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GRIGORII ALEKSANDROVICH TIRSKII
(on the occasion of his seventieth birthday)t

On the first of September 1999, Doctor of Physical-Mathematical sciences, Professor and Honoured
Scientist of the Russian Federation Grigorii Aleksandrovich Tirskii, an outstanding Russian scholar in
the field of mechanics, was 70 years old.

Professor Tirskii was born into a family of peasants in the village of Tira, located on the bank of the
Lena at the estuary of the River Tira in the Irkutsk region. His childhood and school years were spent
in the town of Yakutsk, where he finished his secondary school education with a silver medal.

His attraction to the exact sciences was combined with an interest in applied problems and therefore,
in parallel with his studies in the Mechanics and Mathematics Faculty of Tomsk State University which
he entered in 1947, Professor Tirskii also passed all the examinations of the third course for the second,
Physics and Technology Faculty, where he studied external and internal ballistics. In 1952, having
completed his studies in the two faculties with distinction, he entered the Mechanics and Mathematics
Faculty of the M. V. Lomonosov Moscow State University as a post-graduate student. Here, he studied
under the supervision of L. I. Sedov. He obtained a number of self-similar solutions in the hydrodynamics
of a viscous fluid and, in 1955, defended his candidate dissertation on the theme: “Exact solutions of
some problems of free and forced thermal convection”. His scientific outlook was formed during his
post-graduate studies and during his many years of active participation in the work of the All-Union
seminar directed by L. I. Sedov.

On entering the P. I. Baranov Central Institute of Aircraft Motor-Building after his post-graduate studies,
Professor Tirskii joined in scientific research of the gas turbine laboratory. In the 1950s and the following
years, a system for cooling the blades and discs of gas turbines was being actively developed at the Institute
using free convection in cavities filled with special coolants. During four years of work in this laboratory,
he solved a number of practical problems in this field, including strength problems and, in 1959, published
a paper entitled “The torsion of a hollow rod bounded by Zhukovskii~Chaplygin wing profiles”.

tPrikl. Mat. Mekh. Vol. 63, No. 6, pp. 883-898, 1999.
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In 1957, Professor Tirskii was invited to work at the Moscow Institute of Physics and Technology in
the Department of the Physics of Explosions, directed by Academician M. A. Lavrent’yev, where, at
that time, a brilliant group of scientists in the field of mechanics and mathematics (who are now,
Academicians B. V. Voiteskhovskii, N. N. Moiseyev, L. V. Ovysannikov, Corresponding Members S. S.
Grigoryan, R. I. Soloukhin, Doctors of Science N. V. Zvolinskii, A. A. Deribas, S. V. lordanskii, Yu. L.
Yakimov, et al.) were working. The scientific seminars under the direction of M. A. Lavrent’yev, which
were rich in content, gave all the participants enormous scientific enthusiasm. After the creation of the
Siberian Branch of the Academy of Sciences of the USSR the majority of the coworkers in the
department left for Novosibirsk, and Tirskii moved to the Department of Higher Mathematics of the
Moscow Institute of Physics and Technology where he initially worked as an assistant, senior lecturer
and, then, as deputy director.

In 1964, he defended his doctoral dissertation “The ablation of solids in hypersonic gas flow” in which
a new scientific trend was developed, associated with the construction of mathematical models of ablating
(due to various physicochemical processes with heat absorption: melting, vaporization, erosion,
combustion, pyrolysis, etc.) special heat-protection coatings for spacecraft.

In 1967, Professor Tirskii received the academic rank of professor at the Department of Higher
Mathematics of the Moscow Institute of Physics and Technology where, in different years, he gave courses
in gas dynamics, theoretical mechanics and led seminars in mathematics theoretical physics, etc. At the
present time, he presents the basic course “Mathematical Models of Continuum Mechanics”.

In 1961, he was invited to work (thereby holding two offices) at the Institute of Mechanics at Moscow
State University as director of the physicochemical hydrodynamics laboratory which he heads to the
present day. Here, he expanded the scientific work on hypersonic aerodynamics and the heat exchange
of bodies travelling in the Earth’s atmosphere and planetary atmospheres at high supersonic velocities.
As a result of this activity, which he directed over a period of many years, more than 50 candidate
dissertations were defended, 12 of his students became doctors of science, and four prepared doctoral
dissertations. Creatively working scientific groups were established in the Moscow Institute of Physics
and Technology, the Institute of Mechanics at Moscow State University and the Institute of Applied
Mathematics and Mechanics at Tomsk University. A large number of his students are successfully working
at the Institute of Problems of Mechanics of the Russian Academy of Sciences, at the Institute of High
Temperatures of the Russian Academy of Sciences and in a number of design offices.

During the last three years he has been G. Soros Professor. Twelve of his scholars (among them, four
doctors of science) are successfully working abroad.

Professor Tirskii is a scholar with wide interests. He has outstanding achievements in the topical
divisions of aerodynamics and heat transfer in flows past bodies at hypersonic velocities, physicochemical
gas dynamics, the kinetic theory of gases, the thermodynamics of irreversible processes, as well as
computational hydrodynamics. These are reflected in more than 250 scientific publications, two
monographs, patents and reviews, which have brought him fame throughout the world.

Already in the early 1960s he had developed a theory of a laminar, multicomponent boundary layer
on the surface of thermally ablating heat-protection coatings (plastics). Taking account of the various
diffusion properties of the components led, in 1964, to the discovery of the effect of the separation of
the chemical elements in a partially dissociated and ionized boundary layer. Using this theory, models
of the thermochemical breakdown of the main conventional heat-protection coatings were developed
and, on the basis of these models, the total loss of mass from the heat protection of the “Zond-5” and
“Zond-6” space probes during their re-entry into the Earth’s atmosphere, after having orbited the Moon
in 1968, was quantitatively correctly predicted prior to the flight.

The rigorous formulation and solution of the problem of the flow of a thermochemically equilibrium
viscous heat-conducting multicomponent gas (taking ionization reactions into account) with different
diffusion properties of the components which he presented is a fundamental result. From this, a complete
set of effective transport coefficients was developed for the first time. The rigorous formulation led to
the discovery of the effect of the separation of elements in flows of a multicomponent gas and plasma
which is at local chemical and ionization equilibrium.

The development in the 1980s, together with other workers, of a phenomenological theory of the
heterogeneous catalysis of partially dissociated and ionized air on low catalytic activity heat-protection
coatings (on silica-based heat-protection tile-like surfaces), which reduce the rate of exothermic
heterogeneous recombination reactions and, thereby, reduce the additional heat flux to the surface of
the body around which the flow takes place, was an important practical result. Six years later, American
experiments confirmed these theoretical results.

In 1986, the first prize of the Ministry of Education was awarded to Professor Tirskii and his coworkers
for this research.
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Professor Tirskii made a very important theoretical and practical-contribution to the development
of the kinetic theory of a multicomponent mixture of gases and a plasma. The standard procedure of
the Chapman-Enskog method, which is described in the well-known monograph “Molecular Theory
of Gases and Liquids™ by Hirschfelder, Curtiss and Bird leads to complex equations for the mass flows
of the components, for the energy and for the transport coefficients in the form of a ratio of high-order
determinants. Calculations using these formulae are extremely laborious and, at the present time, they
are not used to solve heat- and mass-transfer problems. This problem had remained unsolved from the
1950s in spite of the many attempts made by foreign scientists to solve it. Tirskii obtained a new exact
and simple form of the transport equations with substantially simpler expressions for the transport
coefficients. This form of the transport equations completely and elegantly solves the problem of
calculating the transport coefficients in higher approximations and is convenient for solving problems
in hypersonic aerodynamics and heat transfer.

