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Some structural features of vortices in gravitating gaseous

disk

M. Abrahamyan
Yerevan Stane University, Armenia
mabr4913Q@Qgmail.com

The linear and non-linear vertical perturbations of rotating gravitating
gaseous disc in frame of geostrophic and post-geostrophic approximations
are investigated. The structure of mono-pole and solitary dipole vortices
(modon)-solutions of obtained equations is studied. Two types of mass distri-
bution in a solitary dipole vortex are received. The first type is characterized
by antisymmetrically located counter rotating one round condensation and one
rarefaction. The second type is characterized by anti-symmetrically located two
condensations and two rarefaction, and a second pair of condensation-rarefaction
has a sickle form. Contours of constant density of short-scale dipole vortex match
the current lines of vortex; in a gravitating modon the contours of constant
density does not coincide with the current lines. The possible applications of
monopoly and dipole vortex in astrophysical objects have been discussed.

Radiation mechanisms of astrophysical objects: classics today



Sobolev-100 Conference, St.Petersburg State University, 2015 9

Atomic data for inelastic processes in low-energy
rubidium-hydrogen collisions

Ju. Aikasheva, A. Belyaev, S. Yakovleva
Herzen State Pedagogical University, Russia
juliaaikasheva@gmail.com

Atomic collisions of atoms and positive ions of different chemical elements
with hydrogen atoms and negative ions are a main source of uncertainty for non-
LTE studies due to high concentrations of hydrogen atoms. Accurte quantum
studies are time-consuming and laborous, that’s why reliable model aproach
is very important. In order to evaluate physically reliable rate constants,
the model approach within the framework of the Born-Oppenheimer formalism
has been very recently proposed [1,2]. The approach is based on the asymp-
totic method for electronic structure calculations and multichannel Landau-Zener
model for a nonadiabatic nuclear dynamical treatment.

In the present study low-energy collisions of rubidium with hydrogen are con-
sidered. Electronic structure calculations involved 5 low-lying levels and one
ionic. Nonadiabatic transition probabilities between molecular states are calcu-
lated by using the multichannel formula based on the Landau-Zener model. Rate
coefficients for excitation, de-excitation, ion-pair formation and mutual neutral-
ization processes in rubidium and hydroger collisions are calculated and processes
important for astrophysics are defined.

[1] A.K.Belyaev, Phys. Rev. A, 88, 052704 (2013).
[2] A.K.Belyaev, S.A.Yakovleva , P.S. Barklem , Astron. Astrophys., 572, A103 (2014).

Radiation mechanisms of astrophysical objects: classics today



Sobolev-100 Conference, St.Petersburg State University, 2015 10

Photoelectric and collisional charging of dust
in protoplanetary disks

V. Akimkin
Institute of Astronomy RAS, Russia
akimkin@inasan.ru

Grain charging in protoplanetary disks and its impact on the dust growth
lacks currently a detailed scientific scrutiny. In this work we consider two of
the primary mechanisms of the dust charging — photoelectric effect and collision
with electrons and ions. To study the impact of the grain charge on the dust
coagulation we solve the Smoluchowski equation locally for typical disk param-
eters. The collisional charging, which dominates in the disk midplane, leads
to electrostatic repulsion between negatively charged grains. This poses a known
problem of the electrostatic barrier against dust growth, that significantly ham-
pers dust growth. In the disk atmosphere, where photoelectric charging operates
and grains are positively charged, dust retains its initial size distribution both
due to low number density and electrostatic repulsion. The most interesting case
is at intermediate heights near the zero charge surface, where collisional and pho-
toelectric charging mechanisms are comparable. The presence of both negatively
and positively charged grains at the intermediate heights leads to a significant
increase in dust coagulation rates, which competes even with coagulation rates
in the disk midplane. Such a vertically non-uniform dust evolution affects total
available grain surface and UV field distribution, which are of great importance
for disk chemistry and appearance.
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Studies of cosmic water and hydroxyl masers within
the “RadioAstron” Space-VLBI project

A. Alakoz, A.Sobolev, H. Imai, W. Baan, J. Moran, S. Parfenov and
RadioAstron maser team
Astro Space Center of Lebedev Physics Institute RAS, Russia
alexey.alakoz@qgmail.com

RadioAstron observations of the cosmic masers led to a number of success-
ful detections in both water and hydroxyl maser transitions. The presence of
numerous ultra-compact details shows that implementation of the space-VLBI
technique for maser studies is technically possible and is not always prevented by
the interstellar scattering, maser beaming and other effects related to formation,
transfer and detection of the cosmic maser emission.

The first time space-VLBI detections of cosmic water maser emission have
been obtained for the Megamaser galaxy NGC 4258 and various star forming re-
gions of the Galaxy. The sharpest “direct” linear resolution of better than 4 mil-
lion kilometers has been achieved in observations of the water maser in Orion.
Water masers in W49N were detected on baselines exceeding 9.5 Earth Diameters,
which corresponds to the ultra-high angular resolution of about 23 microarcsec.
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The nature of long-term spectral variability of IN Com

I. Alekseev, O. Kozlova
Crimean Astrophysical Observatory, Russia
ilya-alekseev@mail.Tu

We are presented long-term spectral observations (R = 20000) of IN Com
in the region of H,, Hg and He I 5876 lines. The distinguishing character of stel-
lar spectrum is the presence in the H, line the extended two-component emission
with limits reached £400 km/s. Emission parameters show the rotation modula-
tion with the stellar rotation period and a significant variability on the long-term
scale. Similar emission is observed also in Hg and HeI 5876 lines. Our results al-
low to conclude that observational emission profiles are formed in optically thin
hot gas. It is a result of presence around IN Com circumstellar gas disk. Its
size is not exceed some stellar radii. The material for the disk is supported by
IN Com stellar wind. The found variability of H, emission parameters shows
evident connection with photopolarimetric activity of the star. This fact allows
us to connect the long-term spectral variability with cycles of stellar activity of
IN Com.
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The non-local thermodynamic equilibrium (NLTE) line
formation of CI — CII in the A- and late B-type stars

S. Alexeeva
Institute of Astronomy RAS, Russia
alexeeva@inasan.ru

Classical LTE analysis finds a discrepancy in abundances determined from
different lines of C1, as well as a violation of the ionization equilibrium between
CI and CII in the atmospheres of A and late B type stars. We present a new
comprehensive model atom for CI — CII designed to investigate line formation
for CI and CII based on the non-local thermodynamic equilibrium (NLTE). As
a first application of the CI — CII model atom, carbon abundances are deter-
mined on the basis of classical plane-parallel model atmospheres for Vega (A0 V),
HD 73666, 21 Peg, and m Cet that show no obvious sign of chemical peculiarity.
7 Cet shows a emission lines in the near-infrared spectral region (8335 A and
9405 A). We show that the CI emission lines are explained by NLTE effects but
not the circumstellar disk. The NLTE analysis helps to achieve the ionization
equilibrium between CI and CII in the atmospheres of A and late B type stars
for the presented stars.
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Dynamics of wind and variations of circumstellar
extinction in the classical T Tauri star RY Tau

E. Babina, S. Artemenko, P. Petrov
Crimean Astrophysical Observatory, Russia
helenka_truth@mail.Tu

RY Tau is a pre-main sequence star with accretion disc. With the spectral
type G2 and stellar mass of 2 M it drops in between the Classical T Tauri stars
and the Herbig Ae stars. Light variability of RY Tau is mostly due to variable
circumstellar extinction, because the line of sight lies near to the disc plane. From
the highly variable H,, and Nal D line profiles we identified magnetospheric accre-
tion flows, disc wind, and events of fast outflows (P Cyg profile), which are prob-
ably a coronal mass ejection following the magnetosphere inflation. For the first
time it is found that the circumstellar extinction is tightly related to the wind:
extinction gets lower at higher velocity of the wind. We suggest that the coronal
mass ejection events modify the dusty disk wind within ~ 0.3 AU from the star,
and temporarily clear up the line of sight from the dust particles.
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Molecular hydrogen absorption systems at high redshifts

S. Balashev, D. Varshalovich, A.Ivanchik, V. Klimenko
Toffe Physical-Technical Institute RAS, Russia
s.balashev@gmail.com

Molecular hydrogen absorption systems are corresponded to the cold phase of
interstellar medium of the galaxies in the early Universe. They are detected
in the quasar spectra and found to be associated with the Damped L, systems.
We present a small review of studies of Hy absorption systems and focus on recent
progress that was done by our group, namely:

(i) the search of Hy absorption systems in SDSS quasar spectra;

(ii) the measurement of neutral chlorine abundance in all known Hy absorption
systems at high redshifts (z = 2 + 4);

(iii) the study of ultra high Hy column density absorption system at z = 2.7865
in spectrum of J0843+0221.
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Spectral distortions of the CMB dipole

S. Balashev, E. Kholupenko, J. Chluba, A.Ivanchik, D. Varshalovich
Toffe Physical-Technical Institute RAS, Russia
s.balashev@gmail.com

We consider the distortions of the CMB dipole anisotropy related to the pri-
mordial recombination radiation (PRR) and primordial y- and p-distortions.
The signals arise due to our motion relative to the CMB restframe and appear
as a frequency-dependent distortion of the CMB temperature dipole. To leading
order, the expected relative distortion of CMB dipole does not depend on the par-
ticular observation directions and reaches the level of 1076 for the PRR- and
p-distortions and 10~° for the y-distortion in the frequency range 1 + 700 GHz.
The temperature differences arising from the dipole anisotropy of the relic CMB
distortions depend on observation directions. For mutually opposite directions,
collinear to the CMB dipole axis, the temperature differences because of the PRR-
and p-dipole anisotropy attain values AT ~ 10 nK in the considered range.
The temperature difference arising from the y-dipole anisotropy may reach val-
ues up to 1 uK. The key features of the considered effect are:

(i) an observation of the effect does not require absolute calibration;
(i) patches of sky with minimal foreground contamination can be chosen.

Future measurements of the CMB dipole distortion thus provide an alternative
method for direct detection of the PRR-~, y- and p-distortions. The y-distortion
dipole may be detectable with PIXIE at a few standard deviations.
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The influence of small scale magnetic field on the polar cap
X-ray luminosity of old radio pulsars

D. Barsukov, A. Tsygan
Toffe Physical-Technical Institute RAS, Russia
bars.astro@muail.ioffe.ru

The influence of small-scale magnetic field on the polar cap heating by re-
verse positrons is considered. We use the polar cap model with steady space
charge limited electron flow. To calculate the electron-positron pairs produc-
tion rate we take into account only the curvature radiation of primary elec-
trons and its absorption in magnetic field. The reverse positron current is calcu-
lated in the framework of two models: rapid (J. Arons, E.T. Scharlemann (1979))
and gradually screening (A.K.Harding, A.G. Muslimov (2001), Yu.E. Lyubarskii
(1992)). Tt is shown that some pulsars are better described by the rapid screen-
ing model and some other pulsars have better agreement with calculation by
the gradually screening model.

The work has been partly supported by the RFBR (project 13-02-00112) and
by the State Program “Leading Scientific Schools of the Russian Federation”
(grant NSh-294.2014.2).
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On the localization of emission lines region in Mira stars

O. Belova
Sternberg Astronomical Institute MSU, Russia
whitecanvas05122010@mail.Tu

New evidence is obtained that hydrogen emission lines as well as metallic ones
originate below molecular line absorbing layers in spectra of Mira stars.

The time scale t. is calculated as function of Ty for the final stage of gas
cooling behind a shock wave propagating through the star atmosphere, when
gas temperature tends to its preshock value Ty. We have computed ¢, for Ty =
(2800 =+ 3000) K, which is typical values for the layers absorbing in the molecular
lines, and have compared it with the pulsation period P of S Car, T Col, RR Sco,
R Aqgl, RCar, oCet, RR Sgr, SSco, W Vel, R Leo. It occurs that the gas has no
sufficient time to be cooled to its preshock state. So, Tj should be greater than
temperature of molecular layer.

This result is agrees with the spectra of Mira-like stars known in the liter-
ature. The emission lines show a complex structure, having an asymmetric, or
a multicomponent profile, what is due to molecular line absorption.

This work was partly supported by the Russian Foundation for Basic Research
(projects 13-02-00136 and 15-03-03302).
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Signs of a dead transient disk in AE Aquarii

N. Beskrovnaya, P.Isakova, A.Zhylkin, N. Ikhsanov, D. Bisikalo
Central (Pulkovo) Astronomical Observatory RAS, Russia
beskrovnaya@yahoo.com

AE Aquarii is a low-mass binary which contains a strongly magnetized white
dwarf rotating with the period of 33 seconds. Observations give no evidence for an
accretion of mass onto the surface of the white dwarf and its spin-down power
exceeds the bolometric luminosity of the system. We show that the peculiar
appearance of the system can be explained provided the white dwarf operates
as a spin-powered pulsar. The surface magnetic field of the white dwarf within
this scenario is about 50 MG. Numerical simulations of the mass-transfer process
suggest that the magnetosphere of the white dwarf under these conditions can
be surrounded by a transient dead disk (or ring). We find the disk to be very
unstable. As it is disrupted the material is flowing out from the system spreading
around it. We show that the typical time of formation and disintegration of
the transient disk is close to the time of the peculiar flaring activity observed
in the system.
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Electronic thermal conductivity in the crust of magnetized
neutron stars: the solution of the kinetic equation by
the Chapman-Enskog method

G. Bisnovatyi-Kogan, M. Glushikhina
Space Research Institute RAS, Russia
gkogan@iki.rssi.ru

The solution of the system of Boltzmann equation for plasma in magnetic field,
with arbitrary degenerate electrons and non-degenerate nuclei, is obtained by
Chapman-Enskog method. Three functions, generalising Sonin polynomials are
used for obtaining an approximate solution. Fully ionized plasma is considered.
The tensor of the heat conductivity coefficients in non-quantising magnetic field
is calculated. For nondegenerate and strongly degenerate plasma the asymptotic
analytic formulae are obtained, which are compared with different results of pre-
vious authors. Due to kinetic approach, our results are more exact than usually
used coefficients, obtained by a simplified approach for the thermal conductivity
in a plasma of a neutron star crust. For strongly degenerate plasma Lorentz
approximation, with neglecting of electron-electron encounters, is asymptotically
exact, and our 3-functional approximate solution gives results which deviate from
an exact solution less than 3% for all values of the magnetic field. The devia-
tion decreases with increasing of the field. The account of the electron-electron
collisions for mildly degenerate plasma permits to obtain more exact results, so
that for a non-degenerate plasma the maximal difference with the simplified ap-
proach, which is similar to the Lorentz approximation, is ~ 300% for the ratio of
the thermal conductivity coefficients along and perpendicular to the magnetic
field.
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Variation of OI 6300 A line emission in Herbig Be binary
star HD 200775

A.Bisyarina, A.Sobolev, S. Gorda
Ural Federal University, Russia
bisyarina_nastya@mail.ru

Variations of OI 6300 A line in the spectrum of Herbig Be binary star
HD 200775 are reported for the first time. The orbital period of the binary system
is about 3.7 years. The system is likely to have a common disk observed in IR-
emission and an accretion disk around the primary component which is probably
formed due to accretion of the common disk material. Variations in equivalent
width and profile of H, line with approximately orbital period are registered
in the star. It was shown that H, line is formed in material associated with
the primary component.

We tried to find a correlation of OI 6300 A line parameters with the orbital
phase and H, activity of the star. We considered the line profiles in newly-
obtained and archival spectral data over about 20 years time interval. The ma-
jority of the data were obtained at 1.2-m telescope of the Kourovka Astronomical
Observatory of the Ural Federal University. We have found that the line profiles
obtained at the same orbital phases are similar for different epochs and instru-
ments. So, the orbital motions in the system are responsible for the periodic
variations in the region where the OT 6300 A line emission is formed.
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Nonstationary hydrogen and helium discrete level
occupation behind shock front

K. Bychkov
Sternberg Astronomical Institute MSU, Russia
bychkov@sai.msu.ru

Hydrogen and Helium discrete level occupation is not stationary behind
a shock front in the atmospheres of G —M stars (shock velocity 20 <+ 50 km/s).
This is due to the relatively high excitation energy: all the excited states of
the both chemical elements are located very close to the continuun, and far from
the base level (in the energy scale). As a consequence, one can not neglect elec-
tron impact ionization as compared with discrete transition rates at the least
for the levels with the main quantum number n = 2 + 5. This is why we should
take into account the exchange between the discrete levels and the continuum,
and the discrete level occupation is not stationary, as the continuum one.

Chemical elements, such as Magnesium, Iron, and other metals, have discrete
level structure different from H and He. Their excited levels lay close to the base
level and rather far from the continuum. The ionization rate is small compared
to the deexcitation rate, an one can solve separately two different problems:
nonstationary ionization and quasistationary discrete level occupation.
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High energy radiation of supernova remnants and
starburst regions

A. Bykov
Toffe Physical-Technical Institute RAS, Russia
byk@astro.ioffe.ru

Powerful stellar winds and supernova explosions with intense energy release
in the form of strong collisionless shock waves are expected to convert a sizeable
part of the kinetic energy release into fluctuating magnetic fields and relativistic
particles. The starforming regions are known as a favorable site of energetic par-
ticle acceleration and could be efficient sources of nonthermal emission. We dis-
cuss models of energetic particle acceleration, interactions and nonthermal emis-
sion by supernova remnants in active starforming regions at different stages of
their evolution. The high efficiency of particle acceleration in the sources implies
the importance of nonlinear feedback effects in a symbiotic relationship where
the magnetic turbulence required to accelerate the energetic particles is created
by the accelerated particles themselves. Non-thermal emission produced by rel-
ativistic particles (both those confined in and those that escape from the cosmic
accelerators) can be used to constrain the basic physical models of the sources.
High resolution X-ray synchrotron imaging, combined with GeV-TeV gamma
ray spectra, is a powerful tool to probe the maximum energies of accelerated
particles. Recently the IceCube Neutrino Observatory discovered PeV regime
neutrinos from astrophysical sources providing a new way to study the sources of
high energy radiation. Future MeV regime spectroscopy will provide unique in-
formation on the composition of accelerated particles.
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3-D NLTE radiative transfer models using the Sobolev
method

A. Carciofi, J. Bjorkman
University of Sao Paulo, Brazil
carciofi@usp.br

Among the important contributions of V.V.Sobolev to astrophysics is
the Large Velocity Gradient method, also known as the Sobolev method, for solv-
ing the problem of line radiation transfer in moving media. This is a very im-
portant problem, occurring in many astrophysical systems such as stellar winds
and gaseous disks. The Sobolev method is similar to that of a diffusion problem,
and employs penetration and escape probabilities to estimate the mean intensity
and the source function as a function of position in the medium.

