-year light curve. 40 years ago, the same period was initially 

obtained from Odessa photometric data. This "period" observed on the light curve was then 
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independently derived from spectral variability and is interpreted as the case of a supermassive 

binary black hole. We interpret these periods as some dynamic accretion 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 variability over the past 110 years. The new CCD 

photoelectrical data were obtained with a 0.6-m telescope at the Shan of ANAS and a 1.0-m 

telescope at the Weihai Observatory of Shandong University in Shandong province. We have 

also added 29 points from Schnülle et al reduced from z to our system in B [22]. 

Historical light curve plotted by us from observations for the historical period 1906-2016. 

On the 110-year light curve, we can see various variable components: 1 - a fast component, 

variability with a characteristic time of about tens of days, 2 - a slow component, changes with a 

characteristic time of about several years, 3 - a very slow component with a time of about tens of 

years. 

To search for the periodic component, the Fourier analysis algorithm (CLEAN) was 

applied; 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 the 110-year light curve. This "period" 

observed in the light curve was then found independently and in spectral variability 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 1906-2016 which is the longest known light curve 

among the variable Seyfert galaxies. The interval between 1906-1966 is mainly represented by 

the obtained photographic observations, which were obtained in Moscow, Odessa, Harvard and 

Stewart on photographic plates, which are preserved in archival data. All these data can be 

combined together and reduced to the same system as the photoelectric data in the B filter. The 

calculations were carried out only using magnitudes obtained from the Odessa Observatory, 

since these observations overlap with photoelectric and other photographic data. Pacholczyk 

values require 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 high and long-term active state in the Seyfert galaxy of the first type, NGC 4151, 

was during 1987-1998 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 periods for the 

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 2018aoq 

The supernova SN II-P 2018aoq, which exploded in the Seyfert galaxy NGC 4151, after 

the explosion from 2 to 100 days photometric and from 11 -71 days, spectral observations of this 

unique object were carried out. The distance to this object is known with poor accuracy, which 

interferes with effective calibration. Estimates of the distance to NGC4151, published in recent 

years, range from 4 to 29 Mpc. Significant peculiar velocities make estimates based on red 

mixing very uncertain and therefore, requires distance determination based on other methods. 

We have determined the distance using two methods. The II-P supernova SN 2018aoq in the 

Seyfert galaxy NGC4151 presents a unique new opportunity to obtain an independent distance to 

the galaxy. We used our photometric UBV RI CCD observations (60-cm and 50-cm telescopes 

of the Crimean observatory of the GAISH; 70-cm and 20-cm of the Moscow observatory of the 

GAISH; 1-m telescope of the Simeiz observatory INASAN; 60-cm telescope of the SHAO) and 

spectral observations (2-m telescope of ShAO). Using the EPM (Expanding Photosphere 

Method) method, we found the distance D=20.0±1.6 Mps. And using the standard candle 

method, we found 16.6±1.1 Mps. It should be noted that determining the distances to galaxies is 

of very great scientific importance. Since this makes it possible to construct 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]. 
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            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 methods of space research, 

in other words, the development of instruments and methods of near-earth and terrestrial 

astronomy. It also accelerated the technical reconstruction of existing observatories. In the areas 

with favorable astroclimates of some countries new observatories and large telescopes have been 

built. The Shamakhi Astrophysical Observatory (ShAO) was established in 1959 on the basis of 

the Astrophysics Laboratory under the Institute of Physics of the Azerbaijan Academy of 

Sciences since 1953 (later the 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 1957, the first Chromosphere-Photosphere Solar Telescope, was built 

at the Pirgulu Astronomical Station and solar patrol observations began. In 1959, a 200 mm 

photoelectric telescope was put into operation, which solved the problem of studying the 

astroclimate of the area. In the following years, Horizontal Solar Telescope (1962), AST-452 

Telescope (1964),  AZT-8 Telescope (1970), and Zeiss-600 Telescope (1980) were put into 

operation. The purchase of the 2-meter telescope manufactured by Carl Zeiss company from 

German Democratic Republic and its expluation in September 1966 is of special importance in 

equipping the observatory. 

 

    2-meter telescope and its devices 

 

The Zeiss-2000 Telescope is the second of five such telescopes reflector of which is 

manufactured by Carl Zeiss Jena (Germany). It was brought to the observatory in 1964 and put 

into operation in 1966. Geographical coordinates are: λ = 48° 35' 50" E, φ = 40 ° 46' 51" N. The 

telescope was built at an altitude of 1460 m above sea level. The main mirror is parabolic, with a 

diameter of 2080 mm and a focal length of 9000 mm. On the opposite sides of the main tube of 

the 2-meter telescope diametrically opposite 1 pair of seekers (lens diameter - 110 mm, focal 

length - 1130 mm, field of view -1 °) and 1 pair of guide telescopes (lens diameter - 300 mm, 

focal length - 7500 mm, field of view - 15') fastened. The outer layer of the dome and the 

building is covered with aluminum plates for thermal insulation.  

   

                  
 General view of the 2-meter telescope. Left image from the outside,  

right image from the inside. 

mailto:mikailov.kh@gmail.com
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           The 2-meter 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 f/4.5, useful field of view is 6'x6', 

designed for obtaining spectra of weak objects. With the help of correction lenses it is 

possible to increase the useful field of view to 21'45 x 21'45 and is designed for the 

direct photography of celestial bodies. The scale on the focal plane  is 23ʺ/ mm. 

2.  Cassegrain focus. Effective focal length is F = 29.5 m, focal ratio is f/14.75, size of 

view field 7'x7 ', scale on the focal plane is 7ʺ/mm. 

3. Coude focus. Effective focal length is F = 72 m, focal ratio is f/36, size of view field  

3'x3', scale on the focal plane is 2.8ʺ/mm. 

 

         
 

      Optical scheme of the 2-meter telescope. 1 – primary 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 length is fcass = -

3600 mm, fcoude = -2850 mm; 4 flat mirror with size- 620x400 mm; 5 flat mirror with diameter d = 520 mm; 6 flat 

mirror with diameter d = 50 mm., S is the center of gravity, P counterweight 

 

From the beginning, the telescope was mainly used for spectroscopy. In the past, Kodak 

and ZU photoplate were used as light receivers to obtain spectra. In 1998, electronic detectors 

began to be used. From 1998 to 2014, Russian-made nitrogen-cooled 530x580 CCDs were used 

for spectral observations, and then CCDs produced by Alta Apogee 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 2009, 

the hydraulic and electrical systems of the 2-meter telescope were reconstructed in 2012-2013 by 

the Czech company ProjectSoft [3] and the control system was automated [4].  The conventional 

industrial control system of Siemens company was used to control the telescope. The integrated 

control program works directly on the programed logic controller (PLC). All calculations are 

performed on the single processor, which ensures the most reliable control. The telescope is 

controlled and visualized by PC. In addition, the telescope can be controlled remotely using the 

standard TCP/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 includes 

calculation of precession and refraction, correction of aberration and nutation, etc. All this 

increased the speed and accuracy of the telescope's orientation to new coordinates. For example, 

the telescope's orientation accuracy has been reduced from the original 300 to the current 6 

arcsec. Equipping the telescope with a control system that meets the modern requirements of 

terrestrial astronomy and new light receivers allows the Observatory to successfully participate 

in international cooperation in astronomical research. 

