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TO THE PERSONALITIES OF UKRAINIAN ASTRONOMY: SCIENTIFIC WORK OF KONSTANTIN SAVCHENKO  
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The research is devoted to the study of the life and work of the outstanding astronomer-theoretician Konstantin Savchenko, who worked in the field of celestial mechanics and dynamic cosmogony at the Kharkiv and Odesa astronomical observatories in the 1930s – 1950s. As a result of historiographic analysis, it was found, that till now there is no comprehensive research of a scientific biography of Prof. K.N.Savchenko besides several publications related to certain facts of his life and activity, mostly in the Odesa period, including the reminiscences by Prof. V.K.Abalakin. Despite this, the vast majority of aspects of the scientist’s life, including his scientific and teaching activities in the Kharkiv period in the 30s of the XX century, remain unexplored.

The source base has been allowed us to highlight the main stages of the scientific biography of Prof. K.N.Savchenko, to analyze his scientific potential. The astronomer's scientific work was devoted to the study of the motion and rotation of celestial bodies with various mass, the exploration of the perturbations of the planets by methods of geometry, the researching of the physical nature of gravity, and the development of cosmogonic theories about the origin of the Solar system. We discuss also the astronomer's activities on the development of theoretical foundations for substantiating the cosmogonic hypothesis of I. Kant by the methods of celestial mechanics and the calculation and correction of the elements of the orbits of the asteroids of the main belt of the Solar system. 

We consistently describe the life and activity of Prof. K.N.Savchenko at the Kharkiv and Odesa astronomical observatories, the scientific and teaching work at the Kharkiv State University, the Kherson State Pedagogical Institute, and the Odesa State University, analyzing the archive documents and his scientific publications. 

Life and scientific activity of 
Prof. Oleksandr Orlov: the newest 
e-book with collection of memoirs 
and articles
A. Korsun, L. Gladkohata, L. Pakuliak, I. Kriachko

Main Astronomical Observatory, National Academy 
of Science, Kiev, Ukraine
kip@mao.kiev.ua

The complete monograph of Prof. Oleksandr Orlov, the outstanding scientist-astronomer and geophysicist of the XX century, a researcher and head of astro-geodynamic scientific school, a founder of the Poltava Gravimethric Observatory and the Main Astronomical Observatory of Academy of Science of USSR does not exist despite of the legacy of this personality. However quite a few reminiscences articles and book about O.Ya.Orlov were written by his students and followers, and other researchers. Besides, the extended autobiography and memoirs about Orlov’s family were written by his grandson I. Neizvestnyi. All these publications are being placed in the different periodical and separate editions: scientific and popular journals, conference materials, separate memoir books.

We made conclusion that the story of this person, his life and essential contribution to the science, his organizational initiatives particularly international are worthy enough to be published as the collected in one book (at least as the selective digest of all the published materials). Our aim is to give a full and proper idea to the future generations about this extraordinary personality. 

We present e-book about Prof. Oleksandr Orlov, which was performed at the Main Astronomical Observatory of the National Academy of Sciences of Ukraine and posted on the MAO website https://mao.kiev.ua/index.php/ua/orlov-140.
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Ukrainian Radio Meteor Network — Development and first results
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The network of the meteor observation in the radio range consisting of 6 stations located in Mykolaiv (3 stations), Rivne, Lviv and Hlukhiv has been created. In 2017–2019 the network registered 912765 meteors. The observational data are posted on the RMOB website. Diurnal variation of meteor counts and comparison with some major meteor streams activity (Perseids, Geminids) are presented in the work. 
RADIO TELESCOPE RT-32 IN SPACE RECEARCHES

Ozhinskyi V.V. 1, Vlasenko V. P.2, Poikhalo A.V. 3
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The 32-m antenna system MARK-4B was designed and built near Zolochiv, Lviv region, Ukraine for providing USSR government communications, TV-translations with the Asia. Earth station have worked with the Intelsat system satellites. In the independent Ukraine until 2005 it provided commercial space communications as division (Space Communication Center) of Broadcasting, Radiocommunications & Television Concern. In 2017 it was transferred to the National Space Facilities Control and Test Center (NSFTC). After transfer has been founded the Space Research and Communication Center (SRCC). Shows the panorama of the SRCC. The SRCC is located in the west of Ukraine, about 100 km to Poland border.
In 1980th NEC made 6 BWG-type antennas which were in New Zeeland, Switzerland, Ireland, Egypt, Tunisia, and Ukraine. Recently most of them has been converted into radio telescopes and are working in the VLBI networks. They also perform tasks for Geodesy and Astrometry. The same type antennas are designing in the USA and Russia. These antennas have a low operational expenses and good technical characteristics.

The first two steps were: upgrading cable system, creation a new control system. The next step was the creation two cryocooled C- and K- bands receivers with possibility to work together. In plans is a creation of L-, S-, X- bands receivers.

Recently the old cable wrap mechanism has been changed. So, antenna expanded the range of azimuth angles up to ±270° and acquired capabilities to observe all sky sphere.

The new control system includes control unit (with manual and PC modes) and control computer (with special software). Control system is unique. It was designed especially for the RT-32. It is a very flexible and can be used in different projects, not only in radio astronomy.
RT-32 is observing a list of radio sources in 24/7 mode for the evaluation of aiming accuracy and receivers’ tests since 01.01.2020. SRCC has possibilities for high speed data transfer and can conduct to VLBI or other networks. 

The first RT-32`s results are surprisingly good. They give wide possibilities for international cooperation. RT-32 will actively participate in radio astronomy research in single dish and VLBI modes. We would like to solve geodesic issues in International Earth Rotation and Reference Systems Service for International Celestial Reference System (IERS) and International Terrestrial Reference System (ICRS). NSFTC can provide meteorological, GPS and DORIS data.

We thank the Ukrainian scientists from the Institute of Radio Astronomy National Academy of Sciences of Ukraine, Scientific-production Enterprise SATURN, Ternopil Ivan Puluj National Technical University for scientific deposits in the RT-32 creation.
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Observational evidence of super-Eddington accretion in Q 2237+0305

L.A. Berdina1,2, V.S.Tsvetkova1.2

1 Institute of Radio Astronomy, National Academy of Sciences of Ukraine, Kharkiv, Ukraine

2 Institute of Astronomy of V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

lberdina@rian.kharkov.ua

The reverberation mapping (RM) is a powerful tool to investigate spatial structure of quasars and AGNs through getting direct estimates of distances between their regions responsible for radiation in different parts of the spectrum. To measure the inter-band time delays, we have made use of the Q2237+0305 light curves in the Johnson-Cousins V, R and I. The values of the time lags between the R-V, I-V and I-R pairs of light curves turned out to be much larger than those predicted by the standard accretion disc model by Shakura-Sunyaev. To explain this discrepancy, it is natural to suggest that the observed reverberation responses arise in some extended structure with the size noticeably exceeding the standard accretion disc dimensions. As was shown in 1973 by Shakura and Sunyaev and confirmed in 2012 by Abolmasov and Shakura, such a structure that they called scattering envelope can be a consequence of a super-Eddington regime of accreting the matter around the central black hole. To test the suggestion about super-Eddinton accretion in the Q2237+0305 quasar, we used analytical expressions for the envelope effective radius and temperature from the works cited above and demonstrated that for certain values of parameters α and A (angular momentum transport efficiency and a ratio of energy losses in the Compton processes to those in the free-free transitions, respectively), the super-Eddington regime provides the values of the envelope radius, which are consistent with our measurements. To reveal the regions of parameters α and A, which provide the best fit between the inter-band time delays determined in this work and those predicted by Shakura & Sunyaev (1973) analysis of super-Eddington regime, we plotted the maps of differences between these values in coordinates α and A. The areas of the best fit of our results to those expected from Shakura & Sunyaev (1973) analysis are shown to shift towards the larger values of α for the longer wavelength range, and larger values of α are observed for the larger black hole masses. So, we conclude that a suggestion about super-Eddington accretion in the Q2237+0305 quasar can adequately explain the large values of the inter-band time delays obtained in the present work.

The randomization method for the disordered component of a magnetic field in supernova remnants and its application to SN 1006
V. Beshley
Institute for Applied Problems in Mechanics and Mathematics, NAS of Ukraine, Lviv, Ukraine

Supernova remnants are believed to be the main candidates for acceleration of cosmic rays up to energy 1015 eV. They are observed in all electromagnetic spectrum from radio to very-high energy gamma-rays. At present, mostly the spectra or surface brightness distribution are used for the analysis of accelerated particles on shock waves of supernova remnants. Other important observational data, namely, the radio polarization maps are almost out of use. We have developed a method for modeling the radio polarization maps taking into account the randomization of the disordered magnetic field in SN1006.
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In the theory of gravitational lenses, the source and its image are traditionally considered in the picture plane. With relative simplicity, this way of imaging gives very little insight into the gravitational lens, its features, topology and geometry.

Our approach is to study gravitational lenses as covering maps above the source plane. This allows the mathematical apparatus of the theory of surfaces to be used.

For this purpose, as a model of the N-point gravitational lens, we considered single-valued complex mapping of L: (Cz / A) → Cζ from the complex plane Cz – lens plane to the complex plane Cζ – source plane (A – set of complex coordinates of point masses which included in the lens).

The display L sets the complex equation ζ = R(z) – the lens equation. The function R(z) is a non-analytical, rational function from a complex and complex conjugate variable. The function R(z) also fulfils the additional conditions that define the class of lens equations ζ = R(z) as a subclass of rational functions.

In the geometric function theory, a mathematical apparatus for visual representation of some classes of analytical functions is developed. One of such classes is the class of algebraic functions. It is possible to associate each algebraic function with its Riemann's surface, and, consequently, covering map over the Riemann's sphere. Riemann surfaces of algebraic functions can be set by graphs – covering profiles. Profiles actually are the areas coordination scheme from which the Riemann surface is bonded.

We adapted this mathematical apparatus for our case.

For this purpose, we:

– continued display L until the continuous display L* between Riemann spheres;

– defined for the function ζ = R(z) the simply connected regions from which the covering surface is bonded;

– defined the areas coordination scheme from which the Riemann surface is bonded (profile of covering surface).

Thus, we obtained a visualization of the N-point gravitational lens as a covering profile.
Effect of peculiar velocities on the gravitational potential in cosmological models with perfect fluids
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We consider a universe filled with perfect fluid with the constant equation of state parameter ω. In the theory of scalar perturbations, we study the effect of peculiar velocities on the gravitational potential. For radiation with ω = 1/3, we obtain the expression for the gravitational potential in the integral form. Numerical calculation clearly demonstrates the modulation of the gravitational potential by acoustic oscillations due to the presence of peculiar velocities. We also show that peculiar velocities affect the gravitational potential in the case of the frustrated network of cosmic strings with ω = −1/3.
critical properties of the N-vector model
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Currently, both building-up the hydrokinetic models of superdense matter and systems with phase transition points of a critical type take the great attention of researchers. For instance, the scientific group of Prof. K. A. Bugaev has developed a mechanism for generating the (three)critical points of the QCD phase diagram, which is associated with vanishing the surface tension coefficients. In the literature the exact analytical expressions for the critical indices of the model with the surface tension are obtained in the case of critical and three-critical points, that enables to fix their parameters directly in dependence of the QCD universality class, as well as demonstrate the possibility of non-Fisher’s universality classes where the conventional scaling relations are violated.
The thermodynamic method we suggested for investigation of critical states allows determining the type of critical behavior and the behavior of all thermodynamic quantities characterizing the system under consideration in dependence of the values of a critical slope of the phase equilibrium curve and adiabatic coefficients of stability even when information of the system is limited. The advantages of this approach include the fact of the crisp classification of a number of real and model physical systems performed with this method in previous years. Some of these models are the special cases of the so-called N-vector model by H. E. Stanley or O(N) model.

The O(N) models are applicable to describe many of physical systems both at microscopic and macroscopic levels. So, the O(N) models are good approximation in studying the cosmological dynamics of scalar fields.
In this investigation the critical properties of the O(N) model are examined. It is shown that the type of phase transition depends on the value of interaction parameter.

Spherically symmetric T- and R-solutions of the 5D Kaluza-Klein type theories equations

V. D. Gladush
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We consider 5-dimensional (5D) spherically symmetric configurations of the Kaluza-Klein (KK) type, which are described by a Lagrangian depending on the parameter ϵ. For ϵ=1 Lagrangian contains the Kaluza-Klein theory; for ϵ = 1/√3 it represents the effective Lagrangian for the low energy limit of super-strings theory; finally, Lagrangian contains the Einstein-Maxwell theory with a minimally coupled scalar field for ϵ = 0. 
We proceed from the 5D variational principle of Einstein-Hilbert, which, after dimensional reduction, transforms to a four-dimensional one. Subsequent orthogonalization and conformal mapping reduces the action to an Einstein form describing the gravitational, electromagnetic, and scalar interacting fields. Next, we formally insert the parameter ϵ into the exponent, which determines the type of contact interaction between the scalar and electromagnetic fields, and obtain the action for the generalized 5D model. As a result of the subsequent reduction to spherical symmetry, we arrive at an action that describes the desired configurations.

We restrict ourselves to constructing solutions for spherically symmetric models, the geometry of which depends only on the time (T-solution) or radial (R-solution) coordinate. For each case, we go to the configuration space and obtain the Einstein-Hamilton-Jacobi equations, with the help of which the metrics and fields of the models are found and some geometric and physical properties are investigated. Note that the T-solution corresponds to a cosmological model of the Kantovsky-Sachs type with the hypercylinder topology with scalar and electromagnetic fields interacting with each other in a contact manner. On the other hand, with an appropriate choice of the integration constants, they correspond to the interior of the black hole. It turns out that the set of R-solutions is much more meaningful than T-solutions. This leads to the need to construct an appropriate classification of all R-solutions. Further, their solutions and a short comparative analysis are presented.
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It has been known that images of a point source in N-point gravitational lens, in certain constraints can not be arbitrarily close, whatever the position of the source.

We studied this phenomenon and its occur circumstances.

For this purpose, the SN gravitational lens model was represented by single-valued complex mapping L: (Cz / A) → Cζ, from the complex plane Cz – lens plane to the complex plane Cζ – source plane (A – set of complex coordinates of point masses).

The mapping L sets the complex equation ζ = R(z), where R(z) is rational function from a complex and complex conjugate variable that fulfils the additional conditions.

We have obtained the distance function h = h(z) between images of the same source. The distance function h is determined from the equation R(z) – R(h – z) = 0 by the convention h = |h|.

It has been proved that if for the given location of the point source, the number of images is minimal, that is equal to N + 1 for N-point gravitational lens at N > 1, the equation has no zero solutions. And consequently, there is always an arbitrary distance h = |h| > 0 between two different images. Put this another way, there is a minimum distance between images.

As an example, a single-point gravitational lens (Schwarzschild lens) is considered. There are always only two images in this lens (except for one exceptional case in which an Einstein ring appears). In this special case, using the approach which developed above, a formula that determines the distance between images is obtained. This formula coincides with that obtained in previous works.
The Electroweak phase transition and generation of magnetic fields 
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One of the basic features of QCD is asymptotic freedom at high temperature. Previous investigations showed that the asymptotic freedom is related to a spontaneous generation of different types of chromo(magnetic) fields. A presence of these fields can thus serve as a signature of the QGP formation. The effects related to the A0 gluonic condensate and (chromo)magnetic fields have important role for experimental research. 
We investigate the electroweak phase transition in the Minimal Standard Models with accounting the spontaneously generated magnetic and chromomagnetic fields. According to Sakharov's conditions for the formation of the baryon asymmetry of the Universe it has to be strong first order. The spontaneously generated (chromo) magnetic fields are temperature dependent. They influence the phase transition. 

Color chromomagnetic fields B3 and B8 were created spontaneously in the gluon sector of QCD at temperature T > Td higher the deconfinement temperature Td. Usual magnetic field H had also been spontaneously generated. For T close to TEW the magnetic fields could change the kind of the phase transition. 

The strength of generated fields, entropy and pressure of quark-gluon plasma at extra high temperature and external fields are estimated. These macro parameters were calculated from high temperature effective potential accounting for the one-loop plus daisy diagrams.

Evolution of cosmological perturbations in the interacting dynamical dark energy
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We study the evolution of cosmological perturbations in the Universe with non-gravitational interaction between dark energy and dark matter (DE-DM interaction). As for some types of this interaction the instabilities of the non-adiabatic mode of cosmological perturbations of dark components are present in the radiation dominated epoch when the Hubble horizon is small in comparison to the perturbation scale. This instabilities occur for the models of dark energy with constant equation of state (EoS) parameter being close to -1. So we used the model of dynamical dark energy EoS of which is close in modern epoch to that values which follow from astronomical observations and in the early epoch it is taken in the range of values where non-adiabatic perturbations are stable. In the result from condition of decaying of non-adiabatic mode we obtained the constraints on the value of DE-DM interaction parameter and EoS parameter in the early epoch. Using these constraints we had solved the cosmological perturbation equations numerically and studied how evolution of cosmological perturbations modifies for different values of interaction parameter.