We present the Monte Carlo radiative transfer code HDUST that uses
the Sobolev method to solve the coupled problems of radiative transfer, thermal
equilibrium and statistical equilibrium. The Monte Carlo method works basi-
cally by sampling the mean intensity as a function of position in the envelope.
This is done by emitting a very large number of photon packets from the star
(and whatever other source of radiation) and following the random path of each
packet as it interacts with the medium. The Monte Carlo method is a com-
mon choice for solving continuum problems, in which the opacity is a slowly
varying function of the wavelength. Examples include dust opacity and elec-
tron scattering. HDUST represents one of the few existing Monte Carlo codes
that tackle the problem of line radiation transfer, in which opacities are quite
strong functions of wavelength and position. In this contribution we describe
how the Sobolev approximation was implemented in HDUST, and the various
algorithms we developed to make the code efficient for arbitrary (3-D) geome-
tries and velocity fields. Finally, several astrophysical examples in which HDUST
were used as a tool will be described.
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Radiative processes in accretion and outflows in black holes

S. Chakrabarti
S.N. Bose National Centre for Basic Sciences, India
sandipchakrabarti9@gmail. com

I discuss how radiative processes along with viscosity desegregate an initially
low angular momentum transonic flow into a Chakrabarti-Titarchuk type two
component advective flow (TCAF), in which the flow in the equatorial plane be-
comes a standard Shakura-Sunyaev type disk and the flow surrounding it advects
rapidly with inefficient cooling till it reaches centrifugal barrier where the density
rises to increase the cooling efficiency due to inverse Comptonization. I show that
the outflow is produced primarily from the centrifugal barrier and it is quenched
in the soft states due to efficient cooling. Resonance oscillation of this barrier
will be shown to be responsible to cause quasi-periodic oscillations seen in X-
rays and ~-rays. Finally I show how the accretion rates in the Keplerian and
sub-Keplerian components vary in outburst sources, as obtained by XSPEC fit-
ted satellite data using TCAF. We discuss possible ways magnetic fields may play
a role in the spectral and timing properties and formation of outflows.
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Cosmic gamma-ray bursts: a challenge for radiation
processes in astrophysics

P. Chardonnet, V. Chechetkin, M. Popov, A.Filina, A. Baranov
University of Savoy, France
pascal.chardonnet@lapth.cnrs. fr

The cosmic v-ray bursts are certainly an enigma in astrophysics. The stan-
dard “fireball” scenario developed during many years has provided a possible
explanation of this phenomena. The aim of this presentation is to explore a new
possible interpretation by developing a coherent scenario inside the global pic-
ture of stellar evolution. At the basis of this scenario is the fact that maybe
we have not fully understood how the core of the pair instability supernovae
explodes. We have proposed a new paradigm assuming the fragmentation of
the core instead of symmetric explosion. The consequences of this simple as-
sumption, we have derived a new coherent possible scenario for GRBs. We have
tested our scenario with observational data like GRB spectrum, light curves, Am-
ati relation and GRB—SN connection, and for each we have proposed a possible
physical interpretation. We have also suggested a possible test of this scenario
by measurements at high redshifts.
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Black holes in binary stellar systems and galactic nuclei

A. Cherepashchuk
Sternberg Astronomical Institute MSU, Russia
cherepashchuk@gmail.com

No abstract.
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Fine structure of solar radio emission

G. Chernov
Pushkov Institute of Terrestrial Magnetism, Ionosphere and
Radio Wave Propagation, Russia
gchernov@izmiran.ru

The wide variety of the fine structure of solar radio emission is shown. Pri-
mary attention is given to the examination of most mysterious structure — stripes
on the dynamic spectrum like of zebra. Despite the fact that for the first time
zebra-structure is discovered in the meter wave band more than 50 years ago, it re-
mains little studied. However, first of all this is connected with the wide variety of
stripes and the discovery in recent years of a similar variety in the microwave
range. More than ten mechanisms of radio emission were proposed, but no one of
them can be considered basic or final, since they even do not pretend to the expla-
nation of all components. Though a row from them is called models, any of them
isn’t brought to calculation of coefficients of radiation and absorption. In the the-
ory of zebra-structure the mechanism of double plasma resonance (DPR) was
widely adopted: when upper hybrid frequency wyy becomes equal to the in-
teger of electronic cyclotron harmonics swpe: wun = (Wi, + wi,)/? = swge.
However, laboratory plasma experiments do not confirm the efficiency of mech-
anism on DPR. The author’s contribution in obtaining new priority observation
data for four cycles of solar activity and in creation of original uniform model
for a wide variety of stripes like zebra on the basis of the mechanism of interac-
tion of plasma Langmuir waves with low-frequency waves like whistlers is shown.
The relevance of the progress of similar researches in solar radio emission grows
in recent years in connection with the detection the zebra structure in the mi-
crowave radio emission of pulsar in the Crab Nebula.
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Gamma-rays from type Ia supernova SN 2014J

E. Churazov
Space Research Institute RAS, Russia
churazov@gmail.com

SN 2014J is the closest type Ia supernova in the era of space observatories
and the first one from which «-ray lines have been detected with high signifi-
cance. The flux of 6Co lines at 847 and 1238 keV, observed with INTEGRAL,
shows that about 0.6 Mg, of radioactive 5Ni has been synthesized during ex-
plosion. The line broadening suggests the characteristic expansion velocity of
~ 10* km/s. Annihilation of positrons produced during decay of Co makes
significant contribution to the continuum below 511 keV. The total mass of
the ejecta is consistent with 1.4 91 progenitor, although the constraints are
not very tight. Overall the y-ray data are broadly consistent with the expecta-
tions for canonical 1D models, such as delayed detonation or deflagration models
for a near-Chandrasekhar mass White Dwarf. Pure detonation models or strongly
sub-Chandrasekhar models are excluded by the ~-ray data.
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Giant radio telescopes as the detectors of UHE cosmic rays
and the new possibilities with the SKA

R. Dagkesamanskii, I. Zheleznykh
Pushchino Radio Astronomy Observatory ASC LPI RAS, Russia
rdd@prao.Tu

In the beginning of 1960s Gurgen Askaryan [1-2] had showed that interac-
tion of SHE particles with the atoms of relatively dense dielectrics will produce
the nanosecond radio pulses of Cherenkov emission. Around 25 years later the lu-
nar Askaryan technique was proposed [3] where the Moon is used as a target and
the large ground-based radio telescopes as the detectors of the pulses. It was
obvious that the lunar Askaryan technique is especially interesting for detec-
tion of UHE neutrinos due to giant target volume (aperture) used in the method.
However, the attempts to detect of the Cherenkov radio pulses from the Moon
using the large ground-based radio telescopes taken by several groups around
the world didn’t give any positive result up to now and put only some upper lim-
its on the isotropic UHE neutrino flux. Corresponding restrictions have excluded
only several extremely exotic views on the nature of such neutrinos. Construc-
tion of the giant Square Kilometer Array, the radio telescope of extremely high
sensitivity and very flexible multi-beam forming system, will open a new wide
possibility to register the neutrinos and other cosmic rays with the energies over
1021 = 1022 eV.

[1] G.A.Askaryan, Zh. Eksp. Teor. Fiz. (JETP), 41, 616 (1961).
[2] G.A.Askaryan, Zh. Eksp. Teor. Fiz. (JETP), 48, 988 (1965).

[3] R.D.Dagkesamanskii, I.M. Zheleznykh, Pis’'ma Zh. Eksp. Teor. Fiz. (JETP Lett.), 50, 233
(1989).

Radiation mechanisms of astrophysical objects: classics today



Sobolev-100 Conference, St.Petersburg State University, 2015 31

Monitoring of variable radio sources at 111 MHz with
the multi-beam radio telescope BSA LPI

R. Dagkesamanskii, V. Shishov, I. Chashei, V. Oreshko, S. Logvinenko,
S. Tyul’bashev, I. Subaev
Pushchino Radio Astronomy Observatory ASC LPI RAS, Russia
rdd@prao.Tu

The results of variable radio sources observations carried out with 96-beam
radio telescope BSA LPI are presented. In the frame of the monitoring pro-
gram the radio emission fluctuations greater of 0.2 Jy were registered day by day
for the all radio sources with declinations between —8° and +42°. Three types of
variable sources were studied: the pulsars with the typical width of their pulses
about 0°.1, radio sources scintillating on interplanetary plasma inhomogenities
(IPS with typical temporal scale is 1°) and the sources scintillating on the iono-
spheric irregularities (with temporal scale of 10%). The total number of radio
sources observed for 24 hours was around 5000. Examples of 2D IPS maps show
that the most parameters of the solar wind are not regular and highly variable.
On the other hand, the global spatial structure of the solar wind averaged over
the month is close to spherical symmetric one near the 24th solar activity maxi-
mum. The examples of the large scale disturbances propagating throw the solar
wind after the solar flares are seen on the TIPS maps. Several new pulsars were
detected using the folding data processing algorithm.
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Polarization of resonance lines in case of polarized primary
sources of radiation

A. Dementyev
Saint-Petersburg State University, Russia
a.dementiev@spbu.ru

Transfer of polarized radiation in a spectral line for a nonmagnetic semi-
infinite plane-parallel atmosphere is considered. It is assumed that there is com-
plete frequency redistribution; absorption in the continuum is taken into account.
Primary sources of the radiation distributed in the atmosphere are partially po-
larized. Dependence of the primary sources on the optical depth is described by
a product of polynomial and exponential functions.

The possibility of application of the general analytic theory of I-matrices
for solving this problem is investigated (I-matrix is a generalization of the scalar
Chandrasekhar’s H-function). It is shown that the solution of the problem with
any of the primary sources of this kind is expressible by the solution of the so-
called standard problem.
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Simulation of structures in protoplanetary disks

T. Demidova, V. Grinin, J.-P. Ruge, S. Wolf
Central (Pulkovo) Astronomical Observatory RAS, Russia
proximal Qlist.ru

The protoplanetary disk around binary stars and stars with low-mass compan-
ion are considered. Hydrodynamical calculations indicate that the gravitational
interaction between the massive bodies and the surrounding disk results in global
perturbations of the disk density profile. The observability of characteristic large-
scale disk structures which are caused by the motion of a secondary component or
a low-mass companion are investigated. The structure of protoplanetary disks are
calculated using smoothed-particle hydrodynamic simulations. Subsequently, ra-
diative transfer simulations were performed to obtain scattered light and thermal
reemission maps. The influence of the mass ratio of the star and the compan-
ion, the inclination of the companion orbit relative to the disk midplane, and
the eccentricity of the orbit on observational quantities are studied. Our sim-
ulations show that the presence of global density structures of the disk leads
to an anisotropic illumination and heating of the disk by the star and, as a con-
sequence, to the appearance of a large-scale inhomogeneity in the disk image.
An asymmetry of the disk image is clearly seen even when it is viewed pole-on.
Depending on the model parameters the bright horseshoe-shaped asymmetry,
spiral arms and butterfly-shaped structures can be observed. A study of such
asymmetric disks opens up new opportunities for the search of massive bodies
in the neighborhoods of young stars.
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Numerical simulation of electromagnetic scattering by
morphologically complex objects

J. Dlugach, M. Mishchenko
Main Astronomical Observatory NASU, Ukraine
zhanna.dlugach@gmail. com

The availability of modern numerical techniques and the increasing power of
computers (in particular, the advent of computer clusters) have led to the emer-
gence of new possibilities in studying the properties of electromagnetic radia-
tion scattered by morphologically complex objects. As such objects we consider
the disordered scattering media composed of particles of different shape and
chemical composition. Our study is based on the results of numerical simulation
performed by applying highly exact numerical methods of radiative transfer the-
ory and direct solutions of the Maxwell equations. By means of the T-matrix
and multiple-scattering calculations with full account of polarization, we demon-
strate the strong effect of particle shape on the accuracy of the remote-sensing
retrievals. We show the example of applying the T-matrix method, numerically
exact solution of the vector radiative transfer equation, and the theory of coherent
backscattering for analysis of the radar polarimetric observations of the Saturn’s
rings. On the basis of direct solutions of the Maxwell equations we demonstrate
that all backscattering effects predicted by the low-density theories of radiative
transfer and coherent backscattering can also take place in media with volume
packing density encountered in natural and man-made conditions.
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Nonhomogeneous atmospheres — on transforming
conservative multiple scattering to nonconservative
multiple pseudo-scattering

H. Domke
Germany
helmut.domke@uweb.de

On using the F- and K-integrals, the zeroth azimuthal I-Q-Fourier compo-
nent of the radiative transfer equation for conservative multiple scattering of
polarized light in a vertically nonhomogeneous plane atmosphere will be trans-
formed into an equivalent transfer equation with a modified phase matrix cor-
responding to nonconservative pseudo-scattering. Generally, the modification
includes two function vectors free for conveniet choice. If the modified phase
matrix should preserve the original symmetry properties, the freedom of choice
reduces to two scalar functions. For diffuse reflection and transmission by nonho-
mogeneous finite or semi-infinite plane atmospheres with conservative scattering,
and also for Milne’s problem, it will be shown, how to retrieve the solutions of
the original conservative radiative transfer problems by means of particular so-
lutions of the modified nonconservative transfer equation.
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Non-stationary processes in atmospheres of early-type
stars: influence on forbidden to intercombination

ratio (f/i)
V.Dushin, A.Kholtygin

Saint-Petersburg State University, Russia
v. dushin@spbu.ru

We report the results of non-stationary level population modeling of highly
ionized atoms in atmospheres of early type stars. We studied influence of these
processes on forbidden to intercombination line ratio R = f/i of He-like ions
(CV, NVI, OVII etc.) in X-ray spectra.

It is shown that instant ratio Ry, varies up to 4 orders of magnitude on short
time scales (milliseconds) in comparison with with the same value for stationary
plasma, if non-stationary level population is taken into account. In the same
time value R, averaged on long time scales (hours and minutes) varies by 20%
which leads to overestimation of the electron density value up to 1-2 orders of
magnitude.
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Numerical experiments on the physical parameters of
the star formation law

A. Escala, F. Becerra, J. Utreras
University of Chile, Chile

aescala@das.uchile.cl

Using AMR numerical simulations (ENZO), we study the functional depen-
dence of the star-formation law in galaxies, based on the formalism developed by
Escala (2015). We find that all numerical simulations follows a single law the form
¥, « /G/L Egés, as suggested by Escala (2015). Instead, when the Kennicutt-
Schmidt formulation is plotted, two sequences are found for mergers and disk-
galaxies, as it was suggested by Daddi et al. (2010). In addition, we study
the star formation efficiency in our simulations, finding that has an exponential
dependence on the orbital time.
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Ultraluminous X-ray sources as super-Eddington accretion

disks

S. Fabrika
Special Astrophysical Observatory RAS, Russia
fabrika@sao.ru

The origin of Ultraluminous X-ray sources (ULXs) in external galaxies whose
X-ray luminosities exceed those of the brightest black holes in our Galaxy by
hundreds and thousands of times is mysterious. The most popular models
for the ULXSs involve either intermediate mass black holes (IMBHs) with stan-
dard accretion disks or stellar-mass black holes (~ 10 solar masses) accreting at
super-Eddington rates. Here we review the ULX properties, their X-ray spectra
indicate a presence of hot winds in their accretion disks supposing the supercrit-
ical accretion. However, the strongest evidences come from optical spectroscopy.
The spectra of the ULX counterparts are very similar to that of SS433, the only
known supercritical accretor in our Galaxy.
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Role of accreting compact sources in ionizing ISM
in elliptical galaxies

M. Gilfanov
Space Research Institute RAS, Russia
gilfanov@iki.rssi.ru

Elliptical galaxies are commonly observed to host extended regions of neutral
and ionized gas which reveals itself via copious line emission. Outside the in-
nermost nuclear regions, the favoured candidate ionizing source remains some
component of the stellar population, with the post-Asymptotic-Giant-Branch
(pAGB) stars being an important contender. Other stellar sources, such as low-
mass X-ray binaries, have been claimed to be unimportant in this regard. These
calculations, however, did not take into account the possible age dependence of
LMXB populations. Recently, it has been shown that accreting nuclear burning
white dwarfs may play a significant role, adding a hot component to the ionising
UV radiation field in these galaxies. Their emission, peaking in the extreme UV
and soft X-ray bands is capable to fully ionize helium, making He IT recombination
lines a sensitive diagnostics, in addition to commonly used recombination lines of
hydrogen and forbidden lines of metals. In this talk, we will overview the role of
different types of accreting compact sources to the ionization and excitation of
neutral/warm ISM in elliptical galaxies. We will compare predictions of state of
the art population synthesis calculations combined with extensive grids of pho-
tolonisation calculations, with stacked age-resolved spectra of passively evolving
galaxies from the Sloan Digital Sky Survey.
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Polarimetric method of V.V. Sobolev for measuring black
hole masses in active galactic nuclei

Yu. Gnedin
Central (Pulkovo) Astronomical Observatory RAS, Russia
gnedin@gao.spb.ru

The structure of the broad emission line region (BLR) in Active Galactic
Nuclei (AGN) are unclear. The model of a flattened configuration for BLR is
very popular. The virial theorem with taking into account the disc shape of
BLR allows to get the direct connection between the mass of a super massive
black hole (SMBH) and the inclination of the accretion flow. The inclination
angle itself is derived at the base of spectropolarimetric data of broad emission
lines on the base of the theory of generation of polarized radiation developed by
V.Sobolev and S. Chandrasekhar.

