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Trofimov, V. V. (RS-MOSC); Shamolin, M. V. (RS-MOSC)
Geometric and dynamical invariants of integrable Hamiltonian and dissipative
systems.2076-6203

1573-8795
(Russian. English, Russian summaries)

Fundam. Prikl. Mat.16 (2010),no. 4,3–229;translation in J. Math. Sci. (N. Y.)180(2012),no.
4,365–530.

This paper is related to the two D.Sc. theses of the authors on various aspects of the dynamics of
integrable systems.

The first part of the paper is based on research carried out by Trofimov. In the first chapter a
method for constructing completely integrable Hamiltonian systems on the coadjoint representa-
tion of Lie groups is proposed. Within this method new examples of completely integrable systems
are constructed. This method makes it possible to prove the complete integrability of the equations,
previously known as a multidimensional extension of the equations of magnetohydrodynamics. A
theorem on the complete integrability of the Euler equations on tensor extensions of semisimple
Lie algebras is proved. The second chapter is devoted to a geometric construction allowing one to
classify Hamiltonian systems with first integrals. The construction mentioned is based on the ex-
tension of the Maslov class concept. Completely integrable systems with nontrivial generalized
Maslov classes on the coadjoint orbits of Lie groups of small dimension are explored in Chapter
3.

The second part of the book is based on research carried out by Shamolin. Some classes of
completely integrable non-conservative systems are investigated in Chapter 4. Systems under the
action of non-conservative forces and variable dissipation are considered in Chapter 5. A system
possessing a first integral which is a transcendental function of phase variables is pointed out.
Some examples related to rigid body dynamics under the action of non-conservative forces are
studied. Invariant indices characterizing countable sets of phase portraits are discussed. In Chapter
6, cases of the complete integrability of a four-dimensional dynamically symmetric top moving
under the action of non-conservative forces are indicated.

Reviewed byAlexander Burov
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Aı̆dagulov, R. R.(RS-MOSC-IMC); Shamolin, M. V. (RS-MOSC-IMC)
Integration formulas of the tenth order of accuracy and higher.1934-8444

(Russian. English, Russian summaries)
Vestnik Moskov. Univ. Ser. I Mat. Mekh.2010,no. 4,3–7; translation in Moscow Univ. Math.
Bull. 65 (2010),no. 4,135–139.

Summary: “Nowadays, due to the considerable growth of computer capacity, the development of
more efficient quadrature formulas may seem unnecessary. However, if the calculation of each
integrand value requires much computational time or we have to study the dependence of the
integral on a large number of parameters the integrand is determined through, then it is necessary
to use more efficient formulas.”
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Shamolin, M. V. (RS-MOSC-IMC)
New integrability cases in the three-dimensional dynamics of a rigid body. (Russian)
Dokl. Akad. Nauk431(2010),no. 3,339–343.

From the text (translated from the Russian): “The results of this paper are based on an inves-
tigation of ours of a problem of the motion of a rigid body in a resisting medium [Methods
for the analysis of dynamical systems with variable dissipation in the dynamics of a rigid body
(Russian),̀Ekzamen, Moscow, 2007; Fundam. Prikl. Mat.14 (2008), no. 3, 3–237;MR2482029
(2010f:37032)], where we dealt with first integrals of dynamical systems with nonstandard prop-
erties. Specifically, the integrals were neither analytical nor smooth, and for certain sets, they were
even discontinuous. These properties allowed us to thoroughly analyze all phase trajectories and
to indicate the properties that possessed ‘structural stability’ and were preserved for systems of
more general form with certain nontrivial symmetries of hidden type. Therefore, it is of interest
to investigate a sufficiently large class of systems with similar properties, in particular, those in-
volving the dynamics of a rigid body interacting with a medium. In this paper, we present new
integrability cases in the problem of the three-dimensional dynamics of a rigid body in a resisting
medium.”
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MR2655252 (2011e:70008)70E40 (34A05 37J35 70E45 70H06)

Shamolin, M. V. (RS-MOSC-MC)
The case of complete integrability in the dynamics of a four-dimensional rigid body in a
nonconservative field. (Russian)
Uspekhi Mat. Nauk65 (2010),no. 1(391),189–190;translation in Russian Math. Surveys65
(2010),no. 1,183–185.