Scalar perturbations of Galileon cosmologies in the mechanical approach within the late Universe
Jan Novak 

Physics Department, Technical University of Liberec, Studentska 1402/2, 461 17, Liberec, Czech republic jan.novak@johnynewman.com
We investigate the Universe at the late stage of its evolution and inside the cell of uniformity 150-370 Mpc. We consider the Universe to be filled at these scales with dust like matter, a minimally coupled Galileon field and radiation. We use the mechanical approach. Therefore, the peculiar velocities of the inhomogeneities as well as the fluctuations of the other perfect fluids can be considered nonrelativistic. Such fluids are said to be coupled because they are concentrated around the inhomogeneities. We investigate the conditions under which the physical Galileon field, i.e. compatible with results of the latest gravitational wave experiments GW150914, GW151226, GW170104, GW170814, GW170817 and GW170608, can become coupled. We know that at the background level coupled scalar fields behave as a two-component perfect fluids: one which mimics a network of frustrated cosmic string and an another one which corresponds to an effective cosmological constant. We found as well a correction for the Galileon field, which behaves like a matter component.
Gravitational fields in space-time: 
the place of Riemannian geometry among linear differential geometries of Schouten
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As shown by Schouten in 1935, in space-times equipped with a metric tensor, it is possible to construct 27 differential geometries, differing from each other by structuring elements of covariant differentiation. Among the four tensors associated with covariant differentiation (torsion tensors for covariant derivatives of covariant and contravariant vectors, nonmetricity tensors for covariant derivatives of doubly covariant and doubly contravariant metric tensors), only three are independent – three Schouten tensors. Since both the metric tensor and Schouten tensors are multilinear combinations of any complete set of vectors in space-time (basis), it is possible to study from a single point of view the spatial structures that appear in each of these geometries. The standard algebraic procedure for introducing vectors of a conjugate basis (cobasis) does not prohibit the basis and cobasis vectors to have different differential properties.
It is proposed to use holonomic vectors as a basis. These vectors represent the scaffolding on which all other tensors in the studied models are built, including cobasis vectors. In the general case, each cobasis vector can contain both a holonomic and a nonholonomic part. The nonholonomic parts form fields with antisymmetric rank II tensors of the electromagnetic field tensor type in electrodynamics. There can be no more than four such fields in space-time. It is shown that Einstein equations in GR (in Riemannian geometry) define only the class of models in which all nonholonomic contributions of cobasis vectors in space-time are equal to zero. This means that the generally accepted procedure for finding the equations of the gravitational field from the variational principle in GR is incomplete and does not include all classes of space-time curvatures admissible in Riemannian geometry. 

Modeling the interference effects in inelastic hadrons scattering with the Monte-Carlo event generator based on Laplace’s method

O. Potiienko, T. Yushkevich, H. Neboga
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Based on the approaches behind the method proposed in our previous work [1], we developed an algorithm for Monte-Carlo event generations of inelastic proton-proton scattering. This algorithm allows one to generate the configurations of secondary particles in the final state with the large number of secondary particles (n ≈ 50 at √s = 65 GeV), taking into account the cross terms in the squared modulus of the scattering amplitude. We model the inclusive rapidity distribution in inelastic proton-proton scattering using this algorithm within the simplest real scalar model phi-cubed. The obtained results are in qualitative agreement with the experimental data, wich means that it is expedient to use the algorithm within a more realistic model (for instance, multi-particle fields model based on QCD [2]). We also argue that the energy dependence of the shape of inclusive rapidity distribution in inelastic proton-proton scattering is the manifestation of the interference effects.
1. O. Potiienko, K. Merkotan, N. Chudak, D. Ptashynskiy, T. Zelentsova, T. Yushkevich, I. Sharph, and V. Rusov. New method of accounting for interference contributions within a multiperipheral model, Physical Review D, Volume 101, Issue 7, 1 April 2020, DOI: 10.1103/PhysRevD.101.07602
2. D.A. Ptashynskiy, T.M. Zelentsova, N.O. Chudak, K.K. Merkotan, O.S. Potiienko, V.V. Voitenko, O.D. Berezovskiy, V.V. Opyatyuk, O.V. Zharova, T.V. Yushkevich, I.V. Sharph, V.D. Rusov. Multiparticle fields on the subset of simultaneity, 2019 Ukrainian Journal of Physics 64(8), p. 732-737.  https://doi.org/10.15407/ujpe64.8.732
Solar axions as the solution of the corona heating problem

V.D. Rusov, V.P. Smolyar, A.M. Eremenko

Odessa National Polytechnic University

There are many assumptions about the unusually high temperature in the solar corona (T~(1.5−3)·106 K) compared to the chromosphere and photosphere. It is known that energy comes from the underlying layers, including the photosphere and chromosphere, and possibly involving the magneto-acoustic and Alfvén waves, magnetic reconnections, nano-flares, Ellerman bombs. It is often assumed that the mechanism of corona heating is the same as for the chromosphere: convective cells in the form of granulation rising from the depth of the Sun and appearing in the photosphere lead to a local imbalance in the gas, which leads to the propagation of magneto-acoustic and Alfvén waves moving in different directions. A chaotic change in the density, temperature and velocity of the substance in which these waves propagate can make the magneto-acoustic waves so large that the gas becomes supersonic, and the shock waves appear, eventually heating the corona.

We believe that the main effective mechanism for heating the solar corona is the emission of axions from the solar core with an energy spectrum with the maximum of about 3 keV and the average of 4.2 keV. These axions are supposed to convert into soft X-rays in very strong transverse magnetic field of an almost empty magnetic flux tube at the base of the convective zone. As a result, the X-rays, passing through the photosphere and scattering in the Compton process, reach the transition region between the chromosphere and the corona. The bulk of soft X-rays dissipates in the corona.

The total power thus transported by the X-rays of axion origin is only about one millionth of the total solar luminosity, but the average energy of the photon of axion origin can generate a temperature of the order of 107 K under certain conditions of coronal substances, which is close to the temperature T ∼ 1.55·107 K of the Sun core. So there is sufficient energy on the Sun to heat the corona.

Black hole – Sun connection through the asymmetric dark matter

V.D. Rusov, T.M. Zelentsova, Le Minh Thanh

Odessa National Polytechnic University

On the basis of the experimental data on the oscillations of the sunspot number, the geomagnetic field Y-component and the global temperature we explicitly demonstrate that their periods coincide with revolution periods of S-stars orbiting a supermassive black hole the galactic center of the Milky Way. Such a fine coincidence obviously cannot be random. So the question is: how do the solar and terrestrial observables “know” about the motion of S-stars?

We suggest and substantiate a hypothesis that the “carrier” is none other than dark matter. The generalized picture of these connections is the following: the variability of the local positions of orbital S-stars near the black hole → the modulation of the ADM halo at the center of the galaxy → waves of the vertical gravitational density from the disk to the solar neighborhood → variations (cycles) of sunspots.

According to our theory, S-stars can perturb the black hole neighborhood greatly, thus modulating the dark matter flows in our galaxy and, consequently, causing the variations of dark matter space and velocity distributions, in particular, at the Sun and Earth positions (through the vertical density waves from the disk to the solar neighborhood).

Further, these variations may cause the corresponding variations of the Solar System observables by means of some mechanism, e.g. the interaction of DM particles, which correlate with baryonic matter, with the cores of the Sun and the Earth.

The main result is the solar luminosity variations due to the density variations of the ADM of baryonic nature. And the dark matter chronometer hidden deep in the core of the Sun is able to explain that the main reason of these variations is not the solar dynamos, which cannot exist due to the strong magnetic fields, but the gravitational capture of asymmetric dark matter in the interior of the Sun. It depends on the holographic Babcock-Leighton mechanism as a consequence of the fundamental holographic principle of quantum gravity in the Sun.

POSSIBLE WAYS OF FORMING OF HIGHLY-CONDENSED MATTER. NEUTRON SUBSTANCE AS A PRIMARY COSMOGENIC AND  MODERN DARK MATTER  
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The report discusses possible mechanisms for creation of hyperheavy nuclei by electron-nuclear collapse, and neutron matter by ultra-cold neutron condensation (UCNs). The principal possibility of creation such objects was previously justified by A. B. Migdal, who suggested that the known set of proton-neutron nuclei with mass numbers from 0 up to 300 and a minimum energy of about 8 MeV/nucleon at A≈60 (in the iron region) corresponds to the first region, behind which (starting from about the charge Z≈1700) is another region describing the possible state of nuclear matter stabilized by pion condensate. In this area, the minimum energy corresponds to 20 MeV/nucleon at A≈200000. The report shows that a neutron substance can be implemented under certain conditions, and its systematization can be implemented as an addition to the Periodic table. When solving such problems, it becomes quite real to study not only physical, but also chemical, and possibly engineering and technical properties. Neutron matter is already stable at the micro level by the Tamm interaction, the Hund beta equilibrium, and it can be quite stable not only at the macro level (neutron stars) due to the gravitational interaction, as a priori it was assumed earlier, but also on the scale of "ordinary" matter. The analysis shows that the neutro-nization process is possible not only under critical gravitational interaction, but also through other mechanisms (supercritical increase in the atomic number of elements through electron-nuclear collapse and condensation of ultracold neutrons), which opens the way to the fundamental possibility of obtaining both neutron matter in laboratory conditions, as well as  hyper-heavy nuclei. Based on the works of Migdal, Tamm, and Hund, the possibility of existence of stable neutron matter (at Z>>175, N>>Z, A>103-105 with a size of 200-300 femtometers or more) at the micro level, and not only at the macro level, as is now considered in astrophysics. Neutron matter is considered as a potential cosmological candidate for dark matter, as well as the possibility of obtaining it in laboratory conditions. It is necessary to consider the possibility of formation of fragments of neutron matter as a dark matter (neutral, femto-, pico- and nano-dimensions, relict cooling makes it difficult to detect them by now) already in the initial birth of the Universe, which is the dominant process (as well as the primary black hole) and not the fusion of the initial minor number of protons. The observed part of the Universe is formed from the residual part of protons and subsequently decayed single neutrons and unstable fragments of neutron matter (with Z>175, N>> Z, but A<103-105).

THE AXIS OF THE UNIVERSE AND THE PROBLEM OF BARYON ASYMMETRY. CRITICAL ANALYSIS OF THE CONCEPT

G.B. Ryazantsev1, G.K. Lavrenchenko2, S.S. Nedovesov3
1 Lomonosov Moscow State University, Russia

2 LLC «Institute of Low Temperature Energy Technology», Odessa, Ukraine

3 Taras Shevchenko National University of Kyiv, Ukraine 

anis-mgu@mail.ru
Baryon asymmetry of the Universe is the observed predominance of matter over antimatter in the visible part of the Universe. It is believed that this observed fact cannot be explained in the assumption of the original baryon symmetry during the Big Bang, either in the framework of the Standard Model, or in the framework of general relativity – two theories that are the basis of modern cosmology. The author of the theory of baryon asymmetry of the Universe is Andrei Dmitrievich Sakharov, and only his unconditional authority as a great scientist contributed to the dominance of this hypothesis in the scientific world and popular literature at the present time. However, the principle of baryon asymmetry cannot be recognized as flawless and physically correct, but mathematically harmonious. Currently, there are a number of experimental and theoretical facts that unambiguously confirm the presence of a general asymmetry of the Universe and a fundamental violation of its isotropy.
Matter and antimatter were created at the very beginning of the birth of the Universe. During Time-0, Something-Nothing breaks down into two mega-particles (naturally with opposite impulses and spins) – Megapreon and Megantipreon. Macroscopic separation of matter and antimatter took place practically at “zero moment”. In the future, megapreon decays into many preons, which give rise to all quarks and leptons (our World), and megantipreon, respectively, Anti-world. The existence of the Axis of the Universe (AU) automatically receives its justification from the symmetry of the World and Anti-world. AU is the direction along which the World and Anti-world fly away. Since megapreon and megantipreon had opposite spins and received impulses, their mutual removal, opposite rotation and precession in AU, occur in all measurements. Anti-world is moving away from us and is beyond the horizon of observation. The presence of AU leads to different signs of cosmological anisotropy. In particular, it becomes clear that the Hubble constant changes in different directions. We should expect positive increments in the constant in the direction of our Universe in AU and negative in the direction of the Anti-universe. Perpendicularly, however, the Hubble constant remains unchanged. Within the framework of the proposed concept, it opens up the possibility of assessing the general topology of the Universe and determining the position of our Galaxy in it. The World and Anti-world do not meet and by now they are far beyond the horizon of observation, which corresponds well to the anthropic principle. The authors are aware that this concept runs counter to the prevailing paradigm, but consider it their duty to discuss it, since they do not see the fundamental inconsistency of the Standard Model.
NEUTRINO ASTROPHYSICS AND TERRESTRIAL ELECTROCHEMISTRY. POSSIBLE REASON 
FOR SUCCESS AND TRAGEDY OF FLEISCHMANN AND PONS

G.B.Ryazantsev1, V.I.Vysotskii2, S.S.Nedovesov2, D.A.Ryazantsev3
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In 1989, Martin Fleischmann and Stanley Pons announced at a famous press conference on March 23 in Salt Lake City that they had succeeded in trivial electrolysis experiments involving palladium electrodes and heavy water to realize very efficient cold fusion (CNF). The main motive behind such a premature (before an independent examination) statement was the uniquely large energy release in one of the experiments in 1987, in which the process was explosive, the installation itself melted and destroyed part of the laboratory. The authors tried to repeat this experiment, but the results were always incomparably weaker.

Subsequent experiments of these authors (and their independent actual replication according to a similar scheme and methodology in many laboratories) had mixed and inconclusive results, which led to justified criticism of the very idea of ​​the CNF, as well as to ostracism towards Fleischmann and Pons and their personal tragedy.

In the last 10 years, CNF experiments have been carried out in many countries, as a rule, in different environments and on the basis of a different, more optimal methodology. Some of these experiments have produced very interesting new results. Currently, there are several dozen theoretical models of CNF. The greatest success was achieved in experiments conducted by A. Rossi in the gas phase with the participation of hydrogen, nickel and lithium salts. In these experiments, the released power of 5-7 kW in each module with a volume of 10 cm3 and its multiple excess over the process control power (coefficient of performance) COP> 60 are recorded stably (including in an experiment lasting 1 year), but no one in the world has succeeded to repeat the explosive CNF experiment of Fleischmann and Pons, for which this power should be several orders of magnitude higher.

An interesting and undoubtedly relevant question is the nature of the unique experiment of Fleischmann and Pons, which, in fact, gave the initial powerful impetus to the process of CNF development. A simple analysis shows that this unique result could be stimulated by the explosive flow of antineutrinos generated during the supernova SN-1987 flare in combination with a randomly realized optimal experimental structure and the possibility of implementing the resonant interaction of antineutrinos with the active medium and a very significant increase in cross section, which can lead to to effective transformation of protons into neutrons and suppression of the effect of the Coulomb barrier at low energy.

The report examines the prerequisites for the implementation of such experiments at the present time in a terrestrial laboratory.

On the question of the helium abundance in Orion A measured by radio recombination lines. And the Primordial  helium abundance.
A.P.Tsivilev

Pushchino Radio Astronomy Observatory of ASC of  Lebedev Physical Institute, Russian Academy of Sciences. 

Observations of recombination radio lines (RRL) of hydrogen (H), helium (Нe) and carbon (C) were carry out with the RT22 radio telescope (Pushchino) at long waves of 8 and 13 mm in a number positions of the Orion A HII region. The relative helium abundance, y+ = n (He+)/n(H+), in these positions was obtained. The behavior of this value on the nebula showed that the helium ionization zone is smaller than the hydrogen one with a different ratio for the core and halo. For the established ionization structure, it means that the actual helium abundance in Orion A, n(He)/n (H), will not be less than the maximum value of y+. This allows to evaluate the limitations on the Primordial helium abundance (Yp, the ratio is He/H by mass) formed during the Primordial nucleosynthesis of the Universe. The maximum y+ value found to be in the range of 10-12%. Hence, we can expect that the Primordial helium lies in the range of ≈ 26.4-29%, and the number of light particles as the neutrino type could exceed the standard value during that Primordial  nucleosynthesis. 
Discrete X-Ray Sources in Galaxy Clusters

A.V.Tugay, S.Yu.Shevchenko, L.V.Zadorozhna 

Taras Shevchenko National University of Kyiv, 
Kyiv, Ukraine

Currently studies of extragalactic X-ray sources using data from orbital observatory XMM-Newton are at front line of the X-ray astronomy.  Resolution capacity of the observatory instruments enable to detect separate X-ray sources in the close galaxies. In this study we used data from 4XMM-DR9 catalog. This catalog contains 550124 unique sources covering 2,85% of the sky. Among bright XMM sources using Hyperleda database we revealed 19 galaxy clusters. Images of the two galaxy clusters demonstrate bright galaxy cores. These objects are the basic subject of this study. These are galaxy group NGC 507 and Coma cluster where nucleus of galaxy NGC 4889 was clearly detected. We also analyzed X-ray images of 14 other X-ray clusters and had not found AGNs there.
ANALYTIC SOLUTIONS for ANISOTROPIC SPHERES WITH LINEAR DEPENDENCE of PRESSURE COMPONENTS IN GENERAL RELATIVITY
A.N. Turinov
Theoretical Physics Department, Oles Honchar Dnipro National University,

Dnipro, Ukraine, andrii.turinov@gmail.com
Theoretical studies on realistic stellar models indicate that certain massive objects may be locally anisotropic. The anisotropic models are not as well-studied so widely as the isotropic ones. However, important changes in properties may possibly occur when dealing with anisotropic fluids in the superdense objects. 
The realistic state equations in the superdense matter are not known even in the relatively simple case of a perfect fluid both for the isotropic matter and for the anisotropic one. The difficulty in prescribing the state equation for the anisotropic matter implies to specify a relation between the tangential and radial pressures or between the metric coefficients. Therefore many solutions do not satisfy certain physical restrictions. Besides, the finding of each of these anisotropic models presents the individual mathematical task, which is, as a rule, not very simple.

In this work the static spherically symmetric anisotropic matter distribution is considered. The method for constructing the solutions of the Einstein equations, where the tangential and radial pressures are proportional to each other, is suggested. The general solution for the considered matter distribution can be written in quadratures. Some new exact analytical solutions is presented.

We suggest the method for constructing the solutions of the Einstein equations for the static spherically symmetric distribution of the matter with the anisotropic pressure. We assume that the radial and tangential components of pressure are proportional to each other. The general solution in quadratures is presented.

We obtain some exact analytical solutions for the static spheres with the anisotropic pressure. We show that all of these solutions are not free of singularities. The central density of energy and pressure become infinite, but the ratio of the central pressure to the central density remains finite. 

For all of these solutions the energy density and pressure are nonnegative, strictly decreasing functions of the radial coordinate at least for some region. So, these solutions may be used in describing the envelope of the spherically symmetric configurations.
The New Possibilities in Cluster Cartography 3 Set

S.Yemelianov1, E.Panko2
I. I.Mechnikov Odessa National University Odessa, Ukraine

1sviatoslavem@gmail.com,  2panko.elena@gmail.com
The Cluster Cartography set (CC) was created for the analyze of the 2D distribution of galaxies in the clusters.  CC allowed us to determine the base morphological types of galaxy clusters using the statistically valid criteria. The second CC version allowed to detect some peculiarities in the 2D distribution of galaxies and to study the distribution of ellipticities of cluster members. 