In 1985, the M. V. Lomonosov prize of Moscow State University was awarded to Professor Tirskii
for the formulation and solution of numerous problems of the hypersonic flow of a viscous and
heat-conducting gas past bodies, which rigorously take account of non-equilibrium physicochemical
processes.

Professor Tirskii made a major contribution to the development of analytical methods for solving
boundary-layer equations and numerical methods for solving the simplified Navier-Stokes equations.
The original method of successive approximations for integrating the boundary-layer equations, which
he proposed at the end of the 1960s, and the method subsequently extended by his students for
integrating the system of equations of a hypersonic (thin) viscous (two- or three-dimensional) shock
layer, turned out to be extremely efficient for obtaining both analytical and numerical solutions. Together
with other scientists, from the end of the 1970s he made a substantial contribution to the development
of the numerical method of global iterations for solving the equations for a complete and hypersonic
(thin) viscous shock layer, the parabolized and complete Navier-Stokes equations and the Euler
equations in problems of hypersonic flow past blunt bodies. The method of global iterations which, in
this case, replaces the establishment method, is more than order of magnitude faster than the latter
method when solving two-dimensional problems. In recent years, this method has been extended by
his colleagues to the calculation of viscous flows in nozzles.

In the middle of the 1980s, Professor Tirskii turned his attention for the first time to the fact that,
during the descent from orbit of space vehicles of the “Space Shuttle” and “Buran” type and also during
the motion of spacecraft along ricocheting trajectories in the upper layers of the atmosphere, it is
necessary to take account of non-equilibrium kinetics, that is, to consider the occurrence of reactions
on a non-thermal equilibrium background when the vibrational and eclectronic degrees of freedom
immediately after the bow shock wave have still not reached equilibrium with the translational degrees
of freedom. It was shown that, when allowance was made for these effects, there is an additional increase
in the equilibrium temperature of the wall due to delay in the shock layer of thermochemical non-
equilibrium dissociation and ionization reactions under thermally stressed conditions at the trajectory
up to 60-100 K; this increases the heat flux and the stand-off distance of the bow shock wave. Later
(at the end of the 1980s and the beginning of the 1990s), these investigations became major lines of
research both in the Russian Federation and abroad.

For his researches on thermochemically non-equilibrium gas dynamics, Professor Tirskii was
awarded the S. A. Chaplygin gold medal of the Russian Academy of Sciences in 1995. He was also
awarded the prize of the International academic publishing company “Nauka” for the best publication
in 1997 in the journals which it publishes, the P. L. Kapitsa medal of the Russian Academy of Natural
Sciences “To the author of scientific discovery” (1966), and the medal of the International Academy
of Sciences on Nature and Society “for the contribution to revival of Russian science and economics”
(1999).

The new asymptotic system of the equations of a two-layer model (a viscous shock layer plus a shock
wave structure) which he discovered in problems of hypersonic flow past blunt bodies when the Reynolds
number tends to zero and the ratio of the densities before and immediately after the bow shock wave
simultaneously and more rapidly tends to zero, is an outstanding contribution to hypersonic aerodynamics
and heat exchange. Unlike all the classical models obtained when Re — «o, the solution of the hypersonic
flow problem gives in this case the free molecule limit for the coefficients of friction, heat transfer and
drag coefficient. Within the framework of a single mathematical model of a viscous shock layer, it became
possible to calculate both the aerodynamic as well as the thermal characteristics simultaneously over
the whole of the trajectory of entry of a body into the atmosphere.

The high standard of the research, its topical nature and the novelty of the ideas he developed, together
with his many students and colleagues, have made his name well known and recognized not only in
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Russia but also abroad. He is an outstanding specialist in his field. He strives towards the most rigorous
formulations and efficient solutions of problems, which rank with the great theories and calculations
developed in world science.

Professor Tirskii was elected a full member of the Russian Academy of Natural Sciences and a member
of the New York Academy of Sciences. He is also a member of a number of Russian and foreign scientific
societies.

For more than 15 years he has actively worked for the journal Applied Mathematics and Mechanics
and, during the last 11 years, has been a member of the Editorial Board of the journal.

Professor Tirskii greets his wonderful anniversary celebrations full of energy and creative ideas. The
Editorial Board and the editorial staff of Applied Mathematics and Mechanics, his colleagues, students
and disciples wish him robust health, happiness and further successes.

A LIST OF THE SCIENTIFIC PAPERS BY G. A. TIRSKII
1957

The temperature distribution in an inhomogeneous rod of variable cross-section in a gas flow. Izv. Akad. Nauk SSSR. Otd.
Tekh. Nauk, 1, 70-76.

1958

Unsteady flow with heat transfer in a viscous incompressible fluid between two rotating discs with blowing. Dokl. Akad. Nauk
SSSR 119, 2, 226-228.

Unsteady heat transfer through a system of discs rotating in a viscous fluid. /zv: Akad. Nauk SSSR. Otd. Tekh. Nauk. 7, 106-107.

An exact solution of the energy equation in the specific case of the motion of a viscous incompressible fluid. Prikl. Mat. Mekh.
22, 4, 555-560.

1959

Two exact solutions of the non-linear Stefan problem. Dokl Akad. Nauk SSSR 125, 2, 293-296.

The problem of heat conduction in a planar disc. Sh. Statei Tsentr. Inst. Aviats. Motorostr., 33, 1, 70-79.

The steady-state temperature field in a circle with prescribed heat sources within the circle. Sb. Statei Tsentr. Inst. Aviats.
Motorostr., 33, 1, 110-116.

An exact solution for heat transfer through discs rotating in a viscous incompressible fluid. Research in Mechanics and Applied
Mathematics. Trudy Mosk. Fiz. Tekh. Inst., 3, 85-92.

Torsion of a hollow rod bounded by Zhukovski-Chaplygin wing profiles. [zv. Akad. Nauk SSSR. Otd. Tekh. Nauk. Ser. Mekhanika
i Mashinostroyeniye, 2, 114-121.

Determination of the temperature field of a cooled gas turbine blade. Izv. Akad. Nauk SSSR. Otd. Tekh. Nauk. Ser. Energetika
1 Avtomatika, 2, 45-48. (With V. A. Trenogin.)

Heating of a heat-conducting wall behind a moving shock wave. Dokl. Akad. Nauk SSSR 128, 6, 1140-1143.

Melting of a heat-conducting wall behind a moving shock wave. Dokl. Akad. Nauk SSSR 129, 5, 989-992.

1960

Melting of a semi-infinite body in the plane and axially symmetric flow of an incompressible gas. Dokl. Akad. Nauk SSSR 132,
4, 785-788.

The approximate solution of some non-linear problems of heat conduction and the seepage of a fluid. Izv. Akad. Nauk SSSR.
Otd. Tekh. Nauk. Ser. Mekhanika i Mashinostroyeniye, 3, 132-138.

A case of the heating of a rod by friction. Izv. Akad. Nauk SSSR. Otd. Tekh. Nauk. Ser. Metallurgiya i Toplivo, 6, 34-41.

