
Radiation mechanisms of
astrophysical objects:

classics today

Proceedings of the conference

in honor of the 100th birthday of AcademicianV.V. Sobolev

held at St. Petersburg on September 21–25, 2015

Edited by

V. P. Grinin, H. Harutyunian, V. B. Il’in,

A. F. Kholtygin, A. Nikoghossian



Editors:
Vladimir P. Grinin
Hayk Harutyunian
Vladimir B. Il’in
Alexander F. Kholtygin
Artur Nikoghossian

Radiation mechanisms of astrophysical objects: classics today —

Proceedings of the conference in honor of the 100th birthday of Academician

Victor V. Sobolev held at St. Petersburg on September 21–25, 2015.

Studies of radiation mechanisms and processes of spectra formation in astrono-
mical objects are among the fundamental tasks of modern astrophysics. A powerful
tool for the solution of these problems is provided by the theory of radiative
transfer, which has been substantially contributed to and developed by Victor
Victorovich Sobolev. The conference highlighted recent advances in the field of
the interests of V.V. Sobolev. The proceedings provide the permanent record
of what was presented at the meeting and include various papers on radiative
transfer theory, interstellar matter, stellar atmospheres and circumstellar matter,
planetary atmospheres, and high-energy astrophysics and cosmology.

Copyright c©2017 by Byurakan Astrophysical Observatory

No part of this publication may be reproduced, stored in a retrieval system or
transmitted in any form or by any means, electronic, mechanical, photocopying,
recording or otherwise, without the prior permission of the Publisher

ISBN

Printed in the Republic of Armenia



Contents

Preface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ix

List of the conference participants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xi

Section I. Radiative Transfer Theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

D.I. Nagirner. V.V. Sobolev and Analytical Radiative Transfer
Theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

H.Domke. Inhomogeneous Semi-Infinite Atmospheres – On Transforming
Conservative Multiple Scattering to Non-Conservative Multiple
Pseudo-Scattering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

H.A.Harutyunian, G.Alecian, K.G.Khachatryan, A.V.Vardanyan. Bilinear
Expansions for Redistribution Functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

A.K.Kolesov. About the Development of the Asymptotic Theory
of Non-Stationary Radiative Transfer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

A.G.Nikoghossian. Some New Directions of Development of the Radiative
Transfer Theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

H.V.Pikichyan. On the Linear Properties of the Nonlinear Problem
of Radiative Transfer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

N.N.Rogovtsov, F.N.Borovik. On Some Applications of General Invariance
Relations Reduction Method to Solution of Radiation Transfer Problems . . . 73

T.Viik. On the Complex Radiative Transfer in an Optically Finite
Homogeneous Atmosphere . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

A.V.Dementyev. Polarization of Resonance Lines in the Case of Polarized
Primary Sources of Radiation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91

N.A. Silant’ev, G.A.Alekseeva, V.V.Novikov. Radiative Transfer and
Spectra in Stochastic Atmospheres . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93



iv Contents

Section II. Interstellar Matter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

A.F.Kholtygin, Yu.V.Milanova. V.V. Sobolev and Physics of Gaseous
Nebulae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

J.Kre lowski. Diffuse Interstellar Bands Approaching Centenary . . . . . . . . . . . . 105

A.K. Sen, V.B. Il’in, M.S. Prokopjeva, N.V.Voshchinnikov,
R.Gupta. Interstellar Extinction and Polarization and Star Formation
in Dark Clouds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115

N.N. Shakhvorostova, A.V.Alakoz, A.M. Sobolev on behalf of the RadioAstron
maser survey team. Estimates of Brightness Temperatures for Maser Sources
of the Galaxy Observed by Space Interferometer “RadioAstron” . . . . . . . . . . . 121

E.O.Vasiliev, M.V.Ryabova, Yu.A. Shchekinov. Metal Ions in the Circum-
galactic Medium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127

E.O.Vasiliev, B.B.Nath, Yu.A. Shchekinov. Energy Budget in Multiple
Supernova Explosions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133

V.B. Il’in, Y.S. Efimov, T.N.Khudyakova, M.S. Prokopjeva. Dust in Outer
Layers of B5 Globule . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137

Section III. Stellar Atmospheres and Circumstellar Matter,
Planetary Atmospheres . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139

V.P.Grinin. The Sobolev Approximation in the Development
and Astrophysical Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141

S.V.Berdyugina. Polarized Scattering and Biosignatures in Exoplanetary
Atmospheres . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151

O.Belova. On the Localization of Emission Line Region in Mira Stars . . . . . 163

O.M.Belova, K.V.Bychkov. Ionization from Excited Levels as a Cause
of Hydrogen Level Non-Stationary Occupation during Radiative Cooling
behind a Shock Wave . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167

A.P.Bisyarina, A.M. Sobolev, S.Yu.Gorda. Variability of [OI] 6300 Å
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Preface

We are very pleased to introduce the proceedings of the international conference
“Radiation mechanisms of astrophysical objects: classics today” held at the
St. Petersburg State University and Main (Pulkovo) Astronomical Observatory
from September 21 to 25, 2015. The meeting was related to the 100th anniversary
of Academician Victor Victorovich Sobolev celebrated on September 2, 2015
and highlighted recent advantages in the research fields to which V.V. Sobolev
contributed prominently.

The conference was highly successful. It included the plenary sessions fea-
turing review talks by internationally recognized experts as well as a memorial
session. Original scientific results were presented in the sections: i) radiative
transfer theory; ii) interstellar matter; iii) stellar atmospheres, circumstellar
matter, and planetary atmospheres; iv) high-energy astrophysics and cosmology.
There were all together about 130 contributions, with many papers being
focused on the development of Sobolev’s ideas in modern astrophysics. The
program, book of abstracts, some presentations, a large photogallery and other
materials including these proceedings are available at the conference web site
http://www.astro.spbu.ru/Sobolev100.

The proceedings provide the permanent record of what was presented at the
meeting. The plan of the book follows the conference program: four parts of the
book correspond to the above mentioned sections. Each part begins with review
papers, then the oral presentations follow in the alphabetic order of their first
author, and finally a few poster papers are placed. In an appendix written by
V.V. Ivanov in Russian, one can find a brief biography of V.V. Sobolev, a clear
resume on his main scientific achievements and a brilliant description of his features
as a pedagogue, an organizer, and just a person. It should be added that extended
versions of 10 conference papers on radiative transfer theory have been published
in the special issue of Journal of Quantitative Spectroscopy and Radiative Transfer
(2016, vol. 183) entitled “Victor V. Sobolev and his scientific legacy.”

We would like to thank participants for their contributions to the conference
and these proceedings. The meeting could not also have happened without the
Local Organizing Committee, who made a tough work to assemble and run the
conference, and the Scientific Organizing Committee, who guided the direction
of the conference and assisted with its program. We are glad to acknowledge
the financial support from the St. Petersburg State University and the Russian
Foundation for Basic Research. We are also deeply indebted to the Byurakan
Astrophysical Observatory that sponsored the publication of the proceedings.
Last but not least, we would like to thank Yulia Milanova, Roman Baluev, and
Alexander Pocheketa for their very valuable assistance in preparation of this book.

The Editors
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