The third CC version allows to detect the regular peculiarities like X-, Y-substructures, as well as to extract the substructure members for detail study.

The new results are discussed.  

Astrophysics
(stellar atmospheres, interacting binary systems, variable stars)
Least squares approach for simultaneous determination of all Stokes Parameters

V.V. Breus1, S.V. Kolesnikov2, I.L. Andronov1
1 Odessa National Maritime University, Department of Mathematics, Physics and Astronomy

2 Astronomical Observatory, Odessa National University 
We present the improved algorithm used for determination of all 4 Stokes Parameters (I, U, Q, V) from the data obtained with the single-channel polarimeter, that was used in Crimean astrophysical observatory for many years. A technique for simultaneous measurement of circular and linear polarization was presented by Kolesnikov et al. (2016). Instead of 4 linear combinations of 8 pulse counters (that are results of angularly integration of intensity of the light beam), we used least squares approach. Details of method and a computer program for data reduction are described.
Spin-period variations in the intermediate polar RX J2133.7+5107
V. Breus1, I. L. Andronov, P. Dubovsky, K. Petrik
1 Odessa National Maritime University, Department of Mathematics, Physics and Astronomy

We report the results of long-term time series photometry on RX J2133.7+5107. Using data taken during 13 yr, we confirmed and improved the results obtained by de Miguel et al. (2017). Due to longer time-base we obtained more accurate value of the spin-up time-scale 1.536(3)*105 yr. The observed rate of spin-up is even faster then reported by de Miguel et al. (2017) and one of the fastest of all known intermediate polars. We confirm the presence of superhumps and studied the changes of superhump period. Also we report a presence of complicated changes of (O-C) with a period of about 7 years, that may be interpreted either as fluctuations around the equilibrium period or as a presence of a third body orbiting the inner close binary system.

Massive binary star evolution in 
young star clusters. What we can learn from observations? 
Nikolay Britavskiy1,2

1Odessa National University, Ukraine

2Instituto de Astrofisica de Canarias, Spain

I will make a brief overview of our work progress in characterization the population of massive stars in young open stellar clusters (and not only) in the Milky Way and the Magellanic Clouds. In detail, we will look at the physical properties of so-called red stragglers and the ways how we can connect it with a global paradigm of the evolution of massive stars. These exotic objects are presumably the products of mass transfer or merger in close binary systems and the origin of these stars is still poorly understood. For such purposes, the stellar clusters are ideal laboratories to study the different paths of stellar evolution because by investigating the clusters at different age we can see various snapshots of evolutionary stages of massive stars. Moreover, only recently with a modern space missions such as GAIA and TESS we have a possibility to characterize and investigate the physical properties of a significant amount of individual stars in the Galaxy and beyond. The main goal of our work is to provide the first quantitative analysis of binary interaction products, providing stringent tests of recent and future binary evolution models of massive stars and their final products (supernovae and gravitational wave events).

Probe of magnetic field in a hot supergiant zet Per

V.V. Butkovskaya1,2, S.I. Plachinda1,2 

1Main Astronomical Observatory of NAS of Ukraine, Kyiv, Ukraine

2Crimean Astrophysical Observatory, Nauchny, Crimea

High-accuracy spectropolarimetric observation of hot supergiant zet Per (HD 24398, B1 Ib, V = 2.88m, Teff = 20260 K, log g = 4.90, M = 21 Msun, R = 23 Rsun, vsini = 67 km/s) have been carried out over 26 nights from 1997 to 2012 with long-slit spectrograph mounted in the coude focus of 2.6-m reflector ZTSh at the Crimean Astrophysical Observatory (Crimea). We also used circularly polarized spectra obtained during 2 nights in 2008 with echelle spectrograph ESPADONS mounted at 3.6-m CFHT (Hawaii, USA). We present here the first results of magnetic field measurements on zet Per.   

The properties of charged condensed matter in the hard radiation field 
of active galaxy nuclei. 
II. Macroscopic Interstellar Dusty Plasma parameters:  conductivity (ς), viscosity (η), compressibility (γ)  
Dmytry N. Doikov1, Alexander V. Yushchenko2, Yeuncheol Jeong3,4
1Odessa National Maritime University, Department of Mathematics, Physics and Astronomy,

      Odessa, 65029, Ukraine

2Astrocamp Contents Research Institute, Goyang, 10329, Korea

3Daeyang Humanity College,  Sejong University, Seoul, 05006, Korea 

4Corresponding author, yeuncheoljeong@sejong.ac.kr,    
Tel.: +82-10-5679-3177
https://orcid.org/0000-0001-5775-4610 

We received a macroscopic coefficients of dusty low-temperature plasma in a hard radiation field for the periphery of active galactic nuclei (AGN). The spectroscopic properties for the monodisperse dust size distribution is taken into account. It was found that, in the AGN periphery, with the interstellar positively charged dust particles has a significant effect on the plasma’s thermodynamic parameters. It was received that an degree of dustiness of a plasma changes its compressibility (γ), conductivity (σ), heat capacity, shear (ξ) and bulk viscosity (η). The electronic energy distribution function has the Maxwellian (thermal) maximum and the high-energy one caused by Auger electrons. We showed the modulation and generation of acoustic oscillations of a low-temperature plasma with dust – “dust sound” is considered for peripheral AGN areas. We investigated the effects shown by the propagation of this type waves. The influence of charged dust on the course of collective processes of a turbulent nature are considered. Therefore, the part of the energy transfer from the central regions of the AGN to its periphery in form of the MGD-waves is considered. It is indicated that the maintenance and generation of a local magnetic field occurring in local vortex type turbulent structures largely depends on the total charge of the dust component. On the basis of which the statement was confirmed that local turbulent vortices with a magnetic field and charged dust effectively scatter cosmic rays with energies up to 3 GeV presented in [Lazarian, Yan]. We have shown that almost the entire perimeter of AGN converts cosmic rays directed along the tubes of the average galactic magnetic flux into their diffusely chaotic component. This makes it possible to transport and convert of the energy of galactic cosmic rays into radiation component observed in all spectral intervals available to satellites. 

On the evolutionary status of chemicaly-peculiar stars in the upper part of the main sequence

Gopka V.F.

 Astronomical Observatory, Odessa National University, Marazlievska 1B,Odessa 65014, Ukraine 

A scenario of the origin of the stars in the upper part of the main sequence is proposed, the evolutionary status of which has not been determined for a long time.
The Emission-Line Dusty Object 
IRAS 07080+0605, a Less-Evolved Example of the Red Rectangle
Serik A. Khokhlov1, Anatoly S. Miroshnichenko2,3,4, Sergei V. Zharikov5, Nadine Manset6, Olga V. Zakhozhay7, Raushan Kokumbaeva4, Anatoly V. Kusakin4, Chingis T. Omarov4, Inna V. Reva4, Igor A. Usenko8,9, Aizhan K. Kuratova1
1 Physical-Technical Faculty, Al-Farabi Kazakh National University, Al-Farabi Ave. 71, Almaty, 050040, Kazakhstan
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5 Insitute for Astronomy, Universidad Nacional Autonoma de Mexico, Apdo. Postal 877, Ensenada, 22800, Mexico
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8 Astronomical Observatory, Odessa National University, Shevchenko Park, Odessa 65014, Ukraine
9 Mykolaiv Astronomical Observatory, Obsevatorna 1, Mykolaiv 54030, Ukraine

The all-sky survey conducted by the InfraRed Astronomical Satellite (IRAS) in the 1980’s discovered many objects with infrared excesses whose nature has not been explored until recently. IRAS 07080+0605 is one of those identified with an early-type star in the optical wavelength range. It shows the B[e] phenomenon, which is defined by the presence of spectral line emission, including forbidden lines, coming from circumstellar gas and a large infrared excess due to processing of the stellar radiation by circumstellar dust. IRAS 07080+0605 is a very puzzling object because of one of the strongest infrared excesses associated with one of the lowest surface temperatures (8000-9000K) among objects with the B[e] phenomenon, a combination of spectral features of dwarfs and supergiants, and the absence of a surrounding optical nebula. Our photometric and spectroscopic study shows that the object properties are similar to those of the famous Red Rectangle planetary nebula. In this presentation we describe our findings and hypotheses of the nature and evolutionary status of IRAS 07080+0605.

ASTROPHYSICAL HIGHLIGHTS OF APERTURE POLARIMETRY OBTAINED AT THE 2.6M SHAIN TELESCOPE IN THIS CENTURY

Kolesnikov S.V. 1,2
1 Astronomical Observatory, Odessa National University, Marazlievska 1B, Odessa 65014, Ukraine

2 Department of Mathematics, Physics and Astronomy, Odessa National Maritime University, Odessa, Ukraine

Main results obtained using the 2.6-m telescope of the Crimean Astrophysical Observatory using the photometerpolarimeter with a fast rotating polarimetric analyzer, are reviewed. They are based on observations obtained by the author for different projects. The unprecedented monitoring of a group of cataclysmic variables was carried out by the author since 1989 with Dr. N.M.Shakhovskoy. In the new century, more types of the objects (single rotating white dwarfs, asteroids, comets, satellites of Jupiter and Saturn) have added to the observational program.

In addition to the results based on operational data processing, the (first) part of the results of the final observation results obtained after determining the behavior of the telescope`s polarimetric system is presented. 

The discovery of variability in both photometry and circular polarization, probably of rotational origin, in the cold white dwarf WD 1748 + 508, closed the idea of ​​the existence of a separate class of stars among strongly magnetic white dwarfs with a period of hundreds of years. The discovery of circular polarization by other authors in some comets has been repeatedly confirmed by a number of objects we have observed. But we continued to analyze the data obtained, taking into account behavior of the telescope polarimetric system.
As a result of almost 30 years of photopolarimetric monitoring of a group of close binary systems with different magnetic field strengths, the world`s largest base of homogeneous measurements of objects of this type was obtained.

The final processing of this data is not yet complete. But the results of our observations were used to study cataclysmic stars of different types, which are part of the international program «Inter-Longitude Astronomy». In particular, studies of the spin period of AM Herculis were performed through the study of circular polarization variations spanning several decades and the results of RXTE ASM observations during approximately 5 years of satellite operation. Both sets of observations suggest that the rotation of the white dwarf is not stable on the time scale for several years. We associate this with the oscillation of the equilibrium period with a half-amplitude of 14 degrees and a time scale of about 3 years.

Also compatible with the IUE satellite, were the AM Her studies, which allowed us to propose a two-component model of ultraviolet radiation with temperatures of red and white dwarfs, respectively, 20,000 K and 35,000 K. As a result of the “Noah`s Project” observation campaign, a model of switching accretion alternately to different poles of a magnetic white dwarf in BY Cam was proposed. As a result of the “Noah-2 Project”, the third area of ​​radiation and the variability of the amplitude of circular polarization with the beating period were revealed.

Multi-component variability of pulsating variable stars of RV Tauri type

Larysa S. Kudashkina

Department of Mathematics, Physics and Astronomy, Odessa National Maritime University, Ukraine

For the group of pulsating variable stars with multi-component variability – RV Tau-type stars – the classification based on complexity of the periodograms is discussed. Periodograms are previously classified by their shape into three groups according to the presence or absence of certain structures: two peaks in a 2:1 ratio, the presence of satellites of these peaks indicating the result of beats.

Group I includes objects showing the periodogram typical for the RV-type stars, and the ratio of the periods of the two main peaks is indicated. The Group II includes objects, the periodograms of which contain signs of multi-periodicity or, vice-versa, only one clear peak, instead of two. The Group III includes objects, the periodograms of which are highly noisy, mainly due to a small number of observations or they do not show typical structures of RV-type stars.

For periodogram analysis, the observations from the databases of AFOEV, AAVSO and ASAS were used. A least squares method is used for the analysis, to compare the variance in the deviations from the smoothed function with the dispersion in the initial observations.
The mean light curves and the phase plane diagrams (dxC(φ)/dφ( vs ( xC(φ)( was compiled and analyzed for the values of the periods corresponding to the peaks in the periodograms.

SIGNATURES OF EXOCOMET ACTIVITY AROUND STARS AT DIFFERENT EVOLUTIONARY STAGES
Kuznyetsova Y., Pavlenko Y., Kulyk I., Zakhozhay O., Korsun P., Borysenko S., Krushevska V., Shubina O., Andreev M.

Main astronomical observatory of NAS of Ukraine,
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We discuss the current state of problems associated with the discovery and study of exocomets - objects of extrasolar systems, that in many aspects are similar to the comets of the Solar system. Existing theories of planet formation suggest that populations of small bodies in planetary systems should be numerous, especially at the early stages of their formation.
Currently, most of the stars observed with confirmed transit exoplanets and probable candidate stars with exoplanetary systems have been collected in the Kepler and TESS space mission databases. These databases are widely used for a search and for a study of exocomet activity signatures in extrasolar systems. To date, the number of observed cases of exocomet activity is very small, only about 20 events.
Another interesting evidence of this bodies existence is the concept of falling on the star of massive bodies surrounded by miniatmospheres. In the spectra, it causes variable and often short-term changes with a shift to the red part of the spectrum. Another probable evidence of comet activity is the emission of CO, C, and O lines in the millimeter region of the spectrum observed in debris disks by the ALMA and APEX telescopes.
Preliminary results of photometric profiles modeling for exocomet transit across the disk of parent star are presented. A model of dust tail formation based on the Monte Carlo statistical method was used to reproduce probable photometric curves.
HD 121135: features of its chemical composition

Mishenina T.1, Usenko I.1,2, Kniazev A.3, Kovtyukh V.1
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All the elements that was forming as a result of neutron (n-) capture processes  are the keys in the study of early Galaxy enrichment. Their abundances in the stellar atmospheres allow to test the processes of nucleosynthesis. First of all, it is important in the case of the elements of rapid n- capture (r-process) studying that reflects e.g. the merging of neutron stars or the influence of magnetohydrodynamic supernovae.  It is also important for tracking the way of these elements enrichment for the interstellar medium in early galactic times. For the star HD121135 ([Fe/H] = -1.5), the atmospheric parameters and elemental abundances have been determined. Comparison of the elements of rapid and slow n- capture processes distributions represents in this work. 

The Europium to Thorium abundances ratio was using to estimate the age of HD 121135.

Detection of emergence of magnetic flux tubes in the photosphere of dwarf 61 Cyg A, subgiant β Gem and giant β Gem
S.I. Plachinda1,2, V.V. Butkovskaya1,2
1Main Astronomical Observatory of NAS of Ukraine, Kyiv, Ukraine

2Crimean Astrophysical Observatory, Nauchny, Crimea

Today, the study of stellar magnetic fields is one of the important research field in astrophysics because it provides us with information about space weather in the orbits of Earth-like planets in stars other than the Sun. Our research is based on spectropolarimetric observations carried out with 2.6m Shajn telescope equipped with the echelle spectrograph ESPL, CCD, and the Stokesmeter as a circular polarization analyzer.  For measuring stellar magnetic fields the Single Line (SL) technique was developed at СrAO. This technique is based on the calculation of Zeeman effect in individual spectral lines. A key advantage of the SL technique is its ability to detect local magnetic fields on the surface of stars. Using SL technique emergence of large magnetic flux tubes at the surface of stars of V-IV-III luminosity classes (61 Cyg A, β Gem, β Aql) were first registered. We review the results of the study of local magnetic fields in these stars, including the results of modeling the intensity and size of their starspots.
Tidal formations in the area of the Pleiades open cluster
Postnikova Ekaterina
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Our Galaxy acts with its tidal forces on all the objects that are in it. And the larger and more massive the object, the more noticeable it is.

Open clusters (OC) are massive star conglomerates, although not as large as globular clusters (GC) ones. As a result of interaction with the Milky Way, they lose their members through the Lagrange points, however, the lost members of the cluster move for some time near to the cluster, preserving similar motion characteristics and direction, and forming “ tidal tails”. For a long time, tails were observed from globular clusters (for example, Palomar 5 (Odenkirchen, M. et al. 2001) or galaxies. In OCs they are much smaller than in the GCs, so they were difficult to detect until recently. Also, one of the reasons for their difficult detection is that the OCs are mainly located near the plane of the Galaxy and are surrounded by a high background of field stars. In addition, possible collisions with massive molecular clouds can destroy parts of the tails (Gieles et al. 2006).

Thanks to Gaia DR2, tidal tails and some tidal structures were found in the Hyades (Roser et al., 2019), as well as Alpha Persei, Ruprecht 147 (Seleznev et al., 2020), and tidal-tail structure in the nearest vicinity of Pleiades (Lodieu et al., 2019). 

The shape of the tidal tails and their length depends on the age of the cluster. They are usually well detected in old clusters. In our study, we decided to find tidal formations in the well-studied Pleiades cluster. Their presence was previously modeled (Chumak & Rastorguev, 2008), and the distance to this cluster still allows us to consider them. For our results, we used the method described by van Leeuwen (van Leeuwen F., 2009) and also give a discussion.
Photometry and the Blazhko effect in the RR Lyr variable star Y Vul

S. N. Udovichenko  and  L. E. Keir
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The RR Lyr variable star Y Vul have been observed by using a CCD photometer during several seasons from 2011 to 2017. Nearly 5960 data points were obtained spanning over 53 nights.

We found the amplitude and phase modulations with the amplitudes of 0.16 mag in V filter and 0.041 of the pulsating phase, 0.15 mag in R filter and 0.041 of the pulsating phase, respectively.

The frequency Fourier analysis of the light curves with the help of Period04 software was performed, Blazhko modulation period (59.20 days) and triplet structures in the Fourier spectrum were detected.

The pulsation frequency components In the Fourier spectrum were identified up to the 7th harmonic order, while the modulation side lobe frequencies – up to 9th order. 

The analysis of the light curves maxima resulted in the same value of the Blazhko period. The fundamental pulsation period of the star has been practically stable over a period of a hundred years.
Spectroscopic investigations of Polaris ($\alpha $ UMi) system: radial velocity measurements, new orbit, and companion's influence for the Cepheid's pulsation activity
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New 33 spectra of Polaris system obtained during Aug-Dec 2019 and Feb-Apr 2020 observational seasons using 0.81m telescope of the Three College Observatory (TCO) (North Carolina, USA) were used to determine its radial velocities and effective temperature of Cepheid Polaris Aa. These new RV data have been added to the all Polaris system RV data list (more 2.500 estimates) to compute the new orbit of Polaris Ab companion. Furthermore we have used our eight 2015-2020 observational sets and eight 2011-2018 ones from Anderson (2019) to check the influence of Polaris Ab orbital motion for Polaris Aa pulsational activity.