1961

The conditions on surfaces of strong discontinuity in multicomponent mixtures. Prikl. Mat. Mekh. 25, 2, 196-208.

Melting of a body near a critical point in plane and axially symmetric gas flow. Zh. Vychisl. Mat. Mat. Fiz. 1, 3, 481-498.

Sublimation of a blunt body near a critical point in the plane and axially symmetric flow of a mixture of gases. Zh. Vvchisl.
Mat. Mat. Fiz. 1,5, 884-902.

Sublimation of a solid near a critical point in the plane and axisymmetrical gas flows. Intern. J. Heat and Mass Transfer 4, 12,
119-126. (With V. D. Sovershenny.)

Melting of a body near a critical point and line in a dissociated air flow with vaporization of a melt film. Zh. Prikl. Mekh. Tekh.
Fiz., 5, 39-52.

The ablation of a leading edge of a yawed wing in a hypersonic flow. Zh. Prikl. Mekh. Tekh. Fiz., 6, 54-68.
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1962

Heat transfer near the leading edge of an infinity long cylinder inclined to the dissociated air flow. Izv. Akad. Nawk SSSR. Otd.
Tekh. Nauk. Ser. Mekhanika i Mashinostroyeniye, 6, 125-130.

1963

A method of calculating the ablation rate of textolite near a critical point in a hypersonic air flow. Otchet Inst. Mekhaniki Mosk.
Gos. Univ. 215, 49. (With E. A. Gershbein and O. N. Suslov)

A method of calculating the ablation rate of asbotextolite near a critical point of double curvature in a hypersonic air flow.
Otchet Inst. Mekhaniki Mosk. Gos. Univ. 227, 66. (With E. A. Gershbein and O. N. Suslov.)

A method of calculating the combustion rate of graphite in a hypersonic air flow and certain effects associated with
multicomponent diffusion. Otcher Inst. Mekhaniki Mosk. Gos. Univ. 277, 56. (With E. A. Gershbein and O. N. Suslov.)

1964

Analysis of a multicomponent boundary layer on the surface of hot plastics and a method of calculating the ablation rate of
asbotextolite. Otchet Inst. Mekhaniki Mosk. Gos. Univ. 111. (With E. A. Gershbein and O. N. Suslov.)

Determination of the convective heat fluxes accompanying the motion of bodies in the atmospheres of the Earth, Mars, Jupiter
and Saturn. Otchet Inst. Mekhaniki Mosk. Gos. Univ. 421, 47. (With E. A. Gershbein and O. N. Suslov.)

Determination of the effective diffusion coefficients in a laminar multicomponent boundary layer. Dokl. Akad. Nauk SSSR
155, 6, 1278-1281.

The theory of a laminar muiticomponent boundary layer on a chemically active surface. Dokl. Akad. Nauk SSSR 156, 4, 756-759.

Analysis of the chemical composition of a laminar multicomponent boundary layer on the surface of burning plastics. Kosmich.
Issled. 2, 4, 570-594.

A generalized analogy between the mass transfer coefficients in a laminar multicomponent boundary layer with an arbitrary
pressure gradient. Dokl Akad. Nauk SSSR 158, 4, 798-801. (With B. I. Reznikov)

1965

Determination of the heat fluxes near a critical point of double curvature in the flow of a dissociating gas of arbitrary chemical
composition past a body. Zh. Prikl. Mekh. Tekh. Fiz., 1, 45-56.

Theory of the effective diffusion coefficients in a laminar multicomponent boundary layer. Orchet. Inst. Mekhaniki Mosk. Gos.
Univ. 448, 65.

1966

A method of calculating the rate of fracture of quartz glass taking multicomponent diffusion into account. Orcher. Inst. Mekhaniki
Mosk. Gos. Univ. 638, 177.

1968

The ablation of an axially symmetric body of revolution made of a material of complex chemical composition in a stream of
partially ionized air. Izv: Akad. Nauk SSSR. MZhG, 5, 100-110. (With V. M. Ovsyannikov.)

1969

Calculation of the effective diffusion coefficients in a Jaminar dissociating multicomponent boundary layer. Prikl. Mat. Mekh.
33,1, 180-192.

The ablation of a fusing body by radiation. Otchet. Inst. Mekhaniki Mosk. Gos. Univ. 1024, 24. (With E. Z. Apshtein and L. G.
Yefimov.)

The method of successive approximations for integrating the equations of a laminar multicomponent boundary layer with
chemical reactions including ionization reactions. Otchet. Inst. Mekhaniki Mosk. Gos. Univ. 1016, 52.

Calculation of effective ambipolar diffusion coefficients in a laminar multicomponent ionized boundary layer. Otchet. Inst.
Mekhaniki Mosk. Gos. Univ. 1023, 38. (With O. N. Suslov.)

1970

Dynamics of viscous liquids and gases and the theory of laminar and turbulent boundary layers. In Fifty Years of Mechanics in
the USSR. Nauka, Moscow, 2, 507-559. (With Yu. P. Lapin, L. G. Loitsyanskii, Yu. P. Lun’kin, V. Ya. Neiland and V. V. Sychev.)

The use of the method of successive approximations to integrate boundary-layer equations. Dokl. Akad. Nauk SSSR 190, 1,
61-64. (With E. A. Kovach.)

Definition, properties and calculation of effective ambipolar diffusion coefficients in a laminar multicomponent ionized boundary
layer. Zh. Prikl. Mekh. Tekh. Fiz., 4, 60-72. (With O. N. Suslov.)
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The flow of a viscous heat-conducting multicomponent gas in a shock layer near the blunt nose with intense blowing. Nauch.
Ti Inst. Mekhaniki Mosk. Gos. Univ. 1, 46-57. (With E. A. Gershbein.)

1971

The description of chemically equilibrium flows of multicomponent ionized mixtures in the context of the Navier-Stokes and
Prandtl equations. Zh. Prikl. Mekh. Tekh. Fiz., 1, 73-89. (With O. N. Suslov and V. V. Shchennikov.)

A method of calculating the radiation flux and its divergence in domains with a stepwise distribution of temperature and
composition. Zh. Prikl. Mekh. Tekh. Fiz., 2, 54-62. (With V. M. Ovsyannikov.)

Intense ablation of a glass-like body by radiation. Izv. Akad. Nauk SSSR. MZhG, 2, 131-134 (With E. Z. Apshtein and L. G.
Yefimova.)

Hypersonic flow of a viscous heat-conducting gas past bodies taking into account chemical reactions, ionization reactions,
diffusion and heat transfer by radiation. Otchet. Inst. Mekhaniki Mosk. Gos. Univ. 1203, 270. (With G. A. Danilin, S. N. Kazeikin
and N. N. Pilyugin.)

1972

School on the application of dynamic and static methods in the modern mechanics of inhomogeneous media. Teoret. Osnovy
Khim. Tekhnologii 6, 4, 646,

Chemically equilibrium flows of multicomponent viscous heat-conducting partially ionized gas mixtures with different diffusion
properties of the components. Otchet. Inst. Mekhaniki Mosk. Gos. Univ. 1346, 90. (With S. N. Kazeikin.)

The hydrodynamic equations for multicomponent mixtures with transport coefficients in higher approximations. Izv. Akad.
Nauk SSSR. MZhG, 6, 153-157. (With A. V. Gens.)

Turbulent boundary layer with heat exchange. In Proceedings of the 18th Conference of the Moscow Institute of Physics and
Technology. Control Processes. Dolgoprudny, 43-48. (With R. A. Safarov.)