In a result, new estimates of SMBH masses in AGN with measured polariza-
tion of broad lines emission are presented. It is very important that the polari-
metric data allow us also to determine the value of the virial parameter that is
very essential for determination of SMBH masses.
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Properties of the solar polar coronal holes radiation
according to radio observations

O. Golubchina
St. Petersburg Branch of Special Astronomical Observatory RAS, Russia
golubchina_olga@mail.ru

A brief review of observations of radio emission comimg from the regions over
the Solar poles in a wide wavelengts range from meters to millimeters with various
radio telescopes is given. The results of observations of coronal hole (CH) over
the North Pole of the Sun with the RATAN-600 in a broad centimeter wavelength
range (1.03 =+ 30.7 cm) are analized. The comparison of the obtained physical
characteristics (electron densities ne and brightness temperatures) for CH over
the North Pole Sun with those previously obtained with RATAN-600 for CH
whis was located in the lower latitude is presented.
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A 2D model of non-stationary accretion onto a magnetized
neutron star

V. Grigoryev
Saint-Petersburg State University, Russia
vitaliygrigoryev@yandex.Tu

Based on the 1D model of non-stationary accretion onto a magnetized neutron
star developed by Bykov and Krassilchtchikov in 2004, we have developed a new
2D model of an accretion column which takes advatage of a Godunov-type numer-
ical scheme specifically tailored for the employed dipolar coordinate system and
keeps account for the microphysics, such as interactions of the downstreaming
ions and electrons with the non-resonant and resonant radiation field. The new
model yields flow profiles compatible with that of the original one, in particular,
it shows how a collisionless shock comes out and evolves in the column.
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The Sobolev approximation in the development and
astrophysical applications

V. Grinin
Central (Pulkovo) Astronomical Observatory RAS, Russia
vgerao@mail.ru

The Sobolev approximation is one of the most effective method of the model-
ing of emitting regions in astrophysical objects of various types. It plays also an
important role in the radiative hydrodynamics. In my review talk, after the short
introduction to the Sobolev method, I discuss the main steps in its development
and astrophysical applications.
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Description of frequency redistribution functions via
bilinear expansions

H. Harutyunian, G. Alecian, Q. Khachatryan, A. Vardanyan
Byurakan Astrophysical Observatory, Armenia
hhayk@bao.sci.am

Bilinear expansions of Redistribution functions (RFs) are useful tools both
for the approximate numerical calculations of RF itself and for solving the ra-
diation transfer problems. Hereby an attempt to build a bilinear expansion
for the angle averaged RF derived by V.V. Sobolev in 1955 independently by other
authors is made. This redistribution law describes the photon frequency change
probability during the elementary act of scattering in a resonance line when
the combined effect of upper energetic level natural blurriness and the Doppler
effect of atoms’ chaotic motion are taken into account. In this case the bilinear
expansion is represented as follows:

= war(2', 0) war(z, 0)
7“HA(Z’I,QC) = N
1;) k(o)

where the eigenfunctions wok(x, o) represent superpositions built of some or-
thonormal functions aoay ()

war(z,0) = Z Yem (0) a2m (),
k=0
and the functions agy(z) have the following form:

_ Hag(x) e’
o2k (®) = S ya (2k)

Hsy(z) are the Hermit polynomials of 2k-th order.
The problem is reduced to the determination of the eigenvalues and eigen-
functions from

> Ykm [amn — Ak(0) bun(0)] = 0,
m=0

where
oo
Amn = / an(x) 05271(‘%) dx
—o0
and
oo 0o
bmn (U) = / a27n(x) dz / TIIA(xlzx) a?n(xl) dz’.
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This problem is solved numerically and the required eigenvalues and eigen-
functions have been obtained. It allows one to build the required RF. Moreover,
this approach allows one to build RF's for other physical assumptions as well.
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Magnetic fields in massive stars: new insights

S. Hubrig
Leibniz Institute for Astrophysics Potsdam, Germany
shubrig@aip.de

We will review recent results on the magnetic field characteristics of early
B- and O-type stars obtained by various surveys. The results of the studies of
the presence of magnetic fields in both cluster and field stars suggest further
directions of investigations to be followed in view of answering the question of
the field origin.
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Generation of hot plasma and X-Rays in comets

S.Ibadov
Institute of Astrophysics TAS, Tajikistan
tbadovsu@yandex.Tu

Generation of X-rays in comets due to production of hot short-living plasma
clots at high-velocity collisions between cometary and interplanetary dust par-
ticles (with relative velocities equal or more than 70 km/s) is considered. It is
shown that observations of dusty comets with retrograde orbital motion in the in-
ner heliosphere by X-ray telescopes like ROSAT and XMM are of interest. Such
observations may give information about cometary dust and zodiacal dust cloud
around the Sun as well.
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Search for high-energy photons from comets during solar
flares

S. Ibadov
Institute of Astrophysics TAS, Tajikistan
tbadovsu@yandex.Tu

Emission of impulse of high-energy photons, of the order of 0.1-1 MeV, from
comets is possible during strong solar flares due to high-voltage electric dis-
charge of a double layer that may be formed within the subsurface layer of some
cometary nuclei (having sufficiently high specific electric resistance, like to some
organic/polymer semiconductors at low temperatures) by intense irradiation of
the nucleus with solar cosmic rays/high-energy protons and positive multicharge
ions together with solar wind plasma. Such cosmic GRB-phenomenon will also
be accompanied by comet optical outburst: IbadovS., ASR, 2012, 49, 467-470.
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How accreting matter enters the magnetic field of neutron
stars?

N. Ikhsanov, L. Pustil’nik
Saint-Petersburg State University, Russia
n.ikhsanov@spbu.ru

The mode by which accreting matter can enter the magnetic field of a neutron
star is discussed. We show that the interchange (Rayleigh-Taylor and Kelvin-
Helmholtz) instabilities of the magnetospheric boundary in the conditions of
interest are suppressed. The rate of plasma diffusion into the stellar field depends
on the geometry of the accretion flow and physical conditions in the material at
the magnetospheric boundary. It occurs at a required rate if the neutron star
accretes material from a non-keplerian magnetically levitating disk.
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Mid-infrared extinction constraint on cosmic dust models

V.Il’in, N. Voshchinnikov, T. Henning
Saint-Petersburg State University, Russia
ilind5Q@yandex.Tu

For various interstellar (IS) environments, the extinction law in mid-infrared
has been estimated from Spitzer data, and in a few cases in quite another way.
The extinction was found weakly depended on environments, nearly indepen-
dent of the wavelength and surprisingly high so that the available cosmic dust
models being unable to explain it.

Under the assumption that the mid-IR extinction is produced by submicron
spherical dirty silicate grains mainly responsible for IS extinction and polarization
in near- and mid-IR regions we analyze the problem. Using a simple analytical
approximation we demonstrate that there are different ways to solve the problem:
from normal size very porous grains to larger size particles of smaller porosity.
We also make some conclusions about the imaginary part of the mean refractive
index of cosmic silicate grains. Using a detailed computational model involv-
ing the optical constants of silicates based on Jena laboratory data, we present
possible solutions to the problem.
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Optical spectrum variability of IL Cep A

N.Ismailov, O. Khalilov, G. Bahaddinova
Shamakhy Astrophysical Observatory ANAS, Azerbaijan
ismailovn@yahoo.com

The results of long time investigations on the homogenous spectral material of
the Herbig Ae/Be type star IL Cep A have presented. The emission line H, has
variable single and double peaked profiles which scarcely divided by central ab-
sorption. Emission line Hg has clear divided into two emission peak by central
absorption. During for 9 years a smooth variability of obtained parameters of
some spectral lines has been discovered. The line He I \5876 A shows the complex
absorption profile where possible superimposed emission components. Sodium
doublet Nal D1, D2 shows a week variations due to the variations of the circum-
stellar envelope. Observed variability may be explained by a duplicity or variable
magnetic field in the circumstellar disk of the star. Difficulties of supposed mech-
anisms of variability are discussed.
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The evolution of a binary in a retrograde circular orbit
embedded in an accretion disk

P. Ivanov, J.C.B. Papaloizou, S.-J. Paardekooper, A. Polnarev
Astro Space Center of Lebedev Physics Institute RAS, Russia
pbi20Q@cam.ac.uk

Supermassive black hole binaries may form as a consequence of galaxy merg-
ers. Both prograde and retrograde orbits have been proposed. We study a bi-
nary of a small mass ratio, ¢, in a retrograde orbit immersed a gaseous accretion
disk, focusing on the case where the binary mass ratio is small but large enough
to significantly perturb the disk. We develop the theory of type I migration in this
case and determine conditions for gap formation finding that when this happens
inward migration occurs on a time scale equal to the time required for one half of
the secondary mass to be accreted through the unperturbed accretion disk. Ac-
cretion rate on to the secondary itself is found to play a minor role for the orbital
evolution being of the order of ¢'/? of that to the primary. We obtain good
general agreement between the semi-analytic and fully numerical approaches.
We conclude that inward migration induced by interaction with the disk can en-
able the binary to migrate inwards alleviating the so called final parsec problem.
When g is sufficiently small there is no well pronounced cavity inside the binary
orbit, contrary to the prograde case. The accretion rate to the secondary does
not influence much the binary orbital evolution, but can lead to some interesting
observational consequences provided the accretion efficiency is sufficiently large.
In this case the binary may be detected as e.g. two sources of radiation rotating
around each other.
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Thermal radiation of neutron stars with internal heaters

A.Kaminker, A. Kaurov, A.Potekhin, D. Yakovlev
Toffe Physical-Technical Institute RAS, Russia
kam@astro.ioffe.ru

We discuss thermal structure of neutron stars with internal heat sources
in their crust. We analyze spreading of heat from the heat source for different
heater’s locations, geometries and heat intensities using two and one dimensional
cooling codes, and formulate the conditions under which the generated heat can
be efficiently transported to the surface and emitted there as intense X-ray radi-
ation. We demonstrate that generated heat mainly propagates radially to the in-
terior of the star and is carried away by neutrino from there. Only a small part of
the heat diffuses to the surface and is emmited as thermal radiation. We outline
possible applications of the results to young and hot neutron stras, to neutron
stars in soft X-ray transients, to magnetars, i.e. warm neutron stars with ultra-
strong magnetic filds, high-B pulsars and to so called “hidden” magnetars, i.e.
neutron stars with magnetar’s magnetic fields screened by a fall-back material
after supernova explosions.

The work of AK, AP and DY was partly supported by the RFBR grant
14-02-00868-a. The work of DY was partly supported by the RFBR grant 13-02-
12017-ofi-m.
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Relative intensities of the hydrogen lines as a tool
for diagnostics of the astrophysical plasma

N. Katysheva, V. Grinin
Sternberg Astronomical Institute MSU, Russia
natkat2006@mail.Tu

The hydrogen lines play an important role for diagnostic and modeling of
emission regions. In recent years due to the rapid development of infrared astron-
omy the lines of higher hydrogen series became the objects of the research. After
the short review of the published results of the model calculations we present
the calculations of relative intensities of lines belonging to Paschen, Bracket and
Pfund series. They can be used both for diagnostic of emitting regions, and
for determining the extinction for the objects with strong absorption.
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Search for the Giant Pulses (GPs) — an extreme
phenomenon in radio pulsar emission

A. Kazantsev, V. Potapov
Pushchino Radio Astronomy Observatory ASC LPI RAS, Russia
kaz.prao@bk.ru

Generally GPs are defined as extremely strong individuals pulses, having
a very short duration, power-law distribution of pulse energy/peak flux density.
By agreement, the basic properties that distinguish GP from regular pulses are:
exceeding of an average pulse more than 30 times and power-law distribution of
pulses. It worth noting that regular pulses typically exceed an average pulse no
more than 10 times and have a log-normal distribution.

There are about 20 known pulsars with reported GPs. There were no found
any combinations of pulsar parameters that could to predict the appearance of
GPs from given pulsars. It complicates theoretical description of the phe-
nomenon.

To increase the number of known pulsars with GPs and to build statistics
on GPs on the long time intervals we realized a long term session of observations
with Large Phase Array (PRAO) at 111 MHz. Several pulsars with individual
pulses, which can be probably referred as GPs, were discovered.

We discovered that pulsars B12374-25 and B1133+416 demonstrate strong in-
dividual pulses (SIP) with peak flux density exceeding average pulse more than
30 times. Distributions of their SIPs are similar to these of GPs. Earlier in 2003
there were discovered GPs from PSRB1112+50 at 111 MHz. The energy distri-
butions for all these pulsars are similar with that of pulsars B1112+50, B1133+16
and B1237+25 have similar mechanism generation of these strong pulses.
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Problems of dualcore galaxies

E. Khachikian
Byurakan Astrophysical Observatory, Armenia
edkhach28@mail.ru

No abstract.
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V.V.Sobolev and physics of gaseous nebulae

A. Kholtygin
Saint-Petersburg State University, Russia
afkholtygin@gmail.com

First works by V.V.Sobolev devoted to research of the gaseous nebulae. He
proposed a method for determining the nebula temperature based on the analy-
sis of the energy balance of the electron gas. He also investigated the transfer of
L, and L. radiation in nebulae and the role of light pressure in their dynamics.
The works by V.V.Sobolev was one of the bases for constructing the ionization
models of gaseous nebulae. Sobolev method is widely used in solving the prob-
lems of radiation transfer in the nebulae. In our report we review the impact of
the ideas and methods proposed V.V.Sobolev on both classic and the contem-
porary researches in the physics of gaseous nebulae.
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Molecular clouds dynamics in the Milky Way

A. Khoperskov, S. Khoperskov, E. Vasiliev, A. Sobolev
Volgograd State University, Russia
khoperskov@rambler.ru

Using 3D hydrodynamic calculations we simulate formation of molecular
clouds in the Galaxy. The simulations take into account molecular hydrogen
chemical kinetics, cooling and heating processes. Comprehensive gravitational
potential accounts for contributions from the stellar bulge, two- and four-armed
spiral structure, stellar disc, dark halo and takes into account self-gravitation of
the gaseous component. Gas clouds in our model form in the spiral arms due
to shear and wiggle instabilities and turn into molecular clouds after ¢ > 100 Myr.
At the times ¢t ~ 100 + 300 Myr the clouds form hierarchical structures and ag-
glomerations with the sizes of 100 pc and greater. We analyze physical proper-
ties of the simulated clouds and find that synthetic statistical distributions like
mass spectrum, “mass-size” relation and velocity dispersion are close to those
observed in the Galaxy. The synthetic [ — v (galactic longitude — radial velocity)
diagram of the simulated molecular gas distribution resembles observed one and
displays a structure with appearance similar to molecular ring of the Galaxy.
Existence of this structure in our modeling can be explained by superposition of
emission from the galactic bar and the spiral arms at 3 + 4 kpc.
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Origin of the isolated neutron star with anomalously long
period 6.7 hr.

V. Kim, N. Ikhsanov
Central (Pulkovo) Astronomical Observatory RAS, Russia
ursa-majorisQyandez.ru

The point X-ray source 1E 161348-5055 is observed to produce pulsations
with the period of 6.67 hr. The source is associated with the 2000 yr old su-
pernova remnant RCW 103 and is widely believed to be a neutron star. Ob-
servations give no evidence for the star to be a member of a binary system.
Nevertheless, it resembles an accretionpowered pulsar with the magnetospheric
radius ~ 3000 km and the mass-accretion rate ~ 10** g/s. We show that the ori-
gin and the current state of the pulsar can be explained in terms of an accretion
from a fossil non-Keplerian magnetic disk (magnetic slab) provided the surface
magnetic field of the star is about 10'2 G [1]. The origin and basic parameters of
the magnetic slab are briefly discussed.