It would be detected the mean pulsatinal period during 2015-2020 is about stable (3.9722±0.001 days), thereas pulsational amplitude shows an evident changes, - a growth before HJD 2457350 with next decrease. This fact could be concerned with Polaris Ab passing through the periaster.
Studies of actinium lines in the spectra of stars with anomalous hydrogen profiles. Cepheids.  
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The radioactive element actinium is a decay product of the uranium series, is studied in variable stars. 

The spectra of stars with anomalous hydrogen lines, which are not described by the theoretical classical spectrum with the chosen atmospheric parameters, are considered. These are the spectra of the Cepheids. 

1. For the hottest Cepheids of the Magellanic Clouds, actinium lines are identified and their abundances are higher. 

2. In the blue region, where the lines of the actinium should be stronger than in the visible region, the strong lines of the actinium are strongly blended, which requires careful work using the synthetic spectrum. 

Subsection “Astroinformatics” 
ON THE COMMUNICATION OF PHOTOMETRIC SYSTEMS FOR REDUCTION OF STAR MEASUREMENTS WITH PHOTOGRAPHIC PLATES
Andruk V.
Main Astronomical Observatory of the NAS of Ukraine, 27, Akademika Zabolotnoho St., Kyiv, 03143, Ukraine, andruk@mao.kiev.ua 
For the purpose of photometric calibration of astronegatives, work has been done that made it possible to establish a relationship between the photovoltaic magnitudes of the BVR Johnson system and the magnitudes BV Tycho2 and bgr GAIA DR2. For a sample of more than 11 thousand common stars, the rms errors of the reduction of the solor indices of the B-V Tycho2 and b-r catalog of the GAIA DR2 catalog to the Johnson BVR system do not exceed 0.1 magnitude. 

Re-reduction of the Old Photographic observations of Interamnia (704) based on Gaia DR2 reference catalog   
Yu.I. Protsyuk,  N.V. Maigurova

Research Institute “Mykolaiv Astronomical Observatory”, Mykolaiv, Ukraine 
yuri@mao.nikolaev.ua, nadija@mao.nikolaev.ua
Конец формы


A new astrometric reduction of old photographic plates, benefiting from modern technologies such as high precision digitizing machines associated with a reduction using high precision Gaia DR2 catalog could be useful to study the orbital motion of Solar system minor bodies. Based on the newly released Gaia DR2 star catalog, the scans of the photographic plates containing images of Interamnia (704) taken by the Zonal Astrograph of Mykolaiv Astronomical Observatory (MAO) in 1974-1985 were re-reduced. For our investigation we used 29 plates from UkrVO archive digitized by commercial EPSON scanner with 1600 dpi resolutions. Besides for 2 of them were digitized by high precision digitizing machine of Shanghai Astronomical Observatory (ShAO, PRC) with 2540 dpi resolution. Almost all plates have 3 exposures with small shift. Each of 29 plates was scanned 6 times by EPSON scanner in 0° direction. Digitizing machine scanned 2 plates also 6 times but 3 times in 0° direction and 3 times in 90° direction. A total of 85 asteroid positions taken from 29 plates were derived using various reduction options. Only 5 asteroid positions were calculated from ShAO scans. The full identification was conducted and coordinates of all objects were obtained with usage of different options of astrometric reductions. The mean inner accuracy of obtained asteroid positions is 0.03″ in RA and 0.14″ in DEC for EPSON scanner and 0.014″ in RA and 0.013″ in DEC for digitizing machine in 0° direction and 0.010″ in RA and 0.011″ in DEC in 90° direction. The comparison of the new topocentric asteroid positions with Horizons ephemeris was made for calculation (O-C) residuals and their RMS. The mean residual differences between the scan obtained positions and JPL calculated positions were (0.09 ± 0.16)″ in RA and (-0.09 ± 0.25)″ in DEC for MAO digitized plates, for ShAO scans the calculated differences are close to zero. Comparison of the results obtained with previous reductions of these observations with Tycho2 and UCAC4 reference catalogs showed that the use of the Gaia DR2 reference catalog does not lead to a significant improvement in the random and systematic component of the residual differences (O-C) for scans with EPSON scanner from the UkrVO archive. The results, obtained by processing images from ShAO digitizing machine, suggest that in this case, Re-reduction of the all photographic observations based on Gaia DR2 could improve the accuracy of old photographic observations to the level of modern ground-based CCD observations. 

SOFTWARE FOR SEARCH AND MEASURING OF WDS CATALOG DOUBLE AND MULTIPLE STARS FROM DATABASE OF RESULTS OF CCD OBSERVATION
 Yu.I. Protsyuk,  N.V. Maigurova
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Double and multiple star systems are source of unique information for determining the parameters of star formation models and for testing stellar models evolution. Therefore observations and measuring of their mutual configuration parameters is still important. Observations of double and multiple star systems at the RI MAO were performed using different telescopes since 2013. In addition, we also have an observational database and proceeding results of the fields in open clusters vicinity, which were performed using the KT-50 telescope (D=500mm, F=3000mm) in 2011- 2020. All astrometric processing was carried out by the Astrometrica software using UCAC4 or GAIA DR2 as reference catalogs. The catalogs of stars positions in the vicinity of open clusters were created as results of these observations.. There are a lot of double and multiple stars in the fields with open clusters. Software for search and measuring of mutual configuration parameters of the double and multiple stars from Washington Double Star Catalog (WDS) are presented. Observational array over 71 nights of 2019 were checked. 9679 CCD images were reduced and in 7170 of them 27157 WDS pairs were found. Total numbers of unique pairs are 1475 in 1088 systems with average number of pair observations near 18. The standard errors of measurements were 0.15" for separations and 0.5° for position angles. The epoch difference between our observations and the last observation in the database is in the range from 2 to 28 years. The comparison with WDS data was shown that residual differences and their standard errors were (-0.03±0.24)" in separations and (-0.07±0.88) ° in position angles for close observation periods.
ASTEROID  POSITIONS  BASED  ON  DIGITIZED  OBSERVATIONS  OF  THE  NORTHERN  SKY  SURVEY  PROJECT  IN  DUSHANBE
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We continued to identify asteroids images and create catalogs of their positions based on digitized photographic observations of previous years.

The Dushanbe part of the Northern Sky Survey (FON project) is represented by about 1570 photographic plates obtained in 1985-1992 on the Zeiss-400 astrograph at the Hissar Astronomical Observatory of the Institute of Astrophysics of the Academy of Sciences of Tajikistan. At present, their digitization and further scan processing continue until the final product is obtained in the form of a catalog of equatorial coordinates and stellar magnitudes for all registered objects on the plates. The equatorial coordinates α, δ of all objects on the plates were obtained in the Tycho-2 reference system at the epoch of exposure of each plate. Photometry of stars for the plates was carried out on the basis of the principles implemented in the processing the plates of the FON project using photoelectric measurements of stars to construct the characteristic curves of the plates. Photographic B-magnitudes of objects were calibrated to photoelectric standards.

In parallel with solving the main task of the project to create a catalog of stars and galaxies, we analyzed the results of processing the plates in order to search for images of asteroids and comets and create a catalog of their coordinates and values.

 In total, about 325 positions of asteroids and comets were obtained with visual magnitudes from 7 to 16.5. All positions of the asteroids were compared with the ephemeris. A preliminary analysis of the O-C differences was performed and their comparison with similar results obtained from the digitized observations of the Kyiv and Kitab parts of the FON project.
“Vanishing & Appearing Sources during a Century of Observations” (VASCO) project

Beatriz Villarroel
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The “Vanishing & Appearing Sources during a Century of Observations” (VASCO) project uses existing survey data to find examples of exceptional/unknown astrophysical transients (see Villarroel et al. 2020). Among the broad set of astrophysical goals related to long-term variability of astrophysical objects, are the goals to look for signatures of extra-terrestrial intelligence, which includes signs of vanishing stars, Dyson spheres and photometric signatures of red lasers. In Villarroel et al. (2020) we presented the results of the first VASCO search where ~100 red transients were found. Possible natural explanations are strong M dwarf flares or optical counterparts or high-redshift supernovae. In this presentation, I update the community on the ongoing analysis of the ~100 transients. I also present the currently launched VASCO citizen science project, that has been developed in a cross-disciplinary collaboration between astronomers, image analysis- and machine learning scientists.

The spectral observation archive of the MAO NAS of Ukraine as a part of the Ukrainian Virtual Observatory

A.V.Zolotukhina, L.K.Pakuliak, I.B.Vavilova
Main Astronomical Observatory of  the NAS of Ukraine, Zabolotnogo str. 27, Kyiv, 03143 Ukraine

The overview of the content of an Archive of the spectral observation data obtained at the MAO NAS of Ukraine since 1965 is presented. This archive covers a time period about 20 years and contains of 50,000 spectra of variable stars.
This spectral photographic material (glass astroplates) was obtained mostly by the 70-cm reflector AZT-2 (Kyiv) as well as in addition to the 60-cm Zeiss telescope at Mount Terskol, North Caucasus, Russia and 1-m telescope at Mount Sanglok (Institute of Astrophysics, Tajikistan), equipped with spectrographs UAGS with a set of gratings to obtain dispersions in the range of 29 A/mm to 167 A/mm in the range of wavelength 3500 - 6800 AA. There is also data related to the experience of using DSA refractor (Double Short Astrograph) with a pre-objective prism to monitor Nova Cygni 1975 in the initial stage of outburst. Almost all the spectra are calibrated with the 9-step attenuator and a comparison spectra for the wavelength scale.

We discuss observational programs (aims, instruments, results), in frame of which this archive was accumulated, as well as key principles for digitizing spectra and their processing by modern tools of virtual observatory software.

Radioastronomy

Periodic and sporadic variations of the secular variation of the Cas A flux from the data of absolute and relative measurements.

A.A. Gorbunov
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The paper analyzes the published observational data on changes in the SNR flux of Cas A for the period from 1965 to 2015. The data were obtained by the method of absolute and relative measurements  at various frequencies from the decаmeter to the centimeter radio range. The data demonstrate deviations from the course of changes in the secular flux decrease in the form of periodic and sparodic components. The presence of a periodic component is noted that effects the secular decrease in flux and is represented by a function with four periods (years): (3.1±0.02); (5.1±0.3); (9.0±0.2); (24±2). Other periods are also noted, which are caused by the solar cycle and changes in the state of the ionosphere.

Initial Results of the Second Decameter Pulsar Census and Refining the Parameters of PSR J1426+52

I.P.Kravtsov, V.V.Zakharenko, I.Yu.Vasylieva, 
A.I.Shevtsova, S.M.Yerin, O.M.Ulyanov, 
O.O.Konovalenko, Ye.V.Vasylkivskyi, A.I.Myasoyed

Institute of Radio Astronomy of NAS of Ukraine
i.p.kravtsov@gmail.com
Since the discovery of pulsars and until 2010, about 10 pulsars have been detected in the low-frequency range. Modernization of UTR-2 radio telescope and its receiving equipment allowed to carry out the first decameter pulsar census in 2010-2013. A search was made for 74 sources that were potentially available for UTR-2 observation. 40 of them were detected (another pulsar was found later).

Over the last decade, many searches for pulsars have been conducted, new instruments have been commissioned, which increased the number of these sources. This motivated us to conduct the second decameter pulsar census at UTR-2. At the beginning (February 2020), 163 pulsars potentially available for UTR-2 were known. Given that 41 of them have already been detected in the low-frequency range, it is necessary to search for another 122 pulsars. Parameters of the second census remained the same: period – more than 100 ms, the dispersion measure – up to 30 pc/cm3, declination δ > −10°. The accumulation time is doubled – 180 minutes instead of 90 minutes for each pulsar. In addition, we plan to use the accumulation of data from several sessions of some pulsars, which together with the increased accumulation time should further increase the sensitivity.

Currently 90 pulsars have been observed, decameter radio emission from three sources has been detected for the first time, and processing is underway for further search. During the data processing, pulsars’ parameters from the ATNF catalog and some recent papers are used as "aim values". As it turned out, during high-frequency pulsar studies, sometimes not only the dispersion measure value but also the period of a pulsar is measured with insufficient accuracy. When processing the PSR J1426+52 data using the catalog parameters, we were unable to accumulate and see its average pulse. But when we started to vary its period (the ATNF value is 0.9958 s) and refined it by almost 2 orders of magnitude, we got a strong average pulse (more than 15σ).
Thus, the unprecedented sensitivity of UTR-2 and a flexible search pipeline allow to detect previously undetected at decameter waves pulsars and refine their parameters (including the pulsar period), which is confirmed by the first sources already detected during the second decameter pulsar census.

DISTRIBUTION OF THE OCCURRENCE OF THE INTENSIVE IONOSPHERE SCINTILLATIONS ON THE OBSERVATIONS OF THE COSMIC RADIO SOURCES AT THE DECAMETER WAVE RANGE

Lytvynenko O. A., Panishko S. K. 

URAN-4 Observatory of IRA NASU, Odessa 

Effect of scintillations arises in the result of interaction of radio signal from the cosmic radio source with irregularities of ionosphere plasma which appears at the registration of observations as amplitude fluctuations. Wherein fluctuations of the different intensities and with the different long time periods can be observed. Scintillations of large intensity and with large characteristic times (periods) take an interest because its influence on records of the radio sources is very essential and can distort the record shape. In this case there is a need to consider the presence of the intensive fluctuations. In this sense it might be useful to investigate of the frequency of occurrence of the intensive scintillation. Processing of the radio sources records was carried out on the observations of power cosmic radio sources at the passage through direction pattern of the radio telescope URAN-4 at frequencies 20 and 25 MHz during 1998-2007. Record's characteristics were obtained including ionosphere scintillation parameters. Also records with scintillations of large intensity and with long periods were marked. In this work daily distribution of intensive scintillations was analyzed. It was obtained that the maximum of the occurrence of the intensive scintillations for all observed radio sources appears on the nighttime of the day.  

STATISTICAL MODEL APPROACH OF “QUASINEUTRAL CELLS”  IN THE DESCRIPTION OF BREMSSTRAHLUNG OF HETEROGENEOUS PLASMA FORMATIONS IN THE EARTH'S ATMOSPHERE AND NEAR SPACE

Marenkov V.I.1, Onisko V.V.2     
1 Odesa National  I.I. Mechnikov University,  Faculty of Mathematics, Physics and  Information Technologies, Street Dvoryanska, 2,  Odesa, 65026, Ukraine
2 National Control Center and space tests, street Moscow, 8, Kyiv, 01010, Ukraine

Within the framework of the statistical approach of quasi-neutral plasma cells, a model of ionization and anharmonic oscillatory motion of individual macro-particles and electrons in heterogeneous plasma-dust formations (НPFs), in particular heterogeneous plasma (HP) products for combustion of rocket engines of the components of the intensity of the brake radio frequency radiation plasma system under conditions of a rarefied medium [1].

By solving the Poisson-Boltzmann equation for the distribution of self-consistent electrostatic potential and the local charge density in the vicinity of a selected particle, an effective averaged electrostatic field acting on electrons in the electro-neutral cell is determined. An effective "returning force" for displaced electrons, MPs and their agglomerates in perturbed cells was found. The electronic properties of Al2O3 MPs of agglomerates formed in the plasma of aluminum combustion products in an oxidizing medium were found in the quasi-classical Thomas-Fermi approximation for the dispersion equation of carriers in the body of agglomerated aluminum oxide particles.

The proposed model defines the effective coefficient of quasi-elasticity of the cell with respect to the activated displacements of individual charges (macroparticles, their agglomerates, ions and electrons). The emission characteristics of Al2O3 agglomerates and their charges are calculated based on the developed statistical theory of the electronic properties of heterogeneous structures and materials with multiple filling volume defects.

The spectrum of anharmonic oscillations of macro-particles (MPs) and electrons in plasmazoles formed by the suspension of macro particles (MPs) in a rarefied buffer gas and a subsystem of the emitting ensembles of MPs electrons were found. Functional dependences of the spectrum of the oscillatory modes of the MPs and gas electrons on the determinant parameters of the HPF are obtained: temperature, emitter concentration, geometric parameters of the MPs, electronic and dielectric characteristics of their substance.

Results of computer simulation on determination of spectral components of plasma radioactive products of combustion of aluminum powder in atmospheric air in comparison with data of field experiments. A comparison of the relative intensities of the spectral components of the bremsstrahlung of the combustion products in the radio frequency range with the experimental data indicates the adequacy of the proposed theory of radiation of radio waves by a heterogeneous plasma of condensed combustion products fuels.

A new method of telediagnostics - express monitoring and analysis of determining parameters of heterogeneous plasma formations in the Earth's atmosphere and space (elemental and component composition of CDPh particles, their size, temperature and concentration) by solving the inverse problem (in terms of the spectral composition of amplitude-frequency) is proposed Heterogeneous plasma brake radiation, which is detected, controlled and analyzed in the wave zone.

1. Marenkov V.I.  The influence of Polarization on the Amplitude-Frequency Function of the Bremsstrahlung of Heterogeneous Plasma.- 6-th Gamow International Conference in Odessa “New Trends in Astrophysics, Cosmology and HEP after Gamow” and 19-th Gamow Summer School “Astronomy and beyond: Astrophysics, Cosmology, Radioastronomy and Astrobiology” 11 – 18 August, 2019 Odessa, Ukraine.

Trends, problems and prospects for the development of digital systems          processing measurements on the URAN-4 radio telescope
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The main direction of using the URAN-4 radio telescope  is the operating in the mode of a long-base radio interferometer of the URAN system for studying the angular structure of compact galactic and extragalactic radio sources in the frequency  range 10 ... 25 MHz. In addition, the instrument is successfully used in an independent mode for observing  non-stationarity of radio source fluxes,  studyng the ionosphere, etc. At present, the  hardware  complex of the radio telescope needs modernization. To do this, it is necessary to solve the following tasks: 1. Develop the hardware part of the system on high-speed and low-cost processors.   2. To analyze the accuracy of measuring the power of radio sources of the developed equipment, at a certain sample size and digitization digits of samples.  3. Develop methods to combat interference by temporal and spatial processing. 4.To use the possibilities of modern methods of spatial processing  to increase the resolution of the radio telescope. 5. Introduce information technology to calculate the combined information  in the European system.