 

 
General view control panel of the telescope. 

 

 

Optical devices of 2-meter 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 is 

21′45x21′ 45. 

2. 3-chamber 232 spectrograph used to obtain spectra of weak objects with small resolution with 

dispersion diffraction 137; 86; 79; 46; 29 Å/mm grating  
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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 constant - 650 mm-1 

Schmidt camera 1 - diameter - 125 mm, focal length - 150 mm 

Dispersion - 33÷100 Å / mm 

The linear dimension of the spectrum - 50 mm 

Schmidt camera 2 - diameter - 125 mm, focal length - 75 mm 

Dispersion - 67÷200 Å/mm 

The size of the photographic plate - 11x50 mm 

Schmidt camera 3 - diameter - 125 mm, focal length - 45 mm 

Dispersion - 133÷400 Å/mm 

The linear dimension of the spectrum - 50 mm. 

 

Since the cameras have an internal focus, it is not possible to use modern light receivers (CCD 

matrices). 

       There are 3 spectrographs of Cassegren focus (standard diffraction grating spectrograph, 

universal diffraction grating spectrograph, 2x2 prism spectrograph) and a cassette device for 

photography. Standart spectrograph of Cassegren focus 10; 15; 25; 30; 37.5 is a spectrograph 

with two Schmidt camera diffraction grids with a dispersion of 75 Å/mm. Optical characteristics 

of the spectrograph: 

Collimator - aperture 1:14.5; out of axis type 

Grating - 139x150 mm 

Dispersions - 10 ÷ 30 Å/mm 

Schmidt camera 1- diameter 366 mm, focal length 540 mm 

The format of the photoplate is 19.5x126 mm 

Schmidt camera 2 - diameter 234 mm, focal length 220 mm 

Dispersions - 37.5÷75 Å/mm 

The format of the photoplate is 12.5x60 mm 
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General view of the cassegrain spectrograph. 

 

Coude focus has 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, dispersion - 16; 24 Å/mm. 

Camera 2 - Spherical mirror, focus - f = 700 mm, diameter - d = 550 mm, corrector diameter - 

268.9 mm, dispersion - 8; 12 Å/mm. 

Camera 3 - Spherical mirror, focus - f = 1400 mm, diameter - d = 800 mm, corrector diameter - 

226 mm, dispersion - 4; 6 Å/mm. 

Note: 

1. The Cassegrain Echelle Spectrograph was developed in 2004 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 light 

receiver (2x2 prism spectrograph + CCD FLI, UAGS + Camera Canon + CCD Andor) and is 

currently in use. 

3. On the basis of the 3-camera classical kude spectrograph "Coude- echelle spectrometer" with a 

resolution of R=30000 (1998) and "Universal coude-eschele spectrograph with a resolution of 

R=100 000 ÷ 500 000" were created. 

 

Modern devices of 2-meter telescope 

       After the commissioning of a 2-meter telescope at the Shamakhy Astrophysical Observatory 

since 1966, wide opportunities have opened up for spectral observations. The telescope was 

equipped with prism and diffraction spectrographs with different resolutions. 

         Spectral observations were made in both the Сoude and Cassegrain focus of the telescope, 

which are considered to have a high resolution of various celestial bodies for their period. Even 

Kodak photoplate were used as light receivers. 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 the 

spectrum obtained in the focal plane of classical spectrographs. If we apply CCDs to classical 

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 resolution and accuracy of 

measurements obtained with classical spectrographs do not meet the requirements of modern 

astrophysics. The combined use of Eshel spectrographs and CCDs as a detector fully meets 

modern requirements. Therefore, they have become widely used in astrophysics. Such systems 

have been used in many of the world's leading observatories since the late 1980s and early 

1990s. The installation of such systems on the 2-meter SAR telescope has been planned since 

1992. However, the failure of the telescope significantly delayed the implementation of these 
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systems. After the restart of the 2-meter telescope in 1998, in 2003, echelle spectrographs + CCD 

systems were gradually installed at the Coude and Cassegrain focus. These echelle spectrographs 

are based on the optical details of classical spectrographs at a low cost. From 1998 to 2020, more 

than 10,000 spectra of various celestial bodies were captured at the Coude and Cassegrain focus. 

 

Coude echelle spectrometer 

        It was installed and commissioned in 1998 [5,6]. The kude echelle spectrometer is based on 

the classical coude spectrograph and does not violate the functions of the classical coude 

spectrograph. 

 

 
Optical layout of the echelle spectrograph Coude. R = 30000.  1, 4 - flat mirrors, 

 2 - slit, 3 - collimator, 5 - echelle of gratings, 6 - cross disperser-prism, 7 - Schmidt corrector, 

 8 - flat mirror with a central hole, 9 - camera, 10 - CCD. 

 

Optical characteristics of the Coude-Eschelle spectrometer: 

Resolution - R=λ/λ=30000 

Collimator - f = 5400 mm, d = 150 mm 

Camera  - f = 350 mm, d = 352 mm 

Echelle grating - blaze angle γ = 63.5 °, line density 37.5 gr / mm, size 200 x 300 mm. 

Cross disperser - 2 quartz prisms, refractive (peak) angle 45 ° 

Light receiver - CCD camera with a size of 530x580 pixel, 1 pix = 18x24 mic., cooling liquid 

nitrogen. 

 

 

Left- format of  echelle- spectra on the focal surface of the camera. h - distance between orders, 

l- is the length of echelle orders, k- is the number of orders, Dk -is the dispersion in the center of theorder, 

λk- is the central wavelength of the orders. Rectangular dotted line CCD format.  

Right -General view of the coude echelle spectrograph. 
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       The systematic measurement error of the equivalent width does not exceed 2% in the less 

strong lines of the spectra obtained with a good signal/noise ratio (S/N100). 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 weak absorption lines, it is around 2 km/s. 

        Observations on the echelle spectrometer installed in the coude focus of the 2-meter 

telescope of the Shamakhy Astrophysical Observatory showed that the spectrometer fully meets 

the modern requirements of stellar spectroscopy. With the help of this spectrometer up to 1,000 

qualitative spectra of stars and comets have been obtained. Using the spectra obtained in this 

spectrometer, it is possible to study the fine structure of the spectral lines of the stellar and 

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 α Cyg 
                             

    
Comparison with the literature data of the Hα  region 

 in the spectra of the star α Cyg 
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Cassegrain echelle spectrometer. 

 

           The echele-spectrometer 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 that 

the echelle spectrometer, made for the Cassegrain focus of a 2-meter telescope, fully meets the 

requirements for modern light detectors. The echelle spectra obtained with the spectrometer are 

of good quality and provide photometric and positional accuracy sufficient for astronomical 

tasks. In conclusion, we present the main characteristics of the manufactured echelle 

spectrometer: 

             The resolving power is R = 13 600, which is quite acceptable for this type of receivers. 