[1] N.R.Ikhsanov et al., Astrophys. Space Sci., 346, 105 (2013).
[2] N.R.Ikhsanov, V.Yu.Kim, N.G. Beskrovnaya, Astronomy Reports, 59, 25 (2015).
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Polarimetric properties of icy moons of the outer planets

N. Kiselev, V. Rosenbush, S. Zaitsev, V. Afanasiev, S.Kolesnikov,
D. Shakhovskoy
Main Astronomical Observatory NASU, Ukraine
kiselev@mao.kiev.ua

The progress in the study of polarization phenomena exhibited by plane-
tary moons is reviewed. Besides previously published data, we focus primarily
on the new results of our recent polarimetric observations of the Galilean satel-
lites of Jupiter, bright satellites of Saturn (Enceladus, Dione, Rhea, Iapetus), and
the major moons of Uranus (Ariel, Umbriel, Titania, Oberon) at backscattering
geometries, including phase angles approaching zero. In addition to a negative
branch of polarization, which is typical of atmosphereless solar system bodies
(ASSBs), some high-albedo objects, including E-type asteroids, reveal a backscat-
tering polarization feature in the form of a spike-like negative-polarization min-
imum. These optical phenomena serve as important tests of modern theoretical
descriptions of light scattering by regolith surfaces. The polarimetric and photo-
metric behavior of different ASSBs near opposition is highly various. It appears
that there is a stratification of the polarization observed for small bodies with
their distance from the Sun. The possible reasons for such a stratification will
be discussed.
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On the development of the asymptotic theory of
non-stationary radiative transfer

A.Kolesov
Saint-Petersburg State University, Russia
natakr4@gmail.com

The systematic development of the theory of non-stationary radiative trans-
fer began with the work of V.V.Sobolev “On the theory of non-stationary radi-
ation field” published in 1952 (see Astron.Zh., v. 29, iss. 4, pp. 406-414, iss. 5,
pp. 517-525). The Laplace transform is used for the solution of the non-stationary
radiative transfer equation. As a result of this conversion, the stationary equa-
tion is derived, but the included values of absorption coefficient «, the optical
distance 7 and the single scattering albedo A change. The solution of the non-
stationary problems is obtained by applying the inverse Laplace transform. Later
I.N. Minin proposed to use a simple technique for inverting of the Laplace trans-
form in the case where the single scattering albedo is close to unity. This tech-
nique is applied in several articles to obtain asymptotic expressions for char-
acteristics of non-stationary radiation field at the large optical distances from
sources of radiation at 1 — A\ < 1. In particular, this method was used for find-
ing the asymptotic expressions for the mean intensity and flux of non-stationary
radiation at various space distributions of the light sources.
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Stability of AGN jets and the Fanaroff-Riley division

S. Komissarov, O. Porth
University of Leeds, United Kingdom
s.s.komissarov@leeds. ac.uk

In stark contrast to their laboratory and terrestrial counterparts, cosmic jets
appear to be very stable. They are able to penetrate vast spaces, which exceed by
up to a billion times the size of their central engines. We propose that the reason
behind this remarkable property is the loss of causal connectivity across these jets,
caused by their rapid expansion in response to fast decline of external pressure
with the distance from the “jet engine”. In atmospheres with power-law pressure
distribution, the total loss of causal connectivity occurs when the power exceeds
the value of two — the steepness which is expected to be quite common for many
astrophysical environments. Cosmic jets may become globally unstable when
they enter flat sections of external atmospheres. We propose that the Fanaroff-
Riley morphological division of extragalactic radio sources into two classes is
related to this issue. In particular, we argue that the low power FR-I jets become
re-confined, causally connected and globally unstable on the scale of galactic
X-ray coronas, whereas more powerful FR-II jets re-confine much further out,
already on the scale of radio lobes, and remain largely intact until they terminate
at hot spots. Using this idea, we derived the relationship between the critical
jet power and the optical luminosity of the host galaxy, which is in a very good
agreement with the observations.
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Structure of galaxy groups and clusters and measurement
their masses

F. Kopylova, A. Kopylov
Special Astrophysical Observatory RAS, Russia
flera@sao.ru

The mass function of galaxy clusters is sensitive to the cosmological pa-
rameters, turning the measurement of their accurate masses a challenging task.
We carried out the measurement and comparison of the masses obtained by dif-
ferent methods for a sample of 29 of groups and clusters of galaxies (z < 0.1).
To measure the dynamic mass from the one-dimensional dispersion of line-of-
sight velocities for virialized regions of radii Rogyp and R, is used archival data
SDSS DR7. Our method of selection of groups or clusters and determination of
the effective radii of galaxies systems from the cumulative distribution of the num-
ber of galaxies depending on the squared clustercentric distance allowed us to es-
timate masses M; /o (within R.) which are related to the masses contained within
the radius Raoo: Mago ~ 1.65 My /5. A comparison of the inferred dynamic masses
and the hydrostatic masses determined from the radiation of thot gas in galaxy
groups and clusters (based on published data) led us to conclude that the inferred
masses for the main sample of 21 groups and clusters agree of masses to within
12%. These sample also obey the relation Mx 200 ~ 1.65 My 5. For the remaining
eight systems, which are mostly located in the region of the Hercules superclus-
ter, the discrepancy between the hydrostatic and the dynamic masses amounts
to 20.
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The fundamental plane of clusters and groups of galaxies

F.Kopylova, A. Kopylov
Special Astrophysical Observatory RAS, Russia
flera@sao.ru

Gravitationally bound systems such as early types galaxies, globular clus-
ters of stars, and clusters of galaxies lie on the fundamental plane (FP), binding
size (effective radius), luminosity (average surface brightness) and velocity dis-
persion. To determine these parameters for 94 clusters and groups of galaxies
we constructed cumulative distribution of the total number of galaxies as a func-
tion of squared clustercentric distance. Such profiles of clusters or groups galaxies
(Kopylov, Kopylova, 2015, AstBu, V.70, Iss.3) allowed us to identify the viri-
alized part of the systems, to determine the corrected for background lumi-
nosity and effective radius within which contains half of the total luminosity.
The work is done on archival data SDSS, 2MASX, NED catalogues. Obtained by
the method of least squares the FP of clusters and groups of galaxies in r-band
is:

log R, (kpc) = 1.025%% Jog o — 0.555904 log(I,) — 0.60%°-10.

The coefficients on logo and log(l.) to 1.5 times less than that obtained
for the FP of early-type galaxies. A comparison with the FP of clusters of galaxies
(sample WINGS, D’onofrio et al., 2013, AN, 334, 373) showed that the coeffi-
cients on log o is almost the same, while on log(I,) differ by about 1.9 times.
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The study of the long-term spectral variability of Ae
Herbig star HD 190073

0. Kozlova, I. Alekseev
Crimean Astrophysical Observatory, Russia
oles_kozlova@mail.ru

We present the results of high-resolution (R = 20000) spectral monitoring of
Ae Herbig star HD 190073 in the region of H,, emission line, He I 5876 line and
Nal D resonance doublet lines. Theses results show the parameters of spectral
lines vary on the long-term scale. The changing of He I emission is anticor-
related with variations of Nal D lines. The obtained results allow us to con-
clude that the reason of this variability is caused by the changing of the physical
and kinematics conditions in the circumstellar disc of HD 190073. We believe
that the cause of the observed variability is the presence of low-mass component
in the neighborhood of HD 190073.

Radiation mechanisms of astrophysical objects: classics today



Sobolev-100 Conference, St.Petersburg State University, 2015 65

Diffuse interstellar bands approaching centenary

J. Krelowski
Nicolaus Copernicus University, Poland
jacek@astri.uni.torun.pl

In 1921 M.L. Heger published the discovery of two reasonably broad station-
ary (non-stellar) features discovered in the spectra from the Lick Observatory
in the fall of 1919. The features are centered near 5780 and 5797 A. Since
that time they remain unidentified; only the list of known diffuse interstellar
bands has grown up to more than 400 entries. They are apparently carried by
more than one substance; very likely some complex, carbon-bearing molecules
are responsible for the diffuse band spectrum. Diffuse bands are concentrated
in yellow-red part of the visual range but some of them are observable in vio-
let or near infrared. Very recently (July 15) a group of Swiss experimentalists
claimed identification of two, near infrared diffuse bands (9577 and 9632 A), as
being carried by the cation of Cgp (the soccer ball). The talk presents the most
important observational facts concerning diffuse bands (the problems of their
central wavelengths, profile shapes, strength ratios etc.) and the comparison of
the recent laboratory spectrum of Cgo with the recent observational data. Appar-
ently after almost 100 years of investigations the origin of diffuse bands remains
a fascinating puzzle of astrophysics.
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Testing the variation of fundamental constants by
astrophysical methods: overview and prospects

S. Levshakov
Toffe Physical-Technical Institute RAS, Russia
lev@astro.ioffe.rssi.ru

By measuring the fundamental constants in astrophysical objects one can test
such basic physical principles as space-time invariance of physical laws along with
probing the applicability limits of the Standard Model of particle physics.

The latest constraints on the fine structure constant o and the electron-to-
proton mass ratio p obtained from observations at high redshifts and in the Milky
Way disk are reviewed. In optical range, the most accurate measurements have
already reached the sensitivity limit of available instruments, and further im-
provements will be possible only with next generation of telescopes and receivers.
New methods of the wavelength calibration should be realized to control system-
atic errors at the sub-pixel level.

In radio segment, the main tasks are the search for galactic and extragalac-
tic objects suitable for precise molecular spectroscopy as well as high resolution
laboratory measurements of molecular lines to provide accurate frequency stan-
dards.

The expected progress in the optical and radio astrophysical observations is
quantified.
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Superflares on late-type stars: radiative losses and other
problems of modeling of the gas-dynamical processes

M. Livshits, M. Katsova
Pushkov Institute of Terrestrial Magnetism, Ionosphere
and Radio Wave Propagation, Russia
maliv@mail.ru

We discuss briefly new observations of superflares on G main-sequence stars
discovered in optics with the Kepler mission. In the framework of a solar flare
paradigm, we associate the origin of the strong optical continuum emission with
an acceleration of particles of their subsequent impact on dense layers of the chro-
mosphere and the upper photosphere. One of basic problems in gas-dynamical
modeling of large flares is knowledge of radiative losses. Using the radiative
transfer methods developed by Sobolev and his colleagues, we calculated first
a version of the radiative losses for optical thin and thick layers in the L, line.
These results applied during more than 35 years, and only now require elabora-
tion of this model. First, we were carried out the new modeling of the previous
formulation of the problem for a solar flare applying new algorithm and paral-
lelization with three IZMIRAN computers. We have reproduced those results
and realized that conditions in the basic source of the flare optical emission (a
low-temperature condensation) are strongly non-equilibrium. We analyze con-
ditions of formation of the hydrogen emission and its features behind the shock
front in 27-approximation with the aim to apply these results in solution of
the radiative gas-dynamics equation system. For extreme flares, we discuss prob-
lems of limitation of the thermal flux and an influence of the return current as
well. We propose a preliminary model of superflares and some consequences.
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X-ray binary systems through the eyes of INTEGRAL

A. Lutovinov, M. Revnivtsev, S. Tsygankov, R. Krivonos
Space Research Institute RAS, Russia
aal@iki.rssi.ru

The review of the current results obtained by the INTEGRAL observatory
for X-ray binary systems is presented. During dozen years of the operation the ob-
servatory discovered new types of X-ray binary systems, like supergiant fast X-ray
transients, deeply obscured sources, has permitted studies of cyclotron resonance
scattering features with unprecedented resolution for several persistent and tran-
sient pulsars. Deep observations of the galactic plane allowed us to study also
global properties of different populations of X-ray binary systems. In particular,
we have constructed luminosity functions of low and high mass X-ray binaries
(HMXBs) down to the luminosities of ~ 103* erg/s, measured their spatial dis-
tribution in the Galaxy, revealed a direct correlation between the spatial density
distribution of HMXBs and the star formation rate distribution.
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LBYV stars HD 168625 and HD 168607 and their
environment

O. Maryeva, E. Chentsov
Special Astrophysical Observatory RAS, Russia
olga.maryeva@gmail.com

The results of spectral monitoring of two blue hypergiants HD 168625 and
HD 168607, and results of spectral studies of stars in the M17 association,
which includes these hypergiants, are presented.
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Modeling of spectral variability of Romano’s star

O. Maryeva, V.F. Polcaro, C. Rossi, R. Viotti
Special Astrophysical Observatory RAS, Russia
olga.maryeva@gmail.com

We present results of investigation of spectral variability of one of the most
interesting massive stars, V532, or Romano’s star, located in the M 33 galaxy.
Using CMFGEN code we estimated parameters of stellar atmosphere and found
that during last ten years bolometric luminosity of the star changes synchronously
with stellar magnitude. Our calculations argue in favor of the hypothesis of
a post-LBV status of V 532.
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Non-LTE line formation for AII and SilI in stellar
atmospheres, with applying accurate data on inelastic
collisions with neutral hydrogen atoms

L. Mashonkina, A. Belyaev
Institute of Astronomy RAS, Russia
lima@inasan.ru

Accurate determination of spectroscopic stellar atmosphere parameters and
chemical abundances is based on non-LTE line formation. The main uncertainty
in final non-LTE results for the F-G-K type stars, in particular, metal-poor ones is
due to poorly known inelastic collisions with HI atoms. This problem is debated
for decades, however, accurate data are still missing for most chemical species.
In this study we use the rate coefficients for Al+H and Si+H collisions calculated
in the Born-Oppenheimer approximation. We show that including collisions with
HT atoms affects the statistical equilibrium of AlT and Sil and their line strengths
compared with the case of pure electronic collisions. The non-LTE abundance
corrections for AlT 6696-98, 7835-36, and 8772-73 A become smaller, providing
consistent within +0.1 dex abundances from the resonance and subordinate lines
in the investigated metal-poor stars. Ignoring collisions with HI atoms produces
a factor of three larger scatter of data. For Sil the departures from LTE were
found to be small for the mildly metal deficient stars.
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Magnetic field distribution for massive stars

A.Medvedev, A. Kholtygin
Saint-Petersburg State University, Russia
a.s.medvedev@gmail.com

We present a model of the magnetic field evolution for main sequence (MS)
OBA stars allowing to find the magnetic field distribution (MFD). The model
consist of population synthesis code, which allows to follow the evolution of mag-
netic stars and their magnetic fields from the pre-main sequence (PMS) stage up
to TAMS stage. We assume that magnetic fields in massive stars are decreasing
with time, with dissipation rate proportional to the MS lifetime. The MFD at
ZAMS is supposed to be log-normal. As we show, this kind of distribution may be
obtained by simple dynamo-action simulations at PMS stage. Our calculations
demonstrate that the shape of resulting MFD is highly dependent on the rate of
magnetic field dissipation. Our model was used for analysis of the real MFD of
OBA stars, obtained from the catalogue of magnetic field measurements by By-
chkov et al. (2009) and from the later works. We find that evolution of mag-
netic fields is slow, or nearly absent, to fit the real MFD. The shape of the real
MEFD has no indications of the “magnetic desert”, previously suggested by Au-
riere et al. (2007). Basing on this finding we argue that the observed fraction of
magnetic stars is determined by physical conditions at early stages of stellar
evolution.
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Some spectral characteristics of symbiotic stars AG Dra
and CH Cyg in their active phases

Kh. Mikayilov, I. Alakbarov, A. Rustamova
Shamakhy Astrophysical Observatory ANAS, Azerbaijan
mikailovkh@gmal.com

The spectral observations were performed by using of echelle spectrograph of
Cassegrain focus of the 2-m telescope at Shamakhy Astrophysical Observatory.

In 2006, for a time interval of about 100 days, the brightness of star AG Dra
increased about 1™ in filter V. As a result of analysis of spectrum of star AG Dra
received during increasing of brightness the following spectral features of this
star have been revealed: the increasing and decreasing of equivalent width of
H,, Hg emission lines and of absorption lines correspondingly were revealed; at
the peak of the flare, only lines HeI A5876 A and A5016 A, having a relatively
low excitation potentials, shows the profile of the type P Cyg; the intensity of
Hel \5412 A line decreases and disappears in the maximum of flare.

During 6 hours in one night (07/15/2015) 14 echelle spectrograms of symbiotic
star CH Cyg with the exposure time of 20 minutes were obtained. H, and Hg lines
shows a two emission component structure with the absorption line in the center.
The intensity of blue emission component (V) changes strongly during night;
the value of ratio V/R of line H, decreases from 0.93 to 0.49 and then increases
to a value 0.97. The ratio V/R of Hg reduced from 1.0 to 0.63, and then rises
to the level of 1.06. During the night, the equivalent width of the line Hell
A5876 A, and blue components of the H,, line varies approximately two times.
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Electromagnetic scattering by discrete random media

M. Mischenko
NASA Goddard Institute for Space Studies, United States
michael.i.mishchenko@nasa.gov

While it is generally recognized that the Maxwell equations control the trans-
port of electromagnetic energy in macroscopic particulate and heterogeneous me-
dia, direct computer solutions of these equations for such media had been imprac-
ticable until quite recently. This has led to a widespread use of phenomenologi-
cal approaches and heuristic effective-medium approximations in situations when
their very applicability can be questioned. This situation is now changing owing
to the availability of efficient computer solvers of the Maxwell equations appli-
cable to macroscopic multi-particle groups. In fact, a new branch of statistical
electromagnetics has emerged wherein the scattering of light (and other electro-
magnetic radiation) by discrete and discretely heterogeneous random media is
modeled directly by using numerically exact computer solutions of the Maxwell
equations. In this review we summarize these recent developments and discuss
how they establish a mesoscopic bridge between the macrophysical regime of ra-
diative transfer, weak localization, and effective-medium approximations on one
hand and the microphysical regime of Maxwell’s electromagnetics on the other.
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The calculation of parameters for supernovae employing
AZT-8 and LX200 telescopes

A. Mokrushina
Central (Pulkovo) Astronomical Observatory RAS, Russia
hobbitenkal608Q@rambler.ru

Photometric and polarimetric observations with telescopes AZT-8 and LX200
were performed for the three SNe: SN2012aw (type IIP), SN2013ej (type IIP),
SN2014J (type Ia). As a result of observation treatment, a number of param-
eters were calculated: the mass of nickel ejected in the explosion, the mass of
the ejected shell, the radius of the star-progenitor, the temperature and a photo-
sphere radius distribution depending on the time, relative distribution of energy
in the spectrum, the explosion energy. Polarimetric data have provided the in-
formation on explosion asymmetry. The parameters obtained were analyzed and
compared with the data published in literature on these SNe and other SNe of
the same type.
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Continuum and line emission of flares on red dwarf stars

E. Morchenko
Sternberg Astronomical Institute MSU, Russia
morchenko@physics. msu.ru

The emission spectrum has been calculated of a homogeneous pure hydrogen
layer, which parameters are typical for a flare on a red dwarf. The ionization
and excitation states were determined by the solution of steady-state equations
taking into account the continuum and all discrete hydrogen levels. We consider
the following elementary processes: electron-impact transitions, spontaneous and
induced radiative transitions, and ionization by the bremsstrahlung and recom-
bination radiation of the layer itself. The Biberman—Holstein approximation was
used to calculate the scattering of line radiation. Asymptotic formulae for the es-
cape probability are obtained for a symmetric line profile taking into account
the Stark and Doppler effects. The approximation for the core of the H,, line by
a Gaussian curve has been substantiated.