From the text (translated from the Russian): “We continue our search for new integrable cases
in the dynamics of a four-dimensional rigid body inR4 × so(4) in a nonconservative force field
[M. V. Shamolin, Dokl. Akad. Nauk375 (2000), no. 3, 343–346;MR1833828 (2002c:70005);
D. V. Georgievskĭı and M. V. Shamolin, Dokl. Akad. Nauk380(2001), no. 1, 47–50;MR1867984
(2003a:70002); M. V. Shamolin,Methods for the analysis of dynamical systems with variable
dissipation in the dynamics of a rigid body(Russian), Izdat. “̀Ekzamen”, Moscow, 2007; per
bibl.]. Earlier, we presented the case of complete integrability of the equations of motion of a
dynamically symmetric body whenI1 6= I2 = I3 = I4 [op. cit., 2000]. In the present paper, we
thoroughly analyze the case of another logically possible dynamic symmetry.”
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Shamolin, M. V. (RS-MOSC-MC)
Classification of complete integrability cases in the dynamics of a symmetric four-
dimensional rigid body in a nonconservative field.1573-8795

(Russian. Russian summary)
Sovrem. Mat. Prilozh.No. 65,Matematicheskaya Fizika, Kombinatorika i Optimal′noe
Upravlenie(2009), 131–141;translation in J. Math. Sci. (N. Y.)165(2010),no. 6,743–754.

Summary (translated from the Russian): “This paper is a relatively final result in the investigation of
the equations of motion of a dynamically symmetric four-dimensional rigid body in two logically
possible cases of its tensor of inertia in a nonconservative force field. The form of the force field
considered is taken from the dynamics of real three-dimensional rigid bodies interacting with a
medium.”
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equations. (Russian. Russian summary)
Sovrem. Mat. Prilozh.No. 65,Matematicheskaya Fizika, Kombinatorika i Optimal′noe
Upravlenie(2009), 121–130;translation in J. Math. Sci. (N. Y.)165(2010),no. 6,732–742.
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MR2828395 (2012d:76003)76A02
Aı̆dagulov, R. R.(RS-MOSC-MC); Shamolin, M. V. (RS-MOSC-MC)
Averaging operators and real equations of fluid mechanics.1573-8795

(Russian. Russian summary)
Sovrem. Mat. Prilozh.No. 65,Matematicheskaya Fizika, Kombinatorika i Optimal′noe
Upravlenie(2009), 31–46; translation in J. Math. Sci. (N. Y.)165(2010),no. 6,637–653.

Summary (translated from the Russian): “We discuss pseudodifferential operators that appear in
real equations of continuum mechanics.”
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MR2828394 (2012e:35277)35S05(47G30 76T30)

Aı̆dagulov, R. R.(RS-MOSC-MC); Shamolin, M. V. (RS-MOSC-MC)
Pseudodifferential operators in the theory of multiphase multivelocity flows.1573-8795

(Russian. Russian summary)
Sovrem. Mat. Prilozh.No. 65,Matematicheskaya Fizika, Kombinatorika i Optimal′noe
Upravlenie(2009), 11–30; translation in J. Math. Sci. (N. Y.)165(2010),no. 6,616–636.

The article concerns methodological principles of the theory of mechanical systems. The authors
show that the adequate description of multiphase multivelocity flows must use not differential but
pseudodifferential equations and these equations must be hyperbolic.

Reviewed byYu. V. Egorov
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MR2676332 (2011g:37069)37C99 (34C14 34M35 37E99 70E15)

Shamolin, M. V. (RS-MOSC-IMC)
On the integrability in elementary functions of some classes of nonconservative dynamical
systems. (Russian. Russian summary)
Sovrem. Mat. Prilozh.No. 62, Geometriya i Mekhanika(2009), 130–170;translation in J. Math.
Sci. (N. Y.)161(2009),no. 5,734–778.