The preliminary design of the system was carried out and the results obtained. The requirements for the accuracy of signal power measurements are determined. To compensate for radio interference, using temporal spectral analysis, algorithms for preliminary temporal processing have been developed..The efficiency of algorithms for preliminary spatial processing is investigated. The possibilities of a significant reduction in the level of radio interference  and an increase in  resolution are shown.     Application of digital processing of measurements with guaranteed accuracy, the use of modern microcircuits with DAQ, create conditions for the creation a LOFAR cluster system based on URAN-4.

Results of the program radio-optical observations of the BL Lac object 3C 371 variability
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BL Lac type object 3C 371 is quite unusual radio source of this type. It has pronounced fast variability in optical range, as well as intra-night variability, which has been noted in works of many other authors. It lacks superluminal motion of jet components, which is observed in many other BL Lac type objects. The variability in radio range of 3C 371 is poorly studied and number of publications on this topic is very small. Therefore, in September-October 2019, coordinated joint observations of 3C 371 were carried out, in radio and optical range, on the 16-m antenna (frequencies 5, 6.1, 6.7 GHz) of Ventspils International Radio Astronomy Center (VIRAC), Latvia, and optical observatories Mayaki (Ukraine), Vihorlat (Slovakia) (filters V, R, I) and Baldone (Latvia) (filter R). Additionally, in November, December 2019 and July 2020, additional observations were carried out in radio range on the 16-m VIRAC antenna. Analysis of radio observations using Fourier spectrogram method, and Lomb-Scargle periodograms for non-uniform time series, as well as statistical methods (Kolmogorov-Smirnov tests for normality of distribution and F-test for variance), showed that variability of 3C 371 is irregular (nonharmonic) and in some observation sessions - noise-like, with low amplitude about 0.5 Jy and less often - 1 Jy. Perhaps this is property of this radio source. In optical range, according to observations from different observatories, there is cyclical variability with quasiperiod about 7 days, and possibly 4 days. The variability within individual nights of observations was noisy, but with linear trends of increase or decrease in brightness. According to observations at Baldone (filter R), cyclical variability was found within night (October 24, 2019), with quasiperiod 1.3 hours. Comparison with works of other authors is given.

ROTATION MEASURE Profiles FOR Anomalously Intense PULSES OF PSR B0950+08 and PSR B0809+74
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Rotation measure is one of the important parameters that can be used for estimation of polarization features of pulsar emission, for description of the emission origins, and for estimation of magnetic fields on the emission pass to observer. That is why we have developed the method for rotation measure estimation with high accuracy up to 10-4 (in case of the signal of high intensity with low noise level). The method is developed for the data obtained in decameter wavelength range, namely for data of UTR‑2, GURT and URAN‑2 radio telescopes. The main feature of this method is its sensitivity to rapid changes of rotation measure along the pulse phase.
The method is designed for the closest to the Earth pulsars which have certain parameters and anomalously intense pulses. Therefore, it was used to determine the rotation measure of the recently registered pulsar J0243+6257, which does not have such estimates, even in other wave ranges.

The extraordinary anomalously intense pulse of the pulsar B0950+08, which had 2 pairs of components and different dispersion delays for the first and second pair, was analyzed using this method. This pulse was registered on February 22, 2013 with the UTR‑2 radio telescope in the 16‑32 MHz frequency band. We have obtained rotation measure profiles depending on the pulse phase for two values of the dispersion delay.

Anomalously intense pulses of the PSR B0809+74, which were obtained in 2003 with the same UTR‑2, radio telescope but using another receiver, were also processed. It turned out that its anomalously intense pulses have almost 90% linear polarization. 
Observations in the decameter range allowed to determine more accurately the rotation measure of the radio emission of both pulsars relative to the values known from the ATNF catalog.
Giant flares in W49N
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The maser source W49N is one of the most distant in the Galaxy (about 11 kpc). It has an extremely wide range of radial velocities of features (±150 km/s), high luminosity of masers and the flux density variability range from hours to tens of years. 

For the first time in the world, the most powerful flares in the line of the maser transition of water at a frequency of 22.235 GHz (transition 616 - 523) in W49N with using the 22-m Simeiz radio telescope were recorded [1-4].

The most important characteristics of the water maser were obtained for the first time too:

1. The maser gain grows exponentially with increasing radiation flux.

2. The data of the cluster structure of maser activity zones on scales inaccessible for ground-based interferometric observations were obtained.

3. The luminosity in maser lines during flares exceeded the integral luminosity of the Sun in the entire wavelength range.

In connection with flare phenomena in the framework of the model of the close binary massive stars systems (CMSS) the question of the possibility of detecting gravitational waves from CMSS in the regions of active star formation is considered [4]. 

1. L. N. Volvach, A. E. Volvach, M. G. Larionov, et all., Flaring water masers associated with W49N // Astronomy &Astrophysics, Vol. 628, P.A89.,(2019).
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Features of the development of 
a circular solar flare
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We present the results of the analysis of morphology and evolution of the circular solar flare using H-alpha images from the Meudon spectroheliograph. The active region NOAA 9087 had a complex multipolar magnetic field configuration. New magnetic fluxes emerged during the evolution of this flare-productive active region.

Solar flare occurred on 2000 July 19 in the active region. According to Solar Geophysical Data (SGD) the 3N/M6.4 class solar flare occurred at 06:37 UT, peaked at 07:23 UT and lasted 2.5 hours.

The bright flare kernels appeared in the center of the active region near polarity inversion line. Yohkoh detected a hard X-ray (HXR) coronal source in the 14-23 and 23-33 keV energy bands in this location.

New kernels appeared in the southern and western parts of the active region at the boundaries of the chromospheric network. They became brightening sequentially clockwise, which may indicate a slipping reconnection.

Flare ribbons of the circular shape were formed. The complex magnetic configuration of the studied active region and circular shape of the ribbons suggest that it had a fan-spine magnetic topology with null points. Possibly, flare ribbons are the locations of intersections of the fan quasi-separatrix layer with the chromosphere. They appeared as a result of heating or particle beam moving along a quasi-separatrix layer from a source in the corona.

In the late flare phase arcade of post-reconnection EUV loops connected the main flare ribbon to the location of these loops. Additional heating may be required for the explanation of the long flare decay phase.

ON THE POSSIBLE EXISTENCE OF ANNUAL VARIATION IN THE AREAS OF SUNSPOT GROUPS IN 12-24 SOLAR ACTIVITY CYCLES
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A characteristic feature of solar activity is its 11-year cycle. A more detailed analysis shows that the spectrum of fluctuations of solar activity has about 20 or less intensive but reliable cycles, including cycles lasting as 11.89 and 9.97 years (Tsirulnik et al., 1997). For further more detailed study cyclicity of solar activity, a long series of homogeneous observations should be used. However, it should be borne in mind that such a well-known parameter of solar activity as the number of sunspots are determined not completely unambiguous, since they depend on the number of groups of sunspots and the number of all spots. The splitting of all the spots observed in the Sun into their groups is done according to the magnetic characteristics of the spots. Therefore, it would be more justified in this case to use some other parameter of solar activity, which is not only determined for a long time, but also does not depend on the magnetic polarities of the spots. This parameter is the area of ​​spots (corrected for projection effect) or their diameters. 

This paper analyzes for a broader time interval covering activity cycles  № 12-24. For study of sunspot areas, we used the data (http://solar.science.msfc.nasa.gov/greenwich/) from Greenwich directory and its extension NOAA-USEF. Similarly to sunspot numbers, we determined firstly monthly averaged areas of all sunspot observed on the whole disc. 

In previous works (Efimenko and Lozitsky, 2018) studied long-term fluctuations of the areas of large groups of sunspots. For each group, equivalent diameter of sunspots, d𝒆𝒒𝒗 was determined. The d𝒆𝒒𝒗 values were calculated by areas of sunspot groups, Sp, corrected for the effect of projection. To establish a link between d𝒆𝒒𝒗 and Sp, single round in shape sunspots were specially selected, and on basis of such sunspots the auxiliary gauge dependence was built (Efimenko and Lozitsky, 2016). Also, only large spots with diameters of more than 40 mega-meters (Mm) were taken into account. This is due to the fact that the linear plot on integral dependence for sunspots (from which the ( index is defined), is mostly in the range of 50-90 Mm.

To search for short-term fluctuations in the changes in the total area of groups of spots, the Fourier rapid conversion program was used to analyze the deviations from the trend of smoothed monthly values for each cycle of solar activity. The main purpose of the work was to find the existence of periods in these deviations. It is found that there are two modes of short-term fluctuations of 8-10 months and 14-16 months.
The features of quasi-annual changes in activity in the 23rd cycle of solar activity are investigated. For this, an analysis was made of the groups of spots that appeared on the solar disk at the moments of each increase in activity. It was found that in 6 out of 11 cases, increased activity is caused by the appearance of large groups of spots on the Sun. In this case, the appearance of large solar flares is also observed.

THE RELATIONSHIP  OF SCR, CME AND CORONAL SHOCK WAVES WITH PARAMETERS OF SOLAR RADIO BURSTS   IV AND II TYPE

Isaeva E.A. 
Institute of Radio astronomy of NAS of Ukraine, 
URAN-4 observatory
isaevaode@gmail.com
In this paper, we present the results of a comparative analysis of the relationship  SCR, CME, and coronal shock waves (CSW) with the parameters of  solar continual radio bursts  type IV, as well as with the parameters of radio bursts type II. The sample under study contains 112 proton events, accompanied by type IV continual bursts in the range 25-15400 MHz, type II radio bursts in the range 25-180 MHz, as well as CMEs and coronal shock waves. For analysis, we used original recordings of solar radio emission at 8 fixed frequencies in the range 245-15400 MHz according to data from RSTN (Radio Solar Telescope Network), original recordings of dynamic spectra from SRS (Solar Radio Spectrograph) in the range 25-180 MHz, as well as original recordings SCR proton flux intensities with proton energies in the range > 1-100 MeV according to GOES data. A comparative analysis showed that the relationship the intensity of the SCR proton flux and the CME velocity is on average significantly stronger with the parameters of radio bursts type IV than with the parameters of radio bursts type II, this indicates the dominant role of the process of acceleration of protons in the flare region, and not at the fronts of shock waves. However, a detailed study of the fine structure of radio bursts type II  showed that there is a fairly strong relationship between the intensity of the flux of middlerelativistic protons Ip and the frequency f1 at the fundamental harmonic (1 harmonic) at time tmin, which corresponds  the minimum relative distance bmin between harmonics of radio bursts type II . Detailed studies of the fine structure of type II radio bursts also showed that there is a strong relationshipin a narrow frequency range of 25-60 MHz  between the SCR proton flux intensity Ip and parameter VII, which characterizes the displacement of the shock wave front over time ti.

Drag of the International Space Station (ISS) during periods of solar and geomagnetic activity
V.H.Komendant, M.I.Ryabov
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votan1360@gmail.com
The analysis of the ISS drag data during the period from 2005 to 2019 years was carried out. In the analysis the B-star drag term was applied. This coefficient reflects the influence of changes in the state of the atmosphere on the movement of artificial objects in the Earth's orbit. The correlation analysis of the B-star drag term with the indices of solar and geomagnetic activity at different time intervals and phases of 23 and 24 solar activity cycles was carried out. The time periods of the ISS movement when they were not made significant adjustments to the station's orbit and the reception of planned missions were selected. The analysis of changes in the ISS drag, using data on solar and geomagnetic activity, including episodes of strong drags and periods regular of changes was carried out.

The role of macroscopic turbulent diamagnetism in ensuring long-term stability of sunspots
Krivodubskij Valery
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Observations show a strange property of surface magnetic fields on the Sun, which tend to spontaneously concentrate into widely spaced isolated magnetic flux tubes (MFTs) of the same polarity in the form of sunspots. The question arises of how to explain the long-term stability of the equilibrium state of the spot after the fields float to the surface, when the MFTs in the subphotosphere layers are close to the vertical position, despite the mutual repulsion of fields of the same polarity. In connection with this problem, we investigated the role of macroscopic turbulent diamagnetism in ensuring the equilibrium state of vertical MST. The idea is that the strong magnetic field of the sunspot suppresses the intensity of turbulent motions in it, while outside the sunspot, where there is no magnetic suppression, the intensity of turbulent convection will be greater. As a result, a relatively thin peculiar interface must be formed between these sections – a vertical layer of permeable convection (overshoot layer), in which the intensity of turbulent convection decreases significantly in the transverse direction during the transition from the photosphere/the solar convection zone (SCZ) to the spot. Therefore, in this transition layer, favorable conditions are created for transverse (horizontal) macroscopic turbulent diamagnetism, which can affect the reconstructing of the magnetic field of the spot. Due to differences in the magnitude of turbulent pulsations in the transitional vertical convective overshoot layer, the effect of a turbulent diamagnetic displacement of the field from the photosphere/SCZ to the sunspot occurs. Intense turbulent pulsations in the photosphere/SCZ) return the magnetic field backward to the sunspot while the field permeates due to turbulent diffusion in the opposite direction, outward from the sunspot. Therefore, two oppositely directed processes of magnetic field transfer in the horizontal plane compete with each other. Namely, the magnetic fields that are transferred due to turbulent diffusion from the sunspot to the photosphere or the SCZ will be thrown backward into the sunspot due to strong external turbulent convection. In our opinion, this effect must keep the long-term stability of the equilibrium state magnetic field of sunspots and support them in the form of isolated vertical unipolar MFTs.

ASTROBIOLOGY ASPECTS OF MOON' STUDY IN THE PROCESS OF COLONIZATION
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During last years, NASA studies have confirmed the presence of large quantities of water on the Moon surface. It was found in the form of ice blocks on the bottom more than 40 craters. Only near the North Pole more than 600 million tons of water ice have been found. Water ice is also present on the rest of surface at different depths. Water is one of the most important resources for humanity. In the future it is necessary to establish the extraction, melting and purification of this resource for needs of future missions. Also, water can be decomposed into O2 and hydrogen peroxide, condensed into liquid oxygen, hydrogen, hydrogen peroxide (potential rocket fuel). In parallel, it is necessary to carefully examine the this water in order to find the possible presence of organic material. Ice on the surface of the Moon most likely was brought by comets. Considering surface conditions water has never been liquid there. But microorganisms introduced from the outside may exist inside ice. They can be in a state of cryptobiosis, like terrestrial tardigrades, which are in extreme conditions of dehydration, low temperatures and high radiation. Besides, thick layer of the ice can protect against temperature extremes and solar radiation. Such studies are extremely important for extraterrestrial life search for and for preventing the harmful effects of extraterrestrial life forms on future colonists.

One should consider a possible exchange of material between the Earth and the Moon, which could serve to transport ancient terrestrial microorganisms and preserve them in ice below the surface. The facts of such an exchange between Mars and Earth are confirmed by discovery of Martian meteorite ALH84001 in Antarctica. When analyzing the Moon soil samples delivered by the Apollo-14 expedition, it was possible to find felsic inclusions with zircon, presumably of terrestrial origin. To protect against radiation and meteorite threats it is justified to use recently discovered tunnels, probably of volcanic origin, as natural underground shelters. At first it is necessary to clarify their depth, dimensions, wall strength. This requires rovers of small size and special design, moving at an angle without lighting and working autonomously. Simultaneously, the task of searching for life forms in the tunnels under the Moon surface can be posed. Similar tunnels have also been found on Mars and on Earth. Therefore, the process can be preliminarily worked out in terrestrial conditions.
Rocket sounding system for lower ionosphere research
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The relevance of studying of the ionosphere lower layers (D and E) is primarily affected due to their influence on radio communications, as well as the fact that the conditions in the upper atmosphere are the boundary conditions for the ionosphere below. The access difficulty (in fact, only by sounding rocket) explains the fact that these layers have not been sufficiently and regularly studied.

According to preliminary estimates, the miniaturized set of scientific equipment for ionosphere measurements will be up to 2 kg that provides the possibility of using a relatively light and cheap sounding rocket with a launch weight of near 50 kg. In this case, it becomes possible to study the ionosphere on a regular basis (similar to balloon sounding of the troposphere and stratosphere for the needs of meteorology).

The National Center for Space Facilities Control and Test together with the Space Research Institute, opens this research work. The three scientific tasks were identified that are advisable to be solved in the experiment, namely:

– study of the structure of D and E layers by measurement of the charged and neutral particles concentrations plus the level of ionizing radiation with mass spectrometer, Langmuir probe, UV spectrometer and Pitot tube with ionization manometer;

– study the electrodynamics structure of the D, E and F1 layers by measure the concentration of charged particles and the level of a quasi-constant magnetic field with mass spectrometer, Langmuir probe and fluxgate magnetometer;

– research of the conditions of propagation of LF radio waves by measure the concentration of charged particles plus the level of magnetic and electric fields with mass spectrometer, Langmuir probe, electric field sensors, fluxgate and induction magnetometers.

At the first stage of the project, it is planned to launch a reduced set of scientific equipment using the ILR-33 sounding rocket, which developed in the Institute of Aviation (Warsaw, Poland). The set of scientific payload could include miniaturized pack of scientific instruments based on Ionosat-micro project equipment which consist of electromagnetic field sensors and Langmuir probe with added ionization manometer. The goals of the launch are:

– creation and trials of a sounding rockets launch site in Ukraine;

– validation of measurement processing methods. 