The spectral intensity of the continuous spectrum, the intensity of the lines of
the Balmer series and the magnitude of the Balmer jump have been calculated.
The conditions have been determined for which the Balmer jump and the emission
line intensities above the continuum decrease to such low values that the emis-
sion spectrum can be assumed to be continuum as well as the conditions at
which the emission spectrum becomes close to the blackbody.

[1] E.Morchenko, K. Bychkov, M. Livshits, Astrophys. Space Sci., 357, 119, (2015).
[2] E.Morchenko, Astrophys., in preparation.
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Carbonaceous dust emission and evolution in star-forming
complexes

M. Murga, S. Khoperskov, D. Wiebe
Institute of Astronomy RAS, Russia
murga@inasan.ru

Variations in the mid-infrared emission in similar objects, like galaxies or
star-forming complexes, likely in most cases arise from differences in the evolu-
tion of dust grains responsible for this emission. It is believed the small aromatic
carbonaceous grains contribute significantly to this emission (3 +20 pm). To un-
derstand how their evolution proceeds a model is needed that would incorporate
all significant processes of dust formation and destruction. The goal of this work
is to reproduce the life of a star-forming complex and to look for factors which are
most crucial for the evolution of aromatic grains and mid-IR spectral energy dis-
tributions (SEDs).

We consider a number of relevant evolutionary processes, including photopro-
cessing of carbonaceous grains, erosion by the most abundant ions (H, He, C)
and electrons, fragmentation due to collisions between grains. Small grains are
destructed by photons and fast ions, but they also form in grain-grain collisions
due to fragmentation of larger grains. These small grains, being continuously
replenished, are irradiated by ultraviolet field and aromatised. The balance of
all of these processes is controlled by environment conditions, in particular, ve-
locity of turbulent motions, number of massive stars, metallicity, etc. We model
all these processes for conditions corresponding to giant HII complexes and look
for variations of infrared SEDs during evolution.
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X-ray pulsars in a wide luminosity range

A. Mushtukov, V. Suleimanov, S. Tsygankov, Ju. Poutanen,
D. Nagirner, A. Lutovinov, A. Serber
Tuorla observatory, Finland
al.mushtukov@gmail.com

A picture of X-ray pulsars behavior in a wide luminosity range will be pre-
sented. We will start with low luminosity case, when the accretion leads to hot
spots on the neutron star surface, continue with high mass accretion rates, when
the luminosity exceeds the critical value and radiation pressure results in accre-
tion columns above the stellar surface, and finish with the maximum accretion
luminosity. It will be shown that the luminosity of order 10%° erg/s can be pro-
vided, which explains connection between X-ray pulsars and ultraluminous X-ray
sources.
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Synchro-self-Compton mechanism

D. Nagirner
Saint-Petersburg State University, Russia
dinagirner@gmail.com

It is well known that synchro-self-Compton mechanism is a basic mechanism
which is used for interpretation of observable spectra of relativistic astrophysical
objects. These objects are active galactic nuclei (AGN) and compact sources of
stellar masses, jets and coronas forming around them and other. In the talk
the description of the mechanism is given. Then the methods are proposed for cal-
culation of radiation spectra of mildly relativistic electron gas and the averaging
the redistribution function of the Compton scattering on the azimuth.

According obtained formulas suitable computer codes are written.
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V.V.Sobolev and Radiative Transfer Theory

D. Nagirner
Saint-Petersburg State University, Russia
dinagirner@gmail.com

The basis of the theory was laid before V.V. Sobolev but it was he which gave
the dominant contribution to development of analytical radiative transfer theory.

The main stimulus for Sobolev was solving problems arising in astrophysical
observations. He proposed the approximation of complete frequency redistribu-
tion (CFR) for correct explanation of line profiles in stellar spectra particularly
the residual intensities of absorption lines and two-humped profiles of emission
lines. The Sobolev method of calculation of populations of atomic levels in ex-
panding and nonplane media are widely used till now. He proposed effective
method for solving the problems of anisotropic scattering, began studying of
time-depending scattering and scattering of polarized light (the Chandrasekhar—
Sobolev effect). He used his researches for explaining observable phenomena.

Another motive for developing the theory for Sobolev was aspiration
to beauty. He repeated the phrase “In beautiful theory the verity is shining”.
Therefore he tried to bring to possible ideal. He introduced into theory the prob-
abilistic interpretation of scattering process which allowed significantly simplify
calculations. He created the exact theory of integral equations describing multi-
ple scattering of line radiation with CFR (famous Resolvent Method), reduced
the calculation of anisotropic scattering to finding of the minimal number of
basic functions. So V.V.Sobolev in fact completed the theory which then was
introduced into accessible complexes of computer codes.
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Simulation of CH3;OH masers: accelerated lambda
iteration method and Sobolev approximation

A. Nesterenok
Toffe Physical-Technical Institute RAS, Russia
alez-n10Q@yandex.ru

The model is presented of the CH30OH maser. Two techniques are employed
for the calculation of molecule level populations: the accelerated lambda itera-
tion method and large velocity gradient approximation (Sobolev approximation).
Two methods give similar results when the gas velocity change across the cloud
due to velocity gradient is much larger than the Doppler line width. As origi-
nally formulated by V.V. Sobolev [1,2], the large velocity gradient approximation
for line formation problems ignores the effect of continuous opacity. Hummer and
Rybicki generalized the large velocity gradient approximation to include the ef-
fects of continuous opacity in the resonance region [3]. We show that the dust
emission play a significant role in determining level populations of the CH;OH
molecule in maser clouds. The physical conditions necessary for the generation of
strong CH3OH maser emission are discussed.

[1] V.V.Sobolev, Moving envelopes of stars, LGU (1947).
[2] V.V.Sobolev, Soviet Astronomy, 1, 678 (1957).
(3] D.G.Hummer, G.B. Rybicki, Astrophys. J., 293, 258 (1985).

Radiation mechanisms of astrophysical objects: classics today



Sobolev-100 Conference, St.Petersburg State University, 2015 82

On some directions of development of the radiative
transfer theory

A. Nikoghossian
Byurakan Astrophysical Observatory, Armenia
nikoghoss@yahoo.com

We review some works performed in the Byurakan observatory in the theory of
radiative transfer. These works develop Ambartsumian’s ideas on the layers ad-
dition laws and the principle of invariance. The methods based on them have
been extremely flexible in applications and efficient in numerical calculations.
In this connection, the necessity appears to elucidate their place and significance
in the modern transfer theory. We discuss the results obtained in two direc-
tions. The first of them concerns the variational formalism which being applied
to the transfer equations leads to the principle based on the translational trans-
formation of the optical depth. The modern methods of functional analysis make
it possible to derive Lagrangians and conservation laws for different transfer prob-
lems of astrophysical importance. We find out a group of problems frequently
encountered in astrophysical applications which are related with each other and
are reducible to solution of the source-free problem. The second direction of
investigations is devoted to the group-theoretical description of the radiation
transfer in inhomogeneous atmospheres in the general case when the spatial and
frequency distributions of the radiation field are taken into account. We intro-
duce the concepts of groups of composition of media with different optical and
physical properties and groups of translation of optical depths. The representa-
tions of the proper groups are found. In the limiting case when the thickness of
the supplemented layer tends to zero we are led to the Lie groups which gen-
erate the classical transfer equations, on the one hand, and the equations of
invariant imbedding, on the other. In both cases the standard boundary-value
problems are reducible to initial-value problems which are better adapted to so-
lution on the modern electronic machines.
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Investigation of the parameters of two massive X-ray
binary systems

E. Nikolaeva, I. Bikmaev, N. Sakhibullin, E. Irtuganov, R. Zhuchkov,
S. Melnikov, A. Galeev, V. Shimansky
Kazan Federal University, Russia
evgeny.nikolaeva@gmail.com

We investigate parameters of two high-mass X-ray binary systems
IGR J17544-2619 and IGR J21343+4738 discovered by INTEGRAL space ob-
servatory by using optical data of Russian Turkish Telescope (RTT-150).

Long-term optical observations of X-ray binary systems IGR J17544-2619 and
IGR J21343+4738 were carried out in 2007-2015. Based on the RTT-150 data
we estimated orbital parameters of these systems and calculated mass function.
We have modeled the blend profile of lines Hel 6678 A and Hell 6683 A in
spectra of IGR J17544-2619. The following parameters of the optical component’s
atmosphere are obtained: Teg = 34000 K, logg = 3.95, [He/H] = 0.4, [M/H] =
0.5, Viot siné = 165 km/s. These parameters correspond to the spectral class
09 IV-V with a mass of about 23 M.

IGR J21343+4738 is a binary system consisting of a X-ray compact object and
optical Be-stars. Variations of Be-star brightness during 2006-2015 correlated
with changing of the equatorial disk size. For the construction of the radial
velocity we used profiles of the helium lines. Based on these RTT-150 observations
a possible orbit has the following parameters: the period of P = 40.0040.06 days,
eccentricity e = 0.75 + 0.1, semiamplitude of the radial velocity curve K =
14 £+ 3 km/s.
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Optical continuum of powerful solar and stellar flares

B. Nizamov, M. Livshits
Sternberg Astronomical Institute MSU, Russia
tattaluban@yandex.Tu

We briefly discuss the pioneer works by Grinin and Sobolev concerning the re-
lation between the optical continuum of the flare emission and the accelerated
particles flux. Subsequently, consideration of this idea required the model-
ing of the gas-dynamical response of the chromosphere to the impulsive heating.
We present the calculation of the emission spectrum of the hydrogenic plasma of
this condensation. It is shown that such a model can explain the line emission of
hydrogen and the continuous recombination emission. In the visible region this
continuum appears to be weak: the emission contrasts do not exceed 5% — 7%
even in the case of the most powerful heating flux. But the contrast can reach
as much as 15% — 20% in some cases. In order to explain so large values, one
has to introduce the additional heating of the upper photosphere, the nature of
which is unclear. We shortly discuss Solar observations of “black light flares”,
which were predicted by Grinin and Sobolev for red dwarf stars.
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Moving inhomogeneous envelopes of stars

L. Oskinova, W.-R. Hamann
University of Potsdam, Germany
lida@astro.physik.uni-potsdam.de

Massive stars are extremely luminous and drive strong, winds, blowing a large
part of their matter into the galactic environment before they finally explode as
a supernova. Quantitative knowledge of the action of massive stars is prerequi-
site to understand our Universe. Massive stars have been studied so far under
the assumption that their winds are homogeneous and stationary, largely relaying
on Sobolev’s approximation. Observations with the newest instruments, together
with progress in model calculations, ultimately dictate a cardinal change of this
paradigm: stellar winds are highly inhomogeneous. Hence, we now advancing
to the new stage in our understanding of stellar winds. Using the foundations
developed by V.V.Sobolev and his school, we now updating and further develop
the stellar spectra analysis techniques. In this talk I will review and present new
multiwavelength observations which elucidate the physics of stellar winds. I will
present most recent and sophisticated models of radiation transfer in inhomoge-
neous stellar winds. Our new description of radiative transfer in clumped winds
is an important advance because it allows to waive some severe approximations
about the properties of stellar winds. Applications of this new technique improve
the empirical in mass-loss rate diagnostics, and explain various observations ob-
tained with the most advanced telescopes on ground and in space.
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Molecular line emission in protostellar objects

Ya. Pavlyuchenkov
Institute of Astronomy RAS, Russia
pavyar@inasan.ru

Observations of molecular line emission (by CO, CS, HCO+, NoH+, etc.) is
a powerful tool to study the physical conditions in the objects associated with
star formation process. Among these (protostellar) objects are the prestellar and
protostellar cores of molecular clouds, protoplanetary disks, HII regions around
young massive stars. However, the molecular line formation is a complicated pro-
cess depending on many physical factors such as non-homogeneous density and
temperature distributions, chemical stratification, complex kinematic structure
within these sources. Thus, to extract the physical structure from the observed
molecular spectra maps we need to adopt/develop detailed chemo-dynamical and
radiative transfer models. In the talk, we discuss the aspects of the self-consistent
modeling of protostellar cores and protoplanetary disks. In the frames of the pre-
sented models, we calculate not only the density, thermal and chemical struc-
ture of these objects but their molecular spectra maps for direct comparison
with observations. We show the effects of the main physical factors which affect
the molecular line profiles and should be taken into account during the direct
comparison between the models and observations.
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Reflectionless kink waves in the coronal plasma

N. Petrukhin, E. Pelinovsky, M. Ruderman
National Research University - Higher School of Economics in Nizhny
Novgorod, Russia
npetruhin@hse.ru

The vertical propagation of kink waves in strong inhomogeneous plasma (so-
lar atmosphere) is studied in the framework of the linear theory. It is shown that
the governing equations under certain conditions can be reduced to the Klein-
Gordon equation with constant coefficients. Its solutions describe traveling
monochromatic waves with a variable amplitude and wavenumber that are not
reflected in the solar atmosphere despite its strong inhomogeneity. Certain con-
ditions of this transformation describe the set of the vertical profiles of magnetic
field and density. The wave energy flux at such reflectionless profiles is constant,
providing the possibility of the energy transfer to high altitudes.

We consider a coronal loop of half-circle shape embedded in an isothermal
atmosphere. We show that non-reflective kink wave propagation is possible
for a particular dependence of the loop radius on the distance along the loop.
A viable assumption that the loop radius increases from the loop footpoint
to the apex imposes a lower limit on the loop expansion factor, which is the ra-
tio of the loop radii at the apex and footpoints. This lower limit increases with
the loop height. However, even for a loop that is twice as high as the atmospheric
scale height, it is small enough to satisfy observational constraints. Hence, we
conclude that non-reflective propagation of kink waves is possible in a fairly re-
alistic model of coronal loops.
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On linear properties of anon-linear problem of radiative
transfer

H. Pikichyan
Byurakan Astrophysical Observatory, Armenia
hovpik@gmail.com

Introduction of Ambartsumian’s layers adding method and the probabilistic
approach of Sobolev significantly extended the capabilities of the methods of
the transfer theory. The first of them was applied also to non-linear prob-
lems of radiative transfer, where the characteristics of the scattering and ab-
sorbing medium depend on the density of radiation diffused in it. The second
has not applied to non-linear problems as far as the scattering and absorbing
properties of a medium are affected by characteristics of an ensemble of photons
but not by a single photon. A complexity of non-linear transfer problems dictates
the need for seeking simplified methods of solution particularly by involving ex-
actly or approximately some characteristics of linear problems like the method of
self-consistent optical depths or the layers adding method in approximation of
the perturbation theory, etc. In the present report, we revealed an “exact lin-
ear structure” in the non-linear transfer problems. It is shown that in the case
where both boundaries of one-dimensional anisotropic medium of finite geomet-
rical thickness are illuminated by intense fluxes of radiation for a given state of
excitation the intensities of radiation exiting medium through both boundaries
can be derived by constructing a simple linear combination of probabilities we in-
troduced for the reflection and transmission of a single photon incident on one or
another boundary. We derived the exact formulas for the non-linear addition of
layers for introduced probabilities dependent on both external fluxes, which re-
tain the general structure of exact formulas of the linear addition. A complete
set of differential equations of invariant imbedding is obtained.

Radiation mechanisms of astrophysical objects: classics today



Sobolev-100 Conference, St.Petersburg State University, 2015 89

Signatures of magnetospheric accretion in magnetic Herbig
Ae stars

M. Pogodin, J.A. Cahuasqui, N. Drake, S. Hubrig, M. Schoeller,
M. Petr-Gotzens, G.A.P. Franco, D.F. Lopes, O. Kozlova, D. Wolff,
et al.

Central (Pulkovo) Astronomical Observatory RAS, Russia
pogodin@gao.spb.ru

Optical and near-IR observations of several magnetic Herbig Ae stars have
been used to investigate the character of their accretion disk/star interaction.
Spectral observations were carried out with the ISAAC and X-shooter spectro-
graphs installed at the VLT-8m (ESO, Chile) as well as with other spectro-
graphs of several observatories such as OHP,LNA, Crimean AQO. The spectro-
scopic data were obtained in the HeI 5876, 10830 and P, lines formed in the ac-
cretion region of the program objects. We found that the temporal behaviour of
the diagnostic lines of some objects can be explained by a rotational modula-
tion of line profiles generated by local accretion as well as outflowing gas. This
result is in good agreement with the predictions of themagnetospheric accretion
model. Three distinct periods of short-term variability of HD 104237 were re-
vealed. The first of them (5.37 days) was identified as the rotation period of
the star. The two other periods were assumed to be a result of two rotating
stream-like inhomogeneities in outflowing gas originating in the disk. The incli-
nation angle of HD 104237, i = 21° 4+ 4°, was determined. An additional analy-
sis of HD 190074 allows to suspect that the magnetic field of the object is likely
more complex than a simple dipole and contains a circumstellar component.
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A viscous-convective instability in laminar Keplerian thin
discs

K. Postnov, N. Shakura
Sternberg Astronomical Institute MSU, Russia
kpostnov@gmail.com

Using the anelastic approximation of linearized hydrodynamic equations, we
investigate the development of axially symmetric small perturbations in thin Ke-
plerian discs. The sixth-order dispersion equation is derived and numerically
solved for different values of relevant physical parameters (viscosity, heat con-
ductivity, disc semithickness and vertical structure). The analysis reveals the ap-
pearance of two overstable modes which split out from the classical Rayleigh
inertial modes in a wide range of the parameters in both ionized and neutral
gases. These modes have a viscous-convective nature and can serve as a seed
for turbulence in astrophysical discs even in the absence of magnetic fields.