Summary (translated from the Russian): “The results in this paper are based on the investigation
of the applied problem of the motion of a rigid body in a resisting medium [V. A. Samsonov,
B. Ya. Lokshin and V. A. Privalov, “Qualitative analysis” (Russian), Sci. Rep. Inst. Mech. Moscow
State Univ. No. 3425, Moskov. Gos. Univ., Moscow, 1985; per bibl.; V. A. Samsonov et al.,
“Mathematical modeling in the problem of the deceleration of a body in a resisting medium in
the case of a jet flow around the body” (Russian), Sci. Rep. Inst. Mech. Moscow State Univ. No.
4396, Moskov. Gos. Univ., Moscow, 1995; per bibl.], in which complete lists of transcendental
first integrals expressed in terms of a finite combination of elementary functions were obtained.
This made it possible to thoroughly analyze all the phase trajectories and to determine which of
their properties possess structural stability and which are preserved in systems of more general
form. The complete integrability of such systems is related to hidden symmetries. Therefore, it
is of interest to study sufficiently wide classes of dynamical systems that have similar hidden
symmetries.

“As is known, the concept of integrability is, in general, fairly broad. Thus, it is necessary to take
into account in what sense it is understood (a criterion according to which one can conclude that
the structure of the trajectories of the dynamical system considered is especially ‘attractive and
simple’) in the function classes in which the first integrals are sought, etc.

“In this paper, we use an approach in which the first integrals are transcendental functions, and
in fact elementary. Here transcendence is understood not in the sense of elementary functions (for
example, trigonometric) but in the sense that they have essentially singular points (according to the
classification used in the theory of functions of one complex variable in the case when the function
has essentially singular points). In this connection, it is necessary to continue them formally to the
complex plane. As a rule, such systems are strongly nonconservative.”
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MR2676327 (2011i:16057)16T25 (16W50)

Aı̆dagulov, R. R.(RS-MOSC); Shamolin, M. V. (RS-MOSC)
Color groups. (Russian. Russian summary)
Sovrem. Mat. Prilozh.No. 62, Geometriya i Mekhanika(2009), 14–26; translation in J. Math.
Sci. (N. Y.)161(2009),no. 5,615–627.

In this investigative review the authors aim to define groups of colors, elaborating on what kind
of groups can belong to such color groups and how they should differ from the graded subgroups.
Much emphasis is placed on the Yang-Baxter symmetry, which has been shown to play a crucial
role in describing the notion of a true color group. The central concept is explained in a systematic
way through several definitions, statements and their proofs. The notion of the color group is
shown to be related to the grading over the algebra, which in turn is linked also to the symmetry
and the solution of the Yang-Baxter relation. The subtle difference between the grading of a
group and a colored group is explained by introducing the notion ofbicharacter. It is emphasized
through several steps that, to every grading elementg, a color can be assigned constituting a set of
equivalentg-grading with the bicharacter depending only on the color group and not on the empty
part of the grading. As an illuminating example, the well-known Clifford algebra is shown to be a
color algebra of a color group.

Reviewed byAnjan Kundu
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Shamolin, M. V. (RS-MOSC-IMC)
New cases of complete integrability in the dynamics of a dynamically symmetric
four-dimensional rigid body in a nonconservative field. (Russian)
Dokl. Akad. Nauk425(2009),no. 3,338–342.

Two conditional integrable cases are constructed in the dynamics of a 4-dimensional axisymmetric
rigid body moving under the action of a resistance-like follower-force applied to a certain specially
chosen point on the body. Two types of axial symmetry are considered, in which the inertia matrix
has three (or two pairs of) equal eigenvalues. The dynamics is shown to be integrable on the
intersection of three (or two) invariant hyperplanes of the space of angular velocities.

Reviewed byHamad Mohamed Yehia

c© Copyright American Mathematical Society 2010, 2012

Article

Citations

From References: 0
From Reviews: 0

MR2517009 (2010b:37158)37J35(70H06)

Shamolin, M. V.
On the integrability in elementary functions of some classes of dynamical systems. (Russian.
Russian summary)
Vestnik Moskov. Univ. Ser. I Mat. Mekh.2008,no. 3,43–49, 72.