Anomalous vertical distribution of microturbulent velocities in a sunspot: superstrong magnetic fields?
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We analyze the spectral observations of sunspots in six metal lines near Fe I 5434.5 Å, which have effective Lande factors geff from –0.014 to 2.14. The observations were made on July 8 and August 25, 2015 on the ATsU-5 telescope of GAO NAS of Ukraine, using a circular polarization analyzer and spectra registration with the SBIG ST-8300 CCD camera. The following line parameters are compared: observed splitting of I ± V profiles, the width and depth of the Stokes I profiles. Significant differences of the measured magnetic field strengths Bobs were found in separate places of the spots and by lines with different geff values. The Fe I 5434.5 Ǻ line (geff = –0.014) shows measurable splitting in some locations of the second sunspot, which corresponds to the magnetic field Bobs ≈ 20 kG. Comparison of the widths and depths of the line profiles revealed several special places in the sunspot, where the Fe I 5434.5 Ǻ line was expanded additionally by 
≈ 15–35%, whereas other lines with larger Lande factors did not have such a feature. One of the reasons for this expansion could be a sharp and local increase of turbulent velocities, but no active processes such as solar flares or significant Doppler flows were observed at these locations. A semi-empirical model constructed for the first sunspot by FeI 5434.5 line using inverse radiative transfer code with Tikhonov`s stabolizers shows an anomalous feature - the maximum of microturbulent velocities in the upper photosphere and the temperature minimum zone instead of the usual small increase of microturbulence at these heights. To our opinion, this may be the effect of very strong magnetic fields of mixed polarity or unresolved turbulent structures. The estimated value of the magnetic field in that region is of a level of ~105 G, which requires additional careful verification.

Spatiotemporal change in 
the geomagnetic field: environmental aspect

M.I. Orlyuk, A.A. Romenets

S.I. Subbotin Institute of Geophysics, National Academy of Sciences of Ukraine, Kiev, Ukraine

The geomagnetic field, along with other environmental factors, is a necessary component of life on the Earth. Currently, there are relevant ecological standards for the values ​​of constant and variable fields. Taking them into account, it is possible to determine the conditions necessary for the normal functioning of biological objects in general and humans in particular. In a number of regulations, certain limit values ​​for a constant magnetic field are introduced, as well as the maximum permissible time of a human being stay in such fields. In this regard, the article considers the spatiotemporal change in induction B on the Earth’s surface using the example of its main magnetic field according to the international model IGRF-13 for the time interval 1950–2020. In more detail for this time interval, the induction module B and its perturbation were analyzed for geomagnetically different regions that are, namely, the territories of Ukraine, of Yamal (Russia) and around the Ukrainian Antarctic Akademik Vernadsky station. For the planet in whole, a significant decrease in the geomagnetic field is shown, against the background of which its sharp jumps are observed (in 1960-1965, 1980-1985 and in 2000-2005), and after 2005 to the present, a deceleration in the decrease of the geomagnetic field is observed. Against the background of a decrease in the geomagnetic field of the planet, areas with extreme changes both in the direction of increase (Ukraine, Yamal) and decrease (AV station) are distinguished. The spatiotemporal changes in the geomagnetic field detected on the Earth’s surface determine the structure and dynamics of its magnetosphere, which by-turn affects the nature of the interaction with it of solar wind substance and of cosmic radiation, as well as the flow altitudes of magnetospheric and ionospheric currents. According to the distribution of the geomagnetic field anomalies on the surface of the planet, as well as to their changes over the studied time interval, regions with different (as compared with proposed ecological norms) values ​​of the constant magnetic field and its disturbances are distinguished. 

EXPLORATION OF ION-AEROSOL PLASMA BY AIR-BORN INSTRUMENTAIONS IN THE LOWER IONOSPHERE AND IN THE OZONE LAYER


S.P.Perov
Central aerological observatory, Moscow
sperov35@mail.ru

The first-order recombination of stratospheric ions was established using balloon measurements of their height profiles by Gerdien condensers in all latitudinal zones, including the TERLS station (Thumba Equatorial (geomagnetic) rocket launch station), South India (Ermakov, Bazilevskaya, Stozhkov, Perov et al. 1997). It is important that the cutoff threshold GCR (Galactic Cosmic Rays) for the geomagnetic equator does not depend on solar activity, in contrast to other latitudes. This makes it possible to use the data from this station as reference.
To register high-energy aerosols or clusters, a flow-through reactor with a photometer protected from external light sources was installed in the rocket head. The main measurements were made during parachuting of the warhead on the descending branch of the trajectory. In flight, cold air passes through a heated flight reactor, a photometer measures light pulses of various amplitudes, which we interpret as recombination with emission of photons, when the "frozen" plasma, consisting of a mixture of ice clusters and hydrated ions, "thaws". Such aerosols were detected at Molodezhnaya station during the spring ozone Antarctic anomaly in 1987 and three months later at TERLS. These experiments made it possible to explain the differences in the concentrations of atmospheric aerosols measured using impactor (deposited on the substrate) and photoelectric counters of aerosols flying through the reactor, as well as the reason for the discrepancies between the results of measurements of the ozone concentration by different electrochemical cells: ECC-1 and MAST.

The existence of layers in the lower ionosphere with a store of chemical energy was confirmed by rocket measurements using miniature thermometric bodies with catalytic coatings, which measured the increase in their temperature.

"Frozen" plasma was considered (L. Shulman, 1987) as a possible source of energy for spontaneous explosions of cometary nuclei.
Such a plasma can be an important link in the chain of energy transmission from the Sun to the Earth, including the mechanisms of the Global Electric Network (GEC) of solar activity, gravitational tides, giant ionospheric electrical discharges, and optical transients observed from orbits. from small satellites – "Tatiana -1, -2", "Lomonosov" and others.

It is proposed to implement an international project with the participation of leading laboratories in Russia and other countries, including laboratory and theoretical modeling,
Space weather and lunar-solar gravitational tides
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A new concept of space weather using the phenomenology of interacting oscillators, based on the model of gravitational lunar-solar tides. the Proposed approach can be used for a stratified geoid, its core, hydro-and cryosphere, as well as for describing an open non-equilibrium thermodynamic system - a rarefied gas-dust plasma shell of a planet with its magnetosphere and radiation belts interacting with the solar wind and the solar corona.such a system, even with relatively weak gravitational variations, cannot fail to form various coherent resonant structures and lead to an increase in radiation flows and electromagnetic (e\m) radiation. The synchronization of these phenomena by lunar-solar tides with the formation of "quanta" of space and normal weather was first shown by examples of weather anomalies, including the tropics (monsoons, typhoons, etc.), and then extended to: ionospheric and geomagnetic activity, earthquakes and volcanism.

Solar system with planets and their satellites synchronized and has different resonances (A. M. Molchanov). The presence of the Earth, the Moon, along with the three planets of the earth group and the Sun forms a well-tuned gravitationally synchronized system that affects the "solar activity". This structure with resonances of various kinds seems to play an important role in the study of processes in all spheres of the Earth

For the first time an explanation of the peculiarities of variations in the series of observations on morbidity is given COVID-19 under the influence of lunar and solar tides. Information about new cases of COVID-19 in the world is flocked to Johns Hopkins University (JHU), and published (about the regions of Russia by Rospotrebnadzor) and anyone can check the scientific results of the authors, make sure they are correct and be sure of the reliability of their forecasts.

Adverse effects of e / m radiation from tides on people were registered in Moscow for 5 years by the ambulance service for almost all diseases and are confirmed by spectral-time detection of near-weekly and other "lunar" harmonics.

Correlations of space weather with incidents and catastrophes in industry, transport, civil and defense sectors are noted.Underestimation of this space ("lunar") factor leads to huge economic and financial losses and requires immediate action.

Geomagnetic storm of 1859 ("Carrington Event")

S.P. Perov 1, N.S. Sidorenkov 2
1 Central Aerological Observatory, Moscow
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The most powerful magnetic storm in the history of observations, better known as the "Carrington event" or "Solar superstorm", included a whole complex of events from August 28 to September 5: the magnetic storm itself, numerous sunspots and flares on the Sun, a large coronal mass ejection ... The latter threw himself to Earth and reached it in record time after 18 hours.

On September 1-2, this event resulted in the failure of telegraph systems in Europe and North America. The aurora borealis were observed all over the world, and over the Rocky Mountains, they were so bright that the light woke up the gold diggers, who began to prepare breakfast, thinking it was already morning. According to the first estimates, the Dst index of geomagnetic activity during the storm reached −1760 nT. Extrapolation of the available measurements of the Dst index to the area of ​​extreme storms showed that storms with Dst = −1760 nT occur on Earth no more often than 1 storm in 500 years. The current estimate gives a value of no more than -900 nT.

In 1859, a calculation was performed using the lunisolar gravitational tide model used by the authors, which showed the EERR-2 gravitational resonance for September 1/2. The heliogeophysical environment available at that time was analyzed, in particular, the features of the spectral-temporal diagrams (TSA) for Wolf numbers, Earth's rotation rate and volcanic activity,

The TSA diagram for the time series of the number of volcanic eruptions in the southern and northern hemispheres convincingly demonstrates the synchronization of the period of the considered powerful flare with the time of appearance in the spectrum of a series of harmonics that were absent before this moment and characterizing the change in the tectonic regime under the influence of gravitational forces, incl. and resonant character.

The result of the analysis of all available information (see also the oral presentation at this session) confirms the important role in the "solar activity" of the gravitational (with resonances) influence of the planets, as well as a special role in the synchronization of processes in the Earth-Moon-Sun system.

Application of the catalog of magnetic storms for the analysis of monitoring data for radio source fluxes at RT URAN-4 in the magnetic anomaly zone

M.I.Ryabov 1, L.I.Sobitnyak 1, A.L.Sukharev 1, 
M.I.Orlyuk 2, A.O.Romanets 2, Yu.P.Sumaruk 2, 
А.А.Pilipenko 1
1 Observatory “URAN-4”, Radio Astronomy Institute of the National Academy of Sciences of Ukraine, Marazlievka 1v, Astronomical Observatory, Odessa, 65014, Ukraine, ryabov-uran@ukr.net
2 Institute of Geophysics. S. I. Subbotin National Academy of Sciences of Ukraine, 32 Academician Palladin Ave., Kiev, 02000, Ukraine

On magnetic observatory "Odessa" since 1948 measurements of a magnetic field of Earth. At the same time measurements of three elements of a magnetic field are registered: horizontal component (H), vertical component (Z) and inclination (D). On the basis of these data the catalog of magnetic storms in the 21st century is made. In this release of the catalog during 1987-1994, 2000-2009 date and time of the beginning and end of a storm, the storm duration, amplitude on three elements of a magnetic field are specified: H, Z, D, the characteristic of magnetic storms with the indication of the fissile periods. 

Monitoring of the fluxes of powerful galactic and extragalactic radio sources is carried out at the URAN-4 radio telescope of the Odesa Observatory of the Institute of Radio Astronomy of the NAS of Ukraine since 1987 till now. The monitoring program includes radio galaxies 3C274, 3C405 and supernova remnants 3C144, 3C461. Changes of fluxes of radiation sources at decameter waves are determined by the condition of an ionosphere resulted due to space weather variation. This catalog was compiled to identify the causes of changes in the flux of space radio to monitoring observations at the URAN-4 radio telescope. 

The magnetic station "Odessa" is located near a zone of a magnetic anomaly.  For identification of reaction in the nature of the geomagnetic activity arising owing to existence of a magnetic anomaly comparison of geomagnetic disturbances at Odessa and Moscow (IZMIRAN) was carried out that is similar to the data directory. 

Alleged the genesis of a long-term strategy variabilities index f 10.7 and it’s dual frequency regression model

S.P.Sokhatsky1,  G.M.Kruchenitsky1,2, A.V.Nikolayev3 , S.P.Perov1 ,  K.A.Statnikov2
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Index solar power activities F 10.7 applied in heliophysical and geophysical research. So modeling its long-term value variability causes significant interest. Availability in this variability Schwalbe-Wolf cycles (11 years old) and Hale (22 years old) even visually, but the build more effective models are bumped into on certain pages difficulties. 

 In the present situation work undertaken alternative build attempt models of long-term stability variability index of solar activity activities F10.7.2 regression analysis simulations by harmonics and the untertons two periods fluctuations, which can be in charge the reasons for this variability. It is about fluctuations discrepancies center of the Sun and the center of mass solar power systems. Scope these fluctuations maybe noticeably surpass size of the Sun, Ah, this is in its own way queue, leads to deformations like the photosphere, so are the chromospheres, and crowns. These deformations should lead to variability of the index number. Necessity harmonics accounting conditioned by non-monochromatic fluctuations, and accounting for untertons effect parametric of resonance. Two main periods they must be close to periods requests the closest ones to the Sun and the most massive V Solar power the system of giant planets: Jupiter (11.9 years old) and Saturn (29.5 years old).

From harmonics and regressors selected to enable it in the model only those whose reliability superior 95%. Callout basic values periods carried out embedded by the worker's method the SOLVER sheet. Remaining models tested on similarity with white noise by criterion proximity to the coefficient unit determinations integrated periodogram a straight line passing through the beginning coordinates.

Results simulations the following:

• updated versions basic values periods of 10.8 and 33.1 years old;

• for the period 10.8 years: statistically significant significant I - III harmonics and II-IV undertone;  for the period 33.1 years: statistically significant significant I - IV harmonics and II-III undertone;

• full efficiency models R 2 =88.2%, value of Fisher statistics 6147;

• the coefficient determinations integrated periodograms the rest of the model a straight line passing through the beginning coordinates it was 99.1%.

Reasons for noticeable changes differences between updated versions basic values periods from initial reports we must make up a list the subject of a separate research. 

Analysis of the problem of calculating the trajectory of a ray in media with a given refractive index field
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In this work, the idea of improving the calculation of the beam trajectory was worked out by taking into account the signal propagation in the ionosphere, namely, along a curve, not a straight line, as most measuring instruments nowadays, including navigation receivers, take into account.
• The analysis of the formulation of the problem of calculating the trajectory of a ray in media with a given refractive index field (boundary value problem)

• The necessity of using direct methods of the calculus of variations for solving the boundary value problem has been substantiated.
• The expediency of using Excel spreadsheets for the implementation of direct methods of the calculus of variations for calculating the ray trajectory was substantiated.

• Developed and programmatically implemented by means of Excel spreadsheets an algorithm for applying direct methods of the calculus of variations to calculate the ray trajectory.
• The significance of the influence of the curvature of the ray trajectory and the expediency of taking them into account when studying the possibility of increasing the accuracy of determining the coordinates in navigation systems is shown.
On the need to take into account perturbations of the Earth's orbit and the sun's photosphere direction diagram in the framework of the many-body problem to assess 
the long-term variability of the mean global temperature
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A program is proposed to account for the contribution of natural factors of astronomical origin to the long-term variability of global temperature and to analyze the nature of the Genesis of global warming. We analyze the fundamental and technical difficulties that arise in the traditional ways of solving these problems using dynamic and regression modeling methods. The proposed program is reduced to taking into account the effects of the influence of giant planets on perturbations of the Solar radiation diagram caused by deformations of its photosphere and their effect on long-term deviations of the Earth-Sun distance from Kepler's laws. The program is implemented on the basis of a low-parameter energy-balance model of the average global temperature, taking into account the influence of the above factors. The model parameters are determined by comparing its output data with the values of seasonal variability of the mean global temperature.

In contrast to traditional methods of dynamic modeling of climate change, which rely on solving incorrect problems of hydrodynamics and information-unsecured problems of radiation transfer, the proposed approach requires solving exclusively correct problems of celestial mechanics and statistical physics and overcoming only computational difficulties. The only source of uncertainty in the proposed approach estimates the thickness of the photosphere and the high speed of the thermodynamic parameters in it, but preliminary estimates indicate that the elimination of this uncertainty is much simpler than the uncertainty in the optical parameters of the aerosol for example.

The results of the simulation performed in the framework of this work show:

• the long-term variability of the mean global temperature due to astronomical factors is significantly better consistent with observational data than the variability caused by the assumed anthropogenic impact;

• the established contribution of natural astronomical factors to long-term changes in mean global temperature calls into question the detectability of anthropogenic contributions to these changes at the level of accuracy of available data.

On the possible existence of superstrong magnetic fields in a limb solar flare
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We present the simultaneous observations of the K Ca II 3933.7 Å, H δ 4101.7 Å and He I 4471.5 Å lines in the limb solar flare of 1981 July 17. For two moments of the flare we analyzed Stokes I  ± V and V profiles of these lines from observations made on the Echelle spectrograph of the horizontal solar telescope of the Astronomical Observatory of  Taras Shevchenko National University of Kiev. In the flash phase of the flare, all named lines had very wide emissions, with a wing length of 6–8 Å. An interesting feature was observed in the violet wings of these lines, namely, narrow emission peaks with a width of only 0.25–0.35 Å. The Zeeman splitting of these emission peaks correspond to magnetic field strength in range 1100-1400 G at altitudes of 10–14 Mm above the level of the photosphere. For post-peak phase of the flare measured magnetic fields were found weaker, no more than 300 G. We can expect that the true values of the local magnetic fields in the flare could be even larger, since the obtained results represent a longitudinal component of the magnetic field, with the assumption that the filling factor equals unity.

A new indication of the existence of superstrong magnetic fields follows from a comparison of the kinetic temperatures and turbulent velocities found from the narrow emission component in the flash phase of the flare. Considering this emission component to be optically thin, we found that there is an anticorrelation between temperature and turbulent velocity. Such a dependence seems unlikely and, possibly, the widths of the line profiles reflect, in our case, not turbulent velocities, but very strong magnetic fields. The corresponding estimates of the magnetic field by the K Ca II line lead to the value B = 8.3 kG, and by the He I 4471.5 line - to the value B = 6.7 kG. Considering that the He I line is clearly closer to the case of an optically thin layer, the closeness of these estimates is very encouraging. Our results are apparently the first indications of superstrong magnetic fields of 6-7 kG at an altitude of about 10 Mm in a solar flare.
Solar system
New wide-field telescope with hyperbolic main mirror 
(diameter 60 cm) and Ross corrector: joint research institute project between Astronomical Observatory of Odessa National University and Main Astronomical Observatory of Ukraine

Fashchevsky N.N., Podlesnyak S.V.1, Bondarenko Yu.N.1, Andrievsky S.M.1, Romanyuk Ya.O.2
1 Astronomical Observatory, Odessa National University, Odessa, Ukraine

2Main Astronomical Observatory of NAS of Ukraine, Kyiv, Ukraine

At the Astronomical Observatory of Odessa National University, the work is underway to create a telescope of an original optical scheme, consisting of a main hyperbolic mirror  (diameter 60 cm) and a two-lens Ross corrector. 