Radiation mechanisms of astrophysical objects: classics today



Sobolev-100 Conference, St.Petersburg State University, 2015 91

On the dependence of the X-ray continuum variations with
luminosity in accreting X-ray pulsars

K. Postnov, M. Gornostaev, N. Shakura, D. Klochkov, E. Laplas,
V. Lukin
Sternberg Astronomical Institute MSU, Russia
kpostnov@gmail.com

Using RXTE/ASM archival data, we investigate the behavior of the spectral
hardness ratio as a function of X-ray luminosity in a sample of six transient X-ray
pulsars (EXO 20304375, GX 304-1, 4U 0115463, V 0332+63, A 0535426 and
MXB 0656-072). In all sources we find that the spectral hardness ratio defined
as F5:12 kev/Fl1.33+3 kev increases with the ASM flux (1.33 + 12 keV) at low lu-
minosities and then saturates or even slightly decreases above some critical X-ray
luminosity falling into the range ~ (3 + 7) - 1037 erg/s. Two-dimensional struc-
ture of accretion columns in the radiation-diffusion limit is calculated for two
possible geometries (filled and hollow cylinder) for mass accretion rates M rang-
ing from 1017 to 1.2 - 10'® g/s. The observed spectral behaviour in the transient
X-ray pulsars with increasing M can be reproduced by a Compton saturated side-
wall emission from optically thick magnetized accretion columns with taking into
account the emission reflected from the neutron star atmosphere. At M above
some critical value M, ~ (6 < 8) - 10'7 g/s, the hight of the column becomes
such that the contribution of the reflected component to the total emission starts
decreasing, which leads to the saturation and even slight decrease of the spectral
hardness. Hollow-cylinder columns have a smaller height than the filled-cylinder
ones, and the contribution of the reflected component in the total emission does
not virtually change with M (and hence the hardness of the continuum mono-
tonically increases) up to higher mass accretion rates than M,, for the filled
columns.
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The importance of time-dependent hydrogen ionization
in the modeling of supernovae of type IIP

M. Potashov, S. Blinnikov, V. Utrobin
Institute for Theoretical and Experimental Physics, Russia
marat.potashov@gmail.com

Utrobin and Chugai [1] have pointed out the importance of time-dependent
kinetics for the explanation of the hydrogen lines (e.g. H,) at any time after
the explosion of SN 1987A on the photospheric stage.

The same conclusion was confirmed for SN 1999em by Utrobin [2]. The im-
portance of time-dependence of number densities later than a few weeks after
the explosion was found by Dessart, Hillier [3] for SN 1999em with the program
CMFGEN. De et al. [4] found, using the software package PHOENIX, that the ki-
netics is important only in the first days after the supernova explosion. Moreover,
they found an influence of the total number of levels in the model hydrogen atom
and the importance of account of the fine structure for the determination of the re-
combination time to the main level. Thus, the conclusions of different research
groups are still at odds. This report tries to clarify this ambiguity with a help of
new developing code LEVELS.

[1] V.Utrobin, N. Chugai, Astronomy Letters, 28, 386 (2002).

(2] V.Utrobin, Astron. Astrophys., 461, 233 (2007).

[3] L.Dessart, D.J. Hillier, Mon. Not. Roy Astron. Soc., 383, 57 (2008).

[4] S.De, E. Baron, P. Hauschildt, Mon. Not. Roy Astron. Soc., 401, 2081 (2010).
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Atmospheres and radiating surfaces of neutron stars with
strong magnetic fields

A. Potekhin
Toffe Physical-Technical Institute RAS, Russia
palex@astro.ioffe.ru

Modern space telescopes have provided a wealth of valuable information
on thermal radiation of neutron stars which, when properly interpreted, can elu-
cidate the physics of superdense matter in the interior of these stars. Strong
magnetic fields profoundly change the equation of state and radiative opaci-
ties in the surface layers of neutron stars and thus affect their thermal spectra.
Theory of these effects is reviewed in the talk, including the conventional mod-
els of deep (semi-infinite) atmospheres, models of “naked” neutron stars with
condensed radiative surfaces, and “thin” (finite) atmosphere models, with exam-
ples of application of the theory to tentative interpretations of some observed
neutron-star thermal spectra.
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Accretion and outflow activity on the late phases of PMS
evolution. The case of RZ Piscium

I. Potravnov, V. Grinin, D. Mkrtchian, D. Shakhovskoy
Central (Pulkovo) Astronomical Observatory RAS, Russia
tlya.astro@gmail.com

The ratio between the corotation and truncation radii is the crucial param-
eter on the Pre Main Sequence evolution stage which determines the relation
between mass accretion and outflow. This ratio depends on several parameters,
in particular it is inversely proportional to the accretion rate. When this value
is low the truncation radius significantly exceed the radius of corotation. In this
case the outflow in propeller regime is realised. We consider the observational
properties of this mechanism in the case of post T Tauri star RZ Psc. We argue
that the propeller regime of accretion is realized also in some other young stars.
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Radiative mechanisms of accreting black holes

Ju. Poutanen
University of Turku, Finland
Juri.poutanenQutu.fi

I will review our efforts to understand how accreting stellar-mass black hole
radiate. I will discuss observations of black holes from optical to the gamma-rays
as well as the theory behind the broadband spectra. I will also relate the observed
spectral properties to the timing characteristics. I will show that in the hard
state most of the available data can be explained within a framework of hot
inner accretion flow.
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Dust in outer layers of B5 globule

M. Prokopjeva, Yu. Efimov, V.Il’in
Saint-Petersburg State University, Russia
m.prokopieva@spbu.ru

The properties of dust in dark clouds are still not well understood. Recent
studies of extinction law, scattered light and submm emissivity have inferred
changes in dust properties with an increase of depth inside a cloud (e.g., Foster
et al., 2013). However, there were doubts that the wavelength dependence of
polarization of background stars might provide useful information on the size of
grains in such clouds (e.g., Andersson et al., 2015).

We present the results of UBVRI polarimetric observations of about 30 stars
in a vicinity of the well-studied Bok globule B5. Several of the stars are seen
through the globule halo and even outer layers with Ay as large as 3", others
are field stars close to the globule. For nearly all the stars, we have determined
the wavelength of polarization maximum M. with a good accuracy. Using
the spectral classes of the stars obtained either from spectra or from photometry
in the Vilnius system and more seldom in 2MASS bands, we have estimated
the distance and visual extinction to the stars. A comparison with different
maps of B5 has shown that Apax well correlates with E(B — V), i.e. the depth
in the cloud. We conclude that multicolor polarimetry of background stars can
be a useful tool to characterize dust in halo and outer regions of dark clouds.

(1] B.-G. Andersson et al., Ann. Rev Astron. Astrophys, 53, 501 (2015).
[2] J.Foster et al., Mon. Not. Roy. Astron. Soc., 428, 1606 (2013).
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Low-energy inelastic magnesium-hydrogen collisions

D. Rodionov, A.Belyaev
Herzen State Pedagogical University, Russia
virtonoobne@bk.ru

Available quantum calculations of cross sections for inelastic processes
in Mg+H and MgT+H™ collisions are analyzed. It is shown that cross sec-
tions with large values are calculated with high accuracy. The corresponding
processes are of interest in astrophysics. Inelastic Mg+H collisions are required
for non-LTE stellar atmosphere modeling. In the present work, available quantum
calculations of cross sections in inelastic Mg+H collisions are analyzed includ-
ing ones based on improved quantum-chemical data. The calculations include
all transitions between the nine lowest adiabatic Mg H(?%+) molecular states,
with the uppermost of those diabatically extended to the ionic molecular state
in the asymptotic region. Calculations also include transitions between five low-
est adiabatic Mg H(?II) molecular states. The inelastic cross sections with large
values are stable with respect to different calculations, while cross sections with
small values are rather sensitive to amount of channels taken into account.

It is worth to point out that all nonadiabatic nuclear dynamical calculations
have been performed by means of the reprojection method in the framework of
the standard Born-Oppenheimer approach, which is known to provide reliable
physical results.

The work was supported by the Russian Foundation for Basic Research (grant
Num. 13-03-00163A).
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Applications of General Invariance Relations Reduction
Method to solutions of radiation transfer problems

N. Rogovtsov, F. Borovik
Belarusian National Technical University, Belarus
rogovtsov@bnitu.by

On the basis of analysis and generalization of classical works on radia-
tion transfer theory (RTT) and application of invariance properties with respect
to operations of association, imbedding, decomposition and synthesizing the gen-
eral invariance relations reduction method (GIRRM) was proposed in 2010 in de-
tails. To illustrate the possibilities of GIRRM a number of results obtained by
this method for the case of turbid media of various configurations are presented
in the report. Firstly classical asymptotic formulas obtained in a convenient
form by Sobolev V.V. for the reflection function averaged azimuthally and
brightness coefficients , as well as for the plane and spherical albedo will be
strictly substantiated using GIRRM. Sobolev V.V. obtained them, using strict
relations and some hypotheses on the structure of the asymptotic expressions.
However, it should be noted that a three-term asymptotic expression of plane
albedo obtained rigorously by the help of GIRRM for the case of nearly conser-
vative scattering only partially coincides in the form with the same asymptotic
expression obtained by Sobolev V.V. Nevertheless, the theoretical analysis and
a series of numerical experiments have not revealed differences between these
asymptotic expressions. Therefore, it can be assumed that the above hypotheses
do not lead to any inaccuracies. It should be emphasized that all the quantities
in the asymptotic expressions obtained by GIRRM can be calculated for an ar-
bitrary phase function with the help of efficient numerical algorithms. Secondly
it will be shown that all of the above-mentioned and other characteristics of ra-
diation fields in plane-parallel turbid media for the case of any single scattering
albedo and for any phase function can be calculated using the basic ideas and
constructions of GIRRM. It should be noted that all these solutions and rep-
resentations in contrast to ones constructed within the framework Case’s and
other methods are suitable in obtaining numerical results. Thirdly a number of
multi-dimensional boundary-value problems for scalar RTE that can be solved
effectively for the case of an arbitrary phase function and turbid media of various
configuration will be outlined briefly in the report.
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Spectral variability of the UX Ori type star — WW Vul

B. Rustamov, Kh. Mikayilov, S. Medzhidova
Shamakhy Astrophysical Observatory ANAS, Azerbaijan
bayram_rustam@yahoo.com

We present the results of our studies of some spectral characteristics
in the spectrum of WW Vul based on our spectroscopic observations performed
with the aid of 2-m telescope at the ShAO of NAS of Azerbaijan, in 2006 — 2010.
Our spectroscopic observations were carried out before (2006 — 2008) and after
(2010) the unusual eclipse detected in the V' — band light curve of WW Vul.
The difference has been found out in the regime of variability in the profile of H,,
emission line in the spectrum of UX Ori type star WW Vul in 2006 and within
2007 — 2010-th years. In August 2006, the line H,, in the spectrum of WW Vul ap-
peared as two component emission profile with the ratio of V/R ~ 1. Apparently,
in the behavior of the variability the dominant role belongs to the rotation of
the accretion disk. Starting in 2007 the additional mechanism appears alongside
with rotation of accretion disk leading to the rapid variability of the physical con-
dition in the area where H, line is formed. The magnetic field in the accretion
disk and/or on the stellar surface, which determines the character of interaction
between the star and its environment, can be such a mechanism. The behav-
ior of the H, emission line in the spectrum of WW Vul qualitatively agrees
to this photometric variation, because almost all parameters of the H, profile
change the direction of their variability beginning from 2007 — 2008.
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Astrophysical investigations based on RTT-150
observations

N. Sakhibullin, I. Bikmaev
Kazan Federal University, Russia
Nail.Sakhibullin@kpfu.ru

The 1.5-meter Russian-Turkish telescope (RTT-150), equipped by modern
scientific instrumentation (CCD-photometers, spectrometers), participates in in-
ternational programs of ground support of orbital space Observatories (INTE-
GRAL, SWIFT, PLANCK) for optical identifications, spectral classification of
detected sources (active galactic nuclei , close binary systems, clusters of galaxies,
etc.). In particular, these observations aimed at determinations of their physi-
cal properties, the construction of the light curves of optical afterglows of ~-ray
bursts and others. This report will provide examples of researches carried out
with the help of the RTT-150.
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The influence of the collision rates improvement
on methanol lines estimates of the physical parameters of
massive star formation regions.

S. Salii, S.Parfenov, A. Sobolev
Ural Federal University, Russia
Svetlana.SaliiQurfu.ru

We compared the estimates of physical parameters of molecular cores by
quasi-thermal methanol lines data. Estimates were obtained by two mod-
els of rates of collision excitation: Pottage, Flower & Davis (2001 — 2004) and
Rabli & Flower (2010, 2 papers). Para-H; and He were regarded as collision
agents of methanol excitation. The particle fraction of He was 0.2.

We showed that the differences between collision rates in the models do
not have significant influence on the approximation quality of quasi-thermal
lines intensities and final estimates of physical parameters. However, we find
the Rabli & Flower (2010) model to be more preferably because it was intended
for a greater number of levels (up to J = 15, including torsionally excited levels
Ve = 2)
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Using improved collision rates model for estimations of
the physical parameters in the NGC 63341

S. Salii, N. Kalinina, S.Parfenov
Ural Federal University, Russia
Svetlana.Salii@urfu.ru

The physical parameters of molecular core NGC 63341 were estimated by
quasi-thermal methanol lines. Physical parameters such as hydrogen number den-
sity nm,, temperature T}, methanol fractional abundance and methanol column
density were estimated with improved model of collision rates of Rabli & Flower
(2010, 2 papers).

Because of the complex structure of the object, physical parameters were
estimated by two groups of transitions: low excited (v¢ = 0, Fy, < 175 cm™1)
and highly excited (v; = 1, Eyp > 415 cm™!) transitions. We concluded that
the emission in the low excited transitions is generated in the region with physical
parameters Tj, = (90+115) K, ng, < 3.2-10% ecm~?; for highly excited transitions
T}, > 150 K and, for np,, the 1o confidence interval goes from 103 to 10°.
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Study of cold spots on the surface of the stars on to
the Kepler space telescope data

I. Savanov
Institute of Astronomy RAS, Russia
isavanov@inasan.ru

On the photometric observations with the Kepler space telescope the proper-
ties of the active regions (cold spots) on the surface of 737 stars with planetary
systems (exoplanets) are studied. We consider the dependence of the degree of
spottiness of stars with planetary systems on their effective temperature and
the period of their rotation. There is no indication that the magnetic activ-
ity of stars with exoplanets has pronounced features that distinguish them from
the activity of stars in the more extended sample. Spottiness of stars with plan-
etary systems in the most cases does not exceed 5% of its surface., Three objects
for which it exceeds the 5% are considered in detail. The behavior of spottiness
parameter in a dependence on the rotation period of the star is considered.

We analyze the properties of the active regions (cold spots) on the surface of
279 stars of spectral type G, for which more than a thousand superflares with
energies in the range of 1033 = 1036 erg was discovered. The diagrams connecting
the superflares energies with star activity index (area of their magnetic spots) are
investigated. The extensive research of the activity of the two stars with a record
value of flures was made.
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Spectral properties of NS X-ray binary 4U1705-44 with
BeppoSAX and RXTE. Quasi-constancy of the spectral
index vs accretion rate

E. Seifina, L. Titarchuk
Sternberg Astronomical Institute MSU, Russia
seifl1@mail.Tu

We present an analysis of the X-ray spectral properties observed from
the atoll-source 4U1705-44 during evolutions between island and banana states.
We analyze observations using the RXTE and BeppoSAX. We find that the X-
ray broad-band energy spectra during all spectral states can be adequately re-
produced by a model, consisting a low-temperature Blackbody component, two
Comptonized components arising from the seed photons coming from NS atmo-
sphere at a temperature kTs; ~ 1.5 keV (herein Comptbl) and a second result-
ing from the seed photons of Tgs = 1.1 + 1.3 keV coming from the disk (herein
Compth2). We also include an iron-line (Gaussian) component in the spectra.
The data analysis using this model indicates that the photon power-law index
I'; of our model is almost constant (I'y ~ 2) for all spectral states. Another pa-
rameter, I'y demonstrates a two-phase behavior depending on the spectral state.
I’ is quasi-constant at I's &~ 2 when the electron temperature kTe(Q) < 80 keV
and I's is less than 2, namely in the range of 1.3 < I'; < 2, when kJTe(z) > 80 keV.
We also detect a decrease of k7o from 1.3 keV to 1.1 keV during this high electron
temperature phase. This phase is similar to that was previously found in the Z-
source Sco X-1. We interpret the decreasing index phase using a model in which
a high radiation pressure from the NS causes an expansion of the Compton cloud
similar to that found previously in Sco X-1 during the Flaring branch.
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Behavior of perturbations in an accretion flow on to

a black hole

A. Semyannikov
Volgograd State University, Russia
avsemyannikov@gmail.com

We investigate the behavior of small acoustic perturbations in the spherical
adiabatic relativistic accretion flow on to a non-rotating black hole. The Das
model of the accretion [1,2] is a general relativistic generalization of the classical
spherical Bondi accretion. We consider a general relativistic linear wave equa-
tion for small acoustic perturbations and fulfill the mode analysis of solutions.
We find numerically that perturbations remain finite in amplitude on the event
horizon due to the effects of the general relativity in contrast to predictions of
the non-relativistic model based on the Bondi accretion approximation [3]. This
circumstance downranges the possibilities for detection of black holes.