From the text (translated from the Russian): “The results of this paper are due to a previous
investigation of the applied problem of the motion of a rigid body in a resisting medium [V. A.
Samsonov and M. V. Shamolin, Vestnik Moskov. Univ. Ser. I Mat. Mekh.1989, no. 3, 51–54, 105;
MR1029730 (90k:70007)] in which a transcendental integral expressed in terms of elementary
functions was obtained for a particular case. This made it possible to carry out a complete analysis
of phase trajectories and to indicate those properties that were ‘robust’ and preserved for some
more general systems. The integrability of the system in [op. cit.] is related to latent symmetries.
Therefore, it is of interest to study sufficiently large classes of dynamical systems with such latent
symmetries.”
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Dynamical systems with variable dissipation: approaches, methods, and applications.2076-
6203

1573-8795
(Russian. English, Russian summaries)

Fundam. Prikl. Mat.14 (2008),no. 3,3–237;translation in J. Math. Sci. (N. Y.)162(2009),no.
6,741–908.

Summary: “This work is devoted to the development of qualitative methods in the theory of
nonconservative systems that arise, e.g., in such fields of science as the dynamics of a rigid body
interacting with a resisting medium, oscillation theory, etc. This material can attract the interest of
specialists in the qualitative theory of ordinary differential equations, in rigid body dynamics, as
well as in fluid and gas dynamics since the work uses the properties of motion of a rigid body in a
medium under the streamline flow around conditions.

“The author obtains a full spectrum of complete integrability cases for nonconservative dynam-
ical systems having nontrivial symmetries. Moreover, in almost all cases of integrability, each of
the first integrals is expressed through a finite combination of elementary functions and is a tran-
scendental function of its variables, simultaneously. In this case, the transcendence is meant in
the complex analytic sense, i.e., after the continuation of the functions considered to the complex
domain, they have essentially singular points. The latter fact is stipulated by the existence of at-
tracting and repelling limit sets in the system considered (for example, attracting and repelling
foci).

“The author obtains new families of phase portraits of systems with variable dissipation on
lower- and higher-dimensional manifolds. He discusses the problems of their absolute or relative
roughness. He discovers new integrable cases of the rigid body motion, including those in the
classical problem of motion of a spherical pendulum placed in the over-running medium flow.”

Reviewed byA. P. Sadovskiı̆
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229. H. Poincaŕe, ”New methods in celestial mechanics,” in:Selected Works[Russian translation],

Vols. 1, 2, Nauka, Moscow (1971, 1972).

/mathscinet/pdf/848132.pdf?pg1=MR&amp;s1=87m:58048&amp;loc=fromreflist
/mathscinet/pdf/101951.pdf?pg1=MR&amp;s1=21:753&amp;loc=fromreflist
/mathscinet/pdf/101951.pdf?pg1=MR&amp;s1=21:753&amp;loc=fromreflist
/mathscinet/pdf/142859.pdf?pg1=MR&amp;s1=26:426&amp;loc=fromreflist
/mathscinet/pdf/209602.pdf?pg1=MR&amp;s1=35:499&amp;loc=fromreflist
/mathscinet/pdf/617480.pdf?pg1=MR&amp;s1=82j:58066&amp;loc=fromreflist
/mathscinet/pdf/775134.pdf?pg1=MR&amp;s1=86b:34002&amp;loc=fromreflist
/mathscinet/pdf/126588.pdf?pg1=MR&amp;s1=23:A3884&amp;loc=fromreflist
/mathscinet/pdf/171962.pdf?pg1=MR&amp;s1=30:2188&amp;loc=fromreflist
/mathscinet/pdf/595574.pdf?pg1=MR&amp;s1=82b:34068&amp;loc=fromreflist
/mathscinet/pdf/571420.pdf?pg1=MR&amp;s1=83b:70004&amp;loc=fromreflist
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Summary (translated from the Russian): “We construct two- and three-dimensional nonlinear
models of the action of a medium on a rigid body, which take into account the dependence of
the arm of the force on the reduced angular velocity of the body when the moment of force is
also a function of the angle of attack. We find new cases of complete integrability in elementary
functions, which makes it possible to discover qualitative analogies between the motions of free
bodies in a resisting medium and the oscillations of bodies that are partially fixed and immersed in
a flow of the medium. We show that if the additional damping action of the medium on the body
that occurs in the system is significant, then it is possible to stabilize the rectilinear translational
deceleration of the body when it moves with finite angles of attack. In this connection, the question
of the roughness of the description of this phenomenon is of current interest: a finer property of
relative roughness is discovered in the investigation of reduced dynamical systems.”
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