The spectrometer operates in 70-140 orders. Dispersion in the red region ~ 10.5 Å/mm, in the 

blue region of the spectrum ~ 6 Å/mm. The accuracy of measuring radial velocities in the red 

region is < ± 2 km / s, the accuracy of measuring the equivalent widths is < 4%. One of the 

important properties of the echelle spectrometer is its good stability. 

 
 

          The optical layout of Cassegrain Echelle spectrograph. 1 - slit, 2 - collimator lens, 3 - collimator mirror, 

4 - flat mirror, 5 - cross dif. grating, 6 -echelle, 7 – Shmidt corrector, 8,9,10 – Cassegrain camera, 

11 - CCD camera, 12 - calibration prism. 

 

Optical characteristics of the spectrograph:     

Resolution - R=λ/λ=13600 

Collimator mirror - f = 1100 mm, d = 75 mm 

Echelle Grating - blaze angle γ=63.5°, density of lines 37.5 gr/mm,  size 100 x 200 mm 

Cross disperser - blaze angle γ = 4 °, density of lines 325.5 gr/mm, size 100x100 mm. 

Schmidt cassegrain camera - f = 150 mm, d = 105 mm, distance from the back surface to the 

focus 13 mm. 

Light receiver - CCD, size 530x580 pixels, 1 pixel = 18x24mic, cooling - liquid nitrogen. 
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                   Formt of the echelle spectrum                                        General view of the spectrograph with                       

                                                                                                                          Kassegren echelle                

 

Examples of spectra obtained by cassegren echelle spectrography: 

 

 

 
Hα regions of the CH Cyg and WR 136 stars 

 

 
 

The echelle spectrum of comet C2004Q2, January 15, 2005 
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            Standard cassette device + CCD. 

 

     In 2007, the standard cassette device was adapted to a CCD for photometric observations in 

the cassegrain focus of a 2-meter telescope. 

Light receiver - Apogee Alta CCD, size  3056 x3056 pixels. 1 pixel = 12x12 microns. 

Useful fields - 4ʹ x 4ʹ 

  
 

  
Examples of images captured 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 echelle 

grating was applied without touching the optical-mechanical details of the classical coude 

spectrograph.  

The main advantage of the spectrograph is that it is possible to double the resolution using two 

separate (alternating) cameras, and in a short time the spectrograph can be transformed from a 

echelle  into a classic variant. The new echelle spectrograph retains the 2nd (F-700 mm) and 3rd 

(F=1400mm) cameras of the classic 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 two 

variants: a single grating with a blaze angle of 63.5⁰  and a mosaic variant with a blaze angle of 

80⁰. This allows to increase the resolution of the spectral spectrograph by 2.8 times. 
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In the new modification of the spectrometer, the path of optical light is as follows: slit - spherical 

collimator mirror - flat mirror with central aperture - echelle grating - cross grating - Schmidt 

camera - flat mirror to remove the focus from the optical axis - CCD. 

  

 

   
General view and optical scheme of the Universal Coude echelle-spectrograph with very high-resolution. 

 

 

Optical characteristics of the echelle spectrograph: 

Collimator -      d = 150 mm, f = 5400 mm 

Camera I -        d = 350 mm, f = 352mm 

Camera II -        d = 550 mm, f = 700 mm 

Camera III -        d = 800 mm, f = 1400 mm 

Echelle grating 1- γ = 63.5 °, N = 37.5 gr/mm. 

Eshele grating 2 mosaics - γ = 80 °, N = 37.5 gr/mm. 

 

The resolution  R=2fkamtgγ/2pix. 1pix=15 mic.: 

1.  Echelle grating -1, γ = 63.5 °, N = 37.5 gr/mm                                                             

a) Camera II, F = 700 mm, R = 93,000 

b) Camera III, F = 1400 mm, R = 186,000 

2.  Echelle grating 2- mosaic, γ = 80 °, N = 37.5 cartoon/mm 

a) Camera II, F = 700 mm, R = 265,000 

b) Camera III, 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 of the 2-meter telescope was 

upgraded using a CCD as a light receiver. This spectrograph is used to obtain low-resolution 

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 λλ3800÷9000ÅÅ, with inverse variances of 94 Å/mm near Hγ, 150 Å/mm 

near Hβ and 420 Å / mm near Hα. Spectral resolution in the region of the lines Hγ, Hβ and Hα,  

in dependence of the application of binnin1 or binning 2 during receiving of the spectrum is 1.7 

A and 3.4 Å,  2.7 Å and 5.3 Å; 7.6 Å and 15.3 Å, respectively. During the observation process, 

the image is transferred to the observation room - a monitor for guiding. 
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Optical layot of the 2x2 prism spectrograph. 1 – slit, 2 - collimator (d = 45 mm, f = 650 mm), 3, 4 - disperser- two-

prism  system F2 and UBK-7, 5, 6 - camera - f = 137.5 mm and f = 82.5 mm, 7 – CCD, 8 - prism for calibration 

lamp, 9 – filters, 10 – condenser, 11 - calibration lamp, 12 - flat mirror, 13 - lens for guiding CCD, 14 –CCD for 

guiding, 15 - monitor 

 

Optical characteristics of the spectrograph: 

 

Collimator -           d = 45 mm, f = 650 mm. 

Camera 1 -             d = 55 mm, f = 137.5 mm 

Camera 2 -             d = 55 mm, f = 82.5 mm 

Light receiver-  CCD (FLI), 4096x4096 pixels, 1 pixel = 9 microns. 

 

     The resolution of a spectrograph depends on several factors, including the resolution of the 

light receiver. If bining = 1 is taken, then the width of the inlet is 0.085 mm, if bining = 2 then 

0.17mm. 

 
The table shows resolution and  dispersion for  spectrograph   at selected lines. 

       λ     D 

Å/mm 

                Δλ (Å) 

1pix=0.009mm 1 pix=0.018mm 

  Hγ  

  Hβ 

  NaI (D1,D2) 

  Hα 

94 

148 

290 

420 

1.7 

2.7 

5.2 

7.6 

3.4 

5.3 

10.4 

15.1 
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Examples of spectra obtained in a spectrograph                                 

 

 
 

Spectrum of NGC 4151. The dispersion at the line Hγ is 94 A/mm. 

 

 

 
Spectrum of the galaxy NGC 2617 [11,12,13]. The dispersion at the line Hγ is 94 A/mm. 

 

 

               High resolution Shamakhy Fiber Echelle Spectrograph- SHAFES.  

 

    Designed for the Cassegrain focus of the 2-meter telescope. It is very important to equip 

telescopes with high-resolution spectrographs to solve modern astrophysical problems, as well as 

to join international projects (grants). One of the most advanced methods of improving the 

characteristics of spectrographs is the development of echelle- spectrographs with optical fiber 

(Fiber) input, which can be applied in practical astrophysics. The spectrograph was developed in 

2015 and put into operation in 2016. 

      The spectrograph consists of 2 main blocks: a heavy stationary part in a separate room under 

the dome and a light hanging part attached to a telescope in the focus of Cassegrain. The blocks 

are connected by an optical fiber with a diameter of 200 microns and a length of 20 meters.  
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1. Stationary Part. 