1973

Hypersonic flow of a viscous radiating gas past blunt bodies of arbitrary shape with intense blowing of foreign gases. In
Proceedings of the 24th Astronautical Congress. Baku, 1973. Izd. Mosk. Gos. Univ. Moscow, 34. (With E. A. Gershbein and N. N.
Pilyugin.)

Equations of a partially ionized multicomponent gas with exact transport coefficients. All-Union Winter School-Seminar on
the Mechanics of Reacting Media, Tomsk. Izv. Akad. Nauk SSSR. MZhG, 6, 177. (With N. A. Yeremyan and O. N. Suslov.)

The equations of a partially ionized multicomponent gas with exact transport coefficients. Otchet. Inst. Mekhaniki Mosk. Gos.
Univ. 1498, 45. .

The method of successive approximations in the case of three-dimensional laminar boundary layer problems (the locally self-
similar case). Prikl. Mat. Mekh. 37, 6, 974-983. (With Yu. D. Shevelev.)

1974

The equations of motion of partially ionized multicomponent gas mixtures in the Cauchy normal form with exact transport
coefficients. Nauch. Tr. Inst. Mekhaniki Mosk. Gos. Univ. 32, 6-22.

Existence and uniqueness theorem and asymptotic solutions for the self-similar boundary-value problem of a viscous hypersonic
shock layer. Dokl. Akad. Nauk SSSR 219, 4, 825-828. (With B. G. Razumeiko and V. A. Trenogin.)

Hypersonic flow of a radiating g as past a cone and a wedge. In Mathematical Modelling of Aerothermochemical Phenomena,
Vychisl. Tsentr Akad. Nauk SSSR, Moscow, 156-173. (With N. N. Pilyugin and S. N. Sukhodol’skii.)

1975

The theory of the hypersonic flow of a viscous chemically reacting multicomponent gas with blowing past plane and axially
symmetric bodies. Nauch. Tr. Inst. Mekhaniki Mosk. Gos. Univ. 39, 5-38.
The hypersonic flow of an inviscid radiating gas past blunt plane bodies. Zh. Prikl. Mekh. Tekh. Fiz., 3, 68-73. (With N, N.

Pilyugin.)

1976

The method of effective absorption cross-sections for calculating the radiation fluxes in problems of hypersonic flow past ablating
bodies. In Aeromechanics. Nauka, Moscow, 266-275. (With V. M. Ovsyannikov et al.)

The Stefan-Maxwell relations and heat flux for non-ideal multicomponent continua. In Numerical Methods in Continuum
Mechanics. Vychisl. Tsentr Sib. Otd. Akad. Nauk SSSR, Novisibirsk, 7, 4, 106-121. (With A. F. Kolesnikov.)

Calculation of radiation heat fluxes to intensively vaporizing bodies in a hypersonic flow of hydrogen with helium. Orchet. Inst.
Mekhaniki Mosk. Gos. Univ. 1858, 49. (With E. A. Gershbein, E. Ya. Sukhodol’skaya and S. L. Sukhodol’skii.)

Solution of the laminar boundary-layer equations in an incompressible fluid by the method of successive approximations. Otchet.
Inst. Mekhaniki Mosk. Gos. Univ. 1873, 229. (With 1. G. Brykina, V. 1. Zabarin, E. A. Kovach and A. F. Kolesnikov.)
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1977

The three-dimensional boundary layer with equilibrium dissociation and ionization reactions. In Numerical Methods in
gl?ntir:uum Mechanics. Vychisl. Tsentr Sib. Otd. Akad. Nauk SSSR, Novosibirsk 8, 7, 53-65. (With S. N. Kazeikin and Yu. D.

evelev.)

Calculation of the trajectory for the entry of bodies into the atmosphere of Jupiter taking into account the loss of mass and
the change in shape due to radiation heating. Orchet. Inst. Mekhaniki Mosk. Gos. Univ. 1922, 32. (With E. A. Gershbein, E. Ya.
Sukhodol’skaya and S. L. Sukhodol’skii.)

Transport equations for ionized hydrogen-helium mixtures. Otchet. Inst. Mekhaniki Mosk. Gos. Univ. 1877, 60. (With A. E
Kolesnikov and I. A. Sokolova.)

The use of phenomenological models to investigate turbulent boundary layers of homogeneous and inhomogeneous gases. In
Turbulent Flows. Proceedings of the All-Union School on Problems of Turbulent Fluid Flows. Nauka, Moscow, 42-54. (With R.
A. Safarov.)

The theory of the flow of a partially ionized multicomponent gas past electrically conducting bodies. Otchet. Inst. Mekhaniki
Mosk. Gos. Univ. 1954, 59. (With M. S. Benilov.)

The three-dimensional boundary layer in an ionized gas in chemical equilibrium. Prikl. Mat. Mekh. 41, 6, 1024-1032. (With S.
N. Kazeikin and Yu. D. Shevelev.)

1978

Hydrodynamic description of chemically equilibrium flows of partially ionized non-ideal gas mixtures. In Some Problems of
Continuum Mechanics. 1zd. Mosk. Gos. Univ. Moscow, 114-143.

The motion of bodies in the atmosphere of Jupiter taking into account mass change due to aerodynamic heating. Kosmich.
Issled. 16, 3, 378-387. (With E. A. Gershbein, E. Ya. Sukhodoi’skaya and S. L. Sukhodol’skii.)

Numerical investigation of the three-dimensional turbulent boundary layer in a compressible gas. In Proceedings of the Sixth
International Conference on Numerical Methods in Hydrodynamics. Tbilisi. Izd. Inst. Prikl. Mat. Akad. Nauk SSSR, Moscow, 2,
7-12. (With V. A. Aleksin and Yu. D. Shevelev.)

Aerodynamics and dynamics of bodies with changing mass and shape due to radiation heating. In Proceedings of the Sixth
International Conference on Numerical Methods in Hydrodynamics. Thilisi. Izd. Inst. Prikl. Mat. Akad. Nauk SSSR, Moscow, 2,
64-69. (With E. A. Gershbein, V. D. Gol'din and S. L. Sukhodol’skii.)

An exact solution of the problem of a conducting sphere in a weakly ionized plasma at rest. Dokl. Akad. Nauk SSSR 240, 6,
1324-1327. (With M. S. Benilov.)

1979

Calculation of electrical effects in an ionized multicomponent gas around electrically conducting bodies. The splitting method.
Prikl. Mat. Mekh. 43, 288-304. (With M. S. Benilov.)

The saturation currents in a probe in a dense plasma. Zh. Prikl. Mekh. Tekh. Fiz., 6, 16-24. (With M. S. Benilov.)

A thermodynamic analysis of flows of partially ionized mixtures of non-ideal gases under conditions of incomplete chemical
equilibrium. Preprint No. 77. Izd. Inst. Prikl. Mat. Akad. Nauk SSSR, Moscow, 27. (With A. V. Kolesnichenko.)

Collision integrals and transport equations for an ionized hydrogen—helium mixture. In Aerodynamics of Hypersonic Flows
with Blowing. Izd. Mosk. Gos. Univ. Moscow, 201-224. (With A. F. Kolesnikov and I. A. Sokolova.)