The use of additional free parameters made it possible to practically avoid all five third-order aberrations. The working field of the telescope is 2x2 degrees, the equivalent focus is 1366 mm, the relative aperture is D/f = 1: 2.28. Such a telescope will make it possible to effectively conduct observations, the purpose of which is the search for asteroids, as well as the detection of previously cataloged and previously unknown objects in the geostationary zone.

GROUPS OF METEORITE-PRODUCING METEOROIDS AND METEORITES IN ASTEROID ORBITS AND THEIR SOURCES

Yu. M. Gorbanev1,N. A. Konovalova2, N.H. Davruqov2

1Astronomical Observatory Odessa National University, Ukraine,

2Institute of Astrophysics of the Academy of Sciences of the Republic of Tajikistan

In this paper we present the results of our study of the existence of near-Earth meteorite-producing groups comprised of sporadic fireballs from the IAU MDC database 2007 [1], sporadic meteors from the SonataCo database [2], instrumentally observed meteorites and their respective parent near-Earth objects (NEOs). Orbits of the sampled members of meteorite-producing groups were distinguished and classified as those of asteroid type using the Tisserand parameter [3] TJ > 3.1. Dynamic links between members of the investigated meteorite-producing groups and respective parent NEOs were tested using orbital similarity criteria – namely, the DSH and DD criteria by Southworth & Hawkins [4] and Drummond [5], respectively. Based on the resulting orbital similarity, we deduced plausible relationship between discovered near-Earth asteroids, known meteorites and examined small meteoroids and meteorite-dropping fireballs. As a result, we have recognised several meteorite-dropping sporadic fireballs and small meteoroids, whose orbits are similar to orbits of known meteorites, as potential members of meteorite-producing groups and considered possible regions of their parent bodies.
1. http://www.astro.sk/~ne/IAUMDC/Ph2007/database.html
2. SonotaCodatabase. http://sonotaco.jp/doc/SNM/index.html
3. Kresak, L. 1979, in Asteroids, ed. T. Gehrels (Tucson: Univ. of Arizona Press), 289
4. Southworth R.B., Hawkins G.S. // Smiths. Contrib. Astrophys., 1963, V. 7, P. 261.

5. Drummond J.D. // Icarus, 1981, v. 45, p. 545-553.

CLARIFYING OF ORBITAL ELEMENTS OF 
LOW-ORBIT SPACECRAFT BY THE RI "MAO" DOPPLER STATION
Kaliuzhnyi M., Bushuev F., Kryuchkovskiy V., Kulichenko M., Shulga O. 
Research Institute “Mykolaiv Astronomical Observatory”, Mykolaiv, Ukraine

nikalyuzhny@ukr.net

The equipment and software of the Doppler station, created at the RI "MAO", have been improved in order to simultaneously automatically track several satellites, as well as to reduce the error in determining the frequency and time. The temperature stabilization of the receiver operation and the measurement of frequency and time by reference signals have been used to reduce the error. The reference signals are high-frequency harmonics of video pulses with a frequency of 100 kHz, fed to the antenna input of the station, and synchronized by GPS. The report presents data on the clarifying of the orbital elements obtained on the results of simultaneous tracking by the station of four satellites. The clarified satellite orbits have been compared with data of space-track.org.

UKRAINIAN-LATVIAN-ITALY SIMPLE VLBI NETWORK OF GEOSTATIONARY SATELLITES MONITORING
Kaliuzhnyi M. 1, Bushuev F. 1, Shulga O. 1, 
Bezrukovs V. 2, Tuccari G.G. 3, Reznichenko O. 4, Bryukhovetsky A. 5, Malynovskyi Y. 6
1 Research Institute “Mykolaiv Astronomical Observatory”, Mykolaiv, Ukraine

2 Ventspils University College, Ventspils, Latvia

3 HAT-Lab srl, Catania, Italy

4 Institute of Radio Astronomy of the NASU, Kharkiv, Ukraine

5 Western Center of Radio Engineering Surveillance, Mukacheve, Ukraine

6 Rivne Minor Academy of Science of School Age Yourh, Rivne, Ukraine

nikalyuzhny@ukr.net

The network of simple VLBI was created on the initiative of the RI "MAO" and has been operating since 2015. This year, a station located in Pietramarina (Isl. Sicily, Italy) has been included in the network. Thus, the network currently consists of 10 stations located in Mykolaiv (3 stations), Kharkiv, Mukacheve, Ventspils (2 stations), Rivne 
(2 stations), and Pietramarina. The equipment, software, and geographical location of the available number of the stations are allowed to track simultaneously three satellites located in the same geostationary cell. It is also appearing the possibility to track any commercial communications geostationary satellite due to the successful test of a station receiver that supports current DVB-S and DVB-S2 standards of satellite TV. The daily values of the orbital elements of tracked satellites, obtained using observations of the network, are placed on the RI "MAO" website.

A specific of moving of bodies from the outer edge of the asteroid belt to NEAs and Centaurs


A. Kazantsev, L. Kazantseva

Astronomical observatory of Kyiv National Taras Shevchenko University

There were carried out numerical calculations of orbits evolution of asteroids at the 2:1 mean-motion commensurability with Jupiter (semi-major axes a ( 3.3 AU) on intervals to 100,000 years. Transfers of the bodies both to the near-Earth asteroids (NEAs), and to the Centaurs, and even outside the Solar system were revealed.

Such transfers occur due to a significant increase of eccentricities of separate orbits which are involved in the mean-motion resonance with Jupiter. The conditions under which such increase takes place were analyzed. The range of changes of the orbit eccentricities depends mainly on the amplitude of oscillations of the libration argument - an angular value that characterizes the stay of the body in stable resonance zones.

The moving of bodies to NEAs  occurs mainly without reduction of semi-major axes of the orbits. The moving of asteroids to the outer zones of the Solar system occurs after approaches to Jupiter. Such approaches become possible only after the bodies leave the stable zones in the resonance. And the exit from stable zones occurs after approaches with the planets of the terrestrial group.

Numerical calculations and their analysis show that the overwhelming majority of asteroids, which leaved the 2:1 gap, have went beyond the Jupiter orbit in one’s time.

Possible occultation of the star TYC 1280-832-1 by the asteroid (486) Cremona as observed in Kyiv

Kleshchonok V.V.1, Karbovsky V.L. 2,  Buromsky N.I.1,  Lasko M.V. 2
1Astronomical Observatory of Taras Shevchenko National University of Kyiv

2Main Astronomical Observatory of NAS of Ukraine

The occultation of the star TYC 1280-832-1 by the asteroid (486) Cremona was observed on December 5, 2019. During the observations, we used a complex for observation of occultation based on an Apogee Alta U47 CCD camera (1024x1024, 13μx 13μ pixel), which operates in drift scan mode with a transfer time of 0.2 s. The observations were carried out using the Mirage 7 small telescope with a diameter of D = 180 mm and a focal length of F = 1800 mm. The time was determined by the computer system timer in the course of observations, the correction to which was determined continuously using a GPS receiver with an accuracy of 20 ms. The occultation time is 21:39:57 UT with an error of 2 s with a maximum occultation duration of 1.6 s in accordance with the ephemeris. This interval includes a segment of the star's photometric curve, which shows a signal attenuation exceeding 2σ for a duration of about 1.4 s. Comparison star tracks show no decrease in brightness with similar parameters at this time. The middle of the stellar brightness decrease area corresponds to 21: 39: 56.5 UT. The mathematical model was developed that takes into account diffraction phenomena with the given dimensions of the asteroid and the angular dimensions of the star, the spectral sensitivity curve of the complex and the ephemeris data of the asteroid for the moment of occultation for testing the hypothesis that this may be a real occultation. The obtained model photometric curve was recalculated to the occultation curve for registration with the given parameters of the complex in terms of time resolution and the observed profile of the star. The description of this approach to the interpretation of observations of occultation is given. The comparison of the model used with the change in the brightness of the star showed the possibility of obtaining the observed curve with a tangential occultation. This occultation pattern does not contradict the ephemeris, since the observation point is beyond the 1σ limit of the occultation band error.

Mobile complex for observation of star occultations

Kleshchonok V.V.1, Karbovsky V.L. 2, Lasko M.V. 2, 
Buromsky N.I.1
1Astronomical Observatory of Taras Shevchenko National University of Kyiv

2Main Astronomical Observatory of NAS of Ukraine

Observations of star occultations by celestial bodies makes it possible to obtain valuable information about the bodies themselves, as well as about the stars that are occulted. Unfortunately, the eclipse band often passes in places where there are no stationary astronomical telescopes. The mobile complex for observing occultations was created in order to be able to observe such events. The description of the mobile complex, which is located in the car and can be quickly deployed to a remote observation point, is presented. The composition of the complex allows observations without the use of an electrical network. The mobile complex consists of a telescope (D = 153 mm, F = 1200 mm) with an automatic guidance system Sky-Watcher EQ-5; filter block with 3 BGR filters; Apogee Alta U47 CCD cameras (1024x1024, 13μ x 13μ pixel); control computer; GPS-receiver, power supply unit of electronic components of the complex. The complex records occultations in drift scan mode. Test observations were carried out with the mobile complex, which made it possible to determine its characteristics. The following system parameters were obtained: image scale - 2.2''/px, field of view - 37.5 arc minutes, star image size 2.3″-2.8″. Objects with a limiting magnitude of 16.8 mag were obtained for 100 seconds of exposure without a filter.

Centenary of the birth of 
the famous Ukrainian researcher 
of radiometeors 
prof. B.L.Kashcheyev (1920-2004), 
his heritage and trajectory measurements today

S.V.Kolomiyets, K.A.Kolomiiets, I.Y.Kyrychenko, Yu.D.Pryimachov

Kharkiv Nationnal University of Radio Eleectronics, 
14 Nauky ave., Kharkiv, Ukraine

svitlana.kolomiyets@nure.ua

The development of meteor radar research was stimulated during World War II by air defense requests to rule out false alarms of radars on meteoroid intrusions. After the war, many air defense radars were involved in scientific observations of meteors. An additional stimulus for interest in the study of radio meteors was the phenomenon of the Draconid meteor shower in 1946, which was recorded by the radio method as extraordinary. We can talk about the scientific and technological revolution of this period, associated with the use and boom in the development of radio technology and missile technology. The ballistics of the movement of airborne objects in the Earth's atmosphere (and outside the atmosphere since 1957) of artificial and natural origin is becoming increasingly complex. Radio technology could not have developed without knowledge of the ionosphere and the effects of the Sun on radio communications, along with the effects of the Sun on the ionosphere. In the ionosphere, a layer at altitudes of 70-130 km is called the meteor zone, ie the zone where cosmic bodies, burning in the Earth's atmosphere, cause the appearance of ionized meteor tracks, which interact with radar radiation and reflect them. This allows the radar receiver to record the reflected signal. In the presence of three receivers spaced 3-5 km apart (and located approximately at the vertices of a right triangle), it is possible to determine the guiding cosines of the trajectory of the meteoroid in the Earth's atmosphere. Continuing the trajectory of the meteoroid to the intersection with the celestial sphere at infinity, we obtain a point called the meteor radiant. In basic optical meteor observations, the trajectory is determined differently than in the radio method. The report highlights the significance of the event of the centenary of the birth of the famous Ukrainian researcher of radio meteors Prof. Kashcheyev BL (1920-2004) and its legacy, as well as the problems and solutions of trajectory measurements today.

Observations of daytime meteors

R.R.Kondratyuk, B.E.Zhilyaev, A.P.Vidmachenko, A.F.Steklov

 Main Astronomical Observatory of the National Academy of Sciences of Ukraine. 

vida@mao.kiev.ua
This work presents some developments in the physics of meteor intrusions [4]. It is shown that fine-tuning of the dynamic characteristics of meteors obtained from observations of their tracks (luminous traces during night observations) or inversion wake (during daytime observations) makes it possible to evaluate a number of important characteristics of the object [1, 2]. We are using the discovery of a new effect – changes in brightness and “wobble” in the wake of a meteor [3]. The frequency of the variations of brightness (fc) and wobbling (fm) which can be easily measured make it possible to obtain estimates of the size of the meteoroid, its mass, its distance, and its height. Basic two-side intrusion observations automatically determine the height and speed of the intrusion. Tuning allows one to determine the characteristics of intrusions during observations from one-side observation. The essence of a new technique is to fine-tune the initial parameters of the simulation model of the intrusion until the calculated and measured frequencies fc, fm coincide. The work describes the characteristics of the daytime intrusion of a meteor reaching the atmosphere of the Earth in Kyiv on August 16, 2016, at 04:58 UT. Using the tuning technique and assuming the stone composition of the meteor, estimates of the primary speed of the meteor 40 km/s, and the mass 800 kg was obtained. The meteoroid reached a critical value of the speed of rotation on the surface at an altitude of 20.1 km in a time of about 7 sec with a residual mass of 26.7 kg, and a residual speed of 11.4 km/s. At this moment, a meteoroid exploded and destroyed. Explosion energy is equivalent to 427 kg of TNT. According to the IAU classification, the meteoroid may be the remainder of the Swift-Tuttle comet. 

1. Steklov E.A. et al. (2017) 48LPSC, Texas, LPICo 1964, id.1327. 

2. Zhilyaev B.E. et al. (2019) 6Gamow ICo & 19Gamow SSA ACRA, Ukraine, Odessa, 62. 

3. Zhilyaev B.E., Pokhvala S. M. (2020) Horizons in World Physics. 303(6). Nova Science Publishers, NY, USA. 

4. Zhilyaev B.E., et al. (2020) 51LPSC, LPICo 2326, id.1098. 
About determination of the rotational characteristics of space debris in LEO
Koshkin N.1, Shakun L. 1, Korobeynikova E. 1, 
Melikyants S. 1, Romanyuk Ya. 2, Ryabov A. 1, Strakhova S. 1, Terpan S. 1, Golubovskaya T. 1
1 Astronomical observatory of Odessa I.Mechnikov National university, nikkoshkin(c)yahoo.com
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Modern technologies make it possible to hope for the speedy implementation of projects to actively remove large objects of space debris from orbit (ADR, Active Debris Removal). ADR targets can be derelict satellites (for example, Envisat) or massive upper stages of rockets that remain in densely populated regions of near-earth space. To do this, it is necessary to know in advance the parameters of the rotation of these bodies in order to carefully plan an operation to capture a orbital target by means of a satellite-scavenger. For rapidly rotating derelict satellites, there are various methods for determining and monitoring their rotation and orientation. However, it is known that many objects of space debris (SD) under effect of the Earth's magnetic field and the geopotential gradient rapidly slow down their rotation. In particular, many rocket bodies show very low brightness variations during special photometric observations. This makes it very difficult to determine even the actual speed of their rotation, not to mention the rotation axis orientation in space. In 2020-2021 the Inter-Agency Committee on Space Debris (IADC) are lead the second international campaign for cooperative observations of selected rocket stages using various observational tools - photometry, radar Doppler imaging (ISAR), direct optical images, laser ranging, etc. to develop methods for determining the rotational characteristics of such space objects. In this paper, the authors propose a new method of short-baseline synchronous photometric observations to estimate the speed and rotation axis direction of slowly turning (leisurely) SD. In order to perfect this technique, a campaign is being carried out in Ukraine on baseline synchronous photometry of an inactive derelict Topex/Poseidon spacecraft from several observatories. The results of previously obtained data on baseline synchronous photometry of this and other space objects are also presented.

APPROXIMATE EVALUATION OF DURATION OF THE ORBITAL MOTION OF ARTIFICIAL SATELLITES OF THE EARTH TAKING INTO ACCOUNT LIGHT PRESSURE
Koval'chuk M.M., Vovchyk Ye.B., Baran O.A., 
Bilinsky A.I., Stodilka M.I., Hirnyak M.B.
1 Astronomical Observatory of Ivan Franko Lviv National University

2 Lviv branch of Dnipro National University of Railway Transport

lesiaab@gmail.com

Comprehensive research was conducted to establish the influence of solar pressure on the existence of artificial satellites of the Earth at their orbit. Six low-orbit satellites and one satellite with a high-elliptical orbit moving in orbit during 2001-2020 were selected for the study. We used the USSTRATCOM database of the satellites' orbital elements (http://www.space-track.org/), additional data are taken from CalSky (https://www.calsky.com) and TLEtools (https://tletools.readthedocs.io).

Taking into account the light pressure we refined the calculation of the duration of satellite orbital motion and clarified the moment of its destruction. The application of the proposed method allowed to reduce the difference between calculated and real lifetime of satellites: for low-orbit satellites, the difference between calculated and real time of their existence in orbit does not exceed ±1 day, for a satellite with a highly elliptical orbit it is +2 days. Such accuracy is sufficient to obtain proper forecasts.

OBSERVATION OF LEO OBJECTS BY 
AN OPTICAL TELESCOPE AT THE HIGH INTENsITY OF PASSES

O.M.Kozhukhov 

Center for Special Information Reception and Processing and Navigation Field Control of the National Space Facilities Control and Test Center, 
Zalistsi, Ukraine, a.m.kozhukhov@gmail.com
An approach to the theoretical estimation of the optical telescope’s flow capacity when observing Low-Earth Orbit objects (LEO) is proposed. It is based on the representation of the telescope as a queuing system (QS). The QS can be of various types, depending on the methods of observation used. The input flow in this QS is the flow of LEO’s passages through the viewing area of the telescope, and the output flow is the flow of observed passages. The average total time spent for observing one LEO is taken as the average service time. Quantitative characteristics of these values can be obtained by simulating the LEO’s passes through the telescope's viewing area. The throughput of the QS was chosen as the main estimated characteristic.