 

 
 

Optical circuit of the echelle spectrograph. Fiber 1 with a diameter of 200 μm and a length of 20 m, lens group 2, 

entrance slit 3, collimator 4, plane mirror 5 with an aperture 10 mm in diameter, echelle grating 6, cross-dispersion 

prism 7, Canon objective 8, and CCD camera 9 are indicated. 

  

Optical characteristics of the stationary part of SHAFES: 

1- Optical fiber - diameter 200 microns,  length 20 meters. Numerical 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 slit can 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, rotated about 5 °. 

6- Echelle grating. The characteristics of this grating are as follows: size of 200 × 300 mm, 37.5 

grooves/mm, and blazing angle of 64°. The grating is mounted at an angle of 26° to the 

horizontal plane for autocollimating operation. Its working surface faces downward in order to 

prevent the accumulation of dust on it. The echelle  was rotated 5 ° perpendicular to the 

dispersion to send a beam of light dispersed vertically from the cage to the cross disperser. 

7- The cross-dispersion prism with a refraction angle of 45° was fabricated from dense flint 

glass. This element provides horizontal light dispersion needed to separate echelle orders. Its 

refraction index is 1.6444 in the red spectral region (dense flint) and 1.6852 in the violet region. 

This corresponds to a deflection angle of ~34°. 

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. 

 All details are assembled on a solid table and each detail is provided with adjustment 

elements. 

 The spectrograph is covered with a well-insulated cover.  

 The room temperature is kept stable by a temperature sensor. 

 A small computer cooler is placed in front of the CCD to prevent sweating. 
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2. Suspended part. 

 

 
 Schematic diagram of the suspended spectrograph part. Input aperture 1, collimating lenses 2, focusing lenses 3, 

fiber 4, movable diagonal mirror 5, lens group 6, calibration lamps 7, diagonal mirror 8, lens group 9, television 

camera 10, monitor 11, and focal reducer 12 are indicated. 

 

      The suspended part features optical elements for matching the stellar image scale with the 

fiber size, the adjustment assembly with sources of continuous and discrete spectra, and 

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. Movable 

mirror 5 for calibration lamps of continuous and discrete spectra, the fiber positioning system, 

and guiding television camera 10 are installed in this part. The observed image is formed in focal 

plane F1, where input aperture 1 is positioned. The relative aperture at the Cassegrain focus of 

the 2-m telescope is F/14.5. The beam from the 2-m 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 focal 

plane F2, where the input fiber part is located, by lens group 3. Input aperture 1 with a diameter 

of 200 μm is positioned on a reflective plate. Its linear size is 2.2″ and 3.5″ for focal reducers F/9 

and F/6, respectively. Since typical images of stars are no smaller than 3″, the circuit with focal 

reducer F/6 was chosen to be the baseline design. 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 camera 

10, which is also focused at the front surface of the aperture plate by plane mirror 8 and focusing 

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 (hollow- 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 by 

a short fiber section, lenses 6, and mirror 5. The suspended part of the spectrograph is 50 × 50 × 

100 mm in size and has a mass of ~1 kg. 
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Fragments of different types of images:  dark, flat, ThAr, and α Cyg. 

                                                              

       The penetrating power of the spectrograph. 

Test observations demonstrate that the spectrograph is capable of measuring spectra of 8m and 

11m stars with a signal-to-noise ratio of S/N = 150–200 at λ = 580 nm with a 1-h exposure, a 2–

3″ image, and resolution R = 55000 and 27500, respectively. 
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Fragments from the spectrum of Nova Sct 2017 

 

The importance and advantages of this spectrograph are as follows: 

 

 Allows to obtain high-resolution spectra of celestial bodies in the cassegren focus of the 

telescope. The spectrograph operates in two modes (Δλ/λ = 55000 and 27500) and can 

easily switch from one mode to another in a few seconds. 

 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 same channel, there are no 

instrumental shifts and the measurement accuracy of spectral parameters is  high (error 

for  radial velocity  50-100 m/s, equivalent width 1-5%) 

 The spectrograph uses a large CCD camera cooled with liquid nitrogen with a size of 

4000 x 4000 pixels as a light receiver, and as a result it is possible to obtain a very wide 

wavelength range of the spectrum (λ9000-3600 Å) at the same time in -1 frame. 

 During the spectrograph observation, the process of tracking a star in a 2-meter telescope 

is automated and the image is transmitted directly to the monitor in the observation room. 
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     CCD Camera 4096x4096 pixel. 

 

The STA4150A CCD camera produced by Semiconductor Technology Associates was used as a 

photodetector. The camera is a 4096 × 4096 image array cooled by liquid nitrogen with pixels 15 

μm in size. The CCD sensor is cooled to the certain temperature, which may be chosen within 

the interval from –110°C to –145°C, and the selected temperature is controlled with accuracy of  

±0.1°C. The recommended temperature for the actual observations is –120°C. The cooling 

system has a volume of 3 L and remains operational for at least 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 data provided by the manufacturer that the quantum efficiency 

exceeds 70% in the 300–800 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 signal, which is maintained through to the level of 65000 counts, also sholud be noted  

Key parameters of STA4150A are as follows: 4096 × 4096 pixels, 15 × 15 μm pixel size, 

61.44 × 61.44 mm photosensitive area size, and 300-900 nm operating range. The full-frame 

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 1.27 e–/ADU and 3.74 (SLW), 2.24 e–/ADU and 4.8 

(MED), and 2.0 e–/ADU and 7.3 (FST). The measured dark current is 4 e– pix–1 h–1. A 15-m-

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 program. Images are 

taken in .fit (Flexible Image Transport) format. 

 

 
General view of Owl 3.0.1 programm. 
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General view of 4x4 k CCD camera 

 

 
 (a) Wavelength dependence of the quantum efficiency of the CCD sensor at T = –120°C. 

(b) Linearity of the CCD response. 

 

Universal Spectrograph with Variable Diffraction Cage + CCD. 

This observational complex was designed for spectral observations at the Cassegrain focus of a 

2-meter telescope. It is developed on the basis of the UAGS (Universal AstroGrating 

Spectrograph) spectrograph. In the classical version, such spectrographs used photographic 

plates as light receivers. CCD-matrices have been used as light receivers in astronomy (both 

spectral and photographic observations) for several decades. Due to the large size of CCDs, it is 

not possible to use them as a light receiver in the internal foci of the spectrograph. The UAGS kit 

includes 3 cameras, two of which are internal and one is Schmidt-Kassegen camera with external 

focus. The external focus is only 13 mm from the rear surface of the camera. The chip of 

professional CCD cameras is mainly located at a depth of 20 ÷ 30 mm from the opposite surface. 

Therefore, it is not possible to use CCD cameras in such spectrographs. This system uses 2 

cameras -   Uranium-9 250 mm f/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 evolution on high-resolution spectrographs.  

        Universal spectrographs of the UAGS type with a low resolution in combination with CCDs 

are indispensable for medium-sized telescopes in the spectral study of faint astrophysical objects 

(galaxies, quasars, symbiotic stars, such as Ae-Be Herbig, etc.). 
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Universal diffraction grating spectrograph. 1- entrance slit-telescope focal plane; 2- lens for collimator; 3-collimator; 

4-Flat mirror; 5-grating; 6-spectrograph lens camera; 7-CCD camera; 8-calibration lamps; 9-calibration lens; 10-

movable mirror; 11-flat mirror for guiding; 12-guiding lens; 13-Guiding detector 

 

Optical characteristics of the spectrograph: 

Collimator - focal length f = 1100 mm, diameter d = 75 mm. 