[1] T.K.Das, Astrophys. J., textbf577, 880 (2002).
[2] T.K.Das, Classical and Quantum Gravity, 21, 5253 (2004).
[3] I.G.Kovalenko, M.A. Eremin, Mon. Not. Roy. Astron. Soc., 298, 861 (1998).
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Interstellar polarization and star formation studies in dark
clouds

A. Sen, M. Prokopjeva, V.Il’in , N. Voshchinnikov, R. Gupta
Assam University, India
asokesen@yahoo.com

It is well known that light from celestial sources as it passes through the inter-
stellar medium gets polarized due to the aligned dichroic interstellar dust grains.
However, at times the light passes through denser part of the interstellar medium
containing diffused nebulae or interstellar clouds. Some of these clouds are un-
dergoing gravitational collapse and may form stars. The amount of polarization
caused by such intervening clouds provides valuable information and act as a good
diagnostic to understand various processes associated with star formation.

The dichroic dusts present in such clouds generally get aligned by various
mechanisms, among which magnetic field is an important one. The same mag-
netic field also plays a key role in star formation of dynamics and also helps
in deciding the shape of the clouds. Some of these clouds have rotations,
which together with magnetic field sometimes impede the gravitational collapse.
The grains on the other hand absorb radiations at shorter wavelengths and re-
radiate in infrared, helping energy balance mechanism. The thermally re-radiated
emission also shows polarization.

With this background, many dense interstellar clouds were astronomically
observed and studied by us in polarimetry, to understand the star formation
processes in them. These results will be discussed.
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Estimates of brightness temperatures and angular sizes
for a number of maser sources observed by “RadioAstron”

N. Shakhvorostova, A. Alakoz, A.Sobolev
Lebedev Physical Institute RAS, Russia
nadya.shakh@gmasil. com

Maser sources represent one of the main targets of the RadioAstron science
program. The ultra-high angular and high spectral resolutions of RadioAstron
provide tight limits on the sizes of the most compact maser spots and estimates of
their brightness temperatures. Current results of the maser survey data obtained
in the RadioAstron observations are presented. Brightness temperature and an-
gular size estimates for a number of maser sources are discussed. In star-forming
regions very compact features with angular sizes from 45 to 60 angular micro-arc
seconds have been detected. Corresponding linear sizes are about (5+-10)-10° km.
Estimates of the brightness temperatures provide the values higher than 104
to 1016 K.
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Age and chemical composition of the nuclei of two unusual
dwarf spheroidal galaxies

M. Sharina, A.Kniazev, I. Karachentsev, V. Shimansky
Special Astrophysical Observatory RAS, Russia
sme@sao.ru

KKs3 is one of a few truly isolated dwarf spheroidal galaxies within 10 Mpc.
ESO269-66 is a close neighbor of the giant SO Centaurus A. Each of the galaxies
contains a massive globular cluster near its optical center. We estimate ages and
chemical compositions of the clusters using their medium-resolution spectra ob-
tained with the Southern Africal Large Telescope (SALT). The two nuclei appear
to be very similar in their properties. We discuss our results in the context of
theoretical studies in the field of globular cluster formation.
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Metal ejection by galaxies and clusters of galaxies

Yu. Shchekinov
Southern Federal University, Russia
yus@sfedu.Tu

Chemical enrichment of the Universe stars from stellar activity in galaxies
and extends further through the intergalactic medium. Recently extended (up
to 100 — 200 kpc) circumgalactic halos with rather high metallicity (up to 0.1
solar) are discovered around many galaxies indicating that galaxies are far from
being closed systems and instead are involved into a very powerful mass exchange
with the intergalactic medium. Clusters of galaxies can be also a very important
source of metals in the Universe. It is well known that the intracluster gas
contains a considerable fraction of metals — its metallicity reaches 0.3 the solar
metallicity. This can mean that even a relatively weak leakage of gas from clusters
might be a very important source of metal circulation in the Universe. We present
here simple estimates of this effect and its possible observational manifestations.
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The complex astrophysical systems analysis with use of
the stellar atmospheres method

V. Shimansky, N. Sakhibullin, N. Borisov, M. Sharina,
N. Shimanskaya, I. Bikmaev
Kazan Federal University, Russia
Slava.Shimansky @kpfu.ru

Results of close binary and stellar cluster investigations were presented. For-
mation of the stellar atmospheres with X-ray and UV irradiation was studied.
The program SPECTR was constructed for modeling of optical radiation of close
binaries with tidal components, reflection effects and deviations from LTE. More
than 30 close binaries of different types (precataclysmic binaries, cataclysmic
variables, massive X-ray binary, double degenerated, etc.) were investigated with
definition their characteristics. Technique of reflection effects using for the analy-
sis of structure and physical conditions in close binaries was developed. Chemical
composition anomalies in systems with relativistic objects were studied. The pro-
gram CLUSTER was constructed for modeling of stellar cluster integrated spec-
tra. The technique of their fundamental parameters and a chemical composition
determination was developed. The analysis more than 10 galactic and extra-
galactic cluster was made.
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Correlation of radial fluctuations in deep galaxy redshift
surveys

S. Shirokov
Saint-Petersburg State University, Russia
lakronous@mail.Tu

Correlation analysis for photometric galaxy redshift catalog ALHAMBRA [1]
was performed. Fluctuations of the number of galaxies within different cata-
logs were compared using the method of estimation of sizes and amplitudes of
radial fluctuations for different redshift bins [2]. The compared catalogs are
COSMOS [3], UltraVISTA [4], 10k zCOSMOS [5], XMM-COSMOS [6] and HDF-
N [7]. The Pearson correlation coefficient of fluctuations between these samples
has the value R = 0.69 4 0.16 for redshift interval 0.1 < z < 1.7. This correla-
tion observed between independent surveys of different research groups confirms
the existence of super-large galaxy structures with sizes up to 1000 Mpc/h.

[1] A.Molino et al., arXiv:1306.4968 (2013).

[2] N.V.Nabokov, Yu.V.Baryshev, Astrophysics, 53, 101 (2010).
[3] O.Ilbert et al., Astrophys. J., 690, 1236 (2009).

[4] A.Muzzin et al., Astrophys. J. Suppl., 206, 19 (2013).

[5] K.Kovac et al., Astrophys. J., 708, 505 (2010).

(6] M. Brusa et al., Astrophys. J., 716, 348 (2010).

(7] http://www.stsci.edu/ftp/science/hdf/hdf.html
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Radiative transfer and spectra in stochastic atmospheres

N. Silant’ev, G. Alekseeva, V. Novikov
Central (Pulkovo) Astronomical Observatory RAS, Russia
nsilant@bk.Tu

Various cosmic objects — stars, active galactic nuclei, accretion discs etc.,
are subjected to stochastic variations of temperature, large scale gas motions,
magnetic fields, concentration of atoms and molecules. Stochastic variations of
these values give rise to changes in absorption coefficients, Doppler widths etc.
The existence of many reasons of fluctuations o’ give rise to Gaussian proba-
bility distribution — p(a’) e~a%const  Ohserved spectra are determined by
values averaged over time of observation and observed surface. Usual model
explanations of these spectra do not take into account the influence of fluctua-
tions. In a number of cases these models do not explain satisfactory the observed
spectra. In these cases the taking into account of fluctuations allows to improve
the coincidence the theoretical spectra with observed ones.
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A non-LTE line formation for neutral and singly-ionised
titanium in model atmospheres of the reference A—K stars

T. Sitnova, L. Mashonkina, T. Ryabchikova
Institute of Astronomy RAS, Russia
sitnova@inasan.ru

A comprehensive model atom of Til — Till was constructed using predicted
high-excitation levels and accurate photoionisation cross-sections for the first
time. It was tested with well-studied B — K stars of different luminosity (log g)
and metallicity (—4 < [Fe/H] < 0.5). Consistent NLTE abundances from lines of
Til and Till were found for the main sequence B — F stars, while in LTE
the abundance difference Til — Till ~ 0.2 dex. One of the main uncertainties
in NLTE results for cool stars is the effectiveness of inelastic collisions with hy-
drogen atoms (Sp). We show that the TiI/TiIl ionisation equilibrium is achieved
within 0.06 dex for each of 15 F — G dwarfs in the —2.7 < [Fe/H] < 0.3 metal-
licity range, when applying Sy = 0.5 in the statistical equilibrium calculations.
For seven turn-off (TO) and subgiant (SG) stars with [Fe/H] < —2, the deviations
from LTE are significant for both Til and Till lines and NLTE leads to discrep-
ancy in abundances between Til and Till lines. This can be due to inaccurate
treatment of collisions with hydrogen atoms in very metal-poor atmospheres. Ac-
curate collisional data for Til and Till would be extremely helpful. We calculated
the NLTE corrections for lines of Til and Till in the grid of model atmospheres
with 4000 K < Teg < 5000 K, 0.5 < logg < 2.5, —4 < [Fe/H] < 0. They were
applied to check atmospheric parameters and determine Ti abundances of stars
in Sculptor and Bootes dwarf galaxies.
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Determining the relationship between the components of
the interstellar medium in HII complexes

K. Smirnova, M. Murga, D. Wiebe, A. Sobolev
Ural Federal University, Russia
Arashu@rambler.ru

The star formation (SF) plays a key role in the evolution of galaxies. The ef-
ficiency of SF depends on the relative content of various components of the inter-
stellar medium (ISM), in particular, on the content of molecular hydrogen, atomic
hydrogen, and dust. However, there are still many uncertain ties in determining
the content of gas and dust in SF complexes. In this work we present a study of
various components of the interstellar medium (ISM) in HII complexes using ob-
servational data in the infrared (Spitzer Space Telescope and Herschel) and radio
bands (IRAM and VLA) for eleven galaxies (HolmbergII, IC 2574, DDO 154,
NGC 0628, NGC 2976, NGC 3351, NGC 3627, NGC 4736, NGC 5055, NGC 6946,
NGC0925) included in THINGS, KINGFISH, SINGS and HERACLES surveys.

Using data downloaded from the survey archives, we performed an aperture
photometry of HII complexes. For some of the objects we evaluated a num-
ber of parameters, using Drain and Li (2007) model: the fraction of PAH mass
in the total dust mass, the average intensity of the radiation field in an HII
complex, the fraction of dust located in PDR, masses of molecular and atomic
hydrogen. Metallicity for each region is also estimated. We present correlations
between various dust parameters and correlations between dust and gas param-
eters. It is shown that:

1) Emission at 24 micron is correlated with long-wave length emission of dust;
2) Emission at 8 micron is correlated with CO emission;

3) Comparison of CO emission and dust 8 micron emission hints at a more
effective destruction of CO and PAH in regions with low dust content(low
metallicity).
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Sun-sized masers in Cepheus A

A. Sobolev, M.D. Gray, A. Alakoz, H. Imai, J.M. Moran,
A. Tolmachev, V.Samodurov, W. Baan, D. Ladeyshchikov
Ural Federal University, Russia
Andrej.Sobolev@urfu.ru

Using a space-to-Earth radio interferometer, the smallest ever angular struc-
ture has been discovered in an astrophysical maser, in the star-forming region
Cepheus A, which has a linear size similar to the Sun’s diameter. Difference in ve-
locities of the maser features correspond to velocity gradient which is greater than
previously observed in interstellar medium by more than an order of magnitude.
Possible interpretation of these observations is discussed.
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RM-synthesis: problems and perspectives

D. Sokoloff
Moscow State University, Russia
sokoloff.dd@gmail.com

RM-synthesis is a new method of interpretation for multiwavelength data of
observations of polarized radioemission. We discuss possible applications of
the method and problems arising on this way.
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Stellar prominences to describe cyclical line profile
variability of the O6 supergiant A\ Cephei

N. Sudnik, H. Henrichs
Saint-Petersburg State University, Russia
snata.astro@gmail.com

Many O and B stars show unexplained cyclical variability in their winds,
i.e. modulation of absorption or emission features on the rotational timescale,
but not strictly periodic over longer timescales. For these stars no dipolar mag-
netic fields have been detected, with upper limits below 300 G. Similar cyclical
variability is also found in many optical lines, which are formed at the base of
the wind. We propose that these cyclical variations are caused by the presence of
multiple, transient, short-lived, corotating magnetic loops, which we call “stellar
prominences”. We present a simplified model representing these prominences
as corotating spherical blobs to explain the cyclical optical wind-line variabil-
ity in the O supergiant A Cephei. From model fits we find that to represent
the data we need 2 — 6 prominences with the lifetime between 1%.2 and 25".1.
Although the fits results may not be unique at this stage, the model constrains
the inclination angle and the rotation period of the star. Similar behavior is
observed in at least 4 other O stars. We propose that prominences are a common
phenomenon among O stars. Other supporting evidence for such prominences
comes from the recent discovery of photometric variability in a comparable O star
& Per, which was explained by the presence of multiple transient bright spots,
presumably of magnetic origin as well.

Radiation mechanisms of astrophysical objects: classics today



Sobolev-100 Conference, St.Petersburg State University, 2015 118

Spectral distortion of CMB and new results of the satellite
“Planck”, ground telescope at the South Pole and
Cosmological Telescope in the Atacama desert

R. Syunyaev
Space Research Institute RAS, Russia
rsyunyaev@gmail.com

The observations of the CMB led to the discovery of a thousand previously
unknown massive clusters of galaxies at redshifts up to 1.75 from the analysis of
effects associated with scattering of CMB photons by hot electrons in these ex-
tremely interesting objects. These data, together with the study of the noise spec-
trum in the maps of the comptonization parameter y in the sky over the received
satellite “Planck”, allow you to define the lower and upper limits of the fluctu-
ating part of the parameter y over the sky. The resulting upper limit is 7 better
than obtained with the remarkable COBE/FIRAS instrument 25 years ago. This
result is important for cosmology, since it takes into account the contribution of
the hot gas in galaxy groups, halos of massive galaxies and intergalactic shock
waves associated with the growth of large-scale structure of the universe and
the problem of uncounted baryons in the warm gas. In a similar way the up-
per limit of the fluctuating component of the chemical potential associated with
the Bose-Einstein distortions of the CMB spectrum was found. At the same time
the result of the COBE/FIRAS instrument was 15 times improved.

Satellite PIXIE (NASA) project promises increasing the sensitivity
to the spectral distortion of the CMB in 1000 times in comparison with
the COBE/FIRAS. Realization of this project and plans of development of de-
tectors for ground submillimeter instruments will provide interesting constraints
on the spectrum of primordial density perturbations of matter at small scales,
completely erased due Silk’s decay; on the parameters of unstable particles of
dark matter, primordial black holes, magnetic fields, etc. and etc; opens a new
window of information about the processes in the early universe and allow to ob-
served spectral radio-lines from the era of hydrogen recombination and two helium
recombinations in the universe.
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Non-LTE models of the emitting regions in hot young stars

L. Tambovtseva, V. Grinin
Central (Pulkovo) Astronomical Observatory RAS, Russia
lutamb@mail.ru

The intermediate-mass young stars (so-called the Herbig Ae/Be stars) possess
with a very complex environment consisted of accreting and outflowing matter.
To determine a geometrical structure and physical properties of this environment
we reproduce the spectroscopic and interferometric observables such as hydrogen
line profiles as well as visibilities, differential and closure phases. For non-LTE
modeling the emission in the hydrogen lines we use the Sobolev approximation.
Fitting of the spectroscopic and interferometric observables permits us to con-
strain the model parameters and find main contributors into the line emission
between such components as a magnetosphere, disk wind and accretion disk.
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Orbital parameters and variability of the emission
spectrum massive double system 105 Tau

A. Tarasov
Crimean Astrophysical Observatory, Russia
aetarasov@mail.Tu

High resolution spectroscopy of the massive double system with the B3e pri-
mary 105 Tau were carried out in the spectral regions centered on H, and Hel
6678 lines. It is found faint lines of the secondary star that is less massive late
B star. Physical parameters of orbit and possible masses of the components were
found. Analyses of the orbital variability of the faint emission component in H,
let us conclude that mass loss come from the primary component on the less
massive secondary and evolution status of the primary star is giant in the end of
main sequence.
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The relative content of the Be stars in the young open
clusters

A. Tarasov
Crimean Astrophysical Observatory, Russia
aetarasov@moail.Tu

The analysis of the population of B and Be stars in the young open clusters
based medium resolution spectroscopy was carried out. It is found clear depen-
dence of the relative content of the Be stars of early spectral classes (BO — B3)
from the age of the clusters. Relative concentration of the Be stars spectral BO —
B3 is increasing with increasing of the age, and reach the maximum value of 46%
in the clusters with the age of 12 + 20 Myr. The almost complete absence of Be
stars in more old clusters is easy explained by the leaving B stars at the main
sequence. A few emission objects in the clusters with the age of 1 =+ 7 Myr are
most probably the Herbig Be stars. Such distribution of Be stars in clusters,
clearly points to the evolutionary status of Be-phenomenon. Probably reason
that lead to such distribution of Be stars is wide spread (up to 75%) duplicity of
the massive stars and mass and angular momentum exchange of the close bina-
ries. Numerous examples of such double system in the young open clusters were
found during our observations.
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The fluctuations of emmission intensity of

PSR J0653+8051 at 111 MHz

D. Teplykh
Pushchino Radio Astronomy Observatory ASC LPI RAS, Russia
teplykh@mail.prao.ru

We present investigation of PSR J0653+8051 at 111 MHz frequency made
by Large Phase Array (Pushchino, Russia). This pulsar shows three compo-
nentsin 1024850 MHz range. We detected a few dozen very strong pulses above
the mean profile amplitude for more than 110 times. Usually this pulsar demon-
strates very weak signal at mean profile’s 3o level. Detailed analysis showed that
all strong pulses with (5 + 20) o signal-to-noise ratio arrived only on the central
component longitude. This effect is uncommon because we detected such giant
components just in two days among around four hundred days of observations.
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X-ray spectral index correlations vs mass accretion rate
in neutron star and black hole X-ray binaries in their
different spectral states. Theory vs observations