Radiation heating of axially symmetric blunt bodies with an intensively vaporizing surface during entry into the atmosphere of
Jupiter. In: Aerodynamics of Hypersonic Flows with Blowing. 1zd. Mosk. Gos. Univ. Moscow, 121-138. (With E. A. Gershbein,
E. Ya. Sukhodol’skaya and S. L. Sukhodol’skii.)

Some methods for the numerical solution of viscous shock-layer equations. In Aerodynamics of Hypersonic Flows with Blowing.
Izd. Mosk. Gos. Univ. Moscow, 87-98. (With S. A. Vasil'yevskii.)

Numerical solution of the problem of supersonic inviscid gas flow around a three-dimensional configuration. Otchet Inst.
Mekhaniki Mosk. Gos. Univ. 2131, 20. (With V. P. Kotenev and V. I Sakharov.)

The loss of mass and change in shape of a three-dimensional body in motion along a trajectory in the Earth’s atmosphere.
Kosmich. Issled. 17, 2, 246-255. (With E. Z. Apshtein and N. N. Pilyugin.)

Investigation of the fracturing of three-dimensional meteor particles moving in the upper layers of the atmosphere. Kosmich.
Issled. 17, 6, 866-874. (With E. Z. Apshtein and N. N. Pilyugin.)

Hydrodynamic equations and transport equations for ionized multicomponent two-temperature mixtures of gases. In Models
in Continuum Mechanics. Proceedings of the Fifth All-Union School of Models of Continuum Mechanics. Riga. Izd. Inst. Teor. i
Prikl. Mekh. Sib. Otd. Akad. Nauk, Novisibirsk, 114-134.

Numerical investigation of the supersonic flow of non-equilibrium-dissociating air past three-dimensional bodies. Otchet Inst.
Mekhaniki Mosk. Gos. Univ. 2267, 30 (With V. P. Kotenev and V. 1. Sakharov.)

Diagrams of convective heat fluxes to blunt bodies entering the Earth’s atmosphere taking into account the combined effect
of multicomponent diffusion and non-equilibrium processes. Otchet Inst. Mekhaniki Mosk. Gos. Univ. 2261, 50. (With E. A,
Gershbein, O. N. Suslov and V. L. Kovalev.)

Formulation of the problem of the flow of a viscous heat-conducting partially ionized multicomponent gas past bodies and
numerical method for solving it using a model of a viscous shock layer. Otchet Inst. Mekhaniki Mosk. Gos. Univ. 2265, 159. (With
S. A. Vasil’yevskii and L. G. Yefimova.)

Principles of the Dynamics of a Radiating Gas. Student Textbook. Izd. Mosk. Gos. Univ., Moscow, 148. (With N. N. Pilyugin.)

Determination of the saturation current in an electrical probe in subsonic plasma flows. Otchet Inst. Mekhaniki Mosk. Gos.
Univ. 2233, 61. (With M. S. Benilov and B. V. Rogov.)
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1980

Asymptotic theory of a chemically non-equilibrium layer at an ideally catalytic wall. Prikl. Mat. Mekh. 44, 2, 281-289. (With
M. S. Benilov.)

Asymptotic theory of a layer of non-equilibrium ionization close to a catalytic wall in a plasma of molccular gases. Prikl. Ma.
Mekh. 44, 5, 839-846. (With M. S. Benilov.)

Calculation of transport coefficients in a multicomponent plasma in higher approximations. Effect of the separation of elements
in a plasma in chemical and ionization equilibrium. Otchet Inst. Mekhaniki Mosk. Gos. Univ. 2427, 215 (With S. A. Vasil’evskii,
L. G . Yefimova, A. F. Kolesnikov and I. A. Sokolova.)

Strictly conservative forms of the equations of hydrodynamics of a multicomponent mixture in curvilinear coordinates. Otchet
Inst. Mekhaniki Mosk. Gos. Univ. 2445, 37. (With V. P. Kotenev and V. I. Sakharov.)

1981

Theoretical determination of the saturation ion current on electrical probes in a subsonic plasma flow. Teplofiz. Vvs. Temp. 19,
5, 1031-1039. (With M. S. Benilov and B. V. Rogov.)

Generalized Ohm’s law for partially ionized multicomponent mixtures of chemically reacting gas. In Selected Problems in Modern
Mechanics, Part 1. 1zd. Mosk. Gos. Univ., Moscow, 91-109. (With 1. A. Sokolova.)

Strictly conservative form of the Navier-Stokes equations for a multicomponent gas taking chemical reactions into account.
In Hypersonic Three-dimensional Flows with Physicochemical Processes. Izd. Mosk. Gos. Univ., Moscow, 6-28. (With V. P. Kotenev
and V. 1. Sakaharov.)

Calculation of supersonic flow around blunt nose by the time-relaxation method. In Hypersonic Three-dimensional Flows with
Physicochemical Conversions. Izd. Mosk. Gos. Univ. Moscow, 106~112. (With V. P. Kotenev and V. 1. Sakharov.)

The calculation of the 3-dimensional flow of a hypersonic flow of a selectively radiating gas around blunt bodies with an
intensively vaporizing surface. In Numerical Methods of Continuum Mechanics. Vychisl. Tsentr Sib. Otd. Akad. Nauk SSSR 12,
6, 155. (With E. A. Gershbein and V. D. Gol'din.)

Numerical investigation of the three-dimensional supersonic flow past bodies of complex shape taking into account non-
equilibrium physicochemical changes. In Gas Dynamics of Non-Equilibrium Processes. I1zd. Inst. Teor. Prikl. Mekh. Sib. Otd. Akad.
Nauk SSSR, Novosibirsk, 141-145. (With V. P. Kotenev and V. L. Sakharov.)

1982

Hydrodynamic equations for partially ionized multicomponent gas mixtures with transport coefficients in higher
approximations. In Molecular Gas Dynamics. Nauka, Moscow, 20-44. (With A. F. Kolenikov.)

The saturation ion current in an electrical probe in a slowly moving plasma. Zh. Prikl. Mekh. Tekh. Fiz., 3, 5-13. (With M. S.
Benilov and B. V. Rogov.)

The calculation of the three-dimensional hypersonic flow of a selectively radiating gas past blunt bodies with an intensively
vaporizing surface. In Numerical Methods in Continuum Mechanics. Vychisl. Tsentr Sib. Otd. Akad. Nauk SSSR 13, 1, 56-66.
(With E. A. Gershbein, V. D. Gol'din and V. M. Chupin.)

Radiation heat transfer near the critical point of blunt bodies with an intensively vaporizing surface in three-dimensional
hypersonic flow of a hydrogen-helium mixture. Kosmich. Issled. 20, 6, 859-865. (With E. A. Gershbein and V. D. Gol'din.)

1983

Calculation and approximation of collision integrals for the components of mixtures containing O, H, C, N, F, Na, § and Si
atoms and their compounds. Otchet Inst. Mekhaniki Mosk. Gos. Univ. 2857, 116. (With 1. A. Sokolova.)

Fick’s laws for the diffusion of elements in flows of a multicomponent plasma at ionization equilibrium. In Problems of Modern
Mechanics, Part 2. 1zd. Mosk. Gos. Univ, Moscow, 3-20.

Effective transport coefficients in chemically equilibrium multicomponent dense mixtures of gases. Otchet Inst. Mekhaniki Mosk.
Gos. Univ. 2828, 47. (With V. G. Krupa and 1. A. Sokolova.)