Camera 1 - Uranus-9, f = 250mm, aperture f / 2.5, efficiency factor 0.65, Optical system - lens 4 

                  7 elements in the group, angle of view 64⁰ [14], 

                  CCD - FLI ML 6303, 2048 x 3056 pixels, 1 pixel = 9 mic. 

                  Spectral region - λλ40007000Å, Dispersion - 115Å / mm, 60Å / mm 

Camera 2- Canon EF 200mm f / 2.0 L IS USM, efficiency factor 0.90, Optical system - lens 12 

                  17 elements in the group, Fluorite lens - 1 piece, UD (ultra dispersion) - 2 pieces, 

                  angle, of view -12⁰ [15]. 

CCD - Andor CCD camera, iKon L 936, BEX2 - DD, 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. The variance in the wavelength range λλ 3800-

8000 Å is 144 mm / mm, 75Å / mm, the variance in the wavelength range λ 3800-5300 Å is 25 

Å/mm, and the variance in the wavelength range λ 5000-8000 Å is 30 Å/mm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 171 

Examples of spectra obtained in UAGS + Uranium-9 + CCD FLI system:   

 

 

  
Spectrum of the extreme new star SN 2018aoq [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 Technology - BEX2 - DD 

o Size– 2048x2048, 1 pixel = 13.5 mic. 27.6x27.6 mm 

o RON (Read out noise) - 2.9 e- 

o Dark current -80 ºС, - 0.006 e- / pixel / sec 

o 5-stage peltier cooling, with air -80 ºС, with air + water -100 ºС 

 

       
Andor CCD camera + Canon EF 200mm f / 2.0         Andor camera iKon-L 936-BEX2-DD, Quantum efficiency 
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      Andor (icon L-936-BEX2-DD) CCD camera control (exposure, cooling mode selection, chip 

format, etc.) is performed by the software Solis. 

 

        
General view of the Solis program 

 

The main advantages of the new spectrograph + CCD system are: 

o The Canon lens is completely free of color aberrations thanks to ultra-low 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 diffraction grating. 

o Andor (ikonL-936-BEX2-DD) CCD camera has a 5-layer electronic cooling system. 

The chip can be cooled to -80 ºС by air and -100 ºС by using air + water. 

o The Andor (icon L-936-BEX2-DD) CCD camera has a smooth sensitivity curve over a 

very wide wavelength range (λ4000 8000 Å) and is above 90%. 

o The spectrum is completely free of hot pixels and fringes. 

 

Examples of spectra obtained in UAGS + Canon + CCD Andor system: 

 

 

 

 

 
Images from different types of spectra  
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Spectrograms of different types objects 
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Zeiss-600 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. The 

telescope's optical system is the classic Kassegren system. It is a completely non-aberration 

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 of the primary mirror is D = 600 mm, the 

diameter of the Cassegrain mirror is d = 183 mm, the focal length is f = -1030 mm. In the focal 

plane of the telescope, the scale is - 27.5 /mm. 

 

 

   
Zeiss-600 

 

 Observations at the telescope have long been carried out by electrophotometer, 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 of Zeiss-600 telescope, 

equipped with an international photometric 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 medium 

(UX Ori type) and large (Wolf-Raye type) stars and various types of galaxies, taking more than 

5,000 multicolor digital images of them. 

 The telescope can operate in two modes of focal ratio f/12.5 and f/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 be 

easily inserted into 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. 

 
       CCD FLI 4096x4096 pixel,                                            Quantum efficiency CCD FLI  

 

 

 

  
 

  
Examples from the pictures taken at the Seiss-600 telescope 

 

 

Telescope "AZT-8" 

 

The telescope was developed by the Leningrad Optical-Mechanical Association. The telescope 

was installed in 1970. The telescope has two mirrors and the Cassegrain optical system. The 

primary mirror is parabolic and has a diameter of 700 mm and a focal length of 2820 mm. The 

focal length of the first Cassegrain system is 11200 mm and the relative aperture is F/16 and the 

field of view is 40 ', the scale is 18 ″/mm. The focal length of the second Cassegrain system is 

28000 mm, the field of view is 18 ', the scale is 7 ″/mm, and the relative aperture is F/40. The 

telescope is equipped with a 5-filter CCD photometer for photometric observations of stars and 
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galaxies (field of view 8 arcmin.), And an ASP-21 spectrograph with a dispersion of 30 Å / mm 

to obtain the spectrum of bright stars. The telescope was actively used in photoelectric 

photometry, polarimetric and spectrophotometric observations of celestial bodies. 

Modernization of the AZT-8 telescope can solve a wide range of astronomical problems as: 

o regular acquisition of echelle spectra with medium resolution of bright stars 

o observations of space objects of artificial origin (space debris); 

o Observation of gamma rays after ignition; 

o Danger of the asteroids approaching the Earth.  

 

Meniscus telescope AST-452 

 

The AST-452 meniscus telescope is a Maksutov mirror-lens telescope. Designed for 

photographic observation 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, the 

image is very high quality. The telescope was manufactured at the Kazan Optical and 

Mechanical Plant. The telescope is equipped with a meniscus and field bending lens and 

objective prisms with refraction angles of 15° and 35° 40'. Since they are made of ultraviolet 

glass, spectral and photometric observations can be carried out in the near ultraviolet (3400 Å) 

region. The diameter of the aperture (meniscus lens) is 350 mm, the diameter of the mirror is 490 

mm, the focal length of the telescope is 1200 mm. The scale on the focal surface of the telescope 

is 2.86′/mm. The focal ratio is f/3.4. The telescope can work in 2 focus: primary and Newtonian. 

The field of view in the primary focus is 4° 14', the linear size of the field is 90 mm, and in the 

Newton focus it is 2° 52' and 60 mm, respectively. 

       The telescope is indispensable for the spectral classification and photometry of star clusters, 

as well as for the search for new and supernova stars, comets and asteroids. 

        

  
                                   AZT-8                                                              AST-452 

 

Azimuth Coelostat Plant  ASQ-5 (Horisontal solar telescope) 

 

      The telescope was installed in 1963. İt is used for the spectral and photometric investigation  

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 telescope was equipped 

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 equipped 

with ASP-20  spectrograph working inautocollimated regime (focal length is 7000 mm). Rating   
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of 150-200 square mm ruled area and 600 lines mm. Dispersion in the second working order is 

1.12 Å/mm and spectral field is 360 Å, diameter of the image is 160 mm is used for the obtaining 

of spectrograms of solar flares, for visual  observations of the magnetic fields of  sunspots, 

studies on the development and dynamics of coronal prominences and spicules, fine structure of 

the solar spectral lines. 