An example of evaluating the characteristics of such a QS is given. It is based on the “Sazhen-S” quantum optical station (QOS) of the Centre for Special Data Reception and Processing and Navigating Field Control of the National Space Facilities Control and Test Centre. Possible ways of increasing the flow capacity of “Sazhen-S” QOS according to the observation of LEOs are proposed.
NSFCTC’S SENSORS FOR SPACE SURVEILLANCE – MODERN STATE AND DEVELOPMENT PROSPECTS

O.M. Kozhukhov 1, V.I. Prysiazhnyi 2, O.M. Piskun 2, D.M. Kozhukhov 2, V.M. Mamariev 2,  

1 Center for Special Information Reception and Processing and Navigation Field Control of the National Space Facilities Control and Test Center, 
Zalistsi, Ukraine, a.m.kozhukhov@gmail.com

2 National Space Facilities Control and Test Center, 
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The Concept and the Plan for the implementation of state policy in the field of space activities for the period up to 2032 set the task for the State Space Agency of Ukraine (SSAU), the Ministry of Defense and the Ministry of Education and Science of Ukraine to create an integrated multifunctional system for monitoring and analysis of outer space. As an institution that is in subordination SSAU National Center ensures the implementation of measures to develop its own radar, optical sensors for further inclusion in the system being created.

The report presents the results of research and development work on the creation and modernization of sensors, their improved technical characteristics and the results of observations in the framework of national and international cooperation.

The mentioned prospects for the development of National Center’s sensors for space surveillance are defined, proposals for deepening cooperation with national institutions (organizations) in the relevant area and joint efforts to participate in international projects are given.

RESULTS OF NEO OBSERVATIONS IN CSIRP and nfc iN 2019 –2020

O.M.Kozhukhov, S.V.Rishchenko, T.O.Dementiev, V.L.Pasatetskiy, T.A.Bezluschenko, Y.V.Tanasiychuk 

Center for Special Information Reception and Processing and Navigation Field Control of the National Space Facilities Control and Test Center, 
Zalistsi, Ukraine, a.m.kozhukhov@gmail.com

In the second half of 2019 and 2020, regular observations of the NEA continued at the Center for Special Information Reception and Processing and Navigation Field Control (CSIRP and NFC). They became especially intense in 2020. This year, the AZT-28 telescope of the CSIRP and NFC (MPC-code L-18) became one of the most productive Ukrainian instruments for observing the NEO. Since June of this year, the new Newtonian 0.5 m f/3.8 telescope began to take part in the observations. The first results suggest an increase of the limiting magnitude for the observed NEO.
INVESTIGATION OF THE PHOTOMETRIC SYSTEM OF THE METEOR TV CCD CAMERAS

Kulichenko M.O.,  Maigurova N.V., Shulga O.V.

Research Institute “Mykolaiv Astronomical Observatory”
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Photometric information remains the main source of our knowledge about the physical properties of celestial objects. This report presents the results of a study of the photometric system of the same type 8 meteor telescopes with wide field lens (f=50 mm, f/1.2) and WAT-902H2 cameras installed in Mykolaiv and Odessa. These telescopes are equipped with broadband filters at red and blue ranges. The pass bands of our filters are close to Gaia BP/RP photometric system, which was chosen as standard system. The transformation coefficients to transfer the instrumental values of magnitudes to the Gaia BP/RP photometric system were derived by the linear regression method. The mean standard errors of the photometric solution are 0.3mag and 0.4mag for RP and BP ranges, respectively. The possibility of color index determinations based on reference stars observations was shown.
Metrological properties of a photosensor of the digital camera Canon EOS 5D Mark III

V.A. Psaryov,  V.V. Konichek,  I.Ye. Sinelnikov 

Astronomical Institute of V.N. Karazin Kharkov National University

The need for photometrological studies of the Canon EOS 5D Mark III digital camera is due to the use of this camera as a recording device in the design of a number of laboratory photopolarimeters created at the Research Institute of Astronomy of V.N. Karazin. A full-format (24mm × 36mm, 3840 × 5760 pixels) CMOS (SiMOS) matrix is ​​used as a photosensor of this camera. This is different from the usual use of CCDs in astronomical research. Knowledge of the photometric properties of this camera has become necessary also because it is used to absolutize photometric results, which, as a rule, have a very wide range of values.

To carry out photometric studies, an auxiliary quasi-point light source was created, which is mounted on a camera. For all shutter speeds from 32 sec to 0.000122 sec, a series of twenty frames (files) were obtained at a sensor sensitivity of ISO 12800, as well as a series for all ISO values from 100 to 12800 at a shutter speed of 6 sec. 

For each series of exposures, the average signal value in the frame was determined and the dependence of the average signal level normalized to the exposure duration on the duration of the corresponding exposure was plotted. The resulting dependence of the output signal on the exposure duration is linear within the signal levels from 11721 to 1.5. With a luminous flux that was maintained in the experiment, these signal levels were achieved at exposures of 24.7 sec and 0.003 sec, respectively. Thus, the dynamic range of the camera's photosensor reaches 7946 (3.9 on a logarithmic scale). 

The dependence of the output signal on the sensitivity of the camera sensor is obtained in a similar way. The relative deviations of its individual points from the linear dependence does not exceed ± 6%, from which it follows that with different luminous fluxes falling on the matrix and the same exposures, the ratio of the values of the output signals will correspond to the ratio of ISO levels. Thus the ISO level bar can be viewed and used as an optional stepped photometric wedge (attenuator). And this is quite an important point for standardization or absolutization of photometric results that have significantly different values.

The Greatest Achievements of Ukrainian Cosmonauts

M.I. Ryabov, B.A. Murnikov

Odesa Astronomical Society

From the very beginning of the Space Age, the Ukrainians have been active participants in the space related events. Two lead rocket engineers and spacecraft designers – namely, Sergey Korolyov (who was born in Zhytomyr and spent most of his youth in Odesa) and Valentyn Hlushko (who was born in Odesa, wherein his ambitious dreams about space travel arose) – played a key role in launching the first human, Yuri Gagarin, in space into Earth orbit. These facts are already well known, however, they have not received extensive coverage in Ukrainian mass media. 

The names of cosmonauts (astronauts) born in Ukraine have also been consigned to oblivion. There has been a total of 19 native-born Ukrainian cosmonauts, ranking Ukraine third globally, after the U.S. and Russia holding the top two positions, respectively. China has already put 11 astronauts, sometimes called taikonauts, into orbit, and thus it will outrun Ukraine in the not-too-distant future. 

The first member of a pleiad of Ukrainian cosmonauts was Pavlo Popovych who was launched in space in 1962. The legendary pilot Georgy Beregovoy was the next one to travel into orbit in 1968; the 100th anniversary of his birth will be celebrated this coming year. The third Ukrainian cosmonaut, Georgy Shonin, whose life revolved around Odesa city for years, flew on the space mission in 1969. An Odesa native, Georgy Dobrovolsky became the fourth Ukrainian cosmonaut; he died tragically during the re-entry of the space-mission capsule after 23 days in orbit. Being the first astronaut of independent Ukraine and 18th in the list of Ukrainian cosmonauts, Leonid Kadenyuk took a 15-day flight into space. Remarkable records for the longest human spaceflights set by other Ukrainian astronauts in no way detract from Leonid Kadenyuk’s merits and civic mindedness in addressing issues related to the protection for the space industry of Ukraine. Among Ukrainian cosmonauts, Yuri Malenchenko ranks the first for the career time in space, having taken six flights into space and accumulated a total of 827 days. Globally, he is second only to the Russian cosmonaut Gennady Padalka, whose all-time record is 878 cumulative days in space after five missions completed. Sergey Volkov ranks the second among Ukrainian cosmonauts for the total time in space – he has spent a total of 547 days in space during three missions. Five Kharkiv-native cosmonauts comprise the largest group of Ukrainian cosmonauts. All Ukrainian cosmonauts were members of the large family of Soviet cosmonauts, and neither them, nor Ukrainian space industry stood out from all the rest. However, today’s young people do need to be encouraged with stunning examples of space travelling by real space heroes. Each of these stories deserves to be appreciated by the young and remembered by all generations, and therefore should be included in the school textbooks on history of Ukraine. The exhibition “Ukraine is a spacefaring nation” & “The role of Odesa city in the history of space exploration” is currently being created within the framework of the newly established Astronomical Centre of Odesa National University on the basis of the Planetarium situated on the territory of Odesa Astronomical Observatory. All the related materials form an integral part of this exhibition. 

РЕКОРДЫ КОСМОНАВТОВ УКРАИНЫ. C самого начала космической эры представители Украины были в числе активных участников событий. Два ведущих главных конструктора: С.П.Королев (родился в Житомире, годы юности прошли в Одессе) и В.П.Глушко (родился в Одессе и здесь у него в юношеские годы зародилась мечта о космических полетах) сыграли ключевую роль в обеспечении полета первого человека в космос – Ю.А.Гагарина. Это хорошо известные факты, но они не слишком широко отмечаются украинскими средствами массовой информации. В область забвения СМИ также попали и имена космонавтов родом с Украины. Число космонавтов родом с Украины составляет 19 человек, что обеспечивает ей третье место в мире. На первом месте США, на втором – Россия. У Китая 11 тайконавтов, и недалеко то время, когда он обгонит Украину. Блестящая плеяда космонавтов Украины начинается с П.Р.Поповича, полетевшего в космос в 1962 году. Вслед за ним в космосе был легендарный летчик Г.В.Береговой в 1968 году. В наступающем году будет отмечаться 100-летие со дня его рождения. Третий космонавт – Г.С.Шонин – длительное время был связан с Одессой, побывал в космосе в 1969 году. Четвертым космонавтом стал одессит Г.Т.Добровольский трагически погибший во время спуска космического аппарата после 23 суток полета. Космонавт независимой Украины Л.К.Каденнюк (восемнадцатый в списке космонавтов Украины) совершил полет продолжительностью в 15 суток. Не умаляя его роли и активной гражданской позиции по защите космической отрасли Украины, поражают рекорды продолжительности полетов других космонавтов Украины. По продолжительности полетов на первом месте Ю.И.Маленченко совершивший 6 космических полетов общей продолжительностью 827 суток. Абсолютный рекорд принадлежит российскому космонавту Геннадию Падалке, который за пять полетов налетал 878 суток. Таким образом, рекорд космонавта с Украины является вторым в мире.  На втором месте по продолжительности полетов среди космонавтов Украины С.В.Волков, он за три полета провел в космосе 547 суток. Больше всего космонавтов (5 человек) – из Харьковской области. Все космонавты Украины были в общей семье советских космонавтов, и они себя, да и Украина тоже, особенно не выделяли. Однако сегодня молодежь нуждается в ярких примерах звездных историй настоящих героев космоса. История каждого из героев космоса достойна внимания молодежи и памяти всех поколений. Они должны войти в школьные учебники истории Украины. В настоящее время в составе создаваемого Астрономического Центра ОНУ при Планетарии на территории астрономической обсерватории создается экспозиция «Украина – космическая держава» и «Одесса в истории космонавтики». Данные материалы нашли отражение в этой экспозиции.

Degradation of the reflection characteristics of some GSS in space

Sukhov P.P. 
Astronomical observatory ONU I.I. Mechnikov, Odessa

 

Studying the effects of the space environment on the optical properties of specific materials – a problem urgent and is of great interest for the development of space systems.

Available photometric studies have shown that the spectral reflectivity of the satellite surface (mainly SP) changes.

The following main factors affect the spacecraft surface:

– Meteoroid dust, which impairs the optical properties of the surface;

– The temporary effect of aging of materials covering the surface of the spacecraft and SP under conditions of space vacuum;
– Radiation, which lowers the photo EMF of the SP, especially during solar flares and flight in the Earth's radiation belt.   Physical and chemical connections break down and reform under the influence of high energy electrons;
– Thermal shocks due to deep cooling of the structure in shaded areas of the orbit, heating in illuminated areas and vice versa. This phenomenon destroys the fastening of the elements of the joint venture, PN, platforms, connections between them.

The report presents the initial experimental results obtained from photometric observations of several GSS. It is shown that the spectral reflectivity of the materials of some GSS degrades depending on the time spent in Space.
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Last years OMT-800 telescope [MPC code 583] participated in many observation programs the small bodies: 4*P Coma Morphology Campaign, SONATA13, OPUS13. As a result, we received frames on which, in addition to the main object, there were also additional targets. We performed standard photometric reductions with dark and flat-field correction followed by ordinary aperture photometry.

On OMT-800 telescope a "clear" filter was used, for data processing. We generally used three comparison stars (Solar analogues) in each field, usually of much higher signal-to-noise than the target, and selected to have near-asteroidal colors if possible, that is roughly 0.5 < B-V < 0.95. For asteroids near their stationary points, we could use the same comparison star sets on multiple nights. The measuring apertures were generally 8 to 12 arcsec diameter depending on image quality. The typical mean nightly root mean square scatter of the ensemble of comparison stars was 0.005-0.01 mag.
About seasons in Saturn’s atmosphere 

Vidmachenko A.P.
Main Astronomical Observatory of the National Academy of Sciences of Ukraine, vida@mao.kiev.ua
Saturn, like Earth, has significant inclination of equator plane to orbit plane B~26°44'. Therefore, it is characterized by differences in flow of solar energy to different latitudes during rotation around Sun. On Saturn, we study seasonal changes in atmosphere state from our observations since 1977, and we used observational results obtained by other astronomers in 1964-2000 [2-4]. Saturn passes perihelion of orbit – in summer for southern hemisphere, and aphelion – in summer for northern hemisphere. At eccentricity of orbit e=0.056, southern hemisphere receives total of 25% more solar energy than northern. Particularly significant variations in inflow of solar energy are observed at high latitudes, to which at B=26.76° it is an order of magnitude higher than inflow of energy at B=0°. In epoch of equinox, Saturn is at medium distance from Sun. At these moments ground observer not to see saturn’s rings, and we seeing the equally illuminated hemispheres of planet. Moments of this equinox are repeated every 14.72 years (2010, 1995, 1980, 1966). They are favorable for obtaining comparative characteristics of individual belts of both hemispheres, because at this time equator of intensity almost coincides with planet equator. Existing differences in hemispheres optical characteristics are caused by the previous history of receipt of solar energy to each of them and inertia of atmospheric "response" to radiation [1]. Hydrogen and helium atmosphere at different altitudes has different times of radiation relaxation R. Therefore, changes in the seasonal influx of solar energy are noticeable on higher atmospheric levels, where radiation in ultraviolet (UV) part of spectrum and some infrared bands is formed. This is where we recorded changes in Saturn's reflective characteristics and linked them to seasonal variations in solar energy. After all, when distance of planet from Sun changes and when some regions of atmosphere are shaded by rings, layer of main ammonia clouds and fog above clouds also changes with depth, which causes variations in methane absorption. It is known that after heating of particles of clouds at a temperature of 194 K ammonia are sublimated for several days. If ammonia clouds are not replenished with new material, observations will show significant changes in the depth of clouds in less than a year. We recorded such seasonal changes in Saturn's atmosphere at all 4 moments in the equinoxes from 1966 to 2010 in the studied region of the spectrum. They are especially noticeable in UV and in methane absorption bands. 
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How does the 2010 equinox on Saturn differ from previous three?
Vidmachenko A.P.

Main Astronomical Observatory of the National Academy of Sciences of Ukraine, vida@mao.kiev.ua
Analysis of our results on methane uptake by Saturn's disk in 1964-2020 showed significant seasonal changes in cloud and fog levels. In equinoxes of 1966 and 1995, they had opposite course to equinox of 1980 [1]. But expected changes in 2009 equinox of methane absorption in Saturn's hemispheres (similar to 1980) did not occur. All physical and orbital characteristics of Saturn in all 4 equinoxes are repeated, but responses to them – was different. Expected formation of high ammonian clouds in 2009 did not occur after atmosphere came out from under rings. Existing seasonal models of Saturn's climate well explain changes in methane absorption in atmosphere [5, 6] that occurred in equinoxes of 1966, 1980, and 1995. But results of observations of northern hemisphere in 2009 equinox differ significantly. Studies have shown that variations in solar radiation in range of 170-390 nm can be physical agent that can link solar cycle to general atmospheric circulation. Until equinox in 2009, Sun was at minimal of activity. Observations from Cassini spacecraft showed atmospheric mixing in northern hemisphere of Saturn in 2007-2010 [2]. Therefore, after leaving shadow of rings, deep clouds of winter northern hemisphere remained in "frozen" state at low level in absence of active processes at Sun. This allowed to register powerful layer of methane and ammonia. And due to Sun minimal activity – in Saturnian atmosphere there was not enough energy to form photochemical aerosol layer. Usually, it was formed, and did not allow in previous equinoxes to "look" deep into clouds, reducing methane absorption. Due to this set of physicochemical conditions in Saturn's atmosphere, methane absorption in inactive winter hemisphere remained unchanged and equal to absorption in summer hemisphere. Therefore, differences existing at time of equinox can be caused by previous history of their irradiation by Sun [3]. Our calculations have shown that physical characteristics of atmosphere and latitudinal variations of clouds and fog above them – symmetrically "respond" to previous history of changes in irradiation of planet by Sun. Therefore, results of photometric studies of Saturn's hemispheres showed that data obtained in 1966 almost repeat results in 1995. But observations obtained in 2009-2010 are not as symmetrical to observational data obtained under similar irradiation conditions in 1980. 
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Monitoring of cometary activity of the comet 29P/Schwassmann-Wachmann 1 with 0.61-m telescope at the Skalnaté Pleso Observatory
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We report photometric observations of comet 29P/Schwassmann-Wachmann 1 in August-October of 2018 with filters B, V, R at the 0.61-m telescope (Astronomical Institute SAS, Slovakia). This object is labelled and traditionally regarded as a comet, but it also meets the dynamical definition as a Centaur. The comet 29P/Schwassmann-Wachmann 1 is a unique object due to the combination of its orbital properties and its activity behaviors. Its orbit is nearly circular and just beyond the orbit of Jupiter (e = 0.044849, a = 5.99263 a.u., i = 9°.38724). This comet is a high-priority target for continued observations and analysis to gain a better understanding of the Centaur-to-Jupiter-family transition region. Despite the relatively large distance from the Sun, where sublimation of water ice is negligible, this object shows unexpected outburst activity many times per year.

We have found that the comet has demonstrated different levels of its activity during our observations from August to October 2018. Enhanced images obtained in all filters reveal a few radial features and shell in 
29P/Schwassmann-Wachmann 1 coma, regardless of the image-processing algorithm.

We have calculated Afρ value which is usually used as a proxy for the cometary dust production. Afρ values of comet 29P are varying with time and change from hundreds to thousands of centimeters in a few months.  Also, we have received absolute magnitude values and color indices. The values of dust color of the comet are changing from red to neutral depending on level of activity of the comet.
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