A method of calculating the three-dimensional supersonic flow past blunt bodies taking into account non-equilibrium chemical
reactions. Otchet Inst. Mekhaniki Mosk. Gos. Univ. 2847, 33. (With V. P. Kotenev and V. 1. Sakharov.)

1984

Transport coefficients and reciprocal Onsager relations in the kinetic theory of dense mixtures of gases. Zh. Prikl. Mekh. Tekh.
Fiz., 2, 58-65. (With V. G. Kurochkin and S. A. Makarenko.) )

Exact equations and transport coefficients for a multicomponent mixture of gases and a partially ionized plasma. Zh. Prikl.
Mekh. Tekh. Fiz., 4, 15-24. (With S. A. Vasil’evskii and 1. A. Sokolova.)

Stefan-Maxwell relations for diffusion fluxes of a plasma in a magnetic field. Izv. Akad. Nauk SSSR. MZhG, 4, 148-154. (With
A. F Kolesnikov.)

Motion and vaporization of meteor particles in the atmospheres of the Earth, Mars and Venus. In Meieorite Investigation in
Siberia: 75 Years to the Tungus Phenomenon. Nauka, Novosibirsk. 117-128. (With E. Z. Apshtein, N. V. Vartanyan and N. N.
Pilyugin.)

X:)gproximate analytical determination of the stand-off distance of the bow shock wave in a supersonic flow past blunt bodies.
Otchet Inst. Mekhaniki Mosk. Gos. Univ. 2943, 32. (With L. G. Yefimova.)

The effect of multicomponent diffusion and higher approximations for the transport coefficients on the heat transfer in a
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hypersonic flow past a blunt body. In Applied Problems of the Aerodynamics of Aircraft. Naukova Dumka, Kiev. 100-103. (With
S. A. Vasil'evskii.)

1985

Approximate analytical determination of the stand-off distance of the shock wave in a supersonic flow past blunt bodies. In
Mathematical Modelling of Unsteady Problems of Continuum Mechanics. Yzd. Vsesoyuz. Zaoch. Metallurg. Inst., Moscow, 34-50.

Numerical method for solving the complete equations of a viscous shock layer. Otchet Inst. Mekhaniki Mosk. Gos. Univ: 3119,
45. (With S. A. Vasil’evskii.)

The flow of a viscous gas past bodies when there are non-equilibrium homogeneous and heterogeneous reactions. In Mechanics
of Inhomogeneous Systems. Izd. Inst. Teor. Prikl. Mekh. Sib. Otd. Akad. Nauk SSSR, 255-280. (With V. I. Alferov, V. L. Kovalev,
O. N. Suslov and S. L. Sukhodol’skii.)

Supersonic flow past bodies at low and moderate Reynolds number. In Advances in Science and Technology. Ser. Fluid Mechanics,
Vol. 19. Vsesoyuz. Nauch. Tekhn. Inform., Moscow, 3-85. (With E. A. Gershbein and S. V. Peigin.)

Effect of chemical reactions on the acrodynamic characteristics of blunt cones. Otchet Inst. Mekhaniki Mosk. Gos. Univ. 3106,
16. (With V. P. Kotenev and V. 1. Sakharov.)

The method of global iterations for solving the complete equations of a viscous shock layer. Otchet Inst. Mekhaniki Mosk. Gos.
Univ. 3138, 145. (With S. A. Vasil’evskii and S. V. Utyuzhnikov.)

Molecular mass and heat transfer of chemically equilibrium multicomponent partially ionized gases in electromagnetic field.
In Proc. 13th Intern. Symp. on Rarefield Gas Dynamics. Novosibirsk, 1982, Edited by O. M. Belotserkovskii er. al., Vol. 2. Plenum
Press, New York, 1359-1366. (With A. F. Kolesnikov and 1. A. Sokolova.)

1986

Determination and calculation of effective transport coefficients for chemical equilibrium flows of partially dissociated and
ionized gas mixtures. Zh. Prikl. Mekh. Tekh. Fiz., 1, 68-79. (With S. A. Vasil'yevskii and I. A. Sokolova.)

Numerical method for solving the equations of a viscous shock layer. Dokl. Akad. Nauk SSSR. 290, 5, 1058-1062. (With S. A.
Vasil’evskii and S. V. Utyuzhnikov.)

The chemically non-equilibrium multicomponent boundary layer of a plasma of molecular gases with an alkaline additive.
Zh. Prikl. Mekh. Tekh. Fiz., 5, 29-40. (With M. S. Benilov, B. V. Rogov and I. A. Sokolova.)

The effect of non-equilibrium chemical reactions on the concentration distribution of alkali atoms n the boundary layer of a
combustion product plasma. Teplofiz. Vys. Temp. 24, 3, 458-462. (With M. S. Benilov, B. V. Rogov, 1. A. Sokolova et al.)

Radiative heat fluxes in the supersonic flow of an inviscid gas past three-dimensional bodies. Dokl. Akad. Nauk SSSR 286, 3,
579-582. (With E. Z. Apshtein, N. V. Vartanyan and V. 1. Sakharov.)

Numerical solution of the equations of a viscous shock layer taking the real properties of the gas into account. In Present
Problems of the Mechanics and Technology of Machine Construction. Synopses of Papers presented at the All-Union Conference,
Pt 2. Vsesoyuz. Inst. Nauch. Tekh. Inform., Moscow, 19. (With S. A. Vasl'evskii and S. V. Utyuzhnikov.)

The development of a laminar boundary layer behind a point of discontinuity of a catalytically active surface. Teplofiz. Vys.
Temp. 24, 6, 1132-1142. (With E. A. Gershbein and V. Yu. Kazakov.)

Approximate formulae for the molecular transport coefficients of dissociated and ionized air and their use in problems of
hypersonic aerodynamics and heat transfer. Otchet Inst. Mekhaniki Mosk. Gos. Univ. 3359, 199. (With S. A. Vasil’evskii, S. V.
Zhluktov and I. A. Sokolova.)

1987

The method of global iterations for solving the complete equations of a viscous shock layer with non-equilibrium reactions.
Otchet Inst. Mekhaniki Mosk. Gos. Univ. 3461, 41. (With S. V. Khluktov.)

A numerical method for solving the equations of a viscous shock layer. Zh. Vychisl. Mat. Mar. Fiz. 27, 5, 741-750. (With S. A.
Vasil’yevskii and S. V. Utyuzhnikov.)

The calculation of the supersonic chemically non-equilibrium gas flow around three-dimensional blunt bodies. Zh. Vychisl.
Mat. Mat. Fiz., 27, 3, 411-415. (With V. P, Kotenev and V., 1. Sakharov.)

A numerical method for solving the equations of a viscous shock layer. In Investigations in Hypersonic Aerodynamics and
Heat Transfer taking account of Non-Equilibrium Chemical Reactions. Izd. Mosk. Gos, Univ., Moscow, 5-24. (With S. A,
Vasil’evskil.) e

On the numerical solution of the problem of the flow of a viscous gas past blunt bodies. In Research in Hypersonic Aerodynamic.
and Heat Transfer Taking Account of Non-Equilibrium Chemical Reactions. 1zd. Mosk. Gos. Univ. Moscow, 25-29. (With S. V.
Utyuzhnikov.)

Calculation of supersonic three-dimensional flow past blunt bodies taking account of non-equilibrium chemical reactions. In
Research in Hypersonic Aerodynamics and Heat Transfer Taking Account of Non-Equilibrium Chemical Reactions. 1zd. Mosk. Gos.
Univ. Moscow, 126-141. (With V. P. Kotenev and V. 1. Sakharov.)