 

 
Horisontal solar telescope 

 

 

Chromosphere photospheric telescope AFR-3 

 

İt was installed in 1957. This telescope was used for the solar patrol more than 35 years, the 

diameter of the photospheric tube objective is 200 mm and the equivalent focal length is 9 000 

mm the diameter of the chromospheric tube is  130 mm and the focal lengths 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 help of photospheric tube the solar photosphere was observed. 

  
 

                                            Chromosphere photospheric telescope AFR-3 
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Auxiliary devices for the telescopes 
       

1.  Turbomolecular Vacuum Pump CDK 180. 

    The functional units for generating high and ultra-high vacuums are completely 

mounted in a housing. The individual components are perfectly matched to one another. 

The SST turbomolecular pump is equipped with dry-running, solid-lubricated hybrid 

rolling bearings (ceramic 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 and 

dry running. The automatic shut-off system stops the backing pump when the required 

final vacuum is reached. Ultimate pressure  5 x 10-7 mbar 

 

    
Turbomolecular Vacuum Pump CDK 180 

 

2. Liquid Nitrogen Plant LNP-20. Compact nitrogen liquefiers LNP from a well-known 

American manufacturer - Cryomech Inc. (USA) for the production of liquid nitrogen 

from atmospheric air. Liquid nitrogen production rate ≥ 20 liter/day (0.8 liter/hour). 

Liquid nitrogen generators operate in automatic mode, do not require constant operator 

presence and are very reliable 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 purity 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 a 

cryogenic refrigerator. Liquid nitrogen is withdrawn from the Dewar through a flexible 

cryogenic hose when the liquid nitrogen supply valve is opened. 

 

 
Liquid Nitrogen Plant LNP-20. 
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VTD VAKUUM TECHNİK DRESDEN B-240. 

 

The B-240 vacuum equipment  is made in Germany and was purchased in 1986. It was sent to 

Germany for modernization in 2005 and was installed and put into operation in 2007. 

In June 2013, a 2-meter mirror was aluminized on a B-240 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 

2-meter telescope. It is now possible to obtain reliable CCD spectra with 94 Å / mm variance 

near Hγ line of the Seifert galaxies up to 16 m in size, with a high resolution of objects up to 11 

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 

 

                      
        This project has received funding from the European Union’s Seventh Framework 

Programme for research, technological development and demonstration under grant agreement 

FP7-PEOPLE-2010-IRSES-269299 
 

 

 

 

      This project has received funding from the European Union’s Seventh Framework 

Programme for research, technological development and demonstration under grant agreement 

FP7-PEOPLE-2010-IRSES-269299 

     Solar and Space Weather Network of Excellence - SOLSPANET 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 September 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 operating 

European network and to develop the operating knowledge base for the monitoring and 

forecasting of solar and space weather events. The studies are curried out via short and long term 

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
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      HORIZON 2020 

      In 2019 we were winner of the Marie-Sklodowska-Curie Grant Agreement No. 823734 that 

is financed by the European Union’s Framework Programme for Research and Innovation 

Horizon 2020 (2014-2020). 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, Estonia 

Republic, Argentina, United Kingdom, Belgium, Brazil, Chile, Azerbaijan Republic.  

 
 

 
 

         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, they strongly 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, many 

problems still remain unresolved. Investigation 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 are engaged in 

analyzing GAIA observations. The main goal of the program - to determine the parallax 

displacement of billions of stars and construct a three-dimensional structure of the galaxy. 

Besides, as a result of the observations is expected to detect tens of thousands of exoplanets, 

transit objects, galaxies, and other unknown objects. Since 2019, Shamakhy Astrophysical 

Observatory named after N.Tusi, began cooperation with the OPTIKON research group of the 

GAIA mission. The goal of the cooperation program is to study the physical properties of 

unusually unknown transit objects detected by GAIA within a long period by ground-based 

observations.                      

  

 

    GRANDMA (Global Rapid Advanced Network Devoted to the Multi-messenger Addicts)  

      The purpose  to record the transient events that occur in the universe due to gravitational 

waves in a large part of the sky, and to observe the residual events in which they first occurred in 

the optical range. The observation and research of such unique physical phenomena 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 waves signal with possible electromagnetic signature of 

matter ejected and across the full electromagnetic spectrum. 
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AWARDS 

 

Academician G.F.Sultanov – “Honored Scientist of Azerbaijan”  

Academician G.F.Sultanov - The order  “Şərəf” (Honour) (2004) 

Cand. of ph.-math. Sciences, associate professor E.S.Babayev  -  “Taraggi” medal (Progress) 

(2005) 

Doctor of philosophy on phisics, associate professor Kh.M. Mikayilov - “Honorary Diploma of 

the President of the Republic of Azerbaijan” 03 noyabr, 2015, №1508 

 

DISSERTATION COUNCIL 

 

         Dissertation Council FD 01.241 for conferring upon Ph.D scientific degree on specialities 

“Astrophysics and stellar astronomy”, “Planetology” and “Solar physics” was established at 

ShAO by relevant Decree of the Higher Attestation Commission  under the President of the 

Republic  of Azerbaijan in 2013. 
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SCIENTIFIC LIBRARY  

 

         Scientific library of ShAO  is functioning since 1960. The fund of the library consists of 

14000 books, 2500 journals (including foreign publications) and other scientific–technical 

literature. The library conducts the exchange of international books and journals, organizes 

exibitions  and so on. 
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OPENING OF THE DEPARTMENT OF ASTROPHYSICS  

OF BAKU STATE UNIVERSITY AT THE OBSERVATORY  

 
 

 

   

 

 

 

 

 

 

 



 188 

 IMPORTANT EVENTS IN THE HISTORY AND ACTIVITY OF THE  

SHAMAKHY ASTROPHYSICAL OBSERVATORY 

    

№                         Main events  Event date  Event 

venue 

1 Mobile meeting of the Astronomical Council of Academy of 

Sciences of the USSR                    

1957 Baku  

2 Plenum on history of astronomy of the Astronomical Council of 

Academy of Sciences of the USSR.                               

1962 Baku 

3 All-Union Conference of the Astronomical Council of Academy 

of Sciences of the USSR on research of comets and minor 

planets.  

1962 Baku 

4 Plenum of the All-Union Commission on the research of the Sun. 1963  Baku  

5 Plenum of the Commission on Star and Nebula Physics of the 

Astronomical Council of Academy of Sciences of the USSR.       

1965 Baku  

6 Summer School for Young Astronomers  1967 ShAO 

7 Symposium of the Astronomical Council of Academy of 

Sciences of the USSR "Dynamics of small bodies of the solar 

system" 

1968 Baku  

8 Scientific session of the Division of General Physics and 

Astronomy of Academy of Sciences of the USSR. 

1969 Baku  

9 All-Union Meeting " Luminous Stars"        1970 Baku  

10 Plenum of the All-Union Astro-Geodesic Society 1972 Baku  

11 International conference "Magnetic Ap Stars" 1973 Baku  

12 Congress of the International Astronautical Federation 1973 Baku  

13 All-Union Scientific Conference "Solar radio-emission" 1974 Baku  

14 Plenum of the Astronomical Council of Academy of Sciences of 

the USSR 

1974 Baku  

15 International Scientific Meeting "Magnetic Stars" 1976 Baku  

16 Observation of Total Solar Eclipse 1976 Batabat 

17 Meeting of young astronomers 1976 ShAO 

18 Meeting of the group on the research of small bodies of the 

Astronomical Council of Academy of Sciences of the USSR 

1978 Batabat  

19 All-Union scientific conference "Dynamics of Small Bodies of 

the Solar System".       