L. Titarchuk, N. Shaposhnikov, E. Seifina
University of Ferrara, Italy
titarchuk@fe.infn.it

We present details of observations of neutron star (NS) and black hole (BH)
binaries and the first principle theory of X-ray spectral formation in neutron star
(NS) and black hole (BH) binaries. We show our model predicts the spectral
index correlation vs mass accretion rate as in the case of NS as well in the BH
case. In BHs the spectral index should increase and then saturate with mass
accretion rate because the index as an inverse of Comptonization parameter Y
and Y-parameter saturates with the high mass accretion in the converging flow
onto BH. Comparison of this model prediction with X-ray observations shows that
in BH case the index, indeed, correlates and then saturates with mass accretion
rate. Moreover this index-mass accretion rate correlation allows us to estimate
BH masses and distance to the source. While in NS sources the observations
shows that the index stays the same independently of spectral state of the source
which can be possible if the energy release in the disk is always much smaller of
that at NS TL (boundary layer).
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Energy budget in multiple supernova explosions

E. Vasiliev, B. Nath, Yu. Shchekinov
Southern Federal University, Russia
eugstar@mail.Tu

Standard models of large scale galactic outflows in starburst galaxies assume
a high efficiency of SNe in heating the gas in central regions of starburst galaxy
in order to launch outflows. We study the heating efficiency of the interstel-
lar gas by multiple SNe within 3D simulations. We argue that SNe remnants
have to act coherently in space and in timein order to minimaze radiative losses.
We show that interacting expanding shells from different SNe restrict the heating
efficiency of multiple SNe even when they explode with high rate. As a result
the heating efficiency can considerably differ from a commonly assumed value
(0.1 +0.3).
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Metal ions in circumgalactic medium

E. Vasiliev, M. Ryabova, Yu. Shchekinov
Southern Federal University, Russia
eugstar@mail.Tu

Recent observations show high column densities of metal ions in extended
haloes of galaxies within z ~ 0 =+ 3. For instance, to explain column densi-
ties of O VI ion observed around starforming galaxies one should assume solar
metallicity in the extendend haloes, and in this case the haloes become the main
reservoir of missing baryons and metals. Using time-dependent radiation field of
a nearby starburst galaxy we study the evolution of ionic species depending
on the galactic mass and star formation rate. We derive conditions for the high
ionic states of metals to appear in extended galactic haloes.
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Anomalies of low multipoles of WMAP and Planck
missions

O. Verkhodanov
Special Astrophysical Observatory RAS, Russia
1v0@sa0.17U

We consider the main anomalies of the cosmic microwave background (CMB)
observed at low multipoles of the WMAP and Planck cosmic missions. They are
the hemisphere power asymmetry, the Axis of Evil, the Cold Spot and some oth-
ers. The anomalies are the observational signatures of the statistical anisotropy of
the registrated CMB signal. The possible origin of these features is discussed.
Some features are slightly different on the WMAP and Planck maps. We study
difference between WMAP and Planck data which is apparently connected with
the local sources emission and/or systematic.
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Faint radio galaxies on the Planck mission maps

O. Verkhodanov, E. Majorova, O. Zhelenkova, D. Solovyov,
M. Kbabibullina, O. Ulakhovich
Special Astrophysical Observatory RAS, Russia
10@sa0.17U

We have cross-identified radio galaxies from different populations with
the Planck mission maps. Subsamples of radio sources includes RATAN-600
RCR-objects, giant radio galaxies and steep spectrum radio sources from other
radio telescope surveys. We detected the positive microwave signal of faint radio
sources both on the Planck channel maps and on the CMB maps. We used the sin-
gle area source detection and the stacking procedures for sources of the same
population. Some zones of the multi-frequency Planck maps around radio galax-
ies demonstrate the Sunyaev-Zeldovich effect signatures which are not cataloged
in the published SZ-object lists.
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On the complex Milne problem
T. Viik
Tartu Observatory, Estonia
tonu.vitk@gmail.com

In some problems of radiative transfer one has to use the photon path-length
distribution function. If we try to find it by exploiting the van de Hulst equiva-
lence theorem then one of the possible ways is to use the inverse Laplace transfor-
mation. Since the function to be transformed is not simple we have to apply some
numerical method. One of the most suited is the Piessens-Huysmans method.
But this method, being quite accurate, takes us to the range of negative or even
complex albedos of single scattering.

It appeared that the non-linear integral equations for the complex H-function
and the H-matrix are valid even in the complex plane. This problem has been
considered in author’s earlier works. In this report we have generalized the ap-
proach to the whole complex radiation field in the case of the Milne problem by
using the approximation of the Sobolev resolvent function as a series of expo-
nents. This treatment allows us to express all the relevant functions of transfer
by simply findable auxiliary functions.
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X-ray observations of galaxy clusters: cosmology and
physics of the hot intracluster gas

A. Vikhlinin
Smithsonian Astrophysical Observatory, United States
alexey.vikhlinin@gmail.com

Clusters of galaxies are unique cosmological probes and sites where
the physics of the hot intergalactic gas is conveniently exposed. I will review
detailed X-rays observations of the hot gas in clusters obtained with the Chan-
dra X-ray Observatory on a wide range of scales, from the central region affected
by the supermassive black holes in the central galaxies to the edge of the cluster
near accretion shock. I will discuss prospects of using cluster data for cosmolog-
ical constraints (e.g., mass of light neutrinos). Studies of galaxy clusters will be
brought to the next level with the future-gerenation X-ray telescopes. I will give
a summary of the current activities in the US.
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Optical spectroscopy of ultra-luminous X-ray sources with
BTA

A. Vinokurov, S. Fabrika
Special Astrophysical Observatory RAS, Russia
vinokurov@sao.ru

We present the results of optical spectroscopy with the 6-m Russian telescope
BTA of Ultra-luminous X-ray sources (ULXs), photometry with Hubble Space
Telescope and spectral energy distributions in the X-ray range. We have identi-
fied optical counterparts of ULXs in the galaxies NGC 5474 and M 66. We ob-
tained optical spectra of the transient ULXs in UGC 6456, NGC 5474 X-1, and
the persistent source in NGC 4395. We have detected broad emission lines H,,
and Hell 4686 in the optical spectra of the ULX counterparts.
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The study of inelastic processes in collisions of beryllium
and hydrogen

Ya. Voronov, A. Belyaev, S. Yakovleva
Herzen State Pedagogical University, Russia
voronov_yaroslav@mail.ru

Atomic and molecular data on the processes occurring in low-energy colli-
sions with hydrogen is very important for astrophysical modeling of stellar at-
mospheres. Accurate quantum calculations are time-consuming and difficult, so
it is important to develop and apply reliable model approaches such as described
in [1,2]. This approach in the framework of Born-Oppenheimer formalism is based
on asymptotic method and multichannel Landau-Zener model, and was applied
to low-energy inelastic collisions of silicon and aluminum atoms and positive ions
with hydrogen atoms and negative ions [2,3].

In the present study the model approach is applied to inelastic low-energy
beryllium-hydrogen collisions. This research includes 12 low-lying covalent states
and one ionic. Cross sections and rate coefficients for excitation, de-excitation,
mutual neutralization and ion-pair formation processes are calculated. It is shown
that the processes with the largest values of cross sections and rate coefficients
involve non-adiabatic transitions to Be(3p)+H and Be(3d)+H states.

[1] A.K.Belyaev, Phys.Rev.A 88, 052704 (2013).
[2] A.K.Belyaev, S.A. Yakovleva, P.S. Barklem, Astron. Astrophys. 572, A103 (2014).
[3] A.K.Belyaev, Astron. Astrophys. 560, A60 (2013).
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Interstellar polarization: from UV to submm

N. Voshchinnikov, V.Il’in
Saint-Petersburg State University, Russia
n.voshchinnikov@spbu.ru

Interstellar (IS) polarization was discovered in 1949 in the course of the search
for the Sobolev-Chandrasekhar effect. This polarization is caused by the linear
dichroism of the IS medium arisen due to the presence of non-spherical aligned
grains. Dust grains must have sizes close to the wavelength of incident radi-
ation and specific magnetic properties to efficiently interact with the IS mag-
netic field. Modern investigations of IS polarization are focused on the probe of
the structure of galactic magnetic field using distribution of polarization vectors
and study of the wavelength dependence of polarization. A special attention
is paid to the dust polarized emission observed in far-IR and submm part of
spectrum and especially measured by Planck.

Using spheroidal grains with imperfect alignment [1-3], we model the obser-
vational wavelength dependence of polarization and the polarizing efficiency of
the IS medium in different directions. We show which factors are the most im-
portant for estimates of the dust properties and the geometry of magnetic field.

[1] H.K.Das, N.V. Voshchinnikov, V.B.Il'in, Mon. Not. Roy. Astron. Soc., 404, 265 (2010).
[2] N.V.Voshchinnikov, H. Hirashita, Mon. Not. Roy. Astron. Soc., 445, 301 (2014).
[3] N.V.Voshchinnikov, V.B.Il’in, H.K. Das, Mon. Not. Roy. Astron. Soc., in press (2015).
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Infrared emission of galactic and extragalactic star-forming
regions

D. Wiebe
Institute of Astronomy RAS, Russia
dwiebe@inasan.ru

Dust is one of the major constituents of the interstellar medium, and its
emission is one of the most informative tracers of the star formation process.
But the interpretation of observational data on the dust emission is hampered
by both the dust evolution and the complexity of the radiation generation and
transfer properties. Results on the modelling of the dust component evolution
and dust radiation transfer in galactic and extragalactic HII regions and star-
forming region will be outlined in the talk. The following conclusions will be
presented:

1) Morphology of the near infrared emission maps in galactic HII regions indi-
cates that the smallest dust particles (PAHs) are most probably destroyed
in the vicinity of ionizing stars.

2) Further away from the star relative abundance of the smallest grains can both
decrease due to their destruction and increase due to destruction of bigger
grains.

3) The source of the emission in the Spitzer 24 micron band is still unclear and
can be related to both stochastically heated very small grains and hot bigger
grains.
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Transport properties of nuclear pasta in neutron stars

D. Yakovlev
Toffe Physical-Technical Institute RAS, Russia
yak.astro@masil.ioffe.ru

Neutron stars may contain a layer of nuclear pasta where atomic nuclei form
exotic nuclear clusters of funny shapes (which resemble lasagna, spaghetti, Swiss
cheese, and other tasty things). If appears, the pasta layer is situated between
the ordinary neutron star crust and the liquid superdense core. The layer is thin
but contains a sizable fraction of the crust’ mass. The nature of the nuclear
pasta layer is outlined and its main physical properties are described, including
thermodynamics, kinetics, and neutrino emission. An emphasis is made on elec-
tron transport through nuclear pasta with strong magnetic fields. This transport
is anisotropic and gyrotropic, much richer in physics than the electron trans-
port through ordinary neutron star crust of spherical atomic nuclei. The tensor
structure of electron thermal and electric conductivity and electric resistivity is
described, and the dependence of tensor components on the magnetic field is
studied. It is shown that the nuclear pasta layer is a special place in a neutron
star where transport and other properties are remarkably different from those
in other layers. Possible effects of the pasta layer on observational manifesta-
tions of neutron stars are discussed including thermal, magnetic and rotational
evolution of neutron stars. The main problems for future studies of nuclear pasta
are formulated.

This work is partly supported by Russian Foundation for Basic Research,
grants Nos. 14-02-00868-a and 13-02-12017-ofi-M.

[1] P.Haensel, A.Y.Potekhin, D.G. Yakovlev, Astrophys.Space Sci. Library, 326, Neutron
Stars. 1: Equation of State and Structure, Springer, New York (2007).
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Model approach for inelastic processes in collisions of
heavy-particles with hydrogen

S. Yakovleva, A. Belyaev
Herzen State Pedagogical University, Russia
cvetaja@gmail.com

Information on inelastic collision processes is important for non-LTE mod-
eling of stellar atmospheres. One of the main sources of uncertainties here are
collisions with hydrogen. A full quantum treatment of these processes is very
laborious and for many atoms of interest the required data is unavailable. That’s
why to estimate inelastic collision rate coefficients Drawin formula is still used
although it has been shown [1] that it doesn’t provide a reliable data and can’t
be applied to charge transfer processes, which have been found to be the most
important in astrophysical applications.

The model approach in the framework of Born-Oppenheimer formalism has
been recently proposed [2] to evaluate physically reliable data for inelastic colli-
sion processes. Proposed electronic structure modeling allows to describe long-
range nonadiabatic regions due to ionic-covalent interaction and obtain adiabatic
potentials for high-lying excited states that can also be combined with avail-
able ab initio data for low-lying states. Nonadiabatic transition probabilities
between adjacent molecular states are calculated using the Landau-Zener model.
When nonadiabatic regions are passed in a particular order the multichannel
formula can be used to calculate the total transition probability [3]. When adja-
cent states form several nonadiabatic regions the branching probability current
method should be applied [2].

(1] P.S.Barklem, Astron. Astrophys, 530, A94 (2011).
[2] A.K.Belyaev, Phys. Rev. A, 88, 052704 (2013).
[3] A.K.Belyaev, S.A. Yakovleva, P.S. Barklem, Astron. Astrophys, 572, A103 (2014).
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Galaxies at different stages of interaction

V. Yakovleva, O. Merkulova, G. Karataeva, L. Shalyapina,
N. Yablokova
Saint-Petersburg State University, Russia
vayak@astro.spbu.ru

We present the results of the spectral study of three peculiar galaxies (candi-
dates to polar ring galaxies). New information about structure and kinematics of
gaseous and stellar components was obtained using modern observing techniques
such as integral field (3D) spectroscopy and high resolution long-slit spectroscopy
(at the Russian 6m telescope). UGC 8387 is on the stage of merging of two galax-
ies. We suppose that the brightening at a distance of 9” to the SE direction from
the nucleus represents a separate system like a dwarf Im galaxy which can be
a remnant of a companion galaxy. The structure along the minor axis of the main
body is the ionized gas and stars pulled off from the companion galaxy. The SE
tail is possibly a tidal spiral arm of the galaxy. NGC 3310 is on the stage of
relaxation. In its central region (r < 10”) non-circular motions take place.
There the change of dynamical axis position angle and inclination with distance
from the center is observed; this can indicate the presence of the warped inner
disk/ring. The outer part of the galaxy (20” < r < 70”) can be approximated by
the model of a circular rotating thin disk. The NE tail-like structure most likely
lies above the plane of the main body disk. UGC 1198 has already formed inner
polar ring. Our research revealed that the main body of the galaxy is poor of
gas, and the ionized gas belongs to the peculiar structure, which is possibly disk.
The ionized gas of this disk rotates around the major axis of the galaxy.
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O, dayglow atmospheric emissions as tracers
for variations of atmospheric composition
in the mesosphere and low thermosphere

V. Yankovsky
Saint-Petersburg State University, Russia
vyankovsky @gmail.com

Advanced model YM2011 for emissions of electronically-vibrationally ex-
cited products of Oz and Oy photodissociation was developed by us
at the atmospheric physics department of Saint-Petersburg State Univer-
sity in 2003 — 2011 (Yankovsky, Manuilova, 2006; Yankovsky et al., 2011).
As a whole, more than 150 aeronomical reactions of photoexcitation and deexci-
tation, including the energy transfer between excited states and the quenching of
states in collisions with O(3P), Oz, N, O3 and CO, are considered. Upon ab-
sorption of solar irradiance (spectral range 120320 nm) by O5 and O3 molecules
the electronically-vibrationally excited photolysis products O2 (blZ;, v < 2) and
02 (a'Ay, v < 5) are generated. The system of kinetic equations for these ex-
cited components has been solved and altitude profiles of the Volume Emission
Rates of Atmospheric bands Oy (b'E}, v/ <2 — X®%, v” <2) (in spectral
range 629 + 997 nm), IR Atmospheric band Oy (a'A,, v=0— XSE;, v =0)
and Red line of O(!D) have been calculated in the interval 40 < 140 km for dif-
ferent solar spectra, atmospheric compositions and solar zenith angles, based
on data of TIMED-SABER satellite.

The aim of this study is revealing of tracers for retrievals of atomic oxygen
and ozone. To compare characteristics of assumed proxies we used sensitivity
analysis of the tracer emission intensities to variations of [O(3P)] and [O®] con-
centrations We took into account five characteristics:

1) altitude range, available for [O(*P)] remote sensing;

2) clearness of photochemical kinetics mechanism;

3) volume emission rates of these excited components;

4) photochemical lifetimes of excited states;

5) relative uncertainties values of [O(3P)] retrieved from intensities of emissions
formed by the corresponding radiative transitions.

Based on this comprehensive analysis we concluded that the optimal proxies
for [O(*P)] retrieval are emissions of Oy (b'Y}, v = 2) and/or Oy (b'S], v =0)
nearly altitude 90 <+ 140 km, and also emissions of Oy (b'XF, v = 1) and O,

g )
(a'Ag, v =0) about 40 + 95 km for [O3] retrieval.
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Simulating the Universes epoch of reionization

S. Zaroubi
University of Groningen, Netherlands
saleem@astro.rug.nl

The Epoch of Reionization is one of the least explored epochs in the his-
tory of the Universe. The redshifted 21 cm line from neutral hydrogen emitted
during this epoch is the most promising probe for exploring it. To date there
are a number of low frequency radio telescope that are aiming at detecting this
radiation (LOFAR, MWA, PAPER, SKA, etc.). Here I present a fast Cosmolog-
ical Radiative transfer simulations, calls BEARS, and what do we learn from it
on the Epoch of Reionization physics and astrophysics.
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