Semiphenomenological derivation of the equations of hydrodynamics for a mixture of polyatomic gases with excited internal
degrees of freedom. In Mechanics. Present Problems. 1zd. Mosk. Gos. Univ., Moscow, 79-86.

A program module for calculating supersonic flow past blunt bodies using the equations of the complete viscous shock layer.
Otchet Inst. Mekhaniki Mosk. Gos. Univ. 3603, 19. (With Yu. V. Glazkov, V. L. Kovalev and S. V. Utyuzhnikov.)

Hypersonic flow of a viscous, heat-conducting chemically reacting gas around bodies over a wide range of Reynolds numbers.
In Mechanics and Progress in Science and Technology, Vol. 2. Fluid Mechanics. Nauka, Moscow, 261-281.
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1988

Molecular transport properties of dissociated and ionized gas mixtures. Zh. Prikl. Mekh. Tekh. Fiz., 3, 14-18. (With 1. A.
Sokolova.)

Asymptotic analysis of convective diffusion in problems with a discontinuity in the catalytic properties of the surface around
which flow occurs. Prikl. Mat. Mekh. 52, 3, 450-459. (With V. G. Krupa.)

Three-dimensional problems of the supersonic and hypersonic flow of a viscous gas around bodies. In Advances in Science
and Technology. Ser. Fluid Mechanics, Vol. 2. Vsesoyuz. Inst. Nauch. Tekh. Inform., Moscow, 62-177. (With S. V. Peigin.)

Flow of chemicaily and thermodynamically non-equilibrium air around bodies at low and moderate Reynolds numbers. Otchet
Inst. Mekhaniki Mosk. Gos. Univ. 3643, 240. (With V. G. Shcherbak.)

1989

Dynamics of an Ionized Radiating Gas. Izd. Mosk. Gos. Univ. Moscow, 309. (With N. N. Pilyugin.)

Thermochemically non-equilibrium effects in the hypersonic flow of a viscous gas around bodies. In Models of the Mechanics
of Inhomogeneous Systems. 1zd. Inst. Teor. Prikl. Mekh. Sib. Otd. Akad. Nauk SSSR, Novosibirsk, 66-92.

Comparison of the models of a thin and complete viscous shock layer in the problem of the supersonic flow of a viscous gas
around blunt-nosed cones. Prikl. Mat. Mekh. 53, 6, 963-969. (With S. V. Utyuzhnikov.)

Non-Navier-Stokes models in problems of supersonic and hypersonic flow of a viscous gas around bodies. In
Present Mathematical Problems of Mechanics and their Applications. Tr. Mat. Inst. im. V. A. Steklova Akad. Nauk SSSR, 186,
74-84.

Radiative heat exchange accompanying the entry of bodies into the atmosphere of the Earth and planets at superorbital velocities.
In Advances in Science and Technology. Ser. Fluid Mechanics, Vol. 23. Vsesoyuz. Inst. Nauch. Tekh. Inform., Moscow, 116-236.
(With E. Z. Apshtein, N. N. Pilyugin and V. G. Sevast’yanenko.)

1990

Approximate formulae for the viscosity coefficient and thermal conductivity of partially dissociated and ionized air. Zh. Prikl.
Mekh. Tekh. Fiz., 1, 41-50. (With S. V. Zhkluktov and 1. A. Sokolova.)

A method for solving the parabolized Navier-Stokes equations using iterations on the pressure gradient. Otchet Inst. Mekhaniki
Mosk. Gos. Univ. 3913, 77. (With Yu. V. Glazkov and V. G. Shcherbak.)

Effect of vibration—dissociation coupling on heat transfer and hypersonic drag. Izv. Akad. Nauk SSSR. MZhG, 3, 141-151. (With
S. V. Zhlutov.)

A numerical method for solving the parabolized Navier-Stokes equations in problems of supersonic flow around bodies. Dok!.
Akad. Nauk SSSR 315, 6, 1322-1325. (With Yu. V. Glazkov and V. G. Shcherbak.)

A method of solving the parabolized Navier-Stokes equations using global iterations. Mat. Modelirovaniya 2, 8, 31-41. (With
Yu. V. Glazkov and V. G. Shcherbak.)

Comparison of systems of data on chemical reactions in ionized air applicable to conditions of hypersonic flow. Otchet Inst.
Mekhaniki Mosk. Gos. Univ. 4055, 61. (With 1. M. Gurovich and V. G. Shcherbak.)

Solution of the complete equations of a multicomponent chemically and thermodynamically non-equilibrium viscous shock
layer. The Gagarin Scientific Lectures on Cosmonautics and Aviation. Nauka, Moscow, 71-78. (With S. V. Zhluktov.)

The effect of vibrational relaxation on the flow of chemically non-equilibrium airflow past bodies taking viscosity into account.
Izv. Akad. Nauk SSSR. MZhG, 1, 151-157. (With V. G. Shcherbak.)

Effect of indeterminacy of the chemical kinetics on convective heat transfer. Izv. Akad. Nauk SSSR. MZhG, 6, 146-151. (With
V. S. Shchelin and V. G. Shcherbak.)

Mutual effects of vibrational-dissociative relaxation in the supersonic flow of a viscous gas past blunt bodies. Zh. Prikl. Mekh.
Tekh. Fiz., 6, 55-60. (With V. G. Shcherbak.)

Application of the small parameter method to the problem of the supersonic three-dimensional flow of a viscous gas around
blunt bodies at small angles of attack. In Mathematical Modelling of Unsteady Processes in Continuum Mechanics. 1zd. Mosk. Inst.
Priborostroyeniya, Moscow, 3-9. (With S. V. Utyuzhnikov and N. K. Yamaleyev.)

1991

Supersonic laminar flow around the windward part of yawed wings of infinite span over a broad range of Reynolds numbers.
Izv. Akad. Nauk SSSR. MZhG, 4, 40-44. (With L. V. Vershinin and S. V. Utyuzhnikov.)

Indefiniteness of the constants for gaseous reactions involving air and its effect on heat transfer during gliding descent. Teplofiz.
Vys. Temp. 29, 2, 317-324. (With V. G. Shcherbak.)

A numerical method for solving the problem of the flow of a viscous gas at small angles of attack past slender blunt cones. In
The Construction of Algorithms and the Solution of Problems of Mathematical Physics. 1zd. Inst. Prikl. Mat. im M. V. Keldysh Akad.
Nauk SSSR, Moscow, 189-193. (With S. V. Utyuzhnikov and N. K. Yamaleyev.)

1992

Boundary conditions for the Navier-Stokes equations in the case of the flow of a multicomponent rarefield gas past bodies.
Otchet Inst. Mekhaniki Mosk. Gos. Univ. 4226, 32. (With B. A. Kiryutin.)

The influence of effects of the second approximation of boundary layer theory for supersonic flow past slender blunt cones.
Izv. Ross. Akad. Nauk. MZhG, 4, 129-134, (With D. Kh. Gan’zha, S. V. Utuyzhnikov and M. O. Fridlender.)

Application of the small parameter method to the problem of the three-dimensional flow of a viscous gas past bodies. Prikl.
Mat. Mekh. 56, 6, 1023-1032. (With S. V. Utyuzhnikov and N. K. Yamaleyev.)