1979 Batabat  

20 Joint scientific conference of the socialist countries "Chemical 

composition and evolution of stars"   

1980 Baku  

21 All-Union Scientific Conference "Using the calculation and 

observation of satellite orbits in geodynamics" 

1981 Baku  

22 Plenum of the Astronomical Council of Academy of Sciences of 

the USSR  

1984 Baku  

23 Meeting of workgroup "Asteroids" of the Astronomical Council 

of Academy of Sciences of the USSR 

1988 Baku  

24 All-Union Scientific Meeting "Wolf–Rayet stars and luminous 

blue variables" 

1989 Baku  

25 1st Republican Conference of "Tusi-800" Assembly 1998 Baku  

26 2nd Regional Conference of "Tusi-800" Assembly 1998 ShAO 

27 3rd Republican Conference of "Tusi-800" Assembly 1998 Baku 

28 4th Regional Conference of "Tusi-800" Assembly 1999 ShAO 

29 5th Republican Conference of "Tusi-800" Assembly 1999 ShAO 

30 5th Republican Conference of "Tusi-800" Assembly 2000 ShAO 

31 Republican conference "ShAO-40" and "Hajibey Sultanov 80" 2001 ShAO 
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32 UNESCO /Azerbaijan Government /ANAS/ ShAO “Nasraddin 

Tusi and modern astronomy”  

2001 ShAO 

33 Symposium dedicated to World Space Week 2002 Baku 

34 International symposium "Periodicity and cosmological 

problems", dedicated to the 80th anniversary of the President of 

the Republic of Azerbaijan Haydar Aliyev (Divisions of the 

International Academy of Sciences of Azerbaijan, Eastern 

Europe, and Russia). 

2003 ShAO 

35 Event of young scientists from Eurasia entitled "UNESCO 

Turkic States Space Generation Forum" was held.       

2003 ShAO 

36 International Conference "Solar System Research: Prospects for 

Cooperation with ShAO" ( National University of Kyiv named 

after Taras Shevchenko, Main Astronomical Observatory of NAS 

of Ukraine)  

2004 ShAO 

37 "Tusi Summer Astronomical School" dedicated to the 100th 

anniversary of Academician Yusif Mammadaliyev 

2005 ShAO 

38 Regional conference on "Astronomy and Cosmophysics" 

dedicated to the 100th anniversary of Academician Yusif 

Mammadaliyev  

2005 ShAO 

39 Conference dedicated to the 85th anniversary of Heydar Aliyev 

and the International Astronomical Day (Institute of Physics, 

BSU) 

2008 ShAO 

40 International conference dedicated to the 810th anniversary of 

N.Tusi (Institute of Mathematics of ANAS) 

2011 Baku 

ShAO 

41 An international conference dedicated to the 60th anniversary of 

the foundation of ShAO.       

2013 ShAO 

42 Republican seminar "Modern views on fundamental problems of 

nature at the joint of different sciences." 

2014 ShAO 

43 Regional seminar "Phases of Moon and Calendar Events" 

(ShAO, Caucasian Muslims Administration, Tehran University).  

2015 ShAO 

44 1st Inter-student Astronomy Summer School (ShAO, Qafqaz 

University, TUSI-BOHM Planetarium, Azercosmos) 

2015 ShAO 

45 International conference "Solar and Solar-Type Stars Variability: 

From Astroseismology to Space Air"  

2015 Baku  

46 Mobile meeting of the Presidium of ANAS was held 2016 ShAO 

47 Summer school “Science Activity-2016” was held 2016 ShAO 

48 Summer Camp for Schoolchildren (Tusi-Bohm Planetarium, 

Science Development Foundation under the President of 

Republic of Azerbaijan) 

2016 Quba 

49 “Days of Joint Institute for Nuclear Research in the Republic of 

Azerbaijan” (Institute of Physics)  

2016 ShAO 

50 International scientific conference dedicated to the 80th 

anniversary of the head of the department of "Astrophysics" of 

Baku State University, Professor Jafar Guluzade 

2016 ShAO 

51 Second conference "Physics and Lyrics" on the topic "Novruz 

Calendar: in Lyrics and Astrophysics" (Institute of Literature 

named after Nizami and the Scientists House) 

2017 ShAO 

52  1st Cosmology Summer Camp "Asteroid Day" 2018 ShAO 

53 (The International Space Weather Initiative (ISWI) International  

Seminar-School on Space Weather (SW) and Global Navigation 

Satellite Systems (GNSS)  

2018 Baku 

ShAO 

54 Joint mobile meeting of the Presidium of ANAS and the 2018 ShAO 
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Scientific Council of Baku State University (BSU) 

55 “Astronomy Winter School” (Azercosmos, Tusi-Bohm 

Planetarium, AstroClub) 

2019 ShAO 

56 International seminar "Actual problems of physics of Solar-

Terrestrial relations" (Institute of Terrestrial Magnetism, 

Ionosphere, and Radio-wave Propagation named after Pushkov 

of Academy of Sciences of Russia)  

2019 ShAO 

57 "Space Summer Festival" (Tusi-Bohm Planetarium) 2019 ShAO 

58 “International conference "Physics of stars and planets: 

atmospheres, activity and magnetic fields" 

2019 ShAO 

59 "Interschool Astronomy Olympiad" (BSU, Tusi-Bohm 

Planetarium, Republican Center for the Development of Children 

and Youth) 

2019 Baku 
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CONFERENCES, SEMINARS 

        International conference dedicated to the 810th anniversary of N.Tusi (Institute of 

Mathematics of ANAS) 

 

 
 

        On July 6-8, 2015, with the grant financial support of the Science Development Foundation 

under the President of the Republic of Azerbaijan, with the scientific and organizational support 

of the Shamakhy Astrophysical Observatory named after Nasraddin Tusi, the international 

conference was held on the topic: "Variability of the Sun and Sun-Like Stars: From 

Asteroseismology to Space Weather".  
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       On April 4-7, within the framework of the Azerbaijani-Russian cooperation, Shamakhy 

Astrophysical Observatory named after Tusi of the National Academy of Sciences of Azerbaijan 

and Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation 

Russian Academy of Sciences, jointly organized at the observatory an International Worcshop on 

the topic "Actual problems of Solar-Terrestrial physics." 

 

 
 

 
 

 

        On October 8-12, 2018, The International Space Weather Initiative School on Space 

Weather and Global Navigation Satellite Systems 
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       On September 16-20, 2019, in connection with the 60th anniversary of Shamakhy 

Astrophysical Observatory named after Nasraddin Tusi of the Azerbaijan National Academy of 

Sciences (ANAS) and the 100th anniversary of International Astronomical Union, an 

international conference was held "Physics of stars and planets: Atmospheres, Activity, 

Magnetic fields”. Leading scientists from 12 countries, including Russia, Ukraine, Poland, 

Netherlands, Italy, Turkey, Germany, Georgia, Tajikistan, Sweden, India, and Kazakhstan 

participated in the conference. 

 

SPEECH  BY THE PRESIDENT OF THE AZERBAIJAN NATIONAL ACADEMY OF 

SCIENCES, ACADEMICIAN AKIF ALIZADEH AT THE INTERNATIONAL 

CONFERENCE “PHYSICS OF STARS AND PLANETS:ATMOSPHERES, ACTIVITY, 

MAGNETIC FIElDS” 

 

       Dear participants of the conference! 

       Ladies and gentlemen! 

     Azerbaijan has a rich scientific tradition and a long history of astronomy. Today, we are 

celebrating the 60th anniversary of  Shamakhy Astrophysical Observatory – the heir of the 

Maragha Observatory, which was founded in the 13th century. The Maragha Observatory and its 

founder Nasiraddin  Tusi have had great contributions to the development of astronomy and 

other fields of science. It is no coincidence that Shamakhi Astrophysical Observatory is named 

after the prominent Azerbaijani astronomer Nasiraddin Tusi. 

     The organization of the scientific activity at the state level in Azerbaijan was initiated with 

the establishment of the Academy of Sciences in 1945. A new stage in the development of the 

national astronomy started especially in this century. In the 1920s, the expeditions were 

organized on the study of Astro-climate in the territory of  Azerbaijan, and finally, Shamakhy 

Astrophysical Observatory, which celebrates its anniversary today, was found in 1959. The 

former President of the Academy of  Sciences, academician Yusif Mammadaliyev played a 

particular role in the establishment of the observatory and its formation as an independent 

research center. 

      Shamakhy Astrophysical Observatory has become an important research center and achieved 

great scientific results in the field of astrophysics, due to the exceptional care and support of the 

Great Leader Heydar Aliyev, who governed Azerbaijan during the former Soviet Union and after 

its independence. The Orders, signed by the National Leader for the comprehensive development 

of the Observatory and his visit to the Observatory in 1974 are still of great importance. 

     Unquestionably, Shamakhy Astrophysical Observatory is experiencing the heights of 

development today. Thus, Shamakhy Astrophysical Observatory has been reconstructed, its 

physical infrastructure has been renewed, and has been equipped with expensive tools and 

apparatuses for high-performance research by the relevant Decree of the President of the 

Republic of Azerbaijan, Mr.Ilham Aliyev, who places great importance to the development of 

science in our country. The President Ilham Aliyev personally participated in the opening 

ceremony of the Observatory after the reconstruction and restoration, and stated that “Azerbaijan 

should be the leader of the region in all areas, as well as in science.” All of these have posed a 

daunting task not only for astrophysicists, but for all Azerbaijani scientists as a whole. 

     Today, important reforms are underway in Azerbaijani science. Serious steps are being taken 

to strengthen the physical infrastructure of science, to identify the challenges of the world 

science and to set priorities for the interests of our country, to integrate science and education, to 

train young specialists and to improve the social status of researchers. Obviously, the priorities 

and goals, challenges and tasks of independent Azerbaijani science fairly differ from previous 

periods. Our country has recently focused on space exploration more, and great opportunities for 

the development of the space industry and technologies have been created. The launch of the 

Azerbaijani telecommunications satellites into orbit is a typical example of this. I am very 

delighted to say that in the near future, Azerbaijani astronomers are planning to perform 

astrophysical experiments on nano-satellites. 
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      Shamakhy Astrophysical Observatory is expanting its international scientific relations. The 

Observatory has established scientific cooperation with many institutions throughout the world. 

In recent years, the employees of the Observatory have been involved in the grants of the 

European Union, research programs within  the framework of various international projects, 

numerous international conferences, symposiums and workshops. The participants, prominent 

scholars and experts attending these conferences are also a good indication of the international 

scientific relations of the Observatory. 

     Shamakhy Astrophysical Observatory, which celebrates its 60th anniversary, is training 

young scientists and integrating science and education. Today, it has close scientific relationship 

with Baku State University, National Aviation Academy and Azercosmos. As a result of these 

relations, the fundamental faculties and joint laboratories have been established to provide 

extensive opportunities for multidisciplinary research. The laboratory established under the 

leadership of academician Arif Pashayev and academician Roald Sagdeev promises significant 

perspectives in the field of astrophysics. 

      Unlike previous years, the development of modern information and communication 

technologies, the rapid expansion of the Internet, the use of artificial intelligence and Big Data 

technologies have paved way to new opportunities in astrophysics, as in all other areas. 

Dear participants of the conference! 

     The program of the conference and the reports to be delivered here are quite rich and 

comprehensive. I think that the most relevant and current problems in the field of astrophysics 

will be discussed and new ideas and concepts will appear. I wish you all success in the work of 

the conference and look forward for cooperation.      

Thank you for your attention! 
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Mobile meetings of the Presidium of ANAS were held in the observatory (2016). 
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       ANAS Shamakhi Astrophysical Observatory after Nasreddin Tusi, the Institute Literature 

after Nizami and Scientists' House held the 2nd "Physics and Lyrics" conference on "The 

Novruz calendar: in lyric and astrophysics" (2017) 
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POPULARIZATION OF ASTRONOMY 

 

01 June  - International Children's Day 

 

 

 

   In 2019, the "Cosmos Summer Festival" was held at the Shamakhy Astrophysical Observatory 

(ShAO) named after N. Tusi of ANAS. 
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“Olympiad in Astronomy” on December 1, 2019. 

        The organizers of the Olympiad are Baku State University, Republican Children's Youth 

Development Center, ANAS Shamakhy Astrophysical Observatory and Tusi-Bohm Planetarium. 

       The Olympiad was held within the framework of the III Development and Innovation Grant 

Competition of the Ministry of Education of the Republic of Azerbaijan. 

       The project goal is to increase students' interest in the field of astronomy, to give astronomy 

a greater role in the education system and to encourage greater community participation in this 

field. 
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          Super MOON 

       Considering the importance of science in the development of society, President Ilham 

Aliyev signed an order to mark March 27 in the Republic of Azerbaijan as "Science Day". 

Events jointly organized by the Shamakhy Astrophysical Observatory  and the Tusi-Bohum 

planetarium 
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POPULARIZATION OF ASTRONOMY IN SCHOOLS 

 

 

 
 

 

 

  

 

 

 

 

 

 

 

 



 201 

PROMOTION OF ASTRONOMY IN THE MEDIA 
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MUSEUM OF ASTRONOMY  

 

 
  

 
 

 

               Yardimli meteorit 

       The Yardymly meteorite- is an iron meteorite that fell in Yardymli Rayon, Azerbaijan on 

November 24, 1959. The remains were discovered in the nearby village of Aroos. With five 

individual specimens, the total weight of the meteorite is estimated at 150.29 kilograms. 
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1972 Batabat Astrophysical Observatory 

 

 
 

 

1969 Ordubad astronomical station 
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Canteen and new residential buildings in ShAO 

 

 
 

 

1 and 2-storey cottages 

 
 

 

                                    General overview of the observatory after reconstruction 

 
 

 