Modern gas dynamic models of supersonic aerodynamics and heat exchange allowing for viscosity and real properties of a
gas. Otchet Inst. Mekhaniki Mosk. Gos. Univ. 4227, 52.
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Vibration-dissociation coupling in multicomponent viscous shock. In Research on the Processes of Combustion, Explosions and
Modelling of Fires. Proc. Russ.—Japan. Symp., Khabarovsk. 27-34. (With S. V. Zhluktov.)

The principal non-equilibrium phenomena in hypersonic flows about blunt-nosed bodies. In Proc. IUTAM Symp.
Aerothermochemistry of Spacecraft and Associated Hypersonic Flows. Univ. de Provence, Marseille, France, 143-151.

Efficient numerical method for solving some problems of supersonic viscous three-dimensional flows over blunt-nosed bodies.
In Proc. IUTAM Symp. Aerothermochemistry of Spacecraft and Associated Hypersonic Flows, Univ. de Provence, Marseille, France,
214-219. (With 1. V. Vershinin, S. V. Utyuzhnikov and N. K. Yamaleyev.)

Numerical simulation of the flow of a viscous gas over a body flying through a cloud of heated gas. Mat. Modelirovaniye 4, 9.
55-68. (With 1. F. Muzafarov, S. V. Utyuzhnikov and N. K. Yamaleyev.)

1993

Up-to-date gas dynamic models of hypersonic aerodynamics and heat transfer with real gas properties. Ann. Rev. Fluid Mech.
25, 151-181.

Modern gas dynamic models in problems of supersonic and hypersonic aerodynamics and heat transfer. Izv. Vizov. Fizika 36,
4, 15-29.

Modern gas dynamic models of external and internal problems of supersonic and hypersonic aerodynamics. Modelirovaniya v
Mekhanike 7(24), 2, 5-28. (With S. V. Utyuzhnikov.)

Simulation of chemically and thermochemically non-equilibrium flow at low and moderate Reynolds numbers. /zv. Ross. Akad.
Nauk, MZhG, 5, 150-157. (With Yu. V. Glazkov and V. G. Shcherbak.) .

Study of turbulent hypersonic flow past slender blunt-nosed cones. /zv. Ross. Akad. Nauk, MZhG, 6 123-128. (With 1. 1.
Palamarchuk, S. V. Utyuzhnikov and M. O. Fridlender.)

Supersonic flows at low to moderate Reynolds numbers. In Supersonic and Hypersonic Aerodynamics and Heat Transfer (Edited
by G. K. Mikhailov and V. Z. Parton). CRC Press, Boca Raton, FL, 3-88. (With E. A. Gershbein and S. V. Peigin.)

Super- and hypersonic three-dimensional viscous flows. In Super- and Hypersonic Aerodynamics and Heat Transfer (Edited by
G. K. Mikhailov and V. Z. Parton). CRC Press, Boca Raton, FL, 89~202. (With S. V. Peigin.)

Radiative heat transfer at superorbital entry velocities. In Super- and Hypersonic Aerodynamics and Heat Transfer (Edited by
G. K. Mikhailov and V. Z. Parton). CRC Press, Boca Raton, FL, 203-335. (With E. Z. Apshtein, N. N. Pilyugin and V. G.
Sevast’yanenko.)

Numerical modelling of chemically and thermochemically non-equilibrium flows in problems of hypersonic flow at low and
moderate Reynolds numbers. In Mathematical Modelling, Vol. 1 (Edited by A. A. Samarskii). Izd. Mosk. Gos. Univ., Moscow,
114-121. (With Yu. V. Glazkov and G. G. Chernyi.)

1994

Modern gas dynamic models of hypersonic acrodynamics and heat transfer allowing for viscosity and real properties of the
gas. In Modern Gas Dynamic and Physicochemical Models of Hypersonic Aerodynamics and Heat Transfer, PEI (Edited by L. I.
Sedov). Izd. Mosk. Gos. Univ., Moscow, 9-43.

Supersonic laminar flow around the windward part of yawed wings of infinite span over a wide range of Reynolds numbers.
In Modern Gas Dynamic and Physicochemical Models of Hypersonic Aerodynamics and Heat Transfer, Pt 1 (Edited by L. L. Sedov).
Izv. Mosk. Gos. Univ., Moscow, 54-70. (With I. V. Vershinin and S. V. Utyuzhnikov.)

Effect of diffusion of elements and its influence on heat exchange in chemically equilibrium flows of a multicomponent gas.
In Modern Gas Dynamic and Physicochemical Models of Hypersonic Aerodynamics and Heat Transfer, Pt 1 (Edited by L. I .Sedov).
Izd. Mosk. Gos. Univ., Moscow, 138-177. (With S. A. Vasil’evskii.)

The effect of non-equilibrium excitation of vibrational degrees of freedom on heat exchange. In Modern Gas Dynamic and
Physicochemical Models of Hypersonic Aerodynamics and Heat Transfer, Pt. 2. Edited by L. I. Sedov. Izd. Mosk. Gos. Univ., Moscow,
3-16. (With V. G. Shcherbak.)

Simulation of problems of supersonic and hypersonic flows past aircraft in the context of the simplified Navier-Stokes equations
allowing for the real properties of the gas. Nauch.-Tekhn. Owchet Mosk. Fiz. Tekh. Inst., 51. (With V .U. Nabiyev, M. V.
Meshcheryakov and S. V. Utyuzhnikov.)

Efficient numerical method for simulation of supersonic viscous flow past blunted body at a small angle of attack. Computers
and Fluids 23, 1, 103-114. (With I. F. Muzafarov, S. V. Utyuzhnikov and N. K. Yamaleev.)

Numerical simulation of the flow over a body flying through a thermal in a stratified atmosphere. Computers and Fluids 23, 2,
295-304. (With I. F. Muzafarov, S. V. Utyuzhnikov and N. K. Yamaleev.)

Calculation of supersonic turbulent flow around blunt bodies using the complete equations of a viscous shock layer. Teplofiz.
Vys. Temp. 32, 2, 242-248. (With N. N. Pilyugin, R. F. Talipov and S. V. Utyuzhnikov.)

Rotational-vibrational dissociation interaction in a multicomponent non-equilibrium viscous shock layer. Izv. Ross. Akad. Nauk.
MZhG, 6, 166-180. (With S. V. Zhluktov and G. D. Smekhov.)

Solution of the equations of a viscous shock layer by the method of simple global iterations over the pressure gradient and
shock-wave shape. Dokl. Ross. Akad. Nauk 338, 3, 333-336. (With V. L. Kovalev and A. A. Krupnov.)

The method of global iterations for solving problems of the supersonic flow of an ideal gas past a blunt body. Dokl. Ross. Akad.
Nauk 339, 3, 342-345. (With V. L. Kovalev and A. A. Krupnov.)

The thermochemically non-equilibrium viscous shock layer around long blunt cones. Prikl. Mar. Mekh. 58, 3, 119-130. (With
S. V. Zhluktov and S. V. Utyuzhnikov.)

1995

The kinetics of the recombination of nitrogen atoms on high temperature reusable surface insulation in hypersonic
thermochemical non-equilibrium flows. In Proc. 2nd Europ. Symp. on Aerotherodynamics for Space Vehicles. ESTEC, Noordwikj,
The Netherlands, 1994. European Space Agency, Paris, 413-419. (With O. N. Suslov.)
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